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ABSTRACT

The purpose of this project was to design and synthesise novel classes of anti-allergy compounds 
using 1-tetralone as the principal building block.

This thesis is introduced with an overview of the prominent role played by mast cells and their 
chemical mediators in the onset and maintenance of an allergic reaction. The importance of the 
antibody, immunolglobulin E (IgE) binding to its high affinity receptor, FceRI expressed on the 
surface of mast cells to trigger the allergic signalling cascade is outlined. The release of the 
mediators from mast cells; both preformed and newly synthesised are discussed which leads 
onto a description of some of the allergic diseases associated with activated mast cells. There 
then follows a detailed report on therapeutic agents that are used as anti-allergy agents. This 
discussion on antiallergic agents encompasses those that are clinically prescribed, isolated from 
natural sources, biological and newly synthesised. Chapter 1 closes with a description of the 
novel mast cell stabilising compounds developed within this Thesis.

Chapter 2 sets out to overcome some of the concerns associated with potent mast cells 
stabilisers that were previously synthesised by other members of the group. The aims of this 
Chapter were firstly, to synthesis an analogous series of tetralol-based compounds which 
contained a reduced number of asymmetric centres and secondly, to enhance the solubility 
profile of this series by incorporating a range of water-solubilising groups into their structures 
via  an ester link. Several compounds from both series displayed excellent activity in v itro  of 
which, (2.18) and (2.20) were the most promising candidates. However, their level of activity 
was not translated in an in vivo model of passive cutaneous anaphylaxis, although (2.20) did 
offer partial inhibition of passive cutaneous analphylaxis in vivo.

The primary objective of the work described in Chapter 3 was to examine the metabolic fate of 
(2.18) in v itro  as cleavage of the ester group by esterases was a speculated theory for its poor in 
vivo  performance. A suitable analytical method using HPLC-UV was developed for (2.18) and the 
control compound, benfluorex, as well as their respective metabolites. The findings suggest that 
the inherent lipophilic nature of (2.18) is responsible for its behaviour in vivo  rather than 
bioconversion to its parent alcohol (2.10).

The aim of the work outlined in Chapter 4 was to generate anti-allergic compounds with H I 
receptor antagonist activity. This was achieved by introducing a 3-dimethylaminopropyl group 
onto the previously synthesised tetralol-based compound (2.06). Both the amino alcohol (4.01) 
and amino alkene (4.02) derivatives demonstrated significant activity. Additionally, a serotonin 
blocking tetralin-based compound containing this pharmacophore (4.03) was also synthesised 
and demonstrated H IR  antagonist activity in the ex vivo  assay to determine the H I binding 
activity of test compounds.

Chapter 5 opens with a study on the stability of (5.01) under physiological conditions and the 
formation of a conjugate between its indenone fragment and histamine. This is considered a 
potential mechanism of (5.01). Following on from these studies, a series of Designed Multiple 
Ligands were generated based on the structure of (5.01) which merged two mast cell stabilising 
pharmacophores into a single entity. These compounds demonstrated improved stability and 
most were superior in activity to disodium cromoglycate, a clinically used mast cell stabiliser.

Chapter 6 describes the methods employed to synthesise all of the compounds that were the 
subject of this Thesis as well as their complete structural characterisation.
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El electron impact

eq. equivalent

ER endoplasm ic reticulum

ERK extracellular-signal-regulated kinase

ESI electron spray ionisation

HCI hydrochloric acid

hCMBMC human umbilical cord blood-derived cultured mast cell

HMC-1 human mast cell line

HPLC high perform ance liquid chrom atography

HRMS high resolution mass spectrum

Hz Hertz

IgE Im m unoglobulin E

IL interleukin

IR infra red

ITAM im m unoreceptor tyrosine-based activation m otif

J coupling constant

JAK3 janus kinase 3

JNK c-Jun A/-terminal kinase

LAT linker fo r activation of T cells

LCMS liquid chrom otography mass spectrom etry

LOD lim it o f detection

LT leukotriene

M m olar

m m ultip let



MARK m itogen-activated protein kinase

M eOH m ethanol

mg milligram

MHC m ajor histocom patability complex

M Hz mega Hertz

m M m illim olar

M M C mucosal mast cell

NADP nicotinam ide adenine dinucleotide phosphate

NaH sodium hydride

NaOH sodium hydroxide

NBS /V-bromosuccinimide

nBuLi n-Butyllithium

ng nanogram

nM nanom olar

NM R nuclear magnetic resonance

PCA passive cutaneous anaphylaxis

PG prostagladin

pH minus log of hydronium  ion concentration

pKa minus log o f the acid dissociation constant

PKC protein kinase C

PLC phospholipase C

PMACI phorbal-12-m yristate-13-acetate and calcium ionophore A 23187

ppm parts per million

QC quaternary^ carbon

R.T. Room tem peratu re

RBL-2H3 rat basophilic leukemia cells

RP reversed phase

RPMC rat peritoneal m ast cell

s singlet

sat. saturated

SCF stem cell factor

TEA triethylam ine

THF tetrahydrofuran

TLC thin layer chrom atography

TNF tum our necrosis factor

UV ultra violet
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Chapter 1

1.1 Allergy

Allergy refers to a range of allergic/atopic diseases which include allergic rhinitis (hay fever), 

asthma, allergic conjunctivitis, allergic derm atitis (eczem a) and food, insect and drug allergy, all of 

which are characterised by the occurrence of an allergic reaction. The allergic reaction occurs 

because o f a hypersensitive response o f mast cells to  otherwise innocuous environm ental 

substances.

The incidence of allergy has increased substantially over recent decades w ith over 20%  of the 

global population estim ated to suffer from  allergic diseases. In th e  case o f asthma, approxim ately  

235 million people are affected w orldw ide [1]. Ireland has the fourth  highest prevalence o f the  

asthma w orldw ide w ith approxim ately 470 ,0 0 0  individuals affected by the disease which is the  

most chronic disease in childhood [2].

Currently, no cure fo r allergy exists so trea tm en t o f allergic disorders depends on drugs which aim  

to  control and relieve the symptoms o f an allergic reaction. Clinically used drugs include mast cell 

stabilisers, anti-histam ines and p-corticosteroids. Interestingly, various anti-allergic agents have 

been isolated from  a w ide range natural sources which have anti-allergic activity. M any o f these 

agents are present in teas, fruits and vegetables which we consume in our dietary intake. Several 

novel synthetic compounds have been developed as potential therapeutic  agents fo r the 

trea tm en t of allergic diseases which in terfere w ith  d ifferen t steps o f the complex signalling 

cascade associated w ith allergy. All o f these compounds aim  to prevent the effects triggered by 

the key effector cell in the  hypersensitive response - the m ast cell.

1.2 Mast Cells

M ast cells play a prom inent role in the im m unopathology o f the im m ediate-hypersensitivity  

reaction which occurs in response to contact w ith certain allergens. These granular-containing  

im m une cells w ere first discovered in 1878 by Paul Erhlich, who described them  as "M astzellen"  

because he believed th e ir granules existed to  nourish o ther cells, Figure 1.1. He observed that 

these granules reacted m etachrom atically w ith aniline dyes [3], a characteristic which is still used 

in the ir identification. The release o f th e ir granular constituents, the chemical m ediators o f an 

allergic response and the ir subsequent action on surrounding cells and tissues are m ajor factors in 

the pathophysiology of allergic diseases.

1



Figure 1.1 Human lung mast cell [4]

1.2.1 Development and Migration of Mast Cells

Human mast cell precursors originate from CD34*, c-kit* and CD13"̂  [5] pluripotent hematopoietic 

stem cells in the bone marrow [6]. These precursors circulate in the blood before they migrate to 

either connective or mucosal tissues where they mature to form connective or mucosal mast cells 

[7], this is discussed further below. Mast cells express the chemokine receptors CXCR2, CCR3, 

CXCR4 and CCR5 which influence their migration to various tissues and accordingly, a variety of 

biological agents including growth factors (stem cell factor; SCF), integrins (a467 and a461) and 

chemokines CCL2, CCL3 and CCL5 all influence mast cell migration [7], SCF, binding to its receptor 

c-kit expressed on the surface of mast cells, plays an important role in the growth, migration and 

differentiation of mast cells. Relatively stable numbers of mast cells are maintained in connective 

and mucosal tissues due to constitutive expression of SCF in membrane-bound and soluble forms 

and by the expression of c-kit on mast cells at all stages of differentiation [8] and a SCf-c-kit 

binding provides critical signals for the homing and recruitment of mast cells to various tissues [9], 

Mature mast cells are widely distributed throughout the body. They reside in vascularised tissue, 

in close proximity to blood vessels, nerves, smooth muscle cells, mucus producing glands and hair 

follicles [10], They are also resident in anatomical sites which are directly exposed to the 

environment including the skin, airways and gastrointestinal tract [11].

1.2.2 Mast Cell Classification

Mature mast cells are classified into two subtypes depending on their location; connective tissue 

mast cells (CTMCs) which reside in connective tissue such as the skin, small bowel submucosa and 

peritoneal cavity, or mucosal mast cells (MMCs) which mature in musocal tissues such as the 

intestinal lamina propria and in the airways. CTMCs and MMCs can be differentiated based on the 

protease content of their granules; MMCs contain tryptase alone and are also known as MCj 

while CTMCs contain tryptase and chymase and are also known as MCtc [12].
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1.3 Mast Cell Sensitisation, Mast Cell Activation and the Allergic Reaction

Allergy is a disorder produced when the immune system responds in a hypersensitive manner to 

otherwise harmless environmental substances/antigens. Many allergens (allergy causing antigens) 

which trigger the response are low molecular weight, highly water-solube proteins which enter 

the body via the mucosa of the respiratory and digestive tracts.

When an allergen first enters the body, it encounters antigen-presenting cells (APCs) such as 

macrophages and dendritic cells. Figure 1.2. The allergen is processed in the intracellular 

compartments of these cells were it undergoes degradation and processing. Processed antigen 

fragments are then presented to other immune cells via the major histocompatability complex 

(MHC). B and T lymphocytes bear antigen-specific receptors which recognise the antigen/MHC  

complex.

Initial allergen exposure results in the differentiation of T helper cells (Th) 0 cells into Th2 cells and 

the production and secretion of Th2 cytokines, such as IL-4 and IL-13. These cytokines influence B 

cells to mature into plasma cells, which synthesise and secrete antibodies, and influence the 

production of immunoglobulin E (IgE), instead of IgM or IgD, by antibody class switching. Antibody 

class switching ensures the synthesis of IgE by stimulating transcription at the Ce locus, which 

contains the exons encoding the constant region domains of the IgE E -heavy chain [13]. Another 

important signal for the synthesis of IgE is the interaction of the CD 40 ligand (CD40L) on the 

surface of T cells with the CD40 receptor on the B cell membrane. Therefore in allergy, B cells 

produce IgE which is specific for the initial allergen. This allergen-specific IgE plays a central role in 

the onset of an allergic reaction upon subsequent exposure to the allergen.

Allergen
C04M.

Figure 1.2 Immune cells involved in IgE synthesis [14]
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1.4 Immunoglobulin E (IgE)

IgE, like o th e r  an tib o d ies  is a fe tro -c h a in , Y -shaped nnonom eric s truc ture  w ith  a m o lec u la r w e ig h t  

o f 1 9 0 ,0 0 0 , Figure 1 .3 . It is com prised  o f  tw o  identica l heavy chains and tw o  identica l lig h t chains  

held to g e th e r th ro u g h  in te r-ch a in  d isu lph ide bonds [15 ]. These chains fo rm  tw o  d om ains , th e  Fab 

(an tigen  binding) fra g m e n t and th e  Fc (co n stan t) fra g m en t; th e  la tte r  being responsib le fo r  

an tib o d y  b inding to  th e  high a ffin ity  IgE re ce p to r Fc epilson recep to r Rl (FceRI). IgE plays a centra l 

ro le  in th e  allergic response. In itia lly  IgE-FceRI b ind ing  results in m ast cell sensitisation  and la te r  

antigen-lgE-FceRI b ind ing  results in m ast cell ac tivatio n  and in itia tio n  o f th e  allerg ic response. IgE 

also binds to  a lo w -a ffin ity  re c e p to r FceRII (C D 23) w hich  is expressed on a w id e  v a rie ty  o f cell 

types including in fla m m a to ry  cells, such as B -lym phocytes and m acrophages. E levated  levels o f  

serum  IgE are  fo un d  in allerg ic co n d ition s  such as as thm a [16].

_ I I

• G

Figure 1.3 Structure o f IgE [17]

1.5 High Affinity IgE Receptor FceRI

FceRI is a ce ll-surface re ce p to r w hich  is expressed on m ast cells and binds th e  Fc fra g m e n t o f IgE 

w ith  high a ffin ity . Its te tra m e ric  s tru c tu re  consists o f an a -c h a in , a p-chain  and a h o m o d im e r o f  

d isu lp h id e-lin ked  y c h a in s  (a P v 2). The  a -cha in  com prises tw o  ex tra ce llu la r im m u n o g lo b u lin -  

re la ted  d om ains  th a t  bind a single IgE m o lecu le  by th e  Fc fra g m e n t in a 1:1 m a n n er. The  

in trace llu la r cytop lasm ic ta ils  o f  p - and y-chains each contain  im m u n o re c e p to r tyros in e -b ased  

activatio n  m o tifs  (IT A M s) w h ich , upon m ast cell ac tivatio n , are involved  in th e  transdu ctio n  o f  

in trace llu la r signalling [18 ].
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1.6 FceRI Activation and Signalling Cascade

Polyvalent antigen binding to two FceRla bound IgE molecules on the mast cell surface results in 

IgE cross-linking, this leads to aggregation of intracellular FceRla chains [19], Following antigen 

induced-aggregation, the ITAM domains of |3- and y-subunits mediate the intracellular signalling 

cascade through interaction with receptor-associated protein tyrosine kinases such as Lyn and 

p72Syk kinase. Lyn binds to FceRip under resting conditions and upon receptor aggregation, Lyn 

becomes activated which results in the phosphorylation of P- and y-subunit ITAMs. Activation of 

Lyn and Syk drives intracellular signal transduction cascades [20].

A primary target of intracellular signalling upon mast cell activation is phospholipase Cyl (PLCyl) 

which is recruited to the membrane where it is tyrosine phosphorylated by Syk and Btk. PLCyl 

catalyses the breakdown of membrane phospholipid phosphatidylinositol-4,5-bisphosphate (PIP2) 

to generate the second messengers ionositol-1,4 ,5-triphosphate (IP3) and diacyglycerol (DAG) 

[21]. These signalling molecules are responsible for the activation of protein kinase C (PKC) 

isoforms and the release of calcium (Câ "̂ ) from intracellular stores respectively [22]. IPS binds to 

IPS receptors on the surface of the endoplasmic reticulum (ER) leads to store depletion. This 

results in a transient rise in intracellular free Ca^*, which triggers the entry of calcium from the 

extracellular environment through specialised store-operated channels known as Ca^"^-release- 

activated Câ "̂  (CRAC) channels via S T IM l, a sensor of the ER Ca^  ̂ concentration [23]. CRAC 

channels remain open as long as the antigen is present and stores remain depleted, thus leading 

to a sustained increase in intracellular Câ "̂  [24]. The ensuing degranulation of mast cells involves 

the translocation, docking and fusion of granules with the microtubules of the plasma membrane. 

Increases in the cytosolic Câ  ̂ concentration promote granule exocytosis by binding to Câ "̂ - 

sensing proteins, such as synaptotagamin, which are part of the SNARE complex involved in 

membrane fusion [25].

1.7 Mast Cell Mediators

Mast cells synthesise a variety of mediators that are released upon degranulation after 

subsequent exposure of antigen-sensitized individuals to allergen. These mediators are divided 

into different categories; those that are preformed and stored in granules and those that are 

synthesised c/e novo upon mast cell activation. The preformed mediators include histamine, 

tryptase, proteoglycans heparin and chondroitin sulphate E. The newly synthesised mediators 

include lipid mediator such as leukotrienes and prostaglandins, chemokines such as CC chemokine 

ligand 5 (CCL5), CCL2 and CCL3 and chemokines typified by IL-2, IL-3, IL-4, IL-5, IL-6 and TNF-a, 

Figure 1.4.
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Figure 1.4 M ast cell activation and release of mediators [26]

1.7.1 Preformed Mediators

1.7.1.1 H istam ine

Histamine (2-[4-imidazolyl]ethylamine) is synthesised by L-histidine decarboxylase from th e  am ino  

acid histidine. It is found predom ina te ly  in m ast cells bu t also in basophils, platelets, h istaminergic 

neu ro n s  and en te roch rom aff ine  cells. In m as t  cells, it is s tored  in intracellular secre tory  granules 

at acidic pH and is re leased  upon  m ast cell activation. Upon liberation, h istam ine is rapidly 

m etabolised  by h istam ine /V-methyltransferase to  form A/-methylhistamine and by diam ine 

oxidase to  form  imidazole a c e ta te  [27].

Histamine exerts  its effects  by binding to  its four receptors; h istam ine recep to r  1 (HIR), H2R, H3R 

and H4R. Interaction of h istam ine with HIR p resen t  on sm oo th  muscles causes  sm o o th  muscle 

contraction , vascular perm eability  and m ucus secretion. Interaction of h istam ine with H2R results 

in stimulation of gastric acid secretion, interaction with HSR affects neurom odu la tion  in the  

central nervous system  and interaction with H4R induces chem otaxis  of eosinophils, m as t  cells, 

m onocy tes  and o th e r  immunological cells [28]. A pathw ay depicting th e  fo rm ation  and 

m etabolism  of h istam ine is show n in Figure 1.5

Mediators
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HO

/V-methylimidazole Acetate

Figure 1.5 Synthesis and metaboiism o f histamine

1.7.2 Newly Synthesised Lipid Mediators

The activation of mast cells liberates arachidonic acid (AA) from  cellular m em brane  

phosphatidylcholine, an event dependent on phospholipase A2 (PLA2). AA may be metabolised  

either by the cyclooxygenase (COX) pathway to  generate prostaglandins (PGs) and throm baxanes  

(TXs), or via lipoxygenase to generate leukotrienes (LTs).

1.7.2.1 Leukotrienes

LTs are a fam ily o f lipid mediators th a t play an im portant role in the pathogenesis o f allergic 

in flam m ation. LTB4 is rapidly generated from  AA by the sequential enzym atic actions of 5 - 

lipooxygenase to generate LTA4 and LTA4 hydrolase to form  LTB4 [29]. Various inflam m atory  

diseases including asthm a, allergic rhinitis and allergic conjunctivitis are associated w ith increased 

levels o f LTB4 [30-32]. LTC4 is generated from  LTA4 by the enzym e LTA4 synthase which transported  

out o f the cell and subjected to extracellu lar m etabolism  to LTD4 and LTE4 by the enzymes y- 

glutamyl transpeptidase and am inopeptidase respectively [33]. LTC4, LTD4 and LTE4, the cysteinyl 

leukotrienes, known as principal biological slow-reacting substances o f anaphylaxis because they  

induce the gradual progression o f the contractile responses o f the smooth muscle [34],
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1.7.2.2 Prostaglandins

PGD 2 is th e  m ain  COX p roduct th a t is g en era ted  by m ast cells upon ac tivation . It is responsib le fo r  

vaso d ila tio n , increased cap illa ry  p e rm ea b ility , increased mucus pro du ctio n  and  

b ro nchoconstriction  [35 ]. PGD 2 causes vaso d ila tio n  acting  via th e  p rostag landin  re c e p to r on  

vascular sm oo th  m uscle and m yco co n trac tio n  acting via th e  th ro m b o x a n e  re ce p to r on bronchial 

sm oo th  m uscle [36 ].

1.8 Role of Mast Cells in Allergic Diseases

M a s t cells are  m a jo r e ffe c to r cells in th e  d e v e lo p m e n t and persistence o f allergic diseases. They  

also play a d irec t and pathologica l ro le  in th e  in fla m m a to ry  process associated w ith  allergic  

diseases.

1.8.1 Asthma

Asthm a is a d isorder o f th e  u p p er resp ira to ry  tra c t w hich  is a result o f bronchial 

hyperresponsiveness to  a w id e  range o f exogenous and en d o g en o us stim u li. M a s t cells play a key  

ro le  in driving  th e  IgE -m ed ia ted  allerg ic reactio n . M a s t cells in th e  ep ith e liu m  and subm ucosa o f  

th e  a irw ays b eco m e ac tiva ted  upon  e n c o u n te r w ith  an a llergen  and re lease an array  m ed ia to rs  

including h is tam in e, prostag landins, leu ko trien es , cytokines such as IL-1, IL-2, IL-4, lL-5, IL -10,IL -13  

and T N F -a , g ro w th  factors such as p la te le t-d e r iv e d  grow/th fa c to r and p o te n t pro teases such as 

tryp tase  [37 ] [38 ]. These m ed ia to rs  cause b ro ncho co n stric tio n , induce a irw a y  sm ooth  m uscle cell 

p ro life ra tio n  and re cru it and ac tiv a te  in fla m m a to ry  cells, n o tab ly  eo s in op h ils (re f). The allergic  

as th m atic  response is charac terized  by b ronchia l sw elling , m ucous pro du ctio n  and secretion  and  

sm oo th  m uscle co n trac tio n  w hich  resu lt in reduced  a irflo w  to  th e  lungs. M o re o v e r, ac tiva tio n  o f  

m ast cells during  an asthm a a ttack  also induce tran scrip tio n  o f cytokines and ch em okines w hich  

are secreted  up to  7 2  hours fo llo w in g  cell p e rtu rb a tio n , co n trib u tin g  to  th e  ongoing in fla m m a to ry  

response [39 ].

1.8.2 Allergic Rhinitis

A llerg ic rh in itis , o r hay fev er, is an allerg ic  in fla m m a tio n  o f  th e  nasal m ucosa w hich  is 

characterised  by sym p tom s o f nasal itch iness, sneezing, rh in o rrh e a  and nasal congestion . T h e re  

are  tw o  ca tegories o f  allergic rh initis; seasonal and p eren n ia l. Sym ptom s o f seasonal a llergic  

rh in itis  are  trig g ered  by exposure to  tre e , grass and w ee d  po llen  and th e re fo re  occurs during  

tim es  o f  th e  y e a r w h e n  a ir po llen  levels are  increased, w h ile  sym p tom s o f perenn ia l allerg ic rh in its
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are triggered by allergens such as dust mites, anim al dander and certain m ould species and 

there fo re  persist throughout the year [40]. The actions o f histam ine released by mast cells, on its 

H lR s on nerve endings, smooth muscle and glandular cells induces symptoms of sneezing, nasal 

irritation and hypersecretion [41], Leukotrienes released from  mast cells are also im plicated in 

allergic rhinitis [42].

1.8.3 Allergic Conjunctivitis

Allergic conjunctivitis is an allergic condition affecting the eye causing inflam m ation o f the  

conjunctiva. O ften its occurrence is com bined w/ith seasonal allergic rhinitis and the  condition is 

term ed  allergic rhinconjunctivitis [43] as it associated w/ith seasonal allergens such as pollen [40] . 

Symptoms o f allergic conjunctivitis include redness of the eye due to vasodilation o f the  

peripheral small blood vessels, oedem a, pruritus and increased lacram ation. M ediators released  

from  mast cells are increased in the allergic condition such as histam ine [44], tryptase [45] and 

PGD2 [46]. Infiltration w ith  mast cells and eosinophils is characteristic o f the chronic form s of 

allergic conjunctivitis such as vernal and atopic keratoconjunctivitis, which contribute significantly 

to  allergic inflam m ation o f  the skin surrounding the  eye [47].

1.8.4 Anaphylaxis

Anaphylaxis is an acute, multisystem severe allergic reaction which has a rapid onset and may 

cause death. It is caused by the im m ediate degranulation o f mast cells e ither systemically or in 

one or m ore organs upon exposure to allergen. Com mon allergens which are known to  cause 

anaphylaxis include foods such as nuts and shellfish, drugs such as antibiotics (e.g. p-lactams) and 

anaesthetics and insect venoms (e.g. wasp sting) [48]. In anaphylaxis, the release of mediators 

causes m any symptoms such as laryngeal edem a and bronchospasm o f the respiratory tract, 

hypotension and arrhythm ias of the cardiovascular system, urticaria o f the  derm is, nausea and 

vom iting [49]. The main treatm ents fo r anaphylaxis are epinephrine, P2 adrenergic agonists and H i 

antagonists [50]

1.8.5 Mastocytosis

Mastocytosis is characterised by an abnorm al increase in the num ber o f mast cells and their 

CD34'' progenitors in sites o f the body. D ifferent categories o f mastocytosis exist which include i) 

cutaneous mastocytosis w here mast cells are confined to the skin, ii) mastocytosis o f the skin and 

one or m ore extracutaneous organ(s)and iii) visceral mastocytosis w ithout involvem ent o f the skin 

[51], Symptoms of mastocytosis include vom iting, nausea, diarrhoea, lesions, flushing, pruritus
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and bone pain [52] which are caused by biological mediators released from mast cells and/or 

infiltration of mast cells in various organs [53], Serum tryptase levels are elevated in individuals 

with mastocytosis indicating ongoing mast cell activation [54],

1.9 Treatment of Allergy

There is currently no cure for allergic diseases so therefore treatment of the various 

immunological disorders relies on drug classes that intervene with different stages of the allergic 

response. These treatments which are used to control and relieve the symptoms associated with 

these diseases include mast cell stabilisers, antihistamines and corticosteroids. Avoidance of 

allergen should always be first choice in therapy but in most cases it is not practical especially 

with pollen allergies.

1.9.1 Mast Cell Stabilisers

Mast cell stabilisers are compounds that inhibit the release of inflammatory mediators upon 

allergen exposure to the cell. Although, in several cases their precise mode of action is still a point 

of contention, some theories put forward suggest that they block the calcium channel on mast 

cells [55] which is central to the proposed mechanism of their degranulation. The first generation 

mast cell stabilisers include disodium cromoglycate, nedocromil sodium and lodoxamide while 

olopatadine and ketotifen are representative examples of the second class, which in addition to 

their mast cell stabilising properties also have HIR receptor antagonist activity. This section of the 

introduction will first discuss those compounds in clinical use which exhibit mast cell stabilisation 

activity only and compounds which exhibit both mast cell stabilising and/or anti-histamine 

activity. The section will close with a discussion on additional compounds of natural, synthetic and 

biological origin which have shown mast cell stabilisation activity in different assay settings.

1.9.1.1 Disodium Cromoglycate (Cromoyln Sodium/ Opticrom®)

Disodium cromoglycate (1.1) (DSCG), was launched in 1968 for the treatment of allergic 

conditions including asthma. Its design was inspired by the natural product khellin (1.2), a 

chromanone compound which was isolated from the seeds of Amni visnaga. From a therapeutic 

perspective its discovery was significant as it meant that treatment of asthma was no longer 

restricted to the use of inhaled corticosteroids or bronchodilators [56]. The mechanism of action 

of DSCG is still a subject of some debate and some theories suggest that it blocks chloride ion 

transport across cell membranes [57]. DSCG inhibits calcium ionophore induced-histamine 

secretion, calcium movement in mast cells in vitro [58] and passive cutaneous anaphylaxis in rats
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[59], DSCG is used in the treatment of allergic rhinitis [60] and asthma [61]. Although DSCG is not 

therapeutically effective in all patients, its excellent safety profile makes it first line therapy in the 

treatment of atopic children [62] and pregnant women [63],

Khellin (1.1) Disodium Cromoglycate (1.2)

Figure 1.6 Khellin (1.1) and Disodium chromogiycate (1.2)

1.9.1.2 Nedocromil Sodium

Nedocromil sodium (1.3) (Tilade®) is the disodium salt of a pyranoquinoline dicarboxylic acid. In in 

vitro and in vivo assays it showed superior activity to that of DSCG. For example, it potently 

inhibited histamine secretion from human pulmonary mast cells [64] and bronchoconstriction 

caused by antigen challenge in >4scons-sensitive monkeys [65]. In clinical trials, nedocromil sodium 

was shown to be effective in the treatment of asthma [66] and reversible obstruction airway 

disease [67]. In addition to suppressing histamine release from mast cells, this compound also 

exhibited a wide range of anti-inflammatory activities [68]. Nedocromil sodium is used clinically 

for the treatment of moderate asthma.

ONaNaO

0 0 

Figure 1.7 Nedocromil Sodium (1.3)

1.9.1.3 Lodoxamide

In rodent studies, the dioxamic acid derivative, Lodoxamide (1.4) is 2,500 times more active than 

DSCG as a mast cell stabiliser [69], but disappointedly is no more effective than the placebo in the 

treatment o f asthma in pilot studies [70]. Nonetheless, lodoxamide eye drops are effective in the 

treatment of vernal keratoconjunctivitis [71] and allergic conjunctivitis [72]. Lodoxamide reduces 

inflammatory early phase reaction changes induced by allergen specific conjunctival challenge

[73], as well as tryptase levels and the recruitment of inflammatory cells after allergen challenge

[74],
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Figure 1.8 Lodoxamide (1.4)

1.9.1.4 Pemirolast

Pemirolast (1.5), is a tetrazole derivative which effectively inhibits mast cell degranulation in 

response to antigen and Compound 48 /80  [75]. In phase III clinical trials, pemirolast was effective 

and safe in preventing ocular itch in patients with seasonal allergic conjunctivitis [76], Pemirolast 

(1.5) has a similar effectiveness to nedocromil sodium in the treatm ent of allergic conjunctivitis 

but was superior to nedocromil sodium in comfort [77], It also reduced symptoms of sneezing and 

rhinorrhea associated with allergic rhinitis [78].

o n ^NH

Figure 1.9 Pemirolast (1.5)

1.9.1.5 Tiacrilast

The 4-oxoquinazolin-3(4H)-yl)acrylic acid derivative, Tiacrilast (1.6) demonstrated more potent 

inhibition of mast cell degranulation in vitro [79] and in vivo to that of DSCG [80], but was not as 

effective in clinical evaluations for the treatm ent of asthma [81]. Nevertheless, Tiacrilast (1.6) was 

effective in the treatm ent of allergic dermatitis in animal models [82].

0  OH

Figure 1.10 Tiacrilast 1.6

1.9.2 Generation: Mast cell stabilisers with HIR antagonist activity.

1.9.2.1 Ketotifen

Ketotifen (1.7) (Figure 1.11), a benzocycloheptathiophene derivative, represents a new 

pharmacological class that has both pronounced mast cell stabilisation activity and anti-histamine
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properties. Comparative trials suggests that ketotifen is equal to or superior to DSCG in the 

treatm ent of allergies [83]. Ketotifen reduces the need for bronchodilator therapy [84] although 

another therapeutic trial suggests that its effects on asthma were not comparable with that of 

inhaled DSCG [85], Ketotifen (1.7) is orally active and is effective in the treatm ent of seasonal 

allergic conjunctivitis [86]. It is used in the treatm ent of allergic conjunctivitis, allergic rhinitis and 

asthma.

\

Figure 1.11 Ketotifen 1.7

1.9.2.2 Olopatadine (Opatanol®)

Olopatadine (1.8), [(Z)-ll-[3-(dim ethylam ino)propylidene]-6, ll-dihydrodibenz[b,e]oxepine-2- 

acetic acid] (Figure 1.12) is also a mast cell stabiliser and antihistamine agent. It has high affinity 

for the H IR  and is more Hl-selective than levocabastine, ketotifen, antazoline and pheniramine 

[87], Olopatadine (1.8) inhibits the release of histamine, tryptase, and PGDz from mast cells in a 

concentration dependant manner [88]. Olopatadine (1.8) is active in the conjunctival allergen 

challenge model [89], has a rapid onset and a long duration of action [90]. It is a topical anti

allergic agent which is used in the ocular treatm ent of seasonal allergic conjunctivitis [86].

OH

HCI
/

Figure 1.12 Olopatadine 1.8
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1.9.3 H I receptor antagonists

1.9.3.1 First generation H I antagonists

Although some of the clinically used mast cell stabilisers also exhibit HIR activity, earlier efforts to 

treat allergic conditions relied upon the design of compounds which exerted their anti-allergy 

action by solely targeting the HI receptor. Clinically, agents that bind to the HI receptor are used 

to treat swelling, pruritis, urticaria, sneezing and sinus congestion associated with allergy. 

Established techniques such as the guinea pig ileum assay can be used to evaluate the 

effectiveness of newly designed HI receptor antagonists [91], Many of the first generation of HI 

antagonists that are currently prescribed include the ethylenediamine derivatives such as 

mepyramine (1.9), the ethanolamines typified by diphenhydramine (1.10), the alkylamines 

including pheniramine (1.11) and dimetindene (1.12) and the piperazines such as cyciizine (1.13).

N N

Mepyramine (1.9) Diphenhydramine (1.10) Pheniramine (1.11)

/
N
\

Dimetindene (1.12) Cyciizine (1.13)

Figure 1.13 Structures of first generation HIR antagonists

1.9.4 Second generation H i antagonists

As many of the first generation HIR antagonists permeate the blood brain barrier and interact 

with neural histaminergic neurotransmission, drowsiness is one of the associated side effects with 

the earlier generation of HIR anatgonists [92]. The more polar second generation HIR antagonists 

including cetirizine (1.14) and fexofenadine (1.15) were specifically designed to be non-sedating
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Figure 1.14. The zwitterionic piperazine derivative, Cetirizine (1.14) is now/ used clinically for the 

treatnnent of symptoms associated with seasonal allergic rhinitis [93], while the piperidine amino 

acid, fexofenadine (1.15) is also used for the same indication as well as for the treatment of 

chronic idiopathic urticaria in children [94].

1.9.5 Second generation: H I antagonists with mast cell stabilising properties

While primarily considered a HIR antagonist, desloratadine (1.16), has been shown to dose- 

dependently inhibit compound 48/80-induced degranulation o f RPMCs across a concentration 

range of 0.1-100 nM [95]. It is also used in the treatment of allergic rhinitis and chronic idiopathic 

urticaria. Likewise, the ethyl-carbamate derivative of desloratadine (1.16), namely loratadine 

(1.18) and terfenadine (1.17) have shown dual anti-allergic activity. In addition to their HI 

receptor antagonistic activity, these compounds have also demonstrated inhibitory effects on the 

growth of neoplastic mast cells, a characteristic of the haematological disorder, systematic 

mastocytosis [96].

Cl

Cetirizine (1.14) Fexofenadine (1.15)

Figure 1.15 Structures o f Second Gerreration H IR  antagonists

Cl

Desloratadine (1.16)
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Figure 1.14 H I antgoriists; desloratadine, terfenadine and loratadine

1.10 Anti-allergic agents from natural sources

Although khellin is perhaps the best known natural product based mast cell stabiliser, there are 

nunnerous examples of compounds from virtually every natural product class which exhibit mast 

cell stabilisation activity including phenolics/flavonoids, terpenes, alkaloids and amino acids.

1.10.1 Phenolic-based Compounds

Among the phenolic-based compounds which have been shown to possess anti-allergic properties 

in a range of in vitro and in vivo assays are the flavonoid families, the couramin derivatives and 

many others miscellaneous types isolated from food and plant sources.

1.10.1.1 Flavonoids

The flavonoids comprise a large group of about 4,000 naturally occurring, low molecular weight 

polyphenolic compounds which are ubiquitous in all vascular plants. They are present in fruits, 

vegetables, nuts, stems, flowers, bark, tea and wine as well as in several medicinal plants and 

herbal remedies which are in widespread use in traditional folk medicine. Flavonoids may occur as 

aglycones, glycosides or methylated derivatives [97]. As well as demonstrating anti-allergy 

activity, flavonoids have also been shown to possess anti-inflammatory [98], anti-viral [99] and 

anti-cancer activity [100], [101].

Flavonoids contain the benzo-y-pyrone architecture and are classed according to the presence of 

different substituents on the rings and to the degree of saturation of the benzo-y-pyrone ring. The 

different types of flavonoids are divided into six classes; flavones, flavonols, flavanones, 

isoflavones and flavanol-3-ols and anthocyanidins. Of the many reports on the anti-allergic activity 

o f flavonoids particular attention has been placed on the activity of the flavone and flavonol 

classes.
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1.10.1.1.1 Flavones

Within the flavone class, the most active mast cell stabilisers are luteolin (1.19), disometin (1.20) 

and apigenin (1.21) Figure 1.15. Using anti-lgE to elicit degranulation, luteolin (1.19) inhibited the 

release of histamine, LTs, PGD2 and granulocyte macrophage-colony stimulation factor (GM-CSF) 

from HCMCs in a concentration dependent manner (1-100 laM) [102]. Luteolin (1.19) also 

suppressed the production of proinflammatory cytokines TNF-a and IL-6 in bone marrow-derived 

cultured murine mast cells (BMMCs) [103]. Luteolin (1.19) and apigenin (1.21) were strong 

inhibitors of production of IL-4 by purified basophils following combined challenge with anti-lgE 

and lL-3 [104], Both luteolin (1.19) and diosmetin (1.20) showed potent inhibitory effects on the 

release of P-hexosaminidase from antigen-stimulated RBL-2H3 cells with IC50 values of 3.0 |iM  and

2.1 nM respectively. Additionally, these three flavones inhibited anti-lgE-mediated production of 

TNF-a and IL-4 from this cell line [105].

r\

li
, 0 ^

IIn IJ

0

Flavone R̂ R̂ r '* R^

Luteolin (1.19) OH H OH OH OH

Diosmetin (1.20) OH H OH OH OCH3

Apigenin (1.21) OH OH OH H OH

Figure 1.15 Structures o f flavones

1.10.1.1.2 Flavonols

The structure of the flavonols differs from the flavones by the presence of the hydroxy- 

substituent at postion 3. Examples of flavonols which have demonstrated anti-allergic activity 

include kaempferol (1.22), fisten (1.23), quercetin (1.24) and morin (1.25), Figure 1.16.
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Figure 1.16 Structure offlavonols

Kaempferol (1.22), fisetin (1.23) and quercetin (1.24) inhibited anti-lgE, phorbai-12-myristate-13- 

acetate  and calcium ionophore A23187 (PMACI)-induced histamine release in RBL-2H3 cells as 

well as the elevation of intracellular Câ "̂  when evaluated at a relatively high concentration of 30 

HM. Additionally, fisetin (1.23) and quercetin (1.24) decreased gene expression and production of 

proinflammatory cytokines such as TNF-a, IL-1(3, IL-6 and IL-8 in PMACI-stimulated HMC-1 cells

[106], Fisetin (1.23) was also shown to decrease gene expression of lL-4, inhibit the 

phosphorylation of p38 MARK, ERK and JNK and suppress the activation of nuclear factor (NF)-kB

[107], Quercetin (1.24) and kaempferol (1.22) inhibited the secretion of mediators at 

concentrations of 1 and 10 |iM from RBL-2H3 cells stimulated by anti-DNP and suppressed the 

mRNA expression of CD23 and p38 MARK activation in Caco-2 cells stimulated by IL-4 [108]. These 

flavonols also significantly inhibited the release of histamine and cytokines; TNF-a, IL-6 and IL-8 

from human umbilical cord blood-derived cultured mast cells (hCBMCs) activated by anti-lgE and 

decreased the elevation of intracellular Câ "̂  in this cell line [109]. Quercetin (1.24) has been 

shown to down-regulate the mRNA transcription of histidine decarboxylase (HDC) in HMC-1 cells, 

an enzyme involved in the synthesis of histamine [110]. Morin (1.25) prevented the degranulation 

and the production of cytokines such as TNF-a and IL-4 in both RBL-2H3 cells and BMMCs 

stimulated by antigen a t low concentrations (1-10 |jM). Morin (1.25) demonstrated inhibition of 

activating phosphorylation of Syk. In vivo, this flavonol suppressed IgE-mediated RCA in mice 

almost completely a t a dose of 100 mg/kg [111].
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1.10.1.1.3 Genistein

The isoflavone, genistein (1.26) inhibited degranulation of HCMCs challenged with anti-lgE in a 

dose dependent manner with inhibition of histamine release as great as 92% at 100 ng/ml 

concentration. Additionally at this concentration, it inhibited phosphorylation of cellular proteins 

such as extracellular-signal-regulated kinase (ERK)-l and ERK-2 which are involved in the 

downstream signalling cascade of activated mast cells [112], Similarly, genistein (1.26) also 

inhibited histamine release and protein tyrosine kinase activation in BMMCs stimulated with 

antigen [113],

1.10.1.1.4 Ginkgetin

The biflavone, Ginkgetin (1.27), isolated from the leaves of Ginkgo biloba, demonstrated a dual 

cyclooxygenase-2/5-lipooxygenase inhibitory activity and was subsequently shown to inhibit the 

production of the de novo mediatiors, PGD2 and LTC4 in BMMCs stimulated with c-kit ligand (KL). 

Additionally, Ginkgetin (1.27) inhibited release of p-hexosaminidase from these cells stimulated 

with KL in a dose-dependent manner with IC50 value of 6.52 piM [114],

HO

Figure 1.17 Genistein (1.26)

O OH

HO

OH O

Figure 1.18 Ginkgetin (1.27)
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1.10.1.1.5 Epigallocatechin gallate

Epigallocatechin gallate (EGCG) (1.28), a constituent found in green tea is related to the flavonoid 

family but differs from the core flavone and flavonol structure by the absence of the double bond 

and carbonyl group at positions 2-3 and 4 respectively. EGCG (1.28) has demonstrated anti

allergic activity in both in vitro and in vivo models. It significantly inhibited the release of 

compound 48/80-induced degranulation of histamine in RPMCs dose-dependently, at 25 |iM by 

95%. EGCG (1.28) also suppressed compound 48/80-induced RCA reaction in rats [115]. EGCG 

(1.28) also inhibited antigen-induced degranulation and LTC4 secretion in RBL-2H3 cells across a 

concentration range of 10-100 piM and has been shown to block store-operated Câ  ̂entry of this 

cell line which is the main route of calcium influx in mast cells that leads to the degranulation of 

allergic mediators [116].

1.10.1.1.6 Silibinin

Silymarin is a mixture of polyphenolic flavonoids isolated from milk thistle (Silybum marianum) 

and is used primarily for its treatment of liver diseases such hepatitis, cirrhosis, and jaundice. One 

of its primary constituents, silibinin (1.29) was shown to inhibit the release of histamine from 

RPMCs stimulated by compound 48/80 and anti-DNP as well as the secretion of proinflammatory 

cytokines such as TNF-a and IL-6 from anti-DNP induced- RPMCs in a dose-dependent manner 

(10-100 |iM). In vivo, silibinin (1.29) inhibited compound 48/80-induced PCA reaction in mice 

dose-dependently (10-100 mg/kg) [117].

OH

OH

Figure 1.19 Epigallocatechin gallate (EGCG) (1.28)
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Figure 1.22 Silibinin (1.29)

1.10.1.2 Coumarin Derivatives

Several reports exist which describe the mast cell stabilising properties of coumarins. Scopletin (6- 

methoxy-7-hydroxycoumarin) (1.30), which has been isolated from several plant species including 

Erycibe obtusifolia Benth, dose-dependently inhibited the production of proinflammatory 

cytokines including TNF-a, IL-6 and IL-8 from the human mast cell line (HMC-1) following 

challenge with phorbol 12-myristate 13-acetate and calcium ionophore A23187 (PMACI). These 

cytokines play a role in triggering and sustaining allergic inflammation. However, scopletin (1.30) 

did not affect the release of histamine induced by agents from HMC-1 cells [118]. Interestingly, 

scaporone (1.31), the methylated analogues of (1.30) dose-dependently decreased histamine 

release from rat peritoneal mast cells (RPMC) stimulated by anti-dinitrophenyl (DNP) IgE at 

concentrations ranging from 25-100 |jM. It also inhibited passive cutaneous anaphylaxis (PCA) in 

rats dose dependently at concentrations of 10, 25 and 50 mg/kg. Scaporone (1.31) also reduced 

the expression and secretion of proinflammatory cytokines such as TNF-a and IL-6 [119]. 

Artekeiskeanol A (1.32), isolated from Artemisia !<esi<eana Miq. suppressed degranulation of RBL- 

2H3 cells induced by antigen and calcium ionophore A23187 in a concentration dependent 

manner (10-100 nM). Artekeiskeanol A (1.32) also suppressed the mRNA levels of 

proinflammatory cytokines TNF-a and IL-13 and phosphorylation of signalling kinases such as p38 

mitogen-activated protein kinase (MAPK) and c-Jun A/-terminal kinase (JNK) which are involved in 

downstream signalling events [120]. Selinidin (1.33), a couramin derived from Angelica keislcei 

attenuated the release of 3-hexosaminidase from bone marrow-derived mast cells (BMMCs) 

stimulated by antigen and the production of proinflammatory mediators such as leukotriene C4 

and TNF-a. Selinidin (1.33) also decreased phosphorylation of PLCy-1 and p38 MAPK, enzymes 

involved in the signalling pathway of degranulation [121]. 5-Methoxy-8-(2-hydroxy-3-butoxy-3- 

methylbutyloxy)-psoralen (MP) (1.34) is a furanocoumarin derivative, isolated from Angelica 

dahurica which inhibited both cyclooxygenase-2 and 5-lipooxygenase activity and generation of
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the lipid mediators PGD2 and LTC4 as well as degranulation of mice BMMCs activated with c-kit 

ligand [122], Interestingly cinnamic acid (1.35), which might be considered as a precursor to the 

coumarin structure, markedly suppressed antigen-stimulated degranulation of p-hexosaminidase 

from RBL-2H3 cells in a dose-dependent manner (10-100 |iM) through inactivation of Syk and 

PLCy pathways [123],

Scopletin (1.30) Scaporone (1.31)

Artekeiskeanol A (1.32)

X

Selinidin (1.33)

0
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(MP) (1.34) Cinnamic acid (1.35)

Figure 1.20 Coumarin derivatives and cinnamic acid

Thunberginols A (1.35) and B (1.36) are isocoumarin derivatives isolated from the processed 

leaves of Hydrangeae macrophylla var. thunbergii which have shown anti-allergic activity by 

inhibiting histamine release from RPMCs stimulated by calcium ionophore A23187 and antigen 

[124]. Thunberginol B (1.36) demonstrated potent activity by completely inhibiting degranulation 

against both elicitors at a concentration of 30 |iM. They both also inhibited degranulation of RBL- 

2H3 cells stimulated by calcium ionophore and antigen as well as the release of cytokines TNF-a 

and IL-4 [125]. Thunberginol B (1.36) was also shown to inhibit mRNA expression of several 

cytokines including IL-2, IL-3, IL-4 and IL-13, TNF-a and granulocyte/macrophage-colony 

stimulating factor (GM-CSF) in RBL-2H3 cells stimulated by antigen [126].
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Figure 1.21 Thunberginols A and B

1.10.1.3 Miscellaneous Phenolics

1.10.1.2.1 Ellagicacid

Ellagic acid (2,3;7,8-tetrahydroxy[l]benzopyrano [5,4,3-cde][l]benzopyran-5,10-dione) (1.37) is a 

polyphenolic compound found in fruits and nuts such as raspberries, strawberries, walnuts, 

longan seeds, mango kernel and pomegranate which has shown to attenuate anti-lgE mediated 

allergic response in vitro and in vivo. Ellagic acid (1.37) dose-dependently inhibited histamine 

release as well as the secretion of proinflammatory cytokines such as TNF-a and IL-6 from anti- 

DNP IgE induced-RPMCs across a concentration range of 50-200 laM. Ellagic acid (1.37) attenuated 

anti-DNP IgE-mediated PCA in rats [127],

O
OH

HO
OH
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0

Figure 1.22 Ellagic acid (1.37)

1.10.1.2.2 Magnolol and honokiol

Magnolol (1.38) and honokiol (1.39) are phenolic structural isomers, isolated from the bark of 

Magnolia obovata that have shown to potently inhibit the degranulation of RBL-2H3 cells induced 

by IgE-antigen complex as well as the production of cytokines; IL-4 and TNF-a. Moreover, both 

compounds potently inhibited PCA reactions in mice induced by IgE-antigen complex dose- 

dependently at doses of 10 and 50 mg/kg [128].
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Magnolol (1.38) Honokiol (1.39)

Figure 1.23 Magnolol (1.38) and Honokiol (1.39)
1.10.1.2.3 Resveratrol

Resveratrol (1.40) is a phytoalexin, stilbene polyphenolic compound found in grapes, berries and 

peanuts. It suppressed the expression of inflammatory cytokines such as TNF-a, IL-6 and IL-8 in 

PMACI induced- HMC-1 cells and decreased the levels of intracellular Ca^^ [129].

OH

HO

OH

Figure 1.24 Resveratrol (1.40)

1.10.1.2.4 Curcumin

Curcumin (1.41) is a natural polyphenolic compound found in the spice turmeric and is 

responsible for the yellow colour in curry. Curcumin (1.41) has demonstrated anti-allergic activity 

in both in vitro and in vivo models. It significantly inhibited antigen-induced degranulation in a 

dose-dependent manner (1-10 nM) in both RBL-2H3 cells and BMMCs and moreover suppressed 

PCA reaction in mice at doses of 0.5-50 mg/kg. Curcumin (1.41) significantly inhibited the 

expression of mRNA for cytokines; IL-4 and TNF-a in a dose-dependent manner as well as their 

secretion in antigen-stimulated RBL-2H3 cells [130].

HO
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HO

Figure 1.25 Curcumin (1.41)
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1.10.1.2.5 a-, P-, v-Mangostin

The xanthones; mangostin-a (1.42), -3 (1.43) and -y (1.44) isolated from the pericap of Garcinia 

mangostana L. inhibited the release of histamine from IgE-sensitised RBL-2H3 cells in response to 

antigen through suppression of the signalling transduction pathway involving Syk and PLCy [131].

Mangostin-a, Ri=CH3 , R2 =R3 =H (1.42)

Mangostin-p, Ri=R3 =CH3 , R2 =H (1.43)

Mangostin-y, Ri=R2 =R3 =H (1.44)

Figure 1.26 Structure of mangostin derivatives 

1.10.2 Terpenes and lactones

Parthenolide (PTL) (1.45), a sesquiterpene lactone isolated from the herb feverfew (Tanacetum 

parthenium), is known to exhibit anti-inflammatory properties and is used for the treatment of 

migraine [132]. PTL (1.45) has also shown anti-allergic properties both in vitro and in vivo models. 

PTL (1.45) inhibited antigen-lgE induced-degranulation of both RBL-2H3 cells and BMMCs at low 

concentrations (0.6-5 nM) and strongly inhibited PCA reaction in mice (approximately 90% at a 

concentration of 10 mg/kg. PLT (1.45) was shown also to strongly suppress IgE-antigen-induced 

microtubule formation in RBL-2H3 cells which is considered a critical step for the degranulation 

process in mast cells [133].

Figure 1.27 Parthenolide (1.45)

Dehydroleucodine (1.46), a sesquiterpene lactone isolated from Artemisia douglasiana Besser and 

xanthatin (1.47), a xanthanolide lactone isolated from Xanthium cavanillesii Schouw inhibited the 

release of the mediator serotonin from RPMCs induced by compound 48/80. Both substances 

showed more potent inhibitory activity than the established mast cell stabilisers, disodium 

cromoglycate (1.2) and ketotifen (1.7) [134].
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Figure 1.28 Structures o f dehydroleucodine and xanthatin

Nine types of sesquiterpene lactones (SQLTs) isolated from Eupatorium ch/nense L. suppressed 

the degranulation from antigen-stimulated RBL-2H3 cells and furthermore were shown to 

suppress the elevation of intracellular Ca^\ In vivo, the sesquiterpene lactones rich extract 

potently inhibited PCA reaction induced by antigen-lgE complex in mice in a dose dependent 

manner [135], The structures of two SQLTs, namely SQLT-5 (1.48) and SQLT-7 (1.49) 

demonstrated the best activity against degranulation from RBL-2H3 cells are shown in Figure 1.29.

Monoterpenes including; borneol and camphene, terpene alcohol; linalool and sesquiterpene; 

nerolidol in the form of an aqueous extract of Amomum xanthiodes (AXE) showed good anti

allergic activity both in both in vitro and in vivo screens. AXE reduced histamine release from 

RPMCs stimulated by compound 48/80 in a dose-dependent manner and also reduced the level of 

intracellular Ca^^ AXE suppressed compound 48/80-induced PCA reaction in mice [136].

