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Abstract

K+ channels play an important role in controlling membrane potential and hence excitability 

of cells. They are present in all cells and exist as many types, several often being present 

on the same cell. An area in need of pharmacological exploration is that of calcium- 

activated potassium channels, one of the subtypes is the intermediate-conductance, voltage 

insensitive calcium activated K+ channel (IKca) found in red blood cells.

Cetiedil (±2-cyclohexyl-2-(3-thienyl)ethanoic acid 2-(hexahydro-1 H-azepin-1 -yl) ethyl 

ester) has been shown to be an inhibitor, with moderate activity, (IC50 = 24.5 |xM) of the 

IKca channel found in erythrocytes. Cetiedil, a known drug originally found to be a 

peripheral vasodilator has also been reported to exhibit antisickling properties in 

erythrocytes.

This thesis describes the synthesis and biological activity of a series of analogues based 

on the lead compound, cetiedil, with the aim of designing a more potent and selective 

blocker. All the compounds synthesised were submitted for pharmacological testing for 

their ability to inhibit K+ efflux from rabbit erythrocytes. Previous results obtained on the 

channel had suggested that drug potency correlates well with drug lipophilicity. A series of 

novel analogues were synthesised for this thesis using established chemical routes to 

investigate the critical features present in the cetiedil analogue, 2-[N-(5-ethyl-2- 

m ethylpiperidino)]ethyl triphenylethanoate (IC5o=1.16|xM). Exploration of the 

pharmacophore of 2-[N-(5-ethyl-2-methylpiperidino)]ethyl triphenylethanoate led to a 

structure-activity analysis designing more potent blockers which were more lipophilic and 

stereoisomeric. In general, less of a correlation between drug potency and drug 

lipophilicity was found in comparison to the previous results obtained. This was because 

certain structural features now seemed to be influencing activity and not only increases in 

lipophilicity. The presence of an acetylenic moiety was found to be important for activity. 

The most potent blockers of the series were l-[9-(benzyl)fluoren-9-yl)]-4-(N-5-ethyl-2- 

methylpiperidino)-but-2-yne and the corresponding open chain analogue, l-[(9-benzyl)- 

fluoren-9-yl)]-4-(N, N-dibutylamino)-but-2-yne with IC50 values of 0.21 jiM and 0.13 

pM respectively.



Clotrimazole (diphenyl-(2-chlorophenyl)-N-imidazolyl methane), a known antifungal 

drug has also recently been shown to be an inhibitor of IKca in red blood cells with an 

IC50 value of 0.94 |iM. Based on clotrimazole, a series of heterocyclic and open chain 

analogues and a series of non-amino analogues were synthesised. The main structural 

feature of clotrimazole, the trityl group, was retained and investigations into the role of the 

imidazole moiety, and importance of the substituents and positions of substitution on the 

aromatic rings was carried out. Pharmacological results obtained indicated that the 

imidazole ring was not essential for activity. The most active compound found in the 

heterocyclic and open chain series besides clotrimazole was 3-{N-[l-(2-chlorophenyl)-l,l- 

diphenyl]methyl} aminopyridine, IC50 = 1.95 |iM. In the non-amino analogue series, the 

most active compound found was also calculated to be the most lipophilic of the series, 

tris-(4-chlorophenyl)-methanol, IC50 = 0.56 pM. In general, less of a correlation between 

drug potency and drug lipophilicity was observed for the clotrimazole analogues in 

comparison to the cetiedil analogues synthesised for this thesis.

Stereochemical assignments have been carried out for this thesis using 2D NMR 

techniques namely one bond heteronuclear shift correlations and nuclear Overhauser 

enhancements.

Lipophilicity throughout the thesis has been expressed as calculated log P values using 

the manual fragmental method, (X/) of Rekker and the computerised CLOG? method of 

Leo and Hansch. A drug solubility analysis involving UV spectroscopy was also carried 

out.
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Glossary

abs. EtOH absolute ethanol

ACh acetylcholine

AD Alzheimer's disease

ADP adenosine-5 ' -diphosphate

agonist a drug that can interact with receptors and initiate a drug response

antagonist a drug that opposes the effect of another by physiological or chemical action,

or by a competitive mechanism for the same receptor sites 

AH? after-hyperpolarisation

AMP-PCP adenyly (B,y-methylene)-diphosphonate (a non-hydrolysable ATP analogue) 

AMP-PNP 5'-adenyly-imidodphosphonate (a non-hydrolysable ATP analogue)

4-AP 4-aminopyridine

APD action potential duration

AS identification tag (S. Athmani)

ATP adenosine-5'-triphosphate

ATPyS adenosine-5'-0-(3-thiotriphosphate)

hr s broad singlet

[Ca^+li intracellular concentration of Ca^+

cAMP cyclic adenosine-3',5'-monophosphate

CDCI3 deuterated chloroform

ChTX charybdotoxin

CLOGP calculated 1-octanol/water log P values, based on fragmental contributions;

or alogorithm/computer program developed by Leo 

CNS central nervous system

d doublet

dd doublet of doublets

DMF dimethyl formamide

DMSG dimethyl sulfoxide

EC50 50% effective concentration

EDHF endothelium-derived hyperpolarising factor
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El electron impact

Ek potassium equilibrium potential

FAB fast atom bombardment

g gramme

gK(Ca) calcium-activated potassium conductance

G ABA y-aminobutyric acid

GIRKl cloned G-protein coupled Kach channel

G protein guanine nucleotide regulatory binding protein

GTP guanosine 5'-triphosphate

h hour

H5 putative pore-forming region of K+ channel proteins

HEPES N-(2-hydroxyethyl)piperazine-N'-(2-ethanesulphonic acid)

HPLC high performance liquid chromatography

5-HT 5-hydroxytryptamine (serotonin)

HbS haemoglobin S

HbSS homozygote for Hb S

Hz Hertz

IbTX iberiotoxin

IC50 concentration (of dmg) that causes 50% inhibition (of response)

IR infrared

IRKl cloned Kir channel

ITP inosine 5'-triphosphate

J coupling constant (NMR)

Kd dissociation constant

kDa kiloDalton (10^ daltons)

Kj dissociation constant of inhibitor

[K+]o extracellular K+ concentration

LHRH luteinizing hormone releasing hormone

Log P  1-octanol/water partition coefficient values based on fragmental contributions,

X / of Rekker
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m (IR) medium absorption

m (NMR) multiplet

M molar

MO segment of ROMKl channel protein

M l segment of IRK 1 protein

M2 subtype of muscarinic receptors, segment of IRKl protein

MCD mast cell degranulating

Me methyl

m/e mass to charge ratio

mg milligramme, lO"  ̂gramme

MHz megaHertz, 10^ Hertz

ml millilitre, 10 '^ litre

mol mole

min minute

mp melting point

MS mass spectrum

fxM micromole, lO'^ mole

nM nanomole, 10 “̂  mole

nm nanometer, 10 '^ meter

NMR nuclear magnetic resonance

NOE nuclear Overhauser enhancement

NTX noxiustoxin

Ph phenyl

fK K+ permeability

^ 0 open probability of channel

prep preparative

pS picosiemens ( 10"^  ̂siemens)

q quartet

quint quintet

RBC red blood cells
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ROMKl cloned ATP-regulated K+ channel 

rt room temperature

s (IR) strong absorption

s (NMR) singlet

S1-S6 segments of voltage-dependent K+ proteins

SAR structure-activity relationships

SCyTx scyllatoxin (leiurotoxin I)

sd standard deviation

SS homozygous sickle cell anaemia

t triplet

td triplet of doublets

TEA triethylammonium

TEA trifluoroacetic acid

THE tetrahydrofuran

TLC thin layer chromatography

UCL identification tag (Unversity College London)

UTP uridine 5'-triphosphate

UV ultraviolet

w (IR) weak absorption

WQ identification tag (W. Quaglia)

ZM identification tag (Z. Miscony)
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CHAPTER 1 

INTRODUCTION

1.1 Historic Perspective

Ion channels consist of protein molecules and are located in the bilipid layer of cell 

membranes. Their purpose is to regulate the passive movements of ions across the 

membrane. Several ion channels have the ability to discriminate between cations and 

anions, and of the cation channels there exist various types, some of which are non- 

selective and some of which are. The cation selective channels are of the most 

physiologically important cations, the Na+, Ca^+ and K+ channels.

For the last 20 years interest in ion channel research has been increasing. In the 

mid 70's the interest was focused mainly on sodium channels. ̂  This was derived from the 

availability of clinically successful compounds which blocked the sodium ion channels, 

such as the class I antiarrhythmics, procainamide and lignocaine and the local anaesthetics 

procaine and xylocaine.^

In the early to mid 80's, the emphasis changed to the calcium ion channels for 

therapeutic use. Calcium channel blockers such as diltiazem, nitrendipine, nifedipine and 

verapamil became available throughout the world for treating a variety of cardiovascular 

disorders such angina pectoris, congestive heart failure and hypertension. It was not until 

the late 1980's that a tremendous interest in the potassium ion channels developed, 

although the role of some K+ channels in controlling the membrane potential (and hence 

excitability of cells) was well established.^ Potassium channels are ubiquitous in homo 

sapiens and participate in a variety of physiological events. One of the factors which has 

hindered the development of drugs modulating K+ channels is the multiplicity of these 

channels and the lack of specific ligands to block or activate them. To date, at least 15 

major types of K+ channels are recognised and within each type, several sub-groups are 

known to exist.^ There are still however, many K+ channels which are poorly understood
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in terms of both their three dimensional structure and function and there is still a need for 

selective pharmacological probes.

Ion channels selective for K+ are found in all cells. In response to various stimuli, 

potassium channels can be open, closed or inactivated, the response being called "gating". 

Potassium channels have the ability to affect cell volume, cell excitability, resting and 

action potentials. ̂  Potassium ions are selectively concentrated in the interior of all cells and 

concentrations of K+ ions in the extracellular and intracellular fluid are reported to be 

approximately 4 and 150 mM respectivelyK + ions play an important role in controlling 

the resting membrane potential in most excitable cells and maintain the transmembrane 

membrane voltage near the K equilibrium potential (Ek) of about -90 mV.2 D uring 

depolarisation Na+ ion influx causes the transmembrane potential to become more positive 

relative to Ek; repolarisation however, causes the cell to return toward Ek (ie. become more 

negative) and is mediated in large part by the efflux of K+ ions down their concentration 

and electrical gradients. Agents that block K+ channels are involved in producing 

membrane depolarisation (ie. they shift the transmembrane potential in a positive direction 

away from Ek- K+ openers tend to produce membrane hyperpolarisation and shift the 

resting membrane potential toward Ek.

Blockers of K+ channels and indeed of all ion channels can be broadly classified into 

three main categories: i. Inorganic ions (eg. Ba^+, Zn^+, Cs+)

ii. Organic non-peptidic compounds (eg. tetraethylammonium (TEA)

and 4-aminopyridine).

iii. Naturally occuring peptidic toxins (eg. apamin, charybdotoxin and 

dendrotoxin).

K+ channels have been generally classified according to their pharmacology, 

biophysical properties and physiological modulation. To date, there is no universally 

accepted nomenclature for K+ channels. The nomenclature adopted in this thesis is that 

suggested by Edwards and Weston and can be found in the Trends in Pharmacological 

Sciences Receptor and Ion Channel Nomenclature Supplement (1994). Edwards and 

Weston have abbreviated the names of K+ channels as K followed by the channel type 

denoted by a subscript (eg. Katp for the ATP-sensitive K+ channel). Potassium current is
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designated Ik  and the subscript shown indicates the channel type (eg. Ik (ATP) for the K+ 

current carried by Ka tp)- The K+ permeability is indicated as Pk  and similarly the type of 

channel illustrating K+ permeability is indicated by a subscript (eg.?K(Ca) for calcium- 

activated K+ permeability.

By function, K+ channels have generally been classified by gating mechanism: 

voltage-dependent channels,

Ca^+ activated channels,

ATP-regulated channel,

Agonist-modulated channels,

Na+ activated channels and 

Volume activated channels.

1.2 VOLTAGE-DEPENDENT POTASSIUM CHANNELS

These types of channels are essentially modulated by changes in transmembrane potential. 

They are all known to serve the same basic function, i.e. to create or stabilize a negative 

membrane potential by counteracting the depolarising effects of channels that pass Na+ or 

Ca^+ ions. Activation of these channels is believed to result from a voltage-driven 

conformational change that causes the transmembrane pore to open through the channel 

protein. This results in membrane depolarisation which exerts an electrical force on voltage 

sensors that are known to contain the gating charges of the K+ channel. These gating 

charges are found within the transmembrane electrical field and are thought to be charged 

amino acid residues that are located in membrane-associated segments of the protein (see 

section 1.2.6).^ The processes of activation and inactivation in these channels interact, 

since inactivation actually immobilizes the gating charge movement that is responsible for 

initiating channel activation. Thus the binding of an inactivating particle (essential 

components of which are hydrophobic amino acids) to the receptor site (at the intracellular 

mouth of the pore) of the K+ channel interacts with the gating charges thereby preventing 

their movements in response to depolarisation. The first reported clones of voltage-gated 

K+ channels were the "Shaker channels" (identified from a gene of the shaker mutant of 

the fruitfly Drosophilia melanogaster ) which code for transient channels (see section
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1.2.6). Their mammalian homologues were also cloned, all of which are comprised of one 

domain with six transmembrane regions. The shaker homologues include the "shaw, shah 

and shal" channels as well as Ca^+ activated channels (see section 1.3.1). These channels 

all contain the same basic stmcture.

Measuring the current passing through these channels allows the channel 

conductances in pico siemens (pS) to be determined. Voltage-dependent K+ channels can 

be subdivided into:

Delayed rectifier channels (5-60pS),

Transient channels (<l-20pS),

Inward rectifiers (5-30pS)

1.2.1 Delayed Rectifiers (Ky)

The delayed rectifier K+ current is gated by activation. It is a repolarising current that 

occurs after the action potential depolarisation which is carried out by inward Na+ currents. 

Delayed rectifier currents in squid giant axons (first observed by Hodgkin and Huxley, 

1952)  ̂are responsible for the repolarisation of the action potential which is activated with 

a delay upon membrane depolarisation (hence the name) and rises slower than the sodium 

current. These channels remain activated until the depolarising stimulus is removed. They 

have been found in many tissues (nerve and muscle), excitable as well as non excitable^ 

including cardiac muscle,^ rat skeletal muscle,^ bulfrog sympathetic neurones, 

hippocampal pyramidal neurones^  ̂ and some of these cells have been shown to contain 

more than one delayed rectifier current. Block of delayed rectifier K+ channels prolongs 

the action potential duration. When this occurs at nerve terminals a longer depolarisation 

occurs allowing the voltage-activated Ca^+ channel to open, causing a larger than normal 

stimulation of transmitter release. Blockers of the delayed rectifier channel are 

tetraethylammonium (TEA) which appears to possess two binding sites, one intracellular 

and one e x t r a c e l l u l a r ,  ^2 the inorganic ions Cs+, Ba^+, and Zn^+, tetracaine, forskolin, 

strychnine, quinine, 4-aminopyridine and more potently 3,4-diaminopyridine. ̂  ̂  The local 

anaesthetics, 9-aminoacridine, and the hallucinogen phencyclidine have also been reported 

to block these channels although the physiological effects of local anaesthetics are reported
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to be predominately due to Na+ channel b l o c k a d e .  Some of these K y  blockers are shown 

in fig.l.

NH
HO-C

NH

C -O H

Tetracaine3,4-Dlaminopyridine

CN CM

CHNHCHCH

Phencyclidine

Fig. 1.

1.2.2 Ky Channel Structure

These channels belong to the family of voltage-gated K+ channels, of which, the 

transient outward (Ka ) channels have been studied in most detail (see section 1 .2 .6 ). An 

understanding of the molecular basis has emerged with the cloning and characterisation of 

a gene of the Shaker mutant of the fruitfly Drosophilia melanogaster . In addition, 

functional and structural heterogeneity is provided by the Shal, Shab and Shaw, which 

together with Shaker compromise an extended gene family coding for rapidly inactivating 

transient channels (Ka) and delayed rectifier channels (Ky). Thus K a and Ky exhibit 

extensive structural similarity (for discusion see section 1 .2 .6 ).

1.2.3 Rapid Delayed Rectifier (Kyp)

This channel is found in guinea pig ventricular myocytes. The current passing 

through this channel exhibits prominent inward rectification and is responsible for the 

rapidly activating component of the delayed rectifier K+ current (hence the name) found in 

heart cells. This channel is selectively blocked by the benzenesulfonamide antiarrhythmic 

agent, E-4031 (IC$o=397 nM), and a less potent benzenesulfonamide class III
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antiarrhythmic agent, d-sotalol (100 |iM) as well as dofetilide, quinidine and tedisamil. The 

structures of some of these blockers are shown in fig. 2 .

O
II

o

H3C—S -N H  ^
O ^

A

yN(CH2)2-A\ //
N

CH.
E-4031

O
II

OH

H3C—S—NH  \\ n— CHCH^HCH(CHg)2
O ^^

O
II

d-Sotalol

ÇH3 O
II

H3C—s -  NH h —  (CH2)2N(CH2)20 \\  n —  NH S -C H 3
O O

Dofetilide

Fig. 2.

1.2.4 Slow Delayed Rectifier (Kys)

This channel together with Kvr  are both found in guinea pig ventricular myocytes. 

This current Iks along with Ikt are both components of the cardiac delayed rectifier K+ 

current. Iks is an activating and inactivating K+ current and exhibits less rectification than 

K v r channels and the fully activated current was found to be - 1 1  times larger than the 

fully activated Ikt current. Unlike Kvr  channels, the benzenesulfonamide antiarrhythmic 

agent, E-4031 is completely ineffective at blocking Iks- Compounds LY97241 and 

NE 10118 have been shown to block Kvs channels.

1.2.5 Transient K+ Channels (or A-Channels) (Ka )

These types of channels were first described in molluscan neurones by Hagiwara et al 

1 9 6 1 and were subsequently termed "A" current, Ia , by Connor and Stevens. 

Transient K+ Channels are gated by both activation and inactivation. Studies on molluscan 

neurones have distinguished this current from any other K+ current. The Ia  activation is
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fast in comparison with other K+ currents and also has the ability to rapidly inactivate. 

Steady-state inactivation is reported to be complete near the resting potential (-40 mV). The 

activation threshold for these channels is lower than that of other K+ currents and thus 

operates in the subthreshold region for action potential generation. This results in transient 

openings with small depolarisations starting from hyperpolarised potentials. The properties 

of these channels are advantageous in enabling this current to regulate the frequency of 

repetitive firing in cases when a neurone is spontaneously active or fires repetitively in 

response to tonic depolarisation. Hyperpolarisation follows an action potential which in 

turn removes the steady-state inactivation of K a channels which open transiently. The 

transient outward current that results slows down the return of the membrane potential 

toward the action potential threshold producing a prolonged interspike interval. This type 

of K+ current is present in many mammalian neurones and in invertebrate neurones. I k a  

serves to control the excitability of nerve cells: block of Ik a  leads to repetitive firing. 

Blockers of the transient K+channels are TEA (very weak, IC50  = 50 4-

aminopyridine (see fig.3) which potently blocks these channels with aK ^ of approximately 

2 nM,19 dendrotoxin (some cells only),20 9-amino-1,2,3,4-tetrahydroacridine (see fig.3) 

has been reported to block A-channels found in hippocampal neurones (IC50 = 30 pM),21 

the hallucinogenic phencyclidine (see fig .l),22 q u i n i d i n e , 2 , 2 3  and the mast cell 

degranulating (MCD) peptide (from the venom of the honey bee Apis mellifera, IC50 = 37 

n M ) . 2 4  In addition, charybdotoxin has also been reported to block A-channels that have 

been expressed in Xenopus oocytes 25 and the mechanism of channel blockade has also 

been reported by various w o r k e r s . 2 6 - 2 9

NH NH

4-Aminopyridine 9-Amino- 1,2,3,4-tetrahydroacridine

Fig. 3.
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1.2.6 Ka Channel Structure

Recently, the cloning of several cDNAs encoding K+ channels, derived from 

D rosophila, Aplysia, Xenopus, mouse, rat and human mRNA or DNA, have been 

reported and further more, have revealed similiar primary sequences for the derived 

channel p r o t e i n s . T h e  primary sequences of all these channels have common 

hydrophobic N- and C-terminal ends of different lengths and a highly conserved core 

region in both structure and sequence. The core region is composed of six hydrophobic 

segments (S I-S3, S5, H5 and S6 ) and a positively charged amphipathic segment (S4) (see 

Fig.4). Segments S1-S6 are believed to traverse the cell membrane, and, in contrast, 

segment H5 is tucked into the lipid layer from the extracellular side. Segment S4 consists 

of a number of positively charged residues and has been proposed to be the voltage sensor 

of the voltage-gated K+ channels. S45, which connects segments S4 and S5, is orientated 

in such a way that the positively charged residues are pointing towards the centre of the 

pore. Moreover, this orientation, may form an electrostatic barrier to the passage of 

cations, thus sensing changes in the transmembrane voltage. Changes in transmembrane 

potential causes movements of these charged residues, resulting in conformational changes 

of the channel, and are the basis of the voltage-gating mechanism of this class of K+ 

channels. The movement of S45 to and from the inner pore of the channel is thus involved 

in regulating the opening and closing of the activated voltage-gated K+ channels. In 

addition, the H5 region is believed to form the channel pore.
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extracellular

intracellular

Fig. 4. Diagrammatic representation of one protein subunit of a voltage- 

gated K+ channel. S4, a positively charged aliphatic segment is most likely 

the voltage sensor. H5 consists of a highly conserved region of 19 amino 

acids and forms the pore. The "hall and chain" may act to occlude the 

channel pore.^^

The most recent structural model of Shaker voltage-gated K+ channels is composed of 

four subunits each comprised of segments S I-86 and H5 as shown above, arranged in a 

cylindrical fashion and as mentioned above, segment S4 is the voltage sensor and segment 

H5 forms the channel pore. Purification and molecular cloning of the primary structures of 

the principal subunits of Na+ and Ca^+ channels have also been determined.^ The structure 

of the principal subunits of these ion channels appears to be based on the same structural 

model as for the voltage-gated K+ channels shown in fig. 4. However, despite these 

common features among the voltage-gated ion channels, there is also a certain amount of 

diversity among them since they are selective for different cations, their activation, 

inactivation and open states are of different kinetics and pharmacology.
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1.2.7 Inward Rectifier Channels (K ir )

These types of K+ channel have very similar characteristics to the delayed rectifiers. 

They are found in tunicate eggs,^® in cardiac muscle^ ̂  and frog skeletal m u s c l e . T h e y  

have the ability to pass larger currents in the inward, than outward direction and are 

activated at hyperpolarised potentials (they are open at resting potentials) and inactivated by 

depolarisation. When a channel shuts upon a positive (depolarising) change of voltage, it is 

referred to as inactivation, and, conversely when a channel opens upon a depolarising 

change in voltage as activation (as mentioned in section 1.1). Then, the fast increase of 

inward rectifier conductance is referred to as the removal of inactivation (fast relaxation) 

which follows an expotential time course and is voltage-dependent. In tunicate eggs, the 

relaxation is shown to first enhance the inward rectification during tens of milliseconds and 

then slowly d e c l i n e s . T h e  relaxation in cardiac and skeletal muscle is also biphasic. 

However, the initial rise is very fast (by an order of magnitude than that observed in 

tunicate egg cells), in comparison to the following decline. These channels are usually 

found in membranes that generate long-lasting depolarisations. The steady-state voltage- 

dependence of this process in egg cells, cardiac and skeletal muscle has been shown to be 

modulated by external and not internal K+ concentration. Thus, the inward rectifier 

conductance is controlled by membrane potential and by the electrochemical K+ ion 

concentration that is involved in the gating as well as in determining the conductance 

properties of the open pore. The slow relaxation that causes a reduction in the inward 

rectifier conductance has been attributed to: a restriction of extracellular space in cardiac 

muscle or a depletion of K+ ions in transverse tubules of skeletal muscle; the open channel 

being blocked by an extracellular ion such as Na+, or a second gating process that occurs 

when the membrane potential is changed in the hyperpolarising direction resulting in 

deactivation of the channel conductance. They are also believed to participate in action 

potential propagation and in conducting K+ ions at resting potentials. TEA blocks the IK ir 

channels,^^ and the crude venom of the Gaboon viper has also been reported to block K jr 

channels irreversibly, although not in a selective manner.^^
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1.2 .8  Kir Channel Structure

These channels have recently been cloned, sequenced and functionally expressed in 

Xenopus oocytes}^ The K jr channel's (IRKl) primary sequence has shown a 40% amino 

acid identity with that of an ATP- regulated K+ channel (ROMKl)^^ (discussed in section 

1.6.5). The IRKl channel however, has a different structure to those of the voltage-gated 

K+ channels, since they contain two hydrophobic segments (M land M2) which can be 

aligned with the 85 and S6  segments present in the voltage-gated K+ channels. In addition, 

the sequence between M l and M2 shows a large similarity with the putative pore-forming 

H5 region of the voltage-gated K+ channels. The functional channel is believed to have a 

tetrameric structure similar to that of the voltage-gated K+ channels, and M l, H5 and M2 

of IRKl have been proposed to have a similar role to S5, H5 and 8 6  of the Ky channels. 

A major difference between the IRKl channels and the Ky channels is that the IRKl 

channels do not possess the "outer shell" of Ky channels which is comprised of segments 

81-S3 and the voltage sensor 84. It has been suggested since there is a large sequence 

similarity between IRKl and ROMKl channels that these channels may belong to a 

different and new family of K+ channels which are distinct from but related to the voltage- 

gated K+ channels.

1.2 .9  Sarcoplasmic Reticulum Channel (K s r )

This channel was originally identified on sarcoplasmic reticulum vesicles from rabbit 

skeletal muscle where it is believed to play a role in the release of Ca^+.^^ This is believed 

since the contraction-relaxation cycle of skeletal muscle is regulated by the accumulation 

and release of Ca^+ by the sarcoplasmic reticulum. It is established that the key step in the 

excitation-contraction coupling is the release of Ca^+ from the sarcoplasmic reticulum. 

However, the mechanism of action remains unknown. It has been reported that Ca^+ 

release was dependent on external Ca^+ concentration, and an influx of K+ (through K+ 

channels) is observed during Ca^+ release. Adenine nucleotides and caffeine potentiated 

Ca^+-induced release. Ag+ has also been shown to induce Ca '̂*' release in the presence of 

ATP.37 Low K+/Na+ selectively is shown from this channel.
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These channels are blocked by gallamine,^^ TEA,^^ choline, and glucosamine in a 

voltage-dependent manner^9 and Mg^+ and ruthenium red in a non-voltage dependent

3 7manner.

1.3 CALCIUM-ACTIVATED POTASSIUM CHANNELS (Kca)

In these types of channels, opening and closing of the channel depends on the calcium 

activity in the cell's cytoplasm. The first decisive evidence for an increase in the K+ 

premeability (?k) of a cell membrane in response to a rise in cytosolic Ca^+ was provided 

by G.Gardos in pioneering experiments in the late 1950's.^^ The important observation 

was that when red blood cells are ATP-depleted a large increase in K+ efflux is observed, 

but only if Ca^+ is present in the external solution.^^ This led to the suggestion that the 

increase in ? k was caused by a rise in intracellular calcium resulting secondary to ATP 

depletion. This phenomenon came to be known as the "Gardos Effect". Studies in human 

red cells by Lew (1971) had confirmed that when red cells are starved or incubated in the 

presence of metabolic poisons, with or without substrates, a large increase in K+ 

permeability is observed, and is shown to depend on the presence of Ca^+ in the medium, 

and that the intracellular concentration of the metabolite, ATP, may be the main factor on 

which the rate of Ca^+ uptake and the subsequent increase in K+ permeability depend.^^ 

Although a calcium stimulated K+ permeability was first described in the erythrocyte by 

Gardos, it was not until data were published from patch clamp experiments (Hamill 1981) 

that it became widely accepted that this process involves ion channels rather than a carrier- 

mediated transport system.^^

The adrenergic b-receptor antagonist, propranolol, has been recently reported to 

specifically increase K+ permeability in human red cells (at concentrations below ImM).^^ 

However, higher concentrations have been reported to have an inhibitory effect and, 

interestingly, the effect of propranolol on the K+-selective membrane permeability is 

distinct from the interference of propranolol with 6 -receptors, which are not present in red 

blood cells. It was suggested that propranolol causes an elevation of the concentration of 

intracellular free Ca^+ by release of membrane-bound Ca^+, resulting in the stimulation of 

the Ca^+-activated K+ permeability.^^
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Following the discovery of the Gardos effect in red cells, and Lew (1971) showed 

that increases in P k were in parallel with the decline in ATP content of the cell.42 The next 

advance was the finding that raising cytosolic Ca^+ by means of intracellular injection 

caused an increase in the K+ premeability of both invertebrate and vertebrate neurones.^^» 

It has since been shown that PK(Ca) mechanisms of this kind occur in a wide range of 

excitable and inexcitable tissues.

Cations have also been shown to effect P k  permeability. Studies on the erythrocyte 

Kca were carried out using resealed membrane ghosts, intact red blood cells, inside-out 

vesicles and by patch clamp techniques. Simons (1976) investigated the calcium-dependent 

K+ transport in human red cell ghosts under equilibrium exchange co nd i t i o ns .He  found 

that K+ transport was stimulated half-maximally by about 0.4 p.M-Ca^+ or 5 |iM-Sr^+. 

However, much higher concentrations of Ba^+ gave only slight stimulation. Mg^+ was 

shown to be a weak antagonist to Ca^+. Monovalent cations such as K+, Rb+, and 

possibly Cs+ were shown to be transported by the Ca^+-dependent system. Studies under 

comparable conditions indicated the relative rates to be l(K+):1.5(Rb+):<0.05(Cs+). No 

Ca^+-dependent transport of Na+, Li+ or choline could be detected.^^ Experiments on 

inside-out vesicles (Lew et al ) in which the inner surface of the red cell membrane was in 

contact with the bathing solution, had shown similar results although sensitivity to calcium 

was greater.'^^ Gryorczyk and Schwarz (1983, 1984 and 1985) in experiments using 

inside-out membrane patches illustrated a similar sensitivity to Ca^+ and validated the 

inhibitory effect of Mg^+. 50-52

Other divalent ions such as Pb^+ affecting P k  permeability were investigated. Lead 

ions have been reported to enter red blood cells via an anion exchanger and to be extruded 

by the calcium ATPase.53-54 xhey are believed to act on Kca in a similar manner to that of 

calcium since K+ channel activation has occurred in conditions where introduction of the 

calcium ionophore has been ineffective.^^ Potency of divalent cations has been reported as 

a rank order of Pb^+, Cd^+ > Ca^+ = Co^+ »  Fe^+, Mg^+.^^ It is interesting to note that 

in comparison, the order of potency of divalent ions with the BKca channels (see section 

1.3.1): Ca^+>Cd^+>Fe^+»Pb^+.^^ These results therefore indicate different Ca^+ 

binding sites of different sub classes of Kca-
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Covalent modification of the ion channel at the inner surface of the membrane is also 

possible and occurs physiologically. Some Kca channels illustrate this since they are 

modified by phosphorylation via the action of cAMP-dependent protein kinase.^^

Patch-clamp techniques provide "single channel recording". By single channel 

recording, it is possible to apply a known concentration of Ca^+ to the inner cytosolic face 

of an isolated patch of membrane, and to study the single Ca^+-activated channels which 

open as a consequence. Measuring the current passing through these channels allows the 

channel conductance (in pS) to be determined. It soon became clear that there are three 

types of calcium-activated potassium channels:

Large conductance Ca^+-activated channels (BKca), (100-250 pS), 

Intermediate conductance Ca^+-activated channels (IKca), (18-50 pS), 

and Small conductance Ca^+-activated channels (SKca)» (6-14 pS)

1.3.1 Large Conductance Ca^+ Activated K+ Channels (BKca)

These channels (also known as "maxi" channels) are activated both by voltage and 

internal Ca^+. They were first discovered in chromaffin cells (Marty 1981),^^ skeletal 

muscle myotubes (Pallota et al 1981)^® and in the pituitary cell line (Wong et al 1982).^^ 

Since then these channels have been found in a variety of both excitable and non-excitable 

cells (see below).23 Gating of these channels is controlled by calcium concentration and 

voltage. Using single-channel recording methods the effects of calcium and voltage on the 

open state probability (Pq) have been studied in embryonic skeletal muscle. It was found 

that more positive increases in membrane potential together with increases in calcium 

concentration, increased Pq. In various tissues they are shown to be sensitive to markedly 

different Ca2+ concentrations and exhibit different functions. These channels found in 

smooth muscle and pancreatic acinar cells are very sensitive to calcium concentration, 

maximum activation of these channels can be achieved with Ca2+ concentrations a low as 

0.2 |iM.62 In comparison with myotubes and T-tubules at least 10 |iM  or more is required 

for activation. There is a steep relationship between po and calcium concentration. In 

neurones they underlie Ic, a K+ current which contributes to the fast phase of action 

potential r e p o l a r i s a t i o n . 2 3 , 5 8  Depolarisation facilitates opening at any given calcium ion
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concentration, since the open probability of the channel has been shown to increase with a 

rise in [Ca^+]i and with membrane depolarisation at constant In exocrine gland

cells they are involved in ion secretion^^ and in the 6 -cells of pancreatic islets they play an 

important role in generating the release of insulin.^^’̂ ^

Non-permeant inorganic cations such as Na+ and even Ca^+ have been shown to 

block the channel from the inside. Ca^+ ions do not penetrate the channel, and at high 

concentrations and at positive potentials can actually block the channel. This results in long 

shut periods since channel blockade has slow kinetics. Ba^+ is also an effective blocker of 

this channel, acting at concentrations of 1 |iM or even less and has been reported to block 

these channels in a similar fashion to that of Ca^+ blockade, exhibiting long shut periods 

and is voltage-dependent, suggesting binding to a site within the c h a n n e l . T E A  also 

blocks this channel but from the outside (Kp = 0.29 mM) rather than the inside (Kd = 45 

mM) of the m e m b r a n e . O t h e r  quaternary ammonium ions block the channel such as 

nonyltriethylammonium and the more effective bisquaterary décaméthonium, illustrating a 

greater voltage dependence than the monoquaternary ions, perhaps due to the double 

c h a r g e . Q u i n i n e  is a weak blocker and neuroleptic drugs such as haloperidol, 

trifluoperazine, chlorpromazine and thioridazine have also been reported to internally block 

open BKca channels of tracheal smooth muscle in a voltage-dependent manner with Kd 

values of 1, 1.4, 2 and 2.4 p.M r e s p e c t i v e l y .

Some peptide toxins are potent blockers of the BKca channel and their applications 

have been useful in the study of these channels. Three scorpion venoms are known to 

block these channels. Charybdotoxin (ChTX) the 37 amino acid peptide isolated from the 

scorpion venom Leiurus quinquestriatus hebraeus potently blocks from the outside 

(KD~10nM),72 and has subsequently been synthesised using solid phase techniques'^ 

and, in addition, the three dimensional stmcture has been studied by various workers using 

a combination of NMR and molecular modelling,^^'^^ aiding the structural investigations 

of the ChTX binding site, and the mechanism of blocking the BKca channels.^^'^^ The 

usefulness is however limited by the lack of selectivity since ChTX has been shown to 

block other types of K+ channels namely the IKca channels (see sections 1.3.4 and 1.3.5) 

and the voltage-dependent K+ c h a n n e l s . ^ 9  Noxiustoxin, a 39 amino acid peptide isolated
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from the venom of the scorpion Centruroides noxius has been reported to block BKca 

channels but with a lower affinity (KD~450nM) than ChTX,80 and lacks selectivity since it 

blocks Ky channels as well. Finally, Iberiotoxin (IbTX), a 37 amino acid peptide reported 

to have a 6 8 % homology with ChTX, isolated from the scorpion venom Buthus tamulus 

has also been shown to potently and in contrast to ChTX, selectively block BKca 

channels.8 l Studies identifying regions on ChTX and IbTX with effect on selectivity led to 

the synthesis of chimeric ChTX-IbTX peptides. The results reported had suggested that the 

C-terminal domain of ChTX homologues defined the toxin-channel interaction 

distinguishing between the effect on voltage-dependent K+ channels and BKca channels.82 

In addition, studies involving 2-D NMR and molecular modelling have provided 

information of the solution 3-D structure of IbTX and have indicated similarities to that of 

ChTX.83

1.3.2 BKca Channel Structure

The maxi channels have recently been isolated from mouse brain and skeletal muscle, 

and have been sequenced and expressed in Xenopus oocytes .84 Moreover, the BKca 

channel from the bovine tracheal smooth muscle has also been purified to homogeneity by 

a combination of techniques involving conventional chromatography and sucrose gradient 

centrifugation.85 The BKca channel was found to consist of two subunits of 62 (a)- and 

31(6)-kDa. They have been most extensively studied in T-tubule membranes and have 

been reconstituted into artificial lipid bilayers by Latorre and M i l l e r . ^3 The primary 

sequence of the 6 -subunit of BKca from smooth muscle has subsequently been cloned and

sequenced.86

1.3.3 Intermediate Conductance Ca^+ Activated K+ Channels (IKca)

This class of channel can be further divided into two subclasses of IKca according to 

their voltage sensitivity. They are shown to be either voltage sensitive or voltage 

insensitive.
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1.3.4 Voltage-Sensitive IKca Channels

These channels were originally found in the mollusc Aplysia neurones (Meech and 

Strumwasser 1 9 7 0 ) , and later in Helix neurones (Meech 1974)46 In comparison to the 

behaviour of red cells (see section 1.3.5), the proportion of the channels that are open at a 

given Ca^+ concentration is shown to increase with depolarisation. In molluscan neurones, 

their physiological roles are believed to lie in the voltage control of the bursts of action 

potentials that are the characteristic activity of these cells.46 Since these channels are 

voltage-sensitive, they are believed to be controlled by three systems which are separate 

but linked; voltage-dependent Ca^+ current, free intracellular Ca^+ concentration, and 

Ca^+-activated K+ current. In the pace-maker cycle, depolarisation causes activation of an 

inward current, which is carried initially by Ca^+ ions, through voltage-dependent 

channels which are slow in inactivating. This depolarising current brings the membrane 

potential to the threshold required for action potential initiation and maintains it above this 

level during the burst. This results in Ca^+ entry and accumulation during the slow 

depolarisation and during the course of each action potential. A rise in free Ca^+ 

concentration inactivates Ca^+ channels, thereby limiting the depolarisation, and activates 

K+ channels, causing an opposing outward current. However, this activation depends on 

the amount of accumulated free Ca^+ during depolarisation and upon membrane 

depolarisation. When the outward current exceeds the inward current the membrane 

potential shifts towards more negative values initiating hyperpolarisation. This results in 

several consequences; an inhibition of inward flux of Ca^+ through voltage-dependent 

Ca^+ channels, the outward flux of K+ ions through Ca^+-activated K+ channels as a 

consequence, and the Ca^+ which accumulated slowly is removed by sequestration and 

membrane extrusions systems; leading to the closure of K+ channels.The closure of Ca^+- 

activated K+ channels then results in a slow repolarisation, restarting the cycle.^^"^^

An interesting feature of molluscan IKca neurones is a difference in function that 

occurs by phosphorylation due to the action of cAMP protein kinase, which is shown to 

increase current at a given calcium concentration and membrane potential. It was thus 

suggested by Ewald et al (1985) that phosphorylation increases the channel's calcium 

sensitivity.^0 These findings were interesting and indeed of great use when compared with
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studies on mammalian brain synaptosomal membranes. Farley and Rudy (1988) had 

shown the open-time probability of this channel to increase by the catalytic subunit of 

cAMP-dependent protein kinase (since application of the catalytic subunit of the enzyme 

has also been shown to be equally effective), and that this channel, in the mammalian brain 

may correspond to the molluscan channel.^ ̂  These channels have also been suggested to 

be found in guinea-pig pancreatic acinar cells.^^ IKca voltage channels present in Helix 

neurones are blocked by quinidine and TEA93 whereas those found in Aplysia neurones 

are blocked by charybdotoxin at nanomolar concentrations.^^ Studies on inhibition of these 

channels suggests that there may be two distinct Kca currents in IKca channels in certain 

Aplysia neurones, the amount of each depending on the neurone type.^^ One of these 

channels has been reported to be blocked by TEA and quinidine and the other is almost 

insensitive to both blockers. Charybdotoxin seems to distinguish between these channels, 

only blocking the channels that are sensitive to TEA and quinidine.^"^

1.3.5 Voltage Insensitive IKCa Channels

These channels (also known as the Gardos channel) are found in the red blood cells 

of most animals and are as the name suggests, shown to exhibit the Gardos effect.^^"^^ In 

recent patch-clamp measurements a single-channel conductance value of about 20 pS for 

the Ca^+-activated K+ channel of the human red cell was found.^®'^^ In addition, it was 

found that the channel showed inward rectification within a range of -100 mV to 0 mV (see 

below). These types of channels are also shown to be volume-sensitive, (particularly in 

frog red c e l l s ) , whe r e  a clear parallel betweeen volume and Ca^'*' induced increases in 

permeability is observed.

Several workers have reported on the biophysical properties of the erythrocyte Kca- 

The single channel conductance of Kca in erythrocytes has been shown to vary from 25 pS 

in symmetrical high K+ to 15 pS observed in a physiological K+ gradient.^^ The single 

channel conductance was also reported to increase with external potassium concentration, 

as one would expect.^^ Various workers have shown that in symmetrical K+, both the 

channel activity and single channel conductance exhibit inward r e c t i f i c a t i o n , ^  and the 

single channel current has been reported to be less significant in low [K+]o ( extracellular
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K+ concentration), and clearly not observed in a physiological K+ gradient ranging from 

-25 to +25 mV.^7 Further studies concerning the rectification of the Ca^+-activated 

conductance in cell suspension were also carried out. The net K+ fluxes and membrane 

potential using the proton gradient method had shown that gK(Ca) varied with [K+Jo in a 

similar fashion to the single channel conductance, and the estimated K+ current had 

similarly exhibited inward rectification of greater significance at higher extracellular K+ 

concentrations.^^ Studies involving flux ratios revealed that the channel shows single file 

diffusion, and a flux ratio exponent of 2.7, suggesting that the channel behaves as a multi

ion pore with at least 3 K+ binding s i t e s . I n  addition, these channels are blocked by Cs+, 

Ba^+ and and Na+ has been reported to cause a voltage-dependent flickery

block 100 which is shown to increase when K+ concentration is increased on the opposite 

of the membrane.^^’̂  ̂ It is also interesting to note that internal Na+ caused a decrease of 

calcium-activated K+ efflux, and this effect was decreased with increasing external K+ 

concentration (these effects were observed on experiments with suspensions of intact cells 

and resealed ghosts). 101 Several suggestions have been attributed to these effects one of 

which was attributed to an allosteric interaction occurring between separate K+ and Na+ 

binding sites on opposites of the membrane, 102 and the other prefers the idea of the 

behaviour of a multi-ion p o r e .  103-104

The most potent blocker of the voltage insensitive IK ca channel in erythrocytes is

c h a r y b d o t o x i n .  105-106 Wolff et al (1988) had shown the toxin to block the Ca^+-activated 

K+ efflux from metabolically inhibited red cells with an IC50 of 0 .8  nM^^ and more recent 

studies have shown the venom to block A23187 (calcium ionophore) stimulated ^^Rb 

uptake into red cells with an IC50 of 4 nM.107 Dihydropyridine derivatives, (calcium 

channel blockers) such as nitrendipine and to a lesser extent nifedipine have also been 

shown to inhibit the Gardos effect (see section 1.3.8). At concentrations of 130 nM, 

nitrendipine is effective as a blocker of this channel in comparison with nifedipine which 

blocks the Gardos channel with an IC50 of 4 |iM (see b e l o w ) .  1^8-109 Potassium cyanate 

was also reported to inhibit the Gardos channel at a concentration of 5 mM (see section 

1 .3 ,8 ). 110 Quinine, although found to block several types of K+ channels has also been 

shown to block IKca* Armando-Hardy et al (1975) were the first to report the activity of



Introduction

quinine on the red blood cell, and had reported that the activity of quinine is dependent on 

extracellular K+ concent ra t i on. ^Thi s  was demonstrated by inhibition of A23187 

stimulated tracer efflux ranging from 5|xM in a nominally K+ free bathing solution to 98 

|iM  in 5 mM K + .m  Other workers had in contrast, reported that the activity of quinine 

was increased when intracellular concentrations of Na+ were increased. In addition, 

quinine was shown to inhibit single channel currents when applied to the inner surface of 

the membrane in studies that were carried out on isolated membrane patches. The activity 

of quinine was increased when the concentration of K+ at the outer surface of the 

membrane was decreased, and at positive membrane potentials.^^

The carbocyanine dyes, originally used as fluorescent indicators of membrane 

potential, were shown to be potent inhibitors of IK ca in red cell ghosts. 3,3'- 

diethylthiadicarbocyanine iodide (see fig. 5), as reported with quinine (see fig. 5), is less 

active in potassium rich solutions, and the extent of inhibition caused by this dye is 

decreased as haematocrit increases (perhaps due to a large part of the compound 

partitioning into the plasma membrane), thus at 0.3% haematocrit K+ was completely 

inhibited at 0.3 |xM of 3,3'-diethylthiadicarbocyanine i o d i d e . other blockers include 

quinidine, oligomycin A, bepridil, cetiedil (see fig. 5) and clotrimazole (see section 1.3.7).

Cetiedil is a blocker of IKca in red blood cells, (as mentioned above), and by 

blocking the influx of Ca^+ ions and the efflux of K+ ions, the compound has in addition, 

been reported to exhibit antisickling properties in red blood cells. The anti-sickling 

properties of cetiedil in vivo was first proposed by Cabannes and Maron 1977 and in vitro 

experiments by Asakura et al 1980 (see fig. 6 ) and Benjamin et al 1980.11^-1^^ It was 

subsequently proposed that the anti-sickling effect was caused as a result of inhibition of 

the Gardos effect (Berkowitz and Orringer 1982).H^-H^ Other workers in experiments 

using the protonophore equilibration method had reported cetiedil to inhibit A23187 

stimulated hyperpolarisations with an IC50 value of 25 jiM.l^H

Cetiedil was originally used as a vasodilator for peripheral vascular diseases such as 

Raynaud's phenomenon and intermittent claudication and has also been shown to have a 

wide range of various other actions such as antagonism of bradykinin and serotonin, 

inhibition of phosphodiesterase and in vivo has an analgesic action. 121 It is also known to
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block other K+ channels including those involved in volume regulation found in 

lymphocytes and hepatocytes (see section 1 .4 ), 1^2-123 G-protein linked K+ channels in 

atrial myocytes and sub-mucosal plexus n e u r o n e s a n d  channels activated by 

levcromakalim in smooth and skeletal m u s c l e . R e c e n t  studies involving examinations 

on cholinergic presynaptic functions at the nerve electroplaque junction of Torpedo 

marmorata, had reported cetiedil (Kj = 5-10 |iM) and MR16728, (a cetiedil analogue) to 

inhibit the calcium-dependent release of acetylcholine (ACh) from intact tissue or 

synaptosomes triggered by depolaristion or by addition of A23187 i o n o p h o r e .  2̂6-128

It is interesting to note that the enantiomers of cetiedil were reported by Roxburgh et 

al to not differ significantly in their blocking actions of the Ca2+-activated K+ permeability 

of red blood cells, or in their ability to block the contractile response of depolarised smooth 

muscle observed when Ca2+ is externally applied. However, it was reported that the 

enantiomers had shown a difference in their ability to cause muscarinic blockade that was 

assessed by the inhibition of the contractile response of intestinal smooth muscle to 

acetylcholine. The (+)-cetiedil was shown to be approximately 8 times more active than the 

(-) form. In addition, the enantiomers blocked the increase in membrane conductance 

observed when liver cells swell. An approximate 3 fold difference in activity between the 

enantiomers, (the (-) enantiomer being the less active) was r e p o r t e d .  ^ 2 9

1.3.6 Sickle Cell Anaemia

Cetiedil has been reported to relieve painful crises in sickle cell anaemia. Sickle 

cell anaemia is a genetic disorder. Cell sickling occurs when haemoglobin S is dehydrated. 

The molecules of haemoglobin then polymerise to form pseudo-crystalline structures 

known as "tactoids". These distort the red cell membrane and produce characteristic sickle

shaped cells. The polymerisation is reversible when hydration occurs. The distortion of the 

red cell membrane, however, may become permanent and the red cell "irreversibly 

sickled".130 The greater the concentration of sickle cell haemoglobin in the individual cell, 

the more easily tactoids are formed. The high intracellular HbS concentrations make them 

non-deformable even when oxygenated, and cause a very low oxygen affinity resulting in 

the onset of polymerisation with minimal deoxygenation. This process, however, may be
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enhanced or retarded by the presence of other haemoglobins. Once intracellular 

polymerisation of haemoglobin S occurs, the red cell membrane has been shown to 

undergo a number of secondary changes in proteins and l i p i d s , ^ w h i c h  have been 

subsequently reported to result in abnormalities of the cell's ion content, transport, and 

volume regulation.

1.3.7 Potential Antisickling Agents

Unlike most antisickle cell agents which prevent gelation of haemoglobin, results with 

cetiedil involving gelation, oxygen affinity, and isoelectric focusing studies by Asakura 

and co-workers failed to exhibit any evidence of haemoglobin modification.^ Moreover, 

distribution studies indicated radiolabeled cetiedil to be associated with the erythrocyte 

membrane, and not with globin chains. In vitro, K+ and water loss have been generally 

attributed to two specific transport pathways: the KCl cotransport pathway, and the Ca^+- 

activated K+ channel (Gardos path way).The KCl cotransport is reported to be activated 

every time sickle cells are exposed to pH below 7 . 4 0 ,  resulting in cumulative net loss of 

K+, Cl", and water. The Ca^+-activated K+ channel is activated by the increase in 

intracellular free Ca^+ concentration induced by sickling. It has also recently been reported 

that there are 1 0 0 - 1 5 0  Gardos channels present in a normal erythrocyte. Since there are 

no specific inhibitors of the K-Cl cotransport system which can be used clinically, Gardos 

channel inhibitors such as cetiedil and others have been used. The use of specific 

inhibitors, enhances the possibility to determine whether the Gardos pathway plays a 

significant role in SS erythrocyte dehydration in vivo and thereby produce a significant 

reduction in Hb S concentration. Further studies confirmed that cetiedil has antisickle cell 

activity without altering the solubility of deoxyhaemoglobin S or influencing oxygen

u p t a k e ,  3 6 - 1 3 7

Berkowitz and Orringer have described alterations in cationic movements across the 

erythrocyte membrane and have put forward the hypothesis that cetiedil inhibits the Gardos 

effect by causing a rise in passive Na+ movements (in ATP depleted cells), and inhibits a 

specific increase in K+ permeability secondary to a rise in cytoplasmic Ca^ + 

concentration.118-119 results in an increase in erythrocyte water content and lowers
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intracellular haemoglobin levels, thus rendering the cell more resistant to sickle cell 

formation (see fig 6). Schmidt et al had reported that cetiedil causes increases in passive 

sodium influx, in the absence of ATP depletion resulting in cell s we l l i n g . Ce t i e d i l  is 

known to interact noncovalently with the erythrocyte membrane; therefore indicating that 

the drug must be present in order to maintain binding. Cetiedil, shown to be minimally 

toxic, may then, represent an alternative type of antisickling agent, exerting an effect 

through changes in erythrocyte membrane cation permeability rather than modifying 

haemoglobin S.

Berkowitz and Orringer^^^ l^^ have shown cetiedil to be an in vitro antisickling 

agent, however, the mechanism of which has not yet been fully elucidated. They do 

however, support the idea that the antisickling effect of cetiedil observed in vitro is 

secondary to cell swelling. At lO "̂ M of cetiedil, greater than 80% inhibition of sickled 

forms has been observed. By comparison, other investigators have used 0.1 M cyanate or 

1 M urea to achieve a similar degree of sickling i n h i b i t i o n .  Although potassium cyanate 

(5 mM), when administered orally, had shown promise as an antisickling agent, by 

increasing haemoglobin affinity for oxygen and inhibiting polymerisation of deoxy HbS, 

other workers had abandoned experimental use of cyanate because of toxicity.

Various theories have been proposed concerning the membrane lesions. One of these 

involves the role of calcium. Since increased levels of calcium are observed in these cells, 

it is believed that these increased levels of calcium produces an excessive activation of 

calmodulin, which is a calcium-binding protein which is known to activate many other 

enzymes. It is suspected that calmodulin is playing a fundamental role in the membrane 

rather than in enzyme activation, and that this role is disturbed by too much calcium. If this 

is the case, and over activation is important, treatment using calmodulin inhibitors may be 

of potential use for slowing down or reducing membrane damage in sickle cells. 

Another theory concerning membrane lesions involves evidence of oxidant damage in 

sickle cells caused by free oxygen radicals, raising the possibility of treatment using 

antioxidants. Perhaps a combination of the two theories may be of use in further 

treatment of the sickle cell disease. Hyponatremia and promotion of water retention using
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antidiuretic therapy was also explored for potential uses in the treatment of sickle anaemia, 

but found to be impractical and to cause neurotoxicity. 1̂ 1

CHpCH

3,3'-Diethylthiadicarbocyanine

CH2—  CH

HOH—C —C —0(CH2)2N

QuinineCetiedil

Fig. 5. Erythrocyte blockers
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Other agents have also been shown to have in vitro antisickling actions including zinc, 

which was demonstrated to decrease sickling by improving the filterability of sickle red 

blood cells, and the potential antisickling effects of zinc were ascribed to anticalcium 

effects and to the inhibition of calmodulin^"^^-^^^ However, the clinical studies had shown 

a reduction in the number of irreversibily sickled cells (in some patients), but had failed to 

demonstrate efficacy where the prevention of painful vasoocclusive episodes were 

concerned. The local anaesthetic, procaine hydrochloride was also shown to inhibit 

sickling and to improve the flow of irreversibly sickled cells (through polycarbonate 

filters), and was further reported to displace calcium from the erythrocyte membrane and to 

inhibit Na+/K+-ATPase. The site of interaction of procaine hydrochloride on the red cell 

membrane has also been reported using procaine azide, a photoaffinity probe, which 

demonstrated that procaine hydrochloride was incorporated into both the protein and lipid 

components of the membrane. However, no double-blind clinical trials have been reported 

with this agent,

The phenothiazines, namely chlorpromazine has also been proposed to posses 

antisickling properties, however double-blind clinical trials have failed to demonstrate 

therapeutic efficacy. It is perhaps interesting to note that the phenothiazines,

procaine, and cetiedil are calmodulin inhibitors and are hence potentially useful as 

membrane stabilizers. Moreover, monensin, a sodium ionophore, (used as an antibiotic in 

veterinary medicine), has been shown to selectively enhance membrane sodium 

permeability, and cause an increase in the water content of sickle cells, and thereby 

decrease the number of dense cells and improve cell deformability. Unfortunately, toxicity 

has precluded the use of monensin in humans. However, evidence reported by Clark et al 

support the feasibility of this approach.

Since clinical studies on cetiedil demonstrated efficacy and safety, attention was 

turned to other efficacious drugs with similar properties such as those altering cation 

permeability and cell adhesivity, namely the chemically heterogeneous class of 

vasoerythroactive compounds, the calcium channel blockers. Those studied and compared 

were nifedipine, verapamil, diltiazem and bepridil (see fig. Nifedipine had

exhibited no antisickling properties, whereas verapamil was shown to exhibit antisickling
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properties, although not to the extent of cetiedil. Diltiazem and bepridil were also reported 

to inhibit morphologic sickling, and more recently, Onishi et al (1986)^^^ and other 

w o r k e r s  reported that nifedipine, nitrendipine (IC5o=130 nM) and verapamil inhibited 

the formation of irreversibly sickled cells (nitrendipine being the most potent), when the 

cells were subjected to repeated oxygenation-deoxygenation cycles and suggested that the 

potency of these drugs was related to the degree of inhibition of calmodulin activation by 

phosphodiesterase. 108,156 others have confirmed this inhibitory effect on calmodulin with 

the exception of nifedipine. The interaction of cetiedil with both lipids and proteins has 

yet to be defined. Verapamil has been shown to interact with the lipids on the cytoplasmic 

side of the cytomembrane and not with membrane proteins, and has also been shown to 

cause cell swelling. Nifedipine, on the other hand, neither interacts with lipids nor 

increases cellular hydration, and has only been reported to associate with proteins present 

on the external side of the membrane, and has also been noted not to exert any effect on the 

membrane ATPases.^^^ Nifedipine has been reported to have an IC50 of 4 pM. Diltiazem 

was found to bind to phosphatidyl serine and phosphatidyl inositol in rats.^^^ Although the 

binding to human red cells is minimal under ordinary conditions, it may bind to cells that 

are injured or have undergone phospholipid rearrangement. In addition diltiazem has 

been shown to promote cellular Na+ efflux and K+ i n f l u x . B e p r i d i l  also a vascular 

smooth muscle relaxant and calcium channel blocker, was also shown to block IKca in red 

blood cells with A23187 stimulated K+ efflux at 100 pM, and in addition, inhibits Ca^+- 

dependent binding of calmodulin to the erythrocyte membrane. Studies where the Gardos 

effect was activated by cyclical oxygenation-deoxygenation of sickle cells suspended in a 

calcium-containing buffer, to induce cell dehydration, and thus form irreversibly sickled 

cells, without the need for an ionophore, reported bepridil to inhibit K+ efflux at IC50 

values of 25 pM.^^l All of these drugs have been reported to inhibit some calmodulin- 

related activity albeit in different ways, but the role of calmodulin in the antisickling 

process has still yet to be fully elucidated. Clotrimazole (antifungal drug see section 1.3.8) 

has also been recently (Alvarez et al 1992) shown to be an inhibitor of IKca in red blood 

cells. Chemical structures of the calcium channel blockers investigated as inhibitors of 

erythrocyte IKca are shown in fig. 7.
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Fig. 7. Calcium channel blockers investigated as 
potential antisickling agents.

