
Non Imidazole H3 Receptor 
Histamine Antagonists

A thesis presented to the University of London in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy

by 
Fabien Leurquin

U C L

July 1999

University College London 
Chemistry Department 

Christopher Ingold Laboratories 

20 Gordon Street London WCIHOAJ

Attention is drawn to the fact that copyright o f  this thesis rests with its author. This copy o f  the thesis 
has been supplied on condition that anyone who consults it is understood to recognise that the copyright 
rests with its author and that no quotation from the thesis and no information derived from it may be 
published without prior consent o f  the author.



ProQuest Number: U642877

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U642877

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Abstract

ABSTRACT

Histamine is a biogenic amine inducing a range of physiological responses through three 

receptor subtypes. The role of the presynaptic H3 receptor in the central nervous system 
is regulatory by way of a negative feedback mechanism. A brain-penetrating Hg-receptor 
antagonist would increase neurotransmission and is likely to have therapeutic applications 
in the treatment of disorders such as memory and learning deficits, sleep disturbance, 
epilepsy and Alzheimer's disease.

So far, a common feature among Hg-receptor ligands is an imidazole ring which is very 
polar and gives poor lipophilicity. This can be detrimental to brain penetration, hence it is 
important to design non imidazole antagonists that are less polar in order to increase brain 

penetration. However, it is thought that the imidazole ring is essential for activity at H3 

receptors.
By adding an alkyl spacer and a lipophilic group which is thought to reach an additional 
binding site, we were able to remove the imidazole ring without losing the activity.
The aryloxyalkylamines prepared by various known synthetic methods were submitted as 
salts of an organic or inorganic acid to facilitate their solubility in water. Their biological 
activity was determined in rodents on brain preparations {in vitro) or given orally to live 
animals (in vivo).

Modifications of the structure of the lead compound and structure-activity studies led to 
the synthesis of a series of orally active substituted phenoxypropylpiperidines some of 

which are the most potent non imidazole H3 receptor antagonists described so far. Over 
100 novel compounds were prepared and tested for this project. The most active of them 
is at least twice as potent in vitro and 8 times as active in vivo as the reference H3-receptor 
antagonist thioperamide.

In addition, another series of aryloxyalkylamines as antagonists at the NMDA receptor is 
investigated.
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ABBREVIATIONS

Ac acetyl
AD Alzheimer's disease
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CNS central nervous system
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dec. (melting point) decomposition
def (infra red spectroscopy) deformation
DIAD diisopropylazodicarboxylate
DMSO dimethyl sulfoxide

EC50 concentration of agonist giving a 50% maximum response
EOF extracellular fluid

ED50 effective dose of drug giving a 50% maximum response
EI-MS (mass spectrometry) electron impact
eq (nuclear magnetic resonance) ring equatorial protons
ES-MS (mass spectrometry) electrospray
FAB-MS (mass spectrometry) fast atom bombardment
FL identification label (Fabien Leurquin)
FUB Freie Universitat Berlin
GI gastro-intestinal
G-protein guanine nucleotide-binding protein
HPLC high performance liquid chromatography
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IR infra red spectroscopy
lUPAC International Union of Pure and Applied Chemistry

Kb dissociation constant of an antagonist

Ki inhibition constant of an antagonist
KIP (thin layer chromatography) potassium iodoplatinate
P partition coefficient between two solvents
[M]+ (mass spectrometry) molecular ion
MEK methyl ethyl ketone (2-butanone)
[MH]+ (mass spectrometry) protonated molecular ion
min minutes
MNOBA (mass spectrometry) 3-nitrobenzyl alcohol
mp melting point
MS mass spectrometry
MW molecular weight
n.d. not determined
NMR nuclear magnetic resonance

pA2 negative logarithm of the dissociation constant
PAGE polyacrylamide gel electrophoresis
PET positron emission tomography
Ph phenyl
pH negative logarithm of the hydrogen ion concentration
psi lb/in2, pounds per square inch (1 psi « 70.37 10^ Pa)

pKa negative logarithm of the dissociation constant of an acid
po orally (per os)
ppm parts per million
Rf (thin layer chromatography) retention factor
RP 2-ribosyl-5-phosphate
Rt (high performance liquid chromatography) retention time
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SDS sodium dodecyl sulfate
str (infra red spectroscopy) bond stretching
TFA trifluoroacetic acid
THF tetrahydrofuran
TLC thin layer chromatography
TM trans-membrane region
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I s tosyl (4-methylphenylsulfonyl)
UCL University College London
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L Introduction

1 . INTRODUCTION

1.1 Histamine

The first occurrence in the literature of histamine (figure 1.1) dates back from 1907 when 
it was synthesised by Windaus and Vogth At that time, histamine was no more than a 

new entry in the fast growing list of man-made chemicals. Its biological significance was 

not recognised until much later. In 1910, histamine was found in ergot extracts-. 

Ackermann^ showed that it was naturally produced by bacterial decarboxylation of the 

amino-acid histidine. The following year, histamine was isolated from animal tissues'^. 
Dale and Laidlaw^-^ identified histamine as a potent stimulant of smooth muscle 

contraction and later Popielski^ showed that histamine stimulates gastric acid secretion. 
The natural occurrence of histamine in many living tissues, including the brain, was 
determined in 1919® but the general belief was that histamine played a pathological role, 
being released in response to injuries^ '^. Although histamine was found in the central 
nervous system as early as 1919, its role as a neurotransmitter was not suggested until 

1975“ . To date, three receptor subtypes. H i, and H3 , mediating the actions of 
histamine have been identified.

5(4) NH

HN,

Figure 1.1: Histamine and its nomenclature *-

Histamine, or 2-(imidazol-4(5)-yl)ethylamine, is a fairly small and simple molecule, 

formed from the substitution of an imidazole ring by an ethylamine side chain. The 

nomenclature of histamine (figure 1 .1) ‘2, derived from the lUPAC nomenclature for 
histidine uses the Greek letters n  for "pros" (near) and t for "tele" (far) to discriminate the 

two nitrogen atoms on the imidazole ring. The two side chain carbon atoms are identified 
as a  and P from the terminal nitrogen.
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In aqueous solution, histamine can present one neutral and up to three ionic forms: at low 

pH, histamine is fully protonated and is a dication. The imidazolium ion is the stronger 

acid with a pKa = 5.8 at 37°C. The side chain amino group has a pKa = 9.4 at 37°C and 
the weaker acid is the imidazole ring with a pKa about 14 to give the imidazolyl anion 

Because of its tautomeric nature and basic properties, histamine in solution appears as a 

mixture of tautomers and ionic species (figure 1.2 ).

NH

HN, NH

NH NHNH

H N ,^N H

NHNH

NH

Figure 1.2: Ionic and tautomeric equilibria of histamine

At physiological pH (7.4), histamine is mainly monoprotonated on the side chain nitrogen 

atom (the contribution by the imidazolium monocation is not significant), representing 
96.6 % of the species while the dication forms 2.4 %, and the neutral molecule 1 % of the 

species. The presence of the anion is negligible. In the proximity of some membranes, the 

pH of the medium can be much lower, and the dication could represent the predominant 

species. In solution, histamine monocation exists predominantly as the N^-H tautomer'"^.
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The imidazole ring is a delocalised 6tc electron system, hence it is planar but the flexible 

side chain of histamine gives rise to different conformers of the molecule. The preferred 
conformations of the substituents on the ethylene side chain (C a-C p) are trans and 

gauche Î  (figure 1.3). According to extended Hiickel molecular orbital ca lcu la tio n san d  

nuclear magnetic resonance^"^, in aqueous solution, the monocation occurs as a 

mixture of the trans and gauche conformers with a slight preference for the trans isomer.

H H H
H N ^ \ b .'H

L /
: H ^ :
H H NH3+

H3N+ H H
>

H
r—<

H H 
>— <

■ " ■ O '
-H I m /&- NHg"̂  Im -f C—̂ H

H H H H
—<

H3N+ H

Gauche Trans Gauche

Figure 1.3: The preferred conformations of histamine monocation in aqueous solution

The orientation of the plane of the imidazole ring with respect to the side chain can 
assume all positions from a dihedral angle of 0° to 90° and a small energy barrier exists 
for the rotation along the C4(5)-Cp axis* .̂

Histamine is very polar and hydrophilic, with a low value for the partition coefficient 

measured between octan-l-ol and water: logP = - 0 .7 ‘8. The high hydrogen bonding 

ability of histamine comes from the fact that the ammonium group is a hydrogen bond 
donor and the imidazole ring is both donor and acceptor, or, in the case of the dication, 
the imidazolium ion is a donor.

Basicity, tautomerism, conformational flexibility, polarity and hydrogen bonding are 

factors that can greatly affect the way histamine interacts with its receptors. A relatively 

simple small molecule turns out to be potentially very complex in a physiological 
environment.

Histam ine is very hydrophilic, and strongly hydrogen bonded. M oreover, the 

predominant species at physiological pH is the monocation, which is not likely to cross 
lipid bilayers. However, histamine can be found in a wide variety of tissues (hence its
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name), including the brain. It is synthesised in situ from the amino acid L-histidine by an 

enzymatic decarboxylation process (Scheme 1.1)^^ via a specific enzyme, L-histidine 
decarboxylase^®.

NH^

H N ^ N  COOH

L-histidine

L-histidine
decarboxylase

NH

H N ^ N

histamine

histamine 
N-methyl transferase

diamine
oxidase

NH-

HsC - N ^ N

N^-methylhistamine

COOH 

H N ^ N

imidazolyl acetic acid

monoamine
oxidase

phosphoribosyl 
phosphate transferase

r = ^  COOH 

H j C - N ^ N

N^-methylimidazolyl acetic acid

r = r  COOH
R P-N ^ .  N

imidazolyl acetic acid 
ribosyl phosphate

Scheme 1.1: Biosynthesis and catabolism of histamine
(RP = ribosyl phosphate)

O
I I

-O — P — O — 1
I
o- A

OH OH
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In the CNS, storage of histamine occurs in neurons (in synaptic vesicles) and mast cells 

(in g ra n u le s )H is ta m in e  is released upon K+-induced depolarisation. No specific 

reuptake mechanism has been identified and, after release, deactivation of histamine can 
occur via different mechanisms: either méthylation in the ring to give N'^-methylhistamine 
or oxidation to imidazolyl acetic acid via diamine oxidase. In the mammalian brain, the 
major pathway is via méthylation of the distal imidazole nitrogen by a specific enzyme, 

histamine N-methyl transferase (HMT)-h N'^-Methylhistamine is inactive at all three 
histamine receptor subtypes^-'^^. Further catabolism is achieved by oxidation of the amine 

side chain by monoamine oxidase, leading to the final m etabolite, N''̂ - 
methylimidazolylacetic acid (Scheme l.l)^k

1.2 The histamine H i receptor

The first pharmacological effects discovered for histamine involved mainly the stimulation 
of smooth muscle contraction in the uterus, respiratory system and intestinal tract and a 
narcotic action^. A confusing result was a vasodilator effect in monkeys, dogs and rabbits 
but a vasoconstrictor effect in rodents or frogs^.
Histamine is an important mediator of allergic reactions and asthma. It is stored in mast 
cell granules and released, along with other inflammatory mediators, upon degranulation 
in response to mast cell activation by factors such as immunoglobulin E (IgE)-" .̂

The consequences of histamine release are a contraction of the smooth muscle of the 

respiratory tract that causes bronchoconstriction (bronchospasm), on the vascular system, 
a vasodilation causing a fall in blood pressure and also an increase in capillary 

permeability causing skin reactions. Not surprisingly, research focused on the discovery 
of compounds blocking these effects, aiming to find potent antiallergic agents.

The first antihistamines were discovered in 1937-^-6 and a wide range of structures have 

since been developed. In 1966, Ash and Schild-^, using the pAx notation Schild 
introduced earlier to classify antagonism and receptor homogeneity-^ - ,̂ proposed the 

term Hi receptor to describe the subclass of receptors sensitive to antihistamines, which 
were then renamed Hi antagonists.

Hi receptors have since been also found in the CNS. While Hi-receptor activation in the 

periphery causes the symptoms of anaphylactic shock, in the CNS, their activation is 
linked to arousal and wakefulness^^.
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R3, R4 = small alkylRi, R i = arom atic

general form ula

CHCH CH

CH CH

diphenhydram inem epyram ine

Figure 1.4: General formula and some examples of classical Hi antagonists

The structure of classical Hi antagonists (figure 1.4) is generally that of an amine bearing 
two small substituents (typically methyl or forming a pyrrolidine ring) and connected by a 
short carbon chain to an atom (N, O or CH2) linking it to an aromatic moiety, consisting 

generally of two aromatic groups (phenyl, benzyl or pyridyl) which may be fused.

Many classical Hi antagonists have been used successfully to treat the symptoms of some 

conditions such as allergic rhinitis, conjunctivitis and dermatitis. However, their use is 
limited, for example in asthma, due to the fact that histamine is not the only mediator 
involved^* and other therapies have been developed, like the use of [3-adrenoceptor 

agonists such as salbutamoP-.

Another important factor limiting the use of the classical antihistamines is the occurrence 

of side effects. The main side effects resulting from the use of classical H | antagonists are 
sedation and impaired performance. All classical H i antagonists are highly lipophilic 

molecules and very likely to cross the blood-brain barrier (BBB) and enter the central 
nervous system (CNS). While blockade of peripheral Hi receptors will cause the desired 

pharmacological effect, antagonist action directed at Hi receptors in the CNS is believed 
to cause sedation^^.

This side effect has been turned into an asset with dim enhydrinate, the 8 - 

chlorotheophyllinate salt of diphenhydramine, also known as Dramamine®, the famous 

anti motion sickness drug, which is a centrally-acting Hi antagonist. The tricyclic 

antidepressants, which act in the CNS as inhibitors of serotonin and noradrenaline



L Introduction 14

reuptake, were first designed as potential antihistamines^^. Amitriptylin and doxepin 

(figure 1.5) are among the most potent H i-receptor antagonists^^. However, these 

compounds are not Hi-receptor selective and their therapeutic effectiveness is a result of a 

combination of activities'^.

am itrip ty lin

N —

doxepin

N —

Figure 1.5: Some tricyclic antidepressants

Other side effects affecting the use of classical antihistamines have been linked to a poor 
selectivity towards the Hi receptor and antagonism at other types of receptors like an 
antimuscarinic effect̂ "̂ .

CH

CH

COOH

trip ro lid ine
(classical)

acrivastine 
(non sedative)

Figure 1.6: Triprolidine, a classical Hi antagonist
and acrivastine, a non sedative Hi antagonist
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One of the successful approaches for improving Hi antagonists was the design of drugs 
with reduced CNS penetrability. An example can be seen in figure 1.6: from the structure 

of triprolidine, a classical antagonist, the addition of a hydrophilic acrylic acid group 
greatly reduces the lipophilicity of the molecule.

Although the in vitro activity of acrivastine is lower than that of triprolidine, it is about ten 

times more active in vivo after oral administration in the guinea-pig and shows poor CNS 

penetration in rats^*. Thus, acrivastine is much less likely to cause sedation through 

activation of centrally located receptors.

CH

CH CH
0CH2CH2N(CH3)2

chlorpheniram ine 4-m ethyI-diphenhydram ine

Figure 1.7: Stereoselectivity at the Hi receptor

An interesting requirem ent for antagonism at the H i-receptor is a regio and 
stereoselectivity: the trans isomer of triprolidine (figure 1.6 ) is three orders of magnitude 
more active than the corresponding cis isomer^^. More interestingly, the (+) enantiomer of 

chlorpheniramine (figure 1.7) is at least two orders of magnitude more active than its (-) 

enantiomer^®. Other Hi antagonists exhibit stereoselectivity of the same order: the 4- 
methyl derivative of diphenhydramine (neobenodine) for example"^

Hi-receptor agonists (figure 1.8 ) have received less attention than antagonists: this is due 

to the fact that they have a more limited therapeutic use. However they are important tools 
for pharmacological research.
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NHCHNH

2 -pyridylethylam ine betahistine

NH NH

HN

CH

2 -m ethylhistam ine 2 -thiazolylethylam ine

Figure 1.8: Some Hi-receptor agonists

The most successful approach for the design of Hi-receptor agonists is the modification 
of the imidazole moiety. The retention of an heterocycle containing a nitrogen atom in the 
ortho position with respect to the side chain is, however, necessaiy to maintain agonism. 

A wide range of heterocyclic ethylamines (pyridyM-, pyrimidyM^, thiazolyM, triazolyH^, 
pyrazolyl*'^...) have been shown to possess an agonist activity, although usually quite 
weak. Imidazole itself can be successfully substituted on the 2-position. 2-[3- 

(Trifluoromethyl)phenyl]histamine and 2-[3-(bromomethyl)phenyl]histamine, two very 

potent and highly selective Hi-receptor agonists (figure 1.9) have been obtained by such 

a substitution. They are more active at the Hi receptor than the endogenous agonist, 
histamine"^^.

^  N H ;

H N ^ N HN N

A A
Br CFg

2-(3-brom ophenyl) 2-(3-trifluorom ethylphenyl)
h istam ine histam ine

Figure 1.9: Two potent Hi-receptor agonists
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Modifications of the side chain have often resulted in the loss of agonist activity. Methyl 

substituents on the side chain nitrogen are tolerated but lead to poor selectivity (they are 

potent agonists at the H3 receptor) and decreased potency.
Interestingly, there seems to be no stereospecific requirement with regard to agonists of 

the H] receptor"^^. The fact that compounds like 2-pyridylethylam ine or 2- 

thiazolylethylamine, which do not have the ability to tautomerize, are active compounds at 

Hi receptors, whereas their isomers, 3-pyridylethylamine and 5-thiazolylethylamine, are 

inactive seem to indicate that the active form of histamine at Hi is the N'^-H tautomer^^. 

This hypothesis explains the need for a ring nitrogen in the ortho position with regard to 
the side chain.

Betahistine (figure 1.8) is used as a treatment of Meniere's diseasê ^̂  ̂a condition in which 

a sclerosis of the capillaries in the stria vascularis causes attacks of vertigo, tinnitus, 
deafness. It is believed that these symptoms are alleviated through the Hi-receptor agonist 
vasodilator effect.

The first radioligand available for the study of Hi receptors was tritiated mepyramine-'’'̂ . 

Mepyramine (figure 1.4) was among the first Hi antagonists. It is very selective and has 
a high affinity for the Hi receptor^f Together with diphenhydramine, it was used by Ash 
and Schild-7 to define the Hi receptor. [^HjMepyramine is still the main radioligand used 
for Hi receptor labelling. [^^^I]Iodobolpyramine is a very sensitive iodinated 
radioligand^- and another ligand, [^^^IJiodoazidophenpyramine, binds irreversibly to H | 

receptors upon UV irradiation^^. Thanks to these ligands, the localisation of Hi receptors 
in many tissues (including the brain) of various animal species has been determined by 
autoradiography. Another radioligand, [HC]mepyramine, has been used to label Hi 

receptors in the brain in vivo in animals and man by positron emission tomography 
(PET)54.

The Hi receptor is present in a wide range of tissues: it can be found in the brain, in 

airways, smooth muscle (vascular, intestinal and genitourinary), endothelial cells, and 

many other organs and tissues^^. In the mammalian brain itself, the Hi receptor 

concentration is in the same range as that of receptors to other neurotransmitters but its 
density and distribution vary between species^ f

The Hi receptor has now been cloned in several animal species. Like all histamine 

receptor subtypes, it belongs to the superfamily of G-protein-coupled receptors and is 

believed to contain seven trans-membrane domains. Its sequence contains from 486 to 

491 amino acids according to different species (487 in humans), with a molecular weight
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around 56 kDa^5. Within the trans-membrane domains, there is a high similarity between 

the amino acid sequences from different species.
Following site-directed mutagenesis, a clearer understanding of the amino acids involved 
in the recognition and activation of the receptor has been possible (figure 1.10). An 

aspartic residue (107) was found to be essential for agonist and antagonist binding. This 

residue is thought to interact with the side chain amino group. Another important amino 

acid was the asparagine in position 198 which interacts with the imidazole ring. This 
residue is only necessary for agonism^^.

NH

NH

Figure 1.10: Hi amino acids involved in histamine recognition

Activation of the H% receptor in turn activates, via a G-protein, an effector enzyme, 
phospholipase C, which breaks down inositol phospholipids to inositol-1,4,5- 
triphosphate (IP3) and diacylglycerol (DAG)^^. IP3 is responsible for increasing 

intracellular Ca^+ concentration^^. The consequences of the elevation of intracellular Ca-+ 

levels are the activation of enzymes such as nitric oxide (NO) synthetase. Production of 

nitric oxide, a known vasodilating agent, has been linked to histamine stimulation in 
cultured endothelial cells^^.

1.3 The histamine H2 receptor

Some of the actions of histamine, such as the stimulation of isolated atriâ <̂  and of gastric 
acid secretion^h were not antagonised by antihistamines. In 1966, the first subdivision of 

histamine receptors was proposed and it was also suggested that at least another subtype 

of histamine receptors was involved in the mediation of such actions-^. The development 
of burimamide (figure 1 .11) and other selective antagonists allowed the identification of 
the H] receptor in 1972-^ .̂

At the Smith Kline & French laboratories, the search for an antagonist of histamine- 
induced gastric acid secretion started in 1964 with modifications of the endogenous
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agonist, histamine. The side chain nitrogen and position 4(5) of the imidazole ring were 

identified as the two possible sites tolerating substitution without substantial loss of 

receptor binding^^. The first breakthrough came with N^-guanylhistamine (figure 1.11) 

which was a weak partial agonist and very weak antagonists^. From this compound, the 

length of the side chain was increased by one carbon, to give 3-(imidazol-4- 

yl)propylguanidine with increased antagonist activity. In order to favour antagonism, the 

basic guanidine was replaced by neutral groups, less likely to mimic the protonated side 
chain of histamine. The N-methyl thiourea derivative showed a reduced antagonist 
activity but did not possess any agonist activity. Another increase in the chain length gave 

burimamide. Burimamide was the selective antagonist that defined the H] receptor and 
effectively inhibited histamine-induced gastric acid secretion"^ .̂

NH

NH

N“-guanyIhistamine

CH CH
HN. HN,

burimamide metiamide

HN, N-CN

cimetidine

Figure 1.11: The development of the H% antagonist cimetidine

Because burimamide was not orally active, further improvements were needed. A study 

of the various possible conformers and tautomers of burimamide in solution showed that 

the side chain of burimamide is more likely to favour the N^-H tautomer through an 

electron-releasing influence^^. However, histamine in solution prefers the N'^-H 

tautomeric form. Besides, the conformation believed to be favourable for H2-receptor 

binding is also the other tautomeric form of h is ta m in e I n  order to favour the N^-H
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tautomer, a methyl group (electron-releasing) was introduced in position 4(5) of the 

imidazole ring, and the polarity of the side chain vas reversed by replacing the second 

methylene by an isosteric sulfur atom. This gave metiamide^"^ (figure 1.11), which was 
potent and orally active, but induced some degree of toxicity in human trials. In an 
attempt to overcome this problem, the thiourea group was replaced by an urea (O in place 

of S) or a guanidine (NH in place of S). These compounds were less active than 
metiamide. However, contrarily to N“ -guanylhistamine which was a weak partial 

agonist, the guanidine analogue of metiamide was a pure antagonist. In order to reduce 

the basicity of the guanidine group (guanidinium pKa = 14.5)^^ and bring the pKa closer 

to that of the neutral thiourea of metiamide, electronegative substituents were introduced 

on the nitrogen^^. The cyano and nitro substituents were sufficiently electron-attracting to 

lower the pKa of the guanidine to the desired range (cyanoguanidinium pKa = -0.4)^^. 
The cyanoguanidine derivative, cimetidine, has a similar physicochemical profile as 
metiamide, is similarly active in vitro and in vivo and does not show toxicity^^. 

Cimetidine (Tagamet®) has been marketed since 1976 for the treatment of peptic ulcers^^.

The discovery of burimamide and subsequently cimetidine is a good example of rational 

drug design and development, and was designated "the first international historic 
chemical landmark" by the Royal Society of Chemistry and the American Chemical 
Society in November 1997^ .̂

CH

CH-NO

CH
ranitidine

CH

N-SOiNH

CH NH

N-CN

NH NH
tiotidine famotidine

NH NH

Figure 1.12: Some H2 antagonists
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Many other H2 antagonists, more potent than cimetidine, have since been prepared by 
replacement of the imidazole moiety with another 5-membered 6 k  electron ring system 

with added basic groups (figure 1.12). These compounds are highly hydrophilic due to 

their protonated basic centres and hydrogen bonding properties, and they do not readily 
cross the blood-brain barrier. This is a useful feature for peripherally acting drugs.

zolantidlne

Figure 1.13: Zolantidine, a brain-penetrating H2 antagonist

However, the need exists for brain-penetrating H2 antagonists to study H2 receptors in 
the CNS. Zolantidine (figure 1.13) is interesting in that respect: its structure is very 
lipophilic with a benzothiazole and a phenol ring and zolantidine is a potent and selective 
brain-penetrating H2 antagonisf^o.

NH

HN NH

impromidine

NHCH

CH

NH NH

dimaprit amthamine

F igure 1.14: Some H2 receptor agonists

As with Hi agonists, because of limited application, less attention has been given to H] 

agonists. 4-Methylhistamine was the first H2-selective agonist described"*^. Histalogue^', 

a pyrazole analogue of histamine and very weak Hi agonist, was the first H] agonist used 

clinically as a gastric secretory stimulant^--^^. Some very potent compounds have been



1. Introduction 22

prepared; impromidine (figure 1.14) and its analogues'^are much more potent than 
histamine but display H 3 (and to a lesser extent H i) antagonist properties as well. 
Amthamine (figure 1.14) is a highly potent and specific agonist'^-\ Dirriaprit'^^ (figure 

1.14) and analogues'^'^ represent another type of H2 agonists devoid of significant activity 

at other histamine receptor subtypes.

H 2 agonists are potential candidates for the treatment of congestive heart failure"^ .̂ 
However, their use can be limited because of the stimulation of gastric acid secretion 
resulting from H2-receptor activation in the stomach.

The search for radioligands to study the H2 receptor has not been as successful as for the 
Hi receptor. [^H]Cimetidine and [^HJranitidine gave disappointing results. pH]Tiotidine 
was more useful for the labelling of H2 receptors in the guinea pig brain but not 
peripheral tissues. ^^IJIodoam inopo ten tid ine  and ano ther analogue, 
[^^^IJiodoazidopotentidine, an irreversible antagonist, have been used successfully to 
map the distribution of the H2 receptor in the brain'^  ̂and to study the receptor protein.

N H ,
N-CN

[ I]iodoaminopotentidine

Figure 1.15: [^ lo d o am in o p o ten tid in e , a radioligand for the H] receptor

H2 Receptors are present in the CNS and peripheral tissues. In the human brain, they are 

widely distributed^^. The role of these receptors in the CNS has not yet been fully 
elucidated but it seems that H2 activation leads to a potentiation of excitation^' and an 
enhancement of synaptic transmission^-. In the periphery, they are mainly found in 
cardiac tissue^^^ where stimulation has a positive chronotropic effect in the right atria and 

a positive inotropic effect on the ventricular muscle, and gastric cells^^, controlling gastric 
acid secretion. H2-Receptor activation causes smooth muscle relaxation in airways, uterus 
and the vascular system^^.se Finally, H2 receptors play a role in the modulation of 

immune responses via inhibition of histamine release from basophils and mast cells, and 
of other immune functions^^.
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Like H i, the H] receptor has also been cloned for several animal species, including 

man^"^. It is a G-protein-coupled receptor with a 358 (rat) or 359 (dog, guinea pig, 

human) amino acid sequence, and a molecular weight around 40 kDa. Several 

glycosylation sites have been identified on the amino acid sequence and the molecular 

weight of the glycosylated native protein may thus be much greater than that of the cloned 
receptor. By analogy with other G-protein-coupled receptors, it was found that an 
aspartic acid residue (98) in the third trans-membrane domain is essential for binding to 

agonists and antagonists^^.

The second messenger mechanism for H2 receptors involve adenylyl cyclase activation 
via GTP-binding protein Gg^o. This results in cAMP accumulation in the cell, and this 
histamine-induced cAMP accumulation has been successfully used to locate H] receptors 
in different tissues.

1.4 The histamine H3 receptor

From the 1970's, a role for histamine as a neurotransmitter was suggested", and in 1983 
the existence of a third receptor subtype was proposed when it was discovered that 
histamine, very much like other neurotransmitters, can inhibit its own release from 
depolarised slices of rat cerebral cortex^^. The presence of this third subtype was 
confirmed in 1987 with the discovery of a potent and selective agonist, (R )-a- 
methylhistamine^^.

The H 3 receptor was first identified in the CNS, but was subsequently found in the 

periphery as well. Its mode of action is different from the two other receptor subtypes. 

Whereas H i and H2 are postsynaptic receptors, releasing their second messengers upon 
activation by histamine, the H3 receptor is situated presynaptically. Its role is to regulate 

the amount of neurotransmitter by a negative feedback mechanism. In the CNS, it 

functions as an autoreceptor on histaminergic neurons to regulate not only the release but 
also the synthesis of histamine^^. But H3 receptors are also found on non-histaminergic 

neurons, where they act as heteroreceptors to regulate the release of other 
neurotransmitters such as acetylcholine^^, noradrenaline^^, dopamine^- and serotonin^-^

In the periphery, H3 heteroreceptors have been identified in the airways and the gastro
intestinal (GI) tract, where they regulate the release of acetylcholine, noradrenaline, 
serotonin and various neuropeptides^"^.

At present, despite some discrepancies regarding the activities of different H3 ligands, 
there is no conclusive proof of H3-receptor heterogeneity^^.



1. Introduction 24

L-Histidine
 ^  fflSTAMINE
Decarboxylase

L-HISTIDINE HISTAMINE

cAMP

Synaptic cleft

Nerve ending Effector cell

Figure 1.16: Histaminergic neurotransmission:
Histamine activates postsynaptic Hi and H2 receptors and the presynaptic H3 receptor 
which, in turn, inhibits (-) the release of histamine and its synthesis from L-histidine

A schematic representation of the role of presynaptic H3 receptors in histaminergic 

transmission is shown in figure 1.16: upon arrival of an action potential at the nerve 
ending, histamine is released in the synaptic cleft and activates the two types of 
postsynaptic receptors Hi and H2 , causing the release of their second messengers 
(inositol triphosphate IP3 , diacyl glycerol DAG and cyclic adenosine monophosphate 

cAMP) leading to the cellular response. Histamine also activates the presynaptic H3 

receptor causing auto-inhibition of its release from the nerve ending and of its synthesis 

from L-histidine. Histamine is then deactivated by N'^-methyl transferase and the 
metabolites excreted.

1.5 Histamine Hs-receptor agonists

Many histamine derivatives have been synthesised as potential H3-receptor agonists. 
Replacement of the imidazole ring by other heterocycles led to a complete loss of agonist 

activity. Any alkyl substitution on the imidazole ring (N^, C2 or C4, table 1.1), as 

well as elongation of the side chain to propylamine or butylamine is not tolerated. A more 

successful approach was an alkylation (essentially a méthylation) of the side chain carbon 
or terminal nitrogen atoms. (R)-a-Methylhistamine (figure 1.17) was the first selective 

agonist that helped characterise the H3 receptor^". It is a very potent agonist (15 times as 

potent as histamine) and possesses a very good selectivity for the H3 receptor in vitro 
(table 1.1). However, (R)-a-methylhistamine is also a very good substrate for histamine
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N-methyl transferase, the enzyme responsible for the deactivation of histamine (scheme 

1.1), resulting in a very short half-life of the compound in vivo. The poor in vivo activity 
also stems from the fact that (R)-a-methylhistamine is a very polar compound that does 

not readily enter the CNS. In.prder to overcome this short half-life and to increase the 

lipophilicity of the compound so as to improve its brain penetration, azomethine prodrugs 

were designed (such as BP2.94, figure 1.17) with a brain penetration correlated to their 

lipophilicit)^^^ and a better oral activity^^

NH N =

HN CH HN. CH

(R )-a-m ethylhistam ine BP2.94

Figure 1.17: (R)-a-Methylhistamine and an azomethine prodrug

The other enantiomer, (S)-a-methylhistamine, is much less active, indicating a high 
enantioselectivity at Hg receptors. Alkylation at the P position is also favoured as the 
unresolved (±)-p-methylhistamine displays a better agonist activity than histamine itself. 
Dimethylation on a  and p carbons gives another very potent and very selective agonist, 

(R)-a,(S)-p-dimethylhistamine, two orders of magnitude more active at Hg than the (S)- 
a,(R )-p isomer (table 1.1).

Agonist Hi H 2 H3
Histamine 100 100 100

N'^-methylhistamine-^ 0.42 < 0.1 < 4
N^-methylhistamine-3 < 0 .0 1 < 0.1 < 4

2 -methylhistamine-^ 16.5 4.4 < 0.08
4-methylhistamine-^ 0.23 43 < 0.008

(R)-a-methylhistamine^'^ 0.5 1 1550
(S)-a-methylhistamine'^^ 0.5 1.7 13

(R)-a,(S)-p-dimethylhistamine^s 0.07 0 .1 1800
N“-methylhistamine-3 72 74 270

N“ ,N“ -dimethylhistamine-3 44 51 170

Table 1.1: relative potencies of some histamine derivatives
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N^^-Methylhistamine is also a potent agonist, although much less selective for the Hg 
receptor. Dimethylation on the nitrogen is tolerated but bulkier substituents either decrease 

the activity or convert the compounds into antagonists.
Cyclopropylhistam ine can be viewed as a more rigid analogue of a  (or [3) 

methylhistamine. The trans isomers are the most active with the (R,R) isomer (figure

1.18) one order of magnitude more active at Hg than the (S,S) isomer^^.

n . n
/ = \ r = < ^H N ^ N H N ^ N  CH j

(R ,R)-cyclopropylhistam ine im m epyr

Figure 1.18: Cyclic analogues of histamine as Hg agonists

Other cyclic analogues of histamine have been prepaied. Inclusion of the ethylamine side 
chain in a pyrrolidine ring is well accommodated (immepyr, figure 1.18), provided the 
right stereochemistry is chosen, and some analogues are also active but the piperidine 
analogue is not favoured

Some non chiral agonists have been described: a cyclisation to a piperidine ring 

accompanied by a lengthening of the side chain gives immepip (figure 1.19), which is a 

very potent agonist'^^ even though the total distance between the amine function and the 

imidazole ring is much greater than in histamine. The N-methyl derivative and other 
analogues are potent agonists as well'®-.

NH NH

HN. HN, NH

X = S:
X = CH.:

imetit
SK&F 91606

im m epip

Figure 1.19: Other histamine Hg receptor agonists

Other Hg agonists have been prepared by replacement of the side chain amino group by 

different basic moieties. The best known example of this series is i m e t i t ( f i g u r e
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1.19), where the amino group is replaced by an equally basic isothiourea, the pKa of S- 

methylisothiouronium ion being close to that of histamine monocation; 9.84 at 20°C in 
water^05 Along with the amidine analogue SK&F 91606^°^ (figure 1.19), they are 

possibly the most potent full Hg agonists reported (at least 60 times more potent than 
histamine).

X = H
,— X = F

H N ^ N X = C1
X = Br
X = I

Figure 1.20: The proxy fan series

Partial agonism has been detected in a series of benzyl ethers originally described as Hg 
antagonists^^ (figure 1.20). This is interesting because these compounds do not possess a 
basic moiety on the side chain. The intrinsic activities range from very low (a  = 0.15) to 
very high (a  > 0.8) depending on the halogen substituent*®^. However, the results are 

confusing because of variations between studies.

1.6 Histamine Hg-receptor antagonists

The first potent and selective Hg antagonist described was thioperamide"*^ (figure 1.21). 
In the structure of thioperamide, the elongated side chain has been included into a 

piperidine ring and the amine replaced by a neutral thiourea substituted with a lipophilic 
cyclohexyl group.

r= '

thioperam ide

Figure 1.21: Thioperamide, the first Hg antagonist
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Nowadays, thioperamide is still the reference H3 antagonist. It is very active in vitro (K, 

= 4.3 ± 1 .6  nM)"̂ "̂  but relatively high doses are required in vivo (ED50 = 1.0  ± 0.4 
mg/kg)'0 .̂ Besides, the thiourea is not a desirable moiety because of its potential toxicity 

(see the antagonist metiamide).

Since the discovery of the H3 receptor subtype and of thioperamide, a wide range of 

antagonists have been prepared. The main sources of H 3 antagonists have been 
modifications of known histamine receptor ligands. From the endogenous agonist, the 
effects of a change in the length of the side chain on H3 activity was investigated 

(figure 1.2 2 ).

pA

/ = (
H N ^ N

— I—  

10 12

n

Figure 1.22: H3  Activity of histamine homologues

Any alteration of the chain length led to a total loss of efficacy. The lower analogue 4- 

aminomethylimidazole (n = 1) is inactive while all the higher analogues present some 
degree of antagonism. The best compound in this series is impentamine (n = 5) with a 

pA% = 8.4 ± 0.2. Impentamine is also selective with a pKj < 4 at Hi and H2 receptors'"^. 

The H2 agonist impromidine (figure 1.14) and the H2 antagonist bu rim ami de (figure 

1.11) have been shown to act as potent H3 receptor antagonists with pA2 = 7.2 and 7.1 
respectively-^. Replacement of the 5-methylimidazole ring of impromidine by a phenyl 

ring gave VUF8405 with a pA2 = 7 . 8 5 (figure 1.23) and replacement of the thiourea 
methyl substituent of burimamide by bulkier alkyl or aryl groups gave a series of potent
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antagonists which were further optimised upon elongation of the butyl side chain to an 

optimal pentyl or hexyl chain^^o (example in figure 1.23).

NH

H N ^ N
VUF840S (pA î = 7.9)

H N ^ N

VUF4742 (pAj = 8.1)

F igure 1.23: H3 Antagonists derived from H2 ligands

Similarly, the potent H3 agonist imetit (figure 1.19) and the H3 antagonist thioperamide 
(figure 1.21) have been modified to afford new and potent H3-receptor antagonists’" . 
Modifications of imetit were especially successful, leading to some of the most potent H3 

antagonists: the isothiourea was N-substituted by alkyl or phenylalkyl groups and further 
improvement was achieved by lengthening the side chain to a propyl group. The best 

examples are clobenpropit’ô  (pA] = 9.9) and iodophenpropit"- (pA] = 9.6, figure 1.24).

H N ^ N

clobenpropit (pA2 = 9.9)

H N ^ N

iodophenpropit (pÀ2 = 9.6)

Figure 1.24: Derivatives of imetit as H3 antagonists
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Other structures have been used in the development of H3 a n ta g o n i s t s T h e  general 

requirements for antagonism at H3 receptors are an imidazole ring linked in the 4(5) 

position but otherwise unsubstituted (other nitrogen-containing heterocycles can be used 

but with great loss in activity, see next section), a side chain A linking a polar group to 
which a lipophilic residue is connected (figure 1.25)^

polar g r o u p  )—( lipophilicspacer A
group

F igure  1.25: General structure of H3 antagonists'

The vast majority of H 3-receptor antagonists conform to this general scheme. The first 
three elements (imidazole, spacer A and polar group) were identified as key features for 
receptor binding while the second spacer and lipophilic group increase the affinity of the 

antagonist. The first spacer (A) can have various lengths, from the ethylene chain of 
histamine to the pentylene of im p en tam in e(fig u re  1.2 2 ), it can be branched"'^, it can 

include the nitrogen to form a piperidine as in thioperamide^"^ (figure 1.2 1 ), it can be a 
cyclopropyl g r o u p o r  even a phenyl ring"^. The polar group can take many forms, 
neutral or basic: ethers'o^’" ^ ’"^, ketones"^, esters"^, am ides'-^, th ioam ides'- ', 
carbamates'^^, amines'-®, ureas'-', thioureas"®, isothioureas'®^ '®'', guanidines'®-^ or 
nitrogen-containing heterocycles'^^. The lipophilic moiety can be a cycloalkyl"'', a 
(substituted) phenyl'®^ or h e t e r o c y c l i c ' 2 4 . ' 2 5 . i 2 6  ring connected via a short chain (up to 

three carbons) or directly linked to the polar group.

K: = 8 8  nM

HN, X = (CH=CH) Ki = 4 2 n M

Kj = 0.8 nM
HN.

K: = 2.4 nM

HN

F igure 1.26: A new type of H3 antagonists
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Recently, new series of antagonists, which do not contain a polar group but only a 

lipophilic moiety on the side chain (figure 1.26), have been developed in separate 

research groups, indicating that, in some cases, the polar group is not such an essential 
requirement^^ '̂^^ '̂^^^.

Although the ethylene or acetylene group can be thought as a mimic of the polar group, 

the affinity of 4-(6-phenylhexyl)imidazole (Ki = 88  nM) cannot be explained in such a 

way. Therefore, these compounds suggest a new approach to H3 antagonists with more 
lipophilic properties.

1.7 Non imidazole Ha-receptor antagonists

Some unsuccessful attempts have been made to prepare H3 antagonists by replacing the 
imidazole ring o f known ligands with other aromatic nitrogen-containing 
h e te ro c y c le s*3*. Replacement of the imidazole ring of thioperamide by pyridine led to a 
drop in activity of over three orders of magnitude (Kj = 13 pM)'^-.

The H2 agonist dimaprit (figure 1.14) shows a weak H3 antagonist activity in vitro (Kj = 
3 pM)'^^ but no analogue prepared showed improved affinity. The Hi agonist betahistine 

(figure 1.8) is also a very weak antagonist at H3 receptors (Ki = 7 pM)'^^. No other non 

imidazole histamine Hj or H2 receptor ligand shows any significant H3 antagonist 
activity.

CH
CH

OH

N = r

clozapine sabeluzole

Figure 1.27: Non imidazole H3 antagonists

The atypical neuroleptic clozapine (figure 1.27) possesses some H3 antagonist activity: K, 
= 700 nM'34. Recently, sabeluzole (figure 1.27) has been used as a lead for the 
development of non imidazole H3 an tag o n is tsS ab e lu zo le  is a neuroprotective agent 

used clinically in patients suffering from Alzheimer's disease
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K; = 20 nMX = F

K: = 6  nMX = NO

X = CO.CHq K: = 3 n M

Figure 1.28: Sabeluzole analogues

Very potent antagonists have been prepared from modifications of the structure of 
sabeluzole (figure 1.28). These benzothiazole derivatives represent the first non imidazole 
compounds described with a potency in the nanomolar range. This important finding will 
certainly open the door to the discovery of more diverse H3 antagonists.

1.8 Radioligands and localisation of H3 receptors

(R)-a-Methylhistamine, because of its high affinity and good selectivity, was also used 

as a tritiated radioligand to allow the localisation of the H3 receptor in rat brain 
membranes^”̂. Autoradiographic studies using [3H](R)-a-methylhistamine showed the 

presence of binding sites (identified as the H3 receptor by competition studies) in different 
regions of the rat brain, the highest densities being found in the cerebral cortex, striatum, 
hippocampus, olfactory nucleus. They were also identified in rat lungs '̂ .̂ In a study using 
guinea-pigs, [^H]N^-methylhistamine showed H3 receptors in the CNS and ileum but 
not in the lungs

Radiolabelled antagonists were prepared in order to overcome the problems arising from 

the use of agonists and iodophenpropit (see figure 1.24) labelled receptors in rat 
brain m em b ran es^O th er radiolabelled antagonists include [^^^I]iodoproxyfan'^^ and 
[^H]thioperamide although the latter also binds to non H3 sites.

1.9 H3 Receptor structure

As a G-protein coupled receptor the H3 receptor protein is expected to present seven 

trans-membrane regions linked by intra and extra cellular loops of varied lengths. Yet, 
until very recently, its sequence was still u n k n o w n ' l l .  Most tissues have a low level of 

H 3 receptor expression which makes isolation a difficult process. Binding of 
[^HJhistamine was used to identify a protein from bovine brain with an apparent
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molecular weight of 220 kDa after solubilisation. However, the binding of [^H]histamine 

in the solubilised protein was sensitive to guanine nucleotides, probably indicating a 

complex formed with the receptor and a tightly-bound associated G-protein'^-. Using 

[^HJN^-methylhistamine, the human H3 receptor protein has also been purified from the 
gastric cell line HGT-1 and its molecular weight estimated by SDS-PAGE at about 70 

kDa*"̂ .̂ The associated G-protein has not yet been identified. The human H 3 receptor has 

recently been cloned and, like Hi and H2 receptors, it possesses an aspartic acid residue 
in the third transmembrane region

Some reports have suggested the existence of different H3 receptor subtypes on the basis 
of functional studies and heterogeneity in radioligand b i n d i n g A t  this stage, this 
remains to be confirmed.

1.10 Potential applications of Hg-receptor ligands

The discovery of the third histamine receptor subtype helped revive the interest in 
histamine research. After the successful development of "antihistamines" (H| antagonists) 

against allergies and later of H] antagonists as anti-ulcer drugs, there is now a wide scope 
of potential applications for peripherally or centrally acting H3-receptor ligands.

Because of the presence of H3 receptors in the airways, and their role in promoting 
relaxation, H 3 agonists could be used for the treatment of asthmatic or allergic 
c o n d i t i o n s The use of H3-receptor agonists in the GI tract as inhibitors o f gastric 

acid secretion has also been p r o p o s e d H 3 Agonists could also prove useful as 

inhibitors of inflammatory p r o c e s s e s I n  the heart, H3 heteroreceptor-mediated 

regulation of noradrenaline release may be of therapeutic use for conditions such as heart 
failure, septic shock and myocardial infarction'^^-^51,152

In the CNS, the possible applications of H3-receptor ligands are mainly limited to 

antagonists as the H3 receptor controls the level of several neurotransmitters. Presynaptic 
receptors are interesting therapeutic targets: instead of direct action on a postsynaptic 
receptor by a synthetic substance, they allow a modulation of the level of endogenous 
ligand itself. Drugs blocking presynaptic receptors are in use today like mirtazepine 
(antidepressant by blockade of 0C2-adrenoceptors) and amisulpride (neuroleptic blocking 

dopamine autoreceptors) for example'53, H3 Antagonists would raise the level of the 

neurotransmitter (histamine or other neurotransmitters) released in the brain by blocking 

the presynaptic receptor. An increase in neurotransmission has many potential 
applications: histamine is involved in the control of sleep and wakefulness'5-'. Its levels in 
the rat brain follow a circadian rhythm, being higher during period of activity'53. Besides,
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activation of the postsynaptic Hi receptor by histamine results in an increase in 
wakefulness. It has also been shown that locomotion is increased and sleep decreased in 

rats following application of Hg-receptor antagonists*^^. Inversely, agonists increase 
slow-wave sleep in rats and cats*̂ "*-*̂ .̂ These indicate a possible use o f antagonists for 
narcolepsy, disruption of circadian rhythms and attention-deficit hyperactivity d i s o r d e r *

An increase in Hi stimulation via blockade of H3 receptors also reduces electrically- 

induced epileptic seizures in mice*^^. It is known that Hi antagonists can induce 

convulsions in epileptic patients and healthy children*^ '̂*^*). The anticonvulsant action of 

H3 antagonists could be useful for the treatment of epilepsy.

H

V CH3 y j  CH3 CH 3

dexfenfluramine phenterm ine

Figure 1.29: The "fen/phen" anti-obesity treatment

Histaminergic neurotransmission is involved in the regulation of food intake 

Chronic administration of brain-penetrating Hi antagonists leads to weight gain in 
humans. The anti obesity drug dexfenfluramine (a serotonin reuptake inhibitor) has been 

shown to increase histamine release in the rat hypothalamus*^^ which can play a part in its 

anorectic effect. Moreover, i.c.v injection of histamine reduces food intake in cats*̂ "*. 
Thus, considering the recent withdrawal of the "fen/phen" com bination therapy 
(dexfenfluramine/phentermine, figure 1.29)*^^, treatment of obesity is a potential target 
for H3 antagonists.

Possibly the most interesting application of H3 antagonists is the treatment of Alzheimer's 
disease (AD or presenile dementia) and Alzheimer-like disease (ALD or senile dementia), 

which are characterised by a cognitive deficit and changes in personality'^6. Cholinergic 

neurotransmission is most affected* "̂ '̂*^  ̂and a way of increasing acetylcholine levels is 

through antagonism at presynaptic receptors modulating acetylcholine release *̂ .̂ The role 

of H3 receptors in these conditions is that of heteroreceptors acting on cholinergic 

neurons to reduce acetylcholine release*^^. However, histamine is also involved: 

histamine levels are altered in human sufferers of AD, but some results are conflicting'^**, 

and in post-mortem brain analysis, histaminergic neurons are also altered '^ '. H3 

Antagonists can improve learning in rodents*^-. In a similar way, i.c.v injection of 
histamine improves learning and memory*'*^’*'̂ .̂
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Tacrine (9-amino-1,2,3,4-tetrahydroacridine, figure 1.30) is clinically used in some 
patients suffering from Alzheimer's disease*'^^^ This drug is actually more active as an 

inhibitor of histamine N-methyl transferase (thus slowing down the decrease in histamine 

levels) than of acetylcholine esterase m vitro and in vivo^'^^. An association of tacrine with 

an Hg antagonist has been suggested as a new therapeutic approach to Alzheimer's 
d i s e a s e H g  A ntagonists would increase histam inergic and cholinergic 
neurotransmission with beneficial consequences for AD sufferers.

NH

tacrine

Figure 1.30: Tacrine, an HMT inhibitor

So far, however, no Hg-receptor ligand is being used clinically and all the applications 
described are only putative. A useful aspect is the fact that agonists are required for the 
treatment of peripheral disorders (allergies, gastro-intestinal disorders, heart conditions) 
while antagonists would be beneficial in the CNS (epilepsy, sleep, learning or memory 
disorders). Thus, by designing agonists that do not cross the blood-brain barrier, one can 
achieve some selectivity and minimise the side effects (sedation, impairment of learning 
and memory) resulting from interaction with Hg receptors in the CNS. By designing 

lipophilic antagonists that are likely to penetrate the CNS, the peripheral side effects 

should be limited since peripheral Hg receptors are mostly quiescent under normal 
physiological conditions and should not be affected by antagonists'^*.
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2. SELECTION OF COMPOUNDS

2.1 Lipophilicity and brain-penetration

The delicate tissues forming the brain are surrounded by the blood-brain barrier (BBB), a 

special protection made possible by tight junctions between the endothelial cells lining the 

brain capillaries. These junctions prevent diffusion of substances between the cells, hence 

the barrier greatly limits exchanges of substances between the blood and the surroundings 

of the brain (cerebrospinal fluid CSF and extracellular fluid ECF). Passive diffusion 

across the endothelial cells and active transport systems allow a precise control over the 
chemical environment of the brain '̂^ .̂
In order to prepare drugs acting in the CNS, it is essential to synthesise compounds that 
easily cross the blood-brain barrier. Passive diffusion across endothelial cell membranes 
is influenced by factors such as charge, lipophilicity and hydrogen bonding. The fraction 

of a drug ionised at physiological pH will not cross the lipid bilayers forming the cell 
membranes • “̂9 Only the neutral fraction will significantly diffuse across the membrane

layers, and the diffusion rate is related to its l ip o p h ilic ity P la sm a  protein binding does 
not seem to be detrimental to transport through the BBB. In contrast with earlier 
b e l i e f s i t  has been shown that the protein-bound fraction of a substance is able to 
diffuse through the BBB without transport of the plasma protein itself'^- 

Several tools are being used to evaluate a compound's ability to cross lipid bilayers. 

Lipophilicity is measured through the partition of a substance between two solvents: 

water and a solvent representing a lipid phase. The partition coefficient P is the ratio of 

the concentration of the substance in the organic solvent to its concentration in w a t e r ' P  

(or more commonly logP) can be measured between different solvent systems but the vast 
majority of available data concerns the octan-l-ol/water s y s te m 'O c ta n - l- o l  with its 
long alkyl chain and hydroxyl group was chosen because it resembles the hydrophobic 
tail and polar head of membrane phospholipids although the adequacy of the model has 

been disputed'®^. Other solvent systems are also used (alkane/water or chloroform/water) 

where no hydrogen-bonding interactions occur between the organic solvent and the 
solute. This led to the introduction of another parameter: AlogP, defined as the difference 

between the logP measured in the octan-l-ol/water system and the logP measured in 

another system (e.g. alkane/water). This parameter reflects the hydrogen-bonding 

character of the solute and correlates with brain penetration more accurately 

From a large set of logP values, fragmental contributions to the lipophilicity have been 
calculated*^^’**̂  and a new substituent parameter % was introduced, modelled on the
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Hammett constant a. n  was defined as the difference between the logP of the substituted 

compound and that of the parent compound.

This approach has led to the development of a computer program (clogP) aimed at 

predicting logP values between octan-l-ol and water for new compounds 

The molecular weight (MW) of a substance is also a limiting factor for brain- 

penetration A study showed that up to a molecular weight of about 400 daltons, an 

increase in logP is linked to an increase in rat-brain penetration while drugs with a very 
high molecular weight have a much lower brain p e n e t r a t i o n ' l l

Recently, studies have shown that the partition coefficient can be regarded as a composite 
of two factors, one related to the size of the molecule and the other to its hydrogen- 
bonding capacity'^-: logP = aV - A, where V is the van der Waals volume, a is a constant 
and A a term reflecting the polarity and hydrogen-bonding capacity. The A term was 

further divided into three parameters tc*, a  and p where 7C* is the dipolarity or 
polarisability, a  the hydrogen-bond donor and P the hydrogen-bond acceptor character of 

the s o l u t e I t  was found that the A term of the partition between octan-l-ol and water 
was correlated mainly with the hydrogen-bond acceptor character P while for the partition 

between alkane and water it was correlated with both the hydrogen-bond donor and 
acceptor characters a  and P'94,

To maximise the chances of brain penetration, an ideal drug should be lipophilic, with 

poor hydrogen-bonding properties. Its molecular weight should be around 400 daltons 

and, if protonable/deprotonable, it should have a significant proportion of neutral species 
at physiological pH.

2.2 The potential for non imidazole Hs-receptor antagonists

Because the imidazole ring is hydrophilic and highly hydrogen bonded, a common feature 

o f Hg-receptor antagonists is their poor level of brain penetration. The reference 
antagonist thioperamide (figure 1 .2 1 ), despite its potency in vitro requires relatively high 

doses in vivo (1 m g /k g ) E v e n  compounds with lipophilic substituents present a low 
brain penetration because of the presence of the imidazole ring. It is clear that to obtain 

brain penetrating drugs, the imidazole moiety is not desirable. However, until recently, 

the imidazole ring was believed to be an essential requirement for affinity at the H3 

receptor. The few non imidazole ligands described presented a very weak activity as H3 

receptor antagonists (section 1.7). Replacement of imidazole with less hydrogen-bonded 

heterocycles was not well tolerated at the H3 receptor. Thus, a different approach to the 
problem was deemed worth investigating.
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2.3 A progression from agonism, through partial agonism, to 
antagonism at histamine receptors

In 1977, van den Brink and Lien^^s^ studying activity at histamine H i receptors, made the 

observation that, although agonists and competitive antagonists belong to different 

pharmacological families, they are closely related in that they share affinity for the same 

receptor. Moreover, there often exist a gradual transition from agonism to antagonism via 

partial agonism, reflecting the existence of compounds possessing both agonist and 
antagonist properties.

They introduced the concept of "additional receptor areas" to explain the affinity of a 
competitive antagonist when its structural features are not obviously related to those of the 
agonists.

HN

histam ine 2 -(2 -am inoethyl)pyrid ine

(CH3)2NCH2CH 2N
(CH3)2NCH2CH20CH

phenbenzam ine d iphenhydram ine

Figure 2.1: Structural similarities/differences between H i agonists and antagonists

For example (figure 2.1), 2-(2-aminoethyl)pyridine is structurally related to histamine and 
they both are agonists at the Hi receptor. Phenbenzamine and mepyramine are also 
closely related to each other as Hi antagonists, but there is no obvious correlation 
between the structures o f the agonists and antagonists.



2. Selection o f compounds 39

R eceptor for agonist

Receptor for antagonist

A gonistC -

C om petitive antagonist 
with "mimetic moiety" 
over agonist-binding area

I— C“  C—C

C om petitive antagonist - 
with "mimetic moiety"  
in non-interacting position

C - C -

C om petitive antagonist 
without "mimetic m oiety

Figure 2.2; The concept of "additional receptor areas" 

according to van den Brink and Lien'^^

In their model, the receptor is composed of an agonist site (the "receptor for agonist") and 

at least an additional binding site (the "receptor for antagonist", figure 2.2.a.). An agonist 
will bind to the receptor at the agonist site with an optimal fit (figure 2.2.b.). A 

competitive antagonist will mainly use the additional receptor area, while screening part of 

the agonist site, thus preventing interaction with an agonist. The "mimetic moiety", or 
agonist-like part of the molecule may be over the agonist binding site (figure 2.2.C.), in



2. Selection o f compounds 40

another position (figure 2 .2 .d.), or be absent altogether (figure 2 .2 .e.) without much 

influence on the affinity of the antagonist. In the example shown in figure 2.2, the 
antagonist lacking the mimetic moiety (2 .2 .e.) has actually a better affinity for the Hi 

receptor (Kb = 1.15 10'^ M) than the antagonist retaining the mimetic moiety (2.2.C., Kb 

= 3.1 10'^ M). Its affinity for Hi receptors is comparable to that of histamine itself (EC50 

= 1 .6 6  10-7 M).

(1)

(2)

(3)

(4)

(5)

(6)

agonist

agonist

EC50 = 3.4  10'« M

EC50 = 3.6 10-^ M

partial agonist

EC50 = 3.1 10-  ̂M

antagonist
Kr = 3.1 10-7 M

antagonist

Kr = 1.1 10-8 M

antagonist

Kg = 1.9 IQ-S M

Figure 2.3: The progression from agonism to partial agonism and antagonism

at Hi receptors
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If the receptor possesses more than one "additional receptor area", then different 

antagonists may interact with different areas and the result may be more than one series of 

antagonists bearing no structural relation to one another.

Following these observations, Ganellin^^^ proposed that the transition from agonists to 

antagonists involves a gradual loss of efficacy associated with a gain in affinity. In his 

model, the intermediate state between agonist and antagonist is a partial agonist, which 

retain some of the efficacy of the full agonist, but has a higher affinity for the receptor 

because it can reach an additional receptor binding site. The full antagonist, having 

reached the additional receptor binding site, does not need the agonist-like moiety in order 

to secure affinity for the receptor. This model was successfully applied retrospectively to 

a series of Hi and H2 receptor ligands.

In the H i antagonist series (figure 2 . 3 ) the first compound, 2-(2-aminoethyl)pyridine
(1 ), is an agonist, and methyl substitution at the nitrogen is well tolerated, giving an 
agonist with a similar affinity, betahistine (2). Substitution with a bulkier substituent (3) 
gives a partial agonist with an intrinsic activity relative to histamine a  = 0.91. All 

agonism is lost with the next substitution, but an additional receptor binding site has been 
reached, thus improving dramatically the affinity of the antagonist (4). Further 
improvement is achieved by méthylation of the nitrogen (5) and removal of the "mimetic 

moiety", the pyridine fragment, leads to a very slight decrease in the affinity of the 
compound (6 ), proving that, in this case, the fragment corresponding to the original 

agonist does not play a crucial role in binding to the receptor

Compound X Name Kb (pM)

11 s
N-CN

1.2197

0.57197

12 S metiamide 0.9164

N-CN cimetidine 0.7966

Table 2.1: Affinities of H2 antagonists

The situation is very similar at the H2 receptor (figure 2.4)--: starting from the 

endogenous agonist, histamine (7), addition of a guanyl group results in a weak partial 

agonist (8 ). Elongation of the ethyl side chain to a propyl group improves further the 

affinity of the partial agonist (9). A very potent partial agonist is obtained by substitution 

of the guanidine group (impromidine, 1 0 ) and removal of the protonated basic group 

( 1 1 ) yield antagonists compounds (the intrinsic activity is lost but not the affinity).
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Finally, the removal of the original agonist fragment (metiamide and cimetidine, 12) do 

not affect the affinity of the antagonists (table 2 .1), showing that the added fragment is 

sufficient to ensure binding at the additional receptor site.

NH3+

H I V

Histamine
agonist

(7 )

N “-guanyl

(8) H N ^ ^ N  NH]"*" histamine partial agonist

r '

N>̂  -NH2

(9) H N ^ N

(10) H N .^ N

NHa'" H N '^ N

CH3 Impromidine
H H partial agonist

H N '^ N

(11)

x = s
_TT X = N -C N
C H 3 antagonists

H N ^ N

X = S M etiam ide
(1 2 )  ^ C H 3 X = N -C N  C im etidine

antagonists

Figure 2.4: The progression from agonism to partial agonism and antagonism

at H2 receptors

The same analysis was applied to the H3 receptor, with the intention of creating a new 

lead for H3 antagonists lacking the imidazole ring. The first attempts have been 
unsuccessfuF^s until the following series (figure 2.5).

M éthylation and dimethylation of histamine give very potent agonists (N“ - 

methylhistamine, 13 and N‘̂ ,N^-dimethylhistamine, 15), and alkylation by a longer 

chain (N^-ethylhistamine, 14) is also tolerated, although it gives an agonist slightly less 
potent than histamine at H3 receptors. Inclusion of the a  nitrogen in a pyrrolidine ring 

(16), corresponding to a cyclic analogue of N«,N“ -diethylhistamine leads to a partial 
agonist (a  = 0.56)' '̂ .̂ A much bulkier substituent (4-phenylbutyl) on the a  nitrogen turns 

the molecule into an antagonist (17, Kj = 7 10'^ and from this antagonist, removal
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of the original imidazole ring leads to a two-fold drop in affinity (18, Ki = 1.3 10'^ 
M)198 Thus, although the final antagonist lacking the original mimetic moiety is less 

potent than the antagonist possessing the mimetic moiety, it still retains half the affinity at 

the Hg receptor. This is consistent with the hypothesis of an additional binding site on the 

receptor ensuring affinity without similarity of structure with the original agonist.

agonist( 1 3 )

HN.

agonist( 1 4 )
HN,

agonist( 1 5 )
HN.

partial agonist( 1 6 )

antagonist( 1 7 )
HN.

antagonist( 1 8 )

Figure 2.5: The progression from agonism to partial agonism and antagonism

at Hg receptors

2.4 Non imidazole H3 antagonists from UCL

As seen previously, the contribution of the imidazole ring is not essential and N-(4- 

phenylbutyl)ethylamine (18) became the lead compound in this research group in the 

search for non imidazole Hg antagonists. The removal of the imidazole moiety gives an
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increase in lipophilicity and a decrease in the overall hydrogen bonding properties of the 

molecule (17: calc. logP = 2.03,18: calc. logP = 3.02)*^^.

Ki = 1.3 10'  ̂M 
(18) (19)

F igure 2.6: Non imidazole lead compounds

Compound 18 was N-methylated to give 19 (figure 2 . 6 ) resulting in a slight increase 
in activity. The difference is not really significant but a tertiary amine results in a molecule 
that is even more lipophilic and, when neutral, does not have hydrogen bond donor 
ability (compound 19: calc. logP = 3.34)*99. Other modifications of the structure of 18 

were made-o< :̂ substitutions in the para position of the phenyl ring (table 2 .2 ) did not 
dramatically improve the potency. The methoxy analogue 20 is equipotent to the parent 
compound 18, the nitro compound 2 1  is slightly better and the other substituents 
(halogens or amino) show a marked reduction in the potency of the compound.

CH3CH2NH(CH2)4-4 ^  R

R Ki (pM) ED50 (mg/kg)

18 H 1.3 ± 0 .5
2 0 OCH3 1.2 ± 0 .3 > 10

2 1 NO2 0 .8  ± 0 .1 > 10

2 2 F ~5 > 10

23 Cl ~5 > 10

24 NH2 > 5 > 10

Table 2.2: Activity of compound 18 and analogues

Introduction of an heteroatom (O or S), leading to the syntheses of N-(3- 

phenoxypropyl)ethylamine (25) and N-(3-phenylthiopropyl)ethylamine (30), while not 

favoured, afforded compounds synthetically more accessible (table 2.3)-'^^. The tertiary
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analogues 26 and 31 showed a remarkable increase in potency in vitro, 6 to 7 times 

better than the original tertiary amine 19. However, they did not display any oral activity.

R iR 2N(CH2)

Rl R2 n X Ki (flM) ED50 (mg/kg)

25 C2H5 H 3 0 ~ 5
26 C2H5 C2H5 3 0 0.15 ± 0.01 > 10

27 C2H5 C2H5 4 0 0 .1 1  ± 0 .0 2 > 10

28 C2H5 C2H 5 5 0 0.23 ± 0.06 17 ± 4

29 C2H5 C2H5 6 0 0 .2 > 10

30 C2H5 H 3 s > 5
31 C2H5 C2H5 3 s 0.18 ± 0 .0 4 > 10

32 C2H 5 C2H5 4 s 0.19 ± 0 .0 3 > 10

33 C2H5 C2H5 5 • s 0.34 ± 0.08 ~ 15

Table 2.3: Activity of aryl ethers and sulfides

In order to explore the relationship between structure and activity, the chain length 
between the amine and the phenyl group was elongated, giving more lipophilic products. 
The butyl, pentyl and hexyl analogues of 26 and the butyl and pentyl analogues of 31 
were prepared, compounds 27 to 29, 32 and 33 respectively (table 2.3)-^^. The in vitro 
potency rem ained in the same range for all the com pounds but N-(5- 

phenoxypentyl)diethylamine 28 was the first compound to exhibit oral activity. This 
compound became the new lead for further modifications.

;N (C H 2)5 0 - ^  y )
R

hr R Ki (|liM) ED50 (mg/kg)

3 4 CH3 0.31 ± 0 .1 0 > 10

28 C2H5 0.23 ± 0.06 1 7 ± 4
35 C3H7 ~ 1.5 > 10

36 C4H9 Agonist > 3 0

Table 2.4: Compound 28 and analogues
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Replacem ent of the diethylamine by a smaller (dimethyl, 34) or a bulkier amine 
(dipropyl, 35) was detrimental both in vitro and in vivo (table 2.4). A surprising result 
was the weak agonist activity of the dibutyl derivative 36 with an IC50 of 30 pM -^.

2.5 Compounds selected for synthesis

Starting from compound 28 as a lead, three areas are available for an optimisation 

process; the aromatic moiety, the alkoxy spacer and the tertiary amine (figure 2.7). Each 

of the three areas can be modified independently of the other two.

Different linkers&
Substituted
aromatics ■ = >

Lead structure (28)

O ther
am ines

Figure 2.7: Lead optimisation of compound 28

The first approach was in line with the work started previously: the optimisation of the 

tertiary amine. Table 2.4 shows compounds 34, 28, 35 and 36, the dimethyl, diethyl, 
dipropyl and dibutyl substituted 5-phenoxypentylamines.

Thus, keeping the 5-phenoxypentyl side chain, the effect of different tertiary amines will 
be investigated first. Then, the aromatic moiety can be substituted or modified and finally 

the linker between the amino and aromatic groups will be optimised.

A series of 13 different amines, divided in three different groups are selected for 

synthesis (table 2.5). The unsymmetrical ethylmethyl (37), ethylpropyl (38), 
ethylisobutyl (39) and ethylbutyl (40) side chains were chosen in order to investigate 

whether retaining one ethyl group and modifying the other substituent with regard to 
compound 28 is beneficial for the affinity.
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Symmetrical bulkier amines containing diisobutyl (41), dipentyl (42), dihexyl (43) and 

dibenzyl (44) side chains are chosen to confirm whether the weak agonist activity seen in 

compound 36 can be improved upon with more lipophilic substituents.
Conformationally restricted cyclic amines are also investigated: pyrrolidine (45), 

piperidine (46), hexamethyleneimine (homopiperidine, 47) as cyclic analogues of 
compounds 28 and 35 as well as morpholine (48) and N-methylpiperazine (49) to study 

the influence of a second polar neutral or basic heteroatom.

NR,

N

am ine

37 38 3 9 40

nC^Hg

N 41 42 43 44

am ine % iC^Hg

nCgHi 1

nC6H |3

nCgHis

CH 2Q H 5

CHjC^Hs

N 45 46 47 48 49

am ine

o  0 0  0  6
N

Table 2.5: Phenoxypentylamines selected for synthesis

Obviously, the results of the first series will determine the amine of choice for the second 
and third series of compounds.

The phenyl group of lead compound 28 can be substituted or replaced by other aromatic 
groups. This will form the basis of the second series of compounds. Retaining the best 

amine from the first series as well as the pentyloxy side chain, substituents will be 

introduced in the para and meta positions of the phenyl ring. The substituents are chosen 

to cover a wide range of electronic, lipophilic, steric and hydrogen-bonding properties.

A total of 25 compounds, divided in three groups, form the second series (table 2.6). The 
first group (50 to 64) comprises phenyl substituted in the para position and the second
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group phenyl substituted in the meta position (65 to 69). Finally, fused bicyclic systems, 
such as naphthyl, tetrahydronaphthyl and quinolinyl groups form the last group in this 

series (70 to 74).

A r-  O -  (CH])^
■ O

50 51

XX
5 2  53 54

"a
55 56 57 58 59

OH

60 61 6 2  63

o°€l cAx ^
64

0

65

V
6 6

"-or
67 6 8

“a
69

70

ca
71 72

ca
73

CÇ
74

Table 2.6: Aryloxypentylpyrrolidines selected for synthesis

In the third series, different combinations of linker between the aromatic ring and the 

amine can be studied (table 2.7). The length of the aliphatic chain (75, 76 and 77), the 
importance of the presence or the type of heteroatom (78 to 83, 95 and 96), the position 

of the heteroatom along the chain (8 6  to 89), the presence of unsaturation (92 to 94, 
97), branching of the chain (90 and 91) may be important contributors to the H3 

antagonist activity.
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structure N" structure

75 o (c h 2)2CH2n(21 8 6 ^ > - C H 2 0 (CH2 )3 CH2 N ^

7 6 Q -  0 (CH2 ) 3 CH2 N ^ 87 ^ - C H 2 0 (CH2 )4 CH2 N ^

77 Q -0 ( C H 2 ) jCH2n( ^ 8 8 OCHjCHjOCHjCHjN^

78 Q -  S(CH2 )3 CH2 N ^ 89 CH2 (CH2 )2 0 CH2 CH2 N ^

7 9 ^ - S ( C H 2 )4 CH2 N ^ 9 0
CH3

^ - 0 (CH2 )3 C H N ^

80 Q -  CH2(CH2)3CH2n( ^ 91
CH3

0 CH(CH2 )2 CH2 N ^

81 ^-CH2(CH2)4CH2n( ^ 92 Q - C a C ( C H 2 )3 CH2 N ^

82 NH(CH2 )4 CH2 N ^ 93
94 CH=CH(CH2 )3 CH2 N ^

8 3
CH3

N(CH2)4CH2N^
95 ^ C ( C H 2 )4 CH2 N ^

0

84 Q -  nhc(ch2)3CH2n(^ 
0

96
OH

^ - C H ( C H 2 )4 CH2 N ^

85

CH3
1

< Q -  NC(CH2)3CH2n(^ 
0

97
0 ^

Table 2.7: N-Substituted pyrrolidines selected for synthesis

Further modifications of the amine moiety, using substituted piperidines and other cyclic 

analogues, aim to optimise the results of the first series (table 2.8). The influence of the 
position of the substituent around the piperidine ring (98 to 100), then of the size of the 

substituent (100-102) is evaluated. The introduction of two substituents (103 to 107) 

or a polar group (108, 109 and 113) is studied as well as the replacement of piperidine 
with unsaturated cyclic amines (1 1 0 -1 1 2 ).
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< Q > - 0 (CH2)5 -
O '

98 99 100 101

R 2 -CH3 3 -CH3 4 -CH3 4 -C3H7

N° 102 103 104 105
R 4 -CH2C6H5 4 -OH-4 -C6H5 3 ,3 -(CH3)2 cis 3 ,5 -(CH3)2

îsT 106 107 108 109
R trans 3 ,5 -(CH3)2 cis 2 ,6 -(CH3)2 3 -COOC2H5 4 -COOC2H5

N° 110 111

structure ^ ^ 0 ( c h 2)5 - n Q | ^ ^ 0 (CH ,)5 -
0

N° 112 113

structure
O o (C H 2)5-n3 Q < ^ ^ 0 ( C H 2 ) 5 - N ^ NCOCH3

Table 2.8: Further cyclic amines

The combination of results obtained from these series prompted us to choose compound 
114 as an optimised candidate.

O .N “ ^ 3 ” 0 ( C H 2 ) 5 - N ^

CH:

114

The fifth series is made of compounds that were originally prepared for a different project 

(chapter 7). Because their structure was closely related to the compounds studied, it was 

decided they should also be tested as H3 antagonists (table 2.9). They consist of 

aryloxypropyldiethylamines resembling some of the compounds in table 2 .6 .
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Ar-0-(CH2)3-N(C2H5)2 

1ST 115 116 117 118

A t XX XX XX XX
N° 119

A t <xx H ,C ' H,C

N(OH

123 124 125
0

Ar oa
Table 2.9: Aryloxypropyldiethy lamines

An optimisation of the 4-cyanophenoxyalkylamines is sought by modifying either the 

length of the spacer or the amine moiety. In addition to compounds 54 and 117 
previously synthesised, a further 12 compounds are selected (table 2 .10 ), forming two 

parallel groups of different amines with a chain length of 3 and 5 methylenes (127 to 

131 and 133 to 136). Another group looks at the modification of the length of the linker 
(from 2 to 6  methylenes) while retaining the diethylamine moiety (126, 132, 134 and 
137).

'“ O "
NC-(x y ;-0 -(CH2)„-NR2

n N(CH3)2 N(C2H5)2 N(C3H7)2 N(CH2)4 N(CH2)5 N(CH2)6

2 - 126 - - - -

3 127 (117) 128 129 130 131

4 - 132 - - - -

5 133 134 135 (54 ) 136 -

6 - 137 - - - -

Table 2.10: Optimisation of 4-cyanophenoxyalkylamines
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Optimisation of the substituted phenoxypropylpiperidines with regard to the substituents 

on the aromatic ring with ketones of increasing size (138 to 144) or the addition of a 

second substituent (fluoro) in the meta position of a para-substituted (cyano) compound 

(145) is sought.

R
{ 7 ^  O - CHj - CH2 - CH; -

I f Ri I f Ri

138 4-CHO 142 4-C0CH(CH3)2

139 4 -COCH3 143 4-C0CH(CH2)2

140 4 -COCH2CH3 144 4 -CH2CH2COCH3

141 4 -COCH2CH2CH3 145 3-F-4-CN

Table 2.11: Optimisation of phenoxypropylpiperidines

The stereoselectivity of the H 3 receptor is investigated with the R and S isomers of l-[2- 

methyl-3-(4-acetylphenoxy)propyl]piperidine (146 and 147).

CH3

C H j C O - ^ l ^ O -  C H j-  C H - C H j-

146 R isomer

 147_________ S isomer

Table 2.12: Stereoselectivity at H3 receptors

Finally, the amine itself is optimised. Firstly, from the results in table 2.2, a tertiary 
amine seems to be preferred to a secondary amine. This result needs to be confirmed with 
the preparation and testing of the ethylamines 148 and 149 (table 2.13).

O -  (CH2)3 -  NH- C 2H5

I f R

148 COCH3

149 CN

Table 2.13: Secondary amines
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Then the piperidine ring can be modified, as with the compounds in table 2.8, by 

substituting with methyl groups (150 to 158) or by introducing an unsaturation as with 
the tetrahydropyridine analogue (159). Different substituents on the aromatic ring allow a 

comparison of the effect of methyl substitution in three different cases (3-trifluoromethyl, 

4-cyano and 4-acetyl).

/ = \  ^ - > ^ 2

Ri R2

150 3 -CF3 3 -CH3

151 3 -CF3 4 -CH3

152 4-CN 3 -CH3

153 4-CN 4 -CH3

154 4 -COCH3 2 -CH3

155 4 -COCH3 3 -CH3

156 4 -COCH3 4 -CH3

157 4 -COCH3 cis 3 ,5 -(CH3)2

158 4 -COCH3 trans 3 ,5 -(CH3)2

159 CH3CO —̂  0 - (C H 2)3 - N ^

Table 2.14: Optimisation of phenoxypropylpiperidines
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3. SYNTHESIS AND CHARACTERISATION

3.1 General

All the amines prepared were converted to the salt of an organic or inorganic acid for 
several reasons: the purification of the compound is made easier by turning the amine into 
a salt because, in many cases, the free base is present as an oil or a wax whereas the salt 

is a solid that can be recrystallised to remove most impurities. The free base is a lipophilic 
compound and converting into a salt confers aqueous solubility. In order to perform the 

biological evaluation of the compounds, and for the development of a potential drug, 

aqueous solubility is a distinct advantage. Also, small quantities of a solid are much easier 
to measure accurately than oils.

In most cases, the acid of choice was oxalic acid (COOH)2 , which forms crystalline salts 
relatively easily. Moreover, oxalates were generally found not to be hygroscopic. In a 

few cases, hydrochloric acid was used, especially when the amine nitrogen was hindered.

The final products were first characterised by mass spectrometry, using soft techniques 
such as fast atom bombardment (FAB), chemical ionisation (Cl) or electrospray (ES), 
usually giving a molecular ion (M+ or [M+H]+) of reasonable intensity in addition to 
some fragments. In some cases the more energetic electron impact (El) technique was 
used.

Proton nuclear magnetic resonance (400 or 500 MHz) and, to a lesser extent, infra-red 

spectroscopy were used to confirm the structure of the product and the presence of 
functional groups.

The purity of the products was determined by analytical high performance liquid 

chromatography (HPLC), elemental analyses (C, H and N, occasionally S and Cl) and 
melting point (mp) measurements.

3.2 Synthesis

The synthetic approach to compounds of the first series of 13 compounds (37 to 49, 

table 2.5) was to prepare a single common intermediate that would be functionalised by 

different amines at the last stage of the synthesis (scheme 3.1). The intermediate chosen 

was l-bromo-5-phenoxypentane (160), a compound described in the literature as early as
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1 90 5 2 0 1 . The bromine atom is a good leaving group with regard to nucleophilic 

substitution by the different secondary amines (R 1R2NH) chosen.
The common intermediate 160 was prepared by reacting 1,5-dibromopentane with 
phenol in the presence of aqueous base following a method described in 1937202.

37-49

&
&

Scheme 3.1: Retrosynthesis for compounds 37 to 49

The synthesis of intermediate 160 involves a biphasic system where the sodium 

phenolate formed is water soluble and the substrate for substitution, 1,5-dibromopentane, 
forms a separate layer. An attempt to use a phase-transfer catalyst (tetrabutylammonium 

hydroxide) in order to bring the two reacting species together (Scheme 3.2)203 did not 

improve the yield significantly enough for systematic use. The yield of the reaction was 

typically around 60-70% and the excess 1,5-dibromopentane was recovered during 
distillation under reduced pressure.

NaOH ArOH

Bu^N+X- -------- ^  BU4N+HO- Bu^N+ArQ-

Water

Dichloromethane

/V A A A A A A /W \/\A A A A A A A A A A A A A A A A A A A /W \A A /\A /\A A A /> r> (V\AA/*

Bu4N'"X‘ + ArOR RX + BiuN'^ArO'

Scheme 3.2: Phase-transfer catalysis
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The next part of the synthesis, nucleophilic substitution by a secondary amine at the 

bromine-bearing carbon atom, was first performed by heating to reflux temperature a 

solution of the intermediate in a large excess (about ten-fold) of the amine. This method 

was applied to the cyclic amines 45 to 49, giving crude yields between 75 and 100% and 

isolated yields of the recrystallised salts between 32 and 58%. Compound 37 was 
prepared by stirring the solution at room tem perature (the boiling point of 

methylethylamine is 36-37°C). For the preparation of compounds 41 to 44, the method 

applied to compounds 45 to 49 was not satisfactory, the high reflux temperatures 

involved giving rise to extensive degradation of the intermediate. It was then decided to 
use a solvent with a moderate boiling point. Ideally, a polar, aprotic solvent should be 

used for this type of reaction (nucleophilic substitution, SN2 type, scheme 3.3).

R,NH

-B r'

Scheme 3.3: Nucleophilic substitution, SN2 type

The first solvent chosen was toluene which is aprotic but relatively non polar, with a 
boiling point close to that of piperidine (bp = 111°C). However, the results were not 

satisfactory. Hence absolute ethanol, which is polar but protic, with a lower boiling point 

(bp = 78°C) was used. This gave the desired products in various yields (19 to 31% for 

the recrystallised salts). The method was then applied to the preparation of compounds 
38 to 40(11 to 53% yield).

The unsymetrical secondary amines 161 and 162 used in the preparation of compounds 

38 and 39 were prepared by reductive alkylation of the corresponding primary amines in 

a two-step procedure involving the formation of an imine followed by catalytic reduction 
with hydrogen (scheme 3.4). The procedure was adapted from Campbell-®-^. The 

dehydration of the intermediate iminoalcohol formed between the primary amine and 

acetaldehyde is favoured by the presence of crushed potassium hydroxide which 
displaces the equilibrium by absorbing the water produced.

The imine formed was distilled over potassium hydroxide and subsequently reduced with 

hydrogen in the presence of about 5% platinum oxide. An alternative method for imine 

reduction using sodium borohydride in methanol-®^ gave a very poor yield of compound 
161 (13% from the imine) compared with the catalytic hydrogenation (46% from the
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imine, 15% overall). Compound 162^06 was prepared in a 17% overall yield from 
isobutylamine.

CH CH

NH CH

HO H
R = H, CH

KOH

CH CH

CH CH

161: R = H 
162: R = CH

Scheme 3.4: Reductive alkylation of amines

Second series of com pounds (50 to 7 4 , table 2.7): for these substituted 
phenoxypentylpyrrolidines and other aryloxypentylpyrrolidines, we had a choice of two 
different approaches to the preparation of the final products. The first approach is similar 
to that of the first series: preparation of a bromopentyl intermediate followed by 
substitution with pyrrolidine. The advantage of the first approach is that the intermediate 
can be substituted with other secondary amines if required. The other approach is to 

introduce the various aromatic groups at the last stage of the synthesis. This approach has 
the advantage of involving a single intermediate for the whole series. The first approach 

was chosen, because it proved successful with compounds 37 to 49 and the l-bromo-5- 
aryloxypentane interm ediates (163 to 184) were prepared following different 
procedures.

The synthesis of intermediates 163 to 168, 170 and 175 to 184 was similar to that of 
intermediate 160, giving products with an isolated yield between 11 and 60%. 
Compounds 166 and 181 were obtained after removal of the excess 1,5-dibromopentane 

by distillation under reduced pressure. Attempted distillation of the 8 -quinolinyl 

intermediate 184 resulted in decomposition of the product. The reaction was repeated and 
the product isolated after purification by column chromatography (yield: 13%).
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- O ' "

Br
or Ar'

N° 163207 1 64208 1 65209 1 66210 1 6 7 2 ''

R 4 -CH3 4 -OCH3 4-F 4-Cl 4-CN

168217

4 -NO2

R

170213

4-C6H5

175

3-NO2

176

3-CN

177

3-CF3

178

3-Cl

179

3 -C6H5

Ar

180214 181215 182 183

c a  C O  o a  0 Ç
184

N° 169216 1712)7 172216 173 174

R 4 -NHCOCH3 4 -QC6H5 4 -COCH3 4 -COC6H5 4 -COCH2C6H5

Intermediates 169 and 171 to 174 were prepared following a procedure adapted from 
Appleton2i6. The phenol and 1,5-dibromopentane formed a solution in acetone and the 
base (potassium carbonate) was suspended in the mixture. The reaction was vigorously 
stirred and heated to reflux for 8 to 16 hours. The solid product was isolated and purified 
by crystallisation (169,172 to 174). The isolated yields were between 29 and 57%. The 
intermediate 171 was obtained in a 47% yield after distillation under reduced pressure.

In the next step, the intermediates 163 to 184 were reacted with an ten-fold excess 
pyrrolidine in absolute ethanol at reflux temperature to give the final compounds 50 to 

55, 57 and 60 to 74 in a 13 to 82% isolated yield.

The aniline 56 was prepared from the corresponding nitro compound (55) by catalytic 
hydrogenation of the nitro group in the presence of palladium on carbon catalyst (scheme 
3.5)218. The hydrogenation was carried out on the oxalate salt 55 because the resulting 

aniline 56 seems to be much less stable as the free base (the clear yellow oil turned dark 

brown overnight and mass spectra showed extensive fragmentation). This is not 

surprising as it had been observed previously  that a series of para- 

dialkylaminoalkoxyanilines were unstable both as the free bases and as the corresponding
hydrochlorides2i9.
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O 2N

/ 5v ^ O - ( C H 2)5- N f ^  I .H 2 Pd/C

Â J  ^ ---------------- ----
^  (C 00H )2

2. (C 00H )2
H .N

55

0-(CH2)5'N

2 (C 00H )2 

56

0

Scheme 3.5: Catalytic hydrogenation of nitrophenoxy compound

Compound 58 was prepared by acylation of the corresponding aniline 56 with benzoyl 

chloride at 0°C using pyridine as a base (scheme 3.6). The product was isolated in 24% 
yield.

Scheme 3.6: Benzoylation of aniline 56

Compound 59 was prepared by reduction of the ketone 62 with lithium  aluminium 
hydride in dry diethyl ether in 52% yield. The product was submitted as a racemic 
mixture of the R and S isomers.

UAIH4 H 3C

OH

Scheme 3.7: Reduction of ketone 62

The second approach to the synthesis of these substituted phenoxypentylpyn olidines was 
investigated. The aromatic moiety can be introduced at the last stage of the synthesis via a 

Mitsunobu ether synthesis^®. The intermediate l-(5-hydroxypentyl)pyrrolidine 186--'
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was prepared in a two-step synthesis from pyrrolidine and ethyl 5-bromovalerate (scheme 

3.8).

NH

Ethanol

185

LiAlH

OH186

Schem e 3.8: Preparation of intermediate 186

Alkylation of pyrrolidine took place in absolute ethanol in five hours at reflux temperature 

in 90% yield. Reduction of the ester 185 with lithium aluminium hydride in dry ether 
gave the primary alcohol 186 in 96% yield. The overall yield for the preparation of 186 
from the commercially available starting materials was 8 6 %.

This intermediate was used in the attempted syntheses of l-[5-(4-trifluoromethylphenoxy) 

pentyljpyrrolidine (X = CH, = 4 -CF3) and 3-[5-(l-pyrrolidinyl)pentyloxy]pyridine 

(X = N, R^ = H) via a Mitsunobu ether synthesis (scheme 3.9)^-°.

+ H0(CH2)sN

THF

Schem e 3.9: The Mitsunobu ether synthesis
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The Mitsunobu reaction is a versatile method for the obtention of esters, ethers, amines or 

amides under very mild conditions. The reaction can be carried out at room temperature or 
below, without the need for strong acids or bases^^o. In the ether formation, an acidic 

compound (phenol) reacts with an alcohol-triphenylphosphine adduct which forms a 

good leaving group (scheme 3.10). An aryl ether is obtained while the 

diethylazodicarboxylate (DEAD, = C2H5) or diisopropylazodicarboxylate (DIAD, R- 

= CH(CH3)2) is reduced to the hydrazino derivative and triphenylphosphine is oxidised 
to the phosphine oxide.

