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"As long as you live, keep learning how to live. 
A lone we can do so little, together we can do so much.

"Destiny is no matter o f  chance.
It is a m atter o f  choice.

It is not a thing to be waited for, 
it is a thing to be achieved.  ”

“  A real fr ie n d  is one who walks in, 
when the rest o f  the world walks out. ”
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Abstract

This thesis is presented in four different sections. In the first section the 
synthesis o f  a number o f  structural (novel flexible) analogues o f  the antiestrogen 
drug tamoxifen is described. Preparation o f  novel conformationally restrained 
analogues using benzoxepins as precursors is investigated in the second section. 
In the third section the prepared compounds are biochemically analysed for their 
binding, antiproliferative and cytotoxicity affinity for human MCF-7 breast 

adenocarcinoma cancer cells. In the final section highly resolved computational 
docking procedures are used to ascertain the degree o f  interaction o f  these novel 
compounds with specific activity-related residues in a model o f  the estrogen 
receptor.

Interest in the use o f  triphenylethylenes as anti-cancer agents has increased due 
to the clinical success of tamoxifen in breast cancer. The structure and 
pharmacological activity o f  tamoxifen and its clinical analogues are iterated in 
Chapter 1.

In Chapter 2, a series o f  triphenylethylene flexible analogues possessing an extra 
benzylic group were prepared using a seven step synthetic route and via the 
McMurry coupling reaction.

A series o f  novel conformationally restrained benzoxepins were synthesised in 
Chapter 3, some possessing an extra benzylic group, others a nitro group and 
further benzoxepin analogues having substituted aryl and hetrocyclic groups. 
These compounds were mainly prepared via the Suzuki coupling reaction.

In Chapter 4, the biochemical analysis o f  these compounds is described, detailing 
their antiproliferative activity, binding affinity and cytoxicity profiles. Chapter 5 
depicts highly resolved crystal structural studies o f  the estrogen receptor and 
exhibits computational docking procedures which were used to ascertain the 
degree o f  interaction o f  the novel synthesised compounds with the specific 
activity-related residues in a model o f  the estrogen receptor.
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Development of clinical antiestroge



1.1. Introduct ion

Cancer is a condition in which certain body cells mult iply without any apparent  

control and destroy healthy tissue and organs. The medical  term for “cancer” or 

“ tum our” is neoplasm, which means a relatively autononous growth o f  tissue. 

Tum our  is a general  term indicating any abnormal mass or  growth o f  tissue, not 

necessari ly l i fe- threatening. '  [Figure 1]

Cells form ing a  tum ourN orm al cells

Figure 1: Normal cells and tumour cells

A “cancerous tumour” is a malignant neoplasm with potential danger.  The 

critical difference between benign and malignant  neoplasms, is that benign 

tumours  do not metastasize,  whereas malignant  tumours (or cancers)  do. In a 

benign tumour, i f  the cells continue to grow at the original site, they may cause 

problems by pressing on the surrounding organs or tissues.^ A malignant  tumour 

however,  consists o f  cancer cells which have the ability to spread beyond the 

original site and if  left untreated may invade and destroy surrounding tissues. A 

metastasis  is a secondary growth originating from the primary tumour and 

growing elsewhere in the body. Cancerous cells have the ability to spread to the 

other organs in the body via the bloodstream or lymphatic system.

1.2. Breast cancer

Breast cancer is the biggest single fatal illness among women aged between 35- 

54 years and is responsible for one in five o f  all female cancer deaths in the 

western world.^ The disease claims the lives o f  around six hundred and sixty 

women in Ireland each year, and The Irish Cancer Society suggests  that one in 

eleven Irish women will develop breast cancer at some stage during their 

lifetime. The Department o f  Health acknowledges that the Irish incidence o f  

breast cancer o f  1,200 new cases diagnosed annually is one o f  Europe’s highest.^
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1.2.1. Treatment o f  breast cancer

Surgery (i.e. m astectom y or lumpectomy), radiotherapy, hormone therapy, 

chem otherapy or a combination may be used to treat breast cancer. The 

treatment depends on the stage o f  tum our development, the type and size o f  the 

tum our and the general health and age o f  the patient suffering the disease.^ More 

recent approaches involve treatment w ith high doses o f  chem otherapy followed 

by a bone marrow  or stem cell transplant.

1.3. Estrogen dependent breast cancer

The dependence o f  some human breast cancers on ovarian hormones has been 

recognised since the 14'*̂  century. As far back as 1836, a correlation was 

observed between tum our growth and the menstrual cycle'' (Cooper 1836). M any 

human breast tumours grow as estrogen dependent tumours and much research 

has tried to elucidate the mechanism for estrogen stimulated cell proliferation o f  

human breast cancer.^ However, not all breast cancers are estrogen derived, 

some are estrogen independent e.g. due to a genetic mutation (heritable factors). 

The ability o f  cancer cells to produce and secrete proteins with growth factor 

activity was shown already in 1978,^ and Sirbasku^ proposed in 1981 that 

estradiol (1) [Figure 2] stimulates all the proliferation observed in estrogen 

receptor positive human breast cancer cells, by inducing synthesis and secretion 

o f  proteins with mitogenic activity.^

OH

HO

Figure 2: IVp-Estradiol (1)

A lthough estrogens do not cause transformation o f  breast tissue from a state o f  

norm oplasia  to one o f  neoplasia, a striking association between estrogens and 

breast cancer is supported by the following observations.*

1. the rapid growth o f  the malignant clone when estrogens are added in 

vitro to human breast cancer cell lines

2. diminution o f  tum our mass after oophorectomy in prem enopausal 

women with hormone sensitive breast carcinoma, and
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3. the small but significant increase in breast cancer risk amongst 

postm enopausal women after 10 or more years o f  estrogen replacement 

therapy

Estrogens are thought to be the prim ary mitogen for horm one-dependent breast 

cancer. Thus estrogen deprivation is fundamental to the treatment o f  many 

benign and malignant diseases o f  the breast and reproductive tract. Also, 

decreasing ovarian and extraovarian production o f  these hormones by procedural 

or pharm acological means can produce measurable reduction o f  tum our mass or 

delay disease progression.^

A pproxim ately  60% o f  all breast cancer patients have horm one-dependent breast 

cancer, with these cancers characterised as containing estrogen receptors and 

requiring estrogen for tum our g r o w t h . T h e  hormone plays an important role 

in the initiation and m aintenance o f  the cancerous state, by stimulating the 

escalation o f  the uncontrolled cell proliferation.

Estrogens are involved in numerous physiological p r o c e s s e s , i n c l u d i n g  the 

developm ent and maintenance o f  female sexual organs (uterus and vagina), the 

reproductive cycle and various neuroendocrine functions in centres such as the 

anterior pituitary and hypotha lam us."  They have been implicated in the 

pathology o f  benign gynaecological conditions such as endometriosis, uterine 

fibroids and dysfunctional uterine bleeding (DUB), each o f  which is responsible 

for annual morbidity.

1.4. The Estrogen Receptor

The biochemical roles o f  estrogens in the development o f  breast cancer remain to 

be fully e l u c i d a t e d . A  proposed mechanism for estrogen stimulation involves 

the b inding o f  estradiol to estrogen receptors. Bound estrogen receptors interact 

with estrogen-responsive elements on cell chromatin and induce alterations in 

specific gene transcription and protein synthesis."'

1.4.1. Structure o f  Estrogen Receptor

The estrogen receptor (ER) belongs to a family o f  transcription factors called the

nuclear hormone receptor superfamily, that can initiate or enhance the
• 12 *transcription o f  genes containing specific hormone responsive elements. This 

ligand-inducible transcription factor has a molecular organisation which has 

distinct regions associated with DNA binding, hormone binding, receptor
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d in ie r isa tion  and gene  ac tiva tion . B ind ing  o f  the  natura l h o rm one , e s trad io l ,  to 

the  l ig a n d -b in d in g  d o m ain  (LB D ) o f  the ER triggers  d in ie r isa tion  and n u c lea r  

t ra n s lo c a t io n  o f  the  recep to r ,  w ith  the assem b ly  o f  a functional t ransc rip tion  

com plex  th ro u g h  rec ru i tm e n t  o f  various  coactiva to rs . S tud ies  in a n u m b e r  o f  

labora to r ies  are b e g in n in g  to p rov ide  an insight into de ta iled  structu ra l  

m ech an ism s  and fu n c t io n s . '^ ’'"'

T w o  E R  iso fo rm s , te rm ed  a  and  p, have  been  descr ibed  and  are show n  to have  

d ist inc t  t is sue  d is tr ibu t ion  p rofiles .  T he  E R a  regu la tes  the  d if fe ren tia t ion  and 

m a in te n a n c e  o f  neu ra l ,  skeletal, c a rd iovascu la r  and rep ro d u c tiv e  t issues. 

C o m p o u n d s  that  m o d u la te  E R a  transcrip tiona l  ac tiv ity  are cu rren tly  be ing  used 

to trea t o s teo p o ro s is ,  c a rd io v ascu la r  d isease  and b reas t  cancer . '^  E R p  was 

recen tly  iden tif ied  in the  ep ithe lia l  cells  o f  the rat p rosta te  and in the  g ranu lo sa  

ce lls  o f  the  ovary . Th is  nove l es trogen  recep tor  is h ighly  specif ic  for es trad io l ,  

bu t has  d iffe ren t  l ig a nd -b ind ing  specif ic it ies  from  the c lass ic  e s trogen  receptor . 

O f  the tw o recep to rs ,  on ly  E R a  is found in breast t issues.

T he  E R a  p ro te in  consis ts  o f  595 am ino acids w ith  a m o lecu la r  w e igh t  o f  66kD a  

and is separa ted  into six d iffe ren t functional dom ains . '^  It is loca ted  on 

c h ro m o so m e  6q-sub  band  25.1. All E R a  l igands b ind exc lu s ive ly  to the  C- 

term ina l l ig a nd -b ind ing  dom ain  (L B D ). The LB D  recogn ises  a va rie ty  o f  

c o m p o u n d s  d iverse  in shape , size and chem ica l  properties .  Som e o f  these 

l igands inc lude  the  endo g en o u s  es trogen  17p-estrad io l  (E 2) and the syn the t ic  

nons te ro ida l  es trogen  d ie thy ls t ilbes tro l,  w hich  function  as pure  agonis ts .  

Syn the tic  l igands such  as ICI 164,384, tam ox ifen  and ra lox ifene  function  as 

an tagonis ts . ' '* ’’^
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N U C L E A R
LOCALIZATION LIGAr^D BINDING. OIMEHIZATION AND 
DOMAIN T R A N S C R I P T I O N A L  ACTIVATION DOMAIN

T R A N S C R I P T I O N A L
ACTIVATION
DOM AIN

U N K N O W N
F U N C T IO NDMA BINDING 

A ND DIM ERIZATION 
DOMAIN

Hinge
A B

Transactivation A F |  D N  A  Binding Ligand Binding A F 2

Figure 3: Structure o f  the E R a  complex'

T r a n s c r ip t io n  a c t iv a t io n  b y  E R a  is  m e d ia te d  b y  at lea st  tw o  sep a ra te  a c t iv a t io n  

f u n c t io n s  ( A F s ) ,  A F -1  in th e  A^-terminus and A F - 2  in th e  L B D  (F ig u r e  3 ) .  T h e  

a c t iv i ty  o f  A F -1  is  re g u la te d  b y  g r o w th  factors a c t in g  th ro u g h  a m i t o g e n  

a c t iv a te d  p r o te in  ( M A P )  k in a s e  p a th w a y ,  w h i l e  A F -2  a c t iv i ty  is  r e s p o n s iv e  to 

l ig a n d  b in d in g .  F u n c t io n a l i ty  w h ic h  o c c u r s  at A F - 2  in v o lv e s  d im e r is a t io n ,  

n u c le a r  lo c a l i s a t io n  and H S P  in tera c t io n ,  and it is l ig a n d  d e p e n d e n t .  T h e  b in d in g  

o f  a g o n i s t s  tr ig g e r s  A F - 2  a c t iv i ty ,  w h e r e a s  the b in d in g  o f  a n ta g o n is t s  d o e s  not.  

A third s i t e  i n v o lv e d  in tran scr ip t ion a l a c t iv a t io n  w a s  r e c e n t ly  lo c a te d  and is  

te r m e d  A F - 2 a .  R e c e n t  structural s tu d ie s  s u g g e s t  that l ig a n d s  r e g u la te  A F - 2  

a c t iv i t y  b y  d ir e c t ly  a f f e c t in g  th e  structure  o f  the L B D . '^ ’'"'
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^  Ocsiradiol

KEY:
V.' >i* Residues that interacl with iigand and/or lina the cavity

•  •  esifadio!
• —•  Hydrcgen bonding residue 

•  Hydrcgen bonds

Figure 4: Schematic representation o f  ligand-binding cavity in the
17p~estradiol complex^^

Hubbard and co-workers have recently determined the crystal structure o f the 

LBD o f  the a-isoform  o f the ER in complex with 17P*estradiol (3 .1 A) and the 

selective estrogen receptor raloxifene i.e. antagonist (SERM; a selective estrogen 
receptor modulator) (2.6 A).'^
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A representation o f  the residue interactions o f  both estradiol (1) and raloxifene 
(28) within the binding cavity are depicted in Figure 4 and Figure 5 respectively. 

The binding cavity is completely partitioned from the external environment and 
occupies a relatively large portion o f  the ER LBD ’s hydrophobic core. Residues 
that interact with the ligand and/or the cavity are shown in their approximate 

positions. Those that make direct hydrogen bonds are depicted in ball-and-stick 
style with broken lines between the interacting atoms. The hydrogen-bond 
distances shown are averaged between the six (estradiol) or two (raloxifene) 
monomers. The atom names and ring nomenclature are also given. An in-depth 
LPC analysis for the specific residues is discussed in Chapter 5,

R a lo x ite n r  0 -

Mijaa ResicLres that interact with 
ligand andror line the cavity 

•  •  RatoxSene
•  Hydroflcn b o n C ^  residue
•  Hydrogen bonds

Figure 5: Schematic representation o f  ligand-binding cavity in 
the raloxifene complex

The structures provide both an insight into the binding o f  different ligands to the 
receptor and a possible structural mechanism for antagonist activity in the 
nuclear receptor superfamily. The overall ER-LBD structure comprises o f  

twelve helices (H I-H I2) and is folded into a three-layered antiparallel a-helical 
sandwich comprising a central core layer o f  three helices (H5/6, H9 and HIO) 
which in turn is sandwiched between two additional layers o f  helices (H I-4 and 
H7, H8 and Hl l ) .  This helical arrangement creates a ‘w edge-shaped’ molecular 

scaffold that maintains a sizeable ligand-binding cavity at the narrower end o f 
the domain. Estrogen binds to the LBD in this large hydrophobic pocket that is 

formed by the proteins a-helical scaffold.’  ̂ ''* Hormone recognition can be 
achieved through a com bination o f  specific hydrogen bonds and the



complementary characteristics o f  the binding cavity and the hormones non-polar 

character. The rem aining  secondary structural elements consist o f  three small, 

two-stranded, anti-parallel p-sheet (SI and S2) and H I 2, are located at this 

ligand binding protein o f  the molecule. The ER has a very distinctive 

pharmacophore, w here the phenolic group can bind to the amino acid residue o f  

the receptor, for exam ple the 17p hydroxyl (0 -1 7 )  o f  the D-ring makes a single 

hydrogen bond with His 524 in H l l  and the OH group at H3 has contact with 

Glu 353 and Arg 394. The rem ainder o f  the ivp-estrad io l molecule participates 

in a number o f  hydrophobic contacts.*^''*

1.4.2. Dimerisation o f  ER

The ER normally resides in the nucleus in an inactivated state. When estradiol 

diffuses into cells, it recognises the receptor protein and binds to it with high 

affinity. H ormone binding activates the receptor and facilitates the formation o f  

dimers as depicted in F igure 6.

Figure 6: Dimerisation o f  ER

In ER-estradiol and ER-raloxifene complexes, the LBD crystallises as a 

homodimer. Phosphorylation o f  the receptor on serine, threonine and tyrosine 

residues may be important for its activation and biological function. Receptor 

dimers bind to an estrogen response element (ERE) o f  D NA  adjacent to target 

genes to  initiate gene transcription,*^ The dimer axis coincides with the longest 

dim ension o f  the LBD with a m olecule  tilted approximately 10° away from the 

twofold layers. This sym m etric ‘head-to-head’ arrangement locates the N -
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termini o f  each monomer on opposite sides o f  the dimer and the carboxy termini 
projecting towards the two fold axis.'^’’'* '^

1.4.3. Agonist and antagonist action at ER

Agonists and antagonists bind at the same site o f  the receptor, but demonstrate 
different binding modes at the ‘D-ring end’ o f  the cavity. The non-steroidal 
antagonist raloxifene possesses a long sidechain, a pyrrolidinylethoxy group, that 
prevents the alignment o f  Helix 12 (H12) over the ligand-binding cavity. The 
sidechain makes extensive hydrophobic contacts with H3 and H5/H6, H l l  and 

the loop between H l l  and H12. However, as the sidechain is over l l A  in 
length, it is too long to be contained within the confines o f  the binding cavity 
and displaces H I 2 and protrudes from the pocket between H3 and H l l .  The 
hydroxyl group o f the benzothiophene moiety binds in the polar pocket between 
H3 and H6.’ ’̂*'‘

This observation o f  helix displacement is anticipated as a general mechanism for 
both steroidal and nonsteroidal antiestrogens that possess bulky substituents. 
The ligand-dependent transcription activation function (AF-2) o f  ER is located 
on H I 2. This helix is essential for transactivation, as either loss or mutation in 
this region results in a receptor that is unresponsive to the ligand.

Agonist-induced conformation Antagonist-induced conformation

K362

Figure 7: Hubbard’s depiction o f  agonist and antagonist induced
conformation o f the ER
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In the agonist estradiol (E 2 )-ligand com plex (Figure 7), H12 sits snugly over the 

horm one-binding cavity, with its charged surface exposed and is packed against 

H3, H5/6 and H l l .  The precise positioning o f  H12 has been observed in all 

liganded forms o f  nuclear receptor L B D ’s, and appears to be a prerequisite  for 

transcription activation as it forms the “ lid” (seal) o f  the binding cavity and 

projects its inner hydrophobic surface towards the bound hormone. In doing so 

it generates a competent AF-2 which is capable o f  recruiting transcription 

coregular proteins and interacting co-activators. '^’'"*’’^

In contrast the alignment o f  H I 2 over the cavity is prevented by raloxifene 

(Figure 7) and instead the helix lies in a groove formed by H5 and the carboxy- 

term inal H3. This antagonist induced repositioning o f  H12 involves a rotation o f  

130° com bined with a lOA rigid-body shift towards the amino term inus o f  the 

LBD w hen compared with the agonist induced conformation. A consequence o f  

this m ovem ent is to mask a highly conserved lysine residue (Lys 362 i.e. K362)

w hich is required for efficient estradiol-dependant recruitment o f  certain co-
1 8activators. This is relocated at one end o f  this hydrophobic groove and is 

partly buried by the reoriented helix. Taken together, these observations provide 

com pelling evidence that the antagonistic properties o f  drugs such as raloxifene 

are based on their ability to prevent the formation o f  a transcriptionally  

‘com peten t’ AF-2 conformation. The movement o f  H I 2 clearly disrupts the 

overall structural topography o f  A F -2 . '‘*

Hubbard 's research has given valuable insights into the binding o f  ligands to this 

E R a  receptor and provides the basis for the structure-based design o f  improved 

agonists  and antagonists for the treatment o f  estrogen-related diseases.



1.5. The role o f  estrogen in tumour growth

The role o f  endogenous estrogen in binding to the ER is outlined as follows:

Estrogen is a lipid soluble steroid h o r m o n e , t h a t  diffuses freely across the 
plasma cell membrane into the interior o f  the cell where it binds to the estrogen 
receptor forming a complex that binds to specific DNA sequences in promoter 
regions o f  responsive genes. For many years it was generally thought that 
estrogen bound to the ER in the cytoplasm and translocated into the nucleus, but 
it is now known that the ER is a nuclear transcription factor which initially 
interacts with estrogen in the nucleus (King and Greene, 1984; Welshons et ai ,  
1984).

The ER is a potent transcription factor or co-activator for a variety o f  genes 
termed estrogen response elements (ERE). These include genes encoding the

20 I 22 23progesterone receptor and growth regulating proteins. ’ ’

Some o f the regulatory protein molecules,'^ when secreted by a tumour cell 
stimulate tumour growth by binding to receptors on the same cell (autocrine 
stimulator) or on neighbouring tumour cells (paracrine stimulation). Others 
stimulate growth o f  stromal tissues, such as fibroblasts and blood vessels. 
Stromal cells complete the loop by releasing their own growth factors, which in 
turn stimulate the cancer cells, or release proteolytic enzymes that promote 
invasion and metastasis. This is why biochemical observations have noted that 
once the estrogen binds to the ligand-binding domain (LBD) o f  the ER, heat 
shock proteins''* dissociate and cause a change in conformation and 
homodimerization occurs.'^

Tumour growth is also dependent on polypeptide hormones and growth factors in 
serum. Growth factors such as TGV-A, IGI-I, IGF-II, TGF-B and the cathespin 
D have been found to be regulated by estradiol in breast cancer c e l l s , b u t  
the mitogenic effects o f  each individual factor seem to be dependent on growth 
conditions.'^’̂ ’̂ *̂’ '̂̂

Inhibition o f  these pathways by reducing hormone levels or by interfering with 
binding o f  hormones to receptors is the basis for a variety o f  experimental breast 
cancer treatment strategies.
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1.6. Alternative functions of estrogen and the Estrogen Receptor

Estrogen elicits actions specific to various cells and target tissues, although the 

estrogen receptor proteins (E R a or ERP) present in all tissues appear identical/® 

For example, estrogen stimulates a variety of uterine effects such as increased 
RNA synthesis, DNA synthesis, protein synthesis, mitosis and hyperplasia 

(Quarmby and Korach, 1984b), i.e. the proliferation o f  stromal, endometrial, and 
glandular tissue in the uterus, whereas in the anterior pituitary gland estrogen 
acts to suppress production o f  FSH and LH and increase synthesis and secretion 
of prolactin (Rosenfeld et al., 1987). Estradiol activation^® o f  the estrogen 
receptor has several consequences. In human female secondary sex organs, there 
is proliferation o f  stromal and ductal tissue in the breast (as previously outlined). 
In addition to these classical target tissues, further studies have revealed non- 
traditional target sites for estrogen action, such as bone (Ettinger et al., 1985), 
brain centres that maintain body temperature and the cardiovascular system 
(Barrett-Connor and Bush, 1991).^®

Estrogen is believed to preserve bone density^’ helping to keep a balance 
between its creation and degradation. It also safeguards the heart, largely by 
limiting the build up o f atherosclerotic plaque in the coronary arteries. The 
arteries are protected in part by estrogens ability to modulate the manufacture of 
cholesterol in the liver. A complete understanding o f the effects o f  estrogen in 
these tissues has been difficult due to the absence of an appropriate physiological 
model.

The action o f  estrogen has been thought of as a binary system i.e. ligand + 
receptor product. This hypothesis implies that simple stoichiometry exists 
which determines estrogen action. Several lines o f  evidence exist which show 
that the action o f  estrogen through the estrogen receptor is regulated by a much 
more complex series o f  reactions in all tissues. Katzenellenbogen et refer
to the complex as a tripartive system: ligand + receptor + effectors products. 

The effectors bestow on the ligand-receptor complex the tissue and cell 
specificity.

Estradiol, diethylstilbestrol and hexestrol binds with high affinity to the estrogen 
receptor, whereas other endogenous and exogenous compounds, for example a 
myriad o f  other polycyclic chemicals such as OP-DDT, methoxychlor, several 
phytoestrogens and some alkylphenols bind with much less affinity. The 
estrogen receptor is a relatively promiscuous receptor that binds to several other
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substituted stilbenes, including clomiphene, tamoxifen and torem ifene due to its 

large LBD cavity.

The actions o f  estrogens through the receptor are tissue and cell specific. For the 

most part 17P-estradiol is a stimulatory agent, including its effects on gene 

expression and growth in target c e l l s , b u t  other ligands may result in varying 

responses.

1.7. Developm ent of antiestrogens for use in breast cancer

Treatm ent options for hormone responsive metastatic breast cancer focus 

principally  on interfering with the endocrine system, in an attempt to modify 

some o f  the effects o f  estrogen. Ablation o f  estrogen production can be 

accom plished surgically (by oophorectomy, adrenalectomy or hypophysectom y) 

or radiologically.* ’̂  ̂ In addition there are three pharmacological approaches for 

depriving tum our cells o f  estrogen:

1. Agents that block estrogen receptors (e.g. antiestrogens)

2. Agents that inhibit the release o f  gonadotrophic hormones^*’ (e.g. 

gonadotropin- releasing hormone [GnRH] agonists) and

3. Agents that decrease circulatory estrogens, by suppressing their 

biosynthesis^^’ (e.g. aromatase inhibitors).

Progestins and androgens are also used in the management o f  horm one-sensitive 

breast carcinoma. Although the antitumour mechanisms o f  these agents are still 

not clearly understood, inhibition o f  tum our cell proliferation may be partly 

related to the reduction in circulating estrogen levels as a result o f  the agents 

negative feedback effect on the hypothalamic-pituitary-adrenal axis.^^’"̂^

A ntiestrogens have proven to be effective in controlling the grow th o f  hormone 

responsive breast cancers."" The presence o f  such receptors provides the 

rationale for treatment o f  the disease with antiestrogens or estrogen blockers.

A ntiestrogens can be classified into two major groups: those that have mixed 

estrogenic / antiestrogen actions e.g. tamoxifen and its m etabolites (Type I) and 

those that are pure antiestrogens (Type II) which possess no estrogen like 

properties . '^  Their classification may be based on different m echanism s o f  

action. A number o f  selective estrogen receptors m odulators (SERM s) can
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replicate e s trogen’s crucial benefits for bones and the heart, but will act as 

antiestrogens (estrogen blockers) in the breast and uterus. These so-called 

designer estrogens e.g. raloxifene will mimic (agonist) estrogen effects in some 

tissues but will com bat harmful effects.^'

1,8. Antiestrogenic action in breast cancer cells

Antiestrogens are therapeutic agents used as ‘steroid b lockers’ or ‘an ti-s tero ids’ 

w hich bind to the cytosolic steroid receptor (antagonistic action). These agents 

act at several sites in the chain o f  events o f  estrogen action: com petitive and non­

com petitive b inding to the receptor, binding to nuclear transport proteins, 

d isruption o f  b inding o f  the estrogen receptor-estrogen response elements 

complex, disruption o f  nuclear transport o f  the estrogen receptor, post- 

translational m odification o f  17p-estradiol responses and functional alteration o f  

the target t i s s u e . T h e  most important feature o f  these therapeutic 

agents is that at the concentration o f  antiestrogens achieved in the blood o f  

breast cancer patients taking antiestrogens (up to 2x]0'^’M), antiestrogens 

selectively inhibit the proliferation o f  estrogen receptors containing breast cancer 

cells, and this inhibition is reversible by estradiol. Antiestrogens also inhibit 

estrogen-stim ulation o f  several specific protein synthetic activities in breast 

cancer cells, including increases in plasminogen activator activity, progesterone 

receptor levels and production o f  several secreted glycoproteins and intracellular
,  • 41proteins.

Many antiestrogens undergo bioactivation and metabolism in vivo and 

hydroxylated  forms o f  the antiestrogen have markedly enhanced affinities for the 

estrogen receptor. Detailed studies indicate that antiestrogens induce important 

conform ational changes in the receptor that are reflected in the estrogen receptor 

com plex, reduced interaction with DNA and dissociation kinetics o f  the 

antiestrogen-estrogen receptor complex. These conformational changes effected 

by antiestrogens are likely to result in different interactions with chromatin, 

causing altered cell proliferation and protein synthesis.'*'

Present day antihormonal treatment o f  metastatic breast cancer relies heavily on 

the use o f  the single nonsteroidal antiestrogen tamoxifen, w hich belongs to the 

class o f  the triphenylethylene (TPE) d e r i v a t i v e s . T a m o x i f e n ,  its 

m etabolites  and analogues have been reported to have many m olecular targets
52 53including the estrogen receptor ’ membrane receptors (possibly the histamine, 

dopam ine and muscarinic receptors), a primarily microsomal antiestrogen
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binding protein ( c a l m o d u l i n ) , s e v e r a l  enzymes (prostaglandin synthase,^’ 

g lutam ate dehydrogenase^^) and at least two Ca^^-dependent kinases (calmodulin 

kinase^'^ and protein kinase C *̂°’̂ ' ’̂ ^(PKC)). The relevance o f  interaction with 

these targets to growth-promotion or inhibition is not yet fully understood. 

[Figure 8]
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Figure 8: Potential mechanistic action o f  antiestrogens (AE)

Tam oxifen, like estrogen, binds to ER and induces dim erisation and DNA 

binding, but it fails to induce transcription o f  certain genes that are critical for 

breast cancer.

Several potential antiestrogens and SERM s have been designed and synthesised, 

some o f  w hich are in clinical development. These will be d iscussed in a later 

section.
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1.9. T am oxifen

1.9.1. In trodii ction

Tam oxifen, a synthetic nonsteroidal antiestrogen, was initially developed by ICI 

Pharmaceuticals (now Zeneca) in 1969 as a possible oral contraceptive. A lthough 

effective in rodents, it had the opposite effect o f  stimulating ovulation in humans 

and was subsequently developed as a fertility a g e n t . H o w e v e r ,  it was found 

in clinical testing to be an effective treatment for advanced m etastatic  breast 

cancer in postmenopausal women^^’*̂  ̂ and shown was to control and inhibit the 

growth and spread o f  hormone responsive breast c a n c e r s . W i t h  this potent 

triphenylethylene compound, it appears possible to achieve non-invasively  the 

same hormonal effects and tumour suppression'” , which norm ally  follows the 

more devastating endocrine ablative surgeries (ovariectomy, adrenalectom y, and 

hypophysectom y). Tamoxifen has been widely accepted as the drug used for 

treatment and prevention o f  both early and advanced stage breast cancer. 

[Figure 9]

(CH3)2NCH2CH20

Figure 9: Tamoxifen (2)

This estrogen receptor antagonist is extensively used in the horm onal treatment 

o f  breast cancer in postmenopausal women with metastatic disease and in first 

time treatm ent for premenopausal women. It is believed that tam oxifen (2) is 

cytostatic  and exhibits competitive inhibitory activity by binding to cell nuclei 

w here it prevents cell proliferation.

Tam oxifen  (2) exerts both antiestrogenic and estrogenic effects, depending upon 

the am bient estrogen concentration, the tissue and the s p e c i e s . ^ I n  humans 

tam oxifen seems to be mainly an antagonist in the brain and the breast and an 

agonist in the bone, uterus and cardiovascular t i s s u e s . T h e  side-effects o f  

tam oxifen (2), when compared to those o f  other chem otherapeutic agents are
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relatively mild and has increased the overall survival rates o f  its
• • .  73 , 74 , 75,76recipients.

1.9.2. Structural elucidation o f  Tamoxifen

T am oxifen  (2) chem ically  defined as l-[4 -(2 -d im eth y lam in oethoxy)pheny l]- l ,2 -  

diphenyl-l-butene),^’ exists in both the E and Z isomer*’ ’̂̂  ̂ [Figure 10], the 

unsubstituted phenyl groups being respectively cis  and trans  relative to the 

ethylenic  double bond.^^ Although the Z-isom er {trans  tamoxifen) has the ability  

to antagonise estradiol, and the E-isomer {cis  tamoxifen) has the properties o f  an 

agonist, both isom ers are substrates for microsomal conversion to phenolic  forms
2 3 80  81which  have a high affinity for estrogen receptor. ’ ’ The Z-isom er when  

converted to a high affinity ligand (?ra/z5-4-OH-tamoxifen) has a relative binding  

equal to or greater than estradiol.*®’* I s o m e r  interconversions have been  

observed which explain functional reversals where cw -4-O H -tam oxifen , an 

agonist acquires properties o f  an antagonist.

(CH3)2NCH2CH20 (CH3)2NCH2CH20

o >  ( O
CH2 CH 3

CH 2 CH 3

, 0  ■ o  < 0

Z - Tamoxifen E - Tam oxifen
ICI 47,699 ICI 46,474

Figure 10: E and Z  isomers o f  Tamoxifen

The configuration o f  the isomers was established in early work by a combination  

o f  proton magnetic resonance spectroscopy ('H  NM R) and dipole moment  

m easurem ent.’*

The protons o f  the basic side chain o f  Z- tamoxifen resonated at somewhat  

higher fields and the effect on the aromatic protons was much more pronounced, 

with the centre A 2 B 2 system o f  the disubstituted ring m oving to a higher field by 

0.4ppm  when compared with the E-isomer. It was also observed that only  in the 

Z -isom er do the O CH 2 protons o f  the side chain have a chemical shift (5) o f  less  

than 4 .0ppm  ow ing to the through space shielding influence o f  the vicinal Z- 

phenyl substituents.*"^’*̂  These findings were rationalised by considering that the



aromatic ring and the sidechain o f the Z-isomer were sandwiched between two 
other rings and experience a double shielding effect from their ring currents/^^

X- ray crystallography^^ also demonstrates that the phenyl rings in tamoxifen (2) 

are twisted out o f the plane of the double bond by more than 50°, thus indicating

Figure 11: 3D image o f  Tamoxifen (Macromodel)

that Z-tamoxifen has a propeller like conformation.*^ [Figure 11] This 
“propeller” conformation is observed for the three rings in all triphenylethylenes. 
The 3D structure o f tamoxifen and novel tamoxifen analogues will be discussed 
in Chapter 5.

1.9.3. Metabolites o f  Tamoxifen

As an endocrine agent for the treatment of breast cancer, tamoxifen (2) functions 
by competitively antagonising the mitogenic signal, which results from the 
interaction of estradiol with estrogen receptors (ER), in ER positive cells. There 
are several pharmacological factors, which may determine its ability to achieve 
this in vivo. These include the bioavailability and pharmacokinetics of 
tamoxifen, together with the formation of various metabolites which may have 
different agonist-antagonist profiles and the ability o f these compounds to 
interact with ER and form inappropriate complexes which are no longer able to
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regulate the estrogen-responsive genes involved in the growth pathway. It is as a 
consequence o f  the latter, namely tamoxifen interaction with ER, that the 
majority o f  pharmacological effects occur both in vivo and in vitro.^^

The predominant metabolism o f  tamoxifen (2) occurs in the liver via cytochrome
89P-450 enzymes located m the microsomes. The two major pathways o f  

tamoxifen (2) metabolism in humans are shown in Figure 12 and involved 
demethylation, deamination and hydroxylation o f  the key position on the phenyl 
groups o f  tamoxifen. Demethylation o f the tertiary amine results in the major
metabolite found in human serum, A^-desmethyltamoxifen. 9 0 ,9 1 ,9 2 ,9 3 ,9 4 ,9 5 Further
demethylation produces A^.A^-didesmethyltamoxifen'^^ and subsequent 
deamination results in the polar compound metabolite The alternative route 
o f  metabolism involves hydroxylation o f  tamoxifen at the 4-position to form 4-

81 98hydroxytamoxifen, a potent antiestrogen. ’

C H j^
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Figure 12: The metabolic pathway fo r  Tamoxifen
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All major m etabolites o f  tamoxifen will bind to the estrogen receptor in vitro and 

com petitively inhibit estradiol-stim ulated growth o f  MCF-7 cells. However 

there is a considerable range in the relative binding affinity (RBA) o f  the 

different m etabolites to the ER. In particular metabolites which are hydroxylated 

in the 4-position e.g. 4-hydroxy-A^-desmethyltamoxifen, have a high RBA which 

is com parable  to that o f  estradiol,*^"’ and they are approximately 100 times more 

potent than the parent compound tamoxifen (2) in inhibiting M CF-7 growth in 

v / Y r o . H o w e v e r ,  some o f  the minor metabolites, nam ely m etabolite  E and 

bisphenol, appear to have significantly more agonist than antagonist properties in 

a variety o f  b ioassay systems.'*^'

M etabolites o f  tamoxifen which are hydroxylated on the phenyl ring, nam ely 4- 

hydroxytam oxifen  and metabolite E, are capable o f  under going tim e-dependent 

and tem perature isomerisation from the Z {trans) isomer to the E {cis) isomer.'®^ 

The electron w ithdrawing hydroxyl group weakens the ethylene bond and 

permits the substituents attached to the carbon atom to rotate around the double 

bond. This is referred as push-pull isomerisation, where the electron 

w ithdraw ing group decreases the double-bond character and allows easier 

rotation for captodative ethylenes.'^^ These configurations are important when 

discussing the relative estrogenic and antiestrogenic activities o f  these 

m etabolites [Figure 13]. The Z (trans)  4-hydroxy tamoxifen has a high RBA 

similar to that o f  estradiol and is a potent antiestrogen, where as E (cis) 4-
O T O O

hydroxytam oxifen has a low RBA and is a weaker antiestrogen. ’

The am ine side chain is thought to be essential for antiestrogenic activity o f  

t a m o x i f e n . I n  metabolite E this side chain is replaced by a hydroxyl group and 

upon isomerisation to the E-isomer the hydroxyl group occupies the same phenyl 

position as in Z-4-hydroxytamoxifen and consequently exhibits high binding 

affinity for the estrogen receptor [Figure 13]. However without the am ine side 

chain, the E isomer o f  metabolite E behaves as a potent e s t r o g e n . I n  contrast 

the Z isom er o f  metabolite E has much lower binding affinity and is only a weak 

estrogen.
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Figure 13: The structural fo rm s o f  tamoxifen which may have either a predom inantly  
agonistic or antagonistic effect upon interaction with ER
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Tam oxifen (2) exerts other effects that cannot be reversed by estrogen, 

including the inhibition o f  protein kinase C, antagonism o f  the calcium binding 

protein calm odulin  and stimulation/suppression o f  growth factors and other 

enzym es w hich effect cell growth and activity.

The apparently  independent actions o f  tamoxifen (2) and its m etabolites on 

tumours and drug resistance, can be categorised as follows:

1. Facilitation for the chemotherapeutical agent to reach and enter the target 

cell by  influx and efflux modification and / or possible com petition (for 

exam ple reversal o f  M D R phenotype).

2. Re-establishm ent o f  normal apoptotic pathways by  interference with 

inhibitors o f  apoptosis (programmed cell death)*^

3. D irect or indirect action on tumour cell multiplication including their 

accum ulation  in vulnerable phases o f  cell cycle

4. Enhancem ent o f  cytostatic action(s) and toxicity o f  drugs

5. Synergistic effects with interferon(s) and immune response.

This enum eration is tentative and certainly not complete, but it illustrates a 

variety o f  tam ox ifen ’s actions.**

1.9.4. Other pharmacological actions o f  Tamoxifen.

Further studies have illustrated alternative ways in which tamoxifen (2) is 

believed to inhibit the growth o f  tum our cells. These are outlined below.

Insulin-like growth factor I (IGF-I) has been shown to be a potent mitogen for 

breast cancer cells in vitro, and IGF-I receptors have been located on hum an 

prim ary breast neoplasms. In a randomised, placebo-controlled study it has been 

found that administration o f  tamoxifen (2) to patients with breast cancer was 

associated with a statistically significant (p=0.002) reduction in the serum level 

o f  IGF-I and this reduction may contribute to the therapeutic effect o f  the 

drug.'°^

Calm odulin , a calcium -dependent regulatory protein o f  numerous cellular 

processes, including proliferation, interacts directly with tam oxifen (2), which 

results in the inhibition o f  cAMP phosphodiesterase action. Since this is a key 

com ponent o f  the secondary m essenger system and regulates the m etabolism  o f
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cyclic nucleotides, the inhibition o f  breast cancer cell growth may be due to the 

antagonism  o f  calmodulin  activity by tamoxifen.

Production o f  the enzym e protein kinase C, which plays a key role in tumour 

promotion, is reported to be inhibited by tam oxifen (2), and this is thought to 

contribute to the antitumour action o f  the drug.'

Tam oxifen (2) induces the production o f  the negative growth factor TGF-B, 

which has been proven effective in decreasing the growth o f  estrogen 

tumours.

It appears that at least one other anti-tumour effect o f  tamoxifen (2) is mediated 

through induction o f  polyamine depletion. This action has been recorded both in 

vitro and in and may be produced by tamoxifen (2) inhibiting the rise

o f  ornithine decarboxylase which leads in M CF-7 human breast tum ours to a
118dose related decrease o f  the polyamines putrescine and spermidine.

In Ishikaw a (endometrial carcinoma) cells, 4-hydroxytam oxifen significantly 

inhibits cell proliferation and simultaneously decreases both T G F-A m R N A  and 

TGF-A secretion."^

Other estrogenic and non-estrogenic related methods by which tamoxifen (2) 

may exert its action in inhibiting tum our cell growth are widely documented. 

New evidence suggests some patients suffering from estrogen independent breast 

cancer are giving a positive clinical response when treated with the drug.^^’̂ ^’̂ ^

1.9.5. Beneficial aspects o f  Tamoxifen

By the mid 1980's, tamoxifen was listed by the W orld Health O rganisation as an

essential d rug for cancer chemotherapy (W HO, 1985). It represented one o f  the

most strongly  established treatment modalities i.e. treatment o f  advanced breast
120 121 122carcinom a and prophylaxis agamst recurrence. ’ ’ Recent data suggests that

tam oxifen may be used for the treatment o f  other m alignancies that are neither 

estrogen receptor positive nor related to breast cancer.

There were genuine concerns that treating w om en with an antiestrogen would 

affect their lipid profile adversely and lead to an increased risk o f  heart disease. 

H ow ever analysis o f  nine separate studies revealed an average decrease in total 

cholesterol o f  13% and an average decrease in low-density lipoprotein (LDL) o f  

19%.'^^’'^^ A study carried out by M cDonald and Stewart concluded that the risk 

o f  coronary heart disease is significantly lowered for those taking o f  tamoxifen 

( 2 )."^
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Furtherm ore to x ic ity  studies indicate that ta m o x ifen  (2 ) is e s trogen ic  on other
I Q  ^ 12V

im portant t is su es  in the body, i.e. b one t issues.  A s  ta m o x ifen  is an
128 129a n tics trogen  it m ight be exp ected  to cause o s teo p o ro sis ,  ’ due to a lack o f

130estro g en .  H o w ev e r ,  tam oxifen  (2) reduces b one loss  in th ese  patients p o ss ib ly  

b eca u se  it can  act as an estrogen a g o n i s t . C u r r e n t l y  the b io lo g ica l  

m e c h a n ism s  underly ing  bone-sparing  e f fec ts  o f  tam ox ifen  are unc lear .'^ ’ 

N o ta b ly  ta m o x ifen  (2 ) abrogates the e f fec ts  o f  ex o g e n o u s  g lu c o co r t ico id s  in 

v / v o , a n t i - i n f l a m m a t o r y  agents that are potent inducers o f  b o n e  lo ss  in v/vo.

It has b e e n  dem onstrated  that ta m o x ifen  attenuates m ost g lu co co rt ico id  e f fec ts  

on o s te o g e n s is  in vi t ro.  Several studies on postm en op ausa l  patients treated w ith  

ta m o x ife n  (2 )  confirm  that b one  m ineral d en sity  is preserved  or increased , for 

ex a m p le ,  noted  preservation  o f  trabecular b one  at the fem oral n eck , a co m m o n  

s i te  o f  p o st  m enop au sa l  o steoporotic  fractures.

1.9.6. Carcinogenicity and toxicity o f  Tamoxifen

T a m o x ife n  has b een  described as h av in g  a relative lack o f  sev ere  s ide  ef fec ts .  

At norm al d o sa g e ,  less  than 3% o f  patients are withdrawn from therapy d ue  to 

in to lerance .  In general the s ide  e f fec ts  o f  tam oxifen  are s im ilar to sy m p to m s  

ex p e r ie n c e d  during the m e n o p a u s e . L e s s  co m m o n  e f fec ts  are h yperca lcaem ia ,  

o e d e m a ,  anorexia , pruritus vu lvae ,  d epression , d izz in ess ,  l ig h t-h ea d ed n ess  and 

h e a d a c h e . R e c e n t  studies have h o w ev er  su ggested  m ore ser iou s  adverse

reaction s  to the drug. In particular, con cern s  have been raised w ith  regard to the
88potentia l  ca rc in o g en ic ity  o f  this product.

T o x ic o lo g ic a l  stud ies  have been  carried out to a ssess  the ca rc in o g e n ic ity  o f  

ta m o x ife n  in rats.'^^ T a m o x ifen  (2) w as  found to be ca rc in o g en ic  in the liver  o f  

m a le  and female'^* rats, i.e . h epatoce llu lar  c a r c i n o m a . I t  a lso  acted  as a 

p ro m o t in g  agent in a tw o -sta g e  m o d e l o f  ca rc in o g en es is  in rat l iver  (W il l ia m s  et  

al. ,  and H irsim aki et  <3 /.,).''"^’''*' In the rat, tam oxifen  is m eta b o lised  to a -  

hydroxytamoxifen,'"^^ w here  it is thought to be further activated  to a product that 

b in d s p r in c ip a lly  to the e x o c y c l ic  am ino  group o f  d eo x y g u a n o s in e  in D N A .  

A v a i la b le  data c lear ly  ind icates major d if feren ces  betw een  w o m e n  and rats w ith  

resp ect  to the activation  o f  tam oxifen  and formation o f  D N A  adducts ,  and brings  

into q u es t io n  the valid ity  o f  d irect extrapolation  o f  data generated  in the s in g le  

s u s c e p t ib le  sp ec ie s ,  the rat, to w o m e n  in a ssess in g  potential r isks attendant to
1 37ta m o x if e n  (2 )  administration.
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1 ,10 .Clinica l and experim ental ant iestrogens in breast  cancer  

treatm ent

Antiestrogens are classified into several major groups:

(a) analogues o f  tamoxifen (2) or structural derivatives o f the triphenylethylene 
type o f  drug which have mixed estrogenic / antiestrogenic actions -  used for 

cancer chemotherapy

(b) antiestrogens that represent a departure from the standard triphenylethylene 
structure

(c) pure antiestrogens that have no estrogen-like properties

(d) designer estrogens, known as selective estrogen receptor modulators 
(SERMs), which behave like estrogen in some tissues but block the action in 
others e.g. used for estrogen activity as anti-osteoporotic agents.

1.10.1. Structural derivatives o f  the triphenylethylene structure o f  Tamoxifen

The triphenylethylene structure of tamoxifen (2) has provided the basis for 
several new analogues that are being investigated clinically. The finding that 
tamoxifen (2) is metabolised to a potent antiestrogen (4-hydroxytamoxifen)‘’‘’ has 
also provided a central theme for drug development.

1.10.1.1 Toremifene

Toremifene (3) or chlorotamoxifen (Fareston®)'*^ '"̂  ̂ is the first antiestrogen to 
be approved for the treatment o f  stage IV postmenopausal breast cancer since the 
introduction o f tamoxifen (2) [Figure 14], The drug is a chlorinated derivative 
o f  tamoxifen (2) having a high affinity for the estrogen receptor with similar 
clinical efficacy to t a m o x i f e n . T h e  compound is o f  interest because it does not 
produce DNA adducts in rat liver'" '̂  ̂ and as a result has a lower carcinogenic 

potential than tamoxifen (2). The drug is active against DMBA-induced rat 
mammary tumours'"*^’''*̂ ’’'*̂  and exhibits properties o f  a tumouristic agent’'*̂  and 
may be effective against hormone-dependent mouse uterine sarcoma.
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(CH3)2NCH2CH20

Figure 14: Toremifene (3)

Its partial estrogenic activity includes al tering lipid levels, which is associated 

with a reduced risk o f  coronary heart disease and prevention o f  bone loss in the
148lumbar spine and the femoral neck.

1.10.1.2 D raloxifene

Droloxifene (4) or 3-hydroxytamoxifen' '^’̂ '̂ ’ is an antiestrogen with well- 

documented anti tumour activity in laboratory m o d e l s . [ F i g u r e  15] This  drug 

was initially designed to treat a t h e r o s c l e r o s i s . E x t e n s i v e  clinical t reatment has 

shown it to be effective (at large doses) in the treatment o f  advanced breast 

cancer in postmenopausal  patients'^'  and it has been observed to have 

antiestrogenic activity.

(CH3)2NCH2CH20

OH

Figure 15: Droloxifene (4)

Droloxifene subsequently been developed as a result o f  the f inding that 

hydroxylat ion  o f  tamoxifen (2) to produce 4-hydroxytamoxifen dramatically 

increases its ant iestrogenic properties and binding affinity for the estrogen 

receptor.'^'^’'^^’'^^’' '̂’ However,  the binding affinity o f  droloxifene (4) is not as 

high as that o f  4-hydroxytamoxifen.^^ The hydroxyl group o f  droloxifene (4) is 

bel ieved to be important as it is entrusted into the lipophillic zone o f  the 

molecule which is involved in the binding to Hydroxylat ion increases
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drug clearance, therefore a considerably shorter half-life is expected in vivo  for 

droloxifene com pared with tamoxifen (2).

1.10.1.3 Clomiphene

Clom iphene (5) is an antiestrogen’^̂  used for chem otherapy o f  infertility
158(ovulation inducement) and estrogen dependent breast cancer. [Figure 16]

(CH3CH2)2NCH2CH20

Figure 16: Clomifene (5)

The parent compound does not undergo isomerisation, but the highly active 4- 

hydroxy metabolite formed in vivo isomerises readily. The Z-isomer, 

zuclom iphene is estrogenic in rat uterine weight tests, whereas the E-isom er 

enclom iphene is a partial agonist with antiestrogen properties.' The most 

prom inent use o f  clomiphene (5) is in the treatment o f  infertility, where it 

produces an increase in estrogen and gonadotrophin secretion w hich induces 

ovulation. This effect is as a result o f  the binding o f  clomiphene to estrogen 

receptors in the hypothalamus leading to a blockade to the feedback inhibition 

exhibited by e s t r o g e n s . C l o m . i p h e n e ’s (5) role as a therapeutic agent for 

breast cancer are currently under study.

1.10.1.4 Halogenated analogues o f  Tamoxifen

A^A^-diethyl halogenated analogues'^'^’''^̂ ’'*'' were prepared for prelim inary  

evaluation as agents for imaging estrogen receptors using positron emission 

tom ography (PET) or single photon emission computed tom ography (SPECT). 

Such agents may predict the efficiency o f  tamoxifen (2) therapy for breast 

t u m o u r s . S u b s t i t u t i o n  o f  A^,A^-diethyl for the A^,//-dimethyl portion o f  

tam oxifen has been established and are believed to increase b inding to the 

estrogen receptor by a factor o f  four.''^'^’'^̂
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1.10 .1 .4 .1  A^,7V-Diethylfluoromethyltamoxifen

[ 1 -(4-(2-D iethylam inoethoxy)phenyl) 1,2-diphenyl-5-fluoro-1 -pentene] i.e. N,N-  

d ie thylfluorom ethyltam oxifen (6) can be prepared via a 3-step synthetic 

procedure from clom iphene (5) [Figure 17], Like tamoxifen, it exists as both Z 

and E isomers. The Z isomer has a greater affinity for the estrogen receptor than 

the E isomer, how ever the E isomer has been found to be the more potent. '^ '’ 

The presence o f  fluorine in the aliphatic side chain preserves the major portion 

o f  the m olecule for binding with a m inimum o f  alteration. N,N-  

d ie thylfluorom ethyltam oxifen (6) chelates to the tumour cell phospholipid 

m em brane and this change in membrane permeability  may cause cell death,^^’’^̂  

as reported by M cC ague and Leclercq following cell culture experiments. N,N-  

d ie thylfluorom ethyltam oxifen (6) binds to the estrogen receptor with a 30-fold 

greater affinity  than tamoxifen.

(CH3CH2)2NCH2CH20

Figure 17: N,N-diethylfluoromethyltamoxifen (6)

The data  obtained from in vitro receptor assays suggested that N,N-  

d ie thylfluorom ethyltam oxifen (6) is a potential ligand for mapping the estrogen 

receptor by PET (Positron Emission Tomography).'^’'

1 .10 .1 .4 .2  A^,A^-Diethy!iodomethyltamoxifen

This iodo-analogue (7), like the fiuorotamoxifen analogue (6), is a useful 

diagnostic com pound for predicting the response o f  estrogen-receptor-positive 

breast tum ours to tamoxifen analogues used in chem otherapy. ' ' ’̂  [Figure 18]
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(CH3CH2)2NCH2CH20

Figure 18: N,N-Diethyliodomethyltamoxifen (7)

The iodo analogue binds to the estrogen receptor fifteen times greater than 

tam oxifen but h a l f  that o f  the fluoro analogue. However, it is m ore potent and 

exerts a greater cytostatic effect (in the E-isomeric form) than both tam oxifen 

and its fluorinated counterpart. The lipophilic character o f  the iodo analogue 

seems to have an important role in cell growth inhibition and like the fluoro 

analogue causes tum our cell death due to phospholipid chelation.

1.10.1.5 C-ring and rigid aza-analogues o f  Tamoxifen

Replacing the C-ring'*^'* by an isoteric heterocyclic aromatic ring results in the 

possibility  o f  hydrogen bond formation. This kind o f  heterocyclic replacement 

has so far only been studied for the A-ring o f  tamoxifen.'*’̂  [Figure 19]

RO

Figure 19: A,B,C-aromatic rings o f  Tamoxifen (8)

Two such analogues exhibit promising preliminary affinity for the estrogen 

receptor in breast cancer tissues, and include the 2-pyridyl C-ring (9)'* '̂’ and rigid 

aza-analogues'^^ (10) [Figure 20]. Antiproliferative and prelim inary  binding 

studies o f  these 1 ,2-diphenylpyridyl-but-l-enes show these to be potential 

antiestrogens. H owever they are believed to be cytotoxic to various breast 

cancer cell lines in in vitro  laboratory tests.
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0CH2CH2N(CH3)2, 0CH2CH2N(CH3)2

2-Pyridyl C-ring aza analogue (9) 2-Pyridyl rigid aza analogue
derivative (10)

Figure 20: C-ring (9) and rigid (10) Aza-analogues o f  Tamoxifen 

I.10.1.6Tat-59

Tat -59  (11)  [Figure  21] is a p rodrug  that  is be ing deve lo ped  for the t rea tm ent  o f  

br eas t  cancer .  The  hyd roxyphospha te  group was  in troduced  as it w as  be l i eved  to 

increase  the bind ing  aff inity  o f  the m olecu le  for the es trogen  receptor ,  wi th  the 

hyd ro x y  groups  bind ing  to the polar  pocke t  (Sect ion 1.4.3). Ta t -59  (11)  is 

ac t iva ted  metabo l i ca l ly  to a dephosphory la ted  form that  binds to the es trogen  

receptor. '*'* It has been show n  to inhibi t  g rowth  o f  the ER-pos i t ive,  D M B A -  

induced  rat  m am m a r y  carcinomas '^’*̂ (Toko  et  ciL, 1990). The  d rug  inhibi ts  the 

g row th  o f  e s t rogen-s t im ula ted ,  ER-pos i t ive  breast  cancer  ce l ls  w h ic h  were  

t ransp la n ted  into a thym ic  mice. '™’'^' The  resul ts  o f  c linical s tudies  using Ta t -59  

for the t r ea tm en t  o f  advanced  breast  cancer  have yet to be publ ished .

(CH3)2NCH2CH20

Figure 21: Tat-59 (11)
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1. 10.2. Antiestrogens that represent a departure from the standard  
triphenylethylene structure

These antiestrogenic compounds  illustrate an alteration in the posit ioning o f  the 

alkylaminoethane side chain while retaining potent antiestrogenic activity. The 

side chain is clearly able to interact with areas o f  the ER outside the plane o f  the 

ligand-binding site.

1.10.2.1 Zindoxifene

Zindoxifene (12) [Figure 22] was discovered as a result o f  extensive S A R  studies 

o f  1,2-bis phenolic e t h a n e , t r i p h e n y l b u t e n e , ' ’"'’'^  ̂ indene'^'^ and indole'^*^’'^  ̂

derivat ives at the University o f  Regensburg,  Germany.

CH2CH3 

Figure 22: Zindoxifine (12)

Some non-isomerizable analogues [(13)-( 15)]^^’'^^'’^̂ ’'*°’'^' [Figure 23] o f  

tamoxifen are known and the endocrinological properties o f  these cyclic 

analogues  paral leled that o f  tamoxifen,  al though in the MCF-7 breast tumour  cell 

they were  slightly less effect ive than 4-hydroxytamoxifen.

(CH3)2NCH2CH20

HO

OH

OH
( 1 4 )

( 1 3 )

OH

HO
( 15 )

Figure 23: Non-isonterisable analogues o f  tamoxifen (13)-(15)

Zindoxifene (12) is an acetylated indole derivative^® which is hydrolyt ical ly 

cleaved to produce a dihydroxy-indole (D15414) with a high affini ty for the
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estrogen r e c e p t o r .Z i n d o x i f e n e  (12) has mixed agonist / antagonist properties 
that inhibit growth o f DMBA-induced rat mammary carcinoma. 
However, clinical results o f  phase I/II studies o f  Zindoxifene (12) in advanced 
breast cancer have been disappointing as a large range o f  oral doses failed to 
produce any objective r e s p o n s e s . I t  is possible that the lack o f  bioavailability 
and metabolic transformation precludes significant levels o f  the drug from 
locating at the target site. However, the estrogenic potency o f Zindoxifene (12) 

in vivo is much less than that o f  diethylstilbestro).

/. 10.3.Aromatase inhibitors

Anastrozole (16)^ (Arimidex®) is a new orally active nonsteriodal selective 
aromatase inhibitor used in treatment o f  hormone-responsive metastatic breast 
cancer. Aromatization o f adrenal androgens to estrogen in peripheral tissue 
(adipose, muscle and liver) after the menopause, may contribute to tumour 
growth and progression in patients with hormone-dependent breast cancer. 
Therefore pharmacological inhibition o f  extracellular aromatase (estrogen 
synthetase) decreases extraglandular estrogen biosynthesis. Anastrozole (16), 
(2,2-[5-( 1H -1,2,4-triazol-l-ylmethyl)-1,3-phenylene]-di-[2-methyl 
propinonitrile]), an analogue of the antifungal triazole drugs, prevents the 
conversion of androgens to estrogen by aromatase inhibition. [Figure 24]

H3C CH3

H3<- CH3

Figure 24: Anastrozole (16)

Molecular modelling studies indicate that the 3-dimensional structure o f  this
[ 85nonsteroidal aromatase inhibitor is similar to that o f  androstenedione. The 

high binding affinity o f  the aromatase inhibitors for estrogen synthetase is 
thought to reside in the Â -4 nitrogen o f  the triazole ring that co-ordinates with 
the heme iron o f the aromatase enzyme complex. Anastrozole (16) inhibits the 
last step o f  the metabolic pathway: the conversion o f androgens to estrogens by 
aromatase. Aromatization is a unique reaction that offers a highly restrictive 
target for inhibition o f  estrogen synthesis. Anastrozole (16) is cleared from the
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systemic circulation prim arily by the liver, which produces three m ajor and 

several m inor metabolites. Triazole is the only metabolite that is believed to be 

devoid o f  pharm acological activity.'*^’

187 188Preliminary clinical trials ’ show that anastrozole therapy can be well 

tolerated with little side effects. The total clinical impact o f  selective aromatase 

mhibitors remains to be fully elucidated, but there are a number o f  exciting 

potential applications for these agents that merit continual testing, including their 

use as first-line therapy in hormone-responsive metastatic disease, in adjuvant 

therapy and in combination chem ohormonal therapy.

1.10.4. Pure antiestrogens

189It is believed that pure antiestrogens (devoid o f  estrogenic
\  190 191 192 193 194 i r n  • i • i • • i • iactivity) ■ ’ ' • more errective than partial agonists in reducing the

mitogenic action o f  estrogen on the growth o f  breast cancer cells, but they may 

exhibit antiproliferative effects more readily where the growth is estrogen 

dependent. Tumours that lose hormone dependency usually becom e resistant to 

Tamoxifen. Recently, a new breast cancer cell line, w hich expresses ER but 

grows independently o f  estrogen, was r e p o r t e d . T h i s  prompted the search for 

antibreast cancer agents, which are effective against both estrogen dependent and 

independent growth.

Pure antiestrogens can be divided into several groups, estradiol derived, 

flavonoids and cyclopropanes to mention but a few. W akeling and colleagues 

discovered the first pure antiestrogens.

1.10.4.1 Estradiol derived pure antiestrogens

ICI 164,384 (17), the 7a-alky lam ine derivative^^’’^̂  o f  1 ?P-estradiol is a 

steroidal antiestrogen specifically designed to eliminate partial agonist activity to 

reduce the risk o f  toxicity associated with the estrogenic action o f  tamoxifen. 

This com pound was the lead compound in the discovery o f  pure antiestrogens. 

ICI 164,384 (17) binds to the ER with high affinity'*^^’'^^ and has all the 

characteristics o f  a pure antiestrogen. It completely inhibits estrogen o f  

tam oxifen-induced uterine growth in immature rats and m ice almost equivalent 

to the effects observed with o v a r i e c t o m y . T h e  structure-activity 

relationships are well established: 7p- substitution is ineffective at producing 

antiestrogenic activity and the length o f  the carbon chain determ ines optimal 

activity.
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The com pound ICI 182,780 (18) (clinically available) is more potent than ICI 

164,384 (17)^^^ [Figure 25] and is being evaluated as a clinically useful agent 

after failure o f  tamoxifen. In vitro  findings and early clinical experience with 

ICI 182,780 have prom pted interest in the development o f  the drug as a 

therapeutic agent for estrogen-dependent indications such as breast cancer and 

certain benign gynaecological conditions.

OH

l a
HO

O
ICI 164,384

OH

la
HO

ICI 182,780

Figure 25: ICI 164,384 (17) and ICI 182,780 (18)

The discovery  o f  ICI 164,384 and ICI 182,780*'^ has stimulated others to improve 

on b ioavailab ili ty  and the biological activity profile. Both ICI 164,384 and ICI 

182,780 are poorly soluble and have low oral a c t i v i t y . T h i s  resulted in 

considera tion  o f  depot injections for clinical applications.

The com pound RU 58,668 (19)'^  is substituted in the l ip -p o s i t io n  with a long 

hydrophobic  side c h a i n . T h i s  produces the same spatial arrangement for a side 

chain  as the 7a-substitu tion  in relation to the plane o f  the steroid nucleus. 

S tudies in vivo  and in vitro  have demonstrated that the RU 58,668 (19) has the 

properties  o f  a pure antiestrogen. [Figure 26]
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OH

HO

Figure 26: R U  58,668 (19)

The com pound EM -139 (20) [Figure 27] is both an inhibitor o f  hydroxysteroid
205dehydrogenase and a pure antiestrogen.

OH

HO

O

Figure 27: EM-139 (20)

The role o f  these pure antiestrogens is not only to block the receptor but also to 

reduce the conversion o f  estrone to the more potent estrogen, estradiol (E 2 ), in 

the postm enopausal patients.

1.10.4.2 Flavonoids

Flavonoids, either natural or synthetic, are well known to exhibit various 

biological a c t i v i t i e s . T h e r e  is a profound relationship between the flavonoids 

and anti-cancer activity. A large number o f  flavonoids are known to exhibit 

antiproliferative effects against breast cancer cells and binding affinities for the 

ER. N ovel am ino-substituted flavone derivatives are now known as potential
1 89an titum our agents in breast cancer. [Figure 28]
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BE-14348B (22)
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Apigenin (21)
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OH

6,4'-Dihydroxyflavone (23)

OH
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HO

Daizein (R=H) (24)
Genistein (R=OH) (25)

Figure 28: Structures o f  Apigenin (21), BE-14348B (22),
6,4 '-Dihydroxyflavone (23), Daizein (24) and Genistein (25)

A pigenin  (21) and some o f  its congeners are reported to possess antiproliferative

activity  against the human breast cancer cell line ZR-75-1.^^’ 6 ,4 ’-Dihydroxy-
208flavone (23) has a binding affinity for the estrogen receptor and the flavone 

derivative BE-14348B (22)^*^  ̂ exhibits both estrogenic and antiproliferative 

activity. Investigation o f  the ER binding affinity and the estrogenic activity o f  

isoflavone derivatives daizein and geinstein^'*^ has also shown favourable results.

Recent reviews report that L86-8275 (26) [Figure 29] exhibits antitum our
211activ ity  against several types o f  human breast cancer cell lines.

OH O

Figure 29: L86-8275 (26)

Further research is being carried out on flavone derivatives as potential pure 

antiestrogens. It has been hypothesised that the flavone derivatives substituted
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with an amino group can function as hydrogen bond donors or acceptors, and
1 8 9may exhibit an titum our activity in breast cancer.

1.10.4.3 Diarylcyclopropanes as pure antiestrogens

Z -l ,l-d ich loro-2 ,3 -d iphenylcyclopropane  is an effective anti-breast

cancer agent in rodents and in cell culture due to its pure antiestrogen activity 

[Figure 30], It differs pharmacologically from tamoxifen (2) in being devoid o f

partial agonist ( e s tro g en - l ik e )"^ a c t iv i ty  in the m o u s e . l , l - D i c h l o r o - 2 , 3 -  

d iphenylcycloprone (27) was first tested for biological activity during a study o f  

rigid functionality minimised analogues o f  known olefinic estrogens, synthesised 

in an effort to reduce estrogenic activity.^'*'

Cl

Figure 30: Z-l,l-dichloro-2,3-diphenylcyclopropane (27)

It is effective in delaying the development o f  secondary tumours and, following 

cessation o f  treatment, it prevents metastatic tumour developm ent longer than 

tamoxifen, e.g. metastatic rat mammary tumours.

1.10.5. Selective Estrogen Receptor Modulators (SERMs)

SERM s are designer estrogens, which behave like estrogen in some tissues but 

block its action in others. Researchers hope that these selective estrogen 

receptor m odulators will mimic the effect o f  estrogens in the liver, heart, and 

bones but will com bat its harmful effects in the breast and uterus.^

/. 10.5.1 Raloxifene

The 2-arylbenzothiophene raloxifene (28) '̂*^ [Figure 31] is a selective estrogen

receptor modulator, which is currently in clinical use for the prevention and
220 221treatment o f  postmenopausal osteoporosis.

Raloxifene (28) (LY 156,758, Evista®)'^’̂ ^̂  is the first SERM  shown to prevent 

bone loss in postmenopausal women. The drug also reduces levels o f  fibrinogen 

and cholesterol, a potential benefit in postmenopausal w om en who are at 

increased risk o f  cardiovascular disease. In addition it appears to prevent the
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developm ent o f  breast and endometrial cancer in women. These benefits  are 

suggested  by findings from the Multiple Outcome o f  Raloxifene Evaluation^^^ 

(M O R E ) trial and supported by the results o f  a large meta-analysis. H owever
0 00 'yo'ythese findings require confirmation by current clinical trials.

OH

HO

F igure 31: R aloxifene (28)

Raloxifene (28), possessing high binding affinity for the estrogen receptor,^^^ 

exhibits  potent antiestrogen activity but has little uterotrophic activity in 

r o d e n t s . R . E .  Hubbard et compared the structure o f  a receptor bound 

by estrogen with one bound by raloxifene (discussed in Section 1.4.3).

Further studies indicate that raloxifene displays antitumour activity against 

breast cancer cells in vitro^^^ and prevents rat mammary carcinogensis.^^^’̂ *̂ 

O verall ra loxifene (28) displays the profile o f  a selective ER m odulator that 

could be utilised as a potential prophylactic for osteoporosis but with the 

additional benefit o f  preventing coronary heart disease''^ and endometrial cancer 

in postm enopausal women.

Prelim inary  results from clinical trials report that raloxifene has a short 

biological half-life, which may im pair its ability to maintain a com plete blockade 

o f  E R ’s at relevant sites, although further studies are being carried out.

1 .1 0 .5 .2 1doxifen e

Idoxifene (29) [Figure 32] is a novel SERM^^'^ that is currently  in clinical 

developm ent for treatment o f  breast cancer. Compared to tamoxifen, idoxifene 

(29) is m etabolically  more stable, with a higher relative binding affinity for ER 

and reduced agonist activity in breast and uterine cells. Idoxifene (29) also 

inhibits calm odulin , a calcium-binding protein which is also involved in cell 

siignal transduction pathways. It was synthesised to avoid the reported toxicity 

associated  with tamoxifen in the rat liver.*^
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I

Figure 32: lodoxifene (29)

Substi tut ion o f  halogens in the 4-position o f  tamoxifen is known to reduce 

antiestrogen potency by preventing conversion to 4-hydroxytamoxifen (4- 

OHT).^^® while the pyrrol idine group prevents side chain metabolism. Recent  

reviews suggest that reduced demethylation o f  the side chain would also avoid
o  c

the formation o f  formaldehyde m the liver. Initially the goal was to develop a 

drug with efficacy both in the prevention o f  osteoporosis  and in the treatment o f  

breast cancer. However,  published reports focus on the potential o f  idoxifene as
231an antiestrogen-anticancer agent. Idoxifene inhibits hormone-dependent  breast 

cancer growth and is more  effect ive than tamoxifen in inhibi ting both  MCF-7 

growth in vitro  and carcinogen-induced rat mammary tumour growth in vivo. 

Recent studies show that idoxifene induces apoptosis as well as impair ing cell 

prol iferat ion and further research is presently being carried out on the apoptotic 

effect o f  idoxifene.

1.10.5.3 Tn'oxifene

Trioxifene  (30) [Figure 33] deviated from the tr iphenylethylene structure by the 

introduction o f  a ketone bridging group that links the phenyl r ing containing the
^  -j

pyrrolindyl side chain with the rest o f  the molecule and it has been found to
• • • 2^4possess potent  antiestrogenic activity m the rat.
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Figure 33: Trioxifene (30)

Trioxifene mesylate was found to markedly suppress serum growth hormone 

(GH) levels in the rat. Clinical studies^^^’̂ ^̂  with trioxifene (30) have 

dem onstrated  its efficacy in the treatment o f  advanced (stage IV) breast cancer 

w here it suppresses arginine-stimulated growth hormone secretion. The response 

correlated  with positive ER status, long disease-free interval and low tum our 

burden. Trioxifene (30) appears to exhibit m ore estrogenic activity than 

tam oxifen (2). Further clinical trials are needed to evaluate the effectiveness o f  

trioxifene as an anti tumour agent in w om en with horm one-responsive breast
2 3 4cancer.

1.11. O bject ives  o f  thesis

In this thesis the main objective was to prepare a series o f  novel structural 

analogues o f  tamoxifen. The objectives are summarised as follows;

1) To develop novel antiestrogenic compounds with activity similar to 

tam oxifen with reduced side effects i.e. toxicity and carcinogenicity.

2) To synthesise flexible analogues that possess a similar carbon skeleton to 

that o f  tamoxifen but contain an additional benzylic m ethylene group 

adjacent to the ethylene function.

3) To prepare conformationally restrained cyclic analogues o f  tamoxifen, 

w hich possess the basic triphenylethylene structure.

4) To carry out biochemical studies on the above com pounds, to investigate 

their binding ability, cytoxicity and inhibition o f  proliferation o f  the 

estrogen receptor on M CF-7 breast adenocarcinom a cells.

5) To use computational methods to rationalise the biological activity o f  the 

novel compounds.
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2. Synthesis of flexible Tamoxifen analogues
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2.1. Introduct ion

In this thesis a series o f  novel non-steroidal flexible tamoxifen analogues are to 

be prepared deviating from the ‘traditional’ triarylethylene structure through the 

introduction o f  specific spacing methylene groups between the aryl and vinylic 

system s associated  with ‘c lassical’ analogues o f  tamoxifen. Traditionally, 

research into novel antiestrogens has favoured the approach o f  simply m odifying 

the tam oxifen  structure by altering the ethyl side chain or introducing

substituents onto the aryl rings. It had been suggested that building flexibility 

into the rigid backbone o f  antiestrogens could enhance their activity and binding
238affinity  for the estrogen receptor. Rem oval o f  one o f  the aryl groups from the 

vinyl carbon structure o f  tamoxifen may alter the overall shape and size o f  the 

m olecule thus enabling easier access to the estrogen receptor. Teo et a l ,  

synthesised a num ber o f  basic ethers 2-(/»-chlorobenzyI)-3-aryl-6- 

m ethoxybenzofurans [Figure 34] possessing a variety o f  alkylam inoethoxy side 

chains at the 4 '-position o f  the phenyl ring and an additional m ethylene group at 

the C-2 position o f  the benzofuran ring.^^*^

(31) R
(32) R
(33) R
(34) R

Figure 34: 2-(p-Chlorobenzyl)-3-aryl-6-methoxybenzofurans

Prelim inary  screening o f  these compounds in the human breast cancer-derived 

M CF-7 cell line indicated that they display antiproliferative activity. These 

findings led to the synthesis o f  several basic ethers o f  2-(4-halogenobenzyl)-3- 

arylbenzo[b]th iophenes and a 2-(4-fluorobenzyl)-3-arylbenzo[b]selenophene, 

each com pound possessing the additional methylene group. Raloxifene^^*^ (28), a 

2-ary lbenzoth iophene compound, is a well known antiestrogen possessing a high 

binding  affinity  for the estrogen receptor and exhibiting anti-carcinogenic 

properties in num erous animal tumour model s y s t e m s . T h i s  com pound’s 

d im ethylam inoethoxyphenyl substituent is distanced from the th iophene ring by 

a carbonyl group w hich gives the molecule flexibility such that it can which 

adopt a favourable conformation for interaction with the estrogen receptor.

N(CH3)2
N(CH2)4
N (C H 2 )5

N ( C H 2 ) 4 0
OCH 2 CH2 A. HCl

43



In this research novel flexible antiestrogens were synthesised which possessed a 
similar carbon skeleton to tamoxifen but contained an additional benzylic 
methylene group adjacent to the ethylene function. Four different structural 
types were prepared and biochemically tested to investigate the binding ability, 
cytotoxicity and inhibition o f  proliferation o f  these compounds with the estrogen 
receptor on human MCF-7 breast adenocarcinoma cells. These compound series 
are depicted in Figure 35.

RO

T ype (I)

RO

T ype (II)

R =  (CH2)2N(CH3)2

( C H 2 ) 2 N ( C 2 H 5 ) 2

(CH2)2N

T ype (III)

(CH2)2N

O R (CH2)2N P

X =  (CH2)2CH3 

(CH2)3CH3 

(CH2)2C1 

CHjBr 

CH2NO2 

CHBrCH3 

CH2CI

RO

T ype (IV)
RO

T y p e (V )

Figure 35: Series o f  Flexible Tamoxifen Analogues

Novel flexible analogues (Type I )  were prepared via two different synthetic 
routes; a seven step Grignard type route from chalcones and a two step McMurry 
coupling reaction of aryl ketones. Analogues of Types II-IV were prepared using 
only the titanium-based McMurry reaction.

2.1.1. Synthetic routes to Tamoxifen

78Bedford and Richardson first described the synthesis o f  tamoxifen in 1966, 
where a mixture o f  E and Z tamoxifen isomers were obtained from the 

dehydration o f  l-(4-P-dimethylaminoethoxyphenyl)-l,2-diphenylbutanol using
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ethanolic hydrochloric acid. Each isomer was isolated by fractional 

crystallisation from petroleum ether.

Jarm an and McCague^"*' prepared perfluorotolyl derivatives o f  tam oxifen from 

1,2 -d iphenyl- l-(4 -m ethoxyphenyl)bu t- l-one . Removal o f  the perfluorotolyl 

group (by treatm ent with sodium methoxide in DMF), followed by treatment 

with d im ethylam inoethoxy chloride under basic conditions yielded the pure E 

and Z isomers o f  tamoxifen, usually without detectable isomerisation.

An analogous preparation by McCague^^^ reports the stereoselective dehydration 

o f  l- (4 -a lkoxypheny l)- l ,2 -d ipheny lbu tan -l-o ls  to derivatives o f  tamoxifen. The 

tertiary alcohol w as prepared by reaction o f  l- (4 -m e thoxypheny l)- l ,2 -  

d ipheny lbu tan -l-one  with phenylm agnesium  bromide. Dehydration using HCl o f  

this tertiary alcohol gave a 2:1 ratio o f  olefm products.

Potter and McCague^'^^ applied an alternative approach to the synthesis o f  

tam oxifen, utilising vinylbromides or triflates as intermediates, since the 

brom ide and triflate functions are easily replaced by an aryl group via a 

palladium  com plex catalysed coupling reaction, with retention o f  configuration 

[Schem e 1]. The conversion o f  the readily prepared ketones (35) resulted in high 

s tereoselectiv ity  (E: Z; 20: 1) and the pure E isomer (36) was obtained after 

recryslallisation. Reaction o f  this E-vinyl bromide (36) with phenylzinc 

chloride, catalysed by te trakis(triphenylphosphine)palladium (0) in toluene gave 

a 99% yield o f  (37). Conversion o f  (37) to Z-tamoxifen (2) was accomplished 

w ith ease in 93% yield.
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(3 5 )

KH

LiBr,
TfzNPh

o O
Br

(3 6 )

(2 )

Mc2NH

ArMX 
Pd catalyst

o
(3 7 )

o >  < o

Schem e 1: Potter and M cCagues synthetic route fo r  tamoxifen^'*^
744C'oe and Scriven used cross coupling o f  functionalised ketones by low valent 

t itanium to synthese tamoxifen.  It was found that 4-subst i tuted benzophenones  

and propiophenones  were suitable for the coupling, resulting in high yields with 

a marked preponderance o f  the Z-isomer.  Initial at tempts using T iC^ /L i ,  4-[2- 

[(A^,A'^-dimethylamino)ethoxy]benzophenone and propiophenone to prepare 

tamoxifen in one step failed. However  (37) and (41) were synthesised using this 

method with appropriate benzophenones.  A 7:1 mixture o f  the Z and E isomers 

was obtained for both but- l -enes  (37) and (41). According to Coe and Scriven^'*'^ 

the advantage o f  the TiCb/Li approach is that (37) can be converted  to Z- 

tamoxifen (2) on reaction with dimethylamine. [Scheme 2]
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o CH2 CH3

(38) R = CH2 CH2 NMe2

(39) R = CH2CH2C1
(40) R = CH2 CH2Br

(2) R = CH2 CH 2 NMe2 

(37) R = CH2 CH 2 CI
(41) R = CH 2CH 2 Br

Schem e 2: (i) PhCOEt -T iC h  -Li or T1CI4 -Zn

An alternative method using TiCU/Zn^'*'^ to produce tamoxifen using 4-[2-A ,̂7V- 
diethylaminoethoxy]benzophenone and propiophenone proved successful 
resulting in an 8 8 % yield with a Z:E isomeric ratio o f  3 :1.

To date most synthetic approaches to tamoxifen have been nonstereospecific, 
producing mixtures o f  both Z and E isomers, which have been separated by 
recrystallisation. However, a stereospecific synthesis o f  Z-tamoxifen using the 
carbometallation of an alkylnylsilane as the key step was carried out by Miller 
and Al-Hassan^'^^ [Scheme 3],

P h C = C S iM e3

(42) (43) (44)

( iv )

0CH2CH2N(CH3)2

Br

> <
Ph

(2) (46 ) (45 )

Schem e 3 : (i) Et2AlCl, Cp2TiCh (ii) NBS (Hi) PhZnCl, Pd(PPhs)4 
(iv) Bv2, NaOMe/MeOH (v) d-MeOCeHiZnCl, Pd(PPhi)4 (vii) NaSEt

(vii) Cl(CH2)2NMe2.HCl, NaOEt



The first step in the synthesis establishes the stereochemistry around the double 

bond. Phenyl(trimethylsilyl)acetylene (42) was carbom etallated  with 

d ie thyla lum inium  chloride-titanocene dichloride to give an organom etallic  

in term ediate  w hich was cleaved by A^-bromosuccinimide. This product (43) was 

assigned E-stereochemistry. The bromine group o f  (43) was stereospecifically  

replaced w ith a phenyl group by palladium catalysed coupling with phenylzinc 

ch loride to give (44), a vinylsilane. Treatment o f  (44) with brom ine sodium 

m ethoxide afforded a vinyl bromide (45), which was coupled w ith (4- 

m ethoxyphenyl)z inc chloride to give (46), an ethyl triaryl olefm. This was 

transform ed into tamoxifen (2) by demethylation with sodium ethylthiolate, 

followed by reaction with 2-(dim ethylamino)ethyl chloride.
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2.2. Synthesis of  Type I analogues

In the present work Type I flexible analogues were prepared via two different 

synthetic routes, a seven step synthesis and a M cM urry coupling reaction (which 

will be d iscussed  in Section 2.3). The synthetic plan for Type I analogues using 

the seven step synthetic route is depicted in Scheme 4.

CH3O

Ethanol 

N aO H  Pellets
H

O
O

H2, Pd/C. Ethanol

NaH. THF

Ethyl iodide

O

N2, Phenyl lithium, THF

C H .O

CH7CH

C H iO

8 5 % H 3 P 0 4  
 >

Ethanol

(CH3)2NCH2CH20

N2, K2CO3,

CH2CH3 (CH3)2N(CH2)2C1.HC1   CH2CH3

o >  o

C H .C H

N7, B B n , Dichloromethane

A cetone

Schem e 4: 7 Step synthesis o f  2-Benzyl-l-f(4-dimethylaminoethoxy)phenylJ-l- 
phenylbiit-l-ene fZ-isomer illustrated]
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2.2.1. a,P-Unsaturated ketones

Chalcones such as (47) and (48) were prepared as shown in Scheme 5 using a 

base catalysed condensation reaction.

Numerous m ethods, including the use o f  acidic^"*^’ and basic catalysts 246,247 have
been em ployed to condense aryl aldehydes and k e to n e s .E l l e r n ^ '* ^  claim ed the 

“last w ord” on the preparation o f  benzalacetophenone, how ever W attansin and 

Murphy^^° have reported a simple base catalysed (NaOH) method w hich results 

in pure easily isolated products.

R

NaOH
C2H5OH

(47) R = H

(48) R = OCH3

O

Scheme 5: 1,3-Diarylpropen-l-ones

The 1,3-d iary lpropen-l-ones (47), (48) were obtained as crystalline solids in 

good yields. Positive identification o f  the products was obtained from 

spectroscopic data.

2.2.2. Dihydrochalcones

In this work the required series o f  dihydrochalcones was obtained by the 

hydrogenation o f  the corresponding chalcones (47), (48), using palladium on 

carbon as a catalyst with ethanol as the solvent. These reactions were carefully 

controlled by frequent TLC monitoring, to avoid the reduction o f  the carbonyl 

function [Scheme 6]. Numerous reagents have been employed for reduction o f  

chalcones to dihydrochalcones, including DIBAH (diisobutylaluminium 

h y d r i d e ) , s o d i u m  dithionite,^^^ sodium formate^^^ and rhodium or platinum 

catalysts.
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H2, Pd/C 
 ►

(49) R = H
(50) R = 0CH3

Scheme 6: Hydrogenation o f  chalcones to afford 1,3-diphenylpropan-l-ones

This hydrogenation method proved successful and the hydrogenated products 

obtained provided a convenient route to precursors for the corresponding  1,2- 

d iary lbutan-l-ones .

These com pounds (49), (50) were characterised using infrared, 'H  N M R  and '^C 

NMR. The infrared spectra o f  compounds (49) and (50) show the carbonyl 

stretching between v l6 7 0 -1 6 8 0 cm '' .  In the *H N M R o f  l-(4 -m ethoxyphenyl)-3 -  

phenylpropan-l-one , the H-3 protons are observed as a triplet (J=8.3Hz) at 

§3.05, whereas the H-2 protons occur further downfield at 53.28 due to the 

deshielding effects o f  the carbonyl moiety, as a triplet (J=8.3Hz). In the '^C 

NMR spectrum the C-2 and C-3 signals which are inverted in the D EPT 135 

spectrum, are observed at 40.04ppm and 30.28ppm respectively. The carbonyl 

C-1 quaternary signal occurs downfield at 198.01 ppm.

2.2.3. Ethylated dihydrochalcones

The dihydrochalcones (49), (50) were ethylated to the corresponding  1,2- 

d ia ry lbu tan -l-ones  (51), (52) by treatment with ethyl iodide, using sodium
c  c

hydride in ethanol at room temperature [Scheme 7],

R

O

NaH

EtI

R

O

(49) R = H
(50)R = OCH3

(51)R = H [96%]
(52)R = 0CH 3 [79%]

Scheme 7: Synthesis o f  1,2-diarylbutan-l-ones
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The com pounds (51) and (52) were afforded in good yields as oils. The infrared 

spectra o f  these compounds show the carbonyl stretching in the range v l6 7 3 -  

1680 cm '' .

In the 'H  N M R spectrum o f  2 -benzy l- l- (4 -m ethoxypheny l)bu tan -l-one  (52), the 

H-4 methyl protons are observed at 50.89 as a triplet (J=7.4Hz). These are found 

to couple to a complex multiplet in the range 51.51-1.80, w hich are assigned to 

the adjoining H-3 methylene protons. A multiplet integrating for one proton 

between 53.54-3.58 is assigned to the H-2. The H-2 is coupled to a pair o f  

double doublet signals, which are assigned to the benzylic m ethylene protons. 

These m ethylene protons consists o f  two non-equivalent hydrogens Ha and Hb, 

each represented by a double o f  doublets. The Ha signal appears upfield at 62.79 

(J=13.6 and 6.6Hz), while the Hb which is slightly deshielded occurs at 63.03 

(J=13.9 and 7.5Hz).

2.2.4. 1,1,3-Triarylbut-l-enes

Arylation o f  1 ,2-diarylbutan-l-ones (51), (52) was investigated as a route to the 

required tamoxifen analogues. The resulting 1 ,1 ,3-tr iary lbut-l-enes possess a 

similar aromatic skeleton to that o f  tamoxifen but have an additional aliphatic 

m ethylene group connecting the double bond to one o f  the aromatic rings.

Previous attempts^^*’ to phenylate 1 ,2-diarylbutan-l-one (51), (52) using the 

Grignard reagent phenylmagnesium bromide, had proven unsuccessful. Further 

investigations using the phenylating reagent phenyllithium how ever proved 

favourable. Thus the 1,1 ,2-triarylbut-l-enes (55) and (56) w ere prepared using 

phenyllithium  in THF, followed by dehydration with 85% phosphoric  acid which 

was carried out after the isolation o f  the intermediate alcohol product or in situ  

[Schem e 8]. Previous research indicated difficulties when dehydration was 

attem pted with sulphuric acid or hydrochloric acid.^^*^
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R

CH 2 CH3

(5 ! )  R =  0C H 3 /
(53) R =  H [78%]

H3 PO4 (5 4 ) R  =  0 C H 3  [72%]

R

C H 2 C H 3

(55) R = H

4 (56) R = 0C H 3

Scheme 8: Synthetic route involved in thephenylation o f  1,1,2-triarylbutan-I-
ones (Z isomer illustrated)

The 1 ,1 ,3-triarylbutan-l-o ls  (53), (54) were obtained as oils in moderate to good 

yields. Positive identification o f  the products was obtained from spectroscopic 

data.

The characteristic  broad stretching for the hydroxy group in (53) and (54) is 

observed between v3460-3580 cm"' in the infrared spectrum. In the 'H N M R  

spectrum  o f  2 -benzy l- l- (4 -m ethoxypheny l)- l-pheny lbu tan -l-o l (54), [Figure 36], 

the m ethyl protons are observed at 50.65 as a triplet (J=7.5Hz), while the 

m ethylene H-3 protons occur as a com plex multiplet in the range 51.29-1.65. 

The H-2 proton is found as a complex multiplet between 52.50-2.57 while the 

m ethylene (C H 2 ) protons occur at 52.79. The hydroxy proton is observed as a 

broad singlet at 52.20. This assignment was confirmed by deuteration. The 4"- 

m ethoxy protons are found characteristically as a singlet at 53.81.
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Figure 36: 2-Benzyl-l-(4-methoxyphenyl)-l-phenylbutan-l-ol (54)

In the '^C N M R  spectrum o f  (54), the methyl C-4 is characteristically observed  

upfield at 13.34ppm , with the C-2 signal occurring at 49.70ppm . T w o inverted  

signals are observed in the DEPT 135 spectrum at 23.24ppm  and 36.31 ppm 

corresponding to the m ethylene C-3 and the somewhat deshielded benzyl CH 2 

respectively . The 4"-m ethoxy signal appears at 55.13ppm. The shielded C-3" 

and C'5" are observed at 1 13.47ppm. The quaternary C-1" and C-1'" signals are 

observed at 146.96 and 147.87ppm. Low resolution mass spectrometry afford 

the m olecular ion as M^346 (C 2 4 H 2 6 O 2 ).

2.2.5. Dehydration o f  tertiary alcohols

Dehydration o f  alcohols^^^’̂ *̂’̂ ^̂  results from a 1,2-elimination o f  water, which is 

acid catalysised and may require the application o f  heat. The various c lasses o f  

alcohols  differ w id e ly  in ease o f  dehydration, with the tertiary alcohols  being  

more readily dehydrated than the primary and secondary alcohols.

The dehydration o f  secondary and tertiary alcohols involves  a carbocation  

m echanism  [E l] ,  where a fast acid-base reaction between the alcohol and the 

catalysing acid results in a protonated alcohol and a conjugate base o f  the 

a c i d . T h e  protonated alcohol formed undergoes hydrolysis to form water 

and a carbocation that loses a p-proton to the base to afford an alkene [Schem e

9].