1.10.3 Alkaloids 

1.10.3.1 Sinomenine

Sinomenine (SIN) (7,8-didehydro-4-hydroxy-3,7-dimethoxy-17-methylmorphinan-6-one) (1.50) is 

an alkaloid extracted from the Chinese plant Sinomenium actum inhibited antigen induced mast 

cell degranulation in RBL-2H3 cells in a dose-dependent manner from 0.5-2 mM concentration

0~ -X

o 0

SQLT-5 (1.48) SQLT-7 (1,49)

Figure 1.29 Sesquiterpene lactones 5 and 7
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range. Similarly, SIN (1.50) also inhibited the production of cytokines; IL-4 and TNF-a as well as 

the phosphorylation of various proteins involved in downstream signalling of activated mast cells 

such as Gab2 and p38 MARK [137],

N

Figure 1.30 Sinomenine (1.50)

1.10.3.2 Indoline

Indoline ff,Zj-3-(3',5'-dimethoxy-4-hydroxy-benzylidene)-2-indolinone (1.51), an alkaloid isolated 

from the medicinal plant Isatis tinctoria, demonstrated anti-allergic activity in vitro. Indoline 

(1.51) inhibited degranulation of BMMCs stimulated by antigen efficiently across a concentration 

range of 50-1000 nM. Indoline (1.51) does not affect kinase activity directly downstream of FceRl 

but interrupts with granule exocytosis possibly by binding to proteins on the surface of granules 

such as SNAREs which play an essential role in the exocytosis of mast cells [138]. Likewise, 

indoline (1.51) inhibited compound 48 /80  induced-degranulation of RPMCs to a greater effect 

than that of the clinically used mast cell stabiliser, DSCG (1.2) [139].

1.10.3.3 Xestospongin C

Xestospongin C (1.52) is an alkaloid isolated from the sponge Xestospogia sp., which inhibited 

both antigen and thapsigargin induced-degranulation of RBL-2H3 cells in a concentration 

dependent manner (1-10 pM). It is suggested that xestospongin C (1.52) exhibits its anti-allergic 

behaviour by crossing the mast cell membrane and blocking IP3 receptors on the endoplasmic

\

H

Figure 1.31 Indoline (1.51)
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reticulum membrane. This action prevents Câ  ̂ store depletion and as a result inhibits the 

elevated levels of intracellular Ca^* that is necessary for mast cell degranulation [140],

Figure 1.32 Xestospongin C (1.52)

1.10.4 Theanine

Theanine (1.53) is the major amino acid present in green tea. Recently, the anti-allergic activity of 

theanine (1.53) has been elucidated in both in vitro and in vivo models. The amino acid inhibited 

compound 48/80-induced histamine release from both RMPCs and HMC-1 cells in a dose- 

dependent manner and show/ed significant activity at low concentration (1 nM). Additionally, 

theanine (1.53) significantly suppressed the secretion of proinflammatory cytokines such as TNF- 

a, IL-ip, IL-6 and lL-8 by suppressing NF-kB activation in PMACI stimulated HMC-1 cells. This 

activity was translated to the in vivo setting as theanine (1.53) inhibited PCA reaction in mice at 1 

mg/kg concentration. It is suggested that (1.53) acts as a mast cell stabiliser by preventing 

perturbation of the lipid bilayer of mast cells [141].

1.11 Biological inhibitors of mast cell degranulation

The complement-derived peptide C3a inhibited degranulation of RBL-2H3 cells and BMMCs 

stimulated by antigen in a dose-dependent manner by interacting with the p-chain of FceRI on 

mast cells. The binding of C3a to the mast cells caused a decrease in the proximity of IgE binding 

to FceRI and as a result suppressed the activating phosphorylation of tyrosine kinases and the 

activity of PLCy which are necessary for the signal transduction process involved in the 

degranulation of mast cells [142],

NH2

o 0

Figure 1.33 Theanine (1.53)

28



A complement peptide derived from C3a, namely C3a9 inhibited the immediate phase response 

of antigen stimulated-RBL-2H3 cells by causing dissociation of tyrosine kinases, Lyn and Fyn with 

FceRI and the inactivation of downstream MARK, p38 and extracellular-signal-regulated-kinase 

(ERK). C3a9 also inhibited late phase responses of stimulated BMMCs by suppressing the 

secretion of proinflammatory cytokines such as IL-6 and TNF-a [143].

Likewise, several other anti-allergic peptides have been identified, namely LVA, LSY, RVS, ETI, TDG, 

R W  and GFW which inhibited antigen-stimulated release of (3-hexosaminidase from RBL-2H3 

cells. These peptides decreased the influx of Câ "̂  and the phosphorylation of Lyn, ERK and PKC 

[144].

[Ala^^jMCD is a mast cell degranulating (MCD) peptide analogue which effectively competes with 

IgE in the binding affinity to FceRI on mast cells and has consequently shown to inhibit antigen 

stimulated mediator release in RBL-2H3 cells by 50% at 100 jaM concentration [145]. 

Subsequently, Buku et al., developed a range of modified peptide analogues of [Ala^^]MCD which 

conserved the alanine residue in position 12. Analogue [Val®, Ala^^]MCD 7 is a potent inhibitor of 

IgE-mediated degranulation of RBL-2H3 cells causing almost complete inhibition at low 

concentrations (10 and 20 nM) [146].

1.12 Synthetic inhibitors of mast cell degranulation

Synthetic inhibitors of mast cell activation and degranulation include those that interfere with and 

inactivate signalling proteins and receptors required for the signal transduction of the allergic 

cascade. Detailed below are examples of compounds that inhibit the various stages of the 

signalling cascade upon mast cell activation.

1.12.1 Syk inhibitors

The spleen tyrosine kinase (Syk) is an important mediator of immunoreceptor signalling in mast 

cells and other immune cells that cause inflammation. Activated Syk phosphorylates a variety of 

substrates including linker for activation of T cells (LAT) which orchestrates downstream signalling 

resulting in degranulation and cytokine gene transcription. Consequently, Syk is a potential target 

for the treatm ent of hypersensitivity reactions such as allergic rhinitis, asthma, urticaria and 

anaphylaxis. Compound 13 (1.54) shown in Figure 1.34 inhibited FceRI-induced degranulation in 

vitro in RBL-2H3 cells and RCA reaction in vivo. Compound 13 (1.54) impedes the interaction of 

Syk with other cellular signalling molecules by binding at the interface between two Src homology 

(SH2) domains and the interdomain A of Syk [147],
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Figure 1.34 Compound 13 (1.54)

O ther Syk kinase inhibitors include a series o f 2, 4-diaminopyrinnidines, o f which compound R112 

(1 .55 ) (Figure 1.35) dem onstrated potent inhibition o f Syk kinase in in vitro  studies. R112 (1 .55 ) 

com pletely and rapidly inhibited histam ine release in allergen-induced basophils in addition to  

lipid m ediator and cytokine production of cultured hum an mast cells (CHMCs) stim ulated by 

allergen. The mechanism of action o f R112 (1 .55) was dem onstrated to  inactivate Syk which 

consequently prevented the phosphorylation o f LAT (Y191) and hence prevented its activation  

and the signalling cascade leading to  degranulation [148]. In clinical trials, R112 (1 .55 ) rapidly 

am eliorated the symptoms o f allergic rhinitis in hypersensitive individuals [149].

ER-27317 (1 .56), an acridone related-com pound, inhibited mast cell response by preventing the  

phosphorylation and activation o f Syk kinase. In vitro, ER-27317 (1 .56 ) inhibited degranulation in a 

dose-dependent m anner in RBL-2H3 cells, RPMC and HCMCs, all stim ulated by antigen. Almost 

com plete inhibition was dem onstrated at a concentration o f 30 |iM  in both rodent and human cell 

models. ER-27317 (1 .56) selectively interferes w ith FceRly phospho-ITAM  activation o f Syk thus 

preventing the ensuing signalling cascade [150].

H H

Figure 1.35 R112 (1.55)
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Figure 1.36 ER-27317 (1.56)

More recently, 3-butyl-l-chloro-8-(2-methoxycarbonyl)phenyl-5H-imidazo[l,5-£)]isoquinolin-10- 

one (U63A05) (1.57) dose-dependently inhibited degranulation of RBL-2H3 cells and BMMCs 

stinnulated by antigen across a concentration range of 1-10 liM. This compound also suppressed 

the secretion of proinflannmatory cytokines. U63A05 (1.57) exerts it inhibitory effects on the 

activating phosphorylation of Syk, thereby preventing downstream activation of signalling 

molecules that lead to degranulation. In vivo, U63A05 (1.57) suppressed antigen-stimulated PCA 

reaction in mice at doses ranging from 10-100 mg/kg [151],

1.12.2 Statins

Statins are a class of hydroxymethylglutaryl coenzyme A (HMG CoA) reductase inhibitors. This 

enzyme is essential for the biosynthesis of mevalonic acid, an essential precursor to the 

isoprenoid compounds including cholesterol. Compounds from this series including cerivastatin 

(1.58), atorvastatin (1.59) and fluvastatin (1.60) have demonstrated anti-allergic activity. 

Cerivastatin (1.58) and atorvastatin (1.59) inhibited anti-lgE-induced histamine release from 

mature lung mast cells in a dose-dependent manner. The statin-induced changes in histamine 

release are expressed as a % of the histamine release induced by anti-lgE (=100%). The release of 

histamine was reduced from 100% to 40.2 ± 14.8% in the presence of 50 pM cerivastatin (1.58) 

and reduced to 26.3 ± 13.5% in the presence of 50 |jM  atorvastatin (1.59). Additionally, these

Figure 1.37 U63A05 (1.57)
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statins suppressed cytokine-dependent growth of normal mast cell progenitors in HMC-1 cells 

which suggested that these statins are inhibitors of mast cell growth and function [152],

OH

,0

Cerivastatin (1.58) Atorvastatin (1.59)

Figure 1.38 Cerivastatin (1.58) and Atorvastatin (1.59)

Fluvastatin (1.60) inhibited degranulation of antigen-induced RBL-3H2 cells in a concentration 

dependent manner (0.5-10 jaM) without affecting cytosolic calcium levels or the granule content 

of these cells. It is suggested that the inhibitory action of fluvastatin (1.60) may be mediated by 

the suppression of geranylgeranyl transferase via the depletion of intracellular mevalonic acid. 

This leads to the inactivation of small GTP-binding proteins involved in microtubule formation 

which are important in the translocation of the granules in a calcium independent manner [153].

1.12.3 Janus kinase 3 inhibitor

Janus kinase 3 (JAK3) is a protein tyrosine kinase expressed in mast cells and plays a pivotal role in 

the FceRl-mediated mast cell inflammatory response. JAK3 is activated by cytokines such as IL-2, 

IL-4, IL-7 and IL-9 upon mast cell activation. This causes phosphorylation and dimerisation of STAT 

5A for transcription of target genes involved in inflammation [154], A selective inhibitor of JAK3,

O

Figure 1.39 Fluvastatin (1.60)
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4-(4'-hydroxylphenyl)-amino-6,7-dimethoxyquinazoline (WHI-131) (1.61) inhibited calcium

ionophore A23187 induced- and IgE/antigen induced-degranulation of RBL-2H3 cells in a 

concentration-dependent fashion from 1-30 nM. Additionally, WHI-131 (1.61) prevented the 

release of the lipid mediator LTC4 and the proinflammatory cytokine TNF-a. WHI-131 (1.61) also 

prevented PCA reaction in mice by blocking degranulation in vivo [155]. However later studies 

indicated that degranulation of JAK3 deficient BMMCs from mice were inhibited by WHI-131 

(1.61) to the same extent as wild-type mice which mice which implies that WHI-131 (1.61) has 

other underlying mechanisms of mast cell stabilisation [156].

HN

OH

Figure 1.40 WHI-131 (1.61)

The staurosporine-based compound (compound 32) (1.62) shown in Figure 1.41 demonstrated 

potent inhibition of JAK3 based signalling in different cell types. This compound potently inhibited 

the JAK3 enzyme in Jurkat cells as well as the activating phosphorylation of STAT5 in T cells. 

Additionally, compound 32 (1.62) demonstrated potent activity in mast cells by inhibiting 

IgE/antigen induced hexosaminidase release (IC50 value of 55nM) as well as the release of the 

proinflammatory cytokine TNF-a. In vivo, this compound reduced ovalbumin-induced IgE 

production by 70% (30 mg/kg) in mice.

HO OH 

Figure 1.41 Compound 32 (1.62)

1.12.4 Protease inhibitors

In addition to inhibiting the release of the protease, tryptase, the protease inhibitors, /V-a-tosyl-L- 

lysine chloromethyl ketone (TLCK) (1.63) and A/-p-tosyl-L-phenylalanine chloromethyl ketone
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(TPCK) (1.64) have been shown to inhibit the release of histamine from both anti-lgE and calcium 

ionophore A23187 stimulated lung mast cells in a concentration dependent manner. The 

maximum inhibition of histamine release induced by anti-lgE was approximately 40.7% with 100 

Hg/ml TLCK (1.63) and 40.2% with 80 |ig/m l TPCK (1.64) [157]. Later studies showed that TPCK 

(1.64) (50 nM) almost completely suppressed degranulation of BMMCs co-stimulated with 

antigen and adenosine by inhibiting granule movement as well as the secretion of cytokine IL-13. 

In vivo, TPCK (1.64) (30 mg/kg) reduced PCA reaction in mice [158].

TLCK (1.63) TPCK (1.64)

Figure 1.42 TLCK and TPCK

1.12.5 Kit Inhibitors

The Kit ligand (stem cell factor, SCF) is essential for mast growth, differentiation, survival and 

enhances antigen-mediated mast cell degranulation. Therefore, inhibition of Kit is an attractive 

approach to prevent FceRI-mediated allergic reactions. Hypothemycin (1.65) is a resorcylic acid 

lactone which blocked Kit activation, inhibited degranulation of both human mast cells (HuMCs) 

and BMMCs as well as cytokine production at 10 |iM. In vivo, hypothemycin (1.65) reduced PCA 

reaction in mice (500 ng/30 g) [159].

OH

Figure 1.43 Hypothemycin (1.65)

Midostaurin (PKC412) (1.66) is a tyrosine kinase inhibitor which interacts with Kit on mast cells 

and is used in clinical trials to counteract the grow/th of neoplastic mast cells in mastocytosis. 

Midostaurin (1.66) inhibited calcium ionophore A23187-induced degranulation of both the 

basophil and mast cell lines, KU812 and HMC-1 in a dose-dependent manner at low 

concentrations (1-1000 nM) [160].
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Figure 1.44 Midostaurin (1.66)

1.12.6 Fullerenes

Fullerenes present a carbon sphere structure w ith  delocalised n  molecular orbital electrons which 

show unusual activity in electron transfer systems. By virtue o f the ir unique properties, fullerene 

derivatives have been used to treat a range o f diseases including types o f cancer [161] and 

neurodegenerative disease [162]. Recently, the water-soluble fullerene, Cyo-tetraglycolic acid 

(TGA) inhibited anti-lgE stimulated degranulation from human skin mast cells (10 ng/ml;% 

inhibition=39.3 ± 9.2%) and peripheral blood basophils (5 ng/ml;% inhibition=15.8 ± 4.2%). TGA 

inhibited GMCSF cytokine production as well as the phosphorylation o f mast cell signalling 

proteins such as ERK 1/2, p38 MARK, LAT and PI3K which are involved in the release o f chemical 

mediators. This activity was translated in vivo where TGA suppressed PCA reaction in mice at a 

concentration of lOOng. [163].

1.12.7 Vacuolin-1

Vacuolin-1 (1.67) is an inducer o f large vacuole form ation in various cell types. At a concentration 

o f 10 |iM , vacuolin-1 (1.67) inhibited exocytosis o f BMMCs stimulated w ith antigen but did not 

inh ib it exocytosis o f RBL-2H3 cells under the same conditions. The early stages o f mast cell 

activation such as phosphorylation o f LAT, MARK and ERK were not affected in stimulated BMMCs 

nor was F-actin polymerisation which is necessary fo r translocation o f secretory granules in the 

later stages o f exocytosis [164].
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Figure 1.45 Vacuolin-l (1.67)

1.12.8 CP99994

Mast cells are associated with stress-induced inflammatory skin disease such as psoriasis through 

involvement of substance P present in skin mast cells which is an initiator of the stress response. 

CP99994 (1.68) is a substance P NK-1 antagonist which prevented stress-induced response mast 

cell mediator release when Sprague Dawley rats were treated peripherally at (1 and 2 mg/kg) or 

intracerebroventricularly (i.c.v., 5, 10 and 20 ng). It is suggested that NK-1 antagonists may be 

used therapeutically to treat stress-induced inflammatory skin diseases [165].

1.12.9 Bromoenol lactone

Bromoenol lactone (BEL) (1.69) is a suicide based-irreversible inhibitor of calcium-independent 

phospholipase A2 (iPLA2 P) [166]. BEL (1.69) demonstrated inhibition of exocytosis of both RBL-2H3 

cells and BMMCs stimulated with either antigen, calcium ionophore A23187 or thapsigargin, with 

maximal inhibition of exocytosis at a concentration of 25 nM of BEL (1.69). The original hypothesis 

was that BEL (1.69) prevented the calcium influx mediated by iPLA2 through SOCCS in these cells. 

However BEL (1.69) also inhibited exocytosis from permeabilised mast cells where Câ '" entry 

mechanism was no longer relevant which suggested that BEL (1.69) interferes with events 

downstream of Câ "' signalling which are required for exocytosis [167].

Figure 1.46 CP99994 (1.68)
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Figure 1.47 BEL (1.69)

1.12.10 CerK inhibitor, K1

Ceramide kinase (CerK) is an enzyme involved in the phosphorylation of ceramide, a precursor of 

sphingolipids found in the plasma membrane of cells which is involved in differentiation and 

apoptosis of the cell. CerK was found to be involved in the activation of RBL-2H3 cells [168]. The 

CerK inhibitior, K1 (1.70) dose-dependently (10-50 [iM) suppressed degranulation of calcium 

ionophore A23187 induced BMMCs mediator release [169].

OH

Figure 1.48 CerK inhibitor, K1 (1.70)

1.12.11 Phosphodiesterase inhibitors

Phosphodiesterases (PDEs) are a family of eleven isoenzymes that hydrolyse cyclic nucleotides 

such as cyclic adenosine monophospate (cAMP) and cyclic guanosine monophosphate (cGMP). 

These are important secondary messengers involved in many biological processes such as the 

activation of protein kinases and the regulation of adrenaline and hormones. Therefore PDEs play 

a key role in regulating intracellular levels of cAMP and cGMP [170]. Inhibitors of PDE have 

demonstrated anti-allergic activity [171]. The PDE inhibitors of PDE 4, Ro 20-1724 (1.71) and 

rolipram (1.72), dose-dependently (1-100 |iM) inhibited histamine release from anti-lgE induced 

RPMCs and this inhibitory activity was enhanced when each of these PDE 4 inhibitors was 

combined with the PDE 3 inhibitor, siguazodan (1.73). The level of inhibition of rolipram (1.71) at 

10 |iM was 29.4 ± 7.1% which was elevated in the presence of 1 |iM siguazodan (1.73) to 49.5 ± 

7.1% [172].
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Ro 20-1724 (1.71) Rolipram (1.72) Siguazodan (1.73)

Figure 1.49 Rolipram, Ro 20-1724 and siguazodan

1.12.12 CMT-3

Chemically modified tetracyclines (CMTs) have shown anti-inflammatory activity such as the 

inhibition of COX-2 mediated PGE2 production [173], Previously, CMT-3 (1.74), also known as COL- 

3 had demonstrated promising antitumor activity [174] CMT-3 (1.74) has shown potent inhibition 

of Compound 48/80 stimulated- RPMCs and H

uMCs dose-dependently. In RPMCs, the level of degranulation was reduced from 71.7 ± 4.2% to 

28.7 ± 3.4% in the presence of 25 |iM CMT-3 (1.74). Similarly, CMT-3 (1.74) also inhibited the 

secretion of cytokines TNF-a and IL- 8  from HMC-1 cells and reduced the expression of TNF-a 

mRNA in these cells. Additionally, CMT-3 (1.74) inhibited PKC activity with an IC5 0  value of 31 |iM  

[175].

Orazipone (OR-1384) (1.75) and its derivative OR-1958 (1.76) are novel sulphydryl reactive anti

inflammatory compounds. In in vitro studies, these compounds affect mast cell functions, of 

which OR-1958 (1.76) demonstrated the most potent anti-allergic activity. OR-1958 (1.76) dose- 

dependently inhibited compound 48/80-induced histamine release from RPMCs with an inhibition 

value of 56 ± 10% at 20 nM and inhibited the expression of TNF-a mRNA in HMC-1 cells. Both OR- 

1958 (1.76) and OR-1384 (1.75) dose dependently inhibited the production of TNF-a in HMC-1 

cells stimulated by PMACI with IC50 values of 10 and 20 nM respectively. It is suggested that these

OH 0  OH O 0

Figure 1.50 CMT-3 (1.74)

1.12.13 OR-1384 and OR-1958

38



sulphydyryl compounds exert their effects by inactivating thiol containing molecules involved in 

the signal transduction process of activated mast cells [176].

0 0

— S

0
II

IIo 0
II

OR-1384 (1.75) OR-1958 (1.76)

Figure l .S l OR-1384 and OR-1958

1.13 Novel Mast Cell Stabilising Compounds

The development of novel mast cell stabilising compounds has been the focus of investigations 

within this research group for some time. Many of the compounds synthesised to date have 

demonstrated potent inhibition of histamine release from mast cells in a number of in vitro and in 

vivo studies, and these studies have unveiled several structural aspects which are essential for 

effective mast cell stabilisation.

Initial studies were based on analogues of the pterosins which are indanone sesquiterpenes that 

have been isolated from the Japanese bracken fern Pteridium aquilinum Kuhn var. iatiuscuium 

[177]. Of particular interest was pterosin Z (1.77) (Figure 1.52) [178], a compound which exhibited 

potent smooth muscle relaxant activity by inhibiting calcium-induced contraction of guinea pig 

ileum [179]. As calcium plays a central role in mast cell exocytosis, it was hypothesised that the 

pterosin indanone family of compounds may also act as inhibitors of mast cell mediator release. 

Earlier investigations focused on the synthesis of analogues of Pterosin Z (1.77) [180]. Within this 

series, the most active compound was the C-6 methyl propanoic acid analogue (1.78) which 

demonstrated similar inhibition of compound 48/80 induced release of histamine from RPMC to 

DSCG ((1.78); 11.9% vs DSCG; 10.5%) at 20 \iM.

Pterosin Z (1.77) (1.78)

Figure 1.52 Pterosin Z 11-77) and (1-78)

While the synthesis of the pterosin analogues was being investigated a number of dimer 

compounds emerged as by-products from the alkylation of 1-indanone with methyl iodide,
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formed through self condensation of 1-indanone and subsequent alkylation of the aldol product 

with methyl iodide. Some of the leading candidates from this work included the indane dimer 

(1.79), which is approximately twice as potent as DSCG ((1.79); 23.0 ± 2.2%, DSCG; 10.5 ± 1.1%) 

and the indenyl derivative (1.80) ((1.80) 15.3 ± 2.2%, DSCG; 10.5 ± 1.1%), Figure 1.53.

(1.79) (1.80)

Figure 1.53 Compounds (1.79) and (1.80)

Encouraged by this data, work commenced on building libraries of indane dimer-based 

compounds which were not only investigated as mast cell stabilisers, but also as smooth muscle 

reiaxants. It was anticipated that this series of compounds may exhibit this property as they are 

based on the indane nucleus which is also a feature of the pterosin series of smooth muscle 

reiaxants. Although preliminary findings indicated that no correlation existed between the 

structure and dual activity of these compounds, mast cell stabilising compounds including (1.81) 

and (1.82), with superior activity to that of DSCG emerged from this study, Figure 1.54. Their 

respective inhibition of compound 48/80 induced release of histamine from RPMCs was 41.2 ± 

3.6% and 49.7 ± 5.3% while that for DSCG was 9.1 ± 0.9 [181]. Both test and reference compounds 

were evaluated at 20 nM.

HO'

(1.81) (1.82)

Figure 1.54 Compounds (1.81) and (1.82)

In later studies, the diastereomers of a related benzylated 2,2-coupled dimer (1.83a and b) 

(Figure 1.55) which maintained the indanol and indenyl structural fragments of compounds (1.82) 

were synthesised and were shown to demonstrate dual mast cell stabilising and anti

inflammatory effects in a range of in vitro and in vivo studies [182]. These stereoisomers 

demonstrated effective inhibition of compound 48/80-induced histamine release from RPMCs at
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20 |iM and dose-dependently inhibited calcium ionophore A23187-stimulated RBL-2H3 cells with 

maximum inhibition at 50 nM. In contrast, the smooth muscle relaxant activity of (1.83a and b) 

was not as potent as nifedipine, the control compound. However, in the arachinodic acid mouse 

ear oedema model, a protocol used to determine the anti-inflammatory activity of test 

compounds, the efficacy of (1.83a and b) was comparable to that of indomethacin, the control 

compound, which suggested that the compounds also have anti-inflammatory activity in vivo.

While the data generated on the indane dimer series of compounds was encouraging, it was 

decided to not lim it the study to the indane nucleus. In doing so, emphasis was placed on trying to 

determine exactly what feature in these structural types was essential for the observed effects in 

both In vitro and in vivo assays of allergy and inflammation. Initial studies involved replacement of 

one of the indane units by a tetralin skeleton and secondly determining the necessity or 

otherwise for the requirement of two benzocycloalkyl groups in the overall molecular framework 

of the compounds [183]. Replacement of either the indanol or indenyl moiety of (1.83a and b) by 

the corresponding tetralol or dihydronaphthalene groups to give the benzyiated dimer alcohols 

(1.84) and (1.85) (Figure 1.56) respectively resulted in these compounds having a similar activity 

profile to that o f (1.83). Both (1.84) and (1.85) inhibited mediator release induced by the three 

elicitors; compound 48/80 ((1.84); IC50 4.1 piM, (1.85); IC50 7.7 |iM), concanavalin A ((1.84); IC50  

0.75 nM, (1.85); IC50 3.6 |iM) and calcium ionophore A23187 ((1.84); IC50 10 nM, (1.85); IC5 0 4.7 

HM), in the RPMC assay.

OH OH

(1.83a) (1.83b)

Figure 1.55 Compound (1.83a and b)

OH OH

(1.84) (1.85)

Figure 1.56 Structures of compounds (1.84) and (1.85) 
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In a parallel study into the investigation of "simplified" forms of (1.84) and (1.85), the synthesis of 

compounds (1.86a), (1.87) and (1.88) was carried out. Although in some situations their mast cell 

stabilisation activity was reduced, nevertheless compounds (1.87) and (1.88) retained excellent 

mast cell stabilisation activity in vitro when compound 48/80 was used to induce histamine 

release. Some loss of activity was observed upon opening the ring bearing the alkenic substituent 

of compound (1.84) to generate (1.86a) which gave an IC50 value of 55.3 piM. However, opening 

the tetralone ring of (1.84) to yield (1.87) resulted in potent inhibition of histamine (82 ± 10% 

inhibition at 20 nM). Similarly, potent mast cell stabilising activity was observed against 

compound 48/80 induced release (IC5 0 value of 3.3 |iM) when the indanol core of (1.85) was 

deconstructed to give the naphthalenyl analogue (1 .8 8 ).

R = a) = H
b) = M e
c) = OCF3
d) = CH2CH2OH
e) = CHO

OH

(1.86a-e) (1.87)

OH

(1.88)

Figure 1.57 Structures of compounds (1.86a-e), (1.87) and (1.88)

Interestingly, the presence of a methyl substituent at the para position of the benzyl ring of 

(1.86a) as in (1.86b) resulted in an increase in activity with an IC5 0 value of 9.4 |iM in comparison 

to 55.3 |iM for (1.86a). In unpublished work carried out within this project, analogues (1.86b-e) 

with varied substituents at the para position of the benzyl ring were synthesised and evaluated 

for mast cell stabilising activity. All of these compounds demonstrated potent activity at 20 |iM in 

vitro when calcium ionophore A23187 was employed to elicit histamine release. The most 

impressive compounds were the methylated derivative (1.86b) and the aldehyde derivative 

(1.86e) with inhibition values of 8 8  ± 4% and 8 6  ± 2% respectively. The trifluoromethoxy
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derivative (1.86c) and the ethanol derivative (1.86d) were equally effective, inhibiting histamine 

release by 75 ± 5% and 75 ± 3%.

Among compounds (1.84), (1.85) and (1.86a) w/hose activity was evaluated in vivo, the tetralol 

compound with the opened indenyl ring derivative (1.86a) was the most potent which suppressed 

passive cutaneous anaphylaxis by 44 ± 18%, despite having a poor profile in vitro. With regard to 

anti-inflammatory activity, none of these compounds demonstrated comparable activity to their 

indane congeners as typified by compound (1.81) (Figure 1.54).

In light of these discoveries, it is evident that opening of the ring systems of the dimeric 

compounds (1.84) and (1.85) as well as derivatisation of the benzyl ring as in (1.86b-e) is 

permissible without loss of mast cell stabilising activity within this series of compounds.

The excellent mast cell stabilising activity displayed by the simplified tetralol analogues (1.86a-e) 

meant that further structural designs were warranted in this area. Additionally, the structural 

presentation and the physicochemical factors which are associated with these mast cell stabilisers 

led to the development of synthetic strategies for mast cell stabilising compounds with improved 

structural features that are detailed throughout this thesis.

1.13.1 Novel Amine Linked Dimeric Compounds

Earlier concurrent studies also identified a series of aminoindanones, such as compound (1.89) 

and substituted dimers thereof (1.90) and (1.91) (Figure 1.58) related to the pterosin structure 

which possessed a pharmacological profile encompassing smooth muscle relaxant activity, anti

inflammatory and mast cell stabilising activity.

(1.89) (1.90) (1.91)

Figure 1.58 Structures of compounds (1.89), (1.90) and (1.91)

The cyclopentyl aminoindanone (1.89), and the substituted 1- and 2-A/-indanyl aminoindanones 

(1.90) and (1.91) respectively demonstrated substantial mast cell stabilising activity in rodent
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models. [184], As a branched series of compounds, the effect of ring expansion of the core 

indanone skeleton(s) on the pharmacological activity was therefore investigated.

1.13.2 The 4-amino-3,4-dihydro-2H-naphthalen-l-one series

A series of tetralone structures that incorporated a cyclopentylamino ring in the benzylic position, 

with varied alkyl and benzyl substituents on the tertiary amine, were developed and upon 

pharmacological evaluation displayed excellent mast cell stabilising activity in vitro [185]. The 

structures of which are illustrated in Figure 1.59. The benzyl analogue (1.92a), demonstrated 

complete inhibition of histamine release from RPMCs at a concentration of 20 |iM when 

stimulated by compound 48/80. This activity was slightly reduced by the presence of electron- 

withdrawing poro-substituents on the benzyl ring, such as a nitrile as in compound (1.92b) or 

nitro as in compound (1.92c) although both compounds retained significant activity (67 ± 5% and 

65 ± 7% inhibition of histamine release, respectively). The methylated derivative (1.92d) was 

capable of inhibiting histamine release by 43 ± 17% whereas mast cell stabilising activity was 

completely lost in structures that were inclusive of either an electron-donating trimethoxy groups 

such as (1.92f) or an allyl chain typified by (1.92e). A large planar 2'-naphthalenyl substituent on 

the amino group (1.92g) did not greatly reduce activity when compared to the benzyl group, 

affording 77 ± 4% protection against degranulation. These results reinforce our earlier finding that 

the expansion of the indanone ring is permissible without loss of mast cell stabilising activity 

among the amino benzocycloalkanone series.

Figure 1.S9 Compounds (1.92a-g)

Also this group of compounds, replacement of the cyclopentyl ring with a methyl group, as well as 

deconstruction of the core ring system, was examined using the most active compound (1.92a) to
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yield compounds (1.93) and (1.94) shown in Figure 1.60. The necessity of the presence of the 

whole tetralone nucleus and cyclopentyl group was emphasised by the fact that neither of these 

compounds possessed any mast cell stabilising activity in vitro. However, despite compound 

(1.92a) being a potent inhibitor of compound 48/80 (IC50 2.4 piM), calcium ionophore A23187 (IC50  

0.28 |iM) and concanavalin A (IC50 7.2 |jM) induced release in vitro, (1.92a) did not offer any 

protection in vivo against PCA.

o 0

(1.93) (1.94)

Figure 1.60 Compounds (1.93) and (1.94)

1.13.3 The 1,2,3,4-Tetrahydro-naphtalenylamine and Indan-l-ylam ine Series

In light of the promising activity exhibited by the tetralone series of 4-amino-3,4-dihydro-2H- 

naphthalen-l-ones, the dimeric indan-1 and indan-2-ylamines, represented by compounds (1.90) 

and (1.91) respectively, shown in Figure 1.58 were derivatised to produce a dimeric tetrahydro- 

naphthalen-l-ylamine and inda-l-ylamine series of compounds (1.95a and b) (Figure 1.61). In 

addition to varying the ring size of the two hydroaromatic subunits, the oxygenation patterns 

were also modified to investigate whether these changes would result in augmentation or 

annihilation of the established activity [186].

R= a) CH3

b) CH2CH=CH

(1.95)

Figure 1.61 Structure of derivatives of (1.95a and b)
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Like the aminoindanone congeners exemplified by (1.90), both the methyl (1.95a) and allyl 

(1.95b) derivatives in this series demonstrated excellent mast cell stabilising ability when 

evaluated in vitro (inhibition of mast cell degranulation values 93 ± 5% and 92 ± 6% respectively). 

Compound (1.95a) dem onstrated a dose-dependent inhibition of histamine release in vitro but 

disappointingly, performed poorly in the  in vivo PCA assay (13%). Encouragingly, compound 

(1.95b) dem onstrated  more potent activity in vivo (72%).

Enlargement of both ring systems together to generate  the 6-m em bered homodimer (1.97) 

resulted in the complete inhibition of compound 48/80-induced release of histamine from RPMC, 

although this activity was not maintained in vivo (PCA inhibition 29%). The indane derivative 

(1.96) demonstrated  significantly inferior activity in vitro and no acitivity in vivo. The in vitro 

activity of compound (1.97) indicated that the replacement of the carbonyl from the  benzylic 

position of the indanyl com ponent to  that of the tetralin ring was acceptable.

Activity was completely lost when compound (1.98), a combination of two A/-linked tetralins was 

assessed in vitro, perhaps suggesting that  a carbonyl group is central to the observed mast cell 

stabilisation activity of compounds within this series.

In the final series of compounds with this group, the chroman and methoxylated analogues (1.99) 

and (1.100), Figure 1.63 inhibited compound 48-80 induced degranulation in vitro.

n=l, (1.96); n=2, (1.97) (1.98)

Figure 1.62 Structures o f compounds (1.96), (1.97) and (1.98)

0 0

(1.99) (1.100)

Figure 1.63 Structures o f compounds (1.99) and (1.100)
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As in the ally! amino compound (1.91) (Figure 1.58), mast cell stabilising activity was retained 

within this series whether the linkage joined the two ring systems via their benzylic positions or 

whether the coupling was from one benzylic position to a non-benzylic carbon of the other ring 

system, as with compound (1.101a) (Figure 1.64). All of analogues of (1.101) which were 

synthesised demonstrated moderate mast cell stabilising activity in vitro, although the trimethoxy 

benzyl (l.lO le ) demonstrated diminished activity, in comparison. The methylated derivative 

(1.101a), was the most active of these compounds both in vitro and in vivo (PCA 98% activity), 

activity of which was comparable with that of DSCG (1.2) in vivo.

Of the novel dimeric 1,2,3,4-tetrahydro-naphthalenylamine and indan-l-ylamine compounds 

synthesised and tested, the 2-aminotetralin derivative (1.101a) demonstrated the best activity, 

both in the in vitro RPMC assay, and in the in vivo PCA assay. Again, results from this series 

indicated that the expansion of the indan ring of the known dimeric indanes (1.90) and (1.91) is 

permissible, without loss of mast cell stabilising activity in vitro and moreover, a 2-, rather than a 

1-amino functionality appears important for activity in vivo as typified by the activity of (1.101a) 

especially.

1.13.4 The Amine Derivatives of 3,4-Dihydronaphthalen-l(2H)-one and 6,7,8,9- 

Tetrahydro-5H-benzo[7]annulen-5-one

Prompted by the interesting mast cell stabilising activities of the cycio benzylated compound 

(1.92a) (Figure 1.59) an analogous series of cyclohexyl compounds were developed, varied ring 

size of the hydroaromatic component of (1.92a) which were synthesised both with and without 

unsaturation of the alicyclic ring (Figures 1.65 and 1.66) [187].

R= a) CH3
b)CH2CH=CH2

Figure 1.64 Structures o f derivatives ( l.lO la -e )
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(1.102) (1.103a-d

R= a ) C H 2 CH=CH 2

b) Bn
c) 4-CH3Bn
d) 3 ,4 ,5 - (C H 3 0 )3 B n

Figure 1.65 Structure o f compounds (1.102) and (1.103a-d)

O

R= a) Bn

b) 2,4 ,6-(F3)Bn

c) 4 - { C 0 0 M e ) B n

d ) 4 - N 0 2 B n

e )  4-CNBn

f) 3 A 5 - (C H 3 0 > 3 B n

Figure 1.66 Derivatives (1.104a-f)

The pharmacological results obtained when structures within this series were evaluated, as well 

as that  of compound (1.92a), highlighted the importance of the A/-benzyl substituent for effective 

mast cell stabilising activity, regardless of the core ring size and a degree of unsaturation. 

Complete abolition of mast cell degranulation was observed in tetralone cyclohexanyl (1.102), 

tetralone cyclohexenyl (1.103b) and benzosuberone cyclohexenyl (1.104a). Within the  tetralone 

cyclohexenyl series, mast cell stabilising activity was relatively unaffected by the presence of 

electron-donating substituents at the para position of the benzyl as in (1.103c) and trimethoxy 

benzyl derivative (1.103d). In fact, the most potent in vivo was (1.103d) which inhibited PCA 

activity by 67%.

Within the benzosuberone series, the combination of an enlarged hydroaromatic ring coupled 

with the amino bearing a more bulky substituted benzyl group, either retained or enhanced the 

inhibition of mediator release from mast cells relative to  (1.103d) in vitro. Excellent activity was 

shown by all of the derivatives of the benzocycloheptanone series (1.104a-f), Figure 1.66. All 

analogues displayed inhibition values that were greater than 89%. Complete abolition of
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histamine release was observed by the benzyl (1.104a) and trinnethoxy benzyl derivative (1.103d). 

This activity was only slightly reduced for the remaining analogues which all showed similar 

inhibition values; the trifluorobenzyl ((1.104b); 90 ± 5%), the methyl benzoate ((1.104c); 89 ± 7%), 

the nitrobenzyl ((1.104d); 91 ± 13%) and the cyanobenzyl ((1.104e); 90 ± 14%). Compounds 

(1.104a), (1.104b) and (1.104c) were evaluated in vivo and all exhibited inhibition of PCA reaction 

although not to  the  same extent as (1.103d).
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1.14 Conclusion

Mast cells play a fundamental role in the occurrence of allergic diseases due to their 

hypersensitive response to otherwise innocuous substances which induces an allergic reaction. 

The allergic reaction begins with the interaction of allergen with polyvalent IgE-FceRI complexes 

expressed on the surface of sensitised mast cells which causes receptor aggregation. A complex 

signalling cascade follows involving the activation of numerous signalling proteins such as Syk and 

Lyn kinase which in turn cause a series of downstream signal transduction events within the mast 

cell. Ultimately, this signal transduction process leads to the release of preformed chemical 

mediators such as histamine from mast cells as well as the synthesis of lipid mediators such as 

prostaglandins and leukotrienes and the production of cytokines and chemokines. The actions of 

these mediators on their receptors and surrounding tissue as well as their recruitment of other 

immune cells are responsible for the early and late effects of an IgE-mediated allergic reaction. 

Mast cells are therefore central players in both the development and maintenance of allergic 

diseases and are subsequently considered an attractive therapeutic target in the treatm ent of 

allergic diseases such as asthma, allergic rhinitis and allergic conjunctivitis.

Treatment of allergic diseases relies on clinically prescribed drugs classes such as mast cell 

stabilisers and H I antagonists which control the symptoms associated with allergic diseases. Mast 

cell stabilisers act by stabilising the mast cell upon allergen exposure to inhibit the release of 

chemical mediators while H I antagonists antagonise histamine at the H I receptor to eliminate 

the effects mediated by this biogenic amine released during an allergic reaction. Although the first 

generation mast cell stabilisers such as DSCG and nedocromil sodium effectively inhibit mast cell 

degranulation, the second generation mast cell stabilisers typified by olopatadine and ketotifen 

additionally possess anti-histaminic properties which present anti-allergic agents with dual 

activity. Likewise, the second generation H I antagonists including cetirizine and fexofenadine are 

more advantageous over the first generation H I antagonists such as mepyramine and 

pheniramine due to their reduced sedating effects. More recently, the mast cell stabilising 

properties of the second generation H I antagonist, desloratadine has been established.

However the number of anti-allergic agents is not limited to these drugs in clinical use. It is 

evident from the numerous reports outlined in this Chapter that a broad range of molecules have 

been isolated from natural sources which demonstrate substantial anti-allergic activity in a panel 

of in v itro  and in vivo screens. Moreover, many of these anti-allergic agents are sourced from  

foodstuffs such as the flavonoid family which enter the body on a daily basis where they could 

potentially target activated mast cells and attenuate the mast cell response to allergens. The 

significance of these natural products may be further emphasised by the history of the natural
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m ast cell stabiliser, Khellin which subsequen tly  led to  th e  synthesis  of  th e  first estab lished  m as t  

cell stabiliser, DSCG.

Also reviewed in this C hapter  are  several synthetic  co m p o u n d s  which po ten tly  inhibit m ast  cell 

degranula tion . A com prehensive  unders tand ing  of th e  pa thw ay  involved in th e  allergic cascade  is 

valuable in th e  design of th e  novel synthetic  inhibitors of m as t  cell activation. Inactivation of 

signalling p ro te ins  such as Syk kinase and JAK3 which play an im p o r tan t  role in th e  signalling 

cascade of an allergic reaction a re  prime ta rg e ts  to  p reven t  th e  activation of m as t  cells and th e  

re lease  of the ir  chemical m edia tors .  In addition, m any of t h e s e  synthetic  anti-allergic com p o u n d s  

inhibit th e  production of proinflam m atory  cytokines which are  associa ted  with an allergic 

reaction. The d ev e lo p m en t  of m ast  cell stabilising c o m p o u n d s  within this research  project has 

identified n u m ero u s  indane-, tetralin- and  b en zo su b e ro n e -b ased  co m p o u n d s  which have 

d e m o n s t ra te d  p o te n t  inhibition of m ast  cell degranu la tion  in vitro  and in vivo. As such, the  

in teresting  activity of co m p o u n d s  (1.86a-e) and (1.101a) has instigated o th e r  lines of research 

detailed  th ro u g h o u t  this thesis.

Additionally, various biological agen ts  such as natural and  synthetic  p ep tides  have shown 

promising anti-allergic behaviour by blocking IgE/FceRI binding or by interfering with th e  signalling 

pathw ay of th e  allergic response .

A diverse range of anti-allergic m olecules exist from  clinical, biological, syn the tic  and natural 

sources. Although in m any cases th e  precise m o d e  of action of  th e se  m olecules is unclear, all of 

th e se  m olecules  have d e m o n s t ra te d  anti-allergic activity and th e re fo re  are  potentia l  th e rap eu t ic  

agen ts  in th e  t r e a tm e n t  of  allergic diseases.
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1.15 Aims of the project

In view of the promising findings so far in the development of novel mast cell stabilising 

compounds, the aims of this project were based on;

1. Continuing the promising work on the series of compounds based on (1.86a-e) by placing 

particular emphasis on symmetrising substituents at position-2 of the tetrahydronaphthol 

structure.

2. Enhancing the solubility profile of lead compounds from this new series by the 

introduction of water-solubilising groups onto the most active "alcohols".

3. Determining the metabolic fate of the most promising compound in in v itro  assays of 

metabolism.

4. Designing compounds with the potential to act as dual mast cell stabilisers and H I 

antagonists.

5. Investigating and improving the chemical stability of the potent mast cell stabiliser 

(1.101a) in an effort to clarify its mechanism of action and to develop designed multiple 

ligands based on this compound.
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2 Chapter 2 

2.1 Introduction

A series of tetralol-based dimer compounds have previously been synthesised and screened for 

mast cell stabilising activity as part o f a Doctoral thesis by James Barlow (2002). Many of the 

compounds within the series displayed potent activity in vitro when a variety of elicitors were 

used to induce histamine release from the rat peritoneal mast cells. In particular, the tetralol- 

indene dimer compound (2.01) and the tetralol-phenethylene analogue (2.02) depicted below in 

Figure 2.1 inhibited histamine release from mast cells by 94% and 76% respectively at 20 

when challenged with compound 48/80 as an elicitor. More importantly, the compounds 

demonstrated superior activity to disodium chromoglycate, the clinically used mast cell stabiliser. 

Ring opening of the indenyl component, typified by compound (2.02) proved to have been a 

worthwhile investigation as demonstrated by its in vivo performance in the PCA model discussed 

in Chapter 1. Herein, the protective activity displayed by compound (2.02) against mast cell 

degranulation made it the most promising candidate among its congeners whereby further 

studies were warranted. The common features among the compounds of the series are the 

presence of (i) a benzylic secondary alcohol functionality and (ii) high degree of aromaticity 

throughout the molecule. These characteristics were regarded as key elements for successful 

mast cell-stabilising activity from previous structural studies.

OHOH

(2.01) (2.02)

Figure 2.1 Structures o f compounds (2.01) and (2.02)

However, there were two main concerns associated with the compounds that compromised their 

full potential as effective mast cell stabilisers. One of these concerns is that they exist as a mixture 

four stereoisomers due to the presence of two asymmetric centres at position 1 and 2 of the 

tetralol ring. Extensive purification by flash column chromatography was required to separate the 

diastereomeric forms to yield the final compounds as an undesired mixture of enantiomers. The
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second principal issue associated with these compounds is their unattractive physiochemical 

profile with high Log P values of 6.30 and 6.58 for compounds (2.01) and (2.02) respectively 

causing them to be poorly soluble in aqueous solutions. The hydroxyl functionality is insufficient 

in achieving complete solubilisation of the compound and a high percentage of Tween 80 or 

DMSO (up to 5% in each case) was required to enhance their solubility. The limitations of these 

compounds are the motivating factors in the design of the compounds described in this chapter.

2.2 Synthetic Strategy

The aims of the work described in this chapter were;

(i) to develop a series of more simplified novel mast cell stabilising compounds that contain

fewer potential asymmetric centres but retain the basic tetralol nucleus of the lead 

compounds (2.01) and (2.02) by placing identical side chains at position 2 of the 

tetralol ring and to assess their mast cell stabilising activity in the rat peritoneal mast 

cell (RPMC) assay.

(ii) to select suitable polar groups and to introduce them into the structures of the more

potent compounds by attaching a variety of hydrophilic carboxylic acid and amino 

acid derivatives onto the hydroxyl functionality to balance their lipophilic nature. 

These modifications were made with the dual dual intention of enhancing the 

potency of the series and moreover improving the solubility profile of the compounds 

for in vivo administration.

2.2.1 Synthetic Target A

One of the primary aims of the work described in this chapter was to synthesise a series of 

tetralol-based compounds of structural type (A) that featured identical alkyl substituents at 

position 2 of the tetralol ring.

A total of five alkylating reagents, shown in Figure 2.3 were chosen to generate molecules of 

structural type (A). Three were benzyl groups with varied substituents located at the para-
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position of the benzyl ring. The pattern of the substituents varied from a simple hydrogen atom to 

the increasingly larger methyl and tert-butyl groups. It was of particular interest to modify the 

poro-benzyl position for two reasons. Firstly, many of the compounds within this thread of 

research that contained poro-substituents on the benzyl ring possessed potent mast cell 

stabilisation in vitro [183, 186]. Secondly, the para position is considered to be a site that is 

susceptible to aromatic hydroxylation by the metabolic monoxygenase enzymes and it was hoped 

that by masking this position with a methyl or tert-butyl group would avoid metabolism occurring 

at this site.

Figure 2.3 Alkylating reagents used to generate analogues of structure type (A)

Additionally, a cinnamyl group was also chosen as an alkylating reagent to mirror the double bond 

effect of the vinyl benzene moiety to that of the phenyl ethylene chain present in the structure of 

(2.02). The only non-aromatic alkylating reagent used as a side chain for the tetralol structure was 

the allyl group.

2.2.2 General Procedures for the Synthesis of Compounds of Structural Type (A)

The dialkylated alcohol derivatives of structural type (A) were synthesised in two steps. The first 

step involved alkylation of a-tetralone with two equivalents of the appropriate alkylating reagent 

using potassium tert-butoxide as base, in a solvent mixture consisting of t-butanol and diethyl 

ether (v:v, 2:1). The second step involved reduction of the carbonyl moiety with lithium 

aluminium hydride.
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2.3 Synthesis of the Alkyl and Benzyl Derivatives 

2.3.1 Synthesis of the Allyl Derivatives (2.03) and (2.04)

Allylation of a-tetralone was accomplished in the presence potassium fert-butoxide as base and 

allyl iodide as the alkylating reagent. After 4 hours, the desired diallyl compound (2.03) was 

obtained as a clear oil in 59% yield.

Allyl iodide 
K* f-Butoxide

f-Butanol:dlethyl ether (2:1) 
R.T., 4h, (59%)

O

(2.03)

Scheme 2.1 Synthesis o f (2.03)

The main feature of the infrared spectrum of (2.03) was the presence of the sharp carbonyl band 

at 1689 cm \  HRMS analysis gave the accurate mass as 249.1234, calculated as 249.1255 for the 

molecular formula CjeHigONa.

The aliphatic region of the NMR spectrum of (2.03) confirmed that successful di-allylation had 

taken place as the signals resonating as two double doublets at 2.27 and 2.50 ppm, were 

attributed to the allylic protons, while both the terminal methylene and vinylic protons of the 

double bonds resonated as multiplets from 5.06-5.11 ppm and from 5 .74-5.85 ppm respectively. 

As expected, the four aromatic protons were present between 7 .22-8.08 ppm. Again confirmation 

that successful diallylation had taken place was confirmed by the additional signals seen in the 

spectrum attributable to the allyl groups. The allylic carbons resonated as two overlapping signals 

at 39.2 ppm. The terminal double bond carbons resonated at 118.3 ppm with the vinylic carbons 

situated at 133.9 ppm while the four tertiary aromatic carbon signals were evident between 

126.7-133.2 ppm. The carbonyl carbon resonated at 200.8 ppm.

Reduction of the carbonyl functionality of (2.03) to the alcohol (2.04) was accomplished after one 

hour using UAIH4 as the reducing agent in dry THF at 0 °C. Indeed, for this type of transformation, 

many types of reducing agents are available to reduce ketones including the less reactive sodium 

borohydride which was initially employed as reducing agent in our synthesis. Many of the 

secondary alcohol compounds of similar congeners developed by Barlow and McHugh were 

attained using this reagent. However in this study, after a reaction time of twenty-four hours, the 

dibenzyl analogues in particular, were recovered unchanged which necessitated the use of the 

more reactive agent, lithium aluminium hydride for this transformation.
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THF,
0°C, Ih ,  (77% )

UAIH4

O OH

(2.03) (2.04)

Scheme 2.2 Synthesis o f (2.04)

The diallyl alcohol (2.04) was isolated as a clear oil in 77% yield. The most noticeable diagnostic 

feature in its infrared spectrum was the presence of the broad 0-Hstr at 3425 cm \  HRMS analysis 

gave the accurate mass as 251.1395, calculated as 251.1412 for the molecular formula CieHisONa. 

The main difference in the NMR spectrum of (2.04) from (2.03) was the presence of a broad 

singlet at 1.76 ppm for the OH proton and the singlet corresponding to the CHOH proton at 4.42 

ppm. In the double bond region of the spectrum, the four terminal protons from the allyl chain 

were found resonating as a multiplet from 5.06-5.20 ppm followed by the two adjacent methine 

protons, also resonated as a broad multiplet at 5.88-6.08 ppm. The four aromatic protons from 

the tetralol ring resonated between 7.13-7.42 ppm. The most significant signal from the carbon 

spectra was that of the CHOH carbon at 73.8 ppm confirming that successful reduction had taken 

place. Other prominent signals included those for the four aliphatic methylene carbons at 25.3, 

27.1, 37.3 and 37.7 ppm, while as expected the spectrum was devoid of a signal resonating 

around 200 ppm for the carbonyl carbon.

2.3.2 2.3.2 Synthesis of the Dibenzyl Derivative (2.05) and (2.06)

Alkylation of a-tetralone with two equivalents of benzyl bromide using potassium tert-butoxide as 

base afforded the desired dibenzylated derivative (2.05) in 68% yield after 4 hours at room 

temperature.
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o t-butanol:diethyl ether (2:1) 
R.T., Ah, (68%)

Benzyl bromide 
f-Butoxide

O

(2.05)

Scheme 2.3 Synthesis of (2.0S)

The infrared spectrum of (2.05) showed an intense C=Os,r for the ketone at 1688 cm \  HRMS 

analysis of (2.05) gave the correct mass of 349.1566, expected as 349.1568 for the molecular 

formula C2 4H2 2 0 Na.