1.3.8. Antifungal Drugs as Potential Antisickling Agents

Recently, the widely known antifungal drug clotrimazole (IC5o=0.05 |iM), and other 

related imidazole antimycotics such as miconazole (IC5o=1.5 |XM), tioconazole IC5o=0.3 

jiM), and econazole (IC5o=1.8 jiM) (see fig. 8) have been shown to be potent inhibitors of 

the Gardos channel in normal human red cells (Alvarez et al 1992)}^'^ and are potent 

inhibitors of cytochrome P-450 (other drugs with known cytochrome P-450 inhibitory 

effect have also been shown to inhibit the channel). In addition, clotrimazole was reported 

to inhibit the binding of ^^^I-ChTX and a good correlation was observed between
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clotrimazole and related analogues to inhibit influx and to displace ^^^I-ChTX from 

IKca channels in red blood cells. Their antifungal actions are known to result from the 

inhibition of sterol 14a-demethylase, a microsomal cytochrome P-450-dependent enzyme. 

Structure-activity studies on these drugs suggest that inhibition by these Ni-substituted 

imidazoles result primarily from coordination of the N3 of the imidazole with the 5̂  ̂or 6 ^  

ligand of the haeme iron of cytochrome P-450. In addition, these imidazole antimycotics 

are potent inhibitors of the plasma membrane Ca^+ channels that have been shown to be 

activated by emptying the intracellular Ca^+ stores in rat thymocytes. It was proposed from 

these results, that a cytochrome P-450, which is sited at the Ca^+ stores, would be 

involved in mediating the activation of the plasma membrane Ca^+ channels when these 

stores are e m p t i e d . I t  is interesting to note that the same mechanism was found to be 

responsible for the receptor-activated Ca^+ influx present in human neutrophils and 

platelets. Clotrimazole inhibited the Ca^+-dependent K+ channels found in rat 

thymocytes (IC$o=0.1-0.2 jiM) and of Ehrlich ascites tumour cells (IC5o=0 .5  |liM).162

Recently, the regulation of a different K+ channel found in the carotid 

chemoreceptors cells by a haemoprotein has also been proposed. As mentioned above 

various imidazole antimycotics block the plasma membrane Ca^+ channels activated by 

emptying the intracellular Ca^+ stores, and in those cases CO was an potent inhibitor of 

the Ca^+ channels. Furthermore, carbon monoxide, is known to compete with O2 for the 

active site of cytochrome P-450 and thus, blocks the oxidative activity. Studies on the 

effects of CO on Ca^^-dependent K+ channels had indicated no inhibition by CO, 

suggesting that a different mediator, not a cytochrome P-450 is involved in the control of 

the channel, but a closely related haemoprotein. Moreover, the pattern of inhibition of the 

Ca^+ channels by the imidazole antimycotics was very different to the one found for the 

Ca^+-dependent K+ channels. Econazole and miconazole were the most potent inhibitors 

of the Ca^+ channels, with an IC50 which is approximately 1 order of manitude lower than 

clotrimazole whereas for the Ca^+-dependent K+ channels, clotrimazole was shown to be 1 

order of magnitude more potent than econazole and m i c o n a z o l e .  ^ 6 2

Edwards er a/ (1996)166 have investigated the effects of cytochrome P-450 

inhibitors on K+ currents and mechanical activity in the rat portal vein. Blood vessels that
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have an intact endothelium, can be influenced by the release of relaxing substances from 

the vascular endothelium. One of these agents is nitric oxide (NO), which is believed to 

stimulate smooth muscle soluble guanylyl cyclase, resulting in the increase of intracellular 

guanosine 3',5' cyclic-monophosphate (cyclic GMP) c o n c e n t r a t i o n s . I t  is also 

interesting to note that in various tissues, NO appears to open Ca^+-sensitive K+ channels, 

whereas in others the opening of ATP-sensitive K+ c h a n n e l s . I n  addition, an 

endogenous substance, endothelium-derived hyperpolarising factor (EDHF), is also 

shown to relax vascular smooth muscle by stimulating the opening of K+ channels (the 

mechanism of which is unknown). Other workers have proposed that the cytochrome 

P-450-dependent enzymes in the vascular endothelial cells may be involved in the 

generation of EDHF.l^^ The relaxant actions of EDHF in whole vessels have been 

reported to be inhibited by cytochrome P-450 inhibitors such as proadifen and 

clotrimazole. It is not known whether these agents inhibit the smooth muscle K+ channel 

opened by EDHF independently of any possible inhibitory effect on the cytochrome P- 

450-dependent pathway for EDHF synthesis in the endothelium. Moreover, it is 

uncertain whether cytochrome P-450-dependent enzymes are involved in modulating K+ 

channel activity. However, clotrimazole and others, have been reported to inhibit Ky and 

Katp» and the ability of cytochrome P-450 inhibitors to induce EDHF-induced relaxations 

does not conclude that EDHF is the product of a cytochrome P-450-dependent

pathway.

Cytochrome P-450 inhibitors in isolated rat type I carotid body cells have been 

recently reported to inhibit the Ca^+-activated voltage-gated K+ currents (Ky), since 

hypoxic chemoreception in the carotid body has been shown to involve selective inhibition 

of K+ channels found in isolated type I cells. This proposition was based on the fact that 

certain P-450 inhibitors were able to reversibly inhibit K+ current in these cells, and cause 

enough membrane depolarisation to activate voltage-gated Ca^+ currents. The imidazole 

antimycotics, miconazole and clotrimazole (1-10 pM) were reported to inhibit the Ca^+- 

activated and voltage K+ currents. In general, the imidazole antimycotic P-450 inhibitors 

have been shown to directly and non-selectively inhibit ionic channels found in type I cells, 

and more importantly, have provided substantial evidence to suggest that hypoxic
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inhibition of K+ currents in these cells is in part at least, mediated by cytochrome P- 

450.171

In the treatment of sickle cell anaemia, Brugnara et al (1996) have reported that at 

oral dosages of 20 mg clotrimazole/kg/d on patients who have sickle cell anaemia, Gardos 

channel inhibition was observed, with reduced erythrocyte dehydration, increased cell K+ 

content, and a marked reduction in the number of these pathologic cells, and a reduction in 

overall erythrocyte density. 1^  ̂This is the first in vivo evidence that the Gardos channel 

causes dehydration of sickle erythrocytes. It is interesting to note that no significant 

changes in cell volume or haemoglobin concentration of reticulocytes were observed. This 

perhaps suggests that the Gardos channel plays a greater role in the dehydration of mature 

sickle cells than reticulocytes. Ellory et al had also tested the affinity of clotrimazole 

for the Gardos channel in HbSS cells both in the presence and absence of plasma. Using 

86Rb as a K+ congener in K+ influx experiments with HbSS cells treated with ionomycin 

(5 pM) and Ca^+ (2 mM) to activate fully the Gardos channel, Ellory et al have found the 

IC50 for clotrimazole to be 0.1± 0.024 (3) pM, in a 5 mM K+ m e d i u m .   ̂72 Experiments 

using 0.1 pM concentration of clotrimazole, in autologous plasma instead of saline 

medium, had shown a similar extent of inhibition (50%), suggesting that in contrast to the 

reported antisickling properties of nitrendipine (discussd section 1.3.7), plasma binding

was not significant for c l o t r i m a z o l e .  7̂2

In in vitro experiments, 2-chlorophenyl-bis-pheny 1-methanol, a major clotrimazole 

metabolite (see fig. 8) has also been shown to inhibit the Gardos effect with slightly lower 

potency than clotrimazole (see fig. 8). 173 r  is interesting to note that the imidazole moiety 

is not essential for Gardos inhibition although the imidazole moiety is very important for 

antimycotic activity and has been associated with most of the historically observed toxicity 

(mentioned a b o v e ) .  174 These data provide new important information regarding the 

interaction of clotrimazole with human red cells. The clotrimazole metabolites may not be 

potentially useful therapeutic drugs but may become an important nucleus for the design of 

new potent and specific inhibitors of the IKca channels found in red blood cells and other 

cell types.
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Fig. 8. Antifungal drugs as potential antisickling agents

A similar inhibition of cell dehydration must however, be further demonstrated in 

vivo before clinical relevance for these in vitro observations can be assumed. Furthermore, 

pharmacological evaluation of the drugs mentioned are needed to confirm efficacy, while 

maintaining safety. It is hoped that development of more potent and selective agents 

targeted at erythrocyte IKca channels will allow this issue to be resolved.

1.3.9 Small Conductance Ca^+.Activated K+ Channels (SKca)

These channels are found in a variety of tissues including sympathetic neurones,^^^"^^^ 

intestinal smooth muscle, neuroblastoma cells, guinea-pig hepatocytes
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and skeletal muscle cells. 1̂ 3 Single-channel recordings have shown the channel to be of 

low conductance, much lower than other Kca channels. In sympathetic ganglia and indeed 

in many neurones, opening of SKca channels mediates long afterhyperpolarisations that 

follow an action potential. These channels involve slow after hyperpolarisation (AHP), and 

hence regulate firing frequency. Apamin, an 18 amino acid polypeptide, taken from the bee 

venom {Apis mellifera ), was found to potently and selectively block the SKca channel 

(IC5o= 1 nM ), 184-186 and another peptide, scyllatoxin, also selectively and potently 

blocks the SKca channel and no other K^a channel. Each peptide was thus used as a 

valuable tool in identifying the presence of the SKca channel. In intestinal smooth muscle 

activation of the SKca channel underlies the inhibitory action of al-adrenoreceptors, and 

the receptors for neurotensin and ATP. The al-adrenoreceptor activation causes a Ca^+ 

mediated increase in the K+ permeability of the longitudinal smooth muscle of the intestine, 

and hence inhibits the spontaneous electrical and mechanical activity of the tissue. This 

particular effect is selectively blocked by apamin. ̂ 87

Opening of SKca channels in brown fat cells contributes to the mobilization of 

intracellular Ca^+ by holding the membrane potential at more negative values than would 

be obtained during the action of noradrenaline, resulting in a more sustained influx of Na+ 

which contributes to the mobilization of intracellular Ca^+ in this type of tissue. 188 SKca 

channels in hepatocytes mediate adrenaline hyperkalaemia, and SKca channels have been 

found to have a physiological role in the CNS since an endogenous ligand has been 

isolated from the pig brain, and shown to have apamin-like activity. 189 Other blockers of 

the SKca channel which are less potent than apamin, include tubocurarine, 9- 

aminoacridine and the chemically related quinacrine, the antiseptic dequalinium, 190-191 and 

the neuromuscular blocking agents, atracurium, tubocurarine and pancuronium, l^^ It is 

interesting to note that a l^^I-apamin binding site has been reported to be highly 

concentrated in the subiculum and CAl regions of hippocampus and a significant and 

selective loss of apamin binding from the two regions mentioned has been reported in 

patients with Alzheimer's disease (AD). In addition, l^^I-apamin was found to be 

increased in regions of the temporal and occipital cortex of patients with this disease. 

However, further studies are required to elucidate the role of SKca channels in AD. 1̂ ^
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1.4 SKca Channel Structure

The neurotoxin blockers (apamin, leiurotoxin) of these channels can be useful probes 

for elucidation of the SKca channel structure through biochemical purification procedures. 

However, this technique has been hindered by the low density of expression of the SKca 

channel and by the observed instability of the membrane after solubilization. Thus, a 

different approach based on the analysis of l^^I-apamin and l^^I-scyllatoxin binding 

proteins that have been modified by covalent attachment of the toxin via cross-linking 

reagents has been used. Studies using these cross-linking reagents such as DS 

[bis(sulphosuccinimidyl)suberate] and ^^^I-apamin have identified a 33 kDa apamin 

binding polypeptide which has been expressed in various species such as the rat, bovine 

brain, rabbit, guinea pig, with a 30 kDa polypeptide in bovine and rabbit liver, and a 25 

kDa polypeptide in guinea liver. Moreoever, the SKca channel has been suggested to be 

composed of two subunits of 86 and -30 kDa.l^^

1.5 CELL-VOLUME-SENSITIVE K+CHANNELS (Kv o l) (16-40pS)

These types of channels have been recently described in isolated guinea-pig and rat 

h e p a t o c y t e s .  1 2 3  These channels are voltage insensitive. They are activated by cell swelling 

and their opening is not mediated by internal Ca2+. Although these channels are potently 

blocked by cetiedil and bepridil, their K+ channel pharmacology differs from those in red

blood cells and lymphocytes. 123

1.6 ATP-SENSITIVE K+ CHANNELS (Ka TP) (5-90pS)

These types of channels are present in pancreatic 6-cells,l^^'l^^ myocardial cells, 1^ ’̂ 

199 skeletal muscle cells200 and hippocampal neurones20l and are sensitive to intracellular 

ATP. The K a tp  channels show different properties in the various tissues mentioned 

above. The open state probability of these channels is reduced when ATP is present at the 

intracellular face of the membrane. Various studies reported half maximal inhibition 

concentrations with values of 15-50 pM ATP on inside-out patches from 6-cells, 197 135 

pM ATP applied to skeletal muscle membrane patches and 100 pM  ATP added to patches 

from heart cells. 199 Moreover, millimolar concentrations of ATP cause complete channel



Introduction  4 9

inhibition in all of the different cell types. However, it is not fully established whether 

several molecules of ATP bind to the channel in a cooperative manner. In all these cell 

types, the channel openings are grouped in bursts and the main effect of ATP is a decrease 

in the number of openings per burst, and increases in ATP cause a long duration of closed 

periods ( - 1 0 0  ms) between the b u r s t s .202 i n  addition, other workers have shown that the 

inhibitory effect of ATP does not require ATP to be metabolised, since non-hydrolysable 

analogues such as AMP-PCP, AMP-PNPand ATP gamma S are similarly as effective as 

ATP.203-204 aD P  has been reported to have weak inhibitory effects with 50% block at 

0.8-2mM in heart and insulin-secreting cells, and 0.44mM in skeletal muscle, and AMP 

inhibition is very weak in these cells except in skeletal m u s c l e . 2 0 5  (Other purines e.g. 

GTP, TTP, UTP etc. also reduce K atp  activity in the heart and skeletal m u s c l e ) . 2 0 0 , 2 0 6

1.6.1 Katp Channels in Pancreatic B-Cells

The physiological role of K a t p  channels is only established in pancreatic 6 - c e l l s . 2 0 7  

In the physiological control of pancreatic 6 -cell function, increase in intracellular glucose or 

amino acids are catabolised within the 6 -cells to ATP. An increase in ATP concentration at 

the inner surface of the 6 -cells membrane blocks the ATP-dependent K+ channels. Closure 

of such ATP-sensitive potassium channels ( K a t p )  in intact insulin-secreting cells initiates 

membrane depolarisation, causing voltage-dependent Ca2+ channels to open, resulting in 

the influx of Ca2+ ions and subsequent exocytotic secretion of insulin. When glucose is 

not present, K a t p  dominates the resting conductance of the 6 -cell. Measurements 

involving radioisotopes, have shown glucose to reduce ^^Rb efflux in a concentration- 

dependent manner with an IC50 of 3 mM.208 Channel activity is reduced by >90% at a 

physiological glucose concentration (5 mM). However, there still remain active channels 

which are sufficient to keep the 6 -cell hyperpolarised suggesting that a significant reduction 

of channel activity (-99%) is needed to cause a significant d e p o l a r i s a t i o n . 2 0 9  Increasing 

glucose concentrations to values of >10 mM indicate almost complete channel inhibition, 

resulting in depolarisation and initiation of spiking. Moreover, various hormones and 

neurotransmitters such as galanin, somatostatin and adrenaline have been reported to 

inhibit insulin release, hyperpolarise the 6 -cell and decrease cytosolic free Ca2+.210 These
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compounds are found within the islet, and their actions are strikingly similar, suggesting 

they follow a common intracellular mechanism.^

Recent studies revealed that the activity of these compounds is eliminated when the 

cells are pretreated with pertussis toxin, illustrating the involvement of GTP-binding 

proteins. It is thus interesting to note that K a t p  has been shown to be activated by 

intracellular GTP.^ll Sulphonamide diazoxide, the hyperglycaemic drug (see fig. 9), a 

known activator of Katp> affects membrane potential and Ca^+ concentration in a similar 

manner to galanin and somatostatin, suggesting that the inhibition of insulin secretion by 

neurotransmitters and hormones may involve the opening of K a t p  channels. Various 

workers have reported this postulation with arguments for and against however, further 

studies need to be carried out in order for this proposition to be fully e l u c i d a t e d . ^ I t  

has also been observed that K a t p  channels in the pancreatic 6-cells are activated by ADP 

binding to a site that is perhaps distinct from the ATP-binding site and it has also been 

suggested that the ATP/ADP ratio modulates K a t p  a c t i v i t y . ^ D r u g s  which block 

these channels i.e. the sulphonylureas (see fig. 9), were thus used in the treatment of type 

n  diabetes. K a t p  channels exhibit strong inward rectification and hence it is not surprising 

to find that these channels structurally resemble those of K ir channels (see section 1.2.8).

1.6.2 K atp Channels in Heart Cells

In ventricular myocytes, K a t p  have been proposed to protect the cells against 

ischaemia and hypoxia. Normal heart cells from the atrium and ventricle have high K+ 

conductance at resting potentials, and exhibit inwardly rectifying properties but to a lesser 

extent than IK%R (see section 1.2.7). During metabolic inhibition, much larger currents 

develop and the current-voltage relationship is shown to be practically linear under extreme 

experimental c ond i t i ons . ^Th i s  is achieved by activation of K a t p  channels causing 

increases in the outward K+ current, shortening the action potential duration and thereby 

decreasing the influx of Ca^+ leading to reduced contraction. This mechanism is important 

in saving energy during conditions of metabolic insufficiency and, indeed, it has been 

suggested that these channels may provide the heart with protection against ischaemia and 

hypoxia (see below).^^^ It has been shown during ischaemia, that the myocardium releases
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K+ into the extracellular space, resulting in a rise in extracellular K+ concentration, and the 

time course of this rise is shown to be biphasic. Various workers have reported that in the 

isolated swine and rat heart, a steady increase of extracellular K+ concentration to 

approximately 20-30 mM occurs after 1 hour, resulting in depolarisation, causing frequent 

ventricular fibrillation.^^ Kantor et al have proposed that prevention of ischaemia-induced 

ventricular arrhythmias would occur by channel b l o c k a d e . ^ ^ O  since ischaemic arrhythmias 

are known to be caused by K+ loss, and this loss occurs through ATP-dependent K+ 

channels, blockers of these channels could prevent these a r r h y t h m i a s .220

Single-channel current recording experiments investigating the effects of ADP upon 

the gating of ATP-sensitive K+ channels from rat ventricular myocytes, had shown that 

under certain circumstances, ADP could either inhibit or stimulate openings of ATP- 

sensitive K+ channels. These channels, in the absence of inactivation were reported to be 

inhibited by ADP in a dose-dependent manner, whereas partially inactivated channels were 

stimulated by low (10-25 |iM) and inhibited by high (>250 pM) concentrations of ADP. 

ATP-sensitive K+ channels which were being being inhibited by ATP (<1 mM) could be 

opened by the stimultaneous application of ADP (50 pM to 1 mM). ADP had no effect 

upon channels inhibited by mM concentrations of ATP.^^"^ The antidiabetic, and thus 

Katp blocker glibenclamide (see fig. 9) (1 pM), was recently reported to reduce K+ efflux 

from the whole heart during ischaemia and in addition, arrhythmias which are regularly 

observed in ischaemic hearts, were also prevented by glibenclamide. Thus glibenclamide 

may prove to be the prototype of a new class of antiarrhythmic agents.

1.6.3 Katp Channels in Skeletal Muscle

Skeletal muscle K a t p  channels have been suggested to behave in a similar role to 

those of the heart K a t p  channels. K +  permeability of skeletal muscle fibres is also 

increased in conditions of metabolic fatigue and as a consequence, a reduction in 

excitability is also observed.^^^ The increase in membrane conductance has been suggested 

to be caused by activation of Ca^+-dependent K +  channels. However, the changes in 

intracellular Ca^+ concentration observed during metabolic inhibition appeared to be 

insufficient to be fully attributed to this effect.221 in frog skeletal muscle, the open state
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probability (Pq ) has been shown to increase with increasing depolarisation. Sarcoplasmic 

Ca^+ was also shown not to influence (Pq ) ,  and the channel openings were reported to be 

grouped in bursts, the open times, the burst lengths, and the number of openings were all 

shown to be reduced by ATP. In addition, ATP appeared not to be hydrolysed to close 

channels. ADP and AMP were able to close these channels, but were, however not as 

effective as ATP.205 More recently it was suggested that these K a t p  channels found in 

sarcolemma of adult frog and mouse skeletal muscle may mediate part of the increase of 

K+ conductance observed during metabolic inhibition.205

1.6,4 Katp Channels in Neurones

Hippocampal neuronal K a t p  channels that are found in the rat, have different 

properties from those K a t p  channels disscused above and physiologically their role has 

not been fully e l u c i d a t e d . I n  the CA3 hippocampal neurones of the rat brain, brief 

episodes of anoxia, have been reported to have a large effect on brain function and, during 

these episodes, produce a depolarisation which has been proposed to be due to a synaptic 

release of glutamate. Reversible blockade of synaptic transmission, repeated or prolonged 

anoxic episodes, have been shown to cause delayed neuronal death. Various reports have 

provided good evidence that neuronal death is caused by excessive release of glutamate, 

that results in a cytotoxic entry of Ca^+ through the N-methyl-D-aspartate (NMDA) 

receptor coupled Ca^+ permeable channel. Various propositions for treatment involved 

designing drugs that antagonise glutamate at the NMDA receptor-channel complex, or that 

prevent the cytotoxic release of glutamate produced by anoxia/ischaemia.^^^ Ben-Ari et al 

have reported that opening of these channels may prevent cell death under conditions of 

cerebral hypoxia.^^^ Diazoxide, the hyperglycemic hormone galanin, and the hormone 

somatostatin, are agents that activate K+ channels which are inhibited by intracellular ATP. 

Diazoxide is reported to block the anoxic depolarisation due to the release of glutamate, and 

has shown no effect in control oxygenated artificial cerebrospinal fluid. Somatostatin and 

galanin also reduce anoxic depolarisation in CA3 neurones. Moreover, the effects of these 

agents have not been associated with a change in the postsynaptic response to glutamate 

agonists. It was therefore suggested that drugs that open ATP-regulated K+ channels may



Introduction  ̂^

constitute a novel approach to selectively reducing excessive release of glutamate during 

anoxia without causing a general blockade of glutamatergic synaptic t r a n s m i s s i o n . 2 2 2 - 2 2 5  

In cases of substantia nigra, however, K a tp  channels have been involved in seizures 

which hypoglycaemic diabetic patients develop.^^^-^^^

1.6.5 Ka tp  Channel Structure

A complementary DNA encoding the inwardly rectifying K a tp  channel (ROMKl 

polypeptide) has recently been isolated, sequenced, and functionally expressed in Xenopus 

laevis oocytes (from rat k i d n e y I n  relation to IRKl (inwardly rectifying channels, see 

section 1.2.8), ROMKl has a 40% amino acid identity with the IRK l channel, and 

contains two hydrophobic, putative transmembrane segments M l and M2, and the segment 

between M l and M2 is the H5 region which corresponds to the channel pore. In contrast to 

the channel proteins of the voltage-gated K+ channels, the ROMKl protein does not 

possess the canonical structural motif of a six membrane-spanning helix nor of a typical S4 

s e g m e n t . R O M K l  protein conserves an amino-acid segment that is shown to be 

homologous to the pore-forming H5 region present in voltage-gated K+ channels (Ky), 

enhancing the evidence that the H5 region forms the ion permeation pathway. Whereas the 

ROMKl C terminus is most probably cytoplasmic, an additional amphipathic MO region 

preceding the M l segment, has been found to exist in the sequence of ROMKl (and not in 

K v channels), subsequently making the location of the N terminus unclear. ROMKl 

shows an absence of an N-terminal hydrophobic signal sequence and a distribution of 

positively charged residues around the MO and M l regions, favouring a cytoplasmic N 

terminus, making it highly unlikely that the MO region is a trans membrane segment. The 

structural organisation of the subunits of ROMKl forming a functional channel, are similar 

to those of IRKl and are discussed in section 1.2.8.

1.6.6 Blockers of the K atp Channels

TEA has been shown to block the ATP-regulated channels both internally and 

externally found in frog skeletal m u s c l e . 2 0 5  However, the best characterised K a t p  channel 

blockers are the antidiabetic sulfonylureas. Structures of the more important members of
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this class are shown in fig. 9. The role of antidiabetic sulfonylureas is to stimulate insulin 

secretion by blocking the pancreatic ATP-sensitive K+ channel (mentioned above). These 

hypoglycaemic drugs are used in the management of type I I  diabetes but the exact 

mechanism of action is unknown. Tolbutamide, glibenclamide, glipizide, gliquidone (fig. 

9) and related compounds stimulate insulin release and block potassium efflux.^ Moreover, 

recent studies have shown the primary site of action of tolbutamide in pancreatic 6-cells to 

be the K a t p  channel, blocking it with an I C 50 value of ~ 7  |iM.227 i n  addition, a number 

of hypoglycaemic drugs have produced excellent correlations for their ability to inhibit 

K a t p  channels, their affinity for a [^H]glibenclamide binding site and inhibition of ^^Rb+ 

efflux and subsequent stimulation of insulin secretion from insulinoma cell lines.

Cardiac K a t p  channels are also blocked by some of the sulphonylureas (mentioned 

above) and have been proposed to be used in the treatment of ischaemia-induced 

dysrhythmias (see fig. 9 ).^ 2 0
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1.7 G-PROTEIN GATED K+ CHANNELS

This class of channels involves a variety of neurotransmitters and neurohormones 

and their actions are thought to be mediated by two receptor gene superfamilies, each of 

which are structurally distinct and have very different physiological functions. One of the 

super families is associated directly with gated transmitter receptors, where the receptor
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and ion channel are part of a single macromolecular protein complex. In these cases, the 

binding of transmitter to the receptor directly opens (or gates) the c h a n n e l . Ex a mp l e s  of 

these channels are the nicotinic acetylcholine receptor-cation channel at the neuromuscular 

junction, and the inhibitory amino acid receptors for GAB A and glycine, both of which 

gate chloride c h a n n e l s . G e n e r a l l y ,  the directly gated transmitter actions are very 

fast, and can produce conductance changes that last only a few milliseconds. 

Physiologically, the function of these transmitter actions is to allow rapid synaptic 

transmission, by simply acting as on or off switches, thereby either eliciting or inhibiting 

an action potential. These types of channels are composed of four or five homologous 

subunits, where each subunit is an integral membrane protein that contains four membrane- 

spanning domains.

The second type of receptor gene superfamily comprises G protein-mediated 

transmitter receptors, and in this case, the receptor and channel are two distinct 

macromolecules. The binding of transmitter does not directly open or (gate) the channel. 

Here, the activated receptor first activates a guanine nucleotide binding protein or G protein 

which then interacts with effector proteins (which can be one or more), resulting in a 

change in channel a c t i v i t y . ^ 3 4  Examples of these G protein-mediated receptors include 

muscarinic receptors, the a - and B-adrenergic receptors, the 5-HTic receptor and various 

other peptide receptors. The physiological function of these receptors are much slower than 

the directly gated transmitter actions (above). They have the ability to produce conductance 

changes that last for seconds or even minutes and are involved in producing longer-lasting 

modulatory changes in channel and cellular activity. Structurally, these receptors are 

homologous with the bacterial photopigment bacteriorhodopsin and the structural motif 

they share is that they are composed of a single subunit with seven membrane-spanning 

regions.

1.7.1 Muscarinic-Inactivated K+ Channels (Km ) (5-18pS)

Originally, the M current (Im ) acting through Km  channels was identified in frog 

sympathetic neurones as a potassium current that is suppressed by the cholinergic agonist 

m u s c a r i n e . O t h e r  transmitters including LHRH, substance P, and nucleotide
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triphosphates, each acting on different receptors, have been shown to suppress M- 

currents. These channels have now been identified in various other cell types (and under 

the control of different receptors), such as sympathetic neurones, smooth muscle cells, 

hippocampal neurones, and a neuroblastoma-glioma cell line, NG108-15.^^ The M current 

is dependent on voltage and time, and is activated at potentials positive to -60 or -70 mV. 

The gating of the M current is slow, and the time constants of activation and deactivation 

range from tens to hundreds of milliseconds.^^^ In smooth muscle, M current is actually 

activated by 6-adrenergic agonists.^^^ Acetylcholine (ACh) is shown to antagonize the 

increase in M current with adrenaline or cyclic AMP. Generally, the M current opposes 

depolarising input currents and thereby inhibition of these channels facilitates the 

generation of action p o t e n t i a l s . 2 3 8  They have also been shown to play a role in repetitive 

firing. Since these channels do not inactivate, they are thus capable of contributing to the 

resting K+ conductance of the cell.^^ Ba^+ is a blocker of this channel and TEA is only a 

weak blocker of this channel.

1.7.2 Atrial Muscarinic-Activated K+ Channels (Kach)

These channels are found in sinoatriaP^^ and atrial cells^^O of the heart. Single-channel 

measurements in sinoatrial and atrial cells have shown that acetylcholine causes a specific 

increase in the open probability of a K+ channel mediated through binding to muscarinic 

receptors to activate a pertussis toxin-sensitive G-protein (GTP). Acetylcholine released 

from vagal nerves reduces the heart rate by slowing the spontaneous rate in the sinoatrial 

node, prolonging conduction in the atrioventricular node and thus shortening the action 

potential in atria. Opening of these channels is mainly due to the shortening of the mean 

closed-time, and these brief openings have been reported to be of a time constant of 

approximately 1ms, characteristic of these channels, which specifically differ from other 

K+ channels that are found in these cells.^^^'^^^ In addition, these channels have been 

reported to exhibit inward rectification (see section 1.2.7), and have been cloned 

(GIRK1).241 Opening of these K+ channels in the absence of muscarinic agonists occurs 

at low frequencies (basal activity). Application of muscarinic agonists such as 

oxotremorine, opened these K+ channels and muscarinic antagonists, i.e. atropine, were
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shown to depress the ACh-induced K+-current not only by inhibiting the binding of the 

agonist to the receptor, but through a depressing influence of the antagonist-receptor- 

complex on these K+ c h a n n e l s . I t  is known that adenosine can behave in a similar 

manner to acetylcholine in atrial cells. Adenosine can also shorten the action potential and, 

by increasing outward currents, hyperpolarise the resting membrane potential of atrial 

cells, and has subsequently been suggested to activate K ach channels via a common 

m e c h a n i s m . 2 4 3 - 2 4 4  Kurachi et al (1986) have reported that adenosine and acetylcholine 

activate the same K+ channels in atrial cell membrane, but by binding to different 

membrane receptors. Furthermore, it has been suggested that the muscarinic acetylcholine 

and the adenosine receptors are linked via GTP-binding proteins to the same population of 

K+ channels in the cell m e m b r a n e . ^ ^ 5  These channels are blocked by Ba^+, Cs+, 4- 

aminopyridine, quinidine and TEA.

1.7.3 5-HT-Inactivated K+ Channels (Ks.h t ) (55pS)

This channel is present in the marine snail Aplysia californica mechanoreceptor 

sensory neurones. Serotonin (5-HT) causes long-lasting excitatory action, by decreasing 

outward K+ current on these neurones.^4^'247 5-HT produces a presynaptic facilitation of 

transmitter release by depressing outward currents, and delaying repolarisation of the 

action potential. This results in an extention of the duration of Ca^+ influx into the 

presynaptic terminals, facilitating transmitter release that underlies behavioural sensitization 

of these channels. This action of 5-HT has been suggested to be mediated through 

inhibition of K5 .HT c h a n n e l s . ^ ^ S  The serotonin-sensitive current passing through these 

channels, known as the S current is activated at resting potentials and since the S current is 

shown to activate early during an action potential, it causes prolongation of the action 

potential.248 The S current has been also shown to not inactivate with steady-state 

depolarisation, and contributes to the resting conductance of the cell membrane.248 The 

action of this channel has been shown to be independent of intracellular calcium 

concentration but is, however, mediated by cAMP-dependent protein phosphorylation and 

calcium may be necessary for the action of one or more of the cyclic AMP-related steps that 

occur within these cells. Thus, it is not surprising to find the effects of 5-HT being
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mimicked by cyclic AMP.249 Activation of the serotonin receptor (5-HT) has been reported 

to increase cyclic AMP levels and protein phosphorylation in sensory neurones, resulting 

in depolarisation and neuronal excitability.250 Blockers of this channel are Ba2+,251 4 _ 

aminopyridine (weakly) and TEA (weakly).

1.7.4 Na+-Activated K+ Channels (Kjva) (220pS)

These types of channels are opened by increased intracellular Na+ concentrations. 

They have been found in guinea pig heart m yocytes,252 invertebrate neurones,253 avian 

gan glion ic254  and brainstem neurones255 and each of these cells display varying 

conductances from 105pS to 220 pS. It is not known whether these differences in 

conductance are due to channels that are distinct in their protein structure or to post- 

transcriptional modifications of these channels that depend upon the type of cells studied. 

These channels (like many other K+ currents) contribute to the repolarisation of excitable 

cell membranes during the falling phase of the action potential, and this K+ current is 

activated by intracellular Na'*’ (iKNa)* K^a channels found in neurones are unusual in the 

sense that they are able to be activated by lithium. 255

Lithium has been reported to be as effective as sodium in carrying the inward current 

during depolarising steps in brainstem neurones.255 However, in brainstem neurones, 

lithium did not activate K^a channels in whole cell and single channel recordings, 

suggesting that IxNa might be subserved by at least two classes of channel, distinguishable 

by means of their sensitivity to Li+. By comparison, whole-cell recordings from 

invertebrate neurones have shown that K^a was activated by lithium. Whole cell 

recordings with lithium still, however, remain inconclusive. High concentrations of 

sodium are needed to activate K^a m heart myocytes. Kameyama et al have concluded 

that this type of channel might become active only under pathological conditions.252 

Moreover, in neurones, the channel may already be active under physiological conditions. 

This is possible if the resting sodium concentration is near 12 mM, when K^a channels can 

open at a low frequency and this may contribute to the resting potential of neurones.255 

The physiological role of K]sfa channels is not yet known and it will be difficult to establish 

until a potent specific inhibitor is found. No pharmacological studies on this channel are
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available. The fact that 4-aminopyridine or a combination of 4-aminopyridine and 

tetraethylammonium block these channels may suggest that these channels have some 

similarities with voltage-gated potassium channels. Whole cell recordings suggest that this 

current accelerates the repolarising phase of the action potential and the time course of KNa 

is similar to that of the A current which slows down the initial frequency of discharge 

during a depolarisation. Unlike the A current, K^a does not inactivate during a steady 

depolarisation and in general, whenever intracellular sodium increases, KNa promotes a 

hyperpolarisation of the neurone. This can be useful in contributing to reactivation of 

currents that are inactivated by depolarisation (eg. sodium current and A current or 

transient c u r r e n t ) . T h e s e  channels are only reported to be blocked by 4- 

aminopyridine and TEA.^^

1.8 POTASSIUM CHANNEL MODULATORS

There are more different types of potassium channel then any other type of ion 

channel. The closure and opening of potassium channels is used by excitable cells to 

increase, or decrease, respectively the prevailing excitable state. Potassium channels 

constitute a large family, as previously mentioned and within which there are many sub

families.

The amino acid sequences of some of the channel proteins are known and have been 

discussed in the various sections. However, knowledge of their three dimensional 

structure is still uncertain. The characterisation of K+ channels is hindered by the lack of 

available selective blockers. The main selective blockers are naturally occuring toxins, such 

as apamin, charybdotoxin and dendrotoxins. Since these are naturally occuring toxins their 

availability is therefore limited. The need for potent and selective potassium channel 

blockers has thus become an essential requirement.

1.8.1 K+ Channel Openers

One of the reasons for the increased interest in potassium channels was the 

discovery of compounds which potently and selectively "open" potassium channels. The 

first discovered compounds were the vascular smooth muscle relaxants, nicorandil.
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pinacidil and cromakalim (BRL 34915) (see fig. 10). Pinacidil and cromakalim were 

originally discovered and developed as potent "nonspecific" vasodilators. Weir et al 

first demonstrated that the antihypertensive cromakalim, like nicorandil (originally an 

antianginal agent), caused stimulation of 86Rb+ efflux from rat portal veins and membrane 

hyperpolarisation (see below), suggesting a mechanism similar to that involving the 

opening of K+ channels.^^^'^^^ The hyperpolarisation in vascular smooth muscle leads to 

vasorelaxation, since the cells become resistant to the depolarising influences of 

vasoconstictor neurotransmitters or hormones which include the histaminergic, 

cholinergic, serotinergic or adrenergic receptors. They also do not block Ca^+ channels 

(see below), elevate intracellular cyclic nucleotide concentrations, or release endogeneous 

vasodilators.260-266 ( r  should be noted that the term potassium channel opener is preferred 

by many workers since activator implies an opening of inactivated K+ channels, whereas 

these drugs may inhibit channel inactivation, thereby keeping the channels permeable to 

K+ ions for a longer time period).

These compounds were then generally classified as causing vascular smooth 

muscle relaxation through increases in membrane K"̂  permeability induced by these K+ 

openers causing the transmembrane potential to become more negative (toward Ek).^ It is 

the net efflux of K+ efflux from the cell that causes the loss of positive charge thus render 

the cell interior more negative. This causes the cell membrane to hyperpolarise, and in this 

way the force that drives K+ out of the cell is decreased. At the Nernst equilibrium 

potential for K+ (Ek~ -85 mV), the electrical force (which tends to retain K+ in the cell) 

matches the chemical gradient (which drives K+ out of the cell), and the driving force 

disappears. In smooth muscle, a resulting inactivation at hyperpolarised potentials of 

voltage-sensitive Ca^+ channels occurs (suggested by inhibition of the influx of Ca^+ 

through receptor-operated channels and possibly inhibiting the release of Ca^+ from 

intracellular stores), causing a decrease of intracellular Ca^+ upon which the contraction of 

muscle is dependent.^^^'^^^

Although these drugs stimulate K+ efflux, the vascular smooth muscle K+ channel 

subtype upon which these drugs act has not been conclusively established. However, 

patch-clamp recordings from rat veins have shown pinacidil to cause vasodilation by
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opening the large conductance Ca^+-activated K+ channel (BKca), and similar reports 

have appeared with cromakalim (see below). The effects of cromakalim on a variety of 

responses of the aorta and portal vein of the rat have been studied and compared with those 

of nicorandil.2^1 Weir et al reported that the inhibitory actions of cromakalim on both aorta 

and portal vein were as a direct result of the opening of membrane potassium channels 

subsequently inhibiting the effects of excitatory agents (i.e. on noradrenaline contraction). 

Moreover, the ability of cromakalim to raise the membrane potential of the portal vein close 

to E k suggests that the drug is capable of opening a group of K+ channels which are 

closed at the resting membrane p o ten tia l.N ico ran d il, a nitrate containing nicotinamide 

derivative (see fig. 1 0 ), was also shown to produce vasodilation via a different 

mechanism, by activating the enzyme guanylate cyclase causing an increase in intracellular 

cGMP concentrations. Nicorandil's inhibitory effects were as a result of the opening of 

potassium channels together with an additional unknown mechanism. However, nicorandil 

is now known to exert (separately) both potassium channel opening and guanylate cyclase- 

stimulating a c t io n s .P re v io u s  studies have also shown the drug to produce cardiac 

membrane hyperpolarisation by increasing K+ permeability, thus displaying the 

involvement of two mechanisms in the action of this drug.^^^’^^^

By the use of patch-clamp techniques single channel analyses have shown 

cromakalim (1 |iM) and diazoxide to open the large-conductance Ca^+-dependent K+ 

channel (BKca) in vascular smooth muscle cells, airway smooth muscle cells and 

cerebellar granule cells in culture.^^® It is interesting to note that the vasorelaxation and the 

increase in 86Rb+ efflux (a potassium surrogate) induced by the K+ openers are not 

sensitive to charybdotoxin, a potent inhibitor of BKca channels. Tetraethylammonium 

which also blocks BKca channels at submillimolar concentrations inhibits K+ openers 

only in the millimolar range. This argues against the action of these drug on BKca 

channels. Although there is evidence that high concentrations of K+ channel openers may 

open BKca channels, it has been suggested that a different channel, possibly an ATP- 

sensitive K+ channel, is largely responsible for their mechano-inhibitory effects. 

Moreover, benzimidazolone NS004 (see fig. 10) has recently been reported to be an 

activator of BKca channels in atrial smooth muscle, causing smooth muscle relaxation, and
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the triterpenoid glycosides have also been reported to be effective activators of BKca 

channels in smooth m u s c l e . 2 7 3 - 2 7 4  Finally, nitric oxide (NO), a major endothelium-derived 

relaxing factor (EDRF), has been shown to directly activate single BKca channels found in 

rabbit aorta, resulting in hyperpolarisation and subsequent relaxation of vascular smooth 

muscle.27^

Diazoxide (fig. 10) is also known to open ATP-dependent K"*" channels, reduce 6 - 

cell electrical activity and therefore inhibit insulin secretion.^ Moreover, it has recently been 

shown that hormones like galanin, somatostatin and adrenaline can open these channels, 

inhibit insulin release, hyperpolarise the 6 -cell and subsequently lower cytosolic free Ca^+ 

via a pertussis toxin-sensitive G-protein.^^^'^^^’̂ ^^ The channel is further shown to be 

modulated by protein kinase C. Various neurotransmitters and other hormones via a 

receptor G-protein link open K a t p  channels. This type of signal transduction pathway is 

generally found in various cell types, including neurones and atrial cells. Several 

threapeutic applications of K+ channel openers in, for example asthma and ischaemic heart 

disease, irritable bladder syndrome, male alopecia, and in peripheral diseases such 

intermittent claudication, angina pectoris and cerebral ischaemia are being considered.^^®
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1.8.2 K+ Channel Blockers

A variety of marketed drugs, whose mechanisms of action are still being elucidated, 

seem to function as being relatively selective for K+ channel blockers. Selective K+ 

channel blockers are also showing promise as antiarrhythmic agents. Antiarrhythmic 

agents are generally classified into four main categories, in accordance with their mode of 

action.27^ Class 3 antiarrhythmics (fig. 11) block cardiac delayed rectifier K+ channels and 

thus lengthen the action potential duration (APD) of cardiac cells, and, consequently 

prolong the refractory period.  ̂These drugs are of valuable use in the treatment of 

ventricular tachycardia and ventricular fibrillation.^^^ Examples include clofilium, sotalol, 

bretylium, sematilide, melperone and bethanidine, some of which are shown in fig. 1 1 . 

Originally, bretylium was used as an anti-hypertensive, sotalol, as a 6 -blocker, and
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melperone as a neuroleptic. Thus it can be concluded that these drugs are not 

pharmacologically specific. Clofilium is of particular interest since it is a very potent 

compound, increasing action potential duration in isolated Purkinje fibres with an 

approximate EC50 value of 2 0 nM .^80 clofilium has also shown selectivity for the delayed 

rectifier in comparison to the inward rectifier, in voltage-clamp studies in isolated guinea- 

pig c e l l s . T h i s  finding is of particular interest since the other quartemary nitrogen 

analogues of clofilium appear to be unselective. The functional significance of selectivity 

for the delayed outward current is that the action potential is prolonged without effects on 

the terminal repolarisation phase. A homogeneous repolarisation within the myocardium is 

a prerequisite for class III antiarrhythmic to be devoid of proarrhythmicity. It should be 

noted however, that certain drugs have been reported to interfere with the action of 

clofilium, notably various adrenergic amines and a-adrenoreceptor antagonists suggesting 

that it may have properties other than class III activity. ^80
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CHAPTER 2

PREVIOUS COMPOUNDS SYNTHESISED AND TESTED

2.1 Introductory Remarks

As discussed in the introduction, potassium channels are ubiquitous and have several 

subtypes, with the possibility of multiple subtypes being present on a single cell. Although 

K+ ions play an important role in controlling the resting membrane potential in most 

excitable cells, progress in their study has been hindered by the lack of selective and potent 

compounds.

A programme of study for the synthesis and testing of compounds as potential 

pharmacological tools to act as probes for K+ channel characterisation and function was 

initiated by C.R. Ganellin and c o w o rk e r s .O n e  of the K+ channels chosen was the 

intermediate conductance, voltage insensitive, calcium activated potassium channels (IKca) 

found in red blood cells282 (also known as the Gàrdos channel), since this particular sub

class of calcium-activated potassium channel is in need of pharmacological exploration.

In designing more selective and potent compounds, a common approach is based on 

the structure of a known biologically active compound. The aim then is to discover which 

parts of the molecule are important for activity, and which are not. The medicinal chemist 

then synthesises a selected number of compounds, that vary slightly from the original 

molecule, and studies what effect that has on the biological activity. This is known as the 

SAR approach (structure-activity relationships), and involves various physicochemical 

properties, i.e. the physical, structural and chemical properties of the molecule. Moreover, 

the most commonly studied are the hydrophobic and lipophilic, electronic and steric 

effects, as well as the basicity of the molecule. The advantage o f lipophilic and 

hydrophobic properties (see section 2.3 and 2.3.2 for explanation) in comparison with the 

other physicochemical properties, is that these properties can be easily quantified for 

complete molecules or for the individual substituents present in the molecule. Electronic
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and steric properties however, are very difficult to quantify and can only really be 

quantified for the individual substituents present. Consequently, it is unusual to carry out 

SAR studies on a variety of totally different structures, which would be limited to studies 

only on hydrophobicity, and it is thus more common to find SAR studies being carried out 

on compounds with the same general structure, with variations of substituents on aromatic 

rings for example, or variations of accessible functional groups, which have been 

illustrated in this chapter and in chapter 3. SAR studies on the IKca channel carried out by 

Ganellin and coworkers282 was approached initially, by variation of accessible functional 

groups present in the lead compound, and thereby enabling the essential groups for activity 

to be identified, establishing the main pharmacophore. Once this was achieved, the aim 

was then focused on fine tuning the molecule by varying substituents such that the above 

physicochemical features mentioned, by varying one by one without, or at least, minimally 

affecting the other (although in reality this was not always easy to achieve), in order to 

optimise activity. Therefore, the SAR studies on the previous compounds synthesised and 

biologially tested, then consider how the physicochemical properties affect the biological 

activity, by perhaps altering drug accessibility to the site of action and/or drug-receptor 

interactions at the active site, both being critical determinants of the drug's overall 

pharmacological effect.

This chapter thus discusses the SAR of the compounds previously synthesised and 

biological tested at the Gàrdos channel, and looks into the above physicochemical 

properties mentioned of drugs that may influence the drug accessibility to the site of action 

as well as possible drug-receptor interactions at the active site.

2.2 Cetiedil, the IKca (or Gàrdos Channel) Blocker

The known peripheral vasodilator cetiedil, (fig. 12) as mentioned in the introduction, 

has widely been reported to inhibit IKca in red blood cells (or the Gàrdos effect), by 

blocking the efflux of K+ ions. Cetiedil has in addition, been reported to exhibit 

antisickling properties in red blood cells (discussed in detail in introduction, section 1.3.7, 

chapter 1), and provided a good basis for pharmacological exploration.
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Cetiedil

Fig. 12

As mentioned above, in designing more selective and potent compounds, a common 

SAR approach is based on the structure of a known biologically active compound, and in 

this case the drug used was cetiedil. Cetiedil has been submitted for pharmacological 

testing,282 and the results obtained are in vitro values measured as ICgo's. IC5 0 , is the 

concentration of a dmg that causes 50% inhibition of a particular pharmacological effect. In 

this case, cetiedil was shown to block the Ca^+-activated K+ efflux in rabbit erythrocytes, 

producing a 50% inhibition of K+ efflux with an IC50 value of 26 |iM, thus blocking this 

channel with moderate activity.

Previous studies carried out by C.J. Roxburgh ^^2  had synthesised and submitted for 

pharmacological testing a series of analogues (table 1) based on the structure of cetiedil 

(fig. 12). The main aim was to investigate cetiedil's pharmacophore; the criticality of the 

various structural features, whether any chemical properties determine activity and whether 

it was possible to enhance a chemical property and thereby increase potency. The chemical 

features of cetiedil were investigated by initially keeping one end of the molecule unaltered 

(i.e. the heterocyclic amine, alkyl ester residue), and exploring the importance of the acetic 

acid moiety; the criticality of the 3-thiophene ring, and the cyclohexyl ring. The importance 

of the ester function was also taken into consideration as well as the presence of the alkyl 

chain and the significance of the azepine ring. Moreover, it was also investigated whether 

or not one enantiomeric form (arising from the presence of a chiral centre in the molecule 

marked * in fig. 12) of cetiedil is more potent than the other. It was discovered by different 

substitutions at the a  carbon of the acetic acid residue, that removal of the 3-thiophene 

group, or the cyclohexyl group, reduced biological activity considerably (see table 1).
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Further SAR on the acetic acid moiety had revealed that a trisubstituted compound with the 

introduction of the lipophilic (fat loving) three phenyl rings (demonstrated as a log P 

value, see sections 2.3.3 - 2.3.5 for explanation) had improved activity 5 fold in 

comparison with the parent compound. It was therefore suggested that potency might 

correlate with drug lipophilicity.

The enantiomers of cetiedil were reported by C.J. Roxburgh et al to not differ 

significantly between them in their blocking actions of the Ca^+-activated K+ permeability 

of red blood cells, suggesting that activity was not a stereochemically demanding 

interaction.
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Fig. 13.

Previous studies on the first six compounds based on fig. 13 tested on

rabbit erythrocytes.

Table 1

UCL No. Rl R2 R3 IC50

(|iM)(s.d.)

I f

logP

CLOGP

CETIEDIL a 4 H 26 ± 3.0 5.71 5.98

UCL 1267 H H 140 ± 40 2.96 3.55

UCL 1268 a H H 290 ± 30 4.27 4.93

UCL 1269 a OH 140 ± 20 4.76 5.22

UCL 1274 aaa 5.60 ± 1.5 6.50 6.69

UCL 1289 aa H 18 ± 3 .0 5.92 6.34
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2.3 Lipophilicity

The lipophilic and hydrophobic character of a drug is extremely important in considering 

how easily it crosses the cell membranes, and could be of significance in its receptor 

interactions. Before going any further, it appears appropriate to comment on the words 

"hydrophobicity" and "lipophilicity" since they are used rather loosely and inconsistently in 

the literature. Lipophilicity represents the affinity of a molecule or a moiety for a lipophilic 

environment and is conunonly measured by the distribution behaviour of the molecule or 

moiety in a biphasic system such as an aqueous phase and an organic, water immiscible 

solvent (e.g. 1-octanol/water, see section 2.3.1 for further explanation). Lipophilicity 

encodes most of the intermolecular forces that can take place between a solute and a 

solvent. Hydrophobicity can be defined as the association of nonpolar groups or molecules 

in an aqueous environment which arises from the tendency of water to exclude nonpolar 

m olecules.283 Hydrophobicity is a consequence of attractive forces between nonpolar 

groups (e.g. hydrocarbon chains and rings) and is therefore but one component of 

lipophilicity (see section 2.3.2 for further explanation). It has been illustrated in table 1 and 

indeed in further investigations (mentioned in sections 2.4-2.7) how changing the 

substituents on a drug may have a large effect on the lipophilic character and as a 

consequence, on biological activity. It is therefore of great importance to have a means of 

predicting this particular property quantitatively.

2.3.1 The Partition Coefficient (?)

Lipophilicity is often referred to as the preference of a drug to dissolve in a lipid phase, 

such as a cell membrane in relation to an aqueous phase. Therefore polar substituents such 

as alcohols, amides, ketones, ethers or various ionised groups reduce lipophilicity, moving 

equilibrium concentrations towards the aqueous phase, and vice-versa for non-polar 

groups such as aryl, alkyl, chloro and bromo etc. In ideal experimental conditions 

lipophilicity would be measured directly as a "partition coefficient, P  " (see below) 

between the membrane phospholipid bilayer and water. Unfortunately this is not 

experimentally possible, due to the fragile nature of the phospholipid bilayers making them 

very difficult to handle. The lipid phase is replaced by an organic solvent, which is not
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however, as accurate since bulk phase organic solvents do not posses the structure and 

order that cell membranes consist of. Many different solvent systems have been used, 

including those of octanol/water, hexane/water, cyclohexane/water and various other 

alkane/water systems, chloroform/water, 6\-n -butylether/water and many more.^83 The 

most popular solvent system used is the octanol/water system since octanol is reported to 

closely mimic the properties of membrane lipids, since it consists of a long hydrocarbon 

chain that contains a functional group with H-bond accepting and donating characteristics. 

The proposition of other solvent systems, such as those mentioned above, are of use when 

diffusion is particularly difficult, e.g. into the central nervous system (CNS). This 

difficulty of penetrating the CNS, which is often referred to as the blood-brain barrier, 

uses a combined figure from octanol/water and cyclohexane/water.284-285 However, the 

octanol/water solvent system, despite the system's popularity, is clearly a very poor 

representation of a reality where the lipid bilayer has ordered hydrocarbon chains 

(mentioned above), charged head groups and contains cholesterol, protein, and some 

water. The hydrophobic character (see section 2.3.2 for further explanation) has been 

measured experimentally by testing the drug's relative distribution in the octanol/water 

mixture. Lipophilic compounds tend to dissolve in the octanol layer of this two phase 

system and in contrast, the hydrophilic drugs prefer the aqueous layer.

The relative distribution of the drug is referred to as the partition coefficient (P) and is 

obtained from the following equation:

Concentration of drug in octanol 
P = _____________________________

Concentration of drug in aqueous solution g q  j

The partition coefficient P , thus simply expresses the ratio of monomeric, neutral solute 

concentrations in the organic and aqueous phase of the two component system under 

equilibrium  conditions. Since P  is a quantity with no dimensions, any units of 

concentration are appropriate. Lipophilic compounds, will tend to have a high P  value in 

comparison to hydrophilic compounds, thus by convention, the organic phase is given as 

the numerator, so that a positive value for log P reflects a preference for a lipid phase, and
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a negative value reflects a relative affinity for water. The determination of P , quite often 

poses practical problems, particularly in the case of polar or highly lipophilic solutes. 

Impurity and instability of the solute can also produce unreliable data. Thus precautions are 

taken in order to provide an acccurate measurement (as much as possible) of P, which 

include presaturation of the phases, the use of low solute concentrations, centrifugation for 

a proper separation of the phases, and the determination of solute concentration in both 

phases.^83’ 286 ^  should also be noted that the partition coefficient is not very sensitive to 

changes in temperature if the phases employed are quite immiscible in each other. In this 

sense, octanol-water makes a good reference system. Various workers have indicated that 

in the temperature range 0-25 ^C, log P varies about 0.005 to 0.01 units/degree.286 

Therefore, partitioning at room temperature without temperature control is believed to be 

sufficient for most purposes.

SAR carried out by varying substituents based on the lead compound, cetiedil, resulted 

in the synthesis and submission for pharmacological testing, a series of analogues with 

different P  values. Plotting P values against biological activity of these compounds, 

clarifies whether or not a relationship between these two properties exist. P  values usually 

cover several factors of ten, so the use of logarithms (logio) enabling the use of more 

manageable numbers is incorporated, and hence lipophilicity is often expressed in terms of 

log P  and by the same token, biological activity when plotted in this thesis, has been 

expressed as -log IC50 (where IC50 , (as mentioned above) is the concentration of a drug 

(in |iM) that causes 50% inhibition of a defined level of activity), and negative logarithmic 

values are used since the logarithmic values when calculated in molar concentrations are 

negative, thus the negative values are incorporated for convenience.

