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Theoretical Part 

Introduction 

Psychoactive mushrooms 

The first recorded description of the use of "inebriating mushrooms" in Mexican ceremonies 

came from Spanish chroniclers of the 16th and 17th century. However, the modern scientific 

investigation of sacred mushroom use began not until 1936 - 1939 by the ethnobotanist Blas 

Pablo Reko, the anthropologists Robert J. Weitlaner, Jean Bassett Johnson, and Irmgard 

Weitlaner, and the botanist Richard E. Schultes. Their studies proved and documented the 

still continuing use of mushrooms in religious practices in remote regions of Mexico. The eth-

nomycologists Valentina Pavlovna Wasson and R. Gordon Wasson continued this work in 

1953. In 1955 they were the first scientists allowed to actively participate in such ceremonies 

together with the photographer Alan Richardson. They confirmed the strong psychoactive 

effects of the mushrooms [289]. During an expedition in 1956 the mycologist Roger Heim 

identified the mushrooms as basidiomycetes of the genera Psilocybe, Stropharia, and Cono-

cybe, and he was able to establish laboratory cultures of many of them together with the 

French mycologist Roger Cailleux. The Swiss chemist Albert Hofmann and the laboratory 

assistant Hans Tscherter from Sandoz were able to isolate the active principles psilocin (7) 

and its phosphate ester psilocybin (3) from these cultures in 1959, guided by self-administra-

tion (Figure 1) [128, 134, 133, 218]. Since then, psilocin (7) and psilocybin (3) have been detected in 

many other mushroom species of the genera Agrocybe [157], Conocybe [32], Copelandia [290], 

Galerina [34], Gerronema, Gymnopilus [125, 157, 161], Hygrocybe, Inocybe [103, 94, 255], Mycena, 

Psilocybe, Stropharia [93], Paneolus [227], Paneolina, Pluteus [96], and Psathyrella [157]. For a 

review see: [218], for an extensive collection of references see: [101]. 

Psychoactive effects 

The Psilocybe alkaloids share psychoactive effects with a broad range of structurally diver-

gent natural compounds and synthetic agents. Their subjective effects are nearly identical to 

those of the alkaloid mescaline (8), the active principle of several sacred Mexican cacti, to 

those of N,N-dimethyltryptamine (DMT, 45) from South American psychoactive snuffs and 

potions, and to those of lysergic acid diethylamide (LSD, 12), synthesized by Albert Hofmann 

in 1938 and 1943 [133, 218]. 

The mental effects caused by these compounds have been somehow inadequately de-

scribed as "psychotomimetic", "psychodysleptic", or "hallucinogenic" throughout the scientific 

literature. More appropriate terms like "psychedelic" or the relatively new term "entheogenic" 

are widely used outside the scientific community but could not replace the established scien-

tific standard term "hallucinogenic" [218]. 
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Figure 1: Chemical structures of the Psilocybe alkaloids and of aeruginascin. 

Chemical structures of the Psilocybe alkaloids norbaeocystin (1), baeocystin (2), 

and psilocybin (3). The structure of the non-basic alkaloid-like compound aerugi-

nascin (4) has been elucidated in this study. The compounds are ordered by in-

creasing number of methyl substituents at the amino-group. 

 

Hallucinogens do effect a powerful intensification of senses, feelings, memories, and self-

awareness. In addition, they typically produce visual effects such as moving geometric pat-

terns and brilliant colors, but not true hallucinations. The experience is usually remembered 

clearly. These characteristics separate this class of compounds from the, mostly anticho-

linergic, so-called "true hallucinogens" or "deliriants". Hallucinogens usually do not cause 

physical side effects, hangovers, or associated diseases, and they do not have addiction 

potential. This is in remarkable contrast to the widely abused drugs alcohol and nicotine as 

well as to opiates and cocaine. However, they can exhibit profound mental effects, and there-

fore certain rules have to be adhered to in order to prevent adverse reactions [120, 124, 133, 258, 

259]. Despite rigorous prohibition, the use of hallucinogenic mushrooms and of Psilocybe 

alkaloids has a long history for recreation, self-experience, religious practice, and psycho-

therapy [120, 207] throughout the world and they are still widely used for these purposes. Cur-

rently, clinical studies in the USA, Switzerland, and Germany are underway to re-examine 

their use in psychotherapy and psychiatry [52, 124]. 

Biosynthesis of Psilocybe alkaloids 

4-Hydroxylated or 4-methoxylated indoles are very rare in nature. Known examples beside 

the psilocybin-type alkaloids are the 4-hydroxylation of indol-3-yl-acetic acid by Aspergillus 
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niger strains [159], methoxylated β-carbolines from Banisteriopsis argentea [109, 110] and Picras-

ma javanica [18], the reserpine analog venenatine from Alstonia venenata [261], the yohimbine 

analogous mitragynines from Mitragyna speciosa [275], and the aminopyrimidyl-indolic meridi-

anins from the tunicate Aplidium meridianum [113]. 

In contrast to the former alkaloids, psilocybin (3) has a relatively simple chemical structure. It 

is biosynthetically derived from the amino acid tryptophan (34) by enzymatic decarboxylation, 

indole-hydroxylation, N-methylations, and O-phosphorylation (Figure 22). Feeding experi-

ments with putative intermediates, analogs of them, and radioactive precursors supported 

the view that the biosynthetic pathway starts with a decarboxylation and that O-phosphoryla-

tion is the final step. However, there is still uncertainty about the sequence of 4-hydroxylation 

and the N-methylation steps. Some authors even suppose a biosynthetic grid with multiple 

routes to psilocybin (3) [10, 54, 241]. 

Inocybe aeruginascens 

The mushroom species Inocybe aeruginascens was first collected in Hungary in 1965 and 

was named by the Hungarian mycologist Babos in 1968 [25]. Since then it has been found 

widely distributed across central Europe, mainly in Germany and Hungary [39, 94, 102, 89, 88]. Its 

fruiting season is from May until October, with a peak between May and June. It always 

grows in sandy soils under deciduous trees, mostly at anthropogenic locations like parks and 

gardens, directly on sand or in short grass. 

At least 23 unintentional intoxications due to its vague similarity with the common edible 

mushroom species Marasmius oreades (fairy ring mushroom) with characteristic hallucino-

genic symptoms early from 1972 were reported first in1983 by Drewitz [70] and Babos [24]. 

Gartz and Drewitz could then demonstrate the occurrence of psilocybin (3) in Inocybe aerugi-

nascens [103, 94]. This was the first report of this class of alkaloids in the genus Inocybe and 

several other groups could verify the occurence of psilocybin (3) in this and two related 

Inocybe species [34, 122, 271, 272]. 

Aeruginascin 

In addition to the common alkaloids psilocybin (3) and psilocin (7), two additional compounds 

in Inocybe aeruginascens with color reactions similar to psilocybin (3) were described by 

Gartz. One of them could later be identified as baeocystin (2) [87, 271]. In subsequent publica-

tions the presence of the unknown compound was verified [103, 87, 90, 91, 88, 255] and it was named 

"aeruginascin" by Gartz [87, 90]. While screening dozens of hallucinogenic mushroom species 

of the genera Psilocybe, Gymnopilus, Paneolus, Conocybe, and Inocybe (including the psilo-

cybin-positive species Inocybe haemacta (Berk. & Cooke) Sacc.) for the presence of aerugi-

nascin (4) over the last 20 years, Jochen Gartz could detect this compound exclusively in 

Inocybe aeruginascens [86]. 
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Aeruginascin (4) was shown by TLC to be more hydrophilic than psilocybin (3) and baeo-

cystin (2) and to give a color reaction with Ehrlich's reagent similar to these alkaloids, with 

the exception that its pink or mauve spot did not change in color to bluish violet on storage. A 

small sample isolated from TLC plates has been reported to give an UV spectrum similar to 

that of psilocybin (3) [90, 85]. Unfortunately, several attempts to isolate higher amounts of suffi-

ciently pure compound were hampered by its hydrophilicity [90, 117] and possibly by its chemi-

cal sensitivity. 

Aims of the aeruginascin project 

Extracts of Inocybe aeruginascens have been previously analyzed by Jochen Gartz and later 

by Luydmila Gurevich in the group of H. Laatsch in Göttingen. Purified preparations could be 

obtained by these researchers and UV spectra have been recorded. Unfortunately, the iso-

lated amounts were too small for 1H NMR or 13C NMR measurements, and CI MS analysis 

did not give conclusive results. So the main aim of the current study was to elucidate the 

structure of the natural product aeruginascin.  

Due to the limited amount of dried Inocybe aeruginascens material we planned to first syn-

thesize norbaeocystin (1) and baeocystin (2) as analytical reference compounds. We were 

also in need of larger amounts of 4-hydroxylated tryptamines for the synthesis of potential 

5-HT2A receptor ligands. We therefore planned to develop a new efficient synthetic strategy 

leading to 4-hydroxylated tryptamines. In the case that aeruginascin could not be identified 

by comparison with known compounds we planned to isolate an analytical sample from 

Inocybe aeruginascens fruit bodies for spectroscopic structure determinations. 

Tryptamines as 5-HT receptor ligands 

Hallucinogenic compounds, including Psilocybe alkaloids, act by their interaction with the 

serotonergic system of the brain. More specifically, they mimic the action of the neurotrans-

mitter serotonin (5-hydroxytryptamine, 5-HT, 6) at a certain subset of serotonin receptors, the 

5-HT2A receptor. Serotonin (6) is one of the major neurotransmitters in the brain as well as a 

potent peripheral hormone and signal mediator. The serotonergic system is an important 

target for therapeutic agents and drugs, from a medicinal as well as from an economical 

standpoint (for a review see: [146]). Thirteen different serotonin receptors have been identified 

and characterized in vertebrates (for reviews see: [27, 137]). With the exception of the 5-HT3 

receptor they all belong to the class of "G-protein coupled", "heptahelical", or "seven trans-

membrane domain" receptors. Serotonin receptors are divided into seven distinct families, 

based on their primary structure and their signal transduction properties. The 5-HT2 family 

comprises the three subtypes 5-HT2A, 5-HT2B, and 5-HT2C which exhibit a high amino acid se-

quence identity and a similar pharmacology (for a review see: [248]). There exist subtype 
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selective antagonists for each of the 5-HT2 receptors, as well as 5-HT2B and 5-HT2C receptor 

selective agonists. However, no 5-HT2A receptor selective agonist has been described yet. 

The serotonergic system as a pharmacological target 

The new compounds from this study have been tested at three different 5-HT receptor sub-

types, the 5-HT1A, the 5-HT2A, and the 5-HT2C receptor. All these receptors are important 

pharmacological targets and have been associated with the mechanism of hallucinogenic 

compounds.  

The 5-HT2A receptor has a key role in current drugs to treat schizophrenia (for a review see: 
[192]). Compared to classical neuroleptics like haloperidol, the newer atypical neuroleptics like 

clozapine, olanzapine, or risperidone lack the acute extrapyramidal and irrerversible long-

term side effects like tardive dyskinesia. All these atypical antipsychotic compounds have in 

common a potent antagonism of 5-HT2A receptors in combination with a weaker antagonism 

of dopamine D2 receptors. Moreover, there are indications that 5-HT2A receptor antagonists 

increase the effectiveness of antidepressive therapies with selective serotonin reuptake in-

hibitors (SSRI) [181]. The 5-HT2A receptor has also long been implicated in the function of 

memory. Indeed, patients treated with preferential 5-HT2A receptor antagonistic neuroleptics 

developed deficits in memory related test while these measures improved in patient treated 

with classical neuroleptics [278]. In human there exists a frequent allele of the 5-HT2A receptor 

with a histidine to tyrosine substitution at the C-terminal position 452. This variation results in 

receptors with an altered second messenger response [219]. Recently it has been shown that 

human heterozygote carriers of this allele have measurable memory deficits [64]. 

On the other hand there is compelling evidence that the hallucinogenic effects of compounds 

like psilocin (7), LSD (12), or mescaline (8) are mediated by activation of 5-HT2A receptors 

(for an excellent review on the action of hallucinogens see: [207]). The mechanism and the 

pharmacology of these compounds will be discussed in detail below. Interestingly, 5-HT2A 

receptor agonists are also effective in lowering the intraocular pressure after topical applica-

tion and are currently under development as a glaucoma treatment [188] [189]. Even the still 

unknown mechanism of action of the widely used analgesic drug paracetamol (acetamino-

phen) has been associated with an indirect downregulation of central 5-HT2A receptors [250, 

267]. 5-HT2A receptors are also located outside the central nervous system in many tissues 

like blood platelets or vascular smooth muscle cells including the umbilical vein. Indeed, the 

latter has been used in early assays for measuring hallucinogenic activity [247]. 

A single nucleotide polymorphism in the promoter region of the 5-HT1A receptor is highly as-

sociated with major depression and suicide. The substitution has been shown to abolish 

binding of the NUDR repressor, thereby resulting in enhanced expression levels of the 

5-HT1A receptor [168]. Not surprisingly, partial agonists of the 5-HT1A receptor like buspirone or 

gepirone are in use as anxiolytics in medicine. Similarly, the association of suicidal behavior 
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with mutations of the serotonin reuptake transporter (SERT) gene locus has recently been 

confirmed in a meta-study [15]. Inhibitors of the axonal serotonin reuptake process, the selec-

tive serotonin reuptake inhibitors (SSRI) like fluoxetine, citalopram, paroxetine, or sertraline 

are the currently most widely prescribed antidepressives in the treatment of obsessive com-

pulsive disorders, depression, and panic anxiety.  

The 5-HT2B receptor is predominantly located peripherally and has a high abundance in the 

gastrointestinal, the pulmonary, and the cardiovascular system. Another early in vitro system 

to test hallucinogenic compounds, the rat fundus strip preparation, was actually targeting the 

5-HT2B receptor in this tissue [29]. A typical valvular heart disease caused by extended use of 

the anorectic drug fenfluramine as well as by certain 5-HT (6) secreting tumors, is probably 

mediated by activation of 5-HT2B receptors located in the heart valve [76]. Despite its mostly 

peripheral location the 5-HT2B receptor is also located in several brain areas [149] and has 

been shown to mediate anxiolytic-like action [153], hyperphagia [152], and increased wakeful-

ness [149] in rats. 

5-HT2C receptor agonists were recently under development as potential therapeutics for de-

pression and obsessive compulsive disorder because they lacked the serious side effects 

typical for 5-HT reuptake inhibitors [42, 185]. However, in more specific animal models a 5-HT2C 

receptor agonists demonstrated marked sedative-, but not anxiolytic-like effects [151] while a 

selective 5-HT2C receptor antagonist / inverse agonist had an anxiolytic-like profile [294]. More 

recently it has been found that 5-HT2C receptor agonists are effective as anti-obesity drugs 

due to their appetite suppressing action [126]. Indeed, a 5-HT2C receptor gene promoter poly-

morphism has been suggested as a risk factor for obesity [228]. 

5-HT2A receptor species variants 

The existence of intra-species [111] as well as inter-species variants of the 5-HT2A receptor 

has been described. While the amino acid sequence of the transmembrane regions of the re-

ceptor is identical between human, pig, and rhesus monkey, the rat receptor has three sub-

stitutions [144]. One of them is a serine to alanine substitution at position 242 (S242-A) in helix 

5, located in the agonist binding pocket. This substitution alters the structure-activity relation-

ships of ergolines and tryptamines so that indole-N(1)-alkylated ligands bind preferentially to 

the rat variant while indole-N(1) unsubstituted compounds bind preferentially to the human 

variant. This has been attributed to direct interactions of the amino acid side-chain with the 

ligand [12, 145, 144]. Additionally, 15-fold higher affinities of psilocin (7) for the human sequence 

variants of the 5-HT2A receptor have been demonstrated [12] (Table 1). 

5-HT receptor selectivity of psilocin 

Uncertainty exists about the binding profile of the hallucinogenic compound psilocin (7) at 

serotonin receptor subtypes in humans. In some publications it is therefore referred to as a 
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mixed 5-HT2 / 5-HT1 receptor agonist [124, 286]. Unfortunately, comparable binding data at hu-

man receptors does not exist so far (Table 1). A low, two-fold selectivity of psilocin (7) for the 

rat 5-HT2A over the rat 5-HT1A receptor has been measured in transfected cells [37]. Taking 

into account the 15-fold higher affinity of psilocin (7) for the human over the rat 5-HT2A recep-

tor [81], psilocin (7) might be a reasonably 5-HT2A-selective ligand in humans.  

 HN

NH2

HO

HN

N

OH

HN

NH2

 
  Tryptamine (5) Serotonin (5-HT, 6) Psilocin (7) 

Figure 2: Chemical structures of tryptamine, serotonin (5-HT), and psilocin. 

G-protein coupled receptors 

The 5-HT2A receptor is a member of a huge class of structurally homologous transmembrane 

receptors, the G-protein coupled receptors (GPCR). They all consist of seven helical trans-

membrane domains (TM1 - TM7) and are therefore synonymously called "heptahelical recep-

tors" or "seven-transmembrane receptors". Another cytosolic helix 8 has recently been dis-

covered in the rhodopsin crystal structure [194]. Most G-protein coupled receptors, including all 

monoamine neurotransmitter receptors, have their agonist binding pocket in the upper trans-

membrane region. A common mode of binding has been found for the monoaminergic recep-

tors. The protonated amine of these agonists binds to a negatively charged aspartate side-

chain of helix 3, while their aromatic hydroxy groups are able to form hydrogen bonds with 

threonine or serine side-chains of helix 5. The aromatic nucleus interacts with aromatic side-

chains of helix 6. The rest of the binding pocket is lined with lipophilic and, especially around 

the salt bridge, aromatic residues [51, 116].  

Receptor modeling 

For cytosolic proteins the generation of crystal structures by x-ray diffraction is a standard 

laboratory procedure today. Unfortunately, this is not true for membrane spanning proteins. 

The only G-protein coupled receptor for which partial crystal structures down to a resolution 

of 2.6 Å exist, is the light sensing rhodopsin [160, 215, 220]. Currently the only method to generate 

molecular models of G-protein coupled receptors is by homology modeling using this rho-

dopsin structure as a template. This is based on the assumption of a similar structure and 

signaling mechanism for all G-protein coupled receptors.  
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Table 1: Published binding data and functional activities of psilocin. 

Binding data and functional activities of psilocin (7) at 5-HT1A, 5-HT2A, and 5-HT2C 

receptors from different species and at receptors with amino acid substitutions. 

Binding data are given as the Ki values followed by the applied radioligand. 

Functional activity is given as the EC50 value, followed by the relative efficacy as 

the percentage of maximal stimulation by 5-HT, and the test system (PLA2-AA: 

phospholipase mediated arachidonic acid release; PLC-IP: phospholipase C 

mediated IP accumulation). 

 

5-HT1A Receptor Kd or EC50 Assay Reference 

5-HT1A rat 49 nM [3H]8-OH-DPAT [37] 

 190 nM [3H]8-OH-DPAT [190] 

    

5-HT2A Receptor Kd or EC50 Assay Reference 

5-HT2A human 81 nM [3H]Ketanserin [12] 

 95 nM [3H]Ketanserin [71] 

 340 nM [3H]Ketanserin [81] 

 366 nM, 7% (sic!) PLC-IP [71] 

5-HT2A human S159-A 360 nM [3H]Ketanserin [71] 

 495 nM, 59% PLC-IP [71] 

5-HT2A rat 6 nM [125I]DOI [190] 

 25 nM [125I]DOI [37, 164] 

 390 nM [3H]Ketanserin [106] 

 5100 nM [3H]Ketanserin [81] 

 86 nM, 42% PLA2-AA [164] 

 2300 nM, 46% PLC-IP [164] 

5-HT2A bovine 410 nM [3H]Ketanserin [190] 

5-HT2A human S242-A 259 nM [3H]Ketanserin [12] 

    

5-HT2C Receptor Kd or EC50 Assay Reference 

5-HT2C human 140 nM [3H]Mesulergine [12] 

5-HT2C human A242-S 73 nM [3H]Mesulergine [12] 

5-HT2C rat 10 nM [125I]DOI [37] 
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Several uncertainties and problems have been observed by using homology modeling pro-

cedures. First, in many works extracellular and cytosolic loop regions have been omitted de-

spite their important function in receptor structure. Such regions include the recently discov-

ered cytosolic helix 8 [194] and the extracellular loop between helix 4 and 5 with its disulfide 

bridge to helix 3, close to the agonist binding site. Also problematic is the omission of the 

lipidic and aqueous environment ("in vacuo" simulation) which often results in erroneous hy-

drogen bonding. Moreover, a functional role of water molecules has been suggested for the 

structure and function of rhodopsin [215]. Other problems arises from omitting the broad num-

ber of associated proteins, most importantly the G-protein [191]. However, the currently great-

est drawback of homology modeling is that rhodopsin crystal structures only exist for the in-

active state of the receptor. This structure is probably not adequate for modeling the agonist 

binding site. In a recent work the inactive state of rhodopsin has therefore been isomerized in 

silico into an assumed active state [51]. Other recent studies have generated an active state 

receptor model by applying a broad range of diverse published experimental results as dis-

tance constraints during molecular dynamics simulations [116].  

Most studies agree that activation of the receptors includes the rotation and relative move-

ment of several transmembrane domains, probably accompanied by disruption of a strong 

ionic interaction of the transmembrane helices 3 and 6 [256, 283] and reordering of a "switch-

region" in helix 7 [229]. In the 5-HT2A and related receptors binding of an agonist might also 

induce the reordering of a network of aromatic residues on helix 6 at and below the binding 

site [291].  

G-protein coupled receptor signaling cascade 

The binding of agonists to the binding pocket of G-protein coupled receptors results in the 

activation of complex intracellular second messenger cascades, ultimately resulting in cellu-

lar responses such as a fast modulation of protein function as well as delayed changes in 

gene expression. The second messenger pathways play an important role in the amplifica-

tion of the receptor generated signal, for its integration over time and over different receptors 

("receptor crosstalk"), and for transmitting the signal from the cell membrane to other cell 

compartments, including the nucleus. 

G-proteins, the first mediators of activation of G-protein coupled receptors, are hetero-tri-

meric proteins composed of the Gα subunit and the tightly associated complex of the Gβ and 

the Gγ subunit. Both the Gα and the Gβγ subunits are membrane bound through lipid an-

chors. G-proteins serve as the first amplification step of the signal cascade because the re-

ceptor-ligand complex is able to activate multiple G-proteins. G-proteins are also adaptors, 

mediating the signal transduction between an enormous number of G-protein coupled recep-

tors and a relatively small number of effector pathways. G-proteins are classified by their Gα 

subunits, based mainly on the different effector pathways they are coupled to.  
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G-proteins are activated by the receptor in a cyclic process, starting with the association of 

the Gαβγ-GDP complex with the receptor. Upon binding of an agonist, the receptor changes 

its conformation and thereby induces the release of GDP from Gα and the subsequent bind-

ing of GTP. This results in the release of Gα and Gβγ from each other and from the receptor. 

Both subunits then activate different effectors. The cycle is terminated by the hydrolysis of 

GTP to GDP by the inherent enzymatic activity of Gα and the subsequent reassociation of 

Gα-GDP with Gβγ.  

It has been shown that the 5-HT2A receptor is able to activate several different pathways. The 

phospholipase C (PLC) pathway is the historically most investigated one [63, 164, 235]. It is me-

diated by Gαq and Gα11, which upon stimulation activate the membrane associated phospho-

lipase Cβ (PLCβ). This enzyme then hydrolyzes the common membrane lipid phosphatidyl-

inositol 4,5-bisphosphate (PIP2) into inositol 1,4,5-triphosphate (IP3) and diacylglycerol 

(DAG). IP3 is a diffusible cytosolic messenger and activates the IP3 receptor, a Ca2+ channel 

located in the membrane of the endoplasmic reticulum (ER). The resulting increase in cyto-

plasmic Ca2+ is able to activate many different cellular targets by mediation of the Ca2+ bin-

ding protein calmodulin (CaM). One example of such a protein is the serine / threonine pro-

tein phosphatase calcineurin. The still cell membrane bound diacylglycerol (DAG) recruits the 

protein kinase C (PKC) to the membrane and, together with Ca2+, activates this enzyme. The 

activated PKC in turn phosphorylates serine and threonine residues on a variety of intracel-

lular proteins, including receptors and proteins of the signaling cascade itself, but also ion 

channels like the AMPA glutamate receptor [47, 60].  

More recently, it has been shown that the 5-HT2A receptor couples also to other signaling 

pathways, mediated by small monomeric G-proteins like RhoA, Ras, and ARF1. The RhoA 

and Ras pathways activate phospholipase A2 (PLA2) in a complex convergent pathway, one 

probably through sequential activation of Gα12 / Gα13, RhoA, PKN / MEKK, MKK, p38, PLA2, 

and the other one through Gαi/oβγ, Gβγ, Ras, Raf, MEK, ERK, PLA2 [163]. Activated PLA2 in 

turn hydrolyzes membrane phospholipids, generating arachidonic acid (AA), an important 

signaling molecule and neuromodulator on its own as well as a precursor for a variety of 

eicosanoid hormones, including prostaglandins, thromboxanes, and leukotrienes. The ARF1 

signaling pathways is mediated by the direct stimulation of the small G-protein ARF1 by the 

receptor, stimulation of phospholipase D (PLD), and subsequent hydrolysis of the membrane 

lipid phosphatidylcholine into the second messenger phosphatidic acid [197, 245]. 

Gene activation 

Ultimately, stimulation of G-protein coupled receptors also leads to changes in gene expres-

sion. A number of immediate early genes regulated by 5-HT2A receptor activation has been 

identified. 5-HT2A receptor agonists induced the genes of the transcription factors C/EBPβ, 
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krox20, egr-1, egr-2, period1, and nur77/N10, the transcription factor inhibitor Iκβ, the nu-

clear hormone receptor nor1, the signaling protein cyr61/CCN1, the arrestin homolog ilad-1, 

the MAP kinase phosphatase mkp-1, the MAP kinase activated kinase sgk, the metabotropic 

glutamate receptor signaling related genes ania3a and homer1a, and inducible cyclooxy-

genase cox-2, while the gene for the protein kinase sty was repressed [114, 173, 205, 204, 206]. 

5-HT2A receptor stimulation also induced the A1 adenosine receptor gene AR1 while 5-HT1A 

receptor stimulation had the opposite effect [114]. The expression of the 5-HT1A, 5-HT2A, and 

5-HT2C receptors genes remained unchanged upon 5-HT2A receptor stimulation [205].  

A general problem with these studies is to decide if gene expression is altered as a direct 

result of a receptor mediated signaling cascade or indirectly, possibly even in other cells. The 

best studied immediate early gene is the c-fos gene product, a transcription factor [114, 172, 205, 

204, 222, 252, 299] However, induction of c-fos was found to correlate more with general neuronal 

activity as a response to glutamate release [114]. Indeed, the c-fos gene was induced in cells 

not expressing 5-HT2A receptors [172, 252, 299], possibly GABAergic interneurons. The c-fos in-

duction by 5-HT2A receptor agonists in these cells was dependent on arachidonic acid, in-

ducible cyclooxygenase (COX-2) [174, 173], glutamate release [299], and stimulation of AMPA / 

KA glutamate receptors. Moreover, thalamic lesions attenuated cortical c-fos induction [252]. 

The 5-HT2A receptor mediated gene activation of arc was found to resemble that of c-fos in 

many respects [222]. 

Receptor associated proteins 

Receptors, including G-protein coupled receptors, are not isolated entities but part of exten-

ded protein complexes. A common motif on many of these signaling cluster proteins is a 

PDZ-binding domain which mediates the association with synaptic scaffold proteins [31, 30, 297]. 

A recent study has indeed demonstrated the direct interaction of the C-terminus of the 

5-HT2C receptor with a synaptic scaffold protein (post synaptic density protein PSD95) [30] and 

several other proteins like calmodulin, protein kinase theta, cytoskeletal and cytoskeletal bin-

ding proteins (β-actin, spectrin), signaling proteins (neuronal nitric oxide synthase nNOS), 

and an internalization related protein (dynamin).  

Other direct or functional interactions and co-localizations of 5-HT2 receptors include further 

internalization related proteins (caveolin-1 [35], the G-protein coupled receptor kinase GRK 
[288], spinophilin, [288], arrestins [36, 105, 119, 230], dynamin [30, 36]), further cytoskeletal and trafficking 

related proteins (MAP1A [59]), small G-proteins (ARF1, RhoA [197, 245]), and G-protein binding 

related proteins (RGS proteins [108, 129]).  

Many enzymes of the G-protein coupled receptor signaling cascade are either membrane 

bound or membrane embedded proteins and are most probably aggregated in synaptic mul-

tiprotein complexes. This includes the G-proteins, phospholipase C, calmodulin, activated 
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protein kinase C, phospholipase A2, and phospholipase D. Many second messengers are 

small diffusible molecules, and clustering of the signaling enzymes has obvious advantages 

for the speed and efficiency of signaling.  

Several receptor associated proteins exhibited profound effects on the signaling properties of 

G-protein coupled receptors. Disrupting the association of caveolin-1 with several receptors, 

including the 5-HT2A receptor, led to profound decreases in signaling, probably by interfering 

with receptor-Gαq coupling [35]. Disrupting the interaction with the synaptic scaffold proteins 

PSD95 increased the signaling properties of the 5-HT2A receptor by interfering with agonist-

induced receptor internalization [296]. Overexpression of the "regulator of G-protein signaling" 

(RGS) proteins RGS2 and RGS7 decreased 5-HT2A / Gαq mediated cellular activation [129].  

Receptor dimerization 

There is now broad evidence for the oligomerization of G-protein coupled receptors under 

physiological conditions (e.g. [78], for reviews see: [8, 43]). Homo- as well as hetero-dimerization 

has been demonstrated in living tissue as well as in cell culture systems. These receptor-

receptor interactions have been shown to influence ligand binding affinity, structure-affinity 

relationships, G-protein coupling efficacy as well as selectivity, and internalization kinetics. In 

addition, an allosteric interaction between the two binding sites has been demonstrated for 

several (hetero-) dimeric receptor pairs. One prominent example is the GABAB receptor 

where only heterodimerization between the GABAB1 and the GABAB2 subtype forms a func-

tional receptor which is able to activate G-proteins. 

Agonist directed trafficking 

The 5-HT2A receptor is able to activate second messenger cascades by direct interaction with 

several different G-proteins (Gαi/o, Gαq / Gα11, Gα12 / Gα13) as well as the small G-protein 

ARF1. It is therefore not surprising that ligands and ligand classes are able to activate differ-

ent signaling pathways with varying potencies through the same receptor, a concept called 

"agonist directed trafficking" [164, 163]. Also other binding-related events like desensitization 

and internalization are expected to show comparable ligand-dependent effects. Indeed, 

5-HT2A and 5-HT2C receptors have atypical regulation properties in that not only agonists, but 

also most synthetic antagonists induce the internalization process [280].  

Cellular effects of 5-HT2A activation 

Several cellular responses to activation of neuronal 5-HT2A receptors have been observed. 

Activation of 5-HT2A receptors modulated dendritic voltage gated Na+ channels by a Gαq / 

phospholipase Cβ (PLCβ) / protein kinase C (PKC) dependent pathway, thereby reducing the 

amplitude and increasing the duration of dendritic action potentials [46]. Activation of 5-HT2A 

receptors also led to stimulation of Cav1.2 L-type voltage gated Ca2+ channels by activation 
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of the Gαq / PLCβ / IP3 / calcineurin second messenger cascade [63]. In addition, 5-HT2A 

receptor agonists decreased NMDA glutamate receptor mediated currents by a Ca2+ / cal-

modulin-dependent kinase II (CaMKII), but protein kinase C (PKC) independent pathway [19, 

20]. Similarly, arachidonic acid, a second messenger of 5-HT2A receptor activation, has been 

shown to potentiate AMPA glutamate receptor currents through the same pathway [210]. 

5-HT2A as well as 5-HT1A receptor activation resulted in an increase in cGMP content of corti-

cal brain slices by potentiation of a NMDA receptor mediated response. The responsible 

pathway has not been fully elucidated yet but probably involves glutamate release, NMDA 

receptor activation, stimulation of neuronal nitric oxide synthase (nNOS), and increased nitric 

oxide (NO) release [238, 237]. The enzyme inducible cyclooxygenase (COX-2) is also transiently 

up- as well as downregulated by the 5-HT2A agonist DOI (10), the expression of this enzyme 

slightly decreases in the cortical layers I to IV, but strongly increases in layers V and VI [173]. 

Receptor binding experiments 

One of the most important parameters for characterizing receptor ligands is their potency, i.e. 

the concentration at which a compound has an effect on the receptor. This value is directly 

related to the strength or "affinity" with that a receptor binds a ligand. More accurately, the 

affinity of a ligand has been defined as the equilibrium dissociation constant Kd. This value is 

identical to the equilibrium constant K when applying the law of mass action to the bimolecu-

lar receptor / ligand system. Kd is therefore also identical to the relation of the rate constants 

of ligand release (dissociation) kdissoc and ligand binding (association) kassoc:  

[ ] [ ]
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d complex ligand-receptor

ligandreceptor
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=  

Lower values of Kd indicate higher affinities. Common neurotransmitters and drugs usually 

have affinities for G-protein coupled receptors in the nanomolar range. The Kd value of a 

compound can be determined experimentally in saturation binding experiments ("Scatchard 

experiments") by incubating variable amounts of the radiolabeled ligand with the receptor 

and measuring the receptor-bound radioactivity. Because this method requires large 

amounts of expensive radioactively labeled ligands, an indirect method has been developed 

to determine affinity, the competitive binding experiment. A receptor preparation is incubated 

with a constant small amount of radioactive ligand ("radioligand", "radiolabel", or "tracer") and 

varying concentrations of the test ligand. Both compounds then compete for binding to the 

receptor, depending on the affinities and their concentration. At the end of the incubation, the 

receptor membranes are separated from the solution, e.g. by filtration and the receptor 

bound radioactivity is measured. The measured radioactivity (as cpm, counts per minute) is 

then plotted against the logarithmic concentration of the test ligand, resulting in a typical sig-

moidal binding curve (Figure 3). From this curve the half-maximal inhibiting concentration 
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(IC50) is determined and the binding affinity Ki of the test compound is calculated using the 

Cheng-Prusoff equation. Under ideal conditions the Ki determined in competitive binding ex-

periment equals the Kd determined in saturation binding experiments and both values can be 

used as a measure of affinity.  
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Figure 3: Typical binding curve from a competitive binding experiment. 

The concentration is plotted on a logarithmic scale, resulting in a typical sigmoi-

dal binding curve. The IC50 value is the half-maximal inhibiting concentration from 

which the affinity Ki can be calculated. For this curve compound 11 was tested at 

the rat 5-HT2A receptor with [3H]ketanserin as radioligand.  

 

 

Functional assays 

While receptor binding experiments give a measure of ligand affinity, it is not possible to de-

cide from binding data if a ligand is able to activate the receptor. To determine if a ligand acts 

as an agonist, a partial agonist, or an antagonist, the response of living cells to the binding 

event must be measured ("functional assay"). As described above, 5-HT2A receptors are able 

to activate the enzyme phospholipase C (PLC), mediated by the G-protein Gαq. PLC in turn 

catalyzes the hydrolysis of the membrane lipid phosphatidyl-D-myo-inositol-4,5-bisphosphate 
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(phosphatidylinositol bisphosphate, PIP2) into D-myo-inositol-1,4,5-trisphosphate (inositol 

trisphosphate, IP3) and sn-1,2-diacyglycerol (DAG). This early step in the signaling cascade 

can be utilized for an assay of receptor mediated cellular response.  
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Figure 4: Typical dose-response curve from an IP accumulation assay. 

The EC50 value is used as a measure of potency in functional assays. This value 

is the concentration at which a test compound elicits a half-maximal response. 

The concentration is plotted on a logarithmic scale, resulting in a sigmoidal dose-

response curve. In this experiment 5-MeO-NMT (208) was tested at cells trans-

fected with the human 5-HT2A receptor.  

 

Cells are preincubated with [3H]PIP2 and then treated with the test compound. After cell per-

meabilization the amount of liberated, tritium labeled inositol phosphates (IP) can then be 

measured. This type of assay is known as "phosphatidyl inositol (PI) turnover assay" or "IP 

accumulation assay". Similar to the receptor binding experiments, a dose-response curve is 

obtained (Figure 4). If the activation is caused by a single mechanism, this dose-response 

curve has a typical sigmoidal shape if plotted on a logarithmic concentration axis. The EC50 

value is used as a measure of potency, and is defined as the concentration at which the 

compound elicits a half-maximal response. The maximal height of the curve in relation to the 

maximal height elicited by the natural ligand is called the "intrinsic activity" or, more accu-

rately, "relative efficacy". Full agonists usually have a relative efficacy of 100%, while partial 

agonists have a lower value. Antagonists do not elicit a response at all and therefore have a 
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relative efficacy of 0%. There are two common ways to experimentally identify antagonists: 

Either as compounds hat exhibit a high binding affinity for the receptor in radioligand binding 

assays but that do not elicit a response in functional assays, or, alternatively, by measuring 

their inhibiting properties on agonist-induced stimulation in co-application experiments. 
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Figure 5: Dose-response curves of agonists, partial agonists, and antagonists. 

Agonists of different potencies have different EC50 values and horizontally shifted 

dose-response curves (A). In contrast, agonists, partial agonists, and antagonists 

differ by their maximal stimulation, resulting in a vertical shift of the dose-re-

sponse curves (B). An over-maximal response above 100%, higher than the re-

sponse caused by the natural agonist, is a very uncommon phenomenon. The 

maximal stimulation is independent of the potency or the EC50 value, i.e. further 

increases in concentration have no effect once the maximal response has been 

reached.  

 

Mechanism of hallucinogenic action 

It is now widely accepted that hallucinogens primarily act through their agonistic action at 

5-HT2A receptors. This has been shown by correlation of behavioral activity in man and ani-

mals to receptor affinities as well as by rat drug discrimination tests involving specific and 

subtype-selective 5-HT2A receptor antagonists. Moreover, the hallucinogenic action of psilo-

cybin (3) in humans could be completely blocked by administration of the antagonists ketan-

serin (48) and risperidone [287]. (For an excellent review see: [207]). 



Introduction - Mechanism of hallucinogenic action 
_________________________________________________________________________  

 

17

Serotonergic system 

5-HT2A receptors are activated by the neurotransmitter serotonin (6). This neurotransmitter is 

released from axons and axon terminals of serotonergic neurons. All these projections 

emerge from the raphe nuclei, a complex of neuron clusters located near the midline of the 

whole brainstem. The upper raphe complex with the caudal linear nucleus, dorsal raphe nu-

cleus (DR), and the median raphe nuclei (MnR) project primarily to the forebrain, including 

the cerebral cortex. Reciprocally, prefrontal cortex pyramidal cells project back to the raphe 

nuclei (for a review see: [136]). In addition to serotonergic neurons the raphe nuclei also con-

tain non-serotonergic inhibitory GABAergic and excitatory glutamatergic neurons. 5-HT1A as 

well as 5-HT2A and 5-HT2C receptors are expressed on both types of cells [40, 49, 184, 251]. Stimu-

lation of the raphe nuclei with 5-HT receptor subtype-selective ligands therefore results in a 

complex modulation, further complicated by the mixed, excitatory as well inhibitory, control 

on other brain areas, and the reciprocal modulation from these projection areas [3, 4]. 

Hallucinogens and cortical activation 

The hallucinogen psilocybin (3) caused an increased activation of most brain areas when 

examined in humans in a [18F]deoxyglucose PET scan study [286]. The highest activations 

where seen in the prefrontal and the temporal cortex as well as the thalamus ("hyperfron-

tality"). A similar activation pattern was also seen in a human SPECT imaging study using 

the hallucinogen mescaline [130]. Likewise, the hallucinogens DOI (10) and LSD (12) caused 

increased extracellular levels of the main excitatory neurotransmitter glutamate in the cortex 
[201, 253]. Indeed, enhancing glutamate release by mGluRII/III autoreceptor antagonists resulted 

in potentiation of the effects of different hallucinogenic compounds in animal models while 

mGluRII/III agonists blocked them [107, 293]. Common mechanisms have been suggested for the 

effects of hallucinogenic compounds, dissociative drugs, and natural psychoses, involving a 

disruption of thalamo-cortical information processing [284]. 

Cortical localization of 5-HT receptors 

The study of hallucinogens on cortical activation has focused on the prefrontal cortex, mainly 

because this area has the highest density of 5-HT2A receptors [5, 58, 142, 298] and is preferentially 

activated by hallucinogens. The neocortex consists of six layers which are defined by their 

different staining characteristics and cellular architecture. These layers are numbered from I 

to VI, starting from the outside. The 5-HT2A receptor in the cortex is predominantly located on 

dendrites of pyramidal cells located in layer III and V [298] [58, 59, 141, 142, 195]. While earlier studies 

reported an exclusive localization at dendritic shafts in intracellular compartments, a recent 

study was able to demonstrate the 5-HT2A also at dendritic spines and synapses. This discre-

pancy was attributed to the use of different primary antibodies [195]. Cortical 5-HT2A receptors 
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were also found on presynaptic, putatively dopaminergic, monoaminergic axons and synap-

ses, on astrocytes [57, 142, 195, 298], and on GABAergic interneurones [61, 141, 251]. 

Pyramidal cells 

Pyramidal cells have a large, characteristically shaped cell body located in layers III and V. 

They are integrating signals vertically throughout the upper layers with a single long apical 

dendritic tree which extensively arborizes in the superficial layers. Additionally, basal dendrite 

trees emerge from the soma and spread out horizontally in the same cortical layer. Their 

axons are the only efferences of the cortex and project either to subcortical brain regions or 

to other cortical regions.  

In the case of cortico-cortical interconnections, pyramidal cells in layer V project to lower cor-

tical areas (descending feedback connections) while layer III pyramidal cells project to higher 

cortical areas (ascending feedforward connections). Projections from higher cortical areas 

terminate mainly in layers I and VI while projections from lower areas target excitatory spiny-

stellate cells in layer IV, which in turn activate basal dendrites of pyramidal cells in layers II 

and III. Thalamic projections usually terminate in layer IV, contacting the apical dendrites of 

layer V pyramidal cells. [266] 

Pyramidal cells are excitatory glutamatergic cells. In the prefrontal cortex a high proportion of 

cortical layer V pyramidal cells expresses the 5-HT2A receptor, nearly always in co-expres-

sion with the 5-HT1A receptor [14, 186, 251]. However, both receptor subtypes are targeted to dif-

ferent cellular locations. The 5-HT2A receptors are predominantly located on the apical den-

drites in layer V to III [298] [58, 141, 142] including synaptic spines [195] while the 5-HT1A receptors 

seem to be predominantly located in the region of the axon hillock and in the proximal portion 

of the pyramidal axon [65].  

Both receptor types are activated by different serotonergic afferents. Two main dense plex-

uses of horizontal serotonergic axons innervate the cortex in layer Va and I, respectively. 

The fibers in layer V probably activate pyramidal 5-HT1A receptors. Between the cortical lay-

ers V and I serotonergic fibers run vertically in parallel to the pyramidal dendrites [142]. These 

fibers probably interact with the dendritic pyramidal 5-HT2A receptors. Prefrontal cortex pyra-

midal cells also express 5-HT2C receptors, albeit in a lower density compared to 5-HT2A re-

ceptors [46, 56, 63]. Not much information on cellular localization and function of these 5-HT2C 

receptors is currently available. In single-cell RT-PCR experiments 5-HT2C receptors were 

found in partial cellular co-expression with the 5-HT2A receptor in one study [46], but not in 

another study [63]. 

There are hardly any defined synapses detectable between serotonergic axons and pyrami-

dal cells. This has also been observed in other brain areas [4, 67] and it is widely assumed that 

slow signaling through the G-protein coupled 5-HT1A and 5-HT2A receptors proceeds extra-
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synaptically by short distance diffusion in the extra-cellular space ("paracrine" or "volume 

transmission") [58, 65, 142].  

There are also indirect serotonergic effects on pyramidal cells. They are all inhibitory and are 

mediated by the following three mechanisms. The raphe nuclei activate cortical inhibitory 

GABAergic neurons (dendrite-targeting interneurons) through 5-HT3 receptors, especially in 

layer I [141, 233]. Recent experiments suggest also a direct contact of GABAergic axons from 

the raphe nuclei with pyramidal cells [231]. Large GABAergic interneurones in layer V targeting 

the pyramidal soma and proximal dendrite (perisomatic chandelier and basket cells) express 

the 5-HT2A [141, 251] and, to about the same extent, 5-HT1A receptors [23, 251]. This cell type is in-

volved in pyramidal feed-forward inhibition.  

The action of hallucinogens in vitro 

Groundbreaking work on the effects of serotonin (6) and hallucinogenic drugs on nerve cells 

has been done in the group of George K. Aghajanian at Yale University, USA, using neuro-

physiological methods on brain slice preparations. They showed profound effects of sero-

tonin (6), LSD (12), and DOI (10) on the firing rate of pyramidal cells in layer V of the medial 

prefrontal cortex (mPFC). Serotonin (6) applied to cortical brain slices resulted in a strong 

increase in spontaneous pyramidal cell firing. This effect was stronger in the medial prefron-

tal cortex compared to other cortical regions while in subcortical regions 5-HT (6) even had 

inhibitory effects. Serotonin (6) applied in close proximity to the dendrites of the pyramidal 

cells dramatically increased their firing rate after several seconds. This effect was most pro-

nounced in layer IV/Va in a dendritic region close to the cell body, but still observable in layer 

I/II, a more distant dendritic region. Application 100 - 200 µm away from the vertical dendrites 

did not result in activation. Also application onto the pyramidal cell body in layer Vb or into 

the basilar dendritic field in layer Vb/VI below the cell body did not result in increased firing [7].  

The pyramidal firing in the experiments above was mediated by 5-HT2A receptors as shown 

by antagonist experiments. However, 5-HT2A receptor activation did not cause a pronounced 

membrane depolarization and therefore could not directly induce firing of pyramidal cells [7, 17, 

19, 46]. This suggested a presynaptic modulation of excitatory inputs, i.e. an increase in gluta-

mate release from glutamatergic terminals. Indeed, blocking the postsynaptic pyramidal 

AMPA glutamate receptor decreased the basal firing activity and eliminated the firing re-

sponse to 5-HT. Furthermore, activation of regulatory presynaptic glutamate autoreceptors 

with a variety of a group II/III metabotropic glutamate receptor (mGluRII/III) agonists had the 

same effects as blocking the postsynaptic receptor [183]. A similar presynaptic negative modu-

lation could be obtained by activation of µ-opioid [180, 178, 177] and adenosine A1 receptors [273], 

while activation of presynaptic muscarinic acetylcholine and α1-adrenergic receptors had the 

opposite effect and induced pyramidal firing [17, 179]. A decrease in 5-HT2A agonist mediated 



Introduction - Mechanism of hallucinogenic action 
_________________________________________________________________________  

 

20 

pyramidal cell firing was also observed after elimination of thalamo-cortical terminals by le-

sioning the medial thalamus [182]. 

All these findings supported the hypothesis that cortical pyramidal cells are indirectly acti-

vated by a presynaptic 5-HT2A receptor modulation of glutamate release. However, the ob-

served effects were independent of incoming axonal impulse flow, i.e. no firing neurons in the 

5-HT (6) sensitive regions could be detected in the brain slices preparations and hardly any 

5-HT2A receptor containing glutamatergic terminals could be detected by immuno-labeling 

and electron microscopy [140, 195]. On the contrary, it was shown that the pyramidal cells itself 

express 5-HT2A receptors at a high density in their proximal dendrites [298] [58, 141, 142, 195], ac-

counting for the vast majority of 5-HT2A receptors in this region. 

The existence of a retrograde messenger was postulated to overcome this discrepancy. In 

this extended hypothesis the stimulation of 5-HT2A receptors on pyramidal cells results in the 

secretion of a retrograde messenger which causes a presynaptic release of the excitatory 

neurotransmitter glutamate [6, 178]. Indeed, in further studies it could be shown that the 5-HT2A 

receptor mediated, delayed, and impulse-independent "asynchronous" glutamate release [7] 

was caused by inhibition of presynaptic Kv 1.2 voltage gated potassium channels [165]. Intrigu-

ingly, these channels are blocked by extracellular arachidonic acid which is known to be se-

creted upon 5-HT2A receptor stimulation in cell cultures [164, 163] and in vivo where immedi-

ately-early genes like c-fos in non-pyramidal non-5-HT2A containing cortical neurons are in-

duced by activation of the arachidonic acid signaling pathway [174, 173, 252]. 

The action of hallucinogens in vivo 

A major drawback of electrophysiological studies of cortical slice preparation is the missing 

connectivity to other brain areas. Indeed, the importance of other brain areas on the effect of 

5-HT2A receptor ligands on cortical pyramidal cells has been demonstrated more recently in 

in vivo studies, especially in the group of Francesc Artigas in Barcelona, Spain. In many of 

these experiments brain microdialysis probes were used as a tool for local drug application 

and for sampling local neurotransmitter concentrations. 

The results of the in vitro slice experiments described above could essentially be replicated 

by these in vivo methods. A cortical glutamate release by stimulation of the thalamus re-

sulted in pyramidal cell activation (measured as a local 5-HT release by a mechanism dis-

cussed below). This activation was blocked by µ-opioid receptor activation. Surprisingly, 

µ-opioid receptor agonists in fact blocked the pyramidal cell activation induced by thalamic 

stimulation, but not that upon local DOI (10) application. Furthermore, thalamic lesions did 

not affect the activating effect of local DOI (10). The effect of local DOI (10) was, however, 

mediated by 5-HT2A and AMPA glutamate receptors, but not by NMDA glutamate receptors 
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[13, 21, 22, 41, 186, 232], and the local application of DOI (10) and LSD (12) was able to increase 

local glutamate levels [201, 253]. 

Currently the following hypotheses can explain the local action of hallucinogenic substances 

in the cortex in vivo. For both possibilities 5-HT2A receptors are located postsynaptically on 

pyramidal neurons and glutamate is released primarily from non-thalamic sources. 

− Positive modulation of pyramidal AMPA glutamate receptors (AMPA potentiation 

hypothesis). 

− Positive modulation of presynaptic glutamate release, possibly through the action of a 

retrograde messenger (retrograde messenger hypothesis). 

Much evidence has been collected for the retrograde messenger hypothesis in in vitro brain 

slice experiments, but in in vivo experiments this mechanism seems to be of less importance, 

as described above. The AMPA potentiation hypothesis is supported by findings that arachi-

donic acid, a second messenger of 5-HT2A receptor activation [164, 163], potentiates AMPA glu-

tamate receptor currents by a Ca2+ / calmodulin-dependent kinase II (CaMKII) pathway [210, 

269]. AMPA receptors are also positively regulated by protein kinase C (PKC) phosphorylation 
[47, 60]. However, in in vivo medial prefrontal cortex brain slice experiments the 5-HT2A receptor 

agonist DOB (9) increased AMPA receptor mediated currents only in a minority of the tested 

cells. In contrast, NMDA receptor mediated currents were strongly increased in all tested 

neurons [19]. 

The action of hallucinogens on the raphe nuclei 

Another focus of recent in vivo experiments was the interaction of the cortex with the upper 

raphe nuclei. It could be shown that local application of the 5-HT2A receptor agonist DOI (10) 

to the medial prefrontal cortex increased the firing rate of pyramidal neurons projecting to the 

raphe nuclei as well as the reciprocal cortical 5-HT release from back-projecting raphe neu-

ron afferents [186, 232]. 

Electrical stimulation of the dorsal and the median raphe nuclei results in a complex modula-

tion of pyramidal cell firing. As described above, projections from the raphe nuclei control py-

ramidal cell activation by excitatory dendritic 5-HT2A receptors as well as by inhibitory axonal 

5-HT1A receptors, pyramidal GABAA receptors, and 5-HT1A, 5-HT2A, and 5-HT3 receptors on 

GABAergic interneurones. The net effect of raphe stimulation on pyramidal cells seems to be 

dependent on the location of stimulation in the raphe nuclei, suggesting an independent acti-

vation of excitatory dendritic 5-HT2A receptors and inhibitory somato-axonal 5-HT1A receptors 

and interneurones [14, 176, 233, 231]. In general, the inhibitory effects of raphe stimulation on pyra-

midal activation were outweighing excitatory effects.  

The raphe nuclei consist of serotonergic, GABAergic, and glutamatergic cells. Individual se-

rotonergic as well as non-serotonergic cells are excited as well as inhibited by stimulation of 



Introduction - Mechanism of hallucinogenic action 
_________________________________________________________________________  

 

22 

5-HT1A and 5-HT2A receptors in in vitro slice experiments, suggesting a complex internal ra-

phe connectivity [184]. In several studies it could be demonstrated that the net effect of sys-

temic 5-HT2A receptor stimulation on raphe nuclei activity and cortical 5-HT release in vivo 

was inhibitory [40, 84, 123, 186, 295]. 

These findings suggested the following hypothesis. Pyramidal cells are activated by systemic 

administration of hallucinogenic 5-HT2A receptor agonist through the following synergistic ef-

fects: 

− The inhibitory input from the raphe nuclei onto pyramidal cells is decreased (raphe 

mechanism). 

− Stimulation of dendritic 5-HT2A receptors increases pyramidal excitation (cortical 

mechanism). 

Both mechanisms might contribute to the action of hallucinogenic 5-HT2A receptor agonists. 

The raphe mechanism is supported by the following results. In the somatosensory cortex a 

fast desensitization of glutamate release after intracortical administration of the 5-HT2A re-

ceptor agonist DOI (10) was found. In contrast, no desensitization was seen over several 

hours after systemic administration of DOI (10) [253]. Similar fast desensitizations of 5-HT2A 

receptor mediated NMDA receptor induced currents [19] and 5-HT (6) induced membrane 

depolarizations [17] were observed in the prefrontal cortex. A similar mechanism in the action 

of hallucinogenic 5-HT2A agonists and the dissociative NMDA antagonists with respect to 

their increase in cortical activation has been suggested [285]. Indeed, similar to 5-HT2A ago-

nists, systemically applied NMDA as well as AMPA glutamate receptor antagonists decrease 

cortical 5-HT release through their action on raphe neurons [49]. 

On the other hand a cortical mechanism might be suggested by the following experiments: 

Electrical stimulation of the dorsal raphe nucleus resulted in generalization to LSD (12) [131] 

and to DOI (10) [198] in rat drug discrimination tests and led to increased cortical activity [62]. 

These results appear somewhat conflicting with the above hypotheses. However, the raphe 

nuclei project to most other brain areas and raphe stimulation might indirectly increase exci-

tatory input onto pyramidal cells. Indeed, electrical stimulation of the dorsal raphe nucleus 

has been shown to increase activation of the mediodorsal thalamus nucleus. This nucleus is 

reciprocally connected to the prefrontal cortex [62] and is also innervated by serotonergic ra-

phe projections [115, 162]. 

Bell shaped dose-response  

5-HT2A agonists locally administered to the prefrontal cortex had a biphasic, bell shaped 

dose-response effect on pyramidal cell firing in in vivo studies [21, 22] as well as in in vitro stud-

ies measuring their effect on membrane depolarization [17] and NMDA receptor mediated cur-

rents [20]. While the compounds had an activating effect at lower concentrations they became 
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inhibitors at higher concentrations. Both effects were mediated by 5-HT2A receptors as shown 

by 5-HT2A antagonist experiments. This effect might be related to a 5-HT2A receptor mediated 

activation of inhibitory GABAergic interneurones. Remarkably, the increase in c-fos gene 

expression in non-glutamatergic, 5-HT2A receptor negative neurons was observed after ad-

ministration of 5 - 8 mg/kg DOI (10) [174, 252], a very high concentration compared to their hu-

man hallucinogenic potency of about 0.04 mg/kg [258]. 

Pharmacology of 5-HT2A ligands 

The structure-activity relationships (SAR) of hallucinogenic compounds have been under 

continuous investigation for about 50 years. Especially noteworthy is the chemist Alexander 

T. Shulgin, who has synthesized and tested the human hallucinogenic activity of a broad 

range of substituted phenethylamines and amphetamines since 1963 [260], using the natural 

compound mescaline (8) as a lead structure [258]. He first synthesized and characterized com-

pounds like DOB (9) and DOI (10) which are now widely used as potent 5-HT2 receptor 

probes and agonist radioligands. Further optimization of these structures in the laboratory of 

David E. Nichols at Purdue University, USA, resulted in the development of the currently 

most potent 5-HT2A agonist, the benzodifuranyl-isopropylamine 11 [50, 221] (Figure 6).  
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Figure 6: 5-HT2A receptor ligands (I): Phenethylamines. 

The natural compound mescaline (8), the widely used receptor probes DOB (9) 

and DOI (10), and the currently most potent 5-HT2A agonist, the benzodifuranyl-

isopropylamine 11 [50, 221]. 

 

Also in the Nichols group a structure optimization of LSD (12) led to N(6)-alkyl derivatives 

with enhanced potency in rat drug discrimination studies [132] and to the sterically constrained 

amide-sidechain analog (S,S)-2,4-dimethylazetidine 14 with retained affinity and enhanced 

efficacy and animal potency [209] (Figure 7).  
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Figure 7: 5-HT2A receptor ligands (II): Lysergamides. 

LSD (12), the N-allyl analog 13 [132], and the sterically constrained amide-

sidechain (S,S)-2,4-dimethylazetidine analog 14 [209].  

 

The third main class of 5-HT2A ligands are the tryptamines. The natural agonist, the neuro-

transmitter serotonin (5-HT, 6) and the natural alkaloid 5-MeO-DMT (15) belong to this 

group. Their structure has been optimized for 5-HT2A receptor affinity and subtype-selectivity, 

yielding sterically constrained analogs with dihydropyrano structure like 16 [106], with a pyrroli-

din-2-yl-methyl side-chain like 17 [188] [175], or with a cyclopropylamino side-chain like in 18 [281] 

(Figure 8).  

5-HT2A receptor modeling 

Recent advances in homology modeling of G-protein coupled receptors, especially the avail-

ability of the rhodopsin crystal structures and the increase in computing power, allowed the 

construction of more reliable models of the 5-HT2A receptor in its agonist binding conforma-

tion as discussed above [51]. 5-HT2A receptor agonists were docked into these models, there-

by for the first time merging the relatively well known pharmacophores of the three main 

classes of compounds into a molecular model of the ligand binding site. Such work signifi-

cantly benefits from the previous development of sterically constrained high-affinity ligands. 

In a reciprocal process these receptor models serve as tools for the design of new ligands 

with improved affinity and subtype-selectivity, and the receptor models are continuously im-

proved by adjusting them to experimental data obtained from those compounds.  
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Figure 8: 5-HT2A receptor ligands (III): Tryptamines. 

Serotonin (5-HT, 6), psilocin (7), 5-methoxy-N,N-dimethyltryptamine (5-MeO-

DMT, 15), and the sterically constrained dihydropyrano tryptamine 16 [106], the 

pyrrolidin-2-yl-methyl tryptamine analog 17 [175, 188], and the cyclopropanated 

tryptamine analog 18 [281]. 

 

N-alkylated tryptamines 

In a previous study from the group of Richard A. Glennon from the Virginia Commonwealth 

University, USA, exceptional high binding affinities and possible agonistic activity at 5–HT2A 

receptors have been reported for several analogs of DOB (9) and 5-MeO-tryptamine (358) 

with an additional extended amine substituent. One example from that series is N-(4-brom-

obenzyl)-5-methoxytryptamine (19) (compound number 33 in [112]) (Figure 9). The substance 

is also commercially available (Tocris, USA), marketed as a "very potent and selective ligand 

at 5-HT2A receptors" with a claimed affinity for the 5-HT2A receptor of 5 nM using [3H]ketan-

serin as a radioligand and 0.1 nM using [125I]DOI as a radioligand [1]. This study is of particu-

lar interest because it is the only published study in which longer alkyl substituents at the 

amine group have been systematically investigated until now. No other such data are avail-

able on mono-alkyl or unsymmetrical methyl-alkyl substituted tryptamines. This is somewhat 

surprising because for other serotonin receptors, especially of the 5-HT1 family, the N-termi-

nal extension strategy has yielded ligands with improved affinities in the past, e.g. the partial 

5-HT1A agonists buspirone and gepirone, the full 5-HT1A agonists alniditan, flesinoxan, repi-

notan (BAY × 3702), xaliproden (SR 57746A), and certain N-linked bivalent compounds [167], 

and the 5-HT1B / 5-HT1D receptor agonist avitriptan. 
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Figure 9: Alleged 5-HT2A receptor ligand. 

This commercially available N-alkylated tryptamine has been reported as a very 

potent 5-HT2A receptors ligand with putative agonist activity [112]. However, in the 

current study this compounds turned out to be a weak antagonist. 

 

Natural N-alkylated tryptamines 

Simple substituted tryptamines like N,N-dimethyltryptamine (DMT, 45), 5-methoxy-N,N-di-

methyltryptamine (5-MeO-DMT, 15), 5-hydroxy-N,N-dimethyltryptamine (bufotenine), or 

5-hydroxytryptamine (serotonin, 5-HT, 6) are common alkaloids in a broad range of plants, 

mushrooms, and animals [218, 217]. But also a number of more complex N-substituted trypt-

amines of yet unknown pharmacology at serotonergic receptors have been described, e.g. 

the sterically constrained tryptamine alkaloid peduncularine from the plant Aristotelia pedun-

cularis [154], the 4-hydroxytryptamine side-chain analogs meridianin A from the tunicate Apli-

dium meridianum [113], or N-methyl-N-(indol-3-yl-methyl)-5-MeO-tryptamine from the plant 

Antirhea lucida [292]. 

Aims of the tryptamine project 

With the exception of the single mentioned study [112], no data on the structure-affinity rela-

tionships of N-terminally substituted tryptamines at the 5-HT2A receptor so far exists. For the 

current project we therefore planned to test the effect of a broad range of structurally diverse 

N-terminal substituents on 5-HT2A receptor affinity. Tertiary N-alkyl-N-methyltryptamine have 

less flexibility in their binding to the receptor compared to secondary N-alkyltryptamine, but 

usually show similar binding affinities at 5-HT2A receptors. So we decided to test N-alkyl sub-

stituted N-methyltryptamine as well as their 5-methoxy ring-substituted analogs. In the above 

mentioned series of N-terminally extended analogs a very narrow structure dependency of 

5-HT2A and 5-HT2C receptor affinities was observed [112]. Relatively small changes, like a chlo-

rine to bromine substitution, resulted in large differences in binding affinity, sometimes up to 

three orders of magnitude. We therefore decided to explore one series of ring-substituted 

phenethyl-tryptamines in depth. 
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We were especially interested in finding ligands with improved 5-HT2A receptor affinity and 

increased selectivity over other 5-HT2 receptor subtypes. As discussed above, no 5-HT2A 

over 5-HT2C receptor subtype selective agonist has been described yet. We therefore de-

cided to test the compounds in a functional assay of receptor mediated cellular activation for 

agonist activity. Additionally, we planned to test the ligands at two more receptors, the 

5-HT2C and the 5-HT1A receptor. While the 5-HT2C receptor was chosen in order to identify 

subtype-selective ligands, the 5-HT1A receptor was selected as a prototypical member of the 

5-HT1 family of receptors with their distinct structure-affinity relationships. Moreover, all three 

tested receptor subtypes are also important pharmacological targets and have been asso-

ciated with the mechanism of hallucinogenic compounds. 
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Results and Discussion 

Isolation of aeruginascin 

From previous UV spectra and TLC data we expected aeruginascin (4) to be a relatively sim-

ple alkaloid related to psilocybin (3), e.g. its bis-desmethyl analog norbaeocystin (1) or a 

pyrophosphate analog. Due to the limited amount of Inocybe aeruginascens material we de-

cided to start with the synthesis of norbaeocystin (1) as an analytical reference compound for 

the TLC analysis. 

New route to 4-hydroxytryptamines 

The established routes to 4-hydroxytryptamines are usually lengthy and require expensive 

precursors like 4-hydroxyindole. We have applied a new synthetic strategy for the prepara-

tion of 4-hydroxylated tryptamines to the synthesis of norbaeocystin (1). This new reaction 

sequence is based on an ene reaction of exo-methylene-tetrahydrofuranone 59 with a Schiff 

base as the key step. Using this route, the dialkylaminoethyl side chain could be introduced 

in a single reaction. The resulting tetrahydrofuranones 61 could then be converted into the 

tetrahydroindolones 65 by ammonolysis. Aromatization of this compound, e.g. by catalytic 

dehydrogenation, would give the final 4-hydroxytryptamines 21 (Figure 10). 

Exo-methylene benzofuranone 

The synthesis of the key intermediate 3-methylene-3,5,6,7-tetrahydro-2H-benzofuran-4-one 

(60) with its exo-methylene group was achieved by annulation of 1,3-cyclohexanedione with 

diethyl-prop-2-ynyl-sulfonium bromide following a published procedure [214] (Figure 10): 

3-Bromopropyne (propargyl bromide) was reacted with diethylsulfide (MeCN, 75%) and the 

resulting diethyl-prop-2-ynyl-sulfonium bromide (59) was annulated with 1,3-cyclohexane-

dione to yield 3-methylene-3,5,6,7-tetrahydro-2H-benzofuran-4-one (t-BuOK, THF, 7 h, 0 °C, 

65%). 

The mechanism of this reaction type has been explored earlier [72]. The first step is assumed 

to be the isomerization of diethyl-prop-2-ynyl-sulfonium bromide (59) to the mesomerically 

stabilized allenic diethyl-propa-1,2-dienyl-sulfonium bromide (22) in the presence of a strong 

base like potassium tert.-butanolate (Figure 11). The enolate of 1,3-cyclohexanediol (23) 

then adds to the positively polarized carbon C(2) of the allene. In a second reaction step the 

substituted cyclohexadienone is deprotonated again, thereby forming an enolate. The nega-

tively charged oxygen then attacks the activated carbon and diethylsulfide is split off (Figure 

12). 
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Figure 10: New 4-hydroxytryptamine synthesis. 

3-Bromopropyne (propargyl bromide, 20) was reacted with diethylsulfide (MeCN, 

75%) and the resulting diethyl-prop-2-ynyl-sulfonium bromide 59 was annulated 

with 1,3-cyclohexanedione to the 3-methylene-tetrahydrobenzofuranone 60 

(t-BuOK, THF, 7 h, 0 °C, 65%). Ene-reactions with the Mannich-bases of dialkyl-

amines and formaldehyde yielded 61 (R1,2 = Me, Bn) (EtOH, NHR1R2, AcOH, 

CH2Oaq, RT). Ammonolysis gave the tetrahydroindolone 65 (R1,2 = Me, Bn) 

(EtOH, NH4OAc, 24 h, 150 °C, 87%). Conditions for the final aromatization step 

have not yet been identified. 
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Figure 11: Isomerization of diethyl-prop-2-ynyl-sulfonium bromide. 

Diethyl-prop-2-ynyl-sulfonium bromide (59) isomerizes to allenic resonance stabi-

lized diethyl-propa-1,2-dien-yl-sulfonium bromide (22) in the presence of bases or 

alcohols [16]. 
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Figure 12: Mechanism of the annulation reaction. 

The allenic diethyl-propa-1,2-diene-yl-sulfonium bromide (Figure 11) reacts with 

1,3-cyclohexanedione (23) in the presence of potassium tert.-butoxide to the exo-

methylene-tetrahydrofuranone 60 [72]. 

 

Ene reaction 

The ene reaction mechanism is a [2+4] cycloaddition related to the Diels-Alder reaction. It 

allows the formation of a new carbon-carbon single bond between two unsaturated termini. 

The prerequisites are an electron-rich ene-compound with an allylic hydrogen atom and an 

electron-deficient enophile. In the present reaction the exo-methylene group of 60 with its 

C(2) hydrogens reacts as the ene component and the ternary iminium cation 25 reacts as the 

enophile (Figure 13) in a fast and quantitative conversion [214]. 
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  60 25 65 (R1,2 = Me, Bn) 

Figure 13: Mechanism of the ene reaction. 

In this ene reaction the exo-methylene group of 60 with its allylic hydrogens 

reacts as the ene component and the ternary iminium cation 25 reacts as the 

enophile [214]. 
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The preformed and isolated ternary iminium hydrochloride 58, an Eschenmoser's salt, was 

synthesized from the aminoacetal of a secondary amine (57) [234] and reaction of the resulting 

liquid with trichloromethylsilane (Figure 14) [246]. It could be shown in this work that the same 

ene reaction proceeds also with in situ generated iminium species, albeit with drastically re-

duced reaction rates (Figure 10). While with the preformed iminium hydrochloride the reac-

tion proceeds instantly, the reaction with aqueous formaldehyde solution and dialkylammo-

nium acetates in ethanol took up to 48 h for completion. Heating the reaction above room 

temperature had to be avoided in order to prevent the isomerization of the labile 3-exo-

methylene compound 60 into the energetically favored 3-methylfuranone (29) (Figure 15). 
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H2C Cl-

NEt3

 
    60  65 (R1,2 = Me, Bn) 

Figure 14: Reaction of the exo-methylene compound with Eschenmoser's salts. 

Eschenmoser's salts (preformed salts of Schiff bases) were synthesized in a two-

step procedure from the respective amine 26 and paraformaldehyde (EtOH, 

K2CO3, 20 min, RT (cooling), 67%) [234] and reaction of the resulting aminoacetal 

27 with trichloromethylsilane (MeCN, 0 °C, 30 min, 98%) [246]. The exo-methyl-

ene-tetrahydrofuranone 60 reacts cleanly with Eschenmoser's salts [214] to the 

tetrahydrofuranone 65. This reaction proceeds faster than with in situ generated 

Schiff bases (Figure 10). 

 

Ammonolysis 

Tetrahydrofuranones of structure to 61 can be converted to their tetrahydroindolone enamin-

one congeners simply by incubation with ammonia or primary amines at elevated tempera-

tures (Figure 16). For lower amines like ammonia this reaction has to be carried out in a 

sealed glass ampul in order to prevent rapid evaporation of the reagent. The use of pure 
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ethanol and ammonium acetate was preferable over 95% ethanol or aqueous ammonia and 

the tetrahydroindolone 65 (R1,2 = Me, Bn) was obtained in a yield of 87% on a 10 g scale. 
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O

∆T

 
  60 29 

Figure 15: Isomerization of exo-methylene-tetrahydrofuranone. 

At elevated temperatures or upon prolonged storage at room temperature exo-

methylene-tetrahydrofuranone (60) isomerizes into the energetically more stable 

aromatic 3-methyltetrahydrofuranone (29). 
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Figure 16: Reaction mechanism of the ammonolysis. 

Tetrahydrofuranones can be converted to their tetrahydroindolone congeners by 

reaction with amines at elevated temperatures. 
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Aromatization 

It was planned to obtain the final 4-hydroxytryptamines 21 by aromatization of the tetrahydro-

indolones 65. Unfortunately, reagents like DDQ (2,3-dichloro-5,6-dicyano-p-benzoquinone) 

cannot be used due to the instability of the resulting 4-hydroxyindoles in the presence of this 

reagent. An alternative way to accomplish the aromatization is the use of noble metal cata-

lysts under elevated temperatures. This reaction is similar to catalytic hydrogenations, with 

the equilibrium shifted to the dehydrogenated product by removal of H2 and, thermodyna-

mically, by working at high temperatures. Similar compounds like the unsubstituted tetrahy-

droindolone and 3-alkyl- tetrahydroindolones have been successfully aromatized in other 

studies with palladium on charcoal in high-boiling solvents like p-cymene, tetraline, diiso-

butylketone, mesitylene, or ethyleneglycol-monobutylether under reflux. [79, 80, 147, 155, 187, 202, 226, 

239, 243, 279]. 

Unfortunately, the aromatization of the tetrahydroindolone 65 (R1,2 = Me, Bn) could not be 

accomplished in our hands using platinum and palladium catalysts in a broad range of differ-

ent solvents and with different hydrogen acceptors and organic acids. From test reactions of 

65 (R1,2 = Me, Bn) and palladium on charcoal in refluxing tetraline with and without benzoic 

acid, a small amount of a reaction product could be obtained by isolation from TLC plates. 

The EI MS spectra of this fraction showed a main peak of m/z = 172.2. The Rf values on 

silica gel with basic and acidic eluents suggested this product to be a lipophilic weak base. 

The staining with Ehrlich's reagent resulted in a blue spot. This compound was most prob-

ably 1,2,3,5-tetrahydro-1-methylpyrrolo[4,3,2-de]quinoline (66), generated by a H2 transfer 

cycling mechanism with elimination of H2O and toluene as judged from its mass spectrum 

and TLC data (Figure 17). 

Similar problems to effect aromatization of tetrahydroindolones have been reported earlier 

and were attributed to highly varying activities of the palladium catalysts [239]. Other factors 

which might have contributed to the failure of the last reaction step might have been catalyst 

poisoning by sulfur containing trace impurities or side reactions as described above. Finally, 

this route had to be abandoned in favor of an established route to baeocystin (2) and nor-

baeocystin (1). A promising and so far untested method would be the use of elemental sulfur 

in boiling xylene. This reagent system has been used previously to aromatize certain tetra-

hydro-β-carbolines in good yields [263]. The advantage of this method would be its compati-

bility with benzyl groups as well as catalyst poisons. 

Baeocystin and norbaeocystin 

Due to the problems related to the aromatization of tetrahydroindolone 65 (R1,2 = Me, Bn), a 

classical route for the synthesis of baeocystin (2) and norbaeocystin (1) as reference com-

pounds in the isolation of aeruginascin (4) had to be followed (Figure 18). The 4-hydroxy-

tryptamines were synthesized by the Speeter-Anthony procedure with indolylglyoxyl-amides 
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as intermediates and subsequent lithium aluminum hydride reduction [45, 265]. The phos-

phorylation of the free phenolic 4-hydroxy group was accomplished by a recently published 

method using tetrabenzylpyrophosphate as reagent followed by catalytic debenzylation [121, 

208, 257]. 

HN
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HN

N

HN
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- toluene

- H2O[Pd/C]

 

Figure 17: Putative aromatization product. 

The tetrahydroindolone 65 probably reacts by elimination of toluene and H2O in a 

H2 transfer cycling mechanism, yielding putative 1,2,3,5-tetrahydro-1-methyl-

pyrrolo[4,3,2-de]quinoline (66). 

 

In short, 4-acetoxyindole (67) was synthesized from an available sample of 4-benzyloxy-

indole (30) by catalytic debenzylation over palladium on carbon in acetone in the presence of 

acetic acid anhydride. 4-Acetoxyindol-3-yl-glyoxylic acid chloride (68) was obtained by reac-

tion of 4-acetoxyindole (67) with oxalylchloride in ether. Reaction with methyl-benzylamine 

and dibenzylamine resulted in 4-acetoxy-N-methyl-N-benzyl-indol-3-yl-glyoxylamide (69) and 

4-acetoxy-N,N-dibenzyl-indol-3-yl-glyoxylamide (72), respectively. Reduction with lithium 

aluminum hydride in refluxing dioxane gave 4-hydroxy-N-methyl-N-benzyltryptamine (70) and 

4-hydroxy-N,N-dibenzyltryptamine (73). The final products baeocystin (2) and norbaeocystin 

(1) were obtained by phosphorylation of the indolic hydroxy groups by reaction with tetra-

benzylpyrophosphate after deprotonation with LDA and subsequent catalytic debenzylation. 

For the N-methyl-N-benzyl-indolylglyoxylamide 69 with its unsymmetrical amide substituents 

the existence of two different isomers was detected by TLC analysis using several different 

solvent systems. In contrast, the symmetrically substituted N,N-dibenzyl-indolylglyoxylamide 

72 was homogenous by TLC. A similar effect has been seen for the N-methyl-N-ethyl analog 

of these compounds in a previous study. Two conformers of this compound were detected in 

NMR experiments with a syn-periplanar (68%) and an anti-periplanar conformation (32%) of 
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the ethyl substituent and the amide-carbonyl. A rotational barriere between both conformers 

of 88 kJ/mol has been measured, explaining their relative stability at room temperature [264]. 
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Figure 18: Synthesis of baeocystin and norbaeocystin. 

4-Benzyloxyindole (30) was debenzylated to 4-acetoxyindole (67) (H2, Pd/C, 

Ac2O, acetone, LiCl, NEt3, 20 h, RT, std. pressure). By reaction with oxalyl chlo-

ride the indolylglyoxylchloride (68) was obtained (Et2O, (COCl)2, 0 °C). By reac-

tion with benzyl-methylamine or dibenzylamine the corresponding indolylglyoxyl-

amides 69 (R = Me) and 72 (R = Bn) were synthesized (NHRBn, Et2O, 0 °C) and 

subsequently reduced to the 4-hydroxytryptamines 70 (R = Me) and 73 (R = Bn) 

with lithium aluminum hydride (LiAlH4, dioxane, 3 h, reflux). The phenolic OH 

group was phosphorylated by reaction with tetrabenzylpyrophosphate (TBPP), 

yielding monobenzylphosphates like 71 (R = Me) (LDA, TBPP, THF, -78 °C - RT), 

which on catalytic debenzylation gave the final products baeocystin (2, R = Me) 

and norbaeocystin (1, R = H) (H2, Pd/C, MeOH, 18 h, RT). 
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Isolation of aeruginascin 

Because of the published similarity of the UV spectrum of aeruginascin (4) with psilocybin (3) 

and its TLC staining characteristics we expected aeruginascin (4) to be a relatively simple 

hydroxylated indolic compound. Possible candidates included the desmethyl analog nor-

baeocystin (1), the pyrophosphate analogs of psilocin (7), 4-hydroxy-N-methyltryptamine, or 

4-hydroxytryptamine, or the positional isomers with a 5-, 6-, or 7-phosphoryloxy substitution. 

Therefore, in initial experiments we tested a crude aqueous methanolic mushroom extract [86] 

by TLC against known Psilocybe alkaloids and analogs thereof. Using the published eluent 

systems, the occurence of aeruginascin (4) could be verified. The Rf of it was lower than that 

of any of the known alkaloids psilocybin (3), baeocystin (2), norbaeocystin (1), and psilocin 

(7), as well as the reference compounds 5-hydroxytryptophan and 5-hydroxytryptamine (6) 

(Table 2). Several Rf values including that for psilocybin (3) and aeruginascin (4) differ from 

previously published values [103, 94]. This is often observed for TLC data. An unambiguous 

assignment of the spots is nevertheless easy due to their relative positions and their specific 

color reactions. 

TLC color reactions 

Psilocin (7) with its free phenolic hydroxy groups shows a bluish gray color reaction with Kel-

ler's reagent (FeCl3 / MeOH / HCl) while the phosphorylated alkaloids like baeocystin (2) and 

psilocybin (3), as well as aeruginascin (4) are Keller-negative. 

With Ehrlich's reagent (p-dimethylaminobenzaldehyde / MeOH, HCl) the 4-hydroxytrypt-

amines like psilocin (7) show a violet color reaction which changes to bluish violet on stor-

age. The 4-phosphoryloxytryptamines show a distinct purple color which changes to violet on 

storage. Aeruginascin (4) is unique in that the immediate color reaction is identical to that of 

psilocybin (3) but that the color does not change on short-term storage (Table 2). 

Alkaline phosphatase 

Next we tested the possibility that aeruginascin (4) is either the phosphorylated derivative of 

serotonin (6) or 5-hydroxytryptophan or the dephosphorylated derivative of one of the minor 

alkaloids baeocystin (2) or norbaeocystin (1). Therefore, aeruginascin (4) as well as psilocy-

bin (3), baeocystin (2), and norbaeocystin (1) were dephosphorylated by incubation with 

alkaline phosphatase and the products were immediately analyzed by TLC. After incubation, 

the spot of aeruginascin (4) became invisible and a new, very weakly stained spot appeared. 

This spot was not identical to psilocybin (3), baeocystin (2), and norbaeocystin (1), to their 

dephosphorylation products 4-hydroxy-N,N-dimethyltryptamine (7), 4-hydroxy-N-methyltrypt-

amine, and 4-hydroxytryptamine, as well as to the reference compounds 5-hydroxytrypto-

phan and 5-hydroxytryptamine (6) (Table 2). 
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Aeruginascin purification 

Because in initial TLC experiments none of the tested reference compounds did match the 

aeruginascin (4) spot, we decided to isolate a pure analytical sample of this alkaloid. A new 

batch of dried fruiting bodies of Inocybe aeruginascens was extracted and aeruginascin was 

purified by column chromatography on silica gel using different eluents and by size-exclusion 

chromatography on Sephadex. The fractionation steps were monitored by TLC and UV267 

absorption. Aeruginascin (4) is relatively stable in dried mushrooms, even at room tempe-

rature [103, 87, 90, 88], however, we could not exclude an enhanced sensitivity under the condi-

tions of the isolation. Therefore, we kept the temperature at or below 45 °C and avoided 

extreme pH values throughout the whole procedure. 

UV, NMR, and mass spectra of isolated aeruginascin 

The resulting pure compound was first analyzed by UV spectroscopy. As reported previously 
[90, 85], the UV spectrum closely matched those of the reference compounds baeocystin (2) 

and norbaeocystin (1) as well as the published data of psilocybin (3) [134, 225, 244, 277]. The spec-

tra showed the typical global maximum at 219 nm as well as the local maximum at 267 nm 

and the two shoulders at around 282 nm and at 288 nm (Figure 19, Figure 74). This made 

the presence of the 4-hydroxyindole chromophore in this molecule very likely. 

 

 

 

Table 2: Rf values of mushroom alkaloids and reference compounds. 

TLC system: silica gel TLC sheets, run length around 60 mm. Compounds: aeru-

ginascin (4) in an enriched Inocybe aeruginascens extract; synthetic aeruginascin 

(4) from baeocystin; psilocin (7) in a crude extract of Psilocybe azurescens; psilo-

cybin (3) in an enriched Inocybe aeruginascens extract; synthetic baeocystin (2); 

synthetic norbaeocystin (1); commercial samples of tryptophan (34), tryptamine 

(5), 5-hydroxytryptophan, and serotonin (6) creatinine sulfate; putative 4-hydroxy-

N,N,N-trimethyltryptamine (4-OH-TMT), 4-hydroxy-N-methyltryptamine (4-OH-

NMT), and 4-hydroxytryptamine from crude aeruginascin (4), synthetic baeocys-

tin (2), and synthetic norbaeocystin (1), respectively, by incubation with alkaline 

phosphatase. 

(*) Although isolated and synthetic aeruginascin (4) gave slightly differing Rf 

values with these eluents, co-application of both samples resulted in a single spot 

in all three systems tested. 
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Aeruginascin 
(enriched extract) 

purple purple 
0.30* 

(±0.02)

0.25*

(±0.02)
0.08 0.31 0.35 0.20 

0.25* 

(±0.03) 
0.23 0.40 

Aeruginascin 
(synthetic) 

purple purple 
0.29* 

(±0.02)

0.24*

(±0.01)
0.09 0.30 0.34 0.21 

0.21* 

(±0.01) 
0.23 0.38 

Psilocin 
(crude extract) 

violet 
bluish 

violet 

0.66 

(±0.03)

0.62 

(±0.04)
0.72 0.70 0.66 0.92 

0.63 

(±0.03) 
0.32 0.71 

Psilocybin 
(enriched extract) 

purple violet 
0.42 

(±0.03)

0.37 

(±0.03)
0.14 0.46 0.49 0.32 

0.38 

(±0.03) 
0.51 0.56 

Baeocystin 
(synthetic) 

purple violet 
0.49 

(±0.03)

0.46 

(±0.03)
0.12 0.55 0.54 0.22 

0.51 

(±0.03) 
0.83 0.69 

Norbaeocystin 
(synthetic) 

purple violet 
0.60 

(±0.02)

0.56 

(±0.02)
0.13 0.64 0.60 0.18 

0.64 

(±0.03) 
0.93 0.74 

Tryptophan violet 
bluish 

green 

0.75 

(±0.03)

0.71 

(±0.05)
0.62 0.77 0.72 0.69 

0.82 

(±0.03) 
0.88 0.82 

Tryptamine 
purple, 

then 

violet 

bluish 

green 

0.74 

(±0.03)

0.68 

(±0.04)
0.66 0.75 0.69 0.78 

0.80 

(±0.02) 
0.21 0.83 

5-OH-Tryptophan blue blue 
0.70 

(±0.03)

0.66 

(±0.05)
0.58 0.73 0.69 0.64 

0.79 

(±0.02) 
0.87 0.84 

Serotonin blue blue 
0.77 

(±0.06)

0.68 

(±0.03)
0.60 0.74 0.69 0.72 

0.80 

(±0.02) 
0.22 0.84 

4-OH-TMT 
(from Aeruginascin) 

gray - - - - - - 0.62 - - - 

4-OH-NMT 
(from Baeocystin) 

blue - - - - - - 0.67 - - - 

4-OH-Tryptamine 
(from Norbaeocystin) 

blue - - 0.78 - - - 0.68 0.70 - - 
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Figure 19: UV spectra of isolated and synthetic aeruginascin. 

Detailed view of the UV spectra of isolated (continuous line) and synthetic (dotted 

line) aeruginascin (4). The absorption has been normalized to A267. 

 

In the 1H NMR spectrum of aeruginascin (4) (Figure 20) the typical tryptamine (5) signals 

could be seen, i.e. four aromatic protons as well as two side chain methylene groups. The 

indole-NH signal was not visible due to H/D exchange in D2O. A prominent sharp singlet at 

δ = 3.2 with the intensity of nine protons gave the first evidence for the presence of a quater-

nary trimethylammonium group in the molecule. 

ESI MS of purified aeruginascin (4) gave an [M]+ signal of m/z = 299.2 as well as the respec-

tive [M - H + Na]+, [2M + H]+, [2M + Na]+, and [M - H + K]+ adducts as minor peaks. This to-

gether with the 1H NMR data was strongly suggesting 4-phosphoryloxy-N,N,N-trimethyltrypt-

amine as the most probable structure of aeruginascin (4). But additional spectroscopic ex-

periments were needed to confirm this assignment because of two reasons: On the one hand 
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the sulfate group ⋅OSO3H has the same mass as the phosphate group ⋅OPO3H2, and on the 

other hand the 1H NMR data did not allow deciding unambiguously between 4-hydroxy and 

7-hydroxy substitution of the indole ring.  
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Figure 20: 1H NMR spectra of isolated aeruginascin. 
1H NMR spectra of aeruginascin (4) under unbuffered conditions (500 MHz, D2O). 

The chemical shifts of the aromatic protons were pH-sensitive and the signals 

could be separated under the acidic conditions used in the following experiments. 