The most significant features in the aliphatic region of the NMR spectrum of (2.05) were the 

two overlapping doublets at 2.66 and 3.32 ppm that were attributed to the benzylic methylene 

protons of the newly introduced benzyl groups. The methylene protons at the p-keto position and 

benzylic position of the tetralone ring were found resonating as triplets at 1.93 and 3.06 ppm. As 

expected, the addition of the two benzyl groups significantly crowded the aromatic region of the 

spectrum where thirteen protons resonated in the region from 7.15-7.47 ppm, followed by a 

doublet at 8.10 ppm, corresponding to the aromatic proton adjacent to the carbonyl group. The 

important signals in the carbon spectra were those of the four methylene carbons resonating at 

25.0, 28.7 and a double signal at 41.1 ppm while the fourteen aromatic CH carbons resonated 

from 125.9-132.7 ppm. The NMR spectrum confirmed the presence of the carbonyl group at 

200.2 ppm.

Reduction of the carbonyl to the corresponding alcohol functionality was performed by treating

(2.05) with UAIH4 in dry THF at 0 °C. The reaction occurred smoothly and the desired alcohol

(2.06) was obtained in excellent yield (82%) after one hour.

THF,
0°C, Ih , (82%)

LiAIH^

0 OH

(2.05) (2.06)

Scheme 2.4 Synthesis of (2.06)
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The key infrared spectral feature for (2.06) was the strong alcohol 0-Hs,r at 3454cm \  HRMS 

analysis gave the accurate mass as 351.1715, calculated as 351.1725 for the molecular formula

^ 24^ 24^ ^ ^ *

The key structural changes in the NMR spectrum of (2.06) in comparison to its carbonyl 

precursor (2.05) were; the presence of the  doublets at 1.84 ppm and 4.53 ppm which were 

respectively attributed to the alcohol proton and the proton of the carbon bearing the alcohol 

functionality. The methylene protons of the benzyl groups appeared separately as doublets at 

2.46, 3.12, 2.72 and 2.86 ppm, those at 2.86 and 3.12 ppm each overlapped with the two 

multiplets of the benzylic protons of the tetra lone com ponent spanning from 2.86-3.33 ppm. The 

aromatic region of the spectrum showed thirteen protons in the region betw een 7.14-7.39 ppm 

followed by a double doublet resonating a t  7.56 ppm. In the DEPT 135 spectrum, the most 

significant signal tha t  showed the presence of the alcohol was tha t  of carbon bearing the  hydroxyl 

moiety a t 72.2 ppm. Other features of the spectrum included the  four methylene carbons at 25.8, 

27.3, 36.9 and 41.5 ppm. The proton spectrum and carbon spectra of (2.06) are shown in Figures 

2.4 and 2.5 respectively.

OH

LJ

25 4 3e7

Figure 2.4 NMR spectrum o f  (2.06)
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Figure 2.5  “ c, DEPT 135 and DEPT 90 NMR spectra o f (2.06)

2.3.3 Synthesis of the 4-Methyl Analogues (2.07) and (2.08)

Alkylation of a-tetralone with 4-methylbenzyl bromide using K̂ t̂BuO as base secured the 

diall<ylated !<etone (2.07) after stirring for four hours at room temperature, in 51% yield as a white 

solid.

4-Methylbenzyl bromide, 
K'̂  t-Butoxide

t-butanol:diethyl ether (2:1) 
R.T., 4h, (51%) O

(2.07)

Scheme 2.5 Synthesis o f (2.07)

A strong carbonyl stretching frequency at 1691cm'^ was the main infrared spectral feature. The 

calculated mass for (2.07) with a molecular formula C26H260Na is 377.1881, which corresponds to 

the mass found by HRMS as 377.1876. Some of the more noteworthy features of the NMR 

spectrum of compound (2.07) indicating the instance of dibenzylation were; the sharp 

overlapping singlet at 2.36 ppm for the two methyl groups of the substituted benzyl rings and the 

two sets of overlapping doublets at 2.69 ppm and 3.34 ppm that represent the four methylene
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protons from the newly introduced benzyl groups. Among these resonances, the methylene 

protons at the p-keto position and benzylic position of the tetralone ring occurred as overlapping 

triplets at 1.98 ppm and 3.09 ppm respectively. Further downfield in the aromatic region, 

additional signals were found as a result of three aromatic rings, a "broad singlet" resonated at 

7.12 ppm that integrated for a total of eight aromatic protons, accompanied by three aromatic 

protons resonating in the region between 7.21-7.50 ppm. The aromatic proton from the tetralone 

ring that was closest to the carbonyl group resonated as a doublet at 8.18 ppm. The diagnostic 

features of the NMR spectrum were the quaternary carbon signal at position 2 of the tetralone 

ring at 50.5 ppm and the carbonyl signal at 200.5 ppm. The DEPT 135 spectrum showed a tall 

signal at 20.7 ppm for the two methyl groups.

Treatment of (2.07) with LiAIH4  in dry THF at 0°C successful procured the target alcohol (2.08) in 

75% yield after stirring for one hour.

LiAIH

THF 
O-C, Ih, (75%)O OH

(2.07) (2.08)

Scheme 2.6 Synthesis of (2.08)

The characteristic 0-Hstr was found in the infrared spectrum for the alcohol (2.08) at 3423 cm \  An 

accurate mass was obtained by HRMS for (2.08) with the molecular formula (C2 6 H2 gONa) as 

379.2025. The main differences in the aliphatic region of the NMR spectrum of compound 

(2.08) compared to (2.07) was due to the presence of the doublets at 1.98 ppm and 4.59 ppm for 

the OH and the CHOH protons respectively. Other prominent features included the two intense 

singlets at 2.40 ppm and 2.46 ppm representing the two methyl substituents of the benzyl ring 

and the four doublets in the region between 2.50-3.17 ppm for the four methylene protons of the 

two benzyl groups. The aromatic region contained a vast mutiplet in the region 7.15-7.32 ppm
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that integrated for eleven protons in addition to one aromatic proton as a double doublet at 7.61 

ppm. The significant features of the spectrum were two strong signals resonating at 21.1 ppm 

and 21.2 ppm that were due to the two methyl groups, the methine carbon at 72.3 ppm and the 

aromatic region of the DEPT 90 spectrum indicated the presence of twelve tertiary carbons in the 

form of eight signals between 126.2-130.9 ppm.

2.3.4 Synthesis of the 4-tert-Butyl Analogues (2.09) and (2.10)

As we continue to increase the size of the substituent at the poro-position of the benzyl ring, 

attention was now drawn to the fert-butyl group which is bulkier than the simpler methyl group 

and also is a more electron donating substituent.

Benzylation of a-tetralone using tert-butylbenzyl bromide was successfully achieved employing 

the alkylation conditions outlined previously to afford the substituted dibenzyl derivative (2.09) in 

62% yield after stirring for three hours at ambient temperature.

4-tert-Butylbenzyi bromide, 
K* t-Butoxlde

f-Butanol:diethyl ether (2:1) 
R.T., 3h, (62%) O

(2.09)

Scheme 2.7  Synthesis o f (2.09)

In the infrared spectrum, the carbonyl group for (2.09) was prominent at 1678 cm \  HRMS 

analysis of (2.09) found a mass of 461.2802 for the molecular formula (C32H380Na) correlating to 

the calculated mass of 461.2820.

As anticipated, the most striking feature in the aliphatic region of its NMR spectrum was the 

sharp singlet resonating at 1.32 ppm, integrating for the eighteen f-butyl protons. Like the spectra 

of (2.05) and (2.07), two sets of overlapping doublets were found at 2.65 ppm and 3.30 ppm 

representing the methylene protons of the substituted benzyl groups as well as the two 

overlapping triplets at 3.09 ppm signifying the presence of the two benzylic protons of the 

tetralone ring. In the aromatic region, the protons belonging to the two benzyl groups can be seen

62



resonating as a pair of overlapping doublets, each integrating for four protons, with an alnnost 

identical coupling pattern at 7.10 and 7.26 ppm. The proton adjacent to the carbonyl of the 

tetralone ring appeared as an overlapping doublet at 8.14 ppm.

The subsequent reduction of the carbonyl of (2.09) was achieved using LiAIH4  at 0°C. The 

reduction occurred smoothly and the resultant alcohol (2.10) was obtained in good yield (80%).

0

LiAIH„

THF 
0°C, Ih, (80%) OH

(2.09) (2.10)

Scheme 2.8 Synthesis of (2.10)

The principal characteristic of this molecule in the infrared spectrum was the broad 0-Hstr, located 

at 3433 c m '\ The calculated mass for compound (2.10) was 463.2977 g/mol, which correlates well 

to the actual mass found, 463.2975 g/mol, for the elemental composition C3 2 H4 oONa.

The main significant characteristics of the NMR spectrum of (2.10) were; the two singlets at 

1.31 and 1.36 ppm integrating for nine protons each for the six methyl groups, the singlet at 4.53  

ppm for the methine proton of the alcohol bearing carbon and the twelve protons in the aromatic 

region integrating between 7.10-8.14 ppm.

In the NMR spectrum, the six methyl carbons of the fert-butyl groups were clearly identified as 

two strong signals resonating at 30.9 and 31.0 ppm. The quaternary carbon signal of the tert-butyl 

groups was observed at 33.9 ppm while the CM carbon on the tetralol ring featured at 71.9 ppm.

2.3.5 Synthesis of the Cinnamyl Analogues (2.11) and (2.12)

Up to this point, with the exception of the diallyl derivative, the alkylated tetralone derivatives 

synthesised all contained benzyl groups with varied substituents located at the para  position of 

the benzyl ring. In view of the successful mast cell stabilising properties exhibited by (2.02) in the
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prelim inary screening in vitro  results, it was decided to focus attention  on the phenethylene  

substituent, so as to investigate its contribution to the inhibition o f histam ine release from  mast 

cells. The alkylating reagent chosen fo r our application was cinnamyl brom ide to m irror the level 

of conjugation contained in (2 .02 ).

The cinnamyl analogue was synthesised starting w ith  the initial alkylation o f a -te tra lon e  with  

cinnamyl brom ide using potassium fert-butoxide which generated the dialkylated ketone (2 .11) 

after four hours in good yield (67% ), as a clear oil.

Cinnamyl bromide, 
K* t-Butoxide

t-Butanol:diethyl ether (2:1) 
R.T., 3h, (67%)

(2.11)

Scheme 2.9 Synthesis of (2.11)

The di-cinnam yl derivative (2.11) showed characteristic ketonic C=Os,r at 1678cm  \  HRMS analysis 

of (2.11) found 401 .1875  fo r the m olecular form ula (C2sH260Na), calculated as 401 .1881 .

Analysis o f the NM R spectrum o f (2.11) indicated that dialkylation had taken place, due to  

presence o f the four allylic protons resonating as overlapping signals as tw o  discrete m ultip lets in 

the region o f 2 .47-2 .53  and 2 .74 -2 .79  ppm respectively. Further dow nfield , the arom atic and 

double bond region integrated fo r a total o f eighteen protons. The vinylic protons adjacent to the  

CH2 groups w ere present as tw o  overlapping m ultiplets betw een 6 .21 -6 .29  ppm . The rem aining  

tw o  protons o f the double bonds resonated as tw o  overlapping doublets at 6 .45  ppm.

NM R analysis revealed a total o f seventeen carbon signals. The tw o allylic CH2 protons were  

found resonating as a double signal a t 38.2  ppm . The quaternary carbonyl carbon was evident at 

200.5  ppm . The DEPT 90 spectrum confirm ed the presence o f eighteen carbons in the arom atic  

and double bond region.
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Reduction of the carbonyl of (2.11) was carried out using L1AIH4 in anhydrous THF at 0°C. The 

reduction was complete within 1 h and the resultant alcohol (2 .1 2 ) was obtained in excellent yield 

(77%).

THF 
0°C, Ih , (77%)

LIAIH4

O OH

(2.11) (2.12)

Scheme 2.10 Synthesis of (2.12)

The principal band of interest in the infrared spectrum was the broad 0-Hstr at 3428 cm‘ .̂ An 

accurate mass of 403.2027 was obtained by HRMS for the molecular formula C28H2sONa that was 

calculated as 403.2038.

The aliphatic region of the NMR spectrum of the alcohol (2.12) showed a complex region of 

multiplets between 1.72-2.94 ppm that was attributed to the four methylene groups. The most 

noteworthy feature in the spectrum was the singlet at 4.55 ppm corresponding to the C]HOH 

proton. In the aromatic and double bond region, the four protons belonging to the two double 

bonds resonated as two multiplets between 6.36-6.61 ppm. Further downfield in the aromatic 

region, a total of fourteen protons resonated between 7.19-7.27 ppm with much signal overlap. 

The carbon spectra of (2.12) correlated well to its proposed structure. The DEPT 135 spectrum 

showed the presence of the four CH2 carbons resonating at 25.5, 27.4, 36.9 and 37.0 ppm. The 

CHOH carbon was present at 73.9 ppm. The DEPT 90 spectrum indicated the presence of eighteen 

carbons in the aromatic and double bond region of which the signals at 126.3, 126.4 and 133.0 

ppm can be accounted to the vinylic carbons.

2.3.6 Functionalisation at the benzylic position of (2.08) and (2.10): Synthesis of their 

ally! derivatives (2.14) and (2.15).

Some of the more recent studies on analogues related to (2.02) were carried out by McHugh as 

part of his M.Sc. thesis (2006). New synthetic targets that had potential as mast cell stabilisers
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were developed by modification of the ketonic group of (2.02). Using allylmagnesium bromide as 

Grignard reagent, (2.13) was synthesised featuring a methyl group at the para position of the 

benzyl group. At a concentration of 20 piM, it had a profound effect on the inhibition of histamine 

release (inhibition value of 94 ± 3%) from mast cells induced by calcium ionophore A23187 in the 

in vitro RPMC assay. At the same concentration, DSCG inhibited histamine release by 15%. Within 

this pocket of research, it was decided to integrate the combined allyl and alcohol features of 

(2.13) into (2.08) and (2.10).

OH

(2.13)

OH

(2.02)

OH

(2.14)

Figure 2.6 Compounds (2.02), (2.13) and (2.14)

Using ketones (2.07) and (2.09) respectively as starting materials and allylmagnesium bromide, as 

Grignard reagent, the reaction was carried out under inert conditions at -78°C in THF. Over a 

three hour reaction time period, the temperature was allowed to increase to ambient. The 

transformation occurred smoothly to produce the allyl alcohols (2.14) and (2.15) in yields of 57% 

and 61% respectively.
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0 THF 
-78°C, 3h

OH

R=Methyl, (2.07) 
R=t-Butyl, (2.09)

R=Methyl, (2.14) (57%) 
R=f-Butyl, (2.15) (61%)

Scheme 2.11 Synthesis o fa lly l derivatives (2.14) and (2.15)

Evidence for the presence of the hydroxyl moiety adjacent to the allyl group of (2.14) was 

provided in the infrared spectrum by the presence of the broad OHstr at 3552 cm \  HRMS data 

was in agreement with the proposed structure with the (M  + Na)"' 419.2351, correlating to the 

calculated mass, 419.2353. The N M R  spectrum of compound (2.14) differs from the parent 

(2.07) by the presence of an additional allylic CH2 resonating within the region 2.39-2.81 ppm, the 

terminal alkene protons and the vinylic protons resonating as muliplets between 4.95-5.08 ppm 

and 5.52-5.61 ppm respectively. A total of twelve aromatic protons were present between 6.79- 

7.37 ppm. The main features of the carbon spectra were the presence of the quaternary carbon 

signal of the alcohol moiety at 78.6 ppm in the spectrum. The DEPT 135 spectrum showed a 

total of six CH2 signals at 24.7, 27.9, 38.1, 38.8, 43.1 and 118.3 ppm. The latter two signals were 

attributed to the allylic CH2 and the alkene CH2 . The carbon signals from the two methyl groups 

resonated at 21.0 ppm. The and “ C spectra of (2.14) appear in Figs. 2.7 and 2.8 respectively.
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Figure 2.7 NMR spectrum of (2.14)
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Figure 2.8 “ c, DEPT 135 and DEPT 90 NMR spectra of (2.14)

The NMR spectrum of compound (2.15) was quite similar to that of (2.09) with the two 

outstanding singlets at 1.35 and 1.38 ppm for the two fe/t-butyl groups as the most significant 

feature. The main difference in the aliphatic region of (2.15) in comparison to (2.09) was the
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presence of the methylene protons of the allyl chain which resonated within the region between 

2.42-2.90 ppm. The three double bond protons of the allyl chain were found further downfield as 

two multiplets; the terminal alkene protons were between 4.97-5.08 ppm and the vinylic protons 

were between 5.56-5.66 ppm. The NMR spectrum of (2.15) indicated the presence of the 

quaternary carbon bearing the alcohol and allyl groups at 78.2 ppm and there was a notable 

absence of any carbonyl signal around 200 ppm in the spectrum, in contrast to the NMR 

spectrum of (2.09) where the carbonyl signal resonated at 200.9 ppm.

2.4 Mast Cell Stabilising Activity Results of the Hydroxy Derivatives

Having successfully procured the target alcohols (2.04), (2.06), (2.08), (2.10), (2.12), (2.14) and 

(2.15), the next stage of the work was to evaluate their mast cell stabilising activity using the rat 

peritoneal mast cell (RPMC) assay. Their evaluation was carried out by Dr. Orla Woods, from the 

Walsh group. This series of compounds demonstrated a varied level of mast cell stabilising activity 

when compound 48/80 and calcium ionophore A23187 were used as elicitors to induce histamine 

release from rat peritoneal mast cells Table 2.1. Nevertheless, several compounds exhibited 

superior mast cell stabilisation activity to that of DSCG, the marketed mast cell stabiliser at the 

same concentration.

Compound Calcium Ionophore A23187 Compound 48/80

Mean SEM n Mean SEM n

(2.04) 34.22 3.94 4 6.25 5.64 4

(2.06) 70.18 4.27 4 93.86 1.83 5

(2.08) 85.40 2.89 8 73.34 10.01 4

(2.10) 39.81 6.24 5 11.13 5.31 4

(2.12) 68.31 4.65 8 44.32 2.52 8

(2.14) 62.30 8.57 4 6.60 5.43 4

DSCG 6.05 4.32 6 10.42 2.39 35

Table 2.1 Effects of novel tetralol-based compounds at a concentration of 20 nM  on calcium 

ionophore A23187 and compound 48/80-induced histamine release from RPMC. Values are 

expressed as a mean ± 5EM of the percentage inhibition of histamine release, n as indicated. 

The effect of disodium chromoglycate (DSCG) (20 filVI) on histamine release is shown as a

reference standard.
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With the exception of the diallyl derivative (2.04) and the ally! alcohol (2.14) in the presence of 

compound 48/80 , test compounds demonstrated superior inhibition of histamine release-induced 

by both eiicitors to that of the reference standard, DSCG at 20 |iM .

Of these compounds, the simple diallyl analogue (2.04) displayed the weakest activity among the 

series especially when compound 48 /80  was used to induce histamine release from mast cells 

((2.04); 6.25 ± 4.64%). Within the dibenzylated series; (2.06) without functionalisation at the para 

position and with varied substitutes at this position, ranging from a methyl as in (2.08) to a tert- 

butyl group as in (2.10), a trend of reducing activity was observed relative to an increase in size 

particularly when challenged with compound 48 /80  showing a large decrease in the percentage 

inhibition of histamine release for (2.10) ((2.06); 93.86 ± 1.83%, (2.08); 73.34 ± 10.01%, (2.10); 

11.13 ± 5.31%). The unsubstituted dibenzylated alcohol (2.06) exhibited the most promising 

activity overall. In addition to significantly inhibiting mediator release provoked by compound 

48/80 , (2.06) also inhibited release induced by calcium ionophore A23187 to an appreciable 

extent ((2.06); 70.18 ± 4.27%). The para  methyl-benzyl derivative (2.08) demonstrated the best 

protective activity of all of this series against secretagogue liberation induced by calcium 

ionophore A23187 ((2.08); 85.4 ± 2.89%). The di-cinnamyl hydroxy analogue (2.12) also exhibited 

considerable stabilising activity in the presence of both eiicitors but more significantly when 

calcium ionophore A23187 was employed in the assay ((2.12); 68.31 ± 4.65%). Attachment of an 

allyl chain onto the carbon bearing the alcohol moiety of the 4-methyl benzyl derivative (2.08) to 

generate compound (2.14) caused a substantial decrease in mast cell stabilising activity when 

challenged with compound 48 /80  where the activity was almost 10-fold less than its secondary 

alcohol analogue ((2.14); 6.60 ± 5.43%). However, (2.14) potently inhibited calcium ionophore 

A23187-induced histamine release, showing an inhibition value that was comparable with the 

dicinnamyl derivative (2.12) ((2.14); 62.3 ± 8.57%).

2.5 Attachment of Water-Solubilising Groups

The preliminary screening results outlined in Table 2.1, indicated that many of these compounds 

had potential as mast cell stabilisers and moreover it showed that the majority of the novel 

compounds inhibited histamine release induced from mast cells far more potently than that of 

DSCG, the positive control. During the evaluation studies, however, several compounds exhibited 

low solubility in the physiological solution used to evaluate their mast cell stabilisation effect and 

in certain situations required either the use of Tween 80 or DMSO to achieve their complete
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solubilisation. We were also aware that more soluble analogues of the alcohol series were 

required for the assessment of their activity in vivo.

The next strand of this work was therefore aimed at conjugating onto the hydroxyl substituent 

better water-solubilising groups than the hitherto single contribution from the hydroxyl group. In 

deciding upon suitable groups we were cognisant of the fact that the benzyiic alcohol of these 

compounds was considered an essential functionality for effective mast cell stabilisation. It was 

therefore our synthetic strategy to develop water-solubilising derivatives where if required could 

be reconverted back to the original alcohol compounds in vivo. The hydroxy functionality provides 

a convenient means by which an ester linkage could be used to serve as a suitable functionality 

for appending water-solubilising groups containing either a carboxy or amino group at its 

terminus. The corresponding salts of which were then expected to impart the necessary solubility 

to allow for their evaluation in vivo. Even if these derivatives proved to be inactive, the presence 

of the ester group meant that a prodrug mechanism could possibly occur via hydrolytic cleavage 

of the ester bond would result in regeneration of the parent alcohol in vivo.

In the first instance it was decided to form hemisuccinate derivatives of the most active alcohols 

(2.06), (2.08) and (2.10) to generate derivatives of structural type (B). Succinate is a component in 

the metabolic pathway of the citric acid cycle where it is capable of donating electrons to the 

electron transport chain to produce furamate. It was chosen for our particular application for its 

non-toxic and water-solubilising characteristics. Use of the succinate ester has been reported in 

the prodrug formation of propofol, the active ingredient in anesthetic to produce a more water 

soluble derivative; the propofol hemisuccinate sodium salt allowing for the administration of the 

drug [188] and also in the case of artensunate, an active antimalarial drug that is used clinically 

[189]. Succinate derivatives of methylprednisolone, prednisolone and chloramphenicol have also 

been described [190] [191- 192].

R = H, methyl or t-butyl

Figure 2.9 Target compounds of structural type (B)
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2 .5 .1 2.5.1.1 Synthesis of hem i-Sucdnate  Derivative (2.16)

Transformation of the alcohol (2.06) to the corresponding hemi-suctmate derivative was achieved 

using succinic anhydride in the presence of DMAP and triethylamine in DCM. After stirring for 

twenty-four hours at room temperature, the hemi-succinate (2.16) was obtained in good yield 

(65%).

Succinic anhydride, 
TEA, DMAP

OH DCM 
R.T., 24h, (65%)

(2.06) (2.16) 

Scheme 2.12 Synthesis of (2.16)

Important infrared characteristics of the hemisuccinate (2.16) included the broad 0-Hs,r at 3064 

cm '\ the two carbonyl stretching frequencies at 1734 and 1713 cm  ̂and the strong C-Os,r at 1169 

cm '\ An accurate mass for (2.16) with the molecular formula of C36H4404Na was found by HRMS 

563.3130 as expected.

The diagnostic features of the NMR spectrum of compound (2.16), in comparison to the parent 

alcohol (2.06) which indicated that esterification had taken place was the marked presence of a 

large multiplet resonating from 2.66-2.74 ppm that was partially attributed to the protons from 

the two methylene groups of the succinate chain that overlapped with the methylene protons 

from one of the benzyl groups. A singlet at 5.96 ppm was attributed to the carbon bearing the 

ester functionality. The main additional features of the spectrum were the presence of the 

two quaternary signals at 171.5 and 178.1 ppm that were attributed to the two carbonyl carbons 

of the succinate chain. The DEPT 135 spectrum indicated the presence of the two additional CH2 

carbons giving a total of six CH2 signals. The DEPT 90 spectrum showed the presence of the 

benzylic CH carbon at 74.8 ppm and nine aromatic signals for the fourteen aromatic CH carbons in 

the molecule. The proton spectrum and carbon spectra of (2.16) are shown in Figures 2.10 and 

2.11 respectively, while the H-C COSY NMR spectrum of (2.16) is shown in Figures 2.12 and 2.13.
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Figure 2.10 NMR spectrum o f (2.16)
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Figure 2.11 Carbon spectra o f (2.16)
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Figure 2.12 H-C COSY o f (2.16) from  6.15-7.4S ppm

Figure 2.13 H-C COSY NMR spectrum o f (2.16) from  1.55-3.25 ppm

74



2.5.2 Synthesis of Hem/-Succinate Derivative (2.17)

Treatment of (2.08) with succinic anhydride in the presence of DMAP and triethylamine in DCM 

afforded the /jemZ-succinate derivative (2.17) after twenty-four hours in 70% yield.

Succinic anhydride, 
TEA, DMAP

DCM,
R.T., 24h, (70%)

O .0

HO

(2.17)

Scheme 2.12 Synthesis o f (2.17)

OH

Akin to the infrared spectrum of the hemi-succinate (2.16), the diagnostic features of the infrared 

spectrum for (2.17) were the 0-Hs,r at 3023 cm \  the absorbances for the two C=Ostr at 1733 and 

1712cm'^ as well as a strong C-Ostr at 1169cm'^. HRMS analysis of compound (2.17) revealed the 

molecular mass as 479.2172 (M + Na)*, calculated 479.2198.

The NMR spectrum of (2.17) closely resembled that of (2.16); two of the tetralin ring 

methylenes again dominating the region from 1.56-1.97 ppm. The main differences between the 

two spectra were the two sharp singlets at 2.32 and 2.37 ppm signifying the presence of two 

methyl groups of (2.17), The methylene protons of the succinic chain overlapped with a doublet 

signal representing one of the protons from one of the two benzyl groups from 2.66-2.70 ppm. 

The proton from the carbon bearing the succinate chain resonated again as a singlet at 5.91 ppm. 

In the aromatic region, two doublets were apparent at 6.94 ppm and 7.05 ppm while a multiplet 

for eight protons resonated from 7.13-7.22 ppm adding up a total of twelve aromatic protons.

Key features of the NMR spectrum were the two carbonyl groups, at 171.8 ppm for the ester 

carbonyl and 178.0 ppm for the acid carbonyl.

2.5.3 Synthesis of Hem/-Succinate Derivative (2.18)

Treatment of (2.10) with succinic anhydride in the presence of DMAP and triethylamine in DCM at 

room temperature over twenty-four hours resulted in the /?em/-succinate (2.18), a white solid in 

66% yield.
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OH

Succinic anhydride, 
TEA, DMAP

DCM,
R.T., 24h, (66%)

O .0

HO

(2.10) (2 .18)

Scheme 2.13 Synthesis of (2.18)

Upon esterification o f the secondary alcohol, the principal infrared absorptions o f (2 .18) w ere the  

broad 0-Hs,r at 2961 cm \  the tw o carbonyl stretches at 1730 and 1713 cm'^ followed by a C-Os,rat 

1168 cm \  HRMS analysis gave the accurate m olecular mass as 563.3130, calculated 563.3137 for 

the elem ental composition (C3 6 H4 4 0 4 Na).

Like the spectra o f the fo rm er succinate derivatives (2 .16 ) and (2 .17), the N M R spectrum of 

(2 .18 ) presented a m ultip let betw een 2.61-2.72 ppm that was attribu ted  to both the four 

m ethylene protons of the  succinate pendant and tw o  m ethylene protons of one o f the  benzyl 

substitiuents. O ther significant features in the aliphatic region w ere those o f the tw o strong 

singlets at 1.32 and 1.36 ppm representing the protons o f the  tw o  f-butyl groups. A singlet was 

observed at 5.96 ppm for the single proton adjacent to  the ester group. Diagnostically, the  

NM R spectrum showed an increase o f tw o  quaternary signals at 171.4 and 177.9 ppm that w ere  

attribu ted  to the tw o  new  carbonyl carbons. In the DEPT 135 spectrum , tw o  extra CH2 signals 

w ere notable at 28.8 and 30.9 ppm belonging to the succinic chain resulting in a total o f six CH 2 

signals fo r the com pound. The DEPT 90 spectrum confirm ed the presence o f the m ethine carbon 

at 75.0 ppm and a total o f seven signals w ere present in the arom atic region for the tw elve  

arom atic carbons.

2.6 Extension of the Carbon Chain

Having developed the /iem /-succinate derivatives (2 .16  - 2 .18 ), it was decided to expand fu rther  

upon the carboxylic acid derivatives. It was o f interest to extend the carbon chain o f the succinic
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acid tail to investigate the contribution of the carbon chain length to the activity and solubility of 

the compound. Glutaric anhydride was employed as it contains an additional methylene group 

compared to the previously used succinic anhydride.

Considering the effective mast cell stabilising results demonstrated by compound (2.06) in the 

presence of both calcium ionophore (70.18 ± 4.27%) and compound 48/80 (93.86 ± 1.83%) in the 

RPMC assay, this alcohol derivative was chosen to form the /7e/77/-glutarate derivative. The 

reaction was carried out using the same conditions employed for the synthesis of (2.16)-(2.18).

2.6.1 Synthesis of the Hem/-Glutarate Derivative (2.19)

Attachment of glutaric acid to compound (2.06) was effected using glutaric anhydride in DCM 

containing DMAP as catalyst and triethylamine as base. After twenty-four hours, the target hemi- 

glutarate ester (2.19) was obtained in good yield (67%).

Glutaric anhydride, 
TEA, DMAP

OH DCM,
R.T., 24h, (67%)

.0O

OH

(2.06) (2.19)

Scheme 2.14 Synthesis of (2.19)

Infrared analysis showed a broad 0-Hstr at 2933cm'^ followed by an intense C=Os,r at 1730 cm'  ̂

and a C-Ojtr at 1151 cm'  ̂for the ester and carboxylic acid groups. HRMS analysis gave an accurate 

molecular mass (M + Na)"' as 465.2025, calculated as 465.2042 for molecular formula

(C 2 9 H 3 o 0 4 N a ).

Compound (2.19) exhibited a similar NMR spectrum to that of the corresponding 

hemisuccinate analogue (2.12). The extra protons from the CH2 group of the glutaric chain were 

found resonating within a multiplet from 1.86-1.92 ppm. Similarly, the other two CH2 groups of 

the /)em/-glutarate resonated as a multiplet from 2.21-2.41 ppm. The benzylic CH proton was 

present as a singlet at 5.84 ppm. The proton spectrum of (2.19) is shown in Figure 2.14. In the 

DEPT 135 spectra the additional CH2 carbon was present at 19.4 ppm among a total of seven CH2 

signals. The DEPT 90 spectrum accounted for fourteen aromatic carbons and the carbon at
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position 1 of the  tetralin  ring was p resen t at 74.5 ppm. The carbon spectra of (2.19) are presented  

in Figure 2.15 and the  H-C COSY spectrum  is shown in Figures 2.16 and 2.17.

OH

3 25 47 6

Figure 2.14 NMR spectrum o f (2.19)

60100 80 40160 140 120180

Figure 2.15 “c, DEPT 135 and DEPT 90 NMR spectra o f (2.19)
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Figure 2.16 H-C COSY o f (2.19) from  6.67-7.60 ppm
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Figure 2.17 H-C COSY o f (2,19) from  1.37-7A 6 ppm
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2.7 Attachment of the Amino Acid Substituents

Various amino acid esters have been used as water-soluble prodrugs containing a hydroxyl group 

due to their facile endogenous enzymatic cleavage, excellent solubility properties of their acid 

salts and ease of synthesis [193].

Incorporation of water-solubilising substituents into our lead compounds was extended to the 

amino acid family of structures. Given the lipophilic nature of the lead molecules, it was 

anticipated that the corresponding salts of the amino acid derivatives would solubilise the 

compounds in aqueous solutions to allow for their evaluation in vivo. It was felt that the amino 

acid derivatives could conceivably be introduced into the structures of our lead compounds in the 

same way as the carboxylic acid analogues, via an ester link of the alcohol functionality.

The first amino acid to be introduced was /V,/\/-dimethylglycine. This methylated amino acid is 

found in all cells and has been reported as a prodrug functionality to improve solubilisation of 

lipophilic compounds in water so as to permit oral administration of the drug. N,N- 

dimethylglycine esters of menahydroquinone-4 have been synthesised as potential water-soluble 

prodrugs to improve the delivery problems associated with vitamin K to allow for its parenteral 

use [193].

2.7.1 Synthesis of the A/,/V-Dimethylglycine derivative (2.20)

Synthesis of the A/,A/-dimethylglycine ester of compound (2.06) was accomplished by addition of

(2.06) followed by DMAP to a solution of A/,A/-dimethylglycine, triethylamine and 2,6- 

dichlorobenzoyl chloride in anhydrous DCM at 0°C. The reaction temperature was allowed to 

reach ambient and after twenty-four hours, the A/,/V-dimethylglycinate derivative (2.20) was 

obtained as a white solid in 53% yield.

/V,A/-Dimethylglyclne 
2,6-Dichlorobenzoyl chloride, 

TEA, DMAP

OH 0
DCM,

R.T., 24h, (53%)

(2.06) (2.20)

Scheme 2.15 Synthesis of (2.20)
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The main infrared absorptions in compound (2.20) were those of the C=Ostr at 1746 cm'^ and C- 

Ostr of the ester group at 1224 cm \  HRMS analysis of compound (2.20) gave accurate mass (M + 

H)  ̂as 414.2429, calculated 414.2427 from molecular formula C2 8 H3 2 NO2 .

As illustrated in the spectrum of (2.20) in Figure 2.18, one of the main features of the NMR 

spectrum of compound (2.20) was the overlapping signals in the region from 2.78-2.82 ppm that 

was attributed to the protons from the two W-methyl groups and the methylene protons from 

one of the benzyl groups. The protons originating from CH2 of the A/,/V-dimethy!glycine moiety 

were evident as two doublets resonating in the region from 3.39-3.56 ppm. The CH of the ester 

link was present as a singlet at 5.94 ppm. The fourteen aromatic protons were accounted for in 

the region from 7.08-7.36 ppm. The DEPT 135 spectrum confirmed the presence of the two 

methyl groups at 44.8 ppm. A total of five CH2 signals were present at 25.1, 26.9, 38.6, 39.6 and 

59.9 ppm. The benzylic CH signal was present at 78.3 ppm. The ^̂ C spectrum showed the carbonyl 

signal at 170.1 ppm. The carbon spectra and the two sections of the H-C COSY spectrum of (2.20) 

are shown in Figures 2.19, 2.20 and 2.21 respectively.

2 [ppm]6 5 4 37

Figure 2.18 NMR spectrum of (2.20)
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Figure 2.20 H-C COSY o f (2.20) from 5.70-7.50 ppm

82



I

J .  I V  ■
'' w \   ■' ________________ _

2.03 j 3.0

Figure 2.21 H-C COSY o f  (2.20) from  1.70-3.63 ppm  

2.7.2 Synthesis of th e  Cyclohexenyl-Sarcosine Derivative

Following th e  successful synthesis  of th e  am ino  acid derivative (2.20), it b e c a m e  of in te res t  to  

replace o n e  of th e  methyl g roups of th e  A/,A/-dimethylglycine sub s t i tu en t  with a cyclohexenyl ring. 

This substi tu t ion  was m otiva ted  by so m e  of th e  earlier work within th is  research  g roup  w h ereb y  

m any o f  th e  m olecules syn thesised  by Barlow con ta ined  a cyclohexenyl m oie ty  a t ta c h e d  to  th e  

te rtia ry  nitrogen d e m o n s t ra te d  significant m as t  cell stabilising activity [187]. The dou b le  bo n d  in 

th e  cyclohexenyl ring w as d e e m e d  necessary  to  im pose  a deg ree  o f  s tructura l  rigidity of  th e  

relatively flexible cyclohexyl ring so as to  preven t  conform ational a l te ra t ions  of t h e  ring t h a t  may 

result in steric in te rfe rence  during juxtapositioning of th e  p h a rm a c o p h o re  with its site  of action.

2.7 .2 .1  Syn thes is  o f  t h e  Cyclohexenylam ino Derivative (2.21)

The synthetic  rou te  for th e  prepara t ion  of  th e  /V-cyclohexenyl derivative (2.21) w as similar to  th a t  

used to  g e n e ra te  th e  glycinate (2.20) and involved th e  fo rm ation  of  th e  e s te r  o f  (2.06) using th e  

FMOC-sarcosine am ino acid derivative.
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OH

Fmoc-Sa r-OH 
2,6-Dichlorobenzoyl chloride, 

TEA, DMAP

DCM,
R.T., 2h, (54%)

0

(2.06) (2.21)

Scheme 2.16 Synthesis o f compound (2.21)

Compound (2.21) exhibited infrared absorption for the two carbonyls groups at 1721 and 1708 

cm \  HRMS gave an accurate mass for (2.21) as 644.2761 for the molecular formula C42ti3sN04Na. 

Analysis of the resultant conformers (2.21) by NMR analysis was hampered by complex 

coupling patterns and considerable signal overlap. The two non-benzylic methylene protons of 

the tetralone ring resonated as two multiplets between 1.59-1.70 and 1.94-2.09 ppm. These were 

followed by a complex overlapping set of multiplets from 2.77-2.96 ppm, representing one of the 

benzylic protons from the tetralone ring and three of the four methylene protons from the benzyl 

side chains. The /V-methyl protons were found resonating within a multiple! of four protons from 

3.07-3.17 ppm that also contained the second benzylic methylene proton from the tetralone ring. 

A complex signal for five protons followed from 4.01-4.52 ppm that was attributed to the 

methylene and methine protons of the Fmoc group and the methylene protons of the sarcosine 

tail. The proton of the carbon bearing the ester group resonated as a singlet among two 

multiplets between 5.99-6.13 ppm. The aromatic region accounted for a total of twenty-two 

protons stretching from 7.07-7.84 ppm. The main features of the carbon spectra were the six 

methylene carbon signals in the range of 25.4-68.0 ppm and the N-methyl carbon at 35.6 and 36.3 

ppm for each conformer. There was a notable presence of the two carbonyls from the Fmoc and 

sacrosine groups at 156.6 /156.7 ppm and 169.4/169.6 ppm respectively.

Treatment of (2.21) with piperidine (20%, v/v) in DMF at 0°C resulted in the removal of the Fmoc 

group, liberating the secondary amine (2.22) after 10 minutes. The reaction was subsequently 

quenched with water to avoid further hydrolysis of the ester group. However, despite the 

efficiency in the reaction time, cleavage of the sarcosine ester also occurred to a lesser extent to 

reform the alcohol compound (2.06) as judged by its identical Rf value to that of a standard 

sample following TLC analysis.
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Piperidine 
(20%, v/v)

DMF,0°C
lOmin

0 +
OH

NH

(2.21) (2.22) (2.06)

Scheme 2.17 Deprotection of (2.21) to generate compound (2.22)

Loss of the Fmoc carbonyl signal was observed in the infrared spectrum of the secondary amine 

(2.22), showing two important signals, C=Ostr, and C-Ostr of the ester group at 1738 and 1176 cm'  ̂

respectively.

Removal of the Fmoc group significantly simplified the NMR spectrum of compound (2.22). The 

resonance patterns were similar to that of the dimethylamino derivative (2.20). Some of the 

significant features in the aliphatic region were those of the singlet at 2.50 ppm and the four 

doublets from 2.65-2.96 ppm that were attributed to the protons of the methyl group and the 

methylene groups of the benzyl substitiuents respectively. The aromatic region was considerably 

less complicated in comparison to (2.21), where only the expected fourteen protons resonated 

between 7.10-7.37 ppm. The carbon spectra of (2.22) were also significantly less complex in 

comparison to that of (2.21). The main features were those of the methyl carbon at 36.2 ppm, the 

five CH2 carbons at 25.6, 27.5, 39.3, 40.2 and 52.9 ppm and the CH carbon bearing the ester 

functionality at 75.36 ppm. In the aromatic region the fourteen CH carbons were found resonating 

between 126.1-131.0 ppm. Both the proton and carbon spectra of (2.22) are illustrated in Figures 

2.22 and 2.23.
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Figure 2.22 NMR spectrum o f  (2.22)
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Figure 2.23 C, DEPT 135 and DEPT 90 NMR spectra o f  (2.22)
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Alkylation of the secondary amine (2.22) with 3-bromocyclohexene was achieved using CS2 CO3 as 

base to yield the cyclohexenylamino derivative (2 .23) after two hours in 40% yield.

3-Bromocydohexene,
CS2CO3

DMF,
R.T., 2h, (40%)

0

(2.22) (2.23)

Scheme 2.18 Synthesis of (2.23)

Infrared analysis of the tertiary amine (2.23) showed prominent C-Ostr of the ester group at 1179 

cm'  ̂and the ester carbonyl stretching frequency at 1746 cm '\

HRMS analysis of compound (2.23) gave accurate mass as 502.2710, calculated 502.2722 from 

molecular formula C3 3 H3 7 N0 2 Na.

Addition of the unsaturated cyclohexenyl ring added to the complexity of the NMR spectrum of 

compound (2.23) particularly in the aliphatic region due to the presence of diastereomers. The 

additional three methylene groups of the cyclohexenyl ring are found to be resonating as an 

overlapping multiplet in the region between 1.47-2.10 ppm. The protons from the methyl group 

resonated as a doublet at 2.52 ppm while the sole aliphatic CH of the cyclohexenyl ring was found 

resonating as a multiplet signal from 2.45-2.50 ppm that overlapped with one of the protons from 

the methylene group adjacent to the carbonyl moiety. The other main features of the spectrum 

were the presence of a triplet and multiplet between 5.74-5.94 ppm that were attributed to the 

two protons of the double bond of the cyclohexenyl ring. The DEPT 135 spectrum revealed at 

total of eleven CH2 carbon signals, some overlapping, for the eight CH2 groups resonating between 

21.4-54.9 ppm. The CH signal of the cyclohexenyl ring adjacent to the nitrogen was found at 59.9 

ppm. In the aromatic region, a total of thirteen carbon signals were found between 126.1-131.1 

ppm that were attributed to the twelve aromatic carbons and the two carbons of the double 

bond. The latter resonated at 129.5 /129.6 ppm and 130.8 ppm. The NMR spectrum showed 

the carbonyl signals at 171.8 ppm.
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2.8 Mast Cell Stabilising Activity of Compounds (2.16-2.20) and (2.23)

A series of novel /7em/-succinate/glutarate and amino ester derivatives of alcohols (2.06), (2.08) 

and (2.10) were synthesised with the aim of enhancing the activity and solubility of these 

compounds in both in vitro  and in vivo settings. Initial mast cell stabilisation studies were 

performed at 20|iM using calcium ionophore and compound 48/80 to induce histamine release 

from RPMC (Table 2.2).

Compound Calcium Ionophore A23187 Compound 48/80

Mean SEM n Mean SEM n

(2.16) 74.72 6.04 4 42.55 11.74 5

(2.17) 36.86 12.73 4 43.29 6.27 6

(2.18) 63.71 5.56 7 90.90 6.05 4

(2.19) 74.97 7.88 4 100.00 3.00 5

(2.20) 89.50 2.80 4 91.18 3.92 4

(2.23) 84.55 15.34 3 NT

DSCG 6.05 3.46 6 10.42 2.08 35

Table 2.2 Effects o f novel compounds (2.16-2.20) and (2.23) at a concentration o f 20fiM  on 

calcium ionophore A23187 and compound 48/80  induced histamine release from RPMC. Values 

are expressed as a mean ± SEM of the percentage inhibition o f histamine release, n as indicated.

The effect of disodium chromoglycate (DSCG) (20 nM ) on histamine release is shown as a

reference standard. NT= Not Tested.

From an inspection o f the data shown in Table 2.2, it is clear that this second series of 

compounds, on the whole, demonstrate improved mast cell stabilising activity compared with 

their hydroxy derivatives and all exhibit significantly higher inhibition values than that of the 

reference standard, DSCG. Among the three /7em/succinate derivatives, (2.17) was the least 

effective at stabilising mast cells in the presence of calcium ionophore A23187 while 2.16 showed 

significant activity when challenged with this elicitor ((2.16); 74.72 ± 6.04%, (2.17); 36.86 ± 

12.73%, (2.18); 63.71 ± 6.05%). However when compound 48/80 was employed to induce 

histamine release, (2.18) was the most active of the three with high inhibition of mast cell 

degranulation while (2.17) and (2.16) were less than half as active in comparison ((2.16); 42.55 ±

88



11.74%, (2.17); 43.29 ± 6.27%, (2.18); 90.9 ± 6.05%). Extension of the carbon chain length of 

compound (2.16) by one methylene group to afford the /)em/glutarate derivative (2.19) proved to 

have been a w/orthwhile investigation as indicated by the outstanding inhibition values w/ith both 

calcium ionophore ((2.19); 74.97 ± 7.88%) and compound 48/80 ((2.19); 100.0 ± 3.00%). The N,N- 

dimethyl amino analogue (2 .2 0 ) also showed promising activity as a mast cell stabiliser with 

elevated inhibition values with both elicitors, calcium ionophore ((2.20); 89.50 ± 2.80%) and 

compound 48/80 ((2.20); 91.18 ± 3.92%). Substitution of one of the methyl groups on the 

dimethylglycinate (2.20) with a cyclohexenyl ring as exemplified by (2.23) did not impair activity 

when assayed with calcium ionophore ((2.23); 84.55 ± 15%), although the results obtained at the 

different concentrations were all highly variable in comparison to the rest of the series. This 

compound was not tested for activity against compound 48/80-induced histamine release.

IC50 values were established in compounds which exhibited the most favourable solubility and 

mast cell stabilising activity. IC50 values, shown in Table 2.3 were only obtained in the presence of 

calcium ionophore A23187 for (2.12) (IC50 0.17 nM) and (2.14) (IC50 0.88 |iM) because of their 

poor mast cell stabilising activities in the presence of compound 48/80. IC50 values were obtained 

using both calcium ionophore A23187 and compound 48/80 for (2.08) (IC50 0.55 nM calcium 

ionophore A23187; IC50 1.72 nM compound 48/80), (2.17) (IC50 0.24 |iM calcium ionophore 

A23187; IC5 0 1.05 |iM compound 48/80) and (2.18) (IC50 81.82 nM calcium ionophore A23187; IC50  

0.20 nM compound 48/80). The /7em/-succinate derivative of the fert-butylbenzyl analogue (2.18) 

is evidently the most potent mast cell stabilising compound in the presence of both calcium 

ionophore A23187 and compound 48/80 among those that were assayed.

In light of these findings and the observed inhibition values of in vitro RPMC assay, the most 

potent compounds that displayed advanced and consistent inhibition of histamine release 

induced by both calcium ionophore A23187 and compound 48/80 were the /?em/-succinate (2.18) 

(Compound 48/80; 90.90 ± 6 %, calcium ionophore A23187; 63.71 ± 6 %) and the dimethylgylcinate 

(2.20) (Compound 48/80; 91.18 ± 4%, calcium ionophore A23187; 89.5 ± 3%). The next stage in 

the development of potent mast cell stabilising compounds was to establish whether this activity 

could be maintained in the in vivo setting.
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2.9 ICso Values for test compounds (2.08), (2.12), (2.14), (2.17) and (2.18)

Compound Calcium lonophore A23187 

ICso

Compound 48/80  

ICso

(2.08) 0.55 \iM 1.72 ^M

(2.12) 0.17 nM

(2.14) 0.88 |iM

(2.17) 0.24 nM 1.05 mM

(2.18) 0.081 nM 0.20 nM

Table 2.3 ICso values fo r the test compounds, (2.08), (2.12), (2.14), (2.17) and (2.18) following 

RPMC assay using the elicitors Compound 48/80  and/or Calcium lonophore A23187

2.10 Passive Cutaneous Anaphylaxis (PCA)

Both ester containing compounds (2.18) and (2.20) w ere evaluated by W oods in the PCA assay of 

using fem ale W istar rats. Despite the presence of the w ater soluble substituents on these 

molecules, both compounds still required the  aid o f organic solvent as vehicles to facilitate the ir  

solubility in aqueous solutions. ((2.18); 2% Tween in w ater o f injection (W l), (2.20); 1% DMSO in 

physiological saline (0.9% w /v )). DSCG, the clinical mast cell stabiliser was employed as a positive 

control. The in vivo results revealed w ere rather disappointing as they did not reflect the leading 

inhibition values that these compounds had exhibited in the in vitro  setting. Unfortunately, the  

/7em/-succinate derivative (2.18) did not dem onstrate any mast cell stabilising activity in vivo 

((2.18); -26.98 ± 12%, DSCG; 76.12 ± 7%) and instead appeared to cause a release o f histam ine by 

inducing an increase in Evans blue dye leakage in comparison to controls. Although the glycinate 

deriviative (2.20) offered some protective activity ((2.20); 47.54 ± 14.6%, DSCG; 101.20 ± 30), it 

was not at a sim ilar level to  the mast cell stabilising activity observed in the RPMC assay.
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2.11 Conclusions

With the primary objective to synthesise mast cell stabilising compounds, the overall aims of this 

work were;

1. To develop a series of simplified tetralol compounds which contained a reduced num ber 

of asymmetric centres to that of the leading compounds (2.01) and (2.02).

2. To improve the solubility profile of the alcohol series by introducing a range of polar 

substituents into their structures whilst enhancing the  potency of the series.

A series of tetraiol-based compounds were successfully synthesised with symmetric centres at 

position 2 of the tetralol structure by dialkylating a- te tralone with a range of benzyl and alkyl 

groups followed by reduction of their carbonyl functionality. These compounds were evaluated in 

vitro to determine their mast cell stabilising activity where the overall majority dem onstrated  

superior activity to the  established mast cell stabiliser, DSCG. Among the series, the di-benzyl 

(2.06) and the di-poromethyl benzyl (2.08) demonstrated  th e  most impressive mast cell stabilising 

activity when both calcium ionophore A23187 and Compound 48/80 were employed as elicitors 

of histamine release with inhibition values ranging from 70.18 ± 4.27% to 93.86 ± 2.89%. The di- 

allyl analogue (2.04) performed the  weakest among the series which emphasised the requirement 

of more than one aromatic ring system.

Compounds (2.06), (2.08) and the di-terfbutyl benzyl (2 .10) were further selected as models upon 

which to attach water-solublising groups via an ester linkage of their alcohol moieties. Hem;'- 

succinate derivatives of (2.06), (2.08) and (2.10) successfully yielded the respective compounds 

(2.16), (2.17) and (2.18). Inclusion of additional polar groups into the structure of th e  po ten t mast 

cell stabiliser (2.06) generated the /iem/-glutarate (2.19), the glycinate (2.20) and the  cyclohexenyl 

sacrosine derivative (2.23). The in vitro mast ceil stabilising activity results obtained for this series 

were promising. Virtually complete inhibition of histamine release was dem onstrated  by 

compounds (2.18), (2.19) and (2.20) in the presence of Compound 48/80. In all cases, mast cell 

stabilising activity was far better  than DSCG. Compounds (2.18) and (2.20) were selected for 

evaluation in vivo based on their po ten t activity in vitro and solubility. Disappointedly, the degree 

of activity demonstrated  by these  compounds was not translated in the PCA model especially in 

the case of (2.18) which did not suppress PCA reaction to any significant degree. It is hypothesised 

that  cleavage of the ester group by esterases to  reform the parent alcohol (2.10), whose activity 

was less effective in vitro, was a likely scenario. The excellent mast cell stabilising activity 

exhibited by this series in vitro warranted an investigation into this theory.
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3 Chapter 3

3.1 Introduction

The in vitro data generated on the hennisuccinate, (2.18) showed that it was a potent mast cell 

stabiliser when both Calcium lonophore A23187 and Compound 48/80 were used to induce 

histamine release from rat peritoneal mast cells, of which the highest level of activity was 

observed in the presence of Compound 48/80 (IC50 = 81.82 nM). However, when evaluated in 

vivo, (2.18) failed to show any degree of significant activity in the PCA assay. The disappointing 

performance of this compound suggested to us that the likely fate of this compound in plasma 

was rapid hydrolysis back to the parent alcohol (2.10) as administration of test compounds in the 

PCA assay is by intravenous injection.

In the synthesis of the /lemZ-succinates/glutarate and /V,A/-dimethyl amino glycinates to purposely 

aid the solubility of the parent alcohols, we were particularly cognisant of the fact that ester 

linkage in all of these derivatives could potentially be hydrolysed by enzyme esterases in vivo in a 

manner similar to that shown for (2.18) in Figure 3.1.

