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ABSTRACT

Small conductance Câ  ̂activated channels (SK^J are present in many cells and 

thought to be involved in some pathophysiological states, including myotonic 

muscular dystrophy. Some of these channels are potently and selectively blocked 

by the naturally occurring peptidic toxin apamin, with ICso-lnM. Previous 

research has led to the discovery o f bis-quinolinium cyclophanes as the first 

nanomolar non-peptidic blockers of the apamin sensitive SK â channel. The most 

active compounds discovered were UCL 1684 and UCL 1848, with their structures 

shown below:

HN NH HN NH

UCL 1848 UCL 1684

In order to further explore their activity, we have altered the structure of the two 

compounds by introducing various substituents at the 6 and 7 positions of their 

quinoline rings. Whereas all the substituents introduced in UCL 1684 resulted in 

some loss o f potency, the same substituents introduced at the position 6 or 7 of the 

analogue UCL 1848 seemed to be well tolerated. The influence o f the addition of  

two Cl atoms, at positions 5 and 7 o f the two quinoline rings, has also been 

investigated.

Furthermore, changes in the activity caused by varying one or both linkers between 

the two quinoline rings have been studied. Here, the most interesting finding was 

that UCL 1684 and UCL 1848 can behave very differently when subjected to the 

same alteration o f one of their linkers.

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



It is o f great interest to synthesise radioligand for the SK̂ j, channel and by 

synthesising a series o f new compounds we were able to further explore the effect 

o f structure alterations, as well as to produce an iodine containing analogue.

Finally, it is uncertain weather the protons attached to the exocyclic N atoms of 

these cyclophanes can be ionised at physiological pH. In order to explore this 

aspect, we have attempted the synthesis o f structural analogues with more readily 

ionisable protons.

The results obtained in this thesis are supported by molecular modeling studies.

Novel Bis-Quinolinium Cyclophanes as SKq̂  Channel Blockers
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Abbreviations

ABBREVIATIONS

Â

All

Acc Mass 

ACh 

ACTH 

ABC

ABC region

ADP

Ala

AMP

AP

4-AP

APCI+ve

Ar

Arg

Asn

Asp

Asx

ATP

[ATP]i

B

BFB

BK

Bmax

BMC 

BMI 

BmP05 

br 

br s

angstrom 

angiotensin II 

accurate mass 

acethylcholine

adrenocorticotropic hormone 

ATP binding cassette 

part of SK channel which binds CaM 

adenosine 5’-diphosphate 

alanine (A)

adenosine 5 ’ -monophosphate 

action potential 

4-aminopyridine

atmospheric pressure chemical ionisation (positive) 

aryl

arginine (R)

asparagine (N)

aspartic acid (D)

asparagine or aspartic acid (B)

adenosine 5’-triphosphate

intracellular concentration o f ATP

base

bicuculline free base

large conductance calcium activated K  ̂channel

maximum binding capacity

bicuculline methchloride

bicuculline methiodide

peptidic blocker o f SK channel

broad (IR)

broad singlet (NMR)



Abbreviations

[Ca'1, intracellular concentration o f Câ ^

Cal Acc Mass - calculated accurate mass

CaM calmodulin, Câ  ̂binding protein

cAMP cyclic adenosine 3’,5’-monophosphate

cDNA complementary DNA

cGMP cyclic guanosine 3’,5’-monophosphate

ChTx charybdotoxin, peptidic blocker o f Chan

CNG , cyclic nucleotide gated

CNS central nervous system

COS-7 monkey kidney cells

COSY correlated spectroscopy

cSlo cloned BK channel

CZ chlorzoxazone, SK and IK channel opener

Cys cysteine (C)

d doublet (NMR)

D2 type o f dopaminergic receptor

DBU l,8-diazabicyclo[5.4.0]undec-7-ene

dd doublet of doublets (NMR)

ddd doublet of doublets o f doublets (NMR)

DHS-I dehydrosoyasaponin I, BK channel opener

DMF dimethyl formamide

DMSO dimethyl sulfoxide

DMSO-dô deuterated dimethyl sulfoxide

DMV dorsal motor vagus

DNA deoxyribonucleic acid

dSlo cloned BK channel

dt doublet of triplets (NMR)

dTC (7-tubocurarine chloride

DTx dendrotoxin, peptidic blocker o f K  ̂channel

DWG identification tag (D.W.Gunasekera)

E energy

eag ether-a-go-go, cloned K  ̂channel
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1-EBIO - l-ethyl-2-benzimidazolinone, SK and IK channel opener

ED50 - concentration inducing 50% of maximum response

EDHF - endothelial derived hyperpolarising factor

EDRP - endothelial derived relaxing factor

E-F hand - common Câ  ̂binding region on a protein

El - electron impact

Ek - K  ̂equilibrium potential

EMR - equi-active molar ratio

EPSP - excitatory post-synaptic potential

ESP+ve - electrospray (positive)

ETA/ETB - endothelium receptors

EtzO - diethyl ether

EtOH - ethanol

FAB - fast atom bombardment

Fig. - figure

finol - fentomole (1 0 '̂  ̂mole)

FT-IR - fourier transform infra red

GABA - y-amino butyric acid

GDP - guanosine 5’-diphosphate

GH3 - colonal anterior pituitary cells

GIRK2 - cloned K  ̂channel

Gin - glutamine (Q)

Gin - glutamic acid (E)

Glx - glutamine or glutamic acid (Z)

Gly - glycine (G)

G protein - guanine nucleotide regulatory binding protein

GTP - guanosine 5’-triphosphate

GYG - amino acid sequence, part ofK^ channel selectivity filter

HI - histamine receptor

H5 - pore-forming region o f K  ̂channel (also known as P-loop)

MB - identification tag (H. Brown)

HEK-293 - human embryonic kidney cells
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He La cells - human cervix epithelial cell line

HERG - cloned K  ̂channel

His - histidine (H)

HMQC - heteronuclear multiple quantum coherence (̂ H-̂ ^C COSY)

HOMO - highest occupied molecular orbital

HPLC - high performance liquid chromatography

hSKl - cloned SK channel

hSlo - cloned BK channel

Hz - Hertz

IbTx - iberiotoxin, peptidic blocker o f K  ̂channel

IC50 - concentration causing 50% inhibition

IK - intermediate conductance calcium-activated K  ̂channel

IKl - cloned IK channel (alternatively termed KCa4 or SK4)

IK3 - cloned K  ̂channel

He - isoleucine (I)

IP3 - inositol 1,4,5-triphosphate

iPrOH - iso-propanol

IPSP - inhibitory postsynaptic potential

IR - infra red

J - coupling constant (NMR)

JCR - identification tag (J. Campos-Rosa)

JQC - identification tag (J.Q. Chen)

K ac - c AMP-sensitive K  ̂channel

KACh - atrial muscarinic-activated K  ̂channel

Kca - calcium activated K  ̂channel

KCa4 - cloned IK channel (alternatively termed IKl or SK4)

KcsA - cloned inward rectifying K  ̂channel

K o.5 - inhibition constant

Kd - dissociation constant

kDa - kiloDalton (10  ̂Daltons)

K-dr - delayed rectifier K  ̂Channel

[Klext - extracellular concentration o f K^
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Ki - inhibition constant

[K li - intracellular concentration of

K ir 1 .1 -K ir5 .1 - cloned inward rectifying channels

IvNa - sodium-activated channel

K-SR - serotonin-sensitive channel

KTx - kaliotoxin, peptidic blocker o f channel

Kv - voltage gated channel

K v l.l-K v l.3 - cloned Kv channels

KVLQTl - cloned K"̂  channel

LA - identification tag (L. Arifhodzic)

Li - group linking the two exocyclic N atoms (upper linker)

u - group linking the two endocyclic N atoms (lower linker)

Leu - leucine (L)

LHRH - luteinizing-hormone-releasing-hormone

lit mp - literature melting point

LTx - leiurotoxin I

LUMO - lowest unoccupied molecular orbital

Lys - lysine (K)

m - multiplet (NMR)

m - medium (IR)

M1-M4 - transmembrane segments o f K  ̂channel protein

ml AChR - type of ACh receptor

m2 AChR - type of ACh receptor

MCD - mast cell degranulating

MD - myotonic dystrophy

MeCN - acetonitrile

MeOH - methanol

Met - methionine (M)

mg - milligramme (10^ gramme)

MHz - megaHertz (10* Hertz)

mmol - millimole (10^ mole)

mM - millimolar (10^ molar)
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MO

MOPAC

mp

MR

mRNA

ms

MS

mSlo

MTx

mV

m/z

pM

[Na"]i

NBS

nM

NMR

NO

NOESY

t̂rans

PI

P1-P2

PC12

pEMR

Phe

PIP2

PK

pKa

PKC

P-loop

P05

molecular orbital

molecular orbital software package 

(software for molecular modelling) 

melting point 

molar refractivity 

messenger RNA 

millisecond 

mass spectrum 

cloned BK channel

maurotoxin, peptidic blocker o f SK channel 

millivolt

mass to charge ratio

micromolar (10'  ̂molar)

intacellular concentration o f Na"̂

N-bromosuccinimide

relative population o f cis conformation

nanomole (10'  ̂mole)

nuclear magnetic resonance

nitric oxide

nuclear overhauser effect spectroscopy

relative population o f trans conformation

purinergic receptor

pore forming regions of K  ̂channel

pheochromocytoma cells

-log(EMR)

phenylalanine (F)

phosphatidyl-inositol 4,5-phosphate 

protein kinase 

acid dissociation constant 

protein kinase C

part of K"̂  channel protein forming the channel pore 

peptidic blocker o f SK channel
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Pro

pS

ppm

PTx

quart

quint

RcKATP

REM

ROMK

rSK2

Rt

SO-SIO

s

s

sAHP

ScyTx

s.d.

Ser

SK3

SK

SK4

SUR

T1

td

TEA

TEA

Thr

TM

IM S

Trp

Ts K

Tyr

proline (P) 

picosiemens 

parts per million 

pertussis toxin 

quartet (NMR) 

quintet (NMR) 

cloned K  ̂channel 

rapid eye movement 

cloned K  ̂channel 

cloned SK channel 

retention time

transmembrane segments o f K  ̂channel protein

strong (IR)

singlet (NMR)

slow after-hyperpolarisation

scyllotoxin (leurotoxin I)

standard deviation

serine (S)

cloned SK channel

small conductance calcium-activated K  ̂channel

cloned IK channel (alternatively termed KCa4 or IKl)

sulphonyl urea receptor

tetramerisation domain

triplet o f doublets (NMR)

tetraethylammonium ion

trifluoroacetic acid

threonine (T)

transmembrane

tetramethylsilane

tryptophan (W)

peptidic blocker o f SK channel 

tyrosine (Y)
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UCL - identification tag (University College London)

UTP - uridine 5’-triphosphate

UV - ultraviolet

Val - valine (V)

VGCC - voltage gated Câ  ̂channel

w - weak (IR)

XED - extended electron ditribution

YD - identification tag (D. Yang)

ZOX - zoxazolamine, SK and IK channel blocker
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Table L  Structures and biological activities o f  compounds previously synthesised in our 
group

ICso^.d* EMRds.dCompound No UCL No Notebook No Structure

NHHN-

2-5±0.71848 JQC/42B

NH

3.57±1 1.44±0.131684 JCR/635B

HN- •NH

2053 YD/274F 2 .6± 0.2 0.53±0.07

H m - - ' ' \ x ^ v , ^ ^ m h

2079 YD/375F 4±0.6 1. 1± 0.2

8 . 1± 1.1 1.6±0.32052 YD/266F

•NHHN-

DWG/54B 0 . 02'27 1898

‘NHHN

1918 DWG/60B 0.01

1502060 YD/260F >75

NHHN-

14±4 5.6±0.52075 YD/334F
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Table L  continued

Compound No UCL No Notebook No Structure ICjo4s.d* EMR4s.d

33 2081 YD/419F 214±29 60±9

34 2082 YD/427F 12±1 3.6±0.4

35 2097 YD/435F 3.2±0.3 0.9U0.11

39 1964 YD/79F 18±3 5.3±0.9

40 1950 YD/71 A 17±4 5±1.1

41 1989 YD/55F 4.1±0.5 1.2±0.2

42 1963 YD/1 IF 4.8±0.41 1.4±0.16

43 1991 YD/83F 42±9 12±3
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Table 1 continued

Compound No UCL No Notebook No Structure ICjo4s.d* EMR4s.(L

44 1949 DY/63A 17±2 5.1±0.8

48 1919 KB/27B 25±8 6.3
(0 .019± 
0.005*)

49 1873 KB/28C 6G±4 46.7
(0.14±0.02*)

50 1875 KB/30-2 lOOilO 53.3

(0.16±0.04*)

55 1894 JQC/69B

-----------------^ N H

31 11
(0.033')

56 1897 JQC/66B

HN ....... (CH2)e------ NH

35 15
(0.045')
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Table 1 continued

Compound No UCL No Notebook No Structure ICsods.d* EMRds.<L

57 1882 JQC/59B 60 22.7
(0.068*)

58 1912 JQC/72B

HN ' (CH2)6------ NH

12 5.7
(0.017*)

59 2061 DY/290F C6 4.4 ± 0.8 1.8±0.3

62 2015 MG/35D 124 ± 16 46.7
(0.14±0.04*)

63 2039 DY/212F 123 ± 19 40
(0.12*)

69 1683 JCR/631B 130±10 73.3
(0.22±0.04*)

70 1685 JCR/639B 28±3 16.7
(o.o5±o.or)
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Table 1 continued

Compound No UCL No Notebook No Structure IC sods.d* EMRds.(L

71 1686 JCR/643B

H j /  \ h

70±40 60
(0.18±0.04‘)

72 2320 HB/IOIA 950 #

73 2324 HB/123A V 1340 #

74 2325 HB/140A

\lH

6 Ô >10000 #

75 2326 HB/180A
6 6

# #

76 2003 YD/119F 32 ± 6 20.7
(0.062*)

77 2004 YD/146F

— A .

220 ± 14 143.3
(0.43*)

80 1868 JQC/55B2 380 56.7
(0.77*)

-  U sine deau ilin iu m  as a reference; * - nM : # - values not determined. cotrtDOund 75 has similar activity to comnound 74
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COMPOUNDS SYNTHESISED AS PART OF THE THESIS

Pa^e in

Compound No. UCL No. Notebook No. Exvermental Section

6 2149 LA/179F 193

7 2159 LA/191F 191

8 2223 LA/415F1 217

9 2266 LA/571F5 222

10 2343 LA/1175F 223

11 2243 LA/483F1 226

12 2295 LA/875F 231

13 2314 LA/907F 234

14 2208 LA/363F1 206

15 2160 LA/219F 196

16 2163 LA/251 A 201

17 2162 LA/235F 199

18 2161 LA/227F 197

19 2179 LA/295F 205

20 2193 LA/327F 211

21 2192 LA/323F 209

22 2205 LA/387F 215

23 2244 LA/479F 221

24 2296 LA/883F 225

25 2358 LA/591F 232
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Compound No.

26

31

32 

37

45

46

47

51

52

53

54 

60 

61

UCL No.

2178

2279

2345

2344

2330

2317

2329

2265

2271

2272 

2287 

2341 

2354

Pa^e in

Notebook No. Expermental Section

LA/283F2

LA/75 IF

LA/1187F

LA/1191F

LA/1087F

LA/1067F

LA/1019F

LA/539F

LA/675F

LA/711F3

LA/819F

LA/111 IF

LA/1203F

203

243

246

259

251

250

249

235

239

240

241 

262 

263
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CHAPTER 1

INTRODUCTION

Ionic channels are membrane spanning proteins which exist in cells o f all tissue 

types. They function as pores, through which different ions pass into and out of 

the cell and usually show high preference for a particular ion that can pass through 

them. Movement o f ions through these channels is involved in many physiological 

processes and plays controlling role in the excitability o f nerve and muscle cells. ̂

The selectivity o f ionic channels for one particular ion over others is the basis on 

which they are classified, where cation specific channels are sodium (Na^), 

calcium (Ca^ )̂ and potassium (K^ channels. Further selectivity depends on the 

type of the channel, with sodium channels normally being just over 10 times more 

selective for Na^ than for K .̂ On the other hand, channels are much more 

selective, being up to lO"̂  times more selective for than for Na"̂  ions. The 

difference between the radii o f these two ions is not the cause for this selectivity, 

as Na  ̂ ion is smaller than ion (radii 0.95Â and 1.33A, respectively). The 

selectivity is believed to be associated with the ffee-energy o f hydration. Both of 

these ions exist in hydrated state and as such cannot pass through channel. The 

loss o f ffee-energy accompanying the dehydration o f Na"̂  ion is somewhat greater 

than that o f ion. Furthermore, in the case o f the latter ion, this energetic loss is 

compensated for by the energetic gain achieved through the co-ordination of 

oxygen atoms aligning the selectivity filter of channel. This is not true for the

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers
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smaller Na"̂  ions, which cannot achieve such an interaction with the selectivity 

filter of channel and consequently, Na  ̂ ion remains in the hydrated state in 

which it is unable to pass through the channel/

The opening or closing of an ion channel occurs as a response to a specific 

physiological stimuli which is known as the gating mechanism of the channel.

Potassium (K^) channels are the most diverse class o f ion channels and they are 

present in all cells. ions are concentrated inside the cell, where their 

concentration is typically 150mM, as opposed to only 4mM concentration in 

the extracellular fluid.  ̂ The potassium channels maintain the transmembrane 

voltage near equilibrium potential (E k ) ,  which is around -90mV. In general, 

during membrane depolarisation influx of Na^ ions occurs and causes membrane 

potential to become more positive relative to Ek- This results in the opening o f  

channels, efflux of ions and repolarisation o f the membrane towards Ek.^

However, this is only a simplified picture and the actual process o f cell excitation 

depends on the exact type of channel involved.

Different classes o f channels differ in many properties. They may have 

different tissue distribution, single channel conductance, gating mechanism or 

exhibit structural differences. As channels are o f utmost importance for the 

regulation o f cellular function, their alterations have been implicated in many 

patho-physiological states. Therefore, great interest now exists for selective 

channel modulators, which may have a possible therapeutic potential.

Rapid advances in the field o f potassium channels have been made over the last 

two decades. This was due to the discovery o f specific inhibitors or activators of 

channels, accompanied by major advances in the physiological techniques 

applicable to the ion channel investigation. But, during 1990s the most important 

advances have been made in the field o f molecular biology o f these channels. As a 

result, a majority of channels have now been cloned and a large number of

cDNAs encoding channel proteins has been isolated. The structural

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers
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information obtained for the cloned channel proteins has revealed that they can 

span the cell membrane in different ways and thus, they are now commonly 

classified on the basis of their membrane topology/'^ Furthermore, these groups 

comprise o f a large number of channels encoded by various genes that have been 

identified.

However, the above mentioned type o f classification is based on the cloned, rather 

than the native channels. Additionally, as K"̂  channels are the most diverse 

class of ionic channels, a very large number of their clones is now known. For the 

purpose o f this work, the molecular biology o f chaimels is far too complex to 

be used as the basis for their classification, but will be discussed upon introduction 

of different types o f channels.

On the other hand, native channels are commonly classified on the basis of their 

gating mechanism,^ according to which the following classes are known:

• Voltage-dependent channels;

• Receptor-coupled channels;

• Ca^^-activated channels and

• Other channels.

These four main classes consist of further subclasses o f channels which will be 

discussed throughout this chapter.

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers
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1.1, VOLTAGE-DEPENDENT POTASSIUM CHANNELS (Kv) 

Voltage-dependent channels are gated by changes in transmembrane potential. 

Members o f this class of channels include:

• Transient outward rectifier -  Ka channel;

• Delayed rectifier -  Kdr channel and

• Inward (anomalous) rectifier -  Kir channel

1.1 .1  Delayed Rectifier Channels (K dr)

The name o f this K  ̂ channel is based on its very slow kinetics. The channel has 

been originally identified by Hodgkin and Huxley in squid giant axon^ and its 

current exhibits very slow recovery from inactivation.^ More precisely, in rat 

hippocampal neurones the threshold potentials for Kdr activation and inactivation 

are -40mV and -70mV, respectively, with its activation taking around 100ms, but 

the current showing very slow decay of around 2-3ms.^° These channels are 

believed to participate in the control o f the activity o f a variety o f CNS neurones. 

K dr  current can be increased by cyclic AMP, as found for the channel present in 

frog skeletal muscle.^'

Apart from nerve and muscle cells, Kdr channels have also been found in human T 

lymphocytes, where they have a possible role in mitogenesis, as they are rapidly 

activated by phytohaemaglutinin, a potent mitogen which stimulates cell division. 

The block o f these channels induces depolarisation, indicating their role in the 

control of resting membrane potential of non-activated T lymphocytes.^^

As Kdr channels are also present in hepatocytes, they might contribute to the 

regulation o f liver membrane potential and hormone derived functions.

Two different types of K d r  channels exist in cardiac cells, known as rapid delayed 

rectifier and slow delayed rectifier K  ̂ channel and together they regulate cardiac 

repolarisation.
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Blockers: Both external and internal Bâ  ̂block squid giant axon channels and it is 

believed that in both cases the ion acts at the same site on the channel and 

stabilises its closed conformation.^^ Kdr channels in different tissue types are also 

blocked by common non-selective channel blockers including TEA, 4-AP (10- 

lOOp), quinine and quinidine.^^’̂ "̂’̂ ^

In guinea-pig ventricular cells K d r  channel is selectively blocked by a quaternary 

nitrogen compound clofilium (Kd~50pM), but its tertiary analogues LY97241 

(Kd~6pM) and LY97119 (Kd<50pM) are not selective for Kdr channel, as they 

similarly inhibit Kir channel.

Diterpene forskoline acts as K d r  inhibitor in Helix neurones, with IC5o~16pM.^  ̂

Fluoxetine, an antidepressant better known as prozac, blocks both the cloned K yi.3 

expressed in Chinese hamster ovary cells and the native K d r  channel in human T 

lymphocytes and so does its analogue norfluoxetine, with both agents blocking the 

open channel more effectively from the inside o f the cell.^° The IC50 values of 

both compounds acting on K yi.3 channels were determined to be around IpM, a 

concentration similar to therapeutic application of prozac. Amitriptyline, a 

tricyclic antidepressant, overdose of which causes death by ventricular 

tachyarrhythmias, has been shown to block at low micromolar concentrations both 

HERO expressed in Xenopus Oocytes, as well as the rapidly activating K d r  in rat 

atrial myocytes and this block has been implicated as a possible cause for the 

arrhythmogenic side-effects of this drug.̂ ^

Amongst peptidic blockers of K d r  channel in human T lymphocytes ChTx acts as 

a non-selective blocker, whereas noxiustoxin and margatoxin (inhibits ^̂ Î-ChTx 

binding with IC5o=36pM)^  ̂ are selective^^ and they also inhibit the channel 

activation by mitogen. Unlike the BK channel block, the C-terminal half o f ChTx 

determines its ability to block Kdr channel.^  ̂ DTx (3-lOnM), a peptide isolated 

from the venom of Dendroaspis angusticeps, can block Kdr channel in rat sensory 

n e u r o n e s . A s  shown for cloned K d r  channel, inhibition is also achieved with 

hanatoxin-1, a peptide isolated from Chilean Tarantula venom.^^

F ig l.l  shows the structure of Kdr channel blockers discussed so far.
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Fig 1.1: Kdr channel blockers

Cloning and structure o f  voltage-dependent Kdr channels: The structure o f Kdr 

channel is very similar to that of Ka channel and will therefore be discussed in the 

following section.

1.1,2 Transient Outward Channels (K4)

These channels pass rapidly activating K  ̂ current known as A-current. Ka 

channels probably regulate electrical activity o f a variety o f CNS neurones. 

More precisely, these channels control neuronal repetitive firing, amplitude and 

duration of the spike and possibly Câ  ̂ influx, as well as the release and action of 

transmitters.^^’̂ ^

In hippocampal neurones this current is inhibited by ACh, which results in the 

increased amplitude and duration of action potential and possibly underlies the 

mechanism of the excitatory action of ACh.^^

In cultured frog melanotrophs A-current is directly modulated by G-protein 

coupled A1 adenosine receptors and might be responsible for the inhibitory effect 

o f adenosine on electrical and secretory activities in endocrine cells.^^
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Detailed analysis of A-current in rat embryonic neurones revealed rapid activation 

within 3-5ms and decay over 30ms, and activation and inactivation threshold at - 

50mV and -80mV, respectively.

Blockers: Blockers of Ka channels include externally applied CoCl],^  ̂ as well as 

4-AP^° and catechol.^  ̂ ACh (0.1 pM) and other muscarinic agonists, including 

bethanechol and muscarine, block Ka channels in hippocampal neurones.^  ̂ In 

bovine brain, it has been shown that a-DTx receptor is N-terminal region of the Ka 

c h a n n e l . M a s t  Cell Degranulating Peptide - MCD (2.1-37nM) (from Apis 

malifera bee venom) inhibits DTx-sensitive Ka channel .Final ly,  these channels 

are also blocked by ChTx.^ ’̂̂"̂

Cloning and structure o f  voltage-dependent Kdr and Ka channels: Cloning of 

Drosophila Shaker (Kyi) gene revealed it to encode Ka channel.^  ̂ This was 

followed by cloning of other genes, which were found to encode a-subunits of  

different forms of either Kdr or Ka channels. cDNAs encoding Shaker related 

proteins of Ka channels have now been cloned from mammalian brain and found 

to be highly expressed in the CNS.^^’̂ ^

Apart from Drosophila Shaker gene family, other families o f cDNAs encoding 

voltage-dependent K  ̂ channels are now known as Shah (Ky2), Shaw (Ky3) and 

Shal (Ky4).^  ̂ A cDNA isolated from rat brain which encodes Kdr channel is now 

known as drkl and is structurally related to Drosophila Shab gene.^  ̂ It is also 

important to mention another Drosophila gene termed eag"̂ ® which also encodes a 

certain type o f voltage-gated potassium channel protein."̂ ^

Mutations of these proteins were found to change the properties o f voltage-gated 

K"̂  channels and therefore mutations in the genes which encode them might result 

in a range of dysfunctions of these channels and trigger certain physiological 

disorders. For example, mutations o f Shaker gene affect the A-current"̂  ̂ and 

provide the molecular basis for the native A-current diversity."̂  ̂ Furthermore, 

mutation of the gene encoding Kyl . l  channel protein has been suggested to play an 

important role in a particular neurological disorder associated with epilepsy."^ In 

the human heart, an eag-related gene HERG encodes rapid Kdr and KVLQTl gene
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slow Kdr channels and their mutations have been implicated in the generation of 

LQT syndrome, a disorder o f ventricular re-polarisation which predisposes 

affected individuals to cardiac arrythmias.^^

The above discussed cloning provided information about pore-forming a-subunit 

of these Kv channels, but purification of DTx-sensitive Ky channel from bovine 

brain revealed that it exists as oligomeric complex o f 4 a  and 4 p subunits. This 

resulted in the suggestion that different combinations o f the two subunits (a and p) 

might account for the diversity o f these channels."̂  ̂ Cloning o f cDNA encoding p- 

subunit o f Ka channel followed,"^  ̂and its co-expression with a-subunit was found 

to change the properties of the channel.

All these advances in cloning have enabled the assignment o f the structure of the 

voltage-gated Kdr and Ka channels. The channel protein bisect the membrane 6 

times, having 6 TM segments (S1-S6) and both its N- and C-termini residing 

inside the cell."̂  ̂ The P-loop between S5 and S6 segments is the pore forming 

region of the voltage-gated channels and is the part o f the protein chain which 

bisects the membrane without entering the cytoplasmic region."̂  ̂ This region is 

highly conserved between all cloned K  ̂ channel and contains GYG sequence 

motif, which is believed to be the major determinant o f K  ̂ selectivity of these 

c h a n n e l s . T h e  loops connecting TM segments S1-S2, S3-S4 as well as S5-H5 

are extracellular.^  ̂ Tetrameric structure o f these channels has been confirmed, 

with the pore-forming a  and the regulatory p-subunits associating in 1:1 

stoichiometry.^^ The proposed membrane topology of one subunit of Ky channel 

(6 TM channels - Kdr and Ka) is shown in Fig 1.2, which also indicates that four 

of these subunits associate around the pore region to give the voltage-dependent K  ̂

channel.

The S4 segment of these channels contains basic amino acids in its sequence and 

plays an important role in sensing the voltage changes, although this is not solely 

due to electrostatic interaction between these basic amino acids and membrane 

electric field.^  ̂ Upon sensing the voltage changes S4 region moves towards
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outside of the cell, inducing conformational changes in the rest of the channel 

protein and hence the channel gating.̂ "̂  More precisely, it is the N-terminal side of 

this S4 segment that has been found to underlie the voltage gating/^ Additionally, 

parts of SI-S3 segments were also shown to play part in the voltage sensing.^^’̂ ’̂̂ *

EXTRACELLULAR

P segment

INTRACELLULAR

S6

COO

Fig 1.2: The structure o f  K y  channel a-subunit and arrangement o f  4 a-subunits around the 

pore region o f  the channel.

By carrying out point mutations on channel proteins, the amino acids important for 

the interaction with certain blockers, as well as those determining the selectivity 

filter have been identified. In such a way, mutations of cloned Ky channels have 

revealed the amino acids determining the sensitivity to which was found

to interact with aromatic residues on all 4 subunits of the tetrameric channel.^^’̂ ’ 

Similarly, the amino acids determining the ChTx block^  ̂and the ion selectivity^ '̂^  ̂

have been studied.
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1.1.3 Inward (Anomalous) Rectifier Channel (Kjg)

Inwardly rectifying channels are very complex and comprise o f a large number 

of different subtypes. However, they all share a tendency to pass the current in 

an inward direction, regardless o f the concentration gradient, which is why they are 

sometimes referred to as anomalous rectifiers. This chapter deals with voltage- 

gated inward rectifier channels, which will be referred to as Kir. Apart from 

this type, other well characterised types o f inward rectifiers include receptor- 

coupled and ATP-regulated K  ̂channels, but these will be discussed separately in 

the following sections.

Kir channels are important in controlling cell excitability, as they maintain the 

membrane resting potential. They allow K  ̂ entry into the cell under the 

hyperpolarising potentials, providing the resting K  ̂conductance, and normally no 

K"̂  flows out o f the cell through these channels during depolarisation. Substance P 

induces neuronal excitation through inhibition o f Kir channels.^ This inhibition 

was found to proceed via diffusible messenger and is most likely caused by PKC- 

mediated phosphorylation.^^ In guinea-pig ventricular cells it was shown that 

voltage-gated channel o f around 22pS conductance is blocked by intracellular 

Mĝ "̂  under depolarising potential and at physiological concentration, which 

induces the observed inward rectification.^^

The Kir channels could have an important role in the cardiac function, as they are 

significantly inhibited under hypocalaemic conditions, which involve reduced 

external [K*̂ ].̂ ^

Blockers: Non-selective blockers o f Kir channels include TEA and inorganic 

cations Cs% Ba^ ,̂ Rb  ̂ and Na"̂ .̂  ̂ In guinea-pig ventricular myocytes Kir current 

is inhibited by the crude venom of snake Gaboon Viper {Bitis Gabonica).^^

Cloning and structure: A family of genes encoding inwardly rectifying K  ̂

channels has now been identified. These clones are known as K ir 1 .1 - K ir5 .1 ,  some 

of which encode voltage-gated Kir channels.^®’̂  ̂ The first clone, IRKl (later 

termed K ir2 .1 )  was isolated from mouse macrophage cell line and found to be 

highly expressed in the brain, heart and skeletal muscle.^^ IRKl encodes K^
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channel which displays a strong inward rectification at hyperpolarising potentials, 

and its single channel conductance was determined to be around 21pS.

Advances in cloning have revealed the channel structure. The channel protein 

bisects the membrane only two times. Its 2TM segments, termed Ml and M2, with 

the pore-forming P-loop between them, can be aligned with S5, P-loop and S6 

segments of other 6 TM segment Kv channels.^  ̂ Kir channels are also tetrameric. 

The proposed membrane topology of one subunit of Kir channel is shown in Fig

1.3.

EXTRACELLUAR

P segment

INTRACELLULAR
NH3+

COO

Fig 1.3: Structure o f  K,r channel protein

1.1.4 The Crystal Structure o f Channel

The K̂  channel termed KcsA,^  ̂ encoded by gene cloned from the bacterium 

Streptomyces Lividans has only 2TM segments and according to this topology 

belongs to the family of inwardly rectifying K̂  channels. However, its amino acid 

sequence is much more similar to S5-S6 region of 6 TM segment voltage-gated K̂  

channels and the following discussion of its pore-forming region is probably more 

relevant for this class of K̂  channels. As will be discussed below, the crystal 

structure has not only revealed the structure of the channel, but also offers support 

for the proposed mechanism by which K̂  ions pass through these channels.
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The crystal structure of a part of KcsA protein (amino acids 23-119) has been 

determined '̂  ̂and discussed/^ and this study revealed the arrangement of its pore- 

forming region. The tetrameric arrangement of other channels was confirmed 

by the X-ray crystallographic analysis (3.2Â resolution) of this one. This showed 

four subunits of KcsA channel protein associating in a four-fold symmetry around 

the central pore and the resulting structure resembling an inverted cone {FigL4).

Turret Selectiv ity  
; filter

■■ _ 4

#  ■,
\ ' /  i : , ' 11 It
- i  'A \ >

Membrane
bilayer

O uter È \
helix ' /

Fig 1.4: Crystal structure o f  iC  channef'^

The length of the pore was found to be around 45Â and to vary in its diameter 

along this length. There is about 18Â long tunnel starting at the intracellular side 

of the membrane, a 12Â long selectivity filter on the extracellular side of the 

membrane and a wide cavity which holds a pool of water in which ion is in a 

stable, hydrated state. This is represented in Fig 1,5.

The selectivity filter is aligned by 3 C=0 groups (GYG sequence motif) from each 

of the four subunits, and these groups are possibly held by other parts of protein in 

such an arrangement so to perfectly co-ordinate K ,̂ but not the smaller Na  ̂ion.
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This region can only accommodate the dehydrated ions, but the energetic gain 

achieved by the strong co-ordination compensates for the loss accompanying 

dehydration. The selectivity filter accommodates 2 ions, which co-ordinate to 

adjacent sites and it is the repulsion between the two ions that overcomes their 

strong co-ordination to the selectivity filter and induces a rapid conduction.

Fig 1.5: Representation o f  the pore region o f iC  channel (iC ions are shown as 
green balls passing through the channelf'^

Furthermore, the crystal structure of the N-terminal cytoplasmatic region preceding 

SI segment of the Shaker channel protein, which is known as the tetramerisation 

(Tl) domain found in all Kv channels,^  ̂has also been determined.^  ̂ But, although 

initially suggested to be involved in the tetrameric association of four subunits as 

well as in the ion selectivity, it has been recently shown that this domain is 

unnecessary for any of these two roles.^^
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1.2 RECEPTOR-COUPLED K" CHANNELS

Within this class o f channels the most common are muscarinic-gated 

channels, which can be muscarinic activated (part o f the G protein-gated family of 

channels) or muscarinic-inactivated channels.

1.2,1 G Protein-gated channels (including muscarinic-activated channels)

( K a c h )

Inwardly rectifying G protein-gated channels are important for the control of 

neuronal excitability and they generate hyperpolarisation near the membrane 

resting potential. They are found in the heart and the brain where their activity is 

controlled by a variety of neurotransmitters. The best known G protein-activated 

channel is cardiac muscarinic-activated one (KACh), activation o f which is 

responsible for the deceleration of the heart rate and atrio-ventricular conduction. 

Release of ACh from the vagus nerve onto pacemaker cells^  ̂and its binding to m2 

AChR induces activation of cardiac Kach c h a n n e l . T h i s  channel is coupled to 

muscarinic receptors through pertussis toxin-sensitive G proteins.*' G proteins are 

GTP-binding proteins which exist as heterotrimers o f Ga subunit and dimeric Gpy 

subunit. The activity of these proteins is regulated by many receptors, activation of 

which promotes exchange o f GDP for GTP bound to Ga subunit, and this is 

believed to induce dissociation of Ga subunit from Gpy dimer. After this 

dissociation, the two separate entities may act as regulatory subunits, until the 

point when the inactive heterotrimeric G protein reforms upon GTP exchange for 

GDP.*  ̂ Research has demonstrated that Gpy dimer is involved in the activation of 

cardiac KACh,̂  ̂ and this activation requires the presence o f phosphatidyl-inositol- 

bis-phosphate (PIP2), as well as Mĝ "̂  and Na% which have been suggested to ‘fine 

tune’ the channel’s activity.*"'

Brain neurones possess inwardly rectifying G protein-coupled channel of 

around 30pS conductance, activated by the action o f somatostatin or 

metenkaphalin.*^ Also, dopamine released from dopaminergic neurones o f the 

brain activates D2 receptors, which are coupled to pertussis-toxin sensitive G
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protein, and induces hyperpolarisation, by activating inwardly rectifying 

current.

Apart from controlling the neuronal excitability, a possible involvement o f this 

channel in the neuronal development has been demonstrated.^^

Blockers: These chaimels are blocked by Ba^  ̂ and in sinoatrial node by 

bradycardic agent falipamil (AQA 39).^*

Structure and cloning: G Protein-activated channels are encoded by a family 

o f GIRK g e n e s . T h i s  class o f channels is structurally related to other 

inwardly-rectifying channels, as it has two membrane-spanning segments, Ml 

and M2 and the pore forming P-loop (see Fig L3). G protein-gated channels 

exist as tetramers,^ ’̂̂  ̂and different GIRK subunits may heterologously associate in 

the formation of a functional c h a n n e l . T h i s  may account for the observed 

diversity amongst the native K  ̂channels o f this type.^^

1,2.2, Muscarinic-inactivated channels (Km)

Muscarinic-inactivated K  ̂ channels were initially identified in bullfrog 

sympathetic neurones^^’̂  ̂ where they are inwardly rectifying, voltage dependent 

and slowly activated at membrane potentials between -60 and -lOmV. The current 

passing through these channels, known as M-current, is inhibited by the ACh 

activation of muscarinic receptors and controls the neuronal excitability by limiting 

repetitive spike trains^  ̂ and generating hyperpolarisation.^^ The inhibition o f this 

current is at least partly responsible for the muscarinic excitation. Substance 

P,̂ °̂  LHRH and muscarine also inhibit the M-current and their action proceeds via 

pertussis toxin-insensitive G protein.

Blockers: Apart from the above mentioned, D-Ala LHRH, UTP and Ba^  ̂also 

inhibit the M- current and  so does carbachol,^  ̂as well as 4-AP.*®'̂
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Cloning and structure: It has been found that 2 TM (see Fig 1.3) protein IK3 

encodes this type of channel and by expression o f IK3 in Xenopus oocytes its 

activity was found to be inhibited by mediated m l AChR activation/

1.2.3 Serotonin-sensitive channels ( K s r )

Ksr channel of around 55pS conductance was identified in Aplysia sensory 

n eurones /where  it is moderately voltage sensitive and activated at resting 

potential. It is inhibited by both serotonin and cAMP and this inhibition can 

account for the increased duration o f action potential, Câ  ̂ influx and transmitter 

release, which may underlie a simple form o f short term learning disorder known 

as behavioural sensitisation.

The inhibition of this current known as S-current accounts for the physiological 

action of serotonin, which is mediated through cAMP-dependent protein kinase 

(cAMP-PK), probably acting on the internal side o f the membrane and resulting in 

phosphorylation of the channel or a related protein.

Additionally, Ksr channels are modulated by molluscan neuropeptide 

FMRFamide, where its effect is opposite to that o f serotonin, and thus induces 

slow hyperpolarisation, shortening o f the action potential duration and inhibition of 

transmitter release. It acts by both decreasing the open probability o f the channel 

and also reversing the inhibitory effect o f serotonin and cAMP.^°^

Blockers: Block by Ba^  ̂(20mM) has been reported,* but so has the resistance of 

this current to l lmM Bâ "*".***̂  Other blockers, acting only at relatively high 

concentrations include TEA (lOMm) and 4-AP (5-10mM).*°^’**°
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1,2,4 cAMP-sensitive channels ( K a c )

K ac channels were discovered in bovine adrenal cortical cells where they are 

responsible for setting the cell membrane po t en t i a l / Th e se  channels are potently 

inhibited by adrenocorticotropic hormone (ACTH) and angiotensin II (All) 

(peptides that regulate production of steroid h o r m o n e s ) / T h e  two peptides act 

through different receptors and their inhibition o f Kac channels is probably 

controlled by pertussis toxin-insensitive G protein and is possibly the major part of 

the physiological mechanism regulating corticosteroid production.

Furthermore, Kac channels are also inhibited by cAMP acting on the intracellular 

side o f the membrane through PKA-independent mechanism and are non

inactivating, outwardly rectifying channels that show very weak voltage 

dependence.

Blockers: Common K  ̂channel blockers, which also inhibit Kac channels include 

TEA (IC5o=24.3mM), 4-AP (IC5o=2.75mM), quinidine (IC5o=24.3|iM) and BaClz 

(IC5o=lmM).‘‘^

On the other hand, CNG non-selective cation channel blockers also inhibit K ac 

channel. These include anti-psychotic agents fluspireline (IC5o=0.23pM), and 

pimozide (IC5o=0.35p,M) as well as L-cis-diltiazam (IC5o=24.9pM) and 

glibenclamide (IC5o=63.8pM)^^  ̂ and their structures are shown in Fig 1,6 (jFig 1,7 

for glibenclamide).
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Fig 1.6: Kac channel blockers

Structure and cloning: Previously, it has been found that cloned eag channels are 

similar in sequence to CNG non-selective c a t i o n / K ac channels have features o f  

K"̂  as well as CNG non-selective cation channels. Therefore, it is possible that 

future studies will reveal that native Kac channels are encoded by cloned eag 

channels.
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1.3 OTHER CHANNELS

1.3.1 A T P - s e n s i t iv e channels (Katp)

ATP-sensitive channels were originally discovered in guinea-pig and rabbit 

cardiac muscle c e l l s / i n  which their conductance was found to be around 80pS in 

a high, symmetrical c o n c e n t r a t i o n / I t  is believed that these channels play 

an important role in cardiac ischemia and hypoxia, where shortening o f the action 

potential duration, arising from the depletion o f [ATP]i and the accumulation o f  

[K'^lext due to a rapid loss through K a tp  channels, generates abnormal and 

dangerous activities in the heart t i s s u e / T h e  complete inhibition o f K a t p  

channels is normally achieved by [ATP],>lmM/ This inhibitory action o f ATP 

on cardiac K atp channels is antagonised by pertussis toxin-sensitive G protein 

mediated action of ACh or Ado/^^

The activity o f K atp channels is very important in the insulin-secreting pancreatic 

p  c e l l s / I n  these cells K atp channels with conductance o f around 54pS are 

believed to be involved in the control o f insulin secretion and may have an 

important role in certain form of human diabetes. Glucose induced depolarisation 

of these cells is thought to arise from K atp inhibition, due to increase in the [ATP]i, 

resulting in insulin secretion. K atp channels are activated by various polypeptide 

hormones, such as somatostatin, gallamin and vasopressin, which are known to 

inhibit insulin release and also seem to act through pertussis toxin-sensitive G 

protein.

ATP-dependent K  ̂ channels are also important in the brain, and their closure 

increases the neuronal excitability. In certain brain neurones block o f K a t p  

channels by high glucose concentration stimulates GABA secretion, whereas 

depletion in [ATP]j results in K atp activation and the inhibition o f GABA release. 

All this suggests a possible involvement of these channels in cerebral anoxia and 

i s chemia.Furthermore ,  anoxic depolarisation, thought to arise from K atp  

channel block, is reduced by somatostatin, which is known to activate K atp  

channels.
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In skeletal muscle K a tp  channels are also voltage- and Ca^^-sensitive, they 

inactivate with hyperpolarisation and may be involved in the control of K  ̂

conductance during muscle activity, as in man exercise is known to decrease 

[ATP]i.‘ ‘̂*

Blockers: TEA and 4-AP are non-selective K a tp  channel blockers.” * Antidiabetic 

sulphonyl-urea drugs, which stimulate the secretion o f insulin, act by blocking 

K atp channels. Of these the most important is glibenclimide (also known as 

glyburide) and others include tolbutamide and g l i p i z i d e . S u l p h o n y l - u r e a s  

can also block cardiac K atp channels, but somewhat less potently. Tritiated - [^H]- 

glibenclamide^*^’’^̂  and iodinated - [  ̂ -glibenclamide^^ have been used in the 

investigation o f sulphonyl-urea receptors in the brain and the heart.

Cibenzoline, an agent used for many years in the treatment o f atrial and ventricular 

arrythmias, blocks the pore forming region of the cardiac K a t p  channel from the 

inside o f the cell, without interacting with the sulphonyl-urea K a tp  receptors. 

Another potent antiarrythmic drug, bepridil, also inhibits K a t p  channels in guinea- 

pig ventricular myocytes, with IC50 6 & lOpM, for inward and outward currents, 

respectively, but this drug is more potent K^a current blocker in these cells.

Finally, mibefradil, a T-type Câ  ̂ channel blocker, was found to be more potent 

blocker of K atp  channels in bovine adrenal cells, with ICso-O.SpM.^^^

Openers: Diazoxide can activate K atp channels, but only as an anatagonist o f the 

inhibitory effect of Cromakalim, a smooth muscle relaxant,^^ ’̂̂ ^̂  in

particular its more active enantiomer, levcromakalim, has also been shown to 

activate K atp  in the skeletal muscle. Pinacidil is also an activator o f K atp 

channels.

The structures o f some o f these K atp  channel openers and blockers are given in 

F ig lJ .
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K a tp - CHANNEL BLOCKERS 
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F igl. 7; Structures o f  some o f  the known Katp channel blockers and openers

Structure and cloning: cDNA of gene ROMKl encoding 319 amino acid

polypeptide o f an inwardly rectifying K atp channel has been isolated from rat 

kidney and its structural analysis revealed 2 TM segments (M l and M2), additional 

MO segment probably residing intracellularly, an intracellular C-terminus and the 

pore-forming (P-loop) region with GYG mot i f /Furthermore,  alternative splice 

variant of ROMKl, R0MK2 encoding Katp channel has also been cloned from rat 

k i d n e y / c D N A  encoding inwardly-rectifying K  ̂channel subunit Kir6.2 has been 

isolated from mouse insulinoma cells and is highly expressed in the heart, brain, 

skeletal muscle and pancreatic P-cells/"^® Its coexpression with SUR, a sulphonyl- 

urea receptor clone belonging to ATP-binding cassette (ABC) transporter 

f a m i l y , y i e l d e d  a channel with KATP-hke properties,̂ "̂ ®’̂ "̂  ̂ where Kjr6.2 was 

proposed to be the pore-forming subunit and SUR polypeptide the regulatory, ATP 

and sulphonyl-urea binding subunit of K a tp  channel/
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1.3.2 Cell volume-activated iC  channels

This type o f channel has been characterised in guinea-pig and rabbit

h e p a t o c y t e s / e f f l u x  through this channel occurs in response to the swelling 

of the cell and in such way this channel participates in cell volume regulation. 

Volume-activated channels coexist with IK channels in frog red blood cells.

Blockers: Bepridil {Fig 1.7), quinine {Fig 1.12)and Ba^  ̂ cause 50% inhibition of 

volume-activated current in guinea-pig hepatocytes at concentrations of around

2.7pM, 12pM and 67pM, respectively. Also, cetiedil (see Fig 1.12), an anti

sickling agent and blocker o f the IK channel, inhibits this current in guinea-pig 

hepatocytes with IC50 of around 2.3pM for its racemic mixture.Furthermore,  

(+)-cetiedil (IC5o~2 pM) is over two times more active than its enenatiomer (-)- 

cetiedil (IC5o~5.2pM).*^  ̂ TEA was found to be a very weak blocker o f this 

current.

1.3.3. Na^-activated channels (Kno)

In guinea-pig ventricular myocytes K^a channels are inwardly rectifying, have a 

large single channel conductance o f around 207pS and their activity is induced by 

the internal Na% at a concentration above 20mM. '̂*  ̂ However, it was suggested 

that this current might activate only under certain patho-physiological conditions 

involving increased [Na^]i, as under normal physiological conditions [Na ]̂i in the 

cardiac cells is usually lower than lOmM. On the other hand, K^a channels have 

been identified in cultured avian neurones, where it has been shown that an 

increase in [Na ]̂j near the membrane following a single action potential is 

sufficient to cause activation.

Blockers: K â channels in avian neurones are inhibited by Na^ channel blocker -  

tetradotoxin (IpM) and high concentrations of TEA (20mM) and 4-AP (4mM).̂ '̂ ^
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1.3.4 Further information about channels

Other types of channels, either structurally or functionally distinct from those 

covered in this review, are also known. An example is strongly voltage-dependent 

sarcoplasmatic reticulum channel, which shows poor selectivity for over 

other monovalent cations.

More importantly, different types of channels discussed here include tetrameric 

channels composed of either 2 TM or 6 TM subunits, each of these subunits 

containing only one pore. However, it should not be overlooked that channels 

consisting of 4TM subunits with two pore-forming regions also exist.

Sequencing of 80% of the genome of a small, free-living nematode, C.elegans has 

led to identification of a large number of genes encoding most of known subtypes 

of channels. Apart from genes encoding channel proteins with 2 and 6 TM 

segments, those encoding 4 TM segment proteins have also been identified 

The sequencing of this genome is in itself an indictor of the diversity of 

channels. The 4 TM subunit was shown to be analogous to two joined 2 TM 

subunits (as those described for inward rectifiers) and to contain two pore-forming 

regions (M1-P1-M2-M3-P2-M4) - Fig 1.8. These channels are probably

dimeric, rather than tetrameric, since each of the two P regions contributes to the 

formation of the channel pore.

EXTRACELLULAR

NH3^

P2 segmentPI segment

INTRACELLULAR COO

Figl. 8: Structure o f  I t  channel protein with two pore-forming regions
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1.4 CALCIUM-ACTIVATED CHANNELS

There are three main classes of calcium-activated K"̂  channels:

• Large conductance calcium-activated channels (BK);

• Intermediate conductance calcium-activated K  ̂channels (IK) and

• Small conductance calcium-activated K  ̂channels (SK)

1,4.1 Large Conductance Ca^^-Activated Channels (BK)

BK channels are present in a variety o f cells and are both voltage- and Câ -̂ 

sensitive. They open in response to the increasing voltage, following cell 

membrane depolarisation and also to the increasing [Ca^ ]̂i. BK channels exhibit 

rapid kinetics o f both activation and inactivation and are responsible for the fast 

component o f membrane hyperpolarisation. As their name implies, these channels 

have a large unit conductance, which somewhat varies in different cell types, but 

typically exceeds 200pS. It has been found that BK channels are essentially 

voltage-gated channels, but although depolarisation can on its own induce their 

activation, Câ  ̂serves as an alternative activator. Accordingly, recent findings 

indicate that BK channels have two possible modes o f gating -  Câ  ̂ gating in 

addition to the essential voltage gating and voltage-gating only mode, which these 

channels enter upon experiencing [Câ '̂ ]j lower than lOOnM.̂ ^̂  Moreover, further 

gating studies on the cloned BK channels proved that depolarisation is the 

necessary requirement for their activation, but the presence o f internal Câ  ̂ takes 

them into Ca^^-dependent mode, in which this alternative activator requires less 

electrical change for the channel opening. Therefore, although it was found that 

cloned BK channels kinetics are more dependent on Câ  ̂ than on v o l t a g e , t h i s  

probably corresponds to the both voltage- and Ca^^-dependent mode only.

Some of the cells in which BK channels have been identified include rat brain, 

rat muscle c e l l s , b o v i n e  chromaffin cellŝ ^  ̂and bullfirog sympathetic ganglia.

BK channels may account for a rapid K  ̂loss during secretion, as demonstrated in 

rat salivary glands acinar cells. This class o f K  ̂ channels has also been
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associated with glucose stimulated insulin secretion from pancreatic P-cells/^^ 

Additionally, the activation of BK channels may inhibit the release o f many 

h o r m o n e s a n d  neurotransmitters. BK channels also play a role in the airway 

smooth muscle tone regulation and control the release o f broncho-constrictive 

substances from the nerves in the lung.̂ "̂̂

Apart from some other channels, BK channels may be involved in the 

endothelium-dependent smooth muscle relaxation, as the action o f NO and other 

vasodilators activates these channels through cGMP-dependent protein kinase 

(PKG) m e c h a n i s m . A d d i t i o n a l l y ,  in vascular smooth muscle, the vasoactive 

effect of fatty acids and mechanical stretch may also involve BK channel 

o p e n i n g . Hyperpolarisation induced by the opening o f BK channels could relax 

urinary bladder smooth muscle cells, indicating these channels as a potential target 

for the urge incontinence treatment,

Finally, another important involvement of BK channels is their role in electrical 

processes o f cochlear hair cell. Each cochlear hair cell responds to a particular 

frequency, where the sharp frequency selectivity is believed to be mainly 

controlled by BK channels and their gating k i n e t i c s . T h e  activation o f BK 

channels in guinea-pig outer hair cells arises from the ACh activation o f a9  

receptor, through which Câ  ̂enters the cell.̂ ^̂

Blockers: Peptidic blockers: The peptide isolated from the venom of the scorpion 

Leiurus quinquestriatus known as charybdotoxin (ChTx)̂ "̂̂ ’̂ ^̂  was found to block 

BK channels in rat skeletal muscle cells with K<i~3.5nM and its monoiodotyrosine 

analogue, ^^ Î-ChTx retained similar activity. This toxin is believed to bind to the 

external side o f the conduction porê ^̂  and was found to have a higher affinity for 

the open c h a n n e l , b u t  increasing [K"̂ ], relieved this block, resulting in ChTx 

being ‘knocked o ff  by K  ̂leaving the cell.^̂  ̂ Although ChTx is unselective, being 

able to readily act on the voltage-gated K  ̂ channels as well, it was found that, 

unlike the voltage-gated channel block, the block o f BK channel occurs by the 

action o f toxin’s C-terminal half.^  ̂ In bovine trachea smooth muscle covalent
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linking o f ^^ Î-ChTx to p-subunit'^^’̂ ®̂ was suggested to increase its interaction 

with the pore-forming, a-subunit.