54



— c —C—  + H B ^  
I I

— c —c —
I  I  +

H OH2

•C—C— — C—C—

H OH H

+ H2O
B: /

B: + HB

Scheme 9: Carbocation mechanism involved in the dehydration o f  secondary
and tertiary alcohols.

protonate  the a lco h o l  to afford a carbocation , h o w ev e r  the u se  o f  such  reagents
103  2 5 7  2 6 0m a y  lead to rearrangem ent products ’ ’ . Other reagents  used  on o c c a s io n  to

d ehydrate  a lco h o ls  inc lud e H M P T , KOH,^^^

KHSO 4 and anhydrous C u S 0 4 . ‘̂’̂ ’̂ °̂

D eh yd ration  o f  1 ,1 ,2 -tr ia ry lb u ta n -l-o ls  (5 3 ) ,  (5 4 )  using  85%  p o ly p h o sp h o r ic  

acid  resulted  in the form ation o f  1 ,1 ,2 -tr ia ry lb u ta n -l-en e  (5 5 ) ,  (5 6 )  as o i ls  in 

g o o d  y ie ld .  T he b u t - l - e n e  sk eleton  o f  th ese  co m p o u n d s  is s im ilar  to that o f  

ta m o x ifen ,  h o w e v e r  (5 5 )  and (5 6 )  p o sse s s  a b en zy l substituent rather than a 

p h en y l group  at C-2. In the infrared spectrum  the C =C  stretching w a s  found in 

v l 6 0 1 -1 6 0 5 c m ' '  region  w ith  no hydroxy  stretching as exp ected .

T he id en tity  o f  co m p o u n d s  (5 5 ) ,  (5 6 )  w as  con firm ed  u sin g  'H and '^C N M R  

a lo n g  w ith  h igh  reso lu tion  m ass  spectrom etry.

D ehyd ration  can b e  acco m p lish ed  in several w ays ,  ’ ' ’ the m o s t  c o m m o n  

reagen ts  u ti l ised  b e in g  sulphuric^^' and phosp h oric  acids,^*^  ̂ w h ich  e f f e c t iv e ly

2 5 7 , 2 5 8 , 2 5 9 the m o s t  c o m m o n

CH3O

CH2CH3

CH2CH3

CH3O

Z isomer E isomer

Figure 37: Z  and E isomers o f  compound (56)
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In the ’H N M R  spectrum o f  2 -benzy l- l- (4 -m ethoxypheny l)- l-pheny lbu tan -l-ene  

(56), the m ethyl H-4 protons resonate as a multiplet in the range 50.98-1.03, 

w hile the m ethylene H-3 protons are observed as a multiplet between 52.05-2.14. 

The m ethylene protons o f  the benzyl group at C-2 occur at 63.62 and 63.58 as 

s inglets in tegrating  for two protons, representing the Z and E isom er 

respectively. The relative peak integrals o f  the methylene benzyl group w ere 

used to assign the isomeric ratio o f  the com pound (56) [Table 1]. The 4"- 

m ethoxy protons are observed as singlest at 63.80 and 63.83, integrating for 

three pro tons and representing the Z and E isomer respectively [Figure 37].

'H N M R  spectroscopy o f  (56) showed the expected resonances for the ethyl and 

aryl pro tons and confirm ed from the integral ratios the 1 .2 : 1  isomer distribution. 

The stereochem istry  o f  tamoxifen has been discussed in Section 1.9.2, and 

establishes that the protons o f  the basic side chain and those o f  the ethyl group o f  

Z -tam oxifen  resonate at a lower frequency when com pared to E-tamoxifen. A 

d istinctive pattern is also observed for protons constituting the A 2B 2 system o f  

the 4-substitu ted  aryl ring o f  tamoxifen. These results were rationalised by 

considering  that the aromatic ring and the side chain o f  the Z-isom er were 

sandw iched between two other aryl rings and experience a double shielding 

effect from their ring currents. These observations have been established as the 

diagnostic tool for the determination o f  the E/Z isomer ratios o f  tamoxifen 

related com pounds.

In com pound (56), the m ethoxy aryl group is sandwiched between the other aryl 

and benzyl groups and thus the substituted aryl protons are found well separated 

from the rem aining aryl protons. In the Z-isom er the aryl protons lie in the 

region 66.10-6.80, whereas the corresponding aryl protons in the E-isom er 

coincide w ith  the remaining aryl protons at 66.85-7.42. This effect is presum ed 

to be due to the different shielding effects o f  the phenyl and the ethyl groups on 

the 4-substitu ted  ring in the different isomers. The geom etrical E/Z isomer 

assignm ents  o f  (56) are based on those for tamoxifen (2) and similarities can be 

seen w hen they  are spectroscopically c o m p a r e d , w i t h  the m ore shielded m ethyl 

H-4 (C H 3 ) group o f  tamoxifen resonating as a triplet at 60.90, and the less 

shielded H-3 (C H 2) group being found as a quartet at 62.40. However, the 

arom atic  A 2B 2 system observed in tamoxifen is not present for 2 -benzy l-1-(4- 

m e thoxypheny l)- l -pheny lbu tan -l-ene  (56), as the aryl protons are found as a 

multiplet. This multiplet depicts the aromatic protons o f  the E-isom er down 

field com pared  to the Z-isom eric aryl protons, which are found at a lower 

frequency, these observations equate to those described for tamoxifen. The peak
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h e ig h ts  o f  the m eth y le n e  b en zy l ic  group a l lo w s  ca lcu la tion  o f  the i so m er ic  ratio  

for co m p o u n d  (5 6 ) ,  w h i le  the arom atic protons ind icates  the p o s it io n in g  o f  the E 

and Z isom er. H o w ev e r  the iso m er ic  ratio o f  (5 6 )  has b een  es ta b lish ed  from  both  

the m e th o x y  and b en zy l ic  m eth y le n e  groups in the com p ou n d .

Compound Yield % I R ' J m a x  (film cm’') Isomeric Ratio®

(5 5 ) 83 1601 (C = C ) -

(5 6 ) 79 1605 (C = C ) 1.2:1 (6 :5 )

 ̂ Ratio d eterm ined  as m ajor : m inor present Z isom er : E isom er , b ased  on

'H N M R  ass ign m en t and theoretical reaction pred ictions

Table 1: Yield, infrared and isomeric data fo r compound (55) and (56)

In the '^C N M R  spectrum  o f  2 -b e n z y l - l - ( 4 -m e th o x y p h e n y l ) - l - p h e n y I b u ta n - l - e n e  

(5 6 ) ,  the C -4  m eth y l  s igna l is ob served  at 13 .22ppm  and the C -3  s igna l is found  

inverted  in the D E P T  135 at 2 4 .6 5 p p m . The ben zy l  m eth y le n e  C H 2 s ignal is  a lso  

found inverted  in the D E P T  135 spectrum  at 37.11 and 3 7 .1 7 p p m , corresp on d in g  

to the Z and E isom ers  resp ectiv e ly .  The 4 " -m eth oxy  carbon s igna l  w a s  

o b serv ed  at 5 5 .1 3 p p m . T he quaternary C-1' is found at 1 4 0 .2 5 p p m  and C -l" a n d  

C-1'" are o b serv ed  at 143 .05  and 144 .36pp m . The sh ie lded  C-3" and C-5" are 

found at 113 .5 0 p p m , w h i le  the rem aining  arom atic s ig n a ls  o ccu r  b e tw een  

1 2 5 .5 5 - 1 2 9 .1 8ppm , w ith  the ex cep tio n  o f  C-4' found at 1 2 5 .7 3 p p m  and C-4", C- 

4"' o b serv ed  at 126.1 Ippm .

T he p rop osed  m ass  spectral fragm entation  pattern o f  (5 6 )  is deta i led  in S ch em e  

10. T he m o lecu la r  ion is observed  at m /z  328 .1 8 6 1  (C 2 4 H 2 4 ) in 84%  ab undance  

w ith  H igh  R eso lu t io n  M a ss  Spectrom etry . C lea v a g e  from the m o lec u la r  ion o f  

C 2 H 5 and then C 6 H 6  a ffords the m /z  2 9 9  (61% ) and m /z  221 (20% ) fragm ents.  

Further c le a v a g e  results in fragm ents m /z  197 (15% ) and f in a l ly  the tropylium  

ion m /z  91 (30% ). T he m /z  2 3 7  (30% ) fragment is a fforded from  the m o lecu la r  

ion b y  c le a v a g e  o f  C 7 H 7 .
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CH2CH3

CH2CH3

m/z 91 (30%)

m/z 221 (20%) m/z 197 (15%)

Scheme 10: Postulated mass spectral fragmentation pattern f o r  compound
(56).

2.2.6. Addition o f  PhLi to compounds (51), (52) and subsequent 
dehydration

The proposed m echanism  o f  the reaction o f  compounds (51) and (52) is depicted 

in Schem e 11. ’ Initially the phenyl lithium reagent reacts w ith  the carbonyl

via nucleophilic  addition to the carbon o f  the carbon-oxygen double bond. 

Water or dilute acid is added to the reaction mixture once aryl lithium addition is 

complete, an acid-base reaction takes place to produce the corresponding  

enantiom eric  alcohols.
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5-  5+  

PhLi

R

HO

HO:

R

/

R.

Scheme 11: Proposed mechanism fo r  addition o f  the PhLi to compound (51),
(52) and subsequent dehydration

Dehydration o f  these enantiomeric alcohol products was carried out using 
concentrated sulphuric acid or 85% phosphoric acid and is proposed to occur by 

an E l mechanism [Scheme 11], Initially a proton is transferred from the acid to 
one o f  the unshared electron pairs o f  the alcohol, representing a simple acid-base 
reaction. The presence o f  the positive charge on the oxygen o f the protonated 
alcohol weakens all bonds from oxygen, including the carbon-oxygen bond, 
which is cleaved heterolytically. The bonding electrons depart with the leaving
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group, a w ater  molecule, leaving behind a carbocation. Thus the carbocation is 

highly  reactive and as a result stabilises itse lf  by transferring a pro ton  to a 

m olecule o f  w ater which, results in the formation o f  an hydronium  ion and 1,1,2- 

tr ia ry lb u t- l -en e  products (55), (56). Dehydration results in the Z/E isomeric 

mixture, observed for compound (56).

2 .2 .7. D em ethylation  o f  2 -b en zy l- l- (4 -m eth oxyph en yl)- l -ph en y lbu tan -l-  

ene

D em ethylation  o f  2 -benzy l- l- (4 -m ethoxypheny l)- l-pheny lbu tan -l-ene  (56) was 

then carried out in order to form the phenolic derivative, which may be used in 

future alkylation reactions to form flexible tamoxifen analogues. The c leavage o f  

the m ethyl ether function from structurally analogous com pounds has been 

selectively  perform ed with hydrobrom ic acid, pyridine hydrochloride*’’'^^’' ’*̂ and 

boron tribromide.

Boron tribrom ide was used to dem ethylate (56) [Scheme 12] affording 2-benzyl- 

l - (4 -hyd roxypheny l)- l -pheny lbu t- l-ene  (57) as an oil in 87% yield. D ue to the 

success o f  boron tribromide in removing the methyl ether function from the 

methoxy group, no other dem ethylation procedures were investigated.

(56)

(t

3
BBr

3

i n
4

S chem e 12: Demethylation o f  2 -b en zy l- l- (4 -h ydroxyph en yl)- l -ph en y lbu t- l-en e
(57) [Z  isomer illustrated]

The infrared spectrum o f  com pound (57) showed the aromatic and aliphatic C=C 

stretching at o3572-3157cm ''.  In the 'H N M R spectrum o f  2 -b e n z y l- l -(4- 

hy d roxypheny l)- l -pheny lbu t- l -ene  (57), the methyl H-4 protons are observed as 

a m ultip let at 50.99, while the m ethylene H-3 protons resonate at 52.10 as a 

multiplet. The m ethylene protons o f  the benzyl group occur at 53.57 and 53.61 

as singlets, integrating for two protons. The relative peak heights o f  the benzyl 

m ethylene groups are used to assign the isomeric ratio [Z;E] o f  the com pound 

(57) and its assignment is based on those for tamoxifen, w here the aryl protons
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for the Z-isom er are observed at a lower frequency than that o f  the corresponding 

E-isomer. The com pound is obtained in a 1:1 isomeric ratio, which is similar to 

that o f  the m ethoxy compound (56).

The hydroxy proton is observed as a doublet at 54.77. This assignm ent was 

confirm ed by deuteration. The 4"-methoxy group o f  (56) is not observed in (57), 

thus confirm ing the removal o f  the methyl ether group. The shielded aromatic 

H-3'", H-5'" are observed as a multiplet in the range 56.77-6.81. The rem aining 

arom atic  protons occur as a compact multiplet between 67.11-7.31.

In the '^C N M R  spectrum o f  (57), the methyl C-4 is characteristically observed 

upfield at 12.78ppm. Two inverted signals are observed in the D EPT 135 

spectrum  at 24.17 and 3 6 .7 Ippm. A C-H COSY spectrum allowed for clear 

identification o f  those signals, correlating the H-3 multiplet at 62.10 in the 'H  

N M R spectrum  with the '^C N M R signal at 24.17 and 24.29ppm, therefore 

confirm ing the presence o f  tw'O isomers. The singlets at 53.57, 63.61 were found 

to couple with the signals at 36.71 and 36.83ppm (due to the E/Z isomers) which 

as a result was assigned to the benzyl m ethylene CH 2 . The quaternary C-1 and 

C-2 signals are observed at 138.12 and 138.43ppm, while the C-1' was found at 

140 .2Ippm  and C-1" and C-1'" are observed at 142.98ppm. The rem aining 

arom atic signals occur between 127.99-129.17ppm, with the exception o f  the C- 

3", C-5" signals found at 114.53 and 114.49ppm. Correlation o f  the C-3", C-5" 

with the H-3", H-5" signals was evident from the C-H COSY spectrum. The C-4' 

signal was found at 125.73ppm and C-4", C-4'" were observed at 126.13ppm.

High resolution mass spectrom etry afforded the molecular ion as 314.1692 

(C 2 3 H 2 2 ) in 88% abundance. The fragmentation pattern o f  (57) is similar to that 

o f  its preceding m ethoxy com pound (56).

2.2.8. Acylation o f  2-benzyl-l-(4-hydroxypltenyl)-1 -phenylbut-1 -ene

It was proposed by Schneider'^^ that a 4-acetoxy group in ring A o f  tamoxifen 

may be essential for good estradiol receptor affinity. They also postulated that 

the in troduction o f  a second 4-acetoxy substituent on one o f  the other aromatic 

rings m ay enhance the binding affinity and that para-substitution generally 

results in com pounds o f  higher affinity than meta-substitution.^^^ These 

observations have led to some new antiestrogenic compounds that possess strong 

an titum our activity on a m am m ary tum our model and on the im m ature m ouse' 

w ithout estrogenic side effects.
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A c y la t io n  o f  2 -b e n z y l - l - ( 4 - h y d r o x y p h e n y l ) - l -p h e n y lb u t - l - e n e  (5 7 )  w h ic h  w as  

carried  out u s in g  acetic  anhydride and pyridine (b ase)  to g iv e  the a c e to x y  

substitu ted  1 ,1 ,2 -tr ia ry b u t- l -en e  product (58) .  [S ch em e 13]

O
II

Pyridine

Acetic
Anhydride CH7CH

(58)(57)

Scheme 13: Synthesis o f  l-(4-acetoxyphenyl)-2-benzyl-l-phenylbiit-l-ene (58)
IZ-isomer illustrated!

T he infrared spectrum  o f  com pou n d  (5 8 )  sh o w ed  the arom atic and a liphatic  C =C  

stretch in g  at u 1 6 0 3 c m '’. An hydroxy  group stretch is not o b serv ed ,  thus  

c o n f ir m in g  that acety la tion  has occured . A  peak at u 1738cm ''  co n firm s the  

p rese n c e  o f  a C = 0 ,  i.e. [C H 3 C O O ] stretch.

In the 'H N M R  o f  l - (4 - a c e t o x y p h e n y l ) -2 -b e n z y l - l - p h e n y lb u t - l - e n e  (5 8 ) ,  the  

m eth y l H -4  protons are ob served  as a m ultip let at § 0 .9 7 ,  w h i le  the m e th y le n e  H- 

3 p rotons  resonate a 5 2 .0 5  as a m ultiplet. T he  m eth y len e  (C H 2 ) protons occur  at 

6 3 .5 6  and 6 3 .5 8 ,  as s in g le ts ,  integrating for tw o protons. T he re lat ive  peak  

h e ig h ts  o f  the ben zy l  C H 2 group w ere  used to assign  the iso m er ic  ratio [Z:E] o f  

the co m p o u n d  (58 ) .  T he iso m er ic  ratio o f  (5 8 )  is identical to that o f  its h ydroxy  

starting m aterial (5 7 )  i.e . a 1:1 ratio. T he C H 3 C = 0  group appears as a m ultip le t  

at 5 2 .3 6 .  T he aromatic peaks are ob served  as a multiplet b e tw e e n  5 7 .0 1 -7 .2 8 .  

T he m o lec u la r  ion  is ob served  at m /z  3 2 8 .1 8 6 1  (C25H24O2) in 1 0 0 % abundance,  

u sin g  H ig h  R eso lu t io n  M ass  Spectrom etry.

2.2.9. Alkylation o f  2-benzyl-l-(4-hydroxyphenyl)-1 -phenylbut-1 -ene

T he m ajority  o f  tr ip h en yleth y len e  an tiestrogens contain  an a lk y la m in o  s ide-  

ch a in ,  w h ic h  appears to be essentia l  for their a c t i v i t y . R e s e a r c h  has  

s h o w n  that tr ip h en yleth y len e  d erivatives  o f  ta m o x ifen  that lack the s id e  chain  are
279pure es tro g en  agonists .  T he c o m p o s it io n  o f  this s ide  chain  w a s  found to be

TO/ A T O  1

cr it ica l for antagonist activ ity .
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Substitution o f  the am inoethoxy side chain with an allyl side chain produces a 

com pound w ith  partial agonist activity, as do compounds containing bulky aryl 

or large alkyl groups, w hich are believed to decrease the affinity for the receptor
1 79to an im perceptib le  degree. Therefore, the antiestrogenic activity o f  tam oxifen 

is not solely due to the length or bulk o f  the constituents in the side chain region. 

Recent studies suggest that side chain constituents containing a lone pair o f  

electrons (such as oxygen or nitrogen) are necessary for antiestrogenic 

a c t i v i t y . I n  this research a selection o f  alkylamino side-chains i.e. dimethyl, 

diethyl, piperidinyl, pyrrolidinyl and morpholinyl were introduced onto the 

parent s tructure (57) (Figure 38).

(59) R =  — N(CH3)2

(60) R =  — N(CH2CH3)2

(61) R =  — N

4

(59) - (63)

(62) R =  — N

,2

(63) R -N O

Figure 38: 2-Benzyl-l- l(4-alkylaminoethoxy)phenyl]-l-phenylbii t- l-ene (59)-
(63)

A num ber o f  reagents have been employed to introduce alkylamino groups onto
1 ■yn 283

hydroxyphenyl rings, including DMF with sodium hydride ’ or anhydrous 

toluene with sodium methoxide. 158

In this research alkylation o f  (57) with a variety o f  alkylamino halides were 

carried out using a procedure outlined by Jones et and Mittal et This

consisted  o f  refluxing 2 -benzy l- l- (4 -hydroxypheny l)- l-pheny lbu t- l-ene  (57), 

with anhydrous K 2 C O 3 , in dry acetone under a nitrogen atm osphere with the 

corresponding  alkylamino derivative. A series o f  compounds w ere prepared 

using this procedure [Schem e 14].

The 2 -b en zy l-1 -[4-(a lkylam inoethoxy)phenyl]-1 -phenylbut-1 -enes (59)-(63) 

were obta ined as oils in m oderate yields. Positive identification o f  the products 

was obta ined from spectroscopic data. The yield, isomeric ratio and infrared 

data are given in Table 2.
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HO

R(CH2)20

RCH2 CH 2 CLHCL

K 2 C O 3

Acetone

(59) - (63)

(59) R =

(60) R =

-N(CH3)2

-N(CH2CH3)2
t u t  i f tt

1 . 2

(61) R =  — N
A

V
(HI l i l t

(62) R^ -N
V

i n t  i n t

(63) R =  — N  O
\ _ y

Scheme 14: Preparation o f  2-benzyl-l-l4-(alkylaminoethoxy)phenyll-l-  
phenylbut-1 -eites fZ-isonier illustrated]

The infrared spectra o f  (58)-(63) show the C=C alkene stretch betw een 1604- 

1608 cm '' .

C om pound Yield % IRUmax (film cm' ) Isomeric Rat io“

(58) 68 1603 (C=C) 1:1
(59) 80 1606 (C=C) 1.1:1

(60) 59 1608 (C=C) 1:1

(61) 83 1605, 1575 (C=C) 1.1:1
(62) 86 1604 (C=C) 1.1:1

(63) 69 1606 (C=C)
■

Ratio determined as major : m inor present Z isomer ; E isomer, based on 

'H N M R  assignment and theoretical reaction predictions

Table 2: Yield, infrared and isomeric data fo r  compound (58) to (63)

A nalysis o f  the integration in the 'H  N M R spectrums o f  (59)-(63), verified the 

s tereoisom eric nature o f  these compounds, the E/Z isomers being afforded in 

almost equal amounts. The benzyl methylene (CH 2 ) protons appear as two 

singlets, each integrating for two protons, the relative peaks heights  o f  the benzyl 

C H 2 group in compounds (59)-(62), being used to estimate the isomeric ratio

64



[Z;E]. The E and Z isomers were again assigned using aromatic proton 

assignm ent used for tamoxifen, where the Z-isom eric protons were found at a 

lower frequency when compared to the E-isomeric aryl protons. The 2 -b e n z y l-1- 

[4 -(m orph o liny lethoxy)pheny l]- l-ph en y lbu t- l-ene  (63) appears to be isolated as 

the Z isom er only, verification o f  this can be seen from the 'H NM R spectrum o f  

the com pound.

In the ’H N M R  spectrum o f  2 -b en zy l- l- [4 -(d im eth y lam in oeth oxy )p h en y l]- l -  

ph en y lb u t- l-en e  (59), the methyl H-4 protons are observed as a m ultiplet at 

50 .9 8 , and the m ethylene H-3 protons occur as a multiplet at 52.06. The (CH 3 ) 2  

protons appear as a doublet (J=7.3Hz) at 52.40. Both the N (C H 2 ) and 0(C H 2)  

protons are observed as com plex multiplets, at 52.78 and 54 .08  respectively ,  

integrates for two protons. The shielded aromatic H-3", H-5" protons appear as a 

double doublet (J=9.2Hz), in the range 56 .84 -6 .88 . The benzyl C H 2 group exists  

as two singlets, at 53 .55 , 53 .59 , their peak heights indicating a 1:1 E/Z isomeric  

ratio. The remaining aromatic protons occur as a compact multiplet between  

5 7 .1 3 -7 .3 1 ,  the Z isom eric aryl protons were observed between 5 7 .1 3 -7 .2 4 ,  while  

the aromatic protons o f  the E-isomer were found at 57 .28 -7 .35 . The 'H NM R  

spectrum o f  compound (59) is depicted in Figure 39.

7 5 7 0  6  5 6  0  5 5 ' 5 0  4  5 4  0  3 .5  3 0  2.5 2 .0  1^5

(ppm)

Figure 39: 'H NMR Spectrum o f  compound (59)

In the '^C N M R  o f  2 -b en zy l- l- [4 -(d im eth y lam in oeth oxy )p h en y l]- l -p h en y lb u t- l-  

ene (59), the methyl C-4 is characteristically observed upfield at 13.20ppm , with  

the N (C H 3 ) 2  signal occurring at 45.63ppm . In the DEPT 135, there are four 

inverted signals observed, corresponding to the m ethylene C-3 at 24 .62ppm , the 

som ew hat deshielded benzyl CH 2 at 37 .17ppm , and the remaining signals
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represent the N C H 2  and O C H 2  groups. The uiverted signal at 65 .59ppm  is 

assigned to the O C H 2 . The partially shielded C-3", C-5" are observed at 114.04 

and 114.12ppm. The remaining aromatic signals occur between 125.70- 

140.22ppm.

The suggested mass fragmentation for (59) is detailed in Schem e 15. The 

m olecular ion m/z 385.2405 (C 2 7 H 3 1 NO) is observed in 100% abundance.

CH

CHjCH

m/z 385 (M+, 100%)

CH

CH,'

m/z 223 (8%)
CHj

m/z 356 (14%)

HC

m/z 145 (30%)

m/z 167(217% )
m/z 178 (14%)

Scheme 15: Proposed mass fragmentation pattern fo r  compound (59).

Cleavage o f  the d im ethylam inoethoxyphenyl substituent affords the m/z 223 

( 8 %), and further cleavage o f  a phenyl group results in the fragm ent m/z 145 

(30%). C leavage from the molecular ion o f  C 2 H 5 affords the m /z 356 (14%) 

fragment. The m/z 191 (27%) fragment is afforded from the m olecular ion by 

cleavage o f  the C 2 H 5 and dim ethylam inoethoxy substituents.
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2.3. McM urry coupling reactions

2.3.1. Introduction

As seen in section 2.2, the synthetic route for 2-benzyl-[(4-a lkylam ino  

e th o x y )p h en y l]- l -p h en y lb u t-l-en es  (Type I) is long and results in only  moderate  

overall y ields. This inefficient synthesis prompts the need for an alternative  

improved synthetic method. Hence, the McMurry reaction was investigated as a 

convenien t two step procedure for the target alkenes, i.e. Type I-IV f lex ib le  

analogues.

The reductive coupling o f  carbonyl compounds using low  valent transition  

m etals (e.g. low  valent titanium salts) to produce alkenes constitutes an 

important method for the formation o f  carbon-carbon double bonds [C=C].^*^ 

Low valent titanium-mediated coupling was first described by Mukaiyama^*^’ but
287greatly extended by McMurry. There have been a number o f  rev iew s o f  the 

scope and limitations o f  the reaction by McMurry,^** Y ee-H ing  Lai^’̂'̂  and 

Finocchiaro et

McMurry and his co-workers found it necessary to carry out a h igh-yie ld  

transformation o f  an a,P-unsaturated ketone into the corresponding o lefin  

without migration o f  the double bond [Scheme 16], They found that this kind o f  

transformation often fails with classic methods o f  carbonyl deoxygenation  such  

as the W olff-K ishner reaction or dithioacetal desulfurization.

7 8 R
McMurry and his researchers therefore sought to devise  a new method: a one-  

pot reaction in which a good hydride donor such as L iAlH 4  might be used in 

conjunction with an appropriate transition-metal salt and due to the great 

strength o f  the titanium-oxygen bond, T iCb was chosen. They hoped that i f  

initial hydride reduction o f  the carbonyl group was to be fo llowed by strong c o ­

ordination o f  the alkoxide anion with the metal, a second hydride delivery m ight  

occur in an SN2-type fashion, leading to the desired product. The product w as  

obtained by TiCl3 /L iA lH 4  treatment o f  the enone in THF and was indeed a 

hydrocarbon, but not the required compound.
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Scheme 16: McMiirry trials (1974)

T he  t ra n s fo rm a t io n  that  had  occu rred  -  reduc t ive  d im er iza tio n  o f  a ke tone  to 

y ie ld  an  a lkene  -  w as an u n k n o w n  reaction  at the  t im e, a l though  tw o o ther
286 291 • 292g roups ,  led  by  M u k a iy a m a  ’ and Tyrlik , m ade  s im ila r  d iscove r ie s  a lm ost 

s im u l ta n e o u s ly .  M c M u rry  and  co -w orkers  exp lo red  the  scope  o f  this new  

rea c t io n  and  they  soon learned  that the  reduc t ive  co u p lin g  reac tion  w as  not 

l im ited  to a ,P -u n sa tu ra te d  ke tones ,  but w as genera l  for all types  o f  ke to n es  and 

a ld e h y d e s .  T hey  also d iscove red  that m any  reduc ing  agen ts  bes ides  L iA lH 4 

cou ld  b e  used  w ith  TiCla in the  reaction , for exam ple  the z in c -co p p e r  couple.^** 

This  m e th o d  dev e lo p ed  by McMurry,^^^ and its m od if ica tions ,  has g rea tly  

fac ili ta ted  a ttem pts  to p repare  various  c lasses  o f  h indered  o lef ins  such as: 

sy m m e tr ic a l  te t ra -a lky lsubst i tu ted  e thy lenes  e.g. tetratteopentyiethylene,^*^"^ fused 

b icyc l ic  /ra/?5-cycloalkenes,^^^’̂ *̂̂ ’̂ ^̂  a-carotene,^*’  ̂ isorenieratene,^^* geom etric  

iso m ers  o f  C 20 ana logues  o f  p h y to en e  e.g. (poly-Z)-carotenoids^'^ '’ and  com plex  

na tu ra l  p ro d u c ts  inc lud ing  Taxol.^^^

M u k a iy a m a  also exp lo red  this M cM u rry  reac tion  w ith  the reagents ; TiCU

and Zn.

Zn
C = 0  + TiCL,  R>R2C C R 1R 2 + R iR 2C ^ = C R i R 2

r /  I I
OH OH

pinacol olefin

M u k a iy a m a  d isco v e red  that o le f in s  w ere  p ro d u ced  at e le v a ted  tem pera tu res ,  

us ing  th ese  reagen ts ,  for e x a m p le  sti lbene  w as ob ta ined  in 98%  yield. 

M u k a iy a m a  also noted;

1. A  c o m b in a tio n  o f  T iCU and Zn is essentia l for th is  reduc t ion . W hen  

m ag n e s iu m  or b u ty ll i th iu m  was used instead o f  Zn in the  reduc tion  o f  

b e n z o p h en o n e ,  te trap h en y le th y len e  w as p ro d u ce d  in m uch low er 

y ields .



2. The reaction occurs successfu lly  when using a molar ratio o f  1:1 or 

1 for TiCU and carbonyl compounds in their molecular com p lexes .

2 9 2Tyrlik and W oloch ow icz  exammed the use o f  TiCla/Mg-THF, how ever  this 

reagent combination was reported to be effective only  for aryl ketones, with  

limited success  for alkyl ketones. M cM urry’s T iCl3 /L iA lH 4  reagent system  was  

seen to g ive  excellent y ields in both aryl and alkyl ketone reduction. M cMurry  

also found that the carbonyl reaction can be reproducibly carried out using  

titanium metal prepared by reducing T iC b with 3 equiv. o f  potassium, i.e. T i(0)-
2 9 1 *induced coupling reaction. Sm ce the discovery o f  the McMurry reaction, the  

usefu lness o f  this reaction has expanded to obtain pinacolic  c o u p l i n g , i n  fact 

Corey e t  have obtained key intermediates in the total synthesis  o f

g ibberellic  acid.

The McMurry reaction also has limitations: the reagent does not react c leanly  

with substrates which contain other functional groups like alcohols, ethers and 

olefins. H ow ever Castedo et  have recently reported a study on the

se lective  reductive coupling o f  aromatic aldehydes and ketones containing  

carboxylate or tosylate ester functionalities to the corresponding stilbenes, thus 

w idening the use o f  the McMurry synthesis. Recently, due to limitations  

encountered when using the T iC b / L iA lH 4  reagent system , the TiCU/Zn system  

initially proposed by Mukaiyama has becom e widely  used.

2.3.2. Reductive coupling o f  carbonyl compounds

McMurry coupling reactions are used for aliphatic, aromatic and heterocyclic  

carbonyl compounds and involve intramolecular reductive coupling.

(a) Aliphatic carbonyl compounds

The reductive reactions o f  the aliphatic carbonyl compounds occur readily, but 

by increasing the steric hindrance o f  the alkyl groups, the o lef in ic  products are 

isolated in lower yields. For example, the methyl /er/-butyl ketone can be 

coupled to form the corresponding olefin  while the ethyl /er/-butyl ketone fails  

to g ive  the coupling product under any conditions.^®'’

(b) Aromatic carbonyl compounds

Again it has been noted that the reductive coupling reactions o f  the aromatic 

ketones can be carried out successfully , but the yield o f  the o lef ins  decreases  

with increasing steric congestion around the carbonyl group.
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(c) Dicarbonyl compounds

The McMurry reagent is also used for intramolecular coupling o f  dialdehydes, 
ketoaldehydes and diketones to give the cycloaikenes. When the TiCl3 /LiAlH 4 ®̂̂ 
reagent is used, yields o f 50-60% are obtained. Yields can be improved by using

■y Q 1

the reducing agent copper-zmc couple.

(d) Heterocyclic compounds

For heterocyclic ketones, olefins are formed when the carbonyl group is distal to 
the heteroatom. The McMurry reaction has been useful in the synthesis of 
heterocyclic compounds e.g. tetraphenylfuran. Various carbonyl derivatives 
were used as starting materials and acyl chloride was reported to give the highest 
yield o f  tetraphenylfuran.

2.3.3. Proposed mechanism for McMurry reaction

The mechanism o f this reaction has been extensively s t u d i e d . R e c e n t  
reports from Dams et a/.,^" suggest a mechanism, which has been widely 
accepted by many researchers, however it is not fully conclusive^'*'' [Scheme 17].

312Mechanistic studies o f  this coupling reaction suggest it occur in a 
heterogeneous process on the surface of an active titanium p a r t i c l e . T h e  
reaction proceeds by initial electron transfer followed by coupling to form a 
pinacolate that on deoxygenation liberates the olefin. The coupling of 
unsymmetrical ketones leads to the formation o f stereoisomeric alkenes, the ratio 
depending on the steric demand o f substituents.

In the first step o f the coupling reaction the ketone becomes attached to [M] (the 
active coupling species), and one electron is transferred from the titanium to the 
ketone, yielding the organic anion radical and an oxidised titanium.
This radical dimerizes to a titanium pinocolate i.e. a pinacolate-like intermediate 
that is co-ordinated to titanium, in the second step. It is speculated that this step 
is the rate-determining step in the reaction, although conclusive evidence is not 
available to confirm this. However, it has been detected that the amount of 
hydrogenation products o f  the anion radicals is higher than that o f  any other side 
product o f  the reaction, suggesting that the anion radical is a longer living 
intermediate, therefore corroborating with the assumptions made. In subsequent 
steps, the titanium then withdraws two oxygen atoms from the pinacolate and the 

formed olefin is kept pi (n) bonded to Ti. Cleavage o f the C - 0  bonds via a

70



deoxygenation reaction leads to the formation o f  an alkene and the by-product
2 9 2  3 1 2titanium dioxide. ’ The mechanism is depicted in Schem e 17.

STEP 1; Electron transfer to the carbonyl generates a 
dianion via a ketyl-like intermediate

n* T i° O  O
A  > R\| l /R

R ^ R  + Ti (57)

STEP 2: The dianion binds to the titanium particle

Ti°
-

R
- O -

-o-
R

-R

' R

STEP 3: Sequential homolytic cleavage liberates the 
alkene and the titanium dioxide

R
-o-
- O -

-R

'R
R

-  ED— o -

R

- 0 ‘  •

-R

'R
R

R R
-o-

— O.
R R

Alkene from coupled ketone/aldehyde

Scheme 17: Proposed McMurry Coupling Mechanism

The pinacolisation can be carried out with a variety o f  reductants, but the 

deoxygenation is unique to low-valent titanium (LVT) reagents. A lthough 

titanium is known for its high oxophilicity, the extrusion o f  oxygen from the 

pinacolates necessitates the use o f  so lvent-reflux  tem peratures and prolonged 

reaction times. At low'er temperatures (less than room tem perature), the 

M cM urry reaction prim arily furnishes pinacols , ’̂ '"'’̂ '^’̂ '^’̂ '^’̂ '*’̂ ''^’̂ ®̂ w hile the
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olefins are obtained only at higher temperatures i.e. after refluxing the react ion 

mixture in dioxane or THF.^°^

M cM u rry ’s experiments discredited al ternat ive mechanisms such as formation o f  

a discrete cyclic (or acyclic) t itanium dialkoxy species.

2.3.4. Reaction conditions necessary fo r  the McMurry coupling

Mukaiyama^^^ has described some conditions,  which are necessary for the 

coupling reaction [Section 2.3.1], The optimum conditions were proposed  by 

Dams et after much research.  With the use o f  ESR studies the nature o f

the act ive coupling species [M], the formal valence state o f  Ti in [M] and its 

successor [M ,0 ]  have been elucidated.

A rTi + reducing agent + solvent— —► [M]

[M] + ketone ^  [M,0] + coupling products

(a) Choice o f  reducing agent

Three classes o f  reducing agents are commonly  employed to reduce T iC^ /T iCU  

to [M] ; alkali metals  e.g. Li or group II metals  e.g. Mg or Zn-Cu

couple^*^''^^^ and metal hydrides e.g. LiAlH4 .‘̂ '’'̂ ’

(b) Choice o f  solvent

The reactivi ty o f  [M] restricts the choice o f  solvent largely to hydrocarbons and 

ethers. Solvents  such as benzene,  cyclopentadienes, hexane,  furan, thiophene,

pyridine,  anisole, tetrahydrofuran, dioxane,  glyme, diglyme and diethyl ether

have been investigated. Researchers have found that the combination o f  

reducing agent-solvent  is critical for the reaction. O f  all the solvents  tested, THF 

and dioxane performed best, producing high yielding compounds.  To obtain 

olefins in high yields, the solvent dioxane is used at elevated temperatures.  

Diols are obtained when using THF at low temperatures.

(c) Choice  o f  metals

Titanium salts were chosen for this reaction primarily due to the affini ty o f  the
9 8 R T n  1metal ion for the oxygen atom and the stability o f  the counter  ion.

T iC b  has been the transit ion-metal  salt o f  choice for numerous years and has 

been reported to deoxygenate s u l f o x i d e s , n i t r o a l k a n e s ^ ^ ^  and oximes.^^^
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li’inRecently TiCU and Zn have become the agents o f  preference for both 
aldehydes and ketones.

(d) Molar ratio o f  TiCls/TiCU to reducing agents

292Results o f  Tyrlik et al., on the TiCb/Mg system have indicated that the yield 
of  olefin depends upon the ratio of  TiCb to Mg, while for the TiCls/K system 
ratios larger than 1:3, resulted in inferior yields of  the o l e f i n . N o  systematic 
optimisation o f  this reaction parameter seems to have been performed to date.

(e) Molar Ratio of  TiCls/  TiCU to ketone.

Tyrlik et gave the first indications that Ti-salt/ketone ratio was important.
At low titanium salt / ketone ratios, small amounts o f  pinacol are formed. It was 
discovered^^'’ that the most efficient molar ratio of  TiCb or TiCU/carbonyl 
compounds is 1:1 or 1:2. At lower ratios the additional amount o f  ketone is left 
unreacted. Per titanium atom only one ketone molecule can be coupled. This 
provides evidence that the coupling does not proceed on a single Ti atom, but 
rather takes place on the surface o f  a Ti microcrystallite.

2.3.5. Synthesis o f  2-Beitzyl-l-[4-(alkylaminoethoxy)phenyI]-l-phenylhiit-l-  
ene Type 1 using the McMurry coupling reaction.

The 2-benzyl-1 -[4-(alkylaminoethoxy)phenyl]-1 -phenylbut-1 -enes (59)-(63) 
[Type I] have already been prepared via a seven step route in Section 2.2.9. In
this section, the preparation o f  these flexible tamoxifen analogues is described

•1 ^ 0

via the McMurry coupling reaction. The McMurry reaction has been used for 
the synthesis o f  tamoxifen (2), Z-4-hydroxytamoxifen^^^ and Z-4- 
hydroxytoremifene due to its steroselectivity.^'*^’̂ ^̂  In some cases the reductive- 

coupling reaction is known to avoid isomerisation in c o m p o u n d s . [ S c h e m e  18]
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(CH3)2N(CH2)C1.HC1

V

TiCLi/Zn

,C
\

(2 )

Scheme 18: Reductive Coupling Reaction fo r  Tamoxifen (2) [Z-isomer
illustrated]

To invest iga te  the eff ic iency  o f  this m ethod ,  a series o f  subs t i tu ted  1,1,2- 

l r i a ry lbu t-1 -enes  were  prepared,  [Schem e 19] usm g  the a ry lke tone  l -b e n z y l - 2 -  

bu tanone  wi th  be nzophenone ,  4 - h y d ro x y b e n z o p h e n o n e  and  4-  

m e th o x y b e n zo p h e n o n e .  The  reac t ion condi t ions  use T i C L 4 , dry d ioxane  and  zinc 

dust.  The  reac t ion m ix ture  was  init ia lly sti rred at - 7 8 ° C  unde r  a n i t rogen  

a tm osphe re  and then  ref luxed for 3-4hours.

The  1 ,1 ,2 - t r ia lky lb u t - l - enes  (55)- (57)  [Method 2] were  a fforded  as oi ls  in 89-  

9 4 %  yield.  The  spec t roscop ic  da ta  o f  c o m pounds  (55)-(57)  are  s im i la r  and  y ields  

are  cons ide rab ly  increased com pared  to those obtained from the longer  rou te  

[M ethod  1] in Sec t ion 2.2.6 and 2.2.8.  The  infrared spe c t rum  o f  c o m p o u n d s  

(55)- (57)  s how ed  the a romatic  and al iphat ic  C = C  stre tch ing at v l 5 7 4 - 1 6 1 0 c m ' ' .
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R R

(67)
(64) R = H

TiCU

Zn

(55) R = H

(56) R = OCH,

(66) R = OH (57) R = OH

Scheme 19; Preparation o f  1,1,2-triakylbut-l-enes (55)-(57), [Z  isomer
illustrated]

H o w e v e r ,  the iso m er ic  Z /E  ratio o f  the co m p o u n d s  (5 5 ) - (5 7 )  d if fers  from  that o f  

the p rev io u s ly  sy n th es ised  analogues. A c co rd in g  to present and p rev io u s  

work,^'^'’ variations in the s tereo se lec t iv ity  depend upon the nature o f  the  

substituents  on b en zop henon e . It has been  postu lated  that the p h en o l  

fu n ction a lity  is a lw ays  on the o p p o s ite  s ide  o f  the ethyl chain  in the M cM u rry  

product, thus p rov id ing  an important e lem en t w h en  co n s id e r in g  the  

s te reo c h e m ica l  ass ignm en t o f  th ese  p r o d u c t s . T h e r e f o r e  the s te reo ch em is try  

o f  the co m p o u n d s  is based  on the p o s it io n in g  o f  the o x y g e n  group, w h ich  

c la r if ie s  the e x is te n c e  o f  (5 6 )  and (5 7 )  in an isom er ic  ratio o f  2.5:1 and 2:1 

(Z :E ) re sp ec t iv e ly ,  w h ich  sh o w s  greater s tereo se lec t iv ity  than that p rev io u s ly  

ob ta ined  (1:1).  It has a lso  been  su ggested  that for M cM u rry  co u p lin g  o f  

alky lary l ketones ,  Z -isom ers  predom inate for sterica lly  u n d em a n d in g  a lkyl  

groups, w h ereas  bu lky  alkyl groups favour the formation o f  E -isom er . T h e se  

a ss ig n m en ts  have  been based  on the analysis  o f  'H NMR.^^^

T he 'H N M R  o f  the 2 - b e n z y l - l - ( 4 - h y d r o x y p h e n y l ) - l -p h e n y lb u t - l - e n e  (5 7 ) ,  

s h o w s  the m eth y len e  protons (C H 2) o f  the b en zy l  group at 6 3 .5 5  and 5 3 .5 9 ,  as 

s in g le ts .  T he relative peak h eights  o f  the m eth y le n e  b en zy l  group w ere  used  to 

a ss ig n  the iso m er ic  ratio o f  the com pou n ds  (5 6 )  and (57) .  T h e  arom atic  protons  

w ere  a ss ig n ed  u sin g  the rational proposed for aryl proton a ss ig n m en t o f  

ta m o x ifen ,  as d iscu ssed  earlier in the chapter. The arom atic  protons are 

o b serv ed  at 5 7 .1 3 -7 .2 4  representing the Z -iso m er ic  form w h i le  the aryl protons  

o f  the E - iso m er  are found b etw e en  5 7 .2 8 -7 .3 9 .

D u e  to the su cce s s  o f  this M cM urry reaction, this m ethod  w a s  u sed  for the d irect  

preparation o f  the target structures 2 - b e n z y l - l - [ 4 - (a lk y la m in o e th o x y ) p h e n y l ] - l -  

p h e n y lb u t -1 -e n e s  (5 9 ) - (6 3 )  [M ethod  2], This in v o lv e s  a tw o  step  p rocedure , the
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first step is the alkylation o f  4-hydroxybenzophenone  and the second step 

involves the reductive coupling reaction.

^28Initially a series o f  alkylated benzophenones’ were prepared,  by react ion o f  4- 

hydroxybenzophenone  and the alkylating agent o f  choice with anhydrous  

potassium carbonate,  in dry acetone followed by reflux for 5-6hr. [Scheme 20]

(68) R = (CHj)2N —

(69) R = (CH2CH3)2N

Acetone

(72) R = — N p

Scheme 20: Synthesis o f  alkylated henzophenones (68)-(72)

The infrared spectrum o f  compounds (68)-(72) show the presence o f  the carbonyl 

( C = 0 )  stretch between v l651-1658cm  ' and the aromatic (C=C) stretch in the 

range v 1601 -1605cm’'.

In the 'H N M R  o f  4-(pyrroi indylethoxy)benzophenone (70) the N C H 2 protons 

are observed as a triplet (J=6.0Hz) at 52.94, while the corresponding O C H 2 

protons are observed at S4.20 as a triplet (J=6.0Hz).  The pyrrol idinyl  protons 

are observed as multiplets. The H-2"", H-3"" protons are found as a multiple!  at 

51.82,  while the corresponding H-1"", H-4"" also occur as a multiplet at 52.57 as 

a mult iplet also. The shielded H-3", H-5" are observed as double doublets 

(.1=8.5, 2.0Hz) at 56.97-7.00;  all remaining aromatic protons are found in the 

range 57.45-7.90.

The '^C N M R  o f  (70) indicates the presence o f  four inverted signals, 

corresponding to the signals o f  C-2'"',  C-3"", C-1"", C-4"", N C H 2 , and O C H 2 at 

23.47,  54.83,  57.86 and 67.37ppm respectively. The C-3",  C-5" which 

experience the shielding influence o f  the pyrrolidinylethoxy subst i tuent  occur 

upfield at 113.67ppm. The remaining aromatic signals occur be tween 127.68- 

137.88ppm and the C-4" signal is found at 162.08ppm. The C = 0  signal is 

characterist ical ly observed at 195.03ppm.
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These 4-(alkylam ino)benzophenones were then coupled with l-ph en y l-2 -  

butanone (67), in the same manner as that described for compounds (55)-(57),  

producing a series o f  2 -b en zy l- l- [ (4 -a lk y lan iin oeth oxy )p h en y l]- l -p h en y lb u t- l-  

enes^ *̂  ̂ (68 )- (72 )  identical to those prepared via the longer ArLi type route. 

[Schem e 21 ].

(59) R =  (CH3)2N —

o+ o

(6 7 )(6 8 ) - ( 7 2 )

(60) R = (CH2CH3)2N —

TiCl, (61)R  = ^ N —
Zn

N —(62) R =

(5 9 ) - (6 3 ) 43

(63) R = O N —

Scheme 21: Preparation o f  2-benzyl-l-l(4-alkylaminoethoxy)phenyl]-l-  
phenylbut-l-ene (59)-(63) [Z-isomer illustrated]

Previous work on the stereospecificity  o f  tamoxifen and related analogues using  

tliis McMurry coupling reaction has only identified the formation o f  that product 

which has a trans  arrangement o f  the ethyl side chain relative to the original 

phenolic system  across the double bond. '̂ '̂*’̂ '̂̂  This literature data in conjunction  

with N M R  peak assignm ent/analysis allowed the prediction o f  the major species  

in Type I flexible  analogues (59)-(63) as Z-isomers. The results were  

rationalised by considering that the phenolic ring and the side chain o f  the Z- 

isom er were sandwiched between the other two rings and thus experience a 

double shielding effect from their ring currents. Spectral isom eric  assignment  

interpretations were based on the relative positions o f  those aryl proton signals  

arising from the A 2 B 2 para-system o f  the 4-substituted phenyl ring together with  

the position o f  the benzyl m ethylene signal.

Positive identification o f  the products was obtained from spectroscopic  data 

demonstrating that compounds (59)-(63) are identical to those prepared via  

Method 1. H ow ever a difference between the two sets o f  com pounds is apparent 

regarding their isomeric ratios. The yield, isomeric ratio and infrared data are 

detailed in [Table 3].
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Compound Yield % IROmax (film cm ') Isomeric Ratio*

(59) 69 1610, 1572 (C = C ) 2 1

(60) 72 1607, 1574 (C=C) 2 1

(61) 67 1605, 1573 (C=C) 2 1

(62) 6 8 1606, 1573 (C=C) 2 1

(63) 65 1605, 1574 ( C - C ) 2 1

Ratio de te rm ined  as m ajo r  : m in or  present  Z i som er  : E i somer,  based  on H 

N M R  a ss ignm en t  and theoret ical  react ion p redic t ions

Table 3: Yield, infrared and isomeric data fo r  compound (59)-(63)

In the 'H  N M R  spec t rum  o f  2 - b e n z y l - 1-pheny l - l - [4 - (p ip e r id in y le th o x y )p h e n y l ]  

b u t - l - e n e  (61),  the methy l  H-4  protons  are obse rved  as a mul t ip le t  at 50 .98 ,  and  

the m e th y le n e  H-3 p ro tons  also occur  as a mult ip le t  at 52.09.  Bo th  the N C H 2 

and O C H 2 p ro tons  are obse rved  as complex  mult ip le ts  at 62.81 and 64.11 

respec t ive ly ,  each  in tegrat ing  for two protons.  The  piper id inyl  p ro to ns  are  

obse rved  as  mult ip le ts  H-3"" is found at 61.48, H-2"",  H-4"" are obse rved  at 

61.65 and the p ro tons  o f  H - l " " ,  H-5"" are  evident  at 62.55.  T h e  benzy l  C H 2 

group  exis ts  as two s inglets  and are found at 63.57 and 63.61. It is the peak  

he ights  o f  these  C H 2 g roups  that  de te rmine  the i someric  ra t ios  (E:Z)  o f  the 

co m p o u n d .  The  par t ia l ly  sh ielded H-3",  H-5" p ro tons  are found as a doub le t  

(.1=8.5Hz)  b e tw e en  6b .82-6.88.  The  rem ain ing  a romati c  pro tons  are obse rved  as 

a mult ip le t  in the range  67 .15-7.39 .  The  aryl protons  o f  the E - i som e r  are 

obse rved  up field be tw een  67.29 -7 .39 ,  wh ile  the aromatic  p ro to ns  o f  the Z- 

i som er  are  found at a s l ight ly  lower  field 57.15-7.24.

In the '^C N M R  o f  (61) ,  the methy l  C-4  is charac te r is t ica l ly  obse rved  upfield at 

12.81 ppm .  The  D E P T  135 shows  six inverted carbons ,  f ive o f  w h ic h  are  

ass igned  to the piper id inyl  carbons.  C-3"" s ignal is obse rved  at 24 .2 8ppm ,  C- 

2"", C-4""  is found at 25 .3 6 p p m  and C-1"",  C-5"" are obse rved  a little m ore  

dow nf ie ld  at 54 .50ppm.  The  rem ain ing  inver ted  ca rbons  c o r re spond  to the 

m e th y le n e  C-3 at 2 3 .65ppm  and the N C H 2 and O C H 2, which  are  found at 57 .42 

and 6 5 .3 0 p p m  respect ive ly.  The  som e w ha t  deshie lded  benzyl  C H 2 has doub le  

s ignal s  at 36.75 and 36 .8 5ppm ,  i l lustrat ing the p resence  o f  the geom et r i c  Z and 

E- isomers .  The  C-3" and C-5"  are  observed  at 113.69 and 113 .77ppm . The  

qu a te rn a ry  C-1 and C-2 s igna ls  are found  at 138.05 and I 3 8 . I 3 p p m ,  whi le  the C- 

r  s ignal  occu rs  at 143.04ppm. The  remain ing  a romati c  s igna ls  are  obse rved  

b e tw e en  125.32 and 129 .84ppm. Low reso lu t ion  mass  spe c t rom e t ry  for (62)  

a ffo rds  the  m o lecu la r  ion m /z  425 ( C 30H 35NO) in 100% abundance .
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The isomeric ratio o f  these novel com pounds (59)-(63) via the M cM urry  

coupling reaction [2:1], produces a greater amount o f  the Z-isomer, com pared  to 

the 1:1 ratio obtained using the long seven step method. The E and Z isom ers 

could not be separated using either TLC or crystallisation m ethods. Current 

knowledge o f  the mechanisms o f  the M cM urry mixed carbonyl-coupling reaction 

does not provide an explanation for the stereoselectivity o f  Z-isom er formatiom.

This series o f  compounds (59)-(63) were b iochem ically  tested for their b inding 

affinity, cytotoxicity  and potency in binding and antiproliferative assays in a 

human M CF-7 breast cancer cell line. (Chapter 4)
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2.4. Preparation o f  novel Tamoxifen analogues (Type II-IV)

Due to the success o f  the McMurry reaction in preparing 2-benzyl -[4-  

(alky laminoethoxy)phenyl] - l-phenybut- l -enes  (59)-(63) [Method 2], it was 

envisaged that this coupling reaction could be used to prepare further  novel 

tamoxifen analogues. Each o f  these compounds are derived from the tradit ional  

triphenylethylene backbone associated with tamoxifen and other  antiestrogens,  

through the introduction o f  a methylene (benzylic)  spacing group be tween one o f  

the aryl rings and the alkene group and through variations in the basic s ide chain.

2.4.1. Synthesis o f  l-benzyl-l-(4-alkylaminoethoxyphenyl)-2-phenylbiit-l-enes  
IT ype llJ

A series o f  l -benzyl-l-[(4-alkylaminoethoxy)phenyl]-2-phenylbutenes^^* (81) 

(85) were prepared, using the facile McMurry  Coupling reaction. [Figure 40]

(81) - (85)

(81) R = (CH3)2N —

(82) R = (CH3CH2)2N-
tf ii  •«*

2 I-----------

(83) R = N-

(84) R = 3 N —

2

(85) R = O N-

Figiire 40: l-benzyl-l-[(4-alkylaminoethoxy)phcnyl]-2-phenylbiitenes [Z-
isomer only illustratedj

Initially the basic side chain was introduced to the appropriate phenol  ketones.  

In this case l- (4-hydroxyophenyl) -2-phenyle than-l-one (74) was prepared from 

phenylphenyl acetate (73) and aluminium chloride using a Fries Rearrangement.  

This is a synthetical ly useful reaction, which al lows the rearrangement  o f  

phenolic esters by heating with Friedel Craft catalyst. Compound (74) was then 

alkylated,  affording a series o f  l - (4-alkylaminoethoxyphenyl) -2-phenyle than- l-  

ones^^*  ̂ (75)-(79) [Scheme 22].
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\ / c=o / o

d
(73)

Scheme 22: Preparation o f  l-(4-alkylaminoethoxyphenyl)-2-plienyletlian-l-
ones

Tlie l-(4-alkylaminoethoxyphenyl)-2-phenylethan-l-ones (75)-(79) were 

afforded as oils in good yield (65-99%). fh e  characterist ic carbonyl (C = 0 )  

stretch is found at v 1665-1674 cm ' for compounds (75)-(79) in the infrared 

spectrum.

In the 'H N M R spectrum o f  1-(4-diethy laminoethoxyphenyl)-2-phenylethan-1- 

one (76), the (C H 3 ) 2  group o f  the ethyl side chain appears as a multiplet at 51.10, 

and the corresponding (CH 2 ) 2  protons are observed as a multiplet at 52.66. The 

N C H 2 signal is found as a triplet (J=6.3Hz) at 52.91 and its corresponding O C H 2 

protons are found as a triplet (J=6.3Hz) at 54.12. The methylene protons o f  the 

benzyl  group occur at 54.24. The remaining aromatic protons occur  as a 

mult iplet between 56.92-7.33.

2.4.2. McMnrry coupling o f  l-(alkylaminoethoxyphenyl)-2-phenylethan-l-  
ones

The 1 -benzyl - l- [(4-alkylaminoethoxy)phenyl ]-2-phenylbut- l -ene (81)-(85)^^* 

target compounds  were prepared via implementat ion o f  the t i tanium tetrachloride 

/ zinc mediated McMurry  coupling reaction as depicted in [Scheme 23].

AICI3

O +  RCH2CH2CI.HCI.

3

(74)

K2CO3/

(75) - (79)

(75) R =  (CH3)2N —  

Acetone (76) R = (CH3CH2 )2 N-

2 r  v l ' " '

(77) R = N-

(78) R =  3 ’ N  —

2

(79) R = O N-
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o +

(75) - (79)

(81) R = (CH j )2N —

(82) R  =  ( C H , C H 2 ) 2 N  —

(83) R = N —

(84) R = 3 N —

2 I(80) (81) - (85)
(85) R = O N —

Scheme 23: Preparation o f  l-benzyl-l-f(4-alkylaminoet/toxy)p/tenylf-2- 
phenylbut-l-ene (81)-(85) [Z-isomer illiistratedj

The coupling reaction involves the reductive reaction o f  two carbonyl 

compounds  directly to produce the required alkenes. The 1-(alkylaminoethoxy 

phenyl )-2-phenylethan-l-ones  (75)-(79) are reacted with propiophenone (80) in a 

1:1 molar  ratio, using the TiCU/Zn reagent. A series o f  1-benzy l -1-(4- 

alkylaminoethoxyphenyl)-2-phenylbut - l-enes (81)-(85) were afforded in 

moderate to good yields as oils. The stereospecif ici ty o f  the McMurry  coupling 

reaction predicts  the formation o f  products  as having a trans  arrangement,  with 

respect to the ethyl side chain and the original phenolic system across the double 

bond.^'*'*’̂ ^  ̂ These results were rationalised by considering that the aromatic ring 

and side chain o f  the Z-isomer are sandwiched between two other  rings and 

experience a double shielding effect from their ring currents. The N M R  peak 

assignment/  analysis al lowed the prediction o f  the major species in Type II 

flexible analogues (81)-(85) as Z-isomers.  Spectral isomeric ass ignment ratios 

were based on relative peak heights  o f  the benzyl signal in the 'H N M R  spectra, 

whereas isomeric assignment was based on the positioning o f  the aromatic 

signals.

Details o f  yield, infrared and isomeric data are listed in Table 4. High resolut ion 

mass spectrometry results posit ively confirm the identity o f  these novel 

compounds (75)-(85).
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Compound Yield % IRvJmax (film cm'') Isomeric Ratio*

(81) 69 1605, 1574 (C=C) 4;1
(82) 43 1601, 1575 (C=C) 6:5
(83) 75 1602, 1576 (C=C) 2:1
(84) 80 1600, 1575 (C=C) 2:1
(85) 41 1600 (C=C) 2:1

“ Ratio determ ined as m ajor : minor present Z isomer : E isomer, based on

'H  N M R assignment and theoretical reaction predictions

Table 4: Yield, infrared and isomeric data fo r  compound (81)-(85)

In the 'H  N M R  o f  1-benzy l- l-[(4 -m orpholiny le thoxy)phenyl]-2 -phenylbu t- l-ene  

(85), the methyl H-4 protons are observed as a triplet (J=7.5Hz) at 50.98, while 

the corresponding m ethylene H-3 protons are observed as a quartet (J=7.5Hz), at 

51.73. Both the N C H 2 and O C H 2 protons are found as multiplets at 62.84 and 

64.12 respectively. The benzyl C H 2 group exists as at 54.25 and 64.27, the peak 

heights o f  w hich gave the Z and E isomeric ratio o f  the com pound. The 

m orpholinyl protons appear as multiplets at 63.02 and 63.61, corresponding to 

H -l"" , H-4"" and H-2"", H-3"" respectively, each multiplet integrating for four 

protons. The partially shielded H-3", H-5" appear as double doublets (J=8.5, 

1.5Hz) at 56.83-6.86 and the corresponding H-2", H-6" are found as double 

doublets (J=8.5, 1.4Hz) at 57.97-7.99. All remaining aromatic protons are 

observed in the range 56.93-7.58, the Z-isomeric protons lying between 66.93- 

7.20 whereas the E-isom er signals are observed between 57.25-7.58.

In the N M R  o f  (85), the methyl C-4 is observed upfield at 7.05ppm, while 

the corresponding m ethylene C-3 is found inverted in the D EPT 135 at 

27.23ppm. The am inoethoxy N C H 2 and O C H 2 signals, w hich were also found 

inverted in the DEPT 135, occurred at 57.25 and 65.61ppm respectively. The 

benzyl m ethylene CH 2 signal is observed inverted in the D EPT 135 at 44.24 and 

43.95ppm. The morpholinyl signals appear inverted at 53.62ppm, corresponding 

to the C-1"", C-4"" and at 66.43ppm representing the C-2"", C-3"". The aromatic 

signals are observed, between 113.89-130.49ppm.

In the high resolut ion mass spectrum o f  (85), the molecular  ion is observed at 

m/z 427.2499 (C 2 9 H 3 3N O 2 ) in 73% abundance.

83



2.4.3. Preparation o f  Type III flexible analogues

A series of  1-benzyl-1,2-diphenylbut-l-enes (Type III) [Figure 41] were 
prepared using the McMurry coupling reaction, possessing an additional 
methylene group on one o f  the phenyl rings in an alternative position to those 
already prepared. The alklyamino group was therefore found in a different 
position.

pCHjCHjR ^ (CH3>2N

(97) R = (CH3CH 2)2N- 
...

(9 6 ) - (10 0 )

(98) R N -

(99) R = \  —

2 " '

( 1 0 0 ) R = O  N —

Figure 41: l-Benzyl-2-f(4-alkylaminoetlioxy)phenylJ-l-phenylbut-l-enes

The synthesis o f  the Type III compounds involved firstly the preparation o f  p-
328alkylaminoethoxy propiophenones, which were synthesised from /?-hydroxy 

propiophenone and the corresponding alkylating agent under basic conditions to 
yield compounds (87)-(91). [Scheme 24]

(87) R = (CII.,)2N —

(88) R = (CI1,CH2)2N —
110

:0  + RCH.CH,C1.HCI.

/;-hydroxypropiophenone

(86 )

(89) R =

Acetoix;

(90) R = N —

(87) - (91
2 ,____ ^

(91) R = O N -

Scheme 24: Synthesis o f  p-alkylaminoetlioxy propiophenones

Positive identification o f  the products was obtained from spectroscopic data. 
The /7-alkylaminoethoxypropiophenones were obtained as oily gels in moderate 

to good yields. The yield and infrared data of these compounds (87)-(91) are 
detailed in Table 5.
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Compound Yield % IRvniax (film cm'')
(87) 83 1679 ( C = 0 )
(8 8 ) 93 1661 ( C = 0 )
(89) 91 1680 ( C = 0 )
(90) 64 1675 (C = 0 )
(91) 85 1679 ( C = 0 )

Table 5: Yield and infrared data f o r  compounds  (87)-(91)

In the 'H N M R  spectrum of/?-pyrrol idinylethoxy prop iophenone  (89) the methyl  

C H 3 protons are observed as a triplet (J=7.3Hz) at 51.21 and the corresponding 

methylene C H 2 protons are observed in the same region as N C H 2 as a multiplet 

between 52.91-2.98. The O C H 2 proton signals occur as a triplet (J=5.8Hz)  at 

54.20. The  pyrrolidinyl protons,  are observed as mult iplets at 51.84 and 52.08,  

cor responding to H-2"", H-3"" and H-1"", H-4"" respectively.  The H-3",  H-5" 

protons are shielded by the subst ituent at the 4"-posi t ion and occur as a double 

doublet (J=8.5,  2.0Hz),  at 57.92-7.94.

The high resolut ion mass spectrum o f  (89) showed a molecular  ion at 

247.1572 ( C 15H 21N O 2 ) in 85% abundance.

2.4.4. M cM urry  coupling reaction yielding symmetric products  /T ype  III]

Prior to coupling the alkylsubst ituted propiophenones with desoxybenzoin  to 

afford 1 -benzyI-2[ (4-alklaminoethoxy)phenyl]-1 -phenylbut -1 -enes (96)-( 100),^^* 

propiophenone  (80) i tself  was reacted with desoxybenzoin (92) in a 1:1 ratio via 

the McMurry  reaction. [Scheme 25]

P  0 0
T1CI4 \  /

Desoxybenzoin /?-propiophenone
(9 2 ) (80 ) (9 3 )

Scheme 25: Preparation o f  1 -benzyl-1 ,2-dipl ienylbut- l-ene (93) (Z- isomer
illustrated!

The result ing 2-benzyl -1,2-diphenylbut- l -ene (93) was afforded as colourless oil 

in 75% yield. The characterist ic aromatic and aliphatic C = C  stretches were 

observed at u l 5 9 9 ,  1576 cm^' in the infrared spectrum.
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In the ’H N M R  the  m ethy l  H-4  is obse rved  as a t r iplet  ( J= 7 .4H z)  at 61 .06  and  the 

c o r r e s p o n d in g  m e th y le n e  H-3 is found as a quartet  ( J= 7 .5H z)  at 52.74.  The  

benzyl  m e th y le n e  C H 2 p ro tons occur  as a s inglet ,  at 54.03 and 4.11 and  the 

isomeric  rat io o f  c o m p o u n d  (93)  is ob ta ined  from the peak  he ights  o f  this benzyl  

group.  The  chem ica l  shifts o f  the pheny l  r ings o f  t am ox i f e n  indicate  that  Z- 

t a m ox i f e n  aryl  p ro to ns  are  found up-f ie ld  in co m p a r i so n  to the  E - ta m o x i f e n  

a rom a t ic  s igna ls  w h ic h  are  observed  fur ther  d o w n  field. U s in g  this  ra t ional  the 

aryl p r o tons  o f  c o m p o u n d  (93)  w ere  assigned.  The  a rom a ti c  p ro to ns  are  

obse rve d  as a c o m p le x  mul t ip le t  be tw een  56.96-7.31 wi th  the Z - i som e r ic  s igna ls  

obse rve d  b e tw e e n  56 .96-7 .10  and the E - isom eric  p ro tons  b e tw e e n  57 .14-7 .31 .  

The  'H  N M R  spec t rum  indica te  the p resence  o f  one m ain  i somer,  the  i som er ic  

rat io be ing  reco rded  as 13:1, the Z - i som e r  be ing  the m a jo r  p roduct .  Us ing  high  

reso lu t ion  m as s  spec t rometry ,  the m o lecu la r  ion for (93)  w a s  ob ta ined  at 

298 .1751 (C23H22).

T o g e th e r  wi th  the m a in  product  be in g  p roduced  in the  reac t ion ,  two o the r  

sym m e tr ic  by -p roduc t s  (94)  and (95)  were  isolated in an i som er  rat io o f  5 .1 ,  the 

Z - i s o m e r  be in g  the m a jo r  product .  [Figure  42]. This  was  c on f i rm e d  by  the  use 

o f  spec t ro scop ic  data  f rom 3 ,4 -d ipheny l -hex-3 -ene ,  w h ich  w as  p repa red  by  

B e sa nc on  e( T he y  no ted  that  the  Z - i som er  is the m ajo r  p roduc t  f rom the  'H

N M R  spect ra ,  w he re  the  aryl protons  for the Z - i som e r  were  found at 56 .99  and 

those  o f  the E - i s o m e r  at 57.28.  Simi la r  t rends were  obse rved  for  c o m p o u n d  (95).

(9 5 )

Figure 42: Compounds (94), (95) jZ-isomer illustrated]

The 3 ,4 - d iphe ny lhex -3 -e ne  (94)  and 1,2 -d ibenzy l- l  ,2 -d ip heny le thene  (95)  b y ­

p roduc t s  were  a ffo rded  in 14% and 5%  yield respect ively.  T h e s e  p roducts  a rose 

from se l f -coup l ing  o f  d e s o xybenz o in  (92) and se lf -coup l ing  o f  p ro p io p h e n o n e  

(80).  The  iden t i ty  o f  these  c o m p o u n d s  was  conf i rmed  us ing  ' h  and '^C N M R  

along  wi th  high  reso lu t ion  m ass  spect rometry .

The  'H  N M R  spec t rum  o f  (95) shows  the benzyl ic  m ethy lene  p ro tons  ( C H 2 ) as a 

s ing let  at 54 .08 ,  in tegra t ing  for  four  protons.  The  rem ain ing  a rom a ti c  p ro to ns  

are found  as a c om plex  mult ip le t  in the range  57.00-7 .28.  T h e  high  reso lu t ion
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mass spectrometry o f  compound (95) showed the m olecular ion m /z at 360 .1878  

( C 2 8 H 2 4 ) -

2.4.5. Preparation 1-benzyl-2-f(4-alkylaminoethoxy)p/tenyl]-1-p/ienylbut-1- 
enes I Type III]

The p-(alkylam ino)propiophenones (87 )-(91 )  prepared in Section 2 .4 .2 , were  

coupled  with desoxybenzoin  (92), under suitable conditions [T iCL^Zn in a 1:1 

ratio] affording the novel synthesised compounds (96)-(100)^^^ as o ils  in only  

moderate y ields  [Schem e 26].

(96) R = (CH3)2N —

(97) R = (CH3CH2)2N

(98) R = N —O  + O

(99) R = N —(96) - (100)(87) - (91)Desoxybenzoin (92)

(100) R = 0 ^̂ _̂__ —

Scheme 26: Preparation o f  l-henzyl-2-[(4-alkylaminoethoxy)phenyll-l-phenyl
hut-l-enes fZ-isomer illustratedj

These products were analysed using spectroscopic methods. The infrared spectra 

o f  (96 )- (100 )  show  a C=C alkene stretch in the region v 1 6 0 6 -1603cm'' and 

V1 581 - 1 574cm '',  corresponding to the aromatic and aliphatic C=C.

The isom eric ratio o f  these compounds (96 )-(100) could not be determined from 

the benzyl m ethylene (C H 2 ) group as this appears as a singlet in the 'H N M R  

spectrum. Compound (96) appears to be produced as a s ingle  isom er the Z form, 

ev idence  for this is found from NM R data, where the m ethylene C H 2 group is 

observed as a singlet and the aromatic protons are found as a compact multiplet. 

The remaining com pounds (97 )-(100)  exists in both the Z and E isom eric form 

and exhibit a 67% (Z) over (E) excess. Previous research has identified the 

propensity o f  phenolic  ketones used in the coupling reaction to favour the 

formation o f  that product which has a trans  assignment o f  the ethyl side chain  

relative to the original phenolic  system across the double bond

The yield, infrared and isom eric data o f  compounds (96 )- (1 0 0 )  are detailed in 

Table 6.
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Compound Yield % IRo„,ax (film cm ') Isomeric Rat io“

(96) 25 1605, 1576 (C=C) Z - i s o m e r  appa ren t

(97) 35 1606, 1574 (C= C) 5:1

(98) 25 1603, 1580 (C= C) 5:1

(99) 40 1605, 1581 (C=C) 5:1

(100) 29 1606, 1581 (C= C) 5:1

 ̂ Rat io  de te rm ined  as m ajo r  ; m in o r  present  Z i somer  : E i somer,  based  on 

'H  N M R  ass ignm en t  and  theoret ical  reac t ion pred ic t ions

Table 6: Yield, infrared and isomeric data fo r  compound (96)-(100)

In the 'H  N M R  spec t rum  o f  (97)  [Figure 43] ,  the methy l  H-4  p r o tons  are  

o bse rve d  as a t r iplet  ( J=7.5H z) ,  and the c o r re spond ing  H-3 p ro tons  are found  as a 

m ult ip le t  in the s am e  range  as the N ( C H 2 ) 2  protons,  at 52.68. Th i s  s ignal  

integrates  for  six p rotons ,  equ iva lent  to the two protons  from C-3 and  the  four  

p ro tons  from N ( C H 2 )2 - The  N ( C H 3 ) 2  p ro tons  o f  the diethyl  group o c c u r  as a 

mul t ip le t  at 51.14.  The  N C H 2 p rotons  are observed  as a t r iplet  ( J= 6 .3H z)  at 

52 .90  and the c o r re spond ing  O C H 2 p rotons  are found at 54.03 as a t r iplet  

(.1=6.OHz). The  benzyl  C H 2 p rotons  exist  as a s inglet  at 53.98,  in teg ra t in g  for 

two  protons.  The  aromati c  p rotons  occur  as a complex  mul t ip le t  be tw e en  56.66-  

7 .31 ,  the Z - isom eric  aryl  p rotons  are  found at 56 .93-7.05,  w h i l e  the  E- isom er ic  

a rom a ti c  p rotons  arc  observed  be tw een  57.16-7.31 ,  (using the rat ional  p roposed  

for t am ox if ens  aryl protons) .

i J 1»,

■70 f . 5  6(1 5 5  5 0  4,^ 4(1 1 5

Figure 43: 'H NMR Spectrum o f  compound (97)
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In the '^C N M R  o f  (97), the methyl C-4 signal is characterist ical ly observed 

upfield at 12.54ppm, and the (CH 3 ) 2  signal o f  the ethyl group is also found 

upfield at 11.06ppm. In the DEPT 135 spectruni, the benzyl C H 2 signal is found 

at 39.62 and 40.02ppm (representing the E and Z isomers)  and the N (C H 2 ) 2  

signal  is observed at 47.31 ppm. Two further inverted signals are observed in the 

DEPT 135 spectrum at 51.12 and 65.49ppm, and these are assigned to the N C H 2 

and O C H 2 respectively. The shielded C-3" and C-5" are found at 113.18 and 

113.79ppm. The remaining aromatic signals occur between 124.10-139.62ppm, 

with the exception C-4'" which is observed at 156.27ppm.

In the high resolut ion mass spectrum o f  (99), the molecular  ion is observed at 

m/z  425.2703 (C 3 0 H 3 5NO) in 72% abundance.

2.4.6. Preparation o f  2-f4-(alkylamiitoetltoxy)benz}iJ-l,2-diphenylbut-l-ene  
(Type IV]

The fourth series o f  compounds which were prepared possessed the 

alkylaminoethoxy subst ituent on the benzyl ring. These compounds  were 

obtained by firstly preparing the appropriate 2 - (a lkylaminoe thoxyphenyl )- l-  

phenylethanones,^^^ which were subsequently coupled to propiophenone via 

implementat ion o f  the ti tanium tetrachloride / zinc (1:1 ratio) mediated McMurry 

coupling reaction.

2.4.6.1 Preparation o f  phenylethanones
328The novel  ketones (103)-(107) were synthesised from previously prepared 2- 

(4-hydroxyphenyl) -1 -phenylethanone (102). 2- (4-methoxyphenyl) -1 -phenyl 

ethanone (101) was demethylated using pyridinium hydrochloride to form 2-(4- 

hydroxyphenyl) - l-phenylethanone (102). The synthetic route used for the 

introduction o f  the alkyl basic side chain to the hydroxy ketone is outl ined in 

Scheme 27.
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C H , 0 HO.

PyHCI
R C H ,C H ,C I .H C I

/  K2CO., 
Acctoiic

( 10 2 )

(1 0 3 )  R =  (CH_,)2N —

( 1 0 4 )  R =  ( C H j C H 2 )2 N -

( 1 0 5 )  R N -

( 1 0 6 )  R

(1 0 7 )  R =0 N -

(1 0 3 )  - (1 0 7 )

Scheme 27: Preparation o f  phenylethanones

The 2-(4-alkylaminoethoxyphenyl)-l-phenylethanones (103)-(107) were 
afforded as oils, in good yield (85-92%). The characteristic carbonyl (C=0) ,  

stretch is found at v 1670-1654cm''. The yield and infrared data o f  (103)-(107) 

are listed in Table 7.

In the 'H NMR spectrum of 1-phenyl-2-(pyrrolidinylethoxyphenyl)ethanone 

(105), the benzyl methylene (CH2 ) protons are observed as a singlet at 53.64. 

Tlie NCH 2 protons are found as a triplet (J=6.0Hz) at 52.73 while the OCH 2 

protons are found as a triplet (J=6.2Hz) at 64.24. The pyrrolidinyl protons are 

found as multiplets at 61.76 and 52.53, corresponding to H-2"", H-3"" and H-1"", 

H-4"" respectively. The aromatic protons were found between 66.93-7.99. The 

identity o f  compounds (103)-(107) were confirmed using High Resolution Mass 
Spectroscopy.

Compound Yield % IRvj,„ax (film cm'')
(103) 90 1670 (C=0)
(104) 90 1654 (C=0)
(105) 91 1670 (C=0)
(106) 92 1664 (C=0)
(107) 85 1654 (C=0)

Table 7; Yield and infrared data fo r  compounds (103)-(l 07)

2.4.6.2 McMurry coupling reaction o f  phenylethanones

The novel 2-[(4-alkylaminoethoxy)benzyl]-1,2-diphenylbut-1-enes (108)- 
(1 12) compounds were prepared by coupling the phenylethanones (103)-(107) 
with propiophenone using the McMurry reaction [Scheme 28].
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(103)  - (107)

O +
T iC U /Z n

Acetone

(80) (108)  - (112 )

(108)  R = -----N(CH3)2

(109)  R =  — N(CH ,C H 2)2

— ,2 '"'

(110)  R = — N

( 1 1 1) R =  — N

(112)  R =  — N O

Scheme 28: Preparation o f  2-[(4-alkylaminoethoxy)benzyl]-l,2-diphenylbut-l-
ene (108)-(112) [E-isomer illustrated]

The novel compounds (108)-(112) were obtained in only moderate yields as oils. 

I'he characteristic aromatic and aliphatic C=C stretching is observed in the range 

I 606 -1574cm''. The stereospecificity o f  this McMurry reaction for synthesis o f  

tamoxifen and related analogues identifies the propensity o f  phenolic ketones 

used in the coupling reaction to favour the formation o f  that product which has a 

trans  arrangement across the double bond o f  the ethyl side chain relative to the 

original phenolic s y s t e m . T h i s  literature data in conjunction with NMR  

peak assignment/analysis allowed the prediction o f  the major species in type IV 

flexible analogues (108)-(112) as E-isomers due to the positioning o f  the ethyl 

side chain relative to the oxygen group. The isomeric ratios are determined 

either from the relative peak heights o f  the benzyl CHi or from the relative 

positions o f  those aryl proton signals arising from A 2B 2 para  system o f  the 4-
329substituted phenyl ring. In this series the E-isomeric excess ranges from 9- 

80%. Details o f  yields, infrared and isomeric data are listed in Table 8.

C om pound Yield % I R V m ax  (film cm"') Isom etric Ratio®

(108) 21 1605, 1576 (C=C) 6:5
(109) 40 1605 (C=C) 9:1
(110) 19 1602, 1576 (C=C) 6:5

(111) 39 1601, 1586 (C=C) 6:1
(112) 29 1600 (C=C) 3:1

■' Ratio determined as major minor present E isomer : Z isomer, based on 

’H NMR assignment and theoretical reaction predictions

Table 8: Yield, infrared and isomeric data fo r  compound (10 8 ) - ( l l2)
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In the 'H N M R  spectrum o f  l ,2-diphenyl -2- [(4-piper id inyle thoxy)benzyl ]bu t- l-  

cne (111),  the methyl H-4 protons are observed at 51.01 as a triplet (J=7.5Hz),  

while the adjoining methylene H-3 protons are found as a quartet (J=7.5Hz) at 

62.58. The benzyl C H 2 protons occur as a s inglet at 53.63 and 53.67,  

cor responding to the E/Z isomers, while the N C H 2 and O C H 2 are found as 

multiplets  at 63.03 and 64.30 respectively.  The piperidinyl protons are all 

observed as mult iplets the H-3"" at 62.07, the H-2"", H-4"" protons at 62.31 and 

H-l"",  H-6"" protons as a doublet (J=9.0Hz) at 67.92-8.00,  while the remaining 

aromatic protons are found in the range 66.79-7.18.  The rational used for 

predict ing the E/Z isomeric ratio o f  tamoxifen was  used for com pound  (111), 

where the aromatic protons for the Z-isomer were observed between 66.96-7.04,  

while those for the E-isomer were found at 57.10-7.18.

In the '^C N M R  o f  (111) the C-4 methyl  signal is characterist ical ly observed 

upfield at 13.61ppm, while the adjoining C-3 is found inverted in the D EPT 135 

at 31.45ppm. The methylene benzyl group is found at 40.91 and 41.31 ppm, 

providing evidence for the presence o f  both isomers.  The aminoethoxy N C H 2 

and O C H 2 signals are also found inverted in the DEPT 135 at 56.08 and 

61.07ppm respectively.  The remaining inverted signals from the DEPT 135 

spectrum are assigned to the piperidinyl carbons; C-3"" is found at 23.1 Ippm,  C- 

2"", C-4"" are observed at 26.81 and 27.22ppm, while the signal at 53.66ppm is 

assigned to C-1"", C-5"". The remaining aromatic signals are observed between 

1 24.94-129.30ppm, with the exception o f  the shielded C-3", C-5" signals  which 

are observed at 115.10 and 115.24ppm.

In the high resolut ion mass spectrometry a molecular  ion (M^) at 385.2409 

(C27H31NO) was obtained in 74% abundance for compound (108). The  base 

peak corresponds to the tropylium ion at m/z 91. The mass fragmentat ion pat tern 

o f  (108) is seen in Scheme 29. Cleavage from the molecular  ion o f  the 

alkylsubst ituted benzyl group affords m/z 207 (11%). Further  cleavage results in 

the fragments m/z 178 (20%) and m/z 167 (10%).
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CH3̂

m /z 385 (M+, 74% )

m /z 128 (20% )m /z 207 (11% )

m/z 191 (63% )

m /z 91 (100% )

m /z 1 78 (20% ) CH

m/z 167(10%.)

Scheme 29: Postulated mass spectral fragmentation pattern fo r  compound
(108)
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2.5.  Preparation  o f  l -b en zy l - l - [ (4 -d in ie th y la m in o e th o x y )p h en y l ] -2 -  

p h en y lb u t - l - e n e s  (Type V)

Toremifene (3) and Clomiphene (5) are two well-known antiestrogens, with 
structures only deviating slightly from that of  tamoxifen. Toremifene^^^ is a 
chlorinated derivative (2-chloroethyl chain) o f  tamoxifen and Clomiphene'^^ 
posses a chlorine atom in place of  the ethyl group of  tamoxifen. [Figure 44]. 
Toremifene has also been synthesised via the McMurry coupling reaction and 
Clomiphene is used as the starting material for the preparation o f  N,N- 

diethylfluoroethyl tamoxifen.

CH3\

(3) (5 )

Figure 44: Structure o f  Toremifene (3) and Clomiphene (5)

Due to the success of  tamoxifen compounds modified at the ethyl group in the 
treatment of  breast cancer, the introduction of halogens or other modifications on 
the ethyl moiety might increase antiestrogenic activity. Much work has been 
done on preparing a variety o f  ethyl side chain derivatives o f  tamoxifen 
analogues. Hydroxylation o f  the ethyl group of  tamoxifen was carried out by 
Fromson et a/.,*' while a variety o f  chloro'^*'^^^ bromo,^*^ fluoro and iodo'^' 
groups have been introduced into the ethyl side chain. The relative binding 
affinities and the inhibitory profiles of  these compounds have been studied and 
are shown to have an antiestrogenic effect similar to tamoxifen.

In order to modify the structures of the novel compounds (81)-(85), i.e. 1- 
benzyl-l-[(4-alkylaminoethoxy)phenyl]-2-phenylbut-l-enes (Type II) the 

products (120)-(126) were prepared, having the same structure as Type II [(81)- 
(85)] analogues, but differ in the ethyl function [Scheme 30] The functional 
groups included halo-, nitro- and extended ethyl side chains.
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c n CHi

/

( 7 5 )

0 + 0

( 1 1 3 ) - ( 1 1 9 )

( 1 2 0 )  X  =  C H 2 C H 2 C H 2 C H 3 [ Z ]

(121) X = CHjCH jCifZ]
(122) X = CHjBr [E]
(123) X = CHBrCHjIE]

C\]/

T 1CI4 , Zn

THF

( 1 2 0 ) - ( 1 2 6 )

(124)X  = CH 2 N O 2  [Z]
(12 5 )X  =  CH 2 C H 2 CH 3  [Z]
(1 2 6 )X  = CH 2 CI [Z]

Scheme 30: Preparation o f  Compounds (120)-(126) fZ  and E-isomer
illustrated!

These compounds  were prepared using 1-(4-dimethylaminoethoxy)phenyl-2-  

phenylethanone (75) and various subst ituted propiophenones ( 1 13)-(119), via the 

McMurry  coupling reaction. Some functionalised ketones have previously been 

coupled via the McMurry  coupling reaction,  including chlorinated derivat ives 

i.e. toremifene  and long alkylated side chains. Additional ketones which have 

been used in coupling reactions include; dimesityl ketones,  diferrocenyl  ketones,  

methyl ferrocenyl ketones,  cholestanones and cyclooctanones. Reductive 

coupling o f  these compounds have produced products with various isomer ratios. 

The Type  V novel compounds prepared in this work possess some functionalised 

side chains which have not yet been researched,  these include the nitro- and 

brominated ketones.

These  compounds  (120)-(126) were afforded as oily gels in only modera te  yield. 

The characterist ic C=C stretch was observed in the range u l6 0 7 -1 5 7 4 c m  

Using 'H N M R,  '^C N M R  and high resolut ion mass spectrometry,  the identity o f  

these compounds  was confirmed.  The effects o f  the various substi tuents on the 

ethyl s ide chain were observed and it was found that compounds  (122) and (123) 

are prepared  in mainly the E-isomer.  The remaining compounds  are mainly 

present in the Z-isomeric form. These isomeric predit ions were conf irmed by 'H 

NMR and HPLC data where tamoxifen was used as a reference.  Detai ls o f  

yields, infrared and isomeric data are listed in Table 9.
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Compound Yield % IRUmax (film cm ') Isomeric Rat io“
( 1 2 0 ) 48 1605, 1573 (C=C) 2:1

( 1 2 1 ) 41 1605, 1574 (C=C) 1:1

( 1 2 2 ) 39 1605 (C=C) 1:9
(123) 34 1605 (C=C) 1:6

(124) 42 1605 (C=C) 11:1

(125) 46 1603,1582 (C=C) 2:1

(126) 44 1607,1581 (C=C) 2:1

‘‘ Rat io  de te rm ined  as m ajo r  : m ino r  present  Z isomer  ; 5 i som er,  b a s e d  on

'H  N M R  and H P L C  ass ignm en t  and theoret ical  reac t ion p red ic t ions

Table 9: Yield, infrared and isomeric data fo r  compound (120)-(126)

K n o w n  tam ox if en  ana logues  w h ich  possess  modif ied  ch lo r ina ted  ethyl  s ide 

cha ins  h a v e  been  p repared  by  the M c M u r ry  coup l ing  reac t ion ,  and the 

s te reospec if ic i ty  o f  this  m e thod  has  been  resea rched  for o the r  re la ted  t am ox i fen  

ana logues .  Therefo re  this l i terature  data  in con junc t ion  wi th  the N M R  and 

H P L C  peak  a s s ignm ent /ana lys i s  a l lowed the predict ion  o f  the m a j o r  species  in 

T y p e  V as Z - i som ers  as i l lustrated, when  com pared  to the  i som er ic  peaks  o f  

tamoxifen .

In the 'H N M R  o f  1 -benzy l -3 -b rom o-1- [ (4 -d im e thy la m inoe thoxy )phe ny l ) ] -2  

p i i c n y lb u t - l - e n e  (123) ,  the methy l  C H 3 p ro tons  arc found as a doub le t  (.1=5.OHz), 

at 62 .35 ,  whi le  the ad jo in ing  C H (B r)  proton is observed  as a m ult ip le t  at 52.79. 

T h e  d imeth y l  N ( C H 3)2 p rotons  occur  as a s inglet  at 52 .40 ,  w h i le  the N C H 2 and 

O C H 2 o c c u r  at 62 .70  and 64.11,  as triplets ( J=6 .0H z  and J = 6 .0 H z )  respec t ive ly .  

The  benzyl  m ethy lene  ( C H 2) p ro tons  are  found as a s inglet  at 63 .97  and  a small  

p e a k  is obse rved  at 63.95,  ind ica t ing  the presence  o f  the m in o r  Z - i som er .  Th is  

the re fo re  confi rms  the i someric  rat io o f  9:1. The  subst i tuted  a rom a t ic  r ing and 

the  s ide cha in  o f  the Z - i s o m e r  are sandwiched  be tw een  two o the r  r ings and 

e x p e r i e n c e  a double  shie ld ing  effect  f rom their  r ing currents .  The  a rom ati c  

p ro to n s  are  obse rved  as a mult ip le t  in the range  56.57-7.34,  w here  the  Z - i som er ic  

s ig n a l s  are  found be tw e en  66 .57-6 .87  and the  E- isomer p ro to ns  are p resen t  at 

67 .05 -7 .34 .

In the N M R ,  the CH signal  is observed  upfield at 9 .4 7 p p m ,  wi th  the 

c o r r e s p o n d in g  C H 3 s ignal found at 12.94ppm. A signal  at 4 7 .7 2 p p m  was  

a s s ig n e d  to the ( C H 3)2 g roup  and N C H 2 was found at 58 .1 8ppm .  T he  O C H 2 

s igna l  is obse rved  at 65.55 and 6 5 .58ppm  c onf i rm ing  the p resence  o f  the E and  Z 

isom ers .  The  benzyl  C H 2 s ignal  occurs  at 39 .60  and 39 .9 9 p p m  s ig n i fy in g  the 

p r e s e n c e  o f  bo th  the E and  Z isomers .  The  sh ielded C-3",  C -5 "  s igna ls  are
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observed at 113.45 and 114.05ppm, while the corresponding C-2", C-6" are 

found at 128.19ppm. The quaternary C-1' is found at 130.79ppm, and the C-1" 

and C-1'" are observed at 134.19 and 139.69ppm respectively. The rem aining 

aromatic signals are observed in the range 127.52-129.76ppm, with the exception 

o f  C-4', C-4" which occur at 125.59ppm and the C-4'" signal w hich is found at 

127.19ppm.