Figure 3.1 Possible hydrolysis o f the ester group in compound (2.18) by esterase activity to 

generate hydroxylated compound (2.10) and succinic acid

3.1.1 Esterases

Esterase enzymes play a key role in the detoxification of xenobiotic esters in humans via 

hydrolysis of the ester functionality [194]. Esterases are capable of performing many 

biotransformations by virtue of their wide and overlapping substrate specificity such as esters, 

amides and thioesters [195], carbamates [196]. They are however classified into three groups 

based on their reactivity with organophosphorous compounds (A-, B- and C-esterases) [197]. A-

Compound (2.18) Compound (2.10) Succinic acid
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esterases rapidly hydrolyse organophosphates while B-esterases are inhibited by 

organophosphates and C-esterases do not interact w ith organophosphates.

3.1.1.1 Esterases A

One o f the most im portant groups o f enzymes among esterases A is the enzyme family 

paraoxonase (EC 3.1.8.1). The three members o f the family, PONl, P0N2 and P0N3 catalyse a 

broad array o f compounds such as aromatic carboxylic acid esters, organophosphates and 

organophoshinates [198] and aliphatic lactones [199]. Human PONl is localised predominately in 

the blood where it is associated w ith high density lipoprotein (HDL) [200] and in the microsomal 

fraction o f the liver [201], Although little  inform ation on the roles played by these enzymes is 

known, all three fam ily members play a protective role against atherosclerosis [202-203]. P0N3 is 

primarily found in the liver and P0N2 is more widely expressed and is found in the brain, kidney 

and liver [204]. These esterases can be inactivated by EDTA, metals (Cu) and mercurial 

compounds such as phenyl mercuric acetate (PMA) and poro-chloromercuribenzoate (PCMB) 

[205].

3.1.1.2 Esterases B

Esterases o f type B include carboxylesterase (EC 3.1.1.1), acetylcholinesterase (EC 3.1.1.7) and 

butyrylcholinesterase (EC 3.1.1.8) [206], These enzymes consist o f approximately 550 amino acid 

residues and have a high degree o f sim ilarity in the /V-terminal region o f the protein which 

contains the active-site serine. The amino acid composition o f the active site o f these esterases 

are the conserved m otifs o f serine (Ser), glutamate (Glu) and histidine (His) which is associated 

the ir overlapping substrate specificity [207].

3.1.1.2.1 Carboxylesterases

Carboxylesterases (EC 3.1.1.1) represent a multigene family, the proteins o f which are members 

o f a superfamily called the a ,6 -hydrolyase-fold family which are capable o f catalysing the 

hydrolysis of a variety o f ester-containing molecules to the ir respective alcohols and free acids 

[208]. However these enzymes can additionally hydrolyse thioesters, amides and carbamates and 

hence are known as 'promiscuous' enzymes. Carboxylic esterases are present throughout the 

body; in the intestine, blood, brain and skin w ith  the ir highest activity being in the liver [209].They 

are involved in a number o f biotransformations that include the detoxification o f xenobiotic 

esters, activation o f prodrugs and metabolism o f extraneous compounds [210]. Their active site 

contains a catalytic triad o f Ser2 0 3 , GIU335 and HiS4 4s residues which are essential residues for 

hydrolytic activity [211]. In the firs t step o f hydrolysis, the nucleophilic serine oxygen activated by
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the histidine residue, which in turn is stabilised by the neighbouring glutamate residue, attacks 

the carbonyl carbon of the ester substrate that leads to the formation of an acyl-enzyme 

intermediate. The tetrahedral intermediate is stabilised by weak hydrogen bonds between the N- 

H groups glycine residues (Gly ua-m) in the oxyanion hole and the negatively charged oxygen of 

tetrahedral adduct. The alcohol product is liberated after a reversal of this reaction occurs. In the 

second step, an activated water molecule attacks the carbonyl carbon of the substrate again on 

the derivatised serine residue that results in cleavage of the ester bond to generate the carboxylic 

acid and regeneration of the enzyme. This reaction is performed under anhydrous conditions at 

the bottom of hydrophobic gorges that are 25-35A deep into the centre of the enzyme [212]. An 

outline of the mechanism of carboxylesterase activity is illustrated in Figure 3.2.

3.1.1.2.2 Cholinesterases

3.1.1.2.2.1 Acetylcholinesterase (AChE)

AChE (EC 3.1.1.7) rapidly hydrolyses its characteristic substrate, the neurotransmitter 

acetylcholine at cholinergic synapses and neuromuscular junction with outstanding catalytic 

power. AChE acts much more specifically in comparison to carboxylesterase but does catalyse 

reactions of aryl esters, amides, anilides and thioesters. [214]. AChE is present mainly in the brain 

[215] and blood or at neuromuscular junctions [216].
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Figure 3.2 Mechanism fo r the bioconversion o f esters by esterases B [213]
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3.1.1.2.2.2 Butyrylcholinesterase (BChE)

BChE (EC 3.1.1.8), also known as pseudocholinesterase is a serine hydrolase which catalyses the 

hydrolysis o f cholines including butyrylcholine, succinylcholine and acetylcholine [217], Although 

its activity is more specific than carboxylesterases, BChE is also involved in the activation o f 

prodrugs [218] and the detoxification of drugs [219]. BChE is found in the blood, brain and 

smooth muscle [215, 220], Increased BChE activity in the brain has been associated w ith the 

neurodegenerative disorder, Alzheimers disease [221].

3.2 Rat Plasma Esterases

Intravenous drug delivery via the tail vein o f female W istar rats in the in vivo assay meant that the 

ester compound (2.18) would encounter hydrolyase enzymes present in bloodstream and could 

readily undergo hydrolysis as outlined previously. Rat plasma contains four types of 

pharmacokinetically im portant esterases; butyrylcholinesterases, acetylcholinesterase, 

arylesterases and carboxylesterases [222], The carboxylesterase content is in contrast to human 

plasma that has been shown to contain little  or none. [223].

3.3 Significance of Drug Metabolism Studies

The use o f in vitro drug metabolism studies in the understanding o f in vivo pharmacokinetic data 

is an im portant element in the preclinical development of new drug substances. They provide 

useful information in selecting and prioritizing compounds fo r in vivo studies and alerts 

researchers to  the potential pitfalls o f key pharmacophores. Drug metabolic screening is therefore 

used in a prospective manner to  choose those compounds fo r fu rther development that are 

expected to possess commercially acceptable pharmacokinetic properties [224] [225] [226 ]. Their 

use in this chapter is not as orderly as the ir significance is to help gain an understanding o f the 

disappointing activity o f (2.18) in vivo.

3.4 Benflourex

To ensure functional esterase activity o f the rat plasma samples, a known compound containing 

an ester functionality was included in the study. Benfluorex [l-(3-trifluorom ethylphenyl)-2-(2- 

benzoyl-oxyethyl)-aminopropane] is an anorectic and hypolipidemic agent tha t has been widely 

used fo r the treatm ent of atherogenic metabolic disorders by acting simultaneously on lipid, 

cholesterol and carbohydrate metabolism [227]. It was chosen as our positive control fo r two 

reasons. Firstly, it hydrolyses in the presence o f both plasma [228]and microsomal esterases to

95



form a hydroxylated compound (S422, THEP: l-(3-trifluoromethylphenyl)-2-(2-hydroxyethyl) 

amino propane) and benzoic acid, as the major metabolites. The carboxylated derivative (S1475, 

l-(3-trifluoro-methylphenyl)-2-(2-carboxymethyl amino propane) is also a product from 

metabolism in the liver [229] [230]. The structures of benfluorex and its metabolites, S422, S1475 

and benzoic acid are depicted below in Figure 3.3.

Benfluorex

S422 S1475 Benzoic acid

Figure 3.3 Benfluorex and associated metabolites, S422, 51475 and benzoic acid

3.5 Aims

The aim of the work described in this chapter was to develop a suitable analytical method that 

could be applied to study the fate of (2.18) in both rat- plasma and liver microsomes. The initial 

focus was on the development of a suitable HPLC-UV method for both benfluorex and (2.18) and 

their respective metabolites benzoic acid and the alcohol (2.10). Once the LC-UV method was in 

place the purpose of the work described in this Chapter changed to a study on the in vitro 

hydrolysis of the ester moieties of benfluorex and compound (2.18) in rat plasma and in rat liver 

microsomes (RLM).

3.6 Materials and Methods 

3.6.1 Materials

Benfluorex hydrochloride, benzoic acid, PBS tablets, trifluoroacetic acid, ammonium formate and 

dimethyl sulfoxide were purchased from Sigma Aldrich. Acetonitrile Far-UV and methanol LC-MS
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grade were obtained from Fischer Scientific. Female Wistar rat liver microsomes (20 mg/mL) were 

purchased from Xenotech. NADPH regenerating solutions A and B were purchased from BD 

Bioscience.

3.6.2 Method Development

Use of the LC Thermo LTQ-XL-Orbitrap Discovery mass spectrometer was initially planned for the 

analysis of the study, however due to the poor ESI and APCI ionisation levels of both novel test 

compounds, (2.10) (alcohol) and (2.18) (carboxylic acid) in both positive and negative ion mode 

using low (0.1% formic acid) and neutral (SmM ammonium formate) pH aqueous mobile phase 

systems combined with both methanol and acetonitrile as organic modifiers determined that a 

different method of detection was required. As both compounds are suitable for detection by UV 

the LCMS system was changed to LC- photodiode array detection.

3.6.2.1 Instrumentation and Chromatographic Conditions

The HPLC system consisted of; a Waters 717 Autosampler connected to a Waters 2996 

Photodiode Array detector was employed for the analysis. The stationary phase was a reverse 

phase (RP) Phenomenex Gemini C18 150 x 3 mm, 5 nm column. Two scouting gradients were 

initially examined over two different time intervals. The first scouting gradient was 5 mM 

ammonium formate buffer with ACN as the organic solvent and the second was 0.1% TFA in water 

with 0.1% TFA in ACN. The standard sample mixture consisted of a total of four compounds which 

were; (2.18) and it possible metabolite (2.10), benfluorex and its metabolite benzoic acid. Linear 

gradients from 10% B to 90% B, where B is the organic mobile phase over 15 and 30 min were 

examined. Resolution, selectivity and peak shape were determined in assessing the optimum 

mobile phase. At neutral pH using SmM ammonium formate buffer showed poor retention for 

benzoic acid on the RP column causing it to elute in the solvent front. This is attributable to the 

pH of the mobile phase being higher than the pKa value of 4.2 for benzoic acid causing the 

compound to ionise under these conditions and elute with the solvent front. Using a low pH 

mobile phase system of 0.1% TFA in water with 0.1% TFA in ACN as the organic modifier gave 

excellent retention and resolution for all compounds on the column and satisfied the 

requirements for good chromatography. Accordingly, mobile phase A was set as 0.1% TFA in 

water and mobile phase B was set as 0.1% TFA in ACN. The injection volume was lOjiL and the 

flow rate was 1.5 mL/min. The eluent was monitored at 215 nm and peak identity was confirmed 

by photodiode array analysis. The gradient was then optimized to a suitable run time and to 

improve efficiency. The runtime was set for 20 min in which time the gradient of B climbed from
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10-90% over 10 min, remained at 90% for 5 min and equilibrated to starting gradient 10-90% for 5 

min as detailed in Table 3.1

Time (min) % Mobile Phase A % Mobile Phase B

0 90 10

10 10 90

15 10 90

15.01 90 10

20 90 10

Table 3.1 Gradient System fo r  M obile Phases A and B

Single point standard quantitation was performed by comparison of peak areas with standards 

run under the same conditions. This point had already shown to be in the linear range of the 

calibration curve. A sample chromatogram is illustrated in Figure 3.4 showing the retention and 

resolution of the four standards. The peak at approximately 19 min is present in all of the 

chromatograms and is due to the gradient switching back to re-eqiulibrate at the end of the 

runtime as deduced from a condition column event where the method is run without any 

injections.

0.35-

020-

i

-0 0 5 -

20.0016 006.00 ).002.00 4 0 0

Figure 3.4 Chromatogram showing the separation of the four standard compounds; benzoic acid, 
benfiuorex, (2.18) and (2.10) at 0.1 mg/mL using the method developed.

3.6.3 Method Evaluation

Considering that the method was only intended to identify and quantify parent; and metabolite 

compounds of (2.18) and benfiuorex and not intended for regular use, a full validation was not 

required for this study. Therefore, confidence in the method was established through a linearity 

study of the four standard compounds, (2.10), (2.18), benflourex and benzoic acid.
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3.6.3.1 Linearity

(2.18) 0.25-500 0.9996

(2.10) 0.25-500 0.9998

Benfluorex 2.5-500 0.9999

Benzoic acid 2 .5-500 0.9985

Table 3.2 The correlation levels for compounds (2.18) and (2.10) In the range 0.25-500 ng/mL 

and benfluorex and benzoic acid in the range from 2.5-500 ng/mL

Linearity for each test compound was determined by injecting a range of standards ranging from 

0.25 |ig/mL to 500 |ig/mL. Stock solutions (10000 ng/mL) of (2.18), (2.10), benfluorex and benzoic 

acid were prepared in acetonitrile and serially diluted with mobile phase to form a calibration 

curve. Calibration curve concentrations for each compound were prepared at 0.25, 2.5, 25, 50, 

100, 250 and 500 ng/mL. The method was found to be linear for all compounds for at least three 

orders of magnitude, with a minimum correlation coefficient of r  ̂ > 0.998. A sample calibration 

curve of compound (2.18) is presented in Figure 3.5
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Figure 3.5 The least squares linear -  regression curve fo r compound (2.18).

3.6.4 Metabolic Experiments

3.6.4.1 Preparation of Rat Plasma

Blood pooled from Wistar rats (10 mL) was provided by the BioResources Unit, Trin ity College 

Dublin. The blood was centrifuged at 3,000 rpm at 4 °C  fo r 10 min and the plasma supernatant 

was divided into 0.5 mL aliquots and frozen at -20 °C until required. Plasma samples were then 

thawed slowly at 0°C.

3.6.4.2 In Vitro Screening Protocol for Ester Hydrolysis in Rat Plasma

A 50% plasma solution (0.95 mL) was prepared by d ilu tion w ith PBS buffer at pH 7.4. The 

compounds (0.5 mg/mL) were dissolved in PBS buffer containing 5% DMSO; a percentage that 

was necessary to facilitate complete solubilisation o f (2.18). The same percentage o f DMSO was 

used for benfluorex and the blank. All samples were incubated in the preheated solution (37 °C) 

and 100 piL aliquots were w ithdrawn at appropriate time intervals. Samples were transferred to 

1.5 mL Eppendorf tubes containing 100 piL o f ACN and vortex mixed. Timepoint samples were 

obtained at 0, 10, 20, 30, 40, 50 and 60 min that were then centrifuged fo r 10 min at 10,000 rpm. 

The supernatants were transferred to HPLC glass vial inserts and a 20 nL aliquot o f each was 

injected directly onto the column by the autosampler and analysed by HPLC. Samples were 

analysed in triplicate.

5.6.4.3 Hydrolysis Study in PBS Buffer

The hydrolysis of (2.18) and benfluorex was studied in PBS buffer at pH 7.4. PBS buffer solutions 

containing the esters (0.5 mg/mL in 5% DMSO) were maintained at 37 °C in an incubator oven and 

100 nl aliquots were w ithdrawn at appropriate tim e intervals. Samples were transferred to 1.5 mL 

Eppendorf tubes containing 100 nL o f ACN and vortex mixed. Timepoint samples were obtained at 

0, 10, 20, 30, 40, 50 and 60 min that were then centrifuged fo r 10 min at 10,000 rpm. The samples 

were transferred to HPLC glass vial inserts and a 20 nL aliquot o f each was injected directly onto 

the column by the autosampler and analysed by HPLC using the method developed. Samples were 

again analysed in triplicate.
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5.6.4.4 Female Wistar Rat Liver Microsome Stock Solution Preparation

RLM (0.5 mL, 20 mg/mL) stock was diluted with PBS buffer, pH 7.4 (9.5 mL) to give a final 

concentration; 1 mg/mL. To reduce freeze-thaw cycles, this solution was divided into 20 x 500 |iL 

aliquots that were stored at -80 °C.

3.6.4.5 NADPH Regenerating Solution A Stock Solution Preparation

NADPH solution A (5.0 mL) was diluted with PBS buffer, pH 7.4 (5.0 mL) to give a final 

concentration; 13 mM NADP^ To reduce freeze-thaw cycles, this solution was divided Into 20 x 

500 nL aliquots that were stored at -80 °C.

3.6.4.6 NADPH Regenerating Solution B Stock Solution Preparation

NADPH solution B (1.0 mL) was diluted with PBS buffer, pH 7.4 (9.0 mL) to give a final 

concentration; 4 U/mL G-6-PDH. To reduce freeze-thaw cycles, this solution was divided into 20 x 

500 |iL aliquots that were stored at -80 °C.

3.6.4.7 Determination of Microsomal Metabolic Stability

Microsomes, NADPH regenerating solutions A and B were thawed on ice until ready for use. 

Stocks of the ester compounds; (2.18) and benfluorex were prepared in DMSO (10 mg/mL and 2 

mg/mL each). To an eppendorf tube was added 750 nL PBS solution (pH 7.4), 100 jiL NADPH 

regenerating solution A, 100 |iL NADPH regenerating solution B and 50 nL compound solution. 

After incubation for 5 min, 100 pL microsome solution was added and the incubation mixture was 

vortexed well to initiate the metabolism. The final concentration in this solution was 0.5 mg/mL or 

0.1 mg/mL compound, 0.1 mg/mL RLM, 1.3 mM NADP^ 0.4 U/mL glucose-6-phosphate 

dehydrogenase and 5% DMSO. The solution was incubated for 60 min at 37 °C and 100 pL aliquots 

were withdrawn at appropriate time intervals. Samples were transferred to 1.5 mL Eppendorf 

tubes containing 100 pL of ACN and vortexed well. Timepoint samples were obtained at 0,10, 20, 

30, 40, 50 and 60 min that were then centrifuged for 10 min at 10,000 rpm. The supernatant from 

the samples were transferred to HPLC glass vial inserts and a 10 pL aliquot of each was injected 

directly onto the column by the autosampler and analysed by HPLC using the method developed. 

Analyses were performed in triplicate.

3.6.4.S Determination of Microsomal Recovery of Compound (2.10)

Microsomes, NADPH regenerating solutions A and B were thawed on ice until ready for use. 

Stocks of the compound (2.10) were prepared in DMSO at 1, 0.5 and 0.1 mg/mL each. To an
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eppendorf tube was added 750 |iL PBS solution (pH 7.4), 100 nL NADPH regenerating solution A, 

100 |iL NADPH regenerating solution B and 50 |il of each stock solution of (2.10). After incubation 

for 5 min, 100 pL microsome solution was added and the incubation was vortexed well to initiate 

the metabolism. The final concentration in this solution was either 0.05, 0.025 or 0.005 mg/mL 

compound, 0.1 mg/mL RLM, 1.3 mM NADP"', 0.4 U/ mL glucose-6-phosphate dehydrogenase and 

5% DMSO. The solutions were incubated for 60 min at 37 °C and 100 pL aliquot was withdrawn at 

the 60 min interval. The samples were transferred to 1.5 mL Eppendorf tubes containing 100 pL of 

ACN and vortex mixed that were then centrifuged for 10 min at 10,000 rpm. The supernatant of 

the samples were transferred to HPLC glass vial inserts and a 10 pL aliquot of each was injected 

directly onto the column by the autosampler and analysed by HPLC using the method developed.

3.7 Results and Discussion

3.7.1 In Vitro Hydrolysis Study of Benfluorex In 50% Rat Plasma

Representative chromatograms showing the start and final timepoints for the hydrolysis of 

benfluorex are shown in Figs. 3.6 and 3.7. In the chromatograms obtained, clear evidence for the 

hydrolysis of benfuorex (Retention time (Rt) 8.18 min) in plasma is evident by the appearance of 

the benzoic acid peak at 5.80 min and concurrently significant reduction in the peak area for 

benfluorex in the plasma sample following a 60 min incubation time. In addition, in the 

chromatogram obtained on the plasma sample at 60 min, the additional peak with a retention 

time of 6.41 min is considered to be the hydroxylated metabolite, S422.
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Figure 3.6 Chromatogram showing benfluorex in rat plasma at 0 min
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Figure 3.7 Chromatogram showing benfluorex in rat plasma at 60 min

In th e  ch rom atog ram s obta ined , som e  baseline in te rfe rence  is ev iden t  in th e  range from 7.5-8.5 

min. These substances  eluting close to  benfluorex are  from th e  plasma matrix as th e  s a m e  peaks 

w ere  a fea tu re  of th e  ch rom atog ram  ob ta ined  from  th e  blank plasm a sam ple. However, a l though 

benfluorex e lu tes  in this range a t  8.18 min, it did no t affect t h e  reproducibility o f  its peak area  

de te rm ina tions .  Plasma sam ples  (x 3) w ere  spiked with benfluorex (0.25 mg/mL), quen ch ed  

im m ediately  with acetonitrile  and the ir  peak a rea  was recorded . The concen tra t ion  ob ta in ed  for 

benfluorex (0.252 ± 0.003 mg/mL) over th ree  d e te rm in a t io n s  suggests  little inference from any 

of th e  substances  eluting close to  th e  benfluorex peak.

The peak a t  approxim ately  0.5 min is d ue  th e  e lu tion  of DMSO in th e  solvent f ro n t  as d educed  

from  its p resence  in th e  blank plasm a samples.

A progression curve for th e  hydrolysis of benfluorex in 50% buffered  rat plasma a t  37°C ap p ea rs  in 

Figure 3.8. Depletion of th e  e s te r  by 84% is es t im a ted  by th e  change  in concen tra t ion  from 720.55 

± 8.79 |iM at 0 min to  115.27 ± 6.87 |iM a t  60 min. This transfo rm ation  coincides with the  

fo rm ation  and rise in th e  concen tra tion  of benzoic acid from  63.37 ± 15.02 |iM a t  10 min to  

508.72 ± 5.26 |iM a t  60 min. The dynamic progression curve of ou r  positive control signifies 

functioning e s te ra se  activity.
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Figure 3.8 Plot showing the time course for the consumption of Benfluorex and the formation of benzoic 
acid in 50% buffered rat plasma (pH 7.4) at 37°C. Each point represents the mean ± standard deviation of

three determinations.

The rate of hydrolysis of benfluorex and formation of benzoic acid was determined from the 

linear slopes of Figure 3.8 and found to be -9.27 nM /m in and 7.99 [iM /m in respectively. The 

progression as observed from the exponential decay of benfluorex. Therefore if the plot of 

ln(S/So) versus time a slope of Kobs, where ln(S/So)=-kt.
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Figure 3.9 Plot showing the timecouse of the log remaining of benfluorex in 50% plasma
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The half-life of benfuorex in rat plasma was calculated based on first-order reaction kinetics. The 

apparent rate constant for benfluorex was calculated from the slope of the graph (Figure 3.9) and 

from equation 1, as Kobs is equal to the slope the half life of benfluorex in plasma was determined 

to be 22.93 min.

t’/ j = 0.693/Kobs (Equation 1)

where Kobs= slope = -0.03094 m in'\

3 .7 .2  In Vitro Hydrolysis Study of Compound 2.18 in 50% Rat Plasma

Having established a system to study the rate of hydrolysis of benfluorex in plasma, our attention 

was directed towards studying the hydrolysis rate of (2.18) in the same setting. Unexpectedly, 

when we mirrored the conditions used for benfluorex and analysed the plasma samples at 0 min 

(Figure 3.10) and 60 min (Figures 3.11 and 3.12) there was very little evidence of hydrolysis of 

(2.18) to (2.10) as determined by the peak area obtained for (2.18) at 0 min and after a 60 min 

incubation time in plasma. The retention time for (2.18) was 14.39 min while that for (2.10) was 

15.10 min (Figures 3.11 and 3.12).
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Figure 3.10 Chromatogram showing compound (2.18) in rat plasma a t 0 min
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Figure 3.11 Chromatogram showing compound (2.18) in rat plasma at 60 min
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Figure 3.12 Chromatogram from 14.00-15.30 minutes showing compound 2.18 in rat plasma a t 60 min

The metabolic behaviour of (2.18) in 50% buffered rat plasma at 37°C can be seen in the 

progression curve in Figure 3.13. It appears to be present in a steady, consistent manner across 

the 60 min incubation time, only dropping to 94.6% from a starting concentration of 471.35 ± 7.28 

HM at 0 min to 446.15 ± 12.10 nM at 60 min w/ith simultaneous formation of (2.10) from 2.906 ± 

0.67 |jM at 20 min to 18.128 ± 0.817 at 60 min as shown in Figure 3.14.
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Figure 3.13 Plot showing the time-course for contpound (2.18) in 50% buffered rat plasma (pH 7.4) at 
37°C. Each point represents the mean ± standard deviation of three determinations.
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Figure 3.14 Plot showing the time course for the formation of (2.10) in 50% buffered plasma (pH 7.4) at 
37°C. Each point represents the mean ± standard deviation of three determinations.
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The apparent rate constant for (2.18) was calculated from the slope of the plot of ln(S/So) versus 

time (Figure 3.15) and the half-life of 727.02 min for (2.18) was then obtained from the equation 

1 where Kobs= slope = -0.0009532 min \

VA = 0.693/Kobs (Equation 1)
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Figure 3.15 Plot showing the timecouse o f the log remaining o f compound (2.18) in 50% plasma 

3.7.3 Aqueous Stability

In order to ensure that the slight hydrolysis noted with (2.18) was not due to aqueous hydrolysis 

in buffer solution at pH 7.4, we investigated the contribution, if any, of the aqueous buffer to the 

hydrolysis of the esters in 95% PBS solution containing 5% DMSO at 37°C. The methodology used 

to measure the stability of benfluorex and (2.18) mirrored that used for the plasma hydrolysis 

studies. The sample chromatogram shown in Figure 3.16 was obtained after test compounds were 

incubated for 60 min in the buffer solution. The retention time of benfluorex and (2.18) can be 

seen at 8.20 min and 14.40 min respectively. No new peaks representing benzoic acid or (2.10) 

were evident in the chromatogram.
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Figure 3.16 Chromatogram showing benfluorex and compound (2.18) in PBS solution at pH 7.4 after 60
min at 37°C

Although the chromatogram is devoid of any new peaks relating to  the resultant products of 

hydrolysis, namely benzoic acid and compound (2.10), there  is however a gradual decline in the 

concentration of both benfluorex and (2 .18) as calculated from the reduced peak areas over the 

60 minute incubation period. Figure 3.17.
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Figure 3.17 Plots showing the time course for benfluorex and compound (2.18) in PBS solution pH 7.4 at 
37°C. Each point represents the mean ± standard deviation of three determinations.

The results from the incubations in aqueous buffer indicate a small drop in the concentrations of 

both benfluorex and (2 .18) over the 60 min incubation period at 37 °C. The concentration of 

benfluorex appears to  change by approximately 13%, falling from 725.768 ± 10.283 |jM at 0 min 

to  633.8062 ± 17.316 at 60 min as shown in Figure 3.16. Likewise, (2 .18) seems to  follow a 

similar trend, reducing from 488 ± 5.157 |aM at 0 min to  452.1016 ± 10.4704 nM at 60 min, 

resulting in a 7.5% decline throughout the experiment as illustrated in Figure 3.17. Taking into 

account that no new peaks were formed during the study to  com pensate  for this loss, it was 

necessary to investigate the reason for the diminishing concentrations.

109



System suitability was examined by injecting standards five times to test the reproducibility of the 

system. Standard area% RSD < 2.0% and retention time% RSD < 2.0% indicated each injection to 

be within satisfactory range of each other. This signified that the system was equilibrated, stable 

and suitable for analysis.

The probable cause for the decrease in concentration may be a result of their tendency to slowly 

precipitate out of solution, in particular (2.18), as it is a particularly lipophilic compound with a 

calculated Log P value of 9.45. This is in despite of the fact that a relatively high percentage of 

DMSO (5%) was required to aid its dissolution in the aqueous buffer to obtain what appeared to 

be a sufficiently homogeneous solution. The data published by Li Di et a!., supports this 

suggestion as he indicates that highly lipophilic compounds have a tendency to slowly precipitate 

out of aqueous solution, even when co-solvents are used, and are also inclined to bind 

nonspecifically to the plastic ware [231]. Nonspecific binding of the highly lipophilic drugs to 

plastic container walls has been reported on in the case of the psychoactive compounds of the 

cannabis plant, ll-nor-A®-tetrahydrocannabinol (THC) as well as its urinary metabolite, 11-nor-A®- 

tetrahydrocannabinol-9-carboxylic acid (TCHA) [232]. Also nonspecific binding of anandamide, the 

endogenous cannabinoid neurotransmitter to plastic exhibits many features that could be 

mistaken as biological processes, thereby representing an important source of conflicting data on 

the uptake and release of this lipophilic substance [233].

Despite the decline in the concentrations of both benfluorex and (2.18) in the incubation studies 

at 37 °C performed in PBS solution at pH 7.4, the chromatogram in Figure 3.15 indicates that basic 

hydrolysis was not a factor contributing to the formation of metabolites. The chromatogram in 

Figure 3.16 clearly differs from those in Figs. 3.7 and 3.11 by the absence of newly developed 

peaks at 5.80 and 15.10 min that correspond to respective metabolites, benzoic acid and (2.10) 

after 60 min. These findings confirm that hydrolysis of the ester compounds was not caused by 

chemical instability but by enzymatic cleavage by esterases.

3.7.4 Potential Factors Contributing to the hydrolysis of Benfluorex and (2.18)

The hydrolytic data calculated for benfluorex and (2.18) differed quite significantly in the in vitro 

rat plasma studies. A half-life of 22.93 min was estimated for benfluorex, which is considerably 

faster than the 727.02 min approximated for compound (2.18). The long half-life for (2.18) may 

be attributed to a number of parameters including steric and electronic effects, lipophilicity and 

the size of the molecule.
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3.7.4.1 Steric Effects and Size

Studies carried out by Wadkins et al. showed that it is necessary for the substrate to adequately 

f it  into the active site gorge of carboxylesterases in order for the substrate to access the catalytic 

amino acids residues, (Serioi), glutamate ( G I U 3 3 5 )  and histidine ( H i s 4 4 g ) .  The access is regulated by 

the size of the active site entrance, the diameter of which was found to be in the range of 3-4 A 
[234], The obvious differences between the two compounds with regards to size and steric bulk 

may be speculated as one of the factors causing the diverse results and therefore preventing an 

enzyme-substrate complex. Compound (2.18) is more than one and a half times the molecular 

weight of benfluorex (540 g/mol vs 320 g/mol) and features a tetralin nucleus that links a 

succinate pendant to two bulky benzyl rings with branched te/t-butyl groups at the para position 

that give the molecule high aromatic character. Therefore, it is not surprising that the large 

structural aspect of the molecule may impede free access to the active site and furthermore, may 

sterically constrain the molecule within the gorge in gaining access to the active site residues 

consequently affecting the ability of carboxylesterases to hydrolyse the ester.

Moreover, different research groups have shown that steric bulk introduced in the proximity of 

the ester bond significantly slows down the hydrolysis of the ester by hindering enzyme substrate 

interaction [235] [236]. This is further confirmed by the findings of Bodor et al., who identified key 

structural features that impact enzymatic hydrolysis rates by evaluating more than 80 diverse non 

congener ester drugs. From their study, they found that steric effects had the most influence on 

the rate of enzymatic hydrolysis and that the half-life was found to increase with increasing steric 

hindrance around the ester moiety [213]. The structure of (2.18) in contrast to benfluorex does 

appear to have more steric congestion close to and surrounding the ester bond due to the

Compound (2.18) Benfluorex

Figure 3.18 Structures of compound 2.18 and benfluorex
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presence of the two nearby branched benzyl substituents. The size of (2.18) possibly makes it 

more difficult for the esterase to reach the ester bond and to catalyses the hydrolysis.

3.7.4.2 Lipophilicity

The study by Bodor et al. also indicated lipophilicity to be a crucial determinant for ester drug 

metabolism although to a lesser extent and suggested that there is a tendency for more lipophilic 

compounds to be more slowly hydrolysed due to extensive protein binding that may considerably 

alter the rate of hydrolysis by reducing the available substrate concentration. The lipophilicity of a 

molecule can be determined from its partition coefficient (log P). The log P of (2.18) was 

calculated from the software ChemDraw Ultra 8.0 was found to be 9.71. A log P value > 5 is 

considered a highly lipophilic molecule and evidently is a characteristic of (2.18). Other 

physiochemical properties on (2.18) were obtained using MarvinSketch 5.3.8 (Chemaxon 2010) 

that included partition coefficient (cLogP; Log P) value, distribution coefficient at pH 7.4 (LogD7 .4 ), 

acid dissociation constant (pKa), hydrogen bond donor and hydrogen bond acceptor sites and the 

2D polar surface area (PSA) and are shown in Table 3.3.

Properties Compound 2.18

Log P 9.45

Log D 7 . 4 6.44

pKa 4.24

H + donor site 1

H + acceptor site 3

PSA 66.43

Stereoisomers 2

Table 3.3 QSAR properties of Compound (2.18)

Table 3.3 may be explained using Lipinski's Rule of Five which is a set of rules to evaluate drug 

likeness and to determine if a compound with pharmacological activity has properties that would 

make an orally active drug in humans [237], These rules state that poor absorption or 

permeability is more likely when there are more than 5 H-bond donors (sum of OH and NH), 10 H- 

bond acceptors (sum of N and 0 ), molecular weight greater than 500 and the computed LogP 

(cLogP/ Log P) is greater than 5. If the compound obeys two or more of these rules, it is possible it 

may have absorption problems. Lipinski found that although the vast majority of orally active
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compounds obey these rules, antibiotics, antifungals, vitamins and glycosides do not and 

therefore he included caveat in his rules; compound classes that are substrates for biological 

transporters are exceptions to the rule.

Compound (2.18) obeys two of the rules possessing a molecular weight of 540 and an excessive 

LogP value of 9.45. Of particular interest is the LogP value indicating the compound to be highly 

lipophilic as it affects the absorption of compounds through various lipid membranes. In general, 

the higher the lipophilicity of a drug, the higher it's permeability to transverse the lipid bilayer and 

the greater its metabolic clearance and thereby its metabolism. However, if the lipophilicity is 

very high, compounds can become bound to the lipid bilayer and accumulate in adipose tissue. As 

(2.18), also has a high LogDy.a value this is normally an indication of its low solubility, high 

permeability and low metabolism rate resulting in toxic pooling in adipose tissue. The 

bioconversion rate of (2.18) to (2.10) was insufficient in itself to suggest that this may be the 

reason for its lack of efficacy in vivo. As the liver is perhaps the central organ involved in drug 

metabolism the next phase of our work was to determine the fate of (2.18) in rat liver 

microsomes.

3.7.5 Development of RLM Assay for Benfluorex and (2.18)

Rat liver microsomal incubations of (2.18) and benfluorex were initially conducted at 0.5 mg/mL 

in 5% DMSO to maintain a consistent concentration that would be comparable with the plasma 

hydrolysis studies. Benfluorex appeared to hydrolyse to form benzoic acid during the 60 min 

incubation period with a half-life of 16.07 min (data not shown). However studies with (2.18) 

proved to be problematic as a notable precipitate at the bottom of the eppendorf tube over the 

same time course was evident in the incubation medium. As might have been predicted, 

subsequent analysis indicated the chromatograms were rather inconsistent as many showed a 

complete absence of a peak for (2.18). The incubations of the two ester compounds were 

repeated in the microsomal mixture at a reduced concentration of 0.1 mg/mL in 5% DMSO. The 

incubations of (2.18) in particular were visibly inspected for any evidence of precipitation and the 

mixture appeared to be fully homogenous.

3.7.6 In Vitro Metabolism Studies of Benfluorex in RLM

Benfluorex undergoes enzymatic hydrolysis in rat liver microsomes as expected. [229]. A similar 

trend to the previous hydrolysis studies is presented with the generation of benzoic acid at 5.80 

min. Successful hydrolysis indicates functional esterase activity in the microsomal preparation.
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The concentration of benfiuorex is diminished to approxinnately 24% after the 60 min incubation 

as shown in the  progression curve in Figure 3.19. Evolution of benzoic acid upon trea tm ent of 

benfiuorex with the microsomal mixture is also clearly dem onstrated  in the  progression curve in 

Figures.20. The concentration of benfiuorex reduces from 128.906 ± 3.99 nM at 0 min to 3.188 ± 

5.523 [iM at 60 min tha t  is relative to and overlaps with the formation and rise in the 

concentration of benzoic acid from 7.326 ± 13.20 |iM at 10 min to 78.235 ± 5.88 |iM at 60 min.
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Figure 3.19 Plot showing the time course for the consumption of Benfiuorex and the formation of benzoic 
acid in RLM mixture (pH 7.4) at 37°C. Each point represents the mean ± standard deviation of three

determinations.

The apparent rate constants (Kobs) were calculated from linear plots of the  log of remaining ester  

versus time and the half-life was calculated using the equation below and was determined to  be 

14.30 min.

t ’/2  = 0.693/K obs

where Kobs= slope = -0.04843 min
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Figure 3.20 Plot showing the timecouse of the log remaining o f benfluorex in RLM at 0.1 mg/mL

The half-life of benfluorex in rat liver microsomes (14.30 min) appears to be less than that in rat 

plasma (22.93 min), indicating that faster hydrolysis and increased esterase activity occurs in the 

microsomal preparations.

3.3.7 In Vitro Metabolism Studies of Compound (2.18) in RLM

The succinate ester (2.18) was significantly more metabolically stable than benfluorex in rat liver 

microsomes. Examination of the chromatogram in Figure 3.21 is somewhat conclusive that ester 

hydrolysis did not occur as there is no evidence of a peak relative to the alcohol (2.10) at 60 min 

whatsoever indicating hydrolysis of the ester did not arise over the incubation period.
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Figure 3.21 Chromatogram showing compound (2.18) in RLM mixture at 60 min
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Although the concentration of (2.18) did decrease by approxinnately 13% over the 60 min 

incubation, there was no evidence to suggest the formation of other possible UV absorbing 

metabolites at any w/avelengths scanned from 210-400 nm.
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Figure 3.22 Plot showing the time course fo r compound 2.18 in RLM mixture (pH 7.4) a t 37°C. Each point 
represents the mean ± standard deviation o f three determinations.

The progression curve in Figure 3.22 shows a gradual decline in the concentration of compound 

(2.18) over the 60 min incubation period starting with 86.169 ± 0.555 nM at 0 min and reducing to 

74.684 ± 1.146 jjM at 60 min. It is clear that (2.18) exhibits remarkable stability in microsomes as 

well as in plasma.

3.7.7 Limit of Detection (LOD) of (2,10) in the IVIicrosomal Mixture

The ability to detect the alcohol (2.10) at low levels in RLM was verified by spiking the microsomal 

preparation with three concentrations of (2.10); 0.05, 0.025, 0.005 mg/mL in PBS buffer 

containing 5% DMSO. Following a 60 min incubation period at 37 °C, the reaction was quenched 

by dilution with ACN to give final concentrations of 0.025, 0.0125 and 0.0025 mg/mL for (2.10). 

These levels from the lower concentration range of the calibration curve were chosen to ensure 

that even if a low amount of (2.10) did form, our analytical method was sensitive enough to be 

able to detect (2.10) during the RLM metabolism study of (2.18). The lowest concentration 

injected was 0.0025 mg/mL which is only one order of magnitude higher than the limit of 

detection (LOD) for (2.10).
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3.7.8 Nonspecific Binding of Compound (2.18) to Hepatic Microsomes

The overwhelming tendency of (2.18) to resist enzymatic hydrolysis is likely be related to the 

highly lipophilic character of the molecule. Previous investigations into the prediction of in vivo 

hepatic clearance have shown that lipophilic drugs tend to bind nonspecifically to microsomal 

phospholipids, resulting in an underestimation of the intrinsic clearance [238-239] [240] [241]. 

Clearance is a measure of the ability of the body or organ to eliminate a drug from the blood 

circulation. The liver is the most important organ in elimination of a drug. Intrinsic hepatic 

clearance reflects the inherent ability of the liver to eliminate the drug not bound in blood 

components and is governed solely by the activities of the metabolising enzymes. The half-life of 

elimination is very drug dependent. It is determined by its volume of distribution and its clearance 

in a specific patient. The half-life is directly proportional to its distribution of volume and inversely 

proportional to a drug's clearance.

The phenomenon that highly lipophilic drugs have a low clearance rate in microsomal incubations 

is owed to these drugs being sequestered in the phospholipids of the microsomes, presumably 

making them unavailable for direct interaction with metabolising enzymes, just as drug that is 

bound to plasma proteins in vivo is presumed to be unable to be directly acted on by drug 

metabolising agents [242]. It has been suggested that in order to avoid the complications of non

specific binding to use very low microsomal concentrations. Jones et a! recommended that 

depletion incubations should be carried out at microsomal protein concentrations below 0.5 

mg/mL [243]. The microsomal incubation studies in this Chapter comply with this advice as the 

concentration of microsomes in all incubations was set at 0.1 mg/mL. However, it was still noted, 

that highly lipophilic drugs might still show significant nonspecific binding even at low microsomal 

protein concentrations. The data generated on (2.18) and as described in the chapter would 

suggest that the reason for the disappointing performance of (2.18) in vivo may be partially 

explained by non specific binding to phospholipids and not through hydrolysis of the succinate 

group as originally presumed.
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3.8 Conclusion

The overall aim of this s tudy  was to  investigate  th e  reason  behind th e  d isappointing pe rfo rm an ce  

of (2.18) in th e  in vivo  passive cu tan eo u s  anaphylaxis assay. The fundam en ta l  basis for  th e  

opposing  ou tco m es  b e tw een  th e  in vitro  and in vivo  se ttings was strongly specula ted  to  be 

associa ted  with th e  action of enzym e e s te ra se s  on th e  susceptible , inheren t  succinate  e s te r  g roup  

resulting in degradation  to  th e  alcohol derivative (2.10). However in plasma, only a small fraction 

of th e  e s te r  g roup  u n d e rw e n t  hydrolysis. In vitro  screening of (2.18) in liver m icrosom es show ed  

no ev idence  o f  hydrolytic activity from any possible m etabolic  pathway; hydrolytic c leavage o r  

o ther.  The relatively bulky structural characteristic  o f  (2.18) and its highly lipophilic na tu re  a re  

suggested  as possible factors p rom oting  such resistance to  enzymatic hydrolysis. Data from  th e  

lite ra ture  is pe rhaps  suggestive o f  this as it has been  show n th a t  high lipophilic co m p o u n d s  tend  

to  undergo  non specific binding to  phospholipids of m icrosom es in particular and su bsequen tly  

p reven t enzym e su b s tra te  in teraction . Perhaps its in vitro  pe rfo rm ance  can be explained by th e  

fact t h a t  because  of its lipophilic na tu re  it becom es and rem ains  te th e re d  a t  th e  cell m e m b ra n e  of 

th e  m as t  cells and thus  effectively p rev en t  m as t  cell degranula tion .

In conclusion, it ap p ea rs  th a t  th e  da ta  ob ta ined  on (2.18) in vivo  may be explained th rough its non 

specific binding to  phospholip ids and plasma proteins, th e reb y  rendering this c om pound  inactive.
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4 Chapter 4 

4.1 Introduction

The synthesis and evaluation of the novel dialkylated tetralol compounds discussed in Chapter 2, 

exhibited significant mast cell stabilising activity in vitro, but overall disappointing activity in vivo. 

Nevertheless, the ester derivative (2.20) did offer partial protection, inhibiting PCA by 47.54 ± 

14.6%. The purpose of the earlier work described in this chapter was to design a compound 

whereby the A/,W-dimethylalkyl side chain of (2.20) could still be retained as well as the benzylic 

hydroxyl group of (2.06). We envisaged that we could broaden the properties of this series of 

compounds through the development o f potential dual-acting compounds as the N,N- 

dimethylaminoalkyl chain is a functional group that is a feature of many drugs that are marketed 

as H I antagonists. These include olopatadine, a dual-acting mast cell stabiliser and H I antagonist; 

imipramine, mepyramine, pheniramine, chlorphenamine and dimethindene, the structures of 

which are depicted in Figure 4.1.
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Olopatadine Imipramine
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Pheniramine Chlorpheniramine Dimetindene

Figure 4.1 Structures of some H I receptor antagonists

Thus the focus of this chapter was to create compounds with two different yet complementary 

mechanisms of action, a mast cell stabiliser with H I receptor binding activity. As we were aware of 

the inherent lipophilic nature of the tetralin derivatives of Chapter 2 and the essential 

requirement for inclusion of a water-solubilising group to facilitate their solubility in aqueous 

environments, it was expected that the /V,A/-dimethylaminopropyl chain could also facilitate this 

requirement in addition to introducing H I antagonist activity.
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(2.06) Synthetic target (4.01) (2.20)

4.2 Synthetic Strategy

in Chapter 1, the simplest dibenzyl tetralol, namely (2.06) exhibited excellent protective effects 

against both compound 48/80 and calcium ionophore A23187 induced histamine release from 

RPMCs. For the purpose of this study, it was selected as the model compound upon which to 

attach the A/,A/-dimethylaminopropyl (DAP) side chain. The precursor to (2.06) namely (2.05) 

served as the most convenient intermediate upon which to attach this group. In principal, it was 

felt that insertion of the DAP group could be conveniently achieved through a Grignard reaction 

to give the tertiary alcohol (4.01), while dehydration of (4.01) was expected to give (4.02), with 

the same side chain as that present on the structure of olopatadine.

Scheme 4.1 Synthesis of structural targets (4.01) and (4.02)

4.2.1 Stepl

4.2.1.1 4.3.1 Formation o f the Grignard reagent

Commercially available 3-(dimethylamino)propyl chloride hydrochloride salt was converted to its 

free base by mixing it with crushed pellets of potassium hydroxide to liberate the free amine as a 

colourless liquid. The free base was then obtained following distillation of the mixture using a 

micro distillation apparatus. Subsequent preparation of the Grignard reagent was accomplished

Grignard reaction Dehydration

N N

(2.05) (4.01) (4.02)



by treating aniiydrous 3-(dimethylannino)propyl chloride (DAPCI) with magnesium turnings and

1,2-dibromoethane in dry THF. The reaction was heated gently to activate the magnesium and 

initiate the reaction. After two minutes the mixture became vigorous and exothermic and the 

organometallic complex was procured when all of the magnesium turnings had been consumed.

Mg,
1,2-dibromoethane

dry THF 
Reflux

Scheme 4.2 Formation ofGrignard reagent A

4.2.2 Step 2

4.2.2.1 Synthesis of dibenzyl amino alcohol (4.01)

This reaction was simply performed by treating the Grignard reagent with a solution of (2.05) in 

anhydrous THF. The transformation occurred smoothly to produce the amino alcohol (4.01) after 

15 hours in an overall yield of 62%, following work up and purification by flash column 

chromatography.

0

Grignard reagent A

Dry THF, RT 
(62%)

HO

(2.05) (4.01)

Scheme 4.3 Synthesis o f (4.01)

The most noticeable diagnostic feature in the infrared spectrum of (4.01) was the presence of the 

broad 0-Hs,r at 3560 cm '\ HRMS analysis gave the accurate mass as 414.2797, calculated as 

414.2811 for the molecular formula C2 9 H3 6 ON, (M + H])^

In order to detail the NMR data obtained for compound (4.01), a numbering system was assigned 

to the molecule that can be observed in the NMR spectrum of (4.01) shown in Figure 4.2. The 

NMR spectrum of (4.01) showed that attachment of the DAP side chain onto (2.05) was 

successful. In the aliphatic region, this was indicated by the presence of; the two mulitplets
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between 1.22-1.29 ppm and 1.42-1.51 ppm that correspond to the two methylene protons on C- 

10 position and the sharp singlet at 2.43 ppm for the six A/-methyl protons. Apart from the four 

doublets at 2.58, 2.89, 3.07 and 3.26 ppm corresponding to the four methylene protons at 

positions C-14 and C-20, the rest of the aliphatic region from 1.77-2.91 ppm, resonated as a series 

of multiplets for the remaining eight methylene protons. In the aromatic region, the fourteen 

aromatic protons were accounted for in the region from 6.74-7.68 ppm as expected. Analysis of 

the carbon spectra of (4.01) indicated the presence of the seven methylene carbon signals 

resonating between 21.3-60.8 ppm while an intense signal was present at 45.7 ppm that was 

attributed to the two methyl carbons. The two quaternary signals, at C-1 and C-2 positions, 

resonated at 46.1 and 77.8 ppm respectively. In the aromatic region, ten signals occupied the 

region between 124.7-131.4 ppm, for the fourteen aromatic carbon signals while the remaining 

four aromatic quaternary signals were confirmed at positions 135.8, 140.3, 140.8 and 144.7 ppm. 

The carbon spectra of (4.01) are illustrated in Figures 4.3 and 4.4.

23

l l ^ N

17

T— I— I— —̂ I— I— r 1— ]— I— r —r 
35 4

Figure 4.2 NMR spectrum o f (4.01)
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145 140 136 130 125 [ppm]

Figure 4.3 Carbon spectra o f (4,01) from 120-146 ppm

70 60 50 3040

Figure 4,4 Carbon spectra o f (4,01) from 20-78 ppm
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4.2.Z.2 Formation of the dibenzyl amino alkene (4.02)

Dehydration of the tertiary alcohol (4.01) to the alkene (4.02) was carried out using 20% aq. oxalic 

acid solution under reflux conditions for eight hours. Following acid-base work-up and 

purification, the desired alkene (4.02) was obtained as one principal geometric isomer in 93%  

yield.

HO

20%  oxalic acid

Reflux,

(93%)

(4.01) (4.02)
Scheme 4.4 Synthesis of (4.02)

The infrared spectrum of (4.02) indicated a noticeable absence of the broad 0-Hstr at 3560 cm^ 

which suggested successful transformation to the eliminated product. HRMS analysis gave the 

accurate mass (M  + H)*= 396.2675, calculated as 396.2691 for the molecular formula CigHisONa. 

The aliphatic region of the NMR spectrum of compound (4.02) was well resolved. As expected, 

only twelve protons resonated for the six methylene groups in the region between 1.81-3.02 ppm, 

among which the methylene protons at C-10 were evident as a multiplet at 2.67 ppm due to the 

presence of the adjacent double bond. Also within this region, the benzylic methylene protons at 

positions C-14 and C-20 were present as two overlapping doublets at 2.86 and 3.02 ppm, while 

the six methyl protons were present as a singlet at 2.33 ppm. The diagnostic feature in the 

aromatic and double bond region was the alkenic proton signal at 5.70 ppm, resonating as a 

triplet. Apart from a doublet at 7.06 ppm that integrated for one aromatic proton, the remaining 

thirteen aromatic protons occupied the region from 7.12-7.33 ppm, as a series of multiplets.
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5 3 2 [ppm]7 6 4

Figure 4.5 NMR spectrum of (4.02)

In the carbon spectra, four single nnethylene carbon signals were found to resonate at 27.8, 28.7, 

33.7 and 60.1 ppm that correspond to the carbon positions; C-4, C-10, C-3 and C-11 respectively. 

A double signal (46.0 ppm) resonated for the two benzylic methylene carbons at C-14 and C-20. 

Also in the aliphatic region was the C-2 quaternary carbon at 44.8 ppm and the two methyl 

carbons at 45.5 ppm. In the aromatic region the alkenic tertiary carbon at 125.6 ppm resonated 

among the fourteen aromatic carbon resonances between 125.0-131.2 ppm. In the spectrum 

five quaternary carbons signals were found in the aromatic region between 135.6-140.8 ppm, the 

alkenic of which resonated at 135.6 ppm. The carbon spectra are shown in Figures 4.6 and 4.7, 

the H-C COSY is shown Figures 4.8 and 4.9.
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Figure 4.6 Carbon spectra o f (4.02) from 120-145 ppm

so 40 30 [ppm]

Figure 4.7 Carbon spectra o f (4.02) from 20-65 ppm



□

6.0 F2[ppm]7.0

Figure 4.8 C-H COSY spectrum o f compound (4.02) from 5.55-7.45 ppm

22 2.02 3 2.6 2.43.0

Figure 4.9 C-H COSY o f compound (4.02) from  1.65-3.11 ppm
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4.3 Biological data on compounds (4.01) and (4.02)

Compound (4.01) was evaluated in vivo in the PCA model by Woods. The amino alcohol (4.01) 

displayed impressive inhibition of passive cutaneous anaphylaxis and expressed inhibition values 

that were comparable to that of the positive control, DSCG (Compound (4.01) (W/l); 84.49 ± 16%, 

DSCG (W/l); 89.02 ± 6%). In the guinea pig ileum model which is used to evaluate the HI 

antagonist activity of test compounds, (4.01) offered considerable inhibition at 10 fiM, as did the 

control compound mepyramine in this assay. Figure 4.10. Although (4.01) inhibited the PCA 

response, we hypothesise that its mechanism of action is solely reliant on its binding to the HI 

receptor as when this compound was evaluated as a mast cell stabiliser by Woods, it appeared to 

enhance release of histamine rather than offering a protective effect. Although this was a 

somewhat disappointing outcome, the fact that it offers almost complete protective effect in vivo 

against PCA suggests that is may still have clinical potential as an anti-allergy agent. Data analysis 

completed by MDS Pharma indicated that amino alkene (4.02) possesses antagonism properties 

for both histamine HI and H4 receptors. In these evaluations, compound (4.02) (10 nM) inhibited 

histamine binding to the H I and H4 receptors by 94% and 64% respectively. Both H I and H4 

receptors play a role in the onset of an allergic reaction therefore indicates (4.02) may also be a 

significant novel anti-allergic compound.