Another peptidic toxin, isolated from the venom o f scorpion Buthus tamulus and 

named iberiotoxin (IbTx),^^  ̂ is a potent blocker o f BK channel (Kd~1.2nM), with 

its high selectivity giving it advantage over ChTx.^^  ̂ A third toxin, 37 amino acids 

kaliotoxin (KTx), from the venom o f scorpion Androctonus mauretanicius 

mauretanciuSy also acting on the outer side, is somewhat less active (Kd~20nM).* '̂  ̂

The amino acid sequences of these three peptides and some other common peptidic 

channel blockers are shown in Fig 1.9

Charybdotoxin:
' ZFTNVSCTTSKECWSVCQRLHNTSRGKCMNKKCRCYS^’ 

Iberiotoxin:
'ZFTDVDCSVSKECWSVCKDLFGVDRGKCMGKKCRCYQ^^

Kaliotoxin:
'GVENVKCSGSPKQCLKPCKDAGMRFGKCMNRKCHCTPK^® 

Kaliotoxin 2:
‘ VRIPVSCKHSGQCLKPCKDAGMRFGKCMNGKCDCTPK^^ 

Noxiustoxin:
‘ t iin v k c t s p k q c s k p c k e l y g s s a g a k c m n g k c k c y n n ^̂

Margatoxin:
' TIINVKCTSPKQCLPPCKAQFGQSAGAKCMNGKCKCYPH

Fig 1.9: Amino acid sequence o f  some peptidic blockers o f  channels

Non-peptidic blockers’. A common non-selective K  ̂ channel blocker TEA also 

inhibits BK c h a n n e l . O t h e r  blockers include inorganic ions Mn^ ,̂ Cd̂ ,̂ Cô ,̂ 

Mg^  ̂ and Bâ "̂ .̂ ^̂  Neuroleptic drugs, haloperidol, trifluoperazine, thioridazin and 

chlorpromazine inhibit open BK channels from the internal side, with all o f them 

having low micromolar value o f Additionally, paxiline is a selective and

potent b l o c k e r , a n  anti-fungal agent clotrimazole {Fig 1.12) (0.1-3pM) has been
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reported as the BK channel inhibitor  ̂ and ketoconazole (10p,M), which can act 

as an opener -  see below, can also block these channels in certain cell types/ 

The structures o f these blockers are shown in Fig 1,10.

BK  channel activators: Pinacidil and cromakalim (see Fig 1.7 for their structures) 

were shown to activate BK channels in the vascular smooth muscles/ 

Triterpenoid glycosides dehydrosoyasaponin I (DHS-I), soyasaponin I and 

soyasaponin III, isolated from the herb Desmodium adscendens, can also activate 

BK channels, o f which the most active is DHS-I, which can open BK channels at a 

concentration as low as lOnM when applied on the intracellular side o f the 

m e m b r a n e / T h e s e  compounds are also inhibitors o f ^^ Î-ChTX binding, where 

DHS-I is again the most active one, with Ki=120nM. Additionally, 

benzimidazolone type compounds, NS1619^^°’̂ ^̂ and NS004^^^’̂ ^̂  in concentration 

10-30pM, also open BK channels and they do so in [Ca^^]i-dependent way, most 

likely by acting from the inside o f the cell. Furthermore, the activation o f this 

channel was observed with the application o f disubstituted diphenylurea compound 

NSlbOS,’ "̂̂ where investigation o f its action on hSlo expressed in HEK 293 cells 

indicated that it acts in Ca^^-independent way and by associating with the receptor 

on the a-subunit. More precisely, this agent seems to interact with SO segment of 

the a-subunit and in such a way mimic the action o f the regulatory p-subunit.^^  ̂

Finally, an antioxidant, nordihydroguaiaretic acid (NDGA) has been reported to 

activate the smooth muscle BK channel, and ketoconazole activates BK 

channels in ferret portal vein smooth muscle cells at a concentration o f lOpM. *̂  ̂

The structures o f these BK channel openers are also shown in Fig 1,10.

It is important to add that the alteration of BK channels by all o f the above 

modulators depends on the type o f tissue in which the channel is found. Thus, the 

diversity o f the native channels, confirmed by the identification o f a number of 

different genes encoding this channel results in their different responses to these 

pharmacological tools. An example o f contradictory effects is ketocanozole, 

mentioned above as a possible blocker as well as an opener.
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Fig 1.10: B K  channel modulators
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Structure and cloning: BK channel structure consists o f two membrane spanning 

subunits known as a  and p. These two subunits play different parts in the 

assembly and the functional control of BK channels, a-subunit is the pore-forming 

unit, containing both Câ "̂  and voltage sensors. On the other hand, p-subunit is the 

so-called regulatory subunit, presence o f which changes pharmacological and 

biophysical properties of the resulting channel.

BK a-subunit was first cloned from Drosophila slowpoke locus and this clone has 

been termed dSlo.*^  ̂ dSlo gene characterisation was followed by cloning o f the 

mammalian homologue of this gene (mSlo), with the isolation o f a large number of 

variants o f its cDNA from the mouse brain and skeletal m u s c l e ^ a s  well as the 

isolation o f a range o f splice variants from the human brain, hSlo.^^*’̂ ^̂  Finally, 

the cloning o f cSlo from the chicken cochleâ ®® also revealed numerous isoforms, 

resulting from alternative mRNA splicing o f cSlo gene sequence.

The structure o f Slo a-subunit of BK channel has recently been fully assigned, 

with the finding that it is actually composed o f 7 TM segments. The 7*̂  TM 

segment termed SO arises due to a  N-terminus residing on the extracellular side of 

the membrane.^®  ̂ 31 amino acid o f N-terminal region o f this subunit, excluding 

the first 10 were found to be important for its coupling with p-subunit.^°  ̂ A long 

stretch between S6 and intracellular COOH terminuscons i s t s  o f hydrophobic 

segments, S7-S10.'^^ Both ^ °̂Arg and ^̂ ^Arg o f hSlô ®̂  have been found to have a 

crucial role in the voltage-sensing of 84 segment.^®  ̂ A highly conserved region 

between intracellular 89 and 810 segments which was suggested to have Câ -̂ 

sensing role,̂ °"̂  has been found to contain a novel aspartate-rich calcium binding 

site, termed Ca^ -̂bowl, °̂  ̂ in which ^̂ ^Asp residue is particularly important for 

Ca^ -̂interaction.^®  ̂ However, at least one more unidentified site is responsible for 

the Câ  ̂sensitivity o f this channel.^^^

p-8ubunit o f BK channel has been originally identified in the bovine smooth 

muscle and is now known as pl.^°  ̂ This subunit has only 2 TM segments joined
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by extracellular loop, with two intracellular termini. A total o f four genes 

encoding this subunit (termed pl-P4) have now been cloned.

The confirmation of presence of the two BK channel subunits was obtained by its 

purification from bovine smooth muscle cells membranes  ̂̂

Expression of mRNA of Slo genes encoding a-subunit resulted in a functional BK 

channel, with distinct channel properties, depending on the type o f Slo gene which 

encodes it. Moreover, the expression o f different hSlo splice variants

resulted in BK channels o f different Câ  ̂and voltage sensitivities, suggesting these 

different isoforms may account for the distinct neuronal roles o f BK channels in 

different brain regions. As indicated above, the expression o f a-subunit on its 

own leads to a functional BK channel, but its co-expression with p-subunit alters 

both biophysical and pharmacological profile o f the resulting channel, indicating 

that its presence may be the reason for the observed diversity amongst the native 

BK channel s .^Thus ,  depending on the type of p-subunit its presence may 

increase sensitivity of the pore-forming subunit to 213,214 ChTx,^^  ̂ as

found with pi or indeed result in the channel inactivation and a decreased Câ -̂ 

and ChTx-sensitivity, as observed when p2 is present.^®  ̂ Recent cloning of p3 and 

P4, highly expressed in testis and brain respectively,^®  ̂ raised a possibility that 

certain form of this subunit is always regulating the main a-subunit. Indeed, the 

co-expression o f human a-subunit with 4 different P-subunits results in BK 

channels with different properties,^®* where p4 subunit may govern insensitivity of 

the native neuronal BK channel to ChTx and IbTx.̂ ^®

The proposed structure of BK channel protein is given in Fig which shows

a-subunit consisting of 7 TM segments. Closely associated with this subunit is 2 

TM segment p-subunit. Variations in the genes encoding both of these 

components result in channels with distinct properties, which may account for the 

diversity observed amongst native BK channels.
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Fig 1.11: Structure o f  BK channel protein
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1,4,2 Intermediate Conductance Ca^^-Actiated Channels (IK)

1,4,2,1 Voltage-Independent IK  channels

Voltage-independent IK channel was first detected by Gardes^ in human red 

cells, where its activation depends on the intracellular Câ  ̂concentration ([Ca^^jJ, 

but not on the change in the membrane potential. The red cell K  ̂ channel, often 

referred to as Gardos channel, has been by far the most studied and the best 

characterised type o f voltage independent IK channels. Red blood cell IK channels 

are inwardly rectifying,^with an average conductance o f around 

Apart fi-om [Câ "̂ ]i, external K  ̂ is also required for their a c t i v a t i o n . ^ H u m a n  

erythrocytes IK channels are activated by cAMP-dependent protein kinase, with 

this effect being reversed upon inhibition o f PKA a c t i v a t i o n . A  possible role of 

these channels in red cell dehydration and sickle cell disease has been suggested.^ '̂^

Apart fi-om erythrocytes, inwardly rectifying, voltage independent IK channels 

have been found in resting and activated human T lymphocytes, with their 

expression being significantly increased by the activation o f these cells.^^  ̂

Basolateral membrane o f T84 colonic cell line contains IK channels o f 14 and 32 

pS conductance, at large positive and negative membrane potentials, respectively, 

where they are thought to control the basolateral K  ̂ conductance stimulated by 

Ca^^-mediated agonists.^^  ̂ As activation of this IK channel leads to increased Cl' 

secretion, this channel has been implicated in cystic fibrosis, in which the Cl' 

secretion is decreased or absent.

Blockers: Inorganic ions Cs  ̂and Bâ  ̂as well as low millimolar concentrations o f  

TEA block the EK channel in human T-lymphocytes fiom the outside.^^  ̂

Non-selective peptidic blocker ChTx also blocks the channel form the outside in 

low nanomollar concetration.^^^’̂ *̂’̂ ^̂  Other peptidic blockers include 

stichodactyla toxin (Ko.5=85nM)^^° and margatoxin, with their blocking ability 

detected on the cloned IK channel.^^  ̂ For amino acid sequences o f some of these 

peptides see Fig 1,9.
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Quinine and quinidine both act as IK channel blockers/^ '̂^^  ̂ where quinine is 

known to displace K  ̂ from the external binding site/̂ "̂  L-type Câ  ̂ channel 

blocker, nitrendipine has been found to block IK channel in red blood cells with 

ICso-lSOnM, whereas nifedipine is significantly less potent with IC5o~3|liM.̂ ^̂  

Another report, however, shows that nitrendipine also has a low micromolar 

potency as IK channel blocker/^^

Block o f Gardos channels by clotrimazole^^  ̂ (<lpM ) as well as the inhibition of 

^^ Î-ChTx binding by this agent have been reported.^^  ̂ Furthermore, the finding 

that clotrimazole metabolite, 2-chlorophenyl-bisphenyl-methanol, can also block 

human red cell IK channels with IC5o=0.43pM (under the same experimental 

conditions IC50 value for clotrimazole block was found to be 0.089pM) and also 

inhibit ^̂ Î-ChTx binding in these cells (IC5o=3 .6 |iM) provided the evidence that 

imidazole moiety is not a necessary requirement for the inhibitory action of 

clotrimazole/^^ Additionally, clotrimazole block provided pharmacological 

evidence for the involvement o f IK channels, together with SK channels, in EDHF 

relaxations/^^ Clotrimazole block occurs on the channels outer vestibule, but 

cetiedil (IC50 25-45pm) '̂^  ̂ and its structurally related analogues (eg UCL 1495-, 

IC5o«0.9pM) seem to block by acting on the inside o f the cell/^^

3,3-Diethylthiadicarbocyanine iodide can also block this channel, with highest 

potency achieved (sub-micromolar concentration) when tested on IK channel in 

Ca^^-activated state/" °̂

Some SK channel blockers analogous to dequalinium have been identified as DC 

channel blockers as well, with following potencies - UCL 1407 (IC5o=0.85|j,M), 

UCL 1144 (IC5o=1.2pM), UCL 1417 (IC5o=2 .2pM), UCL 1440 (IC5o=L8pM) and 

UCL 1438 (IC5o=2.7hM)?'"
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The structures o f the IK channel blockers discussed above are shown in Fig L12.

Activators: The first pharmacological agent to be characterised as an IK channel 

opener was benzimidazolone, 1 -ethyl-2-benzimidazolinone (1-EBIO)/^ '̂ '̂* '̂ 

followed by the discovery that benzoxazoles, chlorzoxazone (CZ) and 

zoxazolamine (ZOX) can also act as activators.̂ "̂  ̂ These agents are non-selective, 

as they also activate rSK2 channel, and this resulted in a suggestion that they may 

be acting on the common Ca^^-binding component o f the two types o f K  ̂channel, 

calmodulin protein.̂ "̂  ̂ Fig 1,12 shows the structures o f the three compounds that 

act as the IK channel activators.

Inorganic ions which can activate IK channel include as well as Cd̂  ̂ and

Sr2+,244 aj-g believed to act similarly to Câ .̂
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Fig 1.12: IK  channel blockers and openers

Structure: The structure o f this IK channel has become known only through a very 

recent cloning o f the gene that encodes it. This gene, which has been cloned from
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various tissues, is known as KCa4,̂ "̂  ̂ jj^̂ 23U46,247 The sequence

analysis o f hKCa4̂ '̂  ̂ revealed 427 amino acids, 6 TM segments (S1-S6), the P- 

loop with GYG motif, long C-terminus and short N-terminus (both intracellular) 

and no observed Câ  ̂binding E-F hand. All clones share only 40-50% sequence 

homology with SK channels. Also, the amino acids responsible for the apamin and 

d-TC sensitivity o f SK2 channel (see later discussion about SK channels) are 

missing in the IK channel sequence, in agreement with its insensitivity to these 

blockers.̂ "̂ ^

The calcium ‘sensor’ o f IK channels is calmodulin protein (CaM), which 

associates to the region of the first 98 amino acids o f the IK channel C-terminus in 

Ca^^-independent way.̂ "̂  ̂ Accordingly, this region is the most conserved between 

IK and SK channels, with both Kca channels having the associated CaM protein.̂ "̂  ̂

The IK channel is a tetramer and each subunit has CaM bound to it. Câ  ̂binding 

seems to induce conformational changes in the associated IK subunit and all four 

subunits have to undergo these changes in order to achieve the channel 

activation.̂ "*̂

KCa4/IKl/SK4 expression leads to a functional IK channel with Gardos-like 

properties, indicating that they encode human red blood cell and related EK 

channels. The calcium-dependence o f the expressed EK channels somewhat varied, 

with EDso between 95-300nM.

1.4.2,2, Voltage-dependent IK  channel

This type o f EK channel has been characterised in molluscan neurones, namely 

Aplysia^^  ̂and Helix?^^ Unlike the Gardos-type EK channel, depolarisation further 

induces opening o f this channel at a particular [Câ '̂ Ji. As Câ  ̂which activates this 

channel enters the cell through voltage gated channels, the voltage sensitivity o f DC 

channel apparently arises from the voltage-dependence o f Câ  ̂ conductance.^^  ̂

Maximum single channel conductance o f EK channel in Helix neurones is 40-60pS, 

and its activity can be modulated by cAMP-dependent protein phosphorylation.^^^
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The voltage-dependent IK channel conductance in Aplysia is around 35pS/^^ IK 

channel of 68pS showing voltage-dependence is also present in vascular smooth 

muscle cells.^^  ̂ Strongly inward rectifying K  ̂ channel o f 28 and 40pS 

conductance has also been found in cells from human epidermoid carcinoma o f the 

cervix (HeLa c e lls ) ,w h e r e  histamine is able to open this channel through the 

activation of Hl-receptors/^^ Further analysis revealed calcium-activated K  ̂

channel o f 10 and 50 pS conductance, with very little voltage dependence,^^* so it 

is uncertain whether this channel belongs to the family o f voltage-dependent IK 

channels.

Blockers: Helix IK channels are blocked by TEA, inorganic ions Ba^  ̂and Cs  ̂and 

ImM external gallamine.^^  ̂ In vascular smooth muscles IK channel is blocked by 

externally applied Ba^ ,̂ TEA, ChTx and also apamin.^^  ̂ Additionally, 37 amino 

acids peptide KTx, isolated from the scorpion Androctonus mauretancius 

mauretanicus blocks invertebrate IK channels with Kd~20nM.^^"  ̂ Another 

peptidic toxin isolated form Androctonus australis scorpion venom and known as 

KTx2, shares 76% sequence identity with KTx, and also blocks this IK channel, 

albeit at around 5-fold lower activity.
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1.4.3. Small Conductance Ca^ -̂Activated Channels (SKca orSK)

SK channels are present in a majority o f excitable and non-excitable cells where 

they are characterised by single channel conductance below and high

sensitivity to [Câ "̂ ]i, with less than IpM required for their activation. These 

channels show virtually no voltage dependence. Apamin, 18 amino acid̂ ^̂  

polypeptide isolated from the venom of honey bee Apis Malifera, is not only a 

potent and selective blocker o f SK channels widely used in their probing (see 

below), but also forms the basis on which these channels are sub-classified.

In excitable cells, the prolonged after-hyperpolarisation (sAHP) follows a single or 

bursts o f action potentials, controls frequency o f the action potential firing and 

results in spike-frequency adaptation. Two types of sAHP are known and there 

general properties have been reviewed.^^ '̂^  ̂ The first type is generated by the 

opening of SK channels, shows no voltage sensitivity and is suppressed by apamin. 

Its kinetics are characterised by a rapid Câ  ̂activation and a relatively slow decay, 

with a time constant o f several hundreds o f milliseconds. This current, which will 

be referred to as apamin-sensitive sAHP, is believed to control the action potential 

firing. The second type of sAHP exhibits much slower kinetics, with its activation 

taking several hundreds o f milliseconds to peak, and decay time typically longer 

than Is. This current is not blocked by apamin, and is, thus, referred to as apamin- 

insensitive sAHP. On the other hand, it is modulated by different 

neurotransmitters and is most likely responsible for the spike frequency adaptation, 

following a burst of action potentials. Although many o f the properties of this 

current point to SK channel as the one underlying it, the definite origin o f this 

apamin-insensitive sAHP still remains uncertain.

Distribution o f  SK  channels and their role: In guinea-pig hepatocytes, in which 

SK channels were originally identified,^^  ̂as well as in rabbit hepatocytes apamin- 

sensitive sAHP can be generated through IPg-mediated increase in 

resulting from the activation o f angiotensin^^  ̂ or ATP receptor or that of a - 

adrenoceptor.^̂ '̂̂ ^̂  SK single channel conductance in these cells was found to be 

6-20pS, depending on the external K  ̂concentration.
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Apamin-sensitive SK channels are present in the rat skeletal muscle cells^^° and in 

the smooth muscle cells, where their activation induced by neurotransmitters 

results in cell membrane hyperpolarisation and muscle relaxation.^^^’̂ ^̂  

Application o f apamin results in the block o f this channel causing membrane 

depolarisation and the muscle cell contraction/̂ "*'^̂ ^

Endothelium-1, a vasoconstrictor peptide, induces relaxation o f guinea-pig taenia 

coli through the activation o f SK channels,^^  ̂which is mediated through ETA and 

ETB receptors.^^  ̂ Additionally, in endothelial cells, EDHF release induces 

hyperpolarisation and smooth muscle relaxation through the activation o f apamin- 

sensitive SK channels,^^  ̂ with further pharmacological studies indicating that SK 

channels, together with IK channels, mediate EDHF relaxation.^^  ̂ Also, 

bradykinin-induced stimulation o f NO synthesis in these cells seems to involve 

opening of the apamin-sensitive SK channels?^^

SK channels are present in the adrenal chromafin cells^^®’̂ ^̂ where they have been 

implicated in the control o f postsynaptic release o f catecholamine,^^^ which was 

found to be increased following their block by apamin. In clonal anterior pituitary 

cells (GH3), apamin-sensitive sAHP may play important part in the control o f  

firing rate and the rate o f prolactin secretion.̂ ^̂ *̂ ^̂

Apamin-sensitive SK channels have been investigated and characterised in many 

different neuronal cellŝ "̂̂ '̂ ^̂  in which sAHP generated by the channel opening 

controls the neuronal excitability.

Although the role of BK channels in the control of the tonotopic map o f cochlear 

hair cells has been well established as the most crucial, the activation o f the 

apamin-sensitive SK channels by ACĥ °̂'̂ ^̂  may also be important in the 

physiology o f these cells, in which rSK2 encodes the apamin-sensitive channel.^^^

A possible role o f the apamin-sensitive SK channels in cardiovascular activities 

has been suggested, following their detection in the squid cardiac myocytes.^ "̂^

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Introduction 62

In some neuronal cells the apamin-sensitive sAHP is present together with the 

apamin-insensitive one, examples of this being CAl hippocampal pyramidal 

neurones^^  ̂ and guinea-pig DMV neurones^^ ’̂̂ ^̂  (preganglionic neurones o f the 

dorsal motor nucleus of the vagus). In the latter cell type, the more rapid apamin- 

sensitive sAHP was suggested to be activated by Câ  ̂entering the cell through the 

voltage gated calcium channels (VGCC)^^  ̂and the slow apamin-insensitive sAHP 

is believed to be activated by Câ  ̂ released from the intracellular stores, induced 

by Câ  ̂ entering through VGCC.^^  ̂ However, the role o f the apamin-insensitive 

sAHP in DMV neurons may not be essential for their function, since in rat this cell 

type possesses the apamin-sensitive current only.^^*

Apamin-insensitive sAHP has been most extensively studied in hippocampal CAl- 

CA3 pyramidal cells,^^  ̂where it is inhibited by the action o f noradrenaline, as well 

as by the activation of p-adrenergic, muscarinic^®® and metabotropic glutamate 

receptor.^®’ In hippocampal pyramidal CAl neurones SK channels which could be 

responsible for their apamin-insensitive sAHP, have been found coupled to and 

activated by the co-localised L-type Câ "̂  channel.^®  ̂ Delayed-facilitation of the L- 

type Câ "̂  channels, which provides slowly rising and long lasting levels of internal 

Ca2+,3®3 account for slow activation o f the apamin-insensitive sAHP in these 

cells. However, other types o f Câ  ̂ channel, apart from L-type, have been 

implicated in the activation of this current.̂ ®'̂  The possibility that the channel may 

not have immediate access to the raised [Ca^ ]̂, has also been suggested.^®  ̂ On the 

other hand, the slow decay o f this current could arise from the channel’s high 

affinity for Câ "*".̂ ®®

As already mentioned, the finding of the apamin-insensitive sAHP in hippocampal 

pyramidal cells is accompanied by the uncertainty about the channel which 

generates it. Kca channels ranging from 2 to 31pS have been detected and 

proposed as possible candidates underlying this current.̂ ®̂ ’̂ ®̂’̂ ®̂ Most recent 

investigation o f the gating properties o f SK channels in the hippocampal CAl 

pyramidal neurones identified a voltage-independent channel o f lOpS conductance, 

which is half-activated by 0.6pM Câ "̂ .̂ ®® Since the properties of this channel are
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similar to hSKl and SKI mRNA is the most abundant SK subunit in these cells, 

future investigation may prove it to be responsible for their apamin-insensitive 

sAHP. '̂®

A possible involvement of apamin-sensitive SK channels in learning and memory 

processes has been suggested as a result of the detection o f high density o f the 

apamin receptors in the rat brain cerebral cortex and h ip p o ca m p u s/T h is  is in 

agreement with the finding that apamin injections in mice prior to training 

increased the acquisition rates and the retention time o f learning taskŝ ^̂  and 

enhanced the expression of c-fos and c-jun, which are ‘immediate early genes’, 

produced in high levels as a result o f le a r n in g /A ls o , apamin injections shortly 

after training retroactively facilitated memory processes and further increased 

levels of c-fos and c-jun?^  ̂ Recently, the use o f apamin in rats has also 

demonstrated that the blockade o f SK channels may indeed improve learning and
313memory processes.

Apamin reduces ethanol induced sAHP in rat brain synaptosomes and shortens 

ethanol-induced narcosis by reducing sleep time, and these findings indicate a 

possible involvement of SK channels in the ethanol intoxication.^

Furthermore, SK channels may have a role in the development o f narcolepsy by 

being responsible for the tendency to generate REM-sleep during non-REM 

sleep.^*  ̂ Apamin injected in rats induced insomnia by suppressing both deep slow 

sleep and paradoxal sleep, probably by acting on SK channel.^

SK channels may account for the difference between normal and leukemic T cells, 

as they are abundantly expressed in a Jurkat cell line, derived from the human 

leukemic cell line. *̂ ’̂̂ ^̂  rSK2 channel has been proposed as the most likely 

candidate encoding apamin-sensitive channels in Jurkat T cells.^^^

Finally, these channels are also believed to play an important role in a series o f  

physiological disorders generating myotonic muscular dystrophy (MD). MD or
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Steinert’s disease is a genetic disorder characterised by a progressive muscle 

weakness, muscle stiffiiess and inability to relax muscle after voluntary 

contraction. Apamin receptors are present in the muscles o f the patients with MD 

and completely absent firom the healthy human muscles.^^® Apamin injections into 

thenar muscle o f MD patients significantly reduced resting electrical activity o f the 

muscle and its ability to triger myotonic discharges,presum ably by blocking SK 

channels,

SK channel modulators

Peptidic blockers: The most important peptidic blocker o f SK channels is apamin, 

an 18 amino acid polypeptide isolated from the venom of a honey bee. It was the 

first peptide found to block the SK channel and has been extensively used in its 

elucidation. It is a centrally acting neurotoxin,^^  ̂ which causes poisoning, 

indicated by the loss o f co-ordination in rat and mice, following injection o f Ing 

into their lateral ven tr ic les .A p am in  blocks SK channels in most cell types with 

at least low nanomolar p o t e n c y w i t h  its blockade being irreversible or 

only partially reversible. The primary structure o f apamin is shown in Fig 1,13.

Apamin (S-S bridges between 'Cys-'^Cys and ^Cys-'^Cys): 
'CNCKAPETALCARRCQQH'®-NH2

Scyllatoxin (Leiurotoxin I):
‘AFCNLRMCQLSCRSLGLLGKCIGDKCECVKH^‘-NH2

P05:
'TVCNLRRCQLSCRSLGLLGKCIGVKCECVKH^kNH2 

TS k :
‘WIGQRCYRSPDCYSACKKLVGKATGKCTNGRCDC^^-NH2

BmPOS:
*AVCNLRRCQLSCRSLGLLGKCIGVKCECVKH^*-NH2

Maurotoxin:
*VSCTGSKDCYAPCRKQTGCPNAKCINKSCKCYGC^^-NH2

Fig 1.13: Amino acid sequence ofpeptidic blockers o f  SK  channel (one letter codes)
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The toxin has two disulfide bridges making its structure relatively rigid. The 

spatial structure of apamin in solution derived from NMR studies is shown in Fig 

1.14?^^

CH3

NH-

Fig 1.14: Solution structure o f  apamin

With respect to apamin pharmacophore, early investigations have revealed that Arg 

residues at position 13 and 14 are essential for its neurotoxicity, but one of them 

can be replaced with Lys without much loss in t o x i c i t y L a t e r  on, it was 

shown that the Arg at position 14 is more important for the full activity o f apamin, 

with the ’^Lys'̂ ^Arg analogue being more active than *̂ Arg*"̂ Lys.̂ ®̂ However, the 

neurotoxic effect o f apamin and its analogues need not necessarily correspond to 

their ability to act as SK channel blockers. Nevertheless, an analogue o f apamin 

bearing 1,2-cyclohexanedione side chains on Arg 13 and 14, instead of positively 

charged guanidinium side chains, is unable to inhibit *^ Î-apamin binding.̂ *̂'̂ ^̂  

Still, although important, the two Arg residues cannot on their own account for the 

biological activity and neurotoxicity of apamin.̂ "̂*’̂ ^̂  The investigation of a few 

shorter peptides as apamin analogues bearing Arg-Arg or Arg-Lys residues in their 

sequence showed low activity for their ability to block SK channels,̂ "̂* implicating 

the importance of the full length peptidic chain. *^Gln, possibly forming hydrogen 

bonds with the receptor and **His are also required for the full biological activity 

of apamin.^^  ̂ It should be mentioned that arguing against the connection between
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its neurotoxicity and SK channel blockade is the finding that apamin analogue with 

removed disulfide bridges showed no neurotoxicity, but was able to inhibit 

apamin binding to its receptors/^^

The importance o f the positively charged Arg groups for the activity o f apamin led 

to the suggestion that the binding site on the SK channel receptor may be anionic, 

so that the positively charged side chains are interacting with the negative sites on 

the channel protein.^^^

Using iodinated analogue, ^̂ Î-apamin,̂ ^̂  activity o f which is comparable to the 

native toxin,^^*’̂ ^̂  apamin binding sites and hence, SK channels, have been 

detected in many different cells. Hugues and co-workers have found that 

dissociation constant and binding capacity varied somewhat between different cell 

types, but a general trend emerged -  low concentration o f receptors bind the 

iodinated apamin with a very high affinity.̂ ^̂ '̂ ^̂ ’̂ ^̂ '̂ ^̂  Similar results were 

obtained by Seagar and colleagues, '̂^ ’̂̂ '*̂ who have found Kd between 15 and 70pM 

and Bmax between 2.8finol/mg protein in rat heart cultured membranes and 

43fmol/mg protein in guinea-pig liver cells. Although the presence o f K  ̂ in the 

channel was not essential for apamin binding, it was shown to increase both the 

affinity and apamin binding capacity,^^  ̂ suggesting that the conformation of the 

channel adopted when K  ̂ sites are occupied is optimal for the apamin-receptor 

complex f o r m a t i o n . O n  the other hand, high concentrations o f monovalent and 

divalent cations decrease the affinity o f apamin for the receptor,̂ ^̂ '̂ ^̂  leading to a 

suggestion that two sites may exist within this channel, one that binds only K  ̂ or 

Rb ,̂ and the other one, which binds all other cations and positively charged 

groups, including apamin.^^  ̂ Investigation o f ^^ Î-apamin binding in guinea-pig 

hepatocyte cells revealed somewhat higher dissociation constant Kd=350pM and 

Kj=376pM for apamin inhibition of this binding, and estimated around 1500 

apamin binding sites per cell,̂ "̂  ̂ with the apamin affinity being the same for both 

the opened and the closed channels.

Apamin binding to rat brain has been studied,^^  ̂and the toxin was found to be 

distributed over this region in a rather non-selective manner,^^  ̂ indicating a wide
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distribution o f the channel in the CNS, with some regions possibly lacking SK 

c h a n n e l s , o r  at least the apamin-sensitive ones. ^^ Î-apamin is distributed 

throughout the brain in a different manner to ^^ Î-ChTx and '^^I-glyburide, in 

accordance with a different physiological functions in which SK, K y  and K atp 

channels may be involved.^

An apamin-like factor, which has been isolated from the pig brain and found to 

have a similar pharmacological profile to apamin,̂ "̂  ̂has also been detected by the 

same research group in the rat brain (unpublished work), which resulted in the 

suggestion that the presence o f an SK channel modulator might be a general 

feature o f the mammalian brain.

It is important to mention that although apamin is selective for SK channel over 

other K"̂  channels, it has been reported as a potent blocker o f both Na^- and Câ -̂ 

channel in chick heart cells.̂ "*̂ '̂ "̂ ^

Peptides isolated from other venoms followed apamin in the discovery of their 

ability to act on SK channels (see Fig 1.13 for their amino acid sequences).

The venom of the Scorpion Leirus quinquestratus herbraeus was shown to block 

distinct classes of Ca^^-activated K"̂  channels, including apamin-sensitive SK 

c h a n n e l s . T h i s  was followed by the isolation and characterisation o f a minor 

component o f this venom, leiurtoxin I (alternatively named scyllotoxin-ScyTx), a 

31 amino acid polypeptide with three disulphide bridges.^^  ̂ Although it’s amino 

acid sequence shares almost no homology with apamin, ScyTx was found to inhibit 

epinephrine-induced relaxation in guinea-pig taenia coli,̂ ^® sAHP in bullfrog 

sympathetic ganglion B cells in low nanomolar p o t e n c y , a s  well as ^^ Î-apamin 

binding to rat brain synaptic membranes (Ki=75pM). On the other hand, at 

concentration o f 20 nM this toxin had no effect on apamin-insensitive sAHP in 

hippocampal CAl pyramidal neurones o f the rat.̂ ^̂  Also, different brain regions 

have different sensitivity to ScyTx, indicating the existence o f subtypes o f SK 

channels.^^^
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Structure activity studies on ScyTx revealed that ^Arg, ^̂ Arg and ^^His are 

extremely important for binding to the apamin receptor as well as contraction of 

taenia coli. Changes on Cys and ^̂ Glu did not alter its binding affinity, but 

reduced the ability to cause contraction in taenia coli, which is thought to suggest 

that these amino acids in the p-sheet are not involved in the binding, but may play 

a part in the later blockade o f the channel.^^  ̂ Further analysis revealed that an 

additional Arg at position 7 increased the activity, again pointing to the importance 

of Arg residues. However, as found for apamin, shorter peptidic analogues of 

ScyTx bearing Arg residues were devoid o f activity. Amidation o f C-terminus 

increased binding, but did not make it irreversible.^^  ̂ Two o f its three disulfide 

bridges, Cys 8-26 and Cys 12-28, are important for the activity on the SK channel, 

but the third one, Cys 3-21, is not.̂ ^̂

Iodinated ScyTx was also used for investigation o f SK channels. Introduction o f I 

at ^^His of ScyTx resulted in much reduced activity, therefore [^Tyr]ScyTx and 

^^^I-[^Tyr]ScyTx, which retained most of the toxin activity, were synthesised and 

used in the binding studies.^^^

As observed with apamin, an endogenous equivalent o f scyllotoxin has been 

characterised and partially purified, in this case form rat PC 12 cells,^^  ̂implicating 

a possibility of a wide physiological distribution of various endogenous SK 

channel modulators.

Another toxin, a 31 amino acid polypeptide termed P05 with 3 disulfide bridges 

{Fig, 1A 3) has been isolated from the venom of the scorpion Androctonus 

mauretanicus mauretanicus and found to potently block SK channels.̂ ^̂ '̂ ^̂  Again, 

in this peptide, Arg residues (at positions 6 and 7) are crucial for the activity, and 

^̂ His is also important, as amidation of this carboxy terminus results in the 

irreversible binding to the receptor.^^  ̂ Here, modelling studies have indicated that 

Arg 6, Arg 7 and His 31 are located on the same side o f the molecule, suggesting a 

possibility that all three peptides discussed have a common a-helical core with Arg 

residues held in the appropriate positions for the interaction with the receptor.^^^
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Some other peptidic toxins have been isolated, characterised and shown to block 

the apamin-sensitive SK channels and inhibit ^^ Î-apamin binding to these 

channels. One of those is Ts k ,  a 35 amino acids polypeptide isolated from South 

American Tityus serrulatus scorpion venom.^^  ̂ Another polypeptide, neurotensin 

is also able to inhibit ^^ Î-apamin binding to SK channels with Ko.5=0.4pM and its 

activity possibly arises from the presence o f two contiguous Arg residues.^^  ̂

Taicatoxin, isolated from the venom of the Australian taipan, Oxyuramis 

scutellatus is an oligomeric complex of 8kDa, 16kDa and four 7kDa polypeptides 

and the 8kDa component is thought to be important for its activity on SK channel, 

as it bears two adjacent Arg residues at its N-terminus.^^° One o f the four peptides 

isolated from Chinese scorpion venom Buthus martensi, BmPOS, which is a 31 

amino acid polypeptide similar to P05 and ScyTx, was found to be very active in 

its ability to compete with ^^ Î-apamin for the receptor.^^  ̂ Finally, maurotoxin 

(MTx), form the venom of cactoid scorpion Scorpio maurus, was found to act on 

both apamin-sensitive SK channels and voltage-gated K  ̂ channels, by competing 

with binding for both ^^ Î-apamin and ^^ Î-KTx to rat brain synaptosomal 

membranes.̂ ^̂

Non-peptidic blockers o f  SK channels: Although usually insensitive to TEA,^^° 

this common K  ̂blocker can sometimes acts as SK channel blocker, when applied 

extemally.^^^

The finding that the activity of peptidic toxins is dependent on the presence o f Arg 

residues, which carry positively charged guanidinium side chains, prompted the 

testing o f various agents bearing positively charged N  atoms.

^^ Î-apamin binding to SK channels in the guinea-pig hepatocytes is inhibited by 

gallamine (Kj=14 pM), 9-aminoacridine (Kj=70 pM), chloroquine (Kj=140 pM) 

and quinacrine (Kj=77pM) {Fig 1.14), as well as Ba^  ̂and TEA, but with very low 

a f f i n i t y . I n  these cells quinine and quinidine (Fig 1.12) were found to be only 

weak inhibitors of this binding (Ki> 340 pM), but both o f these compounds were
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somewhat more potent in the rat muscle cells (lOOpM and 200pM, 

respectively).

More important are neuromuscular agents, tubocurarine, pancuronium and 

atracurium {Fig 1.14) which are active blockers o f SK channels and inhibitors of 

'^^I-apamin binding to guinea-pig hepatocytes cells, with K,=7.5, 6.8 and 4.5 pM, 

respectively.^"^  ̂ However, in the intestinal smooth muscles, IC50 values were found 

to be somewhat higher than in the guinea-pig hepatocytes, being 10-80 pM for 

tubocurarine, 3-150 pM for pancuronium and 5-30pM for a t r a c u r i u m . A s  

shown in Fig 1.14, all o f the three neuromuscular blocking agents have positively 

charged nitrogen atoms. These are thought to be crucial for their activity, in 

consistence with the importance of positively charged ^̂ Arg and "̂̂ Arg in apamin 

and Arg residues in other toxins.

The importance o f these positively charged N atoms prompted the testing of 

dequalinium, an antiseptiĉ "̂̂  in which the positive charge is carried by N atoms in 

an aromatic environment. This agent was found to be the most potent non-peptidic 

blocker o f SK channels at the time and will be discussed in more details in the next 

section.

Bicuculline free base (BFB) - a plant alkaloid and bicuculline-m {Fig 1.14) - its 

quaternary methiodide or methchloride salts (BMI or BMC) were commonly used 

as selective G ABA receptor agonists, until bicuculline-m was shown to suppress 

sAHP in dopaminergic neurones^^  ̂ (IC5o=26±2pM)^^  ̂and neurones o f other brain 

regions.^^  ̂As this effect on SK channel is not shared by BFB, it is believed to arise 

from the presence o f the quaternary nitrogen atom.
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Fig 1.14: Structure o f  non-peptidic S K  channel blockers

Openers: The first SK channel activators have only recently been reported.̂ "̂  ̂

Compounds 1-EBIO, CZ and ZOX, identified as IK channel activators (see 

voltage-independent IK channels and Fig 1.12), were also found to be able to 

induce opening of rSK2 expressed in Xenopus oocytes.
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Structure o f  SK  channels: Before the structure o f SK channels became known, 

different research groups have investigated labelling o f the apamin receptor in 

different tissue types, using derivatised ^^ Î-apamin. Apamin has two free amino 

groups, a-Cysl and s-Lys4 and these can be modified by the introduction of  

photo-reactive crosslinking reagent which can then be covalently incorporated into 

the apamin receptor on the channel. Extensive studies by different research groups 

revealed low (around 30kDa) and high (around 57 and 86kDa) molecular weight 

polypeptides associated with the apamin-receptor,^^^’̂ ^̂ ’̂ ^̂ '̂ ^̂  which were 

suggested to possibly correspond to a- and p- subunits o f SK channel.^^  ̂

However, many differences in the labelling pattern were observed, depending on 

the tissue type being investigated as well as on the type o f photo-reactive 

crosslinking reagent being used.

Cross-linking o f derivatised *^^I-[^Tyr]ScyTx to rat brain membranes also labelled 

both high and low molecular weight polypeptides.^^^

The structure o f SK channels has recently become known following their cloning 

from the mammalian brain.̂ ^̂  Three frill length sequences have been isolated, one 

from the human brain, hSKl (561aa), and two from the rat brain, rSK2 (580aa) and 

rSK3 (553aa). A full length cDNA of rSK3 has also been isolated from the rat 

superior cervical ganglion cell.^ *̂ The amino acid sequence o f the rat homolog of 

hSKl, rSKl has also been completed, "̂ *̂ and the human hSK3 gene was cloned and 

found to encode 731 amino acid protein.^^^

These findings have led to the discovery that SK channel has 6 TM segments and 

its NH2 and COOH termini, both residing inside the cell, are the regions where the 

main differences are observed in the sequences of, otherwise similar, clones. The 

overall architecture of SK channel, its 6 TM segments a-subunit and two 

intracellular termini, is analogous to that described for voltage-gated K  ̂channels, 

but the amino acid sequences o f the two channels share little homology. 

Nevertheless, the S4 segment and the pore forming region o f these new clones are 

closely related to the voltage-gated channel, although the properties o f the two

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Introduction 73

channels are remarkably different. Positively charged residues in the S4 region are 

thought to be contributing to the structural stability of the channel polypeptide by 

forming salt bridges with amino aeids in other regions of the c h a n n e l . T h e  

proposed structure of the channel is shown in Fig 1.15.

EXTRACELLULAR

N H 3" I

segment

INTRACELLULAR ABC region -calmodulin 
protein associates here

COO

Fig 1.15: Structure o f  SK subunit composed o f 6 TM segments: 4 SK units make up the channel

Properties o f the expressed SK channels: In order to assess the differences

between the channels encoded by the three elones, many studies have been devoted 

to the investigation of their expression. The expression of mRNA of rSK2 and 

hSKl in Xenopus oocytes resulted in the funetional SK channels in both cases, 

with single-ehannel conductanee for rSK2 being 9.9±0.9pS and that of hSKl 

9.2±0.3pS, both half-activated by [Câ ]̂i of around 0.7pM and Hill coefficient 

showing at least four Câ  ̂ ions required for the gating of the ehannel. The kineties 

of the activation and the inaetivation of the two expressed channels were virtually 

identical and similar to the native apamin-sensitive channels.^^  ̂ rSK2 was very 

sensitive to the extracellular apamin, having inhibition constant Kj = 63pM, but 

hSKl was not affected by apamin at concentrations as high as lOOnM. 

Tubocurarine was more aetive on rSK2 than on hSKl ehannel.^^^

Expression of mRNA of rSK3 gene in HEK 293 cells resulted in K̂  current which 

showed 50-70% block by 2nM apamin,^^  ̂ hence the channel having an
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intermediate sensitivity compared to the very sensitive rSK2 and the insensitive 

hSKl channel.

The pore forming regions o f the three different SK subunits are very similar, with 

their sequences showing variations in only three amino acids {Fig 1,16).

AWTVRVCERYHDKQEVTSNFLGAMWLISITFLSIGYGDMVPHTYCGKG - SKI 

AWTVRVCERYHDQQDVTSNFLGAMWLISITFLSIGYGDMVPNTYCGKG - SK2 

AWTVRVCERYHDQQDVTSNFLGAMWLISITFLSIGYGDMVPHTYCGKG - SK3

f t  t
328 330 357

Fig. 1.16: Amino acid sequence o f  the pore form ing region (P-loop) o f  the three SK  clones^^^

In an elegant work, by carrying out point mutations on SKI and SK3 subunits and 

expressing these mutants in Xenopus oocytes^ Ishii and colleagues^*® have shown 

that the two amino acids, ^^̂ Asn (N) and ^̂ ®Asp (D) {Fig 1,16), residing on the 

opposite sides o f the pore region of SK2 subunit, determine its high sensitivity to 

apamin and d-TC. Both amino acids are different in SKI, which is apamin- 

insensitive, whereas rSK3 has only one o f the two ‘determinants’ o f the apamin 

and d-TC blockade and, hence, intermediate sensitivity. Additionally, in the same 

study this group o f workers has shown that different SK subunits may assemble to 

form heterooligomeric channels and that more than one o f these subunits is 

involved in the binding of the blockers. The general structure o f the outer pore 

region is similar in SK and voltage-gated channel, since replacing ^̂ ^Val in SKI 

with Tyr, found in Kvl . l ,  produced similar sensitivity to the external TEÂ *® to 

that found in Kvl . l  channels.

In line with the above discussed findings, a model for the interaction of apamin 

with the SK2 subunit, proposed by Vergara and colleagues {Fig, 1,17), suggests 

that apamin ^Glu residue interacts with channel Asn (N), whereas apamin ^̂ Arg 

interacts with channel Asp (D) residue.^®  ̂ The finding that more than one SK 

subunit is involved in the binding of apamin, supports the idea that other channel
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subunits are involved in the binding with ‘"̂ Arg, another apamin residue important 

for its activity.

Fig 1.17: Proposed model fo r  the binding o f  apamin to SK channel (hypothetical side-view o f  the 

pore-forming regions o f  two SK2 subunitsf^^

As already mentioned, the expression of hSKl in Xenopus oocytes resulted in the 

apamin-insensitive current, whereas that of SK2 and SK3 produced the apamin- 

sensitive currents. This resulted in a proposal that hSKl encodes the apamin-
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insensitive sAHP (eg hippocampal pyramidal cells), whereas SK2 and SK3 are 

responsible for a widely distributed apamin-sensitive sAHP/^^

However, just when it seemed that the uncertainty regarding SK channels and their 

involvement in the apamin-insensitive sAHP was resolved, the whole picture 

became rather complex once again, by the discovery that the expression o f hSKl in 

human embryonic kidney (HEK-293)^^^’̂ ^̂  and monkey kidney (COS-7)^^  ̂ cell 

line results in the apamin-sensitive SK channels. The IC50 values for apamin and 

other SK channel blockers tested are given in Table Expression o f rSK2

and rSK3 in HEK-293 cells resulted in the channels o f similar apamin sensitivity to 

those previously expressed in o o c y t e s It should be mentioned that although 

hSKl expressed here were found to be apamin-sensitive, 15% of the cells tested 

had the apamin-insensitive currents, suggesting that maybe in these cells the 

assembly or folding of the channel is analogous to that found in o o c y t e s Or, it 

is possible that an additional subunit may be occasionally expressed and associated 

with hSKl, so to determine its apamin-sensitivity.^^^ In any case, the two 

independent studies both point to the same conclusion -  it can not be assigned with 

any certainty that hSKl is responsible for the apamin-insensitive sAHP.

Table 1.1.

Compound IC 5 0  values in different expression systems (  ±s.d, )
hSKl HEK-293" hSKl COS-7" hSKl HEK-293“ rSK2 HEK-293"

Apamin 7.7±1.7nM 12.2±1.3nM 3.3+0.91 nM 83±13 pM
Scylotoxin - - 80±23 nM 287±13 pM
d-Tubocurarine 23.5±5.3 pM - 27+11 pM 17+6.1 pM
Dequalinium 480±100nM - 444+121 nM 162±32nM
Bicuculline-m - - 15±1.9 pM 25+4 pM
UCL 1684 - - 762±156 pM 364+75 pM
UCL1848 1.1+0.4 nM - - -

Data taken from ref. a-381, b-382

rSK2 and hSKl expressed in Xenopus oocytes were blocked by bicuculline-m, 

with initial IC50 o f around 1 pM for both channels.^^  ̂ However, the time- 

dependent drop in the sensitivity o f the hSKl channels to bicuculline-m indicates 

they undergo a run-down, suggesting that the apamin-insensitive sAHP in
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hippocampal pyramidal cell̂ "̂̂  might involve SKI channels which have undergone 

a run-down/^^

The three cloned subunits show very different expression in adult rat CNS, with 

SK2 being the most strongly and widely expressed unit, but all three subunits 

detected in certain brain regions.^^  ̂ Whereas SK2 and SK3 subunits are expressed 

in those neurones which are known to possess the apamin-sensitive AHP, no solid 

proof supporting the idea that SKI is responsible for the apamin-insensitive sAHP 

has been found through the investigation o f its expression/^^

gating o f  SK  channels: Not only has the structure o f SK channels become 

known in recent years, but the light has also been shed on the mechanism by which 

Câ '*’ gates these channels.^^^

The region between the cytoplasmatic border o f S6 and the stop codon 497, known 

as ABC region (see Fig 1.15) is the most conserved region amongst the three 

cloned SK subunits and was found to strongly bind CaM, a well-known Câ -̂ 

binding protein already mentioned to associate with IK channel. "̂ ^Arg (R) and 

^̂ L̂ys (K) residues on the SK subunit were shown to be necessary for this 

association.^^  ̂ Both C and N termini o f CaM have two E-F hands, each containing 

one Asp (D) residue crucial for Câ  ̂ binding.^^  ̂ The CaM binding to the ABC 

region o f SK subunit, as well as Câ  ̂ binding to CaM induce conformational 

changes in the SK subunit.̂ ^̂ '̂ ^̂  Co-expression o f rSK2-CaM yielded Kca channel 

with EC5o=0.38±0.05pM for Câ  ̂ activation and Hill coefficient 4.6±1.3, 

indicating that at least four Câ  ̂ions are required for its activation.^^^

As a result o f the above discussed findings the following structural and fimctional 

model for the SK channel was proposed:^^^

Four SK subunits join in the formation of the tetrameric channel, each of these 

subunits having one CaM protein associated with it. In CaM, residues 78-85 and 

143-148 in C-terminal region are responsible for its Ca^^-inependent interaction 

with SK a  subunit and its N-terminal E-F hands 1 and 2 for the binding o f Câ ^
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ion. The binding o f to E-F hand 1 or 2 in all four CaM molecules results in 

the SK channel activation.

In summary, the apamin-sensitive SK channels are present in various tissues where 

they are responsible for the faster type o f the sAHP, the control o f the cell-firing 

and the muscle relaxation. These channels have been implicated in different 

physiological and patho-physiological processes. They are encoded by cloned SK2 

and SK3 subunits, which were found to have 6 TM segments, similar to the 

voltage-gated potassium channels.

On the other hand, the apamin-insensitive slow type o f the sAHP found in certain 

neuronal cells is modulated by a range o f neurotransmitters, but as yet there is no 

solid proof that it is generated by the opening o f SK channels. Although 

expression of SKI can result in the apamin-insensitive current, it can also produce 

the apamin-sensitive channel. Also, the kinetic differences observed between the 

two native sAHPs were not found between currents generated by the expression of 

the three clones. However, the possibility that SKI encodes the native apamin- 

insensitive channels which have undergone a run-down should not be excluded. 

Still, the expression of SKI in those CNS regions which possess apamin- 

insensitive sAHP has not been confirmed.
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1.5 PREVIOUS STUDIES IN  OUR GROUP

As previously mentioned, dequalinium -  [( 1, T -( 1,10-decanediyl)-bis-(-amino-2- 

methylquinolinium)] is an SK channel blocker. It was shown to inhibit the 

angiotensin Il-induced loss in the guinea-pig hepatocytes and ^^ Î-apamin 

binding in these c e l l s , a s  well as sAHP in the rat sympathetic neurons,^^  ̂with 

ICso-l^iM. Dequalinium was also shown to be quite selective, with the ability to 

partially block only the M-current, but at concentration at least 10 times higher 

than required for the SK channel block.^^  ̂ Its rapid onset and reversibility are 

advantageous over apamin and made it a very good lead compound for the design 

and synthesis o f more active blockers.

The structure o f dequalinium is shown in Fig 1.18.

(CH2)io NH2 (HsCls—N-— (CH2)io----- N^(CH3)3

Dequalinium Décaméthonium

Fig 1.18: Structure o f  dequalinium and décaméthonium

1.5.1. Dequalinium Analogues: Structure-Activity Studies

Using dequalinium as the lead compound, a large number o f its analogues has been 

synthesised in search of the more potent blockers. Before discussing the structure 

activity studies the numbering system of the quinoline ring should be introduced, 

as it will be referred to throughout this thesis:
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The following aspects have been investigated as a part o f the structure-activity 

studies on dequalinium as the lead compound:

• The role of the NH2 group as substituent;

• The role of the two charged heterocycles and

• The role of the linking chain and the 'inverted'quinoline analogues.

