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SUMMARY

This thesis is introduced with a review on the principles o f tubulin polymerisation and 

how this process is necessary for cellular replication. This leads on to discussion o f the 

structure-activity relationships of known natural occurring tubulin inhibitors that bind to 

specific sites on tubulin. The reported biological activity o f natural tubulin inhibitors 

prompted the design and synthesis o f several series o f  novel tubulin inhibitors, the 

details o f which are set out in subsequent chapters.

Chapter 2 reports on the design and synthesis o f the first series o f novel biaryl 

compounds. This involved the synthesis o f an aromatic A-ring fused to an aliphatic B- 

ring as the cyclic intermediate. The final step in the synthesis o f this intermediate 

involved the novel use o f pentafluorophenol to activate the acid functionality o f the 

precursor prior to its cyclisation. Accordingly, this discovery was applied to the 

synthesis o f fifteen benzocycloalkanones. This chapter closes with a description o f the 

method used to couple various aromatic units to four o f these benzocycloalkanones, to 

yield the first series o f novel biaryl compounds.

Chapter 3 describes investigations o f the aliphatic B-ring, which led to the evolution o f 

a series o f C-7 flinctionalised derivatives as potent tubulin inhibitors. Attempts to 

oxidise the allylic C-7 position o f a biaryl compound are initially set out. Following 

this, functionalising the C-7 position prior to the addition o f the second aromatic ring is 

detailed. This chapter continues by outlining the addition o f the second aromatic unit in 

the presence of the C-7 hydroxyl group and the tubulin binding activity o f the resultant 

compounds are discussed.

In an attempt to improve inhibition o f tubulin polymerisation, manipulation o f the A- 

ring by rotating the three methoxy substituents fi'om the 2,3,4-positions to the 1,2,3 

positions on the A-ring was investigated. Chapter 4 outlines the synthesis o f biaryl 

compounds o f this nature. The consequence o f saturating the double bond o f these 

compounds is also discussed. Details o f these modifications and their influence on 

tubulin binding activity are presented.



Chapter 5 focuses on the possibility o f increasing tubulin inhibitory activity by 

increasing the electronic character o f the A-ring by the isosteric replacement o f the 

benzylic methylene group from the B-ring with an oxygen atom resulting in an ether 

linkage at that position. The design, synthesis and tubulin binding activity o f analogues 

o f three compounds described in chapter 3, are discussed in detail.
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CHAPTER 1 

INTRODUCTION



1.0 Introduction

1.1 Incidence of cancer

In Ireland, approximately 21,000 new cases of cancer are recorded annually and it is 

estimated that one-in-three of the Irish population is likely to develop cancer at some 

point during their lifetimeV While in the United States, it is estimated that 

approximately 1.2 million new cases will be diagnosed in 2002^. Globally, the 

incidence of cancer is staggering with an estimated 10 million new cases diagnosed in 

2000 and mortality rates being recorded at 6.2 million deaths^.

1.2 Nature of the disease

Cancer is a generic name used to describe about 200 different diseases, all of which are 

characterised by cells that have lost normal cellular control and maturation mechanisms, 

which regulate replication. Whereas normal eukaryotic cells only divide approximately 

fifty times'*, cancer cells muhiply relentlessly, forming tumours that can compress and 

crowd out healthy tissue. As the tumour mass increases in size (usually 2-3 mm in 

diameter)^, the nutrients and oxygen it obtained by simple diffusion from nearby 

capillaries are no longer sufficient^. This activates the developing tumour to switch 

from an avascular state to one, which promotes the dense formation of microvessels in a 

process known as angiogenesis^. The resulting neovasculaturisation of the tumour may 

then potentiate the dissemination of cells to remote sites of the body via the 

bloodstream, where they establish themselves and proliferate as secondary tumours^. 

This phenomenon is known as metastasis.

1.3 Cell cycle*

The growth and differentiation of cells to form tissues is under genetic control. 

However, errors in the control of such process may lead to changes in the cell cycle, 

which in turn may lead to the formation of cancerous cell growth. These cells are 

usually characterised by their ability to proliferate in an uncontrolled and disorganised 

fashion. Whereas normal eukaryotic cells grow in an orderly manner, cancer cells enter 

the cell cycle repeatedly and never differentiate. Investigation of the cell cycle has
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shown that this process can be divided into five phases (Go, Gi, S, G2, M) with each 

phase driven by the sequential activation of cyclin-dependent kinase (CDK)/cyclin 

complexes. These enzyme complexes are themselves activated via phosphorylation by 

other kinases and are regulated by specific CDK inhibitors (CDI) (Figure 1.1).

Microtubule
Inhibitors

I
j
!
i

GDIsCyclin B 
Cyclin A GO

G2

CDK 2-Cyclin D 
CDK 4-Cyclin D 
CDK 5-Cyclin D

Gl

CDK-cyclin 2
CDK 2-Cyclin R

CDIs

Figure 1.1. Cell cycle.

The cell cycle begins at the Go phase or resting state, where the cells continue to use 

energy but do not synthesise DNA or divide.

Go to Gl stage

From the Go phase, the cell progresses to the Gi (Gap 1) phase having been activated by 

a series of CDK/cyclin-D complexes. This is a period of gene expression and results in 

the increased production of cell organelles.

G] to S stage

The cell advances to the S phase and this phase requires the activation of two enzyme 

complexes, CDK2/cyclin-E and CDK2/cyclin-A, resulting in DNA synthesis and
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duplication o f  the cell genome. This stage o f  the cell cycle is also known as the 

restriction step. Cells can return to the Go resting state from the G i/S phase i f  it detects 

certain stress signals, however, once they have passed through this point then the cycle  

must be completed, as failure to do so will result in apoptosis or programmed cell death. 

S to G i stage

The next phase is G2 (Gap 2). During this phase many proteins are synthesised that are 

involved in replication such as the microtubule-associated proteins (MAPs). 

Collectively, these phases o f  the cell cycle (Go, Gi, S, G2) are known as interphase.

C l to M stage

This inevitably leads to the mitotic or M phase. During this phase the division o f  the 

eukaryotic nucleus occurs such that the daughter cells’ nuclei acquire the same 23 pairs 

o f  chromosomes present in the parent cell. The M phase can be fijrther subdivided into 

4 sub-phases: prophase, metaphase, anaphase and telophase.

•  Prophase is often recognised by the presence o f  condensed chromosomes that 

have no particular orientation. The nucleolus disappears in concurrence with the 

appearance o f  the spindle fibres.

•  During metaphase, the spindle apparatus is fully formed with the chromosomes 

occupying the equatorial regions o f  the cell.

•  Anaphase results in the splitting o f  the sister chromatids (duplicated 

chromosomes) into daughter chromosomes that migrate towards the poles o f  the 

cell.

•  In the final phase, telophase, these daughter chromosomes begin to be 

surrounded by the formation o f  a new nucleolus in each daughter nuclei. 

Cytokinesis, or cytoplasmic cleavage now begins, causing the cell to split into 

two new cells.

The multistage nature o f  the cell cycle presents several targets for potential therapeutic 

intervention, and various compounds targeting specific events during cell division are 

used clinically (Table 1.1).
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Antineoplastic agent Stage of cell cycle arrest

Cisplatin Cell cycle non-specific^

Cytarabine S phase**’

Colchicine M phase

Etoposide Late S and early G2’*

Mitomycin Late Gi and early S phase’^

Mitozantrone Hydrochloride Late S phase*^

Table 1.1. Anti-cancer compounds that specifically target stages of the cell cycle.

1.4 Function of tubulin-binding agents in cancer chemotherapy

In the field o f anti-neoplastic chemotherapy, a group o f structurally diverse compounds, 

known as the tubulin-binding agents, have attracted intense interest. These molecules 

are unique among anti-cancer drugs in that their cytotoxicity is related to their ability to 

target the mitotic spindle rather than DNA (deoxyribonucleic acid). By interfering with 

the development o f the mitotic spindle, the proliferating cell is blocked at the 

metaphase/anaphase junction^'* resulting in apoptosis'^’

Inhibitors o f tubulin polymerisation directly impair endothelial cell functioning and 

proliferation in tumour vasculature and angiogenesis respectively resulting in tumour 

vascular shutdown and apoptosis in proliferating endothelial cells*^’ The ability o f 

these agents to cause rapid shut-down of the capillary network is thought to be a 

consequence o f the effects these agents have on endothelium cell shape. The net effect 

of change in endothelial cell morphology is increased vascular permeability and a 

significant rise in the interstitial fluid pressure around the tumour*^ resulting in necrosis 

o f  the surrounding cells^”. Disabling this process not only prevents the tumour from 

receiving the essential nutrients and oxygen required for efficient growth but also 

reduces the possibility o f disseminated tumour cells entering the bloodstream.
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1.5 Microtubules; function and structure

Microtubules are sub-cellular organelles found in most eukaryotic cells and are 

involved in many cellular functions, such as secretion, cell movement, mitosis and 

intracellular movement. These microtubules are assembled from repeating units of 

tubulin hetero-dimers (molecular weight -55 kDa). As illustrated in Figure 1.2 each 

dimer is composed of two peptides known as a- and P-tubulin. A third less abundant 

peptide, y-tubulin, is localised in the microtubule organising centre known as the 

centrosomes^V Structurally, the a,|3-heterodimers are thought to be packed head-to-tail 

to form a linear protofilament and about thirteen protofilaments associate to form the 

microtubule wall. Each tubulin dimer binds one molecule of Guanosine triphosphate 

(GTP) strongly in a specific site in the a-subunit, known as the non-exchangeable site 

(N-site) while a second molecule o f GTP is bound more loosely, in the P-subunit, at a 

site known as the exchangeable site (E-site). The resulting polymer has a defined 

polarity denoted simply by the minus-end and the plus-end. The two-ends have 

different tubulin surfaces exposed and although both ends can grow or shorten, net 

growing occurs at the plus-end and net shortening at the minus end^ .̂ When both 

actions occur simultaneously a phenomenon known as treadmillin^^ occurs and results 

in the microtubule attaining a constant length enabling it to complete its required 

function in the cell.

p-tubulin

Tubulin heterodimer 
(microtubule subunit

i

\ Protofilament Lumen

/

\
\
\

I 50nm

Minus end

a-tubulin Microtubule

Figure 1.2. The structure of a microtubule and its tubulin heterodimer subunit^.
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During metaphase stage o f the cell cycle, microtubule assembly results in the formation 

o f the mitotic spindle. Microtubules themselves are formed by the reversible 

polymerisation o f tubulin. They display dynamic instability by switching stochastically 

between continual cycles o f assembly and disassembly. This entire process is fuelled 

by the hydrolysis o f GTP and requires the assistance of microtubule-associated proteins 

(MAPs), such as MIP90, MAP2, MAP4, tau and STOP, whose function is to regulate 

microtubule growth*"*.

91The formation o f the mitotic spindle occurs in three phases (Figure 1.3);

(i) Nucleation -  this entails the formation o f short microtubule seeds with the growth 

o f the microtubule beginning after the formation o f a y-tubulin ring complex 

(yTuRC) at the centrosome.

(ii) Elongation - addition o f  either tubulin a,p-dimers or short tubulin oligomers to the 

growing microtubule chain.

(iii) Steady state - a dynamic equilibrium involving no net change in microtubule 

length i.e. the rate o f tubulin loss at the disassembly end is equal to the rate of 

addition at the assembly end.

Y-tubulin

a,P-tubulin with two 
molecules of bound GTP

y-TuRC

Figure 1.3. Assembly of the microtubule from the centrosome.

Anti-mitotic agents that bind to tubulin can affect both the microtubular structure and 

the normal flinctioning o f the cell by inhibition or stabilisation o f microtubule assembly.
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More precisely, these compounds bind to a specific region on tubulin distorting its 

secondary structure and preventing the attachment of additional tubulin monomers, 

which ultimately stops microtubule growth. The consequence of this action is 

termination of the cell cycle '̂*, resulting in the expression of apoptotic gene products 

such as bcl-2^  ̂and bcl-)^  ̂and ultimately ending in death of the neoplastic cell.

Anti-mitotic agents, and in particular those which interfere with microtubule assembly, 

are classified according to the binding domain on tubulin to which they interact. To 

date, three different classes of tubulin inhibitors have been identified; those which 

interact with the (i) colchicim-h'xnAin^ domain, (ii) v/wca-binding domain and (iii) the 

taxoid-h\n(X\ng domain.

(i) Drugs that interact with the colchicine-binAmg domain.

Examples include colchicine^^(l.Ol) isolated from Colchicum autumnale,
27 • 28podophyllotoxin (1.02) isolated from Podophyllum pellatum and combretastatin A-4 

(1.03) isolated from Combretum caffrum. Each of these natural products possesses a 

trimethoxyphenyl ring, which is a component necessary for tubulin binding. However, 

a number of structurally unrelated compounds have also been discovered as colchicine- 

binding domain inhibitors. Examples include MDL 27048^  ̂ (1-04) and curacin 

(1.05) isolated from a marine microorganism known as Cyanobacterral matural (Figure 

1.4).
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OH

(1.02) (1.03)

>=N

O O

(1.04) (1.05)

Figure 1.4. Colchicine-binding agents 

(ii) Drugs that interact with vmca-alkaloid binding domain.

These include the natural products vincristine (1.06) and vinblastine (1.07), which were 

isolated from Catharanthus roseus^^ (Figure 1.5).

HOHO

CHXOOCCHXOOC

OCOCHOCOCH,
COOCHCOOCH.

(1.06) (1.07)

Figure 1.5. Vinca alkaloids.
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(iii) Dmgs interacting with the taxoid-hindm^ domain.

Compounds that bind to this region on tubulin exert a unique effect by stabilizing 

microtubule formation and in effect, prevent depolymerisation back to tubulin. 

Examples include paclitaxel^^ (1.08) isolated from Taxus brevifolia, its semi-synthetic 

analogue, taxotere (1.09) and epithilone (1.10) isolated from the myxobacterium, 

Sorangium cellulosum (Figure 1.6).

O R,  O

O OCOCH

OH

" o h

R, = Ph, Rj = Ac; (1.08) 

R, = /-BuO, = H; (1.09)

(1.10)

Figure 1.6. Taxoid-binding agents.

As the aim of this project was to design and synthesise novel C.B.S tubulin inhibitors, 

the concluding part of the introduction will concentrate on a detailed discussion of three 

well known natural products and their derivatives that bind to this receptor site of 

tubulin.

1.6 Co/c/tic/ne-binding domain inhibitors 

1.6.1 Colchicine

Colchicine occurs principally in the corm, seeds and flowers of the meadow saffron, 

Colchicum autumnale and in a related species Gloriosa superba^'^.
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It was first isolated in 1820 but its anti-mitotic activity was not linked with binding to 

tubulin until the 1960's^^. Today it is used to treat severe cases o f Gout, Familial 

Mediterranean fever, Schlerodermia, Behcet’s disease, amyloidosis and liver cirrhosis^^. 

Colchicine has shown potential experimental anti-tumoural properties against 

granulocytic leukaemia^^ and Hodgkin’s lymphoma^^, however, its clinical use is 

limited due to its extreme toxicity and more recently due to the discovery o f more 

effective chemotherapeutic agents in the treatment o f advanced lymphomas and 

Hodgkin’s disease’*.

1.6.1.1 Structure

Colchicine’s structure (Figure 1.7) can be subdivided into four distinct parts: the 

trimethoxybenzene A-ring, the aliphatic B-ring, the pseudo-aromatic tropolone C-ring 

and the C-7 side chain. This natural product exists in the aS,7S (Cahn-Ingold-Prelog 

rules) conformation in which the C-7 acetamido-group causes the tropolone C-ring to 

adopt an axial configuration with respect to the A-ring. This causes the molecule to 

become warped in a non-coplanar orientation with a dihedral angle o f about 53°^ .̂

O

(1.01)

Figure 1.7. Structure of colchicine (1.01).

1.6.1.2 Binding to tubulin

The binding of colchicine to tubulin results in the inhibition o f microtubule assembly. 

This process is a relatively slow one (in comparison to podophyllotoxin and the 

combretastatins) and is often incorrectly described as ‘irreversible’^̂ . Upon binding, 

GTP hydrolysis occurs at the E-site and a conformational change in the secondary
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stnicture of tubulin takes place. This results in the weakening of the lateral bonds of the 

microtubule preventing the further addition of tubulin molecules^"*. Accordingly, 

microtubule spindle growth ceases and disassembly at the M-phase of mitosis begins'^.

Although the identity of this binding domain is still not understood recent evidence 

suggests that colchicine and its related analogues may interact at two potential binding 

sites in the tubulin dimer. One site is occupied entirely at the P-subunit while the 

location of the second site appears to be at the a-P-interface'*’. The first site is believed 

to include the amino acid residues 1-36 and 214-241 with the trimethoxybenzene A-ring 

occupying a 9A cleft between Cys-354 and Cys-239'* .̂

1.6.1.3 Structure-activity relationships

Experimentally, several colchinoid derivatives have shown potent in vivo activity
37against Hodgkins lymphoma, granulocytic leukaemia, melanoma and prostate cancer . 

However, a narrow therapeutic window and a capacity to induce expression of the 

multi-drug resistant (MDR) phenotype in tumours have resulted in their infrequent use 

in cancer chemotherapy. In fact, multi-drug resistance is a major problem in the 

treatment of cancer. In tumour cells, resistance to these agents, and indeed to anti­

mitotic agents in general, can be accomplished in several ways; by increased acetylation 

of tubulin'* ,̂ altering MAPs' '̂*, increased metabolism, activation of enzymes'*^ and by 

altering the intracellular drug concentration. The latter process is the most common 

exhibited by MDR resistant cancer cells. This is associated with the genetic expression 

of cell-membrane drug efflux pumps such as P-glycoprotein (P-gp) and multi-drug 

resistance protein (MRP/^. These pumps actively remove these anti-neoplastic agents 

from the cell thereby reducing the drugs exposure to nuclear targets'* .̂ Thus, in an 

effort to discover agents that are less toxic in vivo and are less susceptible to MDR, a 

large number of synthetic analogues have been developed"*®.

A-ring

As a general rule all three methoxy groups are essential for tubulin binding activity as 

they act as a hydrophobic anchor to certain sites of tubulin. An exception is the natural 

plant product comigerine (1.11), which was isolated from Colchicum cornigemm^^.
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This compound contains a methylenedioxy-group in place o f  two o f  the methoxy 

substituents and is considered to be a more potent inhibitor o f  tubulin polymerisation'**.

O
<
O

o

(1.11)

B-ring

The role o f  the B-ring is less clear but is still considered an important contributor to the 

observed activity o f  the molecule. Although it appears to have no function regarding 

binding interactions at the colchicine-binding site (C .B.S), it does make an entropic 

contribution to binding by suppressing the free rotation about the biaryl bond and thus 

preventing isomerisation to its inactive aR isomer'*^. Its removal resuhs in derivatives 

e.g. (1.12) with reduced tubulin binding affinity (IC50 =  6.9+2.0

/

(1.12)

C-ring

The C-ring is an important contributor to the overall tubulin binding activity displayed 

by colchicine as chemical modification to this position resulted in derivatives displaying 

significantly different activity to that displayed by colchicine. Substitution o f  the C-10  

methoxy group with a thiomethyl moiety resulted in a two-fold increase in potency'*” 

(1.13) (IC50 = O.TS^M), while exchanging the methoxy group and the carbonyl group to 

position 9 and 10 respectively resuhed in an inactive compound (IC50 >100ioM). The
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natural product, allocolchicine^^ (1-14), isolated from C  cornigerum and C  

aulumnale^^ and its semi-synthetic derivative, 7V-acetylcolchinol 0-methylether^^ (1*15) 

both possessing a benzenoid C-ring and are known to be potent inhibitors of tubulin 

polymerisation (ICso= 0.73|iM and ICso= 2.0ixM.

COOCH,

(1.13) (1.14) (1.15)

C-7 substituent

The observed binding activity of colchicine is partly due to the stereochemical 

positioning of the acetamide-group as studies, where this substituent is in the R- 

configuration, have shown that the resulting molecule (1.16) is virtually inactive, 

exhibiting only 1% of the anti-mitotic potency of natural (-)colchicine^^.

O

O

O

(1.16)

When the acetamide-group of colchicine was replaced with a ketonic functionality 

(1.18), potent tubulin-binding activity was observed and more significantly, this 

compound was effective against both MDR negative and MDR positive tumours 

(Figure 1.8).
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(1.01)

(1.13)

(1.17)

O

o
••■OH

(1.19)

(1.18)

/

(1.20)

Figure 1.8. C-7 and C-10 derivatives of colchicine.

Several other derivatives o f colchicine have been synthesised (Figure 1.8) and their 

tubulin binding activity as well as their cellular toxicity activity against a number of 

cancer cell lines have been reported (Table 1.2)

Compound
C-7

Substituent

ITPIC50

(HM)“

Cytotoxicity

ICso(nM)'’

Cytotoxicity

ICso(nM)'

Colchicine (1.01) NHCOCH3 1.5 0.05 12000

Colchinol (1.17) OH - - -

Colchicone (1.18) =0 - 11 50

Thiocolchicine (1.13) NHCOCH3 0.65 0.02 400

Thiocolchinol (1.19) OH 0.75 2.8 -

Thiocolchicone (1.20) = 0 0.76 3.3 14

® Concentration requiring 50% inhibition of tubulin polymerization (FTP).

Concentration requiring 50% inhibition of the breast cancer cell line MCF-7 WT. 

Concentration requiring 50% inhibition of the MDR breast cancer cell line MCF-7 ADRr.

Table 1.2. Biological activity exhibited by colchicine and thiocolchicine derivatives.
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It is thought that by changing carbon-7 from an sp  ̂to an sp^-hybridised carbon results 

in a reduction in the conformational rigidity of the B-ring and as a result increases the 

flexibility of the bi-aryl system allowing an easier ‘fit’ in to the C B.S"*”. De Vicenzo 

postulated that for high MDR positive activity the nitrogen atom at C-7 position is 

quatemized to a cation. This allows the P-gp pump to remove the compound from the 

cell. However, the presence of an oxygen atom avoids the formation of this cation and 

so the compound is prevented from being extruded from the cell̂ '̂ .

1.6.2 Podophyllotoxin

Podophyllotoxin is the principle active compound isolated from the rhizome and dried 

roots of Podophyllum pellatum, P. hexandrum and P. emodi '̂ .̂ Podophyllotoxin has 

also been found in several species of juniper^^. The podophyllum genus also produces 

several other podophyllotoxin derivatives namely deoxypodophyllotoxin, 4’-demethyl 

analogues and the peltatins^^.

Historically, extracts from these plants have been used to treat a variety o f maladies. In 

the first century A.D., Dioscorides recommended their use for “unhealthy granulations”. 

The Leech Book o f Bald, written in 900-950 A.D. described using the roots of wild 

chervil, Anthriscus sylvestris, and juniper needles as a treatment for cancer^^. Native 

North Americans used the P. peltatum root as a purgative, anthelminthic, antirheumatic
• 58and laxative while Himalayan natives used the podophyllum root as a healing agent . 

1.6.2.1 Structure

Podophyllotoxin belongs to a class of lignans containing the 2,3-dibenzylbutane 

skeleton. These are further classified into aryltetralin lactones and arylnaphthalene 

lactone lignans^*.

Structurally, podophyllotoxin is composed of a tetrahydronaphthalene moiety (B- and 

C-rings) with the methylenedioxy A-ring and lactone D-ring forming a pseudoplanar 

four ring grouping to which is attached at the C-1 position of the C-ring a nearly 

perpendicular aryl group, the trimethoxyphenyl E-ring. The twist in the C-ring of
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podophyllotoxin causes the lactone ring to be positioned into an equatorial arrangement 

allowing the E-ring to rotate freely in its axial configuration*’ (Figure 1.9).

OH

7

OH

MeO I OMe 
OMe

(1.02)

Figure 1.9. Structure of podophyllotoxin (1.02).

1.6.2.2 Binding to tubulin

It has been demonstrated that podophyllotoxin not only binds competitively at the C.B.S 

but also does so in a reversible manner and at a much faster rate than colchicine*^. 

Computer modelling experiments performed by ter Haar et al have demonstrated that 

the A- and B-rings of podophyllotoxin and part of the B-ring of colchicine share the 

same binding site on tubulin. However, the trimethoxyphenyl-rings of podophyllotoxin 

(E-ring) and colchicine (A-ring) occupy different regions of the binding site, pointing 

away from the hydrophobic core that is occupied by the overlapping biophores*\

The binding of podophyllotoxin to tubulin causes spindle growth cessation and is 

believed to occur as follows; podophyllotoxin binds quickly to dimeric tubulin, which 

lowers the concentration of polymerisable dimeric tubulin. This results in a rapid 

disassembly of polymer dimers to maintain a critical concentration of free dimers. 

These freed dimers also bind to podophyllotoxin, and so the tubulin-podophyllotoxin 

complex builds up until the concentration is sufficiently high that the complex starts to 

bind to the assembly (+) end of the microtubule. This prevents the addition of any 

further tubulin dimers and in effect “caps” the microtubule, preventing it from growing. 

During this process disassembly from the (-) end continues to maintain the tubulin 

dimers to microtubule equilibrium. Eventually, this process leads to total microtubule 

disassembly and a cessation of mitosis^.
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1.6.2.3 Biological activity

Podophyllotoxin and its analogues have a wide array o f effects on biological systems, 

including toxicity, cell division arrest at metaphase and G2, effects on membrane 

transport and viral replication^*. Podophyllotoxin and its analogues are toxic to a wide 

range o f organisms, though the dose and analogue specificity vary widely. Toxicity to 

mammals is mainly due to serious gastrointestinal irritation. In addition to their 

inhibitory effects on tubulin polymerisation, podophyllotoxin and its derivatives can 

also inhibit the transport o f nucleosides in mammalian cells, thus influencing DNA and 

RNA synthesis^'. This transport can be inhibited by podophyllotoxin and its analogues; 

however, higher concentrations o f these agents are required than for inhibition o f 

tubulin polymerisation (Table 1.3).

O
<

O

o
<o

o
<o

OH

O
<o

(1.02) (1.21) (1.22) (1.23)

Compound Inhibition of thymidine 

transport" (IC50) nM

n r  (iCso) \iM

Podophyllotoxin (1.02) 9.0” 0.6^’

P-peltatin (1.21) 10.0” 0.7”

Deoxypodophyllotoxin (1.22) 0.7” 0.5^^

4’-Demethylpodophyllotoxin (1.23) 40.0” 0.5”

“ Inhibition of nucleoside transport in HeLa cells.

Table 1.3. Nucleoside transport and inhibition of tubulin polymerisation data.
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Podophyllotoxin (in the form of the alcoholic extract, podophyllin) is also effective at 

preventing viral replication; and is currently used in treating cotidylomata acuminata, a 

skin disease manifesting itself as a species-specific wart caused by the human papilloma 

virus“ . Inhibition of viral replication by derivatives of podophyllotoxin has also been 

demonstrated in a number of viruses such as measles and herpes simplex I and II 

viruses (HSV I and II/^. Podophyllotoxin was shown to be the most potent anti-viral 

agent in treating HSV I and II, followed by P-peltatin (1.21) and deoxypodophyllotoxin 

In contrast, C-ring opened analogues e.g. deoxypodorhizol (1.24) were 

ineffective against HSV replication implying that the presence of the C-ring may be 

necessary for antiviral activity^^.

(1.24)

In an effort to determine the anti-viral mode of action of these compounds, experiments 

were conducted by, Markkanen el al, on deoxypodophyllotoxin (1.22)-treated cells. 

They concluded that (1.22) blocks transport of the viral nuclear capsid (a protective 

sheath that contains the virus RNA) to the nucleus by binding to the tubulin-based 

cytoskeleton in the cytoplasm^. It has also been suggested that some podophyllotoxin 

derivatives may interfere with nucleic acid metabolism and thereby prevent viral 

replication^*.

1.6.2.4 Structure-activity relationship

The recent discoveries of two powerful anti-mitotic derivatives of podophyllotoxin, 

namely; etoposide (1.25) and teniposide (1.26), have led to the resurgence of interest in 

the synthesis of new molecules based on podophyllotoxin. Interestingly, the observed 

anti-mitotic effect of both (1.25) and (1.26) is based solely on their inhibitory effect on
♦ 67  • • * 68the enzyme, topoisomerase II, and not on tubulin binding . Structure-activity studies
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have shown that its anti-tubulin activity is much more sensitive to alterations at certain 

regions o f the molecule than at other positions. For example, tubulin-binding activity is 

not adversely affected by the presence or absence of a hydroxyl group at carbon -5 (fi­

ring), but the hydroxyl substituent on carbon-4 (C-ring) must be in the (R)- 

configuration, as activity is reduced by reversal o f configuration. Demethylation at C- 

4’ (E-ring) does not appear to have any great impact on activity, however, reversing the 

stereochemistry at C-1 (C-ring) results in an inactive compound.

OH OH

OH OH

(1.25) (1.26)

B-ring

Substituents on the B-ring, in particular C-5 o f podophyllotoxin, are well tolerated, 

although large groups like glycosides reduce cytotoxicity significantly^^. The C-5 

substituted methyl ether (1.27) displayed potent cytotoxicity against HeLa tumour cells 

comparable to that o f podophyllotoxin™. Interestingly, replacing the methylenedioxy- 

moiety with methoxy groups produced the derivative (1.28), which is about ten-fold less 

cytotoxic than podophyllotoxin^*.



C-ring

Aromatising the C-ring (1.29) results in a significant loss o f  cytotoxicity since it causes 

the pseudo-axial E-ring to reorganise into a more planar conformation, thereby 

preventing its insertion into the C.B.S .

O
<

O

(1.29)

Dehydration o f podophyllotoxin yields a-apopicropodophyllotoxin (1.30), which can 

isomerise to p-apopicropodophyllotoxin (1.31) (Figure 1.10). The latter compound has 

been shown to have equivalent cytotoxicity to that o f podophyllotoxin^^.

O
<

O
o

o

o
<o

(1.30) (1.31)

Figure 1.10. Equilibriation of a-apopicropodophyllotoxin and p-apopicropodophyllotoxin 

D-ring

For potent anti-neoplastic activity to exist it has long been known that the lactone D-
73ring must be in the /raAiv-configuration as the c/5-isomer is nearly inactive . Many 

open-chain analogues have also been synthesised, often producing compounds with 

reduced anti-tubulin activity. It has been suggested that the presence o f the lactone ring 

may permit nucleophilic attack by a thiol, amine or hydroxyl group present in the
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C.B.S. to the methylene C-11 moiety and as a resuh increase its binding affinity to 

tubuHn^"*’ (Figure 1.11).

Nu-Biomolecule

O
<
O

Nu-Biomolecule

"COOH

Ar

Figure 1.11. Proposed mechanism of the cytotoxic activity of the podophyllotoxin derivatives.

Nu = SH, NHz, OH.

E-ring

The E-ring must occupy a pseudo-axial conformation for potent tubuHn binding. 

Demethylation o f  the 4 ’-methoxy group (4’-demethylpodophyllotoxin) (1.23) increases 

its activity against topoisomerase II but has a negligible effect on tubulin polymerisation 

activity. Demethylation o f  the 3’- and 4 ’-methoxy groups (1.32) reduces the anti­

microtubule activity even further^^ with the addition o f  bulky groups on the 4 ’-oxygen 

(such as 4 ’-carbobenzoxy- (1.33) and the 4 ’-glucosides) resulting in total loss o f  

tubulin-binding activity^”’^^(Table 1.4).

OH

<
O

OH
OH

(1.32)

OH

(1.33)
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Compound position-4’ position-3’
nriCso

(HM)

4’ -demethylpodophyllotoxin (1.23)

3’, 4’-didemethylpodophyllotoxin (1.32) 

4’-carbobenzoxypodophyllotoxin (1.33)

-OH

-OH

-COOCHjPh

-OCH3

-OH

-OCH3

2.0

4.0

>100

Table 1.4. inhibition of niicrotubule assembly by podophyllotoxin derivatives modified in E-ring. 

1.6.3 Combretastatins

The combretastatins are a group of bi-benzyl anti-neoplastic agents obtained from the
• 77 * •South African tree Combretum caffrum also known as the bushwillow . Traditionally, 

these trees have been used by natives of Africa and India to treat a variety of ailments^* 

including abdominal pain, leprosy and infertility in women. Recently, extracts taken 

from the bushwillow were found to have excellent cytotoxic activity against P388 

lymphocytic leukaemia^*. The first active component isolated from the extract was 

combretastatin (1.34) and since then a large number o f structurally similar compounds 

have been identified, the most potent being combretastatin A-4 (1.03).

O

O

OH

(1.34) (1.03)

1.6.3.1 Structural features of combretastatin A-4

Combretastatin A-4 is composed of two substituted benzene rings connected by a two- 

carbon bridge. This relatively simple structure bears similarity to colchicine and
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podophyllotoxin. Like colchicine, the A-ring of combretastatin has three-methoxy 

substituents. The ‘B-ring’ of combretastatin is “similar” to the C-ring of colchicine with the 

vicinal methoxy and hydroxyl groups in place of the vicinal methoxy and carbonyl groups. 

The two carbon bridge occupies a m-configuration with the dihedral angle of the two aryl 

units being at an angle between 50°-60°. Since the discovery of combretastatin a-4, a large 

number of structurally-related compounds have been isolated from C. cqffrum. Depending 

on the structural type, these compounds are now classified as belonging to the combretastatin 
B*o, £j83 f ^ j jy  Qf compounds.

Classification of the combretastatins

• Combretastatin A derivatives are stilbenes. Examples of compounds in this category 

include combretastatin A-1 (1.35) and combretastatin A-2 (1.36).

• The combretastatin B family are structurally similar except the two phenyl rings are 

separated by a saturated two-carbon bridge. These include combretastatin B-1 (1.37) 

and combretastatin B-4 (1.38).

(1.35) (1.36)

(1.37) (1.38)
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Derivatives o f the combretastatin C family have fused A, B and C rings that form a 

series of tri-cyclic structures known as the phenanthrenes.

O

OH
,0

OH

(1.39) (1.40)

• Combretastatin D derivatives are identified as macrocyclic lactones. Examples of 

compounds in this family include combretastatin D-1 (1.41) and combretastatin D-2 

(1.42)

OH

(1.41) (1.42)

1.6.3.2 Binding to tubulin

The combretastatin family o f  compounds have all been shown to interact with tubulin 

resulting in the disruption o f microtubular function and hence, cell cycle arrest. 

However, their modes o f action differ depending on the class to which they belong.

Combretastatin A and B derivatives are known to competitively bind to the C.B.S. of 

tubulin in vitro with subsequent hydrolysis o f GTP*'*. As stated previously, the most 

potent o f these derivatives is combretastatin A-4*^, but unfortunately, its low aqueous 

solubility limit its use in vivo. This limitation has been partially resolved by its 

conversion to the phosphate derivative*^ (1-43). This derivative is currently undergoing
87phase lAI clinical trial evaluation .
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/ 0  0=P-0N a 
ONa

(1.43)

The combretastatin D series o f compounds are also potent anti-mitotic agents, however,

these compounds exert their anti-mitotic effect by stabilising microtubule assembly
88suggesting that they bind to tubulin at a site remote from the C B S .

1.6.3.3 Biological activity

Extracts taken from the combretaceae family have revealed a multitude of biological 

properties including anti-microbial, anti-inflammatory and potent anti-neoplastic 

activity .

1.6.3.4 Structure-activity relationships based on the structure of 

combretastatin A-4

A-ring

Most compounds synthesised based on the combretastatin structure utilise 

combretastatin A-4 as the model compound due to its high cytotoxicity, high activity 

against MDR cell lines and its simple structure. A structural feature common to most 

colchicine binding site inhibitors is the presence o f a trimethoxyphenyl moiety. 

Substituting a methylenedioxy group at C-2 and C-3 for two of these methoxy 

substituents results in only a small reduction in potency^. However, rotation o f the 

three-methoxy substituents from C-1, -2 and -3 to C-2, -3 and -4 resuhs in a 10,000-fold 

reduction in cytotoxicity^'.
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Bridge

In general modifying the length o f the ethylene bridge, C=C, resuhs in compounds with 

lower activity against tubulin polymerisation. However, insertion o f a carbonyl unit, 

phenstatin (1.44), in place o f the ethylene bridge resulted in a potent inhibitor o f tubulin 

polymerization (IC50 = but lengthening the bridge by the successive addition o f

methylene groups as in compounds (1.45) and (1.46) resulted in a progressive loss o f 

activity against tubulin polymerization*^.

I
O OH

O

O

O

OH

O

O

O

(1.44) (1.45) (1.46)

Increasing the rigidity by conversion o f the ethylene bridge to a fused phenanthrene ring

(1.40) adjusts the molecule into a pseudo-planar arrangement resulting in loss o f 

activity^^ (Table 1.16).

O

0
1

OH

(1.40)

A number o f novel bridging components have been inserted between the two phenyl 

rings with the resulting molecules demonstrating equivalent to, or better tubulin-binding 

and cytotoxic activity in comparison to combretastatin A-4. These include 

ketothiophene^"* (1*47), oxazolone^^ (1.48), furanone^ (1«49), (R,R)-l,3-dioxolane^^ 

(1.50) and sulphonate bridges^* (1-51). These compounds demonstrate excellent in 

vitro cellular toxicity against a number o f different cancer cell lines, because their 

bridging components influence the spatial arrangement between the A- and B-rings 

permitting efficient binding to the C.B.S (Table 1.6).
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Compound Bridge ITP ICso“ (HM) Cell line 

ICso (nM)

(1.03) C C \ . T a.o”

(1.44) c = o 1.0 5.7*’

(1.38) (CH2>2 4-5 200**

(1.45) ( C H 2 ) 3 10-15 1000'*

(1.46) ( C H 2 ) 4 40-50 3000**

(1.40) Phenanthrene 100 1000**

(1.47) Ketothiophene 1.0 300±400"

(1.48) Oxazolone - 1.8*=

(1.49) Furanone - 4 .r

(1.50) Dioxolane 0.59 3.2‘’

(1.51) Sulphonate 6.7 2.7**

Concentration required to inhibit tubulin polymerisation 50%. 

NCI H460; non-small cell lung cancer cell line.

MCF-7; human breast cancer cell line.

L1210; murine leukaemia cell line.

Table 1.5. Biological data of combretastatin A-4 derivatives modified in bridge.



B-ring

Many stmctural B-ring variants have been discovered or recently synthesised in an 

effort to increase its tubulin-binding activity^^. With the exception of (1.52), (1.53) and 

(1.54), few derivatives have demonstrated equivalent potency to combretastatin A-4 

against tubulin polymerisation (Table 1.6).

OH

OH
NH.

(1.35) (1.52) (1.53)

Compound ITPICso

(jiM)

(1.03) 1.2̂ ’

(1.35) 4“

(1.52) 2.2’*

(1.53) 4. o’"

Table 1.6. Inhibition of tubulin polymerisation by combretastatin derivatives modified in B-ring.

In summary, high tubulin-binding activity is maintained by having small electron 

donating groups at the meta- or /wra-positions on the B-ring. Some anomalies do exist, 

as incorporation of a naphthalene ring (1.54) in place of the “necessary” 3-hydroxy-4- 

methoxyphenyl ring resulted in a potent inhibitor of tubulin polymerisation^.

O

O

(1.54)

Based on the structure of combretastatin A-4 and its derivatives, a pharmacophore ideal 

for binding at the colchicine-binding domain of tubulin has been designed (Figure 1.12).
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cis for binding qjj implicated in MDR

OH Not essentialO

O

O essential, small electron donating
aliphatic substituents

Neccesary for tubulin binding

Figure 1.12. Suggested pharmacophore for tubulin binding.

Structural features of this model

(i) The non-coplanar spatial arrangement between the two aromatic rings is

paramount for maintaining tubulin-binding activity, as these planar rings must
Q Q

be tilted with respect to each other at the correct dihedral angle .

(ii) The trimethoxybenzene A-ring, which is common to a number o f other tubulin-

binding agents, is considered to be essential for activity.

(iii) The 2-OH’ group is believed to be responsible for MDR**^. It has also been

demonstrated that while tubulin inhibitory activity is very good, its cytotoxicity

against various in vitro cancer cell lines is quite weak^^.

(iv) The 3'-0H  group has a minimal effect on binding to tubulin.

(v) The 4 -OCH3 moiety can be replaced with small hydrophobic groups (methyl,

ethyl) while retaining significant activity.

(vi) The carbon linker, n, can be one or two carbon units long.

(vii) The two-aryl rings must be in a c/5-configuration to retain maximum cytotoxic

activity.
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1.7 Summary of tubulin binding agents used clinically

Although a vast array o f  antineoplastic agents have been synthesised over the last forty 

years, many scientists still consider the design o f  a selective anticancer agent as the 

Holy Grail o f  medicinal chemistry. Interestingly, those that interfere with microtubular 

function have proved to be most effective in cancer chemotherapy. To date, only drugs 

that are known to interact with the vinca- and taxoid-h'mdmg domains o f  tubulin are in 

clinical use. These include vincristine, vinblastine (tubulin inhibitors) and taxol 

(tubulin stabiliser). Until recently, molecules that interact at the colchicine-h'mding site 

were considered too toxic for the treatment o f neoplasia. However, the discovery o f  

combretastatin A-4 has renewed interest in C.B.S agents as potential anti-neoplastic 

agents, as this compound not only inhibits tumour cell proliferation but also has 

remarkable anti-angiogenic activity.

1.8 Aims of the project

O f those compounds that bind to the colchicine binding site only combretastatin A-4 

shows clinical promise. However, its continued development is limited as the 

unrestrained double bond is prone to photochemical isomerisation resulting in the 

inactive /ram-analogue being formed. Altering the positioning o f  the two aromatic 

rings relative to one another is difficult, thereby reducing the possibility o f  actually 

producing a more potent and less toxic derivative. A further disadvantage o f  this 

compound lies in the fact that its phenolic functional group, important for bioactivity, is 

deactivated in the water-soluble prodrug form, which is necessary for in vivo 

administration. There is therefore considerable interest in, and a need for development 

o f novel tubulin inhibitors with similar activity and selectivity to combretastatin A-4, 

but with better chemical stability.

Thus, the aim o f  this project was to create potent tubulin inhibitors based upon the 

molecular design shown in Figure 1.13. It was decided in the first instance to 

concentrate on the synthesis o f  compounds where the three methoxy substituents are 

positioned on carbons 1, 2 and 3 o f the A-ring, where X = CH2 , Y = H and Ri, Rj, R3 is 

any combination from H, OH, OMe or NH2 . The synthesis o f these compounds is
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discussed in Chapter 2, as well as a select number o f  compounds where the size o f  the 

B-ring was reduced.

Trimethoxy
substituents

Oxygen or CHj

Y Hydrogen, Alcohol or 
Ketone

2 Small, electron-donating 
aliphatic groups

Figure 1.13. Molecular structure on which the novel compounds is to be based on.

The aim o f  the work described in chapter 3 was to synthesise a similar series o f  

m olecules to those described in chapter 2 , but with one important difference, alcohol 

and keto-functionalities should be incorporated into the m olecules where Y was 

originally hydrogen.

The aim o f  the work described in chapter 4 was to investigate the effect on tubulin 

binding activity o f  rotating the three methoxy substituents on positions 1,2, and 3 to 

positions 2,3,4 on the A-ring.

The aim o f  the work described in chapter 5 was to investigate the synthesis o f  

compounds analogous to three o f  the compounds described in chapter 3. The essential 

difference between these compounds and those described in chapter 3 is the inclusion o f  

an oxygen atom in place o f  a CH2 at position X.
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CHAPTER 2



2.0 Introduction

It was anticipated that a series o f novel tubulin inhibitors could be synthesised by 

forming a biaryl system in which the biaryl moiety (A- and C-ring) is connected to an 

aliphatic B-ring (Figure 2.1). It was believed that if  these compounds were to inhibit 

tubulin polymerisation then it was essential that both aromatic units should be in a 

spatially close non-coplanar arrangement allowing the molecule to possess a suitable 

dihedral angle necessary to permit optimal binding to the C.B.S of tubulin.

R = small electron-donating groups 

Figure 2.1. Generalised structure of compounds synthesised in this chapter.

2.1 Synthetic strategy

Two key stages were involved in the synthesis o f these compounds, namely:

(i) The formation o f trimethoxy- and methylenedioxybenzocycloalkanones with

varying ring sizes.

(ii) The attachment o f an additional aryl unit to these benzocycloalkanones.

2.2 Synthesis of benzocycloalkanones

The initial strategy targeted the synthesis o f l,2,3-trimethoxy-6,7,8,9-tetrahydro-5//- 

benzo[a]cyclohepten-5-one (2.01) since it was felt that this intermediate, when 

incorporated into the final structure, (Figure 2.2) would offer several positions for 

possible manipulation later on in our synthetic program.
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In particular, it was believed that functionalisation o f the carbons indicated by the 

arrows (Figure 2.2), would resuh in additional compounds with greater potency than 

their unsubstituted analogues as these positions can be used to direct the spatial 

orientation of the two aryl rings. Additionally, judicious functionalisation o f these 

positions should also influence the electron density within the overall molecule.

The synthesis o f compound (2.01) was investigated by applying a method designed by 

Banwell et for the synthesis o f its related regioisomer, 2,3,4-trimethoxy-6,7,8,9- 

tetrahydro-5//-benzo[a]cyclohepten-5-one (2.02). Although this method was used 

initially, the yield o f the desired compound obtained was very low, typically only 2-5%.

3R

Ri, R2 , R3 = small electron-donating substiuents 

Figure 2.2. Positions available for functionalisation.



This method involved the base-initiated condensation o f 2,3,4-trimethoxybenzaldehyde 

with methyl crotonate. Base hydrolysis o f the resulting coupled compound (2.03) was 

followed by hydrogenation. The resulting pentanoic acid (2.05) underwent direct 

cyclisation^”  ̂ in hot polyphosphoric acid (PPA) to afford the desired cyclic product 

(2.01) (Scheme 2.1).

? 9 (0

(iv) PPA, heat

(2.03)

(ii) H2 , 10% Pd/C

(iii) OH-

(2.05)

Scheme 2.1. Generalised reaction scheme for the synthesis of (2.01).

After using this procedure, several side-products were noted including the formation of 

large quantities o f trimethoxybenzoic acid in the first step and tarry by-products in the 

cyclisation step. To circumvent these problems the first step was carried out in the 

absence o f light, the methyl ester was then hydrolysed before the hydrogenation step 

and the acid intermediate was activated prior to cyclisation.

2.2.1 Aldol condensation reaction

The major side product formed in this step o f the reaction was trimethoxybenzoic acid. 

However, the formation o f this compound was prevented by carrying out the reaction 

under an atmosphere o f nitrogen and in the absence of light.
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(2.03)

Scheme 2.2.

2.2.2 Base hydrolysis and hydrogenation steps

The methyl ester (2.03) was not purified extensively before the hydrolysis step, as under 

the basic conditions employed in the aldol reaction, partial hydrolysis of this ester had 

occurred. Therefore, the crude mixture was completely hydrolysed using 2.5M aq. 

NaOH. The resulting diene acid (2.04) was dissolved in a 1; 1 mixture of ethanol/ethyl 

acetate and hydrogenated using 10% Pd/C as catalyst (Scheme 2.3). This approach also 

permitted the removal of any unreacted trimethoxybenzaldehyde after the hydrolysis 

step.

(i) 10% aq. NaOH 

MeOH, reflux

(2.03) (2.04)

(ii) Hj, 10% Pd/C

Scheme 2.3.

OH

(2.05)

2.2.3 Cyclisation step

A significant problem with the cyclisation of (2.05) was the presence of butanoic acid as 

an impurity. Several attempts were made to purify the acid (2.05) prior to cyclisation 

including distillation under high vacuum. However, this approach resulted in
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significant decomposition products being produced. A method was therefore sought to 

activate the acid (2.05) and subsequently purify, prior to cyclisation by flash column 

chromatography. This immediately ruled out the possibility o f forming the 

corresponding acid chloride due to its sensitivity to atmospheric moisture and instability 

to silica gel.

Activation o f acids by formation o f pentafluorophenyl esters is a commonly employed 

procedure in peptide synthesis and this was also the preferred method of acid 

a c t i v a t i o n T h e  synthesis o f the pentafluorophenyl ester (2.06) was achieved by 

treating the acid (2.05) with dicyclohexylcarbodiimide (DCC) and pentafluorophenol 

(PFP), using anhydrous dichloromethane (DCM) as solvent, whilst maintaining the 

temperature o f the reaction at 0°C. This intermediate was easily purified by flash 

column chromatography. Its cyclisation was effected using a large excess o f 

polyphosphoric acid (PPA) and heating the reaction to 75°C (Scheme 2.4).

(2.05)

(i) PFP, DCC

(2.06)

F

F
F

(ii) PPA, 75°C

O

(2.01)

Scheme 2.4.
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2.3 Synthesis of 6- and 5-membered B-ring trimethoxy- and methylenedioxy A- 

ring analogues

Due to the success o f the cyclisation reaction, the synthesis o f several indanone and 

tetralone derivatives was initiated. The A-ring of these compounds included 

trimethoxy- and methylenedioxy-substituents and hence resembled components o f 

several known anti-mitotic natural products.

2.3.1 Synthesis of the tetralone analogues

The tetralone analogues were synthesised using two different methods. The first 

approach employed the well-established Haworth r e a c t i o n T h i s  reaction was 

instrumental in the formation o f 5,6,7-trimethoxy-l,2,3,4-tetrahydro-l-naphthalenone 

(2.10). It involved the Friedel-Crafts addition o f succinic anhydride to 

trimethoxybenzene using aluminium trichloride (AICI3) as Lewis acid catalyst and 

DCM as solvent. The resulting a,5-keto-acid (2.07) was subsequently reduced via 

catalj^ic hydrogenation under acidic conditions (2M aq. HCl in ethanol) and activated 

to its pentafluorophenyl ester derivative (2.09) using PFP, DCC and DCM as solvent. 

Treatment o f the ester with PPA and heating the mixture to 75°C afforded the desired 

tetralone (2.10) in an overall yield o f 28% (Scheme 2.5).
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(0

(ii) AICI3 , DCM, -10°C

O '

(2.10)

(2.07)

(iii) H2 , 10% Pd/C

(iv) 2M HCl

(2.08)

(v) PFP, DCC 
DCM, 0°C

(vi) PPA, 75°C 1 O

O
o

(2.09)

Scheme 2.5.

Regarding the synthesis o f the tetralone derivative, 6,7,8-trimethoxy-l,2,3,4- 

tetrahydronaphthalone (2.16), the reaction conditions employed in the initial Friedel- 

Crafts acylation step, the key intemediate, 3-(3,4,5-trimethoxyphenyl)butanoic acid 

(2.14), could not be synthesised. An alternative synthesis o f (2.16) was developed, 

which involved using the commercially available reagent 3-(3,4,5- 

trimethoxyphenyl)propanoic acid as the starting material. Reduction o f this carboxylic 

acid to the alcohol (2.11) was accomplished using LiAlHU*” .̂ Functional group 

interconversion of the alcohol using PBrs led to formation o f the bromide (2.12)'*^^, 

which was subsequently converted to the nitrile (2.13) in high yields by using potassium 

cyanide (KCN) in dimethylsulphoxide (DMSO)'°^. The nitrile was then hydrolysed
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using a methanolic solution o f  lOM aq. NaOH*”*, and the resulting acid (2.14) activated 

to its pentafluorophenyl ester (2.15) and cyclised in PPA to afford the tetralone (2.16) 

(Scheme 2.6).

O
OH

O

(i) LiAlH^

THF, 0-25‘C

:xT-h (iii) KCN

DMSO, 25°C

(2.13) 

?
(iv) NaOPi MeOH, 

reflux

(v) PFP, DCC

? v  ° DCM OC

(2.14)

(ii) PBr3, Ether 
0“C

(2.12)

(2.15)

(vi) PPA, 75°C

Scheme 2.6.
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As similar regio selectivity problems were also encountered during the synthesis of 

5,6,7,8-tetrahydronaphtho[2,3-d][l,3]dioxol-5-one (2.22) the conditions used were 

analogous to those employed for the preparation of (2.16) (Scheme 2.7).

(i) LiAlH^ 

THF, 0-25°C

OH

(2.17)

(ii) PBrj, Ether 
0“C

N

(iii) KCN o

< Ji
DM S0.25“C

Br

{ ] l

(2.19)

f
(iv) NaOH, MeOH, 

reflux

OH (v) PFP, DCC

DCM 0°C

(2.20)

(2.18)

(2.21)

(vi) PPA, 75°C

(2.22)

Scheme 2.7.
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2.3.2 Synthesis of the indanone analogues

The synthesis o f 6,7-dihydro-5//-indeno[5,6-<^[l,3]dioxol-5-one (2.24) began by using 

3-(l,3-benzodioxol-5-yl)propanoic acid as the starting material. This acid was 

converted to its corresponding pentafluorophenyl ester (2.23) and subsequently cyclised 

using polyphosphoric acid (Scheme 2.8).

(i) PFP, DCC <O OH
< DCM, 0°Co

(2.23)

(ii) PPA, 75°C

O

(2.24)

Scheme 2.8.

As 3-(2,3,4-trimethoxyphenyl)propanoic acid is not commercially available, the 

preparation o f 4,5,6-trimethoxyindanone (2.28) began with the synthesis of 3-(2,3,4- 

trimethoxyphenyl)-2-propenoic acid (2,25). This was achieved by a Perkin 

condensation reaction between malonic acid and 2,3,4-trimethoxybenzaldehyde. In this 

reaction a mixture o f  pyridine and piperidine was used as base and solvent 

respectively*®^. The resulting cinnamic acid (2.25) thus formed was reduced under 

catalytic hydrogenation conditions to afford 3-(2,3,4-trimethoxyphenyl)propanoic acid 

(2.26). Activation o f the saturated acid to its pentafluorophenyl ester (2.27) and 

cyclisation using PPA, afforded 4,5,6-trimethoxyindanone (2.28) as a white powder 

(overall yield was 78% from 2,3,4-trimethoxybenzaldehyde) (Scheme 2.9).
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o o
OH

pyridine, piperidine

O

(2.27)

(iii) PFP, DCC

DCM, 0°C

OH

(2.25)

(ii) HjCg), 10% Pd/C 
EtOH, EtOAc

O

(2.26)

(iv) PPA, 75°C

(2.28)

Scheme 2.9.

The formation of 5,6,7-trimethoxy-l-indanone (2.32) was accompHshed under 

analogous conditions utilised for the synthesis o f indanone (2.28) (Scheme 2.10).
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( i)H O

o o
OH

pyridine, piperidine

(Hi) PFP, DCC

DCM, 0°C

(iv) PPA, 75°C

(2.29)

(ii) HjCg), 10% Pd/C 
EtOH, EtOAc

OH

(2.30)

0
1

(2.32)

Scheme 2.10.

2.4 CycHsation of the non-activated benzocycloalkanones

To determine the scope of this new Friedel-Crafts acylation reaction, the cyclisation of a 

number of non-activated benzocycloalkanone derivatives from their pentafluorophenyl 

ester precursors (2.33)-(2.38) was investigated (Figure 2.3). Their cyclisation rates and 

yields were then compared with respect to their corresponding activated 5-, 6- and 7- 

membered analogues (Table 2.1). As expected, the cyclisation of aryl-activated 

pentafluorophenyl ester precursors proceeded at a much faster rate and with better 

yields than their corresponding non-activated analogues.
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Cyciised product Time (mins) Temperature (°C) Yield (%)“

(2.32) 150 75-80 98 (91)'*'^

(2.28) 150 75-80 96 (36)*"

(2.24) 160 75-80 89 (92)"^

(2.10) 75 75-80 92 (9 4 )"^

(2.16) 60 75-80 00 ô 00

(2.22) 120 75-80 78(30 )"^

(2.01) 45 75-80 89 (91)'*^

(2.02) 30 75-80 94 (64)*"‘

(2.39) 300 75-80 72 (87)"'^

(2.40) 280 75-80 80(68)"*

(2.41) 360 75-80 70 (93)"^

(2.42) 360 75-80 48 (90)"^

(2.43) 420 75-80 71 (58)*^“

* The values quoted in parentheses are yields obtained from alternative methods of cyclisation.

Table 2.1. Cyclisation conditions using PFP methodology.

(2.36) (2.37)

O
F F

F y  F 
F

(2.35)

(2.38)

Figure 2.3. PFP ester precursors of the non-activated benzocycloalkanones.
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Figure 2.4. Cyclised compounds using PFP methodology.

These reaction conditions are superior to other ahernative ring-closure methods as it 

ehminates the use of pyrophoric reagents (e.g. PCI5 , AICI3, SnCU and P2O5) and highly 

toxic solvents such as benzene and CS2 . In many cases, the yields and reaction rates 

obtained for these benzocycloalkanones were better than or comparable to well- 

established cyclisation procedures.

This was fiirther illustrated by the successful synthesis of 3,4-dihydro-1(2//)- 

benzooxepin-5-one (2.43) as the presence of the ether linkage in this compound, 

restricts intramolecular cyclization, resulting in low yield of product (2.43). Previous 

reports have stated that the maximum yield obtained for the cyclisation step was 58% 

from its acyl halide precursor or 55% by direct cyclisation of the carboxylic acid 

However, using the PFP methodology, the yield obtained was 71%.



2.5 Formation of aryl-substituted benzocycloalkenes

According to the SAR studies described in section 1.6.3.4, for optimal binding of the 

targeted compounds to tubulin, it was deemed necessary to attach an additional aryl unit 

at the ketonic centre of the benzocycloalkanone intermediates. In addition, it was also 

felt that the meta- and para-positions of this aryl unit would require substituents for 

potent binding to tubulin with a combination of methoxy, hydroxy and amino groups 

being preferred. Organometallic reactions represent an efficient method by which 

nucleophillic addition to carbonyl-containing compounds may be carried out. In 

particular, the formation of the corresponding Grignard or organolithium reagent of the 

respective aryl units should prove to be an effective approach by which this 

transformation may be achieved.

Although it was decided to focus on the formation and use of organolithium and 

Grignard reagents when attempting carbon-carbon bond formations, a large number of 

other metals can be utilised to generate the corresponding carbanion species; with 

aluminium*^', copper'^^, titanium*^^, chromium'^"*, zinc'^*, cadmium*^*, mercury'^^, 

cerium*^’ and the alkali earth metals*^* with the latter metals finding prominence for this 

type of transformation. Their formation is usually achieved through transmetallation 

(Scheme 2.11), metal-halide exchange (e.g. organolithium reagents) or metallation (e.g. 

Grignard reagents). Transmetallation is only successful if the metal (M’) is lower in the 

electromotive series. As a result, this has become a powerful tool for forming 

organometallic complexes containing the more electropositive metals.

RM + M'X ^ RM' + MX

Li CeCl
CeClj

2

Example: ([ |  ^  LiCl

THF, -78°C

Scheme 2.11.
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The application o f  a specific organometallic reagent in carbon-carbon bond formation is 

strongly dependent on the nature o f  the electrophile present and the occurrence o f  other 

functional groups within the molecule. Strongly basic organometallic compounds such 

as organolithium and Grignard reagents are powerful nucleophiles since the carbanion is 

heavily polarized due to the electropositive effect o f  the metal. These reagents usually 

produce high yields o f  carbon-carbon bond adducts. However, as a resuh o f  their high 

reactivity, they are quite unstable and can react with a number o f  other fimctional 

groups such as carbonyls, alcohols, amines, amides, thiols, nitro and nitriles if  not 

suitably protected. Generally, non-activated alkenes, ethers and acetals may be present 

within the molecule when attempting carbon-carbon bond formations.

Alternatively, the use o f  protecting groups can be avoided by attenuating the basicity, 

and hence the nucleophilicity, o f  the carbanion. This can be achieved by using a less 

electropositive metal to generate this species. As a result, a number o f  functional 

groups may be present within the molecule and carbon-carbon bond formation need not 

only involve a carbonyl group. For example, the formation and reaction o f  a lithium 

organocuprate (Gilman reagent) can be carried out in the presence o f  carbonyl-based 

fiinctional groups (such as amides and carboxylic acids). Regarding its addition to a ,P - 

unsaturated carbonyl-containing compounds, carbon-carbon bond formation usually 

occurs at the 1,4-position (double bond) rather than at the 1,2-position (carbonyl group). 

In contrast, organocerium reagents will only react at the ketonic centre o f  an enone*^^. 

Even weaker organometallic compounds (such as organotitanium and organozirconium 

reagents) can be used to exhibit chemoselectivity over aldehydes, rather than ketones, 

when the reaction is carried out between -70°C and

2.6 Synthesis of the mono-methoxyphenyl substituted benzocycloaikenes and 

their saturated analogues

Previous reports by Cushman^* have described the synthesis and biological evaluation o f 

two derivatives o f  the combretastatin family containing a single methoxy substituent on 

the me/a- and para-positions o f  the B-ring (Figure 2.5). These compounds were shown 

to be potent inhibitors o f  tubulin polymerisation (IC50 8.8 (xM and 2.2 |xM respectively).
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Figure 2.5. Combretastatin derivatives modified in B-ring.

In addition to those derivatives, other workers have shown that dihydrocombretastatin 

A-4 (1.38) is also a potent inhibitor of tubulin polymerisation (IC50 3.3 |iM)^V

(1.38)

Based on these observations, the synthesis of four novel bi-aryl compounds (2.44-2.47) 

containing a single methoxy substituent on the meta- and /?ara-positions o f the second 

aromatic ring was investigated.