 

To make a decision between the phosphoric acid ester and the sulfuric acid ester, a 31P NMR 

spectrum of the isolated aeruginascin (4) was recorded. This spectrum indeed showed a 

small signal at around δ = 0.7. Unfortunately, interpretation was exacerbated by the broad-

ness of the signal and its low intensity compared to the background. To finally decide be-

tween both esters, a high-resolution value for the molecular peak [M]+ of m/z = 299.1 was 

obtained by ESI FT-ICR mass spectrometry. The thus obtained high-resolution value of 

m/z = 299.115477 was best fitted by the phosphate structure (formula: [C13H20N2O4P]+, cal-

culated: m = 299.115520, difference: ∆m = 0.14 ppm). The sulfate analog had a mass differ-



Results and Discussion - Synthesis of aeruginascin 
_________________________________________________________________________  

 

42 

ence more than two orders of magnitude higher (formula: [C13H19N2O4S]+, calculated: 

m = 299.115520, difference: ∆m = 31.67 ppm, cut-off: ∆m = 5 ppm). This provided strong evi-

dence that aeruginascin (4) is most likely the phosphate and not the sulfate ester. 

Synthesis of aeruginascin 

To be sure about the phosphoryloxy position on the indole ring we decided to synthesize 

4-phosphoryloxy-N,N,N-trimethyltryptamine (4) from a sample of baeocystin (2) obtained 

earlier in this work. A small amount of baeocystin (2) was reacted with methyl iodide in a 

water / methanol mixture in the presence of diisopropylethylamine and the product was puri-

fied by silica gel column chromatography and Sephadex size-exclusion chromatography 

similar to the purification procedure used for aeruginascin (4). The product was identical to 

aeruginascin (4) by Rf and Ehrlich's color reaction on TLC using eight different solvent sys-

tems (Table 2). Additionally, the UV spectrum of the synthetic aeruginascin (4) was super-

imposable with that of the isolated sample (Figure 19, Figure 74). 

Surprisingly the 1H NMR shifts of the aromatic protons H-7 and H-5 differed by as much as 

0.06 ppm, thereby questioning the structure assignment. Suspecting a pH related effect due 

to different ionization states of the phosphate group, the spectra of the synthetic compound 

were re-recorded in the presence of either formic acid or triethylamine. Indeed, most aro-

matic signals showed a strong pH and solvent dependency. Under basic conditions the aro-

matic proton signals H-5, H-6, and H-7 could not be resolved due to their overlap. Because 

the same protons gave clearly separated signals under acidic conditions, the sample of iso-

lated aeruginascin (4) was measured again in the presence of formic acid. Indeed, by using 

the same acidic solvent, the isolated and the synthetic compound gave identical 1H NMR 

spectra (∆δ ≤ 0.02). 

13C NMR spectra of aeruginascin 

The identity of the isolated aeruginascin (4) and the synthetic 4-phosphoryloxy-N,N,N-tri-

methyltryptamine was further verified by 13C NMR experiments using the same acidic solvent 

as for the 1H NMR experiments. Again both samples gave identical spectra (∆δ ≤ 0.22). 

Degradation pathways 

Quaternary trimethyl-alkylamines are subject to a Hofmann elimination of trimethylamine in 

the presence of strong bases or under elevated temperatures. Additionally, the phosphate 

group of aeruginascin (4) can hydrolyze under basic or strongly acidic conditions as well as 

by enzymatic activity, yielding its 4-hydroxyindole derivative 31. Indeed, the signals of all 

possible products resulting from these two degradation reactions could be detected in the 

ESI MS spectra of the isolated sample of aeruginascin (4): m/z = 240.0 for the 4-phosphoryl-

oxy-vinylindole (32) (deaminated aeruginascin), m/z = 219.1 for the dephosphorylation 
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product 31, and m/z = 160.2 for the deaminated and dephosphorylated compound 33 (Figure 

21). The presence of these degradation products probably attributes to the relative chemical 

instability of aeruginascin (4) in non-neutral solutions at elevated temperature. 
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Figure 21: Decomposition products of aeruginascin detected by ESI MS. 

The quaternary trimethyl-alkylammonium group of aeruginascin (4) can eliminate 

as trimethylamine in a Hofmann elimination resulting in the 3-vinylindole 32. 

Additionally, the phosphate group can hydrolyze under acidic or basic conditions 

as well as by enzymatic action, yielding the 4-hydroxyindoles 31 and 33. All pos-

sible degradation products from both degradation pathways could be detected by 

ESI MS of aeruginascin (4). 

 

MS H/D exchange 

Additional experiments were run in order to confirm the number of acidic protons by ESI MS. 

Isolated aeruginascin (4) was dissolved in D2O to effect an H/D exchange. Under these con-

ditions a peak of m/z = 323.3 became the main peak representing the species [M - 3H + 2D + 

Na]+. The second prominent peak of m/z = 623.3 was assigned the species [2M - 6H + 5D + 

Na]+. Additionally, the peak of one of the degradation products with m/z = 221.2 of dephos-

phorylated aeruginascin [M - PO3H - 2H + 2D]+ could be detected. This experiment therefore 

indicated the presence of three exchangeable protons in the aeruginascin (4) molecule. This 

is in accordance with the proposed structure with two of these acidic protons belonging to the 

phosphate group and one to the indole-NH. Although the latter position has only a very low 
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acidity as indicated by its pKa = 17 for 4-hydroxyindole [200] a signal from this proton was also 

absent in all 1H NMR spectra recorded in D2O, thus supporting its exchange in D2O at room 

temperature. 

Psilocybe alkaloid biosynthesis 

Despite several studies on the psilocybin (3) biosynthesis, the pathway is still discussed 

controversially. 4-Hydroxytryptophan, fed as a radioactive precursor to Psilocybe cubensis 

mycelium culture, was not incorporated into alkaloids, in contrast to tryptophan (34), trypt-

amine (5), N-methyltryptamine (212), N,N-dimethyltryptamine (45), N,N-diethyltryptamine, 

4-hydroxytryptamine, and psilocin (7) [9, 10, 44, 54]. Additionally, tryptamine (5) has been detec-

ted in small amounts in psilocybin (3) containing mushrooms [10, 54, 98, 270]. These results sug-

gest that the first step in psilocybin (3) biosynthesis is the decarboxylation of tryptophan (34) 

to tryptamine (5). This is in contrast to the mammalian serotonin (5-hydroxytryptamine, 6) 

synthesis from tryptophan (34), where 5-hydroxylation is the first reaction [54]. 

Feeding tryptamine (5) to Psilocybe cubensis resulted in the highest amounts of psilocybin 

(3) ever detected in mushrooms [97]. In contrast, feeding of tryptophan (34) had no effect on 

the psilocybin (3) content of Psilocybe baeocystis [171] or Psilocybe cubensis [48], suggesting 

that decarboxylation of tryptophan (34) is the rate limiting step in the biosynthetic pathway. 

The incompletely methylated psilocin (7) and psilocybin (3) congeners 4-hydroxytryptamine 
[241], norbaeocystin (1) [92, 169, 193, 240, 242], and baeocystin (2) [92, 95, 98, 104, 99, 169, 170, 193, 240, 241] have 

been detected in several Psilocybe species as minor alkaloids. Feeding N-methyltryptamine 

(212) to Psilocybe semilanceata resulted in unusual high levels of baeocystin (2) and ele-

vated levels of psilocybin (3) [100]. Feeding N,N-diethyltryptamine to Psilocybe cubensis re-

sulted in the formation of the diethyl homologs of psilocin (7) and, to a lesser extent, of psilo-

cybin (3) [100]. Feeding 4-hydroxytryptamine to Psilocybe cubensis resulted in the formation of 

norbaeocystin (1) and baeocystin (2) together with incorporation into psilocybin (3) [10]. It has 

also been shown that incorporation of N-methyltryptamine (212) and N,N-dimethyltryptamine 

(45) into psilocybin (3) occurred without prior demethylation in Psilocybe cubensis [54]. 

These findings prove that the 4-hydroxylating and 4-O-phosphorylating enzyme systems are 

capable of tolerating N-methyl and N-ethyl substitutions as well as that the N-methylating 

system is capable of tolerating 4-hydroxy groups. The major pathway in vivo has not been 

established yet due to the known instability of 4-hydroxylated indole derivatives in solution, 

the uncertainties of precursor uptake into living mycelium, and the possible interference with 

pathway regulating mechanisms. Some authors even suppose a biosynthetic grid with mul-

tiple routes to psilocybin (Figure 22) [10, 54, 241]. There might even be multiple enzymes with 

different substrate specificities for the nodes of the grid. 
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Figure 22: Biosynthesis of Psilocybe alkaloids. 

The Psilocybe alkaloids psilocybin (3), baeocystin (2), and norbaeocystin (1) are 

biosynthetically derived from tryptophan (34) by the following reaction steps: de-

carboxylation, indole-4-hydroxylation, N-methylation, and O-phosphorylation. 

There is still uncertainty about the sequence of the indole hydroxylation and 

N-methylation steps. Some authors suppose a biosynthetic grid as shown in this 

scheme. 
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Biosynthesis of aeruginascin 

Aeruginascin (4) shares striking molecular similarities with muscarine (35), a common mush-

room toxin mainly found in the genera Inocybe and Clitocybe (Figure 23) [143]. Both com-

pounds can be superimposed in their minimal energy conformations so that the hydroxy 

groups and the quaternary nitrogen atoms have the same distance of 5.4 Å and the 2-methyl 

group of muscarine (35) points to the indole-C(4) position of aeruginascin (4). The 2-methyl-

tetrahydrofuran-3-ol fragment of muscarine (35) and the phosphate group of aeruginascin (4) 

are isosteric and have nearly identical molecular volumes (Figure 24). It is possible that the 

same methyltransferase enzyme that catalyzes the final methylation step in the biosynthesis 

of muscarine (35) in other Inocybe species is responsible for the synthesis of aeruginascin 

(4) from psilocybin (3) in Inocybe aeruginascens [211]. Indeed, it has been shown that most 

enzymes of the secondary metabolism have a rather low substrate specificity [75].  

Aeruginascin (4) and muscarine (35) also have a molecular similarity with the lipid precursor 

phosphorylcholine (35) (Figure 23). In flowering plants and mammalian nerve tissue this 

compound can be synthesized from phosphoethanolamine by sequential methylations that 

are catalyzed by the single enzyme phosphoethanolamine N-methyltransferase (S-adenosyl-

L-methionine:ethanolamine-phosphate N-methyltransferase, EC 2.1.1.103) [212]. One might 

speculate that a closely related enzyme participates in the biosynthesis of aeruginascin (4) 

and muscarine (35). 
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Figure 23: Aeruginascin, muscarine, and phosphorylcholine. 

Aeruginascin (4) shows remarkable molecular similarity to the mushroom toxin 

muscarine (35) and to the lipid precursor phosphorylcholine (36). 

 

 

Figure 24: Superposition of aeruginascin and muscarine. 

Aeruginascin (4) and muscarine (35) have been superimposed in their minimal 

energy conformations. The respective hydroxy groups and the quaternary 

nitrogen atoms have a distances of 5.4 Å in both compounds and the 2-methyl 

group of muscarine (35) points to the indole-C(4) position of aeruginascin (4). 

The 2-methyl-tetrahydrofuran-3-ol ring of muscarine (35) and the phosphate 

group aeruginascin (4) are isosteric and have nearly identical molecular volumes. 
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Toxicology of aeruginascin 

The human pharmacology and toxicology of aeruginascin (4) has not been tested yet. How-

ever, several unintentional intoxications with Inocybe aeruginascens have been reported and 

this mushroom is consumed for its hallucinogenic effects. Due to the quaternary ammonium 

group it is unlikely that aeruginascin (4) is able to pass the blood-brain barrier, a requirement 

for hallucinogenic effects in human. However, aeruginascin (4) might have profound periph-

eral effects. Aeruginascin (4) is assumed to undergo a rapid metabolism into its dephospho-

rylation product 31 by analogy to the known Psilocybe alkaloids. This metabolite has a stri-

king similarity with the peripherally acting 5-HT3 receptor agonist N,N,N-trimethylserotonin 

(5-HTQ, 37) (Figure 25). 
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Figure 25: Aeruginascin and 5-HTQ. 

The structure of aeruginascin (4) and its dephosphorylation product 31 in com-

parison with the peripherally acting 5-HT3 receptor agonist N,N,N-trimethylsero-

tonin (5-HTQ, 37). 
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Serotonin receptor ligand synthesis 

For the pharmacological characterization of N-terminally substituted tryptamines at 5-HT re-

ceptors it was necessary to synthesize a large number of similar N-methyltryptamine and 

N-methyl-5-methoxytryptamines, varying in their second amino substituent. At the beginning 

of this work a reaction scheme had to be found meeting the following requirements: 

− All precursors had to be either commercially available or on stock in the chemical 

collections of the institute. 

− The synthesis scheme had to be convergent in order to minimize reaction steps and 

the amount of expensive precursors. 

− Small scale reactions on a sub-millimolar scale should be practicable. 

− The purification processes had to be simple, without product distillations or complex 

chromatographic procedures. 

− The reactions had to be parallelizable so that many reactions could be run in parallel, 

thereby excluding complex setups. 

− The procedure had to be compatible with a variety of chemical groups present in the 

compounds. 

− The procedure had to be general so that the same procedure could be used for all 

compounds. 

Several methods for the preparation of the precursors as well as the final compounds have 

been tested. One of these schemes was the reaction of tryptamines with acyl chlorides and 

subsequent reduction of the resulting amides to the required amines. Because of the limi-

tations of this approach with respect to the number of reaction steps and large reflux setups 

this route was abandoned. 

As an alternative, the reaction of N-methyltryptamine with alkyl halides has been investigated 

and optimized. Carboxylic acids were reduced with borane in THF and the resulting primary 

alcohols were halogenated using a reagent system consisting of triphenylphosphine, iodine 

or bromine, and imidazole in methylene chloride. The resulting alkyl halides were reacted 

with N-methyl-N-alkyltryptamine in the presence of diisopropylethylamine as an acid sca-

venger in acetonitrile and the final tryptamines were isolated as their hydrogen oxalate salts 

(Figure 28). 

Reduction of carboxylic acids and derivatives 

Carboxylic acids proved to be adequate precursors due to their commercial availability and 

their modest cost. The carboxylic acids were reduced with borane to primary alcohols. This 

borane reduction proceeded under mild conditions (0 °C to room temperature) in 1 h in ex-
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cellent yields and the reaction was compatible with a broad range of substituents. This made 

borane superior to lithium aluminum hydride as a reducing agent. Most phenethyl-N-methyl-

tryptamine (PE-NMT and PE-5-MeO-NMT) were synthesized from substituted phenylacetic 

acids using the borane procedure [216]. Lithium aluminum hydride in THF was the reagent of 

choice for the reduction of carboxylic acid chlorides and esters but has also been used for 

several carboxylic acids. However, the required reflux setup and the workup were much 

more time and space consuming compared to the borane procedure. A typical proton NMR 

spectrum of ring-substituted 2-phenylethanols is shown in (Figure 26). 

Halogenation of primary alcohols 

For the synthesis of iodides from primary alcohols, a reagent system consisting of iodine, 

triphenylphosphine (PPh3), and imidazole allowed the synthesis of the required alkyl iodides 

in excellent yields under very mild conditions (0 °C to room temperature) [158]. This system 

was developed originally for carbohydrate chemistry and is becoming increasingly popular [83, 

82]. In accordance with a recent publication it could be shown independently during this work 

that the same procedure can also be used to synthesize alkyl bromides, simply by replacing 

iodine with bromine [166]. For both reaction variants most of the byproduct triphenylphosphine 

oxide (PPh3O) could be filtered off as a white solid. Remaining minor amounts were inert in 

the following reaction and were removed during the work-up after the next step. 

A typical 1H NMR spectrum of ring-substituted 2-phenethyl iodides is shown in Figure 26. 

The ethylene protons of (3-methylphenyl)-ethyl iodide (143) have moved together compared 

the signals in the precursor (3-methylphenyl)-ethanol (81), resulting in a second order signal 

as indicated by the marked roof effect of the triplet-like signals. In a series of spectra for the 

related of 2-substituted phenethyl iodides recorded on a 200 MHz spectrometer, the influ-

ence of different ring-substituents on the shape of the CH2-CH2 group of signals can be 

studied (Figure 27). For R = 2-OH an almost first order signal for this A2X2 spin system is 

seen, consisting of two separated triplets, albeit with a noticeable roof effect. In the order R = 

H, 2-OMe, 2-F, 2-Cl, 2-Me, and 2-Br the chemical shifts of the two CH2 proton pairs move 

together. At the same time the signal changes into a second order multiplet with a complex 

symmetrical structure, typical for an A2B2 spin system. Finally, a sharp pseudo-singlet is ob-

served for R = 2-NO2. Such transition of first order into second order signals is always seen 

when the chemical shift difference in a spin system approaches the coupling constant J.  
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Figure 26: 1H-NMR spectra of the precursors and the final tryptamine. 
1H NMR spectra of the precursors (3-methylphenyl)-ethanol (81) (200 MHz, 

CDCl3) and 2-(3-methylphenyl)-ethyl iodide (143) (200 MHz, CDCl3), and of the 

final compound 3-Me-PE-5-MeO-NMT (238) (300 MHz, DMSO-d6). 

 

N-alkylation of tryptamines 

The final compounds where synthesized from the alkyl halides, in most cases iodides, and 

N-methyltryptamine (211) or N-methyl-5-methoxytryptamine (208) in the presence of diiso-

propylethylamine as an acid scavenger in acetonitrile. As verified by TLC analyses, this re-

action usually proceeds at room temperature overnight in a homogenous phase without stir-

ring. In order to ensure that no unreacted N-methyltryptamine are carried over into the pro-

duct, acetic acid anhydride was added and the reaction was let stand at room temperature 

for one hour. After an alkaline washing step to hydrolyze the reagent and to remove acetic 

acid the tertiary tryptamines were precipitated as their hydrogen oxalates in THF and the 

products were recrystallized from THF. Using this procedure crude alkyl iodides from the 

previous reaction step could be used, thereby skipping the chromatographic removal of the 

byproduct triphenylphosphine oxide (PPh3O).  

Two side reactions in this alkylation step were observed. On the one hand over-alkylation to 

quaternary amines was seen, especially for the less sterically hindered alkyl halides. On the 

other hand a base catalyzed dehydrohalogenation of the alkyl halides to alkenes occurred. 

The latter side reaction took place especially with phenethyl iodides resulting in resonance-

stabilized styrenes as byproducts. These byproducts were especially favored when electron 

withdrawing substituents such as nitro groups were present on the aromatic ring. No 

attempts were made to optimize the reaction conditions for single compounds in favor of a 

general and widely applicable standard routine. It turned out to be difficult to remove the 

quaternary impurities from the products, probably due to the unexpectedly high lipophilicity of 

these permanently charged species. Indeed, traces of these byproducts could be demon-

strated in many of the final compounds by the highly sensitive ESI MS analysis.  

Another observed problem was the low tendency of several final products to crystallize as 

hydrogen oxalates. This was probably related to the high lipophilicity of the hydrogen oxa-

lates in combination with the presence of quaternary byproducts. The use of other solvents, 

including diethyl ether, hexane, ethanol, and mixtures thereof, and the use of other acids, 

including hydrochloric acid, sulfuric acid, phosphoric acid, and citric acid, did not result in 

crystallization of any of the tested crude products. In those cases the compounds were ex-

cluded from pharmacological analysis in favor of synthesizing as many ligands as possible. 
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Figure 27: Transition from a first order into a second order signal. 

The 1H NMR (200 MHz) signals of the CH2-CH2 protons in 2-substitued phenethyl 

iodides change gradually from an almost first order A2X2 spin system (R = 2-OH) 

into a complex second order A2B2 spin system (R = H, 2-OMe, 2-F, 2-Cl, 2-Me, 

2-Br), ultimately resulting in a pseudo-singlet for R = 2-NO2. 
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Figure 28: Synthesis of N-methyl-N-alkyltryptamine. 

Substituted carboxylic acids were reduced (BH3-Me2S, THF, 0 °C - RT, 1 h) and 

the resulting alcohols were converted into alkyl halides (PPh3, X2, imidazole, 

DCM, 0 °C - RT, ON). Secondary N-methyltryptamine were reacted with these 

halides, yielding tertiary N-methyl-N-alkyltryptamine that were isolated as their 

hydrogen oxalates (1. i-Pr2EtN, MeCN, RT, ON; 2. Ac2O, 1 h; 3. oxalic acid, 

THF). 
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Synthesis of the N-monomethyltryptamine 

Initially the preparation of the intermediate N-methyltryptamine was accomplished by a 

Speeter-Anthony reaction scheme [265]. Indole was reacted with oxalylchloride, and the result-

ing indol-3-yl-glyoxylchloride was reacted with methylamine to produce indol-3-yl-glyoxyl-

amide. Unfortunately, the use of lithium aluminum hydride in the following reduction step 

gave unacceptably low yields under a variety of different reaction conditions, including the 

solvent systems diethyl ether, THF, or a mixture of both. Similar disappointing results were 

obtained for the lithium aluminum reduction of N-formyltryptamine, synthesized from trypt-

amine (5) and formic acid / acetic anhydride.  

A literature search then revealed similar difficulties for the reduction of secondary indol-3-yl-

glyoxylamides and secondary amides of tryptamine [28, 135, 148]. A similar effect has also been 

observed for the reduction of the secondary indol-3-yl-glyoxylic acid propylamide (353) and 

the tertiary indol-3-yl-glyoxylic acid dipropylamide (354) in this study. N-Propyltryptamine 

(355) and N,N-dipropyltryptamine (356) were obtained in the substantially different yields of 

37% and 78%, respectively, under identical reaction conditions. Tertiary indol-3-yl-glyoxyl-

amides adopt an orthogonal conformation of the two carbonyl groups, mainly due to steric 

hindrance. However, primary and secondary glyoxylamides are planar due to the formation 

of intramolecular hydrogen bonds between the amide proton and the keto group [264]. The 

difficulties to reduce indol-3-yl-glyoxylamides might be related to these differences in confor-

mation. Another possibility might be the formation of metal complexes between reaction in-

termediates and the reducing agent. The use of high boiling solvents and extended reaction 

times might partially overcome the experienced limitations of this reaction. 

Several alternative routes to N-monomethyltryptamine have been considered, such as the 

hydrogenolytic debenzylation of N-methyl-N-benzyl derivatives synthesized by Speeter-

Anthony reaction or the lithium aluminum hydride reduction of carbamides of tryptamine [135, 

242]. Finally, with the relatively high price of 5-methoxyindole in mind, the desired key inter-

mediates N-methyltryptamine (211) and 5-methoxy-N-methyltryptamine (208) have been 

prepared by a Fischer-type indole synthesis [53]. The appropriately substituted phenylhydra-

zines were reacted with N-methyl-N-benzyl-aminobutyraldehyde diethyl acetal and the prod-

uct was catalytically debenzylated with H2 and Pd/C (Figure 35). During the condensation 

step in 4% aqueous H2SO4 it seemed to be essential to hold the reaction temperature me-

ticulously at or below 60 °C during the addition of the acetal in order to obtain good yields of 

around 80%. 
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Figure 29: Synthesis of N-monomethyltryptamine. 

N-methyl-N-benzyl-aminobutyraldehyde diethyl acetal (205) was synthesized 

from N-methyl-N-benzylamine (39) and 4-chlorobutyraldehyde diethyl acetal (38) 
(MeCN, K2CO3, KI, reflux, 2 h). Subsequent reaction with phenylhydrazines of 

structure (40) gave the N-benzyl-N-methyltryptamine 210 (R = H) and 206 (R = 

OMe) (4% H2SO4, 60 °C 20 min, 70 °C 1 h). On catalytic debenzylation the 

N-monomethyltryptamine 212 (R = H) and 208 (R = OMe) were obtained (EtOH, 

Pd/C, H2, 1 bar, RT). 

 

Spectra of N-methyltryptamine 

The 1H NMR spectra of N-methyltryptamine hydrogen oxalate (212) and 5-methoxy-N-me-

thyltryptamine hydrogen oxalate (209) are shown in Figure 30. They show a typical pattern of 

signals which is also seen in the final N-substituted tryptamines. In the aromatic region the 

signal of the indole-NH proton can be found between δ = 11.0 and δ = 10.7 as a broad singlet 

in aprotic solvents like DMSO-d6. This signal was not visible in protic solvents like MeOH-d4 

and D2O due to H/D exchange. The aromatic protons can be found in the range from δ = 

7.57 - 7.00 (N-methyltryptamine, 212) and δ = 7.25 - 6.74 (5-methoxy-N-methyltryptamine, 

209). The 5-methoxy group has a strong shielding effect on the adjacent protons H-4' and 

H-6', thereby shifting their signals upfield by 0.49 ppm and 0.35 ppm, respectively. The sharp 

singlet of the OCH3 group appears at δ = 3.77. As discussed above for the ethylene groups 

of substituted phenethyl iodides, the sidechain CH2-CH2 protons form an A2B2 spin system, 

resulting in a second order signal of two symmetrical multiplets at δ = 3.2 (Ind-CH2) and δ = 

3.0 (CH2-N+), respectively. As expected, the protonation state of the amino nitrogen has a 
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strong influence on the chemical shifts of the attached groups. The N-methyl signal of 

5-methoxy-N-benzyl-N-methyltryptamine base (206) at δ = 2.26 (N-CH3) is shifted downfield 

to δ = 2.63 (N+-CH3) in the hydrogen oxalate salt 207. 

The 13C NMR APT spectra of N-methyltryptamine hydrogen oxalate (212) and 5-methoxy-

N-methyltryptamine hydrogen oxalate (209) are shown in Figure 31. The chemical shifts of 

the indole carbon atoms in these two compounds are practically identical to those found in 

the tertiary tryptamines. This has greatly simplified the signal allocation for the final com-

pounds. The N-methyl signal at δ = 32.4 in the secondary tryptamines is found at δ = 39.3 in 

the tertiary tryptamines. Similarly the CH2-1 signal is shifted downfield from δ = 48.7 to δ = 

55.4. At δ = 164 the signal of the oxalate counterion can be seen in contrast to the proton 

NMR spectra.  
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Figure 30: 1H NMR spectra of the unsubstituted N-methyltryptamine. 
1H NMR spectra of key intermediates N-methyltryptamine (212) and 5-methoxy-

N-methyltryptamine (209) as their hydrogen oxalate salts (300 MHz, DMSO-d6). 

The broad signals of the indole-NH at δ = 10.99 (N-methyltryptamine) and δ = 

10.81 (5-methoxy-N-methyltryptamine) are not shown. 
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Figure 31: 13C NMR spectra of the unsubstituted N-methyltryptamine. 
13C NMR APT spectra of key intermediates N-methyltryptamine (212) and 

5-methoxy-N-methyltryptamine (209) as their hydrogen oxalate salts (50.3 MHz, 

DMSO-d6). 
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Ethylene-bis-tryptamine 

From the reaction of N-methyl-5-methoxytryptamine with 1-chloro-2-iodoethane a non-

crystalline amorphous brown powder was isolated. Crystallization could not be achieved 

using several solvents. The substance was identified as the symetrically disubstituted 

ethylene-bis(N-methyl-5-methoxytryptamine) (303) (Figure 32). In the 1H NMR and ESI MS 

spectra the presence of impurities like 41 could be detected (Figure 33). Nevertheless, this 

interesting but impure compound was subjected to the pharmacological tests. 

HN
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MeO

NH

N

OMe

 
303 

Figure 32: Chemical structure of the ethylene-bis-tryptamine. 
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Figure 33: Structure of a quaternary byproduct of the bis-tryptamine. 

 

6-Methoxy-2-methyl-tetrahydro-β-carboline 

Unexpectedly, the reaction of chloroacetonitrile with N-methyl-5-methoxytryptamine (208) 

gave 6-methoxy-2-methyl-1,2,3,4-tetrahydro-β-carboline (226). Both starting materials were 

reacted under the standard conditions with diisopropylethylamine in acetonitrile. This class of 

compounds is usually obtained by a Pictet-Spengler cyclization of tryptamines with alde-
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hydes or ketones under acidic conditions. However, the reaction conditions were strongly 

basic and therefore a typical Pictet-Spengler pathway seems to be unlikely. A possible 

mechanism would be the base catalyzed elimination of CN- from N-cyanomethyl-5-MeO-

N-methyltryptamine (42) (Figure 34). This type of reaction has not been reported before und 

might be an interesting synthetic tool for Pictet-Spengler-like cyclizations of acid-labile com-

pounds. 

 
N
H

N

MeO

CN

N
H

NH

MeO

+ Cl-CH2-CN

 
  208 42 

 
N
H

N

MeO

N
H

N+

MeO

- CN-

 
  226 43 

Figure 34: Formation of the tetrahydro-β-carboline. 

Hypothetical reaction mechanism resulting in the unexpected formation of the 

tetrahydro-β-carboline 226 from the intermediate N-methyl-N-cyanomethyl-

5-MeO-tryptamine (42) by elimination of CN-. 

 

Synthesis of N-(4-bromobenzyl)-5-methoxytryptamine 

In order to verify the published pharmacological data for 19 (compound number 33 in [112]), 

the synthesis of this ligand has been reproduced, closely following the published procedure 
[112] (Figure 28). In short, 5-methoxytryptamine (358) was synthesized from the available 

intermediate 3-(2-iodoethyl)-5-methoxyindole (176) by reaction with 1-methyl-benzylamine 

(MeCN, 24 h, RT) and subsequent catalytic debenzylation (H2, Pd/C, EtOH, 24 h, RT, 4 bar). 

The intermediate 5-methoxytryptamine (358) was then reacted with 4-bromobenzoylchloride 

(THF, NEt3, RT, ON) and the resulting tryptamide 359 was reduced with aluminum hydride 

(AlH3) to the final N-(4-bromobenzyl)-5-methoxytryptamine (19) (LiAlH4, AlCl3, Et2O, 5 h, RT) 
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which was isolated and recrystallized as its hydrogen oxalate. The identity of this product has 

been confirmed by 1H NMR, 13C NMR, and ESI mass spectrometry. 
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Figure 35: The synthesis of N-(4-bromobenzyl)-5-methoxytryptamine. 

5-Methoxytryptamine (358) was synthesized from 3-(2-iodoethyl)-5-methoxy-

indole (176) by reaction with 1-methyl-benzylamine (MeCN, 24 h, RT) and sub-

sequent catalytic debenzylation of 44 (H2, Pd/C, EtOH, 24 h, RT, 4 bar). The re-

sulting 5-methoxytryptamine (358 was then reacted with 4-bromobenzoylchloride 

(THF, NEt3, RT, ON) and the resulting tryptamide 359 was reduced with alumi-

num hydride to N-(4-bromobenzyl)-5-methoxytryptamine (19) (LiAlH4, AlCl3, Et2O, 

5 h, RT), which was isolated as its hydrogen oxalate salt. 

 

Pharmacological testing 

Kinetic binding experiments 

Binding assays give reliable results only under equilibrium conditions, i.e. when the associa-

tion and the dissociation rates of the test ligand and the radiolabel at the receptor have 

reached constant values. Antagonists in particular often have low rates of association or 

dissociation, especially at the very low concentrations they are used. To find the optimal 

incubation time for [3H]ketanserin binding experiments, the time curves of association and 

dissociation of [3H]ketanserin from the 5-HT2A receptor were measured. Membrane prepara-

tions were incubated for different times under the standard conditions of the assay with 

2.35 nM [3H]ketanserin. For the dissociation experiments 10 µM cinanserin was added after 

60 min of incubation with [3H]ketanserin and the incubation was terminated at different time 

points. From these time curves the following half-lives were calculated: 
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k
K =  

Kd = 0.024 min-1 / 4.51·107 M-1min-1 = 0.53 nM. 

As a rule of thumb, the optimal incubation time is four to five times t½ dissoc [199]. However, that 

would have resulted in extremely long incubation times of 2 to 2:30 h. Such extreme dura-

tions are usually avoided in order to minimize artifacts resulting from possible degradation of 

the membranes. As a compromise between short incubations times and true equilibrium 

binding, an incubation time of 60 min was chosen for all further experiments.  

Structure and nomenclature of the ligands 

An abbreviating naming convention will be used in the following text. The short form for 

N-butyl-N-methyltryptamine hydrogen oxalate (331) would be "butyl-NMT", where NMT 

stands for N-methyltryptamine (211). Similarly, the short form of N-[2-(4-methoxyphenyl)-

ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate (250) would be "4-MeO-PE-5-MeO-

NMT", where 4-MeO-PE stands for the para-methoxylated 2-phenethyl substituent (Figure 

36). 

Several reference compounds were used in order to be able to compare results from this and 

other studies. Compounds included for this purpose were the natural ligand 5-HT (6) and the 

simple unsubstituted and N-methylated tryptamines, namely tryptamine (5) itself, NMT (212), 

and DMT (45), as well as their 5-methoxy analogs 5-MeO-tryptamine (358), 5-MeO-NMT 

(208), and 5-MeO-DMT (15) (Figure 37). As 5-HT2A receptor selective ligands the DOB-de-

rived 5-HT2A agonist 11, 46, and 47 (Figure 38), and the 5-HT2A antagonists ketanserin (48), 

MDL 100,907 (49), and AC-90179 (50) were included. Ketanserin (48) is a relatively specific 

and subtype-selective 5-HT2A ligand, but has also low affinities for 5-HT2C, α1, and σ1 sigma 

receptors. MDL 100,907 (49) is a specific and subtype-selective 5-HT2A ligand with additional 

low affinities for 5-HT2C, 5-HT2B, 5-HT1D, α, and D receptors [150]. AC-90179 (50) is a new spe-

cific and 5-HT2A receptor selective antagonist [282] (Figure 39). 
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Figure 36: Abbreviating naming convention for the tryptamine derived ligands. 

The abbreviations NMT and 5-MeO-NMT stand for N-methyltryptamine (211) and 

5-MeO-N-methyltryptamine (208), respectively, PE stands for the 2-phenethyl 

substituent. 
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Figure 37: Chemical structures of tryptamine derived 5-HT receptor ligands. 

Substituted tryptamines used as reference compounds at serotonin receptors: 

The natural ligand serotonin (5-HT, 6), tryptamine (5), NMT (212), and DMT (45), 

and their 5-methoxy analogs 5-MeO-tryptamine (358), 5-MeO-NMT (208), and 

5-MeO-DMT (15). 
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Figure 38: Chemical structures of DOB derived 5-HT2A agonists. 

The 5-HT2A agonist DOB (9) and its analogs 11, 46, and 47 were used as 

reference ligands at the 5-HT2A receptor. 
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Figure 39: Chemical structures of 5-HT2A antagonists. 

Ketanserin (48), MDL 100,907 (49), and AC-90179 (50). 
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Binding Data for the 5-HT1A receptor 

The simple tryptamines NMT (212), and DMT (45) had very similar affinities for the 5-HT1A 

receptor of around 40 nM, whereas their 5-methoxy analogs 5-MeO-NMT (208) and 5-MeO-

DMT (15) had affinities of around 3 nM. 5-HT (6) itself had an affinity of 0.9 nM. 

Introduction of a 5-methoxy group resulted in about a tenfold increase in affinity for most 

tested N-substitutions. The few exceptions to this general observation with less than a 5-fold 

increase in affinity were 4-Ph-PE (241, 242) (4-fold), 4-Br-PE (269, 270) (4-fold), 4-NO2-PE 

(253, 254) (3-fold), and 3,4,5-MeO-phenylpropyl (321, 322) (4-fold). Compound pairs with a 

more than 20-fold gain in affinity by 5-methoxylation were the plain tryptamines (5, 358) 

(23-fold), 2-Cl-PE (259, 260) (46-fold), 3-Me-PE (237, 238) (28-fold), 2-F-PE (235, 256) 

(27-fold), PE (233, 234) (22-fold), 2,5-Me-PE (196, 272) (22-fold), and cyclohexylpropyl (313, 

314) (22-fold). 

Benzylation of the amine group had detrimental effects on binding affinities. A plain benzyl 

group as in 210 and 207 decreased affinity 50 to 100-fold. Substitution with the larger 4-Br-

benzyl group as in 221, 222, and 359 still decreased affinity 5 to 15-fold. 

In general, the phenethyl substituted tryptamines had affinities comparable to the simple 

tryptamines, most of them in the range of 0.5 to 2-fold that of the simple tryptamines. The 

exceptions with high affinities up to 6-fold over those of the simple tryptamines were most 

3-mono-substituted-PE and some 3-disubstituted-PE. On the other hand, 2 to 6-fold lower 

affinities were measured for 4-MeO-PE (249, 250), 3,4-MeO-PE (277, 278), and 4-Ph-PE 

(241, 242). For the 5-unsubstituted compounds the following rank order of affinities was 

found: 3-substituted > 2-substituted > unsubstituted ~ 4-substituted. For 5-methoxy com-

pounds the following slightly different rank order was observed: 3-substituted ~ unsubstituted 

~ 2-substituted > 4-substituted. Subnanomolar affinities for the 5-HT1A were seen for the fol-

lowing substituted N-phenethyl-5-MeO-NMTs: 2-Cl-PE (264), 3-Me-PE (238), 3-Br-PE (268), 

and 2,5-Me-PE (272). 

By substituting the simple phenyl group of the phenethyl series with various aromatic sys-

tems, the affinity increased slightly up to 3-fold. A striking exception was (5-MeO-3-indolyl)-

ethyl-NMT (284) with a 25-fold higher affinity of 1.6 nM compared to the unsubstituted 

PE-NMT. However, due to the molecule's symmetrical structure, this compound can also be 

considered as a (3-indolyl)-ethyl substituted 5-MeO-NMT and fits into the expected range of 

affinities for 5-methoxylated ligands. The also symmetrical bis-methoxy analog (5-MeO-

3-indolyl)-ethyl-5-MeO-NMT (286) had one of the highest measured affinities from this study 

of 0.3 nM. 

In the 5-unsubstituted series the homologation of the phenethyl substituent (233) to phenyl-

propyl (315) and phenylbutyl (335) resulted in a 2-fold increase in affinity, whereas 

(3,4,5-MeO-phenyl)-propyl (321) and phenylsulfanyl-propyl (325) had a 4-fold higher affinity 



Results and Discussion - Pharmacological testing 
_________________________________________________________________________  

 

69

of around 10 nM. However, in the 5-methoxylated series the same homologations did not 

alter binding affinity significantly. As discussed above, shortening the chain to benzyl (210, 

207) resulted in a huge loss in affinity down to 1/40 - 1/60 that of the phenethyl or methyl 

substituents. 

Several straight chain alkyl compounds were tested. Butyl substituted compounds (331, 332) 

showed only 1/2 to 1/5-fold the affinity of simple methyl substituted ligands. However, on 

further stepwise elongation of the chain, the affinity increased and reached an optimum with 

the n-octyl substituent (343, 344). For even longer chains the affinity decreased and for the 

n-octadecyl the affinity was as low as about 10 µM for the 5-unsubstituted (349), and about 

1 µM for the 5-methoxylated compound (350). 

Branching of the alkyl chain at C(2), yielding more sterically demanding substituents, re-

duced affinity to about 1/10 that of simple tryptamines and to about 1/2 that of plain alkyl 

substituents of comparable size. In these compounds the loss in affinity resembled that seen 

with the benzyl group. 

In the group of three-carbon chain substituents the allyl compounds (305, 306) had affinities 

about equal to the simple tryptamines, whereas the more constrained propargyl compounds 

(307, 308) had only half the affinities of the methyl substituted tryptamines. 

In the group of compounds with a ring attached to a three-carbon spacer, the 5-unsubstituted 

phenylallyl (317) and cyclohexylpropyl (315) analogs had a slightly lower affinity compared to 

phenylpropyl (313), while the cyclohexylpropyl-5-MeO-NMT (314) had a subnanomolar affin-

ity, about twice that of propyl-phenyl-5-MeO-NMT (316). 

Introduction of a carbonyl functionality into the substituent had a detrimental effect on affinity 

for all tested compounds if compared to the methyl substituent as well as compared to 

straight alkyl groups of comparable length. 

In the 5-unsubstituted series the highest binding affinities were measured for n-heptyl (341) 

(12 nM), n-octyl (343) (9 nM), (3,4,5-MeO-phenyl)-propyl (321) (9 nM), phenylsulfanylpropyl 

(325) (11 nM), 3-MeO-PE (247) (12 nM), 3-Br-PE (267) (11 nM), 2,5-Me-PE (196) (13 nM), 

2,5-MeO-PE (275) (10 nM), 3,4-Cl-PE (281) (13 nM), and (2-naphthyl)-ethyl (289) (13 nM). In 

the 5-methoxy series all substituted phenethyl substituted compounds had affinities below 

10 nM with the exception of 4-NO2-PE (254) and 4-Ph-PE (242). Compounds showing excel-

lent subnanomolar affinities below that of 5-HT (6) itself were 2-Cl-PE (260) (0.5 nM), 

2,5-Me-PE (272) (0.6 nM), 3-Me-PE (238) (0.8 nM), 3-Br-PE (268) (0.8 nM), (5-MeO-indolyl)-

ethyl (286) (0.3 nM), n-octyl (344) (0.3 nM), and cyclohexylpropyl (314) (0.9 nM). 

5-HT2A receptor binding data 

The simple parent compounds tryptamine (5), NMT (212), and DMT (45) displayed low affini-

ties between 1 µM and 2 µM for the ketanserin (48) labeled 5-HT2A receptor. By 5-methoxy-
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lation affinity could be increased to 150 nM for 5-MeO-tryptamine (358) and to about 550 nM 

for 5-MeO-NMT (208) and 5-MeO-DMT (15). 5-HT (6) itself had an affinity of 140 nM, com-

parable to that of 5-MeO-tryptamine (358). 

The tested N-benzylated NMT derivatives 210 and 207 exhibited affinities between 800 nM 

and 900 nM, independent of 5-methoxylation. 5-MeO-N-(4-Br-benzyl)-tryptamine (19) had an 

affinity of only 530 nM, not different to that of 5-MeO-NMT (208) and only 1/4 that of 5-HT (6) 

and the N-unsubstituted 5-MeO-tryptamine (358). This result will be discussed in detail 

below. 

Attaching a phenethyl group to the parent compounds resulted in an increase in affinity be-

tween 15-fold and 26-fold. Attaching substituents to the phenyl group further enhanced 

affinity, usually between 2-fold and 5-fold. Only the 4-MeO-PE (249, 250), the 4-Ph-PE (241, 

242), and especially the 4-NO2-PE (253, 254) compounds from both series showed a de-

creased affinity, compared to the respective plain PE substituted tryptamines (233, 234). In 

general, substitution in position 2 of the phenyl ring (ortho) resulted in higher affinities com-

pared to those in position 3 (meta) or 4 (para). The highest affinities with values below 10 nM 

were seen in the 5-unsubstituted series for 2-Cl-PE (259) (6 nM) and 3,5-Me-PE (273) 

(8 nM), and in the 5-methoxylated series for 2-F-PE (256) (4 nM), 2-Cl-PE (260) (6 nM), and 

3-Br-PE (268) (4.5 nM). 

For the ethylene spaced aromatic rings remarkably high affinities were seen for the 

(3-indolyl)-ethyl substituent (283, 284) with affinities of around 10 nM in both series. Attach-

ing a second 5-methoxy group onto this symmetrical core as in (5-MeO-indolyl)-ethyl-5-MeO-

NMT (286) was less favorable, with a three-fold loss in affinity, comparable to that of phen-

ethyl (234). In both series the (1-naphthyl)-ethyl compounds 287 and 288 had affinities of 

about 10 nM, while the (2-naphthyl)-ethyl compounds (289, 290) had affinities two to three-

fold lower, but still higher than that of plain phenethyl (233, 234). 

Homologation of the phenethyl substituent (233) to phenylpropyl (315) and phenylbutyl (335) 

increased affinity 4-fold in the 5-unsubstituted series. In the 5-methoxy series the affinities 

were similar to the phenethyl compound (207), the phenylpropyl compound 316 had a slightly 

lower, and the phenylbutyl compound 336 had a slightly higher affinity. Interestingly, with the 

exception of the phenethyl substitution, the ligands from the 5-unsubstituted series all had 

higher affinities compared to their 5-methoxy counterparts. The additional ring-substituents in 

(3,4,5-MeO-phenyl)-propyl lower the affinity two-fold (5-unsubstituted, 322) and 5-fold 

(5-methoxy, 322). 

With an affinity of 1.8 nM the 5-unsubstituted phenylsulfanyl-propyl ligand 325 had the high-

est affinity of all tested compounds at the 5-HT2A receptor, similar to that of ketanserin (48) 

(1 nM), 76-fold that of 5-HT (6), and 40-fold higher than that of plain phenethyl (233). Its 

5-methoxy congener (326) still had an affinity of 9 nM, twice that of the PE-5-MeO-NMT 
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(234). As discussed above, the benzyl homologs 210 and 207 had greatly reduced affinities 

compared to all other arylalkyl compounds. 

Binding affinities of straight chain alkyl compounds at the 5-HT2A receptor 

For the group of straight chain alkyl compounds increasing the chain length stepwise re-

sulted in a parallel increase in affinity with an optimum at n-octyl (343) with 17 nM in the 

5-unsubstituted series. With a further increase in chain length the affinity declined, and for 

n-octadecyl-NMT (349) an affinity of 5 µM even below that of NMT (212) was reached. Start-

ing with chain lengths of n-pentyl (338) the 5-methoxy compounds had lower affinities com-

pared to their unsubstituted counterparts, in sharp contrast to what has been seen at the 

5-HT1A receptor. Again, the highest affinity was measured for n-octyl-5-MeO-NMT (344) with 

155 nM, 22-fold lower than that of n-octyl-NMT (343). 

Branching the alkyl chain at C(2) or adding double or triple bonds resulted in compounds of 

roughly comparable affinity compared to n-alkyl compounds of the same length, but without 

an obvious relation to structural features. 

Saturating the phenyl group of the phenylpropyl substituent as in 315 and 316, yielding the 

cyclohexylpropyl substituted compounds 313 and 314, resulted in a three-fold drop in affinity. 

Introduction of a double bond into the side chain, as in the phenylallyl compounds 317 and 

318, also resulted in distinctly lower affinities. 

As seen for the 5-HT1A receptor, adding carbonyl functionalities to the side chain had strongly 

detrimental effects on binding affinity. Especially the more hydrophilic CH2-CONH2 substi-

tuted compounds 231 and 232 showed negligible binding affinity. Only the longer and more 

lipophilic (CH2-CH2-CONEt2)-5-MeO-DMT (302) had similar affinity to 5-MeO-NMT (208) and 

5-MeO-DMT (15). 

The highest affinities for 5-unsubstituted ligands at the 5-HT2A receptor were seen for 2-Me-

PE (235) (12 nM), 2-Cl-PE (259) (6.1 nM), 3-Me-PE (237) (12 nM), 3,5-Me-PE (273) 

(8.4 nM), 1-naphthyl (287) (10 nM), (3-indolyl)-ethyl (283) (12 nM), n-octyl (343) (17 nM), and 

phenylsulfanyl-propyl (325) (1.8 nM). In the 5-methoxy series the highest affinities were 

measured for 2-F-PE (256) (4.3 nM), 2-Cl-PE (260) (5.5 nM), 3-Cl-PE (262) (12 nM), 3-Br-PE 

(268) (4.5 nM), 3,5-Me-PE (274) (12 nM), (3-indolyl)-ethyl (284) (9.9 nM), and phenylsulfanyl-

propyl (326) (9.1 nM). 

At the 5-HT2A receptor most 5-methoxy compounds had comparable affinities to their 

5-unsubstituted analogs in the range of 0.5 to 2-fold. Exceptions were 5-MeO-tryptamine 

(358) (9-fold), 5-MeO-NMT (208) (4-fold), 2-F-PE (256) (4-fold), 3-Br-PE (268) (4-fold), 

2,5-MeO-PE (276) (0.2-fold), 3-Me-PE (238) (0.4-fold), (3,4,5-MeO-phenyl)-propyl (322) 

(0.3-fold), phenylbutyl (336) (0.4-fold), phenylsulfanyl-propyl (326) (0.2-fold), n-octyl (344) 

(0.1-fold), isobutyl (310) (0.3-fold), and cyclohexylpropyl (314) (0.3-fold). (3-indolyl)-ethyl-
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5-MeO-NMT (284) had 0.3-fold the affinity of (3-indolyl)-ethyl-NMT (283), but this is again 

explained by the symmetrical structure of the molecule. 

Binding affinities at the 5-HT2C receptor 

Affinities for the 5-HT2C receptor followed closely those for the 5-HT2A receptor. For most 

compounds the differences between both series were in the range from one-third to three-

fold. However, a considerably higher affinity at the 5-HT2C site has been measured for the 

following simple tryptamines and bulky, lipophilic ligands: 5-HT (6) (9-fold), tryptamine (5) 

(23-fold), NMT (212) (12-fold), 2,6-Cl-PE-NMT (259) (6-fold), 4-Ph-PE-NMT (241) (6-fold), 

(3-indolyl)-ethyl-NMT (283) (4-fold), (1-naphthyl)-ethyl-NMT (287) (4-fold), (2-naphthyl)-ethyl-

NMT (289) (4-fold), 5-MeO-NMT (208) (6-fold), and (3,4,5-MeO-phenyl)-propyl-NMT (321) 

(7-fold). 

Similar to the 5-HT2A receptor, the effect of the 5-methoxy group on affinity was in the range 

from one-half to two-fold for most compounds. An even higher relation was seen for 5-MeO-T 

(358) (5-fold). Lower relations, indicative of some 5-HT2C receptor selectivity, were observed 

for 3,5-Me-PE-5-MeO-NMT (274) (0.4-fold), 2,5-MeO-PE-5-MeO-NMT (276) (0.1-fold), 3-Me-

PE-5-MeO-NMT (246) (0.2-fold), (5-MeO-3-indolyl)-ethyl-5-MeO-NMT (276) (0.3-fold), 

phenylsulfanyl-propyl-5-MeO-NMT (326) (0.2-fold), and n-dodecyl-5-MeO-NMT (346) 

(0.1-fold). 

The highest affinities below 10 nM at the 5-HT2C receptor in the 5-unsubtituted series have 

been detected for 2-MeO-PE (245) (7.4 nM), 2-Cl-PE (259) (4.5 nM), 2,5-Me-PE (196) 

(7.7 nM), 3,5-Me-PE (273) (2.5 nM), 2,5-MeO-PE (275) (5.2 nM), 3,4-MeO-PE (277) 

(8.7 nM), (3-indolyl)-ethyl (283) (3.1 nM), (1-naphthyl)-ethyl (287) (2.5 nM), (2-naphthyl)-ethyl 

(289) (7.7 nM), and phenylsulfanyl-propyl (325) (3.3 nM). The highest affinities for 5-methoxy 

ligands were found for 2-F-PE (256) (9.1 nM), 2-Cl-PE (260) (3.0 nM), 3,5-Me-PE (274) 

(6.4 nM), 3-Br-PE (268) (5.2 nM), (5-MeO-3-indolyl)-ethyl (286) (4.2 nM), and (1-naphthyl)-

ethyl (288) (4.9 nM). 

Binding affinities at the 5-HT1A compared to the 5-HT2A receptor 

Not a single compound from this project showed more than a five-fold selectivity for the 

5-HT2A over the 5-HT1A receptor, while a few compounds with greater than 50-fold selectivity 

for the 5-HT1A over the 5-HT2A receptor could be identified. The latter are the simple trypt-

amines 5-MeO-tryptamine (358) (95-fold), 5-MeO-NMT (208) (275-fold), and 5-MeO-DMT 

(15) (134-fold), the alkyl substituted ligands n-butyl-5-MeO-NMT (332) (72-fold), n-pentyl-

5-MeO-NMT (338) (69-fold), n-octyl-5-MeO-NMT (344) (479-fold), cyclopentylmethyl-5-MeO-

NMT (216) (62-fold), cyclohexylmethyl-5-MeO-NMT (218) (65-fold), isobutyl-5-MeO-NMT 

(310) (96-fold), allyl-5-MeO-NMT (306) (108-fold), cyclohexylpropyl-5-MeO-NMT (314) 

(177-fold), and cyanoethyl-5-MeO-NMT (294) (43-fold), as well as the aromatic ring-
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substituted compounds (5-MeO-3-indolyl)-ethyl-5-MeO-NMT (288) (105-fold), (3,4,5-MeO-

phenyl)-propyl-5-MeO-NMT (322) (65-fold). In a recent work structurally related N,N-di-(2-

arylethyl)-N-propylamines, with the aryl group being phenyl and naphthyl, have been tested 

at 5-HT1A receptors [274]. The compounds had affinities of around 100 nM. These results show 

the importance of an intact tryptamine (5) moiety and confirm that a 2-arylethyl amino-sub-

stituent contributes to high 5-HT1A binding affinities. The gain in affinity caused by 5-methoxy-

lation was usually higher at 5-HT1A receptors compared to 5-HT2A receptors. This might indi-

cate a binding mode of the tested compounds different to that of the simple agonists at the 

5-HT2A receptor. Indeed, most compounds turned out to be antagonists in the functional 

experiments discussed below.  

N-bridged ethylene-bis-tryptamine 

Ethylene-bis(N-methyl-5-methoxytryptamine (303) (Figure 32) was obtained as an amor-

phous, impure compound, contaminated with traces of the quaternary reaction product (304). 

Nevertheless, this unpurified compound has been subjected to the receptor binding assays. 

Surprisingly, this ligand proved to be one of the most interesting compounds tested. The 

binding affinities were 1.9 nM at the 5-HT1A receptor, 1696 nM at the 5-HT2A receptor, and 

612 nM at the 5-HT2C receptor (Table 7). This nearly 900-fold selectivity for the 5-HT1A recep-

tor over the 5-HT2A receptor is the highest one observed in this study. Bivalent analogs of 

5-HT1A receptor ligands have previously been shown to possess enhanced affinities at 5-HT1 

receptors. These ligands were bridged on their aromatic substituent [224, 223] as well as on 

their amine group [167]. In the latter study the highest affinities were indeed obtained for com-

pounds with spacer chain lengths of two (ethylene) and seven carbon atoms. 

IP accumulation assay results 

IP accumulation was measured in living adherent and confluent cells in tissue culture plates 

after preincubation overnight with [3H]PIP2. The monoamine oxidase inhibitor (MAOI) 

pargyline was added to the incubation medium in order to inhibit deamination of the test 

compounds. Lithium chloride was added to prevent IP dephosphorylation by inhibiting 

D-myo-inositol-1-phosphatases. IP in the supernatant of permeabilized cells was separated 

using anion exchange resin columns and measured in a scintillation counter. The measured 

radioactivity was usually around 5,000 cpm after full activation with 10 µM 5-HT, with a span 

of 3,000 to 11,000 cpm between different experiments. The signal to background ratio under 

full stimulation conditions was usually around 30-fold, with a range of 9 to 51-fold. 

Biphasic response 

During the first IP accumulation experiments an unexpected biphasic response for several of 

the tested compounds was noticed. In addition to a normal sigmoidal response at lower con-

centrations ("low-dose response"), an unusual second rise was seen at concentrations of 3.2 
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and 10 µM, the highest concentrations used in these experiments ("high-dose response") 

(Figure 40). 

To further explore this effect, more experiments were carried out using additional compounds 

and evaluating a broader concentration range of up to 32 µM (10-4.5 M) (Figure 41). In these 

experiments the existence of an unusual high-dose response could be verified for a subset of 

the tested compounds. These compounds were cyclohexylpropyl-5-MeO-NMT (314) and the 

arylethyl tryptamines (3-indolyl)-ethyl-NMT (283), 3-MeO-PE-NMT (247), (3-indolyl)-ethyl-

5-MeO-NMT (284), 3,5-Me-PE-NMT (273), (1-naphthyl)-ethyl-NMT (287), and 2,5-Me-PE-

NMT (271). 

A high-dose response was not seen for the lower-alkyl or unsubstituted tryptamines 5-HT (6), 

NMT (212), 5-MeO-NMT (208), DMT (45), 5-MeO-NMT (209), 5-MeO-DMT (15), for 4-Br-

benzyl-5-MeO-tryptamine (359), for the phenylisopropylamines 11, 46, and 47, for thio-DOB, 

2C-T-2, 2-MeO-naphthyl-isopropylamine, 2,6-Br-mescaline, and Aleph-2 (data not shown), 

and for (CH2-CH2-CONEt2)-5-MeO-NMT (324) and (3,4,5-MeO-phenyl)-propyl-5-MeO-NMT 

(321). 

With the exception of 4-Br-Bn-NMT (221) and cyclohexylpropyl-5-MeO-NMT (314), all high-

dose activating compounds tested showed a partial-agonistic response at lower concentra-

tions, resulting in the initially observed biphasic dose-response curves. 

Fitting 

In order to be able to analyze the dose-response-curves using a fitting procedure, especially 

to determine the low-dose EC50-1, a formal method had to be found to mathematically sepa-

rate both parts of the curves. Therefore, the biphasic curves were treated as an additive 

overlay of two independent sigmoidal responses. Because in most cases the plateau of the 

high-dose response was not reached, the Hill slope (slope2) and the maximum (max2) of the 

high-dose term could not be calculated conclusively from the datasets and had to be con-

strained to constant values. Although this procedure does not allow getting reliable parame-

ters for the high-dose response, it is essential for fitting the low-dose response to a standard 

dose-response curve. 
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Figure 40: First experiments showing a biphasic dose-response curve. 

Biphasic IP accumulation dose-response curves of (A) (1-naphthyl)-ethyl-5-MeO-

NMT (288), (B) 2,5-MeO-PE-NMT (275), and (C) (3-indolyl)-ethyl-5-MeO-NMT 

(284) in human 5-HT2A cells. All curves have a high-dose response with a slope 

above unity. 

 

Steep slopes 

In those cases where the non-linear regression fitting procedure converged without a con-

straint on the slope of the high-dose response, values clearly above 1.0 were obtained. 

Where the Hill-slope2 had to be constrained, the best fittings, as determined by inspection, 

were reached with values around 2.0. Therefore, constraints of either 1.5 or 2.0 were used in 

those cases. The Hill-slope1 for the low-dose terms of curves with a distinct plateau between 

the two responses was always close to unity. In other cases with fitting ambiguities, a con-

straint of 1.0 had to be set for slope1 in order to obtain reliable values for EC50-1 of the low-

dose response. 

Over-maximal stimulation 

As can be seen in the curves (Figure 41), there was considerable inter-assay variability be-

tween the maximal stimulation of the test compounds for both the low-dose as well as the 

high-dose response. For example, the maximal response seen at 10 µM of 2,5-Me-PE-NMT 

(196) varied from 72% to 190% in six independent experiments. Additionally, the maximum 

stimulation of the low-dose and of the high-dose responses seem to be independent of each 

other as they were affected oppositely between different experiments, e.g. for 2,5-Me-PE-

NMT (196) (Figure 41). 
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Figure 41: Biphasic dose-response curves. 

Biphasic dose-response curves from several independent experiments for 

(3-indolyl)-ethyl-NMT (283) (A), 3-MeO-PE-NMT (247) (B), cyclohexylpropyl-

5-MeO-NMT (314) (C), (3-indolyl)-ethyl-5-MeO-NMT (284) (D), 3,5-Me-PE-NMT 

(273) (E), (1-naphthyl)-ethyl-NMT (287) (F), and 2,5-Me-PE-NMT (196) (G) in hu-

man 5-HT2A receptor cells. For most curves the high-dose response has a steep 

slope above unity. 

 

Several lines of evidence suggest the authenticity of the over-maximal stimulation as it is 

seen in a subset of the high-dose activating compounds: 

− The maximal stimulations observed for reference compounds like 5-HT, for a broad 

range of phenethylamine analogs, and for all tested simple tryptamines were in close 

agreement with literature values and never exceeded 100%. 

− As seen from the activation curves the maximal high-dose activation never reached a 

plateau (with the single exception of (1-naphthyl)-ethyl-NMT (287) (Figure 41). 

− Interpolation of the steep dose-response curves to higher concentrations strongly 

suggests the existence of over-maximal responses for even more of the tested com-

pounds. 

In some experiments data from the outer border of the cell-culture well-plates showed sys-

tematically decreased values and had to be excluded from data analysis. During some early 

assays the standard conditions were located at these positions and potentially erroneous, 

too-high stimulation values could have been drawn from these experiments. However, this 

effect cannot be responsible for the over-maximal stimulation phenomenon: 

− Over-maximal stimulation was also seen in the following experiments where the posi-

tions of the standard condition had been moved. 

− Over-maximal stimulations were also seen in plates not affected by a border-effect. 

− The decrease in stimulation caused by the border-effect was maximally 25% in the 

relevant concentration range, usually less. An erroneous standardization based on 

these values could therefore not account for stimulations above 130% that were de-

tected in those experiments. 

Mechanism of the high-dose response 

To further explore the nature of the unexpected high-dose stimulation, more experiments 

were performed. In particular, we examined whether this effect was mediated by the 5-HT2A 

receptor or by other cellular targets, e.g. other receptors or second messenger systems. The 

following approaches were used: 
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− Antagonist inhibition experiments. 
− Co-application of 5-HT. 
− Testing ligands for common receptors. 
− Inactivation of monoaminergic receptors. 
− Utilization of other cell lines. 

5-HT2A antagonists 

To test the ability of 5-HT2A antagonists to block or shift the high-dose response, 5-HT2A ant-

agonists were co-applied with the test compounds. Although ketanserin (48), an antagonist 

with subnanomolar affinity, completely abolished the low-dose response at a concentration of 

1 µM, it had no obvious effect on the isolated high-dose responses (Figure 42). The high-

dose response is merely shifted downwards due to inhibition of the low-dose response. 

These results further supported the view that both responses are indeed independent phe-

nomena and raised the question as to whether this effect was mediated by the 5-HT2A recep-

tor. 

However, in later experiments unusually high concentrations of ketanserin (48), as well as of 

the potent, specific, and subtype-selective 5-HT2A antagonist MDL 100,907 (49) did indeed 

substantially inhibit the response to (1-naphthylethyl)-NMT (287) and 2,5-Me-PE-NMT (196) 

in the human (Figure 43) as well as the rat (Figure 44) 5-HT2A receptor cell line. Although 

these high doses of antagonists still did not completely block the high-dose response of the 

test compounds, the response to 32 µM 5-HT (6) was completely abolished. 
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Figure 42: Biphasic dose-response curves in the presence of 1 µM ketanserin. 

Dose-response curves for (3-indolyl)-ethyl-5-MeO-NMT (284) (A), 2,5-Me-PE-

NMT (196) (B), and (1-naphthyl)-ethyl-NMT (287) (C) in the presence of 1 µM of 

the 5-HT2A receptor antagonist ketanserin (48) in human 5-HT2A cells. The ant-

agonists completely blocks the low-dose response, but has no effect on the size 

of the high-dose response. 
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Figure 43: The effect of 32 µM ketanserin and MDL 100,907 (I). 

Dose-response curves for (1-naphthyl)-ethyl-NMT (287) in the presence of 32 µM 

of the potent 5-HT2A receptor antagonists ketanserin (48) or MDL 100,907 (49) in 

human 5-HT2A cells. 
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Figure 44: The effect of 32 µM ketanserin and MDL 100,907 (II). 

Dose-response curves for 2,5-Me-PE-NMT (196) (A) and (1-naphthyl)-ethyl-NMT 

(287) (B) in the presence of 32 µM of the potent 5-HT2A receptor antagonists 

ketanserin (48) or MDL 100,907 (49). In a control experiment the response to 

32 µM 5-HT (6) could be completely blocked by both antagonists in rat 5-HT2A 

receptor cells (C). 

 

Co-application of 5-HT 

In order to detect additive or even synergistic effects between 5-HT (6) and the test com-

pounds, both compounds were co-applied in the next experiments. Such additive stimu-

lations would be indicators for the involvement of other receptor types, other targets down-

stream of the receptor, or of regulatory receptor sites. 
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Therefore, different concentrations of 2,5-Me-PE-NMT (196) in the presence of 10 µM 5-HT 

(Figure 45 A), as well as different concentrations of 5-HT (6) in the presence 3.2 µM and 

32 µM of 2,5-Me-PE-NMT (196) (Figure 45 B) were tested.  

10 µM 5-HT (6) increased the response to 2,5-Me-PE-NMT (196) at lower concentrations 

(3.2 µM and 10 µM). However, the response did not reach the control level of 10 µM 5-HT (6) 

alone. At the higher concentration of 32 µM 2,5-Me-PE-NMT (196), the addition of 10 µM 

5-HT (6) did not alter the response. In a similar experiment a broad range of test compounds 

was tested at a concentration of 32 µM in the presence of 0.1 µM 5-HT (6) on the rat 5-HT2A 

cell line. The addition of 5-HT (6) did not alter the activation compared to the control condi-

tion by more than 10 percentage points. The obvious exceptions were compounds having 

5-HT2A receptor affinities clearly above 1 µM such as (cyclopentylmethyl)-NMT (333), 

(CH2-COOMe)-NMT (227), dodecyl-NMT (345), octadecyl-NMT (349), (CH2-CONH2)-NMT 

(293), or cyanoethyl-NMT (293). For these compounds the activation at higher concentra-

tions most probably reflects their low potency (partial) agonist nature instead of an unusual 

high-dose response. 

In the 5-HT (6) dose-response experiment (Figure 45 B) 3.2 µM 2,5-Me-PE-NMT (196) 

caused a down- or rightwards shift of the 5-HT response curve. At higher concentrations of 

32 µM 2,5-Me-PE-NMT (196) the 5-HT (6) concentration became less important in determin-

ing the activation, resulting in a nearly horizontal response. 

These results show that at lower concentrations 2,5-Me-PE-NMT (196) behaves as would be 

expected for a classical partial agonist competing with 5-HT (6) for a common receptor site. 

However, at higher concentrations 2,5-Me-PE-NMT (196) acts as a 5-HT-independent full 

agonist. If the high-dose response had been caused by the simultaneous activation of other 

5-HT receptors, then the addition of 5-HT (6) to a medium dose (3.2 µM or 10 µM) of 2,5-Me-

PE-NMT (196) would be expected to result in an additive activation. That effect could not be 

demonstrated, however, thus making that mechanism unlikely. 

Hypothetically, high concentrations of 2,5-Me-PE-NMT (196) could also activate different 

targets in the signaling cascade downstream of the receptor leading to IP accumulation. In 

that case the addition of a high dose of 2,5-Me-PE-NMT (196) to a medium or high concen-

tration of 5-HT (6) would also be expected to result in an additive response. This mechanism 

is also unlikely because in the 5-HT (6) co-application experiments the observed response 

did not exceed the response caused by 2,5-Me-PE-NMT (196) alone. However, these experi-

ments are consistent with the involvement of a second activation site in the 5-HT2A receptor, 

an hypothesis that has been tested in detail and will be discussed below. 
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Figure 45: Co-application of 2,5-Me-PE-NMT and 5-HT. 

(A) Different concentrations of 2,5-Me-PE-NMT (196) in the presence of 10 µM 

5-HT. 

(B) Different concentrations of 5-HT (6) in the presence of 3.2 µM and 32 µM of 

2,5-Me-PE-NMT (196) in rat 5-HT2A cells. 

 

Various receptor ligands 

Another possible mechanism of the high-dose response to exclude was the involvement of 

other receptor systems. Indeed, transfected mammalian cell lines often express a back-

ground of other neurotransmitter receptors. To check for the involvement of such receptors, a 

broad range of agonists and antagonists for monoamine neurotransmitters (Figure 47, Figure 

48), sigma, and opioid sites (Figure 49) was tested for modifying the response to the test 

compounds (Table 3). 

Neither did the agonists tested produce a response above background, nor did the antago-

nists tested block the response to the test compounds in the human 5-HT2A receptor or in the 

rat 5-HT2A receptor cell lines. As an exception, the co-administration of 1 µM propranolol (51) 

did indeed increase the response to 32 µM of 2,5-Me-PE-NMT (196) and (1-naphthyl)-ethyl-

NMT (287) from about 75% to 90% (Figure 50). Propranolol (51) is an antagonist of β-adre-

nergic, 5-HT1A, and 5-HT1B receptors. The stimulation of PLC by one of these receptors 

would be surprising, especially when considering the preferential coupling of these receptors 

to adenylate cyclase instead of PLC. Instead, the potentiation by propranolol (51) might re-
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flect a high-dose effect at the 5-HT2A receptor caused by propranolol (51) itself, but that has 

not been tested in the absence of the other ligands.  

The results of these experiments make the involvement of other serotonin (6), adrenergic, 

dopamine, histamine, acetylcholine, GABAA, NMDA, opioid, or σ1 sigma receptors in the 

high-dose response unlikely. 

N
H

(S)

OH
O

 
Propranolol (51) 

Figure 46: Structure of the β-adrenergic receptor antagonist propranolol. 
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Figure 47: The effect of monoamine neurotransmitters on the IP response. 

Noradrenaline, adrenaline, dopamine, and acetylcholine at a concentration of 

10 µM did not elicit a response in human 5-HT2A cells. 
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Table 3: The effect of receptor ligands on the high-dose response. 

The influence of various neurotransmitter receptor ligands on IP accumulation, 

either alone or in combination with compounds from this study. The receptor sites 

at which these compounds are acting as well as their agonistic or antagonistic 

action are listed. 

 

Ligand Conc. Receptor Action Effect Figure 

5-HT 10 µM 5-HT agonist no effect on high-dose response Figure 45 

Ketanserin 1 - 32 µM 5-HT2A (5-HT2C, 

5-HT2B, 5-HT1D, 

α, D) 

antagonist no stimulation, inhibition of high-

dose response at 10 µM 

Figure 42

Figure 43

Figure 44

Figure 48 

MDL 100,907 1 - 32 µM 5-HT2A (5-HT2C, 

α1, σ1) 

antagonist no stimulation, inhibition of high-

dose response at ≥ 10 µM 

Figure 43 

Figure 44 

Noradrenaline 10 µM α, β agonist no stimulation Figure 47 

Adrenaline 10 µM α, β agonist no stimulation Figure 47 

Prazosin 1 µM α1 antagonist no effect on high-dose response Figure 50 

Propranolol 1 µM β, 5-HT1A, 

5-HT1B 

antagonist slight increase of high-dose 

response 

Figure 50 

Dopamine 10 µM D agonist no stimulation Figure 47 

Haloperidol 1 µM D, 5-HT2A, α1, σ1 antagonist no effect on high-dose response, 

no stimulation 

Figure 49 

Histamine 1 µM H agonist no stimulation Figure 48 

Diphenhydramine 1 µM H1 antagonist no effect on high-dose response Figure 48 

Acetylcholine 10 µM mACh, nACh agonist no stimulation Figure 47 

Pilocarpine 1 µM mACh agonist no stimulation Figure 48 

Atropine 1 µM mACh antagonist no effect on high-dose response Figure 48 

Pregnenolone 1 µM σ1, GABAA, 

NMDA 

agonist / 

positive 

modulator

no effect on high-dose response, 

no stimulation 

Figure 49 

Naloxone 1 µM σ1, µ, δ, κ antagonist no effect on high-dose response, 

no stimulation 

Figure 49 
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Figure 48: The effect of monoamine receptor ligands on the IP response. 

The antagonists diphenhydramine (H1) and atropine (mACh) at concentrations of 

1 µM did not block the response to 32 µM (1-naphthyl)-ethyl-NMT (287) or 

2,5-Me-PE-NMT (196). 1 µM Ketanserin (48) (5-HT2, 5-HT1D, α, D) caused a 

slight inhibition, probably due to elimination of the low-dose response. The 

agonists histamine and pilocarpine at concentrations of 10 µM did not elicit a 

response in human 5-HT2A cells. 
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Figure 49: The effect of sigma1 receptor ligands on the IP response. 

The non-specific σ1 receptor ligands pregnenolone (σ1, GABAA, NMDA), nalox-

one (σ1, µ, δ, κ), and haloperidol (σ1, D, 5-HT2A, α1) at concentrations of 1 µM did 

not substantially alter the response to 32 µM 5-HT, (1-naphthyl)-ethyl-NMT (287), 

or 2,5-Me-PE-NMT (196) nor did they elicit a response on their own in rat 5-HT2A 

cells. 

 

Monoamine receptor inactivation 

In the following experiments phenoxybenzamine (PBZ, 52), an irreversible receptor antago-

nist for many monoamine receptors, has been used as a tool for receptor inactivation (Figure 

51). A concentration of 1 µM PBZ (52) has previously been shown to completely block the re-

sponse to 10 µM 5-HT (6) in the same rat 5-HT2A cell line used in this study [163].  
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Figure 50: The effect of monoamine receptor antagonists on the IP response. 

The effect of adrenergic antagonists and ketanserin (48) on the response to 

32 µM 2,5-Me-PE-NMT (196) and (1-naphthyl)-ethyl-NMT (287) in rat 5-HT2A 

cells. The α1-adrenergic antagonist prazosin at a concentration of 1 µM of did not 

change the responses to the test compounds. The non-specific β, 5-HT1A, and 

5-HT1B receptor antagonist propranolol (51) at a concentration of 1 µM caused an 

increase in activation. 1 µM ketanserin (48) (5-HT2, 5-HT1D, α, D) caused a slight 

inhibition, probably due to elimination of the low-dose response. 

 

1 µM of PBZ (52) only moderately lowered the response to 32 µM (1-naphthyl)-ethyl-NMT 

(287) and 32 µM 2,5-Me-PE-NMT (196) from 151% and 133% to 110% and 118%, respec-

tively. A substantial block of the response to 15% and 5%, respectively, was only seen for 

PBZ (52) at the very high concentrations of 100 µM (Figure 52). The action of 1 µM PBZ (52) 

was similar in magnitude to the decrease caused by 1 µM of the 5-HT2A antagonist ketan-

serin (48). Most probably this inhibition similarly reflects the block of the low-dose response 

without a modification of the high-dose part of the response. PBZ (52) as an irreversible re-

ceptor antagonist is assumed to act by covalently binding to the antagonist binding site of 

monoamine receptors. Therefore, effects similar to the reversible 5-HT2A antagonists tested 

are not surprising. Interestingly, both types of antagonist share the ability to block the high-
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dose response at extremely high concentrations, 32 µM for the reversible antagonists ketan-

serin (48) and MDL 100,907 (49), and 100 µM for the irreversible antagonist PBZ (52). Be-

cause PBZ (52) is assumed to irreversibly block a broad range of receptors, especially mo-

noaminergic neurotransmitter receptors, these results further supported the view that non-

5-HT2A monoaminergic receptors are not involved in the high-dose response. Instead, these 

results further supported the possibility of 5-HT2A receptor activation by a non-standard me-

chanism, independent of the classical agonist and antagonist binding sites. 

Other cell lines 

Although the above experiments suggested a 5-HT2A receptor mediated mechanism for the 

high-dose response, only testing other cell lines could give more conclusive answers. There-

fore, in addition to the human 5-HT2A receptor transfected human lung carcinoma cell line 

A549, the A549 wild type cell line and the rat 5-HT2A receptor transfected NIH-3T3 mouse 

fibroblast cell line were tested. In both independent 5-HT2A transfected cell lines, all com-

pounds tested gave qualitatively similar results. In particular, in both cell lines comparable 

monophasic or biphasic curves, respectively, and maximal stimulations above 100% were 

observed (Figure 53, Figure 54, Table 9, and data not shown here). Although in both trans-

fected cell-lines a robust activation 20 to 25-fold over basal was detected, the wild-type cell 

line A549 showed no activation above background after stimulation with 10 µM 5-HT, 32 µM 

2,5-Me-PE-NMT (196), 32 µM (1-naphthyl)-ethyl-NMT (287), or 32 µM 3,5-Me-PE-NMT (273) 

(Figure 55). These results are again suggesting the direct involvement of the 5-HT2A receptor 

in both types of response, the low-dose as well as the unusual high-dose response. 

O N Cl

 
PBZ (52) 

Figure 51: Chemical structure of phenoxybenzamine (PBZ). 

PBZ (52) is an irreversible receptor antagonist and has been used as a tool to 

inactivate monoaminergic receptors. 
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Figure 52: The effect of phenoxybenzamine (PBZ) on the IP response. 

The effect of 10 µM and 100 µM of the irreversible inhibitor phenoxybenzamine 

(PBZ, 52) on the IP response to 32 µM (1-naphthyl)-ethyl-NMT (287) and 2,5-Me-

PE-NMT (196) in human 5-HT2A cells. 
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Figure 53: Human 5-HT2A receptor, rat 5-HT2A receptor, and wild type cells. 

The effect of stimulation with 10 µM 5-HT, 32 µM (1-naphthyl)-ethyl-NMT (287), 

32 µM 2,5-Me-PE-NMT (196), and 32 µM 3,5-Me-PE-NMT (273) on the IP re-

sponse in the human 5-HT2A receptor transfected A549 cell line, the rat 5-HT2A 

receptor transfected NIH-3T3 cell line, and the untransfected A549 cell line. 

 

 

 

 

Table 4: Calculated parameters for the dose response curves of Figure 54. 

EC50, Hill slope, and maximal activation data for the dose response curves from 

Figure 54. The wild type, the human 5-HT2A, and the rat 5-HT2A transfected re-

ceptor cell lines were stimulated with 3,5-Me-PE-NMT (273). Hill slopes had to be 

set constant for the curve fitting procedure as explained in the text. 
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 Low-Dose Response High-Dose Response 

Receptor Cell Line EC50 Hill Slope % max 5-HT Hill Slope % max 5-HT 

untransfected A549 wild type - - 0% - 0% 

human 5-HT2A A549-h5-HT2A 65 nM 1.0 25% 1.5 164% 

rat 5-HT2A NIH-3T3-r5-HT2A 68 nM 1.0 22% 1.5 107% 
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Figure 54: Over-maximal stimulation: human versus rat 5-HT2A receptor cells. 

Biphasic and over-maximal dose-response curves of 3,5-Me-PE-NMT (273) in 

the human 5-HT2A receptor transfected A549 cell line and in the rat 5-HT2A 

receptor transfected NIH-3T3 cell line. 
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Figure 55: Human 5-HT2A receptor versus wild type cells. 

The effect of stimulation with 10 µM 5-HT, 32 µM (1-naphthyl)-ethyl-NMT (287) 

and 32 µM 2,5-Me-PE-NMT (196) on the IP response in human 5-HT2A cells and 

in the untransfected wild type cell line A549. 

 

 

 

Discussion of the high-dose mechanism 

A hypothesis about the mechanism of the high-dose response must explain all of the 

following experimental results: 

− The high dose response has not been seen for a broad range of structurally diverse 

reference compounds, but only for a subset of bulky methyl-alkyltryptamine from this 

study. 
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− The high dose response was independent of the standard low-dose (partial) agonistic 

response of the tested compounds. 

− The high dose response had a steep dose response curve with a Hill-slope of around 

two. 

− The high dose response sometimes resulted in over-maximal stimulation at the 

highest doses tested, in other curves there was a clear trend to over-maximal 

responses. 

− The high dose response was blocked only by extremely high concentrations of rever-

sible and irreversible 5-HT2A antagonists. 

− The high dose response was not affected by antagonists for other receptors (except 

propranolol (51) which increases the response). 

− The high dose response was not affected by co-administration of 5-HT (6) and 

agonists for other receptors. 

− The high dose response was not blocked by the non-specific irreversible antagonist 

PBZ (52) at a concentration of 1 µM. 

− The high dose response was seen in two unrelated cell lines transfected with two 

different 5-HT2A receptor homologs. 

− There was no stimulation of the cell lines by a variety of neurotransmitter receptor 

agonists. 

− There was no stimulation above background by 5-HT (6) and other neurotransmitter 

receptor agonists in 5-HT2A receptor untransfected cell lines. 

Exclusion of possible high-dose mechanisms 

Based on the above observations several explanations can be ruled out. These will be dis-

cussed in detail in the following section. 

One could argue that the applied concentrations of 10 µM to 32 µM are somehow "unphysio-

logical" conditions and that the observed effects simply represent non-specific interactions 

with membranes or proteins. But this view is not supported by the following facts: 

− The concentrations used are not exceptionally high compared to commonly used the-

rapeutic drug concentrations. For example, the analgetically effective plasma-concen-

tration of salicylic acid of 30 - 110 µg/ml corresponds to a molar concentration of 

217 - 796 µM. 

− The high-dose response is very specific for a subset of the tested compounds and is 

susceptible to minor changes of the molecular structures. Additionally, there is no ob-

vious relationship between high-dose activity and overall lipophilicity. 
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The possibility that the high-dose response is caused by traces of synthetic precursors such 

as NMT (212) and 5-MeO-NMT (208) can be ruled out. In that case a biphasic response with 

a maximum of 69% and 98%, respectively, and two Hill-slopes of 1.0 would be expected. 

Additionally, such a biphasic response would be completely eliminated by relatively low con-

centrations of 5-HT2A antagonists and by the non-specific irreversible antagonist PBZ (52). 

It is also unlikely that the high-dose response is caused by direct activation of the PLC sec-

ond messenger system independent of the receptor. In that case the wild-type cell line would 

also show activation. This argument is based on the reasonable assumption that the second 

messenger system is not down-regulated below the detection threshold in non-transfected 

cells. This postulate could be further verified in the future using cell lines that over-express 

unrelated receptors which activate PLC. 

The tested compounds could activate an as yet unidentified receptor or other signaling path-

ways, leading to PLC stimulation. This hypothesis cannot explain the requirement for the 

5-HT2A receptor as shown in the wild-type cell line experiments. 

Another conceivable mechanism could be a receptor independent activation of the second 

messenger system after selective intracellular uptake of the ligands by a 5-HT2A mediated 

mechanism, e.g. through receptor internalization. In this case the co-application of 5-HT2A 

ligands would be expected to compete for the uptake process. However, 5-HT (6) as well as 

antagonists at relatively high concentrations did not modify the high dose response. 

Inhibition of receptor desensitization or of receptor internalization would be expected to 

cause an enhanced response in the IP accumulation assay [118]. Indeed, such an effect has 

been seen in cells with disrupted internalization of the 5-HT2A receptor upon stimulation with 

5-HT (6) [296]. This mechanism can only enhance existing responses, however, and is there-

fore dependent on receptor activation. However, there exist high-dose compounds that are 

pure antagonists at lower concentrations. Additionally, the high-dose response is insensitive 

to co-application of 5-HT (6) as well as antagonists at relatively high concentrations. This fact 

makes a simple potentiation of an existing response implausible. 

It is also unlikely that the high-dose response is caused by some kind of serotonergic self-

stimulation during the 30 min incubation period. Such a mechanism would be inhibited by 

5-HT2A antagonists. 

Any mechanism relying on transcriptional regulation can most probably be excluded because 

the incubation time did not exceed 30 min, a time usually considered too short for effects 

caused by altering de novo protein synthesis.  

The observed high-dose response most probably does not result from a direct interaction 

with the assay procedure. The IP accumulation assay used measures the concentration of 

accumulated IP by fractional elution from a strongly basic anion exchange resin. The test 

ligands are removed with the buffer after incubation, so that only negligible amounts of less 
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than the maximally added 50 - 200 ng could have been present during permeabilization and 

IP fractional elution. To explain erroneously increased values, these trace amounts would 

either have to hydrolyze [3H]phosphoinositides during the acidic cell permeabilization over-

night at 4 °C, enhance adsorption of undegraded [3H]phosphoinositides to the resin, or im-

prove an incomplete adsorption of IP to the resin. Such an effect had to be counteracted by 

high concentrations of 5-HT2A antagonists and the effect had to be very specific with respect 

to minor structural changes of the test compounds. Such a scenario seems highly unlikely. 

Also, the absence of a signal in the wild-type cell line clearly speaks against an assay 

artifact. 

The free Gα subunit has a very low GTPase activity and external GTPase activator proteins 

(GAP) are needed to terminate its activation by hydrolysis of the Gα bound GTP to GDP. 

Such GAP activity resides in PLCβ as well as in a large class of regulators of G protein 

signaling proteins (RGS). A compound blocking the GTPase activation would lead to an in-

crease in duration of the response and thereby to an increase in IP accumulation. However, 

the initial activation still had to be receptor mediated and thereby sensitive to antagonists. 

This is not in accordance with the data from the wild-type cell-lines and the antagonist ex-

periments. 

In summary, the following explanations for the high-dose response can be ruled out: 

− "Extreme" concentrations 

− Contamination of ligands with precursors 

− Direct action on the second messenger system 

− Stimulation of other receptors or pathways 

− Receptor mediated intracellular uptake 

− Desensitization or inhibition of internalization 

− Cellular self stimulation 

− Transcriptional regulation 

− Assay artifacts 

− Anti-GAP activity. 

Trace impurities 

Several trace impurities could be detected in the HPLC analysis and the ESI MS spectra of 

the tested ligands, most notably the quaternary ammonium salts resulting from over-alkyla-

tion of the N-methyltryptamine. Also 3-vinylindoles from Hoffmann eliminations of the qua-

ternary tryptamines, and iminium cations from retro-Mannich reactions of the tertiary trypt-

amines were observed, but it is not clear if the latter species are analysis artifacts. Both ana-
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lysis methods, HPLC-UV260 and ESI MS, are more sensitive for these types of compounds 

compared to the test ligands: UV260 detection used in the HPLC analysis overestimates the 

real amount of aromatically substituted impurities due to their additional chromophore. 

ESI MS with positive ionization overestimates signals of the permanently charged quaternary 

species, as judged from comparison with the HPLC-UV260 data. It should also be noted that 

some of the compounds with the most prominent high dose-response, 3,5-Me-PE-NMT (273) 

and 2,5-Me-PE-NMT (271), had ESI MS signals of the putative quaternary impurities barely 

above the background signal. Additionally, alkylamines synthesized by a different route ex-

hibited comparable effects in another study [69]. 

 

 HN
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R2 R2
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R1
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Figure 56: Trace impurities or analysis artifacts detected by ESI MS. 

The following compounds could be detected by ESI MS in many of the tested 

ligands: the quaternary tryptamines 53 (Mquat
+) originating from over-alkylation, 3-

vinylindoles 54 (vinylindole) from Hoffmann elimination of quaternary tryptamines, 

and the Schiff bases of structure 55 (Mimine
+) from a retro-Mannich reaction of 

tertiary tryptamines. It is not clear whether the latter species are analysis 

artifacts. 

 

Non-competitive modulation 

A hypothesis about the mechanism of the high-dose activation must explain the following two 

conflicting observations: On the one hand the effect is dependent on the 5-HT2A receptor as 

demonstrated by the experiments in wild-type cells, but on the other hand the effect is inde-

pendent of activation or inhibition by classical receptor ligands, as shown by the antagonist 

and co-application experiments. 