OR

OR
OR

ArO-H 2 R ‘0 H

OR
OR OR

OR

ArO

ArO-H

+ ArO

(C6H5)3P= 0  + ArO-R

Scheme 3.10: Mechanism for the Mitsunobu reaction---
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However, the Mitsunobu synthesis did not prove successful for the preparation of l-(5- 

aryloxypentyi)pyrrolidines. Since the aromatic moiety is acidic enough for the Mitsunobu 

reaction in both cases, we can conclude that the hydroxypentylpyrrolidine moiety is not a 

suitable reagent for this type of reaction. An intramolecular cyclisation of the 

alkoxyphosphonium intermediate leading to a six-membered ring is possibly competing 

with the desired reaction (scheme 3.11).

(C6H;))P=0 + AtO -(C H 2 )5 -N

ArO

Scheme 3.11: Possible reason for the failure of the Mitsunobu reaction

Synthetically, the third series (compounds 75 to 97, table 2.8) is not homogenous: the 

linker between the aromatic moiety and the pyrrolidine ring was modified and most 

analogues had to be prepared in different ways.
Analogues 75 to 77 are very similar to the parent compound 45 with an alkyl chain 
comprising a different number of carbon atoms. Compounds 78 and 79 are similar to 76 
and 45 with sulfur in place of oxygen. They were prepared from the corresponding 

bromo intermediates 187 to 191.

X . (CH2)n .B r

187223 188224 189225.226 190227 191228

X 0 0 0 s s
n 1 2 4 2 3
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The preparation of the intermediates 187 to 189 followed the same procedure as 

previously described for compound 160. The yields were 38, 44 and 28% respectively 
after distillation under reduced pressure. Compound 187 is also commercially available. 

Interm ediates 190 and 191 were prepared using the phase-transfer catalyst 

tetrabutylammonium hydroxide. The reaction took place at room temperature for 30 to 45 
minutes under nitrogen. After distillation under reduced pressure, the yields obtained 
were 62 and 33%.

Compound 80 was prepared in 3 steps from 5-phenylvaleric acid (scheme 3.12). The 
acid was converted to the acid chloride 192^29 by heating a solution in thionyl chloride 

under reflux for 3 hours. After removal of the excess thionyl chloride by distillation, the 
acid chloride was obtained in a quantitative yield. The acid chloride was then reacted with 
an excess pyrrolidine in diethyl ether at 0°C for 30 minutes. The amide 1932^» was 

obtained in 74% yield. Reduction of the amide to the amine with a borane/THF complex 
under nitrogen at 0°C then under reflux for 16 hours gave the final product 80 in 11% 
yield after recrystallisation of the oxalate. The overall yield for the preparation of 
compound 80 from 5-phenylvaleric acid was 8 %.

O
SOCh

OH

BH3.THF

O

192

Cl

c
K J  L V

193

Scheme 3.12; Preparation of compound 80

The higher analogue 81 was prepared from commercially available l-brom o-6 - 
phenylhexane in 62% yield.
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195: R = HR = H, CH,
196: R = CH,

LiAH

82: R = H 
83: R = CH3

84: R = H 
85: R = CH3

Scheme 3.13: Preparation of amines 82-83 and amides 84-85

The preparation of compounds 82 to 85 followed parallel paths (scheme 3.13) starting 
from either aniline (82 and 84) or N-methylaniline (83 and 85). 5-Bromovaleryl 
chloride 194 was obtained in 93% yield by reacting 5-bromovaleric acid with thionyl 
chloride. The anilines were acylated with the acid chloride in diethyl ether at 0°C to give 
the phenylamides of 5-bromopentanoic acid (195-^* R = H, yield: 69% and 196 R = 
CH3, yield: 8 6 %). The amides were alkylated with pyrrolidine giving the crude products 
in 92-93% yield. A portion of the products 84 and 85 was converted to the salts (64 and 
74% yield) and another fraction was reduced using lithium aluminium hydride in dry 

diethyl ether under nitrogen at reflux for 16 hours. Lithium aluminium hydride was 
chosen because of the disappointing yield of reduction leading to compound 80 using the 

borane/THF complex. With lithium aluminium hydride, the yields were improved to 75 
and 85% for the free base giving the final salts of 82 and 83 in 47 and 37% overall yields 
respectively.

Compounds 86  and 87 were prepared by Williamson ether synthesis starting with benzyl 
alcohol (scheme 3.14). The alcohol was deprotonated with sodium hydride in THF at 

room temperature and then heated with the dibromoalkane under reflux for 24/48 hours. 
After purification by column chromatography, the bromo intermediates 1 9 7 --  and 
198^33 were obtained in 26 and 58% yield respectively. The intermediates were reacted 

with pyrrolidine in the usual way to give compounds 86  (39%) and 87 (43%).
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OH NaH

THF

197: n = 2 
198: n =  3

ONa

Br (CH2)n Br

O (CH2)n Br

C " "

8 6 : n = 2 
87: n = 3

Scheme 3.14: Preparation of compounds 8 6  and 87

Compound 88  was synthesised by preparing the bromo intermediate 199-^^ from phenol 
and 2 -bromoethyl ether, in the same way as intermediate 160, in 61% yield, then reacting 
the intermediate with pyrrolidine (48% yield).

Compound 89 was prepared by Williamson ether synthesis (scheme 3.15). Pyrrolidine 

was alkylated with 2-chloroethanol in 48% yield after distillation under reduced pressure 
(compound 200)^35, The intermediate 200 was then deprotonated with sodium metal in 

dry toluene and reacted with phenylbromopropane to give compound 89 in 25% isolated 
yield.
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OH
OH

200

Na

ONa

Schem e 3.15: Preparation of compound 89

Compounds 90 and 91 were prepared as a mixture and separated at the end. Phenol was 
reacted in the usual way with 1,4-dibromopentane which resulted in a mixture 201 of 

intermediates l-brom o-4-phenoxypentane and 4-brom o-1 -phenoxypentane-^^ (32% 
yield). Reaction with pyrrolidine gave a mixture of the products 90 and 91. The two 

products were separated by preparative HPLC, the total yield for 90 and 91 was 35% 
after separation.

+ C^HnLi

O
C

Schem e 3.16: Preparation of compound 92

Compound 92 was prepared by deprotonation of phenylacetylene with butyl lithium 

followed by alkylation with 1,4-dibromobutane-^^ (46% after distillation). The 6 -bromo- 

1 -phenylhex-1 -yne intermediate 202^^^ was reacted with pyrrolidine and furnished 92 in 
55% isolated yield (scheme 3.16).
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MEK
Br ------------ ^  (CgH5)3P+(CH2)5Br, Br

NaOH

203

O'
[ ^ N H  ___

C H =  C H -(C H ;)4 -  ^ | ^ C H = C H -

CHO

(CH2)4Br

93 and 94 204

Schem e 3.17: Preparation of compounds 93 and 94

The cis (Z) and trans (B) isomers of l-(6-phenylhex-5-enyl)pyrrolidine have been 

submitted as the mixtures 93 and 94 (scheme 3.17). Compound 93 corresponds to 

97.8% trans (E) isomer and 2.2% cis (Z) isomer while compound 94 contains 35% trans 
(E) isomer and 65% cis (Z) isomer.

(C6H 5)3P^(CH2)5Br, Br 

203

H

NaOH
'(C6H5)3P^CH(CH2)4Br

t
.(CéH5)3P=CH(CH2)4Br

O ' ^
O + (C6H5)3P=CH(CH2)4Br

, J DO—  CH " ------------- ^  O— CH
\  ^ \

(C6H;)3P+ (CgH;)3P CH .

jO
(CH2)4Br

(C6H5)3P=0 + ^ C H = C H - (CH2)4Br

204

Scheme 3.18: The Wittig reaction
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The bromo intermediate 204 (mixture of cis and trans isomers) was prepared by Wittig 

reaction (scheme 3.18)239 and purified by column chromatography. In the Wittig reaction, 

an y lid is formed by deprotonation of an alkylphosphonium salt (such as 203) with a 

base. The ylid reacts with a carbonyl compound (benzaldehyde) to form an adduct that 
can be present as a betaine (open zwitterionic form, scheme 3.18) in equilibrium with an 

oxaphosphetane (cyclic neutral form). The cyclic adduct breaks down to the phosphine 
oxide and an alkene (204).
Because of the instability of Cû-bromoalkylphosphonium bromides under the strong base 

conditions (such as butyl lithium or sodium alkoxide) often used in the Wittig reaction, a 
milder method using powdered sodium hydroxide was used^^o. Dichloromethane was 

preferred to tetrahydrofuran as solvent because it does not favour the cis (Z) or trans (E) 
isomer of the product 204.

After reaction of 204 with pyrrolidine, the cis and trans isomers of l-(6-phenylhex-5- 
enyl)pyrrolidine were partially separated by preparative HPLC (yield 20%).

4- AlCb 4-

c
O

LiAlH4

O
Scheme 3.19: Preparation of compounds 95 and 96

Compounds 95 and 96 were obtained from the bromo intermediate 2052- '̂ prepared 
through the Friedel-Crafts acylation of benzene^^^ (scheme 3.19). Benzene was acylated 

with 6 -bromohexanoyl chloride in the presence of aluminium chloride (scheme 3 .2 0 ). 

The reaction conditions have to be carefully set to avoid the risk of alkylation leading to 

unwanted side-products. The reactive species is a complex formed between the acid
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chloride and aluminium chloride. The complex can be present in different forms (figure 

3.1) depending on the reactants and the reaction conditions-^-. The product 205 was 
obtained in 40% yield. Alkylation of pyrrolidine gave the ketone 95 in 53% yield. 

Reduction of 95 with lithium aluminium hydride in diethyl ether afforded the alcohol 96 

(mixture of R and S isomers) in 44% yield after purification by preparative HPLC.

complex
O.AICI

AlClAlCl AlCl

Figure 3.1: The acylating acid chloride-aluminium chloride complex

R Cl
+ II + AICI3

o

-HCl

R

0 :A1C13

H .O

AlCl:

R + 3A1(0H)3 + 3 HCl

Scheme 3.20: Friedel-Crafts acylation

Compound 97 was prepared in 3 steps from 3-phenoxyphenylacetic acid (scheme 3.21). 

The acid was first converted quantitatively to the acid chloride 206^^^ then reaction with 

pyrrolidine gave the amide 207 (99% yield) and the amide was finally reduced to the 
amine 97 with lithium aluminium hydride in diethyl ether (63% yield).
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cO
L1AIH4

Scheme 3.21: Preparation of compound 97

All the compounds in the fourth series (98 to 113, table 2.9) were prepared from the 
common bromo intermediate 160. Most of the secondary amines used were commercially 
available. The cis and trans 3,5-dimethylpiperidine adducts 105 and 106 were 

synthesised as a mixture and then separated by column chromatography on silica gel. The 
major product is the cis dimethyl compound 105 because the commercial stai ting material 
is probably derived from the hydrogenation of 3,5-dimethylpyridine (3,5-lutidine).

An attempt at reducing pyrrole with zinc dust and hydrochloric acid-^^ to prepare 3- 
pyrroline (dihydropyrrole) as starting material for the synthesis of compound 1 1 0  gave a 
mixture of the desired pyrroline (8 8 %) and fully reduced pyrrolidine ( 1 2%) in low yield 

(17%), and thus compound 110 was prepared from commercially available 3-pyrroline.

CH

Br

Na

OH

N - S ' CH NH------------------
CH3CH2COOH

HBr208 209

Scheme 3.22: Preparation of isoindoline 208
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Isoindoline 209 (for the preparation of derivative 112) was synthesised from ortho- 
xylylene dibromide and pam-toluene sulfonamide in 12% yield (scheme 3.22)-"^ .̂ The 

amine was alkylated with intermediate 160 in boiling ethanol under nitrogen for 7 hours 

and the product was purified by column chromatography. The final product 112 was 
obtained in 64% yield.

Compound 114 was prepared in 53% yield by reacting 3-methyl piperidine with 1- 

bromo-5-(4-nitrophenoxy)pentane 168.

Compounds 115 to 125 (table 2.10) were prepared via the Mitsunobu reaction, using 

commercially available 3-hydroxypropyldiethylamine as a starting material and either 
diisopropylazodicarboxylate or diethylazodicarboxylate (for compound 123) as a 

coupling reagent. Products 115 to 120 and 123 to 125 were thus obtained in a 

convenient one-step reaction. Their isolation was facilitated by the basic character of the 

product: a slight excess of the aromatic alcohol was used to ensure that all the 
hydroxypropyldiethylamine would react. At the end of the reaction, after concentration of 
the mixture, the product (as a salt) was extracted into an acidic aqueous layer, thus 

separating it from hydrophobic side-products and excess (unreacted) aromatic alcohol. 
After neutralisation, the product (as a free base) was extracted into an organic phase, thus 

removing all water-soluble products. This process represents a fast, effective way of 
removing all impurities. It was used for compounds 116 to 120, 124 and 125, which 
were obtained in 37 to 70% yield. Compound 115 was purified by preparative HPLC 
and compound 123 by column chromatography on silica gel.

Compounds 121 and 122 were both derived from the ketone 120 (scheme 3.23). The 

alcohol 1 2 1  was obtained by reduction of the ketone with lithium aluminium hydride in 

dry diethyl ether (42% yield) and the oxime 122 by reaction with hydroxylamine 
hydrochloride (92% yield).
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OH
HO

THF

120

LiAlH

CHCH
121 122

N(OH)OH

Scheme 3.23: Derivatives of ketone 120

The different cyano-substituted compounds 126 to 137 (table 2.10) were prepared from 
the corresponding bromo intermediates 167 and 210 to (scheme 3.24) by
reacting with dimethylamine (127 and 133), diethylamine (126,132, 134 and 137), 
dipropylam ine (128 and 135), pyrrolidine (129), piperidine (130 and 136) or 
hexamethyleneimine (131). The yields were between 27 and 80%.

OH
1

0 (CH2),Br 0 (CH2)„NR'R^

Br(CH2)nBr R^R^NH
A----------- --------------^ rV NaOH V V1

CN
1
CN

1
CN

2 1 0 : n = 2 126: n = 2
211: n = 3 127-131. n = 3
212: n = 4 132: n = 4
167: n = 5 133-136: n = 5
213: n = 6 137: n = 6

Scheme 3.24: 4-cyanophenoxyalkylamines
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The aldehyde 138 and ketones 140 to 143, as well as compound 145 (table 2.12) were 

prepared via a M itsunobu synthesis using a prepared in term ediate l - ( 3 - 

hydroxypropyl)piperidine 214-^9 (scheme 3.25). In order to prepare compounds 141 to 
143, the ketones 215 to 217^^0,251 were synthesised via a Friedel-Crafts acylation of 

phenol (scheme 3.25). The acylation gives a mixture of 2'-hydroxyphenyl ketone, 4'- 

hydroxyphenyl ketone and a small amount of the phenyl ester of the corresponding acid. 
The desired product was isolated after purification by column chromatography. 4'- 
Hydroxybenzaldehyde, 4'-hydroxypropiophenone and 2-fluoro-4-hydroxybenzonitrile 

(starting materials for compounds 138,140 and 145 respectively) are commercially 
available.

OH
4- AlCl

NH
+ Cl OH

CH.Cl

OH
OH

214
DEAD

(CôH5)3P

THF

215: R = propyl 
216: R = isopropyl 
217: R = cyclopropyl

141: R = propyl 
142: R = isopropyl 
143: R = cyclopropyl

Scheme 3.25: Friedel-Crafts and Mitsunobu reactions

C om pound 139 was not prepared via a Mitsunobu reaction. Instead, 4'-(3- 

bromopropoxy)acetophenone (intermediate 218-^-) was prepared by reaction of 4'- 

hydroxyacetophenone with 1,3-dibromopropane in acetone in the presence of potassium 

carbonate at reflux for 5 hours (method adapted from Appleton-'^). The bromo
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intermediate 218 was then heated with an excess of pyrrolidine in boiling ethanol to give 
the product 139.

Compound 144 was prepared by alkylation of the corresponding phenol using l-(3- 

chloropropyl)piperidine hydrochloride in the presence of potassium carbonate in methanol 
at reflux for 8 hours.

The chiral compounds 146 and 147 were prepared from optically active starting 

materials 3-bromo-2-(R)-methyl-l-propanol and 3-bromo-2-(S)-methyl-l-propanol 
(scheme 3.26). In the first step, 4'-hydroxyacetophenone was alkylated with the 

corresponding bromopropanol, giving alcohols 219 and 220. The alcohols were then 
converted into tosylates as suitable leaving groups by reaction with tosyl chloride in 
pyridine (compounds 221 and 222). Piperidine was then used to displace the tosyl 
groups in ethanol at reflux for 2 hours.

CH
CH

OH OH
OH
- ^ H . C

219; R isomer 
220: S isomer

p-toluene sulfonyl chloride 
pyridine /

CH
CH

221: S isomer 
222: R isomer

NH

CH

146: R isomer 
147: S isomer

Scheme 3.26: Preparation of isomers 146 and 147
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The different reactions did not cause inversion at the chiral carbon atom but the 

nomenclature depends on the substituent type, hence the apparent inversion in the series 
219 (R) to 221 (S) to 146 (R) and 220 (S) to 222 (R) to 147 (S) which reflects only 
the progression from an hydroxy substituent to a tosyl and to a piperidine at the carbon a  

to the chiral carbon atom.

Finally, compounds 148 and 149 were derived from intermediates 218 and 211 
respectively by reacting with an excess of 70% aqueous ethylamine in methanol at room 
temperature for 48 hours. Both compounds were obtained in 67% yield.

Compounds 150 and 151 were obtained from l-brom o-3-(3-trifluorom ethyl 
phenoxy)propane 223^^3^ compounds 152 and 153 from intermediate 211 and 

compounds 154 to 159 from intermediate 218. Compounds 157 and 158 were 
prepared as a mixture and the cis and trans isomers separated by column chromatography. 

The yield was 6 8 %. As seen previously, the major product was the cis-3,5-dimethyl 
compound 157.

3.3 Literature

Some of the compounds synthesised for this project had previously been described in the 
literature, either as potential drugs or as reaction intermediates or products.
The phenoxypentylpyrrolidine and piperidine 45 and 46 have been tested in 1961 as 
general muscle relaxants on rats ("Chemical constitution and biochemical correlates of 
aryloxyalkylpiperazines")-^'^.

The low er hom ologues of 4 5 ,  p h e n o x y p ro p y lp y rro lid in e  75  and 
phenoxybutylpyrrolidine 76 have been described, the first in 1899-^\ the second in 1924 
("Cyclic diimines and their decomposition")256 and 1963 ("Relation entre la configuration 

géométrique et la réactivité des ammoniums quaternaires cycliques. Action du phénate de 
sodium sur les composés à cinq, six et sept chaînons")-^? but no biological activity was 
investigated.

The sulfide analogues 78 and 79 were described in a patent in 1976 ("Sulfur-containing 
aryl amines")^^».

Compound 80, l-(5-phenylpentyl)pyrrolidine, was tested on human subjects by sub

cutaneous injection (20mg) for its effect on man's ability to detect flicker frequency ("Die 

B eein flussung  der F lim m erverschm elzfrequenz beim  M enschen durch 

Phenylpyrrolidinopentan, Katovit, Koffein und Phenylaethylbarbitursaure")-"'^. 

Compound 8 8  was described as an intermediate in a patent ("Aryloxyalkylhydrazinium 
chlorides")-^^.
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About half of the aryloxypropyldiethylamines forming the fifth series have been 

described: compounds 115, 117,118, 120 and 125. Compound 115, as well as 120 

and 125, appear in an article concerned with the local anesthetic properties of the 

compounds ("Local anesthetics, I. Some aryl alkylamine ethers")-^*. Compound 120 
was found to have no effect at all while the other compounds tested showed some 
anesthetic activity. However, none of the compounds tested improved on their original 

lead com pound. Com pound 117 has been tested as an anorectic ("Some 
aryloxyalkylamines, N-arylethylenediamines, and related compounds as anorectic 
agents")“4̂ . In addition to a weak anorectic activity (21 mg/kg po in rats), compound 117 
was found to antagonise reserpine-induced hypothermia (2 .1  mg/kg po in mice). 

Compound 118 was described as a reaction intermediate in the preparation of 
benzothiazoles ("Thiocyanation of p-dialkylaminoalkoxyanilines")- ̂ ,̂
In addition to compound 117, some of the cyanophenoxy compounds have been 
described: compounds 126, 127, 132 and 136. The diethylamines 126 and 132 are 
present in the same article as the diethylamine 117248. The study found compound 126 

to have a convulsant effect at high doses (1 0 0  mg/kg po in cat and 2 0 0  mg/kg po in 

mice). Compound 132, as 117 was found to antagonise reserpine-induced hypothermia 
(3.6 mg/kg po in mice). The dimethylamine derivative 127 appears in a patent as an 
intermediate in the formation of pigments ("[(aminoalkyloxy)phenyl]-l,4-pyrrolo[3,4- 
cjpyrroledione derivatives, a method for their preparation and their use in pigment 
compositions")262. Finally, compound 136 was described in an article exploring its 

reactivity ("Topologically controlled coulombic interactions, a new tool in the developing 
of novel reactivity. Photochemical and electrochemical cleavage of phenyl alkyl 
ethers")2" .

3.4 Interpretation of spectra

The mass spectrometry analyses of the compounds are straightforward. The compounds 

form protonated ions [M+H]+ in which the extra proton is likely to be centred on an 
heteroatom (N, O or S). The ion is relatively stable because of the mild ionisation 

techniques used, hence it often forms the most intense signal (base peak, 100% relative 

intensity). Most compounds (apart from some of the compounds forming the second 

series) present the structure of an aryloxy (or arylthio) alkylamine, in which two 

heteroatoms are present (N and O or N and S). In these cases, the charge can be situated 
on either of the heteroatoms, giving rise to two typical fragmentations (figure 3 .2 ).
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Figure 3.2: Fragmentations of the mass spectrum

For the bromoalkyl intermediates, two peaks of almost equal intensities can be seen for 
the parent ion, and for each bromine-containing fragment, corresponding to the two 
isotopes of bromine (^^Br and ^^Br).
The acid chlorides 192 and 194 form esters with the 3-nitrobenzyl alcohol (MNOBA) 

matrix used for the FAB technique (figure 3.3). The ester can fragment to the acylium ion 
(R-C=0+) but there is no peak corresponding to the acid chloride itself. The acid chloride 

206 was analysed by another technique (ES) which does not involve a matrix, hence no 
ester was formed and only a fragment could be detected.

R

O O2N.

A  +
Cl

OH
O2N

FAB-MS

MNOBA: 
MW = 153

loss of 
MNOBA

R - C E O +

Figure 3.3: Reaction between an acid chloride and the MNOBA matrix

The proton NMR spectra of the products were mostly performed in deuterated DMSO as 

solvent. The phenyloxy pentylamines 37 to 49 of general structure:
C6H5-O-CH2-CH2-CH2-CH2-CH2-NRIR2 

give NMR spectra with similar chemical shifts for the protons conserved throughout 
the series: aromatic protons meta to the substitution 5 = 7.2 to 7.3 ppm, aromatic protons 

ortho and para to the substitution 5 ~ 6.9 ppm, aliphatic protons cx to the oxygen form a
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triplet at Ô = 3.9 to 4.0 ppm with a vicinal coupling constant ^Jh-h ~ 6.3 Hz, aliphatic 
protons a  to the nitrogen 5 = 2.6 to 3.1 ppm, aliphatic protons P to the oxygen and P to 

the nitrogen 5 = 1,6 to 1.8 ppm and central aliphatic protons Ô ~ 1.4 ppm.

The chemical shifts for aliphatic protons in aryloxypentylpyrrolidines 50 to 74 are also in 

the same range, while the signals for aromatic protons are shifted according to the 

electronic effect of the ring substituents.

With modification of the aliphatic chain length (compounds 75, 76, 77 and subsequent 
aryloxypropylamines), the chemical shifts and the coupling constants are influenced by 

the distance between the two heteroatoms N and O (table 3.1).

I f length 0 a (0 )

ppm
^Jh-h
Hz

5 a (N )

ppm

ÔP

ppm

ÔY

ppm

75 (CH2)3 4.04 5.9 3.26 2.10
76 (CH2)4 3.98 5.6 3.15 1.77
45 (CH2)5 3.95 6.3 3.07 1.70 1.42
77 (CH2)6 3.95 6.4 3.07 1.68 1.40

Table 3.1: Chemical shifts for the aliphatic chain

The 1,4-disubstituted phenyl ring systems (e.g. compounds 50 to 64) usually show 
typical AA'BB' systems that can easily be confused for an A2B 2 pattern. In the phenyl 

ring, two pairs of chemically equivalents protons can be found. However, the protons in 

each pair are not magnetically equivalent, hence the complex splitting pattern (figure 3.4).

The cis and trans isomers of l-(6-phenylhex-5-enyl)pyrrolidine give different ethylenic 

signals. Compound 93 contains mainly the trans isomer while compound 94 is a mixture 
of the two isomers (figure 3.5). The protons a  to the phenyl ring are the most deshielded 

and are present as doublets (a and b) because of the vicinal coupling with the second 
ethylenic proton. In the case of the cis isomer (signal a, Ô = 6.44 ppm), the signal is the 

most deshielded because the a  proton forms a smaller angle with (hence it is closer to) the 

phenyl ring due to the steric interaction between the phenyl ring and the alkyl chain; this 
interaction is not present in the trans isomer and the a  proton is more shielded. The value 

of the constant is ^Jh-h =11-7 Hz, and for the trans isomer (signal b, 5 = 6.36 ppm), 

^Jh-h = 15.9 Hz, in the range predicted for alkenes.
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A B'

6(AA') 6 (BB')
7.764 7.099
7.759 7.094
7.747 7.082
7.742 7.077
7.735 7.071

1 — I— I— I— I— I— I— I— j— I— I— I— I— j-

8 7

Figure 3.4: Compound 54, NMR of aromatic region

cis 65% trans 35%

CH,R

M

6 '4 6 ’0 5 -6

Figure 3.5: Compound 94, NMR of ethylenic region

The protons in the P position are coupled with the a  proton and with the next methylene 

group, thus their signals are double triplets. The trans isomer (signal c) is the more 
deshielded of the two (ô = 6.12 ppm) because the proton is cis relative to the aromatic 

ring; its coupling constants are, for the doublet with Hy: = 15.9 Hz and for the
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triplet with the methylene group ^Jh-h = 7.0 Hz. In the cis isomer, the P proton (signal d) 
is not deshielded by the (trans) aromatic group, hence its signal is found at higher field, 6 

= 5.55 ppm. The couplings are: ^Jh-h = 115 Hz and 7.2 Hz.

Figure 3.6: Equilibria between piperidine conformations

The cis and trans isomers of 3,5-dimethyl-l-(5-phenoxypentyl)piperidine 105 and 106 
present very different signals in the aliphatic region. The piperidine ring can be assumed 
to adopt the more stable "chair" conformation. The nitrogen atom is tetrahedral (3 a  

bonds and the lone pair) due to sp^ hybridisation. This "chair" can invert freely by 

"flipping" of the nitrogen (figure 3.6a, R = alkyl). When the piperidine ring is 

substituted, as in compounds 105 and 106, the situation is different because alkyl 

substituents prefer an equatorial position. Compound 105 possesses two equatorial 
methyl groups. Because of the steric strain that would result from 1,3-diaxial interactions, 
inversion is strongly disfavoured (figure 3.6b). The piperidine ring possesses an axis of 
symmetry, hence position 2 is equivalent to position 6, position 3 to position 5. In the 
case of compound 106, the methyl groups are trans, which implies that one methyl is 

equatorial while the other is axial (figure 3.6c). the two substituents cannot be both in the 

equatorial position, and there is still free inversion of the ring. On average, each methyl 
group can be considered as a mixture of axial and equatorial substituents.

The ^H NMR spectra reflect the situation. For compound 105, the ring is "frozen" in the 

only allowed conformation (where the methyl groups are both equatorial) and the signals 

for equatorial and axial protons are discrete (figure 3.7). The most deshielded signal (a, 
triplet 8 = 3.95 ppm, ^Jh-h = 6.2 Hz) corresponds to the methylene a  to the oxygen
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atom, the next signals (b, c, d) are due to protons on carbons a  to the nitrogen. These are 

the two equivalent equatorial protons in positions 2 and 6 of the piperidine ring (b, 
multiplet, Ô = 3.29 ppm), the two protons on the methylene belonging to the pentyl chain 
(c, multiplet, Ô = 2.96 ppm) and the two equivalent axial protons in positions 2 and 6 of 
the piperidine ring (d, multiplet, 6 = 2.35 ppm).

DMSO

1 P P M

Figure 3.7: Compound 105, NMR of aliphatic region

In the piperidine ring, the axial protons (d) are more shielded than the equatorial protons 
(b), hence the signal at higher fields. The effect is due to the electronic environment of the 
protons; equatorial protons lie in the plane of the ring, an electron rich (deshielding) 
environment with the o  orbitals forming the C-C bonds whereas the axial protons are 

situated away from the plane of the ring and their environment is comparatively electron- 
poor. The splitting pattern in the ring is complex because the intensity of a vicinal 
coupling constant depends on the value of the dihedral angle (Karplus equation). The 
axial protons in the 2 (and 6) position form a doublet with the geminal equatorial proton 
(^Jh-h ~ 12 Hz) and also a doublet with the vicinal axial proton in position 3 (and 5).
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Because of the similarity between the coupling constants ^Jh-h and ĴHax-Hax. the resulting 
double doublet actually looks like a triplet. The equatorial proton in position 2 (and 6) 
forms a doublet with the geminal equatorial proton (^Jh-h ~ 12 Hz) and also a doublet 
with the vicinal axial proton in position 3 (and 5). Because the Ĵneq-Hax coupling constant 
is very small, the resulting double doublet actually looks like a broad doublet. This 
broadening is even intensified by the (small) long range coupling "̂ JHeq-ueq (also called W 
coupling) that occurs in six-membered ring systems. The next signal (e, Ô = 1.87 ppm) is 

a multiplet due to the two equivalent axial protons in positions 3 and 5. Each proton 
forms doublets with the vicinal axial protons (positions 2 (or 6) and 4), a quartet with the 
protons of the methyl group, and small doublets with the vicinal equatorial protons in 
positions 2 (or 6) and 4. The resulting signal is a very broad multiplet (e). Signal f, a 
multiplet at Ô = 1.72 ppm, corresponds to two methylene groups from the pentyl chain 

and the equatorial proton in the 4 position of the piperidine ring. As for the previous 
signal, the multiplicity cannot be resolved.

DMSO

Figure 3.8: Compound 106, NMR of aliphatic region
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At Ô = 1.41 ppm (multiplet, signal g), can be found the central methylene bridge from the 
pentyl chain and at Ô = 0.86 ppm, a doublet (^Jh-h = 6.6 Hz) corresponding to the 

protons of the methyl group coupled with the axial proton on carbon 3 (and 5). Finally, 
the most shielded signal corresponds to the axial proton on carbon 4 (i, multiplet at Ô = 

0.74 ppm). This axial proton is coupled with the geminal equatorial proton, giving a 
doublet and with two equivalent axial protons in positions 3 and 5 giving a triplet. As 
previously, because of the similarity between the coupling constants and ĴHax-Hax. 
the resulting double triplet looks like a quartet.

The situation is simpler with compound 106; inversion of the ring is relatively fast at 
room temperature and the result is a spectrum that represents average signals (figure 3.8). 
The signals for the pentyl chain are not significantly different (a: 3.95, c: 2.93, e: 1.72 
and f: 1.39 ppm). However, the equatorial and axial ring protons at positions 2 and 6 
now give very broad peaks at 3.00 and 2.85 ppm (b and d). The two signals have not 
completely coalesced but the distance between them is much less than in the cis 
compound (3.29 and 2.35 ppm) and the peaks are much broader.

CH

CH

CH CH

CÜ2
2xC H -C H

C H , 
on 0 4

2xC H .

I PPM 3 ' PPM

157 (cis) 158 (trans)

Figure 3.9; Compounds 157 and 158, ^H NMR with focus on the piperidine ring
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The protons in positions 3 and 5 (one is axial when the other is equatorial) give a single 
broad peak (e) at ô = 2.06 ppm. The two protons on carbon 4 also give a single peak 
(multiplet g, with a methylene from the pentyl chain) at Ô = 1.39 ppm. The two methyl 
groups (one is axial when the other is equatorial) form a broad singlet (h) at Ô = 0.97 

ppm.
The same pattern can be seen in compounds 157 and 158 (figure 3.9). The cis isomer, 
frozen in one conformation, shows sharp discrete signals, while the trans isomer shows 
broader (and sometimes merged) peaks.

DMSO dg

i * ‘ ' 1  ' i ! I j ' ! ' i i r—: : r~j :— r :— i— ;— r” T“

CDCl

T T
1

T
4

' ' I 
23

Figure 3.10; Compound 154, NMR of aliphatic region

The story of compound 154 is one of unexpected results and frustration. The synthesis 
of the product was straightforward and the free base converted to the hydrochloride salt.
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After recrystallisation, the NMR was not satisfactory as too many peaks were present. 
However, other analyses (HPLC, MS) did not show any impurities. After another 
attempt at purification by column chromatography, the amount of purified product was 
down to about 20 mg. Elemental analysis was performed and gave a formula 
corresponding to a salt containing a slight excess (1.4 equivalent) of HCl. However, the 
hydrochloride still showed the same ^H NMR spectrum (figure 3.10).

CH

c r  H cr  H

equatorial isomer 2/3 axial isomer 1/3

Figure 3.11: Compound 154, the two possible isomers

Particularly striking on the spectra are the two doublets at high fields (right on the figure) 
corresponding to two different magnetic environments for the methyl group in position 2 
of the piperidine ring. The ratio of the signals is about 2 to 1. The effect was visible in 
different solvents; deuterated chloroform and dimethylsulfoxide (figure 3.10). The most 
plausible explanation is the presence of two isomers of the product, the major isomer 
(2/3) with the methyl group equatorial and the other isomer (1/3) with the methyl group 
axial (figure 3.11). In both cases the aryloxypropyl side chain on the nitrogen has a 
preferred equatorial position and the acid proton is axial.

iCHj
HCl H C l

chair-chair
i n v e r s i o n

n i t r o g e n n i t r o g e n
i n v e r s i o n

.* c h a i r - c h a i r
i n v e r s i o n  JCHj --- ----- -HCi HCl

Cl
H

C H ,

CH

Figure 3.12: Mechanism for inversion of compound 154



3. Synthesis and characterisation 8 6

The two isomers can interconvert in solution through the free base (figure 3.12)-^^ -^. An 
iH NMR-COSY experiment was performed in deuterated chloroform (figure 3.13) to 

identify the peaks corresponding to each isomer.

T v

ŒD

3 5 2.5 ,52.0 1 . 0

Figure 3.13: Compound 154, NMR-COSY spectrum of aliphatic region

The spectrum is very complex because there is no symmetry in the piperidine ring: each 
proton of each isomer gives a signal and many signals overlap in the aliphatic region.
At Ô = 4.20 ppm, the signals for the methylene group attached to the oxygen form an 

overlapping multiplet, coupled to two signals at higher field (2.51 and 2.28 ppm) 
corresponding to the two non-equivalent central methylenes for each isomer. These 
protons are in turn coupled to the methylene attached to the nitrogen atom. The first of 
these multiplets (2.51 ppm, major isomer) is coupled to 2 signals (3.23 and 3.14 ppm)
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each corresponding to one proton for the major isomer. The second (2.28 ppm, minor 

isomer) is coupled to a multiplet at 3.47 ppm corresponding to the methylene of the minor 
isomer. The next multiplet (5 = 3.73 ppm, intensity 1/3) corresponds to H2e (minor 
isomer) which is coupled to the axial methyl group (doublet, 6.7 Hz, 3=  1.39 ppm). For 
the major isomer, the methyl group is equatorial and H2a gives a signal at 3.00 ppm, 
coupled with the methyl group at Ô = 1.49 ppm (doublet, 6.2 Hz).

CH

H4e
RO

major isomer minor isomer

The protons in position 6  of the ring give signals at Ô = 3.60 ppm (H^e, major isomer), 6 

= 3.28 ppm (H^e, minor isomer), Ô = 3.00 ppm (H^a, minor isomer), and 5 = 2.74 ppm 
(H^a, major isomer).

The rest of the spectrum is too complex to accurately identify the peaks because of 
overlapping of the signals. This part includes the protons in positions 3,4 and 5 of the 
piperidine ring. The one exception is H^a for the major isomer, which can be clearly seen 
as a multiplet between the two methyl signals (Ô = 1.49 ppm).

The phenomenon was not observed in the oxalate salt of l-(5-phenoxypentyl)-2- 

methylpiperidine (compound 98), which shows only one isomer with the methyl group 
in equatorial position, suggesting that the choice of acid can be influential. This was 

confirmed when similar l-[3-(4-substitutedphenoxy)propyl]-2-methylpiperidines were 
subsequently prepared in our research group265,266.267 oxalates salts showed only 
one isomer-^5’266 whereas the h y d r o c h l o r i d e s 2 6 6 . 2 6 7  and p^ra-toluene sulfonates-66 showed

two isomers in a 2/1 ratio (or 3/1 for one of the para-toluene sulfonates). This ratio must 

be a reflection of the thermodynamic equilibrium between the two isomers in solution. 

The presence of an isomer with the methyl group axial suggests that this conformation is 
rendered more stable by the contribution of the antiperiplanar protonated nitrogen lone 

pair, the availability of the lone pair depending on the dissociation of the acid, hence on 
the nature of the acid.
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4. PHARMACOLOGY

4.1 General

Because different systems have been used to characterise the activity of Hg-receptor 

ligands, it is useful, to avoid confusion, to recapitulate the different parameters and their 

significance. We are interested in the simple cases where a ligand can either be an agonist, 

a partial agonist or a competitive antagonist.

The potency of an agonist is usually described through its EC50 or pD]. The pD] value is 
defined as "the negative logarithm of the molar concentration of the agonist which 
produces 50% of the maximal effect of the drug on the receptor-effector system 
concerned"

pD% = -log EC50

Moreover, an agonist (A) reacts with its receptor (R) according to the following 
equilibrium:

affinity
A + R —"K  A.R

K a

A c c o r d in g  to  the la w  o f  m a ss action , the e q u ilib r iu m  or d is so c ia t io n  c o n sta n t K a  is:

[A].[R] [A].(l-y)
K a = ---------- and, if y is the proportion of receptors occupied, K a = ----------

[AR] y

For a half occupancy of the receptors (y = 0,5), the concentration of the agonist required 

is [A ] o.5 = KA and this is the reciprocal of the affinity.

Now, if we assume that the proportion of receptors occupied (y) is also the proportion of 

the response (Clark's occupancy theory), then the concentration of agonist required to 
occupy 50% of the receptors (which we called [A]q.5) is equal to the concentration of 
agonist which produces 50% of the maximal effect (EC50), and we have-^^:

1
potency = E C 50 = K a = --------- and thus pD2 = -log (E C 50) = log (affinity)

a ffin ity

However, the existence of "spare receptors" means that a maximal response can be 

achieved without occupancy of all receptors. In such a case, Clark's occupancy theory is 

not valid and the dissociation constant K a  is not equal to the concentration producing a 
half-maximal effect (EC50). Thus the affinity cannot be derived from EC30 values.
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A common way of comparing the potencies of different agonists is through their relative 

potencies, expressed as equieffective concentrations. This is a ratio of the EC50 of an 

agonist to that of the standard agonist-^^.

EC50 agonist
equieffective concentration = -----------------

EC50 standard

The relative potency can also be expressed as a percentage:

relative potency = ( equieffective concentration x 100  ) %

In addition to the potency or to the affinity, the efficacy or intrinsic activity of a ligand is 
important. This represents the ability of the ligand to elicit a response at the receptor. A 

full agonist has an intrinsic activity equal to 1, or a high efficacy and an antagonist has an 
intrinsic activity of 0, or no efficacy. In between, partial agonists will have a lower 

efficacy than the full agonist but higher than that of an antagonist-^^. The intrinsic activity 
a  is defined as the ratio of the maximal effect obtained with the ligand A (EAmax) with he 

maximal effect obtained with a reference compound (E^ax , assuming the reference 
compound to be a full agonist)

^Amax
OC = --------

F̂max

W hereas the intrinsic activity varies between 0 and 1, there is no upper limit to the 

efficacy of a partial agonist, hence no assumption of a reference compound being a full 
agonist-70. A partial agonist acts as an antagonist in the presence of a full agonist: 

increasing concentrations of the partial agonist in the presence of a fixed concentration of 
the full agonist decrease the size of the receptor response.

An antagonist has no efficacy and its activity is defined by its affinity alone. Similarly to 

the agonist, the potency of an antagonist can be described through its Kb, Kj, IC50 or 

pA2- The pA2 value of a competitive antagonist is defined as "the negative logarithm of 
the molar antagonist concentration, in the presence of which twice the original agonist 

concentration is needed for the original effect" The pA2 values can be obtained from a 
Schild plot^9 of the logarithm of the dose ratio minus one versus the opposite of the 

logarithm of the concentration of antagonist. The plot has a slope of 1 (if the antagonism 
is competitive) and intercepts the abscissa at pA2-

pA2 = -log Ki

Kj is the inhibition constant of the antagonist, defined as the concentration of antagonist 

causing a 50% inhibition of the original agonist response or as above, as the
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concentration of antagonist in the presence of which twice the original amount of agonist 

is required to elicit the original response. It is a measure of the affinity of the antagonist 
for the receptor.

In the case of competitive antagonism, the relation between Ki and IC50 is derived from 
Cheng and Pmsoffs equation for a competitive inhibition of an enzymatic reaction-”̂ h

/  [A]
IC5o = K, 1 + ------

\  EC50

where [A] is the concentration of the agonist and EC50 its potency.

To make matters more complicated, another term, the dissociation constant of the 

antagonist ( K b ) ,  is also in use. This represents the reciprocal of the affinity of the 
antagonist for the receptor: Kb is the concentration of antagonist required to occupy half 

the receptor population. An apparent pKb (pKBapp) can be determined in the case of 
competitive antagonism by plotting the response as a function of agonist concentration in 
the absence of antagonist and in the presence of a fixed concentration of antagonist ( [ M ] ) .  

From the plot, the concentration ratio is obtained as a ratio of EC50 in the presence of 

antagonist (EC50*) to EC50 and the pKBapp is derived from the following equation-^^:

/ E C 5 0 *

PKBapp =  lo g  ----------  -  1 I -  l o g  [ M ]
\E C 50

This apparent pKB is none other than pA] which implies that KBapp equals Kj. KBapp can 
be matched to Kb if  we assume Clark's occupancy theory. In such a case, the 
concentration of antagonist in the presence of which twice the original amount of agonist 
is required to produce the same effect (K j) is also the concentration of antagonist required 

to occupy half the receptor population (K b )  because receptor occupancy and response are 
directly proportional.

The pharmacological evaluation of the compounds was carried out at the Unité de 

Neurobiologie et Pharmacologie Moléculaire de l'INSERM, centre Paul Broc a, in Paris, 

France. Tests performed in vivo on mice gave results as an ED50 value and in vitro tests 

on rat cerebral cortex preparations gave Ki (for antagonism) or EC50 (for agonism) 
values. In all cases, between 20 and 50 mg of the drug (as a salt) were submitted for 
testing.
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4.2 I n  v iv o  testing

The testing of the compounds was performed on mice*® .̂ The compounds were given 
orally (po) as the salt form (oxalate, hydrochloride or picrate) as a suspension in 

methylcellulose to at least six male Swiss mice weighing between 18 and 22 grams fasted 

for 24 hours before treatment. The animals were sacrificed by decapitation 90 min after 

treatment and the cerebral cortex dissected out. The cortex was homogenised in 10 

volumes (w/v) of ice-cold 0.4 N perchloric acid and centrifuged. The clear supernatant 
was used immediately or was stored at -20°C. The activity of the drug was determined by 

measuring the level of rg/g-methylhistamine, the first metabolite of histamine, in 

comparison with a control group. The brain level of feZ^-methylhistamine was measured 

by a radioimmunoassay where fg/g-methylhistamine, after derivatisation with para- 

benzoquinone (BZQ), was mixed with a [^^^IJiodinated tracer and an antiserum raised in 

rabbits against the fg/g-methylhistamine-BZQ-bovine serum albumin complex. The 
mixture was incubated in swine antirabbit immunoglobulin G coated 96-well plates (16 
hours at 4°C) in order to separate bound and free radioactivity. After washing the plates, 
the bound radioactivity was measured by gamma spectrometry-^-.

The results, fitted in a log dose-response curve, afforded the ED50 value (figure 4.1). The 
control group for antagonists was given methylcellulose only and another group treated 
with 10 mg/kg thioperamide which gave the maximal level of fc/c-m ethylhistam ine 
formed, hence of histamine released.

The results (ED50) were given in mg/kg, calculated as the free base. The preliminary 
testing was performed at a dose of 10 mg/kg. If activity was detected at this dose, lower 
doses were then evaluated.

fe/e-methyl
histamine

ng/g
maximal response 

[thioperamide]

half maximal response

log dose of antagonist

log ED

Figure 4.1: In vivo antagonist activity
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4.3 I n  v i t r o  testing

The compounds were tested on their ability to antagonise inhibition of histamine release 

by exogenous histamine (antagonists) or to inhibit histamine release (agonists) from 

synaptosomes of rat cerebral cortex following depolarisation by potassium (K"""). The 

method used is a modification of a similar assay developed earlier which involved using 
slices of rat cerebral cortex^^. The earlier test, which was less sensitive, required larger 

amounts of compounds. The results obtained by the two methods are comparable.
Male Wistar rats were decapitated, the cerebral cortex dissected out, the synaptosomes 

were prepared, washed and resuspended in a Krebs-Ringer bicarbonate medium with 

2nM K+. The synaptosomes were allowed to synthesise histamine from [^H]L- 
histidine (0.3-0.4 jiM) during a 30 min incubation period at 37°C. After washing to 

remove excess [^H]L-histidine and to obtain a constant spontaneous [^H]histamine efflux 

(basal level), the synaptosomes were incubated for 2 min with 30 mM K+. Exogenous 
unlabelled histamine (1 p,M when needed) and the test compounds were added 5 min 

before addition of K+. After 2 min, the amount of [^H]histamine released was measured 

by liquid scintillation counting following isolation by ion-exchange chromatography on 
an Amberlite CG 50 column to separate pHjhistamine from [^Hjhistidine--^ ’̂ .̂

%
histamine
released

- - maximal histamine release100

100 4 - X half maximal inhibitory effect

maximal inhibitory effect

log EC50 log agonist concentration

Figure 4.2: Calculation of agonist activity

Agonists act to inhibit release of [^H]histamine from the synaptosomes. A curve (figure 

4.2) represents the % of histamine released versus the log of the agonist concentration. 
The maximum released (100%) is obtained in the absence of any agonist. In the presence 

of an excess agonist, the maximum inhibition (x% released) is observed. From this 

curve, the EC50 value can be easily deduced: it is the concentration of agonist eliciting a
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half-maximal inhibitory effect on the release of [^H]histamine. For the endogenous 
agonist, histamine, EC50 = 62 nM ‘o*.

In the case of antagonists, the determination of IC50 is very similar (figure 4.3): In the 
presence of exogenous histamine (IjiM) alone, the maximal inhibitory effect is observed 

(x% pH]histamine released). With increasing concentrations of antagonist, the inhibitory 
effect of exogenous histamine is antagonised until the maximal level of released histamine 
is reached (corresponding to the K+-evoked release in the absence of both exogenous 
histamine and antagonist).

%
histamine
released

maximal histamine release100

1 0 0 + x half maximal antagonism of inhibitory effect

maximal inhibitory effect

log antagonist concentrationlog IC50

Figure 4.3: Calculation of antagonist activity

The IC50 is the concentration of antagonist eliciting a half-maximal antagonism of the 
inhibitory effect of exogenous histamine on the release of pHjhistamine.

The method used to determine EC50 and IC50 did not involve the actual drawing of the 
curves, with the unavoidable approximations it can bring, instead, the data was fitted with 

a computer using a method described by Parker and Waud-'^^-^^.

From the IC50 value, the dissociation constant Kj is calculated assuming a competitive 

antagonism and neglecting the effect of endogenous histamine. The equation is adapted 
from Cheng and Prusoff^'^h

IC50

! + ( # )
EC50

where [A] is the concentration of the agonist (exogenous histamine) and EC50 its 

concentration eliciting a half-maximal inhibitory effect on the release of [^HJhistamine (as 

previously calculated). In this case, we have [A] = lO'^ M and EC50 = 62. iO'^ M, hence
IC50Ki =
17.13
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5. RESULTS AND DISCUSSION

5.1 Biological results

Following the work previously started at UCL^98,200  ̂ compounds 28, 34, 35 and 36 

(table 2.4), the first series synthesised focused on the optimisation of the amine moiety of 

5-phenoxypentylamines. Activity results are summarised in table 5.1.

From the lead compound, N-(5-phenoxypentyl)diethylamine (28), modification of the 
substituent to the dimethyl homologue 34 or the dipropyl homologue 35 was detrimental 
as shown by the in vivo and in vitro results (table 2.4)-^.

The first group of compounds (37 to 40) were prepared to investigate whether 

diethylamine was the optimal amine, by retaining one ethyl substituent and varying the 
size of the other alkyl group on the nitrogen with reference to compound 28. Thus, N- 
ethyl-N-methyl(5-phenoxypentyl)amine (37) is intermediate between the dimethyl and 
diethyl homologues (34 and 28) and N-ethyl-N-propyl(5-phenoxypentyl)amine (38) lies 

between the diethyl and dipropyl homologues (28 and 35). Compound 40 is a higher 
homologue with an ethyl and a butyl group and compound 39 is in an intermediate 

position between 38 and 40 because of its branched isobutyl substituent.

Only the N-ethyl-N-methyl(5-phenoxypentyl)amine (37) showed some antagonist 
activity in vivo at a dose of 10 mg/kg. The other homologues were inactive. In vitro, 37 
and 38 showed an activity close to that of the dimethyl homologue 34 but none was as 

potent as compound 28 (Kj = 230 nM). Ethyl is the optimal alkyl substituent allowed and 
compound 28 remains the lead.

A surprising result had been obtained with compound 36, the dibutyl homologue, which 

was shown to possess a weak agonist activity (table 2.4)-^o. This was very interesting 
and, if confirmed, would lead to the discovery of non imidazole H3 agonists. In order to 

verify if this result was an indication that an increase in the size of the substituents led to 

some agonist activity, compounds 41 to 44 were prepared. Compound 41 is the 

branched (isobutyl) homologue of 36, and the higher homologues are represented by 
compounds 42 (dipentyl) and 43 (dihexyl). Compound 44 is the very bulky and very 

lipophilic dibenzyl homologue. The four compounds were tested for agonist and 

antagonist activity. The lower homologues 39 and 40, which did not possess any 

antagonist activity were also tested for a potential agonist activity (EC50 values, table 
5.1).
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NR-

N° amine Ki
(nM)

EC50

(nM)
ED50

(mg/kg)

3 7 N-methyl
>

ethylamine
359 ± 147 > 10

38 N-ethyl

propylamine
460+  110 > 10

39 N-ethyl

isobutylamine
> 1500 > 30000 > 10

4 0 N-ethyl

butylamine
> 1500 > 30000 > 10

41 di-isobutyl
amine

> 500 > 1 0 0 0 0 > 10

4 2 dipentylamine > 10

4 3 dihexylamine > 1600 > 1 0 0 0 0 > 10

4 4 dibenzylamine > 1500 > 30000 > 10

45 pyrrolidine 184 ± 9 7 3.4 ± 1.7
46 piperidine 141 ± 7 3 6.9 ± 3 .1

4 7 hexamethylene
imine

115± 47 > 10

48 morpholine 640 ± 280 > 10

49 4-methyl-

piperazine
2800 ± 700 > 10

Table 5.1: Biological results for the first series (phenoxypentylamines)

None of the compounds tested presented any agonist activity at the Hg receptor in vitro 
(E C 50 values in excess of 10  |iM ). Since no other homologue than compound 36 

displays any agonist activity, it is possible that the weak activity observed results from an 
artefact of the biological test. Unless the same activity can be observed with a newly 

synthesised sample, this result must not be taken for granted.

No antagonist activity was observed with compounds 41 to 44. This confirms that an 
increase in the size of the substituent is detrimental for affinity at the receptor, as was 
already seen with compounds 38 to 40.
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The third group explores the effect of conformational restriction of the substituents on the 

affinity for the receptor. The cyclic amines are conformationally restricted homologues of 

the corresponding alky lamines. The pyrrolidine compound 45 is equivalent to the 
diethylamino compound 28 where the two ethyl groups are tethered and kept in close 

proximity. The piperidine derivative 46 is also a cyclic homologue of 28 where a 

methylene bridge links the two ethyl groups, thus keeping them a little further apart. The 

hexamethyleneimine (or homopiperidine) derivative 47 is a cyclic homologue of 

compound 35, where the two propyl groups are not free to adopt an extended 
conformation because they are linked.

This approach was very successful: compounds 45 and 46, cyclic homologues of the 

lead compound 28, were both active in vivo (ED50 = 3.4 and 6.9 mg/kg). The three 
homologues were equally active in vitro and more active than compound 28 (Kj = 230 
nM). Despite being active in vitro, compound 47 did not show any activity in vivo at a 
dose of 10 mg/kg. This result could be due to an increased sensitivity of the 
hexamethyleneimine ring to metabolism.

Compounds 48 and 49 are also cyclic homologues of compound 28 but they incorporate 
an electronegative hydrogen-bond acceptor heteroatom (oxygen for 48 and nitrogen for 

49), which in the case of compound 49, is a second basic nitrogen atom. The presence 
of oxygen is detrimental to the activity in vitro compared to the piperidine derivative 46 
and a second basic centre (compound 49) is clearly not tolerated. These compounds did 
not show any activity in vivo.

At the end of this series, two new lead compounds have been identified, the pyrrolidine 

and piperidine derivatives 45 and 46, which show improved in vitro and oral activity in 

vivo. Both are similarly potent in vitro and compound 45 is the most active in vivo (ED50 

= 3.4 mg/kg).

Thus pyrrolidine was chosen as the common amine for the second series because, of the 

two new leads, com pound 45 shows the best activity in vivo. This series of 

aryloxypentylpyrrolidines explores the influence of modifications of the aromatic moiety 
(table 5.2). This series is divided into three groups: in the first and main group, 

compounds 50 to 64, the phenyl ring is substituted in the para  position, in the second 

group, compounds 65 to 69, the phenyl is meta  substituted, and in the third group, 

compounds 70 to 74, the phenyl ring is replaced by other aromatic moieties.
The first group (50 to 64) is by far the most successful in this series: of the 15 

compounds, 12 show in vivo activity below 10 mg/kg po and 8 of these are more active 

than the unsubstituted compound 45. All the compounds tested in vitro, with the 

exception of com pound 60, also show an increased potency with regard to the
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unsubstituted lead compound. However, the increase in vitro is not directly correlated to 

the results in vivo as some compounds (50, 51) are better than the lead in vitro but not 

significantly active in vivo.

Ar Ki
(nM)

ED50

(mg/kg)

50 4-(CH3)-C6H4 112 + 45 - 2 0

51 4-(CH30)-C6H4 5 3 ±  16 > 10

52 4-(F)-C6H4 113± 27 5.1 ± 1.8
53 4-(C1)-C6H4 130 + 52 7.3 ± 3.4
54 4-(CN)-C6H4 1 9 ± 7 1.9 ± 1.2
55 4-(N02)-C6H4 3 9 ±  11 1.1 ± 0 .6

56 4-(NH2)-C6H4 2.6 ± 0.9
57 4-(NHC0CH3)-C6H4 2 .0  ± 0 .8

58 4-(NHC0C6H5)-C6H4 26 ± 5 1.7 ± 0 .3
59 4-(CH(0H)CH3)-C6H4 28 + 7 1.0 ± 0 .4

60 4-(C6H5)-C6H4 406+  177 2 .8  ± 0 .8

61 4-(C6H50)-C6H4 -  10

62 4-(C0CH3)-C6H4 19 + 3 1.5 ± 0 .8
63 4-(C0C6H5)-C6H4 4.4 ± 0.6
64 4-(C0CH2C6H5)-C6H4 3.6 ± 0.6
65 3-(N02)-C6H4 103 + 38 > 10

6 6 3-(CN)-C6H4 73 ± 2 0 > 10

67 3-(CF3)-C6H4 > 10

6 8 3-(C1)-C6H4 209 + 61 -  10

69 3-(C6H5)-C6H4 > 10

7 0 2-C10H7 285 + 8 6 4.5 ± 1.5
71 I-C 10H7 192 + 45 > 10

72 2 -CioHii 280± 120 6 .6  ± 1 .7
73 1-CioHii - 3 0
74 8 -C9H6N > 10

Table 5.2: Biological results for the second series (aryloxypentylpyrrolidines)
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The substituents in the ring range from electron withdrawing (nitro, cyano...) to electron 

releasing (amino, methoxy...), from polar (amino, acetamido...) to lipophilic (phenoxy, 

phenyl...), from hydrogen-bond donor (amino, hydroxyethyl...) to hydrogen-bond 
acceptor (acetyl, methoxy, hydroxyethyl...), from small (fluoro, methyl...) to bulky 
(benzoyl, benzamido...)...
Some of the best activities correspond to the most electron withdrawing substituents (o > 

0 ): nitro o  = 0.78 (55, ED50 =1.1 mg/kg), cyano a  = 0 .6 6  (54, ED50 = 1 .9  mg/kg) and 
acetyl a  = 0.50 (62, ED50 =1 .5  mg/kg). This activity is reflected on the K; values (all 

three K] below 40 nM). However, some compounds which do not bear electron 
withdrawing substituents (a  < 0) are very active as well; the amides 57 and 58 and the 

alcohol 59 have an ED50 between 1 and 2  mg/kg and a Kj below 30 nM (the Ki value has 
not been determined for compound 57). These substituents have hydrogen-bond donor 

and acceptor properties. They also are quite polar. The amino derivative 56, bearing a 
strongly electron releasing substituent (a  = -0 .6 6 ), is also reasonably active (2 .6  mg/kg), 

although activity improves with acylation to form the amides 57 and 58.
The more lipophilic compounds 60, 61, 63 and 64, containing a second phenyl ring, 
give conflicting results: while the phenyl and phenoxy substituents have similar electronic 
(a) and lipophilic (tt) properties, compounds 60 and 61 show a three-fold difference in 

their ED50 values. This difference may be due to a steric effect, as the oxygen atom closes 
the angle between the planes of the two rings. Moreover, in vitro, compound 60 has only 
half the potency of the lead compound 45 (Ki = 406 nM) but a better activity in vivo. Its 
improved oral activity may be due to a molecule which is much more lipophilic (calc. 

logP = 5.68) than 45 (calc. logP = 3.80) and possesses better brain-penetration. 

Although in vitro data is not available for compounds 63 and 64, the same reason may 

explain their in vivo activity (calc. logP = 5.13 and 5.30, ED50  = 4.4 and 3.6 mg/kg 
respectively).

The halogen derivatives 52 (fluoro) and 53 (chloro) have similar potencies but are not as 

active as the lead compound 45 in vivo (ED50 = 5.1  and 7 .3  mg/kg respectively).
The methyl and methoxy substituted compounds 50 and 51, despite showing an 

improved in vitro potency (Ki = 112 and 53 nM respectively), are not active in vivo, 
suggesting that these compounds possess an unfavourable pharmacokinetic profile.

The second group (65 to 69) is based on meta substituted phenyl compounds. None of 

these was significantly active in vivo. In vitro, the cyano and nitro derivatives 66 and 65 
show an improved potency (Kj = 73 and 103 nM respectively) but the para  substituted 

homologues 54 and 55 are about 3 times more potent (K, = 19 and 39 nM respectively) 

and are also active in vivo. The chloro derivative 68 is moderately active in vitro, and has
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an ED50 about 10 mg/kg, a result close to that of the p^zra-chloro derivative 53 (ED50 =
7.3 mg/kg).

In the third group, the phenyl ring has been replaced by fused bicyclic systems: naphthyl 
(70 and 71), tetrahydronaphthyl (72 and 73) and quinolinyl (74). The 2-naphthyl and 
2 -tetrahydronaphthyl compounds 70 and 72 have a moderate in vivo activity (ED50 = 4.5 
and 6 .6  mg/kg respectively) whereas the 1-naphthyl and 1-tetrahydronaphthyl 
homologues 71 and 73 are virtually inactive. In vitro however, compound 71 has a 
potency similar to that of 70 and 72. The 8 -quinolinyl compound 74 presents no activity 
in vivo. The naphthyl or quinolinyl rings can be considered sterically as substituted 
phenyl rings. Compounds 70 and 72 would then be similar to homologues with a phenyl 
substituted in para and meta positions while the other 3 homologues correspond to a 
phenyl ring substituted in meta and ortho positions. The first two groups of compounds 
showed that, regardless of electronic effects, a para substitution is more favoured than a 
meta substitution. This third group now shows that an orr/m-like substitution is 
detrimental.
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Figure 5.1: Craig plot of a  versus n
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Because electronic property a  and lipophilicity k are two unrelated parameters, they are 

often used as indicators of the diversity of substituents-^^. A plot of o  versus n  values 

for the phenyl substituted compounds prepared (Craig plot, figure 5.1) shows the spread 
of lipophilic (abscissa) and electronic (ordinate) properties covered. Some of the most 
active compounds (nitro, cyano, acetyl) can be found in the first quadrant (a  > 0 and n < 

0). However, acetamido (a  = 0 and n < 0), amino (o < 0 and 7t < 0), benzamido (a  < 0 
and 7C> 0) are also very active despite belonging to different areas of the plot.

^  ^  ' Linker —

Linker ED50

(mg/kg)

75 0(CH2)3 > 10
76 0(CH2)4 > 10
77 0(CH2)6 > 10
7 8 S(CH2)4 > 10
7 9 S(CH2)5 > 10
80 (CH2)5 ~ 10
81 (CH2)6 - 3 0
82 NH(CH2)5 > 10
83 NCH3(CH2)5 > 10
84 NHC0(CH2)4 > 10
85 NCH3C0(CH2)4 > 10
86 CH20(CH2)4 > 10
87 CH20(CH2)5 > 10
88 0(CH2)20(CH2)2 > 10
89 (CH2)30(CH2)2 > 10
9 0 0(CH2)3CHCH3 > 10
91 0CHCH3(CH2)3 > 10
92 C=C(CH2)4 > 10
9 3 CH=CH(CH2)4 ~ 10
94 CH=CH(CH2)4 > 10
95 CO(CH2)5 > 10
96 CH0H(CH2)5 > 10
97 0-(3-C6H4)-(CH2)2 > 10

Table 5.3: Biological results for the third series of compounds
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The Craig plot also shows which areas have been explored and what other substituents 

can be introduced to give a good diversity of compounds for the structure-activity 

exploration. In our case, for example, few compounds bearing lipophilic, electron- 
releasing substituents (a  < 0  and tc> 0 ) have been synthesised.

Despite its widespread use, the Craig plot has its limitations: it considers only two 
parameters to describe the substituents (electronic property and lipophilicity) and ignores 

important factors such as the steric effect and the hydrogen-bonding character of the 

substituents.

Work on the third series started before the biological activities of the compounds from the 
second series were available, hence the phenyl ring is not substituted. The pyrrolidine 

ring was again chosen for the same reason as previously. Different linkers between the 

two moieties have been investigated in order to determine whether the pentyloxy chain 
linking the amine and the phenyl ring was optimal. The reference is compound 45 (ED50 

= 3.4 mg/kg). Of the 23 compounds prepared in this series, none displayed any 
significant activity in vivo. Because of their lack of oral activity, their in vitro potency 
was not evaluated.

Compounds 75 to 77 represent modifications of the alkoxy chain length. Removal of one 
(76) or two (75) methylene(s) as well as addition of a methylene (77) result in a loss of 

activity. The phenoxypropyl homologue 75 shows a weak activity (ED50 > 10 mg/kg) 
while the other homologues have no effect at a dose of 10 mg/kg.

X . (CH;)^

X n d(A )

80 CH2 2 7.7
78 S 2 8 .2

45 0 3 8 .8

82 NH 3 8.9
81 CH2 3 9.1
79 S 3 9.4
7 7 0 4 1 0 .2

Table 5.4: Distances between phenyl and pyrrolidine rings-"^^
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Compound 79 is the homologue of 45 with the oxygen atom replaced by sulfur. Because 

of the steric difference between oxygen and sulfur, the lower homologue 78 was also 

prepared. The calculated distance between the ipso aromatic carbon and the pyrrolidine 

nitrogen in the extended conformation of the molecule (each bridge is staggered and anti) 

is shown in table 5.4-'^ .̂ Retaining the pentyl bridge (n = 3), the distance increases with 

the type of group (X) from oxygen (45) to nitrogen (82) to methylene (81) to sulfur 

(79, table 5.4). The sulfur homologues 78 and 79 were not active at 10 mg/kg. The 

phenylpentyl and phenylhexyl homologues 80 and 81 displayed a weak oral activity, 
clearly much weaker than that of the lead compound.

Replacing the oxygen with nitrogen gave the aniline derivative 82 which was not active. 
The steric effect is very similar to that of compound 45 (table 5.4), but the nitrogen is 
also a hydrogen-bond donor. The methylated homologue 83 was prepared, in which the 
nitrogen is only hydrogen-bond acceptor. However, compound 83 was not active. The 
presence of a second basic nitrogen in the molecule could be a detrimental factor. The 

amides 84 and 85 overcome this situation by lowering the pKa of the nitrogen. 
However, the amide homologues (84 and 85) of compounds 82 and 83 were not active. 
Other ether derivatives were prepared (86 to 91). Replacement of the phenoxy by a 
benzyloxy group (87), hence increasing the total chain length, or just shifting the oxygen 
position (86, 89), replacement of a methylene by a second oxygen (88), branching the 
pentyl chain a  to the nitrogen (90) or the oxygen (91) hence shortening the chain length, 

all were detrimental modifications as none of the compounds displayed any oral activity. 
The phenylacetylene compound 92 as well as cis and trans ethylene compounds 93 and 
94 were prepared. The total length of the linker is close to that of the lead compound 

(total of 6 carbons) while the presence of unsaturations mimics the presence of the 
electron rich oxygen atom and gives a conformational restriction to the molecule. The 
acetylene and trans ethylene bridges favour an extended conformation while the cis 

ethylene favours a more folded structure. Compound 93 (mainly trans) is only weakly 

active (ED50 ~ 10 mg/kg) and no activity was detected at 10 mg/kg for compounds 92 
and 94.

The effect of the oxygen atom outside the chain as in the ketone 95 and its reduced 

homologue the (hydrogen-bond donor) alcohol 96, was not favourable as these 
compounds were not active.

Finally, compound 97 was prepared after computer calculation of the preferred 

conformations of the lead compound 45 in an environment mimicking the receptor 

protein-^6 revealed that all conformers within 3 kcal/mol of the global minimum were 

"folded" as in figure 5.2. The w^ra-substituted phenyl group introduced in the alkyl chain 

to form compound 97 causes the molecule to fold and adopt a conformation similar to 
that of compound 45 (figure 5.2).
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45
29 conformations

97
12 conformations

Figure 5.2: Preferred conformations of compounds 45 and 97 
(for clarity, hydrogen atoms are not shown)

The average distance ("d" on figure 5.2) between the phenyl ipso carbon and the 
pyrrolidine nitrogen is 4.4 Â for compound 45 and 4.7 Â for compound 97. The phenyl 
group also causes compound 97 to be more rigid: only 12 conformers have been retained 
by the computer whereas the more flexible pentyloxy homologue 45 has 29 distinct 
conformations in the 3kcal/mol range. Despite a close similarity between the two 
structures, compound 97 was not active in vivo. One explanation could be that the 
second phenyl ring is too bulky to fit in the receptor pocket, or it may interact 
unfavourably with some polar aminoacid residues.

The fourth series follows the results of the first series: the pyrrolidine and piperidine 
derivatives were clearly more active than their acyclic equivalents, hence it was decided to 
explore more cyclic structures. Many substituted piperidines, unlike pyrrolidines, are 
readily available. Compounds 98 to 109 are derived from commercially available 
substituted piperidines, the lead compound used for comparison in this case is the 
unsubstituted piperidine derivative 46 (K, = 141 nM, ED50 = 6.9 mg/kg).
Compounds 98 to 100 possess a methyl group in positions 2, 3 or 4 of the piperidine 
ring. The methyl group adopts a preferred equatorial position. In the case of the 2- and 3- 
methyl compounds, the carbon bearing the substituent becomes asymmetrical and the 
product is a racemic mixture of R and S optically active enantiomers. The results refer to 
the racemate. Although the three compounds present a better in vitro potency than the 
unsubstituted parent 46, none of them show an improvement in vivo. Of the three
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choices for the substitution, position 3 seems to be preferred as shown by compound 99 

(Kj = 29 nM). Indeed, while compounds 98 and 100 do not show any oral activity at 10 

mg/kg, compound 98 has an ED50 about 10 mg/kg, an activity close to that of compound 

46 if we consider the upper confidence limit (ED50 = 6.9 ± 3.1 mg/kg).

amine Ki
(nM)

ED50

(mg/kg)

9 8 2 -(CH3)-piperidine 99 ± 2 6 > 10
9 9 3 -(CH3)-piperidine 2 9 + 1 2 -  10

1 0 0 4 -(CH3)-piperidine 93 ± 2 8 > 10
1 0 1 4 -(C3H7)-piperidine -5 0 0 > 10

1 0 2 4-(CH2C6H5)-
piperidine

> 1500 > 10

103 4-(0H)-4-(C6H5)-
piperidine

> 1500 > 10

104 3,3-(CH3)2-
piperidine

> 1500 > 10

105 cis-3,5-(CH3)2-
piperidine

95 ± 5 9 > 10

106 trans-3,5-(CH3)2-
piperidine

90 ± 2 2 > 10

107 cis-2,6-(CH3)2-
piperidine

115 ± 39

108 3-(C02C2H5)-

piperidine
669 ±135

109 4-(C02C2H5)-
piperidine

330 ± 4 0

1 1 0 dihydropyrrole > 10
1 1 1 tetrahydropyridine 252 ±133 > 3 0
1 1 2 isoindoline > 10

113 4-(C0CH3)-

piperazine
207 ± 63 > 10

Table 5.5: Biological results for phenoxypentylamines
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Two substituents at position 3 are, however, not tolerated (104, Ki > 1500 nM). There is 

an important steric factor when the two substituents are on the same carbon: one of the 
substituent is equatorial and the other axial, extending out of the plane of the piperidine 

ring.

The size of the substituent in the para position (position 4 of the piperidine ring) was 

investigated with compounds 100 to 103. An increase in size from methyl (100) to 
propyl (101) and benzyl (102) was clearly detrimental as the potency drops from 93 to 

500 to over 1500 nM. Compound 103 is disubstituted on carbon 4 with a bulky phenyl 

and a polar hydroxyl group. Again, one substituent is equatorial (phenyl) and the other 
axial (OH). Like the benzyl derivative, this compound was inactive.

Piperidines disubstituted on different carbons were used (105 to 107). Compounds 105 

and 106 are homologues of compound 99, with a second methyl group in position 5 
which is symmetrical to position 3 of the ring. If the first methyl is equatorial as in 
compound 99, then the second methyl group can be also equatorial (compound 105) or 
axial (106).

As seen in chapter 3, the cis compound 105 is in a frozen conformation while the trans 
compound 106 gives flexibility to the piperidine ring, allowing each methyl group to flip 

from equatorial to axial and vice versa. In vitro, they are equipotent with the 2 and 4 
mono substituted piperidine derivatives 98 and 100 but less potent than the mono 
substituted 3-methyl compound 99. In vivo, the trans compound 106 shows some 
activity at 10 mg/kg. The cis homologue 105 is inactive at 10 mg/kg.
Compound 107 is the disubstituted homologue of compound 98, Only the cis-2,6- 

dimethyl piperidine was available (because it is probably produced by catalytic 

hydrogenation of 2,6-lutidine). Compound 107 is slightly less potent (Kj = 115 nM) 
than the mono methyl compound (K, = 99 nM) although the difference is not significant. 

Because the compound did not show any improvement in vitro, it was not tested in vivo. 
Compounds 108 and 109 are also mono substituted in positions 3 and 4 of the 

piperidine ring, but they bear bulky and polar hydrogen-bond accepting ester groups. The 
presence of these groups is not favoured: compared with the methyl substituted 

homologues (99 and 100), the potency dropped dramatically. Moreover, the substitution 
in position 3 is not so well accommodated than in position 4, suggesting a smaller pocket 
in that area.

Other cyclic amines have been investigated: the mono unsaturated homologues of 

compounds 45 and 46, respectively 110 and 111, using pyrroline (2,5-dihydropyrrole) 

and 1,2,3,6-tetrahydropyridine, cause the amine ring to be more electron rich and modify 
their spatial structure but do not interfere with the nitrogen lone pair (no delocalisation is 
possible through the methylene bridges). The very lipophilic isoindoline derivative 112
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has a phenyl fused to the pyrrolidine ring. These unsaturated homologues were not 
active.

Finally, a piperazine derivative was prepared (113). As the 4-methylpiperazine 

compound 49 was not active, it was postulated that the second basic nitrogen was a 

detrimental factor. Acétylation of the nitrogen neutralises the second nitrogen, forming an 

amide, and the result is a ten-fold increase in the potency compared to 49 (Ki = 207 

instead of 2800 nM). However, the product was still not significantly active in vivo.

At the end of this series, no new lead has been identified, although methyl substitutions 
on the piperidine ring in positions 2 and 4 as well as 2,6 and 3,5 disubstitutions seem to 
be at least equipotent to the unsubstituted piperidine in vitro, and 3-methyl substitution 
increase greatly the potency of the drug.

O -
/ \

0 (C H 2 )5 -n : (CH 2)„

45: n = 2, 46: n = 3,
Ki = 184 nM, ED50 = 3.4 mg/kg K, = 141 nM, ED50 = 6.9 mg/kg

Y U. CH:

° 2 N - ^ ^ - 0 ( C H 2 ) 5 - N ^  ^ ^ 0 ( C H 2 ) 5 - n '

55, 99,
Ki = 39 nM, ED50 =1.1 mg/kg K, = 29 nM, ED50 ~ 10 mg/kg

“O "0(C H 2)5-f(3
114,

Ki = 14 nM, ED50 = 1.3 mg/kg

Scheme 5.1: The rationale for the preparation of compound 114

This result led us to prepare compound 114, the rationale for which can be explained 

with the help of scheme 5.1: our original leads, 45 and 46, were optimised in 

compounds 55 and 99 respectively. The phenoxypentylpyrrolidine 45 was substituted in 

the para position of the phenyl ring with a nitro group to give 55, with an improved Kj 

and ED5 0 . The phenoxypentylpiperidine 46 was substituted in position 3 of the
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piperidine ring to give 99, with an improved Kj but no improvement of the ED5 0 . 

Combining these two substitutions led to the preparation of compound 114 which 

contains the 3-methylpiperidine ring as well as the 4-nitrophenoxy moiety.

The results, however, were not as good as was expected: although the potency of 

compound 114 was about twice that of 55 or 99 in vitro, the product, in vivo, was 

active with an ED50 = 1.3 mg/kg, a result similar to (but not better than) that of 
compound 55.

Even though compound 114 did not rise up to our expectations, its activity confirms the 

fact that a methyl substituent on the piperidine ring is not a hindrance to the antagonist 

activity at the receptor.

Some of the compounds forming the next series (115 to 125) were originally prepared 
for a different project (see chapter 7). Yet, they present a structure very similar to the 

phenoxypentylpyrrolidines of the second series (table 5.2). Instead of a pentyl group, the 
linker is shortened to a propyl chain and the pyrrolidine is replaced by a diethylamine. 
These similarities led us to test these compounds for potential H3 antagonist properties.

r
IT Ar Ki

(nM)
ED50

(mg/kg)

115 4-(CH30)-C6H4 - 3 0
116 4-(C1)-C6H4 6 .1  ±  2.9
117 4-(CN)-C6H4 95 ± 2 8 0.5 ± 0 .1 5

118 4-(N02)-C6H4 1.5 ± 0 .9

119 3,4-(0CH20)-C6H3 4.6 ±  2.0
1 2 0 4-(C0CH3)-C6H4 20 ± 7 0.44 ± 0 .1
1 2 1 4-(CH(0H)CH3)-C6H4 60 ± 18 0.45 ± 0 .1 2
1 2 2 4-(C=N(0H)CH3)-C6H4 2.7 ± 0.9 0.73 ± 0.42
123 4-(C0C2H5)-C6H4 11 ± 2 0.47 ± 0 .1 3
124 4-(C6H5)-C6H4 1.3 ± 0 .2
125 2 -C10H7 - 3 0

Table 5.6: Biological results for aryloxypropyldiethylamines

However, the results of the first series (table 5.1) showed that pyrrolidine was preferred 
to diethylamine while those of the third series (table 5.3) led us to assume that a reduction
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in the length of the alkyl linker was detrimental to the desired antagonist activity. Thus we 

did not expect a very high activity for these compounds. The results (table 5.6) were 
astonishing.

The 4-methoxy compound 115 is only weakly active (ED50 ~ 30 mg/kg) and that is not 
surprising considering the results from compound 51. The 4-chloro compound 116 

shows an activity similar to its higher homologue 53. The 4-cyano compound 117, 

despite being less potent than 54, is more active in vivo (ED50 = 0.5 mg/kg). The 4-nitro 

compound 118, however, is not quite as active as 55 (ED50 = 1 .5  mg/kg). Compound 
119 does not have an equivalent in the second series. It is disubstituted in para and meta 

positions, and moderately active (ED50 = 4.6 mg/kg). This compound corresponds to a 
conformationally restricted homologue of 115 where the methyl group is not free to 

adopt a random position (eg. outside the plane of the phenyl ring). The difference is not 

confined to a steric effect: the cyclic 3,4-methylenedioxy substitution prevents the oxygen 
lone pairs from aligning with the delocalised 7C orbitals of the phenyl ring, resulting in a 

different electronic contribution (due only to the inductive effect from electronegative 
oxygen atoms).
The 4-acetyl compound 120 is the most active in this series. Its potency is similar to its 
homologue 62 (Ki = 20 nM) but it is much more active in vivo (ED50 = 0.44 mg/kg). 
The reduced homologue 121 is not as potent (and not as potent as 59) but is equally 
active in vivo (and more active than 59). The oxime 122 (which has no equivalent in 

series 2 ) is the most potent in vitro (Kj = 2.7 nM), but not quite as active in vivo (ED50 = 
0.73 mg/kg). Oximes are more polar and more hydrogen-bonded than their parent 

ketones, also, they are more sensitive to hydrolysis: thus, the oxime 1 2 2  may be the 

most potent in vitro but, when given orally, the proportion of oxime reaching the site of 
action could be quite small.

Another ketone was synthesised: the propionyl derivative 123 is the homologue of 120 
with one methylene added. An increase in the size of the ketone leads to improved 
potency (Kj =11 nM), but causes no significant difference in vivo.
The 4-phenyl substituted compound 124 is twice as active as its homologue from the 

second series (60) with an ED50 = 1.3 mg/kg.

Finally, the 2 -naphthyl compound 125 is not significantly active (ED50 ~ 30 mg/kg) 

whereas its higher homologue (70) was moderately active (ED50 = 4.5 mg/kg). This 
result is surprising because all the other compounds in this series are similarly or more 

active than their counterparts from the second series.

These results show that a new N-(3-phenoxypropyl)diethylamine series, more active than 

our previous leading series, has been discovered, even though previous results indicated 
an optimal chain length of 5 methylenes and an optimal cyclic amine.
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After these unexpected results, it was thought essential to determine again the optimal 

chain length as well as the optimal tertiary amine. The results are known for a N-(3- 

phenoxypropyl)diethylam ine and for a l - ( 5 -phenoxypentyl)pyrrolidine. Other 

combinations of aliphatic and cyclic amines and of alkoxy linkers are explored with the 

next series (compounds 126 to 137). The phenyl substituent was chosen as 4-cyano 
which was the best lead (the results from the ketones were not yet available when this 

new series was prepared).

N C - /  0 (C H 2)„-N R 2

I f n amine Ki
(nM)

ED50

(mg/kg)

126 2 N(C2H5)2 824 ± 277 3.3 ± 1.0
117 3 N(C2Hs)2 95 ± 28 0.5 ±0 .15
132 4 N(C2H5)2 62 ± 15 1.1 ± 0 .5
134 5 N(C2H5)2 53 ± 1 2 3.0 ± 0.8
137 6 N(C2Hs)2 53 ± 1 0 4.2 ± 1.8

127 3 N(CH3)2 9 6 0 ± 104 > 10

117 3 N(C2H5)2 95 ± 28 0.5 ± 0.15
128 3 N(C3H7)2 134 ± 36 14 ± 5
129 3 N(CH2)4 2 0 ± 5 1.6 ± 0 .7
130 3 N(CH2)5 10.9 ± 1.5 0.2 ± 0.07
131 3 N(CH2)6 8.7 ±2 .1 0.64 ±0.31

133 5 N(CH3)2 207 ± 52 > 10

134 5 N(C2H5)2 53 ± 12 3.0 ± 0.8
135 5 N(C3H7)2 >500 > 10

54 5 N(CH2)4 19 ± 7 1.9 ± 1.2
136 5 N(CH2)5 25 ± 3 2 .0  ± 1.6

Table 5.7: Biological results for the cyano series

Compound 54 is l-[5-(4-cyanophenoxy)pentyl]pyrrolidine and compound 117 is N-[3- 

(4-cyanophenoxy)propyl]diethylamine. To complete the set of compounds, homologues 

of 117, N-[3-(4-cyanophenoxy)propyl]amines were prepared using dimethylamine 

( 1 2 7 ) ,  d ip ropylam ine  (1 2 8 ) , pyrrolidine (1 2 9 ) , piperidine (1 3 0 )  and 

hexamethyleneimine (131). Thus, 3 aliphatic and 3 cyclic amines of increasing size will 
help determine what is the most suitable amine for the phenoxypropyl series. Analogues 

of 54, N-[5-(4-cyanophenoxy)pentyl]amines were also prepared to confirm whether the
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same amine is optimal in the phenoxypentyl series. These include the dimethylamine 

(133), diethylamine (134), dipropylamine (135) and piperidine (136) derivatives. 
Finally, investigation of the optimal chain length was performed with the diethylamine 

derivatives (as compound 117 is better than 54). In addition to the 3 carbon compound 

117 and the 5 carbon compound 134, we prepared N-(2-phenoxyethyl)diethylamine 

(126), N-(4-phenoxybutyl)diethylamine (132) and N-(6 -phenoxyhexyl)diethylamine 
(137). Thus, chain lengths of 2 to 6  carbons encompassing our previous propyl and 

pentyl series should allow the determination of the appropriate compound to optimise. 

The results are summarised in table 5.7. The table is divided in 3 groups and includes the 

results from compounds 54 and 117.
The first group shows the importance of the alkyl linker: in vivo, the optimal length is 3 

carbons (117, ED50 = 0.5 mg/kg). A shorter compound is not favoured (126, ED50 =
3.3 mg/kg) and an increase from 3 to 4, 5 and 6  carbons causes a gradual decrease in 

activity (ED50 = 0.5, 1 .1, 3.0 and 4.2 mg/kg). In vitro, the difference is not clear: the 
shorter compound is not active (126, Kj = 824 nM) but the 4, 5 and 6  carbon 
compounds are equally potent (Ki = 62,53 and 53 nM) and slightly more potent than the 
3 carbon homologue (117, Ki = 95 nM).

In the 3 carbon group (117 and 127 to 131), there are two distinct sub-groups: the first 
three compounds are alkylamines (dimethyl, diethyl and dipropyl) and the second group 
of 3 compounds are cyclic amines (pyrrolidine, piperidine and hexamethyleneimine). The 
dimethylamine derivative 127 is not active in vivo and the dipropyl compound 128 is 

only very weakly active (ED50 = 14  mg/kg). Diethylamine, as seen earlier, is the most 

suitable aliphatic amine (117, ED50 = 0.5 mg/kg). Earlier series showed that a cyclic 
amine is preferred: in this series, the pyrrolidine derivative 129 is not as active as the 

diethylamine 117 (ED50 = 1.6  mg/kg) despite being clearly better in vitro (Kj = 2 0  nM). 

However, the piperidine 130 is twice as active as 117 with an ED50 = 0 .2  mg/kg, so far 
the most active compound. The hexamethyleneimine compound 131 is also reasonably 

active (ED50 = 0.64 mg/kg). In vitro, the order of potencies is the same as in the first 

series (table 5.1, compounds 45 to 47): the potency increases with the size of the ring 

from pyrrolidine to piperidine and to hexamethyleneimine (Kj = 20, 10.9 and 8.7 nM 

respectively). The hexamethyleneimine derivative may be the most potent of the 3 in both 
cases but this ring seems to be disfavoured in vivo.

The last group in this series parallels the previous group with a phenoxypentyl chain. 
Compounds 133 to 135 clearly indicate a preference for the diethylamine (134, Kj = 53 

nM, ED50 = 3 mg/kg), while a cyclic amine is even better (54 and 136). However, this 
group is not as active as the 3 carbon group.

The new lead compound is now l-[3-(4-cyanophenoxy)propyl]piperidine (130, Ki = 

10.9 nM, ED50 = 0 .2  mg/kg). However, the previous series identified better candidates:
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in the diethylamine series, the ketones 120 and 123 were more active than the 
corresponding cyano compound 117.

N° R Ki
(nM)

ED50

(mg/kg)

138 4-CHO 30 ± 4 4.2 ± 1.7
139 4 -COCH3 6.0 ± 1.4 1.1 ± 0.1

140 4 -COC2H5 4.7 ± 0.8 0 .6  ± 0.16
141 4 -COC3H7 7.6 ± 2 .9 0.21 ± 0.05
142 4-C0CH(CH3)2 10 ± 3 0.5 ± 0.11
143 4-C0CH(CH2)2 3.6 ± 1.0 0.18 ± 0 .0 6
144 4-(CH2)2C0CH3 8 .2  ± 1.0 0.67 ± 0.15
145 3-F-4-CN 72 ± 1 4 1.3 ± 0 .7

Table 5.8: Biological results for phenoxypropylpiperidines

The next series optimises compound 130, retaining a piperidine ring N-substituted with a 
phenoxypropyl chain and varying the para substituent (table 5.8). The activities of 
compounds 120 and 123 led us to investigate more carbonyl compounds. A steric 
increase from formyl (138) to acetyl (139) to propionyl (140) to butyryl (141) 
substituents show a parallel increase in the activity of the compounds in vivo. The formyl 

substituted compound is moderately active, whereas the butyryl compound has an ED50 = 
0.21 mg/kg. In vitro, the potency follows the same pattern for the first 3 compounds but 
drops slightly again with compound 141, indicating an optimal propionyl group. The 
increase seen in vivo for compound 141 despite a slight drop of potency could be the 

result of increased lipophilicity and better brain penetration. Compounds 139 and 140 

are not as active in vivo as the diethylamine homologues 120 and 123 despite being at 
least twice as potent in vitro.