Mepyramine (10^M)

E
•a

100-|
90 -
80 -
70-
60-
50 -
40 -
30 -
20 -
10-0-

-12 -10 •8 -6 -4 •2

No Antagonist 
Mepyramine (IO mM)

Histamine Log[M]

100
90
80
70
SO
SO
40
30
20
10
0

(4.01) (10^M)

.9 ^  .7  ^  -6  -4  .3

No Antagonist 

(4.01) (10nM)

Histamine Log[M]

Figure 4.10 HIR antagonist activity of Mepyramine (10 fiM} and (4.01) (10 fiM), measured by inhibition of 
histamine-induced ileum contraction. * * *  P < 0.001,10 fiM  Mepramine and * * *  P < 0.001,10 nM  (4.01). 

Friedman test followed by Bonferroni-Dunn Multiple Comparison post hoc test
[244]

4.4 Structures of H I Antagonists with "V-Shaped" Link

Inspired by the encouraging H I activity of (4.01) and the overall activity of the tetralin-based mast 

cell stabilisers in Chapter 2, the focus of the work changed to the synthesis of (4.03). Its design 

was also inspired by the structure of some of the classical HI antagonists, namely cyclizine, 

triprolidine, diphenhydramine and chlorpheniramine. Fig 4.11, which have their "V-shaped"
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phenyl rings linked together via a central carbon or nitrogen atom. Additionally, it was felt that 

the A/,A/-dimethylpropyl side chain was necessary for its recognition of the carboxylate group of 

the aspartic acid residue 116 on the H I receptor [245].

4.5 Attempted synthesis towards target compound (4.03)

4.5.1 Attempt A

Many synthetic pathways were explored in an attempt to synthesise the target compound (4.03). 

The initial basic building block employed towards the synthesis of (4.03) was a-tetralone as it was 

felt that attachment of a phenyl group onto 1-tetralone could easily be facilitated through a 

Grignard reaction using phenylmagnesium bromide. Following a hydroboration step on the 

resulting alkene, oxidation of the alcohol product and coupling of DAPCI under Grignard 

conditions was expected to yield (4.03).

4.5.1.1 Step 1- Formation of Grignard reagent

Figure 4.12 Structure of target molecule (4.03)(USP #2902)

Cyclizine Triprolidine Diphenhydramine

Cl

Chlorpheniramine 

Figure 4.11 Structures of H I antagonists
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Firstly, it was necessary to prepare the Grignard reagent. Bromobenzene in dry THF was treated 

with magnesium turnings in the presence of 1,2-dibromoethane. The reaction was heated gently 

to activate the magnesium and initiate the reaction. After two minutes, the mixture became 

vigorous and exothermic and the organometaiiic complex was procured when all of the 

magnesium turnings had disappeared.

Mg,
1,2-dibrom oethane

dryTHF
Reflux

Scheme 4.5 Formation o f Grignard reagent B

4.5.1.2 Step 2-Synthesis of (4.04)

Coupling of phenylmagnesium bromide to 1-tetralone was completed after stirring the reaction 

for three hours in THF. Following acidic work-up with 2M aq. HCI to effect elimination of the 

tertiary alcohol intermediate, the desired alkene (4.04) was obtained in 71% yield.

i) Grignard reagent B

anhydrous THF, 
R.T., 3h 

i i)2 M H C I  
(71%)

Scheme 4.6 Synthesis o f (4.04)

4.5.1.3 Step 3-Synthesis of the alcohol (4.05)

Following the procedure employed by Rowan and Sanders [246], hydroboration of (4.04) was 

effected using 5 equivalents of BH3/THF in diglyme. The reaction temperature was increased from 

0°C to room temperature over 2 hours. Following removal of the solvent, the second step 

involved oxidation of the boron intermediate with triethylamine A/-oxide dihydrate. After refluxing 

the mixture for two hours and then allowing the reaction to stir at room temperature overnight 

the desired alcohol (4.05) was obtained as a mixture of diastereomers in 49% yield.
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BH

Diglyme, 
0°C, 2h,

(4.04)

M e ,N 0 -2 H ,0
OH

Reflux, 
12h, (49 %)

(4.05)

Scheme 4 .7 Synthesis of (4.05)

4.5.1.4 Step 4- Synthesis of (4.07)

The subsequent oxidation of the alcohol moiety of (4.05) to furnish the corresponding ketone 

presented more difficulty than was anticipated. Treatment with pyridinium dichromate for two 

hours in DMF resulted in over-oxidation to generate the a-hydroxy carbonyl product (4.06). This 

was indicated by the quaternary carbon signal at 80.8 ppm and a notable absence of the benzylic 

CH carbon signal from the spectra.

OH

Pyridinium 
dichromate 

DMF, R.T.(4.05)

HO

(4.06) 

Scheme 4.7

A milder oxidising agent was sought. A review of the literature revealed that Dess-Martin 

periodinane (DMP) is a very mild oxidising agent and is useful for oxidising compounds with very 

sensitive functional groups. One of the reasons for its effectiveness is its high selectivity towards 

complexation of the hydroxyl group [247]. In the synthesis of cytovarian, DMP oxidised the only 

available secondary alcohol to the corresponding ketone in excellent yield [248].

Treatment of (4.05) with Dess-Martin periodinane in DCM at room temperature resulted in the 

desired ketone (4.07) after 4 hours in 46% yield.
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DCM, 
R.T., 3h 
(46%)

(4.05) (4.07)

Scheme 4.8 Synthesis of (4.07)

4.5.1.4.1 Step 5-Attempted Grignard reaction

Having easily inserted the 3-(dimethylannino)propyl side chain onto the ketone (2.05) to  generate 

(4.01), it was presumed tha t a similar transform ation w ith (4.07) could be carried out to give 

(4.03). However, the addition o f (4.07) to  the Grignard reagent A under anhydrous condition did 

not result in the form ation o f (4.03).

0  ') Grignard Reagent A

anhydrous THF, 
R.T., 24h 

ill 2M  HCI

Scheme 4.9 Attempted Grignard reaction 

4.5.1.5 Step 6-Attempted Wittig reaction

The next strategy investigated towards the synthesis o f (4.03) involved follow ing a similar 

synthetic route to tha t employed fo r the synthesis o f the mast cell stab iliser/H l antagonist, 

Olopatadine. This key transformation involved a W ittig  reaction for the attachment o f the N,N- 

dimethylam ino propyl side chain [249]. The ylide o f [3- 

(dimethylam ino)propyl]triphenylphosphonium bromide hydrobromide was prepared w ith  n-BuLi 

under anhydrous conditions at 0°C . The ketone (4.07) was then added to the prepared ylide after 

one hour and the reaction was allowed to stir fo r 6 hours at room temperature. Unfortunately, 

the reaction did not proceed as anticipated as TLC analysis indicated the ketone (4.07) remained 

unchanged.
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2 .5 M  n-BuLi

? = ■

 ̂ a n h y d r o u s  THF, 
N— - 0°C, I h

Scheme 4.10 Preparation of ylide

ylide

a n h y d r o u s  THF, 
R.T., 6h

(4.07)

Scheme 4.11 Attempted Wittig reaction

4 .5 .2  A t t e m p t  B

4.5 .2 .1  Employing Suzuki coupling as  t h e  key reac tion

Owing to  th e  inheren t  insensitivity of th e  carbonyl g roup  o f (4.07) to  both  Grignard and Wittig 

reagents ,  it was decided th a t  an a l ternative  m e th o d  to w a rd s  th e  synthesis  of o u r  ta rg e t  molecule 

was required . As a new stra tegy for th e  synthesis  of th e  ta rg e t  com p o u n d  (4.03), it was decided to  

explore  a metal-catalysed cross-coupling reaction. O rganoboronic  ac id s /es te rs  a re  an a ttractive 

op tion  as they  are  convenien t reagents ,  therm ally  s table  and inert to  bo th  w a te r  and oxygen. The 

palladium-catalysed cross-coupling reaction of  o rg an o b o ro n  co m p o u n d s  with organic halides 

occurs readily.

It was pos tu la ted  th a t  (4.04) could be ob ta in ed  by firstly genera ting  th e  vinylic b rom ide  of (4.04), 

followed by Suzuki coupling with th e  commercially available 3-brom opropy lboron ic  acid pinacol 

e s te r  to  give th e  propyl b rom ide chain which following nucleophilc subst i tu t ion  of th e  bromide 

with d im ethylam ine  was expec ted  to  give (4.03).

4 .5 .2 .1 .1  S tep  1- P rep a ra t io n  of  vinyl halide

The first s tep  tow ards  th e  synthesis  of (4.03) using this synthetic  pa thw ay  involved th e  

substitu tion  of th e  vinylic hydrogen o f  (4.04) with brom ine  using th e  m e th o d  of W hite  [250]. The
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reaction involved treating a solution of (4.04) in anhydrous DCM with pyridinium tribronnide in 

DCM under dry reaction conditions at 0°C. After work-up and purification by flash column 

chromatography the bromo intermediate (4.08) was isolated as a light green oil in 76% yield.

Pyridinium
tribromlde

DCM, 
0”C, 2h

Br

(4.04) (4.08)

Scheme 4.12 Synthesis o f compound (4.08)

The diagnostic feature of the NMR spectrum of (4.08) was the presence of the quaternary 

carbon at 123.6 ppm that was attributed to the carbon bearing the vinyl bromide and the absence 

of the alkenic CH carbon at the 127.7 ppm in the aromatic region which was a feature of 

precursor NMR spectrum of the alkene (4.04).

4.5.3 4.6.1.2 Attempted Suzuki Coupling

Suzuki coupling reactions result in the formation of a C-C bond by the coupling of an aryl- or vinyl- 

boronic acid/ester with an aryl- or vinyl-halide catalyzed by a palladium(O) complex. Pseudo 

halides like triflate may also be used and the relative activity of the triflate and halides occur in 

the following pattern; I > OTf > Br »  Cl. A range of palladium(O) catalysts are used including 

Pd(PPh3 )4 , PdCl2 (PPh3 ) 2  and Pd (OAC2 ) plus PPhs. The coupling reaction is a three stage process and 

begins with the oxidative addition of the palladium(O) complex to the halide/triflate to form a 

stable trans-o-palladium (II) complex which is regarded as the rate determining step in the 

catalytic cycle. Transmetallation with the boron-ate complex then proceeds with the aid of base 

before the Pd(0) complex is regenerated.
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Pd(0)

MX

Figure 4.12 A general catalytic cycle fo r cross-coupling

Accordingly, the cross-coupling reaction between the vinyl bronnide (4.08) and the commercially 

available 3-bromopropylboronic acid pinacol ester was performed in the presence of Pd(PPh3 ) 4  as 

catalyst and K2 CO3 as base in a 3:1:1 mixture of toluene, ethanol and water. The mixture was 

refluxed for thirty minutes and allowed to then stir for one hour at room temperature. TLC 

analysis indicated the consumption of the starter vinyl bromide (4.08) with the formation of a 

new product. However following work-up and purification by flash column chromatography, 

structural elucidation studies revealed that only hydrogen halogen exchange had taken place as 

by NMR the alkene (4.04) was the only isolated product.

3-Bromopropylboronic acid 
pinacol ester,

K2CO3, Pd(PPh3)4

Toluene, 
EtOH, 

W ater, 
Reflux, Ih

(4.08)

Scheme 4.13

Following several attempts at this transformation, each one without success, an alternative 

approach was explored. A review of the literature showed that compound (4.03) among similar 

analogues of aryl-hydronaphthalenalkanamine type compounds had previously been synthesised 

as patented serotonergic 5-HT2c- receptor antagonists [251]. In  v itro  and in v ivo  studies of these 

compounds demonstrated their therapeutic usefulness for the treatment of psychiatric and
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neurological diseases such as anxiety disorders, affective disorders, ad justm ent disorders, 

somatisation disorder, central pain disorder, m igraine, anorexia nervosa and in the prophylaxis of 

diseases such as migraine and epilepsy.

As it was our prim ary objective to synthesise compounds which dem onstrated anti-allergic  

activity, it was fe lt that the structural design of (4.03) would have therapeutic potential fo r this 

purpose. This concept was fu rther encouraged by the structural design o f the  established H I  

antagonist d im etindene which possessed a similar spatial arrangem ent o f substituents around its 

core ring system to  that o f the  intended the  target molecule (4.03) as illustrated in Figure 4 .13 . A 

similar synthetic pathw ay was detailed in the  literature fo r both (4.03) and d im ethindene. For 

clarity purposes, an analogous approach was follow ed for the synthesis o f target com pound (4.03) 

to  that described in the literature for the synthesis o f d im etindene [252],

/
N

\

4.6 Synthesis towards target compound (4.03)

Dimetindene

Figure 4.13 Structures of dimetindene and (4.03)

4.6.1 Synthesis of mono-alkylmalonic ester (4.09)

Alkylation o f diethyl m alonate w ith (2-brom oethyl)-benzene was effected using sodium ethoxide  

as base in dry ethanol under reflux conditions. The resulting residue was purified by flash column  

chrom atography to yield (4.09) in 48% yield.

O
Br

O "  0

Sodium

dry EtOH, 
Reflux 

2 h, (48%)

(4.09)

Scheme 4.14 Synthesis of (4.09)
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The most prominent features in the infrared spectrum of (4.09) were those of the C=Ostr at 1732 

and 1702 cm'^as well as that of the C-Ostr at 1254 cm \  HRMS analysis gave an accurate mass of 

(M + Na)"' = 287.1758 which correlates to the corresponding calculated mass of 287.1259 for the 

molecular formula CisH2o0 4 Na.

In the aliphatic region of the NMR spectrum of (4.09) (Figure 4.14), a tall multiplet dominated 

the region between 1.23-1.33 ppm that was attributed to the six protons of the two methyl 

groups. A multiplet signal followed at 2.21 ppm (Ji=7.66Hz, J2=15.44Hz) that was attributed to the 

two methylene protons adjacent to the a-methine proton. The benzylic protons were present as a 

trip let at 2.66 ppm (J~7.76Hz) while the single methine proton resonated as a double doublet at 

3.34 ppm (Ji=6.09Hz, J2=8.81Hz). The four remaining methylene protons belonging to the ethyl 

ester completed the aliphatic region with a multiplet from 4.18-4.23 ppm. Two multiplets 

occupied the aromatic region from 7.19-7.31 ppm for the five aromatic protons.

The DEPT 135 spectrum confirmed the presence of the four methylene carbons at 29.9, 32.8 and a 

double signal at 60.87 ppm. The two methyl carbons were present as a double signal at 13.6 ppm. 

The methine carbon signal was present at 50.8 ppm. In the aromatic end of the spectrum three 

signals at 125.7, 125.7 and 128.1 ppm resonated for the five aromatic CH carbons. The 

spectrum showed the quaternary carbon at 140.20 ppm and the two carbonyl carbon signals at 

168.8 ppm. The carbon spectra of (4.09) are illustrated in Figure 4.15.

7 3 2 [ppm]6 5 4

Figure 4,14 NMR spectrum of (4,09)
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Figure 4.15 Carbon spectra of (4.09)

4.6.2 Synthesis of di-alkylmalonic ester (4.10)

The second alkylation step namely, attachment of the DAP side chain onto compound (4.09) 

involved treatment o f (4.08) with sodium hydride prior to the addition of our previously 

employed aminoalkyl halide, (DAP)CI. The reaction proceeded under reflux conditions for six 

hours followed by acid-base work-up. Due to the polarity of the desired molecule (4.10), 

purification by flash column chromatography was not pursued.

NaH

Toluene, 
Reflux 

6h, (51%)

(4.09)

Scheme 4.15 Synthesis o f (4.10)

(4.10)

In the aliphatic region of the NMR spectrum of (4.10), one of the more significant features 

which indicated that alkylation had taken place was the presence of the six methyl protons of the 

amino group as a singlet which overlapped with a multiplet from 2.12-2.26 ppm. This multiplet 

also contained four protons from two of the seven methylene carbons. The six methyl protons of
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the two ethyl ester groups were found as a triplet furthest upfield at 1.16 ppm. The four 

methylene protons of the two ethyl ester groups were present as multiplet between 4.08-4.14 

ppm. The aromatic region comprised of five aromatic protons as two multiplets between 7.08- 

7.22 ppm. The carbon spectra of (4.10) showed the methyl carbons of the two ethyl ester groups 

as a doubled signal at 14.0 ppm and the methyl carbons of the aminopropyl side chain also as a 

doubled signal at 45.4 ppm. The seven methylene carbon signals were evident between 22.4-61,1 

ppm. In the spectrum, the single aliphatic quaternary carbon resonated at 53.1 ppm and the 

carbonyl carbons resonated at 169.3 and 171.4 ppm.

4.6.3 Cyclisation of (4.09)

The next step described in the synthesis of dimetindene involved hydrolysis of the carboxylic ethyl 

ester groups under basic conditions followed by the dropwise addition of acetic acid to yield the 

amino acid. This product was then treated with polyphosphoric acid (PPA) at an elevated 

temperature to generate the indanone intermediate. The same approach was followed in this 

synthesis. However both steps resulted in a dramatic loss of product resulting in an overall yield 

of 19% of the cyclised material. It was felt that the yield could be improved if the "carbonyl" of 

the butanoic acid possessed a good leaving group. It was therefore decided to treat (4.10) directly 

with PPA. Cyclisation of the dialkylated malonic ester (4.10) was performed in neat PPA which was 

heated to ~140°C for one hour. Work-up followed by characterisation revealed that tetralone 

(4.11) had formed.

Polyphosphoric acid

(4.10) (4.11)

Scheme 4.16 Synthesis of carboxylic ester derivative (4.11)

Some of the key features in the carbon spectra of (4.11) which indicated the presence of the 

carboxylic ester were those of the methyl carbon at 13.7 ppm and the carbonyl of the ester at 

171.0 ppm. Other features which indicated that cyclisation had occurred were the evidence of a
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new quaternary aromatic carbon at 131.6 ppm and the carbonyl signal at 195.1 ppm. The 

tetralone (4.11) was treated with NaOH in a mixture of EtOH and water under reflux conditions 

for two hours. Following meticulous acid base work-up, the product (4.12) was obtained in 83% 

yield.

The most noticeable diagnostic feature in the infrared spectrum of (4.12) was the presence of the 

C=Ostr at 1700 cm'^. HRIVIS analysis gave the accurate mass as (M + Na)* as 254.1513, calculated as 

254.1521 for the molecular formula Ci5 H2 iNONa.

The NMR spectrum of (4.12) showed the six methyl protons as a singlet at 2.31 ppm which 

overlapped with a multiplet containing four of the ten methylene protons from 2.23-2.41 ppm. 

Elimination of the carboxylic ester was indicated by the presence of the multiplet from 2.49-2.53 

ppm which was attributed to the single aliphatic methine proton. The four aromatic protons were 

evident in the aromatic region between 7.23-8.02 ppm. The spectra indicated the presence of 

the five methylene carbon signals between 25.2-59.9 ppm. The methine carbon signal was found 

at 47.4 ppm. In the NMR spectrum, the aromatic quaternary carbon resonated at 143.9 ppm 

and the carbonyl carbon signal was evident at 200.2 ppm.

The final step in the synthetic pathway towards the target compound was the attachment of a 

phenyl group to the carbonyl carbon of (4.12).

4.6.4 Attempted synthesis of (4.03) using phenylmagnesium bromide

Due to the earlier successful coupling between the phenylmagnesium bromide and a-tetralone to 

give (4.04), it was decided replicate this approach for attachment of the phenyl ring onto (4.12). A 

solution of (4.12) in dry THF was added to phenylmagnesium bromide. After stirring the reaction 

for 24 hours at room temperature, the starting material (4.12) was surprisingly recovered 

unchanged.

NaOH

EtOH/H^O, 2:1, 
Reflux

2h, (83 %)

(4.11) (4.12)

Scheme 4.17 Synthesis of (4.12)
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o

i) Grignard Reagent B

anhydrous THF, 
R.T, 12h

ii)2M aq. HCI

*

(4.12)

Scheme 4.18

As organolithiunn reagents are more reactive than Grignard reagents, it was decided to substitute 

the Grignard reagent for phenyllithium. The reaction was allowed to proceed over 24 hours at 

room temperature under an atmosphere of nitrogen. After work up and purification by flash 

column chromatography the target compound (4.03) was isolated in a modest yield (32%).

HRMS analysis of (4.03) gave the accurate mass as (M + H)"̂  as 292.2068, calculated as 292.2060 

for the molecular formula C2 1 H2 6 N.

The well resolved NMR spectrum of the final compound (4.03) is shown in Figure 4.16. The 

multiplet resonating between 1.57-1.65 ppm is evidence of the protons of the methylene group at 

position C-10. Following downfield, the first of a series of four triplets (J~7.83Hz) resonated at 

2.06 ppm that correspond to the methylene protons at position C-9. An overlapping signal, a 

triplet and a singlet, occupied the region from 2.15-2.19 ppm that were attributed to the 

methylene protons of position C-11 and the six protons from the two methyl groups respectively. 

The two triplets at 2.42 ppm (J~7.95Hz) and at 2.90 ppm (J~7.93Hz) were attributed to the 

methylene protons of the tetralin ring at positions C-3 and C-4 respectively. In the aromatic 

region, nine protons resonated from 6.59-7.46 ppm for the four tertiary protons from the tetralin 

ring and the five tertiary protons from the newly introduced phenyl ring.

In the spectra of (4.03) (Figures 4.17 and 4.18) methylene signals are present at 26.41, 27.78, 

28.54, 32.62 and 59.62 ppm. The two methyl carbons were present as a double signal at 45.34

anhydrous THF, 
R.T, 24h 

ii)2M aq. HCI

(4.12) (4.03)

Scheme 4.19 Synthesis o f (4.03)
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ppm. Seven signals resonated in the aromatic region for the nine tertiary carbons from 125.51- 

130.23 ppm. Also evident in the NMR spectrum were the five quaternary carbon signals at 

134.07, 135.00, 137.01, 137.86 and 139.76 ppm. Assignment of the respective carbon and 

hydrogen signals was facilitated through the use of the C-H COSY spectrum which is presented in 

two parts shown in Figures 4.19 and 4.20.

T

A'-'
I C

lA,
I

5 4
3
2

8 114 9

15

18
17

16

10

11

- / I

N NO

5 4 3

Figure 4.16 NMR spectrum o f (4.03)
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Figure 4.17 Carbon spectra o f (4,03) from 120-140 ppm

[ppm]30405060

Figure 4,18 Carbon spectra o f (4.03) from 24-62 ppm
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Figure 4.19 C-H COSY o f  (4.03) from  6.5-7.S ppm
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Figure 4.20 C-H COSY o f  (4.03) from  1.5-3.05 ppm
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4.7 Guinea Pig Ileum Ex Vivo Protocol for Histamine Receptor 1 Antagonist 

Activity

Results obtained in the GP ileum ex vivo protocol for H I antagonist performed by Brian Talbot 

showed that (4.03) demonstrated H I receptor antagonist activity at 10 piM (* P < 0.05). This 

compares favourably w/ith the control compound mepyramine at 10 nM {* P < 0.05), an 

established HIR antagonist. However, this significance was lost at 1 |iM  for (4.03). Similarly, the 

amino alcohol (4.02) demonstrated HIR antagonist activity at 10 |aM (**  P < 0.001), Figure 4.21 

but again this significance was lost at 1 nM.

too-I

No antagonist 
Mepyramine 10 uM

-8  -6 -4
Histamine Log [Ml

E
3
E
X

i

100n
No antagonist 

(4.03) 10 uM
80 -

60 -

40 -

20 -

-2-8 -6 -4-10
Histamine Log [ivq

Figure 4.21 HIR antagonist activity of Mepyramine (10 fxM) and (4.03) (10 fiM), measured by inhibition of 
histamine-induced ileum contraction. *  P< O.OS, 10 fiM  Mepyramine and * P< O.OS, 10 fiM  (4.03). 

Friedman test followed by Bonferronl-Dunn Multiple Comparison post hoc test
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4.8 Conclusion

The primary aim of this work was to  synthesise anti-allergic compounds by incorporating DAP side 

chain of established HI antagonists into tetralin-based compounds. The potent mast cell 

stabilising activity dem onstrated  by many of the dibenzyl tetralin derivatives described in Chapter 

2 suggested that  these compounds offered suitable activity for inclusion of DAP side chain with 

the aim of generating compounds with the  dual activity of a mast cell stabiliser and HIR 

antagonist. The amino alcohol (4 .01 ) dem onstrated potent inhibition of PCA reaction in vivo that  

was comparable to  the clinical used mast cell stabiliser, DSCG. It also dem onstrated good activity 

when compared to mepyramine in the guinea pig ileum assay. However, its effect on mediator 

release histamine from mast cells suggests that its sole mechanism of action lies in its HI receptor 

activity. Dehydration of (4 .01 ) to yield (4 .02) mirrored the aminoalkene side chain of the dual 

acting mast cell stabiliser and HI antagonist, olopatadine. Results obtained from MDS Pharma 

confirm that (4 .02) at 10 |iM can also inhibit the interaction of histamine with HI and H4 

receptors with inhibition values of 94% and 64% respectively in a transfected cell line. Encouraged 

by the HI antagonist activity of (4 .01) and (4 .02), another structural design was pursued which 

linked a phenyl ring at a benzylic position of the tetralin nucleus to feature a "V-shaped" link 

between the two aromatic rings which is a common characteristic among many HI antagonists. 

Additionally, the target compound (4 .03 ) would incorporate the  DAP side chain into the tetralin 

nucleus with the aim of generating a po ten t HI antagonist. A literature search of the target 

compound (4 .03) indicated tha t  this compound possessed biological activity by blocking the 

serotonin 5-HT2c receptor. It was nonetheless felt that  (4 .03) would dem onstrate  HI receptor 

antagonist activity based on its structural design and resemblance to the established HI 

antagonist, dimetindene. Having a ttem pted  numerous synthetic pathways, target compound 

(4 .03) was finally obtained in low yield following the analogous synthesis of dimetindene. In 

addition to the therapeutic effects of (4 .03) in the trea tm ent of psychiatric and neurological 

disorders, results obtained from the guinea pig ileum HIR antagonist study revealed that (4 .03) 

demonstrated HIR antagonist activity at 10 jiM. The findings of the work described in this 

Chapter show that compounds (4 .01 ), (4 .02) and (4 .03) are effective anti-allergic agents with HIR 

antagonist activity and have therapeutic potential in the trea tm ent of allergic diseases.
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5 Chapter 5 

5.1 Introduction

In the earlier development of novel mast cell stabilising compounds within our research group, a 

series of novel tetrahydronaphthalene-based compounds had previously been synthesised by 

Barlow/ (2002). The most active molecule emerging from the series was the /V-methylated 

aminoindanone dimer (5.01) shown in Figure 5.1. The molecule contains a dimeric link between 

the benzylic position of one of the monomers to a non-benzylic position of the second. In vitro, 

this compound displayed potent mast cell stabilising activity when a range of mast cell 

degranulating agents were employed to stimulate release of pro-inflammatory mediators from rat 

peritoneal mast cells. In vivo, the activity of this compound in the suppression of passive 

cutaneous anaphylaxis (PCA) was comparable to that of disodium cromoglycate (DSCG), the most 

widely prescribed mast cell stabilising agent in clinical use. More recently, it has been reported 

that the four individual stereoisomers of the dimer have been synthesised and all exhibit 

inhibition of histamine release in both in vitro and in vivo models [253].

However despite being a leading candidate based on its promising activity in vivo, stability studies 

with a similar series of compounds, indicate that the true potential of (5.01) may be somewhat 

compromised by its tendency to fragment to form the highly conjugated indenone derivative 

under physiological conditions (pH 7.4, 37 °C). In support of this observation, an investigation into 

the ionisation characteristics of a group of aminoindanone dimer compounds by Simpilico et al 

indicated that (3-aminoketones underwent breakdown in aqueous media from approximately pH 5 

upwards, with the liberation of indenone. The fate of the tertiary amino derivatives was especially 

fast with first-order half-lives of less than 10 min observed at pH 7.4 [254].

O

Figure 5.1 Compound (5.01)
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0
pH 7.4, 37°C N

n

Scheme 5.1 Formation of the conjugated indenone derivative

Under the standard physiological conditions employed in both the in vitro and in vivo assays used 

to evaluate the activity of (5.01), it was postulated that this compound may suffer a similar fate in 

these settings. If so, we hypothesised that the liberated indenone may actually work as a Michael 

acceptor for histamine. By sequestering released histamine from mast cells via a conjugate 

addition reaction, (5,01) may also work by scavenging released histamine from mast cells. In vivo, 

the formation of the indanone conjugate would prevent the characteristic actions of the biogenic 

amine on its H I receptor and so the permeability of capillaries adjacent to activated mast cells 

would be unaffected in which case the leakage of Evans blue dye would be significantly reduced in 

the PCA assay. It is difficult to quantify the actual benefit of such a phenomenon taking place in 

vivo, as other amines required for essential physiological processes may actually be rendered 

inactive, following their coupling to the liberated indenone, as one presumes that indenone is 

unlikely to be entirely selective for histamine.

Scheme 5.2 Formation of the histamine-indanone conjugate (5.04)

Other studies have demonstrated the potential conjugation of biogenic proteins with a, P- 

unsaturated lactones. Parthenolide, the principal bioactive sesquiterpene lactone component of 

feverfew, Tancaetum parthenium (L.) Schultz Bip., is used as a traditional treatment for fever and 

headaches is one such case. It has been reported that the anti-migraine effects by feverfew are 

likely to be exerted by inhibiting the release of serotonin from blood platelets, an important 

biogenic amine in the development of migraine [255]. Parthenolide and other sesquiterpene 

lactones were found to inhibit the serotonin secretory activity of blood platelets [256] through
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the possible engagement of the a-methylene-y-butyrolactone of parthenolide in Micheal addition 

with sulphydryl groups on specific enzyme proteins fundamental to aggregation and secretion

Scheme S.3 Micheal addition o f sulphydryl groups to a-methylene-y-butyrolactone moiety of
parthenolide

In another study, it has been shown that parthenolide exerts its anti-inflammatory effects by 

inhibiting the activation of the transcription factor, NF-k(3, a central regulator of the immune 

response [258]. Again, it is suggested that this inhibition is most probably caused by the direct
38coupling of a-methylene-y-butyrolactone moiety of parthenolide with the p65 subunit at Cys in a 

Micheal-type reaction [259].

Interestingly, and perhaps akin to our proposed mechanism, parthenolide has also been shown in 

vitro to inhibit the release of histamine from mast cells [133],

5.2 Objectives

In view of the potential poor stability profile associated with (5.01) and its potential histamine 

scavenging properties, the aims of the work described in this Chapter were to;

(i) to establish whether the paradigm of a histamine-indanone conjugate (5.04) forming in 

an incubation of histamine and the p-aminoketone (5.01) in physiological solutions (pH 

7.4, 37°C) is conceivable

(ii) to create designed multiple-ligands (DMLs) by merging certain aspects of (5.01) and (2.07) 

into one overall structure. In doing so, the expectation was that these ligands might be 

expected to be highly active mast cell stabilisers as they contained structural features 

common to both pharmacophores, while at the same time, addressing the inherent 

stability issues associated with (5.01).

(iii) to determine the stability profile of the DMLs under physiological conditions.

[257].

OH 0

149



+

OH

Molecule A-(5.01) Molecule B-(2.07)

OH

Molecule AB

Designed multiple-ligand (DML)

Figure 5.2 An Illustration o f strategy to create a designed multiple-ligand

5.3 Synthetic strategy for preparation of the histamine-indanone conjugate

To fulfil the first objective; to deternnine whether the histamine-indanone conjugate forms in 

physiological solution, an analytical method using LCMS was established to probe the possible 

reaction of (5.01) with histamine under physiological conditions. As it was felt that the 

mechanistic pathway involved would first require the formation of indenone as an intermediate, 

it was necessary to synthesise a stock of this compound as an authentic standard for the LCMS 

study. Accordingly, stocks of both compounds (5.01) and (5.04) were synthesised.

For this study, indenone and the histamine-indanone conjugate were prepared and used as 

standards.
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5.3.1 Synthesis of indenone from 1-indanone

5.3.1.1 1̂ ' Step: Bromination of indanone

1-lndanone was brominated at the benzylic position using Wohl-Zielger bromination conditions 

[260]. The transformation required the use of A/-bromosuccinimide (NBS) as brominating reagent, 

dibenzoyl peroxide as radical initiator and carbon tetrachloride as solvent. The reaction occurred 

smoothly following reflux for 40 min. The endpoint of the reaction could be observed as there was 

a colour change of the reaction mixture from bright yellow to orange. Following work up and 

purification by flash column chromatography, 3-bromoindanone was isolated in 51% yield as a 

crystalline solid.

NBS,
dibenzoyl peroxide

CCI4
reflux, 40 min, (51%)

Scheme 5.4 Preparation of 3-Bromaindanone

5.3.2 Preparation of indenone

Treatment of 3-bromoindanone (5.02) with triethylamine in diethyl ether afforded the desired 

indenone compound as a yellow oil after 30 min in 85% yield.

TEA

diethyl ether, 
R.T.,30min,(85%)

(5.02)

O

(5.03)

Scheme 5.5 Preparation of indenone

The main feature of the NMR spectrum of (5.03) was the presence of the double bond protons 

of the indenone ring resonating as doublets at 5.90 ppm and 7.07 ppm. The aromatic region 

contained two doublets and two triplets within the region between 7.23-7.59 ppm that integrated 

for the four aromatic protons. In the DEPT 135 spectrum, there was a notable absence of the 

methylene carbon signal. The double bond and aromatic carbon signals resonated at 121.8, 122.2,
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126.7, 128.7,133.3 and 149.4 ppm. In the spectrum, the carbonyl signal was observed at 198.1 

ppm and the two quaternary carbon signals were observed at 129.9 and 144.2 ppm.

5.3.3 Coupling of indenone with histamine to form the conjugate (5.04)

Several reaction conditions were explored in an attempt to furnish the desired conjugate (5.04). 

The initial attempt at coupling the compounds together employed the use of CS2 CO3  as base in 

DMF, The progress of the reaction was monitored by TLC. After twenty-four hours the starting 

indenone was recovered unchanged. Changing the base to triethylamine and the solvent to DCM 

did not result in the formation of the conjugate. Utilising a literature procedure for the coupling of 

amine based compounds to 3-bromoindanone resulted in the formation of the conjugate [261]. 

The procedure required the use of anhydrous THF as solvent and three equivalents of histamine 

to one equivalent of indenone. After stirring the reaction for 40 min at room temperature the 

excess histamine was removed by filtration and the indanone-histamine conjugate (5.04) was 

obtained as a brown oil in 78% yield.

^  Histamine (3 eq)

O Anhydrous THF,
R.T., 40 min, (78%)

HN

(5.03) (5.04)

Scheme 5.6 Generation of the indanone-histamine conjugate

The principal feature of the infrared spectrum of (5.04) was that of the carbonyl absorption at 

1702 cm'^. HRMS analysis of compound (5.04) gave accurate mass (M + as 242.1300, 

calculated 242.1288 from molecular formula C1 4 H1 5 N3 O. Analysis of the NMR spectrum of 

(5.04) confirmed that conjugation had taken place as shown in Figure 5.3. The aliphatic region 

showed that there were three methylene groups present. One of the methylene protons of the 

indanone ring resonated as a double doublet (Ji=3.00 Hz, J2=18.65 Hz) at 2.47 ppm. The 

methylene protons adjacent to the imidazole ring resonated as a triplet (Ji=6.38 Hz, J2=12.76 Hz) 

at 2.81 ppm. Two multiplets resonated between 2.92-3.05 ppm. These were attributed to the 

overlapping signals of the remaining methylene protons of the histamine structure and the 

second methylene proton of the indanone nucleus. The single methine proton of the indanone
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ring resonated as a double doublet at 4.48 ppnn. The proton of the double bond adjacent to the 

quaternary carbon of the imidazole ring resonated as a singlet at 6.81 ppm. The proton of the 

double bond adjacent to the tertiary nitrogen of the imidazole ring was found resonating as a 

singlet at 7.54 ppm. The four aromatic protons were accounted for between 7.42-7.71 ppm. The 

resonance signals in the carbon spectra further confirmed the exact structure of the conjugate. 

The three methylene carbon signals were evident at 27.2, 44.4 and 47.1 ppm. The methine carbon 

signal from the indanone ring was present at 55.9 ppm. The two methine carbon signals of the 

imidazole ring were found in the aromatic region. The first of these carbon signals at 117.7 ppm 

was attributed to the carbon linked by a double bond to quaternary carbon of imidazole ring. The 

carbon signal at 134.6 ppm was attributed to carbon linked to the nitrogen. There were also four 

aromatic CH carbon signals at 123.4, 125.8, 128.7 and 134.9 ppm. Three quaternary carbon 

signals were found at 135.1, 136.8 and 155.6 ppm. The carbonyl carbon signal was evident at 

204.5 ppm. The carbon spectra, H-C COSY and HMBC of (5.04) are illustrated in Figures 5.4, 5.5 

and 5.6 respectively.

^  ^NH

It!

Figure 5.3 H NMR spectrum o f (5.04)
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Figure 5.4 Carbon spectra o f (5,04)
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Figure S. 5 H-C COSY spectrum o f (5.04)
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5.4 Synthesis of (5.01)

Com m ercially available (R )-2-am inotetralin  served as the prim ary building block for the synthesis 

of (5 .01 ). 3-brom oindanone was coupled to (R )-2-am inotetralin  using CS2 CO3 as base in D M F to  

yield the precursor secondary am ine (5 .05) as a pair o f diastereom ers in a 62%  overall yield.

H2N CS2CO2

DMF R.T.,3h, (62%)

(5.02)

HN

(R)-2-aminotetral!n

Scheme 5 .7 Synthesis of (5.05)

(5 .05)

N -m ethylation o f (5 .05 ) w ith iodom ethane using CS2 CO3 as base in DM F resulted in generation o f 

the desired tertiary  am ine (5 .01) in 87% yield after five hours.
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HN lodomethane
Cs,CO,

DMF 
R.T., 5h, (87%)

(5.05) (5.01)

Scheme 5.8 Synthesis of (5.01)

The NMR data obtained on (5.01) was in agreement with the literature data (Barlow, 2002). 

The aliphatic region was complicated by the fact that (5.01) exists as a mixture of stereoisomers 

with much signal overlap. The most outstanding feature in this region was the methyl singlet at 

2.16 ppm, which overlapped with part of the signal for one of the methylene protons at position 3 

on the tetralin ring. The second proton on position 3 resonated as two multiplets between 1.77- 

1.91 ppm. One of the protons on position 1 on the aminotetralin ring was found resonating as two 

double doublets at 2.69 and 2.72 ppm. The second was found within a multiplet from 2.80-3.10 

ppm that also overlapped with the methylene protons of position 4 on the aminotetralin ring as 

well as the methylene protons of the indanone nucleus and the methine tetralin proton. The 

indanone methine proton resonated as a multiplet from 4.90-4.93 ppm. As expected, eight 

protons were apparent in the aromatic region between 7.07-7.76 ppm. The carbon spectra 

confirmed the presence of the four methylene carbons at 27.4/27.8, 29.0/29.3, 33.6/33,9 and 

37.5/37.8 ppm. The methyl carbon was evident at 31.6/32.0 ppm. Eight carbon signals were 

accounted for in the aromatic region from 123.0-135.0 ppm and the carbonyl signal was present 

at 204.4 ppm. Its presence was further confirmed by the C=Ostr at 1718 cm'  ̂ in the infrared 

spectrum.

5.5 Stability studies on (5.01)

Stability studies were performed on (5.01) which mimicked the conditions used in the RPMC 

assay. The fate of (5.01) was monitored under physiological conditions (PBS solution, pH 7.4, 

37°C) by LCMS (Method A) (see section 5.11.2 under the conditions described in Section 5.14). It is 

clearly evident from the graphical representation of the data obtained on (5.01), that this 

compound exhibits poor stability under physiological conditions. From the data obtained only
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0.5% of (5.01) remains after 30 min. The observed first-order degradation rate constant, kobs, was 

calculated from the slope of the natural-logarithmic plots of graph (B) in Figure 5.7 of the 

compound fraction remaining versus time in accordance with Equation 5.1:

Ln(Ct/Co)=-kobs t (Equation 5.1)

where Co was the initial concentration and C, was the remaining concentration of compound 

(5.01) at time t. The half-life of (5.01) was estimated by fitting the slope value of the plot into 

Equation 5.2 and was found to be 3.82 min.

V/2= 0.693/kobs (Equation 5.2)

where kobs = slope = -0.1811 min'^
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Figure 5.7 Graphs of the degradation profile of compound (5.01); (A) Progression curve of compound 
fraction remaining versus time, (B) linear regression of natural logarithm of the compound fraction 

remaining versus time. Each point represents the mean ± standard deviation of three determinations.

5.6 Formation of the histamine-indanone conjugate (5.04)

As might have been predicted from our previous studies, the behaviour of (5.01) under 

physiological conditions was in agreement with that reported for |3-aminoketones. Our working 

hypothesis suggests that the driving force for the degradation of (5.01) is the formation of the 

highly conjugated indenone derivative and that in the presence of histamine it undergoes a 

Michael addition reaction to form the histamine-indanone conjugate (5.04). Therefore, the 

mechanism by which (5.01) performs in vivo may be explained by its histamine scavenging
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properties in addition to its inherent mast cell stabilisation activity. To tes t  our hypothesis, we 

designed a new LCMS method for the detection of the  conjugate (5.04) tha t  we had synthesised 

(Method C, Section 5.12.4.).

Using Method C, the retention time for the conjugate (5.04) was 2.49 min, (M +H)"̂  = 242.1283. As 

shown in Figure 5.8, clear evidence of its formation was apparent when a mixture of (5.01) and 

histamine were incubated under the  same conditions as that  used for the RPMC assay. The 

retention time of the histamine-indanone conjugate (m/z 242.1283) at 2.49 min corresponds to 

the sam e retention time as that of the synthetic histamine-indanone conjugate (5.04), Also 

detected  in the incubation mixture was the  o ther fragment of (5.01), namely (R)-2-methyl 

aminotetralin with a retention time of 4.41 min. Figure 5.9 illustrates the fraction of the 

histamine-conjugate forming in an incubation of histamine and (5.01) over the duration of one 

hour.

158



C :\Xcalibur\.. \H ist Con 160405 4/14/2011 10:14:21 PM

RT: 0.00 - 9.99

100^

50^

(U
o

I  50: 
0)

I<u
a:

100^

50^

RT: 4.41 
AA: 53561434 
BR 162.1275

RT: 2.49 
AA: 46952 
BP. 242.1283

-

RT: 6.44 
AA: 1606042 
BP. 292.1693

I I I I I I I J ' T  

1 2
t T t t -

4
TT- I I | ~ i  

6
I I I I n  ] T  

8 9

NL: 5.50B
nrVz= 162.1269-162.1285 F: 
FB/IS + c ESI Full ms 
[108.00-300.00] MS Genesis 
Hist_Con_160405

"NL: 1 04E4
nVz= 242.1276-242 1300 F: 
FTMS + c ESI Full ms 
[108.00-300.00] MS Genesis 
Hist_Con_160405

‘ NL: 2.19E5 
nVz= 292.1681-292.1711 F: 
FTMS + C ESI Full ms 
[108.00-300.00] MS Genesis 
Hist Cton 160405

Time (min)

100-1

50-

£H-<i>
g  100-1  raT3

I  50^ 
0)
.s
s  

100-1

50-

162.1276

131.0849 180.9036 212.9355 236.1279 270.8940
280.2113

149.0838 178.1223
199.1787

273.1667 

242.1283 \
292.1693

128.9533 151.0846 212.9355 280.9230

252.9280228.9095

NL: 5.62E6
Hist_Con_160405#310 RT: 4.41 
AV: 1 SB: 38 3.77-4.18 , 4.58-5.25 
F: FTMS + c ESI Full ms 
[108.00-300.00]

NL: 2.50E5
Hist_Con_160405#175-180 RT 
2.46-2.52 AV: 3 SB: 6 2.26-2.40 F: 
FTMS + C ESI Full ms [108.00-300.00]

NL: 2.18E5
Hist_Con_160405#450 RT 6.44 
AV: 1 SB: 36 6.03-6.32 . 6.62-7.34 
F: FTMS + c ESI Full ms 
[108.00-300.00]

300

Figure 5.8 The LC-I^S chromatogram o f the form ation of the histamine-conjugate under physiological 
conditions from an incubation o f compound (5.01) and histamine. The retention times o f the amine 
degradant- N-methyl-2-aminotetralin (M  + H)* =  162.1276, histamine-indanone conjugate (M  + H)* = 

242.1283 and compound (5.01) (M  + H)* = 292.1693 are 4 .41,2.49, and 6.44 min respectively
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Figure 5.9 Formation of histamine conjugate over 60 minutes in an incubation of histamine and (5.01) at
pH 7.4 at 37X

5.7 Development of Designed Multiple Ligands as an approach to addressing the 

instability of (5.01)

The histamine scavenging properties of (5.01) mal<es this compound interesting from a pre-clinical 

perspective as its efficacy in vivo is not compromised by any observable adverse effects at the 

dose used in vivo (3.0 mg/kg). Nevertheless, our primary interest in the work described in this 

Chapter was to create compounds that exhibited good stability and mast cell stabilisation activity. 

In trying to solve the stability issue associated with (5.01) we hypothesised that from a 

mechanistic point of view, the formation of indenone from (5.01), was likely to involve the loss of 

one of the acidic methylene protons from the indanone component of (5.01). Therefore, we 

hypothesised that their replacement with alkyl groups should result in stable di-alkylated 

derivatives. Our approach to addressing this issue was to incorporate alkyl substituents similar to 

those used for the preparation of the alcohols (2.06), (2.08) and (2.10) in Chapter 2 which 

exhibited potent mast cell stabilisation activity in vitro. It was hoped that, our new series of 

compounds would ultimately be "Designed Multiple Ligands" having overlapping features 

common to both classes of "mast cell stabilisers". We were hopeful that perhaps the potency of 

these "Designed Multiple Ligands" may be greater than that of the compounds designed to date 

as these new entities would possess the pharmacophores of both ligand classes.
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5.7.1 Synthetic strategy and target

We established that the best synthetic strategy to employ towards the synthesis of these 

compounds was to first prepare stocks of (5.01) and then to directly alkylate this compound with 

different alkylating reagents using the same methodology as that used to prepare ketones (2.03), 

(2.05), (2.07), (2.09) and (2.11).

RX, K-" f-Butoxide

f-Butanol: diethyl ether (2:1), 
R,T,

O

Scheme 5.9 Preparation of DMLs from (5.01) R = H, Me and CN

5.7.2 Synthesis of (5.01)

The /V-methylated aminoindanone dimer (5.01) was synthesised following the original synthetic 

route described by Barlow with a few minor modifications with regard to some of the reagents 

used. In brief, the synthesis began from 2-tetralone and required a number of sequential 

reactions before the Z-aminotetraiin intermediate was afforded. This involved reduction of 2- 

tetralone with NaBHa in methanol at 0°C to give the alcohol (5.06) which following mesylation of 

with methane sulphonyl chloride afforded (5.07). Its substitution with sodium azide, in DMF, 

afforded the azido derivative (5.08).

NaBH

MeOH 
0°C-R.T„ 
Ih, (91%)

60°C-R.T.,
12h, (85%) (5.08)

Scheme 5.10
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Subsequent reduction of the azide (5.08) under hydrogenation conditions in the presence of di- 

terf-butyl dicarbonate gave the BOC-protected amine (5.09) in 65% yield. Treatment of (5.09) 

with a mixture of 2I\/I HChMeOH (1:1) under reflux conditions resulted in loss of the BOC- 

protecting group to yield 2-aminotetralin (5.10) that was converted to its hydrochloride derivative 

following treatment with gaseous HCI.

H2, Pd/C,
EtOH/EtOAc(l:l) 2 M HCI/MeOH (1:1)

Di-te/t-butyl dicarbonate J . 70°C, Ih , (72%) ^
R.T., 12h, (65%) O '^ O

X
(5.09) (5.10)

Scheme 5.11

Coupling of (5.10) to 3-bromoindanone (5.02) afforded the secondary amine (5.05) which was 

subsequently /V-methylated with iodomethane to give (5.01) as diastereomeric mixture. Its 

spectral characteristics were in agreement with the published data [186].

5.7.3 Alkylation of (5.01) to give the Designed Multiple Ligands.

Of the series of mast cell stabilisers whose synthesis was described in Chapter 2, the alcohols 

(2.08) and (2.12) possessed excellent mast cell stabilisation activity in vitro. The poro-methyl 

benzylated compound (2.08) potently inhibited mediator release induced by both calcium 

ionophore A23187 and compound 48/80 from RPMCs. As a non-benzylated structure, the 

dicinnamyl derivative also demonstrated effective mast cell stabilising activity, more so in the 

presence of compound 48/80. Additionally, previous compounds synthesised by Barlow that 

contained the electron withdrawing, p-cyanobenzyl group were also active as inhibitors of 

histamine release from RPMC (Barlow, 2008). In light of these observations, p-methyl- and p- 

cyano-benzyl bromides together with cinnamyl bromide were used for the alkylation of (5.01).

Alkylation of (5.01) to afford (5.11) was accomplished with 4-methylbenzyl bromide as alkylating 

reagent, fert-butoxide as base in a solvent mixture consisting of t-butanol and diethyl ether. 

Compound (5.11) was obtained in 61% yield as a golden brown oil.
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4-Methylbenzyl bromide, 
te/t-Butoxide

N "

f-BuOH/ Ether 2:1, 
R.T., 4h, (61%)

0 O

(5.01) (5.11)

Scheme 5.12 Synthesis o f compound (5.11)

The main feature in the infrared spectrum of (5.11) was the carbonyl absorption at 1712 cm \  

HRMS analysis gave accurate mass (M + Na)"̂  = 522.2775, calculated as 522.2767 from molecular 

formula CaeHsyNONa.

Dibenzylation of (5.01) added significant complexity to the NMR spectrum of (5.11). In the 

aliphatic region, there was much signal overlap due to the presence of diastereomers, however 

the three methyl groups were well resolved, each resonating as superimposed singlets. The two 

methyl groups on the benzyl rings resonated at 2.15 ppm and 2.38 ppm while the A/-methyl group 

resonated in the centre of these two signals at 2 .24/2 .25 ppm. Another diagnostic feature in this 

region of the spectrum was the presence of a two overlapping doublets at 2.60 ppm and 2.64 

ppm that were attributed to one of the protons of the methylene group from a para methyl 

benzyl substituent. This was followed by a complex multiplet ranging from 2.82-3.14 ppm that 

overlapped with the two doublets of the second proton of the methylene group from the 

substituted benzyl ring. The overlapped multiplet integrated for a total of seven protons which 

also included the four benzylic methylene protons and the methine proton of the tetralin ring 

along with one of the protons belonging to the methylene group of the second para methyl 

benzyl substituent. The second proton of the latter resonated as a overlapping doublet at 3.21 

ppm. The indanone methine proton resonated as two superimposed signals at 4 .50 ppm. As might 

have been anticipated the addition of the two benzyl rings added great complexity to the 

aromatic region, with many of the sixteen aromatic proton signals overlapping. Two triplets were 

found at 6.72 ppm and 6.78 ppm, each integrated for two protons. There was also a multiplet of 

six protons from 7.09-7.19 ppm. Two separate doublets resonated at 7.24 ppm and 7.29 ppm 

which integrated for one proton each. A multiplet integrating for two protons resonated from  

7.34-7.40 ppm. Finally a double triplet and a doublet were the furthest downfield to resonate in 

the aromatic region at 7.51 ppm and 7.78 ppm, respectively that integrated for one proton each. 

The proton spectrum of (5.11) is illustrated in Figure 5.10. In the DEPT 135 NMR spectrum a total



of five methylene carbons were found in the region from 27.8-41.8 ppm. The characteristic 

features of the spectrum were the methyl resonances. Those which were attached to the benzyl 

groups resonated at 20.9 ppm and 21.1 ppm while tha t  of the A/-methyl carbon at 34.1/34.5 ppm. 

The two methine protons from the  tetralin and indanone rings resonated at 58.9/59.5 ppm and 

67.1/67.7 ppm respectively. The sixteen aromatic carbons were found between 123.7-133.8 ppm. 