It should be noted that the distribution function D, is a useful parameter related to the 

partition coefficient, P, and the two parameters are unfortunately sometimes interchanged 

in the literature. The partition coefficient, P as mentioned above is a constant and refers to 

a single molecular species partitioning between two phases. By contrast, the distribution 

coefficient, D, can be thought of as an effective (or apparent) partition coefficient which 

varies with pH when ionisation of basic or acidic drugs are considered. Experimentally, 

the distribution coefficient D, mathematically converted to log D for the same reasons as
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those for conversion of P to log P above, may be measured with a buffered aqueous 

phase, usually at pH 7.4, the pH of many biological fluids, e.g. plasma. Log D and log P 

can be related by pKg using the following formula:

log D = log P - log (l+lOPK^a PH) Eq. 2

One limitation to this mathematical approach is that it assumes that ionized drug does not 

enter the organic phase. This assumption is considered an approximation since counter-ion 

effects from the buffer can be observed with log D  measurements. In addition, the 

synthetic technique of phase transfer catalysis is capable of taking ion pairs from an 

aqueous phase into a nonpolar organic solvent. As a consequence, the lipophilicity of 

drugs may behave non-ideally with respect to pH. However, on a quantitative scale, this 

effect would be small, since the partitioning ability of an un-ionised drug will be much 

more than for an ionised one, unless the drug happens to be very highly ionised or 

lipophilic. In the pH region where a substance is unionised, D = P, and the substance is 

usually maximally partitioning in the organic phase. However, as pH is changed (increased 

for weak acids or decreased for weak bases), the substance ionises causing redistribution 

between the two phases, resulting in more substance shifting to the aqueous phase.^^^’̂ ^  ̂

To conclude, log P  refers to the neutral species and log D  refers to the ratio of total 

concentrations of ionised and unionised species across both phases.

2.3.2 Hydrophobicity

Many workers have pointed out that the value of log P  depends largely on interactions 

made by the solute with the water phase, either being repelled by water (hydrophobic 

effect) or solvated by water through hydrogen bonds or other polar forces (hydrophilic 

effect). It such emphasis that has encouraged the use of the term hydrophobicity, and in 

medicinal chemistry and particularly for SAR the substituent constants K, and later the 

fragmental constants, / ,  (see following sections for explanation) are almost universally 

described as hydrophobic substituent parameters or hydrophobic fragmental constants. The 

hydrophobicity of a compound can be quantified by using the partition coefficient P. The 

partition coefficients can be calculated by knowing the contribution that various 

substituents make to hydrophobicity. This contribution is known as the substituent
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hydrophobicity constant (7t). The substituent hydrophobicity constant, 7t is a measure of 

how hydrophobic a substituent is, relative to hydrogen. The value can be calculated as 

follows. Partition coefficients are measured experimentally for a parent compound without 

a substituent (X). The hydrophobicity constant (%) for the substituent (X) is then obtained 

using the following equation:

TCx = logPx - log?H Eq. 3

Where P h  is the partition coefficient of a parent compound between octanol and water, and 

Px is the partition coefficient for the parent compound with the substituent. A positive 

value of 7C indicates that the substituent is more hydrophobic than hydrogen and favours 

the octanol phase. A negative value indicates that the substituent is less hydrophobic. 

Thus, the partition coefficient P  is a measure of the drug's overall hydrophobicity, and the 

7t factor measures the hydrophobicity of a specific region on the drug's skeleton.

Hydrophobicity is also dependent on a perception of the thermodynamics of partitioning 

of strictly nonpolar solutes such as the aliphatic and aromatic hydrocarbons between water 

and a lipid phase, and on a particular use of the term "hydrophobic bonding" to describe 

the tendency of nonpolar groups to associate in aqueous solution due to some special 

properties of water, which as result reduces the extent of contact with neighbouring water 

molecules.^^^ Némethy in 1967 287 discussed the formation of such "hydrophobic bonds" 

which has for a long time been considered to be an entropy effect: the water molecules 

become more ordered around exposed nonpolar residues, and when the "hydrophobic 

bond" is formed, the order decreases, which results in a favourable entropy and hence free 

energy of formation. Controversy persists over the physical origin of this attraction, and 

over the properties and extent of the described "ordered" water that is believed to exist in 

the vicinity of nonpolar solutes, and in addition, over the use of the term "hydrophobic" or 

"hydrophobic bond" to describe the phenomenon. Kauzmann in 1959, was actually the 

first to propose that the aversion of nonpolar groups for water as the most important factor 

in stabilizing the folded state of proteins, and he introduced the term "hydrophobic bond " 

to describe the apparent attraction between two nonpolar groups in water.288 Since the 

drug partition coefficient is a measure of the tendency of the drug to move from an aqueous 

to a non aqueous phase, it is only natural that n  has evolved as a measure of the importance
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of hydrophobic bonding. Hansch in 1965, also illustrated how 7C has evolved as a measure 

of the importance of hydrophobic bonding between the binding of phenols to bovine semm 

albumin. 289

Recent studies have shown that log P in general incorporates two large contributions: 

a "bulk" term that reflects the hydrophobic (entropie) and dispersion (enthalpic) effects, 

and electrostatic terms that reflect hydrogen bonds and various other dipole-dipole 

effects.283 Emphasis on interaction of the solute with the water phase has been challenged 

with more emphasis being placed on enthalpic interactions within the lipid phase; free 

energy simulations have been carried out and thermodynamic measurements have been 

made in order to understand the fundamental interactions of the solute in each phase. The 

result of these studies reconsiders the traditional explanations of partitioning in terms of 

"hydrophobic bonding". Thus, the existence, nature, and effect of "hydrophobic 

hydration" is still today a subject of intense controversy.283

2.3.3 Methods of Calculating Partition Coefficients

Fujita and Hansch in the early 1960s, recognised the constitutive-additive property of 

log P v a l u e s . 2 9 0  %t was based on the 7C-system as it is known for calculating log P values 

as mentioned above. This method of calculating log P considers tth = 0 which is of course 

incorrect, since hydrogen atoms contribute to the molecule's overall lipophilicity. As a 

consequence, Rekker 2 9 1 - 2 9 4  ^nd later Hansch and Leo 2 9 5 - 2 9 9  improved methods of 

calculating log P by introducing fragmental contributions to the lipophilicity, denoted as 

the symbol / ,  instead of a substituent 7t. Since then several workers have developed 

systems of calculating log P, some were based on atomic contributions, and others on 

molecular properties, which may be derived with molecular orbital calculations. Log P 

calculations have now been divided into three main subtypes, "ALOGP" (atomic 

contributions); "BLOG?" (m olecular properties); and "CLOG?" (fragm ental 

c o n t r i b u t i o n s ) . 2 8 3  The methods of Hansch-Fujita, Leo and Rekker are known as the 

"CLOG?" approaches, and have been used in this thesis.
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2.3.4 Calculation Procedures for Molecular Lipophilicity

The generalised use of log P  as a lipophilicity parameter did not actually come about 

until after 1964 with the Hansch octanol/water system that remains to this day the standard 

for both experimental and theoretical investigations. In 1971, Leo, Hansch and Elkins^®^ 

were the first to publish a comprehensive review of partition coefficients, with a tabulation 

of nearly 6000 values, which includes their own measurements on approximately 800 in 

the octanol/water system. Later in 1973, Nys and Rekker29l published the hydrophobic 

fragmental system as a method of calculating log Poet (see below). The shake-flask method 

of measurement was used in all the reported data mentioned above which is further 

discussed in a 1973 monograph by Purcell et a l  ^86

2.3.5 The X / System of Rekker

Nys and Rekker jn 1973 (as mentioned above), were the first to publish the 

hydrophobic fragmental system as a method of calculating log Poet and is still to this day , 

applied as a manual procedure. A data set of more than 1000 experimentally derived log 

Poet values of simple organic molecules was used in order to derive a list of approximately 

160 fragmental values by means of regression analysis, and as a consequence this 

approach was labelled as "reductionistic." Nys and Rekker used f  to denote the 

hydrophobic fragmental constant (as mentioned before), which is the lipophilicity 

contribution of a constituent part of a structure to the total lipophilicity, hence this method 

of calculating log Poet is known as the X / system of Rekker, and has been used in this 

thesis as the method of calculating log Poet values manually.

Later in 1977, Rekker ^93 further reported several calculated lipophilicities by measuring 

the lipophilicity of a compound from a related series of compounds, and provided means 

of calculating the lipophilicity of others using fragmental values. The use of these 

fragmental values simply involves an arithmetical subtraction or addition for each 

functionality that has been introduced or deleted from the molecule, with the introduction 

of correction factors if the altered functional groups happen to be in close proximity. The 

Rekker method had soon appeared to be remarkably well suitable for calculating in general, 

with reasonable accuracy, lipophilicities of a large range of organic structures in the
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octanol/water system; and increase in knowledge the general principles of the lipophilic 

behaviour of functional groups as influenced by their composition, their location in a given 

structure, and in addition, the nature of the organic partner in the partitioning system 

chosen. Generally, the calculated Rekker fragmental values can be used for any structure 

without the necessity for measured values. Log P is thus the sum of the calculated Rekker 

fragmental values. However, it should be noted that these calculations do not account for 

the overall three-dimentional shape of a molecule. Shape may have large effects on 

lipophilicity since polar/lipophilic groups can bury away from the solvent or be subjected 

to intramolecular hydrogen bonding, which reduces polarity (see below).

Rekker and colleagues , 2 9 2 - 2 9 3  from a comprehensive library of measured values, used 

statistical methods to determine the average contribution of simple fragments, such as C, 

CH, CH2 , CH3 , OH, NH2 , etc. Although the atomic values for carbon and hydrogen were 

determined (0.15 and 0.175 respectively), the combined fragments shown above were 

actually used, since this eliminated the need for a branching factor. By the same token, for 

aromatic hydrocarbons, only combined fragments are listed; i.e. C^H^ = 1 .8 6 6 ; C6H4 = 

1.688; C^Hg = 1.431. Rekker and colleagues had very early in their work recognised the 

need for assigning different values for a polar fragment depending whether the carbon 

atom to which it was attatched was aliphatic or aromatic. "Proximity" corrections were also 

introduced for cases in which, for example, two polar fragments were separated by only 

one or two aliphatic carbons.^^^'293

Thus, Rekker based his calculation method according to equation 4 below:

n m
log P = X / = E ai/i + X kj Cm

i=l i=l Eq. 4

where /  denotes the hydrophobic fragmental constant, and a is a numerical factor

indicating the incidence of a given fragment in that structure. Rekker reasoned that all

constitutive factors could be directly attributed to a fundamental property of the structured

water in the solvation shell in the aqueous phase. His method attempts to allow for both

corrections (aliphatic versus aromatic and polar proximity) as a product of a "magic

constant". Cm (where Cm  = 0.289) times a key number, kj, which is simply the number
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of structured water molecules involved in the structure under consideration. Rekker's 

"magic constant" has indeed proven to be related to a fundamental property of structured 

w ater ,293 and has been counted as a significant advance for other workers in the 

understanding of the solvation p r o c e s s . 2 9 6  it is important to note that a revised version of 

the Rekker system became available in 1 9 9 2  and 1 9 9 5 , 2 9 4 ,  3 0 3  which covers an increased 

number of fragmental values and provides a better founded concept for the constant Cm; 

with the value now fixed at 0 . 2 1 9 .  This constant has proven to be of great importance 

when concerned with restoring imbalances that occur between experimentally derived log P 

values and calculations done by addition of fragmental values. It is however important to 

realise that the Rekker methodology gives no clear indication as to what constitutes a valid 

fragment, and if it could be evaluated, it would indeed be of ideal use.

It is of interest to note that computer programs based on the Rekker approach are also 

available. However, by the nature of the Rekker method, it cannot be fully computerised, 

because the breakdown of solute structure into fragments is left to human decision.

2.3.6 CLOGP System of Hansch and Leo

The Hansch g r o u p , 2 9 0  who in 1964 pioneered the use of octanol/water as the standard 

solvent for measurement, have made use of the term hydrophobicity on the grounds that 

this particular solvent pair is such that polar effects are similar in each phase. That is to say 

that both the water and the octanol have hydroxyl groups that can participate in polar 

interactions with the solute molecule. Moreover, there is a considerable amount of water 

within the octanol phase, thus, CLOGP octanol/water will emphasise differences in 

hydrocarbon interactions with water and with lipid, but will tend to hide differences in the 

interaction of polar and hydrogen-bonding groups.

In 1975 Leo et al 295 published a fragmental system, based on the principles of 

"constructionism". This approach was initiated with some basic fragmental values, that 

have been obtained by experimental measurement of a small set of the simplest possible 

molecules. The construction of the fragmental set was carried out by duly applying a large 

number of correction factors in order to maintain the desired adaptation of new material in 

the system. The Leo method thus emphasises the need to use a large number of correction
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factors.2^5'299 The Leo-Hansch method of calculating log P has been shown in equation 

5 below:

log P  = CLOGP = I  an/n + I  bmFm Eq. 5

Where /  = the fragmental constant; a = the incidence of fragments; F = the corrective factor 

and b = the frequency of factors. CLOGP of Leo and Hansch is basically a fragment 

method which can be expressed in the equation that was first published by Rekker. 

Equation 5 simply states that the log P value of a solute can be estimated from the sum of 

the contribution of each fragment type, multiplied by the number of times it occurs; plus 

the sum of factors (which account for fragment interaction) multiplied by the number of 

times each factor occurs. The main difference between the Rekker method and the CLOGP 

method of Leo and Hansch is the way in which the steiic, electronic and hydrogen bonding 

interactions have been accounted for.^83

There are several different log P databases available and, from which, large 

compilations of experimental log P values can be found in collections made by Leo and 

c o w o r k e r s . 296 The most widely known is the MedChem database^^^ developed at Pomona 

College (USA), which contains log P values for over 25 000 compounds, and has been 

used in this thesis for calculating CLOGP. This method, also based on the additivity of 

fragments, considers a lot of interaction factors and is not recommended as a manual 

procedure but should only be applied via the CLOGP computer program. Both the Rekker 

method (mentioned above) and the Medchem method fragment the molecule's structure in 

different ways, but each requires some knowledge of the fragment's attachment bonds. 

The Medchem method uses five types of bonding environments (including the polar 

fragment environments) designated as aliphatic, benzyl, vinyl, styryl and aromatic while 

the Rekker only two, namely the aliphatic and the aromatic.283,304 since the fragment 

interaction factors are of great importance to both, and until these are better understood, it 

is impossible to judge which of the two methods is the more superior, thus both of which 

have been utilised in this thesis for comparative purposes.

The CLOGP program (or Medchem method) breaks down structures into fragments 

using the following definitions. An "isolating carbon" atom (IC) is one which is not 

doubly or triply bonded to a heteroatom. However, isolating carbons can be multiply
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bonded to one another. An IC is an atomic fragment which, for calculation purposes at 

least, is always hydrophobic. Any hydrogen atom that is attatched to an isolating carbon 

atom (ICH) is also considered to be a hydrophobic atomic fragment.^®^ All atoms or 

groups of covalently bonded atoms which remain after the "removal” of ICs and ICHs are 

considered to be polar fragments. By this token, a polar fragment contains no ICs but each 

has one or more bonds to ICs, which has been termed as its "environment". It is of interest 

to note that a carbon can be aromatically bonded to a heteroatom and still considered to be

"isolating".304

The CLOGP computer program does not consult a "look-up" table to see if it can 

construct the structure in question from the fragments provided in advance. Instead it has 

the means to reduce any structure to its fragments, including those structures with moieties 

not yet synthesised. Since the computer program has also been provided with a definition 

of aromaticity (including those of benzyl, styryl, and vinyl etc.), it can quickly ascertain if 

every fragment found in the target structure has been evaluated in the necessary "bonding 

environment".

Based on this "constructionist" approach-building the foundation of the basic fragment 

values for aliphatic carbon and hydrogen from the simplest members of the series and polar 

fragments from monofunctional, unbranched analogues-it became apparent that polar 

fragments had their most negative value (i.e. were calculated to be most hydrophilic) when 

the IC to which they were bonded was sp3 hybridised. Water was shown to compete best 

in molecules where the charge separation is localised. Fragment interaction with resulting 

delocalisation and hydrophobicity increase, was shown to occur through either resonance 

or field effects. Any attatched fragment to a benzyl IC with delocalising charge, was as a 

consequence raised by nearly 0 .2  log units, and further increases in fragment values were 

seen in the series: vinyl, styryl and aromatic. Polar fragments were subdivided into several 

classes, fragments with localised dipole but no appreciable hydrogen-bonding potential 

were treated separately from other polar types. This provided means of separating halogens 

from those containing N, O, S and P. In addition, H-bonding fragments that contained an 

-OH moiety indicated a difference from those which did not.304,306 Finally, it was also 

noted that for fragments containing a formal charge, anions were reported to behave in a
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much more predictable way than c a tio n s ,in d ic a tin g  that more structures are capable of 

delocalising a positive charge than a negative one.̂ ®"̂

In considering the correction factors used in the CLOGP program, several structural 

factors came into play. Various workers had reported a positive correlation between log P 

and solute size.^®^, 306 would appear that the size contribution of an atom or group 

would be constant and hence no correction would be required. This however was not the 

case since branching and flexibility of chains can affect solute volume if this is obtained 

directly from atomic fragment sums, and was easily seen in calculations of simple alkanes 

(see section 3.2.3, chapter 3 for further explanation). Less flexibility is expected and is 

observed in aliphatic rings, and there is no "flexibility factor" in aromatic ring bonds, but 

there is an unsaturation effect which is included in that of the aromatic carbon.

In addition, correction factors were needed for branched structures. Branched 

structures have greater aqueous solubility than their straight chain isomers and the effect is 

greater if the branch is at the polar group, as illustrated in the case of 2 -butanol, than if in 

the chain, as in isobutyl a lc o h o l .T h e  increased water solubility and decreased partition 

coefficient are usually ascribed to the smaller cavity needed to accommodate the branched 

solute. Peri-fused rings are also considered as another type of branching in which 

hydrocarbon portions of the solute overlap to expose less surface to the aqueous 

solvent.^^^ This type of branching can be applied to structures containing an adamantyl 

moiety for example, such as in the case of UCL 1351, table 4. Finally, correction factors 

were necessary for polar fragment interactions that are of several types, and are 

complicated, and those of aromatic interactions that make use of the Hammett "a" and "p" 

values with various deviations, amongst other structural correction factors.^^^

2.3.7 Limits of Fragmental Systems

Despite the popularity of using fragmental systems, additivity rules have fundamental 

limitations. Discrepancies occur between predicted and measured values due to the effects 

of intramolecular interactions. Correction factors have thus been proposed to take into 

account the intramolecular effects. However, too many correction factors render additive 

methods difficult to handle, especially without the use of powerful computational tools
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such as the CLOGP system of Leo and Hansch mentioned above. In addition, too many 

correction factors prevent the intramolecular origin of the deviations to be understood. The 

fragmental systems of Leo and Hansch or Rekker mentioned above, as well as those of 

others, are essentially based on a two-dimentional description of molecular structure. The 

importance of molecular rigidity and flexibilty in modulating physico-chemical interactions 

that are known to underly biological recognition processes, emphasises the fact that fast 

and reliable methods are needed in drug design to calcuate lipophilicity that also takes into 

account the three-dimensional molecular topology.^^3

The association and dissociation of solutes in different phases remains until this day 

the most vexing problem in studying partition coefficients, since one must consider the 

same species in each phase. A precise definition of this in the strictest sense is simply 

impossible, since water molecules and solvent molecules are capable of forming bonds of 

varying degrees of firmness with different solutes making it impossible to define sharply at 

the molecular level. This also brings into play the problem of determining ionisation 

constants of compounds that are moderately ionised acids or bases which dissociate in the 

aqueous medium, and also includes compounds that are capable of undergoing 

dimérisation. Since the partition coefficient refers to the distribution of a single species 

between the two phases, it thus causes problems in treating partitioning as strictly an 

equilibrium process.

2.4 UCL 1274

Investigations into the acetic acid moiety of cetiedil (see table 1) and the introduction of the 

more lipophilic trityl group, in UCL 1274, as the most active compound found of the 

series tested and, moreover, five times more active than cetiedil, led to further explorations 

into the pharmacophore of UCL 1274. Investigations into the importance of the ester 

linkage, and positioning of the alkyl chain, and alkyl chain length, had revealed the ester 

linkage attached to two methylene groups, still to be the most active ( UCL 1274, table 2), 

despite having the lowest log P value. However, the ether linkage surrounded by two 

methylene groups on either side of the ether functionality (UCL 1435, table 2), was also of 

equal activity, but caused problems in the pharmacological techniques used, since the
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compound exhibited poor aqueous solubility. Thus further pursuit into the ethereal 

analogues was abandoned.

Fig. 14.

Previous studies into the investigation of the ester linkage based on fig.

14.

Table 2

UCL No. A IC50

(|LiM)(s.d.)

I f

L ogP

CLOGP

1274 CO.OCH2CH2 5.6 ± 1.5 6.50 6.69

1380 CH2CO.O.CH2CH2 9.0 ± 2.0 7.01 7.11

1386 CO.O.CH2CH2CH2 9 .0 +  1.0 7.01 6.40

1435 CH2CH2OCH2CH2 6 .0  ± 1 .0 7.19 7.35

2.5 UCL 1495

Further explorations into the pharmacophore of UCL 1274 by C.J. Roxburgh, A. Bisi 

and S. Athmani^^^’ 307-308 to the synthesis of analogues concentrating on the 

importance of the presence of the azepine ring. Many analogues were synthesised, some of 

which have been shown in table 3. SAR into the role of the azepine ring led to the 

synthesis of analogues of varying basicities, analogues containing eight membered ring 

amines, and substituted azepine rings, eventually leading to the synthesis of analogues 

containing piperidine rings with various substituents attached. An interesting observation 

of the piperidine analogues was that analogues such as UCL 1472 and UCL 1453, in 

which the piperidine substituents were "crowding" the nitrogen atom, i.e. the lone pair of 

electrons present on the nitrogen atom, were shown to reduce activity, suggesting a 

possible role of the lone pair in activity. This was further investigated by synthesis of other 

analogues containing substituents further away from the nitrogen such as UCL 1475 and 

UCL 1495 (see table 3), which were shown to be the most active of the series. Although, 

UCL 1495 did not have the highest log P value, and contains a methyl group situated near
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the nitrogen atom, it was found to be the most active of the series. In addition, UCL 1495, 

unlike the other analogues synthesised, contained two chiral centres (marked * in table 3) 

which also introduced the possibility of geometrical isomerism. Subsequently, UCL 1495 

became the next lead compound.

In considering the log P calculations stated in all the structures shown in table 3, and 

indeed in all the tables shown in chapters 2 and 3, one must also consider various other 

factors, namely various steric effects of a molecule that may influence log P, which cannot 

be calculated using the manual Rekker method or are influenced by the CLOGP Leo- 

Hansch computer calculations. It is a well known fact that steric effects can be quite varied 

in nature, the shielding of lone-pair electrons of the nitrogen atom in all the structures 

shown in chapter 2 and 3 may, for example, be shielded by the inert alkyl groups and may, 

as a result, cause a significant increase in log P values. In contrast, crowding of functions 

such as the lone-pair on the nitrogen atom has been reported to reduce hydrophobic 

bonding and thus have an opposite effect on log f . Both these observations have,

however, not been illustrated in table 3 with compounds UCL 1452 and 1453, which are 

calculated to have the same log P values, indicating that one should never lose sight of the 

fact that, by their very nature, partitioning data are so "general" they could as well support 

mechanisms different from those proposed here and indeed those proposed throughout this 

chapter and chapter 3.

P h -0

Fig. 15.

Previous studies into the investigation of the azepine ring (table 3), are 

based on the general structure shown in fig. 15.
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Table 3

UCL No. B IC5o(|iM) (s.d.) I f

L ogP

CLOGP

1448 "O
3.0 ± 0.6

7.01 7.25

1451

2.3 ± 0.5

7.01 7.17

1452 — N >X 2.5 ± 0.3 7.01 7.17

1453 - }  \  

K 7.0 ± 1.0 7.01 7.17

1459 1.62 ± 0 .2 8.05 8.25

1465 -O 10.2 ± 3.0 5.97 6.13

1472 1 0  ± 1 .0 8.03 8 .2 1

1475 — CH2 Ph 1.36 ± 0.2 8.15 8.07

1495

Et

- N  N 

Me

1.16 ± 0 .2 7.53 7.70
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2.6 UCL 1422

Following the general pharmacophore of UCL 1274, further investigation into the trityl 

group, by the introduction of more lipophilic groups, was carried out by C J. Roxburgh 

and A. Bisi, and many analogues were synthesised.^1^^ The series shown in table 4 

illustrates that as log P increases activity increases, generally in keeping with the earlier 

pharmacological results obtained. UCL 1422 containing a 9-benzylfluorenyl residue 

replacing the trityl moiety, was shown to be the most active along with UCL 1392 which 

contains a cyclohexyl group replacing one of the phenyl groups in UCL 1274 (see table 4). 

However, analogues incorporating the cyclohexyl moiety replacing the phenyl groups 

caused problems in aqueous solubility, since they were no longer able to dissolve in the 

assays used in pharmacological testing (at the department of pharmacology UCL by 

Professor D.H. Jenkinson and his group), although one would have predicted a further 

increase in activity with the subsequent increase in log P calculated for these analogues. 

Thus, no biological data are available for UCL 1388. Due to the observed problems in 

aqueous solubility, further analogues containing the cyclohexyl moieties replacing the 

phenyl residues were abandoned, and hence, UCL 1422 became the next lead compound.
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Rp— C

Fig. 16.

Previous compounds investigating the trityl group moiety based on the 

general structure shown in fig. 16.

Table 4

UCL No. Rl R2 R3 IC50

(|iM)(s.d.)

I f

L ogP

CLOGP

1299 Q H ll Q H ii H 14 ± 1.4 7.02 7.36

1300 Ph Ph H 165 ± 4 0 4.84 5.25

1346 Ph furanyl OH 2 0 0  ± 10 4.36 3.66

1351 adamantyl 170 ± 20 5.11 4.94

1388 Ph Q H ii CôHii 8.88 8.86

1392 Ph Ph Q H ii 7.5 ± 1.0 7.59 7.77

1422 9-benzyl-fluorenyl 5.0 ± 2.0 6.95 7.18
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2.7 UCL 1608

UCL 1422 was synthesised, with the introduction of the lipophilic 9-benzylfluorenyl 

moiety (with its high lipophilicity being also attributed to the mesomeric interaction across 

the fluorenyl moiety), to provide an opportunity for incorporating substituents and various 

alkyl chains on the benzyl residue. W. Quaglia synthesised a series of analogues with 

varying substitution on the benzyl moiety (see table 5), and it was concluded once again 

(with the exception of UCL 1589), that as log P increases, activity increases, with the 

methoxy analogue reported as being the most active. However, large increases in 

biological activity were not observed (see table 5) in this series of analogues in comparison 

with the activity of UCL 1422, and were thus not further pursued. Further exploration into 

the pharmacophore of UCL 1422 led to considerations into the electronic effects of the 

molecule, namely the role of the ester linkage in activity. The ester linkage was replaced by 

an acetylenic moiety (thus introducing a variation in electronic effects), (see UCL 1608 

table 5), and as a consequence, UCL 1608 was reported to be three times more active than 

UCL 1422, and in addition, calculated to be a lot more lipophilic. Thus UCL 1608 became 

the next major lead compound adopted for this thesis.

The log P and CLOGP values shown in table 5, also take into account the fragmental 

interactions in aromatic systems. Fragmental systems can operate over relatively large 

distances, and because of this it is important to consider both the electronic and steric 

effects of the molecule. It should therefore be noted that the CLOGP calculations 

incorporated for the analogues shown in table 5 and indeed throughout this chapter and 

chapter 3, use a modified Hammett approach in accounting for electronic effects. The 

CLOGP program consults a table of a  values to assess electron-withdrawing power of any 

fragment and also a table of a  values to assess suceptibility to electron withdrawal in 

aromatic systems.

To conclude, the computer calculated CLOGP values shown in this chapter and in 

chapter 3, for various compounds with lipophilic values stated that are greater than 7, have 

been described by the Medchem program as being "very high log P s, unrealistic in 

nature", and this should always be kept in mind whist comparing various lipophilicities.
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B -N

Fig. 17.

UCL 1608 analogues-variations on the benzyl moiety based on fig. 17.

Table 5

UCL No. B R IC50

(|lM )(s.d.)

I f

L ogP

CLOGP

1422 CO.O.CH2CH2 H 5.0 ± 2.0 6.95 7.18

1587 CO.O.CH2CH2 NO2 6.0 ± 2.0 6.72 6.92

1588 CO.O.CH2CH2 OMe 3 .0 +  1.0 7.03 7.09

1589 CO.O.CH2CH2 F 6.0 ± 2.0 7.16 7.32

1590 CO.O.CH2CH2 Cl 3.5 ± 1.0 7.69 7.89

1608 CH2C =  CCH2 H 1.5 ± 0 .1 8.51 7.90
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To conclude, from the previous results obtained on the IKca channel, it can generally be 

suggested that drug potency correlates well with drug lipophilicity. This suggestion has 

been demonstrated graphically. A plot of -Log IC50 of all the compounds shown in tables 

1-5 versus log P is shown in graph 1 (a plot of -log IC50 versus CLOGP has also been 

obtained for comparative purposes). The mathematical relationship of -log IC50 versus log 

P or CLOGP has been shown in equations 6  and 7 respectively.

-Log IC50 = 1.80-k 0.49 Log P r = 0.90 Eq. 6

-Log IC50 =1 .61+ 0.50 CLOGP r = 0.89 Eq. 7

where r, the correlation coefficient was calculated to be 0.90 when using log P values and 

0.89 when using CLOGP values in the plot. In either cases (when using log P or CLOGP 

values), a good correlation between drug potency and drug lipophilicity was shown for the 

compounds present in tables 1-5.

Graph 1. A Plot of -Log IC5 0  verus Log P  for the compounds shown in

tables 1-5. (Eq. 6 )

<3X)O

6

5

4

3
2 3 5 6 8 94 7

Log P
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CHAPTER 3 

SELECTION OF COMPOUNDS

3.1 Introductory Remarks

Pharmacological exploration of the IKca channel found in red blood cells was carried 

out for this study as a continuation of the previous compounds synthesised and tested 

(discussed in detail in chapter 2 ) on this sub-class of calcium-activated potassium channel. 

Based on the individual leads previously synthesised, new series of analogues have been 

synthesised for this thesis and have subsequently been split into 5 different series of 

compounds. Drug lipophilicity expressed as calculated log P  values based on fragmental 

contributions (discussed in detail in chapter 2), have also been included in this chapter. The 

calculated log P values have been obtained using the hydrophobic fragmental manual 

method (X /) of Rekker and the computerised CLOGP fragmental method of Hansch and 

Leo.

3.2 COMPOUNDS SYNTHESISED FOR THIS STUDY

The following sections, (3.2.1-3.2.6) discuss the selection of compounds that have been 

synthesised for this study, and have been divided into the following:

i) UCL 1495 series,

ii) UCL 1710 series,

iii) UCL 1608 series,

iv) Clotrimazole-heterocyclic and open chain series and

v) Clotrimazole non-amino series.

3.2.1 UCL 1495 Series

The discovery of UCL 1495 (see section 2.5, chapter 2), (and its break through in 

activity, observed in comparison with the previous compounds synthesised), led to further
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investigations into the stereochemistry of the molecule arising from the presence of two 

chiral centres (marked * in fig. 18), due to the disubstitution on the piperidine ring in UCL 

1495. The mixture of geometrical isomers, namely the cis and trans isomers of UCL 

1495 was separated for this thesis (UCL 1644 and UCL 1645). In addition, various other 

analogues based on the pharmacophore of UCL 1495 (see fig. 18) were synthesised for 

this study.

Stereoisomerism has been investigated throughout this thesis (see also table 7), and as a 

consequence, the effects that geometrical isomerism may have on lipophilicity have been 

questioned. The CLOGP program although widely used, is known to fail badly on one 

particular point, the program lacks stereochemical and conformational information, and in 

particular stereochemically, where geometrical isomers are involved. Thus the cis and 

trans isomers that have been shown in tables 6  and 7, are calculated to have the same 

CLOGP values. The same also holds for the manual Rekker system. The lipophilic values 

are hence calculated to be the same values as their parent compounds which were originally 

synthesised as a mixture of cis and trans isomers.

The quaternary salt, UCL 1631 was synthesised in order to investigate whether or not a 

proton form (since most of the drugs have been submitted for pharmacological testing as 

oxalate salts) is necessary for activity, and whether or not the quaternary ammonium 

analogue crosses the cell membrane before blocking the IKca channel. The log P  value for 

UCL 1631 cannot be calculated either manually using the Rekker fragmental system or by 

the CLOGP computerised Hansch-Leo method used. Since the true partition coefficient is 

the ratio of the concentrations of the same solute species in the two immiscible solvents, 

solutes such as UCL 1631 which are dissociated in the aqueous phase cannot be treated in 

the same manner as those that remain neutral. It should not be forgotten that N+ stmctures 

such as UCL 1631 combines extreme lipo- and hydrophilicities in the same molecule, thus 

satisfying one of the requirements for micelle formation. The positive charge on the 

quaternary nitrogen is believed to reside on the carbons atoms connected to it. This affects 

the hydrophobic character of nearby carbon atoms-an affect that requires experiments using 

different solvents systems and conditions (than those used for neutral solutes in the
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octanol/water system), and with the adjustment of the bond factors for the bonds involved. 

For this reason, no log P or CLOGP calculations are available for UCL 1631.

UCL 1617, the amide analogue of UCL 1495, was synthesised to investigate whether 

an H-bond donor contributes to activity, although a large decrease in log P  is predicted in 

comparison to UCL 1495 (table 6 ).

P h - C
yUCL 1495

Fig. 18.

UCL 1495 Series based on fig. 18. 

Table 6

UCL No. Note book 

ref

Structure I f

L ogP

CLOGP

1495 AS-320C

Ph Me

7.53 7.70

1617 ZM-53

Xu H y —  
Ph Me

6.33 6.83

1631 ZM-69B

Ph Me

- -

1644 ZM-75A

Ph Me

7.53 7.70

1645 ZM-75B
1 —  
Ph Me

7.53 7.70
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3.2.2 UCL 1710 Series

Based on the discovery of UCL 1608, by W. Quaglia (see section 2.7, chapter 2), a 

new series of compounds was synthesised for this thesis investigating the role of the 

disubstituted piperidine ring, the stereochemistry, and the physical properties of the 

molecule (see below). In the past series of analogues synthesised, problems in aqueous 

solubility were often encountered, in particular, and not surprisingly, when increases in 

log P  were incorporated, (a drug solubility analysis involving UV spectroscopy has been 

carried out on some of the compounds mentioned above, and is discussed in chapter 4). 

However, an interesting observation is that the acetylenic compounds are more water 

soluble than their corresponding ester analogues (for explanation, see chapter 6 ), although 

the acetylenic compounds are calculated to be more lipophilic (e.g. UCL 1422, table 5, 

section 2.7, chapter 2, log P = 6.95, and the corresponding acetylenic analogue, UCL 

1608, table 7, log P  = 8.51) than the ester analogues, and as a result, improved 

pharmacological testing techniques, since testing is carried out in an aqueous medium (see 

chapter 5).

UCL 1710 was synthesised initially as a mixture of cis  and trans  isomers, 

combining both the critical feature of the UCL 1495 series, namely, the 5-ethyl-2-methyl 

piperidyl moiety, and the important feature of the UCL 1608 series, i.e. 9-benzylfluorenyl 

acetylenic moiety. This combination, led further into the exploration of the role of the 

acetylenic moiety in activity, with the subsequent synthesis of the corresponding alkane 

and alkene analogues, UCL 1976, and UCL 1977 (table 7), both of which are mixtures of 

cis and trans isomers, and in addition are calculated by both methods to be a lot more 

lipophilic than UCL 1710.
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The importance of the acetylenic residue for activity was further explored in the 

analogues further synthesised in this series. Stereoisomerism was again investigated and 

the cis and trans isomers of UCL 1710 were separated (namely UCL 1814 and UCL 

1835, table 7), and their activities were compared with the separated cis and trans isomers 

of UCL 1495 (see table 6 ).

The UCL 1710 analogues in table 7 are based on the general structure

shown in fig. 19.

Fig. 19
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Table 7

UCL No. Note book 

ref

R I f

L ogP

CLOGP

1608 WQ-43C
CH2 C =  CCH2 —

8.51 7.90

1710 ZM-155C

Et

C H zC ^ C C H z— N > 9.53 8.90

1814 ZM-

181E2

CH2 C = C C H 2 — N > 

Me

9.53 8.90

1835 ZM-181C

Et 

/  (
CH2 C = C C H 2— N )  

Me

9.53 8.90

1976 ZM-418B

Et

CH2 CH2 CH2 CH— N >

r
Me

10.26 9.86

1977 ZM-430C

Et

CH2 C H = C H C H 2 — N )

*)
Me

9.90 9.38
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3.2.3 UCL 1608 Series

Having studied the UCL 1710 series (see previous section), other analogues were 

synthesised by replacing the disubstituted piperidine moiety but keeping the acetylenic 

linkage. The open chain analogue of UCL 1710 was synthesised (UCL 1994). 

Comparisons in activity were made by synthesis of the unsubstituted piperidine ring 

analogue (UCL 1995), which consequently led to the synthesis of other substituted 

piperidine ring analogues that are achiral, with various lipophilicities (i.e. UCL 2020 and 

UCL 1996 table 8 ). UCL 1996 and UCL 2020 were also synthesised for comparative 

purposes with the activities of their corresponding ester analogues, UCL 1506 (IC50 = 

1.77 jiM at 75% maximum inhibition, and not a 100% inhibition, due to an aqueous 

solubility problem) and UCL 1475 (IC50 = 1.36 |iM  with varying maximum inhibitions 

also due to a problem in solubility), (see fig. 20) synthesised by Dr. S. Athmani.^®^ Since 

the acetylenes have been found to have greater aqueous solubility than their corresponding 

esters (as mentioned in section 3.3 and discussed in chapter 6 ), no problems in the 

aqueous solubilities of UCL 1996 and UCL 2020 were anticipated.

P h -C
Ph UCL 1475

CNPh O 
I II 

Ph—C“ C—O
I
Ph

Ph

UCL 1506

Fig. 20.

In considering the correction factors used in the CLOGP program, several structural 

factors came into play. Various workers had reported a positive correlation between log P 

and solute size.^®^, 306 jt would appear that the size contribution of an atom or group 

would be constant and hence no correction would be required. This however was not the 

case since branching and flexibility of chains can affect solute volume if this is obtained 

directly from atomic fragment sums, and was easily seen in calculations of simple alkanes, 

and could thus be applied in the case of the dibutyl open chain analogues, UCL 1994, table
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8 , and UCL 2024, in table 9. Chain flexibility in these two compounds arises from both 

bond rotation and bending leading to a decrease in solute volume and perhaps in surface 

area.2^9’ The lipophilic values may thus be calculated to be more lipophilic than they 

actually are. For example, butane calculates as 3.01 whilst the measured value is 2.89. 

This predicted decrease in log P is ascribed to a smaller cavity needed to accommodate the 

branched solute.^^^ Less flexibility is expected and observed in aliphatic rings, so not 

much deviation from measured log P and CLOGP values from the calculated values is 

expected for the analogues UCL 1995, 1996, 2020 and 2021. There is no "flexibility 

factor" in aromatic ring bonds, but there is an "unsaturation effect" which is included in 

that of the aromatic carbon for all the log P and CLOGP calculations shown in table 8 and 

indeed in all the tables of structures shown in this chapter and in chapter 3.

The substituted azepine ring amines were shown to be quite active in the ester series 

(see table 3, section 2.5, chapter 2, UCL 1459), and were thus considered for synthesis in 

the UCL 1710 series, i.e. combining the trisubstituted azepine ring moiety with the 9- 

benzylfluorenyl acetylenic moiety, resulting in a high log P  value (UCL 2021 table 8 ).

The synthesis of UCL 1997, an acetylenic decahydroquinoline analogue, consisting of 

a mixture of cis and trans isomers (and contains two chiral centres marked * in fig. 2 1 ) 

was carried out as a result of the relatively high activity of a corresponding ester analogue 

(UCL 1537, IC50 = 1 . 5  pM) synthesised by Dr. S. Athmani as part of the UCL 1495 

series (see fig. 2 1 ).

I
Ph

UCL 1537

Fig. 21

Discussed in section 3.5, is the series of analogues that have been synthesised based on 

the lead compound clotrimazole. Clotrimazole as mentioned in the introduction (section 

1.3.8) is a well known antifungal drug, which has recently been reported to inhibit the 

IKca channel in red blood cells with moderate activity (IC50 = 0.05 pM). The activity of
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clotrimazole on erythrocytes reported by Alvarez et al, prompted an interest in pursuing 

the possible pharmacological potential in clotrimazole, and consequently, analogues were 

synthesised (see section 3.2.4-3.2.5).

It was of interest to combine the two series of compounds synthesised, namely the 

clotrimazole-heterocyclic and open chain series based on clotrimazole (see section 3.2.4, 

table 9), and the UCL 1608 series based on fig. 22, which subsequently led to the 

synthesis of UCL 2023, introducing a planar aromatic heterocycle, the imidazole moiety, 

present in clotrimazole, and additionally, the synthesis of the alcohol UCL 2022, by 

analogy with the known active clotrimazole metabolite (see UCL 1851, table 10).
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CH2C =  CCH2— R

Fig. 22

UCL 1608 analogues based on the structure shown fig. 22

Table 8

UCL No. Note 

book ref

R I f

L o g ?

CLOGP

1994 ZM-494C
.CH 2 CH 2 CH2 CH3

CH2 CH 2 CH2 CH3

9.90 8.92

1995 ZM-510B -O 7.98 7.34

1996 ZM-498C -0™ 8.41 7.57

1997 ZM-546B /  \  
—  N >0 9.69 8.77

2 0 2 0 ZM-514C —  ^ C H 2 Ph 10.15 9.27

2 0 2 1 ZM-538E “V
H3 C CH3

10.05 9.45

2 0 2 2 ZM-658B —  OH 6 . 0 5.67

2023 ZM-662B —
\ ^ N

7.39 5.92
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3.2.4 Clotrimazole-Heterocyclic and Open Chain Series

Clotrimazole, a widely known antifungal drug, has recently been shown to have activity 

on the IKca in red blood cells (as mentioned in section 3.2.3 and discussed in the 

introduction section 1.3.8). Given the reported activity of clotrimazole on the red blood 

c e l l s , i t  was decided to explore further the activity of clotrimazole on erythrocytes by 

synthesising a series of various analogues. The observed historic activity of clotrimazole as 

a potent antifungal drug has often been attributed to the presence of the imidazole ring 

moiety, hence it was investigated further whether the imidazole ring moiety was also 

responsible for the blocking effect on the IKca channel in red blood cells. Therefore 

compounds UCL 1923, 1922, 1892 and 1880 were synthesised. Moreover, investigations 

into the effect of the positions of the substituents on the aromatic rings were also explored, 

giving rise to the synthesis of analogues containing chlorine in the 4-position on the 

monosubstituted benzene ring, as well as in the 2-position. UCL 1694 was synthesised in 

order to retain a feature in common with UCL 1495, namely the ethyl and methyl 

substituents, with the imidazole ring moiety replacing the piperidine ring moiety present in 

UCL 1495, but without the alkyl chain that is present in UCL 1495. In UCL 1694 the pKa 

of the molecule differs in comparison with both UCL 1495 and clotrimazole.

UCL 2025, the open chain isostere of UCL 1922 was synthesised for comparative 

purposes with the activity of UCL 1922. UCL 2024 was synthesised since it contains the 

open chain moiety of 5-ethyl-2-methyl piperidine (the critical feature of UCL 1495) and 

investigates whether an open chain, or a cyclic ring amine analogue is required for 

biological activity.

The 2-Cl analogues were chosen to be synthesised in UCL 1922, UCL 2025, and 

UCL 2024, for comparison with the activity of clotrimazole. The two chloro isomers, 

UCL 1892 and 1880, were also synthesised to investigate the criticality in activity of an 

aromatic ring amine, with the additional presence of an H-bond donor.

It is important to note that for all the various pairs of isomers synthesised above and 

in the following section, that neither the log P calculations using the Rekker method nor 

the computerised CLOGP Hansch/Leo method differentiate between the ortho or para
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substituent interactions, hence no difference in the log P  and CLOGP calculations between 

each isomeric pair is indicated.

C -R

Fig. 23

Clotrimazole-heterocyclic and open chain analogues based on the general

structure shown in fig. 23 

Table 9

UCL No. Notebook

ref

X R 1 /

L o g ?

CLOGP

Clotrimazole - 2-Cl —
\ ^ N

6.34 5.05

1694 ZM-97D H
— C -N  1

Me

5.50 5.13

1880 ZM-350C 2-Cl 5.92 6.06

1892 ZM/IS-

17B

4-Cl 5.92 6.06

1922 ZM-326G 2-Cl
/  \

— N N—CHo 
\ ___ /

5.02 6 .1 2

1923 ZM-338F 4-Cl — 6.34 5.05

2024 ZM-6 6 6 B 2-Cl
^CH2CH2CH2CH3

---- N
^CH2CH2CH2CHg

8.85 8.47

2025 ZM-646B 2-Cl
/C H 2CH3

---- N
'^CHaCHg

6.77 6.35
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3.2.5 Clotrimazole Non-Amino Series

Following the discovery of clotrimazole as a potassium channel blocker, it was later 

described in the literature that its metabolite, UCL 1851 (table 10) was also found to be 

active with a slightly lower potency than clotrimazole, indicating that the imidazole ring, 

was not essential for K+ channel blocking activity unlike its essential antifungal 

requirement. Hence, UCL 1851 was synthesised for this study for comparison with non

amino clotrimazole analogues.

UCL 1893 was synthesised by the 3rd year project student I. Shah to illustrate whether 

or not the corresponding para  - chloro analogue differs from the ortho -chloro isomer. 

UCL 1864 was commercially available, and hence purified and submitted for biological 

testing exploring whether or not the large increase in log P in comparison to UCL 1851 

would cause a significant difference in activity regardless of the presence of the chlorine 

atom, in the para position.

It is interesting to note, (especially apparent in the computerised CLOGP calculations), 

that when attatched to an aromatic isolating carbon (IC) (discussed in section 2.3.6, 

chapter 2 ), all halogens are more hydrophobic than the hydrogens they replace, and are 

only slightly more so than when a halogen replaces an aliphatic proton. In the case of 

aliphatic protons, the bond between a halogen and an sp^ IC has a very localised charge 

separation, the polar effect of which counteracts much of the effect of the halogen's larger 

size. When attatched to an aromatic IC however, the charge is delocalised, hence resulting 

in a larger increase in log P and CLOGP. Therefore, it is not surprising to note that the log 

P and CLOGP values of UCL 1851 and UCL 1893 are higher (and not only slightly) than 

UCL 1887, and a lot more so in the case of UCL 1864.

UCL 1887 and 1886, which were also obtained commercially and purified for 

submission for testing, were included in the series to investigate whether or not 

substitution on the aromatic rings was necessary for activity, and whether or not various 

other factors are coming into play such as H-bond donor/ acceptor ability.

Finally, UCL 1890 and 1885 were synthesised by S. Athmani^OS and purified by 

myself, and submitted for pharmacological testing since UCL 1890 contains the ester 

linkage present in UCL 1495, and UCL 1885 is a keto analogue of UCL 1890, both of
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which question the possibility of H-bond donor/acceptor occurring at the channel and 

influencing biological activity.

C - R

Fig. 24

Clotrimazole-non-heterocyclic analogues based on the general structure

shown in fig. 24 

Table 10

UCL

No.

Notebook

ref

X Y Z R I f

L ogP

CLOGP

1851 ZM-234D 2-Cl H H OH 4.95 4.60

1864 ZM-322A 4-Cl 4-Cl 4-Cl OH 6.43 6.03

1885 AS/ZM-

358

H H H COCH2CH3 5.25 4.74

1886 ZM-360 H H H CO2H 4.74 4.20

1887 ZM-374 H H H OH 4.21 3.89

1890 AS/ZM-

362

H H H CH2CO2CH3 5.64 5.01

1893 ZM/IS-

23A

4-Cl H H OH 4.95 4.60
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CHAPTER 4 

DISCUSSION OF SYNTHESIS AND CHARACTERISATION OF 

COMPOUNDS

4.1 Introductory Remarks

This chapter discusses the synthesis and characterisation of final compounds that have 

been submitted for biological testing at the department of pharmacology UCL to Professor 

D.H. Jenkinson and his group. Drug solubility analysis involving UV spectroscopy has 

also been included in this chapter. The discussion of the synthesis and characterisation of 

final compounds, with the inclusion of drug solubility analysis has divided this chapter 

into the following four sections:

i) Synthesis of the UCL 1495 series,

ii) Synthesis of the UCL 1710 series,

iii) Synthesis of the clotrimazole analogue series and

iv) Drug solubility analysis.

All the final compounds submitted for pharmacological testing are novel unless 

otherwise stated and have been identified by the use of the standard spectroscopic 

techniques, (IR, IH NMR and MS), and by the standard chromatographic techniques, 

(TLC and HPLC), as well as elemental analysis and melting point. Drug solubility analysis 

has been identified (as mentioned above) by the use of UV spectroscopy.

4.2 Synthesis of the UCL 1495 Series

The UCL 1495 series includes the synthesis of UCL 1495, synthesised as an 

intermediate, although it was originally synthesised by S. Athmani.^^^ The synthetic route 

to UCL 1495 has thus been included. The UCL 1495 series, compounds UCL 1644, UCL 

1645 and UCL 1631 (see table 11) were obtained in a three step synthesis, with some of
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the reagents, being synthesised in advance. Compound UCL 1617 (see section 4.2.4) was 

synthesised using a five step synthetic route, sharing in common a synthetically derived 

precursor (i.e. l /I ,  scheme 1).

4.2.1 Synthesis of Compounds UCL 1644. 1645 from the Common 

Intermediate 2-(N-5-Ethvl-2-methvlpiperidino)-ethvl triphenvlethanoate 

(UCL 14951

UCL 1644 and 1645 and UCL 1631 (see section 4.2.3), were synthesised by the reaction 

pathway shown in scheme 1 .

NH
OHDry toluene, 

Reflux 21 h Me m )Me

PhaCCOCI, NaaCO; 

Reflux 38  h

CPh

1. Column chrom atography

2. Conversion to oxalate
Me

UCL 1495

Reflux 3 h CPh

Me

\+ ,M e

CPh
Two isom ers  
separated:

UCL 1644 and UCL 1645

Me

UCL 1631
Scheme 1
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The starting material, 5-ethyl-2-methyl piperidine shown in scheme 2, is a disubstituted 

tertiary amine, and as a consequence contains 2 chiral centres marked * in scheme 2. In 

addition, the tertiary amine is a mixture of cis and trans isomers.

The reaction mechanism (scheme 2), involves the disubstituted tertiary amine 

nucleophilically attacking the a-carbon of 2-bromoethanol. The reaction was carried out in 

anhydrous conditions with the presence of the base, sodium carbonate, and the reaction 

mixture was heated under reflux in dry toluene for 12 h. Nucleophilic attack at the 8 +, C-2 

position displaces the bromine presumably via an S n 2  mechanism, to produce the 

corresponding alcohol (2/1). This method provided a simple way of obtaining the pure 

alcohol, as a colourless oil in good yield (75%) by distillation under reduced pressure.

Subsequent reaction of (2/1) with the previously prepared triphenyl acetyl chloride (see 

section 4.2.2), proceeded most probably via an Sn2 type mechanism involving a 

tetrahedral transition state, (2/II) to produce the desired ester, UCL 1495 as a mixture 

of cis and trans isomers in the approximate ratio of 6:4, with the trans adduct as the 

major component. The compound was produced in the form of a light brown oil, 35% 

yield. Separation of the cis and trans isomers of compound UCL 1495 by the use of 

column chromatography yielded the separated cis and trans isomers, (UCL 1644) and 

(UCL 1645) respectively. This separation was confirmed by TLC (Rf difference of 0.21 

between the isomers), analytical HLPC, (with spiking), NMR, ^^C NMR and 

heteronuclear one bond shift correlations as discussed in section 4.4.4.
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Br— CH2 CH 2 OH

(2/1)

-HCI
^  Me O
CH2CH2O—C—CPh

Y M e g . O )  , 
CH2CH2O-

CPhg
(2/11)UCL 1495

CH2C H ^ —C —CPh 

UCL 1644

CH2C H ^ —C —CPh 

UCL 1645
Scheme 2

4.2.2 Synthesis of Triphenvlacetvl chloride

Triphenylacetyl chloride (3/1) (scheme 3), was synthesised by reacting the commercially 

available triphenyl acetic acid with an excess of distilled thionyl chloride in chloroform and 

heating the mixture under reflux for 12 h. The reaction shown in scheme 3, is discussed in 

section 4.3.2 for the chlorination of compounds 8-14, table 13. Initially, several different 

reaction conditions were carried out and heating under reflux in chloroform gave the best 

yields. The compound was purified under anhydrous conditions by recrystallisation from 

hot hexane to produce the pure unhydrolysed product as a white powder. The compound 

was characterised by TLC melting point (126-128 ^C), (literature melting point 128-129 

Oc) 3 1 0  I j i  NMR and mass spectroscopy.
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SOCI2 , CHCI; 
Refluix 1 2  hC - C - O H c-c-ci

(3/1)Scheme 3

4.2.3 Synthesis of UCL 1631

UCL 1631, was synthesised in a straight forward manner, with the use of the common 

intermediate UCL 1495, which consists of a mixture of cis and trans isomers (see scheme

2). A Menschutkin reaction was carried out i.e. a nucleophilic addition, resulting in the 

formation of a quaternary ammonium derivative.

The methyl iodide salt, UCL 1631, was produced as a mixture of geometrical isomers 

and was fully characterised. Analytical HPLC of the compound had indicated five peaks on 

the chromatogram. This is due to the fact that there are now 3 chiral centres present in the 

molecule, unlike the starting material that contained 2 marked with a * in scheme 1. The 

quaternary ammonium ion generated an additional chiral centre in the molecule. Due to the 

presence of three chiral centres in the molecule allowed for the possibility of 8 

stereoisomers to exist resolving into 4 pairs o f enantiomers, which were as a consequence 

indicated as 4 peaks in analytical HLPC. The iodide ion absorbs light at a UV wavelength 

of 215 nm, and hence explained the additional peak on the chromatogram.

4.2.4 Synthesis of UCL 1617

The overall reaction pathway for the synthesis of UCL 1617 is shown in scheme 4. The 

intermediate (4/1) is a common precursor and the reaction mechanism of which has been 

discussed in section 4.2.1. Chlorination o f alcohols such as in (4/II) with the use of 

thionyl chloride as a chlorinating agent is discussed in section 4.3.2.
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The synthesis of U CL 1617 scheme 4 involves the Gabriel synthesis. The mechanism of 

the Gabriel synthesis involving the conversion of primary halides (4/II) to primary amines 

(4/IV) is shown in scheme 5.

NH
OHDry T oluene, 

Reflux 21 h Me (4/1)

SOCI2 , Dry T olu en e  

Reflux, 2 .5  h

Me

HCI
1 . K2CO;
2. P otassium  Phthalimide, 

DMF, 90°C , 12 h
Me Me

(4/II)

NH2NH2 .H2O 

EtOH, Reflux 5 h

CPhNHg CH 2 CI2 , Reflux 16 h

Me Me
(4/IV) U CL 1617

Scheme 4

The halide in scheme 5, is treated with potassium phthalimide, and presumably undergoes 

an Sn2 type nucleophilic substitution to give the product (5/1), (scheme 5) which is then 

hydrolysed. Hydrolysis of phthalimides is usually rather slow and can be conveniently 

speeded up by the use of dipolar, aprotic s o l v e n t s . ^ T h e  dipolar aprotic solvent used 

in this reaction was dim ethylform am ide. Generally speaking, hydrolysis of the 

phthalimide, whether acid or base-catalysed is also usually very slow, and the great 

decrease in rate usually observed in these cases can be attributed to steric hindrance, a 

sheer physical blockade to the attack of the nucleophile. A better procedure was therefore 

used. The Inge-Manske^l^ procedure was used in which the phthalimide (5/1) was heated
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with hydrazine hydrate in an exchange reaction by nucleophilic attack of the hydrazine 

hydrate to give the quaternary ammonium derivative (5/II) and potassium chloride. Ring 

opening occurs (5/III), followed by nucleophilic attack by the amino group to yield the 

diaminophthalimido derivative (5/1V). Subsequently, the primary amine (5/V) was 

produced in good yield, 78%. Diaminophthalimide was also produced in the reaction. The 

primary amine, (5/V), was then further reacted with the previously prepared triphenyl 

acetyl chloride (see scheme 3) possibly by an Sn2 nucleophilic substitution via a so-called 

tetrahedral intermediate (5/VI), (which is not normally possible to isolate), leading to 

overall substitution of the desired product UCL 1617, in good yield. The reaction was 

carried out under basic conditions, by the use of triethylamine, in dichloromethane, and, 

hence, triethylammonium chloride salt was also produced. The final compound, UCL 

1617 was purified by column chromatography to yield an off white solid as a mixture of 

cis and trans isomers.
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C H g C H g - j ^ l  KN

Et. HgN O
II

CHpCHp— N ~ C  
G  II 

O

Et. :N O

N Me

CHpCHp— N “ C

^ o :

Et.