The isobutyryl 142 is not quite as active as the butyryl compound, but the cyclic 
homologue (cyclopropanecarbonyl 143) is very potent (Ki = 3.6 nM) and the most active 
compound in this series (ED50 = 0.18 mg/kg).
Compound 144 is an isomer of compound 141, with the carbonyl group further away 

from the phenyl ring. There is no conjugation of the carbonyl with the aromatic moiety, 
thus the electronic effect of the substituent is like that of an alkyl group. The potency
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however is very similar to the other ketones and the compound is quite active in vivo 

(ED50 = 0.67 mg/kg).
The last compound in this series is 145, a homologue of 130 with a second substituent 

on the phenyl ring. The presence of a fluorine atom in the meta position has no steric 
effect (fluorine being very small) and only an electronic effect (ameta = 0.34). This 

second substitution is not favoured: in vitro, the potency drops from K; = 10.9 to 72 nM 

and in vivo, ED50  = 0 .2  to 1.3 mg/kg. This is another indication that only para  
substitutions are beneficial.

CH

146 (R isomer): Ki = 47 ± 18 nM and ED50 = 14 ± 4 mg/kg po
147 (S isomer): K; = 35 ± 7 nM and ED50 = 7.0 ± 2.4 mg/kg po

The stereoselectivity at the H3 receptor is investigated with the next two compounds (146 
and 147). (R)-a-Methylhistamine for example is much a more potent H3 agonist than the 

(S) isomer. Among imidazole-containing antagonists, no such discrimination was 
observed in vitro-'^’̂ . The same situation arises with non-imidazole antagonists: 
compounds 146 (R isomer) and compound 147 (S isomer) present similar potencies (Kj 
= 47 and 35 nM respectively). Moreover, substitution on the propyl chain is not 

favoured: comparison with the unsubstituted homologue 139 (Kj = 6  nM) reveals a 6 - 

fold drop in potency. In vivo, a difference in activity can be seen between the two 

isomers. This difference is not unknown and has been attributed to a difference in the 
pharmacokinetic profile^^^.

All the compounds prepared have so far been tertiary amines. This is the result of earlier 

studies-o^ (table 2.3) showing the preference for a tertiary amine. However, these amines 
were not very active. Thus, it was necessary to repeat the experiment with the better 

compounds now available. Analogues of compounds 117 and 120 have been prepared 

using a primary amine (ethylamine). Compounds 148 (R = COCH3 ) and 149 (R = 
C=N) are not significantly active. The drop in activity from the diethylamine to the 

ethylamine homologue is more than 20-fold in both cases. These results confirm the 
necessity for a tertiary amine.
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148 (R = COCH3): ED50 = 13 ±  5 mg/kg po 
149 (R = C=N): ED50 > 1 0  mg/kg po

The final series, like the fourth series, is intended as an optimisation of the piperidine 

ring. The substitutions chosen for the piperidine ring were determined from the best in 

vitro results previously obtained. From table 5.5, the best substitutions were 2-, 3- or 4- 
methyl (compounds 98 to 100), as well as cis and trans 3,5-dimethyl (105 and 106). 
The tetrahydropyridine homologue has also been included in the series. The phenyl ring 
is substituted with cyano (152,153) or acetyl (154 to 159) groups in the para  position. 
The first two compounds (150 and 151) are a special case: they have been prepared 
because of a similarity between our substituted phenoxypropylpiperidines and a series of 
H3 ligands presenting a phenoxypropylimidazole structure (table 5.9).

-R

H N ^ N

R Type ED50 (mg/kg)
UCL 1390108 4-CN antagonist 0.54 ± 0.23
FUB 402278 4-CHO antagonist - 3 0
FUB 372279 4 -COCH3 antagonist 0.24 ± 0.06
FUB 369278 4 -COC2H5 antagonist 0.27
FUB 411278 4 -COC3H7 antagonist 0.17
FUB 359280 4-C0CH(CH2)2 antagonist 0.14 ± 0.03

UCL 147 0281 3 -CF3 full agonist 0.6 ± 0.3

Table 5.9: Substituted phenoxypropylimidazoles

The antagonist series (UCL 1390 and FUB 402, 372, 369, 411 and 359) agrees 
well with the activities of our own compounds (130 and 138,139, 140, 141 and 143, 

table 5.8), with an improvement of the activity from the aldehyde to the cyclopropane 

carbonyl substituent suggesting the same type of interaction at the receptor, the imidazole
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ring being replaced by piperidine. In this imidazole series, a para substitution generally 

gives antagonists, whereas a meta substitution gives partial or full agonists.

The mefa-trifluoromethyl compound UCL 1470 is a full agonist in vivo (ED50 = 0.6 

mg/kg). It was worthwhile exploring whether a similar agonist behaviour would be 

observed w ith the phenoxypropy lp iperid ines, even  th ough  the 5-(3- 

trifluoromethylphenoxy)pentylpyrrolidine homologue 67 (table 5.2) did not show any 
activity in vivo. However, compounds 150 and 151 presented no agonist or antagonist 

activity in vivo (ED50 > 1 0  mg/kg).

Ri R2 Ki
(nM)

ED50

(mg/kg)

150 3 -CF3 3 -CH3 > 10
151 3 -CF3 4 -CH3 > 10
152 4-CN 3 -CH3 7.2 ±  1.6 0.36 ± 0 .1 7
153 4-CN 4 -CH3 37 ± 12 0.77 ± 0.22
154 4 -COCH3 2 -CH3

155 4 -COCH3 3 -CH3 3.7 ± 0.5 0 .3 4 1 0 .1 4
156 4 -COCH3 4 -CH3 4.6 ± 2.0 0.49 + 0.18
157 4 -COCH3 cis 3,5-(CH3)2 5.1 ±  1.5 3.5 ± 1.9
158 4 -COCH3 trans 3,5-(CH3)2 1.8 ± 0.3 0.12 ± 0 .0 5

159 C H ^ C O - ^ ^ - O - ( C H 2 ) 3 - N ^ 7.3 ±  1.4 2.2 ± 0.6

Table 5.10; Biological results for phenoxypropylpiperidines

Compounds 152 and 153 are homologues of 130 (table 5.7) with a methyl group on the 
piperidine ring. Substitution on the 3- position is tolerated and gives a compound with a 

similar activity as 130. Substitution on the 4- position causes a 3 to 4-fold drop in 

activity (Ki = 37 instead of 10.9 nM and ED50 = 0.77 instead of 0.2 mg/kg).
In the acetyl series, compound 139 (table 5.8) is the reference compound containing an 

unsubstituted piperidine moiety. Compounds 154 to 156 have been substituted with one 

methyl group in positions 2-, 3- and 4- respectively. Compound 154 has not been 

submitted for testing because of problems during the purification (see chapter 3). 

Compounds 155 and 156 are both more active than the parent compound 139. In vitro.
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the potency increases with substitution, the 3- position being the most favourable. This 

increase is reflected in vivo, compound 155 being almost 3 times better than 139.
In both cases (cyano and acetyl), the 3-methyl substituted compound is more favoured 
than the 4 -m ethy l com pound. T his s itu a tio n  arose p rev iously  with 
phenoxypentylpiperidines (table 5.5).

The cis and trans 3,5-dimethylpiperidine derivatives 157 and 158 present a great 

difference in activity that was not previously observed in the phenoxypentylpiperidine 

series, probably because of a poorer fit between the compounds and the receptor. The 

trans compound 158 is twice as potent as the cis homologue 157 (Kj = 1.8 and 5.1 nM 
respectively) and, in vivo, the difference is about 2 0 -fold in favour of the trans 
compound. Compound 158 is the most active compound in the series, being ten times 
better than the unsubstituted homologue 139. It is also twice as potent in vitro and about 

8 times as active in vivo as the reference H3 antagonist thioperamide (K, = 4.3 nM, ED50 

= 1 mg/kg) 0̂ .̂ The cis homologue 157, despite being as active as 139 in vitro, is not as 
active in vivo (ED50 = 3.5 and 1.1 mg/kg respectively).

Finally, the tetrahydropyridine derivative 159 is similar to the piperidine homologue 139 
in vitro (Kj = 7.3 nM) but only half as active in vivo (ED50 = 2 .2  mg/kg), indicating an 
unfavourable pharmacokinetic profile.

5.2 Quantitative Structure-Activity Relationships (QSAR)

The forces of interaction between a drug and a receptor protein, as quantified by the K, or 

IC50 values in the case of an antagonist, are of a physicochemical nature: non covalent 

bonds like hydrogen bonds, electrostatic and hydrophobic interactions. These interactions 
depend on the chemical nature of the drug and that of the protein. Since the receptor 

protein is the pharmacological target, the only variable is the drug candidate itself. A 

multitude of parameters can be used to describe the drug molecule. Some of these 

descriptors can be measured, others are calculated. It should be possible, given the right 

set of parameters and provided that all the compounds tested interact with the receptor in 
the same manner and at the same active site, to correlate the biological activity with these 

parameters used to describe the drugs. Ultimately, such a correlation should have a 

predictive aspect for the activity of compounds not yet synthesised.

When considering a biological activity in vivo (e.g. the ED50), to the interaction with the 

receptor must be added the factors influencing the absorption of the drug in the organism, 

and its distribution in the body to the site of action as well as the rate of elimination 
(metabolism, excretion) of the drug.



5. Results and discussion 116

Some parameters used to describe the ligand as a whole are the molecular weight (MW), 

the lipophilicity (logP), the basicity (pKa), the energy of the highest occupied molecular 

orbital ( E h o m o )» t h e  energy of the lowest unoccupied molecular orbital (EpuMO)» the 
volume or surface area of the molecule, but the difficulty resides in obtaining the values 

of these parameters for the compounds tested.

To overcome this problem, substituent constants have been calculated and extensive 
tables giving the values of the Hammett constant a , the lipophilic parameter tc, the Taft 

steric parameter Es or the Verloop steric parameters L and Bi to B5 , exist for large 
numbers of commonly used substituents2^2,283^ However, the use of these parameter 

imply that only a small fraction of the active molecule is modified, i.e. the substituent, 
and that the rest of the molecule remains the same.

In our case, if we consider the whole series of compounds (37 to 159), because of the 
diversity o f structures, only global parameters can be used for the description of 
physicochemical properties.

However, substituents parameters can be used for some sub-series such as the substituted 

l-(5-phenoxypentyl)pyrrolidines from the second series (compounds 50 to 69), the 
substituted N-(3-phenoxypropyl)diethylamines from the fifth series (compounds 115 to 
124) and the substituted l-(3-phenoxypropyl)piperidines (compounds 130 and 138 to 
145).

5.2.1 C o rre la tio n  betw een in vitro and in vivo activ ities

The first step is to compare the activity in vitro as defined by the Kj values and the activity 
in vivo defined by the ED50 . For this purpose and subsequent correlations, the activity in 

vivo has to be defined in a dimension that allows a direct comparison with Kj. ED50 is 

expressed in mg/kg, thus we define ED50* = ED50/MW, where MW is the molecular 
weight of the compound. ED50* (in mol/kg) is comparable to Kj (in mol/1). 

pKj is the negative decimal logarithm of K\, pKj = -log(Kj). Similarly, we define pED^o 

as the negative decimal logarithm of ED50*, pED^o = -log(ED5o*).
The relation between Kj and ED50* can be a simple linear equation:

ED5o* = aK i + b a)
where a and b are constants, or it can be more complex:

ED50* = a(Kj )c + b, which translates as

pEDso = cpKj + d b )
where c and d are constants. If c = 1, then we are back to the simple case of equation a.



5. Results and discussion 117

If we take into account the influence of the partition coefficient (logP) and the size of the 
molecule (estimated with MW), we obtain a new equation:

pEDso = apKi + plogP + yMW + 5 c )
where a , p, y and Ô are constants.

Multiple linear regression analysis was performed on MINITAB-^^ using a set of 47 

compounds for which both Ki and ED50 values are known. The validity of the correlation 
is estimated using the correlation coefficient r (usually given as r-) and the standard 
deviation s. The correlation coefficient r varies between 0 and 1, the higher the value the 

better the correlation, the standard deviation s depends on each individual variation 
between calculated and observed value of the activity and on the number of degrees of 
freedom (DP). DF = n - k - 1, where n is the total number of objects (number of 

compounds tested) and k the number of variables. The statistical significance of the 
regression is measured via F values. F = r^ DF / k (1- r^). The regression equation is 
significant if observed F values are greater than the values indicated in table 5.11-^^.

number of variables (k)
n - k - 1 1 2 3 4 5 10

1 161.4 199.5 215.7 224.6 230.2 241.9
2 18.51 19.00 19.16 19.25 19.30 19.40
3 10.13 9.55 9.28 9.12 9.01 8.79
4 7.71 6.94 6.59 6.39 6.26 5.96
5 6.61 5.79 5.41 5.19 5.05 4.74
10 4.96 4.10 3.71 3.48 3.33 2.98
2 0 4.35 3.49 3.10 2.87 2.71 2.35
30 4.17 3.32 2.92 2.69 2.53 2.16
60 4.00 3.15 2.76 2.53 2.37 1.99

Table 5.11: F values for 95% significance level-^^

The following equations were obtained:

• pEDso = 0.604 pKj + 0.799

n = 47, r = 0.684, r^ = 0.468, s = 0.413, F = 39.58

• pEDso = 0.550 pKi - 0.137 logP + 1.71

n = 47, r = 0.709, r^ = 0.502, s = 0.404, F = 22.18

• PED50 = 0.521 pKi - 0.171 logP + 0.00181 MW + 1.41
n = 47, r = 0.713, r  ̂ = 0.508, s = 0.406, F = 14.79

1 )

2 )

3)
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Figure 5.3: Correlation between in vitro and in vivo activities (equation 1)

The correlation between in vitro and in vivo data is not very high (equation 1 , r  ̂= 0.468 
and figure 5.3). This is expected because of the factors influencing absorption and 
distribution in the body. The correlation improves with the incorporation of lipophilicity 
(calc. logP), giving equation 2, and r  ̂ = 0.502, which, for a set of n = 47 compounds 
and k = 2 descriptors (DF = 45), is already a significant correlation. A surprising result is 
the negative coefficient for logP, indicating a preference for hydrophilic compounds. The 
molecular weight (MW) is not very influential (equation 3); the introduction of this 
descriptor does not improve the correlation coefficient (r- = 0.508).
A correction factor for the lipophilicity is often added to improve the correlations. It stems 
from the "random walk" theory: the fact that a logP-response curve is often bell-shaped, 
with a maximum at intermediate values of the partition coefficient, where the compound 
can pass through lipophilic membranes and be soluble in hydrophilic inter/intracellular 
fluid'̂ 9. The correction factor is simply (logP)^, which is very similar to logP at low and 
medium lipophilicities and much greater than logP for highly lipophilic compounds. In 
our case, the introduction of (logP)^ gives equation 4, with a slightly improved 
correlation coefficient (r^ = 0.546) and a smaller standard deviation (s = 0.390).

pEDso = 0.632 pKi - 1.30 logP + 0.156 (logP)^ + 3.18
n = 47, r = 0.739, r  ̂ = 0.546, s = 0.390, F = 17.27

4)

The influence of lipophilicity on in vivo activity in this case can be estimated by plotting a 
graph y = 0.156 x^ - 1.30 x (figure 5.5) showing the negative influence of an increase in 
lipophilicity for hydrophilic compounds up to a calculated logP value of 4.17 and then a
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beneficial influence of an increase in lipophilicity for more lipophilic compounds (calc. 
logP > 4.17).

6.5 —

6.0 —

5.5 —

pEDso obs.
5.0 —

4.5 —

4.0 —

■ I

5.0 5.5
— I—

6.0

pEDso calc.

Figure 5.4: Correlation between pED^o observed and calculated (equation 4)

However, we must be cautious when considering equation 4: the correlation coefficient is 
low (r^ = 0.546), giving a poor predicitive value to the correlation. We can also question 
the validity of calculated logP values. The computer program used in the calculation of 
logpi99 considers neutral molecules only. At physiological pH, we can expect aliphatic 
tertiary amines to be protonated to a great extent, and the resulting partition coefficient to 
be very different than the calculated value.

10 - -

y = 0.156x - 1.30 X

= 0.312 X -  1.3

5 -

4 ï  = 0 fo rx  = 4.17

Figure 5.5: Influence of lipophilicity on in vivo activity according to equation 4
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5.2.2 QSAR on all in vitro activities available

As we explained before, when considering the whole series of compounds for which in 
vitro data is available, a total of 68  compounds, because of the diversity of structures 
involved, we can only consider descriptors that apply to the molecule as a whole such as 
the molecular weight (MW), the partition coefficient (calc. logP), the volume of the 
molecule or its surface area, the energy of the highest occupied molecular orbital 
(Ehomo)» the energy of the lowest unoccupied molecular orbital (EpuMO)» the basicity of 
the molecule (pKa), the dipole moment (p.)...

We chose to ignore variations in the basicity of the molecules because they all contain a 
tertiary aliphatic amine and there is little variation in pKa to be expected.
The volume of the molecule (V) was chosen in preference to the surface area because, of 
those two highly correlated descriptors, the volume should present greater variations 
between molecules. We chose to consider the volume (V in À^) of the global minimum 
energy conformation calculated by COSMIC-XED-^^ (see section 5.3 molecular 
modelling).

The energies of the HOMO (EhoMO in eV) and LUMO (EpuMO in eV) were calculated 
using MOPAC286 on the global minimum energy conformation. AE (in eV) represents the 

energy gap between the frontier orbitals.
The dipole moment (p. in Debye) was calculated on the global minimum energy 
conformation.
All the compounds considered in this study are tertiary amines, thus they are protonated at 
physiological pH and the active species at the active site of the receptor is likely to be the 
ammonium ion. However, in order to conduct a thorough investigation of the structure- 
activity relationships, we decided to calculate the global minimum energy conformations 
for both the neutral (free bases) and charged molecules (ammonium ions).
The correlations between descriptors for the free bases and descriptors for the ions were 
calculted using a set of 82 compounds. The results are shown in figure 5.6.

11 5 j

- 12 .0  

E h o m o  ( io n )

-12.5 _  

-13.0 _

■

■ V

— I—
-9.7 -9.2 -8.7

E homo( b a s e )

—r
- 8.2

-3.5 -

-4.5 _

"3T

Eh o m o : r = 0.730 EpuMO: r = 0.534



5. Results and discussion 12

900 _

800 -

V (ion)
700 _

20 _

H (io n )
15 _

10 -

2 3 51 4 6

V (base) p (b a s e )

V :r = 0.991 |i : r  = 0.709

Figure 5.6: Correlation between data for neutral and charged molecules

The volume is highly correlated, the energy of the HOMO less correlated, the energy of 
the LUMO and the dipole moment are not significantly correlated.

Multiple linear regression was performed with pKj as the response and logP, V, p and 
either Ehomo» Elumo or AE (retaining the best correlation) as the descriptors.

a. for the neutral molecules (equation 5):
• pKi = - 0.269 logP - 0.593 E p u M O  + 0.00479 V + 0.005 p  + 4.89

n = 68, r = 0.536, r  ̂ = 0.287, s = 0.6207, E = 6.35
b. for the ions (equation 6):
• pKi = - 0.097 logP + 1.16 AE + 0.00416 V + 0.0206 p - 5.25

n = 68, r = 0.618, r  ̂ = 0.382, s = 0.5782, E = 9.72

No correlation can be observed for the descriptors of the free bases (equation 5, r- = 
0.287). In both cases, the dipole moment contributes very little to the correlation (small 
coefficient). The salts give a slightly better correlation (equation 6 , r- = 0.382) with an 
important contribution from the frontier orbitals (1.16 AE).

5.2.3 QSAR on all in vivo activities available

This study is similar to the previous one, using logP, (logP)-, Ehomo. EpuMO. AE, V 
and p as descriptors for a set of 63 compounds for which ED50 values are known. In this 

case we do not attempt to correlate in vivo and in vitro activities but directly the influence 
of physicochemical factors on in vivo activity.
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a. for the neutral molecules (equation 7):
• pEDso = 0.254 logP - 0.0856 (logP)^ - 0.638 E r o m o  + 0.00604 V + 0.0068 p 

-4 .53

n = 63, r = 0.673, r^ = 0.453, s = 0.4715, F = 9.46

b. for the ions (equation 8):
• pEDso = 0.393 logP - 0.0908 (logP)^ - 0.434 E r o m o  + 0.00544 V + 0.0381 p 

-4 .56

n = 63, r = 0.692, r^ = 0.479, s = 0.4604, F = 10.48

In this case again, the salts give a slightly better correlation (equation 8, r^ = 0.479) with 

contributions from volume, HOMO and lipophilicity but very little influence from the 
dipole moment.

Since no useful correlation can be derived from the global data, it is necessary to divide 
our set of compounds into sub-series where structures present a higher degree of 
similarity.

5.2.4 QSAR on 5-aryloxypentylam ines

This sub-series contains compounds presenting the following structure;

N .
Rz

A total of 43 compounds is included in this series. For 37 of them, in vitro activities are 
known, and for 24 of them in vivo activities are known. Thus for 18 compounds, both 
EDjo and Ki are known.

a. Correlation between pED;o and pKi (equation 9):

• pEDso = 0.496 pKi - 2.95 logP + 0.333 (logP)2 + 7.82
n = 18, r = 0.746, r^ = 0.556, s = 0.2884, F = 5.83

b. Correlation between pKj and descriptors (neutral molecules, equation 10):
• pKi = 0.275 logP - 0.178 E h o m o  - 0.00306 V + 0.309 n  + 5.50

n = 37, r = 0.578, r^ = 0.334, s = 0.4418, F = 4.01

c. Correlation between pK, and descriptors (charged molecules, equation II ) :
• pKi = 0.105 logP + 1.50 E l u m o  - 0.00584 V + 0.234 |i + 14.1

n = 37, r = 0.655, r^ = 0.429, s = 0.4091, F = 6.00
d. Correlation between ED50 and descriptors (neutral molecules, equation 12):
• ED50 = - 1.09 logP + 0.0831 (logP)2 - 0.516 E l u m o  + 0.00235 V - 0.0687 p
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+ 6.61

n = 24, r = 0.887, = 0.786, s = 0.2101, F = 13.22

e. Correlation between ED50 and descriptors (charged molecules, equation 13):
• ED50 = - 0.387 logP + 0.0080 (logP)2 - 0.345 E lu m o  + 0.00285 V + 0.0784 p 

+ 2.69

n = 24, r = 0.823, r^ = 0.678, s = 0.2576, F = 7.59

The colinearity of the descriptors is evaluated below (as expected, logP and (logP)^ are 
highly inter-dependent: r = 0.994):

a) for the free bases, the energy gap AE between the frontier orbitals is strongly related to

logP (logP)2 E h o m o E l u m o AE V

-0.348 -0.341 -0.211 -0.577 -0.503 0.262 1.000
V 0.558 0.575 0.253 -0.040 -0.226 1.000

AE -0.098 -0.093 -0.157 0.783 1.000

E l u m o 0.036 0.049 0.492 1.000

E h o m o 0.194 0.208 1.000
(logP)2 0.994 1.000

logP 1.000

b) for the salts, the energy gap AE between the frontier orbitals is strongly related to the 

energy of the HOMO (r = 0.882):

logP (logP)2 E h o m o E l u m o AE V P

11 -0.064 -0.061 -0.340 -0.332 0.237 0.333 1.000
V 0.519 0.536 0.333 0.520 -0.105 1.000

AE 0.002 -0.014 -0.882 -0.274 1.000

E l u m o 0.370 0.375 0.694 1.000

E h o m o 0.179 0.194 1.000
(logP)2 0.994 1.000

logP 1.000

Even with this reduced set, the correlation between in vitro and in vivo activities (equation 

9) has not improved compared to equation 4. Similarly, the correlation between pK; and 

various descriptors, for neutral molecules of for ions, is very poor (equations 10 and 
11). ED50 seem to correlate slightly better (equations 12 and 13); however, the number 

of descriptors is high (5) for a relatively small set of compounds (24) and, given a high 

enough number of descriptors, a correlation, though meaningless, can always be found.
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5.2.5 QSAR on 3-aryloxypropylam ines

This sub-series contains compounds presenting the following structure;

2

A total of 34 compounds is included in this series. For 27 of them, in vitro activities are 
known, and for 33 of them in vivo activities are known. Thus for 26 compounds, both 

ED50 and Ki are known.

a. Correlation between pED^o and pKj (equation 14):

• PED50 = 0.694 pKi - 2.71 logP + 0.399 (logP)2 + 4.62
n = 26, r = 0.637, r^ = 0.406, s = 0.4559, F = 5.02

b. Correlation between pK] and descriptors (neutral molecules, equation 15):
• pKi = 0 .1 1 2  logP - 0.622 E l u m o  + 0.00544 V - 0.203 |i + 4.35

n = 27, r = 0.717, r^ = 0.514, s = 0.4661, F = 5.81
c. Correlation between pKj and descriptors (charged molecules, equation 16):
• pKi = 0.588 logP + 0.729 E h o m o  - 0.00046 V - 0.0824 p + 16.5

n = 27, r = 0.699, r^ = 0.489, s = 0.4778, F = 5.26
d. Correlation between ED50 and descriptors (neutral molecules, equation 17):
• pEDso = 0.35 logP - 0.107 (logP)2 - 1.36 E h o m o  + 0.00879 V - 0.136 p - 12.6

n = 33, r = 0.627, r^ = 0.393, s = 0.5641, F = 3.49
e. Correlation between ED50 and descriptors (charged molecules, equation 18):
• pEDso = - 0.27 logP + 0 .0 2 0  (logP)2 - 0.706 E h o m o  + 0.00675 V + 0.0467 p 

- 7.99

n = 33, r = 0.610, r^ = 0.372, s = 0.735, F = 3.20

The colinearity of the descriptors has been evaluated and, apart for logP and its square, 
there is no inter-dependence between the chosen descriptors.

As with the previous set of compounds, there is no correlation between our data (pKi or 

pEDso) and various descriptors, for neutral molecules or for ions. This can be an 
indication that the descriptors we chose are not suitable. However, the availability of 

physicochemical descriptors that apply to whole molecules is somewhat limited.
A large number of QSAR studies deal with structures presenting a large degree of 

similarity, i.e. when an aliphatic or (more often) an aromatic substituent is the only 
variable within an otherwise unmodified global structure.

There are several benefits of such a study: by modifying only a small part of a molecule, 

it is usually reasonable to assume that all the compounds in the set interact with the



5. Results and discussion 125

biological target at the same site and in the same way. Also, there are now extensive 

tables available in the literature for many different substituent constants.

5.2.6 QSAR using substituent constants

Three series lend themselves to the use of substituent constants: substituted 5- 

phenoxypentylpyrrolidines, substituted 3-phenoxypropyldiethylamines and substituted 3- 
phenoxypropylpiperidines.

The parameters commonly used to describe the substituents are the Hammett constant a  

which reflects the electronic effect of the substituents-^^: o  was defined by the difference 

in the logarithms of the dissociation constants of substituted and unsubstituted benzoic 
acids. Electron withdrawing substituents give positive a  values and electron releasing 
substituents have negative values; the lipophilicity (or hydrophobicity) constant 

defined by the difference in the logarithms of the partition coefficients between octanol 
and water of substituted and unsubstituted compounds; the steric parameters, from Taft 

(Es) or Verloop (STERIMOL parameters L and Bi to B4), which are an indication of the 
bulk of the substituent. The Verloop parameters define the size of the substituent as 
follows: L is the length of the substituent along the bond joining the parent sub-structure 
and the first atom of the substituent, the other four parameters measured the width of the 
substituent in a plane orthogonal to this axis, B % being the smallest width and B2 , B3 , B4 

are defined as the widths at 90° intervals in the same plane with B4 being the largest 

width-^2. The L and B parameters are expressed in Ângstrpm (À). The molar refractivity 

MR, obtained from refractive index values, is related to the polarisability of the 

substituent and is also an indication of the volume of the substituent-^^. MR is expressed 

in ml/mol. MR is highly correlated to Eg and the STERIMOL parameters.

The first series contains 15 p  a/-«-substituted and 5 /M gr«-substitu ted  5- 
phenoxypentylpyrrolidines as well as the unsubstituted parent compound. Some 

substituents values for 2 compounds were not available (compound 59 , R = 

CH (0 H)CH 3 and compound 64, R = COCH2C 6H 5) and the in vitro data for 6  other 
compounds were also unavailable (compounds 56, 57, 61, 63, 67 and 69). The 

correlation was thus evaluated for the 13 remaining compounds (compounds 45, 50 to 
55 , 58 , 60, 62, 65, 6 6  and 6 8 ).

The following equations were obtained:
• pKi = - 0.458 7t + 7.22 1 9 )

n = 13, r = 0.757, r^ = 0.573, s = 0.2821, F = 14.75
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• pKi = 0.849 Bi - 0.512 k + 5.94

n = 13, r = 0.945, = 0.894, s = 0.1662, F = 29.46
• pKi = 0.474 B2 - 0.517 % + 6.44

n = 13, r = 0.959, = 0.920, s = 0.1442, F = 40.29
• pKi = 0.395 Bg - 0.639 K + 6.50

n = 13, r = 0.946, = 0.895, s = 0.1650, F = 29.97
• pKi = 0.289 B4 - 0.548 n + 6.60

n = 13, r = 0.917, = 0.842, s = 0.1801, F = 26.61
• pKi = 0.148 L - 0.586 Te + 6.64

n = 13, r = 0.935, = 0.875, s = 0.1602, F = 39.93
• pKi = 0.0267 MR - 0.632 k + 7.00

n = 13, r = 0.935, r2 = 0.874, s = 0.1606, F = 34.75

Colinearity:

2 0 )

2 1 )

2 2 )

23)

24 )

25)

Bi B2 B3 B4 L MR

71 0.164 0.505 0.602 0.502 0.298 0.560

We found no significant influence of the electronic constant a, even when reducing the 

set to the 10 para-substituted compounds. There is a strong correlation of in v/Yra'activity 
with the lipophilic character and the size of the substituent. The lipophilicity k associated 

with the different Verloop steric parameters Bi to B4 and L give very similar correlations 
(equations 20 to 24) with 0.84 < r  ̂< 0.92 and a comparable correlation is obtained with 
the molar refractivity MR (equation 25, r^ = 0.874). Lipophilicity alone does not 
correlate satisfactorily (equation 19, r^ = 0.573), nor do the various steric parameters 
considered alone (equations not shown).

pKi o b s .

pKi ca lc .

Figure 5.7: Correlation between pKj observed and calculated (equation 25)
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Figure 5.7 represents the correlation obtained with % and MR (equation 25). A slightly 

better correlation coefficient (r^ = 0.92) was obtained using B2 (equation 21) but MR 
was chosen because it is easier to visualise a parameter representing the bulk of the 

substituent (such as MR) rather than B 2 which is the second smallest width of the 
substituent in the plane perpendicular to the axis linking the substituent to the parent 

structure.

The various correlations contain a negative coefficient for the lipophilic parameter and a 

potitive coefficient for the steric parameter. This implies that a bulky, polar substituent is 

preferred in vitro. For example, substituents like esters, carbamates, tetrazolyl, amides, 

sulfonyl or sulfonamides are favoured according to equation 25 (table 5.12);

Substituent 71 MR calc.pKi calc.Ki (nM)

-CO2CH3 -0 .0 1 12.87 7.35 44.7

-NHCO2CH3 -0.37 16.53 7.67 21.4
1-tetrazolyl -1.04 18.33 8.15 7.1

-CONH2 -1.49 9.81 8 .2 0 6.3

-CONHCH3 -1.27 14.57 8.19 6.5

-SO2CH3 -1.63 13.49 8.39 4.1

-SO2NH2 -1.82 12.28 8.48 3.3

Table 5.12: Calculated Kj values using equation 25 for various substituents

Most of these calculated pKi values (table 5.12) are an extrapolation of equation 25, i.e. 
they lie outside the set o f pKi values used in building the equation, and hence cannot be 

taken literally, but they give an indication of the types of substituents required.

No satisfactory correlation was found for the ED50 values. The best substituents in vitro 
are not necessarily the most suitable groups for a good absorption and distribution in the 
body.

The data for the second and third series is incomplete: few Kj values for substituted 3- 

phenoxypropyldiethylamines are available and the values of many substituent constants 
for substituted 3-phenoxypropylpiperidines are missing. In those cases, it is not possible 

to correlate substituent constants with biological activity because, as the set of values is so 

small, eventual correlations would be meaningless.
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5.3 M olecular m odelling

Despite the recent cloning of the human H3 receptor^"^\ its tertiary structure, hence the 

group of amino acids involved at the receptor active site(s) is still unknown. We cannot 

therefore use criteria such as the presence of hydrogen-bonding residues or lipophilic 

pockets to identify possible drug candidates.

For the purpose of molecular modelling, we chose to consider the amines in their 
protonated fo rm , the molecule globally bearing a positive charge (+ 1).

N° structure Ki number of
  (nM) conformations

122 ^  ^  2.7 ± 0 .9  68

131 8.7 ± 2 .6

141 7.6 ± 2 .9  26

N(OH)

(trans)

144 I 8 .2  ± 1.0

R,R; 17
158 II "I ; ;  '  1.8 ± 0 .3  S,S: 17

159 .  II J  7.3 ± 1.4 16

Table 5.13: Compounds selected for the creation of a template

The molecular modelling process is in several steps. In the first instance, the molecules 
were subjected to a "conformation hunting" which finds the preferred conformations 

(local energy minima) of the molecules in a situation built to mimic the conditions of a 

peptidic environment (receptor protein). At the end of this stage, results were filtered to
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retain all conformations within an energy range of 3 kcal/mol above the global 
minimum- '̂^.
To these conformations were added field points which are of 3 types: positive and 
negative electrostatic potentials and hydrophobic interactions. These field points are 
determined by placing positive, negative and neutral probes in different points at a certain 
distance from the molecule and evaluating their interaction with the molecule.
The molecules being charged, the positive electrostatic potential field points are of 
particular intensity.
A set of 6 compounds (7 structures because of the chirality of compound 158) presenting 
very good in vitro activities (Ki < 10 nM) with various structures (table 5.13) was 
selected to form a template by comparing the field points pairwise for each conformation 
leading to a large number of overlays:

NO 122 131 141 144 158RR 158SS
159 68 X 16 8x  16 26 X 16 4 x  16 17 X 16 17 X 16

158SS 68 X 17 8 x  17 26 X 17 4 x  17 17 X 17
158RR 68 X 17 8 x  17 26 X 17 4 x  17

144 68 X 4 8 x 4 2 6 x 4
141 6 8 x 2 6 8 x 2 6
131 68 X 8

1 7-nsttBK j M hj from I

122

I58(R.R)

144

158(S,S) (jT

141

159

Figure 5.8: "Cyclic path" linking the 7 "best" conformations
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The best 20 overlays were selected for each pair of compounds and from these a diagram 
showing the common links between conformations was plotted. A "cyclic path" linking 
one conformation from each of the 7 structures to two others was built (figure 5.8) and a 
template was created by overlaying the fields belonging to these 7 conformations 
(conformations 26 of 122, 6 of 131, 7 of 141, 3 of 144, 13 of 158RR, 11 of 158SS 
and 3 of 159). This template, built from structures with the best affinities to the receptor, 
should be a good representation of the requirements regarding electrostatic and 
hydrophobic interactions with the receptor.

The template was then compared with the fields of all the conformations from each 
individual structure and the quality of the overlay was recorded for each structure. An 
overlay energy is obtained as an indication of the similarity between the template and the 
conformations of each structure. The best overlay energies were recorded and the pKj 
was plotted versus the overlay energy for the whole set of 68 compounds (figure 5.9).

9  _

pKi

6 -

-24oE0” -190bo

O v e r la y  e n e rg y
-idbo

Figure 5.9: Plot of pKj versus overlay energy

There is no correlation between the observed activity (pKj) and the quality of the fit of the 
overlay with the template built from 7 of the most potent structures.

Since no correlation can be found, we have to question: 1) the choice of structures used 
for the creation of the template, 2) the choice made of using protonated ligands rather than 
neutral molecules, 3) the computer program used for the modelling calculations.
The choice of structures include only phenoxypropylamines since they present the best 
potencies. Of the 7 stmctures chosen, 6 have different amines (diethylamine, piperidine, 
hexamethyleneimine, (R,R)-3,5-dimethylpiperidine, (S,S)-3,5-dimethyIpiperidine and 
tetrahydropyridine) and also 5 different phenyl substituents (cyano, acetyl, acetyl oxime, 
butyryl, and 3-oxobutyl). The compounds chosen to form the template all have potencies
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below 10 nM (table 5.13) and no other compound with a phenyl substituent other than a 
ketone presented an equal potency.
The choice of using protonated structures may be the weak point of the modelling 
process: the fact that the molecules bear a positive charge give the positive electrostatic 
field a very big influence, and abolishes totally any contribution by the negative 
electrostatic field, and the result may not be a realistic representation of the forces of 
interaction at the receptor site. In this case, the use of neutral molecules may be more 
suitable. Thus we attempted to create a similar template using neutral molecules. The 
number of conformations retained in the 3 kcal range above the global minimum was too 
great in some cases (and would have led to impractical calculation times) and for these 
structures, the set had to be cropped to 50 distinct conformations. Around the neutral 
molecules, the fields consist of positive, negative and hydrophobic interactions. The best 
overlays gave a cyclic path linking conformations 40 of 122, 10 of 131, 36 of 141, 6 of 
144, 6 of 158RR, 9 of 158SS and 46 of 159. A template was created from these 
conformations and all the conformations were fitted to the template. The plot of pKj 
versus the overlay energy shows no correlation (figure 5.10).

9 _

pKi

7  _
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Figure 5.10: Plot of pKi versus overlay energy

The program used is in principle quite similar to CoMFA (comparative molecular field 
analysis)-^^ where however the partial atomic charges are not atom centred but delocalised 
around the atoms (extended electron distribution). This extended electron distribution is 
thought to give a more reliable representation of the molecules-^^. Fields created with 
CoMFA do not consider hydrophobic interactions (surface potentials) but contain a steric 
factor instead. There is no perfect modelling program and, given more time, it would 
have been interesting to compare the results obtained using the CoMFA approach with 
those obtained in this study.
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5.4 Conclusion and perspectives

The search for a new type of orally active non-imidazole Hg-receptor antagonists led us to 

the discovery of new potent Hg-receptor ligands, firstly with a series of substituted N-(5- 

phenoxypentyl)pyrrolidines, which, after structure-activity studies, showed that the 

preferred substituents on the para position of the phenyl group were bulky and 

hydrophilic, a result somewhat surprising, and a possible indication of the presence of a 

large pocket lined with polar amino acid residues in that area of the receptor binding site. 

Further optimisation afforded a series of substituted N-(3-phenoxypropyl)amines, and, 
more precisely, substituted N-(3-phenoxypropyl)piperidines. Among the most potent 
compounds from this series are derivatives of methyl- or dimethylpiperidine. The best 

example, l-[3-(4-acetylphenoxy)propyl]-trans-3,5-dimethylpiperidine, compound 158, 
is the most potent in vitro and the most active in vivo non-imidazole H 3 -receptor 
antagonist described with a Kj = 1.8 ± 0.3 nM and an E D 5 0  = 0 .1 2  ± 0.05 mg/kg orally, 
corresponding to 0.42 ± 0.17 pmol/kg (MW = 289.42). We can compare this activity 

with that of the reference Hg-receptor antagonist, thioperamide: Kj = 4.3 ± 1.6 nM and 
E D 5 0  = 1.0 ± 0.4 mg/kg orally, corresponding to 3.4 ± 1.4 pmol/kg (MW = 292.44). 

Compound 158 is at least twice as potent in vitro and 8 times as active in vivo as 
thioperamide. The larger difference in the results in vivo indicate a better pharmacokinetic 

profile for compound 158, possibly an indication that the increased lipophilicity gave the 
drug a better brain-penetration.

Only a relatively small number of N-(3-phenoxypropyl)piperidines has been prepared so 
far. There is still a lot to be done: more substituents for the phenyl ring, and especially, 
polar and bulky substituents in order to establish whether a correlation between pKj. 
lipophilicity and bulk as observed with N-(5-phenoxypentyl)pyrrolidines exists for this 
series.

Another interesting aspect is the increase in activity when the piperidine ring is 
substituted. Introduction of a methyl group at position 3 or of 2 methyl groups at 

positions 3 and 5 creates asymmetric centres. Chirality may be an important factor: the 

racemic trans-3,5-dimethylpiperidine compound 158 is at least twice as potent in vitro as 
the cis-3,5-dimethylpiperidine derivative 157. Similarly, the racemic 3-methylpiperidine 
compound 155 is very potent (Ki = 3.7 nM) and it would be useful to know whether this 
potency is due to one or both enantiomers.

These non-imidazole Hg-receptor antagonists have reached an oral activity high enough to 
be considered as drug candidates. However, so far their potency has been evaluated only 

on the H3 receptor. In the next step, the selectivity of the product needs to be assessed by
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screening the drug against other types of receptors and enzymes found in the body, 
especially other receptors found in the CNS. A poor selectivity could lead to unacceptable 
side-effects. One of our N-(3-phenoxypropyl)piperidines has been chosen for selectivity 

screening. Several candidates were available but larger quantities of the drug are needed 

for this type of analyses (about 5 to 10 g). Our most active compound (158) was rejected 

because its synthesis uses the com m ercial m ixture of cis- and trans-3,5- 
dim ethylpiperidine and the two products have to be separated by column 

chromatography. Besides, the major isomer is the unwanted cis-compound 157. Thus, 

the chosen candidate was compound 143, l-[3-(4-cyclopropanecarbonylphenoxy) 

propyljpiperidine (Kj = 3.6 nM, ED50 = 0.18 mg/kg), which is prepared via a Friedel- 
Crafts acylation followed by the Mitsunobu ether formation.

Today, as in 1995 when this PhD started, still no Hg-receptor antagonist has reached the 
market. Research in the field is being carried out in different academic and industrial 
groups around the world. Despite earlier claims that the imidazole ring was essential, the 
non-imidazole antagonists have proved to be potent and orally active. Because of their 
novel structures, they are interesting drug candidates with a promising future, provided 
that they display a good selectivity and a low toxicity.
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6 . SYNTHESIS OF PRECURSORS FOR PET STUDIES

6.1 Introduction

Positron emission tomography (PET) is a non-invasive imaging technique for the 

localisation of chemical systems in living organisms. The radioisotopes  ̂^C, ’^O
and emit particles (positrons) that decay into gamma rays with a high enough 

energy to penetrate living tissues and the radiation is recorded by an array of detectors 
surrounding the body^^o. Because carbon, oxygen and nitrogen are the common elements 
from which biological systems (and drugs) derive, compounds can be radiolabeled 
without disruption of their structures and of their biological activities.

Radiosynthesis and PET studies were performed at the Commissariat à l'Energie 
Atomique, Division des Sciences du Vivant, Département de Recherche Médicale, Service 
Hospitalier Frédéric Joliot, in Orsay, France.

6 . 2  Radiosynthesis

FUB 285 
UCL 1955

HN

,CN

r^C JU C L 1390 HN

Figure 6.1: Scheme for the synthesis of [* ^C]UCL 1390

The target compound is the [l^C] labeled Hg-receptor antagonist UCL 1390. ' 'C  is a 
short-lived carbon isotope (half life: 20.3 min), therefore it must be introduced in the 

tracer molecule at the last stages of the synthesis. The introduction of the labeled cyano
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group on the phenyl ring requires the presence of an iodine atom for the exchange 

reaction (figure 6.1).

6.3 Synthesis of the precursors

UCL 1955 (FUB 285, compound 225) is prepared from trityl (triphenylmethyl) 

protected 3-hydroxypropylimidazole by a Mitsunobu ether synthesis followed by 
deprotection of the imidazole ring. The product was submitted as the hydrochloride salt 

(figure 6.2). The trityl protected starting material-^^ was available courtesy of 

Laboratoires Bioprojet in Paris.

OH
HO

224 
(UCL 2038) 42%

dil. HCl 
THF

225 
(FUB 285, 
UCL 1955)

HN 42%
HCl

Figure 6.2: Synthesis of the iodinated precursors

UCL 1955 was used for the radiosynthesis of [^^C]UCL 1390 but gave very poor yields. 
Thus, the intermediate UCL 2038 (compound 224) was synthesised again to prepare the 
tracer on the trityl protected compound prior to deprotection.

6.4 Biodistribution

In this preliminary study performed on rats with Hg-receptor antagonists, the 

biodistribution of the tracer in different area of the brain and in other organs was
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investigated ex vivo at different times (10, 20, 30 and 60 min) after intra-veinous 

administration of the radiolabeled tracer.
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6.5 Conclusion

The body distribution of [^^C]UCL 1390 reflects what is known about the localisation of 
H] receptors (see introduction) with high densities in the (rat) lungs, and, for the brain, in 

the cerebral cortex and striatum.
However, the data presented is only the result of a preliminary study but further 
collaboration with the Commissariat à l’Energie Atomique may furnish more useful data.



7. NMDA antagonists 137

7. N-M ethyl-(D)-aspartate (NMDA) receptor antagonists

7.1 Introduction

Excitatory amino acids (BAA) play an important part in synaptic transmission-^-. (L)- 

Glutamate (or (L)-Glu) is the main endogenous BAA acting at different types of 

receptors. There are five types of glutamate receptors (some heterogenous) identified so 

far: N-methyl-(D)-aspartate (NMDA), kainate, 2-amino-3-(3-hydroxy-5-methylisoxazol- 

4-yl)propionate (AMPA), metabotropic and (L)-2-amino-4-phosphonobutanoate (L-AP4) 
receptors293. The first three types are ionotropic receptors (linked to ion channels) and the 

last two are G-protein coupled receptors.

NH OH
HO

OH OH

(L)-G Iu NMDA

Figure 7.1: Endogenous and synthetic NMDA-receptor agonists

NMDA is a synthetic ligand developed in 1962 to investigate stereoselectivity at glutamate 

receptors. It was found to be more potent than the endogenous agonist at the receptor. 

Since then, glutamate receptors have been divided into subtypes and more potent agonists 

at NMDA receptors than NMDA itself have been synthesised-^"^.

In the rat brain, NMDA receptors are found mainly in the cerebral cortex and the 

hippocampus. The NMDA receptor is coupled to an ion channel (Na+, Ca^+ and K+). In 
neurones at resting potential, NMDA receptors are blocked by extracellular magnesium 
(Mg2+). They are briefly activated upon depolarisation, but in the case of repetitive 

synaptic activation, causing greater depolarisation, the NMDA receptors are more 

involved, resulting in greater calcium (Ca^+) influx and this influx is believed to be 

important in synaptic plasticity. NMDA receptors are thus involved in the induction of 
long-term potentiation, with consequences on movement coordination, memory and 
learning, and, pathologically, on neurodegeneration and epilepsy-^-^.
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The ion channel-NMDA receptor complex possesses different binding sites: the channel 
opener site, a glycine co-agonist site, a poly amine site, a magnesium (Mg^+) site, a zinc 

(Zn '̂"') site and a channel blocker site.

The opening requires that both the agonist (channel opener) site and the glycine co

agonist site are occupied. Magnesium blocks the channel in a voltage-dependent manner. 

The blocking action at the channel blocker site requires that the channel is already open
with an agonist and c o - a g o n i s t ^ 9 4

Competitive (acting at the agonist site) NMDA antagonists have a common structure of co- 

carboxy- or (o-phosphono-a-aminoacids with a great variety of groups between the a  and 
CO positions, which, despite a very high affinity for some compounds, leads to very polar 

structures, poorly capable of entering the CNS (figure 7.2)295.

(CH2)„P03H2 (CH2),P 0 ;H 2 CH 2PO3H2

R ' '

H 2N ''C O O H N *'COOH
H2N COOH

n = 1 or 3 X = CH or N 
n = 1 or 3

R = H, Cl, CH 3

Figure 7.2: Different types of competitive NMDA antagonists

Non-competitive antagonists acting at the channel blocking site present a polycyclic 
structure with an amino group but no acid function (figure 7.3)295.

CH

NH
NHCH

phencyclidine ketam ine MK801

Figure 7.3: Non-competitive NMDA antagonists

Other small aminoacids (serine, alanine) than glycine are also agonists at the glycine co
agonist site. Some of the non-competitive antagonists acting at the glycine site are shown 
below (figure 7.4)296;
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O

HO
NH-

R HO'
glycine, R = H 
alanine, R = CH3 
serine, R = CH2OH

NHo R] >Ri"7T COOH

Figure 7.4: Agonists and non-competitive antagonists at the glycine site

Ifenprodil (figure 7.5) is a commercial anti-hypertensive agent which was shown to 

possess some NMDA antagonist activity. Originally designed as a vasodilator, the 

compound is now used for its neuroprotective action. However, ifenprodil is not NMDA- 
receptor selective and has good affinity at other receptors, notably a i  and a  receptors-^"^.

OH

CH
H O

Figure 7.5: Ifenprodil

Many modifications of the original structure of ifenprodil have been made to increase 
affinity at NMDA receptors and reduce side efects297,298 Ifenprodil and its derivatives act 

as non-competitive antagonists and they are thought to act at the poly amine site.

Histamine modulates the actions of agonists at NMDA receptors in a pH dependent 

manner: at pH lower than 7.4, histamine enhances the synaptic current and at pH higher 

than 7.4 it depresses the current. No effect was detected at pH 7.4. In a 
pathophysiological condition such as epilepsy, the pH can be transiently lowered and 
histamine may in such a case be a factor aggravating excitotoxicity^^^.

This effect of histamine is also concentration dependant: at low concentrations, histamine 

acts as a positive modulator and at higher concentrations it is an antagonist-^*^ .̂ Histamine 
is believed to act at the polyamine binding site of the r e c e p t o r ^ o i

Because of the pathological involvement of NMDA receptors in epilepsy and 
neurodegenerative disorders, competitive and non-competitive NMDA antagonists have 

been targeted as potential anticonvulsants and neuroprotectors. These antagonists, in
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order to be effective, have to cross the BBB to enter the central nervous system. 

Competitive antagonists such as the ones shown in figure 7.2 are very polar, hence poor 

candidates for brain penetration. This is not the case with the non-competitive antagonists 

of figure 7.3 which are better suited for CNS activity. However, many non-competitive 

antagonists produce unwanted psychotomimetic side effects, limiting their usefulness. 

There exists the need for brain-penetrating NMDA antagonists devoid of psychotomimetic 

side effects.

7.2 Selection of compounds

Previous work at UCL identified some weak lead compounds with a phenoxyalkylamine 

structure (table 7.1).

^ ~^ 0(C H 2)„N R C 2H 5

U C L n R IC50 (|iM)

1664 3 H 4.58 ± 1.73
1677 3 C2H5 0.65 ± 0 .13
1676 4 C2H5 3.03 ± 0.87
1695 5 C2H5 ca 25
1826 6 C2H5 7.79 ± 0.43

Table 7.1: Previous work on NMDA at UCL

As seen in table 7.1, a tertiary amine (UCL 1677) is preferred to a secondary amine 

(UCL 1664) and a propyl chain (UCL 1677) is preferred to a longer chain (U C L  
1676, 1695 and 1826).

The first compounds tested for NMDA antagonist activity were selected from the set of 

H 3 receptor antagonists. Nine phenoxypentylamines (table 7.2) and six phenyl 

substituted phenoxypentylpyrrolidines (table 7.3) were chosen among compounds 
previously prepared as H3 receptor antagonists.

Even though the phenoxypentylamine compound UCL 1695 is the least active of the 

compounds previously tested, it was thought useful to test these phenoxypentylamines 

which present a variety of different tertiary amines (table 7.2) and of different phenyl 
substituents (table 7.3).
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4 542 44

amine N
xCsH

C.H
N

5^11 'CH2C6H5 o
N 46 49 100

amine CHN -C H

1 1 3103 109

amine N

% ■0 ^ 1

O
N N — V

O -  C2H5 ^ ----- /  CH;

Table 7.2; 5-Phenoxypentylamines

R

646053 63

R- CH3O- Cl- C6H5- C6H5O- C6H5CO- C6H5CH2CO- 

Table 7.3: 5-Phenoxypentylpyrrolidines

n r 'r -

N

amine n0
227 228 229 230 2 3 1

. C H 3

" C H 3 C2 H5

.  i s o C j H j  

' C 2 H5

n ; C 3 H 7

C3 H7

N H ^

Table 7.4: 3-Phenoxypropylamines

As a consequence of earlier results (table 7.1) showing an optimal propyl chain length, a 

series of 3-phenoxypropylamines (tables 7.4 and 7.5) was prepared specifically for this
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project (the compounds were only later tested for their Hs-receptor antagonist activity). 

One primary, one secondary and five tertiary amines were investigated (table 7.4) as well 

as various substituents on the phenyl ring (table 7.5).

n r ' r ^

N At- N R 1r 2 N Ar- NR>R2

115 “’“XX n ;C2H5

C 2H5
1 2 0

0

C 2H5

116 "XX C 2H 5

117 ""XX n ;C2H5

C2H5

1 24

118 "XX C2H5 125 oa C 2H5

119
C 2H 5

130 “"XX 0
Table 7.5; Substituted 3-phenoxypropylamines

A different type of structure was then explored: the more lipophilic bis(3-

phenoxypropyl)amines (table 7.6) because of a similarity with the ifenprodil backbone.
R

N 232  2 3 3  2 3 4  2 3 5  2 3 6  2 3 7

JR_____H_____ C2H5 isoCgH? isoC^Hg cycC3H$ CH2C6H5

Table 7.6: Bis(3-phenoxypropyl)amines

Finally, compound 102 (from the H 3 project) was selected and a phenoxypropyl 
homologue 238 was prepared, both close to ifenprodil in structure.

102, n  = 5 
238, n = 3
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7.3 Synthesis

The syntheses of some of the compounds (tables 7.2, 7.3 and 7.5) have been previously 
described in chapter 3.

Compounds 226 to 228 were prepared by reacting l-bromo-3-phenoxypropane 187 at 

room temperature with aqueous ammonia in ethanol (226), dimethylamine in THF (227) 
or methylethylamine in ethanol (228). The reaction took place at room temperature 

because of the low boiling point of the amines. Compounds 229 and 230 were prepared 

by reacting l-bromo-3-phenoxypropane 187 with the suitable amine in ethanol at reflux. 

The oxalate salt of the ethylisopropylamine derivative 229 was an oil. Other salts were 

investigated (hydrochloride and para-toiuene sulfonate) but did not form solids. Picric 
acid was finally chosen because of its ability to form crystalline salts easily.
Compounds 231 and 235 were prepared by reacting l-bromo-3-phenoxypropane 187 at 

room temperature with cyclopropylamine in ethanol (scheme 7.1) and were separated by 
column chromatography.

+

187
Ethanol
room temperature

+

231

Y
235

Scheme 7.1: Preparation of cyclopropylamine derivatives

Compound 232 was prepared by reacting 3-phenoxypropylamine 226 with l-bromo-3- 
phenoxypropane 187 in the presence of potassium carbonate in methanol under reflux for 
24 hours.

Compounds 233, 234 and 236 were prepared by preparing the corresponding 

secondary amines from l-bromo-3-phenoxypropane: 3-phenoxypropylethylamine 240, 

3-phenoxypropylisopropylamine 241 and 3-phenoxypropylisobutylamine 242, then 
acylating these amines with 3-phenoxypropionyl chloride 239 (prepared from the acid 
and thionyl chloride) and finally reducing the amides 243, 244 and 245 to the 
corresponding tertiary amines using lithium aluminium hydride (scheme 7.2).
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O OH

RNH2
Methanol

reflux

O

SOCI2
reflux

240: R = C2H5 
241: R = isoC3H7 
242: R = isoQHp

O

239 O

Cl

Diethyl ether 
t  0°C

243: R = O
244: R = isoCjH, 
245: R = isoC^Hg

LiAlH4 
THF, reflux 

N 2

?
N.

233: R = C2H5 
234: R = isoCgHy 
236: R = isoC^^Hg

Scheme 7.2: Preparation of bis(3-phenoxypropyl)amines

Compound 238 was prepared using 4-benzylpiperidine and l-bromo-3-phenoxypropane 

187 in the presence of potassium hydroxide. The product was isolated after purification 
by colunm chromatography.

7.4 Pharm acology

The compounds were tested in vitro on the release of [^HJnoradrenaline from rat brain 
synaptosomes.
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Male Wistar rats (140-160 g) were decapitated and their hippocampus dissected out. The 

synaptosomes were prepared and resuspended in a modified Krebs-Ringer medium. They 
were incubated at 37°C with [^Hjnoradrenaline (30 nM, 48 Ci/mmol) for one hour. After 

washing, the synaptosomes were resuspended in a magnesium-free Krebs-Ringer 
medium. [^H]Noradrenaline release was determined in the presence of 2 pM  

thioperamide (histamine H3 antagonist), 200 pM NMDA (agonist) and 1 pM glycine (co

agonist). The EC50 and IC50 values were obtained by the least-square method derived 
from Parker and Waud273,274^

7.5 Results and discussion

The first series of amines gave mainly disappointing results (table 7.7) but one result 
stands out: the phenoxypentylpyrrolidine derivative, compound 45, was shown to be a 
weak partial agonist (EC50 = 33 pM) with an intrinsic activity of 50%.

N amine Activity (IC50)

4 2 N-(5-phenoxypentyl)dipentylamine inactive at 1 pM

4 4 N-(5-phenoxypentyl)dibenzylamine > 10

45 1 -(5-phenoxypentyl)pyrrolidine EC50 = 33 pM,

i.a. = 50%
4 6 1 -(5-phenoxypentyl)piperidine active at 1 pM

4 9 l-(5 -phenoxypentyl)-4-methylpiperazine inactive at 1 pM

1 0 0 l-(5-phenoxypentyl)-4-methylpiperidine > 1

103 l-(5-phenoxypentyl)-4-hydroxy-4-phenylpiperidine inactive at 1 pM

109 4-carboethoxy-l-(5-phenoxypentyl)piperidine inactive
113 l-(5-phenoxypentyl)-4-acetylpiperazine inactive

Table 7.7: Activity of phenoxypentylamines

Following this unexpected result, a series of substituted (5-phenoxypentyl)pyrrolidines 
were also tested (table 7.8).

There is a progression from partial agonists (45, 51 and 53) to antagonists (61, 63 and 

64). This progression seems to follow the changes in the size of the substituent as shown 

with the molar refractivity values MR of the substituent (table 7.8). The parent 

(unsubstituted) compound 45 is a partial agonist as is the methoxy derivative 51 but 
further substitution is detrimental to the affinity of the agonist until eventually, the 
compound becomes inactive (53 and 60).
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N R MR EC50 (liM) i.a. IC50 (|lM)

45 H- 1.03 33 50%
51 CH3O- 7.87 34 55%
53 Cl- 6.03 80
60 C6H5- 25.36 inactive at 1 |nM

61 C6H5O- 27.68 19 ± 1
63 C6H5CO- 30.33 10 + 3
64 C6H5CH2CO- > 30? 8 ± 1

Table 7.8: 5-Phenoxypentylpyrrolidines

Larger substituents turn the compounds into antagonists and the affinity increases with 
the size of the substituent (61, 63 and 64). These large substituents are also lipophilic 
but the potency does not correlate with the lipophilicity alone (clogP for 63 and 64 lower 
than clogP for 60 and 61). There is no correlation with the electronic substituent constant 
a  or with a combination of a  and n (see Craig plot, figure 5.1, page 99).

N amine IC50 (pM)

75 1 -(3-phenoxypropy l)pyrrolidine 3.6 ± 0.7

226 3-phenoxypropylamine 16.3 ± 3.7
227 N-(3-phenoxypropyl)dimethylamine 3.4 ± 0.5
228 N-(3-phenoxypropyl)-N-methylethylamine 6 .8  ± 0.3
229 N-(3-phenoxypropyl)-N-isopropylethylamine 4 2 .0 +  13.8
230 N-(3-phenoxypropyl)dipropylamine 6.7 + 1.3
231 N-(3-phenoxypropyl)cyclopropylamine 3.5 ± 1.3

Table 7.9: Activity of phenoxypropylamines

The activity of N-(3-phenoxypropyl)diethylamine, UCL 1677 (IC50 = 0.65 jiiM), led us 

to prepare a series of 3-phenoxypropylamines (table 7.9). Compound 226 is the primary 
amine homologue, compound 231 is an example of a secondary amine, the other 
compounds are tertiary amines. Compound 227 is the lower dimethyl homologue, 228 
is intermediate with one ethyl and one methyl group, 229 and 230 are higher 

homologues with ethyl and isopropyl (229) or dipropyl (230) groups. The cyclic 
equivalent of UCL 1677 is compound 75 with a pyrrolidine ring in place of the two 

ethyl groups.
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A primary amine is not favoured (226, IC50 = 16.3 pM ). Among tertiary amines, 

branching of the alkyl substituent is not allowed (229, one isopropyl group, IC50 = 42 
pM). All the other tertiary amines and even the secondary amine show a potency in the 

same range (IC50 = 3.5 to 6 .8  pM). None of the compounds is as active as UCL 1677.

N amine IC50 (pM)

115 N-[3-(4-methoxyphenoxy)propyl]diethylamine 15.5 ± 4 .5

116 N-[3-(4-chlorophenoxy)propyl]diethylamine 41.1 ± 12.8
117 N-[3-(4-cyanophenoxy)propyl]diethylamine 131 ± 4 4

118 N-[3-(4-nitrophenoxy)propyl]diethylamine
119 N-[3-(3,4-methylenedioxyphenoxy)propyl]diethylamine 19.3 ± 6.3
1 2 0 N-[3-(4-acteylphenoxy)propyl]diethylamine 12.6 ± 7 .9
124 N-[3-(4-phenylphenoxy)propyl]diethylamine 3.2 ± 0.8
125 N-[3-(2-naphthyloxy)propyl]diethylamine 4.2 ± 0.7
130 l-[3-(4-cyanophenoxy)propyl]piperidine 1 2 ± 2

Table 7.10: Activity of substituted phenoxypropylamines

Still using UCL 1677 as a lead, modifications of the phenyl ring were made (table 
7.10). Different substituents were investigated (115 to 120 and 124) and the naphthyl 
group as a replacement for the phenyl ring (125). Compound 130 is similar to 117 with 
a piperidine ring in place of the diethylamine.

There is no obvious correlation between the potency and the type of substituent on the 
phenyl ring. However, the most active compounds (124 and 125) are also the most 
lipophilic (phenylphenoxy and naphthyloxy).
Comparison between compounds 117 (IC50 = 131 pM) and 130 (IC50 = 12 pM) shows 

a ten-fold increase in potency from the diethylamine to the piperidine derivative, an 
increase that was not observed when comparing the diethylamine compound UCL 1677 
(IC50 = 0  65 pM) and the pyrrolidine derivative 75 (IC50 = 3.6 pM).

None of the com pound in this series is as active as the unsubstituted 
phenoxypropyldiethylamine UCL 1677.

More lipophilic amines were prepared where the phenoxypropyl chain is present twice 

(table 7.11). The third substituent on the nitrogen varies from hydrogen (232) to various 

alkyl groups (233 to 236) and finally a very bulky and lipophilic benzyl group (237). 

Unfortunately, the results are not all available. However, from the available data, we 

clearly see an improvement from the previous series, showing that a second phenoxy alkyl 
chain is favoured. A small third substituent is preferred (ethyl, 233, IC50 = 70 nM) and 
increasing the size leads to a drop in potency (234 to 236).
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N amine IC50 (|liM)

232 N,N-bis(phenoxypropyl)amine
233 N,N-bis(phenoxypropyl)ethylamine 0.07 ±  0.03

234 N,N-bis(phenoxypropyl)isopropylamine 0.15 + 0.02

235 N,N-bis(phenoxypropyl)isobutylamine 0.95 ±  0.33

236 N,N-bis(phenoxypropyl)cyclopropylamine 0.319 ± 0 .008
237 N,N-bis(phenoxypropyl)benzylamine

Table 7.11: Activity of bis(phenoxypropyl)amines

Finally, the last two compounds are hybrids between the backbone of ifenprodil (figure 
7.6) and our phenoxyalkylamines where the alkyl chain contains either 3 (238) or 5 
(1 0 2 ) carbons.

 - C r o(y CH:

OH

(CHz),

HO"
102, n = 5, IC 50 = 0.04 ± 0.01 pM  

238, n = 3, IC 50 = 0.367 ± 0.003 pM  ifenprodil, IC 50 = 0.08 pM

Figure 7.6: Compounds 102, 238 and ifenprodil

Surprisingly, in this case, the compound with a phenoxypentyl chain (1 0 2 , IC50 = 40 
nM) is ten times more potent than the compound with a phenoxypropyl chain (238, IC50 

= 367 nM), a different situation than with the previous series.

Comparison of compound 238 with 233 (IC50 = 70 nM) indicates that an open chain is 
preferred to the piperidine ring.

Compound 102 is twice as potent as ifenprodil, which, on the same assay, shows an 

IC50 = 80 nM.

7.6 Conclusion

This project started by testing compounds that had been designed for a different purpose 

(H3 antagonists) and later developed into a separate project with its own syntheses.

The phenoxypentylamines display a weak or no activity (some of the compounds act as 
partial agonists).
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However, the phenoxypentyl-4-benzylpiperidine compound 102 is the most potent of all 
compounds prepared during this project.
The phenoxypropylamines are also weakly active but become more potent when the 

lipophilicity increases (124 and 125). The substituents on the nitrogen do not have a 

great influence as long as they are not branched (229).

The bis(phenoxypropyl)amines are much more active than the phenoxypropylamines. The 

influence of the substituent is greater with a preference for small substituents (233).

The structures of these bis(phenoxypropyl)amines are very similar to that of compound 
238 and to the infenprodil backbone. This can be generalised as two aromatic groups 

(phenyls) separated by an alkyl spacer containing an amine at the centre.

The similarity with ifenprodil is a strong indication that these non-competitive antagonists 

act at the same NMDA receptor site as ifenprodil, which is also believed to be the 
polyamine site.

Unfortunately, this structural class of compounds, as well as many ifenprodil derivatives, 
have already been extensively studied at the NMDA receptor-^"^ -^^. Several 
pharmaceutical companies are developing analogues of ifenprodil or of the open-chain 
compound nylidrin (figure 7.7).

OH

Cl

N eliprodil (Synthélabo)

OH

HO

HO

RO 25-6981 (Roche)

nylidrin  (W arner-L am bert)

CH3 CH3

Figure 7.7: Some of the compounds developed in industry

In order to discover new antagonists, not yet covered by patents, a different structural 

class of compounds acting on the NMDA complex must be identified. This could be the 
start of a new NMDA project.
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8 . EXPERIMENTAL

8.1 General

• Starting materials and solvents were purchased from Aldrich, Lancaster, BDH or 
Merck.

Tetrahydrofuran (THF) was distilled from sodium under nitrogen atmosphere 
immediately before use.

• Column chromatography was carried out using Merck Kieselgel 60 (70-230 mesh), 

thin layer chromatography (TLC) using Merck Kieselgel 60 F254 aluminium or glass 
sheets, with a visualisation at 254 nm (UV), and the use of reagents such as 
potassium iodoplatinate (KIP) or potassium permanganate. The retention factor Rf is 
the ratio of the distance of the centre of the spot from the baseline to the distance of 
the solvent front from the baseline.

• Melting points (mp) were determined on an Electrothemial® electrically heated copper 
block apparatus, using an open capillary, and are uncorrected.

• Infrared spectra (IR) were recorded on a Perkin-Elmer 1605 FT-IR spectrophotometer 

using potassium bromide (KBr) discs or nujol mulls between sodium chloride plates. 
The wave number is given in cm"k The intensity of the absorption is: s = strong, m = 
medium, w = weak, the type of vibration is: def = deformation, str = stretching.

• Analytical High Performance Liquid Chromatography (HPLC) was carried out on a 
Shimadzu or a Gilson HPLC apparatus fitted with a Kromasil Cjg 5 pm  reversed 

phase column (250 x 4.6 mm), at a flow rate of 1 ml/min and detected at À = 215 nm. 

The retention time (Rt) is given in minutes and decimal subdivisions. Preparative 
HPLC was carried out on a Gilson HPLC apparatus fitted with a Kromasil C|g 5 pm 
reversed phase column (250 x 22 mm), at a flow rate of 18 ml/min and detected at À = 

215 nm. In all cases, the mobile phase consists of a mixture of water (A) and 

methanol (B), both containing 0.1% trifluoroacetic acid (TEA). The ratio A/B is 
indicated.

• Electron impact (EI-MS), fast atom bombardment (FAB-MS), electrospray (ES-MS) 

and atmospheric pressure chemical ionisation (APCI-MS) mass spectra were 

performed by the UCL mass spectrometry service on a VG 7070 (El), a VG ZAB-SE 

double focussing (FAB) or a Micromass Quattro LC (ES and APCI) mass 

spectrometer. The matrix used is 3-nitrobenzyl alcohol (MNOBA) with sodium iodide 
(Nal) added in some cases. The values given refer to the mass-to-charge ratio and the 
relative abundance (%) of the ions.
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• Proton Nuclear Magnetic Resonance (^H NMR) spectra were recorded using a Varian 

VXR 400 or a Bruker DRX 500 (homonuclear COSY experiment) NMR spectrometer 

with per-deuterated dimethyl sulfoxide (DMSG d^), deuterated chloroform (CDCI3) 
or deuterium oxide (D2O) as solvent. The chemical shift Ô is given in parts per million 

(ppm) with reference to the chemical shift of the residual protic solvent compared to 
tetramethylsilane (TMS, 5 = 0 ppm), "s" Indicates a singlet, "d" a doublet, "t" a 

triplet, "sept" a septuplet, "m" a multiplet and "hr" a broad peak. Axial (ax) and 

equatorial (eq) protons are not necessarily equivalent in ring systems.
• Elemental analyses were carried out by the Departmental Microanalysis service on a 

Perkin Elmer 2400 CHN elemental analyser. Compounds were dried under vacuum 

(0.1-1 Torr) at room temperature or with heating up to 80°C for a minimum of 24 
hours prior to submission for elemental analysis.

8.2 Syntheses

Synthesis of N-ethyl-N-m ethyl(5-phenoxypentyI)am ine oxalate  
(FL39B, UCL 1867-H, compound 37)

A solution of l-bromo-5-phenoxypentane (511 mg, 2.1 mmol) in N-methylethylamine 
(1.24 g, 21 mmol) was stirred at room temperature for 48 hours. The amine was then 
removed under reduced pressure, the remaining oil diluted with water (40 ml) and sodium 

hydroxide was added to reach a basic pH. The oil was extracted with diethyl ether (3 x 40 
ml) and the combined extracts washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The crude oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (180 mg, 2  mmol) in 2  ml absolute ethanol was 

added. A precipitate was formed. The precipitate was filtered off and washed with diethyl 
ether. The white precipitate was recrystallised from absolute ethanol to yield a white 
crystalline solid (380 mg, 58%),

m p 122-124 °C

H P L C  (A/B = 50:50) Rt = 8.0 min, 100%

N M R  (DMSG dô): 7.28 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.95 (t 6.3 Hz, 2H, pentyl CH?-G); 3.05 (q 7.2 Hz, 2H, ethyl
CH2-N); 2.98 (m, 2H, pentyl CH2-N); 2.66 (s, 3H, CH3-N);

1.70 (m, 4H, pentyl 2xCH?); 1.44 (m, 2 H, pentyl central CH2); 
1.18 (t 7.2 Hz, 3H, ethyl CH3)

IR  692, 758 (s, phenyl C-H def); 1170 (w, C-N str);
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FA B -M S

A n a ly sis

calculated

found
M olecular W eight 311.38 
Base W eight 221,35

1258 (s, C -0  str)
222 (100%) = [M+H]+i 128 (5%) = loss of phenol; 

72 (10%) = [CH3 , C2H 5 NCH2]+

C 14H23NO; C2H2O4

C: 61.72 
C: 61.74

H: 8.09 

H: 8.24

N: 4.50 
N: 4.52

Synthesis of N -e thy l-N -propy l(5 -phenoxypen ty l)am ine  oxalate  

(FL129E, UCL 1906-H , com pound 38)

A solution of l-bromo-5-phenoxypentane (360 mg, 1.5 mmol) and N-ethylpropylamine 
(1 g, 11 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 48 
hours. The solvent was removed under reduced pressure, the remaining oil mixed with 
aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The crude brown oil was dissolved in 2 ml 
absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 4 ml absolute 
ethanol was added. A brown precipitate appeared. The solid was recrystallised twice from 
isopropyl alcohol, to give a white crystalline solid (58 mg, 11%).

m p 90-91 °C

H P L C  (A/B = 50:50) R t=  11.1 min, 99.3%
N M R (DMSO dô): 7.27 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.95 (t 6.2 Hz, 2H, pentyl CH2-O); 3.06 (m, 2H, ethyl CH2-N);

3.01 to 2.91 (m, 4H, pentyl CH2-N and propyl CH2-N);

1.79 to 1.57 (m, 6 H, pentyl 2xCH? and propyl central CH?);
1.44 (m, 2H, pentyl central CH2); 1.16 (t 7.1 Hz, 3H, 

ethyl CH3); 0.89 (t 7.3 Hz, 3H, propyl CH3)
IR  697, 754 (s, phenyl C-H def); 1170 (w, C-N str);

1246 (s, C -0  str)

FA B -M S 250 (100%) = [M+H]+; 220 (3%) = loss of ethane;

156 (4%) = loss of phenol; 100 (9%) = [CH3, C3H7 NCH2]+ 
A n a ly sis  C 16H27NO; C2H2O4

calculated C: 63.69 H: 8.61 N: 4.13

found C: 63.60 H: 8.81 N: 3.97
M olecular W eight 339.43
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Base W eight 249.40

Synthesis of N -ethy l-N -isobu ty l(5 -phenoxypen ty l)am ine  oxalate  

(FL159D, U CL 1920-H , com pound 39)

A solution of l-bromo-5-phenoxypentane (360 mg, 1.5 mmol) and N-ethylisobutylamine 

(1 g, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 
hours. The solvent was removed under reduced pressure, and the residue neutralised with 

aqueous NaOH. The oil was extracted three times with diethyl ether, the organic extracts 
washed with water and dried over magnesium sulfate. After removal of the solvent under 
reduced pressure, the crude oil was purified by column chromatography on silca gel 

eluting with an equal mixture of petroleum ether 60-80 °C and diethyl ether, the mixture 

also containing 1% triethylamine. After removal of the solvent, the remaining oil was 

dissolved in about 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) 

in 2 ml absolute ethanol was added. Diethyl ether was added to the solution to precipitate 

the salt. The crude solid Was recrystallised from isopropyl alcohol/diethyl ether (1:1) to 
give a white crystalline solid (55 mg, 11%).

m p 92-94 °C

H PL C  (A/B = 50:50) Rt = 17.3 min, 98.0%

N M R (DMSO dô): 7.28 (m, 2H, phenyl); 6.91 (m, 3H, phenyl);

3.97 (t 6.3 Hz, 2H, pentyl CH2-O); 3.07 (m, 2H, ethyl CH2-N);
2.98 (m, 2H, pentyl CH2-N); 2.81 (m, 2H, isobutyl CH2-N);
1.98 (m, IH, CH isobutyl); 1.75 to 1.45 (m, 6 H, pentyl 3xCH?); 

1.17 (t 7.2 Hz, 3H, ethyl CH3);
0.94 (d 6 .6  Hz, 6 H, 2xCHg isobutyl)

IR  695, 756 (s, phenyl C-H def); 1170 (w, C-N str);
1251 (s, C -0  str)

FA B -M S 264 (100%) = [M+HJ+; 220 (5%) = loss of propane;

170 (3%) = loss of phenol; 114 (4%) = [C2H5 , C4H9 NCH2]+ 
A n a ly sis  C 17H29NO; C2H2O4

calculated C: 64.56 H: 8.84 N: 3.96

found C: 64.39 H: 9.00 N: 3.87
M olecular W eight 353.46 
Base W eight 263.43

Synthesis of N -ethy l-N -bu ty l(5 -phenoxypen ty l)am ine  oxalate 
(FL163C, UCL 19 I7 -H , com pound 40)
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A solution of l-bromo-5-phenoxypentane (400 mg, 1.6 mmol) and N-ethylbiitylamine 

(1.7 g, 17 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. The solvent was removed under reduced pressure, the remaining oil mixed with 
aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 

combined extracts were washed with water, dried over magnesium sulfate, and the 

solvent and excess amine removed under reduced pressure. The residual oil was 

dissolved in about 2 ml absolute ethanol and a solution of oxalic acid (170 mg, 1.9 mmol) 

in 2 ml absolute ethanol was added. Diethyl ether was added to the solution to precipitate 

the salt. The crude solid was recrystallised from isopropyl alcohol to give a white 
crystalline solid (308 mg, 53%).

m p

H P L C
N M R

IR

FA B -M S

A n a ly sis

calculated

found
M olecular W eight 353.46 
B ase W eight 263.43

85-87 °C
(A/B = 50:50) Rt = 15.5 min, 100%
(DMSO d^): 7.28 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.96 (t 6.3 Hz, 2 H, pentyl CH2-O); 3.08 (q 7.3 Hz, 2 H, ethyl 
CH2-N); 2.99 (m, 4H, pentyl CH?-N and butyl CH2-N);

1.75 to 1.58 (m, 6 H, pentyl 2 xCH2 and N-CH2CH2CH2CH3);
1.44 (m, 2H, pentyl central CH?); 1.30 (m, 2 H, 
N-CH2CH2CH2CH3); 1.17 (t 7.3 Hz, 3H, ethyl CH3);
0.90 (t 7.2 Hz, 3H, butyl CH3)
697, 756 (s, phenyl C-H def); 1173 (w, C-N str);
1249 (s, C -0 str)

264 (100%) = [M+H]+; 220 (3%) = loss of propane;

170 (4%) = loss of phenol; 114 (10%) = [C2H5 , C4H9 NCH21+ 
C 17H29NO; C2H2O4

C: 64.56 H: 8.84 N: 3.96

C: 64.18 H: 8.84 N: 3.88

S ynthesis of N ,N -diisobutyl(5-phenoxypentyl)am ine oxalate  
(FL115B, UCL 1909-H, com pound 41)

A solution of 1 -bromo-5-phenoxypentane (340 mg, 1.4 mmol) and diisobutylamine (2 g, 

15 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 21 hours. The 

solvent was removed under reduced pressure, the remaining oil mixed with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined
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extracts were washed with water, dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The residual oil was purified by column chromatography on silca 
gel eluting with a solvent mixture of 90% petroleum ether 60-80 °C, 9% diethyl ether and 
1% triethylamine. After removal of the solvent, the remaining oil was dissolved in about 

2 ml absolute ethanol and a solution of oxalic acid (140 mg, 1.5 mmol) in 2 ml absolute 

ethanol was added. Diethyl ether was added to the solution to precipitate the salt. The 

crude solid was recrystallised from isopropyl alcohol/diethyl ether ( 1: 1) to give a white 
crystalline solid (165 mg, 31%).

m p 84-86 °C

H P L C  (A/B = 45:55) Rt = 12.3 min, 99.9%

N M R  (DMSO dô): 7.20 (m, 2H, phenyl); 6.90 (m, 3H, phenyl);

3.95 (t 6.3 Hz, 2H, pentyl CH2-O); 2.87 (m, 2H, pentyl CH2-N);
2.67 (m, 4H, isobutyl 2 xCH2-N); 1.93 (m, 2H, isobutyl 2xCH); 
1.73 and 1.62 (m, 4H, pentyl 2 xCH2); 1.42 (m, 2H, pentyl 
central CH2); 0.92 (d 6.5 Hz, 12H, isobutyl 4 XCH3)

IR  692, 750 (s, phenyl C-H def); 1170 (w, C-N str);
1246 (s, C -0 str)

FA B -M S 292 (100%) = [M+HJ+; 248 (5%) = loss of propane;

198 (3%) = loss of phenol; 142 (5%) = [(C4H9)2NCH2]+
A n a ly sis  C 19H33NO; C2H2O4 ; 0.5 H2O

calculated C: 64.59 H: 9.29 N: 3.59

found C: 64.62 H: 9.26 N: 3.70
M olecular W eight 390.52

Base W eight 291.48

Synthesis of N -(5-phenoxypentyl)dipentylam ine oxalate  
(FL121, UCL 1900-H, com pound 42)

A solution of l-bromo-5-phenoxypentane (310 mg, 1.3 mmol) and dipentylamine (2 g, 
13 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. The 

solvent was removed under reduced pressure, the remaining oil mixed with aqueous 
NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 
extracts were washed with water, dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The residual oil was purified by column chromatography on silca 

gel eluting with a solvent mixture comprising 90% petroleum ether 60-80 °C, 9% diethyl 

ether and 1 % triethylamine. After removal of the solvent, the remaining oil was dissolved 

in about 2  ml absolute ethanol and a solution of oxalic acid (170 mg, 1.9  mmol) in 2 ml
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absolute ethanol was added. Diethyl ether was added to the solution to precipitate the salt. 

The crude solid was recrystallised from isopropyl alcohol to give a white crystalline solid 
(90 mg, 17%).

m p 94-95 °C

H P L C  (A/B = 35:65) Rt = 12.0 min, 100%
N M R (DMSO dô): 7.26 (m, 2H, phenyl); 6.91 (m, 3H, phenyl);

3.95 (t 6.3 Hz, 2H, pentyl CH7-O): 2.98 (m, 6 H, pentyl
3 xCH2-N); 1.75 to 1.22 (m, 18H, 9xCH? pentyl);
0.86 (t 7 Hz, 6 H, 2xCH i pentyl)

IR  691, 750 (s, phenyl C-H def); 1173 (w, C-N str);
1243 (s, C -0  str)

FA B -M S 320 (100%) = [M+H]+
A n aly sis  C21H37NO; C2H2O4 ; 0.25 H2O

calculated C: 66.72 H: 9.61 N: 3.38
found C: 66.51 H: 9.68 N: 3.26

M olecular W eight 414.06 

Base W eight 319.53

Synthesis of N -(5-phenoxypenty l)d ihexylam ine oxa late  
(FL117B, UCL 1899-H, com pound 43)

A solution of l-bromo-5-phenoxypentane (350 mg, 1.4 mmol) and dihexylamine (2.6 g, 

14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. The 
solvent was removed under reduced pressure, the remaining oil mixed with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 

extracts were washed with water, dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The crude brown oil was dissolved in 5 ml absolute ethanol and 

a solution of oxalic acid (1.8 g, 20 mmol) in 10 ml absolute ethanol was added. The 
excess dihexylamine formed a precipitate. The precipitate was filtered off and washed 
with ethanol. The filtrate and washings were concentrated under reduced pressure and 

diethyl ether was added. A precipitate was formed. The precipitate was recrystallised 

from absolute ethanol/diethyl ether (1:1) to yield white flakes (1 2 0  mg, 19%).

m p 88-90 °C

H PL C  (A/B = 35:65) Rt = 27.5 min, 100%

N M R (DMSO dô): 7.26 (m, 2H, phenyl); 6.89 (m, 3H, phenyl);
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3.94 (t 6.3 Hz, 2H, pentyl CH9-O); 2.97 (m, 6H, pentyl CH9-N 
and hexyl 2 xCH9-N); 1.75 to 1.20 (m, 22H, 3 xCH2 pentyl and 
8 XCH9 hexyl); 0.85 (t 7 Hz, 6 H, 2xCHi hexyl).

IR  691, 750 (s, phenyl C-H def); 1173 (w, C-N str);

1243 (s, C -0  str)

FA B -M S 348(100%) = [M+H]+

A n a ly sis  C23H41NO; C2H2O4 ; 0.25 H2O
calculated C: 67.90 H: 9.86 N: 3.17

found C: 68.05 H: 9.94 N: 3.28
M olecular W eight 442.12 

Base W eight 347.58

Synthesis o f N -(5 -phenoxypenty l)d ibenzylam ine oxalate  
(FL119B, UCL 1905-H , com pound 44)

A solution of l-bromo-5-phenoxypentane (380 mg, 1.6 mmol) and dibenzylamine (3.03 
g, 15 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 
The solvent was removed under reduced pressure, the remaining oil mixed with aqueous 
NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 
extracts were washed with water, dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The residual oil was purified by column chromatography on silca 
gel eluting with a solvent mixture comprising 6 6 % petroleum ether 60-80 °C, 33% diethyl 

ether and 1% triethylamine. After removal of the solvent, the remaining oil was dissolved 

in about 2 ml absolute ethanol and a solution of oxalic acid (140 mg, 1.6 mmol) in 2 ml 
absolute ethanol was added. Diethyl ether was added to the solution to precipitate the salt. 