In a recent publication biphasic dose-response curves similar to those obtained in the current 

work were obtained for the beta-blockers pindolol and alprenolol at β1-adrenergic receptors in 

a [3H]cAMP accumulation assay [26]. In other functional assays using alkaline phosphatase 
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and luciferase as reporter genes it was shown that the activation in these cells by several 

compounds was resistant to inhibition by classical antagonists such as CGP 20712A. As an 

explanation the existence of an independent second agonistic binding site of the β1 receptor 

has been postulated, at which classical agonists like pindolol and alprenolol, as well as clas-

sical antagonists like carvedilol or CGP 12177, activate the receptor at higher concentrations. 

Indeed, the existence of "allosteric", "non-competitive", "regulatory", or "modulatory" binding 

sites, separated from the classical ligand binding sites, have been demonstrated for many G-

protein coupled receptors (for reviews see: [55, 236]) (Table 5, Figure 57). 

5-HT receptor modulators 

Several modulators of 5-HT receptors have been described. The tetra-peptide 5-HT-modu-

line at picomolar concentrations increased 5-HT (6) binding to 5-HT1B and 5-HT1D receptors, 

but decreased the number of receptors [249]. The lipophilic compound oleamide (oleic acid 

amide) increased 5-HT (6) signaling through 5-HT1A [38], 5-HT2A [38, 138, 276], and 5-HT2C [138] 

receptors and decreased 5-HT (6) signaling through 5-HT7 receptors [38, 127, 276]. Remarkably, 

oleamide potentiated 5-HT2A mediated responses up to 170%, similar to maximal values ob-

tained in the current study [138]. However, the relevance of the effects of oleamide under 

physiological conditions recently has been questioned [68]. The amphiphilic compound 

PNU-69176E positively modulated the 5-HT2C receptor in a subtype selective manner [139]. 

Amphipathic lipidic compounds such as oleic acid, lysophosphatidylcholine, and the deter-

gent CHAPS (3-[(3-cholamidopropyl)-dimethylammonio]-propane sulfonic acid) have been 

shown to modulate the 5-HT7A receptor [11].  

 

 

 

 

 

 

 

 

 

 

Table 5: Selected modulators of G-protein coupled receptors. 

Legend: ↑: positive modulation; ↓: negative modulation. For a review see: [55]. 
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Neurotransmitter Receptor Modulator 

- all GPCR Na+
 ↓, SCH-202676 ↓ [73] 

A1 PD 81,723 ↑, PD 117,975, ATL525 ↑[74] 

A2A amilorides 

Adenosine 

A3 VU5455, VU8504 

α1 amilorides, benzodiazepines 

α2A, α2B amiloride ↓ 

Noradrenaline 

α2D agmatine 

Adrenaline β1 pindolol ↑, alprenolol ↑, carvedilol ↑, CGP 12177 ↑ 

Calcium CaR NPS 467, NPS 568, L-amino acids 

CXCR3 IP-10, I-TAC 

CCR5, CXCR4 trichosanthin 

Chemokine 

CCR1, CCR3 UCB35625 

D1 Zn2+ 

D2, D4 amilorides, Zn2+ 

Dopamine 

D2 Pro-Leu-Gly-amide (LPG) and analogs [66, 196, 268] 

Endothelin ETA Aspirin, salicylic acid 

GABA GABAB CGP7930, CGP13501 

mGluR1 CPCCOEt, Ro 01-6128 [156], Ro 67-7476 ↑ [156], Ro 67-4853 ↑ [156], 

Bay36-7629 

Glutamate 

mGluR5 MPEP, CPPHA [213] 

Muscarinic 
acetylcholine 

m1 - m5 gallamine ↓, alcuronium ↓, brucines ↑, dimethyl-W48. 

staurosporine↑, strychnine ↓ 

Neurokinin NK1 heparin 

Purine P2Y1 2,2'-pyridylsatogen tosylate 

Prostaglandin PGE2 L-171837 ↓ 

5-HT1B/1D 5-HT-moduline ↓ (binding sites), ↑ (affinity) [249] 

5-HT2A oleamide ↑ [38, 138, 276], N-cyclopropyl-oleamide↓ [38] 

5-HT2C oleamide ↑ [138], PNU-69176E ↑↑ [139] 

5-HT1A oleamide ↑ [38], N-cyclopropyl-oleamide ↓ [38] 

5-HT3 ∆9-THC ↓ [2] 

5-HT7 oleamide ↓ [38, 127, 276] 

5-HT 

5-HT7A amphipathic lipids [11] 
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Figure 57: Selected chemical structures of receptor modulators. 

SCH-202676 (non-specific), Ro 01-6128 (mGlu1), ATL525 (A1), CPPHA 

(mGluR5), 5-(N,N-dialkyl)-amilorides (α, D), agmatine (α2D), (S)-CGP 12177 (β1), 

oleamide (5-HT), PNU-69176E (5-HT2C), and 5-HT-moduline (5-HT1B/1D). The 

gray shading indicates common structural elements. 
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The activation of G-protein coupled receptors through allosteric or non-competitive binding 

sites in the absence of ligands for the classical agonist binding site, as seen in this study, has 

also been observed before. For two different classes of positive modulators of the me-

tabotropic glutamate receptor mGluR1, a relationship between receptor expression level and 

activation in the absence of the endogenous ligand glutamate was observed. Although the 

modulators caused an activation of cells with a high receptor expression, even in the ab-

sence of a classical agonist, they did not activate the cells on their own at low receptor ex-

pression levels or in native cells [156]. The different maximal high-dose activation levels ob-

served for different batches of cells in the current study could accordingly be explained by 

variations in receptor expression. Indeed, the measured radioactivity in the PI turnover 

assays under full 5-HT (6) activation conditions varied between different experiments by a 

factor of up to three.  

A related effect was observed in another study of a series of 5-HT2A ligands with low-nano-

molar affinity and only minor functional response in PI turnover assays at concentrations 

below 1 µM, indicative of antagonistic or weak partial agonistic activity. However, at concen-

trations of 10 µM these compounds caused a strong activation of up to 109% of that of 

10 µM 5-HT. Additionally, these activations were only partially blocked by 10 µM ketanserin 

(48), similar to experiments from the current study [69] (Figure 58).  

 
HN

N

NH2

R

R

R

R = H, 2-MeO, 5-MeO, 2,5-MeO, 3,5-MeO
 

  56 

Figure 58: Chemical structures of putative 5-HT2A receptor modulators. 

The general structure of compounds from this study and from another study [69] 

showing similar high-dose and over-maximal responses in IP accumulation 

assays at the 5-HT2A receptor. 

 

Reciprocal allosteric modulation in receptor dimers 

Dose-response curve with a Hill-factors above unity, as seen for the high-dose responses 

from the current study, have not been observed previously for receptor mediated stimulation 

of PLC. Such steep curves are usually indicative of cooperativity between similar binding 
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sites. There is broad evidence for the homo- and hetero-dimerization of G-protein coupled re-

ceptors as discussed above. Receptor dimerization with reciprocal allosteric modulation of 

the dimerization partners would explain cooperativity. In this model the high-dose activating 

compounds bind to 5-HT2A receptor homodimers at a non-classical binding site. The binding 

results in isomerization into an active receptor conformation and subsequent G-protein 

activation independent of the classical agonist binding mechanism. Additionally, a confor-

mational shift is transmitted to the dimerization partner, where the affinity for the modulator 

increases, a phenomenon called "reciprocal allosteric modulation".  

Pharmacological relevance 

In summary, several tested compounds exerted a complex effect on the 5-HT2A receptor. At 

low concentrations they bound to the classical binding site as partial agonists or antagonists. 

However, at higher concentrations they also bound to a non-competitive modulatory binding 

site and activated the receptor. This activation was independent of ligand binding to the 

classical binding site. This multiple action is a remarkable and new phenomenon, not 

previously recognized for 5-HT2A receptors. It might be possible to separate both 

mechanisms by chemical modification of the compounds in order to get pure allosteric or 

non-competitive activators and inhibitors of the receptor with negligible affinity for the 

classical binding site. As described above, the 5-HT2A receptor has a key role in current 

drugs to treat schizophrenia [192]. Negative modulators of this receptor might have a similar 

antischizophrenic profile in combination with reduced side effects caused by a full blockade 

of the receptors. It is also possible that non-competitive or allosteric activators might be of 

value as an adjunct in a neuroleptic therapy in a way that the response to small 

concentrations of 5-HT (6) is decreased by the conventional 5-HT2A antagonist, but the re-

sponse to higher concentrations is increased by the positive modulator (i.e. shifting the dose-

response curve to the right and stretching it vertically). It has indeed been predicted that the 

characterization of allosteric ligand interaction sites might lead to the identification of com-

pounds with improved selectivity and efficacy [236]. The compounds from this study could 

serve as a starting point for the exploration of this new binding site of the 5-HT2A receptor.  

Another interesting question is that of the physiological relevance of this modulatory binding 

site of the 5-HT2A receptor. It is possible that a natural ligand for this site exists, comparable 

to the endogenous 5-HT1 receptor modulator 5-HT-moduline. The synthesis, transport, or 

degradation of such an endogenous modulator could provide new pharmacological targets. 

Alleged "high affinity" 5-HT2A receptor ligand 

During the ongoing pharmacological characterization of the compounds from this study it 

became apparent that all benzyl or phenethyl substituted tryptamines were antagonists or 

weak partial agonists. Moreover, no dramatic subtype-selectivities or 5-HT2A receptor affini-
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ties were measured. This was unexpected because in a previous study exceptional high 

binding affinities and possible agonistic activities at the 5–HT2A receptor have been reported 

for compounds like N-(4-bromobenzyl)-5-methoxytryptamine oxalate (19) (compound number 

33 in: [112]). This substance is also commercially available (Tocris), being described as a "very 

potent and selective ligand at 5-HT2A receptors" with a claimed affinity for the 5-HT2A receptor 

of 5 nM ([3H]ketanserin label) and 0.1 nM ([125I]DOI label]) [1].  

In order to verify the published results, the synthesis of 19 was reproduced, closely following 

the published procedure. The identity of the final oxalate salt was confirmed by 1H NMR, 
13C NMR, and ESI MS. The desbromo analog could be detected as an impurity even after 

repeated recrystallizations by HPLC-UV260 and ESI MS. ESI MS analysis of the intermediate 

amide N-(4-bromobenzoyl)-5-methoxytryptamine (359) also showed signals of the respective 

desbromo analog, making it most probable that this impurity was introduced with the reagent 

4-bromobenzoylchloride (Sigma-Aldrich). 

The N-(4-bromobenzyl)-5-methoxytryptamine (19) was then subjected to the binding assays. 

With a Ki value of 534 nM (n = 4, ±45 nM) against [3H]ketanserin, the measured binding af-

finity at the 5-HT2A receptor was in sharp contrast to the reported value of 5.2 nM. The 

5-HT2C binding affinity was determined to be 394 nM (n = 3, ±19 nM), four-fold lower than the 

published value of 100 nM. At the 5-HT1A receptor the compound had an affinity of 21 nM 

(n = 3, ±1.2 nM), tenfold lower than that of the reference compounds 5-MeO-tryptamine and 

5-MeO-NMT. 

The ratio of affinities obtained from binding experiments using antagonists versus agonists 

as radioligands has been shown to generally correlate with agonist activity at 5-HT2A recep-

tors [77, 262]. For 19 the mentioned study reported a [3H]ketanserin to [125I]DOI affinity ratio of 

52, indicative of full agonist properties of this compound, comparable to 5-methoxytrypt-

amine. However, the IP accumulation data from the current work did not detect any signi-

ficant agonistic activity at a concentration of 1 µM (n = 2, ±0 %) at rat-5HT2A receptor trans-

fected cells. 

However, the 5-HT2A and 5-HT2C affinities from the current study are similar to the reported 

affinities of the 4-chlorobenzyl and 4-iodobenzyl analogs of 19 [112], as well as to the 

N-methyl-N-benzyl and N-methyl-N-(4-bromobenzyl) analogs from the current work. In fact, 

high 5-HT2A affinities close to the reported value of N-(4-bromobenzyl)-5-methoxytryptamine 

(19) have so far only been seen for long-chain 4-alkylated methoxy substituted amphet-

amines from that laboratory, e.g. DOHx (2,5-dimethoxy-4-hexylphenyl)-2-amino-propane, 

Ki [3H]ketanserin = 2.5 nM, Ki [125I]DOI = 0.1 nM) or 3,5-dimethoxy-4-(3-phenylpropyl)-

phenyl-2-amino-propane (56, R = 2,3-MeO) (Figure 58) (Ki [3H]ketanserin = 4 nM). All of 

these compounds were either antagonists or weak partial agonists [69, 203, 254]. 
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The experimental conditions of the radioreceptor binding assays in the cited publication are 

nearly identical to those used in the current study. Most notably, in both studies the same 

species variants of the receptors, the same cell lines, and the same radioligand have been 

used. It seems highly unlikely that the small differences in the assay protocol (e.g. incubation 

times of 60 min instead of 30 min) could be responsible for the observed huge discrepancies. 

These results force the conclusion that the published report is in error. Either the compound 

that was tested was not in fact the correct one, or else a serious flaw existed in their pharma-

cological analyses. 
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Summary of the aeruginascin project 

Inocybe aeruginascens is a hallucinogenic mushroom that has caused several unintentional 

intoxications due to its vague similarity to a common edible mushroom species [24, 70]. In addi-

tion to the known psychoactive alkaloids psilocin (7) and psilocybin (3) (Figure 59), a new 

compound of unknown structure and pharmacology, but with very similar TLC staining char-

acteristics and a similar UV spectrum has been described. This compound has been named 

aeruginascin (4) by Gartz [87, 90]. Several unsuccessful attempts to isolate larger amounts of 

sufficiently pure aeruginascin (4) for structure determination by J. Gartz and in the group of 

H. Laatsch were hampered by its high water solubility [90, 117] and, possibly, by its chemical 

sensitivity. It was the aim of this project to solve the structure of this natural product. Due to 

the limited amount of Inocybe aeruginascens available an extract of this mushroom was ini-

tially compared in TLC experiments to several synthetic reference compounds that included 

norbaeocystin (1) and baeocystin (2), their dephosphorylation products, and various other 

tryptamine derivatives. Unfortunately, none of these compounds was identical to 

aeruginascin (4).  
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Figure 59: Chemical structures of the Psilocybe alkaloids and of aeruginascin. 

Chemical structures of the Psilocybe alkaloids norbaeocystin (1), baeocystin (2), 

and psilocybin (3). The structure of the non-basic alkaloid-like compound aerugi-

nascin (4) has been elucidated in this study. The compounds are ordered by 

increasing number of methyl substituents on the amino-group. 
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Aeruginascin isolation 

From a new batch of mushrooms provided by J. Gartz a small amount of aeruginascin (4) 

was isolated by silica gel column chromatography and Sephadex size exclusion chromato-

graphy. This sample was a sufficient quantity for 1H NMR measurements. These experiments 

unexpectedly suggested a quaternary trimethylammonium structure (Figure 20). Additional 
13C NMR, 31P NMR, UV, ESI MS, and high resolution ESI-FTICR MS experiments confirmed 

that aeruginascin (4) is indeed the quaternary trimethylammonium analog 4 of psilocybin (3) 

(Figure 59). As a final proof aeruginascin (4) was synthesized from baeocystin (1) in an one-

step reaction using methyl iodide as reagent. Indeed, this synthetic compound was identical 

in all respects to the isolated material.  

With this new alkaloid-like natural compound the homologous series of phosphorylated 

Psilocybe alkaloids, differing only in the number of N-methyl groups, is finally complete. This 

series consists of norbaeocystin (1) (-NH2), baeocystin (2) (-NHMe), psilocybin (3) (-NMe2), 

and now aeruginascin (4) (-N+Me3), ordered by increasing number of N-methyl groups 

(Figure 59). Aeruginascin (4) has a remarkable molecular similarity to muscarine (35), a 

mushroom toxin often found in other Inocybe species (Figure 60, Figure 61). It is possible 

that the final methylation steps in the biosyntheses of both compounds are catalyzed by the 

same methyltransferase enzyme. 

Toxicology of aeruginascin 

The human pharmacology and toxicology of this new compound has not yet been deter-

mined. However, several unintentional intoxications with Inocybe aeruginascens have been 

reported and this mushroom is consumed for its hallucinogenic effects. Due to the quaternary 

ammonium group it is unlikely that aeruginascin (4) is able to pass the blood-brain barrier, a 

requirement for hallucinogenic effects in human. However, aeruginascin (4) might have pro-

found peripheral effects. Aeruginascin (4) is assumed to undergo a rapid metabolism into its 

dephosphorylation product 31 by analogy with the known Psilocybe alkaloids. This metabo-

lite has a striking similarity to the peripherally acting 5-HT3 receptor agonist 5-HTQ (37) 

(Figure 25).  
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Figure 60: Chemical structures of aeruginascin and muscarine. 

 

 

Figure 61: Superposition of aeruginascin and muscarine. 

In this stereoscopic view aeruginascin (4) and muscarine (35) have been 

superimposed in their minimal energy conformations. The 2-methyl-

tetrahydrofuran-3-ol ring of muscarine (35) and the phosphate group 

aeruginascin (4) are isosteric and have nearly identical molecular volumes. 

 

New 4-hydroxytryptamine synthesis 

During the structure elucidation of aeruginascin (4) the Psilocybe alkaloids norbaeocystin (1) 

and baeocystin (2) were needed as reference compounds. Moreover, it was initially planned 

to synthesize larger amounts of 4-hydroxylated tryptamines as potential serotonin receptor 

ligands. Current synthetic approaches to this class of compounds start with the relatively ex-

pensive 4-hydroxyindole. Therefore, a new alternative synthetic strategy has been investi-

gated. Exo-methylene-tetrahydrofuranone 60 was reacted with Schiff bases and the resulting 
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3-substituted tetrahydrobenzofuranones gave the 3-substituted tetrahydroindolones on am-

monolysis. All these reactions steps have been partially optimized and gave good yields. Un-

fortunately, the final aromatization could not be accomplished and this synthesis had to be 

abandoned in order to proceed with the main project.  

Instead, baeocystin (2) and norbaeocystin (1) were synthesized by the classical Speeter-

Anthony route followed by phosphorylation using the recently described tetrabenzylpyro-

phosphate procedure [121, 208, 257]. 
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Figure 62: New 4-hydroxytryptamine synthesis. 

This promising new synthesis of 4-hydroxytryptamines has been successfully in-

vestigated, but conditions for the final aromatization step have not yet been 

identified. 

 

Summary of the tryptamine project 

Hallucinogenic compounds like LSD (12) or mescaline, as well as the above mentioned 

Psilocybe alkaloids psilocin (7) and psilocybin (3) (Figure 59), exert their effects by inter-

action with 5-HT2A receptors located on nerve cells in the brain. This receptor also has a key 

role in current drugs to treat schizophrenia [192] and has been implicated in the action of the 

widely used analgesic drug paracetamol (acetaminophen) [250, 267]. 5-HT2A receptor agonists 
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are also effective in lowering intraocular pressure after topical application [188] [189]. The 5-HT2A 

receptor belongs to a group of three closely related 5-HT2 receptors, consisting of the 5-HT2A, 

the 5-HT2B, and the 5-HT2C subtypes. There exist subtype selective antagonists for each of 

these 5-HT2 receptors, as well as 5-HT2B and 5-HT2C receptor selective agonists. However, 

no 5-HT2A receptor selective agonist has yet been described. Selective 5-HT2A receptor ago-

nists would be of great importance in the current research on the neurophysiological mecha-

nism of hallucinogenic action and as potential pharmaceuticals. Additionally, such com-

pounds would be valuable in validating and refining existing molecular models of the 5-HT2A 

receptor [51].  

Project description 

The structural requirements for high 5-HT2A receptor affinities in the three main families of 

ligands, the phenethylamines (Figure 6), the lysergamides (Figure 7), and the tryptamines 

(Figure 8), are relatively well known. However, not much information is available on the 

effects of N-terminal substitutions in tryptamines. In one earlier published study exceptionally 

high 5-HT2A receptor binding affinities were reported for certain N-benzyl analogs of 

5-methoxytryptamine (358), including the 4-bromobenzyl compound 19 (Figure 65) [112]. In 

the current work the influence of a broader range of structurally diverse extended N-terminal 

substituents on the affinity of N-methyltryptamine and 5-methoxy-N-methyltryptamine was 

examined. In addition to 5-HT2A receptor affinity, the ligands were also tested for 5-HT2C and 

5-HT1A receptor affinity in order to identify potentially subtype-selective ligands. Moreover, all 

tested receptor subtypes are important pharmacological targets and have been associated 

with the mechanism of hallucinogenic compounds. The compounds were also tested for 

agonist activity in IP accumulation tests.  

Ligand synthesis 

The ligands were synthesized by reaction of N-methyltryptamine with the appropriate alkyl 

iodides in the presence of diisopropylethylamine in acetonitrile. Most of the required alkyl 

iodides were synthesized from carboxylic acids by reduction with borane in THF to the pri-

mary alcohol and subsequent halogenation using a reagent system consisting of triphenyl-

phosphine, iodine, and imidazole in methylene chloride. The final tertiary tryptamines were 

isolated as their hydrogen oxalate salts (Figure 28). The substituents were selected from the 

following compound classes: substituted benzyl, substituted phenethyl (PE), arylethyl, 

straight chain alkyl, substituted or branched alkyl, and carbonylalkyl (Figure 63).  
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Figure 63: Chemical structures of the tested tryptamines. 

N-methyltryptamine (NMT) and 5-methoxy-N-methyltryptamine (5-MeO-NMT) 

N-substituted with a broad range of structurally diverse groups were tested at 

5-HT1A, 5-HT2A, and 5-HT2C receptors. 

 

Binding affinities 

Although many ligands had high affinities for the receptors tested, the 5-HT2A receptor selec-

tivities were low for most compounds. Subnanomolar 5-HT1A receptor affinities were mea-

sured for the 5-MeO-NMT (208) derivatives 2-Cl-PE (260), 2,5-Me-PE (272), 3-Me-PE (238), 

3-Br-PE (268), (5-MeO-indolyl)-ethyl (286), n-octyl (344), and 3-cyclohexylpropyl (314). 

Ethylene-bis(5-MeO-NMT) (303) had a 5-HT1A receptor affinity of 1.9 nM and a remarkable 

900-fold selectivity over the 5-HT2A receptor. 

5-HT2A receptor affinities around 10 nM were seen for the NMT (212) derivatives 2-Me-PE 

(235), 2-Cl-PE (259), 3-Me-PE (237), 3,5-Me-PE (273), (1-naphthyl)-ethyl (289), (3-indolyl)-

ethyl (283), and n-octyl (343), and the 5-MeO-NMT (208) derivatives 2-F-PE (256), 2-Cl-PE 

(260), 3-Cl-PE (262), 3-Br-PE (268), 3,5-Me-PE, (3-indolyl)-ethyl (274), and 3-(phenyl-

sulfanyl)-propyl (326). 3-(phenylsulfanyl)-propyl-NMT (325) had the highest 5-HT2A affinity 

(1.8 nM). 5-HT2C receptor affinities were usually similar to 5-HT2A values.  

In 5-HT2A IP accumulation assays partial agonistic activity with EC50 values below 100 nM 

was seen for the NMT (212) derivatives 2,5-MeO-PE (275), 3,4-MeO (277), 3-AcO-PE (243), 

and (5-MeO-3-indolyl)-ethyl (284), and the 5-MeO-NMT (208) derivatives 3,4-MeO-PE (278), 

(3-indolyl)-ethyl (284), and (5-MeO-3-indolyl)-ethyl (286).  

Non-competitive modulation 

At lower concentrations most compounds exhibited antagonist or partial agonist effects at the 

5-HT2A receptor. However, at concentrations above 1 µM several compounds had an unex-

pected second steep component of their response with a Hill-slope of 2, sometimes reaching 

activation levels greater than that of 5-HT (Figure 64). In a series of careful experiments it 

was demonstrated that this effect was not caused by activation of other receptors, by a direct 

action on second messenger pathways, or by affecting receptor internalization. Instead, the 
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most plausible explanation, derived from these data, is a non-competitive modulation of the 

5-HT2A receptor through a new regulatory binding site. Currently available 5-HT2A agonists 

and antagonists bind to partially overlapping sites of the receptor. In contrast, allosteric and 

non-competitive modulators bind to an independent and distinct site. They therefore do not 

directly compete with the binding of classical ligands, but instead exert an indirect influence 

on the activation state of the receptor and on the classical binding site.  

The observed steep curve of the high-dose response is an indicator of cooperativity between 

similar binding sites. A similar effect is seen in the classical example of allosteric modulation, 

the cooperative oxygen binding to the tetrameric protein hemoglobin. Indeed, it is well known 

that many G-protein receptors can form dimeric complexes and a reciprocal modulation in 

these dimers has been demonstrated. The effect observed in the current study is therefore 

most probably the result of cooperativity between the two modulatory binding sites in a 

dimeric receptor complex.  

In summary, several tested compounds exerted a complex effect on the 5-HT2A receptor: 

− At low concentrations they bound to the classical binding site as partial agonists or 

antagonists.  

− At higher concentrations they also bound to a non-competitive modulatory binding 

site and activated the receptor. This activation was independent of ligand binding to 

the classical binding site. 

This multiple action is a remarkable and new phenomenon, not previously recognized for 

5-HT2A receptors.  

Future prospects 

It might be possible to separate both mechanisms by chemical modification of the com-

pounds in order to obtain pure allosteric or non-competitive activators and inhibitors of the 

receptor with negligible affinity for the classical binding site. As described above, the 5-HT2A 

receptor has a key role in current drugs to treat schizophrenia [192]. Negative modulators of 

this receptor might have a similar antischizophrenic profile but with reduced side effects 

compared to drugs that produce a full blockade of the receptor. It is also possible that 

allosteric and non-competitive activators might be of value as an adjunct in a neuroleptic 

therapy in a way that the response to small concentrations of 5-HT (6) is decreased by the 

conventional 5-HT2A antagonist, but the response to higher concentrations is increased by 

the positive modulator (i.e. shifting the dose-response curve to the right and stretching it 

vertically). It has indeed been predicted that the characterization of allosteric ligand 

interaction sites might lead to the identification of compounds with improved selectivity and 

efficacy [236]. The compounds from this study could serve as a starting point for the 

exploration of this new binding site at the 5-HT2A receptor.  
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Figure 64: Biphasic dose-response curves. 

Biphasic dose-response curves of the 5-HT2A receptor ligands cyclohexylpropyl-

5-MeO-NMT (314) and 3,5-Me-PE-NMT (273). At lower concentrations 3,5-Me-

PE-NMT (273) elicited a partial agonistic response whereas cyclohexylpropyl-

5-MeO-NMT (314) did not elicit a response at all. However, at concentrations 

above 1 µM both compounds show a dramatic over-maximal stimulation of up to 

175% that of 5-HT. Moreover, this high-dose response has a slope clearly above 

unity. Both compounds are most probably non-competitive modulators / 

activators of the 5-HT2A receptor at higher concentrations in addition to their 

relatively high affinity for the classical binding site. 

 

Another interesting question is that of the physiological relevance of this modulatory binding 

site of the 5-HT2A receptor. It is possible that natural ligands for this site exist, comparable to 

the endogenous 5-HT1 receptor modulator 5-HT-moduline. The synthesis, transport, or de-

gradation of such an endogenous modulator could provide new interesting pharmacological 

targets. 
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Alleged "high affinity" 5-HT2A receptor ligand 

During the ongoing pharmacological characterization of the compounds from this study it 

became apparent that most compounds tested were antagonists or weak partial agonists at 

submicromolar concentrations. Moreover, no dramatic subtype-selectivities or 5-HT2A recep-

tor affinities were measured. This result was unexpected because in a study reported in the 

literature an exceptionally high binding affinity, high subtype selectivity, and probable agonis-

tic activity were reported for N-(4-bromobenzyl)-5-methoxytryptamine (19) [112] (Figure 65). In 

order to verify these published results this compound was synthesized and subjected to the 

binding and functional assays. In sharp contrast to the reported Ki value of 5.2 nM, in our 

hands N-(4-bromobenzyl)-5-methoxytryptamine (19) had only a relatively low 5-HT2A receptor 

binding affinity of 534 nM. Moreover, the compound was devoid of agonist activity, in marked 

contrast to the published data. Because of these unexpected findings, particular care was 

taken to reproduce our data and to confirm the structural identity of the compound. This fin-

ding is of special interest, because this compound is commercially available, being described 

as a very potent and selective 5-HT2A ligand [1]. This result forces the conclusion that the pub-

lished report is in error. Either the compound that was tested was not in fact the correct one, 

or else a serious flaw existed in their pharmacological analyses. 

HN

H
N

O
Br

 
19 

Figure 65: Alleged 5-HT2A receptor ligand. 

This commercially available N-alkylated tryptamine has been described as a very 

potent 5-HT2A receptor ligand with putative agonist activity [112]. However, in the 

current study, and after careful and detailed experiments, this compound surpri-

singly proved to be to be a low affinity weak antagonist. 
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Experimental Part 

Materials and Methods 

Pharmacological methods 

Cell culture 

Cells lines were grown in an incubator at 37 °C and 5% CO2 in 75 cm2 tissue culture flasks 

for propagation, in 150 mm diameter × 15 mm tissue culture Petri dishes for radioreceptor 

assay membrane preparations, and in 24-well tissue culture plates (24 × 2 cm2) for PI turn-

over assays. Cells were passaged after reaching a confluency of about 95% by washing with 

PBS, detaching with PBS containing 0.05% trypsin and 0.53 mM EDTA (Gibco / BRL, 10 × 

solution), and dilution of the resulting suspension with fetal calf serum containing medium. 

The cells were not maintained beyond 30 passages. 

5-HT1A receptor cell line CHO-h5-HT1A ("CHO-1A"): Chinese hamster ovary cells stably ex-

pressing the human 5-HT1A receptor, provided by Christopher Harber 

(Christopher.L.Harber@am.pnu.com). Medium: DMEM (Sigma), 10% fetal calf serum, 2 mM 

L-glutamine, 50 U/l penicillin, 50 µg/l streptomycin, 9 U/l Hygromycin B, 300 mg/l G-418 

(Geneticin). 

5-HT2A receptor cell line A549-h5-HT2A ("A20"): A549 human lung carcinoma cells stably ex-

pressing the human 5-HT2A receptor, provided by Dr. Ulrike Weyer-Czernilofsky 

(pcz@bender.co.at). Medium: RPMI, 10% dialyzed fetal calf serum, 2 mM L-glutamine, 50 U/l 

penicillin, 50 µg/l streptomycin, 9 U/l hygromycin B, 300 mg/l G-418 (Geneticin). 

Wild type cell line A549: human lung carcinoma cell line (ATCC). Medium: RPMI, 10% dia-

lyzed fetal calf serum, 2 mM L-glutamine, 50 U/l penicillin, 50 µg/l streptomycin. 

5-HT2A receptor cell line NIH-3T3-r5-HT2A ("GF-6"): NIH-3T3 mouse fibroblasts stably ex-

pressing the rat 5-HT2A receptor, provided by Dr. David Julius (D. Julius et al. PNAS 87: 928 

1190). Medium: DMEM (Sigma), 10% dialyzed fetal calf serum, 2 mM L-glutamine, 50 U/l 

penicillin, 50 µg/l streptomycin, 300 mg/l G-418 (Geneticin). 

5-HT2C receptor cell line P0 NIH-3T3-r5-HT2C ("P0"): NIH-3T3 mouse fibroblasts stably ex-

pressing the rat 5-HT2A receptor (gift from Dr. David Julius, et al. Science, 244: 1057 1989). 

Medium: DMEM (Sigma), 10% dialyzed fetal calf serum, 2 mM L-glutamine, 50 U/l penicillin, 

50 µg/l streptomycin, 300 mg/l G-418 (Geneticin). 

PBS (8 g/l NaCl, 0.2 g/l KCl, 0.2 g/l KH2PO4, 1.15 g Na2HPO4) was prepared from a 10 × 

stock solution and adjusted to pH 7.4 with diluted hydrochloric acid or diluted sodium 

hydroxide solution. 
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Membrane preparations 

Cells were grown in 150 mm diameter × 15 mm tissue culture Petri dishes until they reached 

90% confluency, the medium was aspirated, the cells were washed with PBS, and incubated 

in serum-free, unsupplemented, and phenol red reduced Opti-MEM medium (Gibco / BRL) 

for 5 h. Cells were scraped off with a cell-scraper, transferred into 50 ml conical tubes on ice, 

and centrifuged for 5 min at 3000 rpm at 0 °C (Allegra 6R centrifuge, Beckmann). The super-

natant was decanted, the pellet was resuspended in ice-cold PBS, and aliquots of 1 ml were 

transferred into 1.5 ml microcentrifuge tubes on ice. The membranes were pelleted for 2 to 

5 min at maximum speed in a benchtop centrifuge (Labnet Z180M, Hermle) located within a 

cold room. The supernatant was decanted and the tubes were immediately frozen at -80 °C. 

These membrane preparations could be used for 6 to 12 months without noticeable change 

of binding parameters. 

Receptor binding experiments 

Test compounds were dissolved in DMSO at a concentration of 10 mM and were stored at -

20 °C. Each binding experiment typically consisted of ten different concentrations of the test 

compound as duplicates, and each experiment was repeated at least three times from at 

least two different stocks of the test compounds. 

A serial dilution from this stock was prepared in binding buffer (0.1 mM EDTA, 10 mM MgCl2, 

50 mM Tris, pH 7.4). A mixture of the test compound, 1 nM of the radioligand, and cell 

homogenate (about 50 mg protein) in a total volume of 500 µl binding buffer in 1.2 ml PE 

tubes in racks of 96 (Marsh Bio Products) was incubated for 60 min at room temperature. 

The suspension was filtered through 96-well filter plates with bonded GF/B filters (Uni-

filter-96, Whatman GF/B, Packard) using a 96-well harvester (Packard). To reduce non-

specific binding the filters were pre-soaked for 50 min in an aqueous solution of 0.3% poly-

(ethylene-imine) (PEI, Sigma). The filters were rapidly washed with ice-cold washing buffer 

(10 mM Tris, 150 mM NaCl) and dried overnight. 40 µl scintillation cocktail (Microscint O, 

Packard) was added into each filter-well, and the sealed filter plate was counted in a plate 

reader (TopCount, Packard). 

The following radioligands were used: [propyl-2,3-ring-1,2,3-3H]8-OH-DPAT (5-HT1A, specific 

activity ~135 Ci/mmol, NET929, NEN USA), [ethylene-3H]ketanserin hydrochloride (5-HT2A, 

specific activity ~63 Ci/mmol, NET791, NEN USA), and [N6-methyl-3H]mesulergine (5-HT2C, 

specific activity ~74 Ci/mmol, TRK845, Amersham USA). 

Non-specific binding was determined in the presence of 10 µM serotonin (5-HT1A), 10 µM 

ketanserin (48) or cinanserin (5-HT2A), or 10 µM mianserin (5-HT2C). Total counts were deter-

mined by spotting 20% the added amount of radioligand solution directly onto the processed 

filter plates. Total binding was determined in the absence of cold ligands. 
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Binding curves were analyzed using GraphPad-Prism (GraphPad Software) and standard 

spreadsheet programs. 

PI turnover assays 

Cells grown in 24-well tissue culture plates (24 × 2 cm2) were washed with PBS and the cells 

were incubated for 12 - 18 h with serum- and inositol-free CMRL-1066 medium (Gibco / BRL) 

containing 1.0 µCi/ml [2-3H]inositol (Amersham, TRK317). 10 µM pargyline, 10 mM LiCl, and, 

if needed, the antagonists were added and the cells were pre-incubated for 15 min. The test 

compounds in PBS were then added and the plates were incubated for 30 min at 37 °C. The 

medium was aspirated on ice and the cells were permeabilized by addition of 300 µl per well 

of 10 mM formic acid. The plates were kept at 4 °C overnight. [3H]Phosphoinositides were 

separated by adsorption on Dowex 1 anion exchange resin (strongly basic styrene-DVB gel) 

in columns of 10 mm diameter × 30 mm height using gravity elution [33]. The content of the 

wells was pipetted onto the column and the column was equilibrated with 15 ml equilibrium 

buffer (10 mM D-myo-inositol, 3 M ammonium formate). After the column was washed with 

15 ml washing buffer (5 mM sodium tetraborate, 10 mM ammonium formate), the 

[3H]phosphoinositides were eluted with 2 ml elution buffer (1 M ammonium formate, 10 mM 

formic acid) into plastic scintillation vials. 18 ml scintillation cocktail (EcoLite(+), IGN) was 

added, and the eluted radioactivity was quantified using a scintillation counter (Beckman). 

The columns could be reused by washing with 5 ml rejuvenation buffer (3 M ammonium 

formate, 0.1 M formic acid) and 15 ml equilibrium buffer. Experimental data were analyzed 

using GraphPad-Prism (GraphPad Software). Data from wells of the outer border of the 

plates were excluded from analysis if they showed systematically decreased values. The 

data from each plate was standardized separately to the 10 µM 5-HT (6) and to the 

background response. Monophasic curves were fitted against the sigmoidal (or logistic) 

dose-response model slopexEC
maxy

⋅−+
= ))(log(101 50

, biphasic curves were fitted against the overlay 

of two independent curves 
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 where y is the 

standardized activation, max is the maximal standardized activation, EC50 is the concentra-

tion of half-maximal stimulation, slope is the Hill-slope factor of the activation curve, and x is 

the ligand concentration. 

Chemical syntheses 

Analytical equipment 

1H NMR: Varian VXR-200 (200 MHz, routine spectra, Göttingen), Bruker ARX-300 (300 MHz, 

routine spectra, Purdue), Varian UNITY-300 (300 MHz, Göttingen), Varian INOVA-500 

(500 MHz, Göttingen), or Varian INOVA-600 (600 MHz, Göttingen). — 13C NMR: Varian 
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Mercury-200 (50.3 MHz), Varian UNITY-300 (75.5 MHz), Bruker AMX-300 (75.5 MHz), 

Varian INOVA-500 (125.7 MHz) or Varian INOVA-600 (151 MHz). — 31P NMR: Varian 

Mercury-200 (81 MHz). — TLC: Polygram SIL G/UV254 200 µm on polyester (Macherey-

Nagel & Co, Germany). — Column chromatography: silica gel for flash-chromatography 

30 - 60 µm (J. T. Baker, Germany). — Size exclusion chromatography: Sephadex G-10 

(Pharmacia). — UV: Perkin-Elmer Lambda 15 UV/VIS spectrophotometer. — IR: Perkin-

Elmer RX I FT-IR spectrometer, Perkin-Elmer Spectrum 5.0 analysis software. — EI MS: 
Finnigan MAT 95 mass spectrometer system at 70 eV. — ESI MS: Finnigan LCQ mass 

spectrometer system, positive ionization. — Melting points: Mettler FP61 apparatus. Melting 

points / decomposition temperatures were not measured for zwitterionic compounds and 

salts. — HPLC: Degasser DG-1310 (Degasys), two HPLC pumps PU-987, mixing unit, auto-

sampler AS-1555 with 100 µl sample loop, multiple wavelength diode array detector MD-910 

with an analytical cell, Borwin-PDA 1.0 analysis software (all from Jasco, Germany). 

NMR 

1H NMR spectra are referenced to tetramethylsilane (TMS, δ = 0) if not stated otherwise. 
13C NMR spectra are referenced to the solvent signal of DMSO-d6 (δ = 39.50) if not stated 

otherwise. NMR spectra abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), qu 

(quintet), sept (septuplet), m (other multiplet), br (broad), J (coupling constant), Cq (quater-

nary carbon). 

HPLC 

Column: Nucleosil, 7 µm, C6H5, 230 × 4.6 mm. Detection: 220 nm, 260 nm, 200 - 350 nm. 

Eluent A: dH2O, 5% MeOH, 4 g/l Tris-HCl, 100 µl/l H3PO4 85%, pH 4. Eluent B: MeOH, 5% 

dH2O, 4 g/l, Tris-HCl, 100 µl/l H3PO4 85%, pH 4. Standard gradient: 20 min 30% B to 90% B, 

5 min 90% B, 1 min 90% B to 30% B, 14 min 30% B. Gradient B for lipophilic compounds: 

15 min 50% B, 5 min 50% B to 90% B, 20 min 90% B, 1 min 90% B to 50% B, 14 min 50% B. 

Peak intensities are listed as the percentage of the total area under the curve at a wave-

length of 260 nm ("%total AUC260"). 
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Chemical Experiments 

4-Hydroxytryptamines: Ene synthesis route 
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Figure 66: Ene synthesis: compound numbering scheme. 

 

Benzyl-ethoxymethyl-methylamine (57) 

A mixture of 61.2 g benzyl-methylamine (121.2 g/mol, d 0.939, 65.17 ml, 505.0 mmol, 

1.2 eq), 82.9 g dry K2CO3 (138.2 g/mol, 60.0 mmol, 0.14 eq), and 58 ml ethanol (46.07 g/mol, 

d 0.789, 45.76 g, 993.3 mmol, 2.3 eq) in a round-bottom flask equipped with a drying tube in 

an ice-bath was magnetically stirred for 5 min. 12.9 g paraformaldehyde (30.03 g/mol, 

429.6 mmol, 1 eq) was added and stirring was continued for 15 min at room temperature. 

The inorganic salt was filtered off and excess ethanol was distilled off on a rotary evaporator. 

46.22 g benzyl-ethoxymethyl-methylamine (C11H17NO, 179.26 g/mol, 257.8 mmol, 60%) was 

distilled under oil pump vacuum in a micro-distillation bridge as a clear oil at 65 °C. The yield 

in a similar reaction on a 40 mmol scale was 67%. 

(N-Benzyl-N-methyl-N-methylene)-iminium chloride (Eschenmoser's salt) (58) 

44.82 g benzyl-ethoxymethyl-methylamine (179.26 g/mol, 250.0 mmol, 1 eq) (57) was added 

dropwise to a solution of freshly distilled 29.4 ml trichloromethylsilane (149.5 g/mol, 

250.0 mmol, d 1.273, 37.4 g, 1 eq) in 100 ml acetonitrile in a round bottom flask with mag-

netic stirring and cooling in an ice bath. A white precipitate formed and the mixture was 

stirred for 30 min under cooling. 100 ml dried ether was added, the precipitate was filtered 

off, washed with 100 ml dry ether, and dried in a desiccator under vacuum, yielding 41.5 g 

benzyl-methyl-methylene-ammonium chloride (C9H12ClN, 169.7 g/mol, 244.5 mmol, 98%) as 

a white hygroscopic salt. 

Diethyl-prop-2-ynyl-sulfonium bromide (59) 

A solution of 43.1 ml diethylsulfide (90.18 g/mol, d 0.836, 36.03 g, 400.0 mmol, 1 eq) and 

44.6 ml 3-bromopropyne (propargyl bromide, 119.0 g/mol, 80%, d 1.335, 400 mmol, 47.58 g, 
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1 eq) in 80 ml dried acetonitrile in a brown light-protected round bottom flask equipped with a 

drying tube filled with CaCl2 were stirred at room temperature for 22 h. Dried diethyl ether 

was added under stirring until no further clouding occurred. The product crystallized as a 

white powder and was filtered off, washed with dry diethyl ether, and dried under vacuum to 

yield 63.1 g diethyl-prop-2-ynyl-sulfonium bromide (C7H13BrS, 209.2 g/mol, 301.6 mmol, 

75%) as a moisture-sensitive white powder. 

3-Methylene-3,5,6,7-tetrahydro-2H-benzofuran-4-one (60) 

20 g Cyclohexane-1,3-dione (112.1 g/mol, 178.4 mmol, 1 eq) in 200 ml dried THF was added 

dropwise over 20 min to a solution of 24 g potassium tert.-butoxide (t-BuOK, 112.2 g/mol, 

213.9 mmol, 1.2 eq) in 500 ml dry THF under vigorous magnetic stirring at room tempera-

ture. The resulting suspension was stirred for another 20 min at room temperature and was 

cooled in an ice bath. 62.9 g diethyl-prop-2-ynyl-sulfonium bromide (209.0 g/mol, 

301.0 mmol, 1.5 eq) was added in one portion and stirring was continued at room tempera-

ture for 6:30 h. The mixture was diluted with 1000 ml H2O and subsequently extracted with 

750 ml, 250 ml, 200 ml, and 200 ml diethyl ether. The combined organic phases were dried 

over K2CO3 + MgSO4 and evaporated, yielding a reddish liquid. This crude product was sub-

jected to vacuum liquid chromatography (VLC) by adsorption on top of a tightly packed silica 

gel column of 9.4 cm diameter and 5 cm height in a 500 ml glass fritted Buchner funnel and 

subsequent elution with 150 ml of hexane (fraction 1), hexane / ethyl acetate (50 + 50, frac-

tion 2), hexane / ethyl acetate (20 + 80, fraction 3), hexane / ethyl acetate (90 + 10, fraction 

4), ethyl acetate, ethyl acetate / methanol (99 + 1, fraction 5), ethyl acetate / methanol (98 + 

2, fraction 6), ethyl acetate / methanol (97 + 4, fraction 7) each. Fractions testing positive for 

the product by TLC were evaporated and the product crystallized spontaneously as slightly 

yellow sandy, table-salt-like crystals with adherent reddish oily impurities. These byproducts 

could be effectively removed by repeated pressing between paper tissues. The yield of the 

product was 8.17 g (fraction 4), 8.19 g (fraction 5), and 1.21 g (fraction 6), resulting in a com-

bined yield of 17.4 g of 3-methylene-3,5,6,7-tetrahydro-2H-benzofuran-4-one (C9H10O2, 

150.2 g/mol, 115.8 mmol, 65%). Upon storage at room temperature or upon refluxing in 

acetonitrile this compound slowly decomposes, most probably into 3-methyl-6,7-dihydro-5H-

benzofuran-4-one. 

TLC (ethyl acetate / triethylamine, 99 + 1; Rf): 0.66 (product, Ehrlich: purple without heating), 

0.73 (byproduct, Ehrlich: purple), 0.83 (byproduct, Ehrlich: red). Detection by UV254 absorp-

tion and Ehrlich's reagent. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.28): δ = 5.65 (t, 3.0 Hz, 1 H, H-β), 5.06 (dd, 3 Hz, 3 Hz, 

2 H, H2-2), 4.83 (t, 2.5 Hz, 1 H, H-β), 2.55 (t, J = 6.5 Hz, 2 H, H2-7), 2.40 (t, J = 6.5 Hz, 2 H, 

H-5), 2.07 (tt, J = J' = 6.5 Hz, 2 H, H-6). 
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3-[2-(Benzyl-methylamino)-ethyl]-6,7-dihydro-5H-benzofuran-4-one (from 
Eschenmoser's salt) (61) 

17.0 g 3-Methylene-3,5,6,7-tetrahydro-2H-benzofuran-4-one (150.2 g/mol, 113.2 mmol, 1 eq) 

and 3.93 ml triethylamine (101.1 g/mol, d 0.728, 2.864 g, 28.3 mmol, 0.25 eq) were dissolved 

in 200 ml dried acetonitrile in a 500 ml round-bottom flask with magnetic stirring. 28.81 g 

benzyl-methyl-methylene-ammonium chloride (169.7 g/mol, 169.7 mmol, 1.5 eq) was added 

all at once. The temperature rose moderately and the reaction flask was cooled in an ice 

bath for 10 min. Then the flask was kept at room temperature for 10 min and the solvent was 

evaporated on a rotary evaporator. The remaining residue was dissolved in 200 ml H2O + 

2 ml conc. HCl and extracted with 200 ml ethyl acetate. The organic phase was re-extracted 

with 50 ml H2O + 0.5 ml HCl and then with 50 ml brine. The combined aqueous phases were 

basified to pH 12 with sodium hydroxide solution and the resulting suspension was subse-

quently extracted with 200 ml, 50 ml, and 50 ml ethyl acetate. The combined organic phases 

were dried over MgSO4 and evaporated on a rotary evaporator, and the resulting product 

was further dried under oil pump vacuum, yielding 30.6 g 3-[2-(benzyl-methylamino)-ethyl]-

6,7-dihydro-5H-benzofuran-4-one (C18H21NO2, 283.4 g/mol, 108.0 mmol, 95%) as a clear 

yellow oil at room temperature which freezes very slowly at -20 °C. 

TLC (ethyl acetate / triethylamine, 99 + 1): Rf = 0.66 (educt, Ehrlich: purple without heating), 

0.61 (product, Ehrlich: red). Detection by UV254 absorption and Ehrlich's reagent. 

1H NMR (300 MHz, CD3OD, δsolvent = 3.30 (reference), compound as its hydrogen oxalate): 

δ = 7.53 - 7.44 (m, 5 H, C6H5), 7.43 (s, 1 H, H-2), 4.88 (s, 3 H, N+-CH3), 4.38 (s, 2 H, 

CH2-Ph), 3.38 (t, J = 8.0 Hz, 2 H, H2-α), 3.07 (t, 2 H, H2-β), 2.87 (t, J = 6.5 Hz, 2 H, H-7), 2.46 

(t, J = 6.5 Hz, 2 H, H2-5), 2.15 (tt, J = J' = 6.5 Hz, 2 H, H-6). 

EI MS: m/z (%) = 134.1 (100%) [CH2-N(CH3)-CH2-C6H5]·+, 91.0 (92%) [CH2-C6H5]+, 149.1 

(7%) [M - CH2-N(CH3)-CH2-C6H5]·+, 283.2 (3%) [M]+, 192.1 (2%) [M - CH2-C6H5]·+, 163.1 

(2%) [M - N(CH3)-CH2-C6H5]+. 

3-[2-(Dialkylamino)-ethyl]-6,7-dihydro-5H-benzofuran-4-one (general procedure using 
formalin as reagent) (62 - 64) 

A mixture of 3-methylene-3,5,6,7-tetrahydro-2H-benzofuran-4-one (150.2 g/mol, 1 eq), the 

respective dialkylamine (1.1 eq), acetic acid (60.06 g/mol, d 1.049, 1.1 eq), and formalde-

hyde solution (30.03 g/mol, 35%, d 1.08, 1.2 eq) in ethanol (4 ml/mmol) was let stand at 

room temperature until TLC-analysis indicated complete conversion. The solvent was evapo-

rated on a rotary evaporator and the mixture was dissolved in H2O, acidified with diluted 

hydrochloric acid, extracted twice with ethyl acetate, and the aqueous solution basified with 

diluted sodium hydroxide solution. The product was extracted twice with ethyl acetate, the 

combined organic phases were dried over MgSO4, and the solvent was evaporated on a ro-
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tary evaporator. The resulting crude product was kept under oil pump vacuum and could be 

purified by silica column chromatography. 

The following compounds were prepared using this procedure (dialkylamine, reaction con-

ditions, yield of crude product): 3-[2-(benzyl-methylamino)-ethyl]-6,7-dihydro-5H-benzofuran-

4-one (62) (benzyl-methylamine, 0.67 mmol, 5 h, not isolated); 3-[2-(dibutyl-amino)-ethyl]-

6,7-dihydro-5H-benzofuran-4-one (63) (dibutyl-amine, 6.67 mmol, 30 h, 48%); 

3-[2-(cyclohexylmethylamino)-ethyl]-6,7-dihydro-5H-benzofuran-4-one (64) (cyclohexyl-

methylamine, 6.67 mmol, 48 h, 87%). 

3-[2-(Benzyl-methylamino)-ethyl]-1,5,6,7-tetrahydroindol-4-one (65) 

A mixture of 10 g 3-[2-(benzyl-methylamino)-ethyl]-6,7-dihydro-5H-benzofuran-4-one 

(283.4 g/mol, 35.30 mmol, 1 eq) and 13.6 g ammonium acetate (77.08 g/mol, 176.4 mmol) in 

167 ml pure ethanol in a sealed glass ampul (⅔ filled) was heated for 24 h to 150 °C in an 

electrical oven in a metal tube as an explosion shield. After cooling and opening the ampoule 

(no overpressure was observed) the solvent was evaporated on a rotary evaporator, the 

residue was dissolved in water, acidified to pH 3 - 4 with hydrochloric acid, and extracted 

twice with dichloromethane. The aqueous layer was basified with sodium hydroxide solution 

to pH 12 and extracted twice with dichloromethane, the combined organic phases were 

evaporated on a rotary evaporator, and the residue was further dried under oil pump vacuum 

overnight, yielding 8.7 g crude 3-[2-(benzyl-methylamino)-ethyl]-1,5,6,7-tetrahydroindol-4-one 

(C18H22N2O, 283.36 g/mol, 30.70 mmol, 87%) as a light brown amorphous solid. The use of 

aqueous ammonia instead of ammonium acetate or the use of 95% ethanol instead of pure 

ethanol reduced the reaction rate considerably. 

TLC (ethyl acetate / triethylamine, 99 + 1): Rf = 0.48 (educt, Ehrlich: red), 0.20 (product, 

Ehrlich: violet). Detection by UV254 absorption and Ehrlich's reagent. 

EI MS: m/z (%) = 134.1 (100%) [CH2-N(CH3)-CH2-C6H5 ]+, 91.1 (83%) [CH2-C6H5]+, 191.2 

(16%) [M - CH2-C6H5]·+, 148.1 (7%) [M - CH2-N(CH3)-CH2-C6H5]·+, 282.2 (6%) [M]+. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 8.42 (s br, 1 H, H-1), 7.39 - 7.20 (m, 5 H, 

C6H5), 6.45 (s, 1 H, H-2), 3.65 (s, 2 H, CH2-Ph), 3.01 (t, J = 7.5 Hz, 2 H, H2-α), 2.81 - 2.70 (m, 

4 H, H2-β, H2-7), 2.44 (t, J = 6.5 Hz, 2 H, H2-5), 2.33 (s, 3 H, N-CH3), 2.07 (tt, J = J' = 6.5 Hz, 

2 H, H-6). 

Putative 1,2,3,5-tetrahydro-1-methylpyrrolo[4,3,2-de]quinoline (66) 

A few milligrams of 3-[2-(benzyl-methylamino)-ethyl]-6,7-dihydro-5H-benzofuran-4-one, 

benzoic acid, and Pd/C 5% in 5 ml tetraline were heated to reflux under a slow stream of N2 

for 30 min. The reaction mixture was diluted with ethyl acetate and the catalyst was filtered 

off and the solvents were evaporated on a rotary evaporator and then under oil pump 
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vacuum. Putative 1,2,3,5-tetrahydro-1-methylpyrrolo[4,3,2-de]quinoline (C11H12N2O, 

172.2 g/mol) was isolated by preparative TLC (silica gel; ethyl acetate / NEt3, 99 + 1). 

TLC: ethyl acetate / acetic acid (99 + 1), Rf = 0.73. Two-dimensional TLC: 1. ethyl acetate / 

conc. HCl (100 + 0.1), Rf = 0.12; 2. ethyl acetate / triethylamine (99 + 1), Rf = 0.79. Ehrlich 

color reaction: blue. 

EI MS: m/z (%) = 172.2 (100%) [M]+, 157.2 (13%) [M - CH3]+. 

Synthesis of baeocystin and norbaeocystin 
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Figure 67: Structures and numbering scheme of norbaeocystin and baeocystin. 

 

4-Acetoxyindole (acetic acid indol-4-yl ester) (67) 

To 15.25 g 4-benzyloxyindole (223 g/mol, 68.39 mmol, 1 eq) in 200 ml acetone was added 

20 ml acetic acid anhydride (21.6 g, d 1.08, 102.09 g/mol, 211.6 mmol, 3.1 eq), 0.5 g finely 

powdered LiCl (42.39 g/mol, 11.80 mmol, 0.17 eq), and 0.5 g catalyst (Pd/C, 10%, oxidic 

form). The mixture was vigorously shaken at room temperature and standard pressure under 

H2 for 16 h until the gas uptake ceased. TLC analysis of the reaction mixture indicated an 

incomplete conversion of about 50 - 75%. The catalyst was filtered off, 1.0 g of fresh catalyst 

together with 10 ml acetic acid (60.05 g/mol, d 1.049, 9.53 g, 158.7 mmol, 2.3 eq) and 10 ml 

triethylamine (101.19 g/mol, d 0.728, 13.7 g, 135.7 mmol, 2.0 eq) as catalysts were added, 

and the hydrogenation was continued for another 2:30 h until the gas uptake ceased. Further 

0.5 g of the catalyst was added and the mixture was shaken for another 1 h. The catalyst 

was filtered off, the solvent was removed on a rotary evaporator, and the resulting dark oil 

was dissolved in 150 ml of diethyl ether, washed with 2 × 200 ml H2O, dried over Na2SO4, 

and filtered. The dark coloration could not be removed by shaking with 1 g of silica gel and 

subsequent filtration. The solvent was removed on a rotary evaporator. The crude product 

crystallized at room temperature and was further dried for 9 h at 50 °C under oil pump 

vacuum, yielding 4-acetoxyindole (11.19 g, C10H9NO2, 175.19 g/mol, 63.87 mmol, 93%) as a 
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light green crystal mass. The product from this reaction was used without further purification 

in the next step. The crude product from a previous reaction has been purified by silica gel 

column chromatography with diethyl ether / n-hexane (80 + 20) as eluent. 

TLC (diethyl ether / n-hexane, 50 + 50): Rf = 0.52 (product, Ehrlich: pink, dark violet after 

heating, brown upon storage), 0.69 (educt, Ehrlich: sky-blue after heating, blue-gray upon 

storage), 0.55 (4-hydroxyindole, Ehrlich: green, greenish brown upon storage). Detection by 

UV254 absorption and Ehrlich's reagent. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 8.28 (s br, 1 H, H-1), 7.23 (d, J = 6 Hz, 1 H, 

H-5), 7.14 (dd, J = J' = 8 Hz, 1 H, H-6), 7.12 (d, J = 3 Hz, 1 H, H-2), 6.85 (dd, J = 7.5 Hz, 

0.5 Hz, 1 H, H-7), 6.42 (dd, J = 2.5 Hz, 2.5 Hz, 1 H, H-3), 2.39 (s, 3 H, CH3-COO). 

4-Acetoxyindol-3-yl-glyoxylic acid chloride (acetic acid 3-chlorooxalyl-indol-4-yl ester) 
(68) 

To a stirred solution of 10.0 g (175.2 g/mol, 57.08 mmol) 4-acetoxyindole in 100 ml diethyl 

ether was added 14.5 g (126.9 g/mol, d 1.5, 9.7 ml, 114.2 mmol) oxalyl chloride dropwise 

under cooling in an ice bath. The solution was allowed to warm to room temperature and 

stirring was continued for 1 h. The orange product was filtered off, and washed with cold di-

ethyl ether, dried under vacuum, and further dried under oil pump vacuum, yielding 13.02 g 

of a crystalline orange powder. Another 0.64 g of the product was obtained by combining the 

filtrates and washing solutions and concentration on a rotary evaporator. The combined yield 

of 4-acetoxyindol-3-yl-glyoxylchloride as a moisture-sensitive fine yellow-orange powder was 

13.66 g (C12H8ClNO4, 265.7 g/mol, 51.4 mmol, 90%). 

4-Acetoxy-N-methyl-N-benzyl-indol-3-yl-glyoxylamide (acetic acid 3-(benzyl-
methylaminooxalyl)-indol-4-yl ester) (69) 

A solution of 10.34 g methyl-benzylamine (121.18 g/mol, d 0.94, 11.0 ml, 85.3 mmol, 4.5 eq) 

in 100 ml diethyl ether was added dropwise to a slurry of 5.00 g 4-acetoxyindol-3-yl-glyoxyl-

chloride (265.7 g/mol, 18.82 mmol, 1.0 eq) in 200 ml diethyl ether under stirring. The mixture 

was filtered and the filter cake was washed with ether and dissolved in dichloromethane. This 

solution was washed with H2O, dried over MgSO4, and evaporated on a rotary evaporator. 

The crystalline mass was recrystallized from 20 ml ethyl acetate, yielding 3.22 g of the 

product. Another 0.964 g was obtained from concentration of the mother liquor. The total 

yield of 4-acetoxy-N-methyl-N-benzyl-indol-3-yl-glyoxylamide was 4.19 g (C20H18N2O4, 

350.37 g/mol, 11.95 mmol, 63%). 

TLC (two conformers): Rf = 0.50 / 0.25 (ethyl acetate / triethylamine, 99 + 1), 0.72 / 0.48 

(ethyl acetate / acetic acid, 99 + 1), 0.96 / 0.96 (ethyl acetate / methanol (50 + 50), 0.16 / 

0.16 (diethyl ether / triethylamine, 99 + 1), 0.3 (isopropanol / acetic acid / H2O, 70 + 20 + 10). 
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The product is Ehrlich's negative, detection by UV254 absorption or by Dragendorff's reagent 

(bright orange). 

4-Hydroxy-N-methyl-N-benzyltryptamine (3-[2-(benzyl-methylamino)-ethyl]-indol-4-ol) 
(70) 

4-Acetoxy-N-methyl-N-benzyl-indol-3-yl-glyoxylamide (3.50 g, 350.4 g/mol, 9.99 mmol) in 

50 ml dioxane was added dropwise to a refluxing suspension of 8.0 g LiAlH4 powder 

(37.96 g/mol, 210.8 mmol, 21 eq) in 100 ml dioxane. The mixture was refluxed for 3 h and 

cooled to room temperature. The reaction was terminated in a 2 l round-bottom flask by 

careful addition of THF / H2O (95 + 5), saturated MgSO4 solution, and H2O, subsequently. 

Diatomaceous earth was added to the mixture, the slurry filtered through a bed of diatoma-

ceous earth, and the filter cake was washed with 1 l THF. The pooled solutions were evapo-

rated on a rotary evaporator, the resulting oil was redissolved in ethyl acetate, dried over 

MgSO4, evaporated, and redissolved in THF. 0.5 ml concentrated HCl solution was added, 

resulting in a viscous precipitate which did not crystallize overnight at 4 °C. Therefore, the 

THF was decanted, and the product partitioned between 150 ml H2O / NH4OH (99 + 1) and 

100 ml ethyl acetate. The aqueous phase was re-extracted with 50 ml ethyl acetate, the 

organic phases pooled, dried over MgSO4, filtered through a short layer of silica gel, and 

evaporated, yielding 2.40 g of 4-hydroxy-N-methyl-N-benzyltryptamine (C18H20N2O, 

280.37 g/mol, 8.56 mmol, 86%) as a slightly brown clear oil after 2 d under oil pump vacuum. 

In a previous experiment the resulting base has been purified by silica gel column chroma-

tography using isopropanol / acetic acid / H2O (70 + 20 + 10) as eluent. 

TLC (isopropanol / acetic acid / H2O, 70 + 20 + 10): Rf = 0.76 (product; Keller + Dragendorff: 

gray); 0.30 (reactant, Keller + Dragendorff: bright orange). Detection by UV254 absorption or 

staining with Ehrlich's, Keller's, or Dragendorff's reagent. Double staining first with Keller's 

reagent and then with Dragendorff's reagent has been used to detect the reactant and the 

product on the same TLC sheet. 

1H NMR (200 MHz, CDCl3): δ = 7.88 (s br, 1 H, H-1), 7.38 - 7.18 (m, 5 H, C6H5), 7.06 (dd, J = 

J' = 8 Hz, 1 H, H-6), 6.86 (dd, J = 8 Hz, 1 Hz, 1 H, H-2), 6.86 (d, J = 8 Hz, 1 H, H-7), 6.62 (dd, 

J = 7.5 Hz, 0.5 Hz, 1 H, H-5), 3.65 (s, 2 H, H2-1), 3.13 - 2.97 (m, 2 H, H2-α), 2.82 - 2.71 (m, 

2 H, H2-β), 2.35 (s, 3 H, N-CH3). 

4-Phosphoryloxy-N-methyl-N,N-dibenzyltryptamine monobenzyl ester (71) 

4-Hydroxy-N-methyl-N-benzyltryptamine base (533 mg, 280.37 g/mol, 1.90 mmol, 1 eq) was 

dried under oil pump vacuum for 30 min at 150 °C and dissolved in 50 ml dry THF (freshly 

distilled from Na wire) in an oven-dried three-neck 100 ml round-bottom flask equipped with a 

gas inlet, a quickfit-mounted long Pasteur pipette, a rubber septum, and a magnetic stirring 

bar. 112 mg diisopropylamine (dried over calcium hydride) (101.19 g/mol, d 0.722, 81 µl, 
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1.11 mmol, 0.58 eq) in 50 ml dry THF was added. The flask was cooled in a dry ice / acetone 

bath and 1.05 ml of a fresh solution of n-butyllithium in n-hexane (2.36 M, 2.47 mmol, 1.3 eq) 

was added dropwise with a syringe while stirring magnetically under a slow stream of N2. The 

faintly yellow solution became pale green and after 5 min of stirring 1.30 g 

tetrabenzylpyrophosphate (TBPP, 538.5 g/mol, 2.41 mmol, 1.27 eq) was added all at once. 

The solution became turbid and the dry ice / acetone bath was replaced by an ice / salt bath. 

The solution turned clear and, over a period of 30 min, became a white suspension. After 2 h 

of continuous stirring 30 ml of a concentrated solution of NH4Cl in water was added, the 

mixture was transferred to a separatory funnel, and the minimum amount of water (about 

1.5 ml) was added until the suspension became a clear two-phase mixture. The upper THF 

layer was separated and dried with MgSO4. The aqueous bottom layer was extracted twice 

with 40 ml ethyl acetate each, the combined extracts dried with MgSO4, pooled with the THF 

phase, and evaporated, leaving a slightly yellow oil, probably the quaternary monobenzyl 

ester of the 4-phosphoryloxy-N,N-dibenzyl-N-methyltryptamine [121] [257]. 

4-Phosphoryloxy-N-methyltryptamine (baeocystin, phosphoric acid mono-
[3-(2-methylamino-ethyl)-indol-4-yl] ester) (2) 

This crude product was subjected to a catalytical debenzylation in 75 ml MeOH with 0.5 g 

Pd/C (10%) hydrogenation catalyst in a 250 ml round-bottom flask in a shaking apparatus 

under H2 at room temperature and standard pressure. The rapid hydrogen uptake ceased 

after less than 2 h. TLC analysis of the mixture showed two products, probably baeocystin 

(2) and its benzyl ester. The mixture was vigorously stirred under H2 for further 16 h until TLC 

analysis showed a single product. The reaction mixture was filtered through a thin layer of 

diatomaceous earth and was evaporated to leave a clear, slightly yellow oil. 

This oil was chromatographed by dissolving it in 50 ml methanol / 1% acetic acid and ad-

sorption onto 4 g flash silica gel. The solvent was evaporated and the adsorbed product 

placed on top of a flash column filled with 16 g flash silica gel (height 5 cm, diameter 2.5 cm). 

The product was eluted with methanol / 1% acetic acid. The fractions testing positive for the 

product by TLC were pooled and evaporated. To remove traces of acetic acid, 15 ml xylene 

was added and evaporated three times. The resulting product was redissolved in methanol, 

and transferred into a 10 ml test tube with a glass-ground joint. The solvent was evaporated 

on a rotary evaporator without a water bath to prevent over-boiling. The product fell out as a 

gum-like substance. Oil pump vacuum was carefully applied to prevent excessive foaming in 

the beginning. The resulting product was scraped off, powdered, and held at oil pump 

vacuum for 8 hours at 90 °C (water bath) and for a further 2.5 days at room temperature, 

yielding baeocystin (C11H15N2O4P, 270.22 g/mol) as a fluffy beige powder. This product was 

recrystallized from H2O (1 ml / 100 mg), subsequently washed with H2O (0.2 ml / 100 mg), 

ethanol, and acetone, and dried under oil pump vacuum. 
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TLC: Rf = 0.49 (n-BuOH / AcOH / H2O, 2 + 1 + 1), 0.46 (n-BuOH / AcOH / H2O, 24 + 10 + 

10), 0.12 (n-PrOH / NH3 6%, 5 + 2), 0.55 (n-BuOH / AcOH / i-PrOH / H2O, 8 + 2 + 3 + 5), 

0.54 (n-BuOH / AcOH / i-PrOH / H2O, 8 + 2 + 1 + 5), 0.22 (n-PrOH / NH3 28%, 5 + 3), 0.51 

(n-PrOH / AcOH / H2O, 10 + 3 + 3), 0.83 (MeOH / H2O / NH3 28%, 70 + 30 + 0.2), 0.69 

(MeOH / H2O / formic acid, 80 + 20 + 0.2). Detection by Ehrlich's reagent (purple, violet after 

storage). (See Table 2). 

1H NMR (300 MHz, D2O / acetic acid, δsolvent = 4.87): δ = 7.32 (d, J = 8 Hz, 1 H, H-7), 7.26 (s, 

1 H, H-2), 7.22 (dd, J = J' = 8 Hz, 1 H, H-6), 7.07 (d, J = 8 Hz, 1 H, H-5), 3.46 - 3.39 (m, 2 H, 

H2-α), 3.17 - 3.10 (m, 2 H, H2-β), 2.75 (s, 3 H, N-CH3), 2.100 (s, CH3COOH, reference). 

4-Acetoxy-N,N-dibenzyl-indol-3-yl-glyoxylamide (acetic acid 3-dibenzylaminooxalyl-
indol-4-yl ester) (72) 

Essentially the same procedure as above for the preparation of 4-acetoxy-N-methyl-

N-benzyl-indol-3-yl-glyoxylamide was followed. 5.00 g 4-acetoxyindolylglyoxylαααchloride 

(265.7 g/mol, 18.82 mmol) was treated with 16.83 g dibenzylamine (197.28 g/mol, d 1.02, 

16.5 ml, 85.3 mmol, 4.5 eq). The product was recrystallized from 100 ml ethyl acetate and a 

second fraction was collected after evaporation of the mother liquor, yielding 7.00 g 

4-acetoxy-N,N-dibenzyl-indol-3-yl-glyoxylamide (C26H22N2O4, 426.5 g/mol, 16.4 mmol, 87%). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 9.81 (s br, 1 H, H-1), 7.70 (d, 2.5 Hz, 1 H, H-2), 

7.42 - 7.22 (m, 10 H, 2 C6H5), 7.11 (t, 7.5 Hz, 1 H, H-6), 7.05 (d, J = 7.5 Hz, 1 H, H-7), 6.89 

(dd, J = 7.5 Hz, 2.5 Hz, 1 H, H-5), 4.56 (s, 2 H, N-CH2), 4.36 (s, 2 H, N-CH2), 2.36 (s, 3 H, 

CH3COO-). 

4-Hydroxy-N,N-dibenzyltryptamine (3-(2-dibenzylamino-ethyl)-indol-4-ol) (73) 

Essentially the same procedure as above for the LiAlH4 reduction to 4-hydroxy-N-methyl-

N-benzyltryptamine was used. 6.0 g 4-acetoxy-N,N-dibenzyl-indol-3-yl-glyoxylamide 

(426.47 g/mol, 14.07 mmol) was reacted with 10.0 g LiAlH4 (37.96 g/mol, 263.5 mmol, 

19 eq). 1.8 g oxalic acid dihydrate (126.07 g/mol, 14.28 mmol, 1.0 eq) in THF was added to 

the crude base in THF to a final volume of 50 ml, resulting in a gelatinous precipitate. 0.5 ml 

concentrated HCl solution was added and a white suspension formed. After 1 h at 4 °C the 

mixture was filtered, the filter cake was washed 50 ml THF, and the combined organic 

phases evaporated and dried under oil pump vacuum, yielding 4.66 g of 4-hydroxy-N-methyl-

N-benzyltryptamine hydrochloride (C24H24N2O, 382.93 g/mol, 11.86 mmol, 84%) as an 

amorphous white powder. The free base was liberated by partitioning between H2O / NH4OH 

(99 + 1) and ethyl acetate, re-extraction of the aqueous phase, drying over MgSO4, evapora-

tion, and drying under oil pump vacuum at elevated temperature. 
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TLC (diethyl ether): Rf = 0.77 (4-hydroxy-N,N-dibenzyltryptamine, Ehrlich: dark blue after 

modest heating, UV254 absorption, spots are turning brown over 2 d), 0.40 (4-acetoxy-

N,N-dibenzyl-indol-3-yl-glyoxylamide, Ehrlich: negative, UV254 absorption). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.23): δ = 7.79 (s br, 1 H, H-1), 7.39 - 7.18 (m, 10 H, 2 

C6H5), 7.06 (t, 7.5 Hz, 1 H, H-6), 6.84 (d, J = 8 Hz, 1 H, H-7), 6.71 (d, J = 2 Hz, 1 H, H-2), 

6.65 (d, J = 8 Hz, 1 H, H-5), 3.74 (s, 4 H, 2 N-CH2), 2.90 - 2.76 (m, 4 H, H2-α,β). 

4-Phosphoryloxytryptamine (norbaeocystin, phosphoric acid mono-[3-(2-aminoethyl)-
indol-4-yl] ester) (1) 

The above procedure for the phosphorylation and deprotection of baeocystin (2) was 

followed closely. 500 mg of 4-hydroxy-N,N-dibenzyltryptamine base (356.5 g/mol, 1.40 mmol, 

1 eq), 60 mg diisopropylamine (101.19 g/mol, d 0.722, 79 µl, 1.09 mmol, 0.78 eq), 0.77 ml 

n-butyllithium in n-hexane (2.36 M, 1.82 mmol, 1.3 eq), and 959 mg 

tetrabenzylpyrophosphate (TBPP, 538.5 g/mol, 2.41 mmol, 1.27 eq) were reacted, yielding 

1.42 g of a light yellow oil, probably the monobenzyl ester of N,N-dibenzylbaeocystin. After 

catalytic debenzylation for 2 h and subsequent chromatography 248 mg (346.3 g/mol, 51% 

yield) of norbaeocystin-monobenzyl ester was obtained as a white amorphous powder. 

216 mg (346.3 g/mol, 624 mol) of norbaeocystin monobenzyl ester was further debenzylated 

under the same conditions for another 20 h. After chromatography 64 mg of norbaeocystin 

(C10H13N2O4P, 256.2 g/mol, 40% yield from the monobenzyl ester) was obtained as a white 

amorphous powder. 

TLC: Rf = 0.60 (n-BuOH / AcOH / H2O, 2 + 1 + 1), 0.56 (n-BuOH / AcOH / H2O, 24 + 10 + 

10), 0.13 (n-PrOH / NH3 6%, 5 + 2), 0.64 (n-BuOH / AcOH / i-PrOH / H2O, 8 + 2 + 3 + 5), 

0.60 (n-BuOH / AcOH / i-PrOH / H2O, 8 + 2 + 1 + 5), 0.18 (n-PrOH / NH3 28%, 5 + 3), 0.64 

(n-PrOH / AcOH / H2O, 10 + 3 + 3), 0.93 (MeOH / H2O / NH3 28%, 70 + 30 + 0.2), 0.74 

(MeOH / H2O / formic acid, 80 + 20 + 0.2). Detection by Ehrlich's reagent (purple, violet after 

storage). (See Table 2). 

1H NMR (300 MHz, D2O / acetic acid, δsolvent = 4.77): δ = 7.37 (d, J = 8 Hz, 1 H, H-7), 7.31 (s, 

1 H, H-2), 7.27 (dd, J = 7.5 Hz, 7.5 Hz, 1 H, H-6), 7.13 (d, J = 7.5 Hz, 1 H, H-5), 3.49 - 3.42 

(m, 2 H, H2-α), 3.31 - 3.24 (m, 2 H, H2-β), 2.100 (s, CH3COOH, reference). 
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Aeruginascin: Isolation, synthesis, and spectroscopic data 
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Figure 68: Structure and numbering scheme of aeruginascin. 

 

TLC 

Developed TLC sheets were stained by immersion in Ehrlich's reagent (identical to Van Urk’s 

reagent; 8% conc. hydrochloric acid and 1% p-dimethylaminobenzaldehyde (DMBA) in 

MeOH) and subsequent heating in a stream of hot air. 

For TLC of dephosphorylation products an aeruginascin-enriched extract, a psilocybin-

enriched extract, baeocystin (2), or norbaeocystin (1) were dissolved in 0.1 M NH4Cl buffer of 

pH 9.8 and incubated with alkaline phosphatase (Sigma) at room temperature for several 

hours. The reaction was acidified with acetic acid and immediately analyzed by TLC. 

Aeruginascin by isolation 

Throughout the isolation procedure the water bath temperature for the evaporation of sol-

vents on a rotary evaporator was kept at or below 45 °C to prevent possible degradation of 

the product. 

Fruiting bodies of Inocybe aeruginascens were collected and identified by J. Gartz, air-dried 

at temperatures not exceeding 45 °C, and stored at 4 °C. References were deposited in the 

herbarium of the University of Leipzig (Germany). 9.5 g Inocybe aeruginascens carpophores 

were further dried under oil pump vacuum overnight, finely powdered in a mortar, and trans-

ferred into a glass-fritted Buchner funnel. The material was subsequently extracted by 

applying a weak vacuum with 70 ml cyclohexane, 100 ml ethyl acetate, 100 ml ethanol, 50 ml 

ethanol / formic acid (100 + 0.2), 20 ml ethanol, 200 ml methanol / H2O / formic acid (80 + 

20 + 0.2; pH ~ 3.5), and 100 ml methanol / H2O (60 + 40). The methanol / H2O / formic acid 

extract tested positive for psilocybin (3) and aeruginascin (4) by TLC and was concentrated 

under reduced pressure on a rotary evaporator. The concentrated solution was adsorbed on 
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10 g silica gel and the mixture was further dried in the rotary evaporator, yielding a fine 

brown powder. 

A short but wide silica column of 130 mm length and 60 mm diameter was prepared, the ad-

sorbed extract was placed on top of the column, and the column was eluted with methanol / 

H2O / formic acid (80 + 20 + 0.2). Fractions of about 4 ml were collected and tested by TLC. 

Fractions 10 - 14 were positive for psilocybin (3) and fractions 16 - 32 were positive for 

aeruginascin. The aeruginascin (4) containing fractions were concentrated, adsorbed on 5 g 

silica, and evaporated, resulting in a fine powder. 

A second taller silica column of 280 mm length and 17 mm diameter was prepared. The ad-

sorbed fraction was placed on top of the column and the column was eluted with methanol / 

H2O / formic acid (80 + 20 + 0.2). Fractions of about 4 ml were collected and tested by TLC. 

Fractions 13 - 17 were positive for aeruginascin (4) and were pooled and evaporated, 

yielding 64.5 mg of a slightly brown clear thick oil which partly crystallized into a cream-white 

amorphous solid (possibly due to crystallization of leached-out silica). 

A third silica column of 280 mm length and 17 mm diameter was prepared and the previous 

fraction was eluted with methanol / H2O / 28% aqueous ammonia (70 + 30 + 0.2). Fractions 

of about 8 ml were collected and tested by TLC. Fractions 8 - 15 were positive for 

aeruginascin (4) and were pooled and evaporated, yielding 8.9 mg of a brown residue. 

The residue was dissolved in H2O and eluted from a Sephadex G-10 column of 500 mm 

length and 11 mm diameter with H2O. Fractions of about 2 ml were collected and tested for 

UV absorption at 267 nm. The positive fractions 17 - 19 were pooled and evaporated, 

yielding 4.6 mg of a clear residue. 

Synthetic aeruginascin (trimethyl-[2-(4-phosphonooxyindol-3-yl)-ethyl]-ammonium) (4) 

10 mg baeocystin (2) (270.22 g/mol, 37.01 µmol, 1 eq) was dissolved in 250 µl H2O and 

mixed with 25 µl methyl iodide (141.94 g/mol, d 2.28, 57 mg, 402 µmol, 11 eq) and 20 µl 

diisopropyl-ethylamine (129.25 g/mol, d 0.742, 14.8 mg, 114.8 µmol, 3.1 eq) in a 

microreaction tube. Methanol was added dropwise in order to get a homogenous solution. 

The mixture was kept at 50 °C for 60 min. The solvents and reagents were removed on a 

rotary evaporator and the crude product was purified using the procedure described above 

for the isolation of aeruginascin, starting with methanol / H2O / aqueous ammonia column 

chromatography. 

1H NMR (formic acid, final NMR conditions) 

1H NMR of isolated aeruginascin (4) (600 MHz, D2O / 7% formic acid, δsolvent = 4.87): δ = 

8.257 (s, HCOOH, reference), 7.29 (d, J = 8 Hz, 1 H, H-7), 7.25 (s, 1 H, H-2), 7.18 (dd, J = 
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J' = 8 Hz, 1 H, H-6), 7.06 (d, J = 8 Hz, 1 H, H-5), 3.64 - 3.61 (m, 2 H, H2-α), 3.46 - 3.42 (m, 

2 H, H2-β), 3.23 (s, 9 H, N+(CH3)3). 

1H NMR synthetic aeruginascin (4) (600 MHz, D2O / 7% formic acid, δsolvent = 4.88): δ = 8.257 

(s, HCOOH, reference), 7.29 (d, J = 8 Hz, 1 H, H-7), 7.24 (s, 1 H, H-2), 7.17 (dd, J = J' = 

8 Hz, 1 H, H-6), 7.06 (d, J = 8 Hz, 1 H, H-5), 3.65 - 3.60 (m, 2 H, H2-α), 3.45 - 3.40 (m, 2 H, 

H2-β), 3.23 (s, 9 H, N+(CH3)3). 

1H NMR (formic acid / methanol) 

1H NMR of isolated aeruginascin (4) (500 MHz, D2O / 3% formic acid / 3% methanol, δsolvent = 

4.81): δ = 8.257 (s, HCOOH, reference), 7.27 (d, J = 8 Hz, 1 H, H-7), 7.24 (s, 1 H, H-2), 7.17 

(dd, J = J' = 8 Hz, 1 H, H-6), 7.08 (d, J = 7.5 Hz, 1 H, H-5), 3.37 (s, CH3OD). 
1H NMR of synthetic aeruginascin (4) (500 MHz, D2O / 3% formic acid / 3% methanol, 

δsolvent = 4.79): δ = 8.257 (s, HCOOH, reference), 7.28 (d, J = 8 Hz, 1 H, H-7), 7.24 (s, 1 H, 

H-2), 7.18 (ddd, J = 8 Hz, 8 Hz, 1.5 Hz, 1.5 Hz, 1 H, H-6), 7.06 (d, J = 7.5 Hz, 1 H, H-5), 3.62 

(t, J = 8 Hz, 2 H, H2-α), 3.42 (t, J = 8 Hz, 2 H, H2-β), 3.21 (s, CH3OD). 

1H NMR (unbuffered) 

1H NMR of isolated aeruginascin (4) (500 MHz, D2O, δsolvent = 4.67): δ = 8.46 (s br, HCOO-), 

7.19 (s, 1 H, H-2), 7.19 (d, J = 7.5 Hz, 1 H, H-7), 7.15 (dd, J = 7.5 Hz, 7.5 Hz, 1 H, H-6), 7.10 

(d, J = 7 Hz, 1 H, H-5), 3.64 (t, J = 8 Hz, 2 H, H2-α), 3.43 (t, J = 8 Hz, 2 H, H2-β), 3.19 (s, 9 H, 

N+(CH3)3). 

1H NMR of synthetic aeruginascin (4) (500 MHz, D2O, δsolvent = 4.67): δ = 8.49 (s br, 1 H, 

HCOO-), 7.25 (d, J = 8 Hz, 1 H, H-7), 7.17 (s, 1 H, H-2), 7.15 (dd, J = J' = 8 Hz, 1 H, H-6), 

7.04 (d, J = 7.5 Hz, 1 H, H-5), 3.55 - 3.50 (m, 2 H, H2-α), 3.37 - 3.32 (m, 2 H, H2-β), 3.14 (s, 

9 H, N+(CH3)3). 

1H NMR (triethylamine) 

1H NMR of synthetic aeruginascin (4) (500 MHz, D2O / 3% NEt3, δsolvent = 4.63, δtriethylamine = 

2.60, 1.00): δ = 8.39 (s br, HCOO-), 7.11 (s, 1 H, H-2), 7.10 - 7.07 (m, 3 H, H-5,6,7), 3.65 - 

3.27 (m, 2 H, H2-α), 3.42 - 3.37 (m, 2 H, H2-β), 3.15 (s, 9 H, N+(CH3)3). 

13C NMR 

13C-APT NMR of isolated aeruginascin (4) (126 MHz, D2O, methanol, δsolvent = 4.86): δ = 

124.3 (CH-2), 123.7 (CH-6), 109.6 (CH-3), 107.3 (CH-5), 68.7 (CH2-1'), 54.1 (3 CH3-N+), 21.1 

(CH2-2'). 
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13C NMR of isolated aeruginascin (4) (151 MHz, D2O / 3% formic acid / 3% methanol): δ = 

166.76 (CH-HCOOD), 165.29 (CH-HCOOH), 49.86 (CH3-methanol, reference), 139.68 (Cq-

7b), 124.91 (CH-2), 123.45 (CH-6), 119.49 (Cq-3b), 109.85 (CH-3), 108.53 (CH-5), 68.71 

(CH2-1'), 54.09 (3 CH3-N+), 21.31 (CH2-2'). 

13C NMR of synthetic aeruginascin (4) (151 MHz, D2O / 3% formic acid / 3% methanol): δ = 

166.68 (CH-HCOOD), 165.49 (CH-HCOOH), 49.89 (CH3-methanol, reference), 146.84 (Cq-

4), 139.55 (Cq-7b), 125.09 (CH-2), 123.49 (CH-6), 119.35 (Cq-3b), 109.93 (CH-3), 108.75 

(CH-5), 68.52 (CH2-1'), 54.09 (3 CH3-N+), 21.18 (CH2-2'). 

31P NMR 

31P NMR of isolated aeruginascin (4) (81 MHz, D2O): δ = 0.7 (br s, R-OPO3D2). 

31P NMR of baeocystin (2) (81 MHz, D2O): δ = 2.8 (s, R-OPO3D2). 

UV 

UV of isolated aeruginascin (4) (H2O): λ (ε) = 219 (8254), 267 (1589), 282 (sh), 288 nm 

(1008, sh). 

UV of synthetic aeruginascin (4) (H2O): λ (ε) = 219 (14339), 267 (2550), 282 (sh), 288 nm 

(1637, sh). 

UV of norbaeocystin (1) (H2O): λ (ε) = 219 (11067), 267 (1932), 282 (sh), 288 nm (1226, sh). 

UV of baeocystin (2) (H2O): λ (ε) = 219 (8189), 267 (1523), 282 (sh), 288 nm (970, sh). 

MS 

ESI MS of isolated aeruginascin (4) (H2O / methanol): m/z (%) = 299.2 (100%) [M]+, 321.2 

(52%) [M - H + Na]+, 597.3 (18%) [2M + H]+, 619.3 (17%) [2M + Na]+, 219.1 (16%) [M - 

PO3H]+, 160.2 (15%) [M - PO3H - N(CH3)3 + H]+, 337.1 (12%) [M - H + K]+, 240.0 (10%) [M - 

N(CH3)3 + H]+, 635.1 (7%) [2M + K]+. 