The general structure o f these analogues is shown in Fig L19.

It should be mentioned that CH3 substituent at the position 2 o f the quinoline ring 

in dequlinium was found not to significantly contribute to its activity^^  ̂ and was 

taken out from further studies, as its presence hampers the synthesis.

Dequalinium analogues 
L=Aromatic or Aliphatic 
R4 =NH2  or other substituent 
(egNMez, NHCOCH3 , 
OPh,NHPh etc)

R1-N+

'Inverted' dequalinium analogues 
X=NH,0 or S
h = ( C H 2 ) 8 , i0 o r  12 
Rj=H or otiier substituent eg Me 
Compund with optimum potency 
L=(CH2)io Ri=PhCH2

Fig.1.19: General structure o f  dequalinium and ‘inverted* dequalinium analogues

The role o f  the NH2 group as substituent: Detailed investigation into its role 

has indicated that the NH2 group at the position 4 does not act as an H bond donor, 

since its replacement by NMe2 or NMePh resulted in virtually equi-active 

c o m p o u n d s . I t  is also believed that the group does not act as an H bond 

acceptor, as its lone pair o f electrons is most likely donated into the ring in order to 

achieve the delocalisation of the positive charge, as shown in Fig,l,20. It was 

found that the more electron-releasing the substituent at position 4, the more active

the compound.394
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Fig. 1.20: The two resonance structures o f  the aminoquinolinum part o f  dequalinium

Further investigation of substituent, as a replacement o f the NH2 group, has 

demonstrated that neither its size nor lipophilicity is important for the activity 

A correlation o f the activity with the charge on atom was found, with it being 

more negative resulting in a more active analogue/^^ This is consistent with the 

finding that increasing the electron-donating character o f the substituent 

increases the activity, as more electrons being fed into the ring increase the 

negative charge on the atom. The activity also correlates with the energy o f the 

LUMO, the higher the E l u m o  the more active the compound. However, this 

correlation was suggested not to represent direct interaction with the receptor, but 

was assigned to correspond to the ease o f the compound to desolvate, this being 

required for its interaction with the receptor. The higher E l u m o  would result in a 

weaker complexation with water and hence easier desolvation. Therefore, higher 

desolvation would produce a stronger interaction with the receptor.^^^

The role o f  charged heterocycle: The importance of the presence o f aromatic 

environment around the quatemised nitrogen was pointed out early on, showing 

dequalinium to be around 500 times more potent than its structural analogue, 

décaméthonium {Fig, 1,18)?'^^

Further analysis o f the dequalinium analogues^^  ̂proved that the presence o f both 

charged heterocycles is required for the dequalinium-like activity, with quinoline 

giving the optimum potency. It was proposed that the interaction o f dequalinium 

anlogues with SK channel may arise from 7i-stacking of the two quinoline rings 

with the possible aromatic amino acids on the receptor. Or, favourable 

electrostatic interactions, resulting from the charge distribution over the ring
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atoms, may exist. Alternatively, the blocking ability may arise from matching 

electric fields of the compound with the channel, where the dequalinium analogues 

were found to have ring-shaped positive electrostatic field around the charged part 

of the molecule, with no build up of positive charge above or below the plane of 

quinoline rings (Fig.1.21)?^^

Fig 1.21 Electrostatic potential energy maps -  methylenetriethylammonium (left) and 
4-amino-1,2-dimethylquinolinium

The role o f the linking chain and * inverted*quinoline analogues: The linking 

chain of the dequalinium can be substantially varied without significant change in 

the potency. More precisely, analogues of dequalinium with linking chains varied 

from 5-12 carbon atoms were found to exhibit very similar potency 

Furthermore, the introduction of semi-rigid and rigid linkers was also well 

tolerated.^^  ̂ Consequently, the linker was suggested not to precipitate in the 

binding, but to serve as a separation between the two charged hetercycles, holding 

them in the ‘correct’ position for the interaction with the receptor.

Structural analogues of dequalinium, with ‘inverted’ quinoline rings i.e. linked 

through the exocyclic N atoms, as shown in Fig,L19, exhibit similar activity. The 

ring N atom quaternisation is not the necessary requirement for the activity, as long 

as it is basic enough to be protonated at the site o f action.^^* In quatemised
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analogues, considerable steric tolerance is associated with the nature of the R* 

substituent, with analogue quatemised with benzyl groups giving the optimum 

potency. In this series, correlation of the activity with E l u m o  was again very good, 

with higher E lu m o  giving a more active compound. Here, alternatively to the 

previous explanation based on the desolvation of the compound, principle of 

maximum hardness was applied as the explanation. It basically states that the 

larger the gap between HOMO and LUMO of the chemical system, the more stable 

it is. If these compounds bind to the anionic site (in accordance with the 

requirement of the positive charge) than the ion-complex is formed as shown in 

Fig. 1.22.

ANION - Û Q -  
(CHANNEL) HOMO

LUMO

ION
PAIR

JXL
HOMO

LUMO

CATION
(COMPOUND)

Fig. 1.22: lon-pair formation between the HOMO o f the channel and the LUMO 
o f the blockeP'^^

The cation (compound) approaches anion (the receptor on the channel) resulting in 

the rise of E l u m o  of the compound and lowering of E h q m g  of the channel. The 

higher E lu m o  would thus give a higher E l u m o - E h o m o  gap of the formed ion pair, 

which would result in its higher stability, in accordance with the higher activity 

being observed for compounds with higher Elumo-^ *̂
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1.5.2 Bis-Quinolinium Cyclophanes

As the means o f restricting conformational mobility o f dequalinium analogues, a 

series o f bis-quinolinum cyclophanes as analogues o f dequalinium, with general 

structure shown in Figl.23, were syntesised and they produced a small increase in 

the activity.^^  ̂ One o f the analogues, UCL1530^^^ {Fig.1.23), was found to be 

significantly more potent on SK channel in rat sympathetic neurones than in 

hepatocytes, providing additional proof for the existence o f subtypes o f this

channel.400

HN NH

UCL1530 Lz=

Fig. 1.23: Bis-quinolinium cyclophanes

However, due to the fact that analogues with 10 methylene chain as linker Li* still 

retained substantial conformational mobility, this upper linker was replaced with 

various aromatic linkers containing two or more aromatic rings. This investigation 

revealed that the type o f the aromatic rings or the way in which they were 

connected was not important for the activity

On the other hand, the story became very different when smaller, dimethyl 

substituted benzene rings were introduced as both linkers. In these analogues, the 

type o f the linker was extremely important. Moreover, the substitution pattern 

{meta and para) of the linking moiety was crucial determinant o f the activity, as 

shown in Fig. 1.24. UCL 1684 (cyclophane 2) was the most active analogue 

(ICso-SnM, also see Table 1 -  analogues 68-70), with its activity being 

comparable to apamin and 100 times higher than dequalinium."*®̂  This analogue

In this thesis bis-quinolinium cyclophane linkers will be referred to as: a) the linker between the 
two exocyclic N  atoms -  upper linker or Li; b) the linker between the two ring N  atoms -  lower 
linker or L2
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was also very selective, showing no effect on other currents generating the action 

potential in the rat sympathetic neurons or on the IK channels in the red blood 

c e l l s , b l o c k  o f which was observed by some dequalinium analogues/'^^ The 

analogue was shown to potently block SK channel in the rat adrenal chromaffin 

cells and inhibit ^^ Î-apamin binding to the guinea-pig hepatocytes."̂ ®̂

130
HN NH

UCL 1848 Li=L2 =(CH2 )s UCL 1684

Fig. 1.24: Bis-quinolinium cyclophanes with shorter linkers

Replacement o f one or both benzene linkers in these cyclophanes with alkyl chain 

of various lengths showed, contrary to the previous observation with dequalinium 

analogues, that the length of the chain was critical, with 5 carbon chain giving the 

optimum potency and resulting in UCL 1848 - compound 1 (IC5o=2-5nM),"̂ ®"̂ ’"̂®̂ 

which is marginally more active than UCL 1684. High selectivity o f compound 1 

has been demonstrated by showing that at concentration as high as lOOnM it has no 

effect on the IK channel in the red blood cell nor on the sAHP in the hippocampal 

pyramidal cells."̂ ®® Furthermore, compound 1 showed higher selectivity for the 

cloned SK2 channel expressed in HEK293 cells (IC5o~100pM compared to 

IC5o~770pM for compound 2 and Ki~60pM for the displacement o f labelled 

apamin as opposed to Ki~600pM for compound 2)."̂ ®̂

Conformational analysis of cyclophane 2 was performed,"̂ ®̂  identifying two types 

of conformers with respect to the spatial orientation o f the two quinolinium groups 

to each other: cis (synperiplanar) and trans (antiperiplanar) {Fig L2S). The cis is 

the global minimum and the major conformation.
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Fig 1,25: Conformations o f  compound 2  -  UCL 1684

Furthermore, studies were carried out on the potent cyclophane 2 towards the 

synthesis o f radioligand for SK channel. This involved the introduction o f the OH 

substituent at ortho position to both methylene groups o f me/a-disùbstituted 

benzene ring in the lower linker o f compound 2. The presence o f this OH 

substituent activates the aromatic ring, making the introduction o f iodine para  to 

the OH group possible. This resulted in the synthesis o f cyclophanes 48, 49 and 

50, which are shown in Table 1,2, accompanied by their biological activities. 

However, a significant drop in potency associated with both cyclophanes 49 and 50 

prevented the use o f the latter analogue as the radioligand. Conformational 

analysis o f analogues 48-50 showed compound 48 to adopt both cis and trans 

conformations, as found for compound 2, whereas analogues 49 and 50 were both 

in preference o f the trans conformation."^®  ̂ Therefore, this was assigned as a 

possible reason for the significantly reduced potency o f the two latter analogues, 

although the increased solvation or H-bond acidity o f the OH group were not 

excluded as alternative factors affecting the activity."*®̂
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Table 1.2

Compound No. UCL No. Ri R2 ICso drs.d. (nM) E M R ± s.d .‘
2 1684 H H 3 ± 1 0 .0 1 +0 .0 0 1
48 1919 OMe H 25 ± 8 0.019+0.005
49 1873 OH H 60 + 4 0.14+0.02
50 1875 OH I 1 0 0  ± 10 0.16+0.04

*- using dequalinium as a reference

Many other studies have been carried out on compounds 1 and 2, the final aim 

being the design o f a more active SK channel blocker.

In any case, the presence of the quinoline ring was required for the optimal 

potency, with its replacement by either quinazoline, l,5-naphthyridine^°* or 

pyridine'̂ ®̂  resulting in some loss in potency. The drop in potency is very 

significant for the pyridine analogues, indicating the requirement o f fused benzene 

ring for the strong interaction with the receptor.

It has already been mentioned that for dequalinium analogues previous studies 

indicated that the role o f NH2 substituent is electronic in nature, via delocalisation 

of the lone pair o f electrons. In order to assess the importance o f the NH group in 

these, by far more active bis-quinolinium cyclophanes, analogues 62 and 63, in 

which NH group of cyclophane 1 was replaced by NMe or NCHiPh, respectively 

were synthesised. Their biological testing revealed 40-fold drop in potency 

relative to the parent analogue, compound 1. Thus, unlike for the dequalinium 

analogues, H atom on the 4-NH group o f the quinoline ring is very important for 

the activity. The hydrogen is probably able to play part in the interaction with the 

receptor only as part of cyclophane structure, which is required for a strong
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interaction with the binding site. It may be that it is simply being used in H-bond 

formation with the receptor.

However, it should be noted that the hydrogen atom adjacent to nitrogen is 

somewhat acidic and, as such, can be abstracted by base, leaving a fraction of the 

compound in the ‘imino’ uncharged form {Fig 1,26). Whether any significant 

amount o f the compound can really exist in the ‘imino’ form has not been resolved, 

but the importance of this issue will be discussed in some detail in Chapter 2 -  

Selection o f  Compounds.

HN

Imino formAmino form

Fig 1.26:The structure o f  * amino ’ and *imino 'form s o f  
4-aminoquinolinium analogues

Finally, it should be mentioned that analogues o f cyclophane 1 and 62, in which 

one o f the two quinolinium groups has been inverted, have also been synthesised. 

The biological testing of these compounds, namely cyclophanes 76 and 77 {Table 

1) revealed that the inversion is unfavourable, indicating that the orientation of  

both heterocyclic moieties is important for the interaction o f these cyclophanes 

with the receptor.

Some other structural analogues o f compounds 1 and 2 that have been previously 

synthesised in our group will be discussed in Chapters 2 and 4,

The structures and biological activities o f all cyclophanes previously synhtesised 

within our group and discussed in this thesis are shown in Table 1.
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CHAPTER 2

SELECTION OF COMPOUNDS

2,1 THE EFFECT OF THE SUBSTITUENTS IN  THE TWO QUINOLINE 

RINGS

This type o f investigation resulted in two series o f compounds. Series I and Series 

II.

In Series I, compound 1, UCL 1848, was investigated as it is the most active 

analogue amongst wide range of bis-quinolinium cyclophane SK channel blockers 

synthesised in our group. It was found that, compound 3, which has 7-CI 

substituent in quinoline ring, was almost two times more active than compound 1 . 

Additionally, introduction of substituent CF3 at the positions 6  or 7, to give 

compounds 4 and 5, respectively, slightly lowered the activity in both cases, with 

the 6 -CF3 substituted analogue being more active than the 7 -CF3 analogue.

Therefore, it was decided to further explore this aspect by synthesising analogue 

with Cl substituent at the position 6 , compound 6 , and investigating a range of 

substituents in these two positions of the two quinoline rings. Also, a compound 

has been synthesised in which there are two Cl atoms in both quinoline rings, at 

positions 5 and 7, which was expected to give some insight into the importance of 

a substituent at the position 5.

The structures o f the compounds prepared as part o f Series I are shown in Fig 2,1.
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R5  HN

Compound 1 :Rs=Rf,=R7 =H 
Compound 3*:R5=Rf,=H, R^^CI 
Compound 4*:R3=R7=H, Rf,=CF] 
Compound 5*:R5=R(s=H, R7 =CFj 
Compound 6: R5 =R7 =H, Rf,=Cl 
Compound 7: R5 =R ,̂=H, R7=0Me 
Compound 8: R5 =R7 =H, Rf,=Me 

* - Previously synthesised in our group

Compound 9: R5 =R7 =H, Rf,=N02 
Compound 10:R5=R7=H, R ŝ=NH2  

Compound l l : R s = R 7 = H ,  R<s=F 
Compound 12:R5=R7=H, R^^OMe 
Compound 13:R5=R7=H, R ,̂=OH 
Compound 14:R ,̂=H, R5=R7=C1

Fig 2.1: Series ! compounds

Considering that compound 2, UCL 1684 is almost equi-active to compound 1, the 

second aim was to explore the effect of substituents on the activity of this 

analogue. Thus, compounds of Series II were synthesised, where the same 

alterations as those described for Series 1 were carried out. The structures of these 

compounds are shown in Fig 2.2. The two series of compounds were also 

expected to give an opportunity to investigate and compare the mode of action of 

the two parent analogues and to compare and contrast the results obtained by 

carrying out the same type of alteration.

f?5 HN NH R5

Compound 2 : Rs=R(:,=R7 ==H 
Compound 15:Rs=R6=H, R7=C1 
Compound 16:R3=R7=H, R^=CFg 
Compound 17:R5=R(,=H, R7 =CF] 
Compound 18:R5=R7=H, Rf,=CI 
Compound 19:R5=Rf,=H, R?^OMe 
Compound 20;R5=R7=H, Rf,=F 

* - Previously synthesised in our group

Compound 21 :R5 =R7 =H, R(,=0CF3 
Compound 22:R5=R7=H, R(,=Me 
Compound 23:R3=R7=H, Rf,=N02 
Compound 24:Rs=R7=H, R6 =NH2  

Compound 25:R$=R7=H, Rf,=OMe 
Compound 26:R^,=H, Rs=R7 =Cl

Fig 2.2: Series II compounds
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2,2 THE IMPORTANCE OF THE LINKER(S)- SERIES H I

A detailed analysis o f the importance o f the type o f linker joining the two 

quinolinium groups has been previously carried out in our group and resulted in 

compounds 1 and 2 as the most active analogues. However, structural analogues 

of compound 1, in which one o f the linkers is a four carbon chain (i.e. compounds 

27 and 28) were still found to be quite active. Thus, these structures were further 

investigated in such a way so that unsaturation was introduced. This did not only 

further alter the distance between N atoms compared to compound 1, but also 

introduced more rigidity, thus keeping the two quinoline rings in a more ‘fixed’ 

position. Therefore, Series III comprises o f compounds 27, 28, 29 and 30 

previously synthesised in our group (see Table 1) and two additional compounds, 

31 & 32, all shown in Fig 2,3.

HN NHHN NH

Compound 27 Compound 28

HN NHHN NH

Compound 29 Compound 30

HN NHHN NH

Compound 31 Compound 32

Fig 2.3: Series III compounds
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2.3 THE INVESTIGATION OF THE LINKER(S) IN  COMPOUND 1 -  

SERIES IV

In Series IV, attention was paid to the investigation o f the linkers o f compound 1. 

The introduction of the keto group (compound 34) and the hydroxy group 

(compound 35) midway through the upper linker has already been studied and 

therefore, we embarked on the synthesis o f compounds 37 and 38, which have the 

same alterations, but this time in the lower linker. Compound 36 is an intermediate 

towards the synthesis of these two analogues. Additionally, we have also 

investigated the introduction o f the methyl substituent in the two linkers, so that 

compounds 45, 46 and 47 were made. For the purpose o f the discussion of the 

results, we may also consider previously synthesised compounds containing 

sulphur or oxygen (compounds 39-44, see Table 1) as part o f this Series IV {Fig 

2.4),

HN NH

HN NHHN- Compound 36NH

OH
HN NHConfound 37 Confound 38

CH3 

Compound 46
HN NH HN NH

CH3 
Compound 47Compound 45

Fig 2.4: Series IV  compounds
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2.4 TOWARDS THE INTRODUCTION OF RADIOLABEL - '^^I-SERIES V 

It is o f great interest to synthesise a potent ’^^I-labelled cyclophane, which could be 

used as a radioligand for SK channel. We have previously discussed (see Chapter 

1 -  Introduction) the extensive use labelled apamin has found in the 

exploration of SK channels. Although tritiated analogues can also be used in 

radioligand binding studies, the use o f iodinated radioligands offers some 

advantages. Iodinated ligands have much higher specific radioactivity (they can be 

prepared with a 50-100 times higher radioactivity than the tritiated ligands) and as 

such provide increased sensitivity for the receptor.'*̂ ® This makes the experiment 

much easier and quicker and is important for SK channels detection, which may 

have very low tissue abundance. Previous attempts towards the synthesis of  

radioligand resulted in iodinated compound 50 {Table 7), but due to its 

significantly reduced activity, this analogue was not used in binding studies.

Hence, Series V compounds were synthesised, with the final aim being the 

introduction of iodine. The parent compound o f this series (cyclophane 51) was 

chosen as it is structurally similar to some of the most active blockers of SK 

channels so far described. Its methoxy analogue, compound 52, was made as an 

intermediate towards the hydroxy compound 53, which was required in order to 

make the introduction of iodine, found in compound 54, synthetically possible. All 

these compounds are shown in Fig 2.5.
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NHNH NHNH

Compound 52Compound 51

NH NHNH NH

Compound 53 Compound 54

Fig.2.5: Series V compounds
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2.5 SERIES VI - INVESTIGATION OF THE LINKERS IN  COMPOUNDS 1 

AND 2

Considering the activity o f compounds 1, 2 and 55-59 (see Table 1) we have 

decided to synthesise compounds 60 and 61. Compound 60 is direct intermediate 

between compounds 2 and 56, being similar to compound 2 as its top linker 

includes 1,4-disubstituted six membered ring and yet sharing similarity with 

compound 55, as both involve five saturated C-C bonds between the two exocyclic 

nitrogens. The compound 61 was prepared so to compare its activity with 

analogue 58, the only difference between the two being the nature o f the top linker, 

whilst the number of C atoms separating the two exocyclic N atoms remained the 

same in both compounds. These compounds are shown in Fig 2,6.

HN HNNH NH

Compound 60 Compound 61

Fig 2.6. : Structure o f  compounds 60 and 61

2.6 OTHER AIMS AND INVESTIGATIONS

We have also attempted the preparation o f compound 64, shown below, due to 

previously described interest {Chapter 1 -  Introduction) in the preparation o f a 

potent iodinated analogue.

HN' NH

Conq)Ound 64
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Furthermore, it is of great interest to investigate the pKa reduction o f these 

cyclophanes. With the presence o f the quaternary charged N atoms it would be 

difficult for these bis-quiolinium cyclophanes to pass the membrane barrier, and 

hence these drugs could not be effectively administered orally. In theory, the 

acidic H in these compounds can be abstracted by base in the equilibrium reaction 

shown in Fig 2 .7.

HN

+ H

Amino form Imino form

Fig 2.7 The equilibrium between the *amino * and ‘imino * form s o f

4-aminoquinolinium analogues

The ‘imino’ form, being uncharged, would pass the membrane much more easily 

and hence its absorption would be much better upon the oral administration. 

However, as mentioned before it is unclear as to exactly what proportion o f these 

bis-quinolinium cyclophanes exists in ‘imino’ form, although it is most likely that, 

at physiological pH, this equilibrium lies on the left, keeping our compounds 

mainly in the ‘amino’ form.

The literature dealing with the pKa aspect o f the structurally related compounds is 

scarce. The pKa value o f 4-aminoquinoline, which is around 9.17,"̂ ^̂  reflects high 

basicty o f the lone pair of electrons on the ring N atom. Furthermore, pKa studies 

have been reported by Michne and colleagues'^^  ̂ on some related compounds, as 

detailed in Fig 2,8. However, we have some serious doubts about the accuracy of 

these pKa values due to the following reasons:

• the method used for the determination o f pKa was not specified in the paper;

• the authors claim to have successfully synthesised compound B {Fig 2,8), for 

which the pKa value is also quoted. But, the NMR spectrum of this analogue
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was reported in CDCI3 and we believe that compound B would not be soluble 

in this solvent. Furthermore, our attempts to synthesise qutemised analogues 

78 and 79 (see the following page), which include quinoline rings substituted at 

position 8, have failed and this will be discussed in detail in section Section 3 -  

Synthesis. Therefore, we find it questionable that the quaternisation o f amino 

quinoline substituted with a bulky phenyl group at position 8 would proceed 

without difficulty; and

the pKa value o f compound C has also been quoted, although this analogue 

does not have an ionisable proton.

HN HN

C om pound  C 
pK a = 11.17

C om pound  A 
pK a = 11.52

C om pound B 
pK a = 9.58

Fig 2.8: Structures and pKa values o f  analogues discussed*^^

Therefore, we strongly believe that the pKa values reported in the above discussed 

publication are not entirely reliable and thus the approximate pKa value o f these 

bis-quinolinium cyclophanes remains unknown.

With this in mind, we aimed to synthesise compounds 65 and 66 and 67 and 68 

{Fig 2.9), for which pKa should be lower than that o f compound 1. The hydrogen 

atom of the NH group at the position 4 of these analogues, which has been 

previously shown to be important for the activity, should be more acidic. 

Therefore, the abstraction o f this acidic hydrogen should be easier and could 

provide more of the ‘imino’ form of the compound, which would aid membrane 

penetration upon the oral administration. Additionally, it would be a starting point 

in the identification o f the role o f the H atom in the binding to the receptor.

Novel Bis~Quinolinium Cyclophanes as SKca Channel Blockers



Selection o f Compounds 98

HN NH HN NH

Compound 65: R =(CH2 )$ Compound 67: R =(CH2 )g

Compound 66: R = Compound 68: R =

Fig 2.9: Structure of compounds 65,66, 67 and 68

Unfortunately, the synthesis of these compounds was unsuccessful, as described in 

Chapter 3 - Synthesis, and the uncertainty regarding the role o f the 4-NH group in 

the SK channel blocking action of these bis-quinolinium cyclophanes remains 

unresolved.

Finally, in order to investigate the effect o f substituent at the position 8 of the 

quinoline ring we have chosen to synthesise 8-Cl analogue, compound 79. This 

was selected as the previous attempt in our lab to synthesise analogue 78 was 

unsuccessful. The structures of the two analogues are given in Fig 2.10.

HNHN NHNH

Compound 78 Compound 79

Fig 2.10: Structure o f  compounds 78 and 79
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CHAPTER 3

SYNTHESIS AND CHARACTERISATION OF

COMPOUNDS

3.1 GENERAL SYNTHESIS

In this study the required bis-quinolinium cyclophanes were prepared using 4- 

chloroquinoline as the starting material. The ring N atom o f quinolines has lone 

pair of electrons which can react in quaternisation reaction. However, the 

reactivity of this pair of electrons is very dependent on the nature o f the substituent 

at the position 4 o f the quinoline ring. In 4-chloroquinoline, the ring N atom is a 

very poor nucleophile, since the electron-withdrawing Cl atom at the position 4 

withdraws the lone pair of electrons away from this ring N  atom, decreasing its 

availability for the reaction. Therefore, the desired quaternisation of the ring N  

atom, required in the synthesis of the cyclophanes would proceed with difficulty, 

had it been carried out on 4-chloroquinoline.

With this in mind, the compounds discussed in this study were synthesised 

according to the general procedure outlined in Scheme 3.1,
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R"ir~ H2N—Li— NH2'

i. 1-pentanol orp-cresol, 120°C- 150°C
ii. X-L2-X (X=Cl,Br or I), DMF or 2-Butanone, 80-110°C
- L] and are the linkers described later in the synthesis
- R is either H or any other substituent discussed for 

Series I and II

Li NH

-rR

- r R

Scheme 3.1: General procedure fo r  the synthesis o f  compounds discussed in this study

In this procedure the first step involves the reaction o f 4-chloroquinoline with 

diamino compound to form the necessary intermediate compounds. The reaction 

proceeds by a simple addition-élimination mechanism shown below. The desired 

intermediate is produced in the form of HCl salt and converted to the free base by 

treatment with 10% NaOH.

NHRNHR

-NaCl
HO'

NHR

The second step is the substitution reaction involving lone pair o f electrons on the 

ring N atom. This ring nitrogen atom is very basic, as its lone pair o f electrons is 

not used in the formation o f either ct or 7t bonds. The presence o f the electron 

donating amino substituent makes the ring N atom more reactive, by pushing the
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electrons into the ring. Thus, being fully available, the lone pair electrons are 

donated and displace the halogen of the dihalide reactant, forming the desired bis- 

quinolinium cyclophane.

NHR NHRIHR

Rt-X

However, the formation o f the desired cyclophane proceeds only to a certain 

extent, due to a possible formation o f dimers and polymers, where the two nitrogen 

atoms in the intermediate compound attack the C atom a  to a halide in two 

different molecules o f the reacting dihalide. Thus, the final cyclophanes are 

produced in very low yields, following their isolation from the reaction mixture by 

the reverse phase preparative HPLC.
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3.2 PREPARATION OF COMMERCIALLY UNAVAILABLE STARTING 

MATERIALS

For the preparation of Series I and II compounds, substituted 4-chIoroquinoIines 

were required and some of these had to be prepared from substituted anilines, as 

outlined in Scheme 3.2.

" A ™
OEt

7a, 8a, 9a & 12a
R-T ^  'N '

7b, 8b, 9b & 12b

V .

5̂ OH

iv.
^  1

OH '

OH

''N

^  J

1̂ 'N

le, 7e-9e, 1 le, 
12e, 14e&21e

7d,8d,9d & 12d 7c, 8c, 9c & 12c

I. 145-155°C, 1.5h, 7a-96%, 8a-99%, 9a-95%, 12a-98%
ii. DowthermA, 260°C, 7b-46%, 8b-56%, 9b-78%, 12b-71%
iii.10% NaOH in HjO/MeOH (10/1), reflux, 2.5h, 7c-87%, 8c-97%, 9c-92%, 12c-70%
iv. Dowtherm A, 260°C, 7d-53%, 8d-95%, 9d-100%, 12d-97%
V. P0C13, reflux, 3h, le-90%, 7e-62%, 8e-88%, 9e-75%, 1 le-87%, 12e-78%, 14e-87%, 21e-82% 
le: R5=R(,=R7=H; 7a-7e: R^-R^=H, Ry=OMe; 8a-8e: R$=R7=H, R ,̂=Me;
9a-9e: R^=Ry=H, R ,̂=N02; He: R^=R7=H, R(,=F; 12a-12e: R^=R?=H, Rf,=OMe;
Me: R^-H, R^=R?=C1; 2le: R5=R^=H, Rf=0CF3

Scheme 3.2. Synthesis o f  substituted 4-chloroquinolines

This scheme represents five-step synthesis, which is very well documented in the 

literature,'  ̂ but was slightly modified in our cases. Although the yield for this 

procedure was generally good, comments should be made about steps 4 and 5. 

Step 4, decarboxylation of our 3-carboxy substituted quinolines, generally 

proceeded well. This is particularly true for 6-nitro-3-carboxy analogue (9d), 

which was decarboxylated in quantitative yield in Dowtherm A as solvent. This is 

in contrast to the previous report that decarboxylation of nitro substituted 3- 

carboxy-4-quinolinols proceeds in extremely low yield and requires pyrolysis of
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their corresponding silver salts/̂ "̂  Furthermore, 5 and 7-nitro substituted 

analogues were also previously quantitatively decarboxylated in our group by 

D.Galanakis.'"’

Step 5 of this synthetic route, a conversion of 4-hydroxy to 4-chloroquinoline was 

achieved using POCI3 as a reagent in all cases. However, some of these substituted 

4-hydroxyquinolines exhibit poor solubility, this especially being the case for 6 - 

nitro analogue. Previously, the same problem was reported by Galanakis"̂ '̂  for 5 

and 7-nitro analogues, who overcame this by adding DMF to the reaction mixture. 

But, in our case we have found that the presence of DMF in the reaction mixture 

lowered the yield to only 13% and the resulting product required purification by 

column chromatography. Alternatively, the use of POCI3 only, in very high excess, 

produced the desired material in much better yield of 75%.

All analogues prepared this way have substituents at position 6  of the quinoline 

ring, apart from compound 7e, which includes methoxy substituent at position 7. 

Theoretically, step 2 of the above discussed synthesis, the formation of the 

aromatic quinoline system from /M-methoxyaniline, could produce both 5 and 7 

substituted analogues. However, as reported in the literature,"̂  only 7- 

methoxyquinoline analogue was produced, with no detectable formation of the 5- 

substituted analogue.

Some of the required substituted 4-chloroquinolines (le , l i e ,  14e, 2le) were 

commercially available as 4-hydroxyquinolines and their chlorination was achieved 

according to step 5 of the procedure outlined in Scheme 3.2.

The mechanistic details of the above described synthesis are outlined below:
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EtO'OEt OEtOEt

OEt

-EtO

-EtO OEt OEt

-EtOH

-CO2 + H

In Series III the preparation of compound 32 required ci5-l,4-diaminobut-2-ene as 

a necessary starting material. This was synthesised from czj-1,4-dichlorobut-2-ene 

by the modified literature procedure' '̂  ̂{Scheme 3,3). The yield for the second step 

is significantly lower than the 75% reported in the literature. It should be noted 

that we followed the reported procedure in every aspect apart from the extraction 

solvent, where we used toluene, rather than benzene. However, there is no reason 

to believe that the change of extraction solvent is the cause for such a significant 

drop in the yield. In any case, having obtained sufficient amount o f the material 

upon extraction with toluene we did not attempt a repeat o f this reaction with 

benzene as the extraction solvent, due to its carcinogenic nature. The resulting 

diamine (compound 32b) was found to be very unstable, as it started decomposing 

almost instantly upon its isolation. It was therefore used for further reaction 

immediately after its preparation.
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Cl' 'Cl >H2N' 'NH2

32b

i. Potassium phthalimide, KBr, DMF, 55°C, 20h, 78%
ii. 1. EtOH/hydrazine hydrate, relux, 3h; 2. ION HCl, relux 30 min, then rt 12h; 

3. sat. KOH, toluene extraction, 22%

Schem e 3.3: Preparation o f  cis-l,4~diam ino-2-butene

Certain reactants were also required for the synthesis o f compounds in Series IV. 

2,2-bis-(2-aminoethyl)-[l,3]dioxolane (33e) was prepared in five-step synthesis 

outlined in Scheme 3.4, as previously described by D.Yang."̂ ®*

/--- \

> E t
33a

TsO
33d

OTs

i. Ethylene glycol, p-toluene sulfonic acid, toluene, Dean-Stark reflux, 20h, 54%
ii. LiAlH ,̂ THF, reflux, 30mins, 70%
iii. p-Toluenesulfonylchloride, pyridine, 0°C, 3h, 72%
iv. Sodium azide, DMF, 100°C, 5h, 83%
V. EtOH, Pd/C, Hz, 24h, 93%
vi. KBr, DMF, 100 °C Br

36a

Schem e 3.4: Synthesis of2,2-bis-(2-am inoethyl)-[l,3Jdioxolane and  
2,2-bis-(2-brom oethyl)-fl,3Jdioxolane

However, the method also reported by D.Yang for the preparation o f 2,2-bis-(2- 

bromoethyl)-[l,3]dioxolane'^’̂  (36a) (Step vi - Scheme 3.4) could not be 

successfully repeated. Alternatively, the preparation o f compound 36a form the 

alcohol 33b was attempted using PBr  ̂ as a reagent'̂ *̂ '̂ ®̂, as shown in Scheme 3.5, 

which produced a mixture o f the desired material and 1,5-dibromo-3-pentanone, 

resulting fi*om the removal o f the ketone protecting group, as indicated by the
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NMR. Finally, the desired compound was prepared in 50% yield using 

and this is also described in Scheme 3,5. The resulting compound 

36a exhibits poor stability, manifested by its quick decomposition in air and at 

room temperature.

J  L i.-ii.
--------- >

HO" Br"
33b 36a

i. PBr3 ,dry Et2 0 , N2 ,0°C, 1.5h-mixture of products
11. PPh], MBS, THE, 0°C-rt, 2h, 50%

S chem e 3.5: Synthesis o f  l,5-dibrom o-3,3-dioxalanopentane

The compound 1,5-diamino-3-methylpentane (45b), previously described in the 

form o f hydrochloride salt,"*̂  ̂ was in our case synthesised from a commercially 

available l,5-dibromo-3-methylpentane, as shown in Scheme 3,6.

HgN NH2
45b45a

i. Potassium phthalimide, DMF, 55 °C, 24h, 67%
ii. EtOH/hydrazine hydrate, relux, 4h, 34%

Schem e 3.6: Synthesis o f  l,5-dibrom o-3-m ethylpentane

The mechanism o f this reaction is shown below:
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"KBr

NHNH2
e t c .

2,6-Bis(aminomethyl)-anisoIe (52c), required for Series V analogues, was obtained 

by following the procedure for the preparation o f 2,6-Bis(aminomethyl)phenol 

hydrochloride'* '̂* {Scheme 3.7).

0 CH3  

52a

NBS, benzoyl peroxide, CCI4  , reflux, 6 h, 38%
i. Potassium phthalimide, DMF, 55°C,48h, 53%
ii. 1 .MeOH/hydrazine hydrate, relux, 2.5h

2. conc. HCl, relux, 2h
3. 10%. NaOH, CH2 CI2  and CHCI3  extraction, 85%

52c

Schem e 3.7: Synthesis o f  2,6-B is(am inom ethyl)anisole

The preparation o f compound 65 required l,3-bis(aminooxy)propane'*^^ (65b) 

which was synthesised as shown in Scheme 3,8.
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i. N-hydroxy phthalimide,EtaN, DMF, 80°C, 7h, 46%
or N-hydroxy phthalimide, DBU, DMF, 85°C, 1.5h, 25%

ii. 1. EtOH/hydrazine hydrate, rt, 12h, 64%

65a 65b
NH2

Schem e 3.8: Synthesis o f  l,3-(B isam inooxy)-propane

Two methods where used for the synthesis o f compound the main

difference between them being the type o f the base used. As shown, the simple 

triethylamine base produces better results than DBU. The role o f this base is to 

abstract the acidic hydroxy proton from N-hydroxyphthalimide and thus produce 

anion, which can then easily react with alkylbromide in a substitution reaction to 

give the desired material and HBr as a by-product, which was consumed by the 

base upon its production.

Finally, compound 67 was the only analogue in this study which did not require 4- 

chloroquinoline for its preparation. Instead, its synthesis requires 4- 

aminoquinoline, which is commercially unavailable and prepared from the reaction 

of 4-chloroquinoline with ammonia.'̂ *̂ This preparation was previously carried out 

in our lab, making its repeat unnecessary.
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3,3 PREPARA TION OF INTERMEDIA TES

The synthesis of intermediate compounds Type I and II proceeded as outlined in 

Scheme 3,9.

+ H2N—L-|—NH2

i. 1-pentanol, reflux, 48h-72h

Type I:L, =(CH 2 ) 5  

Compound li: R5 =Rf,=R7 =H, 76% 
Compound 61: R 5= R y = H , Rf,=CI, 12% 
Compound 71: R5 =R(s=H, Ry^OMe, 64% 
Compound 81: R ^=R y=H , R^=Me, 67% 
Compound 91: R s=R y=H , R f,=N 02 , 47% 
Compound 111: R $=R ?=H , R(,=F, 56% 
Compound 121: Rs=R?=H, Rf,^OMe, 47% 
Compound 141: R ,̂=H, R5 =Ry=Cl, 47%

NH R5R5 HN

Type 11: L| =

Compound 15 
Compound 16 
Compound 17 
Compound 18 
Compound 19 
Compound 20 
Compound 21 
Compound 22 
Compound 23 
Compound 25 
Compound 26

v y
R5=R6=H,
R s=R y=H , 
R.s= R 6=H , 
R ,=  R y=H , 
R s= R 6=H , 
R s=R y=H ,
R 5=R y=H ,
R 5=R y=H ,
R s = R y = H ,
R s=R y=H ,

Rs=

Ry=ci, 52% 
R6 =CF3 , 30% 
Ry=CF3 , 37% 
R6-C1, 40% 
Ry=OMe, 42% 
R( =F, 24% 
Rf=OCF3 , 46% 
R(=Me, 49% 
Rf=N02, 11% 
Rf,=OMe, 19% 
Ry=Cl, 44%

Schem e 3.9. Synthesis o f  intermediate com pounds Type I  and  / /

All the compounds in Scheme 3.9 were synthesised by the reaction of the relevant 

substituted 4-chIoroquinoIine and I,5-diaminopentane/p-xyIyIenediamine in I- 

pentanol, the mechanism of it being as outlined for the general procedure in 

Scheme 3.1. The precipitation of the product in the form of hydrochloride salt was 

achieved by the addition of EtzO. The resulting salts were then converted to the 

free base, required for the next step in synthesis, by treating their MeOH or MeCN 

solution with 10% NaOH and H2O.

The yield of this reaction is somewhat unpredictable, being very much dependent 

on the type of substituent present in the quinoline ring and the type of diamine 

reactant used. This cannot be qualitatively assigned, as different results were 

obtained when a particular substituted 4-chIoroquinoIine was reacted with 1,5- 

diaminopentane or /?-xyIyIenediamine. Both of these diamines react comparably
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well with unsubstituted 4-chloroquinoline/^^ making the understanding of their 

difference in reactivity when coupled with certain substituted 4-chloroquinolines 

rather difficult.

However, although the yields of some of these analogues are extremely low, all 

were produced in a sufficient amount for the continuation of the synthesis of the 

final cyclophanes. All the compounds listed in Scheme 3.9 were sufficiently pure 

upon their crystallisation, apart from the compound 25i, which required 

purification by column chromatography.

Type I intermediate compound 13:, substituted with 6-hydroxy group, was 

synthesised from compound 12:, with the removal of methoxy protection of the 

hydroxy group achieved by boiling it in 48% {Scheme 3.10).

HN NHHN NH
.OH■OMe HMe'

Compound 13i
i. HBr, reflux, 4h, 71%

Schem e 3.10. The synthesis o f  Type I interm ediate com pound 13i

Also, the synthesis of compound 24: was not attempted from the parent 4-chloro-6- 

aminoquinoline. The reason for this being the presence of the primary amino 

substituent in this compound, which can itself react in the substitution of the 

chlorine atom at position 4. Thus, the analogue was prepared by the reduction of 

nitro substituent in compound 23:, using CHsCOOH/SnCb/^* as shown in Scheme 

3.11.

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Synthesis 111

HNHN NHNH
NHO2N.

Compound 24i

i.CHgCOOH/SnClz, H2 O/HCI, 65°C, 35mins, 77%

Scheme 3.11. The synthesis o f  Type II intermediate compound 24i

The synthesis of intermediate compound Type III -  32i and intermediate 

compounds Type IV -  33i and 45: is outlined in the Scheme 3,12. These 

analogues were again prepared by reacting 4-chloroquinoline with the appropriate 

diamine, but in this case the solvent was either 1 -pentanol (45i) or /?-cresol (32i and

33i).408

+ H2N—L-|—NH2

Li —

-Li-

Compound 32i 

Compound 33i 

Compound 45i

i. Compound 32i:/?-cresoI, cis-l,4-diaminobut-2-ene, 155°C, 24h, 60%
Compound 331: /?-cresol, 2,2-bis (2-aminomethyl)[l,3]-dioxolane, 155°C, 3h, 35% 
Compound 45 ill-pentanol, l,5-diamino-3-methylpentane, reflux, 48h, 65%

Scheme 3.12. Intermediate compounds Type III and IV

From the procedure outlined in the Scheme 3.12 it is obvious that the use of two 

different solvents, 1-pentanol and 7?-cresol, merits discussion. In the literature 

phenol is known to mediate the reaction between 4-chloroquinoline and 

alkylamine,"'^  ̂ via production of 4-phenoxyquinoline hydrochloride as a reactive 

intermediate, as shown below. In this intermediate, the phenoxy group can then
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easily be displaced by the amino group, as previously shown for the displacement 

of chlorine.

Phenol R=H 
p-Cresol R=CH;

cr
4-phenoxyquinoline R=H 
4-(p-methylphenoxy)quinoline R=CH

Upon the attack by a nucleophile, the phenoxy anion is a good leaving group, as it 

can be stabilised by the delocalisation of negative charge on its O atom through the 

aromatic ring. It was thus assumed that the role o f /?-cresol is the same as 

previously described for phenol, resulting in 4-(p-methylphenoxy)quinoline 

hydrochloride as a reactive intermediate. Therefore, during the course of 

preparation of these intermediates we have looked for the proof that this solvent 

really does react with 4-chloroquinoline and that the production o f 4-(p- 

methylphenoxy)quinoline hydrochloride facilitates the reaction with diamino 

reactant.

The reaction involving /7-cresol as a solvent proceeds at higher temperature than 

the reaction in 1-pentanol, being 150°C and 130°C, respectively. However, we 

would like to rule out the possibility o f the higher reaction temperature being the 

reason for the better yield observed with the former solvent. Recently, as a part of 

MSci project, analogous compounds containing pyridine ring instead o f quinoline
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have been synthesised (Compounds 71-74 -  Table 1)*. In this case, the reaction of 

4-bromopyridine with alkyl amine has been reported in the literature in generally 

very poor yields/^^ All our attempts to repeat the literature procedures failed. One 

of those attempts was a neat reaction of 4-bromopyridne with 1,5-diaminopentane, 

at a temperature of 150-250°C, with no product being detected whatsoever. 

However, when /7-cresol was used as a solvent the reaction proceeded smoothly 

and relatively cleanly, with the desired compound being easily isolated by column 

chromatography. Thus, we can comfortably argue that the higher temperature is 

not the factor yielding the product in the presence o f /7-cresol as a solvent. This 

also serves as an indication that /7-cresol is not only able to react with 4- 

chloroquinoline (and indeed with 4-bromopyridine), but also that the product of 

this reaction can easily react with amino compound in addition-élimination 

mechanism, and regenerate starting /7-cresol, whilst producing the desired 

aminoquinoline, as shown below:

HCl

The preparation o f compound 33i in 1-pentanol resulted in a complex mixture, 

with only a small amount of the desired material being detected by MS. However, 

using /7-cresol as a reaction medium, the desired product was obtained in a

* Compound synthesised by H.Brown as part o f M.Sci. project supervised by Prof. CR Ganellin 
and myself
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sufficient yield and required no purification by column chromatography before 

being used in further reaction.

Furthermore, we have found that /7-cresol facilitates the reaction between 4- 

chloroquinoline and allylamine. Instead o f using palladium catalyst, which has 

been reported to catalyse reactions between aiyl halides (including 4- 

chloroquinoline) and allyl a m i n e s , w e  have prepared compound 32i according to 

the above described procedure using /7-cresol (Scheme 3,12). Indeed, these 

conditions facilitated the reaction between 4-chloroquinoline and cis-1,4- 

diaminobut-2-ene, producing the desired material in a reasonable yield o f 60%. In 

this case we have isolated the 4-(/7-methylphenoxy)quinoline by column 

chromatography. We can even speculate that the yield o f compound 32: would 

have been higher had the compound m-l,4-diaminobut-2-ene been more stable. 

Therefore, our results indicate that, just like phenol, /7-cresol acts as an excellent 

reaction medium for the type o f reaction discussed above. It acts both as a solvent 

and as a reactant, producing the reactive 4-(/7-methylphenoxy)quinoline 

hydrochloride.

It is also possible that the intermediate compounds Type I and II, which were in 

many cases prepared in very low yield, might have had higher yield had we used p- 

cresol instead o f 1-pentanol. However, due to a very bad smell, difficult handling 

at room temperature and high toxicity o f the former reagent we preferred not to 

attempt its use, unless the use of 1-pentanol was either proven or predicted 

unsuccessful. In any case where we could obtain sufficient amount o f intermediate 

product the synthesis was carried out in 1-pentanol as a solvent.

The preparation o f intermediate compound 35i proceeded via analogue 34:, as 

previously described in our group"*®® and outlined in the Scheme 3,13.

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Synthesis 115

r \

HN NHHN NH

Compound 34i

11.

HN- NH

i. MeOH, 6 N HCl, reflux, Ih, 80%
ii. Acetone, NaBH^, rt, 30mins, Ih, 79%

Compound 351

Scheme 3.13: Synthesis o f  intermediate compounds 34i and 3 Si

For the preparations of intermediates Type V we have again used 1-pentanol and 

obtained products in good yields {Scheme 3,14). The hydroxy intermediate (53:) 

was prepared from methoxy analogue by BBr  ̂ removal o f protecting group in 

anhydrous This is also outlined in Scheme 3,14.

i. Compound 51 i:l-pentanol, reflux, 72h, 57% 
Compound 52i: 1-pentanol, reflux, 48h, 57%

R

R = H Compound 511 
R = OCH3  Compound 521

CH3 H

u.

'N' 'N
ii. Compound 5 3 i:CH2 Cl2 , BBrg, -5°C, 30 mins

N' N
Compound 531

Scheme 3.14: Synthesis o f  intermediate compounds Type V
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Additionally, the intermediate with cyclohexane ring in the upper linker 

(compound 60i) was prepared by the reaction o f 4-chloroquinoline with cisjrans-

l,4-bis(aminomethyl)-cyclohexane, which as expected, produced a mixture of cis 

and trans isomers {Scheme 3.15). The isomeric ratio was indicated by analytical 

HPLC as 3/1. Crystallisation from MeOH/EtjO increased the amount o f the major 

isomer, resulting in 9/1 ratio. No further attempt was made to completely isolate 

the major isomer and this intermediate was further reacted as a mixture o f two 

isomers. The characterisation o f this analogue will be discussed later.

HN NH

 ̂ HzN^X ”

Mixture of cis and trans isomers
Compound 601

i. Conpound 60i: 1-pentanol, reflux, 48h, 67% (cw & isomers)

Schem e 3.15: Synthesis o f  com pound 601

The intermediate compound 65: was prepared from 4-chloroquinoline and 1,3- 

bis(aminooxy)propane in 1-pentanol, with the reaction proceeding to completion 

within 24 hours. The amine of terminal hydroxylamine group reacts with 4- 

chloroquinoline to give the desired product in quite a good yield for this type of 

reaction {Scheme 3.16).

HN' NH

+ H2N>.^y%\/^Q^NH2 — 1:— ^

Compound 651

i. Compound 65i: 1-pentanol, reflux, 24h, 63%

Schem e 3.16: Synthesis o f  com pound 65i
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In the synthesis of intennediate compound 67: 4-aminoquinoline was reacted with 

glutaryl dichloride/^^ as outlined in the Scheme 3,17 and isolated by column 

chromatography in a very low yield of 15%.

HN NH

Compound 671

i. THF, EtjN, rt, 2h, 15%

S chem e 3.17: The preparation  o f  com pound 671

The possible mechanism of this reaction is outlined below'**̂ :

HN

Compound 67i was found to be rather unstable to base, being instantly 

decomposed to the starting 4-aminoquinoline by 10% aqueous NaOH. The 

mechanism probably proceeds according to the common base cleavage o f an amide 

bond, as shown below.
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OH'
HN HN

etc.

Finally, an intermediate compound with the Cl substituent at the position 8 o f the 

quinoline ring (compound 79i) was synthesised in our lab, again by employing the 

general method in 1-pentanol as a solvent {Scheme 3,18). Additionally, 

intermediate compound of the same type, with 8 -CF3 substituent, 78i, was 

previously made in our group by the same method."*®®

HN NH

Confound 79i

i. Compound 79:: 1-pentanol, reflux, 72h, 43%

Schem e 3.18: Synthesis o f  com pound 791
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3,4, SYNTHESIS OF FINAL BIS-QUINOLINIUM CYCLOPHANES

The general method of the synthesis of bis-quinolinium cyclophane discussed in 

this study and its mechanism are covered in the second step of the general synthetic 

route showed in Scheme 3,1. The purification of these compounds was carried out 

by the reverse phase preparative HPLC using Me0 H/H2 0  or MeCN/H2 0  

(+0.1%TFA) as eluent system.

The preparation of Series I and II compounds is outlined in Scheme 3,19.

NH R5NH FR5 R5 HNR5 HN

i. Series I: 2-Butanone/DMF (10/1-5/1), 1,5-diiodopentane, reflux, 120-168h, 
then purification by preparative HPLC 

Series I: DMF, dibromoxylene, 110°C, 48-72h, then purification by preparative HPLC

Series 1: L]=l/ 2  ^ (CH2 )$ 
Compound 1: R^=Rf,=Ry=H 
Compound 6 : R$=R?=H, R(,=C1 
Compound?: R^=R(,=H, Ry^OMe 
Compound 8 : Rç^̂ R̂ ^H, R ,̂=Me 
Compound 9: Rs=R?=H, R(=N0 2  

Compound 11: R^^R^^H, R̂ ,=F 
Compound 12: Rs=R?=H, R^=OMe 
Compound 14: R̂ ,=H, R5 =Ry=Cl

Series 11: L| =

Compound 15: 
Compound 16: 
Compound 17: 
Compound 18: 
Compound 19: 
Compound 20: 
Compound 21 : 
Compound 22: 
Compound 23: 
Compound 25: 
Compound 26:

R5=Rf=H,
R5=R7=H,
K5=R6=H,
K5=R7=H, 
R5=R^,=H, 
R5=Rt=H, 
R5=R?=H, 
R5=I<7=H, 
R<;=R7=H, 
Rs=R7=H, 
R6=H, R5=

R7 -C 1

R,=CF3
R7=CF3
R(.=C1
Ry=OMe
R̂ =F
R̂ =0 CF3
Rf̂ Me
Rr.=N02
Rf,=OMe
Ry=Cl

Schem e 3.19: Synthesis o f  com pounds Series I  and II

The reaction involved relevant intermediate compound and either 1,5- 

diaminopentane or a ,a ’-dibromo-w-xylene and proceeds in 2-Butanone/DMF 

(10/1-5/1) or DMF, respectively. Purification of Series II compounds by the 

preparative HPLC involved the use of MeCN/H2 0  eluent system, instead of 

Me0 H/H2 0  used for Series I and other analogues discussed later. This was 

because the first analogue synthesised in Series II could only be separated from its 

starting intermediate compound when MeCN was introduced as an alternative to 

MeOH.
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The yields of these compounds, and all other analogues, are difficult to determine 

precisely, since the purification by the preparative HPLC could result in a 

substantial amount of compound being lost on the column and/or during the 

collection of the desired fraction. Also, the final compounds were isolated as 

trifluoroacetate salts and as such retained high amounts o f water and/or TFA, 

adding to their recorded weights. However, in Series I and II compounds a general 

trend was observed with respect to their yields. In Series I the yields were 

extremely low, commonly around or even below 5%. The yields o f compounds in 

Series II are significantly higher, ranging between 10 and 20%, and reaching even 

over 30% for certain analogues. In synthesis o f Series II compounds, using DMF 

as a solvent allows reaction temperature to be increased. This was shown to speed 

up the reaction, which was usually complete within 2 days. Possibly this higher 

reaction temperature is also the reason why these analogues were produced in a 

better yield. The higher reaction temperature can not be applied in the case of 

Series I compounds, the reason for this being the use o f 1,5-diiodopentane as a 

reactant, which would undergo elimination reaction and produce HI. The HI 

produced would protonate the ring nitrogen o f the intermediate compound and 

prevent its further reactivity. The addition o f the base to the reaction mixture 

would prevent this protonation, but would not influence the elimination reaction, 

which should easily go to completion at higher temperature, leaving no reactant left 

to quatemise the ring nitrogen and form the desired cyclophane. This elimination 

is not possible in case of dibormoxylene and hence the reaction temperature can be 

increased. DMF was added to 2-butanone in the synthesis o f Series I compounds 

in order to facilitate the solubility o f starting intermediate compounds and for no 

other reason.

