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Abstract

Inhibition of steroid sulphatase activity is an important target for the development of
new drugs for oncology and immunology. In this work, synthetic procedures to
synthesise novel, potent non-steroidal, non-estrogenic sulphamate derivatives for the
treatment of postmenopausal women with hormone dependent breast cancer, and 2-
substituted estrone-3-sulphamide, 3-sulphonamide and 3-S-sulphamate derivatives as
potential antitubulin, antiangiogenic and apoptotic inducers are described.

The strategies adopted to develop STS inhibitors are to develop compounds which are
active in vivo and devoid of any estrogenicity, an unwanted property that would limit
their clinical use such as the potent estrone-3-O-sulphamate (EMATE). Structure-
activity studies were carried out on the lead 4-methylcoumarin-7-O-sulphamate
(COUMATE) by incorporating longer alkyl chains and other functionalities at the C-4
and/or C-3 positions of the coumarin ring. Also, a fused third ring was incorporated to
give tricyclic coumarin sulphamates, which structurally might mimic the ABCD rings
of the steroid. Similar to coumarin sulphamates other heterocyclic ring containing
sulphamates are also of considerable interest. Therefore, several novel 1, 2, and/or 3-
substituted indole sulphamates were also syntheisesd.

The best inhibitors in the C-3 and C-4 alkyl series were those with 7-9 and 6-9 carbon-
containing alkyl chains at the C-3 or C-4 positions, respectively inhibiting the EI-STS
activity in MCF-7 cells at 0.01 M by 85-91% and >90%. (c.f. 35% for COUMATE).
The 3-benzyl-4-methylcoumarin-7-O-sulphamate (95) was found to be a potent
inhibitor with an ICsy of 8 nM. In the tricyclic coumarin-based analogues with a third
ring of sizes between 5 and 15 carbons (665-6615 COUMATES), more powerful active
site-directed inhibitors than EMATE and its analogues were found. The most potent
compounds in this series, 669 COUMATE (119) and 6610 COUMATE (122) have
ICso’s of 2.4 and 1 nM, respectively in vitro and are non-estrogenic in vivo.
Interestingly, 6615 COUMATE (131) proved to be the most active congener in vivo.
The higher potencies observed for the alkyl series of compounds can be due to their
bicyclic system mimicking the A/B rings of steroid backbone with their C-3 or C-4
alkyl substituents interacting with the amino acid residues at the active site, which
normally recognise the C/D rings of steroid. The higher inhibition observed for the
tricyclic COUMATEs could be attributed to the fact that the third cyclic rings might
fold in such a way to mimic the C/D ring conformation of the steroid and hence have
better recognition for binding at the enzyme active site. In addition, the lipophilicity of
the tricyclic compounds was studied by calculating the log P values by an HPLC
technique and the X-ray crystal structures of compounds 119 and 122 were determined.

2-Methoxyestradiol, a natural estradiol metabolite, is non-estrogenic, known to induce
G2/M phase cell cycle arrest and apoptosis. The sulphamate derivatives of this
compound, 2-MeO/2-EthyIEMATE and 2-MeO/2-EtE2MATE have previously been
found to be more potent, irreversible and non-estrogenic inhibitors, and also shown to
trigger apoptosis and inhibit tubulin polymerisation. It is therefore possible that the
structurally similar derivatives of these synthetic sulphamates, such as the 2-substituted
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3-sulphamide, 3-sulphonamide and 3-S-sulphamate, with nitrogen or sulphur bridging
heteroatoms at the C-3 position would also inhibit tubulin polymerisation and
angiogenesis. These compounds would provide an indication about the importance of
the sulphamoyloxy group for potent activity in 2-MeOEMATE, which is thought to
elicit effect by taken up into blood cells and released slowly. Therefore, presumably
acting as a pro drug of 2-MeOE]1. There are certain sulphonamides, which are known
to bind to carbonic anhydrase in the blood cells therefore the sulphonamides syntheised
might also show similar inhibitory activities to that of the sulphamates. Most
importantly, these compounds would offer useful information about the site where the
sulphamoyl group binds in tubulin and the mechanism of binding for irreversible
inhibition, which might be similar to that of sulphamoylation of sulphatase enzyme.
This structure-activity study would also show how the stability of the sulphamoyloxy
group could be improved further. Therefore, novel sulphamate surrogates such as 2-
methoxy and 2-ethyl 3-sulphamide, 3-sulphonamide and 3-S-sulphamates are
synthesised in this work and their synthetic methods are reported.
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Abbreviations for the steroid compounds used throughout the text

Trival Name Approved Name

Androstenedione 4-Androstene-3,17-dione

Cholesterol 5-Cholesten-3 f-ol
Dehydroepiandrostenedione 5-Androsten-3 £-o0l-17-one

Estradiol 1,3,5(10)-Estratriene-3-17#-diol
Estriol 1,3,5(10)-Estratriene-3,16a,17 f-triol
Estrone 3-Hydroxy-1,3,5(10)-estratriene-3-one
Progesterone 4-Pregnene-3,20-dione

Pregnenolone 3 -Hydroxy-5-pregnen-20-one
Testosterone 17 f-Hydroxy-4-androsten-3-one

The nomenclature of organic compounds adopted in this thesis follows the rule of

International Union of Pure and Applied Chemistry (IUPAC).