ESI MS of isolated aeruginascin (4) (D2O): m/z (%) = 323.3 (100%) [M - 3H + 2D + Na]+, 

623.3 (30%) [2M - 6H + 5D + Na]+, 221.2 (15%) [M - PO3H - 2H + 2D]+. 

ESI FT-ICR MS of isolated aeruginascin (4) (m/z = 299.1, H2O): m/z = 299.115477. Kindly 

measured by Dietmar Schmidt (dietmar.schmidt@uni-tübingen.de, Abt. Prof. Jung, Institute 

of Organic Chemistry, University of Tübingen, Germany). 
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Synthesis of alcohols 

HO

2'

3

2

1

5'

4'
3'

6'

1'

HO

2'

2

1
5'

4'
3'

6'  

Figure 69: General numbering scheme for intermediate alcohols. 

 

General procedure A: Alcohols by reduction of carboxylic acids with BH3 

A 1 M solution of BH3 THF complex in dry THF (4.16 ml, 4.16 mmol, 1.5 eq) was added with 

a syringe to a stirred solution of the carboxylic acid (2.76 mmol, 1 eq) in 10 ml dry THF in a 

50 ml two-neck round bottom flask equipped with a calcium chloride drying tube and a rubber 

septum in an ice / water bath. An exothermic reaction took place after which the ice bath was 

removed and the mixture was stirred at room temperature for at least 1 h or overnight. The 

reaction was terminated by careful dropwise addition 0.5 ml conc. hydrochloric acid. After the 

H2 evolution had ceased, the reaction was stirred for another 15 min art room temperature 

and was basified with conc. ammonia. The solvent was evaporated on a rotary evaporator 

and the resulting aqueous mixture diluted with H2O and extracted twice with 50 ml ethyl 

acetate. The combined organic phases were dried over MgSO4 and evaporated on a rotary 

evaporator. The product was further dried under oil pump vacuum for several hours. 

General procedure B: Alcohols by reduction of carboxylic acids, esters, or acid 
chlorides with LiAlH4 

A solution of the carboxylic acid, the ester, or the acid chloride (33.74 mmol, 1.0 eq) in 50 ml 

dry THF was added dropwise to a refluxing, magnetically stirred slurry of 1.92 g LiAlH4 

(37.95 g/mol, 50.61 mmol, 1.5 eq) in 25 ml dry THF in a 100 ml two-necked round bottom 

flask equipped with a reflux condenser and a dropping funnel. The reaction was held at reflux 

for 3 h, terminated by dropwise addition of 5 ml saturated MgSO4 solution, and filtered 

through a layer of diatomaceous earth. The filtrate was evaporated on a rotary evaporator, 

the residue partitioned between H2O and ethyl acetate, and the aqueous phase re-extracted 

with ethyl acetate. The combined organic phases were dried over MgSO4 and evaporated on 

a rotary evaporator. The product was further dried under oil pump vacuum for several hours. 
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Cyclopropylmethanol (74) 

Cyclopropylmethanol (0.97 g, C4H8O, 72.06 g/mol, 13.45 mmol, 40%) was obtained from 

2.90 g cyclopropanecarboxylic acid (86.09 g/mol, 33.7 mmol) by general procedure B 

(LiAlH4). 

Cyclopentylmethanol (75) 

Cyclopentylmethanol (C6H12O, 100.16 g/mol) was obtained From 5.00 g 

cyclopentanecarboxylic acid (114.14 g/mol, 43.8 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.29): δ = 3.50 (d, J = 7 Hz, 2 H, H2-1), 2.21 - 1.96 (m, 

2 H, H-2'eq,5'eq), 1.96 - 1.92 (m, 6 H, H-1', OH, H2-3',4'), 1.42 - 1.11 (m, 2 H, H-2'ax,5'ax). 

Cyclohexylmethanol (76) 

Cyclohexylmethanol (C12H14O, 114.19 g/mol) was obtained from 5.00 g 

cyclohexanecarboxylic acid (128.17 g/mol, 39.0 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.28): δ = 3.43 (d, J = 6.5 Hz, 2 H, H2-1), 1.89 - 1.59 (m, 

6 H, H-2'eq,6'eq,3'eq,5'eq,4'eq, -OH-1), 1.59 - 1.34 (m, 1 H, H-1'), 1.34 - 1.07 (m, 3 H, 

H-3'ax,5'ax,4'ax), 1.07 - 0.80 (m, 2 H, H-2'ax,6'ax). 

Adamantan-1-yl-methanol (77) 

Adamantan-1-yl-methanol (C11H18O, 166.26 g/mol) was obtained from 1.09 g adamantane-

1-carboxylic acid (180.24 g/mol, 7.07 mmol) by general procedure B (LiAlH4). 

(1H-Pyrrol-2-yl)-methanol (78) 

(1H-Pyrrol-2-yl)-methanol (1.13 g, C5H7NO, 97.05 g/mol, 11.64 mmol, 64%, impurities 

detected by 1H NMR) was obtained from 2.02 g 1H-pyrrole-2-carboxylic acid (111.10 g/mol, 

18.2 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.23): δ = 8.46 (s br, 1 H, H-1'), 6.73 - 6.66 (m, 1 H, H-5'), 

6.19 - 6.07 (m, 2 H, H-3',4'), 4.55 (s, 2 H, H2-1), 1.86 (s br, 1 H, -OH-1). 

(5-Methylthiophen-2-yl)-methanol (79) 

(5-Methylthiophen-2-yl)-methanol (2.42 g, C6H8O5, 128.20 g/mol, 18.91 mmol, 90%, 

impurities detected by 1H NMR) was obtained from 3.00 g 5-methylthiophene-2-carboxylic 

acid (142.18 g/mol, 21.1 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 6.78 (d, J = 3 Hz, 1 H, H-3'), 6.60 (d, J = 3 Hz, 

1 H, H-4'), 4.71 (s, 2 H, H2-1), 2.46 (s, 3 H, -CH3-5'), 1.91 (s br, 1 H, -OH-1). 
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(2-Methylphenyl)-ethanol (80) 

(2-Methylphenyl)-ethanol (2.60 g, C9H12O, 136.20 g/mol, 19.05 mmol, 95%) from 3.00 g 

(2-methylphenyl)-acetic acid (150.17 g/mol, 20.0 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.17 - 7.13 (m, 4 H, H-3'-6'), 3.82 (t, J = 7.0 Hz, 

2 H, H2-1), 2.89 (t, J = 7.0 Hz, 2 H, H2-2), 2.33 (s, 3 H, -CH3-2'), 1.61 (s, 1 H, -OH-1). 

(3-Methylphenyl)-ethanol (81) 

(3-Methylphenyl)-ethanol (2.55 g, C9H12O, 136.20 g/mol, 18.69 mmol, 94%) was obtained 

from 3.00 g (3-methylphenyl)-acetic acid (150.17 g/mol, 20.0 mmol) by general procedure B 

(LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.23): δ = 7.22 - 7.14 (m, 1 H, H-5'), 7.08 - 6.97 (m, 3 H, 

H-6',2',4'), 3.82 (t, J = 6.5 Hz, 2 H, H2-1), 2.81 (t, J = 6.5 Hz, 2 H, H2-2), 2.33 (s, 3 H, -CH3-3'), 

1.70 (s, 1 H, -OH-1). 

(4-Methylphenyl)-ethanol (82) 

(4-Methylphenyl)-ethanol (2.63 g, C9H12O, 136.20 g/mol, 19.28 mmol, 96%) was obtained 

from 3.00 g (4-methylphenyl)-acetic acid (150.17 g/mol, 20.0 mmol) by general procedure B 

(LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.12 - 7.11 (m, 4 H, H-2',3',5',6'), 3.82 (t, J = 

6.5 Hz, 2 H, H2-1), 2.82 (t, J = 6.5 Hz, 2 H, H2-2), 2.32 (s, 3 H, -CH3-4'), 1.57 (s br, 1 H, -

OH-1). 

Biphenyl-4-yl-ethanol (83) 

Biphenyl-4-yl-ethanol (0.80 g, C12H14O, 198.27 g/mol, 4.01 mmol, 93%) was obtained from 

0.919 g biphenyl-4-yl-acetic acid (212.24 g/mol, 4.33 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 7.63 - 7.51 (m, 4 H, H-2'',6'',3',5'), 7.49 - 7.26 

(m, 5 H, H-3'',5'', H-4'',2',6'), 3.91 (t, J = 6.5 Hz, 2 H, H2-1), 2.92 (t, J = 6.5 Hz, 2 H, H2-2), 

1.55 (s, 1 H, -OH-1). 

(2-Hydroxyphenyl)-ethanol (84) 

(2-Hydroxyphenyl)-ethanol (1.07 g, C8H10O, 138.17 g/mol, 7.74 mmol, 118% crude yield) was 

obtained as water-soluble fine white crystals after from 1.00 g (2-hydroxyphenyl)-acetic acid 

(152.15 g/mol, 6.57 mmol) by general procedure A (BH3). Extraction of the product from the 

reaction mixture with 4 × 20 ml ethyl acetate. 

1H NMR (300 MHz, MeOH-d4, δsolvent = 4.86, 3.300 (reference)): δ = 7.06 (d, J = 7.5 Hz, 1 H, 

H-6'), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-4'), 6.74 (d, J = 7.5 Hz, 1 H, H-3'), 6.72 
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(ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-5'), 3.73 (t, J = 7 Hz, 2 H, H2-1), 2.82 (t, J = 7 Hz, 

2 H, H2-2). 

(3-Hydroxyphenyl)-ethanol (85) 

(3-Hydroxyphenyl)-ethanol (1.58 g, C8H10O, 138.17 g/mol, 11.44 mmol, 87%) was obtained 

as water-soluble fine white crystals from 2.00 g (3-hydroxyphenyl)-acetic acid (152.15 g/mol, 

13.14 mmol) by general procedure A (BH3) with vigorous stirring of the reaction mix for 2 h 

until the gum-like precipitate had disappeared. Extraction of the product from the reaction 

mixture with 4 × 20 ml ethyl acetate. 

1H NMR (300 MHz, MeOH-d4, δsolvent = 4.85, 3.300 (reference)): δ = 7.07 (td, J = 7.5 Hz, 

0.5 Hz, 1 H, H-5'), 6.70 - 6.64 (m, 2 H, H-2',4'), 6.60 (td, J = 8 Hz, 2.5 Hz, 1 Hz, 1 H, H-6'), 

3.71 (t, J = 7 Hz, 2 H, H2-1), 2.73 (t, J = 7 Hz, 2 H, H2-2). 

(4-Hydroxyphenyl)-ethanol (LiAlH4) (86) 

(4-Hydroxyphenyl)-ethanol (1.26 g, 138.17 g/mol, 9.12 mmol, 28%) was obtained as a water-

soluble fine white powder after crystallization of the dark yellow viscous oil from CHCl3 from 

5.00 g (4-hydroxyphenyl)-acetic acid (152.15 g/mol, 32.9 mmol) by general procedure B 

(LiAlH4). 

(4-Hydroxyphenyl)-ethanol (BH3) (86) 

(4-Hydroxyphenyl)-ethanol (0.92 g, C8H10O, 138.17 g/mol, 6.67 mmol, 101% crude yield, 

impurities detected by 1H NMR) was obtained after extraction from the reaction mixture with 

4 × 20 ml ethyl acetate as water-soluble fine white crystals from 1.00 g (4-hydroxyphenyl)-

acetic acid (152.15 g/mol, 6.57 mmol) by general procedure A (BH3) with vigorous stirring of 

the reaction mix for 2 h until the gum-like precipitate had disappeared. 

1H NMR (300 MHz, MeOH-d4, δsolvent = 4.87, 3.300 (reference)): δ = 7.02 (d, J = 8.5 Hz, 2 H, 

H-2',6'), 6.69 (d, J = 8.5 Hz, 2 H, H-3',5'), 3.67 (t, J = 7 Hz, 2 H, H2-1), 2.70 (t, J = 7 Hz, 2 H, 

H2-2). 

(2-Methoxyphenyl)-ethanol (88) 

(2-Methoxyphenyl)-ethanol (C9H12O2, 152.20 g/mol) was obtained from (2-methoxyphenyl)-

acetic acid (3.00 g 166.17 g/mol, 18.1 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.21 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, 

H-4'), 7.15 (dd, J = 7 Hz, 1.5 Hz, 1 H, H-6'), 6.89 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'), 

6.85 (d, J = 8.5 Hz, 1 H, H-3', 3.81 (s, 3 H, -OCH3-2'), 3.80 (t, J = 6.5 Hz, 2 H, H2-1), 2.89 (t, 

J = 6.5 Hz, 2 H, H2-2), 1.97 (s, 1 H, -OH-1). 
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(3-Methoxyphenyl)-ethanol (89) 

(3-Methoxyphenyl)-ethanol (2.42 g, C9H12O2, 152.20 g/mol, 15.90 mmol, 88%) was obtained 

from 3.00 g (3-methoxyphenyl)-acetic acid (166.17 g/mol, 18.1 mmol) by general procedure 

B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 7.26 - 7.18 (m, 1 H, H-5'), 6.85 - 6.74 (m, 3 H, 

H-6',2',4'), 3.79 (s, 3 H, -OCH3-3'), 3.84 (t, J = 6.5 Hz, 2 H, H2-1), 2.83 (t, J = 6.5 Hz, 2 H, 

H2-2), 1.83 (s, 1 H, -OH-1). 

(4-Methoxyphenyl)-ethanol (90) 

(4-Methoxyphenyl)-ethanol (2.69 g, C9H12O2, 152.20 g/mol, 17.67 mmol, 59%) was obtained 

from 5.00 g (4-methoxyphenyl)-acetic acid (166.17 g/mol, 30.09 mmol) by general procedure 

B (LiAlH4) using diethyl ether instead of THF. The at room temperature oily crystal mass 

solidified at 4 °C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 7.14 (d, J = 8.5 Hz, 2 H, H-2',6'), 6.85 (d, J = 

8.5 Hz, 2 H, H-3',5'), 3.79 (s, 3 H, -OCH3-4'), 3.81 (t, J = 6.5 Hz, 2 H, H2-1), 2.80 (t, J = 

6.5 Hz, 2 H, H2-2), 1.61 (s, 1 H, -OH-1). 

(2-Nitrophenyl)-ethanol (91) 

(2-Nitrophenyl)-ethanol (1.68 g, C8H9NO3, 167.16 g/mol, 10.05 mmol, 90%) was obtained 

from 2 g (2-nitrophenyl)-acetic acid (181.15 g/mol, 11.04 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 7.92 (dd, J = 8 Hz, 1 Hz, 1 H, H-3'), 7.55 (td, 

J = 7.5 Hz, 1 Hz, 1 H, H-5'), 7.46 - 7.33 (m, 2 H, H-6',4'), 3.93 (t, J = 6.5 Hz, 2 H, H2-1), 3.16 

(t, J = 6.5 Hz, 2 H, H2-2), 1.89 (s br, 1 H, -OH-1). 

(3-Nitrophenyl)-ethanol (92) 

(2-Nitrophenyl)-ethanol (1.81 g, C8H9NO3, 167.16 g/mol, 10.83 mmol, 78%) was obtained as 

yellow-orange crystals from 0.50 g (3-nitrophenyl)-acetic acid (181.15 g/mol, 2.76 mmol) by 

general procedure A (BH3). Recrystallization from diethyl ether / hexane. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 8.12 (s, 1 H, H-2'), 8.10 (d, J = 8.5 Hz, 1 H, 

H-4'), 7.59 (d, J = 7.5 Hz, 1 H, H-6'), 7.48 (t, J = 7.5 Hz, 1 H, H-5'), 3.94 (t, J = 6.5 Hz, 2 H, 

H2-1), 2.99 (t, J = 6.5 Hz, 2 H, H2-2), 1.64 (s br, 1 H, -OH-1). 

(4-Nitrophenyl)-ethanol (93) 

(4-Nitrophenyl)-ethanol (C8H9NO3, 167.16 g/mol) was obtained from 4.96 g (4-nitrophenyl)-

acetic acid (181.15 g/mol, 27.4 mmol) by general procedure A (BH3). 
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1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 8.17 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.41 (d, J = 

8.5 Hz, 2 H, H-2',6'), 3.93 (t, J = 6.5 Hz, 2 H, H2-1), 2.98 (t, J = 6.5 Hz, 2 H, H2-2), 1.52 (s br, 

1 H, -OH-1). 

(2-Fluorophenyl)-ethanol (94) 

(2-Fluorophenyl)-ethanol (2.14 g, C8H9FO, 140.16 g/mol, 15.25 mmol, 87%) was obtained 

from 2.71 g (2-fluorophenyl)-acetic acid (154.14 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3): δ = 7.29 - 7.14 (m, 2 H, 2 Ar-H), 7.14 - 6.96 (m, 2 H, 2 Ar-H), 

3.84 (t, J = 6.5 Hz, 2 H, H2-1), 2.90 (t, J = 6.5 Hz, 2 H, H2-2), 1.80 (s, 1 H, -OH-1). 

(3-Fluorophenyl)-ethanol (95) 

(3-Fluorophenyl)-ethanol (2.25 g, C8H9FO, 140.16 g/mol, 16.07 mmol, 91%) was obtained 

from 2.71 g (3-fluorophenyl)-acetic acid (154.14 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 7.33 - 7.19 (m, 1 H, H-5'), 7.03 - 6.86 (m, 3 H, 

H-6',2',4'), 3.83 (t, J = 6.5 Hz, 2 H, H2-1), 2.84 (t, J = 6.5 Hz, 2 H, H2-2), 1.77 (s, 1 H, -OH-1). 

(2-Chlorophenyl)-ethanol (96) 

(2-Chlorophenyl)-ethanol (2.06 g, C8H9ClO, 156.62 g/mol, 13.17 mmol, 75%) was obtained 

from 3.00 g (2-chlorophenyl)-acetic acid (170.59 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3): δ = 7.41 - 7.33 (m, 1 H, H-3'), 7.33 - 7.11 (m, 3 H, H-4',5',6'), 

3.88 (t, J = 6.5 Hz, 2 H, H2-1), 3.02 (t, J = 6.5 Hz, 2 H, H2-2), 1.59 (s br, 1 H, -OH-1). 

(3-Chlorophenyl)-ethanol (97) 

(3-Chlorophenyl)-ethanol (2.56 g, C8H9ClO, 156.62 g/mol, 16.33 mmol, 93%) was obtained 

from 3.00 g (3-chlorophenyl)-acetic acid (170.59 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.26 - 7.20 (m, 3 H, H-2',5',4'), 7.14 - 7.07 (m, 

1 H, H-6'), 3.85 (t, J = 6.5 Hz, 2 H, H2-1), 2.84 (t, J = 6.5 Hz, 2 H, H2-2), 1.56 (s, 1 H, -OH-1). 

(4-Choro-phenyl)-ethanol (98) 

(4-Choro-phenyl)-ethanol (2.59 g, C8H9ClO, 156.62 g/mol, 16.51 mmol, 94%) was obtained 

from 3.00 g (4-choro-phenyl)-acetic acid (170.59 g/mol, 17.6 mmol) by general procedure A 

(BH3). 
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1H NMR (200 MHz, CDCl3): δ = 7.27 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.15 (d, J = 8.5 Hz, 2 H, 

H-2',6'), 3.82 (t, J = 6.5 Hz, 2 H, H2-1), 2.82 (t, J = 6.5 Hz, 2 H, H2-2), 1.62 (s, 1 H, -OH-1). 

(2-Bromophenyl)-ethanol (99) 

(2-Bromophenyl)-ethanol (2.60 g, C8H9BrO, 201.07 g/mol, 12.91 mmol, 73%) was obtained 

from 3.78 g (2-bromophenyl)-acetic acid (215.04 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3): δ = 7.54 (d, J = 8 Hz, 1 H, H-3'), 7.26 - 7.22 (m, 2 H, H-5',6'), 

7.12 - 7.02 (m, 1 H, H-4'), 3.84 (t, J = 7 Hz, 2 H, H2-1), 3.00 (t, J = 6.5 Hz, 2 H, H2-2), 1.93 (s, 

1 H, -OH-1). 

(3-Bromophenyl)-ethanol (100) 

(3-Bromophenyl)-ethanol (1.66 g, C8H9BrO, 201.07 g/mol, 8.28 mmol, 94%) was obtained 

from 1.89 g (3-bromophenyl)-acetic acid (215.04 g/mol, 8.79 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.41 - 7.32 (m, 2 H, H-2',4'), 7.19 - 7.14 (m, 

2 H, H-5',6'), 3.83 (t, J = 6.5 Hz, 2 H, H2-1), 2.82 (t, J = 6.5 Hz, 2 H, H2-2), 1.67 (s, 1 H, -

OH-1). 

(4-Bromophenyl)-ethanol (101) 

(4-Bromophenyl)-ethanol (3.39 g, C8H9BrO, 201.07 g/mol, 16.87 mmol, 96%) was obtained 

from 3.78 g (4-bromophenyl)-acetic acid (215.04 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 7.41 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.08 (d, J = 

8.5 Hz, 2 H, H-2',6'), 3.79 (t, J = 6.5 Hz, 2 H, H2-1), 2.79 (t, J = 6.5 Hz, 2 H, H2-2), 1.85 (s, 

1 H, -OH-1). 

(2,5-Dimethylphenyl)-ethanol (102) 

(2,5-Dimethylphenyl)-ethanol (2.52 g, C10H14O, 150.22 g/mol, 16.80 mmol, 92%) was ob-

tained from 3.00 g (2,5-dimethylphenyl)-acetic acid (164.20 g/mol, 18.3 mmol) by general 

procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.22): δ = 7.04 (d, J = 7.5 Hz, 1 H, H-3'), 6.97 (s, 1 H, 

H-6'), 6.94 (d, J = 7.5 Hz, 1 H, H-4'), 3.79 (t, J = 7 Hz, 2 H, H2-1), 2.84 (t, J = 7 Hz, 2 H, H2-2), 

2.29 (s, 3 H, CH3), 2.28 (s, 3 H, CH3), 1.71 (s, 1 H, -OH-1). 
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(3,5-Dimethylphenyl)-ethanol (103) 

(3,5-Dimethylphenyl)-ethanol (C10H14O, 150.22 g/mol) was obtained as a clear oil from 0.80 g 

(3,5-dimethylphenyl)-acetic acid (164.20 g/mol, 6.09 mmol) by general procedure A (BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 6.87 (s, 1 H, H-4'), 6.84 (s, 2 H, H-2',6'), 3.82 (t, 

J = 6.5 Hz, 2 H, H2-1), 2.78 (t, J = 6.5 Hz, 2 H, H2-2), 2.29 (s, 6 H, -CH3-3',5'), 1.59 (s, 1 H, -

OH-1). 

(3,4-Dihydroxyphenyl)-ethanol (104) 

(3,4-Dihydroxyphenyl)-ethanol (C8H10O3, 182.22 g/mol) was obtained as a clear gray-

greenish glass-like solid from 2.50 g (3,4-dihydroxyphenyl)-acetic acid (168.15 g/mol, 

14.9 mmol) by general procedure A (BH3). 

1H NMR (300 MHz, MeOH-d4, δsolvent = 4.88, δreference = 3.300): δ = 6.66 (d, J = 8 Hz, 1 H, 

H-5'), 6.64 (d, J = 2 Hz, 1 H, H-2'), 6.51 (dd, J = 8 Hz, 2 Hz, 1 H, H-6'), 3.66 (t, J = 7.5 Hz, 

2 H, H2-1), 2.65 (t, J = 7.5 Hz, 2 H, H2-2). 

(4-Hydroxy-3-methoxyphenyl)-ethanol (105) 

(4-Hydroxy-3-methoxyphenyl)-ethanol (0.33 g, C9H12O3, 168.20 g/mol, 1.94 mmol, 39%) was 

obtained as a clear brownish oil from 0.900 g (4-hydroxy-3-methoxyphenyl)-acetic acid 

(182.17 g/mol, 4.94 mmol) by general procedure A (BH3). Loss due to spilling. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.86 (d, J = 8.5 Hz, 1 H, H-5'), 6.73 (s, 1 H, 

H-2'), 6.72 (d, J = 6.5 Hz, 1 H, H-6'), 3.88 (s, 3 H, -OCH3-3'), 3.81 (t, J = 6.5 Hz, 2 H, H2-1), 

2.80 (t, J = 6.5 Hz, 2 H, H2-2). 

(2,5-Dimethoxyphenyl)-ethanol (106) 

(2,5-Dimethoxyphenyl)-ethanol (C10H14O3, 182.22 g/mol) was obtained from 3.00 g 

(2,5-dimethoxyphenyl)-acetic acid (196.20 g/mol, 15.3 mmol) by general procedure B 

(LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.82 - 6.68 (m, 3 H, H-3',4',6'), 3.81 (t, J = 

6.5 Hz, 2 H, H2-1), 3.78 (s, 3 H, OCH3), 3.76 (s, 3 H, OCH3), 2.87 (t, J = 6.5 Hz, 2 H, H2-2), 

1.97 (s, 1 H, -OH-1). 

(3,4-Dimethoxyphenyl)-ethanol (107) 

(3,4-Dimethoxyphenyl)-ethanol (4.70 g, C10H14O3, 182.22 g/mol, 27.79 mmol, 96%) was 

obtained as white crystalline solid from 5.27 g (3,4-dimethoxyphenyl)-acetic acid 

(196.20 g/mol, 26.9 mmol) by general procedure B (LiAlH4). 
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1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 6.86 - 6.74 (m, 3 H, H-2',5',6'), 3.88 (s, 3 H, 

OCH3), 3.86 (s, 3 H, OCH3), 3.83 (t, J = 6.5 Hz, 2 H, H2-1), 2.81 (t, J = 6.5 Hz, 2 H, H2-2), 

1.66 (s, 1 H, -OH-1). 

(3,5-Dimethoxyphenyl)-ethanol (108) 

(3,5-Dimethoxyphenyl)-ethanol (C10H14O3, 182.22 g/mol) was obtained as a clear oil from 

0.736 g (3,5-dimethoxyphenyl)-acetic acid (196.20 g/mol, 3.75 mmol) by general procedure A 

(BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.39 (d, J = 2 Hz, 2 H, H-2',6'), 6.34 (t, J = 2 Hz, 

1 H, H-4'), 3.85 (t, J = 6.5 Hz, 2 H, H2-1), 3.78 (s, 6 H, 2 OCH3), 2.81 (t, J = 6.5 Hz, 2 H, 

H2-2), 1.55 (s, 1 H, -OH-1). 

(2,4-Dichlorophenyl)-ethanol (109) 

(2,4-Dichlorophenyl)-ethanol (2.57 g C8H8Cl2O, 191.06 g/mol, 13.44 mmol, 76%) was ob-

tained from 3.60 g (2,4-dichlorophenyl)-acetic acid (205.04 g/mol, 17.6 mmol) by general 

procedure A (BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.38 (d, J = 1 Hz, 1 H, H-3'), 7.21 - 7.18 (m, 

2 H, H-5',6'), 3.85 (t, J = 6.5 Hz, 2 H, H2-1), 2.97 (t, J = 6.5 Hz, 2 H, H2-2), 1.67 (s, 1 H, -

OH-1). 

(2,6-Dichlorophenyl)-ethanol (110) 

(2,6-Dichlorophenyl)-ethanol (0.72 g, 191.06 g/mol, 3.76 mmol, 21%) was obtained from 

3.60 g (2,6-dichlorophenyl)-acetic acid (205.04 g/mol, 17.6 mmol) by general procedure A 

(BH3). 

(2,6-Dichlorophenyl)-ethanol (BH3, forced conditions) (110) 

(2,6-Dichlorophenyl)-ethanol (2.09 g, C8H8Cl2O, 191.06 g/mol, 10.94 mmol, 90%) was ob-

tained as white crystals which sublimed under membrane-pump vacuum (around 

20 mm Hg = 26.7 hPa) at 70 °C from 2.50 g (2,6-dichlorophenyl)-acetic acid (205.04 g/mol, 

12.2 mmol) by general procedure A (BH3) refluxing the reaction mixture for 2 h, addition of 

the conc. HCl, and further refluxing for 30 min. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.29 (d, J = 8 Hz, 2 H, H-3',5'), 7.10 (t, J = 8 Hz, 

1 H, H-4'), 3.88 (t, J = 7 Hz, 2 H, H2-1), 3.26 (t, J = 7 Hz, 2 H, H2-2), 1.55 (s, 1 H, -OH-1). 

(3,4-Dichlorophenyl)-ethanol (112) 

(3,4-Dichlorophenyl)-ethanol (2.63 g, C8H8Cl2O, 191.06 g/mol, 13.77 mmol, 78%) was ob-

tained from 3.60 g (3,4-dichlorophenyl)-acetic acid (205.04 g/mol, 17.6 mmol) by general 

procedure A (BH3). 
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1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.36 (d, J = 8.5 Hz, 1 H, H-5'), 7.33 (d, J = 

2.5 Hz, 1 H, H-2'), 7.06 (dd, J = 8 Hz, 2 Hz, 1 H, H-6'), 3.83 (t, J = 6.5 Hz, 2 H, H2-1), 2.81 (t, 

J = 6.5 Hz, 2 H, H2-2), 1.66 (s, 1 H, -OH-1). 

(Indol-3-yl)-ethanol (113) 

(Indol-3-yl)-ethanol (3.43 g, C10H11NO, 161.20 g/mol, 21.28 mmol, 15%) was obtained as a 

white crystalline solid from 30.00 g (indol-3-yl)-oxo-acetyl chloride (indolylglyoxylchloride) 

(207.61 g/mol, 144.5 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.21): δ = 8.09 (s br, 1 H, H-1'), 7.60 (d, J = 7.5 Hz, 1 H, 

H-4'), 7.31 (d, J = 7 Hz, 1 H, H-7'), 7.19 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-6'), 7.11 

(ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-5'), 6.98 (s, 1 H, H-2'), 3.87 (t, J = 6.5 Hz, 2 H, H2-1), 

3.00 (t, J = 6.5 Hz, 2 H, H2-2), 1.77 (s br, 1 H, -OH-1). 

5-Methoxyindol-3-yl)-ethanol (114) 

(5-Methoxyindol-3-yl)-ethanol (6.92 g, C11H13NO, 191.23 g/mol, 36.19 mmol, 79%) was ob-

tained as a slightly brown oil after repeated extractions of the filter cake from 10.73 g 

(5-methoxyindol-3-yl)-oxo-acetic acid methyl ester (5-methoxyindolylglyoxylic acid methyl 

ester) (233.22 g/mol, 46.0 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 8.00 (s br, 1 H, H-1'), 7.24 (d, J = 4.5 Hz, 1 H, 

H-7'), 7.05 (s, 1 H, H-2'), 7.04 (s, 1 H, H-4'), 6.87 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'), 3.89 (t, J = 

6.5 Hz, 2 H, H2-1), 3.86 (s, 3 H, -OCH3-5'), 3.00 (t, J = 6.5 Hz, 2 H, H2-2), 1.65 (s br, 1 H, -

OH-1). 

Naphthalen-1-yl-ethanol (115) 

Naphthalen-1-yl-ethanol (4.25 g, C12H12O, 172.23 g/mol, 24.68 mmol, 92%) was obtained as 

a colorless oil from 5.00 g naphthalen-1-yl-acetic acid (186.21 g/mol, 26.9 mmol) by general 

procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.22): δ = 8.07 - 7.99 (m, 1 H, H-8'), 7.88 - 7.81 (m, 1 H, 

H-5'), 7.73 (dd, J = 7.5 Hz, 1.5 Hz, 1 H, H-4'), 7.56 - 7.31 (m, 4 H, H-7',6',3',2'), 3.95 (t, J = 

6.5 Hz, 2 H, H2-1), 3.32 (t, J = 6.5 Hz, 2 H, H2-2), 1.67 (s, 1 H, -OH-1). 

Naphthalen-2-yl-ethanol (116) 

Naphthalen-2-yl-ethanol (4.36 g, C12H12O, 172.23 g/mol, 25.31 mmol, 94%) was obtained as 

white crystalline solid from 5.00 g naphthalen-2-yl-acetic acid (186.21 g/mol, 26.9 mmol) by 

general procedure B (LiAlH4). 
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1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.86 - 7.75 (m, 3 H, H-5',4',8'), 7.67 (s, 1 H, 

H-1'), 7.52 - 7.31 (m, 3 H, H-7',6',3'), 3.92 (t, J = 6.5 Hz, 2 H, H2-1), 3.01 (t, J = 6.5 Hz, 2 H, 

H2-2), 1.58 (s br, 1 H, -OH-1). 

2,2-Diphenylethanol (117) 

2,2-Diphenylethanol (C14H14O, 198.26 g/mol) was obtained from 7.16 g diphenylacetic acid 

(212.24 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3): δ = 7.37 - 7.15 (m, 10 H, 2 C6H5), 4.18 (td, 3 H, H2-1, H-2), 1.57 

(s, 1 H, -OH-1). 

2,2-Dimethylpropanol (118) 

2,2-Dimethylpropan-1-ol (neopentyl alcohol) (1.97 g, C5H12O, 88.15 g/mol, 22.35 mmol, 

22.35 mmol, 66%) was obtained from 4.07 g 2,2-dimethylpropionyl chloride (pivaloyl 

chloride) (120.58 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

3-Cyclohexylpropan-1-ol (119) 

3-Cyclohexylpropan-1-ol (4.27 g, C9H18O, 142.25 g/mol, 30.02 mmol, 89%) was obtained 

from 5.27 g 3-cyclohexylpropionic acid (156.22 g/mol, 33.7 mmol) by general procedure B 

(LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 3.61 (t, J = 6.5 Hz, 2 H, H2-1), 1.79 - 1.49 (m, 

8 H, H-2'eq,6'eq,3'eq,5'eq,4'eq, H2-2, -OH-1), 1.34 - 1.08 (m, 6 H, H-1', H2-3, H-3'ax,5'ax,4'ax), 

1.04 - 0.76 (m, 2 H, H-2'ax,6'ax). 

3-Phenylpropan-1-ol (120) 

3-Phenylpropan-1-ol (3.96 g, C9H12O, 136.19 g/mol, 29.08 mmol, 86%) was obtained from 

5.00 g 3-phenylacrylic acid (trans-cinnamic acid) (148.16 g/mol, 33.7 mmol) by general 

procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3): δ = 7.37 - 7.07 (m, 5 H, C6H5), 3.64 (t, J = 6.5 Hz, 2 H, H2-1), 

2.69 (t, J = 7.5 Hz, 2 H, H2-3), 2.04 (s, 1 H, -OH-1), 1.87 (tt, J = J' = 7 Hz, 2 H, H2-2). 

3-(2,5-Dimethoxyphenyl)-propan-1-ol (121) 

3-(2,5-Dimethoxyphenyl)-propan-1-ol (C11H16O3, 196.24 g/mol) was obtained from 

3-(2,5-dimethoxyphenyl)-propionic acid (210.23 g/mol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.81 - 6.65 (m, 3 H, H-3',4',6'), 3.78 (s, 3 H, 

OCH3), 3.75 (s, 3 H, OCH3), 3.58 (t, J = 6 Hz, 2 H, H2-1), 2.69 (t, J = 7.5 Hz, 2 H, H2-3), 2.17 

(s br, 1 H, -OH-1), 1.83 (tt, J = J' = 7 Hz, 2 H, H2-2). 
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3-(3,4,5-Trimethoxyphenyl)-propan-1-ol (122) 

3-(3,4,5-Trimetoxyphenyl)-propan-1-ol (2.49 g, C12H18O4, 226.28 g/mol, 11.02 mmol, 88%) 

was obtained from 3.00 g 3-(3,4,5-trimethoxyphenyl)-propionic acid (240.25 g/mol, 

12.5 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 6.42 (s, 2 H, H-2',6'), 3.85 (s, 6 H, -OCH3-3',5'), 

3.82 (s, 3 H, -OCH3-4'), 3.69 (t, J = 6.5 Hz, 2 H, H2-1), 2.66 (t, J = 7.5 Hz, 2 H, H2-3), 1.89 (tt, 

J = J' = 7 Hz, 2 H, H2-2), 1.59 (s, 1 H, -OH-1). 

3-(Indol-3-yl)-propan-1-ol (123) 

3-(Indol-3-yl)-propan-1-ol (2.85 g, C11H13NO, 175.10 g/mol, 16.29 mmol, 97%) was obtained 

from 3.19 g 3-(indol-3-yl)-propionic acid (189.21 g/mol, 16.9 mmol) by general procedure B 

(LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.97 (s br, 1 H, H-1'), 7.61 (d, J = 7.5 Hz, 1 H, 

H-4'), 7.34 (d, J = 8 Hz, 1 H, H-7'), 7.19 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-6'), 7.11 

(ddd, J = 7 Hz, 7 Hz, 1.5 Hz, 1 H, H-5'), 6.97 (s, 1 H, H-2'), 3.72 (t, J = 6.5 Hz, 2 H, H2-1), 

2.86 (t, J = 7.5 Hz, 2 H, H2-3), 1.99 (tt, J = J' = 7 Hz, 2 H, H2-2), 1.54 (s br, 1 H, -OH-1). 

2,2-Diphenylpropanol (124) 

2,2-Diphenylpropanol (7.02 g, C15H16O, 208.27 g/mol, 33.68 mmol, 100%) was obtained from 

7.63 g 2,2-diphenylpropionic acid (226.27 g/mol, 33.7 mmol) by general procedure B 

(LiAlH4). 

1H NMR (200 MHz, CDCl3): δ = 7.34 - 7.15 (m, 10 H, 2 C6H5), 4.08 (s, 2 H, H2-1), 1.70 (s, 

3 H, H3-3), 1.70 (s, 1 H, -OH-1). 

3-Phenylsulfanyl-propan-1-ol (125) 

3-Phenylsulfanyl-propan-1-ol (C9H12OS, 168.26 g/mol) was obtained from 6.22 g 

3-phenylsulfanyl-propionic acid (184.24 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3): δ = 7.38 - 7.13 (m, 5 H, C6H5), 3.76 (t, J = 6 Hz, 2 H, H2-1), 3.04 

(t, J = 7 Hz, 2 H, H2-3), 1.89 (tt, J = J' = 6.5 Hz, 2 H, H2-2), 1.72 (s, 1 H, -OH-1). 

2-Ethylbutan-1-ol (126) 

2-Ethylbutan-1-ol (C6H14O, 102.17 g/mol) was obtained from 3.92 g 2-ethylbutyric acid 

(116.16 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.28): δ = 3.55 (d, J = 5 Hz, 2 H, H2-1), 1.69 (s, 1 H, -

OH-1), 1.46 - 1.27 (m, 5 H, H-2, 2 H2-3), 0.90 (t, J = 7 Hz, 6 H, 2 H3-4). 
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3,3-Dimethylbutan-1-ol (127) 

3,3-Dimethylbutan-1-ol (C6H14O, 102.17 g/mol) was obtained from 3.92 g 3,3-dimethylbutyric 

acid (116.16 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

4-Phenylbutan-1-ol (128) 

4-Phenylbutan-1-ol (4.84 g, C10H14O, 146.19 g/mol, 33.13 mmol, 98%) was obtained from 

5.54 g 4-phenylbutyric acid (164.20 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3): δ = 7.32 - 7.10 (m, 5 H, C6H5), 3.61 (td, J = 6.5 Hz, 1 Hz, 2 H, 

H2-1), 2.62 (t, J = 7 Hz, 2 H, H2-4), 1.92 (s, 1 H, -OH-1), 1.77 - 1.48 (m, 4 H, H2-3,2). 

4-(Indol-3-yl)-butan-1-ol (129) 

4-(Indol-3-yl)-butan-1-ol (0.94 g, C12H15NO, 189.12 g/mol, 4.97 mmol, 15%) was obtained as 

a clear red oil from 6.86 g 4-(indol-3-yl)-butyric acid (203.24 g/mol, 33.7 mmol) by general 

procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.95 (s br, 1 H, H-1'), 7.60 (d, J = 7.5 Hz, 1 H, 

H-4'), 7.34 (d, J = 8 Hz, 1 H, H-7'), 7.18 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-5'), 7.10 

(ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-6'), 6.96 (s, 1 H, H-2'), 3.67 (t, J = 6.5 Hz, 2 H, H2-1), 

2.79 (t, J = 7 Hz, 2 H, H2-4), 1.88 - 1.57 (m, 4 H, H2-2,3), 1.50 (s br, 1 H, -OH-1). 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Pentadecafluorooctan-1-ol (130) 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Pentadecafluorooctan-1-ol (C8H3F15O, 400.08 g/mol) was ob-

tained from 10.00 g perfluorooctanoic acid 

(2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluorooctanoic acid) (414.10 g/mol, 24.1 mmol) by 

general procedure B (LiAlH4). No reaction of 6.00 g perfluorooctanoic acid (414.07 g/mol, 

14.5 mmol) by general procedure A (BH3). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 4.09 (t, J = 13.5 Hz, 2 H, H2-1), 2.37 (s br, 1 H, 

-OH-1). 

Tetradecan-1-ol (131) 

Tetradecan-1-ol (5.64 g, C14H30O, 214.39 g/mol, 26.31 mmol, 78%) was obtained from 8.33 g 

tetradecanoyl chloride (246.82 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.63 (t, J = 6.5 Hz, 2 H, H2-1), 1.64 - 1.40 (m, 

2 H, H2-2), 1.40 - 1.21 (m, 22 H, H2-3-13), 1.02 (s br, 1 H, -OH-1), 0.88 (t, J = 6.5 Hz, 3 H, 

H3-14). 
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Icosan-1-ol (132) 

Icosan-1-ol (C20H42O, 298.55 g/mol) was obtained from 11.49 g icosanoic acid ethyl ester 

(340.58 g/mol, 33.7 mmol) by general procedure B (LiAlH4). 

Synthesis of alkyl halides 

General procedure C: Iodides by reaction of alcohols with PPh3 / imidazole / iodine 

To 3.16 g triphenylphosphine (PPh3) (262.29 g/mol, 12.06 mmol, 1.30 eq) and 0.85 g 

imidazole (68.08 g/mol, 12.5 mmol, 1.35 eq) in 25 ml dichloromethane in a 50 ml round 

bottom flask equipped with a capillary was added 3.06 g iodine (253.81 g/mol, 12.06 mmol, 

1.30 eq) under stirring. During the next few minutes a slightly exothermic reaction took place 

during which the iodine was consumed and a bright yellow slurry in a clear yellow solution 

formed. The flask was moved into an ice / water bath and a solution of the alcoholic educt in 

10 ml dichloromethane was added all at once under stirring. The yellow precipitate disap-

peared during a slightly exothermic reaction and imidazole hydrochloride fell out as a white 

flocculent precipitate over 5 minutes. The mixture was stirred at room temperature for at least 

1 h or overnight. 

3 ml methanol was added and stirring was continued for 30 min. The solution was extracted 

with 40 ml H2O and the organic phase vigorously shaken and extracted with 40 ml of a 

sodium hydrogen sulfite (NaHSO3) solution acidified with hydrochloric acid. The organic 

phase was dried over MgSO4 and evaporated on a rotary evaporator. During this evaporation 

triphenylphosphine oxide crystallized as a white mass. The crude product was transferred 

into a 25 ml beaker, homogenized with 3 ml diethyl ether, and filtered through a miniature 

conical Buchner funnel by applying vacuum. The filter cake was washed with 2 × 3 ml diethyl 

ether, leaving pure white triphenylphosphine oxide. The filtrate was evaporated on a rotary 

evaporator under membrane pump vacuum and later under oil pump vacuum, leaving the 

product as a light yellow to brown oil or crystalline mass. Sometimes more triphenyl-

phosphine oxide crystallized from liquid products upon storage at 4 °C which could be re-

moved by a second filtration of the undissolved oil. The amount of triphenylphosphine oxide 

impurity was calculated from 1H NMR spectra. The crude yields as well as the yields cor-

rected for the triphenylphosphine oxide content ("corr. yield") are given. The products were 

stored at 4 °C in the dark. Liquid products were kept over a small amount of copper powder. 

The crude products were used without further purification in the next reaction. 

General procedure D: Bromides by reaction of alcohols with PPh3 / imidazole / 
bromine 

Bromides were synthesized analogous to the synthesis of iodides from alcohols by replacing 

iodine with equimolar amounts of bromine, added slowly as a solution in dichloromethane. 
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Figure 70: General numbering scheme for intermediate alkyl halides. 

 

(Iodomethyl)-cyclopropane (133) 

(Iodomethyl)-cyclopropane (C4H7I, 182.00 g/mol, 5% PPh3O) was obtained from 0.670 g 

cyclopropylmethanol (74) (72.11 g/mol, 9.29 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 3.14 (d, J = 8 Hz, 2 H, H2-1), 1.44 - 1.17 (m, 

1 H, H-1'), 0.90 - 0.76 (m, 2 H, H-2'trans,3'trans), 0.37 - 0.25 (m, 2 H, H2-2'cis,3'cis). 

(Iodomethyl)-cyclopentane (134) 

(Iodomethyl)-cyclopentane (2.66 g, C6H11I, 210.06 g/mol, 12.66 mmol, 69%, 2% PPh3O, 68% 

corr. yield) was obtained as a yellow oil from 1.85 g cyclopentylmethanol (75) (100.16 g/mol, 

18.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.21 (d, J = 7 Hz, 2 H, H2-1), 2.18 (dtt, J = J' = 

J'' = 7.5 Hz, 1 H, H-1'), 1.96 - 1.76 (m, 2 H, H-2'eq,5'eq), 2.99 - 2.85 (m, 4 H, H2-3',4'), 1.35 - 

1.13 (m, 2 H, H-2'ax,5'ax). 

(Iodomethyl)-cyclohexane (135) 

(Iodomethyl)-cyclohexane (3.22 g, C7H13I, 224.08 g/mol, 14.36 mmol, 78%, 2% PPh3O, 76% 

corr. yield, impurities detected by 1H NMR) was obtained as a yellow oil from 2.11 g cyclo-

hexylmethanol (76) (114.19 g/mol, 18.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.10 (d, J = 6.5 Hz, 2 H, H2-1), 1.95 - 1.53 (m, 

5 H, H-2'eq,6'eq,3'eq,5'eq,4'eq), 1.53 - 1.11 (m, 4 H, H-1',3'ax,5'ax,4'ax), 1.11 - 0.82 (m, 2 H, 

H-2'ax,6'ax). 

1-Iodomethyl-adamantane (136) 

1-Iodomethyl-adamantane (0.47 g, C10H17I, 276.16 g/mol, 1.70 mmol, 34%, 4% PPh3O, 32% 

corr. yield) was obtained from 0.843 g adamantan-1-yl-methanol (77) (166.26 g/mol, 

5.07 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.02 (s, 2 H, H2-1), 2.03 - 1.89 (tqu, 3 H, 

3 H-3'), 1.62 (d, J = 2.5 Hz, 6 H, 3 H2-4'), 1.52 (d, J = 2.5 Hz, 6 H, 3 H2-2'). 



Chemical Experiments - Synthesis of alkyl halides 
_________________________________________________________________________  

 

150 

2-Iodomethyl-5-methylthiophene (impure) (137) 

2-Iodomethyl-5-methylthiophene (1.25 g, C6H7IS, 238.09 g/mol, 5.24 mmol, 52%, 50% 

PPh3O, 26% corr. yield, impurities detected by 1H NMR) was obtained from 1.28 g 

(5-methylthiophen-2-yl)-methanol (79) (128.19 g/mol, 10 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.77 (d, J = 3 Hz, 1 H, H-3'), 6.60 (d, J = 

2.5 Hz, 1 H, H-4'), 4.57 (s, 2 H, H2-1), 2.46 (s, 3 H, -CH3-5'). 

2-Iodomethyl-tetrahydrofuran (138) 

2-Iodomethyl-tetrahydrofuran (2.88 g, C5H9IO, 213.04 g/mol, 13.51 mmol, 61%, 4% PPh3O, 

59% corr. yield) was obtained as a slightly yellow oil from 2.25 g (tetrahydrofuran-2-yl)-

methanol (102.13 g/mol, 22.0 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.29): δ = 4.08 - 3.75 (m, 3 H, H2-1, H-2'), 3.26 - 3.19 (m, 

2 H, H2-5'), 2.21 - 1.18 (m, 3 H, H2-3', H-3'eq), 1.18 - 1.57 (m, 1 H, H-3'ax). 

Chloroacetic acid methyl ester (139) 

Chloroacetic acid (15.00 g, 94.50 g/mol, 158.7 mmol) and 0.5 g (4-toluene)-sulfonic acid 

(172.20 g/mol, 2.90 mmol) in 50 ml methanol were refluxed for 3 h, the solvent was removed 

on a rotary evaporator, and the resulting liquid was distilled under oil pump vacuum, yielding 

6.23 g chloroacetic acid methyl ester (C3H5ClO2, 108.52 g/mol, 57.41 mmol, 36%, bp 132 - 

133 °C (oil pump vacuum)) as a clear colorless liquid. 

2-Chloro-N,N-diethylacetamide (140) 

To 5.00 g chloroacetyl chloride (112.94 g/mol, 44.3 mmol) in 100 ml diethyl ether was added 

6.48 g diethylamine (73.14 g/mol, 88.54 mmol) in diethyl ether dropwise under stirring. After 

the addition the resulting slurry was stirred for 10 min at room temperature, the organic 

phase extracted with 100 ml water, 100 ml diluted hydrochloric acid, 100 ml diluted NaHCO3 

solution, and with 2 × 100 ml H2O. The organic phase was dried over MgSO4, the solvent 

was removed on a rotary evaporator, and the resulting oil was kept under membrane pump 

vacuum at 60 °C for 30 min, yielding 1.21 g 2-chloro-N,N-diethylacetamide (C6H12ClNO, 

149.62 g/mol, 8.09 mmol, 18%). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.28): δ = 4.06 (s, 2 H, H2-1), 3.47 - 3.31 (m, 4 H, 2 

N-CH2), 1.24 (t, J = 7 Hz, 3 H, C(Z)H3), 1.15 (t, J = 7 Hz, 3 H, C(E)H3). 

(2-Iodoethyl)-benzene (141) 

(2-Iodoethyl)-benzene (3.67 g, C8H9I, 232.06 g/mol, 15.8 mmol, 96%, 6% PPh3O, 92% corr. 

yield) was obtained from 2.00 g 2-phenylethanol (122.16 g/mol, 16.4 mmol) by general 

procedure C. 
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1H NMR (200 MHz, CDCl3): δ = 7.33 - 7.15 (m, 5 H, C6H5), 3.40 - 3.28 (m, 2 H, H2-1), 3.24 - 

3.12 (m, 2 H, H2-2). 

2-Methyl-1-(2-iodoethyl)-benzene (142) 

2-Methyl-1-(2-iodoethyl)-benzene (4.10 g, C9H11I, 246.09 g/mol, 16.65 mmol, 97%, 4% 

PPh3O, 93% corr. yield) was obtained from 2.35 g (2-methylphenyl)-ethanol (80) 

(136.19 g/mol, 17.3 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.23): δ = 7.20 - 7.09 (m, 4 H, H-3',4',5',6'), 3.35 - 3.12 

(m, 4 H, H2-1,2), 2.31 (s, 3 H, -CH3-2'). 

3-Methyl-1-(2-iodoethyl)-benzene (143) 

3-Methyl-1-(2-iodoethyl)-benzene (3.69 g, C9H11I, 246.09 g/mol, 14.98 mmol, 86%, 4% 

PPh3O, 83% corr. yield) was obtained from 2.37 g (3-methylphenyl)-ethanol (81) 

(136.19 g/mol, 17.4 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.20 (dd, J = J' = 8 Hz, 1 H, H-5'), 7.11 - 6.94 

(m, 3 H, H-6',2',4'), 3.38 - 3.28 (m, 2 H, H2-1), 3.18 - 3.07 (m, 2 H, H2-2), 2.34 (s, 3 H, -

CH3-3'). 

4-Methyl-1-(2-iodoethyl)-benzene (144) 

4-Methyl-1-(2-iodoethyl)-benzene (4.15 g, C9H11I, 246.09 g/mol, 16.84 mmol, 92%, 4% 

PPh3O, 88% corr. yield) was obtained from 2.50 g (4-methylphenyl)-ethanol (82) 

(136.19 g/mol, 18.4 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.22): δ = 7.12 (d, 8.5 Hz, 2 H, H-3',5'), 7.06 (d, 8.5 Hz, 

2 H, H-2',6'), 3.37 - 3.26 (m, 2 H, H2-1), 3.18 - 3.07 (m, 2 H, H2-2), 2.31 (s, 3 H, -CH3-4'). 

4-(2-Iodoethyl)-biphenyl (145) 

4-(2-Iodoethyl)-biphenyl (C14H13I, 308.16 g/mol, 11% PPh3O) was obtained from 2-biphenyl-

4-yl-ethanol (83) (198.26 g/mol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.62 - 7.23 (m, 9 H, C12H9 + PPh3O), 3.38 (t, 7.5 Hz, 2 H, 

H2-1), 3.22 (t, 7.5 Hz, 2 H, H2-2). 

2-Hydroxy-1-(2-iodoethyl)-benzene (146) 

2-Hydroxy-1-(2-iodoethyl)-benzene (C8H9IO, 248.06 g/mol, 48% PPh3O) was obtained from 

0.830 g (2-hydroxyphenyl)-ethanol (84) (138.16 g/mol, 6.01 mmol) by general procedure C. 

The compound is not soluble in diethyl ether 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 7.11 - 6.99 (m, 2 H, H-6',4'), 6.88 - 6.74 (m, 

2 H, H-5',3'), 3.44 - 3.33 (m, 2 H, H2-1), 3.24 - 3.13 (m, 2 H, H2-2). 
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3-Hydroxy-1-(2-iodoethyl)-benzene (147) 

3-Hydroxy-1-(2-iodoethyl)-benzene (C8H9IO, 248.06 g/mol, 49% PPh3O) was obtained from 

1.57 g (3-hydroxyphenyl)-ethanol (85) (138.16 g/mol, 11.36 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.10 (t, J = 8 Hz, 1 H, H-5'), 6.78 (dd, J = 8 Hz, 

2 Hz, 2 H, H-2'), 6.72 - 6.62 (m, 2 H, H-4',6'), 3.24 (t, J = 7.5 Hz, 2 H, H2-1), 3.03 (t, J = 8 Hz, 

2 H, H2-2). 

4-Hydroxy-1-(2-iodoethyl)-benzene (148) 

4-Hydroxy-1-(2-iodoethyl)-benzene (C8H9IO, 248.06 g/mol, 47% PPh3O) was obtained as a 

diethyl ether-insoluble dark yellow oil containing triphenylphosphine oxide crystals from 

1.07 g (4-hydroxyphenyl)-ethanol (86) (138.17 g/mol, 7.74 mmol) by general procedure C. 

1H NMR (300 MHz, MeOH-d4, δsolvent = 4.78, 3.300 (reference)): δ = 6.91 (d, J = 8.5 Hz, 2 H, 

H-2',6'), 6.59 (d, J = 8.5 Hz, 2 H, H-3',5'), 3.24 - 3.18 (t, 2 H, H2-1 + solvent), 2.92 (t, J = 

7.5 Hz, 2 H, H2-2). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.01 (d, 8.5 Hz, 2 H, H-2',6'), 6.81 (d, 8.5 Hz, 

2 H, H-3',5'), 3.29 (t, 7.5 Hz, 2 H, H2-1), 3.08 (t, 7.5 Hz, 2 H, H2-2). 

4-Hydroxy-3-methoxy-1-(2-iodoethyl)-benzene (149) 

4-Hydroxy-3-methoxy-1-(2-iodoethyl)-benzene (C8H9IO, 278.09 g/mol) was obtained from 

0.326 g (4-hydroxy-3-methoxyphenyl)-ethanol (86) (104.15 g/mol, 3.13 mmol) by general 

procedure C. 

2-Methoxy-1-(2-iodoethyl)-benzene (150) 

2-Methoxy-1-(2-iodoethyl)-benzene (3.73 g, C9H11IO, 261.99 g/mol, 14.24 mmol, 92%, 7% 

PPh3O, 86% corr. yield) was obtained from 2.35 g (2-methoxyphenyl)-ethanol (88) 

(152.19 g/mol, 15.4 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.24 (ddd, J = 8 Hz, 8 Hz, 1.5 Hz, 1 H, H-4'), 

7.12 (dd, J = 7.5 Hz, 1 Hz, 1 H, H-6'), 6.89 (t, 7.5 Hz, 1 H, H-5'), 6.85 (d, 8.5 Hz, 1 H, H-3'), 

3.82 (s, 3 H, -OCH3-2'), 3.36 (t, J = 7.5 Hz, 2 H, H2-1), 3.18 (t, J = 7.5 Hz, 2 H, H2-2). 

3-Methoxy-1-(2-iodoethyl)-benzene (151) 

3-Methoxy-1-(2-iodoethyl)-benzene (3.29 g, C9H11IO, 261.99 g/mol,12.54 mmol, 87%, 6% 

PPh3O, 82% corr. yield) was obtained from 2.20 g (3-methoxyphenyl)-ethanol (89) 

(152.19 g/mol, 14.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 7.23 (t, J = 8 Hz, 1 H, H-5'), 6.84 - 6.71 (m, 3 H, 

H-6',2',4'), 3.80 (s, 3 H, -OCH3-3'), 3.34 (t, 7.5 Hz, 2 H, H2-1), 3.15 (t, 7.5 Hz, 2 H, H2-2). 



Chemical Experiments - Synthesis of alkyl halides 
_________________________________________________________________________  

 

153

4-Methoxy-1-(2-iodoethyl)-benzene (152) 

4-Methoxy-1-(2-iodoethyl)-benzene (3.73 g, C9H11IO, 262.09 g/mol, 14.23 mmol, 87%, 11% 

PPh3O, 77% corr. yield) was obtained as a slightly yellow oil from 2.49 g (4-methoxyphenyl)-

ethanol (90) (152.19 g/mol, 16.37 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.11 (d, J = 8.5 Hz, 2 H, H-2',6'), 6.85 (d, J = 

8.5 Hz, 2 H, H-3',5'), 3.79 (s, 3 H, -OCH3-4'), 3.31 (t, 7.5 Hz, 2 H, H2-1), 3.11 (t, 7.5 Hz, 2 H, 

H2-2). 

4-Dimethylamino-1-(2-iodoethyl)-benzene (153) 

4-Dimethylamino-1-(2-iodoethyl)-benzene (C10H14IN, 275.13 g/mol) was obtained as a 

complex dark mixture from 0.500 g (4-dimethylamino-phenyl)-ethanol (165.23 g/mol, 

3.03 mmol) by general procedure C. The crude product was not worked up. 

2-Nitro-1-(2-iodoethyl)-benzene (154) 

2-Nitro-1-(2-iodoethyl)-benzene (2.72 g, C8H8INO2, 277.06 g/mol, 9.82 mmol, 109%, 18% 

PPh3O, 89% corr. yield) was obtained as an off-white crystalline compound melting slightly 

above room temperature from 1.5 g (2-nitrophenyl)-ethanol (91) (167.16 g/mol, 8.97 mmol) 

by general procedure D (PPh3 / imidazole / Br2). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.99 (d, J = 8 Hz, 1 H, H-3'), 7.74 - 7.36 (m, 

3 H, H-5',6',4' + PPh3O), 3.46 (s br, 4 H, H2-1,2). 

3-Nitro-1-(2-iodoethyl)-benzene (155) 

0.54 g 3-nitro-1-(2-iodoethyl)-benzene (C8H8INO2, 277.06 g/mol, 1.95 mmol, 96%, 13% 

PPh3O, 84% corr. yield) was obtained from 0.338 g (3-nitrophenyl)-ethanol (92) 

(167.16 g/mol, 2.02 mmol) by general procedure D (PPh3 / imidazole / Br2). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 8.14 (ddd, J = 7 Hz, 7 Hz, 2.5 Hz, 1 H, H-4'), 

8.10 (s, 1 H, H-2'), 7.73 - 7.44 (m, 2 H, H-6',5' + PPh3O ), 3.10 - 3.24 (2m, 4 H, H2-1,2). 

4-Nitro-1-(2-iodoethyl)-benzene (156) 

4-Nitro-1-(2-iodoethyl)-benzene (C8H8INO2, 277.06 g/mol, 25% PPh3O) was obtained from 

1.67 g (4-nitrophenyl)-ethanol (93) (167.16 g/mol, 9.99 mmol) by general procedure D (PPh3 

/ imidazole / Br2). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 8.20 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.39 (d, J = 

8.5 Hz, 2 H, H-2',6'), 3.32 (t, 7.5 Hz, 2 H, H2-1), 3.12 (t, 7.5 Hz, 2 H, H2-2). 
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2-Fluoro-1-(2-iodoethyl)-benzene (157) 

2-Fluoro-1-(2-iodoethyl)-benzene (C8H8FI, 250.05 g/mol, 6% PPh3O) was obtained from 

2.92 g (2-fluorophenyl)-ethanol (94) (140.15 g/mol, 20.8 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.32 - 6.97 (m, 4 H, H-3',4',5',6'), 3.42 - 3.31 (m, 2 H, H2-1), 

3.27 - 3.16 (m, 2 H, H2-2). 

3-Fluoro-1-(2-iodoethyl)-benzene (158) 

3-Fluoro-1-(2-iodoethyl)-benzene (4.11 g, C8H8FI, 250.05 g/mol, 16.43 mmol, 115%, 9% 

PPh3O, 106% corr. yield) was obtained as a yellow oil from 2.00 g (3-fluorophenyl)-ethanol 

(95) (140.15 g/mol, 14.3 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.30 (dd, J = J' = 7 Hz, 1 H, H-5'), 7.03 - 6.85 

(m, 3 H, H-6',2',4'), 3.40 - 3.29 (m, 2 H, H2-1), 3.23 - 3.11 (m, 2 H, H2-2). 

4-Fluoro-1-(2-iodoethyl)-benzene (159) 

4-Fluoro-1-(2-iodoethyl)-benzene (4.01 g, C8H8FI, 250.05 g/mol, 16.04 mmol, 86%, 8% 

PPh3O, 79% corr. yield) was obtained as a yellow oil from 2.60 g (4-fluorophenyl)-ethanol 

(140.15 g/mol, 18.6 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.21 - 7.10 (m, 2 H, H-2',6'), 7.06 - 6.94 (m, 

2 H, H-3',5'), 3.38 - 3.28 (m, 2 H, H2-1), 3.20 - 3.09 (m, 2 H, H2-2). 

2-Chloro-1-(2-iodoethyl)-benzene (160) 

2-Chloro-1-(2-iodoethyl)-benzene (C8H8ClI, 266.51 g/mol, 8% PPh3O) was obtained from 

1.89 g (2-chlorophenyl)-ethanol (96) (156.61 g/mol, 12.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.40 - 7.06 (m, 4 H, H-3',5',6',4'), 3.50 - 3.16 (m, 4 H, H2-1,2). 

3-Chloro-1-(2-iodoethyl)-benzene (161) 

3-Chloro-1-(2-iodoethyl)-benzene (C8H8ClI, 266.51 g/mol, 9% PPh3O) was obtained from 

2.30 g (3-chlorophenyl)-ethanol (97) (156.61 g/mol, 14.7 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.40 - 6.90 (m, 4 H, H-2',5',4',6'), 3.50 - 2.95 (m, 4 H, H2-1,2). 

4-Chloro-1-(2-iodoethyl)-benzene (162) 

4-Chloro-1-(2-iodoethyl)-benzene (3.41 g, C8H8ClI, 266.51 g/mol, 12.78 mmol, 83%, 10% 

PPh3O, 75% corr. yield) was obtained from 2.40 g (4-chlorophenyl)-ethanol (98) 

(156.61 g/mol, 15.3 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.28 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.11 (d, J = 8 Hz, 2 H, 

H-2',6'), 3.31 (t, 7.5 Hz, 2 H, H2-1), 3.13 (t, 7.5 Hz, 2 H, H2-2). 
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2-Bromo-1-(2-iodoethyl)-benzene (163) 

2-Bromo-1-(2-iodoethyl)-benzene (C8H8BrI, 310.06 g/mol, 8% PPh3O) was obtained from 

2.30 g (2-bromophenyl)-ethanol (99) (201.06 g/mol, 11.4 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.54 (d, J = 7.5 Hz, 1 H, H-3'), 7.28 - 7.20 (m, 2 H, H-5',6'), 

7.18 - 7.07 (m, 1 H, H-4'), 3.51 - 3.15 (m, 4 H, H2-1,2). 

3-Bromo-1-(2-iodoethyl)-benzene (164) 

3-Bromo-1-(2-iodoethyl)-benzene (C8H8BrI, 310.06 g/mol, 9% PPh3O) was obtained from 

2.02 g (3-bromophenyl)-ethanol (100) (201.06 g/mol, 10.0 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.39 - 7.11 (m, 4 H, H-2',4',5',6'), 3.50 - 2.95 (m, 4 H, H2-1,2). 

4-Bromo-1-(2-iodoethyl)-benzene (165) 

4-Bromo-1-(2-iodoethyl)-benzene (C8H8BrI, 310.06 g/mol, 13% PPh3O) was obtained from 

3.12 g (4-bromophenyl)-ethanol (101) (201.06 g/mol, 15.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.44 (d, J = 8 Hz, 2 H, H-3',5'), 7.06 (d, J = 

8 Hz, 2 H, H-2',6'), 3.32 (t, 7.5 Hz, 2 H, H2-1), 3.12 (t, 7.5 Hz, 2 H, H2-2). 

2,5-Dimethyl-1-(2-iodoethyl)-benzene (166) 

2,5-Dimethyl-1-(2-iodoethyl)-benzene (3.55 g, C10H13I, 260.11 g/mol, 13.66 mmol, 93%, 3% 

PPh3O, 90% corr. yield) was obtained from 2.20 g (2,5-dimethylphenyl)-ethanol (102) 

(150.22 g/mol, 14.6 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.23): δ = 7.07 - 6.92 (m, 3 H, H-3',4',6'), 3.33 - 3.22 (m, 

2 H, H2-1), 3.22 - 3.08 (m, 2 H, H2-2), 2.30 (s, 3 H, CH3), 2.26 (s, 3 H, CH3). 

3,5-Dimethyl-1-(2-iodoethyl)-benzene (167) 

3,5-Dimethyl-1-(2-iodoethyl)-benzene (0.83 g, C10H13I, 260.11 g/mol, 3.19 mmol, 32%, 5% 

PPh3O, 30% corr. yield) was obtained as an amber oil from 1.50 g (3,5-dimethylphenyl)-

ethanol (103) (150.22 g/mol, 9.99 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 6.90 (s, 1 H, H-4'), 6.80 (s, 2 H, H-2',6'), 3.32 (t, 

J = 8 Hz, 2 H, H2-1), 3.09 (t, J = 8 Hz, 2 H, H2-2), 2.30 (s, 6 H, -CH3-3',5'). 

2,5-Dimethoxy-1-(2-iodoethyl)-benzene (168) 

2,5-Dimethoxy-1-(2-iodoethyl)-benzene (4.20 g, C10H13IO2, 292.11 g/mol, 111%, 11% PPh3O, 

99% corr. yield) was obtained from 2.35 g (2,5-dimethoxyphenyl)-ethanol (106) 

(182.22 g/mol, 12.9 mmol) by general procedure C. 
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1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 6.77 (2d, J = 2 Hz, 2 H, H-3',4'), 6.72 (d, J = 

1.5 Hz, 1 H, H-6'), 3.78 (s, 3 H, OCH3), 3.76 (s, 3 H, OCH3), 3.35 (t, 7.5 Hz, 2 H, H2-1), 3.15 

(t, 7.5 Hz, 2 H, H2-2). 

3,4-Dimethoxy-1-(2-iodoethyl)-benzene (169) 

3,4-Dimethoxy-1-(2-iodoethyl)-benzene (6.13 g, C10H13IO2, 292.12 g/mol, 20.98 mmol, 101%, 

8% PPh3O, 93% corr. yield) was obtained as a slightly yellow oil from 3.79 g 

(3,4-dimethoxyphenyl)-ethanol (107) (182.22 g/mol, 20.8 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.82 (d, J = 8 Hz, 1 H, H-5'), 6.73 (d, J = 8 Hz, 

1 H, H-6'), 6.71 (s, 1 H, H-2'), 3.88 (s, 3 H, OCH3), 3.86 (s, 3 H, OCH3), 3.33 (t, J = 7.5 Hz, 

2 H, H2-1), 3.11 (t, J = 7.5 Hz, 2 H, H2-2). 

3,5-Dimethoxy-1-(2-iodoethyl)-benzene (170) 

3,5-Dimethoxy-1-(2-iodoethyl)-benzene (0.95 g, C10H13IO2, 292.11 g/mol, 3.5 mmol, 105% 

crude yield, 31% PPh3O, 72% corr. yield) was obtained as a clear oil from 0.57 g 

(3,5-dimethoxyphenyl)-ethanol (108) (182.22 g/mol, 3.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.40 - 6.32 (m, 3 H, H-2',4',6'), 3.79 (s, 6 H, 2 

OCH3), 3.34 (t, 7.5 Hz, 2 H, H2-1), 3.11 (t, 7.5 Hz, 2 H, H2-2). 

2,6-Dimethoxy-1-(2-iodoethyl)-benzene (171) 

2,6-Dimethoxy-1-(2-iodoethyl)-benzene (2.02 g, C10H13IO2, 292.11 g/mol, 6.92 mmol, 84%) 

was obtained from 1.5 g (2,6-dimethoxyphenyl)-ethanol (182.22 g/mol, 8.23 mmol) by 

general procedure C. 

2,4-Dichloro-1-(2-iodoethyl)-benzene (172) 

2,4-Dichloro-1-(2-iodoethyl)-benzene (C8H7Cl2I, 300.95 g/mol, 10% PPh3O) was obtained 

from 2.30 g (2,4-dichlorophenyl)-ethanol (109) (191.05 g/mol, 12.0 mmol) by general 

procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.37 (d, J = 1.5 Hz, 1 H, H-3'), 7.21 - 7.17 (2d, 2 H, H-5',6'), 

3.48 - 3.11 (m, 4 H, H2-1,2). 

3,4-Dichloro-1-(2-iodoethyl)-benzene (173) 

3,4-Dichloro-1-(2-iodoethyl)-benzene (C8H7Cl2I, 300.95 g/mol, 12% PPh3O) was obtained 

from 2.35 g (3,4-dichlorophenyl)-ethanol (112) (191.05 g/mol, 12.3 mmol) by general 

procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.38 (d, J = 8 Hz, 1 H, H-5'), 7.28 (d, J = 2 Hz, 1 H, H-2'), 

7.03 (dd, J = 8.5 Hz, 2 Hz, 1 H, H-6'), 3.49 - 3.34 (m, 2 H, H2-1), 3.34 - 2.94 (m, 2 H, H2-2). 
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2,6-Dichloro-1-(2-iodoethyl)-benzene (174) 

No reaction of 3.45 g (2,6-dichlorophenyl)-ethanol (110) (191.06 g/mol, 18.1 mmol) using 

general procedure C as indicated by NMR analysis. 

3-(2-Iodoethyl)-indole (175) 

3-(2-Iodoethyl)-indole (34.21 g, C10H10NI, 271.10 g/mol, 126.19 mmol, 81%) was obtained 

from 25.00 g (indol-3-yl)-ethanol (113) (161.20 g/mol, 155.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 8.00 (s br, 1 H, H-1'), 7.58 (d, J = 7 Hz, 1 H, 

H-4'), 7.37 (d, J = 7.5 Hz, 1 H, H-7'), 7.17 (2dd, J = J' = 8 Hz, 2 H, H-5',6'), 7.08 (d, J = 2 Hz, 

1 H, H-2'), 3.50 - 3.28 (m, 4 H, H2-1,2). 

3-(2-Iodoethyl)-5-methoxyindole (176) 

3-(2-Iodoethyl)-5-methoxyindole (7.16 g, C11H12INO, 301.12 g/mol, 23.78 mmol, 91%) was 

obtained as a light brown oil which crystallized at room temperature from 5.00 g 

2-(5-methoxyindol-3-yl)-ethanol (114) (191.23 g/mol, 26.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.93 (s br, 1 H, H-1'), 7.24 (d, J = 9 Hz, 1 H, 

H-7'), 7.04 (s, 1 H, H-2'), 6.99 (d, J = 2 Hz, 1 H, H-4'), 6.86 (dd, J = 9 Hz, 2 Hz, 1 H, H-6'), 

3.86 (s, 3 H, -OCH3-5'), 3.48 - 3.24 (m, 4 H, H2-1,2). 

1-(2-Iodoethyl)-naphthalene (177) 

1-(2-Iodoethyl)-naphthalene (6.10 g, C12H11I, 282.12 g/mol, 21.62 mmol, 98%, 3% PPh3O, 

95% corr. yield) was obtained as a slightly yellow oil from 3.81 g naphthalen-1-yl-ethanol 

(115) (172.22 g/mol, 22.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.22): δ = 7.99 - 7.73 (m, 3 H, H-8',5',4'), 7.58 - 7.30 (m, 

4 H, H-7',6',3',2'), 3.63 (t, 7.5 Hz, 2 H, H2-1), 3.44 (t, 7.5 Hz, 2 H, H2-2). 

2-(2-Iodoethyl)-naphthalene (178) 

2-(2-Iodoethyl)-naphthalene (3.39 g, C12H11I, 282.12 g/mol, 12.01 mmol, 54%, 10% PPh3O, 

49% corr. yield) was obtained as a slightly yellow oil from 3.81 g naphthalen-2-yl-ethanol 

(116) (172.22 g/mol, 22.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.86 - 7.75 (m, 3 H, H-5',4',8'), 7.64 (s, 1 H, 

H-1'), 7.51 - 7.42 (m, 2 H, H-7',6'), 7.30 (dd, J = 8.5 Hz, 1.5 Hz, 1 H, H-3'), 3.50 - 3.26 (m, 

4 H, H2-1,2). 
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2-Diphenyl-1-iodoethane (179) 

2,2-Diphenyl-1-iodoethane (3.06 g, C14H13I, 308.16 g/mol, 9.94 mmol, 99%, 18% PPh3O, 

81% corr. yield) was obtained from 2.00 g 2,2-diphenylethanol (117) (198.26 g/mol, 

10.1 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.33 - 7.19 (m, 10 H, 2 C6H5), 4.34 (t, J = 8 Hz, 1 H, H-2), 

3.74 (d, J = 8 Hz, 2 H, H2-1). 

1-Iodo-2-nitroethane (180) 

1-Iodo-2-nitroethane (C2H4INO2, 200.96 g/mol, 23% PPh3O) was obtained from 

2-nitroethanol (91.07 g/mol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 4.77 (t, J = 6.5 Hz, 2 H, H2-2), 3.81 (t, J = 

6.5 Hz, 2 H, H2-1). 

2-Iodoethanol (181) 

2-Chloroethanol (24.00 g, 80.51 g/mol, d 1.20, 20 ml, 298.1 mmol) and 89.36 g sodium 

iodide (149.89 g/mol, 896 mmol, 3.3 eq) were refluxed in 100 ml acetone in the presence of 

100 mg copper powder in a weakly exothermic reaction. The acetone was evaporated on a 

rotary evaporator, 200 ml H2O was added, and the product extracted with 3 × 75 ml 

dichloromethane. The solvent was evaporated on a rotary evaporator and the resulting liquid 

was distilled under membrane pump vacuum with a drilled fine copper wire placed in the 

condenser, yielding 22.49 g 2-iodoethanol (C2H5IO, 171.96 g/mol, 130.61 mmol, 44%) as the 

fraction distilling at 75 - 77 °C as a clear colorless liquid that was stored at 4 °C over copper 

powder. 

1-Chloro-2-iodoethane (182) 

1-Chloro-2-iodoethane (C2H4ClI, 190.41 g/mol, 15% PPh3O) was obtained from 

2-chloroethanol (80.51 g/mol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.87 - 3.76 (m, 2 H, H2-1), 3.46 - 3.26 (m, 2 H, 

H2-2-Cl). 

2,2,2-Trichloroethanol iodination 

No reaction of 2.77 g 2,2,2-Trichloroethanol (149.4 g/mol, 18.54 mmol) using the standard 

general procedure C as well as with the same reaction in refluxing toluene. 

3-Bromo-N,N-diethylpropionamide (183) 

To 5.00 g 3-bromopropionyl chloride (171.42 g/mol, 29.2 mmol) in 100 ml diethyl ether was 

added 4.27 g diethylamine (73.14 g/mol, 58.33 mmol) in diethyl ether dropwise under stirring. 
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After the addition the resulting slurry was stirred for 10 min at room temperature, the organic 

phase was extracted with 100 ml water, 100 ml diluted hydrochloric acid, 100 ml diluted NH3 

solution, and with 2 × 100 ml H2O. The organic phase was dried over MgSO4, the solvent 

removed on a rotary evaporator, and the resulting oil was kept under membrane pump 

vacuum at room temperature for 10 min, yielding 3.09 g 3-bromoN,N-diethylpropionamide 

(C7H14BrNO, 208.10 g/mol, 14.85 mmol, 51%). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.28): δ = 3.68 (t, J = 7.5 Hz, 2 H, H2-1), 3.42 (q, J = 7 Hz, 

2 H, N-C(Z)H2), 3.30 (q, J = 7 Hz, 2 H, N-C(E)H2), 2.90 (t, J = 7 Hz, 2 H, H2-2), 1.20 (t, J = 

7 Hz, 3 H, C(Z)H3), 1.13 (t, J = 7 Hz, 3 H, C(E)H3). 

1-Iodo-2-methylpropane (184) 

1-Iodo-2-methylpropane ( 0.84 g, C4H9I, 184.02 g/mol, 4.59 mmol, 21%) was obtained as a 

slightly yellow oil from 1.63 g 2-methylpropan-1-ol (isobutanol) (74.07 g/mol, 22.0 mmol) by 

general procedure C. 

1-Iodo-2,2-dimethylpropane (185) 

1-Iodo-2,2-dimethylpropane (C5H11I, 198.05 g/mol, 5% PPh3O) was obtained from 1.63 g 

2,2-dimethylpropan-1-ol (118) (neopentyl alcohol) (88.15 g/mol, 18.49 mmol) by general 

procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.16 (s, 2 H, H2-1), 1.07 (s, 9 H, 3 CH3). 

(3-Iodopropyl)-cyclohexane (186) 

(3-Iodopropyl)-cyclohexane (3.34 g, C9H17I, 252.14 g/mol, 13.24 mmol, 63%, 1% PPh3O, 

62% corr. yield) was obtained as an amber oil from 2.63 g 3-cyclohexylpropan-1-ol (119) 

(124.24 g/mol, 21.2 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.17 (t, J = 7 Hz, 2 H, H2-1), 1.93 - 1.54 (m, 

7 H, H-2'eq,6'eq,3'eq,5'eq,4'eq, H2-2), 1.35 - 1.07 (m, 6 H, H-1', H2-3, H-3'ax,5'ax,4'ax), 1.01 - 0.76 

(m, 2 H, H-2'ax,6'ax). 

(3-Bromopropyl)-benzene (187) 

(3-Bromopropyl)-benzene (3.44 g, C9H11Br, 246.09 g/mol, 75%) was obtained from 2.52 g 

3-phenylpropan-1-ol (120) (136.19 g/mol, 18.5 mmol) by general procedure D (PPh3 / 

imidazole / Br2). 

1H NMR (200 MHz, CDCl3): δ = 7.36 - 7.15 (m, 5 H, C6H5), 3.40 (t, J = 6.5 Hz, 2 H, H2-1), 

2.78 (t, J = 7.5 Hz, 2 H, H2-3), 2.17 (tt, J = J' = 7 Hz, 2 H, H2-2). 
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(3-Iodopropyl)-benzene (188) 

(3-Iodopropyl)-benzene (C9H11I, 246.09 g/mol, 7% PPh3O) was obtained from 

3-phenylpropan-1-ol (120) (136.19 g/mol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 7.35 - 7.14 (m, 5 H, C6H5), 3.17 (t, J = 7 Hz, 

2 H, H2-1), 2.72 (t, J = 7.5 Hz, 2 H, H2-3), 2.13 (tt, J = J' = 7 Hz, 2 H, H2-2). 

(3-Bromopropenyl)-benzene (189) 

(3-Bromopropenyl)-benzene (3.44 g, C9H9Br, 197.07 g/mol, 17.4 mmol, 94%, 11% PPh3O, 

84% corr. yield) was obtained from 2.49 g 3-phenylprop-2-en-1-ol (134.18 g/mol, 18.5 mmol) 

by general procedure D (PPh3 / imidazole / Br2). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.44 - 7.21 (m, 5 H, C6H5), 6.65 (d, J = 16 Hz, 

1 H, H-3), 6.39 (dt, J = 15.5 Hz, 7.5 Hz, 1 H, H-2), 4.16 (d, J = 7.5 Hz, 2 H, H2-1). 

(3-Iodopropenyl)-benzene (190) 

(3-Iodopropenyl)-benzene (1.42 g, C9H9I, 244.07 g/mol, 5.81 mmol, 31%, 7% PPh3O, 29% 

corr. yield) was obtained as an unstable, brown, and at room temperature rapidly darkening 

oil from 2.49 g 3-phenylprop-2-en-1-ol (134.18 g/mol, 18.5 mmol) by general procedure C. 

2,5-Dimethoxy-1-(3-iodopropyl)-benzene (191) 

2,5-Dimethoxy-1-(3-iodopropyl)-benzene (2.19 g, C11H15IO2, 306.14 g/mol, 7.15 mmol, 89%, 

19% PPh3O, 72% corr. yield) was obtained as a brown oil from 1.57 g 

3-(2,5-dimethoxyphenyl)-propan-1-ol (121) (196.24 g/mol, 8.00 mmol) by general procedure 

C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.80 - 6.70 (m, 3 H, H-3',4',6'), 3.77 (s, 3 H, 

OCH3), 3.76 (s, 3 H, OCH3), 3.18 (t, J = 7 Hz, 2 H, H2-1), 2.69 (t, J = 7.5 Hz, 2 H, H2-3), 2.11 

(tt, J = J' = 7 Hz, 2 H, H2-2). 

3,4,5-Trimethoxy-1-(3-Iodopropyl)-benzene (192) 

3,4,5-Trimethoxy-1-(3-Iodopropyl)-benzene (2.26 g, C12H17IO3, 314.14 g/mol, 7.18 mmol, 

78%, 14% PPh3O, 67% corr. yield) was obtained as a yellow viscous oil from 2.08 g 

3-(3,4,5-trimethoxyphenyl)-propan-1-ol (122) (226.27 g/mol, 9.19 mmol) by general 

procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 6.42 (s, 2 H, H-2',6'), 3.86 (s, 6 H, -OCH3-3',5'), 

3.83 (s, 3 H, -OCH3-4'), 3.18 (t, J = 7 Hz, 2 H, H2-1), 2.68 (t, J = 7 Hz, 2 H, H2-3), 2.11 (tt, J = 

J' = 7 Hz, 2 H, H2-2). 
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3-(4-Iodobutyl)-indole (193) 

3-(4-Iodobutyl)-indole (1.89 g, C12H14IN, 299.15 g/mol, 6.3 mmol, 142% crude yield) was 

obtained from 0.84 g 4-(Indol-3-yl)-butan-1-ol (123) (189.25 g/mol, 4.44 mmol) by general 

procedure C and purified by silica gel column chromatography (ethyl acetate). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 8.26 (s br, 1 H, H-1'), 7.73 - 7.40 (m, 1 H, H-4' 

+ PPh3O), 7.33 (d, J = 7.5 Hz, 1 H, H-7'), 7.17 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-6'), 

7.09 (ddd, J = 7.5 Hz, 7.5 Hz, 1.5 Hz, 1 H, H-5'), 6.96 (s, 1 H, H-2'), 3.21 (t, J = 6.5 Hz, 2 H, 

H2-1), 2.78 (t, J = 7 Hz, 2 H, H2-4), 2.00 - 1.73 (m, 4 H, H2-2,3). 

(3-Bromopropylsulfanyl)-benzene (194) 

(3-Bromopropylsulfanyl)-benzene (C9H11BrS, 231.15 g/mol, 7% PPh3O) was obtained as a 

clear oil from 1.23 g 3-phenylsulfanyl-propan-1-ol (125) (168.26 g/mol, 7.31 mmol) by 

general procedure D (PPh3 / imidazole / Br2). 

1H NMR (200 MHz, CDCl3): δ = 7.42 - 7.14 (m, 5 H, C6H5), 3.32 (t, J = 7.0 Hz, 2 H, H2-1), 

3.03 (t, J = 7 Hz, 2 H, H2-3), 2.10 (tt, J = J' = 7.0 Hz, 2 H, H2-2). 

(3-Iodopropylsulfanyl)-benzene (195) 

(3-Iodopropylsulfanyl)-benzene (5.05 g, C9H11IS, 278.25 g/mol, 18.16 mmol, 98%, 9% 

PPh3O, 89% corr. yield) was obtained as an amber oil from 3.12 g 3-phenylsulfanyl-propan-

1-ol (125) (168.26 g/mol, 18.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.40 - 7.14 (m, 5 H, C6H5), 3.52 (t, J = 6.5 Hz, 2 H, H2-1), 

3.07 (t, J = 7 Hz, 2 H, H2-3), 2.14 (tt, J = J' = 6.5 Hz, 2 H, H2-2). 

1-Chloro-3-iodopropane (196) 

1-Chloro-3-iodopropane (C3H6ClI, 204.44 g/mol, 7%PPh3O) was obtained from 

3-Iodopropan-1-ol (185.99 g/mol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.65 (t, J = 7 Hz, 2 H, H2-3-Cl), 3.33 (t, J = 

6.5 Hz, 2 H, H2-1), 2.23 (tt, J = J' = 6.5 Hz, 2 H, H2-2). 

1-Iodobutane (197) 

Commercial 1-iodobutane (C4H9I, 184.02 g/mol) stored for several years was redistilled and 

used. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.20 (t, J = 7 Hz, 2 H, H2-1), 1.81 (tt, J = J' = 

7 Hz, 2 H, H2-2), 1.43 (tq, J = 9 Hz, 2 H, H2-3), 0.92 (t, J = 7.5 Hz, 3 H, H3-4). 
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3-Iodomethyl-pentane (198) 

3-Iodomethyl-pentane (C6H13I, 212.07 g/mol, 4% PPh3O) was obtained from 1.89 g 

2-ethylbutan-1-ol (126) (102.17 g/mol, 18.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.28 (d, J = 4.5 Hz, 2 H, H2-1), 1.52 - 1.21 (m, 

4 H, 2 H2-3), 1.10 - 0.93 (m, 1 H, H-2), 0.87 (t, J = 7.5 Hz, 6 H, 2 H3-4). 

(4-Iodobutyl)-benzene (199) 

(4-Iodobutyl)-benzene (4.28 g, C10H13I, 260.11 g/mol, 16.45 mmol, 89%, 4% PPh3O, 85% 

corr. yield) was obtained as a brown oil from 2.78 g 4-phenylbutan-1-ol (128) (150.22 g/mol, 

18.5 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3): δ = 7.34 - 7.12 (m, 5 H, C6H5), 3.19 (t, J = 6.5 Hz, 2 H, H2-1), 

2.63 (t, J = 7.5 Hz, 2 H, H2-4), 1.94 - 1.64 (m, 4 H, H2-2,3). 