Certain difficulties accompanied the synthesis o f compounds 10 and 13 in Series I 

and compound 24 in Series II. Starting from intermediate 24:, the synthesis of 

compound 24 was attempted, by reacting it with a ,a ’-dibromo-w-xylene, as 

outlined in Scheme 3,19. However, this route proved unsuccessful, producing 

unworkable mixture, with no product or starting material being detectable. 

Therefore, alternative synthetic route was sought. Compounds 10 and 24, both
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substituted with amino substituent in the quinoline rings, were produced by the 

reduction of nitro groups in analogues 9 and 23, respectively {Scheme 3.20). The 

reduction of nitro groups to produce compound 24 was achieved through 

hydrogenation over palladium on activated charcoal/^^ Alternatively, the 

reduction of nitro groups in compound 9, to give compound 10, was achieved using 

SnCl2/^' This method also demonstrated the stability of these compounds, as the 

heating of compound 9 in HCI/CH3COOH mixture at 65°C resulted in no 

detectable decomposition.

HNHN NH NH
NO2 HgN.

C o m p o u n d  10
i. C H jC O O H /S n C b , H C l/H jO , 6 5 °C , 4 5 m in s , 
p u rifica tio n  by preparative H P L C , 61%

HN NHNH HN
NH2

C o m p o u n d  2 4

ii. M eO H , H 2, P d /C , rt, 2 4 h , p u rifica tion  by p reparatie H P L C , 47 %

Schem e 3.20: Synthesis o f  com pound 10  -  Series I  and com pound 24  -  Series  / /

Also, the attempted synthesis of compound 13 from intermediate compound 131 

was unsuccessful, and was instead achieved by removing the protecting methoxy 

group from compound 12, as shown in Scheme This synthetic route

further confirmed high stability of this type of compounds, as heating in 48% HBr 

at reflux temperature resulted in the desired compound, without any decomposition 

being detected.
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HN NH
OHOMe HiMel

Confound 13
i. HBr, reflux, 2h, purification by preparative HPLC, 52%

Schem e 3.21: Synthesis o f  com pound 13  -  Series I

The main problem in the synthesis o f the three analogues discussed above, 

compounds 10, 13 and 24, resides in the use o f ‘final’ compounds (i.e. bis- 

quinolinium cycophanes) in their synthesis. We have already discussed how low 

the yield of the synthesis o f these cyclophanes is. Producing sufficient amounts of 

compounds 9,12 and 23 for their analysis and the biological testing, as well as for 

the further reaction proved to be rather tedious and longwinded process.

In Series III, compounds 31 and 32 were made according to the method described 

in the Scheme 3,22. No particular difficulty accompanied their synthesis, but the 

yields were very low, never exceeding 5%. The compounds were isolated by the 

preparative HPLC, as previously described.
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Compound 31

i. 2-Butanone, cw-l,4-dichlorobut-2-ene, reflux, 120h, then preparative HPLC

11.

Compound 32

ii. 2-Butanone/DMG (4.5/1), 1,5-diiodopentatne, reflux, 144h, then preparative HPLC 

Schem e 3.22: Synthesis o f  com pounds 31 and 32  -  Seires I II

The outcome o f the synthesis o f Series IV analogues was less successful. The 

synthesis o f compound 37, with the carbonyl group midway through the lower 

linker, was not attempted by reacting intermediate l i  and l,5-dibromo-3- 

pentanone. This was because the latter reactant would easily undergo elimination 

during the course o f reaction, driven by favourable formation o f the a,p- 

unsaturated compound, as shown below:

n  -2HBr

The hydrogen atoms undergoing the above described elimination are acidic, being 

at a  position relative to the carbonyl group, and this makes their elimination easier 

in presence of compound li, which bears the basic nitrogen.

Thus, alternative route had to be via the synthesis o f compound 36, followed by the 

removal o f the protection on the carbonyl group. No problem was anticipated with 

removing this protection with acid, as we have previously found bis-quinolinium
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cyclophanes to be stable in acids. Thus, we have synthesised compounds 36 and 

37 according to the method described in Scheme 4,23.

Compound 36

111.

OH
Compound 38 Compound 37

i. 2-Butanone/DMF (10/1), 2,2-Bis-(bromoethyl)-[l,3]-dioxolane, reflux, 120h, 
then purification by HPLC

ii. MeOH, 6 N HCl, reflux, 4h, 100%, purification by HPLC
iii. MeOH,NaBH^, rt, 30mins, purification by HPLC

Schem e 3.23: Synthesis o f  com pounds 36, 3 7  an d  38  -  Series I V

However, the first problem accompanied the synthesis o f compound 36. The 

reaction could never be pushed to the completion, as reactant 36a, being quite 

unstable, was undergoing partial decomposition during the course o f reaction, due 

to its low stability. This decomposition was probably producing HBr, protonating 

the ring N atom of the intermediate compound l i  and preventing its reactivity. 

This problem was partially overcome by adding compound 36a in portions to the 

reaction mixture over a 5 day period, but the best outcome was 30% o f unreacted 

intermediate 11 (relative to the desired product) still present in the crude product. 

The compound 36 was purified by the preparative HPLC. This analogue had 

appearance of a thick oil and failed to crystallise, being highly hygroscopic. Thus, 

it was characterised by HPLC and MS only. The compound 36 was converted to
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37 by acid removal of the protecting group. MeOH was used as a solvent in this 

case, as opposed to commonly used acetone, due to poor solubility o f compound 

36 in the latter solvent. The reaction was complete after 4h, as indicated by HPLC, 

and although the product obtained this way was clean by NMR and showed over 

99% HPLC purity, it gave incorrect microanalysis, as it was a mixture o f salts. 

Therefore, the analogue was purified by the preparative HPLC, but this completely 

changed its character. The purified compound retained high amount o f water, as 

indicated by its microanalysis. Also, it proved to be unstable in MeOH and DMSG 

solution, with HPLC indicating total decomposition in the former solvent. 

However, compound 37 was still stable in HjO and MeCN, so these solvents were 

used for its analysis and characterisation.

Prior to its purification by the preparative HPLC a small amount o f compound 37 

was taken in a trial reaction with an attempt to reduce its carbonyl group and 

produce analogue 38 {Scheme 3,23). Although this reaction was successful 

according to MS and HPLC results, the small amount o f analogue obtained made 

its further purification and characterisation impossible. Later on, the instability 

and difficult synthesis o f its precursor, compound 37, indicated that obtaining 

compound 38 through this route would be synthetically impossible.

Other analogues o f this series, compound 45, 46 and 47 were obtained without any 

particular difficulty as shown in Scheme 3.24, with their yield being below 10%. 

However, the analytical data o f these analogues merit discussion, and this will be 

covered in Section 3.5 o f this chapter.
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11.

Compound 46

Compound 45 R=H 
Compound 47 R=CHg

i. 2-Butanone/DMF (7/1), l,5-dibromo-3-methylpentane, reflux, 120h, 
then preparative HPLC

ii. Compound 45, R=H, 2-Butanone/DMF (7/1), 1,5-diiodopentane, reflux, 120h, 
then preparative HPLC
Compound 47, R=CH3, 2-Butanone/DMF (7/1), l,5-dibromo-3-methylpentane reflux, 120h, 
then preparative HPLC

Scheme 3.24: Synthesis o f  compounds 45-47 - Series IV
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The Scheme 3.25 describes the synthesis o f Series V compounds. Compounds 51, 

52 and 53 were synthesised from their intermediate compounds 51 i, 52i and 53i, 

respectively as previously described. With respect to compound 54, the 

introduction o f iodine can be achieved due to the presence o f OH substituent, 

which is electron-donating and activates the aromatic ring towards ortho/para 

directed electrophilic substitution. Nal/Chloramine-T system has been reported as 

a common iodination method o f various phenols'* *̂ and the structure of 

Chloramine-T is shown below:

H3C—^

By using this method the introduction o f iodine at para position to the OH group in 

the phenol ring o f compound 53 was achieved {Scheme 3.25). This was carried 

out as a final step in the synthesis, since the aim o f this was the later introduction 

of radioactive isotope, Therefore, we aimed for a synthetic route in which the 

iodination could be achieved as a last step in the synthesis, so to minimise the 

handling o f the future radioactive material.
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Conpound 51, R=H 
Compound 52, R=OCHg 
Conpound53, R=OH

11.

Compound 54

i. Confound 51, R=H, 2-Butanone/DMF (10/1), 1,5-diiodopentane, reflux, 144h 
Compound 52, R=0 CH3,2-Butanone/DMF (5/1), 1,5-diiodopentane, reflux, 120h 
Compound 53, R=OH, 2-Butanone/DMF (5/1), 1,5-diiodopentane, reflux, 120h

ii. Compound 54, DMF. Nal, Chloramine T, rt, Ih, 63%

Scheme 3.25: Synthesis o f  Series V compounds

Analogues 60 and 61 were synthesised from the intermediate compound 60:, as 

shown in Scheme 3,26. Unlike intermediate 60i, which is a mixture o f cis and 

trans isomers, the final bis-quinolinium cyclophanes comprised o f single isomer 

only. Therefore, only one isomer o f 60i is able to form a cyclophane, with the 

other isomer being completely consumed during the course o f the reaction, but not 

forming the desired analogue. Since the yield o f cyclophane formation is generally 

low, it would have to be the major isomer o f 60: that is undergoing cyclisation, 

since the minor isomer would probably not produce sufficient amount o f the final 

compounds.
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HN NHHN NH

Compound 60 L=

Compound 61 L=(CHg)g

i. Compound 60, DMF, a,a'-dibromo-w-xylene, 110°C, 48h, then preparative HPLC 
Compound 61, 2-Butanone, 1,5-diiodopentane, reflux, 144h, then preparative HPLC

Scheme 3.26: Synthesis o f  compounds 60 and 61

The synthesis o f compound 64 was approached from analogue 35. This compound 

was previously synthesised in our lab/°® but was not available in a sufficient 

amount and therefore its synthesis was repeated according to the Scheme 3.27.

Compound 35

i. 2-Butanone/DMF (10/1), 1,5-diiodopentane, reflux, 120h, then preparative HPLC 

Scheme 3.27: Synthesis o f  compound 35

Compound 35 was prepared with the final aim being replacement o f its hydroxy 

group with iodine and later its radioactive isotope *̂ L̂ Various methods for the 

conversion o f aliphatic alcohols to iodides have been reported in the literature. In 

such a way, 5-iododecane can be prepared from 5-decanol by treatment with 

PPha/Ij in whereas 2 -propanol can be converted to 2 -iodopropane by

reflux in 57% hydriodic acid."̂ ° Furthermore, organosilicones are also useful for 

this conversion, where both chlortrimethylsilane/Naf^* and trichloromethylsilane
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/Nal"̂  ̂ in MeCN can convert various alcohols to iodides. Recently, CeClj-THjO 

system in MeCN has been reported as a convenient method for the preparation of  

alkyl iodides from alcohols.'^^

Thus, the conversion o f analogue 35 to the desired compound 64 was attempted 

using these different methods, as described in Scheme 3,28. It should be noted that 

a small amount o f compound 35 was purified in order to obtain its analysis, so to 

insure that the correct material was produced. But, it would have been very 

difficult to obtain sufficient amount o f the purified material for all the attempted 

reactions of conversion o f this alcohol to iodide. Therefore, all these trial 

reactions, apart from method i., which was done on pure material, were performed 

on compound 35 which was isolated from the reaction mixture and maintained in 

its crude form of iodo salt. Since the properties o f impurities present in the crude 

form should be similar to the desired compound with respect to the reactivity o f the 

hydroxy substituent on the chain linking the two aminoquinolines, it was predicted 

that this should propose no difficulty in the attempted reactions.

I.IV.

i. CHgCN, MeSiClg, Nal, N2, reflux, 96h, no product
ii. Œ 3CN, McgSiCl, Nal, N2, 96h, no product
iii. 57% HI, reflux, 3h, no desired product
iv. CH3CN, CeCb 7H2O, reflux, 96h, no product 
V. PPh3/l2, DMF, rt 6h, then refux, 48h

Scheme 3.28: Attempted synthesis o f  compound 63

The first method investigated was possible iodination o f our alcohol with 

MeSiClg/Nal system in MeCN as a solvent. The reactivity o f alcohols with this 

system is usually in order 3°>2°>1°, and for the secondary alcohol reflux 

temperature is normally required for the reaction to proceed in appreciable yield. 

However, in our case no reaction was observed, with both HPLC and MS 

indicating the presence of starting material only. Alternatively, ClSiMej/Nal 

system was also investigated, but again the presence o f starting material only was
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indicated by HPLC and MS. Thus, in our case the general method o f iodination of 

alcohols using chloromethylsilane/Nal reagents could not be employed, even at 

increased reflux temperature and using high excess o f these reagents.

When alcohol 35 was heated under reflux in 57% HI, analytical HPLC confirmed 

completion of reaction after 3h, with formation o f a single new peak and no 

starting material being detected. However, the product o f this reaction was found 

to be identical to the intermediate compound 35i, resulting from the decomposition 

o f compound 35. The formation o f compound 35: was confirmed by both HPLC 

(by co-injecting this product with the earlier prepared compound 35:) and also by 

MS. The observed decomposition could possibly proceed via the mechanism 

outlined below:

HN NH HN NH

-1 ,5 -d iiodopen tane

H—I

This outcome is rather surprising, since we have previously shown our bis- 

quinolinium cyclophanes to exhibit high stability in acid. Also, intermediate 

compound 351 was the sole product o f this reaction, with no detected substitution 

of its hydroxy group by iodine. Additionally, we have attempted the desired 

substitution of hydroxy group by iodine, according to the method using 

CeClj-THjO system in MeCN. In this case, the reaction was again followed by the 

analytical HPLC, which indicated formation o f a new product, accompanied by the 

presence of the starting material. However, addition o f a huge excess of these 

reagents, relative to our alcohol compound 35, failed to increase the amount o f the 

new product. Analysis by MS indicated starting material only. Also, analysis by 

HPLC/MS gave the expected M  ̂ for the peak corresponding to the starting
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material, compound 35, but no mass spectrum could be recorded for the new peak 

being observed on HPLC. Had this been the desired product it would have 

produced on MS, as did compound 35. In order to confirm that no product was 

formed, the reaction was worked up, upon which both HPLC and MS indicated the 

starting material, compound 35, only.

Finally, the iodination was attempted by treating compound 35 with PPhj/Ij in 

DMF, first at room temperature, followed by heating at reflux temperature. 

Analysis of this reaction mixture again gave no indication o f the formation o f the 

desired product.

Thus, all our attempts to produce the desired iodinated analogue, compound 64, 

failed, resulting in either unreacted compound 35 or its decomposition to 

compound 351.

We have also aimed to synthesise compounds 65 and 6 6  from the intermediate 

compound 651 {Scheme 3.29).

I.-IV

Compound 65, L=(CH2 ) 5

Compound 66, L = — ^ a

i. Compound 65,2-Butanone, 1,5-diiodopentane, reflux, 120h, no desired product
ii. Compound 66, DMF, dibromo-p-xylene, 110°C, 48h, no desired product
iii. Compound 66, 1-pentanol, reflux, dibromo-p-xylene, reflux, 48h, no desired product
iv. 1-pentanol, benzylbromide, reflux, 72h, no desired product

Scheme 3.29: Attempted synthesis o f  compound 65 and 66

Attempts to react compound 651 with either 1,5-diiodopentane or a ,a ’-dibromo-p- 

xylene, as previously described, failed, producing unworkable reaction mixture in 

both cases. In the intermediate compound 651 the electronegative O atom next to 

the 4-amino group is withdrawing electrons from it, making them no longer
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available for the delocalisation towards the ring N atom. Therefore, the ring 

nitrogen is not as nucleophile in this analogue as in the analogue without O atom 

(ie compound li). This offers a possible explanation as to why the ring N atom in 

this compound would be unreactive, but does not clarify the formation o f complex 

reaction mixtures. The possible explanation for this observation is the reaction of  

the O atom itself with dihalogen reagent in question, which could indeed produce 

very complex results.

The possible starting point o f this mechanism is outlined below:

NH

eta

A possible by-product o f this complex mechanism is 4-aminoquinoline, which 

would then readily react with the dihalide reactant.
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Therefore, we attempted reaction o f compound 65i with benzylbromide, for which 

interpretation o f the results would be more straightforward {Scheme 3,30). Indeed, 

in this case MS indicated presence o f l-benzyl-4-aminoquinolinium M ,̂ supporting 

the idea for the decomposition of compound 65i to 4-aminoquinoline during the 

course o f the reaction.

HN HN NHNH

i. 1-pentanol, benzylbromide, reflux, 72h, no desired product

Scheme 3.30: Reaction o f  compound 651 with benzylbromide

On the other hand, we have also attempted preparation o f compounds 67 and 68, as 

shown in the Scheme 3,31. No problems where expected to be associated with the 

synthesis of these analogues, since quaternisation o f the same type o f compound, 

also outlined in Scheme 3,31 has been previously reported in our group."**̂
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Conpound 67, L=(Œ 2 ) 5  

Conpound 6 8 , L= — ' '

m.

X

Previously synthesised in our groip, 
L=(CH2)io

i. Conpound 67,2-Butanone, 1,5-diiodopentane, reflux, 144b, no desired product
ii. Conpound 6 8 , DMF, dibromo-p-xylene, 110°C, 48b, no desired product
iii. 1,1 O^ododecane, 4-metby-2-pentanol, reflux, 30b, 71%

Scheme 3.31: Attempted synthesis o f  compounds 67 and 68 and previous synthesis o f  acyclic 
analogue

However, the reaction o f 67i with 1,5-diiodopentane did not produce any desired 

compound 67, with MS and HPLC showing starting material. The nucleophilicity 

of the ring nitrogen o f the compound 67i is decreased by the presence o f the 

carbonyl group, which can withdraw electrons from amino group (Case 2), making 

them less available for the common delocalisation observed in alkylamino 

substituted analogues (Case 1). The two cases representing delocalisation of 

electrons are shown below:

Case 1 : NHR

Case 2:

HN
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Therefore, reaction of compound 67: with a ,a ’-dibromo-p-xylene was attempted, 

proceeding at higher temperature. In this case a new peak was detected on HPLC, 

with MS indicating neither the starting material nor the desired product. Instead, 

we propose that at this high temperature, the ring nitrogen in compound 67i is 

acting as a base, resulting in a self-decomposition o f compound 67i to 4- 

aminoquinoline, as previously described for the base treatment o f this analogue. 

The resulting 4-aminoquinoline most likely reacts with a ,a ’-dibromo-/?-xylene, 

producing the compound shown below, as indicated by MS.

Thus, all our attempts to synthesise compounds 67 and 68 failed.

Finally, the reaction of intermediate compound 78i with 1,5-diiodopentane was 

previously attempted in our group,"*®® but failed to produce any cyclophane, with 

only the starting material being produced. Therefore we have attempted reaction of 

intermediate compound 79i with a ,a ’-dibromo-/7-xylene, which involves higher 

reaction temperature {Scheme 3,32). However, even under such reaction 

conditions, no product was formed, leaving only the starting material, as indicated 

by MS ad HPLC. This unreactivity could be brought on only by the presence of 

the substituent at position 8 o f the quinoline ring, which imposes sterical hindrance 

on the lone pair o f electrons on the ring N atom and thus prevents its reactivity.
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R R

Compound 78, Li = L2  = (€ 1 1 2 )5 , R=Cp3  

Compound 79, Li = (€ 1 1 2 ) 5  l 2 = \  / R=C1

i, Conpound 78, 2-Butanone, 1,5-diiodopentane, reflux, 120h, no desired product
ii. Compound 79, DMF, dibromo-/?-xylene, 110°C, 72h, no desired product

Scheme 3.32: Attempted preparation o f  compound 79
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3,5 CHARACTERISATION OF COMPOUNDS

NMR spectra o f intermediate and final compounds discussed in this study are 

usually quite simple. The compounds have symmetry along C2 axis, making the 

two quinolinium groups equivalent on the NMR. With respect to the analogues in 

Series I and II, their simple ID NMR spectra were sufficient for the assignment 

o f all protons. This is because a substituent at position 6  or 7 o f the quinoline ring 

makes the assignment of protons in this ring definite and straightforward. 

Examples o f NMR spectra o f the final cyclophanes having a substituent in the 

two quinoline rings, with both straight chain and xylyl linkers, are shown in Fig 

3,1.

Series I -  Compound 7:

Series II -  Compound 16:

Fig 3.1: NMR spectra o f  Series I  and II  compounds

However, *H NMR spectra of some other analogues with unsubstituted quinoline 

rings required COSY and NOES Y for their full assignment. This is because in the 

unsubstituted quinoline it is usually impossible to distinguish with any certainty
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proton H-5 from H-8  and proton H-6  from H-7. Combination of COSY and 

NOESY spectral data was sufficient for their assignment, and examples o f these 

are shown in Fig 3,2. Note that NOESY spectrum makes the assignment of 

quinoline H-5 possible, since it is close in space to NH at position 4. Thereafter, 

the assignment of other protons is possible from COSY spectrum.

Compound 52 -  *H COSY:

O--

Compound 52 -  'H NOESY:

Fig 3.2: COSY and NOESY spectra compound 52
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As far as analogues 45, 46 and 47 are concerned, the assignment o f their -H NMR 

was more complicated. Firstly, introduction o f the substituent midway through the 

upper linker o f intermediate compound li, to give compound 451, makes the 

aliphatic protons on this 5 carbon linker diastereotopic. This was expected, since

l,5-dibromo-3-methylpentane and 1,5-diamino-3-methylpenatne also have 

diastereotopic protons. NMR spectrum o f compound 451 is shown in Fig 5.5, 

with the spectrum of compound II also shown for comparison.

H NMR Compound 1 i:

H NMR Compound 45i:

Fig 3.3: NMR Spectra o f  Compounds I i  and 4 Si

When cyclophanes 45 and 46 are made, which differ from compound 1 by having 

methyl substituent in the upper and the lower linker, respectively the story becomes 

more complicated. *H NMR spectra of these two analogues again show that the 

aliphatic protons in the linker with methyl substituents are diastereotopic, but so 

are the protons in the opposite linker. This means that in all conformations which 

these analogues take up in the solution, the methyl group is also affecting the 

environment o f the protons in the opposite linker. The spectra o f these two 

compounds, and compound 1 for comparison, are shown in Fig 3.4.
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‘h  NMR Compound 1 :

düdaJL
 i '

*H NMR Compound 45:

H NMR Compound 46:
1--- -—I--1—  T---------- T

Fig 3.4: NMR spectra o f  compounds 45 and 46 and compound 1 fo r  reference

The NMR spectra were also obtained for these analogues, accompanied by

HMQC analysis. These HMQC spectra show coupling o f proton signal to the 

signal o f to which it is attached and they confirmed that diastereotopic protons 

(giving rise to two signals) are always attached to the same carbon atom. 

Additionally, as expected these spectra confirmed 9 aromatic and 7 sp̂  C atoms for
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analogues 45 and 46. The NMR spectrum o f one o f these analogues is given in 

Fig 3,5.

im

Fig 3.5: C NMR spectrum o f  compound 46

Furthermore, NMR spectrum of compound 47 is shown in Fig 3,6. This 

spectrum clearly shows not only diastereotopic aliphatic protons, but the presence 

o f two isomers. Again, this analogue was analysed by NMR and HMQC (Fig 

3,6), which also confirmed isomeric mixture and helped in our assignment of 

different protons in the two isomers present. The two isomers probably correspond 

to two methyl substituents being either cis or trans to each other. These were not 

separable on HPLC, which produced single peak for this mixture o f isomers.
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*H NMR Compound 47:

"C of Compound 47:

Fig 3.6: NMR spectra o f  compound 47

As previously mentioned, the intermediate compound 601 is a mixture o f cis and 

trans isomers. This assignment is supported by HPLC results, which clearly 

separated the two isomers. The presence o f these isomers was confirmed by MS- 

HPLC, which produced the same mass spectrum for the two peaks. *H NMR also 

showed two isomers, but all aromatic protons are the same between the two, apart 

from quinoline H-2 and H-3 {Fig. 3,7).
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Fig 3.7: NMR spectrum o f  intermediate compound 60i

Upon formation o f cyclophanes 60 and 61, the two isomers are no longer detected, 

as only one is able to form the desired compounds, as indicated by both HPLC and 

NMR. However, the *H NMR spectra of these two analogues obtained at room 

temperature could not be assigned. This is probably because o f the presence of 

cyclohexane ring in the upper linker, which, upon cyclisation, is exposed to a more 

rigid environment. Under such conditions it experiences restricted conformational 

mobility and the time scale at which it is changing between different conformations 

is slower. At room temperature this time scale is slower than the NMR time scale, 

which makes it possible to detect different conformations, resulting in the 

broadening of the signals. This problem was overcome by increasing the 

temperature o f the NMR experiment to 100°C, at which the interchange was faster, 

resulting in the average being observed on the *H NMR spectrum and hence, 

narrowing o f the peaks. Fig 3,8 outlines the difference between NMR spectra of 

compound 60 at room temperature and at 100°C.
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‘h  NMR Compound 60 at rootn temperature:

’H NMR Compound 60 at ICO ®C:

T TT T

Fig 3.8: NMR spectra o f  compound 60 at room temperature and at 100 X!

It should be noted that the same type o f problem, but to a significantly lower 

extent, was observed for all our cyclophanes. This effect was pronounced in the 

signals for the protons in the linkers, which are broad peaks at room temperature 

and coupling is not observed. This also arises because cyclophanes undergo slow 

conformational changes, resulting in broad peaks corresponding to the aliphatic 

protons. Increasing the temperature o f the NMR experiment to 100°C solves this 

problem, results in narrowing o f the signals with coupling being observed.
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CHAPTER 4

RESULTS AND DISCUSSION

As outlined in the experimental section, the compounds synthesised in this study 

were tested for their ability to block the sAHP in the superior cervical ganglion 

cells isolated from new bom rats.

The IC50 values obtained slightly varied for compound 1, UCL 1848 when tested 

on different cell batches. For this reason, EMR value was introduced which is the 

best measure o f the activity o f any compound, since it directly compares it to the 

known activity o f compound 1 , which was used as a reference in every assay. 

These EMR values will be used for the interpretation and discussion o f our results, 

although the original IC50 values will also be presented. For some analogues 

previously synthesised in our group the EMR values relative to compound 1 are 

not available, as at this stage dequalinium was used as the reference compound. 

Using EMR values relative to dequalinium for the interpretation of the results for 

some o f the discussed analogues would be inconsistent and unclear. Therefore, for 

these analogues experimentally determined EMR values relative to dequalinium 

were converted to the approximate EMR values relative to compound 1. This was 

done by taking compound 1 as a guide for which the EMR value relative to 

dequalinium has been experimentally determined to be 0.003. The EMR values 

calculated this way and not determined experimentally are not very accurate. For 

those analogues for which dequialinium was used as a reference the original EMR
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values relative to dequalinium will also be reported and marked with * symbol next 

to the value, but will not be referred to in the discussion.

The activity of these cyclophanes will be discussed in line with their classification, 

which is outlined in Chapter 2 - Selection o f  Compounds. However, as they are 

all structurally very closely related, some comparison between cyclophanes of 

different series will also be included.
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4,1 SERIES I  -TH E EFFECT OF SUBSTITUENTS IN  CYCLOPHANE I

The structure of Series I compounds and their biological results are given in Table

4.1, These compounds are analogues of cyclophane 1, UCL 1848, with substituents 

introduced in the two quinoline rings, as outlined in Table 4,1.

Table 4.1 Series I compounds

Compound No. UCL No. ICso ±  s. d (nM) EMR ±s.d.
1848 1.95 ±0.2
2053 2.6 ± 0.2 0.53 ± 0.07
2079 CF 4 ±0.6
2052 1.6 ±0.3
2149 3 ±0.5 1.1 ± 0.21
2159 OMc 3 ±0.4
2223 Me 3.8 ±0.2 2.0 ± 0.1
2266 4.1 ±0.25 2.1 ± 0.1
2343 Nil 2.3 ±0.4 1.0 ±0.3
2243 4.1 ±0.3
2295 OMe 3.1 ±0.5
2314 3.9 ±0.3 1.8 ±0.3
2208 21 ±3.0

* - Previously synthesised in our group

The general observation is that compound 1, UCL 1848 tolerates well the 

substituents introduced at position 6 or 7 of its quinoline rings. However, these 

results demand a more detailed discussion.

The first thing to be considered is the effect of the position of a particular 

substituent on the activity. From the results obtained we can see that no general 

trend arises depending on whether a particular substituent is introduced at position 

6  or 7. Briefly, analogues with 6 -CF3, 6 -CI or 7-()IVlc substituents (cyclophanes 4, 

6  and 7) are equi-active to the parent compound 1. But, the introduction of 7-Cl, 

7-CFj or 6 -()IVle substituents, resulting in cyclophanes 3, 5 and 12, produces an 

increase in the activity for the former analogue, but a decrease in the activity for
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the two later analogues, this being especially manifested for compound 1 2 , which 

is over 3-fold less active than compound 1.

Therefore, an alternative approach to the discussion of these results is by 

considering the two substitution positions separately.

Introduction of any of the three substituents at the position 7 has only a very small 

effect on the compound's ability to block the SK channel. This small effect does 

not seem to depend on the electronic properties of these substituents. Thus, the 

introduction of the electron-withdrawing Cl atom at this position increases the 

activity by almost 2 -fold, whereas CF3 substituent, with a similar electronic 

character, produces a slight decrease. On the other hand, compound 7, with the 

electron-donating 7-MeO substituent is equally active to compound 1. None of the 

other substituent constants commonly used in structure-activity correlations, such 

as lipophilicity or MR, can account for the observed changes, as their values are 

similar for the two substituents. Cl and CF3, and yet they have opposite effect.

Whereas only three substituents were investigated at the position 7, substituents at 

the position 6 were more extensively studied. Amongst these the most significant 

decrease in the activity was 3-fold, caused by the introduction of 6 -McO 

substituent which resulted in cyclophane 12. Again, it is obvious that the observed 

effect of this or any other substituent at the 6 position does not arise from their 

electronic properties. This is most clearly demonstrated by considering the 

strongly electron-donating cases, such as NH2 and OH substituents in compounds 

10 and 13, respectively and the strongly electron-withdrawing case, NO2 

substituted compound 9. The first substituent, 6 -NH2, produced no change in the 

activity, whereas both 6 -NO2 and 6 -0 H, being strongly-electron withdrawing and 

electron-donating, respectively, resulted in approximately 2 -fold drop in the 

activity. If the electronic effect of these substituents was influencing the activities 

of the resulting compounds, than OH and NO2 should oppose each other, rather 

than produce almost equivalent results.

Additionally, the activity of cyclophane 13 indicates that the presence of acidic H 

atom in the substitunet at the position 6  of its quinoline rings is not significantly
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important for the activity, since the presence of 6 -0 H group produces only a small 

drop in the activity.

The hydrophilicity/lipophilicity of the investigated substituents at position 6  again 

could not account for the small changes in the activity, since strongly hydrophilic 

NH] retains the potency, whereas the lipophilic Me and the hydrophilic NO] cause 

virtually the same drop in potency. More precisely, no correlation has been found 

between the observed activity and substituent constants commonly used in 

quantitative structure-activity studies. The substituent constants considered 

include Hammett a  substutent constant (the most frequently used electronic 

descriptor), Hansch n lipophilicity parameter and MR (molar refractivity 

parameter, substituent steric descriptor).'

In aid of our structure-activity studies conformational analysis was carried out on 

these analogues and this will be discussed later on in this section. Furthermore, 

MOPAC calculations were performed on the global minimum conformation of 

each analogue and the values of various parameters are listed in Table 4.2.

Table 4.2. Frontier orbitals, partial atomic charges and inter-atomic distances fo r  Series /

Compound F  HOMO E l v m o N'charge N^charge N'-N' (À) (Â) EMR
r -14.652 -6.991 -0.126 -0.274 5.291 5.017 1

3*(7-CI) -14.821 -7.141 -0.125 -0.273 5.158 4.456 0.53
4* (6 -CF3 ) -15.048 -7.383 -0.128 -0.270 5.210 4.786 1 . 1

5*(7-CF,0 -15.006 -7.417 -0 . 1 2 1 -0.270 5.161 4.479 1 . 6

6  (6 -CI) -14.603 -7.084 -0.125 -0.272 5.249 5.054 1 . 1

7 (7-OMe) -14.552 -6.845 -0.130 -0.281 5.120 4.471 1 . 1

8  (6 -Me) -14.451 -6.893 -0.123 -0.277 5.051 4.493 2 . 0

9 (6 -NO3 ) -15.245 -7.674 -0.130 -0.257 5.324 5.020 2 . 1

10(6-N lli) -13.691 -6.729 -0 . 1 1 1 -0.281 5.240 4.997 1 . 0

1 1 (6 -F) -14.680 -7.188 -0 . 1 2 2 -0.271 5.277 4.968 2 . 1

12 (6 -OMe) -14.092 -6.855 -0 . 1 2 0 -0.275 5.299 4.985 3.1
13(6-OH) -14.314 -6.982 -0.117 -0.276 5.294 4.989 1 . 8

14(5,7-C1) -14.770 -7.231 -0.133 -0.286 5.284 4.790 8 . 6

* - Previously synthesised in our group

i. For more information about these substituent constants please refer to: Medicinal 
Chemistry: Principles and Practice, edited by King, F.D. Cambridge, Royal Society o f Chemistry, 
1994
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Previously it has been demonstrated in our group that the analogues o f 

dequalinium exhibit correlation between their activity and E h q m o ,  E l u m o  or 

charge, where physical meaning was assigned to the correlation with Elumô ^̂  

(also see Chapter 1 - Introduction). However, for the compounds in Series I no 

such correlation with any of the above mentioned parameters, which are listed in 

Table 4,2 was found. Although the introduction o f substituents induced changes in 

the energies o f the frontier orbitals, their effect on the activity was rather small. 

Thus, whereas the activity o f the dequalinium analogues increases with the 

increasing E l u m o , this relationship could not be applied in the case o f these much 

more active cyclophanes. Possibly, the weaker interaction o f the dequalinium 

analogues with the receptor allows the effect o f the changes in E l u m o  to be 

observed. On the other hand, the significantly higher activity o f these Series I 

cyclophanes means that their interaction with the receptor is much stronger, with 

their potency no longer depending on the changes in the frontier orbital energy 

levels observed in this series.

All the results discussed above indicate that the investigated substituents at 

position 6  or 7 o f the quinoline rings of cyclophane 1 neither engage in the binding 

to the receptor, nor significantly interfere with this binding. It may be possible that 

a small decrease in the activity of some of these analogues results from partial 

steric intolerance at the site of action.

It has been mentioned in the introduction section that the conformational analysis 

of cyclophane 2  has been reported in our group and that both cis and trans 

conformers have been identified."̂ ®̂  The finding that spatial orientation o f the two 

quinolinium groups in these two conformers {cis and trans) is very different has 

led to the suggestion that only one of them is the active one. And, as for this very 

potent compound 2  the cis conformer was found to be more stable, preferred and 

populated, it seemed reasonable to assume it to be the active one."̂ ®̂

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Results and Discussion 152

In line with this conformational analysis of cyclophane 2 and in order to offei 

some support for the observed tolerance of the investigated substituents in Series 1 

we have decided to investigate any possible conformational changes accompanying 

their introduction. Therefore, cyclophane 1 was initially subjected tc 

conformational analysis which resulted in identification of two main conformatioi 

types within the examined energy range of 6  kcal/mol above the global minimum 

As described for cyclophane 2 two conformations were identified, one being ci: 

(synperiplanar) and another being trans (antiperiplanar) and they are shown in FI}.

4.1. The cis conformation is the global minimum for cyclophane 1 and is also the 

main conformation within the 3 kcal/mol energy range from this global minimum 

However, trans conformations do exist within this range, albeit at its higher limit.

Fig 4,1. Conformations o f  com pound 1 (cis and trans). H ydrogen atoms have been om itted f o r
clarity.

It should be noted that the cis conformation of cyclophane 1, shown in Fig 4.1, ii 

the only type of cis conformation that has been identified. This conformer i‘ 

different from the cis conformer previously reported for cyclophane 2 , and the 

difference lies in the angle between the planes of the two quinolinium groups."

ii. Due to this observed difference, we have repeated detailed conformational analysis o 
cyclophane 2 and this will be discussed in Section 4.2.
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Additionally, we have also examined relative population of energy level of each 

conformation that cyclophane 1 was found to exist in, since the potency of the 

compound is also related to the population of the ‘active’ conformer. This 

population could only be determined by calculating the Boltzmann distribution, but 

this is only an estimate of the real population, as it takes into account enthalpy 

changes only, whilst ignoring any entropy changes, as they are unknown. 

According to the Boltzmann distribution, 98.7% mol fraction of cyclophane 1 

populates the above discussed cis conformation"' and only 0 .6 % mol fraction is in 

trans conformations. Thus, according to this estimation the cis is not only the 

global minimum conformation, but significantly more populated than the trans 

conformation. Therefore, it seemed reasonable to assume that for cyclophane 1 the 

cis conformer shown in Fig 4.1 is the active conformer.

Conformational analysis of the Series I cyclophanes revealed that the introduction 

of substituents at positions 6  or 7 of quinoline rings had no pronounced effect on 

the conformational preferences of these analogues. In other words, the identified 

conformers matched those found for their parent compound -  cyclophane 1. This 

finding is in line with the small effect the substituents have on the SK channel 

blocking ability of these compounds.

Finally, the only compound in Series I showing significant drop in potency is 5,7- 

dichloro analogue, cyclophane 14, being almost 10-fold less active than the 

unsubstituted cyclophane 1 and 16-fold less active than the 7-CI substituted 

cyclophane 3. The observed drop in potency probably arises from the presence of 

the Cl substituent at the position 5, rather than two substituents in one quinoline 

ring. The possible cause for this negative effect of 5-CI substituent may be the 

orientation of its dipole or the effect it may have on the NH group at the position 4, 

to which it is very close in space. Conformational analysis of this analogue did not 

reveal any notable differences compared to compound 1 which could offer a 

possible explanation for the decreased potency.

iii. It should be noted that conformational analysis identified cis conformers at different 
energy levels above the global minimum, but they are the same as the global minimum and 
are all treated together as one cis conformer.
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4.2 SERIES II -  THE EFFECT OF SUBSTITUENTS IN  CYCLOPHANE 2

In line with the above described investigation, compounds of Series II were also 

analysed, with different substituents introduced in quinoline rings of cyclophane 2 . 

These analogues and their biological activities are presented in Table 4.3.

Table 4.3: Series II compounds

sy
Compound No. UCL No. Ks Rf, R? ICso ± s .d  (nM) EMR ±s.d.
r 1684 11 II II 3.57 ± I 1.44 ±0.13
15 2160 II II Cl I9 ±  I 7.3 ±0.8
16 2163 II CF3 II 27 ± 5 II ±2.3
17 2162 II II CF3 76±  10 31 ±5.5
18 2I6I II Cl II 21 ± 4 8 ± 2
19 2179 II II OMe 9.8 ±0.9 4.1 ±0.5
2 0 2193 II F II I 7 ± 2 6.9± I.I
21 2192 OCF, II 15 ± 2 5.9 ±0.8
2 2 2205 II Me II I 9 ± 2 7.6 ± 1.0
23 2244 II NO2 II 5.1 ±0.4 2 . 6  ± 0 .2
24 2296 II NII2 II 3.7 ±0.3 1.7 ±0.2
25 2358 H OMe II 15 ± 3 7.4 ± 1.5
26 2178 Cl II Cl 24 ± 4 I0±  1.9
* - Previously synthesised in our group

It is interesting that the activity of cyclophane 2 is almost equal to that of 

cyclophane 1 , yet the introduction of the same substituents in the quinoline rings 

produces significantly different results between the two analogues. In such a way, 

the observed tolerance of substituents described in Series I is not found in this 

series. From Table 4.3 we can see that all of the investigated substituents at 

positions 6  or 7 of the quinoline rings reduced the potency to a certain degree. 

However, although much more negative, the effect again does not seem to depend 

on the position of a particular substituent, and this is in agreement with the results 

obtained for Series I compounds (cf. compounds 15,17 and 19 vs 18,16 and 25).
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All substituents introduced at the position 7 significantly reduced the activity, but 

this is by far most pronounced for the 7-CFj substituted cyclophane 17, which is 

some 2 0  times less active that the parent analogue, cyclophane 2 .

With respect to the position 6 , at which more substituents were investigated, the 

negative effect of CF3 is again the most striking, although all other substituents 

also produce a decrease in potency. 6-NO2 and 6-NH2 are the only substituents 

which are reasonably well tolerated, with the drop in activity caused by the two 

substituents being rather small. Therefore, in this case the effect again obviously 

does not result from the electron-donating or withdrawing character of a particular 

substituent, since these two substituents have completely opposite electronic 

character, yet they similarly affect the activity. Additionally, no correlation could 

be found relating the observed drop in the activity to any of the substituent 

constants commonly used in structure-activity correlations, such as the previously 

mentioned Hammett a constant, Hansch n parameter or the steric descriptor, MR.

Again, MOPAC calculations were performed on the global minimum 

conformations of Series II analogues and the results are outlined in Table 4,4.

Table 4.4. Frontier orbitals, partial atomic charges and interatomic distances fo r  Series / /

Compound TinoMO Elumo N'charge N'charge n '-n ' n '-n ' EMR
2 * - 1 4 . 7 0 3 - 7 . 1 0 6 - 0 . 1 1 8 - 0 .2 7 3 5 .7 6 3 6 . 5 6 2 1 .44

15  (7 -C I ) - 1 4 . 7 6 9 -7 .2 5 1 - 0 . 1 1 9 - 0 . 2 7 5 5 .7 8 1 6 . 5 6 8 7 .3

1 6 ( 6 - C F 0 - 1 4 . 9 9 4 - 7 . 5 7 8 - 0 . 1 1 8 - 0 . 2 7 5 5 . 7 6 3 6 . 6 6 8 11

1 7 ( 7 - C F ; , ) - 1 4 . 9 1 6 - 7 . 4 8 6 - 0 .1 1 5 - 0 . 2 7 2 5 . 7 7 2 6 . 6 3 6 31

18  ( 6 -CI) - 1 4 .6 9 1 -7 .3 8 1 - 0 .1 1 3 - 0 . 2 7 8 5 . 7 6 2 6 . 6 3 8 8

19  ( 7 - O M e ) - 1 4 . 5 2 0 - 6 . 8 4 6 - 0 . 1 2 6 - 0 .2 8 1 5 . 7 2 8 6 . 5 7 6 4.1

2 0 ( 6 -F ) - 1 4 .7 2 1 - 7 . 3 8 6 - 0 .1 1 2 - 0 . 2 7 5 5 . 7 4 9 6 . 5 9 0 6 .9

21 ( 6 - O C F 3) - 1 4 . 6 4 0 - 7 . 4 1 8 - 0 .1 1 1 - 0 . 2 7 4 5 . 7 8 6 6 . 5 9 7 5 .9

2 2  ( 6 - M e ) - 1 4 . 4 9 8 - 7 . 1 1 8 - 0 .1 1 3 - 0 . 2 8 0 5 . 7 4 8 6 . 6 3 5 7 .6

2 3  ( 6 -  N O 2) - 1 5 . 1 5 9 - 8 . 0 2 4 - 0 . 1 2 0 - 0 . 2 6 5 5 . 8 7 0 6 . 7 0 9 2 .6

2 4 ( 6 - N H 2 ) - 1 3 . 8 0 9 - 6 . 9 3 0 - 0 .1 0 1 - 0 . 2 8 2 5 . 7 1 4 6 . 5 9 0 1.7

2 5  ( 6 - O M e ) - 1 4 .1 4 1 - 6 .9 9 1 - 0 . 1 0 8 - 0 . 2 7 7 5 . 7 6 7 6 .6 0 1 7 .4

2 6  ( 5 , 7 -C I) - 1 4 . 7 2 9 - 7 . 2 5 5 - 0 . 1 2 9 - 0 . 2 8 4 5 .8 3 5 6 . 4 3 5 10

Previously synthesised in our group
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In this series of compounds the reduction in the activity observed upon the 

introduction of substituents is in some cases significant, but it does not seem to 

depend on the observed changes in the frontier orbital energies, listed in Table 4,4. 

The scatter plot of pEMR vs E l u m o , a parameter previously found to correlate 

with the activity of the dequalinium analogues, is shown in Chart 4,1.

Chart 4.1: pEMR vs E lumo
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Chart 4.1: Series II - plot o f  pEMR vs E î umo

In order to get some insight into the cause of the observed substituent effect, 

conformational studies were undertaken on these analogues, as described for Series 

I analogues. As previously discussed, we have found that the most stable cis 

conformation of compound 1 differs in the spatial orientation of its two 

quinolinium groups from the cis conformation reported for compound 2. 

Therefore, we have decided to repeat detailed conformational analysis of 

compound 2 before analysing conformational preferences o f other Series II 

analogues. This analysis identified the cis conformation previously reported for 

cyclophane 2, but not as the global minimum conformation. Instead, the identified 

global minimum conformation is the cis conformation of the type described for 

cyclophane 1. However, it should be noted that in our case dielectric constant was 

set at 2  in all conformational searches (see experimental section), whereas in the 

previous analysis the conformational search was performed with dielectric constant 

of 1, 4 and 78.5, and therefore, we have repeated conformational search for 

cyclophane 2 with these three dielectric constants. Nevertheless, in all cases
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similar results were obtained, with the cis conformation analogous to that 

described for cyclophane 1 being the global minimum. This cis conformation is 

shown in Fig 4,2. The other type o f cis conformation has been identified with all 

four different values o f dielectric constant, but not as the global minimum 

conformation.

According to the estimation o f the Boltzmann distribution, 73% mol fraction 

populate the cis conformer shown in Fig 4,2 (this is same as the cis conformer of 

cyclophane 1 and in general this will be referred to as Type 1 cis conformer), 7.6% 

mol fraction populate the other type o f cis conformation previously reported in our 

group (this conformer will be referred to as Type 2 cis conformer), whereas 6.1% 

mol fraction of cyclophane 2  were found to be in trans conformation.

Fig 4.2. Cis and Trans conformations o f  compound 2

Following this detailed analysis o f cyclophane 2, conformational behaviour of 

other analogues in Series II was investigated.*'' However, whilst investigating 

possible conformational changes induced by the presence o f different substituents,

iv. Following detailed studies of conformational behaviour of cyclophane 2 all further 
conformational studies were performed with dielectric constant 2.
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we were unable to find any notable differences which could possibly account for 

the observed drop in their biological activity.

Finally, in Series II the effect observed upon the introduction of the Cl atom at 

positions 5 and 7 of the quinoline rings is also different from that observed in 

Series 1. Here, although cyclophane 26 is much less active than its unsubstituted 

analogue, cyclophane 2 , its activity is not significantly lower than that of 

compound 15, the 7-CI analogue. Thus, the introduction of the Cl atom at the 

position 5 of the quinoline ring in addition to 7-CI substituent does not 

significantly alter the activity. However, it should be noted that unlike in Series I, 

the 7-CI analogue in this series is already significantly less active than the 

unsubstituted cyclophane 2. So, it is most likely that the presence of 5-CI 

substituent in addition to 7-CI does not cause further notable drop in already 

decreased activity, but would on its own similarly reduce it.
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4.3 SERIES III - INVESTIGATION OF THE LINKERS IN  COMPOUND 1 (I)

The structures o f Series III analogues and their biological results are shown in 

Table 4.5.

Previously synthesised analogues of compound 1, UCL 1848 have either upper or 

lower linker shortened to 4 carbon atoms. By this way the distance between the 

two exocyclic or the two ring N atoms was decreased relative to compound 1. This 

was followed by the introduction of unsaturation in the linker having 4 carbon 

atoms, which increased the rigidity o f the resulting cyclophanes.

The synthetic route aiming for the analogue with triple bond midway through the 

lower linker with 4 carbon atoms resulted in analogue 29, analysis o f which 

confirmed it to have a structure shown in Fig 4.3.

■NH

Fig 4.3: Exact structure o f  analogue 29

Table 4.5: Series III  compounds

Compound No. UCL No. Lj l2 ICso -drs.d (nM) EMR ±s.d.
1 * 1848 C5 C5 - 3 1

i T 1898 C5 C4 15 6.7 (0.02')
28* 1918 C4 C5 4 3.3 (0.01')
29* 2060 C5 C4-allene >150 >75
30* 2075 C4-triple C5 14 ± 4 5.6 ± 0.5
31 2279 C5 C4-double 42 ± 6 1 9 ± 4
32 2345 C4-double C5 13 ± 3 6.1 ±1.5

*  -  P reviously  synthesised  in ou r group; • -  U sing dequilin ium  as a reference

We can see that shortening o f either o f the two linkers o f compound 1 from 5 to 4 

carbon atoms resulted in some loss of potency, with this effect being around twice
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more pronounced for the alteration o f the lower linker (of. compound 27 and 28). 

Obviously, the distances between N atoms o f the two quinolinium groups have 

been changed and these distances are presented, together with the MOPAC 

calculations (performed on the global minimum conformation o f each analogue) in 

Table 4,6.

Compound Ehomo Elumo N’charge N'charge N’-N’ (A) n *-n *(A) EMR
r -14.652 -6.991 -0.126 -0.274 5.291 5.017 1
27* -14.860 -7.165 -0.130 -0.270 4.158 4.357 6.7
28* -14.841 -7.129 -0.122 -0.282 5.063 4.084 3.3
29*’'' -10.899 -7.321 (-0.028H-0.138) -0.262 3.425 4.508 >75'''
30* -14.715 -6.980 -0.119 -0.286 5.404 5.246 5.6
31 -14.920 -7.259 -0.132 -0.267 3.851 4.470 19
32 -14.893 -7.209 -0.120 -0.281 4.798 3.618 6.1

*  -  Previously synthesised in our group

From these results we can see that the distance between the quatemised ring N  

atoms seems important for potency, but only a moderate correlation between the 

activity and this distance has been found. Chart 4,2 shows this correlation, 

indicating that for the Series III analogues the lower the distance the less active the 

compound. This finding can be compared with the previous finding for the 

dequalinium analogues. For these non-cyclic compounds it has been found that 

changing the linker between ring N atoms from 5 to 12 carbons did not alter the 

activity^(also see Chapter 1 - Introduction). On the other hand, analogues of 

compound 1 with extended linkers, previously synthesised in our group, were 

found to be much less active. Here, we show that the activity o f Series III 

compounds, which are analogues of compound 1 with one o f the linking chains 

reduced to 4 atoms, depends on the separation between the two ring N  atoms and 

for the optimal binding to be achieved it should not be lower than ~5.3Â (the 

separation found in compound 1). On the other hand, in the analogues of 

dequalinium, the optimal separation was also found with 5 carbon linker, but the 

distance was over 7Â in this case, whereas decreasing the linker to 4 C atoms

V. MOPAC calculations were performed on the global minimum trans conformation,
vi. The exact EMR value o f this analogue is unknown, but for the purpose o f the calculation

o f pEMR it was taken to be equal to 100.
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results in the drop in the activity, with the distance between the ring N atoms being 

reduced to 6 .2 Â.

Chan 4.2: pEM R vs N^-N^ DIS TA NOE
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0 y = 0.7101x-4.1246 
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Chart 4.2. Series / / /  -  plot o f  pEMR  vs the distance between the two ring N  atoms (Â)

However, it is not the distance between the individual atoms that is important for 

the compound's interaction with the receptor, but this distance is rather a reflection 

of the separation between the two quinolinium groups. Therefore, the differences 

between the conformational preferences of these analogues were also investigated. 

The conformations observed for analogues 27 and 28 are very similar to 

cyclophane 1 , indicating that variations in the separation of the two quinolinium 

groups are most likely governing their binding to the receptor.

For the analogues with double bond midway through one of the linkers, namely 

compounds 31 and 32, the results are somewhat different. Both of these analogues 

have cis conformation as their global minimum, but there is a difference between 

the populated (Boltzmann distribution) cis conformers of these two analogues. In 

other words, as previously mentioned all populated cis conformations of compound 

1 are virtually the same -  they give a very good overlap upon superimposition. 

The populated cis conformations of compound 32 can not be overlapped in such a 

way, as indicated in Fig 4,4. However, this difference in the spatial orientation of 

the quionlinium groups between the populated cis conformers is much more 

obvious for cyclophane 31, which also exhibits lower activity {Fig 4.4).
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Therefore, a possible explanation is that Type 1 ‘active’ cis conformer identified 

for cyclophane 1 is a ‘perfect fit’ for the receptor. Compound 31 shows 20-fold 

decrease in the activity, which may arise both from the decreased distance between 

the ring N atoms as well as a substantial variations o f the quinolinium group 

orientation in its existing cis conformations. On the other hand, the distance 

between the ring N  atoms in analogue 32 is obviously not so much decreased and 

the differences between its existing cis conformations are less pronounced, hence 

the compound shows smaller, 6 -fold, drop in the activity.