The references in the text are cited by means of subscript numbers, which are run seriatim

through out the thesis.
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CHAPTER 1

1.0 Steroids

Steroids are derived from cholesterol, so they are highly lipophilic and readily enter
most cells to access their intracellular receptors. Many of the important steroids, such
as cholesterol, cholic acid and ergosterol were first isolated in the 19™ century, but
were not characterised until the beginning of the 20" century. The early structural work
was carried out in 1932 in Germany by Adolf Windaus and Heinrich Wieland,
followed by Otto Rosenheim and Harold King of the National Institute of Medical

Research in England, for which they received the most prestigious Nobel Prize.'

Estrone (E1) was the first sex hormone to be recognised in 1929 by Edward Doisy in
USA, followed by pregnanediol and estriol (E3) by G. F. Marion in 1930, androsterone
by Adolf Butenandt in 1932 and testosterone by Ernst Laqueur in 1935. At the
beginning of World War II, cortisone (E) was synthesised by Lewis Sarett in USA and
found to have a remarkable effect in the treatment of rheumatoid arthritis.' This

discovery set off a trend to synthesise steroidal and non-steroidal anti-inflammatories.

In 1932, Robert Robinson first attempted to propose routes for the synthesis of steroids,
which later served as a reference point for the total synthesis of estrogens, stilbestrol
and still later potent tumour-inhibiting compounds such as tamoxifen.” Since then, R.
B. Woodward (total synthesis of Androgens), K. Ziegler (7-dehydrocholesterol), D. H.
R. Barton, E. R. H. Jones (ergosterol), B. Henbest and several others revealed elegant

and historic synthetic methods for androgenic hormones and their derivatives.?

The conformational analysis and the elucidation of steroid stereochemistry by Sir
Derek Barton in 1950 created a new turn in the fundamental investigation of steroids.
As a consequence of this ongoing worldwide race, various other important steroids
were isolated, characterised and synthesised. The studies on steroids have become an

. . . 1.2
internationally renowned area of research ever since. "
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1.1 Biosynthesis of steroid hormones

The biosynthetic pathway of steroids is very complex since they are derived from a
single precursor, cholesterol. Cholesterol, besides being ingested in food, is synthesised
in large amounts in the body. An adult human contains about 250 g of cholesterol
although the steroids from which they are produced are at milligram level or lower.’
The origin of all the compounds involved in steroid synthesis are acetate, in the form of
acetyl co-enzyme A.’ In addition, the presence of oxygen, the reduced form of
nicotinamide adinine dinucleotide phosphate (NADPH) and other co-factors are also

required for the synthesis.>*

Steroid hormones are synthesised by steroidogenic tissue of adrenal and gonads from
cholesterol within the elements of the endoplasmic reticulum (Er). Steroid-secreting
cells are easily identified by the large amounts of smooth Er present in these cells. The
complex multiple enzyme system required for the synthesis of steroids is present

within mitochondria as well as in the cytoplasm.

The adrenal steroidogenic tissue produces glucocorticoids such as cortisol (F),
cortisone (E) and mineralocorticoids such as aldosterone* (Figure 1.1). The
steroidogenic tissue of the gonads produces a number of sex steroids such as androgens
(masculinising), estrogens (feminising) and progestins (related to pregnancy). The
testes produce testosterone (1-1) and the ovaries produce estradiol (E2) (1-2) and
progestrone (1-3) (Figure 1.2). During pregnancy, the placenta is an additional source

of estrogens and progestins.*

OH OH 0

(0] HO (6]
Testosterone Estradiol Progestrone
1-1 1-2 1-3

Figure 1.2 : Structures of steroid hormones from the gonads



The regulation of steroid biosynthesis is achieved by an intricate network of peptide
hormones, which are under neuro-endocrine influence, starting from the hypothalamus
in the central nervous system (CNS). The hypothalamus produces a number of small
peptide hormones that act as releasing factors for the hormones synthesised from the
pituitary gland. Adrenocorticotropic hormone (ACTH) regulates corticosteroid
synthesis in the adrenal cortex, whereas luteinising hormone (LH) and follicle-
stimulating hormone (FSH) act on the ovaries and testes. Gonodotropins induce the
production of estrogens and gestagens in the female. In the male, LH and FSH regulate
androgen formation. At the same time, the steroids have a feed back regulatory effect

on the hypothalamo-pituitary axis, setting up an exquisitely tuned regulatory loop.*”

Even though, many hormones are stored in the cells as granules, steroid hormones are
not stored, to any extent, in vesicles. Being lipophilic and soluble in lipids, they are
carried in plasma by carrier molecules and hence readily cross the plasma membrane of
the cell. Therefore, their rate of release is directly related to their rate of synthesis.
Steroids are bound to various plasma proteins once released into the blood stream.’ The
free form is usually only a small fraction of the total hormone in the blood. There is
equilibrium between the bound and free form, but only the free form can penetrate the
cell membrane and elicit an effect in the target cells. The concentration of the active
hormone in the blood is therefore, determined by the dynamic relationship between its
rate of secretion, the degree to which it is bound to plasma proteins and its rate of

inactivation.*

Hormones in general affect the growth, development, metabolic activity and function
of tissues. The responses are often the result of a combination of the action of several
hormones. These actions may be stimulatory or inhibitory and additive or synergistic.
Once inside the cell, the first step of a steroid hormone is to bind to its specific
receptor, which can be a monomeric or dimeric accepting one or two molecules of
steroid hormones.® The steroid-receptor complex is then translocates to the nucleus
where it acts on a particular segment of the chromosomal DNA. This results in an

induction of gene activation, which leads to transcription of new messenger RNA
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