The crude solid was recrystallised from isopropyl alcohol/diethyl ether (1:1) to give a 
white crystalline solid (136 mg, 19%).

m p 96-98 °C

H P L C  (A/B = 40:60) Rt = 13.4 min, 99.9%

N M R  (DMSO dô): 7.41 to 7.23 (m, 12H, 2H phenyl and 2x5H phenyl);

6.89 (m, 3H, 3H phenyl); 3.88 (t 6.4 Hz, 2H, pentyl CH2-O);
3.81 (br, 4H, 2xCH? benzyl); 2.56 (m, 2H, pentyl CH2-N);

1.60 (m, 4H, pentyl 2xCH?); 1.33 (m, 2 H, pentyl central CH2)
IR  693, 740, 759 (s, phenyls C-H def); 1170 (w, C-N str);

1246 (s, C -0 str)

FA B -M S 360 (100%) = [M+H]+; 268 (5%) = loss of toluene;

210 (8 %) = [(C6H5CH2)2NCH2]+; 91 (54%) = [tropylium]+
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A n a ly sis  C25H29NO; C2H2O4

calculated C: 72.14 H: 6.95 N: 3.12

found C: 71.92 H: 6.97 N: 2.98

M olecular W eight 449.55 
Base W eight 359.52

Synthesis of l-(5 -p h en o x y p en ty l)p y rro lid in e  oxalate  
(FL31B, UCL 1866-H, com pound 45)

A solution of 1-bromo-5-phenoxypentane (788 mg, 3.24 mmol) in pyrrolidine (2.56 g, 

36 mmol) was stirred and heated under reflux for 24 hours. The pyrrolidine was then 
removed under reduced pressure, the remaining oil was diluted with water (40 ml) and 

sodium hydroxide was added to reach a basic pH. The oil was extracted with diethyl ether 
(3 X 40 ml), the combined extracts washed with water, dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The residual yellow oil was dissolved in 2 
ml absolute ethanol and a solution of oxalic acid (303 mg, 3.4 mmol) in 2 ml absolute 
ethanol was added. Immediately a precipitate was formed. The precipitate was filtered off 
and washed with diethyl ether. Thus 730 mg of a white solid (mp = 149-152 °C) was 
obtained. The solid was recrystallised from absolute ethanol to yield white crystalline 
flakes (586 mg, 55%).

m p 153-155 °C

H PL C  (A/B = 50:50) Rt = 8.0 min, 100%

N M R (DMSO dô): 7.27 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.95 (t 6.3 Hz, 2H, pentyl CH2-O); 3.21 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.07 (m, 2H, pentyl CH2-N);

1.91 (m, 4H, 2 xCH2 pyrrolidine, C3 and C4); 1.70 (m, 4H, 
pentyl 2 xCH2); 1.42 (m, 2 H, pentyl central CH2)

IR  692, 758 (s, phenyl C-H def); 1169 (w, C-N str);
1258 (s, C -0 str)

FA B -M S 234(100%) = [M+H]+; 140 (7%) = loss of phenol;

84 (13%) = [PyrNCH2]+; 70 (4%) = [PyrN]+
A n a ly sis  C 15H23NO; C2H2O4

calculated C: 63.14 H: 7.79 N: 4.33

found C: 63.06 H: 7.78 N: 4.42
M olecular W eight 323.39 

Base W eight 233.36
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Synthesis of l-(5 -p h en o x y p en ty i)p ip erid in e  oxalate  
(FL23C, UCL 1865-H, com pound 46)

A solution of 1-bromo-5-phenoxypentane (771 mg, 3.2 mmol) in piperidine (2.93 g, 34 

mmol) was stirred and heated under reflux for 48 hours. The piperidine was then 

removed under reduced pressure, the remaining oil and precipitate were diluted with 

water (40 ml) and sodium hydroxide was added to reach a basic pH. The oil was 
extracted with diethyl ether (3 x 40 ml) and the combined extracts washed with water, 

dried over magnesium sulfate, and the solvent removed under reduced pressure. The 
crude yellow oil was dissolved in 2  ml absolute ethanol and a solution of oxalic acid (288 
mg, 3.2 mmol) in 1 ml absolute ethanol was added. Almost immediately a precipitate was 

formed. The precipitate was filtered off and washed with diethyl ether. Thus was 
obtained 570 mg of a white solid (mp = 143-145 °C), which was recrystallised from 

absolute ethanol to yield a white crystalline solid (391 mg, 36%).

m p 143-145 °C
H PL C  (A/B = 50:50) Rt = 9.0 min, 100%

N M R (DMSO dô): 7.26 (m, 2H, phenyl); 6.90 (m, 3H, phenyl);
3.94 (t 6.3 Hz, 2H, pentyl CH2-O); 3.06 (br, 4H, piperidine 
2xCH?, C2  and C6 ); 2.95 (m, 2H, pentyl CH?-N);
1.70 (m, 8H, pentyl 2xCH? and piperidine 2 xCH2 , C3 and C5); 
1.52 (br, 2H, CH? piperidine, C4);
1.42 (m, 2H, pentyl central CH?).

IR  704, 758 (s, phenyl C-H def); 1194 (w, C-N str);
1254 (s, C -0  str)

FA B -M S 248 (100%) = [M+H]+; 98 (13%) = [PipNCH2]+
A n a ly sis  C 16H25NO; C2H2O4

calculated C: 64.07 H: 8.16 N: 4.15

found C: 64.06 H: 8.09 N: 4.14
M olecular W eight 337.42 

Base W eight 247.38

Synthesis of l-(5 -p h en o x y p en ty l)h ex am eth y len e im in e  oxalate  
(FL57B, UCL I877-H , com pound 47)

A solution of 1 -bromo-5-phenoxypentane (520 mg, 2.1 mmol) in an excess of 

hexamethyleneimine (2.64 g, 26.6 mmol) was stirred and heated under reflux. After 4 

hours, TLC of the mixture showed no remaining starting material. The brown mixture
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was diluted with an aqueous NaOH solution (40 ml) and the oil extracted with diethyl 

ether (3 x 40 ml). The combined extracts were washed with water, dried over magnesium 

sulfate and the solvent and excess hexamethyleneimine removed under reduced pressure. 
The residual oil was dissolved in about 2 ml absolute ethanol and a solution of oxalic acid 

(400 mg, 4.4 mmol) in 4 ml absolute ethanol was added. Diethyl ether was added to the 

solution to precipitate the salt. The crude solid was recrystallised from absolute ethanol to 

give a beige crystalline solid (242 mg, 32%).

m p 132-134 °C

H P L C  (A/B = 50:50) Rt = 10.26 min, 99.0%

N M R  (DMSO dô): 7.27 (m, 2H, phenyl); 6.93 (m, 3H, phenyl);

3.96 (t 6.3 Hz, 2H, pentyl CH2-O); 3.20 (br, 4H, 2 xCH2-N 
hexamethyleneimine); 3.04 (m, 2H, pentyl CH2-N); 1.77 (m, 4H, 
2xCH? hexamethyleneimine); 1.72 (m, 4H, pentyl 2 xCH2);
1.59 (br, 4H, 2xCH? hexamethyleneimine);
1.42 (m, 2H, pentyl central CH?)

IR  707, 756 (s, phenyl C-H def); 1167 (w, C-N str);

1249 (s, C -0  str)
FA B -M S 262 (100%) = [M+H]+; 168 (4%) = loss of phenol;

112(9%) = [(CH2)6NCH2]+
A n a ly s is  C 17H27NO; C2H2O4

calculated C: 64.93 H: 8.32 N: 3.98

found C: 64.70 H: 8.34 N: 3.85
M olecu lar W eigh t 351.45

Base W eight 261.41

Synthesis o f 4 -(5 -phenoxypen ty l)m orpho line  oxalate 
(FL27C , U CL 1869-H , com pound 48)

A solution of 1-bromo-5-phenoxypentane (785 mg, 3.2 mmol) in morpholine (3.06 g, 35 
mmol) was stirred and heated under reflux for 48 hours. The morpholine was then 

removed under reduced pressure, the remaining dark oil and precipitate diluted with water 

(40 ml) and sodium hydroxide was added to reach a basic pH. The oil was extracted with 

diethyl ether (3 x 40 ml) and the combined extracts washed with water, dried over 
magnesium sulfate, and the solvent removed under reduced pressure. The crude brown 

oil was subjected to column chromatography on silica gel eluting with a 1:1 mixture of 

methanol and chloroform. After removal of the solvent under reduced pressure, the 

remaining oil was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (225
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mg, 2.5 mmol) in 2 ml absolute ethanol was added. Immediately, a precipitate was 

formed. The precipitate was filtered off and washed with diethyl ether. Thus we obtained 

615 mg of a beige solid, which was recrystallised from absolute ethanol to yield a beige 
crystalline solid (531 mg, 48%).

m p 166-168 °C

H P L C  (A m  = 50:50) Rt = 6 .8  min, 100%

N M R  (DMSO dô): 7.26 (m, 2H, phenyl); 6.90 (m, 3H, phenyl);
3.95 (t 6.3 Hz, 2H, pentyl CH2-O); 3.75 (br, 4H, 2 xCH2 - 0  

morpholine); 3.02 (br, 4H, 2 xCH2-N morpholine); 2.90 (m, 2H, 

pentyl CH9-N); 1.70 (m, 4H, pentyl 2 xCH2);
1.42 (m, 2H, pentyl central CH?)

IR  709, 757 (s, phenyl C-H def); 1173 (s, C-N str);

1254 (s, C -0  str)
F A B -M S  250 (100%) = [M+H]+; 156 (7%) = loss of phenol;

1 0 0  (1 0%) = [MorphNCH2]+
A n a ly s is  C 15H23NO2; C2H2O4

calculated C: 60.16 H: 7.31 N: 4.13
found C: 60.10 H: 7.45 N: 4.08

M olecu lar W eight 339.40 

B ase W eight 249.36

S yn thesis  of l-m ethy l-4 -(5 -phenoxypen ty l)p iperaz ine  d ih y d ro ch lo rid e  
(FL 69B , U CL 1879-A2, com pound 49)

A solution of l-bromo-5-phenoxypentane (510 mg, 2.1 mmol) in N-methylpiperazine 

(2.2 g, 22 mmol) was stirred and heated to reflux for 48 hours. After cooling, aqueous 

NaOH was added and the oil extracted with diethyl ether. The organic extracts were 

washed with water, dried over magnesium sulfate and concentrated under reduced 
pressure. The residual brown oil was converted to the hydrochloride by addition of a 4N 

HCl solution (about 5 ml). After evaporation to dryness under reduced pressure, the 

residue was crystallised, then recrystallised from absolute ethanol to give a beige 
crystalline solid (392 mg, 56%).

m p 208-210 °C

H P L C  (A/B = 60:40) Rt = 9.3 min, 99.3%

N M R  (DMSO dg): 7.28 (m, 2H, phenyl); 6.93 (m, 3H, phenyl);
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IR

FA B -M S

A n a ly s is

3.96 (t 6.3 Hz, 2H, pentyl CH2-O); 3.44 (br, 8 H, 4 xCH2 

piperazine); 3.12 (br, 2H, pentyl CH9-N); 2.81 (br, 3H, CH3-N);

1.76 (m, 4H, pentyl 2xCH?): 1.45 (m, 2H, pentyl central CH2) 
704, 764 (s, phenyl C-H def); 1170 (w, C-N str);
1240 (s, C -0  str)

263 (100%) = [M+H]+; 169 (4%) = loss of phenol;

113(6%) = [PipNCH2]+
C 16H26N2O; 2HC1 
calculated C: 57.31

found C: 57.10
M olecu lar W eight 335.32 
B ase W eight 262.40

H: 8.42 

H: 8.44

N: 8.35 

N: 8.22

S yn thesis  of l-[5 -(4 -m eth y lp h en o x y )p en ty l]p y rro lid in e  o x a la te  
(FL367, U CL 1979-H, com pound 50)

A solution of l-bromo-5-(4-methylphenoxy)pentane (260 mg, 1 mmol) and pyrrolidine 
(710 mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 
hours. The solvent was removed under reduced pressure, the residue diluted with 
aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The residual oil was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (120 mg, 1.3 mmol) in 2 ml absolute 
ethanol was added. The white precipitate formed was recrystallised from absolute ethanol 
to give a white crystalline solid (160 mg, 47%).

m p

H P L C

N M R

IR

F A B -M S

A n a ly s is

138-140 °C

(A/B = 50:50) Rt = 12.37 min, 100%

(DMSO dg): 7.05 (m, 2H, phenyl); 6.79 (m, 2H, phenyl);

3.90 (t 6.3 Hz, 2H, pentyl CH2-O); 3.20 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.06 (m, 2H, pentyl CHi-N); 

2.21 (s, 3H, CH3); 1.90 (br, 4H, 2 xCH2 pyrrolidine,

C3 and C4); 1.68 (m, 4H, pentyl 2xCH?):
1.42 (m, 2H, pentyl central CH?)

812 (s, phenyl C-H def); 1242 (s, C -0  str)

248 (100%) = [M+H]+; 140 (9%) = loss of phenol;

84 (36%) = [PyrNCH2]+
C16H25NO; C2H2O4
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calculated C: 64.07 H: 8.07 N: 4.15

found . C: 64.05 H: 8.00 N: 4.10
M olecular W eight 337.42 

Base W eight 247.38

Synthesis o f l-[5 -(4 -m ethoxyphenoxy)pen ty l]py rro lid ine  oxa la te  

(FL355, U CL 1978-H, com pound 51)

A solution of l-bromo-5-(4-methoxyphenoxy)pentane (250 mg, 0.9 mmol) and 
pyrrolidine (1 g, 14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux 
for 24 hours. The solvent was removed under reduced pressure, the residue diluted with 

aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual oil was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute 
ethanol was added. The white precipitate formed was recrystallised from absolute ethanol 
to give a white crystalline solid (202  mg, 62%).

m p 115-116 °C
H P L C  (A/B = 50:50) Rt = 6 .6  min, 100%

N M R  (DMSO dô): 6.83 (m, 4H, phenyl); 3.88 (t 6.3 Hz, 2H, pentyl

C_H?-0); 3.68 (s, 3H, CH3 methoxy); 3.20 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.07 (m, 2H, pentyl CHi-N); 1.90 (br, 

4H, 2xCH? pyrrolidine, C3 and C4); 1.68  (m, 4H, pentyl 

2 XCH2); 1.42 (m, 2H, pentyl central CH2)
IR  833 (s, phenyl C-H def); 1239 (s, C -0  str)
FA B -M S 264 (100%) = [M+H]+; 140 (28%) = loss of phenol;

84 (63%) = [PyrNCH2l+
A n a ly s is  C 16H25NO2; C2H2O4

calculated C: 61.17 H: 7.70 N: 3.96

found C: 61.22 H: 7.72 N: 4.03
M olecular W eight 353.42 

B ase W eight 263.38

S ynthesis  of l-[5 -(4 -flu o rophenoxy)pen ty l]py rro lid ine  oxalate  
(FL707, UCL 2072-H, com pound 52)
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A solution of 1-bromo-5-(4-fluorophenoxy)pentane (260 mg, 1 mmol) and pyrrolidine 

(700 mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 

ether (3 x 10 ml), the combined extracts washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml 

absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give an off-white crystalline solid (225 mg, 6 6 %).

m p 149-150 °C

H P L C  (A/B = 60:40) Rt = 23.9 min, 100%

N M R  (DMSO dô): 7.11 (m, 2H, phenyl ); 6.94 (m, 2H, phenyl H);
3.94 (t 6.3 Hz, 2 H, pentyl CH2-O); 3.23 (br, 4H, 2 xCH2-N 
pyrrolidine); 3.09 (m, 2H, pentyl CH2-N); 1.92 (br, 4H,

2 xCH2 pyrrolidine); 1.71 (m, 4H, pentyl 2 xCH2);
1 .44 (m, 2 H, pentyl central CH2)

IR  704 (s, C-F str); 830 (s, phenyl C-H def); 1209 (m, C -0 str)

FA B -M S 252 (100%) = [M+H]+; 140 (5%) = loss of phenol;

8 4 ( l l% )  = [PyrNCH2]+
A n a ly sis  C 15H22FNO; C2H2O4

calculated C: 59.81 H: 7.09 N: 4.10
found C: 59.52 H: 7.12 N: 4.05

M olecular W eight 341.38 

Base W eight 251.35

Synthesis  o f l-[5 -(4 -ch lo ro p h en o x y )p en ty l]p y rro lid in e  oxalate  
(FL351, U CL 1973-H , com pound 53)

A solution of l-bromo-5-(4-chlorophenoxy)pentane (250 mg, 0.9 mmol) and pyrrolidine 
(1 g, 14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. The solvent was removed under reduced pressure, the residue diluted with 

aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 

combined extracts were washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual oil was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute 

ethanol was added. The white precipitate formed was recrystallised from absolute ethanol 
to give a white crystalline solid (167 mg, 52%).
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m p 139-141 °C

H P L C  (A/B = 50:50) Rt = 16.04 min, 100%

N M R  (DMSO dô): 7.30 (m, 2H, phenyl); 6.94 (m, 2H, phenyl);

3.95 (t 6.3 Hz, 2 H, pentyl CH2-O); 3.20 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.06 (m, 2H, pentyl CH2-N); 1.90 (br, 

4H, 2 xCH2 pyrrolidine, C3 and C4); 1.70 (m, 4H, pentyl 

2 XCH9); 1.42 (m, 2H, pentyl central CH2)
IR  1247 (s, C- 0  str)

F A B -M S  268 (100%) = [M+H]+; 84 (38%) = [PyrNCH2]+
A n a ly s is  C 15H22CINO; C2H2O4

calculated C: 57.06 H: 6.76 N: 3.91 Cl: 9.91
found C: 57.00 H: 6.63 N: 3.79 Cl: 10.24

M olecu lar W eight 357.84 
Base W eight 267.80

S yn thesis  of l-[5 -(4 -cy an o p h en o x y )p en ty l]p y rro lid in e  oxalate  
(FL383, U CL 1980-H , com pound 54)

A solution of 1-bromo-5-(4-cyanophenoxy)pentane (250 mg, 0.93 mmol) and pyrrolidine 
(700 mg, 9.8 nunol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. After cooling, the solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 
ml). The combined extracts were washed with water, dried over magnesium sulfate, and 

the solvent removed under reduced pressure. The residue was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 

ethanol was added. A solid precipitated upon adding diethyl ether. The precipitate was 

recrystallised from absolute ethanol to give a beige crystalline solid (138 mg, 41%).

m p 129-130 °C

H P L C  (A/B = 50:50) Rt = 5.19 min, 100%

N M R  (DMSO de): 7.50 (m, 2H, phenyl); 7.09 (m, 2H, phenyl);

4.06 (t 6.3 Hz, 2H, pentyl CH2-O); 3.20 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.07 (m, 2H, pentyl CH2-N); 1.90 (br, 

4H, 2 xCH2 pyrrolidine, C3 and C4); 1.75 (m, 2H, pentyl 

CH2CH2-O); 1.66  (m, 2 H, pentyl N-CH2CH2);
1.43 (m, 2H, pentyl central CH?)

IR  843 (s, phenyl C-H def); 1171 (C-N str); 1260 (s, C -0  str);
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2223 (C=N str)

FA B-M S 259 (100%) = [M+H]+; 140 (5%) = loss of phenol;

84(11% ) = [PyrNCH2 ]+
A n alysis C 16H22N2O; 1.1 C2H2O4

calculated C: 61.16 H: 6.82 N: 7.84

found C: 61.24 H: 6.81 N: 7.95
M olecular W eight 357.40 
Base W eight 258.37

Synthesis of l-[5-(4-n itrophenoxy)pentyl]pyrrolid ine oxalate  
(FL347, UCL 1972-H, compound 55)

A solution of l-bromo-5-(4-nitrophenoxy)pentane (250 mg, 0.9 mmol) and freshly 
distilled pyrrolidine (800 mg, 11 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. The solvent was removed under reduced pressure, the 

remaining oil mixed with aqueous NaOH (40 ml) and the oil was extracted with diethyl 
ether (3 x 40 ml). The combined extracts were washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 
in about 2  ml absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml 
absolute ethanol was added. The salt formed a precipitate on cooling. The cmde solid was 
recrystallised from absolute ethanol to give a pale yellow crystalline solid (103 mg, 32%).

mp 145-147 °C

HPLC (A/B = 50:50) Rt = 7.4 min, 100%

NM R (DMSO d6): 8.19 (m, 2H, phenyl); 7.13 (m, 2H, phenyl);

4.12 (t 6.3 Hz, 2H, pentyl CH2-O); 3.19 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.07 (m, 2H, pentyl CH2-N); 1.90 (br, 
4H, 2xCH? pyrrolidine, C3 and C4); 1.76 (m, 4H, pentyl 

2xCH?): 1.44 (m, 2H, pentyl central CH?)

IR 847, 1335, 1510 (s, N-O str); 1269 (s, C -0  str)
FA B -M S 279 (100%) = [M+H]+; 140 (17%) = loss of phenol;

84 (27%) = [PyrNCH2]+
A n alysis C 15H22N2O3; C2H2O4 ; 0.2 H2O

calculated C: 54.89 H: 6.61 N: 7.53

found C: 54.89 H: 6 .6 8  N: 7.41
Molecular W eight 371.99

Base Weight 278.35
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S ynthesis of l-[5 -(4 -am in o p h en o x y )p en ty l]p y rro lid in e  d io x a la te  

(FL769A , U CL 2 O8 6 -H 2 , com pound 56)

A solution of l-[5-(4-nitrophenoxy)pentyl]pyrrolidine oxalate (210 mg, 0.57 mmol) in a 

mixture of methanol (1 0  ml) and absolute ethanol (1 0  ml) was vigorously stirred at room 

temperature under hydrogen in the presence of palladium (5%) on carbon (100 mg) for 

three hours. The catalyst was filtered off and the solvents removed under reduced 

pressure. The residue was dissolved in methanol and oxalic acid (100 mg, 1.1 mmol) 
was added. The salt was recrystallised from absolute ethanol to give an off-white solid 
(156 mg, 63%)

m p 120-122 °C

H P L C  (A/B = 80:20) Rt = 7.5 min, 99.7%

N M R (DMSO d6): 6.70 (m, 4H, phenyl); 6.50 (br, NH?);
3.85 (t 6.3 Hz, 2 H, pentyl CH2-O); 3.27 (br, 4H, 2 xCH2-N 
pyrrolidine); 3.10 (m, 2H, pentyl CH2-N); 1.92 (br, 4H, 2 xCH9

pyrrolidine); 1.60 (m, 4H, pentyl 2xCH?);

1.42 (m, 2H, pentyl central CH?)
IR  720 (s, phenyl C-H def); 1278 (s, C -0  str);

1617 (m, aromatic N-H def); 3414 (s, aromatic N-H str)
FA B -M S 249 (100%) = [M+H]+; 140 (26%) = loss of phenol;

84 (38%) = [PyrNCH2]+
A n a ly sis  C 15H24N2O; 2.1 C2H2O4

calculated C: 52.72 H: 6.50 N: 6.40

found C: 52.49 H: 6.74 N: 6.32
M olecular W eight 437.44 
Base W eight 248.37

Synthesis o f l-[5 -(4 -ace tam id o p h en o x y )p en ty l]p y rro lid in e  oxa la te  
(FL901A , U CL 2114-H , com pound 57)

A solution of l-bromo-5-(4-acetamidophenoxy)pentane (110 mg, 0.37 mmol) and 
pyrrolidine (400 mg, 5.6 mmol) in 10 ml absolute ethanol was stirred and heated under 
reflux for 16 hours. After cooling, the solvent was removed under reduced pressure and 

the residue was diluted with aqueous sodium hydroxide (10 ml). The base was extracted 

with diethyl ether (2  x 10 ml), the combined extracts dried over magnesium sulfate, and 

the solvent removed under reduced pressure. The residual oil was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute
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ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 

beige crystalline solid (35 mg, 25%).

m p  142-144 °C
H P L C  (Am = 60:40) Rt = 7.2 min, 99.9%

N M R  (DMSO d6): 9.78 (s, IH, amide NH); 7.47 (m, 2H, phenyl );

6 .8 6  (m, 2H, phenyl H); 3.93 (t 6.3 Hz, 2 H, pentyl CH?-0);
3.49 (br, 4H, 2 xCH2-N pyrrolidine); 3.11 (m, 2H, pentyl 

. C ÏÏ2-N); 2.00 (s, 3H, CH3-CO); 1.91 (br, 4H, 2 xCH2 

pyrrolidine); 1.73 (m, 4H, 2xCH? pentyl);
1.45 (m, 2H, pentyl central CH?)

IR  701 and 836 (s, phenyl C-H def); 1242 (s, C -0  str);
1509 (s, C=0 str)

FA B -M S  291 (100%) = [M+H]+; 84 (30%) = [PyrNCH2]+
A n a ly s is  C 17H26N2O2 ; C2H2O4

calculated C: 59.99 H: 7.42 N: 7.36

found C: 59.67 H: 7.55 N: 7.25
M olecu lar W eight 380.44 
B ase W eight 290.40

Syn thesis  o f l-[5 -(4 -b en zam id o p h en o x y )p en ty l]p y rro lid in e  oxa la te  

(FL941D , U CL 2125-H , com pound 58)

A solution of l-[5-(4-aminophenoxy)pentyl]pyrrolidine dioxalate (150 mg, 0.35 mmol) 

in pyridine (5 ml) was vigorously stirred and cooled to 0 °C. Benzoyl chloride (56 mg, 
0.4 mmol) was added dropwise and the mixture was stirred at 0 °C for a further 20 

minutes. The mixture was placed in the refrigerator overnight and the pyridine was 
removed under reduced pressure. The residue was taken up in aqueous sodium hydroxide 
and the product extracted with chloroform. After concentration under reduced pressure, a 
white solid was obtained (51 mg, 41%). The solid was dissolved in 2 ml absolute ethanol 

and a solution of oxalic acid (80 mg, 0.9 mmol) in 2 ml absolute ethanol was added. The 

precipitate was dissolved in methanol and the insoluble fraction removed by filtration. 

After concentration, the product was recrystallised from absolute ethanol to give a beige 
crystalline solid (38 mg, 24%).

m p 176-178 °C

H P L C  (Am = 50:50) R t=  11.18 min, 100%
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NM R (DMSO d6); 10.14 (s, IH, amide NH); 7.93 (m, 2H, benzoyl 2H
ortho); 7.66 (m, 2H, C6H4); 7.54 (m, 3H, benzoyl 3H meta and 

para); 6.92 (m, 2H, C6H4); 3.97 (t 6.3 Hz, 2H, pentyl CH7-O);

3.57 (br, 4H, pyrrolidine 2 xCH9-N); 3.12 (m, 2H, pentyl 

CH2-N); 1.92 (br, 4H, pyrrolidine 2xCH?); 1.74 (m, 4H, pentyl 

2xCH?); 1.46 (m, 2 H, pentyl CH9)
IR 698, 738 (s, phenyl C-H def); 1132 (s, C-N str)
FA B -M S 353 (78%) = [M+H]+; 140 (100%) = loss of phenol

A n a ly sis  C22H28N2O2 ; 1.1 C2H2O4

calculated C: 64.38 H: 6.74 N; 6.20
found C: 64.56 H: 6.89 N: 6.26

M olecular W eight 451.52 

Base W eight 352.48

Synthesis of l-{5-[4-(l-hydroxyethyl)phenoxy]p en tyl}pyrrolid in e oxalate  
(FL971A, UCL 2127-H, compound 59)

To a suspension of lithium aluminium hydride (22 mg, 0.58 mmol) stirred at room 
temperature in dry diethyl ether (5 ml) was added dropwise a solution of l-[5-(4- 
acetylphenoxy)pentyl]pyrrolidine (160 mg, 0.58 mmol) in dry diethyl ether (20 ml). The 
mixture was stirred at room temperature under nitrogen for two hours. Ice-cold water was 

added cautiously and the organic layer was decanted. The aqueous phase was extracted 
with diethyl ether and the combined organic phases were concentrated under reduced 
pressure to leave a yellow oil. The oil was dissolved in about 2 ml absolute ethanol and a 

solution of oxalic acid (60 mg, 0.67 mmol) in 2 ml absolute ethanol was added. The 
precipitate was recrystallised from absolute ethanol to give a yellow crystalline solid (1 1 0  

mg, 52%).

mp
H PLC
NM R

IR

A PC I-M S

102-104 °C

(A/B = 60:40) Rt = 10.99 min, 100%

(DMSO dg): 7.23 (m, 2H, phenyl); 6 .8 6  (m, 2H, phenyl); 4.65 (q

6.4 Hz, IH, CH-OH); 3.95 (t 6.3 Hz, 2H, pentyl CH2-O); 3.23 

(br, 4H, pyrrolidine 2 xCH2-N); 3.09 (m, 2H, pentyl CH?-N);

1.92 (br, 4H, pyrrolidine 2xC_H?); 1.73 (m, 4H, pentyl 2 xCH2);
1.44 (m, 2H, pentyl central CH?); 1.29 (d 6.4 Hz, 3H, CH3)

702 and 834 (m, phenyl C-H def); 1087 (s, 0 -H  def);

1174 (s, C-N str); 1246 (s, C -0  str); 3428 (s, O-H str)

278 (100%) = [M+HJ+; 260 (67%) = loss of water;
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140 (3%) = loss of phenol 

A n a ly sis  C 17H27NO2; C2H2O4

calculated C: 62.11

found C: 61.89
M olecular W eight 367.44 

Base W eight 277.41

H: 7.96 
H: 7.94

N: 3.81 

N: 3.77

Synthesis of l-[5 -(4 -p h en y lp h en o x y )p en ty l]p y rro lid in e  oxalate 

(FL411C, UCL 1986-H , com pound 60)

A solution of l-brom o-5-(4-phenylphenoxy)pentane (300 mg, 0.94 mmol) and 
pyrrolidine (700 mg, 9.8 mmol) in 10 ml absolute ethanol was stirred and heated under 
reflux for 24 hours. The solvent was removed under reduced pressure, the residue diluted 
with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure to give the free base as an off-white solid. The 
base was dissolved in about 2  ml absolute ethanol and a solution of oxalic acid (150 mg,
1.7 mmol) in 2 ml absolute ethanol was added. The white precipitate formed was 
recrystallised from methanol to give white crystalline flakes (152 mg, 40%).

m p

H PL C
N M R

IR

FA B -M S

A n aly sis

189-190 °C
(A/B = 40:60) Rt = 14.17 min, 100%

(DMSO dô): 7.59 (m, 4H, 2H phenyl and 2H phenoxy); 7.42 (m, 
2H, phenyl); 7.29 (m, IH, phenyl); 7.00 (m, 2H, phenoxy);

4.01 (t 6.4 Hz, 2H, pentyl CH2-O); 3.21 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.08 (m, 2H, pentyl CH2-N); 1.90 (br, 

4H, 2xCH? pyrrolidine, C3 and C4); 1.73 (m, 4H, pentyl 

2 xCH2); 1.45 (m, 2H, pentyl central CH2)
704 and 764 (s, phenyl C-H def); 1184 (C-N str amine);
1253 (s, C -0  str)

310 (100%) = [M+H]+; 140 (11%) = loss of phenol;

84 (14%) = [PyrNCH2]+
C21H27NO; C2H2O4 

calculated C: 69.15

found C: 69.16
M olecular W eight 399.49 
Base W eight 309.46

H: 7.32 

H: 7.39

N: 3.51 

N: 3.39
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S yn th esis  of l-[5 -(4 -p h en o x y p h enoxy)pen ty l]py rro lid ine  oxalate  

(FL913A , U CL 2115-H , com pound 61)

A solution of l-bromo-5-(4-phenoxyphenoxy)pentane (200 mg, 0.6 mmol) and 

pyrrolidine (300 mg, 4.2 mmol) in 20 ml absolute ethanol was stirred and heated under 

reflux for 16 hours. After cooling, the solvent was removed under reduced pressure and 

the residue was diluted with aqueous sodium hydroxide (10 ml). The base was extracted 

with diethyl ether (2  x 10 ml), the combined extracts dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The residual oil was dissolved in 2 ml 
absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
white crystalline solid (2 0 0  mg, 80%).

m p 135-136 °C

H P L C  (A/B = 40:60) Rt = 23.2 min, 99.7%
N M R  (DMSO d^): 7.35 (m, 2H, phenyl); 6.98 (m, 7H, phenyl);

3.96 (t 6.3 Hz, 2H, pentyl CHi-O); 3.26 (br, 4H, 2 xCH2 

pyrrolidine C2 and C5); 3.11 (m, 2H, pentyl CH2-N); 1.92 (br, 
4H, 2xCH? pyrrolidine C3 and C4); 1.75 (m, 4H, pentyl 2 xCH2);
1.46 (m, 2H, pentyl central CH?)

IR  702 and 841 (s, phenyl C-H def); 1185 (s, C-N str amine);
1236 (s, C -0 str)

F A B -M S  326 (100%) = [M+H]+; 84 (18%) = [PyrNCH2]+
A n a ly s is  C21H27NO2 ; C2H2O4

calculated C: 66.49 H; 7.04 N: 3.37 

found C: 66.49 H: 7.05 N: 3.24
M olecu lar W eight 415.49 
B ase W eight 325.45

S yn thesis  o f l-[5 -(4 -acety Iphenoxy)pen ty l]py rro lid ine  oxalate 
(FL753B , UCL 2085-H , com pound 62)

A solution of 4'-(5-bromopentyloxy)acetophenone (300 mg, 1.05 mmol) and pyrrolidine 

(1 g, 14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 16 

hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with 

chloroform (3 x 10 ml), the combined extracts dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual brown oil was dissolved in 2 ml
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absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
beige crystalline solid (140 mg, 36%).

m p 130-134 °C (dec.)

H P L C  (A/B = 60:40) Rt = 13.0 min, 99.8%

N M R  (CDCI3): 7.93 (m, 2H, phenyl ); 6.90 (m, 2H, phenyl H);

4.02 (t 6.0 Hz, 2H, pentyl CH2-O); 3.7 to 2.8 (br, 4H, 2 xCH 2-N 

pyrrolidine); 3.11 (m, 2H, pentyl CH2-N); 2.56 (s, 3H, CH3CO);
2.11 (br, 4H, 2 xCH2 pyrrolidine); 1.84 (m, 4H, pentyl 2 xCH2);
1.58 (m, 2H, pentyl central CH?)

IR  721 (s, phenyl C-H def); 1174 (s, C-N str); 1256 (m, C-O str);
1670 (s, C =0 str)

F A B -M S  276 (100%) = [M+H]+

A n a ly s is  C 17H25NO2; C2H2O4

calculated C: 62.45 H: 7.45 N: 3.83
found C: 62.43 H: 7.41 N: 3.75

M olecu lar W eight 365.42 
B ase W eight 275.39

S yn thesis  o f l-[5 -(4 -benzoy lphenoxy)pen ty l]pyrro lid ine  oxa la te  
(FL809A , UCL 2096-H, com pound 63)

A solution of 4'-(5-bromopentyloxy)benzophenone (250 mg, 0.72 mmol) and pyrrolidine 

(700 mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 16 
hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with 
dichloromethane (2  x 10 ml), the combined extracts dried over magnesium sulfate, and 

the solvent removed under reduced pressure. The residual oil was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
beige crystalline solid (252 mg, 82%).

m p 141-142 °C

H P L C  (A/B = 60:40) Rt = 40.6 min, 100%

N M R  (DMSO dô): 7.75 (m, 2H, phenoxy); 7.68 (m, 3H, benzoyl);

7.56 (m, 2H, benzoyl); 7.09 (m, 2H, phenoxy ); 4.10 (t 6.3Hz,

2H, pentyl CH2-O); 3.24 (br, 4H, 2xCH?-N pyrrolidine);
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3.11 (m, 2H, pentyl CH?-N); 1.93 (br, 4H, 2 xCH2 pyrrolidine);

1.79 (m, 2 H, pentyl CH]); 1.72 (m, 2 H, pentyl CH]);

1.47 (m, 2H, pentyl central CH?)

IR  702,740 and 840 (s, phenyl C-H def); 1174 (s, C-N str);

1232 (m, C-0 str); 1639 (s, C =0 str)

FA B -M S 338 (100%) = [M+H]+; 140 (10%) = loss of phenol;
84 (20%) = [PyrNCH]]+

A n a ly sis  C]]H]?NO]; C]H] 0 4

calculated C: 67.43 H: 6.84 N: 3.28

found C: 67.17 H: 6.80 N: 3.18
M olecular W eight 427.50 

Base W eight 337.46

Synthesis of l-{5 -[4 -(pheny lace ty l)phenoxy]pen ty l}py rro lid ine  o x a la te  
(FL855A, UCL 2103-H, com pound 64)

A solution of benzyl, 4-(5-bromopentyloxy)phenyl ketone (361 mg, 1 mmol) and 
pyrrolidine (710 mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated under 
reflux for 24 hours. After cooling, the solvent was removed under reduced pressure and 
the residue was diluted with aqueous sodium hydroxide (10 ml). The base was extracted 

with dichloromethane (2 x 10 ml), the combined extracts dried over magnesium sulfate, 

and the solvent removed under reduced pressure. The residual oil was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute 
ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
beige crystalline solid (242 mg, 55%).

m p 177-178 °C

H PL C  (A/B = 50:50) Rt = 23.0 min, 99.5%

NM R (DMSO dô): 8.02 (m, 2H, phenoxy); 7.27 (m, 5H, phenyl);
7.04 (m, 2H, phenoxy ); 4.31 (s, 2H, CH? benzyl);

4.07 (t 6.3Hz, 2H, pentyl CH]-0); 3.24 (br, 4H, 2xCH]-N 
pyrrolidine); 3.10 (m, 2H, pentyl CH]-N); 1.92 (br, 4H, 2xCH] 

pyrrolidine); 1.76 (m, 2H, pentyl CH?); 1.69 (m, 2H, pentyl 

CH]); 1.45 (m, 2H, pentyl central CH?)

IR  699, 730 and 830 (s, phenyl C-H def); 1266 (m, C - 0  str);
1678 (s, C=0 str)

FA B -M S 352 (100%) = [M+H]+; 140 (14%) = loss of phenol;
84 (12%) = [PyrNCH]]+
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A nalysis  C23H29NO2; C2H2O4

calculated C; 68.01 H: 7.08 N: 3.17

found C: 67.77 H: 7.09 N: 3.26
M olecular W eight 441.53 

Base W eight 351.49

Synthesis of l-[5 -(3 -n itro p h en o x y )p en ty l]p y rro lid in e  oxa la te  
(FL703, UCL 2071-H , com pound 65)

A solution of l-bromo-5-(3-nitrophenoxy)pentane (300 mg, 1.04 mmol) and pyrrolidine 
(700 mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 
hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 

ether (3 x 10 ml), the combined extracts washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml 
absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a beige crystalline solid (264 mg, 69%).

m p 130-131 °C
H P L C  (A/B = 60:40) Rt = 24.8 min, 100%

N M R  (DMSO d6): 7.81 (dd 8.1-2.2 Hz, IH, phenyl H4); 7.70 (dd
2.3-2,3 Hz, IH, phenyl H2); 7.58 (dd 8 .2-8.2 Hz, IH, phenyl 
H5); 7.42 (dd 8.3-2.4 Hz, IH, phenyl H6 ); 4.11 (t 6.4 Hz, 2H, 

pentyl CH2-O); 3.23 (hr, 4H, 2 xCH2-N pyrrolidine); 3.10 (m,

2H, pentyl CH7-N); 1.92 (hr, 4H, 2xCH? pyrrolidine); 1.78 and

1.71 (m, 4H, pentyl 2xCH?); 1.47 (m, 2H, pentyl central CH?)
IR  704 and 814 (s, phenyl C-H def); 1182 (m, C-N str amine);

1260 (m, C-0 str); 1347 and 1531 (s, nitro N-O str)
FA B -M S 279 (100%) = [M+H]+; 140 (6 %) = loss of phenol;

84 (19%) = [PyrNCH2]+
A n a ly sis  C 15H22N2O3 ; C2H2O4

calculated C: 55.43 H: 6.57 N: 7.60

found C: 55.30 H: 6.55 N: 7.49
M olecular W eight 368.39 

Base W eight 278.35

Synthesis of l-[5-(3-cyanophenoxy)pentyl]pyrrolidine oxalate
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(FL733C, U CL 2089-H , com pound 6 6 )

A solution of l-bromo-5-(3-cyanophenoxy)pentane (200 mg, 0.74 mmol) and pyrrolidine 

(700 mg, 10 mmol) in 10 ml absolute ethanol was stirred at room temperature for 24 

hours. The solvent was removed under reduced pressure and the residue was diluted with 

aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 10 

ml), the combined extracts washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The residual oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute ethanol was 

added. The precipitate was recrystallised from methanol to give an off-white crystalline 
solid (100 mg, 38%).

m p 119-120 °C

H P L C  (A/B = 60:40) Rt = 17.8 min, 98.2%

N M R  (DMSO d6): 7.49 (dd 7.9-7.8 Hz, IH, phenyl H5); 7.40 (m, 2H,
phenyl H2 and H4 or H 6 ); 7.28 (m, IH, phenyl H4 or H6 );
4.05 (t 6.4 Hz, 2H, pentyl CH2-O); 3.23 (br, 4H, 2 xCH2-N 
pyrrolidine); 3.10 (m, 2H, pentyl CH9-N); 1.92 (br, 4H, 2 xCH2 

pyrrolidine); 1.77 and 1.69 (m, 4H, pentyl 2xCH?);
1.45 (m, 2H, pentyl central CH?)

IR  683 and 708 (s, phenyl C-H def); 1146 (s, C-N str);
2232 (s, C=N str)

FA B -M S 259 (100%) = [M+H]+; 140 (5%) = loss of phenol;

84 (14%) = [PyrNCH2]+
A n a ly sis  C 16H22N2O; C2H2O4

calculated C: 62.05 H: 6.94 N: 8.04

found C: 61.95 H: 6 .8 8  N: 8.00
M olecular W eight 348.40 

Base W eight 258.37

Synthesis of l-[5 -(3 -trif lu o ro m eth y lp h en o x y )p en ty l]p y rro lid in e  oxa la te  
(FL715, U CL 2083-H, com pound 67)

A solution of l-bromo-5-[3-(trifluoromethyl)phenoxy]pentane (200 mg, 0.64 mmol) and 
pyrrolidine (800 mg, 11 mmol) in 10 ml absolute ethanol was stirred and heated under 

reflux for 24 hours. After cooling, the solvent was removed under reduced pressure and 

the residue was diluted with aqueous sodium hydroxide (10 ml). The base was extracted 

with diethyl ether (3 x 10 ml), the combined extracts washed with water, dried over
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magnesium sulfate, and the solvent removed under reduced pressure. The residual oil 

was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) 
in 2 ml absolute ethanol was added. The precipitate was recrystallised from absolute 

ethanol to give a white crystalline solid (140 mg, 54%).

m p 120-122 °C

H PL C  (A/B = 50:50) Rt = 25.2 min, 100%

N M R  (DMSO dô): 7.53 (dd 7.9-8.1 Hz, IH, phenyl H5); 7.24 (m, 3H,

phenyl H2, H4 and H 6 ); 4.07 (t 6.3 Hz, 2H, pentyl CH9-O);

3.24 (br, 4H, 2 xCH2-N pyrrolidine); 3.11 (m, 2H, pentyl 
CH?-N): 1.92 (br, 4H, 2 xCH2 pyrrolidine); 1.77 (m, 4H, pentyl 

2 xCH2); L46 (m, 2 H, pentyl central CH?)
IR  699 and 720 (s, phenyl C-H def); 1330 (s, C-F str)
FA B -M S 302 (100%) = [M+H]+; 84 (4%) = [PyrNCH2]+
A n aly sis  C 16H22F3NO; 1.1 C2H2O4

calculated C: 54.60 H: 6.09 N: 3.50
found C: 54.81 H: 6.13 N: 3.46

M olecular W eight 400.39 
Base W eight 301.35

Synthesis of l-[5 -(3 -ch lo ro p h en o x y )p en ty l]p y rro lid in e  oxalate  
(FL403, UCL 1985-H, com pound 6 8 )

A solution of l-bromo-5-(3-chlorophenoxy)pentane (250 mg, 0.9 mmol) and pyrrolidine 

(640 mg, 9 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24

hours. After cooling, the solvent was removed under reduced pressure, the residue
diluted with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 
ml). The combined extracts were washed with water, dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The residue was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7  mmol) in 2  ml absolute 
ethanol was added. A yellow solid crystallised upon cooling. The oxalate was 

recrystallised from absolute ethanol to give beige crystals (247 mg, 7 7 %).

m p 131-132 °C

H PL C  (A/B = 50:50) Rt = 15.86 min, 100%

N M R (DMSO d6): 7.28 (t 8.1 Hz, IH, phenyl H5); 6.98 (m, 2H,

phenyl H2 and H4); 6.89 (dd 2.3-8.4 Hz, IH, phenyl H6 ); 3.98 (t

6.3 Hz, 2H, pentyl CH2-O); 3.21 (br, 4H, 2 xCH2 pyrrolidine, C2
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IR

FA B -M S

A n a ly sis

and C5); 3.07 (m, 2H, pentyl CH2-N); 1.90 (br, 4H, IxCH] 

pyrrolidine, C3 and C4); 1.70 (m, 4H, pentyl 2xCH?);

1.42 (m, 2H, pentyl central CH?)

473 (s, C-Cl str)

268 (100%) = [M+H]+; 140 (9%) = loss of phenol;

84 (2 0 %) = [PyrNCH2]+

C 15H 22CINO; C2H2O4 

calculated C: 57.06

found C: 56.94
M olecular W eight 357.84 
Base W eight 267.80

H: 6.76 
H: 6.67

N: 3.91 
N: 3.74

Cl: 9.91 
Cl: 9.64

S ynthesis of l-[5 -(3 -p h en y lp h en o x y )p en ty l]p y rro lid in e  oxalate  
(FL431, UCL 1993-H, com pound 69)

A solution of l-brom o-5-(3-phenylphenoxy)pentane (300 mg, 0.94 mmol) and 
pyrrolidine (700 mg, 9.8 mmol) in 10 ml absolute ethanol was stirred and heated under 

reflux for 24 hours. The solvent was removed under reduced pressure, the residue diluted 
with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure to give the free base as an off-white solid. The 
base was dissolved in about 2  ml absolute ethanol and a solution of oxalic acid (150 mg,
1.7 mmol) in 2 ml absolute ethanol was added. The white precipitate formed upon 

cooling was recrystallised from absolute ethanol to give a white crystalline solid (283 mg, 
74%).

m p

H P L C

N M R

IR

FA B -M S

A n a ly sis

155-157 °C

(A/B = 35:65) Rt = 10.0 min, 100%

(DMSO dg): 7.66 to 6.91 (m, 9H, phenyl); 4.04 (t 6.4 Hz, 2H, 
pentyl CH9-O); 3.21 (br, 4H, 2xCH? pyrrolidine, C2 and C5);

3.08 (m, 2H, pentyl CH2-N); 1.90 ((br, 4H, 2 xCH2 pyrrolidine, 
C3 and C4); 1.69 (m, 4H, pentyl 2xCH?);

1.46 (m, 2H, pentyl central CH?)
1216 (s, C-O str)

310 (100%) = [M+HJ+; 140 (11%) = loss of phenol;

84 (14%) = [PyrNCH2]+

C21H27NO; 1.1 C2H2O4

calculated C: 68.22 H: 7.21 N: 3.43
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found
M olecu lar W eight 408.49 
B ase W eigh t 309.46

C: 68.40 H: 7.04 N: 3.45

S yn thesis o f l-[5 -(2 -n ap h th y lo x y )p en ty l]p y rro lid in e  oxalate  

(FL387, U C L 1981-H , com pound 70)

A solution of l-bromo-5-(2-naphthyloxy)pentane (300 mg, 1 mmol) and pyrrolidine (730 

mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 
The solvent was removed under reduced pressure, the residue diluted with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 

extracts were washed with water, dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The residual oil was dissolved in about 2 ml absolute ethanol and 
a solution of oxalic acid (200 mg, 2.2 mmol) in 2 ml absolute ethanol was added. The 

white precipitate formed was recrystallised from methanol to give a white crystalline solid 
(223 mg, 58%).

m p
H P L C
N M R

IR

F A B -M S

A n a ly s is

166-167 °C
(A/B = 40:60) Rt = 7.02 min, 99.8%
(DMSO dô): 7.79 (m, 3H, naphthyl); 7.44 (m, IH, naphthyl); 
7.31 (m, 2H, naphthyl); 7.14 (m, IH, naphthyl); 4.08 (t 6.3 Hz, 

2H, pentyl CH?-0); 3.21 (br, 4H, 2xCH? pyrrolidine, C2 and 

C5); 3.09 (m, 2 H, pentyl CH2-N); 1.90 (br, 4H, 2xCH2 
pyrrolidine, C3 and C4); 1.80 (m, 2 H, pentyl CH2CH2-O);

1.70 (m, 2 H, pentyl N-CH2CH2);
1.48 (m, 2H, pentyl central CH?)

704 and 826 (s, naphthyl C-H def); 1183 (C-N str amine);
1270 (s, C -0  str)

284 (100%) = [M+H]+; 140 (15%) = loss of naphthol;

84 (2 0 %) = [PyrNCH2]+
C 19H25NO; C2H2O4 

calculated C: 67.54

found C: 67.42
M olecu lar W eight 373.45 
B ase W eight 283.42

H: 7.29 

H: 7.26

N: 3.75 

N: 3.66

S yn thesis o f l-[5 -(l-n ap h th y lo x y )p en ty l]p y rro lid in e  oxalate 
(FL395, U CL 1982-H, com pound 71)
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A solution of l-bromo-5-(l-naphthyloxy)pentane (350 mg, 1.2 mmol) and pyrrolidine 

(850 mg, 12 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. The solvent was removed under reduced pressure, the black residue diluted with 

aqueous NaOH (40 ml) and the product was extracted with diethyl ether (3 x 40 ml). The 

combined extracts were washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The brown residue was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (180 mg, 2 mmol) in 2 ml absolute ethanol 

was added. The beige precipitate formed was reciystallised from methanol to give a beige 
crystalline solid (224 mg, 50%).

m p 160-163 °C

H P L C  (A/B = 40:60) Rt = 7.48 min, 100%

N M R  (DMSO dô): 8.14 (m, IH, naphthyl); 7.86 (m, IH, naphthyl);
7.46 (m, 4H, naphthyl); 6.95 (m, IH, naphthyl); 4.15 (t 6.1 Hz, 
2H, pentyl CH?-0); 3,21 (br, 4H, 2xCH? pyrrolidine, C2 and 
C5); 3.11 (m, 2H, pentyl CH?-N); 1.90 (m, 6H, 2xCH? 

pyrrolidine C3 and C4 and pentyl CH2CH2-O); 1.73 (m, 2H, 
pentyl N-CH7CH?); 1.56 (m, 2H, pentyl central CH?)

IR  768 and 795 (s, naphthyl C-H def); 1270 (s, C -0  str)
FA B -M S  284 (100%) = [M+H]+; 140 (13%) = loss of naphthol;

84 (26%) = [PyrNCH2]+
A n a ly s is  C 19H25NO; 1.25 C2H2O4

calculated C: 65.22 H: 7.00 N: 3.54

found C: 65.12 H: 7.17 N: 3.52
M olecu lar W eight 395.96 

B ase W eight 283.42

S y n th es is  o f l-{ 5 -[2 -(5 ,6 ,7 ,8 -te trah y d ro n ap h th y l)o x y ]p en ty l}  
p y rro lid in e  oxalate  (FL419, UCL 1987-H, com pound 72)

A solution of l-bromo-5-[2-(5,6,7,8-tetrahydro)naphthyloxy]pentane (300 mg, 1 mmol) 

and pyrrolidine (710 mg, 10 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. The solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 

ml). The combined extracts were washed with water, dried over magnesium sulfate, and 

the solvent removed under reduced pressure. The residual oil was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute
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ethanol was added. The precipitate formed upon adding diethyl ether was recrystallised 

from absolute ethanol to give a beige crystalline solid (186 mg, 49%).

m p 131-132 °C

H P L C  (A/B = 40:60) Rt = 13.6 min, 98.3%

N M R  (DMSO d6): 6.91 (d 8.2 Hz, IH, naphthyl); 6.62 (dd 2.3-8.2 Hz,

IH, naphthyl); 6.58 (s, IH, naphthyl); 3.88 (t 6.3 Hz, 2H, pentyl 

CH2-O); 3.20 (br, 4H, 2 xCH 9 pyrrolidine, C2  and C5); 3.06 (m, 
2H, pentyl CH?-N); 2.65 (br, 2H, tetrahydronaphthyl 2xCHeq 

C5 and C8 ); 2.60 (br, 2H, tetrahydronaphthyl 2xCHax C5 and 
C 8 ); 1.90 (br, 4H, 2xCH? pyrrolidine, C3 and C4); 1.68 (m, 8H, 
pentyl 2xCH? and tetrahydronaphthyl 2 xCH2 C6  and C7);

1.41 (m, 2H, pentyl central CH?)
IR  707 (s, naphthyl C-H def)

FA B -M S 288 (100%) = [M+H]+; 140 (13%) = loss of tetrahydronaphthol;

84 (6 %) = [PyrNCH2]+
A n a ly sis  C 19H29NO; C2H2O4

calculated C: 66.82 H: 8.28 N: 3.71
found C: 66.73 H: 8.37 N: 3.68

M olecular W eight 377.48 
B ase W eight 287.45

S yn thesis  of l-{ 5 -[ l- (5 ,6 ,7 ,8 - te tra h y d ro n a p h th y l)o x y ]p e n ty l}  
pyrro lid ine  oxalate (FL427E, UCL 2006-H , com pound  73)

A solution of l-brom o-5-[l-(5,6,7,8 -tetrahydro)naphthyloxy]pentane (250 mg, 0.84 

mmol) and pyrrolidine (600 mg, 8.4 mmol) in 10 ml absolute ethanol was stirred and 
heated under reflux for 24 hours. The solvent was removed under reduced pressure, the 

residue diluted with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 

X 40 ml). The combined extracts were washed with water, dried over magnesium sulfate, 

and the solvent removed under reduced pressure. The residual oil was purified by 
preparative HPLC using 38% water and TFA and 62 % methanol and TFA. After 

evaporation of the solvent mixture, the product (trifluoroacetate salt) was converted back 
to the free base and the oil was dissolved in about 2  ml absolute ethanol and a solution of 

oxalic acid (100 mg, 1.1 mmol) in 2 ml absolute ethanol was added. The white precipitate 

formed upon adding diethyl ether was recrystallised from absolute ethanol to give a white 
crystalline solid (40 mg, 13%).
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m p

H PL C
N M R

IR

FA B -M S

A n a ly sis

148-149 °C

(A/B = 40:60) Rt = 16.98 min, 100%

(DMSO d6): 7.00 (dd 7.8 Hz, IH, naphthyl C3); 6 .6 8  (d 7.8 Hz, 
IH, naphthyl C2); 6.62 (d 7.8 Hz, IH, naphthyl C4); 3.92 (t 6.2 

Hz, 2H, pentyl CH 9 -O): 3.19 (br, 4H, 2xCH? pyrrolidine,

C2 and C5); 3.08 (m, 2H, pentyl CH2-N); 2.66 (t 5.7 Hz, 2H, 

tetrahydronaphthol CH? C 8 ); 2.54 (t 5.7 Hz, 2 H, 
tetrahydronaphthol CH? C5); 1.90 (br, 4H, 2 xCH2 pyrrolidine, 

C3 and C4); 1.67 (m, 8H, pentyl 2xCH? and tetrahydronaphthol 

2 xCH2 C6  and C7); 1.46 (m, 2H, pentyl central CH?)
706 and 765 (s, naphthyl C-H def); 1254 (s, C -0  str)

288 (100%) = [M+HJ+; 140 (18%) = loss of tetrahydronaphthol; 

84 (2 1 %) = [PyrNCH2]+
C 19H29NO; C2H2O4 

calculated C: 66.82
found C: 66.99

M olecular W eight 377.48 
Base W eight 287.45

H: 8.28 
H: 8.47

N: 3.71 
N: 3.72

S ynthesis  of 8 -[5 -(l-p y rro lid in y l)p en ty l]o x y q u in o lin e  d ioxa la te  

(FL447D , U CL 2007-H2, com pound 74)

A solution of 8-(5-bromopentyl)oxy quinoline (215 mg, 0.73 mmol) and pyrrolidine (520 
mg, 7.3 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. The solvent was removed under reduced pressure, the residue diluted with 
aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 

combined extracts were washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure to give the free base as an off-white solid. The 

base was dissolved in about 2  ml absolute ethanol and a solution of oxalic acid (1 0 0  mg,

1.1 mmol) in 2 ml absolute ethanol was added. A very hygroscopic brown precipitate 

formed upon adding diethyl ether was recrystallised from absolute ethanol to give a 
brown crystalline solid (157 mg, 46%).

m p

H P L C
N M R

100-103 °C

(A/B = 70:30) Rt = 6.49 min, 99.9%

(DMSO dô): 8 .8 6  (dd 1.6-4.1 Hz, IH, Ar C2); 8.32 (dd 1.6-8.2 

Hz, IH, Ar C4); 7.55 (dd 4.1-8.2 Hz and m, IH, Ar C3); 7.50 

(m, 2H, C5 and C6 ); 7.21 (dd 1.4-5.1 Hz, IH, Ar C7); 4.19 (t
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IR

FA B -M S

A n a ly sis

6.2 Hz, 2H, pentyl CH2-O); 3.50 (br, 4H, 2xCH? pyrrolidine, C2 

and C5); 3.16 (m, 2H, pentyl CH?-N); 1.92 (m, 6H, 2xCH? 

pyrrolidine C3 and C4 and pentyl CH2CH2-O); 1.77 (m, 2H, 

pentyl N-CH9CH?); 1.56 (m, 2H, pentyl central CH2)

721 and 827 (s, Ar C-H def); 1279 (s, C-O str); 1304 (Ar C-N str) 
285 (100%) = [M+H]+; 140 (18%) = loss of quinoline;

84 (46%) = [PyrNCH2]+

C18H24N2O; 2 C2H2O4 

calculated C: 56.89

found C: 56.80
M olecu lar W eight 464.48 
B ase W eight 284.40

H: 6.08 
H: 6.13

N; 6.03 
N: 5.97

S ynthesis of N -(3 -phenoxypropy l)py rro lid ine  oxalate  
(FL559, UCL 2035-H , com pound 75)

A solution of l-bromo-3-phenoxypropane (300 mg, 1.4 mmol) and pyrrolidine (1 g, 14 

mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. After 
cooling, the solvent was removed under reduced pressure and the residue was diluted 
with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 
10 ml), the combined extracts washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The residual oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give a beige crystalline 
solid (196 mg, 47%).

m p

H P L C
N M R

IR

FA B -M S

A n a ly sis

169-170 °C

(A/B = 60:40) Rt = 8.1 min, 99.7%

(DMSO dô): 7.30 (m, 2H, phenyl); 6.95 (m, 3H, phenyl);
4.04 (t 5.9 Hz, 2H, propyl CH2-O); 3.26 (m, 6H, 3xCH2-N);
2.10 (m, 2H, propyl central CH?):

1.93 (br, 4H, pyrrolidine 2xCH?)

708, 757 (s, phenyl C-H def); 1178 (s, C-N str);
1247 (s, C -0 str)

206 (100%) = [M+H]+; 112 (7%) = loss of phenol 

C 13H 19NO; C2H2O4

calculated C: 61.00 H: 7.17 N: 4.74
found C: 60.98 H: 7.14 N: 4.64
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M olecular W eight 295.34 

Base W eight 205.30

Synthesis of l-(4 -p h en o x y b u ty l)p y rro lid in e  oxa late  

(FL469, UCL 2008-H , com pound 76)

A solution of l-bromo-4-phenoxybutane (230 mg, 1 mmol) and pyrrolidine (710 mg, 10 
mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. After 

cooling, the solvent was then removed under reduced pressure and the remaining oil was 

diluted with aqueous sodium hydroxide (40 ml). The oil was extracted with diethyl ether 

(3 X 40 ml), the combined extracts washed with water, dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The residue was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute ethanol was 

added. Immediately a precipitate was formed. The precipitate was recrystallised from 
absolute ethanol to give colourless crystalline flakes (120 mg, 39%).

m p 143-144 °C

H P L C  (A/B = 60:40) Rt = 11.9 min, 100%
N M R  (DMSO dô): 7.29 (m, 2H, phenyl); 6.95 (m, 3H, phenyl); 3.98 (t

5.6 Hz, 2H, butyl CH?-0); 3.24 (br, 4H, 2 xCH2 pyrrolidine, C2 

and C5); 3.15 (m, 2H, butyl CH2-N); 1.92 (br, 4H, 2 xCH2 

pyrrolidine, C3 and C4); 1.77 (m, 4H, butyl 2 xCH2)
IR  708, 757 (s, phenyl C-H def); 1172 (s, C-N str);

1259 (s, C -0 str)

FA B -M S 220 (100%) = [M+H]+; 126 (4%) = loss of phenol;

84 (2 2 %) = [PyrNCH2]+; 70 (7%) = [PyrN]+
A n a ly sis  C 14H21NO; C2H2O4

calculated C: 62.12 H: 7.49 N: 4.53

found C: 62.25 H: 7.46 N: 4.49
M olecular W eight 309.37 

Base W eight 219.33

S ynthesis of l - ( 6 -phenoxyhexy l)pyrro lid ine  oxalate  
(FL475, UCL 2009-H , com pound 77)

A solution of l-bromo-6 -phenoxyhexane (260 mg, 1 mmol) and pyrrolidine (720 mg, 10 

mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. The 

solvent was removed under reduced pressure, the residue diluted with aqueous NaOH
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(40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined extracts 

were washed with water, dried over magnesium sulfate, and the solvent removed under 

reduced pressure to give the free base as a yellow oil. The base was dissolved in about 2 

ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 

ethanol was added. The precipitate formed upon cooling was recrystallised from absolute 

ethanol to give a white crystalline solid (204 mg, 58%).

m p 146-147 °C

H P L C  (A/B = 50:50) Rt = 12.37 min, 100%

N M R  (DMSO dô): 7.28 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);
3.95 (t 6.4 Hz, 2 H, hexyl CH2-O); 3.21 (br, 4H, 2 xCH2 

pyrrolidine, C2 and C5); 3.07 (m, 2H, hexyl CH?-N); 1.91 (br,

4H, 2 xCH2 pyrrolidine, C3 and C4); 1.68 (m, 4H, hexyl 2 xCH2);
1.40 (m, 4H, hexyl 2 xCH2)

IR  720, 774 (s, phenyl C-H def); 1253 (s, C -0  str)
FA B -M S 248 (100%) = [M+H]+; 108 (42%) = loss of Pyr(CH2)5 ;

85 (29%) = [PyrNCH3]+
A n a ly s is  C 16H 25NO; 1.1 C2H2O4

calculated C: 63.10 H: 7.91 N: 4.04
found C: 63.06 H: 8.03 N: 4.32

M olecu lar W eight 346.42 

Base W eight 247.38

S ynthesis  o f l-(4 -p h en y lth io h u ty l)p y rro lid in e  oxalate  
(FL501, U CL 2014-H , com pound 78)

A solution of 1 -bromo-4-phenyIthiobutane (250 mg, 1 mmol) and pyrrolidine (750 mg,
10.6 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 

After cooling, the solvent was removed under reduced pressure and the residue was 

diluted with aqueous sodium hydroxide (40 ml). The base was extracted with diethyl 

ether (3 x 40 ml), the combined extracts washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml 

absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give an off-white crystalline solid (255 mg, 76%).

m p 114-116 °C

H P L C  (A/B = 55:45) Rt = 12.04 min, 100%
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NM R

IR
FA B -M S

A n a ly sis

(DMSO dô): 7.34 (m, 4H, phenyl); 7.19 (m, IH, phenyl);

3.19 (br, 4H, 2 xCH2 pyrrolidine, C2 and C5); 3.08 (m, 2H, butyl 

CH2-N); 3.00 (t 7.2 Hz, 2H, butyl CH2-S); 1.91 (br, 4H, 2 xCH2 

pyrrolidine, C3 and C4); 1.75 (m, 2H, butyl CH?);

1.60 (m, 2H, butyl CH2)
6 8 8 , 734 (s, phenyl C-H def); 1195 (w, C-N str)

236 (100%) = [M+H]+; 165 (18%) = loss of pyrrolidine;

84 (15%) = [PyrNCH2l+

C 14H21NS; C2H2O4 

calculated C: 59.05
found C: 59.24

M olecular W eight 325.42 

Base W eight 235.39

H: 7.12 

H: 7.16

N: 4.30 

N: 4.16

S: 9.85 

S: 9.79

Synthesis o f l-(5-phenylthiopentyl)pyrrolid ine oxalate 
(FL495, UCL 2012-H , compound 79)

A solution of 1 -bromo-5-phenyIthiopentane (270 mg, 1 mmol) and pyrrolidine (720 mg, 
10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 
After cooling, the solvent was removed under reduced pressure and the remaining oil was 
diluted with aqueous sodium hydroxide (40 ml). The oil was extracted with diethyl ether 
(3 X 40 ml), the combined extracts washed with water, dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The residue was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute ethanol was 
added. The precipitate was recrystallised from absolute ethanol to give a white crystalline 
solid (195 mg, 54%).

mp
HPLC
NM R

IR
FA B -M S

A n a ly sis

150-152 °C

(A/B = 50:50) Rt = 9.0 min, 100%

(DMSO dô): 7.32 (m, 4H, phenyl); 7.18 (m, IH, phenyl);

3.20 (br, 4H, 2xCH2 pyrrolidine, C2 and C5); 3.04 (m, 2H, 
pentyl CH2-N); 2.97 (t 7.2 Hz, 2H, pentyl CH2-S); 1.90 (br, 4H, 

2xCH? pyrrolidine, C3 and C4); 1.61 (m, 4H, pentyl 2xCH?);

1.42 (m, 2H, pentyl central CH?)

700, 734 (s, phenyl C-H def); 1096 (w, C-N str)

250 (100%) = [M+HJ+; 179 (6%) = loss of pyrrolidine;

140 (15%) = loss of thiophenol; 84 (12%) = [PyrNCH?]+ 

C 15H23NS; 1.1 C2H2O4
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calculated C: 59.29 H: 7.29 N: 4.02

found C: 59.52 H: 7.44 N: 4.06
M olecular W eight 348.45 

Base W eight 249.42

Synthesis of l-(5-phenylpentyl)pyrrolidine oxalate 
(FL487, UCL 2010-H , compound 80)

In a three neck round bottom flask fitted with a liebig condenser, a pressure-equalising 
dropping funnel and kept under a nitrogen atmosphere was placed a solution of 

borane/THF complex (IM ) in THF (20 ml, 20 mmol). The solution was stirred and 
cooled to 0 °C in an ice bath. To this cooled solution was added dropwise a solution of 1- 
(5-phenyl pentanoyl) pyrrolidine (1 g, 4.3 mmol) in 20 ml dichloromethane (dried over 
molecular sieves). The mixture was then stirred and heated to reflux for 16 hours. After 

cooling again to 0 °C, 10 ml hydrochloric acid (6M) was added dropwise. The organic 
solvents were removed under reduced pressure and the residue was diluted with aqueous 
sodium hydroxide. The free base was extracted with diethyl ether (3x20 ml) and the 

combined extracts dried over magnesium sulfate and concentrated under reduced 
pressure. The oily residue was diluted with 1 ml absolute ethanol and a solution of oxalic 
acid (250 mg, 2.8 mmol) in 2 ml absolute ethanol was added. A precipitate was formed 
upon adding diethyl ether. The precipitate was recrystallised from absolute ethanol to give 
a white crystalline solid (147 mg, 11%).

m p 145-146 °C

HPLC (A/B = 40:60) Rt = 5.09 min, 100%

N M R  (DMSO d6): 7.26 (m, 2H, phenyl); 7.19 (m, 3H, phenyl);
3.20 (br 4H, 2 xCH2 pyrrolidine, C2 and C5); 3.04 (m, 2H, 

pentyl CH2-N); 2.57 (t 7.6 Hz, 2H, CH2-C6H5); 1.90 (br, 4H, 

2 xCH2 pyrrolidine, C3 and C4); 1.62 (m, 4H, pentyl 2xCH?);
1.30 (m, 2 H, pentyl central CH?)

IR  720, (s, phenyl C-H def); 1192 (w, C-N str)

FA B -M S 218 (100%) = [M+HJ+; 84 (9%) = [PyrNCH2]+
A n alysis C 15H23N; C2 H2 O4

calculated C: 66.43 H: 8.20 N: 4.56
found C: 66.48 H: 8.36 N: 4.51

M olecular Weight 307.39 

Base Weight 217.36
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Synthesis of l - ( 6 -pheny lhexy l)pyrro lid ine  oxalate  

(FL499, UCL 2013-H , com pound 81)

A solution of l-bromo-6 -phenylhexane (250 mg, 1 mmol) and pyrrolidine (750 mg, 10.6 

mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. After 

cooling, the solvent was removed under reduced pressure and the residue was diluted 
with aqueous sodium hydroxide (40 ml). The base was extracted with diethyl ether (3 x 
40 ml), the combined extracts washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The residue was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.6 irunol) in 2 ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give a white solid (207 
mg, 62%).

m p 160-161 °C

H P L C  (A/B = 50:50) Rt = 18.04 min, 98.3%

N M R  (DMSO dô): 7.27 (m, 2H, phenyl); 7.20 (m, 3H, phenyl);
3.21 (br 4H, 2 xCH2 pyrrolidine, C2 and C5); 3.03 (t 8.0 Hz, 2H, 
hexyl CH2-N); 2.57 (t 7.6 Hz, 2H, hexyl CH2-C6H 5); 1.90 (br, 

4H, 2 xCH2 pyrrolidine, C3 and C4); 1.58 (m, 4H, hexyl 2xCH?);

1.31 (m, 4H, hexyl 2 xCH2)
IR  705, (s, phenyl C-H def); 1167 (w, C-N str)
F A B -M S  232 (100%) = [M+H]+; 84 (27%) = [PyrNCH2]+
A n a ly s is  C 10H25N; C2H2O4

calculated C: 67.26 H: 8.47 N: 4.36

found C; 67.27 H: 8.58 N: 4.37
M olecu lar W eight 321.42 

B ase W eight 231.38

S yn thesis of l-[5 -(N -an ilin o )p en ty l]p y rro lid in e  d io xa la te  

(FL889B , UCL 2 I I I - H 2 , com pound 82)

A solution of 5-(l-pyrrolidinyl)pentanoic acid N-phenylamide (400 mg, 1.6 mmol) in dry 
diethyl ether (20 ml) was stirred under nitrogen. Lithium aluminium hydride (80 mg, 2.1 

mmol) was added in four portions and the suspension was stirred and heated under reflux 

for 20 hours. After cooling, cold water was added cautiously, followed by 2N aqueous 

sodium hydroxide. The mixture was stirred at room temperature for one hour, then the 

organic layer was decanted, the aqueous phase extracted with diethyl ether and the 

combined organic phases dried over magnesium sulfate and concentrated under reduced
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pressure to leave a red oil (285 mg, 75%). A portion of the crude oil (100 mg, 0.43 

mmol) was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 
mmol) in 2 ml absolute ethanol was added. The precipitate was recrystallised from 

absolute ethanol to give an off-white crystalline solid (178 mg, 74% overall).

m p 111-113

H P L C  (A/B = 80:20) Rt = 11.8 min, 100%

N M R  (DMSO dô): 7.05 (m, 2H, phenyl); 6.55 (m, 3H, phenyl);

3.50 (br, 2H, pentyl CH2-NH); 3.08 (m, 4H, 2 xCH2-N 
pyrrolidine); 2.99 (t 6.9 Hz, 2H, pentyl CH9-N); 1.91 (br, 4H, 

2xCH? pyrrolidine); 1.65 (m, 2H, pentyl CH?); 1.56 (m, 2H, 
pentyl CH?); 1.40 (m, 2H, pentyl central CH?)

IR  1216 (m, C-N str)
F A B -M S  233 (100%) = [M+HJ+; 162 ( 1 2%) = loss of pyrrolidine;

140 ( 1 2%) = loss of aniline; 84 (2 1 %) = [PyrNCH?]^
A n a ly s is  C 15H24N2; 2.1 C2H2O4

calculated C: 54.72 H: 6.74 N: 6.65

found C: 54.68 H: 6 .6 6  N: 6.70
M olecu lar W eight 421.44
Base W eight 232.37

S yn thesis o f l-[5 -(N -m eth y lan ilin o )p en ty l]p y rro lid in e  d ioxala te  

(FL 885C , U C L Z llB -H ?, com pound 83)

A solution of 5-( 1 -pyrrolidinyl)pentanoic acid N-methylphenylamide (650 mg, 2.5 mmol) 

in dry diethyl ether (20 ml) was stirred under nitrogen. Lithium aluminium hydride (110 

mg, 2.9 mmol) was added in four portions and the suspension was stirred and heated 

under reflux for 20 hours. After cooling, cold water was added cautiously, followed by 

2N aqueous sodium hydroxide. The mixture was stirred at room temperature for one 

hour, then the organic layer was decanted, the aqueous phase extracted with diethyl ether 

and the combined organic phases dried over magnesium sulfate and concentrated under 

reduced pressure to leave a yellow oil (525 mg, 85%). A portion of the crude oil (200 
mg, 0.81 mmol) was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (250 

mg, 2.8 mmol) in 4 ml absolute ethanol was added. The precipitate was recrystallised 

twice from absolute ethanol to give an off-white crystalline solid (2 1 0  mg, 52% overall).

m p 68-76 °C

H P L C  (A/B = 80:20) Rt = 11.8 min, 99.6%
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N M R  (DMSO dô): 7.16 (m, 2H, phenyl); 6.69 (m, 2H, phenyl);

6.59 (m, IH, phenyl); 3.50 (br, 2H, CH2-N); 3.43 (q 7 Hz, 2H

ethanol CH2); 3.30 (m, 2H, CH2-N); 3.07 (m, 2H, CH2-N);
3.00 (m, 2H, CÜ2-N); 2.86 (s, 3H, CH3-N); 1.92 (br, 4H,

2 xCH2 pyrrolidine); 1.65 (m, 2 H, pentyl CH?); 1.51 (m, 2H, 

pentyl CH2); 1.31 (m, 2H, pentyl central CH?);

1.06 (t 7 Hz, 3H, ethanol CH3)

IR  1195 (s, C-N str); 3425 (s, 0-H  str ethanol)

FA B -M S 247 (100%) = [M+H]+; 140 (2 2 %) = loss of aniline

A n a ly s is  C 15H24N2 ; 2.1 C2H2O4 ; C2H0O
calculated C: 55.37 H: 7.58 N: 5.82

found C: 55.32 H: 7.52 N: 5.94
M olecular W eight 481.54

Base W eight 246.39

Synthesis of 5 -(l-p y rro lid in y l)p en tan o ic  acid N -phenylam ide oxalate  
(FL881B, U CL 2108-H , com pound 84)

A solution of 5-bromopentanoic acid phenylamide (700 mg, 2.73 mmol) and pyrrolidine 

(1.2 g, 17 mmol) in 20 ml absolute ethanol was stirred and heated under reflux for 16 
hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 
ether ( 3 x 1 0  ml), the combined extracts dried over magnesium sulfate, and the solvent 

removed under reduced pressure leaving the crude product as a beige solid (620 mg, 
92%). A portion of the crude product (120 mg, 0.49 mmol) was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute 
ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
white crystalline solid (114 mg, 64% overall).

m p 141-142 °C

H P L C  (A/B = 70:30) Rt = 11.8 min, 100%

N M R  (DMSO dô): 9.97 (s, IH, amide NH); 7.59 (m, 2H, phenyl);

7.29 (m, 2H, phenyl); 7.03 (m, IH, phenyl); 3.23 (br, 4H, 

2xCH?-N pyrrolidine); 3.12 (m, 2H, pentyl CH2-N);

2.37 (t 6.7 Hz, 2H, CH2-CO); 1.92 (br, 4H, 2xCH? pyrrolidine); 

1.64 (m, 4H, 2 xCH2)

IR  1175 (m, C-N str); 1678 (s, C =0 str)

FA B -M S  247 (100%) = [M+H]"^; 176 (14%) = loss of pyrrolidine
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A n aly sis  C 15H22N2O; C2H2O4

calculated C: 60.70 H: 7.19 N: 8.33
found C: 60.40 H: 7.08 N: 8.45

M olecular W eight 336.39 

Base W eight 246.35

Synthesis of 5 -(l-p y rro lid in y l)p en tan o ic  acid  N -m ethylphenyl am ide 
oxalate  (FL877B, U C L 2109-H , com pound  85)

A solution of 5-bromopentanoic acid N-methylphenylamide (1 g, 3.7 mmol) and 

pyrrolidine (1.3 g, 18.5 mmol) in 20 ml absolute ethanol was stirred and heated under 

reflux for 20 hours. After cooling, the solvent was removed under reduced pressure and 
the residue was diluted with aqueous sodium hydroxide (10 ml). The base was extracted 
with diethyl ether (3 x 10 ml), the combined extracts dried over magnesium sulfate, and 

the solvent removed under reduced pressure leaving the crude product as an orange oil 

(895 mg, 93%). A portion of the crude product (150 mg, 0.57 mmol) was dissolved in 2 
ml absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give an 
off-white crystalline solid (163 mg, 74% overall).

m p 123-124 °C

H PL C  (A/B = 70:30) Rt = 17.1 min, 100%
N M R (DMSO dô): 7.47 (m, 2H, phenyl); 7.34 (m, 3H, phenyl);

3.16 (br, 7H, 2xCH?-N pyrrolidine and CH3-N); 2.99 (br, 2H, 

pentyl CH2-N); 2.05 (br, 2H, CH2-CO); 1.89 (br, 4H, 2 xCH2 

pyrrolidine); 1.49 (br, 4H, 2 xCH2)
IR  1655 (s, C =0 str)

FA B -M S 261 (18%) = [M+H]+; 190 (67%) = loss of pyrrolidine;

134 (100%) = [C6H5N(CH3)C0]+

A n aly sis  C 16H24N2O; 1.05 C2H2O4

calculated C: 61.25 H: 7.41 N: 7.89

found C: 61.12 H: 7.41 N: 7.77
M olecular W eight 354.92 

Base W eight 260.38

Synthesis of l-(4 -b en zy lo x y b u ty l)p y rro lid in e  oxalate 
(FL593B, UCL 2044-H , com pound 8 6 )
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A solution of l-bromo-4-benzyloxybutane (250 mg, 1.03 mmol) and pyrrolidine (1 g, 14 

mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. After 

cooling, the solvent was removed under reduced pressure and the residue was diluted 

with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 

10 ml), the combined extracts washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The residual oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was 

added. The precipitate was reciystallised from absolute ethanol to give an off-white 
crystalline solid (130 mg, 39%).

m p 132-133 °C

H P L C  (A/B = 60:40) Rt = 10.8 min, 100%

N M R  (DMSO de): 7.33 (m, 5H, phenyl); 4.46 (s, 2H, benzyl CH2);
3.45 (t 6 .2  Hz, 2 H, butyl CH7 -O): 3.21 (br, 4H, pyrrolidine 
2 xCH2-N); 3.07 (m, 2H, butyl CH2-N); 1.91 (br, 4H, pyrrolidine 

2 xCH2); 1.69 (m, 2H, butyl CH?); 1.58 (m, 2H, butyl CH?)
IR  698, 738 (s, phenyl C-H def); 1132 (s, C-N str)
FA B -M S 234 (100%) = [M+H]+; 142 (5%) = loss of toluene;

91 (14%) = [tropylium]+; 84 ( 10%) = [pyrNCH?]'*'
A n a ly sis  C 15H23NO; C2H2O4

calculated C: 63.14 H: 7.79 N: 4.33

found C: 62.77 H: 7.75 N: 4.27
M olecular W eight 323.39
Base W eight 233.35

Synthesis of l-(5 -b en zy lo x y p en ty l)p y rro lid in e  oxalate  
(FL583, UCL 2040-H , com pound 87)

A solution of l-bromo-5-benzyloxypentane (300 mg, 1.17 mmol) and pyrrolidine (1 g, 
14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 
After cooling, the solvent was removed under reduced pressure and the residue was 

diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 

ether (3 x 10 ml), the combined extracts washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml 

absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a beige crystalline solid (170 mg, 43%).
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m p

H P L C
N M R

IR

FA B -M S

A n a ly sis

136-137 °C

(A/B = 60:40) Rt = 18.02 min, 100%

(DMSO dô): 7.33 (m, 5H, phenyl); 4.45 (s, 2H, benzyl CH?);

3.43 (t 6.3 Hz, 2H, pentyl CH?-0); 3.22 (br, 4H, pyrrolidine 

2 xCH2-N); 3.05 (m, 2H, pentyl CH2-N); 1.91 (br, 4H, 

pyrrolidine 2xCH?); 1.59 (m, 4H, pentyl 2 xCH2);
1.36 (m, 2H, pentyl CH?)

706, 736 (s, phenyl C-H def); 1134 (s, C-N str);
1200 (s, C -0 str)
248 (100%) = [M+H]+; 156 (6 %) = loss of toluene;

84 (13%) = [pyrNCH2]+
C16H25NO; C2H2O4 
calculated C: 64.07

found C: 64.23
M olecular W eight 337.42 
Base W eight 247.38

H: 8.07 

H: 7.98

N: 4.15 
N: 4.11

Synthesis of l-[2 -(2 -phenoxyethoxy)e thy l]pyrro lid ine  oxalate  
(FL645, UCL 2057-H , com pound 8 8 )

A solution of l-bromo-2-(2-phenoxyethoxy)ethane (300 mg, 1.22 mmol) and pyrrolidine 
(1 g, 14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 
ether (3 x 10 ml), the combined extracts washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 
in 2  ml absolute ethanol and a solution of oxalic acid (2 0 0  mg, 2 .2  mmol) in 2 ml 
absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a white crystalline solid (195 mg, 48%).

m p

H P L C
N M R

IR

119-121 °C

(A/B = 60:40) Rt = 9.0 min, 99.5%

(DMSO dô): 7.30 (m, 2H, phenyl); 6.96 (m, 3H, phenyl); 

4.13 (t 4.5 Hz, 2 H, CH2-O); 3.78 (m, 4H, 2 xCH2-0 );
3.33 (t 5.1 Hz, 2H, ethyl CH2-N); 3.27 (br, 4H, pyrrolidine 

2 xCH2-N); 1.91 (br, 4H, pyrrolidine 2 XCH7)

694, 707, 754 (s, phenyl C-H def); 1130 (s, C -0  str);

1174 (m, C-N str); 1249 (s, C-0 str)
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FA B -M S

A n a ly sis

236 (100%) = [M+H]+; 98 (6%) = [pyrNCH2CH2]+; 

84 (6%) = [pyrNCH2]+

C 14H21NO2; 1.1 C2H2O4 

calculated C: 58.19

found C: 58.29
M olecular W eight 334.36 

Base W eight 235.33

H: 6.99 
H: 7.06

N: 4.19 
N: 4.50

S ynthesis  of l-[2 -(3 -pheny lp ropoxy)ethy l]py rro lid ine  oxalate  
(FL655A , UCL 2062-H , com pound 89)

To a solution of l-(2-hydroxyethyl)pyrrolidine (500 mg, 4.34 mmol) in dry toluene (50 

ml) was added portionwise sodium metal (200 mg, 8.7 mmol) and the mixture was 
stirred and heated under reflux for one hour, until all the sodium was dissolved. 3- 
phenyl- 1-bromopropane (864 mg, 4.34 mmol) was added and the mixture was stirred 
and heated under reflux for 16 hours. After cooling, the suspension was filtered, and the 
sovent removed under reduced pressure. The crude product was dissolved in 4 ml 
absolute ethanol and a solution of oxalic acid (300 mg, 3.3 mmol) in 4 ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
white crystalline solid (348 mg, 25%).

m p

H P L C

N M R

IR

FA B -M S

A n a ly sis

calculated

found
M olecular W eight 323.39 

Base W eight 233.36

116-117 °C
(A/B = 50:50) R t=  11.1 min, 99.5%

(DMSO d^): 7.31 to 7.17 (m, 5H, phenyl); 3.66 (t 5.1 Hz, 2H, 

ethyl CH2-O); 3.44 (t 6.5 Hz, 2 H, propyl CH2-O); 3.31 (t 5.1 

Hz, 2H, ethyl CH?-N); 3.26 (br, 4H, pyrrolidine 2 xCH2-N); 

2.63 (t 7.7 Hz, benzyl CH?); 1.92 (br, 4H, pyrrolidine 2 xCH2); 
1.83 (m, 2H, propyl CH?)

699, 720 (s, phenyl C-H def); 1129 (s, C -0 str);
1198 (m, C-N str)

234 (100%) = [M+H]+; 98 (8 %) = [pyrNCH2CH2]+;
91 (5%) = [tropylium]+; 84 (8 %) = [pyrNCH?]'*’
C 1 5 H 2 3 N O ;  C 2 H 2 O 4

0:63.14 H: 7.79 N: 4.33 

0:63.58 H: 7.96 N: 4.31
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Synthesis of l-[(l-m e th y l-4 -p h en o x y )b u ty l]p y rro lid in e  o x a la te  

(FL551-1, U CL 2029-H , com pound 90)

A solution of the mixture of l-bromo-4-phenoxypentane and 4-bromo- 1-phenoxypentane 

(500 mg, 2.06 mmol) and pyrrolidine (1.2 g, 16.9 mmol) in 10 ml absolute ethanol was 

stirred and heated under reflux for 20 hours. After cooling, the solvent was removed 

under reduced pressure and the residue was diluted with aqueous sodium hydroxide (40 

ml). The base was extracted with diethyl ether (3 x 40 ml), the combined extracts washed 
with water, dried over magnesium sulfate, and the solvent removed under reduced 

pressure. The residual oil was purified by preparative HPLC using 60% water and TFA 

and 40 % methanol and TFA. The first fraction, after evaporation of the solvent mixture, 
was converted back to the free base and the oil was dissolved in about 2  ml absolute 

ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute ethanol was 
added. The precipitate was recrystallised from isopropyl alcohol to give a white 
crystalline solid (97 mg, overall yield for the two isomers: 35%, ratio UCL 2029/UCL 
2030 = 2:3).

m p 84-86 °C
H P L C  (A/B = 60:40) Rt = 14.02 min, 99%

(also contains 1% UCL 2030-H)

N M R  (DMSO dô): 7.29 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.99 (t 6  Hz, 2H, CH2-O); 3.35 to 3.21 (m, 5H, pyrrolidine 

2 xCH2-N and butyl CH); 1.91 to 1.61 (m, 8 H, 2 xCH2 

pyrrolidine and 2xCH? butyl); 1.27 (d 6.4 Hz, 3H, CH3)

IR  695, 720, 758 (s, phenyl C-H def); 1244 (s, C -0  str)
F A B -M S 234 (100%) = [M+HJ+

A n a ly s is  C 15H23NO; 1.05 C2H2O4

calculated C: 62.64 H: 7.72 N: 4.27

found C: 62.54 H: 7.75 N: 4.23
M olecu lar W eight 327.89 

Base W eigh t 233.36

Synthesis of l-(4 -ph en o x y p en ty l)p y rro lid in e  oxalate  
(FL551-2, U CL 2030-H , com pound 91)

A solution of the mixture of l-bromo-4-phenoxypentane and 4-bromo-1-phenoxypentane 

(500 mg, 2.06 mmol) and pyrrolidine (1.2 g, 16.9 mmol) in 10 ml absolute ethanol was 

stirred and heated under reflux for 20 hours. After cooling, the solvent was removed
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under reduced pressure and the residue was diluted with aqueous sodium hydroxide (40 

ml). The base was extracted with diethyl ether (3 x 40 ml), the combined extracts washed 

with water, dried over magnesium sulfate, and the solvent removed under reduced 

pressure. The residual oil was purified by preparative HPLC using 60% water and TFA 

and 40 % methanol and TFA. The second fraction, after evaporation of the solvent 

mixture, was converted back to the free base and the oil was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 
ethanol was added. The precipitate was recrystallised from isopropyl alcohol to give a 

white crystalline solid (137 mg, overall yield for the two isomers: 35%, ratio UCL 
2029/UCL 2030 = 2:3).

m p 99-102 °C

H P L C  (A/B = 60:40) R t=  15.51 min, 98.1%
(also contains 1% UCL 2029-H)

N M R  (DMSO dô): 7.29 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);
4.48 (m, IH, pentyl CH-O); 3.20 (br, 4H, pyrrolidine 2 xCH2-N);
3.11 (m, 2H, pentyl CH2-N); 1.91 to 1.61 (m, 8 H, 2xCH? 
pyrrolidine and 2xCH? butyl); 1.23 (d 6  Hz, 3H, methyl CH3)

IR  691, 705, 752 (s, phenyl C-H def); 1238 (s, C-O str)
FA B -M S 234 (100%) = [M+H]+
A n a ly s is  C 15H23NO; C2H2O4

calculated C: 63.14 H: 7.79 N: 4.33

found C: 62.79 H: 7.76 N: 4.28
M olecu lar W eight 323.39 

Base W eight 233.36

Synthesis of l-(6 -p h en y lh ex -5 -y n y l)p y rro lid in e  oxa la te  
(FL633A , UCL 2054-H , com pound 92)

A solution of 6 -bromo-l-phenyl-1-hexyne (350 mg, 1.47 mmol) and pyrrolidine (1 g, 14 
mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 16 hours. After 

cooling, the solvent was removed under reduced pressure and the residue was diluted 

with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 

10  ml), the combined extracts washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (2 0 0  mg, 2 .2  mmol) in 2  ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give an off-white 
crystalline solid (265 mg, 55%).
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m p 137-139 °C

H PL C  (A/B = 60:40) Rt = 24.8 min, 100%

N M R  (DMSO dg); 7.35 (m, 5H, phenyl); 3.24 (br, 4H, pyrrolidine
2xCH2-N); 3.13 (m, 2H, hexynyl CH2-N); 2.47 (t 6.9 Hz, 2H,
hexynyl CH9-C=C): 1.92 (br, 4H, pyrrolidine 2xCH2);

1.79 (m, 2H, hexynyl CH2); 1.58 (m, 2H, hexynyl CH2)

IR  693, 760 (s, phenyl C-H def); 1174 (s, C-N str)

FA B -M S 228 (100%) = [M+H]+; 84 (7%) = [pyrNCH2]+

A n a ly sis  C 16H21N; 1.1 C2H2O4

calculated C: 66.98 H: 7.16 N: 4.29

found C: 67.11 H: 7.35 N: 4.30
M olecular W eight 326.39 

Base W eight 227.35

Synthesis of l-(6 -ph en y lh ex -5 -en y l)p y rro lid in e  ox a la te  (FL675B ,
UCL 2069-H, com pound 93 and  FL675E, U C L 2070-H , com pound  94)

A solution of 6 -bromo-l-phenylhex-l-ene (mixture of cis and trans isomers, 430 mg, 1.8 
mmol) and pyrrolidine (1.3 g, 18 mmol) in 10 ml absolute ethanol was stirred and heated 
under reflux for 24 hours. After cooling, the solvent was removed under reduced 
pressure and the residue was diluted with aqueous sodium hydroxide (10 ml). The base 
was extracted with diethyl ether (3 x 10 ml), the combined extracts washed with water, 

dried over magnesium sulfate, and the solvent removed under reduced pressure. The 

crude product was separated on preparative HPLC using 60% water and TFA and 40 % 

methanol and TFA. After evaporation of the solvent m ixture, the products 

(trifluoroacetate salts) were converted back to the free base and for each fraction the oil 

was dissolved in 2  ml absolute ethanol and a solution of oxalic acid (2 0 0  mg, 2 .2  mmol) 
in 2 ml absolute ethanol was added. The precipitates were recrystallised from absolute 

ethanol to give white crystalline solids (118 mg, overall yield for the two isomers: 2 0 %).