Fig 4,4: Overlap o f  cis conformers o f  compound 31 (i^ft) and compound 32 (right) -  hydrogen 
atoms have been omitted fo r  clarity

Furthermore, in compound 30, the upper linker has a triple bond midway through 

its 4 carbon chain, and the linearity o f this bond changes the spatial orientation of 

the two quinolinium groups. Moreover, in its cis conformation these heterocyclic 

moieties are kept in an open form, which differs from Type 1 cis conformation and 

is more similar to Type 2 cis conformation identified and previously mentioned for 

compound 2. So, it is possible that the observed drop in potency is due to this 

analogue being unable to take up the desired ‘active’ cis conformation. However, 

it should be noted that the drop in potency of this analogue is small, but so is the 

overall change in the distance between its quinolinium groups. This cis 

conformation is represented in Fig 4,5, with compound 1 shown for comparison.
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Fig 4.5: Cis conformation o f  compound 30 (left )  -C is  conformation o f  compound 1 (right) is 
shown fo r  comparison.

On the other hand, compound 29, which is the least active analogue in this series, 

is highly strained, having two adjacent double bonds in the lower linker and its 

global minimum conformation was found to be trans. Also, for this analogue 

Boltzmann distribution calculations were performed, which indicated that the 

population of this trans conformer is significantly greater than cis conformer 

(n/ra«j/nc,5 > 100'"'). Moreover, it should be noted that this analogue is the only one 

lacking the symmetry along its C2 axis. So the lack of symmetry, the high strain 

resulting from the presence of two double bonds in the lower linker and the 

reduced distance between the ring N atoms could all be responsible for the low 

activity of this analogue.

All analysis of different cyclophanes discussed so far indicates that Type 1 cis 

conformer is most likely the ‘active’ conformer. If this indeed is the case, than 

high population of the trans conformer of cyclophane 29 is the most likely 

explanation for its low activity. So, it is possible that whilst being unable to take 

up the ‘active’ cis conformation at the site of action, this compound ends up being 

a very poor SK channel blocker.

îrans ~  ratlo o f  the  p o p u la t io n  o f  cis  and trans  c o n f o r m a t io n .
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4.4 SERIES I V - INVESTIGATION OF THE LINKERS IN  COMPOUND 1 (II)

It has already been mentioned that compound 1, UCL 1848 is the most active 

analogue synthesised in our group and that many alterations have been carried out 

on its linkers in order to improve the activity. An interesting aspect is the 

alteration o f one or both linkers in this analogue, whilst the number o f atoms 

separating both the ring N atoms and exocyclic N atoms was kept constant at five.

In such an investigation the analogues previously synthesised in our group are 

listed in Table 4 .7 (marked with *). In order to aid our structure-activity analysis 

we aimed to synthesise some other analogues in Series IV, also listed in Table 4 .7.

Table 4.7: Series IV  compounds

NH

Compound No. UCL No. l2~(CH2)s ICso drs.d (nM) EMR ±s.d.
1* 1848 Li = (CHz); 1.95 +0.2 1
34* 2082 L, = (CH2)2C(C0)(CH2)2 12 ± 1 3.6 ± 0.4
35* 2097 L, =  (CH2)2CH(0H)(CH2)2 3.2 ±0.3 0.91 ±0.11
39* 1964 L, = (CH2)2S(CH2)2 18 + 3 5.3 ±0.9
40* 1950 L, = (CH2)20(CH2)2 16±4 5 ±  1.1
45 2330 L, = (CH2)2CH(CH3)(CH2)2 5.9 ±0.8 2.6 ±0.5

L,=(CH2),
41* 1989 L2=(CH2)2S(CH2)2 4.1 ±045 1.2 ±0.2
42* 1963 L2=(CH2)20(CH2)2 4.8 ± 0.4 1.4 ±0.16
37 2344 L2=(CH2)2C(C0)(CH2), / /
38 / L2=(CH2)2CH(0H)(CH,), / /
46 2317 L2=(CH2)2CH(CH3)(CH2)2 3.8 ±0.4 1.7 ±0.3

Lj =  L2
43* 1991 (CH2)2S(CH2)2 42 ± 9 12 ±3
44* 1949 (CH2)20(CH2)2 17 ± 2 5.1 ±0.8
47 2329 (CH2)2CH(CH3)(CH2)2 5.2 ±0.9 2.3 ±0.5

* - Previously synthesised in our group

From the results presented in Table 4.7 we can see that the middle CH2 group in 

the lower pentyl linker o f compound 1 can be replaced with either S or O atom 

(compounds 41 and 42), without significant loss in potency. However, the same
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alteration in the upper linker, to give S substituted analogue 39 and O substituted 

analogue 40 produces 5-fold drop in potency in both cases. Doubly modified 

analogue 44 with O atom in both linkers is, as expected, equally active to 

compound 40, with no further decrease in the potency caused by the presence o f O 

atom in both o f its linkers. On the other hand, the activity o f compound 43 is 

significantly lower than predicted, with the presence o f S atom midway through 

both linkers inducing a further notable decrease in the activity and the resulting 

cyclophane being an order o f magnitude less active than cyclophane 1. This 

unexpected observation is difficult to rationalise, even more so because other 

analogues were found to behave similarly regardless o f whether CH] was replaced 

by O or S atom (cf compounds 39 vs 40 and 41 vs 42).

Additionally, compounds 34 and 35, which were also previously synthesised in our 

group have carbonyl and hydroxy group, respectively introduced midway through 

the upper pentyl linker of compound 1. The presence o f the carbonyl group in 

compound 34 produces over 3-fold drop in potency, whereas a polar hydroxy 

group present in compound 35 is fully tolerated. It should be noted however that 

in compound 35 only one H atom on the middle sp̂  hybridised C atom is replaced, 

whereas compound 34 involves removal o f both hydrogen atoms as well as 

hybridisation change of the middle C atom to sp .̂ Also, the carbonyl group can act 

as a strong H-bond acceptor only, whereas the OH group is a strong H-bond donor 

and acceptor.

Since the above discussed analysis indicates that the alteration o f the upper linker 

of compound 1 is less favourable than that o f the lower linker, we have chosen to 

further investigate the effect o f the carbonyl and the hydroxy group, by introducing 

them into the lower linker, so to obtain compounds 37 and 38. Unfortunately, 

these cyclophanes could not be biologically evaluated. Compound 37 was 

successfully synthesised after series o f difficulties discussed in Chapter 3 - 

Synthesis. However, its instability in DMSO made its biological testing in this 

solvent impossible. The analogue was insufficiently soluble in alternative 

MeCN/HzO solvent system, which therefore prevented its testing. Compound 37 is
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also a precursor in the synthesis of compound 38. The small amount o f this 

analogue, accompanied by its low stability, resulted in unfeasible synthesis of 

compound 38.

Additionally, the activity o f cyclophanes 45, 46 and 47 was also investigated, with 

CH3 substituent introduced on the middle carbon atom of the upper, lower and both 

linkers o f compound 1, respectively. All three analogues were found to be 

somewhat less active than compound 1. Analogue 46 is slightly more active than 

compound 45, which is just over 2-fold less active than compound 1. It is 

interesting that the doubly substituted compound 47 seems marginally more active 

than compound 45. However, when the standard deviation is taken into account 

compounds 45 and 47 are virtually equi-active. So, it seems that the introduction 

of methyl group in any o f the two linkers is accompanied by a very small decrease 

of potency, with the introduction o f the second methyl group in the opposite linker 

producing no further unfavourable results. The CH3 group is slightly more 

tolerated in the lower linker, consistent with the previous findings that the upper 

five carbon linker of compound 1 seems more sensitive to any changes.

The investigation o f conformational behaviour o f cyclophane 35 merits discussion. 

For this analogue, which is equi-active to compound 1, the trans conformation was 

not identified at all. This finding offers further support to the previous suggestion 

that the cis conformation of Type 1 is most likely the one that offers the best 

possible interaction of these bis-quinolinium cyclophanes with their receptor on the 

SK channel. Therefore, those cyclophanes which show high preference for the 

‘active’ cis conformation might be expected to be highly potent SK channel 

blockers.

A few conclusions can be drawn from this investigation. At this stage, the upper 

pentyl linker of compound 1 seems to be more sensitive to any o f the investigated 

alterations. However, it was found to be able to tolerate certain modifications, one 

of these being the introduction o f the polar hydroxy substituent. The lower pentyl 

linker however, seems to be better at tolerating the investigated changes, where its
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replacement by diethylether or diethylthioether linking moiety was found not to 

significantly alter the activity. It would have been very interesting to investigate 

the introduction o f the hydroxy group midway through this linker, as it is the only 

substituent which is fully tolerated in the other, more sensitive linking chain. 

However, there is a possibility that this lower linker simply tolerates the changes, 

without them producing the desired increase in the activity. In any case, an 

attempt to synthesise analogues 37 and 38 should be repeated in the future.

As outlined in Chapter 2 -  Selection o f  Compounds, we have also attempted 

synthesis of iodinated compound 64. The final aim of this work was to synthesise 

radioligand for SK channel. The hydroxy compound 35, proven to act as potent 

blocker o f SK channel was chosen as the precursor for the synthesis o f iodo- 

cyclophane 64. This route was selected as substitution o f alcohol by iodine is a 

common method for the synthesis of alkyliodides and provides a possible route for 

iodination o f this cyclophane as the final step, so to minimise eventual handling of 

the radioactive material. However, as our chosen synthetic routes using compound 

35 as the precursor proved unsuccessful and since the lower linker o f compound 1 

seems to be better at tolerating any changes, the introduction o f iodine in the lower 

linker seems like a reasonable alternative. Nevertheless, the synthesis of 

cyclophane 38 needs to be achieved before the iodination o f its lower linker can 

even be considered.
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4.5 SERIES V - TOWARDS THE INTRODUCTION’^̂ I

The cyclophanes belonging to this series were synthesised with one final aim -  the 

design o f radioligand for SK channel. As mentioned in the introduction, iodination 

of compound 2  was previously achieved in our group, but the iodinated analogue 

was insufficiently active to be used in radioligand binding studies.

Therefore, aiming for the design of a potent radioligand. Series V compounds were 

synthesised. The parent compound 51 was chosen as its structure is similar to 

some of the most active analogues described in our group to date. Also, its meta- 

disubstitution o f the lower benzene ring enabled ‘clean’ introduction o f iodine at a 

single position o f this benzene ring, following its activation with the hydroxy 

group. The structures and activities o f cyclophanes belonging to this series are 

given in Table 4.8.

Table 4.8: Series Vcompounds

1— '—1
NH

R2
IL JL J

Compound No. UCL No. Ri Rt ICso drs.d (nM) EMR ±s.d.
r 1848 / / 1.95 ±0.2 1

51 2265 H H 33 ±4.5 12 ±2.3
52 2271 OMe H 97 ±15 38 ± 8
53 2272 OH H 394 ± 69 153 ±35
54 2287 OH I 348 ± 59 136 ± 30

* - Previously synthesised in our group

As indicated in Table 4.8, the parent compound 51 is itself significantly less potent 

SK channel blocker than compound 1 or 2. However, the results caused by the 

presence o f the OH group in cyclophane 53, are striking, showing even more 

dramatic decrease than that observed with the previously synthesised compound 

49.
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Therefore, in order to obtain some insight into this observation, we have 

investigated the conformational changes associated with Series V cyclophanes. 

However, unlike the previously discussed conformational differences associated 

with compounds 2 and 48-50 (see Chapter 1 - Introduction), no such differences 

were found between compounds 51-54. They all show preference for the cis 

conformation and superimposition revealed that there is very little difference 

between the cis conformations of these four analogues, as shown in Fig 4,6. It 

should be noted that Fig 4,6 indicates that there is almost a perfect fit between the 

global minimum cis conformers of compound 51-53. Compound 54 is the one for 

which a slight variation is observed.

Fig 4.6: Superimposition o f  the global minimum cis conformers o f  compounds 51-53 only (left)

and including compound 54 (right) -  atoms o f  one quinoline ring o f  each cyclophane 

have been superimposed in order fo r  the variations in the spatial orientation o f  other 

quinolinium ring to be more clearly observed. Hydrogens have been omitted fo r  clarity.

The above results indicate that conformational changes are not the reason for the 

observed drop in the activity o f the Series V analogues. The introduction of OMe 

group to give cyclophane 52 itself decreases the activity and this decrease is much 

more pronounced following its replacement by the highly polar OH group found in 

compound 53. Therefore, it seems that the unfavourable result is due to physico

chemical properties associated with the OH group. The addition of the highly 

lipophilic I results in compound 54, which is slightly more active than the hydroxy 

analogue. As previously suggested for dequalinium analogues, higher solvation of

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Results and Discussion 170

the blocker may result in the weaker interaction with the receptor/^^ The presence 

of the OH group may cause higher solvation of the compound and hence reduced 

the association with the receptor. Alternatively, the acidity o f H atom of the OH 

group should not be ignored, as its presence may be unfavourable at the site of 

action. However, if  the later argument was true, than the iodinated analogue 54 

would be expected to have lower activity than compound 53, as the introduction of 

iodine should slightly increase the acidity o f the OH hydrogen.

It is interesting that both cyclophanes 50 and 54 tolerate the presence o f the large I 

atom in the benzene ring, clearly pointing to the OH group as the sole cause o f the 

reduced activity o f these two compounds.

Needless to say, the idea o f taking cyclophane 54 into radioligand binding studies 

was dropped due to its low activity.
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4,6 SERIES VI - INVESTIGATION OF THE LINKERS IN  COMPOUNDS 1 

AND 2

As mentioned in Chapter 2 -  Selection o f  Compounds, we have synthesised two 

analogues that have 1,4-dimethylcyclohexane as the top linker. Before moving 

onto discussion o f the results obtained upon the introduction o f this linking moiety, 

some other alterations o f the linkers in cyclophanes 1 and 2  previously investigated 

in our group should be briefly discussed. This type o f investigation deals with the 

aspect o f changing one of the two linking moieties in compounds 1 and 2 , with the 

aim to identify the effect o f a combination o f various alkyl or alkyl/xylyl linkers, in 

search o f the more active cyclophanes. These are Series VI analogues and their 

structures and activities are listed in Table 4,9.

Table 4.9: Series VIcompounds

Compound No. UCL No. Li l2 ICso drs.d (nM) EMR ±s.d.
r 1848 C5 C5 1.95 ±0.2 1

2 ' 1684 p-xylene m-xylene 3.57+1 1.44 ±0.13
55* 1894 C5 m-xylene 31 11 (0.033*)
56* 1897 C6 m-xylene 35 15 (0.045*)
60 2341 Cyclohex^ m-xylene 1.69 ±0.23 0.81 ± 0 . 2 2

57* 1882 p-xylene C5 60 22.7 (0.068*)
58* 1912 C6 C5 12 5.7 (0.017*)
61 2354 Cyclohex^ C5 114 ± 3 0 54 ±15
59* 2061 C5 p-xylene 4.4+1 .6 1.8+0.3
51 2265 m-xylene C5 33+4.5 12+2.3

*  - Previously synthesised in our group; • - Using dequilinium as a reference; 1,4-dimethylcyclohexane

In Chapter 1 - Introduction it was mentioned that the substitution pattern of  

disubstituted benzene rings in the two linkers of compound 2  is critically important 

for its blocking potency, which resulted in the suggestion that the shape or the size 

of the drug may be crucial determinant o f the activity."̂ °̂
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Additionally, as presented in Table 4.9, the linkers found in compound 1 and 2 can 

not be favourably combined. In any case, the combination o f one linker being 

dimethyl benzene and the other being straight chain produced a drop in activity. 

The only tolerable combination is that found in compound 59, for which it should 

be noted that the substitution pattern o f the benzene ring in its lower linker is 

different than that found in compound 2 .

We have chosen to synthesise compounds 60 and 61, in which the upper linker of 

compounds 2 and 1, respectively was replaced by 1,4-dimethylcyclohexane. The 

presence of the saturated cyclohexane in place o f the flat aromatic benzene ring of 

compound 2  should affect the way the two quinolinium groups are held and the 

extent o f their movement. Also, the introduction o f the cyclohexane linker in 

compound 1 , as a replacement o f the straight chain pentyl linker should similarly 

affect the properties of this analogue. The introduction o f the cyclohexane linking 

moiety introduces separation o f 6  carbon atoms between the two exocyclic N 

atoms. It should be noted that the extension o f the upper linker from 5 carbon 

atoms in compound 1 to 6  carbon atoms, found in compound 58, does not cause a 

dramatic decrease in potency, whereas the replacement o f the top linker o f  

compound 2 with hexyl linker (compound 56) is more unfavourable.

The biological results obtained for analogues 60 and 61, also presented in Table 

4.9, are indeed very interesting. The replacement o f the upper linker o f compound 

2 by 1,4-dimethylcyclohexane to give compound 60 is not only tolerated, but 

produces almost 2-fold increase in the potency. The resulting compound 60 is 

even marginally more active than cyclophane 1 , previously the most active 

analogue (if we do not consider cyclophane 3, which has 7-Cl substituent in its 

quinoline rings). This finding is even more striking since the analogue 56 is 

notably (about 15 times) less potent than cyclophane 2 .

On the other hand, the decrease in the activity associated with compound 61 is 

remarkable, with this cyclophane being over 50-fold less active than compound 1. 

Moreover, the drop in the activity associated with the introduction o f the
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cyclohexane linker as the replacement o f the upper pentyl linker o f compound 1 is 

far more significant than that produced by either w-dimethylbenzene, p- 

dimethylbenzene or hexyl linker (see compounds 51, 57 and 58, respectively).

The two new bis-quinolinium cyclophanes, compounds 60 and 61, together with 

their parent analogues 1 and 2 , where chosen for more detailed analysis, with the 

aim of resolving the observed variations in potency arising from different 

combinations o f the two linking moieties. Conformational analysis was 

approached by looking into differences between these four cyclophanes.

The first interesting observation is that for both analogues 60 and 61 the identified 

global minimum conformation is not cw, but has the two quinolinium groups in the 

trans orientation relative to each other. But, cis confomations also exist for both of 

these analogues. As previously mentioned, the population o f the ‘active’ 

conformation also determines the potency o f the compound. In case o f compound 

60, the population of trans conformer was higher, but according to Boltzmann 

distribution calculations, which ignore any entropy changes, the cis conformer is 

also populated to a certain extent, with two different trans conformations occupied 

by 70.1%mol fraction, whereas the previously suggested ‘active’ cis conformer 

(Type 1) is occupied by 25.6% mol fraction. It should be noted that for this 

analogue two conformers have been identified as the Type 1 cis conformers and 

together they are populated by 25.6%mol fraction. On the other hand, for analogue 

61 two different types of cis conformation have been identified. Type 1 as well as 

Type 2 cis conformation previously identified for some analogues. The ‘active’ 

Type 1 cis conformer populated by only 3.4% mol fraction. The ratio of 

population o f trans (both trans conformers together) to cis (Type 1 conformer(s) 

only) is calculated to be ntrans/ncis~2.7 for compound 60 and ntrans/ncis~24.3 for 

compound 61. So, the proposed ‘active’ conformer is populated to a greater extent 

in the significantly more active compound 60 than in compound 61. But, the 

observed difference in relative population o f different conformations is much less 

pronounced than the striking difference in the activity o f the two analogues.
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Assuming that Type 1 cis conformation is indeed the ‘active’ one we have decided 

to further analyse this conformation in cyclophanes 60 and 61 and compare them to 

the corresponding cis conformations of compounds 1 and 2. Type 1 cis 

conformers of compounds 60 and 61 are shown in Fig 4.7  (two for compound 60 

and one for compound 61). By superimposing these assumed ‘active’ cis 

conformers of the two analogues we have found that in compound 61, which is 

significantly less active, the cyclohexane ring is spatially orientated in such a way 

that it ‘sticks out’. In other words, the upper linker of compound 61 in the ‘active’ 

cis conformation can not be overlaid with the upper cyclohexane linker in the two 

‘active’ cis conformers of compound 60 {Fig 4 .7).

Fig 4.7: Two identified Type 1 cis conformations o f  com pound 60 (top), Type I cis 
conformation o f  com pound 61 (bottom left) and superim posed Type 1 cis 
conformations o f  com pounds 60 and 61 (bottom right). H ydrogen atom s have been  
omitted f o r  clarity

Furthermore, we have decided to compare the above identified cis conformers of 

compounds 60 and 61 to those found for compounds 1 and 2. Through this 

analysis it has been found that the upper cyclohexane linker in the two Type 1 cis 

conformers of compound 60 can be overlaid with the upper linker of both 

compound 1 and 2 {Fig 4.8). The same has not been observed for compound 61. 

Upon superimposing its relevant cis conformer with Type 1 cis conformers of 

compound 1 as well as compound 2  it can be clearly seen that its cyclohexane 

linker is not overlaid, but has a rather different spatial orientation {Fig 4.8). This
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could possibly be the cause for the observed drop in the activity o f compound 61, 

by posing a sterical problem and interfering with the compound’s ability to interact 

with the receptor. The Type 1 cis conformers of compounds 60 and 61 which 

include Van der Waals radii of atoms are shown in Fig 4.9, and they somewhat 

indicate how the above described spatial orientation of the cyclohexane linker of 

compound 61 increases the overall bulkiness of this part of molecule.

Fig 4.8: Superim posed cis conformers o f  com pound 60 and com pounds 1 (top left) and 2(top 
right) and com pound 61 with com pounds I (bottom left) and 2 (bottom right). 
Hydrogen atoms have been om itted f o r  clarity
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Fig 4,9: Type I cis confromers o f  compounds 60 (left) and 61 (right) presen ted with atomic 
Van der W aal’s ’s radii.

In Series III a correlation between the activity and the distance between the ring 

nitrogen atoms was offered. However, although suggesting that the distance found 

in compound 1 is optimal for the receptor interaction, this only relates it to the 

analogues with a decreased distance. Therefore, we have chosen to investigate the 

distances between N atoms of compounds 1, 2, 60 and 61 and these are presented 

in Table 4,10.

Table 4.10
Com pound No. n '-n '(A) Nf*-N"(À) ICso ± s .d  (nM) EM R ±s.d .

1 5.291 5.017 1.95 ±0.2 I
2 5.763 6.562 3.57 ± I 1.44 ±0.13
60 5.543 5.543 1.69 ±0.23 0.81 ± 0 .2 2
61 5.287 4.934 114 ±30 54±  15

Thus, the shortening of the distance is unfavourable for the potency and so is 

significant lengthening of this distance. But, by considering these analogues, it is 

obvious that the distance between the ring nitrogen atoms can be slightly increased, 

without loss in activity (cf. 1 to 2 and 60). Additionally, the distance between the 

exocyclic nitrogen atoms can also tolerate some changes, as there is an increase of 

0.5Â and I.5Â for compounds 60 and 2, respectively, relative to compound 1, 

without significant activity changes. However, no variations in these distances can

T h e s e  w ere  a ll c a lc u la te d  fo r  th e  p red ic ted  ‘a c t iv e ’ cis c o n fo r m a t io n
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be used to explain the dramatic drop in the activity associated with compound 61, 

as they remain virtually unchanged compared to compound 1 .

All analogues in this Series VI point to the following conclusion -  cyclophanes 1 

and 2  produce very different results when exposed to the same structural changes. 

The most striking difference is caused by the introduction of 1,4- 

dimethylcyclohexane as the upper linker replacing the pentyl chain in compound 1 

(compound 61) and /?flra-dimethyl benzene in compound 2  (compound 60), 

resulting in over 50-fold drop in potency in the former case, but just under 2-fold 

increase in the latter case.

As previously discussed, the estimated population o f the trans conformer of 

compound 1 is negligible (being<l% mol fraction), and that o f compound 2 , 

although somewhat higher, is still very low, with over 93% mol fraction populating 

the cis confromer. This, together with the finding that the least active analogue in 

Series III, compound 29, prefers the trans conformation and that for the very 

potent cyclophane 35 - Series IV no trans conformation has been found, offers 

support to the argument that the cis conformer (more precisely. Type 1 cis 

conformer) is the ‘active’ form. By adopting this argument and through analysis of 

compounds 60 and 61 we have shown that, apart from the orientation o f the two 

quinolinium groups relative to each other, the spatial orientation o f the upper linker 

also seems very important for the potency o f a particular cyclophane. If the two 

quinolinium groups are held in the ‘correct’ position, than this effect o f the upper 

linker, if  true, is most likely to be steric in nature.

However, the finding that one o f the most potent cyclophanes, compound 60, 

shows preference for the trans conformation should not be overlooked. The 

strength o f our argument that the cis is the active conformation is somewhat 

decreased by this finding. Nevertheless, it is important to note that none of the 

highly potent analogues show trans conformation only; amongst all analysed, 

compound 60 is the only one which shows preference for the trans conformation, 

and yet it also has reasonably well populated cis conformer. Therefore, although
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further conformational analysis o f these bis-quinoliium cyclophanes is needed 

before the active conformer can be more reliably assigned, the arguments 

supporting the assignment o f Type 1 cis conformation as the ‘active’ one by far 

outweigh those against it.

The drop in activity o f compound 61 could be result o f the combination o f the 

poorly populated ‘active’ cis conformation and the unfavourable spatial orientation 

of its upper linker in this conformation.

In any case, our discovery that the introduction o f saturation in the upper benzene 

linker o f compound 2  produces a small increase in activity opens a whole new 

avenue for exploration. The fact that compound 60 is the only analogue that does 

not have the pentyl chain as its upper and lower linker and yet is equi-active to 

compound 1 makes this finding even more interesting. As mentioned in the 

introduction, these bis-quinolinium cyclophanes, just like much less active 

dequalinium and its analogues, have advantage over apamin, as they have fast 

onset o f action and rapidly dissociate from the receptor following their washout. It 

is important to say that these properties are retained by compound 60, which was 

found to be even more easily washed out than compound 1 , the analogue used as a 

reference in testing of all other analogues prepared as part o f this thesis. It will be 

very important to fully investigate the selectivity o f this analogue, both for 

different SK channel subtypes and for SK over other channels and compare it to 

that o f compounds 1 and 2 .

The block o f sAHP (which follows the action potential and is generated by the 

opening of SK channel) by compound 60 (at 2nM concentration) is shown in 

Section 5.3 -  Fig 5.1.
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4.7 CONCLUSIONS AND FUTURE WORK

It has been shown that although cyclophanes 1 and 2 are virtually equi-potent SK 

channel blockers, they behave very differently when subjected to similar structural 

changes.

In such a way, it has been demonstrated for Series I analogues that cyclophane 1 

tolerates well the introduction of substituents at position 6  or 7 o f its quinoline 

rings. The same is not true for compound 2 where, as discussed for Series II 

compounds, a significant loss in activity was observed upon the introduction of 

various substituents.

Apart from the investigation o f the effect o f different substituents on the activity, 

their possible repercussion on the selectivity is also very important. Having found 

that cyclophane 1 tolerates substituents quite well, the selectivity o f these 

substituted compounds should be investigated. Attention should be paid to their 

selectivity both for the SK channel over other types o f K  ̂ channels and for 

different sub-types of SK channels.

As mentioned in Chapter 1 - Introduction^ the selectivity o f compound 2 has been 

investigated to a certain extent, and the analogue was found to have virtually no 

effect on other K  ̂channels. Also, the order o f the activity o f compounds 1 and 2 

on SK channels in different tissues has been recently investigated in our group, 

where it was found to somewhat vary depending on the tissue type. In such a view 

it is important to test the selectivity o f the analogues with increased as well as 

significantly decreased activity, namely compounds 3 and 17.

When one of the two linkers o f compound 1 is replaced by 4 carbon chain, 

decrease in the activity has been observed, as found for Series III analogues, and 

this was related to the distance between the ring N atoms. This distance reflects 

the separation of the two quinolinium groups, which itself is believed to be 

important for the activity.
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The middle point o f the pentyl linker o f compound 1 has been investigated by 

either replacing this CH2 group with S or O or by introducing certain substituents 

at this position. It was found that the upper linker is more sensitive to any changes 

than the lower linker, but is fully tolerable o f the introduction o f the OH 

substituent.

Whereas the OH substituent was found to be well tolerated when introduced either 

at position 6  o f the quinoline ring o f compound 1 or midway through the upper 

linker o f compound 1 , its introduction into the lower benzene ring o f compound 2  

and the benzene ring o f structurally related analogue 51 causes a significant drop in 

potency.

Further analysis revealed that the linkers found in compounds 1 and 2 can not be 

combined without loss in activity. Striking results were obtained by the 

replacement o f the top linker o f compound 1 and 2 with 1,4-dimethylcyclohexane, 

producing a significant loss in potency in the former, but a small increase in the 

latter case. The finding that the introduction o f saturation in benzene ring o f the 

upper linker of compound 2  (compound 60) improves the blocking ability should 

be further investigated through synthesis and biological evaluation o f other 

analogues containing cyclohexane linking moiety.

The frontier orbital energy levels, as well as the individual atomic charges o f these 

cyclophanes have been investigated in this study. However, unlike that o f less 

active dequalinium analogues, the activity o f these highly potent cyclophanes 

could not be related to the changes in E h o m o , E lu m o  or charge.

Although most o f our findings point to the cis conformation o f these cylophanes as 

the active one, this is still only a speculation, as the software used for molecular 

modelling studies offers no guarantee that all conformations will be identified. 

Furthermore, we have also based this argument on the relative population o f  

different conformers, but the values obtained and discussed are only estimates, as
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they are based on enthalpy changes only, neglecting any related changes in 

entropy.

In any case, previous studies in our group have suggested that the size or the shape 

o f these bis-quinolinium cyclophanes could be the major determinant o f their 

activity. A similar conclusion can be drawn from this study, with our findings 

indicating that the separation between the two quinolinium groups and their spatial 

orientation relative to each other are very important for the activity. The 

importance of the shape is fiuther supported by the differences found for 

compound 61, relative to analogues 1, 2 and 60. Additionally, previous finding 

that the activity of compounds 76 (see Table 1) is much lower than that of 

compound 1 offers further support to the importance o f the overall shape o f the 

drug for its SK channel blocking ability.

The active conformer could be definitely assigned through the synthesis o f a potent 

cyclophane for which different conformers can be physically separated. One such 

analogue is compound 80, which is analogue o f compound 1 with both its linkers 

replaced by a propyl chain. However, the potency o f this analogue is very low, 

probably due to a significantly decreased separation between the two quinolinium 

groups and therefore the separation of its two conformers was not useful in the 

assignment o f the ‘active’ one.

As mentioned in Chapter 1 -  Introduction and Chaper 2 -  Selection o f  

Compounds the hydrogen atom of the 4-NH group o f these cyclophanes is playing 

an important role in their interaction with the biding site. The exact role o f this 

hydrogen atom in the SK channel inhibition is unknown. Theoretically, these 

cyclophanes can exist not only in ‘amino’, but also in ‘imino’ form. It is at present 

uncertain which o f the two forms is the active one, although the ‘amino’ form is 

more likely candidate, since it is unlikely that the abstraction o f this H atom would 

occur at physiological pH to yield the ‘imino’ form. Aiming for the lowering of 

pKa o f these compounds and hence easier abstraction o f the amino hydrogen at the 

site o f action, we aimed to synthesise compounds 65, 6 6 , 67 and 6 8 . The pKa of
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these compounds should be lower than that o f compound 1 and therefore the 

formation of the ‘imino’ form of these analogues at physiological pH more likely. 

Unfortunately, the synthesis o f these compounds was unsuccessful, as described in 

Chapter 3 - Synthesis, and the uncertainty regarding the role o f the NH group at 

position 4 o f quinoline rings in the SK channel blocking action o f these bis- 

quinolinium cyclophanes remains unresolved.
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CHAPTER 5

EXPERIMENTAL

5.1 CHEMISTRY

• The starting materials were purchased from Aldrich, Lancaster, Maybridge or 

Apollo chemical companies. The solvents and some o f the reagents were 

obtained from Aldrich, BDH (Merck) or Fluka.

• Melting points were determined on Gallenkamp apparatus, using an open 

capillary, and are uncorrected.

Infrared spectra were recorded on Perkin-Elmer 1605 FT-IR spectrophotometer 

as potassium bromide discs. The wave number is given in cm '\ The intensity 

of absorption is: .s-strong, w-medium and w-weak.

Analytical high-performance liquid chromatography (HPLC) was carried out 

on Shimadzu HPLC apparatus fitted with Kromasil CIS 5pM reversed column 

(250 X 4.6 mm), a flow rate at 1 ml/min and UV-Vis variable wavelength 

detector set at A.=254nm. The mobile phase consisted o f a mixture o f water (A) 

and MeOH (Bi) or MeCN (B2), both containing 0.1% TFA. The ratio o f A/B is 

indicated for individual compounds. The retention time (Rt) is given in 

minutes and decimal subdivisions. For preparative HPLC a Gilson binary
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gradient two pumps apparatus was used with a Shimadzu UV-Vis variable 

wavelength detector set at 254nm and a Kromasil CIS lOpM column. The 

solvent mixtures were as above and the flow rate was 18 ml/min.

Mass spectra were run by UCL mass spectrometry service on either VG -ZAB- 

SE mass spectrometer (FAB and El) or micromass QUATRO-LC spectrometer 

(APCI and Electrospray). Accurate mass spectra were run on VG 70-SE 

Magnetic Sector mass spectrometer.

Nuclear Magnetic Resonance (NMR) spectra were recorded on Bruker AMX 

300 (300 MHz), Varian VXR-400 (400 MHz), XWIN AMX-400 (400 MHz) 

and XWIN ADVANCE-500 (500MHz) spectrometers, with pre-deuterated 

dimethyl sulfoxide as a solvent unless otherwise indicated. The chemical shifts 

are reported in parts per million (ppm) with reference to the known chemical 

shift of the solvent compared to tetramethyl silane (TMS, ô =Oppm). s 

indicates a singlet, d a doublet, dd a doublet o f doublets, quart a quartet, quint a 

quintet, m a multiplet and br a broad peak.

Elemental combustion analyses were carried out by Departmental 

Microanalysis service. The final compounds being salts are unavoidably 

analysed as solvates, due to their tendency to retain solvent under non

destructive drying conditions, in particular TFA and water after running a 

preparative HPLC.

The compounds have been named according to lUPAC recommendations 1998 

and 2 0 0 1 .'““
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Preparation o f  4-chloroquinoline(let LA/11 A, LA/355A, LA/1075A)445

A mixture of 4-hydroxyquinoline (7.5g, 51.7 mmol) and POCI3 (17ml) was heated 

under reflux for 2.5h. The excess POCI3 was then removed by distillation under 

reduced pressure. To the remaining residue ice was added followed by careful 

addition of ammonia solution (d=0.88, 115ml). The resulting suspension was 

extracted with CH2CI2 (3x150ml), organic extracts were combined and dried over 

MgS0 4 . After removal o f the drying agent, the solvent was evaporated under 

reduced pressure to yield a brown oil which solidified on standing under vacuum. 

Yield 7.64g (90%). 

mp 33°C l i t  mp 34-35°C 

MS (APCI+ve): 164 [MH]^

NMR: 8.75(d, IH, Quinoline H-2, J=4.7Hz), 8.20(dd, IH, Quinoline H-5 or 8 , 

Ji=1.3Hz, J2 = 8 .4 H z), 8.10(d, IH, Quinoline H-5 or 8 , J=8 .6 Hz), 7.71(ddd, IH, 

Quinol H-6  or 7, Ji=1.4Hz, J2=6 .9 Hz, J3=8 .4 Hz), 7.60(ddd, IH, Quinoline H-6  or 

7, J]=1.2Hz, J2 = 7 H z , J3 = 8 .3 H z ), 7.46(d, IH, Quinoline H-3, J=4.7Hz)

Preparation o f  l,3-(bisaminooxy) propane (64b, LA/59C & LA/9 IB

l.Preparation o f 1,3-Bis(phthalimidoxy)propane (64a, LA/47E, LA67D)

Method 1:

To a deep red solution o f N-hydroxyphthalimide (20g, 0.123mol) and 

triethylamine (51.26ml, 0.368mol) in DMF (150ml) 1,3-dibromopropane (6.25ml,

0.062mol) was added and the reaction mixture was stirred at room temperature for 

24h. The red colour failed to fade away during this time, so the mixture was 

heated at 80°C for 7 h which resulted in a colourless solution. The precipitate
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which formed on cooling was filtered off. The filtrate was poured onto ice which 

resulted in precipitation o f the product which was filtered off and recrystallised 

from hot DMF. Yield 10.36g (46%).

Method 2:

To a solution o f N-hydroxyphthalimide (20g, 0.123mol) in DMF (150ml) DBU 

(12.3ml, 0.123mol) was added dropwise with stirring. After addition of 1,3- 

dibromopropane (6.25ml, 0.062mol) the reaction mixture was heated at 85°C for 

1.5 h during which time the deep red colour faded to give clear solution. The 

precipitate which formed on cooling was filtered off. The filtrate was poured onto 

ice to precipitate the product. This was identified as a mixture o f the desired 

product and l-phthalimidoxypropyl-3-bromide which was easily resolved since the 

latter is soluble in cold MeOH whereas the former is not. Yield 5.66g (25%). 

mp 168-170°C l i t  mp 179-181°C 

M S (APCI+ve); 389 [M+Na]'", 367 [MH]*

NMR: 7.82-7.70(m, 8 H, Aromatic H's), 4.49(t, 4H, -NOCH2, J=6.1Hz), 2.21 (quint, 

2 H, -NOCH2CH2, J=6.1Hz)

2, Preparation o f 1,3-bis(aminooxy)propane (64b, LA/59C, LA/91B)

To a stirred suspension o f 1,3 -bis(phtalimidoxy)propane (6 g, 16mmol) in EtOH 

(100ml) under N2 atmosphere, hydrazine hydrate (3.87ml, 80mmol) was added 

dropwise over a period of 15 mins and the mixture was stirred overnight at room 

temperature. The solid which precipitated was filtered off. From the filtrate 

solvent was removed by evaporation and to the residue CH2CI2 was added. After 

cooling in the fridge overnight more solid had precipitated and this was again 

removed by filtration. Evaporation of the solvent from the filtrate gave clear 

yellowish liquid. Yield 1.08g (64%).

MS (ESP+ve): 107 [MH]^, fragment at m/z 74
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NMR(CDCl3): 5.0-5.2(br s, 4H, NH2), 4.78(t, 4H, -NOCH2), 2.29(m, 2 H, - 

NOCH2CH2)

Preparation o f  lf3-Di(quinolin-4-yl)aminooxypropane hemihydrate 
(651, LA/75C, LA/99B)

NH

N

To a solution o f l,3-bis(aminooxy)propane (0.5g, 4.71 mmol) in 1-pentanol (15ml) 

4-chloroquinoline (1.54g, 9.42mmol) was added and the reaction mixture was 

heated under reflux for 20h. After cooling Et2 0  was added which resulted in 

precipitation of the product. This was then collected by filtration and washed with 

Et2 0 . The compound obtained this way was dissolved in hot MeOH (5ml) and 

10% NaOH was added until pH>9, followed by the addition o f water (40ml). The 

resulting suspension was left in the fridge overnight and precipitate which formed 

was collected by filtration and washed with water. The product was recrystallised 

from Me0 H/Et2 0  mixture to yield 1.07g (63%). 

mp 165-166°C

MS (FAB): 361 [MH]^, fragments at m/z 201,181

Acc.Mass: 360.15935 Calc Acc.Mass: 360.158626 Error: 2ppm

NMR: 10.2(br s, 2H, NH ), 7.84(d, 2H, Quinoline H-2, J=7.6Hz), 7.33(t, 2H, 

Quinoline H-6  or 7, J=7.6Hz), 7.09(d, 2H, Quinoline H-8  or 5, J=8.1Hz), 7.01 (m. 

Quinoline H-6  or 7 and H-5 or 8 ), 6.0l(d, 2H, Quinoline H-3, J= 7.7Hz), 4.08(t, 

4H, NOCH2, J=6.4Hz), 1.99(quint, 2H, NOCH2CH2, J=6.4Hz)

HPLC: (A/Bi = 60/40) Rt = 10.66min Purity = 99.3%

Microanalysis for C23H22N4O, O.25H2O:

Calculated: C 69.12 H 5.66 N 15.35

Found: C 68.95 H 5.32 N 15.57
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\416Preparation o f  7-methoxy-4-chloroquinoline (Je, L A /1 6 3 L A /2 7 5A)

1. Preparation o f m-methoxyanilinomethylenemalonic ester (7a, LA/83 A, LA/139A)

A  mixture o f w-anisidine (7.30g, 59mmol) and diethylethoxyethylene malonate 

(12.76g, 59mmol) was heated at 145-155°C until no further liberation of EtOH 

could be detected (about 1.5h). This afforded 16.69g (96%) o f the product in the 

form o f a thick brown oil which solidified on standing at room temperature. 

mp 46°C

M S (FAB): 294 [MR] fragment at m/z 248

NMR (CDCI3):  10.93(d,lH, NH, J=13.6Hz), 8.47(d, IH, NHCH=C, J=13.6Hz), 

7.23(t, IH, Ar H-3, J=8.1Hz), 6.67(m, 3H, Ar H-2, 4 and 6 ), 4.28(quart, 2H, 

CH3CH2OCO-, J=7.1Hz), 4.22(quart, 2H, CH3CH2OCO-, J=7.1Hz), 3.79(s, 3H, 

CH3O), 1.35(t, 3H, CH3CH2OCO-, J=7.1Hz), 1.30(t, 3H, CH3CH2OCO-, J=7.1Hz)

2. Preparation o f 3~carbethoxy-4~hydroxy-7-methoxyquinoline (7b, LA/95 A, 

LA/147A)

O Et

Me*

A solution o f m-methoxyanilinomethylenemalonic ester (8 g, 2.73mmol) in 

Dowtherm-A (80ml) was heated at 250°C. The precipitate which formed on 

cooling was filtered off and washed with CCI4 (50ml) and Et2 0  (50ml). Yield 

3.10g (46%)

mp 273-276°C l it  mp 275°C 

MS (APCI+ve): 248 [MH]^, fragment at m/z 176

NMR: 8.50(s, IH, Quinoline H-2), 8.10(s, IH, Quinoline H-8 ), 7.05(m, 2H, 

Quinoline
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H-5 and 6 ), 4.09(quart, 2H, CH3CH2OCO-), 3.85(s, 3H, CH3O) 1.25(t, 3H, 

CH3CH2OCO-)

3, Preparation of3-carboxy-4~hydroxy-7-methoxyquinoline 
(7c. LA/103A. LA/151A, LAJ195A)

OH

Mel

A solution o f 3-carbethoxy-4-hydroxy-7-methoxyquinoline (3.50g, 14mmol) in 

excess 10% NaOH (2.2g in 200ml H2O and 22ml MeOH) was refluxed for 2.5 h, 

then cooled and 6N HCl was carefully added until pH dropped to 4-5, during 

which formation o f white precipitate occurred. The resulting suspension was 

stirred at room temperature for 30 mins and the product filtered and washed with 

water. Yield 2.70g (87%). 

mp 265-267°C l it  mp 257-260°C 

M S (FAB): 242 [M+Na]^, fragments at m/z 220, 202

NMR: 8.80(s, IH, Quinoline H-2), 8.10(s, IH, Quinoline H-8 ), 7.20(m, 2H, 

Quinoline H-6  and 5), 3.90(s, 3H, CH3O)

4. Preparation o f 4-hydroxy-7-methoxyquinoline (7d, LA/159A, LA/223A)

MeO'

A solution of 3-carboxy-4-hydroxy-7-methoxyquinoline (5.0g, 28mmol) was 

heated in

Dowtherm-A (30ml) at 250°C until the release o f CO2 had ceased. The precipitated 

product was filtered, washed with Et2 0  and reciystallised from water. Yield 2.10g 

(53%).

mp 249-252°C l it  mp 215°C 

M S (FAB): 176 [MH]'"

Novel Bis-Quinolinium Cyclophanes as SKca Channel Blockers



Experimental 190

NMR: 7.96(d, IH, Quinoline H-5, J=9Hz), 7.78(d, IH, Quinoline H-2, J=7.3Hz), 

7.00(d, IH, Quinoline H-8 . J=2Hz), 6 .8 8 (dd, IH, Quinoline H-6 , Ji=2.1Hz, 

J2=8 .9 Hz), 5.92(d, IH, Quinoline H-3, J=7.3Hz), 3.82(s, 3H, CH3O)

5. Preparation o f  4-chloro-7-methoxyquinoline (7e, LAJ163A, LA/275A)

Mei

A mixture of 4-hydroxy-7-methoxyquinoline (2.0g, 11.4mmol) and POCI3 (4ml) 

was heated under reflux for 3 h. Excess POCI3 was then removed by distillation 

under reduced pressure and to the residue ice was added, followed by careful 

addition o f ammonia solution (d=0.88, 30ml). The resulting suspension was 

extracted with CH2CI2 (3x3 5ml), organic layers were combined and dried over 

MgS0 4  overnight. Evaporation of solvent afforded 1.36g (62%) o f the product. 

mp 69-7r C  lit. mp 82-83°C 

MS (ESP+ve): 194 [M]'"

NMR (CDCI3):  8.67(d, IH, Quinoline H-2, J=4.8Hz), 8.10(d, IH, Quinoline H-5, 

J=9.2Hz), 7.42(d, IH, Quinoline H-8 , J=2.5Hz), 7.34(d, IH, Quinoline H-3, 

J=4.8Hz), 7.27(dd, IH, Quinoline H-6 , Ji=2.5Hz, J2=9 .2 Hz), 3.95(s, 3H, CH3O)

Preparation o f  NfN*-di(7-methoxyquinolin-4-yl)-lf5-diaminopentane (7i, 

LA/183A)

HN NH

OMeMeO'

A mixture o f 4-chloro-7-methoxyquinoline (1.2g, 6.2mmol) and 1,5- 

pentanediamine (0.32g, 3.1 mmol) in 1-pentanol (15ml) was heated under reflux 

and N2 for 48 hours. After cooling Et2 0  was added and the precipitated product 

filtered off. The solid was then dissolved in hot MeOH (5ml) and basified with 

10% NaOH until pH>9. To the suspension water was added (20ml) and it was left
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at room temperature overnight. This afforded precipitation o f the product which 

was collected by vacuum filtration and washed with water. Yield (0.82g, 64%). 

mp 190-192°C

MS(FAB): 417 [MH]^, fragments at m/z 246, 187

Acc.Mass: 417.22898 Calc Acc,Mass: 417.220951 Error: 0.2ppm

NMR: 8.27(d, 2H, Quinoline H-2, J=5.1Hz), 8.10(d, 2H, Quinoline H-5, J=9.1Hz), 

7.13(s, 2H, Quinoline H-8 ), 7.03(m, 4H, Quinoline H-7 & NHCH2), 6.3l(d, 2H, 

Quinoline H-3, J=5.2Hz), 3.84(s, 6 H, OCH3), 3.24(quart, 4H, NHCH2), 1.71(quint, 

4H, NHCH2CH2), 1.50(quint, 2 H, NHCH2CH2CH2)

HPLC: (A/Bi = 55/45) Rt = 12.67min Purity = 98.6%

Preparation o f  f y  7^-Dimethoxy-8,14-diaza-l,7(l,4)-diquinolinacyclotetradeca- 
phanium ditrifluoroacetate sesquihydrate (7, LA/191F, UCL 2159-F2)

HN NH

Mel OMe

N,N'-di-(7-methoxyquinolin-4-yl)-1,5-diaminopentane (0.65g, 1.6mmol) was 

reacted with 1,5-diiodopentane (0.65g, 2.01 mmol) by heating in 2-Butanone/DMF 

mixture (90ml/5ml) at 85°C under N2 for 5 days. Precipitate was generated 

gradually during the course o f the reaction. After cooling it was collected by 

filtration and washed with Et2 0 . The crude product was purified by preparative 

HPLC. It was then dissolved in iPrOH, filtered by gravity and evaporated to 

dryness to yield 2 0 mg of the product. 

mp 170-175°C

MS(FAB); 243[M]% 485 [M -H f

NMR; 8.97(br s, 2H, NH), 8.30(d, 2H, Quinoline H-5, J=9.6Hz), 8.16 (d, 2H, 

Quinoline H-2, J=7.2Hz), 7.28(d, 2H, Quinoline H-6 , J=9.4Hz), 7.22(s, 2H,

Quinoline H-8 ), 6.61(d, 2H, Quinoline H-3, J=7.3Hz), 4.53(br s, 4H, NCH2), 

3.95(br s, 6 H, OCH3), 3.56(br s, 4H, NHCH2), 1.80(br s, 4H, NCH2CH2), 1.69(br s, 

4H, NHCH2CH2), 1.40(br s, 2 H, NHCH2CH2CH2), 0.79(br s, 2 H, NCH2CH2CH2)
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HPLC: (A/Bi = 60/40) Rt = 12,55min Purity = 99.3%

Microanalysis for C3oH3gN4 0 2 ^̂  2 CF3CO2 ,3 .6 CF3C0 2 H, 1.5 H2O:

Found: C 42.70 H 3.61 N 5.13

Calculated: C 43.02 H 3.91 N 4.87

Preparation ofN,N'-di(6-chloroquinolin-4-yl)-l,5-diaminopentane 
(6i, LA/155F, LA/175A)

HN NH

A mixture o f 4,6-dichloroquinoline (4 g, 20mmol) and 1,5-pentanediamine (1.02g, 

lOmmol) in 1-pentanol (25ml) was heated under reflux and N 2 for 48 h. After 

cooling Et2 0  was added and the precipitated product filtered off. The solid was 

then dissolved in hot MeOH (5ml) and basified with 10% NaOH until pH>9. To 

the suspension water was added (2 0 ml) and it was left at room temperature 

overnight. This afforded precipitation o f the product which was collected by 

vacuum filtration, washed with water and recrystallised from EtOAc. Yield (0.5g, 

12%).

i«p215-219°C

MS(ESP+ve): 425 213 [M+2H] '̂"

Acc-Mass: 425.12887 Calc Acc.Mass: 425.129977 Error; 2.6ppm

NMR; 8.37(m, 4H, Quinoline H-5 and 2), 7.76(d, 2H, Quinoline H-8 , J=8.9Hz), 

7.58 (dd, 2H, Quinoline H-7, J,=2.3Hz, J2=9 Hz), 7.22(br t, 2H, NHCH2, J=5Hz), 

6.46(d, 2 H, Quinoline H-3, J=5.4Hz), 3.26(1, 4H, NHCH2, J=6.9Hz), 1.72(quint, 

4H, NHCH2CH2, J=7.2Hz), 1.53(quint, 2H, NHCH2CH2CH2, J=7.5Hz)

HPLC; (A/B, = 50/40) Rt = 10.15min Purity = 100%
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Preparation o f  1̂ , 'f-Dichloro-8,14-diaza-l, 7(l,4)-diquinolinacyclotetradeca- 
phanium ditrifluoroacetate sesquihydrate (6, LA/179F, UCL 2149-F2)

HN NH

To a solution o f N,N'-di-(6-chloroquinolin-4-yl)-l,5-diaminopentane (0.49g, 

l.lSmmol) in 2-butanone (90ml) 1,5-diiodopentane (0.5g, l.Smmol) was added. 