The significant feature of the NMR was the presence of the quaternary carbon signal at 

position 2 of the indanone ring a t 60.3/60.5 ppm along with the remaining eight o ther quaternary 

signals found in the aromatic region from 134.4-151.6 ppm and the carbonyl carbon at 207.7 pm. 

The carbon spectra of (5.11) are shown in Figures 5.11 and 5.12 and the H-C COSY is shown in 

Figure 5.13.

V_ _ _ _

'LJ
NO

6 S 37 4

Figure 5.10 NMR spectrum o f compound (5.11)

JUuU j l i
140200

Figure 5.11 Carbon spectra o f compound (5.11) from 120-210 ppm
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Figure S.13 Synthesis o f the di-cinnamyl derivative (5.12)
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Alkylation of (5.01) with cinnamyl bromide, using terf-Butoxide as base, afforded tlie 

dialkylated derivative (5.12) after three hours in a 58% overall yield.

Cinnamyl bromide, 
K* tert-Butoxide

t-BuOH/ Ether 2:1, 
R.T., 3h, (58%)

(5.01) (5.12)

Scheme 5.13 Synthesis of (5.12)

Addition of the cinnamyl side chains had little effect on the infrared spectrum of (5.12) with the 

main feature being that of the ketonic C=Ostr at 1707cm'\ HRMS analysis of (5.12) gave the 

accurate mass (M + H)* of 524.2955, that calculated being 524.2948.

The NMR spectrum of compound (5.12) was extremely crowded in the aliphatic region with 

overlapping signals and complex multiplets. However the significant features showing that 

dialkylation had occurred successfully were the presence of three of the allylic protons of the 

cinnamyl side chains within a broad multiplet spanning from 2.04-2.20 ppm, which also comprised 

the tetralin methine and both of the benzylic methylene groups of the tetralin ring. The fourth 

allylic proton was evident as a multiplet from 3.39-2.50 ppm and two singlets at 4.52 and 4.57 

ppm signified the indanone methine proton. Outstanding in the aliphatic region were the two 

overlapping singlets for the methyl protons contained within a multiplet for one of the methylene 

protons at position 3 of the tetralin ring from 2.04-2.20 ppm. The aromatic region was complex 

due to the additional aromatic and double bond features of the cinnamyl side chains. The four 

double bond protons were represented as a multiplet from 5.91-6.00 ppm, a doublet (J=15.76Hz) 

at 6.31 ppm and an overlapping multiplet and doublet from 6.54-6.61 ppm. The remaining 

eighteen aromatic protons resonated between 7.03-7.86 ppm. Analysis of the carbon spectra 

indicated the presence of the five methylene carbons as stereoisomers from 28.0-40.6 ppm in the 

DEPT 135 spectrum. Within this range the A/-methyl carbon was found at 34.3/34.9 ppm and 

further downfield the tetralin and indanone methine carbons were found at 59.6/59.7 ppm and 

67.5/68.3 ppm respectively. Among the aromatic signals for the eighteen carbons were the 

double bond carbon signals at 125.7, 127.0, 132.8/132.9 and 133.1/133.2 ppm. From the NMR
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spectrum, the aliphatic quaternary carbon signal at 57.7/57.8 ppnn and the carbonyl resonance at 

208.4 ppm were particularly noteworthy.

3 [ppm]5 47 6

Figure 5.14 NMR spectrum of compound (5.12)

50 [ppm]160 100200

Figure 5.15 Carbon spectra of compound (5,12)

167



5.7.4 Synthesis of th e  di-benzyl nitrile derivative (5.13)

Alkylation of (5.01) with p-cyanonbenzyl bromide afforded (5.13) in 57% overall yield. The method 

used to generate  this compound mirrored that used for the preparation of (5.11) and (5.12).

4-(Brom om ethvl)benzonltrile,
te/t-B utoxide

f-BuOH/ Ether 2:1, 
R.T., 4h, (57%)

=  N

(5.01) (5.13)

Scheme 5.14 Synthesis o f (5.13)

The main features in the infrared spectrum of (5.11) were those of; the carbonyl absorption at 

1712 cm'^ and the nitrile absorption at 2228 cm \

HRMS analysis of (5.13) gave satisfactory molecular mass (M + H)* = 522.2506, calculated as being 

522.2540. The NMR spectrum of compound (5.13) closely resembled that  of (5.10). Two of the 

tetralin ring methylenes again dominating the region from 1.91-2.12 ppm as two individual 

multiplets. Two singlets were apparent at 2.14 and 2.17 ppm for the A/-methyl group. A complex 

multiplet signal integrated for seven protons occupied the region between 2.73-3.07 ppm, which 

represented both benzylic methylene protons and the methine proton of the tetralin ring in 

addition to one proton from each of the methylene protons of the benzylnitrile side chains. Two 

doublets were found either side of the large multiplet tha t  corresponded to the residual 

methylene protons of the benzylated substituent. The indanone methine proton resonated as two 

singlets a t 4.43 and 4.45 ppm. Again the aromatic region was complicated with a mixture of 

doublets and multiplets for the sixteen protons within the range of 6.89-7.73 ppm. The main 

diagnostic feature of the NMR was the  quaternary nitrile carbons at 118.6 and 119.0 ppm 

among a total of eleven quaternary carbons and the carbonyl signal at 206.7 ppm. The proton 

spectrum of (5.13) is illustrated in Figure 5.16 and the carbon spectra are illustrated in Figures 

5.17 and 5.18.
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2 [ppm]6 5 4 37

Figure 5.16 NMR spectrum o f (5.13)

140 1M [ppm]180 ISO20C

Figure 5.17 and DEPT 135 NMR spectra o f (5.13) from 110-207 ppm
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Figure 5.18 ” c and DEPT 135 NMR spectra of (5.13) from 26-68 ppm

5.7.5 Synthesis of the di-poro-Methyl benzylated Alcohol derivative (5.14)

The designed multiple ligands that have been synthesised to date, namely (5.11-5.13) contain the 

carbonyl functionality at the base of the indane component of their structure. As (2.08) and (2.12) 

both possess the hydroxy functionality on the tetralin ring of their structure, it was decided to 

prepare a Designed Multiple Ligand which incorporated this functional group in its structure. It 

was of interest to investigate whether modification of the ketone group of the indanone fraction 

of the molecule to a hydroxy functionality would have a beneficial or deleterious effect on mast 

cell stabilising activity.
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Reduction of (5 .10 ) using NaBH 4  afforded the  desired alcohol (5 .14 ) as a m ixture o f stereoisom ers.

NaBH4

MeOH, 0°C,

Ih, (84%)
OH0

(5 .11) (5 .14)

Scheme 5.15 Synthesis of compound (5.14)

HRMS data yielded the actual m olecular mass (M  + = 502 .3096 , calculated 502 .3032  with

m olecular form ula C3 6 H 3 9 NO.

The NM R spectrum showed a similar pattern o f signal overlap to that o f its ketone precursor 

w ith  the added complications o f an additional chiral centre. Nonetheless, conversion o f the  

ketone to the alcohol functionality was elucidated by the presence o f the  overlapping doublets at 

5.52 ppm which w ere attribu ted  to the proton o f the carbon bearing the alcohol m oiety o f the  

indanol ring. O ther significant features were; the th ree protons from  the A/-methyl group  

resonated as tw o  singlets at 1 .98 and 2.01 ppm , while the first set o f protons from  the benzyl 

m ethyl groups resonated as tw o  singlets also at 2.23 and 2.35 ppm and the second as a singlet at 

2.41 ppm. A large m ultip let that integrated fo r seven protons was observed in the aliphatic region 

from  2 .50-3 .05  ppm which was comprised of the four benzylic protons and the m ethine proton  

from  the tetra lin  ring along w ith one proton from  each of th e  tw o  m ethylene groups o f the benzyl 

substituents. The rem aining tw o protons from  these tw o  m ethylene groups resonated as tw o  

doublets at 2 .28  ppm (J=14.44 Hz) and 3 .18  ppm (J=13.98 Hz). The m ethine indanone resonated  

as tw o  singlets at 4 .33  and 4 .36  ppm. The successful reduction o f the ketone to the alcohol group  

was fu rther confirm ed in the DEPT 135 N M R  spectrum by the presence o f the carbon bearing the  

alcohol signal at 8 0 .8 /8 0 .9  ppm. The remaining tw o  m ethine carbon signals w ere found at 60.2  

ppm and 67.7 ppm . Ten signals fo r five m ethylene carbons w ere present betw een 26 .7 -37 .1  ppm . 

The sixteen arom atic carbon signals w ere present betw een 124 .0 -131 .2  ppm. In the spectrum  

there was a notable absence of the carbonyl signal at approxim ately 2 0 0  ppm.
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Figure 5.20 Carbon spectra o f (5.14)
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5.8 M ast Cell Stabilising Results

All four Designed Multiple Ligands (5.11-5.14) were screened for inhibition of nnediator release 

from RPMCs by Woods. Table 5.1 shows the percentage inhibition of histamine release from mast 

cells of test compounds at 20 nM, when both calcium ionophore A23187 and Compound 48/80 

were used to induce histamine release(woods).

Compound Calcium Ionophore A23187 Compound 48/80

Mean SEM n Mean SEM n

(5.11) 64.22 13.98 5 35.90 6.28 4

(5.12) 71.06 10.17 5 38.46 7.82 5

(5.13) 83.79 2.00 6 32.64 11.35 4

(5.14) 66.50 4.51 4 4.47 2.58 4

DSCG 6.05 4.02 6 10.42 2.08 35

Table 5.1 Effects ofDMLs (5.11-5.14) at a concentration oflOuM on calcium ionophore A23187 

and compound 48/80 induced histamine release from RPMC. Values are expressed as a mean ± 

SEM of the percentage inhibition of histamine release, n as indicated. The effect o f disodium 

cromoglycate (DSCG) (20 nM) on histamine release is shown as a reference standard.

With the exception of the alcohol analogue (5.14) in the  presence of compound 48/80, all of the 

compounds within this series displayed significantly be tte r  mast cell stabilising activity than that 

of DSCG, the mast cell stabiliser in clinical use. All com pounds displayed strong In vitro inhibitory 

effects against calcium ionophore A23187-induced histamine release from rat peritoneal mast 

cells, exhibiting inhibition values tha t  were more than 10-fold greater than  that  of DSCG. 

Interestingly, the most profound effect was exhibited by the  cyano-benzylated derivative (5.13) in 

the presence of calcium ionophore A23187 ((5.13); 83.79 ± 2.00%). Replacement of the  nitrile 

group at the para  position of the benzyl ring with a methyl substitutent resulted in a slight 

reduction in the mast cell stabilising activity as shown by (5.11) (64.22 ± 13.98%). The effect of 

reducing the ketone to an alcohol functionality as in compound (5.14) did not impair the  activity 

and showed equipotent inhibition values to  its carbonyl congener (5.11), (5.14; 66.50 ± 4.51%) in 

the presence of calcium ionophore A23187. The dicinnamyl based DML (5.12) also inhibited 

calcium ionophore A23187-induced mediator release to  a significant extent (5.12; 71.06 ± 

10.17%). Perhaps surprisingly, their effect at inhibiting histamine release from RPMCs was 

considerably less than when compound 48/80 was employed in the RPMC assay as an elicitor to
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stimulate histamine release. Nevertheless, the three indanone-based  DMLs (5 .11), (5 .13) and 

(5 .12) showed similar levels of mast cell stabilisation activity ((5 .11); 35.90 ± 6.28%, (5.12); 38.46 

± 7.82%, (5 . 13); 32.64 ± 11.35%), w/hich was still three fold greater than DSCG at the  same 

concentration. As evidenced by the data obtained on (5 .14), reduction of the carbonyl 

functionality had an adverse effect on mast cell stabilisation ((5 .14); 4.47 ± 3%) in the presence of 

compound 48/80, suggesting that perhaps in this series the greatest contribution to the mast cell 

stabilisation with this series of DMLs is from the (5 .01) framework of the ligand.

5.9 Stability Profile of DMLs

As the mast cell stabilisation data obtained on the DMLs was encouraging, our attention shifted 

towards conducting preliminary stability studies on the DMLs (2 .11-2 .14). The conditions 

employed were similar to that  used when this study was performed on (5.01) but as we were 

confident tha t  these compounds should exhibit good stability we extended the incubation period 

to 240 min as opposed to  the 30 min incubation period that  was used for (5 .01 ). The LCMS 

method used was Method B which is described Section 5.12.3.
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Figure 5.21 A typical LCMS chromatogram of a timepoint during the stability study of the four 
aminoindanone derivatives. The retention times of dibenzylnitrile (5.13)(M + H)* 522.2535, dibenylmethyl 

ketone {5.11)(M + H)* 500.2944, dibenzyimethyl alcohol (5.14)(M + H)* 502.3102 and dicinnamoyi 
(5.12)(M + H)* 524.2941 are 10.58,13.97, 8.65 and 13.60 min respectively.
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Figure 5.22 Time course profile for the stability o f the aminoindanone derivatives (5.11), (5.12), (5.13) and  
(5.14)

As is evidenced from the graphical representation of the data obtained from the stability studies 

of the four DMLs (5 .11-5.14) shown in Figure 5.22, it is obvious tha t  these  compounds show high 

stability under physiological conditions. As might have been anticipated, the dialkylated 

derivatives exhibit far g reater stability than tha t  of the parent compound (5 .01). The poor stability 

of (5 .01) was illustrated in Figure 5.7 (A). When incubated under physiological conditions, only 

0.05% was found to  be remaining after 30 min. In contrast, the four DMLs (5 .11-5 .14) all exhibit 

more than 95% remaining at the same timepoint. These compounds exhibited similar stability 

over the  incubation period and all had more than 65% remaining after four hours. Therefore, the 

synthesis of the designed multiple ligands proved to  have been a worthwhile investigation as 

many of these  new entities showed greater mast cell stabilising activity than that  of DSCG and 

moreover they all exhibited significantly improved stability than the parent compound (5 .01) 

under physiological conditions.
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5.10 Conclusion

The aim s of this C hap ter  w ere  threefo ld ;

1. To exam ine th e  stability of th e  p o te n t  m as t  cell stabiliser (5.01) un d er  physiological 

conditions.

2. To investigate th e  hypothesis  o f  th e  ind en o n e  d e g ra d a n t  o f  (5.01) conjugating with 

h istam ine u n d e r  physiological conditions by m e a n s  o f  a possible "scavenging" m echanism  

of action of (5.01) in in vitro  and in vivo  models.

3. To g e n e ra te  p o te n t  m ast  cell stabilising co m p o u n d s  while addressing  th e  inh eren t  

instability of (5.01) by overlapping p h a rm aco p h o res  of tw o  distinct m as t  cell stabilising 

classes to  g e n e ra te  a series of Designed Multiple Ligands.

The stability studies  of (5.01) which mimicked th e  conditions  used in th e  RPMC assay indicated 

th e  (3-aminoketone to  be highly uns tab le  with a half-life o f  3.82 m inutes. The fa te  of (5.01) in 

th e se  settings was as expec ted  in line with th e  rep o r ted  lite ra ture  on a similar series of  p- 

am in o k e to n es  which g e n e ra te d  th e  highly conjuga ted  ind en o n e  c o m p o n e n t  u n d e r  physiological 

conditions. In light o f  th e se  findings, it was felt th a t  th e  l iberated  ind en o n e  m ay be  seques te r ing  

re leased  histamine from m ast  cells in a conjugate  addition  reaction. An incubation of h istam ine 

with (5.01) under  th e  sam e  conditions verified this scenario . LCMS analysis of th e  incubation 

m ixture de tec ted  a co rresponding  peak to  th e  au th en t ic  s tandard  of th e  h is tam ine- indenone  

con juga te  (5.04) with a m ass ion of (M + = 242.1283 which increased over  t im e. These findings

suggest  th a t  this is a likely p h e n o m e n o n  in th e  in vitro  and in vivo  situations. As an additional 

m o d e  of action, in d en o n e  may con jugate  with thiol g roups  of signalling p ro te ins  necessary  for 

m as t  cell activation. Based on th e  previously described Micheal addition reaction b e tw e e n  a, p- 

u nsa tu ra ted  carbonyl co m p o u n d s  such as parthenolide ,  OR-1384 and OR-1958 with sulphydryl 

g roups  which result in th e  inactivation of p ro te ins  is also a possible m echanism  of action for  th e  

indenone  molecule. In this case, th e  im por tan t  signalling p ro te ins  involved in th e  allergic cascade  

such as Syk kinase would be inactivated which would  effectively inhibit th e  re lease  of chemical 

m ed ia to rs  from m as t  cells.

At this s tage, it was of th e  dual in ten tion  to  im prove th e  stability of (5.01) while developing a 

series of m ast  cell stabilising com pounds . This was achieved by dialkylating position 2 of  th e  

indanone  ring of (5.01) in th e  s am e  app roach  used to  synthes ise  th e  m ast  cell stabilising 

co m p o u n d s  of C hapter  2 in an effort to  p roduce  a s tab le  series of Designed Multiple Ligands.
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As hoped, this series of compounds containing mast cell stabilising pharmacophores from 

different ligand classes dem onstrated both good stability and mast cell stabilising activity. The 

level of potency exhibited by the DMLs w/as lower than anticipated for the strategy of combining 

tw/o potent pharmacophores in a single entity especially when challenged with Compound 48/80. 

Nonetheless, all of these compounds with the exception of (5.14) in the presence of Compound 

48/80 displayed far better activity than that of the clinically prescribed mast cell stabiliser, DSCG. 

The most active DML in the RPMC assay was the dibenzylated nitrile derivative (5.13) in the 

presence of calcium ionophore A23187, inhibiting histamine release by an impressive 83.79 ± 2%. 

Surprisingly, the effects of reducing the ketone functionality of (5.11) to a secondary alcohol as in 

(5.14) considerably compromised the activity in the presence of calcium ionophore A23187 

despite the requirement of the  secondary alcohol for effective mast cell stabilising activity among 

tetralol series in Chapter 2. Therefore the findings from this Chapter confirm the  therapeutic 

potential of (5.01) and the DMLs as well as the scavenging properties of (5.01) in the t rea tm en t of 

allergic diseases.
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5.11 Materials and Methods

LCMS grade formic acid, ammonium hydroxide (33%), methanol, acetonitrile and water were all 

purchased from Fischer Scientific. PBS tablets were purchased from Sigma Aldrich, catalogue 

number P4417.

5.12 Method Development

5.12.1 Instrumentation and Chromatographic Conditions

All analytical work in this Chapter was carried out on a Thermo Accela Liquid chromatograph that 

was linked to a Thermo LTQ-XL-Orbitrap Discovery mass spectrometer detector. The column used 

for chromatographic separation was a Waters Xbridge C18, 2.1 x 50 mm 2.5 pm at 30 °C. All of the 

gradient systems detailed below used an injection volume of 10 pi and a flow rate of 250 pl/min.

5.12.2 Method A

The stability study on (5.01) was determined using an acidic mobile phase system to avoid any 

effects on the compounds stability that basic solvent system might have on this compound. 

Although the pair of diastereomers were unresolved, good peak shape and retention was 

observed using a gradient system. Mobile phase A was 0.1% formic acid in water. Mobile phase B 

was 0.1% formic acid in methanol. A 10 min runtime was used. Gradient, 5% B hold for 1 min, 5% 

B to 95% B over 5 min, hold 95% B for 2 min, 5% B at 8.01 min and equilibrate for 2 min. The 

eluent was monitored by the mass ion of compound (5.01) (M + = 292 in positive ion mode.

Time (min) % Mobile Phase A % Mobile Phase B

0 95 5

1 95 5

6 5 95

8 5 95

8.01 95 5

10 95 5

Table 5.2 Gradient System for Method A

5.12.3 Methods

The stability study on the DMLs as isomeric mixtures was also analysed using an acidic mobile 

phase system. Mobile phase A was 0.1% formic acid in water. Mobile phase B was 0.1% formic 

acid in acetonitrile. A runtime of 15 min was required due to the later elution times of (5.11) and 

(5.13), Gradient, 10% B hold for 1 min, 10% B to 90% B over 8 min, hold 90% B for 4 min, 10% B at
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13.01 min and equilibrate for 2 min.The eluent was monitored by the mass ions of compounds 

(5 .13), (5 .11), (5.14) and (5 .12) that  were (M + H)* = 522, 500, 502 and 524 (m/z) respectively in 

positive ion mode.

Time (min) % Mobile Phase A % Mobile Phase B

0 90 10

1 90 10

9 5 90

13 5 90

13.01 90 10

15 90 10

Table 5.3 Gradient System for M ethod B

5.12.4 Method C

An initial acidic solvent scouting gradient consisting of 0.1% formic acid in w ater with 0.1% formic 

acid in methanol which showed poor retention of the compound (5 .04) causing it to elute within 

the first minute of the run, even with a low percentage of organic modifier (5%). Accordingly, to 

improve retention of the secondary amine, deprotonating conditions were necessary. Mobile 

phase A was 0.1% ammonium hydroxide in water. Mobile phase B was 0.1% ammonium 

hydroxide in acetonitrile. A 10 min runtime was used. Gradient, 10% B to 90% B over 6 min, hold 

90% B for 2 min, 10% B at 8.01 min and equilibrate for 2 min. The eluent was monitored by the 

mass ion of compound (5 .04) (M + 242 in positive ion mode.

Time (min) % Mobile Phase A % Mobile Phase B

0 90 10

6 10 90

8 10 90

8.01 90 10

10 90 10

Table 5.4 Gradient system  for M ethod C
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5.13 Method Evaluations

In view of the intentions of the work in this Chapter, namely to examine only once; the 

degradation of (5.01), the formation of (5.04) and the aqueous stability of compounds (5.11-5.13) 

in physiological solutions, a full validation was not deemed necessary. Confidence in each of the 

methods developed was determined through a linearity study of the six standard compounds, 

(5.01), (5.04), (5.11), (5.12), (5.13) and (5.14).

Standard Linear range (ng/mL)

5.01 1-1000 0.9969

5.04 1-1000 0.9968

5.11 10-1000 0.9996

5.12 10-500 0.9925

5.13 10-500 0.9922

5.14 10-1000 0.9818

Table 5.5 The correlation levels for compounds; (5.01) and (5.04) in the range from 1-1000 

ng/mL, (5.12) and (5.13) in the range from 10-500 ng/mL and, (5.11) and (5.14) in the range 

from 10-1000 ng/mL

Linearity for each test compound was determined by injecting a range of standards from 1 ng/mL 

to 1000 ng/mL. Stock solutions (1,000,000 ng/mL) of each compound were prepared and serially 

diluted with the appropriate mobile phases to form a calibration curve. Calibration curve 

concentrations of each compound were prepared at 1, 10, 100 250, 500, 1000 ng/mL. The 

methods demonstrated to be linear for all compounds, with a minimum correlation coefficient of 

r^> 0.981.
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Figure 5.23 Least squared regression o f compound (5.01)

The LTQ-XL ion trap mass spectrometer was coupled to the Accela LC system via an electron 

ionization (ESI) probe. The capillary temperature was maintained at 400°C, sheath gas flow rate 

50 arbitrary units, auxiliary gas flow rate 5 arbitrary units, sweep gas flow rate 0 arbitrary units, 

source voltage 3.20 kV, source current 100 |iA, capillary voltage 43.00 V and tube lens 100 V. Test 

compounds were detected in positive ion mode using full scan and extracted ion chromatograms. 

The optimum detector conditions were found by tuning the instrument to the highest sensitivity 

for the molecular ion of the amine of interest from each of the methods developed.

5 .14 Conditions used to determine the degradation profile of (5.01)

A solution of compound (5.01) was prepared at a concentration of 400 ng/mL in PBS solution (pH 

7.4) taken from a 100,000 ng/mL DMSO stock solution. The final concentration of DMSO in the 

buffered solution was 0.4%. The solution was incubated at 37 °C for 30 min. During this time 150 

Hl aliquots were withdrawn at appropriate intervals and transferred to 1.5 mL Eppendorf tubes 

containing 150 |il of 0.1 M HCI and vortex mixed. The samples were transferred to LCMS glass vial 

inserts and 10 nl aliquots of each samples was injected directly onto the column by the Accela LC 

system autosampler and analysed by LCMS using the method developed for compound (5.01) 

(Method A).
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5.15 Conditions used to determine the Formation of Histamine-lndanone 

Conjugate (5.04)

A solution of compound (5 .01) (400 ng/mL) and histamine (600 ng/mL) was prepared in PBS 

solution (pH 7.4) in a LCMS vial and incubated at 37 °C for 30 min. Compound (5 .01) was taken 

from a stock solution of 100,000 ng/mL in DMSO. The final concentration of DMSO in the buffered 

solution was 0.4%. A sample of 10 nl was injected directly onto the column by autosampler and 

analysed using the method developed for compound (5.04) (Method C).

5.16 Conditions used to Determine the Stability Profile of Amines (5.11-5.14)

A solution of compounds (5.11), (5.12), (5 .13) and (5.14), each at a concentration of 200 ng/mL in 

PBS solution (pH 7.4) was prepared in an LCMS vial were prepared from a 1000 ng/mL mixed stock 

solution of the four compounds in acetonitrile. The final concentration of acetonitrile in the 

buffered solutions was 20%. The solution was incubated at 37°C in the Accela LC system 

autosampler. Aliquots of 10 nL from the sample vial were injected directly onto the column every 

15 min over a 4 hour timecourse and analysed using the method developed for compounds (5.11- 

5 .14) (Method B).
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6 Chemistry Experimental

starting materials were obtained from Sigma Aldrich® and were not characterised.

Melting points (MP) were determined on an Electrotherm® melting point apparatus.

Spectral data were obtained on the following instruments:

Infrared (IR); Perkin Elmer FT-IR spectrophotometer Paragon 100. Solid samples were analysed by 

potassium bromide discs (KBr), oils were analysed as films on NaCI plates (DCM).

Nuclear Magnetic Resonance (NMR) Spectroscopy was performed using a Bruker DPX-400 

instrument, at 400.13 MHz for proton (^H) magnetic resonance and 100.61 MHz for carbon (^^C) 

spectra. Spectral analysis was performed using Bruker W IN-NMR software. Samples were 

prepared in deuterated chloroform (CDCI3) unless otherwise stated. Resonance positions in ppm 

were assigned relative to the CHCI3 resonance at 7.27 ppm for ^H spectra and 76.5, 76.8 and 77.2 

ppm for spectra. Signal descriptions are abbreviated as follows: (s = singlet; d = doublet; t = 

triplet; dd = double doublet; dt = double triplet; ddd = double double doublet; q = quartet; m = 

multiplet; ArCH signifies a proton attached directly to an aromatic ring; ArCH the carbon atom of 

an aromatic ring bearing a proton; and QC a quaternary carbon of an aromatic ring). 

Distereomeric compounds have ^̂ C NMR data reported as paired signals.

Column chromatography was carried out using silica gel 60 (230-400 mesh) and thin layer 

chromatography with silica gel GF -  254 pre-coated aluminium sheets. (Merck Laboratories®). 

Compounds were visualised using UV at both 254 and 365nm, and a variety of spray reagents.

High Resolution Mass Spectroscopy (HRMS): All high resolution mass spectra were obtained from  

a Thermo LTQ-Orbitrap Discovery mass spectrometer. Data analysis was performed using Xcalibre 

software.

Anhydrous THF was prepared by refluxing over powdered lithium aluminium hydride for two 

hours then collecting the distillate and allowing it to fall back down over sodium wire and 

benzophenone. The resulting mixture was refluxed until a purple colour was obtained; the 

colourless distillate was used immediately.

Anhydrous DCM was prepared by distillation over powdered calcium hydride.
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6.1 Synthesis of 2,2-diallyl-3,4-dihydronaphthalen-l(2H)-one (2.03)

To a stirred solution of a-tetralone (l.Og, 6.8 mmol) in a mixture of t-butanol/diethyl ether (30 

mL, 2:1) was added ally! iodide (2.29g, 13.68 mmol). To this solution was added potassium tert- 

butoxide (1.53g, 13.68 mmol) and the reaction proceeded for three hours at room temperature. 

The reaction was quenched and the f-butanol was removed by the addition of water (80 mL). The 

product was extracted with diethyl ether (3 x 25 mL). The combined organic layers were dried 

over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The 

concentrate was then purified by flash column chromatography (stationary phase; silica gel, 230- 

400mesh, mobile phase hexane; ethyl acetate 5:1). All homogenous fractions were collected and 

the solvent was evaporated to afford the di-allyl ketone (2.03) as a clear oil (0.38g, 59%).

’H NMR (CDCI3, 400 MHz) 6H (ppm); 2.03 (2H, t, J=6.44Hz, signals overlapping, ArCH2 CH2 ), 2.27- 

2.33 (2H, dd, Ji=7.16Hz, J2=13.90Hz, CH2 CCH2 ), 2.50-2.55 (2H, dd, Ji=7.16Hz, J2=13.90Hz, CH2 CCH2 ), 

2.99 (2H, t, J=6.32Hz, ArCH2 CH2 ), 5.06-5.11 (4H, m, 2 x CH=CH2 ), 5.74-5.85 (2H, m, 2 x CH=CH2 ), 

7.22 (IH , d, J=7.46Hz, ArCH), 7.28 (IH , t, J=7.55Hz, ArCH), 7.45 (IH , dt, Ji=1.55Hz, J2=7.47Hz, 

ArCH), 8.06 (IH , dd, Ji=1.15Hz, J2=7.84Hz, ArCH)

NMR (CDCI3, 100.16 MHz) 6C ( ppm); 25.1 (ArCH2 CH2 ), 30.6 (ArCH2 CH2 ), 2 x 39.2 (2 x CH2 CCH2 ), 

47.8 (CH2 CCH2 ), 2 X 118.3 (2 x CH=CH2 ), 126.7 (ArCH), 128.0 (ArCH), 128.7 (ArCH), 131.9 (Q£),

133.2 (ArCH), 133.9 (2 x CH=CH2 ), 143.1 (QC), 200.8 (C=0)

IR (film) umax/cm’  ̂2955, 2861, 1689, 1511, 1453, 1422

HRMS (M + Na)*; calculated 249.1255, found 249.1234, molecular formula (CieHisONa)

6.2 Synthesis of 2,2-diallyl-l,2,3,4-tetrahydronaphthalen-l-ol (2.04)

To a stirred solution of the allyl product (2.03) (0.3g, 1.32 mmol) in anhydrous THF (7 mL) at 0°C 

was added LiAIH4  (O.lOg, 2.65 mmol) gradually over two minutes. The reaction was quenched 

after one hour by pouring the contents of the round bottom flask into a beaker containing ice. 

Once the ice had liquidefied, the product was then extracted from the aqueous layer with diethyl 

ether (3 x 20 mL). The combined organic layers were dried over anhydrous magnesium sulphate, 

filtered and the solvent was removed in vacuo. The concentrate was purified by flash column 

chromatography (stationary phase; silica gel, 230-400mesh mobile phase; hexane; ethyl acetate 

3;1). All homogenous fractions were collected and the solvent was evaporated to afford the allyl 

alcohol (2.04) as a clear oil (0.23g, 77%).
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’H NMR (CDCI3, 400 MHz) 6 H (ppm): 1.57-1.64 (IH , m, IH  of ArCHzCHi), 1.76 (IH , s, OH), 1.79-1.86 

(IH , m IH  of ArCHaChb), 2.06 (2H, dd, Ji-0.83Hz, J2=7.48Hz, CH2 CCH2 ), 2.14 (IH , dd, Ji=7.46Hz, 

J2=14.02Hz, IH  of CH2 CCH2 ), 2.31 (IH , dd, Ji=7.44Hz, J2=14.01Hz, IH  of CH2 CCH2 ), 2.74-2.88 (2H, 

m, ArCH2 CH2 ), 4.42 (IH , s, CHOH), 5.06-5.20 (4H, m, 2 x CH=CH2 ), 5.88-6.08 (2H, m, 2 x CH=CH2 ), 

7.13-7.17 (IH , m, 1 X ArCH), 7.19-7.27 (2H, m, 2 x ArCH), 7.40-7.42 (IH , m, 1 x  ArCH);

NMR (CDCI3 , 100.16 MHz) 6 C (ppm): 25.3 (ArCH2 CH2 >, 27.1 (ArCH2 CH2 ), 37.3 (CH2 CCH2 ), 37.6 

(CH2 CCH2 ), 39.7 (CH2 CCH2 ), 73.8 (CHOH), 2 x 117.9 (2 x CH=CH2 ), 126.3 (ArCH), 127.5 (ArCH), 128.8 

(ArCH), 129.4 (ArCH), 134.6 (CH=CH2 ), 134.8 (CH=CH2 ), 136.1 (QC), 137.9 (Q£)

IR (film) umax/cm'^3425, 3072, 2926, 1637,1452

HRMS (M + Na)'": calculated 251.1412, found 251.1395, molecular formula (Ci6 H2oONa)

6.3 Synthesis of 2,2-dibenzyltetralin-l-one (2.05)

To a stirred solution of a-tetralone (l.Og, 6 . 8  mmol) in a mixture of t-butanol/diethyl ether (30 

mL, 2:1) was added benzyl bromide (2.3g, 13.6 mmol). To this solution was added potassium tert- 

butoxide (1.5g, 13.6 mmol) and the reaction proceeded for four hours at room temperature. The 

reaction was quenched and the t-butanol was removed by the addition of water (80 mL). The 

product was extracted with diethyl ether (3 x 25 mL). The combined organic layers were dried 

over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The 

concentrate was then purified by flash column chromatography (stationary phase; silica gel, 230- 

400mesh, mobile phase hexane; ethyl acetate 7:1). All homogenous fractions were collected and 

the solvent was evaporated to afford the di-alkylated product (2.05) as an off-white solid (1.50g, 

6 8 %).

’H NMR (CDCI3, 400 MHz) 6 H (ppm): 1.96 (2H, t, J=6.52Hz, signals overlapping, ArCH2 CH2 ), 2.66 

(2H, d, J=13.56Hz, signals overlapping, CH2 CCH2 ), 3.06 (2H, t, J= 6.52Hz, signals overlapping, 

ArCH2 CH2 ), 3.32 (2H, d, J=13.56Hz, signals overlapping, CH2 CCH2 ), 7.15- 7.34 (12H, m, 12H of 

ArCH), 7.43 (IH , dt, Ji=1.16Hz, J2=7.28Hz, 1 x ArCH), 8.10 (IH , d, J=8.02Hz, COArCH)

“ C NMR (CDCI3, 100.16 MHz) 6C ( ppm): 25.0 (ArCH2CH2), 28.7 (ArCH2CH2), 2 x 41.1 (2 x ArCH2), 

50.4 (CH2 CCH2 ), 2 X  125.9 (2 x ArCH) , 126.3 (ArCH), 4 x 127.5 (4 x ArCH), 127.7 (ArCH) , 128.2 

(ArCH), 4 x 130.5 (4 x ArCH), 132.0 (QC), 132.7 (1 x ArCH), 136.9 (QC), 142.5 (Q£), 200.2 (C=0)

IR Vmax(KBr)/cm'  ̂2971, 2877, 1688, 1594, 1521, 1450 

Melting point: 61 - 6 6 °C

HRMS (M + Na)*: calculated 349.1568, found 349.1566, molecular formula (C24H220Na)
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6.4 Synthesis of 2,2-dibenzyltetralin-l-ol (2.06)

To a stirred solution of the alkylated product (2.05) (1.5g, 4.6 mmol) in anhydrous THF (15 mL) at 

0°C was added UAIH4  (0.35g, 9.2 mmol) gradually over five minutes. The reaction w/as quenched 

after one hour by pouring the contents of the round bottom flask into a beaker containing ice. 

The product w/as then extracted from the aqueous layer with diethyl ether (3 x 30 mL). The 

combined organic layers were dried over anhydrous magnesium sulphate, filtered and the solvent 

was removed in vacuo. The concentrate was purified by flash column chromatography (stationary 

phase; silica gel, 230-400mesh mobile phase; hexane: ethyl acetate 4:1). Ail homogenous 

fractions were collected and the solvent was evaporated to afford the alcohol (2.06) as a white 

solid (1.22g, 82%).

'H NMR (CDCI3 , 400 MHz) 5H ( ppm): 1.59-1.67 (IH, m, IH of ArCHjChb), 1.76-1.86 (IH, m, IH of 

ArCHjCHi), 1.86 (IH, d, J=8.52Hz, IH of CHOH), 2.46 (IH, d, J= 13.28 Hz, IH of CH2CCH2), 2.72 (IH, 

d, J=13.56, IH of CH2CCH2), 2.86-2.90 (2H, 1 x m and 1 x d, J=13.56Hz, signals overlapping, IH of 

ArCH2CH2 and IH of CH2CCH2 ), 3.12- 3.22 (2H, 1 x m and 1 x d, J=13.28Hz, signals overlapping, IH 

of ArCHjCHj and IH of CH2CCH2 ), 4.53 (IH, d, J=8.52Hz , OCH),7.14 (IH, d, J=6.72Hz, 1 x ArCH), 

7.20- 7.39 (12H, m, 12H x ArCH), 7.56 (IH, dd, Ji=1.24Hz, J2=6.24Hz, 1 x ArCH)

“ C NMR (CDCL3 , 100.16 MHz) 6C ( ppm): 25.8 (ArCH2CH2), 27.3 (ArCHjCHj), 36.9 (ArCH2), 41.5 

(ArCH2), 41.5 (CH2CCH2 ), 72.2 (CHOH), 126.2 (ArCH), 126.2 (ArCH), 126.3 (ArCH), 126.6 (ArCH),

127.0 (ArCH), 2 x 128.0 (2 x ArCH), 2 x 128.2 (2 x ArCH), 128.6 (ArCH), 2 x 131.0 (2 x ArCH), 2 x

131.0 (2 X ArCH), 135.4 (QC), 138.0 (Q£), 138.5 (QC), 138.9 (Q£)

Melting point: 50 - 53°C

IR \/max(KBr)/cm'^ 3563, 3454, 3026, 2928, 1492, 1452

HRMS (M -I- Na)"̂ : calculated 351.1725, found 351.1715, molecular formula (C24H240Na)

6.5 Synthesis of 2,2-bis(p-tolylmethyl)tetralin-l-one (2.07)

To a stirred solution of a-tetralone (l.Og, 6.8 mmol) in a mixture of t-butanol/diethyl ether (30 

mL, 2:1) was added 4-methylbenzyl bromide (1.5g, 13.6 mmol). To this solution was added 

potassium ferf-butoxide (0.76g, 6.8 mmol) and the reaction proceeded for four hours at room 

temperature. The reaction was then quenched and the f-butanol was removed by the addition of 

water (80 mL). The product was extracted with diethyl ether (3 x 25 mL) and the combined
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ethereal fractions were dried over anhydrous magnesium sulphate, filtered and the solvent was 

removed in vacuo. The concentrate was then purified by flash column chromatography 

(stationary phase; silica gel, 230- 400mesh, mobile phase hexane: ethyl acetate 7:1). All 

homogenous fractions were collected and the solvent was evaporated to afford the di-alkylated 

product (2.07) as a white solid (0.88g, 51%).

NMR (CDCI3 , 400 MHz) 6 H ( ppm): 1.98 (2H, t, J=6.28Hz, signals overlapping, ArCHiCHz), 2.36 

(6 H, s, 2 X  ArCHs), 2.69 (2H, d, J=13.56Hz, signals overlapping, CH2 CCH2 ), 3.08 (2H, t, J=6.28Hz, 

signals overlapping, ArCjHaCHa), 3.34 (2H, d, J= 13.56Hz, signals overlapping, CH2 CCH2 ), 7.12 (8 H, s, 

8 H of ArCH), 7.22 ( IH , m, IH  of ArCH), 7.34 (IH , t, J=7.52Hz, IH  of ArCH), 7.47 (IH , t, J=7.26Hz, 

IH  of ArCH), 8.18 (IH , d, J=7.04Hz, COArCH)

“ C NMR (CDCI3 , 100.16 MHz) 6 C ( ppm): 2 x 20.7 (2 x ArCHj), 25.1 (ArCH2CH2 ), 28.7 (ArCH2CH2 ), 2 x 

40.7 (2 X  ArCH2 ), 50.5 (CH2CCH2 ), 126.3 (ArCH), 127.7 (ArCH), 128.2 (ArCH), 4 x 128.3 (4 x ArCH), 4 

x 130.4 (4 x ArCH), 132.1 (Q£), 132.7 (1 x ArCH), 2 x 133.9 (2 x QC), 2 x 135.4 (2 x Q£), 142.7 ( QC), 

200.5 (C=0)

IR y/„,ax(KBr)/cm‘^2962, 2867, 1691, 1600, 1 5 1 1 ,1 4 5 3  

Melting point: 62 - 65°C

HRMS (M + Na)"̂ : calculated 377.1881, found 377.1876, molecular formula (C2eH2 6 0 Na)

6.6 Synthesis of 2,2-bis(p-tolylmethyl)tetralin-l-ol (2.08)

To a stirred solution of the alkylated product (2.07) (0.4g, 1.1 mmol) in anhydrous THF (10 mL)

was added LiAIH4 (0.085g, 2.2 mmol) at 0°C gradually over five minutes. The reaction was

quenched after one hour by pouring the contents of the round bottom flask into a beaker

containing ice. The product was then extracted from the aqueous layer with diethyl ether (3 x 30

mL). The combined organic layers were dried over anhydrous magnesium sulphate, filtered and

the solvent was removed in vacuo. The concentrate was purified by flash column chromatography

(stationary phase; silica gel, 230-400mesh, mobile phase; hexane: ethyl acetate 4:1). All

homogenous fractions were collected and the solvent was evaporated to afford the alcohol (2.08)

as a clear oil (0.31g, 75%).

NMR (CDCI3 , 400Hz) 5H ( ppm): 1.63-1.71 (IH , m, IH  of ArCHzCHi), 1.79-1.85 ( IH , m, IH  of

ArCH2CH2 ), 1.98 ( IH , d, J=8.52Hz, CHOH), 2.40 (3H, s, ArCHa), 2.46 (3H, s, ArCHs), 2.50 ( IH , d,

J=13.56Hz, IH  of CH2 CCH2 ), 2.72 (IH , d, J=13.56Hz, IH  of CH2 CCH2 ), 2.84-2.91 (2H, 1 x m and 1 x d,

J=13.52Hz, signals overlapping, IH  of ArC]i2CH2 and IH  of CH2 CCH2 ), 3.14- 3.25 (2H, 1 x m and 1 x

d, J=13.52Hz, signals overlapping, IH  of ArCH2 CH2 and IH  of CH2CCH2 ), 4.59 (IH , d, J=8.28Hz,

CHOH), 7.15- 7.32 ( I IH ,  m, 11 x ArCH), 7.61 (IH , dd, Ji=1.54Hz, J2=6 .8 6 Hz, 1 x ArCH);
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“ c N M R  (CDCI3 , 100.16 Hz) 6 C ( ppm): 21 .1  (CH 3 ), 21.2  (CH 3 ), 25.9 (ArCHzCH^), 27.2 (ArCHjCHz), 

36.5 (ArCHz), 41 .1  (ArCHj), 41 .5  (CHjCCHj), 72.3  (CHOH), 126.2  (ArCH), 126.8 (ArCH), 126.9 (ArCH), 

128.6 (ArCH), 2 x 128.7 (2 x ArCH), 2 x 129.0  (2 x ArCH), 2 x 130.88 (2 x ArCH), 2 x 130.94  (2 x 

ArCH), 134.9 (Q £), 135.4 (Q £), 135.5  (Q £), 135.6 (Q £), 135 .8  (Q £), 139.1  (Q£);

IR (film ) umax/cm'^ 3561, 3423, 3072 , 2928, 1491, 1454

HRMS (M  + Na)" :̂ calculated 379 .2038 , found 379 .2025 , m olecular form ula (C 2 6 H2 sONa)

6 .7  Synthesis of 2,2-bis[(4-tert-butylphenyl)methyl]tetralin-l-onen (2.09)

To a stirred solution of a -te tra lon e  (0.5g, 3.4 m m ol) in a m ixture o f t-bu tano l/d ie thy l e ther (15  

mL, 2:1) was added 4-tert-Butylbenzyl brom ide (1.5g, 6 . 8  m m ol). To this solution was added 

potassium tert-butoxide (0.76g, 6 . 8  mm ol) and the reaction proceeded fo r th ree  hours at room  

tem perature . The reaction was quenched and the t-butanol was rem oved by the addition o f w ater 

(60 mL). The product was extracted w ith d iethyl e ther (3 x 25 mL). The combined organic fractions 

w ere dried over anhydrous magnesium sulphate, filtered and the solvent was rem oved in vacuo. 

The concentrate was then purified by flash column chrom atography (stationary phase; silica gel, 

230- 400m esh, (m obile phase hexane; ethyl acetate 10:1). All hom ogenous fractions w ere  

collected and the solvent was evaporated to afford the di-alkylated product (2.09) as a w h ite  solid 

(0.90g, 62%).

’ H N M R (CDCI3, 400 M Hz) 6 H ( ppm): 1.32 (18H , s, 6  x CH3), 1.98 (2H, 2 x t, J=6.38Hz, signals 

overlapping, ArCH2Cji), 2.65 (2H, 2 x d, J=13.56Hz, signals overlapping, ArClizCHz), 3.09 (2H, 2 x t, 

J=6.26Hz, signals overlapping, ArCJi2), 3 .30  (2H, 2 x d, J=13.28Hz, signals overlapping, ArCH2), 7.10  

(4H, 4 X d, J=8.28Hz, signals overlapping, 4 x ArCH), 7.21 ( IH , d, J=7.76Hz, ArCH), 7.31 ( IH , t, 

J=8.14Hz, ArCH), 7.46 ( IH , dt, Ji=1.48Hz, J2=7.40Hz, ArCH), 8.14 ( IH , dd, Ji=1.38Hz, J2 = 7 .9 Hz, 

COArCH);

^̂ C N M R (CDCI3 , 100.16 M Hz) 6 C (ppm ); 25 .5  (ArCHzCHj), 29 .1  (ArCHjCHj), 6  x 31 .4  ( 6  x CH3 ), 2 x 

34.4  (2 X  C(CH3 )), 2 x 40.9  (2 x ArCHj), 50.9 (CH2 CCH2 ), 4  x 124.9 (4 x ArCH), 126.7 (ArCH), 128.2  

(ArCH), 128.7 (ArCH), 4 x 130.6 (4 x ArCH), 132.5 (QC), 133.1  (ArCH), 2 x 134.3 (2 x Q £), 143.1 (Q £), 

149.0 (Q £), 200.9  (C=0)

IR Vrnax(KBr)/cm'^2962, 2867, 1678, 1600, 1511, 1453  

M elting point: 89 - 93°C

HRMS (M  + Na)*: calculated 461 .2820 , found 461 .2802 , m olecular form ula (C3 2 H3 8 0 Na).
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6.8 2,2-bis[(4-tert-butylphenyl)methyl]tetralin-l-ol (2.10)

To a stirred solution of the alkylated product (2.09) (0.5g, 1.1 mmol) in anhydrous THF (10 mL) 

was added U A I H 4  (0.08g, 2.2 mmol) at 0°C gradually over five minutes. The reaction was 

quenched after one hour by pouring the contents of the round bottom flask into a beaker 

containing ice. The product was then extracted from the aqueous layer with diethyl ether (3 x 30 

mL). The combined organic layers were dried over anhydrous magnesium sulphate, filtered and 

the solvent was removed in vacuo. The concentrate was purified by flash column chromatography 

(stationary phase; silica gel, 230-400mesh, mobile phase; hexane; ethyl acetate 5:1). All 

homogenous fractions were collected and the solvent was evaporated to afford the alcohol 

product (2.10) as a white solid (0.43g, 80%).

’ H NMR ( C D C I 3 ,  400 MHz) 6H ( ppm): 1.31 (9H, s, 3 x C H 3 ) ,  1.36 (9H, s, 3 x C H 3 ) ,  1.60-1.68 (2H, m, 

ArCHjChU), 2.46 ( IH , d, J=13.56Hz, IH  of CH2 CCH2 ), 2.67 (IH , d, J=13.56Hz, IH  of CH2 CCH2 ), 2.79- 

2.89 (2H, 1 X m and 1 x d, J=14.04Hz, overlapping signals, IH  of ArCH2 CH2 and IH  of CH2 CCH2 ), 

3.07-3.19 (2H, 1 X m and 1 x d, J=13.04Hz, overlapping signals, IH  of ArCH2 CH2 and IH  of 

CH2 CCH2 ), 4.53 ( IH , s, CHOH), 7.13-7.29 (9H, m, 9H x ArCH), 7.34 (2H, d, J=8.0Hz, 2H x ArCH), 7.56 

(IH , d, J=8.04Hz, 1 x ArCH)

NMR ( C D C I 3 ,  100.16 MHz) 6C ( ppm): 25.4 (ArCH2 CH2 ), 27.0 (ArCH2 CH2 ), 3 x 30.9 { C ( C H 3 ) s } ,  3 x 

31.0 {C(CH3 )3 }, 2 X 33.9 {2 x C(CH3 )3 }, 36.0 (ArCHz), 40.6 (ArCHz), 41.0 (CH2 CCH2 ), 71.9 (ArCHOH), 2 

x 124.3 (2 X  ArCH), 2 x 124.6 (2 x ArCH), 125.7 (ArCH), 126.2 (ArCH), 126.4 (ArCH), 128.1 (ArCH), 2 

x 130.07 (2 x ArCH), 2 x 130.13 (2 x ArCH), 134.4 (QC), 134.6 (Q£), 135.0 (Q£), 138.6 (QQ, 148.4 

(QC), 148.5 (QC)

Melting point: 97 - 100°C

IR i/n,ax(KBr)/cm'^3423, 3001, 2934, 2911, 1493, 1449

HRMS (M  + Na)"̂ : calculated 463.2975, found 463.2977, molecular formula (C3 2 H4 oONa)

6.9 Synthesis of 2-but-3-enyl-2-ethyl-tetralin-l-one (2.11)

To a stirred solution of a-tetralone (0.5g, 3.4 mmol) in a mixture of t-butanol/diethyl ether (12 

mL, 2:1) was added cinnamoyl bromide (1.34g, 6.8 mmol). To this solution was added potassium 

tert-butoxide (0.76g, 6.8 mmol) and the reaction proceeded for three hours at room temperature. 

The reaction was quenched and the f-butanol was removed by the addition of water (60 mL). The 

product was extracted with diethyl ether (3 x 25 mL). The combined organic layers were dried 

over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The
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concentrate was then purified by flash column chromatography (stationary phase; silica gel, 230- 

400mesh, mobile phase hexane; ethyl acetate 6:1). All homogenous fractions were collected and 

the solvent was evaporated to afford the di-alkylated product (2.11) as an off-white solid (0.86g, 

67%).

’ H NMR (CDCI3 , 400 MHz) 6H ( ppm): 2.15 (2H, t, J=6.26Hz, signals overlapping, ArCH2 CH2 ), 2.47- 

2.53 (2H, m, signals overlapping, ArCH2 CH), 2.74-2.79 (2H, m, signals overlapping, ArCH2 CH), 3.02 

(2H, t, J=6.25Hz, signals overlapping, ArCH2 CH2 ), 6.21-6.29 (2H, m, signals overlapping, 

CH2 CH=CH), 6.45 (2H, d, J=15.72Hz, signals overlapping, CH2 CH=CH), 7.12-7.38 (12H, m, 12 x 

ArCH), 7.48 (IH , t, J=7.44Hz, 1 x ArCH), 8.12 (IH , d, J=7.88Hz, COArCH)

“ C NMR (CDCI3 , 100.16 MHz) 6C ( ppm): 24.8 (ArCH2 CH2 ), 30.4 (ArCH2 CH2 ), 2 x 38.2 (2 x 

CH2CH=CH), 48.4 (CH2 CCH2 ), 2 x 125.2 (2 x ArCH), 4 x 125.4 (4 x ArCH), 125.7 (ArCH), 2 x 126.3 (2 x 

ArCH), 126.8 (ArCH), 4 x 128.1 (4 x ArCH), 128.3 (ArCH), 131.3 (QC), 132.8 (ArCH), 2 x 133.0 (2 x 

ArCH), 2 X 136.9 (2 x  QC), 142.8 (QC), 200.5 (C=0)

IR i/max(KBr)/cm'^ 3025, 2925, 2854, 1678, 1599 

Melting point: 75 - 78°C

HRMS (M + Na)'’: calculated 401.1881, found 401.1875, molecular formula (C2sH260Na)

6.10 Synthesis of 2,2-dicinnamyl-l,2,3,4-tetrahydronaphthalen-l-ol (2.12)

To a stirred solution o f the alkylated product (2 .11) (0.6g, 1.58 mmol) in dry THF (10 mL) at 0°C 

was added LiAIH4 (0.12g, 3.17 mmol) gradually over 5 minutes. The reaction was quenched after 

one hour by pouring the contents o f the reaction flask over ice. The product was extracted from  

the aqueous layer w ith  diethyl ether (3 x 30 mL). The combined organic layers were dried over 

anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The concentrate 

was purified by flash column chromatography (stationary phase; silica gel, 230-400mesh, mobile 

phase; hexane: ethyl acetate 4:1). All homogenous fractions were collected and the solvent was 

evaporated to afford the alcohol (2.12) as a white solid (0.46g, 77%).