FL675B (UCL 2069-H, com pound 93):

m p 166-168 °C

H P L C  (A/B = 60:40) Rt = 37.9 min, 2 .2 % (cis isomer)

Rt = 39.2 min, 97.8% (trans isomer)

N M R  (CDCI3): 7.30 (m, 5H, phenyl); 6.35 (d 15.8 Hz, IH,
CH=CH-Ph); 6.11 (dt 15.8-7.0 Hz, IH, CH=CH-Ph); 3.80 (br,

2H, pyrrolidine 2xCH-N); 3.07 (m, 2H, hexenyl CH?-N);
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IR

FA B-M S
A nalysis

calculated
found

M olecular W eight 319.40 

Base W eight 229.36

2.75 (br, 2H, pyrrolidine 2xCH-N); 2.21 (m, 2H, hexenyl 
CÜ2 -CH=CH); 2.06 (br, 4H, pyrrolidine 2 xCH2); 1.78 (m, 2H, 

hexenyl CH7V, 1.50 (m, 2H, hexenyl CH?)
707 (s, phenyl C-H def); 961 (s, alkene C-H str);

1174 (m, C-N str); 1734 (m, C=C str)

230 (100%) = [M+H]+; 84 (9%) = [pyrNCH?]^
C 1 6 H 2 3 N ; C 2 H 2 O 4

C: 67.69 H: 7.89 N: 4.39
C: 67.31 H: 7.85 N: 4.41

FL675E (UCL 2070-H, com pound 94):
m p

H PL C

NM R

IR

FA B -M S
A nalysis

calculated
found

M olecular W eight 328.40 

Base W eight 229.36

116-122 °C
(A/B = 60:40) Rt = 37.2 min, 65% (cis isomer)

Rt = 40.2 min, 35% (trans isomer)
(CDCI3): 7.24 (m, 5H, phenyl); 6.44 (d 11.7 Hz, IH,

CH=CH-Ph cis isomer); 6.35 (d 15.9 Hz, IH, CH=CH-Ph trans 
isomer); 6.11 (dt 15.9-7.0 Hz, IH, CH=CH-Ph trans isomer); 
5.55 (dt 11.5-7.2 Hz, IH, CH=CH-Ph cis isomer); 3.77 (br, 2H, 

pyrrolidine 2xCH-N); 3.07 and 2.96 (m, 2H, hexenyl CH2-N cis 
and trans); 2.75 and 2.66 (br, 2H, pyrrolidine 2xCH-N cis and 
trans); 2.32 and 2.20 (m, 2H, hexenyl CH?-CH=CH cis and 

trans); 2.08 and 2.02 (br, 4H, pyrrolidine 2 xCH2); 1.73 (m, 2H, 
hexenyl CH?); 1.46 (m, 2H, hexenyl CH?)

706 (s, phenyl C-H def); 961 (s, alkene C-H str);
1176 (m, C-N str); 1734 (m, C=C str)

230 (100%) = [M+HJ+; 84 (6 %) = [pyrNCH2]+
C16H23N; 1.1 C2H2O4

C: 66.56 H: 7.73 N: 4.27

C: 66.83 H: 7.85 N: 4.30

Synthesis of l-(5 -b en zo y lp en ty l)p y rro lid in e  oxa la te  
(FL773A, UCL 2087-H , com pound 95)
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A solution of 6 -bromo-l-phenyl-1-hexanone (320 mg, 1.25 mmol) and pyrrolidine (1 g, 
14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 16 hours. 

After cooling, the solvent was removed under reduced pressure and the residue was 

diluted with aqueous sodium hydroxide (10 ml). The base was extracted with chloroform 

(3 X 10 ml), the combined extracts dried over magnesium sulfate, and the solvent 

removed under reduced pressure. The residual oil was dissolved in 2 ml absolute ethanol 

and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was added. 

The precipitate was recrystallised from absolute ethanol to give an off-white crystalline 
solid (218 mg, 52%).

m p 182-184 °C

H P L C  (A/B = 60:40) Rt = 11.8 min, 100%

N M R  (DMSO dô): 7.97 (m, 2H, phenyl ortho); 7.64 (m, IH, phenyl
para); 7.54 (m, 2H, phenyl meta); 3.23 (br, 4H, 2xCH?-N 

pyrrolidine); 3.06 (m, 4H, pentyl CH2-N and CHi-CO); 1.92 (br, 
4H, 2xCH? pyrrolidine); 1.65 (m, 4H, 2 xCH2 pentyl);
1.36 (m, 2H, pentyl central CH2)

IR  690 to 728 (s, phenyl C-H def); 1681 (s, C= 0  str);
FA B -M S 246 (100%) = [M+H]+; 105 (11%) = [C6H5COJ+;

84 (16%) = [PyrNCH2]+
A n a ly s is  C 16H23NO; C2H2O4

calculated C: 64.46 H: 7.51 N: 4.18

found C: 64.23 H: 7.63 N: 4.15
M olecu lar W eight 335.40

Base W eight 245.36

S yn thesis  o f l - [ 6 -h yd roxy-6 -p h en y l)hexy l]py rro lid ine  oxalate  
(FL963D , U C L 2126-H , com pound 96)

A solution of l-(5-benzoylpentyl)pyrrolidine (100 mg, 0.4 mmol) in dry diethyl ether (10 

ml) was stirred at room temperature under nitrogen. Lithium aluminium hydride (15 mg, 
0.4 mmol) was added in one portion and the suspension was stirred and heated under 

reflux for 2 hours. After cooling, ice-cold water was added cautiously. The organic layer 
was decanted and concentrated under reduced pressure to leave a pale yellow oil (80 mg, 

80%). The oil was purified by preparative HPLC using 65% water and TFA and 35 % 

methanol and TFA. After evaporation of the solvent mixture, the product (trifluoroacetate 
salt) was converted back to the free base and the oil was dissolved in about 2 ml absolute 

ethanol and a solution of oxalic acid (60 mg, 0.67 mmol) in 2 ml absolute ethanol was
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added. The precipitate was recrystallised from absolute ethanol to give a white crystalline 
solid (60 mg, 44%).

m p 115-117 °C

H P L C  (A/B = 60:40) Rt = 11.4 min, 100%

N M R  (DMSO dô): 7.31 (m, 4H, phenyl meta and ortho); 7.22 (m, IH,

phenyl paia); 4.50 (m, IH, hexyl CH-OH); 3.20 (br, 4H, 

pyrrolidine 2xCH2-N); 3.02 (m, 2H, hexyl CH?-N); 1.90 (br,

4H, pyrrolidine 2xCH?); 1.58 (m, 4H, hexyl 2 xCH2);

1.28 (m, 4H, hexyl 2xCH?)

IR  706 (s, phenyl C-H def); 1209 (s, C -0 str); 3355 (s, 0 -H  str)
A P C I-M S  248 (100%) = [M+H]+
A n a ly s is  C 16H25NO; C2H2O4

calculated C: 64.06 H: 8.07 N: 4.15
found C: 64.02 H: 7.99 N: 4.13

M olecu lar W eight 337.42 

B ase W eight 247.38

Syn thesis  of l-[2 -(3 -p h en o xypheny l)e thy i]py rro Iid ine  oxalate  
(FL953B, U CL 2123-H , com pound 97)

A solution of l-(3-phenoxyphenylacetyl)pyrrolidine (550 mg, 1.95 mmol) in dry diethyl 
ether (20 ml) was stirred at room temperature under nitrogen. Lithium aluminium hydride 

(100 mg, 2.6 mmol) was added in portions over 15 minutes and the suspension was 
stirred and heated under reflux for 16 hours. After cooling, cold water was added 

cautiously. The mixture was extracted with diethyl ether ( 3 x 1 0  ml) and the combined 

extracts dried over magnesium sulfate and concentrated under reduced pressure to leave a 

colourless oil (400 mg, 76%). The oil was dissolved in 2 ml absolute ethanol and a 
solution of oxalic acid (300 mg, 3.3 mmol) in 5 ml absolute ethanol was added. The
precipitate was recrystallised from absolute ethanol to give a white crystalline solid (437
mg, 62%).

m p 154-155 °C

H P L C  (A/B = 40:60) Rt = 8.78 min, 99.7%

N M R  (DMSO dô): 7.40 (m, 3H, phenyl); 7.17 (m, IH, phenyl);
7.06 (m, IH, phenyl); 7.00 (m, IH, phenyl); 6.89 (m, 3H,

phenyl); 3.33 (m, 2H, CH2-N); 3.27 (br, 4H, pyrrolidine

2 xCH2 -N); 2.98 (m, 2H, CH2-C6H4 );
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1.93 (br, 4H, pyrrolidine 2xCH?)
IR  698 (s, phenyl C-H def); 1214 (s, C-N str); 1252 (s, C-O str)

FA B -M S 268 (100%) = [M+H]+

A n a ly sis  C 18H21NO; C2H2O4

calculated C: 67.21 H: 6.49 N: 3.92

found C: 67.07 H: 6.56 N: 3.87
M olecular W eight 357.41 

Base W eight 267.37

Synthesis of 2 -m eth y l-l-(5 -p h en o x y p en ty l)p ip e rid ln e  oxa la te  
(FL245, UCL 1931-H, com pound 98)

A solution of l-bromo-5-phenoxypentane (400 mg, 1.6 mmol) and 2-methylpiperidine (1 

g, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 

The solvent was removed under reduced pressure, the residue diluted with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 
extracts were washed with water, dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The crude residue was dissolved in 2 ml absolute ethanol and a 
solution of oxalic acid (160 mg, 1.8 mmol) in 4 ml absolute ethanol was added. Ether 
was added to form the precipitate. The solid was recrystallised from isopropyl alcohol to 
give a white crystalline solid (342 mg, 57%).

m p 80-83 °C

H PL C  (A/B = 50:50) Rt = 10.8 min, 100%

N M R  (DMSO de): 7.28 (m, 2H, phenyl); 6.93 (m, 3H, phenyl);

3.96 (t 6.3 Hz, 2H, pentyl CH2-O); 3.27 (br, 2H, CH 2-N 
piperidine C6 ); 3.05 (br, IH, CH-N piperidine C2); 2.96 (m, 2H, 
pentyl CH2-N); 1.83 to 1.41 (m, 12H, pentyl 2 xCH2 and 

3 xCH2 piperidine, C3, C4 and C5); 1.25 (d 6.5 Hz, 3H, CH3)

IR  700, 756 (s, phenyl C-H def); 1197 (w, C-N str);

1250 (s, C -0  str)

FA B -M S 262 (100%) = [M+H]+; 137 (7%) = [PhOCH2CH2CH3+H]+;

112(8%) = [CH3PipNCH2]+
A n a ly sis  C 17H27NO; 1.1 C2H2O4

calculated C: 63.98 H: 8.17 N: 3.89

found C: 64.15 H: 8.42 N: 3.97
M olecular W eight 360.44 

Base W eight 261.41
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S ynthesis o f 3 -m e th y l- l-(5 -p h en o x y p en ty l)p ip e rid in e  oxalate  

(FL257, U C L 1934-H , com pound  99)

A solution of l-bromo-5-phenoxypentane (350 mg, 1.4 mmol) and 3-methylpiperidine (1 

g, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 

The solvent was removed under reduced pressure, the residue diluted with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 
extracts were washed with water, dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The crude residue was dissolved in 2 ml absolute ethanol and a 

solution of oxalic acid (250 mg, 2.8 mmol) in 2 ml absolute ethanol was added. Ether 

was added to form the precipitate. The solid was recrystallised from isopropyl alcohol to 

give a white crystalline solid (361 mg, 71%).

m p
H P L C
N M R

IR

FA B -M S

A n a ly s is

calculated

found
M olecu lar W eight 351.44 

B ase W eight 261.41

140-141 °C

(A/B = 50:50) Rt = 11.8 min, 100%

(DMSO dô): 7.27 (m, 2H, phenyl); 6.93 (m, 3H, phenyl);
3 .9 6  (t 6.3  H z, 2H , pentyl C H 2 -O); 3 .34  (m, 2H, 2xC H eq-N  

piperidine C2 and C6); 2 .9 7  (m, 2H , pentyl CH ?-N); 2 .70  (m,

IH, CHax-N piperidine C6); 2.44 (m, IH, CH^v-N piperidine 
C2); 1.71 (m, 8H, pentyl 2xCH2 and CH2 piperidine C5 and 

CHax piperidine C3 and CHeq piperidine C4); 1.42 (m, 2H, pentyl 

central CH9): 1.05 (m, IH, CHax piperidine C4);
0.88 (d 6.6 Hz, 3H, CH3)

693 , 7 5 6  (s, phenyl C-H def); 1169 (w, C-N str);
1252 (s, C -0  str)

26 2  (100% )= [M+H]+; 168 (5%)= loss of phenol:

112 (14%)= [CH3PipNCH2]+
C 17H27NO; C2H2O4

C: 64.93 H: 8 .3 2  N: 3.99

C: 65 .35  H: 8 .4 9  N: 4 .0 0

S ynthesis of 4 -m e th y l-l-(5 -p h en o x y p en ty l)p ip e rid in e  oxalate  
(FL253, UCL 1933-H , com pound  100)
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A  solution of l-bromo-5-phenoxypentane (370 mg, 1.5 mmol) and 4-methylpiperidine (1 

g, 10 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 

The solvent was removed under reduced pressure, the residue diluted with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 

extracts were washed with water, dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The crude residue was dissolved in 2 ml absolute ethanol and a 

solution of oxalic acid (250 mg, 2.8 mmol) in 2 ml absolute ethanol was added. The 
white precipitate formed was recrystallised from absolute ethanol to give a white 
crystalline solid (352 mg, 6 6 %).

m p 151-152 °C
H P L C  (A/B = 50:50) Rt = 11.6 min, 100%
N M R  (DMSO dg): 7.27 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3 .95  (t 6.3 H z, 2H, pentyl C H ?-0); 3 ,36 (m, 2H , 2xC H eq-N  

piperidine C2 and C 6 ); 2 .97 (m, 2H , pentyl CH^-N); 2 .82  (m,
2H , 2xCH ax-N piperidine C2 and C 6 ); 1.73 (m, 6 H, pentyl 
2xC H? and 2xCHeq piperidine, C3 and C5); 1.60 (br, IH, CH  

piperidine C4); 1.42 (m, 4H , pentyl central C H i, 2xCHax 

piperidine, C3 and C5); 0.91 (d 6.5 Hz, 3H, CH 3 )

IR  704, 757 (s, phenyl C-H def); 1172 (w, C-N str);
1256 (s, C -0 str)

FA B -M S 262 (100%)= [M+H]+; 168 (7%)= loss of phenol;

112 (15% )= [CH3PipNCH 2 ]+

A n a ly s is  C 17H27NO; C2H2O4

calculated C: 64.93 H; 8.32 N: 3.99

found C: 64.87 H: 8.41 N: 4.01
M olecular W eight 351.44
Base W eight 261.41

Synthesis of 4 -p ro p y l-l-(5 -phenoxypen ty l)p iperid ine  oxalate 
(FL249, U CL 1932-H, com pound 101)

A solution of l-bromo-5-phenoxypentane (410 mg, 1.7 mmol) and 4-propylpiperidine 

(500 mg, 3.9 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 

hours. The solvent was removed under reduced pressure, the remaining oil mixed with 

aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 

combined extracts were washed with water and dried over magnesium sulfate. After 

removal of the solvent, the remaining oil was dissolved in about 2 ml absolute ethanol
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and a solution of oxalic acid (200 mg, 2.2 mmol) in 4 ml absolute ethanol was added. A 
precipitate was formed. The crude solid was recrystallised from absolute ethanol to give a 
white crystalline solid (362 mg, 56%).

mp

HPLC
NM R

IR

FAB-M S

A nalysis
calculated
found

Molecular W eight 379.50 

Base Weight 289.46

165-166 °C

(A /B  = 50:50) Rt = 28.0 min, 100%

(DMSO dô): 7.27 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.95 (t 6.3 H z, 2H, pentyl C H 2 -O); 3 .38  (br, 2H , 2xC H eq-N  

piperidine C2 and C6); 2.97 (m, 2H, pentyl C H 9 -N );

2.81 (br, 2H, 2xCHax-N piperidine C2 and C6 ); 1.71 (m, 6 H, 

pentyl 2xC_H? and 2xCHeq piperidine, C3 and C5); 1.46 to 1.18 

(m, 9H, pentyl central CH], 2xCHax piperidine, C3 and C5, 
2xCH? propyl and CH piperidine C4); 0.86 (t 7.1 Hz, 3H, CH3) 

691, 759 (s, phenyl C-H def); 1168 (w, C-N str);
1251 (s, C -0 str)

290 (99%) = [M+H]+; 196 (8 %) = loss of phenol;

140 (16% ) = [CsHvPipNCH]]^: 128 (100% ) =  [C sH vP ip N H ]]^  

C 19H31NO; C2H2O4

C: 66.46 H: 8 .76  N: 3 .6 9  

C: 66.27 H: 8 .94  N: 3 .7 2

Synthesis of 4-benzyl-l-(5-phenoxypentyl)piperidine oxalate  
(FL261, UCL 1935-H, compound 102)

A solution of l-bromo-5-phenoxypentane (360 mg, 1.5 mmol) and freshly distilled 4- 

benzylpiperidine (1.7 g, 9.7 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. The solvent was removed under reduced pressure, the 

remaining oil mixed with aqueous NaOH (40 ml) and the oil was extracted with diethyl 

ether (3 x 40 ml). The combined extracts were washed with water, dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual oil was purified by 

column chromatography on silca gel eluting with diethyl ether containing 1% 
triethylamine. After removal of the solvent, the remaining oil was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (250 mg, 2 .8  mmol) in 2  ml absolute 

ethanol was added. The salt formed a precipitate. The crude solid was recrystallised from 

absolute ethanol to give a white crystalline solid (360 mg, 57%).



8. Experimental 204

m p

H PL C

NM R

IR

FA B -M S

A n aly sis

calculated
found

M olecular W eight 427.54 
Base W eight 337.50

144-145 °C

(A/B = 50:50) Rt = 44.0 min, 100%

(DMSO dô): 7.31 to 7.17 (m, 7H, 2H and 5H phenyl); 6.92 (m, 

3H, phenyl); 3.94 (t 6.3 Hz, 2H, pentyl CH2-O); 3.37 (br, 2H, 
2xCHeq-N piperidine C2 and C6); 2.97 (m, 2H, pentyl CH2-N); 

2.80 (br, 2H, 2xCHax-N piperidine C2 and C6); 2.53 (d 6.7 Hz, 

2H CH? benzyl); 1.71 (m, 7H, pentyl 2xCH?, CH piperidine C4 

and 2xCHeq piperidine, C3 and C5); 1.43 (m, 4H, pentyl central 

CH2 and 2xCHax piperidine, C3 and C5)
698, 729, 758 (s, phenyls C-H def); 1171 (w, C-N str);
1256 (s, C-0 str)
338 (100%)= [M+H]+; 244 (5%)= loss of phenol;

188 ( 10%)= [C6H5CH2PipNCH2]+;
137 (35%)= [PhOCH2CH2CH3+H]+
C23H31NO; C2H2O4

C: 70.23 H: 7.78 N: 3.28
C: 69.91 H: 7.60 N: 3.10

Synthesis of 4 -h y d ro x y -l-(5 -p h en o x y p en ty l)-4 -p h en y lp ip erid in e  o x a la te  
(FL271C, UCL 1937-H, compound 103)

A solution of l-bromo-5-phenoxypentane (350 mg, 1.4 mmol) and 4-hydroxy-4- 
phenylpiperidine (1.28 g, 7.2 mmol) dissolved 10 ml absolute ethanol was stirred and 

heated under reflux for 24 hours. The solvent was removed under reduced pressure, the 

remaining solid mixed with aqueous NaOH (40 ml) and extracted with diethyl ether (3 x 
40 ml). The combined extracts were washed with water, dried over magnesium sulfate, 
and the solvent removed under reduced pressure. The residual solid was dissolved in 2 

ml absolute ethanol and a solution of oxalic acid (350 mg, 3.9 mmol) in 4 ml absolute 
ethanol was added. A precipitate formed and was filtered off (excess starting material). 

After concentrating the filtrate, a solid was formed and was recrystallised from absolute 

ethanol A white crystalline solid was obtained (152 mg, 24%).

m p
H PL C

N M R

159-161 °C

(A/B = 50:50) Rt = 14.9 min, 99.5%

(DMSO de): 7.48 (m, 2H, phenyl); 7.36 (m, 2H, phenyl);
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7.26 (m, 3H, phenyl); 6.92 (m, 3H, phenyl); 3.97 (t 6.3 Hz, 2H, 
pentyl CH?-0); 3.37 (m, 2H, 2xCHeg-N piperidine C2 and C6 );

3.21 (m, 2H, 2xCHax"N piperidine C2 and C6 ); 3.11 (m, 2H, 

pentyl CH7-N): 2.27 (m, 2H, 2xCHeq piperidine, C3 and C5);

1.76 (m, 6H, pentyl 2 xCH2 , 2xCHax piperidine, C3 and C5);

1.46 (m, 2H, pentyl central CH?)

IR  701, 762 (s, phenyls C-H def); 1170 (w, C-N str);

1256 (s, C -0  str); 3540 (s, 0 -H  str)
FA B -M S 340 (64%) = [M+H]+; 234 (100%) = loss of benzaldehyde;

137 (37%) = [PhOCH2CH2CH3+H]+
A n a ly sis  C22H29NO; 1.05 C2H2O4

calculated C; 66.69 H; 7.22 N: 3.23

found C: 66.64 H: 7.23 N: 3.19
M olecular W eight 434.01 
Base W eight 339.48

S ynthesis of 3 ,3 -d im e th y l- l-(5 -p h en o x y p en ty l)p ip e rid in e  oxa la te  

(FL283, U CL 1940-H, com pound 104)

A solution of l-bromo-5-phenoxypentane (310 mg, 1.3 mmol) and 3,3-dimethyl 
piperidine (1 g, 8 .8  mmol) in 10 ml absolute ethanol was stirred and heated under reflux 
for 24 hours. The solvent was removed under reduced pressure, the residue diluted with 

aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, and the 
solvent removed under reduced pressure. The crude residue was dissolved in 2 ml 
absolute ethanol and a solution of oxalic acid (2 0 0  mg, 2 .2  mmol) in 2  ml absolute 

ethanol was added. The white precipitate formed was recrystallised from absolute ethanol 
to give a white crystalline solid (187 mg, 40%).

m p 138-140 °C

H P L C  (A/B = 50:50) Rt = 13.5 min, 100%

N M R (DMSO dô): 7.26 (m, 2H, phenyl); 6.91 (m, 3H, phenyl);

3.94 (t 6.3 Hz, 2H, pentyl CH2-O); 2.91 (m, 2 H, pentyl CH2-N);

2.79 (br, 4H, 2 xCH2 piperidine C2 and C6 ); 1.70 (m, 6 H, 

pentyl 2 xCH2 and CH? piperidine C5); 1.40 (m, 2H, pentyl 

central CH2); 1.34 (br, 2H, CH? piperidine C4);
0.97 (s, 6 H, 2 XCH3)

IR  705, 759 (s, phenyl C-H def); 1169 (w, C-N str);
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1248 (s, C-O str)
FA B -M S 276 (100%) = [M+H]+; 182 (5%) = loss of phenol;

126 ( 1 2 %) = [(CH3)2PipNCH2]+
A n a ly sis  C 18H29NO; C2H2O4

calculated C: 65.73 H: 8.55 N: 3.83

found C: 65.31 H: 8.71 N; 3.83
M olecular W eight 365.47 

Base W eight 275.43

Synthesis o f c is -3 ,5 -d im e th y l-l-(5 -p h en o x y p en ty l)p ip e rid in e  oxa late  

(FL265C , UCL 1944-H , com pound  105)

A solution of l-bromo-5-phenoxypentane (350 mg, 1.4 mmol) and 3,5-dimethyI 
piperidine (1 g, 8 .8  mmol, mixture of cis and trans isomers) in 10 ml absolute ethanol 
was stirred and heated under reflux for 24 hours. The solvent was removed under 
reduced pressure, the residue diluted with aqueous NaOH (40 ml) and the oil was 
extracted with diethyl ether (3 x 40 ml). The combined extracts were washed with water, 

dried over magnesium sulfate, and the solvent removed under reduced pressure. The cis 
and trans isomers were separated by column chromatography on silica gel eluting with a 
solvent mixture comprising 6 6 % petroleum ether 60-80 °C, 33% diethyl ether and 1% 
triethylamine. The second (major) fraction (TLC, Rf = 0.57) collected was concentrated 
under reduced pressure, the remaining oil was dissolved in about 2  ml absolute ethanol 

and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute ethanol was added. 

The white precipitate formed was recrystallised from isopropyl alcohol to give a white 
crystalline solid (170 mg, overall yield for the two isomers: 39%, ratio cis/trans = 5:1).

m p 156-157 °C

H P L C  (A/B = 50:50) Rt = 14.4 min, 100%

N M R  (DMSO dg): 7.26 (m, 2H, phenyl); 6.90 (m, 3H, phenyl);

3.95 (t 6.2 Hz, 2H, pentyl CH9-O); 3.29 (m, 2H, 2xCHgq 

piperidine C2 and C6 ); 2.96 (m, 2H, pentyl CH?-N); 2.35 (m,

2H, 2xCHax piperidine C2 and C6 ); 1.87 (br, 2H, 2xCHax 
piperidine C3 and C5); 1.72 (m, 5H, pentyl 2 xCH9, CHgq 

piperidine C4); 1.41 (m, 2H, pentyl central CH2); 0.86 (d 6 .6  Hz, 
6 H, 2xCHi); 0.74 (m, IH, CHax piperidine C4)

IR  694, 757 (s, phenyl C-H def); 1169 (w, C-N str);
1255 (s, C -0  str)

FA B -M S 276(100% ) = [M+H]+; 182(1%) = loss of phenol;
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126 (14%) = [(CH3)2PipNCH2]+ 
A n a ly sis  C 18H29NO; C2H2O4

calculated C; 65.73 H: 8.55

found C; 65.62 H: 8.64

M olecular W eight 365.47 

B ase W eight 275.43

N: 3.83 

N: 3.63

Synthesis of tran s-3 ,5 -d im e th y l- l-(5 -p h en o x y p en ty l)p ip e rid in e  oxalate  
(FL265B, UCL 1943-H , com pound 106)

A solution of l-bromo-5-phenoxypentane (350 mg, 1.4 mmol) and 3,5-dimethyl 
piperidine (1 g, 8 .8  mmol, mixture of cis and trans isomers) in 10 ml absolute ethanol 
was stirred and heated under reflux for 24 hours. The solvent was removed under 

reduced pressure, the residue diluted with aqueous NaOH (40 ml) and the oil was 

extracted with diethyl ether (3 x 40 ml). The combined extracts were washed with water, 
dried over magnesium sulfate, and the solvent removed under reduced pressure. The cis 
and trans isomers were separated by column chromatography on silica gel eluting with a 

solvent mixture comprising 6 6 % petroleum ether 60-80 °C, 33% diethyl ether and 1% 
triethylamine. The first (minor) fraction (TLC, R f = 0.85) collected was concentrated 
under reduced pressure, the remaining oil was dissolved in about 2  ml absolute ethanol 

and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute ethanol was added. 
The white precipitate formed was recrystallised from absolute ethanol to give a white 

crystalline solid (35 mg, overall yield for the two isomers: 39%, ratio cis/trans ~ 5:1).

m p

H P L C
N M R

IR

FA B -M S

A n a ly sis

154-155 °C

(A/B = 50:50) Rt = 12.3 min, 100%

(DMSO d^): 7.27 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);

3.95 (t 6.2 Hz, 2H, pentyl CH2-O); 3.00 (br, 2 H, 2xCHeq 
piperidine C2 and C6 ); 2.93 (m, 2H, pentyl CH2-N);

2.80 (br, 2H, 2xCHav piperidine C2 and C6 );
2.06 (br, 2H, 2xCH piperidine C3 and C5); 1.72 (m,

4H, pentyl 2xCH?); 1.39 (m, 4H, pentyl central CH2 

and CH] piperidine C4); 0.97 (br, 6 H, 2xCHi)
707, 758 (s, phenyl C-H def); 1169 (w, C-N str);
1246 (s, C -0  str)

276 (100%) = [M+H]+; 182 (5%) = loss of phenol; 

126(11%) = [(CH3)2PipNCH2]+
C 18H29NO; 1.05 C2H2O4



8. Experimental 208

calculated C: 65.25 H: 8.47 N: 3.79

found C; 65.16 H: 8.61 N: 3.66
M olecular W eight 369.97 

Base W eight 275.43

S yn thesis  o f c is -2 ,6 -d im e th y l-l- (5 -p h e n o x y p e n ty l)p ip e rid in e  

h y d roch lo ride  (FL279C , U C L 1952-A, com pound  107)

A solution of l-bromo-5-phenoxypentane (315 mg, 1.3 mmol) and freshly distilled cis- 
2 ,6 -dimethylpiperidine (1 g, 8 .8  mmol) in 10  ml absolute ethanol was stirred and heated 
under reflux for 24 hours. The solvent was removed under reduced pressure, the 

remaining oil mixed with aqueous NaOH (40 ml) and the oil was extracted with diethyl 
ether (3 x 40 ml). The combined extracts were washed with water, dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual oil was purified by 

column chromatography on silca gel eluting with diethyl ether containing 1% 
triethylamine. After removal of the solvent, the remaining oil was converted to the 

hydrochloride by the addition of 2N HCl. The salt formed a precipitate from a mixture of 

chloroform and diethyl ether. The crude solid was recrystallised from acetone to give a 
white crystalline solid (70 mg, 17%).

m p 135-136 °C

H P L C  (A/B = 50:50) R t=  11.6 min, 98.1%

N M R  (CDCI3): 7.27 (m, 3H, phenyl); 6.87 (m, 2H, phenyl);

3.96 (t 6  Hz, 2H, pentyl CH?-0); 3.25 (m, 2H, pentyl CH?-N); 

2.99 (m, 2H, 2xCHax piperidine C2 and C6 ); 2.29 (m, 2H,

2xCHax piperidine C3 andC5); 1.78 (m, 4H, pentyl 2 xCH2); 1.54 
(m, 6 H, 2xCHeq piperidine C3 and C5, CH2 piperidine C4, pentyl 
central CH2); 1.49 (d 6.4 Hz, 6 H, 2 XCH3)

IR  698, 772 (s, phenyl C-H def); 1168 (w, C-N str);
1244 (s, C -0  str)

FA B -M S 276 (100%) = [M+H]+; 182 (2 %) = loss of phenol;

126 (4%) = [(CH3)2?ipNCH 2]+; 112 (3%) = [(CH3)2?ipN]+ 
A n a ly s is  C 18H29NO; HCl

calculated C: 69.32 H: 9.70 N: 4.49
found C: 69.18 H: 9.79 N: 4.28

M olecu lar W eight 311.90 
Base W eight 275.43
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S y n th esis  of 3 -carbo eth o x y -l-(5 -p h en o x y p en ty l)p ip erid in e  oxa la te  

(FL 313A , U CL 1954-H , com pound 108)

A solution of l-bromo-5-phenoxypentane (220 mg, 0.9 mmol) and freshly distilled ethyl 

(+/-) nipecotate (775 mg, 4.9 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. The solvent was removed under reduced pressure, the 

remaining oil mixed with aqueous NaOH (40 ml) and the oil was extracted with diethyl 
ether (3 x 40 ml). The combined extracts were washed with water, dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual oil was purified by 

colum n chromatography on silca gel eluting with diethyl ether containing 1% 

triethylamine. After removal of the solvent, the remaining oil was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 

ethanol was added. The salt formed a precipitate with diethyl ether. The crude solid was 

recrystallised from isopropyl alcohol to give a white crystalline solid (182 mg, 49%).

m p

H P L C
N M R

IR

F A B -M S

A n a ly s is

calculated
found

M o lecu la r W eight 409.48 

B ase W eight 319.44

117-118°C
(A/B = 50:50) Rt = 12.2 min, 100%

(DMSO dg): 7.28 (m, 2H, phenyl); 6.91 (m, 3H, phenyl);
4.10 (q 7.1 Hz, 2H, ethyl CH]); 3.96 (t 6.3 Hz, 2H, pentyl 

CH2-O); 3.46 (m, IH, CHeq piperidine C2 ); 3.29 (m, IH, CHeq 
piperidine C6 ); 2.96 (m, 2H, pentyl CH7-N); 2.88 (m, 2H, 

2xCHax piperidine C2 and C6 ); 2.75 (m, IH, CHax piperidine 
C3); 1.96 (m, IH, CHeq piperidine C4); 1.74 (m, 6 H, pentyl 

2xCH], CHax piperidine C4, CHeq piperidine C5); 1.43 (m, 3H, 
pentyl central CH], CHax piperidine C5);
1.20 (t 7.1 Hz, 3H, ethyl CH3)

692, 761 (s, phenyl C-H def); 1205, 1255 (s, C -0  str);
1737 (s, C =0 str)

320 (100%) = [M+H]+; 226 (5%) = loss of phenol;

170 (10%) = [C]H50C0PipNCH]]+
C i9H]9N0 3 ; C]H ] 0 4

C: 61.60 H: 7.63 N: 3.42

C: 61.54 H: 7.87 N: 3.29

S y n th esis  of 4 -ca rboethoxy-l-(5 -phenoxypen ty I)p iperid ine  oxa late  
(F L 305C , UCL 1953-H , com pound 109)
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A solution of l-bromo-5-phenoxypentane (250 mg, 1 mmol) and ethyl isonipecotate (2 g, 

12.7 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 

The solvent was removed under reduced pressure, the remaining oil mixed with aqueous 

NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 ml). The combined 

extracts were washed with water, dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The residual oil was dissolved in about 2 ml absolute ethanol and 

a solution of oxalic acid (250 mg, 2.8 mmol) in 2 ml absolute ethanol was added. The salt 

formed a precipitate with diethyl ether. The crude solid was recrystallised first from 

isopropyl alcohol, then from absolute ethanol to give a white crystalline solid (124 mg, 

29%).

m p
H P L C
NM R

IR

FA B -M S

A n a ly sis

calculated
found

M olecular W eight 409.48 
Base W eight 319.44

149-150 °C
(A/B = 50:50) Rt = 10.6 min, 100%

(DMSO dô): 7.28 (m, 2H, phenyl); 6.92 (m, 3H, phenyl);
4.10 (q 7.1 Hz, 2H, ethyl CH?); 3.96 (t 6.3 Hz, 2H, pentyl 

CH2-O); 3.33 (br, 2H, 2xCHeq piperidine C2  and C6 ); 2.96 (m, 

2H, pentyl CH?-N); 2.89 (m, 2H, 2xCHax piperidine C2 and C6 );
2.61 (br, IH, CHax piperidine C4); 2.01 (m, 2H, 2xCHeq 
piperidine C3 and C5); 1.74 (m, 6 H, pentyl 2 xCH2 , 2xCHny 
piperidine C3 and C5); 1.43 (m, 2H, pentyl central CH2);
1.20 (t 7.1 Hz, 3H, ethyl CH3)

692, 759 (s, phenyl C-H def); 1203, 1255 (s, C -0  str);
1734 (s, C=0 str)

320 (100%) = [M+H]+; 226 (4%) = loss of phenol;

170 (8 %) = [C2H50C0PipNCH2]+
C 19H29NO3; C2H2O4

C: 61.60 H: 7.63 N: 3.42
C: 61.16 H: 7.76 N: 3.40

Synthesis of l-(5 -phenoxypen ty l)-2 ,5 -d ihyd ropyrro Ie  oxa la te  
(FL455, UCL 1999-H , com pound 110)

A solution of l-bromo-5-phenoxypentane (220 mg, 0.9 mmol) and 2,5-dihydropyrroIe 
(or 3-pyrroline, 250 mg, 3.6 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. The solvent was removed under reduced pressure, the
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remaining oil mixed with aqueous NaOH (40 ml) and the oil was extracted with diethyl 

ether (3 x 40 ml). The combined extracts were washed with water, dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in about 2 ml absolute ethanol and a solution of oxalic acid (130 mg, 1.4 mmol) in 2 ml 

absolute ethanol was added. The salt formed a precipitate on cooling. The crude oxalate 

was recrystallised from absolute ethanol to give a white crystalline solid (122 mg, 42%).

m p 140-141 °C

H P L C  (A/B = 50:50) Rt = 7.55 min, 99.5%

N M R  (DMSO dô): 7.26 (m, 2H, phenyl); 6.91 (m, 3H, phenyl);
5.90 (s, 2H, 2xCH dihydropyrrole C3 and C4); 4.00 (s, 4H, 

2xC_H? dihydropyrrole, C2  and C5); 3.95 (t 6.3 Hz, 2H, 

pentyl CH?-0); 3.16 (m, 2H, pentyl CH2-N);

1.70 (m, 4H, pentyl 2 xCH2); 1.44 (m, 2H, pentyl central CH2)
IR  6 8 8 , 705 (s, phenyl C-H def); 1260 (s, C-O str);

1603 (s, C=C str)

FA B -M S 232 (100%) = [M+H]+; 82 (18%) = [PyrNCH2]+;
68  (17%) = [PyrN]+

A n aly sis  C 15H21NO; C2H2O4

calculated C: 63.54 H: 7.21 N: 4.36

found C: 63.45 H: 7.26 N: 4.26
M olecular W eight 321.38 
Base W eight 231.34

Synthesis of l-(5 -p h e n o x y p e n ty l) - l,2 ,3 ,6 - te tra h y d ro p y rid in e  ox a la te  
(FL327, UCL 1966-H, com pound 111)

A solution of l-brom o-5-phenoxypentane (285 mg, 1.2 mmol) and 1,2,3,6- 

tetrahydropyridine (510 mg, 6.1 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. The solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (40 ml) and the oil was extracted with diethyl ether (3 x 40 

ml). The combined extracts were washed with water, dried over magnesium sulfate, and 

the solvent removed under reduced pressure. The residual oil was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (1 2 0  mg, 1.3 mmol) in 2 ml absolute 
ethanol was added. The yellow precipitate formed was recrystallised from methanol to 
give a yellow crystalline solid (190 mg, 48%).

m p 177-179 °C



8. Experimental 212

H PL C  (A/B = 50:50) Rt = 7.68 min, 100%

N M R  (DMSO dg): 7.26 (m, 2H, phenyl); 6.91 (m, 3H, phenyl);

5.87 (m, IH, CH pyridine C5); 5.68 (m, IH, CH pyridine C4);

3.95 (t 6.3 Hz, 2H, pentyl CH9-O); 3.60 (br, 2H, CH] pyridine, 

C6 ); 3.18 (br, 2H, CH? pyridine, C2); 3.02 (m, 2H, pentyl 

CH9-N): 2.31 (br, 2H, CH? pyridine, C3); 1.71 (m, 4H, pentyl 

2xCH]); 1.43 (m, 2 H, pentyl central CH?).
IR  715, 757 (s, phenyl C-H def); 1169 (w, C-N str);

1257 (s, C-O str)
FA B -M S 246 (100%) = [M+H]+; 152 (5%) = loss of phenol;

96 (25%) = [PyrNCH]]^
A n a ly sis  C 16H23NO; C2H2O4

calculated C: 64.46 H: 7.51 N: 4.18
found C: 64.19 H: 7.49 N: 4.25

M olecular W eight 335.40 
Base W eight 245.36

S ynthesis of N -(5 -phenoxypen ty l)iso indo line  oxa la te  
(FL493, U C L 2011-H , com pound 112)

In a flask kept under a nitrogen atmosphere was placed a solution of l-bromo-5- 

phenoxypentane (245 mg, 1 mmol) and dihydroisoindole (600 mg, 5 mmol) in 10 ml 

absolute ethanol. The mixture was stirred and heated under reflux. The reaction was 

followed by TLC and stopped after 7 hours. The solvent was removed under reduced 

pressure, the remaining oil mixed with aqueous NaOH (40 ml) and the oil was extracted 

with diethyl ether (3 x 40 ml). The combined extracts were washed with water, dried over 
magnesium sulfate, and the solvent removed under reduced pressure. The residue was 
purified by column chromatography over silica gel eluting with 75% ethyl acetate and 
25% petroleum ether 60-80 °C to give a brown oil (200 mg). The oil was dissolved in 

about 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml 

absolute ethanol was added. The oxalate formed a precipitate almost immediately. The 

crude product was recrystallised from methanol to give an off-white crystalline solid (237 
mg, 64%).

m p 189-190 °C

H P L C  (A/B = 50:50) Rt = 10.3 min, 100%

N M R (DMSO dô): 7,36 (m, 4H, isoindoline); 7.29 (m, 2H, phenyl);

6.92 (m, 3H, phenyl); 4.55 (s, 4H, isoindoline 2 xCH9 );
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IR

FA B-M S

A n alysis
calculated
found

M olecular W eight 371.44 
Base W eight 281.40

3.98 (t 6.3 Hz, 2H, pentyl CH2-O); 3.28 (m, 2H, pentyl CHi-N); 

1.75 (m, 4H, pentyl 2 xCH9); 1.50 (m, 2H, pentyl central CH]) 

695, 755 (s, aromatic C-H def); 1172 (w, C-N str);

1256 (s, C -0  str)

282 (100%) = [M+HJ+; 188 (7%) = loss of phenol;

132 (1 2%) = [isoindolineNCH]]^; 118 ( 10%) = [isoindolineN]+ 
C 19H23NO; C2H2O4

C: 67.91 H: 6.78 N: 3.77

C: 67.82 H: 6.69 N: 3.64

Synthesis of l-acetyl-4-(5-phenoxypentyl)piperazine oxalate 
(FL291, UCL 1938-H, compound 113)

N-acetylpiperazine (1.2 g, 9.4 mmol) and l-bromo-5-phenoxypentane (290 mg, 1.2 

mmol) in 10 ml absolute ethanol were stirred and heated under reflux for 24 hours. The 

solvent was removed under reduced pressure, the residue mixed with aqueous NaOH (40 

ml) and extracted with diethyl ether (3 x 40 ml). The combined extracts were washed with 
water, dried over magnesium sulfate, and the solvent removed under reduced pressure. 
The residual oil was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (180 
mg, 2 mmol) in 2 ml absolute ethanol was added. A precipitate formed and was 
recrystallised from absolute ethanol to give a white crystalline solid (217 mg, 48%).

mp
HPLC
NMR

IR

FA B-M S

A n alysis

186-188 °C

(A/B = 50:50) Rt = 6.2 min, 99.3%

(DMSO dô): 7.26 (m, 2H, phenyl); 6.90 (m, 3H, phenyl);

3.94 (t 6.3 Hz, 2H, pentyl CH2-O); 3.61 (m, 4H, 2xCH] 

piperazine C2 and C6 ); 2.96 (m, 4H, 2xCH2 piperazine C3 

and C5); 2.86 (m, 2H, pentyl CH9-N); 2.01 (s, 3H, CH3 acetyl);
1.74 to 1.63 (m, 4H, pentyl 2xCH?);

1.42 (m, 2H, pentyl central CH])
712, 758 (s, phenyl C-H def); 1164 (w, C-N str);

1255 (s, C -0  str); 1655 (s, C =0 str)

291 (100%) = [M+H]+; 249 (3%) = [PhO(CH])5NPipNH]]+; 

197 (6 %) = loss of phenol; 141 (6 %) = [AcPipNCH]]+ 
C 1 7 H 2 6 N 2 O 2 ; C 2 H 2 O 4

calculated C: 59.99 H: 7.42 N: 7.36



8. Experimental 214

found
M olecular W eight 380.44 
Base W eight 290.40

C: 59.78 H: 7.47 N: 7.35

Synthesis of l-[5 -(4 -n itro p h en o x y )p en ty l]-3 -m eth y lp ip erid in e  oxalate  

(FL729, UCL 2084-H , com pound 114)

A solution of l-bromo-5-(4-nitrophenoxy)pentane (150 mg, 0.52 mmol) and 3- 

methylpiperidine (500 mg, 5 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. After cooling, the solvent was removed under reduced 
pressure and the residue was diluted with aqueous sodium hydroxide (10 ml). The base 

was extracted with diethyl ether (3 x 10 ml), the combined extracts washed with water, 

dried over magnesium sulfate, and the solvent removed under reduced pressure. The 
residual oil was dissolved in 2  ml absolute ethanol and a solution of oxalic acid (1 0 0  mg, 
1.1 mmol) in 2 ml absolute ethanol was added. The precipitate was recrystallised from 
absolute ethanol to give a beige crystalline solid (110 mg, 53%).

m p
H P L C
N M R

IR

FA B -M S

A n a ly sis

148-149 °C
(A/B = 50:50) Rt = 9.9 min, 100%
(DMSO dô): 8.21 (m, 2H, phenyl); 7.15 (m, 2H, phenyl);

4.14 (t 6.4 Hz, 2H, pentyl CH2-O); 3.37 (m, 2 H, 2xCHeq 
piperidine, C2 and C6 ); 3.00 (m, 2H, pentyl CH2-N); 2.72 (m, 

IH, CHax piperidine, C2); 2.47 (m, IH, CHax piperidine, C6 );

1.77 (m, 8 H, 2 xCH2 piperidine C4 and C5 and pentyl 2 xCH2); 
1.44 (m, 2H, pentyl central CH2); 1.06 (m, IH, CH piperidine 
C3); 0.89 (d 6.7 Hz, 3H, CH3)

846 (s, phenyl C-H def); 1270 (s, C -0  str);
1332 and 1499 (s, N =0 str)

307 (100%) = [M+H]+; 168 (9%) = loss of phenol;

112(18%) = [PipNCH2]+
C 1 7 H 2 6 N 2 O 3 ; C 2 H 2 O 4  

calculated C: 57.55

found C: 57.32
M olecular W eight 396.44 
Base W eight 306.40

H: 7.12 

H: 7.19

N: 7.07 

N: 6.89

Syn thesis  of N ,N -d ie thy l-[3 -(4 -m ethoxyphenoxy)propy l]am ine  oxalate  
(FL785C , UCL 2095-H , com pound 115)
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A solution of 4-methoxyphenol (200 mg, 1.6 mmol), 3-diethylamino-l-propanol (200 

mg, 1.5 mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) was 

stirred and cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate (400 

mg, 2 mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was 

allowed to warm to room temperature and stirred under nitrogen for 16 hours. The 

solvent was then removed under reduced pressure and the residue taken up in ethyl 
acetate (10 ml). The product was extracted with a 2N HCl solution ( 2 x 1 0  ml) and the 
aqueous layer was neutralised with aqueous sodium hydroxide. The free base was 

extracted with dichloromethane (2  x 10 ml) and the organic extracts dried over 

magnesium sulfate. After removal of the solvent under reduced pressure, the residual oil 
was purified by preparative HPLC using 70% water and TFA and 30 % methanol and 

TFA. After evaporation of the solvent mixture, the product (trifluoroacetate salt) was 
converted back to the free base and the oil was dissolved in about 2  ml absolute ethanol 
and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was added. 
The precipitate was recrystallised from absolute ethanol to give a white crystalline solid 
(76 mg, 15%).

m p 88-90 °C

H P L C  (A/B = 60:40) Rt = 9.8 min, 100%

N M R  (DMSO de): 6 .8 8  (m, 4H, phenyl); 3.99 (t 6.0 Hz, 2H, propyl

CH2-O); 3.70 (s, 3H, CH3-O); 3.17 (m, 2H, propyl CH2-N);
3.15 (q 7.2 Hz, 4H, diethyl 2 xCH2-N); 2.07 (m, 2H, propyl 

central CH2); 1.21 (t 7.2 Hz, 6 H, diethyl 2xCHi)
IR  721 (s, phenyl C-H def); 1232 (s, C -0 str)

F A B -M S  238 (100%) = [M+H]+; 86  (8 %) = [(C2H5)2NCH2]+
A n a ly s is  C 14H23NO2 ; 1.5 C2H2O4

calculated C: 54.83 H: 7.04 N: 3.76

found C: 54.82 H: 7.09 N: 3.78
M olecu lar W eight 372.40
B ase W eight 237.34

S yn thesis  of N ,N -d iethy l-[3 -(4-ch lorophenoxy)propyl]am ine oxalate  

(FL781B , UCL 2090-H , com pound 116)

A solution of 4-chlorophenol (210 mg, 1.6 mmol), 3-diethylamino-l-propanol (200 mg,

1.5 mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) was stirred 
and cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate (400 mg, 2
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mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was allowed to 

warm to room temperature and stirred under nitrogen for 16 hours. The solvent was then 

removed under reduced pressure and the residue taken up in ethyl acetate (10 ml). The 
product was extracted with a 2N HCl solution (2 x 10 ml) and the aqueous layer was 

neutralised with aqueous sodium hydroxide. The free base was extracted with 

dichloromethane (2 x 10 ml) and the organic extracts dried over magnesium sulfate. After 

removal of the solvent under reduced pressure, the residual oil was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
white crystalline solid (309 mg, 62%).

m p 103-105 °C

H P L C  (A/B = 60:40) Rt = 22.3 min, 99.6%

N M R  (DMSO dô): 7.35 (m, 2H, phenyl); 6.98 (m, 2H, phenyl);

4.06 (t 6.1 Hz, 2H, propyl CH2-O); 3.14 (m and q 7.2 Hz, 6 H, 

3xCH?-N); 2.10 (m, 2 H, propyl central CH?);
1.20 (t 7.2 Hz, 6H, diethyl 2 XCH3)

IR  506 (s, phenyl C-Cl def); 825 (s, phenyl C-H def);
1240 (s, C -0  str)

FA B -M S 242 (100%) = [M+HJ+; 114 (9%) = loss of phenol;

8 6  (23%) = [(C2H5)2NCH2]+
A n a ly sis  C 13H20CINO; C2H2O4

calculated C: 54.30 H: 6 .6 8  N: 4.22 Cl: 10.69
found C: 54.32 H: 6.70 N: 4.32 Cl: 10.85

M olecular W eight 331.79

Base W eight 241.76

Syn thesis  of N ,N -d iethyl-[3-(4-cyanophenoxy)propyl]am ine ox a la te  
(FL789A , UCL 2092-H, com pound 117)

A solution of 4-hydroxybenzonitrile (190 mg, 1.6 mmol), 3-diethylamino-l-propanol 

(200 mg, 1.5 mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) 
was stirred and cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate 
(400 mg, 2 mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was 

allowed to warm to room temperature and stirred under nitrogen for 16 hours. The 

solvent was then removed under reduced pressure and the residue taken up in ethyl 

acetate (10 ml). The product was extracted with a 2N HCl solution (2 x 10 ml) and the 

aqueous layer was neutralised with aqueous sodium hydroxide. The free base was
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extracted with dichloromethane (2  x 10  ml) and the organic extracts dried over 

magnesium sulfate. After removal of the solvent under reduced pressure, the residual oil 

was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) 

in 2 ml absolute ethanol was added. The precipitate was recrystallised from absolute 
ethanol to give a white crystalline solid (255 mg, 53%).

m p 148-150 °C

H PL C  (A/B = 60:40) Rt = 6.2 min, 100%

N M R  (DMSO dô): 7.79 (m, 2H, phenyl ); 7.12 (m, 2H, phenyl);

4.16 (t 6.1 Hz, 2 H, propyl CH2-O); 3.13 (m, 6 H, diethyl 

2 xCH9-N and propyl CH?-N); 2.12 (m, 2H, propyl central CH2);

1.20 (t 7.2 Hz, 6 H, diethyl 2 XCH3)
IR  703 (s, phenyl C-H def); 1255 (s, C-O str); 2 2 2 2  (s, C=N str)

FA B -M S 233 (100%) = [M+H]+; 8 6  (10%) = [(C2H5)2NCH2]+
A n aly sis  C 14H20N2O; C2H2O4

calculated C: 59.62 H: 6 .8 8  N: 8.69
found C: 59.40 H: 6.82 N: 8.60

M olecular W eight 322.36 
Base W eight 232.32

Synthesis of N ,N -d ie thy l-[3 -(4 -n itrophenoxy)p ropy l]am ine  o x a la te  
(FL787A, UCL 2091-H, com pound 118)

A solution of 4-nitrophenol (220 mg, 1.6 mmol), 3-diethylamino-l-propanol (200 mg,

1.5 mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) was stirred 
and cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate (400 mg, 2 
mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was allowed to 

warm to room temperature and stirred under nitrogen for 16 hours. The solvent was then 
removed under reduced pressure and the residue taken up in ethyl acetate (10 ml). The 

product was extracted with a 2N HCl solution (2 x 10 ml) and the aqueous layer was 
neutralised with aqueous sodium hydroxide. The free base was extracted with 

dichloromethane (2 x 10 ml) and the organic extracts dried over magnesium sulfate. After 
removal of the solvent under reduced pressure, the residual oil was dissolved in 2  ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 

ethanol was added. The precipitate was recrystallised from a 1:1 mixture of methanol and 

absolute ethanol to give a pale yellow crystalline solid (360 mg, 70%).

m p 160-161 °C
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H PL C  (A/B = 60:40) Rt = 22.3 min, 99.5%

N M R (DMSO dô): 8.23 (m, 2H, phenyl); 7.16 (m, 2H, phenyl);

4.22 (t 6.0 Hz, 2H, propyl CH2-O); 3.13 (m, 6 H, 3 xCH 2-N);
2.13 (m, 2H, propyl central CH?);

1.20 (t 7.2 Hz, 6H, diethyl 2 XCH3)
IR  705 (s, phenyl C-H def); 849 (s, N = 0  str); 1253 (s, C -O  str);

1334 (s, N = 0  str)

FA B -M S 253 (100%) = [M+H]+; 207 (4%) = loss of nitro group;

114 (5%) = loss of phenol; 8 6  (18%) = [(C2H5)2NCH2]+
A n aly sis  C 13H20N2O3; C2H2O4

calculated C: 52.63 H: 6.48 N: 8.12

found C: 52.46 H: 6.49 N: 8.10
M olecular W eight 342.35
Base W eight 252.31

Synthesis of N ,N -d ie th y I-[3 -(3 ,4 -m eth y len ed io x y p h en o x y )p ro p y l] am ine  
oxalate (FL835, U CL 2100-H, com pound  119)

A solution of sesamol (220 mg, 1.6 mmol), 3-diethylamino-l-propanol (200 mg, 1.5 
mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) was stirred and 
cooled to 0 °C under nitrogen. A solution o f diisopropylazodicarboxylate (400 mg, 2 
mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was allowed to 

warm to room temperature and stirred under nitrogen for 16 hours. The solvent was then 
removed under reduced pressure and the residue taken up in ethyl acetate (10 ml). The 

product was extracted with a 2N HCl solution (2 x 10 ml) and the aqueous layer was 

neutralised with aqueous sodium hydroxide. The free base was extracted with 

dichloromethane ( 2 x 1 0  ml) and the organic extracts dried over magnesium sulfate. After 

removal of the solvent under reduced pressure, the residual oil was dissolved in 2  ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 
ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
beige crystalline solid (215 mg, 37%).

m p 114-116 °C

H PL C  (A/B = 60:40) Rt = 8 .8  min, 98.4%

N M R (DMSO d6): 6.82 (d 8.5 Hz, IH, phenyl H5); 6.65 (d 2.5 Hz,

IH, phenyl H2); 6.38 (dd 8.5-2.5 Hz, IH, phenyl H 6 );

5.97 (s, 2H, methylenedioxy); 3.98 (t 6.0 Hz, 2H, propyl
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CÜ2-0 ); 3.15 (m and q 7.2 Hz, 6 H, propyl CH?-N and diethyl 
2 xCH2-N); 2.06 (m, 2H, propyl central CH?);

1.20 (t 7.2 Hz, 6 H, diethyl 2 XCH3)

IR  697 and 713 (s, phenyl C-H def); 1193 (s, C -0  str)

FA B -M S 252 (100%) = [M+H]+; 140 (14%) = loss of phenol;

8 6  (15%) = [(C2Hs)2NCH2]+
A n aly sis  C 14H21NO3; 1.5 C2H2O4

calculated C; 52.85 H: 6.26 N: 3.63

found C: 52.69 H: 6.31 N: 3.67
M olecular W eight 386.38 
Base W eight 251.32

Synthesis of N ,N -d ie th y l-[3 -(4 -acety lp h en o x y )p ro p y l]am in e  o x a la te  
(FL847, UCL 2104-H , com pound 120)

A solution of 4'-hydroxyacetophenone (218 mg, 1.6 mmol), 3-diethylamino-l-propanol 
(200 mg, 1.5 mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) 
was stirred and cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate 
(400 mg, 2 mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was 
allowed to warm to room temperature and stirred under nitrogen for 16 hours. The 

solvent was then removed under reduced pressure and the residue taken up in ethyl 
acetate (10 ml). The product was extracted with a 2N HCl solution (2 x 10 ml) and the 

aqueous layer was neutralised with aqueous sodium hydroxide. The free base was 

extracted with dichloromethane (2  x 10  ml) and the organic extracts dried over 
magnesium sulfate. After removal of the solvent under reduced pressure, the residual oil 

was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) 

in 2 ml absolute ethanol was added. The precipitate was recrystallised from absolute 
ethanol to give a white crystalline solid (2 1 2  mg, 41%).

m p 108-110 °C

H PL C  (A/B = 60:40) Rt = 6.3 min, 99.3%

N M R  (DMSO dô): 7.94 (m, 2H, phenyl); 7.05 (m, 2H, phenyl);

4.16 (t 6.0 Hz, 2H, propyl CH2-O); 3.14 (m and q 7.3 Hz, 6 H, 

propyl CH2-N and diethyl 2 xCH2-N); 2.52 (s, 3H, CH3-CO);

2.13 (m, 2 H, propyl central CH2);

1.20 (t 7.3 Hz, 6 H, diethyl 2 XCH3)

IR  1176 (s, C-N str); 1275 (s, C -0  str); 1670 (s, C = 0 str)

FA B -M S 250 (100%) = [M+HJ+; 140 (6 %) = loss of phenol;
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8 6  (16%) = [(C2H5)2NCH2]+ 
A n a ly s is  C 15H23NO2 ; 1.1 C2H2O4

calculated C: 59.30 H; 7.29

found C: 59.30 H: 7.47
M olecu lar W eigh t 348.39 
Base W eigh t 249.35

N: 4.02 

N: 4.18

S yn thesis o f N ,N -d ie th y l{ 3 -[4 -(a -h y d ro x y e th y l)p h en o x y ]p ro p y l}  am ine  

oxalate  (FL1089B , U C L  2164-H, com pound 121)

A suspension of lithium aluminium hydride (30 mg, 0.8 mmol) in dry diethyl ether (5 ml) 
was stirred  at room  tem perature under nitrogen. A solution o f N-[3-(4- 

acetylphenoxy)propyl]diethylamine (2 0 0  mg, 0 .8  mmol) was added dropwise over 20  

minutes and the suspension was stirred at room temperature for 2 hours. Ice-cold water 

was then added cautiously. The organic layer was decanted and the aqueous phase 
extracted twice with diethyl ether. The combined organic phases were dried over 
magnesium sulfate and concentrated under reduced pressure to leave a pale oil (180 mg, 
89%). The oil was dissolved in about 2 ml absolute ethanol and a solution of oxalic acid 
(140 mg, 1.5 mmol) in 2 ml absolute ethanol was added. The precipitate was 
recrystallised from isopropyl alcohol to give a low melting white solid (119 mg, 42%).

m p 33-36 °C

H P L C  (A/B = 70:30) Rt = 13.43 min, 100%

N M R  (DMSO dô): 7.26 (m, 2H, phenyl); 6 .8 8  (m, 2H, phenyl); 4.66 (q
6.4 Hz, IH, CH-OH); 4.03 (t 6.0 Hz, 2H, propyl CH2-O); 3.12 

(m, 6 H, propyl CH?-N and diethyl 2xCH?-N, and water); 2.06 

(m, 2H, propyl central CH9); 1.29 (d 6.4 Hz, 3H, CH3-CH);
1.20 (t 7.1 Hz, 6 H, diethyl 2 XCH3)

IR  720 (m, phenyl C-H def); 1240 (s, C- 0  str);

3410 (s, 0-H  str and water)

F A B -M S  252 (100%) = [M+H]+; 114 (44%) = loss of phenol;

8 6  (98%) = [(C2H5)2NCH2]+
A n a ly s is  C 15H 25NO2 ; C2H2O4 ; 0.5 H2O

calculated C: 58.27 H: 8.05 N: 4.00

found C: 58.15 H: 8.15 N: 4.21
M olecu lar W eight 350.42 

Base W eigh t 251.37
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S ynthesis of 4 '-(3 -d ie thy lam inopropoxy)ace tophenone  oxim e oxalate  

(FL1105B, U CL 2169-H , com pound 122)

A solution of N-[3-(4-acetylphenoxy)propyl]diethylainine (250 mg, 1 mmol) in methanol 

(10 ml) and hydroxylamine hydrochloride (140 mg, 2 mmol) in water (2 ml) was stirred 

and warmed to 50-70 °C for 20 minutes. Methanol was then removed under reduced 
pressure and the residual solution diluted with 2N aqueous sodium hydroxide. The 

product was extracted with diethyl ether, dried over magnesium sulfate and concentrated 

under reduced pressure, leaving a white solid. The solid was dissolved in 3 ml absolute 

ethanol and a solution of oxalic acid (180 mg, 2 mmol) in 3 ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give an off-white solid 
(325 mg, 92%).

m p 99-100 °C
H PL C  (A/B = 60:40) Rt = 10.22 min, 98.5%
N M R  (DMSO dô): 7.60 (m, 2 H, phenyl); 6.96 (m, 2H, phenyl); 4.08 (t

6.0 Hz, 2H, propyl CH9-O); 3.12 (m, 6 H, propyl CH2-N and 
diethyl 2xCH?-N); 2.12 (s, 3H, oxime CH3); 2.10 (m, 2H, 

propyl central CH?); 1.20 (t 7.2 Hz, 6 H, diethyl 2xCHi)
IR  1250 (s, C-O str); 3292 (s, O-H str)
FA B -M S 265 (100%) = [M+H]+; 233 (6 %) = loss of oxime;

86 (20%) = [(C2H5)2NCH2]+
A nalysis C 1 5 H2 4 N 2 O2 ; C2 H2 O4

calculated C: 57.61 H: 7.39 N: 7.90

found C: 57.26 H: 7.47 N: 7.72
M olecular W eight 354.40 

Base W eight 264.37

Synthesis of N ,N -d ie thy l[3 -(4 -p rop iony lphenoxy)p ropy l]am ine  oxalate  
(FL1117C, U CL 2184-H , com pound 123)

A solution of 4' -hy droxypropiophenone (450 mg, 3 mmol), 3-diethylamino-l-propanol 
(400 mg, 3 mmol) and triphenylphosphine (920 mg, 3.5 mmol) in dry THF (20 ml) was 

stirred and cooled to 0 °C under nitrogen. A solution of diethylazodicarboxylate (620 mg, 

3.56 mmol) in dry THF (20 ml) was added dropwise and the resulting mixture was 

allowed to warm to room temperature and stirred under nitrogen for 16 hours. The 

solvent was then removed under reduced pressure and the residue taken up in ethyl 

acetate (30 ml). The product was extracted with a 2N HCl solution (2 x 20 ml) and the
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aqueous layer was neutralised with aqueous sodium hydroxide. The free base was 

extracted with dichloromethane (2 x 40 ml) and the organic extracts dried over 
magnesium sulfate. After removal of the solvent under reduced pressure, the crude 
orange oil was purified by column chromatography on silica gel eluting with diethyl ether 

containing triethylamine (1%). After concentration, the oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (300 mg, 3.3 mmol) in 5 ml absolute ethanol was 

added. The precipitate was recrystallised twice from absolute ethanol to give a white 
crystalline solid (258 mg, 21%).

m p 118-120 °C
H P L C  (A/B = 60:40) Rt = 15.2 min, 100%

N M R  (DMSO dô): 7.94 (m, 2H, phenyl); 7.03 (m, 2H, phenyl);

4.14 (t 6.1 Hz, 2H, propyl CH?-0); 3.15 (m, 6 H, propyl CH?-N 
and diethyl 2 xCH2-N); 2.97 (q 7.2 Hz, 2H, ethyl CH2-CO); 2.10 

(m, 2H, propyl central CH2); 1.19 (t 7.2 Hz, 6 H, diethyl 2 XCH3);
1.06 (t 7.2 Hz, 3H, ethyl CH3)

IR  1226 (s, C- 0  str); 1686 (s, C = 0 str)

A P C I-M S  264 (100%) = [M+H]+
A n a ly s is  C 16H25NO2; 1.5 C2H2O4

calculated C: 57.28 H: 7.08 N: 3.52
found C: 57.27 H: 7.00 N: 3.47

M olecular W eight 398.43

B ase W eight 263.38

S yn thesis  of N ,N -d ie thy l-[3 -(4 -pheny lphenoxy)p ropy l]am ine  oxalate  
(FL801A , UCL 2094-H , com pound 124)

A solution of 4-phenylphenol (270 mg, 1.6 mmol), 3-diethylamino-l-propanol (200 mg,
1.5 mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) was stirred 

and cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate (400 mg, 2 

mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was allowed to 

warm to room temperature and stirred under nitrogen for 16 hours. The solvent was then 

removed under reduced pressure and the residue taken up in ethyl acetate (10 ml). The 

product was extracted with a 2N HCl solution (2 x 10 ml) and the aqueous layer was 

neutralised with aqueous sodium hydroxide. The free base was extracted with 

dichloromethane (2 x 10 ml) and the organic extracts dried over magnesium sulfate. After 

removal of the solvent under reduced pressure, the residual oil was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute
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ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
white crystalline solid (254 mg, 45%).

m p 136-138 °C

H P L C  (A/B = 50:50) Rt = 27.9 min, 98.5%

N M R  (DMSO dô): 7.61 (m, 4H, phenyl 2H and phenoxy 2H); 7.44 (m,

2H, phenyl); 7.32 (m, IH, phenyl); 7.05 (m, 2H, phenoxy);
4.11 (t 5.9 Hz, 2H, propyl CH?-0); 3.15 (m, 6 H, diethyl 

2xCH?-N and propyl CH?-N); 2.12 (m, 2H, propyl central CH2);
1.21 (t 7.3 Hz, 6H, diethyl 2 XCH3)

IR  693, 763 and 832 (s, phenyl C-H def); 1250 (s, C-O str)

FA B -M S 284 (100%) = [M+H]+; 8 6  (11%) = [(C2H5)2NCH2]+
A n a ly sis  C 19H25NO; C2H2O4

calculated C: 67.54 H: 7.29 N: 3.75

found C: 67.42 H: 7.11 N: 3.72
M olecular W eight 373.45 
Base W eight 283.41

S ynthesis of N ,N -d ie thy l-[3 -(2 -naph thy loxy)propy l]am ine  oxa la te  
(FL795B, UCL 2093-H , com pound 125)

A solution of 2-naphthol (230 mg, 1.6 mmol), 3-diethylamino-l-propanol (200 mg, 1.5 

mmol) and triphenylphosphine (500 mg, 1.9 mmol) in dry THF (10 ml) was stirred and 
cooled to 0 °C under nitrogen. A solution of diisopropylazodicarboxylate (400 mg, 2

mmol) in dry THF (10 ml) was added dropwise and the resulting mixture was allowed to

warm to room temperature and stirred under nitrogen for 16 hours. The solvent was then 

removed under reduced pressure and the residue taken up in ethyl acetate (10 ml). The 

product was extracted with a 2N HCl solution ( 2 x 1 0  ml) and the aqueous layer was 

neutralised with aqueous sodium hydroxide. The free base was extracted with 
dichloromethane ( 2x10  ml) and the organic extracts dried over magnesium sulfate. After 
removal of the solvent under reduced pressure, the residual oil was dissolved in 2 ml 

absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute 

ethanol was added. The precipitate was recrystallised twice from absolute ethanol to give 
an off-white crystalline solid (249 mg, 42%).

m p 118-120 °C

H P L C  (A/B = 50:50) Rt = 13.6 min, 99.5%
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N M R  (DMSO dô): 7.83 (m, 3H, naphthyl); 7.47 (m, IH, naphthyl);
7.34 (m, 2H, naphthyl); 7.18 (m, IH, naphthyl); 4.20 (t 6.1 Hz,

2H, propyl CH?-0): 3.24 (m, 2H, propyl CH?-N); 3.17 (q 7.2 
Hz, 4H, diethyl 2xCH?-N); 2.19 (m, 2H, propyl central CH?);

1.23 (t 7.2 Hz, 6H, diethyl 2 XCH3)

IR  705 and 844 (s, naphthyl C-H def); 1205 (s, C-O str)

FA B -M S 258 (100%) = [M+H]+; 114 (4%) = loss of naphthol;

86 (14%) = [(C2H5)2NCH2]+
A n a ly sis  C 17H23NO; 1.5 C2H2O4

calculated C: 61.21 H: 6 .6 8  N: 3.57
found C: 61.24 H: 6.67 N: 3.52

M olecular W eight 392.43 

Base W eight 257.37

S ynthesis of N ,N -d ie thy l[2 -(4-cyanophenoxy)ethy l]am ine  oxa late  
(FL1009A, UCL 2131-H, com pound 126)

A solution of l-bromo-2-(4-cyanophenoxy)ethane (160 mg, 0.7 mmol) and diethylamine 
(600 mg, 8 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 
hours. After cooling, the solvent was removed under reduced pressure, the residue 
diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether ( 3 x 1 0  

ml). The combined extracts were dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The residue was dissolved in about 2 ml absolute ethanol and a 
solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was added. The 

precipitate was recrystallised from absolute ethanol to give a beige crystalline solid (125 
mg, 57%).

m p

H PL C
N M R

IR

FA B -M S
A n aly sis

124-125 °C

(A/B = 70:30) Rt = 8.85 min, 100%

(DMSO dô): 7.82 (m, 2H, phenyl); 7.16 (m, 2H, phenyl); 4.40 (t 

4.9 Hz, 2H, CH2-O); 3.45 (t 4.9 Hz, 2H, CH2-N); 3.14 (q 7.2 
Hz, 4H, ethyl 2 xCH2-N); 1.20 (t 7.2 Hz, 6 H, 2 XCH3)
704 and 837 (m, phenyl C-H def); 1253 (s, C-O str);
2224 (s, C=N str)

219 (100%) = [M+HJ+; 58 (21%) = [(CH3)2NCH2]+
C 1 3 H 1 8 N 2 O ;  C 2 H 2 O 4

calculated C: 58.43 H: 6.54 N: 9.09

found C: 58.15 H: 6.30 N: 8.95
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M olecu lar W eight 308.33

B ase W eight 218.30

S yn thesis  o f N ,N -d im ethyI[3 -(4 -cyanophenoxy)propy l]am ine  oxalate  

(F L IO IIA , U C L 2132-H , com pound 127)

A mixture of l-bromo-3-(4-cyanophenoxy)propane (150 mg, 0.62 mmol) and a solution 

of dimethylamine (5.6 M) in absolute ethanol (10 ml, 56 mmol) was stirred at room 
temperature for 48 hours. The solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 x 10 

ml). The combined extracts were dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The residue was dissolved in about 2 ml absolute ethanol and a 

solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was added. The 
precipitate was recrystallised from a 1:1 mixture of methanol and absolute ethanol to give 
an off-white crystalline solid (147 mg, 80%). 

m p 166-167 °C
H P L C  (A/B = 70:30) Rt = 8 .8  min, 100%
N M R  (DMSO dg): 7.78 (m, 2H, phenyl); 7.11 (m, 2H, phenyl); 4.14 (t

6.0 Hz, 2H, propyl CH2-O); 3.15 (m, 2H, propyl CHi-N);
2.75 (s, 6H, 2 XCH3); 2.12 (m, 2H, propyl central CH]);

IR  707 (m, phenyl C-H def); 1174 (s, C-N str); 1264 (s, C-O str);
2222 (s, C=N str)

F A B -M S 205 (100%) = [M+H]+; 58 (28%) = [(CH3)2NCH2]+
A n a ly s is  C 14H20N2O; C2H2O4

calculated C: 59.62 H: 6 .8 8  N: 8.69
found C: 59.68 H: 6.76 N: 8.57

M olecu lar W eight 294.31 
Base W eight 204.27

S yn thesis  o f N -[3 -(4 -cyanophenoxy)p ropy l]d ip ropy lam ine  oxalate  
(FL1013C , U CL 2146-H , com pound 128)

A solution of l-brom o-3-(4-cyanophenoxy)propane (150 mg, 0.62 mmol) and 

dipropylamine (600 mg, 5.9 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 16 hours. After cooling, the solvent was removed under reduced 

pressure, the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with 

diethyl ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and 

the solvent removed under reduced pressure, leaving a yellow oil. The oil was purified by
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column chromatography on silica gel eluting with ethyl acetate. After removal of the 
solvent, the residual colourless oil was dissolved in about 2  ml absolute ethanol and a 

solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was added. The 

precipitate was recrystallised from absolute ethanol to give a white crystalline solid (59 

mg, 27%).

m p 127-128 °C

H P L C  (A/B = 60:40) Rt = 11.6 min, 100%
N M R  (DMSO dô): 7.80 (m, 2H, phenyl); 7.12 (m, 2H, phenyl);

4.16 (t 6 .2  Hz, 2 H, propyl CH7-O); 3.16 (m, 2 H, propyl 
CH?-N); 2.98 (m, 4H, propyl 2 xCH2-N); 2.10 (m, 2H, propyl 

central CH2); 1.62 (m, 4H, propyl 2xCH?);
0.91 (t 7.3 Hz, 6 H, propyl 2 XCH3)

IR  698 and 838 (s, phenyl C-H def); 1260 (s, C-O str);
2222 (s, C=N str)

E S -M S  261 (100%) = [M+HJ+
A n a ly s is  C 16H24N2O; C2H2O4

calculated C: 61.70 H: 7.48 N: 7.99

found C: 61.57 H: 7.57 N: 7.91
M olecu lar W eight 350.41 
Base W eight 260.38

S yn thesis  of l-[3 -(4 -cy an o p h en o x y )p ro p y l]p y rro lid in e  oxalate  
(FL1015B, U C L 2137-H , com pound  129)

A solution of l-brom o-3-(4-cyanophenoxy)propane (150 mg, 0.62 mmol) and 

pyrrolidine (500 mg, 7 mmol) in 10 ml absolute ethanol was stirred and heated under 
reflux for 16 hours. After cooling, the solvent was removed under reduced pressure, the 

residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 

X  10 ml). The combined extracts were dried over magnesium sulfate, and the solvent 

removed under reduced pressure. The residue was dissolved in about 2 ml absolute 
ethanol and a solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was 

added. The precipitate was recrystallised twice from absolute ethanol to give a white 
crystalline solid (114 mg, 57%).

m p 163-165 °C

H P L C  (A/B = 70:30) Rt = 12.0 min, 98.9%

N M R  (DMSO dg): 7.79 (m, 2H, phenyl); 7.12 (m, 2H, phenyl);
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4.15 (t 6.1 Hz, 2H, propyl CH?-0); 3.27 (m, 6 H, propyl CH?-N 

and pyrrolidine 2xCH2-N); 2.13 (m, 2H, propyl central CH?):

1.94 (br, 4H, pyrrolidine 2xCH?)
IR  707 and 842 (m, phenyl C-H def); 1256 (s, C-O str);

2221 (s, C=N str)

E S -M S  231 (100%) = [M+H]+; 112  ( 1%) = loss of phenol

A n a ly s is  C^HigN^O; 1.1 C2H2O4

calculated C: 59.08 H: 6.18 N: 8.51

found C: 58.95 H: 6.23 N: 8.43
M olecu lar W eight 329.34 

B ase W eight 230.31

S ynthesis  o f l-[3 -(4 -cyanophenoxy)p ropy l]p iperid ine  oxalate  
(FL1017B, UCL 2138-H, com pound 130)

A solution of 1 -bromo-3-(4-cyanophenoxy)propane (150 mg, 0.62 mmol) and piperidine 
(600 mg, 7 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 16 
hours. After cooling, the solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether ( 3 x 1 0  
ml). The combined extracts were dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The residue was dissolved in about 2 ml absolute ethanol and a 
solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was added. The 

precipitate was recrystallised twice from absolute ethanol to give a white ciystalline solid 
(134 mg, 64%).

m p

H P L C
N M R

IR

E S -M S
A n a ly s is

151-153 °C

(A/B = 70:30) Rt = 15.2 min, 100%

(DMSO dg): 7.79 (m, 2H, phenyl); 7.11 (m, 2H, phenyl);

4.15 (t 5.9 Hz, 2H, propyl CH2-O); 3.14 (m, 6 H, propyl CH.2-N 
and piperidine 2xCH?-N); 2.14 (m, 2H, propyl central CH2);

1.73 (br, 4H, piperidine 2 xCH2); 1.53 (br, 2H, piperidine CH2) 
706 and 841 (m, phenyl C-H def); 1252 (s, C-O str);
2222 (s, C=N str)

245 (100%) = [M+H]+; 98 (0.4%) = [pipNCH2]+
C 15H20N2O; 1.05 C2H2O4

calculated C: 60.61 H: 6.57 N: 8.27

found C: 60.62 H: 6 .6 6  N: 8.25
M olecu lar W eight 338.87
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Base W eight 244.34

Synthesis of N -[3-(4-cyanophenoxy)propyI]hexam ethy leneim ine ox a la te  

(FL1019A, UCL 2139-H , com pound 131)

A solution of l-bromo-3-(4-cyanophenoxy)propane (150 mg, 0.62 mmol) and freshly 

distilled hexamethyleneimine (600 mg, 6  mmol) in 10 ml absolute ethanol was stirred at 

room temperature for 24 hours. The solvent was removed under reduced pressure, the 

residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 
X 10 ml). The combined extracts were dried over magnesium sulfate, and the solvent 
removed under reduced pressure. The residue was dissolved in about 2 ml absolute 

ethanol and a solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was 
added. The precipitate was recrystallised from absolute ethanol to give a white crystalline 
solid (138 mg, 63%).

m p 124-125 °C
H P L C  (A/B = 60:40) Rt = 8.7 min, 100%
N M R  (DMSO dg): 7.79 (m, 2H, phenyl); 7.12 (m, 2H, phenyl);

4.14 (t 6.0 Hz, 2H, propyl CH2-O); 3.22(m, 6 H, propyl CH2-N 
and hexamethyleneimine 2 xCH2-N); 2.14 (m, 2H, propyl central 

CH2); 1.80 (br, 4H, hexamethyleneimine 2 xCH2);
1.61 (br, 4H, hexamethyleneimine 2xCH.2)

IR  840 (m, phenyl C-H def); 1256 (s, C-O str); 2222 (s, C=N str)

FA B -M S 259 (100%) = [M+H]+; 112 (13%) = [(CH2)6NCH2]+
A n a ly sis  C 16H22N2O; 1.05 C2H2O4

calculated C: 61.60 H: 6 .8 8  N: 7.94

found C: 61.62 H: 6.94 N: 7.87
M olecular W eight 352.90 

Base W eight 258.36

S ynthesis of N ,N -diethy l[4 -(4-cyanophenoxy)buty l]am ine o x a la te  
(FL1023A, UCL 2133-H , com pound 132)

A solution of l-brom o-4-(4-cyanophenoxy)butane (150 mg, 0.59 mmol) and 

diethylamine (500 mg, 6 .8  mmol) in 10 ml absolute ethanol was stirred and heated under 

reflux for 16 hours. After cooling, the solvent was removed under reduced pressure, the 

residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 

X  10 ml). The combined extracts were dried over magnesium sulfate, and the solvent
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removed under reduced pressure. The residue was dissolved in about 2 ml absolute 

ethanol and a solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give an off-white 
crystalline solid (143 mg, 72%).

m p 143-145 °C

H P L C  (A/B = 60:40) Rt = 9.3 min, 100%

N M R  (DMSO dô): 7.78 (m, 2H, phenyl); 7.12 (m, 2H, phenyl);

4.11 (t 5.1 Hz, 2 H, butyl CH2-O); 3.09 (m, 6 H, butyl CH2 -N 

and ethyl 2xCH?-N); 1.78 (br, 4H, butyl 2 xCH2);
1.18 (t 7.2 Hz, 6H, 2 xCH3)

IR  841 (m, phenyl C-H def); 1173 (s, C-N str); 1260 (s, C-O str);
2221 (s, C=N str)

A PC I-M S 247 (100%) = [M+H]+; 174 (6 %) = loss of diethylamine;

132 (3%) = [NCC6H40CH2]+
A n a ly sis  C 15H22N2O; C2H2O4

calculated C: 60.70 H: 7.19 N: 8.33

found C: 60.80 H: 7.11 N: 8.22
M olecu lar W eight 336.39 
Base W eight 246.35

Syn thesis  o f N ,N -d im ethyl[5-(4-cyanophenoxy)penty l]am ine o x a la te  
(FL I007A , UCL 2130-H, com pound 133)

A mixture of l-bromo-5-(4-cyanophenoxy)pentane (150 mg, 0.56 mmol) and a solution 
of dimethylamine (5.6 M) in absolute ethanol (10 ml, 56 mmol) was stirred at room 

temperature for 48 hours. The solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether ( 3 x 1 0  

ml). The combined extracts were dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The residue was dissolved in about 2 ml absolute ethanol and a 

solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was added. The 
precipitate was recrystallised from absolute ethanol to give a white crystalline solid (116 
mg, 64%).

m p 148-149 °C

H P L C  (A/B = 60:40) Rt = 9.7 min, 100%

N M R  (DMSO d6): 7.77 (m, 2H, phenyl); 7.11 (m, 2H, phenyl); 4.08 (t
6.3 Hz, 2 H, pentyl CH2-O); 3.00 (m, 2H, pentyl CH2-N); 2.72
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IR

FA B -M S

A n aly sis

calculated
found

M olecular W eight 322.36 

Base W eight 232.32

(s, 6H, 2 xCH3); 1.76 (m, 2H, pentyl CH?); 1.68 (m, 2H, pentyl 

CH?); 1.43 (m, 2 H, pentyl central CH2)
708 and 841 (m, phenyl C-H def); 1259 (s, C-O str);
2224 (s, C=N str)

233 (100%) = [M+HJ+; 58 (19%) = [(CH3)2NCH2]+ 

C 14H 20N 2O ; C 2 H 2 O 4

C: 59.62 H: 6 .8 8  N: 8.69

C: 59.68 H: 6.76 N: 8.57

Synthesis of N ,N -d ie thy l-[5 -(4-cyanophenoxy)pen ty l]am ine o x a la te  
(FL993A, UCL 2128-H, com pound 134)

A solution of l-bromo-5-(4-cyanophenoxy)pentane (150 mg, 0.56 mmol) and 
diethylamine (450 mg, 6  mmol) in 10 ml absolute ethanol was stirred and heated under 
reflux for 8 hours. After cooling, the solvent was removed under reduced pressure, the 

residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 
X 10 ml). The combined extracts were dried over magnesium sulfate, and the solvent 
removed under reduced pressure. The residue was dissolved in about 2 ml absolute 
ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give a light brown 
crystalline solid ( 1 10 mg, 56%).

m p

H PL C
NM R

IR

FA B -M S

A n aly sis

120-122 °C

(A/B = 55:45) Rt = 8.84 min, 100%

(DMSO dg): 7.77 (m, 2H, phenyl); 7.10 (m, 2H, phenyl); 4.08 (t

6.3 Hz, 2H, pentyl CH?-0); 3.08 (q 7.1 Hz, 4H, ethyl 
2 xCH2-N); 3.01 (m, 2H, pentyl CH?-N); 1.77 (m, 2H, pentyl 

CH?); 1.67 (m, 2 H, pentyl CH?); 1.45 (m, 2 H, pentyl central 

CH?); 1.18 (t 7.1 Hz, 6 H, 2xCHs)
705 and 836 (m, phenyl C-H def); 1172 (s, C-N str);
1266 (s, C-O str); 2223 (s, C=N str)

261 (100%) = [M+H]"^; 142 (6 %) = loss of phenol;
8 6  (21%) = [(C?H5)?NCH?]+

C 1 6 H 2 4 N 2 O ;  C 2 H 2 O 4

calculated C: 61.70 H: 7.48 N: 7.99

found C: 61.56 H: 7.54 N: 7.87
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M olecular W eight 350.41 

Base W eight 260.38

Synthesis of N ,N -d ip ro p y l[5 -(4 -cy an o p h en o x y )p en ty l]am in e  o x a la te  