The reaction mixture was heated under reflux and N] for 6 days with precipitate 

being generated gradually. The crude product obtained this way was filtered off 

and washed with Et20. 300mg o f this crude material were purified by preparative 

HPLC. The product obtained this way was dissolved in iPrOH, filtered by gravity 

and evaporated to dryness to yield 25mg of the product. 

iM/i 205-210°C

MS(ESP+ve): 493 247 [M]^*

NMR: 9.30(br t. 2H, NH, J=5.7Hz), 8.57(d, 2H, Quinoline H-5, J=2.1Hz), 8.29(d, 

2H, Quinoline H-2, J= 7.5Hz), 8.07(d, 2H, Quinoline H-8, J=9.4), 7.94(dd, 2H, 

Quinoline H-7, Ji=2.1Hz, J2=9.3Hz), 6.78(d, 2H, Quinoline H-3, J=7.5Hz), 

4.55(br s, 4H, NCH2), 3.58(br s, 4H, overlaps with H20-seen with D2O shake, 

NHCH2), 1.70(m, 8H, NCH2CH2 & NHCH2CH2), 1.41(m, 2H, NHCH2CH2CH2), 

0.77(br s, 2H, NCH2CH2CH2)

HPLC: (A/Bi = 55/45) Rt = 13.22min Purity = 98.6%

IR: 3600-3250 (5), 1621 (j), 804 {m)

Microanalysis for C2gH32Cl2N /^  2 CF3CO2 , I.8 CF3CO2H, 1.5 H2O:

Found C 44.61 H 3.64 N 5.66

Calculated C 44.83 H 3.89 N 5.87
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Preparation o f  N,N*-di(8-chloroquinolin-4-yl)-l,5-diaminopentane hemihydrate 
(78U LA/199B)

N

Cl Cl

A mixture o f 4,8-dichloroquinoline (Ig, S.lmmol) and 1,5-pentanediamine (0.26g, 

2.55mmol) in 1-pentanol (10ml) was heated under reflux and N2 for 72 h. After 

cooling EtzO was added and precipitated product filtered off. The solid was then 

dissolved in hot MeOH (5ml) and basified with 10% NaOH until pH>9. To the 

resulting suspension water was then added (20ml) and it was left at room 

temperature overnight. This afforded precipitation o f product which was collected 

by vacuum filtration, washed with water and recrystallised from Me0 H/Et2 0  

mixture. Yield 0.47g (43%). 

mp 222-223°C

MS(APCI+ve): 425 [M]% 213

Acc,Mass: 425.12946 CalcAcc.Mass: 425.129977 Error: Ippm

NMR: 8.44(d, 2H, Quinoline H-2, J=5.1Hz), 8.2l(d, 2H, Quinoline H-5,

J=8.1Hz), 7.77(d, 2H, Quinoline H-7, J= 7.3Hz), 7.35(m, 4H, Quinoline H-6 and 

NH), 6.52(d, 2H, Quinoline H-3, J=5.3Hz), 3.30(br m, 4H, NHCH2), 1.73(br m, 

4H, NHCH2CH2), 1.50(br m, 2H, NHCH2CH2CH2)

HPLC: (A/Bi = 55/45) Rt = 7.84min Purity = 97.3%

Microanalysis for C23H22CI2N4, O.5H2O:

Found C 63.82 H 5.30 N 12.54

Calculated C 63.60 H 5.34 N 12.90
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Preparation o f  N,N'-di(7-chloroquinolin-4-yl)-l,4-diaminomethyl benzene
(151, LA/203A)

HN NH

A mixture o f 4,7-dichloroquinoline (2g, lOmmol) and p-xylylenediamine (0,68g, 

5mmol) in 1-pentanol (10ml) was heated under reflux and N2 for 72 h. The 

formation o f precipitate was occurring gradually over this period o f time. After 

cooling Et2 0  (-10ml) was added and this afforded more product to come out o f 

solution. The precipitated product was filtered off and washed with Et20. A 

suspension of this compound in hot MeOH (50ml) was basified with 10% NaOH 

until pH>9. To the resulting suspension water was added (100ml) and it was left 

at room temperature overnight. This afforded precipitation o f the product which 

was collected by vacuum filtration and washed with water. Yield 1.2g (52%). 

mp 305-307°C

MS(APCI+ve): 459 230 [M+2H]^*

Acc.Mass: 459.11262 Calc Acc.Mass: 459.114327 Error: 3.7ppm

NMR: 8.29(m, 4H, Quinoline H-5 and 2), 8.04(br s, 2H, NH), 7.77(d, 2H, 

Quinoline H-8, J=1.8Hz) 7.47(dd, 2H, Quinoline H-6, Ji=1.8Hz, J2=8.2Hz),

7.33(s, 4H, phenylene H's), 6.34 (d, 2H, Quinoline H-3, J=5.4Hz), 4.50(d, 4H, 

NHCHg, J2=4 .5Hz)

HPLC: (A/B2 = 65/35) Rt = 5.88min Purity = 95.2%
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Preparation o f  1 ̂ ,5^-Dichloro-6,10-diaza-’-l,5(l,4)-diquinolina~3(l,3),8(l,4)- 
dibenzenacyclodecaphanium ditrifluoroacetate (15, LA/219F,UCL 2160-F2)

HN NH

N,N'-di-(7-chloroquinolin-4-yl)-1,4-diaminomethylbenzene (0.37g, 0.8 Immol) 

was dissolved in DMF (15ml) and a,a'-dibromo-7M-xylene (0.37g,1.40mmol) was 

added. The reaction mixture was stirred at 110°C under Nz for 3 days. The 

precipitate which formed was collected by filtration and washed with Et20. This 

crude product was purified by preparative HPLC. By this method 65mg of the 

pure product was obtained from llOmg o f the crude material. 

mp 225-233°C

MS(FAB): 561 [M -Hf, 281 [M]^*

NMR: 10.38(br t, 2H, NH, J=5.6Hz), 8.56(d, 2H, Quinoline H-5, J=9.1Hz), 8.42(d, 

2H, Quinoline H-2, J=7.4Hz), 8.29(s, 2H, Quinoline H-8), 7.86(dd, 2H, Quinoline 

H-6, Ji=1.3Hz, J2=9Hz), 7.74(d, 2H, m-phenylene H-4,6, J=7.7Hz), 7.57(t, IH, m- 

phenylene H-5, J=7.7Hz) 7.45(s, 4H, p-phenylene H's), 6.75(s, IH, m-phenylene 

H-2), 6.43(d, 2H, Quinoline H-3, J=7.5Hz), 5.65(s, 4H, NCH2), 4.75(s, 4H, 

NHCH2)

HPLC: (A/B2 = 70/30) Rt = 19.60min Purity = 99.69%

IR: 3241 and 3093 {br, m), 1682 (5), 1617 (5)

Microanalysis for C34H2gCl2N 2^̂  2 CF3CO2 , I.7 CF3CO2H:

Found C 50.47 H 2.87 N 5.65

Calculated C 50.57 H 3.04 N 5.70
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Preparation o f  N,N'-di(6-chloroquinolin-4-yl)-l,4-diaminomethyl benzene 
(181, LA/207A)

HN NH

To a solution o f 4,6-dichloroquinoline (1.5g, 7.57mmol) in 1-pentanol (10ml) p- 

xylylenediamine (0.52g, 3.79mmol) was added and the reaction mixture was 

refluxed under Nz for 72 h with gradual formation o f precipitate. After cooling 

Et20 was added to the mixture and solid was filtered. It was then dissolved in hot 

MeOH and basified with 10% NaOH until pH>9. The resulting precipitated free 

base was collected by filtration and washed with water to give 0.7g (40%) o f the 

desired product. 

mp 293-295°C

MS(ESP+ve): 459 [M H]\ 230 [M+2H]^*

Acc,Mass: 459.10892 Calc Acc,Mass: 459.114327 Error: 11.76ppm

NMR: 8.43(s, 2H, Quinoline H-5), 8.28(d, 2H, Quinoline H-2, J=4.6Hz), 7.97(br 

s, 2H, NH) 7.75(d, 2H, Quinoline H-8, J=8.8Hz), 7.60(d, 2H, Quinoline H-7, 

J=8.3Hz), 7.32(s, 4H, phenylene H's), 6.35(d, 2H, Quinoline H-3, J= 4.7Hz), 

4.50(d, 4H, NHCH2, J=4.8Hz)

HPLC: (A/Bz = 65/35) Rt = 8.62min Purity = 96.8%

Preparation o f  l^,5^-Dichloro-6,10-diaza—1,5(1,4)-diquinolina-3(l,3),8(1,4)- 
dibenzenacyclodecaphanium ditrifluoroacetate hydrate (18, LA/227F, UCL 
2161-F2)

HN NH
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A mixture o f N,N'-di-(6-chloroquinolin-4-yl)-l,4-diaminomethylbeiizene 

(LA/207A) (0.60g, 1.30mmol) and a,a'-dibromo-7w-xylene (0.60g, 2.27mmol) was 

heated in DMF (25ml) at 110°C under N2 for 3 days. The crude product obtained 

this way was collected by filtration, washed with Et2 0  and purified by preparative 

HPLC. By this method 40 mg o f the pure product was obtained from 200mg of the 

crude material. 

mp 230-245 °C 

MS(APCI+ve); 561 [M-H]'"

NMS; 10.32(br s, 2H, NH), 8.70(d, 2H, Quinoline H-5, J=2.3Hz), 8.48(d, 

2H,Quinoline H-2, J=7.4Hz), S.18(d, 2H, Quinoline H-8, J=9.6Hz), 8.00(dd, 2H, 

Quinoline H-7, Ji=2.2Hz, J2=9.4Hz), 7.74(d, 2H, m-phenylene H-4,6, J=6.9Hz), 

7.5l(t, IH, m-phenylene H-5, J=7.6Hz) 7.46(s, 4H, p-phenylene H's), 6.7l(s, IH, 

m-phenylene H-2), 6.46(d, 2H, Quinoline H-3, J=7.6Hz), 5.63(s, 4H, NCH?). 

4.76(s, 4H, NHCH2)

HPLC: (A/B2 = 60/40) Rt = 7.37min Purity = 99.06%

IR: 3442, 3210 and 3059 {br, m), 1684 (5), 1614 (w), 822 (/n)

Microanalysis fo r  C34H2gCl2N2^̂  2 CF3CO2 , O.8 CF3CO2H, IH2O:

Found: C 52.82 H 3.47 N 6.32

Calculated C 52.92 H 3.45 N 6.23

Preparation o f  N,N*-di(7-tri/luoromethylquinolin-4-yl)-l,4-diaminomethyl 
benzene (17i, LA/2 ISA)

HN NH

A mixture o f 4-chloro-7-trifluoromethylquinoline (2g, 8.64mmol) and p- 

xylylenediamine (0.59g, 4.32mmol) in 1-pentanol (10ml) was heated under reflux 

and N2 for 48h, with precipitate forming gradually over this period o f time. After 

cooling Et2 0  (-10ml) was added and this afforded more product to come out o f the 

solution. The precipitated solid was filtered off and washed with Et20. It was then 

dissolved in hot MeOH (50ml) and basified with 10% NaOH until pH>9. To the
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suspension water was added (100ml) and it was left at room temperature overnight. 

This afforded precipitation of the product which was collected by vacuum filtration 

and washed with water. Yield (0.8g, 37%). 

mp 302-305°C 

MS(APCI+ve): 527 [MH]'"

Acc,Mass: 527.16720 Calc Acc.Mass: 527.167041 Error: 0.3ppm

NMR: 8.5 l(d, 2H, Quinoline H-5, J=8.4Hz), 8.40(d, 2H, Quinoline H-2, J= 

5.3Hz), 8.17 (br s, 2H, NH) 8.06(s, 2H, Quinoline H-8), 7.70(d, 2H, Quinoline H- 

6, J=8.9Hz), 7.34(s, 4H, phenylene H's), 6.46(d, 2H, Quinoline H-3, J=5.4Hz), 

4.53(s, 4H, NHCHz)

HPLC: (A/B2 = 65/35) Rt = 10.82min Purity = 97.2%

Preparation o f  1 ̂ ,5^-DitriJluoromethyl-6,l 0~diaza-l,5(l,4)-(liquinolina-
3(lf3),8(lf4)-dibenzenacyclodecaphanium ditrifluoroacetate hemihydrate (17̂  
LA/235F, UCL 2162-F2)

HN NH

To a solution o f N,N'-di(7-trifluoromethylquinolin-4-yl)-1,4-diaminomethyl- 

benzene (0.50g, 0.95mmol) in DMF (70ml) under N2 a,a'-dibromo-/w-xylene 

(0.50g, 1.89mmol) was added. The reaction mixture was heated at 110°C for 3 

days with precipitate being generated gradually. The crude product obtained was 

filtered off and washed with Et20, and then purified by preparative HPLC. By this 

method lOOmg of the pure product was obtained fi*om 150mg of the crude 

material. 

mp 220-235°C 

MS(FAB): 629 329

NMR: 10.63(br t, 2H, NH, J=5.7Hz), 8.82(d, 2H, Quinoline H-5, J=8.8Hz),

8.5l(m, 4H, Quinoline H-2 and 8), 8.1 l(d, 2H, Quinoline H-6, J=8.9Hz), 7.72(d,
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2H, m-phenylene H-4,6, J=7.7Hz), 7.56(t, IH, m-phenylene H-5, J=7.7Hz) 7.46(s, 

4H, p-phenylene H's), 6.89(s, IH, m-phenylene H-2), 6.50(d, 2H, Quinoline H-3, 

J=7.5Hz), 5.78(s, 4H, NCH2), 4.80(s, 4H, NHCH2)

HPLC: (A/B2 = 60/40) Rt = 15.1 Imin Purity = 100%

IR: 3349, 3195 and 3016 (w), 1 6 9 1 # , 880 {m)

Microanalysis for C36H2gF6N /^  2 CF3CO2 , O.9 CF3CO2H, 0.5 H2O:

Found: C 51.74 H 3.11 N 5.78

Calculated C 51.85 H 3.11 N 5.79

Preparation o f  N,N'~di(6-trifluoromethylquinolin-4-yl)-l,4-diaminomethyl
benzene (lôi, LA/243A)

HN NH

A mixture o f 4-chloro-6-trifluoromethylquinoline (Ig, 4.32mmol) and p- 

xylylenediamine (0.29g, 2.16mmol) in 1-pentanol (10ml) was heated under reflux 

and N2 for 48h, with precipitate forming gradually over this period o f time. After 

cooling Et2 0  (~10ml) was added and this afforded more product to come out o f the 

solution. The precipitated solid was filtered off and washed with Et20. It was then 

dissolved in hot MeOH (25ml) and basified with 10% NaOH until pH>9. To the 

suspension water was added (100ml) and it was left at room temperature overnight. 

This afforded precipitation o f the product which was collected by vacuum filtration 

and washed with water. Obtained 0.34g (30%) o f the desired product. 

mp 285-287°C 

MS(APCI+ve): 527 [MH]*

Acc.Mass: 527.16766 Calc Acc,Mass: 527.167041 Error: 1.2ppm

NMR: 8.78(s, 2H, Quinoline H-5), 8.39(d, 2H, Quinoline H-2, J=5.3Hz), 8.30(br 

s, 2H, NH) 7.92(d, 2H, Quinoline H-8, J=8.5Hz), 7.83(d, 2H, Quinoline H-7, 

J=8.7Hz), 7.36(s, 4H, phenylene H's), 6.44(d, 2H, Quinoline H-3, J=5.5Hz),

4.52(s, 4H, NHCH2)
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HPLC: (A/B2 = 65/35) Rt = 17.12min Purity = 98.7%

Preparation o f  l^,5^-Ditrifluoromethyl-6,10-diaza—l,5(l,4)-diquinolina-3(lf3)f 

8(l,4)-dibenzenacyclodecaphanium ditrifluoroacetate (16, LA/251 A, UCL 2163- 

F2)

HN NH

N,N'-di-(6-trifluoromethylquinolin-4-yl)-1,4-diaminomethylbenzene (0.28g, 0.532 

mmol) was heated with a,a'-dibromo-m-xylene (0.28g, 1.06mmol) in DMF (40ml) 

under N2 at 110°C for 3 days. Precipitate was formed during this period and it was 

filtered and washed with Et20. Obtained 300mg of crude product which was 

purified by preparative HPLC. By this method 70mg o f pure product was obtained 

firom 200mg of crude material. 

mp 225-240°C

MS(FAB); 629 [M-H]*, 315 [M]^*

NMR: 10.73(br s, 2H, NH), 9.05(s, 2H, Quinoline H-5), 8.57(d, 2H, Quinoline H- 

2, J=7.4Hz), 8.36(d, 2H, Quinoline H-8, J=9.2Hz), 8.25(d, 2H, Quinoline H-7, 

J=8.8Hz), 7.76(d, 2H, m-phenylene H-4,6, J=7.4Hz), 7.52(t, IH, m-phenylene H-5, 

J=7.7Hz) 7.48(s, 4H, p-phenylene H's), 6.79(s, IH, m-pheylene H-2), 6.53(d, 2H, 

Quinoline H-3, J=7.5Hz), 5.68 (s, 4H, NCH2), 4.81 (s, 4H, NHCH2)

HPLC: (A/B2 = 65/35) Rt = 23.86min Purity = 100%

IR: 3256 and 3073 {br. s \  1682 (5), 1620 (j), 822 and 800 (s)

Microanalysis for C36H28F6N /^  2 CF3CO2 , I.ICF3CO2H:

Found C 51.51 H 2.80 N  5.81

Calculated C 51.61 H 2.99 N 5.70
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Preparation o f  4,5,7-trichloroquinoline (146, LA/291 A & LA/331 A)446

Cl Cl

c r

A mixture o f 4-hydroxy-5,7-dichlorquinoline (2g, 9.34 mmol) ad POCI3 (8ml) was 

heated under reflux for 3h. After removal o f excess POCI3 by vacuum distillation 

ice was added to the residue followed by ammonia solution (d=0.S8, 30ml). The 

resulting suspension was then extracted with CH2CI2 (3x10 0 ml). The organic 

extracts were combined, dried over MgS0 4  and evaporated to dryness to give 

yellow solid. Yield 1.85g (87%). 

mp 87-89°C lit. mp 108°C 

MS (FAB): 232 [M i

NMR (CDCI3): 8.69(d, IH, Quinoline H-2, J=4.7Hz), 8.02(d, IH, Quinoline H-8 , 

J=2.2Hz), 7.63(d, IH, Quinoline H-6 . J=2.2Hz), 7.48(d, IH, Quinol H-3, J=4.7Hz)

Preparation o f  N,N'-di(5,7-dichloroquinolin-4-yl)-l,4-diaminomethylbenzene 
(26i, LA/263A)

NH

To a solution o f 4,5,7-trichloroquinoline (0.7g, 3.02mmol) in 1-pentanol (5ml) p- 

xylylenediamine (0 .2  Ig, 1.51mmol) was added and the reaction mixture was 

heated under reflux and N2 for 2  days with precipitate being generated gradually. 

After cooling, Et2 0  was added which afforded more precipitate to come out of 

solution. This was collected by filtration and washed with Et2 0 . It was then 

dissolved in hot MeOH (20ml) and 10% NaOH was added until pH>9. The 

resulting product which has precipitated from this alkaline solution was filtered 

and washed with water. Yield 0.35g (44%). 

m/i 229-231°C

MS(ESP+ve): 529 [MH] , 264 [M]
2 +
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Acc.Mass: 527.03677 Calc Acc.Mass: 527.036383 Error: 0.7ppm

NMR: 8.30(d, 2H, Quinoline H-2, J=5.7Hz), 7.96(br s, 2H, NH), 7.78(d, 2H, 

Quinoline H-8 , J=2.3Hz), 7.59(d, 2H, Quinoline H-6 , J=2.3Hz), 7.38(s, 4H, 

phenylene H's), 6.44(d, 2H, Quinoline H-3, J=5.6Hz), 4.57(d, 4H, NHCH2, 

J=5.3Hz)

HPLC: (A/B2 = 65/35) Rt = 11.74min Purity = 97.7%

Preparation o f  l^,l^,5^,5^-Tetrachloro-6,10-diaza-l,5(l,4)-diquinolina- 
3(l,3)y8(l,4)-dibenzenacyclodecaphanium ditrifluoroacetate (26, LA/283F2, 
UCL 2178-F2)

HN NH

A mixture of N,N'-di-(5,7-chloroquinolin-4-yl)-l ,4-diaminomethylbenzene (0.28g, 

0.53 mmol) and a,a'-dibromo-m-xylene (0.28g, 1.06mmol) in DMF (15ml) was 

heated under N2 at 110°C for 3 days. The precipitate which formed was filtered 

and washed with Et2 0 . The crude product obtained this way was purified by 

preparative HPLC. By this method 55 mg of pure product was obtained fi*om 

ISOmg of crude material. 

mp 225-240°C 

MS(APCI+ve): 631[M -Hf

NMR: 9.95(br t, 2H, NH, J=5.6Hz), 8.31(d, 2H, Quinoline H-2, J=7.7Hz), 8.20(d, 

2H, Quinoline H-6 or8 , J=1.7Hz), 8.03(d, 2H, Quinoline H-6 or8 , J=1.8Hz), 7.7l(d, 

2H, m-phenylene H-4,6, J=7.9Hz), 7.59(t, IH, m-phenylene H-5, J=7.7Hz), 7.50(s, 

4H, p-phenylene H's), 6.63(s, IH, m-phenylene H-2), 6.56(d, 2H, and Quinoline H- 

3, J=7.7Hz), 5.64(s, 4H, NCH2), 4.90(s, 4H, NHCH2), 2.05(s, CH3CN)

HPLC: (A/B2 = 65/35) Rt = 18.68min Purity = 99.3%

IR: 3423, 3363 and 3072 (w), 1685 (m), 1624 (f), 791 {m)
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Microanalysis for C34H26CI4N /'' 2 CF3CO2', 2 .ICF3CO2H, O.7 5 H2 0 ,0.75MeCN:

Found: C 45.79 H 2.54 N 5.62

Calculated C 45.95 H 2.81 N 5.60

Preparation o f  N,N'-di(7-methoxyquinolin-4-yl)~l,4-diaminomethyl benzene

( m  LA/279A)

HN NH

OMeMe*

A mixture of 7-methoxy-4-chloroquinoline (0.7g, 3.62mmol) and p-

xylylenediamine (0.25g, l.Slmmol) was refluxed in 1-pentanol (5ml) under N2 for 

2 days. Precipitate had formed during this period o f time and after cooling 

addition of Et2 0  to the reaction mixture afforded more solid. This was filtered and 

washed with Et2 0 . It was then dissolved in hot MeOH (15ml) and made alkaline 

to pH>9 by the addition o f 10% NaOH solution. The resulting suspension was left 

at room temperature overnight and the precipitated product was then filtered and 

washed with water. Obtained 0.35g (42%) o f the desired product. 

mp 275-280°C 

MS(FAB): 451 [MH]"̂

Acc.Mass; 451.222401 Calc Acc.Mass: 451.213401 Error: 20ppm

NMR: 8.19(d, 2H, Quinoline H-2, J=5.3Hz), 8.16(d, 2H, Quinoline H-5, J=9.2Hz), 

7.70 (br t, 2H, NH, J=4.9Hz), 7.32(s, 4H, phenylene H's), 7.14(d, 2H, Quinoline H- 

8 , J=2.6Hz), 7.05(dd, 2H, Quinoline H-6 , Ji=2.6Hz, J2=9 .2 Hz), 6.2l(d, 2H, 

Quinoline H-3, J=5.4Hz), 4.47(d, 4H, NHCHj, J=4.3Hz), 3.85(s, 6 H, CH3O) 

HPLC: (A/B2 = 65/35) Rt = 5.59min Purity = 91.9%
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Preparation o f  1 ̂ yS^-Dimethoxy-6,10-diaza—l,5(lf4)-diquinolina-3(l,3),8(l,4)~  

dibenzenacyclodecaphanium ditrifluoroacetate hydrate (19, LA/295F,

UCL 2179-F2)

HN NH

OMeMeO'

N,N'-di-(7-methoxyquinolin-4-yl)-1,4-diaminomethylbenzene (0.34g, 0.76mmol) 

was reacted with a,a'-dibromo-w-xylene (0.34g, 1.28mmol) in DMF (25ml) at 

110°C under N] for 2 days. Precipitate which had formed gradually over this 

period o f time was collected by filtration and washed with Et2 0  to give 2 1 0  mg of 

crude material. The crude product obtained this way was purified by preparative 

HPLC. By this method 70 mg o f the pure product was obtained from 140mg of the 

crude material. 

w/;210-225°C  

MS(FAB); 553 277

NMR: 10.06(br s, 2H, NH), 8.43(m, 4H, Quinoline H-5 and 2), 7.76(d, 2H, m- 

phenylene H-4,6, J=7.8Hz), 7.54(t, IH, m-phenylene H-5, J=7.7Hz), 7.4l(m, 8H, 

p-phenylene H's and Quinoline H-6  and 8 ), 6 .8 8 (s, IH, m-phenylene H-2), 6.37(d, 

2 H, Quinoline H-3, J=7.4Hz), 5.63(s, 4H, NCïjb), 4.72(s, 4H, NHCH2), 3.92(s, 6 H, 

OCH3)

HPLC: (A/B2 = 65/35) Rt = 7.41min Purity = 99.0%

IR: 3410, 3235, 3100 {br. s), 1691 ( 5 ) ,  1622 {s), 827 and 801 (m)

Microanalysis for C36H2gN4 0 2 ^̂  2 CF3CO2 , O.7 CF3CO2H, IH2O:

Found C 56.75 H 4.28 N 6.58

Calculated C 56.72 H 4.10 N 6.36
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Preparation o f  NjN'-di(5y 7-dichloroquinolin-4-yl)-l,5~diaminopentane 

(14iy LA/299Fy LA/339A)

NH

A mixture of 4,5,7-trichloroquinoline (Ig, 4.30mmol) and 1,5-diaminopentane 

(0.22g, 2.15mmol) was heated under reflux and N2 in 1-pentanol (10ml) for 3 days. 

After cooling the product was precipitated with Et20 and filtered. It was then 

dissolved in MeOH (5ml) and basified with 10% NaOH until pH>9. Water was 

added to the resulting suspension and it was left at room temperature overnight. 

The resulting precipitated product was filtered and washed with water. Yield 

0.49g (47%) 

mp 100-105°C

MS(ESP+ve): 495 [MH]^, fragment at m/z 213

Acc.Mass: 493.05185 Calc Acc,Mass: 493.052033 Error: 0.4ppm

NMR: 8.36(d, 2H, Quinoline H-2, J=5.2Hz), 7.76(d, 2H, Quinoline H-8, J=2.4Hz), 

7.5 l(d, 2H, Quinoline H-6, J=2.4Hz), 7.28(br s, 2H, NH), 6.55(d, Quinoline H-3, 

J=5.6Hz), 3.28(t, 4H, NHCH?-seen with D2O shake), 1.75(quint, 4H, NHCH2CH2), 

1.55(quint, 2H, NHCH2CH2CH2)

HPLC: (A/Bi = 50/50) Rt = 13.61min Purity = 97.7%

Preparation o f  1 ,̂1 ,̂ 7̂ , 7^-Tetrachloro-8,14-diaza-l, 7(l,4)-diquinolinacyclotetra- 
decaphanium ditrifluoroacetate dihydrate (14, LA/363FI, UCL 2208-F2)

NH

To a solution o f N,N'-di(5,7-dichloroquinolin-4-yl)-1,5-diaminopentane (0.5g, 1.01 

mmol) in 2-butanone (90ml) 1,5-diiodopentane (0.5g, 1.54mmol) was added. The 

reaction mixture was heated under reflux and N2 for 6 days with precipitate being
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generated gradually. The crude product obtained this way was filtered off and 

washed with EtzO. 300mg o f this crude material were then purified by preparative 

HPLC. The product obtained was dissolved in iPrOH, filtered by gravity and 

evaporated to dryness to yield 25mg of the pure product. 

mp 197-202°C

MS(ESP+ve): 563 [M-H]'", 282

NMR: 9.02(br s, 2H, NH), 8.25(d, 2H, Quinoline H-2, J= 7.5Hz), 8.14(d, 2H, 

Quinoline H-6or8, J=1.8Hz), 7.92(d, 2H, Quinoline H-6or8, J=1.7Hz), 6.87(d, 2H, 

Quinoline H-3, J=7.6Hz), 4.55(br s, 4H, NCH2), 3.67(br s, 4H, NHCH2), 1.72(br s, 

8H, NCH2CH2, NHCH2CH2), 1.49(br m, 2H, NHCH2CH2CH2), 0.83(br s, 2H, 

NCH2CH2CH2)

HPLC: (A/Bi = 50/50) Rt = 6.56min Purity = 97.1%

IR: 3600-3250 (5), 1621 (j), 804 {m)

Microanalysis for C2gH3oCl4N4^̂  2 CF3CO2 , O.9 CF3CO2H, 2 H2O:

Found C 43.63 H 3.94 N 6.24

Calculated C 43.70 H 3.79 N 6.03

Preparation o f  4-chloro-6-trifluoromethoxyquinoline (21ey LA/307Aj

LA/419A)447

A mixture of 4-hydroxy-6-trifluoromethoxyquinoline (0.53g, 2.32mmol) and 

POCI3 (3ml) was heated under reflux for 3h. After removal o f excess POCI3 by 

vacuum distillation ice was added to the residue followed by careful addition of 

ammonia solution (d=0.88, 10ml). The resulting suspension was extracted with 

CH2CI2 (3x50ml), organic extracts were dried over MgS0 4  and evaporated to 

dryness to yield 0.47g (82%) o f the desired product. 

mp 153-155°C 

MS (APCI+ve): 248 [MH]""
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NMR (CDCI3): 8.82(d, IH, Quinoline H-2, 4.7Hz), 8.19(d, IH, Quinoline H-8 , 

J=9.2Hz), 8.07(s, IH, Quinoline H-5, J=l.lH z), 7.65(dd, IH, Quinoline H-7, 

Ji=lHz, J2=9 .2 Hz), 7.57(d, IH, Quinoline H-3, J=4.7Hz)

Preparation o f  N,N'-di(6-triJluoromethoxyquinolin-4-yl)-lf4- 
diaminomethylbenzene (211, LA/311A)

HN NH

A mixture of 4-chloro-6-trifluoromethoxyquinoline (0.44g, 1.77mmol) and p- 

xylylene diamine (0.12g, 0.89mmol) was heated under reflux and N2 in 1-pentanol 

(5ml) for 2 days. After cooling the product was precipitated with Et2 0  and 

filtered. It was then dissolved in MeOH (10ml) and basified with 10% NaOH until 

pH>9. Water was added to resulting suspension and it was left at room 

temperature overnight. The resulting precipitated product was filtered and washed 

with water. Obtained 0.23g (46%) of the desired product. 

mp 250-255°C 

MS(APCI+ve): 559 [MH]*

Acc.Mass: 559.16174 Calc Acc.Mass: 559.156871 Error: 8.7ppm

NMR: 8.37(m, 4H, Quinoline H-2 and 5), 8.25(br s, 2H, NH), 7.89(d, 2H, 

Quinoline H-8 , J=8.9Hz), 7.65(d, 2H, Quinoline H-7, J=8.9Hz), 7.36(s, 4H, 

phenylene H's), 6.44(d, 2H, Quinoline H-3, J=5.5Hz), 4.54(s, 4H, NHCH2)

HPLC: (A/B2 = 65/35) Rt = 16.49min Purity = 92.7%
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Preparation o f  l^,5^-Ditrifluoromethoxy-6flO-diaza—1,5(1,4)-diquinolina-

3(l,3),8(l,4)~dibenzenacyclodecaphanium ditrifluoroacetate (21, LA/323F,

UCL 2192-F2)

HN NH

N,N'-di-(6-trifluoromethoxyquinolin-4-yl)-1,4-diaminomethylbenzene (0.2g, 

0.36mmol) was reacted with a,a'-dibromo-w-xylyl (0.2g, G.76mmol) by heating in 

DMF (20ml) at 110°C under N2 for 2 days. The crude product obtained this way 

(O.lg) was purified by preparative HPLC which gave 45mg of the pure product. 

mp 242-250°C

MS(APCI+ve); 661 [M-H]*, 331[M]^*

NMR: 10.44(br s, 2H,NH), 8.60(s, 2H, Quinoline H-5), 8.55(d, 2H, Quinoline H-2, 

J=7.7Hz), 8.37(d, 2H, Quinoline H-8, J=9.3Hz), 8.02(d, 2H, Quinoline H-7, 

J=9.6Hz), 7.76(d, 2H, m-phenylene H-4,6, J=7.7Hz), 7.51(t, IH, m-phenylene H-5, 

J=7.7Hz), 7.44(s, 4H, p-phenylene H’s), 6.92(s, IH, m-phenylene H-2), 6.46(d, 

2H, Quinoline H-3, J=7.2Hz), 5.66 (s, 2H, NCH2), 4.78(s, 2H, NHCH2)

HPLC: (A/B2 = 55/45) Rt = 8.37min Purity = 100%

IR: 3426 {br m \  3195&3068 {hr m), 1688 (5), 1617 & 1580 (s), 825 (w) 

Microanalysis for C36H28p6N402^  ̂2 CF3CO2 , O.5 CF3CO2H:

Found C 52.28 H 3.03 N  5.91

Calculated C 52.07 H 3.04 N 5.92
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Preparation o f  4-chloro-6-fluoroquinoline ( l ie , LA/315A, LA/439A)447

A mixture o f 4-hydroxy-6-fluoroquinoline (1.55g, 9.50mmol) and POCI3 (6 ml) 

was refluxed for 3h. Excess POCI3 was then removed by vacuum distillation and 

ice and ammonia solution (d=0.88, 15ml) were added to the residue. The resulting 

suspension was extracted with CH2CI2 (3x501ml), organic extracts were dried over 

MgS0 4  and evaporated to dryness to give 1.5g (87%) o f the desired product. 

mp 62°C lit, mp 76.5-77°C 

MS (APCI+ve): 182 [M H]\ fragment at m/z 148

NMR (CDCI3):  8.73(d, IH, Quinoline H-2, J=4.8Hz), 8.10(dd, IH, Quinoline H-8 , 

Ji=5.3Hz, J2=9 .3 Hz), 7.82(dd, IH, Quinoline H-5, Ji=2.8Hz, J2=9 .4 Hz), 7.55(m, 

IH, Quinoline H-7 and 3)

Preparation o f  N,N'-di(6-fluoroquinolin-4-yl)-l,4-diaminomethyl benzene 
(20i, LA/319A)

HN NH

A solution o f 4-chloro-6-fluoroquinoline (0.39g, 2.15 mmol) and p- 

xylylenediamine (0.15g, 1.08mmol) in 1-pentanol (5ml) was heated at reflux 

temperature under N2 for 3 days with precipitate being generated during course o f 

reaction. After cooling, Et2 0  was added and the precipitate was collected by 

filtration. It was then dissolved in MeOH and basified with 10%NaOH until pH>9 

and the resulting suspension was left standing overnight. The product which 

formed was filtered and washed with water. Yield O .llg (24%). 

w/7 305-310°C

MS(APCI+ve): 427 [MH]^, fragment at m/z 281

Acc.Mass: 427.17374 Calc Acc.Mass: 427.173428 Error: 0.8ppm
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NMR: 8.28(d, 2H, Quinoline H-2, J=5.6Hz), 8.08(dd, 2H, Quinoline H-5, 

Ji=2.6Hz, J2= 1 1 Hz), 7.82(dd, 2H, Quinoline H-8 , Ji=5.9Hz, J2=9 .2 Hz)), 7.74(br s, 

2H, NH), 7.50(t, 2H, Quinoline H-7, J=8.7Hz), 7.34(s, 4H, phenylene H's), 6.34(d, 

2H, Quinoline H-3, J=5.1Hz), 4.49(d, 4H, NHCH2, J=4.2Hz)

HPLC: (A/B2 = 65/35) Rt = 4.59min Purity = 87.1%

Preparation o f  l^,5^-Difluoro~6,10-diaza-lf5(l,4)-diquinolina-3(l,3),8(lf4)- 
dibenzenacyclodecaphanium ditrifluoroacetate (20, LA/327F, UCL 2193-F2)

HN NH

A solution o f N,N'-di-(6-fluoroquinolin-4-yl)-1,4-diaminomethylbenzene (0.095g, 

0.22 mmol) and a,a'-dibromo-w-xylyl (0.095g, G.36mmol) in DMF (15ml) was 

heated at 110°C under N2 for 2 days. The precipitate which had formed during the 

course o f reaction was filtered and washed with Et2 0  and yielded 65mg. This was 

then purified by preparative HPLC to give 23mg o f the pure product. 

mp 242-250°C 

MS(ESP^ve): 529 [M-H]*

NMR: 10.22(br t, 2H, NH, J=5.2Hz), 8.54(d, 2H, Quinoline H-2, J=7.6Hz), 

8.41(dd, 2H, Quinoline H-5, Ji=2.2Hz, J2=9 .8Hz), 8.28(dd, 2H, Quinoline H-8 , 

Ji=4.6Hz, J2=9 .4 Hz), 7.92 (ddd, 2H, Quinoline H-7, Ji=2.4Hz, J2=9 .2 Hz), 7.76(d, 

2H, m-pheylene H-4&6, J=8Hz), 7.5 l(t, IH, m-phenylene H-5, J=8 Hz), 7.45(s, 

4H, p-phenylene H’s), 6 .8 l(s, IH, m-phenylene H-2), 6.45(d, 2H, Quinoline H-3, 

J=7.6Hz), 5.66(s, 2H, NCH2), 4.76(d, 2H, NHCH2, J=4.4Hz)

HPLC: (A/B2 = 70/30) Rt = 11.63min Purity = 100%

IR: 3320 & 3075 {br m ) ,  1682 {s), 1616 & 1579 ( 5 ) ,  879 (m)
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2+
Microanalysis for C34H28F6N4 2 CF3CO2 , 2 CF3CO2H:

Found

Calculated

C 51.27 H 3.31 N 5.86 

C 51.23 H 3.07 N 5.69

Preparation o f  6~methyl-4-chloroquinoline (8e, LA/367Ay LA/403A)^^ 

L Preparation o f p-methylanilinomethylenemalonic ester (8a, LA/343A)

lEta OEt

A mixture of m-toluidine (19.93g, 186mmol) and diethylethoxyethylene malonate 

(40.3g, 186mmol) was heated at 145-155°C until no further liberation o f EtOH 

could be detected (about 1.5 h). This afforded 50.84g (99%) o f the product in the 

form o f a thick brown oil which solidified on standing at room temperature.

MS (FAB): 300 [M+Na]^, 277 [MH] , fragment at m/z 232 

NMR (CDCh): 10.95(d, IH, NHCH=C, J=13.7Hz), 8.48(d, IH, NHCH=C, J= 

13.8Hz), 7.14(d, 2H, Ar Ha, J=8.3Hz), 7.00(d, 2H, Ar Hb, J=8.4Hz), 4.28(quart, 

2H, CH3CH2 0 C0 -J=7 .1Hz), 4.21 (quart, 2H, CH3CH2 0 C0 -J=7 .1Hz), 2.30(s, 3H, 

CH3) 1.35(t, 3H, CH3CH2OCO, J= 7.1Hz), 1.30(t, 3H, CH3CH2OCO, J= 7.1Hz)

2. Preparation o f 3-carbethoxy-4-hydroxy-6-methylquinoline (8b, LA/347A, 

LA/383A)

OEt

A solution of p-methylanilinomethylenemalonic ester (20g, 72mmol) in 

Dowtherm-A (200ml) was heated at 250°C. The precipitate which formed on 

cooling was filtered off and washed with CCI4 (50ml) and Bt2 0  (50ml). Yield 

9.29g (56%) 

mp 285-287°C
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M S (APCI-^ve): 232 [MH] , fragments at m/z 186,160

Poor solubility o f this product prevented recording o f a good quality NMR 

spectrum.

5. Preparation o f  3-carboxy-4-hydroxy-6-methylquinoline (8c, LA/351 A, LA/391 A)

OH

A solution of 3-carbethoxy-4-hydroxy-6-methylquinoline (lOg, 43.2mmol) in 

excess 10% NaOH (lOg in 90ml H2O and 10ml MeOH) was refluxed for 2.5h, then 

cooled and 6N HCl was carefully added until pH dropped to 4-5, during which 

formation o f a white precipitate occurred. The resulting suspension was stirred at 

room temperature for 30 mins, the product was filtered and washed with water. 

Yield 8.5g (97%). 

mp 272-273°C

M S (FAB): 226 [M+Na]^, 204 [MH]^, fragment at m/z 176

NMR: 8.83(s, IH, Quinoline H-2), 8.08(s, IH, Quinoline H-5), 7.73(m, 2H,

Quinoline H-7 and 8 ), 2.45(s, 3H, CH3)

4. Preparation o f  4-hydroxy-6-methylquinoline (8d, LA/359A, LA/399A, LAJ407A)

A solution of 3-carboxy-4-hydroxy-6-methylquinoline (4.2g, 21mmol) was heated 

in Dowtherm-A (200ml) at 250°C until release o f CO2 ceased. The product which 

precipitated on cooling was filtered and washed with Et2 0 . Yield 3.20g (95%).

#«/> 219-222°C 

M S (FAB): 160 [MH]'"

NMR: 7.84(m, 2H, Quinoline H-2&5or8), 7.44(m, 2H, Quinoline H-7&8or5), 

5.97(d, IH, Quinoline H-3. J=7.3Hz), 2.38(s, 3H, CH3)
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5. Preparation o f  4-chloro-6-methylquinoline (8e, LA/367A, LA/403A)

A  mixture o f 4-hydroxy-6-methyIquinoline (2.5g, 15.6mmol) and POCI3 (10ml) 

was heated under reflux for 3h. Excess POCI3 was then removed by distillation 

under reduced pressure and to the residue ice was added, followed by careful 

addition o f ammonia solution (d=0.88, 30ml). The resulting suspension was 

extracted with CH2CI2 (3x50ml), organic layers were combined and dried over 

MgS0 4  overnight. Evaporation o f solvent afforded 2.45g o f the product (8 8 %). 

mp 45-46°C lit. mp 55°C 

MS (APCI+ve): 178 [MH]^

NMR (CDCh): 8.69(d, IH, Quinoline H-2, J=4.8Hz), 7.97(m, 2H, Quinoline H- 

5&8), 7.58(dd, IH, Quinoline H-7, Ji=1.6Hz, J2=8Hz), 7.43(d, IH, Quinoline H-3, 

J=4.8Hz), 2.55(s, 3H, CH3)

Preparation o f  N,N'-di(6-methylquinolin-4-yl)-l,4-diaminomethyl benzene 
(22i, LA/375A)

HN NH

A mixture o f 4-chloro-6-methylquinoline (0.5g, 2.82mmol) and p-xylylenediamine 

(0.19g, 1.41 mmol) in 1-pentanol (5ml) was heated under reflux and N2 for 3 days 

with precipitate forming gradually. After cooling, Et2 0  was added and the 

precipitate was collected by filtration. This was then dissolved in MeOH (20ml) 

and basified with 10% NaOH until pH>9. The resulting precipitated product was 

filtered and washed with water. Yield 0.29g (49%). 

mp 280-285°C 

M S (APCI+ve): 419 [MH]*

Acc.Mass: 419.22205 Calc Acc.Mass: 419.223572 Error: 3.6ppm
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NMR: 8.21(d) 2H, Quinoline H-2, J=5.2Hz), S.05(s, 2H, Quinoline H-5), 7.73(br s, 

NH, 2H), 7.66(d, 2H, Quinoline H-8 , J=8.4Hz), 7.43(d, 2H, Quinoline H-7, 

J=8.1Hz), 7.33(s, 4H, phenylene H’s), 6.27(d, 2H, Quinoline H-3, J=4Hz), 4.47(s, 

2 H, NHCH2), 2.47(s, 6 H, CH3)

HPLC: {AIB2 = 65/35) Rt = 6.23min Purity = 100%

Preparation o f  l^,5^-Dimethyl-6,10-diaza—1,5(1,4)-diquinolina-3(l,3),8(1,4)- 
dibenzenacyclodecaphanium ditrifluoroacetate (22, LA/387F, UCL 2205-F2)

HN NH

A solution o f N,N'-di-(6-methylquinolin-4-yl)-l ,4-diaminomethylbenzene (0.27g,

0.65 mmol) and a,a'-dibromo-A?2-xylene (0.27g, 1.02mmol) in DMF (40ml) was 

heated at 110°C under N% for 2 days with precipitate forming. This precipitate was 

filtered and washed with Et2 0  to yield 270mg o f crude product. The first attempt 

to purify it by preparative HPLC gave product which was only 95% pure by 

analytical HPLC. This was purified again by preparative HPLC to give 80mg of 

the pure compound. 

mp 230-235°C

MS(ESP+ve): 521 261

NMR: 10,14(br t, 2H, NH, J=5.4Hz), 8.47(d, 2H, Quinoline H-2, J=7.2Hz), 8.33(s, 

2H, Quinoline H-5), 8.04(d, 2H, Quinoline H-8 , J=8 .8 Hz), 7.76(m, 4H, m- 

phenylene H4&6, Quinoline H-7), 7.50(t, IH, m-phenylene H-5, J=7.8Hz), 7.45(s, 

4H, p-phenylene H’s), 6.73(s, m-phenylene H-2), 6.42(d, 2H, Quinoline H-3, 

J=7.2Hz), 5.61(s, 4H, NCHz), 4.74(d, 4H, NHCH2, J=5.2Hz), 2.47(s, 6 H, CH3) 

HPLC: (A/B2 = 65/35) Rt = 8.70min Purity = 99.4%

IR: 3438 {b r m \  3259&3084 ( w ) ,  1687 ( 5 ) ,  1615&1576 (s), 806(^)
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2+
Microanalysis for C36H34N4 2 CF3CO2 , O.6 CF3CO2H:

Found C 60.39 H 4.43 N 6.74

Calculated C 60.56 H 4.27 N 6 .8 6

Preparation o f  N,N*-di(6-methylquinolin-4-yl)-l,5-diaminopentane (8i, 
LA/379A, LA/411 A)

HN NH

A mixture o f 4-chloro-6-methylquinoline (1.3g, 7.29mmol) and 1,5-

diaminopentane (0.37g, 3.64mmol) was heated under reflux and N2 in 1-pentanol 

(30ml) for 3 days. After cooling the product was precipitated with Et2 0  and 

filtered. It was then dissolved in MeOH (5ml) and basified with 10%NaOH until 

pH>9. Water was added to the resulting suspension and it was left at room 

temperature overnight. The resulting precipitated product was filtered and washed 

with water. Yield 0.95g, 67%. 

iw/i215-218°C 

MS(APCI-\-ve): 385 [M+H]^

Acc.Mass: 384.23197 Calc Acc.Mass: 384.231397 Error: 1.5ppm

NMR: 8.29(d, 2H, Quinoline H-2, J=5.3Hz), 8.01(s, 2H, Quinoline H-5), 7.65(d, 

2H, Quinoline H-8 , J=8 .6 Hz), 7.40 (dd. Quinoline H-7, Ji=1.6Hz, 12=8 .5Hz), 

7.01(br t, 2H, NH, J=5.2Hz), 6.37(d, 2H, Quinoline H-3, J=5.3Hz), 3.24(quart, 4H, 

NHCH2, J=6.5Hz), 2.44(s, 6H, CH3), 1.70(m, 4H, NHCH2CH2, J=7.2Hz), 

1.52(quint, 2 H, NHCH2CH2CH2, J=6 .8Hz)

HPLC: (A/Bi = 50/50) Rt = 8.97min Purity = 96.2%
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Preparation o f  7̂ -Dimethyl-8,14-diaza-l, 7(l,4)-diquinolinacyclotetradeca
phanium ditrifluoroacetate hemihydrate (8, LA/415F1, UCL 2223-F2)

HN NH

To a solution of N,N'-di(6-methylquinolin-4-yl)-1,5-diaminopentane (0.5g, 

l.SOmmol) in 2-butanone (70ml) 1,5-diiodopentane (0.6g, l,85mmol) was added. 

The reaction mixture was heated under reflux and N] for 6  days with precipitate 

being generated gradually. The crude product obtained this way was filtered off 

and washed with EtzO and weighed 0.70g. 350mg o f this crude material were then 

purified by preparative HPLC. The purified material was dissolved in iPrOH, 

filtered by gravity and evaporated to dryness to yield 35mg o f the product. 

mp 220-230°C

MS(ESP+ve): 453 [M -H f, 227

NMR: 9.13(br s, 2H, NH), 8.25(d, 2H, Quinoline H-2, J=7.2Hz), 8.23(s, 2H, 

Quinoline H-5), 7.93(s, 2H, Quinoline H-8 , J=8.9Hz), 7.73(d, 2H, Quinoline H-7, 

J=8.9Hz), 6.7l(d, 2H, Quinoline H-3, J=7.2Hz), 4.54(br s, 4H, NCHz), 3.60(br s, 

4H, NHCH2), 2.42(s, 6 H, CH3), 1.71(br s, 8H, NCH2CH2 and NHCH2CH2), 

1.22(br s, 2H, NHCH2CH2CH2), 0.71 (br s, 2 H, NCH2CH2CH2)

HPLC: (A/Bi = 60/40) Rt = 15.55min Purity = 100%

IR: 3445-3000 {br m \  2926 (w), 1690 {s). 1617&1583 {s)

Microanalysis for C3oH3gN4^̂  2 CF3CO2 , ICF3CO2H, O.5 H2O:

Found C 53.84 H 5.15 N 6.91

Calculated C 53.80 H 5.02 N 6.97

Preparation o f  6-nitro-4-chloroquinoline (9e, LA/463A, LA/507A)^^^’̂ ^

1. Preparation ofp-nitroanilinomethylenemalonic ester (9a, LA/427A)

lEtO' OEt
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A mixture of w-nitroaniline (19.16g, 139mmol) and diethylethoxyethylene 

malonate (30g, 139mmol) was heated at 145-155°C under distillation until no 

further liberation o f EtOH could be detected (about Ih). This afforded 40.50g 

(95%) o f the product in the form of a thick yellow oil which solidified on cooling. 

#M/i 220-221°C

M S (FAB): 331 [M+Na]^, 309 [M+H]^, fragment at m/z 263

NMR (CDCh): 8.48(d, IH, NHCH=C, J= 13.2Hz), 8.24(d, 2H, Ar Ha, J=9Hz),

7.20(d, 2H, Ar Hb, J=9Hz), 4.27(m, 4H, CH3CH2OCO-), 1.32(m, 6 H,

CH3CH2OCO)

2. Preparation o f 2-carbethoxy-4-hydroxy-6-nitroquinoline (9b, LA/431A, 

LA/491A)

OEt

A solution o f p-nitroanilinomethylenemalonic ester (20g, 65mmol) in Dowtherm-A 

(250ml) was heated at 250°C for about 2h. The product which precipitated out of 

solution on cooling was collected by filtration and washed with Et2 0  ( 1 0 0 ml). 

Yield 13.30g (78%)

mp above 330°C lit, mp above 320°C 

M S (APCI+ve): 263 [M+H]^, fragment at m/z 191

Poor solubility o f this product prevented recording o f a good quality NMR 

spectrum.

5. Preparation o f 3-carboxy-4-hydroxy-6-nitroquinoline (9c, LA/435A, LA/495A)

O2N.
OH

A  solution of 3-carbethoxy-4-hydroxy-6-nitroquinoline (13g, 50mmol) in excess 

10% NaOH (13g in 115ml H2O and 15ml MeOH) was refluxed for 2.5h, then
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cooled to room temperature, followed by a careful addition o f 6N  HCl until pH 

dropped to 4-5, during which formation of yellow precipitate occurred. The 

resulting suspension was stirred at room temperature for Vi h. The product was 

collected by filtration and washed with water. Yield 10.8g (92%). 

mp 267-268°C l i t  mp above 320°C 

M S (APCI+ve): 234 [M+H]^, fi-agment at m/z 190

NMR: 8.90(m, 2H, Quinoline H-2&5), 8.56(d, IH, Quinoline H-8 , J=8 .8Hz), 

8.07(d, IH, Quinoline H-7, J=8 .8 Hz)

4, Preparation o f 4-hydroxy-6-nitroquinoline (9d, LA/455A, LA/503A)

A solution o f 3-carboxy-4-hydroxy-6-nitroquinoline (7g, 30mmol) was heated in 

Dowtherm-A (200ml) at 250°C until the release o f CO2 had ceased. The dark 

yellow product which precipitated on cooling was filtered and washed with Et2 0 . 

Yield 5.70g (100%). 

mp 300°C l i t  mp 290-295°C 

M S (APCI+ve): 190 [M+H]*

NMR; 8.90(d, IH, Quinoline H-5, J=2.7Hz), 8.20((ld, Quinoline H-7, J,=2.6Hz, 

J2=9 .1Hz), 8.05(d, IH, Quinoline H-2, J=6.7Hz), 7.63(d, IH, Quinoline H-8 . 