1-Iodopentane (200) 

1-Iodopentane (3.26 g, C5H11I, 198.05 g/mol, 16.46 mmol, 75%, 3% PPh3O, 73% corr. yield) 

was obtained as a slightly yellow oil from 1.94 g pentan-1-ol (88.15 g/mol, 22.0 mmol) by 

general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.27): δ = 3.19 (t, J = 7 Hz, 2 H, H2-1), 1.92 - 1.74 (m, 

2 H, H2-2), 1.45 - 1.21 (m, 4 H, H2-3,4), 0.91 (t, J = 7 Hz, 3 H, H3-5). 

1-Iodooctane (201) 

1-Iodooctane (3.19 g, C8H17I, 240.13 g/mol, 13.28 mmol, 81%, 2% PPh3O, 79% corr. yield) 

was obtained as a slightly yellow oil from 2.13 g octanol (130.23 g/mol, 16.37 mmol) by 

general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.19 (t, J = 7 Hz, 2 H, H2-1), 1.82 (tt, J = J' = 

7 Hz, 2 H, H2-2), 1.49 - 1.20 (m, 10 H, H2-3-7), 0.88 (t, J = 6.5 Hz, 3 H, H3-8). 

1,1,1,2,2,3,3,4,4,5,5,6,6,7,7-Pentadecafluoro-8-iodooctane (202) 

No reaction of 5.16 g 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluorooctan-1-ol (400.08 g/mol, 

128.74 mmol) using general procedure C. A similar reaction in refluxing toluene yielded a 

solution of 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7-pentadecafluoro-8-iodooctane (130) (C8H2F15I, 

509.98 g/mol) in toluene. 

1H NMR (200 MHz, CDCl3): δ = 3.62 (t, J = 17 Hz, 2 H, H2-1). 
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1-Iodotetradecane (203) 

1-Iodotetradecane (4.09 g, C14H29I, 324.29 g/mol, 12.62 mmol, 68%, 1% PPh3O, 67% corr. 

yield) was obtained from 3.97 g tetradecan-1-ol (131) (214.39 g/mol, 18.5 mmol) by general 

procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.18 (t, J = 7 Hz, 2 H, H2-1), 1.82 (tt, J = J' = 

7 Hz, 2 H, H2-2), 1.38 - 1.21 (m, 22 H, H2-3-13), 0.88 (t, J = 6.5 Hz, 3 H, H3-14). 

1-Iodooctadecane (204) 

1-Iodooctadecane (6.83 g, C18H37I, 380.40 g/mol, 17.97 mmol, 82%, 2% PPh3O, 80% corr. 

yield) was obtained as a white waxy substance from 5.96 g octadecan-1-ol (270.49 g/mol, 

22.0 mmol) by general procedure C. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 3.19 (t, J = 7 Hz, 2 H, H2-1), 1.82 (tt, J = J' = 

7 Hz, 2 H, H2-2), 1.48 - 1.12 (m, 30 H, H2-3-17), 0.88 (t, J = 6.5 Hz, 3 H, H3-18). 
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Synthesis of N-alkyl-N-methyltryptamines 

Benzyl-(4,4-diethoxybutyl)-methylamine (205) 

A mixture of 50 g 4-chloro-1,1-diethoxybutane (180.67 g/mol, 276 mmol, 1 eq), 100 ml 

methyl-benzylamine (121.18 g/mol, d 0.939, 93.9 g, 775 mmol, 2.8 eq, bp 184 - 189 °C), 76 g 

K2CO3 (138.21 g/mol, 550 mmol, 2.0 eq), and 4.6 g KI (166.01 g/mol, 28 mmol, 0.1 eq) in 

200 ml acetonitrile was refluxed under a slow stream of nitrogen for 2 h. The reaction mixture 

was filtered through a glass fritted funnel and the filter cake washed twice with acetonitrile. 

The organic phases were pooled and the solvent was evaporated on a rotary evaporator. 

The resulting oil was distilled under oil pump vacuum. The first fractions consisted of 69 g 

(569 mmol, 2.1 eq) recovered methyl-benzylamine. The fractions from 116 - 119 °C at 1 mm 

Hg gave 56.1 g of pure benzyl-(4,4-diethoxybutyl)-methylamine (C16H27NO2, 265.38 g/mol, 

211 mmol, 77%) as a colorless oil. 

TLC (diethyl ether / n-hexane, 50 + 50): Rf = 0.95 (educt), 0.50 (product). Detection by 

double staining first with 2,4-dinitrophenylhydrazine in MeOH / conc. HCl 75 + 25 (yellow 

spots), then Dragendorff's reagent for amines (red product spot). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.26): δ = 7.34 - 7.28 (m, 5 H, H-arom), 4.48 (t, J = 

4.5 Hz, 1 H, H-1), 3.72 - 3.38 (m, 6 H, 2 O-CH2, N-CH2), 2.40 (t, J = 6.5 Hz, 2 H, H2-4-N), 

2.20 (s, 3 H, N-CH3), 1.68 - 1.55 (m, 4 H, H2-2,3), 1.20 (t, J = 7 Hz, 6 H, 2 CH3). 

5-Methoxy-N-benzyl-N-methyltryptamine 
(Benzyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine) (206) 

A 4% (w/w) solution of 12.6 ml sulfuric acid (98.07 g/mol, d 1.84, 23.29 g, 238 mmol, 2.7 eq) 

in 580 ml H2O was heated to 60 °C under a slow stream of nitrogen in a 2 l round-bottom 

flask equipped with a dropping funnel, a gas inlet, and a magnetic stirrer. 15.25 g 

4-methoxyphenylhydrazine (174.63 g/mol, 87.33 mmol, 1.0 eq) was dissolved in the solution, 

and 23.17 g benzyl-(4,4-diethoxybutyl)-methylamine (205, 265.38 g/mol, 87.33 mmol, 1.0 eq) 

was added dropwise over 15 min not letting the temperature rise above 60 °C. The mixture 

was then slowly heated to 70 °C over 20 min and held at 70 °C for 60 min. The mixture was 

cooled to room temperature, basified with diluted sodium hydroxide solution, and extracted 

twice with ethyl acetate. The addition of conc. ammonia solution did help to dissolve the pre-

cipitate in the organic phase. The combined solvent phases were dried (MgSO4) and evapo-

rated on a rotary evaporator. The resulting thick brown oil with a faint liquorice-like smell 

crystallized upon standing and was recrystallized from dichloromethane, resulting in 20.65 g 

of 5-methoxy-N-methyl-N-benzyltryptamine (C19H22N2O, 294.38 g/mol, 70.15 mmol, 80%) as 

an off-white powder. 
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In a similar experiment the acetal was added to an 85 °C hot solution and the mixture was 

heated under reflux for 60 min. The product was obtained in a yield of only 40% after re-

crystallization. 

1H NMR (base, 300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.59 (s br, 1 H, H-1'''), 7.36 - 7.21 

(m, 5 H, H-2'-6'), 7.20 (d, J = 8.5 Hz, 1 H, H-7'''), 7.08 (d, J = 1 Hz, 1 H, H-4'''), 6.87 (d, J = 

2 Hz, 1 H, H-2'''), 6.68 (dd, J = 8.5 Hz, 2 Hz, 1 H, H-6'''), 3.70 (s, 3 H, -OCH3-5'''), 3.56 (s, 

2 H, H2-1), 2.84 (t, J = 8 Hz, 2 H, H2-1''), 2.62 (t, J = 8 Hz, 2 H, H2-2''), 2.26 (s, 3 H, N-CH3). 

13C NMR (base, 50.3 MHz, APT, DMSO-d6): δ = 152.8 (Cq-5'''), 139.1 (Cq-1'), 131.3 (Cq-7b'''), 

128.6 (CH-3',5'), 128.0 (CH-2',6'), 127.4 (Cq-3b'''), 126.7 (CH-4'), 123.0 (CH-2'''), 112.2 (Cq-

3'''), 111.8 (CH-7'''), 110.9 (CH-6'''), 100.0 (CH-4'''), 61.3 (CH2-1), 57.3 (CH2-1''), 55.3 

(OCH3-5'''), 41.8 (CH3-N), 22.7 (CH2-2''). 

IR (KBr): ν~  = 3418, 3089, 3033, 2997, 2949, 1824, 1693, 1629, 1579, 1489, 1469, 1438, 

1375, 1354, 1329, 1305, 1268, 1235, 1207, 1173, 1131, 1112, 1062, 1027, 966, 911, 848, 

795, 743, 700, 481 cm-1. 

5-Methoxy-N-benzyl-N-methyltryptamine hydrogen oxalate 
(Benzyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (207) 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.74 (s br, 1 H, H-1'''), 7.52 - 7.38 (m, 5 H, 

H-2'-6'), 7.24 (d, J = 8.5 Hz, 1 H, H-7'''), 7.15 (s, 1 H, H-4'''), 6.94 (s, 1 H, H-2'''), 6.72 (dd, J = 

8.5 Hz, 1.5 Hz, 1 H, H-6'''), 4.13 (sb, 2 H, H2-1), 3.74 (s, 3 H, -OCH3-5'''), 3.13 - 2.97 (m, 4 H, 

H2-1,2), 2.63 (s, 3 H, N+-CH3). 

IR (KBr): ν~  = 3401, 3044, 2990, 2938, 2830, 2668,1666, 1643, 1587, 1488, 1458, 1372, 

1326, 1218, 1110, 1082, 1065, 1029, 923, 831, 801, 742, 700, 618, 504 cm-1. 

UV (H2O): λ (%maxA) = 220 (425%) sh, 275 (100%), 270 (97%) sh, 291 (84%), 296 (81%) 

sh, 307 (54%) sh. 

HPLC: Rt (%total AUC260) = 5.5 (oxalic acid), 16.1 (97.8%), 19.8 (1.5%), 21.5 min (0.6%). 

ESI MS: m/z (%) = 295.2 (100%) [M + H]+. 

5-Methoxy-N-methyltryptamine 
([2-(5-Methoxyindol-3-yl)-ethyl]-methylamine) (208) 

19.05 g 5-methoxy-N-methyl-N-benzyltryptamine (206, 294.39 g/mol, 64.71 mmol) was dis-

solved in 500 ml warm ethanol. 0.6 g used Pd/C (10%) catalyst was added, vigorously 

mixed, and filtered off. 2.0 g of fresh Pd/C (10%) catalyst was added and the mixture hydro-

genated in a shaking apparatus at room temperature and normal room pressure until the 

hydrogen uptake ceased. The catalyst was filtered off, the filtrate evaporated on a rotary 

evaporator, and the residue dissolved in 200 ml ethyl acetate. The product was subsequently 
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extracted with 200 ml of 2% hydrochloric acid and 50 ml H2O. The combined aqueous 

phases were basified with concentrated NaOH solution and subsequently re-extracted with 

150 ml and 50 ml of dichloromethane. The organic phases were pooled, dried over MgSO4, 

and evaporated on a rotary evaporator. The product was further dried under oil pump 

vacuum, resulting in 11.47 g of [2-(5-methoxyindol-3-yl)-ethyl]-methylamine (C12H16N2O, 

204.27 g/mol, 56.15 mmol, 87%) as an off-white crystalline mass. The product was stored at 

-20 °C. 

5-Methoxy-N-methyltryptamine hydrogen oxalate 
([2-(5-Methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (209) 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'), 7.18 (d, 2 Hz, 1 H, H-4'), 7.06 (d, 2.5 Hz, 1 H, H-2'), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 

1 H, H-6'), 3.77 (s, 3 H, -OCH3-5'), 3.15 (t, 7.5 Hz, 2 H, H2-1), 2.98 (t, 7.5 Hz, 2 H, H2-2), 2.60 

(s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 153.1 (Cq-5'''), 131.4 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.9 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 108.9 (Cq-3'''), 100.1 (CH-4'''), 

55.4 (OCH3-5'''), 48.6 (CH2-1''), 32.4 (CH3-N+), 21.6 (CH2-2''). 

IR (KBr): ν~  = 3422, 3317, 2959, 2848, 2794, 2440, 2350, 2300, 1720, 1703, 1631, 1458, 

1406, 1340, 1280, 1230, 1113, 1012, 823, 767, 744, 721, 606, 498 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 275 (100%), 292 nm (85%). 

HPLC: Rt (%total AUC260) = 5.9 (oxalic acid), 9.0 min (99.6%). 

ESI MS: m/z (%) = 499.0 (9%) [2M + oxalic acid + H]+, 409.0 (22%) [2M + H]+, 205.0 (100%) 

[M + H]+, 174.2 (22%) [5-MeO-vinylindole + H]+. 

N-Benzyl-N-methyltryptamine 
(Benzyl-[2-(indol-3-yl)-ethyl]-methylamine) (210) 

N-Methyl-N-benzyltryptamine was prepared from phenylhydrazine (205, 174.63 g/mol, mmol, 

1.0 eq) and benzyl-(4,4-diethoxybutyl)-methylamine (265.38 g/mol, 87.33 mmol, 1.0 eq) 

analogous to the preparation of 5-methoxy-N-methyl-N-benzyltryptamine (206) above, 

yielding N-methyl-N-benzyltryptamine (C18H20N2, 264.16 g/mol). 

1H NMR (200 MHz, CDCl3, δsolvent = 7.23): δ = 8.01 (s br, 1 H, H-1'''), 7.54 (d, J = 7.5 Hz, 1 H, 

H-4'''), 7.38 - 7.25 (m, 6 H, H-7''',2'-6'), 7.17 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.08 (dd, J = J' = 

7.5 Hz, 1 H, H-5'''), 6.98 (s, 1 H, H-2'''), 3.62 (s, 2 H, H2-1), 3.13 - 2.97 (m, 2 H, H2-1''), 2.83 - 

2.71 (m, 2 H, H2-2''), 2.34 (s, 3 H, N-CH3). 
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N-Methyltryptamine 
([2-(Indol-3-yl)-ethyl]-methylamine) (211) 

13.88 g N-methyl-N-benzyltryptamine (210, 264.16 g/mol, 52.54 mmol) was debenzylated 

analogous to the preparation of 5-methoxy-N-methyltryptamine (208) above, yielding 

[2-(indol-3-yl)-ethyl]-methylamine (C11H14N2, 174.24 g/mol) as an off-white waxy crystalline 

mass after distillation under oil pump vacuum. The product was stored at -20 °C 

N-Methyltryptamine hydrogen oxalate 
([2-(Indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (212) 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'), 7.57 (d, J = 8 Hz, 

1 H, H-4'), 7.37 (d, J = 8 Hz, 1 H, H-7'), 7.22 (d, J = 2.5 Hz, 1 H, H-2'), 7.09 (ddd, J = 7.5 Hz, 

7.5 Hz, 1 Hz, 1 H, H-6'), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'), 3.20 - 3.10 (m, 2 H, 

H2-1), 3.10 - 2.97 (m, 2 H, H2-2), 2.60 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.9 (Cq-oxalate), 136.3 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.0 (CH-4'''), 111.5 (CH-7'''), 109.1 

(Cq-3'''), 48.7 (CH2-1''), 32.4 (CH3-N+), 21.6 (CH2-2''). 

IR (KBr): ν~  = 3422, 3317, 2958, 2847, 2794, 2439, 2300, 1720, 1703, 1631, 1458, 1405, 

1340, 1280, 1230, 1113, 1012, 933, 823, 766, 720, 605, 498 cm-1. 

UV (H2O): λ (%maxA) = 220 (>500%), 266 (85%) sh, 273 (96%), 279 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 8.3 min (99.8%). 

ESI MS: m/z (%) = 499.2 (28%) [2M + oxalic acid + H]+, 349.2 (14%) [2M + H]+, 189.2 (16%), 

175.1 (100%) [M + H]+, 144.2 (49%) [vinylindole + H]+. 
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General procedure E: N-alkyl-N-methyltryptamine and N-alkyl-N-methyl-5-methoxy-
tryptamines 

587.5 µmol alkyl halide (1.2 eq), 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.6 µmol, 1.0 eq) or 100 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 

489.6 µmol, 1.0 eq), and 150 µl diisopropyl-ethylamine (129.25 g/mol, d 0.742, 111.3 mg, 

861.1 mmol, 1.8 eq) in 4 ml acetonitrile in a glass-stoppered reaction tube were mixed and 

kept at room temperature overnight. 100 µl acetic acid anhydride (102.09 g/mol, d 1.082, 

108.2 mg, 10.60 mmol, 22 eq) was added and the reaction was kept for another 1 h at room 

temperature. The mixture was partitioned between 40 ml dichloromethane and 40 ml diluted 

sodium hydroxide solution by vigorous agitation for 4 min, and the organic layer was dried 

over MgSO4 and evaporated. The residue was further evaporated under oil pump vacuum for 

30 min at room temperature and 5 min at 100 °C. The residue was dissolved in 2 ml THF, 

2 ml of a 4 mM solution of oxalic acid dihydrate in THF (290 g/mol, 1.6 eq) was added, and 

the reaction flask was kept at or below 4 °C for at least 60 min after crystallization. The 

precipitate was filtered off in a miniature conical Buchner funnel using vacuum, washed with 

a small amount of cold THF, and was recrystallized from the minimum amount of THF. The 

final [2-(indol-3-yl)-ethyl]-methyl-alkylamine hydrogen oxalate salts were dried under oil pump 

vacuum at 60 °C in a drying oven for 24 h. All reactions were followed by TLC (MeOH / 

NET3, 99 + 1; staining with Ehrlich's reagent). 
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Figure 71: General numbering scheme for N-substituted N-methyltryptamine. 
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Figure 72: MS spectra abbreviations for trace impurities and analysis artifacts. 

 

N-Cyclopropylmethyl-N-methyltryptamine hydrogen oxalate 
(Cyclopropylmethyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (213) 

N-Cyclopropylmethyl-N-methyltryptamine hydrogen oxalate (C15H20N2⋅C2H2O4, 318.37 g/mol) 

was obtained from 176.0 mg iodomethyl-cyclopropane (133, 182 g/mol, 61%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3394, 3270 sh, 3007, 2918, 2850, 2697, 1717, 1617, 1457, 1425, 1205, 1104, 

1025, 1012, 998, 941, 740, 720, 704, 468 cm-1. 

UV (H2O): λ (%maxA) = 217 (> 400%), 264 (86%) sh, 273 (97%), 279 (100%), 287 nm (85%). 

HPLC: Rt (%total AUC260) = 4.8 (oxalic acid), 9.8 (3.7%), 11.6 (90.2%), 15.1 (0.9%), 16.5 min 

(5.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 1 H, 

H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (s, 1 H, H-2'''), 7.09 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 

7.00 (dd, J = J' = 4 Hz, 1 H, H-5'''), 3.37 - 3.27 (m, 2 H, H2-1''), 3.16 - 3.05 (m, 4 H, H2-1,2''), 

2.88 (s, 3 H, N+-CH3), 1.18 - 1.04 (m, 1 H, H-1'), 0.63 (J = 7 Hz, 2 H, H-2',3'), 0.38 (d, J = 

4.5 Hz, 2 H, H-2',3'). 

ESI MS: m/z (%) = 547.1 (5%) [2M + oxalic acid + H]+, 283.2 (86%) [Mquat]+, 229.2 (100%) [M 

+ H]+, 144.2 (25%) [vinylindole + H]+. 

N-Cyclopropylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Cyclopropylmethyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(214) 

N-Cyclopropylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C16H22N2O⋅C2H2O4, 

348.39 g/mol) was obtained as a non-crystallizing mass from 176.0 mg iodomethyl-cyclo-

propane (133, 182 g/mol, 61%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 
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N-Cyclopentylmethyl-N-methyltryptamine hydrogen oxalate 
(Cyclopentylmethyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (215) 

N-Cyclopentylmethyl-N-methyltryptamine hydrogen oxalate (C17H24N2⋅C2H2O4, 346.42 g/mol) 

was obtained from 129.7 mg iodomethyl-cyclopentane (134, 210.06 g/mol, 95%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3405, 3273, 3048, 2949, 2866, 2706, 1702, 1636, 1458, 1413, 1355, 1280, 

1213, 1104, 1012, 928, 737, 720, 705, 616, 486 cm-1. 

UV (H2O): λ (%maxA) = 219 (>600%), 273 (96%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.6 (3.9%), 16.6 min (95.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.00 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.32 - 3.23 (m, 2 H, H2-1''), 3.15 - 

3.06 (m, 4 H, H2-1,2''), 2.83 (s, 3 H, N+-CH3), 2.24 (dtt, J = J' = J'' = 7.5 Hz, 1 H, H-1'), 1.86 - 

1.73 (m, 2 H, H-3',6'), 1.68 - 1.45 (m, 4 H, H2-4',5'), 1.30 - 1.16 (m, 2 H, H-3',6'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 

(Cq-3'''), 60.0 (CH2-1), 55.9 (CH2-1''), 39.7 (CH3-N+), 34.9 (CH-1'), 30.6 (CH2-2',5'), 24.6 

(CH2-3',4'), 19.7 (CH2-2''). 

ESI MS: m/z (%) = 626.8 (%) [2M + HCl + H]+, 603.0 (7%) [2M + oxalic acid + H]+, 257.2 

(100%) [M + H]+. 

N-Cyclopentylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Cyclopentylmethyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(216) 

N-Cyclopentylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C18H26N2O⋅C2H2O4, 

376.45 g/mol) was obtained from 129.7 mg iodomethyl-cyclopentane (134, 210.06 g/mol, 

95%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3265, 3041, 2954, 2868, 2691, 1718, 1625, 1487, 1465, 1280, 1214, 1030, 

926, 792, 721, 709, 637, 504 cm-1. 

UV (H2O): λ (%maxA) = 220 (> 400%), 276 (100%), 295 (85%) sh, 305 (62%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 11.5 (1.3%), 15.4 (0.6%), 17.1 (94.2%), 20.8 

(0.9%), 23.1 min (2.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.09 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 
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2 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.32 - 3.22 (m, 2 H, H2-1''), 3.12 - 3.02 (m, 4 H, 

H2-1,2''), 2.83 (s, 3 H, N+-CH3), 2.24 (dtt, J = J' = J'' = 7.5 Hz, 1 H, H-1'), 1.89 - 1.76 (m, 2 H, 

H-3',6'), 1.68 - 1.46 (m, 4 H, H2-4',5'), 1.31 - 1.15 (m, 2 H, H-3',6'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.2 (CH-4'''), 

60.1 (CH2-1''), 55.8 (CH2-1), 55.4 (OCH3-5'''), 39.8 (CH3-N+), 34.9 (CH-1'), 30.6 (CH2-2',5'), 

24.6 (CH2-3',4'), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 663.2 (3%) [2M + oxalic acid + H]+, 369.4 (15%) [Mquat]+, 287.4 (100%) [M 

+ H]+. 

N-Cyclohexylmethyl-N-methyltryptamine hydrogen oxalate 
(Cyclohexylmethyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (217) 

N-Cyclohexylmethyl-N-methyltryptamine hydrogen oxalate (C18H26N2⋅C2H2O4, 360.45 g/mol) 

was obtained from 138.6 mg iodomethyl-cyclohexane (135, 224.08 g/mol, 95%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3229, 2929, 2855, 2689, 1720, 1592, 1459, 1406, 1280, 1198, 1104, 1010, 

734, 720, 620, 497, 465 cm-1. 

UV (H2O): λ (%maxA) = 219 (>600%), 267 (87%) sh, 272 (96%), 280 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.5 (3.3%), 16.4 (0.6%), 18.1 min (96.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (s, 1 H, H-2'''), 7.09 (dd, J = J' = 7.5 Hz, 1 H, 

H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.30 - 3.20 (m, 2 H, H2-1''), 3.14 - 3.05 (m, 2 H, 

H2-2''), 2.93 (d, J = 6 Hz, 2 H, H2-1), 2.80 (s, 3 H, N+-CH3), 1.81 - 1.57 (m, 6 H, 

H-2'eq-6'eq,1'ax), 1.33 - 1.08 (m, 3 H, H-3'ax,5'ax,4'ax), 1.04 - 0.86 (m, 2 H, H-2'ax,6'ax). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 

(Cq-3'''), 61.2 (CH2-1), 56.2 (CH2-1''), 40.0 (CH3-N+), 32.7 (CH-1'), 30.2 (CH2-2',6'), 25.5 

(CH2-4'), 24.9 (CH2-3',5'), 19.7 (CH2-2''). 

ESI MS: m/z (%) = 631.0 (57%) [2M + oxalic acid + H]+, 577.1 (8%) [2M + HCl + H]+, 271.2 

(100%) [M + H]+. 

N-Cyclohexylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Cyclohexylmethyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(218) 

N-Cyclohexylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C19H28N2O⋅C2H2O4, 

390.47 g/mol) was obtained from 138.6 mg iodomethyl-cyclohexane (135, 224.08 g/mol, 
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95%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3418, 3234, 2929, 2855, 2682, 1719, 1587, 1623, 1488, 1451, 1405, 1280, 

1216, 1117, 1069, 1031, 925, 828, 802, 721, 640, 498 cm-1. 

UV (H2O): λ (%maxA) = 227 (>300%) sh, 275 (100%), 295 (83%) sh, 307 (54%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 16.5 (1.2%), 18.1 (95.7%), 21.9 (0.5%), 

23.4 min (1.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2.5 Hz, 1 H, H-4'''), 7.08 (s, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 

1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.28 - 3.19 (m, 2 H, H2-1''), 3.10 - 3.02 (m, 2 H, H2-2''), 

2.93 (d, J = 6.5 Hz, 2 H, H2-1), 2.81 (s, 3 H, N+-CH3), 1.81 - 1.56 (m, 6 H, H-2'eq-6'eq,1'ax), 

1.32 - 1.08 (m, 3 H, H-3'ax,5'ax,4'ax), 1.03 - 0.87 (m, 2 H, H-2'ax,6'ax). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.2 (CH-4'''), 

61.2 (CH2-1), 56.1 (CH2-1''), 55.4 (OCH3-5'''), 40.1 (CH3-N+), 32.8 (CH-1'), 30.2 (CH2-2',6'), 

25.5 (CH2-4'), 24.9 (CH2-3',5'), 19.7 (CH2-2''). 

ESI MS: m/z (%) = 691.6 (6%) [2M + oxalic acid + H]+, 637.7 (5%) [2M + HCl + H]+, 301.3 

(100%) [M + H]+. 

N-(Tetrahydrofuran-2-ylmethyl)-N-methyltryptamine hydrogen oxalate 
((Tetrahydrofuran-2-ylmethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(219) 

N-(Tetrahydrofuran-2-ylmethyl)-N-methyltryptamine hydrogen oxalate (C16H22N2O⋅C2H2O4, 

348.39 g/mol) was obtained as a non-crystallizing mass from 138.7 mg 2-iodomethyl-tetra-

hydrofuran (138, 212.03 g/mol, 89%, 584.7 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

N-(Tetrahydrofuran-2-ylmethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((Tetrahydrofuran-2-ylmethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (220) 

N-(Tetrahydrofuran-2-ylmethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C25H56N2O2⋅C2H2O4, 378.42 g/mol) was obtained as a non-crystallizing mass from 138.7 mg 

2-iodomethyl-tetrahydrofuran (138, 212.03 g/mol, 89%, 584.7 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 
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N-(4-Bromobenzyl)-N-methyltryptamine hydrogen oxalate 
((4-Bromobenzyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (221) 

N-(4-Bromobenzyl)-N-methyltryptamine hydrogen oxalate (C18H19BrN2⋅C2H2O4, 433.3 g/mol) 

was obtained from 123.3 mg 4-bromo-1-bromomethyl-benzene (249.93 g/mol, 100%, 

493.3 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general 

procedure E. 

IR (KBr): ν~  = 3394, 3049, 2862, 2668, 1919, 1717, 1635, 1458, 1215,1073, 1013, 930, 841, 

804, 746, 705, 466 cm-1. 

UV (H2O): λ (%maxA) = 219 (735%), 266 (93%) sh, 272 (99%), 279 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 18.7 (98.5%), 24.7 min (0.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.92 (s br, 1 H, H-1'''), 7.63 (d, J = 8 Hz, 

2 H, H-3',5'), 7.48 (d, J = 8 Hz, 1 H, H-4'''), 7.45 (d, J = 8 Hz, 2 H, H-2''',6'''), 7.35 (d, J = 8 Hz, 

1 H, H-7'''), 7.19 (s, 1 H, H-2'''), 7.08 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 6.98 (dd, J = J' = 7 Hz, 

1 H, H-5'''), 4.16 (s, 2 H, H2-1), 3.10 (s, 4 H, H2-1''',2'''), 2.64 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.0 (Cq-oxalate), 153.1 (Cq-5'''), 132.6 (CH-3',5'), 

131.7 (Cq-1'), 131.5 (CH-2',6'), 131.3 (Cq-7b'''), 127.0 (Cq-3b'''), 123.7 (CH-2'''), 122.2 (Cq-4'), 

112.1 (CH-7'''), 111.2 (CH-6'''), 109.4 (Cq-3'''), 100.0 (CH-4'''), 58.1(CH2-1), 55.4 (OCH3-5'''), 

55.3 (CH2-1''), 39.4 (CH3-N+), 20.4 (CH2-2''). 

ESI MS: m/z (%) = 776.8 (6%) [[79Br]M + [81Br]M + oxalic acid + H]+, 345.1 (100%) [81[Br]M + 

H]+, 343.1 (39%) [[79Br]M + H]+, 214 (7%) [[81Br]Mimine], 212.0 (7%) [[79Br]Mimine]. 

N-(4-Bromobenzyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((4-Bromobenzyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (222) 

N-(4-Bromobenzyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (43.1 mg 

C19H21BrN2O⋅C2H2O4, 463.32 g/mol, 19%) was obtained from 123.3 mg 4-bromo-

1-bromomethyl-benzene (249.93 g/mol, 100%, 493.3 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3405, 3327, 3026, 2937, 2829, 2593, 1714, 1624, 1487, 1457, 1409, 1280, 

1215, 1130, 1105, 1074, 1050, 1013, 923, 845, 803, 721, 643, 502, 457 cm-1. 

UV (H2O): λ (%maxA) = 218 (>600%), 268 (92%) sh, 274 (98%), 279 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 18.5 min (99.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.77 (s br, 1 H, H-1'''), 7.65 (d, J = 8 Hz, 

2 H, H-3',5'), 7.48 (d, J = 8 Hz, 2 H, H-2',6'), 7.25 (d, J = 8 Hz, 1 H, H-7'''), 7.16 (s, 1 H, H-4'''), 

6.97 (s, 1 H, H-2'''), 6.73 (d, J = 8 Hz, 1 H, H-6'''), 4.22 (s, 2 H, H2-1), 3.76 (s, 3 H, -OCH3-5'''), 

3.24 - 3.00 (m, 4 H, H2-1''',2'''), 2.68 (s, 3 H, N+-CH3). 
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ESI MS: m/z (%) = 745.1 (25%) [[79Br]M + [81Br]M + H]+, 836.8 (7%) [2M + oxalic acid + H]+, 

743.1 (14%) [2[80Br]M + H]+, 743.1 (17%) [2[79Br]M + H]+, 541.0 (4%) [Mquat]+, 375.1 (95%) 

[[81Br]M + H]+, 373.1 (100%) [[79Br]M + H]+, 214.0 (11%) [[81Br]Mimine], 212.0 (7%) 

[[79Br]Mimine], 174.2 (10%) [5-MeO-vinylindole + H]+. 

N-(3-methyl-but-2-enyl)-N-methyltryptamine hydrogen oxalate 
((3-Methyl-but-2-enyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (223) 

N-(3-Methyl-but-2-enyl)-N-methyltryptamine hydrogen oxalate (C16H22N2⋅C2H2O4, 

332.39 g/mol) was obtained as a non-crystallizing mass from 87.6 mg 1-bromo-3-methyl-but-

2-ene (149.03 g/mol, 100%, 587.8 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

N-(3-methyl-but-2-enyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((3-methyl-but-2-enyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(224) 

N-(3-Methyl-but-2-enyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C17H24N2O⋅C2H2O4, 362.42 g/mol) was obtained as a non-crystallizing mass from 87.6 mg 

1-bromo-3-methyl-but-2-ene (149.03 g/mol, 100%, 587.8 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

 

N-Cyanomethyl-N-methyltryptamine hydrogen oxalate 
(Cyanomethyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (225) 

N-Cyanomethyl-N-methyltryptamine hydrogen oxalate (C13H15N3⋅C2H2O4, 303.31 g/mol) was 

obtained as a non-crystallizing mass from 44.4 mg chloroacetonitrile (75.5 g/mol, 100%, 

588.1 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general 

procedure E. 

2,3,4,9-Tetrahydro-6-methoxy-2-methyl-1H-pyrido[3,4-b]indole 

(6-Methoxy-2-methyl-1,2,3,4-tetrahydro-β-carboline hydrogen oxalate) (226) 

Crude 6-methoxy-2-methyl-1,2,3,4-tetrahydro-β-carboline hydrogen oxalate 

(C15H18N2O5⋅C2H2O4, 334.32 g/mol) was obtained unexpectedly as a fine brown powder from 

44.4 mg chloroacetonitrile (75.5 g/mol, 100%, 588.1 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3258, 3030, 2955, 2834, 2728, 1718, 1633, 1488, 1458, 1313, 1286, 1210, 

1150, 1029, 957, 903, 844, 800, 708, 619, 476 cm-1. 
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UV (H2O): λ (%maxA) = 221 (357%) sh, 272 (100%), 285 (80%) sh, 291 (74%) sh, 306 (45%) 

sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 10.5 (97.3%), 16.5 min (1.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.85 (s br, 1 H, H-1'''), 7.24 (d, J = 9 Hz, 

1 H, H-7'''), 6.94 (d, J = 2 Hz, 1 H, H-4'''), 6.73 (dd, J = 8.5 Hz, 2 Hz, 1 H, H-6'''), 4.27 (s, 2 H, 

H2-1), 3.75 (s, 3 H, -OCH3-5'''), 3.43 - 3.33 (m, 2 H, H2-1''), 2.96 - 2.84 (m, 2 H, H2-2''), 2.87 

(s, 3 H, N+-CH3). 

ESI MS: m/z (%) = 477.9 (7%), 432.9 (17%) [2M + H]+, 346.1 (11%) [M2 + Na]+, 324.2 (71%) 

[M2 + H]+, 262.1 (8%), 217.1 (100%) [M + H]+, 174.2 (33%). 

N-Methoxycarbonylmethyl-N-methyltryptamine hydrogen oxalate 
({[2-(Indol-3-yl)-ethyl]-methylamino}-acetic acid methyl ester hydrogen oxalate) (227) 

N-Methoxycarbonylmethyl-N-methyltryptamine hydrogen oxalate (C14H18N2O2⋅C2H2O4, 

336.34 g/mol) was obtained from 63.8 mg chloroacetic acid methyl ester (139, 108.52 g/mol, 

100%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by 

general procedure E. 

IR (KBr): ν~  = 3402, 3262, 2958, 2856, 2618, 1764, 1638, 1459, 1431, 1405, 1367, 1341, 

1314, 1281, 1218, 1103, 1019, 769, 745, 720, 709, 494 cm-1. 

UV (H2O): λ (%maxA) = 218 (>500%), 271 (95%) sh, 278 (100%), 280 (100%), 288 nm 

(84%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 10.5 (99.0%), 14.8 min (0.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.40 (s br, 1 H, H-1'''), 7.54 (d, J = 8 Hz, 

1 H, H-4'''), 7.35 (d, J = 8 Hz, 1 H, H-7'''), 7.19 (d, J = 1 Hz, 1 H, H-2'''), 7.07 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 6.99 (dd, J = J' = 7 Hz, 1 H, H-5'''), 3.83 (s, 2 H, H2-1), 3.69 (s, 3 H, 

COOCH3), 3.14 - 3.04 (m, 2 H, H2-1''), 3.04 - 2.93 (m, 2 H, H2-2''), 2.67 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 168.3 (Cq-2), 163.3 (Cq-oxalate), 136.2 (Cq-7b'''), 

126.9 (Cq-3b'''), 123.0 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 

(CH-7'''), 110.3 (Cq-3'''), 56.4 (CH2-1), 55.8 (CH2-1''), 51.8 (CH3-COOMe), 41.0 (CH3-N+), 21.1 

(CH2-2''). 

ESI MS: m/z (%) = 247.1 (100%) [M + H]+. 

N-Methoxycarbonylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
({[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-acetic acid methyl ester hydrogen 
oxalate) (228) 

N-Methoxycarbonylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C15H20N2O3⋅C2H2O4, 366.37 g/mol) was obtained from 63.8 mg chloroacetic acid methyl 
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ester (139, 108.52 g/mol, 100%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3309, 3047, 2959, 2835, 2670, 1754, 1626, 1489, 1442, 1405, 1281, 1217, 

1179, 1105, 1063, 1030, 924, 805, 720, 703, 639, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (435%), 275 (100%), 295 (82%) sh, 307 (52%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 11.2 min (98.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.72 (s br, 1 H, H-1'''), 7.23 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.14 (d, J = 2 Hz, 1 H, H-4'''), 7.03 (d, J = 2 Hz, 1 H, H-2'''), 6.72 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 3.83 (s, 2 H, H2-1), 3.77 (s, 3 H, -OCH3-5'''), 3.69 (s, 3 H, COOCH3), 

3.12 - 3.01 (m, 2 H, H2-1''), 3.01 - 2.90 (m, 2 H, H2-2''), 2.67 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 168.4 (Cq-2), 163.3 (Cq-oxalate), 153.0 (Cq-5'''), 

131.4 (Cq-7b'''), 127.2 (Cq-3b'''), 123.5 (CH-2'''), 112.0 (CH-7'''), 111.1 (CH-6'''), 110.0 (Cq-3'''), 

100.2 (CH-4'''), 56.3 (CH2-1), 55.8 (CH2-1''), 55.4 (OCH3-5'''), 51.8 (CH3-COOMe), 41.0 

(CH3-N+), 21.2 (CH2-2''). 

ESI MS: m/z (%) = 574.9 (11%) [2M + oxalic acid + H]+, 299.1 (6%) [M + Na]+, 277.1 (100%) 

[M + H]+, 174.2 (16%) [5-MeO-vinylindole + H]+. 

N-tert.-Butoxycarbonylmethyl-N-methyltryptamine hydrogen oxalate 
({[2-(Indol-3-yl)-ethyl]-methylamino}-acetic acid tert.-butyl ester hydrogen oxalate) 
(229) 

IR (KBr): ν~  = 3404, 3253, 2983, 2935, 2625, 1744, 1603, 1459, 1404, 1371, 1280, 1157, 

1012, 948, 879, 837, 741, 720, 610, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (>600%), 272 (96%) sh, 278 (100%), 288 nm (85%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.8 (3.4%), 16.1 min (96.3%). 

N-tert.-Butoxycarbonylmethyl-N-methyltryptamine hydrogen oxalate (97 mg, 

C17H24N2O2⋅C2H2O4, 378.42 g/mol, 54%) was obtained from 114.6 mg iodoacetic acid tert.-

butyl ester (242.05 g/mol, 100%, 473.5 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.55 (d, J = 8 Hz, 

1 H, H-4'''), 7.35 (d, J = 8 Hz, 1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-2'''), 7.08 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 6.99 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.78 (s, 2 H, H2-1), 3.17 - 3.05 (m, 

2 H, H2-1''), 3.05 - 2.95 (m, 2 H, H2-2''), 2.70 (s, 3 H, N+-CH3), 1.45 (s, 9 H, C(CH3)3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 166.6 (Cq-2), 163.6 (Cq-oxalate), 136.2 (Cq-7b'''), 

126.8 (Cq-3b'''), 123.0 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.5 
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(CH-7'''), 110.0 (Cq-3'''), 82.2 (Cq-tert.-butyl), 56.4 (CH2-1), 56.3 (CH2-1''), 40.8 (CH3-N+), 27.6 

(CH3-tert.-butyl), 20.8 (CH2-2''). 

ESI MS: m/z (%) = 311.2 (19%) [M + Na]+, 289.2 (100%) [M + H]+. 

N-tert.-Butoxycarbonylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
({[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-acetic acid tert.-butyl ester hydrogen 
oxalate) (230) 

N-tert.-butoxycarbonylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate (125.4 mg, 

C18H26N2O3⋅C2H2O4, 408.45 g/mol, 65%) was obtained from 114.6 mg iodoacetic acid tert.-

butyl ester (242.05 g/mol, 100%, 473.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3411, 3252, 2939, 2608, 1740, 1625, 1586, 1488, 1458, 1406, 1370, 1281, 

1218, 1156, 1110, 1028, 925, 832, 802, 755, 720, 639, 499, 461 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 275 (100%), 293 (82%), 305 (58%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 10.8 (4.6%), 16.1 min (95.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.74 (s br, 1 H, H-1'''), 7.24 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.14 (d, J = 2 Hz, 1 H, H-4'''), 7.03 (d, J = 2 Hz, 1 H, H-2'''), 6.73 (dd, J = 8.5 Hz, 

2 Hz, 1 H, H-6'''), 3.77 (s, 2 H, H2-1), 3.77 (s, 3 H, -OCH3-5'''), 3.15 - 3.06 (m, 2 H, H2-1''), 

3.00 - 2.92 (m, 2 H, H2-2''), 2.70 (s, 3 H, N+-CH3), 1.45 (s, 9 H, C(CH3)3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 166.6 (Cq-2), 163.6 (Cq-oxalate), 153.1 (Cq-5'''), 

131.4 (Cq-7b'''), 127.1 (Cq-3b'''), 123.6 (CH-2'''), 112.1 (CH-7'''), 111.1 (CH-6'''), 109.8 (Cq-3'''), 

100.2 (CH-4'''), 82.2 (Cq-tert.-butyl), 56.4 (CH2-1), 56.2 (CH2-1''), 55.4 (OCH3-5'''), 40.8 

(CH3-N+), 27.6 (CH3-tert.-butyl), 20.9 (CH2-2''). 

ESI MS: m/z (%) = 659.0 (14%) [2M + Na]+, 341.1 (23%) [M + Na]+, 319.1 (100%) [M + H]+. 

N-(Carbamoylmethyl)-N-methyltryptamine hydrogen oxalate 
(2-{[2-(Indol-3-yl)-ethyl]-methylamino}-acetamide hydrogen oxalate) (231) 

103.4 mg N-Carbamoylmethyl-N-methyltryptamine hydrogen oxalate (C13H17N3O⋅C2H2O4, 

321.33 g/mol, 55%) was obtained from 108.7 mg 2-iodoacetamide (184.96 g/mol, 100%, 

587.7 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general 

procedure E. 

IR (KBr): ν~  = 3403, 3319, 3045, 2942, 2860, 2400, 1700, 1619, 1458, 1416, 1342, 1280, 

1212, 1096, 1011, 949, 877, 794, 749, 720, 707, 602, 497 cm-1. 

UV (H2O): λ (%maxA) = 219 (>400%), 265 (82%) sh, 273 (96%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 8.2 min (99.9%). 
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1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.90 (s br, 1 H, H-1'''), 7.82 (s br, 1 H, 

CONH), 7.57 (d, J = 7.5 Hz, 2 H, H-4''', CONH), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.21 (d, J = 

2 Hz, 1 H, H-2'''), 7.06 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.00 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 

3.74 (s, 2 H, H2-1), 3.27 - 3.16 (m, 2 H, H2-1''), 3.10 - 3.01 (m, 2 H, H2-2''), 2.78 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 167.5 (Cq-2), 164.1 (Cq-oxalate), 136.3 (Cq-7b'''), 

126.7 (Cq-3b'''), 123.1 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 

(CH-7'''), 109.5 (Cq-3'''), 56.7 (CH2-1), 56.4 (CH2-1''), 41.0 (CH3-N+), 20.5 (CH2-2''). 

ESI MS: m/z (%) = 485.1 (74%) [2M + Na]+, 254.3 (23%) [M + Na]+, 232.2 (100%) [M + H]+. 

N-(Carbamoylmethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
(2-{[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-acetamide hydrogen oxalate) (232) 

84.9 mg N-Carbamoylmethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C14H19N3O2⋅C2H2O4, 351.35 g/mol, 41%) was obtained from 108.7 mg 2-iodoacetamide 

(184.96 g/mol, 100%, 587.7 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3387, 3314, 3167, 2950, 2655, 1702, 1635, 1487, 1464, 1441, 1417, 1357, 

1311, 1208, 1177, 1111, 1082, 1026, 801, 706, 602, 488 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 262 (69%) sh, 268 (89%) sh, 275 (100%), 293 (82%) 

sh, 295 (81%) sh, 307 (52%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.2 (99.2%), 17.0 min (0.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.84 (s br, 1 H, 

CONH), 7.57 (s br, 1 H, CONH), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.16 (d, J = 1 Hz, 1 H, H-4'''), 

7.06 (d, J = 1.5 Hz, 1 H, H-2'''), 6.73 (dd, J = 9 Hz, 2 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 

3.76 (s, 2 H, H2-1), 3.26 - 3.16 (m, 2 H, H2-1''), 3.07 - 2.98 (m, 2 H, H2-2''), 2.79 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 167.5 (Cq-2), 164.2 (Cq-oxalate), 153.1 (Cq-5'''), 

131.4 (Cq-7b'''), 127.1 (Cq-3b'''), 123.7 (CH-2'''), 112.2 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 

100.2 (CH-4'''), 56.7 (CH2-1), 56.2 (CH2-1''), 55.4 (OCH3-5'''), 41.0 (CH3-N+), 20.5 (CH2-2''). 

ESI MS: m/z (%) = 545.3 (23%) [2M + Na]+, 284.1 (7%) [M + Na]+, 262.1 (100%) [M + H]+, 

173.9 (3%) [5-MeO-vinylindole + H]+. 
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N-(2-Phenethyl)-N-methyltryptamine hydrogen oxalate 
((2-Phenethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (233) 

N-(2-Phenethyl)-N-methyltryptamine hydrogen oxalate (C19H22N2⋅C2H2O4, 368.43 g/mol) was 

obtained from 149.0 mg 1-(2-iodoethyl)-benzene (141, 232.06 g/mol, 91%, 587.5 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3396, 3018, 2937, 2858, 2676, 1718, 1701, 1618, 1458, 1358, 1340, 1280, 

1182, 951, 879, 783, 746, 721, 703, 618, 586, 496 cm-1. 

UV (H2O): λ (%maxA) = 218 (>600%), 264 (80%) sh, 273 (96%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.1 (5.1%), 17.3 min (94.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.35 - 7.25 (m, 5 H, H-2'-6'), 7.24 (d, J = 2.5 Hz, 

1 H, H-2'''), 7.10 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 

1 Hz, 1 H, H-5'''), 3.37 - 3.25 (m, 4 H, H2-1'',1), 3.16 - 3.07 (m, 2 H, H2-2''), 3.04 - 2.95 (m, 

2 H, H2-2), 2.89 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 137.3 (Cq-1'), 136.2 (Cq-7b'''), 

128.7 (CH-3',5'), 128.5 (CH-2',6'), 126.7 (Cq-3b'''), 126.6 (CH-4'), 123.2 (CH-2'''), 121.1 

(CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 56.0 (CH2-1), 55.4 

(CH2-1''), 39.3 (CH3-N+), 29.7 (CH2-2), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 647.1 (3%) [2M + oxalic acid + H]+, 279.2 (100%) [M + H]+. 

N-(2-Phenethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Phenethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (234) 

N-[2-Phenethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate (C20H24N2O⋅C2H2O4, 

398.45 g/mol) was obtained from 149.0 mg 1-(2-iodoethyl)-benzene (141, 232.06 g/mol, 

91%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3401, 3236, 3031, 2940, 2691, 1719, 1623, 1488, 1456, 1280, 1216, 1108, 

1062, 1028, 953, 927, 836, 801, 754, 720, 700, 637, 499 cm-1. 

UV (H2O): λ (%maxA) = 219 (> 400%) sh, 267 (88%) sh, 272 (98%) sh, 275 (100%), 295 

(83%) sh, 307 (52%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 17.8 (98.0%), 23.9 min (1.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.39 - 7.23 (m, 5 H, 

H-2'-6'), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.10 (d, J = 2 Hz, 1 H, 

H-2'''), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.36 - 3.25 (m, 4 H, 

H2-1'',1), 3.12 - 2.95 (m, 4 H, H2-2'',2), 2.89 (s, 3 H, N+-CH3). 
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13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.9 (Cq-oxalate), 153.1 (Cq-5'''), 137.3 (Cq-1'), 

131.4 (Cq-7b'''), 128.7 (CH-3',5'), 128.5 (CH-2',6'), 127.1 (Cq-3b'''), 126.6 (CH-4'), 123.8 

(CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.2 (CH-4'''), 56.0 (CH2-1), 55.4 

(OCH3-5'''), 55.3 (CH2-1''), 39.2 (CH3-N+), 29.6 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 707.5 (23%) [2M + oxalic acid + H]+, 413.3 (14%) [Mquat]+, 309.2 (100%) 

[M + H]+. 

N-[2-(2-Methylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2-Methylphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (235) 

N-[2-(2-Methylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C20H24N2⋅C2H2O4, 

382.45 g/mol) was obtained from 155.7 mg 2-methyl-1-(2-iodoethyl)-benzene (142, 

246.09 g/mol, 93%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3410, 3294, 3053, 2925, 2878, 2681, 1720, 1702, 1632, 1459, 1341, 1279, 

1223, 1110, 1011, 966, 933, 817, 747, 721, 707, 486 cm-1. 

UV (H2O): λ (%maxA) = 216 (>600%), 272 (99%), 278 (100%), 280 (100%), 288 nm (85%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 17.6 (2.3%), 19.3 min (97.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.61 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, J = 2 Hz, 1 H, H-2'''), 7.22 - 7.13 (m, 4 H, 

H-3',4',5',6'), 7.10 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 

1 Hz, 1 H, H-5'''), 3.39 - 3.30 (m, 2 H, H2-1''), 3.25 - 3.16 (m, 2 H, H2-1), 3.16 - 3.07 (m, 2 H, 

H2-2''), 3.02 - 2.98 (m, 2 H, H2-2), 2.92 (s, 3 H, N+-CH3), 2.31 (s, 3 H, -CH3-2'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.3 (Cq-oxalate), 136.2 (Cq-7b'''), 136.0 (Cq-1'), 

135.5 (Cq-2'), 130.2 (CH-3'), 129.2 (CH-6'), 126.72 (Cq-3b'''), 126.69 (CH-4'), 126.0 (CH-5'), 

123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 

55.5 (CH2-1''), 55.1 (CH2-1), 39.3 (CH3-N+), 27.4 (CH2-2), 20.0 (CH2-2''), 18.7 (Ph-CH3-2'). 

ESI MS: m/z (%) = 675.4 (6%) [2M + oxalic acid + H]+, 621.5 (5%) [2M + HCl + H]+, 293.3 

(100%) [M + H]+. 

N-[2-(2-Methylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2-Methylphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (236) 

N-[2-(2-Methylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2O⋅C2H2O4, 412.48 g/mol) was obtained from 155.7 mg 2-methyl-1-(2-iodoethyl)-

benzene (142, 246.09 g/mol, 93%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 
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IR (KBr): ν~  = 3386, 3243, 3025, 2940, 1718, 1629, 1489, 1303, 1215, 1110, 1062, 1029, 

949, 927, 833, 799, 755, 697, 639, 468 cm-1. 

UV (H2O): λ (%maxA) = 208 (>500%), 266 (87%) sh, 274 (100%), 288 (85%) sh, 295 (81%) 

sh, 307 (53%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 19.2 (98.7%), 25.1 min (1.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 9 Hz, 

1 H, H-7'''), 7.21 - 7.12 (m, 4 H, H-3',4',5',6'), 7.20 (d, J = 2 Hz, 1 H, H-4'''), 7.10 (d, J = 

2.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.37 - 

3.28 (m, 2 H, H2-1'), 3.25 - 3.15 (m, 2 H, H2-1), 3.13 - 3.04 (m, 2 H, H2-2''), 3.03 - 2.92 (m, 

2 H, H2-2), 2.91 (s, 3 H, N+-CH3), 2.31 (s, 3 H, -CH3-2'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 153.1 (Cq-5'''), 136.0 (Cq-1'), 

135.5 (Cq-2'), 131.3 (Cq-7b'''), 130.2 (CH-3'), 129.2 (CH-6'), 127.1 (Cq-3b'''), 126.7 (CH-4'), 

126.0 (CH-5'), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.40 (OCH3-5'''), 55.37 (CH2-1''), 55.1 (CH2-1), 39.3 (CH3-N+), 27.3 (CH2-2), 20.1 (CH2-2''), 

18.7 (Ph-CH3-2'). 

ESI MS: m/z (%) = 735.6 (18%) [2M + oxalic acid + H]+, 681 (3%) [2M + HCl + H]+, 441.5 

(6%) [Mquat]+, 323.3 (100%) [M + H]+. 

N-[2-(3-Methylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3-Methylphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (237) 

N-[2-(3-Methylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C20H24N2⋅C2H2O4, 

382.45 g/mol) was obtained from 156.2 mg 3-methyl-1-(2-iodoethyl)-benzene (143, 

246.09 g/mol, 93%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3408, 3257, 3021, 2947, 2861, 2690, 1719, 1701, 1609, 1457, 1419, 1341, 

1280, 1173, 1014, 944, 799, 773, 749, 721, 703, 591, 582, 488 cm-1. 

HPLC: Rt (%total AUC260) = 4.7 (oxalic acid), 8.8 (1.0%), 18.0 min (99.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.95 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, J = 2.5 Hz, 1 H, H-2'''), 7.21 (dd, J = J' = 

7 Hz, 1 H, H-5'), 7.12 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.09 - 7.03 (m, 3 H, 

H-2',4',6'), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.37 - 3.22 (m, 4 H, H2-1,1''), 

3.15 - 3.06 (m, 2 H, H2-2''), 2.98 - 2.85 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-CH3), 2.29 (s, 3 H, -

CH3-3'). 

ESI MS: m/z (%) = 293.2 (100%) [M + H]+, 162.1 (9%) [Mimine]+. 

N-[2-(3-Methylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 



Chemical Experiments - Synthesis of N-alkyl-N-methyltryptamines 
_________________________________________________________________________  

 

182 

([2-(3-Methylphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (238) 

N-[2-(3-Methylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2O⋅C2H2O4, 412.48 g/mol) was obtained from 156.2 mg 3-methyl-1-(2-iodoethyl)-

benzene (143, 246.09 g/mol, 93%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3443, 3265, 3018, 2939, 2690, 1703, 1637, 1487, 1458, 1325, 1281, 1215, 

1186, 1112, 1063, 1030, 936, 924, 799, 720, 700, 613, 498 cm-1. 

UV (H2O): λ (%maxA) = 216 (>500%) sh, 220 (480%) sh, 268 (91%) sh, 274 (100%), 295 

(80%) sh, 306 (56%) sh. 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 19.5 min (99.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.26 (d, J = 9 Hz, 

1 H, H-7'''), 7.23 - 7.17 (m, 2 H, H-4''',2'), 7.11 - 7.03 (m, 3 H, H-4',5',6'), 7.09 (d, J = 2 Hz, 

1 H, H-2'''), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.36 - 3.21 (m, 

4 H, H2-1,1''), 3.12 - 3.01 (m, 2 H, H2-2''), 2.99 - 2.85 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-CH3), 

2.28 (s, 3 H, -CH3-2'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 153.1 (Cq-5'''), 137.6 (Cq-3'), 

137.2 (Cq-1'), 131.3 (Cq-7b'''), 129.3 (CH-2'), 128.4 (CH-5'), 127.2 (CH-4'), 127.1 (Cq-3b'''), 

125.7 (CH-6'), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.3 (CH-4'''), 

56.1 (CH2-1), 55.4 (OCH3-5'''), 55.3 (CH2-1''), 39.4 (CH3-N+), 29.7 (CH2-2), 20.8 20.0 

(CH2-2''). 

ESI MS: m/z (%) = 323.2 (100%) [M + H]+. 

N-[2-(4-Methylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(4-Methylphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (239) 

N-[2-(4-Methylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C20H24N2⋅C2H2O4, 

382.45 g/mol) was obtained from 156.2 mg 4-methyl-1-(2-iodoethyl)-benzene (144, 

246.09 g/mol, 93%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3397, 3280, 3026, 2936, 2861, 2695, 1718, 1702, 1636, 1517, 1458, 1341, 

1280, 1186, 1107, 1033, 813, 742, 720, 703, 489 cm-1. 

UV (H2O): λ (%maxA) = 218 (>700%), 263 (82%) sh, 273 (100%), 279 (100%), 288 nm 

(83%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.5 (0.7%), 19.1 min (99.1%). 
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1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.19 - 7.12 (m, 4 H, 

H-2',3',5',6'), 7.10 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.37 - 

3.22 (m, 4 H, H2-1,1''), 3.15 - 3.06 (m, 2 H, H2-2''), 2.98 - 2.85 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-

CH3), 2.27 (s, 3 H, -CH3-4). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 136.2 (Cq-7b'''), 135.6 (Cq-1'), 

134.1 (Cq-4'), 129.0 (CH-3',5'), 128.5 (CH-2',6'), 126.7 (Cq-3b'''), 123.2 (CH-2'''), 121.1 

(CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 56.2 (CH2-1), 55.4 

(CH2-1''), 39.3 (CH3-N+), 29.3 (CH2-2), 20.5 (Ph-CH3-4'), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 697 (8%) [2M + oxalic acid + Na]+, 675 (3%) [2M + oxalic acid + H]+, 621 

(4%) [2M + HCl + H]+, 293.1 (100%) [M + H]+. 

N-[2-(4-Methylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(4-Methylphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (240) 

N-[2-(4-Methylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2O⋅C2H2O4, 412.48 g/mol) was obtained from 156.2 mg 4-methyl-1-(2-iodoethyl)-

benzene (144, 246.09 g/mol, 93%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3415, 3286, 3026, 2941, 2682, 1719, 1702, 1625, 1516, 1488, 1406, 1280, 

1215, 1177, 1108, 1033, 808, 721, 707, 642, 501 cm-1. 

UV (H2O): λ (%maxA) = 217 (>500%), 267 (89%) sh, 273 (100%), 276 (98%) sh, 296 (78%) 

sh, 305 (58%) sh. 

HPLC: Rt (%total AUC260) = 5.9 (oxalic acid), 19.4 min (99.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.13 - 7.11 (m, 4 H, H-2',3',5',6'), 7.09 (d, J = 

2.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.35 - 

3.21 (m, 4 H, H2-1,1''), 3.12 - 3.01 (m, 2 H, H2-2''), 2.98 - 2.84 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-

CH3), 2.27 (s, 3 H, -CH3-4). 

13C NMR (75.5 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 153.1 (Cq-5'''), 135.6 (Cq-1'), 

134.1 (Cq-4'), 131.3 (Cq-7b'''), 129.0 (CH-3',5'), 128.5 (CH-2',6'), 127.0 (Cq-3b'''), 123.8 

(CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.2 (CH-4'''), 56.2 (CH2-1), 55.4 

(OCH3-5'''), 55.3 (CH2-1''), 39.4 (CH3-N+), 29.3 (CH2-2), 20.5 (Ph-CH3-4'), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 735.6 (6%) [2M + oxalic acid + H]+, 681 (3%) [2M + HCl + H]+, 323.4 

(100%) [M + H]+. 
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N-(2-Biphenyl-4-yl-ethyl)-N-methyltryptamine hydrogen oxalate 
((2-Biphenyl-4-yl-ethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (241) 

N-(2-Biphenyl-4-yl-ethyl)-N-methyltryptamine hydrogen oxalate (C25H26N2⋅C2H2O4, 

444.52 g/mol) was obtained from 211.7 mg 4-(2-iodoethyl)-biphenyl (145, 308.16 g/mol, 

86%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by 

general procedure E. 

IR (KBr, opaque pellet): ν~  = 3396, 3027, 2928, 2859, 2686, 1718, 1618, 1487, 1458, 1418, 

1341, 1280, 1181, 1011, 943, 840, 765, 753, 721, 703, 489, 426 cm-1. 

UV (methanol): λ (%maxA) = 207 (>200%), 219 (185%) sh, 253 (100%), 283 (37%) sh, 

289 nm (27%). 

HPLC: Rt (%total AUC260) = 13.6 (oxalic acid), 15.0 (5.9%), 23.4 (93.5%), 29.9 min (0.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.68 - 7.60 (m, 5 H, 

H-4''',2*,6*,3',5'), 7.46 (dd, J = J' = 7.5 Hz, 2 H, H-3*,5*), 7.38 (d, J = 8 Hz, 2 H, H-2', 6'), 7.38 

(d, J = 8 Hz, 1 H, H-4*), 7.38 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, J = 2 Hz, 1 H, H-2'''), 7.10 

(ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 

3.39 - 3.30 (m, 4 H, H2-1'',1), 3.19 - 3.10 (m, 2 H, H2-2''), 3.10 - 3.01 (m, 2 H, H2-2), 2.92 (s, 

3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 139.8 (Cq-1'), 138.5 (Cq-1*), 

136.6 (Cq-4'), 136.2 (Cq-7b'''), 129.3 (CH-3*,5*), 128.8 (CH-2',6'), 127.2 (CH-4*), 126.74 

(CH-2*,6*), 126.71 (Cq-3b'''), 126.5 (CH-3',5'), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 

118.2 (CH-4'''), 111.5 (CH-7'''), 109.4 (Cq-3'''), 56.0 (CH2-1), 55.4 (CH2-1''), 39.3 (CH3-N+), 

29.3 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 798.8 (12%) [2M + oxalic acid + H]+, 355.2 (100%) [M + H]+, 224.2 (9%) 

[Mimine]+. 

N-(2-Biphenyl-4-yl-ethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Biphenyl-4-yl-ethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (242) 

N-(2-Biphenyl-4-yl-ethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C26H28N2O⋅C2H2O4, 474.55 g/mol) was obtained from 211.7 mg 4-(2-iodoethyl)-biphenyl 

(145, 308.16 g/mol, 86%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr, opaque pellet): ν~  = 3414, 3029, 2929, 2678, 1718, 1701, 1626, 1487, 1280, 1215, 

1177, 1061, 1031, 939, 926, 829, 802, 764, 721, 699, 495 cm-1. 

UV (methanol): λ (%maxA) = 210 (>200%) sh, 223 (126%) sh, 229 (107%) sh, 243 (86%) sh, 

261 (91%) sh, 264 (85%) sh, 270 (69%) sh, 275 nm (56%) sh. 
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HPLC: Rt (%total AUC260) = 10.3 (oxalic acid), 13.5 (0.6%), 15.3 (2.9%), 23.2 min (95.1%). 

HPLC (gradient B): Rt (%total AUC260) = 10.3 (oxalic acid), 13.5 (0.6%), 15.3 (2.9%), 

23.2 min (95.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.65 (d, J = 7 Hz, 

2 H, H-2*,6*), 7.63 (d, J = 7 Hz, 2 H, H-3',5'), 7.46 (t, J = 7.5 Hz, 2 H, H-3*,5*), 7.38 (d, J = 

8 Hz, 2 H, H-2', 6'), 7.38 (d, J = 8 Hz, 1 H, H-4*), 7.26 (d, J = 7.5 Hz, 1 H, H-7'''), 7.20 (d, J = 

2 Hz, 1 H, H-4'''), 7.11 (d, J = 2 Hz, 1 H, H-2'''), 6.75 (dd, J = 9 Hz, 2 Hz, 1 H, H-6'''), 3.78 (s, 

3 H, -OCH3-5'''), 3.34 - 3.26 (m, 4 H, H2-1'',1), 3.14 - 2.98 (m, 4 H, H2-2'',2), 2.89 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 139.8 (Cq-1'), 

138.5 (Cq-1*), 136.7 (Cq-4'), 131.3 (Cq-7b'''), 129.3 (CH-3*,5*), 128.8 (CH-2',6'), 127.2 (CH-4*), 

127.1 (Cq-3b'''), 126.7 (CH-2*,6*), 126.5 (CH-3',5'), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 

(CH-6'''), 109.3 (Cq-3'''), 100.3 (CH-4'''), 56.1 (CH2-1), 55.5 (CH2-1''), 55.4 (OCH3-5'''), 39.8 

(CH3-N+), 29.5 (CH2-2), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 565.2 (5%) [Mquat]+, 385.2 (100%) [M + H]+, 224.2 (9%) [Mimine]+. 

N-[2-(3-Acetoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3-Acetoxyphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (243) 

N-[2-(3-Acetoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (A) (C19H22N2O⋅C2H2O4, 

384.43 g/mol) was obtained from 315.0 mg 3-hydroxy-1-(2-iodoethyl)-benzene (147, 

248.06 g/mol, 46%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. The product contained N-[2-(3-hydroxyphenyl)-ethyl]-

N-methyltryptamine hydrogen oxalate as an impurity after prolonged storage (signals B in the 

spectra below). 

IR (KBr): ν~  = 3415, 3293, 3044, 2942, 2861, 2711, 1739, 1615, 1459, 1375, 1211, 1148, 

1014, 942, 790, 742, 696, 591, 468 cm-1. 

UV (H2O): λ (%maxA) = 218 (>500%), 268 (92%) sh, 272 (98%), 278 (100%), 280 (99%) sh, 

288 nm (75%). 

HPLC: Rt (%total AUC260) = 5.9 (oxalic acid), 10.3 (1.4%), 15.2 (53.5%), 17.9 min (44.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (t, J = 8 Hz, 1 H, H-5'), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, 

H-2'''), 7.17 (d, J = 8 Hz, 1 H, H-6'), 7.09 (dd, J = J' = 8 Hz, 1 H, H-6'''), 7.07 (s, 1 H, H-2'), 

7.02 (d, J = 8 Hz, 1 H, H-2'), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 6.69 (s, 1 H, H-2'B, minor 

peak), 6.67 (d, J' = 7.5 Hz, 1 H, H-3'B, minor peak), 3.35 - 3.23 (m, 4 H, H2-1,1''), 3.15 - 3.06 

(m, 2 H, H2-2''), 3.05 - 2.96 (m, 2 H, H2-2), 2.88 (s, 3 H, NB
+-CH3, minor peak), 2.86 (s, 3 H, 

N+-CH3), 2.27 (s, 3 H, H3-OAc). 
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13C NMR (50.3 MHz, APT, DMSO-d6): δ = 169.0 (Cq-OAcA), 164.8 (Cq-oxalate), 157.6 (Cq-

3'B), 150.6 (Cq-3'A), 139.2 (Cq-1'B), 138.7 (Cq-1'A), 136.2 (Cq-7b'''), 129.44 (CH-5'B), 129.41 

CH-5'A), 126.7 (Cq-3b'''), 126.2 (CH-6'A), 123.2 (CH-2'''), 122.0 (CH-6'B), 121.1 (CH-5'''), 

120.0 (CH-2'A), 119.1 (CH-4'A), 118.4 (CH-6'''), 118.2 (CH-4'''), 115.7 (CH-2'B), 113.6 

(CH-2'B), 109.6 (Cq-3'''B), 109.4 (Cq-3'''A), 56.1 (CH2-1B), 55.9 (CH2-1A), 55.5 (CH2-1''A),55.4 

(CH2-1''B), 39.3 (CH3-N+), 29.8 (CH2-2B), 29.5 (CH2-2A), 20.7 (CH3-OAcA), 20.1 (CH2-2''A), 

19.9 (CH2-2''B). 

ESI MS: m/z (%) = 337.3 (100%) [MA + H]+, 295.2 (28%) [MB + H]+. 

N-[2-(3-Acetoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3-Hydroxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (244) 

N-[2-(3-Acetoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C22H26N2O3⋅C2H2O4, 456.49 g/mol) was obtained as a non-crystallizing mass from 315.0 mg 

3-hydroxy-1-(2-iodoethyl)-benzene (147, 248.06 g/mol, 46%, 587.5 µmol) and 100.0 mg 

N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(2-Methoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2-Methoxyphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (245) 

N-[2-(2-Methoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C20H24N2O⋅C2H2O4, 

398.45 g/mol) was obtained as an amorphous brownish powder from 170.3 mg 2-methoxy-

1-(2-iodoethyl)-benzene (150, 262.09 g/mol, 90%, 587.5 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3417, 3315, 3045, 2937, 2688, 1720, 1702, 1636, 1496, 1459, 1357, 1341, 

1281, 1247, 1107, 1028, 961, 755, 721, 497 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 262 (70%) sh, 268 (91%) sh, 272 (99%), 277 (100%), 

288 nm (65%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.9 (1.3%), 19.7 min (98.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.61 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.30 - 7.19 (m, 3 H, H-2''',4',6'), 7.11 (ddd, J = 7 Hz, 

7 Hz, 0.5 Hz, 1 H, H-6'''), 7.05 - 6.98 (m, 2 H, H-3',5'), 6.91 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 

3.81 (s, 3 H, OCH3), 3.38 - 3.28 (m, 2 H, H2-1''), 3.28 - 3.19 (m, 2 H, H2-1), 3.16 - 3.06 (m, 

2 H, H2-2''), 3.01 - 2.92 (m, 2 H, H2-2), 2.89 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 157.1 (Cq-2'), 136.2 (Cq-7b'''), 

130.1 (CH-6'), 128.3 (CH-4'), 126.7 (Cq-3b'''), 124.9 (Cq-1'), 123.2 (CH-2'''), 121.1 (CH-5'''), 
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120.4 (CH-5'), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 110.9 (CH-3'), 109.3 (Cq-3'''), 

55.3 (OCH3-2'), 55.1 (CH2-1''), 54.4 (CH2-1), 39.4 (CH3-N+), 24.5 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 706.9 (8%) [2M + oxalic acid + H]+, 443.0 (1%) [Mquat]+, 309.2 (100%) [M + 

H]+, 178.6 (4%) [Mimine]+. 

N-[2-(2-Methoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2-Methoxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (246) 

N-[2-(2-Methoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2O2⋅C2H2O4, 428.49 g/mol) was obtained as an amorphous brownish powder from 

170.3 mg 2-methoxy-1-(2-iodoethyl)-benzene (150, 262.09 g/mol, 90%, 587.5 µmol) and 

100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general 

procedure E. 

IR (KBr): ν~  = 3321, 3048, 2935, 2697, 1724, 1702, 1627, 1495, 1465, 1280, 1248, 1218, 

1119, 1081, 1027, 962, 927, 820, 797, 755, 710, 624, 560, 478 cm-1. 

UV (H2O): λ (%maxA) = 219 (>400%), 273 (100%), 276 (100%), 293 (63%), 296 (61%) sh, 

306 (43%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 19.5 (98.9%), 26.5 min (0.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.83 (s br, 1 H, H-1'''), 7.26 (d, J = 9 Hz, 

1 H, H-7'''), 7.24 (m, 2 H, H-6',4'), 7.19 (s, 1 H, H-4'''), 7.11 (d, J = 1 Hz, 1 H, H-2'''), 7.00 (d, 

J = 8 Hz, 1 H, H-3'), 6.91 (dd, J = J' = 7 Hz, 1 H, H-5'), 6.74 (dd, J = 8.5 Hz, 2 Hz, 1 H, H-6'''), 

3.80 (s, 3 H, OCH3), 3.77 (s, 3 H, -OCH3-5'''), 3.37 - 3.19 (m, 4 H, H2-1,1''), 3.13 - 3.03 (m, 

2 H, H2-2''), 3.03 - 2.93 (m, 2 H, H2-2), 2.89 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 157.0 (Cq-2'), 153.1 (Cq-5'''), 

131.3 (Cq-7b'''), 130.1 (CH-6'), 128.2 (CH-4'), 127.0 (Cq-3b'''), 124.9 (Cq-1'), 123.8 (CH-2'''), 

120.4 (CH-5'), 112.1 (CH-7'''), 111.2 (CH-6'''), 110.9 (CH-3'), 109.0 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (OCH3-5'''), 55.3 (OCH3-2'), 55.0 (CH2-1''), 54.4 (CH2-1), 39.4 (CH3-N+), 24.5 (CH2-2), 

19.9 (CH2-2''). 

ESI MS: m/z (%) = 767.5 (33%) [2M + oxalic acid + H]+, 473.4 (7%) [Mquat]+, 339.2 (100%) [M 

+ H]+. 

N-[2-(3-Methoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3-Methoxyphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (247) 

N-[2-(3-Methoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C20H24N2O⋅C2H2O4, 

398.45 g/mol) was obtained from 169.8 mg 3-methoxy-1-(2-iodoethyl)-benzene (151, 
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262.09 g/mol, 91%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3396, 3285, 3030, 2943, 2861, 2691, 1719, 1604, 1458, 1356, 1341, 1263, 

1100, 1038, 1012, 961, 879, 743, 720, 699, 478 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 265 (82%) sh, 272 (99%), 242 (98%) sh, 278 (100%), 

288 nm (68%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 9.8 (3.0%), 18.8 (95.8%), 22.0 min (0.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (t, J = 8 Hz, 1 H, H-5'), 7.24 (s, 1 H, H-2'''), 

7.10 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 6.89 - 6.79 (m, 3 H, 

H-2',4',6'), 3.75 (s, 3 H, OCH3), 3.36 - 3.25 (m, 4 H, H2-1,1''), 3.15 - 3.06 (m, 2 H, H2-2''), 

3.00 - 2.92 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 159.4 (Cq-3'), 138.9 (Cq-1'), 

136.2 (Cq-7b'''), 129.5 (CH-5'), 126.7 (Cq-3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 120.9 (CH-6'), 

118.4 (CH-6'''), 118.2 (CH-4'''), 114.4 (CH-2'), 112.01 (CH-4'), 111.4 (CH-7'''), 109.4 (Cq-3'''), 

56.1 (CH2-1), 55.5 (CH2-1''), 54.9 (OCH3-3'), 39.8 (CH3-N+), 29.9 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 706.9 (8%) [2M + oxalic acid + H]+, 309.2 (100%) [M + H]+, 178.6 (4%) 

[Mimine]+. 

N-[2-(3-Methoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3-Methoxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (248) 

N-[2-(3-Methoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2O2⋅C2H2O4, 428.49 g/mol) was obtained as a non-crystallizing mass from 169.8 mg 

3-methoxy-1-(2-iodoethyl)-benzene (151, 262.09 g/mol, 91%, 587.5 µmol) and 100.0 mg 

N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(4-Methoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(4-Methoxyphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (249) 

N-[2-(4-Methoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C20H24N2O⋅C2H2O4, 

398.45 g/mol) was obtained from 184.8 mg 4-methoxy-1-(2-iodoethyl)-benzene (152, 

262.09 g/mol, 83%, 587.3 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3392, 3269, 2997, 2940, 2836, 2689, 1717, 1700, 1612, 1513, 1457, 1419, 

1405, 1341, 1302, 1279, 1246, 1181, 1110, 1034, 959, 829, 748, 720, 704, 499 cm-1. 



Chemical Experiments - Synthesis of N-alkyl-N-methyltryptamines 
_________________________________________________________________________  

 

189

UV (H2O): λ (%maxA) = 219 (566%), 266 (86%) sh, 271 (98%) sh, 275 (100%), 278 (100%), 

281 (98%) sh, 288 (71%) sh. 

HPLC: Rt (%total AUC260) = 6.7 (oxalic acid), 18.9 min (99.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.51): δ = 10.97 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (s, 1 H, H-2'''), 7.20 (d, J = 7.5 Hz, 2 H, 

H-3',5'), 7.10 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 6.89 (d, J = 

7 Hz, 2 H, H-2',6'), 3.73 (s, 3 H, -OCH3-4'), 3.37 - 3.20 (m, 4 H, H2-1,1''), 3.16 - 3.06 (m, 2 H, 

H2-2''), 2.97 - 2.86 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.3 (Cq-oxalate), 158.0 (Cq-1'), 136.2 (Cq-7b'''), 

129.6 (CH-1',6'), 129.1 (Cq-1'), 126.7 (Cq-3b'''), 123.1 (CH-2'''), 121.0 (CH-5'''), 118.3 

(CH-6'''), 118.1 (CH-4'''), 113.9 (CH-3',5'), 111.4 (CH-7'''), 109.4 (Cq-3'''), 56.3 (CH2-1), 55.4 

(CH2-1''), 55.0 (OCH3-4'), 39.4 (CH3-N+), 28.9 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 309.2 (100%) [M + H]+, 178.2 (9%) [Mimine]+. 

N-[2-(4-Methoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(4-Methoxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (250) 

N-[2-(4-Methoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2O2⋅C2H2O4, 428.49 g/mol) was obtained from 184.8 mg 4-methoxy-1-(2-iodoethyl)-

benzene (152, 262.09 g/mol, 83%, 587.3 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3286, 2938, 2835, 2690, 1718, 1614, 1514, 1487, 1303, 1248, 1215, 1177, 

1109, 1061, 1028, 924, 827, 800, 704, 638, 595, 456 cm-1. 

UV (H2O): λ (%maxA) = 220 (467%), 274 (100%), 282 (89%) sh, 294 (67%) sh, 307 nm 

(42%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 18.6 (97.6%), 24.9 min (1.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.79 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.20 (d, J = 2.5 Hz, 1 H, H-4'''), 7.19 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.08 (d, J = 

2.5 Hz, 1 H, H-2'''), 6.89 (d, J = 8.5 Hz, 2 H, H-2',6'), 6.75 (dd, J = 8.5 Hz, 2.5 Hz, 1 H, H-6'''), 

3.77 (s, 3 H, -OCH3-5'''), 3.73 (s, 3 H, -OCH3-4'), 3.35 - 3.18 (m, 4 H, H2-1,1''), 3.10 - 3.01 (m, 

2 H, H2-2''), 2.96 - 2.83 (m, 2 H, H2-2), 2.86 (s, 3 H, N+-CH3). 

ESI MS: m/z (%) = 766.9 (21%) [2M + oxalic acid + H]+, 473.2 (10%) [Mquat]+, 339.2 (100%) 

[M + H]+. 
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N-(2-Nitroethyl)-N-methyltryptamine hydrogen oxalate 
((2-Nitroethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (251) 

N-(2-Nitroethyl)-N-methyltryptamine hydrogen oxalate (C13H17N3O2⋅C2H2O4, 337.33 g/mol) 

was obtained as a non-crystallizing mass from 177.0 mg 1-bromo-2-nitroethane (154, 

153.96 g/mol, 51%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

N-(2-Nitroethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Nitroethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (252) 

N-(2-Nitroethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C14H19N3O3⋅C2H2O4, 

367.35 g/mol) was obtained as a non-crystallizing mass from 177.0 mg 1-bromo-

2-nitroethane (154, 153.96 g/mol, 51%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(4-Nitrophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(4-Nitrophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (253) 

N-[2-(4-Nitrophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (40.5 mg, 

C19H21N3O2⋅C2H2O4, 413.42 g/mol, 17%) was obtained as a fine yellow powder from 

224.5 mg 4-nitro-1-(2-iodoethyl)-benzene (156, 277.06 g/mol, 73%, 587.5 µmol) and 85.3 mg 

N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3397, 3275, 3043, 2858, 2693, 1929, 1719, 1635, 1518, 1458, 1347, 1280, 

1216, 1108, 1011, 857, 745, 720, 696, 620, 478 cm-1. 

UV (H2O): λ (%maxA) = 218 (272%), 271 (99%) sh, 277 (100%), 288 (82%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.8 (3.6%), 17.0 min (95.4%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.92 (s br, 1 H, H-1'''), 8.20 (d, J = 8.5 Hz, 

2 H, H-3',5'), 7.58 (2d, J = 8.5 Hz, 3 H, H-4''',2',6'), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 

2 Hz, 1 H, H-2'''), 7.10 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 

3.34 - 3.18 (m, 4 H, H2-1,1''), 3.17 - 3.01 (m, 4 H, H2-2,2''), 2.82 (s, 3 H, N+-CH3). 

ESI MS: m/z (%) = 324.2 (100%) [M + H]+, 193.1 (14%) [Mimine]+. 

N-[2-(4-Nitrophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(4-Nitrophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (254) 

N-[2-(4-Nitrophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate (40.3 mg, 

C20H23N3O3⋅C2H2O4, 443.45 g/mol, 15%) was obtained as a fine yellow powder from 

224.5 mg 4-nitro-1-(2-iodoethyl)-benzene (156, 277.06 g/mol, 73%, 587.5 µmol) and 



Chemical Experiments - Synthesis of N-alkyl-N-methyltryptamines 
_________________________________________________________________________  

 

191

100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general 

procedure E. 

IR (KBr): ν~  = 3397, 3039, 2944, 2832, 2682, 1719, 1626, 1607, 1519, 1488, 1347, 1212, 

1176, 1109, 1060, 1030, 939, 925, 859, 802, 746, 696, 630, 480 cm-1. 

UV (H2O): λ (%maxA) = 218 (>200%), 274 (100%), 296 (65%) sh, 307 (39%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 17.3 min (99.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.78 (s br, 1 H, H-1'''), 8.20 (d, J = 8.5 Hz, 

2 H, H-3',5'), 7.58 (d, J = 8.5 Hz, 2 H, H-2',6'), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.18 (d, J = 

2 Hz, 1 H, H-4'''), 7.08 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 

(s, 3 H, -OCH3-5'''), 3.36 - 3.20 (m, 4 H, H2-1,1''), 3.19 - 3.09 (m, 2 H, H2-2), 3.09 - 3.00 (m, 

2 H, H2-2''), 2.84 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.3 (Cq-oxalate), 153.1 (Cq-5'''), 146.3 (Cq-4'), 

145.9 (Cq-1'), 131.3 (Cq-7b'''), 130.1 (CH-2',6'), 127.1 (Cq-3b'''), 123.7 (CH-2'''), 123.5 

(CH-3',5'), 112.1 (CH-7'''), 111.1 (CH-6'''), 109.4 (Cq-3'''), 100.3 (CH-4'''), 55.6 (CH2-2), 55.5 

(CH2-2''), 55.4 (OCH3-5'''), 39.6 (CH3-N+), 29.8 (CH2-1), 20.3 (CH2-1''). 

ESI MS: m/z (%) = 354.3 (100%) [M + H]+. 

N-[2-(2-Fluorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2-Fluorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (255) 

N-[2-(2-Fluorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21FN2⋅C2H2O4, 

386.42 g/mol) was obtained from 198.1 mg 2-fluoro-1-(2-iodoethyl)-benzene (157, 

250.05 g/mol, 74%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3423, 3397, 3278, 3038, 2943, 2862, 2682, 1720, 1702, 1617, 1493, 1458, 

1419, 1341, 1280, 1230, 1184, 1010, 942, 877, 846, 788, 772, 752, 720, 704, 668, 618, 584, 

534, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 261 (84%) sh, 268 (100%), 272 (97%) sh, 280 (100%), 

288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.9 (4.3%), 18.5 min (95.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.42 - 7.28 (m, 2 H, H-6',5'), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (s, 1 H, H-2'''), 

7.25 - 7.15 (m, 2 H, H-3',4'), 7.09 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 

1 H, H-5'''), 3.35 - 3.22 (m, 4 H, H2-1,1''), 3.15 - 2.99 (m, 4 H, H2-2'',2), 2.88 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 160.4 (d, J = 244 Hz, Cq-2'), 

136.2 (Cq-7b'''), 131.1 (d, J = 4 Hz, CH-6'), 129.0 (d, J = 8 Hz, CH-4'), 126.7 (Cq-3b'''), 124.6 
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(d, J = 3 Hz, CH-5'), 124.1 (d, J = 16 Hz, Cq-1'), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 

(CH-6'''), 118.2 (CH-4'''), 115.2 (d, J = 22 Hz, CH-3'), 111.4 (CH-7'''), 109.4 (Cq-3'''), 55.5 

(CH2-1''), 54.6 (CH2-1), 39.4 (CH3-N+), 23.3 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 683.6 (13%) [2M + oxalic acid + H]+, 629 (3%) [2M + HCl + H]+, 297.2 

(100%) [M + H]+. 

N-[2-(2-Fluorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2-Fluorophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (256) 

N-[2-(2-Fluorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23FN2O⋅C2H2O4, 416.44 g/mol) was obtained from 198.1 mg 2-fluoro-1-(2-iodoethyl)-

benzene (157, 250.05 g/mol, 74%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3416, 3306, 3040, 2956, 2681, 1718, 1629, 1586, 1492, 1457, 1406, 1281, 

1219, 1184, 1125, 1065, 1029, 926, 840, 802, 769, 720, 706, 641, 498 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 262 (81%) sh, 268 (99%), 275 (100%), 279 (97%) sh, 

293 (82%), 306 (56%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 18.4 min (99.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.42 - 7.28 (m, 2 H, 

H-6',5'), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.25 - 7.15 (m, 2 H, H-3',4'), 7.19 (d, J = 2.5 Hz, 1 H, 

H-4'''), 7.09 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -

OCH3-5'''), 3.35 - 3.22 (m, 4 H, H2-1,1''), 3.11 - 2.99 (m, 4 H, H2-2'',2), 2.88 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.2 (Cq-oxalate), 160.4 (d, J = 244 Hz, Cq-2'), 

153.1 (Cq-5'''), 131.3 (Cq-7b'''), 131.1 (d, J = 5 Hz, CH-6'), 128.9 (d, J = 8 Hz, CH-4'), 127.1 

(Cq-3b'''), 124.6 (d, J = 4 Hz, CH-5'), 124.1 (d, J = 15 Hz, Cq-1'), 123.8 (CH-2'''), 115.2 (d, J = 

22 Hz, CH-3'), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 55.42 (CH2-1''), 

55.39 (OCH3-5'''), 54.6 (CH2-1), 39.8 (CH3-N+), 23.4 (CH2-2), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 742.9 (14%) [2M + oxalic acid + H]+, 449.2 (4%) [Mquat]+, 327.2 (100%) [M 

+ H]+, 174.2 (6%) [5-MeO-vinylindole + H]+, 166.1 (85) [Mimine]+. 

N-[2-(4-Fluorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(4-Fluorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (257) 

N-[2-(4-Fluorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21FN2⋅C2H2O4, 

386.42 g/mol) was obtained from 172.1 mg 4-fluoro-1-(2-iodoethyl)-benzene (158, 

250.05 g/mol, 100%, 688.3 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. Recrystallization from a small amount of THF. 
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IR (KBr): ν~  = 3395, 3277 sh, 3040, 2924, 2858, 2694, 1721, 1610, 1513, 1459, 1427, 1341, 

1280, 1224, 1177, 1018, 942, 836, 756, 721, 498 cm-1. 