2.6.1 Synthesis of the 2,3,4-trimethoxy-9-(methoxyphenyI)-6,7-dihydro-5//- 

benzo|a]cycloheptene derivatives

The synthesis of these compounds were simplified somewhat, as both aryl precursors, 3- 

methoxyphenyl magnesium bromide and 4-methoxyphenyl magnesium bromide were 

commercially available from Aldrich™. Nucleophillic addition of these Grignard 

reagents to (2.01) under anhydrous conditions, afforded in each case, a tertiary alcohol 

adduct, which was dehydrated in situ by treatment with 2M aq. HCl to afford 

compounds (2.44) (55% yield) and (2.45) (66% yield) as viscous oils (Scheme 2.12).
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R, = OCH3 , R2  = H (2.44)

Ri = H, R2  = OCH3 (2.45)

Scheme 2.12.

2.6.2 Synthesis of the l,2,3-trimethoxy-5-(methoxyphenyI)-6,7,8,9-tetrahydro-5//- 

benzo(a|cycloheptene derivatives

To optimise the binding affinity potential of these molecules to tubulin, it was believed 

that reduction of the double bond in compounds (2.44) and (2.45) would create 

derivatives with greater flexibility and thus allow these molecules to induce a 

conformation better suited to the profile of the C.B.S in tubulin. This reductive step was 

accomplished via catalytic hydrogenation using 10% Pd/C as the catalyst to afford the 

saturated derivatives, (2.46) and (2.47), in quantitative yield (Scheme 2.13).

7

Hj, 10% Pd/C

EtOH/EtOAc

R, = OCH3 , R2  = H (2.44)

R, = H. R2 = OCH3 (2.45)

R, = OCH3 , R2 = H (2.46)

Ri = H, R2 = OCH3  (2.47)

Scheme 2.13.
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2.7 Formation of 2-methoxy-5-(2,3,4-trimethoxy-6,7-dihydro-5//- 

benzo[a]cyclohepten-9-yl)phenol (2.52)

Since the isolation of combretastatin (1.33) from the bark of the South African tree, 

Combretum caffruni’̂ , a large number of other derivatives have been discovered or 

synthesized that possess potent anti-mitotic activity. Most notable of these compounds 

is combretastatin A-4 (1.03), a potent tubulin inhibitor, showing high oncolytic activity 

against a wide variety of human cancer cell lines including MDR cancer cell lines^^V

Therefore, to synthesise compounds within the proposed model with equivalent potency 

to combretastatin A-4, it was deemed necessary that the second aryl unit should contain 

a hydroxy substituent ortho to the methoxy substituent in (2.45). This approach was 

used previously by Pettit et which led to the development of phenstatin phosphate 

(Figure 2.6).
O

I O NaO-P-ONa
0

(1.03) Phenstatin phosphate

Figure 2.6. The structures highlighted in bold represent the methoxyphenol unit.

2.7.1 Synthesis of the intermediate, (5-bromo-2-methoxyphenoxy)(te/t- 

butyl)dimethylsilane (2.50)

During the synthesis of 5-bromo-2-methoxyphenol (2.48) two different methods were 

explored. The first procedure began with 5-amino-2-methoxyphenol and involved 

conversion of the amino-functionality to a bromide. This was accomplished by the 

Sandmeyer r e a c t i o n w h i c h  involved treating the aniline with a sulphuric 

acid/methanol solution together with the slow addition of sodium nitrite to afford the 

azo-intermediate. This intermediate was subsequently converted to the bromo 

compound by refluxing the azo-intermediate in hydrobromic acid and cuprous 

bromide'^^. When the reaction was complete, the product, 5-bromo-2-methoxyphenol
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(2.48) was extracted with diethyl ether and purified by flash column chromatography. 

Unfortunately, the best yield obtained using this method was only 15% (Scheme 2.14).

NK

OH

NEN SO,
(i) aq. H2 SO4 , MeOH

OH

Azo-intermediate

(ii) CuBr, HBr

reflux

Br

OH

(2.48)

Scheme 2.14.

Due to this unsatisfactory yield and the large expense o f 5-amino-2-methoxyphenol, an 

ahemative procedure was undertaken. This new approach involved the conversion o f 5- 

bromo-2-methoxybenzaldehyde to 5-bromo-2-methoxyphenyl formate (2.49) via 

Baeyer-Villager oxidation*^”*. This reaction required the use o f meta- 

chloroperoxybenzoic acid (/wCPBA) as the oxidizing agent. Following conversion to 

the formate ester (2.49), subsequent hydrolysis using methanolic KOH solution resulted 

in the formation of the phenol (2.48) in high yields (90%) (Scheme 2.15).

Br Br
(i) /nCPBA (ii) k OH, MeOH

O
DCM, 20“C y  o  20°C ' qH

^ H "^0 /O

(2.49) (2-48)

Scheme 2.15.

The phenol (2.48) was protected as a ^er^-butyldimethylsilyl ether̂ *̂ (/BDMS) (2.50) as 

this protecting group is stable to the conditions employed when forming its 

organometallic derivative and flirthermore, cleavage back to the phenol is 

straightforward, only requiring the use o f /e^ra-butylammonium fluoride (TBAF). The 

silyl derivative (2.50) was prepared by dissolving the phenol (2.48) in DMF, followed 

by the addition o f feA-/-butyldimethylchlorosilane (2.0 molar equivalents) and imidazole

51



(2.5 molar equivalents). The reaction was allowed to proceed at ambient temperatures 

for four hours and after work-up, the protected phenol (2.50) was isolated in 96% yield 

(Scheme 2.16).

Br Br

OH

/BDMSCl, imidazole

DMF, 20°C O

(2.48) (2.50)

Scheme 2.16.

2.7.2 Organometallic addition of (2.50) to (2.01)

The aryl bromide (2.50) was then converted to its corresponding organolithium 

derivative by metal-halide exchange using //-BuLi in tetrahydrofuran (THF) at -78°C. 

This was then coupled in situ to the ketone (2.01) at -78°C, under an atmosphere of 

nitrogen. This afforded the carbinol intermediate, which was dehydrated in situ 

following the addition of 2M aq, HCl. After work-up and purification by flash column 

chromatography, the biaryl product (2.51) was isolated as a mobile oil in 58% yield 

(Scheme 2.17).

\

Br

(ii) (2.01)

(iii) 2M aq. HCl

(2.50) (2.51)

Scheme 2.17.
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In addition to forming the organoHthium derivative o f (2.50), the coupling o f (2.50) to 

(2.06) was also carried out by forming the Grignard derivative o f (2.50). This 

intermediate was formed by adding (2.50) to a mixture o f iodine-activated magnesium 

turnings in THF and gently refluxing the reaction*^^ (Scheme 2.18).

Upon formation of the Grignard reagent, the ketone (2.06) was added at room 

temperature to the mixture before refluxing the solution for several hours. However, 

after acidic work-up and purification by flash column chromatography the maximum 

yield of (2.51) obtained using this procedure was only 23%.

2.7.3 fBDMS deprotection of (2.51) to 2-inethoxy-5-(2,3,4-trimethoxy-6,7- 

dihydro-5//-benzo[a)cyclohepten-9-yl)phenol (2.52)

The silyl intermediate (2.51) was converted in quantitative yield to the phenol (2.52) 

using TBAP. The reagents were dissolved in THF and the conversion to the phenol
1 "^7proceeded smoothly at room temperature (Scheme 2.19).

Br NyinRr

(2.50)

Scheme 2.18.

I O

THF, 25°C

TBAF
7

(2.51) (2.52)

Scheme 2.19.
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2.7.4 Structural elucidation of (2.52)

The ‘H NMR spectrum of (2.52) revealed that the geminally-related methylene protons 

on the aliphatic B-ring resonated at different frequencies. The three multiplets for each 

of these methylene groups resonated at 1.95 ppm, 2.12 ppm and 2.65 ppm. Analysis of 

the c o s y  spectrum (Figure 2.7) revealed the methylene H-7 protons (1.95 ppm) 

coupling strongly to the alkenyl H-8 proton (6.34 ppm). A correlation contour was also 

observed between these protons and the quintet at 2.12 ppm representing coupling to the 

methylene protons on carbon-6. In addition, the 'H-*H COSY spectrum also revealed 

strong coupling between the methylene H-6 protons and a triplet resonating at 2.65 

ppm, and so was assigned as the benzylic H-5 protons. The methyl protons of the 

methoxy substituents resonated as sharp singlets at 3.70 ppm, 3.90 ppm, 3.91 ppm and 

3.94 ppm. The broad singlet at 5.57 ppm was assigned as the phenolic proton. The 

shielded aromatic proton (H-1) resonated as a singlet at 6.40 ppm. A complex 

multiplet, integrating for two protons resonated between 6.77 ppm and 6.82 ppm and 

was attributed to both H-3’ and H-4’. From the *H-*H-COSY spectrum, this showed 

correlation to the doublet (J = 1.5Hz) at 6.91ppm. This doublet was probably split by 

the weak weto-coupling to the H-4’ proton and was assigned as the H-6’ proton.

(ppm) 6.4 S.6 4 8  4.0 3.2 2.4

Figure 2.7. *H-'H COSY spectrum of (2.52).
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The NMR spectrum of (2.51) identified three methylene carbons resonating at 23.08 

ppm, 25.02 ppm and 34.46 ppm. Upon close inspection of the HMQC spectrum (Figure 

2.8) these resonances displayed coupling to H-5, H-7 and H-6 and so were assigned as 

the methylene carbons-5, -7 and -6 carbons respectively. The methoxy carbons 

resonated at 55.55 ppm, 55.57 ppm, 60.38 ppm and 61.06 ppm. By inspection of both 

DEPT 90 and HMQC spectra, the five-methine carbons resonated at 108.50 ppm (C-1), 

113.74 ppm (C-6’), and 126.76 ppm (C-8) while the signals resonating at 109.86 ppm 

and 119.21 ppm were assigned as C-3’ and C-4’ respectively. The nine quaternary 

carbons in the molecule were observed in the *̂ C NMR spectrum resonating between 

123.29 ppm and 150.50 ppm.

il
20

40

60

80

100

120

(ppm ) 7.2 6.4 5.6 4.8 4.0 3.2 2.4 1.6

Figure 2.8. HMQC spectrum of (2.52).

In an attempt to identify the orientation of the C-ring hydroxy substituent with respect to 

the trimethoxy-substituents on the A-ring, a number of NOE experiments were 

performed on (2.52).

A reciprocated positive NOE effect was observed for H-8 (6.34 ppm) after irradiation of 

H-6’ (6.91 ppm) (Figure 2.10). From this, one can conclude that the alkenyl H-8 proton 

interacts through space with the H-6’ proton on the C-ring. Further experiments also
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revealed NOE interactions between the H-4’ proton (6.79 ppm) and H-8. From these 

results, it would appear that at ambient temperature, the aromatic C-ring rotates rapidly 

about the C(5’)-C(9) bond as illustrated in Figure 2.9.

HO

O

O

OH
O

Figure 2.9. Illustrates rotation around the C-5’-C-9 bond.

H-5 H-7H-6

36 3.2 28 24 2.06 8 64 60 5.6 5.2 48 4 4 4.0

* ♦

i
nL A I

1 « _________________ . . .
68 64

I 1 1 1 1 1 1

6 0 5 6 5.2 48
' ' 

44 4 0 3.6
1 ' 1 1 

32 2,8 24 2,0

*

i

1

♦

i k

6 8 64 6 0  5 6 52 48 44 4 0 36 32 2 8 2 4 2.0
(ppm)

Figure 2.10. NOE experiments demonstrated the interactions between H-6’ and H-8 and the weaker 

interaction between H-4 and H-8. The irradiated peaks are denoted by i and the positive NOE interaction

is denoted by *.
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Additionally, it was also possible to see a spatial interaction between the H-8 proton and 

the methylene H-7, H-6 and H-5 protons. Presumably, these interactions occur due to 

the flexible B-ring occupying many conformational states in solution thereby permitting 

each methylene proton to interact with the H-8 proton during the NMR timescale 

(Figure 2.11). Structurally, it was concluded that in solution and at ambient 

temperature, (2.52) exists as a highly flexible compound which also allows for rotation 

about the C(5’)-C(9) bond.

l! jL _ _ ----------------------- Al I
6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3 6  3.2 2.8 2.4 2.0

----

6.8 6.4 6.0 5 6  5.2 4.8 4.4 4.0

I

-f-j-
\ T

n  ^ ^ —r

-A —

6.8 6.4 6.0 5.6 5.2 4.8
n — '— I— r- , ,— I— ,— I— I— j— T - T — I— — i— r

4 4  4.0 3.6 3.2 2.8 2.4 2.0

*

f -|- ----------- — ^ -
i

6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0
(ppm)

Figure 2.11. NOE experiments showing spatial interactions between the methylene protons and the 

alkenyl H-8 proton. The irradiated peaks are denoted by i  and the positive NOE interactions are denoted

by *.
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2.8 Synthesis of 2-methoxy-5-(l,2,3-trimethoxy-6,7,8,9-tetrahydro-5//- 

benzo[a]cyclohepten-5-yl)phenol (2.53)

Saturation of the double bond of (2.52) involved its solubilisation in a solution of 

EtOH/EtOAc containing 10% Pd/C as catalyst and hydrogenating the mixture for 48 

hours. Removal of the catalyst by filtration and evaporation of the solvent afforded 

(2.53) as a colourless oil in quantitative yield (Scheme 2.20).

O

H2(g), 10% Pd/C
O

EtOH/EtOAc

OH
\

(2.52) (2.53)

Scheme 2.20.

2.9 Formation of 2-methoxy-5-(2,3,4-trimethoxy-6,7-dihydro-5//- 

benzo [a] cyclohepten-9-yl)-1,3-benzenediol (2.57)

Having tentatively established that compound (2.52) exists as a rotamer, it was decided 

to explore the effect on tubulin binding of introducing another hydroxyl group ortho to 

the 2’-methoxy group in (2.52). It was felt that this additional functionality would add 

an element of symmetry to this aryl unit and thereby increase the probability of finding 

a suitable orientation that was appropriate to the profile of the C.B.S.

2.9.1 Synthesis of (5-bromo-3-[l-(terr-butyI)-l,l-dimethyIsilyl]oxy-2- 

methoxyphenoxy)(te/t-butyi)dimethylsilane (2.55)

It was anticipated that the attachment of this second hydroxyl substituent would require 

the initial synthesis of 5-bromo-2-methoxy-l,3-benzendiol (2.54). A previously 

reported synthesis of (2.54) involved methylation of pyrogallol (1,2,3-
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trihydroxybenzene (a natural product isolated from the twigs of Quercus infectoria) 

with subsequent separation of all the methylated products*^^. The overall yield obtained 

after separation was very poor, amounting to a maximum yield of only 1 %.

The method used followed a more recently published synthesis of (2.54)*^^ which 

reported yields of 91%. It involved o/'/^o-lithiation of 2,4,6-tribromoanisole with 5 

equivalents of «-BuLi dissolved in pentane. This produced a di-lithiated intermediate, 

which was quenched with trimethylborate and 40% peracetic acid/acetic acid solution to 

yield the di-phenol (2.54). In this reaction, or^Ao-lithiation occurs as the methoxy group 

has a directing effect on the or//io-bromides whilst leaving the para-bromide unaffected 

(Scheme 2.21). The yield obtained was satisfactory (63%) but not as high as previously 

quoted. This was probably due to the thick suspension that formed during the lithiation 

stage, which prevented adequate mixing with a magnetic stirrer.

Br

Br-^ Y  Br 

O
/

( i)  5 X «-BuLi 

Pentane, -20“C

Br

L i '  y  Li 

O
/

Br

(ii) B(0CH3>3, -30°C

(iii) CH3 CO3H, -lO^C H O '  OH

o
/

(2.54)

Scheme 2.21.

The di-phenol (2.54) was subsequently protected as a ^BDMS ether (2.55) by the usual 

method except the reaction temperature was increased to 55°C (Scheme 2.22).

Br Br

HO ^  OH
.0

/BDMSCl, imidazole

DMF, 55^€ \  . 0
S i

O. /  
S i

(2.54) (2.55)

Scheme 2.22.

59



2.9.2 Coupling of (2.55) to (2.01) with subsequent siiyi deprotection

The aryl bromide (2.55) was converted to its organolithium derivative after treatment 

with rt-BuLi (refer to section 2.7.2). This reactive intermediate was immediately added 

to a solution of (2.01) in THF at -78°C. The temperature o f the reaction was maintained 

at -78°C for 2 hours, before allowing it to rise slowly to 0°C over a period o f 6 hours. 

After stirring the reaction for an additional 6 hours, the reaction was quenched by the 

addition o f 2M aq. HCl. The crude product (2.56) was isolated after extracting the 

reaction mixture with ether and purifying by flash column chromatography. The 

desired di-hydroxy compound (2.57) was attained in 25% yield after reacting (2.56) 

with 2.5 molar equivalents o f IM TBAF in THF at room temperature (Scheme 2.23).

(2.55)
(2.56)

(iv) TBAF, THF 
20°C

7

o
\

(2.57)

Scheme 2.23.
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2.10 Formation of 2,3,4-trimethoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5//- 

benzo[a]cycIoheptene (2.59)

The presence o f  a trimethoxyphenyl group (E-ring) on podophyllotoxin is known to be
57an essential component responsible for potent inhibition o f  tubulin polymerisation . It 

was believed that in our molecular model, similar substituents on the C-ring would also 

have a positive influence in effecting inhibition o f  tubulin polymerisation.

2.10.1 Synthesis o f the intermediate, 5-brom o-l,2,3-trimethoxybenzene (2.58)

Synthesis o f  this aryl intermediate involved methylation o f  the aforementioned 5- 

bromo-2-methoxy-l,3-benzendiol (2.54), This transformation involved refluxing the 

phenol for 2  hours in acetone containing excess iodomethane (CH3I) and potassium 

carbonate (K2CO3)''*”. The alkylated compound (2.58) was isolated in 94% yield 

following purification by flash column chromatography (Scheme 2.24),

Br

CHjI, KjCO, ( f ^
 ^
Acetone, reflux I ^

(2.54) (2.58)

Scheme 2.24.

2.10.2 Organolithium formation and addition of (2.58) to (2.01)

In an analogous manner to the method employed in the synthesis o f  (2.56), the aryl 

bromide (2.58) was converted to its organolithium derivative after treatment with n -  

BuLi. The intermediate thus formed was immediately added to a solution o f  (2.01) in 

THF at -78°C, Following on with the same steps as those employed for the formation 

o f  (2.56), (2.59) was isolated as an oil in 44% yield (Scheme 2.25).
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Br
(i) w-BuLi, THF, -78°C

(ii) (2.01)

(iii) 2M aq HCl

(2.58) (2.59)

Scheme 2.25.

2.11 Synthesis of 1,23-trimethoxy-5-(3,4,5-trimethoxyphenyI)-6,7,8,9- 

tetrahydro-5/f-benzo[aJcycloheptene (2.60)

Catalytic hydrogenation of (2.59) using 10% Pd/C as catalyst afforded the alkane (2.60) 

as an oil in quantitative yields (Scheme 2 .26).

(2.59)

H2(g), 10% Pd/C

EtOH/EtOAc

(2.60)

Scheme 2.26.

The NMR spectrum of (2.60) identified the presence of the benzylic methine signal 

at 4.17 ppm; this was reinforced by the disappearance of the vinylic proton (6.40 ppm) 

in (2.59). Analysis of the *̂ C DEPT 135 spectrum also revealed the occurrence of an 

additional methylene group at 30.54 ppm.
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2.12 Formation of 2-methoxy-5-(2,3,4-trimethoxy-6,7-dihydro-5//- 

benzo [a] cyclohepten-9-yl)aniline (2.65)

Throughout the last decade a large number o f B-ring analogues of combretastatin A-4 

have been synthesised. One such potent analogue synthesised (IC50 = 4 involved

substituting the hydroxyl group in combretastatin A-4 (1.03) with an amino substituent 

(1.54)

(1.03)

An additional feature o f this compound is the ease by which its aqueous solubility can 

be improved upon by simple conversion to its hydrochloride, sulphate or oxalate salt, 

facilitating pharmaceutical formulation. In an analogous fashion it was decided to 

embark on the synthesis o f the amino derivative o f (2.52).

2.12.1 Synthesis of the intermediate, 5-bromo-2-methoxyaniline (2.62)

It was anticipated that the synthesis o f (2.65) could be achieved by the organometallic 

addition o f a suitably protected anilino intermediate to (2.06). Therefore, preparation of 

5-bromo-2-methoxyaniline (2.62) was essential and its synthesis began from 4-bromo- 

2-nitrophenol. The hydroxy functionality o f 4-bromo-2-nitrophenol was methylated 

using CH3I and K2CO3 as base in refluxing acetone*'’®, before reducing the aromatic 

nitro group to the aniline. Common reducing agents such as LiAIH4 and NaBR* are not 

suitable for the reduction o f aromatic nitro compounds as treatment with LiAlRt may 

result in the formation o f azo-derivatives*'**, although this intermediate can be 

subsequently reduced to the aniline by treatment with zinc in refluxing mineral acid 

(e.g. HCl). In the case o f NaBH4 , the aromatic ring is usually exhaustively reduced to
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cyclohexane either with the nitro group intact or cleaved from the ring*"*̂ . The reagent 

o f choice for the reduction o f  aromatic nitro groups to aromatic amines is tin powder*'*  ̂

in ethanol and concentrated HCl. Using this method, the aniline (2,62) was afforded as 

a white solid in 93% yield (Scheme 2.27).

(i) CH3I, Acetone

reflux NO.
O

(ii) Sn, HCl

(2.61) (2.62)

Scheme 2.27.

2.12.2 Amine protection: synthesis of l-(5-bromo-2-methoxyphenyl)-2,5-dimethyl- 

1//-pyrrole (2.63)

A suitable amino protecting group was sought for the amine, which would be stable to 

the strongly basic conditions employed in the formation of the organolithium reagent 

prior to its addition to (2.06). Due to the strongly basic conditions employed in 

organolithium formation, only a select number o f protecting groups may be considered. 

These include protecting the amine as Â .Â -allyl*'*̂  or benzyl amines*'*^ but these groups 

are so stable that their removal would require very harsh conditions. Alternatively, the 

use o f a “stabase” '"*̂  (Figure 2.12) provides only a temporary solution as this protecting 

group is quite labile and is easily removed during the acidic work-up or purification 

using flash column chromatography.

Figure 2.12. A'.Â -allyl, MA -̂dibenzyl and stabase protecting groups.

It was decided to protect the amine group by transforming it into a 2,5-dimethylpyrrole 

ring (2.63). Its formation involved treatment o f the aniline (2.62) in refluxing acetic
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acid with hexane-2,5-dione''*’ (Scheme 2.28). This protecting group was ideal as it 

exhibited stability in the presence o f strongly basic reagents e.g. «-BuLi and to the 

acidic work-up conditions employed.

Br

(2.62)

O

Acetic acid, reflux

Scheme 2.28.

Br

(2.63)
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2.12.3 Organolithium addition (2.63) to (2.01)

The bromide (2.63) was lithiated and coupled to (2.01) using the same conditions as 

those employed for the synthesis of (2.56). The resulting tertiary alcohol was 

dehydrated in situ by the addition of 2M aq. HCI to afford, after isolation and 

purification by flash column chromatography, (2.64) as an oil in 46% yield (Scheme

2.29).

(iii) 2M aq. HCI

(2.64)

Scheme 2.29.
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2.12.4 Amine deprotection step

Deprotection o f (2.64) was accomplished by refluxing an ethanolic solution o f this 

compound with KOH and hydroxylamine hydrochloride (NH20H.HC1)*‘*̂  (Scheme 

2.30). This afforded the aniline (2.65), after purification by flash column 

chromatography, as an ofF-white solid in 49% yield.

O

(2.64)

NHjOH.HCl

KOH, EtOH. 105«C

(2.65)

Scheme 2.30.

2.13 Reduction of the aliphatic B-ring size

From SAR studies, it has been noted that compounds that bind to the C.B.S in tubulin 

are subject to stringent steric requirements. In particular, the biaryl system must occupy 

a specific orientation such that for optimal binding to the C.B.S the dihedral angle 

should be within an ideal range*"**.

It was decided to investigate the synthesis o f compounds where the dihedral angle 

between the two-aryl units could be adjusted upon alteration o f the size o f the B-ring.

2.13.1 Arylation of the tetralone and indanone intermediates

The six-carbon B-ring analogues were synthesized in an analogous fashion to (2.52) by 

coupling the organolithium derivative o f (2.50) to two tetralone analogues, 5,6,7- 

trimethoxy-l,2,3,4-tetrahydro-l-naphthalenone (2.10) and 5,6,7,8-

tetrahydronaphtho[2,3-</][l,3]dioxol-5-one) (2.22) (Scheme 2.31). The yields obtained.
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after deprotection o f the silyl ether, were 53% and 91% for compounds (2.67), and 

(2.69) respectively.

Using the same sequence o f steps, the five-carbon B-ring derivative (2.71) was also 

synthesised in 51% yield from its parent indanone (2.24) (Scheme 2.31).

n = 1, 2 (i) /i-BuLi, THF, -78°C
(ii) (2.50)

(iii) 2M aq. HCl

Wheren = 2;R,,R2,R3 = OCH3 (2-10)
n = 2; R, = H, Rj. R3  = OCH^O (2.22)
n =  1,R, = H , R 2 , R 3  = 0 CH2 0  (2.24)

R,,R2,R3 = 0CH3 (2.66)
R, = H , R 3  = O C H jO  (2.68) 
R, = H , R 2 , R 3  =  0 C H 2 0  (2.70)

(iv) TBAF, THF, 20°C

Where n = 2; R„ R2, R3 = OCH3 (2.67) 
n = 2; R, = H, R3 = OCH2O (2.69) 
n =  1;R , =H,R2,R3 = 0CH20 (2.71)

Scheme 2.31. Generalised reaction sequence for the ring-contracted analogues.
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2.14 Tubulin binding data

Each compound synthesised was evaluated as a potential inhibitor o f tubulin 

p o l y m e r i s a t i o n T h e  results are summarised in Table 2.2. O f the thirteen compounds 

evaluated, only four demonstrated the ability to inhibit tubulin polymerisation. 

Common to all of these compounds is the presence o f a small electron donating 

substituent ortho to the methoxy group on the C-ring. An additional point worthy o f 

discussion is that the presence o f the double bond within the molecular design appears 

to be essential for activity. This was observed in (2.52) (ICjo = 6.7 |j,M) whereas (2.53) 

shows poor activity against tubulin polymerisation (IC50 = 18.6 ^iM).

Compound
ITP ICso 

(HM)

af
Values

(2.44) Inactive -

(2.45) Inactive -

(2.46) Inactive -

(2.47) Inactive -

(2.52) 6.7 0.923

(2.53) 18.6 -

(2.57) Inactive -

(2.59) Inactive -

(2.60) Inactive -

(2.65) 4.05 0.979

(2.67) Inactive -

(2.69) Inactive -

(2.71)

Combretastatin

11.51 0.958

A-4
1.45 0.999

Table 2.2. ICso values obtained from inhibition of tubulin polymerisation (ITP).
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It was demonstrated that while the seven-carbon B-ring derivative (2.52) exhibited good  

activity (IC50 =  6.7 |^M), reducing the ring size to six carbons, as in (2.67) and (2.69), 

rendered these compounds inactive. However, further reduction o f  the ring size to five 

carbons units, (2.71), partially restored its inhibitory activity against tubulin 

polymerisation (IC50 = 1 1 . 5  |iM ). On the basis o f  the promising tubulin binding data 

obtained on two o f  the above compounds, it was decided to pursue the synthesis o f  an 

analogous series o f  compounds where position seven o f  the B ring contains either 

hydroxy or carbonyl functionality.
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CHAPTER 3



3.0 Introduction

In accordance with the tubulin binding data obtained by Emmet M^Cormack*'*^ it is 

apparent that only those compounds, of the form discussed in Chapter 2, with a para- 

methoxy and /neto-amino or /neto-hydroxy substituent on the second aryl unit will 

inhibit tubulin polymerisation. It was postulated that judicious functionalisation at 

position seven would result in derivatives with even greater potency than that observed 

to date. In particular, it was felt that a ketonic functionality would affect, both the 

conformation, and the electronic properties of the molecule (Figure 3.1). A carbonyl 

substituent would also allow for the inclusion of other substituents at this position, 

including oximo, imino and amino derivatives. Furthermore, direct reduction of the 

carbonyl unit to the alcohol would lead to the generation of enantiomers, whose 

individual inhibitory effects could be evaluated.

/ O

o

Oxidation

O

R = Small electron donating groups 

Figure 3 .1 . Functionalisation of C-7.

3.1 Synthetic strategy

The work described in this chapter involved the development of the aliphatic B-ring in 

creating phenyl-substituted benzocyclohepten-7-ones as potential tubulin inhibitors. 

Preparation of these compounds was initially attempted via allylic oxofiinctionalisation 

of (2.45) using selenium dioxide or chromium-based oxidizing agents.
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3.2 Model studies on allylic oxidation

The use o f powerful oxidizing agents can been used to fianctionalise activated 

methylene fragments adjacent to 7t-bonds (ailylic, benzylic and carbonyl groups). 

However, it is an established fact that allylic oxidation o f cyclic double bonds is a 

notoriously difficult transformation as potential side reactions may take place such as 

epoxidation, double-bond isomerisation, oligomerisation and other non-related 

reactions’ '̂’. While a number o f oxidising agents can be used to effect this 

transformation, it was decided to concentrate our efforts on the utilisation o f cheap and 

easily available reagents such as selenium dioxide, Jones’ reagent and potassium 

dichromate

3.2.1 Attempted allylic oxidation using SeOj

The first approach involved the use o f selenium dioxide (Se02), which is the reagent of 

choice for this type o f transformation. As illustrated in Table 3 .1, several different 

reaction conditions were used, without success, in an attempt to oxidise the C-7 position 

o f (2.45) (Scheme 3 .1).

7

solvent, 20°C-reflux

SeOj

O

O

(2.45)

Scheme 3.1.
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Reagent used Solvent used Reaction

conditions

Product

Se02

(i) Dioxane‘̂ ‘

(ii) /-BuOH

(iii) EtOH’^̂  

(iv) DCM

25°C and reflux Starting material

Table 3.1. Conditions used for attempted Se02 allylic oxidations.

3.2.2 Attempted allylic oxidation with chromiuin-based reagents

Jones reagent'*^ (Na2Cr20? dissolved in sulphuric acid and water) is considered a 

stronger oxidizing agent than Se02. For example, with Jones reagent, oxidation of the 

benzylic position of (2.45) is also possible, but this is avoidable by careful consideration 

to the reaction conditions used. The reaction conditions employed dissolving (2.45) in 

acetone at 0“C and subsequently adding Jones reagent drop-wise to the reaction over a 

period of 15 min. Unfortunately, analysis of the reaction mixture by TLC indicated the 

formation of a large number of by-products and therefore, the reaction was 

discontinued. An attempt was made to oxidise the C-7 position of (2.45), by using 

potassium dichromate in acetic anhydride and acetic acid*^”* (Scheme 3.2). However, 

contrary to the anticipated transformation, this reagent oxidatively cleaved the double 

bond of (2.45), resulting in the formation of the keto-aldehyde (3.01).

O

Acetic anhydride, 40°C

4"

(2.45)

Scheme 3.2. Oxidative cleavage using K2Cr20?.
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This compound is an interesting by-product, as its structure resembled a known tubulin 

inhibitor, phenstatin (1.44).

Although (1.44) is a potent tubulin inhibitor, its lack of aqueous solubility is a

However, due to the abundance of phosphatases in human serum this functionality will 

only remain attached in vivo for a short period. Excluding the fact that (3.01) does not 

contain substituents at the correct positions on the lower aryl ring, the only difference 

between it and (1.43) is the presence of the butanal side chain at C-1 If compounds of 

this type, bearing the correct aryl substituents, did inhibit tubulin polymerisation then it 

may be possible to use this side chain to attach water-soluble groups to aid in the 

selective delivery of these cytotoxic agents to the tumour site. On this basis, it was 

decided to pursue the synthesis of the aldehyde (3.02).

(1.44)

significant problem. This difficulty has been partially resolved by converting the 

phenolic hydroxyl to a phosphate salt^ enabling solubility in aqueous solutions.

H

(3.02)
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3.2.2.1 Synthesis of 4-[6-(3-hydroxy-4-inethoxybenzoyl)-23»4- 

trimethoxyphenyl]butanal (3.02)

To test this hypothesis, the synthesis of (3.02) began with (2.52) as the starting material. 

This compound was used, as its A-ring and C-ring substituents are identical to that of 

phenstatin. To prevent potential oxidation to the quinone, it was decided to convert the 

phenol to a benzyl ether derivative. In addition, this protecting group was expected to 

display good stability in the acidic conditions employed later in the synthesis. This 

transformation required treatment of (2.52) with CS2CO3 and benzyl bromide at ambient 

temperature to afford (3.03) in quantitative yield. Once formed, oxidative cleavage of 

(3.03) was achieved by the addition of K2Cr207 in an acetic anhydride/acetic acid 

solution to yield the di-carbonyl compound (3.04). Deprotection of the phenol was 

achieved via catalytic hydrogenolysis of the benzyl group using H2 and 10% Pd/C as 

catalyst. As aryl ketones can also be reduced to methylene groups under these 

conditions, careful consideration to the reaction conditions was required. This 

transformation was effected by dissolving (3.04) in ethanol. This deprotection step was 

complete after 15 minutes to afford (3.02) as a mobile oil in an overall yield of 37% 

from (2.52) (Scheme 3.3).
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O H
O

(2.52)

(i) BnBr, CsjCOa

DMF, 20°C

(3.03)

(ii) KjCfjO^, AcOH 

Acetic anhydride, 45°C

0 ^  4 
12

3

5' 1"!
: 0

'"’0

T '

4"' / 3 ”
^ 0

OH

1 H

°  (iiOH^Cg), 10%Pd/C '^O

EtOH

(3.02) (3.04)

Scheme 3.3.

Analysis of the N M R  spectnim of (3.02) identified three multiplets resonating at 

1.83 ppm, 2.36 ppm and 2.58 ppm; these were attributed to the three-methylene groups 

on the butanal side chain. The protons on the four-methoxy groups were found 

resonating as three singlet peaks at 3.81 ppm, 3.94 ppm (2 x OCH3) and 3.99 ppm. The 

phenolic proton was identified as a broad singlet resonating at 5.69 ppm, while other 

features of the spectrum included a singlet at 6 .60 ppm which was assigned as the lone 

aromatic proton, H -5’ . The doublet (J = 8Hz) at 6.91 pm and the complex multiplet at 

7.41 ppm represented the protons on the ‘C-ring’ but due to the complex splitting 

pattern, the individual protons could not be assigned. The remaining signal at 9.69 ppm 

confirmed the presence o f the aldehyde.
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Figure 3.2. 'H NMR spectrum of (3.02).

In the DEPT 135 spectrum of (3.02) (Figure 3.3), the methylene carbons were easily 

identifiable resonating at 23.14 ppm, 25.93 ppm and 42.94 ppm. Two methoxy carbons 

occurred as an enhanced peak at 55.67 ppm while the remaining methoxy groups 

resonated at 60.30 ppm and 60.56 ppm. The methine signal at 106.96 ppm was 

assigned as the A-ring carbon, C-5’. The ‘C-ring’ methine carbons were also identified 

in this region, resonating at 109.38 ppm, 115.57 ppm and 123.59 ppm. From the 

NMR spectrum (Figure 3.3), all the aromatic quaternary carbons were accounted for, 

resonating between 126.13 ppm to 151.94 ppm. Both carbonyl groups at C-1 and C-1” 

degenerated to a single resonant peak at 201.07 ppm. This was confirmed in the IR 

spectrum of (3.02) which identified the two carbonyl groups as strong intensity 

stretching peaks at 1721.6 cm'^ (C-1) and 1654.2 cm‘  ̂ (C-1”). Also identifiable from 

this spectrum was a broad peak at 3403 .8 cm'*, which was indicative of the presence of 

a hydroxyl group.



iiiii
I !  i

200 180 160 140 120 100 80 60

mm

40 20

40 20

Figure 3.3. C NMR and DEPT 135 spectra of (3.02).

Although the keto-aldehyde (3.02) did inhibit tubulin polymerisation (ICso = 9.85 pM), 

its activity was less than its cyclic precursor (2.52) (IC50 = 6.7 ^M).

3.2.3 Attempted allylic bromination

As all attempts at allylic oxidation were still unsuccessful, it was decided that the next 

approach should involve the bromination of the allylic position o f (2.45), by using N- 

bromosuccinimide*^^’'^. This is a particularly sensitive transformation as benzylic 

bromination and aromatic bromination o f (2.45) are also competing reactions (Scheme 

3 .4 ).
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O'

o

NBS, radical initiator

Solvent, heat/light

O

(2.45)

Scheme 3.4. Potential unwanted bromination sites.

It was felt that if  bromination at the C-7 position was successful then its displacement 

by nucleophillic reagents could allow for the insertion o f hydroxyl or amino 

functionality (Scheme 3.5).

Amination

0
1

Br

Hydroxylation

NH.

0
1

OH

0
1

Scheme 3.5.

Because of structural similarities o f these molecules to colchicine, the first bromination 

reaction that was attempted utilized the exact conditions described in the literature for 

bromination o f colchicine*^^. However, inspection o f the reaction by TLC analysis
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revealed the formation of large numbers of by-products that were too difficult to 

separate by column chromatography.

In an attempt to effect allylic bromination of (2.45), the solvent, temperature and the 

radical initiator used in the reaction was varied (Table 3.2). However, all of the 

conditions employed failed to give any of the desired allylic bromide.

Radical initiator Reagent Solvent
Reaction

conditions

Product

Dibenzoylperoxide NBS CCI4 UV light Multiple

Products

Dibenzoylperoxide NBS CCI4 Reflux Multiple

Products

Di benzoyl peroxide NBS CCI4 UV light and Multiple

reflux Products

Azob i s(cy cl ohexane- NBS a ,a ,a - UV light Multiple

carbonitrile) trifluorotoluene Products

Table 3.2. Conditions used in attempted allylic biominatioa

3 3  Incorporation of C-7 functionality prior to C-ring addition

As selective oxidation at the allylic position of (2.45) proved to be an ineffective 

procedure, a synthetic route was devised that would permit the presence of the 

necessary carbonyl or hydroxyl group at the C-7 position of l,2,3-trimethoxy-6,7,8,9- 

tetrahydro-5//-benzo[a]cyclohepten-5-one (2.01). It was felt that subsequent protection 

of the C-7 substituent would permit nucleophillic attack of an organometallic reagent at 

the C-5 ketonic centre to afford the desired compounds.
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3.4 Model reactions on 3-(3,4,5-trimethoxyphenyl)propanaI (3.06)

Clearly, the use of this precursor would ultimately result in a cyclised compound with 

one of its methoxy substituents in position 4, rather than the position 1 as desired. 

However, in the model reactions that follow, it was decided to use precursors with this 

methoxy-substituted pattern on the aromatic ring, as some of these precursors were 

commercially available, and in addition the resultant cyclised intermediate, would be 

used to synthesise the compounds described in Chapter 4.

As a five-carbon chain was required to form a seven-membered ring, the formation of 

3-(3,4,5-trimethoxyphenyl)propanal (3.06) was necessary to allow the addition o f a 

two-carbon unit whilst creating an oxygenated substituent at the required position prior 

to cyclization. As a result, (3.06) was synthesised by the initial reduction of 3-(3,4,5- 

trimethoxyphenylpropionic acid to 3-(3,4,5-trimethoxyphenyl)propanol*'‘̂  (3.05) using 

three molar equivalents o f LiAlH4 at room temperature. The alcohol was isolated and 

selectively oxidised to the aldehyde, using pyridinium chlorochromate (PCC) in DCM
1 S Sat ambient temperature (Scheme 3.6).

O (i) LiAlH^ O
O

O

OH
THF, 25°C O

OH

(3.05)

f
(ii) PCC,

DCM, 0-25°C

O

(3.06)

Scheme 3.6.
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3.4.1 Addition of Grignard reagents to (3.06)

Grignard reagents represent a very convenient means by which carbon-carbon bond 

formation may be carried out. In this synthesis, the addition of a two-carbon unit to 3- 

(3,4,5-trimethoxyphenyl)propanai (3.06) was required, with one of the carbon’s suitably 

masked with fiinctionality to allow for the ready conversion to its corresponding acid 

later in the synthetic sequence (Table 3.3).

Yield (%)Adduct formedReactant used

OH O

(3.07)

OH

BrMg

(3.08)

Table 33 . Grignard addition products with associated yields.

3.4.1.1 Addition of 2-methyl-l^-dioxolane magnesium bromide to (3.06)

Although this reaction resulted in reasonable yields (24%) of the adduct (3.07), its 

optimisation was not pursued as the subsequent deprotection step failed to give any of 

the desired hydroxy-aldehyde (3.09) (Scheme 3.7).
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(3.07) (3.09)

Scheme 3.7. Attempted synthesis of the hydroxy-aldehyde (3.09),

3.4.1.2 Addition of vinyl magnesium bromide to (3.06)

The addition o f vinyl magnesium bromide to the aldehyde (3.06) was investigated as it 

was felt that the resultant hydroxy-alkene (3.08) could be readily transformed to the 

corresponding keto-aldehyde (3.11) using K2Cr207  in an acetic anhydride/acetic acid 

solution (Scheme 3.8), conditions similar to those used in the formation o f (3.01) and 

(3.04) (refer to section 3.2.2). The oxidative cleavage reaction was monitored by TLC 

but was discontinued due to the formation o f large numbers o f side-products.

AcOH, Acetic anhydride, 45°C

(3.08) (3.10)

Scheme 3.8. Attempted synthesis of the keto aldehyde (3.10).
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3.5 Claisen-Schmidt condensation reaction

As all attempts to generate the desired acid derivative had failed, a new route to the

3,4,5-trimethoxybenzaldehyde was devised. This transformation was successful in 

producing the enone (3.11) in high yield as a yellow solid. The next step involved 

treating the enone (3.11), under thermodynamic conditions, with a solution of 3M aq. 

NaOH in ethanol followed by the subsequent addition of paraformaldehyde (Scheme 

3.9). However, this reaction was not pursued as analysis of the reaction mixture by 

TLC indicated the presence of several unknown compounds.

Scheme 3.9. Expected reaction between the a,p-unsaturated ketone (3.11) and formaldehyde.

To ensure complete deprotonation took place and therefore eliminate any possibility of 

potential by-products from occurring a very strong base was utilised to produce the anion of 

(3.11). Lithium di-isopropylamide (LDA) was selected as the base to use under these 

conditions. LDA is a very strong base capable of extracting the weakly acidic hydrogen 

adjacent to a caibonyl but being sufficientiy bulky as to be non-nucleophillic. This bulkiness 

also ensures that in unsymmetrical ketones, where the possibility of deprotonation on either 

side of the caibonyl group could occur, the more sterically accessible proton is removed 

faster (kinetic deprotonation) to form the kinetic enolate.

acid, which involved a Claisen-Schmidt condensation step*^  ̂ between acetone and

(i) 3M aq NaOH 6

Acetone, 20°C

(3.11)

(ii) 3M aq. NaOH 
EtOH, 20°C

(3.12)
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The reaction between LDA and (3.11) was carried out at -78°C in anhydrous THF. After 

enolate formation, a solution of ethyl formate in THF was subsequently added to the reaction 

(Scheme 3 .10). From TLC analysis, the reaction produced a compound with a lower Rf than 

the starting material but after the woric up, which involved the partitioning the mixture 

between aqueous acid/ether and purification by flash column chromatography only the 

enone (3.11) was isolated.

(3.11)

(i) LDA

THF, -78°C

o o

(3.13)

Scheme 3.10. Attempted synthesis o f the keto-aldehyde (3.13).

These reaction conditions were employed again but on this occasion, the saturated ketone 

(3.14) was used (Scheme 3 .11). However, the only comptxind isolated, was tiie “unreacted” 

starting material (3.14).
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o (OHjCg), 10%Pd/C
o

EtOH/EtOAc

O o

(3.11) (3.14)

(ii) LDA, THF, -78°C

/  O

O O

(3.15)

H

Schem e 3.11. Attempted synthesis of the p-ketoaldehyde (3.15).

Although TLC analysis of these reactions indicated that a lower Rf compound was 

formed, the only compound isolated, after work-up and purification, was the starting 

material. It is now presumed that this lower Rf compound was indeed the product, but 

the acidic conditions employed in during the work-up procedure resulted in it being 

decarboxylated. The acid that was used to neutralise the base protonates the di-carbonyl 

moiety producing a six-membered cyclic transition state which then readily undergoes a 

reversed Oxy-Cope rearrangement'^ to form carbon dioxide and the methyl ketone 

(Scheme 3.12).

O OH
+ COj + MeOH

Scheme 3.12. Mechanism of decarboxylation via a reversed Oxy-Cope reanangement.
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3.6 Condensation o f methyl acetoacetate with 3,4,5-trimethoxybenzaldehyde

As illustrated in Scheme 3.13, a new synthetic strategy was devised that would permit 

fiinctionalisation at the required C-7 and C-9 positions when forming the aliphatic B- 

ring. This approach utilized 2,3,4-trimethoxybenzaldehyde and methyl crotonate as the 

chief building blocks.

O O (i) NaH, «-BuLi, THF, 0°C

(ii) o

(•v) SH SH

OH O O

(3.16)

BFj.OEtj, DCM, -20«C I

(3.18)

(iii) Hj, 10% Pd/C 
EtOH, 2M aq.HCl

' .o

(3.17)

(v) 0H-, MeOH 
HjO, 20°C

O
OH

0
1

(vii)
O

(viii) AICI3  or SnCl4 , 
DCM, -10«C

(3.19)

Scheme 3.13.
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Thus, the initial step of the synthesis involved the preparation of the dianion of methyl 

acetoacetate^^V This was prepared by the addition of methyl acetoacetate to NaH, to 

form the enolate anion (A) between the two-keto groups. n-BuLi was then added to the 

reaction mixture to form the dianion (B). Subsequent addition to 3,4,5- 

trimethoxybenzaldehyde to the solution afforded the aldol product (3.16) (Scheme 

3.14).

THF,
(A)

O O 

(B)

O

H

OH O O

(3.16)

Scheme 3.14.

The hydroxyl group on (3.16) was then removed via catalytic hydrogenation under 

acidic conditions'^^. As might have been predicted from the attempted synthesis of 

(3.12), (3.13) and (3.15), this reaction proved to be very inefficient as although it would 

reduce the hydroxyl group to a methylene group, the mild acidic conditions used were 

strong enough to decarboxylate the molecule and form 4-(3,4,5-trimethoxyphenyl)-2- 

butanone (3.14) as a significant side product (Scheme 3 .15).
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H,(g), IO%Pd/C ^

EtOH, 2M aq. HCl

O ^
^  (3.16) (3.17)

H2(g), 10% Pd/C 
EtOH, 2M aq. HCl

O

O

(3.14)

Scheme 3.15.

This problem was circumvented, by changing the electrophile from an aldehyde to a 

bromide. This was accomplished by reducing 3,4,5-trimethoxybenzaldehyde with 

NaBRj to form the benzyl alcohol*^ (3.21), followed by treatment with PBrs to produce 

trimethoxybenzyl bromide*^(3.22) (Scheme 3.16).

NaBH,

MeOH, 0»C 'i

OH
PBr,

Ether, -20®C

(3.21)

Scheme 3.16.

The bromide (3.22) was then added to the dianion of methyl acetoacetate, to afford 

(3.17), in 60% yield (Scheme 3.17),
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(i) NaH, w-BuLi, THF, 0°C O O
o o

Br

O

O

(3.17)

(3.22)

Scheme 3.17.

3.6.1 Synthesis of the cyclic precursor (3.20)

Having established a very efficient means of synthesising the p-keto-ester (3.17), the 

next milestone towards the targeted compound (332) was the synthesis of the 

benzosuberone intermediate (3.20), As P-keto-acids are prone to decarboxylation under 

both acidic and basic conditions, it was essential that the keto group should be suitably 

protected to prevent the possibility of decarboxylation occurring during the hydrolysis 

of the methyl ester. Dithiane protection is a commonly employed means of protecting 

carbonyl groups being stable to Lewis acids, basic hydrolysis and organometallic 

reagents, conditions that will be employed later in the synthesis of the targeted 

compound. Dithiane protection*^ of the P-keto-ester (3.17) was carried out using 

propan-l,3-dithiol. The keto-ester and thiol were dissolved in anhydrous DCM at -20°C 

and the catalyst, boron trifluoride (BF3.0 Et2), was added drop-wise to the resulting 

solution. Due to the acidic nature of this catalyst, partial decari30xylation of (3.17) did 

occur together with the concomitant protection of the resulting methyl ketone (3.14) as 

illustrated in Scheme 3 .18. Careful consideration to the concentrations of the reactants 

and rates of addition were required to optimise the formation of compound (3.18).
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o

SH SH

BFj.OEtj, DCM, -20°C

O

I

(3.17) (3.18)

I
O

0
1 o

Io

o Y
'  / O

(3.14)

Scheme 3.18. Keto-protection step showing the formation o f the dithianyl by-product.

The methyl ester (3.18) was hydrolysed using sodium methoxide, dissolved in 

methanol/water (4:1), to afford the acid (3.19). This acid (3.19) was then converted to 

its corresponding acid halide by the addition of oxalyl chloride and a catalytic amount 

of dimethylformamide (DMF). This intermediate was used directly to form 2,3,4- 

trimethoxy-7,7-dithianyl-6,7,8,9-tetrahydro-5i/-benzo[a]cyclohepten-5-one (3.20) 

under Friedel-Crafts acylation conditions'^^ (Scheme 3.19). Several different Lewis 

acids were used to promote the intramolecular cyclisation reaction (Table 3.4). The 

maximum yield achieved for the cyclisation step was 50% using SnCU as Lewids acid 

catalyst. The only other catalyst that was shown to be effective was AICI3, but the yield 

using this reagent obtained was only 33%.
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Io
OH

O

(i) Oxalyl chloride 

DMF, DCM, 0°C

(3.19)

O

O

Cl

Not isolated

(ii) SnCl4 or AICI3

DCM, -10»C

,0 o 

(3.20)

Scheme 3.19.

Lewis acid Molar

amounts

Reaction time 

(mins)

Temperature

(”C)

Yield (%)

PPA 8 equiv.* 10 0-25 -

Bp3.0Et2 IM 120 0-25 -

AICI3 2.0-0.3M 60 10 18-33%

SnCU 0.3M 15 0 30-50%

* 8 equivalents of PPA (poiyphosphoric acid) by weight

Table 3.4. Attempted cyclisations using different Lewis acids.

Initial attempts to form the ketone (3.20) involved activation o f the acid (3.19) by 

formation of its pentafluorophenyl ester (3.23) and cyclisation using poiyphosphoric 

acid (Scheme 3.20). Hov^ever, this method o f cyclisation was not pursued as 

deprotection o f the dithiane group occurred rapidly under the acidic conditions 

employed.
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0
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(3.19)

PFP, DCC

DCM, 0°C

(3.23)

PPA,
0-25°C

Scheme 3.20.
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3.7 Synthesis of 7,7-dithianyl-2,3,4-trimethoxy-6,7,8,9-tetrahydro-5/f- 

benzo[a]cyclohepten-5-one (3.29)

The synthesis of the cyclic intermediate (3.29) was accomplished using exactly the 

same conditions as that employed for its regioisomer, (3.20) (Scheme 3.21).

o ' '  Br
(QNaBH,^

(ii) PBr3

(3.24)

\ o o o
O O (iii) NaH, «-BuLi q  J L  A  A  ,

^  (3.25)

(iv)
SH SH

OH

(3.27) (3.26)

(vi) Oxalyl chloride
(vii) SnCl4, DCM

,o

' o

o
(3.29)

Scheme 3.21. Generalised reaction scheme involving the synthesis of (3.29)
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3.8 Arylation of (3.29)

The organometallic addition o f  substituted aryl derivatives to (3.29) was carried out by 

the initial conversion o f  the aryl bromide (2.50) to its corresponding Grignard reagent. 

The coupled product (3.30) was then treated with TBAF to afford the phenol (3.31) as a 

yellow solid in an overall yield o f  33% (Scheme 3.22).

0 - S i -

(2.50)

( ') Mg, I2

THF, reflux

MgBr

O -S i-

(ii) (3.29)

O

OH

O
(iii) TBAF ^

O -S i

(3.31) (3.30)

Scheme 3.22.

3.8.1 Dithioacetal deprotection

Although protection o f the ketonic group as a dithioacetal seemed apt at the time, its 

regeneration back to the ketone proved to be a difficult transformation. A number o f 

different deprotecting agents were investigated (Table 3.5) with mercury perchlorate 

(Hg(C104)2, in the presence o f  CaCOs, (Scheme 3.23) being the only method resuhing 

in moderate yields o f  ketone (25%). Other reagents used, included treatment o f (3.31) 

w ith NBS, silica gel, T1(N03)2 and CH3I.
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o

OH

Hg(C1 0 4 )2 , CaCO, 

THF, H2 O, 25°C

(3.31) (3.32)

Scheme 3.23.

Reagent used Conditions Product

NBS“^ Acetonitrile or No reaction

Acetone/H20 (9:1)

Silica gel EtOAc, 60°C, 3 No reaction

hours

T1(N03)2*^^ MeOH, 25°C, 0.5 By-products not

hour characterised

Hg(C104>2*"' THF, H2 O, (3.32)

CaCOs, 25°C

Acetonitrile, H2 O By-products not

(9:1) characterised

Table 3 .5 . Conditions used for dithiane deprotection.

3.8.2 Structural elucidation of (3.32)

As the synthesis o f (3.32) was the primary focus of the work discussed in this chapter, 

its spectroscopic features are dealt with in detail in this following section. In addition to 

using both low and high resolution mass spectrometry (3.32) was also characterised 

through IR and multiple NMR spectroscopic methods. In the IR spectrum, the most 

distinguishing features were the broad peak at 3400.2 cm'* representative of the 

phenolic hydroxyl group and the C = O s t r  absorption peak at 1652.4 cm'* indicative of 

enone functionality. The associated medium intensity C=Cstr peak at 1592.2 cm'*
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confirmed the presence of this functional group. The low resolution mass spectrum 

displayed the characteristic molecular ion peak of 370. Its high resolution mass 

spectrum revealed, as the base peak, its protonated molecular ion 371.1460 (MH^).

Extensive HMBC, HMQC, and NOE experiments were used in the assignment of both 

the 'H and '^C signals of (3.32). Two multiplets were observed at 2.71 ppm and 3.15 

ppm and were assigned as the aliphatic protons on the B-ring. Further analysis o f the 

HMBC spectrum displayed the methylene H-5 proton contour, coupling at 2.72 ppm to 

the signal representing C-6 (19.80 ppm). This also showed long range coupling to C-7 

(203.54 ppm) and C-9a (128.66 ppm). The muhiplet at 3.15 ppm was assigned as the 

methylene protons on C-6 and this was confirmed, with the aid of the HMBC spectrum, 

by correlation to C-8 (127.71 ppm). The four-methoxy proton signals resonated as a 

collection of three singlets at 3.64 ppm, 3.91 ppm and 3.95 ppm. The most upfield of 

these signals at 3.64 ppm was assigned as the C-2 methoxy group since a reciprocating 

NOE effect was observed with the aromatic H-1 (6.38 ppm). The methoxy signal at 

3.95 ppm also showed a positive NOE effect with the aromatic C-ring protons and was 

assigned as the C-4’ methoxy group (Figure 3.4). Unfortunately, the remaining C-3 and 

C-4 methoxy groups could not be differentiated. The phenolic proton was observed as a 

singlet resonating at 5.67 ppm. The singlet at 6.38 ppm, which integrated for two 

protons, was assigned as the two-overlapping signals from H-1 and H-8. The 

overlapping doublet at 6.92 ppm was allocated as H-2’ since a positive NOE effect was 

observed afler irradiation of the phenolic (5.67 ppm) signal. NOE experiments also 

permitted the assignment of H-5’ at 6.86 ppm since a positive response was recorded 

when the C-4’ methoxy group signal was irradiated. Finally, the doublet (J = 1.5Hz) 

resonating at 6.90 ppm was assigned as H-6’.
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Figure 3.4. NOE spectra of (3.32) illustrating through space coupling. Positive NOE interaction is

denoted by *.

The carbon assignments of (3.32) were made with the aid of DEPT 135, DEPT 90 and 

HMQC spectra (Figure 3.5). The aliphatic carbons, C-5 and C-6, were assigned by 

HMQC correlation from their corresponding proton resonance’s to 45.22 ppm and 19.80 

ppm respectively. The C-2 methoxy carbon resonated at 55.62 ppm whereas the C-4’ 

methoxy carbon was observed at 55.54 ppm. The remaining two-methoxy carbons, at 

positions C-3 and C-4, were recorded at 60.43 ppm and 60.92 ppm. All five methine 

carbons were assigned from the HMQC. H-1 (6.38 ppm) correlated to the signal at 

111.58 ppm (C-1) while C-8 was characteristically observed at 127.71 ppm. The 

aromatic C-ring carbons were also identified by HMQC with C-5’, C-6’ and C-2’ 

resonating at 109.77 ppm, 120.68 ppm and 114.99 ppm respectively. From *̂ C NMR, 

all nine quaternary carbons were recorded from 128.66 ppm to 151.77 ppm. 

Fortunately, a number of these carbons could be distinguished with the aid of HMBC 

analysis (Figure 3.6). The phenolic proton showed coupling to C-3’ (144.84 ppm) while 

long-range coupling identified C-4’ at 146.85 ppm. A correlation contour was also 

recorded from the C-2 methoxy protons to the quaternary C-2 at 150.65 ppm. The two
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remaining quaternary carbons (C-3 and C-4) that were attached to methoxy groups were 

observed resonating at 149.51 ppm and 144.84 ppm.

(ppm)

100

120

48 3.26.4 5.6 40(ppm)

Figure 3.5 . HMQC spectrum of (3.32).

40

120

160

200

4.8 3.26.4 5.6 4.0(ppm)

Figure 3.6. HMBC spectrum of (3.32).
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3.9 Improved synthesis of the cyclic intermediate

3.9.1 Synthesis of 7-[l-(tert-butyl)-l,l-dimethylsilyl]oxy-l,2,3-trimethoxy- 

6,7,8,9-tetrahydro-5//-benzo[a|cyclohepten-5-one (3.38)

Although a means o f synthesising (3.32) was established, it was somewhat 

disappointing that the dithiane-deprotection step proved to be quite a difficult 

transformation. An alternative synthetic method was sought that would allow for a 

higher yielding deprotection step. Instead o f trying to protect the carbonyl group, it was 

decided to reduce it and protect the resulting alcohol as a /BDMS ether derivative. 

Previous experience with this protecting group has shown that its removal is easily 

accomplished with TBAF. Scheme 3.24 illustrates the proposed route to this cyclic 

intermediate (3.38).

o o (i) NaBH,

(ii) PBrj

O O

o o

O-Si-
(vii) Oxalyl chloride

(viii) SnCl4

(3.25)

(iv) NaBH^

(v) rBDMSCl, imidazole 

DMF

(vi) OH-

— S i -  
6 O

^  NT OH

(3.36)

Scheme 3.24. Proposed synthetic route to (3.38).

Reduction o f  the carbonyl group in (3.25) was accomplished using a methanolic 

solution of NaBH4 ‘™. This required careful consideration to the reaction conditions as
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an excess of the hydride reducing agent did resuh in the partial hydrolysis of the methyl 

ester. The transformation was optimised by the portion-wise addition of 0.33 molar 

equivalents of NaBH4 to the keto-ester in methanol at 0°C to afford the P-hydroxy-ester

(3.33) as an oil in 91% yield (Scheme 3.25).

NaBH,

MeOH, 0°C

Scheme 3.25.

The methyl ester (3.33) was hydrolysed following treatment with a cold ethanolic
171solution of aq. KOH, which afforded the hydroxy-acid (3.34) The reaction was 

carefully quenched by reducing the pH to 3.0 using cold 2M aq. HCl.

Protection of the hydroxyl group from the P-hydroxy-acid (3.34) was attempted using 

tert-butyldimethylsilyl chloride and imidazole in DMF at 0°C. It was felt that selective 

protection at the hydroxyl group would occur if A^iV-dimethylaminopyridine (DMAP) 

and triethylamine (TEA) were used together as described by Seebach et Isolation 

of the product by flash column chromatography however revealed the formation of the 

di-silylated product (3.35) (Scheme 3.26).

OH O
/BDMSCl

DMAP, TEA, 
DMF, 0-25°C

(3.34) (3.35)

Scheme 3.26.
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Compound (3.35) was used, as selective deprotection was possible with the ester being 

less stable than the ether. This was successfully achieved by using a methanolic 

solution of K 2CO3 to generate the acid (3.36)^’  ̂ (Scheme 3 .27).

— S i-

I
O

— S i-
0
1

K2CO3

EtOH, 0°C

(3.35)

-Si-

O
OH

O

(3.36)

Scheme 3.27.

Although this was a successful reaction, it was considered a wasteful process since the 

methyl ester (3.33) was hydrolysed just to put on a silyl ester, which would then be 

hydrolysed again, in the following step. Instead, the /BDMS ether was introduced after 

reduction o f the ketone in (3.25) to the secondary alcohol (3.33) in the usual manner*’  ̂

followed by basic hydrolysis o f the methyl ester (3.37) using IM  aq. NaOH in 

methanol*’  ̂afforded the acid as a white waxy-solid (3.36) in 85%  yield (Scheme 3 .28).