J=9.1Hz), 6.10(d, IH, Quinoline H-3, J=6.7 Hz)

5. Preaparation o f 4-chloro-6-nitroquinoline (9e, LA/463A, LA/507A)

A mixture of 4-hydroxy-6-nitroquinoline (4g, 21 mmol) and POCI3 (75ml) was 

heated under reflux for 3h. Excess POCI3 was then removed by distillation under 

reduced pressure and to the residue ice was added, followed by careful addition of 

ammonia solution (d=0.88, 60ml). The resulting suspension was extracted with
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CH2CI2 (3x100ml), organic layers were combined and dried over MgSO# 

overnight. Evaporation of solvent afforded 3.2g (75%) o f the product. 

mp 136°C l i t  mp 141-141.5°C 

MS (APCI+ve): 209 [M+H]''

NMR (CDClj): 9,16(d, IH, Quinoline H-5, J=2.5Hz), 8.94(d, IH, Quinoline H-2, 

J=4.7Hz), 8.51(dd, IH, Quinoline H-7, Ji=2.5Hz, J2=9 .2 Hz), 8.25(d, IH, Quinoline 

H-8 , J=9.2Hz), 7.64(d, IH, Quinoline H-3, J=4.7Hz)

Preparation o f  N,N*-di(6-nitroquinolin-4-yl)-l,4~diaminomethyl benzene
(23U LA/471D)

HN NH

A mixture o f 4-chloro-6-nitroquinoline (2g, 9.57mmol) and p-xylylenediamine 

(0.65g, 4.79mmol) in 1-pentanol (10ml) was heated under reflux and N2 for 2 days 

with precipitate forming gradually. After cooling, Et2 0  was added and precipitate 

was collected by filtration. This was then partially dissolved in MeOH/MeCN (1/1 

30ml) and basified with 10%NaOH until pH>9. The resulting product which 

precipitated was filtered off and washed with water. It was then purified by 

column chromatography using eluents CH2Cl2/Me0 H/NH4 0 H (15/2/1). Yield 

0.3g(ll% ). 

mp above 330°C

M S (APCI+ve): 481 [M+H]^, firagment at m/z 309

NMR: 9.40(d, 2H, Quinoline H-5, J=2.5Hz), 8.56(br s, 2H, NH), 8.43(d, 2H, 

Quinoline H-2, J=5.5Hz), 8.31(dd, 2H, Quinoline H-7, Ji=2.5, J2=9 .3 Hz), 7.89(d, 

2H, Quinoline H-8 , J=9.3Hz), 7.38(s, 4H, phenylene H’s), 6.50(d, 2H, Quinoline 

H-3, J=5.6Hz), 4.55(d, 2H, NHCH2, J=5.7Hz)

HPLC: (A/B2=65/35) Rt = 4.77min Purity = 95.0%
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Preparation o f  l^t5^-Dinitro-6,10-diaza-lf5(ly4)-diquinolina-3(l,3)t8(lt4)- 
dibenzenacyclodecaphanium ditrifluoroacetate (23, LA/479F, UCL 2244-F2)

HN NH

A solution of N,N'-di-(6-nitroquinolin-4-yl)-l,4-diaminomethylbenzene (0.2g, 0.42 

mmol) and a,a'-dibromo-w-xylene (0.2g, 0.76mmol) in DMF (30ml) was heated 

at 110°C under N] for 2 days. After cooling Et20 was added to the reaction 

mixture to precipitate the product. It was then filtered and washed with Et20 to 

yield 230mg of the crude product. Purification by preparative HPLC gave 60mg of 

the pure product. 

mp above 300°C 

MS(APCI+ve): 583 [M-H]*

NMR: 10.82(br s, 2H, NH), 9.56(d, 2H, Quinoline H-5, J=2.1Hz), 8.62(dd, 2H, 

Quinoline H-7, Ji=2.1Hz, J2=9.5Hz), 8.49(d, 2H, Quinoline H-2), 8.36(d, 2H, 

Quinoline H-8, J=9.7Hz), 7.76(d, m-phenylene H 4,6, J=7.7Hz), 7.54(t, IH, m- 

phenylene H-5, J=7,7Hz), 7.48(s, 4H, p-phenylene H’s), 6.78(s, IH, m-phenylene 

H-2), 6.53(d, 2H, Quinoline H-3, J=7.5Hz), 5.68(s, 4H, NCH2), 4.82(s, 4H,

NHCH2)

HPLC: (A/B2 = 65/35) Rt = 7.28min Purity = 98.3%

IR: 3423&3093 {b rm \  1084 (5), 1623&1581(5), 1522&1344(5); 800&828(w) 

Microanalysis for C34H2gN604^  ̂2 CF3 CO2  , O.9 CF3CO2H:

Found C 52.23 H 3.34 N 9.15

Calculated C 52.34 H 3.19 N 9.20
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Preparation ofN,N-di(6-nitroquinolin-4-yl)-l,5-diaminopentane (91, LA/511 A)

HN NH
O2N.

A mixture o f 4-chloro-6-nitroquinoline (Ig, 4.79mmol) and 1,5-diaminopentane 

(0.25g, 2.39mmol) was heated under reflux and N2 in 1-pentanol (30ml) for 3 days. 

Precipitate formed during the course o f reaction and after cooling Et2 0  was added 

which afforded more product. The resulting product was collected by filtration and 

washed with Et2 0 . It was then dissolved in MeOH(Sml) and basified with 

10%NaOH until pH>9. Water was added to the resulting suspension and it was 

left at room temperature overnight. The resulting precipitated product was filtered 

and washed with water. Yield 0.50g (47%). 

mp 230-232°C

MS(APCI+ve): 447 [M+H]^ , fi-agments at m/z 275,190  

Acc,Mass: 447.1778 Calc Acc.Mass: 447.17807 Error: 0.6ppm

NMR: 9.32(d, 2H, Quinoline H-5, J=2.2Hz), 8.47(d, 2H, Quinoline H-2,

J=5.6Hz), 8.27(dd, 2H, Quinoline H-7, Ji=2.4Hz, J2=9 .2 Hz), 7.87(m, Quinoline H- 

8 and NH), 6.57 (d, 2H, Quinoline H-2, J=5.6Hz) 3.32(t, 4H, NHCH2, J=6 .8Hz), 

1.77(quint, 4H, NHCH2CH2, J-7. IHz), 1.52(quint, 2H, NHCH2CH2CH2, J=7Hz) 

HPLC: (A/Bi = 55/45) Rt = 6.67min Purity = 97.2%

Preparation o f  1̂ , 7^-DinitrO‘8,14-diaza-l, 7(l,4)’diquinolinacyclotetradeca- 
phanium ditrifluoroacetate hemihydrate (9, LA/571F5, UCL 2266-F2)

HN NH

To a solution o f N,N-di(6-nitroquinolin-4-yl)-1,5-diaminopentane (0.63g, 

1.41 mmol) in 2-butanone (100ml) and DMF (7ml) 1,5-diiodopentane (0.63g, 

1.85mmol) was added. The reaction mixture was heated under reflux and N2 for 6
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days with precipitate being generated gradually. The crude product obtained this 

way was filtered and washed with EtzO to give 0,68g o f orange solid. This was 

then purified by preparative HPLC, the resulting solid was dissolved in iPrOH, 

filtered by gravity and evaporated to dryness to give 50mg o f the product. 

mp 236-239°C 

MS(ESP-\-ve): 515 [M-H]""

NMR: 9.89(br s, 2H, NH), 9.43(d, 2H, Quinoline H-5, J=2.2Hz), 8.54(dd, 2H, 

Quinoline H-7, Ji=2.2Hz, J2=9.7Hz), 8.32(d, 2H, Quinoline H-2, J=7.5Hz), 8.20(d, 

2H, Quinoline H-8, J=9.7Hz), 6.87(d, 2H, Quinoline H-3, J=7.5Hz), 4.58(br s, 4H, 

NCH2), 3.66(br s, 4H, NHCH2), 1.73(br m, 8H, NCH2CH2, NHCH2CH2), 1.42(r s, 

2H, NHCH2CH2CH2), 0.84(br m, 2H, NCH2CH2CH2)

HPLC: (A/Bi = 60/40) Rt = 7.66min Purity = 100%

IR: 3440&3103 {b rm \  1685 (5), 1522&1345(s)

Microanalysis for C2gH32N60/^ 2 CF3CO2 , O.7 CF3CO2H, O.5 H2O:

Found C 48.52 H 4.34 N 9.86

Calculated C 48.25 H 4.09 N 10.11

Preparation o f  1̂ , 7̂ -Diamino-8J4-diaza-l, 7(l,4)-diquinolinacyclotetradeca- 
phanium ditrifluoroacetate hydrate (10, LA/1175F, UCL 2343-F2)

HN NH

To a solution of 8,14-diaza-l,7(1,4)-di-(6-nitroquinolina)-cyclotetradecaphanium 

di-trifluoroacetate (0.02g, 0.027mmol) in acetic acid (0.4ml) a suspension of 

SnCl2'2 H2 0  (0.05g) in HCI/H2O (0.8ml/0.1ml) was added. The reaction mixture 

was heated at 65 °C for 45 mins after which HPLC showed no starting material and 

formation o f a new peak. It was then cooled, 10% NaOH was added and solution 

evaporated to dryness. The residue was then purified by preparative HPLC, the 

resulting solid dissolved in iPrOH, filtered by gravity and evaporated to dryness to 

give 11 mg o f the pure product. 

mp 225-227°C
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MS(FAB+ve): 455 [M-H]*

NMR: 8.56(br s, 2H, NH), 7.96(d, 2H, Quinoline H-2, J=7Hz), 7.76(d, 2H, 

Quinoline H-8, J=9.1Hz), 7.24(m, 4H, Quinoline H-7&5), 6.45(d, 2H, Quinoline 

H-3, J=7.2Hz), 5.72(d*-uneven, 4H, Quinoline NH2), 4.46(br s, 4H, NCH2), 

3.52(br s, 4H, NHCH2), 1.71(m, 8H, NCH2CH2, NHCH2CH2), 1.41(m, 2H, 

NHCH2CH2CH2), 0.71(br s, 2H, NCH2CH2CH2)

HPLC: (A/Bi = 70/30) Rt = 6.87min Purity = 100%

Microanalysis for C2gH36N6^̂  2 CF3CO2 , O.5 CF3CO2H, IH2O:

Found C 52.31 H 4.84 N 10.89

Calculated C 52.31 H 5.12 N 11.09

Preparation o f  N,N'-di(6-aminoquinolin-4-yl)-lf4-diaminomethyl benzene 
(24U LA/487A)

HN NH

To a solution of N,N'-di-(6-nitroquinolin-4-yl)-l,4-diaminomethyl benzene (0.25g,

0.52mmol) in acetic acid (4ml) a solution of SnCl2 (0.63g, 3.3mmol) in HCI/H2O 

(8ml/0.8ml) was added and the resulting suspension was heated at 65°C for 35mins 

with all the solid dissolving during the course o f the reaction. On cooling 

precipitate formed and the reaction mixture was then basified with 20% NaOH. 

The product was then filtered and washed with water. Yield 0.17g (77%). 

mp 278-280°C

MS (APCI+ve): 421 [M+H]^, firagment at m/z 279

Acc.Mass: 421.21319 Calc Acc,Mass: 421.21404 Error: 2ppm

NMR: 7.98(br s, 2H, Quinoline H-2), 7.50(d, 2H, Quinoline H-8, J=8.4Hz), 7.31(s, 

4H, phenylene H’s), 7.27(br s, 2H, NH), 7.09(s, 2H, Quinoline H-5), 7.05(d, 2H, 

Quinoline H-7, J=8.7Hz), 6.17(d, 2H, Quinoline H-2, J=4.5Hz), 5.26(br s, 4H, 

NH2), 4.46(d, 2H, NHCH2, J=4.5Hz)

HPLC:{AIQ2=1 5125) Rt = 5.06min Purity = 90.8%
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HPLC:{AJB2=15H5) Rt = 5.06min Purity = 90.8%

Preparation o f  l^f5^-Diamino-6,10-diaza-l,5(lf4)-diquinolina-3(l,3),8(l,4)- 
dibenzenacyclodecaphanium ditrifluoroacetate sesquihydrate (24y LA/883F, 
UCL 2296-F2)

HN NH

A mixture 6,10-diaza-3(l ,3),8(1,4)-dibenzena-1,5(1,4)-di-(6-nitroquinolina)-cyclo 

decaphanium ditrifluoroacetate (40mg, 0.049mmol) and Pd/C (60mg) was stirred 

in MeOH under H2 atmosphere for 24h. The reaction mixture was then filtered 

through celite and solvent removed in vacuuo. The product was then purified by 

preparative HPLC to give 15mg. 

mp above 300°C 

MS(ESP+ve); 523 [M-H]*, 262

NMR: 9.48(br s, 2H, NH), 8.22(d, 2H, Quinoline H-2,J=7.2Hz), 7.9I(d, 2H, 

Quinoline H-8, J=9.6Hz), 7,7l(d, 2H, m-phenylene H-4&6, J=7,6Hz), 7.47(t, IH, 

m-phenylene H-5, J=7,6Hz), 7.40(s, 4H, p-phenylene H’s), 7.26(m, 4H, Quinoline 

H-5&7), 6.84(s, IH, m-phenylene H-2), 6.2l(d, 2H, Quinoline H-3. J=7.2Hz), 

5.87(br s, 4H, NH2), 5.53(s, 4H, NCH2), 4.67(d, 4H, NHCH2, J=4.5Hz)

HPLC: (A/Bi = 75/25) Rt = 9.48min Purity = 100%

IR: 3421 (hrs), 1682 (j), 1610&1576 (5). 805 {m)

Microanalysis for C]4H32N 6^̂  2 CF3CO2 , O.8 CF3CO2H, I.5 H2O:

Found C 54.74 H 4.15 N 9.67

Calculated C 54.67 H 4.40 N 9.68
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Preparation o f  N,N'~di(6-fluoroquinolin-4-yl)-l,5-diaminopentane (H i, 
LA/475A)

HN NH

A mixture of 4-chloro-6-fluoroquinoline (Ig, S.Slmmcl) and 1,5-diaminopentane 

(0.28g, 2.76mmol) was heated under reflux and N 2 in 1-pentanol (30ml) for 3 days. 

After cooling the product was precipitated by the addition o f Et2 0 , filtered and 

washed with Et2 0 . It was then dissolved in MeOH (5ml) and basified with 10% 

NaOH until pH>9. Water was added to the resulting suspension and it was left at 

room temperature overnight. The resulting precipitated product was filtered and 

washed with water. Yield 0.6g (56%). 

mp 150-153°C

MS(APCI+ve): 393 [MH] , fragments at m/z 248,163

Acc,Mass: 392.181253 Calc Acc.Mass: 392.18058 Error: 1.7ppm

NMR: 8.35(d, 2H, Quinoline H-3, J=5.4Hz), 8.04(dd, 2H, Quinoline H-5, 

J]=2.5Hz, J2= 1 1Hz), 7.81(dd, 2H, Quinoline H-8 , Ji=6 Hz, J2=9 .2 Hz), 7.47(ddd, 

2H, Quinoline H-7, J]=2.5Hz, J2=8 .3 Hz, J3=9 .2 Hz), 6.44(d, 2H, Quinoline H-3, 

J=5.3Hz), 3.27(t, 4H-hidden under H2O peak-shown with D2O shake, 

NHCH2,J=7 Hz), 1.73(quint, 4H, NHCH2CH2, J=7.2Hz), 1.51(quint, 2H,

NHCH2CH2CH2, J=7Hz)

HPLC: (A/Bi = 60/40) Rt = 16.82min Purity = 91%

Preparation o f  l^,7^-Difluoro-8,14-diaza-l,7(l,4)-diquinolinacyclotetradeca- 
phanium ditrifluoroacetate hemihydrate( (11, LA/483F1, UCL 2243-F2)

HN NH
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To a solution of N,N'-di(6-fluoroquinolin-4-yl)-1,5-diaminopentane (0.3g, 

0.77mmol) in 2-butanone (50ml) and DMF (7ml) 1,5-diiodopentane (0.3g,

0.93mmol) was added. The reaction mixture was heated under reflux and N] for 6  

days with precipitate being generated gradually. The crude product which was 

collected by filtration and washed with EtaO weighed 450mg. 225mg were then 

purified by preparative HPLC. The resulting product was dissolved in iPrOH, 

filtered by gravity and evaporated to dryness to yield 30mg o f the pure product. 

mp 2\6-225°C

MS(APCI+ve): 461 [M-H]*

NMR: 9.07(br t, 2H, NH), 8.28(m, 4H, Quinoline H-2&5), 8.13(dd, 2H, Quinoline 

H-8 , Ji=4.8Hz, J 2 = 9 . 8 H z ) ,  7.84(ddd, 2H, Quinoline H-7, J,=2.5Hz, Jz=7.7Hz, 

J 3 = 9 . 8 H z ) ,  6.73(d, 2H, Quinoline H-3, J=7.4Hz), 4.57(br s, 4H, N Q L ), 3.60(br s, 

4H, NHCHj), 1.76-1.70(m, 8H, NCH2CH2, NHCH2CH2), 1.43(m, 2H, 

NHCH2CH2CH2), 0.73(br s, 2H, NCH2CH2CH2)

HPLC: (A/Bi = 60/40) Rt = 8.02min Purity = 100%

IR: 3422&3268 {brm), 2928&2860 (w), 1690 {s), 1473&720 (m)

Microanalysis for C28H32F2N /*  2 CF3CO2 , 1 .5 CF3CO2H, O.5 H2O:

Found C 48.46 H 4.12 N 6.52

Calculated C 48.39 H 4.00 N 6.45

Preparation o f  6-methoxy-4-chloroquinoline (12e, LA/563A, LA/611A,
LA/703A f^
1. Preparation o f p-methoxyanilinomethylenemalonic ester (12a, LA/519A)

Mel lEta O E t

A mixture of /j-anisidine (25g, 203mmol) and diethylethoxyethylene malonate 

(43.89g, 203mmol) was heated at 145-155°C until collection o f EtOH by 

distillation had ceased (about 1.5h). This gave 58. Ig (98%) o f product in the form 

of a thick brown oil which solidified on standing at room temperature. 

mp 35-36°C
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MS (FAB): 316 [M+Na] , 293 [M+H] , fragments at m/z 248 

NMR (CDCl3):l0.92{&, IH, NHCH=C, J=13.2Hz), 8.40(d, IH, NHCH=C, 

J=13.8Hz), 7.05(d, 2H, Ar Ha, J=8.9Hz), 6.87(d, 2H, Ar Hb, J=8.9Hz), 4.27(quart, 

2H, CH3CH2 0 C0 -J=7 .1Hz), 4.20(quart, 2H, CH3CH2 0 C0 -J=7 .1Hz), 3.77(s, 3H, 

OCH3), 1.35(t, 3H, CH3CH2OCO, J=7.1Hz), 1.29(t, 3H, CH3CH2OCO, J=7.1Hz)

2, Preparation o f 3-carbethoxy-4-hydroxy-6-methoxyquinoline (12b, LA/523A)

OH

M eQ ^
O Et

A solution o f / 7-methoxyanilinomethylenemalonic ester (27g, 92mmol) in 

Dowtherm-A (250ml) was heated at 250°C for about 2h. The precipitate which 

formed on cooling was filtered off and washed with Et2 0  (100ml). Yield 16.05g 

(71%).

mp 270-272°C l it  mp 274-277°C 

MS (FAB): 248 [M+H]^, fragment at m/z 202

Poor solubility of this compound prevented recording o f a good quality NMR 

spectrum.

3, Preparation o f 3-carboxy-4-hydroxy-6-methoxyquinoline (12c, LA/527A)

Mel
OH

A solution o f 3-carbethoxy-4-hydroxy-6-methoxyquinoline (15.3g, 62mmol) in 

excess 10% NaOH (16g in 140ml H2O and 20ml MeOH) was refluxed for 2.5 

hours. It was then cooled and 6N HCl was carefully added until pH dropped to 4- 

5, during which formation o f white precipitate occurred. The resulting suspension 

was stirred at room temperature for 30 mins, the product filtered and washed with 

water. Yield 9.5g (70%). 

mp 265-266°C l i t  mp 271-272°C
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M S (APCI+ve): 220 [M+H] , fragment at m/z 176

NMR: 8.74(s, IH, Quinoline H-2), 7.83(d, IH, Quinoline H-8 , J=9.1Hz), 7.60(s, 

IH, Quinoline H-5), 7.50(d, IH, Quinoline H-7, J=9.2Hz), 3.89(s, 3H, OCH3)

4. Preparation o f 4-hydroxy-6-methoxyquinoline (12d, LA/542A, LA/555A, 

LA/921A)

Me*

A solution of 3-carboxy-4-hydroxy-6-methoxyquinoline (8 g, 37mmol) was heated 

in Dowtherm-A (2 0 0 ml) at 250°C until release o f CO2 ceased. The product which 

precipitated on cooling was filtered and washed with Et2 0 . Yield 6.30g (97%). 

mp 240°C l i t  mp 239-240°C 

M S (FAB): 198 [M +Na]\ 175 [M+H]'"

NMR: 7.83(d, IH, Quinoline H-2, J=7.4Hz), 7.49(m, 2H, Quinoline H-5&8), 

7.27(dd, IH, Quinoline H-7, Ji=3Hz, J2=9 Hz), 5.98(d, IH, Quinoline H-3, 

J=7.2Hz), 3.82(s, 3H, OCH3)

5. Preaparation o f 4-chloro-6-methoxyquinoline (12e, LA/563A, LA/611 A)

Mel

A mixture o f 4-hydroxy-6-methoxyquinoline (4g, 23mmol) and POCI3 (16ml) was 

heated under reflux for 3h. Excess POCI3 was then removed by distillation under 

reduced pressure and to the residue ice was added, followed by careful addition of 

ammonia solution (d=0.88, 60ml). The resulting suspension was extracted with 

CH2CI2 (3x50ml), organic layers were combined and dried over MgS0 4  overnight. 

Evaporation of the solvent afforded 3.5g (78%) of the product. 

mp 74-75°C l i t  mp 74-75°C
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MS (APCI+ve): 194 [M+H]

NMR (CDCI3):  8.61(d, IH, Quinoline H-2, J=5Hz), 7.99(d, 2H, Quinoline H-8 , 

J=9.1Hz), 7.43(m, 2H, Quinoline H5&3), 7.39(dd, IH, Quinoline H-7, J%=2.8Hz, 

J2=9 .1Hz), 3.96(s, 3H, OCH3)

Preparation ofN,N'-di(6‘methoxyquinolin-4-yl)-l,5-diaminopentane 
(121, LA/715A, LA/935A)

HN NH
-OMeMel

A mixture o f 4-chloro-6-methoxyquinoline (Ig, 5.17mmol) and 1,5- 

diaminopentane (0.26g, 2.54mmol) was heated under reflux and N2 in 1-pentanol 

(25ml) for 2 days. After cooling Et2 0  was added and precipitate was collected by 

filtration and washed with Et2 0 . It was then dissolved in MeOH (3ml) and 

basified with 10% NaOH until pH>9. Water was added to the resulting suspension 

which was then left at room temperature overnight. The precipitated product was 

filtered and washed with water. Yield 0,50g (47%). 

mp 103-104°C 

MS(FAB+ve): 417 [M+H]*

Acc.Mass: 417,22884 Calc Acc.Mass: 417.22904 Error: 0.5ppm

NMR: 8.24(d, 2H, Quinoline H-2, J=5.2Hz), 7.67(d, 2H, Quinoline H-8 , J=9.1Hz), 

7.54(d, 2H, Quinoline H-5, J=2.4Hz) 7.24(dd, Quinoline H-7, Ji=2.7Hz,

J2=9 .1Hz), 6.97(br t, 2H, NH, J=5.2Hz), 6.39(d, 2H, Quinoline H-2, J=5.3Hz), 

3.85(s, 6 H, OMe) 3.27(m, 4H, NHCH?-overlaps with H2O peak), 1.75(quint, 4H, 

NHCH2CH2, J-7.3HZ), 1.55(quint, 2H, NHCH2CH2CH2, J=7.7Hz)

HPLC: (A/Bi = 55/45) Rt = 11.12min Purity = 96.3%
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Preparation o f  1̂ , / -Dimethoxy-8fl4-Diaza-l, 7(l,4)-diquinolinacyclotetradeca- 

phanium ditrifluoroacetate (12, LA/875F, UCL 2295-F2)

HN NH
■OMeMel

To a solution of N,N'-di(6-methoxyquinolin-4-yl)-1,5-diaminopentane (0.6g, 

1.44mmol) in 2-butanone (60ml) and DMF (7ml) 1,5-diiodopentane (0.7g, 

2.16mmol) was added. The reaction mixture was heated under reflux and Nz for 6  

days with precipitate being generated gradually. The crude product obtained this 

way was filtered off and washed with Et2 0  to give 0.7g. 400mg o f this crude 

material were purified by preparative HPLC. The purified material was dissolved 

in iPrOH, filtered by gravity and evaporated to dryness to yield 40mg o f the 

product. 

mp 229-232°C

MS(APCI-yve): 485 [M-H]'", 243

NMR: 9.03(hr t, 2H, NH, J=5.5Hz), 8.21(d, 2H, Quinoline H-2, J=7.2Hz), 7.97(d,

2H, Quinoline H-8 , J=9.6Hz), 7.75(d, 2H, Quinoline H-5, J=2.3Hz), 7.51(dd, 2H,

Quinoline H-7, Ji=2.4Hz, J2=9 .6 Hz), 6.70(d, 2H, Quinoline H-3, J=7.3Hz), 4.54(br 

s, 4H, NCH2), 3.88(s, 6 H, OCH3), 3.62(br s, 4H, NHCH2), 1.72(m, 8 H, NCH2CH2, 

NHCH2CH2), 1.41 (hr s, 2 H, NHCH2CH2CH2), 0.70(br s, 2 H, NCH2CH2CH2) 

HPLC: (A/Bi = 55/45) Rt = 6.21min Purity = 100%

IR: 3441&3238 (j), 1694(5)

Microanalysis for C3oH3gN4 0 2 ^̂  2 CF3CO2 , O.3 CF3CO2H:

Found C 55.71 H 5.20 N 7.47

Calculated C 55.64 H 5.17 N 7.50
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Preparation o f  NjN'-di(6-methoxyquinolin-4-yl)-lf4-diaminomethyl benzene 

(25iy LA/567A, LA/591B)

HN NH
Mel •OMe

A mixture o f 4-chloro-6-methoxyquinoline (0.6g, 3.09mmol) and p- 

xylylenediamine (0.2Ig, l,55mmol) in 1-pentanol (15ml) was heated under reflux 

and N] for 3 days with precipitate forming gradually. After cooling, EtzO was 

added and the precipitate was collected by filtration. This was then partially 

dissolved in MeOH (10ml) and basified with 10% NaOH until pH>9. The 

resulting product which precipitated was filtered off and washed with water. Yield 

0.13g(19%). 

mp 230-235°C 

M S (APCI+ve): A5\ [M+H]'"

Acc.Mass: 451.21324 Calc Acc.Mass: 451.21339 Error: 0.5ppm

NMR: 8.16(d, 2H, Quinoline H-2, J=5.1Hz), 7.66(m, 4H, Quinoline H-8 &NH), 

7.62(d, 2H, Quinoline H-5, J=2.1Hz), 7.35(s, 4H, phenylene H’s), 7.25(dd, 2H, 

Quinoline H-7, J%=2.2Hz, J2=8 .8 Hz), 6.29(d, 2H, Quinoline H-2, J=5.2Hz), 4.50(d, 

2H, NHCH2, J=5.2Hz)

HPLC:(A/B2=1 0/30) Rt = 10.81min Purity = 88.0%

Preparation o f  l^t5^-Dimethoxy-6,10-diaza-lf5(l,4)-quinolina-3(lf3)t8(lt4)’ 
dibenzenacyclodecaphanium ditrifluoroacetate (25, LA/591F, UCL 2358-F2)

HN NH
Mel OMe

A solution o f N,N'-di-(6-methoxyquinolin-4-yl)-1,4-diaminomethylbenzene 

(0.25g, 0.56 mmol) and a,a'-dibromo-/n-xylyl (0.25g, 0.95mmol) in DMF (35ml)
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was heated at 110°C under N% for 2 days with precipitate forming gradually. After 

cooling the precipitated product was collected by filtration and washed with Et2 0 . 

Yield o f the crude product was 260mg and purification by preparative HPLC gave 

30mg o f the pure product. 

mp 242-246°C

MS(ESP+ve); 553[M-H]\ 221[u f*

NMR; 10.01(br t, 2H, NH, J=5.7Hz), 8.40(d, 2H, Quinol H-2, J=7.3Hz), 8.09(<1, 

2H, Quinol H-8, J=9.6Hz), 7.92(d, 2H, Quinol H-5, J=2.3Hz), 7.73(d, 2H, m- 

phenylene H4&6, J=7.4Hz), 7.57(dd, 2H, Quinol H-6, Ji=2.5Hz, J2=9.5Hz), 7.50(t, 

IH, m-phenylene H-5, J=7.7Hz), 7.46(s, 4H, p-phenylene H’s), 6.71(s, IH, m- 

phenylene H-2), 6.41(d, 2H, Quinol H-3, J=7.3), 5.62(s, 4H, N+CH2), 4.76(d, 4H, 

NHCH2, J=Hz), 3.93(s, 6H, OCH3)

HPLC: (A/B2 = 65/35) Rt = 9.57min Purity = 100%

IR: 3447.7 {brs), 1687.6 W, 1617.6 (5), 1577 {m)

Microanalysis for C36H34N402^  ̂2 CF3CO2 , O.6 CF3CO2H, IH2O:

Found C 57.18 H 4.23 N6.31

Calculated C 57.07 H 4.25 N 6.45

Preparation o f  NyN'-di(6-hydroxyquinolin-4-yl)-l,5-diaminopentane (ISU 

LA/795A)

HN NH
-OH

A mixture of N,N'-di(6-methoxyquinolin-4-yl)-1,5-diaminopentane (0.15g,

0.36mmol) and HBr (47-49%, 4ml) was heated under reflux for 4h. After cooling, 

NH4OH solution (d=0.88) was carefully added until pH>9. The precipitated dark 

brown solid was filtered and washed with water. It was then recrystallised from 

Me0 H/Et2 0  mixture to give the cream coloured product. Yield 0.1 g (71%). 

MS(FAB+ve): 389 [M H]\ fragments at m/z 220, 174,160
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NMR: 8.29(d, 2H, Quinoline H-2, J=6.2Hz), 8.00(br s, 2H, NH), 7.71(d, 2H, 

Quinoline H-8, J=9Hz), 7,59(s, 2H, Quinoline H-5), 7.37(dd, Quinoline H-7, 

Ji=2.2Hz, J2=9Hz), 6.57(d, 2H, Quinoline H-3, J=6.3Hz) 3.35(m, 4H, NHCH2, 

overlaps with H2O), 1.71 (quint, 4H, NHCHoCH?. J=7.2Hz), 1.50 (quint, 2H, 

NHCH2CH2CH2, J=7.3Hz)

HPLC: (A/Bi = 60/40) Rt = 6.78min Purity = 93.4%

Preparation o f  l^,7^-Dihydroxy-8,14-Dlaza-l,7(l,4)-diquinolinacyclotetra deca
phanium ditrifluoroacetate sesquihydrate( (13, LA/907F, UCL-2314F2)

HN NH
OH

8,14-Diaza-1,7(1,4)-di-(6-methoxyquinolina)cyclotetradecaphaniuni- 

ditrifluoroacetate

(0.040g, O.Oômmol) was refluxed in HBr (2ml). After 2h HPLC analysis showed 

the reaction to be complete. The reaction mixture was evaporated to dryness and 

the residue was purified by preparative HPLC. The product was then dissolved in 

iPrOH, filtered by gravity and evaporated to dryness to yield 20mg (52%). 

mp 307-31 r C  

MS(ESP+ve); 457 [M-H]'"

NMR; 8.80(br s, 2H, NH), 8.10(d, 2H, Quinoline H-2,J=6.8Hz), 7.92(d, 2H, 

Quinoline H-8,J=9.5Hz), 7.64(d, 2H, Quinoline H-5, J=1.8Hz), 7.42(dd, 2H, 

Quinoline H-7, Ji=1.8Hz, J2=9.4Hz), 6.57(d, 2H, Quinoline H-3, J=7.1Hz), 4.51(br 

s, 4H, NCH2), 3.79(br s, 4H, NHCH2), 1.74(br s, 4H, NCH2CH2), 1.68(br s, 4H, 

NCH2CH2), 1.20(br s, 2H, NHCH2CH2CH2), 0.7(br s, 2H, NCH2CH2CH2)

HPLC: (A/Bi =65/35) Rt =8.53min Purity=100%

IR: 3421 {b r s \  3247&3099 {brs), 2933 (5), 1691 (5)

Microanalysis for C2gH34N4 0 2 ^̂  2 CF3CO2 , O.2 CF3COH:

Found C 54.83 H 4.98 N 7.76

Calculated C 55.01 H 4.87 N 7.92
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Preparation o f  m~Bis[(quinolin-4-yl)aminomethylJ benzene (511, LA/531A) 402

A mixture of 4-chloroquinoline (1.18g, 7.21 mmol) and w-xylylenediamine (0.49g, 

3.61 mmol) in 1-pentanol (30ml) was heated under reflux and N2 for 3 days with 

precipitate forming gradually. After cooling, EtzO was added and the precipitate 

was collected by filtration. This was then dissolved in MeOH (5ml) and basified 

with 10% NaOH until pH>9. The resulting product which precipitated was filtered 

off and washed with water. Yield O.Sg (57%). 

mp 213-215°C l i t  mp 243-246 for 1.7H]0 

M S (APCI+ve): 391 [M+H]^, fi*agment at m/z 261

Acc.Mass: 391.19165 Calc Acc.Mass: 391.19226 Error: 1.5ppm

NMR:* 8.26(m, 4H, Quinoline H-2&5), 7.97(br s, 2H, NH), 7.77(d, 2H, Quinoline 

H-8 , J=8.4Hz), 7.61(t, 2H, Quinoline H-7), 7.44-7.27(m, 6 H, Quinoline H-6  and 

m-phenylene H’s), 6.28(d, 2H, Quinoline H-3, J=5.3Hz), 4.5l(d, 2H, NHCH2, 

J=5.3Hz)

HPLC: (A/B 1=60/40) Rt = 7.45min Purity = 86.9%

Preparation o f  2,6-Diaza-l, 7(l,4)-diquinolina-4(l,3)-benzenacyclododeca-
phanium ditrifluoroacetate (51,LA/539F, UCL 2265-F2)

NH NH

To a solution of N,N'-di(quinolin-4-yl)-1,3-diaminomethyl benzene (0.5g, 

1.28mmol) in 2-butanone (90ml) and DMF (2ml) 1,5-diiodopentane (0.6g, 

1.85mmol) was added. The reaction mixture was heated under reflux and N2 for 6

Fully assigned by Cosy and Noesy NMR
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days with precipitate being generated gradually. After cooling a small amount of 

EtzO was added and the crude product obtained this way was filtered off and 

washed with EtzO to give 0.79g. 390mg were then purified by preparative HPLC. 

The material obtained was dissolved in iPrOH, filtered by gravity and evaporated 

to dryness to yield 130mg of the product. 

w/i210-213°C  

MS(ESP^ve): 459 [M-H]""

NMR*: 10.08(br s, 2H, NH), 8.5l(d, 2H, Quinoline H-5, J=8.4Hz), 8.06(m, 4H, 

Quinoline H-2&8), 7.95(t, 2H, Quinoline H-7, J=7.7Hz), 7.72(t, 2H, Quinoline H- 

6, J=7.7Hz), 7.46(m, 4H, phenylene H’s), 6.50(d, 2H, Quinoline H-3, J=7.4Hz), 

4.77(s, 4H, NCHz), 4.53(m, 4H, NCH2), 1.82(br s, 4H, NCH2CH2), 0.70(br s, 2H, 

NCH2CH2CH2)

HPLC: (A/BI = 65/35) Rt = 6.88min Purity = 99.2%

IR: 3431&3234 {brm), 1693 (5), 1620&1578 (s)

Microanalysis for C3iH32N /^  2 CF3CO2 , O.ICF3CO2H:

Found C 60.63 H 4.66 N 7.91

Calculated C 60.57 H 4.64 N 8.03

Preparation o f  2,6-Bis(aminomethyl)-anisole (52c, LA/587A, LA/659A)

l.Preparation o f 2,6-Bis(bromomethyl)~anisole (52a, LA/535B, LA/551A/^^

OCH3

B r ^ Y " \ r ^ B r

To a solution o f 2,6-dimethylanisole (Ig, 7.34mmol) in CCI4 (15ml) N- 

bromosuccinimide (2.62, 14.7mmol) was slowly added, followed by the addition 

of benzoyl peroxide (0.05g). The reaction mixture was then heated under reflux 

for 3h. Another portion o f benzoyl peroxide was added (0.05g) and the heating 

was continued for further 3h. The reaction mixture was then filtered hot and the 

filtrate was evaporated to dryness to give yellow oil which was recrystallised from 

hexane. Yield 19.4g (38%).

Fully assigned by Cosy and Noesy NMR
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mp 73-74°C lit. mp 74-75°C 

MS(FAB+ve): 294 [M] ,̂ fragments at m/z 105

NMRfCDCh): 7.40(d, 2H, Anisole H-4&6, J=7.7Hz), 7.17(t, IH, Anisole H-5, 

J=7.7Hz), 4.59(8, 4H, CHzBr), 4.05(s, 3H, OCH3)

2.Preparation of2,6-Bis-(phthalimidomethyl)-anisole (52b, LAJ575B)449

To a suspension o f potassium phthalimide (24.3g, 131mmol) in DMF (200ml) 2,6- 

Bis-(bromomethyl)anisole (19.3g, 6 6 mmol) was added and reaction mixture was 

heated at 50°C for 48h. After cooling precipitate was filtered off and washed with 

EtzO. More product precipitate from the filtrate after addition o f Et2 0  and this was 

also collected by filtration. Both fractions were combined, washed with water and 

dried. Yield 14.78g (53%). 

mp 222°C lit. mp 224-226°C 

MS(FAB+ve): 427 [M+H]^, fragment at m/z 280

NMR: 7.87(m, 8 H, phthalimide H’s), 7.03(d, 2H, Anisole H-4&6, J=7.5Hz), 

6.97(t, IH, Anisole H-5, J=7.6Hz), 4.82(s, 4H, Cï^Br), 3.88(s, 3H, OCH3)

S.Preparation o f 2,6-Bis(aminomethyl)-anisole (52c, LA/587A, LAJ659A)

A mixture of 2,6-Bis(phthalimidomethyl)-anisole (3.4g, 7.98mmol) and hydrazine 

hydrate (0.93g, 18.3mmol) in MeOH (64ml) was refluxed for 2.5h. Water was 

then added to the mixture, MeOH removed in vacuuo and 60ml o f conc. HCl were 

added. The resulting suspension was refluxed for 2h, cooled in ice and filtered. 

Solid was washed with water, the washings were combined with the filtrate and
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evaporated to dryness. The residue was then taken in water, basified with 10% 

NaOH and extracted with CH2CI2 (3x15ml) and CHCI3 (2x15ml). The organic 

extracts were combined, dried over MgS0 4  and evaporated to dryness to give 1.1 g 

(85%) o f the product. 

mp 139-141°C

Acc.Mass: 167.11697 Calc Acc.Mass: 167.118438 Error: 8.7ppm

MS(FAB-^ve): 167 fragment at m/z 150

NMR(CDCl3): 7.18(d, 2H, Anisole H-4&6, J=7.5Hz), 7.07(t, IH, Anisole H-5, 
J=7.5Hz), 3.86(s, 4H, CH2NH2), 3.79(s, 3H, OCH3)

Preparation o f  m-Bis(quinolin-4-yl)aminomethyl anisole 
(521, LA/607A, LA/671A, LA/747A)

NH NH

A mixture o f 4-chloroquinoline (0.59g, 3.62mmol) and 2,6-Bis(aminomethyl)- 

anisole (0.30g, 1,81 mmol) in 1-pentanol (20ml) was heated under reflux and N2 for 

2 days with precipitate forming gradually. After cooling, Et2 0  was added and the 

precipitate was collected by filtration. This was then dissolved in MeOH (5ml) 

and basified with 10% NaOH until pH>9. The resulting product which 

precipitated was filtered off and washed with water. Yield 0.43g (57%). 

mp 268-270°C

MS (APCI+ve): 421 [M +H]\ fi*agment at m/z 294

Acc.Mass: 421.20293 Calc Acc,Mass: 421.20283 Error: 0.2ppm

NMR: 8.29(m, 4H, Quinoline H-2 and H-8  or 5), 7.84(br t, 2H, NH, J=5.6Hz), 

7.77(d, 2H, Quinoline H-8  or 5), 7.6l(t, 2H, Quinoline H-7 or 6 , J=7.5Hz), 7.44(t, 

2H, Quinoline H-6  or 7, J=7.6Hz), 7.17(d, 2H, anisol H-4 or 6 , J=7.6Hz), 6.96(t, 

IH, anisol H-5, J=7.6Hz), 6.33(d, 2H, Quinoline H-3, J=5.2Hz), 4.62(d, 2H, 

NHCH2, J=5.2Hz), 3.92(s, 3H, OCH3}
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HPLC: (A/B 1=60/40) Rt = 5.79min Purity = 94.1%

Preparation o f  4 -Methoxy-2,6’diaza-l,7(l,4)-diquinolina-4(lf3)-benzenacyclo- 
dodecaphanium ditrifluoroacetate hemihydrate (52, LA/675F, UCL 2271-F2)

NH NH

To a solution o f N,N'-di(quinolin-4-yl)-l,3-diaminomethyl anisole (0.2Ig, 

O.SOmmol) in 2-butanone (55ml) and DMF (15ml) 1,5-diiodopentane (0.3g, 

0.93mmol) was added. The reaction mixture was heated under reflux and N2 for 5 

days with precipitate being generated gradually. After cooling a small amount of 

EtzO was added and the crude product obtained this way was filtered off and 

washed with EtiO to give 250mg. Half o f this crude material was purified by 

preparative HPLC. The product obtained was then dissolved in iPrOH, filtered by 

gravity and evaporated to dryness to yield 55mg of the pure product. 

mp 232-236°C 

MS(ESP-h>e): 489 [M-H]*

NMR*: 10.10(br t, 2H, NH, J=6.5Hz), 8.52(d, 2H, Quinoline H-5, J=8.5Hz), 

8.41(d, 2H, Quinoline H-2, J=7,3Hz), 8.09(d, 2H, Quinoline H-8, J=9Hz), 7.97(t, 

2H, Quinoline H-7, J=7.8Hz), 7.74(t, 2H, Quinoline H-6, J=7.8Hz), 7.54(d, 2H, 

Anisole H-3&5, J=7.7Hz), 7.18(t, Anisole H-4, J=7.7Hz), 6.76(d, 2H, Quinoline 

H-3, J=7.3Hz), 4.78(br s, 4H, NCH2 ), 4.52(br s, 4H, NHCH2), 1.82(br s, 4H, 

NCH2CH2), 1.03(d, 3H, 2-propanol H’s -  equvalent in intensity to l/2x3H), 

0.95(br s, 2H, NCH2CH2CH2)

HPLC: (A/Bi =60/40) Rt = 8.42min Purity = 100%

IR: 3456&3271 {b rm \  1690 (j), 1624&1580 (5)

Microanalysis for C32H34N40^  ̂2 CF3CO2 , I.ICF3CO2H, O.5 H2O, O.5 C2H7OH:

Found C 54.30 H 4.32 N 6.59

- Fully assigned by Cosy and Noesy NMR
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Calculated C 54.11 H 4.59 N 6.36

Preparation o f  m-Bis(quinolin-4~yl)aminomethylphenol 
(53U LA/663F2, LA/679A, LA/755A)

NH NH

After cooling a suspension o f N,N'-di(quinolin-4-yl)-2,6-diaminomethylanisole 

(0.6g, 1.43mmol) in dry CH2CI2 to -5°C, BBrs (7ml, IM solution in CH2CI2) was 

slowly added with stirring under N2. After 30 mins reaction was shown to be 

completed on TLC (eluent CH2Cl2/Me0 H/NH4 0 H (15/2/1)). CH2CI2 was then 

evaporated to dryness and to the residue water was added. It was then dissolved in 

MeOH (5ml) and basified with 10% NaOH until pH>9. The resulting product 

which precipitated was filtered off and washed with water. Yield 0.5g (8 6 %). 

mp 200-203°C

MS (APCI+ve): 407 [M+H]% fragments at m/z 329, 263, 176 

Acc.Mass: 407.1869 Calc Acc,Mass: 407.18718 Error: 0.7ppm

NMR (DMSO/D2O): 8.19(m, 2H, Quinoline H-5 or 8  & H-2), 7.76(d, 2H, 

Quinoline H-8  or 5, J=8.2Hz), 7.62(t, 2H, Quinoline H-7or6, J=7.5Hz), 7.45(t, 2H, 

Quinoline H-6  or 7, J=7.5Hz), 7.00(d, 2H, phenol H-4 and 6 , J=7.5Hz), 6 .6 6 (t, IH, 

phenol H-5, J=7.5Hz), 6.40(d, 2H, Quinoline H-3, J=5.4Hz,), 4.54(s, 2H, NHCH2) 

HPLC: (A/B 1=5 5/45) Rt = 9.83min Purity = 98.8%

Preparation o f  4̂ -Hydroxy-2,ô-diaza-l, 7(l,4)-diquinolina-4(l,3)-benzenacyclo 
dodecaphanium ditrifluoroacetate hemihydrate (53, LA/711F3, UCL 2272-F2)

NH NH
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To a solution of N,N'-di(quinolin-4-yl)-l,3-diaminomethylphenol (0.4g, 

0.99mmol) in 2-butanone (40ml) and DMF (10ml) 1,5-diiodopentane (0.4g, 

1.23mmol) was added. The reaction mixture was heated under reflux and N] for 5 

days with precipitate being generated gradually. After cooling a small amount of 

Et2 0  was added and the crude product obtained this way was filtered off and 

washed with Et2 0  to give 570mg. 120mg of the crude material were then purified 

by preparative HPLC. The product was dissolved in iPrOH, filtered by gravity and 

evaporated to dryness to yield 1 Img of the product. 

mp 230-235°C 

MS(ESP+ve): 475[M-H]*

NMR: 8.49(d, 2H, Quinoline H-5, J=8.2Hz), 8.18(d, 2H, Quinoline H-2, J=7.4Hz), 

8.05(d, 2H, Quinoline H-8, J=8.7Hz), 7.94(dd, 2H, Quinoline H-7, J,=7.8Hz, 

J2=8.3Hz), 7.7l(t, 2H, Quinoline H-6, J=7.7Hz), 7.37(d, 2H, phenol H-3&5, 

J=7.8Hz), 6.85(t, IH, phenol H-4, J=7.8Hz), 6.74(d, 2H, Quinoline H-3, J=7.4Hz), 

4.74(s, 4H, NHCIfc), 4.48(br s, 4H, NCfib), 1.81 (hr s, 4H, NCH2CH2), 0.9(br s, 

2H, NCH2CH2CH2)

HPLC: (A/Bi = 60/40) Rt = 7.08min Purity = 100%

IR: 3226&3094 {b rm \  1681 (5), 1620&1580 (j)

Microanalysis for C3iH32N40^  ̂2 CF3CO2 , O.5 CF3CO2H, O.5H2O:

Found C 54.46 H 4.40 N 7.35

Calculated C 56.25 H 4.39 N 7.29

Preparation o f  4̂ -Hydroxy-4^~Iodo-2f6-diaza-l, 7(l,4)-diquinolina~4(lf3)’
benzenacyclododecaphanium ditrifluoroacetate hemihydrate (54, LA/819F, UCL 
2287-F2)

NH NH

To a solution o f 8,12-diaza-10( 1,3)-2-hydroxybenzena-1,7( 1,4)-diquinolina 

cyclododecaphanium ditrifluoroacetate (0.03g, 0.043mmol) and Nal (0.008g,
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0.05Immol) in DMF (1ml) chloramine-T (0.014g, O.OSlmmol) was added and the 

resulting mixture was stirred for Ih at room temperature. The reaction mixture 

was then diluted with water, acidified with HCl, precipitated product collected by 

filtration and washed with water. The product was then purified by preparative 

HPLC, dissolved in iPrOH, filtered by gravity and evaporated to dryness to give 

22mg (63%) o f the iodinated compound. 

mp 256-259°C 

MS(ESP+ve): 601 [M-H]'"

NMR; 8.46(m, 4H, Quinoline H-2&H-5), 8.10(d, 2H, Quinoline H-8 , J=8.9Hz), 

7.96(t, 2H, Quinoline H-7, J=7.9Hz), 7.77(s, 2H, phenol H’s), 7.74(t, 2H,

Quinoline H-7, J=7.9Hz), 6.83(d, 2H, Quinoline H-3, J=7.3Hz), 4.73(s, 4H,

NCH2), 4.53(s, 4H, NHCH2), 1.81(br s, 4H, NCH2CH2), 0.98(m, 2H, 

NCH2CH2CH2)

HPLC: (A/Bi =65/35) Rt = 7.03min Purity = 100%

IR: 3430&3234 {b rm \  1682 (5 ) ,  1619&1577 (s)

Microanalysis for CsiHsi^O^^ 2 CF3CO2 , O.2 CF3CO2H, O.5 H2O:

Found C 49.32 H 3.72 N 6.26

Calculated C 49.42 H 3.77 N 6.51

Preparation o f  N,N'-di(quinolin-4-yl)-lf5-diaminopentane (li, LA/371 Ay 

LA /699A f^

N

A mixture o f 4-chloroquinoline (l.OOg, 6.11 mmol) and 1,5-diaminopentane (0.3 Ig, 

3.05mmol) in 1-pentanol (20ml) was heated under reflux and N2 for 2 days. After 

cooling, Et2 0  was added and the precipitate was collected by filtration. This was 

then dissolved in MeOH (4ml) and basified with 10% NaOH until pH>9. The 

resulting product which precipitated was filtered and washed with water. Yield 

0.83g (76%).
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m/l 181-185°C litm p:

M S (APCI+ve): 357 [M+H]"̂

NMR: 8.35(d, 2H, Quinoline H-2, J=5.3Hz), 8.21(d, 2H, Quinoline H-5, J=8.4Hz), 

7.75(d, 2H, Quinoline H-8, J=8.3Hz), 7.58(t, 2H, Quinoline H-7, J=7.3Hz), 7.38(t, 

2H, Quinoline H-6, J=7.3Hz), 7.14(br t, 2H, NH, J=5.1Hz), 6.42(d, 2H, Quinoline 

H-3, J=5.4Hz,), 3.28 (m, 4H, NHCH2), 1.73(quint, 4H, NHCH2CH2, J=7.2Hz) 

1.52(quint, 2H, NHCH2H2CH2, J=7.3Hz)

HPLC: (A/Bi=60/40) Rt = 9.81min Purity = 96.9%

Preparation o f  7,13-Diaza-l,6(l,4)-diqumolinacyclotridecaphanium-3-ene ditri 
fluoroacetate hydrate (31, LA/751F, UCL2279-F2)

-----

To a solution o f N,N'-di(quinolin-4-yl)-1,5-diaminopentane (0.15g, 0.42mmol) in 

2-butanone (30ml) cw-l,4-dichlorobut-2-ene (0.1 Og, 0.8mmol) was added. The 

reaction mixture was heated under reflux and N2 for 5 days with precipitate being 

generated gradually. After cooling a small amount o f Et20 was added and the 

crude product obtained this way was filtered off and washed with Et2 0  to give 

150mg. This was then purified by preparative HPLC. The resulting compound 

was dissolved in iPrOH, filtered by gravity and evaporated to dryness to yield 

15mg o f the pure product. 

m/i214-216°C 

MS(ESP+ve): 409 [M -H f

NMR: 9.43{br s, 2H, NH), 8.48(d, 2H, Quinoline H-5, J=8.3Hz), 8.29(d, 2H, 

Quinoline H-8, J=8.8Hz), 8.06(t, 2H, Quinoline H-7, J=7.7Hz), 7.76(m, 4H, 

Quinoline H-6&H-2), 6.67(m, 2H, NHCH2CH=), 6.60(d, 2H, Quinoline H-3, 

J=7.4Hz), 5.33(br s, 4H, NCH2), 4.11(br s, IH, CH3OH), 3.55(br s, 4H, NHCH2), 

3.15(s, 3H, CH3OH), 1.62(br s, 4H, NHCH2CH2), 1.32(br s, 2H, NHCH2CH2CH2) 

HPLC: (A/Bi = 75/25) Rt = 11.25min Purity = 99.2%

IR: 3440.6 {br s \  3252.2 (w), 1693.2 (5), 1621.2 (j)
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2+
Microanalysis for C27H30N4 2 CF3CO2 , I.2 CF3CO2H, IH2O, IMeOH:

Found C 49.99 H 4.40 N  7.14

Calculated C 50.17 H 4.55 N 6.80

Preparation o f  cis-lj4-diaminobut-2-ene (32by LA/1143A, LA/1179Af^^

1,Preparation o f cis-1,4-Bisphthalimidobut-2-ene (32a, LA/775A & LA/1167A)

To a suspension of potassium phthalimide (5.92g, 32mmol) in DMF (20ml) 

warmed to 55°C KBr (1.9g, 16mmol) was added, followed by slow addition o f cis- 

1,4-dichloro-but-2-ene (2g, 16mmol). The reaction mixture was stirred at 60°C for 

20h and then poured warm over 40g o f ice cold water. After standing at room 

temperature for 5 hours the solid was filtered and washed with water and 1% 

NaOH solution. Yield 4.3g (78%). 

mp 168-170°C litm p  170°C 

MS(FAB+ve): 347 [MH]^, firagment at m/z 200

NMR/CDCh): 7.85-7.65(m, 8 H, phthalimide H’s), 5.67(t, 2H, CH2CH=, J=4.7Hz), 

4.54(d, 4H, CH2CH5  J=5.7Hz)

2, Preparation o f cis-1,4-diaminobut-2-ene (32b, LA/1143A, LA/1179A)

A solution of czj-1,4-bisphthalimidobut-2-ene (4g, 11.6mmol) in EtOH (25ml) was 

heated under reflux and solution of hydrazine hydrate (1.25g, 25mmol) in water 

(1.25ml) was slowly added. Reflux was continued for 3h and then after cooling to 

room temperature the mixture was acidified to pH=l by addition o f ION HCl. 

After further reflux for 30 mins the reaction mixture was left standing at room
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temperature overnight. The white precipitate which had formed was filtered and 

filtrate was evaporated to dryness. It was then basified with saturated KOH 

solution and solid potassium carobonate was added. Soxhlet extraction o f this 

material with toluene gave 0.23g (22%) o f yellow oil.