In the low resolution mass spectrum o f  (120), (C29H35NO) the m olecular ion is 

observed  at m/z 413 in 73% abundance. The fragmentation pattern o f  (120) is 

outlined  in Schem e 31. Cleavage o f  the benzyl ring results in m/z 342 (41%) and 

also cleavage o f  C3H7 affords the fragm ent m/z 370 (30%). Further cleavages 

results in fragments m/z 115 and the tropylium  ion m/z 91 (100%).

NCH2CH2O

NCH2CH2O

m /z i 15 (26% )
NCH2CH2O

c h /

m /z 342 (41% ) CH

m /z 167m /z 167 (62%,)

m /z 91 (100% )

Scheme 31: Postulated mass fragmentation pattern fo r  (120)
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The isomeric ratios o f  these novel compounds were confirm ed using HPLC 

(High Perform ance Liquid Chromatography). The chromatographic conditions 

used w ere  those outlined in the British Pharmacopoeia 1998 for tamoxifen. The 

mobile phase consisted o f  a mixture o f  acetonitrile (300mL), water (125mL), 

THF (75mL) and 18M am m onia (2mL), with a flow rate o f  1.5mL per minute 

and a detection  w avelength  o f  240nm. The product samples (120)-(126) [25mg] 

were dissolved in the m obile  phase [lOmL]. The stationary phase was packed 

with octadecylsilyl silica gel C (5jim).

The results found using H PLC analysis, i.e. percentage o f  each isomer present 

are com pared to the isomeric ratios obtained from the 'H  NMR.

Further com pounds m ay be prepared via the M cM urry coupling reaction, due to 

the success o f  the synthesis o f  Type V analogues. These com pounds are 

predicted to have a high affinity for the estrogen receptor, as the halogenated and 

alkylated side chains are believed to chelate to a tum our cell causing cell 

death."^''<’‘
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2.6. Summary of Type I -  V compounds

In summary,  a series o f  novel antiestrogens structurally derived from the known 

antiestrogen tamoxifen were prepared via two different synthetic routes a seven 

step route and a two step McMurry reaction. Each o f  these compounds  deviated 

from the traditional tr iphenylethylene backbone associated with common 

antiestrogens through the introduction o f  a methylene (benzylic) spacing group 

between one o f  the aryl rings and the ethylene group, and through variat ions in 

the basic s ide chain moiety.  Thus,  four various types o f  novel compounds  were 

prepared,  each possessing five different side chain moieties on one o f  the aryl 

rings.

The  antiproliferat ive effects o f  Type 1 -  Type V compounds on human M CF-7  

breast cancer tumour  cells were investigated, along with their binding aff ini ty for 

the estrogen receptor , the results o f  which will be discussed in Chapter  4. The 

biochemical  evaluation o f  Type II compounds (81)-(85) indicated that these were 

the most  active. This therefore initiated the preparat ion a series o f  (Type V) 

com pounds  where the ethylene function was altered.

99



3. Synthesis  o f  non-isomerisable  analogues o f  Tamoxifen
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3,1. Introduction.

The synthesis o f  a number o f  tamoxifen-like analogues possessing  a similar 

carbon skeleton to tamoxifen but contain an additional benzylic m ethylene group 

adjacent to the ethylene function is described in Chapter 2. These com pounds 

existed however as a mixture o f  geometric isomers which could not be readily 

separated into the E or Z form. Thus it was decided to investigate the synthesis 

o f  a num ber o f  related, conformationally restricted cyclic analogues o f  

tamoxifen.

A num ber o f  non-isom erizable  analogues o f  tamoxifen with antiestrogenic 

activity have been reported. M cCague et have prepared a series o f  non-

isom erizable analogues (127)-(129) utilising benzosuberone as the template. 

These com pounds mim ic the structure o f  Z-tamoxifen. [Figure 45].

0CH2CH2N(CH3)2

(127) R, = H ,  R2 =  H

(128) R|  = 0 H ,  R2 =  H

(129) R, = 0 H ,  R2 =  Me

Figure 45: Structure o f  substituted diarylbenzocycloheptenes (127)-(129)

X -Ray crystallography studies revealed that the seven m em bered rings provide 

these com pounds with stereochemical features very similar to those o f  

tam oxifen, with the aryl rings having a propellor-like conformation. M cCague 

reported  that these com pounds have similar biological properties to tamoxifen, 

indicating that they would be a good substitute for tamoxifen in studies w here 

possib le  isomerism, would cause complications.'^*^ Other and six
87 337m em bered  ’ ring restricted derivatives have been synthesised, but their 

effectiveness is limited, possessing m uch reduced activity com pared to the 

seven-m em bered  analogues.

Teo et synthesised a num ber o f  arylchrom-3-ene com pounds (130)-(134).
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(130) R =  H, A = N(CH2CH2)2
( 1 3 1 ) R  =  C H 3 ,  A =  N ( C H 2 C H 2 ) 2

( 1 3 2 ) R  = CH3, A =  N(CH2CH3)2
( 1 3 3 ) R  =  C H 3 ,  A = N ( C H 2 C H 2 ) 2 C H 2

( 1 3 4 ) R  = CH3, A  =  N(C H 2CH 2)20

O C H 2 C H 2 A

Pharm acological studies showed that these compounds displayed interesting 

antiestrogenic properties, where it was concluded that the chrom ene nucleus 

caused a profound decrease in binding to the estrogen receptor sites. A series o f

2-(4-chlorobenzyl)-3-aryl-6-m ethoxybenzofurans

investigated.

(1 3 5 H 1 3 8 ) 338 w ere also

(135) X =  N(CH3)2

(136) X =  N(CH2CH2)2
(137) X =  N(CH2CH2)2CH2
(138) X =  N (CH2CH2>20

riiese com pounds were shown to possess a higher binding affinity for tiie 

estrogen binding sites than the corresponding tamoxifen derivatives.

Raloxifene^^^ (28) and similar 2-(4-halogenobenzyl)-3-arylbenzo[b]-thiophenes 

have been prepared as selective ligands for antiestrogen-binding sites. Zhu et 

synthesised a 2-(4-fluorobenzyl)-3-arylbenzo[b]selenophene derived from 

chalcone as a part o f  a project to prepare non-isomerizable antiestrogens for 

structure-activ ity  studies.

In this research a series o f  conformationally restricted non-isom erizable  

analogues were prepared displaying the general structure 2 ,3 ,4 ,5 -te trahydro-lH - 

benzoxepin-5-one [Figure 46]. These compounds are related to the overall 

tam oxifen  triaryl structure, how ever the problems with E and Z isomeric 

mixtures are eliminated.
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Ar, Het

RO

( 152) - ( 156) 

(316 ) - (330)

R

R

•CM

RO

(254 ) - (258)

R =

-CH2CH2N(CHj)2

-CH2CH2N(CH2CH,)2

-CH2CH2N̂ |  ̂ ^
-CH2CH2N

-CH2CH2N o

Figure 46: Proposed benzoxepin structure

These contain an oxygen atom within the seven membered ring system, which 

may afford an additional site for binding to the estrogen receptor. A series o f  

com pounds w ere synthesised, each possessing the benzo-fused seven m em bered 

ring system, some o f  which attain a similar structure to tamoxifen. Others 

incorporated an additional m ethylene substituent, these structures being related

to the tam oxifen analogues synthesised by Teo and others. 2 1 9 , 2 3 9 , 3 3 8 , 3 3 9 The
synthesis o f  these non-isom erisable com pounds depends on a viable preparation 

o f  the 2 ,3 ,4 ,5-te trahydro-lH -benzoxepin-5-one.

3.1.1. Synthesis o f  2,3,4,5-tetrahydro-l-henzoxepin-5-one.

2,3 ,4 ,5 -T etrahydro-l-benzoxepin-5-one  (139) was first synthesised by Powell 

and Anderson^'*^ in 1931, in poor yield, via cyclisation o f  4-phenoxybutyric  acid. 

Dann and Ardt^'*’ re-exam ined this approach in 1954 and found that (139) could 

be prepared quite satisfactorily by using polyphosphoric acid. The effectiveness 

o f  added xylene in polyphosphoric acid cyclisation o f  4-phenoxybutyric acid and 

the conversion  o f  4-phenoxybutyric chloride into 2 ,3 ,4 ,5 -te trahydro-l-  

benzoxepin-5-one (139) under the influence o f  stannic chloride, were reported  by 

Fontaine and Maitte^''^’̂ '’  ̂and B u c k l e . D a n n  and Arndt^"^’ investigated the use 

o f  hydrogen  fluoride as a reaction m edium  for the preparation o f  (139) and 

related com pounds. The synthesis o f  several substituted 2 ,3 ,4 ,5 -te trahydro-l-
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benzoxepin-5-ones have been reported, using the method proposed by 
F o n t a i n e . [ S c h e m e  32]

( 139)  R = H
( 140 )  R = B r  

3 ( 141)  R =  CI
( 142)  R = C H 3

( 143)  R =  0 C H 3

Scheme 32: Preparation o f  2,3,4,5-tetrahydro-l-benzoxepin-5-one

The method proposed by Fontaine however, had some limitations, one o f  which 
included the difficult work up of  the benzoxepin, which in turn led to low 
yielding products. Attempts to improve earlier reported yields o f  (139), included 
using phosphoric oxide in methanesulphonic acid, polyphosphoric acid or 
sulphuric acid. Attempts to improve this method identified phosphoric oxide- 
celite (1:2)^^*  ̂ as the optimal reaction conditions for cyclisation o f  4- 
phenoxybutyric acid and allowed the formation of compound (139) in 75% yield.

In this research the method proposed by Tandon et al., was used to prepare 
(1 as mustard coloured syrup (oily gel) in 76% yield.

Positive identification o f  this product was obtained from spectroscopic data. The 

infrared spectrum gave the carbonyl ketone at \’1689cm ', and the C-O-C ether 

stretch appeared at v 1289cm '.

In the 'F1 NMR spectrum of 2,3,4,5-tetrahydro-l-benzoxepin-5-one (139), the 

methylene protons at FI-3 were observed as a multiplet at 52.56, while the 

methylene protons at H-4 and H-2 were found as triplets (J=6.6Hz and J=7.0Hz), 

at 64.27 and 52.93 respectively. The aromatic protons occur in the region 56.95- 
7.14 mainly as a multiplet.

0(CH2)3C00H
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3,2. Synthesis o f  benzoxepin analogues of  tamoxifen.

2.1. Introduction

McCague'^'^’̂ '̂  ̂ prepared an analogue o f  tamoxifen into which had been 

introduced sufficient rigidity to allow observation o f  individual enantiom eric  

atropisomers. The benzocycloheptene’s fused ring is prevented from rotating 

com pletely out o f  plane due to the olefmic bond. The benzocycloheptenes attain 

the overall tam oxifen structure with the triphenyl groups and the ethylene 

function fused into the ring. [Figure 47].

/CH3

Figure 47: l-methyl-8-phenyl-9-[4-(2-dimethylaniino)ethoxy]phenyl-6, 7- 
dihydro-SH-benzocycloheptene (144)

It was envisaged that similar compounds could be prepared with the 2,3,4,5- 

tetrahydro-1 H -benzoxepin-5-one framework. The synthetic route for these 

benzoxepin analogues is outlined in Scheme 33 and involves seven steps.
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•OCHj
Step 1

Br Step 2 
nBuLi, THF

Step 4 Step 3

OHH2 S O 4 , EthanolPyBBrs 
Dichtoro me thane

C H 3 O

Step 5

. 0

Step 6 Step 7

(CH3)2N(CH2)2.HCI 
N 2 , A cetone  

(81 .5% )

BBrj 

Die hloroiTic thane

HO (CH3)2NCH2CH20

Scheme 33: Synthetic route fo r  5-(4-dimetIiylaminoethoxyphenyl)-4-phenyl-
2,3-dihydro-1 -hen zoxepin

3.2.2. Synthesis o f  5-aryl-2,3-dihydro-l-benzoxepin.

5-(4-Methoxyphenyl) -2,3-dihydro-l-benzoxepin  (145)^'*^ was synthesised from 

2,3,4,5-te trahydro-l -benzoxepin-5-one (139) with the use o f  the reagents //- 

^ " i t h i u m  and 4-bromoanisole,  under conditions described in the previous 

sections.  The resultant tertiary alcohol product  was dehydrated in situ  using 

85% polyphosphoric acid and was not isolated in this case. [Scheme 34].

P -C H ,O P h L i

(1 3 9 )

OH

(1 4 5 )

Scheme 34: Synthetic route from  (139) to compound (145)
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5- (4-Methoxypheny)-2,3-dihydro-l-benzoxepin (145) was afforded as a 

colourless crystal line solid (m.p. 79-81“C) in 55% yield. The com pound  was 

positively identified using infrared, 'H NMR,  '^C N M R  spect roscopy  and 

elemental analysis.

In the infrared spectrum o f  (145), the medium intensity alkene stretch occurs at 

V 1599cm' '  together with the aromatic C=C stretching at v l571  cm ' ' .  The C-O-C 

ether stretch occurs at v l2 8 7  and 1219cm' ' .

In the 'H  N M R spectrum o f  2 ,3-dihydro-5-(4-methoxyphenyl)- l-benzoxepin  

(145), the H-3 protons resonated at 62.50 as a multiplet (J=6.0Hz), being  split by 

H-2 and H-4. H-2 is observed as a triplet (J=6.0Hz), being split by H-3,

integrating for two protons at 54.52, while H-4 is found somewhat downfie ld at 

66.28 as a triplet (J=6.3Hz) being split by the H-3 methylene protons.  The 

aromatic H-3'  and H-5' are found as a multiplet between 66.88-6.90,  somewhat  

upfield due to the shielding effects o f  the 4 ' -methoxy subst ituent which  is found 

to resonate as a singlet at 63.85. The H-6 and H-7 protons are observed as a 

multiplet between 67.01-7.03, while the remaining aromatic protons resonate as 

a mult iplet  at 67.11 -7.28.

In the '^C N M R  spectrum the 4 ' -methoxy signal is observed at 54.82ppm. Two 

signals appear inverted in the DEPT 135, at 29.45 and 77.28ppm, corresponding 

to C-3 and C-2 respectively. The shielded C-3' ,  C-5'  signal occurs at 

I 13.10ppm, while the adjoining C-2' ,  C-6 '  signal is found at 129.20ppm. The 

aromatic C-9 and C-7 signals are found at 121.37 and 122.66ppm, while those o f  

C-8 and C-6 occur at 127.90 and 130.66ppm respectively. The quaternary C-5 

and C-9a are observed at 132.49 and 157.46ppm, while the C-1'  quaternary is 

found at 134.87ppm. Elemental analysis verified the molecular  formula 

assignments o f  the compound (145).

3.2.3. Synthesis o f  5-aryl-4-bromo-2,3-dihydro-l-benzoxepin.

4-Bromo-5- (4-methoxyphenyl) -2 ,3-dihydro- l-benzoxepin  (146) was synthesised 

via bromination o f  the accessible vinylic carbon at C-4.

3.2.3.1 4-Bromo-5-(4-methoxypheiiyl)-2,3-dihydro-l-benzoxepiit (146)

4-Bromo-5-(4-methoxyphenyl) -2,3-dihydro- l-benzoxepin  (146)^"^’ was prepared 

from (145) using pyridine hydrobromide perbromide in dichloromethane  at 0°C 

affording needle-like colourless crystals in 92% yield. [Scheme 35]
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The substitution  o f  an a lkene  h yd rogen  w ith  a h a lo g en  has b een  reported  u s in g  a 

ser ies  o f  r e a g e n t s . P y r i d i n e  h ydrobrom ide p erb ro m id e  is a 

co n v en ien t  reagent for the addition  o f  brom ine to a doub le  bond.^^^’̂ ^̂ ’̂ "̂*

B rom ination  studies o f  cis  and /ra « 5 - s t i lb en e  w ith  brom ine and p yrid in e  b ro m id e  

perbrom ide have sh ow n  that the latter reagent p o s s e s s e s  a greater  

s te reo se le c t iv ity  than b rom in e/^^ ’̂ ^̂  Freedm an and Dooakian^^^ h a v e  reported a 

ca se  for the use o f  pyrid ine b rom id e perbrom ide as a m ild  b rom in ating  reagent  

particularly  suited to the te traphenylch lorobutad iene ,  w h erea s  n ick e l  b ro m id e  

c o m p le x  and other co m p o u n d s  are prone to d eco m p o sit io n .

PyHBf3 
 >
CH,Cb

CH3O
( 145)

7

( 146)

Scheme 35: Synthesis o f  4-bromo-5-(4-methoxyphenyl)-2,3-dihydro-l-
benzoxepin (146)

Tiie identity  o f  this com p ou n d  w a s  con firm ed  using  infrared, 'H N M R  and 

N M R  sp ectroscop y . The e lem en ta l  co m p o s it io n  o f  co m p o u n d  (1 4 6 )  w as  

p o s i t iv e ly  confirm ed  us ing  e lem en ta l  an a lys is .  In the infrared spectrum  o f  (1 4 6 ) ,  

the broad aliphatic and arom atic C = C  stretches are o b serv ed  at v l 5 9 9  and 

V 1 5 6 8 c m ’', w h i le  the ether C -O -C  stretch is found at v l 2 8 6  and v  1 2 0 2 cm '' .

In the 'H N M R  spectrum  o f  4 - b r o m o -5 - (4 - m e th o x y p h e n y l) -2 ,3 -d ih y d r o - l - 

b e n z o x e p in  (1 4 6 )  the 4 ' -m e th o x y  substituent is observed  as a s in g le t  at 6 3 .8 6 .  

T h e  m e th y le n e  H-3 protons are found as a triplet (J = 5 .9 H z) ,  at 5 3 .0 4 ,  b e in g  split  

b y  the ad jo in ing  m eth y len e  H -2  protons ,  w h ich  are found as a triplet (J = 5 .9 H z)  

at 5 4 .6 1 .  A  d oub le  d ou b let  (J = 7 .8 ,  1 .7H z) is ob served  at 6 6 .8 0 -6 .8 2 ,  

co rresp o n d in g  to H -6  w h i le  the d esh ie ld e d  H -9  is found as a d o u b le t  (J = 8 .3 H z)  

at 5 7 .0 9 .  The arom atic H -3 ' ,  H -5 ' protons are found a lo n g  w ith  H -7  as a 

m u lt ip le t  in the range 5 6 .9 1 -6 .9 8 ,  w h i le  the rem aining  arom atic p ro ton s  occur  as 

a m u ltip le t  b etw een  6 7 .1 8 -7 .2 2 .  T here  is no proton peak o b serv e d  at C -4 ,  thus 

c o n f ir m in g  that d isp lacem ant w ith  b ro m in e  has occurred.

In the '^C N M R  spectrum o f  (1 4 6 )  the 4 ' -m e th o x y  substituent s ig n a l  occurs at 

5 4 .7 3 p p m .  The s igna ls  at 4 0 .7 4 p p m  and 7 7 .2 4 p p m , w h ich  w e re  found inverted
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in the DEPT 135 spectrum, correspond to C-3 and C-2. The sh ielded C -3 ',  C-5' 

signal occurs at 113.01ppm while the corresponding C-2 ', C-6 ' signal is seen at 

130.69ppm. The aliphatic C-4 and C-5 quaternary signals are observed  at 121.51 

and 133.06ppm respectively, while C-1' is found at 134.35ppm. C-9 and C-7 are 

observed som ew hat upfield at 122.92ppm and the C-6 and C-8 signals appeared 

at 126.36 and 130.96ppm respectively. The C-5a quaternary signal is found at 

139.01ppm. Elem ental analysis verified the molecular formula ass ignm ent for 

the com pound (146).

3 .2 3 .2  Postu la ted  mechanism  f o r  the bromination o f  (146)

The m echanism  o f  the electrophilic addition o f  bromine to alkenes has been 

w idely  investigated both from the kinetic and the stereochemical point o f  

view.^^^’̂ ^*’̂ *̂̂  Apart from the relative importance o f  the various kinetica lly  

significant processes i n v o l v e d , i t  has been proven that the nature o f  

the intermediates o f  the addition depends on the structure o f  the substrate  and on 

the reaction medium. These intermediates [Scheme 36] range from the strongly 

bridged brom ium  ions (a), originally postulated by Roberts & Kimball^'"'^ to a 

w eak ly  bridged cation s p e c i e s , ( b )  or an unbridged / open cation 

species.

Rr

\  /  \  A \c=c ----- ► c—c"" c—C" X—c.
/  \  /  \  /  \  /

(a) (b) (c)

Schem e 36: In term edia tes o f  bromination proposed  by Roberts  <6 Kimbalf^^

M cC ague et utilised the reagent pyridinium bromide perbromide (PyHBrs) 

to selectively prepare a vinyl brom inated precursor to novel non-isom erisable  

antiestrogens (benzocycloheptenes). The precise mechanism for brom ination 

us ing  the reagent PyH^Br 3 ' is controversial, however it is believed to be 

electrophilic  and com plies with the general mechanism involving B t 2 . Dubois 

and  Huynh^^^ suggested, that the tribromide Br3 " reacts via electrophilic attack on 

reac tive  alkenes com pared to nucleophilic attack by Br' on the Br2 charge 

transfer  com plex when the alkene is o f  low reactivity.

R ols ton  and Yates^^^ and Barili et suggested that PyHBra is converted

lo P yB r 2 and therefore PyBr^Br' can act as the electrophilic agent for both  

reagents . H easley et confirmed that the differences in reaction o f  brom ine

and  halogen com plexes result from the fact that with molecular bromine, tw o or
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more halogen  molecules participate in the transition state (second order), 

whereas reactions with  the halogen complexes limit the availability o f  halogen 

and im pose a first order mechanism.

The m echanism  postulated for the bromination o f  5-(4-m ethoxyphenyl)-2 ,3- 
d ihydro-1-benzoxepin  (146) is depicted in Scheme 37

It is p roposed  that from PyHBra is generated the electrophile, Br^, which adds to 

the benzoxepin  (145) substrate, resulting in a bridged intermediate. This then 

undergoes elimination, with regeneration o f  the double bond resulting in the 

m ono-substitu ted  product (146). The next reaction step involves arylation at C- 

4, hence a short discussion o f  arylation reactions.

3.2.4. Aryl-Aryl coupling reactions.

3.2.4.1 Introduction

Biaryls  (A r'-Ar^) and their homologues such as tetraryls, oligoaryls and 

po lyary ls  are an important class o f  organic compound. The biaryl unit is 

rep resen ted  in several types o f  compounds, including natural products, polymers,

I iquid crystals, ligands and molecules o f  medicinal i n t e r e s t . A  num ber o f  

ca ta ly tic  m ethods for synthesising these biphenyls from monoaryl precursors in 

c ross-coup ling  reactions have been developed over the last two decades by 

Kharasch,^*'* Negishi,^*"^ Stille^^^ and more recently Suzuki.^™

(I^ross-coupling reactions are now accessible via a variety o f  organom etallic  

reagen ts  and provide a fundamentally common synthetic methodology.^*’̂  

[ Equation 1 ]

CHjU CH3O CH ,0

Scheme 37: Postulated mechanism o f  bromination



Pd - catalyst 
R - M  + R ' - X  --------- ► R — R'

R —M = organometallic reagent 

R, R' = aryl

Equation 1: Cross-coupling reactions using organometallic reagents

In the ear ly  1 9 7 0 ’s K u m a d a  and  Tamao^^'  and Corriu^^^ reported  indep e n d e n t ly  

that  the reac t ion o f  o rg an o m a g n es iu m  reagents  with alkenyl  or  aryl  ha l ides  could  

be ca ta ly sed  by Ni  (II) complex.  Tamura^^^ found  Fe(III)  ca ta lyst  e ff ic ien t  for 

the cross  coup l ing  o f  G r ignard  reagents  with 1 -ha lo - l - a lkenes ,  w h i l e  L i 2 - C u C l 4  

w as  found su i t ab le  for  haloa lkanes.  The  pa l l ad ium ca ta ly sed  reac t ion  o f  

G r ignard  reagen ts  w as  first reported by  Yamamura /^ '^  the syn the t ic  ut i l i ty  o f  

wh ich  w as  then  am p ly  demons t ra ted  by Negishi^^^ on the  r eac t ion  o f  

o rg an o a lu m in iu m ,  zinc,  and z ir con ium  reagents .  Fur ther  d i scover ie s  h a v e  show n  

that  m a n y  o ther  o rganom eta l l i c  reagents  are  h igh ly  useful  as nuc leoph i le s  for  the 

c ro s s - coup l ing  reac t ion ,  e.g. o rgano l i th iums  by Murahashi,^^^ o r g a n o s t a n n a n e s  

by Kosugi^^^ and  Stille,^^* 1-alkeny lcopper( I )  by Alexakis^^*^ and o rganos i l i con
380c o m p o u n d s  by H a tanaka .

The  four  most  c o m m o n l y  used catalyt ic  m ethods  in biaryl  syn thes i s  are  the 

Kharasch ,  Negish i  (Heck- type  react ion) ,  St i l le  and Suzuki  react ions.  These  

reac t ions  enable  the  p repara t ion  o f  both sym m etr ic a l  and asym m etr ica l  b iary l s  in 

a c ross -coup l ing  reac t ion  and invar iab ly  p roceed  using G roup  III t rans i t ion
T O  1

meta ls ,  such as nickel  or  pa l l ad ium  catalysts.

T h e  Kharasch  reac t ion  began  to achieve  impor tance  as a m e th o d  for biaryl 

syn thes i s  in the mid  to late 1 9 7 0 ’s. In this  reac t ion an aryl Gr ignard  reagent  

( A r ' M g X ,  X = ha logen )  is genera l ly  reac ted  wi th  an aryl ha l ide  (Ar^X) in the 

p r e s e n c e  o f  an appropr ia te  cata lys t  to yield the biaryl  (Ar ' -Ar^ ) .  O ther  

funct ional ised  aryls  can  also pa r tne r  the Gr ignard  reagent  in the reac t ions ,  for 

ex a m p le ,  pheno l i c  de r iva t ives  such  as t ri f la tes ,  mesylates ,  e thers  as wel l  as 

t h io phe no l i c  de r iva t ives  such as su lph ides  and su lphones  have  been  used. 

H o w e v e r  the d i sa d v a n tag e  o f  the  K harasch  reac t ion  is that the po la r  na ture  o f  the 

G r i g n a r d  reagent  ( s t rong  nuc leoph i le )  pe rc ludes  the use o f  several  types  o f  

func t iona l  g roups  in the coup l ing  pa r tne r  such  as a ldehydes,  ke tones ,  es ters  and 

ni t ro  groups.

T h e  Negish i  reac t ion  ut i l ises  ary lz inc  reagen ts  ( A r 'Z n X ,  X = ha logen )  and  aryl 

ha l ide s  o r  t r i f la tes  (A r  X, X = h a lo g e n  or  t r i f la te)  and began  to a s su m e  im por ta nc e  

in the  mid  19 7 0 ’s . I n  1978, Negish i  r epor ted  that  i odobenzene  se lec t ive ly



coupled with the 1-alkynyl group on lithium 1-hexynyl (tributyl) borate through 

a pal ladium-catalysed addition el imination sequence (Heck-type reaction).  

Unlike the Kharasch reaction, functional groups such as aldehydes,  ketones,  

esters, amines and nitro groups etc., are tolerated in the coupling partner  o f  the 

arylzinc reagent. Al though arylmagnesium and arylzinc reagents  are precursors 

to biaryls in the Kharasch and Negishi reactions respectively, aryl l i thiums are 

not generally used due to their highly polar and basic nature. There  are, 

however,  a few isolated examples where aryll ithiums have been used 

successful ly in biaryl synthesis, as illustrated in Scheme 38.

Pd(PPIl3)4
OCH

( 147 ) ( 148 ) ( 149 )

Scheme 38: Synthesis o f  compound (149) via the Negishi Reactions

Arylation o f  olefins via the Heck (Negishi)  reaction can be achieved by 

treatment with an arylpalladium reagent that can be generated in situ  by several 

methods.

(1) By treatment o f  an arylzincbromide with a pal ladium-tr iarylphosphine
383 384complex (ArZnBr-ArPdBr) ,  ’ which is used in this research.

(2) By treatment o f  an aryl iodide^^^ with palladium acetate^*^ in the presence 

o f  a base such as t ributylamine or potassium acetate (Arl-ArPdl).^^^

(3) By treatment o f  an arylmercury compound (either Ar 2 Hg or ArHgX) with 

L iPdCb  (ArHgX-ArPdX).^**

(4) By the reaction o f  an aromatic compound with pal ladium acetate or 

pal ladium metal  and silver  acetate in acetic acid (ArH-ArPdOAc).^^^

The Heck reaction can also be extended to other  functional groups,  such as ether, 

carboxyl ,  phenolic or cyano groups.

In the late 1970’s, the Stille reaction started to be used in biaryl synthesis,  using 

arylstannanes ( A r 'S n R 3 , R=Me,  Bu) and aryl halides or triflates (Ar^X, 

X=halogen  or triflate) as the coupling partners. This reaction is extremely 

versat i le,  proceeds under neutral condit ions and can tolerate a wide range o f  

subst i tuents  on both coupling partners. Thus,  substituents which are not 

compat ib le with the Kharasch and Negishi reactions are often tolerated in the 

Stil le reaction.  The major disadvantage o f  the Stille reaction is the toxicity o f  

the organotin reagents and byproducts.
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The 1980’s saw the advent o f  the Suzuki reaction, which like the Stille reaction 

has proved extrem ely versatile and has found extensive use in natural product 

synthesis. Boronic acids [A r'B (0H )2] are the usual substrates in this reaction 

together with aryl halides or triflates (Ar^X, X=halogen or triflate), although 

esters or arylboranes are frequently used.^^' Palladium -catalysed cross coupling 

reactions o f  aryl halides or triflates with boronic acids, the Suzuki reaction has 

now becom e the most powerful and popular tool for selective construction o f  

carbon-carbon b o n d s . T h e  palladium catalysed coupling o f  aryl brom ides 

with aryl boronic acids (the Suzuki reaction) has been shown to have great utility 

in the synthesis o f  biaryl compounds^^° and will be discussed later in this 

Chapter [Section 3.4]. This widely employed reaction protocol utilises aqueous 

organic solvents in the presence o f  an inorganic base (typically  carbonate, 

bicarbonate or hydroxide) and triphenylphosphine as l i g a n d . W a l l o w ^ ^ ^  

showed that phosphine ligand limits the catalytic efficiency o f  palladium. 

Ligandless palladium  catalytic species give fast coupling reactions^^"* and the 

phosphine-related  side reactions can be suppressed.

2.4.2 Synthesis o f  5-(4-inethoxyplienyl)-4-phenyl-2,3-dihydro-l-beitzoxepin  
(150) via Heck coupling reaction.

In this section the preparation o f  5-(4-m ethoxyphenyl)-4-phenyl-2 ,3-d ihydro-1- 

benzoxepin (150) using the Heck reaction will be discussed.

Phenylation o f  4-brom o-5-(4-m ethoxyphenyl)-2 ,3-d ihydro-l-benzoxepin  (146) 

using phenylzinc chloride and tetrakis(triphenylphosphine)palladium (0) in THF 

afforded 5-(4-m ethoxyphenyl)-4-phenyl-2 ,3-d ihydro-l-benzoxepin  (150) as 

colourless  crystals in 89% yield. [Scheme 39]

( 146)

PliZnCI

,0>' <0>"
C H 3 0

( 150 )

Scheme 39: Arylation o f  4-bromo-5-(4-methoxyphenyl)-2,3-dihydro-l- 
benzoxepin to form  compound (150)

T he  com pound (150) was positively identified using spectroscopic data and 

elem ental analysis.



In the 'H  N M R  o f  5-(4-m ethoxyphenyl)-4-phenyl-2 ,3-d ihydro-l-benzoxepin  

(150), H-3 protons are observed as a triplet (J=6.3Hz) at 52.74, while the 

adjoining H-2 protons are found at 54.55 as a triplet (J=6.0Hz). The 4 '-m ethoxy  

protons are found as a singlet at 53.76. The shielded H -3 ’, H -5 ’ protons are 

observed at 56.66-6.68 as a double doublet (J=6.5, 2.0Hz), w hile  the 

corresponding H -2 ',  H -6 ' protons occur as a double doublet (J=6.5, 2.0Hz) at 

56.90-6.92. The aromatic H-9 proton is slightly deshielded and occurs as a 

double triplet (J=8.3, 1.5Hz) betw een 56.98-7.02. The rem aining aromatic 

protons are found in the range 57.08-7.24.

In the '^C N M R, the 4 '-m ethoxy  signal is characteristically observed at 

55.07ppm. Two inverted signals are observed in the DEPT 135 spectrum, at 

35.72 and 80.44ppm, corresponding to C-3 and C-2 respectively. The shielded 

C-3', C -5 ' are found at 113.07ppm, while the corresponding C -2 ',  C -6 ' signal 

occurs at 131.02ppm. The C-4 ' quaternary signal is found dow nfield  at 

158.16ppm. The aromatic C-9 and C-7 signals are found at 122.06 and

123.49ppm, while those o f  C-8 and C-6 occur at 132.52 and 126.28ppm,

respectively. The quaternary C-5 and C-9a signals are observed at 133.81 and

156.71 ppm, while the remaining aromatic signals are found between 128.39-

129.50ppm.

The elem ental analysis results for com pound (150) proved satisfactory.

3.2.4.3 Proposed arylation mechanism.

The cross-coupling  reaction o f  organic eletrophiles with organometallic  reagents 

in the presence o f  a transition metal, has proven to be a very mild and straight 

forward m ethod o f  forming C-C bonds. Negishi and co-

dem onstrated that organometallics containing zinc can 

enter into cross-coupling reactions when used in conjunction with palladium (or 

nickel) catalysts. The presence o f  the co-catalyst Z nC b  was also found to 

enhance the rate o f  cross coupling'*®'^ with Pd and Ni catalysts. The various 

palladium  assisted coupling reactions occur by several closely related 

mechanisms.^*^^’̂ *̂

N um erous m echanistic studies o f  the biaryl coupling reaction have been 

performed,^^^’̂ ^'’'*®̂’"*®̂’''®̂  resulting in a general catalytic cycle for the cross­

coupling  o f  organom etallics with organic halides, catalysed by transition metals 

[usually  nickel (0) or palladium (0) species], w hich is depicted in Schem e 40.
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R2X
Pd(0)

RIMMX

M = Mg, Sn, Zn, A1 
X = Br, I

Scheme 40; A general catalytic cycle fo r  cross coupling

These coupling reactions involve the oxidative addition o f  organic hal ides to the 

pal ladium (0) complex to form organopalladium halides (R^-Pd(II)-X). This  is 

followed by transmetalation with main-group organometal l ics  (R 'M ) ,  to provide 

the diorganopalladium complex (R^-Pd(II)-R'),  which can undergo a reductive 

el imination,  leading to carbon-carbon bond formation (R'-R^) and regenerat ion 

o f  the catalyst.'^®* Although each step involves further complicated processes

including ligand exchanges, research has verif ied the presence o f  the
2  2  1 intermediates (R -Pd(II)X and R -Pd(l l)-R ) via isolation and spectroscopic

analysis. 384,409

In this case the bromide group [R^X] o f  4-bromo-5-(4-methoxyphenyl)-2,3-  

d ihydro- l -benzoxepin  (146) is stereospecifically replaced by a phenyl group,  via 

pal ladium catalysed coupling o f  the bromide with phenyl zinc chloride to 

afford"^'^ 5-(4-methoxyphenyl) -4-phenyl-2,3-dihydro-1 -benzoxepin (150). 

McCague  proposed that this reaction type might  also proceed via a 

catalyt ical ly act ive chloro-palladium intermediate.  [Scheme 41]

Pd(PPh3)4 2PPhj pp, X 2PPh3 Pd(PPh3)4
Pd

\Br
PPh3

Ar

Br- C l - Ar Ar phenyl group

Scheme 41: Proposed mechanism fo r  arylation o f  bromo alkenes

The initial step o f  a coupling reaction is bel ieved to involve the formation o f  an 

organopal ladium salt which involves the oxidative addition o f  (146) to the Pd(0)

115



s p e c i e s . T h e  ca ta lyst  P d (P P h 3 )4  u sed , is c o n s id e red  to g enera te  the  

c a ta ly t ica l ly  active P d (P P h 3)2‘*'^ species e x p la in in g  the re fe rence  to 2 P P h 3 in 

S c h e m e  41. The p a llad iu m  com plex  fo rm ed  w ith  the o rg an o m eta l l ic  reagen t 

(P h Z n C l)  can then u n d e rg o  reduc tive ly  e l im ina tion  to a fford

F u r th e r  inves tiga tions  have  led sc ien tis ts  to sugges t  that  the  m ech an ism  o f  the 

m eta th es is  step cou ld  b e  suscep tib le  to steric  re ta rda tion .

i . 2.5. 5-(4-Hydroxyphenyl)-4-phenyl-2,3-dihydro-l-benzoxepin (151)

D em eth y la t io n  o f  5 - (4 -m e th o x y p h e n y l) -4 -p h e n y l-2 ,3 -d ih y d ro - l -b e n z o x e p in  

(150) w as  carr ied  ou t w ith  the dem e thy la t ing  agen t py r id ine  hy d ro ch lo r id e  to 

a ffo rd  5 - (4 -h y d ro x y p h e n y l) -4 -p h e n y l-2 ,3 -d ih y d ro - l-b e n z o x e p in  (151) as an oil 

in m o d era te  yield. [S ch em e  42] D em eth y la t io n  us ing  bo ron  t r ib rom ide  w as 

found to be fruitless.

( 1 5 0 )

PyrHCl

2000c

HO
( 1 5 1 )

Scheme 42: Demethylation o f  5-(4-methoxyphenyl)-4-phenyl-2,3-dihydro-l-
benzoxepin

T he  cha rac te r is t ic  b ro a d  h y d roxy  s tre tch ing  o f  (151) is obse rved  at v33 3 9 cm  ' in 

the  in fra red  spectrum . T he  a rom atic  and a lipha tic  C = C  s tre tch ing  is found at 

v l 6 0 9 c m ' ' ,  w h ile  the  e the r  C -O -C  s tre tch  is found  at v l2 5 5  and 1 2 1 7 c m '' .

In the  'H  N M R  sp ec tru m  o f  5 - (4 -h y d ro x y p h e n y l) -4 -p h e n y l-2 ,3 -d ih y d ro - l-  

b e n z o x e p in  (151), no m e th o x y  pro tons  are  obse rved , verify ing  the loss o f  a 

m e th y l  group. T he  H-3 p ro tons  are found  as a tr ip le t  (J= 6 .0H z), at 62 .74, be ing  

sp li t  by  the m eth y len e  H -2  p ro tons, w h ich  are  found at 54 .64  as a triplet. The H- 

3 ' ,  H -5 ' p ro tons  o ccu r  as a doub le  doub le t  (J= 8 .5 ,  2 .0H z)  at 56 .68 -6 .70  w hile  the 

c o r re s p o n d in g  H -2 ',  H -6 ' p ro tons are found  at 66 .93-6 .95  as a doub le  double t  

( J= 8 .5 ,  2 .0H z)  also. T he  p ro ton  at H -9  is obse rved  as a doub le  tr ip le t (J=7.5 , 

1 .3H z)  at 66 .98 -7 .02 , w h i le  the  rem a in in g  a rom atic  p ro tons  are  found as an 

u n re so lv e d  com plex  m u lt ip le t  be tw een  57 .14 -7 .28 .
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In the DEPT 135 spectrum o f  (151), two inverted signals are apparent  at 35.23 

and 79.97ppm, cor responding to C-3 and C-2 respectively. The shielded C-3' ,  

C-5 ' are found at 114.13ppm, while the corresponding C-2 ' ,  C-6'  signal occurs at 

130.53ppm. The aromatic C-9 and C-7 signals are observed at 121.60 and 

123.07ppm, while those o f  C-8 and C-6 occur at 132.25 and 125.84ppm 

respectively.  The remaining aromatic signals are found between 126.50- 

129.03ppm.

In the low resolut ion mass spectrum o f  5-(4-hydroxyphenyl)-4-phenyi-2,3-  

dihydro-1-benzoxepin (151), the molecular  ion is observed with a m/z 314 

(C 2 2 H 18O 2 ), as the base peak. The proposed fragmentat ion pattern is displayed in 

Schem e 43. Loss o f  the molecular  ion of  OH gives m/z 298 (2%), followed by 

cleavage  o f  the phenyl subst ituents results in the m/z 222 (4%) and further 

cleavage  o f  a phenyl group afforded the m/z 146 (1%) fragment. Alternatively 

cleavage  from the molecular  ion o f  O C H 2 and the phenyl subst i tuents gives the 

m/z 208 (3%) fragment; further loss o f  C 2H 2 affording the m/z 183 (38%) 

fragment.

no
m/z 238 (6% )

o
HO

C H '

D
in /z  183 (38% )

HO m /z 314 (M ', 100%)

m /z 298 (2% )

HO'
m /z 208 (3% )

m /z 222 (4% )
4

m /z 146(10% )

Scheme 43: Postulated mass spectral fragmentation pattern o f  5-(4- 
ltydroxyphenyl)-4-phenyl-2,3-dihydro-1-benzoxepin (151)



3.2.6. Preparation o f  5-(4-alkylaminoethoxyplienyl)-4-phenyl-2,3-dihydro-l- 
benzoxepin.

Alkylation o f  5-(4-hydroxyphenyl)-4-phenyl-2 ,3-d ihydro-l-benzoxepin  (151) 

was carried out to afford a series o f  5-(4-alkylam inoethoxyphenyl)-4-phenyl-2 ,3- 
d ihydro-l-benzoxep ins  (152)-(156) [Scheme 44], possessing the basic triphenyl 

structure o f  tamoxifen, with the ethylene function contained in a seven 

m em bered ring.

(152) R = — N (CH ,)2

(153) R =

(154) R =  — N

o
HO

(151) (152) - (156)

Scheme 44: Alkylation o f  5-(4-hydroxyphenyl)-4-phenyl-2,3-dihydro-l-
benzoxepin

These novel compounds (152)-(156) were positively identified using 'H  NMR,

' NMR and low resolution mass spectrometry. The yield, and infrared data o f  

com pounds (152)-(156) are listed in Table 10.

Compound Yield % I l ^ u m a x  cm
(152) 44 1608, 1591 (C=C)
(153) 66 1606, 1572 (C=C)
(154) 78 1607, 1579 (C=C)
(155) 52 1607, 1569 (C=C)
(156) 38 1599, 1577 (C=C)

Table 10: Yield and infrared data o f  compound (152)-(156)

In the ‘H N M R  spectrum [Figure 48] o f  5-[(4-dim ethylam inoethoxy)phenyl]-4- 

phenyl-2 ,3 -d ihydro-l-benzoxepin  (152), the dimethyl (N (C H 3 )2 ) substituent was 

observed as a singlet, integrating for six protons at 52.35. The m ethylene H-3 

protons are found as a multiplet, along with the N C H 2 protons in the range 

52.71-2.75, integrating for four protons. The H-2 protons are observed as a 

triplet (J=6.0Hz) at 64.64, while the O C H 2 protons occur at 54.02, as a triplet 

(.1=5.8Hz). The shielded H -3 ',  H-5 ' protons are found as a double double t 

(.1=9.OHz), at 56.67-6.69. The aromatic H -2 ', H-6' and H-9 protons are observed 

as a multiplet between 56.88-7.02, while the remaining arom atic  protons are 

found at 57.04-7.08.



Figure 48: ‘H  NMR Spectrum o f  compound (152)

In the DEPT 135 spectrum o f  (152), the characterist ic inverted signals at 35.25 

and 79.97ppm, correspond to C-3 and C-2 respectively, while the signals at 

57.82 and 65.37ppm are assigned to N C H 2 and O C H 2 . In the '^C N M R  

spectrum, the dimethyl N (C H 3 ) 2  signal is found at 45.42ppm. The shielded C-3 ' ,  

C-5'  signals occur at 113.24, 1 13.32ppm, while the corresponding C-2 ' ,  C-6'  

signal is found at 130.57ppm. The aromatic C-9 and C-7 signals  are observed 

121.60 and 123.03ppm, while those o f  C-8 and C-6 occur at 125.82 and 

132.05ppm. The quaternary C-4 signal is observed at 121.60ppm, 

interchangeable with C-9. The remaining aromatic signals are found be tween 

127.51-129.04ppm.

Low resolut ion mass spectrometry showed the molecular ion o f  5-[(4- 

d imethy laminoethoxy)phenyl]-4-phenyl-2 ,3-dihydro-l-benzoxepin (152) at m/z 

385 (C 2 6 H 2 7N O 2 ), as the base peak.



3.3. Palladium catalysed cross-coupling reactions

In the previous section 3.2.4.2, 5 -(4 -m ethoxyphenyl)-4-phenyl-2 ,3-d ihydro-1- 

benzoxepin (150) was synthesised via the Heck coupling reaction. In this section 

a series o f  4-aryl-5-(4-m ethoxyphenyl)-2 ,3-d ihydro-l-benzoxepins were 

prepared by a pallad ium  catalysed cross-coupling reaction using organoboronic  

acids the Suzuki coupling reaction.

3.3.1. Organoboronic acids.

3.3.1.1 Introduction

The popularity  o f  the palladium -mediated Suzuki reaction, w hich com bines 

arylboronic acids and aryl halides or triflates to give biaryl com pounds, is 

largely responsible  for the explosive growth in the chem istry  o f  arylboronic 

acids.

O rganoboron compounds''*'' are highly electrophilic, but the organic groups on 

boron are w eakly  nucleophilic, thus limiting the use o f  organoboron reagents for 

ionic reactions. The co-ordination o f  a negatively charged base to the boron 

atom has been recognised as an efficient method o f  increasing its nucleophilicity , 

and so aids transfer o f  the organic group on boron to the adjacent positive centre 

(1 ,2-m igration r e a c t i o n ) . H o w e v e r ,  intermolecular transfer reactions such as 

Grignard-like reactions are relatively rare. Fortunately, organoboron 

com pounds, like organoboronic acids and esters, have sufficient reactivity for 

transm etalation to o ther metals. Transm etalations to silver (1),'^’*̂ magnesium , 

zinc (II), alum inium , tin,'*'^ copper'*'^ and mercury (II) halides have been 

ex tensively  studied. The cross-coupling reaction o f  organoboron com pounds, 

w hich involves the transm etalation to palladium (II) halides as a key step, has 

been found to proceed  smoothly to form a w ide range o f  selective carbon-carbon 

bonds w hen it is activated with suitable b a s e s . O r g a n o b o r o n i c  acids are m ore 

often than not, the agents o f  choice.

The chem ical stability  o f  boronic acids [R 'B (0H )2] and their esters [R 'B(0R^)2] 

and the favourable steric properties o f  the latter, make them outstanding reagents 

for asym m etric synthesis as well as for geom etrically  controlled olefin synthesis.

The useful properties o f  boron derive from its close relationship to carbon. 

Boron can fit into organic compounds as a heteroatom as easily as can nitrogen 

and oxygen, and the first compounds contain ing  carbon boron bonds date from
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1860 /^^  T hese  in c lu d e  tr ie thy lbo rane  [(C 2 H 5 ) 3 B], a sp o n tan eo u s ly  f lam m ab le  

liqu id  and e th y lb o ro n ic  acid [C 2 H 5 B (O H ) 2 ] a s table  solid , hav ing  a s w e e t  taste.

B o ro n ic  acids are  co n v en ien t  reagen ts ,  genera lly  therm ally  s table, iner t  to w a te r  

and  oxygen , easy  to  m an ipu la te  ( they can be hand led  w ith o u t  specia l 

p recau tio n s )  and are not pa rt icu la r ly  toxic. T hey  are h igh ly  reac tive  c o m p o u n d s  

in a v a rie ty  o f  rep la ce m e n t  reactions.

3.3.1.2 Synthesis o f  boronic acids.

Severa l  syn theses  o f  bo ron ic  ac ids  w ere  reported  in the  su b sequen t  century . 

T h e  c lass ica l  synthesis"*^^ o f  aryl-  and 1 -a lkeny lboron ic  acids or th e i r  es te rs  from  

G r ig n a rd  reagen ts  and  tria lkylborates '*^ '’"*̂ ’̂'*̂ "' is an eff ic ien t  m e th o d  for m ak ing  

re la t iv e ly  s im ple  b o ro n  c o m p o u n d s  in la rge  quan ti tie s  [E quation

ArMgX + B(0Me)3 —  — ► ArB(0H)2 (2)

X = Cl Br, I 

Equation 2: Synthesis o f  boronic acid

H o w ev er ,  th is  G r ig n a rd  reac t io n ”*̂  ̂ p ro d u ces  low y ie ld ing  co m p o u n d s  and is 

reg a rd ed  as a ve ry  ted ious  p rocedure . The classical p rocedu re  a lso  su ffe rs  from 

c o n ta m in a t io n  w ith  sm all am oun ts  o f  the opposite  s te reo isom ers ,  or b is-  

a lk y la t io n  lead ing  to bo ron ic  acid de riva tives  and the fo rm ation  o f  

t r ia lky lbo ranes .

O th e r  w ell  e s tab l ish ed  m ethods  for o rganobo ron ic  acid p repa ra tions  inc lude  

pa rt ia l  o x ida t ion  o f  the  c o rre sp o n d in g  triorganoboranes,' '^* h a lo g en a tio n  o f  

t r io rg a n o b o ra n e s  fo llow ed  by  hyd ro lys is  o f  the resu lting  halides  and 

hydroboration'*^^ w ith  excess  d ibo rane , fo llow ed  by  a lcoho lys is  o f  the  B H 2 

g r o u p , y i e l d i n g  the acids. F o r  exam ple , alkeneboronic[^*^"'‘'"™™̂ ^B(C)H)2 ] acids, 

c a n  easi ly  be p rep a re d  by  hy d ro b o ra t io n  o f  the  appropria te  ace ty len ic  p recu rso r  

w i th  c a te c h o lb o ra n e .”*̂ '

A  recen t  useful v a rian t  o f  the  c lass ica l approach  utilises o rgano li th ium  reagen ts  

an d  t r i isop ropy l  borate , fo llow ed  by ac id if ica tion  with a nhyd rous  hydrogen  

c h lo r id e  to g ive  d irec tly  a lkyl- ,  aryl- , 1-alkynyl-  and 1 -a lkeny lboron ic  acids and 

e s te rs  in h igh  yields . [E qua tion  T riisop ropy l  bo ra te  is sh o w n  to be the

b e s t  o f  ava ilab le  alkyl b o ra te s  to avo id  m u lt ip le  a lky la tion  o f  the  borates .



RLi + B(OCH(CH3)2)j — -  R — B(0CH(CH3)2)3 

R = alkyl, aryl, 1-alkenyl, 1-alknyl

HCl R-B(0CH(CH3)2)3-
diisopropyl

organylboronate

•R—B(0H)2

Equation 3: Preparation o f  diisopropyl organoboronate

3.3.1.3 Preparation o f  substituted boronic acids (168)-(177).

In this present w ork, a ser ies  o f  substituted boron ic  acids w ere  prepared, u s in g  ?i- 

b uty ll i th ium , substituted  aryl h a lid es  and triisopropyl borate, under the  

co n d it io n s  descr ibed  b y  M organ e t  [S ch em e 45].  O n ce  sy n th es ised  the

boron ic  ac ids w ere  vacu u m  dried at less  than 3 0 ”C, as th ese  co m p o u n d s  are 

sen s it iv e  to heat and m a y  d e c o m p o se  readily  to the anhydride form o n c e  heated  

ab ove  this temperature.

(1 5 7 ) -

0CH(CH3)2 

+ B -0 -C H (C H 3 )2

0CH(CH3)2

(167)

1. nBiiLi 
THF

2. Hexane 
H2O

HO OH 

(168) - (177)

(168) X, = OCH 3 , X2  = H, X3 = H
(169) X, = H, X2  = 0 CH 3 , X 3  = H
(170) X, = H, X2  = H, X3  = OCH 3

(171) X, = CH 3 , X2  = H, X3  = H
(172) X] = H, X2  = CH 3 , X3  = H
(173) X, = H, X2  = H, X3  = CH 3

(174) X, =C1, X2  = H, X3  = H
(175) X, = F , X2  = H, X3 = H
(1V6) X| = C N , X2  = H, X3  = H
(177) X 3  = naphthyl

Scheme 45: Synthesis o f  boronic acids (168) — (177)

The substitu ted  b oron ic  acids w ere  afforded as crysta lline  so l id s  in m oderate  to 

g o o d  y ie ld s .  P o s it iv e  identif ica tion  o f  the product w a s  obta ined  from  

s p ec tro sco p ic  data. The y ie ld ,  m e lt in g  point and infrared data o f  these  

c o m p o u n d s  are deta iled  in Table  11. In the infrared spectrum the characteristic  

broad h y d r o x y  stretching w as  found in the v 3 7 3 3 - 3 0 1 6 c m  ' region . The  

arom atic  C = C  stretch for these  co m p o u n d s  (1 6 8 ) - (1 7 7 )  is o b serv ed  at v l 6 0 5 -  

1 593cm *',  w h i le  the B -O H  stretch occu rs  at v l  165 and 1 10 5 cm '' .
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Compound Yield % m.p. "C (lit m.p. "C) IRumax (KBr)  cm ‘‘
(168) 91 159 -  164 (160 -  163) 3401 (OH),  1604 (C=C)
(169) 29 158 -  162 (160 -  163) 3278 (OH),  1593 (C=C)
(170) 69 106 -  108 (105 -  107) 3354 (OH),  1604 (C=C)
(171) 52 249 -  260 (256 -  263) 3250 (OH),  1615 (C=C)
(172) 57 7 4 -  76 (69 -  71) 3272 (OH),  1605 (C=C)
(173) 57 162 -  164 (162 -  164) 3440 (OH), 1600 (C=C)
(174) 34 278 - 2 8 0  ( 2 8 4 -  289) 3262 (OH),  1595 (C=C)
(175) 17 2 6 0 - 2 6 1  (263 - 2 6 5 ) 3434 (OH),  1599 (C=C)
(176) 6 > 270 (285 -  292) 3427 (OH),  1610 (C=C)
(177) 36 202 -  208 (210 - 2 1 1 ) 3264 (OH),  1574 (C=C)

Table 11: Yield, m.p. and infrared data o f  compounds (168)-(177)

In the 'H N M R  spectrum o f  4-methoxyphenylboronic acid (168), the 4-methoxy 

protons are observed at 53.76 as a singlet. The H-3 and H-5 protons are shielded 

by the methoxy group and are found as a doublet (.1=8.OHz) at 66.86,  while the 

corresponding H-2 and H-6 protons occur as a doublet (J=7.5Hz) at 67.69.

In the '^C N M R spectrum o f  (168) the 4-methoxy carbon signal is found 

characterist ical ly at 55.13ppm. The shielded C-3, C-5 signal is observed at 

113.20ppm, with the corresponding C-2, C-6 signal occurring at 132.22ppm. 

I'he C-4 quaternary carbon is observed at 159.10ppm while the C-1 quaternary 

signal is found at 172.71 ppm.

A " B  N M R  spectrum o f  compounds (168)-(177) also verified the identity o f  

these products,  showing the presence o f  a Boron signal in the region 380- 

370ppm,  referenced from boron trifluoroetherate.

This  method could not be used to prepare 3-pyridinylboronic acid directly. 

Black and co-workers'*^"* found that the isolation o f  pyridine-3-boronic acid was 

problematic.  As a result,  it was found that the Suzuki coupling could be carried 

out very eff iciently using the crude trialkylboronate.  Thus 3-bromopyr idine was 

lithiated (/z-BuLi, ether, and -78°C), and then quenched with triisopropylborate.  

Removal  o f  solvent  provided the lithium trialkylborate [Scheme 46], which was 

used directly in the Suzuki  coupling without  the use o f  additional base. This 

method obviated the problem o f  isolating the water-soluble pyridinylboronic 

acid. 3-Pyridyltr i isopropyl borate (179) was afforded in 97% yield.
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L i((C H 3 )2 C H O )3 B . 3 ^ .
nBuLi 

 ►

N' N

(178) (179)

Scheme 46: Synthesis o f  compound (179)

In the infrared spectrum  o f  com p ou n d  (1 7 9 ) ,  the pyrid ine peaks are o b se r v e d  at 

1658 and 1583 cm"'.

In the 'H N M R , a s ing le t  is ob served  at 5 1 .1 8 ,  w h ich  is a ss ig n ed  to the m eth y l  

protons (C H 3 )o and integrates for 18 protons. T he (C H ) 3  protons are found  as a 

m ultip let  at 5 7 .9 5 .  T he H -5  proton occurs  as a m ultip let at 5 7 .2 1 ,  w h i le  the H -4  

and H -2  protons are observed  at 5 7 .9 2  and 5 8 .2 0  respective ly .  T he  H -6  proton is 

found at 5 8 .5 9  as singlet.

The '^C N M R  spectrum  o f  (1 7 9 )  sh o w s  s igna ls  at 2 3 .4 2  and 6 2 .8 8 p p m ,  

corresp on d in g  to (C H 3 ) 6  and (C H ) 3  re sp ect iv e ly .  T he  pyridine s ig n a ls  are found  

at 121 .9 9 p p m  for C -5 , 1 41 .32pp m  for C -4  and 144 .15pp m  for C -6 .  T h e  C -2  

signal is o b serv ed  at 152 .48ppm .

The b oron ic  acid m -nitrophenylboronic  acid (1 8 2 )  w a s  prepared in 28%  y ie ld  

acco rd in g  to the m ethod  o f  S eam en  and J o h n s o n , m o d i f i e d  to e m p lo y  2 .0  

cqu iv .  o f  fu m ing  nitric acid.'*^'’ T his  procedure in v o lv e s  the addition  o f  dry  

p lien y lb oron ic  acid to an ice  co o l  m ixture o f  fum ing nitric acid and a little urea.

[ S c h e m e  47 ]

NO ,

HNO,

OHHO OH

(180) (181) (182)

Scheme 47: Preparation o f  m-nitrophenylboronic acid (182)

T he procedure  outlined  by  M organ  et al. ,  in preparing 4 - fo rm y lb en zen eb o ro n ic  

acid  and 4 -a ce to p h en y lb o ro n ic  acid w a s  u n su ccessfu l ,  as the « -b u ty ll i th iu m  

re cy c led  w ith  the carbonyl group o f  the a ldehyd e and k etone  in the reaction .  

T herefore ,  it w a s  n ecessa ry  to protect"'^’ ’''̂ * the carbonyl ( C = 0 )  group as an 

acetal^^*  ̂ prior to preparation o f  the b o ro n ic  acid derivative . A c e ta ls  are s tab le  to  

attack b y  n u c le o p h ile s  and therefore are inert toward h ydr id es  as redu cin g
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agents .  D epro tec t ion  to the a ldehyde  once  the boronic  acid is p repa red  can be  

carr ied  out  by  mild  hydrolys is .

428Thus  4 -b ro m o b e n z a ld e h y d e  dime thyl  acetal  (184) was  p repa red  us ing  

t r imethyl  o r tho fo rm a te  and p - to lue nesu lphon ic  acid with 4 - b ro m o b e n z a ld e h y d e .  

O nce  the p ro tec ted  c o m p o u n d  (184)  was  isolated,  the 4 - fo rm y lb e n ze n e  bo ron ic  

acid'^'^” (185)  w a s  syn thes i sed  in the usual  m an n e r  [Schem e 48].  T h e  d im e thy l  

acetal  p ro tec t ing  g roup  was  rem oved  dur ing  the w ork  up. In the 'H  N M R  

spe c t rum  o f  4 - b r o m o b e n z a ld e h y d e  d imethyl  acetal (184) ,  the  m e t h o x y  ( O C H 3 ) 2  

pro tons  w ere  cha rac te r is t ic a l ly  observed  at 63.24 as a s inglet,  w h i l e  the  CH 

p ro to n  is found as a s ing let  at 65.30.  The  sh ielded H-3 and  H-5 p r o tons  are 

found as a doub le t  (J =  7.0 Hz)  at 67.26 - 7.29,  with the c o r r e spond ing  H-2  and 

H-6 a rom a ti c  p ro tons  at 67 .42-7.45 as doub le  doublet  (J=7.0Hz,  1.5Hz).

0 = C H  CH(0CH3)2

MeOH/H* B(0CH(CH3)2)3
- ►

H C = 0

HC(0CH3)3 iiBuLi

(186) (184) (185)

S chem e 48: Synthesis  o f  4-fonnylbeitzci iehoronic acid (185)

In the N M R  spec t rum  o f  (185) ,  the m eth o x y  s ignal is found at 5 1 .73ppm ,  

w h i le  a s ignal  at 101 .57ppm  is ass igned  to CH. A single  s ignal  is obse rved  for 

C-3,  C-5 and  C-2,  C -6  at 128.11 and 130 .76ppm respect ively.  T h e  qua te rna ry  C- 

I and C -4  s igna ls  are found at 121.90 and 136.86ppm.

Tiie p ropose d  m e c h a n i s m  for bo ronic  acid preparation"^"^' invo lves  f irs tly the 

fo rm ation  o f  the a ry l l i t h ium (carban ion)  nuc leoph i le  fo l lowed by  nuc leoph i l l ic  

a t tack  on t r i isop ropy lb ora te  and  f inal ly hydro lys is  to form the  bo ron ic  acid 

[ S c h e m e  49].
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i i-BuLi BuBr

0 -CH(CH3)2
+^B—0CH(CH3)2

0-CH(CH3)2

@0 H2 0 (H )
LiOCH(CH3)2 ►

(CH3)2HC0^ ^0CH(CH3)2

Schem e 49: Postulated boronic acid preparation

The first step involves the formation o f  a carbanion nucleophile,  which is 

conveniently prepared with the arylbromide and w-butyllithium. This 

nucleophile attacks the vacant orbital at the tr i -coordinate site o f  tr iisopropyl 

borate. Once the borate intermediate is formed,  hydrolysis  yields the required 

boronic acid.
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3.4. Suzuki coupling reaction.

3.4.1. Introduction

P a lla d iu m -ca ta ly sed  cross  co u p lin g  b etw een  arylboronic acids and ary lh a lid es  or 

aryl tr if lates has b een  sh o w n  to be a versatile  m ethod for the preparation  o f  

b i a r y l s . T h e  original procedure d ev e lo p ed  by Suzuki'*"'^’'*'*'' has a ch iev ed  

w id esp rea d  popu larity  in organic  syn th es is  s in ce  it is co m p a t ib le  w ith  a large  

variety  o f  functional groups, and the con d it ions  tolerate aqueous reaction  m edia.  

T he variou s  functional groups that can su rv ive  the reaction in c lu d e  cy a n o ,  

carbon y l,  nitro, a lco h o l ,  acetal and am ino groups as w e ll  as an ester function .  

M o reo v er ,  the inorganic  by-product o f  the Suzuki reaction is n o n - to x ic  and 

ea s i ly  rem o v ed  from  the reaction mixture, thereby m aking  the Suzuki p rotoco l  

su itab le  for industrial p ro cesses .  In 1981 Suzuki and h is  co -w o rk ers  first 

reported that b en zen eb o ro n ic  acid (1 8 6 )  cou ld  be cou p led  w ith  aryl ha lides ,  

ca ta ly sed  b y  a pa llad ium  phosp h in e  co m p lex  in the p resen ce  o f  sod iu m  

c a r b o n a t e . [ S c h e m e  50]

benzene 1

R = CH 3 , CH 3 O, Cl refliix

X = Br
(186) (1 8 7 ) - (1 8 9 )  ( 1 9 0 ) - (1 9 2 )

Scheme 50: Suzuki coupling reaction

This  reaction  is ca ta ly sed  b y  3% o f  te trak is(tr ip h en yl)ph osp h in ep allad ium  (0),  

with  b e n z e n e  or to lu en e  as the so lven t and requires 2  eq u iva len ts  o f  aqueous  

sod iu m  carbonate  so lu t ion . S in ce  the d isco v ery ,  various m o d if ica t io n s  have been  

m ade to the reaction  con d it ions .

3.4.2. Reaction conditions necessary fo r  Suzuki coupling

T he S uzuk i C o u p lin g  reaction  usua lly  g iv e s  high y ie ld s  under m ild  co n d it io n s  

and e m p lo y s  reagents  w h ich  are stable to air and m oisture, w h ich  are gen era lly  

o f  low  to x ic ity .  M o d if ica t io n s  to the initial co u p lin g  reaction co n d it io n s  have  

enab led  sy n th es is  o f  a num ber o f  functionalised  biaryls and heterobiaryls.  A  

variety  o f  reaction  co n d it io n s  are listed  below ;
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(a) Aryl halides.

The most frequently employed halides in boronic acid reactions are aryl 

bromides, but the reactivity o f  halides shows the order Ar-I>Ar-Br>Ar-Cl.' '°*’‘*''̂  

However, research has shown that aryl iodides do not give com plete  conversion 

in simple d isplacem ent reactions (Sn2) as reactions ceases after one hour, and 

therefore aryl brom ides are found to be more useful. Recent research shows that 

some electron-deficient heteroaryl chlorides and aryl chlorides are reactive 

enough to partic ipate  in the cross coupling. Recent studies by  M itchell and 

W allbank show that nitrogen-containing electron-deficient heteroaryl chlorides 

can be coupled w ith  areneboronic acid to give biaryls in good yields, by using 

[l,4 -bis(diphenyl-phosphine)butane]palladium (II)chloride [Pd(dppb)Cl2 ] as the 

catalyst.

(b) Palladium Catalysts.

Phosphine-based palladium  catalysts for example Pd(dppb)C l2 ^‘’*̂ and 

Pd(dppf)(O A c ) 2  are generally used, since they are stable on prolonged heating, 

a lthough, extrem ely high coupling reaction rates can sometimes be achieved by 

using palladium  catalysts without a phosphine ligand^^^ such as Pd(O A c)2 ‘̂ ‘*̂  and 

PdCb."*"** Phosphine-free palladiums are approximately one order o f  m agnitude 

m ore active that A rPd" l(P P h 3 )2 , both o f  Vv'hich arc in turn markedly more active 

that Pd(PPh3)4.^^‘̂ [Scheme 51]

Pd(0) com plex Pd[Ph 2 (w -PhS 0 3 M ) ] 3  (M = Na, K) catalysed the cross-coupling 

o f  highly  lipophobic sodium /7-bromobenzenesulfonate with />-methylbenzene 

boron ic  acid to give the coupling product in the yield o f  78% compared with a 

yield o f  36% catalysed by Pd(PPh 3 )4 . [Scheme 52]

catalyst 
 ►

aq. K 2 C O 3

P h B (0 H )2  + I

(1 8 6 ) (1 9 3 )
acetone

650C (1 9 4 )

catalyst: Pd(PPli3 ) 4  ; ( 8 h, 23% )

PhPdI(PPh 3 ) 2  ; (0 .3 3 h , 53% ) 

P d (O A c ) 2  ; (0 .7 5 h , 98% )

Scheme 51: Suzuki coupling using palladium catalysts

R ecent reports by  Casalnuovo and Calabrese'^'''^ reported that the water soluble
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B ( 0 H ) 2 Br

Pd(PPli2(w  — P liS 03N a))3

C H 3

( 171)

78% C H 3 '

S0 3 Na

( 195) ( 196)

Scheme 52: Coupled product o f  p-methylboronic acid and sodium p-
bromobenzenesulfonate

(c ) B a se

In con trast w ith  th e  cro ss -co u p lin g  rea ctio n s o f  tin  or z in c  reagen ts that do not 

require the p resen ce  o f  a b a se , the b o ro n ic  acid  co u p lin g  reaction  d o es  require a 

b ase/^ ^  T h e ad d ition  o f  strong b a ses , e .g . aqueous N aO H  or B a ( 0 H ) 2  both  in 

b en zen e  and D M E  ex erts a rem arkable e ffe c t  on the acce lera tion  o f  the co u p lin g  

rate.'^^^’'* '̂’"*̂  ̂ A lth o u g h  w eak  b a ses  g iv e  better resu lts for le s s  h indered  

a ry lb o ro n ic  a c id s .[S c h e m e  53]

B(0H)2 + A r— X
Pd(PPh3)4

 * ■

aq.Ba(0 H ) 2

8OOC

(197)

Ar

(201)
(198) ArX = 2 -  M eO Q ,H 4 l (80% )
(199) ArX = 2 - CIC6 H4 I (94% )
(200) ArX = 2 - bromonaphthalcnc (86% )

Scheme 53: Coupling reactions using Ba(OH) 2  base

H o w e v e r  w ea k  b a ses  g iv e  better resu lts for less h indered ary lb oron ic  a c id s, the  

order o f  rea ctiv ity  for m esity lb o ro n ic  a c id s corresp on din g  to the b a sic  strength: 

B a ( 0 H ) 2  >  N aO H  >  K3PO4 >  N asC O s >  N aH C 0 3 .̂ ®̂’‘*”  A lth o u g h  sod iu m  

carb on ate  is the m o st freq uently  u sed  b a se , other b ases are a lso  e f fe c t iv e . For

and th a lliu m456,457in sta n c e  sod iu m  h y d ro g en  carbonate,'*^"'’'*̂  ̂ tr ie th y lam ine , 

hydroxide^^*’"*̂  ̂ h a v e  b een  ap p lied  for th is  particular purpose. T h om p son  and co -  

workers'^^*' first reported  the use o f  a n on -aq u eou s sy stem  c o n s is t in g  o f  

tr ie th y la m in e  in D M F  for b o ro n ic  acid  co u p lin g  and th is sy stem  has p roved  to be 

su ita b le  for th e sy n th es is  o f  fluoroquinoline.'^^'^

(d ) R e a ctio n  m ed iu m

A lth o u g h  research  h as found that the so lv e n t d oes not p lay  an im portant ro le  in 

th e rea ctio n , a co m p a riso n  o f  the rea ctio n  rates at SO^C revea led  that the reaction  

a p p a ren tly  a cc e lera tes  in p o lar so lv en ts  e .g .  D M F > C H 3 C N  >  T H F >  toluene.'**''

129



The reaction conditions used in this research employed the use o f  palladium 

letrakis(triphenyl)phosphine, aqueous sodium carbonate, THF and arylbrom ides.

Andersen and co-workers'*^^ have recently developed an in-situ  Suzuki coupling 

method for synthesising C 2 -symmetric biaryls, which obviates the need for 

boronic acid isolation. This was carried out by treating the starting haloarene 

with only 0.5 equivalents o f  «-butyllithium followed by an excess o f  

trimethoxyborate. U nder these conditions it was then possible to generate the 

required 1:1 m olar ratio o f  haloarene and arylboronic acid in situ  which was then 

subsequently  coupled under modified Suzuki conditions. However, the reaction 

conditions for this in situ  procedure have yet to be optimised.

3.4.3. Suzuki coupling reactions o f  4-bromo henzoxepins.

3.4.3.1 Preparation o f  5-(4-methoxphenyl)-4-pltenyl-2,3-diliydro-l- 
benzoxepin.

As discussed in Section 3.2.4.2, 4-brom o-5-(4-m ethoxyphenyl)-2 ,3-d ihydro-1- 

benzoxepin  (146) was arylated using the Heck coupling reaction. However, it 

w as found that this route o f  synthesis o f  5-(4-m ethoxyphenyl)-4-phenyl-2,3- 

d ihydro -l-benzoxep in  (150) is not very efficient, as yields are low. Thus the 

Suzuki coupling reaction was employed, using phenylboronic acid (186) and 

(146) under mild conditions, to produce 5-(4-m ethoxyphenyl)-4-phenyl-2,3- 

d ihydro -l-benzoxep in  (150) [method 2]. The reaction was successful, affording 

(150), an oil in 96% yield. [Scheme 54] The spectroscopic data o f  (150), via the 

Suzuki coupling method was identical to that o f  5-(4-m ethoxyphenyl)-4-phenyl- 

2 ,3 -d ihydro -l-benzoxep in  (150) which was prepared via the Heck coupling 

method.

( 146)

HO OH

Pd(PPhj)4 

aq. N a 2 C 0 3

( 186) ( 150)

Scheme 54: Synthesis o f  compound (150) via the Suzuki coupling method



3.4.3.2 Synthesis o f  4-bromo-5-(4-hydroxyphenyl)-2,3-dihydro-l-beitzoxepin  
(202).

Due to the success o f  the Suzuki coupling reaction using 4-bromo-5-(4-  

methoxyphenyl)-2 ,3-d ihydro-l-benzoxepin  (146) and phenylboronic acid (186), 

it was envisaged that a number o f  arylated benzoxepins could be prepared with 

various subst ituted aryl and heterocyclic boronic acids using this synthetic  route. 

Thus a series o f  5-(4-hydroxyphenyl) -4- (aryl) -2 ,3-dihydro- l-benzoxepins  (203)- 

(213) and 5-(4-hydroxyphenyl)-4-(heterocyclic)-2,3-dihydro-1 -benzoxepins 

(217)-(220) were prepared.  Prior  to synthesis o f  these Suzuki  coupled 

benzoxepins,  4-bromo-5-(4-hydroxyphenyl)-2,3-d ihydro-l-benzoxepin  (202) was 

prepared from 4-bromo-5-(4-methoxyphenyl)-2 ,3-d ihydro-l-benzoxepin (146) 

with boron tr ibromide as the demethylat ing agent [Scheme 55].

( 146 ) (202 )HO

Scheme 55: Demethylation o f  compound (146) to form  4-hronto-5-(4- 
hydroxyphenyl)-2,3-dihydro-l-benzoxepin (202)

4-Bromo-5-(4-hydroxyphenyl)-2 ,3-d ihydro-l-benzoxepin  (202) was afforded as 

an oil in moderate yield. In the infrared spectrum o f  (202), the characterist ic 

broad hydroxy stretch is observed at v3402cm '.

In the 'H  N M R  spect rum o f  compound (202), the H-3 protons are observed as a 

triplet (J=5.8Hz),  at 53.03,  being split by the adjoining H-2 protons which are 

found as a triplet (J=6.0Hz) at 64.60. The aromatic protons are found as a 

multiplet between 56.81-6.88 and 67.07-7.24.  The H-9 aromatic proton occurs 

as a mult iplet  at 56.97.

In the '^C N M R  spectrum o f  4-bromo-5-(4-hydroxyphenyl) -2 ,3-dihydro- l- 

benzoxepin  (202), the 4-methoxy signal is not observed,  thus verifying the 

removal  o f  the C H 3 groups.  The C-3 and C-2 signals are observed inverted in 

the DEPT 135 at 41.07 and 77.35ppm. The shielded C-3' ,  C-5 '  s ignals are found 

at 114.97, 115.2Ippm, while the corresponding C-2',  C-6 ' s ignals occur at 

129.01 ppm. The aromatic C-9 and C-7 signals are found at 121.92 and 

123.42ppm, while those o f  C -8 and C -6 occur at 131.21 and 128.80ppm,
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respectively. The quaternary C -1 ' and C-5a signals are observed at 134.08 and 

1 38.99ppm.

3.4.3.3 Synthesis o f  5-(4-hydroxyphenyl)-4-(aryl/heteroaryl)-2,3-dihydro-l- 
henzoxepin

Initially, Suzuki coupling was carried out on 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro-l-benzoxepin  (202) w ith  aryl substituted boronic acids (168)-(177), 

(182) and (185). The reaction was carried out under mild conditions, with 

catalytic amounts o f  tetrakis(triphenyl)phosphinepalladium (0) and aqueous 

sodium carbonate. A series o f  5-(4-hydroxyphenyl)-4-(ary l)-2 ,3-d ihydro-1- 

benzoxepins (203)-(213) were synthesised and afforded as oils in good yield. 

[Scheme 56]

HO

HO OH

Pd(PPh,)4  
 ►

aq. Nb2C 0 3

HO X

X,

( 2 0 2 ) (168) - (177) (203) - (213)

(203) X, = 0 CH3, X2 = H, X3 = H (209) X, = C 1, X2 = H, X II

(204) X, = H, X2 = OCH3, X3 = H (210) ArX,, X2, X3 = naphthyl
(205) X, = H, X2 = H, X3 = OCH3 (211) X, = H, X2 = N 03, X3 = H
(206) X, =CH3, X2 = H, X3 = H (212) X, = C N , X2 = H, a:IIX

(207) X, = H, X2 = CH3, X3 = H (213) X, = C H O , X2 = H, X3 = H
(208) X, = H, X2 = H, X3 = CH3

Scheme 56: Suzuki Coupling reaction o f  4-bromo-5(4-hydroxyphenyl)-2,3-
dihydro-l-benzoxepins

Table 12 details the yields and infrared data o f  compounds (203)-(213). The 

characteristic  hydroxy stretch for these compounds is found in the range v3612- 

3007cm  '. The aliphatic and aromatic alkene stretch occurs between v l6 1 4 -  

1 574cm ’, while the C-O-C ether stretch at v l2 4 7  and 1195cm ''.
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Compound Yield % IR„n,ax (K B r) cm '
(203) 80 3402 (OH), 1608 (C=C)
(204) 85 3268 (OH), 1597, 1574 (C=C)
(205) 48 3421 (OH), 1614 (C=C)
(206) 93 3310 (OH), 1610 (C=C)
(207) 54 3389 (OH)
(208) 62 3382 (OH), 1607 (C=C)
(209) 70 3401 (OH), 1603 (C=C)
(210) 50 3397 (OH), 1606 (C=C)
(211) 47 3488 (OH), 1604, 1574 (C=C)
(212) 34 3401 (OH), 1607 (C=C)
(213) 73 3325 (OH), 1735 (C = 0 )

Table 12: Yields and infrared data o f compounds (203)-(213)

In the 'H N M R o f  4-(4-cyanophenyl)-5-(4-hydroxyphenyl)-2 ,3-d ihydro-1- 

benzoxepin  (212), the H-3 protons are observed as a triplet (J= 6 .0Hz) at 52.73, 

while the adjoining H-2 protons are found at 64.62, as a triplet (J=6.0Hz), both 

integrating for two protons. The aromatic protons are observed as a com plex 

unresolved multiplet between 56.16-7.55.

The '^C NM R o f  (212) shows the C s N  signal at 104.19ppm. The D EPT 135 

shows two inverted signals at 34.76 and 79.80ppm, which are assigned to C-3 

and C-2 respectively. The shielded C -3 ',  C-5' signals are found at 114.14 and 

115.90ppm, while the corresponding C -2 ',  C-6' signal occurs at 129.79ppm. The 

arom atic  C-7 and C-6 signals are observed at 123.42 and 128.72ppm, with the C- 

8 signal occurring at 131.40ppm. The remaining aromatic signals are observed 

betw een 130.67 and 133.02ppm, with exception o f  the quaternary C -1 ' signal 

which is found at 133.81ppm. In the low resolution mass spectrum, o f  (310) the 

m olecular ion (C23H17NO2) is observed as the base peak at m/z 339.

As an extension o f  this work, the biaryl coupling reaction was carried out with 

heterocyclic  boronic acids. Four different heterocyclic boronic acids were 

em ployed  in the coupling reaction w ith the benzoxepin (202); these included 3- 

pyrid inyltri isopropylborate  (179), benzo[b]furan-2-boronic acid (214), 

th iophene-3-boronic  acid (215) and furan-2-boronic acid (216) [Schem e 57].
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HO

(202)

+  R B (0 H )2
Pd(PPh3)4 

aq. Na2C03

HO
(179), 

(214) -(216) (217) - (220)

(217) R =

O
(218) R =

3.
(219) R =

(220) R = O

Scheme 57: Synthesis o f  compound (217)-(220) via the Suzuki Coupling
method

These products (217)-(220) were afforded as oils in moderate to good yields. In 

the infrared spectra  o f  compounds (217)-(220), the characteristic broad hydroxy 

stretch is found betw een v3429-3397cm  '. The yield and infrared data o f  

com pounds (217)-(220) are listed in Table 13.

Compound Yield (%) IRumax (KBr) cm '
(217) 83 3430 (OH), 1658, 1590 (pyridyl peaks)
(218) 46 3408 (OH), 1603 (C=C)
(219) 64 3397 (OH), 2227 (thienyl group)
(220) 81 3429 (OH), 1601, 1584 (C=C)

Table 13: Yield and infrared data o f  compounds (217)-(220)

In the 'H N M R spectrum  o f  5-(4-hydroxyphenyl)-4-(3-th ienyl)-2 ,3-d ihydro-l- 

benzoxepin  (219), the H-3 protons are observed as a triplet (J=6.0Hz) at 62.73, 

w hile  the adjoining H-2 protons are also found as a triplet (J=6.2Hz) at 54.65. 

The arom atic  protons occur as a complex multiplet between 56.66-7.24.

In the D EPT 135 spectrum  o f  (219), two signals are found inverted at 34.80 and 

80.26ppm , corresponding to C-3 and C-2 respectively. The C -3 ',  C-5' signals, 

w hich  are shielded from the hydroxy group are found at 114.42ppm, with the C- 

2 ', C -6 ' signals occurring at 129.77 and 130.45ppm. The remaining aromatic 

s ignals  are found betw een 123.86-130.45ppm, with the exception o f  the C-1' and 

C -3 "  quaternary  signals at 136.80 and 128.28ppm respectively. The quaternary 

C -4 "  signal is observed at 127.93ppm, while the C-5 and C-5a signals are found 

at 132.02 and 142.1 Ippm.
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The molecular ions o f  compounds (203)-(220) were confirmed by low resolution 
mass spectroscopy.

The Suzuki coupling reactions produced high yielding aryl and heterocyclic 

benzoxepin compounds (203)-(220), although, the reaction was unsuccessful 
when 4-fluoroboronic acid (175) was reacted with 4-bromo-5-(4- 
hydroxyphenyl)-2,3-dihydro-l-benzoxepin (202)

Thompson and co-workers'*^*^ found that 4-fluorophenylboronic acid did not 
couple successfully to a variety o f  2-amino-6-halopyrazinoate esters, when using 
the tetrakis(triphenylphosphine)palladium catalyst. They found that by 
substituting the Pd(PPh 3 ) 4  catalyst with the binuclear catalyst, 1,1- 
bis(diphenylphosphine)ferrocene-ligated palladium [Pd(dppf)(0 Ac)2 ],‘*̂ ’̂''*̂  ̂ the 
desired coupling reaction was promoted. The postulated reason for this may be 
that, the decreased steric hinderance enforced by the rigid ferrocene backbone 
may stretch the Pd-P bond distance from its usual length, thus accounting for the 

greater efficiency o f  the Pd(dppf)2 (OAc ) 2  catalyst. Further work may 
incorporate the use o f  this catalyst when coupling 4-fluorophenyl boronic acid 
(175) to 4-bromo-5-(4-hydroxyphenyl)-2,3-dihydro-l-benzoxepin (202).

3.4.4. Proposed mechanism fo r  Suzuki coupling

Miyaura and Suzuki'**’'* has suggested a catalytic cycle for the cross coupling of 
organoboranes with organic halides. The crucial difference noted between 
organoborane cross coupling and the general catalytic cycle is that, in the 
former, the oxidative addition is followed by the metathetical displacement of 
the halide ion from R-Pd-X by a basic species to give an organopalladium 
alkoxide (R-Pd-OR) or organopalladium hydroxide (R-Pd-OH), depending on the 
base used.^®* These organopalladium alkoxides and organopalladium hydroxides 
are believed to be more reactive than the organopalladium halide (vide infra) 
[Scheme 58].

Further mechanistic studies demonstrate that water and base are required to 
activate the boronic acid and that the rate-determining step depends on the 
identity o f  the aryl halide.
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Ar-Ar' ^  ArX 
Pd(0) ---------------(

Ar-Pd-Ar' Ar-Pd-X

e
B(01

Ar'B(<

NaOH
Ar'— B—OH

-  ArPd-OH NaX

NaOH

OH

Scheme 58: Proposed catalytic-cycle mechanism fo r  Suzuki coupling

As shown in Scheme 58, two equivalents of base are required in this catalytic 
cycle. One equivalent is utilised in the formation o f boronate, which is 
consistent with the fact that boronic acids act as Lewis acids, with the formation 
o f a tetravalent boron atom.'*'’̂ ’'**̂  ̂ The anionic nature o f  the organic group in 
organoboronic acids is enhanced by the formation o f the organoboronate.^^^ The 
second equivalent o f  base is consumed in the metathetical displacement o f  the 
halide to form organopalladium hydroxide or alkoxide. The organopalladium 
hydroxide/alkoxide is more reactive than the organopalladium halide, since the 
Pd-0  bond is more polar than the Pd-Br bond, owing to the greater 
electronegativity o f  oxygen relative to bromine. As a result, the electrophilicity 
o f  the organopalladium hydroxide is stronger than that o f  the organopalladium 
bromide and the electrophilic transmetalation reaction is facilitated. Thus, the 
transmetalation reaction is favoured by the formation o f both the arylboronate 
and the organopalladium hydroxide. This catalytic cycle clearly explains the 

failure o f  attempts to couple organoboronic acids in the absence o f a b a s e . I t  
also implies the possibility of selectively coupling organometallics bearing boron 
and other metal functionalities such as tin with electrophiles, since it is known 
that the tin coupling reaction (Stille reaction) does not require the presence o f  a 

base.
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T he m e ch a n ism s  o f  the o x id a t iv e  addition and reductive  e l im in a tio n  se q u e n c e s

p rop osed  to be fun dam en ta lly  co m m o n  p ro cesses  for all cr o s s -co u p l in g  reaction s  

o f  o rg a n o m eta llic s .  H o w ev e r ,  m uch less  is know n about the transm eta la tion  step  

b e c a u se  the m ech a n ism  is h igh ly  dependent on organ om eta llic s  or the reaction  

co n d it io n s  used  for the cou p lin gs .  S t i l le  has inferred that the transm etalation  

reaction  takes p la ce  by  an e lec troph ilic  substitution m ech a n ism , w ith  the  

organ op a llad ium  halide  acting  as an electrophile.^^*

T he o x id a t iv e  addition  is o ften  the rate-determ ining step in a ca ta ly t ic  c y c le .  

E lectro n -w ith d ra w in g  substituents en h ance  the rate o f  the co u p lin g ,  p erm itt ing  

the u se  o f  b r o m i d e s . T h e  relative reactiv ity  d ecreases  in the order o f  

l > O T f > B r » C l .  A ryl and 1-alkenyl h a lid es  activated by the p ro x im ity  o f  

e lec tro n -w ith d ra w in g  groups are m ore reactive  to ox id a t iv e  addition , than th o se  

w ith  a donating  group, thus a l lo w in g  the use  o f  ch lor ides  such as 3 -c h lo r o e n o n e  

for the cr o ss -co u p lin g  reaction. A  w id e  range o f  palladium  (0 )  ca ta ly sts  or 

precursors can be used  for the cro ss -co u p lin g  reaction. P d (P P h 3 ) 4  is  m ost  

c o m m o n ly  used, but P d C l 2 (P P h 3 ) 2  and P d (0 A c )2  plus PP h 3 or other p h o sp h in e  

l igand s are also e f f ic ien t ,  s in ce  they  are stable to air and readily  reduced  to the  

a c t iv e  P d (0 )  c o m p le x e s  w ith  organ om eta llic s  or phosp h in es  w h ich  are used  for 

cross-coupling."'*^^ P a llad iu m  co m p le x e s  that contain  few er  than four p h o sp h in e  

l igand s or bu lky  p h o sp h in es  such as tr is (2 ,4 ,6 -tr im eth o x y p h en y l)  p h o sp h in e  are 

in genera l h ig h ly  reactive  for the ox id a t iv e  addition  b eca u se  o f  the ready  

form ation  o f  co -ord in ate  unsaturated pallad ium  species^'^^’"'™

R e d u c t iv e  e lim in ation  o f  the organic partners from Ar-Pd-A r' reproduces the  

p allad ium  (0) c o m p l e x . T h e  reaction takes p lace  d irectly  from c « - A r - P d -  

Ar' and the t ra n s -A x - V d - K r '  reacts after its isom erisa tion  to the corresp on d in g  

r /5 -c o m p le x .  [E quation  4]

have  b een  in ten s iv e ly  stud ied  and are reasonab ly  w e ll  u n d e r s t o o d . T h e y  are

Ph— Pd— Ph ^

L

L

(trans)

Equation 4: Reductive elimination to reproduce Pd (0) complex
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The order o f  reactivity is d iaryl->(alkyl)aryl->dipropyl->diethyl->dim ethyl 

palladium (11), suggesting participation o f  the 7i-orbital o f  the aryl group during 

the bond f o r m a t i o n . S i m i l a r  effects are observed in the reductive elim ination 

o f  related platinum (II) complexes/^^

The transm etalation between 1-hexenylboronic acid and palladium (II) acetate 

was first reported by Dieck and Heck/^'* The in situ preparation o f  (E)- or (Z ) - l -  

a lkenylpalladium  (II) species and its addition to ethyl acrylate readily  proceeds 

at room tem perature while retaining their original configurations (Equation 5).

B uC H =C H B (O H )2 + Pd(0A c)2 + CH2==CHC02Et  B u C H = C H C H = C H C 02E t

Equation 5

There is som e experimental evidence for transmetalation to transition  metals. 