'H NMR (CDCI3 , 400 MHz) 6H ( ppm): 1.72-1.79 (2H, m, IH  o f ArCHzCHa and CHOH), 1.93-2.00 (IH , 

m, IH  o f ArCH2 CH2 ), 2.29-2.31 (2H, dd, Ji=2.50Hz, J2=7.02Hz, CH2 CCH2 ), 2.37-2.42 (IH , m, IH  o f 

CH2 CCH2 ), 2.55-2.60 (IH , m, IH  o f CH2 CCH2 ), 2.89-2.94 (2H, m, ArCH2CH2 ), 4.55 (IH , s, OCH), 6.36- 

6.44 (IH , m, CH2 CH=CH), 6.47-6.61 (3H, m, 1 x CH2 CH=CH and 2 x CH2 CH=CH), 7.19-7.22 (IH , m, 1 

x ArCH), 7.25-7.30 (4H, m, 4 x ArCH), 7.34-7.47 (9H, m, 9 x ArCH)

“ C NMR (CDCI3 , 100.16 MHz) 5C ( ppm): 25.5 (ArCHjCHz), 27.4 (ArCH2 CH2 ), 36.9 (CH2 CH=CH), 37.0

(CH2 CH=CH), 41.1 (CH2 CCH2 ), 73.9 (ArCHOH), 2 x 126.1 (2 x ArCH), 2 x 126.1 (2 x ArCH), 126.3

(CH2 CH=CH), 126.4 (CH2 CH=CH), 126.6 (ArCH), 127.2 (ArCH), 127.2 (ArCH), 127.7 (ArCH), 4 x 128.6
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(4 X ArCH), 129.0 (ArCH), 129.5 (ArCH), 2 x 133.0 (2 x CH2 CH=CH), 136.1 (Q£), 137.5 (QC), 137.7 

(Qg), 137.9 (QC)

'/max(KBr)/crn'^3569, 3428, 3024, 2924, 1597, 1493,1448 

Melting point: 81 - 86°C

HRMS (M + Na)"̂ : calculated 403.2038, found 403.2027, molecular formula (C2 8 H2 sONa)

6.11 Synthesis of compound (2.14)

To a stirred solution of the alkylated ketone (2.07) (0.4g, 1.1 mmol) in anhydrous THF (10 mL) at - 

78°C was added allyl magnesium chloride (2.2 mL, 1.1 mmol) dropwise to the flask. The reaction 

mixture was stirred under an atmosphere of nitrogen for three hours while the reaction 

temperature was allowed to increase to ambient. The reaction was then quenched by the 

addition of 2M aq. HCI (30 mL) and the product was extracted with diethyl ether (3 x 20 mL). The 

combined organic layers were dried over anhydrous magnesium sulphate, filtered and the solvent 

was removed in vacuo. The concentrate was then purified by flash column chromatography 

(stationary phase; silica gel, 230- 400mesh, mobile phase hexane; ethyl acetate 7:1). All 

homogenous fractions were collected and the solvent was evaporated to yield the allyl alcohol 

product (2.14) as an off-white solid (0.27g, 57%).

'H NMR (CDCI3, 400 MHz) 6H ( ppm): 1.60-1.65 (IH, m, ArCH2 CH2 ), 1.89-1.97 (IH, m, ArCH2 CH2 ), 

2.31 (3H, s, ArCHs), 2.37 (3H, s, ArChb), 2.39 (IH, d, J=6.28Hz, IH of CH2 CH=CH2 ), 2.56 (IH, d, 

J=14.28Hz, IH of CH2 CCH2 ), 2.76-2.81 (2H, m, IH of CH2 CCH2 and IH of CH2 CH=CH2 ), 2.85-2.89 

(2H, m, 1 X ArCH2 CH2 ), 3.07-3.16 (2H, m, 1 x CH2 CCH2 ), 4.95- 5.06 (2H, m, 1 x CH=CH2 ), 5.52-5.61 

(IH, m, CH=CH2 ), 6.79 (2H, d, J=8.04Hz, 2 x ArCH), 7.00 (2H, d, J=7.76Hz, 2 x ArCH), 7.09-7.22 (7H, 

m, 7 X  ArCH), 7.34-7.37 (IH, m, 1 x ArCH)

“ C NMR (CDCI3 , 100.16 MHz) 6 C ( ppm): 21.0 (CH3 ), 21.0 (CH3 ), 24.7 (ArCH2 CH2 ), 27.9 (ArCH2 CH2 ), 

38.1, (CH2 CCH2 ), 38.9 (CH2 CCH2 ), 43.1 (CH2 CH=CH2 >, 45.5 (CH2 CCH2 ), 78.6 (COH), 118.3 

(CH2 CH=CH2 ), 124.8 (ArCH), 125.9 (ArCH), 126.4 (ArCH), 127.4 (ArCH), 2 x 128.8 (2 x , ArCH), 2 x 

128.9 (2 x ArCH), 2 x 130.9 (2 x ArCH), 2 x 131.1 (2 x ArCH), 134.3 (CH=CH2 ), 135.1 (QC), 135.7 

(Q£), 135.7 (Q£), 136.1 (Q£), 136.5 (Q£), 142.4 (QQ 

Melting point: 64 - 67°C

IR \/„,ax(KBr)/cm'^ 3552, 3026, 2938, 1676,11638, 1597, 1493, 1448

HRMS (M + Na)"': calculated 419.2351, found 419.2353, molecular formula (C29H320Na)
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6.12 Synthesis of 2,2-bis(4-tert-butylbenzyl)-l-allyl-l,2,3,4- 

tetrahydronaphthalen-l-ol (2.15)

To a solution of the alkylated product (2.10) (1.34g, 3.05 mmol) in anhydrous THF (5 mL) at -78°C 

was added allyl magnesium chloride (1 mL, 2 mmol), in a dropwise fashion. The reaction mixture 

was stirred under an atmosphere of nitrogen for three hours, allowing the reaction to reach 

ambient temperature. The reaction was quenched by the addition of 2M aq. HCI (30 mL) and the 

product was extracted with diethyl ether (3 x 20 mL). The combined organic extracts were dried 

over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The residue 

was purified by flash column chromatography (stationary phase; silica gel, 230-400mesh, mobile 

phase; hexane/ethyl acetate, 10:1). All homogenous fractions were collected and the solvent was 

evaporated to afford the allyl alcohol compound (2.15) as a white light solid (0.89g, 61%).

'H NMR (CDCI3, 400 MHz) 6H ( ppm); 1.33 (9H, s, 3 x CH3), 1.38 (9H, s, 3 x CH3), 1.65-1.72 (IH , m, 

IH  of ArCHiCHj), 1.92-2.01 (IH , m, IH  of ArCHjCHi), 2.42 (IH , dd, Ji=6.09Hz, J2=13.5Hz, IH  of 

CH2 CH=CH2), 2.60 (IH , d, J=14.25Hz, IH  of CH2CCH2 ), 2.80-2.89 (4H, m, IH  of CH2 CH=CH2 , IH  of 

CH2 CCH2 and 1 X ArCHjCHz), 3.16 (2H, s, CH2CCH2 ), 4.97-5.08 (2H, m, CH=CH2 ), 5.56-5.66 (IH , m, 

CH=CH2 ), 6.86 (2H, d, J=8.20Hz, 2 x ArCH), 7.10-7.12 (IH , m, 1 x ArCH), 7.21-7.27 (6H, m, 6 x 

ArCH), 7.35-7.41 (3H, m 3 x ArCH)

^̂ C NMR (CDCI3, 100.16 MHz) 6C ( ppm): 24.3 (ArCHzCHj), 27.6 (ArCH2CH2), 30.9 (3 x CH3), 31.0 (3 x 

CH3), 33.9 ({C(CH3)}), 34.0 ({C(CH3)}), 37.6 (CH2CCH2), 38.5 (CH2CCH2), 42.8 (CH2CH=CH2), 45.1 

(CH2CCH2), 78.2 (COH), 117.8 (CH2CH=CH2), 124.4 (1 x ArCH), 2 x 124.5 (2 x ArCH), 2 x 124.6 (2 x 

ArCH), 125.5 (1 x ArCH), 126.0 (1 x ArCH), 128.0 (1 x ArCH), 130.2 (2 x ArCH), 130.4 (2 x ArCH), 

133.4 (CH=CH2>, 134.8 (Q£), 135.7 (Q£), 135.9 (QC), 136.1 (Q£), 141.9 (QC), 148.6 (Q£)

Melting point: 67 - 71°C

IR i/^ax(KBr)/cm'  ̂3436, 3060, 2925, 1600, 1597, 1493, 1448

HRMS (M + Na)"̂ ; calculated 503.3290, found 503.3293, molecular formula (C3sH4 4 0 Na)

6.13 Synthesis of 3-((2,2-dibenzyl-l,2,3/4-tetrahydronaphthalen-l- 

yloxy)carbonyl)propanoic acid (2.16)

To stirred solution of the alkylated alcohol product (2.06) (0.2g, 0.6 mmol) in anhydrous DCM (5 

mL) was added succinic anhydride (0.12g, 1.2 mmol) followed by Et3 N (0.16 mL, 1.2 mmol) and 

DMAP (0.29g, 2.4 mmol) under dry reaction conditions. The reaction was left stirring for twenty- 

four hours at room temperature. It was quenched by the addition of 2M aq. NaOH (30 mL) and
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the product was extracted with DCM (3 x 20 mL). The combined organic extracts were washed 

with water (2 x 20 mL) and were dried over anhydrous magnesium sulphate, filtered and the 

solvent was removed in vacuo. The residue was purified by flash column chromatography 

(stationary phase; silica gel, 230-400mesh, mobile phase; hexane: ethyl acetate 1:1). All 

homogenous fractions were collected and the solvent was evaporated to afford the acid (2.16) as 

a white solid (0.16g, 65%).

’H NMR (CDCI3, 400 MHz) 6H ( ppm): 1.59-1.66 ( IH , m, IH  of ArCHjCHj), 1.94-2.00 (IH , m, IH  of 

ArCHjCHa), 2.61 ( IH , d, J=13.88Hz, IN  of CH2 CCH2 ) 2.66-2.74 (5H, 1 x m and 1 x d, J=13.92Hz, 

overlapping signals, 2 x CJiz and IH  of CH2 CCH2 ), 2.79-2.83 (IH , d, J=14.01Hz, IH  of CH2 CCH2 ), 

2.83-2.93 (2H, 1 x m and 1 x d, J=14.0Hz, overlapping signals, IH  of ArCH2 CH2 and IH  of CH2 CCH2 ), 

3.07-3.15 ( IH , m, IH  of ArCH2 CH2 ), 5.94 ( IH , s, CHOH), 7.05 (2H, d, J=8.2Hz, 2 x ArCH), 7.14-7.35 

(12H, m, 12 X ArCH)

NMR (CDCI3, 100.16 MHz) 6C ( ppm); 25.1 (ArCH2 CH2 ), 26.9 (ArCH2 CH2 ), 28.5 (OCCH2 ), 28.7 

(OCCH2 ), 38.5 (CH2 CCH2 ), 39.7 (CH2 CCH2 ), 40.4 (CH2 CCH2 ), 74.7 (OCH), 126.1 (ArCH), 126.2 (ArCH), 

126.3 (ArCH), 127.7 (ArCH), 2 x 128.0 (2 x ArCH), 2 x 128.0 (2 x ArCH), 128.6 (ArCH), 128.7 (ArCH), 

4 x 131.0 (4 x ArCH), 133.8 (Q£), 135.5 (Q£), 136.6 (QC), 137.9 (Q£), 171.5 (C=0) and 178.1 

(COOH)

IR \ /m a x (K B r)/c m ‘  ̂ 3064, 2914, 2885.6, 1734, 1713, 1494, 1169 

Melting point: 143 - 145°C

HRMS (M + Na)^: calculated 451.1885, found 451.1887, molecular formula (C2sH2804Na)

6.14 Synthesis of 4-[2,2-bis(p-tolylmethyl)tetralin-l-yl]oxY-4-oxo-butanoic acid 

(2.17)

To stirred solution of the alkylated alcohol (2.08) (O.lg, 0.28 mmol) in anhydrous DCM (4 mL) was 

added succinic anhydride (50mg, 0.56 mmol) followed by EtsN (0.07 mL, 0.56 mmol) and DMAP 

(130mg, 1.1 mmol) under dry reaction conditions. The reaction was left stirring for twenty-four 

hours at room temperature. It was quenched by the addition of 2M  aq. NaOH (20 mL) and the 

product was extracted with DCM (3 x 20 mL). The combined organic extracts were washed with 

water (2 x 20 mL) and were dried over anhydrous magnesium sulphate, filtered and the solvent 

was removed in vacuo. The residue was purified by flash column chromatography (stationary 

phase; silica gel, 230-400mesh, mobile phase; hexane: ethyl acetate 1:1). All homogenous 

fractions were collected and the solvent was evaporated to afford the acid (2.17) as a white solid 

(89mg, 70%).
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'H NMR (CDCI3, 400 MHz) 6H ( ppm): 1.56-1.66 (IH , m, IH  of ArCHzChb), 1.91-1.97 (IH , m, IH  of 

ArCHzCHi), 2.32 (3H, s, CH3), 2.37 (3H, s, CH3), 2.57 (IH , d, J=13.96Hz, IH  of CH2 CCH2 ), 2.66-2.70 

(5H, m, IH  of CH2 CCH2 and 2 x CH2 ), 2.75 (IH , d, J=14.04Hz, IH  of CH2CCH2 ), 2.81-2.91 (2H, 1 x m 

and 1 x d, J=14.28Hz, overlapping signals, IH  of ArCH2 CH2 and IH  of CH2CCH2 ), 3.07-3.15 (IH , m, 

IH  of ArCH2CH2 ), 5.91 (IH , s, OCH), 6.94 (2H, d, J=8.0Hz, 2 x ArCH), 7.05 (2H, d, J=7.88Hz, 2 x 

ArCH), 7.13- 7.22 (8H, m, 8 x ArCH)

“ C NMR (CDCI3, 100.16 MHz) 5C ( ppm); 21.0 (CH3), 21.0 (CH3), 25.6 (ArCH2CH2), 27.3 (ArCH2CH2), 

28.9 (CH2), 29.3 (CH2), 38.4 (CH2CCH2), 39.5 (CH2CCH2), 40.8 (CH2CCH2), 75.4 (OCH), 126.0 (1 x 

ArCH), 127.7 (1 x ArCH), 4 x 128.7 (4 x ArCH), 2 x 128.7 (2 x ArCH), 2 x 130.8 (2 x ArCH), 2 x 130.9 

(2 X ArCH), 133.9 (Q£), 134.4 (Q£), 135.2 (Q£), 135.6 (QC), 135.8 (Q£), 136.1 (Q£), 171.9 (C=0 ), 

178.0 (C=0 )

IR Vrnax(KBr)/cm‘  ̂3023, 2926, 1733, 1712, 1514, 1169 

Melting point: 144 - 148°C

HRMS (M + Na)"̂ ; calculated 479.2198, found 479.2172, molecular formula (C3oHs2 0 4 Na)

6.15 Synthesis of 3-{(2,2-bis(4-tert-butylbenzyl)-l,2,3,4-tetrahydronaphthalen-l- 

yloxy)carbonyl)propanoic acid (2.18)

To stirred solution of the alkylated alcohol product (2.10) (200mg, 0.45 mmol) in anhydrous DCM 

(5 mL) w/as added succinic anhydride (90mg, 0.90 mmol) followed by EtsN (0.13 mL, 0.90 mmol) 

and DMAP (220mg, 1.8 mmol) under dry reaction conditions. The reaction was left stirring for 

twenty-four hours at room temperature. It was quenched by the addition of 2M aq. NaOH (30 mL) 

and the product was extracted with DCM (3 x 20 mL). The combined organic extracts were 

washed with water (2 x 20 mL) and were dried over anhydrous magnesium sulphate, filtered and 

the solvent was removed in vacuo. The residue was purified by flash column chromatography 

(stationary phase; silica gel, 230-400mesh, mobile phase; hexane: ethyl acetate 2:1). All 

homogenous fractions were collected and the solvent was evaporated to afford compound (2.18) 

as a white solid (0.16g, 66%).

’H NMR (CDCI3, 400 MHz) 6H ( ppm): 1.32 (9H, s, 3 x CH3), 1.36 (9H, s, 3 x CH3), 1.62-1.69 (IH , m, 

IH  of ArCH2CH2), 1.96-2.03 (IH , m, IH  of ArCHzCji), 2.61-2.72 (6H, m, CH2CCH2 and 2 x CH2), 2.77 

(IH , d, J=14.04Hz, IH  of CH2CCH2), 2.84-2.92 (2H, 1 x m and 1 x d, J=13.52Hz, overlapping signals, 

IH  of ArCH2CH2 and IH  of CH2CCH2), 3.07-3.15 (IH , m, IH  of ArCH2CH2), 5.96 (IH , s, OCH), 7.01 

(2H, d, J=8.04Hz , 2 x ArCH), 7.15-7.29 (8H, m, 8 x ArCH), 7.34 (2H, d, J=8.52Hz, 2 x ArCH)
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“ c NMR (CDCI3, 100.16 MHz) 6C ( ppm): 25.1 (ArCH2CH2), 26.9 (ArCHzCHz), 28.5 (OCCH2 ), 28.8 

(OCCH2 ), 31.0 (3 X CH3), 31.0 (3 X CH3), 33.9 ({C(CHs)}), 33.9 ({CiCHj)}), 38.1 (CH2 CCH2 ), 39.2 

(CH2 CCH2 ), 40.4 (CH2 CCH2 ), 75.0 (OCH), 4 x 124.8 (4 x ArCH), 126.0 (ArCH), 127.7 (ArCH), 128.7 

(ArCH), 128.7 (ArCH), 2 x 130.6 (2 x ArCH), 2 x 130.6 (2 x ArCH), 133.5 (QC), 134.0 (QC), 134.8 

(QC), 135.6 (QC), 148.4 (Q£), 148.6 (QC), 171.4 (C=0) and 177.9 (COOH)

IR \z„ax(KBr)/cm'^ 2961, 2896, 1730, 1713, 1512, 1269, 1168 

Melting point: 149 - 154°C

HRMS (M + Na)"̂ : calculated 563.3137, found 563.3130, molecular formula (Cs6 H4 4 0 4 Na)

6.16 Synthesis of 4-((2,2-dibenzyl-l,2,3,4-tetrahydronaphthalen-l- 

yloxy)carbonyl)butanoic acid (2.19)

To stirred solution of the benzylated alcohol (2.06) (380mg, 1.1 mmol) in anhydrous DCM (10 mL) 

was added glutaric anhydride (250mg, 2.2 mmol) followed by EtsN (0.16 mL, 2.2 mmol) and DMAP 

(560mg, 4.4 mmol) under dry reaction conditions. The reaction was left stirring for twenty-four 

hours at room temperature. It was quenched by the addition of 2M aq. NaOH (30 mL) and the 

product was extracted with DCM (3 x 25 mL). The combined organic extracts were washed with 

water (2 x 20 mL) and were dried over anhydrous magnesium sulphate, filtered and the solvent 

was removed in vacuo. The residue was purified by flash column chromatography (stationary 

phase; silica gel, 230-400mesh, mobile phase; hexane: ethyl acetate 2:1). All homogenous 

fractions were collected and the solvent was evaporated to afford compound (2.19) as a white 

solid (340mg, 67%).

’H NMR (CDCI3, 400 MHz) 6H ( ppm): 1.50-1.54 (IH , m, IH  of ArCH2 CH2 ), 1.86-1.92 (3H, m, IH  of 

ArCH2 CH2 and 1 x CH2 CH2 CH2 ), 2.21-2.41 (4H, m, 2 x CH2 ), 2.52 (IH , d, J=13.88Hz, IH  of CH2 CCH2 ), 

2.63 (IH , d, J=13.88Hz, IH  of CH2 CCH2 ), 2.69-2.84 (3H, 1 x m and 2 x d, Ji= 14.08Hz, overlapping 

signals, IH  of ArCH2 CH2 and 1 x CH2 CCH2 ), 3.00-3.06 (IH , m, IH  of ArCH2 CH2 ), 5.84 (IH , s, OCH), 

7.00 (2H, d, J=7.24Hz, 2 x ArCH), 7.06-7.28 (12H, m, 12 x ArCH)

^̂ C NMR (CDCI3, 100.16 MHz) 6C ( ppm): 19.4 (CH2CH2CH2), 25.1 (ArCHjCHj), 26.9 (ArCH2 CH2 ), 32.7 

(OCCH2), 33.1 (OCCH2), 38.8 (CH2CCH2), 39.6 (CH2CCH2), 40.4 (CH2CCH2), 74.5 (OCH), 125.7 (ArCH),

125.8 (ArCH), 126.0 (ArCH), 127.4 (ArCH), 4 x 127.6 (4 x ArCH), 128.4 (ArCH), 128.4 (ArCH), 2 x 

130.5 (2 X ArCH), 2 x 130.5 (2 x ArCH), 134.0 (Q£), 135.6 (Q£), 136.1 (Q£), 137.9 (QC) 172.3 (C=0),

178.9 (COOH)

IR i/n,ax(KBr)/cm'  ̂3431, 3027, 2933, 1950, 1730, 1581, 1151 

Melting point: 185 - 188°C
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HRMS (M + Na)*: calculated 465.2042, found 465.2025, molecular fornnula (C29H3o0 4 Na)

6.17 Synthesis of (2,2-dibenzyltetralin-l-yl) 2-dimethylaminoacetate (2.20)

To a stirred solution of A/,A/-dimethylglycine (0.2g, 0.6 mmol) in anhydrous DCM (5 mL) was added 

EtsN (0.09 mL. 0.66 mmol) and 2,6-dichlorobenzoyl chloride (130mg, 0.66 mmol) at 0°C under an 

atmosphere of nitrogen. After five minutes, the alcohol compound (2.06) (200mg, 0.6 mmol) was 

added to the reaction mixture followed by DMAP (290mg, 2.4 mmol). The reaction tem perature  

was allowed to increase to ambient and after a total of twenty-four hours, the reaction mixture 

was concentrated in vacuo. The residue was purified by flash column chromatography (stationary 

phase; silica gel, 230-400mesh, mobile phase; ethyl acetate). All homogenous fractions were  

collected and the solvent was evaporated to afford compound (2 .2 0 ) as a white solid (0 .1 2 g, 

53%).

’ H NMR (CDCI3, 400 MHz) 6 H { ppm): 1.74-1.78 (IH , m, IH  of ArCHzCHj), 2.16-2.24 ( IH , m, IH  of 

ArCH2CH2), 2.64-2.74 (2H, m, CH2CCH2), 2.78-2.82 (8 H, m, overlapping signals, 1 x N(CH3)2 and 1 x 

CH2CCH2), 3.03-3.13 (2H, m, ArCHzCHj), 3.39 ( IH , d, J=16.95Hz, IH  of NCH2CO), 3.52 ( IH , d, 

J=17.08Hz, IH  of NCH2CO), 5.94 (IH , s, OCH), 7.08 (2H, d, J=7.56Hz, 2 x ArCH), 7.18-7.36 (12H, m, 

12 X ArCH)

NMR (CDCI3, 100.16 MHz) 6 C ( ppm): 25.1 (ArCH2CH2), 26.9 (ArCH2CH2), 38.6 (ArCH2), 39.6  

(ArCHz), 40.4 (QC), 44.8 (N(CH3)2), 59.9 (NCH2), 125.6 (ArCH), 125.7 (ArCH), 126.0 (ArCH), 127.3  

(ArCH), 2 X 127.6 (2 x ArCH), 2 x 127.6 (2 x ArCH), 128.3 (ArCH), 128.4 (ArCH), 4 x 130.5 (4 x ArCH), 

133.9 (QC), 135.5 (QC), 136.7 (QC), 137.9 (QC), 170.1 (C=Q)

IR i/r^ax(KBr)/cm'^ 3646, 3388, 3028, 2922, 2570, 2410, 1746, 1601, 1494, 1454, 1224 

Melting point: 112 -116 °C

HRMS (M + H) :̂ calculated 414.2427, found 414.2429, molecular formula (C28H32NO2)

6.18 Synthesis of (9H-fluoren-9-yl)methyl ((2,2-dibenzyl-l,2,3,4- 

tetrahydronaphthalen-l-yloxy)carbonyl)methylmethylcarbamate (2.21)

To a stirred solution of Fmoc-Sar-OH (190mg, 0.6 mmol) in dry DCM (5 mL) was added EtsN (0.083  

mL, 0.6 mmol) followed by 2,6-Dichlorobenzoyl chloride (0.086 mL, 0.6 mmol) at 0°C under an 

atmosphere of nitrogen. After three minutes, (2.06) (200mg, 0.6 mmol) was added to the flask 

followed by DMAP (293mg, 2.4 mmol). The reaction mixture was allowed to stir for three hours 

and was then concentrated in vacuo. The residue was purified by flash column chromatography
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(stationary phase; silica gel, 230-400mesh mobile phase; hexane: ethyl acetate 7:1) to isolate the 

protected amine (2.21), a diastereomeric mixture as a white solid (0.19g, 54%).

'H NMR (CDCI3, 400 MHz) 6H ( ppm): 1.59-1.70 (IH, m, IH of ArCHzCHa), 1.94-2.09 (IH, m, IH of 

A r C H z C H z ) ,  2.61-2.74 (IH, m, IH of CH2CCH2), 2.77-2.96 (4H, m, IH of CH2CCH2, 1 x C H 2 C C H 2 ,  IH of 

ArChUCHz), 3.07-3.17 (4H, m, 1 x CH3 and IH of ArCH2CH2), 4.01-4.52 (5H, m, 1 x OCH2CH, 1 x 

OCH2CH, 1 X NCH2CO), 5.99-6.13 (IH, 1 x s and 2 X m, 1 x OCH), 7.07-7.46 (18H, m, 18 x ArCH), 

7.47-7.58 (IH, m, 1 x ArCH), 7.62-7.68 (IH, m, 1 x ArCH), 7.77-7.84 (2 x ArCH)

“ C NMR (CDCI3,100.16 MHz) 6C ( ppm): 25.4 and 25.5 (ArCH2CH2), 27.2 and 27.4 (ArCHjCHj), 35.6 

and 36.3 (CH3), 38.8 and 39.2 (CH2CCH2), 39.6 and 39.9 (CH2CCH2), 2 x 40.9 (CH2CCH2), 47.1 and 

47.2 (CHCH2), 51.1 and 51.3 (OCCH2N), 68.0 (CHCH2), 75.9 and 76.2 (OCH), 2 x 120.0 (2 x ArCH), 2 

X 125.1 (2 X ArCH), 126.1 and 126.2 (1 x ArCH), 2 x 126.3 (1 x ArCH), 126.4 and 126.5 (1 x ArCH), 2 

X 127.1 (2 X ArCH), 2 x 127.7 (2 x ArCH), 127.9 and 128.0 (1 x ArCH), 128.1 and 128.2 (2 x ArCH), 2 

X 128.5 (1 X ArCH), 2 x 128.8 (1 x ArCH), 128.9 and 129.0 (1 x ArCH), 129.0 and 129.1 (1 x ArCH), 

130.9 and 131.0 (2 x ArCH), 131.0 and 131.1 (2 x ArCH), 133.9 and 134.1 (Q£), 136.0 and 136.2 

(QC), 136.9 and 137.0 (QC), 138.1 and 138.2 (QC), 2 x 141.3 (2 x QC), 143.8 and 144.0 (2 x QC), 

156.1 and 156.7 (CH20C=0), 169.4 and 169.6 (CH2C=0)

IR v„ax(KBr)/cm'  ̂3022, 3010, 2932, 1721, 1708, 1450, 1195, 1017 cm'^

Melting point: 98 - 101°C

HRMS (M + Na)*: calculated 644.2777, found 644.2761, molecular formula (C42H39N04Na)

6.19 Deprotection of (9H-fluoren-9-yl)methyl {{2,2-dibenzyl-l,2,3/4-

tetrahydronaphthalen-l-yloxy)carbonyl)methylmethylcarbamate (2.21)

To a stirred solution of (2.21) (150mg, 0.37 mmol) in DMF (1 mL) at 0°C was added piperidine (0.2 

mL, 20% v/v). The reaction was quenched after ten minutes by the addition of water (15 mL) and 

the product was extracted with diethyl ether (3 x 15 mL). The combined organic extracts were 

dried over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The 

residue was purified by flash column chromatography (stationary phase; silica gel, 230-400mesh, 

mobile phase; ethyl acetate). All homogenous fractions were collected and the solvent was 

evaporated to afford the secondary amine compound (2.22) as a yellow oil (57mg, 60%).

Ĥ NMR (CDCI3, 400 MHz) 6H ( ppm): 1.63-1.70 (IH, m, IH of ArCH2CH2), 1.74 (IH, s, NH), 1.98- 

2.05 (IH, m, IH of ArCHjCHz), 2.50 (3H, s, NCH3), 2.65 (IH, d, J=13.88Hz, IH of CH2CCH2), 2.74 (IH, 

d, J=13.92Hz, IH of CH2CCH2), 2.81 (IH, d, J= MHz, IH of CH2CCH2), 2.88-2.96 (2H, 1 x m and 1 x d.

198



J=14Hz, overlapping signals, IH  of ArCjH2CH2 and IH  of CH2CCH2 ), 3.09-3.17 (IH , m, IH  of 

ArCHaCHj), 3.41- 3.45 (2H, m, NCH2 ), 6.00 (IH , s, OCH), 7.10 (2H, d, J=6 .6 8 Hz, 2 x ArCH), 7.17-7.37  

(12H, m, 12 X  ArCH)

NMR (CDCI3, 100.16 MHz) 6 C ( ppm): 25.6 (ArCH2CH2), 27.5 (ArCHzCHj), 36.2 (CH3), 39.3 

(CH2CCH2), 40.2 (CH2CCH2), 40.9 (CH2CCH2), 52.9 (OCCH2N), 75.4 (OCH), 126.1 (1 x ArCH), 126.2 (1

X  ArCH), 126.5 (1 x ArCH), 127.9 (1 x ArCH), 4 x 128.1 (4 x ArCH), 2 x 128.8 (2 x ArCH), 4 x 131.0 (4

X  ArCH), 134.3 (Q£), 136.0 (Q£), 137.0 (Q£), 138.4 (Q£), 172.3 (C=0 )

IR (film) umax/cm'^ 3060, 3027, 2933, 1738, 1493, 1453, 1265, 1176

HRMS (M  + Na)'": calculated 422.2096, found 422.2081, molecular formula (C2 7 H2 9 0 2 NNa)

6.20 Synthesis of 2,2-dibenzyl-l,2,3/4-tetrahydronaphthalen-l-yl 2-(N-(cyclohex- 

2-enyl)-A/-methylamino)acetate (2.23)

To a stirred solution of (2.22) (50mg, 0.1 mmol) in DMF (1 mL) was added 3-bromocyclohexene 

(0.07 mL, 0.2 mmol) and CS2CO3 (65mg, 0.2 mmol). The reaction was allowed to stir for two hours 

at room temperature. The reaction was then quenched by the addition of water (20 mL) and the 

product was extracted with diethyl ether (3 x 20 mL). The combined organic layers were dried 

over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The 

concentrate was then purified by flash column chromatography (stationary phase; silica gel, 230- 

400mesh, mobile phase hexane; ethyl acetate 4:1). All homogenous fractions were collected and 

the solvent was evaporated to afford compound (2.23) as a yellow oil (46g, 78%).

'H NMR (CDCI3, 400 MHz) 6 H ( ppm): 1.47-1.54 ( IH , m, IH  of CH2B), 1.57-1.68 (2H, m, IH  of CH2A 

and IH  of CH2E), 1.84-1.92 (2H, m, IH  of CH2A and IH  of CH2B), 1.96-2.10 (3H, m, 1 x  CH2C and IH  

of CH2E), 2.52 (3H, d, J=3.5Hz, NCH3), 2.66 (IH , d, J=13.92Hz, IH  of CH2G), 2.76 ( IH , d, J=13.92Hz, 

IH  of CH2G), 2.84-3.00 (3H, 1 x  m, 1 x d, J=13.63Hz, 1 x dd, Ji=1.25Hz, J2=14.01Hz, overlapping 

signals, IH  of CH2D and 1 x  ChbF), 3.06-3.19 ( IH , m, IH  of CH2D), 3.30 ( IH , d, J=16.85Hz, IH  of 

CH2H), 3.45-3.50 (2H, 1 x  m and 1 x dd, Ji=0.99Hz, J2=16.72Hz, IH  of NCH and IH  of CH2H), 5.74 

(IH , t, Ji=9.74Hz, J2=19.49Hz, CHCH=CH), 5.89-5.94 ( IH , m, CHCH=CH), 6.02 ( IH , s, OCH), 7.13 (2H, 

d, J=6.70Hz, 2 X ArCH), 7.17-7.39 (12H, m, 12 x ArCH)

^̂ C NMR (CDCI3, 100.16 MHz) 6 C ( ppm): 21.4 (CH2), 2 x 23.4 (CH2), 25.3 (CH2), 25.6 (CH2), 27.5 

(CH2), 38.9 (CH2), 39.9 and 39.3 (NCH3), 2 x 40.1 (CH2), 40.9 (CH2CCH2), 54.7 and 54.6 (CH2), 59.9 

(NCH), 74.8 (OCH), 126.1 (1 x ArCH), 126.2 (1 x ArCH), 126.4 (1 x ArCH), 127.7 (1 x ArCH), 2 x 128.1 

(2 X ArCH), 128.1 (2 x ArCH), 128.7 (1 x ArCH), 128.8 (1 x ArCH), 129.5 and 129.6 (CHCH=CH), 130.8
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(CHCH=CH), 131.0 (2 x ArCH), 131.1 (2 x ArCH), 134.5 and 134.5 (QC), 136.0 (QC), 137.1 (Q£), 

138.4 (QC), 2 X 171.80 (C=0)

IR (film) umax/cm'^ 3060, 3027, 2933, 2861, 1746, 1494, 1453, 1242, 1179

HRMS (M + Na)"': calculated 502.2722, found 502.2710, molecular formula (CssHsyOaNNa)

6.21 Preparation of Grignard reagent [3-(dimethylamino)propyl]magnesium 

chloride (Grignard reagent A)

The Grignard reagent, [3-(dimethylamino)propyl]magnesium chloride was prepared by adding 

anhydrous THF (4 mL) to three-necked round bottom flask containing magnesium turnings (12 

mg, 0.54 mmol) under an atmosphere of nitrogen. To this stirred reaction mixture was added 3- 

dimethylaminopropylchloride (65 mg, 0.54 mmol) followed by the dropwise addition of 1,2- 

dibromoethane (0.02 mL, 0.18 mmol). The reaction was gently refluxed for 2 minutes and then 

continued to stir for twenty minutes at ambient temperature until all of the magnesium turnings 

had been consumed in the reaction.

(3-Dimethylaminopropyl chloride was generated by the treatment of the 3-dimethylaminopropyl 

chloride hydrochloride with KOH pellets, followed by micro-distillation of the resulting liquid.)

6.22 Synthesis of 2,2-dibenzyl-l-(3-(dimethylamino)propyl)-l,2,3,4- 

tetrahydronaphthalen-l-ol (4.01)

To a dry three-necked round bottom flask containing Grignard reagent [3- 

(dimethylamino)propyl]magnesium chloride (3.0g, 16.45 mmol), which was prepared according to 

the method previously described, in anhydrous THF (5 mL) was added a solution of compound 

(2.05) (2.0g, 6.13 mmol) in anhydrous THF (8 mL). The reaction was stirred at room temperature 

under an atmosphere of nitrogen and the progress of the reaction was monitored by TLC. After a 

total of fifteen hours, the reaction was quenched by the addition of aq. NH4CI (50 mL) and the 

product was extracted with diethyl ether (3 x 20 mL). The combined organic extracts were dried 

over anhydrous magnesium sulphate, filtered and the solvent was removed in vacuo. The 

concentrate was then purified by flash column chromatography (stationary phase; silica gel, 230- 

400mesh, mobile phase hexane: ethyl acetate: triethylamine, 10:10:1) to afford the amino alcohol 

(4.01), as a yellow oil (1.52g, 62%).

’H NMR (CDCI3, 400MHz) 6h ( ppm): 1.22-1.29 (IH , m, IH  of NCH2CH2CH2), 1.42-1.51 (IH , m, IH  of 

NCH2CH2CH2), 1.77-2.05 (4H, 2 X m, 2 X CH2), 2.26-2.37 (2H, m, 1 x CH2), 2.43 (6H, s, 1 x CH3NCH3),
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2.58 (IH, d, J=14.04Hz, IH of CH2 CCH2 ), 2.65-2.74 (IH, m, IH  of CH2 ), 2.86-2.91 (2H, 1 x m and 1 x 

d, J=14.04Hz, overlapping signals, IH of CH2 and IH of CHCCH2 ), 3.07 (IH, d, J=13.80Hz, IH of 

CH2 CCH2 ), 3.26 (IH, d, J=14.40Hz, IH of CH2 CCH2 ), 6.74-6.76 (2H, m, 2 x ArCH), 7.07 (IH, d, 

J=7.52Hz, 1 X ArCH), 7.16-7.23 (6 H, m, 6  x ArCH), 7.26-7.32 (4H, m, 4 x ArCH), 7.68 (lH,dd, 

Ji=1.24Hz, J2=7.52Hz, 1 x ArCH),

“ C NMR (CDCI3 , 100.16 MHz) 5c ( ppm); 21.3 (CHj), 25.0 (CHz), 26.5 (CH2 ), 37.1 (CH2 ), 39.8 (CH2 ), 

40.8 (CH2 ), (CH2 CCH), 2 X 45.7 (CH3 NCH3 ), 46.1 (CH2CCH), 60.8 (CH2 ), 77.8 (ArCOH), 124.7 (1 x 

ArCH), 125.6 (1 x ArCH), 125.8 (1 x ArCH), 125.9 (1 x ArCH), 126.0 (1 x ArCH), 2 x 127.6 (2 x ArCH), 

2 X  127.9 (2 X  ArCH), 128.5 (1 x ArCH), 2 x 131.1 (2 x ArCH), 2 x 131.4 (2 x ArCH), 135.8 (Q£), 140.3 

(Q£), 140.9 (Q£), 144.7 (Q£)

IR (film) umax/cm'^ 3560, 3026, 2947, 2822,1601,1493,1451,1021

HRMS (M + H)*; calculated 414.2791, found 414.2811, molecular formula C2 9 H3 6 NO.

6.23 Synthesis of (Z)-3-[3,3-dibenzyl-2,3-clihydronaphthalen-4(lH)-ylidene]-/\/,/\/- 

dimethylpropan-l-amine (4.02)

To a round bottom flask containing compound (4.01) (1.0 g, 2.42 mmol) was added a 20% solution 

of oxalic acid in water (50 mL). The resulting mixture was refluxed gently for eight hours before 

the reaction temperature was allowed to decrease to ambient. The reaction mixture was then 

partitioned between water (50 mL) and diethyl ether (3 x 30 mL). The aqueous layer was basified 

with 2.5M aq. NaOH and the product was extracted with diethyl ether (3 x 25 mL). The combined 

organic extracts were dried over anhydrous magnesium sulphate, filtered and the solvent was 

removed in vacuo. The concentrate was purified by flash column chromatography (stationary 

phase; silica gel, 230- 400mesh, mobile phase; hexane; ethyl acetate; triethylamine, 10;10;1). All 

homogenous fractions were collected and the solvent was evaporated to afford a stereoisomeric 

mixture o f (4.02) as a pale yellow oil (0.89g, 93%).

^H NMR (CDCI3 , 400MHz) 6 h (ppm); 1.81 (2H, 2 x t, J=6.24Hz, signals overlapping, ArCHzCii), 2.33 

(6 H, s, Cj^NCHs), 2.44 (2H, 2 x t, J=6.20Hz, signals overlapping, 2H, ArCHgCHz), 2.50 (2H, 2 x t, 

J=7.60Hz, CH2 CH2 NCH3 ), 2.67 (2H, m, CH2 CH2 NCH3 ), 2.86 (2H, 2 x d, J=13.50Hz, signals overlapping, 

ArCH2 C), 3.02 (2H, 2 x d, J=13.50Hz, signals overlapping, ArCj^C), 5.70 (IH, t, J=7.12Hz, C=CH), 

7.06 (IH, d, J=7.20Hz, ArCH), 7.12-7.19 (2H, m, 2 x ArCH), 7.22-7.33 (IIH , m, 11 x ArCH)

“ C NMR (CDCI3 , 100.16 MHz) 6 c( ppm); 27.8 (ArCH2 CH2 ), 28.7 (C=CHCH2 ), 33.7 (ArCHzCHz), 44.8 

(CH2 CCH2 ), 2 X 45.5 (CH3 NCH3 ), 2 X  45.9 (ArCHzCCHzAr), 60.1 (CH2 NCH3 ), 125.0 (ArCH), 125.6
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(C=CH), 2 X 125.9 (2 x ArCH), 126.6 (ArCH), 127.0 (ArCH), 4 x  127.7 (4 x  ArCH), 129.4 (ArCH), 4 x

131.2 (4 X ArCH), 135.6 (C=CH). 2 x 139.1 (2 x QC), 140.6 (Q £), 140.8 (QC)

IR (film ) umax/cm '^ 3381.6 , 3060, 3026, 2937, 2854, 2777, 1 6 7 4 ,1 6 0 1 , 1494, 1453, 1031  

HRMS (M  + H)"̂ : calculated 396 .2691 , found 396 .2675 , m olecular form ula C2 9 H3 4 N.

Towards the synthesis of 3-(l,2-dihydro-4-phenylnaphthalen-3-yl)-N,N-dimethylpropan- 

1-amine (4.03)

Attempt A 

Step 1

6.24 Preparation of Grignard reagent (bromobenzene)magnesium chloride 

(Grignard reagent B)

The Grignard reagent, (brom obenzene)m agnesium  chloride was prepared by adding anhydrous 

THF (10 mL) to three-necked round bottom  flask containing magnesium turnings (0 .49 g, 2.0  

m m ol) under an atm osphere o f nitrogen. To this stirred reaction m ixture was added 

brom obenzene (3.17 g, 2.0 m m ol) followed by the drop-w ise addition of 1,2-d ibrom oethane (0.5  

mL, 0 .4  m m ol). The reaction was gently refiuxed for 2 m inutes and then continued to stir for 

tw enty  m inutes at am bient tem peratu re  until all o f the magnesium turnings had been consumed 

in the reaction.

6.24.1.1 Step 2

6.25 Synthesis of l,2-dihydro-4-phenylnaphthalene (4,04)

To a dry three-necked round bottom  flask containing Grignard reagent 

(brom obenzene)m agnesium  chloride (8 .52 g, 51.2  m m ol), which was prepared according to the  

m ethod previously described in anhydrous THF (5 mL) was added a solution o f a -te tra lone  (5g,

34.2 m m ol) in anhydrous THF (10 mL). The reaction was stirred at room tem peratu re  under an 

atm osphere o f nitrogen fo r three hours and the progress o f the reaction was m onitored by TLC. 

The reaction was then quenched by the  addition o f 2M  aq. HCI (30 mL) and the product was 

extracted w ith  diethyl e ther (3 x 30 mL). The combined etheral extracts w ere dried over MgS 0 4 , 

filtered and concentrated in vacuo. The resulting residue was purified by flash column 

chrom atography (stationary phase; silica gel, 230 - 400m esh, mobile phase; hexane). All
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hom ogenous fractions w ere collected and the  solvent was evaporated to afford the elim inated  

product (4 .04 ) as a colourless oil (5.1 g, 71% ).

'H  N M R (CDCI3, 400M H z) 5H (ppm ): 2 .52 (2H, m, C=CHCH2 ). 2 .98 (2H, t, J=4.5Hz, CH2 CH 2 ), 6.22  

( IH , t, J=4.64Hz, C=CH), 7 .17 ( IH , d, J=7.5Hz, ArCH), 7 .23 - 7 .35 (3H, m, 3 x ArCH), 7 .44- 7 .48  (SH, 

m, 5 X  ArCH);

N M R (CDCI3, 100.16  M Hz) 5C ( ppm): 23.7 (CH2 ), 28.5  (CHj), 125.4  (ArCH), 126.4  (ArCH), 127.1  

(ArCH), 127.2 (ArCH), 127.7 (C=CH), 127.8 (ArCH), 128.4  (2 x ArCH), 128.9 (2 x ArCH), 135.2 (QC), 

136.9 (Q £), 140.0  (Qg), 140.9 (Q£)

IR (film ) umax/cm'^ 3070, 3111, 2942, 2 9 1 0 ,1 6 7 9 ,1 4 2 2 ,1 4 0 1

HRMS (M  + H)"̂ ; calculated 207 .1168 , found 207 .1185 , m olecular form ula (C1 5 H1 4 )

6 .25 .1 .1  Step 3

6 .2 6  Synthesis of l,2,3,4-tetrahydro-l-phenylnaphthalen-2-ol (4.05)

To a stirred solution o f (4 .04 ) (280 mg, 1.35 m m ol) in diglym e (3 mL) in a flask equipped w ith  a 

condenser was added l.O M  B H 3TH F complex solution (5 mL) dropwise via a syringe at 0°C under 

an atm osphere o f nitrogen. A fter fifteen  m inutes the  reaction tem peratu re  was allowed to 

increase to am bient. The reaction was m onitored by TLC and proceeded fo r a fu rther 2 hours. 

A fter this tim e the THF was rem oved from  the  reaction flask in vacuo  and trie thylam ine A/-oxide 

dihydrate (2 .25  g, 0 .2  M ) was added to the reaction m ixture. The reaction was refluxed fo r tw o  

hour and then allowed to stir overnight at room tem peratu re . The reaction was quenched by the  

addition o f w ater (30 mL) and the  product was extracted w ith diethyl e ther (2 x 25 mL). The 

combined organic extracts w ere washed w ith  w ater (3 x 30 mL) and w ere then dried over MgS 0 4 , 

filtered and concentrated in vacuo. The resulting residue was purified by flash column  

chrom atography (stationary phase; silica gel, 230 - 400  mesh, mobile phase hexane/ethyl acetate, 

5:1). All hom ogenous fractions w ere collected and the solvent was evaporated to afford the  

alcohol product (4 .0 5 ) as a yellow  oil (149 mg, 49% ).

’ H N M R (CDCI3, 400M H z) 6 H ( ppm): 1 .92-2 .04  (2H, m, ArCHjChb), 2 .89 -2 .97  ( IH ,  m, IH  o f ArCHj 

CH2 ), 3 .13-3 .20  ( IH ,  m, IH  o f ArCH2 CH2 ), 4 .20 -4 .24  ( IH ,  m, CHOH), 4 .37  ( IH , d, J=4.52Hz, CCH), 

6.95 ( IH , d, J=7.52Hz, ArCH), 7 .15 -7 .08  (8 H, m, 8 H of ArCH)

^̂ C N M R (CDCI3, 100.16 M Hz) 6 C (ppm ): 26.4  (CH2 ), 27.3  (CH2 ), 50 .8  (CH), 68 .9  (CHOH), 125.6  

(ArCH), 126.0 (ArCH), 126.5 (ArCH), 2 x 127.9 (2 x ArCH), 128.1  (ArCH), 2 x 130.1 (2 x ArCH), 130.3  

(ArCH), 136.1 (QC), 136.8  (QC), 140.8 (Q £)

IR (film ) umax/cm'^ 3330, 3201, 3061, 3055, 2981, 1551, 1465, 1444
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HRMS (M + Na) ;̂ calculated 247.1099, found 247.1093, nnolecularfornnula CieHieONa

6.27 Synthesis of (4.06)

To a stirred solution of the alcohol diastereomers (4.05) (Ig, 4.46 mmol) in DMF (10 mL) was 

added pyridinium dichromate (3.38g, 8.9 mmol). The mixture was stirred at room temperature for 

two hours and the reaction was quenched by the addition of 2M aq HCI (30 mL) to remove excess 

pyridinium. The product was extracted with diethyl ether (3 x 30 mL) and the combined organic 

extracts were dried over MgS0 4 , filtered and concentrated in vacuo. The resulting residue was 

purified by flash column chromatography (stationary phase; silica gel, 230- 400mesh, mobile 

phase hexane: ethyl acetate 5:1). All homogenous fractions were collected and the solvent was 

evaporated, to afford the a-hydroxy carbonyl product (4.06) as a yellow oil (0.21 g, 20%).

’H NMR (CDCI3, 400MHz) 6H (ppm): 2.57- 2.67 (IH , m, IH  of CH2 ), 2.77- 2.94 (3H, m, IH  of CHj and 

CH2 ), 7.05-7.07 (2H, m, 2H of ArCH), 7.23- 7.46 (7H, m, 7H of ArCH), 7.80 (IH , d, J=7.52Hz, IH  of 

ArCH)

NMR (CDCI3, 100.16 MHz) 6C ( ppm): 26.9 (CHj), 32.9 (CH2 ), 80.7 (QC), 126.6 (3 x ArCH), 127.0 

(ArCH), 127.1 (ArCH), 127.8 (ArCH), 128.1 (ArCH), 128.4 (ArCH), 135.5 (Q£), 137.6 (Q£), 139.3 

(QC), 209.8 (C=0)

HRMS (M + Na)*; calculated 261.0891, found 261.0845, molecular formula (Ci6 Hi4 0 2 Na)

Step 4

6.28 Synthesis of 3,4-dihydro-l-phenylnaphthalen-2(lH)-one (4.07)

To a stirred solution of the alcohol (4.05) (210 mg, 0.93 mmol) in DCM (5 mL) was added Dess- 

Martin periodinane (0.3M solution in DCM) (4.6 mL). The reaction was stirred at room 

temperature for two hours. The reaction was then quenched by the addition of water (30 mL) and 

the product was extracted with diethyl ether (3 x 20 mL). The combined etheral extracts were 

dried over MgS0 4 , filtered and concentrated in vacuo. The resulting residue was purified by flash 

column chromatography (stationary phase; silica gel, 230- 400mesh, mobile phase hexane: ethyl 

acetate 7:1). All homogenous fractions were collected and the solvent was evaporated to afford 

the ketone product (4.07) as a clear oil (95 mg, 46%).
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'H NMR (CDCI3, 400MHz) 6H (ppm): 2.59-2.66 (IH , m, IH  of CH2 ), 2.72-2.80 ( IH , m, IH  of CH2 ), 

3.03- 3.10 (IH , m, IH  of CHj), 3.12- 3.20 (IH , m, IH  of CH2 ), 4.80 (IH , s, CH), 7.04 ( IH , d, J=7.10Hz, 

IH  of ArCH), 7.14 (2H, d, J=7.52Hz, 2H of ArCH), 7.25-7.36 (6H, m, 6H of ArCH)

NMR (CDCI3, 100.16 MHz) 6C (ppm): 27.8 (CHj), 36.6 (CH2 ), 59.4 (CH), 126.8 (ArCH), 126.8 

(ArCH), 126.9 (ArCH), 127.5 (ArCH), 128.3 (2 x ArCH), 128.3 (2 x ArCH), 129.2 (ArCH), 136.0 (Q£), 

136.5 (Q£), 137.1 (Q£), 209.2 (C=0)

HRMS (M + H)'"; calculated 223.1117, found 223.1081, molecular formula (C1 6 H1 4 O)

Grienard reaction: attempt A

To a dry 3-neck round bottomed flask containing Grignard reagent A (1 mL), which was 

synthesised according the method described previously, in anhydrous THF (5 mL) was added the 

ketone product (4.07) (80 mg, 0.36 mmol). The reaction was allowed to stir for a further three 

hours. The reaction was then quenched by the addition of saturated aq. ammonium chloride (15 

mL) and extracted with diethyl ether (3 x 20 mL). The combined etheral extracts were dried over 

MgS0 4 , filtered and concentrated in vacuo. The resulting undesired product was not purified or 

characterised.

Grignard reaction; attempt B

To a dry three-neck round bottom flask containing the ketone (4.04) (110 mg, 0.49 mmol) 

dissolved in THF (4 mL) was added Grignard reagent A (109 mg, 0.74 mmol) gradually over five 

minutes. The reaction was stirred under an atmosphere of nitrogen at room temperature for two 

days. The reaction was then quenched by the addition of saturated aq. ammonium chloride (15 

mL) and extracted with diethyl ether (3 x 20 mL). The combined etheral extracts were dried over 

MgS0 4 , filtered and concentrated in vacuo. The resulting undesired product was not purified or 

characterised.