MS(FAB+ve): 87 [M+H]\ fragments at m/z 55, 41

NMR(CDCl3):  5.50(m, 2 H, NH2CH2CH=), 3.3l(m, 4 H ,, NH2CH2CH=)

Preparation ofN,N*-di(quinolin-4-yl)-l,4-diamino-cis-but-2-ene (321, LA/1183B)

--- —

N

A  mixture o f 4-chloroquinoline (0.42g, 2.56mmol) and c/.s-l,4-diaminobut-2-ene 

(O.llg, 1.28mmol) in /?-cresol was heated at 155°C under N2 atmosphere for 24h. 

After cooling the reaction mixture was dissolved in MeOH (2ml) and product 

precipitated by the addition of Et2 0 . This was then collected by filtration, 

dissolved in MeOH (3ml) and basified to pH>9 by the addition o f 19% NaOH. 

Water was added to the resulting suspension and after standing overnight product 

which had precipitated was filtered off and washed with water. Yield 0.22 (50%). 

mp 255-256°C

MS(APCI+ve): 341 [M+H]^, fragment at m/z 197

Acc.Mass: 341.17603 Calc Acc.Mass: 341.176622 Error: 1.7ppm

NMR: 8.37(d, 2H, Quinoline H-2, J=5.3Hz), 8.21(d, 2H, Quinoline H-5, J=8.3Hz), 

7.78(d, 2H, Quinoline H-8 , J=8.4Hz), 7.60(dd, 2H, Quinoline H-7, Ji=7.2Hz, 

J2=8Hz), 7.41(dd, 2H, Quinoline H-6 , Ji=7.1Hz, J2=8 .1Hz), 7.35(br s, 2H, NH, 

J=5.2Hz), 6.47(d, 2H, Quinoline H-3, J=5.3Hz), 5.74(t, 4H, NH2CH2CH=, 

J=3.5Hz), 4.12(br s, 4H, NHCH2)

HPLC: (A/Bi = 70/30) Rt = 20.90min Purity = 90.8%
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Preparation o f  2 ,7-Diaza-l,8(lf4)-diquinolinacyclotridecaphanium-4-ene 
ditrifluoroacetate hemihydrate (32, LA/1187F, UCL 2345-F2)

---- - ^ ^ N H

S.

To a solution o f N,N'-di(quinolin-4-yl)-l,4-diamino-cw-but-2-enene (0.2g, 

0.59mmol) in 2-butanone (45ml) and DMF (10ml) 1,5-diiodopentane (0.2g, 

0.62mmol) was added. The reaction mixture was heated under reflux and N] for 6 

days with precipitate being generated gradually. The crude product obtained this 

way was filtered off and washed with Et20 to give 250mg. This was then purified 

by preparative HPLC. The compound was dissolved in iPrOH, filtered by gravity 

and evaporated to dryness to yield 20mg of the product.

207-210°C 

MS(ESP+ve): 409 [M-H]*

NMR: 9.36(br s, 2H, NH), 8.47(d, 2H, Quinoline H-5, J=7.6Hz), 8.15(d, 2H, 

Quinoline H-2, J=7.4Hz), 8.05(d, 2H, Quinoline H-8, J=8.80Hz), 7.91(t, 2H,

Quinoline H-7, J=7.4Hz), 7.67(t, 2H, Quinoline H-6, J=7.6Hz), 6.83(d, 2H,

Quinoline H-3, J=7.4Hz), 6.07(1, 2H, NHCH2CH, J=4.5Hz), 4.55(1, 4H, NCH2), 

4.38(d, 4H, NHCH2, J=4.2Hz), 1.77(br s, 4H, NCH2CH2), 0.65(quinl, 2H, 

NCH2CH2CH2)

HPLC: (A/Bi = 70/30) Rt = 7.47min Purity = 99.5%

/Æ:3440/4 {brs), 3241.1 (w), 1688.0 {s), 1620.3 (s), 1579.0 (s), 1180.4 (s), 1123.7 

(5), 801.8 (m) and 716.5 (m)

Microanalysis for C27H3oN/^ 2 CF3CO2 , ICF3CO2H, O.5H2O:

Found C 52.42 H 4.50 N  7.44

Calculated C 52.18 H 4.25 N 7.38
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v423Preparation o f  l,5-diamino-3-methylpentane (45b, LA/879A)

1, Preparation o f l,5-Bis(phthalimido)-3-methylpentane (45 a, LA/827A, LA/863A)

To a suspension o f potassium phthalimide (15.19g, 82mmol) in DMF (100ml) 1,5- 

dibromo-3-methylpentane (lOg, 41 mmol) was added and the reaction mixture was 

heated at 60°C for 24h. It was then poured warm over ice cold water and the 

resulting white precipitate was filtered and washed with water. Yield 10.3g (67%). 

mp 114-115°C

MS(FAB+ve): 377 [MH] fi-agments at m/z 248, 230

Acc.Mass: 377.14868 Calc Acc.Mass: 377.15012 Error: 4ppm

NMR(CDCh): 7.76-7.65(m, 8H, phthalimide H’s), 3.69(m, 4H, N-CHz), 1.75- 

1.49(m, 5H, NCH2 & NCH2CH), 1.06(d, 3H, CH3, J=5.6Hz)

2. Preparation o f 1,5-Diamino-3-methylpentane (45b, LA/867C, LA/879A)

A solution of l,5-bis(phthalimido)-3-methylpentane (5g, 13.3mmol) in EtOH 

(100ml) was stirred and hydrazine hydrate (2.18g, 43.6mmol) was added. The 

reaction mixture was then refluxed for 4 hours during which formation o f white 

precipitate occurred. It was then cooled in ice bath and filtered. Solid was washed 

with EtOH and filtrate evaporated to dryness to give a thick yellow oil. This was 

then taken up in CH2CI2 which resulted in precipitation o f some white solid which 

was removed by filtration. The filtrate was evaporated to dryness once again to 

yield the product as yellow oil. Yield 0.52g (34%).

MS(FAB+ve): 117 [M+H]^, fragment at m/z 100
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NMR(D20): 2.46(m, 4H, NH2CH2), 1.41(m, IH, NH2CH2CH2CH), 1.27(m, 2H, 

NH2CH2CH2), 1.1 l(m, 2H , NH2CH2CH2), 0.7(d, 3H , CH3, J=6.6H z)

Preparation o f  N,N'-di(quinolin-4-yl)-l,5-diamino-3-methylpentane (451, 

LA/887A)

LA/
A  mixture o f 4-chloroquinoline (0.96g, 5.86mmol) and l,5-diamino-3- 

methylpentane (0.34g, 2.93mmol) was heated under reflux and N2 in 1-pentanol 

(20ml) for 2 days. After cooling Et2 0  was added and precipitate was collected by 

filtration and washed with Et2 0 . This solid was then dissolved in MeOH (5ml) and 

basified with 10% NaOH until pH>9. Water was added and the suspension was 

left at room temperature overnight. The precipitated product was collected by 

filtration, washed with water and recrystallised from Me0 H/Et2 0 . Yield 0.7g 

(65%).

mp 101-103°C

MS(FAB-\-ve): 371 [M+H] fragments at m/z 245, 157

Acc.Mass: 371.22232 Calc Acc.Mass: 371.22356 Error: 3.3ppm

NMR: 8.35(d, 2H, Quinoline H-2, J=5.3Hz), 8.18(d, 2H, Quinoline H-5, J=8.5Hz), 

7.75(dd, 2H, Quinoline H-8 , Ji=lHz, J2=8 .4 Hz), 7.58(ddd, 2H, Quinoline H-7, 

Ji=1.3Hz, J2=6 .8 Hz, Js=8.3Hz), 7.38(ddd, 2H, Quinoline H-6 , Ji=1.3Hz, J2=6 .8Hz, 

J3=8 .3 Hz), 6.99(br t, 2H, NH, J=5.5Hz), 6.40(d, 2H, Quinolne H-3, J=5.1Hz), 

3.36(m, 4H, NHCH2), 1.78(m, 3H, NHCH2CH2& NHCH2 CH2CH), 1.60(m, 2H, 

NHCH2CH2), 1.04(d, 3H, CH3, J=6.3Hz)

HPLC: (A/Bi = 65/35) Rt = 23.53min Purity = 98.0%
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Preparation o f  4,1 l-Dimethyl-8,14-diaza-l, 7(l,4)-diquinolinacyclotetradeca- 
phanium ditrifluoroacetate hemihydrate(47, LA/1019F, UCL 2329-F2)

HN NH

To a solution o f N,N'-di(quinolin-4-yl)-l,5-diamino-3-methylopentane (0.25g, 

0.68mmol) in 2-butanone (20ml) and DMF (3ml) l,5-dibromo-3-methylpentane 

(0.25g, 1.04mmol) was added and the reaction mixture was heated under reflux 

and N] for 5 days with precipitate being generated gradually. After cooling a small 

amount o f Et2 0  was added and the crude product obtained this way was filtered off 

and washed with EtzO to give 0.3g of crude product. This was then purified by 

preparative HPLC. The compound was dissolved in iPrOH, filtered by gravity and 

evaporated to dryness to yield 30mg of the product. 

mp 198-203°C

MS(ESP+ve): 453 [M-H]'", 227 [M]^*

NMR: 9.22(br s, 2H, NH), 9.17(br s, 2H, NH), 8.40(d, 2H, Quinoline H-5, 

J=8.2Hz), 8.35(d, 2H, Quinoline H-5, J=8.2Hz), 8.20(d, 2H, Quinoline H-2, 

J=6.9Hz), 7.99(m, 4H, Quinoline H-8x2), 7.94(d, 2H, Quinoline H-2), 7.87(m, 4H, 

Quinoline H-7x2), 7.63(m, 4H, Quinoline H-6x2), 6.62(d, 2H, Quinoline H-3, 

J=7Hz), 6.44(d, 2H, Quinoline H-3), 4.63(m, 4H, NCH2x2), 4.42(m, 4H, NCH2X2 ), 

3.58(m, 4H, NHCH2X2 ), 3.39(m, 4H, NHCH2X2 ), 1.85(m, 4H, NCH2CH2X2 ), 

1.60(m, 14H, NCHjCH2x2, NHCH2CH2X4 , NHCH2CH2CHX2 ), 1.09(m, 12H, 

CH;x4), 0.62(br s, IH, NCH^CH^CH), 0.36(br s, IH, NCH^CH^CH)

'^CNMR: 154.746, 154.607, 146.039, 145.894, 135.876, 136.560, 133.819-2 C’s, 

126.565-2 C’s, 123.617, 123.557, 118.321, 118.208, 117.361-2 C’s, 97.656, 

97.221, 50.726, 50.641, 41.107, 35.088, 33.880, 33.791, 32.090, 28, 26, 25.033, 

23.806,19.424,19.301,18.124,17.849  

HPLC: (A/Bi = 65/35) Rt = 6.93min Purity = 100%

IR: 3439&32Ô4 (br m), 2966 (m), 1684 (s)
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Microanalysis for CsoHssN/^ 2 CF3CO2 , O.5 CF3CO2H, O.5 H2O:

Found C 56.36 H 5.51 N 7.41

Calculated C 56.30 H 5.33 N 7.50

Preparation o f  4-Methyl-8,14-diaza-l, 7(l,4)-diquinolinacyclotetradecaphanium  
ditrifluoroacetate hemihydrate (46y LA/1067Fy UCL 2317-F2)

HN- NH

To a solution o f N,N'-di(quinolin-4-yl)-l,5-diaminopentane (0.15g, 0.42mmol) in 

2-butanone (20ml) and DMF (3ml) l,5-dibromo-3-methylpentane (0.15g, 

0.78mmol) was added and the reaction mixture was heated under reflux and N2 for 

5 days with precipitate being generated gradually. After cooling a small amount of 

Et2 0  was added and the resulting product obtained this way was filtered and 

washed with Et2 0  to give 250mg of crude product. This was then purified by 

preparative HPLC using eluents A/Bi = 65/35. The compound was dissolved in 

iPrOH, filtered by gravity and evaporated to dryness to yield 16mg o f the product. 

mp 203-205°C

MS(ESP+ve): 439 [M-H] % 220 [M]

NMR: 9.21(br s, 2H, NH), 8.38(d, 2H, Quinoline H-5, J=8.4Hz), 8.12(d, 2H, 

Quinoline H-2, J=7.5Hz), 8.00(d, 2H, Quinoline H-8 , J=8.9Hz), 7.88(dd, 2H, 

Quinoline H-7, Ji=7.3Hz, J2=8Hz), 7.62(dd, 2H, Quinoline H-6 , Ji=7.4Hz, 

J2=7 .8 Hz), 6.59(d, 2H, Quinoline H-3, J=7.5Hz), 4.70(m, 2H, NCH2 ), 4.41(m, 2H, 

NCH2 ), 3.68(m, 2H, NHCH^), 3.44(m, 2H, NHCH^), 1.74-1.40(m, lOH, 

NCH2CH2, NHCH^CHj, NHCH2CH2CH2), 1.12(d, 3H, CH3, J=6.3Hz), 0.55(br s, 

2H, NCHjCHjCHj)

"C NMS: 155.124, 146,213, 136.957, 134.027, 126.702, 123.751, 118.502, 

117.506,97.465,50.833,42.455,34.824,26.829,24.679,22.876,17.837  

HPLC: (A/B, = 65/35) Rt = 5.02min Purity = 100%

IR: 3438&3242 (rm), 2939 (m), 1685 (s)
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Microanalysis for 2 CF3CO2 , O.5 CF3CO2H, O.5 H2O

Found C 55.87 H 5.38 N 7.61

Calculated C 55.74 H 5.16 N 7.65

Preparation o f  11-Methyl-8,14-diaza-l, 7(l,4)-diquinolinacyclotetradecaphanium  
ditrifluoroacetate hemihydrate (45, LA/1087F, UCL 2330-F2)

To a solution o f N,N'-di(quinolin-4-yl)-l,5-diamino-3-methylopentane (0.2Ig, 

0.57nunol) in 2-butanone (20ml) and DMF (3ml) 1,5-diiodopentane (0.2Ig, 

0.65mmol) was added and the reaction mixture was heated under reflux and N2 for 

5 days with precipitate being generated gradually. After cooling a small amount of  

Et2 0  was added and the precipitate obtained this way was filtered off and washed 

with Et2 0  to give 200mg of crude product. This was then purified by preparative 

HPLC using eluents A/Bl = 65/35. The compound was dissolved in iPrOH, 

filtered by gravity and evaporated to dryness to yield 40mg o f the product. 

mp 206-209°C

MS(ESP+ve): 439 [M-H]*, 220 [MH]^*

NMR: 9.13(br t, 2H, NH, J=5.2Hz), 8.39(d, 2H, Quinoline H-5, J=8.3Hz), 8,17(d, 

2H, Quinoline H-2, J=7.4Hz), 7.99(d, 2H, Quinoline H-8 , J=8 .8 Hz), 7.88(t, 2H, 

Quinoline H-7, J=7.8Hz), 7.63(t, 2H, Quinoline H-6 , J=7.7Hz), 6.61(d, 2H, 

Quinoline H-3, J=7.4Hz), 4.60(m, 2H, NCH?3. 4.47(m, 2H, NCH2 ), 3.62(m, 2H, 

NHCH2), 3.50(m, 2H, NHCH^), 1.78-1.62(m, 9H, NCH^CH^, NHCH^CH;, 

NHCHjCHjCH), 1.08(d, 3H, CH3, J=6.2Hz), 0.87(m, IH, NCH^CH^CH^), 0.55(m, 

IH, NCH2CH2CH2)

"C NMR: 154.767, 146.358, 136.897, 133.925, 126.661, 123.684, 118.392, 

117.417, 97.307, 52.743, (33.106&26.834-HMQC shows 3 types o f C’s here), 2 2 , 

19.300 and 1 type o f C under DMSO -  shown by HMQC 

HPLC: (A/Bi = 65/35) Rt = 7.44min Purity = 99.77%
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IR: 3444 (br m), 2965 (m), 1694 ( )̂

Microanalysis for 2 CF3CO2 , O.4 CF3CO2H, O.5 H2O:

Found C 56.77 H 5.33 N 7.72

Calculated C 56.29 H 5.23 N 7.77

Preparation o f  2,2-bis-(2-amino-ethyl)-[lt3]dioxolane(33e, LA/911

1, Preparation o f 2,2-bis-ethoxycarbonylmethyl-[l,3]dioxolane 
(33a, LA/787B, LA/799Af^

A  solution of diethyl-1,3-acetonedicarboxylate (20.2g, 99.90mmol), ethyleneglycol 

(6 .8 g, 0.109mol) and / 7-toluenesulfonic acid (Ig) in toluene (200ml) was refluxed 

under Dean-Stark ffactionallity column for 24h. During this period about 2.5ml of 

water were collected. The mixture was cooled and solvent was removed in 

vacuuo. The residue was dissolved in Et2 0 , washed with water and saturated 

Na2C0 3  and dried over Na2S0 4 . Evaporation o f solvent gave 13.2g (54%) o f the 

product as a clear oil.

MS(APCl+ve): 246.9 [M] ,̂ fragments at m/z 200,158.8

NMR (CDCI3): 4.13(quart, 4H, CH3CH2O, J=7.1Hz), 3.99(s, 4H, O-CH2), 2.9l(s,

4H, CH2C=0 ), 1.24(t, 6 H, CH3CH2O, J=7.2Hz)

2. Preparation o f 2,2-bis-(2-hydroxy-ethyl)-[l,3]dioxolane (33b, LA/847A, 
LA/927Af'*

To a mixture o f LiAlîLj (6.94g) in dry THE a solution o f 2,2-bis- 

ethoxycarbonylmethyl-[l,3]dioxolane (22.5g, 90.0mmol), in dry THF (50ml) was 

added dropwise with stirring under N2. When the addition was complete the
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reaction mixture was refluxed for 30 mins. It was then cooled, water (7ml) in THF 

(7ml) was slowly added, followed by careful addition 15% NaOH solution (7ml). 

After stirring for 15 mins more water (21ml) was added and the resulting mixture 

was left standing at room temperature overnight. The solid which was formed was 

filtered and washed extensively with THF. Filtrate and washings were combined 

and evaporated to dryness to give 10.2g (70%) o f the product as yellow oil. 

MS(APCI+ve): 162.9 [M+H]^, fragments at m/z 144.8,132.8 

NMR (CDCh): 4.02(s, 4H, OCH2), 3.74(t, 4H, HOCH2, J=5.4Hz), 1.95(t, 4H, 

HOCH2CH2, J=5.4Hz)

3. Preparation o f 2,2-bis-(2-tosyl-ethyl)-[l,3]dioxolane (33 c, LA/943A, 

LA/895Af^^

S - 0 ' 0-1

To a solution o f 2,2-bis-(2-hydroxy-ethyl)-[ 1,3]dioxolane (8.5g, 53mmol) in dry 

pyridine (80ml) stirred under N2 cooled to 0°C /7-toluenesulfonylchloride (20.98g, 

llOmmol) in dry pyridine (20m) was slowly added. The reaction mixture was then 

stirred for 3h allowing it to warm up to room temperature, then poured onto ice and 

extracted with Et2 0  (3x150ml). Organic extracts were washed with 10% HCl 

(3x100ml) and water (3x100ml), dried over Na2S0 4  and evaporated to dryness to 

give 6.27g (72%) o f the product.

MS(APCI+ve): 493 [M+Na]^, 471 [M+H]^, fragment at m/z 378 

NMR (CDCh): 7.75(d, 4H, Ar Ha, J=8.2Hz), 7.33(d, H, Ar Hb, J=8.1Hz), 4.04(t, 

4H, TSOCH2, J=6.9Hz), 3.81(s, 4H, OCH2), 2.43(s, 6 H, CH3), 1.92(t, 4H, 

TSOCH2CH2, J=6.9Hz)
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4, Preparation o f 2,2-bis-(2-azido-ethyl)~[l,3]dioxolane (33d, LA/899A)418

A solution of 2,2-bis-(2-tosyl-ethyl)-[l,3]dioxolane (1.7g, 3.62mmol) and NaN] 

(0.7Ig, 10.9mmol) in DMF (17ml) was heated with stirring at 100°C for 5h. The 

solvent was then removed under reduced pressure and the residue taken up in 

water. This was then extracted with Et2 0  (3x30ml), dried over Na2S0 4  and 

evaporated to dryness to give 0.64g (83%) o f the product.

MS(APCI+ve): 213 [M+H]\ fragments at m/z 169, 142

NMR (CDCh): 3.95(s, 4H, OCH2), 3.35(t, 4H, N3CH2, J=7.3Hz), 1.92(t, 4H,

TSOCH2CH2, J=7.3Hz)

5. Preparation o f 2,2-bis-(2-amino-ethyl)-[l,3]dioxolane (33e, LA/911 A)

A solution of 2,2-bis-(2-azido-ethyl)-[l,3]dioxolane (0.6g, 2.83mmol) and Pd/C 

(0.035g) in EtOH (30ml) was stirred under H2 for 24h. The solution was then 

filtered through celite to remove the catalyst and evaporated to dryness to yield 

0.42g (93%) o f the product.

MS(FAB+ve): 183 [M +N a]\ 161 [M+H]^, fragments at m/z 144

NMR (CDCh): 3.93(s, 4H, OCH2), 2.77(t, 4H, NH2CH2, J=7.1Hz), 1.77(t, 4H,

NH2CH2CH2, J=7,lHz)
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6. Preparation o f 2,2-bis-(2-bromo-ethyl)-[l,3]dioxolane (36a, LA/1063F, 
LA/1083F)*'‘

To a stirred solution of 2,2-bis-(2-hydroxy-ethyl)-[l,3]dioxolane (2g, 12.4mmol) in 

THF (18ml) cooled to 0°C, PPI13 (8 g, 30.5mmol) and NBS (5.4g, 30.4mmol) were 

slowly added in portions. The reaction mixture was allowed to warm up to room 

temperature and was stirred for further 2 h. The solvent was then removed in 

vacuuo and the residue taken up in Et2 0  ( 1 0 0 ml) and washed with Na2S0 4  

(10%w/v solution), NaOH (IM solution) and water. The organic phase was dried 

over Na2C0 3  and evaporated to dryness. The solid residue was then purified by 

column chromatography using eluents Pet.Spirit (60-80)/EtOAc (8/2). The product 

was obtained as colourless oil which solidified during storage at 4°C. Yield 1.8g 

(50%). 

mp 39-41 °C

NMR (CDCh): 3.94(s, 4H, OCH2), 3.36(t, 4H, BrCH2, J=8.1Hz), 2.2l(t, 4H, 

BrOCH2CH2, J=8.1Hz)

Preparation ofN,N'-di(quinolin-4-yl)^l,5-diamino-3,3-dioxalanopentane 
(36i, LA/1003F1, LA/1123A)‘"‘

H N ^

A mixture o f 4-chloroquinoline (Ig, 6.13mmol) and l,5-diamino-3,3- 

dioxalanopentane (0.49g, 3.06mmol) and /?-cresol (2.5ml) was heated at 150°C 

under N2 for 3 hours. After cooling the residue was dissolved in small amount of 

MeOH and product was precipitated by adding Et2 0 . This product was collected 

by filtration and washed with Et2Û. It was then dissolved in MeOH (5ml) and 

basified with 10% NaOH until pH>9. Water was added and suspension was left at
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room temperature overnight. The precipitated product was collected by filtration 

and washed with water. This was then purified by column chromatography using 

eluents CH2Cl2/Me0 H/NH4 0 H (15/2/1) to give 0.45g (35%) o f the desired 

product. 

mp 173-174°C

MS(APCI+ve): 415 [M +H]\ 208

Acc.Mass: 415.21308 Calc Acc.Mass: 415.21339 Error: 0.75ppm

NMR: 8.36(d, 2H, Quinoline H-2, J=5.3Hz), 8.12(d, 2H, Quinoline H-5, J=8.3Hz), 

7.75(d, 2H, Quinoline H-8 , J=8.2Hz), 7.58(ddd, 2H, Quinoline H-7, Ji=0.9Hz, 

J2=7 .6 Hz), 7.40(ddd, 2H, Quinoline H-6 , Ji=0.9Hz, J2=7 .6 Hz), 7.11(br t, 2H, NH, 

J=5.2Hz), 6.4l(d, 2H, Quinoline H-3, J=5.4Hz), 4.01(s, 4H, OCH2), 3.40(br s, 4H, 

NHCH2), 2.09(t, 4H, NHCH2CH2, J=7.6Hz)

HPLC: (A/Bi = 60/40) Rt = 8.48min Purity = 97.8%

Preparation o f  NfN'-di(quinolin-4-yl)-l,5-diamino~3-oxopentane 
(34i, LA /lO llA , LA/1127Af^^

HN NH

A solution of N,N'-di(quinolin-4-yl)-l,5-diamino-3,3-dioxalanopentane (0.22g, 

0.53 mmol) in acetone (5ml) and HCl (6N, 1ml) was heated at 50°C for Ih and 

during this period cream coloured precipitate had formed. TLC showed product 

and no starting material. Product was collected by filtration and it was then 

dissolved in MeOH (2ml) and basified with 10%NaOH until pH>9. Water was 

added and the resulting suspension was left at room temperature overnight. The 

precipitated product was collected by filtration and washed with water. Yield

0.16g (80%).

mp 165-167°C lit mp 220°C 

MS(APCI+ve): 371 [M+H] \  186 [M+2H]

Acc.Mass: 371.18762 Ca/c^cc.Mass: 371.18718 Error: \.\ppm
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NMR: 8.37(d, 2H, Quinoline H-2, J=5.3Hz), 8.15(d, 2H, Quinoline H-8or5, 

J=8.4Hz), 7.76(d, 2H, Quinoline H-5or8, J=8.3Hz), 7.58(ddd, 2H, Quinoline H- 

7or6, Ji=LlHz, J2=7 .6 Hz), 7.40(ddd, 2H, Quinoline H-6or7, Ji=l.lH z, J2=7 .4 Hz), 

7.08(br t, 2H, NH, J=5.2Hz), 6.43(d, 2H, Quinoline H-3, J=5.3Hz), 3.49(t, 4H, 

NHCH2, J=6 .8Hz), 2.94 (t, 4H, NHCH2CH2, J=6 .8 Hz)

HPLC: (A/Bl = 65/35) Rt = 7.64min Purity = 94.9%

Preparation o f  N,N'-di(quinolin-4-yl)~l,5-diamino-3-hydroxypentane (35i,
LA/1131A)408

OH

^ N H

N

To a suspension of N,N'-di(quinolin-4-yl)-l,5-diamino-3-oxopentane (0.28g, 0.76 

mmol) in MeOH (16ml) stirred at room temperature NaBH4 (0.05g, 13.5mmol) 

was slowly added. The resulting clear solution was then stirred at room 

temperature for Ih after which TLC confirmed completed reaction. The solvent 

was then removed in vacuuo and residue taken up in iPrOH and filtered through 

fluted filter paper. Removal o f solvent gave the product which was recrystallised 

firom Me0 H/Et2 0 . Yield 0.22g (79%). 

mp 178-180°C

MS(APCI+ve): 373 [M +H ]\ 187 [M+2H] '̂"

Acc.Mass: 372.202266 Calc Acc,Mass: 372.195012 Error: 0.5ppm

NMR: 8.37(d, 2H, Quinol H-2, J=5.3Hz), 8.15(d, 2H, Quinol H-5, J=8.3Hz), 

7.76(dd, 2H, Quinol H-8 , J=8.3Hz), 7.58(dd, 2H, Quinol H-7, Ji=7.1Hz, 

J2=8 .1Hz), 7.38(dd, 2H, Quinol H-6 , Ji=7Hz, J2=8 .1Hz), 7.05(br s, 2H, NH), 

6.45(d, 2H, Quinol H-3, J=5.3Hz), 3.81(m, IH, NHCH2CH), 3.40(m, 4H, NHCH2), 

1.88-1.76(m, 4H, NHCH2CH2)

HPLC: (A/Bl = 65/35) Rt = 10.58min Purity = 97.9%
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Preparation o f  ll~Hydroxy-8,14-diaza-l, 7(l,4)-diquinolinacyclotetradeca-
phanium ditrifluoroacetate (35, LA/1139F, UCL 2097-F2)

HN NH

408

To a solution of N,N'-di(quinolin-4-yl)-1,5-diamino-3-hydroxypentane (0.17g, 

0.46mmol) in 2-butanone (25ml) and DMF (2ml) 1,5-diiodopentane (0.2g, 

0.62mmol) was added and the reaction mixture was heated under reflux and N2 for 

5 days with precipitate being generated gradually. The crude product obtained this 

way was filtered off and washed with Et2 0  and weighed 200mg. It was then 

purified by preparative HPLC using eluents A/Bl = 70/30. By this method 40mg 

of the pure product were obtained.

MS(APCI+ve): 441 221 [M]^*

NMR: 9.19(br s, 2H, NH), 8.37(m, 4H, Quinoline H-5or8&2), 8.01(d, 2H, 

Quinoline H-5orS, J=8 .8Hz), 7.87(t, 2H, Quinoline H-6or7, J=7.4Hz), 7.62(t, 2H, 

Quinoline H-6or7, J=7.6Hz), 6.92(d, 2H, Quinoline H-3, J=7.4Hz), 4.91(br s, IH, 

OH), 4.78(br m, 2 H, NCH2), 4.32(br m, 2H, NCH2), 3.83(br m, 2H, NHCH2), 

3.57(br m, 2H, NHCH2), 3.35(br s, IH, NHCH2 CH2CH), 1.75(br m, 8H, 

NCH2CH2 & NHCH2CH2), 1.07(br s, IH, NCH2CH2CH2), 0.59(br s, IH, 

NCH2CH2CH2)

HPLC: (A/Bi = 65/35) Rt = 6.46min Purity = 100%
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Preparation o f  4,4-Dioxalano-8,14-diaza-lf 7(lf4)-diquinolinacyclotetradeca-
phanium ditrifluoroacetate (36, LA/107 IF)

HN NH

To a solution of N,N'-di(quinolin-4-yl)-l,5-diaminopentane (0.43g, 1.21 mmol) in 

2-butanone (40ml) and DMF (4ml) l,5-dibromo-3,3-dioxalano-pentane (0.45g, 

1.56mmol) was added in portions over period of 5 days during which the reaction 

mixture was heated under reflux and N2. By this method 430mg o f crude product 

were obtained. This was then purified by preparative HPLC. By this method 

40mg of the pure product in the form of a thick colourless oil were obtained. 

MS(ESP+ve): 483 [M-H]*, 242

Acc.Mass: 484.28326 CalcAcc,Mass: 484.283827 Error: l.lppm

HPLC: (A/Bi = 65/35) Rt = 6.08min Purity = 100%

Due to the small amount of material no further characterisation o f this analogue 

was carried out.

Preparation o f  4-Oxa~8,14-diaza-l, 7(l,4)-diquinolinacyclotetradecaphanium  
ditrifluoroacetate tetrahydrate (37, LA/1191F, UCL 2344-F2)

HN NH

A solution o f 8,14-diaza-1,7( 1,4)-diquinolina-4-dioxalanocyclotetradecaphanium 

ditrifluoroacetate (0.02g, 0.03mmol) in MeOH (2ml) and HCl (6N, 2ml) was 

heated at 90°C for 4h after which HPLC confirmed formation o f a new product and 

the disappearance o f the starting material. The solvent was then evaporated to 

dryness and residue purified by HPLC to give 18mg of the product. This was 

shown to be unstable in methanolic solution as well as in DMSO and all further 

treatments and analysis were carried out in MeCN.
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mp 168-170°C

MS(APCI-^ve): 439 [M-H] fragment at m/z 357

NMR: 8.61(br s, 2H, NH), 8.34(d, 2H, Quinoline H-2, J=7.5Hz), 8.29(d, 2H, 

Quinoline H-8or5, J=7.7Hz), 7.81(dd, 2H, Quinoline H-6or7, Ji=7.5Hz, J2=7 .2 Hz), 

7.72(d, 2H, Quinoline H-8or5, J=8.7Hz), 7.52(dd, 2H, Quinoline H-6or7, 

Ji=8.1Hz, J2=7 .2 Hz), 6.59(d, 2H, Quinoline H-3, J=7.6Hz), 4.64(t, 4H, NCH2, 

J=5Hz), 3.63(dd, 4H, NHCH2, Ji=6Hz, J2=5 .2 Hz), 2.90(t, 4H, NCH2CH2, J=5Hz), 

1.77(br s, 4H, NHCH2CH2), 1.39(br s, 4H, NHCH2 CH2CH2)

HPLC: (A/B2=75/25) Rt = 6.24min Purity = 100%

Microanalysis for C2gH32N4 0 2 ^̂  2 CF3CO2 , 3 .5 CF3CO2H, 4 H2O:

Found C 40.85 H 3.66 N 5.49

Calculated C 41.17 H 3.85 N 4.92

Preparation o f  NfN*‘di(quinolin-4-yl)-lt5-diamino-2,4-dioxopentane (67i, 

LA/1023F1)

HN NH

To a solution of 4-aminoquinoline (0.5g, 3.47mmol) and Et3N  (0.48ml, 3.47mmol) 

in dry THF (12.5ml) stirred under N2 a solution o f glutaryl dichloride (0.29g, 

1.74mmol) in dry THF was added dropwise. After the addition was complete the 

reaction mixture was stirred for 2h and then terminated. The precipitate which had 

formed during the course of the reaction was filtered and Et2 0 . This was then 

purified by column chromatography using eluents CH2Cl2/Me0 H/NH4 0 H (15/2/1) 

to give 0 .1  g (15%) of the desired product. 

mp 198°C

MS(APCI+ve): 385 [M+H] \  fragment at m/z 241, 145

Acc.Mass: 385.16741 Calc Acc.Mass: 385.16644 Error: 2.5ppm

NMR: 10.21(br s, 2H, NH), 8.78(d, 2H, Quinoline H-2, J=5Hz), 8.35(d, 2H, 

Quinoline H-8or5, J=8.4Hz), 8.13(d, 2H, Quinoline H-3, J=4.9Hz), 7.98(d, 2H,
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Quinoline H-5or8, J=8.4Hz), 7.75(dd, 2H, Quinoline H-6or7, J=7.5Hz), 7.58(dd, 

2H, Quinoline H-7or6, J=7.6Hz), 2.70(t, 4H, NHCOCH2, J=7.2Hz), 2.04 (quint, 

4H, NHCOCH2CH2, J=7.1Hz),

HPLC: (A/Bi = 65/35) Rt = 11.66min Purity = 95.2%

Preparation o f  N,N'-di(quinolin-4-yl)-l,4~diaminomethylcyclohexane (60i, 

LA/1091B)

HN^ ^

A  solution o f 4-chloroquinoline (1.5g, 9.17mmol) and 1,4-cyclohexane- 

bis(methylamine) (0.65g, 4.58mmol) was heated in 1-pentanol (25ml) under reflux 

and N2 for 2 days. After cooling Et2 0  was added, the product was collected by 

filtration and washed with Et2 0 . It was then dissolved in MeOH (5ml) and 

basified with 10% NaOH until pH>9. Water was added and the resulting 

suspension was left at room temperature overnight. The precipitated product was 

collected by filtration and washed with water. Yield 1.2g (67%). HPLC analysis 

showed presence o f two isomers in ratio 3/1. lOOmg of product were recrystallised 

firom Me0 H/Et2 0  to give 60mg of the product in isomeric ratio 9/1. 

mp 232-235°C 

MS(APCI+ve): 397 [M+H]

NMR: 8.38(m 2H, Quinol H-2 o f two isomers overlapping), 8.26(d, 2H, Quinol H- 

5, J=8.4Hz), 7.77(dd, 2H, Quinol H-8 , Ji=7.6Hz, J2=0 .9 Hz), 7.59(ddd, 2H, Quinol 

H-7, Ji=lHz, J 2= 6 .8H z , J 3= 8 .2H z ), 7.41(ddd, 2H, Quinol H-6 , Ji=1.2Hz, J2=6 .9 Hz, 

J3= 8 .2H z ), 7.11 (br t, 2H, NH, J=5.5Hz), 6.47 (d, 2H, Quinol H-3 o f one isomer, 

J=5.4Hz), 6.43 (d, 2H, Quinol H-3 o f second isomer, J=5.4Hz), 3.28(m, 4H, 

NHCH2), 1.98 (m, 2H, NHCH2CH), 1.56 (m, 8H, NHCH2CHCH2)

Acc.Mass: 397.23862 Calc Acc,Mass: 397.23921 Error: 1.5ppm
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HPLC: (A/Bi = 60/40) Rt = 25.32min Purity = 9.3% 

Rt = 31.78min Purity = 90.5% 

Total purity: 99.8%

Preparation o f  6,10-Diaza—1,5(1,4)-diquinolina-3(l,3)~benzena~8(l,4)-cyclo- 
hexanacyclodecaphanium ditrifluoroacetate hydrate (60, L A /l l l lF , UCL 2341-
F2)

HN NH

To a solution o f N,N'-di(quinolin-4-yl)-l,4-diaminomethylcyclohexane (0.4g,

1.01 mmol) in DMF (30ml) a ,a ’-dibromo-w-xylene (0.45g, l.Tlmmol) was added 

and the reaction mixture was heated at 110°C under N2 for 2  days with precipitate 

being generated gradually. After cooling a small amount o f Et2 0  was added and 

the crude product obtained this way was filtered off and washed with Et2 0  to give 

600mg of the crude product. 300mg were then purified by preparative HPLC. The 

compound was dissolved in iPrOH, filtered by gravity and evaporated to dryness to 

yield 18mg of the product. 

mp 172-176°C 

MS(ESP+ve): 499 [M-H]"‘

NMS: 9.11(br s, 2H, NH), 8,45(d, 2H, Quinoline, H-5or8, J=8.1Hz), 8.;29(d, 2H, 

Quinoline H-2, J=7.4Hz), 7.80(m, 4H, Quinoline H-6or7 and H-8or5), 7.57(m, 5H, 

Quinoline H-7or6&phenylene H-3,4&5), 6.90(d, 2H, Quinoline H-3, J=7.4Hz), 

5.72(s, 4H, NCH2 ), 3.63(br s, 4H, NHCH^), 2.04(br s, 2H, NHCH2CH), 1.56(br s, 

4H, NHCH2CHCH2), 1.51(br s, 4H, NHCH2CHCH2)

HPLC: (A/B1=65/35) Rt = 8.64min Purity = 100%

IR: 3432 {brm), 2928 ( m ) ,  1684 ( 5 ) ,  1621&1581 (s)
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Microanalysis for C34H3ôN/^ 2 CF3CO2 , O.9 CF3CO2H, IH2O

Found C 56.59 H 4.83 N 6.59

Calculated C 56.42 H 4.63 N 6.61

Preparation o f  2,6-Diaza-l, 7(l,4)-diquinolina-4(l,4)-cyclohexanacyclododeca 
phanium ditrifluoroacetate dihydrate (61, LA/1203F, UCL 2354-F2)

HN NH

To a solution of N,N'-di(quinolin-4-yl)-l,4-diaminomethylcyclohexaneane (0.25g, 

0.63nunol) in 2-Butanone (30ml) 1,5-diiodopentane (0.25g, 7.71 mmol) was added 

and the reaction mixture was stirred under reflux and N2 for 6 days with precipitate 

being generated gradually. After cooling the crude product obtained this way was 

filtered off and washed with Et2 0  and weighed 260mg. 150mg were then purified 

by preparative HPLC. The compound was dissolved in iPrOH, filtered by gravity 

and evaporated to dryness to yield 12mg o f the product. 

mp 172-176°C

MS(ESP+ve); 465 [M-H]'", 233 [M]^*

NMR: 8.99(br s, 2H, NH), 8.56(d, 2H, Quinoline H-5or8, J=8.4Hz), 8.14(d, 2H, 

Quinoline H-2, J=7Hz), 8.08(d, 2H, Quinoline H-8or5, J=8.8Hz), 7.97(dd, 2H, 

Quinoline H-7or6, J,=7Hz, J2=8.2Hz), 7.71 (dd, 2H, Quinoline H-7or6, Ji=7.4Hz, 

J2=7.9Hz), 6.89(d, 2H, Quinoline H-3, J=7Hz), 4.59(br s, 4H, NCH2 ), 3.63(br s, 

4H, NHCH2), 2.08(br s, 2H, NHCH^CH), 1.89(br s, 2H, NCH^CH^), 1.42(m, 8H, 

NHCH2CHCH2), 1.11 (br s, 2H, NCH2CH2CH2)

HPLC: (A/B 1=60/40) Rt = 6.61min Purity = 100%

Microanalysis for C3iH3gN/^ 2 CF3CO2 , I.3 CF3CO2H, 2 H2O

Found C 51.62 H 5.19 N 6.33

Calculated C 51.50H  4.98 N 6.39
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5.2 FAILED CHEMISTRY

5.2.1 Reactions o f  intermediate compound 67i

5.2.1.1 Attempted preparation o f  8,14-diaza-1,7(l,4)-diquinolina-9,lS-dioxocyclo  

tetradecaphanium (67, LA/1059)

To a solution o f N,N'-di(quinolin-4-yl)-l,5-diamino-2,4-pentadione (0.13g, 

0.34mmol) in 2-Butanone (20ml) 1,5-diiodopentane (0.15g, 0.46mmol) was added 

and reaction mixture was heated under reflux and N] for 7 days. Precipitate was 

generated gradually and it was collected by filtration and washed with EtzO. MS 

and HPLC indicated presence o f the starting material and no desired product.

5.2.1.2 Attempted preparation o f  6,12-diaza-l,5(l,4)-diquinolina-3(l,4)-benzena-

7.11-dioxocyclododecaphanium (68, LA/1095)

To a solution o f N,N'-di(quinolin-4-yl)-l,5-diamino-2,4-pentanedione (0.04g,

O.lOmmol) in DMF (5ml) a ,a ’-dibromo-p-xylene (0.034g, 0.13mmol) was added 

and reaction mixture was heated at 110°C under Nz for 2 days. Precipitate was 

generated gradually and it was collected by filtration and washed with EtzO. MS 

and HPLC indicated no starting material or desired product (also see Chapter 3 - 

Synthesis).

5.2.2 Reactions o f  intermediate compound 65i

5.2.2.1 Attempted preparation o f  6,12-diaza-l,5(l,4)-diquinolina-3(l,4)-benzena-

7.11-dioxacyclododecaphanium (66, LA/87)

To a solution o f N,N'-di(quinolin-4-yl)-1,5-bis-( 1,3)-aminooxypropane (0.4g,

1.1 mmol) in pentanol (50ml) a ,a ’-dibromo-j5-xylene (0.35g, 1.3mmol) was added 

and reaction mixture was heated under reflux and N2 for 5 days. HPLC indicated 

complex mixture, but no desired product was detected by MS.

5.2.2.2 Attempted preparation o f  6,12-diaza-l,5(l,4)-diquinolina-3(l,3)-benzena-

7.11-dioxacyclododecaphanium (LA/171 A)

To a solution o f N,N'-di(quinolin-4-yl)-l,5-bis(l,3)-aminooxypropane (0.35g,

0.97mmol) in DMF (30ml) a ,a ’-dibromo-w-xylene (0.35g, 1.3mmol) was added
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and reaction mixture was heated at 90-110°C for 5 days. HPLC indicated complex 

mixture and no desired product was detected by MS.

5.2.2.3 Attempted preparation o f  l,r-dibenzyl-N,N'-di(quinolin~4-yl)-l,5- 

bis(1,3)aminooxypropane (LA/239)

To a solution o f N,N’-di(quinolin-4-yl)-l,5-bis(l,3)-aminooxypropane (0.15g, 

0.42mmol) in pentanol (15ml) benzylbromide (0.14g, 0.83mmol) was added and 

reaction mixture was heated under reflux and Nz for 3 days. MS indicated no 

desired product, but presence of M  ̂for N-benzyl-4-aminoquinolinium.

5.2.2.4 Attempted preparation 8,14~diaza~l, 7(1,4)-diquinolina-9,13-dioxacyclo 

tetra decaphanium (65, LA/1119)

To a solution o f N,N'-di(quinoIin-4-yl)-l,5-bis (l,3)aminooxypropane (0.15g, 

0.42mmol) in 2-Butanone (20ml) 1,5-diiodopentane (0.15g, 0.46mmol) was added 

and reaction mixture was heated under reflux and N] for 6  days. HPLC indicated 

complex mixture and no desired product was detected by MS.

5.2.3 Reactions o f  Intermediate 79i

5.2.3.1 Attempted preparation o f  6,12-diaza-l,5(1,4)-di(8-chloroquinolina)-3(l,4)- 

benzenacyclododecaphanium (79, LA/211)

To a solution of N,N'-di(8-chloroquinolin-4-yl)-1,5-diaminopentane (0.3g,

0.71 mmol) in DMF (30ml) a ,a ’-dibromo-/?-xylene (0.15g, 0.46mmol) was added 

and reaction mixture was heated at 120°C under N] for 3 days. MS and HPLC 

indicated presence o f the starting material and no desired product.

5.2.4 Reactions o f  Compound 35 -Attempted lodination 

Attempt 1:

To a suspension o f Nal (0.02g, 0.13mmol) in dry MeCN (0.3ml) a suspension of 

compound 35 (pure trifluoroaceteate salt) (0.02g, 0.03mmol) in dry MeCN (0.2ml) 

and MeSiCls (0.1ml) were added and the resulting mixture was heated under reflux 

and argon for 5 days. No reaction was observed, with both MS and HPLC 

indicating presence o f the starting material only.
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Attempt 2:

To a suspension o f compound 35 (crude iodo salt) (0.02g, 0.029mmol) and Nal 

(0.02g, O.lSmmol) in dry MeCN (0.5ml), MeBSiCl (0.3ml) were added and the 

resulting mixture was heated under reflux and argon for 5 days. No reaction was 

observed, with both MS and HPLC indicating presence o f the starting material 

only.

The above procedure was repeated with NaOMe (0.02g) added to the mixture, but 

still the same results were obtained.

Attempt 3:

A  mixture of compound 35 (crude iodo salt) (0.0Ig, O.OlSmmol) and HI (57%) 

was heated under reflux for 3 hours. The acid was then removed in vacuuo and the 

resulting residue recrystallised from Me0 H/Et2 0  to give light brown product. This 

was found to correspond to compound 35i, in which the bridge between the two 

quaternary nitrogen was removed (MS and HPLC).

Attempt 4:

To a solution o f compound 35 (0.02g, 0.029mmol) and PPhg (0.01 Ig, 0.042mmol) 

in DMF (0.5ml) cooled to 0°C a solution o f H in DMF (0.5ml) was added dropwise 

over a period of 5 mins. After 24h no new material was detected to be forming. 

The mixture was then heated at 65°C for 20h but this also failed to give any 

product. After heating the mixture at 120°C for further 48h both MS and HPLC 

were still showing the starting material only.

Attempt 5:

To a suspension compound 35 (crude iodo salt) (0.02g, 0.029mmol) and Nal 

(0.006g, 0.043mmol) in MeCN (0.1ml) CeClg.THzO (0.02g, 0.057mmol) was 

added and the resulting mixture was heated under reflux for 24 hours. Starting 

material only was detected on analytcal HPLC, so further portions o f Nal (0.02g) 

and CeCl3'7 H2 0  (0.06g) were added and the resulting mixture was heated under 

reflux for further 48h. HPLC indicated starting material and a new peak with 

longer retention time. The MS/HPLC analysis confirmed first peak as the starting
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material, but failed to give a spectrum for the second peak, which indicated that it 

is not the desired iodinated analogue. The mixture was worked up by reducing the 

volume in under reduced pressure and precipitating product with EXiO. MS and 

HPLC indicated this to contain the starting material only.
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5.3 BIOLOGICAL TESTING

All compounds synthesised in this study were biologically evaluated by Prof D.H. 

Jenkinson at UCL Department of Pharmacology.

The assays were done by measuring the effect of the compounds on SK-mediated 

sAHP of superior cervical ganglion cells as previously descried by Dunn."̂ ^̂  

Superior cervical ganglia were removed from new bom rats, killed by inhalation of 

a rising concentration o f CO2. These were then desheathed, cut into small pieces 

and incubated in Câ -̂ and Mg^^-free Hanks’ balanced salt solution containing 370 

U/ml collagenase and 6 mg/ml bovine serum albumin at 37°C for 15 min, followed 

by incubation in Hanks’ balanced salt solution containing 1 mg/ml trypsin and 

6 mg/ml bovine semm albumin for 30mins. Upon dissociation o f ganglia with fire- 

polished pipette, the resultant suspension was plated onto laminin-coated plastic 

culture dish and cells cultured for 4-7 days at 37°C, in an atmosphere o f 9 5 %0 2 - 

5 %C0 2  and in a short term tissue culture (L-15 medium supplemented with 10% 

foetal calf serum, 0.2mM glutamine, 0.6%(w/v) p-glucose, 0.19% (w/v) NaHCOs, 

penicillin-G (lOOU/ml), streptomycine (lOOpg/ml) and nerve growth factor (mouse 

submaxillaty gland, 50ng/ml).

Culture dishes were placed on the stage of an inverted microscope (Diapbot, 

Nikon) and perfused with physiological salt solution warmed to 30°C at a flow rate 

of 5ml/min.

hitracellular recordings were made with conventional micro-electrode filled with 

IM KCl (resistance 80-120 MQ), connected to the beadstage o f Neurolog NL102 

amplifier.

The normal extracellular solution bad the following composition (mM): NaCl 118, 

KCl 3.8, CaCl2 2.5, MgC^ 1.2, KH2PO4 1.2, NaHCOs 25, glucose 11, adjusted to 

pH 7.4 by gassing with 9 5 %0 2 -5 %C0 2 -

The new compounds were dissolved in DMSO/water mixture, examined in batches 

of four and each time compound 1 (UCL 1848) was used as a reference
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compounds. This is because these cyclophanes show ‘apparent’ variation in 

potency when tested on different assays and the activity o f compound 1 itself was 

found to vary from 2-5nM. Therefore, by using it as a reference compound in 

every batch the activity o f new compounds could be compared to the already 

known activity o f compound 1. Each compound was tested at 3 concentrations on 

at least 3 cells. Inhibition o f the AHP was measured by digitally subtracting 

records obtained in the presence o f blocker from controls. The compounds have a 

rapid onset of action and their action is fully reversible upon washout, which was 

complete within 6  minutes o f the initial injection. After testing, the Hill equation 

was fitted to obtain an estimate of the IC50:

y = ymax[ir/(IC50" + [ir)
where:

• y is percentage inhibition;

• [I] is the concentration of the drug;

• ymax is maximum inhibition and

• n is the Hill coefficient.

But, due to small variations in potency of these compounds, equi-active molar 

ratios (EMR relative to compound 1) were also determined by simultaneous non

linear least-squares fitting o f the data obtained with each compound , taken 

together with the values observed with compound 1 in that set o f assays. The Hill 

equation was used to fit the data and a common Hill coefficient was assumed. It is 

important to note that for some o f the analogues discussed in this work, EMR 

values relative to compound 1 have not been experimentally determined, since at 

the time of their testing dequalinium was used as a reference compounds. In such 

a case, EMR values relative to dequalinium are reported as experimentally 

determined, whereas EMR values relative to compound 1 have been estimated. 

This was done by comparing their activity to compound 1, for which EMR value 

relative for dequalinum has been determined experimentally. EMR (relative to 

compound 1) are always quoted together with IC50 values and it is these EMR
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values that offer the best indication of the activity o f any compound. The larger 

the EMR value the less active the compound.

action potential

afterhyperpolarization 
in presence of UCL 2341 (2 nM)

40 mV

200 msec

after UCL 2341before

Fig 5.1: The effect o f  compound 60 on Individual sAHP
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5.4 MOLECULAR MODELLING

The structures o f all compounds analysed in this study were first built and 

minimised (with no charges on) using the XED (extended electron distribution) 

module in the XED system running on a Silicon Graphics SGIR4000 Indigo/2 

workstation. The minimised structures were saved as .dat files and minimised 

again with formal charges added (+2, due to the presence o f quaternary N atoms).

These new minimised structures were resaved as .dat files and each molecule was 

then subjected to conformational searching using conformation hunter in 

XEDMIN04/^^ also running on SGIR4000 Indigo/2 workstation. The program 

collects a broad selection o f available conformers between the global minimum 

and assigned energy (+6kcal/mol in our case) above it. However, there is no 

guarantee that all conformations will be found by this method. An alternative 

method using systematic search would take too long to perform. Dielectric 

constant 2 was used unless indicated otherwise, since force field parameters were 

revalidated for this value o f dielectric constant. In previous studies within our 

group, compound 2, UCL 1684, was analysed using different dielectric constant. 

Therefore, to ensure avoidance o f confusion and unreliable results, compound 2 

was subjected to conformational hunt four times with a dielectric constant o f 1, 4 

and 78.5, as well as 2. This was done so to attenuate the influence o f the 

electrostatics which, in vacuuo, might restrict the conformational preference o f the 

molecule. In all four separate searches similar results were obtained, and, due to 

the above mentioned reason, all other conformational searches were performed 

using dielectric constant 2.

Semiempirical MO calculations were again performed on the SGIR4000 

workstation, using the MOP AC 5.0 MO package. These calculations were done on 

the global minimum conformation of each molecule, unless indicated otherwise.
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activated K'*’ current in hippocampal pyramidal neurones.

Proc.Natl.Acad.Sci.U.S.A. 1999, 96, 4662-4667.

296. Sah, P. and McLachlan, EM. Ca^^-activated currents underlying the 

afterhyperpolarisation in guinea-pig vagal neurones: a role for Câ -̂ 
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