(3.37)

K2CO3

EtOH, 0»C

(3.36)

Scheme 3.28.

The next step involved activation o f the acid to the acid chloride under conditions 

previously described for the synthesis o f (3.29). The resulting acid chloride was then 

cyclised, in situ, using a mild Lewis acid. It was felt that AICI3 could not be used since
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its acidity would result in deprotection of the silyl ether. Therefore, SnCU was used at - 

10°C in anhydrous DCM. The reaction was monitored by TLC analysis. This reaction 

produced numerous side products, however, isolation of one of the by-products by flash 

column chromatography afforded 7-hydroxy-l,2,3-trimethoxy-6,7,8,9-tetrahydro-5//- 

benzo[a]cyclohepten-5-one (3.39) albeit in 8% yield (Scheme 3 .29).

(i) Oxalyl chloride, 
DCM, DMF, 0°C

Scheme 3.29.

The keto-alcohol (3.39) was identified by IR and NMR analysis. In the IR spectrum, 

the most distinguishing features were the broad peak at 3431.1 cm"’ representative of 

the phenolic hydroxyl group and the C=Ostr absorption peak at 1673.3 cm’* indicative of 

a benzylic ketone.

The 'H NMR spectrum of (3.39) revealed one of methylene H-6 protons resonating as a 

muhiplet at 1.89 ppm and the other at 2.19 ppm. This significant difference in chemical 

shift was attributed to their relative proximity to the adjacent carbonyl and hydroxyl 

substituents. The protons attached to C-8 and C-9 resonated at 3.09 ppm and 3.01 ppm 

respectively. The methoxy group protons resonated, as predicted, at 3.86 ppm, 3.89 

ppm and 3.95 ppm. The quintet at 4.35 ppm (J = 6Hz) was assigned to the H-7 proton 

being split on either side by the two adjacent protons on C-6 and C-8. The remaining 

singlet at 7.18 ppm was assigned as the H-4 proton.

An inspection of the '^C NMR and DEPT 135 spectra of (3.39) identified the methylene 

carbons resonating at 20.58 ppm, 35.51 ppm and 49.91 ppm. The three-methoxy 

carbons resonated at 55.53 ppm, 60.39 ppm and 60.65 ppm, while the methine signal 

resonating at 66.78 ppm was attributed to C-7. From the DEPT 135 spectrum, the peak 

at 107.08 ppm was identified as C-4. Aside from the aromatic quaternary signals, the
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other significant unassigned resonance in the NMR was a peak at 198.94 ppm, 

attributable to the carbonyl carbon.

3.9.2 Formation of (3.39) via of 7-[l-(tert-butyl)-l,l-diphenyIsilyl]oxy-l,2,3- 

triinethoxy-6,7,8,9-tetrahydro-5//-benzo[a]cyclohepten-5-one (3.43)

It was felt that protection of the C-7 alcohol functional group with a more robust silyl- 

protecting group would enhance the yield of the cyclization step. The use of tert- 

butyldiphenylsilyl ethers (/BDPS) as protecting groups is widespread in organic 

synthesis. This group is considerably more stable (-100 times) than /BDMS towards 

acidic hydrolysis*^"* due to the steric encumbrance of the two-phenyl groups around the 

silicon atom. Introduction of the /BDPS group onto the p-hydroxy-ester (3.33) was 

achieved using the /BDPS chloride with imidazole and DMF as base and solvent 

respectively (Scheme 3.30). Upon completion, the product (3.40) was isolated by 

water/ether extraction and purified by flash column chromatography to yield the silyl 

ether as a clear oil in near quantitative yields.

OH O
/BDPSCl, imidazole

DMF, 25°C

(3.33)

o —

' ^ O

(3.40)

Scheme 3.30.

The conditions used for hydrolysis o f the methyl ester (3.40) were identical to that used 

in the hydrolysis of (3.37). The cyclisation of the acid (3.41) involved in situ formation 

of the acid halide (3.42) with subsequent intramolecular acylation using SnCU (0.3 

molar equivalents) to afford (3.43) as an orange oil in 79% yield (scheme 3.31).
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(3.41)

(i) Oxalyl chloride, 
DMF, DCM, -10°C

(3.42)

(ii) SnCl4,
DCM, -10°C

O -S

(3.43)

Scheme 3.31.
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3.10 Formation of the biaryl systems

3.10.1 Addition of the C-ring to 7-hydroxy-l,2,3-trimethoxy-6,7,8,9 tetrahydro-

5/f-benzo [a] cycIohepten-5-one (3.39)

As described in Chapter 2, the attachment of the aryl substituents to the 

trimethoxybenzosuberone (2.06) involved their lithiation using w-BuLi at -78°C. In an 

analogous fashion, the attachment of lithiated (2.50) to (3.43) was attempted. However, 

nucleophillic addition of the organolithium reagent to (3.43) failed to take place 

possibly due to the steric bulk of the di-phenyl substituent. The protecting group was 

removed using TBAF to afford the keto-alcohol (3.39), taking into account inherent 

acidity o f the resulting hydroxyl proton; the coupling of (2.50) to (3.39) was 

accomplished in high yields by using a three molar excess of the aryl bromide (Scheme 

3.32).

(i) TBAF

(3.39)
(3.43)

(ii) «-BuLi, (2.50) 
THF, -78°C
(iii) 2M aq. HCl

O

OH
(iv) TBAF

THF, 0°C

(3.46) (3.45)

Scheme 3.32.
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3.10.2 Synthesis of 2,3,4-trimethoxy-9-(4-methoxyphenyl)-6,7-dihydro-5//- 

benzo[aJcyclohepten-7-ol (3.44)

Organolithium formation of/?ara-bromoanisole with subsequent addition to 0.33 molar 

equivalents of (3.39) at -78°C in anhydrous THF led to the synthesis of (3.44) (Scheme 

3 .33).

Br
(i) «-BuLi, -78°C

(ii) (3.39)

(iii) 2M aq. HCl

OH

O

(3.44)

Scheme 3.33.

3.10.3 Synthesis of 9-(3-hydroxy-4-methoxyphenyI)-2,3,4-trimethoxy-6,7- 

dihydro-5f/-benzolfl]cyclohepten-7-ol (3.46)

Compound (3,46) was prepared via the formation of the organolithium of (2.50) as 

described in section 2.7.1. Once prepared, 0.33 molar equivalents of (3.39) were added 

at -78°C. The reaction proceeded for 1 hour at this temperature. Dehydration, followed 

by treatment of the coupled product (3.45) with TBAF, afforded the allylic alcohol 

(3.46) (Scheme 3.34).

(iii) 2M aq. HCl

(iv) TBAF, THF, 0°C

(2.50) (3.46)

Scheme 3.34.
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Compound (3.46) was identified by IR, and NMR spectroscopy. IR analysis identified 

the presence o f the hydroxyl groups as a broad peak at 3403.2 cm"’ whilst the C=Cstr 

was observed as a medium intensity peak at 1509.5 cm'*.

Assignment o f (3.46) was aided by 'H  NMR, 'H-*H COSY and HMQC spectral 

analysis. From *H NMR spectroscopy, it was clear that the methylene protons from the 

B-ring were non-equivalent, possibly because o f  the aliphatic ring being structurally 

rigid. This rigidity restricts rapid ring flipping allowing each proton to exist in its own 

magnetic environment during an NMR timescale. Hence, each methylene proton is 

recorded as a complex multiplet with the equatorial protons resonating about 0.5-0.6 

ppm higher than the axial protons. This is probably attributed to anisotropic deshielding 

by the c-electrons in the P-y bond of the B-ring.

Analysis o f  HMQC spectrum revealed correlation contours between the peaks at 2.09 

ppm and 2.51 ppm and the methylene carbon at 21.39 ppm. 'H-*H COSY analysis also 

displayed a coupling between these two multiplets and the muhiplet at 4.00 ppm (H-7). 

Therefore, the signals at 2.09 ppm and 2.51 ppm were assigned as the equatorial and 

axial H-6 protons respectively. The two remaining multiplets at 2.35 ppm and 3.03 ppm 

were assigned as the equatorial and axial H-5 protons respectively. The four methoxy- 

group protons resonated as three singlet peaks at 3.66 ppm, 3.87 ppm and 3.89 ppm. 

The broad singlet peak at 5.66 ppm was assigned as the phenolic proton from the C- 

ring. The protons in the aromatic region o f the spectrum were deciphered primarily by 

their splitting patterns. *H-‘H COSY spectral analysis (Figure 3.7) revealed a doublet 

(J=5Hz) at 6.22 ppm correlating to the adjacent H-7 proton. This was therefore 

assigned as the alkenyl H-8 proton. The singlet at 6.40 ppm was assigned as the H-1 

proton from the A-ring. The double-doublet (J = 2Hz, 8.5Hz) at 6.74 ppm was assigned 

as the H-2’ proton. The H-6’ proton exhibited /weto-coupling to H-2’ and as a result 

was observed resonating as a doublet (2.0Hz) at 6.76 ppm, while the doublet (J=8FIz) at 

6.88 ppm was assigned as the H-5’ proton.
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Figure 3.7. *H-'H COSY spectrum of (3.46).

The carbon framework of compound (3.46) was elucidated with the help o f HMQC,

DEPT 135 and DEPT 90 spectra. From the HMQC spectrum (Figure 3.8), the two H-6

proton muhiplets at 2.09 ppm and 2.51 ppm coupled to the methylene carbon (C-6) at

21.39 ppm. The H-5 protons coupled to the carbon signal (C-5) at 42.28 ppm. The

methoxy peaks resonated at 54.59 ppm, 54.61 ppm, 59.40 ppm and 60.21 ppm. A

correlation contour was observed between H-7 (4.00 ppm) and the signal at 68.41 ppm.

The C-1 signal characteristically appeared in the DEPT 135 at 108.78 ppm. The H-2’

and H-6’ protons were found to correlate to the carbon signals at 111.09 ppm (C-2’) and

119.14 ppm (C-6’) in the HMQC spectrum. Likewise, the signal at 114.59 ppm was

assigned as the C-5 carbon while the signal at 131.19 ppm was assigned as the alkenyl
1C-8 carbon. The nine quaternary carbons were all observed in the C NMR spectrum at 

127.41 ppm, 133.92 ppm, 135.19 ppm, 138.12 ppm, 140.89 ppm, 145.48 ppm, 146.93 

ppm, 150.14 ppm and 150.74 ppm.
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Figure 3.8. HMQC spectrum of (3.46).

3.10.4 Synthesis of 5-(7-hydroxy-2,3,4-trimethoxy-6,7-dihydro-5//- 

benzo[a]cyclohepten-9-yl)-2-methoxy-l,3-benzenediol (3.48)

Compound (3.48) was similarly prepared as described in section 3.10.3 (Scheme 3.35).

Br (i) //-BuLi, THF, -78»C

/
/  o

\
O \

I (ii) (3.39)

(2.55)

(iii) 2M aq. HCl

(iv) TBAF, THF, 20°C

OH
O

OH
\

(3.48)

Scheme 3.35.
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3.10,5 Attempted synthesis of 9-(3-amino-4-methoxyphenyl)-2,3»4-trimethoxy- 

6,7-dihydro-5//-benzo[fl]cyclohepten-7-ol (3.50)

From previous work, the amino analogue (2.65) was identified as an effective inhibitor 

of tubulin polymerisation (section 2.14). Consequently, the formation of (3.50) was 

initiated via the lithiation of (2.63). Nucleophillic addition to (3.39) gave, after addition 

of acid and purification by column chromatography, 9-[3-(2,5-dimethyl-l//-l-pyrrolyl)- 

4-methoxyphenyl]-2,3,4-trimethoxy-6,7-dihydro-5//-benzo[a]cyclohepten-7-ol (3.49) in 

60% yield (Scheme 3.36).

(i) n-BuLi, THF, -78‘C

(ii)(3.39)

(iii) 2M HCl

O
OH

(2.63) (3.49)

Scheme 3.36.

Regeneration of the amino group from the pyrrole ring (3.49) was attempted using 

NH2OH.HCI in ethanol (Scheme 3.37). However, due to the aggressive conditions 

employed, this reaction was ineffective resulting in the formation of a large number of 

unknown by-products when analysed by TLC. Varying the reaction conditions and the 

concentrations of the reagents had no effect and so the formation of (3.50) was 

abandoned (Table 3.6).
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NHjOH HCl, KOH

EtOH, H ,0, heat

O
OH

NH.

(3.49) (3.50)

Scheme 3.37.

KOH NH2OH.HCI Temperature ("C) Product (TLC)

(Molar amounts) (Molar amounts)

3 5 25 No reaction

6 10 25 No reaction

3 5 Reflux By-Products

1 5 Reflux By-Products

Table 3.6. Conditions used in the attempted deprotection o f the pyrrole ring.

3.11 Saturation of the double bond

Catalytic hydrogenation of the o,P-unsaturated alcohols, (3.44) and (3.46), using as 

catalyst, 10% Pd/C, afforded the saturated products in quantitative yield (Scheme 3.38).

R, =H  (3.44) 

R, = OH (3.46)

OH

Hj, 10% Pd/C

EtOH

R, = H (3.51)

R, = OH (3.52)

Scheme 3.38.
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3.12 Oxidation of the C-7 hydroxyl group

Many reagents have been employed in oxidizing allylic alcohols to o,P-unsaturated 

ketones. Some of these include manganese dioxide (MnOa)'^*, Jones reagent*^  ̂ and 

CrOs*̂ .̂ In all cases, the formation of the inorganic ester is the critical step in the 

reaction, which ultimately is cleaved, via a P-elimination pathway to yield the ketone. 

The base in the second step may be water, though it may be possible that in some cases 

no external base is involved and that the proton is transferred directly to one of the 

CrOaH oxygen atoms^^  ̂(Scheme 3.39).

+ HC1O4 +  H+
O . / ?

OH "Cr
// "OH O

R
R-^\ base (if present) 9

V  Q A  HCr0 3 -[Cr(IV)] + base-H*
O . / /  ^  R ^ ^ R

/ /  OH O

R

' No base involved ^vco  A "O^V/ ^R
QCr
^ // "OH

Scheme 3.39.

Dissolving the allylic alcohol in DMF and reacting with PDC at 0°C achieved oxidation 

to an enone moiety (Scheme 3.40). Mild conditions were necessary since benzylic 

oxidation and oxidative cleavage were both possible side-reactions. This step also 

required the continued protection of the phenol as the /BDMS ether since these 

conditions were strong enough to potentially oxidise the phenol to the quinone. The 

subsequent deprotection step-using TBAF managed to afford the product in satisfactory 

yields.
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OH (i) PDC

DMF, 0°C

O

O (ii)TBAF

THF, 0-20«C
O

Scheme 3.40. Generalised reaction scheme for the oxidation of the secondary alcohol to the ketone.

3.12.1 Synthesis of 2,3,4-trimethoxy-9-(4-methoxyphenyl)-6,7- dihydro-5//- 

benzo[a]cyclohepten-7-one (3.53)

Oxidation o f (3.44) to the enone (3.53) was accomplished by treating (3.44) with PDC 

(1.5 molar equivalents) in DMF for 12 hours. The product (3.53) was extracted in 

diethyl ether and purified by flash column chromatography to afford the enone in 60% 

yield (Scheme 3.41).

I
O

0
1

o

OH PDC

DMF, 0"C

O

0
1

O

(3.44) (3.53)

Scheme 3.41.

3.12.2 Synthesis of 9-(3-hydroxy-4-methoxyphenyl)-2,3,4-trimethoxy-6,7- 

dihydro-5//-benzo[a]cycIohepten-7-one (3.32)

Oxidation o f (3.45) using two molar equivalents o f PDC in DMF afforded (3.32). The 

enone was extracted in diethyl ether and purified by flash column chromatography. The 

addition o f TBAF in THF resulted in the deprotection o f the ®DM S ether to afford the
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product (3.32) as a yellow solid, which was recrystallised from hot methanol to afford 

pale yellow crystals in an overall yield o f 51% (Scheme 3.42).

/  O -S i I

OH (i) PDC, DMF, 0<>C 

(ii) TBAF, THF, 0°C
O

O

(3.45) (3.32)

Scheme 3.42.

3.12.3 Synthesis of 9-(3,5-dihydroxy-4-methoxyphenyl)-2,3,4-trimethoxy-6,7- 

dihydro-5ff-benzo[a]cyclohepten-7-one (3.56)

Oxidation o f  the allylic alcohol (3.47) using PDC with subsequent removal o f the di- 

silyl ethers with TBAF afforded, after isolation and purification by flash column 

chromatography, the enone (3.56) in 48% yield (Scheme 3.43).

—S i-

OH (i) PDC, DMF, 0«C

(ii) TBAF, THF, 25°C

O

(3.47) (3.56)

Scheme 3.43.
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3.12.4 Synthesis of 5-(3-hydroxy-4-methoxyphenyl)-l,2,3-trimethoxy-6,7,8,9-

tetrahydro-5//-benzo[a]cyclohepten-7-one (3.59)

Synthesis of (3.59) involved the initial reduction of (3.47) via catalytic hydrogenation to 

afford (3.57). This was subsequently oxidised to (3.58) using PDC in DMF at 0°C for 

48 hours. The final product (3.59) was afforded by deprotection with TBAP and 

purified by flash column chromatography as a white solid (Scheme 3.44).

OH (') PDC, DMF, 0°C

(3.57) (3.58)

(ii) TBAF, THF,0°C

O

I OH

O

(3.59)

Scheme 3.44.
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3.13 Tubulin binding data

Eleven of the novel B-ring fiinctionalised biaryl compounds were evaluated as potential 

inhibitors o f tubulin polymerisation*"*^. It is clear from the data obtained, (Table 3.7) 

that insertion of oxygen-based functionality onto the B-ring had a pronounced effect on 

tubulin polymerisation in comparison to their unflmctionalised analogues. As an 

example, the mono-methoxy derivative (2.44) was inactive as a tubulin inhibitor, 

however, its corresponding C-7 hydroxy analogue (3.44) exhibited potent anti-tubulin 

activity (IC50 = 2.1 ^M). Even higher inhibitory activity was observed when the C-ring 

was replaced with the hydroxy-anisole entity to afford (3.46). This compound displayed 

excellent anti-tubulin activity (IC50 -  11 piM) and was even more active than 

combretastatin A-4 (IC50 = 1.45 ^M). The addition o f an extra hydroxyl group onto the 

C-ring (3.48) resulted in total loss o f activity, as did saturation o f the double bond to 

afford compounds (3,51) and (3.52). Oxidation o f the a,P-unsaturated alcohol (3.46) to 

the enone compound (3.32) resulted in increased tubulin binding activity. Compound 

(3.32) had the highest inhibitory activity (IC50 = 1.05 nM) reinforcing the concept that 

maximum activity was obtained only when the molecule contained the hydroxy-anisole 

C-ring in addition to the enone functionality on the B-ring. This was further 

emphasised with the synthesis o f compound (3.59) as this compound without the double 

bond was inactive. Finally, compound (3.56) was found to exhibit potent anti-tubulin 

activity (IC50 = 1.72 nM) comparable to that o f combretastatin A-4 (IC50 = 1 45 |iM). 

This was an unexpected resuh as compound (2.57), which also possessed the di- 

hydroxy-anisole C-ring moiety was inactive against tubulin polymerisation. On the 

basis o f these very promising results, it was decided to pursue the synthesis o f an 

analogous series o f compounds (Chapter 4) where one o f the methoxy substituents on 

the A-ring has been moved from position 1 to position 4.
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Compound n r  iCso (jiM) value

(3.02) 9.85 0.522

(3.31) 4.35 0.958

(3.32) 1.05 0.923

(3.44) 2.1 0.817

(3.46) 1.1 0.958

(3.48) Inactive -

(3.50) Inactive -

(3.51) Inactive -

(3.53) 2.76 0.990

(3.56) 1.72 0.958

(3.59) Inactive -

Combretastatin

A-4
1.45 0.999

Table 3.7. Tubulin binding data obtained for C-7 modified compounds.
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CHAPTER 4



4.0 Introduction

As the trimethoxy substituent on the A-ring of the compounds described in chapter 2 

and 3 appears to be a necessary component for inhibition of tubulin polymerisation, it 

was decided to investigate the effect on tubulin binding activity of altering the 

positioning of one of these methoxy substituents. As illustrated in Figure 4.1, the 

methoxy substituent originally placed on carbon-4 of the previous compounds 

synthesised, has been relocated to carbon-1 within this new molecular structure.

Structural features include.

1. Hindered trimethoxybenzene A-ring

2. Aliphatic B-ring

3. C-7 substituent represented as X= H, -OH or =0

4. Absence or presence of the double bond

5. Substituents on Rj and/or

Figure 4.1. Generalised structure of compounds synthesised in this chapter.

It was anticipated that the C-1 methoxy group may play a role in controlling the spatial 

orientation of the C-ring in a way similar to the C-1 methoxy group of colchicine*^^ 

(1.01) and in doing so place the second aromatic unit into a position suitable for 

efficient binding at the C B S. on tubulin. In addition to manipulating the A-ring, it was 

believed that B-ring substituents would, as in the series of compounds described in 

chapter 3, have a significant role in determining the ultimate conformation of the two- 

aryl units. Therefore, in the design strategy, a series o f compounds should be 

synthesised with substituents on the C-7 position of this new molecular structure.

The compounds discussed in this chapter have been conveniently allotted into three 

groups.
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Group 1

In this group o f compounds, the synthesis o f  a series o f  novel biaryl compounds is 

discussed having as their key feature, the presence o f  the double bond to  confer rigidity 

on the overall structure (Figure 4.2).

O

O

Ri, R2 , R3 = small electron-donating groups 

Figure 4.2 . Generalised stnictiire of Group 1 compounds.

Group 2

In this series o f  potential tubulin inhibitors the compounds discussed are those in which 

the double bond o f the molecules described in the first group has been reduced (Figure 

4.3). The concept behind this strategy was that if  those compounds in Group 1 failed to 

inhibit tubulin polymerisation, then these less rigid molecules might be able to adopt an 

optimal conformation necessary for binding to tubulin. B-ring-contracted analogues o f 

the type illustrated in Figure 4.3 have been have been previously synthesised'^^’ 

These compounds, depending on the nature o f  the substituents on the A- and C-rings 

displayed similar activity to  the natural products, colchicine and podophyllotoxin.

O

O

Ri, R 2 ,  R 3  = small electron-donating groups 

Figure 4.3. Generalised structure of Group 2 compounds.
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Group 3

The third group o f compounds discussed in this chapter were synthesised on the 

premise that with steganacin and colchicine, the replacement o f the lactone and 

acetamido- functionalities with a carbonyl moiety (Figure 4.4) resulted in derivatives

It was also evident from the tubulin binding data obtained for compounds described in 

Chapter 3 that oxofiinctionaHzation of carbon-7 increased activity against tubulin 

polymerisation. It was feh, therefore, that insertion o f a carbonyl group or hydroxyl 

group at the C-7 position on the B-ring might also produce compounds with similar 

potency (Figure 4.5).

• 182 51with greater potency ’

O

O

O

O

— O O — O/
Steganacin Colchicine

O

O

O---
o

—o o—

Steganone Colchicone

Figure 4.4. Derivatives of C.B.S agents.
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Ri, R2 , R3 = small electron donating groups

Figure 4.5. Generalised structures of compounds in Group 3.

4.1 Synthesis of compounds in Group 1

4.1.1 Synthesis of 2,3,4-trimethoxy-6,7,8.9-tetrahydro-5//-benzo- 

|a]cyclohepten-5-one (2.02)

The design strategy involved the formation of the key intermediate 2,3,4-trimethoxy- 

6,7,8,9-tetrahydro-5//-benzo[fl]cyclohepten-5-one (2.02). The synthetic method 

employed in the preparation of this molecule was identical to that used in making 1,2,3- 

trimethoxy-6,7,8,9-tetrahydro-5//-benzo[a]cyclohepten-5-one (2.01).

Synthesis of (2.02) began with the aldol condensation reaction of methyl crotonate with 

3,4,5-trimethoxybenzaldehyde using potassium /er/-butoxide as base in /^r/-butanol. 

This reaction afforded the conjugated methyl ester (4.01) as two geometric isomers {cis- 

and trans-) in 83% yield, which was hydrolysed directly to the pentenoic acid (4.02), 

This step was accomplished in 3 hours by refluxing the ester (4.01) in a methanolic 

solution of 10% aq. NaOH. The acid (4.02) was then dissolved in ethanol/ethyl acetate 

(1:1 mixture) and subjected to catalytic hydrogenation for one week using 10% Pd/C as 

catalyst. Isolation of the reduced acid (4.03) was followed by formation of its 

pentafluorophenyl ester (4.04) using DCC and PFP. Treatment of this ester with 

polyphosphoric acid at 75°C resuUed in its efficient cyclisation to the ketone (2.02) 

(Scheme 4.1). After isolation, purification by flash column chromatography and
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recystallisation from hot methanol, (2.02) was afforded as a white crystalline compound 

in an overall yield of 58%.

1o
H

(i)

/-BuOK, /-BuOH ?
,6  (4.01)

(ii) Aq. NaOH, MeOH 

O

OH

(iii) Hj, 10% Pd/C 

EtOHEtOAc 
O

OH

(4.03)

(iv) PFP, DCC 
DCM,0°C

(iv) PPA, 75»C O

(2.02) (4.04)

Scheme 4.1.
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4.1.2 Arylation of (2.02)

Preparation of the biaryl analogues involved the initial synthesis of a series of aryl 

bromide derivatives that were then utilised as substrates for the coupling reaction to 

trimethoxybenzosuberone (2.02), These synthetic precursors included the aryl 

bromides (2.50), (2.55) and (2.63), para-bromoanisole and /neto-bromoanisole. The 

latter two bromides were commercially available as Grignard reagents and so were used 

directly as described in section 2.7.1 to form compounds (4.06) and (4.07) respectively. 

The bromides (2.50), (2.55) and (2.63) were lithiated via metal-halogen exchange using 

2.5M /7-BuLi and coupled to (2.02) using the methodology described in section 2.8.2 to 

afford compounds (4.08), (4.10) and (4.12). After isolation and purification by flash 

column chromatography, the protecting groups attached to these compounds was 

subsequently removed using the appropriate deprotecting reagent (Table 4.1) to afford 

compounds (4.09), (4.11) and (4.13), Scheme 4.2.
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(i) w-BuLi, THF, -7S<C

(ii)(2.02)

R, = H, R2  = 0-ffiDMS (4.08)

R,=H,R2-  - n (4.10)

Rj = 0-ffiDMS, R̂  = 0-® D M S (4.12)

(Hi) H+

(iv) Deprotection

Ri = H, R2  = OH (4.09)

Ri =H,R2 = NH2 (4.11)

R, = OH, Rj = OH (4.13)

Scheme 4.2.
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Intermediate
Deprotecting

agent
Product % Yield

(4.08) TBAF (4.09) 99

(4.10) NH2 OH.HCI (4.11) 37

(4.12) TBAF (4.13) 42

Table 4.1. Illustrating the deprotecting reagent used for its corresponding intermediate.

In the *H NMR spectmm of (4.09), the three multiplets for each of the methylene 

groups resonated at 1.95 ppm, 2.08 ppm and 2.55 ppm and were similar to the chemical 

shift values of the B-ring protons on its less-hindered isomer (2.52). The methyl 

protons of the methoxy substituents resonated as sharp singlets at 3.44 ppm, 3.82 ppm, 

3.89 ppm and 3.92 ppm. In comparison to (2.52), these methoxy group signals were 

similar except for the methoxy peak at 3.44 ppm, which was shifted upfield fi'om 3.70 

ppm. As the only difference between these two molecules was the positioning of the 

methoxy substituents, the signal at 3 .44 ppm was assigned as the relocated C-1 methoxy 

group. As expected, the phenolic proton was identified as a broad singlet at 5.52 ppm. 

The alkenyl H- 8  proton was characteristically identified resonating at 6.35 ppm The 

aromatic A-ring proton was shifted slightly downfield to 6.61 ppm when compared to 

the A-ring proton of (2.52), which resonated at 6.40 ppm. The C-ring of (4.09) clearly 

showed that its protons; H-3’, H-4’ and H-6 ’ existed as an ABX system. The doublet (J 

= 2Hz) at 6.87 ppm was identified as the H-6 ’ proton as it displayed weak meta- 

coupling to H-4’ (6.70 ppm). The H-3’ proton resonated as a doublet (J = 8 Hz) at 6.76 

ppm due to ort/io-coupling to H-4’, with the H-4’ proton resonating as double-doublet 

(J = 8 Hz, 2Hz) at 6.70 ppm as a result of ortho- and meta-coupXm% to H-3’ and H-6 ’ 

respectively.

The NMR spectrum of (4.09) identified the three-methylene carbons resonating at 

24.50 ppm, 31.81 ppm and 33.95 ppm. The four-methoxy carbons were recorded as 

three signals resonating at 55.51 ppm, 59.67 ppm (2 x OCH3 ) and 60.35 ppm. The 

five-methine carbons resonated at 106.81 ppm, 109.78 ppm, 112.03 ppm, 117.34 ppm 

and 127.55 ppm, while the alkenyl and aromatic quaternary carbons resonated between 

125.17 to 152.11 ppm.
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As expected the 'H  NMR spectrum o f (4.11) resembled that o f (4.09). A similar ABX 

pattern also existed for the C-ring protons o f (4.11), although, changing the C-1’ 

substituent from the hydroxy to an amino-group resulted in the chemical shift o f H-6’ 

being moved slightly upfield from 6.87 ppm in (4.09) to 6.63 ppm.

As predicted from its structure, these splitting patterns disappeared for the C-ring 

protons o f (4.13) as in this compound the H-3’ proton is replaced by a hydroxy group 

resuhing in a symmetrical aryl ring and thus, causing H-6’ and H-4’ protons to resonate 

together at 6.40 ppm. The two-phenolic protons were also identified, resonating 

together as a broad singlet at 5.35 ppm.

4.2 Formation of compounds in Group 2

This section o f work describes the method used to reduce the double bond o f those 

compounds in Group 1. Each compound, (4.06), (4.07), (4.09) and (4.13), was 

dissolved in ethanol/ethyl acetate and hydrogenated using 10% Pd/C as catalyst, under a 

hydrogen atmosphere to afford the saturated analogues (4.14), (4.15), (4.16) and (4.17) 

in quantitative yields following purification by flash column chromatography (scheme 

4.4).

O O
HjCg), 10% Pd/C

O O
EtOH, EtOAc

R

R, =H,R2 = 0CH3,R3 = H (4.06) R, =H,R2 = 0CH3,R3 = H (4.14)

R, =H,R 2 = H,R3 = 0CH3 (4.07) R, =H,R2 = H,R3 = 0CH3 (4.15)

R, = a  R2 = OCH3 , R3 = OH (4.09) R, = H, R2 = OCH3 , R3 = OH (4.16)

R, = OH, R2 = OCH3, R3 = O (4.13) R, = OH, R2 = OCH3, R3 = OH (4.17)

Scheme 4.3.
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In the ‘H NMR spectrum o f (4.14), the absence o f the alkenyl H-8 proton signal (6.35 

ppm) confirmed the successful reduction o f the double bond in addition to the 

appearance o f the H-9 proton as a multiplet resonating at 4.94 ppm. Possibly as a result 

o f the increased flexibility in the B-ring, the C-8 methylene protons could not be readily 

distinguished in the ’H NMR spectrum, however, the DEPT 135 spectrum readily 

identified C-8 as a signal resonating at 27.52 ppm.

‘H NMR analysis o f (4.15) also revealed the presence o f a muUiplet at 4.96 ppm, which 

was indicative o f the H-9 proton along with its corresponding carbon signal found 

resonating at 39.16 ppm in the NMR. The presence o f the C-8 methylene group 

was also identified in the *̂ C NMR spectrum resonating at 27.42 ppm.

The successful synthesis o f compounds (4.16) and (4.17) were readily identified by the 

presence o f the methine H-9 signal at 4.87 ppm for (4.16) and 4.84 ppm for (4.17). 

While, the C-9 carbon signals resonated at 38.60ppm and 38.73 ppm respectively. 

Additional confirmation o f the successful synthesis o f both compounds was made by 

the noted absence of the alkenyl H-8 proton.

4.3 Formation of compounds in Group 3

The construction o f the C-7 oxygenated biaryl compounds discussed in this group 

required the initial synthesis o f the keto alcohol (4.18). The synthetic route employed in 

the preparation o f this compound is outlined in Scheme 3.10 and involved similar 

methodology to that used for the preparation o f its isomer 3.39. Two key steps were 

involved, namely; (i) the reaction o f methyl acetoacetate to 3,4,5-trimethoxybenzyl 

bromide, and (ii) the cyclisation step, requiring the use o f SnCU-

(4.18)
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4.3.1 Synthesis of 7-hydroxy-2,3,4-trimethoxy-6,7,8,9-tetrahydro-5//- 

benzo[a]cyclohepten-5-one (4.18)

Thus, bromination of 3,4,5-trimethoxybenzyl alcohol (3.21) with PBrs was followed by 

the nucleophillic addition of the dianion of methyl acetoacetate to the resuhing benzylic 

bromide (3.22) to afford methyl 3-oxo-5-(3,4,5-trimethoxyphenyl)pentanoate (3.16). 

Careful reduction of the ketonic functionality of (3.16) with NaBH4 resuhed in the 

formation of the P-hydroxy-ester (4.19), which was subsequently protected as a tert- 

butyldiphenylsilyl ether (4.20). After alkaline hydrolysis of the methyl ester, the 

resulting acid (4.21) was obtained as a clear oil. Treatment of this acid with oxalyl 

chloride produced the acid chloride, which was not isolated but immediately subjected 

to SnCU under anhydrous conditions. This resulted in the efficient formation of the 

intramolecular acylated product (4.22), which after treatment with TBAF in THF 

afforded (4.18) in an overall yield of 11% (Scheme 4.4).
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0
1

Br
O O

(«)

(3.22)

NaH, n-BuLi, THF, 0"C O

p
OH

(v) NaOH

MeOH, 20«C

(4.21)

(vi) Oxalyl chloride, DCM 

DMF, 0°C

(vii) SnCl4, DCM, -10°C

,o o 

(4.22)

(3.16)

(iii) NaBH4 

MeOH, 0«C

(4.19)

(iv) tBDPSCl 
Imidazole, 
DMF, 20“C

o-to
(4.20)

I
(viii) TBAF

THF, 0°C

Scheme 4.4.
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The IR spectrum o f (4.18), displayed a broad peak at 3444.0 cm'*,which was attributed 

to the C-7 hydroxyl group and a sharp peak observed at 1673.6 cm'' was assigned to the 

benzylic carbonyl group.

In the *H NMR spectrum o f (4.18), the aliphatic B-ring protons appeared as a complex 

collection o f multiplets resonating between 1.88-3.55 ppm, 'H -'H  COSY (Figure 4.6) 

and HMQC experiments (Figure 4.7) revealed that each proton on the aliphatic B-ring 

existed in its own unique chemical and magnetic environment. This could only occur if 

this molecule was prevented from occupying different conformations. The assignment 

o f each set o f methylene protons was made possible by inspection o f the HMQC 

spectrum. From this two-dimensional spectrum, it was observed that the protons 

resonating at 1.92 ppm and 2.18 ppm were attached to the same carbon, which 

resonated at 35.17 ppm. The protons resonating at 2.65 ppm and 2.97 ppm correlated to 

the carbon signal at 29.79 ppm, while the multiplets at 2.89 ppm and 3.02 ppm 

correlated to the methylene carbon resonating at 52.30 ppm. From the *H-'H COSY 

spectrum, the H-7 proton resonating at 4.20 ppm coupled to the protons resonating at 

2.89 ppm and 3.02 ppm and these were assigned as the methylene H-6 protons, on the 

basis that they did not couple to any o f the other aliphatic protons. The protons that 

resonated at 1.92 ppm/2.18 ppm and 2.65 ppm/2.97 ppm were assigned as the 

methylene H-9 and H-8 protons respectively. The singlets at 3.85 ppm and 3.88 ppm 

integrated for three and six protons respectively and were assigned as the three-methoxy 

group protons. The aromatic proton typically resonated as a singlet at 6.47 ppm.

The assignment of the carbon skeleton o f this molecule was achieved by analysis o f its 

HMQC spectrum. As stated previously, the methylene carbons, C-6, C-8 and C-9, 

resonated at 52.30 ppm, 35.17 ppm and 29.79 ppm respectively. The methoxy-group 

carbons resonated at 55.95 ppm, 60.81 ppm and 62.31 ppm. The signal at 68.07 ppm 

was attributable to C-7, while the C-1 carbon resonated at 108.44 ppm. The five 

aromatic quaternary carbons of (4.18) were all identified resonating between 127.98 

ppm and 154.04 ppm. The existence o f the carbonyl carbon was confirmed by the 

downfield signal at 200.64 ppm.
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Figure 4.6. 'H-'H COSY spectrum of (4.18),
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Figure 4.7. HMQC spectrum of (4.18).
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4.3.2. Synthesis of l,2,3-trimethoxy-9-(4-methoxyphenyl)-6,7-dihydro-5iy- 

benzo[a]cyclohepten-7-ol (4.23)

Arylation at the ketonic centre of (4.18), was effected by the addition of three molar 

equivalents of the organolithium derivative of /?ara-bromoanisole to (4.24) in THF at -  

78 °C. After 30 minutes the temperature was allowed to reach room temperature, before 

the addition of 2M aq. HCl, necessary to dehydrate the resuhing coupled compound. 

After isolation and subsequent purification by flash column chromatography, the 

product (4.23) was isolated as a white solid in 83% yield (Scheme 4.5).

(i) w-BuLi, THF, -78°C

(ii) (4.18)

(iii) 2M aq HCl
O

OH

(4.23)

Scheme 4.5.

In the IR spectrum of (4.23), the broad peak at 3422.4 cm * is indicative of hydroxy 

functionality. In the *H NMR spectrum of (4.23), notable features included a multiplet 

resonating at 6.20 ppm attributed to the alkenyl H-8 proton and a singlet at 6.77 ppm, 

which was identified as the lone aromatic proton at C-4. The corresponding carbon 

signals for C-8 and C-4 were recorded in the *̂ C NMR spectrum at 131.47 ppm and 

107.05 ppm respectively.

4.3.3 Synthesis of 9-(3-hydroxy-4-methoxyphenyI)-l,2,3-trimethoxy-6,7- 

dihydro-5//-benzo[a]cyclohepten-7-oI (4.25)

Using the same methodology described for the synthesis of (4.23), the allylic alcohol 

(4.24) was prepared. Removal of the silyl-protecting group was achieved through the 

use of TBAF in THF to afford (4.25) in an overall yield of 74% from (4.23) (Scheme 

4.6).
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Br

(i) «-BuLi, THF, -78°C

9 («) (418)
, 0 — 2M aq. HCI

(2.50)

O
OH

(4.24)

f
(iv) TBAF 
THF, 25°C

O
OH

OH
O
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Scheme 4.6.

The NMR spectnim of (4.25) was similar to that of (4.23). The only difference 

between the two compounds was the additional hydroxy substituent on the C-ring of 

(4.25) The aromatic region of the NMR spectrum revealed signals at 6.67 ppm, 

6.74 ppm and 6.81 ppm, which were attributable to the C-ring protons. The *̂ C NMR 

spectrum supported the assigned structure, with the aforementioned C-ring methine 

signals resonating at 110.62 ppm, 112.67 ppm and 116.91 ppm.
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4.3.4 Synthesis of 5-(7-hydroxy-l,2,3-trimethoxy-6,7-dihydro-5f/- 

benzo[a]cyclohepten-9-yl)-2-methoxy-l,3-benzenediol (4.27)

The trihydroxy compound (4.27) was synthesised using the methodology described for 

the preparation of (4.25) (Scheme 4.7).

(i) n-BuLi, THF, -78<C

q (ii) (4.18)
' S r  (iii) 2M aq. HCl

(2.55)

OH

(4.26)

(iv) TBAF 
THF, 20«C

Scheme 4.7.

In the IR spectrum of (4.27), the hydroxyl functionality was noted as a broad peak, at 

3409.7 cm'V The ‘H NMR spectrum identified the aromatic C-ring protons resonating 

as a singlet at 6.39 ppm, while the alkenyl H-8 proton was characteristically found at 

6.26 ppm.
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4.4 Oxidation of the C-7 hydroxyl group to the ketone

4.4.1 Synthesis of l,2,3-trimethoxy-9-(4-niethoxyphenyl)-6,7-dihydro-5/f- 

benzo[aJcyclohepten-7-one (4.28)

The enone (4.28), following oxidation of the parent enol (4.23) with PDC, was isolated 

as a white solid in 68% yield (Scheme 4.8).

O
OH

0
1

(4.23)

PDC

DMF, 0«C

O

0
1

(4.28)

Scheme 4.8.

Analysis of the IR spectrum of (4.28) revealed the presence of a sharp peak at 1659.8 

cm *. This was indicative of the a,p-unsaturated ketone in the molecule. In the 

NMR spectrum, the disappearance of a methine signal at 4.06ppm was noted, while the 

NMR spectrum confirmed the presence of a keto-group resonating at 205.62 ppm.

4.4.2 Synthesis of l,2,3-trimethoxy-9-(4-methoxyphenyI)-6,7-dihydro-5//- 

benzo[a]cyclohepten-7-one (4.30)

This oxidative transformation step was carried out in accordance with the method 

described for the synthesis of (4.28). The silyl-protected intermediate (4.29) was 

dissolved in THF at 0°C and deprotected using IM TBAF. After purification by flash 

column chromatography, (4.30), was isolated as a white solid in 50% yield (Scheme 

4.9).
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Scheme 4.9.

4.4.3 Synthesis of 9-(3-hydroxy-4-methoxyphenyI)-l,2,3-trimethoxy-6,7,8,9- 

tetrahyd ro-5//-benzo [a] cyclohepten-7-one (4.33)

To prepare the ketone (4.33), the enol (4.23) was conveniently reduced using 10% Pd/C 

under hydrogen, to the alcohol (4.31). Treatment of the alcohol with PDC in DMF led 

to the formation of the ketone (4.32). The identity of this ketone was confirmed 

through IR analysis. The absence of a broad hydroxyl peak at ~ 3400 cm"' and the 

presence of the carbonyl-stretching peak at 1701.6 cm * indicated that this reaction step 

was successful. The targeted compound (4.33) was afforded in 99% yield after 

treatment of (4.32) with IM TBAF in THF (Scheme 4.10).
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Scheme 4.10.

*H NMR spectrum of (4.33) revealed four multiplet peaks in the aliphatic region of the 

spectrum. From the HMQC spectrum, it was observed that the H-8 protons resonated as 

two separate double doublets with one H-8 proton resonating at 2.87 ppm and the other 

at 3.37 ppm. From the *H-*H COSY, these multiplets coupled to a coalesced double 

doublet (J = 6Hz) resonating at 4.95 ppm. This signal was assigned as the H-9 proton. 

From the HMQC spectrum, two separate multiplets resonated at 2.63 ppm and 2.94 

ppm. These were found to correlate to a methylene carbon and as a result, were 

assigned as the H-5 protons. The two remaining muhiplets at 2.46 ppm and 2.67 ppm 

coupled to the two H-5 multiplets in the *H-*H COSY and were assigned as the H-6 

protons. The methyl protons of the methoxy substituents resonated as sharp singlets at 

3.69 ppm, 3.86 ppm, 3.88 ppm, and 3.89 ppm. The phenolic proton was
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characteristically recognized as a broad singlet resonating at 5.53 ppm. The aromatic 

hydrogen at H-4 resonated as a singlet at 6.53 ppm. The C-ring H-2’ proton was 

identified as a doublet (J = 2.0Hz) resonating at 6.62 ppm. Presumably, this resuhed 

from a weak meta-coupling to the H-6’ proton. The H-6’ proton resonated as double­

doublet (J = 8.5Hz, 2.0Hz) at 6.67 ppm as a resuh of ortho- and /w^to-coupling from H- 

5’ and H-2’ respectively. The remaining aromatic H-5’ proton was observed as a 

doublet (J = 8.5Hz) at 6.76 ppm.

’̂ C NMR analysis of compound (4.33) revealed three methylene carbon signals 

resonating at 29.67 ppm, 43.85 ppm, and 47.55 ppm from the DEPT 135 spectrum. 

From the HMQC spectrum, these were found to correlate to H-5, H-6, and H-8 

respectively and as such, were assigned as C-5, C-6 and C-8. The C-9 carbon was 

observed as at 37.04 ppm in the DEPT 90. The methoxy carbons resonated at 55.46 

ppm, 55.50 ppm, 60.26 ppm, and 60.60 ppm. From the DEPT 90, four-aromatic CH 

carbons were observed at 109.01 ppm, 110.07 ppm, 112.98 ppm, and 118.02 ppm. 

These were subsequently assigned as C-4, C-2’, C-6’ and C-5’ respectively as these 

signals were found to correlate to their respective proton signals in the HMQC 

spectrum. Seven quaternary carbon signals were identified in the region between 

126.98 ppm and 151.79 ppm. The presence of the C-7 carbonyl group was confirmed 

by the presence of a signal resonating at 210.47 ppm.
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4.5 Tubulin binding data

Rotation of the trimethoxy-substituent from the 2,3,4-position to the more hindered 

1,2,3-position on the A-ring was synthetically investigated and the effects on tubulin 

polymerisation of fifteen novel compounds were evaluated*"* .̂ The results are 

summarized in Table 4.2.

Compound ITPIC50 (>iM) 11̂  Value

(4.06) Inactive -

(4.07) Inactive -

(4.09) Inactive -

(4.11) Inactive -

(4.13) Inactive -

(4.14) Inactive -

(4.15) Inactive -

(4.16) >93 -

(4.17) Inactive -

(4.23) Inactive -

(4.25) Inactive -

(4.27) Inactive -

(4.28) Inactive -

(4.30) Inactive -

(4.33) Inactive -

Combretastatin A-4 1.45 0.999

Table 4.2. Inhibition o f tubulin polymerisation data.

From Table 4.1, it is evident that relocating the methoxy substituent from C-4 to C-1 

results in a total loss o f activity against tubulin polymerisation. Only compound (4.16) 

displayed very weak activity against tubulin polymerisation (IC50 >93 (jM). On the 

basis of these disappointing results, it was decided to place further emphasis on 

modifying the B-ring in an attempt to create compounds with greater potency.
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CHAPTER 5



5.0 Introduction

It was postulated that the potent tubulin binding activity o f  compounds (3.32) and (3.46) 

and the inactive compound (3.48) may be enhanced by isosteric atom replacement at the 

benzylic methylene group with an oxygen atom (Figure 5.1).

OH

OH

OH

O

' O

OH

OH

(3.32) (3.46) (3.48)

Figure 5.1. Potent tubulin inhibitors (3.32) and (3.46) and the inactive compound (3.48),

Also as SAR studies on colchicine^^’ have shown that the hydrophobic, electron rich 

A-ring is essential for binding, therefore, the isosteric replacement o f  the benzylic 

methylene group with an oxygen atom would permit greater electronic density within 

the A-ring without adding additional bulk to the molecule.

5.1 Synthetic strategy

The formation o f the targeted phenyl-substituted benzoxepinols and benzoxepinones 

relied upon the viable preparation o f  the key intermediate, 3-hydroxy-7,8,9-trimethoxy- 

2,3 ,4,5 -tetrahydro-1 -benzoxepin- 5-one(5.01).

(5.01)
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Once synthesized, the respective aryl units were attached to (5.01) via an organometallic 

reaction to afford two a,P-unsaturated alcohols (5.02), (5.03), and after allylic 

oxidation, one enone (5.04) (Figure 5.2).

/ O H  / O H  I OH
O ^ O

O

(5.02) (5.03) (5.04)

Figure 5.2. Potential tubulin inhibitors modified in B-ring.

5.2 Synthesis of 3-hydroxy-7,8,9-trimethoxy-2,3,4,5-tetrahydro-l-benzoxepin-5-

The formation o f benzoxepinones is considered to be a difficult target in synthetic 

chemistry (see section 2.4). This difficulty is further compounded by the required 

presence o f an oxygenated functionality beta to the ketonic centre. However, it was 

believed that this obstacle could be overcome by forming the key intermediate, ethyl-3- 

oxo-4-(2,3,4-trimethoxyphenoxy)butanoate (5.05). Once synthesised, the keto-group 

could be selectively reduced to the alcohol and suitably protected. Formation of (5.01) 

would ensue by (i) hydrolysis of the ester to the acid, (ii) conversion to its 

corresponding acyl halide and (ii) cyclisation o f the acyl halide under Friedel-Crafts

one (5.01)

conditions.

o ''  O O

(5.05)
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5.2.1 Attempted synthesis of ethyl 3-oxo-4-(23)4-trimethoxyphenoxy)butanoate 

(5.05)

It was anticipated that the synthesis of (5.05) could be achieved through the addition of 

trimethoxyphenol (5.07) to ethyl 4-chloro-3-oxobutanoate, using NaOH as base. The 

synthesis of 2,3,4-trimethoxyphenol* '̂* was accomplished via Baeyer-Villager oxidation 

of 2,3,4-trimethoxybenzaldehyde with /wCPBA to afford the formate ester (5.06). This 

ester was immediately hydrolysed in situ using methanolic NaOH to afford the phenol 

(5.07) as a white waxy solid in 79% yield, after purification by flash column 

chromatography (Scheme 5.1).

The phenol (5.07) was converted to its sodium phenoxide derivative and added to 

separate solutions of ethyl 4-chloro-3-oxobutanoate in DMSO and DMF as described by

compound (5.05). The in situ formation of the phenoxide was also attempted by 

treating (5.07) with NaH followed by the addition of ethyl 4-chloro-3-oxobutanoate in 

anhydrous THF*** (Scheme 5.2). However, as with the previous approaches, this 

method failed to produce any of the desired intermediate.

(i) wCPBA

DCM, 20«C EtOH, reflux O

(5.06) (5.07)

Scheme 5.1.

Kumazawa et al**'*. However, both these approaches failed to give the desired coupled

OH
(i) NaH, THF

(5.07) (5.05)

Scheme 5.2.
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5.2.2 Preparation of (5.01) via the synthesis of methyl-3-oxo-4-(2^,4- 

trimethoxyphenoxy)butanoate (5.11)

As all attempts to synthesise (5.05) failed, an alternative multi-step synthesis to (5.01) 

was devised. This synthesis involved the initial formation of ethyl 2-(2,3,4- 

trimethoxyphenoxy)acetic acid (5.09) with the subsequent addition of Meldrum’s acid 

(2,2-dimethyl-l,3-dioxane-4,6-dione to it, followed by subsequent decarboxylation to 

afford (5.11) (Scheme 5.3).

■°y V OH (i)

' O

II J
K2 CO3 , Acetone, reflux

(5.07)

0" 0 0

\ 0 ^ 0 ^
1

e j i

2 I f f

0  4 " ^ ''^  
5 “

6" 0
 fo

0

(5.08)

(ii) KOH, EtOH

(iii) Oxalyl chloride

DCM, DMF, 0<C

O

(iv)

Pyridine, DMAP, 20°C

O
(v) MeOH

(5.10)

(5.09)

O' 0  0
.0

Toluene, reflux o

(5.11)

Scheme 5.3.
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The first step of the reaction was carried out through the addition of ethyl bromoacetate 

to a refluxing acetone solution of (5.07) in K2C0 3 **̂ . This afforded the ester (5.08) as 

an oil which was subsequently hydrolysed by dissolving it in an ethanolic solution of 

10% aq. NaOH to form the acid (5.09), After drying the acid for several hours in vacuo, 

it was then converted to the acid chloride under the conditions described in section 

3.6.1. The acid chloride in anhydrous DCM was then treated, without isolation, with 

Meldrum’s acid and DMAP to afford 2,2-dimethyl-5-[2-(2,3,4- 

trimethoxyphenoxy)acetyl]-l,3-dioxane-4,6-dione'^^ (5.10) in 62% yield after isolation 

and purification by flash column chromatography.

The ‘H NMR spectrum of (5.10) (Figure 5.3) revealed the two methyl groups resonating 

together as a singlet at 1.78 ppm. The characteristic singlets found at 3.84 ppm, 3.92 

ppm and 3.96 ppm were assigned as the three-methoxy group substituents on the 

aromatic ring. A singlet integrating for two protons was observed resonating downfield 

at 5.46 ppm and was identified as the deshielded protons attached to C-2. The aromatic 

protons were observed as two-doublets (J = 7.0Hz) resonating at 6.57 and 6.65 ppm. 

Because of its acidic nature, the proton on C-5 was unaccounted for.

In the NMR spectrum of (5.10) (Figure 5.4), the two-methyl carbons resonated as a 

single peak at 26.90 ppm. The methoxy carbons were observed as three peaks 

resonating at 56.33 ppm, 60.17 ppm and 61.33 ppm. The resonance peak at 69.48 ppm 

was assigned as C-2 as this signal was present in the DEPT 135 spectrum. The aromatic 

C-5” and C-6” signals were observed at 106.49 and 109.92 ppm. A quaternary signal 

resonating at 105.98 ppm was assigned as C-2’ whilst the remaining quaternary signals 

resonating at 145.92 ppm, 149.20 ppm, 159.91 ppm and 162.42 ppm were assigned as 

the aromatic carbons. The two-carboxyl groups, C-4’ and C-6’, resonated as a single 

peak at 169.91 ppm due to the two groups residing in similar chemical and magnetic 

environments, whilst the carbonyl group at C-1 resonated at 192.13 ppm.
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Decarboxylation of (5.10) was achieved by refluxing it in a solution of 

methanol/toluene for 12 hours'^*. Decarboxylation was believed to occur via a P- 

elimination pathway induced by methanolysis. After isolation and purification by flash 

column chromatography, the P-keto-ester (5.11) was isolated as an oil in 82% yield.

5.2.3 Synthesis of (5.01) from (5.11)

Reduction of the ketonic functional group in (5.11) was accomplished using NaBH4 in 

methanol at 0°C as previously described in section 3.9,1. This afforded methyl 3- 

hydroxy-4-(2,3,4-trimethoxyphenoxy)butanoate (5.12) as a colourless oil in 72% yield. 

The successful reduction to the alcohol (5.12) was positively identified from its IR 

spectrum by the presence of a broad peak at 3475 cm’’ and the disappearance of the 

C=Ostr peak, which had previously occurred at 1753 cm'*. As with the synthesis of the 

cyclic intermediates, (3.39) and (4.24), suitable derivatisation was required to protect 

the alcohol from both the basic and acidic conditions employed in the hydrolysis and 

cyclisation steps respectively. Therefore, protection of the hydroxyl group was carried 

out at ambient temperature using /BDPSCl with imidazole as the base in DMF to afford 

the silyl ether (5.13) as an oil in 77% yield. Subsequent hydrolysis o f the methyl ester 

(5.13) was achieved by using methanolic 3M NaOH to afford the acid (5.14) as a white- 

waxy solid in 66% yield. Following this, cyclisation was effected by converting (5.14) 

to its corresponding acid halide before dissolving it in DCM and treating the solution 

with SnCU at -10°C. This reaction afforded, after isolation and purification by flash 

column chromatography, (5.15) as a clear oil in 78% yield. The silyl-protecting group 

was then removed af^er dissolving (5.15) in THE at 0°C and treating the solution with 

TBAF for 3 hours. After isolation and purification, the keto-alcohol (5.01) was afforded 

in 53% yield as a purple solid (Scheme 5.4).
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The *H NMR spectrum of (5.01) (Figure 5 .5) revealed the presence of a double- doublet 

(J=5.5Hz, 12.0Hz) resonating between 3.04-3.18 ppm. These resonances were 

attributable to the methylene H-4 protons. The double-doublet arises because each 

methylene H-4 proton couples to each other as well as to the neighbouring proton on C- 

3. A similar coupling pattern arises for the methylene protons on C-2, which resonates 

at 4.22 ppm. The three-methoxy group protons resonate as singlets at 3.80 ppm, 3.86 

ppm and 3.92 ppm. The broad multiplet observed at 4.48 ppm was assigned as H-3, 

with the remaining proton, resonating as a singlet at 7.04 ppm, being assigned as H-6.

In the DEPT 135 spectrum of (5.01) (Figure 5.6), C-4 resonated at 49.72 ppm, while the 

additional methylene signal, which resonated at 79.92 ppm and was assigned as C-2. 

The signals at 56.04 ppm, 61.12 ppm and 61.64 ppm were attributable to the three- 

methoxy group carbons. The methine carbons resonating at 69.24 ppm and 104.95 ppm 

were assigned as C-3 and C-6 respectively. The signals that resonated at 143.97 ppm, 

146.99 ppm, 148.16 ppm and 152.09 ppm were assigned as the quaternary aromatic 

carbons. Finally, the peak observed at 195 .29 ppm confirmed the presence of the C-5 

carbonyl group.

4 0 36 326 0 56 52 48 4472 68 64
(ppm)

Figure 5,5, NMR spectrum of (5,01).
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Figure 5.6, '̂ C NMR and DEPT 135 spectra of (5.01).

5,3 Arylation of (5.01)

The coupling of the aryl units to the ketonic centres of (5,01) followed the same 

approach as that employed in the synthesis of (3.32) and (3.46). From the biological 

results obtained thus far, it was clear that the most potent anti-tubulin derivatives were 

those that contained, hydroxyanisole and di-hydroxyanisole as their C-ring components. 

Therefore, it was anticipated that the attachment of these moieties would provide 

compounds with similar or greater inhibitory activity against microtubule 

polymerisation.
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5.3.1 Synthesis of 5-(3-hydroxy-4-inethoxyphenyl)-7,8,9-triraethoxy-2,3- 

dihydro-l-benzoxepin-3-ol (5.02)

The synthesis of (5.02) was accomplished in four steps from the keto-aicohol (5.01). 

The first step in this synthesis involved the addition of (5.01) to the organolithium 

derivative of (2.50) in THF at - 78°C. After 8 hours, the temperature of the reaction was 

allowed to rise to 20°C. The coupled product, a carbinol, was dehydrated in situ by the 

addition of 2M aq. HCl. After isolation and purification by flash column 

chromatography, the intermediate (5.16) was isolated as a clear oil in 51% yield 

(Scheme 5.5).

Deprotection of (5.16) using TBAF in THF afforded the product (5.02) as a white solid 

in 92% yield (Scheme 5.6).

OH

(2.50) (5.16)

Scheme 5.5.

OH

THF,0”C

TBAF OH

O O/ /

(5.16) (5.02)

Scheme 5.6.
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In the IR spectrum of (5.02), the most distinguishing feature was the presence of a broad 

peak at 3458.4 cm’* representative of the hydroxyl group at position-3 and on the 

aromatic C-ring.

The 'H  NMR spectrum of (5.02) (Figure (5 .7) identified the presence of the methoxy- 

group protons resonating as three singlets at 3.60 ppm, 3.94 ppm and 3.98 ppm. The 

methine proton on C-3 resonated as a condensed quartet at 4.47 ppm. The two protons 

attached to C-2 each existed in its own chemical and magnetic enviroment and therefore 

resonated at two different frequencies with one proton recorded as a double-doublet (J = 

2.5Hz, 9.0Hz) at 4.11 ppm, while the other was found resonating at 4.51 ppm. The 

phenolic proton was observed as a broad singlet at 5.63 ppm. The alkenyl proton on C- 

4 was recorded as a doublet (J = 4.5Hz) resonating at 6.14 ppm. The singlet, which 

resonated at 6.29 ppm, was assigned as H-6. The aromatic region of the NMR 

spectrum clearly identified the existence of the C-ring protons existing in an ABX 

pattern. Therefore, the double-doublet (J = 1.5Hz, 8.0Hz) resonating at 6.78 ppm was 

assigned as the proton on C-6’. The H-5’ proton resonated as a doublet (J = 8.0Hz) at 

6.84 ppm while the proton at C-2’ was recorded as a doublet (J = 1.5Hz) resonating at 

6.88 ppm.

H-2'
H-5'

H-6’

H-6

H-4

JL

OH

H-3

H-2 H-2

. M / v , ,
6 8  6 6  6 4 6.2 6.0 5.8 -‘'.6  5 4 5 2 5.0

\ppCTi)

4,6 4,4 4.2 4.0 3.8 3.6

Figure 5.7. 'H NMR spectnun of (5.02),
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An inspection of the NMR spectrum of (5.02) identified four-methoxy carbon 

signals resonating at 55.52 ppm, 55.76 ppm, 60.73 ppm and 61.73 ppm while the 

methine signal resonating at 66.78 ppm was attributed to C-3 (Figure 5.8). Analysis of 

the DEPT 135 spectrum (Figure 5.7) revealed the presence of methylene carbon 

resonating at 78.70 ppm and was therefore assigned as C-2. Four aromatic CH signals 

were identified resonating at 109.48 ppm, 109.75 ppm, 115.00 ppm and 120.36 ppm 

while the alkenyl carbon, C-4, was identified resonating at 130.42 ppm. The quaternary 

signals resonated in the region between 125.21 ppm and 147.86 ppm.

140 130 120 110 100 90 80 70 60

'  I  '  '  '  '  I  '  '  '  '  I  '

140 130 120 110 100
(ppm)

90 80 70 60

Figure 5.8. '̂ C NMR and DEPT 135 spectra of (5.02).

5.3.2 Synthesis of 5-(3-hydroxy-7,8,9-trimethoxy-2,3-dihydro-l-benzoxepin-5-yI)- 

2-methoxy-l,3-benzenediol (5.03)

The synthesis o f (5.03) was identical to that used for the preparation of (5.02) except, in 

an attempt to increase the yield of the product, the reaction was maintained at -78°C for 

12 hours before being allowed to rise to room temperature. In this coupling step, it was 

assumed that the rate of nucleophillic attack would have been sluggish due to the steric
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bulk of the incoming nucleophile. Upon completion, the reaction was worked up and 

purified by flash column chromatography to afford (5.17) as a mobile oil in 48% yield. 