(FL999B, UCL 2136-H , com pound  135)

A solution of l-brom o-5-(4-cyanophenoxy)pentane (150 mg, 0.56 mmol) and 
dipropylamine (600 mg, 5.9 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 24 hours. After cooling, the solvent was removed under reduced 

pressure, the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with 
diethyl ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The residue was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol 
was added. The precipitate was recrystallised from absolute ethanol to give a white 
crystalline solid (8 6  mg, 41%).

m p 134-136 °C

H PL C  (A/B = 55:45) Rt = 13.8 min, 98.7%
NM R (DMSO d^): 7.77 (m, 2H, phenyl); 7.11 (m, 2H, phenyl);

4.08 (t 6.3 Hz, 2H, pentyl CH2-O); 2.96 (m, 6 H, pentyl CH2-N 
and propyl 2 xCH2~N); 1.78 (m, 4H, pentyl CH2); 1.61 (m, 6 H, 

propyl 2xCH? and pentyl CH?); 1.44 (m, 2 H, pentyl CH?);
0.90 (t 7.4 Hz, 6 H, propyl 2 XCH3)

IR  838 (m, phenyl C-H def); 1258 (s, C-O str); 2224 (s, C=N str)

FA B-M S 289 (100%) = [M+H]+; 114 (5%) = [(C3H 7)2NCH2]+
A nalysis  C 18H28N2O; C2H2O4

calculated C: 63.47 H: 7.99 N: 7.40

found C: 63.38 H: 8.11 N: 7.29
M olecular W eight 378.47 

Base W eight 288.43

Synthesis of l-[5 -(4 -cy an o p h en o x y )p en ty l]p ip e rid in e  o x a la te  
(FL997A, UCL 2129-H , com pound 136)

A solution of l-bromo-5-(4-cyanophenoxy)pentane (150 mg, 0.56 mmol) and piperidine 
(700 mg, 8.2 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 20 

hours. After cooling, the solvent was removed under reduced pressure, the residue 

diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 x 10
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ml). The combined extracts were dried over magnesium sulfate, and the solvent removed 
under reduced pressure. The residue was dissolved in about 2 ml absolute ethanol and a 

solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol was added. The 

precipitate was recrystallised from absolute ethanol to give a beige crystalline solid (108 
mg, 53%).

m p 115-116 °C

H P L C  (A/B = 60:40) Rt = 16.9 min, 98.0%

N M R  (DMSO d6): 7.77 (m, 2H, phenyl); 7.11 (m, 2H, phenyl); 4.07 (t

6.3 Hz, 2H, pentyl CH9-O); 3.10 (br, 4H, piperidine 2 xCH9-N);

2.99 (m, 2H, pentyl CH2-N); 1.72 (m, 8H, piperidine 2xCH2 and 

pentyl 2xCH?); 1.53 (br, 2H, piperidine CH2);
1.43 (m, 2H, pentyl central CH2)

IR  701 and 843 (m, phenyl C-H def); 1174 (s, C-N str);
1260 (s, C-O str); 2221 (s, C=N str)

FA B -M S 273 (100%) = [M+H]+; 98 (23%) = [pipNCH2]+
A n a ly sis  C 17H24N2O; C2H2O4

calculated C: 62.97 H: 7.23 N: 7.73
found C: 62.62 H: 7.20 N: 7.76

M olecular W eight 362.42 

Base W eight 272.39

Synthesis o f N ,N -d ie th y l[6 -(4 -cy an o p h en o x y )h ex y l]am in e  oxa la te  
(FL1021A, U CL 2140-H , com pound 137)

A solution of l-brom o-6-(4-cyanophenoxy)hexane (150 mg, 0.53 mmol) and 

diethylamine (400 mg, 5.4 mmol) in 10 ml absolute ethanol was stirred and heated under 

reflux for 16 hours. After cooling, the solvent was removed under reduced pressure, the 

residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 

X 10 ml). The combined extracts were dried over magnesium sulfate, and the solvent 

removed under reduced pressure, leaving a yellow wax. The residue was dissolved in 
about 2 ml absolute ethanol and a solution of oxalic acid (90 mg, 1 mmol) in 2 ml

absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to
give a white crystalline solid (119 mg, 61%).

m p 110-112 °C

H PL C  (A/B = 50:50) Rt = 8.4 min, 99.5%

N M R (DMSO dô): 7.77 (m, 2H, phenyl); 7.10 (m, 2H, phenyl);
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4.07 (t 6.4 Hz, 2H, hexyl CH2-O); 3.08 (q 7.3 Hz, 4H, ethyl 

2 XCÜ2-N); 2.98 (m, 2H, hexyl CH2-N); 1.74 (m, 2H, hexyl 

CH2); 1.62 (m, 2H, hexyl CH2); 1.45 (m, 2H, hexyl CH?);

1.36 (m, 2H, hexyl CH2); 1.18 (t 7.3 Hz, 6 H, ethyl 2 XCH3)
IR 838 (m, phenyl C-H def); 1259 (s, C-O str); 2223 (s, C=N str)

A PC I-M S 275 (100%) = [M+H]+

A n a ly sis  C 1 7 H2 6 N 2 O; C2 H2 O4

calculated C: 62.62 H: 7.74 N: 7.69

found C: 62.90 H: 7.76 N: 7.61
M olecular W eight 364.44 
Base W eight 274.41

Synthesis o f l-[3-(4-form ylphenoxy)propyl]p iperidine oxalate  
(FL1153B, UCL 2182-H , compound 138)

A solution of 4-hydroxybenzaldehyde (300 mg, 2 mmol), 1 -(3-hydroxypropyl) 
piperidine (286 mg, 2 mmol) and triphenylphosphine (600 mg, 2.3 mmol) in dry THF 

(30 ml) was stirred  and cooled to 0 °C under nitrogen. A solution of 
diethylazodicarboxylate (400 mg, 2.3 mmol) in dry THF (20 ml) was added dropwise 
and the resulting mixture was allowed to warm to room temperature and stirred under 
nitrogen for 16 hours. The solvent was then removed under reduced pressure and the 
residue taken up in ethyl acetate (30 ml). The product was extracted with a 2N HCl 

solution (2 X 20 ml) and the aqueous layer was neutralised with aqueous sodium 
hydroxide. The free base was extracted with dichloromethane (2 x 40 ml) and the organic 

extracts dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the residual yellow solid was purified by column chromatography on silica gel 

eluting with diethyl ether containing triethylamine (1%). After concentration, the pale 
yellow oil was dissolved in 2 ml absolute ethanol and a solution of oxalic acid (300 mg,
2.2 mmol) in 4 ml absolute ethanol was added. The precipitate was recrystallised from 
absolute ethanol to give a beige crystalline solid (264 mg, 3 9 %).

m p 152-153 °C

HPLC (A/B = 70:30) Rt = 14.3 min, 100%

N M R  (DMSO dô): 9,88 (s, IH, aldehyde); 7.88 (m, 2H, phenyl);

7.14 (m, 2H, phenyl); 4.17 (t 6.0 Hz, 2H, propyl CH?-0);

3.14 (m, 6 H, propyl CH2-N and piperidine 2 xCH2-N); 2.15 (m, 

2H, propyl central CH?); 1.73 (m, 4H, 2 xCH2 piperidine C3 and 
C5); 1.53 (br, 2H, CH2 piperidine C4)
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IR

A P C I-M S
A n a ly s is

1164 (s, C-N str); 1257 (s, C-O str); 1690 (s, C = 0  str) 

248 (100%) = [M+H]+

C 15H21NO2; C2H2O4 

calculated C: 60.52

found C: 60.23

M olecu lar W eight 337.37 

B ase W eight 247.34

H: 6.87 

H: 6.81

N: 4.15 

N: 4.15

S yn thesis  of l-[3 -(4 -ace ty lp h en o x y )p ro p y l]p ip erid in e  oxalate  
(FL1137B , U CL 2171-H , com pound 139)

A solution of 4'-(3-bromopropoxy)acetophenone (206 mg, 0.8 mmol) and piperidine 

(700 mg, 8 mmol) in absolute ethanol (10 ml) was stirred and heated under reflux for 16 

hours. After cooling, the solvent was removed under reduced pressure and the residue 
was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 
ether (3 x 10 ml), the combined extracts dried over magnesium sulfate, and the solvent 
removed under reduced pressure. The residual yellow oil was dissolved in 2 ml absolute 
ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute ethanol was 
added. The precipitate was recrystallised from absolute ethanol to give a white crystalline 
solid (187 mg, 67%).

m p

H P L C
N M R

IR

A P C I-M S
A n a ly s is

159-160 °C

(A/B = 60:40) Rt = 7.6 min, 100%

(DMSO dô): 7.92 (m, 2H, phenyl); 7.02 (m, 2H, phenyl);

4.12 (t 6.0 Hz, 2H, propyl CH2 -O); 3.12 (m, 6 H, propyl CH?-N 
and piperidine 2xCH?-N); 2.51 (s, 3H, acetyl CH3); 2.13 (m, 2H, 

propyl central CH?); 1.72 (m, 4H, piperidine 2xCH?);
1.50 (br, 2H, piperidine CH?)
1171 (s, C-N str); 1258 (s, C-O str); 1675 (s, C = 0  str)

262 (100%) = [M+HJ+

C 1 6 H 2 3 N O 2 ; C 2 H 2 O 4  

calculated C: 61.52
found C: 61.18

M olecu lar W eight 351.40 
B ase W eight 261.36

H: 7.17 

H: 7.11
N: 3.99 
N: 3.96

S yn thesis  of l-[3 -(4 -p ro p io n y lp h en o x y )p ro p y l]p ip erid in e  oxalate  
(FL1133C , UCL 2180-H , com pound 140)
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A solution of 4'-hydroxypropiophenone (300 mg, 2 mmol), l-(3-hydroxypropyl) 
piperidine (286 mg, 2 mmol) and triphenylphosphine (600 mg, 2.3 mmol) in dry THF 

(30 ml) was stirred  and cooled to 0 °C under nitrogen. A solution of 

diethylazodicarboxylate (400 mg, 2.3 mmol) in dry THF (20 ml) was added dropwise 

and the resulting mixture was allowed to warm to room temperature and stirred under 
nitrogen for 16 hours. The solvent was then removed under reduced pressure and the 

residue taken up in ethyl acetate (30 ml). The product was extracted with a 2N HCl 

solution (2 X  20 ml) and the aqueous layer was neutralised with aqueous sodium 

hydroxide. The free base was extracted with dichloromethane (2 x 40 ml) and the organic 

extracts dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the residual wax was purified by column chromatography on silica gel eluting 
with diethyl ether containing triethylamine (1%). After concentration, the oil was 
dissolved in 2 ml absolute ethanol and a solution of oxalic acid (300 mg, 3.3 mmol) in 5 
ml absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a white crystalline solid (280 mg, 38%).

m p 148-149 °C
H P L C  (A/B = 60:40) Rt = 14.8 min, 100%
N M R  (DMSO d6): 7.95 (m, 2H, phenyl); 7.04 (m, 2H, phenyl);

4.13 (t 6.1 Hz, 2H, propyl CH7-O); 3.11 (m, 6H, propyl CH2-N 

and piperidine 2 xCH2-N); 2.98 (q 7.2 Hz, 2H, ethyl CH7); 2.14 

(m, 2H, propyl central CH2); 1.73 (m, 4H, 2 xCH2 piperidine C3 
and C5); 1.53 (br, 2H, CH? piperidine C4);

1.07 (t 7.2 Hz, 3H, ethyl CH3)
IR  1172 (s, C-N str); 1225 (s, C-O str); 1682 (s, C = 0  str)

A P C I-M S  276 (100%) = [M+H]+

A n a ly s is  C 17H25NO2; C2H2O4

calculated C: 62.45 H: 7.45 N: 3.83

found C: 62.54 H: 7.51 N: 3.79
M olecu lar W eight 365.43
Base W eight 275.39

Syn thesis  o f l-[3 -(4 -h u ty ry lp h en o x y )p ro p y l]p ip erid in e  oxalate  
(FL1189A , U CL 2187-H , com pound 141)

A solution of 4'-hydroxybutyrophenone (150 mg, 0.9 mmol), 1-(3-hydroxypropyl) 
piperidine (130 mg, 0.9 mmol) and triphenylphosphine (262 mg, 1 mmol) in dry THF



8. Experimental 236

(30 ml) was stirred and cooled to 0 °C under nitrogen. A solution of 

diethylazodicarboxylate (175 mg, 1 mmol) in dry THF (10 ml) was added dropwise and 

the resulting mixture was allowed to warm to room temperature and stirred under nitrogen 

for 16 hours. The solvent was then removed under reduced pressure and the residue 

taken up in ethyl acetate (30 ml). The product was extracted with a 2N HCl solution (2 x 

20 ml) and the aqueous layer was neutralised with aqueous sodium hydroxide. The free 
base was extracted with dichloromethane (2 x 40 ml) and the organic extracts dried over 
magnesium sulfate. After removal of the solvent under reduced pressure, the crude 

product was purified by column chromatography on silica gel eluting with diethyl ether 
containing triethylamine (1%). After concentration, the white solid was dissolved in 2 ml 
absolute ethanol and a solution of oxalic acid (120 mg, 1.3 mmol) in 2 ml absolute 

ethanol was added. The precipitate was recrystallised from absolute ethanol to give a 
white crystalline solid (112 mg, 32%).

m p 138-139 °C

H P L C  (A/B = 60:40) Rt = 14.8 min, 100%
N M R  (DMSO dô): 7.95 (m, 2H, phenyl); 7.04 (m, 2H, phenyl); 4.14 (t

5.9 Hz, 2H, propyl CH9-O): 3.13 (m, 6 H, propyl CH2-N and 
piperidine 2xCH?-N); 2.93 (t 7.2 Hz, 2H, butyryl CH2); 2.14 (m, 

2H, propyl central CH2); 1.72 (br, 4H, 2 xCH2 piperidine C3 and 
C5); 1.62 (m, 2H, butyryl CH?); 1.54 (br, 2H, CH? piperidine 
C4); 0.92 (t 7.4 Hz, 3H, butyryl CH3)

IR  1266 (s, C-O str); 1678 (m, C = 0 str)

FA B -M S  290 (100%) = [M+H]+; 126 (1%) = [PipN(CH2)3]+;

98 (23%) = [PipNCH2]+
A n a ly s is  C 18H27NO2; C2H2O4

calculated C: 63.31 H: 7.70 N: 3.69

found C: 63.09 H: 7.78 N: 3.75
M olecu lar W eight 379.45 

Base W eight 289.42

S yn thesis  of l-[3 -(4 -iso b u ty ry lp h en o x y )p ro p y l]p ip erid in e  oxalate  
(FL1169B , U CL 2183-H , com pound 142)

A solution of 4'-hydroxyisobutyrophenone (200 mg, 1.2 mmol), l-(3-hydroxypropyl) 

piperidine (172 mg, 1.2 mmol) and triphenylphosphine (400 mg, 1.5 mmol) in dry THF 

(20 ml) was stirred and cooled to 0 °C under nitrogen. A solution of 

diethylazodicarboxylate (260 mg, 1.5 mmol) in dry THF (10 ml) was added dropwise
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and the resulting mixture was allowed to warm to room temperature and stirred under 

nitrogen for 16 hours. The solvent was then removed under reduced pressure and the 

residue taken up in ethyl acetate (30 ml). The product was extracted with a 2N HCl 
solution (2 X 20 ml) and the aqueous layer was neutralised with aqueous sodiurn 

hydroxide. The free base was extracted with dichloromethane (2 x 40 ml) and the organic 

extracts dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the crude product was purified by column chromatography on silica gel eluting 

with diethyl ether containing triethylamine (1%). After concentration, the wax was 

dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 3 

ml absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a white crystalline solid (178 mg, 39%).

m p 121-122 °C
H P L C  (A/B = 60:40) Rt = 29.0 min, 100%

N M R  (DMSO dô): 7.96 (m, 2H, phenyl); 7.05 (m, 2H, phenyl); 4.14 (t
5.9 Hz, 2H, propyl CH9-O); 3.62 (sept 6.7 Hz, IH, CH 
isobutyryl); 3.13 (m, 6 H, propyl CH^-N and piperidine 

2 xCH2"N); 2.14 (m, 2H, propyl central CH2); 1.73 (m, 4H,
2 xCH2 piperidine C3 and C5); 1.53 (br, 2H, CH? piperidine C4);
1.09 (d 6.7 Hz, 6H, 2xCHi isobutyryl)

IR  1229 (s, C-O str); 1676 (s, C = 0  str)

A PC I-M S 290 (100%) = [M+H]+; 126 (1%) = [PipN(CH2)3]+
A n a ly sis  C 18H27NO2; C2H2O4

calculated C: 63.31 H: 7.70 N: 3.69

found C: 63.02 H: 7.73 N: 3.66
M olecular W eight 379.45 

Base W eight 289.42

Synthesis of l-[3 -(4 -cy c lo p ro p an eca rb o n y lp h en o x y )p ro p y l] 
p iperid ine  oxalate (FL1205B, UCL 2190-H , com pound  143)

A solution of 4-cyclopropanecarbonylphenol (250 mg, 1.5 mmol), 1-(3-hydroxypropyl) 
piperidine (215 mg, 1.5 mmol) and triphenylphosphine (445 mg, 1.7 mmol) in dry THF 

(20 ml) was stirred and cooled to 0 °C under nitrogen. A solution of 

diethylazodicarboxylate (300 mg, 1.7 mmol) in dry THF (20 ml) was added dropwise 

and the resulting mixture was allowed to warm to room temperature and stirred under 

nitrogen for 16 hours. The solvent was then removed under reduced pressure and the 
residue taken up in ethyl acetate (30 ml). The product was extracted with a 2N HCl
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solution (2 X 20 ml) and the aqueous layer was neutralised with aqueous sodium 

hydroxide. The free base was extracted with dichloromethane (2 x 40 ml) and the organic 

extracts dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the cmde product was purified by column chromatography on silica gel eluting 

with diethyl ether containing triethylamine (1%). After concentration, the oil was 

dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 3 

ml absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a beige crystalline solid (192 mg, 33%).

m p 177-179 °C

H PL C  (A/B = 60:40) Rt = 17.0 min, 100%

N M R (DMSO dô): 8.05 (m, 2H, phenyl); 7.07 (m, 2H, phenyl);
4.15 (t 5.9 Hz, 2H, propyl CH?-0); 3.15 (m, 6 H, propyl CH2-N 

and piperidine 2 xCH9-N); 2.86 (m, IH, cyclopropyl CH);
2.15 (m, 2H, propyl central CH?); 1.74 (m, 4H, 2 xCH2 

piperidine C3 and C5); 1.54 (br, 2H, CH? piperidine C4);
0.99 (m, 4H, cyclopropyl 2 xCÜ2)

IR  1232 (s, C-O str); 1652 (m, C =0 str)

FA B -M S 288 (100%) = [M+H]+; 126 (14%) = [PipN(CH2)3]+;
98 (48%) = [PipNCH2]+; 84 (16%) = [PipN]+

A nalysis  C 18H27NO2; 1.05 C2H2O4

calculated C: 63.21 H: 7.15 N: 3.67
found C: 63.10 H: 7.28 N: 3.61

M olecular W eight 381.94 
Base W eight 287.40

Synthesis  of l-{ 3 -[4 -(3 -o x o b u ty l)p h en o x y ]p ro p y l} p ip erid in e  

hydroch loride  (FL1237B, UCL 2204-A, com pound 144)

A mixture of 4-(4-hydroxyphenyl)-2-butanone (200 mg, 1.2 mmol), 3-chloropropyl 
piperidine hydrochloride (200 mg, 1 mmol) and potassium carbonate (830 mg, 6  mmol) 
in 10 ml absolute ethanol was stirred and heated under reflux for 8 hours. After cooling, 

the reaction mixture was filtered and concentrated under reduced pressure. The residue 

was diluted with aqueous sodium hydroxide and extracted with diethyl ether (3 x 10 ml). 

The combined extracts were dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The free base was dissolved in diethyl ether and a solution of 

HCl in diethyl ether was added. The precipitate was recrystallised from a 1:2 mixture of
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methanol and diethyl ether. A second recrystallisation from acetone gave the product as an 

off-white solid (82 mg, 25%).

m p 148-150 °C

H P L C  ‘ (A/B = 60:40) Rt = 10.7 min, 99.6%

N M R  (DMSO dô): 7.12 (m, 2H, phenyl); 6.84 (m, 2H, phenyl);
4.01  (t 6 .0  H z, 2H , propyl CH 2 -O); 3 .44  (m, 2H , piperidine 

2xC H eq-N ); 3 .15 (m, 2H , propyl C H 2 -N); 2 .87  (m, 2H , 

piperidine 2xCHax-N); 2.71 (br, 4H , oxobutyl 2xCH?);

2.17 (m, 2H, propyl CH?); 2.08 (s, 3H, ketone CH3);
1.78 (m, 5H, 2xCH? piperidine C3 and C5 and CH^g

piperidine C4); 1.40 (m, IH, CHax piperidine C4)
IR  1245 (s, C-O str); 1707 (s, C = 0  str)

A P C I-M S  2 9 0  (100% ) = [M +H]+

A n a ly s is  C 18H27NO2 ; HCl
calculated C: 66.34 H: 8 .6 6  N: 4.30
found C: 66.10 H: 8.92 N: 4.16

M olecu lar W eight 325.88 
B ase W eight 289.42

S y n thesis  o f l-[3 -(4 -cy an o -3 -flu o ro p h en o x y )p ro p y l]p ip erid in e  

h y d ro ch lo rid e  (FL1251C , U CL 2206-A, com pound 145)

A solution of 2-fluoro-4-hydroxybenzonitrile  (150 mg, 1.09 m m ol), 3- 
hydroxypropylpiperidine (155 mg, 1.08 mmol) and triphenylphosphine (290 mg, 1.1 

mmol) in dry THF (20 ml) was stirred and cooled to 0 °C under nitrogen. A solution of 

diethylazodicarboxylate (210 mg, 1.2 mmol) in dry THF (20 ml) was added dropwise 
and the resulting mixture was allowed to warm to room temperature and stirred under 

nitrogen for 16 hours. The solvent was then removed under reduced pressure and the 

residue taken up in ethyl acetate (30 ml). The product was extracted with a 2N HCl 

solution (2 X 20 ml) and the aqueous layer was neutralised with aqueous sodium 
hydroxide. The free base was extracted with dichloromethane (2 x 40 ml) and the organic 

extracts dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the crude orange oil was purified by column chromatography on silica gel 
eluting with a 4:1 mixture of chloroform and methanol. After concentration, the oil was 

dissolved in 5 ml diethyl ether and a solution of HCl in diethyl ether (5 ml) was added to 

form a white precipitate. The precipitate was recrystallised from a 1:4 mixture of absolute 
ethanol and diethyl ether to give a white crystalline solid (45 mg, 14%).
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m p 157-159 °C

H P L C  (A/B = 60:40) Rt = 8.7 min, 97.4%

N M R  (DMSO dô): 7.86 (dd 8.5-8.5 Hz, IH, phenyl H5);

7.18 (dd 12-2 Hz, IH, phenyl H2); 6.98 (dd 8.5-2 Hz,

IH, phenyl H6 ); 4.20 (t 5.9 Hz, 2H, propyl CH2-O); 3.42 (m,
2H , piperidine 2xC H eq-N ); 3.35 (s, water); 3.14 (m, 2H, propyl 

CH?-N); 2.86 (m, 2H, piperidine 2xCHax-N); 2.22 (m, 2H, 
propyl CH?): 1.79 (m, 4H, 2xCH? piperidine C3 and C5); 1.71 

(m, IH, CHeq piperidine C4); 1.40 (m, IH, CHax piperidine C4) 
IR  1304 (s, C-F str); 2232 (m, C=N str); 3422 (m, 0 -H  str, water)

A P C I-M S  263 (100%) = [M+H]+

A n a ly s is  C 15H 19FN2O; HCl; 0.25 H 2O
calculated C: 59.40 H: 6.81 N: 9.24
found C: 59.13 H: 6.60 N: 8.94

M olecular W eight 303.29
Base W eight 262.33

Syn thesis  of l-[3 -(4 -ace ty lp h en o x y )-2 -(R )-m e th y lp ro p y l]p ip e rid in e  
oxalate  (FL1225B, U C L 2191-H, com pound 146)

A solution of 3-(4-acetylphenoxy)-2-(S)-methylpropyl pom-toluene sulfonate (200 mg, 
0.55 mmol) and piperidine (400 mg, 4.7 mmol) in 10 ml absolute ethanol was stirred and 
heated under reflux for 2 hours. After cooling, the solvent was removed under reduced 
pressure, the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with 

diethyl ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and 

the solvent removed under reduced pressure. The yellow oil was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (90 mg, 1 mmol) in 2 ml absolute ethanol 

was added. The precipitate was recrystallised from absolute ethanol to give a yellow 
crystalline solid (141 mg, 70%).

m p

H P L C
N M R

149-151 °C

(A/B = 60:40) Rt = 10.7 min, 99.6%

(DMSO d^): 7.95 (m, 2H, phenyl); 7.05 (m, 2H, phenyl);
4.03 (dd 5.9-9.5 Hz, IH, propyl CH2-O); 4.00 (dd 5.9-9.5 Hz, 

IH, propyl CH2-O); 3.10 (m, 5H, IH propyl CH2-N and 

piperidine 2xCH?-N); 2.94 (m, IH, IH propyl CH2-N);

2.53 (s, 3H, acetyl CH3); 2.50 (m, IH, propyl CH-CH3);
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1.75 (m, 4H, 2 xCH2 piperidine C3 and C5); 1.53 (br, 2H,

CÜ2 piperidine C4); 1.09 (d 6.7 Hz, 3H, CH3-CH))
IR  1172 (s, C-N str); 1245 (s, C-O str); 1675 (s, C = 0  str)

A P C I-M S  276 (100%) = [M+H]+

A n a ly sis  C 17H25NO2 ; 1.1 C2H2O4

calculated C: 61.59 H: 7.32 N: 3.74

found C: 61.72 H: 7.59 N: 3.74
M olecular W eight 374.43 

B ase W eight 275.39

S yn thesis  o f l-[3 -(4 -a c e ty lp h en o x y )-2 -(S )-m e th y lp ro p y l]p ip e rid in e  

oxalate  (FL1277, U C L 2201-H, com pound 147)

A solution of 3-(4-acetylphenoxy)-2-(R)-methylpropyl pom-toluene sulfonate (240 mg, 
0.66 mmol) and piperidine (500 mg, 6  mmol) in 10 ml absolute ethanol was stirred and 
heated under reflux for 2 hours. After cooling, the solvent was removed under reduced 
pressure, the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with 

diethyl ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The yellow oil was purified by column 
chromatography on silica gel eluting with a 1:1 mixture of chloroform and absolute 
ethanol. After concentration, the oil was dissolved in about 2 ml absolute ethanol and a 
solution of oxalic acid (100 mg, 1.1 mmol) in 2 ml absolute ethanol was added. The 

precipitate was recrystallised from absolute ethanol to give a beige crystalline solid (49 
mg, 2 0 %).

m p

H P L C
N M R

IR

A P C I-M S
A n a ly s is

148-150 °C

(A/B = 60:40) Rt = 9.2 min, 99.4%

(DMSO dô): 7.94 (m, 2H, phenyl); 7.04 (m, 2H, phenyl);

4.02 (m, IH, propyl CH2-O); 3.99 (m, IH, propyl CH9-O);
3.07 (m, 5H, IH propyl CH?-N and piperidine 2 xCH2-N);

2.93 (m, IH, propyl CH?-N); 2.52 (s, 3H, acetyl CH3);

2.47 (m, IH, propyl CH-CH3); 1.74 (m, 4H, 2 xCH2 

piperidine C3 and C5); 1.52 (br, 2H, CH? piperidine C4);
1.08 (d 6.7 Hz, 3H, CH3-CH))
1172 (m, C-N str); 1243 (s, C-O str); 1671 (s, C = 0  str)

276 (100%) = [M+H]+

C 17H 25N O 2; C 2H 2O 4

calculated C: 62.45 H: 7.45 N: 3.83
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found C: 62.20 H: 7.46 N: 3.73
M olecular W eight 365.43 

Base W eight 275.39

S ynthesis of N -e thy l[3 -(4 -acety lphenoxy)p ropy l]am ine  oxalate  

(FJL1257A, U CL 2198-H , com pound 148)

A solution of l-bromo-3-(4-acetylphenoxy)propane (120 mg, 0.47 mmol) in 10 ml 

methanol and ethyl amine (70%) in water (5 ml) was stirred at room temperature for 48 
hours. The solvents were removed under reduced pressure, the residue diluted with 
aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 x 10 ml). The 

combined extracts were dried over magnesium sulfate, and the solvent removed under 

reduced pressure. The oil was dissolved in about 2 ml absolute ethanol and a solution of 

oxalic acid (100 mg, 1.1 mmol) in 2 ml absolute ethanol was added. The precipitate was 
recrystallised from absolute ethanol to give a white crystalline solid (98 mg, 67%).

m p 190-192 °C

H P L C  (A/B = 70:30) R t=  11.4 min, 100%
N M R  (DMSO dô): 7.94 (m, 2H, phenyl); 7.05 (m, 2H, phenyl);

4.16 (t 6.0 Hz, 2H, propyl CH2-O); 3.06 (t 7.6 Hz, 2H, 
propyl CH2-N); 2.98 (q 7.2 Hz, 2H, ethyl CH2-N);

2.52 (s, 3H, acetyl CH3); 2.08 (m, 2H, propyl CH2);
1.19 (t 7.2 Hz, 3H, ethyl CH3)

IR  1176 (s, C-N str); 1258 (s, C-O str); 1669 (s, C =0 str)

FA B -M S 222 (100%) = [M-hH]+; 8 6  (18%) = loss of phenol;

58 (38%) = [CH2NHC2H5]+
A n a ly sis  C 13H 19NO2 ; C2H2O4

calculated C: 57.87 H: 6.80 N: 4.50

found C: 57.82 H: 6.70 N: 4.49
M olecular W eight 311.33 

Base W eight 221.30

Synthesis of N -ethy l[3 -(4 -cyanophenoxy)propy l]am ine  oxalate  
(FL1255, U CL 2197-H , com pound 149)

A solution of l-bromo-3-(4-cyanophenoxy)propane (120 mg, 0.5 mmol) in 10 ml 
methanol and ethylamine (70%) in water (5 ml) was stirred at room temperature for 48 

hours. The solvents were removed under reduced pressure, the residue diluted with
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aqueous NaOH (10 ml) and the oil was extracted with diethyl ether (3 x 10 ml). The 

combined extracts were dried over magnesium sulfate, and the solvent removed under 
reduced pressure. The yellow oil was dissolved in about 2 ml absolute ethanol and a 

solution of oxalic acid (100 mg, 1.1 mmol) in 2 ml absolute ethanol was added. The 

precipitate was recrystallised from absolute ethanol to give a white crystalline solid (98 
mg, 67%).

m p 167-169 °C

H P L C  (A/B = 70:30) Rt = 10.6 min, 100%

N M R  (DMSO dg): 7.79 (m, 2H, phenyl); 7.11 (m, 2H, phenyl);
4.16 (t 6.0 Hz, 2 H, propyl CH2-O); 3.05 (t 7.6 Hz, 2H, 

propyl CH?-N); 2.97 (q 7.2 Hz, 2H, ethyl CH2-N); 2.08 (m,

2 H, propyl CH2); 1.19 (t 7.2 Hz, 3H, ethyl CH3)
IR  1178 (s, C-N str); 1260 (s, C-O str); 2225 (s, C=N str)

A P C I-M S  205 (100%) = [M+H]+; 86  (4%) = loss of phenol
A n a ly s is  C 16H22N2O; C2H2O4

calculated C: 57.14 H: 6.16 N: 9.52

found C: 56.77 H: 5.91 N: 9.44
M olecu lar W eight 294.31 
B ase W eight 204.27

S ynthesis  of l-[3 -(3 -trifluo rom ethy lphenoxy)p ropy l]-3 -m ethy l p ip e rid in e  
oxalate  (FL1267B, U CL 2200-H, com pound 150)

A solution of 1 -bromo-3-(3-trifluoromethylphenoxy)propane (200 mg, 0.71 mmol) and
3-methylpiperidine (300 mg, 3 mmol) in 10 ml absolute ethanol was stirred and heated 
under reflux for 16 hours. After cooling, the solvent was removed under reduced 

pressure, the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with 

diethyl ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The oil was dissolved in about 2 ml

absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute

ethanol was added. The precipitate was recrystallised twice from absolute ethanol to give 
a white crystalline solid (65 mg, 23%).

m p 165-166 °C

H P L C  (A/B = 50:50) Rt = 16.8 min, 99.0%

N M R  (DMSO dô): 7.55 (m, IH, phenyl); 7.31 (m, IH, phenyl);

7.25 (m, 2H, phenyl); 4.14 (t 5.9 Hz, 2H, propyl CH ?-0);
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A P C I-M S
A n a ly s is

3.39 (m, 2H , piperidine CHgq-N C2 and CHgq-N C 6 );

3 .14  (m, 2H , propyl CH 2 -N ); 2 .7 4  (m, IH , C H ax-N  

piperidine C 6 ); 2.47 (m, IH , CH ax-N piperidine C2);

2.14 (m, 2H, propyl CH?); 1.79 (m, 4H, CHax piperidine C3, 

CH? piperidine C5 and CHeq piperidine C4); 1.06 (m, IH, 

CHax piperidine C4); 0.90 (d 6.7 Hz, 3H, CH3)
302 (100% ) =  [M+H]+

C16H22F3NO; C2H2O4 
calculated C: 55.24

found C: 55.15

M olecu lar W eight 3 9 1 .3 8  

B ase W eight 3 0 1 .3 5

H: 6.18 

H: 6.15

N: 3 .58  

N: 3 .5 0

S ynthesis  of l-[3 -(3 -trifluo rom ethy lphenoxy)p ropy l]-4 -m ethy l p ip e rid in e  
oxalate  (FL1265C, UCL 2199-H, com pound 151)

A solution of l-bromo-3-(3-trifluoromethylphenoxy)propane (200 mg, 0.71 mmol) and
4-methylpiperidine (300 mg, 3 mmol) in 10 ml absolute ethanol was stirred and heated 
under reflux for 16 hours. After cooling, the solvent was removed under reduced 
pressure, the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with 
diethyl ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and 
the solvent removed under reduced pressure. The oil was dissolved in about 2 ml 
absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2  ml absolute 

ethanol was added. The precipitate was recrystallised twice from absolute ethanol to give 
a white crystalline solid (1 0 2  mg, 3 7 %).

m p

H P L C
N M R

IR

A P C I-M S
A n a ly s is

150-151 °C

(A/B = 50:50) Rt = 15.9 min, 100%

(D M SO  dô): 7.54 (m, IH, phenyl); 7.31 (m, IH , phenyl);
7.23  (m, 2H, phenyl); 4.13 (t 5.9  H z, 2H , propyl C H ? -0 );

3 .40  (m, 2H, 2xCHeq-N piperidine C2 and C 6 ); 3 .1 4  (m, 2H , 

propyl C H?-N): 2.87 (m, 2H , 2xCH ax-N  piperidine C 2 and C 6 );

2 .13  (m, 2H, propyl CH?); 1.76 (m, 2H , 2xCHeq piperidine, C3 

and C5); 1.61 (br, IH, CH piperidine C 4); 1.40 (m, 2H , 2xCH ax  

piperidine, C3 and C5); 0 .93 (d 6.5 H z, 3H , C H 3 )

1230 (m, C-O str); 1330 (s, C -F str)
302 (100% ) = [M+H]+

C16H22F3NO; C2H2O4
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calculated C; 55.24 H: 6.18 N: 3.58
found C: 54.97 H: 6.23 N: 3.50

M olecular W eight 391.38 
Base W eight 301.35

Synthesis of l-[3 -(4 -c y a n o p h en o x y )p ro p y l]-3 -m e th y lp ip e rid in e  

hydroch lo ride  (FL1233, U CL 2196-A , com pound  152)

A solution of l-bromo-3-(4-cyanophenoxy)propane (100 mg, 0.42 mmol) and 3- 
methylpiperidine (260 mg, 2 .6  mmol) in 10  ml absolute ethanol was stirred and heated 

under reflux for 6  hours. After cooling, the solvent was removed under reduced pressure, 
the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl 
ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual yellow oil was dissolved in about 
5 ml diethyl ether and a solution of HCl in 10 ml diethyl ether was added. The beige 
precipitate was recrystallised from a 1:1 mixture of absolute ethanol and diethyl ether to 
give an off-white crystalline solid (82 mg, 67%).

m p 171-173 T  (dec.)
H PL C  (A/B = 60:40) Rt = 9.75 min, 99.0%

NM R (DMSO d^): 7.80 (m, 2H, phenyl); 7.12 (m, 2H, phenyl);
4.17 (t 6.1 Hz, 2H, propyl CH2 -O); 3.36 (m, 3H, piperidine 

CHeq-N C2 and CH2 -N C6); 3.15 (m, 2H, propyl CH2 -N);
2.77 (m, IH, CHax-N piperidine C2); 2.24 (m, 2H, propyl CH?);

2.00 (br, IH, CHax piperidine C3); 1.80 (m, 3H, CH2 piperidine 

C5 and CHeq piperidine C4); 1.08 (m, IH, CHax piperidine C4); 
0.89 (d 6.7 Hz, 3H, CH3)

IR  1179 (s, C-N str); 1266 (s, C-O str); 2225 (s, C=N str);

3404 (w, 0-H  str)

A PC I-M S 259 (100%) = [M+H]+

A n a ly sis  C 16H22N2O; HCl

calculated C: 65.18 H: 7.86 N: 9.50

found C: 64.87 H: 8.01 N: 9.40
M olecular W eight 294.82

Base W eight 258.36

Synthesis of l-[3 -(4 -cy an o p h en o x y )p ro p y l]-4 -m e th y lp ip e rid in e  
hydroch lo ride  (FL1231B, UCL 2195-A, com pound  153)
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A solution of l-bromo-3-(4-cyanophenoxy)propane (150 mg, 0.62 mmol) and 4- 

methylpiperidine (300 mg, 3 mmol) in 10 ml absolute ethanol was stirred and heated 

under reflux for 6 hours. After cooling, the solvent was removed under reduced pressure, 

the residue diluted with aqueous NaOH (10 ml) and the oil was extracted with diethyl 
ether (3 x 10 ml). The combined extracts were dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual beige solid was dissolved in about 

5 ml diethyl ether and a solution of HCl in 10 ml diethyl ether was added. The white 
precipitate was recrystallised from a 1:1 mixture of absolute ethanol and diethyl ether to 
give a white crystalline solid (81 mg, 44%).

m p

H P L C
N M R

IR

200-202 °C (dec.)

(A/B = 60:40) Rt = 9 .6  min, 99.5%

(D M S O  dô): 7 .79  (m, 2H , phenyl); 7 .1 2  (m, 2H, phenyl);
4 .1 7  (t 6 .0  H z, 2H , propyl C H 2 -O); 3 .44  (m, 2H , 2xCH eq-N  

piperidine C2 and C 6 ); 3 .15  (m, 2H , propyl CH 2 -N); 2 .89 (m, 
2H , 2xC H ax-N  piperidine C2 and C6 ); 2 .22 (m, 2H , propyl 

C H 2 ); 1.76 (m, 2H , 2xCHeq piperidine, C3 and C5); 1.52 (m, 
3H , CH  piperidine C 4 and 2xCHax piperidine, C3 and C5); 

0 .9 2  (d 6 .0  H z, 3H , C H 3 )

1179 (s, C-N str); 1260 (s, C-O str); 2216 (s, C=N str);

3 4 2 3  (m, O-H  str)

A PC I-M S 259 (100%) = [M+HJ+

A n a ly sis  C 16H22N2O; HCl; 0.1 H2O

calculated C: 64.79
found C: 64.57

M olecular W eight 296.63 

Base W eight 258.36

H: 7.88 
H: 8.02

N: 9.44 

N: 9.30

Syn thesis  of l-[3 -(4 -ace ty lp h en o x y )p ro p y l]-2 -m eth y Ip ip e rid in e  
hydroch lo ride  (FL1177C , com pound 154)

A solution of 4'-(3-brom opropoxy)acetophenone (206 mg, 0,8 mmol) and 4- 

methylpiperidine (500 mg, 5 mmol) in absolute ethanol (10 ml) was stirred and heated 

under reflux for 16 hours. After cooling, the solvent was removed under reduced 

pressure and the residue was diluted with aqueous sodium hydroxide (10 ml). The base 
was extracted with diethyl ether (3 x 10 ml), the combined extracts dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual yellow oil was
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purified by column chromatography on silica gel eluting with a mixture of 95% 

chloroform and 5% methanol. After concentration, the product was dissolved in about 5 
ml diethyl ether and a solution of HCl in 10 ml diethyl ether was added. The precipitate 

was recrystallised from a mixture of 25% absolute ethanol and 75% diethyl ether to give 

an off-white solid (72 mg, 29%). The NMR analysis was not satisfactory, hence the 

product was purified again following the same procedure. This gave the product as the 

hydrochloride salt: yellow solid (19 mg, 8 %).

m p

H PL C
N M R

A PC I-M S
A n a ly sis

151-152 °C
(A/B = 60:40) Rt = 11.1 min, 98.7%

(CDCI3): 7.97 (m, 2H, phenyl); 6.90 (m, 2H, phenyl); 4,20 (m, 
2H, propyl CH2-O); 3.73 (m, 0.33H, CHeq piperidine C2, minor 

isomer); 3.60 (m, 0.66H, CHeq piperidine C6 , major isomer);
3.47 (m, 2x0.33H, CH9-N, minor isomer); 3.28 (m, 0.33H,

CHeq piperidine C6 , minor isomer); 3.23 and 3.14 (m, 2x0.66H, 

CH2-N, major isomer); 3.00 (m, 0.66H & 0.33H, CH^x 
piperidine C2, major isomer and CHax piperidine C6 , minor 
isomer); 2.74 (m, 0.66H, CHax piperidine C6 , major isomer);
2.53 (s, 3H, acetyl CH3); 2.51 (m, 2x0.66H, propyl central CH?, 
major isomer); 2.39 (m); 2.28 (m, 2x0.33H, propyl central CH?, 
minor isomer); 2.20 (m); 1.95 (m); 1.88 (m); 1.81 (m); 1.73 (m);

1.71 (m); 1.60 (d 6.2 Hz, 3x0.66H, CH3 on piperidine C2, major 

isomer); 1.49 (m, 0.66H, CHax piperidine C4, major isomer);
1.39 (d 6.7 Hz, 3x0.33H, CH3 on piperidine C2, minor isomer) 

276 (100%) = [M+HJ+

C 17H25NO2; 1.4 HCl 
calculated C: 62.55

found C: 62.45
M olecular W eight 326.44 

Base W eight 275.39

H: 8.15 

H: 8.09

N: 4.29 
N: 4.19

S ynthesis  of l-[3 -(4 -acety lp h en o x y )p ro p y l]-3 -m eth y lp ip erid in e  oxalate 
(FL1145A , U CL 2172-H , com pound 155)

A solution of 4'-(3-bromopropoxy)acetophenone (206 mg, 0.8 mmol) and 3- 

methylpiperidine (500 mg, 5 mmol) in absolute ethanol (10 ml) was stirred and heated 

under reflux for 16 hours. After cooling, the solvent was removed under reduced 

pressure and the residue was diluted with aqueous sodium hydroxide (10 ml). The base
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was extracted with diethyl ether (3 x 10 ml), the combined extracts dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual yellow oil was 

dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 

ml absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a beige crystalline solid (238 mg, 82%).

m p 143-144 °C

H P L C  (A/B = 60:40) Rt = 10.8 min, 100%

N M R  (DMSO dé): 7.92 (m, 2H, phenyl); 7.02 (m, 2H, phenyl);

4.12 (t 6.1 Hz, 2H, propyl C H 2 -O); 3.42 (m, IH, CHeq 

piperidine C6 ); 3.33 (m, IH, CHeq piperidine C2); 3.14 (m, 2H, 

propyl CH9-N); 2.75 (m, IH, CHax piperidine C6 ); 2.52 (s, 3H, 

acetyl CH3); 2.47 (m, IH, CHax piperidine C2); 2.16 (m, 2H, 
propyl central CH?); 1.87 (m, IH, CHax piperidine C3); 1.77 (m, 
2H, CH? piperidine C5); 1.72 (m, IH, CHeq piperidine C4);
1.07 (m, IH, CHax piperidine C4); 0.90 (d 6.7 Hz, 3H, CH-CH3 

on piperidine C3)
IR  1174 (s, C-N str); 1258 (s, C-O str); 1676 (s, C =0 str)

A P C I-M S  276 (100%) = [M+H]+

A n a ly s is  C 17H25NO2; C2H2O4

calculated C: 62.45 H: 7.45 N: 3.83
found C: 62.11 H: 7.41 N: 3.79

M olecu lar W eight 365.43 
B ase W eight 275.39

S yn thesis  of l-[3 -(4 -acety lphenoxy)p ropy l]-4 -m ethy lp iperid ine  oxa la te  
(FL1161A , UCL 2174-H , com pound 156)

A solution of 4'-(3-bromopropoxy)acetophenone (206 mg, 0.8 mmol) and 4- 

methylpiperidine (500 mg, 5 mmol) in absolute ethanol (10 ml) was stirred and heated 
under reflux for 16 hours. After cooling, the solvent was removed under reduced 

pressure and the residue was diluted with aqueous sodium hydroxide (10 ml). The base 

was extracted with diethyl ether (3 x 10 ml), the combined extracts dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual yellow oil was 

dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 

ml absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 
give a beige crystalline solid (207 mg, 71%).



8. Experimental 249

m p

H P L C
N M R

IR

A P C I-M S
A n a ly s is

160-161 °C

(A/B = 60:40) Rt = 11.1 min, 100%

(D M SO  dg): 7.94  (m, 2H, phenyl); 7 .05  (m, 2H , phenyl); 4 .1 4  (t

6.0  Hz, 2H , propyl CH?-0 ); 3 .42  (m, 2H , 2xCH eq piperidine C 2  

and C 6 ); 3 .14 (m, 2H, propyl CH 2 -N); 2 .87  (m, 2H , 2xCH ax  

piperidine C2 and C6 ); 2 .53 (s, 3H, acetyl C H 3 ); 2 .1 4  (m, 2H , 

propyl central CH2 ); 1.78 (m, 2H , 2xCHeq piperidine C3 and C5);

1.61 (hr, IH, CHax piperidine C4); 1.40 (m, 2H , 2xCH ax  

piperidine C3 and C5); 0.93 (d 6.5 Hz, 3H , C H 3 

on piperidine C4)

1173 (s, C-N str); 1254 (s, C -0 str); 1678 (s, C = 0  str)

276 (100%) = [M+H]+

C 17H25NO2; C2H2O4 

calculated C: 62.45

found C: 62.47
M olecu lar W eight 365.43 
Base W eight 275.39

H: 7.45 
H: 7.46

N: 3.83
N: 3 .7 7

S y n th esis  of l-[3 -(4 -acety lphenoxy)p ropy l]-c is-3 ,5 -d im ethy l 
p ip e rid in e  oxalate (FL1149B, UCL 2181-H, com pound 157)

A solution of 4'-(3-bromopropoxy)acetophenone (500 mg, 1.9 mmol) and 3,5- 

dimethylpiperidine (800 mg, 7 mmol, mixture of cis and trans isomers) in absolute 
ethanol (10 ml) was stirred and heated under reflux for 16 hours. After cooling, the 

solvent was removed under reduced pressure and the residue was diluted with aqueous 

sodium hydroxide (10 ml). The base was extracted with diethyl ether ( 3 x 1 0  ml), the 

combined extracts dried over magnesium sulfate, and the solvent removed under reduced 
pressure. The cis and trans isomers were separated by column chromatography on silica 
gel eluting with a mixture of 33% petroleum ether 60-80 °C, 66% diethyl ether and 1% 

triethylamine. The second (major) fraction (TLC, Rf = 0.25) collected was concentrated 

under reduced pressure, the remaining oil was dissolved in about 2  ml absolute ethanol 

and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute ethanol was added. 

The precipitate was recrystallised from absolute ethanol to give a white crystalline solid 

(349 mg, overall yield for the two isomers: 6 8 %, ratio cis/trans = 2 :1).

m p

H P L C
174-175 °C

(A/B = 60:40) Rt = 18.2 min, 99.7%
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N M R  (DMSO dô): 7.94 (m, 2H, phenyl); 7.04 (m, 2H, phenyl); 4.14 (t

6.0 Hz, 2H, propyl CH 9-O); 3.34 (m, 2H, 2xCHeq piperidine C2 

and C6); 3.14 (m, 2H, propyl CH2-N); 2.52 (s, 3H, acetyl CH3);

2.40 (hr, 2H, 2xCHax piperidine C2 and C6 ); 2.17 (m, 2H, 

propyl central CH?); 1.90 (m, 2 H, 2xCHax piperidine C3 and C5);
1.72 (m, IH, CHeq piperidine C4); 0.89 (d 6.7 Hz, 6 H, 2 xCH3 

on piperidine C3 and C5); 0.78 (m, IH, CHax piperidine C4)
IR  1172 (s, C-N str); 1259 (s, C -0  str); 1676 (s, C = 0  str)

A P C I-M S  290 (100%) = [M+H]+

A n a ly s is  C 18H27NO2; C2H2O4

calculated C: 63.31 H: 7.70 N: 3.69

found C: 63.22 H: 7.60 N: 3.64
M olecular W eight 379.45
B ase W eight 289.42

S yn thesis of l-[3 -(4 -a c e ty lp h en o x y )p ro p y l]- tran s-3 ,5 -d im e th y l 
p iperid ine  oxalate  (FL1149A , UCL 2173-H , com pound 158)

A solution of 4'-(3-brom opropoxy)acetophenone (500 mg, 1.9 mmol) and 3,5- 
dimethylpiperidine (800 mg, 7 mmol, mixture of cis and trans isomers) in absolute 
ethanol (10 ml) was stirred and heated under reflux for 16 hours. After cooling, the 
solvent was removed under reduced pressure and the residue was diluted with aqueous 

sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 10 ml), the 

combined extracts dried over magnesium sulfate, and the solvent removed under reduced 

pressure. The cis and trans isomers were separated by column chromatography on silica 

gel eluting with a mixture of 33% petroleum ether 60-80 °C, 6 6 % diethyl ether and 1 % 

triethylamine. The first (minor) fraction (TLC, Rf = 0.7) collected was concentrated 

under reduced pressure, the remaining oil was dissolved in about 2  ml absolute ethanol 

and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute ethanol was added. 

The precipitate was recrystallised from absolute ethanol to give a white crystalline solid 

(151 mg, overall yield for the two isomers: 6 8 %, ratio cis/trans « 2 :1).

m p 171-172 °C

H P L C  (A/B = 60:40) Rt = 14.4 min, 100%

N M R  (DMSO dô): 7.94 (m, 2H, phenyl); 7.04 (m, 2H, phenyl);

4.13 (t 6.0 Hz, 2H, propyl CH?-0); 3.07 (m, 4H, propyl CH?-N 

and 2xCHeq piperidine C2 and C6 ); 2.80 (hr, 2H, 2xCHax 
piperidine C2 and C6 ); 2.52 (s, 3H, acetyl CH3); 2.14 (m, 2H,
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IR

APCI-M S
A n alysis

propyl central CH?): 2.08 (m, 2H, 2xCH piperidine C3 and C5);

1.40 (br, 2H, CH? piperidine C4); 0.99 (d 5.7 Hz, 6 H, 2 xCH3 

on piperidine C3 and C5)
1173 (s, C-N str); 1246 (s, C -0  str); 1675 (s, C = 0  str)

290 (100%) = [M+HJ+

C 1 8 H 2 7 N O 2 ; C 2 H 2 O 4  

calculated C: 63.31

found C: 63.06
M olecular W eight 379.45 
Base W eight 289.42

H: 7.70 
H: 7.44

N: 3.69 
N: 3.64

Synthesis o f l-[3 -(4 -acety lp h en oxy)p rop y l]-l,2 ,3 ,6 -tetrah yd ro  

pyridine oxalate (FL1157B, UCL 2188-H, compound 159)

A solution of 4'-(3-bromopropoxy)acetophenone (206 mg, 0.8 mmol) and 1,2,3,6- 
tetrahydropyridine (200 mg, 2.4 mmol) in absolute ethanol (10 ml) was stirred and heated 
under reflux for 16 hours. After cooling, the solvent was removed under reduced 
pressure and the residue was diluted with aqueous sodium hydroxide (10 ml). The base 
was extracted with diethyl ether (3 x 10 ml), the combined extracts dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The crude product was purified 

by column chromatography on silica gel eluting with a mixture containing 90% 
chloroform and 10% methanol. After concentration, the yellow oil was dissolved in 2 ml 
absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml absolute 
ethanol was added. The precipitate was recrystallised from absolute ethanol to give an 
off-white crystalline solid (94 mg, 33%).

mp

HPLC
NM R

IR

A PCI-M S

143-144 °C

(A/B = 70:30) Rt = 16.6 min, 99.6%

(DMSO dô): 7.93 (m, 2H, phenyl); 7.03 (m, 2H, phenyl);
5.87 (m, IH, CH pyridine C5); 5.69 (m, IH, CH pyridine C4);
4.14 (t 6.0 Hz, 2H, propyl CH2-O); 3.60 (br, 2H, CH2-N 
pyridine C6 ); 3.15 (m, 4H, propyl CH?-N and CH2-N pyridine 

C2 ); 2.51 (s, 3H, acetyl CH3); 2.31 (br, 2 H, CH? pyridine C3);
2.13 (m, 2H, propyl central CH?)

706 (s, phenyl C-H def); 1177 (s, C-N str); 1275 (s, C -0  str); 
1673 (s, C =0 str)

260 (100%) = [M+H]+; 206 (10%) = loss of butadiene;
124 (4%) = [PyrN(CH?)3]+
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A n a ly s is  C 16H21NO2; 1.1 C2H2O4

calculated C: 61.00 H: 6.52 N: 3.91
found C: 61.21 H: 6.25 N: 4.00

M olecu lar W eight 358.39 

B ase W eight 259.35

Synthesis  of l-b rom o-5-phenoxypen tane  (FL19A , com pound  160)

A suspension of 1,5-dibromopentane (9.22 g, 40 mmol), phenol (1.88 g, 20 mmol) and 
water (50 ml) was stirred and heated under reflux. A solution of sodium hydroxide (0.81 

g, 20.4 mmol) in water (10 ml) was added dropwise and the mixture was then stirred and 
heated under reflux for three hours. After cooling, the organic layer was extracted with 

diethyl ether (3 x 40 ml) and the combined extracts washed with water (50 ml) and dried 

over magnesium sulfate. After removal of the solvent under reduced pressure, the oily 
yellow residue was distilled under reduced pressure (water pump) to yield the excess of

1,5-dibromopentane (bp = 118-130 °C), and the product as a colourless oil (3.16 g, 
65%).

b p  185-190 °C /20 Ton-
H P L C  (A/B = 50:50) Rt = 27.3 min, 97.5%
N M R  (CDCI3): 7.30 (m, 2H, phenyl); 6.93 (m, 3H, phenyl);

3.99 (t 6.4 Hz, 2H, pentyl CH2-O); 3.46 (m, 2H, pentyl 

CH?-Br); 1.90 (m, 4H, pentyl 2 xCH2);
1.65 (m, 2H, pentyl central CH?)

IR  692, 755 (s, phenyl C-H def); 1245 (s, C-O str)

F A B -M S  245 (70%) = [M+H]+ (SlBr); 243 (100%) = [M+H]+ (79Br);

151 (43%) and 149 (45%) = loss of phenol 
M olecu lar W eight 243.15

Synthesis  of N -ethylpropylam ine (FL113, com pound 161)

Propylamine (5.9 g, 0.1 mol) was stirred and cooled to 0 °C in a three-neck round bottom 

flask fitted with a Liebig condenser and dropping funnel, placed in an ice bath. 

Acetaldehyde (6.4 g, 0.14 mol) was added gradually over a period of two hours after 
which the orange mixture was stirred for one more hour. The mixture was allowed to 

stand over crushed potassium hydroxide until formation of two separate layers. The top 

layer was transferred to a conical flask containing crushed potassium hydroxide and the
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solution was kept in the fridge overnight. The imine was then distilled over potassium 

hydroxide under atmospheric pressure, bp = 74-78 °C plateau. 2.8 g obtained (33%).

2.5 g of the imine in 25 ml absolute ethanol was placed in a steel vessel with 100 mg 

platinum oxide catalyst and shaken for 1 hour 30 minutes at room temperature under a 

hydrogen pressure of 50 psi (3.5 10^ Pa). After removal of the catalyst by filtration, 10 
ml HCl 4N was added and the ethanol was removed under reduced pressure. The white 
solid was diluted with an aqueous solution of sodium hydroxide until a basic pH was 

reached. The amine was extracted with diethyl ether, the ether was dried over magnesium 

sulfate, and concentrated under reduced pressure. The amine was then distilled under 

atmospheric pressure (bp-82 °C) to give a pale yellow oil (1.16 g, overall yield : 15%).

bp -82 °C

N M R  (CDCI3): 2.58 (q 7 Hz, 2H CH2-N ethyl); 2.51 (t 7Hz, 2H,

CH2-N propyl); 1.44 (m, 2H, CH3CH2CH2-N); 1.04 (t 7 Hz,
3H, CH3 ethyl); 0.85 (t 7.3 Hz, 3H, CH3 propyl)

E I-M S 8 6  (100%) = [M-H]+
M olecular Weight 87.17

Synthesis of N-ethylisobutylam ine (FL155, compound 162)

Isobutylamine (7.4 g, 0.1 mol) was stirred and cooled to 0 °C in a three-neck round 

bottom flask fitted with a Liebig condenser and dropping funnel, placed in an ice bath. 
Acetaldehyde (8 g, 0.18 mol) was added gradually over a period of two hours after which 

the orange mixture was stirred for one more hour. The mixture was allowed to stand over 

crushed potassium hydroxide until formation of two separate layers. The top layer was 

transferred to a conical flask containing crushed potassium hydroxide and the solution 

was kept in the fridge overnight. The imine was then distilled over potassium hydroxide 
under atmospheric pressure, bp = 77-86 °C. 3 g obtained (30%).

2  g of the imine in 2 0  ml absolute ethanol was placed in a steel vessel with 100  mg 
platinum oxide catalyst and shaken for 1 hour 30 minutes at room temperature under a 

hydrogen pressure of 50 psi (3.5 10^ Pa). After removal of the catalyst by filtration, 10 

ml 4N HCl was added and the ethanol was removed under reduced pressure. The white 

solid was diluted with an aqueous solution of sodium hydroxide until a basic pH was 
reached. The amine was extracted with diethyl ether, the ether was dried over magnesium 

sulfate, and concentrated under reduced pressure to give a pale yellow oil (1.15 g, overall 
yield : 17%).
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N M R  (CDCI3): 2.87 (q 7.2 Hz, 2H CH2-N ethyl); 2.66 (d 6.9 Hz, 2H,
CH2-N isobutyl); 1.89 (m, IH, CH isobutyl); 1.12 (t 7.2 Hz, 3H, 

CH] ethyl); 0.87 (d 6 .6  Hz, 3H, CH3 isobutyl)
FA B-M S 102(100%) = [M+H]+
M olecular W eight 101.19

Synthesis o f l-brom o-5-(4-m ethylphenoxy)pentane  
(FL359, compound 163)

A suspension of 1,5-dibromopentane (6.4 g, 28 mmol), 4-methylphenol (1.5 g, 14 
mmol) and water (30 ml) was stirred and heated under reflux. A solution of sodium 
hydroxide (0.6 g, 15 mmol) in water (10 ml) was added dropwise and the mixture was 

then stirred and heated under reflux for four hours. After cooling, the organic layer was 
extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the oily residue was distilled under reduced pressure to yield first the excess of
1.5-dibromopentane, then the product as a white waxy solid (1.74 g, 49%).

HPLC (A/B = 50:50) Rt = 48.3 min, 100%
N M R  (CDCI3): 7.09 (m, 2H, phenyl); 6.81 (m, 2H, phenyl);

3.96 (t 6.3 Hz, 2H, pentyl CH?-0); 3.45 (t 6 .8  Hz, 2H, pentyl
CH2-Br); 2.30 (s, 3H, CH3); 1.95 and 1.81 (m, 4H, pentyl 

2 xCÜ2); 1 63 (m, 2 H, pentyl central CH?)
FA B-M S 258 (97%) = [M+HJ+ (SlBr); 256 (97%) = [M+H]+ (^^Br);

108 (100%) = [phenol]+; 69 (71%) = [C^ngj^
M olecular W eight 257.17

Synthesis o f l-hrom o-5-(4-m ethoxyphenoxy)pentane  
(FL343, compound 164)

A suspension of 1,5-dibromopentane (7.2 g, 31 mmol), 4-methoxyphenol (2 g, 16 

mmol) and water (30 ml) was stirred and heated under reflux. A solution of sodium 
hydroxide (1 g, 25 mmol) in water (10 ml) was added dropwise and the mixture was then 

stirred and heated under reflux for six hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 
ml) and dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the oily residue was distilled under reduced pressure to yield first the excess of

1.5-dibromopentane (bp = 92-96 °C) then the product as a colourless oil (2.33 g, 53%).
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bp 157-164 °C /10 Torr
H PLC (A/B = 50:50) Rt = 20.6 min, 98.5%

N M R  (CDCI3): 6.84 (s, 4H, phenyl); 3.93 (t 6.3 Hz, 2H, pentyl
CH2-O); 3.78 (s, 3H, methoxy CH3-O); 3.45 (t 6 .8  Hz, 2H, 

pentyl CH?-Br); 1.95 and 1.80 (m, 4H, pentyl 2xCH^);

1.63 (m, 2H, pentyl central CH?)

FA B -M S 274 (69%) = [M+H]+ (S^Br); 272 (69%) = [M+H]+ (79Bf);

124 (100%) = [phenol]+; 69 (70%) = [CsH9]+
M olecular W eight 273.17

Synthesis o f l-hrom o-5-(4-fluorophenoxy)pentane  
(FL705, com pound 165)

A suspension of 1,5-dibromopentane (5.75 g, 25 mmol), 4-fluorophenol (2 g, 18 mmol) 
and water (30 ml) was vigorously stirred and heated under reflux. A solution of sodium 
hydroxide (0 .8  g, 2 0  mmol) in water (2 0  ml) was added dropwise and the mixture was 
then stirred and heated under reflux for four hours. After cooling, the organic layer was 
extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 
ml) and dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the oily orange residue was distilled under reduced pressure (oil pump) to yield 
first the excess of 1,5-dibromopentane (bp: 74-80 °C), then the product as a colourless 
liquid (720 mg, 15%).

hp ~140°C /lT orr

N M R  (CDCI3): 6.94 (m, 2H, phenyl); 6.81 (m, 2H, phenyl);

3.90 (t 6.3 Hz, 2H, pentyl CH?-0); 3.42 (t 6.7 Hz, 2H, pentyl

CH?-Br); 1.92 and 1.78 (m, 4H, pentyl 2xCH?);

1.60 (m, 2H, pentyl central CH])
FA B -M S 262 (99%) = [M]+ (S^Br); 260 (100%) = [M]+ (^^Br);

151 (55%) and 149 (58%) = loss of phenol; 69 (97%) = [CsHg]^ 
M olecular W eight 261.13

Synthesis o f l-hrom o-5-(4-chlorophenoxy)pentane  
(FL335A, com pound 166)

A suspension of 1,5-dibromopentane (7.15 g, 31 mmol), 4-chlorophenol (2 g, 15 mmol) 
and water (40 ml) was stirred and heated under reflux. A solution of sodium hydroxide
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(0 .8  g, 2 0  mmol) in water (1 0  ml) was added dropwise and the mixture was then stirred 

and heated under reflux for three hours. After cooling, the organic layer was extracted 

with diethyl ether (3 x 40 ml) and the combined extracts washed with water (40 ml) and 

dried over magnesium sulfate. After removal of the solvent under reduced pressure, the 

oily residue was distilled under reduced pressure (oil pump) to remove the excess of 1,5- 

dibromopentane.The product was a brown oil (1.26 mg, 29%).

H P L C  (A/B = 45:55) Rt = 41.1 min, 100%
N M R  (CDCI3): 7.23 (m, 2H, phenyl); 6.82 (m, 2H, phenyl);

3.93 (t 6.3 Hz, 2H, pentyl CH9-Q); 3.44 (t 6.7 Hz, 2H, pentyl

CH?-Br); 1.94 and 1.80 (m, 4H, pentyl 2xCH?);
1.62 (m, 2 H, pentyl central CH?)

FA B -M S 279 (13%) = [M+H]+ (SlBr); 277 (18%) = [M+HJ+ (^^Br);
151 (33%) and 149 (43%) = loss of phenol; 69 (100%) = [C5H9 ]+ 

M olecular W eight 277.59

Synthesis of l-b rom o-5 -(4 -cyanophenoxy)pen tane  
(FL363, com pound 167)

A suspension of 1,5-dibromopentane (6 .6  g, 29 mmol), 4-hydroxybenzonitrile (1.7 g, 14 

mmol) and water (30 ml) was stirred and heated under reflux. A solution of sodium 
hydroxide (0.7 g, 17 mmol) in water (10 ml) was added dropwise and the mixture was 

then stirred and heated under reflux for four hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 
ml) and dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the oily residue was distilled under reduced pressure (oil pump) to remove the 

excess of 1,5-dibromopentane (bp: 68-70 °C), leaving the product to solidify on cooling 
as an off-white solid (1.8 g, 47%).

N M R  (CDCI3): 7.58 (m, 2H, phenyl); 6.93 (m, 2H, phenyl);

4.02 (t 6.3 Hz, 2H, pentyl CH9-O); 3.45 (t 6.7 Hz, 2H, pentyl 

CH?-Br); 1.93 and 1.84 (m, 4H, pentyl 2xCH?);

1.64 (m, 2 H, pentyl central CH?)

FA B -M S 270 (94%) = [M+H]+ (SlBr); 268 (100%) = [M+H]+ (^^Br);

120 (53%) = [phenol]+; 69 (6 6 %) = [CsH9]+
M olecular W eight 268.16

Synthesis of l-b rom o -5 -(4 -n itro p h en o x y )p en tan e
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(FL331, com pound 168)

A suspension of 1,5-dibromopentane (6 .6  g, 29 mmol), 4-nitrophenol (2 g, 14 mmol) 

and water (40 ml) was stirred and heated under reflux. A solution of sodium hydroxide 

(0 .8  g, 2 0  mmol) in water (1 0  ml) was added dropwise and the mixture was then stirred 
and heated under reflux for three hours. After cooling, the yellow organic layer was 

extracted with diethyl ether (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the oily residue was distilled under reduced pressure (oil pump) to yield first the 

excess of 1,5-dibromopentane, bp = 6 6 -6 8  °C, then the product as an orange oil, bp = 

196-198 °C/ 2 Torr. The oil formed crystals when cooled in the freezer and the solid was 
recrystallised from a mixture of petroleum ether 60-80 °C and diethyl ether (1:1) to give a 
yellow crystalline solid (473 mg, 11%).

m p 30-32 °C

bp  196-198 °C /2 Torr
N M R  (CDCI3): 8.21 (m, 2H, phenyl); 6.95 (m, 2H, phenyl); 4.07 (t 6.3

Hz, 2H, pentyl CH?-0); 3.46 (m, 2H, pentyl CH^-Br); 1.92 (m,
4H, pentyl 2xCH?l; 1.62 (m, 2H, pentyl central CH])

M olecular W eight 288.14

S ynthesis of l-h ro m o -5 -(4 -ace tam id o p h en o x y )p en tan e  
(FL893B, com pound 169)

A mixture of 1,5-dibromopentane (575 mg, 2.5 mmol), paracetamol (250 mg, 1.65 

mmol) and potassium carbonate (250 mg, 1.8 mmol) in acetone (20 ml) was stirred and 

heated under reflux for 8 hours. After cooling, the suspension was filtered and the 

solvent removed under reduced pressure to leave an oil. The crude product was 
crystallised from a mixture of ethyl acetate and petroleum ether 60-80 °C. A yellow 
crystalline solid was obtained (185 mg, 37%).

N M R (CDCI3): 8.34 (br, IH, NH); 7.27 (m, 2H, phenyl); 6.72 (m,

2H, phenyl); 3.88 (t 6.3 Hz, 2H, pentyl CH2-O); 3.38 (t 6.7 Hz, 
2H, pentyl CHa-Br); 2.29 (s, 3H, CH3); 1.87 (m, 2H, 

pentyl CH]); 1.74 (m, 2H, pentyl CH]);

1.55 (m, 2H, pentyl central CH])

A PC I-M S 302 (98%) = [M+H]+ (SlBr); 300 (100%) = [M+HJ+ (^^Br);
220 (10%) = loss ofH Br
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M olecu lar W eight 300.19

S yn thesis  of l-b ro m o -5 -(4 -p h en y lp h en o x y )p en tan e  

(FL391, com pound 170)

A mixture of 1,5-dibromopentane (6.9 g, 30 mmol) and 4-phenylphenol (2.55 g, 15 

mmol) in 30 ml water was stirred and heated under reflux. A solution of sodium 

hydroxide (0.75 g, 19 mmol) in water (20 ml) was added dropwise and the mixture was 

then stirred and heated under reflux for four hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the residue was distilled under reduced pressure (oil pump) to yield a colourless 
oil that solidified to a white wax upon cooling (2.85 g, 60%).

b p  203-208 °C /2 Torr
H P L C  (A/B = 40:60) Rt = 11.3 min, 97%
N M R  (CDCI3): 7.56 (m, 4H, 2H phenyl and 2H phenoxy); 7.47 (m,

2H, phenyl); 7.33 (m, IH, phenyl); 6.99 (m, 2H, phenoxy);
4.04 (t 6.3 Hz, 2H, pentyl CH2 -O); 3.48 (t 6 .8  Hz, 2H, pentyl 
CH?-Br); 1.98 (m, 2H, pentyl Br-CH;CH?); 1.85 (m, 2H, pentyl 
CH9CH7-O): 1.68 (m, 2H, pentyl central CH?)

F A B -M S 320 (100%) = [M]+ (SlBr); 318 (97%) = [M]+ (79Br);

170 (92%) = [phenyl phenol]+
M olecu lar W eight 319.24

S yn thesis  of l-b ro m o -5 -(4 -p h en o x y p h en o x y )p en tan e  
(FL905B , com pound 171)

A mixture of 1,5-dibromopentane (1.6 g, 7 mmol) and potassium carbonate (750 mg, 5.4 

mmol) in acetone (40 ml) was stirred and heated under reflux. 4-phenoxyphenol (1 g,

5.37 mmol) was added portionwise over 20 minutes and the mixture was stirred and 

heated under reflux for 16 hours. The suspension was filtered after cooling and the 
solvent removed under reduced pressure to leave an oil. The crude product was dissolved 

in diethyl ether and petroleum ether 60-80 °C was added. A white precipitate was filtered 
off and the filtrate was concentrated under reduced pressure. The crude product was 

distilled under reduced pressure to give a pale yellow viscous oil (850 mg, 47%).

bp  208-212 °C /2 Ton-
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H P L C  (AÆ = 40:60) Rt = 21.8 min, 97.4%
N M R  (CDCI3): 7.32 (m, 2H, phenyl); 6.99 (m, 7H, phenyl);

3.98 (t 6.3 Hz, 2H, pentyl CH2-O); 3.47 (t 6.7 Hz, 2H, pentyl 

CH?-Br): 1.97 (m, 2H, pentyl CH2); 1.84 (m, 2H, pentyl CH?);

1.68  (m, 2H, pentyl central CH?)

FA B -M S 336 (100%) = [M]+ (SlRr); 334 (96%) = [M]+ (^^Br);

254 (10%) = loss ofH B r 
M olecular W eight 335.24

Syn thesis  of 4 '-(5 -b ro m o p en ty lo x y )ace to p h en o n e  
(FL737A , com pound 172)

A mixture of 1,5-dibromopentane (3.2 g, 14 mmol) and potassium carbonate (1.9 g, 14 

mmol) in acetone (80 ml) was stirred and heated under reflux. A solution of 4'- 
hydroxyacetophenone (1.8 g, 13 mmol) in acetone (20 ml) was added dropwise and the 
mixture was stirred and heated under reflux for 16 hours. The suspension was filtered hot 

and the solvent removed under reduced pressure to leave an oil that solidified upon 

standing. The white solid was recrystallised from ethyl acetate (2.1 g, 57%).

N M R  (CDCI3): 7.90 (m, 2H, phenyl); 6.89 (m, 2H, phenyl);
4.01 (t 6.2 Hz, 2H, pentyl CH2-O); 3.42 (t 6.7 Hz, 2H, pentyl 

CH2-Br); 2.53 (s, 3H CH3); 1.87 (m, 4H, pentyl 2 xCH2);
1.62 (m, 2H, pentyl central CH?)

F A B -M S 287 (96%) = [M+H]+ (8 lBr); 285 (100%) = [M+H]+ (^^Br);
205 (28%) = loss ofH B r 

M olecular W eight 285.18

S yn thesis  of 4 '-(5 -b ro m o p en ty lo x y )b en zo p h en o n e  
(FL793B, com pound 173)

A mixture of 1,5-dibromopentane (1.6 g, 7 mmol) and potassium carbonate (0.7 g, 5 
mmol) in acetone (40 ml) was stirred and heated under reflux. A solution of 4'- 

hydroxybenzophenone (1 g, 5 mmol) in acetone (20 ml) was added dropwise and the 

mixture was stirred and heated under reflux for 16 hours. The suspension was filtered hot 

and the solvent removed under reduced pressure to leave an oil. The crude product was 

dissolved in ethyl acetate and petroleum ether 60-80 °C was added. A white precipitate 

was filtered off and the filtrate was concentrated under reduced pressure. The process 

was repeated to give the product as a white sticky solid (500 mg, 29%).
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N M R (CDCI3): 7.82 (m, 2H, phenyl); 7.75 (m, 2H, phenyl);
7.57 (m, IH, phenyl); 7.47 (m, 2H, phenyl); 6.94 (m, 2H, 
phenyl); 4.06 (t 6.3 Hz, 2H, pentyl CH?-0); 3.45 (t 6.7 Hz, 2H, 

pentyl CH?-Br): 1.94 (m, 2H, pentyl CH?);

1.86 (m, 2H, pentyl CH?); 1.65 (m, 2H, pentyl central CH?) 
FA B -M S 349 (93%) = [M+H]+ (SlRr); 347 (97%) = [M+H]+ (^^Br);

105 (100%) = [C6H5C0]+
M olecular W eight 347.25

Synthesis of henzyl, 4-(5-brom opentyloxy)phenyl ketone 
(FL851B, compound 174)

A mixture of 1,5-dibromopentane (1.9 g, 8.3 mmol) and potassium carbonate (0.9 g, 6.5 
mmol) in acetone (40 ml) was stirred and heated under reflux. A solution of benzyl, 4- 

hydroxyphenyl ketone (1.06 g, 5 mmol) in acetone (20 ml) was added dropwise and the 
mixture was stirred and heated under reflux for 16 hours. The suspension was filtered hot 
and the solvent removed under reduced pressure to leave an oil. The crude product was 
dissolved in ethyl acetate and petroleum ether 60-80 °C was added. A yellow precipitate 
was filtered off and the filtrate was cooled in a freezer overnight. A yellow solid 
crystallised out (820 mg, 45%).

NM R (CDCI3): 7.99 (m, 2H, phenyl); 7.27 (m, 5H, phenyl);

6.91 (m, 2H, phenyl); 4.24 (s, 2H, benzyl); 4.03 (t 6.3 Hz, 2H, 
pentyl CH?-0); 3.45 (t 6.7 Hz, 2H, pentyl CH?-Br); 1.95 (m,
2H, pentyl CH?); 1.84 (m, 2H, pentyl CH?);

1.64 (m, 2H, pentyl central CH?)

FA B -M S 363 (97%) = [M+H]+ (S^Br); 361 (100%) = [M+H]+ (^^Br);

271 (46%) and 269 (47%) = loss of toluene 
M olecular W eight 361.28

Synthesis of l-b rom o-5-(3-nitrophenoxy)pentane  
(FL701, compound 175)

A suspension of 1,5-dibromopentane (4.6 g, 20 mmol), 3-nitrophenol (2 g, 14 mmol) 

and water (30 ml) was vigorously stirred and heated under reflux. A solution of sodium 

hydroxide (0.6 g, 15 mmol) in water (20 ml) was added dropwise and the mixture was 

then stirred and heated under reflux for six hours. After cooling, the organic layer was
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extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the oily orange residue was distilled under reduced pressure (oil pump) to yield 

first the excess of 1,5-dibromopentane (bp: 70-76 °C), then the product as a pale yellow 
liquid (1.6 g, 38%).

bp  190-196 °C/ 1 Torr

N M R  (CDCI3): 7.76 (ddd 8.1-1.3-0.8 Hz, IH, phenyl H4);

7.67 (dd 2.3-2.3 Hz, IH, phenyl H2); 7.38 (dd 8.2-S.2 Hz, IH, 

phenyl H5); 7.18 (ddd 8.2-3.3-2.5 Hz, IH, phenyl H6 );

4.01 (t 6.3 Hz, 2H, pentyl CH2-O); 3.42 (t 6.7 Hz, 2H, 
pentyl CH?-Br); 1.93 to 1.78 (m, 4H, pentyl 2xCH?):
1.62 (m, 2H, pentyl central CH?)

FA B -M S 290 (35%) = [M+H]+ (SlRr); 288 (46%) = [M+H]+ (^^Br);

151 (25%) and 149 (31%) = loss of phenol; 69 (100%) = [C5Hg]+ 
M olecular W eight 288.14

S ynthesis  o f l-h ro m o -5 -(3 -cy an o p h en o x y )p en tan e  
(FL731, com pound  176)

A suspension of 1,5-dibromopentane (5 g, 22 mmol), 3-hydroxybenzonitrile (1.7 g, 14 
mmol) and water (30 ml) was vigorously stirred and heated under reflux. A solution of 

sodium hydroxide (0.6 g, 15 mmol) in water (20 ml) was added dropwise and the 
mixture was then stirred and heated under reflux for four hours. After cooling, the 

organic layer was extracted with chloroform (3 x 40 ml) and the combined extracts 

washed with water (40 ml) and dried over magnesium sulfate. After removal of the 

solvent under reduced pressure, the oily orange residue was distilled under reduced 

pressure (oil pump) to yield first the excess of 1,5-dibromopentane, then the product as 
an oil (500 mg, 13%).

N M R  (CDCI3): 7.36 (dd 1.5-12  Hz, IH, phenyl H5); 7.23 (ddd

7.6 -1.2-1.2 Hz, IH, phenyl H4); 7.13 (m, 2H, phenyl H2 and 

H 6 ); 3.98 (t 6.3 Hz, 2H, pentyl CH2-O); 3.45 (t 6.7 Hz, 2H,

pentyl CH?-Br): 1.92 (m, 2H, pentyl CH2); 1.84 (m, 2H, pentyl

CH2); 1.64 (m, 2H, pentyl central CH2)
FA B -M S 270 (89%) = [M+H]+ (SlBr); 268 (100%) = [M+HJ+ (^^Br);

151 (20%) and 149 (28%) = loss of phenol; 69 (67%) = [C5H9]+ 
M olecular W eight 268.16
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Synthesis of l-brom o-5-[3-(trifluorom ethyl)phenoxy]pentane  
(FL709, compound 177)

A suspension of 1,5-dibromopentane (4 g, 17 mmol), 3-(trifluoromethyl)phenol (2 g, 12 

mmol) and water (30 ml) was vigorously stirred and heated under reflux. A solution of 

sodium hydroxide (0.6 g, 15 mmol) in water (20 ml) was added dropwise and the 

mixture was then stirred and heated under reflux for four hours. After cooling, the 
organic layer was extracted with chloroform (3 x 40 ml) and the combined extracts 
washed with water (40 ml) and dried over magnesium sulfate. After removal of the 
solvent under reduced pressure, the oily orange residue was distilled under reduced 
pressure (oil pump) to yield first the excess of 1,5-dibromopentane, then the product as 
an oil ( 1.8 g, 47%).

bp 132-134 °C/1 Torr

N M R  (CDCI3): 7.39 (dd 7.9-8.1 Hz, IH, phenyl H5); 7.20 (dm 8.4 Hz,
IH, phenyl H4); 7.12 (br, IH, phenyl H2); 7.06 (dd 8.3-2.5 Hz, 
IH, phenyl H6 ); 4.01 (t 6.3 Hz, 2H, pentyl CH9-O):
3.46 (t 6,7 Hz, 2H, pentyl CH?-Br): 1.95 (m, 2H, pentyl CH2);
1.84 (m, 2H, pentyl CH?); 1.65 (m, 2H, pentyl central CH?) 

FA B-M S 312 (31%) = [M]+(8 lBr); 310 (31%) = [M]+(79Br);
151 (40%) and 149 (44%) = loss of phenol; 69 (100%) = [C^Hg]"""

M olecular W eight 311.14

Synthesis o f l-brom o-5-(3-chlorophenoxy)pentane  
(FL379, compound 178)

A suspension of 1,5-dibromopentane (7.15 g, 31 mmol), 3-chlorophenol (2 g, 15 mmol) 
and water (30 ml) was vigorously stirred and heated under reflux. A solution of sodium 

hydroxide (0 .8  g, 2 0  mmol) in water (2 0  ml) was added dropwise and the mixture was 

then stirred and heated under reflux for four hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the oily orange residue was distilled under reduced pressure (oil pump) to yield 

first the excess of 1,5-dibromopentane (bp: 68-70 °C), then the product as a pale yellow 
liquid (2.15 g, 50%).

bp 145-150 °C/1 Torr
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H P L C  (A/B = 40:60) Rt = 22.27 min, 93%

N M R  (CDCI3): 7.19 (t 8.1 Hz, IH, phenyl H5); 6.92 (dd, 0.8-8.9 Hz,
IH, phenyl H4); 6.89 (dd, 2.1-2.4 Hz, IH, phenyl H2); 6.78 

(ddd 0.8-2.4-8.4 Hz, IH, phenyl H6 ); 3.96 (t 6.3 Hz, 2H, pentyl 
CH2-O); 3.45 (t 6 .8  Hz, 2H, pentyl CH2-Br); 1.94 and 1.82 (m, 

4H, pentyl 2 xCH9); 1.63 (m, 2 H, pentyl central CH 2)
F A B -M S  279 (45%) = [M+H]+ (8 %Br); 277 (49%) = [M+H]+ C^Bv);

149 (54%) and 151 (48%) = loss of phenol; 69 (100%) = [C5Hg]+ 
M olecu lar W eight 277.59

S yn thesis  o f l-b ro m o -5 -(3 -p h en y lp h en o x y )p en tan e  
(FL423, com pound 179)

A mixture of 1,5-dibromopentane (6.9 g, 30 mmol) and 3-phenyl phenol (2.55 g, 15 
mmol) in 30 ml water was stirred and heated under reflux. A solution of sodium 
hydroxide (0.75 g, 19 mmol) in water (20 ml) was added dropwise and the mixture was 
then stirred and heated under reflux for four hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 
ml) and dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the residue was distilled under reduced pressure (oil pump) to yield a pale 
yellow oil (1.27 g, 27%).

bp  188-192 °C/ 1 Torr

N M R  (CDCI3): 7.56 to 6 .8 6  (m, 9H, phenyl); 4.02 (t 6.3 Hz, 2H,
pentyl CH?-Q); 3.43 (t 6.7 Hz, 2H, pentyl CH2-Br); 1.94 (m,

2H, pentyl Br-CH2CH2); 1.83 (m, 2H, pentyl CH2CH2-O);
1.66 (m, 2 H, pentyl central CH2)

FA B -M S  321 (20%) = [M+H]+ (SlBr); 320 (30%) = [M]+ (S^Br);

319 (24%) = [M+H]+ (79Br); 318 (28%) = [M]+ (^^Br);
171 (63%) = [phenyl phenol+H]+; 69 (100%) = [CgHg]-*" 

M olecu lar W eight 319.24

S yn thesis of l-b ro m o -5 -(2 -n ap h th y lo x y )p en tan e  
(FL375, com pound  180)

A suspension of 1,5-dibromopentane (6  g, 26 mmol), 2-naphthol (1.9 g, 13 mmol) and 
water (30 ml) was vigorously stirred and heated under reflux. A solution of sodium 
hydroxide (0.7 g, 17 mmol) in water (10 ml) was added dropwise and the mixture was
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then stirred and heated under reflux for four hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the brown residue was distilled under reduced pressure (oil pump) to yield first 

the excess of 1,5-dibromopentane (bp: 62-66 °C), then the product as a yellow liquid 
(1.72 g, 44%).

bp  192-196 °C/1 Torr
N M R  (CDCI3): 7.74 (m, 3H, naphthyl); 7.44 (m, IH, naphthyl);

7.34 (m, IH, naphthyl); 7.14 (m, 2H, naphthyl); 4.10 (t 6.3 Hz, 

2H, pentyl CH2-O); 3.47 (t 6 .8  Hz, 2H, pentyl CH2-Br);

1.97 and 1.88 (m, 4H, pentyl 2 xCH2);
1.69 (m, 2H, pentyl central CH?)

FA B -M S  294 (100%) = [M]+ (SlRr); 292 (98%) = [M]+ (79Br);

212 (49%) = loss of Br; 144 (98%) = [naphthol]'*";
69 (55%) = [C5H9]+

M olecu lar W eight 293.21

S yn thesis  o f l-b ro m o -5 -( l-n a p h th y lo x y )p e n ta n e  
(FL371, com pound  181)

A suspension of 1,5-dibromopentane (6  g, 26 mmol), 1-naphthol (1.9 g, 13 mmol) and 
water (30 ml) was vigorously stirred and heated under reflux. A solution of sodium 

hydroxide (0.7 g, 17 mmol) in water (20 ml) was added dropwise and the mixture was 
then stirred and heated under reflux for four hours. After cooling, the organic layer was 
extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 

ml) and dried over magnesium sulfate. After removal of the solvent under reduced 
pressure, the brown residue was distilled under reduced pressure (oil pump) to remove 

the excess of 1,5-dibromopentane (bp: 62-66 °C), leaving the product as a dark residue 
(2.25 g, 58%).