CHgCHgNH

Et.

CPhg — C —Cl

Et. Et.

H O ^ -

CHgCHg— N^Cijpi
CPhg

(5/VI)

-H

■ N -^ M e
C H 2C H 2 N

(5/ 1)
O

H2 N— NH2 .H2O

+ KG!

Et.

^  * Me
CH2CH2 NT I)

(5/II)

N Me
CH2 CH 2 — NH O q

(5/IV)

Et.
HN 

HN

" ' N ^ M e C / \ ^
CH2CH0— NHoO© 

@

O @ e
CH2 CH 2 — N - C - C P h g  + EtgNHCI 

H

UCL 1617
Scheme 5
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UCL 1495 analogues. 

Table 11

Compound

No.

Stmcture Salt form % Yield mp^C

UCL 1644
E t ^

1
CHg

*
Me 0  

CH2O — C —CPhg

Oxalate 50% 195-197

UCL 1645
Et/.,

1
CHg

*
Me 0

II
CH2O — C —CPhg

Oxalate 48% 213-215

UCL 1631
Et^

1

HgC
Me 0

1 II
CH2CH2— 0  —C —CPhg

Iodide 62% 228-230

dec

UCL1617

Me

Free base 64% 70-73

4.3 Synthesis of the Acetylene Analogues

The compounds UCL 1710 to UCL 2021 shown in table 14 have been synthesised 

according to the general route shown in scheme 6. The second step of the synthesis 

involves the Mannich reaction to produce the desired acetylenic alcohol (6/II) (discussed 

in section 4.3.1) followed by chlorination of the obtained alcohol (6/III) (discussed in 

section 4.3.2) and finally reacting with 9-benzylfluorene to produce the desired final 

compound (6/IV) which was subsequently converted to the requisite oxalate salt 

(discussed in section 4.3.3).
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HCI
R'RNH E tO H ^  R'RNH.HCI ^  CCHgO H C H g C ^  CCHgOH

(6/1) HOMO, CuCI, 12 h 8 0 ^ 0
m i )

SOCIc
1 . 9-Benzylfluorene,

R'RNCH2 C = C C H 2 CI NaH, anhyd DMSO-------------^
2. Column chromatography,
3. Conversion to oxalate
4. Prep HPLC

Scheme 6

H2 Ç C H ,C = C C H ,— NRR'

(C 00H > 2

(6 /IV)

4.3.1 The Mannich Reaction-Synthesis of Compounds 1-7

The Mannich reaction, (mechanism of which is shown in scheme 7) is the prototype of 

carbon-carbon bond forming reactions that involve the addition of resonance-stabilised 

carbon nucleophiles to iminium salts and imines. Generally speaking, the Mannich reaction 

consists of three main components: (i) a primary amine, (or secondary) (ii) a nonenolizable 

aldehyde, (in this case aqueous formaldehyde); and (iii) an active methylene compound. 

These components condense with concomitant release of water to produce a new base, 

known as the "Mannich base", in which the active hydrogen is replaced by an aminomethyl 

group (see scheme 7, 7/VI). This formation of both a carbon-carbon and a carbon- 

nitrogen bond in this aminomethylation process makes the Mannich reaction an extremely 

useful synthetic transformation which has been carried out for the synthesis of the 

intermediates shown in table 12.

Several mechanisms have been proposed in the literature for the Mannich reaction, 

however all of which seem to follow a similar pattern.^ y  tie first part of the

mechanism (scheme 7) involves the formation of the copper salt^^^» (7/1), scheme 7,
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produced by the reaction of copper (I) chloride and propargyl alcohol, providing a labile 

centre, or in essence a carbanion. The secondary amine then nucleophilically attacks the 

formaldehyde (7/II) to form the aminomethylol (7/III) which subsequently releases 

water (7/IV) to form the carbénium species (7/V). The carbanion formed in the initial 

stage of the reaction reacts by nucleophilically attacking the carbénium species formed in 

(7/V) to yield the desired Mannich base (7/VI).

H 0 C H 2 C  =  C - H  Cu-CI

(7/1)

rp H gO H

H - C - H

m i l ) (7/IV)
-H2 0

H o C — N — R

( 7 / V )

H O C H 2 C  =  C  —  C H 2 —  N —  R

(7/VI)

Scheme 7

Compounds 1, 4 and 6, table 12 were reacted as their hydrochloride salts. The 

hydrochloride salts were prepared for compounds 1, 4 and 6 in order for them to have 

aqueous solubility. The desired products shown in table 12 were isolated by an acid/base 

extraction, using aqueous HCI (2 N) and extracted with chloroform followed by addition 

of potassium carbonate and subsequent extraction of the liberated free base into the 

chloroform layer. Compounds 1 and 5 were synthesised as a mixture of cis and trans 

isomers (with each compound containing two chiral centres marked * in table 12), and
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compound 8 was synthesised as a mixture of enantiomers by virtue of the chiral centre 

present in the molecule marked *. The products were all purified by column 

chromatography, and chracterised by TLC, NMR and mass spectroscopy.

All the compounds shown in table 12 produced an interesting feature in the NMR. 

The acetylenic compounds produced long range coupling (5 bonds) across the triple bond, 

therefore instead of the expected singlet for the two methylene protons on either side of the 

triple bond (shown in fig. 25), two triplets were observed for both methylene groups, with 

a coupling constant of approximately 2Hz for all the compounds shown in table 12. 

These coupling constants calculated, were well within the range of that reported in the 

literature for but-2-yne.

am ine—  CH?C =  CCHoOH 

Fig. 25

This feature was also observed for the corresponding chloro analogues (see following 

section) and in the final compounds, the 9-benzylfluorenyl analogues discussed in section

4.3.3 ).
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R— CHzC^CCHgOH
Fig. 26

Table 12

Compound

No.

R % Yield

1
Et

- w

Me

8 8

2
,C H 2CH2CH2CH3

CH 2CH2CH2CH3

49

3 -O 30

4

- 0 “

65

5 / — \  
—  N )0 30

6 — y — CH2Ph 32

7 “V
H3C CH3

53

4.3.2 Synthesis of Compounds 8-14

The alcohols shown in table 12 were subsequently converted to their corresponding 

chlorides, with the use of thionyl chloride as the chlorinating agent. The thionyl chloride 

used was initially purified by distillation at atmospheric pressure. The mechanism of the 

reaction is shown in scheme 8. This displacement reaction has been proposed to proceed
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with retention of configuration i.e. in which the starting material and product have the same 

c o n f i g u r a t i o n . ^22 ytie reaction has been shown to follow a second order rate equation, but 

has been proposed not to proceed via an Sn2  mechanism since an Sn2  mechanism would 

result in an inversion of configuration,^^^ The mechanism of this reaction most probably 

follows an SnI mechanism, with the retention of configuration of the product formed. 

Initially, an alkyl chlorosulphite was formed (8/II) in scheme 8  with retention of 

configuration, and the C-O bond not being broken during the reaction. It has been reported 

that the rate at which the alkyl chlorosulphite intermediate (8/II) breaks down to the 

product (8/V) is shown to increase with increasing polarity of the solvent, and with 

increasing stability of the carbocation R. In this particular case, dichloromethane was the 

solvent used. The ion pair (8/III) is believed to form in the slow rate-limiting step of the 

reaction, and once formed, provided it collapses rapidly, the intimate ion pair, (8/IV) 

within the solvent cage, enables the nucleophile. Cl ® to attack on the same side of 

R ® from which ® OSOCl has departed, thus enabling the retention of configuration. 

However, it is not known whether the C-O and the S-Cl bonds break simultaneously, or 

whether the former occurs first. SO2 and HCI are also the products of this r e a c t io n .T h e  

chloro analogues shown in table 13, based on fig. 27, are in the same chronological order 

as displayed in table 12. Compounds 8 , 9, 11, 12, and 14 were purified by column 

chromatography using dried diethyl ether as the eluting solvent, and the remaining 

compounds were further reacted as their crude products. This reaction was very useful in 

preparing the primary halides in good yields as their corresponding hydrochloride salts 

which were subsequently isolated as their requiste free bases.

All the compounds shown in table 13 were subsequently characterised by TLC, IR, ^H 

NMR and mass spectroscopy.
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Cl— s-ci
Slow(8/1)

H (8/V) (8/IV)

Scheme 8

R —  C H 2 C =  CGHpCI
Fig. 27

Table 13

Compound

No.

% Yield

8 6 6

9 6 6

10 32

11 41

12 83

13 99

14 72

4.3.3 Synthesis of Compounds UCL 1710-2021 (table 14)

For the compounds shown in table 14, the final step of the synthesis of the compounds in 

table 13, is based on the mechanism shown in scheme 9, which also is the same 

mechanism for the synthesis of compounds UCL 2022 and UCL 2023 (scheme 10, section 

4.4.5). The reaction involves 9-benzylfluorene (9/1) reacting with a base, sodium
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hydride, in anhydrous DMSO, and the reaction is carried out under anhydrous conditions, 

to form the observed red coloured mesomeric anion (9/II), and H2 . The reaction was then 

concluded with the mesomeric anion nucleophilically attacking the Ô+ carbon centre of the 

halide formerly synthesised, presumably via an Sn2 mechanism to yield the desired 9- 

benzylfluorenyl acetylenic analogue (9/III).

NaH

HpC

R—CH2C =  CCH2 — Cl

Scheme 9

The compounds synthesised were purified by column chromatography and subsequently 

converted to their oxalate salts except in the case of UCL 1814 and 1835. UCL 1710 was 

synthesised as mixture of cis and trans isomers identified by analytical HPLC and 

NMR as being in the ratio of 85:15, with the trans isomer as the major component. UCL 

1997 was submitted for biological testing as a mixture of geometrical isomers in the ratio 

of 3:1, and UCL 2021 was submitted for pharmacological testing as a mixture of 

enantiomers. UCL 1710 was re-synthesised and the cis and trans isomers of the 

compound as the free base, were separated initially by column chromatography, and one of 

the isomers, namely the trans (UCL 1814), was isolated and converted to the oxalate salt, 

and was subsequently submitted for biological testing as a white powder. The cis isomer
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isolated from column chromatography was further purified by preparative HPLC under 

acidic conditions to yield the corresponding trifluoroacetate salt, UCL 1835 as a light 

brown glassy solid (see section 4.4.3 for characterisation of the cis and trans isomers 

using 2D NMR spectroscopy). The main reason for separating the isomers of UCL 1710 at 

the final stage of the synthesis as the free base was because, although the compound from 

the initial stage of the synthesis, i.e. as the Mannich base, was synthesised as a mixture of 

geometrical isomers, identification of the isomeric purity of the single isomer was difficult 

using analytical HPLC. This is because the non-aromatic amines are not as well detected 

by UV absorption (neither at UV wavelength 215 nm nor 254 nm) and are therefore not as 

clearly detected as aromatic amines. The isomers were also not separable by analytical 

HPLC or analytical TLC. It was therefore considered technically better to separate the cis 

and trans isomers at the final step of the synthesis and subsequently fully characterise 

them.

The UCL 1710 analogues shown in tahle 14 are hased on the general

structure shown in fig. 28.

GH2C= CCH2— R

Fig. 28
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Table 14

UCL

No.

R Salt form % Yield mp

1710

Et

Me

Oxalate 53 184-186

1814

(trans) —  N )  
*\ /

Me

Oxalate 19 191-193

1835

(cis)

Et

—  N )

>
Me

Trifluoroacetate 16 135-137

1994
,C H 2CH2CH2CH3

CH2CH2CH2CH3

Oxalate 83 152-154

1995

- 0
Oxalate 76 145-147

1996

- O p:
Oxalate 81 182.5-185

1997 / — \  
—  N )

0

Oxalate 51 178-181

2 0 2 0 — N y-CHgPh Oxalate 17 140-142

2 0 2 1

' V
H3C CH3

Oxalate 2 2 105-107
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4.4 Piperidine and N-Substituted Piperidines-General Considerations

Piperidine is a six-membered saturated heterocyclic ring containing nitrogen, (and 

also a strong base with a pKa value of 11.29). Piperidine and substituted piperidines are 

known to adopt a conformation which is analogous to the cyclohexane chair. As a result of 

the structural similarity between piperidine and cyclohexane, they exhibit the same types of 

conformational mobility (as mentioned above), and the large amount of data available on 

the conformational analysis of substituted cyclohexanes can be applied to the heterocyclic 

system. In piperidine, as in cyclohexane, the puckered ring allows the ring atoms to have 

typical sp^-type bond angles. In principle, two possible orientations for the nitrogen atom 

have been suggested, although much controversy has been focused on the orientation 

which the lone pair and nitrogen substituent adopt in piperidines. There now seems to be 

no important steric interactions occurring between the heteroatom lone pair and substituents 

on neighbouring carbon atoms. Thus any N-substituent that is other than hydrogen results 

in the lone pair being in the axial position, allowing the substituent to adopt an equatorial 

orientation. This question of barrier to nitrogen-substituted inversion in six-membered 

rings has been extensively studied and disputed in the literature. 323-327

4.4.1 Piperidine-General NMR Effects

The NMR studies involving the structure elucidation of piperidine has been 

widely described in the literature.^^^ The structure elucidation of piperidine generally 

involves two effects:

i) The anisotropic effect, and 

ii) H H  coupling constant effects,

i) Anisotropic effects are associated with the chemical shift of a proton depending to 

some extent on its position in space. In this particular case of interest, of a piperidine ring, 

the anisotropic effects are concerned with the fact that an axial proton almost always shows 

a smaller chemical shift than an equatorial proton attached to the same carbon atom (see fig. 

29).
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ii) H H  coupling constant effects in piperidine concern the geminal {HE ) coupling 

constants (see fig. 29) which are normally found to be approximately -12 Hz. For 

determining the relative configuration of piperidine, vicinal {HH ) coupling constants, are 

especially useful (see fig. 29). Neighbouring axial-axial protons can be clearly identified 

by their large coupling constants, usually about 12 Hz, in contrast to the proton in the 

equatorial position of approximately 3 Hz (see fig. 29). Consequently, the proton Ha, 

shown in fig. 29 splits into a pseudo triplet (12 Hz) of doublets (3 Hz). In saturated 

systems, such as piperidine, four bond coupling is mediated by orbital overlap, which is 

most effective when the four bonds adopt a W arrangement (see fig. 29). This W shaped 

arrangement of protons highlighted in fig. 29 leads to a characteristic 4 bond coupling, for 

the 2,4 equatorial-equatorial protons with Jge" equal to approximately -3 Hz.

Z = C, O, N

pseudo triplet (12 Hz) of doublets (3 Hz)

i) Anisotropic effects: Ĥ  ^ Ĥ ; 6̂  > 5.

ii) HH  Coupling constants: ~ -12 Hz (geminal H)

12 Hzaa

• (vicinal H)
Jag. ~ 3 Hz .

Jgg" ~ -3 Hz (W-relationships)

Fig. 29
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4.4.2. 5-Ethyl-2-methyl-piperidine-GeneraI Stereochemical Considerations

5-Ethyl-2-methyl-piperidine was commercially available from Lancaster synthesis and 

was reacted with various reagents to obtain the desired final compounds. However, before 

discussing the characterisation of the final compounds by NMR spectroscopy, one must 

first consider the general stereochemistry of the disubstituted starting material. As a result 

of the two substituents present on the piperidine ring, namely in the five and two position, 

the molecule is unsymmetrical and contains two chiral centres. The ethyl and methyl 

substituents give rise to cis-trans isomerism fig. 30. Hence, the presence of the two chiral 

centres in the molecule gives rise to the possibility of four stereoisomers existing, i.e. two 

pairs of enantiomers. (A) and (B) shown in fig. 30 are one pair of enantiomers and are 

thus non superimposable on each other, and (C) and (D) are the other pair which are also 

non-superimposable on each other. The enantiomers of the cis and trans isomers can exist 

as possibilities of R R, SS, RS and SR at the chiral centres. These enantiomers have 

identical physical and chemical properties except in two important respects: they rotate the 

plane of polarised light in different directions and they react at different rates with other 

chiral compounds (although was not carried out for these compounds), but however react 

at the same rate with achiral compounds. For this thesis, separation of the enantiomers 

present in analogues containing the 5-ethyl-2-methyl piperidyl moiety, were not of 

particular interest. The main interest was the cis and trans isomers of analogues 

containing the 5-ethy 1-2 -methyl piperidyl moiety and thus separation of the geometrical 

isomers was undertaken by the aid of chromatographic techniques (see section 4.3.3). 

Unlike the enantiomorphs, the cis and trans stereoisomers do not have identical physical 

and chemical properties, and of which, have been discussed in sections 4.2.1, 4.3.3. 

Moreover the cis and trans isomers of the analogues synthesised have been characterised 

by NMR and are discussed in detail in sections 4.4.3 and 4.4.4. (It is important to note 

that between each pair of enantiomers, it is not possible to distinguish one enantiomeric 

form from the other, by the use of NMR techniques).
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R - NR - N

Cis -isom er
MeMe

R - N R - N

Trans -isom er
MeMe

Fig. 30

4.4.3 N.M.R. Studies on UCL 1814 and UCL 1835

The geometrical isomers, UCL 1814 and 1835 (as free bases, based on fig. 31), were 

distinguished using 2D NMR, namely heteronuclear one bond shift correlations. These 

correlations are the most important two-dimensional spectra apart from COSY ; they have 

almost completely replaced heteronuclear decoupling experiments and have been of 

considerable use in the assignment of UCL 1814 and 1835.

CH2C =  CCH2 — N

Me

Fig. 31

Heteronuclear shift correlations allows all the coupling relationships in a molecule such 

as in (fig. 31) to be revealed. Since the NMR spectra of UCL 1814 and 1835 are very 

complicated and difficult to assign (see spectra 1 and 3), shift correlations were

considered. The iR-^^C shift correlations obtained, were set for one-bond correlations 

(see spectra 2 and 4 below). The contours in spectra 2 and 4 identify all the carbons with
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attatched protons (see below for further explanation). When plotted, the spectrum is 

viewed along the horizontal axis, and has been displayed as a "DEPT" spectrum (in 

order to facilitate interpretation) in which all the positive peaks represent CH3 and CH 

carbons and all the negative peaks represent CH2 carbons. It should be noted that 

quaternary carbons are not observed in DEPT spectra. (For full spectra, see 

appendix). The spectrum in shift correlations is viewed along the vertical axis.

The cis isomer unlike the trans isomer, which has a fixed conformation (shown in fig. 

32), is in equilibrium between two conformations, and is therefore rapidly ring flipping. 

Since both conformations are flipping, axial and equatorial protons, in addition to the ethyl 

and methyl substituents are interconverting and are therefore presented together as an 

average of both the chemical shifts and coupling constants.

■axax

Me,
ax

Cis - isom er Cis - isom er
ax

Me,

Trans -isom er

Fig. 32

The assignment of the one bond heteronuclear shift correlation for UCL 1814, the 

trans isomer is discussed below.

The equatorial proton H6eq (shown in fig. 33) situated near the nitrogen atom in the 

piperidine ring has the largest chemical shift value of 2.47-2.44 ppm (see spectra 1 and 2). 

It splits into a doublet approximately (9 Hz from NMR spectrum) of multiplets. The 

coupling of one geminal proton, H^ax brings about the 9 Hz coupling. The H^ax with a
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chemical shift of 1.69-1.61ppm splits into a pseudotriplet (J = 11 Hz approximately), 

which is caused by one geminal H^eq and one vicinal This therefore puts the ethyl 

group in the equatorial position. The H^ax has the smallest chemical shift, Ô = 0.74-0.64 

and appears in the spectrum as a pseudoquartet of doublets (with a coupling constant of 

approximately 13 Hz, since it is coupled to H4eq, Hgax and Hgax) and (=4 Hz coupling 

constant with Hg^q). However, one of the doublets of the pseudoquartet overlaps with the 

methyl protons that are present in position two of the piperidine ring. Hg^q splits into a 

doublet of pseudoquartets (with a coupling constant of approximately 13 Hz since it is 

coupled with Hgax) and (an «3 Hz coupling constant since it is coupled with H2ax, H^ax 

and H4eq) and has a chemical shift of 1.43-1.38 ppm. This therefore leaves the methyl 

group in the equatorial position.

/
CHpCHo

Fig. 33
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The ethyl, methyl, two methylenes and the 9-benzylfluorenyl protons are assigned in a 

straight forward manner in accordance with their coupling relationships and chemical 

shifts. The shifts of the 2 methyl carbons are 11.88 ppm and 20.34 ppm respectively 

(see below for comparison with the cis isomer). The behaviour of one of the methylene 

groups, Ha and Hy, situated near the nitrogen atom, is that these protons exhibit an AB 

system pattern (see below) with signals at 3.52 ppm and 3.05 respectively.

The methylene protons Ha and Hy are non-equivalent since they are situated near the 

nitrogen atom and hence near the chiral centre in position two of the piperidine ring. It is 

because these protons are non-equivalent that they exhibit an AB spin system. They also 

show a long range coupling to the other methylene protons on the other side of the 

acetylenic link (see fig. 34). These methylene protons situated on the other side of the 

acetylenic link, are however too far away from the chiral centre present at position two on 

the piperidine ring, and are therefore equivalent and as a result, do not produce an AB 

system pattern but simply long range couple to Ha and Hy.

The remaining protons represented as multiplets in the spectrum were difficult to 

assign and were thus assigned by the aid of the one bond heteronuclear shift correlation 

spectrum (see spectrum 2). H2ax found at around 1.63 ppm correlated with the carbon at 

position two on the piperidine ring and overlapped with Hyax at 1.69-1.61 ppm. Hgax 

found at 1.12-1.02 ppm overlapped with a quintet and correlated with Hg^q at carbon 3 on 

the piperidine ring. H^^q splits into a doublet (approximately of 12Hz) of multiplets with a 

chemical shift of 1.61-1.57ppm and correlates with H^ax at carbon four in the piperidine 

ring. Hgax is present as a multiplet at 1.32-1.23ppm and correlates with the carbon at 

position five on the piperidine ring.

The significance of the H^ax proton is that it distinguishes the trans from the cis . Since 

the trans isomer's conformation is stable, it enables the H^ax and H^^q protons to be 

distinguished (see fig.32 and spectra 1 and 2), which in contrast to the cis isomer, 

UCL 1835 which has a less stable conformation, due to ring flipping or inverting, 

making the H^ax and H^^q protons indistinguishable, and as a result, the axial and 

equatorial protons are interconverting and are therefore presented together as an average of 

both the chemical shifts and coupling constants (see spectra 3 and 4). Moreover, due to an
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anisotropic effect, the signals of the methylene protons, Ha and Hy have a chemical shift of 

3.39-3.02ppm which is smaller than that of the trans isomer (3.54-3.04ppm). The three 

protons in positions 2 and 6 on the piperidine ring in the cis isomer, UCL 1835 are 

displayed as overlapped multiplets ranging from 2,30-2.16ppm (see spectrum 3). The two 

methyl groups arising from the two substituents at positions 2 and 5 on the ring have the 

smallest chemical shift and give a triplet and doublet respectively and the remaining 

piperidine protons are shown as overlapped multiplets in the cis product.

In the NMR spectra of both isomers, an interesting feature to be compared is the 

chemical shifts of the methyl carbons at positions 2 and 5 on the piperidine ring. In the cis 

isomer, (UCL 1835), the methyl carbon of the ethyl substituent (at position 5 on the ring) 

has a chemical shift of 12.55 ppm and the methyl substituent at position 2 on the piperidine 

ring has a chemical shift of 16.40 ppm, and is observed as a very broad signal (see 

spectrum 4), due to ring flipping of both of the unstable cis conformations. In contrast, 

the trans isomer, (UCL 1814) whose methyl carbons do not show a broad signal have 

chemical shifts of 11.88ppm and 20.34ppm respectively (for full ^^C spectra, see 

appendix).

The trans and cis isomers, UCL 1814 and UCL 1835 respectively can be visualised in 

three dimensions since these isomers have been modelled using Silicon Graphics Indigo 

Work Station by courtesy of Professor J.G. Vinter and have been shown in figs 34 and 

35. Each drawing is of the lowest energy conformer and has been calculated for only one 

enantiomer.
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4.4.4 NMR Studies on UCL 1644 and 1645

The ester analogues (see fig. 36) of UCL 1814 and 1835 were synthesised (as a mixture 

of cis and trans isomers) and their geometrical isomers were subsequently separated (as 

discussed in section 4.2.1). NMR studies were also carried out on the cis and trans 

isomers namely UCL 1644 and UCL 1645 respectively (as free bases) see spectra 5,6,7 

and 8, showing one bond shift correlations for each isomer and the NMR

spectrum for each isomer. Thus, heteronuclear one bond shift correlations were also used 

in this case to identify the isomers and assign the spectra. The spectra obtained (spectra 5

and 7) were similar to the spectra obtained for UCL 1814 and 1835.

2ax 4ax

3eq
6ax

4eq

CHpCH

3ax

5ax

Fig. 36

The assignment of the heteronuclear shift correlations for UCL 1645, the trans  

isomer is discussed below.

The equatorial proton H^cq (shown in fig. 36) also has the largest chemical shift value 

of 2.73-2.59 ppm as in the case of the trans isomer of the acetylene analogue. It splits into 

a doublet (approximately 12 Hz) of multiplets (see spectra 5 and 6). This proton has only 

one geminal proton, namely the H^ax as a coupling partner, bringing about the 12 Hz 

coupling. The H^ax with a chemical shift of 1.68-1.61 ppm splits into a pseudotriplet 

(approximately 12 Hz) which is caused by one geminal H^eq and one vicinal Hsax- This 

therefore puts the ethyl group in the equatorial position. The H^ax has the smallest chemical 

shift, Ô = 0.72-0.68 and appears in the spectrum as a pseudoquartet of doublets (with a 

coupling constant of ~11 Hz since it is coupled to H4eq, Hgax and H^ax) and a coupling 

constant of ~3 Hz when coupled to H3eq. However, half of the pseudoquartet in this case
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overlaps with the methyl protons present at carbon 5 in the piperidine ring (see fig. 36 and 

spectmm 6). splits into a doublet of pseudoquartets (with a coupling constant of «12 

Hz since it is coupled with Hgax) and (3 Hz coupling constant with H2ax, H4ax and H4eq) 

with a chemical shift of 1.48-1.44 ppm. This therefore leaves the methyl group in the 

equatorial position.

The assignment of the ethyl, methyl, two methylenes and the triphenylmethane protons 

are assigned in a straight forward manner in accordance with their coupling relationships 

and chemical shifts. The two methyl substituents at positions 2 and 5 on the piperidine ring 

have chemical shifts of 10.32 and 19.27 ppm respectively (this again is an interesting 

feature in comparison to the 13c chemical shift of the two substituents in the cis 

conformation-see below). The difference in behaviour of one of the methylene groups (Ha 

and Hy), (which are non equivalent and situated near the nitrogen atom), is that it splits 

into two sets of doublets of triplets at 2.87-2.82 ppm and 2.60-2.55 ppm, and the other 

methylene protons (which are equivalent) situated near the ester function, are grouped 

together as a single multiplet at 4.31-4.22 ppm.

The remaining protons represented as multiplets in the spectmm were difficult to assign 

and were thus assigned by the aid of the heteronuclear one bond shift correlation spectmm. 

H2ax found at 1.98-1.96 ppm correlated with C2 on the piperidine ring and H^ax is present 

as a multiplet at 1.32-1.22ppm and correlated with C5 on the piperidine ring. Hgax is a 

multiplet found at 1.18-1.09 ppm (and it should be noted that Hgax is overlapping with 

vacuum grease at 1.18-1.09 ppm) and correlates with Hgeq at C3 on the ring. The 

methylene protons at position 5 on the ring are a multiplet ranging from 1.05-0.95 ppm.
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The significance of the H4ax proton is that it again distinguishes the trans from the cis. 

Since the trans isomer's conformation is stable, it enables the H^ax and H4eq protons to be 

distinguished (see spectrum 5), which in contrast to the cis isom er, UCL 1644, 

which has a less stable conformation due to ring flipping or inverting making the H4ax and 

H 4eq protons indistinguishable, and as a result, the axial and equatorial protons are 

interconverting and are therefore also as in the case of the acetylene analogues, presented 

together as an average of both the chemical shifts and coupling constants (see spectra 7 and 

8). Moreover, due to an anisotropic effect, the signals of the methylene protons, Ha and 

Hb are present as a single multiplet and have a chemical shift of 2.53-2.50 ppm which has 

a smaller chemical shift than that of the trans isomer which is split into two sets of 

multiplets at 2.60-2.55ppm and 2.87-2.82ppm repectively. The remaining three protons in 

the piperidine ring namely the Hgax and the methylene protons of the ethyl substituent at 

position 2 on the piperidine ring are displayed as overlapped multiplets ranging from 1.05- 

1.25 ppm (it should be noted that these protons are also overlapping with vacuum grease 

present). The two methyl groups of positions 2 and 5 on the ring have the smallest 

chemical shift and give a triplet and doublet respectively from 0.82-0.74 ppm. In the 

spectrum of the cis isomer, these two methyl substituents (unlike the trans isomer), 

overlap and present only one signal at 10.55 ppm (see spectra 6 and 8), whereas in the 

trans isomer, are presented as two separate signals with chemical shifts of 10.32 ppm and 

19.27 ppm (for full spectra, see appendix).

The trans  and cis isomers, UCL 1645 and UCL 1644 respectively can also be 

visualised in three dimensions since these isomers have also been modelled using Silicon 

Graphics Indigo Work Station, by courtesy of Professor J.G. Vinter and have been shown 

in figs 37 and 38. Each drawing again, is of the lowest energy conformer and has been 

calculated for only one enatiomer.
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Fig. 37 UCL 1645
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Fig. 38 UCL 1644
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4.4.5 Synthesis of Compounds UCL 2022 and 2023

The reaction of the 9-benzyl fluorenyl anion with the chloride analogues 8-14, table 14 

was carried out by dropwise addition of the chloride with stirring, and the reaction was 

concluded by further stirring at r.t. for 12 h. The fundamental difference between the 

reaction of the mesomeric anion of the 9-benzyl flourenyl (9/II) scheme 9 with the 1,4- 

dichlorobutyne (scheme 10), is the importance of adding the 1,4-dichlorobutyne rapidly in 

one portion and not dropwise thereby limiting the possibility of disubstitution and 

enhancing the possibility of mono-substitution ocurring. A molar ratio of 4:1 of the 1,4- 

dichlorobutyne:9-benzylfluorene was used respectively, further limiting the possibility of 

disubstitution.

CH
H2C^ + C IC H 2C = CCH2CI

NaH,Anhyd DMSO

Stir 0 14 h

(lO/I)NaOH(aq) 
CH3CN, Reflux 6

Anhyd CH3GN, At(g)

Reflux 20 h

CH2C =  CCH2OH

UCL 2022

UCL 2023

Scheme 10

The synthesis of compound UCL 2022 involves the hydrolysis of the synthesised 

primary halide (lO/I) in aqueous base, shown in scheme 10 and has been proposed to 

follow an Sn2 m e c h a n i s m .^22 xhe mechanism involves a transition step (11/11), shown
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in scheme 11 in which the attacking hydroxyl ion becomes partially bonded to the reacting 

carbon atom before the chloride ion has become completely detached from it, and part of 

the energy required to effect the breaking of the C-Cl bond is supplied by that produced in 

the formation of the HO C bond.^^^

H O -C ,._ +  NaCI,C-CI + HO HO--C--CI

UCL 2022( l l / I ) (11/11)

Scheme 11

UCL 2023 was synthesised using a 2.2 molar excess of the imidazole in order to act as 

both a reactant, and a base, since the reaction also produces HCl. The reaction has been 

proposed to proceed via an Sn2 mechanism shown in scheme 12.

H u p .

H,C' CH2C=CCH2— Cl :N i  ̂ ^  H X ' CHjC^CCHaN
\ ^ N  

UCL 2023

,N H

.HCl

Scheme 12

UCL 2023 was purified by column chromatography, and the compound was submitted 

for pharmacological testing as a free base in the form of a light brown oil. UCL 2022 and 

2023 were fully characterised and once as mentioned before, indicated in the NMR, a 

long range coupling (5 bonds) across the triple bond, since triplets were observed for both
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methylene protons on either side of the acetylenic link with a coupling constant of 

approximately 2 Hz. The percentage yields of UCL 2022 and UCL 2023 have been shown 

in table 15.

CH2C =  CCH2— R

Fig. 39

UCL 1710 analogues based on fig. 39. 

Table 15

UCL No. R % Yield mp

2 0 2 2 OH 28 82.5-84

2023 —
\ ; ^ N

32 Oil

4.5 Partial Catalytic Hydrogenation of Acetvlenes-General Considerations

In the partial catalytic hydrogenation of acetylenic compounds, the triple bond is converted 

to a double bond. However, various problems of selectivity may arise:

i) the double bond which is formed can be further hydrogenated,

ii) the double bond which is formed can be displaced (known as position isomerism), and

iii) the double bond which is formed can exhibit geometrical isomerism, i.e. can have cis 

or trans configuration.

Hence problems ii) and iii) refer to problems encountered in stereoselectivity.

Taking into consideration the various problems in stereoselectivity, and in order to aviod 

these problems as much as possible, thereby achieving high selectivity, the catalyst, used 

in the heterogeneous catalysis was chosen in order to fufill the various conditions:
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i) the triple bond adsorbed on the catalyst would not be isomerised (e.g., into an allenic 

isomer), thereby impairing the stereoselectivity,

ii) the hydrogenation mechanism should be uniform; otherwise trans double bonds would 

result in addition to the largely formed cis double bonds and,

iii) Finally, the partially hydrogenated product formed namely the alkene must not be 

further hydrogenated to the corresponding alkane (as discussed, in section 4.5.2) or 

isomerised by the catalyst.

The third condition can be achieved in two ways, by kinetic and thermodynamic effects. 

The selectivity is based on a kinetic factor when the subsequent reactions proceed much 

more slowly than the partial hydrogenation. When a kinetic factor is not the case, 

thermodynamic effects come into play. Thermodynamically dependent selectivity occurs 

when the partially hydrogenated product, (the corresponding alkene), is protected from 

subsequent reactions by rapidly desorbing from the catalyst surface and not being 

readsorbed again. This thermodynamically dependent selectivity is based on the principle 

that the triple bond, being more electrophilic than the corresponding double bond, is more 

strongly adsorbed. Relatively small differences in the adsorption energy are sufficient for 

the acetylenic compound to immediately displace the alkene from the catalyst surface and 

accordingly act as a "poison" for the subsequent r e a c t i o n s . ^ ^ l  Thus the poisoning action is 

only naturally effective as long as the acetylenic compound is still present.

It should however, be noted, that kinetic and thermodynamic effects are frequently 

combined, and cannot be readily distinguished.^^! Moreover, the structure of the substrate 

as well as the catalyst can influence the selectivity.

There are several catalysts that can be used in the partial catalytic hydrogenation of 

acetylenes. The most frequently used is palladium, usually on suitable barriers, and then 

nickel. These catalysts, for preparative purposes have been modified with the salts of 

heavy metals such as zinc, lead and copper and/or poisoned by the addition of organic 

sulfides or organic and inorganic bases. The most universally suitable catalyst, known as 

the Lindlar catalyst has been used in the partial catalytic hydrogenation described 

b e l o w , ^ 2 9 - 3 3 3  and is a palladium/calcium carbonate catalyst which is has been treated with
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lead acetate. Optimal selectivity has been reported to be achieved by the addition of 

quinoline^^^’ or a sulfide.

Selectivity is not only influenced by the nature of the substrate, and the catalyst, but 

also the conditions of hydrogenation must also be taken into consideration. Temperature, 

pressure, solvent and amount of catalyst and additives must be adapted (as discussed 

below) in order to solve the problem.^^^

4.5.1 Synthesis of l-r9-(Benzvn-flourene-9-vll-4-(N-5-ethvl-2-m ethvl- 

piperidinolbut-2-ene oxalate UCL 1977

Based on scheme 13, the intermediate l-[9-(benzyl)-fluorene-9-yl]-4-(N-5-ethyl-2-methyl- 

piperidino)-but-2-yne, a mixture of cis and trans isomers in the approximate ratio of 6:4, 

was partially hydrogenated using catalytic amounts of the Lindlar catalyst.^^^ The reaction 

was carried out several times with various conditions in order to obtain good yields of the 

corresponding alkene. The steric hindrance of the molecule increased the difficulties in 

obtaining good yields of the olefin. Temperature variations were carried in parallel with the 

addition of catalyst poisons such as quinoline, variations in the catalytic amounts of the 

Lindlar catalyst used, different reaction durations and different amounts of pressure used. 

The use of quinoline base as a poison inhibits alkene surface interactions by promoting 

morphological changes of the Pd particles, thereby increasing s e l e c t i v i t y . T h e  use of 

quinoline as a poison was however abandoned because instead of improving yields of the 

olefin, it decreased them. This is probably because the quinoline competed with the alkyne 

for Pd surface interaction, resulting in a reduction in the overall reaction rate.^^^ This was 

not surprising since one drop of quinoline is sufficient to cause hydrogenation to come to 

an abrupt stop after absorption of 1 mol of hydrogen. The best partially hydrogenated 

yields of the corresponding alkene were produced when 20% Lindlar catalyst (as opposed 

to the usual 10% used) was used in methanol and hydrogenated for 3.5 h, 40 psi of 

pressure at 40 (shown in scheme 14). However, the crude product still contained some 

unreacted starting material, i.e. the acetylene, and in additon was found to contain small 

quantities of the corresponding alkane. The above conditions had simply provided a greater 

yield of the desired alkene but had not omitted the possibility of unreacted starting material
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remaining or the possibility of the fully hydrogenated corresponding alkane product being 

formed, although it is widely known that hydrogenations with Lindlar catalysts frequently 

slow down or stop after absorption of 1 mol of hydrogen. The mechanism of the catalytic 

hydrogenation of the alkyne is shown in scheme 13. As already mentioned, the reduction 

of the alkyne using the Lindlar cataylst is a heterogeneous process. The hydrogenation 

reaction occurs on the surface of the solid catalyst particles rather than in solution. The 

hydrogenation using the Lindlar catalyst as mentioned above, usually occurs with syn 

stereochemistry; both hydrogens add to the triple bond from the same face (see scheme 

13).335

The substrate is a mixture of cis and trans isomers. Reduction of the alkyne can also 

lead to a further complication with the possibility of the production of a mixture of cis and 

trans isomers across the newly formed double bond (although it is unlikely that the trans 

adduct would be formed since the Lindlar catalyst is highly stereospecific). NOE studies 

on the crude product showed a positive NOE between the alkene protons, indicating that 

only cis addition had occured.

Since three different products were formed in the reaction, namely the alkene, the 

alkyne (unreacted substrate) and the corresponding alkane, each of which being a mixture 

of cis and trans isomers, three pairs of cis and trans isomers were produced, and 

therefore six peaks were predicted on analytical HPLC. However, each of the six isomers 

were not visually separated by analytical HPLC. Only five of the six isomers were 

observed (one co-eluting), each of which containing very short time intervals in between 

and were hence considered to be inadequately separable by analytical HPLC and 

consequently impossible to separate by preparative HPLC. Difficulties were encountered in 

the purification of the olefin. Other methods for purifying the alkenic product were thus 

considered. Other chromatographic techniques such as column chromatography had also 

proven to be unsuccessful. Preparative TLC was attempted on a small scale and proved to 

be successful in removing the unreacted alkyne and alkane produced, and as a result, the 

remaining sample was purified by preparative TLC. The small scale and the large scale 

samples purified by preparative TLC, were combined, and further purified by preparative 

TLC. Purification by preparative TLC was shown to be inefficient, but reliable, and as a
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result, produced low yields of the desired olefin. The final alkene product still contained 3- 

4% of the alkane (deduced by analytical HPLC) as opposed to the original 10-12% of the 

alkane that was present, and also was no longer contaminated with the corresponding 

alkyne (i.e. the starting material). The olefin was subsequently treated several times with 

isopropanol and converted to the oxalate salt and submitted for pharmacological testing as a 

mixture of cis and trans isomers in the ratio of 5:8, in the form of a white powder.

— 0  =  0  —
H H H H !

Hp 1 1 — C =  C — 1 1 :
l l l l l l l l l l l l l l l l l l l l l l l l  ----------- I I I I I I I I I I I I I I M  t i l l  t i l l  -----------

Catalyst Hydrogen adsorbed
on catalyst surface

l l l l l l l l l l l l l l l l l l l l l l l l

Complex of the 
alkyne to catalyst

R R
/

T " 1P=c,
,  I I I *  I I I M I I M I .............. I l i l l l l l  -----------H H

i i i i i i i i i i i i i i i i i i i i i i i i

Alkene product Regenerated catalyst Insertion of 
hydrogen into 
carbon-carbon triple 
bond

Scheme 13. Mechanism of alkyne hydrogenation: The 
reaction takes place with syn stereochemistry on the 
surface of catalyst particles

4.5.2 Synthesis of UCL 1976

l-[(9-benzyl)-fluorene-9-yl]-4-(N-5-ethyl-2-methyl-piperidino)-butane oxalate (UCL 

1976) was synthesised using the intermediate l-[(9-benzyl)-fluorene-9-yl]-4-(N-5-ethyl-2- 

methyl-piperidino)-but-2 -yne which is composed of a mixture of cis and trans isomers (as 

mentioned in section 4.5.1). This intermediate alkyne was catalytically hydrogenated using 

Pd/C catalyst.3^6 The finely divided palladium used was "supported" on the inert material, 

charcoal, to maximise surface area. The reaction as shown in scheme 14 was carried out 

using 10% Pd/C in methanol at 60 psi pressure at 50 ^C for 5.5 h. The mechanism of the
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reduction is the same as the mechanism shown in scheme 13 for the reduction of the alkyne 

to the corresponding alkene. The first step in the reaction is adsorption of hydrogen onto 

the catalyst surface. Complexation then occurs between catalyst and alkyne by overlap of 

vacant metal orbitals with alkyne pi electrons. The final steps of the mechanism involves 

hydrogens being inserted into the pi bond, and the saturated product diffusing away from 

the catalyst. The corresponding alkane was purified by column chromatography and 

converted to the corresponding oxalate salt and submitted for pharmacological testing as a 

mixture of cis and trans isomers in the ratio of 1:3.

The percentage yields and melting point values of UCL 1977 and UCL 1976 have been 

shown in table 16.

CH2C=CCH2— N

Me

1. 10% Pd/C,
V MeOH, 60  psi, 50  OQ,
\  5 .5  h

\  2. C onversion to Oxalate
n . Lindlar Catalyst, 20%  

40  °C, 3 .5  h 
2. Prep TLC ^

C H 2C H f  H 2 C H 2 — N

CH2CH==CHCH — N
Me

Me UCL 1976UCL 1977

Scheme 14
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R -N

Me

Fig. 40

UCL 1710 analogues based on fig. 40. 

Table 16

UCL No. R Salt form % Yield mp

1977 CHgCH — CHCHz Oxalate 70 168-170

1976 " CH2CHfîH2CH2 Oxalate 36 180-182

4.6 Clotrimazole Analogues- The Weidenhagen Reaction

UCL 1694, N-[2,2,2-triphenylethanoyl]-4(5)-ethyl-2-methylimidazole trifluoroacetate was 

synthesised according to reaction scheme 15. The synthesis of 4(5)-ethyl-2-methyl 

im idazole hydrochloride (15/1) (shown in scheme 15), involved the use of the 

Weidenhagen s y n t h e s i s . T h e  Weidenhagen synthesis is generally the reaction of an a -  

hydroxy ketone with an aldehyde and ammonia in the presence of copper salts. The actual 

procedure followed was a modified Weidenhagen method described by Huebner.^^S 

Huebner synthesised 4-(2-hydroxyethyl)-imidazole by reacting 1 -hydroxybutan-2-one 

with formaldehyde and cupric acetate hydrate in aqueous ammonia. This procedure 

provided a way of obtaining substituents in the 4(5) and 2- positions on the imidazole 

ring, by mechanism of ring cyclisation. In the initial part of the reaction, a copper 

imidazole complex was formed and isolated. The copper salt of the imidazole was then 

decomposed by hydrogen sulfide, allowing the formation of the water insoluble copper 

sulfide to be formed and collected by vacuum filtration, and the imidazole ring liberated.
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O
Et 

HCI

CH3CH2CCH2OH + CH3CHO  ̂ nC ^NH

+ NH3(aq)

\ = /  I

H eated 80  “C 1.5 h 

2 -H2S(g) (15/1)

1 . K2CO 3 

2 . PhaCCOCI, NagCOa, 
Dry T oluene, Reflux 
4 0  h

3. Prep HPLC

Et

N 

Me UCL 1694 

Scheme 15

Weidenhagen and Hermann have discussed the reaction mechanism^^^ and have proposed 

that the initial stages of the reaction mechanism involves the oxidation of the hydroxy 

ketone by cupric acetate to produce the ketoaldehyde (16/1) which then condenses two 

molecules of ammonia to produce (16/III) which is further reacted with acetaldehyde. 

However, Huebner and Hermann do not actually discuss the mechanism involving ring 

cyclisation. Therefore a possible mechanism of ring cyclisation has been proposed in 

scheme 16. Oxidation of hydroxyketones to ketoaldehydes can be carried out using 

different oxidising agents. In this particular case, cupric acetate was the oxidising agent 

used. Mechanisms of hydroxyketone oxidations are not firmly established. Nucleophilic 

attack of the amine group in (16/III) at the Ô+ carbon of the acetaldehyde yielded the 

alcohol (16/IV). Ring cyclisation was believed to occur by nucleophilic attack of the 

amino group at the Ô+ carbon of the alcohol moiety resulting in the cyclised product 

(16/V). (16/V) by dehydration formed the product (16/VI) which then undergoes a 

1,5-hydride shift to yield the desired 4(5), 2-disubstituted product (16/VIII), as the
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corresponding hydrochloride salt. This salt was subsequently liberated to the free base by 

addition of aqueous potassium carbonate and extraction into chloroform.

O
II

CH3CH2— C —CHgOH

rO  O
Lii II

CH3CH2— C —C —H

4 .
r O H O K
L i  I J

C H 3 C H 2 — C — C j - H

H -N ?  n^N-H 
CH
CH^(16/V)

-2 H2O

H3CCH2
3 4

2 / /  \\ 5

H3C H

c u (c h 3 C 0 0 ) - 2 . H 2 0 ,  c h 3 C H 2 - L ? - h

O H O ^
I I I J  

C H 3 C  H 2 —  C—

(16/VI)

H NH

(16/11)
H

(16/1)

OH OH
I I

C H 3 C H 2 — 0 “ Q — H  

n  n

( I 6 /111)

-HpO

1,5 hydride 

shift

Scheme 16

H -C -C H

OH OH
I I

C H 3 C H 2 — 0 — C  — H

HN :NH,
CH-^H

(16/IV) CH,

CH2CH 3 

N .  .NH

(16/VII) OH,

HCI(aq)

CH2CH 3

r h
N ^ N H  . HCI

CH3

(16/VIII)
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The free base formed was then reacted with the previously prepared triphenylacetyl 

chloride in the presence of sodium carbonate (scheme 15). The mechanism of the reaction 

involves nucleophilic attack of the basic imidazole nitrogen at the Ô+ carbon of the carbonyl 

moiety, (scheme 17) presumambly via an Sn2 mechanism (17/1). Sodium chloride and 

sodium bicarbonate were also produced in the reaction and had subsequently precipitated 

out of solution. The inorganic products were removed by vacuum filtration and the desired 

product UCL 1694, (a possible mixture of regioisomers, see below for explanation)

was purified by preparative HPLC under acidic conditions.

Et

C l - C ^ P h ,  c h - i - N ^ ^ T

Me CPh3
Me (17/1)

Et
M

PhgC — C — N I + NaCI
IN +

Me NaHCOa
Scheme 17 UCL 1694

In the initial part of the reaction scheme 15, with the formation of 4(5)-ethyl-2-methyl 

imidazole, the position of the ethyl substituent was subject to tautomerism (see below for 

explanation). N-substitution of the molecule by reaction of 4(5)-ethyl-2-methylimidazole 

with the previously prepared triphenylacetyl chloride (scheme 17) introduced an additional 

factor to be considered. 4(5)-ethyl-2-methylimidazole is not N-substituted and is therefore 

tautomeric, however, when N-substitution occurs, it introduces the possibility of regio- 

isomerism.339‘3^0 The ethyl substituent can now be either in the 4 or 5 position. This is 

due to the fact that imidazoles with a ring NH are subject to tautomerism which becomes 

evident in substituted compounds such as the 4(5)-ethyl-2-methylimidazole shown in fig. 

41. This special feature of imidazole chemistry means that to write 4-ethyl-2- 

methylimidazole would be misleading, for this molecule is in tautomeric equilibrium with 

5-ethyl-2-methylimidazole. All such tautomeric pairs of substituted imidazole compounds
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are inseparable, and hence it is conventional to cover this phenomenon by writing 4(5)- 

ethyl-2 -methylimidazole.

Et Et

H ----------  N < ;^ N —H

Me Me

4(5)-ethyl-2-methylimidazoIe

Fig. 41

With N-substitution of 4(5)-ethyl-2-methylimidazole, this problem of tautomerism, of 

course, no longer exists but however, introduces the possibility of regioisomerism, as 

mentioned above. The unprotonated nitrogen in the ring of the 4(5)-ethyl-2- 

methylimidazole is believed to act as the nulceophile attacking the 8 + carbon of the 

carbonyl moiety present in triphenylacetyl chloride (see scheme 17). Thus N-alkylation can 

occur at either nitrogens on the imidazole ring giving rise to the formation of two structural 

isomers, namely N-(2-triphenylethanoyl)-4-ethyl-2-methylimidazole (A) and N-(2- 

triphenylethanoyl)-5-ethyl-2-methylimidazole (B) (see fig. 42). Generally speaking, the 

nature of the product depends upon the chioce of alkylating conditions, and on the steric 

and electronic effects of the substituent.^^^ Lipshutz and Morey have carried out N- 

alkylation studies on 2,4(5)-disubstituted imidazoles, and have also found them to proceed 

in a remarkably straight forward manner and the 1,2,4-trisubstituted isomer was routinely, 

if not exclusively, found to be the major p r o d u c t . T h e y  have attributed this to the steric 

nature of both the alkyl substitutent at C-4 and the alkylating agent, which both as a result, 

play a vital role in determining the regiochemistry of N-alkylation. In the case where the 

size of the alkylating agent is a factor, they have demonstrated that benzylation of 2,4(5)- 

dimethylimidazole afforded an 89:11 ratio of products, with the 1,2,4-trisubstituted 

product as the major isomer, and in the case of the size of the substituent at C-4, have 

demonstrated 2-methy 1-4(5)-phenylimidazole when alkylated with dimethyl sulphate, to 

produce an 85:15 mixture, and when using benzyl bromide in place of dimethyl sulphate, 

leads exclusively to the 1,2,4-trisubstituted product.
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Only one regioisomer in the case of UCL 1694 was however isolated, either (A) or 

(B) (see below), and the factors that determine the regiochemistry of N-alkylation 

mentioned above strongly suggest that the 1,2,4-trisubstituted isomer was the product 

isolated by preparative HPLC under acidic conditions. The product was initially purified 

on a small scale, (ensuring that the product does not hydrolyse under preparative acidic 

conditions down the kromasil column), and the remaining sample on a large scale. The 

pure regioisomer isolated was subsequently recrystallised (three times) and submitted for 

pharmacological testing as the trifluoroacetate salt, of a white crystalline appearance.

C - C  — 0 - 0  — N

Me Me

(A) (B)
Fig. 42

Unfortunately it is impossible to distinguish between the 4-ethyl-isomer or the 5-ethyl- 

isomer by NMR or l^C NMR since both of the isomers were not isolated, and 

therefore no comparisons can be made by NMR. As a consequence other NMR techniques 

were used to investigate which isomer was isolated. 2D NMR experiments were carried 

out but were unfortunately inconclusive.

4.7 Synthesis of Compounds UCL 1880-2025 (table 17)

The compounds shown in table 17 were synthesised according to the general reaction 

scheme 18. The initial part of the synthesis involves a Friedel-Crafts reaction to yield the 

common intermediate either 1,1  -diphenyl-(2 -chlorophenyl)-methyl chloride or 1 , 1- 

diphenyl-(4-chlorophenyl)-methyl chloride (18/1),^^  ̂ depending on the precursor used 

(the mechanism of the reaction is described in section 4.8.1 below). The next step o f the 

synthesis involves reacting the chloride formed with the appropriate amine under 

anhydrous conditions to yield the desired final compounds (18/11).
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Reflux 12 h

AlCI

/  NHRR', EtgN 
dry acetonitrile, 

Reflux 4-6  h

C -N R R '
X = 2-CI or 4-CI

(18/11)

Scheme 18

4.7.1 Friedel-Crafts Reaction

In general, the carbon atom of an alkyl halide R^+-Hal^’, is electrophilic, but rarely found 

to be sufficient to effect the substitution of an aromatic species: the presence of a Lewis 

acid catalyst, such as AICI3 is also required. l,l-diphenyl-(2(4)-chlorophenyl)-methyl 

chlorides were obtained by reacting 2(4)-chlorobenzotrichloride with the Lewis acid, AICI3 

in dry benzene, via a Friedel-Craft alkylation. The mechanism of which is shown in 

scheme 19. The initial step of the reaction involves the formation of the carbocation (19/1) 

which then acts as an electrophile and attacks the benzene ring to form the arenium ion 

(19/11), and Wheland intermediate.^"^^ This arenium ion then loses a proton to generate 

(19/III) and produce HCI and regenerate AICI3 . The above procedure is repeated to give 

the carbocation (19/IV) and AlCl^", followed by the formation of the arenium ion once 

again (19/V), eventually leading to the formation of the desired product (19/VI). The 

major drawback of the Freidel-Crafts reaction, is the tendency to polyalkylate, thereby 

causing more difficulties in purification. However, very small amounts of polyalkylated
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products were observed by TLC, NMR and mass spectrometry, and in various cases 

when the reaction was repeated to obtain more intermediate, no polyalkylated material was 

produced, and the crude product was directly reacted to the next step. The compounds 

were chracterised by TLC, NMR, mass spectroscopy and IR. Yields of 72% was obtained 

for the l,l-diphenyl-(2-chlorophenyl)-m ethyl chloride, melting point 131-133 ^C 

(literature value, 132-133 0c)341 and 55% yields for the 1,1 -diphenyl-(4-chlorophenyl)- 

methyl chloride, melting point 85.4-87.5 ®C (literature value, 88.8-89.7
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(19/VI)

Scheme 19
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The chlorides formed were consequently reacted with the desired amine by the method 

used for the synthesis of clotrimazole, described by Biichel et The reaction

presumably proceeded via an SnI mechanism (scheme 20), under anhydrous conditions, 

by heating under reflux for 4-6 h in dry acetonitrile and triethylamine to yield the 

corresponding final compounds (20/11) and triethylammonium chloride. The final 

compounds synthesised were all fully characterised. The corresponding 4-chloro analogue 

of clotrimazole, UCL 1923 underwent several purification procedures including acid/base 

extractions, column chromatography and finally preparative HPLC under basic conditions. 

(This compound was not novel since it had been reported in the literature to be synthesised 

by Biichel et al ).̂ "̂  ̂ UCL 1922 was also purified in the same order and manner. UCL 

2024 and UCL 2025 were purified by preparative HPLC under basic conditions, since all 

of the compounds shown in table 17 are potentially unstable in dilute acid (as they are 

susceptible to hydrolysis in dilute acid conditions). The inefficiency of the preparative 

HPLC technique is reflected in the low yields of final compounds obtained in the cases of 

UCL 2024 and 2025. (Note: UCL 1892 was synthesised by the third year project student 

I. Shah and myself).

Slow

(20/1)

-HCI

C -N R R ' + EtgNH+CI-

(20/1)

Scheme 20
X = 2-CI or 4-CI
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C -R

Fig. 43

Clotrimazole analogues based on the structure shown in fîg. 43

Table 17

UCL No. X R % Yield mp ®C

1880 2-Cl 18 99.8-101.9

dec

1892 4-Cl 48 159-161

1922 2-Cl /  \
— N N —CHq 

\ ___ /

49 110-114

1923 4-Cl
\ ^ N

47 129.5-132

2024 2-Cl
^ C H 2CH2CH2CHg

N
'^CHgCHjCHgCHa

1 Oil

2025 2-Cl
/ C H 2CH3

N
^ C H 2CH3

3 Oil

4.8 Synthesis of Compounds UCL 1851 and UCL 1893

l,l-Diphenyl-(2-chlorophenyl)-methyl carbinol, UCL 1851, (scheme 21) was synthesised 

by hydrolysis of the commercially available clotrimazole. The hydrolysis of clotrimazole 

probably involves an SnI mechanism (see scheme 2 2 ) in aqueous acid conditions, using
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0.1 N HCI and heating at 90 in isopropanol (isopropanol was reaction solvent chosen 

since clotrimazole is practically insoluble in water, and is reported to be completely soluble 

in isopropanol at 25 in grams per 100 ml of s o l v e n t ) . T h e  desired carbinol was 

produced in good yields, and imidazole was also produced in the reaction. The compound 

was purified by column chromatography, subsequently recrystallised from petroleum spirit 

and produced in 30% yield. UCL 1851 was submitted for pharmacological testing as a 

white powder. The melting point of the compound was found to be 92-95 ^C, well within 

the range of 91-93 ®C reported in the literature.