The silyl protecting groups were removed after treating (5.17) with a solution of TBAF 

in THF. The product (5.03) was obtained as a white solid in 62% yield after 

purification by flash column chromatography (Scheme 5.7).

Br (i) «-BuLi, THF, -78°C

" ' O '

-Si O ^ 0 - S i ^
I \  u r ' t  \

- O

(2.65)

(5.17)

(iv) TBAF 
THF, 0°C

OH

OH

(5.03)

Scheme 5.7.

The 'H  NMR spectrum of (5.03) was similar to the spectrum of (5.02). The notable 

difference between the two compounds was the additional phenolic substituent on the 

C-ring of (5.03). This resuhed in a symmetrical C-ring and as such the protons, H-2’ 

and H-6’, existed in identical environments resonating as a singlet at 6.40 ppm. This 

was also shown in the NMR spectrum as an enhanced signal resonating at 108.49 

ppm.
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5.3.3 Synthesis of 5-(3-hydroxy-4-methoxyphenyl)-7,8,9-trimethoxy-2,3- 

dihydro-l-benzoxepin-3-one (5.04)

The final compound in this series, (5.04), was synthesised by the oxidation o f  (5.16) to 

the intermediate-silyl-protected enone (5.18) using PDC in DMF at 0°C for 12 hours. 

Deprotection of the silyl-protecting group using TBAF in THF afforded (5.04) as a 

yellow crystalline solid in 96% yield (Scheme 5.8).

In the infrared spectrum o f (5.04), the phenolic hydroxyl functionality was noted as a 

broad peak at 3298.1 cm"', while the carbonyl peak o f the enone functionality was 

observed at 1643.8 cm'V

O

O

OH (i) PDC

DMF, 0°C

O

(5.16) (5.18)

(ii) TBAF 
THF, 0°C

O

O

O
/

(5.04)

Scheme 5,8.
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In the *H NMR spectmm of (5.04), the four-methoxy protons in this molecule resonated 

as four singlets at 3.64 ppm, 3.97 ppm, 3 .99 ppm and 4.00 ppm. Due to the deshielding 

effect of the adjacent oxygen atom and carbonyl group, the protons attached to C-2 

resonated downfield at 4.63 ppm. The phenolic proton characteristically occurred as a 

broad peak at 5.67 ppm while the singlet at 6.35 ppm was assigned as the alkenyl H-4 

proton. The A-ring H-6 proton resonated at 6.45 ppm as a singlet peak whereas the 

other aromatic protons, H-2’, H-5’ and H-6’, resonated as coalesced multiplets between 

6.89 ppm and 6.95 ppm.

On inspection of the NMR spectrum of (5.04) the methoxy carbons resonated at 

55.55 ppm, 55.85 ppm, 60.80 ppm and 61.39 ppm, with the C-2 signal being observed 

at 80.68 ppm. The four aromatic CH signals were recorded at 109.80 ppm, 110.18 ppm, 

115.10 ppm and 120.91 ppm and these were assigned as C-6, C-5’, C-2’ and C-6’ 

respectively while the signal resonating at 127.74 ppm was assigned as C-4. The 

quaternary aromatic and alkenyl carbons were found resonating at 125.66 ppm, 134.42 

ppm, 134.62 ppm, 144.93 ppm, 147.10 ppm, 148.73 ppm and 151.32 ppm with the 

carbonyl signal at 200.03 ppm.

5.4 Tubulin binding data

The oxygen isosteres (5.02), (5.03), and (5.04) were examined as potential disrupters of 

tubulin polymerisation*'*®. A summary of these results is shown in Table 5.1.

Compound ITP ICso (fiM) JBf Value

(5.02) 3.18 0.960

(5.03) Inactive -

(5.04) 3.12 0.979

Combretastatin

A-4
1.45 0.999

Table 5.1. Tubulin polymerisation inhibition data.
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In this series, it was clear that substitution o f the benzylic carbon atom with an oxygen 

atom did not result in any substantial decrease in tubulin binding activity. As might 

have been predicted from the poor tubulin binding data obtained for (3.48), (5.03) was 

inactive.
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5.5 Conclusion

This thesis reports on the convergent synthesis employed in designing a series o f  biaryl 

compounds as potential tubulin inhibitors. This required the development o f  innovative 

synthetic pathways in the synthesis o f  the cyclic keto-intermediates. Once this was 

achieved, a second aromatic unit was attached to the ketonic centres o f  these cyclic 

compounds via organometallic addition.

Ten compounds were found to possess significant activity against tubulin 

polymerisation. A discernible trend was observed within each series when evaluated*"*  ̂

and these correlated with the suggested structure-activity relationships.

Trimethoxvbenzene A-ring

Clearly, rotation o f  the trimethoxy-substituent from the less hindered 2,3,4-position to 

the more hindered 1,2,3-position resulted in the negation o f  anti-tubulin activity. 

Presumably, the C-1 methoxy group has a profound effect on the spatial orientation o f  

the C-ring, increasing the dihedral angle between the two aromatic units, and thereby 

preventing suitable interactions at the C.B.S.

C-ring substituents

Although the work described in the thesis primarily concentrated on hydroxy-, 

methoxy- and amino-based substituents on this aromatic ring, the positioning o f  these 

components was vital for activity. Invariably, the most active compounds contained a 

hydroxyanisole unit with the methoxy and hydroxy groups occupying the para- and 

/we/a-positions respectively. In almost all cases, a single methoxy substituent on the C- 

ring resuhed in inactive compounds. Two notable exceptions include (3.46) (IC50 = 2.1 

jiM) and (3.53) (IC50 = 2.7 ^M). In these cases, the presence o f  a hydroxyl and ketone 

functionality at position-7 o f  the B-ring respectively resulted in active inhibitors o f  

tubulin polymerisation.

It would appear that the C-ring o f  the compounds described in this thesis, plays a 

significant role in binding to tubulin. In particular, the requirement o f  electron-rich 

substituents possessing a free lone-pair o f  electrons appear to be necessary for activity. 

From these results, it would be reasonable to assume that lone-pair and n-bond
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interactions take place at the C B S. However, the presence of an extra substituent (e.g. 

hydroxy or methoxy group) results in a loss of anti-tubulin activity.

Aliphatic B-ring; C-7 functionalisation

It is evident that the presence of a C-7 functional group is essential for activity, with 

eight out of the ten most active compounds possessing a dithianyl, hydroxy- or keto- 

functional group at this position. In the case of (3.31), the presence of a dithiane group 

in place of a methylene group (i.e. compound (2.52)) increased its inhibitory effect from 

IC50 = 6.7 ^M to IC50 = 4.35 nM. This bulky group probably modifies the molecules 

conformation into one more suited to the profile of the C.B.S.

The high inhibitory effect exhibited by functionalising the C-7 position may be two­

fold. It may, like the dithianyl group, influence the structure of the molecule permitting 

an optimal conformation suited to the binding site. Alternatively, the functional group 

may take part in a nucleophilic interaction at the binding site (Figure 5.9) in much the 

same way as the lactone group does in podophyllotoxin (see chapter 1).

Biomolecule-Nu

■Nu-Biomolecule

OH

Biomolec”''*- "̂

'Nu-Biomolecule

H
/

Amino acid
Amino acid

Figure 5.9. Possible interactions occurring at the colchicine-binding site.
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Aliphatic B-rin2; Orv2en insertion

Replacement o f the benzylic methylene group with an oxygen atom afforded 

compounds that were slightly less active than their isosteric counterparts despite an 

increase in electron density within the A-ring associated with the presence o f the 

alkoxy-group. This decrease in activity may be due to the slight increase in 

conformational rigidity associated with an ether linkage and thereby prevent the 

molecule from attaining its optimal conformation.

Aliphatic B-ring; Double bond

The presence o f a double bond at C-9 and C-10 is essential for maximum inhibitory 

activity against tubulin polymerisation as reduction o f  this bond totally negates all 

activity associated with its double bond derivative.

160



5.6 Future work

Having identified (3.32) as a potent inhibitor of microtubule polymerisation, future 

developments should include altering specific positions o f this molecule as denoted by 

the arrows (Figure 5.10).

(i) The introduction o f an alcohol functionality at position-5 may permit the

attachment o f water-soluble linker groups at this position.

(ii) The possible attachment o f a third aromatic unit at position-8.

(iii) Manipulation o f  the functional group at position-7 to an oxime or thiol

functionality should maintain its activity against tubulin polymerisation whilst 

allowing the attachment o f additional bioactive molecules via ester or ether 

linkages.

(iv) Replace the 3’ hydroxy group with small electron donating substituents.

/ 3' OH

(3.32)

Figure 5.10. Future modifications to model compound (3.32).
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CHAPTER 6 

EXPERIMENTAL



EXPERIMENTAL

Melting points (M.pt) were determined on a hot stage apparatus and an electrothermal 

apparatus, and were uncorrected.

Spectra were obtained on the following instruments:

Infra red (IR): Perkin Elmer FT-IR spectrometer Paragon 1000. Solid samples were 

analysed by potassium bromide discs (KBr), oils were analysed as films on NaCl plates 

(CCI4).

Nuclear magnetic resonance (NMR): All *H and NMR were determined using 

Bruker MSL 400. NMR spectra were analysed with Bruker WIN-NMR software. All 

NMR spectra were taken in CDCI3 (except were indicated). *H NMR spectra were 

obtained by irradiating samples at 400 MHz while ’^C NMR spectra were obtained by 

irradiating samples at 100.71 MHz. Peak positions were assigned relative to the CHCI3 

resonances at 7.26 ppm for *H NMR and 78.16 ppm, 76.90 ppm and 75.62 ppm for '̂ C 

NMR. In NMR, the peak positions were assigned relative to the signal for 

trifluorotoluene.

(Abbreviations used s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = 

broad, qC = quaternary carbon).

Low resolution mass spectroscopy (MS); All mass spectra, electron impact (El, 70eV) 

were obtained from Varian Chrompak® Saturn GC/MS 2000.

High resolution mass spectroscopy (HRMS); All mass spectra, chemical ionisation were 

obtained from the Department o f  Chemistry, Trinity College Dublin.

Column chromatography was carried out with silica gel 60 (230-400 mesh). Thin layer 

chromatography with silica gel 60 Gf-245 pre-coated aluminium sheets (E. Merck 

Laboratories). Compounds were detected by visualization by Ultra violet (UV) light at 

254 nm.
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Anhydrous THF was prepared by standing over potassium hydroxide pellets overnight 

and then over sodium wire. The solvent was further dried by refluxing over sodium (3 

g/1) and benzophenone (1 g/1). When a purple colour was observed, the THF was 

distilled and used immediately.

Anhydrous DCM was prepared by distilling over powdered calcium hydride, rejecting 

the wet forerun (~ 5%).

Solvents used for column chromatography were HPLC grade hexane and HPLC grade 

ethyl acetate.

The NMR data pertaining to the synthesis o f previously known compounds were 

referenced.

Assembly-disassembly assay for rapid, reversible tubulin-binding compounds.

Following synthesis and subsequent analysis, the compounds described in this thesis 

were assayed to determine their ability to inhibit tubulin polymerisation. These 

experiments were conducted by Mr. Emmet McCormack.

Tubulin assembly was monitored and recorded continuously by turbidimetric readings 

at 350 nm in a UV Spectrometer, equipped with a thermostatted cell at 37°C. Tubulin 

(2-3mg/ml in MES buffer and ImM GTP) was prepared while the temperature was 

maintained < 4°C.

Typically, 1ml o f tubulin solution was diluted with EB (5 ml) and supplementary GTPS 

(25^1, 5 |jl/ml o f EB) added. An aliquot (150 ^1) o f this assay solution was pipetted 

into a disposable micro-centrifuge tube (total volume o f tube = 2 ml), which was 

subsequently placed on ice, and to this was added DMSO (1 |jl), and the resuhant 

control^lank solution pipetted immediately to an electronically controlled, 

thermostatted cell at 37°C. The UV absorption was then spectroscopically monitored 

over 1 minute. Differences in optical density (OD), from / = 0 to / = 60 seconds, o f 0.1 

and 0.15 indicated tubulin protein concentrations o f 2 mg/ml and 3 mg/ml, respectively.
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Protein concentrations higher or lower than these limits affected sensitivity of the assay 

and therefore only assay solutions diluted to 2-3 mg/ml were used.

Subsequently, the remaining assay solution was apportioned in aliquots (150 ^1) to 

disposable micro-centrifuge tubes, which were immediately placed on ice. 10 

milligram per millilitre (mg/ml) solutions of each potential tubulin polymerisation 

inhibitor was prepared in DMSO and consequent serial dilution of the stock, afforded 

incrementally adjusted (lOmg/ml-0.05 mg/ml) solutions for assay. These compounds 

were assayed, as described for DMSO control solution, sequentially and values of 

concentrations that decreased the maximum rate of tubulin assembly, without drug, by 

50% (IC50) determined. The IC50 for all compounds were compared to that of 

combretastatin A-4 and podophyllotoxin, measured on the same day under the same 

conditions.

Results were analysed using non-linear regression of one-phase exponential decay plots 

of % tubulin polymerisation versus drug concentration (mg/ml).

% tubulin polymerisation data points were determined from the formula;

9TlX  X100 = % tubulin polymerisation.
mB

Where mX  = Maximum slope of compound with concentration X. 

mB = Maximum slope of DMSO blank.

From this plot, IC50 values (expressed in (iM) were calculated according to the 

following formula:

X
------------------------------------------ = I C 5 0

(150)(Mol. Wt)

Where X = The half-life generated by the computer program Prism®.

150 = Dilution factor.

Mol. Wt. = Molecular weight of the compound assayed.

Deviations from normal behaviour are quoted as goodness of fit values (R^), where 1.0 

is a perfect fit to the model.
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Formation of 6.7.8.9-tetrahvdro-U3-trimethoxvbenzocvclohepten-5-one ^2.01) 

f  Step

Synthesis o f intermediate, 5-(2,3,4-trimethoxypheny!)-2,4-pentadienoic acid (2.04)

To a stirred solution of 2,3,4-trimethoxybenzaldehyde (20g, 0.102 mol) in /er/-butanol (36ml) 

was added methyl crotonate (20.4g, 0.204 mol) and a solution of potassium /er/-butoxide 

(24.12g) in /er/-butanol (320ml). The reaction was carried out under a nitrogen atmosphere, 

with the reaction vessel covered with aluminium foil. After the addition was complete, the 

resulting mixture was allowed to stir for 12 hours at room temperature. The mixture was then 

acidified with 2M aq. HCl (1000ml) and extracted with DCM (3 x 150ml). The combined 

organic extracts were dried over sodium sulphate, filtered and concentrated under reduced 

pressure to afford a yellow oil. This oil (2.03) was re-dissolved in absolute ethanol (70ml), 

treated with 10% aq. NaOH (200ml) and refluxed for 5 hours. The reaction was then allowed to 

cool to room temperature, quenched using 2M aq. HCl (500ml) and extracted with DCM (3 x 

150ml). The combined organic extracts were dried over sodium sulphate, filtered and 

concentrated under reduced pressure to afford (2.04) as an oil (18.61g, 81%). Vmax (CCI4)/ cm"' 

3010.1, 2939.4, 1708.8, 1495.1, 1100.2. 'H NMR Snppm 3.80 (9H, s, 3 x OMe), 6.40 (2H, s, 

ArH), 6.61 (4H, m, CHCHCHCH), 11.06 (1H, br, COOH). '^C NMR 6c Ppm 55.32 (2 x OMe), 

60.29 (OMe), 104.80 (2 x ArCH), 115.26 (CH), 123.65 (CH), 131.27 (CH), 124.73 (qC), 141.11 

(qC), 141.99 (CH), 152.80 (2 x qC), 171.10 (COOH).

r̂ Step
Synthesis o f  intermediate, 2,3,4,5,6-pentafluorophenyl-5-(2,3,4-trimethoxyphenyl) pentanoate 

(2.06)

The acid (2.04) (20.0g, 75.8 mmol) was dissolved in ethanol/ethyl acetate solution (1:1; 200ml) 

and treated with 10% Pd/C (lOg). The resulting mixture was stirred under an atmosphere of 

hydrogen at 25°C for 1 week. On completion, the catalyst was removed by filtration through 

Celite^“. The solids thus retained were washed with absolute ethanol (-lOOml). Concentration 

of the filtrates under reduced pressure afforded a viscous brown oil which crystallised on
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standing to afford (2.05) (19.69g, 97%). To a stirred solution of (2.05) (20.0g, 74.6 mmol) in 

DCM (100ml) was added PFP (13.73g, 74.6 mmol) followed by DCC (15.37g, 74.6 mmol) at 

0°C. After 5 hours, the reaction mixture was filtered through Celite™ and the filtrate 

concentrated under reduced pressure. The resulting pale yellow oil was purified by flash 

column chromatography (stationary phase, silica gel 230-400 mesh; mobile phase, hexane/ethyl 

acetate 4:1). The homogenous fractions were collected and reduced in volume to afford (2.06) 

as a yellow solid (25.6g, 80% yield). 'H NMR 8h ppm 1.78 (4H, m, COCH?CH?), 2.55 (2H, m, 

CHj), 2.75 (2H, m, CH2), 3.86 (3H, s, OMe), 3.88 (6H, s, 2 x OMe), 6.45 (2H, s, ArH). ‘̂ C 

NMR 5c ppm 23.84 (CH2), 29.91 (CH2), 32.92 (CH2), 35.22 (CHj), 55.35 (OMe), 60.05 (2 x 

OMe), 104.82 (2 x ArCH), 135.75 (qC), 137.44 (qC), 152.61 (2 x qC), 168.70 (C=0).

Step-cyclisation of (2.06) to afford (2.01)

Synthesis of 6,7,8,9-tetrahydro-l,23-triinethoxybenzocyclohepten-5-one (2.01)

The pentafluorophenyl ester (2.06) (20.0g, 46.0 mmol) was dissolved in polyphosphoric acid 

(140g) and heated to 75°C with occasional stirring for 1 hour. When the reaction was complete, 

it was quenched by the addition of ice (lOOg) and the product extracted with diethyl ether (5 x 

75ml). The combined organic layers were dried with sodium sulphate, filtered and evaporation 

of the filtrate afforded the crude product, which was purified by flash column chromatography 

(stationary phase, silica gel 230-400 mesh; mobile phase, 4:1; hexane/ethyl acetate). The 

homogenous fractions were collected and the solvent was removed under reduced pressure 

leaving a pale yellow oil (2.01) (10.2g, 89%). Vmax(CCl4)/ cm ' 2938.2, 1673.1, 1589.8, 1134.3. 

GCMS m/z (%) 250 (M^, 100), 207 (25), 181 (27). 'H NMR 8h ppm 1.69-1.82 (4H, m, 

COCH2CH2), 2.62 (2H, m, CH2), 2.88 (2H, m, CH2), 3.77 (3H, s, OMe), 3.86 (6H, s, 2 x OMe) 

6.45 (IH, s, ArH). '^C NMR 6̂  ppm 22.32 (CH2), 25.56 (CH2), 32.70 (CH2), 42.16 (CH2), 

55.93 (2 X OMe), 60.86 (OMe), 107.91 (AiCH), 127.37 (qC), 134.27 (qC), 140.50 (qC), 151.12 

(qC), 154.94 (qC), 205.61 (C=0).
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Formation of 5,6.7-trimethoxv-1.2.3.4-tetrahvdro-l-naphthalenone (2.10)

f S t e p

Synthesis o f intermediate, 4-oxo-4-(2,3y4-trimethoxyphenyl)butanoic acid (2.07)

To a stirred solution of 1^,3-trimethoxybenzene (5.0g, 29.7 mmol) in anhydrous DCM (50ml) 

was added succinic anhydride (I.96g, 19.6 mmol). To this mixture was added AICI3 (5.07g, 38 

mmol) portion-wise at -10°C. After 3 hours, the reaction was quenched by the addition of 2M 

aq. HCI (50ml) and the product was extracted using diethyl ether (3 x 50ml). The combined 

ether extracts were dried over sodium sulphate, filtered, and the filtrate concentrated to an 

orange oil. The oil was purified by flash column chromatography (stationary phase: silica gel 

G254; mobile phase: hexane/ ethyl acetate 1:1). All homogeneous fractions were collected and 

the solvent was removed in vacuo to afford the acid (2.07) as a white solid (4.09g, 51%). M.pt. 

87-88°C. v„,ax(CCl4)/cm '' 3384.1,2942.2, 1723.1, 1711.0, 1291.5, 1101.8. 'HNMRSHPpm 

2.77 (2H, t, J 6 .6 Hz, CH2), 2.32 (2H, t, J 6 .6 Hz, CH2), 3.88 (3H, s, OMe). 3.92 (3H, s, OMs), 

4.00 (3H, s, OMe). 6.73 (IH, d, J 4.5Hz, ArH), 7.57 (IH, d, J 4.5Hz, ArH). '^C NMR 5,.ppm 

28.02 (CH2), 37.09 (CH2), 55.64 (OMe), 60.35 (OMe). 60.90 (OMe), 106.72 (ArCH), 115.46 

(qC), 125.25 (Ai€H), 125.43 (qC), 141.60 (qC), 157.16 (qC), 178.22 (COOH), 197.58 (C=0).

T'^Step

Synthesis o f intermediate, 4-(2,3,4-trimethoxyphenyl)butanoic acid (2.08)̂ ^̂

To a solution of (2.07) (0.45g, 1.67 mmol) in acetic acid (3ml) and ethanol (1ml) was added 

10% Pd/C (0.2g) with stirring under an atmosphere of H2 . After 12 hours, the reaction mixture 

was filtered and concentrated to an oil. The product was purified by flash column 

chromatography (stationary phase: silica gel G254; mobile phase: ethyl acetate/hexane 2:1). All 

homogeneous fractions were collected and the solvent was concentrated in vacuo to afford the 

acid (2.08) as a white solid (0.40g, 94%). Vmax(CCl4)/ cm"' 3370.1,2942.0, 1708.3, 1098.5. 'H 

NMR 6m ppm 1.90 (2H, m, CH2CH2), 2.37 (2H, m, CH2COOH), 2.61 (2H, m, ArCj^), 3.83 

(3H, s, OMe), 3.86 (3H, s, OMe), 3.87 (3H, s, OMe), 6.60 (IH, d, J 4.5Hz, ArH), 6.81 (IH, d, J 

4.5Hz, ArH), 8.46 (IH, br, COOH). '^C NMR 6c ppm 25.19 (CH2), 28.47 (CH2), 33.05 (CH2),
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55.54 (OMe), 60.21 (OMe), 60.38 (OMe), 106.84 (Ai€H), 120.38 (qC), 123.47 (ArCH), 126.77 

(qC), 141.82 (qC), 151.4! (qC), 151.70 (qC), 178.99 (COOH).

3^ Step

Synthesis o f  intermediate, 2,3,4,5,6-pentafluorophenyl 4-(2,3,4-trimethoxyphenyl)butanoate

(2.09)

To a stirred solution of (2.08) (0.30g, 1.18 mmol) in DCM (1ml) was added PFP (0.32g, 1.74 

mmol) and DCC (0.48g, 2.33 mmol) at 0°C. After 2.5 hours, the reaction was filtered, 

concentrated to an oil, and the resulting residue was purified by flash column chromatography 

(stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 4:1). All homogeneous 

fractions were collected and the solvent was concentrated in vacuo to afford the ester (2.09) as a 

white solid (0.29g, 57%). v̂ ax (CCU)/ cm'' 2934.0, 2853.5, 1788.6, 1100.8. 'H NMR 8 „ ppm 

1.92 (2 H, m, CH2CH2), 2.05 (2H, m, CH2CO), 2.72 (2 H, m, A rC ty , 3.87 (3H, s, OMe), 3.90 

(3H, s, OMe). 3.91 (3H, s, OMe). 6.64 (IH, d, J 4.2Hz, ArH), 6.85 (IH, d, J 4.2Hz, ArH). ‘V  

NMR 5f ppm -153.32 (d, 2 x ArD, -158.81 (t, ArD, -163.02 (t, 2 x ArF)- '^C NMR 8 c ppm 

25.68 (CH2), 28.80 (CH2), 32.62 (CH2), 55.96 (OMe), 60.63 (OMe), 60.80 (OMe), 107.23 

(ArCH), 121.11 (qC), 123.89 (ArCH), 126.22 (qC), 141.93 (qC), 151.52 (qC), 151.95 (qC), 

168.95 (C=0).

^  Step-cyclisation o f (2.09) to afford (2.10)

Synthesis of 5,6,7-trimethoxy-1^3»4-tetrahydro-l-naphthalenone (2.10)”^

The pentafluorophenyl ester (2.09) (0.30g, 0.713 mmol) was dissolved in polyphosphoric acid 

(2.85g) and the mixture was stirred at 75°C for 1 hour. On completion, the reaction was 

quenched by the addition of ice (50g) and the product was extracted with diethyl ether (3 x 

25ml), dried using sodium sulphate, filtered, and concentrated to an oil. It was purified by flash 

column chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 

4:1). All homogeneous fractions were collected and the solvent was removed in vacuo to afford

(2.10) as a white solid (0.15g, 92%). M.pt. 75°C. 'H NMR 5h ppm 2.09 (2H, m, CH2 ), 2.61 

(2H, m, CH2), 2.89 (2H, m, ArCHg), 3.87 (3H, s, OMe), 3.90 (3H, s, OMe), 3.95 (3H, s, OMe).
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7.40 (IH, s, ArH). '^C NMR 5c ppm 22.44 (CH.), 22.55 (CHj), 38.26 (CH2 ), 55.56 (OMe), 

60.21 (OMe), 60.41 (OMe), 104.78 (Ai€H), 127.61 (qC), 131.73 (qC), 146.71 (qC), 149.92 

(qC), 151.54 (qC), 197.28 (C-O).

Formation of 6.7,8-trimethoxv-l>23.4-tetrahvdro-l-naphthalenone (2.16) 

fS te p
189Synthesis o f intermediate, 3-(3,4,5-trimethox)>phenyl)propanol (2.11)

To a stirred suspension of LiAlHi (0.7 Ig, 18.7 mmol) in anhydrous THF (10ml) at 0°C was 

added 3-(3,4,5-trimethoxyphenyl)propanoic acid (1.5g, 6.25 mmol) portion-wise. The reaction 

temperature was raised to room temperature and allowed to proceed for 3 hours. On 

completion, the reaction was quenched by the drop-wise addition of cold 2M aq. HCI (20m!) 

and the product was extracted with diethyl ether (3 x 20ml). The organic extracts were 

collected, dried using sodium sulphate, filtered, and the solvent removed in vacuo to afford 

crude (2.11) as an off-white solid. This was re-dissolved in DCM (~5ml) and purified by flash 

column chromatography (stationary phase: silica gel G 2 5 4 ;  mobile phase: hexane/ethyl acetate 

2:1). All homogeneous fractions were collected and the solvent was removed in vacuo to afford 

(2.11) as a white powder (1.25g, 89%). Vmax (CCI4 )/ cm"' 3350.1, 2943.0, 2843.2, 1497.5. *H 

NMR 5h ppm 1.86 (2H, m, CH2 ), 2.64 (2H, I, J 6.5Hz, CHj), 3.67 (2H, t, J 6.5Hz, 3.83

(3H, s, OMe), 3.86 (6 H, s, 2 x OMe), 6.43 (2H, s, 2 x ArH). '^C NMR 8 c ppm 31.31 (CH2 ), 

33.95 (CH2 ), 61.61 (CH2OH), 55.64 (OMe), 55.65 (OMe) 60.33 (OMe), 105.12 (2 x ArCH), 

135.76 (qC), 136.02 (qC), 152.71 (qC), 152.75 (qC).

r “Step
Synthesis o f  intermediate, 3,4,5-trimetho.xybenzopropanylbromide (2.12)

To a stirred solution of alcohol (2.11) (5.0g, 22.12 mmol) in ether (25ml) was added PBrs 

(3.14ml, 33.4 mmol) at 0°C for 1.5 hours. On completion, the reaction was quenched by the 

slow addition of ice water (25ml) and the product was extracted using diethyl ether (3 x 35ml). 

The organic extracts were then washed with 5% aq. NaHCOj (25ml), dried using sodium
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sulphate, filtered, and then concentrated to an oil under reduced pressure. It was purified by 

flash column chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl 

acetate 5:1). All homogeneous fractions were collected and the solvent was removed in vacuo 

to afford the bromide (2.12) as an oil (5.66g, 89%). Vmax (CCI4)/ cm ' 2939.2, 2838.2, 1590.0, 

1129.6. 'H NMR 5h ppm 2.15 (2H, m, CH2), 3.00 (2H, t, J 7.0Hz, Ctb), 3.40 (2H, t, J 6.7Hz, 

CH2), 3.82 (3H, s, OMe), 3.85 (6H, s, 2 x OMe), 6.42 (2H, s, 2 x ArH). '^C NMR 5c ppm 32.61 

(CH2), 33.69 (CH2), 36.84 (CH2), 55.64 (2 x OMe), 60.33 (OMe), 105.10 (2 x ArCH), 135.76 

(qC), 136.02 (qC), 152.72 (qC), 152.77 (qC).

3^ Step

Synthesis o f intermediate, 3,4,5-trimethoxybenzopropanylnitriie (2.13)

To a stirred solution of bromide (2.12) (1.47g, 5.08 mmol) in DMSO (15ml) was added KCN 

(1.69g, 26.0 mmol) at 25°C for 3 hours. On completion, the reaction was quenched by the 

addition of water (15ml) and the product was extracted using diethyl ether (3 x 35ml), dried 

using sodium sulphate, filtered, and then concentrated to an oil under reduced pressure. It was 

purified by flash column chromatography (stationary phase: silica gel G254; mobile phase; 

hexane/ethyl acetate 4:1). All homogeneous fractions were collected and the solvent was 

removed in vacuo to afford the nitrile (2.13) as an oil (1.14g, 96%). Vmax (CCI4)/ cm ' 2940.1, 

2840.1, 2250.0, 1589.3. ‘H NMR 6h ppm 1.97 (2H, m, CH2), 2.34 (2H, t, J 7.0Hz, ChbJ, 2.73 

(2H, t, J 6.5Hz, CH2), 3.83 (3H, s, OMe), 3.85 (6H, s, 2 x OMe). 6.40 (2H, s, 2 x ArH). '^C 

NMR 5c ppm 15.91 (CH2), 26.47 (CH2), 34.25 (CH2), 55.63 (OMe), 55.67 (OMe), 60.34 (OMe), 

105.02 (2 x ArCH), 118.98 (CN), 134.95 (qC), 136.48 (qC), 152.90 (2 x qC).

Step

Synthesis o f intermediate, 3,4,5-trimethoxybenzobutanoic acid (2.14)

To a stirred solution of nitrile (2.13) (1.17g, 4.97 mmol) in ethanol (20ml) was added NaOH 

(1.99g, 49.7 mmol) and water (10ml) and the reaction was refluxed for 8 hours. On completion, 

the solvent was removed in vacuo, and to the resulting residue was added a solution of 2M aq. 

HCI (30ml). The crude product was extracted using diethyl ether (3 x 40ml) and the layers were
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combined, dried over sodium sulphate, filtered, and concentrated to a clear oil. The product was 

purified by flash column chromatography (stationary phase: silica gel G254; mobile phase: 

hexane/ethyl acetate 2:1). All homogeneous flections were collected and the solvent was 

removed in vacuo to afford (2.14) as a white solid (1.23g, 98%). M.pt. 79-81°C. Vmax (CCI4)/ 

cm ' 3310.2,2940.0, 2839.6, 1708.7, 1589.4,1126.9. 'H  NMR 5HPpm 1.97 (2H, m, CH2), 2.40 

(2H, m, CH2 ), 2.63 (2H, m, CHj), 3.86 (3H, s, OMe), 3.89 (6 H, s, 2 x OMe), 6.41 (2H, s, 2 x 

ArH). '^C NMR 5c ppm 25.81 (CH2), 32.77 (CH2), 34,94 (CH2), 55.64 (2 x OMe), 60.36 

(OMe), 104.99 (qC), 105.05 (2 x AiCH), 136.50 (qC), 152.71 (2 x qC), 178.41 (COOH).

5*S/ep

Synthesis of intermediate, 2,3,4,5,6-pentafluorophenyl 4-(3,4,5-trimethoxyphenyl)butanoate 

(2.15)

To a stirred solution of (2.14) (l.Og, 3.93 mmol) in DCM (10ml) was added PFP (0.736g, 4.0 

mmol) and DCC (1.03g, 5.0 mmol) at 0°C. After 1.5 hours, the reaction mixture was filtered 

and concentrated to a clear oil. This oil was purified by flash column chromatography 

(stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 4:1). All homogeneous 

fractions were collected and the solvent was removed in vacuo to afford (2.15) as a white solid 

(1.45g, 8 8 %). Vn^(CCl4 )/cm ‘' 2941.8,2360.1, 1788.2, 1590.6, 1520.9. ‘H N M R 5„ppm  2.12 

(2H, m, CH2), 2.71 (4H, m, 2 x CH2), 3.85 (3H, .s, OMe), 3.87 (6 H, .s, 2 x OMe), 6.44 (2H, s, 2 x 

ArH). 'V  NMR 6 f ppm -153.47 (d, 2 x ArF), -158.57 (t, ArF), -162.86 (t, 2 x ArF). '^C NMR 

5c ppm 25.87 (CH2), 31.04 (CH2), 34.61 (CH2), 55.63 (2 x OMe), 60.38 (OMe), 105.07 (2 x 

Ai€H), 135.98 (2 x qC), 136.05 (qC), 152.81 (2 x qC), 168.85 (C=0).

^  Step-cyclisation o f (2.15) to afford (2.16) 

6,7,8-trimethoxy-l,2,3,4-tetrahydro-l-naphthalenone(2.16)'^

The pentafluorophenyl ester (2.15) (1-Og, 2.38 mmol) was dissolved in polyphosphoric acid 

(8.0g) and the mixture was stirred at 75°C for 45 minutes. On completion, the reaction was 

quenched by the addition o f ice (50g) and the product extracted with diethyl ether (3 x 25ml), 

dried using sodium sulphate, filtered, and concentrated to an oil under reduced pressure. This oil
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was purified by flash column chromatography (stationary phase: silica gel G254; mobile phase; 

hexane/ethyl acetate 4:1). All homogeneous fractions were collected and the solvent was 

removed/n vflCMo to afford (2.16) as a white solid (0.48g, 85%). M.pt. 124°C. Vmax(CCl4)/cm  '

2932.2, 1687.4, 1587.5. 'H NMR 6h ppm 2.05 (2H, t, J 6Hz, CH2), 2.58 (2H, t, J 6Hz, CH2), 

2.88 (2H, m, CH2), 3.85 (3H, s, OMe), 3.90 (3H, s, OMe), 3.91 (3H, s, OMe), 6.52 (IH, s, ArH). 

'^C NMR 5c ppm 22.56 (CH2), 30.52 (CH2), 39.95 (CH2), 55.49 (OMe), 60.62 (OMe). 60.97 

(OMe), 106.37 (Ai€H), 120.22 (qC), 141.08 (qC), 141.97 (qC), 154.68 (qC), 156.52 (qC), 

195.57 (C=0).

Formation o f 5.6J.8-tetrahvdronaphthol2J-</lll.3ldioxol-5-one (2.22) 

l^Step

Synthesis o f  intermediate, 3-(l,3-benzodioxol-5-yl)-l-propanol (2.17)' '̂

Synthesised from 3-(l,3-benodioxol-5-yl)propanoic acid (1.65g, 8.51 mmol) using the method 

described for the preparation o f (2.11). Purified by flash column chromatography (stationary 

pha.se: silica gel G254; mobile phase: hexane/ethyl acetate 2:1). Clear oil (2.17) (1.36g, 89%).

(CCI4)/ cm ' 3350.1, 2943.0, 2843.2, 1497.5. 'H  NMR 5h ppm 1.86 (2H, m, CH2), 2.64 

(2H, m, CH2), 3.67 (2H, m, CH2), 5.92 (2H, s, OCH2O), 6.71 (3H, m, 3 x ArH). ‘̂ C NMR 8c 

ppm 31.33 (CH2), 33.94 (CH2), 61.61 (CH2OH), 100.28 (OCH2O), 107.69 (ArCH), 108.41 

(Ai€H), 120.64 (ArCH), 135.19 (qC), 145.17 (qC), 147.13 (qC).

2"“ Step
192Synthesis o f  5-(3-bromopropyl)-l,3-benzodioxole (2.18)

Synthesised from (2.17) (1.55g, 8.61 mmol) using the method described for the preparation of 

(2.12). Purified by flash column chromatography (stationary phase: silica gel G 2 5 4 ; mobile 

phase; hexane/ethyl acetate 5:1). Clear oil (2.18) (1.9g, 91 %). Vmax ( C C I 4 ) /  cm ' 2931.0,2880.2,

1496.3, 1110.0. ‘H NMR 5h ppm 2.14 (2H, qn, J 14.0Hz, 7.0Hz, CH2CH2), 2.72 (2H, t, J 

7.2Hz, CH2), 3.40 (2H, t, J 6.5Hz, CH2), 5.94 (2H, s, OCH2O), 6.71 (3H, m, 3 x ArH). ‘̂ C
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NM R 5c ppm 32.44 (CH2), 33.20 (CH2), 33.89 (CH2), 100.36 (OCH2O), 107.78 (ArCH), 108.48 

(A t€H ), 120.90 (ArCH), 133.82 (qC), 145.44 (qC), 147.25 (qC).

3^ Step
193Synthesis o f intermediate, 3-(l,3-benzodioxol-5-yl)propyl cyanide (2.19)

Synthesised from (2.18) (0.88g, 3.62 mmol) using the method described for the preparation o f

(2.13). Purified by flash column chromatography (stationary phase: silica gel G254; mobile 

phase; hexane/ethyl acetate 4:1). Afforded (2.19) as an oil (0.63g, 92%). Vmax (CCI4)/ cm ' 

2931.0, 2880.2, 1496.3, 1110.0. ‘H NM R 5h ppm 1.95 (2H, qn, J, 7.2Hz, 14.5Hz, CH2), 2.32 

(2H, t, J 7.2Hz, Chb), 2.71 (2H, t, J 7.5Hz, CH2), 5.95 (2H, s, OCH2O), 6.70 (3H, m, 3 x ArH). 

'^C NM R 5c ppm 15.79 (CH2), 26.66 (CH2), 33.61 (CH2), 100.50 (OCH2O), 107.92 (ArCH), 

108.30 (AtCH), 119.07 (CN), 120.90 (A t€H ), 133.97 (qC), 145.70 (qC), 147.39 (qC).

^  Step

Synthesis o f intermediate, 4-(l,3-benzodioxol-5-yi)butanoic acid (2.20)^^

Synthesised from (2.19) (0.36g, 1.91 mmol) using the method described for the preparation o f

(2.14). Purified by flash column chromatography (stationary phase: silica gel G254; mobile 

phase: hexane/ethyl acetate 1:1). White solid (2.20) (0.39g, 98%). Vmax (KBr)/ cm ’ 3104.2, 

2926.2, 1700.9. 'H  NM R 6h ppm 1.67 (2H, m, CH2CH2), 2.37 (2H, m, CHb), 2.57 (2H, m, 

CH2), 5.93 (2H, s, OCH2O), 6.70 (3H, m, 3 x ArH), 10.27 (IH, br, COOH). '^C NM R 5c ppm 

23.68 (CH2), 30.57 (CH2), 33.48 (CH2), 100.29 (OCH2O), 107.85 (ArCH), 108.36 (ArCH), 

120.63 (ArCH), 135.41 (qC), 145.12 (qC), 147.08 (qC), 179.65 (COOH).

f'Step

Synthesis o f intermediate, 2,3,4,5,6-pentaf!uorophenyl-4-(I,3-benzodioxol-5-yl) butanoate 

(2.21)

Synthesised from (2.20) (0.34g, 1.63 mmol) using PFP (0.37g, 2.00 mmol) and DCC (0.52g, 2.5 

mmol) by the method described for the preparation o f  (2.15). Purified by flash column
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chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 4:1). 

White solid (2.21) (0.58g, 95%). v™x(KBr)/ cm'' 2930.2, 1791.2, 1627.8, 1244.8, 1091.6. ‘H 

NMR ftHPpm 2.07 (2H, m, CH2), 2.57 (4H, m, CH2CH2), 5.95 (2H, s, OChbO), 6.71 (3H, m, 3 

X ArH). '^C NMR 8^  ppm 26.07 (CH2), 31.89 (CH2), 33.95 (CH2), 100.42 (OCH2O), 107.82 

(AtCH), 108.37 (ArCH), 120.87 (ArCH), 133.97 (qC), 145.50 (qC), 147.29 (qC), 168.86 

(C=0).

6** Step-cyclisation o f (2.21) to afford (2.22)

Synthesis of 5,6,7,8-tetrahydronaphtho[23-d][131dioxol-5-one (2.22)'^

Synthesised from (2.21) (0.35g, 0.94 mmol) using the method described for the preparation of 

(2.16). Reaction time was 2 hours. Purified by flash column chromatography (stationary phase: 

silica gel G254; mobile phase: hexane/ethyl acetate 4:1). White solid (2.22) (0.14g, 79%). M.pt. 

75-76°C. ‘H NMR 6h ppm 2.10 (2H, m, CH2), 2.61 (2H, m, Chb), 2.88 (2H, m, CH2), 6.01 

(2H, s, OChbO), 6.67 (IH, s, ArH), 7.46 (IH, s, ArH). '^C NMR ppm 22.98 (CH2), 29.54 

(CH2), 38.07 (CH2), 101.17 (OCH2O), 105.76 (ArCH), 107.52 (ArCH), 126.76 (ArCH), 141.31 

(qC), 146.47 (qC), 151.76 (qC), 196.96 (C=0).

Formation of 6J-dihvdro-5iy-indeno[5.6-//lU3ldioxol-5-one (2.24)

f  Step

Synthesis o f  intermediate, 2,3,4,5,6-pentafluoropheny! 3-(l,3-benzodioxol-5-yl)propanoate 

(2.23)

To a stirred solution of 3-(l,3-benzodioxol-5-yl)propanoic acid (l.Og, 5.15 mmol) in DCM 

(lOmi) was added PFP (1.13g, 6.14 mmol) and DCC (1.59g, 7.72 mmol) at 0°C. After 2 hours, 

the suspension was filtered. The filtrate was concentrated in volume and purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 2:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (2.23) as a white powder (1.60g, 86%). M.pt. 38°C. Vmax (CCU)/ cm'' 2934.6, 2110.9, 

1790.3, 1520.9. 'H NMR Snppm 2.94 (2H, m, C l^), 3.04 (2H, m, CH2), 5.96 (2H, s, OCH2O),
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6.73 (3H, m, ArH). '^F NMR 6f ppm -153.11 (d, 2 x ArF), -158.57 (t, ArF), -162.88 (t, 2 x 

ArF). '^C NMR 5c ppm 30.40 (CH2), 35.21 (CH2), 100.90 (OCH2O), 108.34 (ArCH), 108.62 

(ArCH), 121.11 (ArCH), 132.57 (qC), 145.87 (qC), 147.40 (qC), 168.17 (C=0).

2"‘‘ Step-cycUsation of (2.23) to afford (2.24)

Synthesis of 6,7-dihydro-5H-indeno[5,6-dl][13Idioxol-5-one (2.24)'^^

The pentafluorophenyl ester (2,23) (1.5g, 4.16 mmol) was dissolved in PPA (12g) and heated to 

70°C with occasional stirring for 1 hour. On completion, the reaction was quenched by the 

addition of ice (lOOg) and extracted with diethyl ether (5 x 75ml). The organic extracts were 

combined, dried over sodium sulphate, filtered and evaporated to leave the crude product, which 

was purified by flash column chromatography (stationary phase, silica gel 230-400 mesh; 

mobile phase, 2:1; hexane/ethyl acetate). The homogenous fractions were collected and the 

solvent removed under reduced pressure leaving (2.24) as a pale yellow solid (0.65g, 89%). Vmax 

(CCI4)/ cm'' 2930.1, 1689.7, 1606.8. 'H NMR 6h ppm 2.67 (2H, m, CFb), 3.02 (2H, m, Ctb), 

6.06 (2H, s, OCH2O), 6.83 (IH, s, ArH), 7.09 (IH, s, ArH). ‘̂ C NMR 8c ppm 25.31 (CH2), 

36.25 (CH2), 101.71 (OCH2O) 101.80 (ArCH), 105.23 (ArCH), 131.27 (qC), 147.78 (qC), 

152.14 (qC), 153.74 (qC), 204.31 (C=0).

Formation of 4.5.6-trimethoxv-l-indanone (2.28)

fS tep

Synthesis of intermediate, 3-(2,3,4-trimethoxyphenyl)-2-propenoic acid (2.25)

To a stirred solution of 2,3,4-trimethoxybenzaldehyde (5.0g, 25.5 mmol) in pyridine (15ml) and 

piperidine (0.3ml) was added malonic acid (5.3Ig, 51.0 mmol). The reaction mixture was 

subsequently refluxed for 2 hours. On completion, the reaction was cooled to room temperature 

and quenched by the addition o f 2M aq. HCI (100ml). The crude product was extracted with 

ethyl acetate (3 x 50ml), and dried over sodium sulphate. After filtration, the solvent was 

removed in vacuo to afford the acid (2.25) as an oil (5.23g, 86%). The 'H NMR and '^C NMR 

data has been previously reported
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2"''Step

Synthesis o f intermediate, 2,3,4,5,6-pentaJluorophenyl 3-(2,3,4,-trimethoxyphenyl)propanoate 

(2.27)

To a stirred solution of (2.25) (4.0g, 16.8 mmol) in ethanol (15ml) was added 10% Pd/C (3.0g). 

The reaction mixture was stirred under an atmosphere o f hydrogen for 24 hours. The mixture 

was then filtered and the solvent was removed under reduced pressure to afford (2.26) as a white 

solid (3.96g, 98%). Compound (2.26) (l.Og, 4.16 mmol) was subsequently re-dissolved in 

DCM (10ml) at 0°C. To this solution was added PFP (0.92g, 5.0 mmol) and DCC (1.29g, 6.26 

mmol). The reaction was allowed to proceed for two hours. The suspension was filtered and 

the filtrate was reduced in volume before being purified by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 3:1 hexane/ethyl acetate). Ail 

homogenous fractions were collected and reduced in volume to afford (2.27) as a white waxy 

solid (I.56g, 93%). M.pt. 81-82T. v™x(CCU)/cm ' 2931.0, 2118.3, 1782.8, 1522.6. 'H NMR 

5Hppm 2.93-3.07 (4H, m, 2 x CH^), 3.86 (3H, s, OMe), 3.89 (3H, s, OMe). 3.95 (3H, s, OMe), 

6.63 (IH, d, J 8.5Hz, ArH), 6.89 (IH, d, J 8.5Hz, ArH). ‘‘̂ F NMR 5f ppm -153.15 (d, 2 x ArF), 

-158.86 (t, ArF), -163.10 (dd, 2 x ArF). '^C NMR 8, ppm 25.38 (CH2), 34.02 (CH2), 55.53 

(OMe), 60.23 (OMe), 60.38 (OMe), 106.76 (ArCH), 123.37 (ArCH), 124.68 (2 x qC), 141.84 

(qC), 151.42 (qC), 152.38 (qC), 168.54 (C=0).

3^Step-cyclisation o f (2.27) to afford (2.28)

Synthesis o f 4,5,6-trimethoxy-l-indanone (2.28)'''

Synthesised from (2.27) (1.50g, 3.70 mmol) using the method described for the preparation of 

(2.24). Reaction time was 3.5 hours. Purified by flash column chromatography (stationary 

phase: silica gel G 2 5 4 ;  mobile phase: hexane/ethyl acetate 4:1). Afforded (2.28) as a pale yellow 

solid (0.79g, 96%). M.pt. 76-78°C. Vnux(CCU)/cm"'2945.3, 1687.8, 1601.2. *HNMR6nppm 

2.66 (2H, t, J 5.5Hz, CHV), 3.04 (2H, t, J 5.5Hz, ArCHj), 3.88 (3H, s, OMe). 3.95 (3H, s, OMe), 

3.96 (3H, s, OMe), 7.02 (IH, s, ArH). '^C NMR 5c ppm 22.31 (CH2), 36.04 (CH2), 56.13 

(OMe), 60.48 (OMe), 60.96 (OMe), 100.59 (ArCH), 132.02 (qC), 141.09 (qC), 147.21 (qC), 

149.56 (qC), 153.79 (qC), 205.49 (C=0).
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Formation o f 5.6 J-trimethoxv-l-indanone (2.32)

f  Step

Synthesis o f  intermediate, 3-(3,4,5-trimethoxyphenyl)-2-propenoic acid (2.29)

Synthesised from 3,4,5-trimethoxybenzaldehyde (S.Olg, 25.59 mmol) and malonic acid (5.32g, 

51.19 mmol) in pyridine (15ml) and piperidine (0.3ml) using the method described for the 

preparation o f (2.25). Afforded (2.29) as a white solid (4.63g, 76%). The 'H NMR and '^C
197NMR data has previously published 

r ' ‘ Step

Synthesis o f  intermediate, 3-(3,4,5-trimethoxyphenyl)-2-propanoic acid (2.30)

Synthesised from (2.29) (3.98g, 16.75 mmol) using the method described for the preparation of 

(2.26). Afforded (2.30) as a clear oil (3.90g, 97%). The 'H NMR and '^C NMR data has been 

previously published'^*.

3^ Step

Synthesis o f  intermediate, 2,3,4,5,6-pentafluorophenyl 3-(3,4,5-trimethoxyphenyl)propanoate 

(2.31)

Synthesised fi-om (2J0) (0.97g, 4.04 mmol), PFP (0.9g, 4.89 mmol) and DCC (l.H g , 5.38 

mmol) using the method described for the preparation o f (2.27). Reaction time was 1.5 hours. 

Purified by flash column chromatography (stationary phase: silica gel G2 5 4 ; mobile phase: 

hexane/ethyl acetate 4:1). Afforded (2.31) as a white waxy solid (1.42g, 86%). M.pt. 23°C. Vmax 

(CCI4 )/ cm ' 2932.9,2118.9, 1789.8, 1520.4. 'H NMR 6 h ppm 2.55 (2H, m, C i^ ,  2.96 (2H, m, 

ArCfcb), 3.86 (3H, s, OMe), 3.89 (3H, s, OMe), 3.95 (3H, s, OMe), 6.63 (IH, d, ArH), 6.89 (IH, 

d, ArH). 'V  NMR 8 ,. ppm -153.15 (d, 2 x ArF), -158.62 (t, ArF), -163.10 (dd, 2 x ArF). '^C 

NMR 6 c ppm 25.38 (CH2), 34.02 (CH2), 55.92 (OMe), 60.63 (OMe), 60.79 (OMe), 107.13 

(At€H), 123.79 (AtCH), 124.68 (qC), 141.84 (qC), 151.42 (qC), 152.96 (2 x qC), 168.95 

(C=0).
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Step-cyclisation o f (2.31) to afford (2.32)

Synthesis of 5,6,7-trimethoxy-l-indanone (2.32)'

Synthesised from (231) (l.4g, 3.45 mmol) using the method described for the preparation of

(2.28). Reaction time was 3 hours. Purified by flash column chromatography (stationary phase: 

silica gel G254; mobile phase: hexane/ethyl acetate 5:1). Afforded (232) as a pale yellow solid 

(0.75g, 98%). M.pt. 106T. v ^ x  (C C I4 )/cm ' 2948.3, 1693.5, 1595.2. 'H NMR 5 h  ppm 2.63 

(2H, t, J 6.0Hz, CH2), 3.00 (2H, t, J 6.0Hz  ̂ArCHa), 3.84 (3H, s, OMe), 3.92 (3H, s, OMe), 4.03 

(3H, s, OMe), 6.66 (IH, s, ArH). ‘̂ C NMR 6c ppm 25.21 (CH2), 36.72 (CH2), 55.78 (OMe), 

60.88 (OMe). 61.43 (OMe), 103.31 (ArCH), 122.42 (qC), 140.23 (qC), 151.10 (qC), 152.69 

(qC), 159.20 (qC), 202.55 (C=0).

Formation of 1-indanone (2.39)

Step

Synthesis o f intermediate, 2,3,4,5,6-pentafluorophenyl 3-phenylpropanoate (2.33)

Synthesised from 3-phenylpropanoic acid (l.Og, 6.66 mmol), PFP (1.29g, 7.00 mmol) and DCC 

(1.55g, 7.50 mmol) using the method described for the preparation of (2.27). Reaction time was 

65 minutes. Purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 4:1 hexane/ethyl acetate). White solid (1.74g, 83%). M.pt. 30°C. Vmax 

(CCl4)/cm ' 2930.3, 1780.9, 1515.4, 1096.7. 'H NMR SHPpm 3.00 (2H, t, J 7.5 Hz, CH2), 3.10 

(2H, t, J 7.5Hz, CH2), 7.28 (5H, m, 5 x ArH). ' ‘̂ F NMR 6f ppm -153.15 (d, 2 x ArF), -158.65 (t, 

ArD, -162.96 (t, 2 x ArF). '^CNMR 8c ppm 30.20 (CH2), 34.46 (CH2), 126.23 (ArCH), 127.75 

(2 x ArCH), 128.23 (2 x ArCH), 138.82 (qC), 146.25 (qC), 168.24 (C=0).

2^ Step-cyclisation o f (2.33) to afford (2.39)

Synthesis of 1-indanone (2.39)

Synthesised from (233) (0.52g, 1.63 mmol) by the method described for the preparation of

(2.28). Reaction time was 5 hours. Purified by flash column chromatography (stationary phase;
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silica gel 230-400 mesh, mobile phase; 6:1 hexane/ethyl acetate). Clear oil (0.15g, 72%). The 

'H NMR and '^C NMR data has been previously published'^.

Synthesis of U3.4-tetrahvdro-l-naphthalenone (2.40)

fS te p

Synthesis o f intermediate, 2,3,4,5,6-pentafluorophenyl 4-phenyfbutanoate (2.34)

Synthesised from 4-phenylbutanoic acid (l.Og, 6.09 mmol), PFP (1.2g, 6.5 mmol) and DCC 

(1.44g, 7.0 mmol) using the method described for the preparation of (2.27). Reaction time was 

65 minutes. Purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 7:1 hexane/ethyl acetate). White solid (1.94g, 97%). M.pt. 31-32°C. Vmax 

(CCU)/ cm ' 2926.4, 1778.3, 1103.8. 'H NMR 6HPpm 2.14 (2H, qn, J 7.3Hz, CHj), 2.70 (2H, t, 

J 7.3Hz, CH2 ), 2.78 (2H, t, J 7.5Hz, CH2), 7.2 (5H, m, 5 x ArH). 'V  NMR ppm -153.40 (d, 2 

X ArF), -158.76 (t, ArD, -163.01 (t, 2 x ArF). '^C NMR d, ppm 25.85 (CH2), 32.05 (CH2), 34.27 

(CH2), 125.80 (ArCH), 128.01 (2xArCH), 128.09 (2 x ArCH), 140.21 (qC), 168.79 (C=0).

2^ Step-cyclisation o f (2.34) to afford (2.40)

Synthesis of l,2,3»4-tetrahydro-l-naphthalenone (2.40)

Synthesised from (2J4) (1.02g, 3.06 mmol) by the method described for the preparation of 

(2.28). Reaction time was 4 hours. Purified by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 9:1 hexane/ethyl acetate). Clear oil (0.36g, 80%). The 

'H NMR and '^C NMR data has been previously published^**.
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Formation of 6,7.8.9-tetrahvdro-5/r-beiiizo[flicvcloheDten-5-one (2.41)

Step

Synthesis o f intermediate, 2,3,4,5,6-pentafluorophenyl 5-phenylpentanoate (2.35)

Synthesised from 5-phenylpentanoic acid (l.Og, 5.61 mmol), PFP (l.lOg, 6.0 mmol) and DCC 

(1.34g, 6.5 mmol) using the method described for the preparation of (2.27). Reaction time was 

40 minutes. Purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 7:1 hexane/ethyl acetate). White solid (1.68g, 87%). 'H NMR 6wppm 1.3- 

1.4 (211, m, CH2), 1.7-1.95 (4H, m, CH2CH2), 2.7 (2H, t, J 7.0Hz, CH2), 7.22-7.34 (5H, m, 

ArH). '^F NMR 8p ppm -153.45 (d, 2 x ArF), -158.89 (t, ArF), -163.11 (t, 2 x ArF). '^CNMR 

5e ppm 23.88 (CH2), 30.06 (CH2), 32.69 (CH2), 34.97 (CH2), 125.46 (ArCH), 127.87 (2 x 

ArCH), 127.92 (2 X ArCH), 141.24 (qC), 168.84 (C=0).

2"** Step-cydisation o f (2.35) to afford (2.41)

Synthesis of 6,7,8,9-tetrahydro-5H-benzo[a|cyclohepten-5-one (2.41)

Synthesised from (235) (l.Og, 2.85 mmol) by the metiiod described for the preparation of 

(2.28). Reaction time was 6 hours. Purified by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 9:1 hexane/ethyl acetate). Clear oil (0.32g, 70%). The 

’H NMR and '^C NMR data has been previously published^®’.

Formation of 4-chromanone (2.42)

f S t e p

Synthesis o f  intermediate, 2,3,4,5,6-pentafluorophenyl 3-phenoxypropanoate (2.36)

Synthesised from 3-phenoxypropanoic acid (l.Og, 6.02 mmol), PFP (1.29g, 7.0 mmol) and DCC 

(1.55g, 7.5 mmol) using the method described for the preparation of (2.27). Reaction time was 

120 minutes. Purified by flash column chromatography (stationary phase; silica gel 230-400
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mesh, mobile phase; 4:1 hexane/ethyl acetate). White solid (1.65g, 83%). M.pt. 38°C. Vmax 

(KBr)/cm ‘ 2926.4, 1788.5, 1510.7, 1109.8. 'H NMR 6h ppm 3.15 (2H, t, J 6.0 Hz, CHb), 4.4 

(2H, t, J 6.0Hz, C ty , 6.9-7.4 (5H, m, 5 x ArH). 'V  NMR 5f ppm -152.96 (d, 2 x ArF), -158.31 

(t, ArF), -162.76 (t, 2 x ArF). ‘^CNMR 5c ppm 33.51 (CH2), 62.38 (OCH2), 114.26 (2 x ArCH), 

120.98 (ArCH), 127.88 (qC), 129.08 (2 x ArCH).

2 ^  Step-cyclisation o f (2,36) to afford (2.42)

Synthesis of 4-chroinanone (2.42)

Synthesised using (2J6) (l.Og, 3.01 mmol) by the method described for the preparation of 

(2.28). Reaction time was 6 hours. Purified by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 6:1 hexane/ethyl acetate). Clear oil (0.21 g, 48%). The 

’H NMR and '^C NMR data has been previously published^® .̂

Formation of 23.4^-tetrahvdro-l-benzoxepin-5-one (2.43)

Step

Synthesis o f intermediate, 2,3,4,5,6-pentafluorophenyl 4-phenyoxybutanoate (2.37)

Synthesised from 4-phenoxybutanoic acid (l.Og, 5.56 mmol), PFP (L2g, 6.5 mmol) and DCC 

(1.44g, 7.0 mmol) using the method described for the preparation of (2.27). Reaction time was 

50 minutes. Purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 3:1 hexane/ ethyl acetate). White solid (1.79g, 93%). 'H NMR 5n ppm 

2.27 (2H, qn, J 6.0Hz, CH2CH2CH2), 2.93 (2H, t, J 6.0Hz, CH2C=0), 4.10 (2H, t, J 6.0Hz, 

OCH2), 6.93 (2H, d, 8.0Hz, 2 x ArH'^“), 6.98 (IH, t, 8.0Hz, ArfcT"“), 7.32 (2H, t, 7.0Hz, 2 x 

ArĤ '̂̂ O) i9p pp^ -153.23 (d, 2 x Ar£), -158.59 (t, ArF), -162.88 (t, 2 x ArF). ‘̂ C

NMR 6c ppm 24.10 (CH2), 29.57 (CH2), 34.46 (CH2), 114.05 (2 x ArCH), 120.54 (ArCH), 

129.03 (2 x ArCH), 158.20 (qC), 168.19 (C=0).
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2^ Step-cyclisation of (2.37) to afford (2.43)

Synthesis of 2r3,4,5-tetrahydro-l-benzoxepin-5-one (2.43)

Synthesised from (2.37) (l.Og, 2.89 mmol) by the method described for the preparation of 

(2.28). Reaction time was 7 hours. Purified by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 9:1 hexane/ethyl acetate). Clear oil (0.33g, 71%). The 

'H NMR and '^C NMR data has been previously published̂ *̂ .̂

Synthesis o f intermediate, 2,3,4,5,6-pentafluorophenyl 4-phenylhexanoate (2.38)

Synthesised from phenylhexanoic acid (l.Og, 5.20 mmol), PFP (l.lOg, 5097 mmol) and DCC 

(1.34g, 6.50 mmol) using the method described for the preparation of (2.27). Reaction time was 

120 minutes. Purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 10:1 hexane/ethyl acetate). White solid (1.45g, 78%). 'H NMR 5n ppm 

1.20-2.70 (lOH, complex m, 5 x CHg), 7.20-7.31 (5H, m, 5 x ArH). ‘̂ F NMR 5y ppm -153.42 

(d, 2 x ArF), -158.87 (t, ArF), -163.09 (t, 2 x ArF). '^CNMR 5c ppm 25.41 (CH2), 28.37 (CH2), 

30.83 (CH2), 33.15 (CH2), 35.58 (CH2), 125.28 (ArCH), 127.83 (2 x ArCH), 127.88 (2 x 

ArCH), 141.77 (qC), 168.95 (C=0).