N M R  (CDCI3): 8.31 (m, IH, naphthyl); 7.80 (m, IH, naphthyl);

7.49 (m, 4H, naphthyl); 6.81 (m, IH, naphthyl); 4.17 (t 6.2 Hz, 

2H, pentyl CH?-0); 3.49 (t 6.7 Hz, 2H, pentyl CH?-Br);

1.99 (m, 4H, pentyl 2 xCH2); 1.76 (m, 2H, pentyl central CH2) 
F A B -M S  294 (83%) = [M]+ (S^Br); 292 (80%) = [M]+ (7^Br);

144 (100%) = [naphthol]+; 69 (81%) = [CsH9]+
M olecu lar W eight 293.21
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Synthesis o f l-brom o-5-[2-(5 ,6 ,7 ,8-tetrahydronaphthyl)oxy]pentane  

(FL399, com pound 182)

A suspension of 1,5-dibromopentane (6  g, 26 mmol), 5,6,7,8-tetrahydro-2-naphthol (1.9 

g, 13 mmol) and water (30 ml) was vigorously stirred and heated under reflux. A 
solution of sodium hydroxide (0.7 g, 17 mmol) in water (20 ml) was added dropwise and 

the mixture was then stirred and heated under reflux for four hours. After cooling, the 

organic layer was extracted with chloroform (3 x 40 ml) and the combined extracts 
washed with water (40 ml) and dried over magnesium sulfate. After removal of the 

solvent under reduced pressure, the red residue was distilled under reduced pressure (oil 
pump) to yield first the excess of 1,5-dibromopentane, then the product as a pale yellow 
liquid (1.56 g, 41%).

bp 168-174 °C/1 Torr
N M R  (CDCI3): 6.98 (d 8.2 Hz, IH, naphthyl); 6 .6 8  (dd 2.3-8.2 Hz,

IH, naphthyl); 6.62 (d 2.3 Hz, IH, naphthyl); 3.95 (t 6.3 Hz,
2H, pentyl CH2-O); 3.45 (t 6 .8  Hz, 2H, pentyl CH?-Br);
2.73 (m, 4H, tetrahydronaphthyl); 1.95 (m, 2H, CH? pentyl);
1.79 (m, 6 H, CH? pentyl and 4H tetrahydronaphthyl);
1.63 (m, 2H, pentyl central CH?)

FA B-M S 298 (78%) = [M]+ (SlRr); 297 (100%) = [M+H]+ (79Br);

217 (13%) = loss of Br; 147 (99%) = [tetrahydronaphthol]+;
69 (60%) = [C5H9]+

M olecular W eight 297.24

Synthesis o f l-b rom o-5-[l-(5 ,6 ,7 ,8-tetrah ydronapb thyl)oxy]pentan e  
(FL415, compound 183)

A suspension of 1,5-dibromopentane (6  g, 26 mmol), 5,6,7,8-tetrahydro-l-naphthol (1.9 
g, 13 mmol) and water (30 ml) was vigorously stirred and heated under reflux. A 

solution of sodium hydroxide (0.7 g, 17 mmol) in water (20 ml) was added dropwise and 

the mixture was then stirred and heated under reflux for four hours. After cooling, the 

organic layer was extracted with chloroform (3 x 40 ml) and the combined extracts 

washed with water (40 ml) and dried over magnesium sulfate. After removal of the 
solvent under reduced pressure, the red residue was distilled under reduced pressure 

(water pump) to yield first the excess of 1,5-dibromopentane, then the product as an 
amber liquid (800 mg, 2 1 %).
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b p  155-160 °C/1 Torr
N M R  (CDCI3): 7.03 (dd 7.9-8.0 Hz, 3H, naphthyl C3); 6.67 (d 7.9 Hz,

IH, naphthyl C2); 6.60 (d 8.0 Hz, IH, naphthyl C4); 3.94 (t 6.2 

Hz, 2H, pentyl CH2-O); 3.43 (t 6 .8  Hz, 2H, pentyl CH2~Br);
2.73 and 2.65 (m, 4H, 2xCH? tetrahydronaphthyl C5 and C8 );

1.94 and 1.79 (m, 8H, pentyl 2xCH? and 2 xCH2 

tetrahydronaphthyl C6  and C7); 1.64 (m, 2H, pentyl central CH2) 

FA B -M S  299 (21%) = [M+H]+ (^iRr); 298 (27%) = [M]+ (SlBr);
297 (44%) = [M+H]+ C^Br); 147 (78%) = [tetrahydronaphthol]+; 
69 (100%) = [C5H9]+

M olecu lar W eight 297.24

Synthesis  o f 8 -(5-brom openty l)oxyquinoline (FL435, com p o u n d  184)

A suspension of 1,5-dibromopentane (6  g, 26 mmol), 8 -hydroxy quinoline (2 g, 14 
mmol) and water (30 ml) was stirred and heated under reflux. A solution of sodium 
hydroxide (0.7 g, 17 mmol) in water (10 ml) was added dropwise and the mixture was 
then stirred and heated under reflux for five hours. After cooling, the organic layer was 

extracted with chloroform (3 x 40 ml) and the combined extracts washed with water (40 
ml) and dried over magnesium sulfate. After removal of the solvent under reduced 

pressure, the residue was purified by column chromatography over silica gel eluting with 

a solvent mixture comprising 1/3 petroleum ether 60-80 °C and 2/3 diethyl ether to yield, 
after removal of the solvent mixture, a yellow oil (540 mg, 13%).

H P L C  (A/B = 50:50) Rt = 10.47 min, 97%

N M R  (CDCI3): 8.92 (dd 1.7-4.2 Hz, IH, Ar C2); 8.10 (dd 1.7-8.3 Hz,

IH, Ar C4); 7.40 (m, 3H, Ar C3, C5 and C6 ); 7.03 (d 7.6 Hz,
IH, Ar C7); 4.23 (t 6.7 Hz, 2H, pentyl CH2-O); 3.43 (t 6 .8  Hz, 

2H, pentyl CH2~Br); 1.97 (m, 4H, pentyl 2 xCH2);

1 .68  (m, 2 H, pentyl central CH?)
F A B -M S  296 (93%) = [M+HJ+ (S^Br); 294 (100%) = [M+H]+ (^^Br);

158 (73%) = [quinolineCH2]'*'; 146 (59%) = [quinoline+H]+ 
M olecu lar W eight 294.19

Synthesis of ethyl 5-(l-pyrrolidinyl)valerate
(FL811A, compound 185)
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A solution of ethyl 5-bromovalerate (2.1 g, 10 mmol) and pyrrolidine (1.5 g, 20 mmol) 

in 20 ml absolute ethanol was stirred and heated under reflux for 5 hours. After cooling, 

the solvent was removed under reduced pressure and the residue was diluted with 

aqueous sodium hydroxide (30 ml). The base was extracted with dichloromethane (2 x 30 

ml), the combined extracts dried over magnesium sulfate, and the solvent and excess 

pyrrolidine removed under reduced pressure to leave a pale yellow oil (1.8 g, 90%).

N M R  (CDCI3); 4 .11 (q 7.1 Hz, 2H, ethyl CH]); 2.44 (m and br, 6 H,
3 xCH2-N); 2.32 (t 7.4 Hz, 2H, CH2CO); 1.76 (m, 4H,

2xCH? pyrrolidine); 1.66 (m, 2H, valeryl CH?);

1.53 (m, 2H, valeryl CH]); 1.25 (t 7.1 Hz, 3H, ethyl CH3) 
FA B -M S 200 (100%) = [M+H]+; 84 (37%) = [PyrNCH]]+
M olecular W eight 199.30

Synthesis o f l-(5-hydroxypentyl)pyrrolid ine  
(FL817A, compound 186)

A suspension of lithium aluminium hydride (340 mg, 9 mmol) in dry diethyl ether (30 
ml) was stirred at room temperature under nitrogen. A solution of ethyl 5-(l- 
pyrrolidinyl)valerate (1.8 g, 9 mmol) in dry diethyl ether (20 ml) was added dropwise 
over 20 minutes and the suspension was stirred at room temperature for one hour. Cold 
water was added cautiously, the sludge was filtered and the filtrate dried over magnesium 

sulfate. Concentration under reduced pressure left a colourless oil that solidified to form 
a waxy solid with a low melting point (1.35 g, 96%).

N M R  (CDCI3): 3.58 (t 6.5 Hz, 2H, CH]-OH); 2.47 (m, 4H,
pyrrolidine 2xCH?-N); 2.42 (t 7.5 Hz, 2H, pentyl CH]-N);

1.75 (m, 4H, 2xCH] pyrrolidine); 1.53 (m, 4H, pentyl 2xCH?);
1.38 (m, 2H, pentyl CH])

FA B -M S 158 (100%) = [M+H]+; 156 (53%) = [M-H]+;
84 (38%) = [PyrNCH]]+

M olecular Weight 157.26

Synthesis of l-brom o-3-phenoxypropane (FL557, compound 187)

A suspension of 1,3-dibromopropane (12.8 g, 64 mmol), phenol (3 g, 32 mmol) and 
water (30 ml) was stirred and heated under reflux. A solution of sodium hydroxide (1.4 

g, 35 mmol) in water (30 ml) was added dropwise and the mixture was then stirred and
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heated under reflux for three hours. After cooling, the organic layer was extracted with 
chloroform (3 x 20 ml) and the combined extracts washed with water (20 ml) and dried 
over magnesium sulfate. After removal of the solvent under reduced pressure, the oily 
residue was distilled under reduced pressure (water pump) to give the product as a 
colourless oil (4.24 g, 62%).

b p  146-150 °C /20 Torr
N M R  (CDCI3): 7.28 (m, 2H, phenyl); 6.95 (m, 3H, phenyl);

4.10 (t 5.8 Hz, 2H, propyl CH2-O); 3.60 (t 6.5Hz, 2H, 

propyl CH?-Br); 2.31 (m, 2H, propyl central CH2)
FA B -M S 217 (37%) = [M+HJ+ (SlRr); 216 (100%) = [M]+ (SlRr);

215 (46%) = [M+H]+ (79Br); 214 (97%) = [M]+ (79Br);
M olecular W eight 215.09

Synthesis of l-b ro m o -4 -phenoxybu tane  (FL461, com pound 188)

A suspension of 1,4-dibromobutane (4.32 g, 20 mmol), phenol (941 mg, 10 mmol) and 
water (15 ml) was stirred and heated under reflux. A solution of sodium hydroxide (600 
mg, 15 mmol) in water (10 ml) was added dropwise and the mixture was then stirred and 
heated under reflux for four hours. After cooling, the organic layer was extracted with 

chloroform (3 x 20 ml) and the combined extracts washed with water (20 ml) and dried 

over magnesium sulfate. After removal of the solvent under reduced pressure, the oily 

yellow residue was distilled under reduced pressure (oil pump) to yield first the excess of 

1,4-dibromobutane, bp = 60-64 °C, then the product as a colourless oil that solidified to a 
white wax upon standing (1 g, 44%).

bp  112-114 °C /2 Torr

N M R  (CDCI3): 7.30 (m, 2H, phenyl); 6.92 (m, 3H, phenyl); 4.00 (t 6.0

Hz, 2H, butyl CH2-O); 3.51 (t 6.5 Hz, 2H, butyl CH2-B1); 2.09 

(m, 2H, butyl CH2CH2-O); 1.95 (m, 2H, butyl Br-CHjCRi)  
FA B -M S 231 (33%) = [M+HJ+(S^Br); 230 (74%) = [M ]+(8 lBr);

229 (51%) = [M+H]+ (79Br); 228 (74%) = [M]+ (79Br);

137 (97%) and 135 (100%) = loss of phenol 
M olecular W eight 229.12

Synthesis of l-bromo-6-phenoxyhexane (FL463, compound 189)
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A suspension of 1,6-dibromohexane (4.88 g, 20 mmol), phenol (941 mg, 10 mmol) and 

water (15 ml) was stirred and heated under reflux. A solution of sodium hydroxide (600 

mg, 15 mmol) in water (10 ml) was added dropwise and the mixture was then stirred and 

heated under reflux for three hours. After cooling, the organic layer was extracted with 

chloroform (3 x 20 ml) and the combined extracts washed with water (20 ml) and dried 

over magnesium sulfate. After removal of the solvent under reduced pressure, the oily 

yellow residue was distilled under reduced pressure (oil pump) to yield first the excess of

1,6-dibromohexane, then the product as a colourless oil (720 mg, 28%).

b p  135-140 °C /2 Torr
N M R  (CDCI3): 7.31 (m, 2H, phenyl); 6.92 (m, 3H, phenyl); 3.97 (t 6.4

Hz, 2H, hexyl CH?-Q); 3.44 (t 6 .8  Hz, 2H, hexyl CÜ2-Br); 1.91 

(m, 2H, hexyl CH9CH9-O); 1.81 (m, 2H, hexyl Br-CH2CH2);
1.52 (m, 4H hexyl 2xCH?)

FA B -M S 259 (34%) = [M+H]+ (^iRr); 258 (52%) = [M]+ (8 lBr);

257 (46%) = [M+HJ+ (^^Br); 256 (48%) = [M]+ (79Br);
95 (100%) = [phenol+H]+

M olecular W eight 257.17

Synthesis of l-h rom o-4-pheny lth iohu tane  (FL497, com pound 190)

In a flask kept under a nitrogen atmosphere was placed a mixture of thiophenol (1.1 g, 10 
mmol), 1,4-dibromobutane (4.3 g, 20 mmol), sodium hydroxide (600 mg, 15 mmol) and 

a phase-transfer catalyst tetrabutylammonium hydroxide (40% solution in water, 0.5 ml) 

in 20 ml water and 20 ml toluene. The mixture was stirred at room temperature under

nitrogen for 45 minutes after which the organic phase was separated, washed with dilute

aqueous sodium hydroxide, dried over magnesium sulfate and concentrated under 

reduced pressure. The product was distilled under reduced pressure to give a colourless 
oil (1.52 g, 62%).

hp  134-140 °C/1 Torr

N M R  (CDCI3): 7.33 (m, 4H, phenyl); 7.20 (m, IH, phenyl);

3.42 (t 6 .6  Hz, 2H, butyl CH2-Br); 2.96 (t 7.2 Hz, 2H, butyl 

CH2-S); 2.02 (m, 2H, butyl Br-CH2CH2);
1.81 (m, 2H, butyl CH2CH2-S)

FA B -M S 247 (38%) = [M+H]+(S^Br); 246 (78%) = [M]+(8 lBr);

245 (55%) = [M+HJ+ (79Br); 244 (75%) = [M]+ (79Br);

165 (6 6 %) = loss ofHBr; 123 (100%) = [C6H5SCH2]+
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M olecular W eight 245.18

Synthesis of l-b ro m o -5 -p h en y lth io p en tan e  (FL491, com pound  191)

In a flask kept under a nitrogen atmosphere was placed a mixture of thiophenol (1.1 g, 10 

mmol), 1,5-dibromopentane (4.6 g, 20 mmol), sodium hydroxide (600 mg, 15 mmol) 

and a phase-transfer catalyst tetrabutylammonium hydroxide (40% solution in water, 0.5 

ml) in 20 ml water and 20 ml toluene. The mixture was stirred at room temperature under 
nitrogen for 30 minutes after which the organic phase was separated, washed with dilute 

aqueous sodium hydroxide, dried over magnesium sulfate and concentrated under 
reduced pressure. The product was distilled under reduced pressure to give a colourless 
oil (860 mg, 33%).

b p  138-144 °C /0.5 Torr

N M R (CDCI3): 7.33 (m, 4H, phenyl); 7.19 (m, IH, phenyl);

3.40 (t 6 .8  Hz, 2H, pentyl CH?-Br); 2.94 (t 7.1 Hz, 2H, pentyl 
CH2-S); 1.88 (m, 2H, pentyl Br-CH9CH?); 1.68 (m, 2H, pentyl 

CH?CH?-S); 1.59 (m, 2H, pentyl central CH?)
FA B -M S 261 (6 8 %) = [M+H]+(S^Br); 260 (100%) = [M ]+(8 lBr);

259 (85%) = [M+H]+ (^^Br); 258 (85%) = [M]+ (7^Br);

179 (61%) = loss ofHBr; 123 (64%) = [CeUsSCHjV 
M olecular W eight 259.21

Synthesis of 5 -phenylpen tanoyl ch loride (FL479, com pound 192)

To 10 ml (16.4 g, 138 mmol) of freshly distilled thionyl chloride stirred at room 
temperature was added 5-phenyl valeric acid (5 g, 28 mmol) and the mixture was stirred 

and heated to reflux for three hours. The excess thionyl chloride was then distilled off and 

the residue further concentrated under vacuum to give the product as an orange liquid (5.5 

g, 1 0 0 %).

N M R  (CDCI3): 7.32 (m, 2H, phenyl); 7.21 (m, 3H, phenyl); 2.93 (t 7.0

Hz, 2H, CH2-C=0 ); 2.67 (t 7.3 Hz, 2H, CH2-C6H5);

1.76 (m, 4H pentanoyl 2 xCH2)
FA B -M S 314 (17%) = [ester of MNOBA]+;

161 (74%) = [C6H5(CH2)4C=0]+; 92 (100%) = [C6H5CH3]+ 
M olecular W eight 196.68
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Synthesis of l-(5 -p h en y lp en tan o y l)p y rro lid in e  

(FL483B, com pound  193)

A solution of pyrrolidine (7 g, 0.1 mol) in diethyl ether (10 ml) was cooled to 0 °C in an 
ice bath and stirred while 5-phenyl pentanoyl chloride (2 g, 10 mmol) was added 

dropwise. After addition was complete, the mixture was stirred at room temperature for a 

further 30 minutes. The solution was then diluted with 20 ml diethyl ether, the excess 

pyrrolidine was extracted with 3x20 ml dilute hydrochloric acid and the organic phase 

was dried over magnesium sulfate and concentrated under reduced pressure to give an 
orange oil (1.7 g, 74%).

H P L C  (A/B = 40:60) Rt = 20.57 min, 94%
N M R  (CDCI3): 7.27 (m, 2H, phenyl); 7.19 (m, 3H, phenyl); 3.42 (br,

4H, 2xCH? pyrrolidine, C2 and C5); 2.67 (t 7.2 Hz, 2H, 

CH2-C6H5); 2.31 (t 7.0 Hz, 2H, CH2-C=0 ); 1.89 (br, 4H,
2 xCH2 pyrrolidine, C3 and C4); 1.70 (m, 4H pentanoyl 2 xCH2) 

FA B -M S 232 (100%) = [M+H]+; 91 (14%) = [tropylium]+;

70 (22%) = [pyrrolidine]^
M olecular W eight 231.34

Synthesis of 5 -b rom ovalery l chloride (FL865, com pound 194)

To 2.8 g (23 mmol) of freshly distilled thionyl chloride stirred at room temperature was 

added 5-bromovaleric acid (1.81 g, 10 mmol) and the mixture was stirred and heated to 

reflux for three hours. The excess thionyl chloride was then distilled off and the residue 

further concentrated under vacuum to give the product as an orange oil (1.85 g, 9 3 %).

N M R  (CDCI3): 3.42 (t 6.1 Hz, 2H, CH2-Br); 2.95 (t 6 .8  Hz, 2H,

CH2-C=0 ); 1.90 (m, 4H, 2 xCH2)
FA B -M S 318 (4%, SlBr) and 316 (5%, 79Br) = [ester of MNOBAJ+;

165 (74%, SlBr) and 163 (17%, 79Rr) = [Br(CH2)4C=0 ]+;

136 (100%) = [N02C6H4CH21+
M olecular W eight 199.49

Synthesis of 5-bromopentanoic acid phenylamide
(FL873, compound 195)
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A solution of aniline (900 mg, 9.7 mmol) in diethyl ether (20 ml) was stirred and cooled 

to 0 °C. A solution of 5-bromovaleryl chloride (900 mg, 4.5 mmol) in diethyl ether (10 

ml) was added dropwise over 10 minutes and the mixture was stirred at 0 °C for a further 

20 minutes. A 2N HCl solution was cautiously added and the organic layer decanted off. 

The aqueous layer was extracted with diethyl ether and the combined organic solutions 

were dried over magnesium sulfate and concentrated under reduced pressure to give a 

yellow solid (800 mg, 69%).

m p 94-96 °C

N M R  (CDCI3): 7.50 (m, 2H, phenyl); 7.44 (br, IH, NH); 7.32 (m, 2H,
phenyl); 7.11 (m, IH, phenyl); 3.43 (t 6.2 Hz, 2H, CH2-Br);

2.39 (t 7.0 Hz, 2H, CH2-CO); 1.90 (m, 4H, 2 xCH2)
E S -M S  258 (22%) = [M+H]+ (S^Br); 256 (21%) = [M+H]+ (^^Br);

176 (100%) = loss ofHBr; 120 (30%) = [C6H5NHCO]+ 
M olecular W eight 256.14

Synthesis of 5-hrom opentanoic acid N -m ethy lphenylam ide 
(FL869, com pound 196)

A solution of N-methylaniline (970 mg, 9 mmol) in diethyl ether (20 ml) was stirred and 
cooled to 0 °C. A solution of 5-bromovaleryl chloride (900 mg, 4.5 mmol) in diethyl 

ether (10 ml) was added dropwise over 10 minutes and the mixture was stirred at 0 °C for 
a further 20 minutes. A 2N HCl solution was cautiously added and the organic layer 
decanted off. The aqueous layer was extracted with diethyl ether and the combined 
organic solutions were dried over magnesium sulfate and concentrated under reduced 
pressure to give an orange oil (1.05 g, 8 6 %).

N M R  (CDCI3): 7.44 (m, 2H, phenyl); 7.36 (m, IH, phenyl); 7.19 (m,

2H, phenyl); 3.33 (t 6 .6  Hz, 2H, CH2-Br); 3.28 (s, 3H, CH3-N);

2.11 (t 7.0 Hz, 2H, CH2-CO); 1.76 (m, 4H, 2 xCH2)
FA B -M S 272 (97%) = [M+HJ+ (S^Br); 270 (100%) = [M+HJ+ (^^Br);

190 (27%) = loss OfHBr; 134 (10%) = [C6H5NCH3COJ+ 
M olecular W eight 270,17

Synthesis of 4 -benzyloxy-l-b rom obutane (FL585, com pound  197)

A suspension of sodium hydride (60% in mineral oil, 800 mg, 20 mmol) in dry THF (30 

ml) was vigorously stirred at room temperature while a solution of benzyl alcohol ( 1.08
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g, 10 mmol) in THF (10 ml) was added dropwise. After two hours, a solution of 1,4- 
dibromobutane (5.4 g, 25 mmol) in THF (10 ml) was added and the mixture was 

subsequently stirred and heated under reflux for 48 hours. After cooling, the suspension 

is filtered and the solvent removed under reduced pressure. The crude product was 

purified by column chromatography on silica gel eluting first with a 1:1 mixture of 

petroleum sprits 60-80 °C and chloroform, then with chloroform to give a colourless 
liquid (640 mg, 26%).

N M R  (CDCI3): 7.35 (m, 5H, phenyl); 4.52 (s, 2H, benzyl CH?);

3.52 (t 6.2 Hz, 2H, butyl CH2-O); 3.45 (t 6.7 Hz, 2H, butyl 

CHi-Br); 1.99 (m, 2 H, butyl CH2); 1.77 (m, 2 H, butyl CH2) 
FA B -M S 245 (8 %) = [M+H]+ (SlBr); 243 (13%) = [M+H]+

137 (23%) = [Br-(CH2)4]+ (^^Br);
135 (15%) = [Br-(CH2)4]+ (^^Br); 91 ( 1 0 0 %) = [tropylium]+ 

M olecular W eight 243.15

Synthesis of 5 -benzy loxy-l-b rom open tane  (FL579, com pound  198)

A suspension of sodium hydride (60% in mineral oil, 800 mg, 20 mmol) in dry THF (30 
ml) was vigorously stirred at room temperature while a solution of benzyl alcohol ( 1.08 
g, 10 mmol) in THF (10 ml) was added dropwise. After two hours, a solution of 1,5- 
dibromopentane (5.75 g, 25 mmol) in THF (10 ml) was added and the mixture was 

subsequently stirred and heated under reflux for 48 hours. After cooling, the suspension 

is filtered and the solvent removed under reduced pressure. The crude product was 

purified by column chromatography on silica gel eluting with chloroform to give a pale 
yellow liquid (1.5 g, 58%).

N M R  (CDCI3): 7.34 (m, 5H, phenyl); 4.52 (s, 2H, benzyl CH2);

3.49 (m, 2H, pentyl CH?-0); 3.42 (m, 2H, pentyl CH?-Br);

1.91 (br, 2H, pentyl CH?); 1.69 to 1.54 (m, 4H, pentyl 2 xCH2) 
FA B -M S 259 (8 %) = [M+H]+ (SlBr) ; 257 (15%) = [M+H]+ (79Br);

91 (100%) = [tropylium]'*'
M olecular W eight 257.17

Synthesis of l-bromo-2-(2-phenoxyethoxy)ethane
(FL637, compound 199)
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A suspension of 2-bromoethyl ether (4.74 g, 20 mmol), phenol (945 mg, 10 mmol) and 
water (30 ml) was stirred and heated under reflux. A solution of sodium hydroxide (600 

mg, 15 mmol) in water (1 0  ml) was added dropwise and the mixture was then stirred and 

heated under reflux for three hours. After cooling, the organic layer was extracted with 

chloroform (3 x 20 ml) and the combined extracts washed with water (20 ml) and dried 

over magnesium sulfate. After removal of the solvent under reduced pressure, the oily 

residue was distilled under reduced pressure (oil pump) to give the product as a 
colourless oil (1.5 g, 61%).

bp  132-142 °C /lT o rr
N M R (CDCI3): 7.30 (m, 2H, phenyl); 6.95 (m, 3H, phenyl);

4.15 (t 4.8 Hz, 2H, CH2-O); 3.90 (t 6.3 Hz, 2H,

Br-CH2CH2-0 ); 3.89 (t 4.8 Hz, 2H, CH2-O);
3.51 (t 6.3 Hz, 2H, CH2-Br)

M olecular W eight 245.12

Synthesis of l-(2 -h y d ro x y e th y l)p y rro lid in e  (FL651, com pound 200)

A mixture of pyrrolidine (2 g, 28 mmol), 2-chloroethanol (2.25 g, 28 mmol) and sodium 

carbonate (3 g, 28 mmol) in toluene (50 ml) was stirred and heated under reflux for 16 
hours. After cooling, the suspension was filtered and the solvent removed under reduced 

pressure. The crude product was distilled under reduced pressure (water pump) to give a 
colourless liquid (1.56 g, 48%).

hp  90-94 °C /20 Torr

N M R (CDCI3): 3.63 (t 5.5 Hz, 2H, CH2-O); 3.27 (hr, IH, OH);
2.63 (t 5.5 Hz, 2H, CH9-N): 2.54 (m, 4H, pyrrolidine 

2xCH?-N); 1.77 (m, 4H, pyrrolidine 2xCH?)
ES -M S 116 (100%) = [M+H]+; 98 (1%) = loss of water
M olecular W eight 115.17

Synthesis of l-h ro m o -4 -p h en o x y p en tan e  an d  4 -h ro m o -l-p h en o x y p en tan e  
(FL543, com pound 201)

A suspension of 1,4-dibromopentane (9.8 g, 43 mmol), phenol (2 g, 21 mmol) and water 

(30 ml) was stirred and heated under reflux. A solution of sodium hydroxide (1 g, 25 

mmol) in water (2 0  ml) was added dropwise and the mixture was then stirred and heated 
under reflux for three hours. After cooling, the organic layer was extracted with
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chloroform (3 x 20 ml) and the combined extracts washed with water (20 ml) and dried 

over magnesium sulfate. After removal of the solvent under reduced pressure, the oily 

residue was distilled under reduced pressure (oil pump) to give the mixture of products as 
a pale yellow oil (1.68 g, 33%).

b p  142-146 °C/1 Toit

N M R  (CDCI3); 7.27 (m, 2x2H, phenyl); 6.90 (m, 2x3H, phenyl);

4.40 (m, IH CH-0); 4.20 (m, IH, CH-Br); 4.00 (m, 2H,

CH2-O); 3.46 (t 6.7 Hz, 2H, CHi-Br); 2.03 (m, 2x4H, 

pentyl 2 xCH2); 1.76 (d 6.7 Hz, 3H, CHgCH-Br);
1.32 (d 6.1 Hz, 3H, CH3CH-O)

F A B -M S 245 (8 %) = [M+HJ+ (8%Br); 244 (20%) = [M]+ (8 'Br);
243 (12%) = [M+H1+ (79Br); 242 (22%) = [M]+ (7^Br);

149 (31%) and 151 (25%) = loss of phenol;
77 (100%) = [C6H5I+

M olecu lar W eight 243.15

S yn thesis  of 6 -h ro m o -l-p h en y l-l-h ex y n e  (FL623A , com pound 202)

To a butyl lithium solution (2.5M) in hexane (4 ml, 10 mmol) stirred under nitrogen was 
added dropwise a solution of phenylacetylene (1.23 g, 12 mmol) in dry THF (30 ml). 
The mixture was stirred and heated to a gentle reflux for 30 minutes until no more butane 
was released. A solution of 1,4-dibromobutane (3 g, 14 mmol) in THF (10 ml) was 

added and the mixture was stirred and heated under reflux for 16 hours. After cooling, 

water (1 ml) was added cautiously, then the solution was dried over magnesium sulfate 

and the solvent removed under reduced pressure. The crude product was distilled under 
reduced pressure (oil pump) to give a colourless liquid (1.1 g, 46%).

h p  134-140 °C/ 1 Torr

N M R  (CDCI3): 7.40 (m, 2H, phenyl); 7.29 (m, 3H, phenyl);
3.49 (t 6.7 Hz, 2H, CH2-Br); 2.47 (t 6.9 Hz, 2H, % - € = € ) ;

2.05 (m, 2H, Br-CH2CH2); 1.78 (m, 2H, C=C-CH2CH2) 

F A B -M S  239 (10%) = [M+H]+(SlBr); 238 (18%) = [M]+(8 ‘Br);

237 (17%) = [M+H]+ (79Br); 236 (17%) = [M]+ (79Br);
157 (37%) = loss of HBr; 129 (61%) = loss of bromoethane;

115 (100%) = loss of bromopropane; 91 (84%) = [tropylium]+ 
M olecu lar W eight 237.14
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S ynthesis o f (5 -b ro m o p en ty l)-tr ip h en y lp h o sp h o n iu m  b rom ide  
(FL659, com pound 203)

A solution of 1,5-dibromopentane (4.6 g, 20 mmol) and triphenylphosphine (5.25 g, 20 

mmol) in 2-butanone (30 ml) was stirred and heated under reflux for 15 hours. After 

cooling, the solvent was removed under reduced pressure and diethyl ether added (30 

ml). The product precipitated as a white solid (9.85 g, 100%).

N M R  (CDCI3): 7.87 to 7.36 (m, 15H, triphenyl); 3.86 (m, 2H, CH2-P);

3.34 (m, 2H, CH2-Br); 1.88 (m, 4H, 2 xCH2);
1.67 (m, 2H, CH2)

M olecular W eight 492.24

Synthesis o f 6 -b ro m o -l-p h en y lh ex -l-en e  (FL663A , com pound 204)

A mixture of (5-bromopentyl)-triphenylphosphonium bromide (7.38 g, 15 mmol), 
benzaldehyde (1 g, 25 mmol) and powdered sodium hydroxide (1.6 g, 15 mmol) in water 

(1 ml) and dichloromethane (40 ml) was stirred and heated under reflux for 15 hours. 
After cooling, the mixture was filtered, and the solvent removed under reduced pressure. 
The crude product was purified by column chromatography on silica gel, eluting with a 
2:1 mixture o f petroleum ether 60-80 °C and diethyl ether. A second column 

chromatography eluting with petroleum ether 60-80 °C afforded the product as a clear oil 
(980 mg, 27%).

N M R  (CDCI3): 7.36 (m, 2x5H, phenyl); 6.48 (d 11.6 Hz, IH,

Ph-CH=CH cis); 6.43 (d 15.8 Hz, IH, Ph-CH=CH trans);

6.23 (dt 15.8-6.9 Hz, IH, Ph-CH=CH trans); 5.67 (dt

11.6-7.2 Hz, IH, Ph-CH=CH cis); 3.47 (t 6 .8  Hz, 2H, CH2-Br 

cis or trans); 3.42 (t 6 .8  Hz, 2H, CH2-Br cis or trans);

2.39 (ddt 7.4-7.2-1.3 Hz, 2H, CH2-CH=CH cis);
2.28 (ddt 7.2-6.9-1.8 Hz, 2H, CH2-CH=CH trans);
1.95 (m, 2x2H, CH9-CH?-Br cis + trans);

1.67 (m, 2x2H, CH? cis + trans)

F A B -M S 241 (9%) = [M+H]+ (SlBr); 240 (12%) = [M]+ (S^Br);

239 (15%) = [M-t-H]+(79Br); 238 (11%) = [M]+ (^^Br);

117 (81%) = loss of bromopropane; 91 (100%) = [tropylium]+ 
M olecu lar W eight 239.15
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Synthesis o f 6 -b ro m o -l-p h en y l-l-h ex an o n e  (FL757, com pound  205)

A mixture of 6 -bromohexanoyl chloride (1.6 g, 7.5 mmol) and aluminium chloride (1.2 

g, 9 mmol) in dry dichloromethane (30 ml) was stirred and cooled to 0 °C. A solution of 

benzene (800 mg, 10 mmol) in dry dichloromethane (1 0  ml) was added dropwise and the 

mixture was stirred at room temperature for 30 minutes. After cooling again to 0 °C, cold 
water (1 0  ml) was added with vigorous stirring, followed by a few drops of hydrochloric 
acid. The organic layer was collected, washed with aqueous sodium carbonate and with 

water, dried over magnesium sulfate, and concentrated under reduced pressure. The 

crude product was distilled under reduced pressure to give a liquid that solidifies to a 
white wax on cooling.

b p  180-190 ° C /1 Torr

N M R  (CDCI3): 7.96 (m, 2H, phenyl ortho); 7.57 (m, IH, phenyl para);
7.47 (m, 2H, phenyl meta); 3.44 (t 6 .8  Hz, 2H, CH2-Br);

3.00 (t 7.3 Hz, 2H, CH2-CO); 1.91 (m, 2H, CH2); 1.78 (m, 2H, 
CH2); 1.54 (m, 2 H, CH2 )

FA B -M S 257 (100%) = [M+H]+ (SlBr); 255 (99%) = [M+HJ+ (7%r);

175 (11%) = [C6H5C0(CH2)5]+; 105 (91%) = [C6H5CO]+ 
M olecular W eight 255.15

Synthesis of 3-phenoxyphenylacety l ch loride  
(FL945, com pound 206)

A mixture of 3-phenoxyphenylacetic acid (500 mg, 2.2 mmol) and freshly distilled 

thionyl chloride (500 mg, 4.2 mmol) was stirred and heated under reflux for 3 hours. The 

excess thionyl chloride was then removed by distillation under reduced pressure. A 
yellow oil was obtained (540 mg, 100%).

N M R  (CDCI3): 7.37 (m, 3H, phenyl); 7.15 (m, IH, phenyl);

7.05 (m, 4H, phenyl); 6.93 (m, IH, phenyl);
4.12 (s, 2H, CH2-CO)

E S -M S  183 (100%) = [C6H50C6H4CH21+
M olecular W eight 246.49

Synthesis of l-(3-phenoxyphenylacetyl)pyrrolidine
(FL949A, compound 207)
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A solution of pyrrolidine (500 mg, 7 mmol) in diethyl ether (20 ml) was stirred and 

cooled to 0 °C. A solution of 3-phenoxyphenylacetyl chloride (500 mg, 2 mmol) in 

diethyl ether (1 0  ml) was added dropwise and the mixture was subsequently stirred at 

room temperature for 20 minutes. The precipitate was filtered off and the filtrate 

concentrated under reduced pressure to leave a yellow oil (566 mg, 99%).

N M R  (CDCI3): 7.33 (m, 3H, phenyl); 7.20 (m, 6 H, phenyl);
3.63 (s, 2H, CH2-CO); 3.48 (t 6.9 Hz, 2H, pyrrolidine CH 2-N);

3.42 (t 6.7 Hz, 2H, pyrrolidine CH2-N); 1.92 (m, 2H, pyrrolidine 

CH?); 1.84 (m, 2H, pyrrolidine CH?)
E S -M S  585 (18%) = [2M+Na]+; 563 (6 %) = [2M-t-H]+;

304 (12%) = [M+Na]+; 282 (100%) = [M+H]+
M olecu lar W eight 281.35

S yn th esis  of 2 -(4 -to ly lsu lfony l)d ihyd ro iso indo le  
(FL439, com pound 208)

A mixture of para-toluene sulfonamide (17 g, 0.1 mol) in a sodium methoxide solution 
made of sodium (5 g, 0.22 mol) in 220 ml methanol was added over 40 minutes to a 
refluxing solution of a,a'-dibromo-ortho-xylene (26.4 g, 0.1 mol) in 150 ml absolute 

ethanol. The orange solution turned to a yellow suspension in the course of the addition. 
The mixture was then stirred and heated to reflux for a further two hours. After cooling to 
room temperature, 100  ml water was added and the mixture neutralised with glacial acetic 
acid. The flask was kept at room temperature overnight and the white precipitate filtered 
off (6  g, 2 2 %).

m p 174-175 °C

N M R  (CDCI3): 7.77 (m, 2 H, tolyl); 7.31 (m, 2H, tolyl); 7.22 (m,

2H, isoindoline); 7.18 (m, 2H, isoindoline); 4.63 (s, 4H,

2 xCH2); 2.41 (s, 3H, tolyl CH3)
F A B -M S  274 (100%) = [M+H]+; 118 (37%) = [isoindoline]+;

91 (23%) = [tropylium]+
M olecu lar W eight 273.35

S ynthesis  of d ihydro iso indo le  (isoindoline) (FL489, com pound 209)

In a flask kept under a nitrogen atmosphere was placed 2-(4-tolylsulfonyl)- 
dihydroisoindole (2.7 g, 9.8 mmol) and phenol (2,7 g, 29 mmol) in 24 ml hydrobromic
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acid (48%) and 4 ml propionic acid. The mixture was stirred and heated under reflux for 

two hours. After cooling to room temperature, the dark solution was washed with diethyl 

ether (3x50 ml), then the solution was added dropwise to a vigorously stirred ice-cold 

solution of sodium hydroxide (19 g, 25 mmol) in 50 ml water. The free base was then 
extracted with diethyl ether (4x40 ml) and the combined extracts dried over magnesium 

sulfate and concentrated under reduced pressure. The brown residue was distilled under 

reduced pressure to give a clear oil (660 mg, 56%).

b p  61-62 ° C /1 Torr

N M R  (CDCI3): 7.25 (m, 2H); 7.21 (m, 2H); 4.22 (s, 4H, 2x CH 2);
2.51 (s, IH, NH)

FA B -M S 120 (100%) = [M+H]+; 91 (5%) = [tropylium]+
M olecu lar W eight 119.17

S yn thesis of l-b rom o-2-(4 -cyanophenoxy)ethane  
(FL991, com pound 210)

A suspension of 1,2-dibromoethane (3 g, 16 mmol), 4-hydroxybenzonitrile (1.2 g, 10 
mmol) and water (20 ml) was stirred and heated under reflux. A solution of sodium 
hydroxide (0.5 g, 12.5 mmol) in water (10 ml) was added dropwise and the mixture was 
then stirred and heated under reflux for four hours. After cooling, the organic layer was 
extracted with chloroform (3 x 20 ml) and the combined extracts dried over magnesium 

sulfate. After removal of the solvent under reduced pressure, the oily residue was 

crystallised from absolute ethanol to give a white solid (805 mg, 35%).

m p 53-55 °C

N M R  (CDCI3): 7.61 (m, 2H, phenyl); 6.97 (m, 2H, phenyl);
4.35 (t 6.1 Hz, 2H, CH2-O); 3.67 (t 6.1 Hz, 2H, CH2 -Br) 

A P C I-M S  228 (100%) = [M+H]+ «iRr; 226 (96%) = [M+HJ+

132 (2 0 %) = [NCC6H4 0 CH21+
M olecu lar W eight 226.07

Syn thesis  of l-b rom o-3 -(4 -cyanophenoxy)p ropane  
(FL995B , com pound 211)

A suspension of 1,3-dibromopropane (6  g, 30 mmol), 4-hydroxybenzonitrile (1.67 g, 14 

mmol) and water (20 ml) was stirred and heated under reflux. A solution of sodium 

hydroxide (0 .8  g, 2 0  mmol) in water (1 0  ml) was added dropwise and the mixture was
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then stirred and heated under reflux for four hours. After cooling, the organic layer was 

extracted with chloroform (3 x 20 ml) and the combined extracts dried over magnesium 

sulfate. After removal of the solvent under reduced pressure, the oily residue was 

dissolved in ethyl acetate. A solid formed on cooling and was discarded. To the residue 

was added petroleum ether 60-80 °C. A white solid formed on cooling (1.715 g, 51%).

m p 33-35 °C

N M R (CDCI3): 7.59 (m, 2H, phenyl); 6.96 (m, 2H, phenyl);
4.17 (t 5.8 Hz, 2H, propyl CH2-O); 3.61 (t 6.3 Hz, 2H, 

propyl CH?-Br); 2.35 (m, 2 H, propyl CH?)
A PC I-M S 242 (100%) = [M+HJ+ Slgr; 240 (94%) = [M+H]+ 79bf

M olecular W eight 240.10

Synthesis of l-b ro m o -4 -(4 -cy an o p h en o x y )b u tan e  
(FLIOOIA, com pound 212)

A suspension of 1,4-dibromobutane (4.3 g, 20 mmol), 4-hydroxybenzonitrile (1.2 g, 10 

mmol) and water (20 ml) was stirred and heated under reflux. A solution of sodium 
hydroxide (0.5 g, 12.5 mmol) in water (10 ml) was added dropwise and the mixture was 
then stirred and heated under reflux for four hours. After cooling, the organic layer was 
extracted with chloroform (3 x 20 ml) and the combined extracts dried over magnesium 
sulfate. After removal of the solvent under reduced pressure, the oily residue was 
dissolved in ethyl acetate. A solid formed on cooling and was discarded. To the residue 
was added petroleum ether 60-80 °C. A beige solid formed on cooling (1.12 g, 44%).

m p 44-45 °C

N M R (CDCI3): 7.57 (m, 2H, phenyl); 6.93 (m, 2H, phenyl);

4.04 (t 5.6 Hz, 2H, CH2-O); 3.49 (t 6.5 Hz, 2H, CH2-Br);
2.06 (m, 4H, butyl 2xCH?)

A PC I-M S 256 (28%) = [M+HJ+ SlBr; 254 (26%) = [M+HJ+ 79Br;

174 (100%) = loss of HBr 
M olecular W eight 254.13

S ynthesis of l-b ro m o -6 -(4 -cy an o p h en o x y )h ex an e  
(FL1005A, com pound 213)

A suspension of 1,6 -dibromohexane (6.1 g, 25 mmol), 4-hydroxybenzonitrile (1.2 g, 10 

mmol) and water (20 ml) was stirred and heated under reflux. A solution of sodium
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hydroxide (0.5 g, 12.5 mmol) in water (10 ml) was added dropwise and the mixture was 

then stirred and heated under reflux for four hours. After cooling, the organic layer was 
extracted with chloroform (3 x 20 ml) and the combined extracts dried over magnesium 
sulfate. After removal of the solvent under reduced pressure, the oily residue was 

dissolved in ethyl acetate. A solid formed on cooling and was discarded. To the residue 

was added petroleum ether 60-80 °C. A white solid formed on cooling (1.9 g, 67%).

m p 40-43 °C

N M R  (CDCI3): 7.59 (m, 2 H, phenyl); 6.95 (m, 2H, phenyl); 4.02 (t 6.4

Hz, 2H, hexyl CH2-O); 3.45 (t 6.7 Hz, 2H, hexyl CHa-Br);

1.85 (m, 4H, hexyl 2 xCH9); 1.54 (m, 4H, hexyl 2 xCH2) 
FA B -M S 284 (98%) = [M+H]+ S^Br; 282 (100%) = [M+H]+

202 (12%) = loss of HBr 
M olecular W eight 282.18

Synthesis of l-(3 -h y d ro x y p ro p y l)p ip e rid in e  (FL1125B, com pound  214)

A solution of 3-chloropropan-l-ol (9.45 g, 100 mmol) and piperidine (17.3 g, 200 
mmol) in absolute ethanol (150 ml) was stirred and heated under reflux for 24 hours. 
After cooling, the solvent was removed under reduced pressure and the residue was 

diluted with water (50 ml). Sodium hydroxide (4 g, 100 mmol) was added portionwise 
and the base was extracted with ethyl acetate (3 x 50 ml), the combined extracts dried 

over magnesium sulfate, and the solvent removed under reduced pressure. The residual 

yellow oil was distilled under reduced pressure to give a colourless oil (11.9 g, 83%).

bp  104-106 °C/20 Torr

N M R (CDCI3): 5.40 (br, IH, OH); 3.74 (t 5.2 Hz, 2H, propyl CH2-O);
2.51 (t 7.8 Hz, 2H, propyl CH2-N); 2.40 (br, 4H, 2 xCH2 

piperidine C2 and C6 ); 1.65 (m, 2H, propyl central CH7 );

1.53 (m, 4H, 2 xCH2 piperidine C3 and C5);
1.39 (br, 2H, CH2 piperidine C4)

A PC I-M S 144 (100%) = [M+HJ+
M olecular W eight 143.23

Synthesis of 4 -hyd roxyhu ty rophenone  (F L 118IA , com pound 215)

A mixture of butyryl chloride (800 mg, 7.5 mmol) and aluminium chloride (1.6 g, 12 

mmol) in dry dichloromethane (40 ml) was stirred and cooled to 0 °C. A solution of
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phenol (700 mg, 7.5 mmol) in dry dichloromethane (20 ml) was added dropwise and the 

mixture was stirred at 0°C for 3 hours. After cooling again to 0 °C, cold water (10 ml) 

was added with vigorous stirring, followed by a few drops of hydrochloric acid. The 

organic layer was collected, dried over magnesium sulfate, and concentrated under 

reduced pressure. The crude product was purified by column chromatography on silica 

gel eluting with a mixture of 50% petroleum ether 60-80 °C and 50% diethyl ether. After 
concentration, the product was obtained as an off-white solid (150 mg, 12%).

m p 92-93 °C
N M R (CDCI3): 7.93 (m, 2H, phenyl); 6.92 (m, 2H, phenyl);

6.31 (br, IH, OH); 2.92 (t 7.4 Hz, 2H, CH2CO);

1.77 (m, 2H, CH? butyryl); 1.01 (t 7.4 Hz, 3H, CH3 butyryl) 

A PC I-M S 165 (100%) = [M+H]+; 123 (6 %) = loss of propene
M olecular W eight 164.20

Synthesis of 4 '-h y d roxy isobu ty rophenone  (FL1141B, co m pound  216)

A mixture of isobutyryl chloride (852 mg, 8 mmol) and aluminium chloride (2 g, 15 
mmol) in dry dichloromethane (40 ml) was stirred and cooled to 0 °C. A solution of 

phenol (750 mg, 8 mmol) in dry dichloromethane (20 ml) was added dropwise and the 

mixture was stirred and heated under reflux for 2 and a half hours. After cooling again to 
0 °C, cold water (10 ml) was added with vigorous stirring, followed by a few drops of 
hydrochloric acid. The organic layer was collected, dried over magnesium sulfate, and 

concentrated under reduced pressure. The crude product was purified by column 
chromatography on silica gel eluting with a mixture of 2/3 petroleum ether 60-80 °C and 

1/3 diethyl ether. After concentration, the product was obtained as a yellow oil (325 mg, 
25%).

N M R (CDCI3): 7.92 (m, 2H, phenyl); 6.92 (m, 2H, phenyl);
3.53 (sept 6.9 Hz, IH, isobutyryl CH);

1.22 (d 6.9 Hz, 6 H, 2 xCH3 isobutyryl)
A PC I-M S 165 (100%) = [M+H]+; 147 (7%) = loss of water
M olecular W eight 164.20

Synthesis of 4 -cyclopropanecarbonylphenol (FL1185A , co m pound  217)

A mixture of cyclopropane carbonyl chloride (800 mg, 7.6 mmol) and aluminium 

chloride (1.6 g, 12 mmol) in dry dichloromethane (40 ml) was stirred and cooled to 0 °C.
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A solution of phenol (700 mg, 7.5 mmol) in dry dichloromethane (20 ml) was added 

dropwise and the mixture was stirred and heated under reflux for 4 hours. After cooling 

again to 0 °C, cold water (10 ml) was added with vigorous stirring, followed by a few 
drops of hydrochloric acid. The organic layer was collected, dried over magnesium 

sulfate, and concentrated under reduced pressure. The crude product was purified by 

column chromatography on silica gel eluting with a mixture of 50% petroleum ether 60- 
80 °C and 50% diethyl ether. After concentration, the product was obtained as a yellow 
solid (270 mg, 22%).

m p 99-102 °C

N M R  (CDCI3); 8.01 (m, 2H, phenyl); 6.96 (m, 2H, phenyl);
5.4 (br, IH, phenol OH); 2.70 (m, IH, cyclopropane CH);
1.28 (m, 2H, cyclopropane); 1.08 (m, 2H, cyclopropane) 

A P C I-M S  163 (95%) = [M+H]+; 121 (100%) = loss of cyclopropane
M olecular W eight 162.19

Synthesis o f 4'-(3-brom opropoxy)acetophenone  
(FLI129C , com pound 218)

A mixture of 1,3-dibromopropane (6  g, 30 mmol) and potassium carbonate (2.76 g, 20 
mmol) in acetone (30 ml) was stirred and heated under reflux. A solution of 4'- 
hydroxyacetophenone (2.72 g, 20 mmol) in acetone (20 ml) was added dropwise and the 
mixture was stirred and heated under reflux for 5 hours. The suspension was filtered hot 

and the solvent removed under reduced pressure to leave an orange oil. The oil was 

purified by column chromatography on silica gel eluting first with petroleum ether 60-80 

°C then with diethyl ether. Removal of the solvent gave a colourless oil (3.1 g, 60%).

N M R  (CDCI3): 7.93 (m, 2H, phenyl); 6.93 (m, 2H, phenyl);
4.17 (t 5.8 Hz, 2H, propyl CH2-O); 3.60 (t 6.4 Hz, 2H, propyl 

CH2-Br); 2.56 (s, 3H, CH3-CO);

2.55 (m, 2H, propyl central CH2)

A P C I-M S 259 (99%) = [M+H]+ (SlBr); 257 (100%) = [M+H]+ (^^Br);
177 (46%) = loss of HBr 

M olecu lar W eight 257.13

Synthesis of 4'-(3-hydroxy-2-(R )-m ethylpropoxy)acetophenone  
(FL1217A, com pound 219)
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A mixture of 4’-hydroxyacetophenone (178 mg, 1.3 mmol), 3-bromo-2-(R)-methyl-l- 
propanol (200 mg, 1.3 mmol) and potassium carbonate (240 mg, 1.7 mmol) in acetone 

(20 ml) was stirred and heated under reflux for 24 hours. The suspension was filtered hot 

and the solvent removed under reduced pressure to leave an oil that was purified by 

column chromatography on silica gel eluting with a mixture of 2/3 diethyl ether and 1/3 

petroleum ether 60-80 °C. After concentration, a colourless oil was obtained (150 mg, 

55%).

N M R  (CDCI3): 7.91 (m, 2H, phenyl); 6.92 (m, 2H, phenyl);

4.01 (m, 2H, propyl CH?-OPh); 3.71 (br, 2H, propyl CH2-OH);

2.54 (s, 3H, acetyl CH3); 2.21 (m, IH, propyl CH-CH3);
2.10 (br, IH, OH); 1.06 (d 6.9 Hz, 3H, CH3-CH)

F A B -M S  209 (100%) = [M+H]+; 121 (32%) = loss of 2-methylpropanediol
M olecu lar W eight 208.26

S y n th es is  o f 4 ’-(3 -h y d ro x y -2 -(S )-m eth y lp ro p o x y )ace to p h en o n e  
(FL1271A , com p o u n d  220)

A mixture of 4'-hydroxyacetophenone (380 mg, 2.8 mmol), 3-bromo-2-(S)-methyl-l- 
propanol (400 mg, 2.6 mmol) and potassium carbonate (500 mg, 3.6 mmol) in acetone 
(20 ml) was stirred and heated under reflux for 24 hours. After cooling, the solvent was 
removed under reduced pressure and the residue taken up in aqueous sodium hydroxide. 

The oil was extracted with dichloromethane (3 x 1 0  ml), the combined extracts were dried 

over magnesium sulfate, and the solvent removed under reduced pressure. The residual 

oil was purified by column chromatography on silica gel eluting with a 1:1 mixture of 
diethyl ether and petroleum ether 60-80 °C. After concentration, a colourless oil was 
obtained (240 mg, 44%).

N M R  (CDCI3): 7.91 (m, 2H, phenyl); 6.93 (m, 2H, phenyl);

4.01 (m, 2H, propyl CH2-0 Ph); 3.71 (br, 2H, propyl CH2-OH);
2.55 (s, 3H, acetyl CH3); 2.23 (m, IH, propyl CH-CH3);

2.09 (br, IH, OH); 1,06 (d 7.0 Hz, 3H, CH3-CH)

A P C I-M S  209 (100%) = [M+H]+; 137 (77%) = [acetophenone+H]+
M olecu lar W eight 208.26

S yn thesis  of 3 -(4 -acety Iphenoxy)-2 -(S )-m ethyIp ropy i p a ra - to lu e n e  
su lfo n a te  (FL1221A , com pound  221)
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A solution of 4'-(3-hydroxy-2-(R)-methyIpropoxy)acetophenone (150 mg, 0.72 mmol) 

in pyridine (5 ml) was stirred at 0 °C and para-toluene sulfonyl chloride (200 mg, 1 

mmol) was added portionwise. The mixture was subsequently placed in the refrigerator 

overnight. The solvent was then removed under reduced pressure and the residue purified 

by column chromatography on silica gel eluting with a mixture of 50% diethyl ether and 

50% petroleum ether 60-80 °C. After concentration, a colourless oil that crystallised to a 
white solid from absolute ethanol was obtained (215 mg, 83%).

N M R  (CDCI3): 7.91 (m, 2H, phenyl); 7.74 (m, 2 H, tosyl);
7.23 (m, 2H, tosyl); 6.79 (m, 2H, phenyl); 4 .11 (m, 2H, propyl 
CH?-QTs); 3.87 (m, 2H, propyl CH2-0 Ph); 2.57 (s, 3H, acetyl 
CH3); 2.38 (s, 3H, tosyl CH3); 2.33 (m, IH, propyl CH-CH3); 

1.07 (d 7.0 Hz, 3H, CH3-CH)
A P C I-M S  363 (100%) = [M+H]+; 191 (96%) = loss of paratoluene sulfonate

149 (77%) = [AcC6H40CH2]+
M olecu lar W eight 362.45

S yn thesis  o f 3 -(4-acety lphenoxy)-2 -(R )-m ethy lp ropy l p a ra - to lu e n e  
su lfo n a te  (FL1273, com pound  222)

A solution of 4'-(3-hydroxy-2-(S)-methylpropoxy)acetophenone (240 mg, 1.15 mmol) in 
pyridine (5 ml) was stirred at 0 °C and para-toluene sulfonyl chloride (300 mg, 1.57 

mmol) was added portionwise. The mixture was subsequently placed in the refrigerator 

overnight. The solvent was then removed under reduced pressure and the residue purified 
by column chromatography on silica gel eluting with a mixture of 50% diethyl ether and 
50% petroleum ether 60-80 °C. After concentration, a colourless oil was obtained (260 
mg, 62%).

N M R  (CDCI3): 7.88 (m, 2H, phenyl); 7.71 (m, 2H, tosyl);

7.21 (m, 2H, tosyl); 6.75 (m, 2H, phenyl); 4.07 (m, 2H, propyl 

CH2-OTS); 3.83 (m, 2H, propyl CH?-OPh); 2.53 (s, 3H, acetyl 
CH3); 2.34 (s, 3H, tosyl CH3); 2.30 (m, IH, propyl CH-CH3);

1.04 (d 7.0 Hz, 3H, CH3-CH)

A P C I-M S  363 (94%) = [M+H]+; 191 (100%) = loss of paratoluene sulfonate

149 (42%) = [AcC6H40CH2]+
M o lecu la r W eight 362.45

Synthesis of l-bromo-3-(3-trifluoromethylphenoxy)propane
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(FL1263B , com pound  223)

A mixture of 1,3-dibromopropane (6  g, 30 mmol) and potassium carbonate (3 g, 22 
mmol) in acetone (30 ml) was stirred and heated under reflux. A solution of a ,a ,a -  

trifluoro-m-cresol (3.24 g, 20 mmol) in acetone (20 ml) was added dropwise and the 

mixture was stirred and heated under reflux for 5 hours. The suspension was filtered hot 
and the solvent removed under reduced pressure to leave an oil. The oil was purified by 

column chromatography on silica gel eluting with a 2 :1  mixture of petroleum ether 60-80 

°C and diethyl ether. Removal of the solvent gave a colourless oil. A second purification 

by column chromatography on silica gel eluting with petroleum ether 60-80 °C afforded 

the pure product as a colourless oil (1.9 g, 34%).

N M R  (CDCI3): 7.38 (m, IH, phenyl); 7.20 (m, IH, phenyl);
7.12 (m, IH, phenyl); 7.05 (m, IH, phenyl); 4.13 (t 5.8 Hz,
2H, propyl CH2-O); 3.60 (t 6.4 Hz, 2H, propyl CH?-Br);
2.32 (m, 2H, propyl central CH2)

A P C I-M S  284 (15%) = [M+H]+ (SlRr); 282 (14%) = [M+HJ+ (79Br);
203 (53%) = loss of HBr; 41 (100%) = [CH2CH2CHJ+

M olecu lar W eight 283.09

S y n th esis  o f l- tr ip h en y lm eth y l-4 -[3 -(4 -io d o p h en o x y )p ro p y l]im id azo le  
(FL301E and  FL569, UCL 2038, com pound 224)

1 -triphenylmethyl-4-(3-hydroxypropyl)imidazole (1.5 g, 4.1 mmol) was dissolved in 30 

ml THF and placed in a three neck flask kept under nitrogen atmosphere. A solution of 

triphenylphosphine (1.6 g, 6.1 mmol) and 4-iodophenol (1.08 g, 4.9 mmol) in 5 ml THF 

was then added and the mixture stirred in an ice and salt bath. A solution of 

diisopropylazodicarboxylate (DIAD, 1.2 ml, 6.1 mmol) in 30 ml THF was then added 

dropwise over one hour. After addition was complete, the mixture was stirred at room 
temperature overnight. The mixture turned red. After 16 hours, the solution was 
concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel eluting with a solvent mixture containing 50% ethyl acetate 
and 50% petroleum ether 60-80 °C to give a white powder (980 mg, 42%).

m p 146-148 °C

N M R  (CDCI3): 7.50 (m, 2H, phenyl); 7.29 (m, lOH, 9H trityl and CH
Imidazole C2); 7.10 (m, 6 H, trityl); 6.59 (m, 2H, phenyl);
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6.52 (s, IH, CH Imidazole C5); 3.87 (t 5.2 Hz, 2H, CH2-O);

2.68 (m, 2H, CH?-Imidazole); 2.06 (m, 2H, propyl central CH?) 

FA B -M S (Nal)
593 (64%) = [M+Na]+; 243 (100%) = (C6Hs)3C+;

165 (23%) = loss of benzene from (C6H5)3C+
M olecular W eight 570.48

S ynthesis of 4 -[3 -(4 -iodophenoxy)propyl]im idazo le  h y d ro ch lo rid e  

(FL309C, FUB 285, UCL 1955-A, com pound  225)

The protected l-triphenylmethyl-4-[3-(4-iodophenoxy)propyl]imidazole was dissolved in 
40 ml THF and hydrochloric acid (2N, 20 ml) was added. The mixture was stirred and 

heated to 80 °C for 7 hours. After removal or the THF and concentration of the aqueous 

phase under reduced pressure, a precipitate was isolated. The triphenyl carbinol was 
removed by shaking the solid with hexane, then with chloroform to give a white solid 
(218 mg, 42%).

m p 175-176 °C
H P L C  (A/B = 50:50) Rt = 20.95 min, 100%
N M R  (D2O): 8.41 (s, IH, CH Imidazole C2); 7.52 (m, 2H, phenyl);

7.06 (s, IH, CH Imidazole C5); 6.63 (m, 2H, phenyl); 3.94 (t 5.9 

Hz, 2H, CH2-O); 2.76 (t 7.3 Hz, 2H, CH2-Imidazole);

1.99 (m, 2H, propyl central CH2)
IR  1245 (s, C -0  str)
FA B -M S 329 (100%) = [M+H]+;

109 (13%) = cyclisation with loss of phenol 
A n a ly sis  C 12H 13IN2O; HCl

calculated C: 39.53 H: 3.87 N: 7.68

found C: 39.47 H: 3.93 N: 7.50
M olecular W eight 364.62 
Base W eight 328.15

Synthesis of 3-phenoxypropylam ine oxalate  
(FL565C , UCL 2037-H, com pound 226)

A solution of l-bromo-3-phenoxypropane (300 mg, 1.4 mmol) in 10 ml absolute ethanol 

and aqueous ammonia (35% NH3 , 10 ml, 180 mmol) was stirred at room temperature for 

24 hours. The solvents were removed under reduced pressure and the residue was diluted
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with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 

10  ml), the combined extracts washed with water, dried over magnesium sulfate, and the 

solvent removed under reduced pressure. The residual oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was 

added. The precipitate was recrystallised from methanol to give a white crystalline solid 
(129 mg, 38%).

m p 164-166 °C
H P L C  (A/B = 70:30) Rt = 10.8 min, 100%
N M R  (DMSO dô): 7.30 (m, 2H, phenyl); 6.94 (m, 3H, phenyl);

4.04 (t 6 .1  Hz, 2H, propyl CH?-0); 3.19 (m, 2 H, propyl 

CH2-N); 2.77 (s, 6H, 2 XCH3-N); 2.11 (m, 2H, propyl CH2)
IR  708, 755 (s, phenyl C-H def); 1231 (s, C -0 str);

1603 (s, N-H def); 3069, 3382 (s, N-H str)
FA B -M S 152 (100%) = [M+H]+; 77 (40%) = [C6H5]+
A n a ly s is  C9H 13NO; C2H2O4

calculated C: 54.77 H: 6.27 N: 5.81
found C: 54.53 H: 6.32 N: 5.59

M olecu lar W eight 241.25 
B ase W eight 151.21

Syn thesis  of N ,N -d im ethy l(3-phenoxypropyl)am ine oxalate 
(FL563, UCL 2032-H, com pound 227)

A mixture of 1 -bromo-3-phenoxypropane (300 mg, 1.4 mmol) and dimethylamine (2M) 
in THF (10 ml, 20 mmol) was stirred at room temperature for 24 hours. The solvent was 

removed under reduced pressure and the residue was diluted with aqueous sodium 

hydroxide (10 ml). The base was extracted with diethyl ether (3 x 10 ml), the combined 

extracts washed with water, dried over magnesium sulfate, and the solvent removed 

under reduced pressure. The residual oil was dissolved in 2 ml absolute ethanol and a 

solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was added. The 
precipitate was recrystallised from absolute ethanol to give a white crystalline solid (274 
mg, 73%).

m p 138-139 °C

H P L C  (A/B = 60:40) Rt = 6.5 min, 99.7%

N M R  (DMSO de): 7.30 (m, 2H, phenyl); 6.94 (m, 3H, phenyl);

4.04 (t 6.1  Hz, 2 H, propyl CH9-O); 3.19 (m, 2 H, propyl
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IR

FA B -M S
A n a ly sis

CÜ2-N); 2.77 (s, 6H, 2 XCH3-N);

2 .1 1  (m, 2 H, propyl central CH2)
691, 709, 755 (s, phenyl C-H def); 1173 (s, C-N str); 
1255 (s, C -0  str)

180 (100%) = [M+HJ+; 136 (4%) = loss of dimethylamine 

C 11H 17NO; C2H 2 O4

calculated

found

M olecular W eight 269.30 

B ase W eight 179.26

C: 57.98 

C; 57.89

H: 7.11 

H: 6.96

N: 5.20 

N: 5.09

Synthesis of N -ethy l-N -m ethyl(3-phenoxypropyl)am ine oxalate  
(FL615A, U CL 2047-H , com pound 228)

A solution of l-bromo-3-phenoxypropane (320 mg, 1.5 mmol) and methylethylamine (1 
g, 17 mmol) in 5 ml absolute ethanol was stirred at room temperature for 72 hours. The 
solvent was removed under reduced pressure and the residue was diluted with aqueous 
sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 10 ml), the 

combined extracts washed with water, dried over magnesium sulfate, and the solvent 
removed under reduced pressure. The residual oil was dissolved in 2 ml absolute ethanol 
and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was added. 
The precipitate was recrystallised from methanol to give a white crystalline solid (260 mg, 
62%).

m p

H P L C
N M R

IR

FA B -M S

A n a ly sis

calculated
found

M olecular W eight 283.32 
Base W eight 193.29

112-113 °C

(A/B = 70:30) Rt = 14.46 min, 99.8%

(DMSO de): 7.30 (m, 2H, phenyl); 6.94 (m, 3H, phenyl);

4.04 (t 6  Hz, 2H, propyl CH?-0); 3.17 (m, 2H, propyl CH?-N);
3.13 (q 7.2 Hz, 2H, ethyl CH2-N); 2.74 (s, 3H, CH3-N);

2.10 (m, 2H, propyl CH2); 1.21 (t 7.2 Hz, 3H, ethyl CH3)

758 (s, phenyl C-H def); 1179 (m, C-N str); 1248 (s, C -0  str) 

194 (100%) = [M+H]+; 72 (14%) = [CH3, C2H5 NCH2]+ 
C 12H 19NO; C2H2O4

C: 59.35 H: 7.47 N: 4.94

C: 59.20 H: 7.50 N: 4.96
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Synthesis of N -ethyl-N -(3-phenoxypropyl)isopropylam ine picrate  

(FL629, UCL 2068-J, compound 229)

A solution of l-bromo-3-phenoxypropane (300 mg, 1.4 mmol) and ethylisopropylamine 

(1 g, 11.5 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 48 
hours. After cooling, the solvent was removed under reduced pressure and the residue 

was diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 
ether (3 x 10 ml), the combined extracts washed with water, dried over magnesium 
sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in 5 ml absolute ethanol and picric acid (300 mg, 1.3 mmol) was added. The precipitate 

was recrystallised from absolute ethanol to give a yellow crystalline solid (295 mg, 65%).

m p 132-134 °C
HPLC (A/B = 60:40) Rt = 12.97 min, 99.5%

N M R  (CDCI3): 7.25 (m, 2H, phenyl); 6.95 (m, IH, phenyl); 6.84 (m,
2H, phenyl); 4.07 (t 5.3 Hz, 2H, propyl CH2-O); 3.80 (m, IH, 
iPr CH-N); 3.34 (m, 2H, propyl CH2-N); 3.23 (m, 2H, ethyl 

CH?-N); 2.32 (m, 2H, propyl CH?); 1.41 (m, 9H, 3xCHi )
IR  690 to 756 (s, phenyl C-H def); 1152 (m, C-N str);

1264 (s, C -0  str)

FA B-M S 222 (100%) = [M+H]+; 100 (6 %) = [C2H5, C3H7 NCH21+
A n alysis C 14H23NO; C6H3N3O7

calculated C: 53.33 H: 5.82 N: 12.44
found C: 52.96 H: 5.64 N: 12.37

M olecular W eight 450.45 

Base W eight 221.34

Synthesis of N-(3-phenoxypropyl)dipropylam ine oxalate 
(FL561, UCL 2036-H , compound 230)

A solution of l-bromo-3-phenoxypropane (300 mg, 1.4 mmol) and dipropylamine (1.4 

g, 14 mmol) in 10 ml absolute ethanol was stirred and heated under reflux for 24 hours. 

After cooling, the solvent was removed under reduced pressure and the residue was 

diluted with aqueous sodium hydroxide (10 ml). The base was extracted with diethyl 

ether (3 x 10 ml), the combined extracts washed with water, dried over magnesium 

sulfate, and the solvent removed under reduced pressure. The residual oil was dissolved 

in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml



8. Experimental 291

absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 

give a white crystalline solid (220 mg, 48%).

m p 140-141 °C

H P L C  (A/B = 60:40) Rt = 17.4 min, 100%

N M R  (DMSO d^): 7.30 (m, 2H, phenyl); 6.95 (m, 3H, phenyl);

4.04 (t 5.9 Hz, 2H, propyl CH 9-O): 3.17 (m, 2H, propyl 

CH2-N); 2.99 (m, 4H, propyl 2 xCH2-N); 1.63 (m, 4H, 

propyl 2 xCH2); 0.91 (t 7.3 Hz, 6 H, propyl 2 XCH3)
IR  690, 756 (s, phenyl C-H def); 1174 (s, C-N str);

1247 (s, C -0  str)
FA B -M S  236(100% ) = [M+H]+

A n a ly s is  C 15H25NO; C2H2O4

calculated C: 62.75 H: 8.36 N: 4.30

found C: 62.30 H: 8.38 N: 4.45
M olecu lar W eight 325.41 

Base W eight 235.37

Syn thesis  of N -(3 -phenoxypropyl)cyclopropylam ine  oxalate 
(FL917E, U CL 2116-H, com pound 231)

A solution of l-bromo-3-phenoxypropane (860 mg, 4 mmol) and cyclopropylamine (600 
mg, 10 mmol) in 10 ml absolute ethanol was stirred at room temperature for 24 hours. 

The solvent was removed under reduced pressure and the residue was diluted with 
aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether (3 x 10 

ml), the combined extracts dried over magnesium sulfate, and the solvent removed under 

reduced pressure to give a pale yellow oil (730 mg, 96%). A portion of the crude oil (200 
mg) was purified by column chromatography on silica gel eluting with ethyl acetate 

containing triethylamine (1%). After removal of the eluent, the second fraction was 

dissolved in 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 

ml absolute ethanol was added. The precipitate was recrystallised from methanol to give a 
white crystalline solid (135 mg, overall yield for the two products: 45%, ratio UCL 
2116/UCL2117 = 3:1).

m p 166-168 °C

H P L C  (A/B = 50:50) Rt = 7.3 min, 99.4%

N M R  (DMSO d6): 7.30 (t 8.0 Hz, 2H, phenyl); 6.95 (m, 3H, phenyl);

6  to 5 (br, 2H, NH2+); 4.05 (t 6.1 Hz, 2H, propyl CH2-O);
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IR
A P C I-M S
A n a ly sis

calculated

found
M olecu lar W eight 281.31 

Base W eight 191.27

3.14 (t 7.7 Hz, 2H, propyl CHi-N); 2.71 (m, IH, cyclopropyl 

CH); 2.09 (m, 2H, propyl CH?); 0.82 (m, 2H, cyclopropyl CH?); 

0.74 (m, 2 H, cyclopropyl CH?)
693 and 756 (s, phenyl C-H def); 1249 (s, C -0  str)
192 (100%) = [M+HJ+; 98 (3%) = loss of phenol 

C 1 2 H 1 7 N O ;  C 2 H 2 O 4

C: 59.78 H: 6.81 N: 4.98

C: 59.66 H: 6.78 N: 5.00

Synthesis of b is-(3-phenoxypropyl)am ine oxalate 
(FL1047E, U CL 2151-H , com pound 232)

A mixture of 3-phenoxypropylamine (1 g, 6 .6  mmol), l-bromo-3-phenoxypropane (1.45 
g, 6.7 mmol) and potassium carbonate (1 g, 7.2 mmol) in methanol (40 ml) was stirred 
and heated under reflux for 24 hours. After cooling, the solid is removed by filtration and 

the solution concentrated under reduced pressure, leaving an oil. The oil was purified by 
column chromatography on silica gel eluting with methanol to give an oil (380 mg, 20%). 
A fraction of the oil (100 mg, 0.35 mmol) was dissolved in about 2 ml absolute ethanol 
and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 ml absolute ethanol was added. 
The precipitate was recrystallised from methanol to give a white crystalline solid (130 mg, 
2 0 % overall).

m p

H PL C
N M R

IR

A P C I-M S
A n a ly s is

calculated
found

M olecu lar W eight 375.42 

B ase W eight 285.39

189-190 °C

(A/B = 40:60) Rt = 11.2 min, 99.2%

(DMSO de): 7.30 (m, 4H, 2x2H phenyl); 6.94 (m, 6 H, 2x3H 
phenyl); 4.06 (t 6.0 Hz, 4H, propyl 2 xCH2-0 ); 3 .1 2  (t 7.6 Hz, 
4H, propyl 2 xCH2-N); 2.07 (m, 4H, propyl 2xCH?)
691 and 753 (s, phenyl C-H def); 1248 (s, C -0  str)

286 (100%) = [M+HJ+; 192 (5%) = loss of one phenol 

C 1 8 H 2 3 N O 2 ; C 2 H 2 O 4

C: 63.99 H: 6.71 N: 3.73 

C: 64.04 H: 6.73 N: 3.74

Synthesis of N-ethyl-bis-(3-phenoxypropyI)amine oxalate
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(FL1093B, U CL 2168-H, com pound 233)

A solution of N-ethyl-N-(3-phenoxypropyl)-3-phenoxypropanamide (250 mg, 0.76 

mmol) in THF (20 ml) was stirred at room temperature under nitrogen and lithium 

aluminium hydride (30 mg, 0.8 mmol) was added in one portion. The mixture was then 

stirred and heated under reflux for 16 hours under nitrogen. After cooling, ice-cold water 

was cautiously added, the organic layer decanted and the aqueous phase extracted twice 
with diethyl ether. The combined organic phases were dried over magnesium sulfate and 
concentrated under reduced pressure, leaving a colourless oil. The oil was dissolved in 
about 2 ml absolute ethanol and a solution of oxalic acid (150 mg, 1.6 mmol) in 2 ml 
absolute ethanol was added. The precipitate was recrystallised from a 1:1 mixture of 
methanol and absolute ethanol to give a white solid (97 mg, 28%).

m p 143-145 °C

H P L C  (A/B = 40:60) R t=  11.47 min, 98.4%
N M R  (DMSO d6): 7.31 (m, 4H, 2x2H phenyl); 6.94 (m, 6 H, 2x3H

phenyl); 4.07 (t 6.0 Hz, 4H, propyl 2 xCH9-0 ); 3.24 (m, 6 H,

propyl 2 xCH2-N and ethyl CH?-N); 2.13 (m, 4H, propyl 
2 xCH2); 1.23 (t 7.0 Hz, 3H, ethyl CH3)

IR  694 and 753 (s, phenyl C-H def); 1235 (s, C-O str)
FA B -M S 314 (100%) = [M+H]+; 220 (3%) = loss of one phenol

A n a ly s is  C20H27NO2; 1.5 C2H2O4

calculated C: 61.60 H: 6.74 N: 3.12
found C: 61.22 H: 6.94 N: 3.20

M olecular W eight 448.49 
Base W eight 313.44

Syn thesis  of N ,N -b is-(3 -phenoxypropyl)isopropylam ine o x a la te  

(FL1109B, UCL 2189-H , com pound 234)

A solution of N-isopropyl-N-(3-phenoxypropyl)-3-phenoxypropanamide (110 mg, 0.3 

mmol) in THF (20 ml) was stirred at room temperature under nitrogen and lithium 
aluminium hydride (20 mg, 0.5 mmol) was added in one portion. The mixture was then 
stirred and heated under reflux for 16 hours under nitrogen. After cooling, ice-cold water 
was cautiously added, the organic layer decanted and the aqueous phase extracted twice 

with diethyl ether. The combined organic phases were dried over magnesium sulfate and 

concentrated under reduced pressure, leaving a colourless oil. The crude product was 

purified by column chromatography on silica gel eluting with a mixture containing 2/3
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chloroform and 1/3 methanol. After concentration, the oil was dissolved in about 2 ml 

absolute ethanol and a solution of oxalic acid (50 mg, 0.5 mmol) in 2 ml absolute ethanol 

was added. The precipitate was recrystallised from absolute ethanol to give a white solid 
(27 mg, 18%).

m p 122-123 °C

H PL C  (A/B = 40:60) Rt = 12.0 min, 100%
N M R (DMSO d6): 7.31 (m, 4H, 2x2H phenyl); 6.96 (m, 6 H, 2x3H

phenyl); 4.07 (t 5.9 Hz, 4H, propyl 2xCH?-0); 3.68 (m, IH, 

isopropyl CH-N); 3.23 (m, 4H, propyl 2 xCH2-N); 2.15 (m, 4H, 

propyl 2 xCÜ2); 125 (d 6.4 Hz, 6H, isopropyl 2 XCH3)
IR  698 and 753 (s, phenyl C-H def); 1193 (s,C-N str);

1234 (s, C -0  str)
A PC I-M S 328 (100%) = [M+H]+

A n aly sis  C21H29NO2 ; 1.5 C2H2O4

calculated C: 62.32 H: 6.97 N: 3.03
found 0 .6 2 .1 4  H: 7.02 N: 3.00

M olecular W eight 462.52 

Base W eight 327.47

S ynthesis o f N ,N -b is-(3 -phenoxypropy l)cyclopropy lam ine  ox a la te  
(FL917F, U CL 2117-H, com pound 235)

A solution of 1 -bromo-3-phenoxypropane (860 mg, 4 mmol) and cyclopropylamine (600 

mg, 10 mmol) in 10 ml absolute ethanol was stirred at room temperature for 24 hours. 

The solvent was removed under reduced pressure and the residue was diluted with 

aqueous sodium hydroxide (10 ml). The base was extracted with diethyl ether ( 3 x 1 0  

ml), the combined extracts dried over magnesium sulfate, and the solvent removed under 

reduced pressure to give a pale yellow oil (730 mg, 96%). A portion of the crude oil (200 
mg) was purified by column chromatography on silica gel eluting with ethyl acetate 

containing triethylamine (1%). After removal of the eluent, the first fraction was 

dissolved in 2  ml absolute ethanol and a solution of oxalic acid (1 0 0  mg, 1.1 mmol) in 2 

ml absolute ethanol was added. The precipitate was recrystallised from absolute ethanol to 

give a white crystalline solid (67 mg, overall yield for the two products: 45%, ratio UCL 
2116/UCL 2117 = 3:1).

m p 149-151 °C

H P L C  (A/B = 40:60) Rt = 12.26 min, 100%
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N M R  (DMSO d6): 7.29 (m, 4H, 2x2H phenyl); 6.93 (m, 6 H, 2x3H

phenyl); 4.01 (t 5.9 Hz, 4H, propyl 2 xCH9-0 ); 3.12 (m, 4H, 

propyl 2 xCH2-N); 2.42 (br, IH, cyclopropyl CH); 2.08 (m, 4H, 

propyl 2xCH?); 0.72 (m, 4H, cyclopropyl 2 xCH9)

IR  694 and 752 (s, phenyl C-H def); 1234 (s, C -0 str)
A P C I-M S  326 (100%) = [M+H]+; 286 (4%) = [diphenoxypropylamine+H]+

A n a ly s is  C21H27NO2 ; 1.4 C2H2O4

calculated C: 63.31 H: 6.65 N: 3.10
found C: 63.50 H: 6.89 N: 3.43

M olecular W eight 451.11 

B ase W eight 325.45

Syn thesis  of N ,N -b is-(3 -phenoxypropy l)isobu ty lam ine  oxalate  
sesq u ih y d ra te  (FL1113B, U CL 2186-H , com pound 236)

A solution of N-isobutyl-N-(3-phenoxypropyl)-3-phenoxypropanamide (150 mg, 0.42 
mmol) in THF (20 ml) was stirred at room temperature under nitrogen and lithium 

aluminium hydride (30 mg, 0.8 mmol) was added in one portion. The mixture was then 
stirred and heated under reflux for 16 hours under nitrogen. After cooling, ice-cold water 
was cautiously added, the organic layer decanted and the aqueous phase extracted twice 
with diethyl ether. The combined organic phases were dried over magnesium sulfate and 

concentrated under reduced pressure, leaving a colourless oil. The oil was dissolved in 
about 2 ml absolute ethanol and a solution of oxalic acid (50 mg, 0.5 mmol) in 2 ml 

absolute ethanol was added. The precipitate was recrystallised twice from absolute 
ethanol to give a white solid (54 mg, 28%).

m p

H P L C
N M R

IR

A P C I-M S
A n a ly s is

139-140 °C

(A/B = 40:60) Rt = 18.0 min, 98.5%

(DMSO d6): 7.30 (m, 4H, 2x2H phenyl); 6.93 (m, 6 H, 2x3H 

phenyl); 4.04 (t 6.0 Hz, 4H, propyl 2 xCH2-0 ); 3.04 (br, 4H, 

propyl 2 xCH2-N); 2.75 (br, 2H, isobutyl CH2-N); 2.04 (br, 4H, 

propyl 2 xCH2); 1.98 (m, IH, isobutyl CH);
0.93 (d 6.5 Hz, 6H, isobutyl 2xCHg)

694 and 752 (s, phenyl C-H def); 1235 (s, C -0 str);
3454 (s, 0 -H  str water)
342 (100%) = [M+H]+

C22H31NO2; C2H2O4 ; 1.5 H2O
calculated C: 62.86 H: 7.91 N: 3.05
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found C; 62.87 H: 7.86 N: 3.06
M olecu lar W eight 458.56 

Base W eight 341.49

S yn thesis  o f N ,N -b is-(3 -phenoxypropy l)benzy lam ine  oxalate  

(FL1027E , U C L 2150-H , com pound 237)

A mixture of, benzylamine (1.07 g, 10 mmol), l-bromo-3-phenoxypropane (4.3 g, 20 

mmol) and potassium carbonate (2.76 g, 20 mmol) in acetone (50 ml) was vigorously 
stirred and heated under reflux for 24 hours. After cooling, the solid is removed by 

filtration and the solution concentrated under reduced pressure, leaving an orange oil. The 

oil was purified by two successive column chromatographies on silica gel eluting with a 

2:1 then a 1:1 mixture of chloroform and methanol to give an orange oil (880 mg, 23%). 
A fraction of the oil (150 mg, 0.4 mmol) was dissolved in about 2 ml absolute ethanol 

and a solution of oxalic acid (70 mg, 0.8 mmol) in 2 ml absolute ethanol was added. The 
precipitate was recrystallised from methanol to give a white crystalline solid (184 mg, 
22% overall).

m p 163-164 °C
H P L C  (A/B = 40:60) Rt = 12.1 min, 100%
N M R  (DMSO dô): 7.45 (m, 2H, benzyl); 7.36 (m, 3H, benzyl);

7.28 (m, 4H, 2x2H phenyl); 6.93 (m, 2H, 2xlH  phenyl);

6 .8 6  (m, 4H, 2x2H phenyl); 4.07 (br, 2H, benzyl CH?-N);
4.00 (t 6.0 Hz, 4H, propyl 2 xCH9-0 ); 2.95 (br, 4H, propyl 

2xCH?-N); 2.05 (m, 4H, propyl 2xCH?)

IR  697 and 753 (s, phenyl C-H def); 1230 (s, C- 0  str)
F A B -M S  376 (100%) = [M+H]+; 91 (47%) = [tropylium]+

A n a ly s is  C25H29NO2 ; C2H2O4

calculated C: 69.66 H: 6.71 N: 3.01

found C: 69.71 H: 6 .6 8  N: 2.96
M olecu lar W eight 465.55 
B ase W eight 375.51

S yn thesis of l-(3 -p h en o x y p ro p y l)-4 -b en zy lp ip e rid in e  oxalate  
(FL921A , U CL 2118-H , com pound 238)

A solution of l-bromo-3-phenoxypropane (215 mg, 1 mmol), 4-benzylpiperidine (200 
mg, 1.14 mmol) and potassium hydroxide (60 mg, 1.07 mmol) in 10 ml absolute ethanol
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was stirred and heated under reflux for 16 hours. After cooling, the solvent was removed 
under reduced pressure, the residue taken up with water and the base was extracted with 
diethyl ether (3 x 10 ml), the combined extracts dried over magnesium sulfate, and the 

solvent removed under reduced pressure to give a pale yellow oil. The crude product was 

purified by column chromatography on silica gel eluting with diethyl ether and 

triethylamine (1%). After removal of the eluent, the oil was dissolved in 2 ml absolute 

ethanol and a solution of oxalic acid (150 mg, 1.7 mmol) in 2 ml absolute ethanol was 

added. The precipitate was recrystallised from absolute ethanol to give a white crystalline 
solid (165 mg, 34%).

m p 174-175 °C

H P L C  (A/B = 40:60) Rt = 12.3 min, 98.0%

N M R  (DMSO dô): 7.30 (m, 4H, phenyl); 7.20 (m, 3H, phenyl);
6.94 (m, 3H, phenyl); 4.02 (t 5.7 Hz, 2H, propyl CH2-O);
3.44 (m, 2H , piperidine 2xCHeq-N); 3.14 (m, 2H , propyl 
CH2-N); 2.86 (m, 2H , piperidine 2xC Hpv-N); 2 .55  (d 6.4 Hz,

2H , benzyl C H?); 2 .1 0  (m, 2H , piperidine 2xCHeq); 1.74 (m, 3H, 

piperidine 2xCHax and CH); 1.46 (m, 2H , propyl C H ])

IR  6 9 4  and 7 5 6  (s, phenyl C -H  def); 1249 (s, C -0  str)
A P C I-M S  310 (100%) = [M+H]+
A n a ly s is  C21H27NO; C2H2O4

calculated C: 69.15 H: 7.32 N: 3.51

found C: 68.79 H: 7.20 N: 3.60
M olecu lar W eight 399.49 
Base W eight 309.45

Synthesis of 3-phenoxyprop ionyl ch lo ride  (FL1079, com pound 239)

A solution of 3-phenoxypropionic acid (1 g, 6  mmol) in freshly distilled thionyl chloride 
(4 g, 33 mmol) was stirred and heated under reflux for 1 hour. The excess thionyl 

chloride was then removed by distillation under reduced pressure. An orange oil was 
obtained (1.09 g, 98%).

N M R  (CDCI3): 7.32 (m, 2H, phenyl); 7.00 (m, IH, phenyl); 6.92 (m,
2H, phenyl); 4.29 (t 5.9 Hz, 2H, CH2-O);
3.35 (t 5.9 Hz, 2H, CH2-C=0 )

M olecu lar W eight 184.62
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Synthesis o f N -ethy l(3 -phenoxypropy l)am ine  (FL1061A, com pound  240)

A mixture of l-bromo-3-phenoxypropane (215 mg, 1 mmol) in methanol (10 ml) and 
ethylamine (70%) in water (5 ml, 78 mmol) was stirred and heated under reflux for 16 

hours. After cooling, the methanol was removed under reduced pressure, the aqueous 

solution neutralised with sodium hydroxide and extracted with diethyl ether. After drying 
over magnesium sulfate, concentration under reduced pressure gave a pale yellow oil 
(180 mg, 1 0 0 %).