UV (H2O): λ (%maxA) = 218 (>500%), 256 (60%) sh, 264 (88%) sh, 270 (100%), 277 (95%) 

sh, 280 (96%), 288 nm (81%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.8 (2.4%), 17.5 (97.0%), 26.8 min (0.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (d, J = 8.5 Hz, 1 H, H-7'''), 7.33 (t, J = 8 Hz, 5.5 Hz, 2 H, H-2',6'), 7.23 (d, J = 

2 Hz, 1 H, H-2'''), 7.16 (dd, J = J' = 9 Hz, 2 H, H-3',5'), 7.10 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 

7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.36 - 3.23 (m, 4 H, H2-1,1''), 3.15 - 3.06 (m, 2 H, H2-2''), 

3.03 - 2.94 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 161.1 (d, J = 242 Hz, Cq-4'), 

136.2 (Cq-7b'''), 133.5 (d, J = 3 Hz, Cq-1), 130.6 (d, J = 8 Hz, CH-2',6'), 126.7 (Cq-3b'''), 123.2 

(CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 115.2 (d, J = 21 Hz, CH-3',5'), 111.5 

(CH-7'''), 109.4 (Cq-3'''), 56.0 (CH2-1), 55.4 (CH2-1''), 39.3 (CH3-N+), 28.8 (CH2-2), 19.9 

(CH2-2''). 

ESI MS: m/z (%) = 297.3 (100%) [M + H]+. 

N-[2-(4-Fluorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(4-Fluorophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (258) 

N-[2-(4-Fluorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23FN2O⋅C2H2O4, 416.44 g/mol) was obtained from 172.1 mg 4-fluoro-1-(2-iodoethyl)-

benzene (158, 250.05 g/mol, 100%, 688.3 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3433, 3216, 3044, 2944, 2719, 1702, 1625, 1512, 1488, 1463, 1216, 1179, 

1103, 1030, 962, 924, 832, 803, 720, 701, 550, 496, 469 cm-1. 

UV (H2O): λ (%maxA) = 210 (>400%) sh, 264 (85%) sh, 270 (100%), 276 (96%) sh, 294 

(79%), 306 (54%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 17.6 (99.0%), 22.8 min (0.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.33 (t, J = 8 Hz, 

5.5 Hz, 2 H, H-2',6'), 7.25 (d, J = 9 Hz, 1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.16 (dd, J = 

J' = 9 Hz, 2 H, H-3',5'), 7.10 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 2 Hz, 1 H, H-6'''), 

3.77 (s, 3 H, -OCH3-5'''), 3.35 - 3.22 (m, 4 H, H2-1,1''), 3.13 - 2.94 (m, 4 H, H2-2'',2), 2.87 (s, 

3 H, N+-CH3). 
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13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 161.0 (d, J = 243 Hz, Cq-4'), 

153.1 (Cq-5'''), 133.5 (d, J = 3 Hz, Cq-1), 131.3 (Cq-7b'''), 130.6 (d, J = 8 Hz, CH-2',6'), 127.1 

(Cq-3b'''), 123.8 (CH-2'''), 115.2 (d, J = 21 Hz, CH-3',5'), 112.0 (CH-7'''), 111.2 (CH-6'''), 109.2 

(Cq-3'''), 100.3 (CH-4'''), 56.0 (CH2-1), 55.4 (OCH3-5'''), 55.3 (CH2-1''), 39.3 (CH3-N+), 28.9 

(CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 743 (8%) [2M + oxalic acid + H]+, 449 (4%) [Mquat]+, 327.4 (100%) [M + 

H]+. 

N-[2-(2-Chlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2-Chlorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (259) 

N-[2-(2-Chlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21ClN2⋅C2H2O4, 

402.87 g/mol) was obtained from 177.8 mg 2-chloro-1-(2-iodoethyl)-benzene (160, 

266.51 g/mol, 100%, 667.1 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3267, 3048, 2861, 2682, 1719, 1634, 1476, 1458, 1357, 1341, 1280, 1202, 

1102, 1053, 1011, 937, 746, 721, 705, 682, 468 cm-1. 

UV (H2O): λ (%maxA) = 222 (>400%), 268 (92%) sh, 273 (98%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.8 (2.2%), 19.6 min (97.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.20): δ = 10.98 (s br, 1 H, H-1'''), 7.61 (d, J = 8 Hz, 

1 H, H-4'''), 7.49 - 7.40 (m, 2 H, H-3',5'), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.34 - 7.29 (m, 2 H, 

H-6',4'), 7.24 (d, J = 1.5 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 7.01 (ddd, J = 

7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.37 - 3.19 (m, 4 H, H2-1'',1), 3.19 - 3.08 (m, 4 H, H2-2'',2), 

2.89 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 135.0 (Cq-1'), 

133.0 (Cq-2'), 131.2 (CH-6'), 129.3 (CH-3'), 128.7 (CH-4'), 127.5 (CH-5'), 126.7 (Cq-3b'''), 

123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.5 (CH-7'''), 109.5 (Cq-3'''), 

55.5 (CH2-1''), 54.3 (CH2-1), 39.8 (CH3-N+), 27.7 (CH2-2), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 714.7 (6%) [2[35Cl]M + oxalic acid + H]+, 315.1 (33%) [[37Cl]M + H]+, 313.1 

(100%) [[35Cl]M + H]+, 182.1 (10%) [[35Cl]Mimine]+. 

N-[2-(2-Chlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2-Chlorophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (260) 

N-[2-(2-Chlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23ClN2O⋅C2H2O4, 432.9 g/mol) was obtained from 177.8 mg 2-chloro-1-(2-iodoethyl)-
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benzene (160, 266.51 g/mol, 100%, 667.1 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3445, 3261, 3012, 2945, 2687, 2624, 1720, 1625, 1487, 1442, 1405, 1280, 

1214, 1186, 1103, 1053, 1030, 925, 802, 756, 720, 700, 682, 638, 497 cm-1. 

UV (H2O): λ (%maxA) = 218 (>500%) sh, 267 (90%) sh, 274 (100%), 280 (94%) sh, 293 

(79%), 305 (56%) sh. 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 19.7 min (99.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.49 - 7.40 (m, 2 H, 

H-3',5'), 7.37 - 7.29 (m, 2 H, H-6',4'), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.19 (d, J = 2.5 Hz, 1 H, 

H-4'''), 7.10 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -

OCH3-5'''), 3.36 - 3.19 (m, 4 H, H2-1'',1), 3.19 - 3.03 (m, 4 H, H2-2'',2), 2.90 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 134.8 (Cq-1'), 

133.0 (Cq-2'), 131.3 (CH-6'), 131.2 (Cq-7b'''), 129.3 (CH-3'), 128.7 (CH-4'), 127.5 (CH-5'), 

127.1 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (OCH3-5'''), 55.3 (CH2-1''), 54.2 (CH2-1''), 39.4 (CH3-N+), 27.6 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 776.7 (7%) [2[35Cl]M + oxalic acid + H]+, 720.7 (6%) [2[35Cl]M + HCl + H]+, 

345.1 (33%) [[37Cl]M + H]+, 343.1 (100%) [[35Cl]M + H]+, 182.1 (9%) [[35Cl]Mimine]+. 

N-[2-(3-Chlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3-Chlorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (261) 

N-[2-(3-Chlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21ClN2⋅C2H2O4, 

402.87 g/mol) was obtained from 181.7 mg 3-Chloro-1-(2-iodoethyl)-benzene (161, 

266.51 g/mol, 100%, 681.8 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3391, 3270, 3046, 2924, 2862, 2682, 1718, 1636, 1458, 1430, 1356, 1340, 

1281, 1208, 1102, 1011, 942, 874, 784, 744, 698, 474 cm-1. 

UV (H2O): λ (%maxA) = 218 (>500%), 266 (90%) sh, 273 (98%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.6 (5.6%), 19.2 min (94.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.95 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.42 - 7.31 (m, 4 H, H-7''',2',4',5'), 7.28 - 7.22 (m, 2 H, H-2''',6'), 7.09 (ddd, J = 

7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.31 - 3.22 

(m, 4 H, H2-1'',1), 3.13 - 3.04 (m, 2 H, H2-2''), 3.03 - 2.95 (m, 2 H, H2-2'), 2.84 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 140.2 (Cq-1'), 136.2 (Cq-7b'''), 

133.0 (Cq-3'), 130.2 (CH-2'), 128.6 (CH-5'), 127.5 (CH-4'), 126.7 (Cq-3b'''), 126.5 (CH-6'), 



Chemical Experiments - Synthesis of N-alkyl-N-methyltryptamines 
_________________________________________________________________________  

 

196 

123.1 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.6 (Cq-3'''), 

55.9 (CH2-1), 55.6 (CH2-1''), 39.6 (CH3-N+), 29.5 (CH2-2), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 718.6 (11%) [[35Cl]M + [37Cl]M + oxalic acid + H]+, 715.6 (18%) [2[35Cl]M + 

oxalic acid + H]+, 315.2 (38%) [[37Cl]M + H]+, 313.3 (100%) [[35Cl]M + H]+. 

N-[2-(3-Chlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3-Chlorophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (262) 

N-[2-(3-Chlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23ClN2O⋅C2H2O4, 432.9 g/mol) was obtained from 181.7 mg 3-chloro-1-(2-iodoethyl)-

benzene (161, 266.51 g/mol, 100%, 681.8 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3445, 3266, 3020, 2945, 2682, 1720, 1625, 1487, 1280, 1215, 1186, 1102, 

1063, 1030, 924, 799, 721, 695, 685, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%) sh, 267 (87%) sh, 269 (92%) sh, 275 (100%), 279 

(95%) sh, 294 (80%), 306 (54%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 19.1 min (99.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.42 - 7.32 (m, 3 H, 

H-2',4',5'), 7.25 (2d, J = 8.5 Hz, 2 H, H-7''',6'), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.10 (d, J = 

2.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.34 - 

3.25 (m, 4 H, H2-1'',1), 3.12 - 2.97 (m, 4 H, H2-2'',2), 2.87 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 153.1 (Cq-5'''), 140.0 (Cq-1'), 

133.1 (Cq-3'), 131.3 (Cq-7b'''), 130.3 (CH-2'), 128.6 (CH-5'), 127.5 (CH-4'), 127.1 (Cq-3b'''), 

126.6 (CH-6'), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.7 (CH2-1), 55.40 (OCH3-5'''), 55.36 (CH2-1''), 39.4 (CH3-N+), 29.3 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 345.1 (29%) [[37Cl]M + H]+, 343.2 (100%) [[35Cl]M + H]+. 

N-[2-(4-Chlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(4-Chlorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (263) 

N-[2-(4-Chlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21ClN2⋅C2H2O4, 

402.87 g/mol) was obtained as a non-crystallizing mass from 180.9 mg 4-chloro-

1-(2-iodoethyl)-benzene (162, 266.51 g/mol, 87%, 587.5 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3394, 3040, 2951, 2861, 2691, 2636, 1720, 1700, 1620, 1494, 1459, 1422, 

1340, 1280, 1178, 1096, 1017, 944, 879, 838, 807, 756, 721, 704, 668, 494 cm-1. 
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UV (H2O): λ (%maxA) = 219 (>700%), 266 (88%) sh, 272 (98%), 275 (99%) sh, 278 (100%), 

280 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.5 (1.8%), 19.0 min (97.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.40 (d, J = 8.5 Hz, 2 H, H-3',5'), 7.37 (d, J = 8.5 Hz, 1 H, H-7'''), 7.31 (d, J = 

8.5 Hz, 2 H, H-2',6'), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.10 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.01 

(dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.35 - 3.23 (m, 4 H, H2-1'',1), 3.15 - 3.06 (m, 2 H, H2-2''), 

3.03 - 2.95 (m, 2 H, H2-2), 2.87 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 136.4 (Cq-7b'''), 136.2 (Cq-1'), 

131.3 (Cq-4'), 130.6 (CH-2',6'), 128.4 (CH-3',5'), 126.7 (Cq-3b'''), 123.2 (CH-2'''), 121.1 

(CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 55.8 (CH2-1), 55.5 

(CH2-1''), 39.4 (CH3-N+), 29.1 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 714.6 (3%) [2[35Cl]M + oxalic acid + H]+, 315.1 (32%) [[37Cl]M + H]+, 313.1 

(100%) [[35Cl]M + H]+, 182.1 (6%) [[35Cl]Mimine]+. 

N-[2-(4-Chlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(4-Chlorophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (264) 

N-[2-(4-Chlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23ClN2O⋅C2H2O4, 432.9 g/mol) was obtained from 180.9 mg 4-chloro-1-(2-iodoethyl)-

benzene (162, 266.51 g/mol, 87%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(2-Bromophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2-Bromophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (265) 

N-[2-(2-Bromophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21BrN2⋅C2H2O4, 

391.46 g/mol) was obtained as a non-crystallizing mass from 259.8 mg 2-bromo-

1-(2-iodoethyl)-benzene (163, 208.1 g/mol, 70%, 877.8 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(2-Bromophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2-Bromophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (266) 

N-[2-(2-Bromophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23BrN2O⋅C2H2O4, 421.49 g/mol) was obtained as a non-crystallizing mass from 

259.8 mg 2-bromo-1-(2-iodoethyl)-benzene (163, 208.1 g/mol, 70%, 877.8 µmol) and 
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100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general 

procedure E. 

N-[2-(3-Bromophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3-Bromophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (267) 

N-[2-(3-Bromophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21BrN2⋅C2H2O4, 

447.32 g/mol) was obtained from 214.0 mg 3-bromo-1-(2-iodoethyl)-benzene (164, 

263.96 g/mol, 100%, 810.7 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3388, 3269, 3044, 2928, 2859, 2685, 1718, 1635, 1458, 1426, 1341, 1280, 

1205, 1102, 1072, 1011, 961, 940, 880, 846, 782, 744, 721, 692, 669, 458 cm-1. 

UV (H2O): λ (%maxA) = 218 (>600%), 266 (89%) sh, 271 (97%) sh, 279 (100%), 288 nm 

(84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.6 (5.4%), 20.1 min (94.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.95 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.54 (s, 1 H, H-2'), 7.45 (td, J = 4.5 Hz, 2 Hz, 1 H, H-5'), 7.37 (d, J = 8 Hz, 1 H, 

H-7'''), 7.30 (d, J = 5 Hz, 2 H, H-4',6'), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.10 (dd, J = J' = 7.5 Hz, 

1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.32 - 3.22 (m, 4 H, H2-1'',1), 3.14 - 3.05 (m, 

2 H, H2-2''), 3.04 - 2.94 (m, 2 H, H2-2), 2.85 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 140.4 (Cq-1'), 136.2 (Cq-7b'''), 

131.5 (CH-2'), 130.6 (CH-5'), 129.4 (CH-4'), 127.9 (CH-6'), 126.7 (Cq-3b'''), 123.1 (CH-2'''), 

121.7 (Cq-3'), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.6 (Cq-3'''), 

55.8 (CH2-1), 55.6 (CH2-1''), 39.8 (CH3-N+), 29.4 (CH2-2), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 804.7 (10%) [[79Br]M + [81Br]M + oxalic acid + H]+, 750.7 (10%) [[79Br]M + 

[81Br]M + HCl + H]+, 359.1 (85%) [[81Br]M + H]+, 357.1 (100%) [[79Br]M + H]+, 228.1 (10%) 

[[81Br]Mimine]+, 226 (14%) [[79Br]Mimine]+. 

N-[2-(3-Bromophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3-Bromophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (268) 

N-[2-(3-Bromophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23BrN2O⋅C2H2O4, 477.35 g/mol) was obtained from 214.0 mg 3-bromo-1-(2-iodoethyl)-

benzene (164, 263.96 g/mol, 100%, 810.7 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3442, 3267, 3015, 2944, 2832, 2684, 1722, 1625, 1588, 1487, 1441, 1280, 

1214, 1186, 1064, 1030, 924, 839, 798, 720, 693, 669, 610, 493 cm-1. 
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UV (H2O): λ (%maxA) = 221 (>400%), 267 (87%) sh, 275 (100%), 279 (96%) sh, 294 (81%), 

306 (56%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 20.0 min (99.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.54 (s, 1 H, H-2'), 

7.46 (td, J = 4.5 Hz, 2 Hz, 1 H, H-5'), 7.30 (d, J = 5 Hz, 2 H, H-4',6'), 7.25 (d, J = 8.5 Hz, 1 H, 

H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.09 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 2 Hz, 

1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.34 - 3.25 (m, 4 H, H2-1'',1), 3.11 - 2.96 (m, 4 H, 

H2-2'',2), 2.87 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 140.2 (Cq-1'), 

131.5 (CH-2'), 131.3 (Cq-7b'''), 130.6 (CH-5'), 129.5 (CH-4'), 127.9 (CH-6'), 127.1 (Cq-3b'''), 

123.8 (CH-2'''), 121.7 (Cq-3'), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.6 (CH2-1), 55.4 (OCH3-5'''), 55.3 (CH2-1''), 39.3 (CH3-N+), 29.2 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 389.1 (90%) [[81Br]M + H]+, 387.1 (100%) [[79Br]M + H]+, 228 (10%) 

[[81Br]Mimine]+, 226.1 (13%) [[79Br]Mimine]+, 174.2 (9%) [5-MeO-vinylindole]+. 

N-[2-(4-Bromophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(4-Bromophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (269) 

N-[2-(4-Bromophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H21BrN2⋅C2H2O4, 

447.32 g/mol) was obtained from 222.7 mg 4-bromo-1-(2-iodoethyl)-benzene (165, 

263.96 g/mol, 82%, 692.1 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3400, 3252, 2937, 2632, 1719, 1703, 1622, 1489, 1458, 1406, 1281, 1207, 

1103, 1012, 963, 814, 745, 721, 500 cm-1. 

UV (H2O): λ (%maxA) = 219 (>700%), 272 (97%), 279 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 9.5 (3.2%), 19.9 min (96.3%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.52 (d, J = 8 Hz, 2 H, H-3',5'), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, 8.5 Hz, 2 H, 

H-2',6'), 7.23 (s, 1 H, H-2'''), 7.09 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 

1 H, H-5'''), 3.32 - 3.21 (m, 4 H, H2-1'',1), 3.14 - 3.04 (m, 2 H, H2-2''), 3.01 - 2.92 (m, 2 H, 

H2-2), 2.85 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 136.9 (Cq-1'), 136.2 (Cq-7b'''), 

131.3 (CH-3',5'), 131.0 (CH-2',6'), 126.7 (Cq-3b'''), 123.1 (CH-2'''), 121.0 (CH-5'''), 119.7 

(CH-4'), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.5 (Cq-3'''), 55.7 (CH2-2), 55.5 

(CH2-2''), 39.4 (CH3-N+), 29.2 (CH2-1), 20.0 (CH2-1''). 
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ESI MS: m/z (%) = 804.6 (5%) [[79Br]M + [81Br]M + oxalic acid + H]+, 359.1 (98%) [[81Br]M + 

H]+, 357.1 (100%) [[79Br]M + H]+, 228.1 (11%) [[81Br]Mimine]+, 226 (10%) [[79Br]Mimine]+. 

N-[2-(4-Bromophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(4-Bromophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (270) 

N-[2-(4-Bromophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H23BrN2O⋅C2H2O4, 477.35 g/mol) was obtained from 222.7 mg 4-bromo-1-(2-iodoethyl)-

benzene (165, 263.96 g/mol, 82%, 692.1 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3265, 3002, 2932, 2830, 2716, 2639, 1718, 1608, 1489, 1301, 1215, 1102, 

1072, 1031, 1012, 985, 960, 926, 884, 829, 798, 722, 634, 521, 496 cm-1. 

UV (H2O): λ (%maxA) = 220 (>500%), 275 (100%), 294 (80%), 306 (55%) sh. 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 19.8 (98.5%), 24.9 min (0.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.52 (d, J = 8 Hz, 

2 H, H-3',5'), 7.25 (2d, J = 8.5 Hz, 3 H, H-7''',2',6'), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.09 (d, J = 

2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 2 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.34 - 3.22 

(m, 4 H, H2-1'',1), 3.12 - 3.03 (m, 2 H, H2-2''), 3.03 - 2.93 (m, 2 H, H2-2), 2.86 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 136.8 (Cq-1'), 

131.34 (Cq-7b'''), 131.29 (CH-3',5'), 131.0 (CH-2',6'), 127.1 (Cq-3b'''), 123.8 (CH-2'''), 119.7 

(CH-4'), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 55.7 (CH2-2), 55.4 

(CH2-2''), 55.3 (OCH3-5'''), 39.3 (CH3-N+), 29.1 (CH2-1), 20.0 (CH2-1''). 

ESI MS: m/z (%) = 865.5 (5%) [[79Br]M + [81Br]M + oxalic acid + H]+, 389.3 (88%) [[81Br]M + 

H]+, 387.3 (100%) [[79Br]M + H]+. 

N-[2-(2,5-Dimethylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2,5-Dimethylphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(271) 

N-[2-(2,5-Dimethylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C21H26N2⋅C2H2O4, 

396.48 g/mol) was obtained from 163.2 mg 2,5-dimethyl-1-(2-iodoethyl)-benzene (166, 

260.11 g/mol, 94%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3392, 3269, 2922, 2865, 2683, 1719, 1636, 1459, 1340, 1281, 1107, 1033, 

938, 814, 754, 721, 701, 480 cm-1. 
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UV (H2O): λ (%maxA) = 218 (>600%), 271 (97%) sh, 276 (100%), 280 (96%) sh, 288 nm 

(78%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.8 (1.5%), 20.8 min (97.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.98 (s br, 1 H, H-1'''), 7.62 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, J = 2 Hz, 1 H, H-2'''), 7.10 (dd, J = J' = 7 Hz, 

1 H, H-6'''), 7.08 - 6.93 (m, 4 H, H-3',4',6',5'''), 3.40 - 3.30 (m, 2 H, H2-1'), 3.24 - 3.09 (m, 4 H, 

H2-2'',1), 2.98 - 2.90 (m, 2 H, H2-2), 2.92 (s, 3 H, N+-CH3), 2.25 (s, 3 H, CH3), 2.24 (s, 3 H, 

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 136.2 (Cq-7b'''), 135.1 (Cq-1'), 

134.9 (Cq-5'), 132.7 (Cq-2'), 130.1 (CH-6'), 129.9 (CH-3'), 127.3 (CH-4'), 126.7 (Cq-3b'''), 

123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.5 (CH-7'''), 109.4 (Cq-3'''), 

55.4 (CH2-1''), 55.1 (CH2-1), 39.3 (CH3-N+), 27.3 (CH2-2), 20.4 (OCH3-5'), 20.0 (CH2-2''), 18.2 

(OCH3-2'). 

ESI MS: m/z (%) = 307.2 (100%) [M + H]+. 

N-[2-(2,5-Dimethylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2,5-Dimethylphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (272) 

N-[2-(2,5-Dimethylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C22H28N2O⋅C2H2O4, 426.51 g/mol) was obtained from 163.2 mg 2,5-dimethyl-1-(2-iodoethyl)-

benzene (166, 260.11 g/mol, 94%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3410, 3282, 3021, 2943, 2682, 1720, 1702, 1625, 1486, 1280, 1214, 1178, 

1105, 1062, 1030, 924, 809, 721, 701, 637, 498 cm-1. 

UV (H2O): λ (%maxA) = 217 (>400%), 266 (84%) sh, 270 (93%) sh, 275 (100%), 293 (75%) 

sh, 296 (72%) sh, 307 (49%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 20.5 min (99.4%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.26 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.20 (d, J = 2 Hz, 1 H, H-4'''), 7.11 (d, J = 2 Hz, 1 H, H-2'''), 7.06 (d, J = 7.5 Hz, 

1 H, H-3'), 6.99 (s, 1 H, H-6'), 6.96 (d, J = 8 Hz, 1 H, H-4'), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, 

H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.38 - 3.28 (m, 2 H, H2-1'), 3.24 - 3.14 (m, 2 H, H2-1), 3.14 - 

3.04 (m, 2 H, H2-2''), 2.99 - 2.98 (m, 2 H, H2-2), 2.91 (s, 3 H, N+-CH3), 2.25 (s, 3 H, Ar-CH3), 

2.23 (s, 3 H, Ar-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 135.2 (Cq-1'), 

134.9 (Cq-5'), 132.7 (Cq-2'), 131.3 (Cq-7b'''), 130.1 (CH-6'), 129.9 (CH-3'), 127.3 (CH-4'), 

127.1 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 
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55.4 (OCH3-5'''), 55.3 (CH2-1''), 55.1 (CH2-1), 39.2 (CH3-N+), 27.2 (CH2-2), 20.4 (Ph-CH3-5'), 

20.0 (CH2-2''), 18.2 (Ph-CH3-2'). 

ESI MS: m/z (%) = 762.9 (13%) [2M + oxalic acid + H]+, 337.2 (100%) [M + H]+. 

N-[2-(3,5-Dimethylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3,5-Dimethylphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(273) 

N-[2-(3,5-Dimethylphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C21H26N2⋅C2H2O4, 

396.48 g/mol) was obtained from 165.6 mg 3,5-dimethyl-1-(2-iodoethyl)-benzene (167, 

260.11 g/mol, 92%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3392, 3293, 3018, 2923, 2862, 2690, 1723, 1608, 1459, 1353, 1280, 1237, 

1105, 965, 859, 844, 822, 737, 720, 704, 622, 494 cm-1. 

UV (H2O): λ (%maxA) = 218 (>600%), 273 (98%), 279 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 10.3 (1.9%), 20.9 min (97.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.61 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, J = 2 Hz, 1 H, H-2'''), 7.10 (ddd, J = 7.5 Hz, 

7.5 Hz, 1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 6.86 (s, 3 H, 

H-2',6',4'), 3.37 - 3.21 (m, 4 H, H2-1,1''), 3.17 - 3.08 (m, 2 H, H2-2''), 2.96 - 2.86 (m, 5 H, N+-

CH3, H2-2), 2.24 (s, 6 H, -CH3-3',5'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 137.5 (Cq-3',5''), 137.0 (Cq-1'), 

136.2 (Cq-7b'''), 128.0 (CH-4'), 126.7 (Cq-3b'''), 126.4 (CH-2',6'), 123.2 (CH-2'''), 121.1 

(CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.5 (CH-7'''), 109.4 (Cq-3'''), 56.1 (CH2-1), 55.3 

(CH2-1''), 39.3 (CH3-N+), 29.5 (CH2-2), 20.8 (Ph-CH3-3',5'), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 703.0 (13%) [2M + oxalic acid + H]+, 307.2 (100%) [M + H]+, 176.1 (6%) 

[Mimine]+. 

N-[2-(3,5-Dimethylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3,5-Dimethylphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (274) 

N-[2-(3,5-Dimethylphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C22H28N2O⋅C2H2O4, 426.51 g/mol) was obtained from 165.6 mg 3,5-dimethyl-1-(2-iodoethyl)-

benzene (167, 260.11 g/mol, 92%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3397, 3293, 3012, 2940, 2686, 1721, 1702, 1609, 1486, 1352, 1281, 1208, 

1121, 1063, 1031, 964, 841, 803, 788, 721, 710, 640, 499 cm-1. 



Chemical Experiments - Synthesis of N-alkyl-N-methyltryptamines 
_________________________________________________________________________  

 

203

UV (H2O): λ (%maxA) = 220 (>500%) sh, 266 (84%) sh, 271 (96%) sh, 275 (100%), 296 

(78%) sh, 308 (48%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 12.0 (0.9%), 18.1 (0.5%), 20.8 (97.0%), 

25.1 min (1.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.88 (s br, 1 H, H-1'''), 7.26 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.20 (d, J = 2 Hz, 1 H, H-4'''), 7.11 (d, J = 2 Hz, 1 H, H-2'''), 6.89 - 6.84 (s br, 3 H, 

H-2',6',4'), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.37 - 3.21 (m, 

4 H, H2-1,1''), 3.13 - 3.04 (m, 2 H, H2-2''), 2.95 - 2.85 (m, 5 H, N+-CH3, H2-2), 2.24 (2s, 6 H, -

CH3-3',5'). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 153.1 (Cq-5'''), 137.4 (Cq-3',5''), 

137.0 (Cq-1'), 131.4 (Cq-7b'''), 128.0 (CH-4'), 127.1 (Cq-3b'''), 126.4 (CH-2',6'), 123.8 (CH-2'''), 

112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.2 (CH-4'''), 56.0 (CH2-1), 55.4 (OCH3-5'''), 

55.2 (CH2-1''), 39.3 (CH3-N+), 29.5 (CH2-2), 20.7 (Ph-CH3-3',5'), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 763.6 (12%) [2M + oxalic acid + H]+, 709 (4%) [2M + HCl + H]+, 337.2 

(100%) [M + H]+. 

N-[2-(2,5-Dimethoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2,5-Dimethoxyphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(275) 

N-[2-(2,5-Dimethoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 

(C21H26N2O2⋅C2H2O4, 428.48 g/mol) was obtained from 198.8 mg 2,5-dimethoxy-

1-(2-iodoethyl)-benzene (168, 292.11 g/mol, 86%, 587.5 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3407, 3299, 3004, 2934, 2834, 2698, 1719, 1702, 1636, 1505, 1460, 1280, 

1226, 1107, 1045, 962, 877, 807, 745, 721, 499 cm-1. 

UV (H2O): λ (%maxA) = 219 (>400%), 268 (75%) sh, 273 (86%) sh, 280 (100%) sh, 282 

(100%), 288 nm (98%). 

HPLC: Rt (%total AUC260) = 5.9 (oxalic acid), 9.9 (2.2%), 20.1 min (97.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.60 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.10 (ddd, J = 7.5 Hz, 

1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 6.93 (d, J = 8.5 Hz, 1 H, 

H-3'), 6.85 (d, J = 2.5 Hz, 1 H, H-6'), 6.81 (dd, J = 8.5 Hz, 3 Hz, 1 H, H-4'), 3.75 (s, 3 H, 

OCH3), 3.70 (s, 3 H, OCH3), 3.35 - 3.26 (m, 2 H, H2-1''), 3.26 - 3.17 (m, 2 H, H2-1), 3.14 - 

3.05 (m, 2 H, H2-2''), 2.98 - 2.87 (m, 2 H, H2-2), 2.86 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 153.1 (Cq-5'), 151.2 (Cq-2'), 

136.2 (Cq-7b'''), 126.7 (Cq-3b'''), 126.2 (Cq-1'), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 
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118.1 (CH-4'''), 116.4 (CH-3'), 112.3 (CH-4'), 111.9 (CH-6'), 111.5 (CH-7'''), 109.4 (Cq-3'''), 

55.8 (OCH3-2'), 55.3 (OCH3-5'), 55.2 (CH2-1''), 54.5 (CH2-1), 39.6 (CH3-N+), 24.7 (CH2-2), 

20.0 (CH2-2''). 

ESI MS: m/z (%) = 339.2 (100%) [M + H]+. 

N-[2-(2,5-Dimethoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2,5-Dimethoxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine 
hydrogen oxalate) (276) 

N-[2-(2,5-Dimethoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C22H28N2O3⋅C2H2O4, 458.5 g/mol) was obtained from 198.8 mg 2,5-dimethoxy-

1-(2-iodoethyl)-benzene (168, 292.11 g/mol, 86%, 587.5 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3321, 3047, 2950, 2831, 1722, 1703, 1625, 1587, 1505, 1489, 1468, 1308, 

1280, 1230, 1183, 1048, 1033, 963, 927, 818, 795, 711, 630, 480 cm-1. 

UV (H2O): λ (%maxA) = 221 (>300%), 274 (90%) sh, 277 (95%) sh, 279 (97%) sh, 282 (98%) 

sh, 288 (100%), 294 (95%) sh, 297 (87%) sh, 306 (48%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 19.9 min (99.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.26 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2.5 Hz, 1 H, H-4'''), 7.10 (d, J = 2 Hz, 1 H, H-2'''), 6.93 (d, J = 9 Hz, 

1 H, H-3'), 6.85 (d, J = 3 Hz, 1 H, H-6'), 6.81 (dd, J = 8.5 Hz, 3 Hz, 1 H, H-4'), 6.74 (dd, J = 

8.5 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.75 (s, 3 H, OCH3), 3.70 (s, 3 H, OCH3), 

3.36 - 3.19 (m, 4 H, H2-1,1''), 3.12 - 3.02 (m, 2 H, H2-2''), 2.99 - 2.89 (m, 2 H, H2-2), 2.88 (s, 

3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.13 (Cq-5'''), 153.10 (Cq-5'), 

151.2 (Cq-2'), 131.4 (Cq-7b'''), 127.1 (Cq-3b'''), 126.0 (Cq-1'), 123.8 (CH-2'''), 116.4 (CH-3'), 

112.4 (CH-4'), 112.1 (CH-7'''), 111.8 (CH-6'), 111.2 (CH-6'''), 109.0 (Cq-3'''), 100.2 (CH-4'''), 

55.8 (OCH3-2'), 55.4 (OCH3-5'), 55.3 (OCH3-5'''), 55.0 (CH2-1''), 54.3 (CH2-1), 39.4 (CH3-N+), 

24.6 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 826.8 (5%) [2M + oxalic acid + H]+, 369.2 (100%) [M + H]+, 208.1 (11%) 

[Mimine]+. 

N-[2-(3,4-Dimethoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3,4-Dimethoxyphenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(277) 

100.4 mg N-[2-(3,4-Dimethoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 

(C21H26N2O2⋅C2H2O4, 428.48 g/mol, 40%) was obtained from 176.9 mg 3,4-dimethoxy-
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1-(2-iodoethyl)-benzene (169, 292.11 g/mol, 97%, 587.4 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3302, 3003, 2941, 2833, 2691, 1728, 1702, 1619, 1518, 1461, 1341, 1262, 

1238, 1159, 1024, 935, 849, 810, 767, 739, 720, 708, 495 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 273 (94%) sh, 278 (100%), 288 (70%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.8 (0.7%), 17.3 (97.4%), 22.2 min (0.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = 7.5 Hz, 

1 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 6.91 - 6.86 (m, 2 H, H-5',6'), 

6.79 (dd, J = 8 Hz, 1.5 Hz, 1 H, H-2'), 3.75 (t, 3 H, OCH3), 3.72 (s, 3 H, OCH3), 3.37 - 3.23 

(m, 4 H, H2-1,1''), 3.16 - 3.07 (m, 2 H, H2-2''), 2.97 - 2.86 (m, 2 H, H2-2), 2.89 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 148.8 (Cq-3'), 147.6 (Cq-4'), 

136.2 (Cq-7b'''), 129.6 (Cq-1'), 126.7 (Cq-3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 120.7 (CH-2'), 

118.4 (CH-6'''), 118.2 (CH-4'''), 112.7 (CH-6'), 112.1 (CH-5'), 111.5 (CH-7'''), 109.4 (Cq-3'''), 

56.3 (CH2-1), 55.53 (OCH3-3'), 55.46 (OCH3-4'), 55.4 (CH2-1''), 39.3 (CH3-N+), 29.3 (CH2-2), 

19.9 (CH2-2''). 

ESI MS ("E2"): m/z (%) = 339.2 (100%) [M + H]+, 503.2 (5%) [Mquat]+. 

N-[2-(3,4-Dimethoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3,4-Dimethoxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine 
hydrogen oxalate) (278) 

93.8 mg N-[2-(3,4-Dimethoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C22H28N2O3⋅C2H2O4, 458.5 g/mol, 35%) was obtained from 176.9 mg 3,4-dimethoxy-

1-(2-iodoethyl)-benzene (169, 292.11 g/mol, 97%, 587.4 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3350, 2938, 2835, 2681, 1718, 1626, 1519, 1487, 1452, 1337, 1301, 1265, 

1241, 1221, 1159, 1142, 1062, 1026, 939, 923, 851, 808, 766, 720, 695, 641, 484 cm-1. 

UV (H2O): λ (%maxA) = 222 (>300%), 270 (88%) sh, 277 (100%), 285 (86%) sh, 296 (55%) 

sh, 307 (37%) sh. 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 17.7 (94.9%), 21.8 (1.4%), 23.1 min (3.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (s, 1 H, H-4'''), 7.11 (s, 1 H, H-2'''), 6.82 - 6.70 (m, 2 H, H-5',6'), 6.82 - 6.70 

(m, 2 H, H-6''', H-2'), 3.78 (s, 3 H, -OCH3-5'''), 3.75 (t, 3 H, OCH3), 3.72 (s, 3 H, OCH3), 3.37 - 
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3.21 (m, 4 H, H2-1,1''), 3.16 - 3.02 (m, 2 H, H2-2''), 3.00 - 2.85 (m, 2 H, H2-2), 2.88 (s, 3 H, N+-

CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 148.8 (Cq-3'), 

147.6 (Cq-4'), 131.4 (Cq-7b'''), 129.7 (Cq-1'), 127.1 (Cq-3b'''), 123.8 (CH-2'''), 120.7 (CH-2'), 

112.7 (CH-6'), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 56.3 (CH2-1), 

55.52 (OCH3-3'), 55.46 (OCH3-3'), 55.4 (OCH3-5'''), 55.3 (CH2-1''), 39.3 (CH3-N+), 29.3 

(CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 533.4 (10%) [Mquat]+, 369.2 (100%) [M + H]+. 

N-[2-(2,6-Dichlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(2,6-Dichlorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(279) 

N-[2-(2,6-Dimethoxyphenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 

(C19H20Cl2N2⋅C2H2O4, 428.48 g/mol) was obtained from 176.9 mg 2,6-dimethoxy-

1-(2-iodoethyl)-benzene (171, 292.11 g/mol, 97%, 587.5 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3406, 3269, 3057, 2936, 2652, 1720, 1696, 1611, 1438, 1377, 1202, 1088, 

1026, 1013, 794, 779, 739, 721, 470 cm-1. 

UV (H2O): λ (%maxA) = 218 (753%), 266 (88%) sh, 272 (96%), 275 (97%) sh, 279 (100%), 

287 nm (82%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 10.3 (4.4%), 19.2 (1.7%), 21.4 min (94.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.92 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.51 (d, J = 8 Hz, 2 H, H-3',5'), 7.36 (d, J = 7.5 Hz, 1 H, H-7'''), 7.34 (t, J = 8 Hz, 

1 H, H-4'), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.08 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.01 

(ddd, J = 7 Hz, 7 Hz, 1 Hz, 1 H, H-5'''), 3.33 - 3.22 (m, 4 H, H2-1,1''), 3.14 - 3.02 (m, 4 H, 

H2-2,2''), 2.85 (s, 3 H, N+-CH3). 

ESI MS: m/z (%) = 349.1 (56%) [[37Cl]M + H]+, 347.1 (100%) [[35Cl]M + H]+, 313.1 (25%) [M - 

HCl + H]+, 216.1 (18%) [Mimine]+, 182.0 (6%) [Mimine - HCl]+. 

N-[2-(2,6-Dimethoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(2,6-Dimethoxyphenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine 
hydrogen oxalate) (280) 

N-[2-(2,6-Dimethoxyphenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C22H28N2O3⋅C2H2O4, 458.5 g/mol) was obtained as a non-crystallizing mass from 176.9 mg 

2,6-dimethoxy-1-(2-iodoethyl)-benzene (171, 292.11 g/mol, 97%, 587.5 µmol) and 100.0 mg 

N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 
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N-[2-(3,4-Dichlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(3,4-Dichlorophenyl)-ethyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(281) 

N-[2-(3,4-Dichlorophenyl)-ethyl]-N-methyltryptamine hydrogen oxalate (C19H20Cl2N2⋅C2H2O4, 

437.32 g/mol) was obtained from 214.6 mg 3,4-dichloro-1-(2-iodoethyl)-benzene (173, 

300.95 g/mol, 100%, 713.1 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3447, 3408, 3260, 3042, 2936, 2860, 1719, 1618, 1458, 1405, 1341, 1280, 

1184, 1132, 1030, 946, 897, 827, 753, 720, 704, 584, 499 cm-1. 

UV (H2O): λ (%maxA) = 219 (>600%), 272 (96%), 275 (96%), 280 (100%), 288 nm (80%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.8 (3.5%), 20.9 min (95.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.61 (s, 1 H, H-2'), 

7.60 (2d, J = 8 Hz, 2 H, H-4''',5'), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.30 (d, J = 8 Hz, 1 H, H-6'), 

7.24 (d, J = 1 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 

1 H, H-5'''), 3.34 - 3.24 (m, 4 H, H2-1'',1), 3.14 - 3.05 (m, 2 H, H2-2''), 3.05 - 2.96 (m, 2 H, 

H2-2), 2.85 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 138.7 (Cq-1'), 136.2 (Cq-7b'''), 

130.9 (Cq-3',4'), 130.8 (CH-5'), 130.5 (CH-2'), 129.2 (CH-6'), 126.7 (Cq-3b'''), 123.1 (CH-2'''), 

121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 55.5 

(CH2-1,1''), 39.4 (CH3-N+), 28.8 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 351.1 (17%) [[37Cl][37Cl]M + H]+, 349.12 (38%) [[35Cl][37Cl]M + H]+, 347.1 

(100%) [[35Cl][35Cl]M + H]+. 

N-[2-(3,4-Dichlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(3,4-Dichlorophenyl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (282) 

N-[2-(3,4-Dichlorophenyl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C20H22Cl2N2O⋅C2H2O4, 467.34 g/mol) was obtained 214.6 mg 3,4-dichloro-1-(2-iodoethyl)-

benzene (173, 300.95 g/mol, 100%, 713.1 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. Recrystallization from a 

larger amount of THF. 

IR (KBr): ν~  = 3253, 3002, 2939, 2831, 2633, 1720, 1590, 1476, 1403, 1281, 1216, 1131, 

1061, 1031, 960, 926, 828, 802, 721, 641, 494 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 274 (100%), 279 (98%) sh, 293 (79%), 306 (55%) sh, 

308 (48%) sh. 
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HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 20.9 min (98.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.61 (s, 1 H, H-2'), 

7.59 (d, J = 8 Hz, 4 Hz, 1 H, H-5'), 7.30 (dd, J = 8.5 Hz, 1.5 Hz, 1 H, H-6'), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.09 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 7.5 Hz, 

1 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.33 - 3.23 (m, 4 H, H2-1'',1), 3.11 - 2.97 (m, 4 H, 

H2-2'',2), 2.86 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 138.7 (Cq-1'), 

131.4 (Cq-7b'''), 131.0 (Cq-3',4'), 130.8 (CH-5'), 130.5 (CH-2'), 129.3 (CH-6'), 127.1 (Cq-3b'''), 

123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 55.44 (CH2-1), 

55.41 (OCH3-5'''), 55.38(CH2-1''), 39.4 (CH3-N+), 28.7 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 381 (8%) [[37Cl][37Cl]M + H]+, 379.1 (61%) [[35Cl][37Cl]M + H]+, 377.1 

(100%) [[35Cl][35Cl]M + H]+, 218.1 (7%) [[35Cl][37Cl]Mimine]+, 216.1 (11%) [[35Cl][35Cl]Mimine]+. 

N-[2-(Indol-3-yl)-ethyl]-N-methyltryptamine hydrogen oxalate 
(Bis-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (283) 

42.4 mg N-[2-(Indol-3-yl)-ethyl]-N-methyltryptamine hydrogen oxalate (C21H23N3⋅C2H2O4, 

407.46 g/mol, 18%) was obtained as a white powder from 159.3 mg 3-(2-iodoethyl)-indole 

(175, 271.10 g/mol, 100%, 587.6 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3402, 3276, 3049, 2926, 2860, 2693, 1718, 1701, 1627, 1458, 1356, 1341, 

1233, 1102, 1011, 934, 817, 747, 709, 489 cm-1. 

UV (H2O): λ (%maxA) = 218 (>500%), 273 (96%), 279 (100%), 288 nm (85%). 

HPLC: Rt (%total AUC260) = 6.0 (oxalic acid), 17.1 (0.7%), 18.4 (83.8%), 23.4 (1.3%), 

24.5 min (13.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.95 (s br, 2 H, H-1',1'''), 7.59 (d, J = 

7.5 Hz, 2 H, H-4',4'''), 7.36 (d, J = 8 Hz, 2 H, H-7',7'''), 7.23 (s, 2 H, H-2',2'''), 7.09 (dd, J = J' = 

7.5 Hz, 2 H, H-6',6'''), 7.01 (dd, J = J' = 7.5 Hz, 2 H, H-5',5'''), 3.38 - 3.22 (m, 4 H, H2-1'',1), 

3.16 - 3.03 (m, 4 H, H2-2,2''), 2.88 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 136.2 (Cq-7b',7b'''), 126.7 (Cq-

3b',3b'''), 123.0 (CH-2',2'''), 121.0 (CH-5',5'''), 118.3 (CH-6',6'''), 118.1 (CH-4',4'''), 111.4 

(CH-7',7'''), 109.7 (Cq-3',3'''), 55.7 (CH2-1,1''), 39.7 (CH3-N+), 20.3 (CH2-2,2''). 

ESI MS: m/z (%) = 461.4 (53%) [Mquat]+, 318.2 (100%) [M + H]+. 
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N-[2-(Indol-3-yl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([2-(Indol-3-yl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(284) 

N-[2-(Indol-3-yl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate (55.1 mg, 

C22H25N3O⋅C2H2O4, 437.49 g/mol, 21%) was obtained from 159.3 mg 3-(2-iodoethyl)-indole 

(175, 271.10 g/mol, 100%, 587.6 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3405, 3178, 3045, 2926, 1609, 1489, 1457, 1288, 1230, 1214, 1178, 1104, 

1031, 939, 925, 877, 809, 742 cm-1. 

UV (H2O): λ (%maxA) = 219 (>300%), 273 (99%) sh, 277 (100%), 288 nm (85%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 18.3 (95.8%), 24.5 min (3.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.89 (s br, 1 H, H-1'''), 10.73 (s br, 1 H, 

H-1'), 7.56 (d, J = 8 Hz, 1 H, H-4'), 7.35 (d, J = 8 Hz, 1 H, H-7'), 7.24 (d, J = 8.5 Hz, 1 H, 

H-7'''), 7.20 (d, J = 1.5 Hz, 1 H, H-2'), 7.16 (d, J = 1.5 Hz, 1 H, H-4'''), 7.08 (dd, J = J' = 

7.5 Hz, 1 H, H-6'), 7.05 (s, 1 H, H-2'''), 6.99 (dd, J = J' = 7 Hz, 1 H, H-5'), 6.73 (dd, J = 9 Hz, 

2.5 Hz, 1 H, H-6'''), 3.76 (s, 3 H, -OCH3-5'''), 3.14 - 2.92 (m, 8 H, H2-1'',1,2'',2), 2.70 (s, 3 H, 

N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 153.0 (Cq-5'), 136.1 (Cq-7b'''), 

131.3 (Cq-7b'), 127.2 (Cq-3b'), 126.9 (Cq-3b'''), 123.5 (CH-2'), 122.8 (CH-2'''), 120.9 (CH-5'''), 

118.2 (CH-6'''), 118.1 (CH-4'''), 111.9 (CH-7'), 111.3 (CH-7'''), 111.0 (CH-6'), 110.7 (Cq-3'''), 

110.5 (Cq-3'), 100.2 (CH-4'), 56.5 (CH2-1), 56.4 (CH2-1''), 55.3 (OCH3-5'), 40.4 (CH3-N+), 21.2 

(CH2-2,2''). 

ESI MS: m/z (%) = 491.5 (5%) [Mquat]+, 348.3 (100%) [M + H]+, 174.2 (22%) [5-MeO-vinyl-

indole + H]+. 

N-[2-(5-Methoxyindol-3-yl)-ethyl]-N-methyltryptamine hydrogen oxalate 
([2-(Indol-3-yl)-ethyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine) (285) 

N-[2-(5-Methoxy-Indol-3-yl)-ethyl]-N-methyltryptamine hydrogen oxalate (C22H25N3O⋅C2H2O4, 

437.49 g/mol) was obtained as a non-crystallizing brown viscous mass from 176.9 mg 

3-(2-iodoethyl)-5-methoxyindole (176, 301.12 g/mol, 100%, 587.5 µmol) and 85.3 mg 

N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(5-Methoxyindol-3-yl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Bis-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (286) 

N-[2-(5-Methoxy-Indol-3-yl)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate (60.7 mg, 

C23H27N3O2⋅C2H2O4, 467.51 g/mol, 22%) was obtained from 176.9 mg 3-(2-iodoethyl)-
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5-methoxyindole (176, 301.12 g/mol, 100%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3409, 3229, 3045, 2938, 2720, 1606, 1488, 1295, 1214, 1176, 1062, 1030, 

927, 797, 640, 501 cm-1. 

UV (H2O): λ (%maxA) = 219 (391%), 275 (100%), 295 (82%) sh, 306 (59%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 11.5 (0.6%), 16.0 (0.5%), 18.9 (92.4%), 

24.9 min (5.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.73 (s br, 2 H, H-1',1'''), 7.24 (d, J = 9 Hz, 

2 H, H-7',7'''), 7.17 (s, 2 H, H-4',4'''), 7.04 (s, 2 H, H-2',2'''), 6.74 (dd, J = 6 Hz, 3 Hz, 2 H, 

H-6',6'''), 3.76 (s, 6 H, -OCH3-5''',5'), 3.07 - 2.93 (m, 8 H, H2-1'',1,2'',2), 2.73 (s, 3 H, N+-CH3). 

ESI MS: m/z (%) = 551.3 (35%) [Mquat]+, 378.2 (100%) [M + H]+, 174.2 (10%) [5-MeO-vinyl-

indole + H]+. 

N-(1-Naphthalen-2-yl-ethyl)-N-methyltryptamine hydrogen oxalate 
((2-Naphthalen-1-yl-ethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (287) 

N-(1-Naphthalen-2-yl-ethyl)-N-methyltryptamine hydrogen oxalate (65.1 mg, 

C23H24N2⋅C2H2O4, 418.48 g/mol, 26%) was obtained from 170.9 mg 1-(2-iodoethyl)-

naphthalene (177, 282.12 g/mol, 97%, 587.6 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3410, 3263, 3045, 2945, 2860, 2684, 1718, 1635, 1458, 1398, 1355, 1280, 

1235, 1106, 962, 802, 778, 742, 721, 705, 495 cm-1. 

UV (H2O): λ (%maxA) = 223 (>800%), 262 (66%) sh, 271 (91%), 277 (92%) sh, 281 (100%), 

288 nm (77%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 10.0 (1.8%), 21.7 (96.8%), 28.1 min (0.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 8.15 (d, J = 8 Hz, 

1 H, H-8'), 7.95 (d, J = 8 Hz, 1 H, H-5'), 7.85 (dd, J = 6 Hz, 2.5 Hz, 1 H, H-4'), 7.65 - 7.43 (m, 

5 H, H-4''', H-7',6',3',2'), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (s, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.56 - 3.30 (m, 6 H, H2-1,1'',2), 3.20 - 

3.04 (m, 2 H, H2-2''), 2.98 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 133.5 (Cq-1'), 

133.4 (Cq-4b'), 131.2 (Cq-8b'), 128.6 (CH-5'), 127.2 (CH-3'), 126.8 (CH-4'), 126.7 (Cq-3b'''), 

126.3 (CH-7'), 125.7 (CH-6'), 125.5 (CH-2'), 123.4 (CH-8'), 123.2 (CH-2'''), 121.0 (CH-5'''), 

118.3 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.5 (Cq-3'''), 55.6 (CH2-1), 55.5 (CH2-1''), 

39.4 (CH3-N+), 27.0 (CH2-2), 20.0 (CH2-2''). 

ESI MS: m/z (%) = 483.4 (11%) [Mquat]+, 329.2 (100%) [M + H]+. 



Chemical Experiments - Synthesis of N-alkyl-N-methyltryptamines 
_________________________________________________________________________  

 

211

N-(1-Naphthalen-2-yl-ethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Naphthalen-1-yl-ethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (288) 

N-(1-Naphthalen-2-yl-ethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (77.4 mg, 

C24H26N2O⋅C2H2O4, 448.51 g/mol, 29%) was obtained from 170.9 mg 1-(2-iodoethyl)-

naphthalene (177, 282.12 g/mol, 97%, 587.6 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3376, 3041, 2947, 2694, 1718, 1626, 1487, 1280, 1215, 1177, 1096, 1063, 

1030, 926, 800, 778, 720, 702, 640, 499 cm-1. 

UV (H2O): λ (%maxA) = 223 (>600%), 261 (62%) sh, 272 (93%), 277 (95%) sh, 281 (100%), 

289 (79%) sh, 293 (77%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 21.6 (97.9%), 24.6 (0.9%), 28.0 min (0.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 8.15 (d, J = 7 Hz, 

1 H, H-8'), 7.96 (d, J = 8 Hz, 1 H, H-5'), 7.86 (d, J = 6 Hz, 1 H, H-4'), 7.66 - 7.43 (m, 4 H, 

H-7',6',3',2'), 7.26 (d, J = 8.5 Hz, 1 H, H-7'''), 7.21 (s, 1 H, H-4'''), 7.12 (s, 1 H, H-2'''), 6.74 (d, 

J = 8.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.57 - 3.31 (m, 6 H, H2-1,1'',2), 3.18 - 3.05 

(m, 2 H, H2-2''), 2.99 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 133.5 (Cq-1'), 

133.4 (Cq-4b'), 131.3 (Cq-7b'''), 131.2 (Cq-8b'), 128.6 (CH-5'), 127.3 (CH-3'), 127.1 (Cq-3b'''), 

126.8 (CH-4'), 126.3 (CH-7'), 125.7 (CH-6'), 125.5 (CH-2'), 123.8 (CH-2'''), 123.4 (CH-8'), 

112.0 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.3 (CH-4'''), 55.6 (CH2-1), 55.44 (CH2-1''), 

55.38 (OCH3-5'''), 39.5 (CH3-N+), 27.0 (CH2-2), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 513 (4%) [Mquat]+, 359.2 (100%) [M + H]+. 

N-(2-Naphthalen-2-yl-ethyl)-N-methyltryptamine hydrogen oxalate 
((2-Naphthalen-2-yl-ethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (289) 

N-(2-Naphthalen-2-yl-ethyl)-N-methyltryptamine hydrogen oxalate (90.5 mg, 

C23H24N3⋅C2H2O4, 418.48 g/mol, 37%) was obtained from 184.2 mg 2-(2-iodoethyl)-

naphthalene (178, 282.12 g/mol, 90%, 587.6 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3395, 3253, 3039, 2937, 2856, 2695, 1720, 1619, 1508, 1458, 1417, 1362, 

1340, 1280, 1178, 943, 901, 867, 827, 753, 721, 704, 482 cm-1. 

UV (H2O): λ (%maxA) = 220 (>500%), 264 (85%) sh, 267 (92%) sh, 281 (92%) sh, 287 (76%) 

sh. 

HPLC: Rt (%total AUC260) = 5.5 (oxalic acid), 9.8 (3.5%), 21.3 (93.7%), 27.7 min (2.4%). 
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1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.93 - 7.83 (m, 3 H, 

H-5',8',4'), 7.78 (s, 1 H, H-1'), 7.62 (d, J = 7.5 Hz, 1 H, H-4'''), 7.56 - 7.42 (m, 3 H, H-7',6',3'), 

7.38 (d, J = 8 Hz, 1 H, H-7'''), 7.25 (d, J = 0.5 Hz, 1 H, H-2'''), 7.10 (dd, J = J' = 7.5 Hz, 1 H, 

H-6'''), 7.01 (dd, J = J' = 7 Hz, 1 H, H-5'''), 3.47 - 3.31 (m, 4 H, H2-1,1''), 3.24 - 3.09 (m, 4 H, 

H2-2,2''), 2.93 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 134.9 (Cq-2'), 

133.0 (Cq-8b'), 131.8 (Cq-4b'), 128.0 (CH-3'), 127.4 (CH-5'), 127.2 (CH-8'), 127.2 (CH-4'), 

126.9 (CH-1'), 126.7 (Cq-3b'''), 126.1 (CH-7'), 125.6 (CH-6'), 123.2 (CH-2'''), 121.1 (CH-5'''), 

118.4 (CH-6'''), 118.2 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 55.9 (CH2-1), 55.4 (CH2-1''), 

39.4 (CH3-N+), 29.9 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 483.3 (26%) [Mquat]+, 329.2 (100%) [M + H]+, 198.1 (10%) [Mimine]+. 

N-(2-Naphthalen-2-yl-ethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Naphthalen-2-yl-ethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (290) 

N-(2-Naphthalen-2-yl-ethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (89.9 mg, 

C24H26N2O⋅C2H2O4, 448.51 g/mol, 34%) was obtained from 184.2 mg 2-(2-iodoethyl)-

naphthalene (178, 282.12 g/mol, 90%, 587.6 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3405, 3014, 2945, 2687, 1718, 1626, 1486, 1215, 1174, 1061, 1031, 941, 900, 

867, 827, 799, 753, 721, 704, 483 cm-1. 

UV (H2O): λ (%maxA) = 269 (94%) sh, 275 (100%), 287 (77%) sh, 308 (31%) sh. 

HPLC: Rt (%total AUC260) = 5.5 (oxalic acid), 18.5 (1.1%), 21.5 (96.0%), 27.5 min (2.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.83 (s br, 1 H, H-1'''), 7.95 - 7.80 (m, 3 H, 

H-5',8',4'), 7.78 (s, 1 H, H-1'), 7.58 - 7.40 (m, 3 H, H-7',6',3'), 7.26 (d, J = 8 Hz, 1 H, H-7'''), 

7.21 (s, 1 H, H-4'''), 7.12 (s, 1 H, H-2'''), 6.75 (d, J = 8.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -

OCH3-5'''), 3.49 - 3.28 (m, 4 H, H2-1,1''), 3.28 - 3.03 (m, 4 H, H2-2,2''), 2.93 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.2 (Cq-oxalate), 153.2 (Cq-5'''), 134.7 (Cq-2'), 

133.0 (Cq-8b'), 131.9 (Cq-4b'), 131.4 (Cq-7b'''), 128.1 (CH-3'), 127.5 (CH-5'), 127.3 (CH-8'), 

127.2 (CH-4'), 127.1 (Cq-3b'''), 127.0 (CH-1'), 126.2 (CH-7'), 125.6 (CH-6'), 123.9 (CH-2'''), 

112.1 (CH-7'''), 111.3 (CH-6'''), 109.0 (Cq-3'''), 100.3 (CH-4'''), 55.8 (CH2-1), 55.4 (OCH3-5'''), 

55.3 (CH2-1''), 39 (CH3-N+), 29.7 (CH2-2), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 806.9 (7%) [2M + oxalic acid + H]+, 513.2 (11%) [Mquat]+, 359.2 (100%) [M 

+ H]+, 198.1 (7%) [Mimine]+. 

N-(2,2-Diphenylethyl)-N-methyltryptamine hydrogen oxalate 
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((2,2-Diphenylethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (291) 

N-(2,2-Diphenylethyl)-N-methyltryptamine hydrogen oxalate (C25H26N2⋅C2H2O4, 444.52 g/mol) 

was obtained from 229.5 mg 2,2-diphenyl-1-iodoethane (179, 308.16 g/mol, 79%, 

587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general 

procedure E. 

N-(2,2-Diphenylethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2,2-Diphenylethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(292) 

N-(2,2-Diphenylethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C26H28N2O⋅C2H2O4, 

474.55 g/mol) was obtained as a non-crystallizing mass from 229.5 mg 2,2-diphenyl-

1-iodoethane (179, 308.16 g/mol, 79%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-2-Cyanoethyl-N-methyltryptamine hydrogen oxalate 
(2-Cyanoethyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (293) 

N-(3-Phenylallyl)-N-methyltryptamine hydrogen oxalate (C14H17N3⋅C2H2O4, 317.34 g/mol) was 

obtained from 78.7 mg 3-bromopropionitrile (133.97 g/mol, 100%, 587.5 µmol) and 85.3 mg 

N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3414, 3314, 3050, 2944, 2693, 2253, 1720, 1702, 1621, 1459, 1406, 1232, 

1097, 944, 740, 720, 585, 498 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 272 (97%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 8.7 min (99.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.89 (s br, 1 H, H-1'''), 7.57 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.35 (d, J = 8 Hz, 1 H, H-7'''), 7.20 (d, J = 2 Hz, 1 H, H-2'''), 7.07 (ddd, J = 7.5 Hz, 

7.5 Hz, 1 Hz, 1 H, H-6'''), 6.99 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.13 (t, J = 7 Hz, 

2 H, H2-1), 3.07 - 2.93 (m, 4 H, H2-1'',2''), 2.89 (t, J = 7 Hz, 2 H, H2-2), 2.61 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 163.7 (Cq-oxalate), 136.2 (Cq-7b'''), 126.8 (Cq-

3b'''), 123.0 (CH-2'''), 121.0 (CH-5'''), 118.7 (Cq-3), 118.3 (CH-6'''), 118.2 (CH-4'''), 111.4 

(CH-7'''), 110.1 (Cq-3'''), 56.0 (CH2-1''), 50.7 (CH2-1), 39.8 (CH3-N+), 20.7 (CH2-2''), 13.6 

(CH2-2). 

ESI MS: m/z (%) = 228.1 (100%) [M + H]+, 144.2 (40%) [vinylindole + H]+. 
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N-2-Cyanoethyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(2-Cyanoethyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (294) 

N-(3-Phenylallyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C15H19N3O⋅C2H2O4, 

347.37 g/mol) was obtained from 78.7 mg 3 bromopropionitrile (133.97 g/mol, 100%, 

587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 

IR (KBr): ν~  = 3374, 2948, 2836, 2596, 2252, 1720, 1703, 1626, 1487, 1406, 1281, 1214, 

1177, 1106, 1063, 1032, 804, 720, 632, 496 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 275 (100%), 293 (81%), 306 (55%) sh. 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 9.8 (96.8%), 24.9 min (2.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.74 (s br, 1 H, H-1'''), 7.24 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.16 (d, J = 2 Hz, 1 H, H-4'''), 7.05 (d, J = 2 Hz, 1 H, H-2'''), 6.73 (dd, J = 5 Hz, 

2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.19 (t, J = 7 Hz, 2 H, H2-1), 3.11 - 2.89 (m, 6 H, 

H2-1'',2'',2), 2.65 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 163.9 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.2 (Cq-3b'''), 123.7 (CH-2'''), 118.6 (Cq-3), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.7 (Cq-3'''), 

100.2 (CH-4'''), 55.7 (CH2-1''), 55.4 (OCH3-5'''), 50.5 (CH2-1), 39.7 (CH3-N+), 20.6 (CH2-2''), 

13.4 (CH2-2). 

ESI MS: m/z (%) = 280.1 (10%) [M + Na]+, 258.1 (100%) [M + H]+, 174.2 (16%) [5-MeO-

vinylindole + H]+. 

N-(2-Acetoxyethyl)-N-methyltryptamine hydrogen oxalate 
(1-Acetoxy-2-{[2-(Indol-3-yl)-ethyl]-methylamino}-ethane hydrogen oxalate) (295) 

N-(2-Acetoxyethyl)-N-methyltryptamine hydrogen oxalate (C15H20N2O2⋅C2H2O4, 350.37 g/mol) 

was obtained from 104.1 mg 2-iodoethanol (181, 171.96 g/mol, 97%, 587.5 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3321, 2956, 2638, 1740, 1703, 1619, 1459, 1404, 1280, 1230, 1096, 1068, 

750, 720, 708, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 271 (95%) sh, 274 (96%), 280 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.5 (oxalic acid), 8.5 (2.6%), 10.3 min (97.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.95 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.22 (d, J = 2.5 Hz, 1 H, H-2'''), 7.09 (ddd, J = 

7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 4.33 (t, J = 

5.5 Hz, 2 H, H2-2''), 3.33 (t, J = 5.5 Hz, 2 H, H2-1''), 3.30 - 3.20 (m, 2 H, H2-1''), 3.12 - 3.02 (m, 

2 H, H2-2''), 2.80 (s, 3 H, N+-CH3), 2.03 (s, 3 H, H3-OAc). 
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13C NMR (50.3 MHz, APT, DMSO-d6): δ = 170.0 164.5 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 

(Cq-3b'''), 123.1 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.2 (CH-4'''), 111.5 (CH-7'''), 

109.5 (Cq-3'''), 58.7 (CH2-2), 56.0 (CH2-1), 53.5 (CH2-1''), 40.0 (CH3-N+), 20.6 (COO-CH3) 

20.0 (CH2-2''). 

ESI MS: m/z (%) = 283.1 (40%) [M + Na]+, 261.1 (100%) [M + H]+. 

N-(2-Hydroxyethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
(2-{[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-ethanol hydrogen oxalate) (296) 

N-(2-Hydroxyethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C14H20N2O2⋅C2H2O4, 

338.36 g/mol) was obtained as a non-crystallizing mass from 104.1 mg 2-iodoethanol (181, 

171.96 g/mol, 97%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[2-(2-Hydroxy-ethoxy)-ethyl]-N-methyltryptamine hydrogen oxalate 
(2-(2-{[2-(Indol-3-yl)-ethyl]-methylamino}-ethoxy)-ethanol) (297) 

N-[2-(2-Hydroxy-ethoxy)-ethyl]-N-methyltryptamine hydrogen oxalate (C15H22N2O2⋅C2H2O4, 

352.38 g/mol) was obtained as a non-crystallizing mass from 130.8 mg 2-(2-chloroethoxy)-

ethanol (124.57 g/mol, 1.11 mmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

N-[2-(2-Hydroxy-ethoxy)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
(2-(2-{[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-ethoxy)-ethanol) (298) 

N-[2-(2-Hydroxy-ethoxy)-ethyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C16H24N2O3⋅C2H2O4, 382.41 g/mol) was obtained from 130.8 mg 2-(2-chloroethoxy)-ethanol 

(124.57 g/mol, 1.11 mmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 

489.5 µmol) by general procedure E. 

N-(2-Chloroethyl)-N-methyltryptamine hydrogen oxalate 
((2-Chloroethyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (299) 

N-(2-Chloroethyl)-N-methyltryptamine hydrogen oxalate (C13H17ClN2⋅C2H2O4, 326.78 g/mol) 

was obtained as a non-crystallizing gel from 142.4 mg 1-chloro-2-iodoethane (182, 

190.41 g/mol, 79%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

N-(2-Chloroethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Chloroethyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (300) 

N-(2-Chloroethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C14H19ClN2O⋅C2H2O4, 

356.8 g/mol) was obtained as a non-crystallizing gel from 142.4 mg 1-chloro-2-iodoethane 
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(182, 190.41 g/mol, 79%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

N-(2-Diethylcarbamoylethyl)-N-methyltryptamine hydrogen oxalate 
(N,N-Diethyl-3-{[2-(indol-3-yl)-ethyl]-methylamino}-propionamide hydrogen oxalate) 
(301) 

N-(2-Diethylcarbamoylethyl)-N-methyltryptamine hydrogen oxalate (C18H27N3O⋅C2H2O4, 

391.46 g/mol) was obtained as a non-crystallizing oily precipitate from 115.2 mg 3-bromo-

N,N-diethylpropionamide (183, 208.1 g/mol, 100%, 553.6 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

N-(2-Diethylcarbamoylethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
(N,N-Diethyl-3-{[2-(5-methoxyindol-3-yl)-ethyl]-methylamino}-propionamide hydrogen 
oxalate) (302) 

N-(2-Diethylcarbamoylethyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C19H29N3O2⋅C2H2O4, 421.49 g/mol) was obtained from 115.2 mg 3-bromo-

N,N-diethylpropionamide (183, 208.1 g/mol, 100%, 553.6 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

Recrystallization from a larger amount of THF. 

IR (KBr): ν~  = 3292, 2974, 2938, 2635, 1720, 1703, 1633, 1488, 1461, 1404, 1279, 1219, 

1178, 1148, 1101, 1029, 925, 798, 720, 703, 638, 497 cm-1. 

UV (H2O): λ (%maxA) = 218 (>400%) sh, 265 (81%) sh, 268 (90%) sh, 275 (100%), 288 

(84%) sh, 294 (81%), 306 (58%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 15.4 min (99.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.10 (d, J = 2.5 Hz, 1 H, H-2'''), 6.73 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.39 - 3.22 (m, 8 H, CON(CH2)2, H2-1',1), 3.11 - 

3.03 (m, 2 H, H2-2''), 2.86 (t, J = 7 Hz, 2 H, H2-2), 2.83 (s, 3 H, N+-CH3), 1.11 (t, J = 7 Hz, 3 H, 

CH3), 1.01 (t, J = 7.5 Hz, 3 H, CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 168.2 (Cq-3), 164.7 (Cq-oxalate), 153.1 (Cq-5'''), 

131.3 (Cq-7b'''), 127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.0 (Cq-3'''), 

100.2 (CH-4'''), 55.43 (CH2-1), 55.39 (OCH3-5'''), 51.6 (CH2-1''), 41.2 (CH2-NEt), 39.7 

(CH3-N+), 39.4 (CH2-NEt), 27.0 (CH2-2), 19.7 (CH2-2''), 13.9 (CH3-NEt), 12.9 (CH3-NEt). 

ESI MS: m/z (%) = 684.9 (5%) [2M + Na]+, 332.2 (100%) [M + H]+, 174.3 (6%) [5-MeO-

vinylindole + H]+. 

Ethylene-bis(N-methyl-5-methoxytryptamine) hydrogen oxalate 
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(N1,N2-Bis(2-(5-methoxyindol-3-yl)ethyl)-N1,N2-dimethylethane-1,2-diamine hydrogen 
oxalate) (303) 

Ethylene-bis(N-methyl-5-methoxytryptamine) hydrogen oxalate (C26H34N4O2⋅C2H2O4, 

524.61 g/mol) was obtained as an amorphous brown powder from 131.6 mg 1-chloro-

2-iodoethane (182, 190.41 g/mol, 85%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol). 

UV (H2O): λ (%maxA) = 219 (429%), 275 (100%), 292 (84%) sh, 307 (55%) sh. 

HPLC: Rt (%total AUC260) = 4.8 (oxalic acid), 14.0 (77.0%), 18.3 min (21.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 9.21 (s br, 2 H, 2 H-1'''), 7.25 (d, J = 8.5 Hz, 

2 H, 2 H-7'''), 7.16 (d, J = 2.5 Hz, 2 H, 2 H-4'''), 7.08 (s, 2 H, 2 H-2'''), 6.73 (dd, J = 8.5 Hz, 

2.5 Hz, 2 H, 2 H-6'''), 3.76 (s, 6 H, 2 -OCH3-5'''), 3.27 (s, 4 H, 2 H2-1), 3.22 - 3.08 (m, 4 H, 

2 H2-1''), 3.08 - 2.97 (m, 4 H, 2 H2-2''), 2.72 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 163.8 (Cq-oxalate), 153.1 (Cq-5'''), 131.4 (2 Cq-

7b'''), 127.1 (2 Cq-3b'''), 123.6 (2 CH-2'''), 112.0 (2 CH-7'''), 111.1 (2 CH-6'''), 109.8 (2 Cq-3'''), 

100.3 (2 CH-4'''), 56.4 (2 CH2-1''), 55.4 (2 OCH3-5'''), 50.8 (2 CH2-1), 40.2 (2 CH3-N+), 20.5 (2 

CH2-2''). 

ESI MS: m/z (%) = 735.3 (6%) [Mquat + 70]+, 665.3 (36%) [Mquat]+, 505.3 (16%) [M + 70 + H]+, 

435.3 (100%) [M + H]+, 174.2 (7%) [5-MeO-vinylindole + H]+. 

ESI MS (negative ionization): m/z (%) = 863.6 (100%), 649.0 (84%), 322.1 (65%), 1277.0 

(50%), 1278.0 (42%), 843.6 (40%), 804.8 (26%), 313.1 (26%), 559.3 (24%), 864.5 (24%), 

447.2 (20%), 534.4 (20%), 1597.0 (20%). 

N-Allyl-N-methyltryptamine hydrogen oxalate 
(Allyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (305) 

N-Allyl-N-methyltryptamine hydrogen oxalate (84.8 mg, C14H18N2⋅C2H2O4, 304.34 g/mol, 

47%) was obtained from 71.1 mg 3-bromopropene (120.98 g/mol, 100%, 587.7 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3387, 3250, 2941, 2686, 1720, 1703, 1620, 1458, 1405, 1280, 1194, 1011, 

743, 720, 706, 618, 493 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 272 (97%), 280 (100%), 288 nm (85%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 11.5 (97.4%), 14.1 (1.4%), 15.9 (0.5%), 

20.7 min (0.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.58 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.00 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 6.05 - 5.89 (ddt, 1 H, H-2), 5.52 (d, 
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J = 16.5 Hz, 1 H, C(E)-3H), 5.48 (d, J = 10 Hz, 1 H, C(Z)-3H), 3.74 (d, J = 7 Hz, 2 H, H2-1), 

3.27 - 3.15 (m, 2 H, H2-1''), 3.15 - 3.04 (m, 2 H, H2-2''), 2.76 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 128.3 (CH-2), 

126.7 (Cq-3b'''), 124.0 (CH2-3), 123.1 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 

111.5 (CH-7'''), 109.3 (Cq-3'''), 57.3 (CH2-1), 54.8 (CH2-1''), 39.0 (CH3-N+), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 519.0 (60%) [2M + oxalic acid + H]+, 465.1 (11%) [2M + HCl + H]+, 255.2 

(26%) [Mquat]+, 215.1 (100%) [M + H]+. 

N-Allyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Allyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (306) 

45.9 mg N-Allyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C15H20N2O⋅C2H2O4, 

334.37 g/mol, 23%) was obtained from 71.1 mg 3-bromopropene (120.98 g/mol, 100%, 

587.7 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 

IR (KBr): ν~  = 3335, 3038, 2937, 2671, 1722, 1703, 1625, 1487, 1461, 1355, 1310, 1280, 

1210, 1177, 1108, 1028, 946, 847, 798, 720, 710, 625, 498 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 270 (94%) sh, 275 (100%), 294 (83%), 307 (53%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 12.3 (98.9%), 16.8 min (0.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.79 (s br, 1 H, H-1'''), 7.25 (d, J = 9 Hz, 

1 H, H-7'''), 7.18 (d, J = 2 Hz, 1 H, H-4'''), 7.06 (d, J = 2.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 6.04 - 5.89 (ddt, 1 H, H-2), 5.53 (d, J = 17.5 Hz, 1 H, C(E)-3H), 5.48 (d, 

J = 10 Hz, 1 H, C(Z)-3H), 3.77 (s, 3 H, -OCH3-5'''), 3.73 (d, J = 7 Hz, 2 H, H2-1), 3.24 - 3.15 

(m, 2 H, H2-1''), 3.09 - 3.00 (m, 2 H, H2-2''), 2.75 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

128.4 (CH-2), 127.0 (Cq-3b'''), 123.9 (CH2-3), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 

109.1 (Cq-3'''), 100.1 (CH-4'''), 57.2 (CH2-1), 55.4 (OCH3-5'''), 54.7(CH2-1''), 39.0 (CH3-N+), 

20.0 (CH2-2''). 

ESI MS: m/z (%) = 245.1 (100%) [M + H]+, 174.2 (6%) [5-MeO-vinylindole + H]+. 

N-Propargyl-N-methyltryptamine hydrogen oxalate 
(Prop-2-ynyl-[2-(Indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (307) 

N-Propargyl-N-methyltryptamine hydrogen oxalate (58.7 mg, C14H16N2⋅C2H2O4, 302.33 g/mol, 

33%) was obtained from 87.4 mg 3-bromopropyne (118.96 g/mol, 80%, 587.8 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3405, 3281, 3007, 2932, 2621, 2127, 1721, 1620, 1460, 1404, 1359, 1342, 

1280, 1211, 1100, 1010, 930,767, 744, 720, 642, 499 cm-1. 
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UV (H2O): λ (%maxA) = 219 (>500%), 273 (96%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 10.7 min (99.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.89 (s br, 1 H, H-1'''), 7.56 (d, J = 8 Hz, 

1 H, H-4'''), 7.35 (d, J = 8 Hz, 1 H, H-7'''), 7.20 (d, J = 2 Hz, 1 H, H-2'''), 7.08 (td, J = 7.5 Hz, 

1 Hz, 1 H, H-6'''), 6.99 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.84 (d, J = 2 Hz, 2 H, 

H2-1), 3.55 (t, J = 2 Hz, 1 H, H-3), 3.10 - 2.92 (m, 4 H, H2-1'',2''), 2.63 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.0 (Cq-oxalate), 136.2 (Cq-7b'''), 126.8 (Cq-

3b'''), 123.0 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.9 

(Cq-3'''), 79.4 (Cq-2), 75.0 (CH-3, inverse peak), 54.8 (CH2-1''), 44.2 (CH2-1), 39.8 (CH3-N+), 

20.8 (CH2-2''). 

ESI MS: m/z (%) = 515.6 (5%) [2M + oxalic acid + H]+, 461.4 (2%) [2M + HCl + H]+, 213.2 

(100%) [M + H]+. 

N-Propargyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Prop-2-ynyl-[2-(5-Methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (308) 

N-Propargyl-N-methyl-5-methoxytryptamine hydrogen oxalate (73.3 mg, C15H18N2O⋅C2H2O4, 

332.35 g/mol, 38%) was obtained as an amorphous brownish powder from 87.4 mg 

3-bromopropyne (118.96 g/mol, 80%, 587.8 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3421, 3284, 2922, 2853, 2630, 2125, 1719, 1633, 1485, 1466, 1280, 1214, 

1117, 1059, 1024, 925, 867, 797, 720, 707, 635, 502 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 275 (100%), 294 (83%), 305 (59%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 11.5 min (99.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.51): δ = 10.74 (s br, 1 H, H-1'''), 7.24 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.08 (d, J = 2.5 Hz, 1 H, H-4'''), 7.04 (s br, 1 H, H-2'''), 6.75 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 3.87 (s, 2 H, H2-1), 3.77 (s, 3 H, -OCH3-5'''), 3.57 (s, 1 H, H-3), 3.11 - 3.00 

(m, 2 H, H2-1''), 3.00 - 2.90 (m, 2 H, H2-2''), 2.64 (s, 3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 163.8 (Cq-oxalate), 153.1 (Cq-5'''), 131.4 (Cq-7b'''), 

127.1 (Cq-3b'''), 123.6 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.7 (Cq-3'''), 100.1 (CH-4'''), 

79.1 (Cq-2), 75.2 (CH-3, inverse peak), 55.4 (OCH3-5'''), 54.7(CH2-1''), 39.9 (CH3-N+), 20.9 

(CH2-2''). 

ESI MS: m/z (%) = 574.8 (18%) [2M + oxalic acid + H]+, 243.1 (100%) [M + H]+, 174.2 (21%) 

[5-MeO-vinylindole + H]+. 
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N-Isobutyl-N-methyltryptamine hydrogen oxalate 
(Isobutyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (309) 

N-Isobutyl-N-methyltryptamine hydrogen oxalate (C15H22N2⋅C2H2O4, 320.38 g/mol) was ob-

tained from 113.8 mg 1-iodo-2-methylpropane (184, 184.02 g/mol, 95%, 587.5 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3394, 3251, 2964, 2683, 1720, 1702, 1623, 1459, 1405, 1280, 1191, 1105, 

974, 754, 720, 703, 496 cm-1. 

UV (H2O): λ (%maxA) = 219 (>600%), 271 (95%) sh, 273 (96%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 9.7 (4.7%), 13.7 min (94.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.98 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 7 Hz, 

1 H, H-6'''), 7.00 (dd, J = J' = 7 Hz, 1 H, H-5'''), 3.30 - 3.18 (m, 2 H, H2-1''), 3.18 - 3.05 (m, 

2 H, H2-2''), 2.93 (d, J = 7 Hz, 2 H, H2-1), 2.80 (s, 3 H, N+-CH3), 2.06 (tqq, J = 7 Hz, 1 H, H-2), 

0.96 (d, J = 6.5 Hz, 6 H, 2 H3-3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.4 

(Cq-3'''), 62.3 (CH2-1), 56.3 (CH2-1''), 39.9 (CH3-N+), 23.8 (CH-2), 20.2 (2 CH3-3), 19.6 

(CH2-2''). 

ESI MS: m/z (%) = 551.3 (8%) [2M + oxalic acid + H]+, 497.3 (10%) [2M + HCl + H]+, 231.2 

(100%) [M + H]+. 

N-Isobutyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Isobutyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (310) 

N-Isobutyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C16H24N2O⋅C2H2O4, 

350.41 g/mol) was obtained from 113.8 mg 1-iodo-2-methylpropane (184, 184.02 g/mol, 

95%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3340, 3037, 2961, 2720, 1718, 1628, 1463, 1416, 1306, 1280, 1214, 1178, 

1080, 976, 921, 787, 721, 712, 641, 500 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 272 (97%) sh, 275 (100%), 286 (90%) sh, 292 (86%), 

296 (83%) sh, 307 (57%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 11.7 (0.5%), 14.0 (95.6%), 16.6 (1.4%), 

20.1 min (1.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (s, 1 H, H-4'''), 7.09 (s, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 2 Hz, 1 H, H-6'''), 3.77 
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(s, 3 H, -OCH3-5'''), 3.29 - 3.19 (m, 2 H, H2-1''), 3.12 - 3.01 (m, 2 H, H2-2''), 2.93 (d, J = 7 Hz, 

2 H, H2-1), 2.80 (s, 3 H, N+-CH3), 2.07 (tqq, J = 6.5 Hz, 1 H, H-2), 0.96 (d, J = 6.5 Hz, 6 H, 

2 H3-3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.2 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

62.5 (CH2-1), 56.3 (CH2-1''), 55.4 (OCH3-5'''), 40.1 (CH3-N+), 23.9 (CH-2), 20.2 (2 CH3-3), 

19.8 (CH2-2''). 

ESI MS: m/z (%) = 261.2 (100%) [M + H]+, 174.2 (5%) [5-MeO-vinylindole]+. 

N-(2,2-Dimethylpropyl)-N-methyltryptamine hydrogen oxalate 
((2,2-Dimethylpropyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (311) 

N-(2,2-Dimethylpropyl)-N-methyltryptamine hydrogen oxalate (C16H24N2⋅C2H2O4, 

348.44 g/mol) was obtained as a non-crystallizing mass from 126.2 mg 1-iodo-

2,2-dimethylpropane (185, 198.05 g/mol, 92%, 587.5 µmol) and 85.3 mg N-methyltryptamine 

(211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

N-(2,2-Dimethylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2,2-Dimethylpropyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(312) 

N-(2,2-Dimethylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C17H26N2O⋅C2H2O4, 

378.46 g/mol) was obtained as a non-crystallizing mass from 126.2 mg 1-iodo-

2,2-dimethylpropane (185, 198.05 g/mol, 92%, 587.5 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-(3-Cyclohexylpropyl)-N-methyltryptamine hydrogen oxalate 
((3-Cyclohexylpropyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (313) 

N-(3-Cyclohexylpropyl)-N-methyltryptamine hydrogen oxalate (C20H30N2⋅C2H2O4, 

388.5 g/mol) was obtained from 153.7 mg (3-iodopropyl)-cyclohexane (186, 252.14 g/mol, 

96%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by 

general procedure E. 

IR (KBr): ν~  = 3421, 3057, 2924, 2852, 2673, 1719, 1702, 1636, 1459, 1405, 1280, 1233, 

1106, 1010, 738, 721, 501 cm-1. 

UV (H2O): λ (%maxA) = 220 (>300%), 273 (96%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.7 (1.2%), 21.7 min (98.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 7 Hz, 

1 H, H-6'''), 7.01 (dd, J = J' = 7 Hz, 1 H, H-5'''), 3.31 - 3.21 (m, 2 H, H2-1''), 3.13 - 2.98 (m, 
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4 H, H2-1,2''), 2.79 (s, 3 H, N+-CH3), 1.73 - 1.56 (m, 7 H, H2-2, H-3'eq,5'eq,4'eq,2'eq,6'eq), 1.22 - 

1.15 (m, 6 H, H-1',3'ax,5'ax,4'ax, H2-3), 0.93 - 0.80 (m, 2 H, H-2'ax,6'ax). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.1 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.3 

(Cq-3'''), 55.24 (CH2-1), 55.20 (CH2-1''), 39.2 (CH3-N+), 36.5 (CH-1'), 33.6 (CH2-3), 32.5 

(CH2-2',6'), 26.0 (CH2-4'), 25.6 (CH2-3',5'), 20.8 (CH2-3), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 687.6 (38%) [2M + oxalic acid + H]+, 299.2 (100%) [M + H]+. 

N-(3-Cyclohexylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((3-Cyclohexylpropyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(314) 

N-(3-Cyclohexylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H32N2O⋅C2H2O4, 418.53 g/mol) was obtained from 153.7 mg (3-iodopropyl)-cyclohexane 

(186, 252.14 g/mol, 96%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3400, 3268, 2924, 2851, 2694, 1719, 1642, 1489, 1448, 1281, 1217, 1103, 

1065, 1032, 926, 836, 799, 720, 700, 641, 499 cm-1. 

UV (H2O): λ (%maxA) = 221 (437%), 272 (98%) sh, 275 (100%), 292 (84%), 304 (62%) sh, 

307 (53%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 21.8 (92.9%), 28.0 min (6.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.09 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 

2.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.26 - 3.21 (m, 2 H, H2-1''), 3.10 - 2.99 (m, 4 H, 

H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.74 - 1.56 (m, 7 H, H2-2, H-3'eq,5'eq,4'eq,2'eq,6'eq), 1.29 - 1.10 

(m, 6 H, H-1',3'ax,5'ax,4'ax, H2-3), 0.87 (t, J = 10.5 Hz, 2 H, H-2'ax,6'ax). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 131.4 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.0 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (OCH3-5'''), 55.09 (CH2-1), 55.05 (CH2-1''), 39.1 (CH3-N+), 36.5 (CH-1'), 33.6 (CH2-3), 

32.5 (CH2-2',6'), 26.0 (CH2-4'), 25.6 (CH2-3',5'), 20.7 (CH2-3), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 747 (5%) [2M + oxalic acid + H]+, 747 (3%) [2M + HCl + H]+, 453.5 (31%) 

[Mquat]+, 329.3 (100%) [M + H]+. 
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N-(3-Phenylpropyl)-N-methyltryptamine hydrogen oxalate 
((3-Phenylpropyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (315) 

N-(4-Phenylpropyl)-N-methyltryptamine hydrogen oxalate (C20H24N2⋅C2H2O4, 382.45 g/mol) 

was obtained from 160.2 mg (4-iodopropyl)-benzene (188, 246.09 g/mol, 90%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3415, 3264, 3036, 2948, 2699, 1724, 1703, 1622, 1458, 1427, 1183, 1103, 

1015, 946, 752, 721, 702, 588, 487 cm-1. 