/ = ^  H CI/  HgO

ipr-OH, Reflux 17 h

01

C - O H

Clotrimazole

Scheme 21

01

UCL 1851



Discussion of synthesis and characterisation of compounds 168

Cl 01

Clotrimazole

H
:0:

01

M

H

r

/ = \
C-O H  + N ^^N H

01

UCL 1851 

Scheme 22

UCL 1893, (scheme 23), l,l-diphenyl-(4-chlorophenyl)-methanol was synthesised by 

the third year project student and myself. The carbinol was synthesised from the 

previously synthesised 1,1 -diphenyl-(4-chlorophenyl)-methyl chloride discussed in section

4.7.1 by the Friedel-Crafts reaction. The l,l-diphenyl-(4-chlorophenyl)-methyl chloride 

was hydrolysed using aqueous sodium hydroxide in acetonitrile and the mixture was 

heated under reflux for 14 h as shown in scheme 23.
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NaOH(aq)_______ ^

C H 3 C N ,  Reflux 14 h
C - O H0 - 0 1

UCL 1893Scheme 23

The reaction pathway involves the hydrolysis of a tertiary halide presumably via an SnI 

mechanism as shown in scheme 2 4 .^ 2 2  The halide (24/1) undergoes slow ionisation to 

yield the ion pair ClPhgC+Cl" (24/11), which is followed by rapid attack of “OH to yield 

the corresponding alcohol, UCL 1893.

X-rCI
CIP1^4 ^

Ph
Slow iS fast P̂h

HO-C-pi^CI
Ph

C
CIPK Vh ®0H

(24/1) (24/II) ^ 0  

Scheme 24

UCL 1893

The carbinol produced was purified by recystallisation from petroleum spirit, and the 

melting point found was 76.5-80 ^C, slightly lower than that reported in the literature of 

84.8-85.5 UCL 1893, was submitted for pharmacological testing as an off-white

solid, 36% yield.

4.8.1 Purification of compounds UCL 1864-1890 (table 18)

Compounds were obtained from different sources and purified, and are all based on the 

general structure shown in fig. 44. UCL 1864 was obtained commercially from Lancaster 

synthesis and purified twice by column chromatography and subsequently recrystallised 

from petroleum spirit. UCL 1864, Tris-(4-chlorophenyl)-methanol was fully characterised 

and submitted for pharmacological testing as a white powder. The melting point of the 

compound was found to be 99.8-101.6 ®C, similar to that reported in the literature of 96- 

97 OC.345
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UCL 1885, table 18, l,l,l-triphenylbutan-2-one was synthesised by Dr. S. Athmani 

3 0 8  according to scheme 25 and purified by myself. UCL 1885 was synthesised by 

oxidation of 1,1,1 -triphenylbutan-2-ol using chromium trioxide (Tone's reagent). 1,1,1- 

T riphenylbutan-2-o l (25/1) was synthesised by reaction of triphenylm ethane, 

propanaldehyde and butyllithium at 0 under nitrogen as shown in scheme 25 .

C -H

CrO;
0  —C —  CH2— CH0  — CH — CHo— CH

Acetone, -15 °C

UCL 1885(25/1)
Scheme 25

The synthesised 1,1,1 -triphenylbutan-2-ol was then reacted with 8 N chromium trioxide 

in acetone at -15 ®C. The corresponding ketone, UCL 1885 was formed in very good 

yield, and the melting point measured at 125.7-127.4 ®C was close to that reported in the 

literature of 122.5-125 ®C. 346

UCL 1886, triphenylacetic acid was obtained commercially from Aldrich chemicals, 

purified by recrystallisation from absolute ethanol and subsequently fully characterised. 

UCL 1886 had a melting point value of 265-268 ^C, in comparison to the literature value 

of 270-273 ^C.347 The compound was submitted for biological testing as a white powder.
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UCL 1887, triphenyl methanol was also obtained commercially from Aldrich 

chemicals and was found to be very pure and hence was not further purified. UCL 1887 

was subsequently fully characterised, with a melting point value of 162-164 ®C in 

agreement with the literature value of 160-163 The compound was submitted for

pharmacological testing as a white powder.

UCL 1890, methyl 3,3,3-triphenylpropionate was synthesised by Dr. S. Athmani and 

purified by myself. The compound was synthesised by reacting the commercially available 

3,3,3-triphenyIpropanoic acid (26/1) with thionyl chloride in methanol and heating under 

reflux as shown in scheme 26. The product was purified by recrystallisation from absolute 

ethanol and fully characterised. The melting piont was found to be 121.5-123.5 ^C, well 

within the range of the value reported in the literature of 120-121.5 9c.^49 The compound 

was submitted for biological testing as white crystals.

SO Cl
0  — CHp— 0  —  OCH

MeOH, Reflux 16 h

UCL 1890(26/1)

Scheme 26
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C -R

Fig. 44

Clotrimazole analogues based on the structure shown in fig. 44.

Table 18

UCL No. X Y Z R % Yield mp ®C

1851 2-Cl H H H 36% 92-95

1864 4-Cl 4-Cl 4-Cl OH 37% 99.8-101.6

1885 H H H COCH2CH3 44% 125.7-127.4

1886 H H H CO2H 6 8 % 265-268

1890 H H H CH2 CO2 CH3 75% 121.5-123.5

1893 4-Cl H H OH 36% 76.5-80

4.9 Drug Solubility Analysis

A comparison of the drug solubility of two UCL compounds, UCL 1495 and UCL 1539 

shown in fig. 45 was attempted. The two compounds were previously synthesised by Dr. 

S. A t h m a n i . 308 These compounds are also IKca blocking agents on red blood cells, and 

their solubility was determined by UV spectroscopy using the Beer-Lambert law. 

Pharmacological testing at the department of pharmacology, UCL, had shown that UCL 

1495 (fig. 45) always produced a full pharmacological response, provided reproducible 

results and dissolved relatively well in the pharmacological assays used in comparison to
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UCL 1539 which only produced a pharmacological response at 30% of the maximum 

inhibition.

Et
Ph y

Ph—C—CO2— CH2CH2—  N
Ph

IVIe^

UCL 1495
C 2H2O4

/
Ph—C — CO2— CH2CH2—  N

Ph V

P O C H 3

Ph

UCL 1539 . C2H2O4

Fig. 45

It was therefore suggested that the reduction in activity was perhaps due to a problem in 

solubility. Accordingly, an analysis involving UV spectroscopy of the two compounds 

was undertaken in order to investigate the maximum levels of solubility. UCL 1495 and 

UCL 1539 were tested as their corresponding oxalate salts.

There were four main approaches to the analysis;

(a) to initially determine the UV extinction coefficients of UCL 1495 and 1539 at natural 

pH in water,

(b) to determine the solubility (by UV at ^max) in water at natural pH and room 

temperature:

(i) after shaking for several hours with excess compound,

(ii) after warming and allowing to cool to room temperature.

The aims above were then applied in determining the solubility of UCL 1495 and 1539 in:

(c) phosphate buffer pH 7.35 and

(d) HEPES buffer pH 7.4.

In order to ascertain the approximate concentrations o f solutions required, 

triphenylmethane was used as a standard. All the spectra produced were run on a double 

beam UV spectrometer, using pure solvent as a reference and the compounds were
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weighed on a six decimal balance. Three experiments were conducted on UCL 1495 and 

1539. In the first experiment, the compounds were accurately weighed and added to 100 

ml grade A volumetric flasks, and deionised water (pH 6.5) was added and made up to the 

mark. The flasks were ultra sonicated for 24 hours at 42 ®C. UCL 1495 appeared to be 

fully soluble, (1.232 mg/100 ml) in the deionised water at pH 6.5 (see table 19). UCL 

1539 was practically insoluble (1.183 mg/100 ml) since only a weak UV spectrum of UCL 

1539 was obtained.

The Beer-Lambert Law:

A = Ecl Eq. 8

Where A = Absorbance

£ = Molar extinction coefficient in lmol-lcm-1 

1 = path length in cm

Deionised Water pH 6.5 

Table 19

Compound Solubility Mass per 100 ml ^max A e

UCL 1495 fully 1.232 mg 260 0.0483 20843

dissolved 270 0.0338 14586

300 0.0193 8329

UCL 1539 partially 1.183 mg - - -

dissolved

Experiment 2 involved continual addition of UCL 1495 into the volumetric flask 

containing deionised water, until a saturated solution was produced. This saturated 

solution then underwent ultra sonication for 14 hours at 42 ®C, after which a weak 

spectrum of the saturated solution of UCL 1495 was obtained. It should be noted, that at 

the end of each experiment, the saturated solution was centrifuged for 1 hour before 

attempting to obtain a UV spectrum (in order to avoid the effects of light scattering). Since 

only weak spectra of the saturated solution of UCL 1495 were produced after undergoing



Discussion of synthesis and characterisation o f compounds 175

both of the treatments mentioned above, this indicated a limited solubility of the 

compound. As a result of this, the solubility of UCL 1495 by UV at was not possible 

to determine. A saturated solution of UCL 1539 in deionised water, after ultra sonicating 

for 14 hours at 42 ^C, had resulted in no UV absorption at all.

Experiment 3 involved accurately weighing each of the two compounds into grade A 

volumetric flasks, with one set of compounds in the phosphate buffer and the second set of 

compounds in the HEPES buffer, and ultra sonicating both sets of compounds for 48 

hours at 42 ^C. Based on visual inspection, UCL 1495 appeared to be only slighlty 

soluble in the phosphate buffer and HEPES buffer, which was confirmed by the UV weak 

spectra obtained. Hence, determining the solubility of UCL 1495 in both buffers by UV 

spectroscopy at X max was not possible. UCL 1539 was completely insoluble in both the 

phosphate and HEPES buffer, which indeed was not surprising since UCL 1539 had 

shown weak solubility in deionised water.

Phosphate buffer pH 7.35, 4 mM 

Tahle 20

Compound Solubility Mass per 100 ml 'X  m ax mri A £

UCL 1495 partially

dissolved

1.228 mg - - -

UCL 1539 insoluble 1.191 mg - - -

HEPES buffer pH 7.4, 10 mM 

Table 21

Compound Solubility Mass per 100 ml ^max Itni A e

UCL 1495 insoluble 1.220 mg — — —

UCL 1539 insoluble 1.111 mg - - -

To conclude, several difficulties were encountered in dissolving UCL 1495 and 1539 

in deionised water, phosphate buffer and hepes buffer. Only UCL 1495 was fully soluble 

in deionised water (at 1.232 mg/100 ml). Ultra sonicating, heating and centrifugation of
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the saturated solution of UCL 1495 did not produce a medium which gave a satisfactory 

spectmm. Visual observation indicated that the two compounds were insoluble or only 

slightly soluble in both phosphate and hepes buffer which was confirmed spectrally.

It can be concluded, that UCL 1495 appears to have a limited solubility, and UCL 

1539 has very poor solubilty in both the buffers used and more importantly in deionised 

water at pH 6.5. The results of the aqueous solubility of UCL 1539 in comparison to UCL 

1495 can be attributed to the greater crystal structure stability of UCL 1539. The greater 

crystal structure stability would result in less of a partitioning of the compound into the 

aqueous phase from the crystalline phase. One way to investigate crystal stability would be 

to compare melting point values of both compounds. This proposition seems feasible since 

UCL 1495 and UCL 1539 are structurally similar (see fig. 45). A precedence for this 

approach is by Prout et al who have investigated crystal structure stability o f four 

structurally related compounds by comparing melting point values. The compounds 

studied were four H2 -receptor antagonists. They found that as melting point increases, 

aqueous solubility decreases.350 Thus, by analogy, UCL 1495 has a melting point value of 

201-202 ®C, and UCL 1539 has a melting point value of 107-110 ^C. The lower melting 

point value of UCL 1539 suggests that the poor aqueous solubility of UCL 1539 in 

comparison to UCL 1495, is not, in this case associated with crystal structure stability.

A further discrepancy in the results concerns the saturated solution of UCL 1495. 

Using 1.232 mg in 100 ml of deionised water, the compound fully dissolved and produced 

an adequate spectrum. A weaker absorbance is observed for the saturated solution of UCL 

1495, although unexpected, possibly suggesting an unsuitable medium for maximum UV 

absorption or a maximum limit for the aqueous solubility of UCL 1495.
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CHAPTER 5 

PHARMACOLOGICAL TESTING

Pharmacological testing on the intermediate-conductance, voltage-insensitive calcium- 

activated K+ channel in red blood cells, was carried out in the department of pharmacology 

at University College London, by Professor D.H. Jenkinson and various members of his 

group, namely David C.H. Benton and Misbah Malik. The compounds submitted, were 

tested for their ability to inhibit K+ efflux from rabbit erythrocytes, and were tested in 

vitro. The red blood cells were taken from the adult New Zealand white rabbits. 5-100 mg 

of compounds were submitted for testing purposes. The in vitro results were obtained in 

terms of IC50 values.

5.1 Preparation of Red Blood Cells

The red blood cells were prepared by withdrawing blood (2-5 ml), from the ear vein of 

adult New Zealand white rabbits. This blood was subsequently mixed with heparin (5 

units/ml whole blood), and stored at 4 ®C for up to 2 hours until required for use. Human 

blood used for comparative purposes, was also withdrawn from the median cubital vein 

and treated in a similar manner.

The treated blood was centrifuged (3 min at 1600 g), and the supernatant and huffy 

coat aspirated. The packed red blood cells were re-suspended in 5 volumes of a solution 

containing (in mM): NaCl 145, KCl 0.1, EOT A 1, TRIS 10, and inosine 10, and the pH 

of the solution was adjusted to 7.4 by subsequent addition of 1 M NaOH. This suspension 

was centrifuged and the pellet re-suspended twice, and consequently, the cells were stored 

as a pellet in this solution at 4 ^C for a maximum of up to 3 days.^^^
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5.2 Preparation of K+ Sensitive Electrodes

The potassium loss from the prepared suspension of red blood cells at 37 ^C, was 

followed by the measurement of changes in the extracellular [K+], which was achieved by 

the use of valinomycin-based K+ sensitive electrodes. The potassium selective membranes 

used for testing were prepared by a method that has been described by Hill et al and 

Castle.^^^'^^^ The potassium selective membrane mixture was prepared by the following 

method: dissolving 4 mg of valinomycin, Img of sodium tetraphenylborate, and 25 mg of 

high molecular weight PVC in 1 ml tetrahydrofuran and 75 pi dibutyl sebecate, and the 

mixture formed was then stored at -20 ^C. The membranes were formed by application of 

5 pi of the mixture to filter paper discs that are inserted into the end of a short length (~ 2 

cm) of PVC tubing (2.0 mm i.d.). Once the solvent had evaporated, a further 5 pi was 

applied and the membranes are left to dry for at least a further 2 hours. Once fully dried the 

membranes could be stored in a desiccator at 4 for up to several weeks. When required 

for testing, the PVC tube carrying the membrane was filled with electrolytes: (145 mM 

NaCl and 5.4 mM KCl), and connected to a second tube composed of an Ag/AgCl bead. 

The reference electrode was formed from a tube containing a similar bead and filled with a 

salt solution identical to the one in which the red cells were suspended.

The P.O. was measured across the electrodes using a high impedance amplifier (WPI 

F-222A) and displayed on a pen recorder (Kipp & Zonen BD 1(X)).

The recording chamber comprised a water jacketed glass bath containing 2 ml of 

solution which was stirred by a small magnetic flea driven by a hydraulic magnetic stirrer 

placed below the chamber.

5.2.1 Calibration of K+ Sensitive Electrodes

The prepared electrodes were calibrated by cumulative addition of aliquots of a solution 

containing 145 mM NaCl and depending on the K+ calibration range used, either 10 mM 

or 100 mM KCl. In experiments involving 0.1 mM K+, the calibration range used was 

from 0.1 to 2.7 mM, and in experiments with 5.4mM K+, a 5.4 to 22 mM range was 

used.
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In theory, for a perfectly selective electrode, the P.D. developed (E) should be 

determined by the Nemst equation

R T  , bath
E  =  ------  • loge --------------

electrode E q .  9

Where, R = universal gas constant 

T = absolute temperature 

F = Faraday's constant 

and bath and electrode are the K+ activities on either side of the membrane.

In the assumption that activity can be replaced by concentration for the present purposes, a 

ten fold change in potassium ion concentration at 37 should produce a change in 

potential of 61.5 mV. Since the potassium concentration at the inner surface of the 

electrode was constant at 5.4 mM, calibration data were in practice fitted using a least 

squares method according to the equation

E = k. log [K+]bath + C Eq. 10

where, k  = slope, formally equivalent to RT/F 

and C = the intercept on the abscissa

The observed values of k  and C were used to calculate the potassium concentrations in the 

experiment proper. Figure 46 shows a typical calibration curve for an electrode to be used 

in 0.1 mM K+ solution (obtained from D.C.H. Benton, department of pharmacology 

UCL).

Moreover, an additional complicating factor was observed in experiments with 

compounds containing a quaternary ammonium group such as UCL 1631 (see chapter 3, 

section 3.2.1) which were found to cause a shift in potential and to reduce the potassium 

sensitivity of the electrode, presumably because the electrode responded to such cations. 

This problem was over come by re-calibrating the electrode in the presence of the 

appropriate concentration of the compound being tested (i.e. UCL 1631).
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Fig. 46 Represents a typical calibration curve for a K+-sensitive electrode. 

The linear regression has shown that a ten fold increase in [K+] causes a 

59 mV change in P.D. in comparison with a 61.5 mV change in P.D. that 

would be predicted using the Nernst equation.
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5.3 Measurement of K+ Loss Initiated by the Calcium lonophore A23187

For these experiments the following bathing solution was used (in mM): NaCl 145, 

M gS 0 4  1, CaCl2 1, inosine 10, TRIS 10 and the pH was once again adjusted by the 

addition of 1 M NaOH. The concentration of KCl usually used was 0.1 mM, though 

sometimes 5.4 mM KCl concentrations were used (see chapter 6 ). A 1% haematocrit was 

used, and this was achieved by suspending the cells in 2 ml of solution. W hen the K+ 

sensitive electrode gave a stable reading K+ loss was stimulated by the addition of 2 |XM 

A23187. This concentration caused a rapid response, and was probably supra-maximal. 

Preliminary experiments showed that, even after washing the bath twice with saline 

solution, sufficient ionophore remained to cause a slow loss of K+ from the next batch of 

cells. To aviod this problem methanol was used to wash the bath between responses. 3 

min after the application of A23187, digitonin (100 |llM) was added causing cell lysis and 

this method enabled the total potassium content of the cells to be estimated. The size of 

response was calculated as the increase in extracellular potassium concentration 3 minutes 

after the addition of A23187 expressed as a percentage of the total increase after addition of 

digitonin. This is equivalent to the quantity of K+ released by A23187 as a percentage of 

total K+ content of the cells (see fig. 47 for further explanation).
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K loss from cells

A23187 Digitonin

Fig. 47 is a schematic representation of potential changes th a t occur during 

calcium ionophore stim ulated K+ release from  erythrocytes. Addition of the 

calcium  ionophore  A23187 causes loss of K+ from  the red cells in 

suspension, and  3 m inutes a fte r addition  of digitonin , lysis of the cells 

occurs and to tal release of K+. The hath  [K+] is m easured at points a, b 

and c, and the size of the response is expressed as

% K + loss = 100 (b -a) 
(c-a)
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5.4 Effect of Blocking Agents on K+ Release Caused by Addition of the 

Calcium lonophore A23187

Compounds that were submitted for testing, were added to the bath to equilibriate for a 

period of 3 min before addition of the calcium ionophore to initiate K+ release via the 

IKca- In the experiments that required longer equilibration periods, the cells and 

compounds for testing were mixed in a glass vial and placed in a water bath shaking at 

37®C for the appropriate time period before being transferred to the recording chamber.
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CHAPTER 6

RESULTS AND STRUCTURE-ACTIVITY DISCUSSION

6.1 Introductory Remarks

This chapter discusses the pharmacological results obtained from the department of 

pharmacology by Professor D.H. Jenkinson and his group, namely D.C.H. Benton and 

M. Malik. The compounds synthesised were submitted and tested for their ability to inhibit 

K+ efflux from rabbit erythrocytes (see chapter 5 for phamacological methods used).

The biological results obtained for the compounds synthesised, have been assembled into 

different groups in accordance with their chemical structure and hence to illustrate a 

particular aspect of the SAR. Therefore similar to chapter 3, the pharmacological results 

have been divided into the following sections:

i) The UCL 1495 series,

ii) The UCL 1710 series,

iii) The UCL 1608 series,

iv)The clotrimazole-heterocyclic and open chain series and

v) The clotrimazole non-amino series.

The discussion in this chapter will be centred around the biological activity of the 

compounds which have been reported as IC50 values (the concentration of drug that 

causes 50% inhibition of K+ efflux), but will also include a discussion into the 

relationship of drug potency with lipophilicity, and hence all the calculated log P  s and 

CLOGPs have been included in all the tables of results given. Graph 2 has been obtained 

from the department of pharmacology by courtesy of Ms M. Malik and Dr. D.C.H. 

Benton.

The compounds tested had mostly shown full inhibition of the response to the Ca^+ 

ionophore A23187. All of the compounds have been tested using 0.1 mM K+ 

concentration solutions, and some of the activities of the compounds have been compared 

using 5.4 mM K+ concentration solutions, which is the physiological K+ concentration in
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the extracellular solution of the cells. In each experiment a 1% haematocrit was used. Most 

of the compounds, were not tested using 5.4 mM K+ concentrations since a much lower 

signal to noise ratio was found (hence it is a less sensitive technique) when using 5.4 mM 

concentrations in comparison to using 0.1 mM K+ concentrations. As a result of using 5.4 

mM concentrations of K+, the activity of the drugs tested was found to be lower than the 

activity of the same drugs tested when using 0.1 mM concentrations of K+. An example of 

this observation is illustrated in graph 2 which shows the different activities of UCL 1710 

(from table 23) when using both concentrations of K+. Thus a 0.1 mM K+ concentration 

was used for all the compounds tested as the electrode was more sensitive to changes in 

K+ concentration, providing more accurate results. (It is interesting to note however, that 

the clotrimazole analogues (discussed in sections 6.5 and 6 .6 ) showed no differences in 

activity whether tested at 5.4 or 0.1 mM K+ concentrations).
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The structures of the compounds are given in a general form for each group and the 

substituents for each compound are given in a table of results. The IC50 values for all the 

compounds tested were calculated by fitting the Hill equation (see eq 10 below) to the data 

obtained by the method of least squares (see below for further explanation).

The Hill equation is derived from the theory of drug-receptor interactions that was 

developed using the Law of Mass Action.^^^* This law states that the rate of any 

reaction is proportional to the concentrations of the reactants. It can be used to derive a 

relation that, in many cases, describe drug binding to receptors. A drug molecule D is 

assumed to combine with a receptor, R, to form drug-receptor complex, DR. By the Law 

of Mass action, the rate of this reaction is proportional to the product of the concentrations 

of D and R. Thus

R atea[D ][R ] Eq. 11

If we call the proportionality constant k+i this means

Rate = k+i[D][R] Eq. 12

Where [D] represents the concentration of drug molecules in solution and [R] is the 

concentration of free (unoccupied) receptors. The constant k+i is known as the 

microscopic association rate constant (this is a second-order rate constant with dimensions 

of M’^s'l). The reverse reaction (dissociation of drug from receptor) is described by the 

microscopic dissociation constant k_i (dimensions s-1). In short this reaction is written

k+i
D -hR  ^  ^  DR

k | Eq. 13

At equilibrium the rate of the forward reaction (k_i[D][R]) will be equal to the rate of the

reverse reaction k_i[D][R] so

k+i[D][R] = k_i[D][R] Eq. 14

Drugs are characterised by their dissociation equilibrium constant Kd which is the ratio of 

dissociation to association rate constants and has units of concentration. Drugs are also 

charaterised by their affinity or association constant, which is the reciprocal of Kq.
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Mathematical rearrangement of eq. 14 gives

k., [D][R]
K d = -------  =-------

k+i [DR] Eq. 15

Since the receptors are not free in solution but embedded in the cell membrane, 

considering them as "concentration of receptors" is not very useful. It is more useful to 

consider this situation differently. If the total number of receptors, Ntot, reacts with a 

concentration, xq of drug D to produce No drug-receptor complexes, then the fraction of 

receptors occuppied by the drug will be

Nd
PD =

Eq. 16Ntot

which is known as occupancy. The number of free receptors is therefore Ntot - % .  By 

substituting this into equation 15 gives

^  _  k-i _  Xp( Ntot ~  N p )

Np Eq. 17

It is assumed that since the number of drug molecules in solution is a lot greater than the 

number of receptors, xd is not significantly changed by binding of drug to the receptor. 

Rearrangement of equation 17 gives the occupancy

N p  Xp
Pp  = ------  =  ------------------------

N to t Kp + Xp Eq. 18

Equation 18 is known as the Hill-Langmuir equation. Notice that when pD = 0.5, xd = 

K d - Thus the dissociation equilibrium constant is that concentration of drug that will 

produce 50% receptor occupancy. The Hill equation is a generalisation of the Hill- 

Langmuir equation (eq. 18)

Pd =
x"p

K " d  + x " d  Eq. 19

where the Hill coefficient, n, is a measure of the slope of the curve (n = 1 in eq. 18). For 

graphical purposes equation 19 is usually rearranged in the form
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lo g  — --------- = nlogXD - niogKo
1 - Pd E q .20

A log-log plot of pd/(1 - p d ) versus x d  (a Hill plot) will be linear, with a slope (n) of 1 if

there is no cooperativity in drug binding to a receptor. If the Hill slope is greater than 1,

this indicates positive cooperativity and if less than 1 suggests that possibly negative

cooperativity is occurring or the presence of multiple receptor sites or that an interfering

process such as desensitisation is occuring which is the tendency of an agonist response to

decline despite the continued presence of the agonist.

The ICso's of the compounds were estimated by either D.C.H. Benton or M. Malik. 

Experimental data relating at least three concentrations, with at least three replicates at each 

concentration, of a compound to the inhibition that it caused were fitted by the Hill 

equation in the form

% Inhibition = 100 x _____ ^ d

ICso + x"d Eq. 21

where n = the Hill slope, IC5 0  = concentration of drug causing 50% inhibition and x"o = 

concentration of drug.

A least squares minimisation program, either Origin v.4 or CVFIT (written by Professor 

D. Colquhoun in the department of pharmacology UCL) was used. This provided 

estimates of the IC50 value, ± an approximate s.d. Estimates of the Hill coefficients were 

also generated. These were generally greater than unity (characteristically ~2) for 

compounds related to cetiedil (tables 22-24) but approximately unity for clotrimazole and 

its congeners (tables 25-26) (D.C.H. Benton, M. Malik and D.H. Jenkinson, unpublished 

observations). Possible explanations for this difference are under study in the department 

of pharmacology. The differences in the values of the Hill coefficient did not influence the 

determination of the IC50 which is to be regarded as a purely empirical measure of activity. 

It cannot be equated with the value of the dissociation equilibrium constant Kd for the 

combination of the blocker with a component of the ion channel. Equally, the value of the 

Hill coefficient cannot be taken as a straight forward measure of the stoichiometry of 

interaction between the drug and its binding site. For this reason, the team conducting the
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assays considered it best to provide only the IC50 values as a guide to the progress of the 

programme of compound synthesis. It is these values, ±  an approximate s.d., that are 

listed in the thesis.

6.2 The UCL 1495 Series

UCL 1495, table 22 was originally syntheised by Dr. S. Athmani and submitted for 

pharmacological testing. This compound was found to be quite active, (IC50  = 1 .16  |xM) 

and in fact, 21 fold more active than the original lead compound, cetiedil (see fig. 48) 

which had a reported IC50 of 24.5 |liM. Based on the discovery of UCL 1495, with the 

significant increase in activity, due to various suggestions including the increase in log P, 

resulting in an increase in activity, (since previous studies have generally shown drug 

potency to increase with increasing drug lipophilicity, discussed in chapter 2 ), introduction 

of two chiral centres (marked * in fig. 50) and geometrical isomerism (discussed in 

chapter 2, section 2.5). The increase in activity shown by UCL 1495, allowed UCL 1495 

to be the next major lead compound. Therefore, the analogues initially sythesised for this 

thesis were based on the pharmacophore of UCL 1495, and the activities of which, were 

compared with the activity of UCL 1495.

Cetiedil

Fig. 48

The amide analogue of UCL 1495, UCL 1617 (table 22), is clearly less active than UCL 

1495. The activity of UCL 1617 demonstrated whether or not an H-bond donor (arising 

from the -NH- group) is necessary for activity, by hydrogen bonding to the active site, or 

whether other factors come into play. The low activity of the amide analogue could be due 

to various reasons, such as the decrease in log P (and CLOGP), or due to the removal of
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the ester linkage (although results with UCL 1608, table 23 shown later suggest that the 

ester linkage is not essential for activity).

The quaternary salt of UCL 1495, UCL 1631 was considerably less active (5 fold less) 

than UCL 1495. This result perhaps indicates that although a charged form is active it does 

not have to possess a dissociable proton since most of the compounds have been 

submitted and tested as oxalate salts. A decrease in activity for UCL 1631 in comparison 

to UCL 1495, was however anticipated since earlier work with quaternary compounds 

namely the methyl iodide salt of cetiedil, had shown UCL 1285 (see fig. 49) to be 

inactive. Also, the quaternary salt UCL 1579, which is the corresponding quaternary 

analogue of the free base UCL 1475, see fig. 49 was found to be inactive in comparison to 

the activity of UCL 1475 (IC50 = 1.36 |XM). The same comparison holds for UCL 1631 

and 1495. However, since UCL 1631 is only 5 times less active than UCL 1495 it 

suggests that the lone pair of electrons on the nitrogen is not necessary for activity (if the 

free base is causing the activity as opposed to the protonated form), which in turn also 

minimises the possibilty that the compounds hydrogen bond with their site of action (as 

suggested by the activity of UCL 1617 mentioned above).

CH

UCL 1285
CHpPh

UCL 1475
CHpPh

CH
UCL 1579

Fig. 49
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It is believed that all the compounds act in the protonated form rather than the unprotonated 

form. The pKa of cetiedil is reported to be 9.3^^^ therefore 99% would be in the 

protonated form at physiological pH. Clearly UCL 1631 is active, confirming that channel 

block can occur when the nitrogen is charged. A possible explanation for the 5 fold 

decrease in activity of UCL 1631 in comparison to UCL 1495 is that quaternisation of the 

nitrogen interferes with access to the site of action rather than binding. This possibility 

therefore may underestimate the activity of the compounds UCL 1285 and 1579 formerly 

synthesised.^^^’ (see fig. 49)

The cis and trans  isomers of UCL 1495 were separated for this study and 

pharmacologically tested. The cis isomer, UCL 1644 was found to be 2 fold less active 

than the trans isomer, UCL 1645 (see table 22). Though the difference was only 2 fold, it 

provided further evidence that stereoisomerism could be of importantance in determining 

activity, since the optical isomers of cetiedil formerly synthesised by C.R.Roxburgh et at, 

1 2 9  were found to be equipotent. Both log P  values of UCL 1644 and 1645 although 

quoted as being equal in table 22, are in truth not equal, since the 3-dimensional 

arrangement of the substituents on the piperidine ring will exert a difference on log P 

though this effect does not seem likely to have affected the activity. Since UCL 1495 is a 

lot more potent than cetiedil, and the optical isomers were found to be equipotent, it was 

not surprising to find the stereoselectivity of the isomers of UCL 1495 more pronounced. 

However, although this was a significant difference in activity, it was hoped that a greater 

difference in activity between the geometrical isomers would be found, given the potency 

of UCL 1495. The activity of UCL 1644 and 1645 questioned the effects of the 3D spatial 

arrangements of the groups on the piperidine ring which may perhaps be of importance if 

this end of the molecule is more directly concerned than the acidic end of the molecule with 

binding at the channel.
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The analogues of table 22 are based on the structure of UCL 1495 shown

in fig. 50.

fA.
Ph—C O

N
/

Et

I
Ph

UCL 1495 
Fig. 50

• h -
Me

Table 22

UCL

No.

Structure IC50 

(|xM) (s.d.)

I f

L o g ?

CLOGP

1495

Et

Me

1.16 ± 0 .1 7 7.53 7.70

1617

Et
0

P h - C  N \  /Ph "

6.6 ± 0.52 6.33 6.83

1631

Et

PhM M e^ + / \  

Me

5.9 ± 0.99 - -

1644

(cis)

r 4 '
P h -F .^ O

Me

2.47 ±  0.8 7.53 7.70

1645

(trans)
Me

1.16 ± 0 .2 2 7.53 7.70

6.3.1 Summary of the UCL 1495 Series

The results presented in table 22 demonstrate that lipophilicity, as indicated by the 

predicted log octanol/water partition coefficient (log P by calculation using the Rekker
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method and CLOGP by using the computerised Leo-Hansch method), is a major factor in 

determining the potency of the UCL 1495 series. The activity of UCL 1631 confirmed that 

quaternary ammonium salts were active (in contrast to previous results obtained) but the 

relative decrease in activity in comparison to UCL 1495 was more likely due to the 

quaternisation of the nitrogen interfering with access to the site of action rather than 

binding. Activity was also suggested to be of some stereochemical importance as illustrated 

by the activités of the separated geometrical isomers, UCL 1644 and UCL 1645 which 

although are calculated to have the same log P  and CLOGP values, had shown a two fold 

difference in activity between them.

6.3 The UCL 1710 Series

UCL 1608 (table 23) was orginally synthesised by Dr. W. Quaglia^®^ and is an analogue 

of UCL 1422 see chapter 2, table 4) in which the ester linkage was replaced by an 

acetylenic link. This compound provided a potentially useful strategy for increasing log P 

amongst other reasons (discussed in chapter 2, section 2.7) and was found to be active 

(IC50  = 1 .5  }xM, table 23). The activity of this compound demonstrated that the ester 

function is not essential for activity, and in addition, ruled out the unlikely possibility that 

hydrolysis of the esters in the UCL 1495 series by the esterases possesed by erythrocytes 

was needed for activity. Based on the potency of UCL 1608, UCL 1710 was synthesised 

with the introduction of the 5-ethyl-2-methylpiperidyl moiety (thereby introducing 

stereochemical isomerism and at the same time, increasing log P  ) ,  so that comparisons in 

activity between UCL 1495 and UCL 1710 can be made. UCL 1710 was biologically 

tested as a mixture of geometrical isomers in the ratio of 85:15. This compound was found 

to be very active, 5 fold more active than UCL 1495 and 7 fold more active than UCL 

1608 and, moreover, the large increase in potency was a significant break through the 1 

|xM barrier in activity. Combing the critical feature of UCL 1495 with the critical feature of 

UCL 1608, i.e. the 9-benzylfluorenyl-acetylenic moiety, proved successful, further 

confirming the unimportance of the ester function and the presence of the azepine ring, and 

in addition supported the suggestion that as log P, increases, activity increases. Thus as a 

consequence, the geometrical isomers of UCL 1710 were tested for comparative purposes
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with the activity of the geometrical isomers of UCL 1495. In this case, the cis and trans 

isomers of UCL 1710, UCL 1814 {trans ) and UCL 1835 {cis ) were found to have 

approximately a 4 fold difference in activity between them, which was twice as much as 

that found between the geometrical isomers of UCL 1495. Since UCL 1710 was originally 

a mixture of geometrical isomers in the ratio of 85:15, it would thus appear that the major 

component of the mixture, namely the trans isomer, was unfortunately the most potent of 

the two, since it was found to have a similar IC50  value (see table 23) as UCL 1710. 

Although the trans isomer was the most active of the two, a 4 fold difference in activity 

between the two isomers certainly suggested that activity was to some extent 

stereochemically related (in additional to structural), especially since the trans isomer of 

UCL 1495, UCL 1645, was also found to be the more active of the two. The importance 

of the presence of the acetylenic link, and the possible interactions it might have at the 

binding site could also be influencing activity.

The activity of UCL 1976, the corresponding alkane analogue of UCL 1710, and UCL 

1977, the corresponding alkene analogue of UCL 1710 suggested the importance of the 

acetylenic link in activity. UCL 1976 and 1977, both tested as a mixture of cis and trans 

isomers (in the ratios of 75:25 and 60:40 respectively), were found to be virtually 

equipotent and approximately 10 times less active than UCL 1710. The activity of UCL 

1710 in comparison to UCL 1976 and UCL 1977 reflected no preference for the alkane or 

alkene moiety at the active site, but a strong preference for the acetylenic moiety at the 

binding site. This suggests that the properties of acetylenes is influencing the interaction at 

the binding site. The electronic effects of the acetylenic function namely the pi electrons of 

the two 2p orbitals of the acetylenic moiety (see section 6.4.2 for further explanation), 

may be influencing activity by interacting in some way (perhaps by hydrogen bonding or 

hydrophobic bonding) at the active site.

The decrease in activity observed for UCL 1976 and 1977 was surprising since both 

UCL 1976 and 1977 have higher log P and CLOGP values than UCL 1710 (see table 23) 

and were therefore predicted to be more potent than UCL 1710. This finding 

furthersupported the suggestion that the acetylenic link is an important structural 

component in activity.
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The UCL 1710 analogues in table 23 are based on the general structure

shown in fig. 51.

Fig. 51

Table 23

UCL

No.

R IC5 0  

(|iM) (s.d.)

I f

L ogP

CLOGP

1608
CH2C =  CCH2—

1.5 ± 0 .1 8.51 7.90

1710

Et

CH2C =  CCH2— n  > 

Me

0.21 ± 0 .0 3 9.53 8.90

1814 

{trans )

Et

/  \
-----CH2C =  CCH2— N >

Me

0.28 ± 0.03 9.53 8.90

1835

{cis )

-----CH2C =  CCH2— N y

Me

1.06 ± 0 .0 3 9.53 8.90

1976

Et

CH2CH2CH2CH'2—N /  

Me

2 .2  ± 0 .1 10.26 9.86

1977

Et

CH2C H =  CHCH2— N > 
A /

Me

2.3 ±  0.05 9.90 9.38
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6.4.1 Summary of the UCL 1710 Series

In contrast to previous results obtained, and to the results obtained for the UCL 1495 

series, which suggest that as log P increases, activity increases, the UCL 1710 series 

indicates no relationship between lipophilicity and drug potency. This has been 

demonstrated graphically (see graph 3). Plotting -Log IC5 0  versus CLOGP of the 

compounds in the UCL 1710 series has shown almost no correlation between drug 

potency and drug lipophilicity. The mathematical relationship of the data plotted was found 

to be:

-Log IC5 0  = 7.54 - 0 .17CLOGP r = 0.24 Eq.22

where r is the correlation coefficient.

The correlation coefficient r is found to be very low (0.24) and thus reflects a weak 

correlation between drug potency and drug lipophilicity of the UCL 1710 series. A plot of 

-Log IC5 0  versus log P, using the calculated Rekker values has also been obtained for 

comparative purposes. The mathematical relationship of the data plotted using log P 

Rekker values was found to be:

-Log IC5 0  = 7.22 - 0.121og P  r = 0.17 Eq. 23

where the correlation coefficient r was found to be 0.17, even lower than that found when 

plotting CLOGP values, simply suggesting an even weaker correlation. The only increase 

from UCL 1608 to UCL 1710.

The approximate 4 fold difference in activity observed between the separated geometrical 

isomers, UCL 1814 {trans ) and UCL 1835 {cis ) is twice as much as that shown between 

the separated geometrical isomers, UCL 1644 and UCL 1645 of the UCL 1495 series (see 

table 22). The result of the activities of UCL 1814 and UCL 1835 suggested that activity 

was possibly of structural and stereochemical importance. The activities of UCL 1976, 

UCL 1977 and UCL 1710 table 23, identify a structural component that is important for 

activity in the UCL 1608 series, i.e. the acetylenic function despite the fact that UCL 1976 

and UCL 1977 are more lipophilic than UCL 1710.
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G raph 3

A plot of -Log IC 50 versus CLOGP for the UCL 1710 series (Eq. 22)
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3 UCL 1814 0.28 6  UCL 1976 2 .2 0

It is interesting to note that compound 1, (UCL 1608), graph 3, is a structural outlier, 

containing a different ring system, namely the 7-membered azepine ring system in 

comparison to the other compounds, 2 -6  which all contain the piperidyl 6 -membered ring 

system. Therefore plotting -Log IC50 versus CLOGP with the exclusion of UCL 1608 

produces a stronger correlation, see graph 4. The mathematical relationships of -log IC50 

for the six membered ring analogues of UCL 1608 versus CLOGP or log P have been 

shown in equations 24 and 25 respectively.

-Log IC50 = 14.16- 0.88CLOGP r = 0.77 Eq. 24
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where r, the correlation coefficient is 0.77, when using log P or CLOGP values (see eq. 

24 and 25) in comparison to eq. 22 where r was calculated to be 0.24.

-Log IC50 = 17.36 - 1.15Log P r = 0.77 Eq. 25

Activity of these compounds has in general been shown to decrease with increasing 

lipophilicity in contrast to the results obtained in the UCL 1495 series, and to the previous 

results obtained (see graph 1, chapter 2 ), which suggest a positive and strong correlation 

between drug potency and drug lipophilicity.

G raph 4 (Eq. 24)

A plot of -Log IC 50 versus CLOGP for the 6 -m em bered UCL 1710 series
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6.4 The UCL 1608 Series

Based on the discovery of UCL 1710 and the significant increase in activity of the 

compound (discussed in the previous section), all the analogues synthesised in the 1608 

series were subsequently compared with the activity of UCL 1710. Thus UCL 1710 has 

been included in table 24 as a standard.

UCL 1994, the open chain analogue of UCL 1710 was reported to be approximately 

two fold more active than UCL 1710 (and 9 fold more active than UCL 1495), suggesting 

that the amine in the ring form is not necessary for activity, and possibly identifying an 

additional important structural component for activity. As a result of the activity of UCL 

1994, the possibility of activity being of stereochemical importance, (as suggested above 

as one of the reasons of the activity of UCL 1814, the trans isomer of UCL 1710), now 

seems slim. The increase in activity of UCL 1994 may, however, be connected with the 

small increase in log P  in comparison to UCL 1710, in addition to the fact that the dibutyl 

chains can acquire different three dimensional orientations in space (due to possesing free 

rotation around the carbon-carbon bonds)- which may perhaps be influencing activity at the 

active site.

The activities of UCL 1995, UCL 1997, UCL 2020 and UCL 2021 have been 

compared with the activities of the corresponding ester analogues previously synthesised 

by Dr. S. Athmani^^^ shown in fig. 52.
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CH
Ph

Ph—C

Ph

UCL 1459

P h - C

UCL 1465

P h - C

Ph UCL 1475

P h - C

Ph
UCL 1537

Fig. 52

A plot of -Log IC5 0  of the acetylenes versus the -Log IC5 0  values of the corresponding 

ester analogues has been shown in graph 5. The mathematical relationship of -Log IC5 0  of 

the acetylene analogues versus the -Log IC5 0  values of the corresponding ester analogues 

was found to be:

-Log IC5 0  (acetylenes) = 2.04 + 0.73( -LoglCso esters) r = 0.66 Eq. 26 

where the correlation coefficient, r was calculated to be 0.66 indicating some correlation 

(although not very strong) between activity of the acetylenes and the activities of the 

corresponding esters.
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A plot of "Log IC 50 of the ester series versus -Log IC 50 of the 

corresponding acetylene series (Eq. 26).

G raph 5

c/3

.2'Cac/3
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O
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-Log IC50 of the E ster Series

K e y ;

Acetylenes IC ^n (fiM)

1 UCL 1995 1.90

2 UCL 2021 0.76

3 UCL 1997 0.24

4 UCL 2020 1.30

5 UCL 1710 0.21

UCL 1995, (no.l in graph 5), the plain piperidyl analogue of UCL 1710 i.e. without 

the ethyl and methyl substituents on the piperidine ring, was found to be 9 fold less active 

than UCL 1710 and approximately 15 fold less active than UCL 1994 (see table 24) but 5 

fold more active than the ester analogue, UCL 1465 (no. 1, graph 5), which had an IC50 

value of 10.2 pM. This decrease in activity may perhaps be related to the decrease in log P

E sters IC ^n (pM) 

UCL 1465 10.20

UCL 1459 1.62

UCL 1537 1.50

UCL 1475 1.36

UCL 1495 1.16
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of the compound in comparison to UCL 1710 and 1994. However, this decrease in activity 

may also be attributed to the fact that alkyl chain substituents attached to the amine ring is 

required for activity.

UCL 2021, the acetylenic analogue (no. 2, graph 5) was found to be 2 fold more active 

than the ester analogue, UCL 1459 (IC50 = 1.62 pM, no. 2, graph 5) which can be 

attributed to the 1.2 log unit increase in lipophilicity (since log P  of UCL 1459 is 

calculated to be 8.05) or perhaps because of the presence of the acetylenic moiety, or a 

combination of both. In comparison to the other acetylenes in the series, UCL 2021 was 

found to be 4 fold less active than UCL 1710 and 6  fold less active than UCL 1994 (see 

table 24) despite being calculated to be more lipophilic than both compounds.

UCL 1997 (no.3, graph 5) was found to be 6  fold more active than UCL 1537 (no. 3, 

graph 5, IC50 = 1 .5  pM). This can be attributed to two reasons, one being that generally, 

the acetylenic analogues are found to be more active than their corresponding ester 

analogues (except in the case of UCL 1996 see below) as demonstrated in graph 5. UCL 

1997 is also more lipophilic (comparing X / Rekker values, is approximately 2 log units 

more lipophilic) than UCL 1537 (log P = 7.65). In relation to the acetylenic analogues, 

UCL 1997 was shown to be of similar activity to UCL 1710 and 2 fold less active than 

UCL 1994 (see table 24). The activity of UCL 1997 (which contains two fused saturated 

rings), in comparison to UCL 1710, suggests once again that a piperidine ring containing 

substitutents in the 5 and 2 positions is not, (as already suggested), essential for activity. 

The similar activities of UCL 1997 and UCL 1710 may be related to the similar lipophilic 

values they are calculated to have and the fact that both compounds contain two chiral 

centres and exhibit cis-trans isomerism (in the ratio of 85:15 for UCL 1710 and 75:25 for 

UCL 1997). As a consequence, the conformations of both compounds may be influencing 

activity.

The activity of UCL 2020 was less than predicted since the activity of the 

corresponding ester analogue, UCL 1475 (no. 4, graph 5) had an IC50 value of 1.36 pM  

which is similar to the value obtained for UCL 2020 (no.4, graph 5). The lower than 

predicted activity of UCL 2020 was surprising since the log P  value of UCL 1475 is 

calculated to be 8.15 (using the Rekker method) and the CLOGP value is calculated to be
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8.07, i.e. over 1 log unit lower than the log P value of UCL 2020 with respect to the 

CLOGP calculation, and 2 log units lower with respect to the log P Rekker X / value. 

Moreover, the activity of UCL 2020 was predicted to be higher since the molecule is more 

lipophilic than UCL 1710 and UCL 1994. The lower than predicted activity of UCL 2020 

may suggest that a planar, rigid lipophilic substituent namely the phenyl moiety, unlike in 

the case of UCL 1710 whose lipophilic ring substituents can adopt different 

conformations, or in the case of UCL 1994 which can aquire different three dimensional 

shapes (by virtue of the free bond rotation of the dibutyl moiety), may be not be 

accommodating as well at the active site, or interfering with interactions at the active site.

UCL 1710, has been included in graph 5, (no.5, graph 5) to be compared with the 

activity of the corresponding ester analogue UCL 1495 (no.5, graph 5), and is as 

previously stated, 6  fold more active than UCL 1495 (IC50  =1.16 fxM) and the increase in 

activity has been attibuted to the increase in log P and the presence of the acetylenic 

moiety.

UCL 1996 was reported to be at least (since the activity of the compound was too low to 

assay it has not be included in graph 7), 48 fold less active than UCL 1710 and 

approximately 77 times less active than UCL 1994 (see table 24). The very low activity of 

UCL 1996 was surprising since the corresponding ester analogue, UCL 1506 (see fig. 53) 

was found to be active with an IC5 0  value of 1.77 pM (and a log P  value of 6.41). The 

activity of UCL 1506 was similar to that of UCL 1475 (IC5 0  = 1.36 pM) despite having a 

much lower log P value than UCL 1475 (see below). This result had suggested that 

adding polar residues namely the electron-withdrawing cyano group at position 4 was less 

detrimental than expected. In addition and more importantly, UCL 1506 (log P = 6.41) 

was only slightly less active than UCL 1495 (IC5 0  = 1 .1 6  pM , log P  = 7.53) and, 

moreover, is calculated to be more than one log unit less lipophilic than UCL 1495 further 

suggesting a possible structural component necessary for activity. Unfortunately, UCL 

1506 was active at only a 75% of the maximum inhibition suggesting that the compound 

was not fully in solution during the pharmacological testing, and that a solubility factor 

could be influencing the activity rather than a structural factor. However, the acetylenes 

have been found to be a lot more aqueous soluble than their corresponding ester analogues.
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thus facilitating pharmacological testing and, thereby overcoming the problem of aqueous 

solubility. Based on these two factors, one would have predicted an even larger increase in 

the activity of UCL 1996 in comparison to UCL 1506. Unfortunately, this was not the 

case. The low activity of UCL 1996 in comparison to the activities of UCL 1994 and 

1710, may be related to the comparative decrease in log P. However, UCL 1995 was a lot 

more active than UCL 1996 (see table 24), and has an even lower log P  value than UCL 

1996. The presence of an electron withdrawing (polar) cyano group in position 4 of the 

piperidine ring may perhaps, in this case, be interacting at the active site rather rather than 

the acetylenic moiety.

CN

P h -C Ph
Ph UCL 1506 

Fig. 53

UCL 2022 is the corresponding acetylenic analogue of a clotrimazole analogue, UCL 

1851, table 26. UCL 2022 was reported to be 11 fold less active than UCL 1710 and 

approximately 18 fold less active than UCL 1994 (table 24). This compound was second 

least active in this series, and the sudden decrease in activity observed with this alcohol 

could be a result of several factors. Firstly, a sudden decrease in log P and CLOGP is 

observed in the compound in comparison to UCL 1710 and UCL 1994. The molecule 

being an alcohol, can thus behave as a H-bond donor or acceptor, and these characteristics 

may be influencing activity at the active site. The R substituent shown in fig. 54 in this 

case is simply an alcohol moiety and is of considerable shorter chain length and, as a 

consequence, occupies a smaller volume than the R substituent of UCL 1710 and 1994.

UCL 2023 is also an acetylenic analogue of clotrimazole (see table 25) and was shown 

to be 27 times less active than UCL 1994, and approximately 17 times less active than 

UCL 1710 (table 24). This decrease in activity may also be related to the compound being 

less lipophilic than UCL 1710 and 1994, although the log P and CLOGP calculations of
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this compound don't seem to agree. However, despite this discrepancy, the compound has 

lower activity with respect to UCL 1994 and 1710. One possible suggestion is that in UCL 

2023 the aromatic planar imidazole ring (replacing a saturated amine or an open chain 

amine) may be causing the decrease in activity by interfering at the active site.

The UCL 1608 analogues shown in table 24 are based on the general

structure shown in fig. 54

CH2C= CCH2— R

Fig. 54
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T able 24

UCL

No.

R IC50 

(tiM) (s.d.)

I f

L ogP

CLOGP

1710

Et

- w

Me

0.21 ± 0.03 9.53 8.90

1994
,C H 2 CH2 CH2 CH3

N \
CH2 CH2 CH2 CH3

0.13 ±0.01 9.90 8.92

1995 “O 1.90 ± 0 .2 7 7.98 7.34

1996 > 1 0 8.41 7.57

1997 / — \  
— N >

0
0.24 ± 0.02 9.69 8.77

2 0 2 0 —  N y — CH2 Ph 1.3 ± 0 .1 10.15 9.27

2 0 2 1 “V
H3C CH3

0.76 ± 0 .1 6 10.05 9.45

2 0 2 2 — OH 2.3 ± 0.1 6 .0 5.67

2023 —
\ = ; N

3.5 ± 0.2 7.39 5.92

6.4.1 S um m ary  of the UCL 1608 Series

The reasonable correlation obtained of the activities of the esters versus the corresponding 

acetylenes, graph 5, illustrates that the acetylenes were in general, more active than their 

corresponding ester analogues, further suggesting the importance of the acetylenic link in
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activity and demonstrating that the increase in lipophilicity in moving from the esters to the 

corresponding acetylenes, causes an increase in activity.

The pharmacological results of the UCL 1608 series shown in table 24 illustrate three 

points. In general, some increases in activity are observed with increasing log P  (see 

graph 6 ). The mathematical relationships of -Log IC50  versus CLOGP or log P  (using

Rekker values) were found to be (equations 27 and 28 respectively);

-Log IC50 = 4 .11+  0.25 CLOGP r = 0.71 Eq. 27

-Log IC50  = 3.98 + 0.24 Log P r = 0.69 Eq. 28

where r, the correlation coefficient has a value of 0.71 indicating some correlation, 

(although not very strong), between drug potency and drug lipophilicity when using 

CLOGP values. The correlation coefficient r, whilst using log P Rekker values was 

calculated to be 0.69, a similar value to that obtained whilst using CLOGP values.

The activity of UCL 1994, the most active compound synthesised on the project, 

demonstrated that a cyclic ring amine is not nessesary for activity, since the open chain 

amine was even more active, illustrating a possible structural component important for 

activity. Thirdly, the activities of UCL 2022 and UCL 2023 demonstrate that as log P 

decreases, activity decreases (as traditionally suggested for all the cetiedil analogues 

synthesised, both past and present).
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G raph 6

•Log IC 50 versus CLOGP for the UCL 1608 series (Eq. 27).

oin
U

exo
U

7

6

5
5 6 8 9 1 07

CLOGP

K e y

IÇ 5 0 - (pM) IC.-o (pM )

1 UCL 2022 2.30 5 UCL 1710 0 .2 1

2 UCL 2023 3.50 6  UCL 1994 0.13

3 UCL 1995 1.90 7 UCL 2020 1.30

4 UCL 1997 0.24 8  UCL 2021 0.76

Graph 7 is a plot of -log IC50 versus Log P for all the compounds shown in tables 2 2

24 . -Log IC50 versus log P or CLOGP were found to be (equations 29 and 30 

respectively):

-Log IC50 = 4.27 + 0.20 Log P r = 0.58 Eq. 29

-Log IC50 = 4.37 + 0.19 CLOGP r = 0.50 Eq. 30

where the correlation coefficient r is 0.58 (when using log P values, and 0.50 when using 

CLOGP values) indicating a weaker correlation than the cetiedil analogues previously
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synthesised where r was calculated to be 0.90 (see graph 1 section 2.7, chapter 2). This is 

because certain structural components now seem to be important for activity rather than 

increases in lipophilicity (although this is still is important for activity, but to a much lesser 

extent than previously suggested).

G raph 7

A plot of -Log IC 50 versus Log P for the UCL 1495, 1710 and 1608 series

(Eq. 29)

o
I T )

u
OD

7

6 II □

□ 17

z  □

5
1 15 6 7 8 9 1 0

Log P

Key:

IC5 0  (|iM) IC5 0  (hM) IC5 0  (HM) IC5 0  (HM)

1 UCL 2022 2.30 5 UCL 1645 1.16 9 UCL 1814 0.28 13 UCL 1994 0.13

2 UCL 1617 6.60 6  UCL 1495 1.16 10 UCL 1710 0.21 14 UCL 1977 2.30

3 UCL 2023 3.50 7 UCL 1995 1.90 11 UCL 1835 1.06 15 UCL 2021 0.76

4 UCL 1644 2.47 8 UCL 1608 1.50 12 UCL 1997 0.24 16 UCL 2020 1.30

17 UCL 1976 2 . 2 0
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6.4.2 Aqueous Solubilty of the Ester and Acetylenic Analogues

The aqueous solubility of the acetylenes in comparison with ester analogues was noted 

whilst conducting pharmacological testing on these compounds. Generally, it was 

observed that the acetylenic analogues were more water soluble than their corresponding 

ester analogues. The comparisons were made between UCL 1996 and the corresponding 

ester analogue, UCL 1506 which when tested, only produced 75% of the maximum 

inhibition. UCL 2020, the acetylenic analogue was also compared with the solubility of the 

corresponding ester analogue UCL 1475, which when tested, produced variable maximum 

inhibitions. The "ease" of dissolving UCL 1710 in the assays used in comparison to the 

ester analogue, UCL 1495 was also noted.