The reaction o f  organoboranes with organomercurials proceeds under neutral 

conditions when H g(0Ac2), Hg(0R)2 or HgO is used."*^^ It has also been 

reported that the addition o f  sodium hydroxide or other base exerts a rem arkable 

effect on the transmetalation rate o f  organoboron reagents with metallic  halides, 

such as m e r c u r i c , s i l v e r , ' ^ ' * ’ auric"*^  ̂ and platinic halides."*^’ Thus 

transm etalation with transition-metal complexes proceeds very well, but the 

choice o f  suitable bases and ligands on transition-metal com plexes is essential.

In sum m ary  the aryl-aryl Suzuki coupling reaction involves:

(1) oxidative addition ofPd(O) to aryl halides

(2) transm etalation o f  the A rPdBr with A r'B(0H 3)'N a^, and finally

(3) reductive elimination to give Ar-Ar'.^^'^*^'

}.4.5. Alkylation o f  Suzuki coupled benzoxepins

In the present work alkylation o f  5-(4-hydroxyphenyl)-4-(aryl/heteroaryl)-2,3- 

dihydro-1-benzoxepins (203)-(213) / (217)-(220) was carried out using 2- 

(limethylaminoethylchloride hydrogen chloride to produce the tam oxifen side 

chain benzoxepin  derivatives (221)-(235). [Scheme 59]
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1 .

HO (203)-(213)

(CH3)2N(CH2)C1.HC1
 ►

K2CO3
Acetone

CH

(217)-(220) CH

3\

/
NCH2 CH2 O (221)-(235)

(221) R = 4-methoxyphenyl
(222) R = 2-methoxyphenyl
(223) R = 3-methoxyphenyl
(224) R = 4-methylphenyl
(225) R = 3-methylphenyl

(226) R = 2-methylphenyl
(227) R = 4-chlorophenyl
(228) R =  1-naphthyl
(229) R = 3-nitrophenyl
(230) R = 4-cyanophenyl

(231) R = 4-formylphenyl
(232) R = 3-pyridilyI
(233) R = benzo(b)furyl
(234) R = 3-thienyl
(235) R = 2-furyl

Scheme 59: Alkylation reactions to produce 5-[(4- 
dimethylaminoethoxy)phenyl]-4-(aryl or heterocyclic)-!,3-dihydro-l-

benzoxepins (221)-(235)

The com pounds w ere prepared using the alkylation procedure described  in 

Section 2.7 and w ere afforded as oils in m oderate yields. Table 14 outlines the 

yield and infrared spectroscopic data for com pounds (221)-(235).

Compound Yield % I R u m a x  (KBr) cm ' M"

(221) 60 1607 (C=C) 415
(222) 50 1606, 1576 (C=C) 415
(223) 54 1605 (C=C) 415
(224) 64 1606, 1575 (C=C) 399
(225) 41 1 6 0 6 (C=C) 399
(226) 45 1603 (C=C) 399
(227) 95 1602 (C=C) 419
(228) 46 1606 (C=C) 435
(229) 76 1605 (C=C) 430
(230) 83 1608 (C=C) 410
(231) 74 1724 (C=C) 413
(232) 49 1607 (C=C) 386
(233) 68 1606 (C=C) 425
(234) 71 1606, 1570 (C-C) 391
(235) 38 1606 (C=C) 375

Table 14: Yield and infrared data o f  compounds (221)-(235)
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In the ‘H N M R  o f  5-[(4-d im ethylam inoethoxy)phenyl]-4-(3-pyrid inyl)-2 ,3-  

dihydro-1-benzoxepin  (232), the methyl (C H 3 ) protons are found as a singlet at 

62 .36 . The m ethylene H-3 protons are observed as a multiplet along with the 

N C H 2 protons in the range 52 .72-2 .75 , integrating for four protons. The H-2 

m ethylene protons are found as a triplet at 54.63 (J=6.0Hz). The aromatic 

protons are found between 56 .68-7 .61.

In the '^C N M R  spectrum o f  (232), the methyl ((CHa)2 ) signal is found at 

45.23ppm . The signals for C-3 and C-2 are found inverted in the DEPT 135 at 

34.65 and 79.96ppm . Tw o further inverted signals are observed at 57.65 and 

65 .22ppm  and are assigned to N C H 2 and OCH 2 . The shielded C-3' and C-5' are 

observed at 113.64ppm , while  the C-2' and C - 6 ' s ignals occur at 129.32ppm. 

The C - 8  signal is observed at 130.60ppm, w hile  C - 6  and C-7 signals are found at 

128.41 and 123.20ppm  respectively. The pyridinyl signals are found at 121.68  

and 139.58ppm  corresponding to C-3" and C-4". The signals for C-2" and C- 6 " 

are observed at 149.83 and 146.78ppm respectively.

Table 14 depicts the molecular ions for compounds (221)-(235) ,  which were  

obtained via  low  resolution mass spectra. The proposed fragmentation pattern 

for (222)  is displayed in Schem e 60. Loss o f  the dim ethylam inoethoxy  

substituent g ives  m /z 327 (10%), while further cleavage o f  O C H 3 g ives m /z 297  

(16% ) fragment. C leavage o f  C 1 0 H 1 4NO afforded the m /z 252 (24%) fragment; 

further loss  o f  H afforded the m/z 251 (16%) fragment. The m /z 210  (18%) 

fragment w as afforded from the molecular ion by loss o f  C 1 2 H 1 0 .
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OCH

CH3\
NCH2CH2O

c h / m/z 415 (M+, 100%)

OCH3

m/z 252 (24%)

+

m/z 327 (10%)

m/z 210(18%)

OCH

m/z 251 (16%)

m/z 297 (16%)

Scheme 60: Postulated mass spectral fragmentation pattern fo r  5-f(4- 
dimethylaminoethoxy)phenyl)]-4-(4-methoxyphenyl)-2,3-dihydro-l-benzoxepin

(222)

3.4.6. Summary o f  tamoxifen-like structures

The Suzuki coupling reactions for synthesis o f  these benzoxepin com pounds was 

very successful in producing a wide variety o f  novel products. These compounds 

w ere b iochem ically  tested for their inhibition o f  proliferation and binding ability 

for breast M CF-7 cancer cells (discussed in Chapter 4).
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3.5. Nitro-benzoxepins

A m inotam oxifen (236) [Figure 49] has relative binding affinity to estradiol 

sim ilar to that o f  tamoxifen.'*^ The amino portion o f  the molecule is know n to 

exhibit a remarkable antineoplastic activity on a wide spectrum o f  tum ours by
478acting on the guanine residue o f  the DNA molecule. It is believed that 

m ultiple cellular effects o f  amino-derivatives may include effects on 

prostag landin  synthetase, on Ca^^-calmodulin-dependent enzymes, on protein 

kinase C or an interaction with membrane phospholipids.

CH3̂
NCH2CH2O NH2

c h /

Aminotamoxifen

Figure 49: Structure o f  Aminotamoxifen (236)

It was envisaged that nitration, followed by conversion to amino derivatives o f  

2 ,3 ,4 ,5-te trahydro-l-benzoxepin-5-one (139) could afford conform ationally  

restricted analogues similar to iodotamoxifen, but containing an oxygen atom 

w ithin the seven membered ring. It is thought that the com bination o f  the nitro 

or am ino group and the oxygen atom in the benzoxepin ring, may afford an extra 

site for b inding to the estrogen receptor. The amino group could also be 

converted  to a number o f  other functional groups including cyano or halide 

derivatives, which in turn may be useful in the preparation o f  new antiestrogens.

In this research both 7- and 9-nitro-2 ,3-d ihydro-l-benzoxepin-5-one were 

prepared. Subsequent arylation with bromoanisole, bromination at C-4, followed 

by a Suzuki coupling with phenylboronic acid was carried out to form 5-(4- 

m ethoxyphenyl)-7-n itro-4-phenyl-2 ,3-d ihydro-1 -benzoxepin (242).

3.5.1. Syn th esis  o f  7- and 9-nitro-2,3-dihydro-I-henzoxepin-5-one.

Buckle and co-workers^'''^ prepared both 7- and 9-nitro-2 ,3-dihydro-1- 

benzoxepin-5-one on route to synthesis o f  7-cyanobenzoxepin, which is believed 

to be a sm ooth  muscle relaxant and a potassium-channel activator. White fuming 

nitric  acid was added to a solution o f  2 ,3 ,4 ,5-tetrahydro-I-benzoxepin-5-one 

(139) in concentrated nitric acid at -30“C. Buckle found that when the reaction
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was  carr ied  out  be tween  - 5 0  and -70°C,  the 7,9-dini t ro  der iva t ive  w a s  formed.  

How ever ,  under  the milder  react ion condi t ions  (-10 to -20”C), it is poss ib le  to 

l imit  n i t r a t ion  to the fo rmation o f  m onoder iva t ives ,  and a 5:1 m ix tu re  o f  7- and 

9-ni t ro  c o m p o u n d s  respect ive ly can be produced.  [Schem e 61] ,  In the presen t  

w ork  su i table  condi t ions  were not  found for the se lect ive form ation  o f  one  or  

o ther  m o n o  nitro derivat ive,  but  pure  isomers  w e re  i so la tab le  by
144c h rom atog raphy .

HNOi

( 139)
HNO,

NO2

(238)

Scheme 61: Synthetic route to 7- and 9-nitro-2,3-dihydro-l-benzoxepin

The  7-nit ro  i som er  (237)  was  isolated as oi ly crystals  in 41 %  yield,  wh i le  the 9- 

ni t ro i som er  (238)  was  afforded as an oil in on ly  9%  yield.  Tab le  15 detai ls  the 

yield and infrared spectral  data  o f  com pounds  (237)  and (238).

Compound Yield % I R u m a x  (KBr) cm '
(237) 41 1692 ( C = 0 ) ,  1534, 1360 (Ar-NOz)
(238) 9 1687 ( C = 0 ) ,  1531,  1328 (A r -N O j )

Table 15: Yield and infrared data o f  compounds (237) and (238)

In the 'H  N M R  o f  7 -n i t ro -2 ,3 -d ihyd ro - l -be nz oxep in -5 -one  (237) ,  the m e th y le n e  

H-3 p ro to ns  are  obse rved  as a triplet  (J=6.8H z)  at 82.32,  whi le  the ad jo in in g  H-2  

p ro tons ,  be ing  spli t  by H-3 are found at 62.95 as a t r iplet (J=7 .3Hz) .  The  H-4  

m e th y le n e  p ro to ns  are obse rved  downf ie ld  due  to the p rox im i ty  o f  the  C = 0  

g roup  as a t r iplet  ( J=6 .5Hz) at 64.36.  The aromatic  proton  H-9  w as  found as a 

doub le t  ( J= 9 .0H z)  at 67.18,  whi le  H-8 occurs  at 58.25 as a doub le  doub le t  

(.1=9.0, 3 .0Hz) .  The  rem ain ing  aromatic  p ro ton H-6 w as  found fur ther  dow nf ie ld  

at 68.63  due  to the desh ie ld ing  effect o f  the 7- N O 2 group,  as a double t  

(.1=3.OHz).

T a b le  16 detai ls  the '^C N M R  spectral  data  o f  the 7-ni t ro  (237)  and 9-nit ro  

(23 8 ) -2 ,3 - d i h y d r o - l -benzoxep in -5 -ones .
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Carbon ( C D C l 3)ppm
(237)

(CDC l3 )ppm
(238)

C-2 73.40 75.23
C-3 26.05 26.25
C-4 40.23 40.51
C-5a 133.39 135.60
C-6 125.70 126.32
C-7 128.13 122.01
C-8 122.33 122.45
C-9 121.17 129.12
C=0 207.91 204.11

Table 16: ‘^C NMR spectral details o f  (237) and (238)

3.5.2. Arylation o f  7-nitro-2,3-diltydro-l-benzoxepin.

5-(4-Methoxyphenyl)-7-nitro-2,3-dihydro-l-benzoxepin (240) was  afforded from 

7-nitro-2,3-dihydro-l-benzoxepin-5-one (237) with 4-methoxyphenyll i th ium as a 

pair o f  rotamers in a 59% yield. [Scheme 62], The infrared spectrum o f  5-(4- 

inethoxyphenyl)-7-nitro-2,3-dihydro-l-benzoxepin (240) shows the al iphatic and 

aromatic alkene stretching at u l6 0 5  and 1572 cm ' ' ,  while the C-O-C ether 

stretch occurs at u l 2 4 8  and 1179cm’'. The aryl-nitro medium intensity stretches 

are found at v l4 9 2  and 1342cm'' .

N O

(237)

nBuLi NO2

3' (240)

Scheme 62: Synthesis o f  5-(4-methoxyphenyl)-7-nitro-2,3-dihydro-l-
benzoxepin (240)

The 'H N M R  spectrum o f  (240) at ambient temperature shows chemical  n on ­

equivalence  o f  the geminally related methylene protons on the benzoxepin  ring.
1 7 9McCague observed similar  features when l-methyl -8-phenyl-9-(4-  

methoxyphenyl)-6,7-dihydro-5-benzocycloheptene was prepared.  The protons o f  

com pound  (240) at C-2 and C-3 give distinct separate multiplets . At ambient  

tempera ture the rotamers do not interconvert on the N M R  time scale. At 

elevated temperatures the signals broaden and coalesce at 137°C which from the
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Eyi'ing equation corresponds to AG± = 20.5 kcal mol ' for the racem isation  and 

an energy barrier o f  this magnitude should allow the separation o f  enantiom ers at 

around 0°C.'^*^

The nitro bearing ring suffers hindered rotation and the barrier against chemical 

equivalence o f  its diastereotopic aryl-hydrogen atoms has a specific AG, 

estimated around 13kcal mol '. Therefore the fused phenyl ring o f  com pound 

(240) is prevented from rotating completely out o f  plane o f  the o lefm ic  bond and 

the presum ed m echanism  for conformer inversion is by flipping o f  the two 

rem aining rings depicted in Figure 50. The nitro group brings the unfused ring 

out o f  the plane with the olefmic bond more readily, allowing passage to the 

racem ised transition state o f  (240). A further consequence o f  the unfused ring 

being out o f  plane is that this ring no longer activates the o lefm ic  bond to 

electrophilic attack.

NO2

0 C H 3

NO2

Figure 50: Presumed mechanism fo r  racemisation in compound (240)

Thus the rotamers o f  compound (240) are due to the two different conform ations 

o f  the 7-m em bered ring. Okamoto et and Gunther‘S*' have dem onstrated  the 

effic ient separation o f  enantiomeric conformers differing by the helicity 

generated  by the orientation o f  aromatic rings by analytical HPLC. This system 

separates  the enantiomers o f  compounds completely at -5°C, but the isolated 

enantiom ers rapidly racemise i f  allowed to heat up to room temperature. 

S im ilarily  enantiomers may be seperated using N M R at elevated temperatures, 

how ever due to the poor dissolution o f  (240) in DM SO, a ’H N M R  spectrum  at 

the elevated tem perature (approx. 137°C) was not obtained. Also dynam ic N M R  

studies can reveal an interaction between the aryl n-face and the nitro group, 

how ever no evidence was available from the NM R o f  com pound (240).

T able 17 details the 'H  NMR, rotamers (A) and (B) corresponding to the AB 

system  o f  5-(4-m ethoxyphenyl)-7-nitro-2 ,3-dihydro-l-benzoxepin  (240).
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Proton 240(A) 240(B)
O CH 3 3.84  (3H, s) 3 .87 (3H, s)

H-2 4 .46  (2H, m) 4.48 (2H, m)
H-3 2.47 (2H, m) 2.62 (2H, m)
H-4 6.28 (IH , m) 6 .37  (IH , m)
ArH 6.78-8 .09  (7H, m) 6 .78 -8 .09  (7H, m)

Table 17: ^H NMR details o f  AB system o f  compound (240)

Figure 51 show s the A  and B rotamer o f  compound (240).

Figure 51: 'H NMR Spectrum o f  compound (240)

In the '^C N M R  spectrum o f  (240), distinct signals are observed for C-2, C-3 and 

the O C H 3 group. In the DEPT 135, the C-3 signal is found inverted at 31 .86 (A )  

and 32 .39(B )ppm , while  the adjoining C-2 occurs at 77 .21(A ) and 77 .96(B)ppm .  

The 4 '-m eth oxy  signal is observed at 55 .21(A ) and 55 .40(B )ppm , w h ile  the C-4  

signal is found at 158.47ppm. The aromatic C-3', C-5' signals are observed at 

112 .44-114 .89 . The aromatic C - 8  and C - 6  signals are found at 122 .12(A ),  

122.59(B )ppm  and 123.14(A), 123.50(B)ppm  respectively. The C-9 signal 

occurs at 121.31ppm , while C-7 is observed at 126.35(A) and 126.85(B)ppm .

3.5.3. 4-Bromo-5-(4-methoxyphenyl)-7-nitro-2,3-dihydro-l-benzoxepin (241).

4-Brom o-5-(4-m ethoxyphenyl)-7 -n itro-2 ,3 -d ihydro-1 -benzoxepin  (241) was

prepared using pyridinium bromide perbromide mediated bromination o f  the 

corresponding 5-(4-m ethoxyphenyl)-7-n itro-2 ,3-d ihydro-1 -benzoxep in  (240)

[Schem e 63].
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I
2

3' (240)
CH3O CH3O

Scheme 63: Synthesis o f  4-bromo-5-(4-methoxyphenyl)-7-nitro-2,3-dihydro-l-
benzoxepin (241)

C om pound  (241) w as synthesised with a view to subsequent arylation and 

investigation as a conformationally  restricted tamoxifen like structure. 4-Bromo- 

5-(4-m ethoxyphenyl)-7-n itro-2 ,3-d ihydro-l-benzoxepin  was obtained as an oil in 

only a 22%  yield.

In the 'H  N M R spectrum o f  (241) the methylene H-3 protons are observed as a 

triplet (J=5.8Hz) at 53.13, with the H-2 protons occurring at 54.69, also as a 

triplet (J=5.5Hz). The 4 '-m ethoxy protons are observed as a singlet at 63.89. 

The aromatic H-8 and H-9 protons appear as a doublet (J=8.5Hz), while the H-6 

proton is observed at 68.06 as a double doublet (J=9.0, 3.0Hz). The remaining 

arom atic protons are found between 67.15-7.74. There was no evidence o f  

rotam ers present in this compound.

In the '^C N M R spectrum o f  (241), the 4 '-m ethoxy signal is observed at 

54.78ppm. The C-2 and C-3 signals are found inverted in the D EPT 135 

spectrum at 76.71 and 40.96ppm respectively. The shielded C-3 ' and C-5' 

signals occur at 1 13.59, 115.22ppm, while the corresponding C -2 ',  C-6 ' are 

found at 130.45ppm. The aromatic C-9 and C-8 signals are observed at 122.34 

and 123.50ppm, w ith  the C-6 and C-7 signals occurring at 124.61 and 

127.12ppm. The quaternary signals o f  C-5a and C-9a are found at 132.43ppm. 

V erification o f  the identity o f  the compound (241) was obtained from low 

resolution mass spectrometry, as the molecular ion is observed at m/z 375 and 

m/z 377 for C nH ^B rN O A  corresponding to the two isotopes o f  bromine.
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3.5.4. Suzuki coupling o f  4-bromo-5-(4-methoxyphenyl)-7-nitro-2,3-dihydro- 
1-benzoxepin.

5-(4-M ethoxyphenyl)-7-n itro-4-phenyl-2 ,3-d ihydro-l-benzoxepin  (242)  was  

prepared via Suzuki coupling with phenylboronic acid, using the conditions  

described in Section 3.4.3 [Scheme 64],

NO2 NO,

(2 4 1 ) ( 186) (2 4 2 )

Scheme 64: Synthesis o f  5-(4-methoxyphenyl)-7-nitro-4~phenyl-2,3-dihydro-l-
benzoxepin (242)

In the infrared spectrum o f  compound (242), the aliphatic and aromatic alkene  

stretch is observed at v>1606, 1571 cm'', while the ether C-O-C stretch is found

at 1247, 1 171cm''.

In the 'H NM R spectrum o f  5-(4-m ethoxyphenyl)-7-nitro-4-phenyl-2 ,3-d ihydro-  

1-benzoxepin (242), the C-3 protons are observed as a triplet (J=5.8H z) at 52 .79 ,  

w hile  the H-2 protons are found at 54.75 as a triplet (J=5.8Hz). The 4 '-m ethoxy  

protons occur as a singlet at 53.78. The aromatic protons are found between  

56 .6 8 -7 .8 2 .  N o rotamers observed for compound (242).

In the '^C N M R  o f  compound (242), the 4'-m ethoxy signal is found at 54.66ppm .  

The C-3 and C-2 signals are found inverted in the DEPT 135 spectrum at 35 .14  

and 80 .82ppm  respectively. The shielded C-3', C-5' signals occur at 113.13, 

114.82ppm , while  the corresponding C-2', C-6' signals are observed at 130.42  

and 130.45ppm . The aromatic C-9 and C-8 signals are found at 122.58 and 

123.19ppm  respectively, with the C-6 and C-7 signals occurring at 126.38 and 

127.69ppm . The remaining aromatic signals are found between 128.33 and 

1 30 .45ppm .

In the low  resolution mass spectrum o f  5-(4-m ethoxyphenyl)-7-nitro-4-phenyl-  

2 ,3 -d ih yd ro-l-b en zoxep in  (242), the molecular ion is observed at m /z373  

(C23H19NO4).
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In conclusion,  these nitre compounds may be the precursors for future work.  

The nitro group could undergo catalytic hydrogenation to give the corresponding 

amino benzoxepin.  Once the methoxy group is converted to an alkylamino 

phenyl group it would contain the overall s tructure o f  aminotamoxifen and 

therefore may obtain comparable antiestrogenic activity.
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3.6. Synthesis o f  benzoxepin analogues possessing an extra benzylic  

methylene group

rhe  overall synthetic route for these compounds which contain an extra benzylic 

m ethylene group is described in Scheme 65 and involves six steps.

Step 1 Step 2

H C l(gas)OHC-

Step 3
H j/PdC

Step 4

O C H ,

\  BBr,
S tep  5 \  Dichbriometlianc

HO

Step 6

(CH,hN(CH2)2CIIICI

\r/

Scheme 65: Synthetic route to 5-l(4-dimethylaminoethoxy)phenyl]-4-(4- 
methylphenyl)methyl-2,3-dihydro-l-benzoxepin.

The novel-flexible tamoxifen analogues, the preparation o f  w hich was described 

in C hapter 2, possessed an extra methylene benzyl group. These com pounds 

possessed good binding and antiproliferative activities, how ever they were 

produced as both the E- and Z-isomers. It was proposed that because  the 

benzoxepins are non-isomerisable, the presence o f  the extra m ethylene benzyl 

group in these compounds may enhance their affinity for the estrogen receptor.

3.6.1. Synthesis o f  4-arylmethine-2,3,4,5-tetrahydro-l-benzoxepin-5-ones.

4-A rylm ethine-2 ,3 ,4 ,5-tetrahydro-l-benzoxepin-5-ones (245), (246) were

obtained by acid catalysed (HCl) Condensation‘S**̂ o f  2 ,3 ,4 ,5 - te trah y d ro - l- 

benzoxepin-5-one (139) with the appropriately substituted benzaldehyde at room 

tem perature  as outlined in Scheme 66.
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[C ^'^  , ifv"
O

(139) ( 2 43 ) - (2 44 )

Scheme 66: Synthesis o f  4-arylmethine-2,3,4,5-tetrahydro-l-benzoxepin-5-ones

The 4-arylm eth ine-2 ,3 ,4 ,5-tetrahydro-l-benzoxepin-5-ones (245), (246) were 

obtained in moderate yields. Positive identification o f  the products w as obtained 

i'rom spectroscopic data. Table 18 details the yield, m elting point and infrared 

data for com pounds (245) and (246).

Compound Yield % m.p. "C I R u n i a x  cm
(245) 38 oil 1657 (C = 0 ) ,  1605, 1574(C=C)"*'
(246) 81 116.5 -  117.5 1665 (C = 0 ) ,  113 (C=C)^^’

Table 18: Yield, m.p. and infrared data o f  compound (245)-(246)

It is p roposed that the 4-arylm eth ine-2 ,3 ,4 ,5-te trahydro-l-benzoxepin-5-ones 
(245), (246) are obtained in E-configuration or as the trans isomer, w here the 

aryl ring lies trans to the carbonyl group, which is in keeping with related 

assignm ents  proposed by Brady et Brady and co-w orkers suggested that

the o lefin ic  proton o f  the trans  [E] isomer o f  2 ,3-dihydro-2-phenylm ethylene- 

1 H - in d an - l-o n e  occurs at higher chemical shift values, being m asked by the 

arom atic  protons, than the corresponding [Z] isomer, due to the deshielding 

effects resulting  from the diamagnetic anisotropy o f  the carbonyl group. As a 

result o f  these studies, it was concluded that the trans  derivative o f  

ary lm ethy lene  cyclohexanones, indanones and tetralones are usually produced  by 

acid / base  catalysed aldol condensation reactions, except when a h igh degree o f  

steric overcrow ding renders the trans  isomer unstable. Hence, the com pounds 

synthesised  here are conventionally assigned as the trans  isomeric form.

The carbonyl stretching in the infrared spectrum o f  (245) and (246) is observed 

at v l6 6 5  -1676cm '' and the alkene C=C stretching is found at v l6 0 3 -1 6 0 5 c m '' .

In the 'H N M R  spectrum o f  (246), the methyl protons resonate as a singlet at 

52.36 and the H-3 protons occur at 52.97 as a triplet (J=5.6Hz). The deshielded 

H-2 pro tons are observed as a triplet (J=5.6Hz) at 54.34. The vinylic H-IO 

proton is found downfield as a singlet at 57.78. The aromatic protons are

(245) R = H
(246) R = CH3
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observed in the range 67 .07  - 7.42, with the exception o f  the H-6 proton w hich  is 

found as a double doublet (J=7.7, 1.8Hz) at 57.97.

The '^C N M R  spectrum o f  (246) show s a signal at 31.13ppm , which is assigned  

to the methyl (CH3)  group. In the DEPT 135, two inverted signals are observed  

at 32 .25 and 72.28ppm , corresponding to C-3 and C-2 respectively. The C-4  

signal is found at 56.76ppm. The aromatic signals are found within the range 

I 19 .93 -135 .36  cm '.

3.6.2. Synthesis o f  4-arylmethylene-2,3,4,5-tetrahydro-l-benzoxepin-5-one.

4-(4-M ethylphenyl)-m ethylene-2 ,3 ,4 ,5-tetrahydro-l-benzoxep in-5-one (248)^'*^ 

was obtained from the hydrogenation o f  4-(4 -m ethylpheny)m ethyine-2 ,3 ,4 ,5-  

tetrahydro-1-benzoxep in-5-one (245) over palladium/carbon in good yield . The  

reaction w as monitored by TLC analysis [Scheme 67].

H j, Pd/C

CHj CH

(246)

Scheme 67: Hydrogenation o f  (246) to obtain 4-(4-methylphenyl)methylene- 
2,3,4,S-tetrahydro-l-henzoxepin-5-one (248)

Hydrogenation o f  4-phenylm ethine-2 ,3 ,4 ,5-tetrahydro-l-benzoxep in-5-one  (245)  

resulted in conversion o f  the carbonyl ( C = 0 )  group to a CH 2 [Schem e 68].

(245)

H2, Pd/C

Scheme 68: Over-hydrogenation to compound (247)

The reaction was repeated several times and the reaction conditions for isolation  

o f  the desired product were determined.

In the infrared spectrum o f  (248) the carbonyl stretch is observed at v 1687cm '',  

w h ile  the aromatic alkene stretch is observed at v l6 0 0 c m ‘‘ and v l5 7 3 c m ' ' ,  with
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no aliphatic alkene stretching being observed. The alkene stretching is present at 

V1208cm ''

In the 'H  N M R spectrum o f  (248)^"*^ the methyl protons occur as a singlet at 

52.35 and the H-4 proton is found to resonate as a multiplet at 53.40. Two 

m ultiplets in the ranges 51.78-1.80 and 52.37-2.49 are assigned to H-3 protons, 

which consist o f  two non-equivalent hydrogens Ha and Hb, one being slightly 

m ore shielded than the other and therefore resonating slightly m ore downfield. 

Each set o f  multiplets for H-3 integrates for one proton. These latter signals also 

couple with the H-4 multiplet and an apparent double triplet (J=12.1, J=5.0Hz) at 

53 .92-3 .99 and a double quartet (J=12.4, J=6.9Hz) at 54.49 and are assigned to 

the non-equivalen t H-2 m ethylene protons (He and Hd). A pair o f  double 

doublets at 52.79 and 53.29 was found to couple to each other and to the H-4 

signal and thus were assigned to the non-equivalent m ethylene protons at H-10 

[He and Hf]. The protons He and H f  are represented by double doublets, due to 

gem inal coupling and H-4. H f  appears downfield at 53.29 (J=14.0, 6.3Hz), while 

He w hich is m ore shielded, appears at 52.79 (J=13.9, 8.1Hz). The aromatic H-7 

proton is observed as a double triplet (J=7.9, 2.0Hz) at 57.42, while H-6 is found 

at 57.74 as a double doublet (J=7.8, I.7Hz) having been split by H-7 and H-8. 

The rem aining six aromatic protons resonate as an unresolved multiplet in the 

range 56.94-7.12.

3.6.3. Synthesis o f  4-(4-methylphenyl)methyl-5-phenyl-2,3-dUiydro-l- 
benzoxepin (252).

This com pound  was prepared from (248) using the method described in Section 

3.2.2, w ith the reagent «-butyllithium and 4-bromoanisole. The resulting alcohol 

was initia lly  isolated and characterised, after which it was dehydrated to the 

corresponding  alkene.

3.6.3.1 Preparation o f  4-arylmetIiyl-5-phenylbenzoxepin-5-ol.

4-(4-M ethylphenyl)m ethyl-2 ,3 ,4 ,5-tetrahydro-l -benzoxepin-5-one (248) was 

phenylated  using two different reagents. Initially 4-[(2-dim ethylam ino)ethoxy] 

phenylbrom ide (249) was reacted with (248), using «-butyllithium  in dry THF to 

form 5-[(4-dim ethyam inoethoxy)phenyl]-4-(4-m ethylphenyl)m ethyl-2 ,3-dihydro- 

1-benzoxepin-5-ol (250), but the reaction afforded only the starting material. 4- 

[(2-D im ethylam ino)ethoxy] phenylbrom ide (249) was prepared by refluxing 4- 

b rom ophenol and 2-dim ethylaminoethylchloride hydrogen chloride in acetone.
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Com pound (249) was afforded as an oily  gel in 98®/o yield. U sing  this reagent it 

had been anticipated to reduce the number o f  steps in the overall synthetic  

schem e. Due to the failure o f  this method, a longer route o f  synthesis  was  

devised, using 4-bromoanisole and //-butyllithium to obtain 5-(4-  

m ethoxyphenyl)-4-(4-m ethylpheny)m ethyl-2 ,3 ,4 ,5-tetrahydro-l -benzoxep in-5-o l  

(251). Dehydration o f  (251) can be carried out in situ with concentrated HCI or 

on the isolated product (251) with 85% H3PO4.

The com pound (251) was isolated as an oil in 74% yield, prior to dehydration to 

the corresponding 5-(4-m ethoxyphenyl)-4-(4-m ethylphenyl)m ethyl-2 ,3-d ihydro-  

1-benzoxepin (252). This compound was positively  identified using infrared, 'H 

NM R, '^C N M R  and mass spectrometry. [Schem e 69].

Scheme 69: Synthesis o f  4-arylmethyl-5-phenylbenzoxepin-5-ol (251)

In the infrared spectrum o f  (251) the hydrogen bonded (OH) stretch is observed

m ethyl-2 ,3 ,4 ,5 -tetrahydro-l-benzoxep in -5-o l  (251), was aided by a H-H CO SY  

spectrum which provided information on coupling between individual protons o f  

this system . The methyl and m ethoxy protons occur as singlets at 52 .32  and 

63.81 respectively, show ing no coupling in the H-H C O SY  spectrum as

9

OCH,

wBuLi

o c h 2CH2N(cm,,)2

(CH3)2NCH2CH20
(250)

in the range v 3 6 0 2 - 3 175cm ’’, while the aromatic alkene stretches occur at 

v3050cm '' .

The 'H N M R  spectral assignment o f  5 -(4-m ethoxyphenyl)-4-(4-m ethylphenyl)
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e x p ec ted .  T he m eth y len e  protons w ere  all found to be n o n -eq u iv a len t  (as in 

(2 4 8 ) ) .  T he  tw o m ultiplets  in the ranges 5 1 .8 0 - 1 .8 9  and 5 2 .4 9 -2 .5 3  w ere  found  

to be co u p le d  in the H -H  C O S Y  spectrum  and w ere  ass ign ed  to H -3 ,  w h ich  

co n s is t s  o f  tw o  n on-eq u iva len t hydrogen s  (d iscu ssed  sec tion  3 .2 .3 ) .  T he protons  

o f  H -1 0  are ob served  as a d ou b le  doublet (J = 1 0 .6 ,  3 .5 H z )  at 5 3 .0 4  and are found  

to be co u p le d  to H -4  w h ich  is found as a m ultip let  at 5 2 .9 0 .  The n o n -eq u iv a len t  

H -2 m e th y le n e  protons appear as tw o pairs o f  m ultip lets  at 5 3 .8 0  and 5 4 .0 1 ,  

representing  the tw o protons H e  and Hd. The 'H N M R  spectrum  a lso  s h o w s  the  

OH proton at 5 2 .0 8  as a broad s ing le t ,  w h ich  ex c h a n g es  with  D 2 O. T he H -3 " ,  H- 

5" protons are sh ie lded  by  the m e th o x y  substituent at C -4 " ,  and thus they  appear  

as a d o u b le t  (J = 8 .5 2 H z)  at 5 6 .8 5 .  T he rem aining  arom atic protons are ob served  

as a c o m p le x  m ultip let b e tw een  5 7 .0 4 -7 .4 3 ,  w ith  the ex cep t io n  o f  H - 6 , w h ich  

appears d o w n  field  at 5 7 .6 2  as a doub le  doublet (.1=8.0, 1.5H z).

The ''^C N M R  spectral a ss ignm en t o f  com p ou n d  (2 5 1 )  w as  aided by  a C-H 

C O S Y  spectrum , w hich  e f f e c t iv e ly  d isp la y s  the co u p lin g  that occurs b e tw e en  the  

proton and the carbon s ig n a ls  in the com pou n d , a long  w ith  the k n o w le d g e  o f  the  

spectral d eta ils  from com p ou n d  (2 4 8 ) .  T he m ethyl (CH3) s in g le t  at 5 2 .3 2  is 

found to co u p le  with a s ignal at 2 0 .5 0 p p m , w h ile  the m eth o x y  s ignal is ass igned  

to 5 4 .7 5 p p m  as it correlates w ith  the s ing le t  at 5 3 .8 1 .  T he inverted  s igna ls  

w h ic h  appear in the D EPT 135 spectrum  and are identified  u s in g  the C-H  C O S Y  

sp ectrum , sh o w  that the d oub le  doublet signal at 5 3 .0 4  co u p le  w ith  the '^C N M R  

s ignal at 2 9 .2 3 p p m , and are, as a result, ass ign ed  to C -10 .  T he signal at 

2 8 .0 5 p p m  is found to correlate w ith  the m ultip lets  at 5 1 .8 9  and 52 .51  and is 

a ss ig n e d  to C -3 , w h ile  the 'H N M R  s igna ls  at 5 3 .8 0  and 54 .01  are found to 

c o u p le  to the '^C N M R  signal at 6 7 .5 9 p p m , and this w a s  therefore a ss ig n ed  to C-  

2 w h ic h  is e f fe c t iv e ly  d esh ie ld ed  by the adjacent o x y g en .  T he s igna l at 

4 9 .9 5 p p m  is found to correspond to C -4. The sh ie lded  arom atic C -3 " ,  C -5"  

s ig n a ls ,  w h ic h  appear at 5 6 .8 5  in the 'H N M R  are found to co u p le  in the '^C 

N M R  to the s igna ls  at 112 .9 9 ,  1 1 3 .21pp m . The arom atic d ou b le  doublet at 

5 7 .6 2  is found to correlate to the s ignal at 128 .5 9 p p m  and is a ss ig n ed  to C - 6 . 

T he C - 8 , C -9  s igna ls  occur  upfie ld  at 121 .8 2  and 1 2 3 .7 0 p p m , w h i le  the 

quaternary C -9 a  signal w a s  ob served  at 158 .43ppm . T he arom atic s ig n a ls  are 

o b serv e d  in the range 1 2 6 .5 7 -1 3 6 .66p pm , w h i le  the quaternary C - 1 ’ is found at 

1 3 6 .9 9 p p m .

L o w  reso lu t io n  m ass  spectrom etry  afforded the m o lecu la r  ion as 3 7 4  (C 2 5 H 2 6 O 3 ).
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3.6.3.2 Dehydration o f  4-arylmethyl-5-phenyl-l-benzoxepin-5-ol (251).

The dehydration reaction was carried out by refluxing (251) in 85% 

polyphosphoric acid for 2-3 hours to obtain 5-(4-m ethoxyphenyl)-4-(4- 

m ethylphenyl)m ethyl-2 ,3-dihydro-l-benzoxepin  (252) as an oil in 79%  yield 

[Scheme 70], The infrared spectrum o f  com pound (252) showed the aliphatic 

and aromatic C=C stretching at v l6 0 5  and 1573 cm ' respectively, w ith  no 

hydroxy stretching as expected. The identity o f  this com pound was confirm ed 

using 'H  NMR and '^C NMR, along with low resolution mass spectrom etry.

7

•CH3

CH3O

7

HO
■CH3

(251 ) (252 )

Scheme 70: Dehydration o f  compound (251)

In the 'H  NMR o f  (252), the methylene protons at H-3 are observed as a triplet 

(.1=6.3Hz) at 52.30, while the adjoining H-2 protons are found at 54.34 also as a 

triplet (J=6.3Hz). The methyl and methoxy protons were observed as singlets, 

integrating for three protons each at 62.35 and 53.83 respectively. The 

m ethylene protons at H-10 occur as a singlet at 53.64. The shielded H -3 " ,  H -5"  

are observed as a double doublet at 56.83-6.87. The remaining aromatic protons 

are found as a complex unresolved multiplet between 56.98-7.28.

The '"’C N M R spectrum o f  (252) shows signals at 20.54ppm and 54.73ppm , 

corresponding to the methyl and methoxy carbons. The C-2 and C-3 signals are 

found at 79.97 and 31.99ppm respectively, while the m ethylene C-10 signal 

occurs at 40.04ppm. The aromatic C-8 and C-9 signals are observed at 121.44 

and 122.79ppm, while C-7 and C-6 are found at 130.49 and 128.31 ppm 

respectively. The C-2' and C-6' signal is found at 128.64ppm, while the 

corresponding  C-3' and C-5' signal occurs at 130.50ppm. The shielded C -3 " ,  C- 

5"  are observed downfield at 113.06ppm from the corresponding C -2 " ,  C -6"  

signal at 128.31ppm. The C -4"  signal is observed at 127.35ppm. The 

quaternary  signals are observed between 136.08-136.44ppm, with the exception 

o f  C-9a found at 155.31 ppm.
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In the low reso lu t ion  m as s  spec t rum  o f  5 - (4 -m e thoxypheny I ) -4 - (4 -  

m e t h y lp h e n y l )m e th y l -2 ,3 - d ih y d ro - l - b e n z o x e p in  (252) ,  the  m o le c u la r  ion is 

obse rved  as the base  peak at m /z 3 5 6  ( C 2 5 H 2 4 O 2 ).

3.6.4. Synthesis o f  5-(4-hydroxyphenyl)-4-(4-methylphenyl)methyl-2,3- 
dihydro-l-benzoxepin (253).

D em ethy la t ion  o f  (252)  was  carr ied  out  using bo ron  t r ib rom ide  as  p rev ious ly
0 7 /1

descr ibed .  [Schem e  71] A l te rna t ive  dem e thy la t ing  agents  ’ ’ include

a lu m in iu m  ch lor ide ,  concen t ra ted  hyd rob rom ic  and  hydroch lo r ic  acids . The  

pheno l i c  c o m p o u n d  (253)  was  a ffo rded  in 98%  yield as an oi ly  gel.

7

CHj

110

7

CH3O
(2 5 2 ) (2 5 3 )

Scheme 71: Preparation o f  5-(4-hydroxyphenyl)-4-(4-methylphenyl)methyl-2,3-
dihydro-l-henzoxepin (253)

The  infrared spect rum o f  (253)  show s  a broad hydroxy  s t re tch be tw e en  v3678-  

3 2 0 2 c m  ', wh i le  the al iphat ic  and a romati c  (C=C)  s t re tches  are  found at v l 6 0 8  

and 157 9 c m ' '  respectively.

In the  'H  N M R  spect rum  the  m ethy l  ( C H 3 ) p rotons  are obse rved  as a s inglet  at 

62.45,  w h i l e  the m ethy lene  H -10  p rotons  are  found at 53.63 also as a s inglet.  

The H-3 p ro tons  occur  as a t r iplet  ( J=6 .3Hz)  at 52.28,  wi th  the  ad jacen t  H-2 

p ro to ns  be ing  found at 64.33 as a t r iplet  (J=6.3Hz).  The  a rom a t ic  p ro tons  are  

o b se rve d  as  a mult iplet  in the range  66.79-7.12 .

In the '^C N M R  spec t rum  o f  (253) ,  the methyl  s ignal  is found  at 2 I . 0 0 p p m .  In 

the D E P T  135 spect rum, the inver ted  peaks  at 32.44,  40.48 and  80 .4 5 p p m  were  

a ss igned  to C-3,  C-10  and C-2 respect ively.  The  C - 3 " ,  C - 5 "  are  sh ie lded  by  the 

h y d r o x y  group  and  are  found at 1 14.98ppm, while  the c o r r e spond ing  C - 2 " ,  C - 6 "  

s igna ls  occu r  at 128 .79ppm. T he  C - 8  and C-9  s igna ls  are obse rved  

cha rac te r is t ic a l ly  at 121.94 and I 2 3 .2 9 p p m  while  the C - 6  and  C -7  s igna ls  are 

found  at 127.85 and 130 .93ppm. T he  qua te rnary  C - 4 "  s ignal  is obse rved  at 

1 54 .47ppm  and  C - 9 a  at 155 .77ppm.
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In the low resolution mass spectrum o f  5-(4-hydroxyphenyl)-4 -(4 -  

m ethylphenyl)m ethyl-2 ,3-d ihydro-l-benzoxepin  (253), the m olecular ion is 

observed at 342 (C 2 4 H2 2 O2 ) in 77% abundance. The proposed fragmentation  

pattern o f  (253) is outlined in Schem e 72.

HO m/z 237 (65%)

Scheme 72: Mass fragmentation o f  compound (253)

C leavage o f  the methyl group affords the m/z 327 (22%), fragment and further 

loss o f  C 6 H 4 and a m ethylene group afford the m /z 251 (43% ) and m /z  237  

(65%) fragments respectively. C leavage o f  a phenyl substituent from the 

m olecular ion affords the m /z  249  (18%) fragment.

3.6.5. Alkylation reactions o f  5-(4-hydroxyphenyl)-4-(4-methylphenyl)-2,3- 
dihydro-l-benzoxepin.

A series o f  5 -[(4 -a lkylam inoethoxy)phenyl]-4-(4-m ethylphenyl)m ethyl-2 ,3-  
dihydro-l-benzoxep in s  (254 )-(258 )  were prepared in the usual manner, by
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refluxing 5-(4-hydroxyphenyl)-4-(4-methylphenyl)methyl-2 ,3-dihydro-1 -
benzoxepin  (253) with the required alkylating agent in the presence o f  potasium 
carbonate and dry acetone. [Scheme 73]

tio

RCHjCHjClHCl

K2CO3
Acetone

(253)

(254) R =
(255) R =

RCHiCHjO

-N(CH3)2
-N(CH3CH2)2 (257) R = _ N

(254) - (258)

(256) R = — N
(258) R = — N O

4 3

Scheme 73: 5[(4-Alkylaminoethoxy)phenyl]-4-(4-methylphenyl)methyl-2,3-
dihydro-l-benzoxepins (254)-(258)

The alkylated benzoxepins (254)-(258) were afforded as oils in poor yields 

(starting material was recovered in the reaction). These compounds  were 

posit ively identif ied from spectroscopic data and confirmed with the use o f  both 

low and high resolut ion mass spectrometry.

The infrared spectrum o f  (254)-(258) shows the aliphatic and aromatic alkene 

(C=C) stretching in the range v l608-1604cm ' and v l 581-1570cm' '  respectively.  

The  yield and infrared spectral data are detailed in Table 19.

Compound Yield % I R - u m a x  cm
(254) 20 1605, 1581 (C=C)
(255) 27 1608, 1573 (C=C)
(256) 21 1575 (C=C)
(257) 31 1607, 1570 (C=C)
(258) 19 1604, 1575 (C=C)

Table 19: Yield and infrared data o f  compound (254)-(258)

In the 'H N M R  spectrum o f  4-(4-methylphenyl)methyl-5-[(4-piperidinyl 

e thoxy)phenyl] -2 ,3-dihydro- l-benzoxepin  (257) [Figure 52], the methyl protons 

are observed as a s inglet at 52.34,  integrating for three protons.
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Mt

CH3

3 " ' (  N C H 2 C H 2 O '

\ ------/  (257)

Figure 52: Structure o f  4-(4-methylphenyl)niethyl-5-[(4-piperidiityl 
ethoxy)phenyl]-2,3-dihydro-l-benzoxepin (257)

The m ethylene H-3 protons are found as a triplet (J=6.3Hz) at 52.29, while the 

H-2 protons are observed as a triplet (J=6.0Hz) at 64.32. The C H 2 protons at C- 

10 are found as a singlet at 53.63. The N C H 2 and O CH 2 protons are observed at 

52.80 and 54.13 respectively, where both occur as triplets (J=6.0Hz) and the 

O C H 2 occurs as a triplet (J=6.04Hz) also. The piperidinyl protons are observed 

as multiplets, where H -2 '" ,  H -3 '" ,  H -4 '"  are found at 51.62 and H -1 " ' ,  H -5 '"  at 

62.54. The H -3" and H -5"  protons are shielded by the alkyl substituent and are 

observed as a double doublet (J=10.6, 2.0Hz) at 66.84-66.87. The remaining 

arom atic  protons are found as a complex multiplet between 66.97-7.25. The 'H 

N M R is depicted in Figure 53.

68 6 4 6 0 5 6 5 2 4 8 4 4 4 0  ̂6 .^2
(ppm)

2 8 2 4 2 0

Figure 53: ’H  NMR Spectrum o f  compound (257)
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In the N M R  spectrum o f  (257) the methyl signal is found at 22.54ppm . The 

carbons are all observed, inverted in the DEPT 135 spectrum. The C-3 and C-2 

signals occur at 31 .97 and 80.72ppm, while the amino ethoxy m ethylene signals  

o f  N C H 2 and O C H 2 are found at 57.51 and 70.77ppm  respectively. A signal at 

40.02ppm  is assigned to C-10. The piperidinyl signals are observed at 25 .44  and 

54.55ppm  corresponding to C-2'", C -3'" , C-4'" and C -1'" , C-5'" respectively. 

The aromatic C-8, C-9 signals occur at 121.44 and 122.80ppm w hile  the C-6 and 

C-7 signals are found at 127.34 and 130.85ppm respectively. The shielded C -3" ,  

C-5" are observed at 113.68ppm. The remaining aromatic signals are found 

between 1 2 8 .3 1 -1 3 0 .49ppm, with the exception o f  C-1' at 136.06ppm  and the 

signal at 135.18ppm  is assigned to C-4.

In the low  resolution mass spectrum o f  4-(4-m ethylphenyl)m ethyl-5-[(4-  

piperid inylethoxy)phenyl]-2 ,3-d ihydro-l-benzoxep in  (257), the m olecular ion is 

observed at 453 (C31H35NO2).

The products obtained represent a novel series o f  benzoxepins containing an 

extended tam oxifen structure in a conformationally restricted 7-membered  

oxygen  containing ring template.
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3.7. Conclus ion

A num ber o f  benzoxepin products were prepared which represent novel restricted 

tam oxifen analogues containing a seven membered ring skeleton with aryl 

substituents, one o f  which is jo ined to the skeleton by a m ethylene group at C-4. 

The rem aining novel benzoxepins synthesised possess a triaryl structure similar 

to that o f  tamoxifen. Due to the success o f  the Suzuki reaction, this allowed the 

coupling o f  a wide variety o f  aryl and heterocyclic com pounds onto the 

benzoxepin  ring. Nitro-benzoxepins were also prepared with a view to 

m odify ing  the nitro group and the methoxy-aryl substituent. The preparation o f  

these benzoxepins via the Suzuki coupling reaction produced high yielding 

com pounds, whereas the 4-methylene benzoxepins were synthesised by a six step 

synthetic route, which proved m ore difficult.

The series o f  benzoxepin compounds prepared in this research were 

b iochem ically  analysed for their binding affinity and inhibition o f  proliferation 

for M CF-7 breast cancer cells. These results will be discussed in Chapter 4.
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4. Biochemical studies on novel flexible and conformationally
restrained antiestrogens
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4.1. Introduction

Breast cancer is the biggest single fatal illness to affect women. The Irish C ancer 

Society suggests that one in eleven women will develop breast cancer in their 

lifetime. Estrogens are thought to be the prim ary mitogen for horm one- 

dependent breast cancer and therefore deprivation o f  estrogen is fundamental to 

treatment o f  m any benign and malignant breast t u m o u r s . T h e  grow th o f  

estrogen dependent tumours is described in Chapter 1.

Ablation o f  estrogen production i.e. chemical castration can be accom plished 

surgically or radiologically. The most widely used pharm acological approach 

for depriving tum our cells o f  estrogen stimulation involves the use o f  

antiestrogens. These agents have been discussed in detail in Chapter 1.

Antiestrogens have proven to be effective in controlling the growth o f  horm one- 

responsive breast cancer for decades.'^' Tamoxifen, a potent nonsteroidal 

antiestrogen, has been widely used in the treatment o f  human breast tumours. It 

is cytostatic and exerts competitive inhibitory activity with estrogen at the 

receptor level. Its effects include stimulation or inhibition o f  enzymes, 

synthesis, activation or repression. It binds to cytoplasmic estrogen receptors and 

is translocated to cell nuclei, where cell proliferation '^ ' is prevented.

The effects o f  tamoxifen on the proliferation o f  various human breast cancer cell 

lines that differ in their estrogen receptor content have been examined. It has 

been shown that the cell line sensitivity to growth suppression by tam oxifen 

correlates with their estrogen receptor content. The MCF-7 cells, w hich contain 

high levels o f  estrogen receptors have their growth m arkedly inhibited by 

tam oxifen, whereas T47D cells, which contain low levels o f  estrogen receptor, 

have their growth inhibited weakly by tamoxifen and M DA-M B-231 cells, w hich 

contain  no detectable estrogen receptors (estrogen independent cells), have their 

grow th unaffected by tamoxifen."" The AL-1 cell line is also resistant to 

Tam oxifen, perhaps due to its agonist effect in some tissues^. Therefore, in vitro  

tests for tam oxifen and other antiestrogenic com pounds have been successfully  

carried out on MCF-7 breast tum our cells.

In the present work biochemical studies were carried out on the novel 

synthesised analogues i.e. the flexible antiestrogenic com pounds and the 

conform ationally  restrained tamoxifen derivatives. These studies firstly 

exam ined the ability o f  these com pounds to bind to the estrogen receptor. Rat 

uteri cytosol was used as a source o f  ER as it has previously been shown to be 

rich in this receptor.'^ ' The binding affinity o f  these com pounds was then
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compared  with that o f  tamoxifen.  These studies were extended to determine the 

effects o f  these compounds on cell proliferation using the M CF-7  cell line as a 

model system. Once again, the potency with which these compounds  exhibited 

antiproliferat ive/cytotoxic effects was compared with that o f  tamoxifen.
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4.2.  Materia ls  and methods.

4.2.1. Materials

The full names and addresses o f  the sources listed below are given at the end o f  

the list.

Material Supplier

BSA Sigma

DCC Sigma

DM SO Sigma

Eagles m inim um  essential medium Sigma

Ecoscint Scintillation fluid National D iagnostics

EDTA Sigma

P-Estradiol Sigma

[^H] Estradiol Amersham International

PCS Grenier

G entam ycin Sigma

LDH cytotoxicity kit Promega Corporation

L-glulamine Sigma

MCF-7 cells E.C.A.C.C.

MTT Sigma

Non Essential amino acid medium Sigma

Norit (Fischer) charcoal Sigma

Pipettes (sterile) Sterilin

Rats (Sprague Dawley) Biochemistry D epartm ent TCD

Sodium azide Riedel de Haen

Tamoxifen Sigma

Tissue culture flasks and plates Grenier

Tris Sigma

Trypsin Sigma

All com pounds used in this analysis are described in Chapter 2 and 3 i.e. 

tam oxifen-like (flexible) analogues and benzoxepin (conform ationally  

restrained) derivatives and were prepared in the Pharmaceutical Chem istry  

D epartm ent, TCD. All other reagents were o f  analytical grade, w here possible, 

and w ere obtained from BDH, Riedel de Haen or Sigma.
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4.2.2. Addresses o f  suppliers

Amersham International Pic., Amersham Place, Little Chalfont, 

Buchinghamshire, H P79N A , UK.

British Drugs H ouse (BD H ) Chemicals Ltd., c /o Lennox Chem icals, J.F. 

K ennedy Drive, Dublin 12, Ireland.

European C ollection  o f  Animal Cell Cultures (E .C.A .C.C .), PHLS, Centre for 

Applied M icrobio logy  and Research, Porton Down, Salisbury, SP40JG, UK.

Grenier, Gmbtt, Maybachtrasse 2, P.O. Box 1162, D -7443-Frickenhausen,  

Germany.

National Diagnostics , 305 Patton Drive, Atlanta Georgia 30336, U SA .

Prom ega Corporation, 2800 W oods H ollow  Road, Madison, W 1 5 3 7 1 1-5399,  

USA.

Riedel de Haen AG, c/o  R.B. Chem icals Ltd, Hoecht House, Cookstow n  

Industrial Estate, Tallaght, Co., Dublin.

S igm a Chem ical Co. Ltd., Fancy Road, Pool, Dorset, UK.

Slerilin , Bibby Sterilin Ltd., Stone, Staffs, UK.

4.2.3. Growth and maintenance o f  cells.

4 .2 .3 .1 Growth and maintenance o f  MCF-7 cells.

M CF-7 ce lls ,  a human breast adenocarcinoma ccll line, cloned from a 69 year old 

fem ale Caucasian, (S o u le  et were grown as monolayer cu ltures at 37°C,

under a hum idified atmosphere o f  95% O 2 , 5% CO 2 in 75cm flasks containing  

Eagles  M odified  Essential Medium [EMEM], with 10% (v/v) foetal c a lf  serum  

(FC S), 1% (v /v) Non Essential Am ino Acid Medium [N E A A M ], 2mM L- 

glutam ine and supplemented with 100|ag/mL gentamycin (com plete  medium).

C ells  were harvested and re-seeded after reaching confluence (once  w eek ly )  by 

first w ashing with serum-free EMEM (lOmL). They were then removed from 

the surface o f  the flask by a 5min exposure to 2.5% (v/v) trypsin (Im L ). The  

ce lls  were  then sedim ented by centrifugation at 600 x g for 5min and the pellet  

w as resuspended in ImL o f  complete medium. Cell numbers were counted using  

a haem ocytom eter. An aliquot o f  cells  (1.5 x 10̂ ' ce lls)  was seeded in 75cm^ 

flasks in 20m L com plete medium.
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4.2.3.2 Cryopreservation o f  cells.

M C F -7  c e l l s  grow n  to a state o f  su b co n f lu en cy ,  w ere  harvested  and counted  as 

d escr ib ed  (se c t io n  4 .2 .3 .1 ) .  The ce l ls  w ere  p elle ted  and resuspended  in 9 m L  o f  

fetal c a l f  serum  p lus 10% d im eth y lsu lp h o x id e  (D M S O ).  A liq u o ts  o f  Im L  w ere  

transferred into 1 .5m L cryotubes and placed  at - 2 0 ° C  for 4hr. T he  cryotu b es  

w ere  then transferred to - 7 0 ° C  for 2hr, before  storage in a liquid n itrogen v e s s e l .

W hen  required, an aliquot o f  c e l ls  w as  rem oved  from the liquid n itrogen v e s s e l  

rapidly th a w ed  and resuspended  in lOmL o f  co m p le te  m ed iu m . T his  ce ll  

s u sp e n s io n  w a s  centrifuged  at 6 0 0  x g for 5m in , the m edium  (co n ta in in g  D M S O )  

discarded  and the p elle t  resuspended  in co m p le te  m edium . C e lls  w ere  then  

see d e d  in t is su e  culture f lasks as p rev io u s ly  descr ibed  (S ec t io n s  4 .2 .3 .1 )

4.2.4. Bradford protein assay.

Protein con centra tion  m easurem ents  o f  ce ll  lysates  w ere  carried out u s in g  a 

m o d if ica t io n  o f  the m ethod  o f  B r a d f o r d . [ F i g u r e  54]

T o  a 9 6 -w e l l  microtitre p late w as  added 200jiL  o f  reagent A , (0 .01%  (w /v )  

C o o m a s s ie  Brilliant B lu e  G -2 5 0 ,  4 .7%  (v /v )  ethanol and 8 .5%  (w /v )  

orth o p h o sp h o ric  acid), 18|aL o f  H 2O and 2[iL o f  the protein sam p le  and this w a s  

then left at room  temperature for 5m in. The absorbance at a w a v e le n g th  o f  

5 9 5 n m  w a s  m easured  using  a D ynatech  M R 5 0 0 0  plate reader and the results  

w ere  com pared  to the standard curve prepared using  know n con centra tion s  o f  the  

standard prote in  b o v in e  serum albumin (B S A ) .  The protein d eterm ination  w a s  

perform ed in triplicate.
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Figure 54: Bradford standard curve fo r  protein assay 

4.2.5. Assessment o f  cytotoxic /  antiproliferative effects o f  novel compounds

4.2.5.1 3-[4,5-Dimethylthiazol-2-yll-2,5-diphenyltetrazolium bromide (MTT)
assay

487MTT assay was performed by a modificat ion o f  the method o f  Mosmann.  3- 

[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT),  a 

tetrazolium salt, is taken up only by metabolical ly active cells and cleaved to 

form a formazan dye by mitchondrial dehydrogenases. This formazan dye is 

initially localised within the mitochondria as small purple crystals, which arc 

solubil ised in DM SO  and the resulting purple solution is measured  

spectrophotometrical ly.  An increase or decrease in cell number  results in a 

concomitant  change in the amount o f  formazan formed, indicating the degree o f  

growth or cytotoxici ty caused by the different compounds tested.

M C F '7  cel ls were cultured as described in 4.2.3.1, and seeded down at 1.5 x 10"* 

cells per  well with 100p,L o f  complete medium in a 96-well plate at 37°C. After  

24hr the cells were then exposed to varying concentrat ions o f  the synthesised 

analogues  and left for a further 72hr. Following the final incubation period, 

50j.lL al iquot  samples were removed to a fresh 96-well plate and set aside.

To assay for cell damage,  the remaining medium was removed from cell 

chambers  and the cells were washed with lOOf^L PBS and then 50fiL o f  MTT 

solut ion (final concentrat ion Img/mL)  was added to each well. The  cel ls were
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then incubated  in the dark at 3 7 ° C  for 2-3hr before addition  o f  2 0 0 |j.L o f  D M S O .  

T he p la tes  w ere  then w rapped in alum inium  foil and left for 2 0 m in  to ensure  

so lu b i l isa t io n  o f  the b lue/purple formazan crystals. T he ab sorb ance  w a s  read at 

5 7 0 n m  in a D yn atech  M R 5 0 0 0  plate reader and ce ll  v ia b il i ty  ex p ressed  as a 

percent o f  control.

4.2.5.2 Lactate dehydrogenase (LDH) assay

T he re le a se  o f  the cy to p la sm ic  e n zy m e  lactate d eh y d ro g en a se  (L D H ),  used  as a 

m ea su re  o f  ce ll  death, w as  perform ed fo l lo w in g  a m o d if ica t io n  o f  a m eth od  by  

Y o u k in  et

M C F -7  c e l l s  w ere  cultured as descr ibed  in S ect ion  4 .2 .3 .1  and see d e d  d o w n  at a 

d en s ity  o f  1.5 xlO^ c e l ls  per w e l l  w ith  100p,L co m p le te  m ed iu m  in a 9 6 -w e l l  

plate at 37 °C . A fter  24hr the c e l l s  w ere  then treated w ith  vary ing  con centra tion s  

o f  the n o v e l  sy n th es ised  an a lo g u es  and incubated for a further 72hr, before  

d eterm in ation  o f  L D H  activity.

To a s sa y  for L D H  activ ity  an aliquot (SOpL) o f  each sa m p le  w a s  transferred in 

tr ip licate  to a 9 6 -w e l l  plate. T o this, 50|j,L o f  substrate m ix  from  the L D H  assay  

kit ( ly o p h i l i s e d  d iaphorase, lactate and N A D ^) w as  added and the p late w a s  left 

c o v e red  at room  temperature for 30m in . After  this period, 50|a,L o f  stop so lu t ion  

( O. I M N a O H ) w a s  added to each  w e ll  before reading the plate at an absorbance  

o f  4 9 0 n m .

A 100%  ly s is  control w as  a set o f  untreated ce lls ,  w h ich  w ere  ly sed  by  adding  

10|.iL ly s is  so lu t ion  (detergent) to the m edia  45 m in  prior to harvest ing .  T h is  w as  

n e c e ssa r y  each  tim e an assay  w a s  undertaken in order to ca lcu la te  the p ercen tage  

c y to to x ic i ty .  A s  a result, the data cou ld  be represented as p ercen ta g e  ce ll  ly s is  

co m p a red  to control versus concentration  o f  com pound.

4.2.6. Preparation o f  rat uteri cytosol

T h e  u ter i-cy to so ls  w as  prepared fo l lo w in g  the m ethod  o f  Fishman'^*'^ and Y an g  et  

< r / / . T h e  uteri w ere  e x c ise d  from immature S p r a g u e -D a w ley  rats (1 5 0 - 2 0 0 g )  

and p la c ed  in Tris buffer ( l OM Tris, 1.5M E D T A , IM  sod iu m  a z id e ,  pH 7 .4 ) ,  1 

u teru s /2 m L  buffer  at 4°C.

T h e  fat t is su e  and m u sc le  w ere  rem oved  from the t issu es  and the uteri w ere  

p la c ed  in fresh ic e -co ld  Tris buffer  (20m L ). The u ter i-cy toso l  t is su e  w a s  then  

h o m o g e n is e d  in buffer u s in g  a Potter-E lvehjem  g la ss  h o m o g e n is e r  w ith  tight
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fitting Teflon pestles. The hom ogenate was centrifuged at 100,000 x g at 4°C for 

Ihr. The resulting supernatants contained the uteri cytosol and a solid pellet o f  

fat tissue was observed at the bottom o f  the tubes which was discarded. The 

uteri cytosol was then pretreated with dextran-coated charcoal [DCC] (5g Norit 

(Fisher) charcoal, 0.5g Dextran T70 in lOOmL distilled water). In pretreatm ent, 

the D CC dispersion was centrifuged at 1200 x g for lOmin, the supernatant 

d iscarded, uteri cytosol added, the DCC pellet redispersed and the system 

incubated on ice for a further 2hr. The system was then centrifuged at 1200 x g 

in the cold, the supernatant decanted and centrifuged again to ensure rem oval o f  

any residual charcoal properties. One mL o f  the original DCC dispersion was 

used in preparing  a pellet for treating 2mL o f  cytosol. The protein concentration 

o f  the uteri cytosol was measured by the method o f  Bradford as described in 

Section 4.2.4.

4.2. 7. M easurem en t o f  f^H] ligand binding to rat uteri-cytosolic hom ogenates  

(estrogen receptor)

This procedure  was carried out as described by Yang et and Fishman.

Uteri cytosol homogenates (50-250|.ig) were incubated w ith O.l-lOOnM [^H]

estradiol ( 157Ci/mmol), in a total volume o f  MOf^iL Tris buffer at 4°C. For other 

assays, w here the hom ogenate protein concentration was varied a fixed 

concentration o f  [^H] estradiol (5nM) was used. Total and non-specific  binding 

was determ ined  in the absence and presence o f  0.2mM unlabelled estradiol 

respectively. All samples were incubated at 4°C for 16hr. The incubated 

samples w ere then DCC treated (0.07m L) as described in Section 4.2.6 and the 

treated sam ples were incubated on ice for 15min. The incubation m ixture  was 

then centrifuged at 1800 x g for lOmin, to remove unbound radioligand. The 

centrifuged aliquots (170|j,L) were transferred to plastic vials contain ing lOmL o f  

scintillation fluid and were counted for radioactivity via liquid scintillation 

counting. W hen testing the potency o f  a compound with respect to inhibition o f  

[■’H] estradiol binding, samples were incubated with a stated concentration  o f

[■̂ H] estradiol and varying concentrations o f  com pound (lOOnM-lOOfiM), and

subsequently  treated as above.

4.2.8. L iqu id  scintillation counting

7’he [^H] radioactivity  was measured using a Packard 1500 scintillation counter 

or a Packard  Top-Count. The scintillant cocktail used was the com mercial 

scintillant m icroscint 20. The average counting efficiency for [^H] counting in
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the  P a rk a rd  1500 scint i l la t ion coun te r  and  in the Packa rd  T o p - C o u n t  w as  

c a lcu la ted  to be 45% ,  based  on  a quench -co r rec t ion  curve  re la t ing  c oun t ing  

e f f i c i e ncy  to channel s  ratio.

4.2.9. Analysis o f  binding data

B ind ing  va lu es  were  obtained as  counts  pe r  m in u te  (cpm )  and c onve r ted  to pmol  

o f  b o u n d  rad io l igand  us ing coun t ing  eff ic iency and specif ic  r ad ioac t iv i ty  values .  

Spec if ic  b ind ing  w as  ca lcula ted  from the  d i ff e rence  be tw e en  total  and n o n ­

speci f ic  b inding.  The  equ i l ib r ium  cons tan t  ( K d ) and  the m a x im a l  b ind ing  

c a p ac i ty  (Bmax), descr ib ing  the saturable  b in d in g  o f  [^H] l igand  to a s ingle  c lass  

o f  b i n d in g  s ites  w e re  obt a ined  by  fit ting m e a n  va lues  for  specif ic  b ind ing  and 

free l igand  concen t ra t io n  us ing  the m ethod  by  Wilkinson"*^' and  the p ro g ra m  

M a cC urve f i t .  Also  s ingle-s i te  d i sp lacem en t  curves ,  descr ib ing  the compet i t io n  

o f  [^H] estrad iol  b in d in g  by  novel  f lexible  and c on fo rm at iona l ly  res t ra ined 

t a m o x i f e n  ana logue  co m p o u n d s ,  were  gene ra ted by use o f  the c o m p u te r  p rog ra m  

E B D A  (Equ il ib r ium  Bind ing  Da ta  Analysis) .  E B D A  uses a s igm odia l  curve -  

f i t ting p r o g ra m  to fit the d i sp lacem en t  curve.  Logi t - log  t rans fo rm at ion  o f  the 

da ta  w e r e  pe r fo rm e d  (i.e. l inear  regression  o f  log [% b o u n d / 1 0 0  - %  bound]  

aga ins t  log [concentra t ion  o f  displacer] )  to obtain initial  es t ima tes  o f  certa in  

p a ra m e te r s  inc lud ing  IC 50  ( concentra t ion o f  d i sp lacer  inh ibi t ing 50%  o f  specif ic  

b ind ing) .  These  are  then fed to the i terat ive por t ion o f  the p ro g ra m  to obtain  

final e s t im a te s  o f  the  pa ramete rs .  The  equa t ion  used  to fit the  com pe t i t ive  

d i sp l a c e m e n t  curve  is:

B o und  (dpm)  = Bmax-BG

(1 + [Disp lacers  concen t ra t ion  / IC50])'’

w here ;  Bmax = the total  am o u n t  o f  rad io l igand bound  (dpm)  in the absence  o f  

any displacer.

B G  = the es t imate  o f  non-spec if i c  b inding  (dpm)

P = the s lope factor  (Hill  coeff ic ient)

T h e  c a lc u la te d  IC50 va lue  is then  used  to de te rmine  Kj ( inh ibi t ion  cons tan t  which  

d e s c r ib es  po tenc y  o f  inhibi t ion) ,  a s sum ing  s imple  compet i t iv e  behav iou r ,  by 

a p p ly i n g  the  equat ion:  -

IC5o =  K i ( l  + [ L ] / K d)

W h e r e  [L]  is the concen t ra t ion  o f  [^H]-l igand and K d is the d i ssoc ia t ion  cons tant  

for the  b in d in g  site.
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4.3. Results and discussion

4.3. L Introduction

The mode o f  action o f  tamoxifen has been explained previously in terms o f  its 

binding to cytoplasmic estrogen receptors and this tamoxifen-estrogen receptor  

complex is t ranslocated to cell nuclei where cell proliferation is prevented.  

Tamoxifen is a competi t ive inhibitor, competing directly with estrogenic ligands 

for the binding domain active site. The ability o f  the novel f lexible and 

conformationally restrained tamoxifen analogues synthesised in this work to 

inhibit the proliferation o f  a human breast tumour MCF-7 cell line was 

determined.  The ability o f  selected compounds (those exhibit ing significantly 

antiprol iferat ive effects on MCF-7 cell growth i.e. low IC50 values) to bind with 

high aff inity to the estrogen receptor  was also examined.

4.3.2. Selected Tamoxifen analogues inhibit the proliferation o f  M CF-7 cells

The effect o f  tamoxifen (as reference control) and the novel synthesised 

analogues  on MCF-7 cells were studied.

A partially confluent  flask o f  MCF-7 cells maintained and grown as described in 

Section 4.2.3.1 are depicted in Figure 56. MCF-7 cells were seeded in a 96-well  

plate at a density o f  1.5 x lO"* cells/well and maintained in complete medium at 

37°C for 24hr, before adding varying concentrations ( lnM-100f. iM) o f  the 

compounds.  The ability o f  the compounds to inhibit proliferation o f  MCF-7  

cells was  assessed using the enzymatic colourimetric MTT assay as described in 

Section 4.2.5.1.  The change in colour i'rom yellow to purple during the assay 

was moni tored  at 570nm and served to indicate the degree o f  cell prol iferat ion 

for the cell line in the presence o f  the test compound.  Cytotoxici ty o f  the 

com pounds  was determined through the use o f  a Promega LDH assay as 

described in Section 4.2.5.2. These studies al lowed an evaluation o f  the extent 

o f  cytostasis induced by the novel compounds and in combination with the MTT 

assay,  facilitated graphical distinction between the cytostatic and cytotoxic 

act ivi t ies  o f  these compounds. Figure 57-64 displays antiprol iferat ive act ivity 

and cytotoxici ty profiles for compounds (59), (81), (99), (1 12), (122), (152), 

(224),  (255) and the tamoxifen reference control. Each o f  these com pounds  are 

representat ive o f  a series. The individual IC50 values o f  all the f lexible 

tamoxifen analogues tested are recorded in Table 20 and the conformationally  

restrained benzoxepin analogues are found in Table 21.
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Figure 55: MCF-7 human breast cancer cells.

M C F -7  cells  w ere  rou tine ly  g row n as a m on o lay e r  (1.5 x 10^ ce lls)  at 37 °C  under 

a hu m id if ied  a tm osphe re  o f  95%  O 2 , 5%  C O 2 in 75cm^ flasks, co n ta in in g  

c o m p le te  m ed iu m  (20m L ) as described  in Section  4.2.3.1 Cells w ere  ha rves ted  

and reseeded  after  reach ing  confluence . The pho tograph  above  [F igu re  55] 

d ep ic ts  hea lthy  M C F -7  cells  prior to  confluency  as seen u n d e r  a 115 x 

m agn if ica tion .
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Figure 56: Tamoxifen inhibits the proliferation and induces some cytotoxicity
o fM C F -7  cells

MCF-7 cells were seeded at a density o f  1.5 x 10"* cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. A fter this period 

varying concentrations (10nM-20(j,M) o f  tamoxifen were added and the cells 

were left for a further 72hr. D eterm ination o f  cell proliferation was then carried 

out using the M TT assay described in Section 4.2.5.1 and the cytotoxicity  was 

evaluated using the LDH assay as described m Section 4.2.5.2. Each point 

represents the mean ± S.E.M. o f  triplicates. The absence o f  error bars indicates 

the error was smaller than the size o f  the symbol. [Figure 56]

175



-#—% proliferation 

■e— % cytotoxicity

3

Figure 57: Compound (59) inhibits the proliferation and induces some
cytotoxicity o f  M CF-7 cells

M CF-7 cells were seeded at a density o f  1.5 x 10^ cells per well in 96 multiwell 

plates and allow ed attach to the surface o f  the walls for 24hr. A fter this period 

varying concentrations (InM -lOOjiM ) o f  com pound (59), 2 -benzy l- l-[4 -  

(d im ethy lam inoe thoxy)phenyl]- l-phenylbu t- l-ene , [Type I analogue] were 

added and the cells were left for a further 72hr. Determ ination o f  cell 

proliferation was then carried out using the M TT assay described in Section 

4.2.5.1 and the cytotoxicity was evaluated using the LDH assay as described in 

Section 4.2.5.2. Each point represents the m ean ± S.E.M. o f  triplicates. The 

absence o f  error bars indicates the error was smaller than the size o f  the symbol.
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Figure 58: Compound (81) inhibits the proliferation o f  M CF-7 cells

M CF-7 cells were seeded at a density o f  1.5 x lO"' cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. A fter this period 

varying concentrations (lnM -100|j,M ) o f  com pound (81), 1-ben zy l-1-[4-

(d im ethylam inoethoxy)phenyl]-2-phenylbut-l-ene, [Type II analogue] were 

added and the cells were left for a further 72hr. Determ ination o f  cell 

proliferation was then carried out using the MTT assay described in Section 

4.2.5.1 and the cytotoxicity was evaluated using the LDH assay as described in 

Section 4.2.5.2. Each point represents the mean ± S.E.M. o f  triplicates. The 

absence o f  error bars indicates the error was smaller than the size o f  the symbol.
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Figure 59: Compound (99) inhibits the proliferation and induces some
cytotoxicity o f  MCF-7 cells

M CF-7 cells were seeded at a density o f  1.5 x 10“* cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. A fter this period 

varying concentrations (InM-lOOfiM) o f  compound (99), 1-benzy l- l-phenyl-2-  

[4-(p iperid inyle thoxy)phenyl]but-l-ene, [Type 111 analogue] was added and the 

cells w ere left for a further 72hr. Determination o f  cell proliferation was then 

carried out using the MTT assay described in Section 4.2.5.1 and the cytotoxicity 

was evaluated using the LDH assay as described in Section 4.2.5.2. Each point 

represents the mean ± S.E.M. o f  triplicates. The absence o f  error bars indicates 

the error was smaller than the size o f  the symbol.
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Figure 60: Compound (112) inhibits the proliferation o f  M CF-7 cells

MCF-7 cells were seeded at a density o f  1.5 x lO"* cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. After this period 

varying concentrations (InM-lOOfiM) o f  compound (112), l ,2 -d iphenyl-2-[(4- 

m orpholinyle thoxy)benzyl]but-l-ene, [Type IV analogue] was added and the 

cells were left for a further 72hr. Determination o f  cell proliferation w ere then 

carried out using the MTT assay described in Section 4.2.5.1 and the cytotoxicity  

was evaluated using the LDH assay as described in Section 4.2.5.2. Each point 

represents the mean ± S.E.M. o f  triplicates. The absence o f  error bars indicates 

the error was smaller than the size o f  the symbol.
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Figure 61: Com pound (122) inhibits the proliferation and induces some
cytotoxicity o f  M CF-  7 cells

MCF-7 cells were seeded at a density o f  1.5 x 10“̂ cells per well in 96 multiwell 

plates and al lowed attach to the surface o f  the walls for 24hr. After  this period 

varying concentrat ions ( lnM -100 | iM )  o f  compound (122), 1-benzyl-3-bromo-l-  

[4-(dimethylaminoethoxy)phenyl]-2-phenyiprop- l-ene,  [Type V analogue] were 

added and the cells were left for a further 72hr. Determination o f  cell 

prol iferat ion was then carried out using the MTT assay described in Section 

4.2.5.1 and the cytotoxici ty was evaluated using the LDH assay as described in 

Section 4.2.5.2.  Each point represents the mean ± S.E.M. o f  triplicates. The 

absence o f  error  bars indicates the error  was smaller  than the size o f  the symbol.
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Compound ICso(^M)

Tamoxifen 11.3 ± 0.01

Type I (59) 14.9 ± 3.7

(60) 12.8 ± 3.9

(61) 3.6 ± 0.4

(62) 4.6 ± 0.4

(63) 45.6 ±13.3

Type II (81) 21.7 ± 5.3

(82) 19.0 ± 5.2

(83) 10.3 ± 2.4

(84) 76.6 ± 10.5

(85) 2.5 ± 0.3

Type III (96) 117.2 ± 10.3

(97) 20.7 ± 0.002

(98) 22.4 ± 6.2

(99) 19.1 ± 0.002

(100) 51.1 ± 8.5
Type IV (108) 25.1 ± 5.6

(109) 58.0 ± 4.3

(110) 142.2 ± 8.2
(111) 68.8 ± 7.1
(112) 16.6 ± 7.7

T y p eV  (120) 9.2 ± 3.3

(121) 7.9 ± 3.1

(122) 14.9 ± 2.6

(123) 17.9 ± 2.1

(124) 12.1 ± 3.9

(125) 40.9 ± 4.9

(126) 12.9 ± 0.2

Table 20: ICso values o f  flexible tamoxifen analogues (59 )-( l26), fo r  their 
antiproliferative effects on a human MCF-7 breast cancer cell line. IC 5 0  

value: the concentration required to inhibit 50% o f  M CF-7 cell growth. 
Values represent mean +S.E.M. o f  triplicates.
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Figure 62: Compound (152) inhibits the proliferation o f  M CF-7 cells

MCF-7 cells were seeded at a density o f  1.5 x lO'  ̂ cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. After this period 

varying concentrations (lnM -100|.iM ) o f  compound (152), 5-[(4-dimethyl 

am inoethoxy)phenyl]-4-phenyl-2 ,3-d ihydro-l-benzoxepin , were added and the 

cells w ere left for a further 72hr. Determination o f  cell proliferation was then 

carried out using the MTT assay described in Section 4.2.5.1 and the cytotoxicity 

was evaluated using the LDH assay as described in Section 4.2.5.2. Each point 

represents the mean ± S.E.M. o f  triplicates. The absence o f  error bars indicates 

the error was smaller than the size o f  the symbol.
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Figure 63: Compound (224) inhibits the proliferation and induces some
cytotoxicity o f  M CF-7

M CF-7 cells were seeded at a density o f  1.5 x 10“* cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. After this period 

varying concentrations (lnM -100|j,M ) o f  com pound (224), 5-[(4-dimethyl 

am inoethoxy)phenyl]-4-(4-m ethylphenyl)-2 ,3-dihydro-l -benzoxepin, were added 

and the cells were left for a further 72hr. Determination o f  cell proliferation was 

then carried out using the MTT assay described in Section 4.2.5.1 and the 

cytotoxicity  was evaluated using the LDH assay as described in Section 4.2.5.2. 

Each point represents the mean ± S.E.M. o f  triplicates. The absence o f  error bars 

indicates the error was smaller than the size o f  the symbol.
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Figure 64: Compound (255) inhibits the proliferation and induces some
cytotoxicity o f  M CF-7 cells

MCF-7 cells were seeded at a density o f  1.5 x lO"* cells per well in 96 multiwell 

plates and allowed attach to the surface o f  the walls for 24hr. A fter this period 

varying concentrations ( lnM -100|aM ) o f  com pound (255), 5-[(4-diethyl 

am inoethoxy)phenyl]-4-(4-m ethylphenyl)m ethyl-2 ,3-dihydro-l -benzoxepin, 

were added and the cells were left for a further 72hr. Determ ination o f  cell 

proliferation was then carried out using the MTT assay described in Section 

4.2.5.1 and the cytotoxicity was evaluated using the LDH assay as described in 

Section 4.2.5.2. Each point represents the mean ± S.E.M. o f  triplicates. The 

absence o f  error bars indicates the error was smaller than the size o f  the symbol.
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C o m p o u n d ICso (mM)

Tamoxifen 11.3 ± 0.01

(152) 26.2 ± 6.8

(153) 14.2 ± 1.6

(154) 7.6 ± 0 . 6

(155) 10.6 ± 0.6

(156) 6.1 ± 2.6

(221) 11.1 ± 4.8

(222) 1 1 .7 ± 2 .1

(223) 56.6 ± 6.5

(224) 15.7 ± 4.7

(225) 33.6 ± 3.5

(226) 79.4

(227) 18.3 ± 1.7

(228) 20.4 ± 0.4

(229) 64.6 ± 1.5

(230) 74.3 ± 5.1

(231) —

(232) 59.7 ± 3.4

(233) 19.9

(234) 16.7 ± 2.1

(235) 17.8 ± 1.2

(254) 199.5

(255) 56.2

(256) 39.5 ± 5.9

(257) 10.4 ± 2.7

(257) 35.0 ± 7.5
Table 2 1 : IC 50  values o f  benzoxepin analogues (152)-(156) and (221)-(235), fo r  
their antiproliferative effects on a human MCF-7 breast cancer cell line. IC 50  

value: the concentration required to inhibit 50% o f  M CF-7 cell growth. 
Values represent mean ±S.E .M . o f  triplicates.
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4.3.3. Discussion: antiproliferative and cytotoxicity profiles

4 .3 .3 .1 F lexible  tamoxifen type analogues

The data obtained were  examined in two ways; by grouping the compounds into 

structural series (Type I-Type V) and by further grouping the compounds within 

each series by the presence o f  different basic s ide-chains (i.e. dimethyl ,  diethyl, 

piperidinyl,  pyrrolidinyl,  morpholinyl).^^*

On compar ing the antiproliferative activities o f  four o f  the structural series o f  

flexible tamoxifen-l ike analogues (Type I, II, III, IV), the Type II series is the 

most  act ive therefore initiated the synthesis o f  Type V analogues.  The Type V 

analogues are similar  to Type II analogues,  but they possess extended and 

halogenated ethylene functions. The IC 50 values obtained from this series (Type 

V) were also similar  to tamoxifen.

The side chain groupings from each series shows that the diethyl containing 

basic s ide chain compounds are, on average, the most active o f  the five units 

s tudied.  I f  the structural diversificat ion from tamoxifen o f  series I, II, III, IV is 

examined  in conjunction with the average IC 50 values obtained for the series as a 

whole,  a ‘ring o rder ’ for the compounds,  based on the arbitrary ‘r ing o rder’ for 

tamoxifen  can be allocated. This is illustrated in Figure 65. In general  terms, it 

is possible to determine the overall effect o f  the inclusion o f  a methylene 

(benzylic)  spacing moiety into these compounds.  Table 20 shows the average 

act ivi ty (± standard error o f  the mean) for each series type, with reference to 

tamoxifen,  and Figure 65 highlights  the area in which the additional flexibility 

was introduced to the structure. It can be seen from this data the result o f  

introduction o f  a spacing group which removes the aryl ring from the vinylic 

system by one carbon (and the resulting flexibility this group confers to the 

molecule).
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Figure 65: Flexible tamoxifen-like analogues

For Type I series where the C-ring is displaced from the vinylic system, 

com pounds (61) and (62) have IC50 values which, are 69% and 59% low er than 

that recorded for tamoxifen. The IC50 values for compounds (59) and (60) are 

only m arginally  higher than tamoxifen, but compound (63) shows a weak
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antiproliferative effect. When the A ring is displaced, through the introduction 

o f  a m ethylene group as in Type II and III series, only a m oderate reduction in 

efficacy is found, although it is noted that the most active com pound (85) (IC 5 0 , 

78% low er than that o f  tamoxifen), stems from this series.

W ithin these series o f  compounds, it can be seen that the translocation o f  the 

basic side chain from ring B to C has no benefit with respect to antiproliferative 

activity. This investigation has shown that the least beneficial ring displacem ent 

arises w hen a m ethylene group is introduced to space ring B from the vinyl 

system.

All m em bers o f  the Type IV series demonstrated antiproliferative activity, but 

the com pounds were on average the least active o f  the com pounds investigated.

From these observations, it can be concluded that the added flexibility between 

the vinyl system  and the ring bearing the basic side chain in these com pounds is 

detrim ental to antiestrogenic activity. A direct com parison o f  the activity o f  

those analogues with the A^-dimethyl basic side chain to that recorded for 

tam oxifen  can be made. Compounds (59), (81) and (108) are all d irectly  derived 

structurally  from tamoxifen, insofar as the overall distribution o f  side chains is 

conserved. As can be seen from the data, the increased flexibility bestowed on 

those com pounds docs not detract from their potency as antiestrogenic inhibitors 
o f  proliferation.

In terms o f  therapeutic potential, the potency o f  any given com pound in terms o f  

its inhibition o f  cellular proliferation should not arise from its propensity  for 

cytotoxicity . With the design o f  novel antiestrogenic com pounds, the 

achievem ent o f  cytostasis is the prim ary objective. Previous research has 

indicated that the antiproliferative effects manifested by tam oxifen are due in 

part to its inherent c y t o t o x i c i t y . T h e r e f o r e ,  all com pounds assayed for 

an tipro liferative effects were concurrently tested for cytotoxicity. Several 

com pounds possessed extremely good cytotoxicity profiles, but in most cases the 

co m p o u n d ’s cytotoxicity did not exceed 10% and remained almost constant 

across the concentration range studied. This observation thus indicated that the 

mode o f  action o f  these flexible tamoxifen-like analogues is cytostatic rather 

than cytotoxic. The toxicity profiles are recorded in Figure 56 - 64 and clearly 

show that at the concentrations studied, the activity o f  the com pounds is not due 

to cy totoxic  effects but rather due to its antiproliferative effect. The cytotoxicity 

o f  com pound  (59) rises only slightly at a concentration o f  about 50(j,M and for 

com pound (112) a small increase at 100)j,M. Contrary to this, a sharp (and
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s ignificantly  larger) increase in the cytoxicity o f  tamoxifen can be seen above a 

concentration o f  20(J.M. The level o f  cytotoxic-induced antiproliferative effect 

observed  for tamoxifen at the 20|a.M concentration is approxim ately  29%, 

w hereas  when compounds (59) and (112) are exam ined at the same 

concentration, the cytotoxic contributions are less than 4%.

Therefore  it can be concluded that the flexible tamoxifen analogues inhibit MCF- 

7 cell g row th (i.e. inhibit cell proliferation) with a similar potency to that o f  

tam oxifen , but are less cytotoxic than tamoxifen. The IC50 values o f  these 

synthesised  analogues therefore suggest that they are efficient cytostatic agents.

4.3.3.2 Conformationally restrained benzoxepin analogues

The data  obtained from Table 21 suggests that these conform ationally  restrained 

analogues do not exhibit antiproliferative effects as potent as those o f  the 

flexible tam oxifen-like analogues.

W hen reviewed, the benzoxepins with the extra methylene group do not have 

enhanced antiproliferative effects. In fact compounds (224) and (255) exhibit 

very poor antiproliferative activity on the MCF-7 breast cancer cells. This 

therefore suggests that displacing one o f  the aryl groups in the conform ationally  

restrained analogues has no benefit for the overall activity o f  the com pounds, but 

reduces antiproliferative activity.

The benzoxepin  compounds (152)-(156), which possess the basic 

triphenylethylene tamoxifen structure, exhibit favourable IC 50 values sim ilar to 

that o f  tam oxifen, if  not lower in some cases. This is perhaps due to the fact that 

these com pounds maintain the overall tamoxifen triphenylethylene structure.

Figure 66: Structure o f  5-(4-alkylaminoethoxyphenyl)-4-phenyl-2,3-dihydro-l-
benzoxepin (152)-( l56)

(152) R = ----- (CH2)2N(CH3)2

(153) R = ----- (CH2)2N(CH2CH3)2

(CH2)2N

RO (CH2)2N
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These antiproliferative results initiated the synthesis o f  a variety o f  benzoxepin 

com pounds with the basic triphenylethylene tamoxifen structure, with a view to 

substitu ting the unsubstituted phenyl ring with a variety o f  methoxy-, methyl-, 

haiogenated-, nitro- and hetero-aryl groups, thus estimating the benefit o f  

substitu ted  and unsubstituted benzoxepin analogues. It can be seen from the data 

that com pounds (221) and (222), which possessed a methoxyphenyl group, gave 

the best IC 50 values, which were similar to that o f  tamoxifen.

It can therefore be concluded that the conformationally restrained benzoxepin  

analogues are less active than the flexible tamoxifen-like com pounds, except for 

the unsubstitu ted  aryl benzoxepins. In particular, com pound (156) has an IC 50 

value 46%  better than that o f  tamoxifen.

The cy totoxic  effect o f  these compounds is o f  prime concern, as discussed in 

Section 4.3.3.1. Each compounds cytotoxic effect was evaluated using the LDH 

assay. M ost o f  the conformationally restrained analogues possess very good 

cytotoxic  profiles and like the flexible analogues, few exceed the 10% cytotoxic 

effect values. This indicates that these benzoxepin type analogues are cytostatic 

rather than cytotoxic. The graphs indicate that the activity o f  these com pounds 

is c learly  due to their antiproliferative effects rather than their cytotoxicity. The 

cyto toxicity  o f  compound (152) rises only slightly at a concentration o f  about 

100f.iM and for com pound (224), an increase is observed in cytotoxicity  at the 

20|.iM concentration.