Synthesis of 23,4-trimethoxy-9-(4-methoxyphenyl)-6,7-dihydro-5H-benzo(aJcycloheptene 

(2.44)

To a stirred IM solution of 4-methoxyphenylmagnesium bromide (4.0ml, 4.0 mmol) in dry THF 

was added (2.01) (l.Og, 4.0 mmol) dissolved in dry THF (4ml) drop-wise under an N2 

atmosphere at 0°C for 20 minutes. The reaction was then refluxed for 2 hours. On completion, 

the reaction was quenched by the addition of 2M aq. HCl (50ml) and the product was extracted 

with diethyl ether (3 x 20ml). The extract was dried over sodium sulphate, filtered and the 

filtrate was concentrated in vacuo before being purified by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl acetate). All 

homogenous fractions were collected and reduced in volume to afford (2.44) as an oil (0.75g, 

55%). Vmax(CCl4)/ cm ' 2932.8, 1508.9, 1115.3. HRMS: found 341.1200 (MH^, requires
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(C21H24O4) 340.1675. GCMS m/z (%) 340 (100), 297 (13). 'H NMR (CDCI3, 400MHz) 5h 

ppm 1.97 (2H, q, J 7.0Hz, 14.5Hz, CHCH2), 2.13 (2H, m, CH2CH2CH2), 2.67 (2H, t, J 7.0Hz, 

ArChb), 3.70 (3H, s, OMe), 3.83 (3H, s, OMe), 3.92 (3H, s, OMe), 3.95 (3H, s, OMe), 6.35 

(IH, t, J 8.0Hz, C=CH), 6.39 (IH, s, {A-ring}ArH), 6 . 8 6  (2H, d, J 8.5Hz, {C-ring}ArH), 7.24 

(2H, d, J 8.5Hz {C-ring}ArH). '^C NMR 8 c ppm 23.15 (CH2), 25.06 (CH2), 34.5 (CH2), 54.8 

(OMe), 55.5 (OMe), 60.3 (OMe), 61.04 (OMe), 113.1 ( 2  x ArCH), 126.39 (qC), 126.48 

(C=CH), 127.2 (ArCH), 127.86 (qC), 128.52 (2 x ArCH), 134.3 (qC), 135.8 (qC), 140.7 (qC), 

141.8 (qC), 150.47 (qC), 158.44 (qC).

Synthesis of 23»4-trimethoxy-9-(3-methoxyphenyl)-6,7-dihydro-5H-benzo[a]cycloheptene 

(2.45)

To a stirred IM solution of 3-methoxyphenylmagnesium bromide (4.0ml, 4.0 mmol) in dry THF 

was added drop-wise (2.01) (l.Og, 4.0 mmol) dissolved in dry THF (4ml) under anhydrous 

conditions at 0°C for 20 minutes. The reaction was then refluxed for 2 hours. On completion, 

the reaction was quenched by the addition of 2M aq. HCl (50ml) and the product was extracted 

with diethyl ether (3 x 20ml). The combined extracts were dried over sodium sulphate, filtered 

and the filtrate concentrated in vacuo before being purified by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl acetate). All 

homogenous fractions were collected and reduced in volume to afford (2.45) as an oil (0.89g, 

6 6 %). Vmax(CCU)/ cm ' 2935.0, 2842.7, 1596.6, 1115.9. HRMS: found 341.1192 (MH^, 

requires (C21H24O4) 340.1675. GCMS m/z (%) 340 (100), 298 (8 ). 'H NMR (CDCI3, 400MHz) 

6 h ppm 1.97 (2H, m, CH2), 2.14 (2H, m, CH^), 2.68 (2H, t, J 6.7Hz, CH2), 3.70 (3H, s, OMe), 

3.81 (3H, s, OMe), 3.93 (3H, s, OMe), 3.95 (3H, s, OMe), 6.39 (IH, s, {A-ring}ArH), 6.44 (IH, 

t, J 7Hz, C=CH), 6.85 (3H, m, {C-ring}ArH), 7.24 (IH, t, J 7.5Hz, {C-ring}ArH). '^C NMR 5, 

ppm 23.14 (CH2), 25.12 (CH2), 34.37 (CH2), 54.79 (OMe), 55.59 (OMe), 60.39 (OMe), 61.09 

(OMe). 108.51 (ArCH), 111.99 (ArCH), 113.21 (ArCH), 120.14 (ArCH), 127.82 (qC), 128.23 

(AtCH), 128.58 (C-CH), 135.49 (qC), 140.76 (qC), 142.28 (qC), 143.14 (qC), 150.40 (qjC), 

150.54 (qC), 159.05 (qC).
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Synthesis of l^^-trimethoxy-5-(4-methoxyphenyI)-6,7,8,9-tetrahydro-5H- 

benzo(a]cycioheptene (2.46)

To a solution of (2.44) (O.lOg, 0.29 mmol) in ethanol/ethyl acetate (1:1, 6 ml) was added 10% 

Pd/C (0.1 Og). The reaction mixture was stirred under an atmosphere of hydrogen for 48 hours. 

On completion, the reaction was filtered and the solvent was removed in vacuo to aflbrd the 

product as a white solid (2.46). This was re-dissolved in DCM (~2ml) and purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 5:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (2.46) as a white powder (0.95g, 95%). M.pt 60-61°C. Vmax(CCU)/ cm ' 2926.7, 2852.3, 

1511.7, 1119.1. HRMS: found 343.1877 (MH^, requires (C21H26O4) 342.1831. GCMS m/z 

(%) 342 (100) 312 (23), 269 (3) 234 (10). 'H NMR (CDCI3, 400MHz) 8 h ppm 1.47 (IH, m, 

CH), 1.83 (2H, m, CHj), 2.08 (3H, m, CHCH2), 2.3 (IH, m, CHCH2), 3.03 (IH, m, CHCH2), 

3.62 (3H, s, OMe), 3.84 (6 H, s, 2 x OMe), 3.89 (3H, s, OMe), 4.20 (IH, d, J 8.5Hz, ArCHAr), 

6.09 (IH, s, {A-ring}ArH), 6.91 (2H, d, J 8.5Hz, {C-ring}ArH), 7.13 (2H, d, J 9.0Hz, {C- 

ring}ArH). '^C NMR 6  ̂ppm 24.99 (CH2), 27.24 (CH2), 29.61 (CH2), 33.72 (CH2), 48.67 (CH), 

54.78 (OMe), 55.32 (OMe), 60.33 (OMe). 60.85 (OMe). 108.30 (ArCH), 113.29 (2 x ArCH), 

128.38 (qC), 128.78 (2 x AtCH), 136.39 (qC), 139.88 (qC), 141.35 (qC), 149.94 (qC), 150.62 

(qC),l 57.40 (qC).

Synthesis of l^^-trimethoxy-5-(3-methoxyphenyl)-6,7^,9-tetrahydro-5H- 

benzo(a]cycloheptene (2.47)

To a solution of (2.45) (0.1 Og, 0.29 mmol) in ethanol/ethyl acetate (1:1, 6 ml) was added 10% 

Pd/C (0.1 Og). The reaction mi.vture was stirred under an atmosphere of hydrogen for 48 hours. 

On completion, the mixture was filtered and the solvent was removed in vacuo to afford a pale 

yellow solid (2.47) This was re-dissolved in DCM (~2ml) and purified by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 5:1 hexane/ethyl 

acetate). .All homogenous fractions were collected and reduced in volume to afford (2.47) as a 

white powder (0.093g, 94%). M.pt 101-102°C. (CCI4)/ cm ' 2927.6, 1598.2, 1588.3,

1489.2, 1118.9. HRMS: found 343.1943 (MH^, requires (C21H26O4) 342.1831. GCMS m/z
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(%) 342 (100), 312 (25). 'H  NMR (CDClj, 400MHz) 5h ppm 1.4 (IH, m, CH), 1.82 (2H, m, 

Chb), 1.98 (IH, m, CH), 2.15 (2H, m, Chb), 2.74 (IH, m, CH), 3.02 (IH, m, CH), 3.62 (3H, s, 

OMe), 3.81 (3H, s, OMe), 3.83 (3H, s, OMe), 3.88 (3H, s, OMe), 4.22 (IH, d, J 8.5Hz, 

ArCHAr), 6.12 (IH, s, {A-ring}ArH), 6.79 (3H, m, {C-ring}ArH), 7.26 (IH, t, J 7.5Hz, {C- 

ring}ArH). '^C NMR 5,. ppm 25.01 (CH2), 27.22 (CH2), 29.51 (CH2), 33.42 (CH2), 49.57 (CH), 

54.71 (OMe), 55.33 (QMe), 60.34 (OMe), 60.86 (OMe), 108.42 (ArCH), 110.83 (ArCH), 

113.96 (ArCH), 120.44 (ArCH), 128.47 (qC), 128.78 (ArCH), 139.95 (qC), 140.78 (qC), 145.91 

(qC), 149.96 (qC), 150.62 (qC), 159.28 (qC).

Formation of 2-methoxv-5-f23>4-trimethoxv-6»7-dihvdro-5H-benzo[aIcvclohepten-9- 

vDphenol (2.52)

f  Step

Synthesis o f intermediate, 5-bromo-2-methoxyphenol (2.48)

To a stirred solution of 5-bromo-2-anisaldehyde (2.0g, 9.3 mmol) in DCM (20ml) was added 

wCPBA (2.4g, 13.9 mmol) at 25°C. After 3 hours, the solvent was removed under reduced 

pressure and re-dissolved in methanol (100ml) to which potassium hydroxide (10.4g, 18.6 

mmol) in water (25ml) was added drop-wise at room temperature. After another 2 hours, the 

reaction was quenched by the addition of 2M aq. HCl (50ml) and the product extracted with 

diethyl ether (3 x 30ml). The extracts were combined, dried over sodium sulphate, filtered and 

the solvent was removed under reduced pressure. The final product was purified by fiash 

column chromatography (stationaiy phase; silica gel 230-400 mesh, mobile phase; 3:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (2.48) as a white waxy solid (1.7g, 90%). M.pt. 62-65°C. GCMS m/z (%) 202 (100), 

154(6). ' II NMR (CDCI3,400MIIz)5hppm 3.87(311, s, OMe), 5.67(111, br, O H ),6.73 (1H, d, 

J 9.0Hz, H-3’), 6.9 (IH, dd, J 2.5Hz, 9.0Hz, H-4’), 7.09 (IH, d, J 2.5Hz, H-6’). '^C NMR 6c 

ppm 55.80 (OMe), 112.78 (qC), 111.53 (ArCH), 117.55 (ArCH), 122.12 (ArCH), 145.45 (qC), 

146.05 (qC). The ’H NMR and '^C NMR data has been previously reported^® .̂

185



r “ Step

Synthesis o f  intermediate, (S-bromo-2-methox}>pheno.\y)(tert-butyl)dimethylsilane (2.50)

To a stirred solution of phenol (2.48) (l.Og, 4.92 mmol) in DMF (5ml) was added imidazole 

(0.84g, 12.3 mmol) and /t?r/-butyldimethylsilyl chloride (1.49g, 9.90 mmol) at room 

temperature. After 4 hours, the reaction was quenched by the addition of water (10ml) and the 

crude product was e.xtracted with diethyl ether (3 x 10ml). The combined organic extracts were 

collected, dried over sodium sulphate, filtered and the solvent was removed under reduced 

pressure. The final product was isolated by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 9:1 hexane/ethyl acetate). All homogenous fractions 

were collected and reduced in volume to afford (2.50) as an oil (1.50g, 96%). Vmax(CCl4)/ cm"' 

2944.2, 2859.6, 1586.0, 1498.7. 'H NMR (CDCI3, 400MHz) 8 h ppm 0.18 (6 H, s, CH3 SiCHj),

1.02 (2H, m, C(CH3j 3), 3.80 (3H, s, OMe), 6.73 (IH, d, J 9.0Hz, H-3’), 7.00 (IH, d, J 2.5Hz, H- 

6 ’), 7.04 (IH, dd, J 2.5Hz, 9.0Hz, H-4’). '^C NMR 6 , ppm -4.69 (CH3 SiCHj), 18.41 (C(CH3)3), 

55.61 (OMe), 112.36 (qC), 113.30 (AiCH), 124.08 (ArCH), 124.39 (ArCH) 146.02 (qC), 

150.45 (qC). The 'H NMR and '^C NMR data has been previously reported^^^.

3^ Step

Synthesis o f intermediate, tert-butyll2-methoxy-S-(2,3,4-trimethoxy-6,7-dihydro-5H- 

benzo[a]cyclohepten-9-yl)phenox}’]dimethylsilane (2.51)

To a dry 3-necked 50ml round bottom flask was added magnesium turnings (0.046g, 1.91 

mmol), anhydrous THF (2ml) and a crystal of iodine. To this mi.xture was added drop-wise a 

solution of (2.50) (0.56g, 1.76 mmol) dissolved in anhydrous THF (2ml) with vigorous stirring 

to maintain a gentle reflux. When the addition was complete, the mixture was refluxed for a 

further 15 minutes. The mixture was then allowed to cool to room temperature before (2.01) 

(0.3g, 1.2 mmol) dissolved in anhydrous THF (2ml) was added drop-wise. The reaction was 

then refluxed for a further 2 hours. On completion, the reaction was quenched by the addition of 

2M aq. HCl (5ml) and the product was extracted with diethyl ether (3 x 10ml), dried over 

sodium sulphate and filtered before the filtrate was reduced in volume in vaciio. The resulting 

oil was purified by flash column chromatography (stationary phase: silica gel 230-400 mesh.
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mobile phase: hexane/ethyl acetate 5:1). All homogenous fractions were collected and the 

solvent was removed in vacuo to afford (2.51) as a clear oil (0.13g, 23%). 'H NMR (CDCI3, 

400MHz) 6 h ppm 0.16 (6 H, s, CHjSiCFb), 1.00 (9H, s, SiQCHjb), 1-95 (2H, q, J 7.1Hz, 

14.0Hz, CH2 CtbCH 2), 2.15 (2H, qn, J 7.04Hz, 14.0Hz, CHCH2), 2.66 (2H, t, J 7.04Hz, ArChb), 

3.70 (3H, s, OMe), 3.83 (3H, s, OMe), 3.92 (3H, s, OMe), 3.94 (3H, s, OMe), 6.31 (IH, t, J 

7.2Hz, C=CH), 6.38 (IH, s, ArH), 6.82 (3H, m, .ArH). '^C NMR 6 c ppm -5.02 (CH3 SiCH3), 

17.97 (C(CH3)3), 23.12 (CH2), 25.04 (CH2), 25.27 (C(CH3)3), 34.54 (CH2), 55.11 (OMe), 55.46 

(OMe), 60.37 (OMe), 61.07 (OMe), 108.43 (ArCH), 118.30 (ArCH), 120.19 (ArCH), 120.85 

(ArCH), 126.34 (C=CH), 134.81 (qC), 135.82 (2 x qC), 140.65 (qC), 141.89 (qC) 144.17 (qC), 

149.83 (qC), 150.15 (qC).

Alternative synthesis o f intermediate, tert-butyi/2-methojQ>-5-(2,3,4-trimethoj(y-6,7-dihydro- 

5H-benzola]cyclohepten-9-yl)phenoxy]dimethylsilane (2.51)

To a stirred solution of bromide (2.50) (O.lOg, 0,31 mmol) in anhydrous THF (1ml) was 

added 2.5M A?-BuLi (0.12ml, 0.31 mmol) drop-wise at -78‘’C under anhydrous conditions. 

After 1 hour, whilst maintaining the reaction temperature at -78°C, a solution of (2.01) 

(0.026g, 0.10 mmol) dissolved in anhydrous THF (1ml) was added. After 12 hours, the 

reaction was quenched by the addition of 2M aq. HCl (5ml) and the crude product (2.51) 

extracted with diethyl ether, dried over sodium sulphate and filtered before the filtrate was 

reduced in volume in vacuo. The resulting oil was purified by flash column chromatography 

(stationary phase: silica gel 230-400 mesh, mobile phase: he.xane/ethyl acetate 5:1). All 

homogenous fractions were collected and the solvent was removed in vacuo to afford (2.51) as a 

clear oil (0.027g, 58%).

4^ Step-deprotection o f (2.51) to afford (2.52)

Synthesis of2-methoxy-5-(2^,4-trimefhoxy-6,7-dihydro-5H-benzo{aJcyclohepten-9- 

y!)pheno! (2.52)

To a stirred solution of (2.51) (0.13g, 0.27 mmol) in THF (1ml) was added IM TBAF (0.54ml, 

0.54 mmol) at room temperature. After 30 minutes, the reaction was quenched by the addition 

of water (2ml) was added and the product was extracted with ether (3 x 5ml). The ether e.xtracts
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were collected, dried over sodium sulphate, filtered and reduced in volume before being purified 

by flash column chromatography (solid phase; silica gel 230-400 mesh, mobile phase: 

hexane/ethyl acetate 4:1). All homogenous fractions were collected and the solvent was 

removed in vacuo to afford (2.52) as a white solid (0.096g, 100%). M.pt. 37-38°C. Vmax(CCU)/ 

cm ' 3392.4, 2931.6, 2837.4, 1507.6, 1109.7. GCMS m/z (%) 356 (100), 341 (4), 325 (5), 313 

(6 ), 218 (2). HRMS: found 357.1713 (MH^, requires (C21H24O5) 356.1624. 'H NMR 

(CDCI3, 400MHz) 5h ppm 1.95 (2H, q, J 7.0Hz, 14.5Hz, 2 x H-7), 2.12 (2H, qn, J 7.0Hz, 

14.0Hz, 2 X H-6), 2.66 (2H, t, J 6.7Hz, 2 x H-5), 3.71 (3H, s, OMe), 3.91 (6H, s, 2 x OMe), 3.94 

(3H, s, OMe), 5.57 (1H, s, br, OH), 6.34 (1H, t, J 7.0Hz, H-8), 6.40 (1H, s, H-1), 6.77-6.82 (2H, 

m, H-4’, H-3’), 6.91 (IH, d, J 1.5Hz, H-6’). '^C NMR 6c ppm 23.08 (C-5), 25.02 (C-7), 34.46 

(C-6), 55.55 (OMe), 55.57 (OMe), 60.38 (OMe), 61.06 (OMe), 108.50 (C-1), 109.86 (C-3’), 

113.74 (C-6’), 119.21 (C-4’), 123.29 (qC), 126.76 (C-8), 127.77 (qC) 135.38 (qC), 135.64 (qC), 

140.72 (qC), 141.82 (qC) 144.82 (qC), 145.43 (qC), 150.50 (qC).

Synthesis of 2-methoxy-5-(1^3-triInethoxy-6,7,8,9-tetrahydro-5H-benzo|aJcyclohepten-9- 

yl)phenoI (2.53)

To a solution of (2.52) (0.11 g, 0.308 mmol) in ethanol/ethyl acetate (1:1,4ml) was added slowly 

10% Pd/C (0.1 Og). The reaction mixture was stirred under an atmosphere of hydrogen for 48 

hours. On completion, the mixture was filtered and the solvent was removed under reduced 

pressure to afford (2.53) as a clear oil. This was re-dissolved in DCM (~2ml) and purified by 

flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (2.53) as an oil (O.lOg, 99%). Vn^(CCl4)/ cm'' 3455.2, 2921.1, 2847.8, 1507.6, 1115.0. 

HRMS: found 359.1828 (MfT), requires (C21H26O5) 358.1780. GCMS m/z (%) 358 (100), 327 

(II), 233 (4), 191 (10). 'H NMR (CDCI3,400MHz) 6HPpm 1.49 (IH, m, HCHCH2), 1.80 (2H, 

m, CH2), 1.96 (IH, m, HCHCH2), 2.09 (2H, m, CH2CH2), 2.74 (IH, m, HCHCH2), 2.96 (IH, m, 

HCHCH2), 3.65 (3H, s, OMe), 3.83 (3H, s, OMe), 3.88 (3H, s, OMe), 3.91 (3H, s, OMe), 4.15 

(IH, d, J 8.5Hz, ArCHAr), 5.59 (IH, s, OH), 6.15 (IH, s, ArH), 6.66 (IH, dd, J 2Hz, 8.5Hz, 

ArH), 6.83 (2H, m, ArH). '^C NMR 6c ppm 24.95 (CH2), 27.22 (CH2), 27.28 (CH2), 33.48 

(CH2), 48.94 (CH), 55.41 (OMe), 55.54 (OMe), 60.34 (OMe), 60.85 (OMe), 108.51 (ArCH),
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110.07 (AtCH), 114.22 (AiCH), 119.35 (ArCH), 128.41 (qC), 137.56 (qC), 140.97 (qC), 144.31 

(qC) 145.06 (qC), 149.95 (qC), 150.61 (qC).

Formation of 2-methoxv-5-(2«3>4-trimethoxv-6J-dihvdro-5//-beiizola]cvdoheDten-9-vl)- 

13-benzenediol (2.57)

f S t e p

Synthesis o f intermediate, 5-bromo-2-methoxy-l,3-benzenediol (2.54)

To a stirred suspension of l,3,5-tribromo-2-methoxybenzene (5.0g, 14.5 mmol) in anhydrous 

pentane (100ml) was added 2.5M «-BuLi (28.96ml, 72.4 mmol) at -20°C under anhydrous 

conditions, over a 10-minute period. The solution was allowed to warm to -15°C over 15 

minutes. Under subsequent cooling to -30”C, trimethylborate (8.55ml, 72.4 mmol) was added 

all at once. The reaction was subsequently warmed to 0"C over 30 minutes and then cooled to - 

I0“C. To this was added 40% solution of peracetic acid/acetic acid (15ml) over a period of 30- 

minutes. Upon completion of the addition, the solution was warmed to Ô C over 30 minutes and 

re-cooled to -I0”C whereupon saturated aqueous NaHS0 3  (15ml) was added over 30 minutes. 

On completion, water (lOOmi) was added and the product was extracted with diethyl ether (3 x 

100ml). The ether fractions were collected, dried over sodium sulphate, filtered and 

concentrated to an oily residue under reduced pressure, it was purified by flash column 

chromatography (stationary phase: silica gel G254; mobile phase: he.xane/ethyl acetate 3:1). All 

homogeneous fractions were collected and the solvent was removed in vacuo to afford (2.54) as 

a red solid (2.00g, 63%). ’H NMR (CDCI3, 400MHz) 5,i ppm 3.84 (3H, s, OMe), 5.84 (2H, br, 

s, 2 X OH), 6.56 (IH, d, J 2Hz, ArH), 6.77 (IH, d, J 2Hz, ArH). '^C NMR 5 c  ppm 24.47 (CH2), 

59.49 (OMe), 114.62 (qC), 117.58 (2 x ArCH), 142.04 (qC), 150.14 (2 x qC). The 'H NMR 

and C NMR data has been previously reported .
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2^ Step

Synthesis o f  intermediate, (5-bromo-3-ll-(tert-butyl)-l,l-itimethylsilyl]oxy-2- 

methoxyphenoxy)(tert-butyl)dimethylsilane (2.55)

To a stirred solution o f  (2.54) (3.68g, 16.8 mmol) in DMF (10m l) was added imidazole (6.28g, 

92.2 mmol) and /BDM SCl (5.57g, 36.9 mmol) at 2 5 T . After 1 hour, the reaction temperature 

was raised to 55°C and was allowed to proceed at this temperature for 10 hours. On completion, 

the reaction was quenched by the addition o f  sat. aq. NaCl (25ml) and the product extracted with 

diethyl ether (3 x  25ml). The organic extracts were collected, dried over sodium sulphate, 

filtered, and then concentrated to an oil. It was purified by flash column chromatography 

(stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 9:1). All homogeneous 

fractions were collected and the solvent was removed in vacua to afford (2.55) as a white waxy 

solid (5.65g, 75%). M.pt. 52-54°C. v™x(KBr)/ cm ‘ 2930.5, 1574.3, 1482.6, 1085.2, 1011.0. 

GCMS m/z (%) 447 (100), 375 (94), 73 (99). 'H NM R (CDCI3, 400M Hz) 5„ ppm 0.12 (6 H, s, 

CHjSiCHj), 0.23 (6 H, s, CHjSiChb), 0.93 (9H, s, C(CH3)3), 1 - 0 2  (9H, s, C(CH3)3), 3.84 (3H, s, 

OMe), 6.56 (IH , d, J 2Hz, ArH), 6.77 (IH , d, J 2Hz, ArH). '^C NM R 5c ppm -5.12 (2 x  

CHjSiCHj), 17.86 (2 x C(CH3)j), 25.20 (2 x C(CHj)3), 59.49 (OMe), 114.62 (qC), 117.58 (2 x 

ArCH), 142.04 (qC), 150.14 (2 x  qC).

3^ Step

Synthesis o f intermediate, tert-butyll3-[l-(tert-butyl)-l,l-dimethylsilyl]o.^-2-methoxy-5- 

(2,3,4-trimethoxy-6,7-dihydro-5H-benzo[a]cyclohepten-9~yl)phenoxy]dimethylsiiane (2.56)

To a stirred solution o f  bromide (2.55) (0.3g, 0.66 mmol) dissolved in anhydrous THF (2ml), 

was added 2.5M  «-BuLi solution in THF (0.26ml, 0.66 mmol) drop-wise at -78°C under 

anhydrous conditions. After 15 minutes, whilst maintaining the temperature at -78°C, a solution 

o f  (2.01) (0.055g, 0.22 mmol) in anhydrous THF (2ml) was added. After 2 hours, the 

temperature was allowed to increase slowly to 0°C and maintained at this temperature for 12 

hours. On completion, the reaction was quenched by the addition o f  2M aq. HCl (5ml) and the 

product was extracted using diethyl ether (3 x  10ml). It was dried over sodium sulphate, 

filtered, and the filtrate was concentrated to a clear oil. It was purified by flash column
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chromatography (stationary phase: silica gel G254; mobile phase; hexane/ethyl acetate 3:1). All 

fractions were collected and the solvent was removed in vacuo to afford impure (2.56) as an oil 

(0.046g). This intermediate was too difficult to purify and so was used directly in the next step.

4* Step-deprotection o f (2.56) to afford (2.57)

Synthesis o f 2-methoxy-5-(23»4-trimethoxy-6,7-dihydro-5H-benzo[alcyclohepten-9-yl)-13- 

ben/enediol (2.57)

To a stirred solution o f  (2.56) (0.19g, 0.32 mmol) in THF (1ml) was added IM aq. solution of  

TBAF (0.80ml, 0.80 mmol) at room temperature. After 1 hour, the reaction was quenched by 

the addition o f water (2ml) and the product was extracted with diethyl ether (3 x 5ml). The ether 

e.Ktracts were collected, dried over sodium sulphate, filtered and reduced in volume before being 

purified by flash column chromatography (solid phase: silica gel 230-400 mesh, mobile phase; 

hexane/ethyl acetate 1:1). All homogenous fractions were collected and the solvent was 

removed in vacuo to afford (2.57) as an oil (0.029g, 25%). Vmax (CCI4)/ cm ' 3371.4, 2931.6, 

2847.8, 1591.4, 1020.7. HRMS: found 373.1641 (MH^, requires (C21H24O6) 372.1573. GCMS 

m/z (%) 372 (100), 358 (14), 329 (10). 'H NMR (CDCI3, 400MHz) 5h ppm 1.93 (2H, q, J 

3.5Hz, 7.2Hz, CHiCtbCHj), 2 .11 (2H, qn, J 3.5Hz, 7.0Hz, CHCH2CH2), 2.63 (2H, t, J 7.0Hz, 

ArCH^, 3.73 (3H, s, OMe), 3.90 (3H, s, OMe), 3.92 (3H, s, OMe), 3.94 (3H, s, OMe). 5.33 

(2H, s, 2 X OH), 6.36 (IH, t, J 7.2Hz, C=CH), 6.40 (IH, s, ArH), 6.46 (2H, d, J 2Hz, 2 x .ArH). 

'^C NMR 5c ppm 23.05 (CH2), 25.01 (CH2), 34.29 (CH2), 55.65 (OMe), 60.39 (OMe), 60.71 

(OMe), 61.07 (OMe), 107.29 (2 x A i€H ), 108.55 (ArCH), 127.82 (C=CH), 133.38 (qC), 135.16 

(qC), 138.55 (qC), 140.82 (qC) 141.59 (qC), 147.99 (2 x qC), 150.40 (2 x qC), 150.53 (qC).
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Formation of 23,4-trimetfaoxv-9-(3,4<5-trimethoxvphenvn-6J-dihvdro-5fl- 

benzolalcvcioheptene (2.59)

fS te p

Synthesis o f  intermediate, 5-bromo-l,2,3-trimethoxy benzene (2.58)

To a stirred solution of dihydroxyanisole (2.56) (O.lOg, 0.46 mmol) in acetone (1ml) was added 

iodomethane (1ml) followed by K2CO3 (0.63g, 4.56 mmol). This mi.xture was refluxed for 2 

hours and on completion, the solvent was removed under reduced pressure to afford an orange 

oil, which was purified by flash column chromatography (stationary phase: silica gel G254; 

mobile phase: hexane/ethyl acetate 9:1). All homogeneous fractions were collected and the 

solvent was removed in vacuo to afford (2.58) as a white solid (0.1 Ig, 96%). 'H NMR (CDCI3, 

400MHz) 6 „ ppm 3.77 (3H, s, OMe), 3.79 (3H, s, 2 x OMe), 6.67 (2H, m, 2 x ArH). '^C NMR 

8 c ppm 55.78 (2 x OMe). 60.25 (OMe), 108.54 (2 x ArCH), 115.59 (qC), 136.96 (qC), 153.42 

(qC). The 'H NMR and '^C NMR data has been previously reported^^ .̂

r ' ‘ Step

Synthesis of 23*4-trimethoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H- 

benzo(aJcycloheptene (2.59)

To a stirred solution of bromide (2.58) (0.198g, 0.80 mmol) dissolved in anhydrous THF (2ml) 

was added 2.5M «-BuLi (0.32ml, 0.80 mmol) drop-wise at -78°C under anhydrous conditions. 

After 10 minutes, whilst maintaining the temperature at -78°C, a solution of (2.01) (0.1 g, 0.40 

mmol) in anhydrous THF (2ml) was added. After 2 hours, the temperature was raised slowly to 

0°C and maintained at this temperature for 12 hours. On completion, the reaction was quenched 

by the addition of 2M aq. HCl (5ml) and the product was extracted using diethyl ether (3 x 

1 0 ml). It was dried over sodium sulphate, filtered and concentrated to a clear oil. It was 

purified by flash column chromatography (stationary phase: silica gel G254; mobile phase: 

hexane/ethyl acetate 2:1). All homogeneous flections were collected and the solvent was 

removed in vacuo to afford (2.59) as an oil (0.14g, 44%). M.pt. 79°C. Vmax(CCl4)/ cm ' 2931.6, 

2847.8, 1575.7, 1114.9,. HRMS: found 401.1992 (MH^, requires (C23H28O6) 400.1886.
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GCMS m/z (%) 400 (100), 218 (2). 'H NMR (CDCI3, 400MHz) 8 h ppm 1.97 (2H, q, J 7Hz, 

MHz, CH2CH2CH2), 2.15 (2H, qn, J 7Hz, MHz, CHCH2 CH2), 2.67 (2H, I, J 6 .8 Hz, ArCHj), 

3.72 (3H, s, OMe), 3.83 (6 H, s, 2 x OMe), 3.88 (3H, s, OMe), 3.93 (3H, s, OMe), 3.95 (3H, s, 

OMe), 6.40 (2H, s, ArH, C=CH), 6.52 (2H, s, 2 x ArH). ‘̂ C NMR 5c ppm 23.25 (CH2), 25.15 

(CH2), 35.51 (CH2), 55.69 (OMe), 55.76 (2 x OMe), 60.37 (OMe), 60.44 (OMe), 61.06 (OMe), 

104.93 (2 X ArCH), 108.90 (ArCH), 127.66 (C=CH), 127.93 (2 x qC), 135.28 (qC), 137.40 

(qC), 140.85 (qC), 142.37 (qC), 150.45 (qC), 150.54 (qC), 152.49 (2 x qC).

Synthesis of l,2r3-trimethoxy-5-(3,4^-triInethoxyphenyI)-6,7,8,9-tetrahydro-5^- 

benzol«Jcycloheptene (2.60)

To a solution of (2.59) (0.07g, 0.17 mmol) in ethanol/ethyl acetate (1:1, 2ml) was added slowly 

10% Pd/C (0.07g). The reaction mixture was stirred under an atmosphere of hydrogen for 48 

hours. On completion, the mixture was then filtered and the solvent was removed under 

reduced pressure to afford (2.60) as an oil. This was re-dissolved in DCM (~2ml) and purified 

by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 3:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (2.60) as an oil (0.07g, 100%). Vmax(CCl4 )/cm ' 2931.6,2847.8, 1575.7, 1114.9. HRMS: 

found 403.2155 (MH^, requires (C23H30O6) 402.2042. GCMS m/z (%) 402 (100), 371 (10.4), 

323 (2.6), 297 (3), 234 (16.2), 196 (7.5). 'H NMR (CDCI3, 400MHz) 5h ppm 1.83 (3H, m, 

HCHCH2), 2.02 (2H, m, C ttC H 2), 2.17 (IH, m, HCH), 2.67 (IH, m, HCH), 3.14 (IH, m, 

HCH), 3.61 (3H, s, OMe), 3.83 (3H, s, OMe), 3.84 (6 H, s, 2 x OMe), 3.87 (3H, s, OMe). 3.88 

(3H, s, OMe). 4.17 (IH, d, J 9.0Hz, ArCHAr), 6.09 (IH, s, {A-ring}ArH), 6.46 (2H, s, {C- 

ring}2 x ArH). '^C NMR 5c ppm 23.46 (CH2), 27.58 (CH2), 30.54 (CH2), 34.34 (CH2), 50.01 

(CH), 55.70 (OMe), 56.06 (2 x OMe), 60.81 (OMe), 60.90 (OMe). 61.33 (OMe), 105.48 (2 x 

ArCH), 108.22 (ArCH), 128.35 (2 x qC), 135.75 (qC), 139.86 (qC), 141.06 (qC), 149.93 (qC), 

150.58 (qC), 152.65 (2 xqC).
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Formation of 2-methoxv-5-(2^.4-trimethoxv-6>7-dihvdro-5iy-benzofalcvclohepten-9- 

vnaniline (2.65)

I’̂ Step

Synthesis o f intermediate, 4-bronto-l-meihoxy-2-nitrobenzene (2.61)

To a stirred solution o f 4-bromo-2-nitrophenol (2.00g, 9.17 mmol) in acetone (20ml) was added 

iodomethane (0.57ml, 91.7 mmol) followed by K2CO3 (3.78g, 27.4 mmol). The reaction 

mixture was then gently refluxed for 6  hours. On completion, the solvent was removed under 

reduced pressure to afford (2.61) as an oil. The crude product was isolated by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 9:1 hexane/ethyl 

acetate). All homogenous fractions were collected and reduced in volume to afford (2.61) as a 

yellow solid (1.94g, 98%). (CCU)/cm ' 1604.2, 1516.7, 1343.7, 1267.8. 'H NMR (CDCb, 

400MHz) 5 ,1  ppm 4.52 (3H, s, OMe), 7.56 (IH, d, J 5.2Hz, ArH), 8.20 (IH, dd, J IHz, 8.5Hz, 

ArH), 8.53 (IH, d, J 2.5Hz, ArH). ‘̂ C NMR 6 , ppm 56.77 (OMe), 111.86 (qC), 115.20 

(ArCH), 128.31 (ArCH), 136.81 (ArCH), 137.62 (qC), 152.52 (qC). The 'H NMR and '^C 

NMR data has been previously published

Step

Synthesis o f intermediate, 5-bromo-2-methoxyaniUne (2.62)

To a stirred solution of (2.61) (1.39g, 6.47 mmol) dissolved in ethanol (20ml) was added conc. 

HCl (10ml) and powdered tin (1.4g) at room temperature. After 5 hours, the solvent was 

removed in vacuo and 2.5M aq. NaOH (30ml) was added slowly at OC. The product was 

extracted with diethyl ether (3 x 20ml) and the combined extracts were dried over sodium 

sulphate, filtered, and the filtrate concentrated under reduced pressure. The resulting oil was 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 9:1 hexane/ethyl acetate). All homogenous fractions were collected and reduced in 

volume to afford (2.62) as a white solid (1.21g, 93%). Vmax(CCl4 )/ cm'' 3460.7, 3371.5, 1500.1. 

‘H NMR (CDCI3, 400MHz) 5h ppm 3.84 (3H, s, OMe), 3.86 (2H, br, NH2), 6.64 (IH, d, J
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8.0Hz, ArH), 6,81 (IH, d, J 2.5Hz, ArH), 6.84 (IH, s, ArH). '^C NMR 8 c ppm 55.18 (OMe), 

111.22 (ArCH), 112.79 (qC), 116.86 (ArCH), 120.18 (ArCH), 137.26 (qC), 145.91 (qC).

step

Synthesis o f intermediate, l-(5-bromo-2-methoxyphenyl)-2,5-dimethyl-lH-pyrrole (2.63)

To a stirred solution o f  aniline (2.62) (1.17g, 5.79 mmol) in toluene (23ml) was added hexane- 

2,5-dione (0.82ml, 6.98 mmol) and acetic acid (1ml). The reaction was gently refluxed for 4 

hours. On completion, 5% Na(HC0 3 ) solution (10ml) was added and the product was extracted 

with diethyl ether (3 x 20ml). The organic extracts were collected, dried over sodium sulphate, 

and filtered. The solvent was removed in vacuo and the final product was isolated by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 9:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (2.63) as an off-white solid (1.21g, 75%). M.pt. 90-9rC. ‘H NMR (CDCI3 ,400M Hz) 6,1 

ppm 2.00 (6 H, s, {pyrrole ring} 2 x CH3), 3.79 (3H, s, OMe), 5.93 (2H, s, {pyrrole ring} 2 x 

CH), 6.94 (IH, d, J 8.5Hz, ArH), 7.33 (IH, d, J 2.5Hz, ArH), 6.84 (IH, dd, J 2.5Hz, 9.04Hz, 

ArH). '̂ C NMR 5c ppm 12.03 (2 x CH3), 55.50 (OMe), 105.22 ({pyrrole ring} 2 x CH), 111.69 

(qC), 113.14 (ArCH), 128.53 (2 x qC), 128.60 (qC), 131.68 (ArCH), 132.56 (ArCH), 154.88 

(qC).

4* Step

Synthesis o f intermediate, l-l2-methoxy-5-(2,3,4-trimethoxy-6,7-dihydro-5H- 

benzola]cyclohepten-9-yl)phenyl]-2,5-dimethyl-lH-pyrrole (2.64)

To a stirred solution o f  bromide (2.63) (0.23g, 0.82 mmol) dissolved in anhydrous THF (2ml) 

was added 2.5M «-BuLi (0.33ml, 0.82 mmol) drop-wise at -78°C under anhydrous conditions. 

After 10 minutes, whilst maintaining the temperature at -78°C, a solution o f  (2.01) (O.lg, 0.40 

mmol) in anhydrous THF (2ml) was added. After 2 hours, the temperature was raised slowly to 

0°C and maintained at this temperature for 12 hours. On completion, the reaction was quenched 

by the addition o f  2M aq. HCl (5ml) and the product was extracted with diethyl ether (3 x 10ml). 

The combined extracts were dried over sodium sulphate, filtered, and concentrated to a clear oil.
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The product was purified by flash column chromatography (stationary phase: silica gel G254; 

mobile phase: hexane/ethyl acetate 4:1). All homogeneous fractions were collected and the 

solvent was removed in vacuo to afford (2.64) as a clear oil (0.08g, 46%). Vmax (CCI4)/ cm"' 

2933.6, 1590.7, 1505.6. GCMS m/z (%) 434 (19), 433 (100), 420 (23), 390 (15). 'H NMR 

(CDCI3, 400MHz) 5h ppm 2.65 (2H, m, CI^), 2.00 (6 H, s, {pyrrole ring} 2 x CH3), 2.74 (2H, 

m, CH2), 2.97 (2H, m, CHj), 3.70 (3H, s, OMe), 3.86 (3H, s, OMe), 3.90 (3H, s, OMe), 3.96 

(3H, s, OMe), 5.90 (2H, s, {pyrrole ring} 2 x CH), 6.38 (IH, s, {A-ring}ArH), 6.41 (IH, t, J 

3.7Hz, C=CH), 6.68 (IH, s, {C-ring}ArH), 6.69 (IH, d, J 2.0Hz, {C-ring}ArH), 6.75 (IH, d, J 

8Hz, {C-ring}ArH). '^C NMR 5c ppm 12.12 (2 x CH3), 22.54 (CH2), 24.57 (CH2), 40.35 (CH2), 

55.53 (OMe), 60.38 (OMe), 60.91 (OMe), 61.04 (OMe), 104.79 ({pyrrole ring} 2 x CH), 106.55 

(ArCH), 107.11 (ArCH), 111.39 (ArCH), 111.59 (qC), 126.89 (qC), 126.92 (qC), 127.55 

(ArCH), 128.69 (C-CH), 128.46 (qC), 135.42 (qC), 141.14 (qC), 150.30 (qC), 150.79 (qC), 

154.52 (qC).

5** step-deprotection o f (2.64) to afford (2.65)

Synthesis of2-methoxy-5-(23,4-trimethoxy-6,7-dihydro-5H-benzo(aJcycloheptefi-9- 

yl)aniline (2.65)

To a stirred solution of (2.64) (O.OSg, 0.18 mmol) in ethanol (2ml) was added a solution of KOH 

(0.027g, 0.49 mmol) in ethanol/water (0.45ml:0.2ml) followed by hydroxylamine hydrochloride 

(0.068g, 0.84 mol). The reaction mixture was refluxed for 12 hours and on completion, the 

reaction was quenched by the addition of water (5ml). The product was extracted using diethyl 

ether (3 x 10ml) and the combined extracts were subsequently dried over sodium sulphate, 

filtered and concentrated to a clear oil. The product was purified by flash column 

chromatography (stationary phase: silica gel G254; mobile phase; hexane/ethyl acetate 3:1). All 

homogeneous fractions were collected and the solvent was removed in vacuo to afford (2.65) as 

a white solid (0.03Ig, 49%). M.pt. 36-37°C. Vn^(CCl4)/ cm ' 3473.0, 3373.6, 2933.3, 2853.9, 

1513.4. HRMS: found 355.1801, requires (C21H25NO4) 355.1784. GCMS m/z (%) 355 (100), 

312 (12), 250 (3). 'H NMR (CDCb, 400MHz) 6Hppm 1.93 (2H, q, J 3.2Hz, 7.2Hz, CH2), 2.12 

(2H, qn, J 3.2Hz, 6.8Hz, C=CHCH2), 2.65 (2H, t, J 2.7Hz, ArCHa), 3.71 (3H, s, OMe), 3.88 

(3H, s, OMe), 3.92 (3H, s, OMe), 3.94 (3H, s, OMe), 6.31 (IH, t, J 3.7Hz, C=CH), 6.42 (IH, s,
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{A-ring}ArH), 6.68 (IH, s, {C-ring}ArH), 6.69 (IH, d, J 2.0Hz, {C-ring}ArH), 6.75 (IH, d, J 

8Hz, {C-ring}ArH). '^C N.MR 5, ppm 24.30 (CH2), 26.77 (CH2), 40.79 (CH2), 55.29 (OMe), 

55.44 (OMe), 60.32 (OMe), 60.81 (OMe), 104.89 (ArCH), 106.55 (ArCH), 111.34 (ArCH), 

126.72 (qC), 126.92 (qQ, 127.55 (Ai€H), 128.69 (C=CH), 136.92 (qC), 140.70 (qC), 142.14 

(qC), 150.36 (qC), 150.45 (qC), 150.79 (qC), 154.63 (qC).

Formation of |2-methoxv-5-(6.7,8-trimethoxv-3.4-dihvdro-l-naDhthalenvnphenol (2.67) 

/^Step

Synthesis o f  intermediate, tert-butyll2-methoxy-5-(5,6,7-trimetho^-3,4-dihydro-l- 

naphthalenyl)phenoxyJdintethyisilane (2.66)

To a stirred solution of bromide (2.50) (0.64g, 2.02 mmol) in anhydrous THF (4ml) was added 

2.5M /7-BuLi (0.86ml, 2.02 mmol) drop-wise at -78°C under anhydrous conditions. After 10 

minutes, whilst maintaining the temperature at -78°C, a solution of tetralone (2.10) (0.24g, 1.02 

mmol) in anhydrous THF (4ml) was added. After 3 hours, the reaction was quenched by the 

addition of 2M aq. HCI (5ml) and the product extracted using diethyl ether (3 x 10ml). The 

combined extracts were dried over sodium sulphate, filtered, and the filtrate concentrated to an 

orange oil. The product was purified by flash column chromatography (stationary phase: silica 

gel G 2 5 4 ; mobile phase: hexane/ ethyl acetate 3:1). All homogeneous fractions were collected 

and the solvent was removed in vacuo to afford (2.66) as an oil (0.27g, 58%). Vmax ( C C I 4 ) /  cm ’ 

2953.9, 2847.8, 1507.6, 1115.0. ‘H NMR 5h  ppm 0.20 (6H, s, CHaSiCHs), 1.02 (9H, s, 

C(CHi)3), 2.35 (2H, m, Ctb), 2.82 (2H, t, J 7.5Hz, AtCFb), 3.68 (3H, s, OMe), 3.86 (3H, s, 

OMe), 3.90 (3H, s, OMe). 3.92 (3H, s, OMe), 6.00 (IH, t, J 5.0Hz, C=CH), 6.46 (IH, s, {A- 

ring}ArH), 6.88 (3H, m, {C-ring}3 x ArH). '^C NMR 6c ppm -5.13 (CHsSiCHj), -5.01 

(CHjSiCHj), 17.97 (C(CH3)3), 19.89 (CH2), 22.67 (CH2), 25.27 (C(CH3)3), 55.04 (OMe), 55.63 

(OMe), 60.39 (OMe), 60.45 (OMe). 105.97 (ArCH), 111.37 (ArCH), 121.08 (ArCH), 121.62 

(ArCH), 122.17 (qC), 126.10 (C=CH), 130.67 (qC), 133.28 (qC), 138.51 (qC), 141.04 (qC), 

144.17(qC), 149.75 (qC), 149.90 (qC), 150.61 (qC).
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2 ^ Step-deprotection o f (2.66) to afford (2.67)

Synthesis of [2-methoxy-5-(6,7,8-ti‘imethoxy-34-tlil»ydro-l-naphthaIenyI)phenol (2.67)

To a stirred solution of (2.66) (0.16g, 0.35 mmol) dissolved in THF (1ml) was added IM TBAF 

(0.35ml, 0.35 mmol) at 25°C. After 1 hour, the reaction was quenched by the addition of sat. aq. 

NaCl solution (2ml) and the product extracted using diethyl ether (3 x 5ml). The combined 

extracts were dried over sodium sulphate, filtered, and concentrated to a clear oil. The product 

was purified by flash column chromatography (stationary phase: silica gel G254; mobile phase; 

hexane/etliyl acetate 2;1). All homogeneous fractions were collected and the solvent was 

removed in vacuo to afford (2.67) as a white solid (O.llg, 92%). M.pt 100-101 °C. Vmax(CCl4)/ 

cm'* 3413.7, 2933.5, 2825.9 1506.4, 1113.2. HRMS; found 343.1666 (MlT), requires 

(C21H22O5) 342.1467. GCMS m/z (%) 342 (100), 328 (8). NMR 5nppm 2.35 (2H, m, CEb), 

2.80 (2H, t, J 7.5Hz, ArCIfc), 3.69 (3H, s, OMe), 3.89 (3H, s, OMe), 3.91 (3H, s, OMe), 3.94 

(3H, s, OMe), 5.65 (IH, br, OH), 6.03 (IH, m, CCH), 6.49 (IH, s, {A-ring} ArH), 6.87 (2H, m, 

{C-nng}2 X ArH), 6.96 (IH, m, {C-ring} ArH). NMR 5, ppm 20.34 (ArCH2), 22.67 

(C=CHCH2), 55.95 (OMe), 56.18 (OMe), 60.85 (OMe), 60.90 ({C-2’}OMe), 106.12 ({A- 

nng}AiCH), 109.93 ({C-ring} Ai€H), 114.69 ({C-ring} ArCH), 119.93 (C-ring}ArCH), 122.30 

(qC), 126.27 (C=CH), 130.51 (qC), 133.85 (qC), 138.51 (qC), 141.08 (qC), 144.88 (qC), 145.37 

(qC), 149.89 (qC), 150.59 (qC).

Formation of 5-r7^-dihvdronaphthol23-</lll31dioxol-5-vlV2-methoxvphenol (2.69)

Step

Synthesis o f intermediate, tert-bufyl/5-(7,8-<Iihydronaphtho/2^-dJfl,3/dioxol-5-yl)-2- 

methoxyphenoxyjdimedtyhUane (2.68)

Synthesised using (2.22) (0.38g, 2.02 mmol) and (2.50) (1.28g, 4.03 mmol) by the method 

described for tlie preparation of (2.66). Purified by flash column chromatography (stationary 

phase: silica gel G 2 5 4 ;  mobile phase: hexane/ethyl acetate 3:1). Afforded (2.68) as an oil (0.77g, 

93%). ‘H NMR 5h ppm 0.19 (3H, s, CHjSiCIi), 0.21 (3H, s, CH^SiCHs), 1.09 (9H, s, 

C(CH3)3), 2.34 (2H, m, CHCli), 2.82 (2H, t, J 4.7Hz, ArCIfe), 3.86 (2H, s, OMe), 5.90 (2H, s.
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OCHgO), 5.96 (IH, t, J 4.7Hz, C=CH), 6.61 (IH, s, ArH), 6.73 (IH, tn, ArH), 6.88 (3H, m, 3 x 

ArH). '^C NMR 6c ppm -5.01 (CHjSiCHj), 18.00 (C(CH3)3), 23.11 (CH2), 25.31 (C(CH3)3), 

28.15 (CH2), 55.12 (OMe), 100.22 (OCH2O), 106.27 (ArCH), 107.85 (ArCH), 121.49 (ArCH), 

124.28 (C=CH), 128.84 (qC), 130.34 (qC), 133.38 (qC), 138.71 (qC), 144.27 (qC), 145.29 (qC), 

145.45 (qC), 149.79 (qC).

2^ Step-deprotection of (2.68) to afford (2.69)

Synthesis of 5-(7,8-dihydronaphtho[2^-dJ[l^]dioxol-5-yl)-2-methoxyphenol (2.69)

Synthesised from (2.68) (0,17g, 0.41 mmol) using the method described for the preparation of 

(2.67). Purified by flash column chromatography (stationary phase: silica gel G254; mobile 

phase: hexane/ethyl acetate 2:1). Afforded (2.69) as a white solid (0.12g, 98%). M.pt. 161- 

163°C. vmax (KBr)/ cm ' 3441.2, 1579.7, 1124.2. GCMS m/z (%) 296 (100), 281 (10), 252 

(2.6). HRMS: found 297.1140 (MH^, requires (C,8H,604) 296.1049. 'H NMR 8h ppm 2.34 

(2H, dt. CH2), 2.80 (2H, t, J 8.0Hz, ArCHg), 3.94 (3H, s, OMe) 5.61 (IH, br, OH), 5.90 ()H, m, 

OCfcbO), 5.96 (IH, t, J 4.7Hz, C-CH), 6.61 (IH, s, {A-ring}ArH), 6.72 (IH, s, {A-ring}ArH), 

6.84 (2H, m, {C-ring}2 x ArH). 6.84 (IH, m, {C-ring}ArH). '^C NMR 5cppm 23.08 (CH2), 

28.14 (CH2), 55.57 (OMe), 100.21 (OCH2O), 106.28 (ArCH), 107.85 (ArCH), 110.10 (ArCH), 

114.60 (ArCH), 119.87 (ArCH), 124.53 (C=CH), 128.71 (qC), 130.36 (2 x qC), 134.01 (qC), 

138.72 (qC), 144.88 (qC), 145.25 (qC), 145.36 (qC).

Formation of 5-(5//-indeno[5.6-rfHUldioxol-7-vl)-2-inethoxvphenol (2.71)

f  Step

Synthesis o f intermediate, tert-butyll5-(5H-indenof5,6-dJfl,3Jdioxol-7-yl)-2- 

methoxyphenoxyjdimethylsilane (2.70)

Synthesised using (2.24) (0.12g, 0.68 mmol) and (2.50) (0.43g, 1.36 mmol) by the method 

described for the preparation of (2.66) except after 2 hours at -78°C, the temperature was raised 

slowly to 0°C and maintained at this temperature for 12 hours. The product was purified by 

flash column chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl
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acetate 4:1). Afforded (2.70) as an oil (0.14g, 52%). 'H NMR 5Hppm 0.27 (6H, s, CHjSiCHj),

1.09 (9H, s, QChbjb), 3.42 (2H, m, CH2), 3.89 (2H, s, OMe). 6.00 (2H, s, OCH2 O), 6.40 (IH, 

m, C=CH), 7.12 (5H, m, 5 x ArH). ‘̂ C NMR 5cppm -5.01 (CHaSiCHj), 18.05 (C(CH3)3), 25.31 

(C(CH3)3), 37.45 (CH2), 55.12 (OMe), 100.50 (OCH2 O), 104.92 (ArCH), 111.87 (ArCH), 

119.93 (Ai€H), 121.29 (Ai€H), 128.15 (C=CH), 137.69 (qC), 138.17 (qCX 143.98 (qC), 

144.66 (qC), 145.41 (qC), 146.17 (qC), 150.21 (qC), 150.65 (qC).

2 ^  Step-deprotection o f (2.70) to afford (2.71)

Synthesis of 5-(5H-indeno[5,6-dj[l^ldioxol-7-yl)-2-methoxyphenol (2.71)

Synthesised from (2.70) (0.1 g, 0.25 mmol) using the method described for the preparation of 

(2.67). Purified by flash column chromatography (stationary phase: silica gel G2 5 4; mobile 

phase: hexane/ ethyl acetate 2:1). Afforded (2.71) as a white solid (0.070g, 98%). M.pt. 140- 

142°C. HRMS: found 283.0990 (MH^, requires (C,7H,4 0 4 ) 282.0892. GCMS m/z (%) 282 

(100), 268 (50), 239 (10). v^x (KBr)/ cm ' 3459.6, 1575.6, 1505.4, 1118.2. 'H NMR 8h ppm 

3.40 (2H, m, CH2), 3.96 (3H, s, OMe) 5.69 (IH, br, OH), 5.98 (IH, m, OCH2 O), 6.42 (IH, m, 

C=CH), 6.94 (IH, d, J 6.5Hz, ArH), 7.02 (IH, s, ArH), 7.05 (IH, dd, J 2Hz, 8.5Hz, ArH), 7.10 

(IH, s, ArH), 7.16 (IH, d, J 2Hz, ArH). '^C NMR 5cppm 37.46 (CH2 ), 55.59 (OMe), 100.49 

(OCH2O), 101.06 (ArCH), 104.88 (ArCH), 110.30 (ArCH), 113.49 (AtC), 118.83 (ArCH), 

128.42 (C=CH), 129.27 (qC), 137.52 (qC), 138.12 (qC), 143.91 (qC), 145.24 (qC), 145.38 (qC), 

146.11 (qC).

General procedure for the oxidation at the allylic position involving SeOa

To a stirred solution of the reactant in dioxane (or the other solvents used) was added SeOa (5 

molar equivalents) at room temperature. The reaction was then refluxed for 10 hours, cooled 

and filtered. The filtrate was concentrated and the residue purified by flash column 

chromatography.

200



General procedure for the oxidation at the allylic position involving Jones’ reagent

To a stirred solution o f the reactant in acetone at 0°C was added Jones’ reagent drop-wise until 

the colour o f the reaction mixture remained green. The reaction was allowed to continue at this 

temperature for 8 hours. Any unreacted Jones’ reagent was quenched by the addition o f 2- 

propanol. Analysis o f the reaction by TLC indicated the formation o f numerous by-products, it 

was decided to discontinue trying to pursue the synthesis o f the targeted compound employed in 

this route.

Attempted allylic oxidation of (2.45) using KiCrzO?

To a stirred solution of (2.45) (0.3g, 0.88 mmol) in acetic acid/acetic anhydride (2:1; 1.5ml) was 

added K2Cr2 0 7  (0.26g, 0.13 mmol) portion-wise whilst heating the mixture at 40°C. After 48 

hours, the reaction was quenched by the addition of water (5ml) and the product extracted using 

diethyl ether (3 x 5ml). The organic extracts were collected, dried over sodium sulphate and 

filtered before being concentrated to an oil under reduced pressure and purified by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl 

acetate). All homogenous fractions were collected, reduced in volume and the product (3.01) 

was afforded as an oil (0.25g, 76%) and not the anticipated enone. 'H NMR (CDCI3, 400Mhz) 

5HPpm 1.85 (2H, m, CHj), 2.38 (2H, m, CH2), 2.60 (2H, m, C tb), 3.8 (3H, s, OMe), 3.87 (3H, 

s, OMe), 3.94 (3H, s, OMe), 3.95 (3H, s, OMe), 6.62 (IH, s, ArH), 7.28 (IH, d, ArH), 7.4 (3H, 

m,ArH), 9.69 (IH, s, CHO).
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Formation of 4-|6-(3-hvdroxv-4-methoxvbenzovn-2 J,4-trimethoxvphenvllbutanal (3.02)

Instep

Synthesis of intermediate, 9-[3-(ben7ylo^)-4ethylphenyll-2,3,4-trimethoxy-6,7-dihydro-5h- 

benzofajcycloheptene (3.03)

To a stirred solution of phenol (2.52) (0.14g, 0.39 mmol) in DMF (2ml) was added cesium 

carbonate (0.19g, 0.59 mmol) and benzyl bromide (0.042ml, 0.32 mmol) at 25°C for 1.5 hours. 

On completion, the reaction was quenched by the addition of sat. aq NaCl solution (10ml) and 

the product extracted using diethyl ether (3 x 10ml). The organic extracts were collected, dried 

over sodium sulphate, filtered, and concentrated to a clear oil under reduced pressure. The oil 

was purified by flash column chromatography (stationary phase: silica gel G254; mobile phase: 

hexane/ethyl acetate 9:1). All homogeneous fractions were collected and the solvent was 

removed in vacuo to afford (3.03) as a clear oil (0.17g, 95%). 'H NMR (CDCI3, 400MHz) 6h 

ppm 1.95 (2H, q, J 7.0Hz, 14.5Hz, CH2), 2.15 (2H, qn, J 7.0Hz, 14.0Hz, C i^ ,  2.66 (2H, t, J 

6.7Hz, ArCHg), 3.71 (3H, s, OMe), 3.91 (6H, s, 2 x OMe), 3.94 (3H, s, OMe). 4.82 (2H, s, 

OCHiPh), 6.34 (IH, t, J 7.0Hz, C=CH), 6.40 (IH, s, ArH), 6.79 (2H, m, ArH), 6.91 (IH, d, J 

1.5Hz, ArH), 7.36 (5H, m, 5 x ArH). '^C NMR 5c ppm 23.08 (CH2), 25.02 (CH2), 34.46 (CHz), 

55.55 (OMe), 55.57 (OMe), 60.38 (OMe), 61.06 (OMe), 69.58 (OCH2Ph), 108.50 (ArCH), 

109.13 (ArCH), 113.74 (ArCH), 119.21 (AiCH), 123.29 (qC), 126.76 (C=CH), 126.98 (2 x 

AiCH), 127.57 (AiCH), 127.77 (qC), 128.13 (AtCH), 135.38 (qC), 135.64 (qC), 140.72 (qC), 

141.82 (qC) 144.82 (qC), 145.43 (qC), 150.50 (qC).

2T‘step

Synthesis o f intermediate, 4-{6-l3-(ben7yloxy)-4-methoxybenwylJ-2,3,4- 

trimethoxyphenyl}butanal (3.04)

To a solution of (3.03) (O.lg, 0.22 mmol) in acetic anhydride/acetic acid (2:1; 1.5ml) was added 

K2Cr2 (> 7  (0.098g, 0.33 mmol) with stirring at 45°C. After 3 hours, the reaction was quenched 

by the addition of 5% aq. NaHCOs (10ml) and the product extracted with diethyl ether (3 x 

10ml). The organic extracts were combined, dried over sodium sulphate, filtered and
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concentrated, to an orange oil under reduced pressure. The oil was purified by flash column 

chromatography (stationary phase; silica gel G254; mobile phase; hexane/ethyl acetate 2;1). All 

homogeneous fractions were collected and the solvent was removed in vacuo to afford (3.04) as 

a clear oil (0.049g, 47%). (CCI4)/ cm ' 2934.3, 1721.1, 1655.1, 1592.8. GCMS m/z (%)

461 (M^+1) (96), 460 (100), 400 (3), 370 (12), 341 (14). 'H NMR 5h ppm 1.81 (2H, m, CH2), 

2.34 (2H, dt, J 6.5Hz, 1.5Hz, CHg), 2.54 (2H, t, J 4.2Hz, ArCHb), 3.78 (3H, s, OMe), 3.95 (6H, 

s, 2 X OMe), 3.97 (3H, s, OMe), 5.19 (2H, s, OCHaPh), 6.54 (IH, s, ArH), 6.90 (IH, d, J 8.5Hz, 

ArH), 7.36 (4H, m, 4 x ArH), 7.44 (2H, d, 2 x ArH), 7.53 (IH, d, J 1.5Hz, ArH), 9.67 (IH, s, 

HC=0). '^C NMR ppm 23.12 (CH2), 25.93 (CH2), 42.93 (CHj), 56.04 (OMe), 56.07 (OMe), 

60.70 (OMe). 60.95 (OMe). 70.54 (OCH2Ph), 107.21 (ArCH), 110.30 (Ai€H), 114.47 (ArCH), 

125.48 (ArCH), 126.08 (qC), 126.98 (2 x ArCH), 127.57 (ArCH), 128.13 (2 x ArCH), 129.96 

(qC), 134.16 (qC), 136.05 (qQ, 143.01 (qC), 147.67 (qD, 150.77 (qC), 151.92 (qQ, 153.87 

(qC), 195.90 (HC=0), 202.07 (C=0).