Attempted Wittig reaction

To a dry three-neck round bottom flask containing a suspension of [3- 

(dimethylamino)propyl]triphenylphosphonium bromide.HBr (1.36g, 2.67 mmol) in anhydrous THF 

(10 mL) under an atmosphere of nitrogen was added 2.5 M nBuLi (1.56 mL, 3.9 mmol) drop-wise 

at 0°C. The mixture was allowed to stir for one hour under these conditions. A solution of (4.04)
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(250 mg, 1.12 mmol) in THF (4 mL) was added to the flask and the resultant mixture was stirred at 

room temperature for six hours. The reaction was then quenched by the addition of water (20 

mL) and extracted with ethyl acetate (3 x 20 mL). The combined organic extracts were dried over 

MgS0 4 , filtered and concentrated in vacuo. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel, 230- 400mesh, mobile phase hexane: ethyl acetate 

7:1). All homogenous fractions were collected and the solvent was evaporated to afford the 

starting material (4.07) unchanged.

Attem pt B 

Step 1

6.29 Synthesis of 2-bromo-3,4-dihydro-1-phenylnaphthalene (4.08)

To a stirred solution of (4.08) (540 mg, 2.62 mmol) in anhydrous DCM ( 8  mL) was added 

pyridinum tribromide (838 mg, 2.62 mmol) at 0°C over five minutes. The reaction was allowed to 

progress under an atmosphere of nitrogen for two hours. After this time, the reaction had 

changed from orange to green in colour and was quenched by the addition of 10% aq. NaHCOa (1 

x 40 mL). The product was extracted with DCM (3 x 25 mL) and the combined organic extracts 

were dried over MgS0 4 , filtered and concentrated in vacuo. The resulting residue was purified by 

flash column chromatography (stationary phase; silica gel, 230-400mesh, mobile phase petroleum 

ether: ethyl acetate 50:1). All homogenous fractions were collected and the solvent was 

evaporated to afford (4.08) as light green oil (533 mg, 72%).

’H NMR (CDCI3, 400MHz) 6 H (ppm): 3.05-3.15 (4H, m, 2 x CH2 ), 6.73 (IH , d, J=7.52Hz, 1 x ArCH), 

7.11- 7.15 (IH , m, 1 x ArCH), 7.23 (2H, d, J=4.28Hz, 2 x ArCH), 7.32-7.35 (2H, m, 2 x ArCH), 7.46- 

7.53 (3H, m, 3xArCH)

“ C NMR (CDCI3, 100.16 MHz) 6 C (ppm): 29.7 (CH2 ), 35.3 (CH2 ), 123.6 (C=CBr), 126.1 (1 x ArCH), 

126.7 (1 X  ArCH), 127.3 (1 x ArCH), 127.4 (1 x ArCH), 127.6 (1 x ArCH), 128.5 (2 x ArCH), 129.8 (2 x 

ArCH), 134.2 (QC), 135.9 (QC), 138.5 (Q£), 139.7 (QC)

Attempted Suzuki Coupling

Compound (4.08) (130 mg, 0.52 mmol), 3-bromopropylboronic acid pinnacol ester (171 mg, 0.60 

mmol) and K2 CO3 (215 mg, 1.56 mmol) were dissolved in a mixture of toluene, ethanol and water 

(3:1:1, 10 mL). To this mixture was added Pd(PPhs) 4  (16 mg, 0.10 mmol). The mixture was 

dissolved in a mixture of toluene, ethanol and water (3:1:1, 10 mL) and the reaction was refluxed 

for thirty minutes and was then allowed to stir for an additional hour at room temperature. The
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reaction was then quenched by the addition of brine (1 x 40 mL) and the product was extracted 

with diethyl ether (3 x 25 mL). The combined organic extracts were dried over MgS0 4 , filtered and 

concentrated in vacuo. The resulting residue was purified by flash column chromatography 

(stationary phase; silica gel, 230- 400mesh, mobile phase; petroleum ether). All homogenous 

fractions were collected and the solvent was evaporated to afford the alkene starter (4.04) as 

clear oil.

6 .3 0  Synthesis of diethyl 2-phenethylmalonate (4.09)

Sodium (0.23g, 10 mmol) was dissolved in dry ethanol (10 mL), and diethyl malonate (1.6g, 10 

mmol) was added dropwise at 50°C under an atmosphere of nitrogen. To this solution was added 

dropwise (2-Bromoethyl)-Benzene (2.0g, 10 mmol) and the reaction mixture was refluxed for one 

hour. The precipitated sodium bromide was filtered, the ethanol was removed in vacuo and the 

residue was purified by flash column chromatography (stationary phase; silica gel 230- 400mesh, 

mobile phase; hexane: ethyl acetate, 4:1) to afford the alkylmalonic ester (4.09), a clear colourless 

oil (1.24 g, 48%).

'H NMR (CDCI3, 400MHz) 6 H (ppm): 1.23-1.33 (6 H, m, 2 x CH3), 2.21 (2H, q, Ji=7.66Hz, J2=15.44Hz, 

1 X  CH2 CH2 CH), 2.66 (2H, t, Ji=7.76Hz, 15.52Hz, CHjCHjCH), 3.34 (IH , dd, Ji=6.09Hz, J2=8.81Hz, 

CH2CH), 4.18-4.23 (4H, m, 2 x CH2CH3), 7.19-7.22 (3H, m, 3 x ArCH), 7.28-7.31 (2H, m, 2 x ArCH) 

NMR (CDCI3, 100.16 MHz) 6 C ( ppm): 2 x 13.6 (2 x CH3), 29.9 (CH2 CH2 CH), 32.9 (CH2 CH2 CH), 

50.8 (CH), 2 X  60.9 (2 x CH2 CH3 ), 125.7 (1 x ArCH), 128.0 (2 x ArCH), 128.1 (2 x ArCH), 140.2 (QC), 2 

X  168.8 (C=0)

IR (film) umax/cm'^ 3063, 3028, 2982, 2938, 1732, 1702, 1603, 1455, 1254, 1179, 1147, 1038 

HRMS (M + Na)"̂ : calculated 287.1259, found 287.1758, molecular formula Ci5 H2 o0 4 Na.

6 .3 1  Synthesis of diethyl 2-(3-(dimethylamino)propyl)-2-phenethylmalonate 

(4.10)

To a refluxing suspension of NaH (320 mg, 13.6 mmol) in toluene (50 mL) was added dropwise 

(4.09) (3.6 g, 13.6 mmol). The reaction mixture was refluxed for one hour before the dropwise 

addition of 3-Dimethylaminopropyl chloride (1.63 g, 13.6 mmol). The reaction mixture was 

refluxed for six hours. The reaction was quenched by the addition of 2M aq. HCI (50 mL) and 

impurities and remaining starter (4.09) were extracted with diethyl ether (3 x 30 mL). The acid
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layer was basified to with NH4OH (5%, pH > 10) and the product was extracted with diethyl ether 

(3 X 30 mL). The combined organic extracts were dried over anhydrous magnesium sulphate, 

filtered and the solvent was removed in vacuo. The product oil was not purified by flash column 

chromatography and the crude NMR spectral data was obtained (2.4 g, 51%).

'H NMR (CDCI3, 400MHz) 6 H (ppm): 1.16 (6 H, t, J=7.15Hz, 2 x CH2CH3), 1.29-1.46 (2H, m, Chb), 

1.69-1.76 and 1.81-1.93 (2H, 2 x m, CH2), 2.12-2.26 (lOH, m and s, 2 x CH2 and CH3NCH3), 2.42- 

2.60 (2H, 2 x m, CH2), 4.08-4.14 (4H, m, 2 x CH2CH3), 7.08-7.12 (3H, m, 3 x ArCH), 7.17-7.22 (2H, m, 

2 x ArCH)

“ C NMR (CDCI3, 100.16 MHz) 6 C ( ppm): 2 x 14.0 (2 x CH2CH3), 22.4 (CH2), 25.3 (CH2), 26.5 (CH2), 

33.2 (CH2), 2 X 45.4 (CH3NCH3), 57.3 (Q£), 59.1 (NCH2), 2 x 61.1 (2 x CH2CH3), 125.9, 128.2, 128.3, 2 

X  128.4 (5 X  ArCH), 141.4 (QC), 169.3 (C=0 ), 171.4 (C=0 )

IR (film) umax/cm'^3060, 3019, 2982, 2 9 3 8 ,1 7 2 2 ,1 6 9 1 ,1 6 0 1 ,1 4 5 5 ,1 2 5 4 ,1 1 6 9  

HRMS (M  + H)"̂ : calculated 350.2326, found 350.2314, molecular formula C2 0 H3 2 O4 N.

6.32 Synthesis of ethyl 2-(3-(dimethylamino)propyl)-l,2,3,4-tetrahydro-l- 

oxonaphthalene-2-carboxylate (4.11)

Compound (4.10) (1.0 g, 3.4 mmol) was added to polyphosphoric acid (10 g) at 90-120°C and the 

resulting brown reaction mixture was heated to 140-150°C and allowed to stir for one hour at this 

temperature range. The reaction was quenched by the addition of ice, neutralised with 2M aq. 

K2 CO3  (50 mL) and basified with 2M aq. NaOH (30 mL). The mixture was extracted with diethyl 

ether (3 x 25 mL) and concentrated in vacuo. To the resulting residue, 2M  aq. HCI (30 mL) was 

added and the impurities were extracted with diethyl ether (2 x 25 mL). The aqueous layer was 

again basified with 2M  aq. NaOH and the product was extracted with diethyl ether (3 x 25 mL). 

The combined organic extracts were dried over anhydrous magnesium sulphate, filtered and the 

solvent was removed in vacuo. The product was not purified by flash column chromatography and 

the crude NMR spectral data for the undesired cyclised carboxylic acid derivative (4.11) was 

obtained (0.54 g, 53%).

Ĥ NMR (CDCI3, 400MHz) 6 H (ppm): 1.21 (3H, t, J=7.12Hz, CH2CH3), 1.44-1.65 (2H, m, CH2), 1.87- 

1.97 (2H, m, CH2), 2.15-2.28 (8 H, m and s, 1 x CH2 and CH3NCH3), 2.47-2.54 (2H, m, CH2), 2.87-3.07  

(2H, m, CH2), 4.14-4.19 (2H, m, CH2CH3), 7.22-7.28 (2H, m, 2 x ArCH), 7.40-7.44 (ArCH), 7.99 (IH , d, 

J=7.40Hz, ArCH)

208



NMR (CDCI3, 100.16 MHz) 6 C (ppm): 13.7 (CH3), 22.4 (CH2 ), 25.4 (CH2 ), 30.2 (CH2), 31.1 (CH2 ), 

45.1 (2 X  CH3), 56.9 (OCCCO), 59.3 (CH2 ), 60.7 (CH2 ), 126.2 (ArCH), 127.5 (ArCH), 127.9 (ArCH), 

131.6 (QQ, 132.9 (ArCH), 142.4 (QC), 171.0 (0C =0), 195.1 (C=0)

IR (film) umax/cm'^ 3063, 2941, 2859, 2765, 1715,1688, 602, 1455, 1232, 1179, 1098 

HRMS (M + H) :̂ calculated 304.1907, found 304.1907, molecular formula C1 8 H2 5 NO3 .

6 .3 3  Synthesis of 2-(3-(dimethylamino)propyl)-3,4-dihydronaphthalen-l(2H)-one 

(4.12)

A solution of (4.11) (0.5g, 1.65 mmol), NaOH (0.23g, 5.77 mmol), ethanol (4 mL) and water (2 mL) 

were refluxed for two hours. The reaction was then quenched by the addition of 2M  aq. HCI (25 

mL) and the aqueous acid layer was washed with diethyl ether (3 x 20 mL) and then basified with 

2M  aq. NaOH (25 mL). The product was extracted with diethyl ether (3 x 20 mL). The combined 

organic extracts were dried over anhydrous magnesium sulphate, filtered and the solvent was 

removed in vacuo. The product (4.12) was not purified by flash column chromatography and the 

crude NMR spectral data was obtained (0.31 g, 83%).

'H NMR (CDCI3, 400MHz) 6 H ( ppm): 1.54-1.64 (2H, m, 1 x CH2), 1.91-1.98 (2H, m, 1 x CH2), 2.23- 

2.41 (lOH, m and s, overlapping signals, 2 x CH2 and 2 x CH3), 2.49-2.53 (IH , m, 1 x CH), 2.99-3.10  

(2H, m, CH2N), 7.23-7.32 (2H, m, 2 x ArCH), 7.44 (IH , dt, Ji=1.37Hz, Jz=7.45Hz, 1 x ArCH), 8.02 (IH , 

dd, Ji=1.05Hz, J2=7.81Hz, 1 x ArCH)

“ C NMR (CDCI3 , 100.16 MHz) 6 C ( ppm): 25.2 (CH2 ), 27.4 (CH2 ), 28.4 (2 x CH2 ), 45.5 (2 x CH3 ), 47.4  

(CH), 59.9 (CH2 N), 126.6 (1 x ArCH), 127.4 (1 x ArCH), 128.7 (1 x ArCH), 132.0 (Q£) 133.1 (1 x 

ArCH), 143.9 (QC), 200.2 (C=0)

IR (film) umax/cm‘  ̂3065, 2938, 2860, 2815 ,1700 ,1601 , 1455, 1370

HRMS (M + Na)"̂ : calculated 254.1521, found 254.1513, molecular formula CisHaiNONa.

Attempted synthesis of 3-(l,2-dihydro-4-phenylnaphthalen-3-yl)-N,N-dimethylpropan-l- 

amine via a Grignard reaction

To a dry three-necked round bottom flask containing Grignard reagent B (103 mg, 0.58 mmol), 

which was prepared according to the method previously described in anhydrous THF (5 mL) was 

added a solution of (4.12) (40 mg, 0.16 mmol) in anhydrous THF (2 mL). The reaction was stirred 

at room temperature under an atmosphere of nitrogen for twelve hours. The reaction was then 

quenched by the addition of 2M aq. HCI (30 mL) and extracted with diethyl ether (3 x 30 mL). The
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combined etheral extracts were dried over MgS0 4 , filtered and concentrated in vacuo. TLC 

analysis of the mixture indicated that the starting reagents were recovered unchanged.

6 .3 4  Synthesis of 3-{l,2-dihydro-4-phenylnaphthalen-3-yl)-/V,/V-dimethylpropan- 

1-amine (4.03)

To a dry three-necked round bottom flask containing a solution of 1.8M phenyllithium in dibutyl 

ether (0.36 mL, 0.65 mmol) was added a solution of (4.12) (100 mg, 0.433 mmol) in anhydrous 

THF (2 mL) dropwise via a syringe under dry reaction conditions at 0°C. The reaction was allowed 

to stir at room temperature overnight and was then quenched by the addition of 2M  aq. HCI (25 

mL). The aqueous acid layer was washed with diethyl ether (3 x 20 mL) and was then basified with 

2M  aq. NaOH (25 mL). The product was extracted with diethyl ether (3 x 20 mL). The combined 

organic extracts were dried over anhydrous magnesium sulphate, filtered and the solvent was 

removed in vacuo. The concentrate was purified by flash column chromatography (stationary 

phase; silica gel, 230- 400mesh, mobile phase; ethyl acetate/methanol, 1:1). All homogenous 

fractions were collected and the solvent was evaporated to afford the title compound (4.03) as a 

brown oil (40 mg, 32%).

’H NMR (CDCI3, 400MHz) 6 H ( ppm): 1.57-1.65 (2H, m, CH2), 2.06 (2H, t, J=7.83Hz, Chb), 2.15-2.19 

(8 H, m and s, overlapping signals, 1 x CH2 and 2 x CH3), 2.42 (2H, t, J=7.94Hz, CH2), 2.90 (2H, t, 

J=7.93Hz, CH2), 6.59 (IH , d, J=7.52Hz, 1 x ArCH), 7.02 (IH , dt, Ji=1.23Hz, J2=7 .5 3 Hz, 1 x ArCH), 7.08 

( IH , dt, Ji=1.31Hz, J2=7.25Hz, 1 x ArCH), 7.17-7.20 (3H, m, 3 x ArCH), 7.33-7.37 (IH , m, 1 x ArCH), 

7.41-7.46 (2H, m, 2xArCH)

^̂ C NMR (CDCI3 , 100.16 MHz) 5C ( ppm): 26.4 (CH2 ), 27.8 (CH2 ), 28.5 (CH2 ), 32.6 (CH2 ), 45.3 (2 x 

CH3 ), 59.6 (CH2 ), 125.5 (ArCH), 126.0 (ArCH), 126.2 (ArCH), 126.6 (ArCH), 127.0 (ArCH), 2 x 128.3 (2 

X  ArCH), 2 X  130.2 (2 x ArCH), 134.1 (Q£), 135.0 (Q£), 137.0 (QC), 137.9 (Q£), 139.7 (Q£)

IR (film) umax/cm'^ 3057, 3020, 2936, 2858, 2776,1598, 1485, 1450

HRMS (M + H)"': calculated 292.2060, found 292.2068, molecular formula C21H26N.

6 .3 5  Synthesis of 3-Bromoindanone (5.02)

To a solution of 1-indanone (2.0g, 15 mmol) in CCI4 (50 mL) was added /V-bromosuccinimide 

(2.69g, 15 mmol) and a catalytic amount of dibenzoyl peroxide. The reaction mixture was heated 

under reflux for forty minutes, and monitored by TLC. The solvent was removed from the crude 

reaction mixture in vacuo and the resulting concentrate was then purified by flash column
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chromatography (stationary phase; silica gel, 230- 400mesh, nnobile phase hexane: ethyl acetate 

6:1) to isolate the bromo product as a yellow solid (1.4g, 51%) [262],

6.36 Preparation of indenone (5.03)

To a stirred solution of (5.02) (0.7g, 3.6 nnnnol) in diethyl ether (10 mL) was added triethylamine 

(1.5 mL, 10.9 mmol) at room temperature. After thirty minutes the reaction was quenched by the 

addition of water and the product was extracted with diethyl ether (3 x 20 mL). The combined 

etheral extracts were dried over MgS0 4 , filtered and concentrated in vacuo. The resulting residue 

was purified by flash column chromatography (stationary phase; silica gel, 230- 400mesh, mobile 

phase hexane: ethyl acetate 8:1). All homogenous fractions were collected and the solvent was 

evaporated to afford the indenone product (5.03) as a yellow oil (0.5g, 85%) that was stored at - 

20°C.

NMR (CDCI3, 400MHz) 6h (ppm ): 5.90 (IH , d, J=6.04Hz, CH=CH), 7.07 (IH , d, J=7.02Hz, ArCH), 

7.23 (IH , t, J=7.27Hz, ArCH), 7.34 (IH , t, J=7.27Hz, ArCH), 7.43 (IH , d, J=7.45Hz, CH=CH), 7.58 (IH , 

d, J=6.22Hz, COArCH)

“ C NMR (CDCI3, 100.16 MHz) 6C (ppm): 121.8 (ArCH), 122.2 (ArCH), 126.7 (ArCH), 128.7 (ArCH), 

129.9 (QC), 133.3 (CH=CH), 144.2 (Q£), 149.4 (CH^CH) and 198.1 (C=0)

6.37 Synthesis of 3-[2-(lH-imidazol-4-yl)ethylamino]indan-l-one (5.04)

To a stirred solution of 1-indenone (97mg, 7.4 mmol) in THF (6 mL) was added histamine (250mg, 

22.3 mmol) at room temperature. The reaction progressed for 40 minutes under basic conditions. 

The THF was then removed under vacuum and DCM (25 mL) was added to the flask. The mixture 

was filtered and the product was extracted by the addition of 2M aq. HCI (30 mL). The aqueous 

fraction was repeatedly washed with DCM (3 x 25 mL) and was then basified by the addition of 

2M aq. NaOH (35 mL) and the product was extracted with DCM (3 x 20 mL). The organic fractions 

were combined, dried over magnesium sulphate, filtered and concentrated in vacuo to afford the 

indanone-histamine conjugate (5 .04) as a brown oil (140mg, 78%).

Ĥ NMR (CDCI3, 400MHz) 6h (ppm): 2.47 (IH , d, J=12.5Hz, IH  of COCH2 ), 2.81 (2H, m, CH2CH2 ), 

3.92 (3H, m, IH  of COCH2 and NHCH2 ), 4.48 (IH , s, CH), 6.81 (IH , s, C=CH), 7.42 (IH , m, ArCH), 

7.54 (IH , s, N=CH), 7.61 (2H, m, 2 x ArCH), 7.71 (IH , d, J=7.5Hz, COArCH)
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NMR (CDCI3, 100.16 MHz) 6 C (ppm): 27.23 (CHj), 44.4 (CHCH2 ), 47.1 (NHCH2 ), 56.0 (CH), 117.5 

(C=CH), 123.3 (ArCH), 125.7 (ArCH), 128.6 (ArCH), 134.5 (N=CH), 134.8 (ArCH), 136.7, 155.5 (3 x 

QC), 204.4 (C=0)

IR \Zn,ax(KBr)/cm'  ̂3126, 3116, 1702, 1658, 1603, 1463, 1281

HRMS (M + H)"': calculated 242.1288, found 242.1300, molecular formula (C1 4 H1 6 N3O)

6.38 Synthesis of 3-(l,2,3,4-tetrahydronaphthalen-2-ylamino)-2,3-dihydroinden- 

1-one (5.05)

To a stirred solution of 3-bromoindanone (150mg, 0.7 mmol) in DMF (5 mL) was added (R)-2- 

amino-tetralin.HCI (130mg, 0.7 mmol) and CS2 CO3 (460mg, 1.4 mmol). The reaction was stirred for 

3 hours at room temperature and the solvent removed in vacuo. The concentrate was then 

purified by flash column chromatography (stationary phase; silica gel 230-400mesh, mobile 

phase; hexane/ethyl acetate 5:1). All homogenous fractions were collected and the solvent was 

evaporated to isolate the secondary amine, a golden brown oil, as a pair of diastereomers 

(1 2 0 mg, 62%).

^HNMR (CDCI3, 400MHz) 6h (ppm): 1.58 ( IH , NH), 1.76 (IH , m, IH  of CH2CH2CH2 ), 2.07 and 2.22 

( IH , 2 X  m, IH  of CH2 CH2CH2 ), 2.50 and 2.56 (IH , 2 x dd, Ji=6.5Hz, J2~3 Hz, IH  of CH2 ), 2.73 (IN , m, 

IH  of CH2 ), 2.86-2.96, 2.98-3.08, 3.16-3.26 (5H, 3 x m, CH2 , CH2 CO and CH), 4.64 ( IH , m, 

CHCH2CO), 7.09-7.18 (4H, m, 4 X  Ar-CH), 7.45 (IH , m, Ar-CH), 7.65 ( IH , m, Ar-CH), 7.70 and 7.72 

( IH , 2 X d, J=2.5 Hz, Ar-CH), 7.77 (IH , m, Ar-CH)

^̂ C NMR (CDCI3, 100.16 MHz) 6c (ppm); 27.3 and 27.6 (CH2 ), 28.8 and 30.4 (CH2 ), 36.2 and 37.2 

(CH2 ), 45.6 and 45.7 (CH2 CO), 51.6 and 51.8 (CH), 53.1 x 2 (CH), 122.8 (ArCH), 125.4 x 2 (ArCH),

125.5 X  2, 125.7 (2 x ArCH), 128.2, 128.3 x 2 (2 x ArCH), 128.9 and 129.0 (ArCH), 134.4 (ArCH),

134.5 and 134.6 (Q£), 135.7 x 2 (Q£), 136.3 x 2 (QC), 156.1 x 2 (QC), 204.1 (C=0)

IR i/rnax(KBr)/cm'^ 2926, 1718, 1604, 1465, 1279, 1237

HRMS (M  + H)'": calculated 278.1545, found 278.1526, molecular formula (C1 9H2 0 NO)

6.39 Synthesis of 3-(A/-(l,2,3/4-tetrahydronaphthalen-2-yl)-A/-methylamino)-2,3- 

dihydroinden-l-one (5.01)

To a stirred solution of (5.05) (80mg, 0.28 mmol) in DMF (5 mL) was added iodomethane (0.36 

mL, 0.57 mmol) followed by CS2 CO3 (180mg, 0.57 mmol). The reaction was stirred for 5 hours at 

room temperature, filtered, and the solvent removed in vacuo. The concentrate was then
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purified by flash column chromatography (stationary phase; silica gel 230-400mesh, mobile 

phase; hexane/ethyl acetate 8:1). All homogenous fractions were collected and the solvent was 

evaporated to isolate the N-methylated amine as a golden oil as a pair of diastereomers (70mg, 

87%).

^HNMR ( C D C I 3 ,  400MHz) 5h (ppm); 1.77-1.91 and 2.16-2.24 (2H, 2 x m, CH2 CH2 CH), 2.16 and 2.17 

(3H, 2 X s, C H 3 ) ,  2.67 and 2.71 (IH , 2 x dd, Ji=2.68Hz, J2=6.98Hz, IH  of CHj), 2.80-3.10 (6H, m, IH  of 

CH2 , 2 x CH2 and 1 x CH), 4.90-4.93 (IH , m, CHCH2 CO), 7.07-7.15 (4H, m, 4 x ArCH), 7.44 ( IH , t, 

J-7.29HZ, 1 x ArCH), 7.64-7.73 (2H, m, 3 x ArCH), 7.76 ( IH , d, J=7.54Hz, Ix  ArCH)

NMR ( C D C I 3 ,  100.16 MHz) 6 c  (ppm): 27.4 and 27.8 (CH2 ), 2 x 29.0 (CHj), 31.6 and 32.0 ( C H 3 ) ,  

33.6 and 33.9 (CH2 ), 37.5 and 37.8 (CH2 CO), 58.0 and 58.4 (CH), 58.4 and 58.8 (CH), 123.0 and 

123.1 (1 X ArCH), 2 x 125.8 (1 x ArCH), 125.9 and 126.0 (1 x ArCH), 126.6 (1 x ArCH), 2 x 128.5 (1 

X ArCH), 2 X 128.5 (1 x ArCH), 128.7 (1 x ArCH), 129.3 and 129.4 (1 x ArCH), 134.50 (1 x ArCH), 

135.3 (QC), 135.4 (QC), 138.5 (QC), 149.8 (Q£), 204.4 (C=0)

IR i/rnax(KBr)/cm'  ̂2930, 1718, 1276, 1044

HRMS (M  + H)"̂ : calculated 242.1701, found 242.1677, molecular formula (C2 0 H2 2 NO)

6.40 Synthesis of l,2,3,4-tetrahydronaphthalen-2-ol (5.06)

To a stirred solution of (3-tetralone (5g, 34.2 mmol) in methanol (10 mL), at 0°C, was added 

sodium borohydride (1.9g, 51.4 mmol), over 5 minutes. The reaction mixture was stirred for 1 

hour, allowing the reaction to reach room temperature. The solvent was then removed in vacuo, 

and the residue purified by flash column chromatography (stationary phase; silica gel 230- 

400mesh, mobile phase: hexane/ethyl acetate, 10:1). All homogenous fractions were collected 

and the solvent was evaporated to yield the alcohol (5.06) as a colourless oil (4.61g, 91%).

6.41 Synthesis of methanesulphonic acid l,2,3,4-tetrahydro-naphthalen-2-yl 

ester(5.07)

To a solution of the alcohol (5.06) (4.5g, 30.40 mmol) in anhydrous DCM under an atmosphere of 

nitrogen was added methane sulphonyl chloride (5.2g, 45.60 mmol). The resultant solution was 

cooled to 0°C and triethylamine was added (8.45 mL, 60.8 mmol) drop-wise via syringe over 5 

minutes. The reaction temperature was allowed to reach ambient and was stirred for 2 hours. The 

reaction was quenched by the addition of water (50 mL) and the product was extracted with 

diethyl ether (3 x 20 mL). The combined organic layer was washed sequentially with water, 2M  

HCI and water. The organic layer was dried over anhydrous magnesium sulphate, filtered and the
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solvent removed in vacuo. The concentrate was then purified by flash column chromatography 

(stationary phase; silica gel 230- 400mesh, mobile phase; hexane/ethyl acetate,8 : l) .  All 

homogenous fractions were collected and the solvent was evaporated to isolate the mesylate 

product as a clear oil (5.8g, 85%).

^HNMR (CDCI3, 400MHz) 6 h (ppm): 2.19 (2H, m, J=6.5Hz, CH2CH2CH), 2.87 and 2.92 ( IH , 2 x dd, 

Ji=7.5Hz, J2=6 .8 Hz, 1H of ArCHzCHj), 2.99-3.07 ( IH , m, IH  of ArCHjCHa), 3.03 (3H, s, CH3), 3.11 

(IH , dd, Ji=16.23Hz, J2=6.51Hz, IH  of ArCHjCH), 3.25 (IH , dd, Ji=16.21Hz, J2=5.90Hz, IH  of 

ArCHzCH), 5.18 (IH , quintet, J=5.74Hz, CH), 7.10-7.19 (4H, m, 4 x ArCH)

NMR (CDCI3, 100.16 MHz) 6 C (ppm): 25.5, 28.4, 35.0 (3 x CH2), 38.2 (CH3), 77.4 (CH ), 125.8, 

126.0, 128.2, 128.8 (4 x ArCH), 132.0, 134.5 (2 x Q£)

IR (film) umax/cm'^ 2933, 1341,1175 ,1046 , 953

6.42 Synthesis of 2-azido-l,2,3/4-tetrahydro-naphthalene (5.08)

To a solution of the mesylate (5.07) (5.0g, 22.1 mmol) in DMF was added sodium azide (2.87g, 

44.2 mmol). The resultant slurry was heated at 60°C for 1 hour and allowed to stir over night at 

ambient temperature. The reaction was quenched by the addition of water (25 mL) and the 

product was extracted with diethyl ether (3 x 25 mL). The combined ethereal layers were dried 

over magnesium sulphate, filtered and concentrated in vacuo. The concentrate was then purified 

by flash column chromatography (stationary phase; silica gel, 230- 400mesh, mobile phase 

hexane: ethyl acetate 15:1). All homogenous fractions were collected and the solvent was 

evaporated to isolate the azide product as a yellow oil (3.2g, 85%).

^HNMR (CDCI3, 400MHz) 6 h (ppm): 1.93-2.02 (IH , m, IH  of CH2CH2CH), 2.18-2.25 ( IH , m, IH  of 

CH2CH2CH), 2.91-2.98 (2H, m, CH2), 3.05 and 3.09 ( IH , 2 x dd, Ji=6.5Hz, J2=5 .5 Hz, IH  of CH2), 3.18 

( IH , 2 X irr. dd, J2=5 .5 Hz, IH  of CH2), 3.91-3.98 ( IH , m, CH), 7.18-7.28 (4H, m, 4 x Ar-CH)

^̂ C NMR (CDCI3, 100.16 MHz) 6c (ppm): 26.7 (CHj), 27.7 (CH2), 34.3 (CH2), 56.7 (CH), 125.7 (ArCH), 

126.0 (ArCH), 128.4 (ArCH), 128.9 (ArCH), 133.0 (QC), 134.8 (Q£)

IR (film) umax/cm'^ 2931, 2094,1496, 1498 ,1248 ,1112

6.43 Synthesis of tert-butyl y\/-l,2,3/4-tetrahydro-2-naphthalenyl)carbamate 

(5.09)

Di-ferf-butyl dicarbonate (2.52g, 11.5 mmol) was added to a solution of the azide (5.08) (2.0g, 

11.5 mmol) in EtOH:EtOAc (1:1, 50 mL). After addition of a catalytic amount of Pd/C the reaction 

was stirred under an atmosphere of hydrogen overnight at room temperature. The reaction was
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then filtered and concentrated in vacuo. The concentrate was then purified by flash column 

chromatography (stationary phase; silica gel 230- 400mesh, mobile phase; hexane/ethyl acetate 

5:1). All homogenous fractions were collected and the solvent was evaporated to isolate the BOC- 

protected amine product as a yellow oil (1.85g, 65%).

^HNMR (CDCI3, 400MHz) 5h (ppm): 1.49 (9H, s, 3 x CH3), 1.77 (IH , m, IH  of CH2 CH2 CH), 2.10 (IH , 

m, IH  of CH2 CH2 CH), 2.64 and 2.68 (IH , dd, Ji=16.6Hz, J2 =8 .3 Hz, IH  of ArCH2 CH2 ), 2.90 (2H, m, 

ArCHzCH), 3.12 and 3.16 ( IH , dd, Ji=16.0Hz, J2 =5 .7 Hz, IH  of ArCH2 CH2 ), 4.00 and 4.62 (each IH , 2 

X broad s, CH and NH), 7.07-7.15 (4H, m, 4 x ArCH)

NMR (CDCI3 , 100.16 MHz) 6 c (ppm): 26.8 (CH2 ), 28.0 (CH3  and CH), 28.7, 35.6 (2 x CH2 ), 78.8 

(C(CH3 )b), 125.4,125.6, 128.3, 130.0 (4 x ArCH), 133.8, 135.1 (2 x QC), 154.9 (C=0)

IR i/max(KBr)/cm'^ 2982, 2936, 1689, 1522,1178

6.44 3-(l,2,3/4-tetrahydro-2-naphthalenylamino)-l-indanone (5.05)

To a stirred solution of 3-bromoindanone (0.3g, 1.42 mmol) in DMF (20 mL) was added 2-amino- 

1,2,3,4-tetrahydro-naphthalene (5.10) [186](0.21g, 1.42 mmol) and CS2 CO3  (0.923g, 2.84 mmol). 

The reaction was stirred for 3 hours at room temperature and the solvent removed in vacuo. The 

concentrate was then purified by flash column chromatography (stationary phase; silica gel 230- 

400mesh, mobile phase; hexane/ethyl acetate 5:1). All homogenous fractions were collected and 

the solvent was evaporated to isolate the secondary amine, a golden brown oil, as a 

diastereomeric mixture (0.24g, 62%).

^HNMR (CDCI3, 400MHz) 6 h (ppm): 1.58 (IH , NH), 1.76 ( IH , m, IH  of CH2 CH2 CH2 ), 2.07 and 2.22 

( IH , 2 X  m, IH  of CH2 CH2 CH2 ), 2.50 and 2.56 ( IH , 2 x dd, Ji=6.5Hz, J2 ~ 3 Hz, IH  of CH2 ), 2.73 ( IH , m, 

IH  of CH2 ), 2.86-2.96, 2.98-3.08, 3.16-3.26 (5H, 3 x m, CH2 , CH2 CO and CH), 4.64 ( IH , m, 

CHCH2 CO), 7 .09-7.18(4H , m, 4xA r-C H ), 7.45 ( IH , m, Ar-CH), 7.65 (IH , m, Ar-CH), 7.70 and 7.72  

(IH , 2 X  d, J=2.5 Hz, Ar-CH), 7.77 ( IH , m, Ar-CH)

^̂ C NMR (CDCI3, 100.16 MHz) 6C (ppm): 27.3 and 27.6 (CH2 ), 28.8 and 30.4 (CH2 ), 36.2 and 37.2 

(CH2 ), 45.6 and 45.7 (CHjCO), 51.6 and 51.8 (CH), 53.1 x 2 (CH), 122.8 (Ar-CH), 125.4 x 2 (Ar

CH), 125.5 X  2, 125.7 (2 x Ar-CH), 128.2, 128.3 x 2 (2 x Ar-CH), 128.9 and 129.0 (Ar-CH), 134.4 

(Ar-CH), 134.5 and 134.6 (Ar-C), 135.7 x 2 (Ar-C), 136.3 x 2 (Ar-C), 156.1 x 2 (Ar-C), 204.1 (C=0) 

Vmax(KBr)/cm'^ 2926, 1718, 1604, 1465, 1279, 1237

HRMS (M  + H)"̂ : calculated 278.1526, found 278.1545, molecular formula (C1 9 H2 0 NO)
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6 .4 5  Synthesis of 3-[methyl(l,2,3/4-tetrahydro-2-naphthalenYl)amino]-l- 

indanone (5.01)

To a stirred solution of (5.05) (l.Og, 4.0 mmol) in DMF (30 mL) was added methyl iodide (0.5 mL, 

8.0 mmol) followed by CS2 CO3  (2.6g, 8.0 mmol). The reaction was stirred for 5 hours at room 

temperature, filtered, and the solvent removed in vacuo. The concentrate was then purified by 

flash column chromatography (stationary phase; silica gel 230-400mesh, mobile phase; 

hexane/ethyl acetate 8:1). All homogenous fractions were collected and the solvent was 

evaporated to isolate the amine product as a golden oil (0.91 g, 87%).

^HNMR (CDCI3, 400MHz) 6 h (ppm): 1.36-1.93 and 2.14-2.24 (2H, 2 x m, CH2 CH2 CH), 2.14 and 2.15 

(3H, 2 X  s, CH3), 2.67 and 2.71 and 2.81-3.13 (IH , 2 x dd and m, Ji=7Hz, J2 =4 Hz, CH, 3 x Chb and 

CH), 4.84 ( IH , 2 x t, J=3.7Hz, CHCH2 CO), 7.14 (4H, m, 4 x ArCH), 7.45 (IH , m, ArCH), 7.64-7.79  

(3H, m, 3 X  ArCH)

NMR (CDCI3 , 100.16 MHz) 6 C (ppm): 27.2 and 27.6 (CH2 ), 28.7 and 28.9 (CH2 ), 31.0 and 31.3 

(CH3 ), 33.4 and 33.7 (CH 2 ), 37.2 and 37.5 (CH2 CO), 58.0 and 58.3 (CH), 58.6 and 58.7 (CH), 122.5 

x 2 (A r-C H ), 125.3 (ArCH), 125.4 x 2 (ArCH), 126.0 (ArCH), 128.0 (ArCH), 128.1 x 2 (ArCH), 128.9 

and 129.0 (ArCH), 134.4 x 2 (ArCH), 135.2 and 135.3 (Q£), 135.7 and 135.8 (QC), 136.6 and 

136.7 (QC), 156.0 (Ar-C), 204.3 x 2 (C=0)

IR (film) umax/cm'^ 2930, 1718, 1276,1044

HRMS (M  + H)"': calculated 292.1701, found 292.1678, molecular formula (C2 0 H2 2 NO)

6 .4 6  Synthesis of 3-(methyl(tetralin-2-yl)amino)-2,2-bis(p-tolylmethyl)indan-l- 

one (5.11)

To a stirred solution of (5.01) (lOOmg, 0.38 mmol) dissolved in a mixture of t-butanol/ether (15 

mL, 2:1) was added 4-methylbenzyl bromide (0.14g, 0.75 mmol) followed by potassium tert- 

butoxide (0.089g, 0.75 mmol) at 0°C. The reaction was stirred for 4 hours at ambient temperature 

and the reaction was then quenched by the addition of water (20 mL). The product was extracted 

with diethyl ether (3 x 25 mL) and the combined etheral extracts were dried over MgS0 4 , filtered 

and concentrated in vacuo. The resulting residue was purified by flash column chromatography 

(stationary phase; silica gel, 230- 400mesh, mobile phase hexane: ethyl acetate 6:1). All 

homogenous fractions were collected and the solvent was evaporated to afford the dialkylated 

product (5.11), a diastereomeric mixture, as a light brown oil (154mg, 81%).
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NMR (CDCI3, 400MHz) 6 h ( ppm): 1.89-1.99 and 2.06-2.10 (2H, 2 x m, CHjCHjCH), 2.15 (3H, 2 x s, 

CH3), 2.24 and 2.25 (3H, 2 x s, NCH3), 2.38 (3H, 2 x s, CH3), 2.60 (IH , dd, Ji=9.16Hz, J2=13.67Hz, IN  

of CH2CCH2), 2.82-3.14 (7H, m and 1 x dd, Ji=7.47Hz, J2=13.63Hz, overlapping signals, IN  of 

CH2CCH2, 1 x CH2CH2CH, 1 X ArCH2CH, IH  of CH2CCH2 and 1 x CH), 3.21 ( IH , t, Ji=13.28Hz, 

J2=26.48Hz, IH  of CH2CCH2), 4.50 ( IH , 2 x s, CHCCO), 6.72 (2H, t, J=8.01, 2 x ArCH), 6.78 (2H, t, 

J=7.41, 2 x ArCH), 7.09-7.19 (6 H, m, 6  x ArCH), 7.24 (IH , d, J=8.01Hz, 1 x ArCH), 7.29 ( IH , d, 

J=8.56Hz, 1 X ArCH), 7.34-7.40 (2H, m, 2 x ArCH), 7.51-7.55 (IH , dt, Ji=1.05Hz, J2=7 .4 3 Hz, 1 x 

ArCH), 7.78 (IH , d, J= 7.69Hz, ArCHCO)

^̂ C NMR (CDCI3, 100.16 MHz) 6 c ( ppm): 20.9 (CH3), 21.1 (CH3), 2 x 28.0 (CH2CH2CH), 29.5 and 30.0 

(CH2CH2CH), 33.3 (ArCH2CH), 34.1 and 34.5 (CH3), 38.1 and 38.4 (CH2CCH2), 41.3 and 41.8  

(CH2CCH2), 58.9 and 59.5 (CH), 60.3 and 60.5 (CH2CCH2), 67.1 and 67.7 (CH), 123.7 and 123.8 (1 x 

ArCH), 2 X 125.7 (1 x ArCH), 125.8 and 125.9 (1 x ArCH), 2 x 126.9 (1 x ArCH), 2 x 128.1 (1 x ArCH), 

4 x 128.5 (4 X ArCH), 2 x 128.6 (1 x ArCH), 129.4 and 129.6 (1 x ArCH), 129.9 and 123.0 (2 x ArCH), 

131.2 (2 X ArCH), 133.8 (1 x ArCH), 134.4 and 134.6 (QC), 135.0 and 135.2 (Q£), 135.6 (Q£), 135.7 

and 135.7 (QC), 2 x 136.10 (QC), 2 x 136.2 (QC), 2 x 136.9 (QC), 151.5 and 151.6 (QC), 2 x 207.7 

(C-Q)

IR i/n,ax(KBr)/cm'^ 3060, 2925, 1712, 1602, 1494, 1452, 1265

HRMS (M  + Na)*: calculated 522. 2767, found 522.2775, molecular formula (CssHByNQNa)

6.47 Synthesis of 2,2-bis[(E)-cinnamyl]-3-(methyl(tetralin-2-Yl)amino)indan-l- 

one (5.12)

To a stirred solution of (5.01) (O.lg, 0.38 mmol) in a mixture of t-butanol/ ether (15 mL, 2:1) was 

added cinnamyl bromide (0.15g, 0.75 mmol) followed by potassium tert-butoxide (0.084g, 0.75 

mmol) at 0°C. The reaction was stirred for 3 hours at ambient temperature and was then 

quenched and the t-butanol was removed by the addition of water (20 mL). The product was 

extracted with diethyl ether (3 x 20 mL) and the combined etheral extracts were dried over 

MgSQ4, filtered and concentrated in vacuo. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel 230- 400mesh, mobile phase; hexane/ethyl acetate 

6:1). All homogenous fractions were collected and the solvent was evaporated to afford the 

dialkylated cinnamyl product (5.12), a brown oil as a mixture of diastereomers (143mg, 72%).

^H NMR (CDCI3, 400MHz) 6 h (ppm): 1.75-1.81 and 1.86-1.96 (IH , 2 x m, IH  of CH2CH2CH), 2.04- 

2.20 (4H, 1 X m and 2 x s, overlapping signals, IH  of CH2CH2CH and 1 x NCH3), 2.39-2.50 ( IH , m, IH  

of CH2CCH2), 2.55-3.16 (8 H, m, 1 x CH2CH2CH, 1 x ArCHzCH, 1 x CH2CCH2, IH  of CH2CCH2 and 1 x
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CH), 4.52 (IH , 2 X s, 1 X CHCCO), 5.91-6.00 (IH , m, CHjCH^CH), 6.31 (IH , d, J=15.76Hz, CH=CH), 

6.54-6.61 (2H, 1 x m and 1 x d, J=13.90Hz, overlapping signals, CH2 CH=CH and CH=CH), 7.03-7.44  

(14H, m, 14 X ArCH), 7.47-7.50 (IH , dt, Ji=2.76Hz, Jz=7.12Hz, 1 x ArCH), 7.51-7.59 (IH , m, 1 x 

ArCH), 7.64-7.69 ( IH , m, 1 x ArCH) and 7.83-7.86 (IH , dd, Ji=3.00Hz, J2 =7 .6 8 Hz, ArCHCO)

NMR (CDCI3, 100.16 MHz) 6 c (ppm): 28.0 and 28.4 (CH2CH2CH), 29.2 and 29.7 (CH2CH2CH), 33.7 

and 34.6 (ArCH2CH), 34.3 and 34.9 (CH3), 34.9 and 35.2 (CH2CCH2), 40.5 and 40.7 (CH2CCH2), 57.7 

and 57.8 (CH2CCH2), 59.6 and 59.7 (CH), 67.5 and 68.3 (CH), 2 x 124.0 (1 x ArCH), 125.6 and 125.7 

(2 X  ArCH), 125.7 (1 x CH2CH=CH), 2 x 125.9 (1 x ArCH), 2 x 126.1 (4 x ArCH), 126.96, 126.99 and 

127.02 (1 x CH2CH=CH and 1 x ArCH), 127.1 and 127.2 (1 x ArCH), 127.3 and 127.4 (1 x ArCH),

128.4 (2 X ArCH), 128.5, 2 x 128.59 (4 x ArCH), 129.4 and 129.6 (1 x ArCH), 132.8 and 132.9 

(CH=CHC), 133.1 and 133.2 (CH=CHC), 2 x 134.3 (1 x ArCH), 135.8 and 135.9 (QC), 2 x 136.1 (QC),

136.4 and 136.5 (Q£), 2 x 137.2 (Q£), 2 x 137.8 (QC), 2 x 151.47 (Q£) and 2 x 208.4 (C=0)

IR Vmax(KBr)/cm'^ 3021, 2992, 1707, 1604,1514, 1463, 1265

HRMS (M + H)"̂ : calculated 524.2948, found 524.2955, molecular formula (CasHagNO)

6 .4 8  Synthesis of 4-[[2-[(4-cyanocyclohexa-l,5-dien-l-yl)methyl]-l-

(methyl(tetralin-2-yl)amino)-3-oxo-indan-2-yl]methyl]benzonitrile (5.13)

To a stirred solution of (5.01) (200mg, 0.68 mmol) in a mixture of t-butanol/ether (30 mL, 2:1) was 

added 4-brommethyl-nitrile (0.26g, 1.37 mmol) followed by potassium ferf-butoxide (0.169g, 1.51 

mmol) at 0°C. The reaction was stirred for 4 hours at ambient temperature and was then 

quenched by the addition of water (30 mL). The product was extracted with diethyl ether (3 x 25 

mL) and the combined ethereal extracts were dried over MgS0 4 , filtered and concentrated in 

vacuo. The resulting residue was purified by flash column chromatography (stationary phase; 

silica gel 230-400mesh, mobile phase; hexane/ethyl acetate, 4:1). All homogenous fractions were 

collected and the solvent was evaporated to afford the dialkylated cyano product (5.13) as brown 

oil (240mg, 69%).

^H NMR (CDCI3, 400MHz) 6h ( ppm): 1.91-2.00 and 2.05-2.12 (2H, 2 x m, CH2CH2CH), 2.14 and 2.17 

(3H, 2 X s, CH3), 2.58 (IH , dd, Ji=13.32Hz, J2=25.08Hz, IH  of CH2 CCH2 ), 2.73-3.07 (7H, m, 1 x 

CH2 CH2 CH, 1 X ArCHzCH, IH  of CH2 CCH2 , IH  of CH2 CCH2  and 1 x CH), 3.27 (IH , dd, Ji=14.04Hz, 

J2=27.56Hz, IH  of CH2 CCH2 ), 4.43 (IH , 2 x s, 1 x CHCCO), 6.89 (2H, d, J=2Hz, 8.28Hz, 2 x ArCH), 

7.09-7.21 (4H, m, 4 X ArCH), 7.26-7.29 (2H, m, 2 x ArCH), 7.31-7.34 ( IH , m, 1 x ArCH), 7.39-7.46  

(2H, m, 2 X ArCH), 7.53-7.65 (4H, m, 4 x ArCH), 7.73 (IH , d, J=7.76Hz, 1 x ArCH)

“ C NMR (CDCI3 , 100.16 MHz) 6 c (ppm): 27.7 and 27.9 (CH2 CH2 CH), 28.9 and 29.7 (CH2 CH2 CH), 31.9 

and 33.6 (ArCH2 CH), 34.7 and 35.1 (CH3 ), 38.3 and 38.4 (CH2 CCH2 ), 42.7 and 43.2 (CH2 CCH2 ), 59.1
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(CH), 59.3 and 59.6 (CH2 CCH2 ), 6 6 . 8  and 67.5 (CH), 110.4 and 110.5 (CCN), 118.6 and 119.0 (2 x 

CCN), 123.9 and 124.0 (1 x ArCH), 2 x 123.0 (1 x ArCH), 126.1 and 126.2 (1 x ArCH), 128.6 and

128.8 (1 X ArCH), 2 x 128.9 (1 x ArCH), 129.3 and 129.5 (1 x ArCH), 2 x 130.6 (2 x ArCH), 2 x 131.6  

(2 x ArCH), 131.7 and 131.8 (2 x ArCH), 131.9 (2 x ArCH), 134.8 (1 x ArCH), 135.3 and 135.4 (QQ,

135.8 and 136 .0  (Q£), 136.5 (QC), 142.3 and 142.5 (QC), 143.9 and 144.0 (Q£), 150.7 and 150.9  

(QC), 206.7  (C=0)

IR v/„ax(KBr)/cm'^ 2928, 2228, 1715, 1606 ,1505 , 1465, 1416, 1266

HRMS (M + H)̂ : calculated 522 .2540 , found 522.2506, molecular fornnula (C3 6 H3 2 N3 O)
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6.49 Synthesis of 3-(methyl(tetralin-2-yl)amino)-2,2-bis(p-tolylmethyl)indan-l-ol 

(5.14)

To a stirred solution of (5.01) (llO m g, 0.22 mmol) in methanol (6  mL) was added sodium 

borohydride (0.165g, 4.4 mmol) at 0°C over 5 minutes. After 10 minutes the reaction was allowed 

to increase to room temperature. The progress of the reaction was monitored by TLC and after 

forty minutes the reaction was quenched by the addition of water (20 mL). The product was 

extracted with diethyl ether (3 x 25 mL) and the combined etheral extracts were dried over 

MgS0 4 , filtered and concentrated in vacuo. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel 230-400mesh, mobile phase; hexane/ethyl acetate, 

4:1). All homogenous fractions were collected and the solvent was evaporated to afford the 

dialkylated alcohol (5.14), a yellow oil, as a mixture of diastereomers (97mg, 8 8 %).

NMR (CDCI3, 400MHz) 6 h ( ppm): 1.41-1.50 and 1.91-1.93 (2H, 2 x m, CH2CH2CH), 1.98 and 2.01 

(3H, 2 X s, NCH3), 2.23 and 2.35 (3H, 2 x s, CH3), 2.28 (IH , d, J=14.44Hz, IH  of CH2CCH2), 2.41 (3H, 

s, CH3), 2.50-3.05 (7H, m, 1 x CH, IH  of CH2CCH2, IH  of CH2CCH2, 1 x ArCHjCH and 1 x CH2CH2CH), 

3.18 (IH , d, J=13.98Hz, IH  of CH2CCH2), 4.33 (IH , d, J=11.14Hz, CHCCOH), 5.52-5.55 (IH , dd, Ji= 

3.33Hz, J2=8 .3 3 Hz, CHOH), 6.93-6.94 (IH , m, 1 x ArCH), 7.04-7.13 (7H, m, 7 x ArCH), 7.22-7.35 (6 H, 

m, 6  x ArCH), 7.48-7.51 (2H, m, 2 xArCH)

^̂ C NMR (CDCI3, 100.16 MHz) 6 c ( ppm): 20.9 and 21.0 (CH3), 21.1 (CH3), 26.7 and 27.3 

(CH2CH2CH), 29.4 and 29.5 (CH2CH2CH), 34.0 and 34.5 (ArCH2CH), 35.3 (CH3), 2 x 35.9 (CH2CCH2),

37.0 and 37.01 (CH2CCH2), 2 x 54.4 (CH2CCH2), 60.2 (CH), 67.7 (CH), 80.8 and 80.9 (CHOH), 124.0

and 124.1 (1 x ArCH), 125.4, 125.5 and 125.6 (2 x ArCH), 126.2 and 126.3 (1 x ArCH), 127.5 (1 x

ArCH), 127.8 and 127.9 (1 x ArCH), 2 x 128.4 (1 x ArCH), 128.6 and 128.7 (2 x ArCH), 129.4 (1 x

ArCH), 129.6 (2 x ArCH), 2 x 130.2 (2 x ArCH), 131.0 (2 x ArCH), 135.4 and 135.6 (Q£), 135.9 and

136.0 (2 X Q£), 136.2 and 136.3 (Q£), 136.4 and 136.5 (Q£), 137.7 (Q£), 139.7 (Q£), 144.7 (2 x  Q£) 

IR  i/m ax (K B r)/c m '^  3574, 3391, 3020, 2922, 1707, 1659, 1512, 1452, 1265,1115

HRMS (M + H)"': calculated 502.3104, found 502.3096, molecular formula (C36H40NO)
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