It is therefore concluded, that the benzoxepin analogues, although being less 

active than their flexible-type counterparts, possess good antiproliferative 

effects, w ith  little or no cytotoxicity observed for M CF-7 human breast 

adenocarc inom a cells.

4.3.4. Use o f  rat uteri cytosol as a model system fo r  binding affinity

Prelim inary  experiments were carried out to characterise the b inding o f  estradiol 

to the estrogen receptor in the cytosol o f  rat uteri. The dependence o f  b inding on 

cytosol hom ogenate  protein concentration was firstly determined. Specific 

b inding  o f  [^H] estradiol (0.03nM ) to uteri cytosol homogenate was proportional 

to the am ount o f  protein present up to I50(j.g, after which the b inding reached a 

plateau (Figure 67). For subsequent binding studies, protein am ounts w ere 

selected to lie within the linear range.
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Figure 67: Dependence o f  specific f^HJ estradiol binding on uteri cytosol
concentration

Aliquots o f  uteri cytosol homogenate ranging from l-200|j.g protein were 

incubated with [^H] estradiol (5nM, 157Ci/mmol) for 16hr at 4°C in the presence 

(non-specific  binding) and the absence (total binding) o f  unlabelled estradiol 

(20).iM), as described in Section 4.2.7. Specific binding was calculated from the 

difference between total and non-specific binding. Each point represents the 

mean ± S.E.M. o f  incubations performed in triplicate.

The high affinity binding o f  [^H] estradiol to uteri cytosol hom ogenate was then 

determ ined. Binding was found to be saturable over the range 0-140nM , to a 

single class o f  binding sites, with a dissociation constant o f  4.3 ± 1.9nM at a 

density  o f  0.70 ± 0.07 pm ol/m g (Figure 68). This is in agreem ent with previous 

reports w hich demonstrate that, uteri cytosol cells exhibit a Bmax o f  0 .90pm ol/m g 

protein.

50 100 150
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Figure 68: Saturable binding o f  f H ]  estradiol to homogenates o f  uteri cytosol

Uteri cytosol homogenate (150| ig protein/assay) was incubated with [^H] 

estradiol (0-140nM, 157Ci/mmol) for 16hr at 4°C in the presence (non-specific 

binding) and absence (total binding) of  unlabelled estradiol (20|j.M), as 

described in Section 4.2.7. Specific binding was calculated from the difference 

between the total and non-specif ic binding. Each point is the mean o f  triplicate 

determinations and the error bars represent the S.E.M. Absence o f  error  bars 

indicates the error  was smaller  than the size o f  the symbol.  The data were fitted 

by the method o f  Wilkinson,  with the use o f  the computer  program MacCurvefi t ,  

yielding Ko and Bmax values o f  4.3 ± 1.9nM and 0.70 ± 0.07 pmol /mg protein 

respectively.

4.3.5. Binding studies on the cytosol o f  rats uteri

Binding assays were performed on selected potent antiproliferative compounds  

from the flexible and conformationally restrained analogue series. These studies 

de termined the affinity o f  the tested compounds for the estrogen receptor  based 

on their ability to compete with or replace bound radiolabelled estradiol.  Such 

displacement studies have previously been used in determining the affinity o f  

compounds  for the

Binding studies were performed as described in Section 4.2.7. The amount o f  

radioactivi ty bound in the presence o f  displacer  was expressed as a percentage o f  

control  binding.  Control binding is defined as specific binding in the absence o f
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iinlabelled estradiol. The displacement curves generated for som e o f  the 

synthesised  com pounds (Figure 69-77) are found in Table 22, which represents 

the affin ity  o f  the compounds for the ER (K, value ± S.E.M.) obtained from the 

com puter  program s EBDA and LIGAND, as described in Section 4.2.9, for 

selected com pounds.

193



140

120 

100 

5  80
" o

i  60o 
U
s? 40 

20 

0

Figure 69: Compound (59) inhibits the specific binding o f  [^H] estradiol to the 
estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol  (150| ig)  were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/mmol)  and varying concentrations o f  compound (59) (100nM-100| j,M) 

for 16hr at 4°C as described in Section 4.2.7. Control binding is defined as 

specif ic binding in the absence o f  unlabelled estradiol.  The amount o f  

radioactivi ty bound in the presence o f  the displacer was expressed as a 

percentage o f  control binding and each point represents the mean  value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

computer  programs EBDA and LIGAND, yielding a K, value o f  459 ± 230nM.
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-log [Compound (59)1
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Figure 70: Compound (81) inhibits the specific binding o f  f^H] estradiol to the 
estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (150|J,g) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/m m ol) and varying concentrations o f  com pound (81) (100nM-100|j,M) 

for 16hr at 4°C as described in Section 4.2.7. Control b inding is defined as 

specific binding in the absence o f  unlabelled estradiol. The amount o f  

radioactivity  bound in the presence o f  the d isplacer was expressed as a 

percentage o f  control binding and each point represents the mean value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

com puter programs EBDA and LIGAND, yielding a Kj value o f  503 ± 98nM.
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Figure 71: Compound (99) inhibits the specific binding o f  f H ]  estradiol to the 
estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (150|ag) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/m m ol) and varying concentrations o f  com pound (99) (100nM-100jj.M) 

for 16hr at 4°C as described in Section 4.2.7. Control binding is defined as 

specific binding in the absence o f  unlabelled estradiol. The am ount o f  

radioactivity  bound in the presence o f  the displacer was expressed as a 

percentage o f  control binding and each point represents the mean value + S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

com puter  programs EBDA and LIGAND, yielding a Kj value o f  2.39 ± 0.35|_iM.

196



120

100
W)

^  80 c5
"o 60
co

u  40 

20

0

Figure 72: Compound (112) inhibits the specific binding o f  f^H] estradiol to 
the estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (150|j.g) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/mmol) and varying concentrations o f  compound (112) (100nM-100|.iM) 

for 16hr at 4°C as described in Section 4.2.7. Control binding is defined as 

specific  binding in the absence o f  unlabelled estradiol. The am ount o f  

radioactivity  bound in the presence o f  the displacer was expressed as a 

percentage o f  control binding and each point represents the mean value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

com puter  programs EBDA and LIGAND, yielding a Kj value o f  2.48 ± 0.45).iM.

i
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Figure 73: Compound (122) inhibits the specific binding o f  f  H] estradiol to 
the estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (150(ig) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/mmol)  and varying concentrat ions o f  compound (122) (100nM-100|aM) 

for 16hr at 4°C as described in Section 4.2.7. Control binding is defined as 

specif ic binding in the absence o f  unlabelled estradiol. The amount o f  

radioactivi ty bound in the presence o f  the displacer  was expressed as a 

percentage o f  control binding and each point represents the mean value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

computer  programs EBDA and LIGAND, yielding a K, value o f  496 ± 0.4f.iM.
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Figure 74: Compound (152) inhibits the specific binding o f  [^H] estradiol to 
the estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (150|j.g) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/m m ol) and varying concentrations o f  com pound (152) (100nM-100fj.M) 

for 16hr at 4°C as described in Section 4.2.7. Control binding was defined as 

specific binding in the absence o f  unlabelled estradiol. The am ount o f  

radioactivity bound in the presence o f  the displacer was expressed as a 

percentage o f  control b inding and each point represents the mean value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

com puter programs EBDA and LIGAND, yielding a Kj value o f  3.21 ± 2.06|j.M.
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Figure 75: Compound (224) inhibits the specific binding o f  f H ]  estradiol to 
the estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol  (150|ag) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/mmol)  and varying concentrat ions o f  compound  (224) (100nM-100)o.M) 

for 16hr at 4°C as described in Section 4.2.7. Control binding is defined as 

specific binding in the absence o f  unlabelled estradiol.  The amount o f  

radioactivi ty bound in the presence o f  the displacer was expressed as a 

percentage  o f  control binding and each point represents the mean value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

computer  programs EBDA and LIGAND, yielding a K, value o f  828 ± 106nM.

■log [Compound (224)1
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Figure 76: Compound (254) inhibits the specific binding o f  f H ]  estradiol to 
the estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (150(ig) were incubated in triplicate with 5nM [^H] estradiol 

(157Ci/m m ol) and varying concentrations o f  com pound (254) (100nM -100 |iM ) 

for 16hr at 4°C as described in Section 4.2.7. Control b inding is defined as 

specific binding in the absence o f  unlabelled estradiol. The am ount o f  

radioactivity bound in the presence o f  the d isplacer was expressed as a 

percentage o f  control binding and each point represents the mean value ± S.E.M. 

o f  incubations performed in triplicate. The best fit was obtained with the 

com puter programs EBD A  and LIGAND, yielding a Kj value o f  14.18 ± 7.9)aM.
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Figure 77: Tamoxifen inhibits the specific binding o f f H ]  estradiol to the 
estrogen receptor in rat uteri cytosol (ER).

Uteri cytosol (ISOfig) were incubated in triplicate with 5nM [^H] estradiol 

(1 57Ci/m m ol) and varying concentrations o f  tamoxifen (lOOnM-1 OOjiM) for 

16hr at 4°C  as described in Section 4.2.7. Control binding is defined as specific 

b inding in the absence o f  unlabelled estradiol. The amount o f  radioactivity  

bound in the presence o f  the displacer was expressed as a percentage o f  control 

b inding  and each point represents the mean value ± S.E.M. o f  incubations 

perform ed in triplicate. The best fit was obtained with the com puter programs 

EBD A  and LIGAND, yielding a Kj value o f  157 + 24nM.

Binding affinity, determined by the Kj value was measured for com pounds (59), 

(81), (99), (1 12), (122), (152), (224), (254) and are tabulated with reference to 

tam oxifen  in Table 22

1 10 9 8 7 6 5

-log [Tamoxifen]
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Compound Kj Values

Tamoxifen 157 ± 24nM

Type I (59) 459 ± 23nM

Type I (81) 503 ± 98nM

Type III (99) 2.4 ± 0.4|iM

Type IV (112) 2.5 ± 0.5|^M

Type V (122) 496 ± 0.4|aM

(152) 3.2 ± 2.1|iM

(224) 828 ± 106nM

(254) 14.2 ± 7.9|iM

Table 22: Binding affinities o f  selected compounds fo r  ER: comparison with 
tamoxifen. Values are expressed as the mean ±  S.E.M  fo r  triplicate

determinations.

4.3.6. D iscussion: Binding affinities o f  compounds fo r  ER

Binding assays were carried out on selected com pounds from each series o f  

flexible and conformationally restrained analogues that possessed high 

antiproliferative activity. The binding affinities (K, values) were determined for 

each o f  the selected compounds and compared to that o f  tam oxifen as illustrated 

in Table 22. The binding affinity (Ki value) o f  tamoxifen for the ER in rat uteri 

cytosol is similar to previous findings'*^'. Each o f  the active com pounds assayed 

dem onstra ted  good binding affinity for the estrogen receptor (i.e. cytosol o f  rat 

uteri), com parable  to that recorded for tamoxifen. It is noted how ever that the 

binding affinities o f  the flexible tamoxifen-like analogues are better than the 

conform ationally  restrained benzoxepin analogues. When the data were 

correlated with the inhibitory activity o f  the com pounds, it is perceived that 

com pounds (59) and (81) [from Type I and II] possess the highest binding 

affinity for the estrogen receptor and are com parable to that o f  tam oxifen in the 

nanom olar range. These synthesised com pounds are shown in Figure 78 and 

w ere observed as the having best activity o f  all the synthesised analogues as 

regards inhibitory activity and binding affinity for the estrogen receptor in breast 

cancer cells.
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Figure 78: Structure o f  compounds (59) and (81)

C om pound (122), which has an extended ethylene function, possesses a 

reasonable  binding affinity as well as favourable antiproliferative effects. A 

similar correlation can be observed for Type III and IV series i.e. representative 

com pounds (99) and (112) display only moderate binding affinities together with 

poor antiproliferative effects, which were discussed in Section 4.3.3.1.

CH

CH

3\
/

CH
NCH2CH2O CH3

CH
NCH9CH2O

(224) (254)

Figure 79: Structure o f  compounds (224) and (254)

When the antiproliferative effects and binding affinities o f  the conform ationally  

restrained benzoxepins are compared, it is noted that com pound (254), the 

benzoxepin  with the extra m ethylene moiety, possesses a poor b inding affinity 

for the estrogen receptor along with a poor ability to inhibit proliferation o f  

human breast cancer cells. Compound (224) [containing a methylaryl group], is 

noted to possess a favourable binding affinity for the ER in the nanom olar range, 

how ever, it is not as good as tamoxifen or the tamoxifen-like analogues (59) and 

(81).

In conclusion, there appears to be a correlation between binding affinity and 

antiproliferative potency for the series o f  compounds prepared. N one o f  the 

analogues tested to date exhibit better binding affinities for the ER than 

tam oxifen, but some o f  the compounds exhibit more potent antiproliferative
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activity on MCF-7  cell growth.  The present s tudy may thus be useful in helping 

to design further  novel antiestrogens which exhibit more potent  antiprol iferat ive 

effects on breast  tumour growth and which display higher binding affinities for 

the estrogen receptor.
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5. Structure activity investigation on Tamoxifen and related-
novel flexible analogues
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5.1.  Introduction

The estrogen receptor is responsible for the mediation o f  physiological effects o f  

estrogen steroid h o r m o n e s , w h e n  horm one-binding to the ligand-binding 

dom ain  o f  the receptor takes place. This hormone ligand then initiates a cascade 

o f  m olecu la r  and biochemical events, which ultimately can express them selves in 

the grow th  or m odulation o f  certain tissues through the activation or inactivation 

o f  particu lar genes/^^ This has been discussed in detail in Chapter 1. In C hapter 

2 the preparation o f  a series o f  novel com pounds which, while related 

s tructura lly  to tamoxifen, deviate from the traditional approach o f  

triphenylethylene analogues as antiestrogens through the introduction o f  a 

m ethylene group betw een the aryl and vinylic systems were d e s c r i b e d . I t  

has been suggested, that building flexibility into the rigid backbone o f  

antiestrogens may enhance their antiproliferative activity and binding affinity for
238the estrogen receptor.

The availability  o f  highly resolved studies o f  crystal structures o f  the estrogen 

receptor has allowed the investigation o f  both actual and theoretical interactions 

o f  estrogenic and antiestrogenic materials in the ligand binding domain.

This data were used in conjunction with computational m ethods to provide 

ra tionalised S.A.R. (structure activity relationships) for the b iological activity 

observed for the novel flexible (Type I-IV) compounds [the most active series], 

as described  in Chapter 4.

These studies w ere carried out by firstly dividing the novel flexible analogues 

into the ir  individual series Types I-IV. The objectives o f  these studies included:

a) attaining global minimised structures o f  each series Type, using 

SPARTAN,^'’''

b) com parison o f  receptor bound and globally minimised 4- 

hydroxytam oxifen,

c) a docking study on the most active compound from the series Types,

d) identifying the critical residue interactions and com pare these with those 

o f  4-hydroxytamoxifen.
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5.2. Structural images of  Tamoxifen and novel-flexible analogues I-IV

The triarylethylene moiety o f  tamoxifen uniformly exists in a propeller 

conform ation  w here the three rings are twisted in the same way although to a 

d ifferent e x t e n t . I t  has been argued that the dihedral angles o f  the propellor 

blades (rings) are related to the relative binding affinity (RBA) o f  the 

triary lethylene system to estrogen receptors; the smaller the torsion angles, the 

low er the b inding  a f f i n i t y . T h e  three aryl rings in all conformers exist in a 

p ropellor conform ation  in which the torsion angles (a ,  p and y) are in the 52-74° 

range.

T he im ages detailed in Figures 8 1 - 8 5  using the Spartan program m e depicts the 

3D im age o f  the flexible analogues (Type I-IV) compared to that o f  tamoxifen. 

T he Type II analogues, having already been observed to possess favourable 

b inding affinities and antiproliferative effects, show the benzylic group in the 

sam e plane as the corresponding aryl group o f  tamoxifen. Type II com pounds 

have already been shown to possess the best biochemical activity when 

com pared  to the rem aining novel flexible analogue Types and therefore it is 

interesting to note that Type II analogues have a similar 3D structure to that o f  

tam oxifen. In Type I, III and IV analogues, the benzyl group is observed out o f  

the plane, thus correlating to the biochemical activities o f  these com pounds, 

w here  the antiproliferative and binding affinities are not as good as those o f  

Type II analogues. The geometric, structural and electronic similarities between 

tam oxifen and the novel tamoxifen analogues are depicted in the following 

images.

In the 3D energy-m inim ised structures, the electron density is depicted using 

various colours. In the scale the blue colour suggests a high electron density 

w hereas the lower electron density is represented by the red colour.
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Figure 80: 3D Energy minimised structure o f  Tamoxifen (2)

Figure 81: 3D Energy minimised structure o f  flexible analogues Type I

209



Figure 82: 3D Energy minimised structure o f  flexible analogues Type II

Figure 83: 3D Energy minimised structure o f  flexible analogues Type III
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Figure 84: 3D Energy minimised structure o f  flexible analogues Type IV

With the use o f  these global minimised structures, the 3D structures o f  Type I-IV 
analogues are illustrated and compared to tamoxifen (2). Type II analogues are 
shown to possess a propellor like-structure similar to tamoxifen. This data 
correlates with the favourable biochemical activities observed for the same 
analogues, as depicted in Chapter 4,

Further computational methods were used to rationalise the biochemical results 
obtained after a clear relationship was observed between binding and 
antiproliferative activities. This comprised o f  initial modelling and minimisation 
o f  the novel flexible analogues. The minimisation procedure furnished detailed 
three-dimensional representations o f  the novel flexible analogues (Type I-IV) 
and tamoxifen.
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Figure 85: Structure o f  novel flexible analogues

Figure 86 illustrates a direct structural comparison o f the most active compounds 
(62), (85), (99) and (112) (representing each of the four series Types I-IV) 
superimposed on a minimised tamoxifen (2) and the receptor-bound 
conformation o f  4-hydroxytamoxifen.
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Figure 86: MacroModel superimposition o f  selected minimised compounds 
with tamoxifen and 4-hydroxy tamoxifen

Yellow Tamoxifen (2)
White (62)
Red (85)
Green (99)
Blue (112)
Orange 4-Hydroxytamoxifen (4)

It can be seen clearly from Figure 86 where the incorporated methylene spacing 
groups bestow additional flexibility on the novel flexible compounds. In each 
case, the overlap o f  the compounds with 4-hydroxytamoxifen is high, deviating 
significantly only where the methylene spacing group is introduced. While the 
basic side chain for (99) i.e. piperidine, is translocated to ring C o f  the structure 
(Figure 85), it can be seen for compounds (62), (85) and (112) that their 

respective basic side chains are orientated in a similar manner to that observed 
for 4-hydroxytamoxifen (4), with a slight deviation noticed for l,2-diphenyl-2- 

[(4-morpholinylethoxy)benzyl]but-l-ene (112), (blue molecule) as the benzylic 
spacer between the vinylic system and ring B imparts additional flexibility in 

this region.
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5,3. Docking studies

High-quality crystal structures o f  agonists and antagonists co-crystallised in the 

ligand-binding domain o f  the estrogen receptor are now a v a i l a b l e . T h e  
information attained from these structures has shed much light on those residues 
responsible for the mediation o f  estrogenic and antiestrogenic responses arising 
from ligand binding. The availability o f  a good representation estrogen receptor 
binding the potent antiestrogen 4-hydroxytamoxifen (OHT)^*^^ enabled docking 
studies to be carried out with the novel flexible analogues, with a view to 
rationalising the antiestrogenic activity through analysing ligand-receptor 

interactions.

Work by Klinge et a l ,  described the similarities in the ligand-binding behaviours 
o f  4-hydroxytamoxifen and tamoxifen, validating the choice o f  the 4- 
hydroxytamoxifen m o d e l . T h e  Brookhaven PDB file was manipulated on a 
Silicon Graphics 0 2  workstation using a combination o f  text editors^®*  ̂ and the 
computational chemistry package, MacroModel.^*’’ To illustrate proof o f  
concept, a comparison between the configuration o f  receptor bound 4-

C A Q

hydroxytamoxifen and energy mmimised 4-hydroxytamoxifen was carried out 
and is visually represented in Figure 87. This clearly shows the conformational 
correlation between the receptor bound and minimised structures. The calculated 
R.M.S. structural deviation between the geometries presented is 0.61 A.
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Figure 87: Comparison between the receptor-hound (red) and globally 
minimised (white) conformations o f  4-hydroxytamoxifen. RMS structural 

deviation = 0.61 A. Minimisation was performed using a Monte-Carlo 
conformational search under the MM3 forcefield from  MacroModel. Bound 

conformation taken from  3ERT PDB entry.

This energy minimisation procedure was applied to the most active compounds 
in each series chosen i.e. (62), (85), (99), (112) (Type I-IV) so as to prepare a set 
o f  globally minimised ligands for docking. Once the globally minimised ligand 
o f  interest had been manually positioned in the same location and orientation as 
4-hydroxytamoxifen, the OHT was removed and a docking analysis performed 

using LIGIN.^*” This program was evaluated on its ability to re-insert the ligand 
OHT in the SERT^®"  ̂ structure o f  the estrogen receptor. The accuracy o f  the 

program is reflected in Figure 88 where the LIGIN-docked OHT is shown in 

relation to its location and orientation in the original crystal structure.
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Figure 88: Comparison o f  the LICilN-docked (green) and crystal structure 
fhoundj (red) positions o f  4-hydroxytamoxifen in the estrogen receptor, 

visualised using MacroModel. Top right inset shows enlarged rendering o f  the
respective ligands.

The program output when manipulated through MacroModel allowed the 
generation o f  a set o f  ‘model structures’ for the novel ligands docked in the 
estrogen receptor The data from these docking operations provided a set o f  
ligand-protein contact (LPC)^" information which was compared to that 
available for the antiestrogen- containing PDB entries 3ERT and

The in-depth LPC analysis was concentrated primarily on the following specific 
residues: Glu 353 and Arg 394 (which are involved primarily in anchoring 
ligands in the active site). His 524 (identified as an important estrogenic residue 
from studies with diethylstilbestrol^”'* and estradiol^”^). Asp 351 (identified by 
Brzozowski et as an important antiestrogenic residue) and finally with Thr
347, which, through analysis o f  the differing interactions from antiestrogens and 

estrogens, is also deemed a significant residue for antiestrogenic activity.

The LPC data details all close contacts between the docked molecules and
512specific residues in the estrogen receptor. The program LIGPLOT was utilised 

to deconvolute the three-dimensional information present in the LIGIN / 

MacroModel generated ‘model structures’ ’̂  ̂ for the compound 2-benzyl-1- 

phenyl-l-[(4-pyrrolidinylethoxy)phenyl]but-l-ene (62), into more easily 
referenced two dimensional plots as shown in Figure 89,
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Figure 89a: Mode! structure generated fo r  compound (62), docked into the 
human estrogen receptor site, using the LIGIN program in the docking mode. 

Visualisation rendered from  the program Ribbons.
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Figure 89b: Possible interaction o f  compound (62) with residues in the active
site.



The docked orientation o f  each com pound w ithin the estrogen receptor ligand- 

b inding domain could be readily visualised and similarities to existing receptor- 

bound crystal structures appreciated. The LPC program written by Sobolev et 

operates based on calculated com plem entarity  values for d iffering types o f  

atoms, e.g. hydrophobic contacts, hydrophilic interactions, hydrogen bond donor 

or acceptor atoms. The program classifies and generates a list o f  possible 

interactions for the docked ligand w ithin the receptor, based on the interaction 

types detailed and the co-ordinate file input. For each LPC trial the types o f  

atoms present in subject com pounds w ere m anually  explicitly defined. A nalysis 

o f  the LPC output allowed the determination o f  the degree o f  in teraction between 

synthesised com pounds and key residues, w hich had been previously  identified 

as being o f  significance for estrogenic or antiestrogenic activity as well as other 

residues that are deem ed to be im portant from published crystal structures.

The basis for this assignment stems from the much higher interactions seen 

betw een antiestrogenic com pounds and this residue than those observed for
328estrogenic com pounds. Presently, no crystal structure exists for tam oxifen 

com plexed with the human estrogen receptor. The com putational protocol 

detailed above was followed and a ‘model structure’ for tam oxifen  was generated 

and a set o f  LPC data for this theoretical docking amassed. Table 23 illustrates 

the LPC data for one o f  the most active compound (62) while Table 24 depicts 

the specific residues o f  choice for each com pound (62), (85), (99) and (112) 

representatives o f  Type I -  IV respectively with reference to those contacts 

calculated from existing crystal structures and the docked tam oxifen ‘model 

s truc tu re ’ data.

Figure 90: S tructure o f  com pound (62)
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Residue Dist Surf
Specific contacts

HB Arom Phob DC
343A MET* 3.9 20.3 - - + -

346A LEU* 2.7 73.8 - - + -

347A THR* 2.9 50.8 + - + -

349A LEU* 4.4 7.6 - - + -

350A ALA* 3.8 18.4 - - + -

351A ASP* 4.7 7.2 - - - -1-

353A GLU* 3.4 22.9 - - - -

383A TRP* 4.6 10.3 - 4- - -

384A LEU* 3.6 26.7 - - + -

387A LEU* 2.9 57.9 - - + -

388A MET* 3.4 24.9 - - + -

391A LEU* 3.5 16.4 - - + -

394A ARG* 3.7 23.8 - - - -

404A PHE* 3.2 35.4 - + + -

419A GLU 5.4 0.4 - - - -

420A GLY 5.8 1.8 - - - -

421A MET* 3.3 21.1 - - + -

424A ILE* 3.5 20.4 - - -f- -

428A LEU* 2.8 39.5 - - -

521A GLY* 3.2 33.7 - - - -

524A HIS* 4.7 5.6 - - + -
525A LEU* 2.8 113.3 - - + +
528A MET* 3.1 30.7 - - -t- -f-

529A LYS* 5.7 2.9 - - - -
530A CYS* 5.5 13.0 " - +

Dist ; nearest distance (Angstroms) between atoms o f the hgand and the residue
S u r f; contact surface area (Angstroms') between the Hgand and the lesidue
HB : hydrophihc-hydrophihc contact (probable hydrogen bond)
Arom : aromatic-aromatic contact
Phob : hydrophobic-hydrophobic contact
DC : hydrophobic-hydrophilic contact (destabilizing contact)
+/- : indicates presence/absence o f a specific contact
* : indicates residues contacting hgand by their side chain

Table 23: Data from LPC fo r  compound (62)

These tables, in conjunction with the LIGPLOT renderings such as that 

illustrated in Figure 89b, give some insight into the possible interactions 

occurring  at the active site. In Table 24, a comparison is made between the 

novel flexible ligands and know n antiestrogens. Their theoretical dockings show 

that they  are anchored to m uch the same extent as antiestrogenic and estrogenic 

com pounds  via residues Arg 394 and Glu 353. Contact with the ‘es trogen ic’ 

residue His 524 is low and is com parable to that o f  the know n antiestrogen OHT,

w hereas  raloxifene 503 is a special case, insofar as it is a selective estrogen 
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receptor modulator (SERM) and its mode of action can best be described as an 
‘estrogen-like’ antiestrogen/''* Contact with the ‘antiestrogenic’ residue Asp 
351 is lower than that recorded for known antiestrogens and that predicted for 
tamoxifen itself, whereas contact with the Thr 347 residue reflects the results 
observed for both known antiestrogenic compounds and the predicted value for 
tamoxifen, which far outweigh the contacts recorded for estrogenic compounds.

Compound T h r 347 Asp 351 His 524 Arg 394 GIu 353
(62) 50.82 7.18 5.61 23.78 22.88
(85) 37.02 9.80 13.70 21.99 10.77
(99) 49.60 12.79 3.59 24.23 8.52

(112) 38.80 19.30 19.30 13.00 28.70
OHT 40.50 28.95 14.36 22.18 34.18
RAL 39.30 30.90 32.80 22.00 32.70
TAM 50.70 40.80 11.00 22.00 29.20
EST 7.20 0.00 40.40 17.80 35.90
DES 8.30 0.00 38.80 15.80 39.00

OHT: 4-Hydroxytamoxifen from PDB entry 3ERT.
RAL: Raloxifene from PDB entry lERR.
TAM: Tam oxifen- LPC contacts generated from docked file.
EST: Estradiol from PDB entry lERE.
DBS; Diethylstilbestrol from PDB entry 3ERD.

Table 24: LPC results fo r  specific residues with comparison to known 
estrogens and antiestrogens-data given as overlap (Angstroms with residue
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5.4. Conclusion

To rationalise the biological data for the flexible analogues, in the absence o f  a 

crystal structure, com putational docking and ligand-protein contact studies were 

carried out indicating that these molecules (model structures) dock in the same 

region o f  the estrogen receptor and interact with the same key residues as know n 

antiestrogenic com pounds. These computational studies correlate with the 

b iological data obtained and confirm that Type II analogues are in fact the most 

active novel com pounds synthesised.

A lthough the docking and resulting LPC data are theoretical, until such time as a 

crystal structure is obtained for one o f  these novel com pounds in the ligand 

binding dom ain  o f  the estrogen receptor, such tools will have to serve to furnish 

some m easure o f  explanation for the biological results obtained because no direct 

correlation  can be m ade between the LPC data and activity demonstrated. 

Further studies utilising this computational protocol in the pre-synthetic 

m odification o f  selected compounds and in the design o f  novel flexible ligands, 

with a v iew  to increasing specific residue interactions and antiestrogenic activity 

are to be carried out in the future.
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6.1. Proposed Developments

Many studies focusing on antiestrogens, such as tamoxifen, have indicated that 

these com pounds, apart from preventing estrogen binding to its receptor, act in 

both a cytostatic and cytotoxic manner. In the present study a novel series o f  

tam oxifen  analogues were developed and it was dem onstrated that some o f  these 

analogues prevent estrogen binding to its receptor with a potency  similar to that 

o f  t a m o x i f e n . I n  addition these compounds inhibited the proliferation o f  a 

hum an M CF-7 breast carcinom a cell line, again with sim ilar po tency  to 

tamoxifen. Furthermore, it has been shown that some o f  these analogues induce 

a cytotoxic effect on this cell line although the nature o f  this cytotoxic effect 

(necrosis/apoptosis) has not as yet been examined. These novel tam oxifen 

analogues may have potential as anticancer therapeutics in the treatm ent o f  

breast cancer.

The validity o f  any new therapy and/or therapeutic agent is m ore easily 

established if  a sound mechanistic basis can be shown. In order to understand 

the m echanism  underlying the antiproliferative/cytotoxic action o f  these novel 

tam oxifen  derivatives, it is necessary to answer important questions about the 

initial biochemical target events for the compounds and to further identify the 

steps in the cellular response palhway(s) leading to cell cycle arrest and/or 

apoptosis.^'^

The ability o f  the novel tamoxifen derivatives to induce apoptosis in MCF-7 

cclis could be assessed and the potency o f  action com pared to tamoxifen. 

Apoptosis is a “cell suicide” m echanism, in which the cell program s itse lf  to die. 

It is characterised by shrinkage o f  the cell, condensation o f  the chrom atin, DNA 

fragmentation and the packaging o f  DNA into small apoptotic bodies. Apoptosis 

is quite distinct from another type o f  uncontrolled cell death called necrosis 

w here the cell bursts and release its contents. The m echanism  by w hich many 

chem otherapeutic  drugs kill cancerous cells remains unclear but the drugs 

ultim ately  induce apoptosis in these c e l l s . I n d e e d ,  tam oxifen  has previously 

been shown to induce apoptosis o f  M CF-7 cells and this has been suggested to 

contribute  to its anti-tum our action. Therefore, the design o f  tamoxifen 

analogues which induce apoptosis o f  M CF-7 cells may be advantageous.

T am oxifen  has also been reported to have effects on other im portant com ponents 

o f  intracellular signalling pathways, such as antagonism o f  calm odulin  action 

and inhibition o f  the enzym e protein kinase C (PKC). These  activities are 

thought to be significant in the antitumour action o f  the drug.^'^

223



The general structural features o f  the novel flexible analogues Type I (lead 

compound), in the context o f  those interactions required for antiestrogenic 
activity in the model of the estrogen receptor (ER), direct the development o f  the 
following proposed optimisation targets.

O ptim isation  O ptim isation  
point 'b' point 'c'

RO

■Introduction 
o f  an OH  
fu n ction a lity

O ptim isation point 'a'
Introduction o f  OH or ha logen  fu n ction a lity

T ype I

Lead C om pound O ptim isation Targets

6.1.1. Substitution at position 'a' indicated above by hydroxy or halide 
functionalities to yield  compounds with predicted higher activity than 
the parent compound.

This is evidenced by the high activities o f  4-hydroxytamoxifen (4) and idoxifene 
(29). This higher activity is due to increased favorable interactions o f  such 
substituents with two specific residues within the ER - Glu 353 and Arg 394. 
These residues play an anchoring role in the binding o f ligands to the ER.

6.1.2. Hydroxy substitution o f  the lead compound in either the ‘b ’ and/or ‘c ’ 
positions to favourably increase ligand interaction with His 524 in the 

ER binding site.

The 'b' and 'c' positions in the lead compound have been chosen for modification 
due to the docking orientation o f  this parent ligand in the ER.

6.1.3. SAR studies fo r  compound optimisation.

Detailed SAR and QSAR analyses will be routinely performed correlating the 
data from in vitro assays with molecular properties, so as to continually optimise 

the molecular design.
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6.1.4. The preparation  o f  active pro-drugs f o r  in vivo assay to counteract the  

rap id  bioelimination o f  ph en olic  optim ised leads.

Phenolic drugs are often administered as esters, which are m etabolically  cleaved 

in vivo  to furnish the desired species. Preliminary m olecular m odelling  studies 

o f  phosphate  or formate ester prodrugs o f  the optimised leads discussed above 

have indicated that these prodrug species themselves inherently  exhibit 

favourable residue interactions with the model o f  the estrogen receptor.

6.1.5. C om putational simulation and subsequent synthesis o f  m etabolites  o f  

the pro-drugs and  optim ised lead compounds.

Studies o f  m etabolites o f  known antiestrogens have found that the major 
m etabolites  o f  these com pounds are themselves antiestrogens - this will be 
investigated for these novel ligands.
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7. Experimental section
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7.1. G enera l  experim ental  details

Spectroscopic and physica l data

M elting points (m.p.) were determined on a Gailenkamp apparatus and are 

uncorrected.

Spectra were obtained on the fo llow ing instruments:

Infra red (IR): N icolet  205 FT-IR and band positions are given in cm ’'. Solid  

sam ples were analysed by potassium bromide disc (KBr); oils w ere analysed as 

film s on NaCl plates.

Nuclear magnetic resonance (NM R): 'H NM R, Bruker D PX 400  (400 .14  MHz); 

'^C N M R , Bruker D PX 400  (100 .625M H z); '^C DEPT 135, Bruker D P X  400.  

N M R  spectra were analysed with Bruker W IN -N M R  software. The N M R  

spectra w ere recorded in deuterated chloroform with tetramethylsilane (TM S) as 

internal standard except where indicated. Peak positions were assigned relative  

to the CDCI3 resonances at 7.26ppm for 'H N M R  and 77.00ppm  for '^C NMR. 

C hem ical shift values are reported on the 5 scale relative to TMS and coupling  

constants are reported in Hertz. Chemical shifts are reported values (number o f  

protons, description o f  resonance, coupling constant(s) where applicable and 

assignm ent).

Abbreviations used: s =  singlet, d = doublet, t =  triplet, q = quartet, m =  

multiplet.

M ass spectrometry:

Low resolution mass spectrometry (EIM S-LR) was carried out in the 

Department o f  Pharm acology and Therapeutics, Trinity C o llege  Dublin by 

Dr. Pierce Kavanagh. Low resolution spectra were run on a Hewlett-  

Packard 5973 M SD  G C-M S system.

High resolution mass spectrometry (E lM S-H R ) was carried out in the 

Department o f  Chemistry, University C o llege  Cork. H igh resolution  

accurate mass determinations were made on a Kratos Prohile H V -4  mass  

spectrometer using the direct insertion probe and electron impact 

ionisation techniques.
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Chromatographic methods

Ri values are quoted for thin layer chromatography on Merck  F-254 plates. 

Column chromatography was carried out with Merck Kiesegel  60 (particle size 

0.040-0.063 mm). Preparat ive plate chromatography was carried using 15PSC 

Kiesegel 60F254 (Platter 20x20cm, 2mm).  Compounds  were visually detected 

with UV at 254nm.

HPLC (High Performance Liquid Chromatography)

The chromatographic condit ions used were those outl ined in the Brit ish 

Pharmacopoeia 1998 for tamoxifen.  The mobile phase consisted o f  a mixture o f  

acetonitr ile (300mL),  water (125mL),  THF (75mL) and 18M am monia  (2mL),  

with a flow rate o f  1.5mL per minute and a detection wavelength o f  240nm.  The 

stat ionary phase was  packed with octadecylsi lyl silica gel C|g column (5|j.m).

Purification o f  solvents

All solvents were distilled prior  to use. Anhydrous solvents were  prepared
518according to literature methods.

Acetone,  the analytical reagent generally contains less than 0 .1% organic 

impuri ties  but may have up to about 1% water. It was dried with  anhydrous 

potassium carbonate,  distilled and used directly. Dichloromethane was predried 

with calcium chloride and then over phosphorus pentoxide.  It is then distilled 

and used. Dioxane usually contains impurities such as acetaldehyde,  ethylene 

acetal,  acetic acid, water  and peroxides.  This solvent was predried over  calcium 

chloride granules and then over sodium and benzophenone until a purple colour 

was observed.  Dioxane was distilled and used immediately.  THF was  initially 

dried over  calcium hydride,  then further dried by refluxing over  sodium and 

benzophenone.  When a blue/purple colour was observed,  the THF was distilled 

and used immediately.

Pet. ether is defined as petroleum ether with a boil ing range between 40-60°C
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7.2.  E x p e r i m e n t a l  deta il s

7.2.1. Ch alcon e syn th esis 

General M ethod 2.1

To a solution o f  benzaldehyde (0.05M) and an appropriately substitu ted  

ace tophenone (0.05M) in ethanol (50mL) at ambient tem perature was added a 

catalytic quantity  o f  ground NaOH (5-6 pellets). The mixture was stirred for 1- 

6hr. The precipitated product was filtered, washed with ethanol, water, dried 

under vacuum  and recrystallised from ethanol.

1,3-Diphenylpropen-l-one (47)

This product was prepared using the general method 2.1 with benzaldehyde and 

acetophenone, as a colourless solid post recrystallisation from ethanol in 96%  

yield; m.p. 56°C [lit. m.p. 55-57°C]

IR Vn,ax (KBr) 1658 (C = 0 ) ,  1601 (C=C) cm ''

'H N M R 5(CD Cl3) 6.78-7.72 (12H, m, H-2, H-3, lOArH)

' - C N M R  6(CD Cl3) 120.23 (C-2), 124.77 (C-4 '), 127.32, 127.49 (C -3 " ,

C -5") ,  127.60, 128.65 (C-2 ', C -3 ',  C -5 ',  C -6 '), 

128.11, 128.30 (C -2" , C -6 "), 131.68 (C -4") ,  132.57 

(C -1") ,  145.12 (C-3), 202.15 (C-1)

l - (4 -Methoxyphenyl) -3-phenylpropen-l -one  (48)

This product was obtained using the method above with benzaldehyde and 4- 

methoxyacetophenone, as a colourless / lemon crystalline solid after 

recrystallisation with ethanol in 94% yield; m.p. 102-104°C [lit. m.p. 104°C]^'*^

IR Vniax (KBr) 1653 (C = 0 ) ,  1603 (C=C) cm '

'H  N M R 5(CD Cl3) 3.90 (3H, s, O C H 3), 7.00 (2H, d, J = 10.52Hz, H -3 ',

H-5 ') , 7.42-7.44 (3H, m, H -3" ,  H -4 " ,  H -5 ") ,  7.56 

(2H, d, 15.56Hz, H-2), 7.65-7.67 (2H, m, H -2 " ,  H- 

6 ") ,  7.82 ( IH,  d, 15.52Hz, H-3), 8.06 (2H, d, J = 

9.04Hz, H-2', H -6 ')
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' - 'C N M R  5 (C D C l3) 55.41 (O C H 3), 113.65 (C -3" ,  C -5" ) ,  121.70 (C -2 ),

128.28 (C -2’, C -6 '), 128.92 (C -3 ',  C-5 ') , 130.35 (C- 

4 ') , 130.69 (C -2" , C -6 "), 130.96 (C-1 ') ,  134.96 (C-

1"), 143.49 (C-3), 163.34 (C -4"),  189.70 (C-1)

7.2.2. Dihydrochalcone synthesis

General M ethod 2.2

A suspension o f  the appropriately substituted chalcone (0.05M ) in ethanol 

(50mL) was stirred under heat, until complete dissolution occurred. 10% Pd 

(0.035M ) on activated charcoal was added and the reaction m ixture was stirred at 

room tem perature under an atmosphere o f  H 2 . Stirring was m aintained until TL C  

analysis verified that hydrogenation o f  the starting material was com plete . The 

catalyst was then removed via filtration, washed with ethanol and the solvent 

was evaporated under reduced pressure. The crude product was purified by 

recrystallisation from ethanol.

1,3-Diphenylpropan-l-one (49)

The general method 2.2 was employed using 1 ,3-d iphenylpropen-l-one 

(0.024M ), 10% Pd on activated charcoal (0 .017M) and ethanol (35mL). The 

crude product was recrystallised from ethanol and produced a colourless 

crystalline solid in 95% yield, m.p. 70-72°C [lit. m.p. 70-71°C]^^^

IR Vn,ax (KBr) 1676(C =0), 1450 (C H 2) cm '

'H NMR 5 (CD Cl3) 3.15 (2H, t, J = 8.01Hz, H-3), 3.38 (2H, t, J=8.00Hz,

H-2), 7.44-8.23 (lOH, m, ArH)

'^ C N M R  5(CDCl3)  30.10 (C-3), 40.44 (C-2), 126.16 (C-4') ,  128.01 (C-

3 " ,  C -5") ,  128.39, 128.52 (C -2 ',  C -6 ', C -3 ',  C -5 ') ,  

128.58 (C -2", C -6 "), 132.97 (C -4") ,  136.80 (C -1 " ) ,  

140.11 (C -T ),  199.21 (C-1)

l-(4-Methoxyphenyl)-3-phenylpropan-l-one (50)

The previous procedure 2.2 was employed using 1-(4-m ethoxyphenyl)-3- 

phenylpropen-one (0 .0 18M), 10% Pd on activated charcoal and ethanol (30ml). 

T he product was recrystallised from ethanol as a colourless crystalline solid in 

95%  yield; m.p. 95-97°C [lit. m.p. 96-97°C]^^°
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I R  V m a x ( K B r ) 1672 (C = 0 )  cm ''

H N M R  5(CDCl3) 3.05 (2H, t, J = 8.30Hz, H-3), 3.28 (2H, t, J=8.32H z, 

H-2), 3.88 (3H, s, 4"-OCH3), 6.90-7.05 (2H, m, H- 

3 " ,  H -5") ,  7.27-7.35 (5H, m, H -2 ',  H-6, H -4 ',  H -3 ',  

H -5 ') ,  7.91-8.09 (2H, m, H -2 " ,  H -6 " )

' ^ C N M R  5(CDCl3)  30.28 (C-3), 40.04 (C-2), 55.38 (4"-OCH3),  113.59

(C -3" ,  C -5") ,  126.05 (C-4 ') ,  128.37, 128.49 (C -2 ',  

C -6 ',  C-3 ', C-5'), 129.95 (C -1"),  130.28 (C -2 " ,  C- 

6 " ) ,  140.41 (C -T ),  198.01 (C-1)

7.2.3. Alkylation o f  dihydrochalcones

General method 2.3

A suspension o f  N aH  (60% dispersion in oil) in dry THF (30mL) was prepared at 

0°C. To this was added dropw ise the appropriately substituted 1,3-diarylpropan-

1-one in dry THF (30mL) at 0°C. This solution was stirred at am bient 

temperature for 1 hour. Post this period it was cooled to 0°C and ethyl iodide 

was added in one portion. The reaction mixture was allowed to stir for 16-18hr 

at room temp. The reaction was quenched with slow addition o f  HCl (5% v/v, 

1 5mL) poured onto H 2 O and extracted with diethyl ether (3 x 25mL). The ether 

extracts w ere combined, washed with saturated NaCl solution and dried over 

M gS 0 4 . The product was purified using flash column chromatography.

The general method 2.3 outlined was employed using NaH [60% dispersion] 

(0.042M ), 1,3-d iphenylpropan-l-one (O.OIM) and ethyl iodide (0.034M ). The 

w ork up was carried out as previously detailed above. Flash colum n 

chrom atography [eluant petroleum ether ; ethyl acetate; 96:4] afforded a mustard 

coloured oil^^^ in 96% yield, possessing the following physical properties.

IR Vmax (film) 1673 (C = 0 )  cm '

'H  N M R 5 (C D C b) 0.97-1.02 (3H, t, J = 7.47Hz, H-4), 1.56-1.92 (2H,

2-Benzyl - l -phenylbutan- l -one  (51)

m, H-3), 2.82 ( IH,  dd, J = 13.73, 6 .66Hz, C H 2 ), 3.15 

( IH,  dd, J = 13.71, 7.51Hz, C H 2 ), 7.11-7.45 (8H, m, 

ArH), 7.84-7.89 (2H, m, H -2 " ,  H -6 ")
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- c  N M R  6 (C D C l 3) 11.63 (C-4),  25.23 (C-3) ,  37.66  (CH 2), 49 .67  ( C - 2 ),

126.08 (C-4'),  128.15 (C-2' ,  C- 6 '), 128.32 (C-3' ,  C-  

5'), 128.53 (C-3",  C-5"),  128.98 (C-2" ,  C - 6 "), 

132.79 (C-4"),  137.48 (C-1"),  140.00 ( C - T ) ,  203 .77  

(C-1)

2-BenzyI-l-(4-methoxyphenyl)butan-l-one (52)

The general  method 2.3 was employed using NaH [60% dispersion] (0 .03M ),  1- 

(4 -methoxypheny l)-3-phenylpropan-l-one  ( 0 . 0 12M), and ethyl iodide (0 .036M ) .  

Column chromatography (eluant petroleum ether : ethyl acetate; 100:0.6),  

presented the pure product as a ye l low coloured oi l in 79% yield.

IR Vmax ( f i lm )

'H N M R  5(C D C l3)

C N M R  6(CDCl3)

1679 ( C = 0 )  cm''

0.89 (3H, t, J = 7.40Hz, H-4),  1 .51-1.80  (2H, m, H-  

3), 2 .79 (lH(a), dd, J = 13.64, 6 .59Hz,  C H 2), 3 .03  

(lH(b), dd, J = 13.87,  7 .51Hz,  CH 2), 3 .54-  3 .58  ( IH ,  

m, H-2) ,  3 .80 (3H, s, 4 "-OCH 3), 6 .82 -6 .8 7  (2H, m,  

H-3",  H-5"),  7 .13-7 .18 (5H, m, H-2' ,  H-3' ,  H-4',  H- 

5, H-6 '), 7 .75-7 .92  (2H, m, H-2" ,  H - 6 ")

11.68 (C-4),  25.43 (C-3) ,  37 .92 ( C H 2), 49 .27  (C-2) ,  

55.37 ( 4 " - 0 C H 3 ) ,  113.67 (C-3",  C-5"),  126.01 (C-  

4'),  128.26,  128.96 (C-2' ,  C-3' , C-5' ,  C- 6 '), 130.26  

(C-2",  C-6 "), 130.40 (C-1"),  140.20 (C-1') ,  163.31 

(C-4'),  202 .20  (C-1)

7.2.4. Synthesis o f  2-benzyl-l , l-dipheitylbutan-l-ols

General  method 2.4

To dry THF (15mL)  at - 7 8 ° C  under nitrogen was added PhLi (O.OIM, 1.8 M in 

hexane) .  This solution was al lowed to stir for 30min under these conditions after 

which  the appropriately substituted butan- l-one  (0 .0 05M )  in dry THF ( lOmL)  

was  added s lowly  at -78°C.  This reaction mixture was maintained for 1 hour at -  

78°C and then stirred at ambient temperature for 12hr. Post this period the 

reaction was  extracted with ethyl acetate (3x20mL),  washed with NaCl (10% 

w /v ,  20m L) ,  dried over N a 2S 0 4  and concentrated. Product purification was  

carried out using flash co lumn chromatography.
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2-Benzyl- l , l -d iphenylbutan-I -o l  (53)

The general method 2.4 was employed using PhLi (0.01M/5.56mL), 2-benzyl-l- 
phenylbutan-l-one (0.005M) in dry THF (20mL). Column chromatography 
(eluant petroleum ether : ethyl acetate; 95:5), presented a mustard coloured oil in 
78% yield with the following physical properties.

IR Vmax (fi lm)

' H N M R  5(CDCl3)

13C N M R  6(CDCl3)

3573 (OH), 3100-3040, 2970-2880 (CHs), 1510 

(CH 2), 1455 (CH3) cm''

0.65 (3H, t, J = 7.50Hz, H-4), 1.33-1.39 (2H, m, H- 

3), 2.17 (IH , s, OH ex. D2 O), 2.50-2.54 (IH , m, H-
2), 2.80-2.87 (2 H, m, CH 2), 7.08-7.31 ( I IH ,  m, 

ArH), 7.53-7.57 (4H, m, H-3", H -5", H -3 '" , H -5")

13.35 (C-4), 23.43 (C-3), 36.73 (CH 2), 49.42 (C-2), 

125.60 (C-2", C-6 ", C -2 '" ,  C-6 " ') ,  125.69 (C-4'), 

126.37 (C-4 '" , C-4"), 128.16 (C -3 '" ,  C -5 '" ,  C-3", 

C-5"), 128.36, 129.02 (C-2', C-6 ', C-3', C-5'), 

141.44 (C-1'), 145.99 (C-1 '" , C -1")

2-Benzyl - l - (4 -m ethoxyphenyl) - l -phenylbutan- l -o l  (54)

The general method 2.4 was applied using PhLi (0 .014M / 7.8 mL), 2-benzyl-1- 
(4-methoxyphenyl)-l-phenylbutan-l-one (0.007IM) in dry THF (30mL). Flash 
column chromatography (eluant petroleum ether : ethyl acetate; 93:7), afforded a 
lemon coloured oil in 72% yield.

IR Vmax (film)

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

3468 (OH), 3175-3021, 2981-2870 (CHs), 1521 

(CH 2), 1475 (CH3 ) cm-'

0.65 (3H, t, J = 7.49Hz, H-4), 1.29-1.65 (2H, m, H-

3), 2.21 (IH , s, OH ex. D 2O), 2.50-2.57 (IH , m, H- 

2), 2.79 (2 H, m, CH 2), 3.81 (3H, s, OCH 3), 7.12-7.49 

(1 IH, m, ArH), 7.55-7.59 (2H, m, H -3 '" ,  H -5 '" )

13.34 (C-4), 23.24 (C-3), 36.31 (CH 2 ), 49.70 (C-2), 

55.13 (4"-0CH3), 113.47 (C-3", C-5"), 125.55 (C- 

2", C-6 ", C -2 '" , C-6 ' " ) ,  125.66 (C-4'), 126.32 (C- 

4" ') ,  126.83 (C-3 '", C -5 '") , 128.15, 129.01 (C-2',
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EIMS (HR)

C-6 ', C-3', C-5'), 141.70 (C-T),  146.96, 147.87 (C- 

1", C-1 '" )

C 2 4 H2 6 O 2 : calculated 346.1926 

observed 346.1933

7.2.5. Synthesis o f  2-benzyl-l,l-diphenylbut-l-enes

2-Benzyl-l , l-diphenylbut-l-ene (55)

Method 1: To a solution o f  2-benzyl-1,1-diphenylbutan-l-ol (0.012M) in EtOH 
(30 mL) was added concentrated H 2 SO4 (SmL) and the mixture was refluxed 
gently for 24hr. The resulting solution was concentrated, neutralised with NaOH 

(10% w/v), extracted with ethyl acetate (2 x 20mL), washed with saturated NaCI 

solution, dried over Na 2 S0 4  and concentrated. Flash column chromatography 
(eluant petroleum ether : ethyl acetate; 99:1), afforded the product as a mustard- 
coloured oil in 83% yield.

I R  V m a x  (film )

‘H NMR 5(CDCl3)

13C N M R  5(CDCl3)

3084-3026, 2968-2867 (CHs),1601,1570 (C=C) cm’'

1.02 (3H, t, J = 7.47Hz, H-4), 2.11 (2H, q, J = 

7.48Hz, H-3), 3.59 (2H, s, CHz), 7.23-7.32 (15H, m, 
ArH)

12.79 (C-4), 24.19 (C-3), 36.76 (CH 2 ), 125.36 (C- 

4'), 125.80, 125.86 (C-4", C-4 '") ,  127.63, 127.70 

(C-2",  C- 6 ", C-2" ' ,  C-6 " ') ,  127.84, 128.25 (C-2‘, 

C-6 ', C-3' , C-5'), 128.77 (C-3",  C-5" ,  C -3 '" ,  C- 

5 '") ,  138.38, 139.04 (C-1, C-2), 140.14 (C-T),  

142.65, 142.72 (C-1",  C-1" ')

2-Benzyl-1-(4-methoxyphenyI)-1-plienylbut-l-ene (56)

Method 1: A solution 2-benzyl-l-(4-methoxyphenyl)-l-phenylbutan-l-ol

(0.0016M) in EtOH (20mL) was allowed to reflux at 90-95°C for 30min prior to 

addition o f  85% polyphosphoric acid (0.08M) and the mixture was refluxed 
gently for 2-4hr. The resulting solution was neutralised with NaOH (10% w/v), 

poured onto H 2 O, extracted with ethyl acetate (3 x 25mL), washed with brine, 

dried over Na2 S0 4  and concentrated. Column chromatography (eluant petroleum
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ether: ethyl acetate, 96:4), afforded a pure product  as cream coloured oil in 79% 

yield.

IR Vmax (f i lm) 

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

3095-3018,  2985-2828 (CHs),  1605 (C=C) cm ' '

0.98-1.03 (3H, m, H-4), 2.05-2.14 (2H, m, H-3),  

3.58, 3.62 (2H, 2 x s, C H 2 ), 3.80, 3.83 (3H, 2 x s, 

O C H 3 ), 6.83-6.89 (2H, m, H -3" ,  H -5") ,  7.18-7.32 

(12H, m, ArH)

13.22 (C-4), 24.65 (C-3), 37.17 (CH 2 ), 55.13 (4 “ - 

O C H 3 ), 113.50 (C-3" ,  C-5") ,  125.55 (C -2" ,  C - 6 " ,  

C -2 " ' ,  C- 6 " ' ) ,  125.73 (C -4 ’), 126.11 (C -4" ,  C - 4 " ' ) ,  

127.99, 128.06 (C-2" ,  C- 6 ",  C -2 " ' ,  C - 6 ' " ) ,  128.25, 

128.63 (C-2',  C- 6 ', C-3' ,  C-5 ') ,  129.18 ( C - 3 ' " ,  C- 

5 ' " ) ,  140.25 (C-T) ,  143.05, 144.36 (C -1" ,  C - 1 " ' )

C 2 4 H 2 4 O : calculated 328.1827

observed M* 328.1861

328 ( M \  84%), 299 (M^-29, 61%), 237 (M^-91,  

30%),  221 (M"-107,  20%),  213 (M '-115 ,  100%),  

197(M"-131,  15%), 191 (M '-137 ,  19%)

7.2.6. Demethyla tion  o f  2 -benzyl- l- (4-metl ioxypltenyl) - l -phenylbut- l-ene

2-Benzyl - l - (4 -hydroxyphenyl) - l -phenylbut- l -ene  (57)

Method 1: A solution o f  2 -benzy l - l - (4 -m ethoxypheny l) - l -pheny lbu t - l -e ne  

(56) (0 .027M) in dry dichloromethane (35 mL) was stirred at - 7 8 ° C  for 30min 

under  nitrogen.  Post this period boron tribromide (0.025M) was added dropwise  

and the mixture was  al lowed to stir for a further l -2hr  at - 7 8 ° C  under N 2 The 

product  mixture was  then allowed to stir overnight at ambient temperature.  The 

result ing solution was neutralised with NaOH (20% w/v), extracted with 

dich lo romethane  (3x30mL),  washed with brine, dried over M g S 0 4  and 

concentrated.  The product  was purified using flash column chromatography 

(eluant  dichloromethane  : petroleum ether, 60:40), which afforded a light b rown 
coloured  oil in 87% yield.

I R  V m a x  (film) 3572-3157 (OH),  3086-3019,  2985-2890 (CHs),  

1607 (C=C),  1516 (CH 2 ), 1460 (CH 3 ) cm '
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' H N M R  5(CDCl3)

13C NMR 5(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

0.99 (3H, m, H-4), 2.10 (2H, m, H-3), 3.57,  3.61 

(2H, 2 X s, CH2 ), 4.77 (IH, d, J = 7.86Hz, OH ex. 

D 2 O), 6.77-6.81 (2H, m, H-3", H -5” ), 7.11-7.32  

(12H, m, ArH)

12.78 (C-4), 24.17, 24.29 (C-3), 36.71,  36.83 (CH 2 ), 

1 14.53, 114.49 (C-3",  C-5"), 125.73 (C-4'), 126.13 

(C-4", C-4"'),  127.99, 128.06 (C-2",  C- 6 ", C -2 ’", 

C- 6 '"), 128.23, 128.62 (C-2', C-6 ', C-3', C-5'),  

129.17 (C-3'", C-5'"), 138.12, 138.43 (C-1, C-2),  

140.21 (C-T),  142.98 (C-1",  C-1'"),  153.52 (C-OH)

C2 3 H2 2 O ; calculated 314.1671

observed M* 314.1692

314 ( M \  8 8 %), 285 (M^-29, 65%), 223 (M^-91,  

31%), 207 (M^-107, 46%), 191 (M^-123, 27%)

7.2. 7. Acylation o f  2-benzyl-l-(4-hydroxypltenyl)-l-phenylbut-l-ene

l - (4 -Acetoxyphenyl) -2 -benzyl- l-phenylbut- l- ene  (58)

To 2-benzyl-1-(4-hydroxyphenyl)-1-phenylbut-1-ene (57) (0.0004M) was added 

acetic anhydride (1.2mL), and anhydrous pyridine (1.2mL). The mixture was  

shaken gently for 5min and then placed in darkness at room temperature 

overnight. The resulting solution was poured onto ice water (50mL) to quench 

the reaction and extracted with diethyl ether (2 x 25mL). The ethereal extracts 

were washed with HCl (O.IN, 40mL), H2 O, saturated NaHCOa solution, dried 

over Na 2 S 0 4  and concentrated under reduced pressure. Flash column 

chromatography (eluant dichloromethane : petroleum ether; 50:50), afforded the 

product as an amber coloured oil in 6 8 % yield with the fol lowing physical 

properties.

IR v,T̂ax (film) 3064-3004,  2965-2842 (CHs), 1738 (CH 3 C= 0 0 )

1603 (C=C) cm-'

'H NMR 5 (CDCl 3 ) 0.97 (3H, m, H-4), 2.05 (2H, m, H-3), 2.36 (3H, m,

CH 3 C= 0 ), 3.56, 3.58 (2H, 2 x s, CH 2 ), 7.01-7.03  

(2H, m, H-3", H-5"), 7.21-7.28 (12H, m, ArH)
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13
C N M R  5 ( C D C l 3 )

E lM S  (H R )

Mass S p e c t ru m  (m/z)

13.63 (C-4) ,  24 .14  (C-3) ,  31 .46  ( C H 3 C = 0 ) ,  36.71 

( C H 2 ), 113.72 ( C - 3 " ,  C - 5 " ) ,  125.39 ( C - 2 " ,  C - 6 " ,  C-  

2 ' " ,  C - 6 ' " ) ,  125.96 (C-4 ' ) ,  127.66 ( C - 3 ' " ,  C - 5 ' " ) ,  

128.20,  128.80 (C-2 ' ,  C - 6 ' , C -3 ' ,  C-5 ' ) ,  142.43 (C- 

1 ')

C 2 5H 2 4O 2 : ca lcula ted 356 .1776

obse rved  356.1765

356 ( M \  100%),  327 (M^-29,  13%), 314  ( M M 2 ,  

47% ) ,  297 (M^-59,  16%), 285 (M^-71,  94% ) ,  271 

(M^-85,  12%),  236 (M^-120,  14%),  223 (M ^-133 ,  

40% ) ,  207  (M^-149,  31% ),  165 (M^-191,  17%)

7.2.8. Alkylation o f  2-henzyl-l-(4-hydroxyphenyl)-l-phenylbut-l-ene

G enera l  M e th o d  2.8

To 2 - b e n z y l - l - ( 4 - h y d r o x y p h e n y l ) - l - p h e n y l b u t - l - e n e  (57)  ( 0 .0 0 0 4 5 M )  in dry 

ace tone  was  added  anhydrous  po tass ium  ca rbona te  (0 .0072M )  and  s t i r red gen t ly  

for 5 - lO m in  unde r  N 2 . Pos t  this  per iod  w as  added  2 - (a lky lam ino)e thy l  ch lo r ide  

h y d ro g en  chlo r ide  and the resul t ing solut ion was  ref luxed  for 5 -6hr  a f te r  w h ic h  

T L C  ana lysi s  showed  full c onsum pt ion  o f  s ta r t ing mater ia l .  T h e  resu l t ing  

reac t ion  m ix tu re  was  v a c u u m  f il tered,  washed  with acetone  and  conc en t ra te d  

u nde r  r educed  pressure.  The  product  was  pu r if ied us ing f lash c o lu m n  

c h ro m a to g ra p h y .

2-Benzyl- l - [4 - (d imethylaminoet l ioxy)phenyI |- l -p henylbut- l- ene  (59)

M e th o d  1; T h e  general  m e th o d  2.8 ou t l ined  was  em p lo y e d  u s ing  2 - b e n z y l - l - (4- 

h y d r o x y p h e n y l ) - l - p h e n y l b u t - l - e n e  (0 .00045M )  in dry  ace tone  ( 8 m L),  anh y d ro u s  

K 2C O 3 ( 0 .0072M )  and 2 - (d im e thy lam ino)e thy l  chlor ide  h y d r o g e n  ch lo r ide  

( 0 .0 0 1 8M).  Flash  c h ro m a to g r a p h y  (eluant  methano l  : d i ch lo rom e tha ne ;  60 :40)  

a f fo rded  a b r o w n  co loured  oil in 80%  yield.

I Rv ma x ( f i l m)  3077-2950 ,  2919-2741 (CHs) ,  1606 ( C = C ) ,  1509

( N C H 2 ),  1458 ( N C H 3 , C H 2 ),  1374 ( C H 3 ) ,  1277,  1242 

(C N )  cm- '

'H  N M R  6 ( C D C l 3) 0.98 (3H,  m, H-4) ,  2 .06 (2H,  m, H-3) ,  2 .40  (6 H, d, J

= 7.28Hz ,  N ( C H 3 )2 ), 2.78 ( 2 H, m, N C H 2 ), 3.55, 3 .59
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(2H, 2 X s, C H 2 ), 4.08 (2H, m, C H 2 O), 6.84-6.88 

(2H, dd, J = 9.18Hz,  H -3" ,  H-5") ,  7.13- 7.31 (12H, 

m, ArH)

13C N M R  5 ( C D C l 3 )

E I M S  ( H R )

Mass Spectrum (m/z)

13.20 (C-4), 24.62 (C-3), 37.17 (C H 2 ), 45.63 

(N (CH 3 )2 ), 58.15 (N CH 2 ), 65.59 (C H 2 O), 114.04, 

114.12 (C-3” , C-5’’), 125.70 (C-4') ,  126.10 (C -4" ,  

C - 4 ' ” ), 127.97, 128.04 (C -2 ” , C - 6 ” , C - 2 ” ', C - 6 ' ” ), 

128.21, 128.62 (C-2' ,  C - 6 ', C-3 ' ,  C-5 ') ,  129.16 (C- 

3 ” ', C - 5 ' ” ), 138.07, 138.14 (C-1, C-2), 140.22 (C- 

1 ')

C 2 7 H 3 1 NO ; calculated M^ 385.2405

observed M* 385.2405

385 { M \  100%), 356 (M^-29, 14%), 314 (M '-71 ,  

15%), 285 (M"-100,  21%),  223 (M^-162,  8 %), 207 

(M^-178,  11%), 191 (M^-194,  27%),  178 (M^-207, 

14%), 165 (M^-220, 25%), 149 (M'‘-236, 37%)

2-Benzyl -l -14-(diethylaminoeth oxy)phenyll - l -phenylbut- l-ene  (60)

Method 1; The  general method 2.8 outlined was employed using 2 -benzy l -1-(4- 

hydroxyphenyl ) - l -phenylbu t - l -ene  (0.00064M) in dry acetone ( lOmL),  

anhydrous K 2 C O 3 (0.0145M) and 2-(diethylamino)ethyl chloride hydrogen 

chloride (0.0023M).  Flash chromatography (eluant methanol : dichloromethane;  

40:60) afforded a mustard coloured oil in 59% yield.

IR Vmax (film)

' H N M R  5 ( C D C l 3 )

13C N M R  5 (C D C l3 )

3111-3010,  2979-2805 ( C H s ) ,  1608 (C=C),  1577, 

1508 ( N C H 2 ), 1460 ( N C H 3 , C H 2), 1382 ( C H 3 ) cm '

0.96 (3H, m, H-4), 2.06 (2H, m, H-3),  2.19 (5H, s, 

N C H 2 C H 3 ), 2.64 (5H, s, N C H 2 C H 3 ), 2.86 (2H, m, 

N C H 2 ), 3.54, 3.58 (2H, 2 x s, CH 2 ), 4.04 (2H, m, 

C H 2 O), 6.82-6.88 (2H, dd, J = 9.84Hz,  H - 3 ” , H -5 ” ), 

7.12- 7.42 (12H, m, ArH)

11.36 (CH 3 ), 13.18 (C-4), 24.59 (C-3), 37.22 (C H 2 ), 

47.75 (N(CH 2 C H 3 )2 ), 53.80 (N C H 2 ), 66.35 (C H 2 O), 

113.99 (C -3” , C -5 ” ), 125.69 (C-4') ,  126.07 (C-4 ' ' ,  

C - 4 ' ” ), 127.95, 128.01 (C -2 ” , C - 6 ” , C - 2 ' ” , C - 6 ” '),
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EIMS (HR)

Mass Spectrum (m/z)

128.19, 128.61 (C-2', C-6 ', C-3‘, C-5'), 129.15 (C- 

3 " ' ,  C -5" ') , 137.99, 138.53 (C-1, C-2), 140.21 (C- 

1 ' )

C 2 9 H3 5 NO : calculated 413.2725

observed 413.2704

413 ( M \  100%), 398 (M^-15, 23%), 314 (M"'-99, 
19%), 285 (M^-128, 12%), 191 (M^-222, 46%), 178 
(M^-235, 35%), 165 (M^-248, 25%)

2-Benzyl-l -phenyI- l- (4-(p iperid inyle thoxy)phenyljbut- l -ene  (61)

Method 1: The general method 2.8 was applied using 2-benzyl-1-(4- 
hydroxyphenyl)-l-phenylbut-l-ene (0.00057M) in dry acetone ( 6 mL), anhydrous 
K 2 C O 3  (0 .013M) and 1-(chloroethyl)piperidine monohydrochloride (0.002 IM). 
Flash chromatography (eluant methanol : dichloromethane; 35:65) afforded a 
light brown / mustard coloured oil in 83%> yield.

I R  V m a x  (film)

' H N M R  6 (CDCl3 )

13C NMR 5(CDCb)

EIMS (HR)

3099-2996, 2981-2756 (CHs), 1605,1575 (C=C), 

1554,1506 (NCH 2 ), 1452 (CH 2 ), 1369 (CH 3 ) cm ''

0.94 (3H, m, H-4), 1.56 ( 6 H, m, H -2 " " ,  H -3 " " ,  H- 

4 " " )  2.02 (2H, m, H-3), 2.59 (2H, m, H - l " " ,  H- 

5 " " ) ,  2.73 (2H, m, NCH 2 ), 3.49, 3.53 (2 H, 2 x s, 

CH 2 ), 4.04 (2H, m, CH 2 O), 6.82-6.88 (2H, dd, J = 

9.73Hz, H -3", H-5"), 7.12- 7.42 (12H, m, ArH)

13.15 (C-4), 23.85 (C-3), 25.81 (C -3 '" ') ,  27.80 (C- 

2 " " ,  C -4"") ,  35.14 (CH 2 ), 47.93 ( C - l " " ,  C -5"" ) ,  

58.58 (NCH 2 ), 65.76 (CH 2 O), 113.96, 114.03 (C-3", 

C-5"). 125.67 (C-4'), 126.05, 126.10 (C-4", C -4 '") , 

127.93, 128.02 (C-2", C-6 " , C -2 '" ,  C-6 ' " ) ,  128.17, 

128.56 (C-2', C-6 ', C-3', C-5'), 129.10 (C -3" ',  C- 

5 '" ) ,  138.05, (C -l, C-2), 142.94 (C -T )

C 3 0 H 3 5 NO : calculated M"* 425.2718

observed M^ 425.2743
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Mass Spectrum (m/z) 425 ( M \  77%), 381 (M^-44, 4%),  326 (M^-99,  3%), 

253 (M^-172, 10%), 252 (M^-173,  9%), 191 (M^- 

234, 2%), 178 (M"-247,  12%), 165 (M^-260,  15%), 

129 (M*-296, 23%),  112 (M^-313,  65%)

2-Benzyl - l -phenyl- l- |4 - (pyrro l id iny le thoxy)phenyl]but- l -ene  (62)

Method 1: The general method 2.8 was employed using 2 - b e n z y l - l -(4- 

hyd roxypheny l) - l 'pheny lbu t - l -ene  (0.00056M) in dry acetone (6 mL),  anhydrous  

K 2 C O 3 ( 0 .0 13M) and l-(2-chloroethyl)pyrrol idine hydrochloride(0.0020M).  

Flash chromatography  (eluant methanol  : dichloromethane;  35:65) afforded a 

light b rown coloured oil in 8 6 % yield.

IR V m a x  (film)

' H N M R  6(CDCl3)

13C N M R  5(CDCl3)

ElMS (HR)

Mass  Spectrum (m/z)

3086-2901,  2871-2765 (CHs), 1604 (C=C),  1509 

(NCH 2 ), 1489 (CH 2 ), 1364 (CH 3 ) cm"’

0.98 (3H, m, H-4), 1.82 (4H, m, H - 2 " " ,  H - 3 " " ) ,  

2.05 (2H, m, H-3), 2.85 (4H, m, H - 1 " " ,  H - 4 " " ) ,  

2.93 (2H, m, N CH 2 ), 3.54, 3.62 (2H, 2 x s, C H 2 ),

4.12 (2H, m, CH 2 O), 6.84-6.87 (2H, dd, J = 8.97Hz,  

H-3" ,  H-5") ,  7.13- 7.31 (12H, m, ArH)

13.14 (C-4), 23.39, 23.52 (C-3), 24.53,  24.63 (C- 

2 " " ,  C - 3 " " ) ,  37.07, 37.18 (CH 2 ), 53.39, 53.85 (C- 

1 " " ,  C - 4 " " ) ,  57.80 (N C H 2 ), 66.63 (CH 2 O), 114.03,

114.12 (C-3",  C-5") ,  125.63 (C-4') ,  125.84 (C -4" ,  

C -4" ' ) ,  127.95, 128.00 (C-2" ,  C - 6 ",  C - 2 ' " ,  C - 6 ' " ) ,  

128.10, 128.57 (C-2’, C- 6 ', C-3 ' ,  C-5 ') ,  129.11 (C- 

3 ' " ,  C -5 '" ) ,  138.01, 138.09 (C-1, C-2), 142.96 (C- 

1 ')

C 2 9 H 3 3 N O  : calculated 411.2573

observed 411.2541

411 { M \  82%), 351 (M^-60, 9%), 327 (M^-84, 5%), 

297 (M'’-114, 4%), 267 (M^-144, 19%), 253 (M^- 

158, 21%),  191 (M^-220, 50%),  178 (M^-233,  

35%),  165 (M^-246, 48%)
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2-Benzyl -l - (4 - (morphol iny le thoxy)phenyl |- l -phenylbut- l -ene  (63)

Method I; The general method 2.8 was employed using 2 -benzy l -1-(4- 

hydroxyphenyl)- l-phenylbut -1-ene  (0.00057M) in dry acetone (7mL),  anhydrous  

K2 C O 3 (0.013M) and 4-(2-chloroethyl)morpholine hydrogen chloride (0.0021M).  

Flash chromatography (eluant methanol : dichloromethane;  20:80) presented  a 

light brown coloured oil in 69% yield.

IR V m a x  (film)

'H NMR 5(CDCl3)

13C NMR 5(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

3083-2902, 2881-2671 (CHs), 1606 (C=C),  1513 

(N C H 2 ), 1454 (CH 2 ), 1380 (C H 3 ) cm-'

0.97 (3H, m, H-4), 2.08 (2H, m, H-3),  2.74 (2H, m, 

N C H 2 ), 2.79 (4H, m, H - 1 " " ,  H - 4 " " ) ,  3.60 (4H, m, 

H - 2 " " ,  H - 3 " " ) ,  3.72 (2H, s, C H 2 ), 4.10 (2H, m, 

C H 2 O), 6.82-6.86 (2H, d, J = 8.49Hz,  H -3 " ,  H -5" ) ,  

7.12- 7.28 (12H, m, ArH)

13.16 (C-4), 24.52 (C-3), 29.42 (CH 3 ), 37.08 (C H 2 ), 

53.34, 53.98 ( C - 1 " " ,  C -4 " " ) ,  57.55, 57.60 (N C H 2 ), 

65.62 (CH 2O), 66.72, 6 6 . 8 6  ( C - 2 " " ,  C - 3 " " ) ,  114.04, 

114.46 (C-3" ,  C-5") ,  125.69 (C-4') ,  126.12 (C -4 " ,  

C -4 " ' ) ,  127.94, 128.01 (C-2" ,  C - 6 ",  C - 2 ' " ,  C - 6 ' " ) ,  

128.17, 128.55 (C-2',  C - 6 ', C-3 ' ,  C-5 '),  129.10 (C- 

3 " ' ,  C -5 ' " ) ,  138.11, (C-1, C-2), 142.91 ( C - T )

C 2 9 H 3 3N O 2 : calculated M" 427.2517

observed M^ 427.2541

427 ( M \  100%), 381 (M^-46, 23%), 322 (M^-105, 

21%),  253 (M '-174 ,  18%), 183 (M^-244,  22%),  114 

(M^-313,  100%)

7.2.9. M cM urry coupling reactions

General  method 2.9

An appropriately subst ituted benzophenone  (0.0047M) and 1-phenyl-2-butanone 

(0.0047M) were dissolved in dry dioxane (25mL) and al lowed to stir in an ice- 

cool  bath (0-5°C) under argon for lOmin. Titanium tetrachloride (0 .0095M) was  

added dropwise over 15min [exothermic reaction] and the reaction mixture was
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allowed to stir for a further 30min at 0-5°C under Ar, prior to addition o f  zinc 

dust [<10 micron] (0.03M). The reaction mixture was allowed to heat up to 

room temperature, before refluxing for 3-4hr. TLC analysis post overn ight 

cooling to am bient temperature indicated com plete  product formation. The 

product was washed with 10% K 2 CO 3 (50mL), water, brine and extracted with 

diethyl ether (3x25mL). The organic layer was then washed with 3N HCl 

(3x1 OmL) and further w ashing with w ater was carried out. The coupled product 

was dried over M gS 0 4  and concentrated down. Flash colum n chrom atography  

was carried out to purify the crude product.

2-Benzyl- l , l-diphenyl-but-l-ene (55)

M ethod 2: The general method 2.9 was applied using benzophenone (0 .0047M ),

1-benzyl-2-butanone (0.0047M ), dry dioxane (25mL), titanium (IV) chloride 

(0 .0095M ) and zinc dust (0.03M). The reaction mixture was refluxed for 4hr 

after which full consumption o f  the starting material was observed. C olum n 

chrom atography (eluant petroleum ether : dichloromethane, 85:15) was carried 

out affording a lemon coloured oil in 89% yield.

I R  Vn ( fi lm)

‘H NM R 5(CDCl3)

13C N M R  5(CDCl3)

EIMS (LR)

31 11-3023, 2995-2876 (CHs), 1600, 1574 (C=C), 

1465 (CH 2 ), 1443 (C H 3 ) cm '

1.70 (3H, t, J = 7.44Hz, H-4), 2.26 (2H, q, J = 

7.38Hz, H-3), 3.77 (2H, s, C H 2 ), 7.36-7.47 (15H, m, 

ArH)

13.09 (C-4), 24.40 (C-3), 36.97 (C H 2 ), 125.57 (C- 

4 ') , 126.00, 126.05 (C -4" ,  C -4 '" ) ,  127.82, 127.88 

(C-2",  C-6 " , C - 2 " ’, C - 6 " ') ,  128.04, 128.42 (C -2 ',  

C - 6 ', C-3 ', C-5 '), 128.96 (C -3" ,  C -5 " ,  C - 3 " ' ,  C- 

5 '" ) ,  138.54, 139.25 (C-1, C-2), 140.28 (C -T ) ,  

142.81, 142.87 (C -1" , C -1 '" )

C 2 3 H 2 2  : calculated M^ 298

observed M^ 298

2-Benzyl-l-(4-methoxyphenyl)-l-phenylbut-l-ene (56)

M ethod 2; The general method 2.9 was applied using 4-m ethoxybenzophenone 

(0 .0047M ), l-benzyl-2-butanone (0.0047M), dry dioxane (25mL), titanium  (IV) 

chloride  (0.0095M ) and zinc dust (0.03M) stirred under argon. The reaction
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mixture was refluxed for 5hr after which full consumption o f  the starting 

material was observed. Vacuum filtration was carried out to remove  the zinc,  

washing with ethyl acetate. Work up was carried out as per method 2.9, except  

the product was extracted with ethyl acetate. Column chromatography (eluant  

petroleum ether : ethyl acetate; 94:6)  afforded a ye l l ow  coloured oi l in 90% 

yield.

IR Vmax (film)  

‘H N M R  5(C D Cl3)

13C N M R  5(CDCl3)

ElMS (LR)

3095-2997 ,  2 9 8 6 -2 8 3 6  (CHs),  1606 (C=C) cm '

0.99 (3H, m, H-4) ,  2.08 (2H, m, H-3) ,  3 .57,  3.61 

(2H, d, 2 X s, C H 2 ), 3.79,  3 .82 (3H, d, 2 x  s, O C H 3 ), 

6.82-6 .85  (2H, dd, J = 8 .6 8 Hz, H-3" ,  H -5") ,  7 .16-  

7.33 (12H, m, ArH)

13.21 (C-4),  24 .59 ,  24 .70  (C-3) ,  37 .15 ,  37 .26  (CH 2 ), 

55.11 (OCH 3 ), 113.43,  113.51 (C-3",  C-5") ,  125.73  

(C-4'),  126.11,  126.16 (C-4",  C-4"') ,  127 .98 ,  128.06  

(C-2" ,  C- 6 ", C-2 '" ,  C-6 '"), 128.24, 128.63 (C-2' ,  

C - 6 ', C-3' , C-5'),  129.17 (C-3'" ,  C-5'") ,  138.14 (C-

1, C-2) , 140.26 (C -T ) ,  143.05 (C-1",  C-1'")

C 2 3 H 2 2 O : calculated 328  

observed 328

2-Benzyl-l-(4-hydroxyphenyl)-l-phenylbut-l-ene (57)

Method 2: The general method 2.9 was applied using 4-hydroxybenzophenone  

( 0 .0047M ) ,  l -benzyl-2-butanone (0 .0047M ),  dry dioxane (25mL),  titanium (IV)  

chloricde (0 .0095M) and zinc dust (0 .03M) stirred under argon. The reaction 

mixture was refluxed for 6 hr after which full consumption o f  the starting 

material was observed. Product was extracted with ethyl acetate. Column  

chromatography (eluant petroleum ether : dichloromethane,  40:60)  was  carried 

out presenting a light mustard coloured oil in 94% yield.

I R  V m a x  ( f i l m )

' H N M R  5(CD Cl3)

3 5 8 6 -3 1 1 4  (OH),  3089-3001 ,  2 9 6 5 -2 8 2 9  (CHs),  1610  

(C=C) cm''

0.97 (3H, m, H-4) ,  2 .06 (2H, m, H-3),  3 .57  (2H, d, J 

= 14.56Hz,  CH 2 ), 4 .69 ( IH,  d, J = 10.14Hz,  OH ex.  

D 2 O), 6 .73-6.77  (2H, dd, J = 8.67Hz,  H -3" ,  H-5"),
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7.09-7.11 (2H, dd, J = 8.64Hz,  H -2 ” , H- 6 " )  7.13- 

7.30 ( lOH, m, ArH)

'^ C N M R  6 (CD Cl 3 ) 13.18 (C-4), 24.69 (C-3), 37.12 (CH 2 ), 114.93 (C-

3" ,  C-5") ,  125.33 (C-4 ‘), 126.58 (C-4" ,  C -4 " ' ) ,  

127.83, 127.98 (C-2" ,  C- 6 ",  C -2 " ' ,  C - 6 " ' ) ,  128.23, 

128.60 (C-2' ,  C- 6 ', C-3 ',  C-5 ') ,  129.15 (C -3 " ' ,  C- 

5 ' " ) ,  138.13, 139.45 (C-1, C-2), 140.20 (C -T ) ,  

142.98 (C-1" ,  C - l ' " ) ,  153.50 ( C - 4 " 0 H )

ElMS (LR) C 2 3 H 2 2 O : calculated 314

observed 314

7.2.10.Preparations o f  substituted alkylated benzophenones

General  Method 2.10

To a solution o f  hydroxybenzophenone (0.005M) in dry acetone was  added 

anhydrous  K 2 C O 3 (0.05M) with continual stirring. Stirring was maintained for 

15min under a nitrogen atmosphere,  post this period alkylaminoethyl  chloride 

hydrogen chloride was added. The reaction mixture was stirred for a further  ten 

minutes and then heated to reflux for 5-6hr. The  reaction was monitored via 

TLC, once all the starting material was consumed it was then cooled to room 

temperature,  vacuum filtered, washed with acetone and concentrated under 

reduced pressure. The crude product  was purified via column chromatography.

The general method 2.10 was applied using 4-hydroxybenzophenone (0.005M) in 

dry acetone (20mL),  anhydrous K 2 C O 3 (0.05M) and 2-dimethylaminoethyl  

chloride hydrogen chloride (0 .0115M) under nitrogen. The  crude product  was 

purif ied via column chromatography (eluant methanol : dichloromethane;  60:40)
521to afford an orange coloured oil in 98%.

4-(DiiTiethylaminoethoxy)benzophenone (68)

IR Vmax (film) 3096-2928, 2901-2760 (CHs),  1652 (C = 0 ) ,  1601 

(C=C),  1507 (CH 2 ), 1445 (N C H 3 ), 1281, 1258 (C -N )

H N M R  5(CD Cb) 2.32 (6 H, s, N (CH 3 )2 ), 2.74 (2H, t, J = 5.64Hz,  

C H 2 N), 4.15 (2H, t, J = 5.66Hz,  C H 2 O), 6.90-6.91
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" C N M R  5(C D Cl3)

(2H, dd, J = 7.00, 1.97Hz, H -3", H-5"), 7.36-7.75 

(7H, m, ArH)

45.61 (N(CH 3 )2 ), 57.85 (NCH 2 ), 65.99 (OCH 2 ),

114.02 (C-3", C-5"), 125.53 (C-4", C -4" ') ,  128.07 

(C-2", C-6 ", C -2" ',  C-6 " ') ,  129.54 (C -3 '" , C -5 '" ) ,  

137.76 (C-1)

4-(Diethylaminoethoxy)benzophenone (69)

The general method 2.10 outlined above was applied, using 4- 
hydroxybenzophenone (0.005M), dry acetone (28mL), anhydrous K 2 CO 3 

(0.05M) and 2-diethylaminoethoxychloride hydrochloride (0 .0115M). The 
product was isolated using flash column chromatography (eluant methanol :

• 522  •dichloromethane; 60:40) as a lemon oil m 98% yield.

IR Vmax (f i lm )  

‘H N M R  6 ( C D C l 3 )

13 C N M R  5(C D Cl3)

3030, 2969-2934 (CHs), 1668 (C =0), 1601 (C=C), 

1508 (CH 2 ), 1446 (NCH 3 ), 1281, 1256 (C -N ) cm ''

2.64-2.76 (lOH, m, N(CH 2 CH 3 )2 ), 2.97 (2H, t, J = 
6.02Hz, CH 2 N), 4.21 (2H, t, J = 6.02Hz, CH 2 O), 

6.97-6.99 (2H, dd, .1 = 5.04, 2.00Hz, H -3", H -5"), 
7.45-7.84 (7H, m, ArH)

1 1 . 0 1  (CH 3 ), 47.34 (CH 2 ), 51.15 (NCH 2 ), 66.05 

(OCH 2 ), 113.65 (C-3", C-5"), 127.70 (C -4 '" ) ,  

129.23 (C-2", C-6 "), 129.84 (C -2 '" , C-6 ' " ) ,  131.39 

(C -3 '" , C -5" ') , 132.06 (C-1"), 137.84 (C -1" ') ,  

161.89 (C-4"), 195.04 (C =0)

4-(PyrrolidinyIethoxy)benzophenone (70)

This product was prepared via the general method 2.10 from 
hydroxybenzophenone (0.005M), dry acetone (25mL), anhydrous K 2 C O 3  

(0.05M) and l-(2-cholorethyl)pyrrolidine hydrochloride (0.012M). Column 
chromatography (eluant methanol : dichloromethane; 50:50) afforded a light 
brown oil^^^ in 95% yield.

IRVniax (film) 3059, 2963 (CHs), 1651 (C=0), 1604 (C=C), 1508
(CH 2 ), 1282, 1256, (C-N), 1173 (C -0) cm ''
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'H N M R  S(CDCl3)

13C N M R  6(CDCl3)

1.82 (4H, m, H -2 "" ,  H -3 "" ) ,  2.57 (4H, m, H -1 " " ,  

H -4"") ,  2.94 (2H, t, J = 5.96Hz, CH 2 N), 4.20 (2H, t, 

J = 6.02Hz, CH 2 O), 6.97-7.00 (2H, dd, J = 8.52, 

1.98Hz, H-3", H-5"), 7.45-7.90 (7H, m, ArH)

23.47 (C -2"" , C -3"" ) ,  54.83 (C -1"" , C -4 "" ) ,  57.86 

(NCH 2 ), 67.37 (OCH 2 ), 113.67 (C-3", C-5"), 127.68 

(C -4 " ‘), 129.21 (C -2 " ‘, C-6 " ') ,  132.03 (C -3 " ',  C- 

5" ') ,  137.88 (C -1" '), 162.08 (C-4"), 195.03 (C = 0)

4-(Piper idinylethoxy)benzophenone (71)

The general method 2.10 was applied using hydroxybenzophenone (0.005M), dry 
acetone (25mL), N 2 , anhydrous K 2 CO 3 (0.05M) and 1-(2-cholorethyl)piperidine 
monohydrochloride (0.012M). The product was isolated as a mustard coloured 
oil^̂ '  ̂ in 89% yield following column chromatography (eluant methanol : 
dichloromethane; 40:60), with the following physical properties.

I R  Vmax  ( fi lm)

'H N M R  5(CDCl3)

13C N M R  5(CDCl3)

3058, 2935-2853 (CHs), 1652 (C =0), 1604 (C=C), 

1508 (CH 2 ), 1281, 1255, (C-N) cm''

2.51 (2H, m, H -3"") ,  2.60 (4H, m, H -2 "" ,  H-4’" ') ,  

2.71 (4H, m, H -1 "" ,  H -5"") ,  2.84 (2H, t, J = 

5.78Hz, CH 2 N), 4.19 (2H, t, J = 5.76Hz, CH 2 O), 

6.95-6.98 (2H, dd, J = 8.52, 2.00Hz, H -3", H -5"), 

7.45-7.82 (7H, m, ArH)

28.82 (C -3""),  40.21 (C -2 "" ,  C -4"" ) ,  53.43 (C- 

1"" ,  C -5"") ,  56.98 (NCH 2 ), 66.35 (OCH 2 ), 113.67 

(C-3", C-5"), 127.72 (C-4'), 129.22, 129.88 (C -2 '" , 

C-6 '" ) ,  131.40 (C-3 '" , C -5 '") ,  132.04 (C-1"),

137.81 (C-1 '"), 161.89 (C-4"), 194.96 (C = 0)

4-(Morpholinylethoxy)benzophenone (72)

The general method 2.10 was applied using 4-(2-cholorethyl)morpholine 
hydrochloride (0.0115M) as the alkylating agent. Flash column chromatography 
(eluant methanol : dichloromethane; 40:60) purified the crude product as a cream 

oil in 89% yield.
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IR Vmax (film)

' H  N M R  5 ( C D C l 3 )

13
C N M R  5 ( C D C l 3 )

3060, 2962-2857 (CHs), 1652 (C =0), 1508 (CH 2 ), 
1282, 1255 (C-N), 1 173 (C -0) cm’'

2.65 (4H, m, H -1 "" ,  H -4"") ,  2.81 (2H, t, J = 

6.02Hz, CH 2N), 3.60 (4H, m, H -2 "" ,  H -3 "" ) ,  4.18 

(2H, t, J = 6.02Hz, CH 2O), 6.96-6.98 (2H, dd, J = 

8.52, 2.00Hz, H-3", H-5"), 7.45-7.83 (7H, m, ArH)

54.56 (C -1"" , C -4"") ,  57.71 ( N C H 2 ) ,  56.98

( N C H 2 ) ,  60.66 (C-2 " ” , C -3 "" ) ,  66.32 ( O C H 2 ),

114.11 (C-3", C-5"), 128.11 (C -4" ') , 129.64,

130.14 (C-2" ',  C-6 '" ) ,  131.77 (C -3 '" ,  C -5 '") ,

132.46 (C-1"), 138.31 (C-1 '"), 162.50 (C-4"),

195.43 (C =0)

7.2.11.Preparation o f  2-Benzyl-l-f4-(alkylaniinoethoxy)pltenylJ-l-phenylbut-l- 
ene using the McMurry coupling reaction

2-Benzy l - l - |4 - (d im ethy lam inoethoxy)pheny l | - l -pheny lbut - l -ene  (59)

\4ethod 2: The general method outlined 2.9 was applied in the preparation of this 
compound, using 4-(dimethylaminoethoxy)benzophenone (0.0045M), dry 
dioxane (25mL), 1-phenyl-2-butanone (0.0045M), titanium tetrachloride
(0.0091M) and zinc dust (0.028M) under argon. The crude product was purified 
using column chromatography (eluant dichloromethane : methanol; 40: 60) to 
yield an amber coloured oil in 69% yield.