Step-deprotection o f (3.04) to afford (3.02)

Synthesis of 4-(6-(3-hydroxy-4-methoxybenzoyl)-2^,4-trimetho3cyphenylJbutanal (3.02)

To a solution of aldehyde (3.04) (0.032g, 0.067 mmol) in ethanol (1ml) was added 10% Pd/C 

(0.02g). The reaction mixture was stirred under an atmosphere of hydrogen for 16 minutes. On 

completion, the mixture was filtered and concentrated to an oil. It was purified by flash column 

chromatography (stationary phase: silica gel G254; mobile phase; hexane/ethyl acetate 2;1). All 

homogeneous fictions were collected and the solvent was removed in vacuo to afford (3.02) as 

as an oil (0.022g, 88%). v™x(CCU)/ cm ' 3403.8, 2938.8, 1721.6, 1654.2. GCMS m/z (%) 388 

(M ,̂ 13), 370 (100), 353 (20), 342 (21). 'H NMR 8h ppm 1.83 (2H, m, Chh), 2.36 (2H, dt, J 

6.5Hz, 1.5Hz, CH2), 2.58 (2H, t, J 4.2Hz, ArCH2), 3.81 (3H, s, OMe), 3.94 (6H, s, 2 x OMe). 

3.99 (3H, s, OMe), 5.69 (IH, s, OH), 6.60 (IH, s, ArH), 6.91 (IH, d, J 8.5Hz, ArH), 7.41 (2H, 

m, ArH), 9.69 (IH, s, HC=0). '^C NMR 6c ppm 23.14 (CH2), 25.93 (CH2), 42.94 (CH2), 55.67 

(2 X OMe), 60.30 (OMe), 60.56 (OMe). 106.96 (ArCH), 109.38 (AtCH), 115.57 (ArCH), 

123.59 (ArCH), 126.13 (qC), 130.83 (2 x qQ, 134.17 (qQ, 144.98 (qQ, 150.49 (qQ, 150.80 

(qQ, 151.94 (qQ, 201.07 (2 x C=0).
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General procedure for the attempted bromination at the allylic position of biaryl alkenes 

using A^-bromosuccinimide

To a stirred solution of biaryl alkene (0.10 mmol) in CCI4 or aaa-trifluorotoluene (3ml) was 

added NBS (0.15 mmol) and a catalytic amount of dibenzoyl peroxide or 

azobiscyclohexanecarbonitrile. The reaction was initiated either by reflux or using a light source 

for 1 hour. After being allowed to react for this period of time, the reaction mixture was filtered, 

reduced in volume and the residue was analysed by TLC.

Synthesis o f intermediate, 3-(3,4,5-trimethoxyphenyl)~l-propanol (3.05)

Synthesised using the method described for the preparation of (2.11). 'H NMR (CDCI3, 

400MHz) 5nppm 1.91 (2H, m, CH2), 2.65 (2H, m, CH2), 3.71 (2H, m, CH2), 3.84 (3H, s, OMe), 

3.85 (6 H, s, 2 X OMe), 6.45 (2H, s, 2 x ArH). '^C NMR 5c ppm 32.11 (CH2), 34.96 (CH2), 

55.70 (2 X OMe), 60.40 (OMe), 61.76 (CH2), 104.95 (2 x ArCH), 137.44 (qC), 135.98 (qC),

151.95 (2 x q Q .

Synthesis o f  intermediate, 3-(3,4,5-trimethojiyphenyl)-l-propanal (3.06)

To a stirred solution o f (3.05) (0.30g, 1.33 mmol) in DCM was added 20% w/w PCC on basic 

alumina (1.61g, 1.5 mmol) at 0°C. After 20 minutes, the reaction temperature was raised to 

25°C. After 1 hour, the solvent was removed and the residue was then purified by flash column 

chromatography (solid phase; silica gel 230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). 

All homogenous flections were collected, reduced in volume to afford (3.06) as a yellow oil 

(0.19g, 6 6 %). v™x(CCU)/ cm ' 2940.8, 2839.2, 1723.7, 1589.9. 'HN M R (CDCI3, 400MHz) 5h 

ppm 2.70 (2H, t, J 7.2Hz, CH2), 2.82 (2H, t, J 7.2Hz, CH2), 3.74 (3H, s, OMe), 3.76 (6 H, s, 2 x 

OMe). 6.35 (2H, s, 2 x ArH), 9.73 (IH, s, CHO). '^C NMR 8 e ppm 27.91 (CH2), 44.76 (CH2), 

55.52 (2 x OMe). 60.20 (OMe). 104.85 (2 x ArCH), 135.70 (qC), 135.98 (qC), 152.74 (2 x qC),

200.95 (C O ).
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Synthesis o f intermediate, l-(l,3-dioxalan-2-yi)-4-(3,4,5-trimethoxyphenyl)-2-butanol (3.07)

To a dry 100ml 3-necked round bottom flask was added magnesium turnings (0.07 Ig, 2.92 

mmol) in dry THF (10ml) and a crystal of I2 . To this stirred suspension was added drop-wise 2- 

(2-bromoethyl)-l,3-dioxalane (0.24g, 1.33 mmol) ensuring that the reaction was gently 

refluxing. The aldehyde (3.06) (0.3g, 1.33 mmol) was subsequently added at room temperature 

over 30 minutes. After refluxing the solution for 1 hour, the reaction was quenched by the 

addition of 2M aq. HCl (10ml). The product was extracted using diethyl ether, dried over 

sodium sulphate, filtered and the filtrate reduced in volume before being purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 1:1 

hexane/ethyl acetate). All homogenous frm:tions were collected and reduced in volume to 

afTord (3.07) as an orange oil (0.1 Og, 24%). Vmax (CCI4 )/ cm ' 3479.7, 2938.4, 1589.7, 1127.2. 

'H NMR (CDCI3, 400MHz) 6 h ppm 1.57 (IH, m, CH2CH), 1.79 (4H, m, OCH2CH2O), 2.55 

(2H, m, Ctb), 2.61 (IH, m, CH), 3.63 (IH, m, CHOH), 3.79 (3H, s, OMe), 3.81 (6 H, s, 2 x 

OMe), 3.94 (2H, m, CHCH2CH), 4.87 (IH, m, OCHO), 6.40 (2H, s, 2 x ArH). '^C NMR 8 c 

ppm 30.05 (CH2), 31.23 (CH2), 32.65 (CH2), 38.00 (CH2), 55.55 (2 x OMe), 60.02 (OMe), 

65.10 (CH(0 H)CH2CH), 70.55 (CHOH), 104.32 (OCHO), 105.99 (2 x ArCH), 135.58 (qC), 

137.52 (qC), 152.54 (2xqC).

Synthesis o f intermediate, I-(3,4,5-trimethoxyphenyl)-5-hexen-3-ol (3.08)

To a stirred 2M solution of allyl magnesium bromide (1.32ml, 2.66 mmol) in anhydrous THF 

(6 ml) was added (3.06) (0.30g, 1.33 mmol) at 0°C under an anhydrous conditions. When the 

addition was complete, the reaction temperature was raised to room temperature. After 2 hours, 

the reaction was quenched by the slow, drop-wise addition of 2M aq. HCl (10ml). The product 

was isolated after extracting the reaction mixture with diethyl ether (3 x 15ml). The combined 

organic layers were dried with sodium sulphate, filtered and reduced in volume to afford the 

crude product, which was purified by flash column chromatography (stationary phase; silica 

gel 230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions were 

collected and reduced in volume to afford (3.08) as an orange oil (0.3Ig, 8 8 %). v̂ ax (CCI4)/ cm' 

' 3436.5, 2936.9, 2838.1, 1589.9, 1128.0. 'H NMR (CDCI3, 400MHz) 5h ppm 1.76 (2H, m.
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CH2), 2.22 (2H, m, CH2), 2.68 (2H, m, CH2), 3.67 (IH, m, CHOH), 3.80 (3H, s, OMe), 3.82 

(6H, s, 2 X OMe). 5.12 (2H, m, CHCHCH 2), 5.80 (IH, m, H C C H 2), 6.41(2H, s, ArH). '^C 

NMR 5c ppm 32.32 (CH2), 38.11 (CH2), 41.66 (CH2), 55.54 (2 x OMe). 60.39 (OM^, 69.50 

(CHOH), 104.93 (2 x ArCH), 117.62 (CH=CH2), 134.17 (C H C H 2) 135.39 (qC), 137.45 (qC), 

152.60 (2 xqC).

Attempted synthesis o f 3-hydroxy-5-(3,4,5-trimethoj^phenyl)pentanal (3.09)

To a stirred solution of (3.07) (0.1 Og, 0.38 mmol) in THF (10ml) was added water (5ml) and 5% 

aq. HCl (5ml) at 0°C for 15 minutes. The reaction was quenched by the addition of water (5ml) 

and the product was extracted with diethyl ether (3 x 5ml). The extracts were collected and the 

solvent was removed in vacuo. As TLC analysis of the reaction indicated the formation of a 

higher Rf spot, it was decided to discontinue trying to pursue the synthesis of the targeted 

compound by this route.

Synthesis o f intermediate, 4-(3,4,5-trimethoyyphenyl)-2-butanone (3.14)

To a solution of (3.11) (0.1 OOg, 0.42 mmol) in ethanol (5ml) and ethyl acetate (5ml) was added 

10% Pd/C (0.1 Og). The reaction was stirred under an atmosphere of H2 for 12 hours. On 

completion, the reaction was filtered and the solvent removed under reduced pressure to leave 

an oil, which was purified by flash column chromatography (stationary phase; silica gel 230- 

400 mesh, mobile phase; 4:1 hexane/ethyl acetate). All homogenous fractions were collected 

and reduced in volume to afford (3.14) as an oil (0.096g, 95%). GCMS m/z (%) 238 (100), 174 

(13). 'H NMR (CDCI3, 400MHz) 6h ppm 2.15 (3H, s, COCHj), 2.77 (4H, m, 2 x CH^), 3.81 

(3H, s, OMe), 3.84 (6H, s, 2 x OMe). 6.40 (2H, s, ArH). The experimental data has been 

previously reported'*^.

Attempted synthesis of 3-oxo-5-(3,4,5-trimethoxyphenyl)pentanal (3.10)

To a stirred solution of (3.08) (0.1 Og, 0.37 mmol) in acetic acid (1ml) was added potassium 

dichromate (0.22g, 0.75 mmol) at 40°C for 5 hours. The reaction mixture was quenched by
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filtration and the filtrate partitioned between ether and water. The organic layer was isolated and 

the aqueous layer extracted again with ether. The combined organic layers were dried with 

sodium sulphate, filtered and evaporation o f the solvent left a residue, which was purified by 

flash column chromatography.

Synthesis of intermediate, 4-(3,4,5-trimethoxyphenyl)-3-buten-2-one (3.11)

To a stirred solution o f 3,4,5-trimethoxybenzaldehyde (3.00g, 15.3 mmol) in acetone (3.06ml, 

42.0 mmol) was added 2.5M aq. NaOH (1ml) at room temperature for 1.5 hours. On 

completion, the reaction mixture was filtered and the filtrate evaporated under reduced pressure 

to afford a yellow sludge. This was re-dissolved in DCM (10ml) and purified by flash column 

chromatography (stationary phase; silica gel 230^00 mesh, mobile phase; 4:1 hexane/ethyl 

acetate). All homogenous fractions were collected and reduced in volume to afford (3.11) as an 

orange oil (2.0g, 56 %). 'H NMR (CDCI3, 400MHz) 6h ppm 2.26 (3H, s, COCHi), 3.85 (3H, s, 

OMe), 3.86 (6H, s, 2 x OMe), 6.38 (2H, s, ArH), 6.67 (IH, d, J 8.5Hz, CH=CH), 7.47 (IH, d, J 

8.5Hz, CH=CH). The experimental data has been previously reported

Attempted synthesis of S-hydroxy-l-(3,4,S-trimethoxyphenyl)-l-penten-3-one (3.12)

To a stirred solution o f (3.11) (0.30g, 1.27 mmol) in ethanol (10ml) was added formaldehyde 

(1ml) and 2.5M aq. NaOH (1ml) at room temperature. After 1 hour, the reaction was quenched 

with the addition o f water (10ml) and the products were extracted using diethyl ether, washed 

with sat. aq. NaCl and dried over sodium sulphate. After filtration, the filtrate was evaporated, 

however, due to the formation o f a large number of by-products, the sample was not purified 

flirther.

Attempted synthesis of 3-oxo-5-(3,4,5-trimethoj^phenyl)-4-pentenal (3.13)

To a stirred solution o f (3.11) (O.lOg, 0.42 mmol) in anhydrous THF (5ml) was added LDA 

(4.72ml, 42.3 mmol) under anhydrous conditions at -78°C. After 10 minutes, ethyl formate 

(0.03ml, 0.42 mmol) was added drop-wise and the reaction was allowed to proceed for 40
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minutes at this temperature before being raised to room temperature for 1 hour. On completion, 

the reaction was quenched by the addition of 2M aq. HCl and the products were extracted using 

diethyl ether, dried over sodium sulphate, filtered and then reduced in volume before being 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 4:1 hexane/ethyl acetate). All homogenous fractions were collected and the solvent was 

removed in vacuo to afford (3.11) as an oil (0.1 Og, 100%).

Attempted synthesis of 3-oxo-5~(3,4,5-trimethoxyphenyl)pentenal (3.15)

To a stirred solution of (3.14) (0.1 Og, 0.42 mmol) in anhydrous THF (5ml) was added LDA 

(4.72ml, 0.42 mmol) under anhydrous conditions at -78°C. After 10 minutes, ethyl formate 

(0.03ml, 42.3 mmol) was added drop-wise and the reaction was allowed to proceed for 40 

minutes at this temperature before being raised up to room temperature for 1 hour. On 

completion, the reaction was quenched by the addition of 2M aq. HCl and the products were 

extracted using diethyl ether, dried over sodium sulphate, filtered and then reduced in volume 

before being purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 4:1 hexane/ethyl acetate). All homogenous fractions were collected and 

the solvent was removed in vacuo to afford (3.14) as an oil (0.1 Og, 100%).

Formation of 2 J.4-trimethoxv-7.7-dithian-2-vl-6.7,8.9-tetrahvdro-5H- 

benzo[alcvclohepten-5-one (3.20)

f S te p

Synthesis o f intermediate, methyl 5-hydroxy-3-oxo-5-(3,4,5-trimetho^phenyl)pentanoate 

(3.16)

To anhydrous THF (10ml) was added NaH (0.12g, 5.09 mmol) at 0°C. To this suspension, was 

added methyl acetoacetate (0.59g, 5.09 mmol) was added drop-wise over 10 minutes. After the 

addition was complete, 1.6M «-BuLi (3.2ml, 5.09 mmol) was added drop-wise by syringe over 

a 10 minute period at 0°C. The reaction was allowed to stir for 30 minutes, after which time 

3,4,5-trimethoxybenzaldehyde (l.OOg, 5.10 mmol) dissolved in dry THF (10ml) was added
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drop-wise. After 3 hours, the reaction was quenched with sat. NH4 CI and extracted with diethyl 

ether (3 x 25ml). The organic extracts were collected, dried over sodium sulphate, filtered and 

the solvent was removed under reduced pressure. The resulting residue was purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 3:1 

hexane/ethyl acetate). All homogenous fractions were collected, reduced in volume to afford 

(3.16) as a yellow oil (0.95g, 60%). 'H NMR (CDCI3 , 400MHz) 5h ppm 2.98 (2H, m, 

C(0 H)CH2 C0 ), 3.7 (3H, s, COOCH^, 3.51 (2H, s, COCH2 CO), 3.85 (3H, s, OMe), 3.88 (6 H, 

s, 2 x OMe), 5.15 (IH, dd, J 3.5Hz, 9.0Hz, CHOH), 6.61 (2H, s, ArH). '^C NMR 8 c ppm 49.44 

(COCH2CO), 51.21 (ArCHCH2), 53.23 (CH3), 55.65 (2 x OMe), 60.30 (OMe), 69.59 (CHOH), 

102.19 (ArCH), 103.52 (qC), 136.05 (qC), 152.55 (2 x qQ , 166.92 (COOMe), 202.10 

(CH2COCH2 ).

2!̂  Step
Synthesis o f intermediate, methyl 3-oxo-5-(3,4,5-trimethoxyphenyl)pentanoate (3.17)

To a stirred solution of (3.16) (0.20g, 0.64 mmol) in ethanol/ethyl acetate (1:1, 4ml) was added 

2M aq. HCl (2mi) and 10% Pd/C (0.20g). TTie reaction mixture was stirred under a H2 

atmosphere for 72 hours. On completion, the reaction was filtered, washed with 5% aq. 

NaHCOj and extracted with diethyl ether. The organic extracts were collected, dried over 

sodium sulphate, filtered and the solvent was removed under reduced pressure. The resulting 

residue was purified flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions were collected, 

reduced in volume to afford an oil (3.17) (0.062g, 33%). 'H NMR (CDCI3, 400MHz) 5h ppm

2.85 (4H, s, ArCHaCHa), 3.45 (2H, s, COChbCO), 3.7 (3H, s, COOCH3), 3.80 (3H, s, OMe),

3.85 (6 H, s, 2 X OMe), 6.44 (2H, s, 2 x ArH). '^C NMR 5̂  ppm 29.32 (CH2), 44.07 

(COCH2CO), 48.64 (ArCH2), 51.83 (CH3), 55.66 (2 x OMe), 60.37 (OMe), 104.96 (ArCH), 

135.84 (qC), 136.33 (qC), 152.65 (2 x qC), 166.68 (COOMe), 201.20 (CH2COCH2).
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Alternative formation o f (3.17)

f S t e p

Synthesis o f intermediate, 3,4,5-trimethoJiyben^l alcohol (3.21)

To a stirred solution of 3,4,5-trimethoxybenzylaldehyde (S.OOg, 25.5 mmol) in ethanol (50ml) 

was added sodium borohydride (1.13g, 30.0 mmol) at 0°C. After 1 hour, the solvent was 

removed under reduced pressure, washed with water (30ml) and the product was extracted with 

diethyl ether (3 x 30ml). The combined ether extracts were dried over sodium sulphate, filtered 

and the filtrate was evaporated. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel 230^00 mesh, mobile phase; 1:1 hexane/ethyl 

acetate). All homogenous fractions were collected, reduced in volume to aflFord (3.21) as an oil 

(4.85g, 96%). ‘H NMR (CDCI3,400MHz) 6h ppm 3.85 (3H, s, OMe), 3.86 (3H, s, OMe), 3.94 

(3H, s, OMe), 4.60 (2H, s, CH2), 6.63 (IH, d, J 8.6Hz, ArH), 6.97 (IH, d, J 8.6Hz, ArH). '^C 

NMR 5c ppm 55.55 (OMe). 60.27 (OMe). 60.69 (OMe). 60.82 (CH2), 106.69 (ArH), 122.86 

(ArH), 126.50 (qC), 141.62 (qC), 151.37 (qC), 153.16 (qC).

2^ Step

Synthesis o f intermediate, 3,4,5-trimethoj^benzyl bromide (3.22)

To a stirred solution of (3.21) (4.50g, 22.7 mmol) in diethyl ether (50ml) was added PBra 

(5.34ml, 34.0 mmol) drop-wise at -20°C. After 2 hours, the reaction was quenched with ice- 

water (50ml) and the product was extracted with diethyl ether (5 x 25ml), washed with 5% aq. 

NaHCOs, dried over sodium sulphate and filtered. The filtrate was evaporated and the residue 

was dried in vacuo for several hours to yield a white solid (4.68g, 79%). GCMS m/z (%) 260 

(M^, 8), 181 (100). 'H NMR (CDCI3, 400MHz) 5h ppm 3.69 (3H, s, OMe), 3.76 (6H, s, 2 x 

OMe), 4.45 (2H, s, CtbBr), 6.64 (2H, s, ArH). '^C NMR 8c ppm 34.92 (CHaBr), 55.85 (2 x 

OMe), 61.05 (OMe), 106.11 (2 x Ai€H), 132.68 (qC), 137.81 (qC), 154.82 (2 x qC).
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3^ Step

Alternative synthesis of (3.17)

To a stirred solution o f anhydrous THF (10ml) was added NaH (0.506g, 21.08 mmol) at 0°C. 

To this suspension was added methyl acetoacetate (2.44g, 21.08 mmol) slowly over 10 minutes. 

When the addition was complete 1.6M «-BuLi (13.17ml, 21.08 mmol) was added by syringe 

over a 10 minute period at 0°C. The reaction was allowed to stir for 30 minutes, after which 

time, the bromide (3.22) (5.0g, 19.15 mmol), dissolved in dry THF (10ml) was added drop-wise. 

After 2.5 hours, the reaction was quenched by the addition of sat. aq. NH4 CI (25ml) and the 

product was extracted with diethyl ether (3 x 25ml). The combined ether extracts were dried 

over sodium sulphate, filtered and the filtrate was evaporated. The resulting residue was 

purified flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 4:1 hexane/ethyl acetate). All homogenous fractions were collected and reduced in 

volume to afford (3,17) as a yellow oil (3.91 g, 69%).

3^ Step

Synthesis o f intermediate, methyl 2-[2-(3,4,5-trimethoxyphenethyl)-l,3-dithian-2-yl]acetate 

(3.18)

To a stirred solution o f (3.17) (2.8g, 9.45 mmol) in anhydrous DCM (10ml) was added propan- 

1,3-dithiol (1.41g, 1.13 mmol) at -20°C followed by the drop-wise addition of Bp3 .0 Et2  (1ml, 

6.62 mmol). After 1 hour, the reaction was quenched with water and extracted with diethyl 

ether (3 x 15ml). The combined ether extracts were washed with water (10ml), washed with 

2.5M aq. NaOH (10ml) and water (10ml) again. The organic fiactions were subsequently dried 

over sodium sulphate, filtered and the solvent removed under reduced pressure before purifying 

the resulting residue by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 2:1 hexane/ethyl acetate). All homogenous fractions were collected, 

reduced in volume to afford (3.17) as a yellow oil (2.44g, 67%). 'H NMR (CDCI3 ,400MHz) 6 h 

ppm 1.97 (2H, m, SCH2 CH2 CH2 S), 2.35 (2H, m, SCH2 CH2 CH2 S), 2.85 (4H, m, 2 x CH2 ), 3.06 

(2H, m, SCH2 CH2 CH2 S), 3.13 (2H, s, CH2 CO), 3.68 (3H, s, COOCH3 ), 3.82 (3H, s, OMe), 3.85 

(6 H, s, 2 x OMe), 6.45 (2H, s, 2 x ArH). '^C NMR 5c ppm 24.33 (SCH2CH2 CH2 S), 26.89
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(SCH2CH2CH2 S), 30.12 (CH2CS), 41.98 (CH2 CH2CS), 42.30 (CH2CO), 49.94 (SCS), 51.20 

(COOCH3), 55.62 (2 X OMe), 60.22 (OMe), 105.02 (2 x ArCH), 135.91 (qC), 136.65 (qC), 

152.97 (2 X qC), 168.99 (COOCH3). The decarboxylated derivative of (3.18) was also formed. 

GCMS m/z (%) 328 (43), 221 (100). 'H NMR (CDCI3 ,400Mhz) Snppm 1.70 (3H, s, Cljb), 2.0 

(2H, m, SCH2CH2CH2 S), 2.35 (2H, m, SCH2 CH2CH2 S), 2.75 (2H, m, SCH2CH2CH2 S), 2.85 

(4H, m, ArCiiCtb), 3.81 (6 H, s, 2 x OMe). 3.86 (3H, s, OMe). 6.42 (2H, s, ArH). '^C NMR 5̂  

ppm 24.35 (SCH2CH2CH2 S), 26.90 (SCH2 CH2CH2 S), 28.13 (CH3), 31.22 (CH2CS), 43.68 

(CH2CH2CS), 49.95 (SCS), 56.66 (2 x OMe), 60.54 (OMe). 105.10 (2 x ArCH), 136.29 (qC), 

137.76 (qC), 152.99 (2 x qC).

^  Step

Synthesis of intermediate, 2-f2-(3,4,5-trintethoj<yphenethyl)-l,3-dithian-2-yilacetic acid (3.19)

To a stirred solution of (3.17) (0.1 Og, 0.26 mmol) in methanol (5ml) was added NaOMe (0.55g, 

10.18 mmol). To this solution was added water (2ml) and the reaction was allowed to proceed 

for 3 hours at room temperature. On completion, the solvent was evaporated and water (10ml) 

was added to the resulting residue. The aqueous layer was extracted with ether (3 x 10ml) and 

acidified with 2M aq. HCI. The product was isolated after extraction with ether (3 x 10ml). The 

organic fractions were combined, dried over sodium sulphate, filtered and the solvent was 

removed under reduced pressure to afford (3.19) as a white solid which was dried under vacuo 

for several hours (0.067g, 70%). This product was not purified and was used directly in the next 

step.

5* Step-cyclisation

Synthesis of 23,4-trimethoxy-7,7-dithian-2-yl-6,7,8,9-tetrahydro-5H-benzo[alcyclohepten- 

5-one (3.20) via the synthesis of 2-[2-(3,4^trimethoxyphenethyl)-13-dithian-2-yl]ethanoyl 

chloride

To a stirred solution of (3.19) (0.20g, 0.53 mmol) in dry DCM (1ml) was added DMF (I drop) 

and a 2M solution of oxalyl chloride in IX!M (0.4ml, 0.80 mmol) under anhydrous conditions at 

-10°C. After stirring the mixture for 1 hour, the solvent was removed in vacuo to afford the acid
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chloride as a yellow oil. This was re-dissolved in anhydrous DCM (6ml) and powdered AICI3 

(0.023g, 0.17 mmol) was added portion-wise whilst maintaining the reaction temperature at - 

10°C. After 3 hours, the solvent was removed and the red residue was purified by flash column 

chromatography (solid phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl 

acetate). All homogenous fractions were collected and the solvent was removed in vacuo to 

afTord (3.20) as a yellow oil (0.063g, 33%). Vn^(CCU)/ cm ' 2928.3, 1684.3, 1119.0. 'H NMR 

(CDCI3, 400MHz) 5h ppm 2.01 (IH, m, HCH), 2.19 (IH, m, HCH), 2.35 (2H, m, CH2 ), 2.85 

(2H, m, CH2 ), 3.09-3.21 (4H, m, 2 x CH2), 3.60 (2H, s, CH2 CO), 3.90 (3H, s, OMe), 3.91 3H, s, 

OMe), 3.97 (3H, s, OMe), 6.38 (IH, s, ArH). '^C NMR 5̂  ppm 24.61 (CH2), 27.42 

(SCH2CH2CH2 S), 32.90 (CH2), 42.16 (CH2), 47.61 (SCS), 52.14 (CH2), 55.99 (OMe), 56.01 

(OMe), 60.59 (OMe), 105.49 (ArH), 143.12 (qC), 156.98 (2 x qC), 158.79 (qC), 200.49 (C=0).

Synthesis of intermediate, 2,3,4,5,6-pentafluorophenyl 3,3-dithianyl-5-(3,4,5- 

trimethoxyphenyl)pentanoate (3.23)

To a stirred solution of (3.19) (1.5g, 4.03 mmol) in DCM (10ml) was added DCC (1.24g, 6.02 

mmol) and PFP (1.1 Ig, 6.03 mmol) at 0°C. After 3 hours, the reaction was filtered and the 

filtrate was concentrated to ~2ml before purifying the residue by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl acetate). All 

homogenous fictions were collected and the solvent was removed in vacuo to afford (3.23) as a 

white waxy solid (1.54g, 71%). 'H NMR (CDCI3, 400MHz) 5h ppm 1.94 (IH, m, HCH), 2.17 

(IH, m, HCH), 2.42 (2H, m, CH2), 2.85 (4H, m, 2 x SCH2 ), 3.12 (2H, m, CH2 ), 3.51 (2H, s, 

CH2 CO), 3.83 (3H, s, OMe). 3.85 (6H, s 2 x OMe), 6.45 (2H, s, 2 x ArH). ‘V  NMR 5f ppm - 

151.94 (2 x F), -158.05 (1 x F), -162.69 (2 x F). '^C NMR 8̂  ppm 24.26 (CH2), 26.06 (2 x 

CH2), 30.31 (CH2), 41.06 (CH2), 41.84 (CH2), 49.95 (SCS), 55.60 (2 x OMe). 60.36 (OMe). 

105.02 (2 X  ArH), 136.39 (qC), 152.77 (qC).

213



Formation of l,J3-triniethoxv-7.7-dithan-2-vl-6,7,8.9-tetrahvdro-5H-benzofalcvclohepten- 

5-one (3.29)

fS tep
Synthesis of intermediate, 2,3,4-trimethoxybenzyl bromide (3.24)

To a stirred solution of 2,3,4-trimethoxybenzyl alcohol (4.50g, 22.7 mmol) in diethyl ether 

(50ml) was added PBrs (5.34ml, 34.0 mmol) drop-wise at -20°C. The reaction was allowed to 

proceed for 2 hours. On completion, the reaction was quenched with the addition of ice-water 

(50ml) and the product was extracted with diethyl ether (5 x 25ml), washed with 5% aq. 

NaHCOs, dried over sodium sulphate and filtered. The filtrate was then removed under reduced 

pressure and the residue was dried in vacuo for several hours (4.32g, 72%). Due to its 

instability, the bromide (3.24) was used within 2 hours of its synthesis.

2^Step
Synthesis of intermediate, methyl 3-oxo-5-(2,3,4-trimethoxyphenyi)pentanoate (3.25)

To stirred anhydrous THF (10ml) was added NaH (0.506g, 21.08 mmol) at 0°C. To this 

suspension, methyl acetoacetate (2.44g, 21.03 mmol) was added slowly over 10 minutes. When 

the addition was complete 1.6M o-BuLi (13.17ml, 21.08 mmol) was also added by syringe over 

a 10 minute period at 0°C. The reaction was allowed to stir for 30 minutes, after which time, the 

bromide (3.24) (5.0g, 19.15 mmol), dissolved in dry THF (10ml) was added drop-wise. After 3 

hours, the reaction was quenched by the addition of sat. aq. NH4CI (25ml) and the product was 

extracted with diethyl ether (3 x 25ml). The combined ether extracts was dried over sodium 

sulphate, filtered and the filtrate was evaporated. The resulting residue was purified flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 

hexane/ethyl acetate). All homogenous fiactions were collected and reduced in volume to 

afford (3.25) as a yellow oil (4.30g, 76%). Vmax(CCl4 )/ cm ' 2940.8, 1748.2, 1716.8. 'H NMR 

(CDCI3, 400MHz) 5h ppm 2.80 (4H, m, ArCH2CH2), 3.43 (2H, s, COCH2CO), 3.67 (3H, s, 

COOCH3), 3.83 (3H, s, QMe). 3.89 (H, s, QMe), 3.91 (H, s, OMe). 6.54 (IH, d, J 8.5Hz, ArH), 

6.61 (IH, d, J 8.5Hz, ArH). '^C NMR 6c ppm 19.52 (CH2), 41.68 (CH2), 44.44 (CH2), 51.89
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(CH3), 56.95 (2 X OMe), 60.70 (OMe). 107.12 (ArCH), 124.62 (ArCH) 125.35 (qC), 141.33 

(qC), 151.69 (qC), 151.97 (qC), 173.56 (C=0).

f^Step

Synthesis o f intermediate, 2-[2-(2,3,4-trimethoj<yphenethyl)-l,3-dithian-2-yl]acetic acid (3.27)

To a stirred solution of (325) (2.80g, 9.46 mmol) and propan-1,3-dithiol (1.53g, 14.13 mmol) at 

-20°C in anhydrous IX!M (10ml), was added Bp3.0Et2 (1.0ml, 6.62 mmol) drop-wise over 10 

minutes. After the addition was complete, the reaction was allowed to proceed for 1 hour. On 

completion, the reaction was then quenched with water (10ml), extracted with diethyl ether (3 x 

15ml), washed with water (10ml), washed 2.5M aq. NaOH (10ml) and water (10ml) again. The 

combined organic extracts were dried over sodium sulphate and filtered before removing the 

solvent under reduced pressure. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 2:1 hexane/ethyl 

acetate). All homogenous fractions were collected and the solvent was removed in vacuo to 

afford (3.26) as a yellow oil (2.4 Ig, 66%). This intermediate (3.26) (O.IOg, 0.25 mmol) was 

subsequently dissolved in 20% aq. methanol (6ml) and NaOMe (0.55g, 0.51 mmol) was added 

at 25°C. After 24 hours, the solvent was evaporated, water was added and the neutral impurities 

were extracted with diethyl ether (3 x 15ml). The aqueous layer was then acidified with 2M aq. 

HCl, and the product was extracted using diethyl ether. The solvent was removed under 

reduced pressure to afford (3.27) as a white solid, which was dried in vacuo for several hours 

(0.051g, 53%). Vn^(CCU)/ cm ' 3300.0, 2937.3, 2833.3, 1708.8. 'H NMR (CDCI3, 400MHz) 

5h ppm 1.93 (IH, m, CH), 2.09 (IH, m, CH), 2.34 (2H, m, CH2), 2.84 (4H, m, CHjCIda), 3.03 

(2H, m, Ctb), 3.18 (2H, s, COCH2), 3.84 (3H, s, OMe), 3.87 (3H, s, OMe), 3.91 (3H, s, OMe), 

6.61 (IH, d, J 8.5Hz, ArH), 6.86 (IH, d, J 8.5Hz, ArH). '^C NMR 8c ppm 24.22 (CH2), 24.40 

(CH2), 25.94 (2 x CH2), 39.97 (CH2), 42.45 (CH2), 49.36 (SCS), 55.60 (OMe). 60.24 (OMe), 

60.53 (OMe). 106.94 (Ai€H), 123.54 (ArCH), 126.91 (qC), 141.91 (qC), 151.47 (qC), 151.76 

(qC), 173.71 (COOH).
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^  Step -cyclisation
Synthesis of l^^trimethoxy-7-dithian-2-yl-6,7,8,9-tet^ahydro-5H-benzo(a]cyclohepten-5- 

one (3.29) via synthesis of 2-[2-(3,4^triinethoxyphenethyl)-l^dithian-2-yI]ethanoyl 

chloride (3.28)

To a stirred solution of (3.27) (0.20g, 0.54 mmol) in dry DCM (1ml) was added DMF (1 drop) 

and 2M oxalyl chloride in DCM (0.4ml, 0.81 mmol) under anhydrous conditions. After 1 hour, 

the solvent was removed to afford (3.28) as a yellow oil. This was re-dissolved in anhydrous 

DCM (6ml) and IM SnCU in DCM (0.17ml, 0.17 mmol) was added drop-wise at 0°C over 10 

minutes. The reaction was allowed to proceed for 1.5 hours. On completion, the solvent was 

removed and the red residue was purified by flash column chromatography (stationary phase; 

silica gel 230^00 mesh, mobile phase; 4:1 hexane/ethyl acetate). All homogenous fractions 

were collected and the solvent was removed in vacuo to afford (3.29) as a yellow oil (0.095g, 

50%). GCMS m/z (%) 354 (63), 321 (3.5), 279 (12.5), 248 (100). 'H NMR (CDCI3 , 400Mhz) 

6h  ppm 1.97 (IH, m, HCH), 2.11 (IH, m, HCH), 2.32 (2H, m, Cfcb), 2.82 (2H, m, CH2), 3.05 

(2H, m, CH2), 3.19 (2H, m, CH2), 3.44 (2H, s, CfclaCO), 3.84 (3H, s, OMe). 3.89 (3H, s, OMe), 

3.94 (3H, s, OMe), 7.31 (IH, s, ArH). '^C NMR 5c ppm 21.56 (CH2), 24.46 (CH2), 26.69 (2 x 

CH2), 41.48 (CH2), 48.32 (SCS), 51.64 (CH2), 55.52 (OMe). 60.41 (OMe), 60.65 (OMe), 

105.40 (ArH), 131.29 (qQ, 132.61 (qC), 145.55 (qQ, 150.66 (qC), 151.14 (qC), 195.08 (C=0).

Formation of 9-(3-hvdroxv-4-methoxvphenvlV23.4-trimethoxv-6J-dihvdr(>-5tf- 

benzo|fl|cvclohepten-7-one (332)

f  Step
Synthesis of intermediate, 9-(3-[l-(tert-butyl)-l,l-dimethylsilyl]oxy-4-methoyyphenyl)-2,3,4- 

trimethoj<y-6,7-dihydro-5H-benzo[aJcycloheptene-7,7-dithiane (3.30)

To a dry 50ml, 3-necked round bottom flask was added magnesium turnings (0.078g, 3.25 

mmol), anhydrous THF (4ml) and a crystal of iodine. To this mixture, the bromide (2.50) 

(0.1 Og, 3.16 mmol) was added drop-wise in anhydrous THF (4ml) with vigorous stirring. After 

refluxing for 15 minutes, the reaction mixture was cooled to room temperature before ketone
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(3.29) (0.743g, 2.10 mmol) dissolved in anhydrous THF (4ml) was added drop-wise. The 

reaction was then heated to reflux for 2 hours. On completion, the reaction was quenched by the 

addition of 2M aq. HCl (10ml) and the product was extracted with diethyl ether (3 x 20ml). The 

organic extracts were combined, dried over sodium sulphate and filtered. The filtrate was 

removed under reduced pressure and the resulting residue was isolated by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl 

acetate). All homogenous fractions were collected, reduced in volume to afford (330) as a 

white solid (0.52g, 43%). GCMS m/z (%) 574 (21), 542 (2), 503 (20), 468 (100). 'H NMR 

(CDCb, 400MHz) 6h ppm 0.17 (6H, s, CHjSiCtb), 1.00 (9H, s, QCHsjj), 2.02 (2H, m, CH2), 

2.57 (2H, m, CH2), 2.85 (2H, m, CH2), 2.94 (4H, m, C tbC h^, 3.61 (3H, m, OMe), 3.84 (3H, s, 

OMe), 3.89 (3H, s, OMe), 3.92 (3H, s, OMe), 6.27 (IH, s, CH), 6.33 (IH, s, CH), 6.80 (2H, m, 2 

X ArH), 6.87 (IH, m, ArH). '^C NMR 5 c  ppm -5.13 (CH^SiCHs), -5.02 (CH3SiCH3), 17.99 

(C(CH3)3>, 22.26 (CH2), 24.62 (CH2), 25.26 (C(CH3)3), 27.54 (2 x CH2), 45.83 (CH2), 52.13 

(SCS), 55.08 (OMe), 55.38 (OMe), 60.46 (OMe), 61.05 (OMe), 110.23 (AtCH), 111.12 

(Ar€H), 121.33 (ArCH), 121.99 (ArCH), 128.95 (qC), 131.04 (C=CH), 133.08 (qC), 136.59 

(qC), 140.61 (qC), 141.50(qC), 144.04 (qC), 149.57(qC), 150.25 (qC), l5l.00(qC).

2^ Step

Synthesis o f 2-methoj<y-5-(2,3,4-trimethoxy-7,7-dithianyl-6,7-dihydra-5H- 

benzolaJcyclohepten-9-yl)phenol (3.31)

To a stirred solution of (330) (0.05g, 0.087 mmol) in THF (1ml) was added IM TBAF (0.10ml, 

0.102 mmol) drop-wise at room temperature. After 2 hours, the reaction was quenched by the 

addition of water (5ml) and the product was extracted with diethyl ether (3 x 5ml). The organic 

fractions were collected, dried over sodium sulphate and filtered before the filtrate was 

concentrated in vacuo. The resulting residue was purified by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All 

homogenous fractions were collected and the solvent was evaporated off to afford (331) as a 

white solid (0.036g, 90%). M.pt. 60-62°C. v™x(CCU)/ cm * 3402.8, 2921.1, 2837.4, 1575.7. 

HRMS; found 461.1433 (MTT), requires (C24H28O5S2) 460.1378. *H NMR (CDCI3, 400MHz) 

5h ppm 2.01 (2H, m, CH2), 2.56 (2H, m, CHj), 2.80 (2H, m, CH2), 2.95 (4H, m, 2 x Ctb), 3.63

217



(3H, m, OMe), 3.88 (3H, s, OMe), 3.92 (3H, s, OMe), 3.93 (3H, s, OMe). 5.61 (IH, s, br, OH), 

6.29 (IH, s, CH), 6.38 (IH, s, CH), 6.81 (2H, m, 2 x ArH), 6.94 (IH, m, ArH). '^C NMR 8c 

ppm 22.30 (CH2), 24.64 (CH2), 27.63 (2 x CH2), 46.25 (CH2 ), 52.03 (SCS), 55.52 (OMe), 55.55 

(OMe), 60.47 (OMe), 61.05 (OMe), 109.70 (ArCH), 110.22 (AiCH), 114.77 (ArCH), 120.42 

(ArCH), 128.92 (qC), 131.49 (C=CH), 133.07 (qC), 137.03 (qC), 140.74 (qC), 141.56 (qC), 

144.70 (qC), 145.76 (qQ, 149.63 (qQ, 150.50 (qQ.

f^Step
Attempted synthesis of 9-(3-hydroxy-4-methoxyphenyl)-2^,4-trimetho:(y-6,7-dihydro-5H- 

benzofaJcyclohepten-7-one (3.32) using Tl(NO3)3.3Hj0

To a stirred solution of (331) (0.05g, 0.108 mmol) in methanol (1ml) was added T1(N0 3 ) 3  

.3 H2O (0.1 Ig, 0.24 mmol) at 25°C. The reaction was monitored by TLC analysis every 5 

minutes for 30 minutes. As TLC analysis of the reaction indicated the formation of a several 

compounds, it was decided to discontinue the synthesis of the targeted compound employed in 

this route.

Attempted synthesis of 9-(3-hydroj^-4-methoxyphenyl)-2,3,4-trimethoxy-6,7-dihydro-5H- 

benzolaJcyclohepten-7-one (3.32) using silica gel

To a stirred solution of (331) (0.05g, 0.108 mmol) in ethyl acetate was added silica gel (O.lg) 

and 2M aq. HCl (0.1ml) at 25°C. The reaction was monitored by TLC analysis every 15 

minutes for 1 hour. No reaction appeared to be taking place so the temperature was increased to 

60°C. As TLC analysis of the reaction indicated that no reaction had taken place, it was decided 

to discontinue the synthesis of the targeted compound employed in this route.
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Attempted synthesis of 9-(3-hydroMy-4-methoxyphenyl)-2y3,4-trimethoxy-6,7-dihydro-5H- 

benzofaJcyclohepten-7-one (3.32) using N-bromosuccinimide

To a stirred solution of (3 J1 ) (0.05g, 0.108 mmol) in acetonitrile (AcCN) or acetone (0.1-0.5ml) 

was added drop-wise to a solution of NBS (0.15g, 0.84 mmol) in 80% aq. AcCN or 90% aq. 

acetone (15ml) at -5°C up to 30°C. The reaction was monitored by TLC analysis every 5 

minutes for 15 minutes. As TLC analysis of the reaction indicated that no reaction had taken 

place, it was decided to discontinue trying to pursue the synthesis o f the targeted compound 

employed in this route.

Attempted synthesis o f 9-(3-hydro^-4-methoxyphenyl)-2,3,4-trimethoxy-6,7-dihydro-SH- 

benzolaJcyclohepten-7-one (3.32) using iodomethane

To a stirred solution o f (331) (0.05g, 0.108 mmol) in 90% aq. AcCN (1ml) was added 

iodomethane (0.1 ml) at 25°C. The reaction was monitored by TLC analysis every 5 minutes for 

45 minutes. As TLC analysis o f the reaction indicated the formation of a several compounds, it 

was decided to discontinue trying to pursue the synthesis o f the targeted compound employed in 

this route.

Synthesis of 9-(3-hydroxy-4-niethoxyphenyl)-2^,4-trimethoxy-6,7-dihydro-5/^- 

benzo(a|cyclohepten-7-one (3.32) using Hg(CI04)2

To a stirred solution o f (3.31) (0.03g, 0.065 mmol) in 80% aq. THF (0.3ml) was added CaCOa 

(0.03g, 0.29 mmol) followed by 2.5M aq. Hg(C104)2 (0.2ml) at 25°C. After 10 minutes, the 

reaction was quenched by the addition o f ether (10ml) to precipitate the product, which was 

subsequently filtered and dried in vacuo. The enone (3J1) was then re-dissolved in DCM 

(~2ml) and purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 2:1 hexane/ethyl acetate). All homogenous fractions were collected and 

the solvent was evaporated off to afford (3J2) as a pale yellow solid (0.006g, 25%). M.pt. 142- 

144°C. Vrnax(CCl4)/cm  ' 3400.2,2926.1, 1652.4, 1592.2, 1497.0, 1116.3. GCMS m/z (%) 370 

(100), 327 (20), 267 (3), 137 (8). HRMS: found 371.1460 (MFf), requires (C21H22O6)
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370.1416. 'H  NMR (CD3OD, 400MHz) 8 h ppm 2.72 (2H, m, H-5), 3.15 (2H, m, H-6 ), 3.64 

(3H, s, OMe from C-2), 3.91 (3H, s, 2 x OMe), 3.95 (6 H, s, OMe from CA’), 5.67 (IH, s, br, - 

OH), 6.38 (2H, s, H-I, H-8 ), 6 . 8 6  (IH, m, H-5’), 6.92 (IH, s, H-2’), 6.90 (IH, d, J =1.5Hz, H- 

6 ’). NMR 5c ppm 19.80 (C-6 ), 45.22 (C-5), 55.54 (OMe from C-4’), 55.62 (OMe from C- 

2), 60.43 (OMe). 60.92 (OMe), 109.77 (C-5’), 111.58 (C-1), 114.99 (C-2’), 120.68 (C-6 ’), 

127.71 (C-8 ), 128.66 (C-9a) 132.02 (qC), 135.59 (qC), 142.86 (qC), 144.84 (C-3’), 146.85 (C- 

4’), 149.51 (MeO-qC) 150.65 (C-2), 151.17 (qC), 203.54 (C=0).

Formation of 7-hvdroxv-1^3-trimethoxv-6.7.8.9-tetrahvdro-Sf/-benzo[fllcvclohepten-5- 

one (3.39)

fS tep

Synthesis of intermediate, methyl 3~hydrojqr-5-(2,3,4-trimethoj(yphenyl)pentanoate (3.33)

To a stirred solution o f the (3.25) (0.5g, 1.68 mmol) in methanol (6.5ml) was added NaBH4 

(0.02g, 0.52 mmol) at 0°C. After 2 hours, the reaction was quenched with sat. aq. NaCl solution 

(10ml) and the product was extracted using diethyl ether (3 x 10ml). The organic extracts were 

collected, dried over sodium sulphate and filtered before the product was concentrated in vacuo. 

TTie resulting residue was purified by flash column chromatography (stationary phase; silica 

gel 230-400 mesh, mobile phase; 2:1 hexane/ethyl acetate). All homogenous fractions were 

collected and reduced in volume to afford (3.26) as a clear oil (0.46g, 92%). 'H NMR (CDCI3, 

400MHz) 5h ppm 1.77 (2H, m, CH2), 2.50 (2H, m, CH2), 2.70 (2H, m, CH2), 3.08 (IH, s, br, 

OH), 3.71 (3H, s, COOCH2), 3.85 (3H, s, OMe), 3.88 (3H, s, OMe). 3.90 (3H, s, OMe). 4.00 

(IH, m, CHOH), 6.62 (IH, d, J 8.5Hz, 2 x ArH), 6.85 (IH, d, J 8.5Hz, 2 x ArH). '^C NMR 5c 

ppm 25.15 (CH2), 37.20 (C(0 H)CH2C0 ), 40.75 (ArCH.), 51.18 (COOCH3), 55.58 (OMe), 

60.25 (OMe). 60.49 (OMe), 66.81 (CHOH), 107.07 (ArCH), 123.45 (ArCH), 126.98 (qQ , 

141.86 (qC), 151.69(qC), 151.12 (qC), 172.71 (C=0).
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Step

Synthesis of intermediate, 3-hydrojg>-5-(2,3,4-trimethoyyphenyl)pentanoic acid (3.34)

To a stirred solution of (333) (0.78g, 2.62 mmol) in methanol (2.61ml) was added KOH (0.14g, 

2.50 mmol) dissolved in H2O (2.5ml) at 0°C. After 12 hours, the reaction was cautiously 

acidified to pH 3 and the product was extracted with diethyl ether (3 x 5ml). The organic 

extracts were collected, dried over sodium sulphate and filtered before the product was 

concentrated in vacuo to afford (334) as a white solid (0.23g, 31%). Vmax (CCI4 )/ cm ' 3459.5, 

2938.4, 1714.5, 1602.4. 'H NMR (CDCI3, 400MHz) 8 Hppm 169-1.83 (2H, m, CH2), 2.48-2.58 

(2H, m, CH2), 2.73 (2H, m, CH2), 3.70 3.86 (3H, s, OMe), 3.89 (3H, s, OMe), 3.92 (3H, s, 

OMe), 3.95 (IH, m, CHOH), 6.65 (IH, d, J 8.5Hz, ArfcD, 6.85 (IH, d, J 8.5Hz, ArH). '^C NMR 

5c ppm 24.86 (CH2), 37.26 (CH2), 40.48 (CH2), 55.60 (OMe), 60.32 (OMe), 60.68 (OMe), 66.46 

(CHOH), 107.41 (ArCH), 123.56 (ArCH), 126.69 (qC), 141.86 (qC), 151.13 (qC), 151.82 (qC), 

174.94 (COOH).

3^ Step

Synthesis of intermediate, 3-[l-(tert-butyl)-l,l-dimethylsilyiJoj<y-5-(2,3,4- 

trimethoj^phenyl)pentanoic acid (3.36) via hydrolysis o f I-(tert-butyl)-1,1-dimethyisilyl 3-fl- 

(tert-butyl)-l,l-dimethylsUyl]oxy-5-(2,3,4-trimethoxyphenyl)pentanoate (3.35)

To a stirred solution of (334) (0.58g, 2.04 mmol) in DMF (5.0ml) was added /BDMSCl (0.64g, 

4.28 mmol) at 0°C for 15 minutes. To this solution was then added triethylamine (0.59ml, 4.28 

mmol) and DMAP (0.26g, 2.13 mmol) at ambient temperature and the reaction was allowed to 

proceed for 36 hours. On completion, the reaction was quenched by the addition of sat. aq. 

NaCl solution and the product extracted using diethyl ether (3 x 10ml). The organic extracts 

were collected and dried over sodium sulphate, filtered and the filtrate evaporated under reduced 

pressure to afford (335) as a clear oil (1.05g, 91%). To a stirred solution of the ester (335) 

(0.5g, 0.97 mmol) in methanol (13ml), H 2 O  (2ml) and THF (2ml) was added K 2 C O 3  (0.40g, 

2.90 mmol) at room temperature. After 2 hours, the reaction was acidified to pH 2 and the 

product was extracted using diethyl ether (3 x 25ml). The organic fractions were collected, 

dried over sodium sulphate and filtered before the filtrate was concentrated in vacuo. The
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resulting residue was purified by flash column chromatography (stationary phase; silica gel 

230^00 mesh, mobile phase; 2:1 hexane/ethyl acetate). All homogenous fractions were 

collected and reduced in volume to afford (3.36) as a clear oil (0.33g, 85%). Vmax (CCI4)/ cm ' 

2945.3, 1711.9, 1495.5, 1101.8. ‘H NMR (CDCI3, 400MHz) 8 h ppm 0.09 (3H, s, CHaSiCtb), 

0.11 (3H, s, CHaSiCHs), 0.90 (9H, s, C(CHj)3), 1-83 (2H, m, Cfcb), 2.60 (4H, m, 2 x Cfcb), 3.85 

(3H, s, OMe). 3.87 (3H, s, OMe). 3.88 (3H, s, OMe), 4.20 (IH, m, CHOSi), 6.61 (IH, d, J 

8.5Hz, ArH), 6.82 (IH, d, J 8.5Hz, ArH). '^C NMR 5c ppm -5.32 (CHjSiCHs), -5.04 

(CHjSiCHj), 17.51 (C(CH3)3), 25.04 (CH2), 25.16 (C(CH3)3), 37.97 (CHi), 41.40 (CH2), 55.58 

(OMe), 60.22 (OMe), 60.35 (OMe), 68.74 (CHOSi), 106.87 (ArCH), 123.07 (ArCH), 127.25 

(qC), 141.89 (qC), 151.36 (qC), 151.66 (qC), 175.76 (COOH).

Synthesis of intermediate, methyl 3-[I-(tert-butyl)-I,I-dimethylsilylJoxy-5-(2,3,4- 

trimethoxyphenyl)pentanoate (3.37)

To a stirred solution of (3 J3) (0.50g, 1. 6 8  mmol) in DMF (5ml) was added imidazole (0.29g, 

4.26 mmol) and /BDMSCI (0.38g, 2.52 mmol) at 0°C. After 3 hours, the reaction was quenched 

by the addition of sat. NaCI solution (10ml) and the products were extracted using diethyl ether 

(3 X 10ml). The organic extracts were collected, dried over sodium sulphate and filtered before 

the filtrate was concentrated in vacuo. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 2:1 hexane/ethyl 

acetate). All homogenous fractions were collected and reduced in volume to afford (337) as a 

clear oil (0.54g, 78%). v̂ ax (CCI4)/ cm ' 2932.6, 1740.6, 1495.2, 1102.6. 'H NMR (CDCI3, 

400MHz) 8 Hppm 0.07 (3H, s, CH3SiCH2), 0.10 (3H, s, CH^SiCHj), 0.90 (9H, s, C (C H ^, 1.77 

(2H, m, CH2), 2.53-2.65 (4H, m, 2 x C li), 3.68 (3H, s, COOMe). 3.84 (3H, s, OMe), 3.87 (3H, 

s, OMe). 3.88 (3H, s, OMe). 4.22 (IH, m, CHOSi), 6.61 (IH, d, J 8.5Hz, ArH), 6.81 (IH, d, J 

8.5Hz, ArH). '^C NMR 5c ppm -5.30 (CH3SiCH3>, -5.01 (CH3SiCH3), 17.51 (C{CHi)i), 25.04 

(CH2), 25.30 (C(CH3)3), 38.29 (CH2), 41.94 (CH2), 50.91 (COOMe). 55.57 (OMe), 60.19 

(OMe), 60.32 (OMe). 68.74 (CHOSi), 106.86 (ArCH), 123.05 (AiCH), 127.62 (qC), 141.92 

(qC), 151.39 (qC), 151.57 (qQ, 171.68 (COOMe).
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Synthesis o f  intermediate, 3~ll-(tert-butyl)-l,l-dimethylsilylloxy-5-(2,3,4- 

trimethoxyphenyl)pentanoic acid (3.36)

To a stirred solution of ester (3.40) (0.50g, 1.21 mmol) in methanol (50ml) was added 2M aq. 

NaOH (10ml) at room temperature. After 12 hours, the reaction was acidified to pH 2 and the 

product was extracted with diethyl ether (3 x lOmI). The organic fractions were collected, dried 

over sodium sulphate and filtered before the filtrate was concentrated in vacuo. The resulting 

residue was purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 3:1 hexane/ethyl acetate). All homogenous fictions were collected and 

reduced in volume to afford (3.41) as a clear oil (0.4 Ig, 85%). Data previously described.

Step-cyciisation

Synthesis of 7-hydroxy-l ̂ 3-trimethoxy-6,7,8,9-tetrahydro-5f/-benzo[alcyclohepten-5-one 

(339) via the synthesis of 3-[l-(/'err-butyl)-l,l-diniethylsilyl|oxy-5-(23»4- 

trimethoxyphenyl)pentanoyl chloride (3 J8)

To a stirred solution of (3.36) (0.50g, 1.25 mmol) in dry DCM (1ml) was added DMF (1 drop) 

and 2M oxalyl chloride in DCM (1.25ml, 2.50 mmol) under anhydrous conditions at 0°C. After 

1 hour, the solvent was removed to afford (3.38) as a yellow oil. This was re-dissolved in 

anhydrous DCM (2ml) and l.OM SnCU in DCM (0.41ml, 0.41 mmol) was added at -10°C. 

After 3 hours, the reaction was quenched by the addition of sat. aq. NaCl (5ml) and the product 

extracted with diethyl ether (3 x 10ml). The organic extracts were collected, dried over sodium 

sulphate and filtered before the filtrate was concentrated in vacuo. The resulting residue was 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 2:1 hexane/ethyl acetate). All homogenous fractions were collected and reduced in 

volume to afford (339) as a yellow oil (0.027g, 8%). Vmax (CCU)/ cm ' 3431.5, 2934.6, 1673.3, 

1589.1, 1324.3. GCMS m/z (%) 266 (100), 248 (22), 208 (95), 181 (25). 'H NMR (CDCI3, 

400MHz) 5h ppm 1.89 (IH, m, H-6), 2.19 (IH, m, H-6), 3.01 (2H, s, H-9), 3.09 (2H, m, H-8), 

3.86 (3H, s, OMe), 3.89 (3H, s, OMe). 3.95 (3H, s, OMe). 4.35 (IH, m, H-7), 7.18 (IH, s, H-4). 

'^C NMR 6c ppm 20.48 (CH2), 35.51 (CH2), 49.91 (CH2), 55.53 (OMe), 60.39 (OMe), 60.65 

(OMe), 66.78 (C-7), 107.08 (C-4), 130.21 (qC), 198.94 (C=0).
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Formatioa of 7-hvdroxv-1^3-trimethoxv-6.7,8.9-tetrahvdro-5Jy-benzofalcvcloheDten-5- 

one (339) via deprotection of T3.43)

fS te p

Synthesis o f intermediate, methyl 3-fl-(tert-butyl)-l,l-diphenylsilylJoMy-5-(2,3,4- 

trimethoxyphenyl)pentanoate (3.40)

To a stirred solution of (333) (l.OOg, 335 mmol) in DMF (5ml) was added imidazole (0.35g, 

5.14 mmol) and te/t-butyldiphenylsilyl chloride (1.89g, 6.88 mmol) at room temperature. After 

2 hours, the reaction was quenched with sat. NaCl (10ml) and the product extracted with diethyl 

ether (3 x 10ml). The organic extracts were collected, dried over sodium sulphate and filtered 

before the filtrate was concentrated in vacuo. The resulting residue was purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 6:1 

hexane/ethyl acetate). All homogenous fractions were collected and reduced in volume to 

afford (3.40) as a pale oil (1.71g, 95%). v̂ ax (CCL,)/ cm ' 2932.4, 2857.3, 1739.6, 1106.3. 'H 

NMR (CDCI3, 400MHz) 8h ppm 1.11 (9H, s, C(CH3}3)) 1.76 (2H, m, Ctb), 2.59 (4H, m, 2 x 

CH2), 3.57 (3H, s, CO OCty, 3.79 (3H, s, OMe), 3.84 (3H, s, OMe). 3.86 (3H, s, OMe), 4.15 

(IH, dd, J 7Hz, 14.0Hz, CHOSi), 6.56 (IH, d, J 8.5Hz, ArH), 6.61 (IH, d, J 8.5Hz, ArH), 7.41 

(6H, m, 6 x ArH), 7.74 (4H, m, 4 x ArH). '^C NMR 5̂  ppm 18.54 (C(CHj)3), 24.60 (CH2), 

26.12 (C(CH3)3), 38.18 (CH2), 41.75 (ArCHi), 51.28 (CH3), 55.58 (OMe). 60.20 (OMe). 60.28 

(OMe). 69.91 (CHOSi), 107.23 (ArCH), 123.42 (ArCH), 127.44 (ArCH), 127.46 (qC), 127.47 

(ArCH), 127.64 (2 x AiCH), 129.54 (ArCH), 129.55 (Ai€H), 133.61 (qC), 134.75 (2 x ArCH), 

135.84 (Ai€H), 135.89 (ArCH), 141.82 (qC), 151.32 (qC), 151.48 (qC), 171.40 (COOMe).
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Step

Synthesis o f intermediate, 3-fl-(tert-butyl)-l,l-diphenylsiiylJoxy-5-(2,3,4- 

trimethoxyphenyl)pentanoic acid (3.41)

To a stirred solution of ester (3.40) (2.8 Ig, 5.24 mmol) in methanol (50ml) was added IM aq. 