The aqueous solubility of esters is generally attributed to hydrogen bonding. It has been 

proposed that the water molecules, hydrogen bond to the electron density at the oxgen 

atom, of the carbonyl moiety (see fig. 55 ) . ^  3 5 6

R - C - O - R

Fig. 55

The aqueous solubility of the acetylenes has also been proposed to be attributed to 

hydrogen bonding. When the acetylenes are dissolved in water, hydrogen bonding has 

been suggested to occur between the water molecules and the pi electrons of the of the 2 py 

and 2p^ orbitals of the acetylene (see A, fig. 56), since it has been reported that o- 

hydroxyphenylacetylene undergoes intramolecular hydrogen bonding, in which the 

acetylenic bond acts as an acceptor (by pi bonding) for the hydroxylic proton (see B fig. 

56) 321.
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CH

R - C E C - R

(A) (B)

Fig. 56

Therefore, it can be suggested that two molecules of water can hydrogen bond to the pi 

electrons of the 2p orbitals. Perhaps the esters in comparison, can only hydrogen bond to 

one molecule of water at a time. This may explain why the acetylenes appeared to have 

better aqueous solubility than their corresponding ester analogues.

6.5 The Clotrimazole-Heterocyclic and Open Chain Series

As discussed in the introduction, chapter 1 and in selection of compounds, chapter 2, the 

anti-mycotic agent clotrimazole (see table 25) has recently been shown to be a potent 

inhibitor of IKca in human erythrocytes and it was therefore of interest to test this 

compound and include it for comparative purposes in table 25). Clotrimazole was 

commercially available from Sigma chemicals and, although it has a low log P value in 

comparison to UCL 1710 and UCL 1994 in the acetylene series, it was found to be quite 

active (although approximately 4 fold less active than UCL 1710 and 7 fold less active 

than UCL 1994) with an IC50 value of 0.94 |xM (see table 25). The interesting feature of 

clotrimazole is that on rabbit red blood cells, the IC50  was found to be 2.5 ± 0.5 pM. This 

value was considerably greater than the estimate of 0.1 pM for ^^Rb uptake in human 

erythrocytes reported by Alvarez e ta l To  test the possibilty that this discrepancy may 

be due to a species difference, D.C.H. Benton and M. Malik tested clotrimazole on human 

red blood cells, and reported the IC50 to be 0.94 pM  ± 0.11. From this it would appear 

that human red blood cells are more sensitive to blockade by clotrimazole. However, the 

differences in techniques used may also be a contributing factor. Clotrimazole is not that 

structurally similar in comparison to UCL 1495 or UCL 1710, apart from containing a



Results and Discussion 213

lipophilic trityl group. Since the molecule contains a polar, planar, aromatic heterocycle, 

and an electron-withdrawing chloro substituent on one of the benzene rings it may act at a 

different site to that of the UCL 1495, UCL 1608, and 1710 series on the IKca channel.

UCL 1923, table 25, containing the chloro substituent in the para position of the 

benzene ring was reported to be approximately 2  times less active than clotrimazole (which 

contains the chloro residue in the ortho position). This result indicated a preference for the 

chloro substituent to be in the ortho position for activity, especially since no comparisons 

can be be made in log P in this case (see table 25). This result suggested a possible 

structural component necessary for activity.

UCL 1694, containing the imidazole moiety as in clotrimazole and attached to the 

imidazole ring, a ethyl and methyl substituent, and a carbonyl group, retaining a feature in 

common with UCL 1495 was found to have low activity, approximately 15 fold less 

active than clotrimazole and 12 fold less active than UCL 1495. This considerable decrease 

in activity may once again be attributed to the decrease in log P  especially in comparison 

to UCL 1495 which is at least 2 log units higher (with respect to both methods of 

calculation).

UCL 1880 containing the aminopyridinyl residue replacing the imidazole ring moiety, 

was found to be 2  fold less active than clotrimazole although having comparable lipophilic 

values (taking into consideration both methods of calculation). The decrease in activity 

may be attributed to an increase in chain length by virtue of the amino (NH) group situated 

between the trityl a  carbon and the R substituent (see table 25). In addition this amino 

group can act as an H-bond donor as was in the case of UCL 1617 (table 22). The H- 

bond donor property of the NH group may be influencing activity at the active site.

UCL 1892, the corresponding 4-chloro isomer of UCL 1880 was found to be almost 

equipotent with UCL 1880, and roughly 2.5 times less active than clotrimazole. This 

result further suggests that having the chloro residue in the para  position decreases 

activity.

Analogue UCL 1992 replacing the imidazolyl moiety with N-methyIpiperazine reduced 

activity by approximately 7 fold in comparison to clotrimazole. The introduction of the N- 

methylpiperazine which is a saturated heterocycle that has a distorted conformation seemed
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to decrease activity. In this case the N-methyl piperazine contains two nitrogen atoms that 

each have lone pairs of electrons unlike that of imidazole which contains two nitrogen 

atoms in which one of the lone pairs of electrons are delocalised into the aromatic ring. 

These "available" lone pairs of electrons in UCL 1992 may be influencing activity at the 

active site and moreover, since the N-methyIpiperazine is not planar and aromatic, and 

bigger in volume, it may as a result not be accommodating as well at the active site as the 

imidazolyl moiety of clotrimazole does.

UCL 2024, the dibutyl analogue which is the open chain isostere of the 5-ethyl-2- 

methyl piperidyl moiety produced only 15% of the maximum inhibition in the 

pharmacological testing. This problem of aqueous solubility has often been encountered 

whilst testing IKca blockers. A detailed solubility analysis involving UV spectroscopy of 

two compounds formerly synthesised by Dr. S. Athmani has been carried out and 

discussed in chapter 4 section 4.9. The two compounds investigated were UCL 1495 

(table 22) and UCL 1539 (see fig. 57).

/ — \  .C0 CH3
Ph—C —COp— CHpCHp— N

I  ̂  ̂ \ ___/  Ph
Ph UCL 1539

Fig. 57

UCL 1495 with respect to the Rekker method of calculation has a log P  value of 7.53. 

UCL 1539 using the same method of calculation, has a log P value of 6.51. Surprisingly 

UCL 1539 was insoluble in the pharmacological assays used despite having a lower log P 

value (1 log unit lower) than UCL 1495. UCL 1495 was soluble in the assays used but 

studies on the solubility of UCL 1495 indicated that the compound almost reaches the 

maximum level of solubility in the pharmacological assays used. Moreover, UCL 1495 

and 1539 were tested as their corresponding oxalate salts which should theoretically 

improve the aqueous solubility of the compounds. However, the stability of the crystal 

structures of each compound will influence the solubility properties of each, and hence it 

can be suggested that the crystal structure of UCL 1539 is more stable than the crystal
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structure of UCL 1495. However, this was not the case in UCL 1539, since it is found to 

have a much lower melting point value (107-110 ^C) than UCL 1495 (201-202 ^C). UCL 

2024 has a log P value of 8.85 and was submitted for pharmacological testing as a free 

base and not as the oxalate salt. Based on the high log P  value calculated for UCL 2024, 

(in comparison to UCL 1539 and UCL 1495), it was of no surprise for UCL 2024 to 

exhibit poor aqueous solubility.

Finally UCL 2025 of this series was found to have low activity with an IC50 of 9.8 

|iM, roughly 10 fold less active than clotrimazole. The reduction in activity of UCL 2025 

which is the open chain isostere of UCL 1922 cannot be related to log P  in comparison 

with clotrimazole since their values are similar. The reason for the low activity of the 

compound could be attributed to the fact that the carbon-carbon bonds of the dibutyl 

moiety have free rotation and are therefore not restricted and rigid as in the case of 

imidazole ring which is planar. Another reason for the inactivity of UCL 2025 could 

simply be that the amine is not aromatic since saturated amines do not appear to be active 

in this series as suggested in the result obtained for UCL 1922. The further decrease in 

activity observed for UCL 2025 in comparison to UCL 1922 simply states that the open 

chain analogue of the saturated amine is even less active. However further analogues need 

to be synthesised in order for this suggestion to be clarified.
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C -R

Fig. 58

Clotrimazole-heterocyclic and open chain analogues based on the general

structure shown in fig. 58.

Table 25

UCL No. X R IC5O 

(pM) s.d.)

1 /

L ogP

CLOGP

Clotrimazole 2-Cl — n ' ^
V = ^N

0.94 ±0 .11 6.34 5.05

1694 H
H / v f

— C - N  1

r
Me

14 ± 6.0 5.50 5.13

1880 2-Cl 1.95 ± 0 .1 0 5.92 6.06

1892 4-Cl 2.33 ± 0.40 5.92 6.06

1922 2-Cl / — \
—  N N —C H q

6.4 ± 1.0 5.02 6.12

1923 4-Cl
\ ^ N

2.1 ± 0 .1 4 6.34 5.05

2024 2-Cl
^ C H 2 C H 2 C H 2 C H g

N
^ C H 2 C H 2 C H 2 C H g

insol 8.85 8.47

2025 2-Cl
/ C H 2 C H 3

N
'^CH aCH g

9.8 ± 1.93 6.77 6.35
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6.5.1 Summary of the Clotrimazole Heterocyclic and Open Chain Series

In this series the ortho  chloro analogues appeared to be more active than their 

corresponding para isomers on the IK^a channel. The saturated heterocyclic ring amines 

such as UCL 1922 also appeared to have low activity and moreover, the open chain 

analogue of UCL 1922, UCL 2025 was the least active of the series. Clotrimazole was still 

found to be the most active of the series.

Graph 8 is a plot of -log IC50 versus log P for the compounds shown in table 25. The 

mathematical relationships of -log IC50 versus log P  was found to be:

-Log IC50 = 4.14 + 0.22Log P  r = 0.30 Eq. 31 

where r, the correlation coefficient is 0.3 indicating almost no correlation at all between 

activity and lipophilicity for this series. When plotting CLOGP values instead of log P 

values against -log IC50 , also produced a similar correlation coefficient value of 0.28
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G raph 8

A plot of -Log IC 50 versus Log P for the clotrim azole heterocyclic and

open chain series (Eq. 31)
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4.8
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Key:

LCso-O iM )

5 UCL 1923 2.10

6  Clotrimazole 0.94

7 UCL 2025 9.80

I C j n (|iM )

1 UCL 1922 6.40

2 UCL 1694 14.0

3 UCL 1892 2.33

4 UCL 1880 1.95

6 .6  Clotrim azole Non-Amino Series.

The discovery of clotrimazole as an IKca blocker was reported by Alvarez et al who 

had also reported that the clotrimazole metabolite (discussed in chapter 1 and 3), UCL 

1851 (table 26) to be quite active in comparison to clotrimazole. This result suggested that 

the imidazole moiety was not essential for activity (unlike in the case of the activity of 

clotrimazole as an antifungal agent, in which the imidazole moiety is essential for activity



Results and Discussion 219

). As a result, clotrimazole non-amino analogues were synthesised and submitted for 

pharmacological testing and the results are shown in table 26. UCL 1851 was also 

synthesised for this study for comparative purposes and the biological result obtained 

showed the compound to be quite active, and only approximately 3 fold less active than 

clotrimazole although is calculated to be 0.5-1 log P  unit lower (with respect to both 

methods of calculation) than clotrimazole. This result provided further supporting evidence 

as previously suggested by Alvarez et a l , that the imidazole ring is not required for activity 

on erythrocytes.

UCL 1864 (see table 26) was the most potent compound found in this series of non

amino analogues. This compound was roughly 5 fold more potent than UCL 1851 and 

almost 2 fold more potent than clotrimazole. In comparison with UCL 1851, the 

compound contains the tris-chloro substituents in the unfavourable para position (the 

unfavourability of substitution in the para  position has been proposed from the 

clotrimazole heterocyclic and open chain series vide supra ). The increase in activity of 

UCL 1864 compared with UCL 1851 may perhaps simply be related to the subsequent 

increase in log P (approximately by 1.5 log units higher by both methods of calculation) 

due to the addition of the chloro residues. The increase in log P  combined with the fact 

that the compound is an alcohol and hence contains H-bond donor/acceptor abilities which 

may be influencing activity.

UCL 1887, a trityl alcohol, had low activity, approximately 11 fold less active than 

UCL 1864 and 2.5 fold less active than UCL 1851 and 7 fold less active than clotrimazole. 

This result suggested that a trityl alcohol analogue alone (containing unsubstituted benzene 

rings) was insufficient for activity and a slight decrease in log P at roughly 0.7 log units 

higher in going from UCL 1851 to UCL 1887 was enough to cause a 2.5 fold deccrease in 

activity.

Moreover, the activity of UCL 1893 (see table 26) confirmed the fact that the chloro 

substituent in the para  positon as opposed to the ortho position increased activity by 2  

fold in going from UCL 1851 to UCL 1893 and by over 2 fold less active in comparison to 

UCL 1864. This suggested a possible structural component of activity in which the 

presence of chloro substituents or perhaps of other lipophilic groups in the para position
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on the benzene ring increases activity. This is in constrast with the results of the 

clotrimazole heterocyclic and open chain series which suggested that the chloro substituent 

was favoured in the ortho position rather than the para .

UCL 1885, a ketone analogue with increasing the chain length at the a  carbon of the 

trityl moiety was found to be quite active, 5 fold more active than UCL 1890, and of 

similar activity to UCL 1893. The activity of UCL 1885 suggested that the alcohol moiety 

was not essential for activity since the keto analogue was of similar activity to UCL 1893. 

The keto function can behave as an H-bond acceptor at the active site (as may alcohols) and 

it is perhaps for this property (in addition to being more lipophilic) that the alcohol 

analogue UCL 1864 was found to be active.

UCL 1886, the carboxylic acid analogue of 1887 was found to have very low activity, 

more than 6  fold less active than UCL 1887, 71 fold less active than UCL 1864 and 31 

times less active than UCL 1893. The dramatic decrease in activity was not due to the 

decrease in log P since UCL 1887 is even less lipophilic and yet 6  times more active than 

UCL 1886. The low activity of UCL 1886 may be because the benzene rings are not para- 

substituted with lipophilic groups but the main suggestion most probably, is the properties 

of the carboxylic acid fuctionality. Carboxylic acids, (see below) in aqueous solution 

dissociate slightly (see below) and the negative charge is delocalised over both oxygen 

atoms, resulting in the stabilisation of the carboxylate ion:

+ H2O
0 - H

c-c
O : 0

Resonance-stabilised carboxylate ion 
(two equivalent resonance forms)

+

H 3 O+

This distribution of negative charge in the carboxylate ion may be affecting interaction at 

the active site.
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UCL 1890 the ester analogue of UCL 1885 was approximately 5 fold less active than 

UCL 1885 and over 6  fold more active than UCL 1886. The increase in activity from UCL 

1886 to UCL 1893 can be attributed to the increase in log P (ranging from 0.8-1 increase 

in log units with respect to both methods). The decrease in activity in going from UCL 

1890 to UCL 1885 could be attributed to the properties of the ester functionality.

The keto analogue, UCL 1885 is, as mentioned above, roughly 5 fold more active than 

UCL 1890. The partial polarity of the carbonyl function allows for the possibility of UCL

1885 to hydrogen bond at the active site. The increase in activity of UCL 1885 in 

comparison to UCL 1890 could simply be due to the decrease in chain length, providing a 

better fit at the active site (It should be noted that both the carboxylic acid analogue, UCL

1886 and the ester UCL 1890 have been proposed to both hydrogen bond at the active site 

in a similar manner as previously suggested in fig. 55).
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C -R

Fig. 59

Clotrimazole non-amino analogues (table 26) are based on the general

structure shown in fig. 5 

Table 26

UCL

No.

X Y Z R IC50 

(p.M) (s.d.)

I f

L ogP

CLOG

P

1851 2-Cl H H OH 2.60 ±0 .1 0 4.95 4.60

1864 4-Cl 4-Cl 4-Cl OH 0.56 ± 0.01 6.43 6.03

1885 H H H COCH2CH3 1.37 ± 0 .3 0 5.25 4.74

1886 H H H CO2H >40 4.74 4.20

1887 H H H OH 6.40 ± 0 .18 4.21 3.89

1890 H H H CH2CO2CH3 6.61 ± 1.25 5.64 5.01

1893 4-Cl H H OH 1.28 ± 0.04 4.95 4.60

6.6.1 Summary of the Clotrimazole Non-Amino Series

UCL 1864 was the most active compound of the series and the activity of this compound 

has been suggested to be as a result of the increase in log P  and the presence of lipophilic 

chloro substituents in the para  position. The activity of UCL 1864 confirmed the 

suggestion that the imidazole ring is not essential for activity as already proposed by 

Alvarez et a l . In this series, the 4 chloro isomers were found to be more active than the 2  

chloro isomers, as seen by UCL 1851 and UCL 1893, in contrast to the results of the
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clotrimazole hetrocyclic and open chain series. The carboxylic acid derivative UCL 1886 

was the least active of the series which was possibly due to the electronic effects of the 

molecule which may be interfering at the active site.The ester analogue, UCL 1890 also 

had low activity suggesting that the carboxylic derivatives generally have low activity at the 

channel. The activity of UCL 1885 which was similar to the activity of UCL 1893 

suggested that an alcohol moiety was also not necessary for activity, but questioned 

whether an H-bond acceptor, (which the carbonyl function can behave as), is necessary for 

activity. The low activity of UCL 1887 further supported the idea that an alcohol moiety is 

not required for activity and the decrease in activity of this compound may also be 

attributed to a decrease in log P in comparison to UCL 1893 and UCL 1851.

Graph 9 is a plot of -log IC50 versus CLOGP of the clotrimazole non-amino analogues 

shown in table 26. Graph 9 clearly shows a correlation (although not very strong) between 

drug potency and drug lipophilicity in the clotrimazole non-amino series. The mathematical 

relationship of -log IC50 versus CLOGP or log P  were found to be (equations 32 and 33 

respectively):

-Log IC50 = 3.70 + 0.41 CLOGP r = 0.68 Eq. 32

-Log IC50  = 3.89 + 0.34Log P r = 0.60 Eq. 33

where the correlation coefficient r was calculated to be 0.68 (when using CLOGP values), 

and 0.60 (when using log P values). The main outlier shown in graph 9 is UCL 1890.
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A plot of -Log IC 50 versus CLOGP for the clotrim azole non-amino

analogues. (Eq. 32)

G raph 9

6.4

6.2  -

6.0  -

5.6 -

5.4-

5.2 -

5.0
73 5 64

CLOGP

K ey  :

IC 50 (^iM) IC 50 ( |iM )

1 UCL 1887 6.40 4 UCL 1885 1.37

2 UCL 1851 2.60 5 UCL 1890 6.61

3 UCL 1893 1.28 6  UCL 1864 0.56

Graph 10  is a plot of -log IC50 versus log P for the compounds shown in tables 25-26.

The mathematical relationship between -log IC50 versus log P or CLOGP were found to

be (equations 34 and 35 respectively):

-Log IC50 = 4.79 + 0 .13Log P r = 0.22 Eq. 34

-Log IC50 = 5.57 - 4.03 CLOGP r = 0.00 Eq. 35

where r is 0.22 (when using log P values) indicating almost no correlation between drug
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potency and drug lipophilicty of the combined series of compounds (as would be 

expected). Moreover, no correlation is found at all whilst plotting -log IC50 versus 

CLOGP values, as the coefficient r was found be close to zero.

A Plot of -Log IC 50 versus Log P for the clotrim azole heterocyclic and 

open chain series and the non-amino clotrim azole analogues (Eq. 34)

G raph 10
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IC 50  (|iM)

1 UCL 1887 6.40

2UCL1851 2.60

3 UCL 1893 1.28

4 UCL 1922 6.40

5 UCL 1885 1.37

6 UCL 1694 14.0

Log P 

K e y :

IC 50  (fiM)

7 UCL 1890 6.61

8 UCL 1892 2.33

9 UCL 1880 1.95

10 UCL 1923 2.10

11 Clotrimazole 0.94

12 UCL 1864 0.56

13 UCL 2025 9.80
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6.7 Conclusions and Future Perspectives

The UCL 1495, UCL 1608 and the UCL 1710 series are analogues synthesised that were 

related to the structure of the antisickling agent cetiedil, the original lead compound. These 

compounds were synthesised in an attempt to build on the limited existing structure-activity 

data. Generally speaking, from the three series mentioned, a correlation between drug 

potency and drug lipophilicity existed although not very strong in comparison to the 

correlation obtained for the previous compounds synthesised, (graph 1, chapter 2). Since it 

was not practical to increase lipophilicity ad infinitum, and investigate the consequences, 

the main aim of the present work was to attempt to identify structural features which 

influence activity. UCL 1495 was adopted as the lead compound for this thesis. From the 

UCL 1495 series, separation of the geometrical isomers of UCL 1495 suggested that 

activity could be stereochemically related since the trans isomer (UCL 1645) was the 

most active. The activity of the quaternary ammonium derivative UCL 1631, invalidated 

the previous suggestions that quaternary ammonium derivatives were inactive (and that a 

dissociable proton was necessary for activity), but put emphasis on the permanently 

charged nitrogen, interfering with access to the site of action rather than binding. The 

amide analogue, UCL 1617 had shown that an H-bond donor was not necessary for 

activity, in comparison with the activity of UCL 1495, and further supported the previous 

suggestion that drug potency correlates with increasing lipophilicity.

The important message from the UCL 1710 series was that the acetylenic link 

contributes to activity as deduced from the activities of the corresponding alkane, UCL 

1976 and alkene, UCL 1977 analogues, thereby identifying an important structural 

component in activity. Activity was also of a stereochemical consequence in this series as 

shown between the activities of the separated geometrical isomers of UCL 1710, but in this 

case was more pronounced, with the trans adduct (as for the trans isomer of UCL 1495) 

as the more active stereoisomer, confirming a preferred stereochemistry at the active site.

The UCL 1608 series suggested that a saturated heterocyclic ring amine is not essential 

for activity since the open chain dibutyl analogue, UCL 1994, was shown to be the most 

active compound synthesised. The decahydroquinolino analogue, UCL 1997 had also 

suggested a possible structural influence in activity which was not solely due to the high
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log P  value calculated for the compound, since the activity of the trimethyl substituted 7- 

membered ring analogue, UCL 2021 was lower despite having a higher log P value. The 

activity of the UCL 1997 indicated that a fused ring amine is also active (but, to a lesser 

extent than the open chain analogue, UCL 1994). The decrease in activity of the carbinol 

UCL 2022 and the imidazolyl analogue UCL 2023 may have been in connection with the 

decrease in log P. In addition, it is interesting to note that the compounds UCL 1996, the 

piperidyl cyanophenyl analogue and UCL 2020, the piperidyl benzyl analogue had 

indicated no problems in aqueous solubility as previously encountered by their 

corresponding ester analogues.

It can be concluded from the three series mentioned above that the acetylene linkage is 

important for activity and a saturated heterocyclic ring amine is not essential for activity 

since the open chain amine was found to be the most active compound synthesised on the 

project yet. It is also clear that in general, increasing lipophilicity increases the activity of 

the compounds (but to a much lesser extent than previously suggested) and it appears that 

this applies to subsitutions made at any part of the molecule. However, the importance of 

the distribution of the lipophilic groups has not been studied systematically. It would be of 

interest for future study to compare the activity of compounds with similar log P values 

but with different distributions of the lipophilic groups. It is proposed that the acetylenic 

linkage would be kept in addition to the presence of a saturated amine. Examples of these 

are shown in fig 60.
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H C H 2 C = C C H 2 — N

CHpCH
H2C CH2C=CCH2— N

CHpCH

H 3C — C  —  C H 2 C = C C H 2 — N CH

Fig. 60

In conclusion to the clotrimazole series, the heterocyclic and open chain analogues and 

the non-amino analogues, less structure activity is available since the work based on 

clotrimazole as the new lead compound is still in the preliminary stages. However, certain 

conclusions can be drawn, from the heterocyclic and open chain series. In this series, the 

2-chloro isomers seemed to be more active than their corresponding 4-chloro isomers (as 

shown by the activity of clotrimazole and the 4-chloro imidazolyl analogue UCL 1923, 

and the 2-chloro aminopyridyl analogue UCL 1880 with the 4-chloro aminopyridyl 

analogue UCL 1892). Saturated ring and open chain amines appeared to have lower 

activities in this series in contrast with the UCL 1608 series of cetiedil analogues. A weak 

correlation between drug potency and drug lipophilicity exists in this series (as shown in 

graph 8 ). Clotrimazole was still the most active compound found in this series.
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In the clotrimazole non-amino series, the most active compound found was UCL 

1864 which contained 3 chloro substituents (in the para positions on each of the benzene 

rings of the trityl moiety). Whether the activity of this compound was structurally related or 

whether it was simply the high log P value calculated for this compound that was 

responsible for the activity in comparison to the rest of the series remains to be seen. The 

activity of this compound does however confirm the fact that the imidazole ring is not 

essential for activity. In this series the para chloro carbinol, UCL 1893 was more active 

than the corresponding ortho chloro carbinol, UCL 1851 which was in contrast to the 

clotrimazole heterocyclic series which showed the ortho isomers to be the more active. 

The carboxylic acid derivative, UCL 1886 had a very low activity and the ester analogue, 

UCL 1890 also had a low activity, possibly suggesting interference of the electronic effects 

of the carboxylate group at the active site. Moreover the keto analogue, UCL 1885 was 

almost equipotent with the alcohol analogue, UCL 1893, suggesting that the alcohol 

moiety is not essential for activity. The activity of the keto analogue UCL 1885 suggested 

that an H-bond acceptor may be necessary for activity.

The suggestions mentioned above for the activities of both the heterocyclic and open 

chain series of clotrimazole analogues and the non-amino series of clotrimazole analogues 

do however need to be confirmed by the synthesis of more compounds before any solid 

conclusions can be drawn from the activity o f both series. In order to address the 

suggestions mentioned above, some proposals for various compounds to be synthesised in 

the future have been shown in fig 61.
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CHAPTER 7 

EXPERIM ENTAL

Starting materials were obtained commercially from Aldrich, Lancaster and Sigma, except 

for AS/1 A, AS/3B AS/320C provided by the courtesy of Dr S. Athmani. Compounds with 

the identifications IS-17B and IS-23A were made by Mr I. Shah as part of his 3^^ year 

Medicinal Chemistry project (supervised by Professor C. R. Ganellin and myself). 

Melting points (mp) were determined using an Electrothermal (open capillary) melting 

point apparatus and are uncorrected. Thin layer chromatography (TLC) was carried out on 

Merck Kieselgel 60 F254 plates, visualised at 254 nm and then either with potassium 

permanganate, potassium iodoplatinate or vanillin spray reagents. Preparative TLC was 

carried out on silica gel 60 F254 pre-coated glassplates with concentrating zone 2.5 cmx20 

cm. Analytical High Performance Liquid Chromatography (HPLC) was carried out on a 

Gilson HPLC apparatus using a Kromasil C%g 7 |im  reverse phase column, a flow rate of 

1 ml/min and UV detection at either 215 or 254 nm. For analytical HPLC the column used, 

and the composition of the mobile phase employed for each individual compound, (A/B 

ratio), will be given in the following sections where appropriate. Preparative HPLC was 

carried out on a Gilson appartus using a Kromasil Cig 10 |L im , 250x22 mm reversed phase 

column, a UV detector at either 215 or 254 nm and a flow rate of 18 ml/min. The 

composition of the mobile phase, (A/B ratio), used for each individual preparative HPLC 

will be given in the following sections (indicated appropriately). Infrared (IR) spectra were 

recorded on a Perkin-Elmer 1600 series FTIR spectrophotometer using either Nujol mulls 

between sodium chloride plates or KBr discs. Ultra violet spectra were recorded on a 

double-beam Perkin-Elmer 554 UV-VIS spectrometer using pure solvent as a reference. 

Nuclear Magnetic Resonance (NMR) spectra were recorded on a Varian XL-200 NMR 

spectrometer at 200 MHz, or on a Varian VXR-400 spectrometer at 400 MHz. NMR 

spectra were recorded with reference to the solvent used. Signals are designated as 

follows; t, triplet; q, quartet; quint, quintet; m, multiplet, br s, broad singlet, td, triplet of 

doublets and dd, doublet of doublets. Mass spectra were run by Dr. M. Mmzek, Mr S.
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Corker and Miss S. Schulker on a VGZAB7070H Mass Spectrometer. Elemental analysis 

was carried out by Mr A. Stones of the departmental microanalysis service.

Thionyl chloride was distilled at atmospheric pressure prior to use. Benzene, toluene and 

acetonitrile were dried over sodium wire prior to use. All other solvents and reagents were 

used as recieved.

Separation of Cis andTrans isomers of N-r2-Triphenvlethanovloxvlethvl)- 

5-ethvi-2-methvl-piperidine UCL 1644 and UCL 1645

A mixture of cis and trans isomers of N-(2-triphenylethanoyloxylethyl)-5-ethyl-2-methyl- 

piperidine (sample AS/1 A, 0.512 g), was separated by column chromatography on silica 

gel using eluant petroleum spirit/ethyl acetate (5/5). Cis isomer, ZM-73A (0.215 g, 42%, 

0.0005 mol) was dissolved in abs. ethanol (6  ml) and added to a solution of anhydrous 

oxalic acid (0.053 g, 0.0006 mol) in abs. ethanol (3 ml). Diethylether (15 ml) was added 

and the product crystallised out of solution to give ZM-75A (0.215 g, 91%) as white 

crystals. ZM-75A (0.084 g) was recrystallised from abs. ethanol (hot)/diethylether (1/3) to 

afford the the cis isomer, ZM-77A, UCL 1644, (0.042 g, 50%) as the corresponding 

oxalate salt in the form of a white powder.

mp 195-197 OC.

Solubility, sol (MeOH),sp sol (H2O), insol (Et2 0 ).

TLC Rf = 0.59 (silica, EtOAc-pet spirit, 6:4).

HPLC 99.80% at 8.94 mins (Kromasil Cig 7 |xM 250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (10/90) where A is water with 0.01% triethylamine and B is methanol with 0.01% 

triethylamine.
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IR (KBr disc, cm-l) 2924 (s, C-H str CH2 , CH3), 2854 (w, NCH2 str), 1756 (s, CO2 str) 

1444 (m, C-H def CH2 , CH3), 746 (Ar-H out of plane def of monosubstituted benzene 

ring).

iR  NMR (400 MHz, CDCI3 , ppm free base) 7.21-7.11 (m, 15H, Ar-H), 4.29-4.16 (m, 

2H, ÇH 2 O), 2.68-2.65 (m, IH, piperidine-H2 ), 2.53-2.50 (m, 2H, Ç H 2N), 2.34-2.30 

(m, 2H, piperidine-H 6eq), 2.08-2.03 (m, IH, piperidine-H.6 ax), 1.57-1.50 (m, IH, 

piperidine-H 4eq), 1.44-1.39 (m, piperidine-H3eq), 1.35-1.25 (m, 2 H, piperidine-H^ax, 

piperidine-H ^ax), 1.24-1.02 (m, piperidine-H 3 ax, CH3 -Ç H 2 ), 0.82-0.74 (m, 6 H, 

ÇH 3CH2 , ÇH3CH).

Mass Spectrum (FAB) m/e 442 (M+H)+, 243 [(C6H5C)3C]+, 165 [(C6H5)2C]+, 154 [M- 

C02(C6H5)3C]+, 140 [M-CH2C02(C6H5)3C]+, 126 [M-CH2CH2C02(C6H5)3C]+, 112 

[M-CH3CH2CH2C02(C6H5)3C]+, 89 [(C6H5)C]+, 77 (CôHs)^.

Anal. Calc, for C30H35NO2 ; 1.1 C2H2O4 : C, 71.53; H, 6.94; N, 2.59.

Found : C, 71.53; H, 6.95; N, 2.65.

Trans isomer, ZM-73B (0.184 g, 36%, 0.0004 mol) was dissolved in hot abs ethanol (10 

ml) and added to a solution of anhydrous oxalic acid (0.045 g, 0.0005 mol) in abs. ethanol 

(3 ml). The trans isomer, ZM-75B, UCL 1645, (0.105 g, 48%) was produced as the 

corresponding oxalate salt in the form of white crystals.

mp 213-215 OC.

Solubility, sol (MeOH), sp sol (H2O), insol (Et2 0 ).

TLC R f = 0.38(silica, EtOAc-pet spirit, 6:4).
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HPLC 96.8% at 12.24 mins (Kromasil Gig 7 |iM  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (10/90) where A is water with 0.01% triethylamine and B is methanol with 0.01% 

triethylamine.

IR (KBr disc, cm-l) 2937 (s, C-H str CHi, CH3), 2863 (w, N-CH2 str), 1738 (s, CO-0- 

str) 1446 (m, C-H def CH2 , CH3 ), 701 (s, Ar-H out of plane def of monosubstituted 

benzene ring).

iH  NMR (400 MHz, CDCI3 , ppm free base) 7.22-7.07 (m, 15H, Ar-H), 4.31-4.21 (m, 

2H, ÇH 2 O), 2.87-2.55 (m, 2H, CHoNL 2.73-2.59 (m, IH, piperidine-H6eq), 1.98-1.96 

(m, IH, piperidine-H2ax), 1.68-1.61 (m, 2H, piperidine-H6ax» Ü4eq), 1.48-1.44 (m, IH, 

piperidine-H3eq), 1.35-1.22 (m, piperidine-H^ax), 1.18-1.10 (m, IH, piperidine-H3 ax), 

1.03-0.96 (m, CH3Ç H 2 ), 0.87 (d, J = 6.12 Hz, 3H, Ç H 3CH), 0.74 (t, J = 7.4 Hz, 3H, 

ÇH3CH2), 0.69 (m, piperidine-H4ax).

Mass Spectrum (FAB) m/e 442 (M+H)+, 243 [(C6H5C)3C]+, 165 [(C6H5)2C]+, 154 [M- 

C02(C6H5)3C]+, 140 [M-CH2C02(C6H5)3C]+, 126 [M-CH2CH2C02(C6H5)3C]+, 112 

[M-CH3CH2CH2C02(C6H5)3C]+, 89 [(C6H5)C]+, 77 (CeUsV.

Anal. Calc, for C30H35NO2 ; 0.8 C2H2O4 ; 0.8 H2O : C, 71.88; H, 7.29; N, 2.65.

Found : C, 71.88; H, 7.51 ; N, 2.29.

Synthesis of Triphenvlacetvl chloride (3/D

A mixture of triphenylacetic acid (3 g, 0.01 mol), thionyl chloride (23 ml, 0.32 mol) in 

chloroform (90 ml) was heated under reflux for 12 h. The chloroform was evaporated in 

vacuo to give ZM-45 as off-white crystals. The product was recrystallised twice from hot 

hexane to give ZM-45B (2.47 g, 77%) as white crystals.

mp 126-128 OC. Lit 128-129 «C.^IO
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IH NMR (200 MHz, CDCI3 , ppm) 7.28-7.43 (m, 15H, Ar-H)

Mass Spectrum (FAB) m/e 307*7309* (M+H)+, 273 (M-C1)+, 243 [(C6H 5 )3C]+, 165 

[(C6H5)2Q+, 89 [(C6H5)C]+, 77(C6H5)+.

(* Two peaks because of the two isotopes of Cl, and ^^Cl in the ratio of 1:3).

Synthesis of N-(2-Triphenvlethanovloxvlethvll-5-ethvl-2-methvl piperidine 

UCL 1495

A mixture of N-(2-hydroxyethyl)-5-ethyl-2-methyl)-piperidine, (sample ZM-37, 0.56 g, 

0.0032 mol), triphenylacetyl chloride (sample ZM-61B, 1 g, 0.0032 mol), and anhydrous 

sodium carbonate (0.173 g, 0.0016 mol) in dry toluene (30 ml) were heated under reflux 

for 38 h. After cooling, the mixture was filtered and the filtrate was evaporated in vacuo 

to give a brown oil. Purification by column chromatography on silica gel using eluant 

dichloromethane/ethylacetate (5/5) gave ZM-65 (0.5 g, 35%) as a mixture of cis and trans 

isomers in the form of a light brown oil.

Mass Spectrum (FAB) m/e 442 (M+H)+, 426 (M-CH3 )+, 243 [(C6H5)3C]+,165 

[(C6H 5 )2C]+, 154 [M-C0 2 (C6H 5 )3C]+, 140 [M-CH2 C 0 2 (C6H 5 )3C]+, 126 [M-CH2 

CH 2C02(C6H5)3C]+, 112 [M -CH3CH2CH2C02(C6H5)3C]+, 89 [(C6H 5 )C]+, 77 

(C6H5)+.

Synthesis of N-Methvl. N-(2-triphenv!ethanovIoxvethvI)-5-ethyl-2-methyl 

piperidinium iodide ÜCL1631

A mixture containing N-(2-triphenylethanoyloxyethyl)-5-ethyl-2-methyl-piperidine, 

(sample ZM-65, 0.5 g, 0.001 mol) and iodomethane (1.41 ml, 0.02 mol) in THF (30 ml) 

was heated under reflux for 3 h. After cooling, a precipitate formed. The product was 

collected by filtration under suction and washed with diethylether. The product was 

recrystallised twice from abs. ethanol to give ZM-69B (0.41 g, 62% yield), as a mixture of 

stereoisomers, in the form of a white powder.
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mp 228-230 dec.

Solubility, sol (MeOH), sp sol (H2O) sp sol (EtOH), sp sol (Et2Û).

TLC Rf = 0.36, 0.26 (silica, Et0 Ac-NH4 0 H-Me0 H, 5:1:1).

HPLC 19.25%, 35.33%, 17.67% and 27.74% at 6.72, 8.70, 9.40 and 9.73 mins 

respectively (Kromasil C%g 7 |xM 250x4.6 mm, 1 ml/min, UV 215 nm, A/B (30/70) where 

A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% trifluoroacetic acid.

IR (KBr disc, cm-l) 3 4 3 3  OH str), 2960 (s, C-H str, CH2 , CH3), 1743 (s, CO2 str) 

1445 (s, OH bending), 751, 702 (s, Ar-H out of plane def of monosubstituted benzene 

ring).

iH NMR is a mixture of stereoisomers.

IH NMR (400 MHz, CDCI3 , ppm) 7.38-7.16 (m, 15H, Ar-H), 4.80-4.65 (m, 2H, 

ÇH2O), 4.23-3.95 (m, 2H, ÇH 2CH2O), 3.57-3.12 (m, 2H, piperidine-H) 3.04 and 2.92 

(s, 3H, N+ÇH3 , 2.85-2.70 (m, IH, piperidine-H), 1.82-1.42 (m, IH, piperidine-H), 

1.29-1.01 (m, 6 H, CH3ÇH2 , piperidine-H), 1.0-0.80 (m, 6 H, ÇH 3CH, ÇH 3CH2).

Mass Spectrum (FAB) m/e 457 (M+H)-^, 243 [(C6H5)3C]+, 165 [(C6H 5)2C]-^, 154 [M- 

C H 3 C 0 2 ( C 6 H 5 ) 3 C ]  + , 140 [M -CH 3 C H 2 C O 2 ( C 6 H s ) 3 C ] +, 126 [M-

C H 3C H 2C H 2C 02(C 6H 5)3C ]+ , 112 [M -(C H 3)2C H 2C H 2C 02(C 6H 5)3C ]+ , 89 

[(C6H5)C]+, 77 (C6H5)+.

Anal. Calc, for C31H 38INO2 ; 0.5 H2O : C, 62.61; H, 6.52; N, 2.24; I, 21.95.

Found : C, 62.84; H, 6.63; N, 2.36; I, 21.42.
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Synthesis of N-r2-Hvdroxvethvl1-5-ethvl-2-methvl-piperidine (4/1)

5-ethyl-2-methyl-piperidine(1.5 g, 0.01 mol), 2 -bromoethanol, (0.84 ml, 0.01 mol) and 

anhydrous sodium carbonate (0.49 g, 0.006 mol) in dry toluene (30 ml) were heated under 

reflux for 12 h. After cooling, the mixture was filtered, and the filtrate was evaporated in 

vacuo leaving behind a brown oil. This oil was purified by distillation under reduced 

pressure (0.3 mm/Hg, 90-92 OC).This reaction gave ZM-1 (1.37 g, 6 8 % yield) as a 

mixture of cis and trans isomers in the form of a colourless oil.

NMR is a mixture of cis and trans isomers. 

iR  NMR (200 MHz, CDCI3 , ppm) 3.48-3.66 (m, 2H, Ç H 2 -OH), 2.82-3.10 (m, 2H, 

ÇH 2CH 2 OH), 2.40-2.58 (m, IH, N-CHMe), 2.09-2.25 (m, 2H, piperidine-H), 1.11- 

1.78 (m, 5H, piperidine-H) 1.06 (d, J = 10.47 Hz, 2H, CH3Ç H 2 ), 0.96 (d, J = 12.56 

Hz, 3H, ÇH 3CH), 0.86 (t, J = 7.48, 3H, ÇH 3CH2).

Mass Spectrum (El) m/e 171 (M)+, 156 (M-CH3 )+, 140 (M-CH2 0 H)+, 126 (M- 

CH2CH20H)+.

Synthesis of N-r2-Chloro-ethvl1-5-ethvl-2-methvl-piperidine hydrochloride 

(4/II)

Thionyl chloride ( 6  ml, 0.08 mol) in dry toluene (10 ml) was added dropwise to a solution 

of N-[2-hydroxyethyl]-5-ethyl-2-methyl-piperidine (sample ZM-1, 2.76 g, 0.02 mol) in 

dry toluene (20 ml) and the mixture was heated under reflux for 2 h. Removal of the 

solvent by evaporation under reduced pressure produced the crude product, ZM-5 as a 

dark brown oil. This oil was dissolved a further three times in toluene and evaporated in 

vacuo sequentially (this procedure was carried out in order to remove any residual thionyl 

chloride present). Ethanol and petroleum spirit (1/6) was added and the mixture was 

concentrated in vacuo until the crude mixture started to crystallise.The crude product was 

recrystallised first from propanol-2 -ol/diethyl ether ( 1/6 ) followed by hot filtration under 

gravity using methanol and charcoal. The filtrate was evaporated in vacuo to give ZM-5 

(1.53 g, 50%), as a mixture of cis and trans isomers, in the form of yellow crystals.
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iR  NMR is a mixture of cis and trans isomers in the ratio of 1:1. 

iR  NMR (200 MRz, CDCI3 , ppm) 4.19-3.97 (m, 2R, Ç H 2 CI), 3.52-3.40 (m, 2R, 

ÇH 2CR 2CI), 3.26-3.10 (m, 2R, piperidine-H), 3.05-2.90 (m, IR , piperidine-H), 2.65- 

2.20 (m, 2R, piperidine-H) 2.02-1.61 (m, IR, piperidine-H), 1.58 and 1.31 (d, J = 6.4 

Hz, 3R, ÇH 3CR), 1.47-1.19 (m, 3R, piperidine-H), 1.47-1.191.09 (qd, IH, piperidine- 

H4ax) 1.0-0.92 (m, 3H, ÇH 3CH2).

Mass Spectrum (FAB) m/e 192*/190* (M-kH)+, 176*/174* (M-CH3 )+, 154 (M-C1)+, 140 

(M-CH3C1)+, 112 (M-CH3CH2CH2C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Preparation of N-r2-Chloroethvl1-5-ethvl-2-methvl piperidine

A saturated solution of sodium carbonate (100 ml) was added to a beaker containing N-[2- 

chloroethyl]-5-ethyl-2-methyl-piperidine hydrochloride (sample ZM-5, 1.31 g, 0.006 mol) 

and stirred at r.t. for 1/2 h. The aqueous solution was extracted with chloroform (4x35 

ml) and the combined organic extracts were dried over anhydrous magnesium sulfate, 

filtered, and the filtrate was evaporated in vacuo to give ZM-19 (0.98 g, 89%) as a 

mixture of cis and trans isomers in the form of a light brown oil.

Mass Spectrum (FAB) m/e 192*/190* (M+H)+, 176*/174* (M-CH3)+, 154 (M-C1)+, 140 

(M-CH3C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Synthesis of 2-rN-(5-Ethvi-2-methvl-piperidvl)1-ethvl phthalimide (4/III)

A reaction mixture containing N-(2-chloroethyl)-5-ethyl-2-methyl-piperidine (sample ZM- 

19, 0.86 g, 0.005 mol), potassium phthalimide (1.09 g, 0.006 mol) in anhydrous 

dimethylformamide (6  ml) was heated under reflux for 15 h. After cooling, deionised 

water (15 ml) was added and the mixture was stirred for a few minutes at r.t. The mixture 

was filtered and the filtrate was extracted with diethylether (4x35 ml). The combined 

organic extracts were dried over anhydrous sodium sulfate, filtered and the filtrate was
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evaporated under reduced pressure to give a light brown oil, ZM-21 (0.74 g, 54%), as a 

mixture of cis and trans isomers, in the form of a light brown oil.

NMR is a mixture of cis and trans isomers.

IH NMR (200 MHz, CDCI3 , ppm) 7.79-7.70 (m, 2H, Ar-H), 7.69-7.65 (m, 2H, Ar-H), 

3.81-3.71 (m, 2H, C H iphthalim ide! 2.68-2.50 (m, 3H, C H iC H ip h th a lim id e . 

piperidine-H), 2.20-2.26 (m, IH, piperidine-H), 1.96-1.85 (m, IH, piperidine-H), 1.73- 

1.19 (m, 7H, piperidine-H, CH3-ÇH2 -), 1.07-0.78 (d, J = 6.1 Hz, 3H, ÇH 3CH), 0.93- 

0.78 (m, 3H, ÇH 3CH2).

Mass Spectrum (FAB) m/e 301 (M+H)+, 174 (phthalim ide-CH 2 C H 2 )''', 154 (M- 

phthalimde)+, 140 (M-CH2phthalimide)+, 126 (M-CH2CH2phthalimide)+.

Synthesis of N-r2-Aminoethvn-5-ethvl-2-methvl"piperidine (4/IV)

2-[N-(5-ethyl-2-methyl-piperidyl)]-ethyl-phthalimide, (sample ZM-21 and ZM-33, 1.97 g, 

0.007 mol), hydrazine hydrate (1.2 ml, 0.024 mol) in ethanol abs. (60 ml) were heated 

under reflux for 5 h. After cooling, aqueous sodium hydroxide (2 M) was added until an 

alkaline solution (pH 12) was achieved.The mixture was saturated with sodium chloride 

(solid) and extracted with chloroform (3x40 ml). The combined organic extracts were dried 

over anhydrous magnesium sulfate, filtered, and the filtrate was evaporated under reduced 

pressure to afford ZM-41 (0.87 g 78%), as a mixture of cis and trans isomers, in the 

form of a light brown oil.

^H NMR is a mixture of cis and trans isomers in the ratio of 1:1.

IH NMR (200 MHz, CDCI3 , ppm) 3.67-3.47 (m, 2H, CHoNHol. 3.00-2.70 (m, 3H, 

Ç H 2 C H 2N H 2 , piperidine-H), 2.57-2.36 (m, 2H, piperidine-H), 2.24-2.14 (m, IH, 

piperidine-H), 1.72-1.13 (m, 6 H, piperidine-H, CH3Ç H 2), 1.04 and 0.94 (d, J = 6.14 

Hz, 3H, ÇH 3CH), 0.84 (t, J = 7.23 Hz, 3 H,_ÇH3CH2 ).
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Mass Spectrum (El) m/e 170 (M)+, 155 (M-CH3 )+, 140 (M-CH2N H 2 )+, 126 (M- 

CH2CH2NH2)+.

Synthesis of N-2-rN*-(TriphenvIethanamidol-ethvll-5-ethvl-2-methvl- 

piperidine UCL 1617

N-[2-aminoethyl]-5-ethyl-2-methyl-piperidine (0.21 g, 0.001 mol), triphenylacetyl 

chloride (sample ZM-45B, 0.37 g, 0.001 mol) and triethylamine (0.51 ml, 0.004 mol) in 

dichloromethane (5 ml) were stirred for 26 h at r.t. followed by heating under reflux for 16 

h. The solvent was removed under reduced pressure to give a brown oil (0.5 g, 93% crude 

yield). Purification by column chromatography on silica gel using eluant ethyl acetate/pet 

spirit (6/4) gave the purified amine, ZM-53 (0.35 g, 64%), as a mixture of cis and trans 

isomers in the form of off-white crystals.

mp 70-73 Oc.

Solubility, sol (EtOH), sol (dil HCl), insol (H2O).

TLC Rf = 0.44 (silica, EtOAc-pet spirit, 6:4).

HPLC 99.79% at 8.94 min (Kromasil Cig 7 |xM 250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid.

IR (KBr disc, cm-l) 3 4 9 3  (w, CONH str), 3365 (w, NH), 2961 (m, C-H str, CH2 , CH3) 

1670 (s, CONH), 762, 620 (s, Ar-H out of plane def of monosubstituted benzene ring).

iH NMR is a mixture of cis and trans isomers.

IH NMR (400 MHz, CDCI3, ppm) 6.63 and 6.56 (br s, 1.96 Hz, IH, NH), 3.35-3.33

(m, 2H, CHoNHL 2.85-1.92 (m, 5H, CHoCHoNH. piperidine-H), 1.67-1.02 (m, 6H,
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piperidine-H, CH3ÇH 2 ), 0.99-0.87 (pseudoquartet of doublets, IH, piperidine-H^ax), 

0.82 (d, J = 7.08 Hz, 3H, ÇH 3CH), 0.78 (t, J = 7.58 Hz, 3H, Ç H 3CH2 ).

Mass Spectrum (FAB) m/e 441(M+H)+, 243 [(C6H5)3C]+, 197 [M-(C6H5)3C]+ 215 [M- 

C 0 (C 6 H 5 )3 C ] + , 165 [ (C e H sliC )^ , 154 [M -N H CO (C6H5)3C] + , 140 [M- 

C H 2N H C0(C6H 5)3C]+, 126[M -CH2CH2NHC0(C6H5)3C]+, 89 [(C6H5)C]+, 77 

(C6H5)+.

Anal. Calc, for C30H 36N2O : C, 81.78; H, 8.24; N, 6.36.

Found : C, 81.75; H, 8.15; N, 6.18.

Synthesis of 5-Ethvl-2-methvi-piperidino-2-butvn-l-ol (1)

Propargyl alcohol, 99% (0.32 ml, 0.006 mol), formaldehyde (37% wt solution in water) 

(1.29 ml, 0.02 mol), 5-ethyl-2-methyl-piperidine hydrochloride (sample ZM-133, 1 g, 

0.0055 mol) and copper (I) chloride (0.037 g, 0.0004 mol) were heated under reflux for 8 

h. After cooling, the mixture was acidified with 2 N HCl and extracted with chloroform 

(4x50 ml). The aqueous layer was made alkaline with cautious addition of aqueous 

ammonia (33%) and potassium carbonate (solid). The aqueous solution was extracted with 

chloroform (4x50 ml). The combined organic extracts were dried over anhydrous sodium 

sulfate, filtered, and the solvent removed in vacuo to give ZM-141 (1.05 g, 8 8 %), as a 

mixture of cis and trans isomers, in the form of a brown oil.

^H NMR is a mixture of cis and trans isomers in the ratio of 1 : 2.

IH NMR (400 MHz, CDCI3 , ppm) 4.28-4.26 (m, 2 H ,CH 2C =  CÇH2OH), 3.67-3.23 

(m, 2 H ,Ç H 2C =  CCH2OH), 2.80-2.77 (m, IH, piperidine-H 6eq), 2.61-2.24 (m, 2H, 

piperidine-H), 2.07-2.01 (m, IH, piperidine-H6 ax), 1 76-1.05 (m, 6 H, piperidine-H. 

C H 3Ç H 2 ), 1.06 and 0.97 (d, J = 6.45 Hz, 3H, Ç H 3 CH), 0.86 (t, J = 7.18 Hz, 3H, 

ÇH3CH2).
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Mass Spectrum (FAB) m/e 196 (M+H)+, 180 (M-CHs)^ , 178 (M-OH)+, 140 (M- 

CH2C =  CCH2OH), 126 (M- CH2C S  CCH2OH).

Synthesis of 5-Ethvl-2-methvl-piperidino-l-chloro-2-butvne (8)

To a cooled (0 ®C) solution of 5-ethy 1-methyl-piperidino-2-butyn-1 -ol, (sample ZM-141, 

0.8 g, 0.004 mol) in dichloromethane (3 ml), a solution of thionyl chloride (0.9 ml, 0.006 

mol) in dichloromethane (1 ml) was added dropwise. The solution was left to stir at r.t. for 

10 h. The mixture was made alkaline with cautious addition of aqueous ammonia (33%) 

and extracted with chloroform (4x50 ml). The combined organic extracts were dried over 

anhydrous sodium sulfate, filtered, and the filtrate was evaporated under reduced pressure 

to give ZM-151 (0.82 g, 93% crude yield). Purification by column chromatography on 

silica gel using eluant diethylether (100%) afforded ZM-151 A (0.58 g, 6 6 %), as a mixture 

of cis and trans isomers, in the form of a light brown oil.

IR (cm-l) 2924, 2864 (s, C-H str, CH3 , CH2), 2854 (m, NCH2 str), 2273 (w, C 

str), 1463, 1435 (m, C-H def, CH3 , CH2), 1375 (m, C-H sym def CH3), 696 (m, C-Cl 

str).

iH NMR is a mixture of geometrical isomers in the ratio of 1: 2.

IH NMR (400 MHz, CDCI3 , ppm) 4.16-4.14 (m, 2 H ,CH 2C =  CÇH2CI), 3.70-3.23 (m, 

2 H ,Ç H 2C =  CCH2CI), 2.78-2.74 (m, IH , piperidine-H ôeq), 2.58-2.20 (m, 2H, 

piperidine-H), 2.02 (m, IH, piperidine-H6ax), 1.84-1.04 (m, 6 H, piperidine-H), 1.04 and 

0.97 (d, J = 6.43 Hz, 3H, ÇH 3CH), 0.86 (t, J = 7.47 Hz, 3H, Ç H 3CH 2 ).

Mass spectrum (El) m/e 215*/213* (M)-^, 178 (M-Cl)-^, 164 (M-CH2C1)- ,̂ 140 (M- 

CH2C= CCH2C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and 35ci in the ratio of 1:3).
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Synthesis o f l-[(9 -B en zvn -flu oren e-9 -v l1 -4 -(N -5 -eth v l-2 -m eth v l-  

piperidino)-but-2-vne oxalate UCL 1710

Sodium hydride, (60% dispersion in mineral oil), (0.13 g, 0.005 mol) was added to a 

round bottomed flask under argon and stirred in anhydrous DMSO (10 ml) at r.t. for a few 

minutes. The reaction mixture was cooled to 0 and 9-benzyl-fluorene (0.70 g, 0.003 

mol) was added in portions (on addition, bright red colour appeared). The mixture was 

stirred for 1 /2  h at r.t., after which time, a solution of 5 -ethyl-2 -methyl-piperidino-l- 

chloro-2-butyne, (sample ZM-151 A, 0.58 g, 0.003 mol) dissolved in anhydrous DMSO (5 

ml) was added dropwise. The reaction mixture was stirred for a further 4.5 h at r.t. 

Deionised water (20 ml) was added and the mixture was extracted with diethyl ether (6x50 

ml). The ethereal layer was separated and washed with deionised water (6x50 ml). The 

organic layer was then dried over anhydrous sodium sulfate, filtered and the filtrate was 

evaporated in vacuo to give a brown oil ZM-155, (1.2 g, 93% crude yield). Purification 

by column chromatography on silica gel using eluant diethyl ether/petroleum spirit (6/4) 

afforded ZM-155 A (1.2 g, 93%, due to retention of solvent) as a light brown oil. This oil 

was dissolved in propan-2 -ol at r.t. and filtered under gravity (in order to remove any 

traces of silca gel) and the solvent was removed by evaporation under reduced pressure to 

give ZM-155A (1.13 g, 8 8 %) as a light brown oil. A solution of anhydrous oxalic acid 

(0.28 g, 0.0031 mol) in MeOH (5 ml) was added to a solution of ZM-155A (1.13 g, 

0.0026 mol) in diethyl ether (15 ml). The solvent was removed in vacuo and the resulting 

residue was triturated several times with diethylether to give the crude oxalate, ZM-155B 

(0.602 g, 53%) as off-white crystals. ZM-155B was recrystallised from propan-2-ol to 

give the oxalate salt ZM-155C (0.515 g, 37%), as a mixture of cis and trans isomers in 

the form of white crystals.

mp 184-186 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.57, 0.28 (silica, diethyl ether-pet spirit, 6:4).
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HPLC 84.80% and 14.68% at 14.68 and 17.01 mins (Kromasil Cig 7 |iM  250x4.6 mm, 1 

ml/min, UV 254 nm, A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is 

methanol with 0 .1% trifluoroacetic acid.