I R  Vniax (film)

' h N M R  S ( C D C l 3 )

13C  NMR 5 ( C D C l 3 )

31 18-2986, 2971-2756 (CHs), 1610, 1572 (C=C), 

1508 (NCH 2), 1455 (NCH 3, CH 2), 1371 (CH 3), 1281, 
1244 (CN) cm '

0.99 (3H, m, H-4), 2.07 (2H, m, H-3), 2.48 (6 H, d, J 

= 7.95Hz, N(CH 3)2 ), 2.90 (2 H, m, NCH 2 ), 3.56, 3.59 
(2H, d, 2 X s, CH2 ), 4.16 (2H, m, CH 2O), 6.82-6.84 

(2H, dd, J = 8.74Hz, H-3", H-5"), 7.14- 7.33 (12H, 

m, ArH)

12.81 (C-4), 24.20 (C-3), 36.72 (CH 2), 44.75 

(N(CH 3)2 ), 57.34 (NCH 2 ), 64.67 (CH 2O), 113.67, 

113.75 (C-3", C-5"), 125.34 (C-4'), 126.78 (C-4",
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EIMS (HR)

C-4 '") , 127.60, 127.84 (C-2” , C-6 ", C -2 '" ,  C-6 " ') ,  

128.21, 128.76 (C-2’, C-6 ', C-3', C -5’), 129.35 (C- 

3 " ' ,  C-5’"), 138.15, 138.47 (C-1, C-2), 140.19 (C- 

1 ' )

C 2 7 H 3 1NO : calculated 385.2405

observed 385.2406

2-Benzy l -l - [4 - (d iethy laminoethoxy)phenyl |- l -phenyIbut- l- ene  (60)

Method 2: The general method 2.9 was employed using 4-
(diethylaminoethoxy)benzophenone (0.0044M) and l-phenyl-2-butanone 
(0.0044M). The product was isolated using column chromatography (eluant 
dichloromethane : methanol; 75:25) to afford a brown oil in 72% yield.

IR Vniax (film)

'H N M R  5 (CDCl3)

I C NMR 5 (CDCl3)

EIMS (HR)

3060-2969, 2933-2874 (CHs), 1607, 1574 (C=C), 

1508 (NCH2), 1454 (NCH3, CH2), 1375 (CH3) cm"'

0.96 (3H, m, H-4), 2.08 (2H, m, H-3), 2.51 (5H, m, 

NCH 2CH 3 ), 2.72 (5H, m, NCH 2 CH 3 ), 2.93 (2H, m, 
NCH 2 ), 3.60, 3.64 (2H, d, 2 x s, CH 2 ), 4.13 (2 H, m, 

CH2 O), 6.80-6.86 (2H, dd, J = 8.34Hz, H -3” , H -5"), 
7.18-7.42 (12H, m, ArH)

11.15 (CH 3), 12.81 (C-4), 24.29 (C-3), 36.80 (CH 2 ), 

47.29 (N(CH2 CH3 )2 ), 51.18 (NCH 2 ), 65.64 (CH 2 O), 

113.60, 113.71 (C-3” , C-5” ), 125.73(C-4'), 126.10,

126.15 (C-4” , C-4’” ). 126.89, 128.05 (C -2” , C-6 ” , 

C -2 '” , C-6 ' ” ), 128.23, 128.47 (C-2’, C-6 ', C-3', C- 

5'), 129.55 (C -3 '” , C -5 '” ), 135.20 (C-1, C-2)

C29H35NO : calculated M^ 413.2725

observed M^ 413.2719

2-Benzyl-l -phenyl- l- (4 -(p iperid inyIethoxy)phenyl]but- l -ene  (61)

Method 2: The general method 2.9 was applied using 4-
(piperidinylethoxy)benzophenone (0.007M) and 1-phenyl-2-butanone (0.007M). 
The pure product was isolated using column chromatography (eluant methanol : 
dichloromethane; 30:70) which afforded a mustard coloured oil in 67% yield.
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IR v,nax (film)

'H N M R  5(C D Cl3)

13C N M R 6 (C D C l3 )

ElM S (HR)

3059-2932, 2854-2785 (CHs), 1605, 1573 (C=C), 

1506 (N C H 2 S), 1453 (C H 2 ), 1372 (C H 3 ) cm ''

0.98 (3H, m, H-4), 1.48 (2H, m, H -3 " " ) ,  1.65 (4H, 

m, H -2 " " ,  H -4 " " )  2.09 (2H, m, H-3), 2.55 (2H, m,  

H -1 " " ,  H -5 " " ) ,  2.81 (2H, m, N C H 2 ), 3.57, 3.60 (2H, 

d, 2 X s, C H 2 ), 4.11 (2H, m, C H 2 O), 6 .82-6.88 (2H, d, 

J = 8.52Hz, H -3 " ,  H -5") ,  7.15-7.49 (12H, m , A rH)

12.81 (C-4), 23.65 (C-3), 24.28 (C -3 " " ) ,  25.36 (C- 

2 " " ,  C -4 " " ) ,  36.75, 36.85 (C H 2 ), 54.50 ( C - 1 " " ,  C- 

5 " " ) ,  57.42, 57.47 (N C H 2 ), 65.30 (C H 2 O), 113.69, 

113.77 (C -3" , C -5") ,  125.32 (C-4 ') ,  125.70, 125.75 

(C -4" ,  C -4 " ') ,  127.39, 127.81 (C -2 " ,  C - 6 " ,  C -2 '" ,  

C - 6 ' " ) ,  128.23, 128.77 (C-2 ', C - 6 ', C -3 ’, C -5 ’), 

129.84 (C -3 '" ,  C -5 " ') ,  138.05, 138.13 (C-1, C-2), 

143.04 (C -T )

C 3 0 H 3 5 NO ; calculated 425.2718 

observed 425.2719

2-Benzy 1-1-phenyl- l- [4 -(pyrrolid inylethoxy)phenyl]but-l -ene (62).

M ethod 2: The general method 2.9 was applied using 4-

(pyrrolid inylethoxy)benzophenone (0.007M ) and l-phenyl-2-butanone (0.007M ), 

after which the crude product was isolated using flash chrom atography (eluant 

methanol : dichloromethane; 10:90) which produced a light brow n coloured oil 

in 6 8 % yield.

IR Vmax ( f i lm) 3059-2931, 2874-2784 (C H s) ,  1606, 1573 (C=C), 

1507 ( N C H 2 ), 1454 ( C H 2 ), 1373 ( C H 3 ) cm - 1

'H N M R  5(C D Cl3)

C N M R  5(C D Cl3)

1.05 (3H, m, H-4), 1.86 (4H, m, H - 2 " " ,  H -3 " " ) ,  

2.14 (2H, m, H-3), 2.71 (4H, m, H - 1 " " ,  H -4 " " ) ,  

2.98 (2 H, m, N C H 2 ), 3.63, 3.67 (2H, d, 2 x s, C H 2 ), 

4.16 (2H, m, C H 2 O), 6.89- 6.95 (2H, d, J = 8.04Hz, 

H -3" ,  H -5") ,  7.21-7.38 (12H, m, ArH)

12.93 (C-4), 23.50 (C-3), 24.79 ( C - 2 " " ,  C - 3 " " ) ,  

37.25 (C H 2 ), 54.60 (C -1 " " ,  C -4 " " ) ,  55.01 (N C H 2 ),
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EIMS (HR)

66.77 (CH 2 O), 113.84 (C -3” , C -5" ) ,  125.42 (C-4') ,  

125.80, 125.87 (C-4" ,  C -4 ' " ) ,  127.56, 127.92 (C -2" ,  

C - 6 ", C -2 " ' ,  C- 6 ' " ) ,  128.03, 128.88 (C-2' ,  C - 6 ', C- 

3' , C-5 ') ,  129.39 (C -3 ' " ,  C -5 ' " ) ,  138.09, 138.18 (C- 

l , C - 2 )

C 2 9 H 3 3 NO : calculated 411.2573 

observed 411.2562

2-BenzyI- l- [4-(morpholinyle thoxy)p henyl] - l-phenylbut- l-ene  (63)

Method 2: The general method 2.9 was employed using 4-

(morphol inyle thoxy)benzophenone (0.0044M) and l -phenyl -2 -butanone  

(0.0044M).  Column chromatography (eluant methanol  ; dichloromethane;  

10:90) presented a light mustard coloured oil in 65% yield.

IR Vmax (fi lm)

' H N M R  5 (C D C b )

13C NM R 6(CDCl3)

EIMS (HR)

3058-2963,  2881-2692 (CHs), 1605, 1574 (C=C),  

1507 (N C H 2 ), 1453 (CH 2 ), 1373 (CH 3 ) cm ’’

0.98 (3H, m, H-4), 2.06 (2H, m, H-3), 2.61 (2H, m, 

N C H 2 ), 2.81 (4H, m, H - 1 " " ,  H - 4 " " ) ,  3.56, 3.59 (2H, 

d, 2 X s, C H 2 ), 3.74 (4H, m, H - 2 " " ,  H - 3 " " ) ,  4.13 

(2H, m, C H 2 O), 6.82-6.87 (2H, d, J = 8.52Hz,  H -3 " ,  

H -5") ,  7.15-7.29 (12H, m, ArH)

13.20 (C-4), 24.69 (C-3), 37.14 (C H 2 ), 54.03 (C- 

1 " " ,  C - 4 " " ) ,  57.65 (N C H 2 ), 65.66 (C H 2 O), 66.87 

( C - 2 " "  , C -3 " " ) ,  114.16 (C-3" ,  C -5" ) ,  125.73 (C- 

4' ),  126.12, 126.17 (C-4" ,  C -4 ' " ) ,  127.94, 127.99 

(C-2" ,  C - 6 ",  C -2 ' " ,  C - 6 " ' ) ,  128.05, 128.61 (C-2' ,  

C - 6 ', C-3 ' ,  C-5'),  129.15 (C-3 '" ,  C -5 ' " )

C29H33NO2 : calculated M^ 427.2517

observed M^ 427.2511
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7.2.12. Preparation o f  substituted 2-phenylethanones

Phenylphenyl acetate (73)

Phenylacetyl chloride (0.022M ) and phenol (0.01 IM ) were added together and 

heated to 150°C for Shours, after which the reaction was cooled to room 

tem perature and stirred overnight. Post this period the com pound was w ashed 

with w ater (3x25mL), extracted with diethyl ether (3x15mL), dried over sodium  

sulphate and concentrated down. The product was purified using colum n

chrom atography (eluant petroleum  ether : dichloromethane; 90:10), p resenting a

cloudy coloured oil in 79% yield; m.p. 48-50°C [lit. m.p. 50°C].^^^

IR vm ax(K B r) 3125-2834 (CHs), 1756 (C = 0 ) ,  1493, 1453 (C H 2 ),

1213, 1195 (C = C -0 )  cm-'

'H N M R 6 (C D C l 3 ) 3.92 (2H, s, C H 2 ), 7.12-7.48 (lOH, m, ArH)

' ^ C N M R  5 ( C D C l3 )  41.37 (CH 2 ), 125.76 (C-4 ') , 127.27 (C -2 ',  C - 6 '),

128.65 (C -3‘, C-5'), 129.16, 129.23 (C -3 " ,  C -5 ” ),

129.30 (C -2" , C-6 "), 133.45 (C -1") ,  150.73 (C -4 " ) ,

169.86 (C = 0 )

l - (4 -HydroxyphenyI)-2-phenylethan-l -one (74)

Phenylphenyl acetate (0.0047M ) was heated in a silicon oil bath to 100°C prior 

to addition o f  aluminium chloride (0.0097M). This solid mixture was heated for 

a further hour at 110-115°C and then stirred at 120°C for 4hr. Post this period 

the reaction was cooled with ice and to the resulting solution was added conc. 

HCl (30mL). The ketone was extracted with diethyl ether, w ashed with 0.5%  

N aO H  (15mL), water (4x20mL), dried over m agnesium  sulphate  and 

concentrated  to yield a crude product. The product was purified using colum n 

chrom atography  (eluant dichlorom ethane) to afford, after recrystallisation from 

ethanol / petroleum ether an orange coloured crystalline material in 54% yield; 

m.p. 152°C [lit. m.p. 151°C].^^^

I R v m a x ( K B r )  3 7 2 3 - 2 9 9 2  (-OH), 2 9 6 1 -2 8 4 1  (CHs), 16 58  (C = 0 ) ,

1453 (CH 2 ) cm ''

'H  N M R 5 (C D C l3 ) 4.25 (2H, s, C H 2 ), 6.86-6.93 (2H, d, J = 8.56Hz, H-

3 " ,  H -5") ,  7.17-7.32 (5H, m, ArH), 7.81-8.03 (2H, d, 

J = 8.58Hz, H -2" ,  H- 6 ")
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'^C N M R  5 ( C D C l 3 ) 4 4 . 7 9  ( C H 2 ), 114.98 ( C - 3 " ,  C -5 " ) ,  1 2 6 .3 8  ( C - 4 ” , C-

4') ,  128.21 ( C - 2 " ,  C - 6 "),  128 .9 2  (C - 2 ' ,  C - 6 '),

1 2 9 .19  (C-3' ,  C -5 ' ) ,  132.91 ( C - 1 " )

General  M eth o d  2 .12

To a so lut io n  o f  l - ( 4 - h y d r o x y p h e n y l ) - 2 - p h e n y le t h a n - l - o n e  ( 0 . 0 0 5 M )  in dry  

a ce to n e  w a s  added anhydrous K 2 C O 3 ( 0 . 0 5 M )  with cont inual  stirring.  Stirring  

w a s  mai nta ined  for 15m in  under a ni trogen atmosphere.  A l k y la m i n o e t h y l  

ch lor ide  hy dro g en  chloride  (O .O l lM )  w a s  then added.  The  react ion m ix ture  w a s  

stirred for  a further lOmin and then heated to reflux for 5-6hr.  The react ion w a s  

m on i tore d  via  TLC; o n c e  all the starting material  w a s  c o n s u m e d  it w a s  then  

c o o l e d  to room temperature,  va cu u m  fil tered,  w a s h e d  with  a ce to n e  and  

concentrated  under reduced pressure.  The  crude product  w a s  purif ied via  

c o lu m n  chromatography .

l -(4-DimethyIaminoethoxyphenyI)-2-phenyIethan-l-one (75)

The general  m e th o d  2 .1 2  w a s  applied us ing  1- (4 -h y d r o x y p h e n y l ) -2 -p h e n y le th a n -  

1-o n e  (O.OOIM), anhydrous K 2 C O 3 (O.OIM), dry ace tone ( 2 0 m L )  and 2-  

d im e th y la m in o e th y lch lo r id e  hydr ogen  chloride  ( 0 . 0 0 2 2 M ) .  The mixture w a s  

re f luxed for 6 - 8 hr under nitrogen.  C o lu m n  chrom atograp hy  (e luant  meth ano l  ; 

dich loromethane;  5 0 :5 0 )  w a s  carried out and afforded a l ight b ro w n  co loured  

oil"’̂ *’ in 89 % y ie ld  with  the f o l l o w i n g  physical  properties.

IR Vp,ax ( f i lm )  3 0 9 7 - 3 0 1 6 ,  2 9 5 7 - 2 7 0 3  (C H s) ,  16 7 4  ( C = 0 ) ,  1601

(C = C ),  1511,  149 7 (CH2),  1456 (CH3) c m  '

' H N M R  5 ( C D C l 3 ) 2 .3 7  ( 6 H, s, N ( C H 3 ) 2 ), 2 . 7 7  (2 H ,  t, J =  5 . 0 4 H z ,

C H 2 N ),  4 . 1 4  (2H,  t, J =  5 .5 2 H z ,  C H 2 O),  4 .2 3  (2H ,  s, 

C H 2 ), 6 . 9 4 - 6 .9 6  (2H,  d, J =  9 . 0 4 H z ,  H - 3 " ,  H - 5 " ) ,  

7 . 2 4 - 7 .3 2  (5H,  m, ArH),  7 . 9 8 - 8 .0 0  (2 H ,  d, J =  

9 .0 4 H z ,  H - 2 " ,  H - 6 ")

'^C N M R  5 ( C D C l 3 ) 4 4 . 7 7  ( C H 2 ), 4 5 .3 3  ( N ( C H 3 ) 2 ), 5 7 .5 5  ( C H 2 N ) ,  6 5 . 7 2

( C H 2 O),  113.90 ( C -3 " ,  C - 5 " ) ,  126 .28  (C - 4 ' ) ,  128 . 15  

(C -2 " ,  C - 6 "),  128.93  (C -2' ,  C - 6 '), 1 2 9 . 3 0  (C -3 ' ,  C-  

5'),  130.43 ( C - T ) ,  132.91 (C - 1 " ) ,  1 6 2 .2 8  ( C - 4 " ) ,  

1 9 5 .70  ( C = 0 )
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l -(4-Die thylaminoethoxyphenyl) -2-phenyle than-l -one  (76)

The general method 2.12 was used to prepare this compound from l-(4- 
hydroxyphenyl)-2-phenylethan-l-one (0.00083M), anhydrous K 2 CO 3 (0.008M) 
and 2 -diethylaminoethoxychloride hydrochloride (0.002 IM). The product was 

isolated as a mustard coloured oil^ '̂" in 65% yield following flash column 
chromatography (eluant methanol : dichloromethane; 40:60).

IR Vr (film)

'H N M R  5(C D Cl3)

13 C N M R  5(CDCl3)

2939-2850 (CHs), 1668 (C=0), 1599, 1574 (C=C), 

1509, 1496, 1454 (CH 2 ), 1377 (CH 3 ) cm''

I.10 (6H, m, (CH 3 )2 ), 2.66 (4H, m, ( ^ 2 )2 ), 2.91 
(2H, t, J = 6.26Hz, CH 2N), 4.12 (2H, t, J = 6.26Hz, 

CH 2 O), 4.24 (2H, s, CH 2 ), 6.92-6.96 (2H, d, J = 

9.52Hz, H-3", H-5"), 7.23-7.33 (5H, m, ArH), 8.01- 

8.16 (2H, d, J = 9.54Hz, H-2", H-6")

II .33  ((CH3)2), 44.78 (CH 2 ), 47.41 (N(CH2)2), 51.15 

(CH 2N), 66.42 (CH 2O), 113.88 (C-3” , C-5"), 126.27 

(C-4’), 128.15 (C-2", C-6"), 128.92 (C-2', C-6'), 

129.22 (C-3', C-5'), 130.44 (C-T), 134.55 (C -1"), 

162.39 (C-4")

2-Phenyl- l- (4-pyrrol id inylethoxyphenyI)ethan- l-one (77)

The general method 2.12 was applied using l-(4-hydroxyphenyl)-2-phenylethan- 
1-one (0.002M), anhydrous K 2 C O 3 (0.02M) and 1-(2-chloroethyl)pyrrolidine 
hydrochloride (0.0035M). A pure product was directly isolated as a light brown

IR Vr ( f i lm)

H NMR 5(CDCl3)

'^^CNMR 5(CD Cl3)  

EIMS (L R)

2959-2925, 2858-2804 (CHs), 1667 (C =0), 1598 

(C=C), 1510, 1490, 1454 (CH 2) cm '

1.86 (4H, m, H -2"" , H -3"") ,  2.63 (4H, m, H -1 "" ,  

H -4"") ,  2.98 (2H, m, CH 2N), 4.17 (2H, m, CH 2 O), 

4.24 (2H, s, CH 2 ), 6.92-7.02 (2H, m, H -3", H-5"), 

7.32-7.54 (5H, m, ArH), 7.99-8.08 (2H, m, H -2" , H- 

6 ")

sample too insoluble for C'^ NMR 

C 2 0 H 23NO 2 : calculated M^ 309
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observed M 309

l -(4-Piper id inylethoxyphenyl) -2-phenylethan-l-one (78)

Tlie general method 2.12 outlined above was applied using l-(4-hydroxyphenyl)-  

2 -pheny le than-l-one  (0.0012M ), anhydrous K 2 C O 3 (0.012M ), l-(2-chloroethyl)-  

piperidine m onohydrochloride (0.0035M ). The product was isolated d irectly  as a 

rusty coloured oily gel

IR V ma x  (film)

526

‘H N M R  5(C D C l3)

13C N M R  5(C D Cl3)

in 99% yield, with the following physical properties.

3062-2934,2853-2786 (CHs), 1672 (C = 0 ) ,  1600, 

1575 (C=C), 1509, 1496, 1450, 1419 (C H 2 ) cm ''

1.58 ( 6 H, m, H -2” " ,  H -3 " " ,  H -4 " " ) ,  2.66 (4H, m, 

H -1 " " ,  H -5 " " ) ,  2.79 (2H, t, J = 6.02Hz, C H 2 N), 

4.15 (2H, t, J = 6.02Hz, C H 2 O), 4.24 (2H, s, C H 2 ), 

6.91-6.95 (2H, d, J = 15.08Hz, H -3 " ,  H -5 " ) ,  7.23- 

7.41 (5H, m, ArH), 7..98-8.12 (2H, d, J = 15.08Hz, 

H -2", H - 6 ")

24.01 (C -3 " " ) ,  25.89 (C -2 " " ,  C -4 " " ) ,  44.78 (C H 2 ),

54.95 (C -1 " " ,  C -5 " " ) ,  57.26 (C H jN ), 65.88

(C H 2 O), 113.91 (C -3" , C -5") ,  126.27 (C -4 ') ,  128.14 

(C -2‘, C - 6 ', C -2" , C - 6 ") ,  128.91, 129.31 (C -3 ',  C- 

5 '), 130.44 (C-1'), 156.58 (C -4" )

l - (4-MorpholinyIethoxyphenyl) -2-phenylethan-l-one (79)

The general method 2.12 outlined above was applied using l-(4-hydroxyphenyl)-  

2 -pheny le than-l-one  (0.0012M ), anhydrous K 2 C O 3 (0.012M ) and 4-(2- 

ch loroethyl)m orpholine hydrochloride (0.00354M). The product was isolated 

using colum n chom atography (eluant dichloromethane : m ethanol; 50:50), as a 

brown coloured oily gel in 98% yield.

IR Vmax  (film)

H N M R  5 (CDCl3)

2943-2850 (CHs), 1665 (C = 0 ) ,  1600 (C=C), 1509, 

1497, 1453, 1420 (C H 2 ) cm ''

2.74 (2H, t, J = 6.84Hz, C H 2 N), 2.84 (4H, m, H- 

1 " " ,  H -4 " " ) ,  3.61 (4H, m, H - 2 " " ,  H - 3 " " ) ,  4.18 

(2H, t, J = 6.52Hz, C H 2 O), 4.25 (2H, s, C H 2 ), 6.93-

6.95 (2H, d, J = 8.56Hz, H -3 " ,  H -5") ,  7.25-7.99 (5H, 

m, ArH), 8.00-8.02 (2H, d, J = 8.52Hz, H -2 " ,  H - 6 " )
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13
C N M R  5 ( C D C l 3 )

EIMS (HR)

Mass Spectrum (m/z)

44.80 (CH 2 ), 53.1 1, 53.62 (C -1 "" ,  C -4 "" ) ,  59.73 

(CH 2 N), 65.78 (CH 2 O), 66.38, 66.42 (C -2 '" ' ,  C- 

3 " " ) ,  113.89 (C-3", C-5"), 126.30 (C-4‘, C-4"), 

128.04 (C-2", C-6 "), 128.17 (C-2', C-6 '), 129.39 

(C-3', C-5'), 130.48 (C-T), 195.48 (C =0)

C 2 0 H 2 1 NO 3 : calculated 325.1682

observed 325.1678

325 ( M \  80%), 234 (M^-91, 36%), 176 (M^-144, 
45%), 165 (M^-160, 62%), 147 (M^-178, 71%), 114 
(M^-211, 61%), 91 (M^-234, 89%)

7.2.13.McMurry coupling o f  l-(4-alkylaminoethoxyphenyl)-2-phenylethan-l-  

one

l -Benzy l- l - | (4 -d im ethy laminoethoxy)pheny l | -2 -pheny lbut- l -ene  (81)

The general method outlined 2.9 was applied in the preparation o f this 
compound, using 1 -(4-dimethylaminoethoxyphenyl)-2-phenylethan-1 -one
(0.0063M), dry dioxane (25mL), propiophenone (0.0063M), titanium 
tetrachloride (0.013M) and zinc dust (0.041M) under nitrogen. The crude 
product was purified using column chromatography (eluant dichloromethane : 
methanol; 60: 40) to yield a mustard coloured oil in 69% yield.

IR  Vmax ( f i l m )

'H NMR 8 (CDCl3 )

13C NMR 5 ( C D C l 3 )

3057-2921, 2871-2771 ( C H s ) ,  1605, 1574 (C=C), 

1508 ( N C H 2 ), 1493, 1453 ( N C H 3 , C H 2 ) ,  1372 ( C H 3 ),  

1283, 1242 ( C N )  cm''

1.01 (3H, m, H-4), 2.34 ( 6 H, s, N(CH 3 )2 ), 2.39 (2H, 

m, H-3), 2.64 (2H, m, NCH 2 ), 2.70 (2H, m, CH 2 O), 
3.96, 3.97 (2H, d, 2 x s, CH 2 ), 6.55 (2H, d, J = 

8.52Hz, H-3", H-5"), 6.81-7.43 (12H, m, ArH)

12.81 (C-4), 27.51 (C-3), 39.55 (CH 2 ), 45.25

(N(CH 3 )2 ), 57.72 (NCH 2 ), 65.07 (CH 2 O), 113.02 (C- 

3", C-5"), 125.14, 125.29 (C-4', C-4"), 126.86 (C- 

4 '" ) ,  127.06, 127.75 (C-3 '" , C -5 '" ,  C -2 '" ,  C-6 '" ) ,

128.01 (C-2", C-6 "), 129.31, 129.33 (C-2', C-6 ', C-
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3', C-5'), 130.37 (C-1'), 134.14 (C-1"), 138.74 (C-1, 

C-2), 139.66 (C-1'), 156.06 (C-4" ')

EIMS (HR) C 2 7 H 3 1 NO ; calculated 385.2404

observed 385.2406

Mass Spectrum (m/z) 385 ( M \  74%), 314 (M^-71, 4%), 267 (M^-118,
7%), 252 (M^-133, 13%), 239 (M^-146, 7%), 202 
(M^-183, 19%), 191 (M^-194, 48%), 178 (M^-207, 
41%), 165 (M^-220, 44%), 115 (M^-270, 30%), 91 
(M^-294, 100%)

l-Benzyl-l-[(4-diethylaminoethoxy)phenyll-2-phenylbut-l-ene (82)

The general method 2.9 was employed using 1-(4-diethylaminoethoxyphenyI)-2- 
phenylethan-l-one (0.0048M), dry dioxane (15mL), propiophenone (0.0048M), 
titanium tetrachloride (0.0098M) and zinc dust (0 .03IM) under nitrogen. The 
crude product was isolated using column chromatography (eluant 
dichloromethane : ethyl acetate; 95:5) to afford a brown oil in 43% yield.

[R V n (film)

H N M R  5(CDCl3)

13C N M R  5(CDCl3)

EIMS (HR)

3058-2926, 2874-2854 (CHs), 1601, 1575 (C=C), 

1511, 1495 (NCH 2 ), 1454 (NCH 3 , CH 2 ), 1378 (CH 3 ) 
cm''

0.99 (3H, m, H-4), 1.21 ( 6 H, m, N(CH 3 )2 ), 1-73 (2H, 

m, H-3), 2.10 (4H, m, N(CH 2 )2 ), 2.84 (2H, m, 
NCH 2 ), 3.66 (2H, m, CH 2 O), 4.24, 4.25 (2H, 2 x s, 

CH 2 ), 6.90-6.94 (2H, dd, J = 8.78Hz, H -3", H-5"), 

7.08-7.62 (lOH, m, ArH), 7.91-8.08 (2H, dd, J = 

8.56Hz, H-2", H-6 ")

9.81((CH3)2), 10.76 (C-4), 27.56 (C-3), 45.17 (CH 2 ), 

47.47 (N(CH 2 )2 ), 51.25 (NCH 2 ), 65.49 (CH 2 O), 

113.86, 115.15 (C-3” , C-5"), 124.10, 125.40 (C-4', 

C-4"), 126.19 (C -4 '"), 126.35, 127.84 (C -2 '" ,  C- 

6 " ' ,  C -3 '" , C -5 '") , 128.08, 128.17 (C-2", C-6 "), 

128.48, 128.91 (C-2', C-6 '), 130.51 (C-3', C-5'), 

130.69 (C-1'), 132.39 (C-1"), 139.93 (C -1" ')

C 2 9 H 3 5 NO : calculated 413.2722
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Mass Spectrum  (m/z)

observed M 413.2719

413 ( M \  73%), 398 (M^-15, 18%), 322 (M^-91, 

33%), 253 (M^-160, 32%), 236 (M^-177, 16%), 221 

(M^-192, 55%), 207 (M^-206, 41%), 191 (M^-222, 

80%), 178 (M '‘-235, 100%), 165 (M^-248, 100%), 

115 (M^-298, 100%), 91 (M^-322, 100%)

l -Benzyl-2-phenyl- l- [ (4-pyrrolid inyle thoxy)phenyl lbut-l -ene  (83)

The general method 2.9 was applied using 2 -p h en y l-1-(4- 

pyrrolid inyle thoxyphenyI)e than-l-one (0.001 IM ), dry dioxane (15mL), 

propiophenone (0.001 IM ), titanium tetrachloride (0 .0023M ) and zinc dust 

(0 .0072M ) under nitrogen. The product was isolated using colum n 

chrom atography (eluant dichloromethane : methanol; 90:10) to afford a brow n 

oil in 75% yield.

IR V m a x  (film)

' H  N M R  5 ( C D C l 3 )

13C N M R 6(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

3058-2928, 2875-2810 (CHs), 1602, 1576 (C=C), 

1510 (N CH 2 ), 1494, 1453 (CH 2 ), 1375 (C H 3 ) cm '

0.93 (3H, t, J = 7.52Hz, H-4), 1.83 (4H, m, H - 2 " " ,  

H -3 " " ) ,  2.08 (2H, q, J = 7.54Hz, H-3), 2.67 (4H, m, 

H -1 " " ,  H -4 " " ) ,  3.02 (2H, m, N C H 2 ), 4.11 (2H, m, 

C H 2 O), 4.25 (2H, s, C H 2 ), 6.53-6.55 (2H, d, J = 

8.56Hz, H -3" ,  H -5") ,  6.99-7.25 (lOH, m, ArH), 

8.01-8.04 (2H, d, J = 8.84Hz, H -2 " ,  H - 6 ")

8.02 (C-4), 23.96 (C-3), 28.25, 28.42 ( C - 2 " " ,  C- 

3 " " ) ,  40.68 (C H 2 ), 55.36 (C -1 " " ,  C - 4 " " ) ,  55.66 

(N C H 2 ), 66.25 (CH 2 O), 114.26, 115.27 (C -3 " ,  C- 

5 ") ,  126.58 (C -4 " ') ,  127.21, 128.21 (C -3 " ',  C -5 " ' ,  

C -2 " ' ,  C - 6 ' " ) ,  128.45 (C -2" ,  C - 6 ") ,  129.05 (C -2 ',  

C - 6 '), 129.63, 129.91 (C-3 ', C-5 '), 138.88 (C-1, C- 

2), 141.09 (C -1") ,  142.47 (C -T ) ,  144.09 (C -1 " ')

C 2 9 H 3 3 N O  : calculated M^ 411.2569

observed M"̂  411.2562

411 ( M \  73%), 327 (M^-84, 3%), 267 (M^-144, 

18%), 252 (M^-159, 20%), 239 (M^-172, 12%), 215
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(M^-196, 8 %), 202 (M^-209, 29%), 191, (M^-220, 
85%), 178 (M'‘-233, 65%), 165 (M^-246, 6 6 %), 152 
(M^-259, 29%), 91 (M^-320, 100%)

l -Benzyl-2-phenyl- l- ((4-p iperid inyIethoxy)phenyl]but- l -ene  (84)

The general method 2.9 was employed using 1-(4-piperidinylethoxyphenyl)-2- 
phenylethan-l-one (0.0017M), dry dioxane (20mL), propiophenone (0.001 7M), 
titanium tetrachloride (0.0024M) and zinc dust (0.0076M) under nitrogen. The 

product was purified using column chromatography (eluant dichloromethane : 
methanol; 90:10) to afford a light brown oil in 80%> yield.

IR Vma x  (film )

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

ElMS (HR)

Mass Spectrum (m/z)

3058-2932, 2853-2787 (CHs), 1600,1575 (C=C), 

1509 (NCH 2 S), 1453 (CH 2 ), 1372 (CH 3 ) cm ''

0.95 (3H, m, H-4), 1.48 (6 H, m, H -3 "" ,  H -2 "" ,  H- 

4 " " )  2.05 (2H, m, H-3), 2,70 (4H, m, H - l " " ,  H- 

5 " " ) ,  2.78 (2H, m, NCH 2 ), 4.13 (2H, m, CH 2 O), 4.20 

(2H, s, CH 2 ), 6.49-6.51 (2H, d, J = 8.52Hz, H -3", H- 

5"), 6.89-7.49 (lOH, m, ArH), 7.91-7.93 (2H, d, J = 

8.56Hz, H-2", H-6 ")

7.83 (C-4), 24.40 (C -3"") ,  25.89, 26.10 (C -2 "" ,  C- 

4 " " ) ,  27.67 (C-3), 45.63 (CH 2 ), 55.35 (C -1 "" ,  C- 

5 " " ) ,  58.10 (NCH 2 ), 65.68 (CH 2 O), 113.89, 114.77 

(C-3", C-5"), 126.01 (C -4" ') ,  127.18, 127.94 (C- 

3 " ' ,  C -5" ',  C -2 '" , C-6 '" ) ,  128.36 (C-2", C-6 "), 

128.61 (C-2', C-6 '), 129.01 (C-3', C-5'), 130.19 (C- 

1 ’)

C 3 0 H 3 5 NO : calculated 425.2712

observed 425.2719

425 ( M \  72%), 327 (M^-98, 3%), 268 (M^-157, 
10%), 252 (M"-173, 26%), 239 (M^-186, 18%), 228 
(M^-197, 7%o), 215 (M^-210, 15%), 191 (M^-234, 
100%), 178 (M^-247, 100%), 165 (M^-260, 100%), 
152 (M^-273, 46%), 128 (M^-297, 46%), 98 (M^- 
327, 100%), 91 (M^-334, 100%)
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l -Benzyl - l- [ (4 -morpholinyle thoxy)p henyl |  2 -phenylbut- l -ene  (85)

The procedure 2.9 outhned was applied using 1-(4-morpholinylethoxyphenyl)-2- 
phenylethan-l-one (0.0012M), dry dioxane (20mL), propiophenone (0.0012M), 
titanium tetrachloride (0.0024M) and zinc dust (0.0075M) under nitrogen. The 
product was isolated using column chromatography (eluant dichloromethane : 
methanol; 70:30) to afford a dark brown oil in 41% yield.

IR Vmax (film)

' H N M R  8 (CDCl3 )

I 3 C NMR 6 (CDCl3 )

EIMS (HR)

Mass Spectrum (m/z)

3059-2933, 2856-2801 (CHs), 1600 (C=C), 1510 

(NCH 2 ), 1453 (CH 2 ), 1358 (CH 3 ) cm''

0.98 (3H, t, J = 7.52Hz, H-4), 1.73 (2H, q, J = 

7.54Hz, H-3), 2.84 (2H, m, NCH 2 ), 3.02 (4H, m, H- 

1 '" ' ,  H -4"") ,  3.61 (4H, m, H -2 "" ,  H -3 "" ) ,  4.12 

(2H, m, CH 2 O), 4.25 (2H,s, CH 2 ), 6.83-6.86 (2H, 

dd, J = 8.52, 1.48Hz, H-3", H-5"), 6.93-7.58 (lOH, 

m, ArH), 7.97-7.99 (2H, dd, J -  8.52, 1.43Hz, H -2", 

H-6 ")

7.05 (C-4), 27.23 (C-3), 44.24 (CH 2 ), 53.1 1 , 53.62 

(C -1"" , C -4"") ,  57.25 (NCH 2 ), 65.61 (CH 2 O), 

66.43 (C -2"" , C -3"") ,  113.89, 1 14.06 (C-3", C -5"), 

124.47, 125.29 (C-4', C-4"), 126.37 (C -4" ') ,  127.22, 

127.99 (C -3 '" , C -5" ',  C -2 '" , C-6 '" ) ,  128.08, 128.17 

(C-2", C-6 "), 128.88, 129.14 (C-2', C-6 ', C-3', C- 

5'), 130.39 (C-1'), 130.49 (C-1")

C 2 9 H 3 3 N O 2  ; calculated 427.2499

observed 427.2511

427 ( M \  73%), 268 (M^-159, 14%), 252 (M^-175, 
14%), 191 (M^-236, 55%), 178 (M^-249, 41%), 165 
(M^-262, 36%), 152 (M '-259, 29%), 129 (M^-298, 
20%), 114(M^-313, 100%), 91 (M^-336, 100%)
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7.2.14.Preparation o f  p-substitu tedpropiophenone

/ ;- (Dimethylaminoethoxy)propiophenone (87)

T he  general method 2.12 was applied in the preparation o f  this com pound, using 

/? -hydroxypropiophenone (0.002 IM ), anhydrous K 2 C O 3 (0.02M), dry acetone 

(25m L ) and 2-dim ethylam inoethylchloride hydrogenchloride (0.0046M ). The 

reaction m ixture was refluxed for 6 - 8 hr under nitrogen. The product was 

isolated using flash column chromatography (eluant dichlorom ethane : m ethanol, 

90:10) as a lemon coloured oily gel^^’ in 83% yield.

IR V m a x  (film) 3067-2939, 2878-2772 (CHs), 1679 ( C - 0 ) ,  1610, 

1575 (C=C), 1509, 1458 (CH 2 ), 1419, 1350 (C H 3 )

cm

'H N M R  5(C D Cl3)

13C NM R 5(CDC1?)

1.20 (3H, t, J = 7.28Hz, C H 3 ), 2.34 (6 H, s, N (C H 3 ) 2 ), 

2.75 (2H, t, J = 5.28Hz, C H 2 N), 2.93 (2H, q, J = 

7.24Hz, C H 2 ), 4.12 (2H, t, J = 5.24Hz, C H 2 O), 6.93- 

6.96 (2H, dd, J = 8.52, 1.52Hz, H -3 " ,  H -5 ") ,  7.92- 

7.94 (2H, dd, J = 9.00, 2.00Hz, H -2 " ,  H - 6 ")

10.16 (C H 2 ), 33.10 (CH,), 47.64 (N (C H 3 )2 ), 59.87 

(C H 2 N), 68.03 (CH 2 O), 115.97 (C -3" ,  C -5" ) ,  131.88 

(C -2" , C - 6 "), 164.32 (C -4") ,  201.14 (C = 0 )

/7-(Diethylaminoethoxy)propiophenone (88)

The general procedure 2.12 was employed using /? -hydroxypropiophenone 

(0.002M ), anhydrous K 2 CO 3  (0.02M), dry acetone (25mL) and 2- 

d ie thylam inoethylchloride hydrogenchloride (0.0046M). The product was

isolated by column chrom atography (eluant dichloromethane : m ethanol; 80:20) 

as a light brown oily gel^^^ in 93% yield.

IRvniax(f i lm)  2971-2936, 2878-2811 (CHs), 1661 (C = 0 ) ,  1602,

1575 (C=C), 1458, 1419 (C H 2 ), 1375, 1350 ( C H 3 ) 

cm ''

'H N M R 5 (CD Cl3 ) 1.07 (6 H, m, (CH 3 )2 ), 1-20 (3H, t, J = 5.52Hz, C H 3 ),

2.64 (4H, m, (CH 2 )2 ), 2.91 (4H, m, C H 2 , C H 2 N), 

4.11 (2H, t, J = 6.02Hz, C H 2 O), 6 .91-6.94 (2H, dd, J
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' - V  N M R  5 (C D C l3 )

= 9.00, 2.00Hz, H-3", H-5"), 1.91-1.9A (2H, dd, J = 

8.56, 1.78Hz, H-2", H-6 ")

8.81 (CH 3), 1 2 . 2 2  ((CH 3 )2 ), 31.78 (CH 2), 48.27 
(N(CH 2)2 ), 52.02 (CH2N), 67.28 (CH 2O), 114.68 (C- 

3", C-5"), 130.54 (C-2", C-6 "), 163.01 (C-4"), 

199.77 (C =0)

/;-Pyrrolidinylethoxypropiophenone (89)

The general procedure 2.12 was employed using /^-hydroxypropiophenone 
(0.002M), anhydrous K 2CO 3 (0.02M), dry acetone (25mL) and l-(2- 
chloroethyl)pyrrolidine hydrogenchloride (0.0046M) under nitrogen. The 
product was isolated as a brown oil in 91% yield following column 
chromatography (eluant dichloromethane : methanol; 80:20).

IR Vmax ( f i lm )

' H N M R  5 (C D C l3 )

13C N M R  5 (C D C l3 )

ElMS (HR)

Mass Spectrum (m/z)

3061-2933, 2880-2779 ( C H s ) ,  1680 ( C = 0 ) ,  1601, 

1575 (C=C), 1509, 1459, 1419 ( C H 2 ), 1351 ( C H 3 ) 

c m '

1.21 (3H, t, J = 7.28Hz, CH 3 ), 1.84 (4H, m, H -2 "" ,  

H -3 "" ) ,  2.08 (411, m, H -1"" , H -4 "" ) ,  2.91-2.98 

(2H, m, CH2N, CH2), 4.20 (2H, t, J = 5.76Hz,

CH 2O), 6.93-6.95 (2H, dd, J = 8.52, 2.00Hz, H-3", 

H -5"), 7.92-7.94 (2H, dd, J = 8.52, 2.00Hz, H -2", H- 

6 ")

9.80 (CH 3 ), 24.87 (C -2"" , C -3"" ) ,  32.76 (CH 2 ), 

56.07, 56.18 (C -1"" , C -4 "" ,  N(CH 2 )), 68.46

(OCH 2), 115.03 (C-3", C-5"), 131.56 (C -2", C-6 "), 

163.85 (C-4"), 200.81 (C=0)

C 15H 21NO 2 : calculated M^ 247.1572

observed 247.1572

247 ( M \  87%), 147 (M '-100,100%), 133 (M^-114, 
100%), 120 (M'-127, 91%), 104 (M^-143, 100%), 
98 (M^-149,100%), 92 (M^-155, 100%), 84 (M^- 
163, 100%)
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/>-(Piperidinylethoxy)propiophenone (90)

The general procedure 2.12 was employed using /?-hydroxypropiophenone 
(0.002M), anhydrous K 2 CO 3 (0.02M), dry acetone (25mL) and l-(2- 
chloroethyl)piperidine monohydrochloride (0.0046M) under nitrogen. The
product was purified as a mustard oily gel^^^ in 64% yield following column 
chromatography (eluant dichloromethane : methanol; 85:15).

IR Vr (film)

'H N M R  5(CDCl3)

13C N M R  5(CD Cl3)

2984-2848, 27863-2748(CHs), 1675 (C = 0), 1600, 

1575 (C=C), 1558, 1540, 1506, 1455 (CH 2 ), 1351 
(CH 3 ) cm '

1.21 (3H, t, J = 7.52Hz, CH 3 ), 1.45 (2H, m, H -3 "" ) ,  

1.61 (4H, m, H -2 "" , H -4 "" ) ,  2.51 (4H, m, H -1 "" ,  

H -5 "" ) ,  2.78 (2H, t, J = 6.02Hz, CH 2 N), 2.95 (2H, 

q, J = 7.49Hz, CH 2 ), 4.16 (2H, t, J = 6.02Hz, CH 2 O), 

6.92-6.94 (2H, d, J = 9.04Hz, H -3", H-5"), 7.92-7.94 

(2H, d, J = 8.52Hz, H-2", H-6 ")

9.06 (CH 3 ), 24.77 (C -3"") , 26.53, 26.56 (C -2 "" ,  C- 

4 " " ) ,  32.00 (CH2 ), 54.71 (C -1"" , C -5 "" ) ,  58.36 

(CH 2 N), 66.91 (CH 2 O), 114.88 (C-3", C-5"), 130.78 

(C-2", C-6 ")

/7-(Morpholinyletl ioxy)propiophenone (91)

The general procedure 2.12 was employed using /?-hydroxypropiophenone 
(0.002M), anhydrous K 2 CO 3 (0.02M), dry acetone (20mL) and 4-(2- 
chloroethyl)morpholine hydrochloride (0.0046M) under nitrogen. The product 
was isolated as a light brown oil^^’ in 85% yield following column 
chromatography (eluant dichloromethane : methanol; 85:15) .

IRvniax(KBr) 3018-2937, 2855-2809 (CHs), 1679 (C = 0), 1601,

1575 (C=C), 1509, 1455, 1419 ( C H 2 ), 1356 ( C H 3 ) 

c m '

'H NMR S(CDCl3 ) 1.22 (3H, t, J = 7.28Hz, CH 3 ), 2.61 (4H, m, H -1 "" ,

H -4"") ,  2.83 (2H, t, J = 5.52Hz, CH 2 N), 2.96 (2H, 

q, J = 7.69Hz, CH 2 ), 3.73 (4H, m, H -2 " " ,  H -3 "" ) ,  

4.18 (2H, t, J = 5.56Hz, CH 2 O), 6.93-6.95 (2H, dd, J
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= 8.56, 2 .04Hz,  H-3" ,  H-5"),  7 .93-7 .96  (2H, dd, J =  

9.00, 2 .00Hz,  H-2",  H- 6 ")

13C NMR 5(CDCl3) 8.36 (CH 3 ), 31.33 (CH 2 ), 53 .50  (C -1"" ,  C -4"") ,  

57.38 (CH 2N),  65 .38 (CH 2 O), 66 .76 ,  66 .82  ( C - 2 ” ", 

C-3"") ,  114.17 (C-3",  C-5") ,  130.12 (C-2" ,  C - 6 "),  

196.45 ( C = 0 )

1-Benzyl-1 ,2-d iphenylbut- l-ene (93)

The general method 2.9 was applied using desoxybenzoin (0 .0047M )  and 

propiophenone (0 .0 047M )  in dry dioxane. Titanium (IV) chloride ( 0 .0 0 9 5 M )  

and zinc dust (0 .03M),  were added as previously outlined. The organic layer was  

extracted with diethyl ether and post washing with 3N HCl (pH 6 ) was  recorded.  

Column chromatography (eluant petroleum ether : dichloromethane;  95:5) ,  

produced a colourless  oil in 75% yield with the fo l lowing physical  properties.

IR V m a x  (film)

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

3102-3012 ,  2988-2855  (CHs), 1599,  1576 (C=C) ,  

1443 (CH 2 ), 1372 (CH 3 ) cm-'

1.06 (3H, t, J = 7.44Hz,  H-4) ,  2 .74 (2H, q, J = 

7.45Hz,  H-3) ,  4.03 (2H, s, CH 2 ), 6 .96-7.31  (15H, m,  

ArH)

12.94 (C-4),  27.93 (C-3),  40.01 (C H 2 ), 125.53 (C-  

4'),  125.73,  125.80 (C-4",  C-4"') ,  127.30,  127.47  

(C-2",  C - 6 ", C-2"' ,  C- 6 ’"), 128.22,  128.48 (C-2' ,  

C- 6 ', C-3',  C-5'),  128.96 (C-3",  C-5",  C-3 '" ,  C-  

5'"),  139.55 (C-1, C-2) , 141.52 (C-1') ,  142.32,  

142.73 (C-1",  C-1'")

C 2 3 H 2 2  : calculated 298 .1722

observed 298.1751

298 (M\  81%), 269  (M^-29, 63%), 236  (M^-62,  

100%), 207 (M^-91, 100%), 191 (M^-107,  6 6 %), 

178 (M^-120, 49%), 129 (M^-169, 100%), 91 (M^- 

207 ,  100%)
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Symmetric by-products o f  l-Benzyl-l,2-diphenylbut-l-eite (93)

3,4-Diphenylhex-3-ene  (94)

This product was recovered from flash column chromatography (eluant  

petroleum ether : dichloromethane; 98:2) ,  as a colourless oil^^  ̂ in 14% yield with 

the fo l lowing physical properties.

IRvmax(fi lrn)  3091-3017 ,  2986-2835  (CHs), 1600,  1575 (C=C),

1441 (CH 2 ), 1371 ( C H 3 ) cm''

' H N M R  5 (C D C l 3 ) 1.02 ( 6 H, t, J = 7.46Hz,  H-4),  2.61 (4H, q, J =

7.48Hz,  H-3) ,  6.96-7.11 (lOH, m, ArH)

' ^ C N M R  5 ( C D C l 3 )  13.23 (C H 3 ), 27.23 (C H 2 ), 125.37 (C-4" ,  C-4'") ,

127.93, (C-2",  C- 6 ", C-2' ,  C- 6 '), 128.71, 129.72 (C-  

3",  C-5",  C-3' , C - 5 ’), 138.75 (C-3,  C-4) ,  142.78 (C-  

r ,  C-1")

l ,2 -Dibenzyl- l ,2 -d iphenyl-ethene (95)

This product was recovered from flash column chromatography (eluant  

petroleum ether : dichloromethane;  90:10) ,  as a colourless crystal line solid in 5% 

yield.

IR Vmax (KBr)

' h N M R  5 ( C D C l 3 )

' ^ C N M R  5 ( C D C l 3 )

EIMS (HR)

observed 360 .1903

3010-3095 ,  2987-2833  (CHs), 1597,  1574 (C=C),  

1451 (CH 2 ) cnT'

4.08  (4H, s, CH 2 ), 7 .00-7.28  (20H, m, ArH)

40.61 (CH 2 ), 125.42,  125.52 (C-4",  C-4'") ,  126.87  

( C - 4 ‘, C -4"") ,  127.01,  127.79 (C -2"" ,  C - 6 "",  C-2',  

C- 6 '), 127.87,  128.08 (C-2",  C-3",  C-5" ,  C- 6 ", C- 

2'", C-3'" ,  C-5'",  C- 6 '"), 129.34, 129.41 (C-3"" ,  

C-5"" ,  C-3' , C-5'),  137.62 (C-1,  C-2) ,  139.02 (C-  

1"), 142.38 (C-1"")

C 2 8 H 2 4  ; calculated 360 .1878
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7.2.1 S.McMurry coupling o f  p-(alkylamino)propiophenones

1 -Benzyl-2 - [ (4 -d imethylaminoethoxy)phenyl | - l -phenylbut- l -ene  (96)

The general method 2.9 was em ployed using p-  

(d im ethylam inoethoxy)propiophenone (0 .0016M), dry dioxane (25mL), 

desoxybenzoin  (0 .0016M), titanium tetrachloride (0.0032M ) and zinc dust 

(0 .0 IM ) under nitrogen. The product was isolated using flash column 

chrom atography (eluant dichlorom ethane : m ethanol; 90:10) to afford a brown 

oil in 25% yield.

IR Vmax (film)

' H N M R  5 (C D C l3)

C NM R 5(C D C h)

ElMS (HR)

Mass Spectrum (m/z)

3083-2920, 2871-2775 (CHs), 1605, 1576 (C=C), 

1508 (N C H 2 ), 1494, 1453 (N C H 3 , C H 2 ), 1381, 1338 

(C H 3 ), 1283, 1242 (CN) cm ''

0.99 (3H, t, J = 7.54Hz, H-4), 2.45 (6 H, s, N (C H 3 )2 ), 

2.66 (2H, q, J = 7.52Hz, H-3), 2.86 (2H, m, N C H 2 ), 

3.96 (2H, s, C H 2 ) 4.07 (2H, m, C H 2 O), 6.65-6.67 

(2H, d, J = 8.52Hz, H -3 " ,  H -5") ,  6.94-7.56 (lOH, ni, 

ArH), 8.07-8.09 (2H, d, J = 9.04Hz, H -2 " ,  H -6 " )

12.52 (C-4), 27.47 (C-3), 39.59 (C H 2 ), 44.66 

(N (C H 3 )2 ), 57.21 (N C H 2 ), 64.62 (C H 2 O), 113.18, 

113.81 (C -3" , C -5") ,  124.98, 125.31 (C -4 ',  C -4 " ) ,  

126.83, 127.39 (C -3 " ',  C -5 '" ,  C -2 '" ,  C - 6 ' " ) ,

128.01, 128.21 (C -2" , C -6 ") ,  129.39, 129.55 (C -2 ',  

C -6 '), 130.27 (C-3 ', C -5 '), 134.43 (C -T ) ,  134.90 (C- 

1"), 139.60 ( C - l '" ) ,  156.04 (C -4 '" )

C27H31NO : calculated 385.2407

observed 385.2406

385 ( M \  74%), 267 (M^-118, 98%), 252 (M^-133, 

12%), 215 (M^-170, 6 %), 202 (M^-183, 23%), 191 

(M^-194, 55%) 178 (M^-207, 62%), 165 (M^-220, 

49%), 128 (M^-257, 16%), 91 (M^-294, 100%)

l -BenzyI-2- [ (4-d ie thylaminoethoxy)phenyI |- l-phenylbut- l -ene  (97)

The general method 2.9 was em ployed using p-  

(diethylam inoethoxy)propiophenone (0 .0017M), dry dioxane (20mL),
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d e s o x y b en z o in  (0 .0 0 1 7M),  t i t anium te t rachlor ide  (0 .0033M )  and  zinc dus t  

(O.OIM) u nde r  ni t rogen.  The  crude  p roduc t  was  isola ted u s ing  c o lu m n  

c h ro m a to g r a p h y  (eluant  d ich lo rom e tha ne  : m e thano l ;  90 :10)  to a ffo rd  a b r o w n  

oi ly gel in 3 5 %  yield.

IR Vmax (fi lm)

'H N M R  5(CDCl3)

13C N M R  5(CDCl3)

ElMS (HR)

Mass S p e c t ru m  (m/z)

3080-2968 ,  2931 -2724  (CHs) ,  1606,  1574 ( C = C ) ,  

1508,  1493 (NCH2), 1453 (NCH3, C H 2 ), 1372 ( C H 3 ) 

c m ' '

I.01 (3H,  t, J = 7 .54Hz,  H-4) ,  1.14 ( 6 H, m,  N ( C H 3 ) 2 ), 

2 .68 ( 6 H, m,  H-3,  N ( C H 2 ) 2 ), 2 .90 (2H,  t, J = 6 .2 6 H z ,  

N C H 2 ), 3 .98 (2H,  s, C H 2 ), 4 .03 (2H,  t, J =  6 .04H z ,  

C H 2 O), 6 .6 6 - 6 . 6 8  (2H,  d, J =  8 .52Hz ,  H - 3 " ,  H - 5 " ) ,  

6 .93-7.31 (12H,  m,  ArH)

I I . 06  ((CH3)2), 12.54 (C-4) ,  27 .49  (C-3) ,  39 .62  

( C H 2 ), 47.31 ( N ( C H 2 )2 ), 51 .12 ( N C H 2 ), 65 .49  

( C H 2 O), 113.18,  113.79 ( C - 3 ” , C - 5 " ) ,  124.10,  

125.40 (C-4 ' ,  C - 4 " ) ,  127.76,  127.93 ( C - 2 " ' ,  C - 6 " ' ,  

C - 3 ' " ,  C - 5 ' " ) ,  128.02 ( C - 2 " ,  C - 6 " ) ,  129.41 (C - 2 ' ,  

C - 6 '), 130.34 (C-3 ' ,  C-5 ' ) ,  134.36 ( C -1 ' ) ,  134.67 (C- 

1" ) ,  139.62 ( C - 1 " ' ) ,  156.27 ( C - 4 ' " )

C29H35NO ; calcula ted 413 .2723

observed  413 .2719

413 { M \  73%),  398 (M^-115,  23% ) ,  267  (M ^-146 ,  

49% ) ,  252 (M"-161,  28%),  239  (M^-174,  18%),  228  

(M^-185,  7%), 203 (M^-210,  37%),  191 (M^-222 ,  

100%) 178 (M^-235,  100%),  165 (M ^-248 ,  91% ) ,  

128 (M^-285,  37%),  91 (M^-322,  100%)

1- B e n z y l - 1 - p h e n y l -2 - [ ( 4 - p y r r o l id in y le th o x y )p h e n y l lb u t - l - e n e  (98)

The genera l  m e th o d  2.9 was  e m p loye d  us ing  p-  
(py ' ro l id in y l e th o x y )p ro p io p h en o n e  ( 0 . 0 0 17M),  dry  d io x a n e  (20m L ) ,  

desoxybenzo in  (0 .0 0 1 7M),  t i t an ium tet rachlo r ide (0 .0034M )  and  zinc dus t  

(0.01 I M )  unde r  ni t rogen .  The  product  was  isolated u s ing  c o lu m n  

c h rom a tog ra phy  (eluant  d ich lo rom e tha ne  : m e thano l ;  85:15)  to a f fo rd  a l ight  

broivn oil  in 2 5 %  yield.
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IR Vniax (film)

' H N M R  5(CDCl3)

I 3 C N M R  5(CDCl3)

ElMS (HR)

Mass Spectrum (m/z)

3059-2961, 2928-2873 (CHs),  1603, 1580 (C=C), 

1509 (N C H 2 ), 1494, 1451 (CH 2 ), 1377 (CH 3 ) cm '

0.99 (3H, t, J = 7.00Hz, H-4), 1.95 (4H, m, H -2 " " ,  

H -3"") ,  2.65 (2H, q, J = 7.01Hz, H-3), 3.01 (4H, m, 

H - l " ” , H-4 " " ) ,  3.14 (2H, t, J = 5.04Hz, NCH 2 ), 

3.96 (2H, s, CH 2 ), 4.17 (2H, t, J = 5.26Hz, CH 2 O), 

6.64-6.66 (2H, d, J = 8.52Hz, H-3", H-5"), 6.91-7.58 

(lOH, m, ArH), 8.03-8.05 (2H, d, J = 8.52Hz, H -2", 

H-6 ")

12.50 (C-4), 22.86, 22.92 (C -2"" , C -3 " " )  27.46 (C- 

3), 39.60 (CH 2 ), 45.05 (NCH 2 ), 53.92, 53.93 (C - 1 " " ,  

C -4"") ,  64.75 (CH 2 O), 113.59, 1 14.08 (C -3", C- 

5"), 125.01, 125.31 (C-4', C-4"), 126.41, 127.74 (C- 

3 " ' ,  C -5" ',  C -2" ', C- 6 '" ) ,  128.00, 128.15 (C -2", C- 

6 "), 129.39 (C-2', C-6 '), 130.42 (C-3', C-5'), 132.66 

(C-T), 134.51 (C-1"), 139.56 (C -1 '" ) ,  155.70 (C- 

4 '" )

C 2 9 H 3 3 NO : calculated M M I 1.2567

observed 411.2562

411 (M^, 73%), 341 (M^-70, 4%), 314 (M^-97, 5%), 
298 (M^-113, 5%), 267 (M^-144, 33%), 252 (M^- 
159, 25%), 239 (M"-172, 17%), 215 (M"-196, 21%) 
191 (M^-220, 100%), 178 (M^-233, 100%), 165 
(M^-246, 83%), 129 (M^-282, 25%), 91 (M^-320, 
100%)

l-BenzyI- l -phenyl-2-[(4-p iperidinyle thoxy)phenyl]but- l -ene  (99)

The general method 2.9 was employed using p -  

(piperidinylethoxy)propiophenone (0.0009M), dry dioxane (15mL), 

desDxybenzoin (0.0009M), titanium tetrachloride (0.0018M) and zinc dust 
(0.0057M) under nitrogen. The product was purified using column 
chromatography (eluant dichloromethane : methanol; 90:10) to afford a light 
bro^vn oil in 40% yield.
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I R v m a x ( f i l r n )  3060-2932, 2856 (CHs), 1605,1581 (C=C), 1509,

1494 (NCH 2S), 1452 (CH 2 ), 1380 (CH 3) cm ''

'H NMR 5 (CDCl3 ) 0.98 (3H, t, J = 7.52Hz, H-4), 1.52 (2H, m, H -3 "" ) ,

1.75 (4H, m, H -2 "" ,  H-4 " " )  2.66 (2H, q, J =

7.54Hz, H-3), 2.75 (4H, m, H -1 "" ,  H -5 "" ) ,  2.98 

(2H, m, NCH 2), 3.95 (2 H, s, CH 2 ), 4.14 (2 H, m, 

CH 2O), 6.63-6.65 (2H, d, J = 8.56Hz, H -3" , H -5"), 

6.75-7.56 (lOH, m, ArH), 8.02-8.10 (2H, d, J = 

8.64Hz, H-2", H-6 ")

12.90 (C-4), 23.40 (C -3"") ,  24.72 (C -2 " ’’, C -4 "" ) ,  

27.86 (C-3), 39.99 (CH 2 ), 54.39 (C -1 "" ,  C -5 "" ) ,  

57.13 (NCH 2), 66.65 (CH 2O), 113.59 (C -3", C -5"), 

124.86, 124.98 (C-4', C-4"), 126.42-127.74 (C -3" ',  

C -5 '" ,  C -2 '" , C-6 '" ) ,  128.03, 128.15 (C -2", C-6 "), 

129.14, 129.39 (C-2', C-6 '), 130.38 (C-3', C-5'), 

134.46 (C-1"), 156.19 (C-4 '")

C 3 0H 35NO : calculated 425.2703

observed 425.2719

425 ( M \  72%), 314 (M^-111, 4%), 297 (M^-128, 
4%), 285 (M^-140, 6 %), 267 (M^-158, 42%), 239 
(M^-186, 23%), 203 (M^-222, 50%), 191 (M^-234, 
100%) 178 (M^-247, 100%), 165 (M^-260, 100%), 
128 (M^-297, 51%), 98 (M^-327, 100%), 91 (M^- 
334, 100%)

l -Benzyl-2- [ (4 -morphol iny le thoxy)phenyl |- l -phenyl-but- l -ene  (109)

The general method 2.9 was employed using p-  
(morpholinylethoxy)propiophenone (0.0013M), dry dioxane (20mL), 

desoxybenzoin (0.0013M), titanium tetrachloride (0.0027M) and zinc dust 
(0.0085M) under nitrogen. The product was isolated using column 

chromatography (eluant dichloromethane : methanol; 90:10) to afford a dark 
brown oil in 29% yield.

IR Vp,ax (film) 3059-2960, 2929-2856 (CHs), 1606, 1581 (C=C),

1509, 1494 (NCH 2), 1453 (CH 2), 1370 (CH 3) cm '

'X N M R  5(CDCb)

EIMS (HR)

Mass Spectrum (m/z)
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'H NMR 5(CDCl3) 0.99 (3H, t, J = 7.54Hz, H-4), 2.65 (4H, m,

H-4 2.83 (2H, t, J = 5.52Hz, NCH 2 ), 2.90 (2H,

q, J = 7.03Hz, H-3), 3.77 (4H, m, H -2 "" ,  H -3 "" ) ,  

3.96 (2H, s, CH 2 ), 4.06 (2H, t, J = 5.52Hz, CH 2 O), 

6.65-6.67 (2H, d, J = 8.56Hz, H-3", H-5"), 6.92-7.56 

(12H, m, ArH)

'^C N M R  5(C D C l3)  12.52 (C-4), 27.48 (C-3), 39.62 (CH 2 ), 55.45 (C-

1” ", C-4 " " ) ,  57.09 (NCH 2 ), 64.93 (CH 2 O), 66.23 

(C -2 '” ', C -3""), 113.22, 113.86 (C-3", C-5"), 

124.97, 125.32 (C-4', C-4"), 126.92-127.75 (C -3 " ',  

C -5 '" , C -2 '" , C-6 '" ) ,  128.01, 128.53 (C-2", C-6 "), 

129.34, 129.40 (C-2', C-6 '), 130.35 (C-3', C-5'), 

131.95 (C-1’), 134.82 (C-1"), 139.59 (C -1’"), 

156.18 (C-4")

EIMS (HR) C 2 9 H 3 3 NO 2 : calculated 427.2499

observed 427.25 11

Mass Spectrum (m/z) 427 ( M \  73%), 311 (M^-116, 2%), 267 (M^-160,
15%), 252 (M^-175, 16%), 239 (M^-188, 9%), 228 
(M^-199, 3%), 215 (M^-212, 6 %), 203 (M^-224, 
19%) 191 (M^-236, 49%), 178 (M^-249, 57%), 165 
(M^-262, 39%), 114 (M^-313, 100%), 91 (M^-336, 
100%)

7.2.16. Preparation o f  substituted 1-phenylethanones

2-(4-Methoxyphenyl) - l-phenylethanone (101)

Phenylacetyl chloride (0.16M), anisole (0.19M) and carbon disulphide (1.35M) 
were mixed together for 10-15min. To this mixture was added aluminium 

chloride (0.015M) and the mixture was stirred at 0-5°C for about 2hr. Post this 

period a red coloured solution was observed and the reaction mixture was 

allowed to heat up to room temperature. The reaction product was washed with 
ice-water, 20%> NaOH (40mL), extracted with ethyl acetate (3x25mL), dried over 
sodium sulphate and concentrated down. Column chromatography (eluant 
petroleum ether ; ethyl acetate; 95:5) was carried out to purify the compound 

providing a lemon crystalline solid^^* in 67% yield; m.p. 68-75°C [lit. m.p. 76°C]
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IR V n , a x  (KBr)

'H NM R 5(CDCl3)

13C N M R  5(CDCl3)

2997-2829 (CHs), 1677 (C =0), 1596 (C=C), 1509 

(CH 2 ), 1455 (OCH 3), 1261 (C-O) cm ''

3.88 (3H, s, OCH 3 ), 4.26 (2H, s, CH 2 ), 6.93-6.96 

(2H, d, J = 8.52Hz, H-3", H-5"), 7.28-7.34 (5H, m, 

ArH), 8.00-8.03 (2H, d, J = 9.04 H -2", H-6 ")

44.81 (CH 2), 54.99 (OCH 3 ), 113.35 (C-3", C -5"), 

126.30 (C-4", C-4'), 128.17, 128.92 (C -2‘, C-6 ', C- 

2" , C-6 "), 130.49 ( C - l” ), 163.08 (C-4"), 195.73 

(C =0)

2-(4-Hydroxyphenyl) - l-phenyle thanone (102)

To 2-(4-methoxyphenyl)-l-phenylelhanone (0.0044M) was added pyridine 

hydrochloride (0.025M) and stirred at 180°C for 3hr. Post this period the 

reaction mixture was cooled to room temperature and dissolved in 
dichloromethane (15mL) and stirred for a further 15min. The product solution 
was then washed with dilute HCl (IN, 20mL), water, extracted with diethyl ether 
(3 x 20mL) and dried over Na2 S0 4  and concentrated down. Flash column 
chromatography (eluant petroleum ether : ethyl acetate; 75:25) was carried out to

529purify the compound, affordmg a light brown gel in 89% yield, with the 
following physical properties.

I R  V ma x  ( f i l m )

' H N M R  S ( C D C l 3 )

13 C N M R  5(CDCl3)

3434 (OH), 3241-3116, 3101-2943 (CHs), 1706 

(C =0), 1598 (C=C), 1451 (CH 2 ) cm''

4.26 (2H, s, CH 2 ), 6.90-6.92 (2H, d, J = 8.56Hz, H- 

3" , H-5"), 7.32-7.54 (5H, m, ArH), 7.89-8.00 (2H, d, 

J = 8.52, H-2", H-6 ")

40.58 (CH 2), 115.60 (C-3". C-5"), 126.89 (C -4", C- 

4'), 128.19, 128.53 (C-2", C-6 "), 128.91, 129.48 (C- 

2', C-6 ’), 136.27 (C -l" ) ,  161.83 (C-4")

2-(4-Dimethylaminoethoxyphenyl ) - l-phenylethanone (103)

The general method 2.12 was applied in the preparation o f  this compound, using 
2-(4-hydroxyphenyl)-l-phenylethanone (0.0004M), anhydrous K 2 CO 3 (0.004M), 
dry acetone (20mL) and 2-dimethylaminoethylchloride hydrogenchloride 
(0.00095M). The reaction mixture was refluxed for 6 -8 hr under nitrogen. The
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product was isolated using flash colum n chrom atography (eluant 

d ich lorom ethane : methanol; 90:10) as a brown oil in 90% yield.

IR Vmax ( f i lm)

'H N M R  5(C D Cl3)

13 C N M R  5(C D Cl3)

EIM S (HR)

Mass Spectrum (m/z)

3061-3029, 2931 (CHs), 1670 (C = 0 ) ,  1599 (C=C), 

1495, 1453 (CHz), 1374 (C H 3 ) 1251 (C-N) cm '

2.34 (6 H, s, N (C H 3 )2 ), 2.56 (2H, t, J = 5.76Hz, 

CH 2 N), 3.69 (2H, s, C H 2 ), 4.13 (2H, t, J = 5.78Hz, 

CH 2 O), 6.93-6.96 (2H, d, J = 9.04Hz, H -3 " ,  H -5 " ) ,  

7.26-7.73 (5H, m ArH), 7.96-7.99 (2H, d, J = 

8.58Hz, H -2” , H - 6 ” )

40.79 (C H 2 ), 45.11 (N (C H 3 ) 2 ), 57.19, 57.55 (C H 2 N), 

65.76 (C H 2 O), 113.61, 114.28 (C -3" ,  C -5 " ) ,  126.27, 

126.53 (C-4 ', C -4") ,  128.05, 128.29 (C -2 " ,  C - 6 ") ,  

128.47, 128.76 (C-2 ', C - 6 '), 128.81, 128.91 (C -3 ',  

C-5 ') , 131.87 (C -1") ,  132.83 (C -T ) ,  162.32 (C -4” ), 

171.13 (C = 0 )

C 1 8H 2 1 N O 2 : calculated 283.1576

observed 283.1572

283 { M \  82%), 250 (M^-33, 7%), 225 (M^-58, 5%), 

192 (M^-91, 28%), 178 (M^-105, 29% ), 165 (M^- 

118, 78%), 147 (M^-136, 5%), 121 (M^-162, 

100%), 104 (M^-179, 100%)

2-(4-Diethylaminoethoxyphenyl ) - l-phenylethanone (104)

The general procedure 2.12 was employed using 2 -(4 -h y d ro x y p h en y l) - l- 

phenylethanone (0.00047M ), anhydrous K 2 CO 3 (0.0047M ), dry acetone (25mL) 

and 2-diethylam inoethylchloride hydrogenchloride (0 .0012M). The product was 

isolated by column chrom atography (eluant dichlorom ethane ; methanol; 90:10) 

as a brown oil^^° in 90% yield.

I R  V m a x  (film)

' H N M R  5(C D Cl3)

3146-2941, 2930-2812 (CHs), 1654 (C = 0 ) ,  1600 

(C=C), 1496, 1452 (C H 2 ), 1377 (C H 3 ) cm ’’

1.02 (6 H, m, (C H 3 )2 ), 2.55 (4H, m, (C H 2 )2 ), 2.71 

(2H, t, J = 6.28Hz, C H 2 N), 3.65 (2H, s, C H 2 ), 4.19 

(2H, t, J = 6.26Hz, C H 2 O), 4.24 (2H, s, C H 2 ), 6.76-
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1 3C NMR 5(CDCl3)

6.96 (2H, d, J = 9.04Hz, H -3", H-5"), 7.28-7.54 (5H, 

m, ArH), 7.96-7.99 (2H, d, J = 9.04Hz, H -2", H-6 " )

1 1.39 ((CH 3 )2 ), 40.93 (CH 2 ), 47.93 (N(CH 2 )2 ), 50.56 

(CH 2N), 62.72 (CH 2 O), 113.21, 114.43 (C-3” , C- 

5"), 126.55, 127.21 (C-4', C-4"), 128.09, 128.29 (C- 

2 " , C-6 "), 128.46, 128.77 (C-2', C-6 '), 128.82, 

129.42 (C-3', C-5'), 131.88 (C-T), 171.06 (C =0)

l-Phenyl-2-(4-pyrrolidinylethoxyphenyl)ethanone (105)

The general method 2.12 was applied using 2-(4-hydroxyphenyl)-l- 
phenylethanone (0.0007M), anhydrous K 2CO 3 (0.007M), dry acetone (25mL) 
and 1-(2-chloroethyl)-pyrrolidine hydrochloride (0 .0019M). A pure product was 
isolated using column chromatography (eluant dichloromethane : methanol; 
95:5) as a mustard coloured oil in 91% yield.

I R  V ma x  (film)

' H N M R  5(CDCb)

13C NMR 6 (CDCl3 )

EIMS (HR)

Mass Spectrum (m/z)

3063-2963, 2878-2800 (CHs), 1670 (C =0), 1599, 
1576 (C=C), 1509, 1497, 1455 (CH 2 ) cm ''

1.76 (4H, m, H -2 '\  H-3'''), 2.53 (4H, m, H -1 "" ,  H- 

4 ” ” ), 2.73 (2H, t, J = 6.04Hz, CH 2N), 3.64 (2H, s, 

CH 2 ), 4.24 (2H, t, J = 6.18Hz, CH 2O), 6.93-6.95 (2H, 

d, J = 9.02Hz, H-3", H-5"), 7.24-7.34 (5H, m, ArH), 

7.97-7.99 (2H, d, J = 8.52Hz, H-2", H-6 ")

23.03 (C -2"" , C -3"") ,  40.88 (CH 2 ), 53.89 (C -1 "" ,  

C -4"" ) ,  53.98 (NCH 2 ), 63.32 (OCH 2), 113.89 (C -3", 

C-5"), 125.43, 126.26 (C-4', C-4"), 126.55, 128.03 

(C-2", C-6 "), 128.08, 128.13 (C-2', C-6 '), 128.82, 

128.91 (C-3', C-5’), 130.44 (C-1"), 171.03 (C =0)

C 2 0 H2 3 NO 2 : calculated M^ 309.1741

observed M^ 309.1729

309 (M ^ 80%), 267 ( M ^ 2 ,  85%), 239 (M^-70, 
6 6 %), 225 (M^-84, 50%), 214 (M^-95, 48%), 148 
(M^-161, 51%) 133 (M^-176, 95%), 119 (M^-190, 
80%), 98 (M^-211, 100%)
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l -Phenyl-2-(4-piperidinyIethoxyplienyI)ethanone (106)

The general method 2.12 outlined above was applied using 2-(4-hydroxyphenyl)-  

1-ph'cnylethanone (0 .0 0 IM ), anhydrous K 2 C O 3 (0.01 M), dry acetone (25m L ) and

1-(2-cliloroethyl)piperidine m onohydrochloride (0.0026M ). The product was 

isola ted  using column chrom atography (eluant dichlorom ethane : m ethanol; 

90:1(0). as a dark mustard coloured oil in 92% yield, with the following physical 

propterties.

IR V, (film)

' H N M R  5 ( C D C l 3 )

13C N M R  6 (C D C l 3 )

E lM S (HR)

Mass Spectrum (m/z)

2939, 2854 (CHs), 1664 (C = 0 ) ,  1600 (C=C), 1509, 

1496, 1454 (C H 2 ) cm '

1.53 (6 H, m, H -2 " " ,  H - 3 " " ,  H - 4 " " ) ,  2.40 (4H , m, 

H - 1 " " ,  H -5 " " ) ,  2.60 (2H, t, J = 5.76Hz, C H 2 N), 3.62 

(2H, d, J = 4.04Hz, C H 2 ), 4.20 (2H, t, J = 5 .78Hz, 

C H 2 O), 6.88-6.98 (2H, d, J = 8.52Hz, H -3 " ,  H -5 " ) ,  

7.19-7.26 (5H, m, ArH), 7.90-7.92 (2H, d, J = 

8.52Hz, H -2 " ,  H - 6 ")

23.31 (C -3 " " ) ,  24.93, 25.29 ( C -2 " " ,  C - 4 " " ) ,  40.63 

(C H 2 ), 53.99, 54.20 (C -1 " " ,  C -5 " " ) ,  56.45 (C H 2 N),

61.53 (C H 2 O), 113.90, 115.35 (C -3" ,  C -5 " ) ,  126.53, 

126.92 (C-4 ', C -4") ,  127.85, 128.07 (C -2 " ,  C - 6 " ) ,  

128.70 (C-2 ', C - 6 '), 128.92 (C -3" , C -5")132 .75  (C- 

1"), 170.15 (C = 0 )

C 2 1 H 2 5 N O 2 : calculated M^ 323.1881

observed M^ 323.1885

323 ( M \  79%), 299 (M^-24, 70%), 267 (M^-56, 

6 8 %), 232 (M^-91, 75%), 192 (M^-131, 6 8 %), 165 

(M^-158, 82%) 147 (M^-176, 85%), 133 (M^-190, 

80%), 121 (M^-202, 95%), 112 (M^-211, 100%), 98 

(M^-225, 100%)

2-(4-MorphoIinylethoxyphenyl)-I-phenylethanone (107)

The general procedure 2.12 was em ployed using 2 -(4 -hydroxypheny l)- l-  

phenylethanone (0.00067M), anhydrous K 2 C O 3  (0.0067M), dry acetone (20m L) 

and 4-(2-chloroethyl) morpholine hydrochloride (0 .0 0 17M) under nitrogen. The
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product was isolated as an orange coloured oil in 85% yield following column 
chromatography (eluant petroleum ether : ethyl acetate; 85:15) .

IR Vmax (film)

'H NMR 5(CD 30D )

13C N M R  5(CDCl3)

2926 (CHs), 1654 (C =0), 1508, 1458, 1422 (C H 2 ) 
cm ''

1.24 (4H, m, H - l " " ,  H -4"") ,  1.43 (2H, t, J = 

6.52Hz, CH 2N), 2.26 (2H, t, J = 6.52Hz, CH 2 O),

2.30 (4H, m, H-2 H -3"") ,  2.80 (2H, s, CH 2 ),

5.39-5.48 (2H, d, J = 8.76Hz, H-3", H-5"), 5.80-6.14 

(5H, m, ArH), 6.38-6.52 (2H, dd, J = 8.78Hz, H -2" , 

H-6 ")

37.30 (CH 2), 42.54 (CH 2N), 51.07 (C -1 "" ,  C -4 "" ) ,  

57.58 (CH 2O), 63.83 (C -2 "" ,  C -3 "" ) ,  113.00, 

113.73 (C-3", C-5"), 124.67, 124.97 (C-4', C -4"), 

126.22, 126.38 (C-2", C-6 "), 126.51-129.13 (C-2', 

C-3', C-5', C-6 '), 160.59 (C=0)

7.2.17.McMurry coupling o f  substituted l-phenylethanones

2 - l ( 4 - D im e t h y la m in o e t h o x y ) b e n z y I l - l , 2 - d i p h e n y l b u t - l - e n e  (108)

The general method outlined 2.9 was applied in the preparation o f  this 
compound, using 2-(4-dimethyiaminoethoxyphenyl)-1 -pheny lethanone 
(0.00032M), dry dioxane (15mL), propiophenone (0.00032M), titanium 
tetrachloride (0.00065M) and zinc dust (0.002 IM) under nitrogen. The crude 
product was purified using preparative layer chromatography (developing 
solvent dichloromethane : ethyl acetate : methanol; 50:40; 10) to yield a light 
brown coloured oil in 2 1 % yield.

IR V m a x  (film)

' H N M R  5(CDCl3)

3120-2919, 2886-2712 (CHs), 1605, 1576 (C=C), 

1496, 1451 (NCH 3 , CH 2 ), 1382, 1369 (CH 3 ), 1282, 
1241 (CN) cm '

1.46 (3H, t, J = 6 .8 6 Hz, H-4), 2.07 (6 H, s, N(CH 3 )2 ), 

2.74 (2H, m, NCH 2), 3.76 (2H, q, J = 6.85Hz, H-3), 
3.94 (2H, s, CH 2 ), 4.14 (2H, m, CH 2 O), 6.52-6.56 

(2H, m, H-3", H-5"), 6.83-7.54 (12H, m, ArH)

274



13
C N M R  5 ( C D C l 3 )

EIMS (HR)

Mass Spectrum (m/z)

14.19 (C-4), 29.68 (C-3), 38.68 (CH 2), 47.43, 47.54 

(N(CH 3)2 ), 58.48 (NCH 2 ), 60.38 (CH 2O), 113.02, 

114.84 (C-3", C-5"), 125.82, 126.16 (C-4', C-4"), 

128.22, 128.43 (C-2". C-6 "), 128.84 (C-2', C-6 '), 

128.98 (C -3 " ’, C-6 " ’, C -3’", C -5 " ’), 129.44, 129.76 

(C-3’, C -5’), 130.87 (C-1"), 130.95 (C -T )

C 27H 31NO : calculated 385.2409

observed 385.2405

385 (M ^ 78%), 314 (M"-71, 5%), 267 (M^-118, 
10%), 252 (M^-133, 15%o), 239 (M^-146, 11%), 215 
(M^-170, 5%), 191 (M^-194, 63%) 178 (M^-207, 
45%), 165 (M^-220, 46%), 128 (M^-111, 20%), 115 
(M^-270, 35%), 91 (M^-294, 100%)

2-( (4 -Diethylaminoethoxy)benzyl] - l ,2 -d iphenylbut-l -ene  (109)

The general method 2.9 was employed using 2-(4-diethylaminoethoxyphenyl)-l- 
phenylethanone (0.0004M), dry dioxane (15niL), propiophenone (0.0004M), 

titanium tetrachloride (0.00079M) and zinc dust (0.0025M) under nitrogen. The 
crude product was isolated using preparative layer chromatography (developing 
solvent dichloromethane : ethyl acetate : methanol; 50:40.10) to afford a light 
brown oil in 40% yield.

IR v„iax (film)

' H N M R  5 ( C D C l 3 )

13
C NMR 5 ( C D C l 3 )  

EIMS (HR)

Mass Spectrum (m/z)

3059-2924, 2851-2774 (CHs), 1605 (C=C), 1494, 

1454 (CH 2 ), 1374 (CH3 ) cm''

0.86 (6 H, m, N(CH3 )2), 0.98 (3H, t, J = 7.52Hz, H-4), 

2.36 (4H, m, N(CH2 )2 ), 2.66 (2H, q, J = 7.52Hz, H- 
3), 2.76 (2 H, m, NCH2), 3.92 (2H, s, CH 2 ), 4.08 (2H, 

m, CH2O), 6.54-6.56 (2H, d, J = 9.00Hz, H -3", H- 

5"), 6.80-7.35 (12H, m, ArH)

sample too insoluble for C'^ NMR

C 2 9 H 3 5 N O  : calculated M^ 413.2697

observed M^ 413.2719

413 ( M \  73%), 385 (M^-28, 33%), 362 (M^-51, 
17%), 314 (M^-99, 50%), 283 (M^-130, 100%), 207
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(M^-206, 53%) 192 (M^-221, 54%), 178 (M^-235, 
40%), 165 (M^-248, 78%), 128 (M^-285, 75%), 91 
(M^-322, 100%)

l ,2 -Diphenyl-2 -[(4-pyrrolid inylethoxy)benzy l]but- l-ene (110)

The general method 2.9 was applied using 2-(4-pyrrolidinylethoxyphenyl)-l- 
phenylethanone (0.00065M), dry dioxane (20mL), propiophenone (0.00065M), 
titanium tetrachloride (0.00132M) and zinc dust (0.0042M) under nitrogen. The 
product was isolated using preparative layer chromatography (developing solvent 
dichloromethane : ethyl acetate : methanol; 60:40:8) to afford a brown oil in 19% 
yield.

IR Vmax (film)

' H  N M R  5 ( C D C l 3 )

13
C  N M R  5 ( C D C l 3 )

EIMS (HR)

Mass Spectrum (m/z)

3058-2928, 2875-2810 (CHs), 1602, 1576 (C=C), 

1510 (NCH 2 ), 1494, 1453 (CH 2 ), 1375 (CH 3 ) cm '

0.90 (3H, t, J = 7.28Hz, H-4), 2.63 (4H, m, H -2 " " ,  

H -3 "" ) ,  2.82 (2H, q, J =7.04Hz, H-3), 3.68 (4H, m,  

H -4"") ,  3.78 (2H, m, NCH 2 ), 4.15, 4.17 (2H, 

d, 2 X s, CH 2 ), 4.35 (2H, m, CH 2 O), 7.25-7.47 (14H, 
m, ArH)

17.58 (C-4), 24.17 (C -2 "" ,  C -3 "" ) ,  29.21 (C-3), 

39.50 (CH 2 ), 47.07 (NCH 2 ), 63.28 (C - 1 " " ,  C -4 "" ) ,  

66.36 (CH 2 O), 116.39 (C-3", C-5"), 123.69, 124.37 

(C -4‘, C-4"), 125.75, 126.01 (C-2", C-6 "), 126.23, 

127.18 (C-3" ', C -5" ', C -2 '" , C-6 " ') ,  126.80, 127.18 

(C-2', C-6 '), 127.45, 128.18 (C-3', C-5')

C 2 9 H 3 3 N O  : calculated M^ 411.2525

observed M^ 411.2562

411 ( M \  73%), 368 (M M 3 , 18%), 326 (M^-85, 
33%), 285 (M^-126, 40%), 236 (M^-175, 55%>), 191 
(M^-220, 6 8 %), 163 (M^-248, 75%), 98 (M^-313, 
100%)

l ,2-Diphenyl-2-[(4-piperid inylethoxy)benzyl]but- l-ene (111)

The general method 2.9 was employed using 2-(4-piperidinylethoxyphenyl)-l- 
phenylethanone (0.00062M), dry dioxane (20mL), propiophenone (0.00062M),
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titanium tetrachloride (0.0013M) and zinc dust (0.0021M) under nitrogen. The 
product was purified using column chromatography (eluant dichloromethane ; 
methanol; 97:3) to afford a brown oily gel in 39% yield.

IR Vmax (film)

' H N M R  6(CDCl3)

13C N M R  5(CDCl3)

ElMS (HR)

Mass Spectrum (m/z)

3060-3020, 2927-2853 (CHs), 1601,1586 (C=C), 

1511 (NCH 2 S), 1494, 1451 (CH 2 ), 1378 (CH 3 ) cm ''

1.01 (3H, t, J = 7.54Hz, H-4), 2.07 (2H, m, H -3 '" ') ,  

2.31 (4H, m, H -2 "" ,  H -4 '" ') ,  2.58 (2H, q, J = 

7.52Hz, H-3), 2.74 (4H, m, H -1 "" ,  H -5 "" ) ,  3.03 

(2H, m, NCH 2 ), 3.63 (2H, s, CH 2 ), 4.30 (2H, m, 
CH 2 O), 6.79-7.18 (12H, m, ArH), 7.92-8.00 (2H, d, J 

= 9.04Hz, H-2", H-6 ")

13.61 (C-4), 23.11 (C -3"") ,  26.81, 27.22 (C -2 "" ,  C- 

4 " " ) ,  31.45 (C-3), 40.91 (CH 2 ), 53.66 (C - 1 " " ,  C- 

5 " " ) ,  56.08 (NCH 2 ), 61.07 (CH 2 O), 115.10, 115.24 

(C-3", C-5"), 124.94 (C-4'), 126.37, 126.63 (C-2” , 

C-6 ”), 128.08, 128.28 (C-3 '" , C -5 '" ,  C -2 '" ,  C-6 '" ) ,  

129.30 (C-3', C-5'), 130.49 (C-1"), 130.74 (C -T )

C 3 0 H 3 5 NO : calculated 425.2732

observed 425.2719

425 ( M \  72%), 357 (M^-6 8 , 10%), 326 (M^-99, 
15%), 267 (M^-158, 19%), 252 (M^-173, 28%), 191 
(M^-234, 100%), 178 (M^-247, 98%), 165 (M^-260, 
96%), 112 (M^-313, 100%), 98 (M^-327, 100%)

l ,2-Diphenyl-2-[ (4 -morpholinyle thoxy)benzyl]but- l-ene  (112)

The procedure 2.9 outlined using 2-(4-morpholinylethoxyphenyl)-l- 
phenylethanone (0.00015M), dry dioxane (15mL), propiophenone (0.00015M), 

titanium tetrachloride (0.00032M) and zinc dust (0.0008M) under nitrogen. The 
product was isolated using preparative layer chromatography (developing solvent 

petroleum ether ; ethyl acetate; 90:10) to afford a brown / mustard oil in 29% 
yield.