NaOH (20ml) at room temperature. After 12 hours, the reaction was acidified to pH 2 and the 

product was extracted with diethyl ether (3 x 25ml). The organic fractions were collected, dried 

over sodium sulphate and filtered before the filtrate was concentrated in vacuo. The resulting 

residue was purified by flash column chromatography (stationary phase; silica gel 230-400 

mesh, mobile phase; 3:1 hexane/ethyl acetate). All homogenous fractions were collected and 

reduced in volume to afford (3.41) as a clear oil (1.39g, 51%). Vmax(CCl4)/ cm ' 3048.4, 2933.5, 

2857.9, 1710.1. 'H NMR (CDCI3, 400MHz) 5HPpm 1.08 (9H, s, C(CH.)i) 1.80 (2H, m, CI^), 

2.50 (4H, m, 2 X CH2), 3.7 (3H, s, OMe), 3.84 (3H, s, OMe), 3.84 (3H, s, OMe). 4.25 (IH, m, 

CHOSi), 6.52 (IH, d, J 8.5Hz, ArH), 6.60 (IH, d, J 8.5Hz, ArH), 7.39 (6H, m, 6 x ArH), 7.69 

(4H, m, 4 X ArH). '^C NMR 5c ppm 18.84 (C(CH3)3), 24.69 (CH2), 26.49 (C(CH3)3), 37.50 

OCH2), 40.85 (ArCHz), 55.57 (OMe). 60.19 (OMe), 60.26 (OMe), 69.73 (CHOH), 106.82 

(Ai€H), 123.00 (ArCH), 127.13 (3 x ArCH), 129.25 (Ai€H), 133.14 (qC), 133.28 (qC), 134.75 

(Ai€H), 135.41 (2xArCH), 135.46 (2 x Ai€H), 141.80(qC), 151.28(qC), 151.53(qC), 175.83 

(COOH).

3^ Step

Synthesis o f intermediate, 7-[l-(tert-butyl)-l,l-diphenylsilyl]oxy-l,2,3-trimethoxy-6,7,8,9- 

tetrahydro-5H-benzo[aJcyclohepten-5-one (3.43)

To a stirred solution of acid (1.12g, 2.14 mmol) in anhydrous DCM (5ml) was added 2M oxalyl 

chloride in DCM (2.14ml, 4.28 mmol) and DMF (1 drop) at -10°C. After two hours, the excess 

oxalyl chloride was removed under reduced pressure to afford (3.42) as an oil. This was re­

dissolved in anhydrous DCM (12ml) and l.OM SnCU in DCM (0.64ml, 0.64 mmol) was added 

at -10°C. After 30 minutes, the reaction was quenched with sat. aq. NaCl (15ml) and the 

product extracted using diethyl ether (3 x 15ml). The organic fractions were collected, dried 

over sodium sulphate and filtered before the filtrate was concentrated in vacuo. The resulting
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residue was then purified by flash column chromatography (stationary phase; silica gel 230- 

400 mesh, mobile phase; 2:1 hexane/ethyl acetate). All homogenous fractions were collected 

and reduced in volume to afford a pale yellow oil (0.85g, 79%). Vmax (CCU)/ cm ' 2933.7,

2857.3, 1674.2, 1104.7. 'H NMR (CDCU, 400MHz) 6 HPpm 1.05 (9H, s, QCHajj), 1.88 (IH, 

m, CH), 1.97 (IH, m, CH), 2.92 (2H, m, CH2 ), 3.02 (2H, m, CH2), 3.84 (3H, s, OMe), 3.88 (3H, 

s, OMe), 3.94 (3H, s, OMe), 4.32 (IH, m, CHOSi), 7.17 (IH, s, ArH), 7.40 (6 H, m, 6  x ArH),

7.65 (4H, m, 4 X ArH). '^C NMR 5c ppm 18.68 (C(CH3)3), 20.49 (CH2), 26.11 (C(CH3)3), 35.87 

(CH2), 49.85 (CH2), 55.52 (OMe), 60.37 (OMe), 60.65 (OMe), 67.82 (CHOSi), 107.14 (ArCH), 

127.16 (Ai€H), 127.20 (ArCH), 127.24 (ArCH), 129.16 (ArCH), 129.24 (AiCH), 129.30 

(ArCH), 130.34 (qQ, 133.32 (qC), 133.51 (qQ, 134.19 (qC), 134.34 (AtCH), 135.21 (ArCH), 

135.29 (ArCH), 145.13 (qQ, 150.61 (qQ, 150.% (C ), 199.15 (C=0).

^  Step-deprotection

Synthesis of 7-hydroxy-l ̂ 3-trimethoxy-6,7,8,9-tetrahydro-5^-benzo|alcyclohepten-5-one 

(3 J9) via (3.43)

To a stirred solution of ketone (3.43) (0.1 Og, 0.19 mmol) in THF (1.0ml) was added IM TBAF 

(0.19ml, 0.19 mmol) drop-wise at -10°C. The reaction was allowed to proceed for 5 hours 

before being quenched by the addition of water (5ml) and the product was extracted using 

diethyl ether (3 x 5ml). The organic fractions were collected, dried over sodium sulphate and 

filtered before the filtrate was concentrated in vacuo. The resulting residue was purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 1:1 

hexane/ethyl acetate). All homogenous fi îctions were collected and reduced in volume to 

afford (3.43) as a pale yellow oil (0.020g, 38%). Vmax(CCl4)/ cm ' 3431, 2934.6, 1673.3, 1589.1,

1324.3. GCMS m/z (%) 266 (100), 248 (22), 208 (95), 181 (25). 'H NMR (CDCI3, 400MHz) 

8 hppm 1.89 (IH, m, CH), 2.19 (IH, m, CH), 3.01 (2H, s, CU2), 3.08 (2H, m, CH2), 3.86 (3H, s, 

OMe). 3.89 (3H, s, OMe). 3.95 (3H, s, OMe). 4.35 (IH, qn, J -  6 Hz, CHOH), 7.18 (IH, s, 

ArH). '^C NMR 5c ppm 20.58 (CH2), 35.51 (CH2), 49.91 (CH2), 55.53 (OMe). 60.39 (OMe),

60.65 (OMe), 66.78 (CHOH), 107.08 (ArH), 130.21 (qQ, 198.94 (C=0).

226



Synthesis of 2^,4-trimethoxy-9-(4-methoxyphenyl)-6,7-dihydro-5//-benzo[a]cyclohepten- 

7-ol (3.44)

To a stirred solution of para-bromoanisole (0.21g, 1.12 mmol) in anhydrous THF (2ml) was 

added 2.5M «-BuLi (0.45ml, 1.12 mmol) at -78°C under anhydrous conditions. After 20 

minutes, whilst maintaining the temperature at -78°C, keto-alcohol (339) (0.1 Og, 0.37 mmol) 

dissolved in anhydrous THF (2ml), was added. The reaction was allowed to continue for 30 

minutes before being quenched by the addition of 2M aq. HCl (6 ml) and the product was 

extracted with diethyl ether (3 x 6 ml). The organic fractions were collected, dried over sodium 

sulphate and filtered before the filtrate was concentrated in vacuo. The resulting residue was 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 1:1 hexane/ethyl acetate). All homogenous fractions were collected and reduced in 

volume to afford (3.44) as a white solid (0.084g, 63%). M.pt. 44-45°C. Vmax (CCI4)/ cm ' 

3398.2, 2933.4, 1606.4, 1510.0, 1113.9. GCMS m/z (%) 356 (2), 338 (100). HRMS: found 

379.1488 (M^+Na), requires (C21H24O5) 356.1624. 'H NMR (CD3OD, 400MHz) 8 h ppm 2.06 

(IH, m, CH), 2.30 (IH, m, CH), 2.44 (IH, m, CH), 3.05 (IH, m, CH), 3.65 (3H, s, OMe). 3.82 

(3H, s, OMe), 3.88 (3H, s, OMe). 3.90 (3H, s, OMe). 4.02 (1H, s, CHOH), 6.23 (1H, m, C=CH), 

6.37 (IH, s, ArH), 6.89 (2H, dd, J 2Hz, 6.5Hz, 2 x ArH), 7.22 (2H, dd, J 2Hz, 6.5 Hz, 2 x ArH). 

'^C NMR 5c ppm 21.00 (CH2), 42.33 (CH2), 53.87 (OMe), 54.59 (OMe), 59.39 (OMe). 60.19 

(OMe). 68.43 (CHOH), 108.25 (ArCH), 112.90 (2 x ArCH), 127.51 (qC), 128.27 (2 x ArCH), 

130.84 (C=CH), 133.20 (qC), 135.23 (qC), 138.04 (qQ, 140.94 (qC), 150.21 (qC), 150.81 (qC), 

158.94 (qC).
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Formation of 9-f3-hvdroxv-4-niethoxvDhenvl)-2«?.4-trimethoxv-6,7-dihvdro-5/r-

benzolfllcvclohepten-7-ol f3.46) 

f S te p

Synthesis of intermediate, 9-(3-fl-(tert-butyl)-l,l-dimethylsilyl]oxy-4-methoxyphenyl)-2,3,4- 

trimethoxy-6,7-dihydro-5H-benzo[a]cyclohepten-7-ol (3.45)

To a stirred solution of (2.50) (0.36g, 1.13 mmol) in anhydrous THF (2ml) was added 2.5M n- 

BuLi (0.45ml, 1.12 mmol) at -78°C under anhydrous conditions. After 20 minutes, (3.39) (0.1 g, 

0.38 mmol), dissolved in anhydrous THF (2ml), was added and the reaction was allowed to 

proceed for 1 hour. On completion, the reaction was quenched by the addition of 2M aq. HCl 

(6 ml) and the product was extracted using diethyl ether (3 x 5ml). The organic fractions were 

collected, dried over sodium sulphate and filtered before the filtrate was concentrated in vacuo. 

The resulting residue was purified by flash column chromatography (stationary phase; silica 

gel 230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions were 

collected and reduced in volume to afford (3.45) as a white solid (0.15g, 81%). M.pt. 61-62°C. 

vmax (CCU)/ cm ' 3396.2, 2930.1, 1507.8, 1113.2. 'H NMR (CDCI3, 400MHz) 5h ppm 0.16 

(3H, s, SiCHa), 0.17 (3H, s, SiCHa), 1.00 (9H, s, QCHaja), 2.11 (IH, m, CH), 2.37 (IH, m, CH), 

2.52 (IH, m, CH), 3.04 (IH, m, CH), 3.69 (3H, s, OM^, 3.83 (3H, s, OMe), 3.92 (3H, s, OMe), 

3.93 (3H, s, OMe), 4.18 (IH, m, CHOH), 6.26 (IH, d, J 4.5Hz, C=CH), 6.36 (IH, s, ArH), 6.83 

(3H, m, 3 X ArH). ‘̂ C NMR 5 c  ppm -5.02 (CHjSi), -4.99 (CHaSi), 17.97 (C(CH3)3), 21.33 

(CH2), 25.26 (C(CH3)3), 43.04 (CH2), 55.07 (OMe), 55.49 (OMe), 60.38 (OMe). 61.07 (OMe). 

69.38 (CHOH), 108.39 (ArCH), 111.27 (ArCH), 120.21 (ArCH), 120.04 (ArCH), 127.53 (qC) 

130.74 (C=CH), 133.69 (qC), 134.88 (qC), 138.32 (qC), 141.03 (qC), 144.26 (qC), 150.17 (qC), 

150.29 (qC), 150.67 (qQ.
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Step-deprotection

Synthesis of 9-(3-hydroxy-4-methoxyphenyl)-23,4-triinethoxy-6,7-dihydro-5^- 

benzo[fl]cyclohepten-7-ol (3.46)

To a stirred solution o f (3.45) (0.05g, 0.10 mmol) in THF (1ml) was added 1M TBAF (0.10ml, 

0.10 mmol) at 0°C. After 2 hours, the reaction was quenched by the addition o f water (5ml) and 

the product was extracted using diethyl ether (3 x 5ml). The organic fractions were collected, 

dried over sodium sulphate and filtered before the filtrate was concentrated in vacuo. The 

resulting residue was purified by flash column chromatography (stationary phase; silica gel 

230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions were 

collected and the solvent was evaporated off to afford (3.46) a white solid (0.036g, 95%). M.pt. 

48-50°C. Vn^(CCU)/ cm ' 3403.2,2932.8, 1509.5. HRMS: found 395.0399 (M^+Na), requires 

(C21H24O6) 372.1573. GCMS m/z (%) 354 (Nf-18, 100), 340 (6 ), 327 (8 ), 307 (11). 'H NMR 

(CD3OD, 400MHz) 8 h ppm 2.09 (1H, m, H-6 ), 2.35 (1H, m, H-5), 2.51 (1H, m, H-6 ), 3.03 (IH, 

m, H-5), 3.66 (3H, s, OMe), 3.87 (3H, s, OMe), 3.89 (3H, s, OMe), 3.89 (3H, s, OMe), 4.00 

(IH, m, H-7), 5.66 (IH, s, br, OH), 6.22 (IH, d, J 5.0Hz, H-8 ), 6.40 (IH, m, H-1), 6.74 (IH, dd, 

J 2.0Hz, 8.5 Hz, H-2’), 6.76 (IH, d, J 2.0Hz, H-6 ’), 6 . 8 8  (IH, d, J 8.0Hz, H-5’). '^C NMR 5c 

ppm 21.39 (C-6 ), 42.28 (C-8 ), 54.59 (OMe), 54.61 (OMe), 59.40 (OMe), 60.21 (OMe), 68.41 

(C-7), 108.78 (C-1), 111.09 (C-T), 114.59 (C-5), 119.14 (C-6 ’), 127.41 (qC), 131.19 (C-8 ), 

133.92 (qC), 135.19 (qC), 138.12 (qC), 140.89 (qC), 145.48 (qC), 146.93 (qQ  150.14 (qC), 

150.72 (qC).

Synthesis of 5-(7-hydroxy-23,4-trimethoxy-6,7-dihydro-5//-benzo[alcyclohepten-9-yl)-2- 

methoxy-13-benzenediol (3.48) via 9-(33-di(l-(/^/t-butyl)-l,l-diniethylsilyl]oxy-4- 

methoxyphenyl)-2^,4-trimethoxy-6,7-dihydro-5jH-benzo[fllcycIohepten-7-ol (3.47)

To a stirred solution o f bromide (2.55) (0.60g, 1.34 mmol) in anhydrous THF (1ml) was added 

2.5M «-BuLi (0.54ml, 1.34 mmol) drop-wise at -78°C under anhydrous conditions during over 

10 minutes. This was followed by the addition o f (3J9) (0.12g, 0.45 mmol) dissolved in 

anhydrous THF (Iml) was added. After 4 hours, the temperature was raised to 0°C and 

maintained at this temperature for 12 hours. On completion, the reaction was quenched by the
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addition of 2M aq. HCl (5ml) and the ptxxiuct was extracted using diethyl ether (3 x 10ml). The 

combined ether extracts were dried over sodium sulphate, filtered and the filtrate concentrated to 

afford (3.47) as a clear oil. (3.47) (0.04g, 0.065 mmol) was re-dissolved in THF (0.5ml) was 

added 1M TBAF (0.065ml, 0.065 mmol) at room temperature. After 1 hour, the reaction was 

quenched by the addition of water (2ml) and the product was extracted with diethyl ether (3 x 

5ml). The ether extracts were collected, dried over sodium sulphate and reduced in volume 

before being purified by flash column chromatography (stationary phase: silica gel 230-400 

mesh, mobile phase: hexane/ethyl acetate 1:1). All homogenous fractions were collected and 

the solvent was removed in vacuo to afford (3.48) as a white solid (0.012g, 48%). M.pt. 60- 

62°C. Vmax(CCU)/ cm ' 3400.2, 2926.2, 1638.4, 1591.0. HRMS: found 411.1433 (Nf+Na), 

requires (C21H24O7) 388.1522. GCMS m/z (%) 370 (M^-18, 100), 323 (20). 'H NMR (CD3OD, 

400MHz) 8h ppm 2.11 (IH, m, HCH), 2.33 (IH, m, HCH), 2.50 (IH, m, HCH), 3.02 (IH, m, 

HCH), 3.71 (3H, s, OMe), 3.91 (3H, s, OMe). 3.93 (3H, s, OMe), 3.93 (3H, s, OMe), 4.16 (IH, 

m, CHOH), 6.29 (IH, d, J 5.0Hz, C=CH), 6.38 (IH, s, {A-ring}ArH), 6.47 (2H, s, 2 x {C- 

ring}ArH). '^C NMR 5<; ppm 21.26 (CH2), 42.79 (CH2), 55.67 (OMe), 60.40 (OMe). 60.63 

(OMe), 61.08 (OMe), 69.37 (CHOH), 107.36 (2 x {C-ring}ArCH), 108.55 ({A-ring}AiCH), 

127.47 (qC), 132.01 (C=CH), 133.80 (qC), 134.25 (qC), 137.30 (qC), 138.12 (qC), 148.26 (2 x 

qC), 150.28 (qC), 150.77 (qQ.

Attempted formation of 9-t3-(amin(»-4-methoxvphenvll-23,4-trimethoxv-6,7-dihvdro-5H- 

benzolalcvclohepten-7-ol (3.50)

Instep
Synthesis o f intermediate, 9-f3-(2,S-diniethyl-IH-l-pyrrofyl}-4-methojiyphenylJ-2r3,4- 

trimethoxy-6,7-dihydro-5H-benzo[a]cyclohepten-7-ol (3.49)

To a stirred solution of pyrrole (2.63) (0.63g, 2.25 mmol) in anhydrous THF (4ml) was added 

drop-wise 2.5M «-BuLi (0.90ml, 2.25 mmol) at -78°C under anhydrous conditions during a 10 

minute period. To this solution, whilst maintaining the temperature at -78°C, the keto-alcohol 

(3J9) (0.20g, 0.75 mmol) in anhydrous THF (4ml) was added. After 2 hours, the reaction 

temperature was raised to 0°C and was kept at this temperature for 12 hours. On completion,
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the reaction was quenched by the addition of 2M aq. HCl (10ml) and the product was extracted 

using diethyl ether (3 x 10ml). It was dried over sodium sulphate, filtered and concentrated in 

vacuo to a clear oil. It was purified by flash column chromatography (stationary phase: silica 

gel G2 5 4 ; mobile phase; hexane/ethyl acetate 2:1). All homogeneous fractions were collected 

and the solvent was removed in vacuo to afford (3.49) as a white solid (0.20g, 60%). M.pt. 78- 

81*^. Vn^ (CCI4)/ cm ' 3429.1, 2935.4, 1509.9, 1115.4. GCMS m/z (%) 433 (40), 432 (100), 

412 (15), 401 (11). 'H NMR (CD3 OD, 400MHz) 8 h Ppm 1.99 (6 H, s, 2 x CH3 ), 2.14 (IH, m, 

CH), 2.37 (IH, m, CH), 2.54 (IH, m, CH), 3.03 (IH, dd, J 5Hz, 13.0Hz, CH), 3.68 (3H, s, 

OMe). 3.82 (3H, s, OMe), 3.91 (3H, s, OMe), 3.93 (3H, s, OMe), 4.20 (IH, m, CHOH), 5.80 

(2H, s, HC=CH), 6.35 (IH, d, J 4.5Hz, ArH), 6.36 (IH, s, ArH), 7.03 (2H, m, 2 x ArH), 7.50 

(IH, dd, J 2Hz, 8.5Hz, ArH). '^C NMR 6 c ppm 12.02 (CH3 ), 12.25 (CH3 ), 21.28 (CH2 ), 43.04 

(CH2 ), 55.35 (OMe). 55.39 (OMe), 60.38 (OMe). 61.02 (OMe). 69.35 (CHOH), 104.77 (CH), 

104.97 (CH), 108.93 (ArCH), 111.47 (ArCH), 126.72 (qQ 127.85 (ArCH), 128.09 (qC), 128.76 

(qC), 129.77 (AiCH), 131.58 (C=CH), 133.48 (qC), 134.41 (qC), 137.51 (qC), 150.49 (qC) 

150.83 (qC), 154.87 (qC).

Step

Attempted synthesis to aflbrd 9-(3-(amino-4-methoxyphenyll-2r3»4-trimethoxy-6,7- 

dihydro-5H-benzo[alcyclohepten-7-ol (3.50)

To a stirred solution of (3.49) (0.05g, 0.11 mmol) in ethanol (1ml) was added a solution of 

potassium hydroxide (0.017g, 0.30 mmol) in 50% aq. ethanol (2ml) followed by hydroxylamine 

hydrochloride (0.039g, 0.55 mmol) at 25°C. The reaction was allowed to proceed for 12 hours 

and. As TLC analysis of the reaction mixture showed only the presence of starting material, the 

mixture was refluxed for several hours. However, TLC analysis of the reaction indicated that 

several decomposition products had formed.
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Synthesis of 1^3-trimethoxy-5-(4-methoxyphenyl)-6,7,8,9-tetrahydro-5fr- 

benzo[alcyclohepten-7-ol (3.51)

To a solution of (3.44) (0.044g, 0.12 mmol) in ethanol/ethyl acetate (1:1, 2ml) was added 10% 

Pd/C (O.OSOg). The reaction mixture was allowed to stir under a hydrogen atmosphere for 48 

hours. On completion, the reaction was filtered and the filtrate was concentrated to an oil. It 

was purified by flash column chromatography (stationary phase; silica gel G254; mobile phase; 

hexane/ethyl acetate 1;1). All homogeneous fractions were collected and the solvent was 

removed in vacuo to afford (3.51) as a white solid (0.04g, 98%). M.pt. 37-39°C. Vmax (KBr)/ 

cm ' 3423.8, 2931.6, 2847.1, 1607.1, 1116.3. HRMS: found 381.1704 (Nf+Na), requires 

(C21H26O5) 358.1780. GCMS m/z (%) 358 (100), 297 (7.5), 225 (12), 181 (14), 121 (10). 'H 

NMR (CDCI3, 400Mhz) 8h ppm 1.30 (2H, m, CH2 ), 2.32-2.50 (4H, m, CH2CH2), 3.39 (IH, dd, 

J 7.0Hz, 15Hz, ArCHAr), 3.52 (3H, s, OMe), 3.84 (3H, s, OMe), 3.85 (3H, s, OMe), 3.86 (3H, 

s, OMe). 4.03 (IH, m, CHOH), 5.88 (IH, s, {A-ring}ArH), 6.94 (2H, d, J 8.5Hz, 2 x ArH), 7.18 

(2H, d, J 8.5Hz, 2 x ArH). '^C NMR 5̂  ppm 19.87 (CH2), 36.00 (CH2), 42.91 (ArCHAr), 43.29 

(CH2), 54.83 (OMe), 55.27 (OMe). 60.30 (OMe), 60.85 (OMe), 74.06 (CHOH), 107.37 (ArH), 

113.46 (2 X ArH), 126.67 (qC), 129.18 (2 x ArH), 136.29 (qC), 139.99 (qC), 140.99 (qC), 

150.25 (qC), 150.39 (qC), 157.72 (qC).

Synthesis of 5-(3-hydroxy-4-methoxyphenyi)-l ̂ 3-triniethoxy-6,7,8,9-tetrahydro- 

5M)enzo[aJcyclohepten-7-oi (3.52)

To a solution of (3.46) (0.1 Og, 0.27 mmol) in ethanol/ethyl acetate (1;I, 4ml) was added 10% 

Pd/C (O.lg). The reaction mixture was stirred under a hydrogen atmosphere for 48 hours. On 

completion, the reaction was filtered and the filtrate was concentrated to an oil. It was purified 

by flash column chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl 

acetate 1:1). All homogeneous fractions were collected and the solvent was removed in vacuo 

to afford (3.52) as a clear oil (0.098g, 97%). Vn,ax(CCU)/ cm‘‘ 3423.8, 2931.6, 2847.1, 1591.4. 

HRMS; found 397.1727 (M^+Na), requires (C21H26O6) 374.1729. GCMS m/z (%) 374 (100), 

342 (12.5), 314 (10), 223 (55). 'H NMR (CDCI3, 400MHz) 5h ppm 1.84 (2H, m, CH2), 2.31- 

2.48 (4H, m, CH2CH2), 3.37 (IH, dd, J 7.0Hz, 15Hz, ArCHAr), 3.55 (3H, s, OMe). 3.83 (3H, s,
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OMe), 3 85 (3H, s, OMe). 3 93 (3H, s, OMe), 4 13 (IH, m, CHOH), 5 71 (IH, br, OH), 5 95 

(IH, s, {A-nng} ArH), 6.74 (IH, dd, J 2Hz, 8.5Hz, H-6 ’), 6.85 (2H, m, 2 x ArH). NMR 5c 

ppm 19,86 (CH2 ), 39,84 (CH2), 43,15 (ArCHAr), 43,21 (CH2 ), 55,39 (0 5 ^), 55,55 ( O ^ ) ,  

60,32 (OMe), 60.87 (OMe), 73.98 (CHOH), 107.44 (AiCH), 110.19 (AiCH), 114.61 (AiCH), 

119 64 (AiCH), 126,67 (C X  137,49 (qC), HO.Ol (C X  140,78 (qC), 144,69 (C ) , 145,19 (qC), 

150.26 (qC), 150.33 (qC).

Synthesis of 2^,4-trimethoxy-9-(4-methoxyphenyl)-6,7-dihydro-5//-benzo[a]cydohepteii- 

7-one(3.53)

To a stirred solution of (3.44) (0,05g, 0,14 mmol) in DMF (Iml) was added PDC (0.1 Og, 0.27 

mmol) portion-wise at 0°C. After 12 hours, the reaction was quenched by the addition of water 

(5ml) and the product was extracted using diethyl elher (5 x 5ml). The organic fractions were 

collected, dried over sodium sulphate and filtered before being concentrated in vacuo. The 

resulting residue was purified by flash column chromatography (stationary phase; silica gel 

230-400 mesh, mobile phase, 1.1 hexane/ethyl acetate). All homogenous fractions were 

collected and the solvent was evaporated to afford (3.53) as a white solid (0.03g, 60%). M.pt 

26-2TC. v„ax(CCU)/ cm ' 2935.4, 1657.7, 1603.8, 1509.8, 1116.4. HRMS: found 355.1571 

(MH*), requires (C2 1H2 2 O5 ) 354 1467. GCMS m/z (%) 354 (100), 312 (15), 121 (22). 'H NMR 

(CD3 OD, 400MHz) 5h  ppm 2.67 (2H, m, Clfc), 3.15 (2H, m, CI^), 3.59 (3H, s, 0 1 ^ ), 3.85 

(3H, s , OMe), 3.89 (6 H, s, 2 x OMe), 6.33 (IH, d, J 2.5Hz, C=CH), 6.40 (IH, d, J 2.5Hz, ArH), 

6.97 (2H, dd, J 9.0Hz, 2.5Hz, 2 x ArH), 7.26 (2H, dd, J 9.0Hz, 2.5Hz, 2 x ArH). NMR 5<, 

ppm 19.37 (CH2 ), 44.65 (CH2), 53.99 (OMe), 54.59 (OMe), 59,44 (OMe), 60,08 (OMe), 1 1 1.53 

(ArCH), 113.04 (2 x ArCH), 126.93 (C=CH), 128.68 (qC), 129.63 (2 x ArCH), 131.97 (qC), 

134.25 (qC). 143.01 (qC), 149.48 (qC), 150.77 (qC), 152.27 (qC), 160.29 (qC), 204.42 (C=0).
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Synthesis of 9-(3-hydroxy^-methoxyphenyi)-23»4-trimethoxy-6,7-dihydro-5H- 

benzo[a)cycIohepten-7-one (332)

To a stirred solution of (3.45) (0.04g, 0.082 mmol) in DMF (1ml) was added PDC (0.1 Og, 0 28 

mmol) at 0°C. After 24 hours, the reaction was quenched by the addition of water (5ml) and the 

product was extracted with diethyl etfier (5 x 5ml). The organic fractions were collected, dried 

over sodium sulphate and filtered, before being concentrated in vacuo. The resulting ketone 

(3.54) (0.02g, 0.041 mmol) was subsequently re-dissolved in THF (1ml) and IM TBAF 

(0,08ml, 0.082 mmol) was added drop wise with vigorous stimng at 0°C. After 2hours, the 

reaction was quenched by the addition of water (5ml) and tiie product was extracted with diethyl 

ether (3 x 5ml). The organic fractions were collected, dried over sodium sulphate, filtered and 

the filtrate was concentrated in vacuo. The resulting residue was purified by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase, 1:1 hexane/ethyl 

acetate) All homogenous flections were collected and the solvent was evaporated to afford 

(3.32) as a white solid (0.015g, 99%). Data already described.

Formation of 9-(3,5-dihvdrQxv-4-inethoxvDhenYlV23.4-trimethoxv-6.7-dihvdro-5/f- 

benzolfl|cvclohepten-7-one f3.56)

I’* Step

Synt/iesLs o f  intermediate, 9-(3,5-di/l-(tai-hidyl)-l, l-dim^hylsifyiJoxy-4-methoxyphenyi)- 

2,3,4-trintethaxy-6,7-<litiydro-5H-henzolaJcyclf)liepten-7-one (3.55)

To a stirred solution of (3.47) (O.lOg, 0.16 mmol) in DMF (1ml) was added PDC (0.061 g, 0 16 

mmol) at 0°C. After 24 hours, the reaction was quenched by the addition of water (5ml) and the 

product was extracted witii diethyl ether (5 x 5ml). The organic fractions were collected, dried 

over sodium sulphate and filtered before being concentrated in vacuo. The resulting residue vras 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 1:1 hexane/ethyl acetate). All homogenous fi'actions were collected and the solvent was 

evaporated to afford (3.55) as a clear oil (0.05g, 50^o). ’H NMR (CDCI3,400MHz) 6h  ppm 0.17
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(12H, s, 2  X CHjSiCHj), 1.00 (18H, s, C ( C I ^ ,  2.72 (2H, m, 3.14 (2 H, m, C I^ , 3.64 

(3H, s, OMe), 3.79 (3H, s, OMe), 3.92 (3H, s, OMe), 3 94 (3H, s, OMe), 6.31 (IH, s, C=CH), 

6.35 (IH, s, .ArH), 6 46 (2H, m, 2 x ArH) NMR 5c ppm -5.05 (2 x CHsSiCHa), 17 85 

(C(CH3)3), 19.80 (CH2), 25.22 ( € ( ^ 3)3), 45.17 (CH2), 55.42 (OMe), 55.57 (OMe), 60.43 

(OMe), 60 94 (OMe), 1 1 1 34 (ArCH), 115.06 (2 x AiCH), 125.67 (C=CH), 128.50 (qC), 132.04 

(qC), 137.48 (Ai€H), 143.18 (qC), 149 08 (2 x qC), 149.30 (qC), 150.63 (qC), 203.68 (C=0).

2^ Step-deprotection

Synthesis of 9-(3^-dihydroxy-4-methoxyphenyl)-2^,4-trimethoxy-6,7-dihydi*o-5//- 

benzo[fl|cyclohepten-7-one (3.56)

To a stirred solution of (3.55) (0 05g, 0 08 mmol) in THF (0 5ml) was added IM TBAF (0.1ml, 

0. ] 0 mmol) drop-wise at 25°C. After 2 hours, the reaction was quenched by the addition of 

water (5ml) and the product was extracted with diethyl ether (3 x 5ml). The organic fractions 

were collected, dried over sodium sulphate and filtered before the filtrate was concentrated in 

vacuo. The resulting residue was purified by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions 

were collected and the solvent was evaporated to afford (3.56) as an oil (0.03g, 95%) HRMS: 

found 387.148] (MH^), requires (C2iH2 2 0 7 ) 386.1366. ‘H NMR (CDCI3, 400MHz) 5h ppm 

2.73 (2H, m, CH2), 3.13 (2H, m, CH2), 3.66 (3H, s, OMe). 3.90 (3H, s, OMe), 3 95 (3H, s, 

OMe). 3.98 (3H, s, OMe). 5.83 (2H, br, 2 x OH), 6.37 (IH, s, C=CH), 6.40 (IH, s, ArH), 6.53 

(2H, s, 2  X ArH) NMR 5c ppm 19 74 (CH2), 43.16 (CH2), 55 71 (OMe), 60.45 (OMe), 

60.69 (OMe), 60.94 (OMe). 108.67 (2 x AiCH), 111.60 (ArCH), 127.94 (C=CH), 128.54 (qC), 

131 62(qC) 13477 (qC), 138.67 (qC), 142.99(qC), 148.23 (2xqC), 149.51 (qC), 150.74 (qC), 

151.29 (qC), 203 .98 (C=0).

Synthesis of 5-(3-hydroxy-4-methoxyphenyl)-1^3-trimethoxy-6,7,8j9-tetrahydro-5fl- 

benzo|fl]cyclohepten-7-one (3.59)

To a solution of (3.47) (0 lOg 0.20 mmol) in ethanol/ethyl acetate (1:1, 4ml) was added 10% 

Pd/C (O.lg). The reaction mixture was stirred under a hydrogen atmosphere for 48 hours. On
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completion, the reaction was filtered and the filtrate was concentrated to afford (3.57) as an oil 

This was re-dissolved in DMF (1 ml) and FIX' (0,077g, 0.20 mmol) was added at 0°C. After 24 

hours, the reaction was quenched by the addition of water (5ml) and die product was extracted 

with diethyl ether (5 x 5ml). The organic fi-actions were collected, dried under sodium sulphate 

and filtered before the filtrate was concentrated in vacuo to afford (3,58) as an oil This was re­

dissolved in THF (0.5ml) and IM TBAF (0.1ml, 0.10 mmol) was added drop-wise at 0°C. 

After 2 hours, the reaction was quenched by the addition of water (5ml) and the product was 

extracted with diethyl ether (3 x 5ml). The organic fractions were collected, dried under sodium 

sulphate and filtered before the filtrate was concentrated in vaaw. The resulting residue was 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 1:1 hexane/ethyl acetate). All homogenous flections were collected and the solvent was 

evaporated off to afford (3.59) as a white solid (0.036g, 49%). M.pt 124-126°C. Vmax (KBr)/ 

cm ' 3402,1, 2936.7, 1701.6, 1593.2, 1511,8, 1123,3, GCMS m/z (%) 371 (M '+l, 85), 370 

(100), 328 (16), 'H NMR (CDCI3, 400MHz) 5Hppm 2.57 (2H, m, 2.95 (4H, m, 2 x CHg), 

3.74 (3H, s, OMe), 3.86 (3H, s, O ^ ) ,  3.90 (6H, s, 2 x OMe). 4.33 (IH, dd, J 3.4, 8.0Hz, 

CHOH), 5.62 (IH, br, OH), 6.36 (IH, s, ArH), 6.69 (2H, m, 2 x ArH), 6.81 (IH, d, J 8.0Hz, 

ArH) '̂C NMR 5  ̂ppm 19 32 (CH2), 43 75 (CHi), 45.46 (ArCHAr), 48 67 (CH2), 55 49 (2 x 

OMe). 60.34 (OMe). 60,89 (OMe), 109,12 (ArCH), 110,13 (ArCH), 113.63 (ArCH), 118.60 

(ArCH), 125 64 (qC) 135.53 (qC), 137.77 (qC), 144.82 (qC), 145.21 (qC), 150.98 (qC), 151.57 

(qC), 210,28 (C=0),

Formation of 6.7.8j9-tetrahvdro-234-trimethoxvbenzocvclohepten-5-one (2.02)

Instep
Synthesis o f intermediate, methyl-5-(3,4,5-trimethaxyphenyl)-2,4-pentadiew}ic acid (4.02)

To a stirred solution of 3,4,5-trimethoxybenzaldehyde (20g, 0.102 mol) in /m-butanol (36ml) 

was added methyl crotonate (20.4g, 0.204 mol) and a solution of potassium te/t-butoxide 

(24.12g, 0.21 mol) in /ert-butanol (320ml). The reaction was carried out under a nitrogen 

atmosphere, with the reaction vessel covered with aluminium foil. After the addition was 

complete, the resulting mixture was allowed to stir for 12 hours at room temperature. The
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mixture was then acidified with 2M aq. HCl (1000ml) and extracted with DCM (3 x 150ml). 

The combined organic extracts were dried under sodium sulphate, filtered and concentrated 

under reduced pressure to afford (4.01) as a yellow oil. Tliis oil (4.01) (20g, 71.4 mmol) was 

then dissolved in absolute ethanol (70ml), treated with 10% aq. NaOH (200ml) and refluxed for 

5 houre. The reaction was tlien allowed to cool to room temperature and was acidified using 2M 

aq. HCl (500ml) and extracted with DCM (3 x 150ml). The combined organic extracts were 

dried over sodium sulphate, filtered and concentrated under reduced pressure to afford the acid 

(4.02) as an orange oil (21.81g, 81%). 'H NMR (CDCI3, 400MHz) 5h ppm 3.80 (9H, s, 3 x 

OMe), 5 72 (1H, s, ArH), 6  6 6  (4H, m, 4 x CH), 6  95 (2H, s, ArH), 1 1 06 (1H, br, COOH) *̂ C 

NMR 5c ppm 23.81 (CH2), 29.98 (CH2), 32.45 (CH2), 35.22 (CH2), 55.35 (2 x OMe), 60.05 

(OMe), 104.84 (2 x AiCH), 135.78 (qC), 137.00 (qC), 152.84 (2 x qC), 171.10 (C=0).

2^ S tq}

SytUhesis o f intermediate, 5-(3,4,5-trimethoxyphenyl)pentanoic acid (4.03)

This acid (4.02) (20g, 75.67 mmol) was re-dissolved in an elhanol/ethyl acetate solution (1:1, 

200ml) and treated with 10% Pd/C (lOg). The resulting mixture was stirred under an 

atmosphere of hydrogen at 25°C for 1 week. On completion, the catalyst was removed by 

filtration through Celite™. The solids retained were washed with absolute ethanol (~100ml). 

Concentration of the filtrates under reduced pressure gave a viscous brown oil which crystallised 

out to afford (4.03) (20. Ig, 99%). 'H  NMR (CDCh, 400Mhz) 5n ppm 1. 6 8  (4H, m, 2 x CH?), 

2,31 (2H, m, CH2), 2,57 (2H, m, CH2), 3 87 (9H, s, 3 x OMe), 6  36 (2H, s, 2  x ArH), 10.05 (1H, 

br, COOH), ‘̂ C NMR 5c ppm 23.81 (CH2), 29.98 (CH2), 32.45 (CH2), 35.22 (CH2), 55.35 (2 x 

OMe), 60.05 (OMe), 106.89 (2 x Ai€H), 131.27 (qC), 138,92 (qC), 152.84 (2 x qC), 168.75 

(C=0).
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3^ stqj

Synthesis ofintermediaie, 2,3,4,5,6-pentafUwrophenyl-5-(3,4,5-trimethoxyphenyl) pentanoate 

(4.04)

To a stirred solution of (4.03) (20g, 74.5 mmol) in DCM (100ml) was added PFP (13.73g, 74.6 

mmol) followed by DCC (15.37g, 74.6 mmol) at 0°C. After 3 hours, the reaction mixture was 

filtered through Celite™ and the filtrate was collected and concentrated to an oil under reduced 

pressure. The pale yellow oil was then purified by flash column chromatography (stationary 

phase, silica gel 230^00 mesh; mobile phase, hexane/ethyl acetate 4:1 ratio). The homogenous 

fi"actions were collected and reduced in volume to afford a pale yellow solid (4,04) (25.54g, 79% 

yield). ‘H NMR (CDCI3, 400MHz) 5„ ppm 1.68 (4H, m, 2 x CJL), 2.59 (2H, m, CHg), 2.67 

(2H, m, CH2), 3.78 (3H, s, OMe), 3.84 (6H, s, 2 x OMe), 6.38 (2H, s, ArH). '^C NMR 5c ppm 

23.81 (CH2), 29.98 (CH2), 32.45 (CH2), 35.22 (CHz), 55.35 (2 x OMe), 60.05 (OMe), 104.84 (2 

x AiCH), 135.78 (qC), 137.00 (qC), 152.64 (2 x qC), 168.75 (C=0).

¥ '*  step-cyclisation o f (4. (f4) to afford (2.02)

Synthesis of 6,7^^-tetrahydro-23^trimethoxybenzocyclohepten-5-one (2,02)

Synthesised from (4.04) (!9.94g, 45.9 mmol) using the method described for the preparation of 

(2,01). Purified by flash column chromatography (stationary phase, silica gel 230-400 mesh; 

mobile phase, hexane/ethyl acetate 4:1 ratio). Recrystallised from hot methanol to produce 

white crystals of (2.02) (10.8g, 94%). M.pt. 99°C. v„ax (KBr)/ cm'' 2938.1, 1672.2, 1592.1. 

GCMS m/z (%) 250 (100), 221 (80), 181 (68). 'H NMR (CDCls, 400MHz) 5h 1.83 (4H, m, 2 x 

CH2), 2.64 (2H, m, CH2), 2.74 (2H, m, CH2), 3.85 (3H, s, OMe), 3.89 (6H, s, 2 x OMe), 6.45 

(H i s, ArH). NMR 5„ ppm 22.39 (CH2), 25.51 (CH2), 32.75 (CH2), 42.10 (CH2), 55.53 

(OMe), 60.40 (OMe), 61.83 (OMe), 107.51 (2 x AiCH), 127.36 (qC), 134,27 (qC), 140.53 (qC), 

151.11 (qC), 154.91 (qC), 205.60 (C=0).
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Synthesis of l,^3-trimethoxy-9-(4-niethoxyphenyl)-6,7-dihydro-5H-benzo[a]cycloheptene

(4.06)

Synthesised from /jara-bromanisole (1.5g, 8.02 mmol) and (2.02) (l.Og, 4.01 mmol) using the 

method described for the preparation of (2.44). Purified by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 4:1 hexane/ethyl acetate). Afforded

(4.06) as an orange oil (0.60g, 44%). v„ax (CCU)/ cm'' 2934.9, 2853.2,1509.5,1117.9. HRMS: 

found 341.1792 (MH'), requires (C21H24O4) 340.1675. GCMS m/z (%) 340 (100), 313 (12). 'H 

NMR (CDCb, 400MHz) 6 ,1  ppm 2.0 (2H, m, CH2CIfcCH2), 2.08 (2H, m, C H C ty, 2.58 (2H, 

m, Ai€H2), 3.42 (3H, s, OMe), 3.81 (3H, s, OMe), 3.84 (3H, s, OMe), 3.93 (3H, s, OMe), 6.35 

(IH, t, J 7.2Hz, C=CH), 6.65 (IH, s, ArH), 6.85 (2H, d, J 8.0Hz, ArH), 7.19 (2H, d, J 8 OHz, 

ArH). '^C NMR 5o ppm 24.55 (CH2), 31.89 (CH2), 34,07 (CH2), 54.75 (OMe), 55.48 (OMe), 

59.62 (OMe), 60.32 (OMe), 106.88 (AiCH), 112.97 (2 x AiCH), 113.28 (qC), 125.25 (qC), 

126.51 (2 X Ai€H), 127.16 (C=CH), 135.24 (qC), 137.27 (qC), 139.48 (qC), 140.31 (qC), 

150.99 (qC), 152.13 (qC).

Synthesis of 1^3-trimethoxy-9-(3-methoxyphenyI)-6,7-dihydro-5H-benzo[alcycloheptene

(4.07)

Synthesised from /Meto-bromoanisole (1.5g, 8.02 mmol) and (2.02) (0.99g, 3.95 mmol) using the 

method described for the preparation of (2.44). Purified by flash column chromatography 

(stationary phase; silica gel 230-400 mesh, mobile phase; 4;1 hexane/ethyl acetate). Afforded

(4.07) as an off-white solid (0.39g, 29%). M.pt. 83-84°C. (CCI4)/ cm'' 2936.9, 1596.2,

1582.8,1487.8,1117.7. HRMS: found 341.1812 (MH'), requires (C21HMO4 ) 340.1675. GCMS 

m/z (%), 340 (100), 313 (11). 'H NMR (CDCK, 400MHz) 5h ppm 2.00 (2H, m, CH2CH2CH2), 

2.10 (2H, m, CHCH2), 2.58 (2H, m, A rC jy, 3.41 (3H, s, OMe), 3.79 (3H, s, OMe), 3.83 (3H, s, 

OMe), 3.93 (3H, s, OMe), 6.43 (IH, t, J 7.3Hz, C=CH), 6.64 (IH, s, {A-ring} ArH), 6.82 (3H, t, 

{C-ring} ArH), 7.20 (IH, t, J 7.7Hz, {C-nng} ArH). '^C NMR 5̂  ppm 24.59 (CH2), 31.84 (CH2), 

33.93 (CH2), 54.72 (OMe), 55.48 (OMe), 59.65 (OMe), 60.29 (OMe), 106.90 (ArCH), 111.34 

(AjCH), 111.62 (AiCH), 118.46 (AiCH), 125.12 (qC), 128.40 (AiCH), 128.89 (C=CH), 137.27 

(qC), 139.96 (qC), 144.18 (qC), 150.86 (qC), 152.21 (qC), 159.02 (2 x qC).
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Formation of 2-methoxy-5-( 1 ̂ ■3-trimetfaoxv-6.7-dihvdro-5H-benzo[alcvclohepten-9-

vnphenol (4.09) 

l^Step

Synthesis ofintermetUaie, tert-buiyll2-methaxy~5-(l,2^-trimethtuq>-6,7-dihydro-5H- 

benzfflaJcych}hq)ten-9-yl)phenoxyldimethyLsUane (4.08)

Synthesised using (2.50) (0.77g, 2.42 mmol) and (2.02) (0.3g, 1.20 mmol) employing the 

method descnbed for the preparation of (2.51), Purified by flash column chromatography (solid 

phase: silica gel 230-400 mesh, mobile phase: hexane/ethyl acetate 5:1). Afforded (4.08) as a 

clear oil (0.17g, 30%). 'H NMR (CDCI3, 400MHz) 5h ppm 0.16 (6 H, s, CH3S1CH3), 1.00 (9H, 

s, C(CHih), 2.00 (2H, m, CH2), 2.08 (2H, m, CH2), 2.55 (2H, m, A1CH2), 3.39 (3H, s, OMe), 

3.80 (3H, s, OMe), 3 81 (3H, s, 0M§), 3.93 (3H, s, OMe), 6.29 (IH, t, J 7.5Hz, C=CH), 6.61 

(IH, s, {A-nng}ArH), 6 .6 8  (IH, dd, J 2.5Hz, 8.5Hz, {C-ring}ArH), 6.75 (IH, d, J 8.5Hz, {C- 

nng}ArH), 6 . 8 6  (IH, d, J 2Hz, {C-nng}ArH). ‘̂ C NMR 5o ppm -5.04 (CH^SiCH?), 24.50 

(CH2), 25 31 (C(CHi)3), 31.84 (CH2), 34.04 (CH2), 55.12 (OMe), 55.46 (OMe), 59.97 (OMe), 

60.25 (OMe), 106.73 (ArCH), 111.12 (AiCH), 118.48 (ArCH), 119.45 (ArCH), 125.25 (qC), 

127.22 (C=CH), 136.71 (qC), 137.59 (qC), 140.62 (qC), 145.15 (qC), 145.44 (qC), 150.53 (qC), 

152.02 (qC).

Alternative synthesis o f tert-butyll2-methoMy-5-(l,2,3-trimeihw^-6,7-dihydro-5H- 

l}enzi(f/alcyclohepten-9-yl)phenaxyJdimethylsilane (4.08)

To a stirred solution of bromide (2.50) (0.1 Og, 0.31 mmol) in anhydrous THF (1ml) was added 

2.5M /j-BuLi (0.12ml, 0.31 mmol) drop-wise at -78°C under anhydrous conditions. After 1 

hour, whilst maintaining the reaction temperature at -78°C, a solution of (2 .0 2 ) (0.026g, 0.10 

mmol) dissolved in anhydrous THF (1ml) was added. After 12 hours, the reaction the reaction 

was quenched by the addition of 2M aq. HCl (5ml) and the cmde product (4.08) was extracted 

into diethyl ether, dried over sodium sulphate and filtered before the filtrate was reduced in 

volume in vacuo. The resulting oil was purified by flash column chromatography (stationary 

phase: silica gel 230-400 mesh, mobile phase: hexane/ethyl acetate 5:1). All homogenous
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fractions were collected and the solvent was removed in vacuo to afford (4.08) as a clear oil 

(0.02g, 42%).

2^  Step-deprotection

Synthesis of 2-methoxy-5-(l^y5"triniethoxy-6,7-dihydro-5H-benzo[a]cyclohepten-9- 

yl)phenol (4.09)

Synthesised fî om (4.08) (O.lg, 0.21 mmol) using the method descnbed for the preparation of 

(2.52). Purified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase; hexane/ethyl acetate 3:1). Afforded (4.09) as a pale yellow oil (0.074g, 99%). 

Vmax(CCl4)/ cm"' 3413.3, 2921.1, 2847.8, 1591.4, 1507.6, 1115.0. HRMS: found 357.1759 

(MH*), requires (C21H24O5) 356.1624. GCMS m/z (%) 356 (100), 215 (1), 'H NMR (CDCI3, 

400MHz) 5„ppm 1.58 (2H, m, CH2CH2CH2), 2.08 (2H, m, CHCH2CH2), 2.55 (2H, m, A1CH2), 

3 44 (3H, s, OMe), 3.82 (3H, s, OMe), 3.89 (3H, s, OMe), 3.92 (3H, s, OMe), 5.52 (1H, s, OH), 

6 33 (IH, t, J 7.3Hz, C=CH), 6.61 (IH, s, ArH), 6.70 (IH, dd, J 2.0Hz, 8.0Hz, ArH), 6.72 (IH, 

d, J 8.0Hz, ArH), 6.87 (1H, d, J 2.0Hz, ArH). '^C NMR ppm 24,50 (CH2), 31,81 (CH2), 33.95 

(CH2), 55.81 (2 X  OMe), 59.67 (OMe), 60.35 (OMe), 106.81 (AiCH), 109.78 (ArCH), 112.03 

(ArCH), 117.34 (ArCH), 125.17 (qC), 127.55 (C=CH), 136.31 (qC), 137.19 (qC), 139.41 (qC), 

140.02 (qC), 144.75 (qC), 145.04 (qC), 150.01 (qC), 152.11 (qC).

Formation of 2-metho]tv-S-(23<4-trinietiioxv-6.7-dihvdro-5/^-benzo(alcvcfc)hepten-9- 

vDaniline (4.11)

I’* Step

Synthesis o f intermediate, I-f2-methai^-5-(I,2,3-trimethaxy-6,7-dihydro-5H- 

henzpJaJcyclohqjtm-9-yl)phenylJ-2,5-dimethyi-IH-pyrrole (4.10)

Synthesised using (2j61) (2.25g, 0.80 mmol) and (2.02) (0.099g, 0.39 mmol) employing the 

method described for the preparation of (2.64). Purification was attempted by flash column 

chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 2:1). All 

fractions were collected and the solvent was removed in vacuo to afford crude (4.10) as an off- 

white solid (0.086g). This intermediate was used directly in the next step.
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2!  ̂Step

Synthesis of 2-methoxy-5-(2^,4-trimethoxy-6,7-dihydro-5//-benzo[alcycIohepten-9- 

yl)aniline (4.11)

Synthesised from (4.10) (0.049g, 0.11 mmol) using the method described for the preparation of 

(2.65). Purified by flash column chromatography (stationaiy phase; silica gel G2 54; mobile 

phase: hexane/ethyl acetate 3:1). Afforded (4.11) as a white solid (0.017g, 37%). M.pt. 38- 

40°C. v„ax(CCU)/ cm*' 3460.0, 3370.1, 2934.0, 2853.1, 1510.2. HRMS; found 355.1789 (M^), 

requires (C21H25O4 N) 355.1784. GCMS m/z (%) 356 (100), 325 (42), 293 (20). *H NMR 

(CDCI3,400MHz) 5nppm 1.90 (2H, m, CH2), 2.05 (2H, m, CH2), 2.56 (2H, m, CH2), 3.43 (3H, 

s, OMe), 3.82 (3H, s, OMe), 3.85 (3H, s, OMe), 3.93 (3H, s, OMe), 6.30 (IH, t, J 3.7Hz, 

C=CH), 6.61 (IH, s, {A-nng}ArH), 6.62 (2H, m, 2 x {C-ring}ArH), 6.72 (IH, d, J 8.0Hz, {C- 

nng}ArH). NMR 5, ppm 24.47 (CH2), 31.83 (CH2), 34.01 (CH2), 55.09 (OMe), 55.46 

(OMe), 59.67 (OMe), 60.28 (OMe), 106.67 (AiCH), 109.62 (ArCH), 112.73 (ArCH), 115.97 

(ArCH), 125.48 (qC), 127.55 (AiCH), 127,43 (C=CH), 135.11 (aC), 135.82 (qC), 137.18 (2 x 

qC), 139.71 (qC), 140.25 (QC), 146.13 (qC), 152.00 (qC).

Formation o f 2-methoxv-5-( 1.23-trimethoxv-6.7-dihvdro-5/f-benzolfllcvclohepten-9-vl>- 

13-benzenediol (4.13)

Instep
Synthesis o f intermediate, tert-hutyll3-ll-(tert-hutyl)-l,l-dimethykifyl}axy-2-methoxy-5- 

(l,2^-trimethoxy-6,7-dihydro-5H-benzpfaJcyciohq)ten-9-yl)phenaxyJdimethylsilane (4.12)

Synthesised using (2.55) (0.35g, 0.80 mmol) and (2.02) (0,lg, 0.40 mmol) employing the 

method described for the preparation of (2.56). Purified by flash column chromatography 

(stationary phase: silica gel G254; mobile phase: hexane/ethyl acetate 3:1). Afforded (4.12) as an 

oil (O.lg, 42%). v„^(C C l4)/ cm ' 2932.0, 2850.1, 15%.4, 1083.5, 832.2. GCMS m/z (%) 601 

(2 0 ), 544 (1 0 0 ) 471 (2 0 ). 'H  NMR (CDCI3, 400MHz) 5,, ppm 0.14 (6 H, s CH jSiCIi), 0.15 

(6 H, s CH3SiCH3), 0.98 (18H, s, 2 x C(CH3)3), 1.94 (2H, m, CH2), 2.06 (2H, m, CHg) 2.53 (2H,
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m, A1CH 2), 3.47 (3H, s, OMe), 3.82 (3H, s, OMe), 3.88 (3H, s, OMe), 3.92 (3H, s, OMe), 6.34 

(IH, t, J 7.2Hz, C=CH), 6.40 (2H, s, 2 x {C-nng}ArH), 6.60 (IH, s, {A-nng}ArH). NMR5c 

ppm -5.11 (CHsSiCH,), -5.06 (CHjSiCHi), 17.83 (2 x C(CH3)3), 26.2 (2 x C(CH.3>,), 24.9 

(CH2), 32,17 (CH2), 34.21 (CH2), 55.88 (OMe), 60.10 (OMe), 60.68 (0M§), 61.11 (OMe), 

105.57 (2 X ArCH), 106.86 (ArCH), 128.69 (C=CH), 133.10 (qC), 136.33 (qC), 139.66 (qC), 

139.65 (qC) 140.10 (C ) ,  147.94 (qC), 147.97 (2 x qC), 150.2 (qC), 152.18 (qC).

2^  Stqh-deprotection

Synthesis of 2-methoxy-5-( 1 ̂ 3-trimethoxy-6,7-dihyd ro-5//-benzo [a]cyclohepten-9-y 1)-1 3 -  

benzenediol (4.13)

Synthesised from (4.12) (0.2Ig, 0.35 mmol) using the method described for the preparation of 

(2.57). Purified by flash column chromatography (solid phase: silica gel 230-400 mesh, mobile 

phase: hexane/ethyl acetate 1:1). Afforded (4.13) as a white solid (0.11 g, 85%). M.pt 74-75°C. 

v„a.x(CCU)/cm ' 3413.3, 2931.6, 1591.4,1115.0. GCMS m/z (%) 372 (19), 341 (100), 309 (43). 

'H NMR (CDCI3, 400MHz) 5,1 ppm 1.94 (2H, m, CBfc), 2.06 (2H, m, CH2) 2.53 (2H, m, 

ArCH2), 3.47 (3H, s, OMe), 3.82 (3H, s, OMe), 3.88 (3H, s, OMe), 3.92 (3H, s, OMe), 5.35 

(2H, s, 2 X OH), 6.34 (IH, t, J 7.2Hz, C=CH), 6.40 (2H, s, 2 x {C-ring}ArH), 6.60 (IH, s, {A- 

rmg}ArH). '^C NMR 5c ppm 24.9 (CH2), 32.13 (CH2), 34.23 (CH2), 55.90 (OMe), 60.11 

(OMe), 60.74 (OMe), 61.11 (OMe), 105.55 (2 x AiCH), 106.85 (AiCH), 128.47 (C=CH), 

133.04 (qC), 137.17 (qC), 139.26 (qC), 139.48 (qC), 140.21 (qC), 147.94 (qC), 147.97 (2 x qC), 

150.88 (qC), 152.20 (qC).

Synthesis of 1^3-trimethoxy-9-(4-methoxyphenyl)-6,73i9-tetrahydro-5H- 

benzo[a]cycloheptene (4.14)

Synthesised from (4.06) (O.lg, 0.29 mmol) using the method described for the preparation of 

(2.46). I*urified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase: hexane/ethyl acetate 4:1). Afforded (4.14) as a viscous oil (0.097g, 96%). v^ax 

(CCI4)/ cm * 2928.8, 2853.5, 1509.4, 1244.8, 1122.6. HRMS: found 365.1708 (M ^N a), 

requires (C21H26O4) 342.1831. GCMS m/z (%) 342 (100), 311 (10), 269 (2,5), 235 (31). 'H
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NMR (CDCI3, 400MHz) 5„ ppm 1.39 (IH, m, CH), 1.75 (3H, m, CHCI^), 1.89 (3H, m 

CHCH2), 2.53 (3H, m, CHCH2), 3.61 (3H, s, OMe), 3.84 (6H, s, 2 x OMe), 3.89 (3H, s, OMe), 

4.94 (IH, m, ArCHAr), 6.53 (IH, s, ArH), 6.82 (2H, d, J 8.5Hz, ArH), 7.00 (2H, d, J 8.5Hz, 

ArH), NMR 5̂  ppm 24.82 (CH2), 27.52 (CH2), 31.68 (CH2), 36.04 (CH2), 38.38 (CH), 

54.70 (OMe), 55,41 (OMe), 60.33 (OMe), 60.80 (OMe), 109.50 (ArCH), 113.15 (2 x ArCH), 

128.00 (2 X  ArCH), 128.98 (qC), 134.64 (qC), 138.76 (qC), 139.92 (qC), 150.61 (qC), 151.68 

(qC), 156.84 (qC).

Synthesis of 1^3-trimethoxy-9-(3-niethoxyphenyl)-6,7,8^-tetrahydro-5H- 

benzo|a]c7 cloheptene (4.15)

Synthesised from (4.07) (0. Ig, 0.29 mmol) using the metiiod described for the preparation of

(2.47). Purified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase, hexane/ethyl acetate 4.1). Afforded (4.15) a white solid (0.92g, 93%). M.pt. 85- 

86°C. Vmax(CCl4)/ cm * 2928.2, 1597.2, 1491.0, 1122.5. HRMS: found 365.1901 (M*+Na), 

requtres (C21H26O4 ) 342.1831. GCMS m/z (%) 342 (100), 312 (10), 235 (II), 121 (11). ‘H 

NMR (CDCI3, 400MHz) 5„ ppm 1.4 (IH, m, CH2CH), 1.75 (3H, m, CH2CH), 1.89 (IH, m, 

CH), 2.52 (2H, m, CHg), 2.68 (IH, m, CH2CH), 3.68 (3H, s, OMe), 3.76 (3H, s, O^^), 3.89 

(3H, s, OMe), 3.90 (3H, s, OMe), 4.96 (IH, m, ArCHAr), 6.52 (IH, s, {A-nng} ArH), 6.70 (3H, 

m, {C-nng}ArH), 7.18 (IH, t, J 7.5Hz, {C-nng} ArH). ‘̂ C NMR ppm 24.90 (CH2), 27.42 

(CH2), 31.52 (CH2), 36.07 (CH2), 39.16 (CH), 54.62 (OMe), 55.43 (OMe), 60.33 (OMe), 60.80 

(OMe), 109.43 (ArCH), 109.56 (ArCH), 113.64 (ArCH), 119.68 (ArCH), 128.56 (qC), 128.60 

(ArCH), 138.82 (qC), 139.30 (qC), 144.57 (qC), 150.67, (qC), 151.64 (qC), 159.25 (qC).

Synthesis of 2-methoxy-5-(23,4-trimethoxy-6,73i9-tetrahydro-5H-benzola]cyc!ohepten-5- 

yI)phenol (4.16)

Synthesised from (4.09) (O.llg, 0.31 mmol) using the method described for the preparation of

(2.47). Punfied by flash column chromatography (stationary phase; silica gel 230-400 mesh, 

mobile phase: hexane/ethyl acetate 2:1). Afforded (4.16) as a clear oil (O.llg, 99%). Vmax 

(CCI4)/ cm ’ 3402.0, 2930.1, 2854.8, 1598.8. GCMS m/z (%) 358 (100), 327 (11), 233 (4.2),
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191 (10). HRMS: found 359.1988 (MH'), requires (CaHzeOj) 358.1780. *H NMR (CDCI3, 

400MHz) 5ii ppm 1.42 (IH, m, HCHCH2), 1.7-1.8 (4H, m, 2 x CH2), 1.93 (IH, m, HCHCH2), 

2.48 (2H, m, CH2), 3.65 (3H, s, OMe), 3.86 (3H, s, OMe), 3.89 (3H, s, OMe), 3.91 (3H, s, 

OMe), 4.87 (IH, dd, J 3.5Hz, 6.0Hz, AiCHAr), 5.93 (IH, s, br, OH), 6.30 (IH, s, ArH), 6.57 

(IH, dd, J 1.2Hz, 8.5Hz, ArH), 6.73 (IH, d, J 1.5Hz, ArH), 6.76 (IH, d, J 8.0Hz, ArH). 