IR (KBr disc, cm-l) 3%61 (w, C =  Cstr), 2964 (s, C-H str, CH3 , CH2 , Nujol), 1433 (s, 

C-H def, CH3 , CH2 , Nujol), 754 (s, Ar-H out of plane def of ortho- disubstituted benzene 

ring), 735 (s, Ar-H out of plane def of monosubstituted benzene ring).

iH NMR is a mixture of geometrical isomers in the ratio of 1: 6 .

IH NMR (400 MHz, CDCI3 , ppm) 7.57-7.54 (m, 2H, Ar-H), 7.34-7.30 (m, 6 H, Ar-H),

7.06-6.99 (m, 3H, A r-H ), 6.67-6.65 (m, 2H, A r-I i) , 3.65-3.06 (m, 2H, 

C H zC ^C C H zN ), 3.12-3.10 (m, 4 H .£H 2C =  CCH2N. CHoPhl. 2.83-2.81 (m, IH, 

piperidine-H^eq), L70-1.59 (m, 4H, piperidine-H), 1.44-1.22 (m, 2H, piperidine-H),

1.06-1.01 (m, 2H, CH3Ç H 2 ), 0.80-0.77 (m, 6 H, Ç H 3C H 2 , Ç H 3CH), 0.77-0.75 (m, 

IH, piperidine-H4ax)-

Mass spectrum (FAB) m/e 434 (M+H)+, 418 (M-CH3)+, 404 (M-(CH3 )2 )+, 343 (M- 

benzyl), 255 (9-benzylfluorenyl)+, 178 (M-9-benzylfluorenyl)+.

Anal. Calc, for C32H35N; 1.1 C2H2O4 ; 0.8 H2O : C, 77.18; H, 7.05; N, 2.63.

Found : C, 77.50; H, 7.05 ; N, 2.66.

Separation of Cis and Trans  isomers of l-r(9"Benzvll-fluorene-9-vll-4- 

(N-5“ethvl-2-methvl-piperidino)-but-2-vne UCL 1814. UCL 1835

Separation of a mixture of cis and trans isomers of l-[(9-benzyl)-fluorene-9-yl]-4-(N-5- 

ethyl-2-m ethyl-piperidino)-but-2-yne (sam ple ZM -181, 1.26 g) by colum n 

chromatography on silca gel using eluant diethylether/petroleum spirit, 6/4 afforded four 

main fractions, ZM-181A, (0.252 g), ZM-18 IB, (0.219 g), ZM-181C, (0.321 g) and ZM- 

181D, (0.14 g).



___________________________ Experimental_______________________ 2A5

Trans isomer ZM-181 A, (0.252 g, 0.0006 mol) in abs ethanol (5 ml) was added to a 

solution of anhydrous oxalic acid (0.627 g, 0.0007 mol) in abs. ethanol (3 ml). Diethyl 

ether was added and white crystals precipitated out of solution. The crystals were collected 

by filtration under suction and washed with cold diethyl ether to give the corresponding 

oxalate salt, the trans isomer, ZM-181E2, UCL 1814, (87 mg, 28%) as white crystals.

mp 191-193 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.80 (silica, diethyl ether-pet spirit, 6:4).

HPLC 98.97% at 18.63 mins (Kromasil Cig 7 )liM 250x 4.6 mm, 1 ml/min, UV 254 nm, 

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid.

IR (Nujol mull, cm-l) 2925 (s, C-H str, CH3 , CH2 , Nujol), 2723 (w, NCH2 str), 2240 

(w, C =  C str), 1456 (s, C-H def, CH3 , CH2 , Nujol), 754, 735 (s, Ar-H out of plane 

def of ortho- disubstituted benzene ring), 6 6 8  (s, Ar-H out of plane def of monosubstituted 

benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.51-7.50 (m, 2H, Ar-H), 7.33-7.30 (m, 2H, Ar-H),

7.24-7.16 (m, 4H, Ar-H), 7.00-6.92 (m, 3H, Ar-H), 6.72-6.70 (m, 2H, Ar-H), 3.53- 

3.04 (m, 2 H,CH2C = C C H 2N), 3.17 (s, IH, CHoPhL 2.79-2.78 (m, CH2C = C C H 2N), 

2.47-2.44 (m, IH, piperidine-H6eq), 1.69-1.57 (m, 3H, piperidine-Hôax» Ü 2ax» H 4eq),

1.43-1.38 (m, IH, piperidine-H3eq), 1.32-1.23 (m, IH, piperidine-H^ax), L12-1.02 (m, 

3H, piperidine-H3ax, CH3ÇH 2 ), 0.80-0.75 (m, 6 H, Ç H 3CH, Ç H 3CH 2 ), 0.74-0.64 (m, 

IH, piperidine-H4ax).
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Mass spectrum (FAB) m/e 434 (M+H)+, 418 (M-CH3 )+, 404 (M-(CH3 )2 )+, 343 (M- 

benzyl), 255 (9-benzylfluorenyl)+, 178 (M-9-benzylfluorenyl)+.

Anal. Calc, for C32H35N; 1.1 C2H2O4 ; 0.8 H2O : C, 77.12; H, 7.04; N, 2.63.

Found : C, 77.00; H, 7.34 ; N, 2.46.

Cis isomer ZM-181C, (0.321 g, 0.0007 mol) dissolved in a minuim amount of abs. 

ethanol was added to a solution of anhydrous oxalic acid (0.08 g, 0.0009 mol) in abs. 

ethanol. The solvent was evaporated in vacuo to yield the crude oxalate salt. This salt was 

further purified by preparative HPLC, (Kromasil Cig 10 p.M, 250x22 mm, UV detector 

215 nm, flow rate 18ml/min, A/B (27/73) where A is water with 0.1% trifluoroacetic acid 

and B is methanol with 0.1% trifluoroacetic acid), to yield the cis isomer, ZM-181C1, 

UCL 1835, (67 mg, 16%) as a light brown glassy trifluoroacetate salt.

mp 135-137 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.75 (silica, diethyl ether-pet spirit, 6:4).

HPLC 95.70% at 5.4 mins (Kromasil Cig 7 |iM  250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (25/75) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid.

IR (Nujol mull, cm-l) 2922 (s, C-H str, CH3 , CH2 , Nujol), 2722 (w, NCH2 str), 2238 

(w, C =  C str), 1456 (s, C-H def, CH3 , CH2 , Nujol), 750, 737 (s, Ar-H out of plane def 

of ortho- disubstituted benzene ring), 701 (s, Ar-H out of plane def of monosubstituted 

benzene ring).
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iH NMR (400 MHz, CDCI3 , ppm) 7.52-7.50 (m, 2H, Ar-H), 7.34-7.32 (m, 2H, Ar-H),

7.24-7.16 (m, 4H, Ar-H), 7.00-6.91 (m, 3H, Ar-H), 6.73-6.71 (m, 2H, Ar-H), 3.39- 

3.02 (m, 2 H,CH 2C = C C H 2N), 3 .2 O (s, IH , CH -.Ph~). 2 .79-2 .74  (m, 2H, 

ÇH2C S C C H 2N), 2.30-2.16 (m, 3H, piperidine-Hg, H2 ), 1.35-1.21 (m, 7H, piperidine- 

IL  CH3CH2 ), 1.18-0.76 (m, 6 H, ÇH3CH, ÇH 3CH2 ).

Mass spectrum (FAB) m/e 434 (M+H)+, 418 (M-CHg)^, 404 (M-(CH3 )2 )''', 343 (M- 

benzyl), 255 (9-benzylfluorenyl)+, 178 (M-9-benzylfluorenyl)+.

Anal. Calc, for C32H35N; 1.3 C2HF3O2 : C, 71.42; H, 6.29; N, 2.41.

Found : C, 71.44; H, 6.35 ; N, 2.38.

Synthesis of Dibutvlamino-but-2-vn-l-ol (2)

Dibutylamine (5.22 ml, 0.031 mol), propargyl alcohol (1.61 ml, 0.028 mol), 

formaldehyde (37% weight solution in water, 6.18 ml, 0.076 mol) and copper (I) chloride 

(0.15 g, 0.0015 mol) were heated under reflux for 8 h. After cooling, the mixture was 

acidified with 2 N HCl and extracted with chloroform (4x100 ml). The aqueous solution 

was made alkaline with cautious addition of solid potassium carbonate and aqueous 

ammonia 33%. The latter was extracted with chloroform (4x100 ml) and the combined 

organic extracts were dried over anhydrous sodium sulfate, filtered, and the filtrate was 

evaporated in vacuo to give ZM-475. The crude product was purified by column 

chromatography on silica gel using eluant chloroform/methanol (8/2) to yield ZM-475A 

(2.70 g, 49%) as a light brown oil.

>H NMR (400 MHz, CDCI3 ppm) 4.26 (t, J = 1.90 Hz, 2H, C H jC s  CÇH2OH ), 3.39 

(t, J = 1.81 Hz, 2H, Q i 2C =  CCH2OH), 2.42 (t, J = 7.39 Hz, 4H, 

-N(CÏÏ2 )2 (CH2 )2 (CH2 )2 (CH3 )2 ), 1.40 (m, 4H, -N(CH2 )2 (CH2 )2 (CH2 )2 (CH3 )2 ), 1.31 

(sext, J = 8.14 Hz, 4H, -NlCH-il^lCHil-.lC H il-.lCHil',!. 0.89 (t, J = 7.30 Hz, 6 H, 

-N(CH2)2(CH2)2(CH2)2(CH3)2).
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Mass spectrum (FAB) m/e 198 (M+H)+, 181 (M-OH)+, 167 (M -C H iO H )^, 143 

(M -C=CCH 20H )+, 128 (M-CH2C=CCH20H)+.

Synthesis of Dibutvlamino-l-chloro-but-2-vne 19)

Dibutylamino-2-butyn-l-ol (sample ZM-475A, 2.67 g, 0.014 mol) was dissolved in 

dichloromethane (5 ml) and cooled to 0 ^C. Thionyl chloride (2.94 ml, 0.041 mol) 

dissolved in dichloromethane (3 ml) was added dropwise with stirring. The reaction was 

stirred for a further 12  h at r.t..The resulting mixture was made alkaline with cautious 

addition of aqueous ammonia (d=0.88) and extracted with chloroform (4x60 ml). The 

combined organic extracts were dried over anhydrous sodium sulfate, filtered, and the 

filtrate was evaporated under reduced pressure to give ZM-490 as a brown oil. The crude 

product was purified by column chromatography on silica gel using eluant diethyl ether 

100%, to yield ZM-490A (1.92 g, 6 6 %) as a light brown oil.

IR (cm-l) 2956, 2862 (s, C-H str, CH3 , CH2 ), 2819 (m, NCH2 str), 2272 (w, C =  C 

str), 1468 (s, C-H def, CH3 , CH2 ), 1378 (m, C-H sym def CH3), 785, 736, 698 (s, C-Cl 

str).

iH NMR (400 MHz, CDCI3 ppm) 4.15 (t, J = 2.03 Hz, 2H, CH2C =  CÇH2CI), 3.41 (t, 

J = 2.06 Hz, 2H, CH2C =  CCH2CI), 2 .42 (t, J = 7 .30  Hz, 4H ,

-N(CH 2 )2 (CH2 )2 (CH2 )2 (CH3)2 ), 1.40 (m, 4H, -N(CH2 )2 (£ H 2 )2 (CH2)2 (CH3)2), 1.29 

(sext, J = 7.93 Hz, 4H, -N(CH2 )2 (CH 2 )2 (C H 2 )2 (C H 3 )2 ), 0.89 (t, J = 7.23 Hz, 6 H, 

-N(CH2)2(CH2)2(CH2)2(CH3)2).

Mass spectrum (FAB) m/e 217*/ 215* (M)+, 180 (M-Cl)-^, 142 (M -C H zC ^ CCH2C1)+. 

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).
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Synthesis of l-r(9-Benzvn-fluorene-9-vl1-dibutvlainino-but-2-vne oxalate 

UCL 1994

Sodium hydride (60% dispersion in mineral oil, 0.42 g, 0.18 mol), in anhydrous DMSO 

(40 ml) was placed into a three necked round bottomed flask under argon and cooled to 0 

®C. To this suspension, 9-benzylfluorene (2.25 g, 0.009 mol) was added in portions with 

stirring (on addition, a bright red colour appeared). The mixture was stirred for 1/2 h at r.t. 

Dibutylamino-1 -chloro-2-butyne (sample ZM-490A, 1.89 g, 0.009 mol) dissolved in 

anhydrous DMSO (25 ml) was added dropwise, and the reaction was stirred for a further 

14 h at r.t. Deionised water (50 ml) was added and the mixture was extracted with diethyl 

ether (4x50 ml). The combined ethereal extracts was washed with deionised water (4x50 

ml) and the organic layer was separated, and dried over anhydrous sodium sulfate. The 

latter was filtered, and the filtrate was evaporated under reduced pressure to give ZM-494 

as a brown oil. The crude product was purified by colunm chromatography on silica gel 

using eluant diethyl ether/petroleum spirit (6/4) to give ZM-494A and ZM-494B (consisted 

mainly of impurities). ZM-494A was further purfied by column chromatography on silica 

gel using eluant diethyl ether/petroleum spirit (6/4) to yield ZM-494C (0.78 g, 20%) as a 

light brown oil. The latter was dissolved in isopropanol at r.t. and filtered under gravity (in 

order to remove any silica gel present). ZM-494C (0.78 g, 0.0018 mol) dissolved in 

diethyl ether (50 ml) and added to a solution of anhydrous oxalic acid (0.19 g, 0.0021 

mol) in methanol (10 ml). The crystals formed were filtered under suction and washed 

with cold diethyl ether. The oxalate salt, ZM-494D, UCL 1994, (0.78 g, 83%) was 

produced as white crystals.

mp 152-154 OC.

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).

TLC R f = 0.38 (silica. Diethyl ether-pet spirit, 6  : 4).
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HPLC 100% at 14.10 mins (Kromasil Cig 7 jim 250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid).

IR (Nujol mull, cm‘l) 2924, 2864 (s, C-H str, CH3 , CH2 , Nujol), 2244 (w, C = C ) ,  

1452 (s, C-H def, CH3 , CH2 , Nujol), 1378 (m, C-H sym def CH3), 774, 736 (s, Ar-H 

out of plane def of orr/io-disubstituted benzene ring), 702, 655 (Ar-H out of plane def of 

monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 ppm) 7.57-7.54 (m, 2H, Ar-H), 7.32-7.29 (m, 6 H, Ar-H), 

7.09-6.98 (m, 3H, Ar-H), 6 .6 8 -6 .6 6  (m, 2H, Ar-H), 3.49 (s, 2H, C H zC ^C Œ L N ), 

3.12 (s, 2H, CHoPhl. 3.09 (s, 2H, C H iC ^C C H zN ), 2.81 (t, J = Hz, 4H, NtCHolol. 

1.22-1.18 (m, 4H, N(CH9 )9 (CH?)9 ), 1.17-1.03 (m, 4H, N(CH9 )9(CH9 )9 (CH9 )9 ), 0.79 

(t, J = Hz, 6 H, N(CH2)2(CH2)2(CH2)2(CH3)2).

Mass spectrum (FAB) m/e 436 (M+H)+, 392 (M-(CH3 )2CH2)+, 345 (M-benzyl)+, 255 

(9-benzylfluorenyl)+, 165 (fluorenyl)+.

Anal. Calc, for C32H37N; C2H2O4 ; 0.1 H2O : C,77.42; H, 7.49; N, 2.66.

Found : C, 77.16; H, 7.47; N, 2.64.

Synthesis of Piperidino-2-butvn-l-ol (31

Piperidine (2.33 ml, 0.024 mol), propargyl alcohol (1.22 ml, 0.021 mol), formaldehyde 

(37% weight solution in water, 4.12 ml, 0.05 mol) and copper (I) chloride (0.12 g, 0.001 

mol) were heated under reflux for 9.5 h. After cooling, the mixture was acidified with 2 N 

HCl and extracted with chloroform (4x50 ml). The aqueous layer was made alkaline with 

cautious addition of aqueous ammonia (33%) and potassium carbonate (solid). The 

aqueous layer was extracted with chloroform (4x50 ml). The combined organic extracts 

were dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated in 

vacuo to give a brown oil, ZM-482. Purification by column chromatography on silica gel
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using eluant chloform/methanol (8/2) afforded ZM-482A (1.07 g, 30%) as a light brown 

oil.

IH NMR (400 MHz, CDCI3 , ppm) 4.25 (t, J = 2.0 Hz, 2 H ,CH 2C =  CÇH2OH ), 3.23 (t, 

J = 1.91 Hz, 2H, CH2C =  CCH2OH), 2.47 (hr s, 4H, piperidine-H), 1.59 (quin, J = 

5.83 Hz, 4H, piperidine-H), 1.41-1.40 (m, 2H, piperidine-H4ax, piperidine-H^eq).

Mass spectrum (El) m/e 153 (M)+, 136 (M-OH)+, 122 (M-CH2 0 H)+, 110 (M- 

CCH20H)+, 98 ( M-C =  CCH2OH ) 84 ( M-CH2C =  CCH2OH ).

Synthesis of Piperidino-l-chloro-2-butvne (10)

To a cooled (0 ®C) solution of piperidino-2-butyn-l-ol (sample ZM-482A, 1.04 g, 0.0067 

mol) in dichloromethane (4 ml), a solution of thionyl chloride (1.47 ml, 0.02mol) in 

dichloromethane (3 ml) was added dropwise. The solution was stirred for 12 h a r.t. The 

mixture was made alkaline with cautious addition of aqueous ammonia (33%) and 

extracted with chloroform (4x60 ml). The combined organic extracts were dried over 

anhydrous sodium sulfate, filtered, and the filtrate was evaporated under reduced pressure 

to give a brown oil ZM-502. Purification by column chromatography on silica gel using 

eluant diethylether (100%) afforded ZM-502A (1.16 g, 32%) as a light brown oil.

IR (Open capillary, cm 'l) 2934(s, C-H str, CH2), 2800 (m, NCH2 str), 2363 (w, C =  C 

str), 1446 (m, C-H def, CH2), 782, 694 (m, C-Cl str).

iH NMR (400 MHz, CDCI3 , ppm) 4.15 (t, J = 2.12 Hz, 2 H ,C H 2C =  COfcCl), 3.27 (t, 

J = 2.06 Hz, 2H, C H zC ^  CCHjClj, 2.43 (br s, 4H, piperidine-H), 1.59 (quin, J = 5.61 

Hz, 4H, piperidine-H), 1.39-1.42 (m, 2H, piperidine-H^ax, piperidine-H^eq).

Mass spectrum (El) m/e 174*/172* (M)+, 136 (M-C1)+, 122 (M-CH2C1)+, 110 (M-

CCH2C1)+, 98 (M -C  =  CCH2C1)+, 34  (M-CH2C =  CCH2C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).
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Synthesis of l-r(9-Benzvn-fluorene-9-vl1-piDeridino-but-2-vne oxalate 

U CL 1995

Sodium hydride, (0.096 g, 0.004 mol) was placed into a round bottomed flask and stirred 

in anhydrous DMSO (10 ml) under argon at r.t. for a few minutes. The mixture was 

cooled to 0 and 9-benzyl-fluorene (0.514 g, 0.002 mol) was added in portions with 

stirring (on addition, a bright red colour appeared). After stirring the mixture for 1/2 h at 

r.t., a solution of piperidino-1 -chloro-2-butyne (sample ZM-502A, 0.344 g, 0.002 mol) 

dissolved in anhydrous DMSO (5 ml) was added dropwise. The reaction mixture was 

stirred for a further 12 h at r.t. Deionised water (30 ml) was added and the mixture was 

extracted with diethyl ether (5x50 ml). The combined ethereal extracts were washed with 

deionised water (5x50 ml). The organic layer was dried over anhydrous sodium sulfate, 

filtered, and the filtrate was evaporated in vacuo to give a brown oil ZM-510. The crude 

product was purified by column chromatography on silica gel using eluant with diethyl 

ether/petroleum spirit (6/4) to give ZM-510A (0.27 g, 31%) as a light brown oil. This oil 

was dissolved in isopropanol at r.t. and filtered under gravity (in order to remove any silica 

gel present). ZM-510A (0.27 g, 0.0007 mol) dissolved in diethyl ether (20 ml) was added 

to a solution of anhydrous oxalic acid (0.074 g, 0.0008 mol) in methanol (3 ml). The 

crystals produced were filtered under suction and washed with cold diethyl ether to give 

the oxalate salt ZM-510B, UCL 1995 (0.25 g, 76%) as white crystals.

mp 145-147 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol (H2O).

TLC Rf = 0.37 (silica, EtiG-MeOH, 9 : 1).

HPLC 100% at 7.14 mins (Kromasil C%g 7 pm 250x4.6 mm, 1 ml/min, UV 254 nm, A/B

(30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1%

trifluoroacetic acid).
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IR (Nujol, mull cm-1) 2923 (s, C-H str, CH3 , CH2 , Nujol), 2260 (w, C =  C str) 1466 

(s, C-H def, CH3 , CH2 , Nujol), 1377 (m, C-H sym def CH3), 770 (s, Ar-H out of plane 

def of orf/zo-disubstituted benzene ring), 737, 654 (Ar-H out of plane def of 

monosubstituted benzene ring).

^H NMR (400 MHz, sample ZM-510 A, free base, CDCI3 ppm) 7.58-7.56 (m, 2H, Ar

il) , 7.41-7.30 (m, 3H, Ar-H), 7.29-7.23 (m, 4H, Ar-H), 7.03-6.97 (m, 2H, Ar-H), 

6.79-6.77 (m, 2H, A r-H ), 3.28 (s, 2H, C I i 2 Ph), 3.19 (t, J = 2.19 Hz, 2H, 

C H zC ^C C H zN ), 2.79 (t, J = 2.18Hz, 2H, C H zC ^C C H zN ), 2.32-2.18 (br s, 4H, 

piperidine-H ), 1.55-1.49 (quin, J = 5.67 Hz, 4H, piperidine-H), 1.40-1.30 (m, 2H, 

piperidine-H).

Mass spectrum (FAB) m/e 392 (M+H)+, 300 (M-benzyl)+, 255 (9-benzylfluorenyl)+, 165 

(flourenyl)+.

Anal. Calc, for C29H29N; C2H2O4 : C, 77.31; H, 6.49; N, 2.91.

Found : C, 77.18; H, 6.48; N, 2.77.

Synthesis of 4-Cvano-4-phenvlpiperidino-2-butvn-l-ol (41

4-cyano-4-phenyl piperidine (4 g, 0.018 mol), propargyl alcohol (0.93 ml, 0.016 mol), 

formaldehyde (37% weight solution in water, 3.1 ml, 0.04 mol) and copper (I) chloride 

(0.9 g, 0.001 mol) were heated under reflux for 12 h. The mixture was cooled, acidified 

with 2 N HCl and extracted with chloroform (4x100 ml). The aqueous solution was made 

alkaline with cautious addition of solid potassium carbonate and aqueous ammonia 

(d=0.88), and the latter was extracted with chloroform (4x50 ml). The combined organic 

extracts were dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated 

under reduced pressure to give a brown oil, ZM-486. This oil was purified by column 

chromatography on silica gel using eluant chloroform/methanol (8/2) to yield ZM-486A 

(2.95 g, 65%) as a light brown oil.
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IH NMR (400 MHz, CDCI3 , ppm) 7.48-7.29 (m, 5H, Ar-H), 4.30 (t, J = 1.84 Hz, 2H, 

CH2C =  CÇH2OH), 3.38 (t, J = 0.96 Hz, 2H, CH2C =  CCH2OH), 3.05-2.98 (dd, 2H, 

piperidine-H2 ,6eq)» 2.72-2.66 (td, 2 H, piperidine-H2 ,6ax), 2.19-2.06 (m, 4H, piperidine- 

H).

Mass spectrum (FAB) m/e 255 (M+H)+, 238 (M-OH)+, 224 (M-CH20H)+, 212 (M- 

CCH20H)+, 200(M -CH 2C= CCH20H)+.

Synthesis of 4-Cvano-4-phenvl-piperidino-l-chloro-but-2-vne (11)

4-cyano-4-phenyl-piperidino-2-butyn-l-ol (sample ZM-486A, 2.92 g, 0.01 mol) dissolved 

in dichloromethane (8  ml) was cooled to 0 ®C. Thionyl chloride (2.5 ml, 0.03 mol) in 

dichloromethane (3 ml) was added dropwise with stirring. The reaction mixture was stirred 

for a further 12 h at r.t. The mixture was made alkaline with cautious addition of ammonia 

solution (33%) and extracted with chloroform (4x70 ml). The combined organic extracts 

were dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated in 

vacuo to give a brown oil, ZM-518. The crude product was purified by column 

chromatography on silica gel using eluant diethyl ether 100% to yield ZM-518 A (1.29 g, 

41% yield) as a light brown oil.

IR (cm-1) 2936 (s, C-H str, CH2 ), 2817 (m, NCH2 str), 2363 (w, CN str), 2235 (w, 

C =  C str), 1496, 1445 (s, C-H def, CH2), 759, 696 (s, C-Cl str).

IH NMR (400 MHz, CDCI3 , ppm) 7.49-7.30 (m, 5H, Ar-H), 4.18 (t, J = 2.09 Hz, 2H, 

C H iC =  CÇH2CI ), 3 .3 4  (t, 2H, j  = 2.09 Hz, C H iC ^  CCH2CI ), 3.04-3.01 (dd, 2H, 

piperidine-H2 ,6eq), 2.72-2.65 (m, 2 H, piperidine-H ? 2.15-2.10 (m, 4H, piperidine- 

H).

Mass spectrum (El) m/e 274*/272* (M)+, 237 (M-C1)+, 223 (M-CH2C1)+, 211 (M-

CCH2C1)+, 199 (M -C  =  CCH2C1), 185 (M -CH 2C= CCH2C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).
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Synthesis of l-r(9-Benzvl)-fluorene-9-vl1-4-cvano-4-phenvl-piperidino- 

but-2-vne oxalate UCL 1996

Sodium hydride (60% dispersion in mineral oil, 0.22 g, 0.009 mol) in anhydrous DMSO 

(25 ml) under argon was cooled to 0 ®C. To this suspension, 9-benzyl-fluorene (1.19 g, 

0.005 mol) was added in portions with stirring (on addition, a bright red colour appeared). 

The mixture stirred for a further 1/2 h at r.t. A solution of 4-cyano-4-phenyl-piperidino-1 - 

chloro-2-butyne (sample ZM-518 A, 1.27 g, 0.005 mol) in anhydrous DMSO (15 ml) was 

added dropwise. The reaction was stirred for a further 12 h at r.t. Deionised water (100 

ml) was added and the resulting mixture was extracted with diethyl ether (4x40 ml). The 

combined ethereal extracts were washed with deionised water (4x40 ml), and the ethereal 

layer was dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated 

under reduced pressure to give ZM-522. The crude product was purified by column 

chromatography on silica gel using eluant diethyl ether/petroleum spirit (6/4) to give ZM- 

522A (1.28 g, 56%) as a light brown solid. This solid was subsequently dissolved in 

isopropanol at r.t. and filtered under gravity (in order to remove any traces of silica gel 

present) and the solvent was evaporated in vacuo. ZM-522A (1.28 g, 0.0026 mol) was 

dissolved in diethylether (30 ml) and added to a solution of anhydrous oxalic acid (0.28g, 

0.0031 mol) in methanol (5 ml). The crystals formed were filtered under suction and 

washed with cold diethyl ether. The oxalate salt, ZM-522B, (1.23 g, 81%) was produced 

as white crystals.

mp 182.5-185 «C.

Solubility, sol (MeOH), sol (DMSO), sp sol (H2O).

TLC Rf = 0.46 (silica, EtiO, 100%).

HPLC 100% at 12.55 mins (Kromasil Cig 7 jim 250x4.6 mm, 1 ml/min, UV 254 nm,

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1%

trifluoroacetic acid).
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IR (Nujol, mull cm-1) 2924, 2854 (s, C-H str, CH3 , CH2 , Nujol), 2360 (s, CN str), 1464 

(s, C-H def, CH3 , CH2 , Nujol), 1377 (m, C-H sym def CH3), 754, 735 (s, Ar-H out of 

plane def of orr/zo-disubstituted benzene ring), 702, 695 (Ar-H out of plane def of 

monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 ppm) 7.59-7.57 (m, 2H, Ar-H), 7.45-7.24 (m, 6 H, Ar-H),

7.05-6.96 (m, 3H, Ar-H), 6.71-6.69 (m, 2H, Ar-H), 3.54 (m, 2H, C H zC ^C C H zN ), 

3.23 (s, 2H, -C H i -P h i  3.13-3.10 (m, 2H, p iperid ine-H 2 ,6eq), 3.05 (m, 2H, 

CH2C = C C H 2N), 2.91-2.85 (m, 2 H, piperidine-H2 ,6ax), 2.53-2.46 (m, 2 H, piperidine- 

H 3,5ax). 2.15-2.04 (m, 2H, piperidine-H3 ,5eq).

Mass spectrum (FAB) m/e 493 (M4-H)+, 466 (M-CN)"^, 401 (M-benzyl)+, 255 (9- 

benzylfluorenyl)+, 237 (M-9-benzylfluorenyl)+, 165 (fluorenyl)'

Anal. Calc, for C36H 32N2 ; C2H2O4 : C, 78.33; H, 5.88; N, 4.81.

Found : C, 78.06; H, 5.82; N, 4.73.

Synthesis of Decahvdroquinolino-2-butvn-l-ol (5)

Decahydroquinoline (4 g, 0.029 mol), propargyl alcohol (1.49 ml, 0.026 mol), 

formaldehyde (37% weight solution in water, 5 ml, 0.060 mol) and copper (1) chloride 

(0.14 g, 0.0014 mol) were heated under reflux for 12 h. After cooling, the mixture was 

acidified with 2 N HCl and extracted with chloroform (4x100 ml). The aqueous layer was 

made alkaline with cautious addition of aqueous ammonia (33%) and solid potassium 

carbonate. The aqueous layer was extracted with chloroform (4x100 ml). The combined 

organic extracts were dried over anhydrous sodium sulfate, filtered, and the filtrate was 

evaporated under reduced pressure to give a light brown oil ZM-526. The crude product 

was purified by column chromatography on silica gel using eluant chloroform/methanol 

(8/2) to yield ZM-526A, (1.76 g, 30% yield) as a mixture of cis and trans isomers in the 

form of a light brown oil.

^H NMR is a mixture of cis and trans isomers.
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IH NMR (400 MHz, CDCI3 , ppm) 4.27-4.25 (m, 2H, C H iC ^ CÇH2OH), 3.68-3.26 

(m, 2H, £ H 2C =  CCH2OH), 3.55-3.42 (m, IH , N -C H ), 2.69-2.44 (m, 5H, 

decahydroquinoline-H), 1.87-0.96 (m, 15H, decahydroquinoline-H).

Mass spectrum (El) m/e 207 (M)+, 190 (M-OH)+, 176 (M-CH2 0 H)+, 164 (M- 

CCH20H)+, 152(M -C =C C H 20H )+, 1 3 g ( M-CH2C =  CCH20H)+.

Synthesis of Decahvdroquinolino-l-chloro-2-butvne (121

Decahydroquinolino-2-butyn-l-ol, (sample ZM-526A, 1.73 g, 0.008 mol) dissolved in 

dichloromethane (20 ml) was cooled to 0 ^C. Thionyl chloride, (1.82 ml, 0.025 mol) in 

dichloromethane (5 ml) was added dropwise with stirring.The reaction was stirred for 12 h 

at r.t. The mixture was then made alkaline with cautious addition of aqueous ammonia 

(d=0.88) with stirring and extracted with chloroform (4x50 ml). The combined organic 

extracts were dried over anhydrous sodium sulfate, filtered and the filtrate was evaporated 

in vacuo to yield a brown oil ZM-542. The crude product was purified by column 

chromatography on silica gel using eluant diethyl ether 100% to give ZM-542A (1.56 g, 

83% ) as a mixture of cis and trans isomers in the form of a light brown oil.

IR (cm-1) 2928 (s, C-H str, CH2), 2855 (m, NCH2 str), 2194 (w, C =  C str), 1443, (m, 

C-H def, CH2 ), 785, 733, 696 (m, C-Cl str).

1H NMR is a mixture of cis and trans isomers.

IH NMR (400 MHz, CDCI3 , ppm) 4.17-4.15 (m, 2H, CH2C =  C Œ 2CI), 3.73-3.27 (m, 

2H, CH2C =  CCH2CI), 3 .56-3 .52  (m, IH , N CIL), 2 .7 6 -2 .4 4  (m, 3H, 

decahydroquinoline-H), 2.02-1.19 (m, 12H, decahydroquinoline-H), 0.99-1.03 (m, IH, 

CH2CH).

Mass spectrum (FAB) m/e 228*/226* (M+H)+, 191 (M-C1+, 152 (M -C  =  CCH2C1)+, 

139 (M-CH2C = C C H 2C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).
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Synthesis of l-r(9-Benzvi)-fluorene-9-vn-decahvdroquinolino-but-2-Yne 

oxalate 1997

Sodium hydride (60% dispersion in mineral oil), (0.33 g, 0.014 mol) and anhydrous 

DMSO (15 ml) were stirred under argon and cooled to 0 To this suspension, 9-benzyl- 

fluorene (1.74 g, 0.007 mol) was added in portions with stirring (on addition, a bright red 

colour appeared). The mixture was stirred for 1/2 h at r.t. Decahydroquinolino-1 -chloro- 

2-butyne (sample ZM-542A, 1.53 g, 0.007 mol) dissolved in anhydrous DMSO (20 ml) 

was added dropwise with stirring. The reaction mixture was stirred for 12 h at r.t. 

Deionised water (50 ml) was added and the mixture was extracted with diethylether (4x50 

ml). The combined ethereal layers were washed with deionised water (4x50 ml). The 

organic layer was dried over anhydrous sodium sulfate, filtered and the filtrate was 

evaporated under reduced pressure to give a brown oil, ZM-546. The crude product was 

purified by column chromatography on silica gel using eluant diethyl ether/petroleum spirit 

(6/4) to give ZM-546A (0.83 g, 27% yield) as a light brown oil. This oil was dissolved in 

isopropanol and filtered under gravity (in order to remove any silica gel present), and the 

solvent was removed in vacuo. ZM-546A (0.81 g, 0.0018 mol) dissolved in diethyl ether 

(2 0  ml) was added to a solution of anhydrous oxalic acid (0 .2  g, 0 .0 0 2 1  mol) in methanol 

(5 ml). The crystals produced, were filtered under suction and washed with cold 

diethylether. The oxalate salt, ZM-546B, UCL 1997 (0.5 g, 51%) was produced as a 

mixture of cis and trans isomers in the form of white crystals.

mp 178-181 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.81, 0.56 (silica, diethyl ether-methanol, 9:1).

HPLC 74.41% and 25.59% at 14.36 and 12.76 mins (Kromasil Cig 7 |iM 250x4.6 mm,

1 ml/min, UV 254 nm, A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B

is methanol with 0.1% trifluoroacetic acid.
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IR (Nujol mull, cm-1) 2924, 2864 (s, C-H str, CHg, CH2 , Nujol), 2243 (w, C =  C str), 

1448 (s, C-H def, CH3 , CH2 , Nujol), 1377 (m, C-H sym def CH3), 771, 733 (s, Ar-H 

out of plane def of ortho- disubstituted benzene ring), 720, 654 (Ar-H out of plane def of 

monosubstituted benzene ring).

iH NMR is a mixture of cis and trans isomers in the ratio of 1:3.

IH NMR (400 MHz, CDCI3 , ppm) 7.60-7.56 (m, 2H, Ar-H), 7.35-731 (m, 6 H, Ar-H),

7.06-6.97 (m, 3H, A r-H ), 6.66-6.65 (m, 2H, A r-H ), 3.69-3.34 (m, 2H, 

CH2C =  CCH2N), 3.16-3.06 (m, 4H, ÇH2C = C C H 2N. CHo-Phl. 2.80-2.78 (m, IH, 

N C IL ), 1 .83-1.74 (m, 3H, decahydroquino line-IL ), 1.68-1.41 (m, 8 H, 

decahydroquinoline-H), 1.27-1.13 (m, 2H, decahydroquinoline-H), 0.88-0.82 (m, 2H, 

decahydroquinoline-H).

Mass spectrum (FAB) m/e 446 (M+H)+, 355 (M-benzyl)+, 190 (M-9-benzylfluorenyl)+, 

165 (flourenyl)+.

Anal. Calc, for C33H 35N; C2H2O4 : C, 78.48; H, 6.96; N, 2.61.

Found : C, 78.29; H, 6.96; N, 2.52.

Synthesis of 4-Benzvlpiperidine hydrochloride 16/11

To a solution of 4-benzylpiperidine, (5.02 ml, 0.029 mol) in abs. ethanol (17 ml), 

hydrochloric acid (37%), (1 ml, 0.034 mol) was added dropwise. The solvent was 

removed in vacuo to give a brown solid ZM-478. Purification by recrystalisation from 

isopropanol gave ZM-478A (1.92 g, 32%) as a beige solid.

'H  NMR (400 MHz, CDCI3 , ppm) 7.28-7.08 (m, 5H, Ar-H), 3.42 (d, J = 12.92, 2H, 

CH2 PI1), 2.80-2.73 (m, 2H, piperidine-H), 2.57 (d, J = 6.18 Hz, 2H, piperidine-H),

1.82-1.62 (m, 5H, Piperidine-H).

Mass spectrum (FAB) m/e 176 (M+H)+, 84 (M-benzyl)+.
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Synthesis of 4-Benzvl-piperidino-2-butvn-l-ol (6)

Propargyl alcohol, (0.45 ml, 0.0078 mol), formaldehyde (37% weight solution in water), 

(1.5 ml, 0.02 mol), 4-benzyl-piperidine (sample ZM-478A, 1.85 g, 0.0087 mol) and 

copper (I) chloride (0.043 g, 0.0004 mol) were heated under reflux for 9 h. After cooling, 

the mixture was acidified with 2 N HCl and extracted with chloroform (4x60 ml). The 

aqueous layer was made alkaline with cautious addition of aqueous ammonia (d=0 .8 8 ) and 

solid potassium carbonate. The aqueous layer was extracted with chloroform (4x60 ml). 

The combined organic extracts were dried over anhydrous sodium sulfate, filtered, and the 

filtrate was evaporated under reduced pressure to give a brown oil ZM-498 (0.98 g, 46% 

crude yield). The crude product was purified by column chromatography on silica gel 

using eluant chloroform/methanol (8/2), to yield ZM-498A (0.68 g, 32%) as a light brown 

oil.

iR  NMR (400 MHz, C D C I3, ppm) 7.27-7.11 (m, 5H, Ar-H), 4.25 (t, J = 1.9 Hz, 2H, 

CH2C =  CÇH2OH), 3.25 (t, J = 1.90 Hz, 2H, CH2C =  CCH2OH), 2.88 (m, 2H, 

piperidine-H ?^pq), 2.52 (d, J = 7.08 Hz, 2H, C H iP h l 2.10-2.04 (m, 2H, piperidine- 

H%,6ax), 1.66 (d, J = 11.95 Hz, 2H, piperidine-Hi SAv), 1.52-1.48 (m, IH, piperidine- 

H4ax), 1.37-1.29 (m, 2H, piperidine-Hg g^q).

M a ss  sp ec tru m  (FAB) m /e  244 (M 4-H )+, 228 (M -O H )+ , 214 (M-CH2 0 H)+, 175 

(M -C H 2 C = C C H 2 0 H )+ .

Synthesis of 4-Benzvl-piperidino-l-chloro-but-2-vne (13)

To a cooled (0 l̂ C) solution of 4-benzyl-piperidino-2-butyn-1 -ol (sample ZM-498A, 0.66 

g, 0.0027 mol) in dichloromethane (3 ml), a solution of thionyl chloride (0.59 ml, 0.008 

mol) in dichloromethane (1 ml) was added dropwise. The solution was left to stir for 10 h 

at r.t. The mixture was made alkaline with cautious addition of aqueous ammonia (d=0.88) 

and extracted with chloroform (4x50 ml). The combined organic extracts were dried over 

anhydrous sodium sulfate, filtered, and the filtrate was evaporated in vacuo to give a light 

brown oil, ZM-506 (0.70 g, 99%).
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IR (Open capillary, cm’ )̂ 2921 (s, C-H str, CH2 ), 28540 (m, NCH2 str), 2375 (w, 

C =  C str), 1451 (m, C-H def, CH2), 749, 698 (m, C-Cl str).

IH NMR (400 MHz, CDCI3 , ppm) 7.27-7.11 (m, 5H, Ar-H), 4.13 (t, J = 1.97 Hz, 2H, 

C H zC = CÇH2CI ), 3.29 (t, J = 1.96 Hz, 2H, C H zC ^ CCH2CI ), 2.85 (m, 2H, 

piperidine-H? f̂ pq), 2.51 (d, J = 7.08 Hz, 2H, C H iP h l 2.12-2.06 (m, 2H, piperidine- 

Ü 2 ,6ax), 1.65 (m, 2H, piperidine-Hg^gax), 1.54-1.45 (m, IH, piperidine-H4ax), 1.34-1.20 

(m, 2H, piperidine-H],5eq).

Mass spectrum (El) m/e 263*7261* (M)+, 226 (M-C1)+, 200 (M-CCH2C1)+, 188 

(M -C  =  CCH2C1)+ 174 (M-CH2C=CCH2C1)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Synthesis of l-H9-BenzvH-fluorene-9-vn-4-(N-benzvI-piperidino)-but“2- 

vne oxalate UCL 2020

Sodium hydride, (60% dispersion in mineral oil), (0.13 g, 0.0054 mol) was placed into a 

round bottomed flask under argon and stirred in anhydrous DMSO (6  ml) at r.t. for a few 

minutes. The reaction mixture was cooled to 0 ®C and 9-benzyl-fluorene (0.67 g, 0.003 

mol) was added in portions with stirring (on addition, a bright red colour appeared). After 

stirring the mixture for 1/2 h at r.t., a solution of 4-benzyl-piperidino-1 -chloro-but-2-yne 

(sample ZM-506, 0.68 g, 0.003 mol) in anhydrous DMSO (6  ml) was added dropwise. 

The reaction mixture was stirred for a further 12 h at r.t. Deionised water (20 ml) was 

added and the mixture was extracted with diethyl ether (4x50 ml) and the combined 

ethereal extracts were washed with deionised water (4x50 ml). The organic layer was dried 

over anhydrous sodium sulfate, filtered, and the filtrate was evaporated under reduced 

pressure to give a brown oil ZM-514. The crude product was purified by column 

chromatography on silica gel using eluant diethyl ether/petroleum spirit (6/4) to give ZM- 

514A (0.105 g, 8 %) as a light brown oil. This oil was dissolved in isopropanol at r.t. and 

filtered under gravity (in order to remove any traces of silica gel) and the solvent was 

removed in vacuo . ZM-514A (0.105 g, 0.0002 mol) was disssolved in diethylether (20
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ml) and added to a solution of anhydrous oxalic acid (0.023 g, 0.0003 mol) in methanol (5 

ml). The product precipitated out of solution and was collected by filtration under suction 

to give ZM-514B. Purification by recrystalisation from isopropanol gave the oxalate salt, 

ZM-514C, UCL 2020, (0.022 g, 17%) as an off-white powder.

mp 140-142 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.31 (silica, diethyl ether-pet spirit, 2:1).

HPLC 99.36% at 18.09 mins (Kromasil Cig 7 [xM 250x4.6mm, 1 ml/min, UV 254 nm, 

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid.

IR (Nujol mull, cm-1) 3 4 0 2  (w, 0 -H  str, water), 2922, 2852 (s, C-H str, CH3 , CH2 , 

Nujol), 2800 ( w, N-CH2 str), 2300 (w, C =  C str), 1454 (s, C-H def, CH3 , CH2 , 

Nujol), 735 (s, Ar-H out of plane def of ortho- disubstituted benzene ring), 700 (Ar-H out 

of plane def of monosubstituted benzene ring).

iH NMR (400 MHz, sample ZM-514 A, free base, CDCI3, ppm) 7.53 -7.50 (m, 2H, Ar- 

H), 7.38 (m, 2H, Ar-H), 7.35-7.13 (m, 4H, Ar-H), 7.03-6.96 (m, 2H, Ar-H), 6.75-6.73 

(m, 2H, Ar-H), 3.23 (s, 2H, C H 2Ph), 3.17 (s, 2H, C H zC ^C C H zN ), 2.59 (s, 2H, 

CH2C =  CCH2N), 2.60-2.57 (m, 2H, piperidine-H2 ,6eq), 2.50-2.48 (d, J = 6.95 Hz, 2H, 

CHo-Ph). 1.83-1.77 (m, 2 H, piperidine-H2 ,6ax), L55-1.51 (m, 2 H, piperidine-H3 g^x),

1.43-1.32 (m, IH, piperidine-H4ax), 1.26-1.18 (m, 2H, piperidine-H3 g^q).

Mass spectrum (FAB) m/e 482 (M+H)+, 390 (M-benzyl)+, 255 (9-benzylfluorenyl)+, 165 

(fluorenyl)+.

Anal. Calc, for C36H 35N; 1.1 C2H2O4 ; 0.5 H2O : C, 77.80; H, 6.53; N, 2.38.
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Found : C, 77.65; H, 6.74; N, 2.38.

Synthesis of ±3.3.5-Triniethvlhexahvdroazepin-2-butvn-l-ol (7)

A mixture of ±3,3,5-trimethylhexahyroazepine (4 g, 0.028 mol), formaldehyde (37% 

weight solution in water, 4.89 ml, 0.06 mol), propargyl alcohol (1.47 ml, 0.025 mol) and 

copper (I) chloride (0.14 g, 0.001 mol) were heated under reflux for 12 h. After cooling, 

the mixture was acidified with 2 N HCl and extracted with chloroform (4x50 ml). The 

aqueous layer was made alkaline with cautious addition of solid potassium carbonate and 

aqueous ammonia (33%) and extracted with chloroform (4x50 ml). The combined organic 

extracts were dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated 

in vacuo to give a brown oil ZM-530. The crude product was purified by column 

chromatography on silica gel using eluant chloroform/methanol (8/2) to yield ZM-530A 

(3.13 g, 53%) as a light brown oil.

iR  NMR (400 MHz, CDCI3 , ppm) 4.28-4.25 (m, 2H, C H zC ^C C H zN  ), 3.37-3.31(m,

2H, ÇH2C = C C H 2N), 2.78-2.65 (m, 2H, hexahydroazepine-H), 2.51-2.37 (m, IH,

hexahydroazepine-H), 2.22-2.06 (m, IH, hexahydroazepine-H), 1.90-1.85 (m, IH ,

hexahydroazepine-H), 1.63-1.47 (m, 2H, hexahydroazepine-H), 1.37-1.19 (m, 2H,

hexahydroazepine-H), 1.01-0.69 (m, 9H, (CH1I9C. ÇH3CH).

Mass spectrum (FAB) m/e 210 (M4-H)+, 192 (M-OH)+, 178 (M- CH2 0 H)+, 166 (M- 

CCH20H)+, 140 (M-CH2C =  CCH20H)+.

Synthesis of ±3.3.5-Trimethvlhexahvdroazepin-l-ehloro-2"butvne (14)

±3,3,5-trimethylhexahydroazepin-2-butyn-l-ol, (sample ZM-530A, 3.1 g, 0.015 mol) in 

dichloromethane (20 ml) was cooled to 0 ®C. Thionyl chloride (3.22 ml, 0.04 mol) 

dissolved in dichloromethane (5 ml) was added dropwise with stirring. The reaction 

mixture was stirred for 12 h at r.t. The latter was made alkaline with cautious addition of 

aqueous ammonia (d=0.88) and extracted with chloroform (4x50 ml). The combined 

organic extracts were dried over anhydrous sodium sulfate, filtered, and the filtrate was 

evaporated under reduced pressure to give a brown oil ZM-534. The crude product was
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purified by column chromatography on silica gel using eluant diethylether 1 0 0 % to afford 

ZM-534A (2.43 g, 72% yield) as a light brown oil.

IR (cm-1) 2954 (s, C-H str, CHg, CHz), 2900 (m, NCH2 str), 2185 (w, C =  C str), 

1471 (s, C-H def, CH3 , CH2), 1370 (m, C-H sym def CH3), 730 (s, C-Cl str).

IH  NM R (400 M Hz, CDCI3 , ppm) 4.19-3.33 (m, 4H, CH zC ^C C H zN , 

CH2C =  CCH2N), 2.70-2.14 (m, 4H, hexahydroazepine-II), 1.65-1.19 (m, 5H, 

hexahydroazepine-H), 1.17-0.83 (m, 9H, tC H iliC . ÇH3CH).

Mass spectrum (El) m/e 229*7227* (M)+, 212*7214* (M-CH3)-̂ , 192 (M-C1)+, 178 (M- 

CH2C1)+, 166 (M-CCH2C1)+, 154 ( M-CH2C =  CCH2CI).

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

S y n t h e s i s  o f  ± l - r ( 9 - B e n z v l ) - f l u o r e n e “9 - v i 1 - 3 . 3 . 5

trimethvlhexahvdroazepin-but-2-vne oxalate UCL 2021

Sodium hydride (60% dispersion in mineral oil, 0.51 g, 0.002 mol) in anhydrous DMSO 

(25 ml) under argon was cooled to 0 l̂ C. To this suspension, 9-benzyl-fluorene (2.7 g, 

0 .0 1  mol) was added in portions with stirring (on addition, a bright red colour appeared). 

The mixture was stirred for 172 h at r.t. ±3,3,5-trimethylhexahydroazepin-l-chloro-2- 

butyne (sample ZM-534A, 2.4 g, 0.01 mol) dissolved in anhydrous DMSO (10 ml) was 

added dropwise. The reaction mixture was stirred for 12 h at r.t. Deionised water (100 ml) 

was added and the resulting mixture was extracted with diethylether (4x50 ml). The 

combined ethereal extracts were washed with deionised water (4x50 ml). The ethereal layer 

was dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated in vacuo 

to give a brown oil ZM-538. The crude product was purified by column chromatography 

on silica gel using eluant diethyl ether/petroleum spirit (674) to give ZM-538A which was 

further purified by column chromatography on silica gel using eluant diethyl 

ether/petroleum spirit (6:4) and the latter was subsequently dissolved in isopropanol at r.t. 

and filtered under gravity (in order to remove any silica gel present) to yield ZM-538D
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(2.03 g, 43%) as a light brown oil. ZM-538D (2.03 g, 0.004 mol) was dissolved in 

diethyl ether (40 ml) and added to a solution of anhydrous oxalic acid (0.49 g, 0.005 mol) 

in methanol (10 ml). The crystals formed were filtered under suction and recrystallised 

from abs. ethanol/diethyl ether (1/3) to yield the oxalate salt, ZM-538E, UCL 2021, (0.53 

g, 2 2 %) as a mixture of enantiomers, in the form of white crystals.

mp 105-107 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.68 (silica, diethyl ether-pet spirit, 2:1).

HPLC 100% at 15.66 mins (Kromasil Cig 7 |iM  250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid.

IR (Nujol mull, cm-1) 3 3 5 5  (w, -OH str, water) 2914 (s, C-H str, CH3 , CH2 , Nujol), 

2724 ( w, N-CH2 ), 2239 (w, C =  C str), 1452 (s, C-H def, CH3 , CH2 , Nujol), 781, 

733 (s, Ar~y out of plane def of ortho- disubstituted benzene ring), 704, 658 (Ar-H out of 

plane def of ponosubstituted benzene ring).

iH NMR (400«MHz, sample ZM-538C1, free base, CDCI3 , ppm) 7.60-7.58 (m, 2H, Ar

il), 7.42-7.40 (\n, 2H, Ar-H), 7.31-7.23 (m, 4H Ar-H), 7.05-6.99 (m, 3H, Ar-H), 6.82- 

6.79 (m, 2H, Ar-H), 3.29-3.26 (m, 4H, C H 2 ?h, C H zC ^C C H zN ), 2.79-2.76 (m, 

ÇH2C =  CCH2N)\2.62-2.58 (m, IH, CH3CH), 2.53-2.48 (m, IH, hexahydroazepine- 

II), 2.37-2.31 (m, IH, hexahydroazepine-H), 2.08-2.03 (m, IH, hexahydroazepine-H),

1.83-1.17 (m, 5H, h^ahydroazepine-H), 0.91-0.82 (m, 9H, (CH3)2C, ÇH 3CH).

Mass spectrum (FAB) m/e 448 (M+H)+, 432 (M-CH3)+, 356 (M-benzyl)+, 255 (9- 

benzylfluorenyl)+, 193 (M-9-benzylfluorenyl)+.
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Anal. Calc, for C33H37N; 1.7 C2H2O4 ; 0.2 H2O : C, 72.35; H, 6.81; N, 2.32.

Found : C, 72.39; H, 7.10; N, 2.27.

Synthesis of l-r(9-Benzvn-fluorene-9-vIl-l-chloro-2-butvne (10/11

Sodium hydride (0.17 g, 0.0043 mol) in anhydrous DMSO (5 ml) under argon was cooled 

to 0 9c. 9-Benzylfluorene (Ig, 0.0039 mol) was added in portions with stirring (on 

addition, a bright red colour appeared). The mixture was stirred for 1/2 h at r.t. 1,4- 

dichlorobutyne (1.92 g, 0.016 mol) dissolved in anhyrous DMSO (10 ml) was added in 

one portion with stirring. The reaction was stirred for a further 14 h at r.t. Deionised water 

(100 ml) was added and the mixture was extracted with diethyl ether (4x50 ml). The 

combined ethereal extracts were washed with deionised water (4x50 ml) and the organic 

layer was separated and dried over anhydrous sodium sulfate, filtered, and the filtrate was 

evaporated in vacuo to give a brown oil, ZM-650. The crude product was purified by 

column chromatography on silica gel using eluant diethyl ether/petroleum spirit (6/4) to 

give ZM-650A as a light brown oil. This oil was further twice purified by column 

chromatography on silica gel using eluants petroleum spiritidiethyl ether (95:5) and 

petroleum spiritidiethyl ether (99:1) respectively to yield ZM-650D (0.24 g, 18%) as a 

colourless oil.

IH NMR (200 MHz, CDCI3 , ppm) 7.61-7.58 (m, 2H, Ar-H), 7.46-7.42 (m, 2H, Ar-H), 

7.36-7.25 (m, 4H, Ar-H), 7.23- 6.84 (m, 3H, Ar-H), 6.83-6.79 (m, 2H, Ar-H), 4.28 (t, 

J = 2.32 Hz, 2H, CH2C =  CÇH2CI), 3.32 (s, 2H, C l^ P h ) , 2.70 (t, J = 2.33 Hz, 2H, 

CH9C =  CCH2CI).

Mass spectrum (FAB) m/e 344*/342* (M+H)+, 307 (M-Cl)""", 255 (9-benzylfluorenyl)+, 

253*/251* (M-benzyl)+, 165 (fluorenyl)^.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).
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Synthesis of l-r(9-Benzvn-fluorene-9-vl1-2-butvn-4-ol UCL 2022

l-[(9-benzyl)-fluoren-9-yl]-l-chloro-but-2-yne (sample ZM-650D, 0.21 g, 0.0006 mol) 

was dissolved in acetonitrile (5 ml). To this solution, sodium hydroxide (0.075 g, 0.0019 

mol) dissolved in deionised water (3 ml) was added. The reaction mixture was heated 

under reflux for 6 h. After cooling, the solvent was removed under reduced pressure to 

give an off-white solid. Deionised water was added and the mixture was extracted with 

chloroform (4x50 ml). The combined organic extracts were dried over anhydrous sodium 

sulfate, filtered, and the filtrate was evaporated in vacuo to give an off-white solid ZM- 

658. The crude product was purified by column chromatography on silica gel using eluant 

petroleum spirit/diethyl ether (5/5) to yield ZM-658A which was further purified by 

column chromatography on silica gel using eluant petroleum spirit/diethyl ether (8/2). The 

latter was dissolved in isopropanol at r.t. and filtered under gravity (in order to remove any 

silica gel present). ZM-658B, UCL 2022, (0.058 g, 28%) was produced as a white solid.

mp 82.5-84 «C.

Solubility, sol (MeOH), sol (DMSO), sp sol (H2O).

TLC Rf = 0.52 (silica, EtzO, 100%).

HPLC 100% at 25.86 mins (Kromasil Cig 7 pm 250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid).