IRvmax(fi l rn) 3085-3024, 2974-2874 (CHs), 1600 (C=C), 1510,

1492, 1462 (CH2 ), 1370 (CH 3 ) cm“'
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' H N M R  5 ( C D C l 3 )

13C N M R  8 ( C D C l 3 )

EIMS (HR)

Mass Spectrum (m/z)

0.99 (3H, t, J = 7.52Hz, H-4), 2.27 (4H, m, H -1 " " ,  

H -4 '" ') ,  2.68 (2H, q, J = 7.48Hz, H-3), 2.74 (2H, t, J 

= 6.26Hz, NCH 2), 3.89 (4H, m, H -2 " " ,  H -3 "" ) ,  4.64 

(2H, t, J = 6.26Hz, CH 2O), 4.72 (2H,s, CH 2), 6.46- 

6.48 (2H, d, J = 8.52Hz, H -3", H -5"), 6.66-7.32 

(lOH, m, ArH), 7.38-7.40 (2H, d, J = 8.52Hz, H -2" , 

H-6 ")

13.34 (C-4), 29.63 (C-3), 39.90 (CH 2 ), 41.45 

(NCH 2), 55.45 (C -1 "" ,  C -4 "" ,  CH 2 O), 63.71 (C- 

2 " " ,  C -3 "" ) ,  114.29, 114.86 (C -3", C -5"), 127.37 

(C-2", C-6 "), 127.49, 127.80 (C -3 " ‘, C -5 " ',  C -2 " ',  

C-6 "), 128.05, 128.86 (C-3', C-5')

C 29H 33NO 2 : calculated 427.2517

observed 427.2511

427 ( M \  73%), 425 (M^-2, 70%), 386 (M^-141, 
29%), 342 (M^-85, 15%), 326 (M^-101, 60%), 314 
(M^-113, 23%), 273 (M^-154, 23%), 191 (M^-236, 

29%), 165 (M^-262, 35%), 98 (M^-329, 100%)

7.2.18.McMurry coupling o f  l-(4-aIkylylethoxyphenyl)-2-phenylethan-l-one  
with substitutedpropiophenone

l-Benzyl-l-[(4-dimethylaminoethoxy)phenyl]-2-phenylhex-l-ene (120)

The general method outlined 2.9 was applied in the preparation o f  this 

compound, using 1 -(4-dimethylaminoethoxyphenyl)-2-phenylethan-1 -one
(0.0036M), dry dioxane (30mL), valerophenone (0.0036M), titanium
tetrachloride (0.0073M) and zinc dust (0.23M) under nitrogen. The crude
product was purified using column chromatography (eluant dichloromethane : 
methanol; 85: 15) to yield a mustard / brown coloured oily gel in 48% yield.

IRvmax(film) 3029-2950, 2817-2774 (CHs), 1605, 1573 (C=C),

1508, 1453 ( C H 2 ) ,  1370 ( C H 3 )  cm'*

‘H NMR 5 (CDCl3 ) 0.91 (3H, m, CH 3), 2.34 (6 H, s, N(CH 3 )2), 2.40 (2H,
t, J = 7.52Hz, CH2 ), 2.61 (2H, t, J = 7.54Hz, C H 2), 
2.69 (4H, m , CH2 , NCH 2 ), 3.96 (2 H, t, J = 6.02Hz,
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CH 2 O), 3.99 (2H, s, CH 2 ), 6.57-6.60 (2H, d, J = 

8.52Hz, H-3", H-5"), 6.85-7.43 (12H, m, ArH)

13C N M R  5(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

13.97 (CH 3 ), 22.75 (C-4), 30.54, (C-2), 34.68 (C-3), 

40.16 (CH 2 ), 45.73 (N(CH 3 )2 ), 58.19 (NCH 2 ), 65.55 

(CH 2 O), 113.46 (C-3", C-5"), 125.14, 125.32 (C-4', 

C-4” ), 126.88 (C -4 '"), 127.09, 127.77 (C -3 '" ,  C- 

5 '" ,  C -2 '" , C-6 '") , 128.07 (C-2", C-6 "), 129.33 (C- 

2', C-6 ', C-3', C-5'), 130.47 (C-1'), 134.76 (C-1"), 

137.88 (C-1, C-2), 139.68 (C-1" '),

C 2 9 H 3 5 NO : calculated 413.2719

observed 413.2709

413 ( M \  73%), 370 (M^-43, 30%), 342 (M^-71, 
41%), 297 (M^-1144, 39%), 252 (M^-161, 46%), 
233 (M^-180, 43%), 215 (M^-198, 50%), 191 (M^- 
222, 69%), 165 (M^-248, 62%), 139 (M^-274, 
50%), 91 (M^-322, 100%)

l -Benzyl-4-ch loro-l - j(4-d im ethylamii ioethoxy)phenyl] -2-phenylbut- l-ene
( 121 )

The general method 2.9 was employed using 1-(4-dimethylaminoethoxyphenyl)- 
2-phenylethan-l-one (0.0036M), dry dioxane (20mL), 3-chloropropiophenone 
(0.0036M), titanium tetrachloride (0.0073M) and zinc dust (0.023M) under 

nitrogen. The crude product was isolated using column chromatography (eluant 
dichloromethane : methanol; 85:15) to afford a light brown oil in 41%> yield.

IR V m a x  (film)

'H NMR 6 (CDCl3 )

13C N M R  5(CDCl3)

3025-2941, 2930-2821 (CHs), 1605, 1574 (C=C), 

1508, 1453 (CH 2 ), 1368 (CH 3 ), 699 (C-Cl) cm ''

2.34 (6 H, m, N(CH 3 )2 ), 2.78 (2H, t, J = 6.04Hz,

NCH 2 ), 3.18 (2H, t, J = 7.53Hz, CH 2 ), 3.49 (2H, t, J 
= 7.28Hz, CH 2 CI), 3.95 (2H, t, J = 5.80Hz, CH 2 O), 

4.05 (2H, s, CH 2 ), 6.60-6.62 (2H, d, J = 8.52Hz, H- 

3" ,  H-5"), 6.88-7.45 (12H, m, ArH)

37.43 (CH 2 ), 39.99 (CH 2 CI), 42.16 (CH 2 ), 45.42 

((CH 3 )2 ), 57.83, 57.89 (NCH 2 ), 65.27, 65.44

(CH 2 O), 113.21, 113.69 (C-3", C-5"), 125.57,
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EIMS (HR)

Mass Spectrum (m/z)

125.78 (C-4', C-4"), 127.48 (C-4'"), 127.53, 127.93 

(C-2'", C-6 '" ,  C-3'", C-5'"), 128.03, 128.11 (C-2", 

C-6 ” ), 128.46, 128.52 (C-2', C-6 '), 129.31, 129.64 

(C-3', C-5'), 130.37 (C-T), 133.18 (C-1"), 139.93 

(C - r " ) ,

C 2 7H 3 0CINO : calculated 419.1998

observed 419.2016

419 (M\  56%), 383 (M^-36, 15%), 279 (MMO, 
29%), 252 (M^-167, 47%), 215 (M^-204, 44%), 202 
(M^-217, 79%), 191 (M^-228, 80%), 165 (M^-254, 
78%), 91 (M^-328, 100%)

l -Benzyl-3-bromo- l- [ (4 -dimethylaminoethoxy)phenylJ -2-phenylprop- l -ene

( 122)

The general method 2.9 was employed using 1-(4-dimethylaminoethoxyphenyl)- 
2-phenylethan-l-one (0.0036M), dry dioxane (20mL), 2-bromoacetophenone 
(0.0036M), titanium tetrachloride (0.0073M) and zinc dust (0.023M) under 
nitrogen. The product was purified using cohmin chromatography (eluant 
dichloromethane ; methanol, 85:15) to afford a brown gel in 39% yield.

IR V,. (film)

' H N MR  6 (CDCl3 )

13C N M R  5(CDCl3)

EIMS (HR)

3028-2968, 2821-2770 (CHs), 1605 (C=C), 1453 
(CH2 ), 1370 (CH3 ), 700 (C-Br) c n f '

2.36 (6 H, s, N(CH3 )2 ), 2.74 (2 H, m, NCH2 ), 3.99 
(2H, s, CH2 ), 4.04 (2H, m, CH2O), 4.11 (2H, m, 

CH2Br), 6.62-6.68 (2H, d, J = 16.00Hz, H-3", H-5"), 
6.70-7.45 (12H, m, ArH)

35.72 (CH2Br), 40.45 (CH2), 45.33 ((CH3 )2 ), 57.78 
(NCH2 ), 65.19, 65.35 (CH2 O), 113.20, 113.67 (C- 

3", C-5"), 125.26, 126.40 (C-4', C-4"), 126.16 (C- 

4 '") ,  127.25-127.84 (C-2'", C-6 '" ,  C-3'", C-5 '"), 

128.11 (C-2", C-6 "), 128.51 (C-2', C-6 '), 128.78, 

129.23 (C-3', C-5'), 130.27 (C-T), 134.40 (C-1”), 

139.53 (C-1'")

C2 6 H2 gBrNO : calculated M"*̂ 449.1510
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observed M 449.1354

Mass Spectrum (m/z) 449 (M", 38%), 371 (M^-78, 95%), 269 (M^-180, 
25%), 252 (M^-197, 38%), 221 (M^-228, 28%), 191 
(M^-258, 92%), 165 (M^-284, 91%), 115 (M^-334, 
84%), 91 (M^-358, 100%) 79 (M^-370, 100%)

l -Benzyl-3-brom o- l - [ (4 -d im ethylam inoethoxy)phenyl] -2 -phenylbut- l -ene
(123)

The general method 2.9 was employed using 1-(4-dimethylaminoethoxyphenyl)- 
2-phenylethan-l-one (0.0036M), dry dioxane (20mL), 2-bromopropiophenone 
(0.0036M), titanium tetrachloride (0.0073M) and zinc dust (0.023M) under 
nitrogen. The product was purified using column chromatography (eluant 
dichloromethane : methanol; 90:10) to afford a mustard coloured gel in 34% 
yield.

IR Vmax (film)

' H N M R  5 ( C D C l 3 )

13C N M R  5 ( C D C l 3 )

EIMS (HR)

Mass Spectrum (m/z)

3028-2941, 2822-2771 (CHs), 1605 (C=C), 1509, 

1447 (CH 2 ), 1369 (CH 3 ), 700 (C-Br) cm"'

2.35 (3H, d, J = 5.00Hz, CH 3 ), 2.40 (6 H, s, N(CH 3 )2 ), 
2.70 (2H, t, J = 5.94Hz, NCH 2 ), 2.79 (2H, m, CHBr), 
3.95 (2H, s, CH 2 ), 4.11 (2H, t, J = 6.02Hz, CH 2 O), 
6.57-7.34 (14H, m, ArH)

9.47 (CHBr), 12.94 (CH 3 ), 39.99 (CH 2 ), 45.72, 45.81 

((CH 3 )2 ), 58.18 (NCH 2 ), 65.55 (CH 2 O), 113.45, 

114.05 (C-3", C-5"), 125.59 (C-4', C -4"), 127.19 

(C -4" ') , 127.52, 127.92 (C-2 '" , C-6 ' " ,  C -3 '" ,  C- 

5 '" ) ,  128.19 (C-2", C-6 "), 128.44 (C-2‘, C-6 '), 

129.31, 129.76 (C-3', C-5'), 130.79 (C-1'), 134.19 

(C-1"), 139.69 (C - l '" )

C 2 7 H 3 oNOBr : calculated 463.1999

observed 463.1511

463 ( M \  38%), 385 (M^-78, 92%), 314 (M^-149, 
65%), 297 (M^-166, 12%), 269 (M^-194, 27%), 252 
(M ^211 , 34%), 235 (M^-228, 22%), 215 (M^-248, 
23%), 191 (M'‘-272, 91%), 165 (M^-298, 80%), 115
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(M^-348, 81%), 91 (M^-372, 100%), 79 (M^-384, 

100%)

1 -Benzyl - l - | (4 -d iinethylaminoethoxy)phenyl | -3 -n i tro-2-phenylprop- l -ene

( 124 )

The general method outlined 2.9 was em ployed using l- (4 -  

d im ethy lam inoethoxyphenyl)-2 -phenylethan-l-one (0.0036M ), dry d ioxane 

(30m L), benzoylnitrom ethane (0.0036M), titanium tetrachloride (0 .0073M ) and 

zinc dust (0.23M) under nitrogen. The product was isolated using co lum n 

chrom atography  (eluant dichloromethane : methanol; 85: 15) to yield a yellow  

oily  gel in 42% yield.

IR Vmax (film)

‘H N M R 5(CDCl3)

13C N M R 5(CDCl3)

EIMS (HR)

M ass Spectrum  (m/z)

3010-2930, 2811-2770 (CHs), 1605 (C=C), 1511, 

1454 (CH 2 ), 1368 (CH 3 ), 1244 (C -N O 2 ) cm ''

2.30 (6 H, s, N (C H 3 )2 ), 2.69 (4H, t, J = 5 .84Hz, 

N C H 2 ), 2.83 (2H, s, C H 2N O 2 ), 4.00 (2H, t, J = 

5.86Hz, CH 2O), 4.04 (2H, s, C H 2 ), 6 .77-6.80 (2H, d, 

J = 7.80Hz, H -3", H -5") ,  6.85-7.18 (12H, m, ArH)

36.98 (CH 2N O 2 ), 37.71 (C H 2 ), 45.35 (N (C H 3 )2 ), 

57.85 (N C H 2 ), 65.51 (C H 2 O), 114.06, 114.41 (C -3 " ,  

C -5" ) ,  125.42 (C-4 ', C -4 " ) ,  125.84 (C -4 '" ) ,  127.27, 

127.78 (C -3 '" ,  C -5 '" ,  C -2 '" ,  C - 6 ' " ) ,  128.81, 127.86 

(C -2" , C -6 "), 128.04, 128.20 (C -2 ',  C -6 '), 128.88 

(C-3 ', C-5 '), 130.47 (C -T ) ,  133.59 (C -1" ) ,  141.40 

(C -1 " ')

C 2 6 H 2 8N 2O 3 : calculated M^ 416.2010

observed M^ 416.1999

416 { M \  71%), 397 (M^-19, 84%), 374 ( M M 2 ,  

85%), 344 (M^-72, 100%), 324 (M^-92, 6 8 %), 269 

(M^-147, 100%), 252 (M^-164, 65%), 197 (M^-219, 

54%), 178 (M^-238, 100%), 165 (M^-251, 100%), 

149 (M^-267, 91%), 91 (M^-325, 100%)
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l -Benzyl- l- [ (4 -d im ethylaminoeth oxy)phenyl] -2 -phenyIpent- l- ene  (125)

The general method 2.9 outlined was applied in the preparation of this 
compound, using 1 -(4-dimethylaminoethoxyphenyl)-2-phenylethan - 1 -one 
(0.0036M), dry dioxane (30mL), butyrophenone (0.0036M), titanium 
tetrachloride (0.0073M) and zinc dust (0.23M) under nitrogen. The crude 
product was isolated using column chromatography (eluant dichloromethane ; 
methanol; 90:10) to yield a brown gel in 46% yield.

IR V ma x  (film)

'H N M R  5(CDCl3)

13C N M R 5(CDCl3)

ElMS (HR)

Mass Spectrum (m/z)

3026-2957, 2830-2782 (CHs), 1603, 1582 (C=C), 
1511, 1454 (CH2 ), 1377 (CH3 ) cm '

1.00 (3H, m, CHj), 2.32 (6 H, s, N(CH 3 )2 ), 2.74 (2H, 
t, J -  6.50Hz, CH2 ), 2.95 (4H, t, J = 5.52Hz, NCHz), 
3.96 (2H, t, J = 5.52Hz, CH2 O), 4.22 (2H, s, CH2 ),
4.68 (2H, t, J = 6.48Hz, CH2 ), 6.81-7.54 (14H, m, 
ArH)

13.68 (CH3 ), 36.62 (CH2 P]),  37.75 (CH2 [2 ]), 41.05 
(CH2 ), 45.06 (N(CH3 )2 ), 57.56 (NCH2 ), 65.24 
(CH2 O), 114.10, 115.41 (C-3", C-5"), 125.63 (C-4', 

C-4"), 126.79 (C-4'"), 127.87, 127.92 (C -3"’, C- 

5" ',  C-2"', C-6 "'), 128.10, 128.26 (C-2", C-6 "), 

128.82, 128.96 (C-2', C-6 '), 129.03, 129.41 (C-3', 

C-5'), 130.49 (C-T),

C2 8 H3 3 NO : calculated 399.2568

observed M^ 399.2562

399 (M\ 73%), 354 (M^-45, 39%), 328 (M^-71, 
11%), 273 (M'-126, 58%), 253 (M^-146, 50%), 239 
(M^-160, 19%), 203 (M^-196, 49%), 191 (M^-208, 
81%) 178 (M^-221, 79%), 165 (M^-234, 58%), 128 
(M^-271, 30%), 91 (M^-308, 100%)

l -Benzyl-3-ch loro- l - [(4-d im ethylaminoethoxy)phenyI]-2-phenylprop-l -ene

(126)

The general method 2.9 was employed using 1-(4-dimethylaminoethoxyphenyl)-
2-phenylethan-l-one (0.0035M), dry dioxane (20mL), 2-chloroacetophenone 
(0.0035M), titanium tetrachloride (0.0072M) and zinc dust (0.023M) under
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nitrogen. The product was purified using column chromatography (eluant 
dichloromethane : ethyl acetate : methanol, 70:24:6) to afford a light brown oily 
gel in 44% yield.

IR Vmax (film)

'H NM R 5(CDCl3)

'^C N M R  6 (CDCl3 )

ElMS (HR)

Mass Spectrum (m/z)

3058-2940, 2866-2771 (CHs), 1607, 1581 (C=C), 

1510, 1494, 1454 (CH 2 ), 1371 (CH 3 ), 1352 (C H 2 CI) 
cm''

2.39 (6 H, s, N(CH 3 )2 ), 2.79 (2H, m, NCH 2 ), 3.68 
(2H, m, CH 2CI), 4.11-4.18 (4H, m, CH 2 O, C H 2 ), 

6.59-6.68 (2H, d, J = 8.52Hz, H -3" , H -5” ), 6.72-7.38 

(12H, m, ArH)

40.45 (CH 2 CI), 43.26 (CH 2 ), 45.38 ( ( ^ 3 ) 2 ), 57.83 

(NCH 2 ), 65.55 (CH 2 O), 113.18, 114.04 (C-3", C- 

5"), 125.25, 125.39 (C-4', C-4"), 126.51 (C -4 " ’), 

126.85-127.81 (C -2" ',  C-6 " ',  C -3 '" ,  C -5 '") , 127.91, 

127.94 (C-2", C-6 "), 128.08, 128.76 (C -2‘, C-6 '), 

129.08, 129.34 (C-3', C-5'), 130.25 (C-1'), 134.50 

(C-1"), 140.23 (C-1" ')

C 2 6 H 2 8 CINO : calculated 405.1876

observed 405.1859

405 ( M \  57%), 371 (M^-34, 100%), 355 (M M O , 
72%), 300 (M^-105, 97%), 285 (M^-120, 35%), 267 
(M^-138, 89%), 252 (M^-153, 100%), 191 (M^-214, 
100%) 178 (M^-227, 98%), 165 (M^-240, 100%), 
139 (M^-266, 91%), 91 (M^-314, 100%)
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7.3. Experimenta l  details  - benzoxepins  conform ationa l ly  restrained  

analogues

7.3.1. Preparation o f  benzoxepins

2,3,4,5-Tetrahydro-l-benzoxepin-5-one (139)

M ethod 1

A solution o f  xylene (180mL), phosphorus pentoxide (0.2M), celite (24g) and 

85% phosphoric acid (0.06M) were heated to 95-100°C for 3hr. Post this period 

a solution o f  4-phenoxybutyric acid (0.05M ) in xylene w'as added dropw ise over 

1 hour at 95-100°C. Once the addition was com plete the solution w as stirred at 

95-100°C  for a further 6hr. The reaction mixture was then cooled to room 

tem perature and poured into crushed ice (lOOg). W hen the ice melts two layers 

were apparent. The xylene layer was separated, washed with water, saturated 

NaCl, extracted with diethyl ether and dried over N a 2 S 0 4 . The aqueous layer 

was w ashed, extracted with ethyl acetate and dried over N a 2 S 0 4 . The xylene and 

ethyl acetate layers were combined and the solvents were evaporated under 

reduced pressure. Column chromatography (eluant petroleum ether : ethyl 

acetate; 84:16), was carried out to purify the com pound as a mustard coloured 

oily gel^''" in 49% yield.

Method 2

A m ixture o f  polyphosphoric acid (0.84M) and 4-phenoxybutyric acid (O .l lM ) 

w ere heated on a steam bath for 2-3hr with occasional shaking. Post this period 

the wine coloured syrup was poured onto crushed ice, and the organic layer was 

extracted with ethyl acetate, washed with water, 3N NaOH (2x20m L), dried over 

N a 2 S 0 4  and concentrated down. The product was isolated from column 

chrom atography (eluant dichloromethane : petroleum ether; 50:50) as a mustard / 

brown oily gel '̂^^ in 76% yield

IRVn,ax(KBr) 3080-2943, 2939-2834 (CHs), 1689 (C = 0 ) ,  1604

(C=C), 1480, 1449 (CH 2 ), 1289 (C-O-C) cm ''

'H N M R 5(CDCl3) 2.56 (2H, m, H-3), 2.93 (2H, t, J = 6.99Hz, H-2),

4.27 (2H, t, J = 6.55Hz, H-4), 6.95-7.14 (2H, m, H- 

7, H-9), 7.45 ( IH,  m, H-8), 7.79-8.81 (2H, dd, J = 

7.76, 1.78Hz, H-6)
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'^C N M R  5(CDCl3) 26.33 (C-3), 40.61(C-4), 72.80 (C-2), 121.75, 122.74

(C-7, C - 8 ), 129.33 (C-9a), 129.42 (C - 6 ), 133.69 (C- 

9), 161.62 (C-5a), 200.21 (C-5)

7.3.2. Synthesis o f  5-aryl-2,3-dihydro-l-benzoxepins

5-(4-Methoxyphenyl)-2,3-dihydro-l-benzoxepin (145)

The general method 3.2 was carried out using n-BuLi (0.03M), 4-brom oaniso le  

(0 .03M ), dry  THF (40mL) and 2 ,3 ,4 ,5-te trahydro-l-benzoxepin-5-one (O.OIM) 

under n itrogen at -78°C. The com pound was dehydrated with H 2 SO 4  (4mL) in 

ethanol (20mL). The product was then purified using colum n chrom atography 

(eluant petroleum  ether : ethyl acetate; 85:15) and recrystallised from ethanol to 

afford colourless crystals^ in 55% yield; m.p. 7 9 -8 1°C

IR Vr (film)

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

Elem ental Analysis

3068-2963, 2878 (CHs), 1599, 1571 (C=C), 1464 

(CH 2 ), 1448 (O CH 3 ), 1287, 1219 (C-O-C) cm ''

2.50 (2H, q, J = 6.01Hz, H-3), 3.85 (3H, s, O C H 3 ), 

4.52 (2H, t, J = 6.02Hz, H-2), 6.28 ( I H,  t, J = 

6.28Hz, H-4), 6.88-6.90 (2H,m, H -3 ',  H -5 '),  7.01- 

7.03 (2H, m, H-6 , H-7), 7.11-7.14 ( I H,  m, H-9), 

7.19-7.28 (3H, m, H-2', H-6 ', H - 8 )

29.45 (C-3), 54.82 (O C H 3 ), 77.28 (C-2), 113.10 (C- 

3 ', C -5 ') ,  121.37 (C-9), 122.66 (C-7), 126.58 (C-4), 

127.90 (C - 8 ), 129.20 (C-2 ', C - 6 '), 130.66 (C - 6 ), 

132.49 (C-5), 134.87 (C -T ),  157.46 (C-9a)

C 1 7H 1 6O 2 : requires C, 80.92; H, 6.40 

found C, 80.90; H, 6.46

7.3.3. Synthesis o f  5-aryl-4-bromo-2,3-dihydro-l-benzoxepin

4-Bromo-5-(4-methoxyphenyl)-2,3-dihydro-l-benzoxepin (146)

5-(4-M ethoxyphenyl)-2 ,3-d ihydro-l-benzoxepin  (0 .004M ) was disso lved  in dry 

dich lorom ethane (30mL) and allowed to stir at 0°C for 30minutes. Pyrid inium  

brom ide perbromide (0.0057M) was added in portions over ISm inutes. The 

solution was allowed to stir for 12hr after which TLC monitoring indicated the
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co m p le te  consum ption  o f  the  s tar ting  m ateria l.  T he  so lu t ion  w a s  w a sh e d  w ith  

N a H C O j  (10%  w/v, 2x20m L ), w ater  (30m L ), ex trac ted  w ith  d ich lo ro m e th a n e  

(2 x 2 5 m L ) ,  d r ied  over  N a 2S 0 4  and concen tra ted  dow n. C o lu m n  c h ro m a to g ra p h y  

(e lu a r t  pe tro leum  ether : e thyl acetate ; 97:3) w as  ca rr ied  ou t to p u r ify  the 

p roduct fo llow ed  by rec rys ta ll isa t ion  w ith  e thano l  to p ro d u c e  n eed le - l ik e  

c o lo u r le ss  crystals^^^ in 92%  yield.

IR (K Br)

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

E lem en ta l  A nalysis

3067-2970 , 2878 (C H s), 1599, 1568 (C = C ), 1476 

(C H 2), 1448 (O C H 3), 1286, 1 2 0 2  (C -O -C )  c m ' '

3 .04  (2H , t, J =  5 .86H z, H -3), 3 .86  (3H , s, O C H 3), 

4.61 (2H, t, J =  5 .88H z, H -2), 6 .8 0 -6 .8 2  ( lH ,d d ,  J =  

7.80, 1 .70Hz, H - 6 ), 6 .91 -6 .98  (3H , m , H -7 , H -3 ' ,  H- 

5 ') ,  7 .08 -7 .10  (2H, d, J =  8 .32H z, H -9 ,) ,  7 .18 -7 .22  

(3H , m, H -2 ',  H - 6 ', H - 8 )

40 .74  (C -3), 54.73 (O C H 3), 77 .24  (C -2 ) ,  113.01 (C- 

3 ',  C -5 ') ,  121.51 (C-4), 122.92 (C -7 , C -9) , 126.36 

(C - 6 ), 130.69 (C -2 ’, C - 6 ') , 130.96 ( C - 8 ), 133.06 (C- 

5), 134.35 (C -1 ') ,  139.01 (C-5a)

C i 7H i 5 0 2 Br ; requ ires  C, 61.65; H, 4 .56  

found C, 61.20; H, 4 .56

7.3.4. Preparation o f  5-aryl-4-phenyl-2,3-dihydro-l-benzoxepm

5-(4-Methoxyphenyl)-4-phenyl-2,3-dihydro-l-benzoxepin (150)

M ethod  1

A so lu tion  o f  phenyl z inc ch lo r ide  w as  p repared  by  add it ion  o f  pheny l  l i th ium  

(1.1 m L o f  a 1.8 M in hexane  / ether, 0 .002M ) to a s tirred  so lu t ion  o f  z inc  ch lo r id e  

(0 .002M ), dry  T H F (4m L) u n d e r  n itrogen  at 0°C . Th is  w as  a llo w e d  to s tir  for 1 

ho u r  at room  tem perature . To this w as added  a so lu tion  o f  4 -b ro m o -5 - (4 -  

m e th o x y p h e n y l) -2 ,3 -d ih y d ro - l-b e n z o x e p in  (0 .0007M ) in dry  T H F  (6 m L) 

c o n ta in in g  te t rak is ( tr ipheny lphosph ine )pa llad ium  (40m gs). T h e  m ix tu re  w as 

then  hea ted  to reflux and m a in ta ined  at sam e for 4-5hours . A f te r  th is  p e r io d  it 

w as  coo led  to room  tem pera tu re  and let stir  overn igh t.  The rea c t io n  m ix tu re  w as 

w a sh e d  w ith  IN  HCl (30m L ), w ater, ex trac ted  w ith  d iethyl e th e r  (3 x 2 0 m L ),  

dr ied  ove r  sod ium  su lpha te  and  concen tra ted .  C o lum n  c h ro m a to g ra p h y  (e luan t 

p e tro leu m  e ther  : d ich lo rom ethane ;  80;20) was necessa ry  to p u r ify  the p ro d u c t
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fo llow ed  by rec ry s ta ll isa t ion  from  ethano l to a ffo rd  co lou r less  c ry s ta ls  in 89%  

yield .

I R  Vn,ax  (K B r)

' H N M R  5 (C D 3 0 D )

13C N M R  6 (C D 30D )

E lem en ta l  A nalysis

3115 -2930 , 2810-2723  (C H s), 1608, 1580 (C = C ), 

1482, 1458 ( C H 2 ), 1442 ( O C H 3 ), 1246, 1217 ( C - 0 -  

C) cm  '

2 .74  (2H , t, J = 6 .28H z, H -3), 3 .76  (3H, s, O C H 3 ), 

4 .55 (2H , t, J = 6 ,04H z, H -2), 6 .6 6 - 6 . 6 8  (2H , dd, J = 

6.52, 2 .04H z , H -3 ',  H - 5 ’), 6 .90 -6 .92  (2H , dd, J = 

6 .50 , 2 .02H z , H -2 ',  H - 6 ’), 6 .98 -7 .02  ( I H ,  dt, J = 

8.28, 1 .50Hz, H-9), 7 .08 -7 .24  ( 8 H, m, A rH )

35.72  (C -3), 55.07 (O C H 3 ), 80 .44  (C -2), 113.07 (C- 

3 ',  C -5 ') ,  122.06 (C -4 , C-9), 123.49 (C -7), 126.28 

(C - 6 ), 127.97 (C -4 " ) ,  128.39 ( C - 2 " ,  C - 6 " ) ,  129.50 

(C -3 " ,  C -5 " ) ,  131.02 (C -2 ',  C - 6 ') , 132.52 (C - 8 ), 

133.81 (C-5), 156.17 (C -9a) , 158.16 (C -4 ')

C 2 3 H 2 0 O 2 : requires C, 84.11; H, 6 .14

found C, 83 .89; H , 6 .27

M e thod  2

T o  a s t i r red  so lu tion  o f  4 -b ro m o -5 - (4 -m e th o x y p h e n y l) -2 ,3 -d ih y d ro - l -b e n z o x e p in  

(0 .0 0 6 M ) in dry  T H F ( lO m L ) w as  added  P d (P P h 3 ) 4  (40m gs)  and let s t i r  for 10- 

1 5m in  p r io r  to addition  o f  p h en y lb o ro n ic  acid (0 .0 0 2 IM )  fo llow ed  by  aqueous  

so d iu m  c a rbona te  (2M , 0 .0024M ). T he  m ix tu re  w as  heated  by  an oil ba th  at 

SO’C for 4h r  and then coo led  to room  tem p and let s tir  for 10-12hr. Pos t  this 

pe riod  the  m ix tu re  was p ou red  on to  w a te r  (40m L ), w ashed  w ith  b r ine , ex trac ted  

w ith  d ich lo ro m e th a n e  and d ried  ove r  M g S 0 4  and concen tra ted .  T he  p ro d u c t  w as 

iso la ted  us ing  co lum n c h ro m a to g ra p h y  (eluant d ich lo ro m e th a n e  : p e tro leu m  

ether; 30 :70) as a lem on co lou red  oil in 96%  yield  w ith  the  fo llow ing  phys ica l  

p roper t ie s .

IR Vr (film )

' H N M R  5 (C D C l3)

2 990 -2920 , 2897-2850  (C H s ) ,  1610 (C = C ) ,  1483, 

1465 ( C H 2 ), 1441 (O C H 3 ), 1245, 1217 ( C -O - C )  cm  '

2 .76  (2H , t, J = 6 .02H z , H -3), 3 .77 (3H , s, O C H 3 ), 

4 .66  (2H , t, J =  6 .02H z, H -2), 6 .68 -6 .7 0  (2H ,dd , J = 

6.52 , 2 .00H z, H -3 ’, H - 5 ’), 6 .93-6 .95  (2H , dd, J =

288



6.52, 2 .00Hz,  H - 2 ’, H - 6 ’), 6 .98-7 .02  ( I H ,  dt,  J = 

7.54, 1 .50Hz,  H-9) ,  7 .16-7 .50  (8 H, m,  ArH)

' ^ C N M R  5 ( C D C l 3) 35.30 (C-3) ,  55.61 ( O C H 3), 79 .99 ( C - 2 ), 112.64 (C-

3 ' ,  C-5 ' ) ,  121.63 (C-4,  C-9) ,  123.06 (C-7) ,  125.85 

(C - 6 ), 126.71 ( C - 4 " ) ,  127.53, 127.96 ( C - 2 " ,  C - 6 ") ,  

128.30 ( C - 3 " ,  C - 5 " ) ,  130.59 (C -2 ' ,  C - 6 '), 132.08 

(C -8 ), 133.37 (C-5) ,  155.75 (C-9a) ,  157.74 (C -4 ' )

E IM S (L R )  C 23H 20O 2 : ca lcula ted  M" 328

observed  328

7.3.5. Demethylation o f  5-(4-methoxyphenyl)-4-phenyl-2,3-dihydro-l- 
benzoxepin

5-(4-Hydroxyphenyl)-4-phenyl-2,3-dihydro-l-benzoxepin (151)

A m ix tu re  o f  5 - (4 - m e th o x y p h e n y l ) -4 - p h e n y l - 2 ,3 -d ih y d r o - l -b e n z o x e p in  

( 0 . 0 0 17M ) and pyrid ine  hydroch lor ide  (0 .0096M )  were  s ti r red and hea ted  by 

m e a n s  o f  an oil bath  m ain ta ined  at 200°C.  Af ter  4hr , the m ix tu re  w a s  coo led  to 

a m b ie n t  t em pera tu re  and d isso lved  in d ich lo rom e thane  ( lOmL) .  Th i s  so lu t ion  

w as  d i lu ted  with diethyl  e ther  (2x20m L) ,  w ashed  wi th  di lute  HCl  ( I M ,  15mL),  

w a te r  (2x 2 5 m L ) ,  dried wi th  m ag n e s iu m  su lpha te  and concen t ra ted .  T h e  product  

w as  i so la ted  using co lum n c h rom a tog ra phy  (eluant  d i c h lo rom e tha ne  ; e thyl  

aceta te ;  98 :2 )  to afford b row n  oil in 61 %  yield.

IR Vr ( f i lm )

' H N M R  5 ( C D C b )

13 C N M R  6(CDCl3)

3339 (OH) ,  3056-2961 ,  2921-2855  (CHs) ,  1609 

(C=C) ,  1484,  1443 ( C H 2), 1255, 1217 (C -O -C )  c m ' '

2 .74 (2H,  t, J = 6 .02Hz,  H-3) ,  4 .64  (2H,  t, J = 

6 .26Hz,  H-2) ,  6 .68-6 .70  (2H,  dd, J =8 .52 ,  2 .00Hz ,  

H-3 ' ,  H-5 ' ) ,  6 .93-6 .95 (2H,  dd, J =  8.52, 2 .00H z ,  H- 

2 ' ,  H-6 ' ) ,  6 .98-7 .02  ( I H,  dt, J = 7.54,  1 .25Hz,  H-9) ,  

7 .14-7.28 (8H,  m, ArH)

35.23 (C-3) ,  79.97 (C-2) ,  114.13 (C -3 ' ,  C-5 ' ) ,  

121.60 (C-4,  C-9) ,  123.07 (C-7) ,  125.84 (C-6) ,  

126.50 ( C - 4 " ) ,  127.96 ( C - 2 " ,  C - 6 " ) ,  129.03 ( C - 3 " ,  

C - 5 " ) ,  130.53 (C-2 ' ,  C-6 ' ) ,  132.25 (C-8)
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EIM S (L R ) C 2 2 H 1 8O 2 : calcula ted M 314 

observed  314

M ass  S p e c t r u m  (m/z)  314 (M^, 100%), 298 (M^-16,  2%),  286  (M^-28,

19%), 238 (M^-76,  6%),  221 (M^-93,  4% ) ,  211 

(M^-103,  52%),  183 (M^-131,  38% )  165 (M^-149,  

16%), 152 (M^-162,  8%),  119 (M^-195,  9%)

7.3.6. Alkylation o f  5-(4-hydroxyphenyl)-4-phenyl-2,3-dihydro-l-benzoxepin

5-[(4-Dimethylaminoethoxy)phenyl] -4-phenyl -2 ,3-dihydro-l-benzoxepin

(152)

The  g ene ra l  m e thod  2.12 was  appl ied in the  p repara t ion  o f  this  c o m p o u n d  us ing  

5 - (4 -hyd ro x y p h e n y l ) -2 ,3 -d ih y d ro -4 -p h e n y l -1 -benzoxep in  (0 .00048M ) ,  dry 

ace tone  (20mL) ,  anhydrous  K 2 C O 3 (0 .0048M )  and 2 - d im e thy lam inoe thy lc h lo r ide  

h y d ro g en c h lo r id e  ( 0 .0 0 13M) under  ni t rogen.  The  react ion m ix tu re  w a s  re f luxed  

for 6 hr. The  product  was purif ied using co lum n  c h ro m a to g ra p h y  (e luan t  

d i c h lo r o m e th a n e  ; e thyl  acetate  : methanol ;  70:30:2) ,  to afford a l ight  b r o w n  / 

m us ta rd  co lo u red  oil in 44%  yield.

IR Vr ( fi lm)

'H N M R  5(CDCl3)

13C N M R  S(CDCl3)

E I M S  (HR)

3003-2926,  2863-2774  (CHs) ,  1608, 1591 (C=C) ,  

1483, 1462 ( C H 2 ), 1441 ( C H 3 ), 1172 (C -O -C )  c m  '

2.35 ( 6 H, s, N ( C H 3 )2 ), 2.72 (4H,  m,  C H 2 N, H-3) ,  

4.02 (2H,  t, J = 5.78Hz,  C H 2 O),  4 .64  (2H,  t, J = 

6.02Hz,  H-2) ,  6 .67-6 .69  (2H,  dd, J =  9 .0 4Hz ,  H -3 ' ,  

H-5 ' ) ,  6 .88-7 .02  (3H,  m,  H-2 ' ,  H - 6 ', H-9) ,  7 .04-7 .28  

( 8 H, m,  ArH)

35.25 (C-3) ,  45 .42 ( N ( C H 3 )2 ), 57.85 ( N C H 2 ), 65 .37  

( C H 2 O), 79.97 (C-2) ,  113.24,  113.32 (C -3 ' ,  C -5 ' ) ,  

121.59 (C-4,  C-9),  123.02 (C-7) ,  125.81 ( C - 6 ), 

127.49 (C -4” ), 127.92, 128.14 ( C - 2 " ,  C - 6 " ) ,  129.04 

(C - 3 " ,  C - 5 " ) ,  130.57 (C-2 ' ,  C - 6 '), 132.01 ( C - 8 )

C 2 6 H 2 7 N O 2 : calcula ted M"  ̂ 385 .2050

observed  M^ 385.2042
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Mass Spectrum  (m/z) 385 (M ^  100%), 327 (M^-58, 3%), 314 (M^-71, 

7%), 298 (M^-87, 3%), 281 (M^-104, 19%), 265 

(M^-120, 16%), 252 (M"^-133, 31%), 239 (M^-146, 

41%) 202 (M^-183, 22%), 165 (M^-220, 34%)

5-[ (4-Diethylaminoethoxy)phenyl |-4-phenyl-2 ,3-dihydro- l-benzoxepin (153)

The general method 2.12 was employed using 5-(4-hydroxyphenyl)-4-phenyl- 

2 ,3 -d ihydro-l-benzoxepin  (0.00049M ), dry acetone (25mL), anhydrous K 2 C O 3 

(0.0049M ) and 2-diethylam inoethyl chloride hydrogenchloride (0 .0013M) under 

nitrogen. The product was isolated using column chrom atography (eluant 

d ichlorom ethane : ethyl acetate ; methanol; 60:40:10), to afford a light brown 

coloured oil in 6 6 % yield, w ith the following physical properties.

IR V ma x  (film)

' H N M R  6(CDCl3)

13C NM R 5(CDCl3)

ElM S (HR)

Mass Spectrum (m/z)

3058-3026, 2967-2813 (CHs), 1606, 1572 (C=C), 

1508, 1481 (CH 2 ), 1442 (C H 3 ), 1175 (C-O -C) cm ’

I .10  (3H, t, J = 7.28Hz, ( ^ 3 )2 ), 2.66-2.75 (6 H, m, 

(C H 2 )2 , C H 2 N), 2.90 (2H, t, J = 6.26Hz, H-3), 4.02 

(2H, t, J = 6.02Hz, CH 2 O), 4.64 (2H, t, J = 6.02Hz, 

H-2), 6 .6 6 - 6 . 6 8  (2H,d, J = 9.04Hz, H -3 ',  H -5 '),  6.89- 

7.05 (3H, m, H-2', H-6 ', H-9), 7.13-7.29 ( 8 H, m, 

ArH)

I I . 2 0  ((CH 3 )2 ), 35.26 (C-3), 47.36 ((C H 2 ) 2 ), 51.19 

(N C H 2 ), 65.69 (CH 2 O), 79.96 (C-2), 113.23 (C -3 ',  

C -5 ') ,  121.60 (C-4, C-9), 123.03 (C-7), 125.82 (C- 

6 ), 127.51 (C-4” ), 127.94 (C -2" , C - 6 ") ,  129.04 (C- 

3 " ,  C -5") ,  130.57 (C-2', C - 6 '), 132.05 (C - 8 )

C 2 8 H 3 1 N O 2 : calculated M^ 413.2355

observed M^ 413.2355

413 ( M \  38%), 398 (M^-15, 23%), 340 (M^-73, 

2% ), 326 (M '-87 , 2%), 281 (M^-132, 10%), 265 

(M^-148, 9%), 252 (M^-161, 16%), 239 (M^-174, 

23% ) 226 (M^-187, 10%), 165 (M^-248, 26%), 100 

(M^-313, 100%)
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5-[(4-Morphol inylethoxy)phenyl]-4-phenyl-2 ,3-dihydro-l -benzoxepin (154)

T h e  genera l  m e thod  2.12  was  e m ployed  us ing  5 - (4 - hyd roxyphe ny l ) -4 -pheny l -  

2 ,3 -d ih y d r o - l - b e n z o x e p in  (0 .00016M),  dry acetone  (20mL) ,  anhyd rous  K 2 C O 3 

( 0 . 0 0 16M) and 4 - (2 -ch lo roe thy l )m orpho l ine  hyd rogench lo r ide  ( 0 . 0 0 0 4 I M )  u n d e r  

n i t rogen .  The  p roduct  was isolated us ing  co lu m n  c h ro m a to g ra p h y  (e luan t  

d i c h lo ro m e th a n e  : e thyl acetate;  80:20),  to afford a l ight b row n  co lou red  oi l in 

78 %  yield,  with the fol lowing physica l  propert ies .

IR V m a x  (film)

'H N M R  5(CDCl3)

13 C K M R  6 (C D C l 3 )

E I M S  iHR)

Mass  Soectrum (m/z)

3059-2926 ,  2856  (CHs),  1607,  1592 (C=C) ,  1509,  

1483, 1453 ( C H 2 ), 1442 (CH3), 1144 (C -O -C )  c m ' ‘

2.55 (2H,  t, J = 5.50Hz,  C H jN ) ,  2 .74 ( 6 H, m, H - 1 " " ,  

H - 4 ' " ' ,  H-3) ,  3 .60 (4H,  m, H - 2 " " ,  H - 3 " " ) ,  4 .05  

(2H,  t, J = 5.52Hz,  C H 2 O), 4.63 (2H,  t, J = 6 .02H z ,  

H-2) ,  6 .64-6 .67  (2H,  d, J =  8.52Hz,  H - 3 ' ,  H -5 ' ) ,  

6 .87-7.03 (3H,  m, H-2 ' ,  H - 6 ', H-9) ,  7 .12-7 .27  ( 8 H, 

m, ArH)

35 .26 (C-3) ,  53.1 1, 53.65 ( C - 1 " " ,  C - 4 " " ) ,  57 .25 

( N C H 2 ), 65.22 ( C H 2 O), 66.38,  66 .46  ( C - 2 " " ,  C-  

3 " " ) ,  79.95 (C-2) ,  113.26 (C -3 ' ,  C-5 ' ) ,  121.60 (C-4 ,  

C-9) ,  123.00 (C-7) ,  125.81 (C - 6 ), 127.49 ( C - 4 " ) ,  

127.94 ( C - 2 " ,  C - 6 " ) ,  129.02 ( C - 3 " ,  C - 5 " ) ,  130.53 

(C-2 ' ,  C - 6 ' ), 132.04 ( C - 8 )

C 2 8 H 2 9 N O 3 : calcula ted M^ 427 .2158

observed  M^ 427 .2147

427  (M\  42%),  369 (M^-58,  1%), 321 (M^-106,  

2%),  297  (M^-130,  2%),  281 (M^-146,  6 %),  252  

(M^-175,  10%),  239 (M"'-188, 11%),  215 (M^-212,  

3%)  178 (M^-249,  5%),  165 (M^-262,  14%), 114 

(M^-313,  100%)

4-Phtnyl-5-[(4-piperidinyIethoxy)phenyl] -2 ,3-dihydro- l-benzoxepin (155)

T h e  igeieral m ethod  2.12 was  appl ied  us ing  5 - (4 -hyd roxyphe ny l ) -4 -pheny l -2 ,3 -  

d ih y d rc -1 -b e n z o x ep in  (0 .00019M),  dry acetone  (25mL) ,  anh y d ro u s  K2CO3 

(O.OOilSM) and l - (2 -c h lo roe thy l )p ipe r id ine  m onohydroch lo r ide  ( 0 .0 0 0 5 M )  u n d e r  

nitroigei.  The  p roduct  was  pur if ied  us ing  flash co lu m n  c h ro m a to g r a p h y  (e luan t
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dichlorom ethane ; ethyl acetate ’.methanol; 60:40:2), to afford a light brown 

coloured oil in 52% yield.

IR V m a x  (film)

' H N M R  6 ( C D C l 3)

13C N M R  5 ( C D C l 3 )

ElM S (HR)

Mass Spectrum (m/z)

3063-2923, 2848-2782 (CHs), 1607, 1569 (C=C), 

1484, 1462, 1440 (C H 2 ), 1172 (C-O-C) c m '’

1.47 (2H, m, H -3 " " ) ,  1.63 (4H, m, H - 2 " " ,  H -4 " " ) ,  

2.53 (4H, m, H - l ' ” ', H -5 ’" ') ,  2.73 (2H, t, J = 

6.02Hz, CH 2 N), 2.77 (2H, t, J = 6.02Hz, H-3), 4,06 

(2H, t, J = 6.02Hz, C H 2 O), 4.63 (2H, t, J = 6.28Hz, 

H-2), 6.64-6.67 (2H, d, J = 9.04Hz, H -3 ',  H -5 ') ,  

6.87-7.04 (3H, m, H -2 ',  H - 6 ', H-9), 7.13-7.28 ( 8 H, 

m, ArH)

23.48 (C -3 " " ) ,  25.09 (C -2 " " ,  C -4 " " ) ,  35.25 (C-3), 

5 4 . 4 4  ( C - 1 " " ,  C -5 " " ) ,  57.31 (N C H 2 ), 65.00

(C H 2 O), 79.96 (C-2), 113.26 (C -3 ',  C -5 ’), 121.59 

(C-4, C-9), 123.01 (C-7), 125.82 (C - 6 ), 127.50 (C- 

4 " ) ,  127.92 (C -2" , C - 6 "), 129.02 (C -3 " ,  C -5") ,  

130.55, 130.69 (C-2 ', C - 6 '), 132.04 (C - 8 )

C 2 9 H 3 1 N O 2 : calculated 425.2341

observed 425.2355

425 ( M \  50%), 281 (M^-144, 20%), 265 (M^-160, 

10%), 252 (M^-173, 40%), 239 (M^-186, 40% ), 226 

(M^-199, 10%), 189 (M^-236, 30%) 165 (M^-260, 

30%), 112 (M^-313, 100%)

4-Pheiy l-5- [ (4-pyrrolid inylethoxy)phenyl ]-2 ,3-dihydro-l -benzoxepin  (156)

The general method 2.12 was employed using 5-(4-hydroxyphenyl)-4-phenyl- 

2 ,3 -d ih \d ro -l-benzoxep in  (0.00023M ), dry acetone (25mL), anhydrous K 2 C O 3 

(0 .0023VI) and l-(2-chloroethyl)pyrrolid ine hydrochloride (0 .00059M ) under 

nitroger. Colum n chromatography (eluant dichloromethane : ethyl acetate 

:m ethan)l; 90:10:2), was used to isolate the product as a light brow n / mustard 

colourec oil in 38% yield.

I R  Vmax ( f i l m ) 3062-2927, 2868-2846 (CHs), 1599, 1577 (C=C), 

1484, 1458, 1443 (C H 2 ), 1175 (C-O-C) cm ''
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' H M M R  5 ( C D C l 3 )

13C N M R  5 ( C D C l 3 )

EIMS (H R)

1.84-1.87 (4H, m, H -3 " " ) ,  2.71-2.75 (4H, m,

H -1 " " ,  H -4 " " ) ,  2.84 (2H, t, J = 5.52Hz, C H 2 N), 

2.97 (2H, t, J = 5.78Hz, H-3), 4.10 (2H, t, J = 

5.52Hz, C H 2O), 4.63 (2H, t, J = 6.26Hz, H-2), 6.52- 

6.54 (2H, dd, J = 9.04Hz, H -3 ',  H -5 ') ,  6 .66-7.28 

(1 IH, m, ArH)

23.30, 23.39 ( C - 2 " " ,  C -3 " " ) ,  35.65 (C-3), 54.39, 

54.45 ( C -1 " " ,  C -4 " " ) ,  54.83 (N C H 2 ), 66.22, 66.36 

(CH 2O), 80.36 (C-2), 1 12.92, 113.65 (C -3 ',  C -5 '), 

120.88, 121.99 (C-4, C-9), 123.43 (C-7), 126.24 (C- 

6), 127.25 (C -4") ,  127.91, 127.87 (C -2 " ,  C -6 " ) ,

128.03, 128.34 (C -3" ,  C -5") ,  129.43, 130.53 (C-2 ', 

C -6 ’), 131.24 (C-8)

C 2 8H 2 9 N O 2 : calculated 411.2184

observed 411.2198

7.3. 7. Preparation o f  substituted boronic acids

General M ethod 3.7

//-Butyllithium (16.8mL, 2.5M in hexane) was added over 5min to a stirred 

suspension o f  an appropriately substituted brom oarylcom pound (0.042M ) in dry 

THF (120m L) at -78°C under nitrogen (vacuum dried apparatus). The 

suspension was allowed to warm up {ca. -10°C) until all solid material is 

dissolved, then recooled to -78°C, and stirred for 1 hour. Post this period was 

added triisopropyl borate (0.042M ) dropw ise over 5-lOmin and the m ixture  was 

stirred for a further hour at -78°C under N 2 . This solution was w arm ed up to 

room temperature and water (40mL) was added slowly with stirring until 

precipita tion occurs. The product reaction mixture was stirred v igorously  at 

room temperature for 10-15min and then vacuum filtered, w ashed with water 

(20mL), and then with hexane (50mL). I f  precipitation does not take p lace post 

addition o f  water, the mixture is partitioned between diethyl ether (3x25m L), 

saturated N H 4C I  (lOmL) and water (40mL). The diethyl ether layer w as washed 

with saturated sodium sulphate, dried over N a 2 S 0 4  and the solvent is extracted 

<35°C. The resulting boronic acid is vacuum dried for 1-2 days at tem perature
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less  than  a m b i e n t . C o l u m n  ch ro m ato g rap h y  m ay  be ne c essa ry  to r em o v e  any  

traces  o f  im purities .

4-Methoxyphenylboronic acid (168)

T he  genera l  m ethod  3.7 w as em ployed  using 4 -b ro m o a n iso le  (0 .0 4 2 M ),  d ry  T H F  

(1 2 0 m L ), //-BuLi (0 .042M ) and tr isop ropy l bo ra te  (0 .0 4 2 M ) u n d e r  n i trogen . The 

p ro d u c t  p rec ip ita ted  out pos t  add it ion  o f  water. T he  c o m p o u n d  w as  vacu u m  

dried  (< 30°C )  a ffo rd ing  a co lou r less  pow d er  in 91%  yield ;  m .p . 15 9 -1 6 4 °C  [lit. 

m .p. 160-163°C]^^‘’

IR Vmax(KBr)

'H  N M R  5 (C D 3 0 D )

13

I 1

C N M R  5 ( C D 3 0 D )

B N M R  6 (C D 3 0 D )

3733 -3016  (O H ), 2 9 5 5 -2 8 3 3 ,  2567  (C H s) ,  1604 

(C =C ), 1512 (O C H 3), 1169, 1112 (B -O H ) cm  '

3 .76 (3H , s, O C H 3), 6 .85 -6 .87  (2H , d, J =  8 .04H z , H- 

3, H -5), 7 .68-7 .70  (2H , d, J =  7 .52H z , H -2 , H -6 )

55.13 (O C H 3), 113.20 (C-3, C -5) , 132.22 (C -2 , C -6 ), 

159.10 (C-4), 172.71 (C-1)

B oron  tr i f lou roe the ra te  (ref)

Isopropyl borate  380

P roduct (boron) 375

w-Methoxyphenylboronic acid (169)

T he genera l  m ethod  3.7 was em p loyed  using 3 -b ro m o an iso le  (0 .0 4 2 M ),  d ry  T H F 

(120m L ), »-B uLi (0 .0 4 2 M ) and tr isop ropy l bo ra te  (0 .042M ) u n d e r  n i trogen . T he  

p roduct  w as  ex trac ted  w ith  d iethyl ether. T he  com p o u n d  w as  pu r if ied  w ith  

co lu m n  ch ro m a to g ra p h y  (eluant d ich lo ro m e th an e  : ethyl ace ta te ;  90 :10 )  and 

vacu u m  dr ied  (<30°C ) a ffo rd ing  a co lourless  p o w d e r  in 29%  yield ;  m .p . 158- 

162°C [lit. m .p. 160-163°C]^^‘

IR Vmax(KBr) 3278 (O H ), 3014-2937  (C H s), 1593, 1583 (C =C ),

14196 ( O C H 3) cm '

‘H N M R  5 (C D 3 0 D) 3 .80  (3H , s, O C H 3), 6 .94 -6 .97  ( I H ,  dd, J =  2.00,

8 .04H z, H -2), 7.15 ( I H ,  m , H -4), 7 .24 -7 .33  (2H , m, 

H-5, H -6 )

' ^ C N M R  6 (C D 3 0 D) 54 .07 (O C H 3), 114.77 (C -2), 118.24 (C -4 ) ,  125.10

(C-5), 128.15 (C -6 ), 158.65 (C-3)
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' 'B  N M R  5 (C D 3 0 D ) B o ro n  triflouroetherate (ref)

Isopropyl borate 3 8 0  

Product (boron) 3 79

o-Methoxyphenylboronic  acid (170)

T he general m eth od  3 .7  w as  em p lo y ed  u s in g  2 -b ro m o a n iso le  ( 0 .0 4 2 M ) ,  dry T H F  

(1 2 0 m L ) ,  « -B u L i (0 .0 4 2 M )  and tr isopropyl borate ( 0 .0 4 2 M )  under n itrogen . T he  

product w a s  extracted  w ith  d ie thy l ether. T he co m p o u n d  w a s  iso la ted  w ith  

co lu m n  ch rom atography  (e luant d ich lorom eth an e ; ethyl acetate; 9 5 :5 )  and  

vacu u m  dried (< 3 0 ° C )  affording a co lo u r less  crysta llin e  so l id  in 69%  yie ld ;  m.p.  

1 0 6 - I 0 8 ° C  [lit. m.p. 1 0 5 -1 0 7 ° C ]” ^

IR Vmax(KBr)

' H N M R  5 ( C D 3 0 D )

13 C N M R  S (C D 3 0 D )

'B N M R  6 ( C D 3 0 D )

3 3 5 4  (O H ), 2 9 7 1 - 2 8 2 0  (C H s),  1604 , 1575  (C = C ),  

1486 (O C H 3 ), 1 164, 1 105 (B -O H )  cm''

3.81 (3H , s , O C H 3 ), 6 .8 9 -6 .9 5  (2H , m ,  H -4 , H -5 ) ,  

7 .3 6  ( I H ,  t, J =  7 .7 8 H z ,  H -3 ) ,  7 .6 7 -7 .6 8  ( I H ,  d, J =  

7 .0 0 H z ,  H - 6 )

5 4 .8 5  (O C H 3), 110 .05  (C -4 ) ,  1 2 0 .7 4  (C -5 ) ,  1 3 2 .2 0  

(C -3 ) ,  135 .92  (C - 6 ), 1 6 4 .54  (C - 2 )

B oron  tr if louroetherate (ref)

Isopropyl borate 38 0

Product (boron) 3 77

4-Tolyboronic acid (171)

T he g erera l  m ethod  3 .7  w as  em p lo y ed  u sin g  4 -b ro m o to lu en e  ( 0 .0 4 2 M ) ,  dry TH F  

(1 2 0 m L ) ,  « -B u L i (0 .0 4 2 M ) and trisopropyl borate (0 .0 4 2 M )  under n itrogen . T he  

p roduct w a s  extracted us ing  d iethyl ether and concentrated  d ow n. T he  product  

w a s  isc la ted  using  co lu m n  chrom atography (e luant d ich lo ro m eth a n e  ; ethyl  

acetate ; 9 8 :2 )  and vacu u m  dried (< 3 0 ° C )  afford ing a cream  so lid  in 52%  y ield ;  

m.p. 2 4 ') -2 6 0 °C  [lit. m.p. 256-263°C]^^^

IR Vn,.,,(KBr) 3 2 5 0  (O H ), 3 0 9 8 -2 9 8 7  (C H s) ,  1615 (C = C ) ,  1363

(C H 3), 1 164, 1105 (B -O H ) cm ''
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'HNMIR 5(CD30D)

13

I  1

C NMR 5(CD30D)

B N M R  5(C D 30D )

2.21 (3H, s, C H 3 ), 7.12-7.14 (2H, d, J = 7.04Hz, H-3, 

H-5), 7.48-7.50 ( IH,  d, J = 6.52Hz, H-2), 7.65-7.67 

( IH,  d, J = 7.04Hz, H -6 )

19.81 (CH 3 ), 127.41, 127.51 (C-3, C-5), 132.84, 

133.15 (C-2, C -6 ), 139.42 (C-4)

Boron triflouroetherate (ref)

Isopropyl borate 380

Product (boron) 415

/H-Methylphenyl boronic acid (172)

The genera l method 3.7 was applied using 3-bromotoluene (0.042M ), dry THF 

(120m L ), «-BuLi (0.042M) and trisopropyl borate (0.042M ) under nitrogen. The 

product was extracted using diethyl ether and concentrated under reduced 

pressure. The product was purified using column chrom atography (eluant 

d ich lo rom ethane  : ethyl acetate; 98:2) and vacuum dried (<30°C) affording a 

co lourless  solid in 57% yield; m.p. 74-76°C [lit. m.p. 69-71

IR- V n ,a x (K B r )

' H N M R  5(C D 30D )

13

1 1

C N M R  5(CD30D)

B N M R  6(C D 30D )

3272 (OH), 3033-2917 (CHs), 1605, 1582 (C=C), 

1348 (C H 3 ) cm '

2.33 (3H, s, C H 3 ), 7.20-7.24 (2H, m, H-2, H-4), 7.37- 

7.38 ( IH,  m, H-5), 7.54-7.58 ( IH,  m, H -6 )

19.66 (C H 3 ), 126.72 (C-2), 129.52 (C-4), 133.62 (C- 

5), 136.21 (C-6 )

Boron triflouroetherate (ref)

Isopropyl borate 380

Product (boron) 377

o-Methylphenyl boronic acid (173)

The general method 3.7 was applied using 2-bromotoluene (0.042M ), dry  THF 

(120m L), /;-BuLi (0.042M) and trisopropyl borate (0.042M ) under nitrogen. The 

product was extracted using diethyl ether and concentrated down. The product 

was purified using column chromatography (eluant dichlorom ethane : ethyl
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acetate; 9 5 :5 )  and vacuum  dried (< 3 0 ° C )  a fford ing  a co lo u r le ss  solid^^^ in 57%  

yie ld ;  m.p. 1 6 2 -1 6 4 °C  [lit. m.p. 1 6 2 -1 6 4 °C ]

IR V m a x ( K B r )

' H N M R  6 (C D 3 0 D )  

'^ C N M R  5 (C D 3 0 D )

11 B N M R  5 ( C D 3 0 D )

3 4 4 0  (O H ), 3 0 9 2 -2 9 2 3  (C H s),  1 600 , 1567  (C = C ) ,  

1340  (CH3)  cm  '

2 .33  (3H , s, C H 3 ), 7 .1 3 -7 .1 9  (2H , m, H -4 , H -5 ) ,  7 .2 3 -  

7 .26  (2H , m, H -3, H - 6 )

2 0 .1 7  (C H 3 ), 124.01 (C -3 ) ,  1 2 7 .8 9  (C -4 ) ,  1 2 8 .2 6  (C -  

5), 130 .2 6  (C - 6 ), 139 .08  (C -2 )

B oron  triflouroetherate (ref)

Isopropyl borate 3 8 0

Product (boron) 37 7

4-Chlorophenylboronic acid (174)

T he general m ethod 3 .7  w a s  em p lo y ed  using  4 -c h lo ro b ro m o b en zen e  (0 .0 4 2 M ) ,  

dry TH F (1 2 0 m L ) ,  « -B u L i (0 .0 4 2 M )  and trisopropyl borate (0 .0 4 2 M )  under  

n itrogen . T he product w as  extracted us ing  d iethyl ether and concentrated  d o w n .  

T he product w a s  purified us ing  co lu m n  chrom atography (e luant d ich lo ro m eth a n e  

: ethyl acetate; 95:5) and vacu u m  dried (< 3 0 °C )  afford ing  a co lo u r le ss  cry sta l l in e  

so lid  in 34%  yield; m.p. 2 7 8 -2 8 0 ° C  [lit. m.p. 284-289°C]^^^

IRVpiax(KBr) 3 2 6 2  (O H ), 2 9 8 0 -2 9 5 4  (C H s),  1595 , 1563 (C = C ),

- 1 2 5 7  (C -C l)  cm''

'H N M R  6 ( C D 3 0 D ) 7 .3 4  (2H , m , H -3, H -5 ) ,  7 .6 0 -7 .7 1  (2 H , m, H -2 ,  H - 6 )

‘■^CNMR 5 ( C D 3 0 D )  1 2 6 .8 6  (C -3 ,  C-5) ,  134 .32  (C -2 ,  C - 6 )

" B  N M R  5 (C D 3 0 D) B oron  triflouroetherate (ref)

Isopropyl borate 3 80  

Product (boron) 373

4-Fluorophenylboronic acid (175)

T h e  general m ethod 3 .7  w a s  em p lo y ed  using  1-b ro m o -f lu o ro b en zen e  (0 .0 4 2 M ) ,  

dry T H F  (1 2 0 m L ) ,  « -B u L i (0 .0 4 2 M )  and trisopropyl borate ( 0 .0 4 2 M )  under  

n itrogen . T he  product w as  extracted u s in g  diethyl ether and concentrated  d o w n .
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The product was isolated using column chromatography (eluant dichloromethane 

: ethyl acetate; 95:5) and vacuum dried (<30°C) affording a colourless powder in 

17% yield; m.p. 2 6 0 -2 6 rC  [lit. m.p. 263-265°C] 537

IR Viiax(KBr) 

' H N M R  5(C D 30D )

13

19

I  I

CTJMR 5(CD30D) 

F N MR  5(CD30D) 

B N MR  5(CD30D)

3434 (OH), 3050 (CHs), 1599 (C=C) cm"'

7.01-7.11 (2H, m, H-3, H-5), 7.65-7.78 (2H, m, H-2, 
H-6)

113.26-113.72 (C-3, C-5), 135.06-135.32 (C-2, C-6) 

-113.61 (C-F)

Boron triflouroetherate (ref)

Isopropyl borate 380 

Product (boron) 375

Benzonitri leboronic acid (176)

The general method 3.7 was employed using 4-bromobenzonitrile (0.042M), dry 
THF 120mL), Az-BuLi (0.042M) and trisopropyl borate (0.042M) under nitrogen. 

The product was extracted using diethyl ether and concentrated down. The 
product was isolated using column chromatography (eluant dichloromethane : 

ethyl acetate; 75:25) was vacuum dried (<30°C) affording a colourless solid in 

6% yisld; m.p. >270°C [lit. m.p. 285-292°C]^^*^

IR v,™x(KBr)

' H N M R  6(C D 30D )

13CNVI R 5(C D 30D )

' BNMR  5(CD30D)

3511-3342 (OH), 3068-3025 (CHs), 2229 (C^N), 

1610, 1506 (C=C) cm''

7.43-7.51 (4H, m, H-2, H-3, H-7, H-8), 7.78-7.85 
(3H, m, H-4, H-5, H-6)

112.43 (C=N), 118.10 (C-B), 130.22 (C-3, C-5), 
133.54 (C-2, C-6)

Boron triflouroetherate (ref)

Isopropyl borate 380

Product (boron) 376
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1-Naphthaleneboronic acid (177)

The general method 3.7 was em ployed using 1-brom onaphthalene (0.042M ), dry 

THF (120m L), «-BuLi (0.042M ) and trisopropyl borate (0 .042M ) under nitrogen. 

The product was extracted using diethyl ether and concentrated down. Colum n 

chrom atography (eluant dichloromethane ; ethyl acetate; 95:5) and was carried 

out to purify the product and was then vacuum dried (<30°C) affording a creamy 

w hite solid in 36% yield; m.p. 202-208°C [lit. m.p. 2 1 0 -2 1 1°C]” '’

IR v^ax(KBr) 3264 (OH), 3044 (CHs), 1574, 1508 (C=C) cm ''

' H N M R  5(C D 3 0 D) 7.43-7.51 (4H, m, H-2, H-3, H-7, H-8), 7.78-7.85

(3H, m, H-4, H-5, H-6)

'^C N M R 5(C D 30D ) 124.18-125.22 (C-3, C-6, C-7), 127.18-129.24 (C-2,

C-4, C-5, C-8), 132.75 (C-9), 134.45 (C-10)

" B  N M R  5(C D 3 0 D) Boron triflouroetherate (ref)

Isopropyl borate 380 

Product (boron) 380

3-Pyridinyltri isopropylborate (179)

The general method 3.7 was employed using 4-bromopyridine (0 .042M ), dry 

diethyl ether (120mL), w-BuLi (0.042M ) and triisopropyl borate (0 .042M ) under 

nitrogen. The product was concentrated down until an orange crystalline solid 

was obtained. «-Hexane (32mL) was added with stirring to give a sticky gum and 

the rem aining solvent was removed and the residue was vacuum dried (<30°C) 

affording a cream coloured solid '̂**’ in 97% yield.

lRv„iax(KBr) 2940-2824 (CHs), 1658, 1583 (pyridine peaks),

1401-1328 (C-N) cm"'

'H N M R  5(C D 3 0 D) 1.18 (18H, s, (CHj)^,), 3.95 (3H, m, (C H )3), 7.21 ( IH,

m, H-5), 7.92 ( IH,  m, H-4), 8.20 ( IH,  m, H-2), 8.59 

( IH,  s, H-6)

'^C NMF 5(C D 30D ) 23.42 ((CH3)6), 62.88 ((CH)3), 121.99 (C-5), 141.32

(C-4), 144.15 (C-6) , 152,48 (C-2)
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»i-Nitrophenylboronic acid (182)

In an ice-sa lt  freez ing  m ix tu re  co lou r less  fum ing  n itr ic  acid  (1 .20M ), to w h ic h  a 

little urea had  a little had  been  added , w as coo led  to - 1 5 ° C .  P henyl b o ro n ic  ac id  

(0 .074M ) w as  added  s low ly  o v e r  a period  o f  l -2 h r ,  such  tha t  the  te m p e ra tu re  did 

not rise ab o v e  - 9 ° C .  T he  m ix tu re  w as then  s tirred  for a fu rther  15-30m in , a f te r  

w hich it w as  poured  on to  ice and  the p ro d u c t  p rec ip ita tes  out. T he  p rec ip i ta te d  

n itrophenyl bo ron ic  ac id  w as  vacu u m  filtered , rec ry s ta ll ised  from  a sm all  v o lu m e  

o f  water, w ith  the add it ion  o f  deco lo r is in g  charcoa l.  H ot v a c u u m  f i l tra tion  w a s  

then  carr ied  out to d iscard  charcoa l,  w ashed  in itia lly  w ith  w a te r  and th en  

m ethanol. T he  o rig ina l  f iltra te  w as  coo led  in an ice-bath , n eu tra lised  to an 

o range  / red  so lu tion  w ith  s trong  N a O H  so lu tion  and then  ac idu la ted  w ith  n itr ic  

acid. The so lu tion  w as  ex trac ted  w ith  d iethyl e ther, w a sh e d  w ith  w a te r  and  

concen tra ted  dow n  at room  tem pera tu re .  B o th  frac tions  from  the w o rk  up w e re  

com bined  and co lum n  ch ro m a to g ra p h y  (e luan t p e tro leum  e the r  : 

d ich lo rom ethane ;  80 :20), rem oved  all t races  o f  im purit ies  to a ffo rd  lem on  

prism atic  c rys ta ls  in 28%  yield ;  m .p. 28 2 -2 8 6 °C  (char), [lit. m .p. 2 8 4 -2 8 5 °C  

(char.)]"^^

IR Vniax(ECBr)

' H N M E  5 (C D 3C 0C D 3)

‘^CNMR. 5(CD3C0CD3)

" B N M I  5 (C D 3 0 D )

Isop ropy l  bo ra te  380

P roduc t  (boron) 378

3440  (O H ), 2927-2855  (C H s), 1616, 1583 (C = C ), 

1529, 1349 (C -N O ;)  c m ' '

7.68 ( I H ,  t, J =  7 .78H z, H -6), 8 .27 -8 .32  (2H , m, H -4 , 

H -5), 8 .70  ( I H ,  s, H-2)

125.43 (C-2), 128.89 (C-4), 129.50 (C -5), 140.88 

(C -6)

B o ro n  t r i f lou roe the ra te  (ref)

4-Bromobenzaldehyde dimethyl acetai (184)

A solution o f  4 -b ro m o b e n za ld eh y d e  (0.01 IM ) ,  t r im ethy l o r th o fo rm a te  (0 .0 2 2 M ),  

methane 1 ( l OmL)  w as  t rea ted  w ith  p - to lu e n esu lp h o n ic  acid and the  m ix tu re  w as  

s tir red  it room  tem pera tu re  for 24hr. Post this period  the reac tion  m ix tu re  w as  

ref luxec  g e n tly  for 4hr. T he  ac id  w as neu tra lised  w ith  sa tu ra ted  so d iu m  

b ic a rb o ia te  (2x40m L ), w a sh e d  w ith  w ater,  b rine, ex trac ted  w ith

d ich lo rcm e thane  and d ried  o v e r  sod ium  su lphate . V a c u u m  d is t i l la t io n  w as
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* ' 4 3 8carried out to purify the product, presenting a colourless oily solution in 82% 

yield, w ith  the following physical properties;

IRvniax(film) 2991-2935, 2904-2828 (CHs), 1592 (C=C), 1485

(O C H 3), 1351, 1205 (C-Br) cm '

' H N M R  5 (C D C l3) 3.24 (6 H, s, (0 ^ 3)2), 5.30 ( I H,  s, CH), 7.26-7.29

(2H, d, J = 7.00Hz, H-3, H-5), 7.42-7.45 (2H, dd, J = 

7.04, 1.48Hz, H-2, H-6 )

'^C N M R 5 (C D C l3) 51.73 ((0 C H 3 )2 ) ,  101.57 (CH), 121.90 ( C - 1), 128.11

(C-3, C-5), 130.76 (C-2, C -6 ), 136.86 (C-4)

4-Formylbenzene boronic acid (185)

The general method 3.7 was applied using 4-brom obenzaldehyde dimethyl acetal 

(0.043M), dry THF (120mL), «-BuLi (0.043M ) and trisopropyl borate (0 .043M ) 

under nitrogen. During the procedure the dimethyl acetal protecting group was 

removed to yield the original formyl group. The product was extracted using 

diethyl ether, concentrated down and purified using column chrom atography 

(eluant dichloromethane : ethyl acetate : methanol; 90:10:10) and vacuum dried 

(<30°C) affording a beige coloured oily gel"'^’ in 5% yield

IR Vmax(film)

' H N M R  § ( C D 3 0 D )

13

I I

C N M R  5 ( C D 3 0 D )

B NMR 5(C D 30D )

3400 (OH), 3051-2930, 2865-2736 (CHs), 1604, 

1511 (C=C), 1444 (O CH 3) cm ''

7.27-7.93 (4H, m, ArH), 9.90 ( IH,  s, CHO)

103.62 (CH), 125.44-126.28 (C-3, C-5), 128.54- 

129.38 (C-2, C -6 ), 133.23 (C-4), 186.65 (C = 0 )

Boron triflouroetherate (ref)

Isopropyl borate 380

Product (boron) 378

7.3.8. Demethylation o f  4-bromo-5-(4-methoxyphenyl)- 2,3-dUtydro-l- 
tenzoxepin

4-Bromo-5-(4-hydroxyphenyl)-2,3-dihydro-l-benzoxepin (202)

The prccedure incorporated in 6.2.6 was employed to prepare this com pound, 

using 4 brom o-5-(4-m ethoxyphenyI)-2 ,3-d ihydro-l-benzoxepin  (0 .0 0 6 IM ) in dry
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dich lorom ethane (25mL) and boron tribromide (0.035M). This solution was 

stirred a t -7 8 °C  for 1 hour under nitrogen. The product was isolated using 

colum n chrom atography (eluant petroleum ether : ethyl acetate; 80:20) affording 

a light b row n  coloured oil in 48% yield.

IR Vp (film)

'H N M R  5(CDCl3)

13C N M R  5(CDCl3)

ElM S (LR)

3402 (OH), 2945-2929, 2871 (CHs), 1610, 1574 

(C=C), 1481 (C H 2 ), 1234, 1171 (C-O-C) cm ’'

3.03 (2H, t, J = 5.78Hz, H-3), 4.60 (2H, t, J = 

6.02Hz, H-2), 6.81-6.88 (4H, m, H -3 ',  H -5 ',  H-6, H- 

7), 6.96-6.98 (IH , m, H-9), 7.07-7.24 (3H, m, H-2', 

H -6 ', H-8)

41.07 (C-3), 77.35 (C-2), 114.97, 115.21 (C -3 ',  C- 

5'), 121.92 (C-4, C-9), 123.42 (C-7), 128.80 (C-6), 

129.01 (C-2 ', C-6 '), 131.21 (C-8), 133.73 (C-5), 

134.08 (C-1'), 138.99 (C-5a)

C 2 2 H 18O 2 : calculated 317 

observed 317

7.3.9. Suzuki coupling reactions

G eneral M ethod 3.9

To a stirred  solution o f  4-bromo-5-(4-hydroxyphenyl)- 2 ,3 -d ihydro-l-benzoxepin  

(0 .0002M ) in dry THF (20mL) was added Pd(PPh 3 ) 4  (lOmg) and stirred for 10- 

15min prior to addition o f  the appropriately substituted arylboronic acid or 

hetrocyclic  boronic acid, followed by 2M sodium carbonate (0 .0014M). The 

m ixture was heated by an oil bath to 80°C for 6-8hr and then cooled to room 

temp and let stir for 10-12hr. Post this period the mixture was poured onto water 

(35m L), w ashed with brine, extracted with dichloromethane and dried over 

N a 2 S 0 4  and concentrated. The product was purified using column 

chrom atography.

5-(4-Hydroxypheayl) -4 -methoxyphenyl-2 ,3-dihydro- l-benzoxepin  (203)

The general method 3.9 was employed using 4-brom o-2,3-dihydro-5-(4- 

hydroxyphenyl)- l-benzoxep in  (0 .00018M), dry THF (20mL) and P d(P Ph 3 ) 4  

(lO m g). To this 4-methoxyphenyl boronic acid (0.00072M ) and 2M sodium
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carbonate (0 .0 014M )  were added and refluxed at 80°C.  The product was isolated  

using flash column chromatography (eluant petroleum ether : ethyl acetate : 

dichloromethane;  80:10:10) to afford a light brown coloured oil in 80% yield.

IR V m a x  ( fi lm)

' H N M R  5(C D C l3)

13C N M R  5(C D C l3)

EIMS (LR)

3402  (OH), 3061 -2960 ,  2896 -2732  (CHs),  1608 

(C=C),  1462 (CHz), 1432 (O C H 3 ), 1283 (C-OH),  

1247,  1195 (C-O-C) cm''

2.71 (2H, t, J = 5.78Hz,  H-3),  3 .79  (3H, s, O C H 3 ), 

4.64  (2H, t, J = 6.02Hz,  H-2) ,  6 .59-6.61 (2H, d, J =  

8.04Hz,  H-3" ,  H-5"),  6 .73-7.15  ( lOH, m, ArH)

35.18  (C-3),  54.72 (OC H 3 ), 80 .17 (C-2) ,  113.00,  

114.22 (C-3",  C-5"),  114.55,  115.61 (C-3' ,  C-5'),  

121.60 (C-4, C-9) , 123.15 (C-7) ,  127.45 (C- 6 ), 

127.80 (C-4"),  130.16, 130.21 (C-2",  C- 6 "), 130.48,  

130.90 (C-2' ,  C- 6 '), 132.17 (C-3) ,  132.23 (C- 8 )

C 2 3 H 2 0 O 3 : calculated 344

observed 344

5-(4-Hydroxyphenyl)-4- (2-methoxyphenyl )-2 ,3-dihydro-l-benzoxepin (204)

The general method 3.9 was employed using 4-bromo-5-(4-hydroxyphenyl )-2 ,3-  

dihydro- l-benzoxepin  (0 .00022M),  dry THF (20mL),  Pd(PPh3 ) 4  ( lOmg),  o -  

methoxyphenyl  boronic acid (0 .00072M) and 2M sodium carbonate (0 .0 0 1 4M)  

and the reaction v/as refluxed at 80°C. The product was purified using fiash 

co lumn chromatography (eluant petroleum ether : ethyl acetate ;

dichloromethane;  50:5:50) to afford a brown coloured gel in 85% yield.

IRvmax(f i lrn) 3421-3114  (OH),  2951-2914 ,  2872 (CHs),  1597,

1574 (C=C),  1484, 1460 (C H 2 ), 1434 (O C H 3 ), 1281 

(C -O H ), 1235, 1198 (C -O -C ) c m ’'

'H N M R  6 (C D C l 3 ) 2 .66  (2H, t, J = 6.78Hz,  H-3),  3 .83 (3H, s, O CH 3 ),

4.61 (2H, t, J = 6.02Hz,  H-2),  6 .56 -6 .5 9  (2H,dd, J =  

2.04,  6 .52Hz,  H-4",  H-5"),  6 .73 -7 .2 4  ( 8 H, m, ArH),  

7.46-7.48 (IH,  dt, J = 2.00, 7 .04Hz,  H-3"),  7.86-  

7.88 ( IH ,  dd, J = 1.52, 7 .35Hz,  H - 6 ")
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‘^C N M R  6 (C D C l3 ) 34.64 (C-3), 55.41 (O C H 3 ), 79.95 (C -2 ), 110.45 (C-

4 " ) ,  114.31 (C -3‘, C -5 ') ,  120.35 (C -5" ) ,  121.19 (C- 

4, C-9), 123.18 (C-7), 127.83 (C -6 ), 131.49 (C-5), 

131.94 (C - 8 ), 132.79 (C -3") ,  136.77 (C - 6 ")

EIMS (LR) C 2 3 H 2 0O 3 : calculated 344

observed 344

5-(4-Hydroxyphenyl)-4-(3-methoxyphenyI)-2,3-dihydro-l-benzoxepin (205)

The general method 3.9 was applied using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro-l-benzoxepin  (0.00025M ), dry THF (20mL), Pd(PPh 3 ) 4  (lOmg), m -  

methoxyphenyl boronic acid (0.00 IM ) and 2M sodium carbonate (0 .0 0 16M) and 

the reaction was refluxed at 80°C. The product was purified using flash colum n 

chromatography (eluant petroleum ether : ethyl acetate : d ich lorom ethane; 

40:1:40 to afford a mustard coloured oil in 48% yield, with the fo llowing 

physical properties;

IR v„,ax (film)

' H N M R  5(C D Cl3)

'^ C N M ^  5(CDCl3)

EIMS (LR)

observed 344

3421 ( O H ),  2955-2924, 2850-2732 (C H s) ,  1614 

(C=C), 1484, 1464 ( C H 2 ), 1377 ( O C H 3 ), 1284 (C- 

O H ),  1248, 1168 (C - O -C )  cm ''

2.73 (2H, t, J = 6.02Hz, H-3), 3.80 (3H, s, O C H 3 ), 

4.63 (2H, m, H-2), 6.56-6.59 (2H, dd, J = 2.04, 

6.52Hz, H -4" ,  H -5") ,  6.44-7.17 (lOH, m, ArH)

35.12 (C-3), 54.79 (O C H 3 ), 80.04 (C-2), 114.17- 

115.71 (C -3 ‘, C-5 '), 1 15.85, 1 15.95 (C -2 " ) ,  118.63 

(C -4") ,  121.29, 121.59 (C-4, C-9), 123.12, 123.36 

(C-7), 124.04 (C -5") ,  128.39 (C-6 "), 128.47 (C - 6 ), 

129.16, 129.63 (C-2 ', C-5 '), 132.04 (C-5), 132.12 

(C -8 ), 158.67 (C -3")

C 2 3 H 2 0O 3 : calculated 344

5-(4-Kydroxyphenyl)-4-(4-methylphenyI)-2,3-dihydro-l-benzoxepin (206)

The gereral method 3.9 was applied using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

dihydro l-benzoxepin  (0.00022M ), dry THF (20mL), Pd(PPh 3 ) 4  ( lOmg), 4-
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methylphenyl boronic acid (0.0007M ) and 2M sodium carbonate (0 .0014M ) and 

the reaction was refluxed at 80°C. The product was isolated using flash colum n 

chrom atography (eluant petroleum ether : d ichloromethane; 70:30) to afford an 

o range / mustard coloured oil in 93% yield, with the following physical 

properties:

IR Vmax (film)

'H N M R  5(C D Cl3)

13 C NMR 6 (C D C l 3 )

ElM S (LR)

3612-3007 (OH), 2924, 2876 (CHs), 1610 (C=C), 

1478 (C H 2 ), 1458 (C H 3 ), 1262 (C-O-C) cm ''

2.31 (3H, s, C H 3 ), 2.72 (2H, m, H-3), 4.63 (2H, m, 

H-2), 6.59-6.61 (2H, d, J = 8.04Hz, H -3 " ,  H -5") ,  

6.83-7.28 (lOH, m, ArH)

20.65 (C H 3 ), 35.24 (C-3), 80.04 (C-2), 114.37, 

114.53 (C-3 ', C -5 ’), 120.14, 121.52 (C-4, C-9), 

122.96, 123.05 (C-7), 127.83 (C- 6 ), 128.23 (C -4" ) ,  

128.29, 128.40 (C -2" , C - 6 ") ,  128.83, 128.91 (C -3 " ,  

C -5") ,  130.50 (C -2 ‘, C -6 '), 131.30 (C-5), 132.55 (C- 

8)

C 2 3 H 2 0 O 2 : calculated 328 

observed 328

5-(4-HydroxyphenyI)-4-(3-methyIphenyl) -2,3-dihydro-l-benzoxepin (207)

The gerera l method 3.9 was applied using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro-l-benzoxepin  (0 .00016M), dry THF (20mL), Pd(PPh 3 ) 4  (lOmg), m -  

methylphenyl boronic acid (0.0005M ) and 2M sodium carbonate (0.001 M) and 

the reac:ion was refluxed at 80°C. The product was purified using flash colum n 

chromatDgraphy (eluant petroleum  ether : dichloromethane ; ethyl acetate; 

40:60:2^ to afford a light brown coloured oil in 54% yield, with the following 

physical properties:

IR Vmax (film)

'H N M F  5(C D C l3)

3389 (OH), 2917, 2848 (CHs), 1462 (C H 2 ), 1432 

(C H 3 ), 1282 (C-OH), 1196 (C-O-C) cm '

2.25 (3H, s, C H 3 ), 2.72 (2H, t, J = 6.26, H-3), 4.63 

(2H, m, H-2), 6.58-6.60 (2H, d, J = 8.52Hz, H -2 " ,  

H -4") ,  6.84-7.15 (lOH, m, ArH)
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13C N M R  5(CD Cl3)

EIMS (LR)

20.88 (C H 3 ), 35.23 (C-3), 79.97 (C-2), 114.06, 

114.53 (C-3 ', C-5 ') , 121.52, 121.59 (C-4, C-9), 

122.94 (C-7), 126.61 (C -2") ,  127.33 (C-6), 127.89 

(C-4'), 129.61 (C -4") ,  130.52, 130.92 (C -2 ',  C -6 ') ,  

132.22 (C-5, C-8), 133.68 (C -5") ,  136.47 (C -6 " )

C 2 3H 2 0 O 2 : calculated 328

observed 328

5-(4-Hydroxyphenyl)-4-(2-methylphenyl)-2,3-dihydro-l-benzoxepin (208)

The general method 3.9 was applied using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro-l-benzoxep in  (0.00016M ), dry THF (20mL), Pd(PPh 3 ) 4  ( lOmg), o -  

methylphenyl boronic acid (0.0005M ) and 2M sodium carbonate (0.001 M) and 

the reaction was refluxed at 80°C. The product was isolated using colum n 

chrom atography (eluant petroleum ether : d ichlorom ethane : ethyl acetate; 

30:70; 1) to afford a mustard coloured oil in 62% yield.

IR V m a x  ( f i lm )

' H N M R  5(C D Cl3)

C N M R  5(CD Cl3)

EIM S (1.R)

3382 (O H),  2951-2919, 2849 ( C H s) ,  1607 (C=C), 

1461 ( C H 2 ), 1431 ( C H 3 ), 1282 (C - O H ) ,  1195 (C -O -  

C) cm ''

2.08 (3H, s, C H 3 ), 2.63 (2H, m, H-3), 4.63 (2H, m, 

H-2), 6.53-6.55 (2H, m, H -4" ,  H -5 ") ,  6.79-6.81 (2H, 

m, H -3" ,  H-6 ") ,  7.07-7.29 ( 8 H, m, ArH)

19.71 (C H 3 ), 35.91 (C-3), 79.79 (C-2), 114.32, 

114.55 (C -3 ',  C -5 ') ,  121.96 (C-4, C-9), 123.44 (C- 

7), 125.45 (C -3") ,  126.56 (C-6), 127.06 (C -4" ) ,  

128.35 (C -5") ,  129.60 (C-4 '), 129.60, 129.72 (C-2 ', 

C-6 '), 130.97 (C -6" )  131.79 (C-8), 133.50 (C-5), 

141.51 (C-2")

C 2 3 H 2 0 O 2 : calculated 328 

observed 328

4-(4-ChIorophenyl)-5-(4-hydroxyphenyl)-2,3-dihydro-l-benzoxepin (209)

The general method 3.9 was applied using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro-l-benzoxep in  (0.00016M ), dry THF (20mL), P d(PPh 3 ) 4  ( lOmg), 4-
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chlorophenylboronic acid (0.0005M ) and 2M sodium carbonate (0.0014M ) and 

the reaction was refluxed at 80°C. The product was isolated using flash colum n 

chrom atography (eluant petroleum ether : d ichlorom ethane ; ethyl acetate; 

60:40:1) to afford a wine coloured oil in 70% yield, with the following physical 

properties.

IR V n i a x  (film)

' H N M R  5(CDCl3)

13C NM R 5(CDCl3)

EIM S (LR)

3401 (OH), 2955-2919, 2880-2849 (CHs), 1603 

(C=C), 1481, 1463 (C H 2 ), -1 2 5 9  (C-Cl)), 1161 (C- 

0 -C )  cm '

2.70 (2H, t, J = 6.02Hz, H-3), 4.62 (2H, m, H-2), 

6.61-6.63 (2H,d, J = 8.56Hz, H -3 " ,  H -5 ") ,  6.78-7.23 

(lOH, m, ArH)

35.04 (C-3), 79.10 (C-2), 114.34, 116.22 (C -3 ',  C- 

5'), 121.53, 121.63 (C-4, C-9), 123.07 (C-7), 125.76 

(C -3" , C -5") ,  128.24 (C-6), 128.99, 129.09 (C -2 ',  

C-6 ') , 130.36, 130.93 (C -2" , C -6" ) ,  132.22 (C -4 " ,  

C-5, C-8)

C 2 2 H , 7 0 2 C 1 : calculated 348 

observed 348

5-(4-Hydroxyphenyl)-4-(l-naphthyl)-2,3-dihydro-l-benzoxepin (210)

The gerera l method 3.9 was employed using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro -l-benzoxep in  (0.00022M), dry THF (20mL), Pd(PPh 3 ) 4  ( lOmg), 1- 

naphthylboronic acid (0.0009M) and aqueous sodium carbonate (2M, 0 .0014M ) 

and the  reaction was refluxed at 80°C. The product was isolated using colum n 

chrom atography (eluant petroleum ether : d ichlorom ethane : ethyl acetate; 

60 :40:2  to present a dark green coloured oil in 50% yield.