UV (H2O): λ (%maxA) = 217 (>600%), 272 (96%), 278 (100%) sh, 280 (100%), 288 nm 

(84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 18.8 min (99.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.58 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.34 - 7.17 (m, 5 H, C6H5), 7.23 (d, J = 2 Hz, 1 H, 

H-2'''), 7.10 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7 Hz, 1 H, H-5'''), 3.32 - 3.23 (m, 

2 H, H2-1''), 3.14 - 3.03 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 2.62 (t, J = 8 Hz, 2 H, H2-3), 

2.04 - 1.90 (m, 2 H, H2-2). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 140.6 (Cq-1'), 136.2 (Cq-7b'''), 

128.3 (CH-3',5'), 128.2 (CH-2',6'), 126.7 (Cq-3b'''), 126.0 (CH-4'), 123.2 (CH-2'''), 121.1 

(CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 (Cq-3'''), 55.2 (CH2-1''), 54.5 

(CH2-1), 39.3 (CH3-N+), 32.0 (CH2-3), 25.0 (CH2-2), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 674.9 (6%) [2M + oxalic acid + H]+, 411.2 (0.7%) [Mquat]+, 293.2 (100%) [M 

+ H]+. 

N-(3-Phenylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((3-Phenylpropyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (316) 

N-(4-Phenylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C21H26N2O⋅C2H2O4, 

412.48 g/mol) was obtained from 160.2 mg (4-iodopropyl)-benzene (188, 246.09 g/mol, 90%, 

587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 

IR (KBr): ν~  = 3292, 2946, 2836, 2623, 1965, 1723, 1614, 1489, 1457, 1401, 1203, 1101, 

1034, 958, 924, 838, 803, 753, 720, 708, 639, 578, 483 cm-1. 

UV (H2O): λ (%maxA) = 222 (>400%) sh, 268 (90%) sh, 275 (100%), 294 (82%) sh, 300 

(70%) sh, 305 (58%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 19.0 (96.8%), 24.9 min (2.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.34 - 7.19 (m, 5 H, 

C6H5H), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.18 (d, J = 2 Hz, 1 H, H-4'''), 7.07 (d, J = 2 Hz, 1 H, 
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H-2'''), 6.74 (dd, J = 8.5 Hz, 2.5 Hz, 1 H, H-6'''), 3.76 (s, 3 H, -OCH3-5'''), 3.30 - 3.21 (m, 2 H, 

H2-1''), 3.14 - 2.98 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 2.62 (t, J = 7.5 Hz, 2 H, H2-3), 

2.04 - 1.89 (m, 2 H, H2-2). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 140.7 (Cq-1'), 

131.4 (Cq-7b'''), 128.3 (CH-3',5'), 128.2 (CH-2',6'), 127.0 (Cq-3b'''), 126.0 (CH-4'), 123.8 

(CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.0 (Cq-3'''), 100.2 (CH-4'''), 55.4 (OCH3-5'''), 55.1 

(CH2-1''), 54.5 (CH2-1), 39.3 (CH3-N+), 32.0 (CH2-3), 25.1 (CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 734.9 (9%) [2M + oxalic acid + H]+, 441.3 (23%) [Mquat]+, 323.2 (100%) [M 

+ H]+. 

N-(3-Phenylallyl)-N-methyltryptamine hydrogen oxalate 
((3-Phenylallyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (317) 

N-2-Cyanoethyl-N-methyltryptamine hydrogen oxalate (C20H22N2⋅C2H2O4, 380.44 g/mol) was 

obtained from 131.9 mg (3-bromopropenyl)-benzene (189, 197.07 g/mol, 88%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3398, 3032, 2923, 2686, 1719, 1701, 1636, 1458, 1420, 1340, 1281, 1209, 

1104, 974, 938, 747, 721, 700, 669, 496 cm-1. 

UV (H2O): λ (%maxA) = 210 (>200%), 216 (221%), 223 (161%) sh, 254 (100%), 283 (34%) 

sh, 288 nm (28%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 11.4 (24.6%), 17.6 min (75.4%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.96 (s br, 1 H, H-1'''), 7.57 (d, J = 8 Hz, 

1 H, H-4'''), 7.51 (d, J = 7 Hz, 2 H, H-2',6'), 7.44 - 7.28 (m, 4 H, H-7''',3',4',5'), 7.24 (d, J = 

2.5 Hz, 1 H, H-2'''), 7.08 (ddd, J = 7.5 Hz, 7.5 Hz, 0.5 Hz, 1 H, H-6'''), 6.95 (ddd, J = 7 Hz, 

7 Hz, 0.5 Hz, 1 H, H-5'''), 6.85 (d, J = 16 Hz, 1 H, H-3), 6.41 (dt, J = 16 Hz, 7 Hz, 1 H, H-2), 

3.89 (d, J = 7 Hz, 2 H, H2-1), 3.33 - 3.22 (m, 2 H, H2-1''), 3.16 - 3.07 (m, 2 H, H2-2''), 2.81 (s, 

3 H, N+-CH3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.4 (Cq-oxalate), 137.7 (CH-3), 136.2 (Cq-7b'''), 

135.6 (CH-1'), 128.6 (CH-3',5'), 128.4 (CH-4'), 126.6 (CH-2',6', Cq-3b'''), 123.2 (CH-2'''), 121.1 

(CH-5'''), 119.3 (CH-2), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.4 (Cq-3'''), 56.9 

(CH2-1), 54.8 (CH2-1''), 39.3 (CH3-N+), 20.1 (CH2-2''). 

ESI MS: m/z (%) = 670.8 (3%) [2M + oxalic acid + H]+, 407.2 (33%) [Mquat]+, 291.1 (100%) [M 

+ H]+. 
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N-(3-Phenylallyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((3-Phenylallyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (318) 

N-2-Cyanoethyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C21H24N2O⋅C2H2O4, 

410.46 g/mol) was obtained as a non-crystallizing mass from 131.9 mg (3-bromopropenyl)-

benzene (189, 197.07 g/mol, 88%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[3-(2,5-Dimethylphenyl)-propyl]-N-methyltryptamine hydrogen oxalate 
([3-(2,5-Dimethylphenyl)-propyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(319) 

N-[3-(2,5-Dimethylphenyl)-propyl]-N-methyltryptamine hydrogen oxalate (C22H28N2⋅C2H2O4, 

410.51 g/mol) was obtained as a non-crystallizing mass from 179.9 mg 2,5-dimethoxy-

1-(3-iodopropyl)-benzene (306.14 g/mol, 81%, 587.5 µmol) and 85.3 mg N-methyltryptamine 

(211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

N-[3-(2,5-Dimethylphenyl)-propyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([3-(2,5-Dimethylphenyl)-propyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (320) 

N-[3-(2,5-Dimethylphenyl)-propyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C23H30N2O⋅C2H2O4, 440.53 g/mol) was obtained as a non-crystallizing mass from 179.9 mg 

2,5-dimethoxy-1-(3-iodopropyl)-benzene (306.14 g/mol, 81%, 587.5 µmol) and 100.0 mg 

N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-[(3,4,5-Trimethoxyphenyl)-propyl]-N-methyltryptamine hydrogen oxalate 
([(3,4,5-Trimethoxyphenyl)-propyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (321) 

N-[4-(3,4,5-Trimethoxyphenyl)-propyl]-N-methyltryptamine hydrogen oxalate 

(C23H30N2O3⋅C2H2O4, 486.56 g/mol) was obtained from 242.6 mg 3,4,5-trimethoxy-

1-(4-iodopropyl)-benzene (192, 350.19 g/mol, 100%, 692.8 µmol) and 85.3 mg N-methyl-

tryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3399, 3055, 2942, 2682, 1719, 1591, 1510, 1458, 1422, 1345, 1318, 1240, 

1132, 1007, 956, 827, 737, 495 cm-1. 

UV (H2O): λ (%maxA) = 224 (>500%) sh, 266 (88%) sh, 269 (95%) sh, 272 (98%), 275 

(99%), 278 (100%), 288 nm (78%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 18.2 min (99.6%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.58 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 1.5 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 
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7.5 Hz, 1 H, H-6'''), 7.00 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 6.54 (s, 2 H, H-2',6'), 3.76 (s, 6 H, -

OCH3-3',5'), 3.62 (s, 3 H, -OCH3-4'), 3.32 - 3.21 (m, 2 H, H2-1''), 3.13 - 3.03 (m, 4 H, H2-1,2''), 

2.82 (s, 3 H, N+-CH3), 2.56 (t, J = 7.5 Hz, 2 H, H2-3), 2.04 - 1.89 (m, 2 H, H-2). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 152.7 (Cq-5'''), 136.3 (Cq-4'), 

136.2 (Cq-7b'''), 135.8 (Cq-1'), 126.7 (Cq-3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 

118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 (Cq-3'''), 105.6 (Cq-2',6'), 59.9 (OCH3-4'), 55.8 

(OCH3-5'''), 55.3 (CH2-1''), 54.5 (CH2-1), 39.4 (CH3-N+), 32.4 (CH2-3), 25.1 (CH2-2), 19.8 

(CH2-2''). 

ESI MS: m/z (%) = 786.9 (9%) [2M + Na]+, 383.2 (100%) [M + H]+. 

N-[(3,4,5-Trimethoxyphenyl)-propyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([(3,4,5-Trimethoxyphenyl)-propyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine 
hydrogen oxalate) (322) 

N-[4-(3,4,5-Trimethoxyphenyl)-propyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C24H32N2O4⋅C2H2O4, 516.58 g/mol) was obtained from 242.6 mg 3,4,5-trimethoxy-

1-(4-iodopropyl)-benzene (192, 350.19 g/mol, 100%, 692.8 µmol) and 100.0 mg N-methyl-

5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. The viscous 

mass crystallized after 20 d at 4 °C. 

IR (KBr): ν~  = 3392, 3043, 2942, 2833, 2702, 1720, 1626, 1592, 1510, 1485, 1458, 1422, 

1346, 1318, 1240, 1212, 1178, 1133, 1065, 1034, 1002, 827, 794, 776, 703, 662, 634, 496 

cm-1. 

UV (H2O): λ (%maxA) = 274 (100%), 295 (74%) sh, 298 (70%) sh, 307 (49%) sh. 

HPLC: Rt (%total AUC260) = 6.0 (oxalic acid), 18.4 (98.2%), 23.1 min (1.3%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.18 (d, J = 2 Hz, 1 H, H-4'''), 7.07 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 6.54 (s, 2 H, H-2',6'), 3.76 (s, 9 H, -OCH3-3',5',5'''), 3.62 (s, 3 H, -

OCH3-4'), 3.30 - 3.21 (m, 2 H, H2-1''), 3.14 - 2.98 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 

2.62 (t, J = 7.5 Hz, 2 H, H2-3), 2.04 - 1.89 (m, 2 H, H2-2). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 152.8 (Cq-3',5'), 

136.3 (Cq-4'), 135.9 (Cq-1'), 131.4 (Cq-7b'''), 127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 

111.2 (CH-6'''), 109.1 (Cq-3'''), 105.6 (Cq-2',6'), 100.2 (CH-4'''), 59.9 (OCH3-4'), 55.8 

(OCH3-3',5'), 55.4 (OCH3-5'''), 55.2 (CH2-1''), 54.5 (CH2-1), 39.3 (CH3-N+), 32.4 (CH2-3), 25.1 

(CH2-2), 19.9 (CH2-2''). 

ESI MS: m/z (%) = 914.6 (37%) [2M + oxalic acid + H]+, 824.7 (15%) [2M + HCl + H]+, 621.3 

(14%) [Mquat]+, 413.2 (100%) [M + H]+. 
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N-[4-(Indol-3-yl)-butyl]-N-methyltryptamine hydrogen oxalate 
([4-(Indol-3-yl)-butyl]-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (323) 

N-[4-(Indol-3-yl)-butyl]-N-methyltryptamine hydrogen oxalate (C23H27N3⋅C2H2O4, 

435.52 g/mol) was obtained as a non-crystallizing mass from 167.5 mg 3-(4-iodobutyl)-indole 

(193, 299.15 g/mol, 100%, 560.0 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

N-[4-(Indol-3-yl)-butyl]-N-methyl-5-methoxytryptamine hydrogen oxalate 
([4-(Indol-3-yl)-butyl]-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) 
(324) 

N-[4-(Indol-3-yl)-butyl]-N-methyl-5-methoxytryptamine hydrogen oxalate (C24H29N3O⋅C2H2O4, 

465.54 g/mol) was obtained as a non-crystallizing mass from 167.5 mg 3-(4-iodobutyl)-indole 

(193, 299.15 g/mol, 100%, 560.0 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

N-(3-Phenylsulfanyl-propyl)-N-methyltryptamine hydrogen oxalate 
((3-Phenylsulfanyl-propyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (325) 

N-(3-Phenylsulfanyl-propyl)-N-methyltryptamine hydrogen oxalate (C20H24N2S⋅C2H2O4, 

414.52 g/mol) was obtained from 184.8 mg (3-bromopropylsulfanyl)-benzene (194, 

231.15 g/mol, 88%, 706.9 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3396, 3018, 3254, 2937, 2859, 2674, 1718, 1458, 1280, 1184, 1097, 953, 812, 

746, 721, 703, 620, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (>400%), 255 (100%), 260 (93%) sh, 272 (76%) sh, 281 (69%) 

sh, 288 nm (56%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.9 (1.3%), 13.4 (0.7%), 16.5 (4.6%), 20.4 

(83.1%), 22.5 min (10.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.57 (d, J = 8 Hz, 

1 H, H-4'''), 7.40 - 7.29 (m, 5 H, H-7''',2',6',3',5'), 7.25 - 7.19 (m, 2 H, H-2''',4'), 7.09 (dd, J = 

J' = 7.5 Hz, 1 H, H-6'''), 7.00 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.28 - 3.15 (m, 4 H, H2-1'',1), 

3.11 - 3.00 (m, 4 H, H2-2'',3), 2.78 (s, 3 H, N+-CH3), 2.04 - 1.89 (m, 2 H, H2-2). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 135.5 (Cq-1'), 

129.0 (CH-3',5'), 128.3 (CH-2',6'), 126.7 (Cq-3b'''), 125.8 (CH-4'), 123.1 (CH-2'''), 121.0 

(CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 (Cq-3'''), 55.4 (CH2-1''), 53.7 

(CH2-1), 39.4 (CH3-N+), 29.3 (CH2-3), 23.3 (CH2-2), 19.8 (CH2-2''). 

ESI MS: m/z (%) = 685.0 (5%) [2M + HCl + H]+, 325.3 (100%) [M + H]+. 
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N-(3-Phenylsulfanyl-propyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((3-Phenylsulfanyl-propyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen 
oxalate) (326) 

N-(3-Phenylsulfanyl-propyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C21H26N2OS⋅C2H2O4, 444.54 g/mol) was obtained from 184.8 mg (3-bromopropylsulfanyl)-

benzene (194, 231.15 g/mol, 88%, 706.9 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3404 3244, 2939, 2703, 1956, 1719, 1586, 1485, 1331, 1301, 1280, 1216, 

1023, 826, 802, 743, 721, 691, 639, 498, 460 cm-1. 

UV (H2O): λ (%maxA) = 219 (339%) sh, 249 (95%) sh, 253 (100%), 258 (95%) sh, 275 (77%) 

sh, 296 (53%) sh, 307 (34%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 14.4 (0.6%), 16.7 (8.1%), 20.3 (84.5%), 

22.5 min (6.4%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.79 (s br, 1 H, H-1'''), 7.39 - 7.28 (m, 5 H, 

C6H5), 7.25 (d, J = 8.5 Hz, 1 H, H-4'''), 7.16 (m, J = 2 Hz, 1 H, H-4'''), 7.06 (d, J = 2 Hz, 1 H, 

H-2'''), 6.74 (dd, J = 9 Hz, 2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.25 - 3.11 (m, 4 H, 

H2-1'',1), 3.07 - 2.96 (m, 4 H, H2-2'',3), 2.75 (s, 3 H, N+-CH3), 2.02 - 1.88 (m, 2 H, H2-2). 

ESI MS: m/z (%) = 798.7 (12%) [2M + oxalic acid + H]+, 355.1 (100%) [M + H]+. 

N-(3-Chloropropyl)-N-methyltryptamine hydrogen oxalate 
((3-Chloropropyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (327) 

N-(3-Chloropropyl)-N-methyltryptamine hydrogen oxalate (C14H19ClN2⋅C2H2O4, 340.8 g/mol) 

was obtained from 133.8 mg 1-chloro-3-iodopropane (196, 204.44 g/mol, 90%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

N-(3-Chloropropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((3-Chloropropyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (328) 

N-(3-Chloropropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C15H21ClN2O⋅C2H2O4, 

370.83 g/mol) was obtained from 133.8 mg 1-chloro-3-iodopropane (196, 204.44 g/mol, 90%, 

587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 
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N-(3-Ethoxycarbonylpropyl)-N-methyltryptamine hydrogen oxalate 
(4-{[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-butyric acid ethyl ester hydrogen 
oxalate) (329) 

N-(3-Ethoxycarbonylpropyl)-N-methyltryptamine hydrogen oxalate (C17H24N2O2⋅C2H2O4, 

378.42 g/mol) was obtained as a non-crystallizing viscous mass from 142.2 mg 4-iodobutyric 

acid ethyl ester (242.05 g/mol, 100%, 587.5 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

N-(3-Ethoxycarbonylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
(4-{[2-(5-Methoxyindol-3-yl)-ethyl]-methylamino}-butyric acid ethyl ester hydrogen 
oxalate) (330) 

N-(3-Ethoxycarbonylpropyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 

(C18H26N2O3⋅C2H2O4, 408.45 g/mol) was obtained as a non-crystallizing viscous mass from 

142.2 mg 4-iodobutyric acid ethyl ester (242.05 g/mol, 100%, 587.5 µmol) and 100.0 mg 

N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

N-Butyl-N-methyltryptamine hydrogen oxalate 
(Butyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (331) 

N-Butyl-N-methyltryptamine hydrogen oxalate (73.6 mg, C15H22N2⋅C2H2O4, 320.38 g/mol, 

39%) was obtained as a white powder from 108.1 mg 1-iodobutane (197, 184.02 g/mol, 

100%, 587.4 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by 

general procedure E. 

IR (KBr): ν~  = 3244, 2962, 2875, 2694, 1720, 1703, 1620, 1459, 1405, 1342, 1280, 1218, 

1106, 1012, 934, 878, 746, 720, 500 cm-1. 

UV (H2O): λ (%maxA) = 219 (>600%), 270 (92%) sh, 273 (95%), 279 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 10.0 (0.8%), 14.2 min (98.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.31 - 3.23 (m, 2 H, H2-1''), 3.14 - 

3.03 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.70 - 1.57 (m, 2 H, H2-2), 1.32 (tq, J = 7.5 Hz, 

2 H, H2-3), 0.90 (t, J = 7.5 Hz, 3 H, H3-4). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 

(Cq-3'''), 55.2 (CH2-1''), 54.7 (CH2-1), 39.1 (CH3-N+), 25.3 (CH2-2), 19.7 (CH2-2''), 19.3 

(CH2-3), 13.4 (CH3-4). 
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ESI MS: m/z (%) = 575.5 (8%) [2M + oxalic acid + Na]+, 551.4 (39%) [2M + oxalic acid + H]+, 

497 (5%) [2M + HCl + H]+, 309.1 (5%) [Mquat]+, 231.2 (100%) [M + H]+. 

N-Butyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Butyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (332) 

N-Butyl-N-methyl-5-methoxytryptamine hydrogen oxalate (123.9 mg, C16H24N2O⋅C2H2O4, 

350.41 g/mol, 60%) was obtained as an off-white fine powder from 108.1 mg 1-iodobutane 

(197, 184.02 g/mol, 100%, 587.4 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3379, 3248, 2960, 2873, 2835, 2690, 1718, 1626, 1487, 1280, 1214, 1178, 

1072, 1031, 927, 858, 796, 721, 701, 636, 499 cm-1. 

UV (H2O): λ (%maxA) = 221 (>400%), 275 (100%), 294 (83%) sh, 296 (81%) sh, 307 (54%) 

sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 14.6 (83.1%), 19.6 min (16.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.08 (d, J = 2.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 

2 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.30 - 3.20 (m, 2 H, H2-1''), 3.14 - 3.00 (m, 4 H, 

H2-1,2''), 2.80 (s, 3 H, N+-CH3), 1.70 - 1.56 (m, 2 H, H2-2), 1.32 (tq, J = 7.5 Hz, 2 H, H2-3), 

0.91 (t, J = 7.5 Hz, 3 H, H3-4). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.9 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (CH2-1''), 55.2 (OCH3-5'''), 54.7 (CH2-1), 39.2 (CH3-N+), 25.4 (CH2-2), 19.8 (CH2-2''), 

19.4 (CH2-3), 13.4 (CH3-4). 

ESI MS: m/z (%) = 317.2 (100%) [Mquat]+, 261.2 (64%) [M + H]+, 174.2 (15%) [5-MeO-

vinylindole + H]+. 

N-(2-Ethylbutyl)-N-methyltryptamine hydrogen oxalate 
((2-Ethylbutyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (333) 

N-(2-Ethylbutyl)-N-methyltryptamine hydrogen oxalate (C17H26N2⋅C2H2O4, 348.44 g/mol) was 

obtained from 136.7 mg 3-iodomethyl-pentane (198, 212.07 g/mol, 91%, 587.5 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3392, 3232, 2965, 2877, 2690, 1720, 1593, 1459, 1405, 1279, 1197, 1104, 

1010, 950, 736, 721, 498 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%) 273 (96%), 280 (100%), 288 nm (84%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 9.6 (0.5%), 10.8 (2.2%), 16.9 min (97.1%). 
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1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.83 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.29 - 3.20 (m, 2 H, H2-1''), 3.19 - 

3.05 (m, 2 H, H2-2''), 2.95 (d, J = 6.5 Hz, 2 H, H2-1), 2.80 (s, 3 H, N+-CH3), 1.75 - 1.63 (m, 

1 H, H-2), 1.46 - 1.27 (dq, 4 H, 2 H2-3), 0.85 (t, J = 7.5 Hz, 6 H, 2 H3-4). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.4 

(Cq-3'''), 58.7 (CH2-1), 56.3 (CH2-1''), 40.1 (CH3-N+), 35.5 (CH-2), 22.8 (2 CH2-3), 19.7 

(CH2-2''), 10.1 (2 CH3-4). 

ESI MS: m/z (%) = 607.0 (4%) [2M + oxalic acid + H]+, 553.0 (3%) [2M + HCl + H]+, 259.2 

(100%) [M + H]+. 

N-(2-Ethylbutyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((2-Ethylbutyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (334) 

N-(2-Ethylbutyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C18H28N2O⋅C2H2O4, 

378.46 g/mol) was obtained from 136.7 mg 3-iodomethyl-pentane (198, 212.07 g/mol, 91%, 

587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 

IR (KBr): ν~  = 3408, 3228, 2964, 2936, 2693, 1719, 1587, 1488, 1460, 1405, 1280, 1218, 

1104, 1070, 1031, 926, 828, 802, 758, 721, 641, 499 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 269 (93%) sh, 276 (100%), 296 (80%) sh, 305 (59%) 

sh. 

HPLC: Rt (%total AUC260) = 5.9 (oxalic acid), 12.2 (0.9%), 17.1 min (98.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.81 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.18 (d, J = 2 Hz, 1 H, H-4'''), 7.08 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.28 - 2.18 (m, 2 H, H2-1''), 3.10 - 3.03 (m, 2 H, 

H2-2''), 2.96 (d, J = 6.5 Hz, 2 H, H2-1), 2.80 (s, 3 H, N+-CH3), 1.76 - 1.64 (m, 1 H, H-2'), 1.47 - 

1.26 (dq, 4 H, 2 H2-3), 0.85 (t, J = 7.5 Hz, 6 H, 2 H3-4). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.3 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.7 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

58.8 (CH2-1), 56.2 (CH2-1''), 55.4 (OCH3-5'''), 40.2 (CH3-N+), 35.5 (CH-2), 22.8 (2 CH2-3), 

19.8 (CH2-2''), 10.0 (2 CH3-4). 

ESI MS: m/z (%) = 667.7 (6%) [2M + oxalic acid + H]+, 613.7 (7%) [2M + HCl + H]+, 289.3 

(100%) [M + H]+. 

N-(4-Phenylbutyl)-N-methyltryptamine hydrogen oxalate 
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((4-Phenylbutyl)-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (335) 

N-(4-Phenylbutyl)-N-methyltryptamine hydrogen oxalate (C21H26N2⋅C2H2O4, 396.48 g/mol) 

was obtained from 164.0 mg (4-iodobutyl)-benzene (199, 260.11 g/mol, 93%, 587.5 µmol) 

and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3397, 3250, 3027, 2942, 2861, 2681, 1719, 1702, 1619, 1458, 1420, 1341, 

1280, 1180, 940, 753, 720, 703, 496, 426 cm-1. 

UV (H2O): λ (%maxA) = 217 (>600%), 262 (77%) sh, 267 (90%) sh, 273 (97%), 280 (100%), 

288 nm (85%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 20.4 min (99.2%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.58 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.32 - 7.14 (m, 6 H, C6H5, H-2'''), 7.09 (ddd, J = 

7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-6'''), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.31 - 3.21 

(m, 2 H, H2-1), 3.16 - 3.03 (m, 4 H, H2-1,2''), 2.80 (s, 3 H, N+-CH3), 2.61 (t, J = 7 Hz, 2 H, 

H2-4), 1.75 - 1.53 (m, 4 H, H2-2,3). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 141.6 (Cq-1'), 136.2 (Cq-7b'''), 

128.2 (CH-3',5',2',6'), 126.7 (Cq-3b'''), 125.7 (CH-4'), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 

(CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.2 (Cq-3'''), 55.2 (CH2-1''), 54.6 (CH2-1), 39.2 

(CH3-N+), 34.4 (CH2-4), 27.9 (CH2-3), 23.0 (CH2-2), 19.7 (CH2-2''). 

ESI MS: m/z (%) = 703.6 (6%) [2M + oxalic acid + H]+, 439.5 (4%) [Mquat]+, 307.4 (100%) [M + 

H]+. 

N-(4-Phenylbutyl)-N-methyl-5-methoxytryptamine hydrogen oxalate 
((4-Phenylbutyl)-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (336) 

N-(4-Phenylbutyl)-N-methyl-5-methoxytryptamine hydrogen oxalate (C22H28N2O⋅C2H2O4, 

426.51 g/mol) was obtained from 164.0 mg (4-iodobutyl)-benzene (199, 260.11 g/mol, 93%, 

587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 

IR (KBr): ν~  = 3255, 3026, 2936, 2859, 2691, 1718, 1627, 1488, 1455, 1299, 1213, 1175, 

1102, 1062, 1027, 924, 832, 800, 750, 699, 634, 453 cm-1. 

UV (H2O): λ (%maxA) = 219 (> 400%) sh, 268 (92%) sh, 275 (100%), 293 (83%) sh, 307 

(51%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 20.3 (98.7%), 26.4 min (0.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.79 (s br, 1 H, H-1'''), 7.32 - 7.16 (m, 6 H, 

C6H5, H-4'''), 7.25 (d, J = 8.5 Hz, 1 H, H-7'''), 7.06 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 
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2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.25 - 3.14 (m, 2 H, H2-1), 3.12 - 2.97 (m, 4 H, 

H2-1,2''), 2.75 (s, 3 H, N+-CH3), 2.60 (t, J = 7 Hz, 2 H, H2-4), 1.72 - 1.53 (m, 4 H, H2-2,3). 

ESI MS: m/z (%) = 763.0 (43%) [2M + oxalic acid + H]+, 469.3 (4%) [Mquat]+, 337.2 (100%) [M 

+ H]+. 

N-Pentyl-N-methyltryptamine hydrogen oxalate 
(Pentyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (337) 

61.6 mg N-Pentyl-N-methyltryptamine hydrogen oxalate (C16H24N2⋅C2H2O4, 334.41 g/mol, 

31%) was obtained as a pearlescent white powder from 116.3 mg 1-iodopentane (200, 

198.05 g/mol, 100%, 587.2 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. Recrystallization from diethyl ether. 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.98 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = 7.5 Hz, 

1 Hz, 1 H, H-6'''), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.31 - 3.22 (m, 2 H, H2-1''), 

3.13 - 3.02 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.72 - 1.58 (m, 2 H, H2-2), 1.38 - 1.21 (m, 

4 H, H2-3,4), 0.88 (t, J = 7 Hz, 3 H, H3-5). 

IR (KBr): ν~  = 3393, 3268, 3054, 2956, 2932, 2871, 2690, 1720, 1702, 1619, 1458, 1405, 

1353, 1279, 1191, 1101, 1026, 1010, 957, 880, 839, 817, 742, 720, 707, 589, 491 cm-1. 

UV (H2O): λ (%maxA) = 218 (585%), 272 (96%), 279 (100%), 287 nm (83%). 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 9.8 (1.7%), 15.9 (97.5%), 21.9 min (0.6%). 

ESI MS: m/z (%) = 579.1 (77%) [2M + oxalic acid + H]+, 245.2 (100%) [M + H]+. 

N-Pentyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Pentyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (338) 

N-Pentyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C17H26N2O⋅C2H2O4, 

364.44 g/mol) was obtained from 116.3 mg 1-iodopentane (200, 198.05 g/mol, 100%, 

587.2 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. Recrystallization from THF / diethyl ether. 

IR (KBr): ν~  = 3363, 3233, 3043, 2957, 2870, 2830, 2689, 1717, 1700, 1605, 1486, 1460, 

1439, 1384, 1353, 1311, 1217, 1175, 1126, 1100, 1074, 1030, 924, 862, 828, 799, 759, 702, 

636, 470 cm-1. 

UV (H2O): λ (%maxA) = 220 (419%), 274 (100%), 294 (83%) sh, 307 (53%) sh. 

HPLC: Rt (%total AUC260) = 5.6 (oxalic acid), 16.2 (90.2%), 21.9 min (9.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.07 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 

2 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.26 - 3.17 (m, 2 H, H2-1''), 3.10 - 2.97 (m, 4 H, 
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H2-1,2''), 2.77 (s, 3 H, N+-CH3), 1.70 - 1.56 (m, 2 H, H2-2), 1.38 - 1.20 (m, 4 H, H2-3,4), 0.88 

(t, J = 6.5 Hz, 3 H, H3-5). 

ESI MS: m/z (%) = 639.0 (20%) [2M + oxalic acid + H]+, 345.3 (66%) [Mquat]+, 275.2 (100%) 

[M + H]+. 

N-Hexyl-N-methyltryptamine hydrogen oxalate 
(Hexyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (339) 

N-Hexyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate-N-methyltryptamine hydrogen 

oxalate (65.6 mg, C17H26N2⋅C2H2O4, 348.44 g/mol, 32%) was obtained as a pearlescent white 

powder from 124.6 mg 1-iodohexane (212.07 g/mol, 100%, 587.5 µmol) and 85.3 mg 

N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3473, 3421, 3250, 3046, 2937, 2852, 2691, 1720, 1703, 1621, 1457, 1421, 

1340, 1280, 1200, 1098, 1011, 945, 745, 720, 705, 613, 490 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 266 (85%) sh, 271 (94%) sh, 280 (100%), 288 nm 

(84%). 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 10.0 (0.6%), 18.1 min (98.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.99 (s br, 1 H, H-1'''), 7.60 (d, J = 8 Hz, 

1 H, H-4'''), 7.37 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.32 - 3.23 (m, 2 H, H2-1''), 3.14 - 

3.02 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.71 - 1.57 (m, 2 H, H2-2), 1.37 - 1.24 (m, 6 H, 

H2-3-5), 0.87 (t, J = 6.5 Hz, 3 H, H3-6). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.5 (Cq-oxalate), 136.2 (Cq-7b'''), 126.6 (Cq-

3b'''), 123.1 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.3 

(Cq-3'''), 55.2 (CH2-1''), 54.9 (CH2-1), 39.2 (CH3-N+), 25.6 (CH2-2), 23.2 (CH2-3), 21.7 (CH2-4), 

19.7 (CH2-2''), 19.3 (CH2-5), 13.7 (CH3-6). 

ESI MS: m/z (%) = 607.7 (5%) [2M + oxalic acid + H]+, 259.3 (100%) [M + H]+. 

N-Hexyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Hexyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (340) 

N-Hexyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate-N-methyl-5-methoxytryptamine 

hydrogen oxalate (62.3 mg, C18H28N2O⋅C2H2O4, 378.46 g/mol, 28%) was obtained as a white 

powder from 124.6 mg 1-iodohexane (212.07 g/mol, 100%, 587.5 µmol) and 100.0 mg 

N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 
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N-Heptyl-N-methyltryptamine hydrogen oxalate 
(Heptyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (341) 

N-Heptyl-N-methyltryptamine hydrogen oxalate (C18H28N2⋅C2H2O4, 362.46 g/mol) was 

obtained from 105.2 mg 1-bromoheptane (179.1 g/mol, 100%, 587.5 µmol) and 85.3 mg 

N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3395, 3249, 3015, 2930, 2857, 2691, 1721, 1703, 1637, 1459, 1423, 1341, 

1280, 1194, 1104, 940, 753, 720, 703, 494 cm-1. 

UV (H2O): λ (%maxA) = 219 (>500%), 259 (62%) sh, 273 (95%), 279 (100%), 288 nm (83%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 9.8 (0.9%), 20.2 min (98.9%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.97 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (td, J = 7.5 Hz, 

1.5 Hz, 1 H, H-6'''), 7.01 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.32 - 3.22 (m, 2 H, 

H2-1''), 3.13 - 3.02 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.70 - 1.57 (m, 2 H, H2-2), 1.37 - 

1.22 (m, 8 H, H2-3-6), 0.86 (t, J = 6.5 Hz, 3 H, H3-7). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.1 (CH-5'''), 118.4 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 

(Cq-3'''), 55.2 (CH2-1''), 54.9 (CH2-1), 39.2 (CH3-N+), 30.9 (CH2-2), 28.1 (CH2-3), 26.0 (CH2-4), 

23.3 (CH2-5), 21.9 (CH2-6), 19.8 (CH2-2''), 13.8 (CH3-7). 

ESI MS: m/z (%) = 635.1 (22%) [2M + oxalic acid + H]+, 273.2 (100%) [M + H]+. 

N-Heptyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Heptyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (342) 

N-Heptyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C19H30N2O⋅C2H2O4, 

392.49 g/mol) was obtained as a non-crystallizing mass from 105.2 mg 1-bromoheptane 

(179.1 g/mol, 100%, 587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 

204.27 g/mol, 489.5 µmol) by general procedure E. 

N-Octyl-N-methyltryptamine hydrogen oxalate 
(Octyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (343) 

N-Octyl-N-methyltryptamine hydrogen oxalate (72.9 mg, C19H30N2⋅C2H2O4, 376.49 g/mol, 

33%) was obtained as a pearlescent white powder from 141.1 mg 1-iodooctane (201, 

240.13 g/mol, 100%, 587.6 µmol) and 85.3 mg N-methyltryptamine (211, 174.24 g/mol, 

489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3393, 3242, 2927, 2857, 2685, 1720, 1702, 1619, 1459, 1405, 1341, 1280, 

1195, 1105, 942, 753, 721, 703, 668, 501 cm-1. 

UV (H2O): λ (%maxA) = 218 (600%), 271 (95%) sh, 279 (100%), 287 nm (83%). 
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HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 9.7 (0.6%), 21.9 min (98.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.98 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (ddd, J = 7 Hz, 

7.5 Hz, 1 Hz, 1 H, H-6'''), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 0.5 Hz, 1 H, H-5'''), 3.31 - 3.22 (m, 

2 H, H2-1''), 3.13 - 3.02 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.70 - 1.57 (m, 2 H, H2-2), 

1.37 - 1.22 (m, 10 H, H2-3-7), 0.86 (t, J = 6.5 Hz, 3 H, H3-8). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 

(Cq-3'''), 55.2 (CH2-1''), 54.9 (CH2-1), 39.1 (CH3-N+), 31.0 (CH2-2), 28.39 (CH2-3), 28.36 

(CH2-4), 26.0 (CH2-5), 23.2 (CH2-6), 21.9 (CH2-7), 19.7 (CH2-2''), 13.7 (CH3-8). 

ESI MS: m/z (%) = 663.6 (23%) [2M + oxalic acid + H]+, 609.5 (8%) [2M + HCl + H]+, 287.3 

(100%) [M + H]+. 

N-Octyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Octyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (344) 

N-Octyl-N-methyl-5-methoxytryptamine hydrogen oxalate (97.6 mg, C20H32N2O⋅C2H2O4, 

406.52 g/mol, 41%) was obtained as a pearlescent white powder from 141.1 mg 

1-iodooctane (201, 240.13 g/mol, 100%, 587.6 µmol) and 100.0 mg N-methyl-5-methoxy-

tryptamine (208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr): ν~  = 3275, 3032, 2933, 2855, 2691, 1722, 1703, 1631, 1584, 1470, 1406, 1315, 

1280, 1263, 1208, 1108, 1029, 838, 791, 720, 710, 638, 492 cm-1. 

UV (H2O): λ (%maxA) = 220 (>400%), 275 (100%), 294 (83%), 306 (57%) sh. 

HPLC: Rt (%total AUC260) = 5.5 (oxalic acid), 21.5 min (99.1%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.82 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.19 (d, J = 2 Hz, 1 H, H-4'''), 7.08 (d, J = 2.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.5 Hz, 

2.5 Hz, 1 H, H-6'''), 3.78 (s, 3 H, -OCH3-5'''), 3.30 - 3.21 (m, 2 H, H2-1''), 3.11 - 3.01 (m, 4 H, 

H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.71 - 1.57 (m, 2 H, H2-2), 1.34 - 1.22 (m, 10 H, H2-3-7), 0.86 

(t, J = 6.5 Hz, 3 H, H3-8). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.9 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.8 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.0 (Cq-3'''), 100.1 (CH-4'''), 

55.4 (CH2-1''), 55.1 (OCH3-5'''), 54.9 (CH2-1), 31.1 (CH2-2), 28.44 (CH2-3), 28.38 (CH2-4), 

26.03 (CH2-5), 23.2 (CH2-6), 21.9 (CH2-7), 19.8 (CH2-2''), 13.4 (CH3-8). 

ESI MS: m/z (%) = 723.0 (23%) [2M + oxalic acid + H]+, 429.3 (7%) [Mquat]+, 317.2 (100%) [M 

+ H]+. 

N-Dodecyl-N-methyltryptamine hydrogen oxalate 
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(Dodecyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (345) 

N-Dodecyl-N-methyltryptamine hydrogen oxalate (62.5 mg, C23H38N2⋅C2H2O4, 423.60 g/mol, 

30%) was obtained from 192.2 mg 1-bromododecane (249.23 g/mol, 771.1 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr, opaque pellet): ν~  = 3392, 3251, 2920, 2853, 2681, 1720, 1702, 1636, 1459, 1421, 

1341, 1281, 1188, 1104, 940, 754, 740, 721, 703, 499 cm-1. 

UV (methanol): λ (%maxA) = 221(>300%), 268 (87%) sh, 273 (95%), 280 (100%), 289 nm 

(87%). 

HPLC: Rt (%total AUC260) = 12.3 (oxalic acid), 25.1 min (99.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.51): δ = 10.97 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 1 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.01 (dd, J = J' = 7.5 Hz, 1 H, H-5'''), 3.32 - 3.22 (m, 2 H, H2-1''), 3.13 - 

3.02 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.70 - 1.56 (m, 2 H, H2-2), 1.35 - 1.19 (m, 18H, 

H2-3-11), 0.86 (t, J = 6.5 Hz, 3 H, H3-12). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.2 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.5 (CH-7'''), 109.3 

(Cq-3'''), 55.2 (CH2-1''), 54.9 (CH2-1), 39.2 (CH3-N+), 31.2 (CH2-2), 28.9 (CH2-3,4), 28.84 

(CH2-5), 28.75 (CH2-6), 28.6 (CH2-7), 28.5 (CH2-8), 26.0 (CH2-9), 23.3 (CH2-10), 22.0 

(CH2-11), 19.7 (CH2-2''), 13.8 (CH3-12). 

ESI MS: m/z (%) = 775.0 (44%) [2M + oxalic acid + H]+, 721.2 (7%) [2M + HCl + H]+, 343.3 

(100%) [M + H]+. 

N-Dodecyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Dodecyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (346) 

N-Dodecyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C24H40N2O⋅C2H2O4, 

462.62 g/mol) was obtained from 192.2 mg 1-bromododecane (249.23 g/mol, 771.1 µmol) 

and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) by general 

procedure E. 

IR (KBr, opaque pellet): ν~  = 3408, 3262, 3042, 2925, 2854, 2696, 1718, 1703, 1604, 1488, 

1466, 1314, 1280, 1217, 1177, 1106, 1070, 1031, 925, 833, 800, 721, 499 cm-1. 

UV (methanol): λ (%maxA) = 224 (>300%), 275 (100%), 291 (77%) sh, 296 (77%), 308 nm 

(59%). 

HPLC: Rt (%total AUC260) = 5.8 (oxalic acid), 26.4 min (99.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.25 (d, J = 8.7 Hz, 

1 H, H-7'''), 7.18 (d, J = 2 Hz, 1 H, H-4'''), 7.07 (d, J = 2 Hz, 1 H, H-2'''), 6.74 (dd, J = 8.8 Hz, 
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2.3 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.26 - 3.17 (m, 2 H, H2-1''), 3.09 - 2.97 (m, 4 H, 

H2-1,2''), 2.77 (s, 3 H, N+-CH3), 1.69 - 1.54 (m, 2 H, H2-2), 1.30 - 1.21 (m, 18 H, H2-3-11), 

0.85 (t, J = 6.5 Hz, 3 H, H3-12). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.8 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.7 (CH-2'''), 112.0 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (OCH3-5'''), 55.3 (CH2-1''), 55.0 (CH2-1), 39.3 (CH3-N+), 31.2 (CH2-2), 28.9 (CH2-3,4), 

28.8 (CH2-5), 28.7 (CH2-6), 28.6 (CH2-7), 28.5 (CH2-8), 26.1 (CH2-9), 23.5 (CH2-10), 22.0 

(CH2-11), 19.7 (CH2-2''), 13.8 (CH3-12). 

HPLC (gradient B): Rt (%total AUC260) = 12.7 (oxalic acid), 24.9 min (99.7%). 

ESI MS: m/z (%) = 835.8 (19%) [2M + oxalic acid + H]+, 781 (3%) [2M + HCl + H]+, 373.5 

(100%) [M + H]+. 

N-Tetradecyl-N-methyltryptamine hydrogen oxalate 
(Tetradecyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (347) 

N-Tetradecyl-N-methyltryptamine hydrogen oxalate (C25H42N2⋅C2H2O4, 460.33 g/mol) was 

obtained from 196.4 mg 1-iodotetradecane (203, 324.28 g/mol, 97%, 587.5 µmol) and 

85.3 mg N-methyltryptamine (211, 174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr, opaque pellet): ν~  = 3395, 3259, 2923, 2853, 2685, 1720, 1702, 1636, 1459, 1406, 

1340, 1280, 1219, 1106, 753, 741, 721, 704, 499 cm-1. 

UV (methanol): λ (%maxA) = 221 (>400%), 268 (87%) sh, 273 (95%), 280 (100%), 289 nm 

(87%). 

HPLC (gradient B): Rt (%total AUC260) = 12.5 (oxalic acid), 14.8 (1.7%), 25.0 (1.0%), 

25.9 min (97.0%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.98 (s br, 1 H, H-1'''), 7.59 (d, J = 8 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.24 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (ddd, J = 7.5 Hz, 

7.5 Hz, 1 Hz, 1 H, H-6'''), 7.00 (ddd, J = 7.5 Hz, 7.5 Hz, 1 Hz, 1 H, H-5'''), 3.31 - 3.32 (m, 2 H, 

H2-1''), 3.13 - 3.02 (m, 4 H, H2-1,2''), 2.81 (s, 3 H, N+-CH3), 1.71 - 1.57 (m, 2 H, H2-2), 1.35 - 

1.22 (m, 22 H, H2-3-13), 0.85 (t, J = 7 Hz, 3 H, H3-14). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 136.2 (Cq-7b'''), 126.7 (Cq-

3b'''), 123.1 (CH-2'''), 121.0 (CH-5'''), 118.3 (CH-6'''), 118.1 (CH-4'''), 111.4 (CH-7'''), 109.3 

(Cq-3'''), 55.2 (CH2-1''), 54.9 (CH2-1), 39.2 (CH3-N+), 31.2 (CH2-2), 28.94 (CH2-3,4,5), 28.90 

(CH2-6), 28.8 (CH2-7), 28.7 (CH2-8), 28.6 (CH2-9), 28.5 (CH2-10), 26.0 (CH2-11), 23.3 

(CH2-12), 22.0 (CH2-13), 19.7 (CH2-2''), 13.8 (CH3-14). 

ESI MS: m/z (%) = 831.9 (13%) [2M + oxalic acid + H]+, 777.8 (5%) [2M + HCl + H]+, 371.6 

(100%) [M + H]+. 
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N-Tetradecyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Tetradecyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (348) 

N-Tetradecyl-N-methyl-5-methoxytryptamine hydrogen oxalate (C26H44N2O⋅C2H2O4, 

490.68 g/mol) was obtained from 196.4 mg 1-iodotetradecane (203, 324.28 g/mol, 97%, 

587.5 µmol) and 100.0 mg N-methyl-5-methoxytryptamine (208, 204.27 g/mol, 489.5 µmol) 

by general procedure E. 

IR (KBr, opaque pellet): ν~  = 3414, 3300, 3049, 2923, 2853, 1718, 1701, 1610, 1488, 1469, 

1313, 1265, 1215, 1176, 1075, 1028, 926, 828, 803, 763, 697, 486 cm-1. 

UV (methanol): λ (%maxA) = 218 (>300%), 268 (91%) sh, 275 (100%), 296 (79%), 303 (69%) 

sh, 308 nm (62%). 

HPLC: Rt (%total AUC260) = 13.1 (oxalic acid), 26.0 min (99.7%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.18 (d, J = 2 Hz, 1 H, H-4'''), 7.07 (d, J = 2 Hz, 1 H, H-2'''), 6.73 (dd, J = 9 Hz, 

2.5 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.25 - 3.15 (m, 2 H, H2-1''), 3.08 - 2.96 (m, 4 H, 

H2-1,2''), 2.76 (s, 3 H, N+-CH3), 1.71 - 1.55 (m, 2 H, H2-2), 1.40 - 1.18 (m, 22 H, H2-3-13), 

0.85 (t, J = 7 Hz, 3 H, H3-14). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.7 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (OCH3-5'''), 55.3 (CH2-1''), 55.1 (CH2-1), 39.4 (CH3-N+), 31.2 (CH2-2), 28.94 (CH2-3,4,5), 

28.91 (CH2-6), 28.84 (CH2-7), 28.75 (CH2-8), 28.6 (CH2-9), 28.5 (CH2-10), 26.1 (CH2-11), 

23.6 (CH2-12), 22.0 (CH2-13), 20.1 (CH2-2''), 13.8 (CH3-14). 

ESI MS: m/z (%) = 891.9 (7%) [2M + oxalic acid + H]+, 838.0 (5%) [2M + HCl + H]+, 371.6 

(100%) [M + H]+. 

N-Octadecyl-N-methyltryptamine hydrogen oxalate 
(Octadecyl-[2-(indol-3-yl)-ethyl]-methylamine hydrogen oxalate) (349) 

N-Octadecyl-N-methyltryptamine hydrogen oxalate (97.3 mg, C29H50N2⋅C2H2O4, 

516.76 g/mol, 32%) was obtained as an off-white fine powder from 223.5 mg 1-iodoocta-

decane (204, 380.39 g/mol, 100%, 587.6 µmol) and 85.3 mg N-methyltryptamine (211, 

174.24 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr, opaque pellet): ν~  = 3392, 3207, 2919, 2851, 2684, 1719, 1701, 1636, 1469, 1432, 

1341, 1280, 1173, 1105, 942, 754, 720, 703, 492 cm-1. 

UV (methanol): λ (%maxA) = 219 (>500%), 268 (87%) sh, 273 (95%), 279 (100%), 283 (96%) 

sh, 289 nm (87%). 

HPLC (gradient B): Rt (%total AUC260) = 12.7 (oxalic acid), 26.1 (2.4%), 29.3 min (97.6%). 
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1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.98 (s br, 1 H, H-1'''), 7.59 (d, J = 7.5 Hz, 

1 H, H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.23 (d, J = 2 Hz, 1 H, H-2'''), 7.09 (dd, J = J' = 

7.5 Hz, 1 H, H-6'''), 7.00 (dd, J = J' = 7 Hz, 1 H, H-5'''), 3.34 - 3.21 (m, 2 H, H2-1''), 3.15 - 3.00 

(m, 4 H, H2-1,2''), 2.80 (s, 3 H, N+-CH3), 1.71 - 1.56 (m, 2 H, H2-2), 1.43 - 1.13 (m, 30 H, 

H2-3-17), 0.85 (t, J = 6.5 Hz, 3 H, H3-18). 

13C NMR (50.3 MHz, APT, CDCl3 / DMSO-d6): δ = 164.0 (Cq-oxalate), 136.1 (Cq-7b'''), 126.3 

(Cq-3b'''), 122.6 (CH-2'''), 120.9 (CH-5'''), 118.2 (CH-6'''), 117.7 (CH-4'''), 111.2 (CH-7'''), 

108.8 (Cq-3'''), 78.3 (t, CDCl3), 55.3 (CH2-1''), 55.1 (CH2-1), 39.1 (CH3-N+), 31.1 (CH2-2), 28.9 

(CH2-3,4,5,6,7,8,9), 28.84 (CH2-10), 28.76 (CH2-11), 28.7 (CH2-12), 28.5 (CH2-13), 28.4 

(CH2-14), 26.0 (CH2-15), 23.2 (CH2-16), 21.9 (CH2-17), 19.8 (CH2-2''), 13.6 (CH3-18). 

ESI MS: m/z (%) = 679.9 (46%) [Mquat]+, 427.4 (100%) [M + H]+. 

N-Octadecyl-N-methyl-5-methoxytryptamine hydrogen oxalate 
(Octadecyl-[2-(5-methoxyindol-3-yl)-ethyl]-methylamine hydrogen oxalate) (350) 

N-Octadecyl-N-methyl-5-methoxytryptamine hydrogen oxalate (61.3 mg, C30H52N2O⋅C2H2O4, 

546.78 g/mol, 19%) was obtained as an off-white fine powder from 223.5 mg 1-iodoocta-

decane (204, 380.39 g/mol, 100%, 587.6 µmol) and 100.0 mg N-methyl-5-methoxytryptamine 

(208, 204.27 g/mol, 489.5 µmol) by general procedure E. 

IR (KBr, opaque pellet): ν~  = 3413, 3261, 3048, 2920, 2852, 1718, 1604, 1488, 1469, 1315, 

1216, 1177, 1104, 1071, 1030, 925, 835, 801, 764, 721, 497 cm-1. 

UV (methanol): λ (%maxA) = 220 (>300%), 267 (88%) sh, 274 (100%), 296 (78%), 308 nm 

(60%). 

HPLC (gradient B): Rt (%total AUC260) = 13.1 (oxalic acid), 29.2 min (99.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.25 (d, J = 8.5 Hz, 

1 H, H-7'''), 7.18 (d, J = 1.5 Hz, 1 H, H-4'''), 7.07 (d, J = 1.5 Hz, 1 H, H-2'''), 6.74 (dd, J = 9 Hz, 

2 Hz, 1 H, H-6'''), 3.77 (s, 3 H, -OCH3-5'''), 3.28 - 3.18 (m, 2 H, H2-1''), 3.10 - 2.98 (m, 4 H, 

H2-1,2''), 2.78 (s, 3 H, N+-CH3), 1.70 - 1.55 (m, 2 H, H2-2), 1.37 - 1.17 (m, 30 H, H2-3-17), 

0.85 (t, J = 6.5 Hz, 3 H, H3-18). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.6 (Cq-oxalate), 153.1 (Cq-5'''), 131.3 (Cq-7b'''), 

127.0 (Cq-3b'''), 123.7 (CH-2'''), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.2 (Cq-3'''), 100.2 (CH-4'''), 

55.4 (OCH3-5'''), 55.3 (CH2-1''), 55.0 (CH2-1), 39.3 (CH3-N+), 31.2 (CH2-2), 28.9 

(CH2-3,4,5,6,7,8,9,10), 28.8 (CH2-11,12), 28.58 (CH2-13), 28.5 (CH2-14), 26.1 (CH2-15), 23.5 

(CH2-16), 22.0 (CH2-17), 20.0 (CH2-2''), 13.8 (CH3-18). 

ESI MS: m/z (%) = 709.6 (10%) [Mquat]+, 457.4 (100%) [M + H]+, 1003.1 (19%) [2M + oxalic 

acid + H]+. 
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N,N-diisopropyl-ethylamine hydrogen oxalate (351) 

Prepared from diisopropyl-ethylamine as a reference compound (C8H19N⋅C2H2O4, 

219.28 g/mol). 

1H NMR (300 MHz, MeOH-d4): δ = 3.300 (qu, CD3OD, reference), 3.72 (sept, J = 8 Hz, 2 H, 2 

CH), 3.22 (q, J = 7.5 Hz, 2 H, CH2), 1.36 (d, J = 6.5 Hz, 12 H, 4 CH3), 1.36 (t, J = 7.5 Hz, 3 H, 

H3-Et). 

Indol-3-yl-glyoxylic acid chloride 
(2-(Indol-3-yl)-2-oxoacetyl chloride) (352) 

To a stirred solution of 50.0 g (117.15 g/mol, 426.8 mmol, 1 eq) indole in 500 ml diethyl ether 

was added 55 ml (126.94 g/mol, d 1.48, 81.4 g, 641 mmol, 1.5 eq) oxalyl chloride dropwise 

under cooling in an ice bath. The solution was allowed to warm to room temperature and 

stirring was continued for 1 h. The orange product was filtered off, and washed with cold di-

ethyl ether, and dried under vacuum, yielding 83.1 g of indol-3-yl-glyoxylic acid chloride as a 

fine orange powder (C10H6ClNO2, 207.61 g/mol, 400.2 mmol, 94%). This sensitive material 

was used immediately in the following reactions. 

Indol-3-yl-glyoxylic acid propylamide 
(2-(Indol-3-yl)-2-oxo-N-propylacetamide) (353) 

A solution of 20 ml propylamine (59.11 g/mol, d 0.716, 14.32 g, 242.3 mmol, 2.5 eq) in 

200 ml diethyl ether was added dropwise to a slurry of 20 g indol-3-yl-glyoxylic acid chloride 

(352) (207.61 g/mol, 96.33 mmol, 1.0 eq) in 500 ml diethyl ether under stirring. The mixture 

was stirred for another 1 h and filtered. The filter cake was washed with diethyl ether and 

dried under vacuum. After recrystallization from ethyl acetate 18.81 g indol-3-yl-glyoxylic acid 

propylamide (C13H14N2O2, 230.26 g/mol, 81.7 mmol, 85%) was obtained as a white powder. 

Indol-3-yl-glyoxylic acid dipropylamide 
(2-(Indol-3-yl)-2-oxo-N,N-dipropylacetamide) (354) 

A solution of 36 ml propylamine (101.19 g/mol, d 0.738, 26.57 g, 262.6 mmol, 2.6 eq) in 

200 ml diethyl ether was added dropwise to a slurry of 21.3 g indol-3-yl-glyoxylic acid 

chloride (352) (207.61 g/mol, 102.6 mmol, 1.0 eq) in 500 ml diethyl ether under stirring. The 

mixture was stirred for another 1 h and filtered. The filter cake was washed with diethyl ether 

and dried under vacuum. After recrystallization from small amounts of ethanol a combined 

yield of 16.62 g indol-3-yl-glyoxylic acid dipropylamide (C16H20N2O2, 272.34 g/mol, 

61.02 mmol, 59%) was obtained as a white powder. Additional less pure compound could be 

isolated from the mother liquor. 

N-Propyltryptamine 
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([2-(Indol-3-yl)-ethyl]-propylamine) (355) 

17 g indol-3-yl-glyoxylic acid propylamide (353) (230.26 g/mol, 73.83 mmol) in 100 ml dried 

THF was added dropwise to a refluxing suspension of 11.21 g LiAlH4 powder (37.96 g/mol, 

295.3 mmol, 4 eq) in 150 ml dried THF. The mixture was refluxed for further 2 h and cooled 

to room temperature. The reaction was terminated by dropwise addition of saturated MgSO4 

solution and then H2O. Diatomaceous earth was added to the mixture, the slurry filtered 

through a bed of diatomaceous earth, and the filter cake was washed with THF. The pooled 

solutions were evaporated on a rotary evaporator and the product was distilled under oil 

pump vacuum (156 °C), yielding 5.5 g N-propyltryptamine (C13H18N2, 202.30 g/mol, 

27.18 mmol, 37%) as a white crystalline mass. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.25): δ = 8.19 (s br, 1 H, H-1'''), 7.63 (d, J = 7.5 Hz, 1 H, 

H-4'''), 7.36 (d, J = 8 Hz, 1 H, H-7'''), 7.19 (dd, J = J' = 8 Hz, 1 H, H-6'''), 7.11 (dd, J = J' = 

8 Hz, 1 H, H-5'''), 7.03 (d, J = 2 Hz, 1 H, H-2'''), 2.97 (s, 4 H, H2-1'',2''), 2.60 (t, J = 7.5 Hz, 

2 H, H2-1), 1.59 - 1.38 (tq, 2 H, H2-2), 0.88 (t, J = 7.5 Hz, 3 H, H3-3). 

N,N-Dipropyltryptamine 
([2-(Indol-3-yl)-ethyl]-dipropylamine) (356) 

15 g Indol-3-yl-glyoxylic acid dipropylamide (354) (272.34 g/mol, 55.08 mmol) in 100 ml dried 

THF was added dropwise to a refluxing suspension of 8.36 g LiAlH4 powder (37.96 g/mol, 

220.2 mmol, 4 eq) in 150 ml dried THF. The mixture was refluxed for further 2 h and cooled 

to room temperature. The reaction was terminated by dropwise addition of saturated MgSO4 

solution and then H2O. Diatomaceous earth was added to the mixture, the slurry filtered 

through a bed of diatomaceous earth, and the filter cake was washed THF. The pooled solu-

tions were evaporated on a rotary evaporator and the product was distilled under oil pump 

vacuum (166 °C), yielding 10.53 g N,N-dipropyltryptamine (C16H24N2, 244.38 g/mol, 

43.09 mmol, 78%) as a white crystalline mass. 

1H NMR (200 MHz, CDCl3, δsolvent = 7.24): δ = 8.05 (s br, 1 H, H-1'''), 7.61 (d, J = 7.5 Hz, 1 H, 

H-4'''), 7.34 (d, J = 7.5 Hz, 1 H, H-7'''), 7.18 (dd, J = J' = 7 Hz, 1 H, H-6'''), 7.11 (dd, J = J' = 

7 Hz, 1 H, H-5'''), 7.00 (d, J = 2 Hz, 1 H, H-2'''), 2.98 - 2.86 (m, 2 H, H2-1''), 2.86 - 2.74 (m, 

2 H, H2-2''), 2.51 (t, J = 7.5 Hz, 4 H, 2 H2-1), 1.53 (tq, J = 7.5 Hz, 4 H, 2 H2-2), 0.91 (t, J = 

7.5 Hz, 6 H, 2 H3-3). 
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Synthesis of N-(4-bromobenzyl)-5-methoxytryptamine 
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Figure 73: General numbering schemes for 5-methoxytryptamine derivatives. 

 

5-Methoxytryptamine 
(2-(5-methoxyindol-3-yl)-ethylamine) (357) 

A mixture of 2 g 3-(2-iodoethyl)-5-methoxyindole (176, 301.12 g/mol, 6.64 mmol, 1 eq) and 

4.28 ml 1-phenyl-ethylamine (4.02 g, d 0.94, 121.18 g/mol, 5eq) in 100 ml acetonitrile were 

kept at room temperature for 24 h. TLC analysis showed nearly complete consumption of the 

iodide. The solvent was removed on a rotary evaporator and excess 1-phenyl-ethylamine 

was removed in a Kugelrohr distillation apparatus under oil pump vacuum. The resulting 

brown oily residue was adsorbed onto 5 g silica with dichloromethane and purified by a silica 

column chromatography using ethyl acetate / methanol / triethylamine (97.5 + 5 + 2.5) as 

eluent and fractions of 15 ml were collected. The product could be separated from minor 

indolic impurities as shown by TLC analysis using the same solvent system and Ehrlich's 

reagent and UV254 absorption as indicators. The positive fractions were pooled, evaporated 

using a rotary evaporator, and the resulting brownish oil was further dried under oil pump 

vacuum for several hours. Yield: 1.38 g (292.37 g/mol, 4.72 mmol, 71%). This product was 

dissolved in ethanol and hydrogenated at 4 bar H2 and room temperature for 20 h in a Parr 

hydrogenation apparatus with 0.25 g Pd/C (10%) as catalyst. The catalyst was filtered off 

and the solvent was evaporated on a rotary evaporator, yielding 5-methoxytryptamine 

(C11H14N2O⋅C2H2O4, 190.25 g/mol). 

5-Methoxytryptamine hydrogen oxalate 
(2-(5-Methoxyindol-3-yl)-ethylamine hydrogen oxalate) (358) 

IR (KBr): ν~  = 3432, 2937, 2634, 1720, 1700, 1641, 1573, 1532, 1487, 1456, 1439, 1313, 

1287, 1271, 1219, 1179, 1112, 1056, 1029, 970, 924, 891, 839, 813, 802, 761, 734, 709, 457 

cm-1. 



Chemical Experiments - Synthesis of N-(4-bromobenzyl)-5-methoxytryptamine 
_________________________________________________________________________  

 

244 

UV (H2O): λ (%maxA) = 220 (421%), 274 (100%), 293 (82%) sh, 295 (80%) sh, 307 (50%) 

sh. 

HPLC: Rt (%total AUC260) = 6.5 (oxalic acid), 8.1 min (99.5%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.75 (s br, 1 H, H-1'), 7.24 (d, J = 8.5 Hz, 

1 H, H-7'), 7.15 (d, J = 1 Hz, 1 H, H-4'), 7.02 (d, J = 2 Hz, 1 H, H-2'), 6.73 (dd, J = 8.5 Hz, 

1.5 Hz, 1 H, H-6'), 3.77 (s, 3 H, -OCH3-5'), 3.04 - 2.94 (m, 2 H, H2-1), 2.94 - 2.93 (m, 2 H, 

H2-2). 

ESI MS: m/z (%) = 381.1 (31%) [2M + H]+, 191.0 (100%) [M - H]+, 174.2 (22%) [vinylindole + 

H]+. 

N-(4-Bromobenzoyl)-5-methoxytryptamine 
(4-Bromo-N-[2-(5-methoxyindol-3-yl)-ethyl]-benzamide) (359) 

415 mg 4-bromobenzoylchloride (219.47 g/mol, 1.891 mmol,1.2 eq) 5 ml dry THF was added 

dropwise to a stirred mixture of 300 mg 5-methoxytryptamine (358, 190.25 g/mol, 

1.577 mmol, 1 eq) and 383 mg triethylamine (101.19 g/mol, 3.785 mmol, 2.4 eq) in 15 ml dry 

THF at room temperature. The mixture was kept at room temperature overnight, the precipi-

tate filtered off, and the solvent removed on a rotary evaporator. The oily residue was dis-

solved in 50 ml CHCl3, successively washed with diluted HCl solution, Na2CO3 solution, and 

H2O until neutral, dried over MgSO4, and evaporated. The resulting white solid was recrystal-

lized from diethyl ether, yielding N-(4-bromobenzoyl)-5-methoxytryptamine 

(C18H17BrN2O2⋅C2H2O4, 373.24 g/mol). 

IR (KBr): ν~  = 3414, 2949, 2795, 1721, 1703, 1642, 1584, 1488, 1457, 1441, 1407, 1299, 

1281, 1216, 1174, 1107, 1076, 1014, 925, 800, 721, 501 cm-1. 

ESI MS: m/z (%) = 770.8 (29%) [2[80Br]M + Na]+, 768.8 (71%) [[79Br]M + [81Br]M + Na]+, 

766.8 (43%) [2[79Br]M + Na]+, 690.9%) [[80]M - Br + Na]+, 689 (98%) [[79Br]M -Br + Na]+, 611.0 

(90%) [2M - 2Br + Na]+, 339.2 (84%). 

N-(4-Bromobenzyl)-5-methoxytryptamine 
((4-Bromobenzyl)-[2-(5-methoxyindol-3-yl)-ethyl]-amine) (19) 

220 mg LiAlH4 (37.95 g/mol, 5.80 mmol, 5.80 eq) was added to 15 ml of dry diethyl ether with 

stirring and with cooling in an ice bath under a N2 atmosphere. 0.23 g AlCl3 (133.34 g/mol, 

1.72 mmol, 1.72 eq) was added carefully for in situ generation of AlH3. The milky suspension 

was stirred for 30 min at room temperature and a solution of 370 mg N-(4-bromobenzoyl)-

5-methoxytryptamine (359, 373.24 g/mol, 1.00 mmol, 1 eq) in 10 ml of dry diethyl ether was 

added dropwise and the mixture was stirred for 5 h at room temperature. The reaction was 

terminated by the careful addition of water and NaOH solution in an ice bath with stirring. The 

mixture was mixed with diatomaceous earth and filtered through a layer of diatomaceous 
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earth. The filter cake was washed with diethyl ether and the combined filtrates washed with 

H2O and dried over MgSO4. The product was dissolved in THF and treated with an excess of 

oxalic acid in THF and kept in the ice bath for several hours. The precipitate was filtered off, 

washed with cold THF, and was recrystallized from THF. The product was dried under oil 

pump vacuum at 60 °C overnight, yielding N-(4-bromobenzyl)-5-methoxytryptamine 

hydrogen oxalate (C18H19BrN2O⋅C2H2O4, 449.30 g/mol) as a fine white powder. 

IR (KBr): ν~  = 3420, 2935, 2831, 1718, 1700, 1635, 1487, 1456, 1406, 1280, 1215, 1174, 

1100, 1075, 1013, 798, 720, 500 cm-1. 

UV (H2O): λ (%maxA) = 220 (575%), 273 (100%), 293 (80%), 305 (58%) sh. 

HPLC: Rt (%total AUC260) = 5.7 (oxalic acid), 14.2 (1.8%), 15.6 (4.4%), 18.0 min (93.8%). 

1H NMR (300 MHz, DMSO-d6, δsolvent = 2.50): δ = 10.80 (s br, 1 H, H-1'''), 7.64 (d, J = 8 Hz, 

2 H, H-3',5'), 7.47 (d, J = 8 Hz, 2 H, H-2',6'), 7.25 (d, J = 9 Hz, 1 H, H-7'''), 7.16 (d, J = 2 Hz, 

1 H, H-4'''), 7.00 (d, J = 2 Hz, 1 H, H-2'''), 6.73 (dd, J = 9 Hz, 2 Hz, 1 H, H-6'''), 4.18 (s, 2 H, 

H2-1), 3.76 (s, 3 H, -OCH3-5'''), 3.20 - 3.08 (m, 2 H, H2-1''), 3.08 - 2.97 (m, 2 H, H2-2''). 

13C NMR (50.3 MHz, APT, DMSO-d6): δ = 164.7 (Cq-oxalate), 153.1 (Cq-5'''), 132.0 (CH-3',5'), 

131.8 (Cq-1'), 131.43 (CH-2',6'), 131.35 (Cq-7b'''), 127.0 (Cq-3b'''), 123.8 (CH-2'''), 122.1 (Cq-

4'), 112.1 (CH-7'''), 111.2 (CH-6'''), 109.1 (Cq-3'''), 100.0 (CH-4'''), 55.4 (OCH3-5'''), 49.1 

(CH2-1), 46.8 (CH2-1''), 21.7 (CH2-2''). 

ESI MS (sample A): m/z (%) = 359.1 (100%) [[79Br]M + H]+, 361.1 (96%) [[81Br]M + H]+, 281.2 

(29%) [M - Br + 2H]+, 174.2 (25%) [M - CH3-NH-CH2-C6H4Br + H]+, 718.7 (6%) [[79Br]M + 

[81Br]M + H]+, 716.8 (3%) [2[79Br]M + H]+, 720.7 (2%) [2[80Br]M + H]+. 

ESI MS (sample B): m/z (%) = 359.0 (100%) [[79Br]M + H]+, 361.0 (93%) [[81Br]M + H]+, 808.6 

(51%) [[79Br]M + [81Br]M + oxalic acid + H]+, 806.7 (22.5%) [2[79Br]M + oxalic acid + H]+, 

810.6 (50%) [2[80Br]M + oxalic acid + H]+, 718.6 (38%) [[79Br]M + [81Br]M + H]+, 716.5 (21%) 

[2[79Br]M + H]+, 720.6 (20%) [2[80Br]M + H]+, 174.2 (13%) [vinylindole + H]+, 281.1 (14%) [M - 

Br + 2H]+. 
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Appendix 

Aeruginascin spectra 

Isolated and Synthetic Aeruginascin
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Figure 74: UV spectra of isolated and synthetic aeruginascin. 

UV spectra of isolated (continuous line) and synthetic (dashed line) aeruginascin 

(4). The absorption has been normalized to A219. 
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Synthetic compounds:
Aeruginascin, Baeocystin, and Norbaeocystin
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Figure 75: UV spectra of synthetic aeruginascin, baeocystin, and norbaeocystin. 

UV spectra of synthetic aeruginascin (4) (bold line), baeocystin (2) (fine 

continuous line), and norbaeocystin (1) (dashed line). The absorption has been 

normalized to A219. 
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Synthetic compounds:
Aeruginascin, Baeocystin, and Norbaeocystin
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Figure 76: Enlarged UV spectra of the synthetic Psilocybe alkaloids. 

Enlarged UV spectra of synthetic aeruginascin (4) (bold line), baeocystin (2) (fine 

continuous line), and norbaeocystin (1) (dashed line). The absorption has been 

normalized to A267. 
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Tested compounds (Table 6) 

 

 

Table 6: Compounds subjected to the pharmacological assays. 

The compounds are grouped by classes of the amino substituent. The 

substituent, the compound number, and the internal identification code are listed. 

The order of the compounds is maintained in the following tables with the phar-

macological data. Compounds may appear in several different contexts. White 

columns: 5-unsubstituted tryptamines; gray underlined columns: 5-methoxy 

substituted tryptamines. ID: internal identification code. 
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  (white fields) (gray fields) 
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5-Unsubstituted Tryptamines    5-MeO-Tryptamines     

Compound Number ID Compound Number ID 

Agonist Standards    Agonist Standards    

- 11 (R)-Br-DFLY  - 11 (R)-Br-DFLY  

- 46 2CB-FLEA  - 46 2CB-FLEA  

- 47 2CB-GNAT  - 47 2CB-GNAT  

5-HT 6  5-HT 5-HT 6  5-HT 

(4-Br-Bn)-5-MeO-T 19 33 (4-Br-Bn)-5-MeO-T 19 33 

Antagonist Standards    Antagonist Standards    

Ketanserin 48  Ket Ketanserin 48 Ket 

AC-90179 50  AC-90179 AC-90179 50 AC-90179  

MDL 100,907 49 MDL  MDL 100,907 49  MDL 

Simple Tryptamines    Simple Tryptamines    

Tryptamine 5 Tr 5-MeO-Tryptamine 358 5-MeO-T 

NMT 212  NMT 5-MeO-NMT 208 5-MeO-NMT  

DMT 45  DMT 5-MeO-DMT 15  5-MeO-DMT 

     6-MeO-2-Me-THBC 226 NT 

   Ethylene-bis(5-MeO-NMT) 303 NAZ 

Benzyl    Benzyl    

Benzyl 210 MBT Benzyl 207 5-MeO-MBT 

4-Br-benzyl 221 Q 4-Br-benzyl 222 NQ 

   nor-4-Br-benzyl 19 33 

2-Substituted Phenethyl    2-Substituted Phenethyl    

2-H 233 AW 2-H 234 NAW 

2-Me 235 AP 2-Me 236 NAQ 

2-F 255 AU 2-F 256 NAU 

2-Cl 259 AH 2-Cl 260 NAH 

2,5-Me 196 AO 2,5-Me 272 NAP 

2-MeO 245 AM 2-MeO 246 NAM 

2,5-MeO 275 AL 2,5-MeO 276 NAL 

2,6-Cl 279 BK 2,6-Cl - - 

3-Substituted Phenethyl    3-Substituted Phenethyl    

3-H 233 AW 3-H 234 NAW 

3-Me 237 AQ 3-Me 238 NAO 

3-AcO 243 BQ 3-AcO - - 

3-MeO 247 AN 3-MeO - - 

3-Cl 261 AE 3-Cl 262 NAE 

3-Br 267 AG 3-Br 268 NAG 

2,5-Me 196 AO 2,5-Me 272 NAP 

3,5-Me 273 BP 3,5-Me 274 NBP 

2,5-MeO 275 AL 2,5-MeO 276 NAL 

3,4-MeO 277 E 3,4-MeO 278 NE 

3,4-Cl 281 AF 3,4-Cl 282 NAF 

4-Substituted Phenethyl    4-Substituted Phenethyl    

4-H 233 AW 4-H 234 NAW 

4-Me 239 AR 4-Me 240 NAR 

4-MeO 249 V 4-MeO 250 NV 

4-F 257 AI 4-F 258 NAI 

4-Cl 263 AS 4-Cl 264 - 

4-Br 269 Z 4-Br 270 NZ 

4-NO2 253 H 4-NO2 254 NH 
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4-Ph 241 AX 4-Ph 242 NAX 

3,4-MeO 277 E 3,4-MeO 278 NE 

3,4-Cl 281 AF 3,4-Cl 282 NAF 

Me-Substituted Phenethyl    Me-Substituted Phenethyl    

H 233 AW H 234 NAW 

2-Me 235 AP 2-Me 236 NAQ 

3-Me 237 AQ 3-Me 238 NAO 

4-Me 239 AR 4-Me 240 NAR 

2,5-Me 196 AO 2,5-Me 272 NAP 

3,5-Me 273 BP 3,5-Me 274 NBP 

MeO-Substituted Phenethyl    MeO-Substituted Phenethyl    

H 233 AW H 234 NAW 

2-MeO 245 AM 2-MeO 246 NAM 

3-MeO 247 AN 3-MeO - - 

4-MeO 249 V 4-MeO 250 NV 

2,5-MeO 275 AL 2,5-MeO 276 NAL 

3,4-MeO 277 E 3,4-MeO 278 NE 

F-Substituted Phenethyl    F-Substituted Phenethyl    

H 233 AW H 234 NAW 

2-F 255 AU 2-F 256 NAU 

4-F 257 AI 4-F 258 NAI 

Cl-Substituted Phenethyl    Cl-Substituted Phenethyl    

H 233 AW H 234 NAW 

2-Cl 259 AH 2-Cl 260 NAH 

3-Cl 261 AE 3-Cl 262 NAE 

4-Cl 263 AS 4-Cl 264 - 

3,4-Cl 281 AF 3,4-Cl 282 NAF 

2,6-Cl 279 BK 2,6-Cl - - 

Br-Substituted Phenethyl    Br-Substituted Phenethyl    

H 233 AW H 234 NAW 

3-Br 267 AG 3-Br 268 NAG 

4-Br 269 Z 4-Br 270 NZ 

C2-Spaced Aromatics    C2-Spaced Aromatics    

-CH2-CH2-Ph 233 AW -CH2-CH2-Ph 234 NAW 

-CH2-CH2-(3-indolyl) 283 A -CH2-CH2-(3-indolyl) 284 NA, B 

-CH2-CH2-(5-MeO-3-indolyl) 284 NA, B -CH2-CH2-(5-MeO-3-indolyl) 286 NB 

-CH2-CH2-(1-naphthyl) 287 D -CH2-CH2-(1-naphthyl) 288 ND 

-CH2-CH2-(2-naphthyl) 289 C -CH2-CH2-(2-naphthyl) 290 NC 

Phenyl-alkyl    Phenyl-alkyl    

-CH2-Ph 210 MBT -CH2-Ph 207 -CH2-Ph 

-CH2-CH2-Ph 233 AW -CH2-CH2-Ph 234 NAW 

-CH2-CH2-CH2-Ph 315 BI -CH2-CH2-CH2-Ph 316 NBI 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 321 AK -CH2-CH2-CH2-(3,4,5-MeO-Ph) 322 NAJ 

-CH2-CH2-CH2-CH2-Ph 335 BJ -CH2-CH2-CH2-CH2-Ph 336 NBJ 

-CH2-CH2-CH2-S-Ph 325 AY -CH2-CH2-CH2-S-Ph 326 NAY 

Straight Chain Alkyl    Straight Chain Alkyl   

H 212 NMT H 208 5-MeO-NMT 

n-C1 45 DMT n-C1 45 5-MeO-DMT 

n-C4 331 F n-C4 332 NF 

n-C5 337 I n-C5 338 NI 

n-C6 339 J n-C6 - - 

n-C7 341 W, NW n-C7 - - 

n-C8 343 K n-C8 344 NK 
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n-C12 345 G n-C12 346 NG 

n-C14 347 BG n-C14 348 NBG 

n-C18 349 L n-C18 350 NL 

C2-Branched Alkyl    C2-Branched Alkyl    

-CH2-cPr 213 BH -CH2-cPr - - 

-CH2-cPent 215 BC -CH2-cPent 216 NBC 

-CH2-cHex 217 BD -CH2-cHex 218 NBD 

-CH2-(2-Pr) 309 BF -CH2-(2-Pr) 310 NBF 

-CH2-(3-Pent) 333 AC -CH2-(3-Pent) 334 NAC 

C3-Chain    C3-Chain    

-CH2-CH=CH2 305 R -CH2-CH=CH2 306 NR 

-CH2-CH≡CH 307 S -CH2-CH≡CH 308 NS 

-CH2-cPr 213 BH -CH2-cPr - - 

C3-Spaced Ring    C3-Spaced Ring    

-CH2-CH2-CH2-cHex 313 BE -CH2-CH2-CH2-cHex 314 NBE 

-CH2-CH2-CH2-Ph 315 BI -CH2-CH2-CH2-Ph 316 NBI 

-CH2-CH=CH-Ph 317 X -CH2-CH=CH-Ph 318 - 

Carbonyls    Carbonyls    

-CH2-COOMe 227 AD -CH2-COOMe 228 NAD 

-CH2-COOtBu 229 O -CH2-COOtBu 230 NO 

-CH2-CONH2 231 N -CH2-CONH2 232 NN 

-CH2-CH2-CN 293 Y -CH2-CH2-CN 294 NY 

-CH2-CH2-CONEt2 - - -CH2-CH2-CONEt2 302 NAK 

-CH2-CH2-OAc 295 BL -CH2-CH2-OAc - - 
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Receptor binding data (Table 7) 

 

 

Table 7: Receptor binding data. 

Binding data at the human 5-HT1A, the rat 5-HT2A, and the rat 5-HT2B receptors. 