H P L C  (A/B =. 50:50) Rt = 5.6 min, 95.6%

N M R  (CDCI3): 7.26 (m, 2H, phenyl); 6.89 (m, 3H, phenyl); 4.02 (t 6.2

Hz, 2H, propyl CH?-0); 2.79 (t 7.0 Hz, 2H, propyl CH?-N);
2.65 (q 7.1 Hz, 2H, ethyl CH2-N); 1.96 (m, 2H, propyl central 

CH2); 1 .10  (t 7.1 Hz, 3H, ethyl CH3)
A P C I-M S  180 (100%) = [M+H]+; 135 (8 %) = loss of ethylamine
M olecular W eight 179.26

S yn thesis  o f N -(3 -p h enoxypropy l)isop ropy lam ine  
(FL1055A , com pound  241)

A solution of l-bromo-3-phenoxypropane (215 mg, 1 mmol) and isopropylamine (1 g, 
17 mmol) in methanol was stirred and heated under reflux for 10 hours. After cooling, 
the solvent was removed under reduced pressure, the residue taken up in aqueous sodium 

hydroxide and extracted with diethyl ether (3 x 10 ml). After drying over magnesium 

sulfate, concentration under reduced pressure gave a pale yellow oil (190 mg, 98%).

H P L C  (A/B = 50:50) Rt = 6 .8  min, 96.9%
N M R  (CDCI3): 7.26 (m, 2H, phenyl); 6.89 (m, 3H, phenyl);

4.02 (t 6.2 Hz, 2H, propyl CH2-O); 2.79 (sept 6.3 Hz,

IH, isopropyl CH); 2.77 (t 7.1 Hz, 2H, propyl CH2-N); 1.94 (m, 

2H, propyl central CH?); 1.05 (d 6.3 Hz, 6 H, 2 XCH3 isopropyl) 
A P C I-M S  194 (100%) = [M+HJ+; 100 (4%) = loss of phenol
M olecular W eight 193.29

Synthesis of N-(3-phenoxypropyl)isobutylamine
(FL1057A, compound 242)
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mg, 0.54 mmol) in diethyl ether (2 ml) was added dropwise and the mixture was 

subsequently stirred at 0 °C for 30 minutes. An aqueous HCl solution (2N, 5 ml) was 

added and the organic layer decanted. After drying over magnesium sulfate, the solution 
was concentrated under reduced pressure to leave a pale oil (115 mg, 65%).

N M R  (CDCI3): 7.27 (m, 4H, phenyl 2x2H); 6.91 (m, 6 H, phenyl

2x3H); 4.38 (m, 2H, CH2-O); 4.01 (m, 2H, propyl CH2-O);

3.46 (m, 2H, propyl CH?-N); 3.02 (hr, IH, isopropyl 

CH-N); 2.98 (m, 2H, CH9-CO): 2.11 (m, 2H, propyl central 
CH?); 1.29 (d 6 .2  Hz, 6 H, 2 XCH3 isobutyl)

E S -M S  342 (100%) = [M+H]+; 248 (8 %) = loss of phenol
M olecu lar W eight 341.45

Synthesis  o f N -isobutyl-N -(3-phenoxypropyl) 3-phenoxy p ro p a n a m id e  
(FL1097A , com pound 245)

A solution of N-(3-phenoxypropyl)isobutylamine (110 mg, 0.53 mmol) in diethyl ether 
(10 ml) was stirred and cooled to 0 °C. A solution of 3-phenoxypropionyl chloride (98 
mg, 0.53 mmol) in diethyl ether (2 ml) was added dropwise and the mixture was 
subsequently stirred at 0 °C for 30 minutes. An aqueous HCl solution (2N, 5 ml) was 
added and the organic layer decanted. After drying over magnesium sulfate, the solution 
was concentrated under reduced pressure to leave a pale oil (165 mg, 87%).

N M R  (CDCI3): 7.27 (m, 4H, phenyl 2x2H); 6.91 (m, 6 H, phenyl

2x3H); 4.32 (m, 2H, CH2-O); 3.98 (m, 2H, propyl CH2-O);
3.56 (m, 2H, propyl CH9-N); 3.16 (d 7.6 Hz, 2H, isobutyl 
CH9-N); 2.83 (m, 2H, CH?-CO); 2.06 (m, 3H, propyl central 

CH9 and isobutyl CH); 0.95 (d 6 .8  Hz, 6 H, 2 XCH3 isobutyl) 
A P C I-M S  356 (100%) = [M+H]+; 262 (34%) = loss of phenol;

168 (11%) = loss of two phenols 
M olecu lar W eight 355.48
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APPENDIX

a) Data used for QSAR on the free bases

pKi pED^o MW logP (logP)2 Ehomo Elumo AE V P
37 6.44 * 221.4 3.29 10.82 -9.248 0.366 9.614 632 2.14
3 8 6.34 * 249.4 4.35 18.92 -9.264 0.365 9.629 705 1.96
4 5 6.74 4.84 233.4 3.80 14.44 -8.893 0.575 9.468 640 1.72
46 6.85 4.55 247.4 4.36 19.01 -9.132 0.418 9.550 683 1.96
47 6.94 * 264.4 4.91 24.11 -9.236 0.356 9.592 713 1.96
48 6.19 * 249.4 3.09 9.55 -9.177 0.355 9.532 659 1.09
49 5.55 * 262.4 3.71 13.76 -9.134 0.372 9.506 712 1.11
5 0 6.95 4.09 247.4 4.30 18.49 -8.707 0.613 9.320 681 1.85
51 7.28 * 263.4 3.89 15.13 -9.068 0.216 9.284 693 2.93
5 2 6.95 4.69 251.4 4.08 16.65 -8.890 0.248 9.138 641 1.85
53 6.89 4.56 267.8 4.65 21.62 -8.945 0.251 9.196 656 1.90
5 4 7.72 5.13 258.4 3.55 12.60 -9.305 0.234 9.539 663 3.50
55 7.41 5.40 278.4 3.84 14.75 -9.735 -1.313 8.422 670 4.22
5 6 * 4.98 248.4 2.74 7.51 -8.352 0.528 8.880 666 3.42
57 * 5.16 290.4 2.97 8.82 -8.525 0.303 8.828 746 5.09
58 7.58 5.32 352.5 4.46 19.89 -8.506 -0.546 7.960 863 5.49
5 9 7.55 5.44 277.4 3.07 9.42 -9.212 0.242 9.454 728 2.44
60 6.39 5.04 309.5 5.68 32.26 -8.868 -0.086 8.782 793 2.12
61 * 4.51 325.5 6.06 36.72 -8.937 0.071 9.008 808 2.62
62 7.72 5.26 275.4 3.54 12.53 -9.119 -0.246 8.873 712 2.91
63 * 4.88 337.5 5.13 26.32 -9.139 -0.493 8.643 830 4.55
64 * 4.99 351.5 5.30 28.09 -9.129 -0.281 8.848 857 3.85
65 6.99 * 278.4 3.84 14.75 -9.607 -1.431 8.176 661 4.37
66 7.14 * 258.4 3.55 12.60 -9.572 -0.372 9.200 667 3.15
68 6.68 4.43 267.8 4.65 21.62 -9.116 0.219 9.335 652 2.49
7 0 6.55 4.80 283.4 4.97 24.70 -8.450 -0.264 8.186 735 1.88
71 6.72 * 283.4 4.97 24.70 -8.301 -0.185 8.116. 733 1.79
7 2 6.55 4.64 287.5 5.37 28.84 -8.599 0.670 9.269 775 1.78
73 * 3.98 287.5 5.37 28.84 -8.629 0.680 9.309 771 1.44
80 * 4.34 217.4 4.38 19.18 -9.269 0.658 9.927 618 0.87
81 * 3.89 231.4 4.90 24.01 -9.303 0.580 9.883 664 0.83
93 * 4.36 229.4 4.60 21.16 -8.640 0.154 8.794 651 0.96
98 7.00 261.4 4.87 23.72 -9.120 0.423 9.543 713 1.93
99 7.54 4.42 261.4 4.87 23.72 -9.119 0.424 9.543 713 1.99
100 7.03 * 261.4 4.87 23.72 -9.026 0.479 9.505 722 1.86
101 6.30 289.5 5.93 35.16 -8.940 0.510 9.450 804 1.73
105 7.02 * 275.4 5.39 29.05 -9.125 0.421 9.546 757 2.01
106 7.05 * 275.4 5.39 29.05 -8.982 0.503 9.485 755 1.75
107 6.94 * 275.4 5.39 29.05 -9.149 0.332 9.481 752 1.07
108 6.17 * 319.4 3.74 13.99 -9.074 0.453 9.527 794 3.31
109 6.48 * 319.4 3.74 13.99 -9.088 0.465 9.553 813 3.60
111 6.60 * 245.4 3.87 14.98 -8.784 0.632 9.416 647 1.71
113 6.68 * 290.4 3.00 9.00 -9.221 0.343 9.564 736 4.83
114 7.85 5.37 306.4 4.92 24.21 -9.704 -1.479 8.225 735 3.77
115 * 5.23 252.3 2.81 7.90 -9.775 -1.296 8.479 648 5.21
116 * 4.60 241.8 3.62 13.10 -8.875 0.239 9.114 633 2.27
117 * 3.93 257.4 3.94 15.52 -8.296 -0.192 8.104 691 1.61
118 7.02 5.67 232.3 2.52 6.35 -9.235 -0.190 9.045 638 5.12
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N° pKi pEDsO MW logP (logP)2 Ehomo Elumo AE V P
119 * 4.74 251.3 2.18 4.75 -8.512 0.232 8.744 664 0.84
1 2 0 7.70 5.75 249.4 2.50 6.25 -8.983 -0.140 8.843 673 3.36
1 2 1 7.22 5.75 251.4 2.03 4.12 -8.721 0.552 9.273 690 1.16
1 2 2 8.57 5.56 264.4 3.01 9.06 -8.756 -0.047 8.709 729 2.81
123 7.96 5.75 263.4 3.03 9.18 -9.087 -0.216 8.871 748 3.62
124 * 3.90 237.3 2.85 8 .1 2 -8.619 0.508 9.127 657 2.58
125 * 5.34 283.4 4.65 21.62 -8.911 -0.095 8.816 755 1.80
126 6.08 4.82 218.3 2.72 7.40 -9.246 -0.197 9.049 578 4.79
127 6 .0 2 * 204.3 1.46 2.13 -9.124 -0.099 9.025 541 4.83
128 6.87 4.27 260.4 3.58 12.82 -9.415 -0.333 9.082 670 4.57
129 7.70 5.16 230.3 2.50 6.25 -9.123 -0.098 9.025 592 4.67
130 7.96 6.09 244.3 3.05 9.30 -9.478 -0.351 9.127 629 3.72
131 8.06 5.61 258.4 3.61 13.03 -9.519 -0.401 9.118 6 6 8 3.60
132 7.21 5.35 246.4 3.05 9.30 -9.441 -0.355 9.086 669 3.87
133 6 .6 8 * 232.3 2.52 6.35 -9.438 -0.320 9.118 620 3.41
134 7.28 4.94 260.4 3.58 12.82 -9.586 -0.438 9.148 698 3.54
136 7.60 5.13 272.4 4.11 16.89 -9.511 -0.414 9.097 701 3.29
137 7.28 4.82 274.4 4.11 16.89 -9.432 -0.345 9.087 752 4.04
138 7.52 4.77 247.4 3.01 9.06 -9.361 -0.452 8.909 638 3.68
139 8 .2 2 5.38 261.4 3.04 9.24 -9.324 -0.383 8.941 679 3.81
140 8.33 5.66 275.4 3.57 12.74 -9.312 -0.365 8.947 726 3.76
141 8 .1 2 6.14 289.4 4.09 16.73 -9.311 -0.366 8.945 775 3.80
142 8 .0 0 5.76 289.4 3.87 14.98 -8.901 -0.038 8.863 753 3.41
143 8.44 6 .2 0 287.4 3.39 11.49 -9.291 -0.377 8.914 740 3.88
144 8.09 5.64 289.4 2.89 8.35 -8.896 0.505 9.401 746 4.04
145 7.14 5.30 262.3 3.24 10.50 -9.624 -0.583 9.041 625 5.04
146 7.33 4.29 275.4 3.44 11.83 -8.923 -0.078 8.845 726 3.36
147 7.46 4.59 275.4 3.44 11.83 -8.924 -0.078 8.846 729 3.34
148 * 4.23 221.3 1.65 2.72 -9.253 -0.345 8.908 597 3.39
152 8.14 5.86 258.4 3.57 12.74 -9.483 -0.351 9.132 657 3.56
153 7.43 5.53 258.4 3.57 12.74 -9.458 -0.330 9.128 6 6 6 3.84
155 8.43 5.91 275.4 3.56 12.67 -9.314 -0.367 8.947 714 3.68
156 8.34 5.75 275.4 3.56 12.67 -8.928 -0.079 8.849 718 3.26
157 8.29 4.92 289.4 4.07 16.56 -9.320 -0.370 8.950 754 3.70
158 8.74 6.38 289.4 4.07 16.56 -9.128 -0.239 8.889 752 3.49
159 8.14 5.07 259.4 2.55 6.50 -8.914 -0.072 8.842 657 3.41

b) Data used for QSAR on the salts

pKi PED50 MW logP (logP)2 Ehomo Elumo AE V P
3 7 6.44 * 221.4 3.29 10.82 -12.054 -3.960 8.094 634 8.42
38 6.34 * 249.4 4.35 18.92 -11.675 -3.903 7.772 726 9.98
4 5 6.74 4.84 233.4 3.80 14.44 -12.084 -3.785 8.299 652 8.13
4 6 6.85 4.55 247.4 4.36 19.01 -11.824 -3.822 8 .0 0 2 692 9.36
47 6.94 » 264.4 4.91 24.11 -11.539 -3.802 7.737 733 10.63
48 6.19 * 249.4 3.09 9.55 -11.890 -4.103 7.787 672 9.18
4 9 5.55 * 262.4 3.71 13.76 -11.878 -3.823 8.055 748 8.48
5 0 6.95 4.09 247.4 4.30 18.49 -11.786 -3.743 8.043 692 8.67
51 7.28 * 263.4 3.89 15.13 -11.570 -3.757 7.813 719 10.37
5 2 6.95 4.69 251.4 4.08 16.65 -11.957 -3.828 8.129 648 8.47
5 3 6.89 4.56 267.8 4.65 21.62 -11.981 -3.808 8.173 6 6 8 8 .0 0
54 7.72 5.13 258.4 3.55 12.60 -12.313 -3.885 8.428 676 12.38
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I f pKi PED50 MW logP (logP)2 Ehomo Elumo AE V P
55 7.41 5.40 278.4 3.84 14.75 -12.906 -4.306 8.600 6 8 6 13.88
5 6 * 4.98 248.4 2.74 7.51 -10.849 -3.676 7.173 708 10.74
5 7 * 5.16 290.4 2.97 8.82 -11.574 -3.595 7.979 758 9.62
5 8 7.58 5.32 352.5 4.46 19.89 -11.293 -3.527 7.766 879 12.49
5 9 7.55 5.44 277.4 3.07 9.42 -11.852 -3.611 8.241 756 10.01
60 6.39 5.04 309.5 5.68 32.26 -11.417 -3.709 7.708 816 11.24
61 * 4.51 325.5 6.06 36.72 -11.878 -3.772 8.106 822 11.14
62 7.72 5.26 275.4 3.54 12.53 -12.153 -3.839 8.314 729 10.97
63 » 4.88 337.5 5.13 26.32 -11.910 -3.689 8 .2 2 1 847 13.16
64 * 4.99 351.5 5.30 28.09 -12.146 -3.724 8.422 871 11.80
65 6.99 * 278.4 3.84 14.75 -13.035 -4.550 8.485 673 11.62
6 6 7.14 * 258.4 3.55 12.60 -12.359 -3.888 8.471 677 13.15
6 8 6 .6 8 4.43 267.8 4.65 21.62 -12.191 -3.779 8.412 662 8.06
70 6.55 4.80 283.4 4.97 24.70 -11.338 -3.722 7.616 745 9.76
71 6.72 * 283.4 4.97 24.70 -11.317 -3.719 7.598 740 9.31
7 2 6.55 4.64 287.5 5.37 28.84 -11.533 -3.687 7.846 787 1 0 .1 0
7 3 * 3.98 287.5 5.37 28.84 -11.676 -3.689 7.987 790 10 .22
80 * 4.34 217.4 4.38 19.18 -12.488 -3.733 8.755 633 7.59
81 * 3.89 231.4 4.90 24.01 -12.322 -3.715 8.607 673 8.25
93 * 4.36 229.4 4.60 21.16 -12.067 -3.665 8.402 659 8.17
98 7.00 * 261.4 4.87 23.72 -11.807 -3.780 8.027 728 8.54
99 7.54 4.42 261.4 4.87 23.72 -11.693 -3.763 7.930 734 9.40

1 0 0 7.03 * 261.4 4.87 23.72 -11.790 -3.799 7.991 736 9.28
1 0 1 6.30 * 289.5 5.93 35.16 -11.755 -3.755 8 .0 0 0 826 10.04
105 7.02 » 275.4 5.39 29.05 -12.092 -3.424 8 .6 6 8 786 7.65
106 7.05 * 275.4 5.39 29.05 - 1 1 .6 8 8 -3.720 7.968 763 9.32
107 6.94 * 275.4 5.39 29.05 -12.006 -3.838 8.168 759 9.15
108 6.17 * 319.4 3.74 13.99 -12.048 -3.614 8.434 835 11.62
109 6.48 * 319.4 3.74 13.99 -11.747 -3.903 7.844 829 12.89
1 1 1 6.60 * 245.4 3.87 14.98 -11.877 -3.918 7.959 664 8.72
113 6 .6 8 * 290.4 3.00 9.00 -11.897 -4.042 7.855 760 10.98
114 7.85 5.37 306.4 4.92 24.21 -12.642 -4.027 8.615 759 16.66
115 * 5.23 252.3 2.81 7.90 -12.761 -4.120 8.641 642 22.16
116 * 4.60 241.8 3.62 13.10 -11.997 -3.781 8.216 631 9.72
117 * 3.93 257.4 3.94 15.52 -11.436 -3.796 7.640 700 9.66
118 7.02 5.67 232.3 2.52 6.35 -12.417 -3.861 8.556 642 18.36
119 * 4.74 251.3 2.18 4.75 -11.415 -3.728 7.687 664 11.57
1 2 0 7.70 5.75 249.4 2.50 6.25 -12.407 -3.921 8.486 687 12.63
1 2 1 7.22 5.75 251.4 2.03 4.12 -12.195 -3.865 8.330 706 12.79
1 2 2 8.57 5.56 264.4 3.01 9.06 -11.848 -3.873 7.975 721 16.19
123 7.96 5.75 263.4 3.03 9.18 -12.399 -3.942 8.457 737 14.02
124 * 3.90 237.3 2.85 8 .1 2 -11.390 -3.666 7.724 685 11.46
125 * 5.34 283.4 4.65 21.62 -11.466 -3.821 7.645 771 12.58
126 6.08 4.82 218.3 2.72 7.40 -12.675 -4.212 8.463 593 15.85
127 6 .0 2 * 204.3 1.46 2.13 -12.626 -4.169 8.457 550 16.10
128 6.87 4.27 260.4 3.58 12.82 -12.352 -3.802 8.550 714 18.44
129 7.70 5.16 230.3 2.50 6.25 -12.578 -3.898 8.680 598 15.26
130 7.96 6.09 244.3 3.05 9.30 -12.580 -3.770 8.810 657 17.74
131 8.06 5.61 258.4 3.61 13.03 -12.503 -3.708 8.795 691 17.75
132 7.21 5.35 246.4 3.05 9.30 -12.204 -4.104 8 .1 0 0 678 15.13
133 6 .6 8 * 232.3 2.52 6.35 -12.508 -4.176 8.332 625 11.73
134 7.28 4.94 260.4 3.58 12.82 -12.292 -4.010 8.282 712 12.18
136 7.60 5.13 272.4 4.11 16.89 -12.133 -3.927 8.206 721 14.15
137 7.28 4.82 274.4 4.11 16.89 -12.342 -3.796 8.546 765 15.35
138 7.52 4.77 247.4 3.01 9.06 -12.435 -3.883 8.552 649 13.03
139 8 .2 2 5.38 261.4 3.04 9.24 -12.375 -3.863 8.512 698 13.26
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pKi pED^o MW logP (logP)2 Ehomo Elumo AE V P
140 8.33 5.66 275.4 3.57 12.74 -12.357 -3.857 8.500 746 14.53
141 8.12 6.14 289.4 4.09 16.73 -12.648 -4.022 8.626 783 14.00
142 8.00 5.76 289.4 3.87 14.98 -12.365 -3.886 8.479 769 14.69
143 8.44 6.20 287.4 3.39 11.49 -12.373 -3.868 8.505 756 14.18
144 8.09 5.64 289.4 2.89 8.35 -12.148 -3.731 8.417 766 8.46
145 7.14 5.30 262.3 3.24 10.50 -12.597 -3.821 8.776 654 18.61
146 7.33 4.29 275.4 3.44 11.83 -12.353 -3.820 8.533 743 12.53
147 7.46 4.59 275.4 3.44 11.83 -12.358 -3.823 8.535 741 12.47
148 * 4.23 221.3 1.65 2.72 -12.577 -3.879 8.698 605 12.88
1 52 8.14 5.86 258.4 3.57 12.74 -12.475 -3.874 8.601 680 15.32
1 53 7.43 5.53 258.4 3.57 12.74 -12.477 -3.874 8.603 679 15.40
155 8.43 5.91 275.4 3.56 12.67 -12.667 -3.982 8.685 721 11.79
156 8.34 5.75 275.4 3.56 12.67 -12.383 -3.842 8.541 734 13.02
157 8.29 4.92 289.4 4.07 16.56 -12.656 -3.938 8.718 764 10.73
158 8.74 6.38 289.4 4.07 16.56 -12.635 -3.902 8.733 757 11.02
159 8.14 5.07 259.4 2.55 6.50 -12.447 -3.964 8.483 666 13.47

c) Overlays with templates

overlay with overlay with 
N° pKi template 1 template 2

(salts) (free bases)
37 6.44 -14123 -1689
38 6.34 -14574 -1740
45 6.74 -14021 -4205
46 6.85 -14372 -4462
4 7 6.94 -15053 -1894
4 8 6.19 -17240 -1818
4 9 5.55 -15932 -1835
5 0 6.95 -16278 -1738
51 7.28 -17949 -1726
5 2 6.95 -21039 -5864
53 6.89 -21036 -1763
54 7.72 -21032 -1925
55 7.41 -23564 -1689
58 7.58 -23412 -6757
59 7.55 -21652 -6212
60 6.39 -20040 -1969
62 7.72 -19633 -4872
65 6.99 -23719 -6176
6 6 7.14 -19151 -4537
68 6.68 -20792 -5722
7 0 6.55 -18527 -1872
71 6.72 -17728 -2164
72 6.55 -15758 -5063
98 7.00 -14155 -4631
99 7.54 -15019 -1815
100 7.03 -16496 -1809
101 6.30 -15322 -4830
105 7.02 -15177 -1897
106 7.05 -13877 -1893
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ÎSP pKi overlay 1 overlay 2
107 6.94 -16107 -1987
108 6.17 -23482 -6212
109 6.48 -20358 -1945
111 6.60 -13123 -1741
1 1 3 6.68 -19007 -1749
114 7.85 -22168 -5923
1 1 8 7.02 -18060 -1826
1 2 0 7.70 -19194 -6292
121 7.22 -19536 -1835
12 2 8.57 -21879 -1947
12 3 7.96 -19658 -6299
1 2 6 6.08 -18868 -1719
127 6.02 -17552 -1694
1 2 8 6.87 -17861 -1912
129 7.70 -18422 -1844
1 3 0 7.96 -19977 -1945
131 8.06 -18033 -1927
1 3 2 7.21 -21470 -1730
133 6.68 -19686 -1752
1 3 4 7.28 -19251 -1775
13 6 7.60 -20860 -1685
13 7 7.28 -19886 -1882
1 3 8 7.52 -21159 -1847
139 8.22 -19778 -1776
1 4 0 8.33 -19588 -2097
141 8.12 -18199 -6162
14 2 8.00 -18773 -2053
14 3 8.44 -20395 -2049
1 4 4 8.09 -21773 -6319
145 7.14 -23385 -6984
1 4 6 7.33 -17848 -2065
1 4 7 7.46 -18823 -6344
1 5 2 8.14 -20422 -6386
1 5 3 7.43 -20354 -6211
155 8.43 -19876 -1810
1 5 6 8.34 -18117 -1928
1 5 7 8.29 -19295 -2087
158 8.74 -18782 -1764
1 5 9 8.14 -19501 -6031
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Summary

H istam ine has been converted into a non-im idazole Ha-receptor 
histamine antagonist by addition o f  a 4-phenylbutyl group at the 
A/“-position follow ed by removal o f  the im idazole ring. The result
ing com pound, N-ethyl-N-(4-phenylbutyI)amine, remarkably has 
a K i =  1.3 jxM as an H3 antagonist. U sing this as a lead compound, 
a novel series o f  hom ologous O and S isostcric tertiary amines was 
synthesised and structure-activity studies furnished N-(S-phen- 
oxypentyOpyrroIidine (K\ =  0 .18 ±  0 .10  fiM , for [^HJhistamine 
release from rat cerebral cortex synaptosom es) which, more im
portantly, was active in vivo. Substitution o f  NO 2 into the para 
position o f  the phenoxy group gave A^-(5-/?-nitrophenoxypen- 
tyOpyrroIidine, U CL 1972 (7 1̂= 3 9  ±  11 nM ), ED50 = 1.1 ±  
0 . 6  m g/kg p e r  os  in mice on brain fg/e-methylhistamine levels.

Introduction

Histamine H3 receptors have been shown to be inhibitory 
presynaptic autoreceptors which modulate the synthesis  ̂  ̂
and release o f  histamine at histaminergic neurones in the 
central nervous system (CNS). Inhibition o f the action o f 
histamine at the H 3 receptor therefore increases the concen
tration released o f  the histamine neurotransmitter. The H3 
receptors also occur as heteroreceptors on non-histamin- 
ergic neurones modulating the release o f  other neurotransmit
ters in the brain and periphery.

An H3-receptor histamine antagonist entering the brain 
would lead to an increase in histamine transmission through 
histaminergic pathways and thereby potentiate the role o f 
histamine in the CNS. Possible therapeutic applications o f 
such compounds which have been proposed include 
various CNS disorders such as memory and learning deficits, 
Alzheim er’s disease, epilepsy, schizophrenia, sleep distur
bance, and obesity.

"■V < y -
PH

^  ,0 .
Thiopcramide

Chart 1

The prototype H3 antagonist is thiopcramide (Chart 1) 
which is very potent in vitro (Ki = 4.3 nM) but relatively high 
doses are required in vivo to enhance histamine release in the 
brain This suggests that thiopcramide has a limited brain 
penetration, but the direct determination o f  penetrability 
which has been reported is somewhat conflicting. Thus, when 
given intravenously to rats, thiopcramide was rather rapidly 
eliminated and had low brain levels but at higher doses, 
given intraperitoneally, the results were more complex to 
interpret

Brain penetration is greatly reduced by the presence o f  polar 
acceptor or donor hydrogen-bonding groups Since
thiopcramide contains an imidazole ring (strong H-bond ac
ceptor and donor) and a thiourea moiety (two strongly H-bond 
donating groups and one mild H-bond acceptor) it is likely 
that these act to markedly reduce the penetrability o f  thiop- 
eramide. Although brain penetration is assisted when com
pounds are lipophilic this is not a sufficient criterion if  the 
compounds are also strong hydrogen bonders. Previous stud
ies in designing brain-penetrating H2-receptor histamine an
tagonists have served to emphasise these conclusions We
therefore sought to devise non-imidazole containing com 
pounds as H3 antagonists which should have improved brain 
penetration, aiming also to avoid thiourea and urea-type polar 
groups.

All potent and selective H3-receptor ligands possess a 4(5)- 
substituted imidazole ring. A  few  weakly active non-imida
zole compounds have been described as H 3 antagonists, e.g. 
betahistine = 7 pM), phencyclidine (ATj = 1 3  pM), 
dimaprit {K\ = 3 pM), the pyridine analogue o f  thiop- 
eramide (Xj = 13 pM), and clozapine {K\ =  0 .7  pM). 
Generally, however, replacement o f  the im idazole ring in H3 
antagonists by other heterocycles is accompanied by a loss o f 
activity 07,i8j should be possible to obtain non-imidazole 
antagonists using one o f the foregoing compounds as a lead 
even though they are only weakly active and, indeed, this 
approach has very recently been reported in posters 
starting from the compound sabeluzole (Chart 1), which 
is a benzothiazole derivative. However, it was attractive to 
take a more fundamental line o f  reasoning, as follow s.

It is possible to convert an agonist into an antagonist by 
introducing additional groups into the m olecule which can 
locate binding sites in the vicinity o f  the receptor 
Whether the resulting molecule will be a partial agonist, or a 
pure antagonist, probably depends upon whether the agonist
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moieties continue to engage the receptor in the critical man
ner required to elicit the receptor response If they do not, 
then the m olecule w ill be an antagonist (see for example the 
structure-activity relationships for H2-receptor ligands 
and one may question whether the agonist moieties actually 
make any useful contribution to the affinity. If the additional 
groups are correctly positioned and interact appropriately 
with the receptor, the resultant molecule should achieve a 
considerable increase in affinity.

For histamine, the thought arose that it might be possible to 
convert histamine into an antagonist by addition o f  appropri
ate groups, and then to remove the imidazole ring to yield a 
non-imidazole antagonist molecule. It therefore seemed to be 
worthwhile applying this analysis to the interaction o f hista
mine at the H3 receptor. The difficulty o f the approach resides 
in finding out what may be appropriate groups to incorporate 
into the histamine molecule and in which positions they 
should be introduced to achieve a sufficient increase in affin
ity.

O f various attempts made, the one that appeared to hold 
promise was the finding that A^-(4-phcnylbutyl)histamine 
0 )  was a pure antagonist o f histamine at the H3 receptor with 
a /fj = 0.63 pM Removal o f  the imidazole ring from this 
structure led to the synthesis and testing o f  A^-ethyl-//-(4- 
phenylbutyl)amine (2 ) which, remarkably, was found to have 
a = 1.3 pM as an H3 -receptor histamine antagonist 
Thus removal o f  the imidazole ring had led merely to a 
twofold drop in affinity and had successfully produced the 
necessary lead to generate a non-imidazole H3-receptor his
tamine antagonist.

Chemical Synthesis

The elhylamines 2 ,4  to 7 ,9 , and 13 were prepared from the 
primary amine by acétylation followed by reduction o f the 
amide with borane or lithium aluminium hydride (Scheme 1 ).

ArX(CHj)jNH2 

X = CH2.S.0

Scliem e 1

(i) C H j C O a  

(ii)B H jorL iA lH 4
ArX(CHj)jNHEt

(2 .4 -7 .9 ,1 3 )

HCOjH

HCHO
ArX(CHj),NMe&

(3)

The requisite primary amines were obtained as follows. 4-(4- 
Methoxyphenyl)butylamine was prepared in 3 steps from 
4-(4-methoxyphenyl)butyric acid by conversion o f the acid 
to the acid chloride, reaction with ammonia and reduction o f  
the amide with lithium aluminium hydride. 4-(4-Nitro- 
phenyHbutylamine and 4 - ( 4 -c h lo r o p h e n y l)b u ty l -  
amine were prepared according to published procedures.

ArCO(CH2)jCOjH
Zn/Hg

Ai'(CH2)3C02H

AT'(CHj)4Br K N :P J i lh
Ar-(CH2)4N:Phih

ArXCT2)40H

. N :Phth =  phthalim ido

4-(4-Fluorophenyl)butylamine was prepared in 5 steps from 
the commercially available 3-(4-fluorobenzoyl)propanoic 
acid by reduction o f the ketone follow ed by reduction o f  the 
acid, bromination o f  the resulting primary alcohol and a 
Gabriel synthesis to give the primary amine (Schem e 2). 
3 -P h e n y lth io p r o p y la m in e a n d  3 - p h e n o x y p r o p y l -  
amine were prepared according to published procedures. 
The tertiary amine 3 was made from 2 by alkylation using the 
Eschweiler-Clarke procedure.

a -
EtîNH

X(CHj)„Br

X = O. s. n = 3-6 

Schem e 3

^ ^ ^ X (C H j)„ N B j 

(10-12 .14-17)

The diethylamine derivatives 10 to  12 and 14 to  17 
(Schem e 3) derive from the corresponding brom ides: 
1-bromo-3-phenoxypropane and l-bromo-4-phenoxybutane 
w ere com m ercia lly  availab le; l-b rom o-3-p h en y lth io -  
propane*^^^, l-bromo-4-phenylthiobutane l-brom o-5- 
phenoxypentane l-brom o-6 -phenoxyhexane w ere  
synthesised according to the published methods. l-Brom o-5- 
phenylthiopentane was prepared in a similar way to its lower 
homologues rather than as published The tertiary amines 
18 to 26 were also made from 1-bromo-5-phenoxypentane 
(Scheme 4) but under somewhat different conditions.

B rtC H i),D r 0(CH2);Br 0(CH 2),N R'R*

(J8 -2 9 .31-35)

Schem e 4

The substituted phenoxypentylpyrrolidines 27 to 29 and 31 
to 35 were made from the appropriate substituted 1-bromo- 
5-phenoxypentanes which had been synthesised from the 
corresponding phenols by alkylation with 1,5-dibromopen- 
tane (Scheme 4).

The anilines 8  and 30 were obtained from the aromatic nitro 
compounds 5 and 32 respectively by reduction with hydra
zine hydrate or hydrogen in the presence o f  palladium on 
carbon catalyst (Scheme 5).

Pd/C
X(CHj)„NR'R* 

X = C H 2.0. n = 3 .5

Schem e 5

N2H4 or H2
InîX(CH2)„NR'R 

(8 .30 )

S chem e 2

Pharmacological Results and Discussion

The compounds were tested for histamine antagonism at the 
H3-receptor in an in vitro functional assay on synaptosomes 
o f rat cerebral cortex and, in vivo, given orally to m ice for 
their effect on brain fg/g-methylhistamine levels The 
structures and activities o f  the compounds are given in Ta
ble 1 . N-Methylation to give the tertiary amine did not appear 
to change affinity. Substituents were introduced into the para 
position o f the phenyl ring to probe for electronic effects and 
were found to have some influence: OM e and N O 2 groups 
(compounds 4 and 5 respectively) did not alter the potency, 
whereas F, Cl, or NH2 markedly decreased potency (6 - 8 )
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T able 1. Structures and potencies o f  compounds as H^-receptor histamine antagonists.

397

R 'r ^N(CH,)„.V-
J ^ r ’

No. r ' R - " X tl? In  H/no® 

X, ± SEM 

(MM)

In Vivo^ 

ED50 ± SEM 

(tnpltp/po)

1 11 3 C Il2 11 0.70 ± 0.34

2 C 2II5 II 3 CII2 II 1.3 ±0.5® n.d.**

3 C2II5 CII3 3 CII2 II 1.1 ± 0. 1® n.d.<*

4 c . l l j II 3 CII2 4-OCII3 1.2 ±0 .3 > 10

5 C2115 II 3 CII2 4-N0 2 0.8 ± 0.1 > 10

6 C2II5 II 3 CII2 4-F ca 5 > 10

7 C21I5 II 3 CII2 4-CI ca 5 > 10

8 C2 II5 II 3 CII2 4-NII2 > 5 > 10

9 C2II5 II 3 S II > 5 n.d.J

10 C2115 C2II5 3 s II 0.18 ±0.04 > 10

11 C21I5 C2 II5 4 s II 0.19 ± 0.03 > 10

12 C2115 C2II5 5 s II 0.34 ± 0.08 ca 15

13 C2II5 II 3 0 II ca S n.d.J

14 C2II5 C2II5 3 0 11 0.15 ±0.01 > 10

IS C2I15 C2II5 4 0 II 0 .11 ± 0.02 > 10

16 C2II5 C2II5 5 0 11 0.23 ± 0.06 1 7 ± 4

17 C2II5 C2U5 0 11 ca 0.2 > 10

18 CII3 CII3 5 0 11 0.31 ± 0.10 > 10

19 C2II5 CII3 5 0 11 0.36 ±0.15 ca 10

20 C31I7 C2II5 5 0 11 0.46 ± 0 .1 1 > 10

21 C3II7 C3II7 5 0 11 ca 1.5 > 10

22 C ll2-(C ll2 )2-C ll2 5 0 11 0 .1 8 ± 0 .1 0 3.4 ± 1.7

23 CIl2-(CIl2)3-Cn2 5 0 II 0.14 ±0.07 6.9 ±3.1

24 CIl2-(C ll2)4-Cn2 5 0 11 0.12 ± 0.05 > 10

25 (CIl2)2-CKCIl2)2 5 0 11 0.64 ± 0.28 > 10

26 (CIl2)2-N (CIl3K CIl2)2 5 0 11 2.8 ± 0.7 > 10

27 Cll2-(Cn2)2-CIl2 5 0 4-F o n  ± 0 .03 5.1 ± 1 .8

28 d l 2-{Cn2)2-CIl2 5 0 4-CI 0.13 ±0 .05 7.3 ± 3 .4

29 Cn2-(Cll2)2-Cn2 0 3-CI 0.21 ±0 .06 ca 10

30 C Il2-(CIl2)2-CIl2 5 0 4-NII2 0 .1 0 ± 0 .0 5 2.6 ± 0.9

31 CIl2-(CIl2)2-CIl2 5 0 4-CII3 0.11 ±0.05 ca 20

32 C Il2-(C Il2)2-CIl2 5 0 4-NO2 0.039 ±0.011 1.1 ± 0.6

33 CIl2-{Cll2 )2-CIl2 5 0 3-NO2 0.10 ±0 .04 ca 10

34 Cll2-(Cll2)2-Cll2 5 0 4-CN 0.019 ± 0.007 1 .9 ± 1 .2

35 C Il2-(CIl2)2-CIl2 5 0 3-CN 0.073 ± 0.020 ca 10

functional assay in vitro  for [^H]histamine release from rat cerebral cortex synaptosom es; in vivo assay in m ice for effect 

on brain le/e-methylhistamine levels, EDso values calculated as mg free base per kg; m easured on rat cerebral cortex slices; 
n.d. = not determined.
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In retrospect it is o f  interest to note that compound 6  is a 
partial structure o f  sabeluzole.

In order to improve the accessibility o f  compounds and 
facilitate the structure-activity exploration, ether isosteres 
were examined. The sulfur isostere (9) o f  2  was not active 
but, surprisingly, N-ethylation to g ive the tertiary amine 1 0  

increased affinity by nearly an order o f  magnitude (K\ = 
0.18 pM). Hom ologues (n = 4 -5 )  were also examined (com 
pounds 1 1 - 1 2 ) and found to be similarly active in vitro and, 
interestingly, compound 1 2  (n = 5) was active in vivo (ED50  = 
15 mg/kg per os)

Similar results were obtained with the oxygen ether series. 
The oxygen isostere (13) o f 2 had som e activity, and the 
M ethyl derivative (14) was approximately 30 fold more 
potent (/T; = 0.15 pM). Homologues (/i =  4 -6 )  (1 5 -1 7 ) were 
similarly active in vitro {K\ = 0 .11-0 .23  pM) and 16 was 
active in vivo (ED 50 = 17 mg/kg per os)

The phenoxypentylamine structure was then optimised for 
activity with respect to the tertiary amino group. The amine 
scries N M e2 (18), NMeEt (19), NEt] (16), NEtPr (20) showed 
little variation in activity in vitro {K\ =  0 .2 3 -0 .4 6  pM), but 
NPr2 (21) was less active; 19, however, was also active in 
vivo (E D so*  10 mg/kg per os). The compounds with pyr- 
rolidino (22), piperidino (23), and hom opiperidino (24) 
groups were all o f  similar potencies in vitro {K\ = 0 .1 2 -0 .18), 
but the morpholino (25) and M methylpiperazino (26) com 
pounds were distinctly less active. Most important, however, 
was the finding that the pyrrolidino and piperidino com 
pounds were active orally in vivo, with the former being o f  
special interest, having an ED50 value o f  3.4 mg/kg. It is 
apparent that the amino group is a determinant o f  in vivo 
activity; potency decreases in the order N(CH 2)4  >  N(CH2)s 
> N(CH3 )C2H5 > N(C 2H$)C2H5 > N(C3 H7)C2H5 but there is 
no obvious overall correlation, either with carbon content or 
size.

Substituents were then introduced into the phenoxy group 
o f the pyrrolidine derivative 22 and the compounds 27-35  
were tested in vivo. Activity was found to be in the potency 
order: p-NOj > p-CN > /7-NH2 > p-F > p-C\ >  m-Cl ~ /M-NO2 

~ m-CN > p-M e. The P-NO2 and p-CN compounds 32  and 34  
being the most potent (ED50  = 1 . 1  and 1.9 m g/kg per os 
respectively). This represents a very important finding since 
the potency is similar to that o f the standard reference H3 

antagonist, thioperamide (ED50  =  1 .0  ±  0.5 m g/kg per os) 
Since these structures are generically phenyl alkyl amines or 
phenoxy(thio)alkylam ines, and various alky lam ines are 
known to act at biogenic amine receptors, it w ill be very 
important to establish that the compounds have selectivity  
towards histamine H3 receptors. Studies to determine selec
tivity w ill certainly have to be undertaken before any o f  these 
compounds or related structures can be considered as poten
tial clinical candidates.

The P-N O 2 and p-C N  compounds 32  and 34 were also 
examined in vitro and found to have approximately only one 
fifth to one tenth (ATj = 19-39 nM) o f  the potency o f  thiop
eramide in this test. Presumably, therefore, 32  and 34 are 
inherently less active at the receptor than is thioperamide but, 
since they are similarly active in vivo, it suggests that they, 
indeed, have a better brain penetrability.

Conclusion

In the above structure-activity investigation, which success
fully led to the design o f  a non-imidazole H3 antagonist, one 
can see that the histamine substructure o f  compound 1 locates 
the receptor and the additional group [Ph(CH2)4 ] contributes 
to affinity. Since 1 is not a partial agonist, it appears that the 
histamine substructure is no longer able to engage the recep
tor in the productive manner required for stimulating it to 
respond.

The im idazole group in 1 can be removed without substan
tial loss o f  affinity and molecular manipulation has furnished 
suitable affinity groups. Hence it now appears that the imida
zole group in the antagonist is not even required for locating 
the receptor so long as appropriate affinity groups have been 
identified. In such antagonist structures it is therefore appar
ent that one is no longer building on the affinity o f the agonist. 
The agonist structure merely served as a tool to probe for the 
necessary binding sites at the receptor.
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Experimental

Chemi.stry

M elting points (open capillaries) were determ ined using an Electrother
mal® electrically  heated Cu block apparatus and are uncorrected, ' h  NMR 
spectra were recorded on a Varian XL-200 (200 M Hz) or a Varian VXR-4(X) 
(400 M Hz) spectrom eter on the 5 scale relative to  TM S as internal reference. 
Elemental analyses, C, H, N and Cl (all within ±  0.4%  o f  the calculated values 
unless indicated) were determ ined by A.A.T. Stones and G.A. M axwell in 
the D epartm ent o f  Chem istry, University College London. Column chrom a
tography w as perform ed on M erk silica gel 60 (70-230  mesh). Analytical 
and preparative HPLC were perform ed on a G ilson H PLC  apparatus fitted 
with a Krom asil C |g  5 pm  reverse phase column 250 x  4.6 mm (analytical) 
o r 250 X 22 m m  (preparative) w ith a  flow rate o f  1 m L min“’ (analytical) or 
18 mL m in"' (preparative) and a  detector at 215 nm. Fast atom bombardment 
mass spectrom etry was perform ed on a  VG ZA B -SE double focussing mass 
spectrom eter by the M ass Spectrometry Service in the Department o f Chem
istry, U niversity C ollege London. All compounds were at least 98% pure by 
analytical H PL C  and their mass spectra were consistent with their attributed 
structures. A  few  com pounds retained an excess o f  oxalic acid (see Table 2).

G eneral M e tlw d  A

A solution o f  the  appropriately substituted alkylam ine (40 mmol) and 
triethylam ine (2 equiv.) in dry dichlorom ethane (60  m L) was stirred under 
nitrogen and cooled to 0  °C. Acetyl chloride ( 1.5 equiv.) was added dropwise 
and the resulting m ixture was stirred at room tem perature for 3 h. W ater 
(50 mL) was added and the organic layer was separated, washed with 
aqueous HCl (4N ), then w ith saturated NaCI, dried over magnesium sulfate 
and concentrated under reduced pressure to give the crude amide. A solution 
o f  the am ide (23 m m ol) in dry dichlorom ethane (50 m L) was added to  a 
m olar solution o f  borane in TH F (60 mL, 60 m m ol) stirred at 0  °C under 
nitrogen. The m ixture was then heated under reflux for 16 h with stirring 
under nitrogen. A fter cooling to 0  °C, an aqueous H Cl solution (6N, 20 mL) 
was slowly added and the resulting mixture was evaporated to dryness. The 
crude hydrochloride salt was dissolved in w ater and the solution was basifled 
w ith an aqueous N aOH  solution (ION). The free base was extracted with
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No. Formula* Anal. Y ield

(% )

M .p.

(»C)

Cryst.

solvent**

Synth.

scheme

2 C 12H 19N; HCl C,H,N,C1 56 152-154 A 1

3 C 13H21N; C 2H2O4 . C.H.N 44 110-112 A 1

4 C 13H21NO; C2H2O4 C.H.N 18 178-180 A 1

5 C 12H 18N2O2 ; C2H2O4 C.H.N 26 183-185 B 1

6 C 12H 18FN; C 2H2O4 C.H.N 21 203-205 C 1

7 C 12H 18CIN; C 2H2O4 C.H.N 23 203-205 B 1

8 C 12H20N2; 2.6 C 2F3O 2H C.H.N 15 D 5

9 C 11H 17NS; C 2H2O4 C.H.N 5 210-212 C 1

10 C i3H2iNS;C2H204 C.H.N 42 109-111 C 3

11 C 14H23NS; C 2H2O4 C.H.N 33 95-97 C 3

12 C 15H25NS: 1.1 C2H2O4 C.H.N 30 83-85 C 3

13 C 11H 17NO; C 2H2O4 C.H.N 30 191-193 C 1

14 C 13H21NO; I.6 C2H2O4 C.H.N 51 91-92 C 3

15 C 14H23NO; I.O5 C2H2O 4 C.H.N 60 111-113 C 3

16 C 15H2.SNO; C 2H2O4 C.H.N 47 107-109 C 3

17 C 16H27NO; C 2H2O4 C.H.N 57 88-91 C 3

18 C i3H2iN 0 ;2 C 2 H 2 0 4 ;2 H :0 C.H.N** 52 129-130 D 4

19 C 14H23NO; C 2H2O4 C.H.N 58 122-124 C 4

20 C 16H27NO; C 2H2O4 C.H.N 11 90-91 D 4

21 C 17H29NO; C 2H2O4 C.H.N 62 112-114 C 4

22 C 15H23NO; C 2H2O4 C.H.N 56 153-155 C 4

23 C 16H25NO; C 2H2O4 C.H.N 36 143-145 C 4

24 C 17H27NO; C 2H2O4 C.H.N 33 132-134 C 4

25 C 15H23NO2 ; C2H2O4 C.H.N 48 166-168 C 4

26 C 16H26N 2O; 2 HCl C.H.N 56 208-210 C 4

27 C 13H22FNO; C2H2O4 C.H.N 66 149-150 C 4

28 C 15H22CINO; C 2H2O4 C.H.N.C1 52 139-141 C 4

29 C 15H22CINO; C 2H2O4 C.H.N.C1 77 131-132 C 4

30 C 15H 24N 2O; 2.1 C2H 2O4 C.H.N 63 120-122 C 5

31 C 16H23NO; C2H2O4 C.H.N 47 138-140 C 4

32 C 1ÎH 22N2O3 ; C 2H2O4 ; 0.2 H 2O C.H.N 32 145-147 C 4

33 C 15H22N 2O3; C 2H2O4 C.H.N 69 130-131 C 4

34 C 16H22N 2O; 1.1 C2H2O 4 C.H.N 41 129-130 C 4

35 C 16H22N2O; C 2H2O4 C.H.N 38 119-120 C 4

C 2H2O4 = oxalate; C2F3O2H = trifluoroacetate; A = ethanol:m ethanol (9:1); B =  ethanol:m ethanol (1:1); C  = ethanol; 
D = isopropanol; hygroscopic glassy solid; N : calcd, 3.31; found, 3.87.
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diethyl ether (3x100 mL) and the com bined extracts were dried over magne
sium sulfate and concentrated to give the crude base as an oil. The base was 
purified by colum n chrom atbgraphy on silica gel eluting w ith a 9:1 mixture 
o f  chloroform  and m ethanol and the pure product was converted into the 
oxalate salt by adding an ethanolic solution o f  oxalic  acid (1.5 equiv.), and 
the resulting oxalate was crystallised from the solvent indicated in Table 2.

G eneral M ethod  B

A  solution o f  the suitable bromoalkyl derivative (9 mmol) in a large excess 
o f diethylam ine was heated at 50 ®C for 48 h. The excess am ine was removed 
under reduced pressure and the residue dissolved in w ater (1(X) mL), the 
solution basifled with sodium hydroxide and the free base extracted into 
diethyl ether (3x100 mL). The com bined extracts were dried over magne
sium sulfate and concentrated to give the crude base as an oil. The base was 
purified by colum n chrom atography on silica gel e luting with a 9:1 mixture 
o f  chloroform  and m ethanol and the pure product was converted into the 
oxalate salt by adding an ethanolic solution o f oxalic acid (1.5 equiv.).

G eneral M ethod C

A solution o f  the suitable bromoalkyl derivative ( 1 mm ol) and pyrrolidine 
(10 equiv.) in absolute ethanol (10 mL) was stirred and heated under reflux 
for 24 h. The solvent and excess amine were rem oved under reduced pres
sure, the residue dissolved in water (40 mL) and sodium  hydroxide was added 
to reach a basic pH. The free base was extracted into diethyl ether (3x40 mL) 
and the com bined extracts were washed with water, dried over magnesium 
sulfate and concentrated to give the crude base as a brown oil. The base was 
converted into the oxalate salt by adding an ethanolic solution o f oxalic acid 
(1.5 equiv.).

' G eneral M ethod I)

A suspension o f  the appropriately substituted phenol (15 m m ol), 1,5-di- 
brom opentane (2 equiv ), and w ater (30 mL) was vigorously stirred and 
heated under reflux. A solution o f  sodium  hydroxide (1.5 equiv.) in water 
(20 mL) was added dropw ise and the mixture was then stirred and heated 
under reflux for 4 h. A fter cooling, the organic layer was extracted into 
chloroform (3 x  40 mL) and the com bined extracts washed w ith water 
(40 mL) and dried over magnesium sulfate. A fter removal o f  the solvent 
under reduced pressure, the residue was distilled In vacno  (oil pum p) to yield 
first the excess o f  1,5-dibromopentane and then the product as an  oil.

N -Ethyl(4-phenylhutyl)ainine hydrochloride (2)

4-Phenylbutyl acetam ide (7.12 g, 37 mm ol) was added dropwise to a 
stirred suspension o f  lithium  aluminium hydride (4.10 g, 110 mmol) in 
25 mL dry TH F kept at 0  °C under nitrogen. The m ixture was subsequently 
heated under reflux overnight with stirring under nitrogen. T he reaction 
vessel was then cooled in an ice and w ater bath and sodium  sulfate decahy- 
drate was added portion wise followed by 5 mL TH F. A fter 2.5 h, the resulting 
white suspension was filtered, dried over m agnesium  sulfate and the crude 
product obtained after rem oval o f the solvent was distilled in vacuo  to yield 
a colourless liquid (3.67 g, 56% , bp =  90 -94  °C / 0.3 Torr). Af-(4-Phenyl- 
butyl)ethylam ine (1.08 g, 61 mmol) was converted in to  the hydrochloride 
salt by adding a  cooled ethanolic solution o f H Cl -  'H  N M R  (DM SO 
d t/T M S) 6 = 9.10 (m, 2H). 7.25 (m. 5H), 2.86 (m, 2x2H ). 2.61 (m , 2H), 1.67 
(m , 2H), 1.22 (t, 8 Hz, 3H ).

N -Ethyl-N-inethyl(4-phenylbutyl)am ine oxalate (3)

To M ethyl(4-phenylbutyl)am ine (see com pound 2, 2.03 g, 11 m m ol) was 
added form ic acid (2.75 g, 60 mmol), and form aldehyde (37%  aqueous 
solution, 1.1 g, 40 m m ol). The mixture was heated to  6 5 -7 0  °C  in a water 
bath with stirring for 4.5 h. A fter cooling, the m ixture was poured into an ice 
and w ater m ixture and m ade strongly basic by adding sodium  hydroxide 
pellets. The base was extracted into diethyl e ther and the crude product 
obtained after concentration was distilled in vacuo  (1.23 g, 56% , bp = 9 0 - 
94 “C/0.8 Torr). /V-Methyl-A/-4-phenylbutyl)ethylamine (1.00 g, 4 .4  mmol) 
was converted into the oxalate salt by adding an ethanolic solution o f  oxalic 
acid (432 mg, 4.8  m m o l) .- ' h  NM R (DM SO d t/IM S ) 5 = 7.27 (m, 5H ), 3.02 
(m, 2 X 2H), 2.67 (m , 2H +3H ), 1.60 (m, 2x2H), 1.18 (t, 8 Hz, 3H).

4-(4-M ethoxyphenyl)butanam ide

A  solution o f  4-(4-m ethoxyphenyl)butanoic acid (24 g, 124 mmol) in 
freshly distilled thionyl chloride (60 mL, 820 mm ol) was stirred and heated 
under reflux fo r 3 h. The excess thionyl chloride was distilled o ff to give the 
crude acid chloride (26.28 g. 100% ).- A solution o f  aqueous am monia (5 = 
0 .8 8 ,2 0  m L) was stirred and cooled to 0  °C  and the acid chloride (18.43 g, 
86.65 m m ol) was added dropwise. The mixture was stirred at 0  “C  for 30 min 
and the crude am ide collected by filtration (16.74 g, 1(X)%).- ^H NM R 
(C D C b) 5  = 7.26 (m , 2H), 6.83 (m , 2H), 3.70 (s, 3H), 3.34 (br, 2H), 2.48 (m, 
2H), 2.02 (t, 7.5 Hz, 2H), 1.73 (m, 2H).

4-(4-M ethoxyphenyl)butylam ine

A  solution o f  4-(4-m eihoxyphenyl)butanam ide ( 16.7 g, 86.73 mmol) in dry 
dichlorom ethane (10 mL) was added dropwise to  an ice-cold solution o f 
lithium alum inium  hydride (10 g, 260 mmol) in dry TH F (50 mL) under 
nitrogen. The resulting mixture was heated under reflux for 96 h. After 
cooling to 0  “C , a saturated solution o f sodium sulfate was cautiously added. 
The resulting m ixture was heated under reflux and the solution filtered hot. 
The residue was extracted with boiling TH F and filtered. The combined 
filtrates were dried over magnesium sulfate and concentrated under reduced 
pressure. The crude am ine was purified by colum n chromatography on silica 
gel eluting with 9/1 chloroform/methanol to give a yellow oil (2.2 g, 14% ).- 
'H  NMR (D M SO  d6) S = 7.10 (m, 2H), 6.82 (m , 2H), 3.69 (s, 3H), 2.71 (t,
7.0 Hz, 2H), 2.49 (m , 2H), 1.52 (m , 2H).

N-Ethyll4-(4-incthoxyphenyl)hutyl]ainine oxalate (4)

Prepared according to general method A from 4-(4-methoxyphcnyl)buty- 
lam ine .- 'H  NM R (D M SO  dft) 5  = 7.11 (m , 2H), 6.84 (m, 2H), 3.71 (s, 3H), 
2.89 (m, 2x2H ), 2.52 (t, 2H), 1.57 (m, 2x2H), 1.16 (t, 7.3 Hz, 3H).

N-Ethylf4-(4-nitrophenyl)hutylJunune oxalate (5)

Prepared according to general method A from 4-(4-nitrophenyl)buty- 
la m in e '- ' '. -  ' h  N M R (DM SO dr,) 5 = 8.15 (m, 2H), 7.51 (m, 2H), 2.90 (m, 
2x2H), 2.74 (t, 7.6 Hz, 2H), 1.63 (m, 2x2H), 1.15 (t, 7.3 Hz, 3H).

4-(4-Fluoropheityl)butanoic acid

A  m ixture o f  zinc wool (162 g, 2.48 mol), m ercury(ll) chloride (12.8 g, 
47 mmol) and concentrated hydrochloric acid (10 mL) in w ater (220 mL) 
was stirred for 5 min. T he liquid was then decanted and to the amalgam was 
added w ater (70 m L), concentrated hydrochloric acid (150 mL), toluene 
(90 mL) and 3-(4-fluorobenzoyl)propanoic acid (50 g, 255 mmol). The reac
tion mixture w as stirred and heated under reflux for 48 h with regular 
additions o f concentrated hydrochloric acid (50 mL) every 6 h. A fter cooling, 
tw o layers separated. The aqueous layer was diluted with w ater (200 mL) 
and extracted into diethyl ether (3 x  100 mL). The com bined organic phases 
were dried over m agnesium  sulfate and concentrated under reduced pressure. 
The crude product was distilled in vacuo  to give an orange oil (39.57 g, 
85% ).- ' h  N M R  (C D C b) 5 = 7.16 (m, 2H), 6.95 (m , 2H), 2.64 (t, 2H), 2.35 
(t, 2H), 1.92 (m , 2H).

4-(4-Fluorophenyl)butan-}-ol

T o a solution o f  borane (1 M) in TH F (180 m L, 180 mmol) stirred at 0  ®C 
under nitrogen w as slowly added a  solution o f  4-(4-fluorophenyl)butanoic 
acid (25 g, 137 m m ol) in dry dichloromethane (150 mL). The resulting 
solution was then heated under reflux for 16 h. A fter cooling to 0  “C , a  1:1 
mixture o f  w ater and T H F (75 mL) was cautiously added, the aqueous phase 
was saturated w ith potassium  carbonate, the organic layer separated and the 
product extracted into diethyl ether (6 x  100 mL). The combined organic 
phases were dried over m agnesium  sulfate and the solvent removed under 
reduced pressure to  leave an oil that was purified by colum n chromatography 
on silica gel eluting w ith chloroform  to give a colourless oil ( 10.19 g, 44% ).- 
’h  N M R (C D C b) 5 = 7.16 (m, 2H), 6.94 (m, 2H), 3.63 (t, 2H), 2.59 (l, 7.4 
Hz, 2H), 1.62 (m , 2x2H ).
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l-B  romo-4-(4-JI uorophenyljbutane

T o a  solution o f  4-(4-fIuoropheny))biitan-l-ol (4.98 g, 29.6 mmol) in dry 
dichlorom ethane (200 mL) stirred at 0 °C under nitrogen was added drop- 
w ise a solution o f  phosphorus tribromide (6 m L, 17.1 g, 63.2 mmol). The 
reaction m ixture was then heated a t 60 °C fo r 14 h. A fter cooling to  0  “C, 
w ater w as cautiously added and the organic phase separated. The product 
was extracted into dichloromethane (3 x  50 m L) and the combined organic 
solutions were dried over magnesium sulfate. The solvent was removed 
under reduced pressure to leave an oil that w as purified by column chrom a
tography on silica gel eluting with chloroform  to give a yellow  oil (3.62 g, 
5 3 % ).- ' h  NM R (C D C b) 5 = 7.10 (m, 2H). 6.95 (m. 2H), 3.40 (t. 2H), 2.60 
(t. 7.4 Hz. 2H), 1.62 (m . 2x2H).

N-l4-(4-Fluorophenyl)butylJphthalim ide

Potassium  phthalim ide (8 g, 43.2 mmol) was added to a solution o f 
l-brom o-4-(4-fluorophenyl)butane (6.64 g, 28.74 mmol) in anhydrous DM F 
(200 mL) under nitrogen. The reaction mixture was then heated at 90 °C for 
16 h. A fter cooling to room temperature, chloroform  (200 mL) was added, 
followed by w ater (200 mL). The two layers separated and the product was 
extracted into chloroform  (3 x  I(X) mL), the com bined organic solutions were 
dried over m agnesium  sulfate and the solvent was removed under reduced 
pressure to  leave a white solid. The crude product was purified by column 
chrom atography on silica gel eluting with chloroform  to give the pure product 
as a white solid (5.55 g, 65% ).- 'H  NMR (C D CI3) S = 7.82 (m, 4H). 7.20 
(m , 2H), 7.05 (m , 2H), 3.58 (l, 2H). 2.57 (i, 2H ), 1.52 (m , 2x2H).

4-(4-Fliiorophcnyl)hutylaniine

A m ixture o f  N -(4-(4-fluorophenyl)butyl|phthalim ide (5.03 g, 17 mmol), 
glacial acetic acid (150 mL) and concentrated hydrochloric acid (150 mL) 
was stirred and heated under reflux for 36 h. T he mixture was evaporated to 
dryness, the white residue was dissolved in w ater, anhydrous potassium 
carbonate was added and the free base extracted into chloroform (3 x 
100 mL). T he com bined extracts were dried over m agnesium sulfate and the 
solvent rem oved under reduced pressure to leave the product as a yellow oil 
( 1.17 g, 7 m m ol).- ' H NMR (DM SO db) 6 = 7 .17 (m, 4H), 3.58 (t, 2H), 2.50 
(m , 2H), 1.52 (m, 2x2H).

N-Ethyll4-(4-Jliiorophenyl)but)'l}amine oxalate (6)

Prepared according to general method A from  4-(4-fluorophenyl)buty- 
lam in e .-  ' h  NM R (D M SO  da) S = 7.23 (m , 2H ), 7.09 (m , 2H), 2.88 (m, 
2x2H ), 2.57 (t. 2H), 1.56 (m, 2x2H), 1.14 (t, 7.3 Hz, 3H).

N-Eihy![4-(4-chIorophenyl)butyl]amine oxalate (7)

Prepared according to  general method A from  4-(4-chlorophenyl)buty- 
lam ine ' h  NM R (DM SO de) 5 =  7.32 (m , 2H ), 7.24 (m , 2H), 2.89 (m, 
2x2H ), 2.59 (t, 2H), 1.58 (m, 2x2H), 1.16 (t, 7.3 Hz, 3H).

N-Ethyl[4-(4-am inophenyl)butyl]am ine tiijluoroacetate (8)

N -E thyl[4-(4-nitrophenyl)butyl]am ine (770 m g, 3.47 mm ol) was dis
solved in absolute ethanol (30 rnL) and the solution heated to  50 ®C. Palla
dium  (5% ) on carbon (ICX) mg) was added follow ed by hydrazine hydrate 
(4.12 g, 82.3 m m ol) in 0.5 mL portions over 10 minutes. Additional palla
dium  (5% ) on  carbon (100 mg) was added and the mixture was stirred at 
50  ®C for 72 h. A fter cooling, the catalyst w as filtered o ff  and the solution 
concentrated to  dryness. The base was purified by  preparative HPLC eluting 
w ith 90%  w ater and 10% methanol, both containing 0.1%  TFA. After 
concentration, the product was dissolved in isopropanol, filtered and concen
trated to g ive the product as a hygroscopic brow n glassy so lid .- ' h  NMR 
(D M SO  d6) 6  =  8.37 (br, 2H). 7.16 (m, 2H), 7.00 (m, 2H), 2.90 (m. 2x2H), 
2.54 (t, 6.7 H z, 2H). 1.54 (m, 2x2H), 1.14 (t, 7.3 Hz, 3H).

N~Ethyl(3-phenylthiopropyl)amme oxalate (P)

Prepared according to  general method A from  3-phenylthiopropylam ine 
’h  N M R  (D M SO  d6) 6 = 7.27 (m, 5H), 2 .97 (m. 3x2H), 1.85 (m, 2H), 

1.14 (t, 7.3 H z, 3H).

N,N-Diethyl{3~phenylthiopropyl)amme oxalate (10)

Prepared according to general method B from  l-brom o-3-phenylthio- 
propane ' h  NM R (D 2O) 6 = 7.29 (m, 5H ), 2.99 (m , 4x2H ), 1.79 (m, 
2H). 1.08 (t, 7.3 Hz, 2x3H).

N,N-Diethyl(4-plienylthiobutyl)amine oxalate ( I I )

Prepared according to general method B from  1 -brom o-4-phenylthiobu- 
tane ' h  NM R (D 2O) 8 = 7.27 (m, 5H), 3.01 (t, 7.3 Hz, 2H), 2.91 (m, 
3x2H), 1.59 (m, 2x2H ), 1.04 (t, 7.3 Hz, 2x3H).

I-Bronw-5-phenyltliiopentane^^^^

A mixture o f thiophenol (1.82 g, 16.6 mmol), 1,5-dibromopentane (9.28 
g, 40.4 mmol), sodium hydroxide ( 1.05 g, 26.3 mmol), w ater (50 mL), 
toluene (50 mL) and a 40%  aqueous solution o f  tetrabutylam m onium  hy
droxide (I mL) was stirred at room tem perature under nitrogen for 25 min. 
The organic layer was separated, washed with 10% aqueous sodium hydrox
ide, water and dried over magnesium sulfate. A fter removal o f  the solvent 
under reduced pressure, the oil was distilled itj vacuo  (2.28 g, 53% ).- 
'h  NMR (C D C b) 6 = 7.23 (m, 5H), 3.39 (t, 2H), 2.90 (t, 2H), 1.72 (m, 3x2H).

N,N-Diethyl(5-phcnylthinpeiuyl)amine oxalate (12)

Prepared according to general method B from 1 -brom o-5-phenylthiopcn- 
tane .- ' h  NMR (DM SO d<,) 8  = 7.24 (m , 5H ), 3.00 (m , 4x2H ), 1.50 (m , 
3x2H), 1.15 (t, 7.3 Hz, 2x3H).

N-Ethyl(3-phcnoxypropyl)aimite oxalate (13)

Prepared according to general method A from  3-phcnoxypropylamine 
'H  NMR (D M SO  db) 8 = 7.28 (m, 2H), 6.93 (m, 3H), 4.03 (t, 6.1 Hz, 

2H), 2.98 (m , 4H ), 2.04 (m, 2H), 1.17 (t, 7.2 Hz, 3H).

N.N-Diethyl(3-phenoxypropyl)amine oxalate (14)

P rep ared  acc o rd in g  to  general m e th o d  B from  l-b ro m o -3 -p h e -  
noxypropane.- ' h  NM R (D 2O) 8 = 7.25 (m , 2H), 6.90 (m , 3H), 4.03 (t, 2H), 
3.12 (m, 3x2H), 2.04 (m , 2H), 1.15 (t, 7.3 Hzi 2x3H).

N.N-Diethyl(4-phcnoxybut)’l)amine oxalate (IS )

Prepared according to general method B from  l-brom o-4-phenoxybu- 
tane .- ' h  NM R (D2O) 8 = 7.24 (m, 2H), 6.90 (m , 3H), 3.98 (t, 5.9 Hz. 2H), 
3.07 (m, 3x2H), 1.71 (m , 2x2H), 1.13 (t, 7.3 Hz, 2x3H).

N,N-Diethyl(5-phenoxypet\tyl)amme oxalate (16)

Prepared according to general method B from l-brom o-5-phenoxypentane 
' h  NM R (D 2O ) 8  = 7.24 (m, 2H), 6.93 (m , 3H), 3.95 (t, 6.3 Hz, 2H),

3.00 (m, 3x2H), 1.62 (m , 2x2H), 1.36 (m , 2H), 1.12 (t, 7.3 Hz, 2x3H).

N,N-Diethyl(6-phenoxyhexyl)amine oxalate (17)

Prepared according to  general method B from l-brom o-6-phenoxyhexane 
' h  NM R  (D 2O ) 8  = 7.23 (m, 2H), 6.89 (m , 3H), 3.93 (t, 6.4 Hz, 2H). 

2.99 (m, 3x2H), 1.58 (m, 2x2H), 1.31 (m , 2x2H ), 1.11 (t, 7.3 Hz. 2x3H).

N,N-D m ethyl(5-phenoxypentyl)am m e oxalate (18)

l-Brom o-5-phenoxypentane (200 mg, 0.82 m m ol) was added to a solution 
o f dimethylamine (2M ) in TH F (20 mL, 40  m m ol) and the m ixture was 
heated at 55 "C for 48  h. After cooling, the solvent and excess am ine were 
removed under reduced pressure and the residue dissolved in w ater (100 mL), 
the solution basifled w ith sodium hydroxide and the free base  extracted into 
diethyl ether (3x100 mL). The combined extracts were dried  over m agne
sium sulfate and concentrated to give the crude base as a yellow  oil (151 m g, 
94%). The base was purified by column chrom atography on silica gel eluting 
with a 3:2 mixture o f  chloroform  and methanol and the pure product (147 mg, 
0.71 mmol) was converted into the oxalate salt by adding an ethanolic 
solution o f  oxalic acid  (126 mg, 1.4 m m ol).- ' h  NM R  (D 2O ) 8 =  7.23 (m .
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2H). 6.88 (m . 3H ). 3.95 (t, 6.3 Hz, 2H), 2.99 (t, 2H), 2.71 (s 2x3H). 1.65 (m, 
2x2H ). 1 .3 7 (m ,2 H ).

N-Ethyl-N-m ethyl(5-phenoxypentyl)am ine oxalate (19)

A solution o f  l-brom o-5-phenoxypentane (511 m g, 2.1 mmol) in N- 
m ethyleihylam ine (1.24 g, 21 mmol) was stirred at room  temperature for 
48 h . The excess am ine was removed under reduced pressure, the residue 
dissolved in w ater (40 m L) and sodium hydroxide w as added to reach a basic 
pH. T he  free base w as extracted into diethyl ether (3x40 mL) and the 
com bined extracts were washed with water, dried over m agnesium sulfate 
and concentrated  to give the crude base as a yellow  oil. The base was 
converted in to  the oxalate salt by adding an ethanolic solution o f oxalic acid 
(180 m g. 2 m m o l) .-  ' h  NM R (DM SO d&) 6 = 7.28 (m , 2H), 6.92 (m. 3H),
3.95 (t, 6.3 H z. 2H), 3.05 (q, 7.2 Hz, 2H), 2.98 (m , 2H), 2.66 (s, 3H). 1.70 
(m , 2x2H ), 1.44 (m, 2H). 1.18 (t, 7.2 Hz. 3H).

N-Eihyl-N-propyl(5-phenoxypentyl)am ine oxalate (20)

A solution o f  1-bromo-5-phenoxypentane (360 mg, 1.5 mmol) and N~ 
e thy lp ropy lam ine(I g, 11 mmol) in absolute ethanol ( 10 m L) was stirred and 
heated under reflux for 48 h. The excess am ine and the solvent were removed 
under reduced pressure, the residue diluted w ith aqueous sodium hydroxide 
(40 m L ) and the free base was extracted into diethyl e ther (3x40 mL). The 
com bined extracts were washed with water, dried over magnesium sulfate 
and concen trated  to  give the crude base as a brow n oil. The base was 
converted into the oxalate salt by adding an ethanolic solution o f oxalic acid 
(150 m g. 1.7 m m o l) .- ' h  NM R (DM SO dt.) 5 = 7.27 (m , 2H ). 6.92 (m, 3H),
3.95 (t, 6.2 Hz, 2H), 3.06 (m , 2H), 2.96 (m, 2x2H ), 1.68 (m . 3x2H). 1.44 (m, 
2H). 1.16 (t, 7.1 Hz, 3H ), 0.89 (t, 7.3 Hz. 3H).

N,N-D ipropyl(5-phenoxypentyl)aniine oxalate (21)

Prepared according to  general method B from l-brom o-5-phenoxypcn- 
tane, using d ipropylam ine and healing at 110 °C for 48 h . -  ' h  NMR (D :0 )  
5 = 7.24 (m . 2H ), 6.89 (m , 3H), 3.96 (t, 6.3 Hz, 2H), 2.96 (m, 3x2H), 1.53 
(m , 5x2H ), 1.31 (m , 2x2H ), 0.80 (t, 7.4 Hz, 2x3H ).

l-(5-Phenoxypeiuyl)pyrrolid ine oxalate (22)

A solution o f  1-bromo-5-phenoxypcntane (788 mg. 3.24 mmol) in pyr
rolidine (2.56 g, 36 m m ol) was stirred and heated under reflux for 24 h. The 
excess am ine w as rem oved under reduced pressure, the residue dissolved in 
w ater (40  m L) and sodium  hydroxide was added to  reach a basic pH. The 
free base  w as extracted into diethyl ether (3x40  m L) and the combined 
extracts were w ashed w ith water, dried over m agnesium  sulfate and concen
trated to  give the crude base as a yellow oil. The base w as converted into the 
oxa la te  salt by  adding  an ethanolic solution o f  oxalic  acid (303 mg,
3.4 m m o l) .-  ' h  NM R (D M SO  de) 5 = 7.27 (m . 2H), 6.92 (m , 3H), 3.95 (t,
6.3 Hz, 2H ),3 .21  (br. 2x2H ), 3.07 (m. 2H). 1.91 (m ,2 x 2 H ), 1.70 (m, 2x2H),
1.42 (m . 2H).

l-(5-P henoxypentyl)p iperid ine oxalate (23)

A  solution o f  l-brom o-5-phenoxypentane (780 m g. 3.2 m m ol) in piperid
ine (2.93 g. 34 m m ol) w as stirred and heated under reflux for 48 h. The excess 
am ine w as rem oved  under reduced pressure, the residue dissolved in water 
(40 m L ) and sodium  hydroxide was added to reach a basic pH . The free base 
was extracted  in to  diethyl ether (3x40 mL) and the com bined extracts were 
washed w ith w ater, dried over magnesium sulfate and concentrated to give 
the crude base  as a yellow  oil. The base was converted in to  the oxalate salt 
by adding an ethanolic solution o f  oxalic acid (288 m g. 3.2 m m ol).- *H NMR 
(DM SO d6) 5  =  7.26 (m . 2H ), 6.90 (m. 3H). 3.94 (t, 6.3 H z, 2H). 3.06 (br. 
2x2H ). 2.95 (m . 2H ). 1.70 (m . 4x2H). 1.52 (br. 2H ). 1.42 (m . 2H).

]-(5-Phenoxypent}'l)lw m opiperidine oxalate (24)

A  solution o f  l-brom o-5-phenoxypentane (520 m g, 2.1 mmol) in ho
m opiperidine (2 .64  g. 26.6 m m ol) was stirred and heated under reflux for 4 h. 
The m ixture w as diluted w ith aqueous sodium  hydroxide (40  mL). the free 
base w as ex tracted  into diethyl ether (3x40 m L) and the com bined extracts 
were w ashed w ith  w ater, dried over m agnesium sulfate and concentrated to

give the crude base as an oil. The base was converted into the oxalate salt by 
adding an ethanolic solution o f oxalic acid (400 m g, 4.4 m m ol).- ' h  NM R 
(DM SO d 5) 5  = 7.27 (m , 2H), 6.93 (m, 3H), 3.96 (t, 6.3 Hz, 2H), 3.20 (br, 
2x2H), 3.04 (m, 2H), 1.77 (m, 2x2H), 1.72 (m , 2x2H ), 1.59 (br, 2x2H), 1.42 
(m. 2H).

4-(5-Phenoxypentyl)moipholine oxalate (25)

A solution o f  1-bromo-5-phenoxypentane (785 mg, 3.2 mmol) in mor- 
pholinc (3.06 g. 35 mmol) was stirred and heated under reflux for 48 h. The 
excess amine was removed under reduced pressure, the residue dissolved in 
water (40 mL) and sodium hydroxide was added to reach a  basic pH. The 
free base was extracted into diethyl ether (3x40  mL) and the com bined 
extracts were washed with water, dried over m agnesium  sulfate and concen
trated to give the crude base as a brown oil. The base was purified by column 
chromatography on silica gel eluting with a 1:1 mixture o f  chloroform and 
methanol. After removal o f the solvents, the pure product was converted into 
the oxalate salt by adding an ethanolic solution o f  oxalic acid (225 mg.
2.5 m m ol).- ' h  NMR (DMSO d6) 8 = 7.26 (m . 2H). 6.90 (m . 3H). 3.95 (t.
6.3 Hz. 2H). 3.75 (br, 2x2H), 3.02 (br, 2x2H), 2.90 (m, 2H). 1.70 (m, 2x2H),
1.42 (m, 2H).

4-M cihyl-l-(5-phenoxypentyl)pipcrazine dihydrochloridc (26)

A solution o f 1-bromo-5-phcnoxypentane (510 mg, 2.1 mmol) in N- 
mcthylpipcrazine (2.2 g, 22 mmol) was stirred and heated under reflux for 
48 h. The mixture was diluted with aqueous sodium  hydroxide (40 mL), the 
free base was extracted into diethyl ether (3x40 mL) and the combined 
extracts were washed with water, dried over magnesium  sulfate and concen
trated to give the crude base as a brown oil. The base was converted into the 
hydrochloride salt by adding aqueous 4N HCl (5 m L ).- 'H  NMR (DM SO 
dh) 5 =  7.28 (m . 2H), 6.93 (m. 3H), 3.96 (t, 6.3 Hz, 2H ), 3.44 (br, 4x2H ), 3.12 
(br, 2H), 2.81 (br, 3H), 1.76 (m, 2x2H), 1.45 (m . 2H).

]-Bromo-5-(4-fluorophcnoxy)pentane

Prepared according to general method D from  4-fluoropheno l.- bp: 
-1 4 0  °C/1 T o rr.-  ' h  NMR (CDCh) 5 = 6.94 (m , 2H). 6.81 (m. 2H), 3.90 (t.
6.3 Hz. 2H). 3.42 (t. 6.7 Hz. 2H). 1.92 (m. 2H). 1.78 (m. 2H). 1.60 (m. 2H).

1 -[5-(4-Fluorophenoxy)pent} lJpyrrolidine oxalate (27)

Prepared according to general method C from 1-bromo-5-(4-fluorophe- 
noxy)pentane.- ' h  NMR (DMSO da) 5 = 7.11 (m , 2H). 6.94 (m, 2H). 3.94 
(I, 6.3 Hz. 2H), 3.23 (br. 2x2H), 3.09 (m. 2H), 1.92 (br. 2x2H ), 1.71 (m. 
2x2H). 1.44 (m. 2H).

1 -Bromo-5-( 4'Chlorophenox))pentane *

Prepared according to general method D from 4-chlorophcnol.- *H NM R 
(C D C b) 5 =  7.23 (m, 2H), 6.82 (m. 2H). 3.93 (t, 6.3 Hz, 2H), 3.44 (t, 6.7 Hz, 
2H), 1.94 (m. 2H). 1.80 (m, 2H), 1.62 (m, 2H).

l-[5-(4-Chlorophetioxy)pentyl}pyrrolidine oxalate (28)

Prepared according to  general method C from  l-brom o-5-(4-chlorophe- 
noxy)pentane.- 'H  NM R (DMSO de) 8 =  7.30 (m , 2H ), 6.94 (m. 2H), 3.95 
(t, 6.3 Hz, 2H). 3.20 (br, 2x2H), 3.06 (m, 2H), 1.90 (br. 2x2H ), 1.70 (m, 
2x2H), 1 .42(m ,2H ).

1 -Bromo-5-( 3-chlorophenoxy)pentane

Prepared according to general method D from 3-chlorophenol.- bp: 145- 
150 "C /l T o rr.- 'H  NM R (CD Cb) 8 =  7.19 (t, 8.1 Hz, IH ), 6.92 (dd. 0.8 and 
8.9 Hz. IH ). 6.89 (dd. 2.1 and 2.4 Hz, IH), 6.78 (ddd, 0.8 and 2.4 and 8.4 
Hz. IH ). 3.96 (t, 6.3 Hz, 2H). 3.45 (t. 6.8 Hz, 2H ), 1.94 (m , 2H), 1.82 (m, 
2H). 1.63 (m. 2H).

J~l5-(3-Chlorophenoxy)pentyl]pyrroUdine oxalate (29)

Prepared according to general method C from  1 -brom o-5-(3-chlorophe- 
noxy)pentane.- ' h  NMR (DMSO de) 8 =  7.28 (t. 8.1 Hz, IH ), 6.98 (m, 2H),
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6 .8 9 (dd, 2.3 and 8.4 Hz. IH ) .3 .9 8 ( t .6.3 H z .2 H ).3.21 (br.2x2H ). 3 .07 (m. 
2H). 1.90 (br. 2x2H ). 1.70 (m. 2x2H). 1.42 (m. 2H).

1-[5-(4-Amiiiophenoxy)pentylJpyrrolidine dioxalate (30)

A  solution o f  l-l5-(4-nilrophenoxy)pcntyllpyrrolidine oxalate (see com
pound 32. 210 mg. 0.57 mmol) in a mixture o f  methanol (10 mL) and 
absolute ethanol (10 mL) was vigorously stirred at room temperature under 
hydrogen in the presence o f palladium (5%) on carbon ( 100 mg) for 3 h. The 
catalyst was filtered o ff and the solvents rem oved under reduced pressure. 
The residue was dissolved in methanol and oxalic acid was added (100 mg.
1.1 m m o l) .- ' h  NM R (DM SO d&) 8 = 6.70 (m . 4H). 6.50 (br. 2H). 3.85 (t.
6.3 Hz. 2H). 3.27 (br. 2x2H). 3.10 (m. 2H). 1.92 (br. 2x2H). 1.60 (m. 2x2H).
1.42 (m . 2H).

I -B rom o-S-i 4 -inethylphenoxyipentune

Prepared according to general method D from para  crcso l.- 'h  NMR 
(C D C b) 5  = 7.09 (m, 2H). 6.81 (m. 2H), 3.96 (t, 6.3 Hz. 2H). 3.45 (t. 6.8 Hz. 
2H), 2.30 (s. 3H). 1.95 (m, 2H). 1.81 (m ,2H ), 1.63 (m. 2H).

I ■l5-(4-Metliylpheno.\y)peniylJpyrrolidine oxalate (3 !)

Prepared according to general method C from l-bromo-5-(4-mcthylphc- 
noxy)pcn tane.- ' h  NM R (DM SO ds) 5 = 7.05 (m . 2H). 6.79 (m. 2H), 3.90 
(I. 6 .3 Hz. 2H). 3.20 (br. 2x2H), 3.06 (m. 2H). 1.90 (br. 2x2H). 1.68 (m. 
2x 2 H). 1.42 (m .2H ).

/ -Broino-5-(4-nilroplienoxy)penlane

Prepared according to general method D from  4-nilrophenol.- bp; I9(i- 
198 °C /2 T o rr .-  ' h  NM R (CDClt) 8 = 8.21 (m . 2H). 6.95 (m. 2H). 4.07 (t,
6.3 Hz. 2H). 3.46 (m. 2H). 1.92 (m. 2x2H). 1.62 (m . 2H).

I-l5-(4-Niiroplwnoxy)pentylJpyrrolidine oxalate (32)

Prepared according to general method C from 1-bromo-5-(4-nitrophe- 
noxy)pentanc.- ' h  NM R (D M SO ds) 8 = 8.19 (m . 2H). 7.13 (m. 2H). 4.12 
(t. 6.3 Hz. 2H). 3.19 (br. 2x2H). 3.07 (m. 2H). 1.90 (br. 2x2H). 1.76 (m. 
2x2H ). 1.44 (m . 2H).

l-Brom o-5-(3-nitropltenoxy)petitane

Prepared according to general method D from 3-nitrophenol. Heated under 
reHux for 6 h . -  bp: 190-196 °C/1 T o rr.- ' h  N M R  (C D C b) 8 = 7.76 (ddd,
8.1 and 1.3 and 0.8 Hz. 1H). 7.67 (dd. 2.3 and 2.3 Hz. 1H). 7.38 (dd. 8.2 and
8.2 Hz. IH ). 7.18 (ddd. 8.2 and 3.3 and 2.5 Hz. IH ). 4.01 (t. 6.3 Hz. 2H).
3.42 (t. 6.7 Hz. 2H). 1.93 to 1.78 (m, 4H); 1.62 (m . 2H).

J-[5-(3-Nitrophenoxy)pentylJpyrrolidine oxalate (33)

Prepared according to general method C from  1-bromo-5-(3-nitrophe- 
n o x y )p e n ta n e .- 'H N M R  (DM SO dé) 8 = 7.81 (dd. 2.2 and 8.1 Hz. 1H).7.70 
(dd. 2.3 and 2.3 Hz. IH ) .7.58 (dd. 8 .2 a n d 8.2 Hz. IH ). 7.42 (dd. 2.4 and 8.3 
Hz. 1H ). 4.11 (t. 6.4 Hz. 2H). 3.23 (br. 2x2H). 3.10 (m. 2H). 1.92 (br. 2x2H). 
1.78 (m . 2H). 1.71 (m . 2H). 1.47 (m. 2H).

l-B rom o-5-(4-cyanophenoxy)penlane

Prepared  according to general method D from  4-hydroxybenzonitrile.- 
'H  N M R  (C D C b ) 8 =  7.58 (m. 2H). 6.93 (m. 2H). 4.02 (t. 6.3 Hz. 2H). 3.45 
(t. 6.7 H z. 2H ). 1.93 (m . 2H). 1.84 (m, 2H). 1.64 (m. 2H).

1-15-(4-Cyanophenoxy)pentylJpyrrolidine oxalate (34)

Prepared according to  general method C from  l-bromo-5-(4-cyanophe- 
noxy)pen tane.- ' h  N M R  (DM SO de) 8 = 7.50 (m . 2H). 7.09 (m. 2H). 4.06 
(t. 6 .3  H z. 2H ). 3.20 (br. 2x2H ). 3.07 (m. 2H). 1.90 (br. 2x2H ). 1.75 (m. 2H). 
1.66 (m . 2H). 1.43 (m , 2H).

1 -Bromo~5-( 3-cyanoplienoxy)pentane

Prepared according to general method D from 3-hydroxybenzonitrile.- 
’h  NM R (C D C b ) 8 = 7.36 (dd. 7.5 and 7.2 Hz. IH ). 7.23 (ddd. 7.6 and 1.2 
and 1.2 Hz. 1H ). 7.13 (m . 2H). 3.98 (t. 6.3 Hz. 2H). 3.45 (t. 6.7 Hz. 2H). 1.92 
(m. 2H), 1.84 (m . 2H). 1.64 (m . 2H).

I-(5~(3-Cyanophenoxy)pentylJpyrrolidine oxalate (35)

Prepared according to general method C  from  1 -bromo-5-(3-cyanophe- 
noxy)pentanc.- ' h  NM R (DM SO de) 8 = 7.49 (dd. 7.8 and 7.9 Hz. 1H). 7.40 
(m. 2H). 7.28 (m . IH ). 4.05 (t. 6.4 Hz. 2H ). 3.23 (br. 2x2H). 3.10 (m. 2H). 
1.92 (br. 2x2H ). 1.77 (m . 2H). 1.69 (m. 2H). 1.45 (m . 2H).

Plwniiacology. General Procedures

In vitro

C om pounds were tested for their potencies as histamine Ha-receptor 
antagonists in an assay using K*-evoked depolarization-induced release o f 
I'^H] histam ine from synapto.somes o f  rat cerebral cortex as described

In vivo

The com pounds were tested in vivo  by adm inistration as the salt form 
indicated in Table  2 as a suspension in 1% mcihylcellulose p e r m  to groups 
o f at least six male Swiss mice (weighing 18-22g) as described
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