IR V m . a x  (film)

' H N M L  6(CDCl3)

13C N M ^  §(CDCl3)

3397 (OH), 3058-2924, 2852 (CHs), 1606 (C=C), 

1465 (C H 2 ), 1261, 1190 (C-O-C) cm ’’

2.64 (2H, m, H-3), 4.64 (2H, m, H-2), 6 .40-6.42 

(2H, d, J = 8.56Hz, H -3 ’, H-5 '), 6.80-7.71 (13H, m, 

ArH)

35.70 (C-3), 79.70 (C-2), 113.91, 114.67 (C -3 ',  C- 

5'), 121.66 (C-4, C-9), 123.14 (C-7), 124.90, 125.56
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(C -3 " ,  C -6 " ,  C -7 " ) ,  126.10, 127.99 ( C - 2 " ,  C - 4 " ,  C- 

5 " ,  C -8 " ) ,  128.13 (C -6), 131.01 (C -8), 132.21 (C- 

9 " ) ,  133.32 ( C -1 " ,  C-5)

EIMS ( L R )  C 2 6 H 2 0 O 2 : ca lcu la ted  364

observed  364

5-(4-Hydroxyphenyl)-4-(3-nitrophenyl)-2,3-dihydro-l-benzoxepin (211)

T he g e n e ra l  m e th o d  3.9 w as em p loyed  us ing  4 -b ro m o -5 - (4 -h y d ro x y p h e n y l) -2 ,3 -  

d ih y d ro -1 -b e n z o x e p in  (0 .00022M ), d ry  T H F  (20m L ), P d (P P h 3 ) 4  ( lO m g), m -  

n i tro p h e n y lb o ro n ic  ac id  (0 .00087M ) and 2M  sod ium  c a rbona te  (0 .0 0 1 4 M ) and 

the rea c t io n  w as  ref luxed  at 80°C. The p roduct w as pu r if ied  us ing  c o lu m n

c h ro m a to g ra p h y  (e luan t pe tro leum  ether ; d ich lo rom e thane  : e thyl ace ta te ;

4 0 :5 5 :5 )  to p resen t  a b row n  co loured  oil in 47%  yield.

IRvmax (film ) 3488 (O H ), 3108-2929 , 2 8 72 -2776  (C H s), 1604,

1574 (C =C ), 1486, 1443 (C H 2 ), 1538, 1349 ( C -N O 2 ), 

1250, 1184 (C -O -C ) c m ' '

' H N M R  6 (C D C l 3 ) 2.69 (2H, m, H-3), 4 .62  (2H , m, H -2), 6 .6 0 -6 .6 2

(2H, d, J =  8 .52H z, H -3 ',  H -5 ') ,  6 .77 -7 .19  ( l OH,  m , 

ArH )

' ^ C N M R  5(C D Cl3)  35.21 (C-3), 79 .96 (C-2), 114.26, 115 .80  (C -3 ’, C-

5 ') ,  121.44, 121.61 (C-4, C-9), 123.21 (C -7 ), 124.93 

(C -2 " ) ,  128.08 (C - 6 ), 128.37 (C -2 ',  C - 6 ') , 128.41

(C -4 " ) ,  129.71 (C -5 " ) ,  130.91 (C - 8 ), 132.21 (C -5),

140.57 (C - 6 " )

E IM S (L R )  C 2 2 H 17N O 2 : p roduct d ecom poses  upon  ana lysis

4-(4-Cyanophenyl)-5- (4-hydroxyphenyl )-2 ,3-dihydro-l-benzoxepin  (212)

T he  g en e ra l  m ethod  3.9 w as applied  using  4 -b ro m o -5 - (4 -h y d ro x y p h e n y l) -2 ,3 -  

d ih y d ro -1 -b e n z o x e p in  (0 .00022M ), dry  TH F (20m L ), P d (P P h 3 ) 4  ( lO m g), 

b en zo n it r i le b o ro n ic  acid (0 .00087M ) and 2M  sodium  c a rbona te  (0 .0 0 1 4M ) and 

the reac tion  w as ref iuxed  at 80°C. The p roduct was iso la ted  us ing  flash  co lu m n  

c h ro m a to g ra p h y  (eluant pe tro leum  ether  : d ich lo rom e thane  : e thy l ace ta te ;  

50 :50 :8 )  to afford  a b row n  / m usta rd  co loured  oil in 34%  y ie ld , w ith  the 

fo llow ing  physica l  p roperties :
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IR V piax ( f i lm)

' H N M R  5(CD Cl3)

13C N M R  5(CD Cl3)

EIMS (LR)

3401 (OH),  2923,  2849  (CHs),  2251 (C=N) ,  1607  

(C=C),  1481, 1448 (C H 2 ), 1248,  1166 (C-O-C)  cm '

2.73 (2H, t, J = 6 .04Hz,  H-3),  4 .62  (2H, t, J =  

6.02Hz,  H-2) ,  6 .16-7 .55  (12H, m, ArH)

34.76  (C-3),  79.80 (C-2),  104.19 (C=N) ,  114.49-  

115.90 (C-3',  C - 5 ’), 121.71 (C-4,  C-9) ,  123.42 (C-  

7), 128.72 (C- 6 ), 129.79 (C-2',  C- 6 '), 130.67 (C-3" ,  

C-5"),  131.40 (C- 8 ), 132.23 (C-5) ,  133.02 (C-2",  

C- 6 "), 133.81 ( C - T )

C 23H 17N O 2 : calculated 339  

observed 339

4-(4-Formylphenyi)-5- (4-hydroxyphenyl)-2,3-dihydro-l-benzoxepin (213)

The general  method 3.9 was employed using 4-bromo-5-(4 -hydroxyphenyl)-2 ,3 -  

dihydro-1-benzoxepin (0 .00016M), dry THF (20mL),  Pd(PPh 3 ) 4  ( lOmg) ,  4- 

formylbenzeneboronic acid (0 .00087M ) and 2M sodium carbonate ( 0 . 0 0 IM ) and 

the reaction was refluxed at 80°C.  The product was isolated using column  

chromatography (eluant petroleum ether : dichloromethane : ethyl acetate;  

60:40:5)  to afford a light brown coloured oil in 73% yield.

IR Vp (fi lm)

' H N M R  5(CD Cl3)

1 3 C N M R  5(CDCl3)

3325 (OH),  2925,  2853 (CHs), 1735 ( C = 0 ) ,  1450 

(CH 2 ), 1248,  1108 (C-O-C) cm''

2.76 (2H, t, J = 6.28Hz,  H-3),  4 .63 (2H, t, J =  

6.02Hz,  H-2),  6 .60-7.35  ( 8 H, m, ArH),  7 .71-7 .73  

(2H , d, J = 8.04Hz,  H-2",  H- 6 "), 7 .82 -7 .84  (2H, d, 

J = 8.52Hz,  H-3" .  H-5"),  9 .90  ( IH ,  s, CHO)

34.89 (C-3) ,  79.83 (C-2),  106.61 (CH),  113.25-  

115.46 (C-3',  C-5'),  121.25,  121.71 (C-4,  C-9),

123.27 (C-7) ,  127.48 (C- 6 ), 128.55,  128.92 (C-2' ,  C- 

6 '), 129.07,  129.92 (C-2",  C- 6 ", C-3",  C-5"),  

131.65 (C - 8 ), 133.83 (C-5) ,  134.75 (C-1"),  136.20  

(C-5a),  139.02 (C-4"),  190.25 ( C = 0 )

EIMS (LR) C 2 3H 18O 3 : product decomposes  upon analysis
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5- (4-Hydroxyphenyl) -4-(3-pyridinyl) -2 ,3-dihydro-l-benzoxepin  (217)

The general method 3.9 was applied using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro -l-benzoxep in  (0.00013M), dry THF (20mL), Pd(PPh 3 ) 4  (lOmg), 3- 

pyridinyltriisopropyl borate (0.0004M) and 2M sodium carbonate (0 .0008M ) and 

the reaction was refluxed at 80°C. The product was isolated using colum n 

chrom atography (eluant petroleum ether : dichloromethane : ethyl acetate; 

40 :50:10) to afford a deep yellow solid in 83% yield, with the following physical 

properties.

IR Vn (film)

' h N M R  6(CDCl3)

13 C N M R  6(CDCl3)

EIMS (LR)

3430 (OH), 3068-2970, 2926 (CHs), 1658, 1590 

(pyridinyl peaks), 1484, 1437 (C H 2 ), 1378, 1311 (C- 

N), 1180 (C-O-C) cm '

2.71 (2H, t, J = 6.04Hz, H-3), 4.61 (2H, t, J = 

6.02Hz, H-2), 6.66-7.71 (12H, m, ArH)

34.79 (C-3), 79.81 (C-2), 114.78 (C -3 ',  C -5 ') ,

121.60 (C -5" , C-9), 123.14 (C-7), 128.05 (C-6), 

130.77, 130.92 (C-2 ', C -6 '), 131.51 (C-8), 132.92 

(C-5), 136.39 (C -T ) ,  139.67 (C -4") ,  146.45 (C -6 " ) ,  

149.65 (C -2")

C 2 1 H 17N O 2 : calculated 315 

observed 315

4- (Benzo[b]furyl)-5-(4-hydroxyphenyl)-2,3-dihydro-l -benzoxepin (218)

The general method 3.9 was employed using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihydro -l-benzoxep in  (0.00022M), dry THF (20mL), P d(PPh 3 ) 4  (lOmg), 

benzo(b)furan-2-boronic acid (0.0009M ) and 2M sodium carbonate (0 .0 0 14M) 

and the reaction was refluxed at 80°C. Column chrom atography (eluant 

petroleum  ether : dichloromethane : ethyl acetate; 55:45:5) was used to rem ove 

any impurities to proffer a dark brown coloured oily gel in 46% yield.

IR V m a x  (film)

'H N M R 5(CDCl3)

3408 (OH), 2926, 2853 (CHs), 1603 (C=C), 1480, 

1463 (CH 2 ), 1249, 1170 (C-O-C) cm ''

2.93 (2H, t, J = 6.02Hz, H-3), 4.72 (2H, t, J = 

6.26Hz, H-2), 6.16 ( IH,  s, CH), 6 .79-7.50 (12H, m, 

ArH)
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13C N M R  5(CDCl3)

EIMS (LR)

41.03 (C-3), 81.14 (C-2), 110.77 (CH), 114.91- 

115.69 (C -3 ‘, C -5 ’), 120.71, 121.60 (C-4, C-9), 

123.14 (C-7), 124.01-125.63 (C -3" ,  C -4") ,  128.53- 

129.23 (C-2 ', C -6 '), 131.02 (C -8 ), 132.05 (C -9 " ) ,  

155.14, 155.77 (C -1" , C -6 ")

C 2 4 H 18O 3 ; calculated 354

observed 354

5-(4-Hydroxyphenyl)-4-(3- thienyl)-2 ,3-dihydro-l -benzoxepin  (219)

The general method 3.9 was employed using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihyd ro -l-benzoxep in  (0 .00013M), dry THF (20mL), Pd(PPh 3 ) 4  (lOmg), 

th iophene-3-boronic  acid (0.0004M ) and 2M sodium carbonate (0 .0008M ) and 

the reaction was refluxed at 80°C. The compound was isolated by colum n 

chrom atography  (eluant petroleum ether : dichloromethane : ethyl acetate; 

30:60:1 0) to afford a brown coloured oily gel in 64% yield.

IR Vmax (film)

' H N M R  S(CDCl3 )

13C N M R  5(CDCl3)

EIM S (LR)

3397 (OH), 2926, 2882-2854 (CHs), 2227 (thienyl 

group), 1617 (C=C), 1482, 1457 (C H 2 ), 1260, 1171 

(C-O-C) cm '

2.73 (2H, t, J = 6.02Hz, H-3), 4.65 (2H, t, J = 

6.26Hz, H-2), 6.66-7.24 ( 1 IH,  m, ArH)

34.80 (C-3), 80.26 (C-2), 114.42 (C-3 ', C -5 ') ,  

121.38, 121.63 (C-4, C-9), 123.86 (C-7), 125.43 (C- 

2 " ,  C -5") ,  127.93 (C -4") ,  128.28 (C -3") ,  128.62 (C- 

6), 129.77, 130.45 (C-2 ', C-6 '), 131.38 (C-8), 132.02 

(C-5), 136.80 (C -T ), 142.11 (C-5a)

C 2 0 H 16SO 2 : calculated 320 

observed 320

4-(2-Furyl)-  5-(4-hydroxyphenyl)-2,3-dihydro- l-benzoxepin  (220)

The general method 3.9 was employed using 4-brom o-5-(4-hydroxyphenyl)-2 ,3- 

d ihyd ro -l-benzoxep in  (0.00022M), dry THF (20mL), Pd(PPh 3 ) 4  (lOmg), furan-2- 

boron ic  acid (0.00072M ) and 2M sodium carbonate (0.0014M) and the reaction 

was refluxed  at 80°C. Column chromatography (eluant petroleum  ether :
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dichlorom ethane : ethyl acetate; 55:45:5) was used to remove any im purities to 

present a light brown coloured oil in 81% yield.

IR V m a x  (film)

' H N M R  §(C D C l3 )

1 3 C N M R  5(C D C l3)

EIMS (LR)

3429 (OH), 2953-2929, 2853 (CHs), 1601, 1584 

(C=C), 1461, 1445 (C H 2 ), 1245, 1169 (C-O-C) cm ''

2.86 (2H, t, J = 6.04Hz, H-3), 4.70 (2H, t, J = 

6.02Hz, H-2), 5.74 ( I H,  m, H -4") ,  6.25 ( I H,  m, H- 

3") ,  6.70-7.24 (9H, m, ArH)

35.70 (C-3), 80.55 (C-2), 109.28 (C -4") ,  110.59 (C- 

3" ) ,  113.09, 114.94 (C -3 ',  C -5 ’), 120.05, 121.72 (C- 

4, C-9), 123.68 (C-7), 127.97 (C- 6 ), 128.03, 129.98 

(C-2 ', C - 6 '), 131.15 (C - 8 ), 133.93 (C-5), 136.65 (C- 

1'), 140.35 (C-5a), 141.42 (C -5")

C 2 0 H 1 6O 3 : calculated 304

observed 304

7.3.10.Alkylation o f  Suzuki coupled reaction products

5 - 1(4-Di methy laminoethoxy)pheny l]-4-(4-meth oxyphenyl ) -2,3-dihydro-1-

benzoxepin (221)

The general method 2.12 was applied in the preparation o f  this com pound using 

5-(4-hydroxyphenyl)-4-(4-m ethoxyphenyl)-2 ,3-dihydro-l -benzoxepin 

(0 .0 0 0 13M), dry acetone (20mL), anhydrous K 2 C O 3 (0 .0 0 13M) and 2- 

d im ethylam inoethylchloride hydrogenchloride (0.00032M ) under nitrogen. The 

reaction mixture was refluxed for 6 hr. The product was isolated directly  to 

a fford  a light brown / mustard coloured oily gel in 60% yield.

IR Vniax (film) 3032-2928, 2868-2772 (CHs), 1607 (C=C), 1483,

1464 (CH2), 1442 (OCH3), 1234, 1175 (C-O-C) cm"'

' h N M R  5 (CD Cl3 ) 2.38 (6 H, s, N (CH 3 )2 ), 2.70 (4H, m, N C H 2 , H-3),

3.77 (3H, s, O CH 3 ), 4.03 (2H, m, C H 2 O), 4.61 (2H, 

t, J = 6.02Hz, H-2), 6.66-7.21 (12H, m, ArH)

'^C N M R 5(C D C l3) 31.23 (C-3), 45.41, 45.45 (N (C H 3 )2 ), 54.66 ( O C H 3 ),

57.89, 57.95 (N CH 2 ), 65.42 (C H 2 O), 80.09 (C-2), 

113.20, 113.29 (C-3", C -5") ,  114.17, 115.12 (C -3 ',
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EIMS (HR)

Mass Spectrum  (m/z)

C -5 ') ,  121.55 (C-4), 122.99 (C-7), 127.71 (C -4 ” ), 

128.75 (C-6), 130.18 (C -2" , C -6 ') ,  130.47 (C -2 ',  C- 

6 ') ,  131.98 (C-3)

C 2 7 H 2 9N O 3 : calculated 415.2137

observed 415.2147

415 ( M \  100%), 339 (M^-76, 17%), 327 (M^-88, 

22%), 313 (M^-102, 24%), 282 (M^-133, 17%), 269 

(M^-146, 17%), 227 (M^-188, 33%) 215 (M^-200, 

20%), 189 (M^-226, 11%), 165 (M^-250, 33%)

5-[(4-Dimethylaminoethoxy)phenyl] -4 -(2-methoxyphenyl) -2,3-dihydro-l -

benzoxepin (222)

The general method 2.12 was em ployed using 5-(4-hydroxyphenyl)-4-(2- 

m ethoxyphenyl)-2 ,3-d ihydro-l-benzoxepin  (0 .00012M), dry acetone (20mL), 

anhydrous K 2CO 3 (0 .0 0 12M) and 2-dim ethylam inoethylchloride 

hydrogenchloride (0.00032M ) under nitrogen. The product was purified using 

flash colum n chrom atography (eluant dichloromethane : ethyl acetate : methanol; 

90:5:5) to afford a mustard coloured gel in 50% yield.

I R  V m a x  ( f i l m )

‘H N M R  S(CDCl3)

13C N M R  5 ( C D C l3 )

EIMS (HR)

3057-2932, 2867-2770 ( C H s ) ,  1606, 1576 (C=C), 

1484, 1462 ( C H 2 ), 1440 ( O C H 3 ), 1372 ( C H 3 ), 1240, 

1174 (C-O-C) cm '

2.33 (6H, s, N (CH 3 )2 ), 2.65-2.72 (4H, m, N C H 2 , H- 

3), 3.83 (3H, s, O C H 3 ), 3.99 (2H, t, J = 5.76Hz, 

C H 2 O), 4.61 (2H, t, J = 6.02Hz, H-2), 6 .63-7.16 

(12H, m, ArH)

34.64 (C-3), 45.78 (N (CH 3 )2 ), 55.23 (O C H 3 ), 58.23 

(N C H 2 ), 65.72 (C H 2O), 79.96 (C-2), 110.45 (C -4") ,  

1 13.42, 113.63 (C-3', C-5 '), 120.37 (C -5") ,  121.87 

(C-4, C-9), 123.13 (C-7), 127.80 (C-6), 128.12 (C- 

4 ') , 131.15, 131.52 (C-2 ', C-6 ') , 131.63 (C-5), 

131.71 (C-8), 131.80 (C -3") ,  136.15 (C -6")

C 2 7 H 2 9 N O 3 : calculated M^ 415.2131

observed M̂  ̂ 415.2147
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M a ss  S p e c t r u m  (m/z)  415 ( M \  100%),  327 (M ^- 8 8 , 10%),  297  (M^-118,

16%),  255 (M^-160,  24%),  239  (M^-176,  30%>) 226  

(M^-189,  22%),  189 (M^-226 ,  30% ) ,  165 (M^-250,  

60%)

5-[(4-Dimethylaminoethoxy)phenyI]-4-(3-methoxyphenyi )-2 ,3-dihydro-l-

benzoxepin (223)

T h e  genera l  m e thod  2.12 w a s  applied using 5 - (4 -hyd roxypheny l ) -4 - (3 -  

m e th o x y p h e n y l ) -  2 ,3 - d ih y d r o - l - b e n z o x e p in  (0 .00006M ) ,  dry ace tone  (20mL) ,  

anh y d ro u s  K 2 C O 3 ( 0 .0006M )  and 2 - d im e th y lam inoe thy ic h lo r ide  

h y d ro g en c h lo r id e  (0 .0002M )  unde r  ni trogen. The  p roduct  w as  iso la ted  us ing  

c o lu m n  c h ro m a to g r a p h y  (eluant d i ch lo rom e thane  ; e thyl  aceta te  ; m e thano l ;  

80 :20 :2 )  to afford a b row n  / mus ta rd  coloured  in 54% yield.

IR Vr (f i lm)

' H N M R  5 (C D C l3)

13C N M R  6 ( C D C l 3 )

E IM S  (HR)

M a ss  Spec t rum  (m/z)

3050-2927 ,  2854-2777  (CHs) ,  1605 (C=C) ,  1508, 

1485 ( C H 2 ), 1465 ( O C H 3 ), 1241, 1174 (C -O -C )  cm ' '

2.56 ( 6 H, s, N ( C H 3 )2 ), 2 .87 (2H,  m,  N C H 2 ), 3.03 

(2H,  m,  H-3) ,  3 .80 (3H,  s, O C H 3 ), 4.23 (2H,  m, 

C H 2 O), 4 .60  (2H, m, H-2) , 6 .50-7.21 (12H, m,  ArH)

34.18 (C-3) ,  45 .20  ( N ( C H 3 )2 ), 55.25 ( O C H 3 ), 57 .54 

( N C H 2 ), 64.67 ( C H 2O), 80.43 (C-2) ,  113.74,  113.95 

(C-3 ' ,  C - 5 ’), 115.76 (C - 2 " ) ,  120.74 ( C - 4 " ) ,  121.92,  

122.73 (C-4,  C-9),  123.36 (C-7) ,  123.74 ( C - 5 " ) ,  

128.13 (C - 6 ") ,  128.13 ( C - 6 ), 129.20, 129.47 (C-2 ' ,  

C - 6 ' ), 131.97 (C - 8 ), 132.38 (C-5)

C27H29NO3 : ca lculated M^ 415 .2 116

observed  M^ 415 .2147

415 { M \  100%), 357 (M^-58,  10%),  328 (M"-87 ,  

10%),  311 (M^-104,  10%),  269  (M^-146,  12%),  252 

(M^-163,  33%),  239 (M^-176,  40% ) ,  226  ( M ’"-189, 

35% )  189 (M^-226,  21%),  165 (M^-250,  67 % )
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5-((4-DimethyIaii i inoethoxy)phenyI]-4-(4-methylphenyI)-2,3-dihydro-l-

benzoxepin (224)

The general method 2.12 was applied using 5-(4-hydroxyphenyl)-4-(4- 

m ethy lphenyl)-2 ,3-d ihydro-l-benzoxepin  (0.00012M), dry acetone (20mL), 

anhydrous K 2 C O 3 (0 .0 0 12M) and 2-dim ethylam inoethylchloride

hydrogenchloride  (0.0003 IM ) under argon. The reaction mixture was refluxed 

for 4-6hr. The product was isolated using column chrom atography (eluant 

d ich lorom ethane ; ethyl acetate ; methanol; 90:5:5) to afford a light brown 

coloured gel in 64% yield, with the following physical properties.

IR V m a x  (f i lm )

'H N M R  5(CDCl3)

13C N M R  5(CDCl3)

EIMS (HR)

M ass Spectrum  (m/z)

2924, 2856-2772 (CHs), 1606, 1575 (C=C), 1477, 

1461 (CH 2 ), 1376 (CH 3 ), 1239, 1174 (C-O -C) cm '

2.30 (3H, s, CH 3 ), 2.36 (6 H, s, N (C H 3 ) 2 ), 2 .69-2.80 

(4H, m, N C H 2 , H-3), 4.13 (2H, m, C H 2 O), 4.62 (2H, 

m, H-2), 6.67-6.69 (2H, m, H -3" ,  H -5 ") ,  6.86-7.19 

(lOH, m, ArH)

20.64 (C H 3 ), 35.24 (C-3), 45.34 (N (C H 3 ) 2 ), 57.79 

(N CH 2 ), 65.28 (CH 2 O), 80.03 (C-2), 113.24, 113.61 

(C -3” , C -5” ), 121.50, 121.57 (C-4, C-9), 122.92 (C- 

7), 127.79 (C-6 ), 128.23 (C -4") ,  128.28, 128.36 (C- 

2 " ,  C - 6 ") ,  128.83, 128.92 (C-3 ', C -5 ') ,  130.52, 

130.67 (C-2 ', C- 6 '), 131.35 (C-5), 131.99 (C - 8 )

C27H29NO2 ; calculated 399.2195

observed 399.2198

399 ( M \  100%), 341 (M^-58, 8 %), 295 (M '-104 ,  

15%), 265 (M^-134, 15%), 252 (M^-147, 31%), 239 

(M^-160, 43%), 226 (M^-173, 42% ) 189 (M^-210, 

15%), 165 (M^-234, 62%)

5-I(4-Di inethylaminoethoxy)phenyl] -4-(3-methylphenyl)-2 ,3-dihydro- l-

benzoxepin (225)

The general method 2.12 was employed using 5-(4-hydroxyphenyl)-4-(3- 

m ethylphenyl)-2 ,3 -d ihydro-l-benzoxep in  (0.00006M), dry acetone (15mL), 

anhydrous K 2 C O 3 (0.0006M ) and 2-dim ethylam inoethylchloride
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hydrogenchloride  (0 .00017M) under nitrogen. The product was isolated directly  

to present a light brown coloured oil in 41% yield.

IR Vmax  (film) 3051-2925, 2854-2775 (CHs), 1606 (C=C), 1482, 

1462 (CH 2 ), 1376 (CH 3 ), 1242, 1174 (C-O-C) cm - 1

' H N M R  5 ( C D C l 3 )

13
C N M R  5 ( C D C l 3 )

ElMS (HR)

Mass Spectrum  (m/z)

2.37 (3H, s, C H 3 ), 2.65 (6 H, s, N (C H 3 )2), 2.69-2.73 

(4H, m, N C H 2 , H-3), 4.01 (2H, t, J = 5.78Hz, 

CH 2 O), 4.61 (2H, m, H-2), 6.63-6.68 (2H, d, J = 

8.52Hz, H -2" ,  H -4") ,  6.88-7.26 (lOH, m, ArH)

22.64 ( C H 3 ), 35.57 (C-3), 45.20, 45.79 (N (C H 3 )2 ), 

58.19 ( N C H 2 ), 65.61 ( C H 2 O ) ,  80.48 (C -2 ), 113.54, 

117.04 (C-3 ', C-5 '), 121.98 (C-4, C-9), 123.45 (C- 

7), 126.68 (C -2") ,  126.82 (C-6 ), 126.99 (C -4 ’), 

127.73 (C -4") ,  129.99, 130.94 (C -2 ‘, C -6 ’), 132.38 

(C-5, C -8 )

C 2 7H 29N O 2 : calculated 399.2195

observed 399.2198

3 9 9  { M \  100%), 341 (M '-58 ,  8%), 295 (M '-1 0 4 ,  

20%), 281 (M '- l  18, 25%), 265 (M^-134, 20%), 252 

(M^-147, 38%), 239 (M^-160, 45%), 226 (M^-173, 

20%) 202 (M'^-197, 20%), 189 (M^-210, 21%), 165 

(M^-234, 50%)

5-[ (4-Dimethylaminoethoxy)phenyl] -4-(2 -methylphenyl ) -2 ,3-dihydro- l-

benzoxepin (226)

The general method 2.12 was applied with the use o f  5-(4-hydroxyphenyl)-4-(2- 

m ethy lphenyl)-2 ,3 -d ihydro-l-benzoxepin  (0.00006M ), dry acetone (15mL), 

anhydrous K 2C O 3 (0.0006M) and 2-dim ethylam inoethyl chloride 

hydrogenchloride (0 .00017M) under nitrogen. Column chrom atography (eluant 

d ich lorom ethane ; ethyl acetate ; methanol; 90:5:5) was used to purify the 

product to present a light brown coloured oil in 45%> yield.

IR Vn,ax (film) 3053-2926, 2853 (CHs), 1603 (C=C), 1482, 1464

(C H 2), 1366 (C H 3), 1264, 1173 (C-O-C) cm '

'H NM R 5(C D C b) 2.32 (3H, s, C H 3), 2.36 (6 H, s, N (C H 3)2 , 2.51-2.63

(4H, m, N C H 2 , H-3), 4.51 (2H, t, J = 6 .02Hz,
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CHzO), 4.64 (2H, m, H-2), 6.61-6.63 (2H, m, H -4” , 

H-5"), 6.79-7.29 (lOH, m, ArH)

' ^ C N MR  5 (CDCl3) 19.60 (CH 3 ), 37.56 (C-3), 45.12, 45.20 (N(CH 3 )2 ),
56.57 (NCH 2 ), 66.50 (CH 2 O), 79.39 (C-2), 113.01, 

114.63 (C-3’, C-5'), 121.01, 121.36 (C-4, C-9), 

123.01 (C-7), 125.18 (C-3") 126.12 (C-6 ), 127.94 

(C-4"), 130.60 (C-6 ") 131.17, 131.24 (C-8 )

ElMS (HR) C2 7 H 2 9 NO 2 : calculated 399.2182

observed 399.2198

4-(4-Chlorophenyl) -5 -[(4-dimethylaminoethoxy)phenyl ]-2,3-dihydro- l-

benzoxepin (227)

The general method 2.12 was employed using 4-(4-chlorophenyl)-5-(4- 
hydroxyphenyI)-2,3-dihydro-l-benzoxepin (0.000062M), dry acetone (20mL), 
anhydrous K 2CO 3 (0.0006M) and 2 -dimethylaminoethylchloride 
hydrogenchloride (0.00016M) under argon. The product was isolated using 
column chromatography (eluant dichloromethane : ethyl acetate : methanol; 
70:28:2) to afford a light brown / mustard coloured oil in 95% yield, with the 
following physical properties.

IR V, (film)

' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

EIMS (HR)

3058-2926, 2870-2774 (CHs), 1602 (C=C), 1491, 
1465 (CH 2 ) , -1284  (C-Cl), 1243, 1173 (C-O-C) cm ''

2.36 (6 H, s, N(CH 3 )2 ), 2.74 (2H, m, N CH 2 ), 2.92 
(2H, t, J = 6.78Hz, H-3), 4.05 (2H, m, CH 2 O), 4.62 
(2H, m, H-2), 6.69-7.45 (12H, m, ArH)

35.45 (C-3), 45.79 (N(CH3 )2), 58.20 (NCH 2 ), 65.65 

(CH 2 O), 80.38 (C-2), 1 13.74, 115.77 (C-3‘, C-5'), 

120.74, 121.92 (C-4, C-9), 123.36 (C-7), 128.13, 

128.53 (C-3", C-5"), 128.77 (C-6 ), 129.20, 129.47 

(C-2', C-6 '), 130.79, 130.95 (C-2", C-6 "), 131.36, 

134.97 (C-5, C-8 ) 132.38 (C-4")

C 2 6 H2 6NCIO2 : calculated 419.1645

observed 419.1652
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5-I (4-DimethyIaniinoethoxy)phenyl]-4-( l-naphthyl )-2 ,3-dihydro-l-

benzoxepin (228)

T he  g e n e ra l  m e th o d  2.12 w as  app lied  us ing  5 - (4 -h y d ro x y p h e n y l) -4 - ( l -n a p h th y l) -  

2 ,3 -d ih y d ro -1 -b e n z o x ep in  (0.0001 M ), d ry  acetone  (15m L ), a n h y d ro u s  K 2 C O 3 

(0 .00  IM )  and  2 -d im e th y lam in o e th y lch lo r id e  h y d ro g en c h lo r id e  (0 .0 0 0 3 4 M ) 

u n d e r  n i trogen . The reaction  m ix tu re  w as  ref luxed  for 6 - 8 hours. T he  p roduct  

w as  p u r if ie d  us ing  flash co lum n ch ro m a to g rap h y  (e luan t d ich lo ro m e th a n e  ; ethyl 

a c e ta te  ; m e thano l;  70 ;20;5) to afford  a light b row n  co lou red  o ily  gel in 48%  

y ie ld , w ith  the  fo llow ing  physica l  p roperties ;

IR V m a x  ( f i lm )

' H N M R  6 (C D C b )

13C N M R  5 (C D C l3)

E lM S  (H R )

M a ss  S p ec tru m  (m/z)

3056 -2928 , 2864-2771 (C H s), 1606 (C = C ), 1482,

1464 (CH2), 1394 (CH3), 1243, 1174 (C -O -C )  cm  '

2 .90  ( 6 H, s, N (C H 3) 2 ), 2 .64  (2H , t, J =  5 .76H z , 

N C H 2 ), 2 .89-2 .96  (2H, m, H-3), 3.91 (2H , t, J = 

5 .78H z, C H 2 O), 4 .61 -4 .68  (2H , m, H -2 ) ,  6 .49-8 .03  

(15H , m, A rH )

35.71 (C-3), 45 .32 (N (C H 3 ) 2 ), 57.73 (N C H 2 ), 65 .20  

(C H 2 O), 79.68 (C-2), 113.00, 113.35 (C-3' ,  C -5 ') ,  

121.63 (C-4, C-9), 123.05 (C-7), 125 .09 -125 .58  (C- 

3 ” , C - 6 " ,  C -7 " ) ,  126 .44-127 .97  ( C - 2 ” , C - 4 " ,  C - 5 " ,  

C - 8 ” ), 128.07 (C - 6 ), 131.97 (C - 8 ), 133.27 ( C -9 " ) ,  

133.31 ( C -1 0 " ,  C-5)

C30H29NO2 : ca lcu la ted  435 .2208

observed  435 .2198

435 { M \  100% ), 378 (M ^-57, 4% ), 364  (M ^-71, 

5% ), 347 (M ^- 8 8 , 4% ), 331 (M ^-104 , 15%), 313 

(M ^-122, 16%), 289 (M ^-146, 27% ), 263 (M ^-172, 

12%), 239 (M ^-196, 22% ) 215 (M ^-220 , 11%), 189 

(M ^-246, 10%), 165 (M ^-270, 20% )

5-((4-Dimethylaminoethoxy)phenyl] -4-(3-nitrophenyl) -2 ,3-dihydro-l-

benzoxepin (229)

T he  genera l m ethod  2 .12  w as applied  using  5 - (4 -h y d ro x y p h e n y l)-4 - (3 -  

n i t ro p h e n y l) -  2 ,3 -d ih y d ro - l -b e n z o x e p in  (0 .00008M ), dry  ace to n e  (15m L ), 

an h y d ro u s  K2CO3 (0 .0008M ) and 2 -d im e th y lam in o e th y lc h lo r id e
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hydrogenchloride (0.0003M) under nitrogen. The product was isolated using 
column chromatography (eluant dichloromethane : ethyl acetate : methanol; 
60:25:15) to afford a mustard coloured oil in 78% yield.

IR Vniax ( f i l m )

' H N M R  5 ( C D C l 3 )

13C N M R  5 ( C D C l 3 )

EIMS (HR)

3035-2926, 2855-2707 (CHs), 1605 (C=C), 1530 (C- 

N O 2 ) ,  1482, 1442 ( C H 2 ),  1351 ( C H 3 , A r - N 0 2 ),  1243, 
1176 (C-O-C) cm"'

3.04 (6H, s, N(CH 3 )2 ), 3.48-3.63 (4H, m, N CH 2 , H- 
3), 4.55-4.64 (4H, m, CH 2 O, H-2), 6.66-7.92 (12H, 

m, ArH)

35.68 (C-3), 44.11 (N(CH3)2), 58.64 (NCH 2 ), 62.54 

(CNO 2 ), 63.32 (CH 2 O), 80.38 (C-2), 113.64, 115.13 

(C-3', C-5’), 121.19, 121.99 (C-4, C-9), 123.46 (C- 

7), 123.62 (C-2"), 128.60 (C-6), 128.94 (C-2', C-6’, 

C-4"), 130.79 (C-5"), 130.95 (C-8), 132.72 (C-5), 

137.29 (C-6")

C2 6 H 2 6 N 2 O4 : calculated M"" 430.1987 

observed 430.1893

4-(4-Cyanophenyl)-5-[ (4-dimethylaminoethoxy)phenyl]-2 ,3-dihydro-l-

benzoxepin (230)

The general method 2.12 was employed using 4-(4-cyanophenyl)-5-(4- 
hydroxyphenyl)-2,3-dihydro-l-benzoxepin (0.000062M), dry acetone (20mL), 
anhydrous K 2 CO 3 (0.0006M) and 2-dimethylaminoethylchloride 
hydrogenchloride (0.00016M) under nitrogen. The product was purified using 

flash column chromatography (eluant dichloromethane : ethyl acetate : methanol; 
40:60:10) to afford a light brown coloured oil in 83% yield.

IRvniax (film) 2923, 2880-2850 (CHs), 2225 (C^N), 1608 (C=C),

1467, 1434 ( C H 2 ),  1372 ( C H 3 ) ,  1259, 1 156 (C-O-C) 
cm''

' H N M R  5 (CDCl3 ) 2.19 (6 H, s, N(CH 3 )z), 2.37 (2H, m, N CH 2 ), 2.83
(2H, m, H-3), 3.37 (2H, m, CH 2 O), 4.35 (2H, m, H- 
2), 6.68-7.88 (12H, m, ArH)
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‘- 'c  N M R  5 (CD Cl 3 ) 3 3 . 9 9  (C-3), 44.50 (N (CH 3 )2 ), 56.94 (N C H 2 ), 65.41

(C H 2 O), 113.87 (C-3 ', C -5 '), 122.20 (C-4, C-9), 

124.94 (C-7), 128.98 (C- 6 ), 129.92 (C -2 ',  C - 6 '),

130.17 (C -3" , C -5") ,  131.85 (C - 8 ), 132.66 (C-5),

135.14 (C -2", C- 6 ")

EIMS (H R ) C 2 7 H 2 6 N 2 O 2  : calculated 410.2003

observed 410.1994

5 - |(4-Dimethylaininoethoxy)pheny! l-4-(4-formylphenyl)-2,3-dihydro- 1-

benzoxepin (231)

The general method 2.12 was employed using 4-(4-form ylphenyl)-5-(4- 

hydroxyphenyl)-2 ,3-d ihydro-l-benzoxepin  (0.00006M ), dry acetone (20mL), 

anhydrous K 2 C O 3 (0.0006M ) and 2-dim ethylam inoethylchloride 

hydrogenchloride (0 .00019M) under nitrogen. The product was isolated using 

colum n chrom atography (eluant dichloromethane : ethyl acetate : m ethanol; 

70:25:5) to afford a light brown coloured oil in 74% yield.

I R  Vr (film) 3053-2926, 2853 (CHs), 1724 (C = 0 ) ,  1464, 1429 

( C H 2 ),  1372 ( C H 3 ),  1376 ( C H 3 ) ,  1264, 1 108 (C-O-C)

cm

‘H  N M R  5 ( C D C l 3 )

13
C N M R  5 ( C D C l 3 )

EIM S (HR)

2.42 (6 H, s, N (C H 3 )2 ), 2.98-3.07 (4H, m, N C H 2 , H- 

3), 4.16 (2H, m, CH 2 O), 4.51 (2H, m, H-2), 7.02- 

8.06 (12H, m, ArH), 10.77 ( IH,  s, CHO)

33.40 (C-3), 43.65 (N (CH 3 ) 2 ), 57.03, 57.39 (N C H 2 ), 

63.91 (CH 2 O), 79.94 (C-2), 114.34 (C -3 ',  C-5 '), 

119.57 (C-9), 120.91 (C-4), 123.61 (C-7), 126.00 

(C - 6 ), 127.02, 128.07 (C -2 ‘, C - 6 '), 129.21, 129.59 

(C -2" ,  C -3" ,  C -5" ,  C - 6 "), 131.64 (C - 8 ), 134.67 (C- 

1", C-5), 172.64 (C = 0 )

C 2 7 H 2 7 N O 3 : calculated M^ 413.2025

observed M^ 413.1991
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5-[(4-Dimethylaininoethoxy)phenyl]-4-(3-pyridinyl) -2 ,3-dihydro-l -

benzoxepin (232)

The general method 2.12 was applied using 5-(4-hydroxyphenyl)-4-(3- 

pyrid inyl)-2 ,3-d ihydro-l-benzoxepin  (O.OOOllM), dry acetone (20mL), 

anhydrous K 2 C O 3 (0.001 IM ) and 2-d im ethylam inoethylchloride 

hydrogenchloride (0.00037M) under nitrogen. The product was purified using 

column chrom atography (eluant d ichlorom ethane : ethyl acetate : methanol; 

70:25:5) to afford a brown / mustard coloured oil in 49% yield, w ith  the 

following physical properties.

IR V m a x  ( f i lm )

' H N M R  5(CDCl3)

13C N M R  5(CD Cl3)

EIMS (HR)

3047-2919, 2850 (CHs), 1662, 1570 (pyrindyl

peaks), 1607 (C=C), 1483, 1442 (C H 2 ), 1265, 1 174 

(C-O-C) cm '

2.36 (6 H, s, N (CH 3 ) 2 ), 2.72-2.75 (4H, m, N C H 2 , H- 

3), 4.02 (2H, t, J = 5.76Hz, C H 2 O), 4.63 (2H, t, J = 

6.02Hz, H-2), 6.68-7.61 (12H, m, ArH)

34.88 (C-3), 45.23 (N (C H 3 )2 ), 57.65 (N C H 2 ), 65.22 

(CH 2 O), 79.76 (C-2), 113.64 (C-3 ', C -5 ') , 121.68 

(C -3"), 123.20 (C-7), 128.41 (C- 6 ), 129.32 (C -2 ',  C- 

6 '), 130.60 (C - 8 ), 132.07 (C - 6 ), 136.36 (C -T ) ,  

146.78 (C - 6 "), 139.58 (C -4") ,  149.83 (C -2") ,

C 2 5 H 2 6 N 2 O 2 : calculated 386.1998

observed 386.1994

4-(Benzo[b]furyI)-5-((4-dimethylaminoethoxy)phenylJ-2,3-dihydro-l-

benzoxepin (233)

The general method 2.12 was applied with the use o f  4-(benzo[b]furyl)- 5-(4- 

hydroxyphenyI)-2 ,3-dihydro-l-benzoxepin  (0.000062M ), dry acetone (15mL), 

anhydrous K 2 C O 3 (0.0006M ) and 2-d im ethylam inoethylchloride 

hydrogenchloride (0.00022M ) under nitrogen. Column chrom atography (eluant 

d ichlorom ethane : ethyl acetate : methanol; 60:40:2) was used to purify  the 

product to present a light brown coloured oil in 6 8 % yield.

IR Vp̂ ax (film) 2924, 2853-2772 (CHs), 1606 (C=C), 1509, 1482,

1463 (C H 2 ), 1363 (C H 3 ), 1239, 1173 (C-O -C) cm ''
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' H N M R  5(CDCl3)

13C N M R  5(CDCl3)

EIMS (HR)

2.45 (6 H, s, N (C H 3 )2 ), 2.80 (2H, m, N C H 2 ), 2.94 

(2H, t, J = 5.76Hz, H-3), 4.40 (2H, t, J = 5.52Hz, 

C H 2 O), 4.61 (2H, t, J = 5.78Hz, H-2), 6 .82-7.89 

(12H, m, ArH)

41.07 (C-3), 45.64 (N (C H 3 )2 ), 58.05 (N C H 2 ), 65.98 

(CH 2 O), 78.36 (C-2), 111.71 (CH), 114.01, 116.25 

(C-3 ', C-5 ') , 121.38, 121.92 (C-4, C-9), 123.36 (C- 

7), 124.09, 125.92 (C -3" ,  C -4") ,  128.22 (C - 6 ),

131.07 (C - 8 ), 132.07 (C-5), 155.22, 156.37 (C -1 " ,  

C- 6 ")

C 2 8 H 2 7 N O 3 ; calculated 425.1957 

observed 425.1991

5- |(4-Dimethylaminoethoxy)phenylJ-4-(3-th ienyl) -2 ,3-dihydro- l-benzoxepin

(234)

The general method 2.12 was em ployed using 5-(4-hydroxyphenyl)-4-(3- 

thienyl)- 2,3-dihydro-1-benzoxepin (0.00007M ), dry acetone (20m L), anhydrous 

K 2 C O 3 (0.0007M ) and 2-dim ethylaminoethylchloride hydrogenchloride 

(0 .00022M ) under nitrogen. The product was purified using flash colum n 

chrom atography (eluant dichloromethane : ethyl acetate : m ethanol; 50:40:10) to 

afford a light brown coloured oil in 71% yield.

IR (film)

‘H N M R  5(CDCl3)

13C NMR 5(CDCl3)

EIMS (HR)

2927-2869, 2821-2772 (CHs), 1606, 1570 (C=C), 

1482, 1465 (CH 2 ), 1243, 1172 (C-O-C) cm ''

2.41 (6 H, s, N (C H 3 )2 ), 2.73 (2H, t, J = 6.04Hz, 

N C H 2 ), 2.81(2H, t, J = 5.78Hz, H-3), 4.09 (2H, t, J = 

5.78Hz, C H 2 O), 4.65 (2H, t, J = 6 .02Hz, H-2), 6.73- 

7.28 ( I I H ,  m, ArH)

34.82 (C-3), 45.16 (N (CH 3 )2 ), 57.64 (N C H 2 ), 65.11 

(CH 2 O), 80.23 (H-2), 113.51 (C -3 ',  C -5 ') ,  121.62, 

122.55 (C-4, C-9), 123.07 (C-7), 124.24 (C -2 " ,  C- 

3") ,  127.89 (C -4") ,  128.62 (C- 6 , C -1 " ) ,  130.45 (C- 

2', C - 6 '), 131.46 (C - 8 ), 132.02 (C-5)

C 2 4 H 2 5 N S O 2 : calculated M^ 391.1609
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observed 391.1606

Mass Spectrum (m/z) 391 (M ^ 100%), 320 (M ^71 , 5%), 287 (M^-I04,
29%), 269 (M^-122, 26%), 245 (M^-146, 29%), 213 

(M"-178, 17%) 189 (M^-202, 24%), 165 (M^-226, 
36%)

5-[ (4-Dimethylaminoethoxy)phenyl ]-4-(2-furyI)-2,3-dihydro-l -benzoxepin

(235)

The general method 2.12 was applied with the use o f  4-(2-furyl)-5-(4- 
hydroxyphenyl)-2,3-dihydro-l-benzoxepin (0.00015M), dry acetone (15mL), 

anhydrous K2 CO 3 (0.0015M) and 2-dimethylaminoethyl chloride 
hydrogenchloride (0.00048M) under nitrogen. Column chromatography (eluant 
dichloromethane : ethyl acetate : methanol; 60:40:2) was used to purify the 
product to afford a dark brown coloured oil in 38% yield.

IR Vn ( f i l m )

' H N M R  5 ( C D C l 3 )

13
C N M R  6 ( C D C l 3 )

EIMS (HR)

Mass Spectrum (m/z)

3050-2916, 2848-2775 (CHs), 1606 (C=C), 1509, 

1464 (CH 2 ), 1365 (CH 3 ), 1244, 1174 (C-O-C) cm’'

2.40 (6H, s, N(CH 3 )2 ), 2.76 (4H, m, NCH 2 , H-3), 
4.11 (2H, m, CH 2O), 4.68 (2H, m, H-2), 5.71-5.75 

(IH , m, H-4"), 6.23-6.26 (IH , m, H -3” ), 6.77-7.25 

(9H, m, ArH)

32.37 (C-3), 45.75 (N(CH3)2), 58.19 (NCH 2), 65.65 

(CH 2 O), 80.02 (C-2), 109.70 (C-4"), 111.57 (C-3"), 

113.43-114.37 (C-3', C-5'), 120.40, 121.14 (C-4, C- 

9), 123.51 (C-7), 128.36 (C-6), 128.55, 129.29 (C-2’, 

C-6'), 131.66 (C-8), 132.34 (C-5), 140.56 (C-5a)

C 24H 25N O 3 : calculated M^ 375.1845

observed M^ 375.1834

375 ( M \  100%), 316 (M^-59, 4%), 287 (M^-88, 
3%), 255 (M^-120, 6%), 231 (M^-144, 13%), 202 
(M^-173, 16%) 165 (M '-210, 10%), 139 (M^-236, 
6%)
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7.3 .11.Preparation  o f  nitrobenzoxepins

1- and 9-Nitro-2 ,3-dihydro-l -benzoxepin-5-one  (236)

W hite fum ing nitric acid (14mL) was added to a stirred solution o f  2,3,4,5- 

te trahydro -1 -benzoxepin-5-one (0.0092M) in conc. nitric acid (12.5mL) at -  

30°C, at a rate such that the temperature was maintained between - 5  and -10°C. 

The solution was stirred for 0.5-1 hour at -10°C, then poured into ice-water 

(lOOmL), extracted with dichloromethane (3x20mL) and the organic layer was 

w ashed  w ith  water. Ethyl acetate was used to extract the aqueous layer, w ashed

with w ater and brine. The organic layer and the extracts from the aqueous layer

w ere com bined  and concentrated under reduced pressure. Colum n 

chrom atography  (eluant petroleum  ether ; ethyl acetate ; methanol; 90:5:5) was 

carried  out to separate the 7-nitro and 9-nitro c o m p o u n d s . R e c r y s t a l l i s a t i o n  

from ethanol w as used to purify the products further. A small quantity  o f  mixed 

isom ers w ere recovered in 22% yield as a mustard coloured oily gel.

7-Nitro-2 ,3-dihydro- l-benzoxepin-5-one (237)

The pure 7-nitro isomer was isolated in 41% yield as lemon coloured oily

crystals.

3103-3023, 2886-2779 (CHs), 1692 (C = 0 ) ,  1577

(C=C), 1534, 1360 (Ar-N02), 1493, 1450 (C H 2 ),

1277 (C-O-C) cm '

2.32 (2H, t, J = 6.78Hz, H-3), 2.95 (2H, t, J = 

7.28Hz, H-2), 4.36 (2H, t, J = 6.54Hz, H-4), 7.18 

( IH ,  d, J = 9.02Hz, H-9), 8.23-8.26 ( IH ,  dd, J = 

9.00, 3.00Hz, H-8), 8.63 (IH , d, J = 3.04Hz, H-6)

26.05 (C-3), 40.23 (C-4), 73.40 (C-2), 121.17 (C-9), 

122.33 (C-8), 125.70 (C-6), 128.13 (C-7), 133.39 

(C-5a), 207.91 (C = 0 )

9-Nitro-2 ,3-dihydro-l -benzoxepin-5-one (238)

The pure 9-nitro isomer was isolated as an orange coloured oil in 9% yield.

IR (film) 3102-2995, 2888-2830 (CHs), 1687 (C = 0 ) ,

1608,1575 (C=C), 1531, 1328 (A r-N 02), 1485, 1460 

(C H 2 ), 1280 (C-O-C) cnT'

IR Vmax (film)

' H N M R  5(C D C b)

' ^ C N M R  §(CDCl3)
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'H N M R  5(CDCl3) 2.27 (2H, t, J = 7.02Hz, H-3), 2.95 (2H, t, J =

6.78Hz, H-2), 4.43 (2H, t, J = 6.76Hz, H-4), 7.22 

(IH, t, J = 8.52Hz, H-7), 7.89-8.00 (2H, dd, J = 8.54, 

2.00Hz, H -8 , H-6 )

'^C N M R  5(CDCl3) 26.25 (C-3), 40.51 (C-4), 75.23 (C-2), 122.01 (C-7),

122.45 (C-8 ), 126.32 (C-6 ), 129.12 (C-9), 135.60 

(C-5a), 204.11 (C = 0 )

7.3 .12 .Preparation o f  5-aryl-7-nitro-benzoxepin

5-(4-M ethoxyphenyl)-7-nitro-2 ,3-d ihydro-l-benzoxepin  (240)

To a solution o f  «-BuLi (0.0038M), 4-bromoanisole (0.0038M ) and dry THF 

(30mL) was added 7-nitro-2,3-dihydro-l-benzoxepin-5-one (0.0015M ) dropwise 

under nitrogen at -78°C. [For further details review the general method 3.18] 

The compound was dehydrated with H 2 SO 4 (3mL) in ethanol (20mL). The 

product was then purified using column chromatography (eluant petroleum ether 

: ethyl acetate : dichloromethane; 90:5:5) to afford a dark brown coloured oily  

gel in 59% yield (rotamers; '̂ ’̂ ).

IR Vp (film)

'H N M R  5(CDCl3)

13 C N M R  5(CDCl3)

EIMS (LR)

2955-2924, 2851 (CHs), 1605, 1572 (C=C), 1510 

(CH2 ), 1464 (OCH3 ), 1492, 1342 (Ar-N 0 2 ), 1248, 

1179 (C-O-C) cm '

2.47'^, 2.62*  ̂ (2H, m, H-3), 3.84^, 3.87*  ̂ (3H, s, 

OCH3 ), 4.46^, 4 .58 ‘* (2H, m, H-2), 6.28'^, 6 .37 ‘̂  (IH, 

m, H-4), 6.78-8.09 (7H x 2, m, ArH)

31.86^, 32.39^ (C-3), 55.21^, 55.40^  ̂ (OCH 3 ), 

77.21^, 77.96® (C-2), 112.44, 114.89 (C-3', C-5'), 

121.31 (C-9), 122.12^, 122.59*^ (C-8 ), 123.14^, 

123.50® (C-6 ), 126.35^, 126.85® (C-7), 131.75 (C- 

5), 133.67 (C-5a, C-9a), 158.47 (C-4)

C 17H 15NO 4 : calculated M^ 297

observed M  ̂ 297
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Mass Spectrum (m/z) 297 (M ^ 100%), 282 (M^-15, 7%), 266 (M^-31,
9%), 251 (M M 6 , 8%), 222 (M^-75, 5%), 192 (M^- 
105,4% ) 190 (M"-107, 10%), 178 (M^-119, 13%)

7.3.13.Synthesis o f  4-bromo-7-nitro-benzoxepin

4-Bromo-5-(4-methoxyphenyl)-7-nitro-2,3-dihydro-l-benzoxepin (241)

The procedure 3.3 was incorporated using 5-(4-methoxyphenyl)-7-nitro-2,3- 
dihydro-l-benzoxepin (0.0005M) in dry dichloromethane (20mL) and pyridinium 
bromide perbromide (0.00076M). The solution was allowed to stir at room 
temperature for 12hr. Column chromatography (eluant petroleum ether : ethyl 
acetate ; dichloromethane; 95:5:5) was carried out to purify the product as a wine 

coloured oil in 22% yield.

IR V ma x  (film)

' H  N M R  5 ( C D C l 3 )

13
C  NMR 5 ( C D C l 3 )

EIMS (LR)

Mass Spectrum (m/z)

2955-2916, 2847 (CHs), 1609, 1567 (C=C), 1548, 

1341 (Ar-N02), 1508, 1479 ( C H 2 ),  1459 ( O C H 3 ),  

1246 (C-O-C) cm '

3.13 (2H, t, J = 5.78Hz, H-3), 3.89 (3H, s, O C H 3 ), 

4.69 (2H, t, J = 5.52Hz, H-2), 6.95-6.98 (2H,d, J = 

8.52Hz, H-8, H-9), 7.15-7.74 (4H, m, ArH), 8.05- 

8.08 ( IH,  dd, J = 9.04, 3.00Hz, H-6)

40.96 (C-3), 54.78 (O C H 3 ), 76.71 (C-2), 113.59, 

115.22 (C-3 ', C-5 '), 122.34 (C-9), 123.50 (C-8), 

124.61 (C-6), 127.12 (C-7), 130.45 (C -2 ‘, C -6 ') ,  

132.43 (C-5a, C-9a), 158.87 (C-4)

C i 7H , 4B rN 0 4  : calculated M^ 376

observed M"̂  377 and 375

377 { M \  100%), 377 (M^-2, 88%), 347 (M^-30, 

5%), 296 (M^-80, 47%), 282 (M^-95, 7%), 270 

(M'"-107, 37%), 250 (M^-127, 25%), 235 (M^-122, 

19%), 224 (M^-153, 15%), 205 (M^-172, 21%), 189 

(M^-282, 32%) 176 (M"-201, 57%), 152 (M^-225, 

41%)
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7.3.14. Suzuki coupling o f  7-nitro benzoxepin

5-(4-Methoxyphenyl)-7-nitro-4-phenyI-2,3-dihydro-l-benzoxepin (242)

The general method 3.9 was employed using 4-brom o-5-(4-hydroxyphenyl)-7- 

n itro -2 ,3 -d ihydro-l-benzoxepin  (0.00005M), dry THF (20mL) and Pd(PPh 3 ) 4  

(lOmg). To this was added phenylboronic acid (0 .00018M) and 2M sodium 

carbonate (0.0004M ) and the resulting solution was refluxed at 80°C for 6 - 8 hr. 

The product was isolated using flash column chrom atography (eluant petroleum  

ether ; ethyl acetate; 95:5) to afford a light brown coloured oil in 41%  yield.

IR Vmax  (film)

' H N M R  5(CDCl3)

13 C N M R  6(CDCl3)

EIMS (LR)

Mass Spectrum  (m/z)

3051-2926, 2850 (CHs), 1606, 1571 (C=C), 1519, 

1343 (A r-N 0 2 ), 1462 (CHz), 1375 (O C H 3 ), 1247, 

1171 (C-O-C) cm ’’

2.79 (2H, t, J = 5.76Hz, H-3), 3.78 (3H, s, O C H 3 ), 

4.75 (2H, t, J = 5.76Hz, H-2), 6.68-7.82 (12H, m, 

ArH)

35.14 (C-3), 54.66 (O C H 3 ), 80.82 (C-2), 113.13, 

114.82 (C -3’, C -5 ’), 120.31 (C-4), 122.58 (C-9), 

123.19 (C - 8 ), 126.38 (C- 6 ), 126.59 (C -4") ,  127.69 

(C-7), 128.38, 128.82 (C -2" , C - 6 ") ,  129.18 (C -3 " ,  

C -5") ,  130.42, 130.45 (C-2 ', C - 6 '), 131.87 (C-5a, C- 

9a)

C 2 3 H 1 9N O 4 : calculated M^ 373

observed 373

373 ( M \  100%), 345 (M^-28, 9%), 282 (M^-91, 

5%), 270 (M^-103, 64%), 253 (M^-120, 15%), 239 

(M^-134, 19%), 224 (M^-149, 27%)

7.3.15.Synthesis o f  4-arylmethylene benzoxepin-5-one

General M ethod 3.15

2 ,3 ,4 ,5 -te trahydro-l-benzoxep in-5-one (0.004M ) and the appropriately 

substitu ted  benzaldehyde (0.004M ) were dissolved in ethanol (15mL) and stirred 

gently. HCl gas was bubbled through the solution, until the reaction was 

observed to be complete via TLC monitoring. The solution was stirred in an ice
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cool bath for a further 12hr, after which a solid precipitate is observed. The 
product is filtered, washed with water and sodium metabisulphite (40%). 
Column chromatography and / or recrystallisation were carried out to purify the 

compound.

4-PhenyImethylene-2 ,3 ,4 ,5-tetrahydro-l-benzoxepin-5-one (245)

The general method 3.15 was employed using 2,3,4,5-tetrahydro-l-benzoxepin- 
5-one (0.003M) and benzaldehyde (0.003M). Column chromatography (eluant 
dichloromethane : petroleum ether; 75:15) was used to purify the product as a 
lemon coloured oil''*^ in 38% yield.

IRvmax(film) 3107-3016, 2993-2797 (CHs), 1676 (C =0), 1605,

1574 (C=C), 1456 (CH 2 ), 1105 (C-O-C) cm"'

'H NMR 5(CDCl3) 3.07 (2H, t, J = 5.68Hz, H-3), 4.38 (2H, t, J =

5.68Hz, H-2), 7.08-7.75 (lOH, m, 9ArH, Ivinyl H)

'■'C NMR 5(CDCl3) 28.71 (C-3), 57.65 (C-4), 72.27 (C-2), 119.55 (C-8),

122.46 (C-9), 128.86 (C-5a), 128.86 (C-2', C-6'), 

129.34 (C-6), 129.56, 130.94 (C-3', C-4', C-5'), 

133.39 (C-7), 136.78 (C-T), 161.78 (C-9a), 199.13 

(C-5)

4-(4-Methylphenyl)methylene-2 ,3 ,4 ,5-tetrahydro- l-benzoxepin-5-one (246)

The general method 3.15 was applied using 2,3,4,5-tetrahydro-l-benzoxepin-5- 
one (0 .012M) and /7-tolualdehyde (0.012M). The product was isolated from 
column chromatography (eluant dichloromethane ; petroleum ether; 50:50), 
followed by recrystallisation from ethanol as a cream coloured crystalline 

material in 81% yield; m.p. 116.5-117.5°C [lit. m.p. 117-118°C]^^^

IRvn^ax(KBr) 3082-2999, 2976-2785 (CHs), 1665 (C =0), 1603

(C=C), 1451 (CH 2 ), 1376 (CH 3 ) cm''

'H NMR 5(CDCl3) 2.36 (3H, s, CH 3), 2.97 (2H, t, J = 5.64Hz, H-3),
4.37 (2H, t, J = 5.64Hz, H-2), 7.07 ( IH,  d, J =

7.98Hz, H-9), 7.12 (IH,  d, J = 7.56Hz H-8), 7.19- 

7.21 (2H, m, H-3', H-5'), 7.30-7.36 (IH,  m, H-2', H-
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6 '), 7.42 (IH,  t, J =7 .7 6H z,  H-7),  7.78 ( IH ,  s, H -10) ,  

7.97 ( IH,  dd, J = 7.71,  1.76Hz,  H - 6 )

' ^ C N M R  5 (C D C l 3 ) 31.13 (CH 3 ), 32.25 (C-3),  56 .76 (C-4) ,  72 .28  (C-2) ,

119.93,  122.40 (C-8,  C-9) ,  128.74 (C-5a) ,  128.98  

(C-2',  C-6'),  129.14 ( C - 3 ‘, C-5'),  129.38 (C-6) ,  

133.30 (C-7),  135.36 (C-4'),  137.11 ( C - T ) ,  161.04,  

161.70 (C-9a),  199.12 (C-5)

73 .16 .Preparation o f  4-arylmethylbenzoxepin-5-one

General Method 3.16

A suspension o f  the appropriately substituted 4-arylmethylenebenzoxepin  

(0 .0 1 8M ) in ethanol (40mL) was stirred under heat until complete  dissolution  

occurred. 10% Pd (0 .017M) on activated charcoal was added and the reaction 

mixture was stirred at room temperature under an atmosphere o f  H2 . Stirring 

was maintained until TLC analysis verified that hydrogenation o f  the starting 

material was complete.  The catalyst was then removed via filtration, washed  

with ethanol and the solvent  was evaporated under reduced pressure. The crude 

product was purified by recrystallisation from ethanol.

The general method 3.16 was applied using 4-phenylmethylene-2 ,3 ,4 ,5 -  

tetrahydro-l-benzoxepin-5-one  ( 0 .0 0 16M) in ethanol (25mL) and 10% Pd 

catalyst.  The product was isolated directly as lemon coloured oil in 98% yield.  

Upon analysis an alternative product was produced where the carbonyl  group 

was also hydrogenated to a CH 2 .

4-Phenylmethyl -2,3,4 ,5-tetrahydro- l-benzoxepin  (247)

IR Vmax (film)ma x 3086-2995 ,  2983-2814  (CHs),  1602,  1579 (C=C) ,  

1492, 1456 (CH 2 ), 1218 (C-O-C) cm '

H N M R  5(CDCl3) 1.80 (IH,  m, H-3), 1.95 (2H, m, H-5) ,  2 .63 ( IH ,  m,  

H-3), 2.75 (IH,  m, H-10) , 12.80 ( IH ,  m, H-10) ,  3 .76  

( IH ,  dt, J = 12.23, 2 .37Hz,  H-2) ,  ( IH ,  m, H-2) ,  6 .99-  

7.31 (7H, m, ArH), 7 .19-7.21 ( IH ,  d, J = 7 .22H z,  H- 

7), 7 .31-7.33 ( IH,  d, J = 7.55Hz,  H-6)
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13 C N M R  5(CDCl3)

El MS (LR)

37.44 (C-3), 37.85 (C-4), 39.47 (C-10), 42.24 (C-5), 

71.42 (C-2), 12.59, 122.92 (C - 8 , C-9), 128.70 (C -2 ’, 

C - 6 '), 129.11, 130.85 (C - 6 , C -3 ’, C-5 '), 133.01 (C- 

7), 140.05 (C-r, C-4')

C nH igO  ; calculated 252.3122

observed 238 (Product over-hydrogenated)

4-(4-Methylphenyl)methyl-2,3,4,5-te trahydro- l-benzoxepin-5-one (248)

The procedure 3.16 outlined was employed using 4-(4-m ethylphenyl)m ethylene- 

2 ,3 ,4 ,5 -terahydro-l-benzoxepin-5-one (0.018M) in ethanol (50mL) and 10% Pd 

catalyst. The product was isolated using column chrom atography (eluant 

petroleum  ether : ethyl acetate; 90:10) as yellow coloured oiP^^ in 83% yield, 

with the following physical properties.

I R  V p i a x  (film)

' H N M R  5(CDCl3)

13C N M R  6 (C D C l 3 )

3080-2996, 2977-2827 (CHs), 1687 ( C = 0 ) ,  1600, 

1573 (C=C), 1506, 1477, 1450 (C H 2 ), 1377 (C H 3 ),

1208 (C-O-C) cm ''

1.79 ( IH,  m, H-3), 2.35 (3H, s, C H 3 ), 2 .37-2.49 ( I H,  

m, H-3), 2.79 ( IH,  dd, J = 13.89, 8.06Hz, H-10), 

3.29 ( IH,  dd, J = 13.98, 6.31Hz, H-10), 3.40 ( I H,  m, 

H-4), 3.92-3.99 ( IH,  dt, J = 12.10, 4 .99Hz, H-2), 

4.49 ( IH,  ddd, J = 12.42, 6.95, 2 .59Hz, H-2), 6.94- 

7.12 ( 6 H, m, ArH), 7.42 ( IH,  dt, J = 7.88, 2 .00Hz, 

H-7), 7.74 ( IH,  dd, J = 7.79, 1.67Hz, H - 6 )

20.94 (CH 3 ), 34.36 (C-3), 34.78 (C-10), 51.26 (C-4), 

72.34 (C-2), 119.97, 122.24 (C - 8 , C-9), 128.86 (C- 

5a), 128.98 (C-2', C - 6 '), 129.03 (C -3 ',  C -5 ',  C - 6 ), 

132.74 (C-7), 135.18 (C-4 ') , 136.12 (C-1 '),  161.91 

(C-9a), 201.57 (C-5)

7.3.17. Preparation o f  substitu ted phenyl bromide

4-(2-(DimethyIamino)ethoxy|phenyl bromide (249)

The title com pound was prepared using the general method 2.12 wi th 4- 

brom ophenol (0.0059M ), anhydrous K2 CO 3 (0.059M ), dry acetone (25m L) and
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2-dimethylaminoethylchloride hydrogenchloride (0.00095M).  The reaction 

mixture was refluxed for 4-6hr  under nitrogen.  The product  was isolated using 

flash column chromatography (eluant dichloromethane ; methanol;  90:10) as a 

rusty / brown coloured oil '̂*' in 98% yield.

[R Vr (film)

' H N M R  5(CDCl3)

13 C N M R  5(CDCl3)

3104-3020,  3000-2912 (CHs), 1592 (C=C),  1488 

(CH 2 ), 1376 (N CH 3 ), 1288, 1244 (C -N ) ,  1100-1076 

(C-Br) cm' '

2.20 (6H, s, N (C H 3 )2 ), 2.58 (2H, t, J = 5.72Hz,  

C H 2N), 3.88 (2H, t, J = 5.71Hz,  C H 2O), 6.65-6.69 

(2H, dd, J = 5.50, 1.79Hz, H -3 ” , H - 5 ” ), 7.20-7.24 

(2H, dd, J -  5.59, 2.16Hz,  H -2" ,  H -6 " )

45.29 (N(CH3)2), 57.58 (N C H 2 ), 65.76 (O C H 2 ), 

112.27 (C-1") ,  115.87 (C-3" ,  C -5" ) ,  131.61 (C- 

2 " ,C - 6 ” ), 157.43 (C-4")

7.3.18. Preparation o f  4-arylm elhyl-5-phenylbenzoxepin-5-ol

General  Method 3.18

//-BuLi (0.01 IM, 2.5M in hexane) was added dropwise to a stirred solut ion o f  a 

subst i tuted phenyl  bromide (0.0041 M) in dry THF (25mL) at - 7 8 ° C  under an 

atmosphere o f  nitrogen. This solution was allowed to stir for 1 hour  under these 

condi t ions after which a solution o f  4-(4-methylphenyl)methyl-2,3,4,5-  

te tr ahydro- l-benzoxepin-5-one  (0 .002IM) in dry THF (20mL) was  added slowly 

at -78°C. This reaction mixture for 1 hour at - 7 8 ° C  and then stirred at ambient  

temperature for 12hr. Post this period the reaction was  extracted with diethyl 

ether  (3x20mL),  washed with water,  saturated NaCl (20mL),  dried over M g S 0 4  

and concentrated. Product  purif ication was carried out using flash column 

chromatography.

Attem pted preparation o f  5-[(4-dim ethylam inoethoxy)phenyl]-4-(4-  

m ethylphenyl)m ethyl-2 ,3-dihydro-l-benzoxepin-5-o l (250)

The  general method 3.18 was employed using «-BuLi (3.2mL, 2.5M in Hexane),  

4- [2-(dimethylamino)ethoxy]phenyl  bromide (0.0023M) in dry THF (25mL) and 

4-(4-methylphenyl)methyl-2,3 ,4 ,5- te trahydro-1 -benzoxepin-5-one (0.00075M) 

under nitrogen.  Column chromatography (eluant dichloromethane : ethyl acetate
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; petroleum  ether : triethylamine; 85:10:5:0.2), was carried out to purify this 

product affording the starting material in 1 0 0 % yield.

5-(4-Methoxyphenyl)-4- (4-methylphenyl)methyl-2 ,3 ,4 ,5-tetrahydro-l -

benzoxepin-5-ol (251)

The general procedure 3.18 was applied using «-BuLi (7.0mL, 2.5M in Hexane),

4-brom oaniso le  (0.0047M ) in dry THF (25mL) and 4-(4-m ethylphenyl)m ethyI- 

2 ,3 ,4 ,5 -te trahydro-l-benzoxep in-5-one (0.0023M) under nitrogen. The product 

was isolated using column chromatography (eluant dichlorom ethane : ethyl 

acetate; 98:2), as a light brown coloured oil^^^ in 74% yield.

[R V m a x  (film)

' H N M R  6 (C D C l 3 )

13C N M R 6(CDCl3)

EIMS (LR)

3602-3175 (OH), 3169-3034, 2991-2896 (CHs), 

1610, (C=C), 1511, 1485 (C H 2 ), 1376 (C H 3 ) cm '

1.89 ( IH , m, H-3), 2.08 ( IH,  s, OH ex. D 2 O), 2.32 

(3H, s, C H 3 ), 2.49-2.53 ( IH,  m, H-3), 2.90 ( I H,  m, 

H-4), 3.04 (2H, dd, J = 10.56, 3.48Hz, H-10), 3.80 

( IH,  m, H-2), 3.81 (3H, s, O C H 3 ), 4.01 ( I H,  m, H- 

2), 6.83-6.87 (2H, d, J = 8.52Hz, H -3 " ,  H -5 ") ,  7.04- 

7.43 (9H, m, ArH), 7.61-7.63 ( I H,  dd, J = 8.00, 

1.48Hz, H-6 )

20.50 (C H 3 ), 28.05 (C-3), 29.23 (C-10), 49.95 (C-4), 

54.75 (O CH 3 ), 67.59 (C-2), 112.99, 113.21 (C -3 ” , 

C -5") ,  121.82, 123.70 (C - 8 , C-9), 126.57 (C -4”), 

127.46 (C-5a), 128.43 (C -2” , C - 6 ” ), 128.53 (C -2 ‘, 

C - 6 '), 128.59 (C-6 , C -3 ',  C -5 ’), 134.81 (C-7), 136.66 

(C-4 ') , 136.99 (C-1'), 156.31 (C-5), 158.43 (C-9a)

C 2 5 H 2 6 O 3 : calculated 374 

observed 374

7.3.19. Dehydration o f  4-arylmethyl-5-phenyl-I-henzoxepin-5-ol

5-(4-Methoxyphenyl) -4- (4-methylphenyl)methyl-2,3-dihydro- l-benzoxepin

(252)

A solution o f  5-(4-m ethoxyphenyi)-4-(4-m ethylphenyl)m ethyl-2 ,3,4,5- 

te trahydro-1-benzoxepin-5-ol (0.00088M) in EtOH (30mL) and 85%

333



p o ly p h o sp h o r i c  acid (0 .12M )  w as  ref luxed for 2-3hr .  The  resu l t ing  so lu t ion  w a s  

neu tr a l i sed  w i th  N a O H  (20%  w/v ,  20m L),  w ashed  with w a te r  (70m L ) ,  b r in e  

ex t rac ted  w i th  ethyl acetate  (3x25mL) ,  dried ove r  N a 2 S 0 4  and concen t ra ted .  

C o l u m n  c h ro m a to g ra p h y  (eluant  d ich lo romethane  : pe tro leum  ether ;  40 :60 )  to 

a ffo rd  a c re a m  co loured  oil in 79%  yield,  with the fol lowing phys ica l  proper t ie s .

I R  V m a x  ( f i l m )

' H  N M R  5 ( C D C l 3 )

13
C  N M R  5 ( C D C l 3 )

E l M S  (LR)

2984-2881 ,  2872-2809  (CHs),  1605, 1573 (C = C ) ,  

1483, 1462 ( C H 2 ),  1444 ( O C H 3 ),  1379 ( C H 3 ) cm  '

2 .30  (2H,  t, J = 6 .28Hz,  H-3) ,  2.35 (3H,  s, C H 3 ), 

3 .64  (2H,  s, H-10) ,  3.83 (3H,  s, O C H 3 ), 4 .34  ( I H ,  t, 

J = 6.26Hz,  H-2) ,  6 .83-6 .87  (2H ,dd ,  J = 9.04,  

1 .70Hz,  H - 3 " ,  H - 5 " ) ,  6 .98-7 .28  ( 1 IH ,  m,  ArH )

20 .54  ( C H 3 ), 31.99 (C-3) ,  40 .04  ( C - 1 0 ), 54 .73 

( O C H 3 ), 79.97 (C-2),  113.06 ( C - 3 " ,  C - 5 ” ), 121.44,  

122.79 (C - 8 , C-9) ,  127.35 ( C - 4 " ) ,  128.31 ( C - 6 , C-  

2 " ,  C - 6 ") ,  128.64 (C-2 ' ,  C - 6 ' ), 130.50 (C -3 ' ,  C - 5 ' ) ,  

130.49 (C-7) ,  133.37 (C-4),  136.08, 136.12, 136.35 

(C-5a,  C - l ' , C - 5 ) ,  136.44 (C-4 ' ) ,  155.31 (C-9a)

C 2 5 H 2 4 O 2 ; calculated M" 350 

observed  350

7.3.20.Demethylation o f  4-arylmethyl-5-(4-methoxyplienyl)~l-beitzoxepiii

5-(4-Hydroxyphenyl) -4- (4-methylphenyl)methyl-2 ,3-dihydro- l-benzoxepin

(253)

T h e  p r o c e d u r e  incorpora ted  in 4 .2 .6  was  carried out  to p repare  this  c o m p o u n d ,  

us ing  5 - ( 4 - m e t h o x y p h e n y l ) -4 - (4 - m e th y lp h e n y l )m e th y l - 2 ,3 -d ih y d ro - l - b e n z o x e p in  

( 0 .0 0 0 4 M )  in dry  d ich lo rom e thane  (15m L)  and boron  t r ib rom ide  (0 .0082M ) .  

Th i s  so lu t ion  w a s  s ti r red at - 7 8 ° C  for 1 hour.  The  product  w a s  pur if ied  u s ing

c o lu m n  c h ro m a to g r a p h y  (eluant  d ich lo romethane  : ethyl acetate;  99 :1) ,  as a

b r o w n  oi ly  gel  in 9 8%  yield.

IR (f i lm) 3678-3202  (OH),  3078-2924 ,  2 9 1 4 -2 8 3 9  (CHs) ,

1608,  1579 (C=C),  1479, 1454 ( C H 2 ),  1379 ( C H 3 ),

1251,  1216 ( C - O - C ) ,  1181 ( C - O H )  cm '
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' H N M R  6(C D C l3)

1 3 C N M R  5(C D C l3 )

EIMS (HR)

2.28 (2H, t, J = 6.28Hz, H-3), 2.45 (3H, s, CH 3 ), 

3.63 (2H, s, H-10), 4.33 (2H, t, J = 6.28Hz, H-2), 
6.79-7.12 ( I IH,  m, ArH)

21.00 (CH 3), 32.44 (C-3), 40.48 (C-10), 80.45 (C-2), 

114.98 (C-3", C-5"). 121.94, 123.29 (C-8 , C-9), 

127.85 (C-6 ), 128.79 (C-2", C-6 ", C-2', C-6 '), 

129.12 (C-3', C-5'), 130.93 (C-7), 154.47 (C-4"), 

155.77 (C-9a)

C 2 8 H3 1 O 2 : calculated 342.1638 

observed 342.1620

73.21. Alkylation Reactions o f  benzoxepins

5-[(4-Dimethylaniinoethoxy)phenyI]-4-(4-methylphenyl)methyI-2 ,3-dihydro-

1-beiizoxepin (254)

The general method 2.8 outlined was employed using 5(4-hydroxyphenyl)-4-(4- 
methylphenyl)methyl-2,3-dihydro-l-benzoxepin (0.00013M) in dry acetone 
(6 mL), anhydrous K2 CO 3 (0.003M) and 2-(dimethylamino)ethylehloride 
hydrogenchloride (0.00045M). Preparative layer chromatography (developing 
solvent dichloromethane ; ethyl acetate ; methanol; 50:50:10) afforded an orange 
coloured oil in 2 0 % yield, with the following characteristics.

IR V m a x  ( f i lm )

'H N M R  5(C D C l3 )

13C N M R  6(C D C l3)

3002-2889, 2873-2791 (C H s) ,  1605, 1581 (C=C), 

1462 ( C H 2 ), 1380 ( C H 3 ), 1284, 1242 (CN), 1175 (C- 

0 - C )  cm '

2.28 (2H, t, J = 8.48Hz, H-3), 2.32 (6 H, s, N (C H 3)2 ), 
2.34 (3H, s, CH3), 2.75 (2H, m, NCH 2 ), 3.60 (2H, s, 
H-10), 4.05 (2H, m, CH 2 O), 4.30 (2H, t, J = 8.34Hz, 

H-2), 6.78-6.83 (2H, d, J = 9.04Hz, H -3", H-5"), 

6.86-7.15 (lOH, m, ArH)

20.39 (CH 3), 29.62 (C-3), 40.39 (C-10), 45.67 

(N(CH3 )2), 58.10 (NCH 2 ), 65.82 (CH 2 O), 80.45 (C- 

2), 114.07 (C-3", C-5"), 120.48, 120.91(C-8, C-9), 

127.75 (C-6 ), 127.99-128.32 (C-2’, C-6 ', C -2",C- 

6 "), 130.20, 130.31 (C-3', C-5'), 130.74 (C-7),
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134.51 (C-4), 138.15 (C-5a, C-1 ', C-5), 158.35 (C- 

4"), 159.67 (C-9a)

EIMS (HR) C 2 8 H 3 1 NO 2 : calculated M M  13.2709

observed 413.2355

Mass Spectrum (m/z) 413 (M^, 73%), 355 (M'^-58, 6 8 %), 342 (M^-71,

72%), 325 (M^-8 8 , 59%), 295 (M^-118, 56%), 281 

(M^-132, 18%), 264 (M^-149, 22%), 252 (M^-161, 

45%), 239 (M^-174, 23%), 215 (M^-198, 94%), 202 

(M^-211, 83%), 189 (M^-224, 89%), 178 (M^-235, 

100%) 165 (M^-248, 100%), 152 (M^-261, 100%,), 

115 (M^-298, 97%), 105 (M '-308, 100%),

5-[(4 -D iethy laminoethoxy)pheny l] -4 - (4 -M ethy lp heny l)methyI-2 ,3 -d ihydro- l-

benzoxepin (255)

The general method 2.8 was applied using 5-(4-hydroxyphenyl)-4-(4- 

methylphenyr)methyl-2,3-dihydro-l-benzoxepin (0.000 IM) in dry acetone 

(5mL), anhydrous K 2 CO 3 (0.003M) and 2-(diethylamino)ethylchloride 

hydrogenchloride (0.0004M). The product was isolated as a colourless oil using 

preparative layer chromatography (developing solvent dichloromethane : ethyl 

acetate : methanol; 50:50:10) in 27%> yield.

IR Vmax (film)

' H N M R  5(CDCl3)

13 C N M R  5(CDCl3)

3063-2895, 2881-2807 (CHs), 1608, 1573 (C=C), 

1485, 1465 (CH 2 ), 1381 (CH 3 ), 1278, 1244 (CN), 

1174 (C-O-C) cm '

2.19 (5H, s, N(CH 3 CH 2 )), 2.29 (2H, t, J = 6.28Hz, H- 

3), 2.34 (8 H, s, N(CH 3 CH 2 ), CH 3 ), 2.73 (2H, m, 

N CH 2 ), 3.62 (2H, s, H-10), 4 .1 1 (2H, m, CH 2 O), 4.32 

(2H, t, 6.82Hz, H-2), 6.86-6.89 (2H, dd, J = 9.04, 

2.48Hz, H -3", H -5"), 6.86-7.15 (lOH, m, ArH),

22.69 (CH 3), 29.69 (N(CH 3 )2 ), 32.35 (C-3), 40.40 

(C-10), 47.59 (N(CH 2 CH 3 )2 ), 53.42 (NCH 2 ), 70.77 

(CH 2 O), 80.72 (C-2), 113.38, 114.00 (C-3", C -5") ,  

121.92, 123.29 (C-8 , C-9), 127.81 (C-6 ), 128.74, 

129.21 (C-2’, C-6 ', C-2 ', C- 6 "), 130.74 (C-3', C-5'),
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EIMS (HR)

M ass Spectrum  (m/z)

130.92 (C-7), 135.65 (C-4), 136.49, 136.85 (C-5a, 

C -1 ',  C-5), 155.70 (C -4 " ) ,  157.67 (C-9a)

C 30H 35N O 2 ; calculated 441 .2669

observed 441.2668

441 ( M \  72%), 368 (M^-73, 65% ), 295 (M ^-146, 

53%), 281 (M^-160, 49% ), 264 (M^-177, 48% ), 252 

(M^-189, 35%), 239 (M^-202, 36% ), 221 (M "-220, 

21% ), 189 (M^-252, 19%), 178 (M^-263, 55% ) 165 

(M^-276, 100%), 128 (M^-313, 97% ). 105 (M ^-336, 

90% ), 8 6  (M^-355, 100%),

4- (4 -M ethy lphenyl )m eth yl-5 -[ (4 -pyrroI id iny le th oxy)phenyi] -2 ,3 -d ihydro- l-

benzoxepin (256)

The general m ethod 2.8 was applied using 5 -(4 -hydroxypheny l)-4 -(4 -  

m ethy lpheny l)m ethy l-2 ,3 -d ihyd ro - l-benzoxep in  (8 .3x10'^M) in dry acetone  

(5m L), anhydrous K2CO3 (0 .0024M ) and 4 -(2 -ch lo roe thy l)pyrro lid ine  

hydroch loride  (0 .00025M ). The product was isolated as a light brown co loured  

oil using p repara tive  layer chrom atography  (developing solvent d ich lo rom ethane  

: ethyl acetate  : m ethanol;  55:44:6) in 21%  yield.

I R  V m a x  (film)

' H N M R  5 (C D C l3)

13C N M R  S(C D C l 3 ) 

EIM S (HR)

2955-2917, 2849 (CHs), 1575 (C=C), 1514, 1463, 

1458 (C H 2 ), 1376 (C H 3 ) cm'"

1.73 (4H, m, H - 2 " " ,  H - 3 " " ) ,  2.08 (2H, m, H-3), 

2.19 (3H, s, C H 3 ), 2.82 (4H, m, H - l " " ,  H - 4 " " ) ,  2 .89 

(2H, m, N C H 2 ), 3.67 (2H, s, H-10), 4.12 (2H , m, 

C H 2 O), 4.19 (2H, m, H-2), 6 .54-6 .55 (2H, d, J = 

4 .52H z, H -3 ’’, H -5 ” ), 6 .81-7 .56 ( lO H, m, ArH)

sam ple too insoluble for N M R

C30H33NO2 : calculated M^ 439.2542

observed M^ 439.2511

337



4-(4-M ethylphenyl)methyI-5-[(4-piperidinylethoxy)phenyI]-2,3-dihydro-l-

benzoxepin (257)

The general method 2.8 was applied using 5(4-hydroxyphenyl)-4-(4-methyl 

phenyl)m ethyl-2,3-dihydro-l-benzoxepin (0.00025M) in dry acetone (5mL), 

anhydrous K 2CO 3 (0.0072M) and l-(2-chloroethylpiperidine)monohydrochloride 

(0 .0015M). The product was purified as a lemon coloured oil using preparative 

layer chromatography (developing solvent dichloromethane : ethyl acetate : 

methanol; 50:60:8) in 31% yield.

IR v,nax (film)

'H NMR 5(CDCl3)

13 C NMR 5(CDCl3)

EIMS (HR)

Mass Spectrum (m/z)

3093-2993, 2976-2828 (CHs), 1607, 1570 (C=C), 

1485, 1462, 1442 (CH 2 ), 1352 (CH 3 ) cm ’’

1.62 (6 H, m, H -2 '" ,  H -3 '" ,  H -4 '” ), 2.29 (2H, t, J = 

6.26Hz, H-3), 2.34 (3H, s, CH 3 ), 2.54 (4H, m, H -1 '" ,  

H -5 '" ) ,  2.80 (2H, t, J = 6.02Hz, N C H 2 ), 3.63 (2H, s, 

H-10), 4.13 (2H, t, J = 6.04Hz, CH 2O), 4.32 (2H, t, J 

= 6.02Hz, H-2), 6.84-6.87 (2H, dd, J = 10.56, 

2.00Hz, H -3", H-5"), 6.97-7.25 (lOH, m, ArH)

22.54 (CH 3 ), 25.44 (C -2 " ’, C -3 " ',  C -4 " ') ,  31.97 (C- 

3), 40.02 (C-IO), 54.55 (C -T " ,  C -5 " ') ,  57.51 

(NCH 2 ), 70.77 (CH 2O), 80.72 (C-2), 113.68 (C -3" , 

C-5"), 121.44, 122.80 (C-8 , C-9), 127.34 (C-6 ), 

128.31, 128.71 (C-2', C-6 ', C -2", C -6 "), 130.49 (C- 

3', C-5'), 130.85 (C-7), 135.18 (C-4), 136.06, 136.13 

(C-5a, C - r ,  C-5), 157.28 (C-9a)

C 3 1 H 3 5NO 2 : calculated M^ 453.2660

observed M^ 453.2668

453 ( M \  71%), 423 (M^-30, 51%), 368 (M ^ 8 5 ,  

49%), 325 (M^-128, 63%), 264 (M^-189, 15%), 252 

(M^-201, 10%), 239 (M^-214, 29%), 219 (M^-234, 

51%), 202 (M^-251, 63%), 189 (M^-264, 45%). 178 

(M'"-275, 28%) 165 (M ^288 , 13%), 152 (M^-301, 

75%). 112 (M^-341, 98%) 98 (M"-355, 100%)
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4-(4-MethyIphenyl)methyl-5-[(4-morpholinylethoxy)phenyl)-2,3-dihydro-l-

benzoxepin (258)

T he general m ethod 2.8 was applied using 5 -(4 -hydroxyphenyl)-4 -(4 -m ethy l 

pheny l)m ethy l-2 ,3 -d ihyd ro -l-benzoxep in  (8 .25x10'^M) in dry  acetone  ( 8 m L), 

anhydrous  K 2 C O 3 (0 .0024M ) and 4 -(2 -ch lo roe thy lm orpholine)hydroch loride  

(0 .00025M ). The product was purified as a light brown coloured  oil using 

p repara tive  layer chrom atography (developing solvent d ich lo rom ethane  : ethyl 

ace ta te  : m ethanol;  50:44:6) in 19% yield.

IR Vmax  (film)

' H N M R  5 (C D C l3)

13 C N M R  S(C D C l 3 )

EIM S (HR)

2955-2917, 2849 (CHs), 1604, 1575 (C=C), 1514, 

1463, 1454 (C H 2 ), 1377 (C H 3 ) cm"'

2.03 (2H, m, H-3), 2 .34 (3H, s, C H 3 ), 2 .64 (2H, m, 

N C H 2 ), 2.86 (4H, m, H - T " ,  H -4 '" ) ,  3 .67 (2H, s, H- 

10), 3.76 (4H, m, H - 2 '” , H -3 '" ) ,  4.18 (2H, m, 

CH 2 O), 4.34 (2H, m, H-2), 6 .63-6 .66 (2H, dd, J = 

7.52, 1.50Hz, H -3 " ,  H -5 " ) ,  6.73-7.11 (lOH, m, 

ArH),

22.69 (C H 3 ), 31.93 (C-3), 39.51 (C-10), 54.11 (C- 

1 " ' ,  C -4 '" ) ,  57.65 (N C H 2 ), 67.00 (C H 2 O, C -3 ’” , C- 

2 " ' ) ,  69.02 (C-2), 113.30 (C -3 " ,  C -5 " ) ,  121.67 (C - 8 , 

C-9), 128.82 (C-2', C - 6 ', C -2 " ,  C - 6 "), 130.92 (C -3 ',  

C -5 ') ,  132.43 (C-7), 136.40 (C-4), 137.52 (C-5a, C- 

l ' , C - 5 )

C30H33NO3 : calculated 455.2464 

observed 455.2460
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