NMR 5o ppm 24.82 (CH2), 27.42 (CH2), 31.54 (CH2), 36.09 (CH2), 38.60 (CH), 55.25 (OMe), 

55.49 (OMe), 60.47 (OMe), 60.48 (OMe), 105.32 (ArCH), 110.10 (ArCH), 113.55 (AiCH), 

118.44 (ArCH), 121.34 (qC), 132.93 (qC), 135.93 (qC), 139.10 (qC) 143,87 (qC), 144.% (qC), 

146.98 (qC), 149.21 (qC).

Synthesis of 2-methoxy-5-(23i4-triniethoxy-6,7^^tetrahydro-5//-benzo[a]cyclohepten-5- 

yl)-l^benzenediol (4,17)

To a stirred solution of (4.13) (0,07g, 1.88 mmol) in ethanol/ethyl acetate (1:1, 2ml) was added 

slowly 10% Pd/C (0.07g). The reaction proceeded under an atmosphere of hydrogen for 48 

hours at room temperature. The mixture was then filtered and the solvent removed under 

reduced pressure to afford a white solid. This was re-dissolved in E)CM (~2ml) and was Ihen 

purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, mobile 

phase; 1:1 hexane/ethyl acetate). All homogenous flections were collected and the solvent was 

removed in vacuo to afford (4.17) as a white solid (0.068g, 99%). M.pt. 55-57”C. Vmax (KBr)/ 

cm'' 3371.4, 2931.6, 2847.8, 1591.4. HRMS: found 375.1895 (MH*), requires (C21H26O6) 

372.1573. GCMS m/z (%) 372 (100), 358 (25), 329 (12.5). *H NMR (CDCI3, 400MHz) 5„ 

ppm 1.69-2.4 (6H, m, 3 x CH2), 2.49 (2H, dd, J 2.5Hz, 14.0Hz, CaCHz), 3.70 (3H, s, OMi), 

3.87 (3H, s, OMe), 3.88 (3H, s, OMe), 3.88 (3H, s, OMe), 4.84 (IH, m, CHCH2), 5.33 (2H, s, 2 

X OH), 6.25 (2H, s, 2 x {C-nng}ArH), 6.50 (IH, s, {A-ring} ArH). NMR 6 c  ppm 24.9 

(CH2), 27.38 (CH2), 31.40 (CH2), 36.51 (CH2), 38.73 (CH), 55,42 (01^), 60.34 (OMe), 60.64 

(OMe), 60,82 (0 1 ^), 106.88 (2 x ArCH), 109.60 (ArCH), 128.39 (qC), 131.71 (qC), 138.82 

(qC), 139.86 (qC), 139.92 (qC), 148.11 (2 x qC), 150,69 (qC), 151,59 (qC).
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Formation of 7-hvdroxv-23.4-triniethoxv-6.7^^-tetrahvdro-5//-benzolalcvclohepten-5- 

one (4.18)

I’* Step

Synthesis ofiniermediaie, methyl 3-hydran(y-5-(3,4,5-trimetha)typhenyl)pentanoate (4.19)

Synthesised from (3,16) (0.49g, 1.66 mmol) using the method described for the prqaaration of 

(333). Purified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase: hexane/ethyl acetate 2:1). Afforded (4.19) as a clear oil (0.45g, 92%). Umax 

(CCUycm ' 3501.7, 2943.3, 2840.0, 1734.6, 1126.8. 'H NMR (CDCI3, 400MHz)6nppm 1.76 

(2H, m, CH2), 2.50 (2H, m, CH2), 2.65 (IH, m, CHCH2), 2.74 (IH, m, CHCH2), 3.70 (3H, s, 

COOCH3), 3 81 (3H, s, OMe), 3.83 (6 H, s, 2 x OMe), 4.03 (IH, m, CHOH), 6.42 (2H, s, ArH). 

'-'C NMR 5e ppm 25,54 (CH2), 37.76 (CH2), 40.71 (CH2), 51.26 (COOCH3), 55.60 (2 x OMe), 

60.32 (OMe), 66.78 (CHOH), 104.96 ( 2  x ArCH), 135.77 (qC). 137.02 (qC), 152.69 (qC),

172.81 (C=0).

2:^ Step

Synthesis o f methyl 3-/I-(to"t-hutyl)-I,l-diphenylsifyllojcy-5-(3,4,5- 

trimethaxyphenyl)pentanfmte (4.20)

Synthesised from (4.19) (0.99g, 3.32 mmol) using the method described for the preparation of 

(3.40), Purified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase: hexane/ethyl acetate 6:1). Afforded (4.20) as a clear oil (1.74g, 98%). Vmax 

(CCI4)/ cm * 3481.3, 2932.4, 2857.3,1739.6. 'H NMR (CDCI3, 400MHz) 5h ppm 1 .1 1  (9H, s, 

C(CH3)3) 1.82 (2 H, m, CH2), 2.52 (2 H, m, CH2), 2.82 (2 H, m, C i^ ,  3 72 (3H, s, COOCH3),

3.81 (3H, s, OMe), 3.84 (3H, s, OMe), 3.86 (3H, s, OMe), 4.19 (IH, m, CHOH), 6.42 (2H, s, 

{A-ring}2 x ArH), 7.41 (6 H, m, 6  x ArH), 7.78 (4H, m, 4 x ArH). *̂ C NMR 5  ̂ppm 18.54 

(C(CH3)3), 24.60 (CH2), 26.12 (C(CH3)3), 24.68 (CH2), 39.53 (CH2), 51.30 (COOMe) 55.80 

(OMe), 60.60 (OMe), 60.68 (OMe), 65.32 (CHOH), 105,10 (2 x ArCH), 123.46 (ArCH), 

127.44 (ArCH), 127.47 (AiCH), 127.64 (AiCH), 129.56 (AiCH), 134.75 (ArCH), 135,92 

(ArCH), 135.56 (AiCH), 141.82 (qC), 151.32(qC), 151.48 (qC), 172.00 (C=0).
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3^ step

Synthesis o f  intermediate, 3-[l-(tert-hutyl)-l,l-diphenylsifylloxy-5-(3,4,5- 

trimethoxyphenyl)pentanoic acid (4.21)

To a stirred solution of (4.20) (2.81 g, 5.24 mmol) in methanol (50ml) was added IM aq. NaOH 

(20ml) at room temperature. After 12 hours, the reaction was acidified to pH 2 and the product 

was extracted with diethyl ether (3 x 25ml). The organic fractions were collected and dried over 

sodium sulphate before being concentrated in vacuo to afford crude (4.21) as a white solid 

(2.13g). The product was used directly in the next step without further purification.

4* Step

Synthesis o f interme^ate, 7-[I-(tert-huiyl)-I,l-diphenylsifylloxy-2,3,4-trimeth4iixy-6,7,8,9- 

tetrahydro-5H-henzPlaJcyciohqyten-5-one (4.22)

Synthesised from (4.21) (1.12g, 2.15 mmol) using the method described for the preparation of 

(3.43). Purified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase: hexane/elhyl acetate 6:1). Afforded (4.22) as a pale yellow oil (0.76g, 70%). Vmax 

(CCU)/ cm'' 2934.9, 1696.3, 1591.5, 1458.9. 'H NMR (CDCI3, 400MHz) Swppm 1.08 (9H, s, 

C(CH3)3), 1.96 (2H, m, Cfcb), 2.55 (2H, m, CH2), 2.88 (2H, m, CH^, 3.83 (3H, s, OMe), 3.85 

(3H, s, OMe), 3.88 (3H, s, OMe), 4.19 (IH, m, CHOH), 6.44 (IH, s, ArH), 7.41 (6H, m, 6 x 

ArH), 7.68 (4H, m, 4 x ArH). '^C NMR 8  ̂ ppm 18.74 ( £ ( ^ 3)3), 26.45 ( € ( ^ 3)3), 29.16 

(CH2), 35.16 (CH2), 51.90 (CH2), 55.53 (OMe), 60.38 (OMe), 61.8 (OMe), 68.74 (CHOH), 

107.82 (ArCH), 127.48 (AiCH), 127.53 (2 x AiCH), 127.62 (2 x ArCH), 135.69 (2 x ArCH), 

135.81 (3 x AiCH), 104.76 (qC), 128.38 (qC), 133.18 (qC), 133.56 (qC), 150.94 (qC), 153.79 (2 

X qC), 200.49 (C=0).
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5^ Stqj-deprotectum

Synthesis of 7-hydroxy-23,4-trime<hoxy-6,7^^-tetrahydro-5//-benzo[a|cycIohepten-5-one 

(4.18)

To a stirred solution of (4.22) (O.lg, 0.19 mmol) in THF (1.0ml) was added IM TBAF (0.19ml, 

0.19 mmol) drop-wise at -10°C. After 5 hours, the reaction was quenched by the addition of 

water (5ml) and the product was extracted with diethyl ether (3 x 5ml). The ether extracts were 

combined, dried over sodium sulphate and filtered before the filtrate was concentrated in vacuo. 

The residue was then purified by flash column chromatography (stationary phase; silica gel 

230^00 mesh, mobile phase, 1:1 hexane/ethyl acetate). All homogenous flections were 

collected and reduced in volume to afford (4.18) as a pale yellow solid (0.021 g, 42%). M.pt 

]11-112°C. v„a.x (KBr)/ cm ' 3444.0, 2934.5, 1673.6, 1589.3, 1133.0. GCMS m/z (%) 267 

(IVf+ 1, 100), 266 (82), 248 (35), 239 (31), 181 (75). 'H NMR (CDCb, 400MHz) 5„ppm 1.92 

(1H, m, H-9), 2.18 (1H, m, H-9), 2.65 (1H, m, H-8), 2.89 (1H, m, H-6), 2.97 (1H, m, H-8), 3.02 

(IH, m, H-6), 3.86 (3H, s, OMe), 3.89 (6H, s, 2 x OMe), 4.20 (IH, m, H-7), 6.47 (IH, s, H-1) 

'^C NMR 5c ppm 29.79 (C-9), 35.17 (C-8), 52.30 (C-6), 55.95 (OMe), 60.81 (OMe), 62.31 

(OMe), 68.07 (C-7), 108.44 (C-1), 127.98 (qC), 134.80 (qC), 140.56 (qC), 150.85 (qC), 154.04 

(qC), 200.64 (C=0).

Synthesis of 1 ̂ 3-t»"iniethoxy-9-(4-methoxyphenyl)-6,7-dihydro-5//-benzo [a]cyclohepten- 

7-ol (4.23)

Synthesised using /wra-bromoanisole (0.07g, 0.37 mmol) and (4.18) (0.03g, 0.11 mmol) 

employing the method descnbed for the preparation of (3.44). Purified by flash column 

chromatography (stationary phase: silica gel 230-400 mesh, mobile phase: hexane/ethyl acetate 

1:1). Afforded (4.23) as a white solid (0.033g, 83%). M.pt. 41-43T. (KBr)/ cm * 3422.4, 

2936.2,1594.4, 1246.0,1117.1. HRMS: found 357.1687 (MH'), requires (C21H24O5) 356.1624. 

GCMS m/z (%) 338 (M^-18, 100), 308 (6), 264 (2). 'H NMR (CD3OD, 400MHz) Suppm 2.01 

(IH, m, CH), 2.45 (IH, m, CH), 2.55 (IH, m, CH), 2.65 (IH, m, CH), 3.55 (3H, s, OMe), 3.76 

(3H, s , OMe), 3.79 (3H, s, OMe), 3.90 (3H, s, OMe), 4.06 (IH, s, CHOH), 6.20 (IH, m, C=CH), 

6.77 (IH, s, ArH), 6.85 (2H, m, 2 x ArH), 7.12 (2H, m, 2 x ArH). ‘^C NMR 5c ppm 29.84
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(CHz), 41.95 (CH2), 53.85 (OMe), 54.70 (OMe), 58.85 (OMe), 59.39 (OMe), 68.05 (CHOH), 

107.05 (AiCH), 112.64 (2 x AiCH), 124.34 (qC), 126.46 (2 x AiCH), 131.47 (C=CH), 134.10 

(qC), 135.68 (qC), 137.21 (qC), 140.32 (qC), 150.52 (qC), 152.46 (qC), 158.47 (qC).

Formation of9-(3-hvdroxv-4-methoxvphenyl)-1.33-triinetfaoxv-6,7-dihvdn>-5//- 

benzo|a|cvclohepten-7-ol (4.25)

step

Synthesis o f intermediate, 9-(3-[l-(tert-lmtyl)-l, I-dimethylsilylJ(xny^-meth(Jayphenyl)-l,2,3- 

trimethtJixy-6,7-dihydro-5H-benzx*laJcyclohepten-7-ol (4.24)

Synthesised using (2.50) (0.35g, 1.11 mmol) and (4.18) (0.1 Og, 0.37 mmol) employing the 

method described for the preparation of (3.45). Purified by flash column chromatography 

(stationary phase: silica gel 230-400 mesh, mobile phase: hexane/ethyl acetate 1:1). Afforded 

(4.24) as a white solid (0.15g, 82%). (CCI4 )/ cm"' 3402.2, 2932.6, 1507.9, 1117.5. 'H

NMR (CDCI3, 400MHz) 5h ppm 0.16 (3H, s, SiC£b), 0.17 (3H, s, SiCHj), 1.00 (9H, s, 

C(CH3l2), 2.50 (2H, m, CH2), 2.71 (2H, m, ArCIi), 3.40 (3H, s, OMe), 3.80 (6H, s, 2 x OMte), 

3.92 (3H, s, OMe). 4.23 (IH, m, CHOH), 6.22 (IH, d, J 5.0Hz, C=CH), 6.62 (IH, s, {A- 

ring}ArH), 6.75 (2H, m, {C-ring}2 x ArH), 6.89 (IH, m, {C-ring}ArH). '^C NMR 6c ppm - 

5.04 (CH^SiCH:,), 17.99 (C(CH3>,), 25.30 (C(CH3)3), 30.34 (CH2), 42.51 (CH2), 55.08 (0M§), 

55.48 (OMe), 59.72 (OMe). 60.25 (OMe). 68.92 (CHOH), 106.75 (ArCH), 111.09 (AiCH), 

118.49 (ArCH), 119.25 (AiCH), 124.33 (qC) 131.67 (C=CH), 134.75 (qC), 136.92 (2 x qC), 

140.41 (qC), 144.30 (qC), 149.77 (qC), 150.86 (qC), 152.40 (qC).

2 ^  Stq>-deprotection

Synthesis of 9-(3-hydroxy-4-melhoxyphenyl)-l^3-trinlethoxy-6,7-dihydro-5//- 

benzo|a]cycIohepten-7-ol (4.25)

Synthesised from (4.24) (0.49g, 0.10 mmol) using the method described for the preparation of 

(3.46). Purified by flash column chromatography (stationary phase: silica gel 230-400 mesh, 

mobile phase: hexane/ethyl acetate 1:1). Afforded (4.25) as a white powder (0.034g, 90%).
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M.pt. 59-60°C. v„,ax (KBr)/ cm'* 3423.8, 2931.6, 1591.4, 1507.6, 1115.0. HRMS: found 

395.1469 (M"+Na), requires (C21H24O6) 372.1573. GCMS m/z (%) 354 (M"-18,100), 323 (1 0 ), 

292 (9), 231 (2.5). *H NMR (CD3OD, 400MHz) 5h ppm 2.36-2.66 (4H, m, 2 x Ctb), 3.36 (3H, 

s, OMe), 3.74 (3H, s, OMe), 3.83 (3H, s, OMe), 3.88 (3H, s, OMe), 4.02 (IH, m, CHOH), 6.16 

(IH, m, C-CH), 6.64 (IH, m, ArH), 6.67 (IH, s, ArH), 6.74 (IH, s, ArH), 6.81 (IH, d, J 8.0Hz, 

ArH). '^C NMR 5c ppm 29.79 (CH2), 41.90 (CH2), 54.64 (OMe), 54.69 (OMe), 58.90 (OMe), 

59.39 (OMe), 68.03 (CHOH), 106.98 (ArH), 110.62 (ArH), 112.67 (ArH), 116.91 (ArH),

124.41 (qC), 131.44 (C=CH), 134.94 (qC), 135.77 (qC), 137.14 (qC), 140.30 (qC), 145.30 (qC),

146.42 (qC), 150.53 (qC), 152.43 (qC).

Formation of 5-(7-hvdroyy-l^3-trimethoxv-6,7-dihvdro-5^-benzofalcvcloheDten-9-yl)-2- 

methoxv-U-benzenediol (421^

Instep
Syntltesis o f  iniermediaie, 9-(3,5-dill-(tert-hutyl)-l, I-dimethyLsUylftJixy-4-niethaxyphenyl)- 

1,2,3-trimethaxy-6, V-dihydro-SH-benzolajcyclohepten-V-ol (4.26)

To a stirred solution of bromide (2^5) (0.19g, 0.425 mmol) in anhydrous THF (1ml) was added 

2.5M rt-BuLi (0.17ml, 0.425 mmol) drop-wise at -78°C under anhydrous conditions for 10 

minutes. To this solution at -78°C, was added a solution of (4.18) (0.032g, 0.12 mmol) in 

anhydrous THF (1 ml). After 4 hours, the temperature was raised slowly to 0°C and maintained 

at this temperature for 12 hours. On completion, the reaction was quenched by the addition of 

2M aq. HCI (5ml) and tiie product was extracted with diethyl ether (3 x 10ml). The ether 

extracts were combined, dried over sodium sulphate, filtered and concentrated to a clear oil. 

This was purified by flash column chromatography (stationary phase: silica gel G254; mobile 

phase: hexane/ethyl acetate 2:1). All homogeneous fractions were collected and the solvent was 

removed in vacuo to afford (426) as an oil (0.056g, 76%). Vn,ax(CCl4)/ cm ’ 2932.0, 2850.1, 

1596.4,1083.5,832.2. 'H  NMR (CDCI3,400MHz) Suppm 0.14 (6H, s CHsSiCHj), 0.15 (6H, s 

CH3S1CH3), 0.98 (18H, s, 2 X C(CH3j^ , 2.05 (2H, m, C I^ , 2.51 (2H, m, CH2) 2.67 (2H, m, 

A1CH2), 3.43 (3H, s, OMe). 3.73 (3H, s, O ]^), 3.79 (3H, s, OMe), 3.92 (3H, s, O ]^ ), 4.21 

(IH, m, CHOH), 6.21 (IH, d, J 5.5Hz, C=€H), 6.38 (2H, s, 2 x {C-ring}ArH), 6.61 (IH, s, {A-
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nng} ArH). NMR 5, ppm -5.11 (CHsSiCH.-,), -5.06 (CH^SiCHj), 17.83 (2 x £ ( ^ 3)3), 26.2 

( 2  X C(CH3)3), 30.25 (CH2), 42.48 (CH2), 55.49 (OMe), 59.53 (OMe), 59.67 (OMe), 60.25 

(OMe), 68.88 (CHOH), 106.76 (ArCH), 112.27 (2 x ArCH), 124,24 (qC), 132.23 (C=CH),

136.77 (qC), 137.15 (qC), 140.38 (qC), 141.58 (qC) 148.83 (2xqC), 150.78 (qC), 152.38 (qC),

2^ step-defMTotection

Synthesis of 5-(7-hydroxy-l^3-trimethoxy-6,7-dihydro-5//-benzo[alcyclohepten-9-yl)-2- 

methoxy-13-beii2enediol (4^7)

To a stirred solution of (4.26) (0.04g, 0.065 mmol) in THF (0.5ml) was added IM TBAF 

(0.065ml, 0.065 mmol) at room temperature. After 1 hour, the reaction was quenched by the 

addition of water (2ml) and the product was extracted using diethyl ether (3 x 5ml). The ether 

extracts were collected, dried over sodium sulphate and filtered before being reduced in volume 

and purified by flash column chromatography (stationary phase; silica gel 230-400 mesh, 

mobile phase, hexane/ethyl acetate 1:1). All homogenous fractions were collected and the 

solvent was removed in vacuo to aflFord (4.27) as a white solid (0.012g, 48%). M.pt 107-109°C. 

vw(KBr)/ cm ' 3409.7, 2935.7, 1595.7, 1112.2. GCMS m/z (%) 370 (M"-18, 100), 339 (77,5), 

308 (36), 279 (30), 'H NMR (CDCI3, 400MHz) 5„ ppm 1,70 (2H, m, CH2), 2,49 (2H, m, CH2), 

3,45 (3H, s, OMe), 3,81 (3H, s, OMe), 3,89 (3H, s, OMe), 3,91 (3H, s, OMe), 4.21 (IH, m, 

CHOH), 626 (IH, d, J 5.0Hz, C=CH), 6.39 (2H, s, 2 x {C-ring}ArH), 6.60 (IH, s, {A- 

nng}ArH). '^C NMR 5c ppm 30.20 (CH2), 42.22 (CH2), 55,54 (OMe), 59.91 (OMe), 60.30 

(OMe), 60.59 (OMe), 68.90 (CHOH), 105.57 (2 x ArCH), 106.99 (ArCH), 123.99 (qC), 132.77 

(qC), 133.40 (C=CH), 136.85 (qC), 138.34 (qC), 140.42 (qC), 148.24 (2 x qC), 150.58 (qC), 

152.58 (qC).

Synthesis of 1^3-triniethoxy-9-(4-niethoxyphenyl)-6,7-dihydro-5f/-benzo[a]cycIohepten- 

7-one (4.28)

Synthesised fi'om (4.23) (0.048g, 0.13 mmol) using the method described for the preparation of 

(3.53). Purified by flash column chromatography (stationary phase, silica gel 230-400 mesh, 

mobile phase: hexane/ethyl acetate 3:1). Afforded (4.28) as a white solid (0.03 Ig, 68%). M.pt
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36-38°C. HRMS: found 355.1572 (MPf), requires (C21H24O6) 354.1467. GCMS mix (%) 354 

(100), 312 (20), 251 (4), 219 (2). v„ax(KBr)/ cm'‘ 2939.8, 1659.8, 1593.6, 1509.8, 1117.5. 'H 

NMR (CD3OD, 400MHz) 5h ppm 2.67 (2H, m, ArCIjb), 3.25 (3H, s, OMe), 3,32 (2H, m, 

COCH2), 3.73 (3H, s, OMe). 3.81 (3H, s, OMe), 3.93 (3H, s, OMe), 6.30 (IH, m, C=CH), 6.83 

(IH, s, ArH), 6.91 (2H, d, J 8.5Hz, 2 x ArH), 7.18 (2H, d, J 8.5Hz, 2 x ArH). ‘^C NMR 5« ppm 

29.40 (Ai€H2), 46.65 (COCH2), 53.93 (O]^), 54.70 (OMe), 59.06 (OMe), 59.26 (OMe), 

106.24 (ArH), 112.85 (2 x ArCH), 126.85 (C=CH), 126.87 (2 x ArCH), 129.09 (qC), 135.70 

(qC), 137.84 (C ), 140.79 (qC), 149.89 (qC), 152.32 (qC), 153.90 (qC), 159.68 (qC), 205.62 

(C=0)

Synthesis of 9-(3-hydroxy-4-methoxyphenyl)-1^3-trimethoxy-6,7-dihydro-5H- 

benzo|a]cyclohepten-7-one (430)

To a stirred solution of (4J24) (0.040g, 0.08 mmol) in DMF (1ml) was added PDC (0.061g, 

0.164 mmol) portion-wise at 0°C. After 12 hours, the reaction was quenched by the addition of 

water (5ml) and the product was then extracted with diethyl ether (5 x 5ml). The ether extracts 

were combined, dned over sodium sulphate and filtered before the filtrate was concentrated in 

vacuo. The resulting residue was purified by flash column chromatography (stationary phase; 

silica gel 230-400 mesh, mobile phase; 3.1 hexane/ethyl acetate). All homogenous fractions 

were collected and the solvent was evaporated off to afford (4^9) as a clear oil (0.02g, 50%), 

The enone (4.29) (0.02g, 0.041 mmol) was subsequently re-dissolved in THF (1ml) and IM 

TBAF (0.08ml, 0.082 mmol) was added drop-wise at room temperature. After 2 hours, the 

reaction was quenched by the addition of water (5ml) and the product was extracted using 

diethyl ether (3 x 5ml). The ether extracts were combined, dried over sodium sulphate and 

filtered before the filtrate was concentrated in vacuo. The resulting residue was purified by flash 

column chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 1;1 

hexane/ethyl acetate). All homogenous fractions were collected and the solvent was evaporated 

off to afford (430) as a wiiite solid (0.015g, 99%). M.pt 44^°C . Vmax (KBr)/ cm ’ 3402.7, 

2935.2,1652.2,1508,7,1115,8. HRMS: found 371.1465 (MH"), requires (C21H22O6) 370.1416. 

GCMS m/z (%) 371 (M'+l, 100), 370 (96), 328 (22.5). 'H NMR (CD3OD, 400MHz) 5„ ppm 

2.77 (2H, m, ArCHs), 3.05 (2H, m, COCH2), 3.37 (3H, s, OMe), 3.82 (3H, s, OMe), 3.96 (3H, s.
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OMe), 4.02 (3H, s, OMe), 6.38 (IH, s, C=CH), 6.80 (IH, s, ArH), 6.91 (IH, d, ArH), 7.00 (2H, 

m, 2 X ArH). NMR 5o ppm 24.24 (CH2), 29.37 (CH2), 54.60 (OMe), 54.70 (OMe), 59.09 

(OMe), 59.25 (OMe), 106.12 (AiCH), 110.56 (ArCH), 112.81 (AiCH), 117.27 (ArCH), 126.70 

(C=CH), 136.47 (qC), 137.75 (qC), 140.76 (qC), 145.55 (qC), 147.67 (qC), 150.08 (qC), 152.36 

(qC), 153.87 (qC), 205.68 (CO).

Formation of 9-(3-hvdroxv-4-medioxvphenvl)-l ̂ 3-trimethoxy-6.7,.8^-tetrahvdro- 

5//benzolalcvclohepten-7-one (433)

1"* step

Synthesk o f  intermediate, 9-(3-ll-(tert-hutyl)-l,l-dimethykUyll(vq^-4-methoo^phenyl)-l,2,3- 

trimethaxy-6,7,8,9-tetrahydro-5H-henz/flaJcyclffhepien-7-oi (4.31)

To a solution of (4.24) (O.lg, 0.20 mmol) in ethanol/etiiyl acetate (1;1, 2ml) was added 10% 

Pd/C (O.lg). The reaction was stirred under a hydrogen atmosphere for 48 hours. On 

completion, the reaction was filtered and the filtrate was concentrated to an oil. It was purified 

by flash column chromatography (stationary phase: silica gel G254; mobile phase: hexane/ethyl 

acetate 1:1). All homogeneous fractions were collected and the solvent was removed in vacuo 

to afford (431) as a clear oil (0.099g, 99%). 'H NMR (CDCI3, 400MHz) 5h ppm 0.10 (6H, s 

CHjSiCHj), 0.% (9H, s, C(CH3k), 182 (IH, m, HCH), 1.97 (IH, m, HCH), 2.26 (IH, m, 

HCH), 2.47-2.59 (2H, m, CH2), 3.11 (IH, m, HCH), 3.50 (3H, s, OMe), 3.77 (3H, s, OMe), 3.84 

(3H, s, OMe), 3.90 (3H, s, OMe), 4 03 (IH, m, CHOH), 4.86 (IH, t, J 6.7Hz, ArCHAr), 6.54 

(IH, s, (A-ring}ArH), 6.65 (IH, s, {C-ring}ArH), 6.71 (IH, d, J 8.0Hz, {C-nng}ArH), 6.76 

(IH, d, J 8.0Hz, {C-ring}ArH). ‘̂ C NMR 6̂  ppm -5.08 (CHsSiCHj), 17.96 (2 x C(CH3)3), 

25.26 (2 X C(CH3)3), 29.86 (CH2), 34.76 (CH2), 37.57 (ArCHAr), 39.90 (CH2), 55.15 (OMe), 

55.47 (OMe), 60.27 (0M§), 60.54 (OMe), 70.04 (CHOH), 108.68 (ArCH), 111.77 (ArCH), 

119.65 (2 X ArCH), 126.71 (qC), 136.69 (qC), 136.81 (qC), 140.29 (qC), 144.51 (qC) 148.71 

(qC), 151.07 (qC), 151.70 (qC).
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2^ stq>-deprotection

Synthesis of 9-(3-hydroxy-4-methoxyphenyI)-1^3-tri™ethoxy-6,7,8?9-tetrahydro- 

5f/benzo[alcycIohepten-7-one (433)

To a stirred solution of (431) (0.03g, 0.061 mmol) in DMF (1ml) was added PDC (0.045g, 

0.119 mmol) over a period of 2 hours at 0°C. The reaction was allowed to proceed for 12 hours 

before being quenched by the addition of water (5ml). The product was then extracted v/ith 

diethyl ether (5 x 5ml) and the organic fractions were collected and dned over sodium sulphate 

before being concentrated in vacuo to afford the enone (432). The enone (432) (0.02g, 0.041 

mmol) was subsequently re-dissolved in THF (1ml) and IM TBAF (0.05ml, 0.050 mmol) was 

added drop-wise at room temperature. After 1 hour, the reaction was quenched by the addition 

of water (5ml) and the product was extracted with diethyl ether (3 x 5ml). The ether extracts 

were combined, dried over sodium sulphate and filtered before the filtrate was concentrated in 

vacuo. The resulting residue was purified by flash column chromatography (stationary phase; 

silica gel 230^00 mesh, mobile phase, 1.1 hexane/ethyl acetate). All homogenous fractions 

were collected and the solvent was evaporated off to afford (433) as a white solid (0.015g, 

99%). M.pt. 44-46°C. HRMS; found 395.1461 (M'+Na), requires (C2 1 H2 4O6 ) 372.1573. v„,a.x 

(KBr)/ cm"' 3400.5, 2936.7, 1701.6, 1595.6. 'H NMR (CD3 CI, 400MHz) Sjippm 2.46 (IH, m, 

H-6 ), 2.63 (1H, m, H-5), 2.67 (IH, m, H-6 ), 2.87 (2H, m, H-8 ), 2.94 (IH, m, H-5), 3.37 (1H, dd, 

J 6 .8 Hz, 13.8Hz, H-8 ), 3.69 (3H, s, OMe), 3.86 (3H, s, 01^), 3.88 (3H, s, OMe), 3.89 (3H, s, 

OMe), 4.95 (IH, t, J 6.2Hz, H-9), 5.53 (IH, s, br, -OH), 6.53 (IH, s, H-4), 6.62 (IH, d, J 2.0Hz, 

H-2’), 6.67 (IH, dd, J 2Hz, 8.7Hz, H-6 ’), 6.76 (IH, d, J 8.5Hz, H-5’). NMR 6 c ppm 29.67 

(C-5), 37.04 (C-9). 43.85 (C-6 ), 47.55 (C-8 ), 55.46 (OMe), 55.49 (O ^ ) ,  60.26 (OMe), 60.60 

(OMe), 109.00 (C-4), 110.07 (C-2’), 112.98 (C-6 ’), 118.02 (C-5’), 126.98 (qC), 131.22 (qC), 

135.53 (qC) 136.46 (qC), 144.43 (qC), 145.09 (qC), 151.79 (qC), 210.47 (C=0).
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Formation of 3-hvdroxv-7.8^-trimethoxv-23.4,^tetrahvdro-l -benzoxepin-5-one (5.01) 

l^Step

Synthesis ofinlemtediate, ethyl2-(2,3,4-trimethoxyphenoxy)acetate (5.08)

To a stirred solution of 2,3,4-trimethoxybenzaldehyde (3.0g, 15.3 mmol) in DCM (60ml) was 

added a solution of /wCPBA (3.26g, 18.9 mmol) dissolved in DCM (60ml). After 5 hours, the 

solvent was concentrated to half its volume and filtered to remove the precipitated m- 

chlorobenzoic acid. The filtrate was then washed with 5% aq. NaHCOs, water and sat. NaCl. 

The solvent was subsequently removed under reduced pressure to afford an oily residue. This 

was re-dissolved in methanol (30ml) and 2.5M aq. NaOH (25ml) was added to the solution at 

0°C. After 1.5 hours, the reaction was acidified with 2M aq. HCl and the product was isolated 

by extraction with ether (3 x 20ml). The combined organic layers were dried under sodium 

sulphate, filtered and concentrated to an oil. This was purified by flash column chromatography 

(stationary phase: silica gel, mobile phase: hexane/ethyl acetate 2:1). All homogenous fi^ctions 

were collected and the solvent was removed in vacuo to afford (5,07) as a yellow solid (2.22g, 

79%). The phenol (5.07) (1.5g, 8.15 mmol) was re-dissolved in acetone (40ml) and K2CO3 

(5.0g, 36.2 mmol) was subsequently added followed by ethyl bromoacetate (2ml, 17.3 mmol). 

The reaction was refluxed for 12 hours. On completion, the solvent was concentrated in vacuo 

and a solution of sat. NaCl (40ml) was added. The product was extracted using diethyl ether (3 

X 30ml), dried under sodium sulphate, filtered and concentrated to an oil. It was purified by 

flash column chromatography (stationary phase: silica gel; mobile phase: hexane/ethyl acetate 

5:1). All homogenous flections were collected and the solvent was removed in vacuo to afford 

(5.08) as a yellow oil (1 67g, 76%). v„^ (CCU)/ cm'' 2984.0, 2939.2, 1748.5, 1591.4, 1120.2. 

'H NMR 5nppm 1.08 (3H, t, J 7.2Hz, CH3), 3.60 (3H, s, OMi), 3.68 (3H, s, OMe), 3.70 (3H, s, 

OMe), 4.04 (2H, q, J 3.8Hz, 7.2Hz, OCH2CH3), 4.42 (2H, s, CH2CO), 6.35 (IH, d, J 9.0Hz, 

ArH), 6.40 (IH, d, J 9.0Hz, ArH). *̂ C NMR 5c ppm 13,40 (CH2CH3), 55.53 (OMe), 60.31 (2 x 

OMe), 60.43 (CH2CH3), 66.47 (OCH2), 105.90 (ArCH), 108.94 (ArCH), 142.83 (qC), 143.63 

(qC), 145.39 (qC), 148.23 (qC), 168.37 (C=0).
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2T‘Step

Synthesis o f intermediate, 2,2-dimethyl-5-l-2(2,3,4-trimethoxyphenaxy)ace1yll-l,3-dioxane- 

4,6-dione (5.10)

To a stirred solution of ester (5.08) (1.5g, 5.55 mmol) in elhanol (40ml) was added 2.5M aq. 

NaOH (30ml) at 25°C. After 3 hours, the solvent was removed in vacuo and 2M aq. HCl 

(40ml) was added. The product was extracted with diethyl ether (3 x 30ml), dried over sodium 

sulphate, filtered and the solvent was removed under reduced pressure to afford the acid (5.09) 

as a white solid (1.34g, 100%). The acid (5.09) (0.88g, 3.63 mmol) was then re-dissolved in 

anhydrous DCM (4ml) and 2M oxalyl chloride solution in DCM (3.63ml, 7.27 mmol) was 

added together with DMF (1 drop) under anhydrous conditions at 0°C for 1 hour. On formation 

of the acid chloride, the solvent was removed in vacuo to afford a syrupy residue. To this 

residue was added a solution of Meldrum’s acid (0.52g, 3.61 mmol) dissolved in anhydrous 

DCM (10ml) followed by DMAP (0.88g, 7.21 mmol) at 0°C for 1 hour. The reaction 

temperature was then raised to 25°C and the reaction was allowed to continue for an additional 

hour. On completion, the solvent was removed in vacuo and IM aq. HCl (10ml) was added. 

The product was extracted with diethyl ether (3 x 20ml) and the organic layers were combined, 

dried under sodium sulphate, filtered and concentrated to afford a yellow solid. This was re­

dissolved in DCM (2ml) and purified by flash column chromatography (stationary phase: silica 

gel, mobile phase: hexane/ethyl acetate 3:1). All homogenous fractions were collected and the 

solvent was removed in vacuo to afford (5.10) as a pale-yellow solid (0.83g, 62%). *H NMR 5n 

ppm 1.78 (6H, s, 2 X CHj), 3.84 (3H, s, OMe), 3.92 (3H, s, OMe). 3.96 (3H, s, 0M§), 5.46 (2H, 

s, 2 X H-2), 6.57 (1H, d, J 7.0Hz, ArH), 6.65 (IH, d, J 7.0Hz, ArH). ‘^C NMR 5oppm 26.90 (2 x 

CH3), 56.33 (OMe), 60.17 (OMe), 61.33 (OMe). 69.48 (C-2), 105.98 (C-2’), 106.49 (ArCH), 

109.92 (ArCH), 145.92 (qC), 149.20 (qC), 159.91 (qC), 162.42 (qC), 169.91 (C-4’, C-6 ’), 

192.13 (C-1).
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sr'step
Synthesis o f intermediate, methyl 3-oxo-4-(2,3,4-trimethoxyphenaxy)hutanoate (5.11)

To a stirred solution of (5.10) (0.50g, 1.36 mmol) in toluene (40ml) was added methanol (10ml). 

The reaction was refluxed for 12 hours. On completion, the solvent was removed in vacuo and 

concentrated to an oil. This oil was purified by flash column chromatography (stationary phase: 

silica gel; mobile phase: hexane/ethyl acetate 3:1). All homogenous fractions were collected 

and the solvent was removed in vacuo to afford (5.11) as a clear oil (0.33g, 82%). Vmax(CCU)/ 

cm ' 2931.6, 2826.9, 1753.7, 1738.0, 1491.9, 1115.0. 'H NMR 6h ppm 3.65 (2H, s, 

CHjCOOMe), 3.69 (3H, s, COOMe), 3.77 (3H, s, OMe), 3.85 (3H, s, OMe), 3.86 (3H, s, OMe), 

4.58 (2H, s, OCH2CO), 6.51 (2H, s, 2 x ArH). '^C NMR 5̂  ppm 45.06 (CH2CO), 51.81 

(COOMe), 55.79 (OMe), 60.58 (OMe), 60.73 (OMe), 74.20 (OCH2CO), 106.14 (ArCH), 

109.14 (AiCH), 143.11 (qC), 143.71 (qC), 145.22 (qC), 148.64 (qC), 166.80 (C=OOMe), 

200.04 (C=0).

4"* step

Synthesis o f intermediate, methyl 3-hydroxy-4-(2,3,4-trimethfv^phenojty)butanoate (5.12)

To a stirred solution of (5.11) (0.25g, 0.84 mmol) in methanol (61.6ml) was added NaBtti 

(0.01 Ig, 0.29 mmol) at 0°C. After 3 hours, the reaction was quenched by the addition of sat. 

NaCl solution (20ml) and the product was extracted using diethyl ether (5 x 25ml). The ether 

extracts were combined, dried over sodium sulphate, filtered and the filtrate was concentrated in 

vacuo to afford an oil. This oil was purified by flash column chromatography (solid phase: 

silica gel; mobile phase: hexane/elhyl acetate 2:1). All homogenous fi'actions were collected 

and the solvent was removed in vacuo to afford (5.08) an oil (0.18g, 72%). Vmax (CCU)/ cm'* 

3475.1,2934.2,2830.2,1733.8,1489.4. *H NMR 5nppm 2.66 (2H, m, CH2COH), 3.42 (IH, br, 

s, CHOH), 3.71 (3H, s, COOMe), 3 81 (3H, s, OMe), 3.85 (3H, s, O ]^), 3.85 (3H, s, OMe),

3.97 (2H, s, OCH2CHOH), 4.39 (IH, br, s, CHOH), 6.56 (IH, d, J 4.5Hz, ArH), 6.63 (IH, d, J 

4.5Hz, ArH). '^C NMR 5c ppm 37.86 (CHzCOOMe), 51.32 (COOMe), 55.89 (OMe), 60.67 

(OMe), 60.86 (OMe). 66.35 (CHOH), 73.31 (OCH2CHOH), 106.37 (ArCH), 109.66 (ArCH),

142.97 (qC), 143.95 (qC), 146.11 (qC), 148.26 (qC), 171.77(C=0).
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^  Step

Synthesis o f methyl 3-ll-(tert-butyl)-l,l-diphenykilylloxy-4-(2,3,4- 

trimethoxyphenoyy)hutanoate (5.13)

To a stirred solution of (5.12) (0.23g, 0.77 mmol) in DMF (2ml) was added /BDPSCl (0.17g, 

1.15 mmol) followed by imidazole (0.084g, 1.23 mmol) at 0°C. After 3 hours, the reaction was 

quenched by the addition of sat. aq. NaCl solution (10ml) and the product was extracted using 

diethyl ether (3 x 15ml). The ether extracts were combined, dried over sodium sulphate, filtered 

and the solvent was removed in vacuo to afford an oil. This oil was purified by flash column 

chromatography (stationary phase: silica gel; mobile phase: hexane/ethyl acetate 6:1). All 

homogenous fiactions were collected and tiie solvent was removed in vacuo to afford (5.13) as 

an oil (0.32g, 77%). v„ax (CCL,)/ cm'* 2931.6, 2850.3, 1738.0, 1491.9. *H NMR 5 h  ppm 1.09 

(9H, s, C(CH3)^, 2.77 (2H, 2 x dd, J 6.25Hz, 15.0Hz, 32.6Hz, CHjCOOMe), 3.61 (3H, s, 

COOMe), 3.81 (3H, s, OMe), 3.82 (3H, s, OMe), 3.90 (3H, s, OMe), 3.90 (2H, s, 

OCH^HOSi), 4.55 (IH, m, CHOSi), 6.32 (IH, d, J 9.0Hz, ArH), 6.47 (IH, d, J 9.0Hz, ArH), 

7.41 (4H, m, 4 x ArH), 7.75 (6H, m, 6 x ArH). ’̂ C NMR 5c ppm 18.80 (C(CH3)3), 26.41 

(C(CH,)3), 39.50 (CH2), 51.37 (COOMe), 56.35 (OMe). 61.04 (OMe). 61.08 (OMe), 68.86 

(CHOSi), 72.03 (OCH2CHOS1), 106.16 (ArCH), 108.32 (ArCH), 127.16 (2 x AiCH), 127.21 (2 

X AiCH), 129.29 (AiCH), 129.36 (ArCH), 132.93 (qC), 133.22 (qC), 135.40 (2 x ArCH), 

135.44 (2 X ArCH), 143.00 (qC), 143.63 (qC), 146.28 (qC), 147.73 (qC), 171.06 (C=0).

stq>

Synthesis o f intermediate, 3-fl-(tert-bufyl)-l,I-diphenylsifyiJaxy-4-(2,3,4- 

trimethoxyphenoxy)hutanoic acid (5.14)

To a stirred solution of (5.13) (0.25g, 0.46 mmol) in methanol (10ml) was added 10% aq. NaOH 

(20ml) at room temperature. After 24 hours, the reaction was quenched by the addition of 2M 

aq. HCl (20ml) and the product was extracted with diethyl ether (3 x 30ml). The ether extracts 

were combined, dried over sodium sulphate, filtered and the filtrate was concentrated in vacuo 

to afford an oil. This was purified by flash column chromatography (solid phase: silica gel; 

mobile phase: hexane/ethyl acetate 2:1). All homogenous fi'actions were collected and the
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solvent was removed in vacuo to afford (5.14) as a white solid (0.16g, 66%). v„,ax (CCU)/ cm ' 

2925.3, 2848.3, 1710.6. ‘H NMR 5nppm 1.0 (9H, s, C(CH3)3), 2.74 (IH, dd, J 6.3Hz, 15.0Hz, 

HCHCOOMe), 2.84 (IH, dd, J 6.3Hz, 15.0Hz, HCHCOOMe), 3.810 (3H, s, OMe), 3.818 (3H, 

s, OMe), 3.98 (3H, s, OMe), 3.90 (2H, s, O C I^H O Si), 4 49 (IH, m, CHOSi), 6.30 (IH, d, J 

9.0Hz, ArH), 6.46 (IH, d, J 9.0Hz, ArH), 7.41 (6H, m, 6 x ArH), 7.73 (4H, m, 4 x ArH). ‘‘'C 

NMR 5c ppm 18.78 (C(CH3)3), 26.38 (C(CH3)3), 38.86 (CH2), 55.95 (2 x OMe), 60.67 (OMe), 

68.18 (CHOSi), 71.86 (CH2), 106.13 (ArCH), 108.35 (ArCH), 127.17 (2 x AiCH), 127.24 (2 x 

ArCH), 129.31 (AiCH), 129.42 (ArCH), 132.64 (qC), 133.10 (qC), 135.36 (2 x ArCH), 135.44 

(2 X AiCH), 142.98 (qC), 143.61 (qC), 143.76 (qC), 146.15 (qC), 147.86 (qC), 175.91 (C=0).

t  Step

Synthesis o f  intermetUate, 3-fl-(tert-hufyl)-l,l-diphenylsifylJaxy-7,8,9-trimethaxy-2r3,4,5- 

tetrahydro-l-hmz/oxepin-5-(me (5.15) via 3-ll-(tert-hutyl)-l,l-diphenylsilylloyy-4-(2,3,4- 

trimethaxj>phetujtxy)f>utanfjyl chloride

To a stirred solution of acid (5.14) (0.66g, 1.26 mmol) in anhydrous DCM (5ml) was added 2M 

oxalyl chloride in DCM (1 29ml, 2.58 mmol) and DMF (1 drop) under anhydrous conditions at 

0°C. After 1.5 hours, the excess oxalyl chloride was removed under reduced pressure to afford 

the corresponding acid halide as an oil. This was re-dissolved in anhydrous DCM (12ml) and a 

1 OM SnCU in DCM (0.42ml, 0.42 mmol) was added at -10°C. After 30 minutes, the reaction 

was quenched with sat. NaCl (15ml) and the product extracted using diethyl ether (3 x 15ml). 

The organic fractions were collected, dried over sodium sulphate and filtered before the filtrate 

was concentrated in vacuo. The resulting residue was then purified by flash column 

chromatography (stationary phase; silica gel 230-400 mesh, mobile phase; 2:1 hexane/ethyl 

acetate). All homogenous fractions were collected and reduced in volume to afford (5.15) as a 

clear oil (0.50g, 78%). v„,ax (CCU)/ cm'* 2931.6, 2858.3, 1675.2, 1591.4, 1109,7. *H NMR 5h 

ppm 1.06 (9H, s, C(CIi3j^ , 3.04 (IH, dd, J 4.5Hz, 12.5Hz, HCHCO), 3.11 (IH, dd, J 6.0Hz, 

12 5Hz, HCHCO), 3.87 (3H, s, OMe), 3.92 (3H, s, OMe), 3.98 (3H, s, OMe). 4.08 (IH, dd, J 

4.7Hz, 12.2Hz, HCHCHOSi), 4.16 (IH, dd, J 5.7Hz, 12.2Hz, HCHCHOSi), 4.48 (IH, m, 

CHOSi), 7.15 (IH, s, ArH), 7.41 (6H, m, 6 x ArH), 7.67 (4H, m, 4 x ArH). '^C NMR 5cppm 

18.66 (C(CH3)3), 26.34 (C(CH3)3), 49.35 (CH2CO), 55.69 (OMe), 60.75 (OMe), 61.27 (OMe),
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70.50 (CHOSi), 79.31 (OCHzCHOSi), 105.00 (ArCH), 123.67 (qC), 127.34 (4 x ArCH), 129.49 

(AiCH), 129.52 (Ai€H), 132.65 (qC), 132.92 (qC), 135.21 (2 x ArCH), 135.35 (2 x ArCH), 

144.23 (qC), 146.88 (qC), 148.29 (qC), 151.67 (qC), 194.97 (C=0).

Stq}-deprotection

Synthesis of 3-hydroxy-7^^-trimethoxy-23y4^-tetrahydro-l-benzoxepin-5-one (5.01)

To a stirred solution of (5.15) (0.36g, 0.71 mmol) in THF (2ml) was added IM TBAF (0.78ml, 

0.78 mmol) at 0°C. After 3 hours, the reaction was quenched by the addition of sat. NaCl 

solution (10ml) and the product was extracted with diethyl ether (3 x 10ml). The ether extracts 

were collected, dried over sodium sulphate, filtered and the solvent was concentrated in vacuo to 

afford an oil. This was purified by flash column chromatography (stationary phase: silica gel; 

mobile phase: hexane/ethyl acetate 1:1). All homogenous fiactions were collected and the 

solvent was removed in vacuo to afford (5.01) as a purple solid. (0.1 Og, 53%). v„,a.x (KBr)/ cm ' 

3367.8, 2939.4, 1657.7, 1592.9. 'H NMR 5h ppm 3.06 (2H, dd, J = 5.5Hz, 12.0Hz, 2 x H-4), 

3.80 (3H, s, O I^), 3.86 (3H, s, OMe), 3.92 (3H, s, OMe), 4.22 (2H, m, 2 x H-2), 4.48 (IH, m, 

H-3), 7.04 (IH, s, H-6), *̂ C NMR 5̂  ppm 50.12 (C-4), 55.69 (OMe), 60.71 (OMe). 61.24 

(OMe), 69.24 (C-3), 79.92 (C-2), 104.95 (C-6), 122.84 (qC), 143.97 (qC), 146.99 (qC), 148.16 

(qC), 152.09 (qC), 195.29 (C=0).

Formation of 5-f3-hvdroxv-4-melhoxvphenvlV7^^-trimetfaoxv-23-dihvdro-l-benzoxepin- 

3-ol 5̂.02)

Instep
Synthesis o f intermediate, 5-(3-ll-(tert-butyl)-l,l-dimethylsifyl]oxy-4-methaxyphenyt)-7,8,9- 

trintetho)y-2^-dihydro-l-benzjoxepin-3-ol (5.16)

To a stirred solution of bromide (2.50) (0.32g, 1.00 mmol) in anhydrous THF (2ml) was added 

2.5M «-BuLi (0.40ml, 1.00 mmol) at -78°C under anhydrous conditions. After 1 hour, the keto- 

alcohol (5.01) (0.09g, 0.33 mmol) dissolved in anhydrous THF (2ml) was added. The reaction 

was allowed to continue at -78°C for 8 hours. On completion, the reaction was quenched by the
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addition of 2M aq. HCl (6ml) and the product was extracted with diethyl ether (3 x 5ml). The 

ether extracts were combined, dned over sodium sulphate before being concentrated in vacuo. 

The residue was tiien punfied by flash column chromatography (solid phase; silica gel 230- 

400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions were collected 

and reduced in volume to afford (5.16) as a white solid (0.083g, 51 %). *H NMR 5h ppm 0.16 

(6H, s, CHiSiCa), 0.99 (9H, s, C(CH^3), 3.57 (3H, s, OMe), 3.84 (3H, s, OMe), 3.92 (3H, s, 

OMe), 3.97 (3H, s, OMe), 4.10 (2H, m, CHOH), 4.51 (IH, m, OCH2), 6 10 (IH, d, J 4.5Hz, 

C=CH), 6.25 (IH, s, ArH), 6.78 (1H, s, ArH), 6.81 (2H, s, 2 x ArH). '^C NMR ppm -5.06 

(CH^SiCHi), 17.95 (C(CH3)3), 25.24 (C(CH3>?), 55.00 (OMe), 55.61 (O ^ ) ,  60.71 (OMe), 

61.31 (OMe), 69,83 (CHOH), 78.56 (OCH2), 109.76 (ArCH), 111.10 (ArCH), 121.34 (ArCH), 

122.01 (ArCH), 125.30 (qC), 130,25 (C=CH), 135.71 (qC), 138.37 (qC), 142.22 (qC), 144.07 

(qC), 144,74 (qC) 147,49 (qC), 147.79 (qC), 150.02 (qC).

2^ Step-deprotection

Synthesis ofS-(3-hydroxy-4-methoxyphenyl)-7,8,9-trimethoxy-2,3-dihydro-I-benzoxepin- 

3 -0 I (5.02)

To a stirred solution of (5.16) (0.017g, 0.035 mmol) in THF (1.0ml) was added IM TBAF 

(0.035ml, 0.035 mmol) drop-wise at 0°C. After 2 hours, the reaction was quenched by the 

addition of water (5ml) and the product was extracted using dietfiyl ether (3 x 5ml). The ether 

extracts were combined, dried over sodium sulphate and filtered before being concentrated in 

vacuo. The residue was then purified by flash column chromatography (solid phase; silica gel 

230-400 mesh, mobile phase; 1:1 hexane/ethyl acetate). All homogenous fractions were 

collected and the solvoit was evaporated off to afford (5.02) as a white solid (0.012g, 92%). 

M.pt. 165-166°C. v „ a .x (K B r) / cm ' 3458.4, 2931.6, 1578.8, 1124.9. HRMS: found 375.1463 

(MH*), requires (C2DH22O7) 374.1366. GCMS m/z (%) 356 (M^-18, 100), 342 (38), 309 (32), 

281 (9). 'H NMR 5h ppm 3.60 (3H, s, OMe), 3.94 (6H, s, 2 x 0M§), 3.98 (3H, s, OMe), 4.11 

(IH, dd, J 2.5Hz, 9.0Hz, H-2), 4.47 (IH, q, CHOH), 4.51 (IH, dd, H-2), 5.63 (IH, br, s, OH), 

6.14 (IH, d, J4.5Hz, C=CH), 6.29 (IH, s, ArH), 6.78 (IH, dd, J 1.5Hz, 8.0Hz, H-6’), 6.84 (IH, 

d, J 8.0Hz, H-5’), 6.88 (IH, d, J 1 5Hz, H-2’). ‘^C NMR 6c ppm 55.52 (OMe), 55,76 (O]^), 

60,73 (OMe), 61,33 (OMe), 69,87 (CHOH), 78.70 (OCH2), 109.48 (ArCH), 109.75 (ArCH),
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115.00 (AiCH), 120.36 (ArCH), 125.21 (qC), 130.42 (C=CH), 136.29 (qC), 138.42 (qC), 

142.31 (qC), 144.76 (qC), 144.78 (qC), 145.64 (qC), 147.58 (qC), 147.86 (qC),

Formation of 5-(3-hvdroxv-7,.8,9-trimethoxv-23-dihvdro-l-benzoxeDin-5-vl>-2-inethoxv- 

13-benzenediol f5.03)

1“ Step

Synthesis o f 5-(3,5-di[l-(tert-butyl)-l,I-dimethykUylloxy-4-ntethoxyphenyl)- 7,8,9-trimethoxy- 

2,3-dihydro-l-benzjoxepin-3-ol (5.17)

To a stirred solution o f bromide (2^5) (0.60g, 1.34 mmol) in anhydrous THF (2ml) was added 

2.5M «-BuLi (0.54ml, 1.34 mmol) at -78°C under anhydrous conditions. After 1 hour, the keto 

alcohol (5.01) (0.12g, 0.45 mmol) dissolved in anhydrous THF (2ml) was added. The reaction 

was allowed to continue at -78°C for 12 hours. On completion, the reaction was quenched by 

the addition o f 2M aq. HCI (6ml) and the product was extracted with diethyl ether (3 x 5ml). 

The ether extracts were collected, dried over sodium sulphate and filtered before being 

concentrated in vacuo. TTie resulting residue was purified by flash column chromatography 

(stationary phase, silica gel 230^00 mesh, mobile phase; 1:1 hexane/ethyl acetate). All 

homogenous fractions were collected and reduced in volume to afford (5.17) as an oil (0.13g, 

48%). (CCI4)/ cm ' 3434.2, 2941,6, 1578,0. ’H NMR 5wppm 0.13 (12H, s, 2 x CI^SiCHj),

0 99 (18H, s, 2 X C(CH3}3), 3.65 (3H, s, OMe), 3.74 (3H, s, OMe), 3.88 (3H, s, OMe). 3.92 (3H, 

s, OMe), 4.05 (2H, m, OCH2), 4.22 (IH, dd, J 3.7Hz, 11.7Hz, CHOH), 6.10 (IH, d, J 4.0Hz, 

C=CH), 6.39 (IH, s, ArH), 6.48 (2H, s, 2 x ArH). NMR 5c ppm -5.06 (2 x CHjSiCHj), 

17.95 (2 X C(CH3)3), 25.25 (2 x € ( ^ 3)3), 55.48 (0M§), 59.46 (OMe), 60.64 (OMe), 61.24 

(OMe), 69.26 (CHOH), 77.74 (OCH2), 106.94 (ArCH), 112.13 (2 x Ai€H), 130.25 (C=CH), 

132.67 (qC), 141.30 (C ) , 141.42 (qC), 141.80 (qC), 145.22 (qC) 146.05 (qC), 148.20 (qC), 

148.87 (qC).
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2^ Step-deprotection

Synthesis of 5-(3-hydroxy-73^-trimethoxy-23-dihydro-l-benzoxepin-5-yl)-2-methoxy-13- 

benzenediol (5.03)

To a stirred solution of (5.17) (0.053g, 0.086 mmol) in THF (1ml) was added IM TBAF 

(0.17ml, 0.17 mmol) drop-wise at 0°C. After 2 hours, the reaction was quenched by the addition 

of water (5ml) and the product was extracted with diethyl ether (3 x 5ml). The organic fractions 

were collected, dried over sodium sulphate and filtered before being concentrated in vacuo. The 

resulting residue was then purified by flash column chromatography (stationary phase; silica 

gel 230-400 mesh, mobile phase; 1:1 hexane/etiiyl acetate). All homogenous fractions were 

collected and the solvent was ev^orated to afford (5.03) as a white solid (0.021g, 62%). M.pt. 

60-62°C. Vmax (KBr)/ cm ' 3392.7, 2937.1, 1587.9, 1491.5, 1123.4. HRMS: found 391.1410 

(MH'), requires (C2 0 H2 2 O8 ) 390.1315. 'h  NMR 5„ppm 3.61 (3H, s, OMe), 3.92 (3H, s, OMe), 

3.93 (3H, s, OMe), 3.95 (3H, s, OMe), 4.09 (IH, m, CHOH), 4.48 (2H, m, OCH2 ), 5.84 (2H, br, 

s, 2 X OH), 6.09 (1H, d, J 4,5Hz, C=CH), 6.30 (1H, s, ArH), 6.40 (2H, s, 2 x ArH). ’^C NMR 6 0  

ppm 55.86 (OMe), 60.64 (O ]^), 60.75 (OMe), 61.36 (OMe), 69.75 (CHOH), 78.62 (OCH2 ), 

108.49 (2 X ArCH), 109.53 (ArCH), 124.85 (qC), 130.52 (C=CH), 133.68 (qC), 138.24 (qC), 

139.25 (qC), 142.32 (qC), 144.67 (qC), 147.37 (qC), 147.90 (qC), 148.93 (2 x qC).

Synthesis of 5-(3-hydroxy-4-niethoxyphenyl)-7,8^triniethoxy-23-dihydro-l-benzoxepin- 

3-one (5.04) via the synthesis of 5-(3-[l-(tert-butyl)-l,l-dimethylsilyl]oxy-4- 

methoxyphenyl)-73^-trimethoxy-23-dihydro-l-benzoxepin-3-one (5.18)

To a stirred solution of (5.16) (0.043g, 0.088 mmol) in DMF (1ml) was added PDC (0,066g, 

0.175 mmol) portion-wise at 0°C. After 12 hours the reaction was quenched by the addition of 

water (5ml) and the product was extracted with diethyl ether (4 x 5ml). The ether extracts were 

combined, dried over sodium sulphate and filtered before the filtrate was concentrated in vacuo. 

The residue was purified by flash column chromatography (stationary phase; silica gel 230- 

400 mesh, mobile phase; 11 hexane/ethyl acetate). All homogenous fractions were collected 

and the solvent was evaporated off to afford (5.18) as a white solid (0.017g, 55%). A solution of 

IM TBAF (0.10ml, 0.103 mmol) was subsequently added to a stirred solution of (5.18) (0.05g,
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0,103 mmol) in THF (1ml) at 0°C, After 2 hours, the reaction was quenched by the addition of 

water (5ml) and the product was extracted with diethyl ether (3 x 5ml), The ether extracts were 

combined, dried over sodium sulphate and filtered before being concentrated in vacuo. The 

resulting residue was purified by flash column chromatography (stationary phase; silica gel 

230^00 mesh, mobile phase; 1;1 hexane/ethyl acetate). All homogenous Auctions were 

collected and the solvent was evaporated off to afford (5.04) as a yellow solid (0.036g, 95%). 

M.pt. 150-152°C. HRMS: found 373.1310 (MH‘), requires ( C 2 0 H 2 0 O 7 )  372.1209. GCMS m/z 

(%) 372 (100), 329 (25). v„a,x (KBr)/ cm"' 3298.1, 2936.7, 1643.8, 1122.6. ’H NMR 5h ppm 

3.64 (3H, s, OMe), 3 97 (3H, s, OMe), 3.99 (3H, s, OMe), 4.00 (3H, s, OMe), 4.63 (2H, m, 2 x 

H-2), 5.67 (IH, br, s, OH), 6.35 (IH, s, H^), 6.45 (IH, s, H-6), 6.89 (2H, br, H-5’, H-6’), 6.95 

(IH, s, H-2’). ‘̂ C NMR 5^ppm 55.55 (OMe), 55.85 (OMe). 60,80 (OMe), 61.39 (OMe), 80.68 

(C-2), 109,80 (C-6), 110.18 (C-5’), 115.10 (C-2’), 120.91 (C-6’), 125,66 (qC), 127,74 (C-4), 

134.42 (qC), 134.62 (qC), 144.93 (qC), 147.10 (qC), 148.73 (qC), 151.32 (qC), 200.03 (C=0).
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