IR (Nujol mull, cm-1) 3 2 0 2  (w, OH str), 2923, 2856 (s, C-H str, CH3 , CH2 Nujol), 2300 

(w, C =  C), 1459 (s, C-H def, CH3 , CH2 Nujol), 1376 (s, O-H bending), 1017 (s, C -0 

str), 733 (s, Ar-H out of plane def of ortho -disubstituted benzene ring), 700 (Ar-H out of 

plane def of monosubstituted benzene ring).
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IH NMR (400 MHz, CDCI3 ppm) 7.60-7.56 (m, 2H, Ar-H), 7.43-7.40 (m, 2H, Ar-H), 

7.32-7.24 (m, 4H, Ar-H), 7.04-6.97 (m, 3H, Ar-H), 6.80-6.78 (m, 2H, Ar-H), 4.29 (s,

2H, CH2C =  CÇH2OH), 3.30 (s, 2H, CHoPh). 2.72 (s, 2H, CCH2OH), 1 .5 3

(s, IH, OH).

Mass spectrum (FAB) m/e 324 (M+H)+, 255 (9-benzylfluorenyl)+, 233 (M-benzyl)+, 165 

(fluorenyI)+.

Anal. Calc, for C24H20O; 0.3 H2O : C, 87.40; H, 6.30.

Found : C, 87.34; H, 6.13.

Synthesis of l-r(9-Benzvl)-fluorene-9-vll-4(l-imidazolvl)-but-2-vne UCL 

2023

l-[(9-benzyl)-fluoren-9-yl]-l-chloro-butyne (sample ZM-654A, 0.45 g, 0.0013 mol) and 

imidazole (0.20 g, 0.0029 mol) in anhydrous acetonitrile (15 ml) were heated under reflux 

for 20 h in an argon atmosphere. Triethylamine was added and the mixture was stirred for 

a few minutes at r.t. The solvent was evaporated under reduced pressure to give as an off- 

white soild. Deionised water was added, and the mixture was extracted with chloroform 

(4x30 ml). The combined oraganic extracts were dried over anhydrous sodium sulfate, 

filtered, and the filtrate was evaporated in vacuo to give ZM-662. The crude product was 

purified by column chromatography on silica gel using eluant ethyl acetate/methanol (95/5) 

to yield ZM-662A, which was further purified by column chromatography on silica gel 

using eluant chloroform:methanol (95:5). The latter was dissolved in isopropanol at r.t. 

and filtered under gravity (in order to remove any silica gel present). ZM-662B, UCL 

2023, (0.16 g, 32%) was produced as a light brown oil.

Solubility, sol (MeOH), sol (DMSO), sp sol (H2O).

TLC Rf = 0.40 (silica, CHCls-MeOH, 9.5:0.5).
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HPLC 100% at 18.64 mins (Kromasil Cig 7 |Xm 250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (40/60) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid).

IR (Capillary film, cm )̂ 3032, 2917 (s, C-H str, CH2), 2361 (m, C =  C), 1447 (s, C-H 

def, CH2 ), 1346 (w, imidazole, ring skeletal), 1228, 1076 (s, C-H out of plane def, 

imidazole), 736 (s, Ar-H out of plane def of ortho-disuhsiiiuied benzene ring), 703 (Ar-H 

out of plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 ppm) 7.60-7.58 (m, 2H, Ar-H), 7.33-7.23 (m, 7H, Ar-H, 

Im-H2 ), 7.06-6.97 (m, 4H, Ar-H, Im-H^), 6.75-6.72 (m, 3H, Ar-H, Im-H^), 4.55 (t, J = 

1.57 Hz, 2H, CH zC^CCH zN ), 3.24 (s, 2H, C H 2 Ph), 2.84 (t, J = 1.84 Hz, 2H, 

CH9C =  CCH.N)

Mass spectrum (FAB) m/e 375 (M+H)+, 283 (M-benzyl)+, 255 (9-benzylfluorenyl)+, 165 

(fluorenyl)+, 120 (M-9-benzylfluorenyl)+.

Anal. Calc, for C27H22N2 ; 0.3 H2O : C,85.37; H, 6.0; N, 7.37.

Found : C, 85.10; H, 6.05; N, 7.31.

Synthesis of l-r9 -rB en zvn -flu oren e-9 -vn -4 -(N -5 -eth v l-2 -m eth v l-  

piperidino)-but-2-ene oxalate UCL 1977

l-[9-(benzyl)-fluorene-9-yl]-4-(N-5-ethtyl-2-methyl-piperidino)-but-2-ene (sample ZM- 

378A, 0.271 g, 0.0006 mol), Lindlar catalyst (0.054 g, 20%) in methanol (15 ml) was 

hydrogenated for 3.5 h at 40 ®C. The catalyst was removed by filtration under gravity and 

washed with methanol. The catalyst was then re-filtered and the combined filtrate were 

evaporated under reduced pressure to give a brown oil ZM-430 (0.2 g, 74% crude yield). 

The crude product was purified by preparative TLC on silica gel eluting with diethyl ether 

100% to produce ZM-430A (0.08 g, 30%). ZM-430A was still contaminated with the 

corresponding alkane, and was further purified by preparative TLC using eluant diethyl 

ether 100%. The solvent was removed in vacuo and the latter was disolved in isopropanol
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and filtered under gravity (in order to remove the silica gel present) to yield ZM-430B( 

0.018 g, 7%) as a light brown oil. ZM-430B (0.018 g, 0.00004 mol) was dissolved in 

methanol and added to a solution of anhydrous oxalic acid (0.006 g, 0 .0 0 0 1  mol) in 

methanol. Diethylether was added and the product precipitated out of solution and collected 

by filtration under suction to yield the oxalate salt ZM-430C, UCL 1977, (0.018g, 82%) 

as a mixture of cis and trans isomers, in the form of a white powder.

mp 168-170 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC R f = 0.72, 0.66 (silica, diethyl ether-MeOH, 9:0.5).

HPLC 36.94% and 58.73% at 34.41 and 35.60 mins (Kromasil Cig 7 |iM  250x4.6 mm, 1 

ml/min, UV 254 nm, A/B/C (47/18/35) where A is water with 0.1% trifluoroacetic acid 

and B is methanol with 0.1% trifluoroacetic acid and C is acetonitrile with 0.1% 

trifluoroacetate.

IR (KBr disc) 3443 (s, O-H str), 3030(w, C-H s tr ,C H = C H ), 2927 (s, C-H str, CH3 , 

CH2), 1450, (s, C-H def, CH3 , CH2), 1398, 1242 (s, O-H bending), 1104, 1033 (w, C- 

O str) 740, (s, Ar-H out of plane def of ortho- disubstituted benzene ring), 702 (s, Ar-H 

out of plane def of monosubstituted benzene ring).

iH NMR is a mixture of geometrical isomers in the ratio of 4:6.

iH NMR (400 MHz, CDCI3 , ppm, sample ZM-430B, free base) 7.58-7.53 (m, 2H, Ar- 

H), 7.37-7.31 (m, 2H, Ar-H), 7.30-7.23 (m, 4H, Ar-H), 7.02-6.93 (m, 3H, Ar-H), 

6.68-6.64 (m, 2H, Ar-H), 5.26-5.22 (m, IH, CH2CH=_ÇHCH2N), 4.92-4.85 (m, IH, 

CH2C H =  CHCH2N), 3.24 and 3.23 (s, C H o P h L  3 .2 1 -2 .8 5  (m ,

4H, CH2C H =  CHÇH2N, CH2C H =  CHCH2N), 2.76-2.69 (m, IH, piperidine-H), 2.29- 

1.98 (m, 3H, piperidine-H), 1.74-1.09 (m, 6 H, piperidine-H, CH3ÇH 2 ), 1.02 and 0.91 

(d, J = 6.15 Hz, 3H, ÇH 3CH), 0.84 (t, J = 7.44 Hz, 3H, ÇH 3CH2 ).
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Mass spectrum (FAB) m/e 436 (M+H)+, 420 (M-CH3)+, 255 (9-benzylfluorenyl)+, 180 

(M-9-benzylfluorenyl)+.

Anal. Calc, for C32H37N; 1.9 C2H2O4 ; 1.0 H2O : C, 68.83; H, 6.91; N, 2.24.

Found : C, 68.87; H, 7.06 ; N, 2.58.

Synthesis of l-r (9 -B en zvn -flu oren e-9 -v ll-4 -(N -5 -e th v l-2 -m eth v l-  

piperidinol-butane oxalate UCL 1976

A solution of l-[(9-benzyl)-fluoren-9-yl]-4-(N-ethyl-2-methyl-piperidino)-but-2-yne 

(sample ZM-378A, 0.159 g, 0.0004 mol) and Pd/C (0.016 g, 10%) in methanol (10 ml) 

was hydrogenated at 60 psi pressure at 50 for 5.5 h. The catalyst was removed by 

filtration under gravity and washed with methanol. The catalyst was re-filtered and the 

combined filtrates were evaporated in vacuo to give a light brown oil ZM-418 (0.064 g, 

40% crude yield). ZM-418 was combined with a previous sample, ZM-406 and purified 

by column chromatography on silica gel using eluant diethyl ether/petroleum spirit 6/4 to 

give ZM-418 A (0.122 g, 33%). ZM-418A was stirred in isopropanol at r.t. and filtered 

under gravity (in order to remove any traces of silica gel ). ZM-418A (0.112 g, 0.0002 

mol) was dissolved in diethylether and added to a solution of anhydrous oxalic acid (0.028 

g, 0.0003 mol) in methanol. The crystals produced, were filtered under suction and 

washed with cold diethylether to yield the oxalate salt ZM-418B, UCL 1976, (0.049 g, 

38%) as a mixture of cis and trans isomers, in the form of white crystals.

mp 180-182 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.63 (silica, diethyl ether-MeOH, 9:0.5).

HPLC 74.70.94% and 24.65% at 30.41 and 31.86 mins (Kromasil Cig 7 jxM 250x4.6 

mm, 1 ml/min, UV 254 nm, A/B/C (47/11/42) where A is water with 0.1% trifluoroacetic
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acid and B is methanol with 0.1% trifluoroacetic acid and C is acetonitrile with 0.1% 

trifluoroacetate.

IR (KBr disc) 2932, 2856 (s, C-H str, CH 3 , CH2 ), 2649, 2550 (w, NCH2 str), 1452, 

1442 (s, C-H def, CH3 , CH2), 766, 733 (s, Ar-H out of plane def of ortho- disubstituted 

benzene ring), 701 (s, Ar-H out of plane def of monosubstituted benzene ring).

iH NMR is a mixture of cis and trans isomers.

^H NMR (400 MHz, CDCI3 , ppm, sample ZM-418 A, free base) 7.56-7.52 (m, 2H, Ar

il) , 7.28-7.23 (m, 6 H, Ar-H), 7.00-6.92 (m, 3H, Ar-H), 6.65-6.63 (m, 2H, Ar-H), 

3.12 (s, IH, CHoPhl. 2.76-2.73 (m, IH, piperidine-H^eq), 2.26-1.94 (m, 4H, piperidine- 

), 1.70-1.07 (m, IIH , piperidine-IL (ÇH 2I4 ), 0.94-0.75 (m, 7H, Ç H 3 CH, Ç H 3CH 2 , 

piperidine-H), 0.59-0.50 (m, IH, piperidine-H).

Mass spectrum (FAB) m/e 438 (M+H)+, 346 (M-benzyl)+, 182 (M-9-benzylfluorenyl)+, 

140 (M-9 -benzylfluorenyl(CH2)3)+.

Anal. Calc, for C32H 39N; C2H2O4 ; 1.0 H2O : C, 77.39; H, 7.83; N, 2.65.

Found : C, 77.12; H, 7.87 ; N, 2.60.

Synthesis of 4(5)-Ethvl-2-methvl-imidazole hydrochloride (15/1)

l-hydroxybutan-2-one (2.36 ml, 0.027 mol) in deionised water (20 ml) was added to a 

solution of cupric acetate (9 g, 0.045 mol) and acetaldehyde (2.15 ml, 0.042 mol) in 

aqueous ammonia (d = 0.88, 70 ml). The mixture was heated for 1.5 h at 80 ®C (a bright 

yellow colour appeared). The beige coloured solid formed was filtered under suction, 

washed with deionised water and suspended in hot deionised water (100 ml). Hydrogen 

sulfide was passed through the solution while concentrated hydrochloric acid was slowly 

added to keep the mixture acid to congo red indicator. A dark brown/black precipitate was 

formed. The brown/black solid was collected by filtration under suction and washed with 

dilute acid. The filtrate was collected and the brown/black solid was re-immersed in dilute 

acid and allowed to stir for a few minutes at r.t. and re-filtered. The combined aqueous
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filtrate were stirred with decolourising charcoal for 1 /2  h at r.t. and filtered under gravity. 

Hydrogen sulfide was passed through the aqueous filtrate and the above procedure was 

repeated once again (due to intense green colour of the filtrate indicating the presence of 

residual copper). Abs. ethanol was added and the filtrate was evaporated under reduced 

pressure to give the hydrochloride salt ZM-83 (4.85 g, 100% due to solvent retention) as a 

brown oil.

Mass spectrum (El) m/e 110 (M)+, 95 (M-CHs)^, 80 (M-(CH3 )2 )+, 6 6  (Im)+, 40 

(azirinium)+.

Preparation of 4(5)-Ethvl-2-methvl imidazole

A saturated solution of potassium carbonate (200 ml) was added to 4(5)-ethyl-2-methyl 

imidazole hydrochloride (sample ZM-83, 5.48 g, 0.04 mol) and stirred for 1/2 h at r.t. The 

aqueous solution was extracted with chloroform (4x100 ml) and the combined organic 

extracts were dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated 

in vacuo to give a brown/green oil (ZM-87, 0.91 g, 19%).

iR  NMR (200 MHz, CDCI3 , ppm) 2.57 (q, J = 7.44 Hz, 2H, Im-CH3 -CH 2 ), 2.34 (s, 

3H, Im-C H il  1.20 (t, J = 7.59 Hz, 2H, Im-CH3 -CH2 ).

Mass spectrum (El) m/e 110 (M)+, 95 (M-CH3)+, 81 (M-Et)+, 6 6  (Im)+, 40 (azirinium)+.

Synthesis of N-(2.2.2-TriphenvlethanovD-4f5)-ethvl-2-methvI imidazole 

trifluoroacetate UCL 1694

4(5)-ethyl-2-methyl imidazole (sample ZM-87, 0.36 g, 0.003 mol), triphenylacetyl 

chloride (sample ZM-61B, 0.72 g, 2.35 mol) and anhydrous sodium carbonate (0.12 g, 

1.17 mol) in anhydrous toluene (20 ml) were heated under reflux for 40 h. The reaction 

mixture was filtered under suction and the fitrate was evaporated under reduced pressure to 

give an off-white solid ZM-97 (0.79 g, 79% crude yield). The cmde product was purified 

by preparative HPLC (Kromasil Cig 10 |iM, 250x22 mm, UV detector 215 nm, flow rate 

18 ml/min, A/B (30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol
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with 0.1% trifluoroacetic acid). The solvent was evaporated in vacuo to give a white solid 

ZM-97 A. This solid was dissolved in isopropanol and filtered under gravity (in order to 

remove the silica gel present). The latter was recrystallised three times from ethyl acetate to 

afford ZM-97D, UCL 1694 (0.04 g, 5%) as white crystals.

mp 158-160 OC.

Solubility, sol (MeOH), insol (Et2 0 ), insol (H2O).

TLC Rf = 0.77 (silica, MeOH, 100%).

HPLC 97.4% at 9.66 mins (Kromasil Cig 7 jxm 250x4.6 mm, 1 ml/min, UV 215 nm, A/B 

(30/70) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid).

IR (Solution in CDCI3 , cm 'l) 2963.2 (s, CH3 , CH2 str), 2855 (w, C-H str, CH3 , CH2), 

1721 (s, CO str), 1495 (w, ring skeletal, imidazole), 1262 (s, ring-breathing and C-H in

plane deformations, of imidazole ring), 942 (s, C-H out of plane def of imidazole ring), 

763, 684 (Ar-H out of plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 ppm) 7.14-7.35 (m, 15H, Ar-H), 6.34 (s, Im-4(5)-H), 2.88 

(s, 3H, CH 3-Im), 2.35 (q, J = 7.61 Hz, 2H, Im-CH3 -CH 2 ), 0.87 (t, J = 8.08 Hz, 3H, 

Im-CH3-CH2).

Mass spectrum (El) m/e 380 (M)+, 365 (M-CH3)+, 243 (Ph3C)+, 165 (Ph2C)+, 6 6  (Im)+, 

40 (azirinium)+.

Anal. Calc, for C2 6 H2 4N2 O; C2HF3O2 ; 0.2 H2 O : C, 67.52; H, 5.14; N, 5.62

Found : C, 67.66; H, 5.03; N, 5.32
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Synthesis of l.l-Diphenvl-(2-chlorophenvn-methvl chloride (18/1)

A portion of benzene (26 ml) and aluminium trichloride (6  g, 0.045 mol) was placed into a 

three necked round bottomed flask equipped with a thermometer and dropping funnel. 2 - 

Chlorobenzotrichloride (6.23 ml, 0.041 mol) dissolved in benzene (9.6 ml) was added 

dropwise to this suspension over a period of about 3 h with stirring, during which time the 

internal temperature rose to 35 ®C. The reaction mixture was heated under reflux for 14 h 

at 80 ^C. The reaction mixture was then cooled to +5 and diluted with dichloromethane 

(108 ml), and the solution was introduced into ice (108 g) and hydrochloric acid (37%, 54 

ml), with stirring. To prevent hydrolysis of the 1,1 -diphenyl-(2-chlorophenyl)-methyl 

chloride formed, the temperature should not rise above 0 ®C. The dichloromethane was 

separated and washed with hydrochloric acid (37%) (4x100 ml), and concentrated under 

reduced pressure until the crude product started to crystallise. A minimum amount of 

anhydrous acetonitrile was added and the suspension was stirred for 1 /2  h at 0  ^C, and the 

product was collected by filteration under suction. This procedure was repeated a further 

three times and the product was collected by filtration under suction to yield ZM-318 (7.60 

g, 59%) as an off white powder.

mp 131-133 OC. Lit 132-133 OC.341

IR (Nujol mull, cm‘1) 2924, 2854 (s, C-H str, CH3 , CH2 nujol), 1464 (m, C-H def, 

CH3 , CH2 nujol), 1377 (m, C-H sym def CH3), 761, 750 (s, Ar-H out of plane def of 

ortho - disubstituted benzene ring), 725, 6 8 8  (s, Ar-H out of plane def of monosubstituted 

benzene ring), 620 (m, C-Cl str).

IH NMR ( 400 MHz, CDCI3 , ppm) 7.42-7.40 (m, IH, Ar-H), 7.30-7.20 (m, IIH , Ar

il) , 7.08-7.04 (m, IH, Ar-H), 6.77-6.74 (m, IH, Ar-H).

Mass spectrum (FAB) m/e 279*/277 (M-C1)+, 242 (M-(C1)2), 165 (Ph2 C)+, 89 (PhC)+,

77 (Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).
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Synthesis of l.l-Diphenvl-(4-chlorophenvn-methvl chloride (18/1)

A mixture of benzene (17 ml) and aluminium chloride (4 g, 0.029 mol) were placed into a 

three necked round bottomed flask equipped with a thermometer and dropping funnel. 4- 

Chlorobenzotrichloride (4.19 ml, 0.027 mol) dissolved in benzene (7.8 ml) was added 

dropwise to this suspension over a period of approximately 3 h during which time the 

internal temperature rose to 35 ^C. The reaction was concluded by heating under reflux for 

14 h. The mixture was then cooled to +5 ^C, and diluted with dichloromethane (72 ml) and 

the solution was introduced into ice (-72 g) and hydrochloric acid (37%, 36 ml), with 

stirring. To prevent hydrolysis of the 1, l-diphenyl-(4-chlorophenyl)-methyl chloride 

formed, the temperature should not rise above 0 ®C. The organic layer was separated, 

washed with hydrochloric acid (37%, 50 ml) and concentrated under reduced pressure 

until the crude product started to crystallise. ZM-330 (3.53 g, 41%) was produced as an 

off-white soild.

mp 85.4-87.5 «C. Lit 88.8-89.7 OC.343

IR (Nujol mull, cm-l) 2924, 2852 (s, C-H str, CH3 , CH2 nujol), 1490, 1462 (m, C-H 

def, CH3 , CH% nujol), 1378 (m, C-H sym def CH3), 894, 825 (s, Ar-H out of plane def 

of p a ra  -disubstituted benzene ring), 725, 6 8 8  (s, Ar-H out of plane def of 

monosubstituted benzene ring), 620 (m, C-Cl str).

IH NMR ( 400 MHz, CDCI3 , ppm) 7.34-7.30 (m, 7H, Ar-H), 7.29-7.19 (m, 7H, Ar-H).

Mass spectrum (FAB) m/e 279*7277 (M-C1)+, 242 (M-(Cl)i), 165 (Ph2C)+, 89 (PhC)+, 

77 (Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Synthesis of 3-rN -(l-(2-C hlorophenvl)-l.l-d iphenvI)-m ethvm am ino- 

pyridine UCL 1880

A portion of 3-aminopyridine (0.45 g, 0.005 mol) was placed into a three necked round 

bottomed flask, equipped with a stirrer and dropping funnel. Dry acetonitrile (5 ml) was
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added and the solution was stirred at r.t. under an argon atmosphere. l,l-Diphenyl-(2- 

chlorophenyl)-methylchloride (sample ZM-318, 1.5 g, 0.005 mol) dissolved in dry 

acetonitrile (45 ml) was added dropwise, while slowly warming the mixture 50-60 ®C. At 

the same time, triethylamine (18 ml, 0.13 mol) was added dropwise and the mixture was 

heated under reflux for 6  h in an argon atmosphere. The solvent was removed in vacuo 

and the brown oil produced was dissolved in chloroform and washed with deionised water 

(4x100 ml). The combined organic extracts were dried over anhydrous sodium sulfate, 

filtered, and the filtrate was evaporated under reduced pressure to give a brown oil ZM- 

350. The crude product was purified by column chromatography on silica gel using eluant 

petroleum spirit/chloroform (7/3) to give ZM-350A which was further purified by column 

chromatography on silca gel using eluant chloroform 100% to yield ZM-350B as an off- 

white solid. The latter was dissolved in isopropanol at r.t. and filtered under gravity (in 

order to remove any silica gel present). ZM-350C, UCL 1880, (0.31 g, 18%) was 

obtained as an off-white solid.

mp 99.8-101.9 OC.

Solubility, sol (MeOH), sol (DMSO), sp sol hot (H2O).

TLC Rf = 0.44 (CHCI3 , 100%).

HPLC 99.37% at 13.56 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (20/80) where A is water with 0.1% triethylamine and B is methanol with 0.1% 

triethylamine).

IR (Nujol mull, cm-l) 3 3 9 7  (w, NH bending), 2925, 2855 (s, C-H str CH3 , CH2 , Nujol), 

1463 (s, C-H def, CH3 , CH2 , Nujol), 796, 740 (s, Ar-H out of plane def of ortho- 

disubstituted benzene ring), 705 (Ar-H out of plane def of monosubstituted benzene ring).
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iR  NMR (400 MHz, CDCI3 ppm) 7.97 (m, IH, pyridine-H), 7.85 (m, IH, pyridine-H), 

7.60-7.56 (m, IH, Ar-H), 7.36-7.18 (m, 13H, Ar-H), 6.81-6.77 (m, IH, pyridine-H), 

6.64-6.61 (m, IH, pyridine-H), 5.46 (s, IH, NH).

Note: isopropanol is present in the ^H NMR.

Mass spectrum (FAB) m/e 371*7373* (M+H)+, 277*7279* (ClPh3C)+, 165 (Ph2C)+.

(* because of the two isotopes of Cl, ^^Cl and ^^Cl).

Anal. Calc, for C24H 19N2CI; 0.2 C3H8O; 0.2 H2O : C,76.45; H, 5.48; N, 7.25.

Found : C, 76.47; H, 5.31; N, 7.12.

Synthesis of 3-r(l.l-Diphenvl-l-(4-chloroDhenvl)methvlam inol-pvridine 

UCL 1892

3-Aminopyridine (0.3 g, 0.0032 mol) was placed into a three necked round bottomed flask 

equipped with a stirrer and dropping funnel under argon. 1,1 -Diphenyl-(4-chloropenyl)- 

methyl chloride (1 g, 0.0032 mol) dissolved in dry acetonitrile (20 ml) was added 

dropwise while slowly warming the mixture to 50 ®C. At the same time, triethylamine (12 

ml, 0.088 mol) was added dropwise and the mixture was heated under reflux for 4 h. To 

complete the conversion, 3-aminopyridine (0.05 g, 0.0006 mol) dissolved in triethylamine 

(0.6 ml, 0.004 mol) was added and the mixture was heated under reflux for a further 1.5 

h. The solvent was removed in vacuo to give a brown oil. Chloroform was added and the 

mixture was washed with deionised water (4x50 ml). The combined organic extracts were 

dried over anhydrous sodium sulfate, filtered, and the filtrate was evaporated under 

reduced pressure to give a brown oil ZM7IS-17A (1.37 g, 99% crude yield). This oil 

combined with a previous sample (ZM7IS-13, 0.71 g) was purified by column 

chromatography on silica gel using eluant chloroform 1 0 0 % to give an off-white solid . 

The latter was dissolved in isopropanol at r.t. and filtered under gravity (in order to remove 

any silica gel present). ZM7IS-17B, UCL 1892, (0.85 g, 48%) was produced as an off- 

white solid.
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mp 159-161 OC.

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).

TLC R f = 0.8 (silica, CHCI3 , 100%).

HPLC 98.78% at 14.09 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (20/80) where A is water with 0.1% triethylamine and B is methanol with 0.1% 

triethylamine).

IR (Nujol mull, cm -l) 3 4 1 0  (w, NH bending), 2924, 2854 (s, C-H str, CH3 , CH2 , 

Nujol), 1464 (s, C-H def, CH3 , CH2 , Nujol), 795 (s, pyridine-H out of plane def), 763 

(s, Ar-H out of plane para -disubstituted benzene ring), 703 (s, Ar-H out of plane def of 

monosubstituted benzene ring).

iH NMR (400 MHz, CDCI3 , ppm) 7.91-7.90 (m, IH, pyridine-H), 7.82-7.81 (m, IH, 

pyridine-H), 7.29-7.20 (m, 14H, Ar-H), 6.77-6.74 (m, IH, pyridine-H), 6.47-6.44 (m, 

IH, pyridine-H), 5.04 (s, IH, NH).

Mass spectrum (FAB) m/e 372*/370* (M+H)+, 279*/277* (ClPh3C)-^, 165 (Ph2C)+, 77 

(Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Anal. Calc, for C24H 19N2CI; 0.1 H2O : C, 77.35; H, 5.19; N, 7.52.

Found : C, 77.35; H, 5.07; N, 7.28.

Synthesis of l.l"DiphenvI-(2-chIorophenvl)-N-methvl piperazine methane 

UCL 1922

N-methyl-piperazine (0.71 ml, 0.006 mol) was placed into a three necked round bottomed 

flask equipped with a stirrer and dropping funnel under argon. Anhydrous acetonitrile (5
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ml) was added and the solution was stirred at r.t. l,l-Diphenyl-(2-chlorophenyl)-methyl 

chloride (sample ZM-318, 2 g, 0.006 mol) dissolved in dry acetonitrile (35 ml) was added 

dropwise with stirring, while slowly warming the mixture 50-60 ®C. At the same time, 

triethylamine (24 ml, 0.17 mol) was added dropwise and the reaction was heated under 

reflux for 3 h. The conversion was completed by dropwise addition of 1-methyl piperazine 

(0.04 ml, 0.0004 mol) dissolved in triethylamine (0.07 ml, 0.0005 mol), and the mixture 

was heated under reflux for a further 1.5 h. After cooling, the solvent was removed in 

vacuo and the resulting brown oil was dissolved in chloroform and washed with 

deionised water (4x50 ml). The combined organic extracts were dried over anhydrous 

sodium sulfate, filtered, and the filtrate was evaporated under reduced pressure to give a 

brown oil, ZM-326. The crude product was purified by column chromatography on silica 

gel using eluant chloroform/petroleum spirit (1/9) followed by trituration with petroleum 

spirit to give ZM-326A as a brown solid. ZM-326A was dissolved in dilute hydrochloric 

acid ( I N )  and extracted with petroleum spirit (12x100 ml). The aqueous phase was 

separated and solid sodium carbonate was cautiously added. The aqueous phase was then 

extracted with chloroform. The combined organic extracts were evaporated under reduced 

pressure to give a brown oil ZM-326C (0.3 g, 12%). This oil was further purified by 

column chromatography on silica gel using eluant chloroform/petroleum spirit (1/9) to give 

ZM-326D (0.11 g, 5%). ZM-326D was finally purified by preparative HLPC using 

(Kromasil Cig 7 pm 250x4.6 mm, 18 ml/min, UV 215 nm, A/B (10/90) where A is water 

with 0.1% triethylamine and B is methanol with 0.1% triethylamine) to yield ZM-326E. 

The latter was dissolved in isopropanol at r.t. and filtered under gravity (in order to remove 

the silica gel present). Treatment with isopropanol was repeated once more. ZM-326G, 

UCL 1922, (0.06 g, 49%) was produced as a brown glassy solid.

mp 110-114 0c.

Solubility, sol (DMSO), sol (MeOH), sp sol hot (H2O).

TLC Rf = 0.62 (CHClg-MeOH, 9.75 : 0.25).
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HPLC 100% at 9.83 mins (Kromasil Cig 7 |xm 250x4.6 mm, 1 ml/min, UV 215 nm, A/B 

(10/90) where A is water with 0.1% triethylamine and B is methanol with 0.1% 

triethylamine).

IR (KBr disc cm-l) 1676, 1611 (s, HCO3 ), 1451 (s, C-H def, N-CH3), 1200, 1036 (s, 

C-N str), 752 ( s, Ar-H out of plane def of para - disubstituted benzene ring), 720, 701 (s, 

Ar-H out of plane def of monosubstituted benzene ring).

iH NMR (400 MHz, CDCI3 , ppm) 7.36-7.32 (m, IH, Ar-H), 7.28-7.12 (m, 6 H, Ar-H), 

7.05-7.03 (m, 2H, Ar-H), 6.96-6.90 (m, 3H, Ar-H), 6.84-6.81 (m, 2H, Ar-H), 3.28 (t, 

J = 5.12 Hz, ÇH 2), 2.84 (br s, 2H, C U iY 2.52 (s, NÇH3).

Mass spectrum (FAB) m/e 379*/377* (M+H)+, 363*/361* (M-CH3 )+, 279*/277* 

(ClPh3C)+, 165 (Ph2C)+.

(* Two peaks because of the two isotopes of Cl, 37ci and ^^Cl in the ratio of 1:3).

Anal. Calc, for C24H25N2CI; O.7 CH2O3 ; O.2 H2O : C, 69.98; H, 6.37; N, 6.61; Cl, 8.36.

Found : C, 70.05; H, 6.45; N, 6.21; Cl, 8.38.

Synthesis of l . l “Diphenvl-(4-chlorophenvll-l-imidazolvl methane UCL 

1923

Imidazole (0.65 g, 0.01 mol) was placed into a three necked round bottomed flask under 

an inert atmosphere. Anhydrous acetonitrile (10 ml) was added and the solution was stirred 

at r.t. 1, l-Diphenyl-(4-chlorophenyl)-methyl chloride dissolved in dry acetonitrile (35 ml) 

was added dropwise while slowly warming the mixture 50-60 ®C. At the same 

triethylamine (36 ml, 0.26 mol) was added dropwise and the reaction was heated under 

reflux for 4.5 h. To complete the conversion, imidazole (0.03 g, 0.0004 mol) dissolved in 

triethylamine (1.3 ml, 0.009 mol) was added and the reaction mixture was heated under 

reflux for a further 1.5 h. After cooling, the solvent was removed in vacuo to give a 

brown oil. Chloroform (100 ml) was added and the mixture was washed with deionised 

water (4x100 ml). The combined organic extracts were dried over anhydrous sodium
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sulfate, filtered and the filtrate was evaporated under reduced pressure to give a brown oil 

ZM-338. The latter was dissloved in 1 N HCl (100 ml) and the resulting solution was 

extracted with petroleum spirit (20x100 ml). Sodium hydrogencarbonate (solid) was 

cautiously added and the aqueous solution was extracted with chloroform ( 1 0 x 1 0 0  ml). 

The combined organic extracts were dried over anhydrous sodium sulfate, filtered and the 

filtrate was evaporated in vacuo to yield a brown oil ZM-338A. This oil was purified by 

column chromatography on silica gel using eluant petroleum spirit/chloroform (7/3) to give 

ZM-338B which was further purified by column chromatography on silica gel using eluant 

petroleum spirit:chloroform (3/7) to yield ZM-338C (60 mg, 2%). ZM-338C was finally 

purified by preparative HLPC using (Kromasil Cig 7 |im  250x4.6 mm, 18 ml/min, UV 

215 nm, A/B (20/80) where A is water with 0.1% triethylamine and B is methanol with 

0.1% triethylamine) to give ZM-338D which was dissolved in isopropanol at r.t. and 

filtered under gravity (in order to remove the silica gel present). ZM-338E, UCL 1923, (30 

mg, 47%) was produced as a white powder.

mp 129.5-132 OC. Lit mp 141 OC.341

Solubility, sol (DMSO), sol (MeOH), sp sol hot (H2O).

TLC Rf = 0.45 (CHCI3 , 100%).

HPLC 97.34% at 6 .6 8  mins (Kromasil Cig 7 p,m 250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (10/90) where A is water with 0.1% triethylamine and B is methanol with 0.1% 

triethylamine).

IR (KBr disc, cm’^) 1596 (w, HCO3 - str), 1489 (s, imidazole, ring skeletal), 1074 

(imidazole, C-H out of plane def), 818 (Ar-H, out of plane def of para- disubstituted 

benzene ring), 756, 660 (Ar-H, out of plane def of monosubstituted benzene ring).
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IH NMR (400 MHz, CDC13, ppm) 7.69 (s, IH, Im-H), 7.37-7.02 (m, 15H, Ar-H) 6 .8 6  

(s, IH, Im-H).

Mass spectrum (FAB) m/e 347*7345* (M+H)+, 279*7277* (ClPh3C)+, 165 (Ph2C)+, 77 

(Ph)+.

(* Two peaks because of the two isotopes of Cl, and in the ratio of 1:3).

Anal. Calc, for C22H 17N2CI; O.3 4 CH2O3 ; O.O8H2O : C, 73.04; H, 4.89; N, 7.63.

Found : C, 73.32; H, 4.72; N, 7.24. 

Synthesis of l.l-Diphenvl-(2-chlorophenvn-methvl-dibutvl amine UCL 

2024

A portion of dibutylamine (0.62 g, 0.005 mol) was placed into a three necked round 

bottomed flask under argon. Anhydrous acetonitrile (20 ml) was added and the solution 

was stirred at r.t. l,l-Diphenyl-(2-chlorophenyl)-methyl chloride (sample ZM-638, 1.51 

g, 0.005 mol) was added in portions with stirring while slowly warming the mixture to 

50-60 ®C. At the same time, triethylamine (0.7 ml, 0.005 mol) was added dropwise. The 

reaction was heated under reflux for 3 h. To complete the conversion, dibutylamine (0.03 

g, 0 .0 0 0 2  mol) dissolved in triethylamine (0 .2  ml, 0 .0 0 1  mol) was added dropwise and 

the mixture was heated under reflux for a further 1.5 h. After cooling, the solvent was 

evaporated in vacuo to give a brown o i l . Chloroform (100 ml) was added and the mixture 

was washed with deionised water (4x50 ml). The combined organic extracts were dried 

over anhydrous sodium sulfate, filtered, and the filtrate was evaporated under reduced 

pressure to give a brown oil ZM-6 6 6 . This oil was purified by preparative HLPC using 

(Kromasil Cig 7 |xm 250x4.6 mm, 18 ml/min, UV 215 nm, A/B (10/90) where A is water 

with 0.1% triethylamine and B is methanol with 0.1% triethylamine) and the latter was 

dissolved in isopropanol at r.t. and filtered under gravity (in order to remove the silica gel 

pesent). ZM-6 6 6 B, UCL 2024, (0.006 g, 1%) was produced as a colourless oil.

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).



___________________________ Experimental_______________________ 2% A

TLC R f = 0.41 (Pet spirit-dichloromethane, 8 : 2).

HPLC 99.90% at 33.43 mins (Kromasil Cig 7 |Lim  250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (10/90) where A is water with 0.1% triethylamine and B is methanol with 0.1% 

triethylamine).

IR (Open capillary, cm )̂ 3448, 3413 (w, OH str, H2O), 2955, 2861 (s, C-H str, CH3 , 

CH2), 2860 (m, N-CH2 str), 1467, 1449 (m, C-H def, CH3 , CH2), 1467, 1367 (m, C-H

sym def CH3), 791, 750 (s, Ar-H out of plane def of ortho - disubstituted benzene ring),

738, 697 Ar-H out of plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.35-7.32 (m, IH, Ar-H), 7.27-7.08 (m, 8 H, Ar-H), 

7.07-6.98 (m, IH, Ar-H), 6.87-6.85 (m, 2H, Ar-H), 6.54-6.52 (m, 2H, Ar-H), 3.20 (t, 

J = 7.51 Hz, N (CHoh) .  1.53 (m, 4H, N (CHih(CHoh) .  1.31 (sext, J = 7.65 Hz, 4H, 

N(CH2)2(CH2)2(CH2)2 ), 0.92 (t, J = 7.32 Hz, 6 H, N(CH2 )2 (CH2)2(CH2 )2(CH3)2).

Mass spectrum (FAB) m/e 408*/406* (M+H)+, 279*/277* (ClPh3C)+, 165 (Ph2C)+, 77 

(Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Anal. Calc, for C27H 32CIN; O.3 H2O : C, 78.82; H, 7.99; N, 3.40.

Found : C, 79.00; H, 8.20; N, 3.09.

Synthesis of l.l-Diphenvl-(2-chlorophenvl)-methvI-diethvl amine U CL 

2025

A portion of diethylamine (0.35 g, 0.005 mol) was placed into a three necked round 

bottomed flask under argon. Anhydrous acetonitrile (20 ml) was added and the solution 

was stirred at r.t. l,l-Diphenyl-(2-chlorophenyl)-methyl chloride (sample ZM-638, 1.5 g, 

0.005 mol) was added in portions with stirring while slowly warming the mixture to 50-60 

^C. At the same time, triethylamine (0.7 ml, 0.005 mol) was added dropwise. The reaction
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was heated under reflux for 3 h. To complete the conversion, diethylamine (0.02 g 

0.0003 mol) dissolved in triethylamine (0.2 ml, 0.001 mol) was added dropwise and the 

mixture was heated under reflux for a further 1.5 h. After cooling, the solvent was 

evaporated in vacuo to give a brown o i l . Chloroform (100 ml) was added and the mixture 

was washed with deionised water (4x50 ml). The combined organic extracts were dried 

over anhydrous sodium sulfate, filtered, and the filtrate was evaporated under reduced 

pressure to leave a brown oil ZM-646. This oil was purified by preparative HLPC using 

(Kromasil Cig 7 |Lim 250x4.6 mm, 18 ml/min, UV 215 nm, A/B (10/90) where A is water 

with 0.1% triethylamine and B is methanol with 0.1% triethylamine) and the latter was 

dissolved in isopropanol at r.t. and filtered under gravity (in order to remove the silica gel 

pesent). ZM-646B, UCL 2025, (0.029 g, 3%) was produced as a colourless oil.

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).

TLC R f = 0.24 (Pet spirit-dichloromethane, 8  : 2).

HPLC 100% at 12.16 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 254 nm, 

A/B (10/90) where A is water with 0.1% triethylamine and B is methanol with 0.1% 

triethylamine).

IR (Open capillary, cm 'l) 3425 (w, -OH str, H2O), 3060, 2938 (s, C-H str, CH3 , CH2 ), 

2908 (N-CH2 str), 1468, 1443 (m, C-H def, CH3 , CH2), 1396, 1357 (m, C-H sym def 

CH3), 780, 752 (s, Ar-H out of plane def of ortho - disubstituted benzene ring), 703, 697 

(s, Ar-H out of plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.37-7.35 (m, IH, Ar-H), 7.29-7.11 (m, 8 H, Ar-H), 

7.09-7.00 (m, IH, Ar-H), 6.91-6.89 (m, 2H, Ar-H), 6.61-6.59 (m, 2H, Ar-H), 3.32 (q, 

J = 6.95 Hz, 4H, N(CH2 )2(CH3)2), 1.17 (t, J = 7.0 Hz 6 H, NtCHoloICHi)?).
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Mass spectrum (FAB) m/e 351*/349* (M+H)+, 314 (M-C1)+, 279*/277* (ClPh3C)+, 165 

(Ph2C)+, 77 (Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Anal. Calc, for C23H24CIN; O.2 H2O : C, 78.15; H, 6.96; N, 3.96.

Found : C, 78.12; H, 6.90; N, 3.80.

Synthesis of l.l-Diphenvl-(2-chlorophenvi)-methvl carbinol UCL 1851

Clotrimazole (3.99 g, 0.01 mol), hydrochloric acid (37%, 4 ml, 0.13 mol), deionised 

water (120 ml), in isopropanol (280 ml) were heated under reflux for 17 h. After cooling, 

the solvent was removed in vacuo to give a white solid ZM-234. This white solid 

combined with sample ZM-226A (0.86 g) was purified by column chromatography on 

silica gel using eluant ethyl acetate/diethyl ether (8/2) to yield ZM-234A. The latter was 

further purified by column chromatography on silica gel using eluant petroleum 

spirit/chloroform (5/5) to give ZM-234B which was dissolved in isopropanol and filtered 

under gravity (in order to remove any silica gel present). ZM-234C was recrystallised from 

petroleum spirit to yield ZM-234D, UCL 1851, (1.52 g, 36%) as a white powder.

mp 92-95 OC. Lit 91-93 OC.344

Solubility, sp sol hot (H2O), sol hot (MeOH), sol (DMSO).

TLC Rf = 0.53 (silica. Pet spirit-CHClg, 9 : 1).

HPLC 100% at 14.25 mins (Kromasil Cig 7 pm  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (30/70) where A is water and B is methanol).

IR (Nujol mull, cm 'l) 3568, 3543 (s, O-H str), 2924, 2854 (s, C-H str, CH3 , CH2 , 

Nujol), 1460 (s, C-H def, CH3 , CH2 , Nujol), 1159 (s, C-O str), 764 (s, Ar-H out of
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plane def of ortho-disubstituted benzene ring), 702 (s, Ar-H out of plane def of 

monosubtituted benzene ring).

iR  NMR (400 MHz, CDCI3 , ppm) 7.42 (m, IH, Ar-H), 7.37-7.25 (m, IIH , Ar-H), 

7.15-7.11 (m, IH, Ar-H), 6.72 (m, IH, Ar-H), 4.45 (s, IH, OH).

Mass spectrum (FAB) m/e 296*7294* (M+H)+, 279*7277* (ClPhsC)^, 165 (Ph2C)+, 77 

(Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Anal. Calc, for C 19H 15CIO : C, 77.42; H, 5.13; Cl, 12.03.

Found : C, 77.25; H, 5.05; Cl, 12.24.

Purification of Tris-(4-chlorophenvn-methanol UCL 1864

Tris-(4-chlorophenyl)-methanol (conunercially available from Lancaster 2 g, 0.005 mol) 

was purified twice by column chrom atography on silica gel using eluant 

chloroform/petroleum spirit (3/7). The latter was recrystallised from petroleum spirit to 

give ZM-322A, UCL 1864, (0.181 g, 37%) as a white powder.

mp 99.8-101.6 ^C. Lit mp 96-97 OC.345 

Solubility, sol (DMSO), sol (MeOH), sp sol hot (H%0).

TLC Rf = 0.49 (silica. Pet spirit-CHClg, 7:3).

HPLC 99.02% at 9.15 mins (Kromasil Cig 7 |Lim 250x4.6 mm, 1 ml/min, UV 215 nm,

A/B (10/90) where A is water and B is methanol).
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IR (Nujol mull, cm-l) 3 5 4 5  (s, OH str), 2933, 1461, (s, C-H str, CH2 , nujol), 1379 (s, 

OH bending), 1092 (s, C-O str), 831, 821, (s, Ar-H out of plane def of 1,4-disubstituted 

benzene ring),

IH NMR (400 MHz, CDCI3 , ppm) 7.28 (dd, 6 H, Ar-H), 7.152 (dd, 6 H, Ar-H).

Mass spectrum (FAB) m/e 362*7364* (M-kH)+, 347*7345* (M-OH)+, 253*7251* (M- 

PhCl)+, 139, 111*7113* (PhCl)+, 77 (Ph)+.

(* Two peaks because of the two isotopes of Cl, ^^Cl and ^^Cl in the ratio of 1:3).

Anal. Calc, for C 19 H n  CI3O; 0.25 H2O : C, 61.98; H, 3.70; Cl, 28.89.

Found : C, 61.70; H, 3.43; Cl, 28.97.

Synthesis of l.l.l-Triphenvlbutan-2-one UCL 1885

1,1,1 -Triphenylbutan-2-one, sample AS7101 was synthesised by Dr. S. Athmani and 

purified by myself. The compound was purified by recrystallisation from abs ethanol to 

give AS7ZM-358, UCL 1890, (0.25 g, 44%), as a white solid.

mp 125.7-127.4 ^C. Lit mp 122-123 OC.346

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).

TLC R f = 0.73 (silica, CHClg-pet spirit 6:4).

HPLC 99.08% at 6.23 mins (Kromasil Cig 7|im 250x4.6mm, lml7min, UV 215nm, A7B 

(10790) where A is water and B is methanol).

IR (Nujol mull cm-l) 2924, 2854 (s, C-H str, CH2 , CH3 , Nujol), 1712 (s, CO str), 1460, 

1442, (m, C-H def, CH2 , Nujol), 766, 701, (s, Ar-H out of plane def of monosubstituted 

benzene ring).
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iR  NMR (400 MHz, CDCI3 , ppm) 7.31-7.19 (m, 15H, Ar-H), 2.34 (q, J = 7.30 Hz, 2H, 

CH2 ), 0.92 (t, J = 7.30 Hz, 3H, CH3).

Mass spectrum (FAB) m/e 301 (M+H)+, 243 (Ph3C)+, 165 (Ph2 C)+, 77 (Ph)+, 57 

(C0CH2CH3)+.

Anal. Calc, for C22H20O : C, 87.96; H, 6.71.

Found : C, 87.77; H, 6.70.

Purification of Triphenvl acetic acid UCL 1886

Triphenyl acetic acid (commercially available from Aldrich, 4.33 g, 0.015 mol) was 

recrystallised from abs. ethanol to give ZM-360, UCL 1886, (2.96 g, 6 8 % yield).

mp 265-268 ^C. Lit mp 270-273 Oc.347

Solubility, sol hot (MeOH), sp sol hot (H2O), sol (DMSO).

TLC Rf = 0.71 (silica, CHCb-MeOH, 9.5 : 0.5).

HPLC 98.64% at 4.1 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (10/90) where A is water with 0.1% trifluoroacetic acid and B is methanol with 0.1% 

trifluoroacetic acid).

IR (Nujol mull, cm-l) 2920 (m, C-H str, CH2 , CH3 Nujol), 2623 (w, CO2H, OH str), 

1694 (s, CO2H, CO str), 1464, 1445 (s, C-H def, CH3 , CH2 , Nujol), 761, 699 (s, Ar-H 

out of plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.31-7.18 (m, 15H, Ar-H).

Mass spectrum (El) m/e 288 (M)+, 243 (Ph3C)+, 165 (Ph2C)+, 77 (Ph)+.
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Anal. Calc, for C20H 16O2 : C, 83.31; H, 5.59.

Found : C, 83.25; H, 5.47.

Characterisation of Triphenvlmethanol UCL 1887

TriphenyImethanol (48.1 g, 0.185 mol) was obtained commercially from Aldrich and was 

subsequently characterised.

mp 162-164 OC. Lit mp 160-163 OC.348

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).

TLC R f = 0.43 (silica, CHClg-Pet spirit, 6 :4 ) .

HPLC 99.47% at 7.74 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (20/80) where A is water and B is methanol).

IR (Nujol mull, cm -l) 3472 (s, OH str), 2924, 2854 (s, C-H str, CH3 , CH2 , Nujol),

1446 (s, C-H def, CH3 , CH2 , Nujol), 1378, 1275 (s, O-H bending), 1158, 1031 (s, C-O

str), 759, 689 (s, Ar-H out of plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.34-7.30 (m, 15H, Ar-H), 2.87 (s, IH, OH).

Mass spectrum (FAB) m/e 260 (M+H)+, 243 (Ph3C)+, 183 (M-Ph)+, 165 (Ph2C)+, 105 

(M-Ph2)+, 77 (Ph)+.

Anal. Calc, for CigHi^O : C, 87.66; H, 6.19.

Found : C, 87.57; H, 6.11.
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Purification of Methvl 3.3.3-triphenvlpropionate UCL 1890

3,3,3-TriphenyIpropionate, sample AS/3B was synthesised by Dr. S. Athmani and 

purified by myself. The compound was purified by recrystallisation from abs ethanol to 

give AS/ZM-362, UCL 1890, (1.92 g, 75%), as an off white solid.

mp 121.5-123.5 «C. Lit mp 120-121.5 OC.349

Solubility, sol hot (MeOH), sol (DMSO), sp sol hot (H ]0).

TLC R f = 0.45 (silica. Pet spirit-CHClg 9:1).

HPLC 98.12% at 11.74 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (20/80) where A is water and B is methanol).

IR (Nujol mull, cm-l) 2924, 2862 (s, C-H str, CH2 , CH3 Nujol), 1728 (s, CO2 str). 

1461,1430 (s, C-H def, CH2 , Nujol), 1355 (s, COCH3 str), 779, 704 (s, Ar-H out of 

plane def of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.27-7.16 (m, 15H, Ar-H), 3.71 (s, 2H, CHoL 3.37 

(s, 3H, CH 3).

Mass spectrum (FAB) m/e 317 (M+H)+, 243 (Ph3C)+, 165 (Ph2C)+.

Anal. Calc, for C22H20O2 : C, 83.52; H, 6.37.

Found : C, 83.39; H, 6.15.

Synthesis of l . l “Diphenvl-(4-chIorophenvI)-methanol UCL 1893

1,1 -diphenyl-(4-chlorophenyl)-methyl chloride (sample ZM/IS-1, 1 g, 0.004 mol) was 

dissolved in acetonitrile (100 ml). To this solution, sodium hydroxide (1.42 g, 0.035 

mol), dissolved in deionised water (10 ml) was added. The mixture was heated under

reflux for 14 h. The solvent was removed in vacuo to give a colourless oil. Deionised
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water (100 ml) was added and the resulting mixture was extracted with chloroform (4x50 

ml). The combined organic extracts were dried over anhydrous sodium sulfate, filtered and 

the filtrate was evaporated under reduced pressure to give a light brown solid. This solid 

was recrystallised from petroleum spirit to give IS-23A, UCL 1893, (0.32 g, 36% yield) 

as an off-white solid.

mp 76.5-80 «G. Lit 84.8-85.5 OC.344

Solubility, sol (MeOH), sp sol hot (H2O), sol (DMSO).

TLC Rf = 0.79 (CHCI3 , 100%).

HPLC 98.69% at 15.80 mins (Kromasil Cig 7 |im  250x4.6 mm, 1 ml/min, UV 215 nm, 

A/B (20/80) where A is water and B is methanol).

IR (Nujol mull, cm-l) 3 4 4 4  (br, OH str), 2923, 2859 (s, C-H str, CH3 , CH2 , Nujol), 

1446 (s, C-H def, CH3 , CH2 , Nujol), 1377 (s, OH bending), 1157 (s, C-O str), 761 (s, 

Ar-H out of plane def of para- disubstituted benzene ring), 699 (s, Ar-H out of plane def 

of monosubstituted benzene ring).

IH NMR (400 MHz, CDCI3 , ppm) 7.36-7.24 (m, 14H, Ar-H), 2.81 (s, IH, OH).

Anal. Calc, for C 19H 15CIO : C, 77.42; H, 5.13; Cl, 12.03.

Found : C, 77.25; H, 5.23; Cl, 12.06.

Drug solubility analysis involving UV spectroscopy

All glassware used was intially soaked in chromic acid for 12 h. In order to ascertain the 

approximate concentrations of solutions required, triphenylmethane was used as a standard 

reference. All the spectra produced were run on a double beam spectrometer, using pure
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solvent as a reference. UCL 1495 and UCL 1539 were tested as their corresponding 

oxalate salts.

Experiment 1

The two compounds UCL 1495, (1.23 mg, 2.32x10'^ mol), UCL 1539, (1.18 mg, 

1.85x1®'^ mol), were accurately weighed into aluminuim foil "boats" on the Mettler M3, 6 

decimal balance and each added into A grade volumetric flasks (2x100 ml). Deionised 

water (pH 6.5) was added to each flask and made up to the 100 ml mark. The two flasks 

were placed into an ultrasonic bath for 24 h at 42 ^C.

Experiment 2

A saturated solution of UCL 1495 was achieved by adding an excess of compound into an 

A grade volumetric flask (10 ml). Deionised water (pH 6.5) was added to the flask and 

made up to the 10 ml mark. This flask was then placed into an ultrasonic bath for 14 h at 

42 ®C, followed by centrifugation for 1 h.

Experiment 3

The two componds, UCL 1495, (1.23 mg, 2.31x10'^ mol), UCL 1539, (1.19 mg, 

1.87x10"^ mol), were separately weighed on the 6  decimal balance and each placed into 

grade A volumetric flasks (100 ml). Phosphate buffer was added and made up to the 100 

ml mark. The flasks were then placed into an ultrasonic bath for 48 h at 42 ®C. The same 

procedure was carried out for the two compounds in HEPES buffer. UCL 1495, (1.22 

mg, 2.29x10’  ̂mol), and UCL 1539, (1.11 mg, 1.74x10-^ mol) were separately weighed 

and added to grade A volumetric flasks (100 ml) and HEPES buffer was added and made 

up to the 100 ml mark. Both flasks were placed into an ultrasonic bath for 48 h at 42 ®C.
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01
P31

970514 
15 .42  

2gpg30 
C0C13 

1.0405950 s e c  
15 .0  u sé e  

32760 
13C 

2 08
0 .0100000 se c  

100.0 u sé e
54 19 t)B
DU 0.0300000 se c
S2 20 00
PI 4 2 u s é e
DE 2 0 .0  u s é e
SFOl 100.5220389 MHz
SHU 31250 .00  Hz
TO 65535
NS 512
OS 2

F2 -  P ro c e s s in g  p a ra m e te r s
SI 32760
SF 100.6139751 MHz
HOH EM
SS0 0
LB 1.0 0  Hz
G8 0
SR 3 9 7 5 .0 5  Hz
MZpPT 0 .9 5 3 6 7 4  Hz

10 NHR p l o t  p a re m o te rs
CX 2 3 .5 0  cm
FIP 2 2 0 .0 0 0  ppn
FI 2 2 1 3 5 .0 7  Hz
F2P -1 .0 0 0  ppm
F2 -1 0 0 .6 1  Hz
PPMCH 9 .4 0 4 2 5  ppm/cm
HZCM 9 4 6 .1 9 9 5 2  Hz/cm
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C u r r e n t  D ata P a ra m e te rs
NAME m ay l4 9 7 .0 M
EXPNO 12
PnOCNO l

F2 -  A c q u is i t io n  P a ra m e te rs
D a te
Time
PtlLPROG
SOLVENT
AQ
DH
RG
NUCLEUS
HLl
01
P 3 I .
s a
0 1 152
P I
DE
s r n i
SWH
TO
NS
o s

970S14 
15 .02  

2gpg30 
0 0 0 )3  

1 .0405960 
16 .0  

32768 
13C 

20.0100000
100.0

19
0 .0 3 0 0 0 0 0

20 
4 2

2 0 .0
1 0 0 .6220389

3 1 2 5 0 .0 0
65536

512
2

s e c
u sée

dO
se c
usée
dO
sec
dO

MH2

Hz

F2 -  P r o c e s s in g  p a r a m e te r s
S I 32766
SF 100 .6 1 3 9 7 0 7 MHz
HOW EH
SSO 0
LB 1 .00 Hz
08 0
SR 3 9 7 0 .6 7 Hz
HZpPT 0 .9 5 3 6 7 4 Hz

10 NMA p l o t p a r a m e te r s
CX 2 3 .5 0 cm
F IP 2 2 0 .0 0 0 ppm
F I 2 2 1 3 5 .0 7 Hz
F2P - 1 .000 ppm
F2 -1 0 0 .6 1 Hz
PPMCM 9 .4 0 4 2 5 ppm/cm
HZCM 9 4 6 .1 9 9 5 2 Hz/cm
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