Each experiment was performed in duplicate and has been repeated inde-

pendently at least three times. Compounds are arranged by classes and may ap-

pear in several different contexts. White rows: 5-unsubstituted tryptamines; gray 

underlined rows: 5-methoxy substituted tryptamines. 
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5-Unsubstituted Tryptamines   5-HT1A   5-HT2A   5-HT2C  

Compound  Ki (n, SEM) Ki (n, SEM) Ki (n, SEM) 

Agonist Standards           

- 11    0.4 nM (n = 2, ±0.00 nM)    

- 46 601 nM (n = 3, ±81 nM) 13 nM (n = 7, ±1.5 nM) 2.2 nM (n = 3, ±0.14 nM) 

- 47 132 nM (n = 3, ±13 nM) 7.3 nM (n = 5, ±1.2 nM) 2.7 nM (n = 4, ±0.15 nM) 

5-HT 6 0.9 nM (n = 3, ±0.11 nM) 137 nM (n = 3, ±18 nM) 15 nM (n = 3, ±2.0 nM) 

(4-Br-Bn)-5-MeO-T 19 21 nM (n = 3, ±1.2 nM) 534 nM (n = 4, ±45 nM) 394 nM (n = 3, ±19 nM) 

Antagonist Standards           

Ketanserin 48    1.0 nM (n = 5, ±0.13 nM)    

AC-90179 50    8.4 nM (n = 1)     

MDL 100,907 49          

Simple Tryptamines           

Tryptamine 5 48 nM (n = 3, ±5.2 nM) 1,374 nM (n = 4, ±154 nM) 60 nM (n = 3, ±2.6 nM) 

NMT 212 33 nM (n = 4, ±4.3 nM) 1,890 nM (n = 4, ±306 nM) 154 nM (n = 4, ±12 nM) 

DMT 45 38 nM (n = 4, ±6.1 nM) 1,093 nM (n = 6, ±90 nM) 211 nM (n = 7, ±30 nM) 

           

           
Benzyl           

Benzyl 210 1,763 nM (n = 3, ±312 nM) 697 nM (n = 3, ±86 nM) 469 nM (n = 3, ±72 nM) 

4-Br-benzyl 221 144 nM (n = 3, ±23 nM) 904 nM (n = 3, ±75 nM) 1,222 nM (n = 3, ±136 nM) 

           
2-Substituted Phenethyl           

2-H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

2-Me 235 30 nM (n = 4, ±5.1 nM) 22 nM (n = 3, ±2.3 nM) 16 nM (n = 3, ±2.4 nM) 

2-F 255 42 nM (n = 4, ±2.9 nM) 18 nM (n = 6, ±2.9 nM) 17 nM (n = 4, ±3.2 nM) 

2-Cl 259 24 nM (n = 3, ±4.0 nM) 6.1 nM (n = 3, ±0.96 nM) 4.5 nM (n = 3, ±0.21 nM) 

2,5-Me 196 13 nM (n = 3, ±0.32 nM) 18 nM (n = 6, ±3.1 nM) 7.7 nM (n = 3, ±0.33 nM) 

2-MeO 245 18 nM (n = 4, ±2.5 nM) 13 nM (n = 3, ±0.88 nM) 7.4 nM (n = 3, ±0.68 nM) 

2,5-MeO 275 9.8 nM (n = 6, ±1.7 nM) 13 nM (n = 3, ±1.3 nM) 5.2 nM (n = 4, ±0.85 nM) 

2,6-Cl 279 66 nM (n = 6, ±9.6 nM) 68 nM (n = 4, ±11 nM) 11 nM (n = 6, ±2.0 nM) 

3-Substituted Phenethyl           

3-H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

3-Me 237 24 nM (n = 3, ±1.7 nM) 12 nM (n = 4, ±2.0 nM) 13 nM (n = 3, ±2.2 nM) 

3-AcO 243 16 nM (n = 4, ±1.2 nM) 69 nM (n = 3, ±4.9 nM) 25 nM (n = 4, ±2.9 nM) 

3-MeO 247 12 nM (n = 3, ±1.2 nM) 32 nM (n = 4, ±5.6 nM) 11 nM (n = 4, ±0.61 nM) 

3-Cl 261 17 nM (n = 4, ±3.0 nM) 19 nM (n = 3, ±2.2 nM) 13 nM (n = 3, ±1.3 nM) 

3-Br 267 11 nM (n = 3, ±3.0 nM) 16 nM (n = 4, ±2.0 nM) 4.7 nM (n = 3, ±0.51 nM) 

2,5-Me 196 13 nM (n = 3, ±0.32 nM) 18 nM (n = 6, ±3.1 nM) 7.7 nM (n = 3, ±0.33 nM) 

3,5-Me 273 27 nM (n = 5, ±4.4 nM) 8.4 nM (n = 3, ±0.75 nM) 2.5 nM (n = 3, ±0.18 nM) 

2,5-MeO 275 9.8 nM (n = 6, ±1.7 nM) 13 nM (n = 3, ±1.3 nM) 5.2 nM (n = 4, ±0.85 nM) 

3,4-MeO 277 73 nM (n = 3, ±7.8 nM) 18 nM (n = 4, ±2.0 nM) 8.7 nM (n = 5, ±1.5 nM) 

3,4-Cl 281 13 nM (n = 3, ±2.1 nM) 29 nM (n = 4, ±4.7 nM) 15 nM (n = 3, ±1.8 nM) 

4-Substituted Phenethyl           

4-H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

4-Me 239 42 nM (n = 4, ±5.9 nM) 22 nM (n = 5, ±3.4 nM) 53 nM (n = 3, ±5.9 nM) 

4-MeO 249 86 nM (n = 3, ±4.3 nM) 90 nM (n = 3, ±11 nM) 45 nM (n = 3, ±4.1 nM) 

4-F 257 57 nM (n = 4, ±8.0 nM) 40 nM (n = 5, ±6.5 nM) 60 nM (n = 3, ±3.6 nM) 

4-Cl 263 29 nM (n = 4, ±4.6 nM) 44 nM (n = 3, ±6.8 nM) 19 nM (n = 3, ±3.0 nM) 

4-Br 269 24 nM (n = 3, ±3.3 nM) 34 nM (n = 3, ±5.8 nM) 76 nM (n = 4, ±11 nM) 

4-NO2 253 37 nM (n = 4, ±6.2 nM) 444 nM (n = 3, ±34 nM) 283 nM (n = 3, ±35 nM) 
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4-Ph 241 89 nM (n = 3, ±12 nM) 107 nM (n = 3, ±12 nM) 19 nM (n = 3, ±3.0 nM) 

3,4-MeO 277 73 nM (n = 3, ±7.8 nM) 18 nM (n = 4, ±2.0 nM) 8.7 nM (n = 5, ±1.5 nM) 

3,4-Cl 281 13 nM (n = 3, ±2.1 nM) 29 nM (n = 4, ±4.7 nM) 15 nM (n = 3, ±1.8 nM) 

Me-Substituted Phenethyl           

H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

2-Me 235 30 nM (n = 4, ±5.1 nM) 22 nM (n = 3, ±2.3 nM) 16 nM (n = 3, ±2.4 nM) 

3-Me 237 24 nM (n = 3, ±1.7 nM) 12 nM (n = 4, ±2.0 nM) 13 nM (n = 3, ±2.2 nM) 

4-Me 239 42 nM (n = 4, ±5.9 nM) 22 nM (n = 5, ±3.4 nM) 53 nM (n = 3, ±5.9 nM) 

2,5-Me 196 13 nM (n = 3, ±0.32 nM) 18 nM (n = 6, ±3.1 nM) 7.7 nM (n = 3, ±0.33 nM) 

3,5-Me 273 27 nM (n = 5, ±4.4 nM) 8.4 nM (n = 3, ±0.75 nM) 2.5 nM (n = 3, ±0.18 nM) 

MeO-Substituted Phenethyl           

H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

2-MeO 245 18 nM (n = 4, ±2.5 nM) 13 nM (n = 3, ±0.88 nM) 7.4 nM (n = 3, ±0.68 nM) 

3-MeO 247 12 nM (n = 3, ±1.2 nM) 32 nM (n = 4, ±5.6 nM) 11 nM (n = 4, ±0.61 nM) 

4-MeO 249 86 nM (n = 3, ±4.3 nM) 90 nM (n = 3, ±11 nM) 45 nM (n = 3, ±4.1 nM) 

2,5-MeO 275 9.8 nM (n = 6, ±1.7 nM) 13 nM (n = 3, ±1.3 nM) 5.2 nM (n = 4, ±0.85 nM) 

3,4-MeO 277 73 nM (n = 3, ±7.8 nM) 18 nM (n = 4, ±2.0 nM) 8.7 nM (n = 5, ±1.5 nM) 

F-Substituted Phenethyl           

H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

2-F 255 42 nM (n = 4, ±2.9 nM) 18 nM (n = 6, ±2.9 nM) 17 nM (n = 4, ±3.2 nM) 

4-F 257 57 nM (n = 4, ±8.0 nM) 40 nM (n = 5, ±6.5 nM) 60 nM (n = 3, ±3.6 nM) 

Cl-Substituted Phenethyl           

H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

2-Cl 259 24 nM (n = 3, ±4.0 nM) 6.1 nM (n = 3, ±0.96 nM) 4.5 nM (n = 3, ±0.21 nM) 

3-Cl 261 17 nM (n = 4, ±3.0 nM) 19 nM (n = 3, ±2.2 nM) 13 nM (n = 3, ±1.3 nM) 

4-Cl 263 29 nM (n = 4, ±4.6 nM) 44 nM (n = 3, ±6.8 nM) 19 nM (n = 3, ±3.0 nM) 

3,4-Cl 281 13 nM (n = 3, ±2.1 nM) 29 nM (n = 4, ±4.7 nM) 15 nM (n = 3, ±1.8 nM) 

2,6-Cl 279 66 nM (n = 6, ±9.6 nM) 68 nM (n = 4, ±11 nM) 11 nM (n = 6, ±2.0 nM) 

Br-Substituted Phenethyl           

H 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

3-Br 267 11 nM (n = 3, ±3.0 nM) 16 nM (n = 4, ±2.0 nM) 4.7 nM (n = 3, ±0.51 nM) 

4-Br 269 24 nM (n = 3, ±3.3 nM) 34 nM (n = 3, ±5.8 nM) 76 nM (n = 4, ±11 nM) 

C2-Spaced Aromatics           

-CH2-CH2-Ph 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

-CH2-CH2-(3-indolyl) 283 22 nM (n = 3, ±2.4 nM) 12 nM (n = 3, ±0.97 nM) 3.1 nM (n = 4, ±0.57 nM) 

-CH2-CH2-(5-MeO-3-indolyl) 284 1.6 nM (n = 6, ±0.25 nM) 9.9 nM (n = 4, ±1.1 nM) 4.2 nM (n = 5, ±0.69 nM) 

-CH2-CH2-(1-naphthyl) 287 17 nM (n = 3, ±2.9 nM) 10 nM (n = 3, ±1.3 nM) 2.5 nM (n = 3, ±0.33 nM) 

-CH2-CH2-(2-naphthyl) 289 13 nM (n = 4, ±0.92 nM) 29 nM (n = 4, ±4.0 nM) 7.7 nM (n = 5, ±1.2 nM) 

Phenyl-alkyl           

-CH2-Ph 210 1,763 nM (n = 3, ±312 nM) 697 nM (n = 3, ±86 nM) 469 nM (n = 3, ±72 nM) 

-CH2-CH2-Ph 233 40 nM (n = 4, ±5.9 nM) 73 nM (n = 5, ±11 nM) 64 nM (n = 4, ±8.2 nM) 

-CH2-CH2-CH2-Ph 315 26 nM (n = 4, ±4.2 nM) 15 nM (n = 4, ±0.98 nM) 17 nM (n = 5, ±2.4 nM) 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 321 9.2 nM (n = 3, ±1.4 nM) 40 nM (n = 3, ±3.8 nM) 23 nM (n = 3, ±2.5 nM) 

-CH2-CH2-CH2-CH2-Ph 335 23 nM (n = 3, ±1.2 nM) 19 nM (n = 4, ±3.2 nM) 35 nM (n = 3, ±5.2 nM) 

-CH2-CH2-CH2-S-Ph 325 11 nM (n = 4, ±1.2 nM) 1.8 nM (n = 3, ±0.20 nM) 3.3 nM (n = 3, ±0.54 nM) 

Straight Chain Alkyl           

H 212 33 nM (n = 4, ±4.3 nM) 1,890 nM (n = 4, ±306 nM) 154 nM (n = 4, ±12 nM) 

n-C1 45 38 nM (n = 4, ±6.1 nM) 1,093 nM (n = 6, ±90 nM) 211 nM (n = 7, ±30 nM) 

n-C4 331 197 nM (n = 3, ±21 nM) 1,020 nM (n = 3, ±43 nM) 190 nM (n = 3, ±34 nM) 

n-C5 337 124 nM (n = 3, ±8.5 nM) 655 nM (n = 5, ±111 nM) 657 nM (n = 4, ±113 nM) 

n-C6 339 50 nM (n = 6, ±7.4 nM) 181 nM (n = 3, ±25 nM) 368 nM (n = 4, ±63 nM) 

n-C7 341 12 nM (n = 4, ±1.7 nM) 46 nM (n = 3, ±5.7 nM) 84 nM (n = 3, ±7.0 nM) 

n-C8 343 9.0 nM (n = 3, ±0.95 nM) 17 nM (n = 3, ±1.2 nM) 37 nM (n = 3, ±1.9 nM) 
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n-C12 345 355 nM (n = 4, ±68 nM) 129 nM (n = 3, ±20 nM) 345 nM (n = 6, ±65 nM) 

n-C14 347 478 nM (n = 3, ±58 nM) 366 nM (n = 3, ±22 nM) 229 nM (n = 3, ±25 nM) 

n-C18 349 10,376 nM (n = 3, ±1,269 nM) 4,926 nM (n = 4, ±1,754 nM) 7,010 nM (n = 3, ±486 nM) 

C2-Branched Alkyl           

-CH2-cPr 213 191 nM (n = 3, ±21 nM) 1,537 nM (n = 3, ±199 nM) 1,191 nM (n = 3, ±103 nM) 

-CH2-cPent 215 332 nM (n = 5, ±57 nM) 585 nM (n = 4, ±107 nM) 743 nM (n = 3, ±59 nM) 

-CH2-cHex 217 231 nM (n = 3, ±37 nM) 1,255 nM (n = 3, ±205 nM) 1,287 nM (n = 4, ±219 nM) 

-CH2-(2-Pr) 309 417 nM (n = 3, ±51 nM) 538 nM (n = 3, ±62 nM) 904 nM (n = 3, ±57 nM) 

-CH2-(3-Pent) 333 288 nM (n = 3, ±42 nM) 1,379 nM (n = 3, ±61 nM) 913 nM (n = 3, ±108 nM) 

C3-Chain           

-CH2-CH=CH2 305 68 nM (n = 3, ±4.0 nM) 473 nM (n = 3, ±79 nM) 163 nM (n = 3, ±14 nM) 

-CH2-CH≡CH 307 150 nM (n = 3, ±3.5 nM) 622 nM (n = 3, ±71 nM) 377 nM (n = 3, ±46 nM) 

-CH2-cPr 213 191 nM (n = 3, ±21 nM) 1,537 nM (n = 3, ±199 nM) 1,191 nM (n = 3, ±103 nM) 

C3-Spaced Ring           

-CH2-CH2-CH2-cHex 313 20 nM (n = 3, ±2.3 nM) 44 nM (n = 4, ±6.4 nM) 42 nM (n = 3, ±2.8 nM) 

-CH2-CH2-CH2-Ph 315 26 nM (n = 4, ±4.2 nM) 15 nM (n = 4, ±0.98 nM) 17 nM (n = 5, ±2.4 nM) 

-CH2-CH=CH-Ph 317 32 nM (n = 3, ±4.3 nM) 39 nM (n = 4, ±6.5 nM) 90 nM (n = 3, ±15 nM) 

Carbonyls           

-CH2-COOMe 227 3,199 nM (n = 3, ±288 nM) 8,252 nM (n = 3, ±1,311 nM) 6,654 nM (n = 3, ±1,596 nM) 

-CH2-COOtBu 229 2,319 nM (n = 3, ±301 nM) 994 nM (n = 3, ±149 nM) 3,303 nM (n = 3, ±628 nM) 

-CH2-CONH2 231 10,658 nM (n = 3, ±2,016 nM) 44,779 nM (n = 3, ±23,463 nM) 15,431 nM (n = 3, ±4,456 nM) 

-CH2-CH2-CN 293 542 nM (n = 3, ±85 nM) 1,864 nM (n = 3, ±650 nM) 1,093 nM (n = 3, ±94 nM) 

-CH2-CH2-CONEt2 -          

-CH2-CH2-OAc 295 467 nM (n = 4, ±72 nM) 2,000 nM (n = 4, ±470 nM) 915 nM (n = 3, ±107 nM) 
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5-MeO-Tryptamines   5-HT1A   5-HT2A   5-HT2C  

Ligand  Ki (n, SEM) Ki (n, SEM) Ki (n, SEM) 

Agonist Standards           

- 11    0.4 nM (n = 2, ±0.00 nM)    

- 46 601 nM (n = 3, ±81 nM) 13 nM (n = 7, ±1.5 nM) 2.2 nM (n = 3, ±0.14 nM) 

- 47 132 nM (n = 3, ±13 nM) 7.3 nM (n = 5, ±1.2 nM) 2.7 nM (n = 4, ±0.15 nM) 

5-HT 6 0.9 nM (n = 3, ±0.11 nM) 137 nM (n = 3, ±18 nM) 15 nM (n = 3, ±2.0 nM) 

(4-Br-Bn)-5-MeO-T 19 21 nM (n = 3, ±1.2 nM) 534 nM (n = 4, ±45 nM) 394 nM (n = 3, ±19 nM) 

Antagonist Standards           

Ketanserin 48    1.0 nM (n = 5, ±0.13 nM)    

AC-90179 50    8.4 nM (n = 1)     

MDL 100,907 49          

Simple Tryptamines           

5-MeO-Tryptamine 358 1.6 nM (n = 3, ±0.13 nM) 152 nM (n = 3, ±26 nM) 12 nM (n = 3, ±1.1 nM) 

5-MeO-NMT 208 1.9 nM (n = 5, ±0.34 nM) 525 nM (n = 7, ±74 nM) 83 nM (n = 5, ±13 nM) 

5-MeO-DMT 15 4.2 nM (n = 5, ±0.67 nM) 558 nM (n = 6, ±89 nM) 187 nM (n = 3, ±17 nM) 

6-MeO-2-Me-THBC 226 88 nM (n = 3, ±9.1 nM) 1,521 nM (n = 3, ±255 nM) 201 nM (n = 3, ±14 nM) 

Ethylene-bis-(5-MeO-NMT 303 1.9 nM (n = 3, ±0.29 nM) 1,696 nM (n = 3, ±175 nM) 612 nM (n = 4, ±77 nM) 

Benzyl           

Benzyl 207 239 nM (n = 3, ±16 nM) 935 nM (n = 3, ±167 nM) 636 nM (n = 3, ±88 nM) 

4-Br-benzyl 222 11 nM (n = 3, ±1.2 nM) 857 nM (n = 3, ±94 nM) 575 nM (n = 3, ±59 nM) 

nor-4-Br-benzyl 19 21 nM (n = 3, ±1.2 nM) 534 nM (n = 4, ±45 nM) 394 nM (n = 3, ±19 nM) 

2-Substituted Phenethyl           

2-H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

2-Me 236 2.3 nM (n = 4, ±0.35 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

2-F 256 1.5 nM (n = 3, ±0.13 nM) 4.3 nM (n = 4, ±0.65 nM) 9.1 nM (n = 3, ±0.84 nM) 

2-Cl 260 0.5 nM (n = 3, ±0.07 nM) 5.5 nM (n = 3, ±0.35 nM) 3.0 nM (n = 3, ±0.26 nM) 

2,5-Me 272 0.6 nM (n = 3, ±0.05 nM) 19 nM (n = 3, ±1.8 nM) 13 nM (n = 3, ±0.19 nM) 

2-MeO 246 2.7 nM (n = 3, ±0.21 nM) 20 nM (n = 4, ±3.0 nM) 13 nM (n = 3, ±0.83 nM) 

2,5-MeO 276 1.5 nM (n = 3, ±0.16 nM) 57 nM (n = 3, ±9.4 nM) 39 nM (n = 3, ±1.2 nM) 

2,6-Cl -          

3-Substituted Phenethyl           

3-H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

3-Me 238 0.8 nM (n = 3, ±0.11 nM) 30 nM (n = 5, ±5.2 nM) 62 nM (n = 4, ±11 nM) 

3-AcO -          

3-MeO -          

3-Cl 262 2.0 nM (n = 5, ±0.32 nM) 12 nM (n = 3, ±1.4 nM) 10 nM (n = 3, ±0.74 nM) 

3-Br 268 0.8 nM (n = 4, ±0.14 nM) 4.5 nM (n = 4, ±0.73 nM) 5.2 nM (n = 4, ±0.69 nM) 

2,5-Me 272 0.6 nM (n = 3, ±0.05 nM) 19 nM (n = 3, ±1.8 nM) 13 nM (n = 3, ±0.19 nM) 

3,5-Me 274 2.4 nM (n = 3, ±0.14 nM) 12 nM (n = 3, ±1.2 nM) 6.4 nM (n = 3, ±0.82 nM) 

2,5-MeO 276 1.5 nM (n = 3, ±0.16 nM) 57 nM (n = 3, ±9.4 nM) 39 nM (n = 3, ±1.2 nM) 

3,4-MeO 278 7.8 nM (n = 3, ±0.83 nM) 19 nM (n = 3, ±1.8 nM) 13 nM (n = 3, ±0.19 nM) 

3,4-Cl 282 2.6 nM (n = 3, ±0.31 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

4-Substituted Phenethyl           

4-H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

4-Me 240 5.6 nM (n = 3, ±0.61 nM) 16 nM (n = 4, ±1.3 nM) 30 nM (n = 3, ±0.66 nM) 

4-MeO 250 7.5 nM (n = 4, ±0.54 nM) 53 nM (n = 3, ±4.8 nM) 65 nM (n = 3, ±1.2 nM) 

4-F 258 3.1 nM (n = 3, ±0.53 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

4-Cl 264          

4-Br 270 5.7 nM (n = 5, ±0.20 nM) 30 nM (n = 5, ±5.2 nM) 62 nM (n = 4, ±11 nM) 

4-NO2 254 13 nM (n = 6, ±1.6 nM) 413 nM (n = 6, ±37 nM) 311 nM (n = 5, ±34 nM) 
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4-Ph 242 22 nM (n = 3, ±2.8 nM) 74 nM (n = 3, ±3.5 nM) 27 nM (n = 3, ±4.5 nM) 

3,4-MeO 278 7.8 nM (n = 3, ±0.83 nM) 19 nM (n = 3, ±1.8 nM) 13 nM (n = 3, ±0.19 nM) 

3,4-Cl 282 2.6 nM (n = 3, ±0.31 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

Me-Substituted Phenethyl           

H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

2-Me 236 2.3 nM (n = 4, ±0.35 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

3-Me 238 0.8 nM (n = 3, ±0.11 nM) 30 nM (n = 5, ±5.2 nM) 62 nM (n = 4, ±11 nM) 

4-Me 240 5.6 nM (n = 3, ±0.61 nM) 16 nM (n = 4, ±1.3 nM) 30 nM (n = 3, ±0.66 nM) 

2,5-Me 272 0.6 nM (n = 3, ±0.05 nM) 19 nM (n = 3, ±1.8 nM) 13 nM (n = 3, ±0.19 nM) 

3,5-Me 274 2.4 nM (n = 3, ±0.14 nM) 12 nM (n = 3, ±1.2 nM) 6.4 nM (n = 3, ±0.82 nM) 

MeO-Substituted Phenethyl           

H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

2-MeO 246 2.7 nM (n = 3, ±0.21 nM) 20 nM (n = 4, ±3.0 nM) 13 nM (n = 3, ±0.83 nM) 

3-MeO -          

4-MeO 250 7.5 nM (n = 4, ±0.54 nM) 53 nM (n = 3, ±4.8 nM) 65 nM (n = 3, ±1.2 nM) 

2,5-MeO 276 1.5 nM (n = 3, ±0.16 nM) 57 nM (n = 3, ±9.4 nM) 39 nM (n = 3, ±1.2 nM) 

3,4-MeO 278 7.8 nM (n = 3, ±0.83 nM) 19 nM (n = 3, ±1.8 nM) 13 nM (n = 3, ±0.19 nM) 

F-Substituted Phenethyl           

H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

2-F 256 1.5 nM (n = 3, ±0.13 nM) 4.3 nM (n = 4, ±0.65 nM) 9.1 nM (n = 3, ±0.84 nM) 

4-F 258 3.1 nM (n = 3, ±0.53 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

Cl-Substituted Phenethyl           

H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

2-Cl 260 0.5 nM (n = 3, ±0.07 nM) 5.5 nM (n = 3, ±0.35 nM) 3.0 nM (n = 3, ±0.26 nM) 

3-Cl 262 2.0 nM (n = 5, ±0.32 nM) 12 nM (n = 3, ±1.4 nM) 10 nM (n = 3, ±0.74 nM) 

4-Cl 264          

3,4-Cl 282 2.6 nM (n = 3, ±0.31 nM) 19 nM (n = 3, ±2.1 nM) 28 nM (n = 3, ±4.8 nM) 

2,6-Cl -          

Br-Substituted Phenethyl           

H 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

3-Br 268 0.8 nM (n = 4, ±0.14 nM) 4.5 nM (n = 4, ±0.73 nM) 5.2 nM (n = 4, ±0.69 nM) 

4-Br 270 5.7 nM (n = 5, ±0.20 nM) 30 nM (n = 5, ±5.2 nM) 62 nM (n = 4, ±11 nM) 

C2-Spaced Aromatics           

-CH2-CH2-Ph 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

-CH2-CH2-(3-indolyl) 284 1.6 nM (n = 6, ±0.25 nM) 9.9 nM (n = 4, ±1.1 nM) 4.2 nM (n = 5, ±0.69 nM) 

-CH2-CH2-(5-MeO-3-indolyl) 286 0.3 nM (n = 5, ±0.05 nM) 30 nM (n = 3, ±2.3 nM) 15 nM (n = 3, ±1.4 nM) 

-CH2-CH2-(1-naphthyl) 288 1.5 nM (n = 4, ±0.26 nM) 13 nM (n = 3, ±1.6 nM) 4.9 nM (n = 3, ±0.61 nM) 

-CH2-CH2-(2-naphthyl) 290 2.7 nM (n = 6, ±0.44 nM) 21 nM (n = 3, ±2.3 nM) 14 nM (n = 3, ±1.2 nM) 

Phenyl-alkyl           

-CH2-Ph 207 239 nM (n = 3, ±16 nM) 935 nM (n = 3, ±167 nM) 636 nM (n = 3, ±88 nM) 

-CH2-CH2-Ph 234 1.8 nM (n = 3, ±0.21 nM) 30 nM (n = 3, ±4.7 nM) 71 nM (n = 3, ±4.7 nM) 

-CH2-CH2-CH2-Ph 316 1.6 nM (n = 3, ±0.08 nM) 20 nM (n = 4, ±2.8 nM) 24 nM (n = 3, ±3.4 nM) 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 322 2.4 nM (n = 3, ±0.32 nM) 156 nM (n = 3, ±22 nM) 23 nM (n = 3, ±3.4 nM) 

-CH2-CH2-CH2-CH2-Ph 336 2.2 nM (n = 3, ±0.14 nM) 50 nM (n = 3, ±7.9 nM) 68 nM (n = 4, ±2.0 nM) 

-CH2-CH2-CH2-S-Ph 326 2.0 nM (n = 4, ±0.35 nM) 9.1 nM (n = 3, ±0.19 nM) 14 nM (n = 4, ±1.9 nM) 

Straight Chain Alkyl           

H 208 1.9 nM (n = 5, ±0.34 nM) 525 nM (n = 7, ±74 nM) 83 nM (n = 5, ±13 nM) 

n-C1 45 4.2 nM (n = 5, ±0.67 nM) 558 nM (n = 6, ±89 nM) 187 nM (n = 3, ±17 nM) 

n-C4 332 10.0 nM (n = 3, ±1.0 nM) 721 nM (n = 3, ±71 nM) 252 nM (n = 3, ±6.9 nM) 

n-C5 338 9.4 nM (n = 3, ±1.0 nM) 647 nM (n = 3, ±52 nM) 688 nM (n = 3, ±23 nM) 

n-C6 -          

n-C7 -          

n-C8 344 0.3 nM (n = 3, ±0.03 nM) 155 nM (n = 5, ±22 nM) 66 nM (n = 3, ±1.4 nM) 
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n-C12 346 12 nM (n = 3, ±1.4 nM) 253 nM (n = 4, ±33 nM) 132 nM (n = 3, ±7.2 nM) 

n-C14 348 55 nM (n = 3, ±6.8 nM) 192 nM (n = 6, ±25 nM) 258 nM (n = 5, ±41 nM) 

n-C18 350 971 nM (n = 3, ±84 nM) 13,907 nM (n = 3, ±970 nM) 10,564 nM (n = 4, ±1,740 nM) 

C2-Branched Alkyl           

-CH2-cPr           

-CH2-cPent 216 19 nM (n = 3, ±2.7 nM) 1,194 nM (n = 3, ±177 nM) 691 nM (n = 4, ±70 nM) 

-CH2-cHex 218 20 nM (n = 3, ±1.2 nM) 1,277 nM (n = 3, ±136 nM) 750 nM (n = 3, ±66 nM) 

-CH2-(2-Pr) 310 22 nM (n = 3, ±3.4 nM) 2,094 nM (n = 4, ±428 nM) 947 nM (n = 4, ±108 nM) 

-CH2-(3-Pent) 334 24 nM (n = 3, ±1.7 nM) 761 nM (n = 3, ±121 nM) 992 nM (n = 3, ±43 nM) 

C3-Chain           

-CH2-CH=CH2 306 4.1 nM (n = 5, ±0.76 nM) 443 nM (n = 4, ±34 nM) 178 nM (n = 3, ±21 nM) 

-CH2-CH≡CH 308 11 nM (n = 4, ±1.6 nM) 279 nM (n = 3, ±6.3 nM) 182 nM (n = 5, ±20 nM) 

-CH2-cPr -          

C3-Spaced Ring           

-CH2-CH2-CH2-cHex 314 0.9 nM (n = 3, ±0.12 nM) 157 nM (n = 3, ±13 nM) 44 nM (n = 3, ±4.6 nM) 

-CH2-CH2-CH2-Ph 316 1.6 nM (n = 3, ±0.08 nM) 20 nM (n = 4, ±2.8 nM) 24 nM (n = 3, ±3.4 nM) 

-CH2-CH=CH-Ph 318          

Carbonyls           

-CH2-COOMe 228 170 nM (n = 3, ±27 nM) 5,535 nM (n = 3, ±687 nM) 5,580 nM (n = 3, ±411 nM) 

-CH2-COOtBu 230 119 nM (n = 3, ±0.60 nM) 1,925 nM (n = 3, ±102 nM) 4,084 nM (n = 3, ±498 nM) 

-CH2-CONH2 232 1,051 nM (n = 3, ±152 nM) 16,519 nM (n = 3, ±4,224 nM) 4,026 nM (n = 3, ±585 nM) 

-CH2-CH2-CN 294 43 nM (n = 3, ±0.99 nM) 4,284 nM (n = 5, ±1,195 nM) 1,863 nM (n = 3, ±226 nM) 

-CH2-CH2-CONEt2 302 21 nM (n = 3, ±3.0 nM) 697 nM (n = 5, ±103 nM) 1,184 nM (n = 3, ±169 nM) 

-CH2-CH2-OAc -          
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Comparison of binding affinities (Table 8) 

 

 

Table 8: Radioreceptor binding data - comparison of affinities. 

In this table the binding affinities are compared between the different receptors 

and between 5-unsubstituted and 5-methoxy compounds. 

For the columns "Ki ratio 5-HT1A/2A" and "Ki ratio 5-HT2C/2A'' numbers greater than 

unity indicate higher affinities for the 5-HT1A or the 5-HT2C receptor over the 

5-HT2A receptor, respectively.  

For the columns "5-MeO / 5-H" numbers greater than unity indicate a higher 

affinity of the 5-methoxy substituted tryptamine compared to the 5-unsubstituted 

tryptamine at the respective receptors.  

Compounds are arranged by classes and may appear in several different con-

texts. White rows: 5-unsubstituted tryptamines; gray underlined rows: 5-methoxy 

substituted tryptamines. 

 
HN

N

HN

N

O

RR

 
  5-unsubstituted tryptamines 5-MeO-tryptamines 

  (white fields) (gray fields) 
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5-Unsubstituted Tryptamines  Ki ratio Ki ratio Ki 5-HT1A ratio Ki 5-HT2A ratio Ki 5-HT2C ratio 

Compound  5-HT1A / 2A 5-HT2C / 2A 5-MeO / 5-H 5-MeO / 5-H 5-MeO / 5-H 
Agonist Standards       

- 11      

- 46 0.02 × 6 ×    

- 47 0.06 × 3 ×    

5-HT 6 156 × 9 ×    

(4-Br-Bn)-5-MeO-T 19 26 × 1 ×    

Antagonist Standards       

Ketanserin 48      

AC-90179 50      

MDL 100,907 49      

Simple Tryptamines       

Tryptamine 5 28 × 23 × 30 × 9 × 5 × 

NMT 212 58 × 12 × 17 × 4 × 2 × 

DMT 45 29 × 5 × 9 × 2 × 1 × 

       
       

Benzyl       

Benzyl 210 0.4 × 1 × 7 × 0.7 × 0.7 × 

4-Br-benzyl 221 6 × 0.7 × 14 × 1 × 2 × 

nor-4-Br-benzyl 359      

2-Substituted Phenethyl       

2-H 233 2 × 1 × 22 × 2 × 0.9 × 

2-Me 235 0.7 × 1 × 13 × 1 × 0.6 × 

2-F 255 0.4 × 1 × 27 × 4 × 2 × 

2-Cl 259 0.3 × 1 × 46 × 1 × 2 × 

2,5-Me 196 1 × 2 × 22 × 0.9 × 0.6 × 

2-MeO 245 0.7 × 2 × 7 × 0.6 × 0.6 × 

2,5-MeO 275 1 × 2 × 7 × 0.2 × 0.1 × 

2,6-Cl 279 1 × 6 ×    

3-Substituted Phenethyl       

3-H 233 2 × 1 × 22 × 2 × 1 × 

3-Me 237 0.5 × 0.9 × 28 × 0.4 × 0.2 × 

3-AcO 243 4 × 3 ×    

3-MeO 247 3 × 3 ×    

3-Cl 261 1 × 1 × 9 × 2 × 1 × 

3-Br 267 1 × 3 × 15 × 4 × 0.9 × 

2,5-Me 196 1 × 2 × 22 × 0.9 × 0.6 × 

3,5-Me 273 0.3 × 3 × 11 × 0.7 × 0.4 × 

2,5-MeO 275 1 × 2 × 7 × 0.2 × 0.1 × 

3,4-MeO 277 0.2 × 2 × 9 × 0.9 × 0.7 × 

3,4-Cl 281 2 × 2 × 5 × 2 × 0.5 × 

4-Substituted Phenethyl       

4-H 233 2 × 1 × 22 × 2 × 0.9 × 

4-Me 239 0.5 × 0.4 × 7 × 1 × 2 × 

4-MeO 249 0.7 × 2 × 7 × 0.6 × 0.6 × 

4-F 257 0.7 × 0.7 × 19 × 2 × 2 × 

4-Cl 263 2 × 2 ×    

4-Br 269 1 × 0.5 × 4 × 1 × 1 × 

4-NO2 253 12 × 2 × 3 × 1 × 0.9 × 
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4-Ph 241 1 × 6 × 4 × 1 × 0.7 × 

3,4-MeO 277 0.2 × 2 × 9 × 0.9 × 0.7 × 

3,4-Cl 281 2 × 2 × 5 × 2 × 0.5 × 

Me-Substituted Phenethyl       

H 233 2 × 1 × 22 × 2 × 0.9 × 

2-Me 235 0.7 × 1 × 13 × 1 × 0.6 × 

3-Me 237 0.5 × 0.9 × 28 × 0.4 × 0.2 × 

4-Me 239 0.5 × 0.4 × 7 × 1 × 2 × 

2,5-Me 196 1 × 2 × 22 × 0.9 × 0.6 × 

3,5-Me 273 0.3 × 3 × 11 × 0.7 × 0.4 × 

MeO-Substituted Phenethyl       

H 233 2 × 1 × 22 × 2 × 0.9 × 

2-MeO 245 0.7 × 2 × 7 × 1 × 1 × 

3-MeO 247 3 × 3 ×    

4-MeO 249 1 × 2 × 12 × 2 × 0.7 × 

2,5-MeO 275 1 × 2 × 7 × 0.2 × 0.1 × 

3,4-MeO 277 0.2 × 2 × 9 × 0.9 × 0.7 × 

F-Substituted Phenethyl       

H 233 2 × 1 × 22 × 2 × 0.9 × 

2-F 255 0.4 × 1 × 27 × 4 × 2 × 

4-F 257 0.7 × 0.7 × 19 × 2 × 2 × 

Cl-Substituted Phenethyl       

H 233 2 × 1 × 22 × 2 × 0.9 × 

2-Cl 259 0.3 × 1 × 46 × 1 × 2 × 

3-Cl 261 1 × 1 × 9 × 2 × 1 × 

4-Cl 263 2 × 2 ×    

3,4-Cl 281 2 × 2 × 5 × 2 × 0.5 × 

2,6-Cl 279 1 × 6 ×    

Br-Substituted Phenethyl       

H 233 2 × 1 × 22 × 2 × 0.9 × 

3-Br 267 1 × 3 × 15 × 4 × 0.9 × 

4-Br 269 1 × 0.5 × 4 × 1 × 1 × 

C2-Spaced Aromatics       

-CH2-CH2-Ph 233 2 × 1 × 22 × 2 × 0.9 × 

-CH2-CH2-(3-indolyl) 283 0.6 × 4 × 14 × 1 × 0.8 × 

-CH2-CH2-(5-MeO-3-indolyl) 284 6 × 2 × 6 × 0.3 × 0.3 × 

-CH2-CH2-(1-naphthyl) 287 0.6 × 4 × 12 × 0.8 × 0.5 × 

-CH2-CH2-(2-naphthyl) 289 2 × 4 × 5 × 1 × 0.6 × 

Phenyl-alkyl       

-CH2-Ph 210 0.4 × 1 × 7 × 0.7 × 0.7 × 

-CH2-CH2-Ph 233 2 × 1 × 22 × 2 × 0.9 × 

-CH2-CH2-CH2-Ph 315 0.6 × 0.9 × 16 × 0.8 × 0.7 × 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 321 4 × 2 × 4 × 0.3 × 1.0 × 

-CH2-CH2-CH2-CH2-Ph 335 0.8 × 0.6 × 11 × 0.4 × 0.5 × 

-CH2-CH2-CH2-S-Ph 325 0.2 × 0.6 × 5 × 0.2 × 0.2 × 

Straight Chain Alkyl       

H 212 58 × 12 × 17 × 4 × 2 × 

n-C1 45 29 × 5 × 9 × 2 × 1 × 

n-C4 331 5 × 5 × 20 × 1 × 0.8 × 

n-C5 337 5 × 1.0 × 13 × 1 × 1.0 × 

n-C6 339 4 × 0.5 ×    

n-C7 341 4 × 0.5 ×    

n-C8 343 2 × 0.4 × 28 × 0.1 × 0.6 × 
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n-C12 345 0.4 × 0.4 × 29 × 0.5 × 3 × 

n-C14 347 0.8 × 2 × 9 × 2 × 0.9 × 

n-C18 349 0.5 × 0.7 × 11 × 0.4 × 0.7 × 

C2-Branched Alkyl       

-CH2-cPr 213 8 × 1 ×    

-CH2-cPent 215 2 × 0.8 × 17 × 0.5 × 1 × 

-CH2-cHex 217 5 × 1.0 × 12 × 1.0 × 2 × 

-CH2-(2-Pr) 309 1 × 0.6 × 19 × 0.3 × 1.0 × 

-CH2-(3-Pent) 333 5 × 2 × 12 × 2 × 0.9 × 

C3-Chain       

-CH2-CH=CH2 305 7 × 3 × 17 × 1 × 0.9 × 

-CH2-CH≡CH 307 4 × 2 × 13 × 2 × 2 × 

-CH2-cPr 213 8 × 1 ×    

C3-Spaced Ring       

-CH2-CH2-CH2-cHex 313 2 × 1 × 22 × 0.3 × 0.9 × 

-CH2-CH2-CH2-Ph 315 0.6 × 0.9 × 16 × 0.8 × 0.7 × 

-CH2-CH=CH-Ph 317 1 × 0.4 ×    

Carbonyls       

-CH2-COOMe 227 3 × 1 × 19 × 1 × 1 × 

-CH2-COOtBu 229 0.4 × 0.3 × 20 × 0.5 × 0.8 × 

-CH2-CONH2 231 4 × 3 × 10 × 3 × 4 × 

-CH2-CH2-CN 293 3 × 2 × 13 × 0.4 × 0.6 × 

-CH2-CH2-CONEt2 -      

-CH2-CH2-OAc 295 4 × 2 ×    
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5-MeO-Tryptamines  Ki Ki Ki 5-HT1A Ki 5-HT2A Ki 5-HT2C 

Ligand  5-HT1A / 2A 5-HT2C / 2A 5-MeO / 5-H 5-MeO / 5-H 5-MeO / 5-H 
Agonist Standards       

- 11      

- 46 0.02 × 6 ×    

- 47 0.06 × 3 ×    

5-HT 6 156 × 9 ×    

(4-Br-Bn)-5-MeO-T 19 26 × 1 ×    

Antagonist Standards       

Ketanserin 48      

AC-90179 50      

MDL 100,907 49      

Simple Tryptamines       

5-MeO-Tryptamine 358 95 × 12 × 30 × 9 × 5 × 

5-MeO-NMT 208 275 × 6 × 17 × 4 × 2 × 

5-MeO-DMT 15 134 × 3 × 9 × 2 × 1 × 

6-MeO-2-Me-THBC 226 17 × 8 ×    
Ethylene-bis-(5-MeO-NMT) 303 896 × 3 ×    

Benzyl       

Benzyl 207 4 × 1 × 7 × 0.7 × 0.7 × 

4-Br-benzyl 222 81 × 1 × 14 × 1 × 2 × 

nor-4-Br-benzyl 19 26 × 1 ×    

2-Substituted Phenethyl       

2-H 234 17 × 0.4 × 22 × 2 × 0.9 × 

2-Me 236 8 × 0.7 × 13 × 1 × 0.6 × 

2-F 256 3 × 0.5 × 27 × 4 × 2 × 

2-Cl 260 11 × 2 × 46 × 1 × 2 × 

2,5-Me 272 33 × 2 × 22 × 0.9 × 0.6 × 

2-MeO 246 7 × 2 × 7 × 0.6 × 0.6 × 

2,5-MeO 276 38 × 1 × 7 × 0.2 × 0.1 × 

2,6-Cl -      

3-Substituted Phenethyl       

3-H 234 17 × 0.4 × 22 × 2 × 0.9 × 

3-Me 238 35 × 0.5 × 28 × 0.4 × 0.2 × 

3-AcO -      

3-MeO -      

3-Cl 262 6 × 1 × 9 × 2 × 1 × 

3-Br 268 6 × 0.9 × 15 × 4 × 0.9 × 

2,5-Me 272 33 × 2 × 22 × 0.9 × 0.6 × 

3,5-Me 274 5 × 2 × 11 × 0.7 × 0.4 × 

2,5-MeO 276 38 × 1 × 7 × 0.2 × 0.1 × 

3,4-MeO 278 2 × 2 × 9 × 0.9 × 0.7 × 

3,4-Cl 282 7 × 0.7 × 5 × 2 × 0.5 × 

4-Substituted Phenethyl       

4-H 234 17 × 0.4 × 22 × 2 × 0.9 × 

4-Me 240 3 × 0.5 × 7 × 1 × 2 × 

4-MeO 250 7 × 0.8 × 12 × 2 × 0.7 × 

4-F 258 6 × 0.7 × 19 × 2 × 2 × 

4-Cl 264      

4-Br 270 5 × 0.5 × 4 × 1 × 1 × 

4-NO2 254 31 × 1 × 3 × 1 × 0.9 × 
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4-Ph 242 3 × 3 × 4 × 1 × 0.7 ×x 

3,4-MeO 278 2 × 2 × 9 × 0.9 × 0.7 × 

3,4-Cl 282 7 × 0.7 × 5 × 2 × 0.5 × 

Me-Substituted Phenethyl       

H 234 17 × 0.4 × 22 × 2 × 0.9 × 

2-Me 236 8 × 0.7 × 13 × 1 × 0.6 × 

3-Me 238 35 × 0.5 × 28 × 0.4 × 0.2 × 

4-Me 240 3 × 0.5 × 7 × 1 × 2 × 

2,5-Me 272 33 × 2 × 22 × 0.9 × 0.6 × 

3,5-Me 274 5 × 2 × 11 × 0.7 × 0.4 × 

MeO-Substituted Phenethyl       

H 234 17 × 0.4 × 22 × 2 × 0.9 × 

2-MeO 246 7 × 2 × 7 × 0.6 × 0.6 × 

3-MeO -      

4-MeO 250 7 × 0.8 × 12 × 2 × 0.7 × 

2,5-MeO 276 38 × 1 × 7 × 0.2 × 0.1 × 

3,4-MeO 278 2 × 2 × 9 × 0.9 × 0.7 × 

F-Substituted Phenethyl       

H 234 17 × 0.4 × 22 × 2 × 0.9 × 

2-F 256 3 × 0.5 × 27 × 4 × 2 × 

4-F 258 6 × 0.7 × 19 × 2 × 2 × 

Cl-Substituted Phenethyl       

H 234 17 × 0.4 × 22 × 2 × 0.9 × 

2-Cl 260 11 × 2 × 46 × 1 × 2 × 

3-Cl 262 6 × 1 × 9 × 2 × 1 × 

4-Cl 264      

3,4-Cl 282 7 × 0.7 × 5 × 2 × 0.5 × 

2,6-Cl -      

Br-Substituted Phenethyl       

H 234 17 × 0.4 × 22 × 2 × 0.9 × 

3-Br 268 6 × 0.9 × 15 × 4 × 0.9 × 

4-Br 270 5 × 0.5 × 4 × 1 × 1 × 

C2-Spaced Aromatics       

-CH2-CH2-Ph 234 17 × 0.4 × 22 × 2 × 0.9 × 

-CH2-CH2-(3-indolyl) 284 6 × 2 × 14 × 1 × 0.8 × 

-CH2-CH2-(5-MeO-3-indolyl) 286 105 × 2 × 6 × 0.3 × 0.3 × 

-CH2-CH2-(1-naphthyl) 288 9 × 3 × 12 × 0.8 × 0.5 × 

-CH2-CH2-(2-naphthyl) 290 8 × 1 × 5 × 1 × 0.6 × 

Phenyl-alkyl       

-CH2-Ph 207 4 × 1 × 7 × 0.7 × 0.7 × 

-CH2-CH2-Ph 234 17 × 0.4 × 22 × 2 × 0.9 × 

-CH2-CH2-CH2-Ph 316 13 × 0.8 × 16 × 0.8 × 0.7 × 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 322 65 × 7 × 4 × 0.3 × 1.0 × 

-CH2-CH2-CH2-CH2-Ph 336 23 × 0.7 × 11 × 0.4 × 0.5 × 

-CH2-CH2-CH2-S-Ph 326 5 × 0.6 × 5 × 0.2 × 0.2 × 

Straight Chain Alkyl       

H 208 275 × 6 × 17 × 4 × 2 × 

n-C1  134 × 3 × 9 × 2 × 1 × 

n-C4 332 72 × 3 × 20 × 1 × 0.8 × 

n-C5 338 69 × 0.9 × 13 × 1 × 1.0 × 

n-C6 -      

n-C7 -      

n-C8 344 479 × 2 × 28 × 0.1 × 0.6 × 
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n-C12 346 21 × 2 × 29 × 0.5 × 3 × 

n-C14 348 3 × 0.7 × 9 × 2 × 0.9 × 

n-C18 350 14 × 1 × 11 × 0.4 × 0.7 × 

C2-Branched Alkyl       

-CH2-cPr -      

-CH2-cPent 216 62 × 2 × 17 × 0.5 × 1 × 

-CH2-cHex 218 65 × 2 × 12 × 1.0 × 2 × 

-CH2-(2-Pr) 310 96 × 2 × 19 × 0.3 × 1.0 × 

-CH2-(3-Pent) 334 31 × 0.8 × 12 × 2 × 0.9 × 

C3-Chain       

-CH2-CH=CH2 306 108 × 2 × 17 × 1 × 0.9 × 

-CH2-CH≡CH 308 24 × 2 × 13 × 2 × 2 × 

-CH2-cPr -      

C3-Spaced Ring       

-CH2-CH2-CH2-cHex 314 177 × 4 × 22 × 0.3 × 0.9 × 

-CH2-CH2-CH2-Ph 316 13 × 0.8 × 16 × 0.8 × 0.7 × 

-CH2-CH=CH-Ph 318      

Carbonyls       

-CH2-COOMe 228 33 × 1.0 × 19 × 1 × 1 × 

-CH2-COOtBu 230 16 × 0.5 × 20 × 0.5 × 0.8 × 

-CH2-CONH2 232 16 × 4 × 10 × 3 × 4 × 

-CH2-CH2-CN 294 100 × 2 × 13 × 0.4 × 0.6 × 

-CH2-CH2-CONEt2 302 33 × 0.6 ×    

-CH2-CH2-OAc -      
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Functional 5-HT2A data (Table 9) 

 

 

Table 9: Functional data at cells transfected with the 5-HT2A receptor. 

Functional data at cells transfected with the human or the rat 5-HT2A receptor in 

IP accumulation assays. If not stated otherwise the data for the human receptor 

is given. Relative efficacies and maximal stimulations are given as the 

percentage of maximal stimulation by 10 µM 5-HT.  

EC50 values (bold) and the calculated % max are given for compounds where 

fitting against a monophasic curve or the low-dose response of a biphasic 

response was possible.  

Compounds are arranged by classes and may appear in several different con-

texts. White rows: 5-unsubstituted tryptamines; gray underlined rows: 5-methoxy 

substituted tryptamines. Column Bi: Biphasic response observed. 
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5-Unsubstituted Tryptamines  Bi  % max 5-HT, Conc. or EC50 % max. 5-HT % max 5-HT  

Compound   % max (c, n, SEM) or: (n, SEM), EC50 (n, SEM) % max (c, n, SEM) % max (c, n, SEM) 

Agonist Standards               

- 11              

- 46              

- 47              

5-HT 6 - 108% (n = 2, ±6%), 123 nM (n = 2, ±15 nM)          

(4-Br-Bn)-5-MeO-T 19  4% (1 µM, n = 2, ±0%)         

Antagonist Standards               

Ketanserin 48              

AC-90179 50              

MDL 100,907 49              

Simple Tryptamines               

Tryptamine 5              

NMT 212 - 69% (n = 1), 2,239 nM (sic!, n = 1)          

DMT 45 - 41% (n = 1), 2,239 nM (sic!, n = 1)          

         

                

Benzyl               

Benzyl 210              

4-Br-benzyl 221 + 3% (1 µM, n = 3, ±3%) 27% (32 µM, n = 2, ±4%)     

nor-4-Br-benzyl 359              

2-Substituted Phenethyl               

2-H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

2-Me 235  1% (1 µM, n = 1)          

2-F 255  1% (1 µM, n = 1)  14% (32 µM, n = 1, rat)     

2-Cl 259  1% (1 µM, n = 1)  15% (32 µM, n = 1, rat)     

2,5-Me 196  26% (n = 3, ±4%), 235 nM (n = 3, ±24 nM)  112% (32 µM, n = 5, ±22%)     

2-MeO 245  3% (1 µM, n = 1)  35% (32 µM, n = 1, rat)     

2,5-MeO 275 + 19% (n = 1), 18 nM (n = 1)  37% (10 µM, n = 1)      

2,6-Cl 279 + 26% (n = 1), 1,413 nM (n = 1)  33% (10 µM, n = 1)  109% (32 µM, n = 1)  

3-Substituted Phenethyl               

3-H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

3-Me 237  6% (1 µM, n = 1)  60% (32 µM, n = 1, rat)     

3-AcO 243 + 38% (n = 2, ±15%), 98 nM (n = 2, ±0 nM)  57% (10 µM, n = 2, ±16%) 74% (32 µM, n = 1)  

3-MeO 247  28% (n = 1), 324 nM (n = 1)  43% (10 µM, n = 1)  92% (32 µM, n = 1)  

3-Cl 261  4% (1 µM, n = 1)  57% (32 µM, n = 1, rat)     

3-Br 267  4% (1 µM, n = 1)  40% (32 µM, n = 1, rat)     

2,5-Me 196  26% (n = 3, ±4%), 235 nM (n = 3, ±24 nM)  112% (32 µM, n = 5, ±22%)     

3,5-Me 273  41% (n = 2, ±16%), 281 nM (n = 2, ±220 nM) 86% (10 µM, n = 1)  164% (32 µM, n = 1)  

2,5-MeO 275  19% (n = 1), 18 nM (n = 1)  37% (10 µM, n = 1)      

3,4-MeO 277  34% (n = 3, ±5%), 44 nM (n = 3, ±5 nM)  42% (32 µM, n = 1)      

3,4-Cl 281  2% (1 µM, n = 1)          

4-Substituted Phenethyl               

4-H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

4-Me 239  2% (1 µM, n = 1)  55% (32 µM, n = 1, rat)     

4-MeO 249              

4-F 257  1% (1 µM, n = 1)  18% (32 µM, n = 1, rat)     

4-Cl 263  2% (1 µM, n = 1)  50% (32 µM, n = 1, rat)     

4-Br 269  1% (1 µM, n = 1)  39% (32 µM, n = 1, rat)     

4-NO2 253  6% (1 µM, n = 1)  55% (32 µM, n = 1, rat)     
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4-Ph 241  6% (1 µM, n = 1)  49% (32 µM, n = 1, rat)     

3,4-MeO 277  35% (n = 2, ±8%), 48 nM (n = 2, ±6 nM)  42% (32 µM, n = 1)      

3,4-Cl 281  2% (1 µM, n = 1)  39% (32 µM, n = 1, rat)     

Me-Substituted Phenethyl               

H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

2-Me 235  1% (1 µM, n = 1)          

3-Me 237  6% (1 µM, n = 1)  60% (32 µM, n = 1, rat)     

4-Me 239  2% (1 µM, n = 1)  55% (32 µM, n = 1, rat)     

2,5-Me 196 + 26% (n = 3, ±4%), 235 nM (n = 3, ±24 nM)  112% (32 µM, n = 5, ±22%)     

3,5-Me 273 + 41% (n = 2, ±16%), 281 nM (n = 2, ±220 nM) 86% (10 µM, n = 1)  164% (32 µM, n = 1)  

MeO-Substituted Phenethyl               

H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

2-MeO 245  3% (1 µM, n = 1)  35% (32 µM, n = 1, rat)     

3-MeO 247 + 28% (n = 1), 324 nM (n = 1)  43% (10 µM, n = 1)  92% (32 µM, n = 1)  

4-MeO 249              

2,5-MeO 275  19% (n = 1), 18 nM (n = 1)  37% (10 µM, n = 1)      

3,4-MeO 277 + 35% (n = 2, ±8%), 48 nM (n = 2, ±6 nM)  42% (32 µM, n = 1)      

F-Substituted Phenethyl               

H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

2-F 255  1% (1 µM, n = 1)  14% (32 µM, n = 1, rat)     

4-F 257  1% (1 µM, n = 1)  18% (32 µM, n = 1, rat)     

Cl-Substituted Phenethyl               

H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

2-Cl 259  1% (1 µM, n = 1)  15% (32 µM, n = 1, rat)     

3-Cl 261  4% (1 µM, n = 1)  57% (32 µM, n = 1, rat)     

4-Cl 263  2% (1 µM, n = 1)  50% (32 µM, n = 1, rat)     

3,4-Cl 281  2% (1 µM, n = 1)  39% (32 µM, n = 1, rat)     

2,6-Cl 279 + 26% (n = 1), 1,413 nM (n = 1)  33% (10 µM, n = 1)  109% (32 µM, n = 1)  

Br-Substituted Phenethyl               

H 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

3-Br 267  4% (1 µM, n = 1)  40% (32 µM, n = 1, rat)     

4-Br 269  1% (1 µM, n = 1)  39% (32 µM, n = 1, rat)     

C2-Spaced Aromatics               

-CH2-CH2-Ph 233  3% (1 µM, n = 1)          

-CH2-CH2-(3-indolyl) 283 + 25% (n = 1), 132 nM (n = 1)  30% (10 µM, n = 2, ±12%) 54% (32 µM, n = 2, ±25%)

-CH2-CH2-(5-MeO-3-indolyl) 284 + 24% (n = 3, ±4%), 50 nM (n = 3, ±15 nM)  30% (10 µM, n = 4, ±3%) 54% (32 µM, n = 2, ±2%) 

-CH2-CH2-(1-naphthyl) 287 + 26% (n = 3, ±3%), 290 nM (n = 3, ±66 nM)  64% (10 µM, n = 4, ±18%) 94% (32 µM, n = 8, ±11%)

-CH2-CH2-(2-naphthyl) 289  8% (1 µM, n = 1)  90% (32 µM, n = 1, rat)     

Phenyl-alkyl               

-CH2-Ph 210              

-CH2-CH2-Ph 233  3% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

-CH2-CH2-CH2-Ph 315  0% (1 µM, n = 1)  6% (32 µM, n = 1, rat)     

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 321  5% (10 µM, n = 1)  11% (32 µM, n = 1, rat)     

-CH2-CH2-CH2-CH2-Ph 335  0% (1 µM, n = 1)  7% (32 µM, n = 1, rat)     

-CH2-CH2-CH2-S-Ph 325  1% (10 µM, n = 1)  2% (32 µM, n = 1, rat)     

Straight Chain Alkyl               

H 212              

n-C1 45  41% (n = 1), 2,239 nM (n = 1)          

n-C4 331  4% (1 µM, n = 1)          

n-C5 337  3% (1 µM, n = 1)  29% (32 µM, n = 1, rat)     

n-C6 339  3% (1 µM, n = 1)  33% (32 µM, n = 1, rat)     

n-C7 341  0% (1 µM, n = 1)  21% (10 µM, n = 1)  61% (32 µM, n = 1, rat)  

n-C8 343  0% (1 µM, n = 1)  34% (32 µM, n = 1, rat)     
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n-C12 345  0% (1 µM, n = 1)  3% (32 µM, n = 1, rat)     

n-C14 347  0% (1 µM, n = 1)  21% (32 µM, n = 1, rat)     

n-C18 349  0% (1 µM, n = 1)  3% (32 µM, n = 1, rat)     

C2-Branched Alkyl               

-CH2-cPr 213  1% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

-CH2-cPent 215  2% (1 µM, n = 1)  13% (32 µM, n = 1, rat)     

-CH2-cHex 217  2% (1 µM, n = 1)  15% (32 µM, n = 1, rat)     

-CH2-(2-Pr) 309  2% (1 µM, n = 1)  21% (32 µM, n = 1, rat)     

-CH2-(3-Pent) 333  2% (1 µM, n = 1)  21% (32 µM, n = 1, rat)     

C3-Chain               

-CH2-CH=CH2 305  10% (1 µM, n = 1)  33% (32 µM, n = 1, rat)     

-CH2-CH≡CH 307  0% (1 µM, n = 1)  43% (32 µM, n = 1, rat)     

-CH2-cPr 213              

C3-Spaced Ring               

-CH2-CH2-CH2-cHex 313  1% (1 µM, n = 1)          

-CH2-CH2-CH2-Ph 315  0% (1 µM, n = 1)  6% (32 µM, n = 1, rat)     

-CH2-CH=CH-Ph 317  0% (1 µM, n = 1)  10% (32 µM, n = 1, rat)     

Carbonyls               

-CH2-COOMe 227  2% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

-CH2-COOtBu 229  1% (1 µM, n = 1)  10% (32 µM, n = 1, rat)     

-CH2-CONH2 231  0% (1 µM, n = 1)  10% (32 µM, n = 1, rat)     

-CH2-CH2-CN 293  2% (1 µM, n = 1)  21% (32 µM, n = 1, rat)     

-CH2-CH2-CONEt2 -              

-CH2-CH2-OAc 295  3% (1 µM, n = 1)  28% (32 µM, n = 1, rat)     
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5-MeO Tryptamines  Bi  % max 5-HT, Conc. or EC50 % max. 5-HT  % max 5-HT  

Compound   % max (c, n, SEM) or: (n, SEM), EC50 (n, SEM) % max (c, n, SEM) % max (c, n, SEM) 

Agonist Standards               

- 11              

- 46              

- 47              

5-HT 6 - 108% (n = 2, ±6%), 123 nM (n = 2, ±15 nM)          

(4-Br-Bn)-5-MeO-T 19  4% (1 µM, n = 2, ±0%)         

Antagonist Standards               

Ketanserin 48              

AC-90179 50              

MDL 100,907 49              

Simple Tryptamines               

5-MeO-Tryptamine 358              

5-MeO-NMT 208 - 98% (n = 1), 575 nM (n = 1)          

5-MeO-DMT 19 - 98% (n = 1), 741 nM (n = 1)          

6-MeO-2-Me-THBC 226  2% (1 µM, n = 1)  13% (32 µM, n = 1, rat)     

Ethylene-bis-(5-MeO-NMT) 303  3% (1 µM, n = 1)  35% (32 µM, n = 1, rat)     

Benzyl               

Benzyl 207              

4-Br-benzyl 222  0% (1 µM, n = 1)  10% (32 µM, n = 1, rat)     

nor-4-Br-benzyl 19  4% (1 µM, n = 2, ±0%) 83% (32 µM, n = 1, rat)     

2-Substituted Phenethyl               

2-H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

2-Me 236  1% (1 µM, n = 1)  18% (32 µM, n = 1, rat)     

2-F 256  0% (10 µM, n = 1)  2% (32 µM, n = 1, rat)     

2-Cl 260  0% (1 µM, n = 1)  2% (32 µM, n = 1, rat)     

2,5-Me 272  34% (n = 2, ±5%), 309 nM (n = 2, ±127 nM)          

2-MeO 246  4% (1 µM, n = 1)  12% (32 µM, n = 1, rat)     

2,5-MeO 276 + 27% (n = 2, ±4%), 320 nM (n = 2, ±69 nM)  31% (10 µM, n = 2, ±2%) 47% (32 µM, n = 1)  

2,6-Cl               

3-Substituted Phenethyl               

3-H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

3-Me 238  1% (1 µM, n = 1)  18% (32 µM, n = 1, rat)     

3-AcO -              

3-MeO -              

3-Cl 262  2% (1 µM, n = 1)  40% (32 µM, n = 1, rat)     

3-Br 268  3% (1 µM, n = 1)  58% (32 µM, n = 1, rat)     

2,5-Me 272  34% (n = 2, ±5%), 309 nM (n = 2, ±127 nM)          

3,5-Me 274  2% (1 µM, n = 1)  106% (32 µM, n = 1, rat)     

2,5-MeO 276  27% (n = 2, ±4%), 320 nM (n = 2, ±69 nM)  31% (10 µM, n = 2, ±2%) 47% (32 µM, n = 1)  

3,4-MeO 278  62% (n = 3, ±3%), 84 nM (n = 3, ±10 nM)  75% (32 µM, n = 3, ±1%)     

3,4-Cl 282  1% (1 µM, n = 1)          

4-Substituted Phenethyl               

4-H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

4-Me 240  1% (1 µM, n = 1)  22% (32 µM, n = 1, rat)     

4-MeO 250  40% (n = 1), 302 nM (n = 1)          

4-F 258  1% (1 µM, n = 1)  12% (32 µM, n = 1, rat)     

4-Cl 264              

4-Br 270  1% (1 µM, n = 1)  60% (32 µM, n = 1, rat)     

4-NO2 254  8% (1 µM, n = 1)  51% (32 µM, n = 1, rat)     
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4-Ph 242  26% (n = 2, ±12%), 1,475 nM (n = 2, 
663 M)

67% (10 µM, n = 3, ±3%) 55% (32 µM, n = 2, ±9%)  

3,4-MeO 278 + 62% (n = 3, ±3%), 84 nM (n = 3, ±10 nM)  75% (32 µM, n = 3, ±1%)     

3,4-Cl 282  1% (1 µM, n = 1)  50% (32 µM, n = 1, rat)     

Me-Substituted Phenethyl              

H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

2-Me 236  1% (1 µM, n = 1)  18% (32 µM, n = 1, rat)     

3-Me 238  1% (1 µM, n = 1)  18% (32 µM, n = 1, rat)     

4-Me 240  1% (1 µM, n = 1)  22% (32 µM, n = 1, rat)     

2,5-Me 272 + 34% (n = 2, ±5%), 309 nM (n = 2, ±127 nM)  41% (32 µM, n = 3, ±6%)     

3,5-Me 274  2% (1 µM, n = 1)  106% (32 µM, n = 1, rat)     

MeO-Substituted Phenethyl               

H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

2-MeO 246  4% (1 µM, n = 1)  12% (32 µM, n = 1, rat)     

3-MeO -              

4-MeO 250 + 40% (n = 1), 302 nM (n = 1)  27% (1 µM, n = 2, ±1%) 42% (10 µM, n = 1)  

2,5-MeO 276  27% (n = 2, ±4%), 320 nM (n = 2, ±69 nM)  31% (10 µM, n = 2, ±2%) 47% (32 µM, n = 1)  

3,4-MeO 278  62% (n = 3, ±3%), 84 nM (n = 3, ±10 nM)  75% (32 µM, n = 3, ±1%)     

F-Substituted Phenethyl               

H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

2-F 256  0% (10 µM, n = 1)  2% (32 µM, n = 1, rat)     

4-F 258  1% (1 µM, n = 1)  12% (32 µM, n = 1, rat)     

Cl-Substituted Phenethyl               

H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

2-Cl 260  0% (1 µM, n = 1)  2% (32 µM, n = 1, rat)     

3-Cl 262  2% (1 µM, n = 1)  40% (32 µM, n = 1, rat)     

4-Cl 264              

3,4-Cl 282  1% (1 µM, n = 1)  50% (32 µM, n = 1, rat)     

2,6-Cl -              

Br-Substituted Phenethyl               

H 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

3-Br 268  3% (1 µM, n = 1)  58% (32 µM, n = 1, rat)     

4-Br 270  1% (1 µM, n = 1)  60% (32 µM, n = 1, rat)     

C2-Spaced Aromatics               

-CH2-CH2-Ph 234  5% (10 µM, n = 1)          

-CH2-CH2-(3-indolyl) 284 + 24% (n = 3, ±4%), 50 nM (n = 3, ±15 nM)  30% (10 µM, n = 4, ±3%) 54% (32 µM, n = 2, ±2%) 

-CH2-CH2-(5-MeO-3-indolyl) 286  64% (n = 3, ±11%), 87 nM (n = 3, ±11 nM)  79% (32 µM, n = 1)      

-CH2-CH2-(1-naphthyl) 288 + 14% (n = 1), 182 nM (n = 1)  46% (10 µM, n = 2, ±8%)     

-CH2-CH2-(2-naphthyl) 290  6% (1 µM, n = 1)  33% (10 µM, n = 1)  78% (32 µM, n = 1, rat) 

Phenyl-alkyl               

-CH2-Ph 207              

-CH2-CH2-Ph 234  5% (10 µM, n = 1)  16%  (32 µM, n = 1, rat)     

-CH2-CH2-CH2-Ph 316  1% (1 µM, n = 2, ±0%)  12% (32 µM, n = 1, rat)     

-CH2-CH2-CH2-(3,4,5-MeO-
Ph)

322 - 47% (n = 2, ±9%), 257 nM (n = 2, ±106 nM)  57% (32 µM, n = 1)      

-CH2-CH2-CH2-CH2-Ph 336  2% (1 µM, n = 1)  26% (32 µM, n = 1, rat)     

-CH2-CH2-CH2-S-Ph 326  1% (1 µM, n = 1)  16% (32 µM, n = 1, rat)     

Straight Chain Alkyl               

H 208  98% (n = 1), 575 nM (n = 1)          

n-C1 - - 98% (n = 1), 741 nM (n = 1)          

n-C4 332 + 38% (n = 1), 1,318 nM (n = 1)  47% (32 µM, n = 1)      

n-C5 338 + 35% (n = 1), 1,660 nM (n = 1)          

n-C6 -              

n-C7 -              

n-C8 344  6% (1 µM, n = 1)  118% (32 µM, n = 1, rat)     
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n-C12 346  0% (1 µM, n = 1)  28% (32 µM, n = 1, rat)     

n-C14 348  0% (1 µM, n = 1)  7% (32 µM, n = 1, rat)     

n-C18 350  0% (1 µM, n = 1)  8% (32 µM, n = 1, rat)     

C2-Branched Alkyl               

-CH2-cPr -              

-CH2-cPent 216  5% (1 µM, n = 1)  60% (32 µM, n = 1, rat)     

-CH2-cHex 218  5% (1 µM, n = 1)  66% (32 µM, n = 1, rat)     

-CH2-(2-Pr) 310  -1% (1 µM, n = 1)  47% (10 µM, n = 1)  74% (32 µM, n = 1, rat) 

-CH2-(3-Pent) 334  2% (1 µM, n = 1)  47% (32 µM, n = 1, rat)     

C3-Chain               

-CH2-CH=CH2 306 - 92% (n = 1), 575 nM (n = 1)          

-CH2-CH≡CH 308  81% (n = 2, ±2%), 811 nM (n = 2, ±166 nM)  93% (32 µM, n = 1)      

-CH2-cPr -              

C3-Spaced Ring               

-CH2-CH2-CH2-cHex 314 + 8% (1 µM, n = 3, ±3%)  46% (10 µM, n = 2, ±10%) 111% (32 µM, n = 2, ±20%) 

-CH2-CH2-CH2-Ph 316  1% (1 µM, n = 2, ±0%)  12% (32 µM, n = 1, rat)     

-CH2-CH=CH-Ph 318              

Carbonyls               

-CH2-COOMe 228  5% (1 µM, n = 2, ±4%)  45% (32 µM, n = 1, rat)     

-CH2-COOtBu 230  2% (1 µM, n = 1)  38% (32 µM, n = 1, rat)     

-CH2-CONH2 232  0% (1 µM, n = 1) 24% (32 µM, n = 1, rat)     

-CH2-CH2-CN 294  1% (1 µM, n = 1)  28% (32 µM, n = 1, rat)     

-CH2-CH2-CONEt2 302 - 40% (n = 2, ±2%), 2,338 nM (n = 2, ±824 nM)         

-CH2-CH2-OAc -              
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Functional data compared to binding data (Table 10) 

 

 

Table 10: Functional data in comparison to receptor binding data. 

Functional IP accumulation data at cells transfected with the human or the rat 

5-HT2A receptor in comparison to human 5-HT2A receptor binding data. Functional 

antagonism of many of the tested compound is indicated by a negligible 

activation at concentrations at or above 1 µM in combination with a lower 

nanomolar binding constant. The binding data are taken from Table 7, the 

functional data are taken from Table 9. Compounds are arranged by classes and 

may appear in several different contexts. White rows: 5-unsubstituted 

tryptamines; gray underlined rows: 5-methoxy substituted tryptamines. 

 
HN

N

HN

N

O

RR

 
  5-unsubstituted tryptamines 5-MeO-tryptamines 

  (white fields) (gray fields) 
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Ligand Category  Percent of Max. 5-HT Stimulation  Percent of Max. 5-HT Stimulation  Binding 

Ligand  % max (c, n, SEM) % max (c, n, SEM) Ki 5-HT2A 

Agonist Standards       

- 11     0.4 nM 

- 46     13 nM 

- 47     7.3 nM 

5-HT 6 84% (1 µM, n = 2, ±15%) 100% (10 µM) 137 nM 

(4-Br-Bn)-5-MeO-T 19 4% (1 µM, n = 2, ±0%) 83% (32 µM, n = 1, rat) 534 nM 

Antagonist Standards       

Ketanserin 48 0% (1 µM, n = 1, rat) 0% (32 µM, n = 1, rat) 1.0 nM 

AC-90179 50     8.4 nM 

MDL 100,907 49 -1% (1 µM, n = 1, rat) 0% (32 µM, n = 1, rat)  

Simple Tryptamines       

Tryptamine 5     1,374 nM 

NMT 212 20% (1 µM, n = 1)  62% (32 µM, n = 1)  1,890 nM 

DMT 45 16% (1 µM, n = 2, ±2%) 36% (32 µM, n = 1)  1,093 nM 

       

       

Benzyl       

Benzyl 210 4% (1 µM, n = 1, rat) 28% (32 µM, n = 1, rat) 697 nM 

4-Br-benzyl 221 3% (1 µM, n = 3, ±3%) 27% (32 µM, n = 2, ±4%) 904 nM 

nor-4-Br-benzyl 359     534 nM 

2-Substituted Phenethyl       

2-H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

2-Me 235 1% (1 µM, n = 1)    22 nM 

2-F 255 1% (1 µM, n = 1)  14% (32 µM, n = 1, rat) 18 nM 

2-Cl 259 1% (1 µM, n = 1)  15% (32 µM, n = 1, rat) 6.1 nM 

2,5-Me 196 21% (1 µM, n = 5, ±3%) 112% (32 µM, n = 5, ±22%) 18 nM 

2-MeO 245 3% (1 µM, n = 1)  35% (32 µM, n = 1, rat) 13 nM 

2,5-MeO 275 23% (1 µM, n = 2, ±1%) 37% (10 µM, n = 1)  13 nM 

2,6-Cl 279 11% (1 µM, n = 2, ±2%) 109% (32 µM, n = 1)  68 nM 

3-Substituted Phenethyl       

3-H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

3-Me 237 6% (1 µM, n = 1)  60% (32 µM, n = 1, rat) 12 nM 

3-AcO 243 23% (1 µM, n = 2, ±0%) 74% (32 µM, n = 1)  69 nM 

3-MeO 247 15% (1 µM, n = 2, ±2%) 92% (32 µM, n = 1)  32 nM 

3-Cl 261 4% (1 µM, n = 1)  57% (32 µM, n = 1, rat) 19 nM 

3-Br 267 4% (1 µM, n = 1)  40% (32 µM, n = 1, rat) 16 nM 

2,5-Me 196 21% (1 µM, n = 5, ±3%) 112% (32 µM, n = 5, ±22%) 18 nM 

3,5-Me 273 35% (1 µM, n = 2, ±3%) 164% (32 µM, n = 1)  8.4 nM 

2,5-MeO 275 23% (1 µM, n = 2, ±1%) 37% (10 µM, n = 1)  13 nM 

3,4-MeO 277 27% (1 µM, n = 4, ±5%) 42% (32 µM, n = 1)  18 nM 

3,4-Cl 281 2% (1 µM, n = 1)    29 nM 

4-Substituted Phenethyl       

4-H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

4-Me 239 2% (1 µM, n = 1)  55% (32 µM, n = 1, rat) 22 nM 

4-MeO 249     90 nM 

4-F 257 1% (1 µM, n = 1)  18% (32 µM, n = 1, rat) 40 nM 

4-Cl 263 2% (1 µM, n = 1)  50% (32 µM, n = 1, rat) 44 nM 

4-Br 269 1% (1 µM, n = 1)  39% (32 µM, n = 1, rat) 34 nM 

4-NO2 253 6% (1 µM, n = 1)  55% (32 µM, n = 1, rat) 444 nM 
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4-Ph 241 6% (1 µM, n = 1)  49% (32 µM, n = 1, rat) 107 nM 

3,4-MeO 277 27% (1 µM, n = 4, ±5%) 42% (32 µM, n = 1)  18 nM 

3,4-Cl 281 2% (1 µM, n = 1)  39% (32 µM, n = 1, rat) 29 nM 

Me-Substituted Phenethyl       

H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

2-Me 235 1% (1 µM, n = 1)    22 nM 

3-Me 237 6% (1 µM, n = 1)  60% (32 µM, n = 1, rat) 12 nM 

4-Me 239 2% (1 µM, n = 1)  55% (32 µM, n = 1, rat) 22 nM 

2,5-Me 196 21% (1 µM, n = 5, ±3%) 112% (32 µM, n = 5, ±22%) 18 nM 

3,5-Me 273 35% (1 µM, n = 2, ±3%) 164% (32 µM, n = 1)  8.4 nM 

MeO-Substituted Phenethyl       

H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

2-MeO 245 3% (1 µM, n = 1)  35% (32 µM, n = 1, rat) 13 nM 

3-MeO 247 15% (1 µM, n = 2, ±2%) 92% (32 µM, n = 1)  32 nM 

4-MeO 249 2% (1 µM, n = 1)    90 nM 

2,5-MeO 275 23% (1 µM, n = 2, ±1%)   13 nM 

3,4-MeO 277 27% (1 µM, n = 4, ±5%) 42% (32 µM, n = 1)  18 nM 

F-Substituted Phenethyl       

H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

2-F 255 1% (1 µM, n = 1)  14% (32 µM, n = 1, rat) 18 nM 

4-F 257 1% (1 µM, n = 1)  18% (32 µM, n = 1, rat) 40 nM 

Cl-Substituted Phenethyl       

H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

2-Cl 259 1% (1 µM, n = 1)  15% (32 µM, n = 1, rat) 6.1 nM 

3-Cl 261 4% (1 µM, n = 1)  57% (32 µM, n = 1, rat) 19 nM 

4-Cl 263 2% (1 µM, n = 1)  50% (32 µM, n = 1, rat) 44 nM 

3,4-Cl 281 2% (1 µM, n = 1)  39% (32 µM, n = 1, rat) 29 nM 

2,6-Cl 279 11% (1 µM, n = 2, ±2%) 109% (32 µM, n = 1)  68 nM 

Br-Substituted Phenethyl       

H 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

3-Br 267 4% (1 µM, n = 1)  40% (32 µM, n = 1, rat) 16 nM 

4-Br 269 1% (1 µM, n = 1)  39% (32 µM, n = 1, rat) 34 nM 

C2-Spaced Aromatics       

-CH2-CH2-Ph 233 3% (1 µM, n = 1)    73 nM 

-CH2-CH2-(3-indolyl) 283 17% (1 µM, n = 3, ±1%) 54% (32 µM, n = 2, ±25%) 12 nM 

-CH2-CH2-(5-MeO-3-indolyl) 284 20% (1 µM, n = 4, ±3%) 54% (32 µM, n = 2, ±2%) 9.9 nM 

-CH2-CH2-(1-naphthyl) 287 20% (1 µM, n = 7, ±3%) 94% (32 µM, n = 8, ±11%) 10 nM 

-CH2-CH2-(2-naphthyl) 289 8% (1 µM, n = 1)  90% (32 µM, n = 1, rat) 29 nM 

Phenyl-alkyl       

-CH2-Ph 210     697 nM 

-CH2-CH2-Ph 233 3% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 73 nM 

-CH2-CH2-CH2-Ph 315 0% (1 µM, n = 1)  6% (32 µM, n = 1, rat) 15 nM 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 321 5% (10 µM, n = 1)  11% (32 µM, n = 1, rat) 40 nM 

-CH2-CH2-CH2-CH2-Ph 335 0% (1 µM, n = 1)  7% (32 µM, n = 1, rat) 19 nM 

-CH2-CH2-CH2-S-Ph 325 1% (10 µM, n = 1)  2% (32 µM, n = 1, rat) 1.8 nM 

Straight Chain Alkyl       

H 212 20% (1 µM, n = 1)  62% (32 µM, n = 1)  1,890 nM 

n-C1 45 16% (1 µM, n = 2, ±2%) 36% (32 µM, n = 1)  1,093 nM 

n-C4 331 4% (1 µM, n = 1)    1,020 nM 

n-C5 337 3% (1 µM, n = 1)  29% (32 µM, n = 1, rat) 655 nM 

n-C6 339 3% (1 µM, n = 1)  33% (32 µM, n = 1, rat) 181 nM 

n-C7 341 0% (1 µM, n = 1)  61% (32 µM, n = 1)  46 nM 

n-C8 343 0% (1 µM, n = 1)  34% (32 µM, n = 1, rat) 17 nM 
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n-C12 345 0% (1 µM, n = 1)  3% (32 µM, n = 1, rat) 129 nM 

n-C14 347 0% (1 µM, n = 1)  21% (32 µM, n = 1, rat) 366 nM 

n-C18 349 0% (1 µM, n = 1)  3% (32 µM, n = 1, rat) 4,926 nM 

C2-Branched Alkyl       

-CH2-cPr 213 1% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 1,537 nM 

-CH2-cPent 215 2% (1 µM, n = 1)  13% (32 µM, n = 1, rat) 585 nM 

-CH2-cHex 217 2% (1 µM, n = 1)  15% (32 µM, n = 1, rat) 1,255 nM 

-CH2-(2-Pr) 309 2% (1 µM, n = 1)  21% (32 µM, n = 1, rat) 538 nM 

-CH2-(3-Pent) 333 2% (1 µM, n = 1)  21% (32 µM, n = 1, rat) 1,379 nM 

C3-Chain       

-CH2-CH=CH2 305 10% (1 µM, n = 1)  33% (32 µM, n = 1, rat) 473 nM 

-CH2-CH≡CH 307 0% (1 µM, n = 1)  43% (32 µM, n = 1, rat) 622 nM 

-CH2-cPr 213     1,537 nM 

C3-Spaced Ring       

-CH2-CH2-CH2-cHex 313 1% (1 µM, n = 1)    44 nM 

-CH2-CH2-CH2-Ph 315 0% (1 µM, n = 1)  6% (32 µM, n = 1, rat) 15 nM 

-CH2-CH=CH-Ph 317 0% (1 µM, n = 1)  10% (32 µM, n = 1, rat) 39 nM 

Carbonyls       

-CH2-COOMe 227 2% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 8,252 nM 

-CH2-COOtBu 229 1% (1 µM, n = 1)  10% (32 µM, n = 1, rat) 994 nM 

-CH2-CONH2 231 0% (1 µM, n = 1)  10% (32 µM, n = 1, rat) 44,779 nM 

-CH2-CH2-CN 293 2% (1 µM, n = 1)  21% (32 µM, n = 1, rat) 1,864 nM 

-CH2-CH2-CONEt2 -      

-CH2-CH2-OAc 295 3% (1 µM, n = 1)  28% (32 µM, n = 1, rat) 2,000 nM 

       

 



Appendix - Functional data compared to binding data (Table 10) 
_________________________________________________________________________  

 

283



Appendix - Functional data compared to binding data (Table 10) 
_________________________________________________________________________  

 

284 

 

Ligand Category  Percent of Max. 5-HT Stimulation Percent of Max. 5-HT Stimulation Binding 

Ligand  % max (c, n, SEM) % max (c, n, SEM) Ki 5-HT2A 

Agonist Standards       

- 11     0.4 nM 

- 46     13 nM 

- 47     7.3 nM 

5-HT 6 84% (1 µM, n = 2, ±15%) 100% (10 µM) 137 nM 

(4-Br-Bn)-5-MeO-T (33) 19 4% (1 µM, n = 2, ±0%) 83% (32 µM, n = 1, rat) 534 nM 

Antagonist Standards       

Ketanserin 48 0% (1 µM, n = 1, rat) 0% (32 µM, n = 1, rat) 1.0 nM 

AC-90179 50     8.4 nM 

MDL 100,907 49 -1% (1 µM, n = 1, rat) 0% (32 µM, n = 1, rat)  

Simple Tryptamines       

5-MeO-Tryptamine 358     152 nM 

5-MeO-NMT 208 52% (1 µM, n = 1)  91% (32 µM, n = 1)  525 nM 

5-MeO-DMT 15 57% (1 µM, n = 1)  87% (32 µM, n = 1)  558 nM 

6-MeO-2-Me-THBC 226 2% (1 µM, n = 1)  13% (32 µM, n = 1, rat) 1,521 nM 

Ethylene-bis-(5-MeO-NMT) 303 3% (1 µM, n = 1)  35% (32 µM, n = 1, rat) 1,696 nM 

Benzyl       

Benzyl 207 8% (1 µM, n = 1, rat) 37% (32 µM, n = 1, rat) 935 nM 

4-Br-benzyl 222 0% (1 µM, n = 1)  10% (32 µM, n = 1, rat) 857 nM 

nor-4-Br-benzyl 19 4% (1 µM, n = 2, ±0%) 83% (32 µM, n = 1, rat) 534 nM 

2-Substituted Phenethyl       

2-H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

2-Me 236 1% (1 µM, n = 1)  18% (32 µM, n = 1, rat) 19 nM 

2-F 256 0% (10 µM, n = 1)  2% (32 µM, n = 1, rat) 4.3 nM 

2-Cl 260 0% (1 µM, n = 1)  2% (32 µM, n = 1, rat) 5.5 nM 

2,5-Me 272 11% (1 µM, n = 4, ±7%) 41% (32 µM, n = 3, ±6%) 19 nM 

2-MeO 246 4% (1 µM, n = 1)  12% (32 µM, n = 1, rat) 20 nM 

2,5-MeO 276 21% (1 µM, n = 3, ±1%) 47% (32 µM, n = 1)  57 nM 

2,6-Cl -      

3-Substituted Phenethyl       

3-H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

3-Me 238 1% (1 µM, n = 1)  18% (32 µM, n = 1, rat) 30 nM 

3-AcO -      

3-MeO -      

3-Cl 262 2% (1 µM, n = 1)  40% (32 µM, n = 1, rat) 12 nM 

3-Br 268 3% (1 µM, n = 1)  58% (32 µM, n = 1, rat) 4.5 nM 

2,5-Me 272 11% (1 µM, n = 4, ±7%) 41% (32 µM, n = 3, ±6%) 19 nM 

3,5-Me 274 2% (1 µM, n = 1)  106% (32 µM, n = 1, rat) 12 nM 

2,5-MeO 276 21% (1 µM, n = 3, ±1%) 47% (32 µM, n = 1)  57 nM 

3,4-MeO 278 52% (1 µM, n = 4, ±5%) 75% (32 µM, n = 3, ±1%) 19 nM 

3,4-Cl 282 1% (1 µM, n = 1)  50% (32 µM, n = 1, rat) 19 nM 

4-Substituted Phenethyl       

4-H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

4-Me 240 1% (1 µM, n = 1)  22% (32 µM, n = 1, rat) 16 nM 

4-MeO 250 27% (1 µM, n = 2, ±1%) 82% (32 µM, n = 1, rat) 30 nM 

4-F 258 1% (1 µM, n = 1)  12% (32 µM, n = 1, rat) 19 nM 

4-Cl 264      

4-Br 270 1% (1 µM, n = 1)  60% (32 µM, n = 1, rat) 30 nM 

4-NO2 254 8% (1 µM, n = 1)  51% (32 µM, n = 1, rat) 413 nM 
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4-Ph 242 15% (1 µM, n = 4, ±4%) 55% (32 µM, n = 2, ±5%) 4.5 nM 

3,4-MeO 278 52% (1 µM, n = 4, ±5%) 75% (32 µM, n = 3, ±1%) 19 nM 

3,4-Cl 282 1% (1 µM, n = 1)  50% (32 µM, n = 1, rat) 19 nM 

Me-Substituted Phenethyl       

H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

2-Me 236 1% (1 µM, n = 1)  18% (32 µM, n = 1, rat) 19 nM 

3-Me 238 1% (1 µM, n = 1)  18% (32 µM, n = 1, rat) 30 nM 

4-Me 240 1% (1 µM, n = 1)  22% (32 µM, n = 1, rat) 16 nM 

2,5-Me 272 11% (1 µM, n = 4, ±7%) 41% (32 µM, n = 3, ±6%) 19 nM 

3,5-Me 274 2% (1 µM, n = 1)  106% (32 µM, n = 1, rat) 12 nM 

MeO-Substituted Phenethyl       

H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

2-MeO 246 4% (1 µM, n = 1)  12% (32 µM, n = 1, rat) 12 nM 

3-MeO -      

4-MeO 250 27% (1 µM, n = 2, ±1%) 82% (32 µM, n = 1, rat) 9.7 nM 

2,5-MeO 276 21% (1 µM, n = 3, ±1%) 47% (32 µM, n = 1)  57 nM 

3,4-MeO 278 52% (1 µM, n = 4, ±5%) 75% (32 µM, n = 3, ±1%) 19 nM 

F-Substituted Phenethyl       

H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

2-F 256 0% (10 µM, n = 1)  2% (32 µM, n = 1, rat) 4.3 nM 

4-F 258 1% (1 µM, n = 1)  12% (32 µM, n = 1, rat) 19 nM 

Cl-Substituted Phenethyl       

H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

2-Cl 260 0% (1 µM, n = 1)  2% (32 µM, n = 1, rat) 5.5 nM 

3-Cl 262 2% (1 µM, n = 1)  40% (32 µM, n = 1, rat) 12 nM 

4-Cl 264      

3,4-Cl 282 1% (1 µM, n = 1)  50% (32 µM, n = 1, rat) 19 nM 

2,6-Cl -      

Br-Substituted Phenethyl       

H 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

3-Br 268 3% (1 µM, n = 1)  58% (32 µM, n = 1, rat) 4.5 nM 

4-Br 270 1% (1 µM, n = 1)  60% (32 µM, n = 1, rat) 30 nM 

C2-Spaced Aromatics       

-CH2-CH2-Ph 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

-CH2-CH2-(3-indolyl) 284 20% (1 µM, n = 4, ±3%)  54% (32 µM, n = 2, ±2%) 9.9 nM 

-CH2-CH2-(5-MeO-3-indolyl) 286 51% (1 µM, n = 4, ±7%)  79% (32 µM, n = 1)  30 nM 

-CH2-CH2-(1-naphthyl) 288 14% (1 µM, n = 2, ±2%)    13 nM 

-CH2-CH2-(2-naphthyl) 290 6% (1 µM, n = 1)  78% (32 µM, n = 1, rat) 21 nM 

Phenyl-alkyl       

-CH2-Ph 207     935 nM 

-CH2-CH2-Ph 234 6% (1 µM, n = 1)  16%  (32 µM, n = 1, rat) 30 nM 

-CH2-CH2-CH2-Ph 316 1% (1 µM, n = 2, ±0%)  12% (32 µM, n = 1, rat) 20 nM 

-CH2-CH2-CH2-(3,4,5-MeO-Ph) 322 28% (1 µM, n = 4, ±3%)  57% (32 µM, n = 1)  156 nM 

-CH2-CH2-CH2-CH2-Ph 336 2% (1 µM, n = 1)  26% (32 µM, n = 1, rat) 50 nM 

-CH2-CH2-CH2-S-Ph 326 1% (1 µM, n = 1)  16% (32 µM, n = 1, rat) 9.1 nM 

Straight Chain Alkyl       

H 208 52% (1 µM, n = 1)  91% (32 µM, n = 1)  525 nM 

n-C1 - 57% (1 µM, n = 1)  87% (32 µM, n = 1)  558 nM 

n-C4 332 13% (1 µM, n = 2, ±2%)  47% (32 µM, n = 1)  721 nM 

n-C5 338 16% (1 µM, n = 2, ±1%)  72% (32 µM, n = 1, rat) 647 nM 

n-C6 -      

n-C7 -      

n-C8 344 6% (1 µM, n = 1)  118% (32 µM, n = 1, rat) 155 nM 
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n-C12 346 0% (1 µM, n = 1)  28% (32 µM, n = 1, rat) 253 nM 

n-C14 348 0% (1 µM, n = 1)  7% (32 µM, n = 1, rat) 192 nM 

n-C18 350 0% (1 µM, n = 1)  8% (32 µM, n = 1, rat) 13,907 nM 

C2-Branched Alkyl       

-CH2-cPr -      

-CH2-cPent 216 5% (1 µM, n = 1)  60% (32 µM, n = 1, rat) 1,194 nM 

-CH2-cHex 218 5% (1 µM, n = 1)  66% (32 µM, n = 1, rat) 1,277 nM 

-CH2-(2-Pr) 310 -1% (1 µM, n = 1)  74% (32 µM, n = 1, rat) 2,094 nM 

-CH2-(3-Pent) 334 2% (1 µM, n = 1)  47% (32 µM, n = 1, rat) 761 nM 

C3-Chain       

-CH2-CH=CH2 306 47% (1 µM, n = 2, ±7%) 94% (32 µM, n = 2, ±4%) 443 nM 

-CH2-CH≡CH 308 40% (1 µM, n = 3, ±3%) 93% (32 µM, n = 1)  279 nM 

-CH2-cPr -      

C3-Spaced Ring       

-CH2-CH2-CH2-cHex 314 8% (1 µM, n = 3, ±3%)  111% (32 µM, n = 2, ±20%) 157 nM 

-CH2-CH2-CH2-Ph 316 1% (1 µM, n = 2, ±0%)  12% (32 µM, n = 1, rat) 20 nM 

-CH2-CH=CH-Ph 318      

Carbonyls       

-CH2-COOMe 228 5% (1 µM, n = 2, ±4%)  45% (32 µM, n = 1, rat) 5,535 nM 

-CH2-COOtBu 230 2% (1 µM, n = 1)  38% (32 µM, n = 1, rat) 1,925 nM 

-CH2-CONH2 232 0% (1 µM, n = 1) 24% (32 µM, n = 1, rat) 16,519 nM 

-CH2-CH2-CN 294 1% (1 µM, n = 1)  28% (32 µM, n = 1, rat) 4,284 nM 

-CH2-CH2-CONEt2 302 16% (1 µM, n = 3, ±0%)  36% (32 µM, n = 1)  697 nM 

-CH2-CH2-OAc -      
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