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ABSTRACT

The first section of this thesis presents a review of the
literature on hormones and anti-hormones, with particular
emphasis on the structures and functions of the naturally
occurring male and female sex steroids and on the preparation
and properties of their synthetic analogues which have been

found to function as anti-hormones.

The second section of the thesis presents the results of a
small project carried out to synthesise two 7-methylated
derivatives of 19-nortestosterone for biological evaluation
as potential anti-androgens. One of these, 17”~-hydroxy-7-
methylestra-4,6-dien-3-one, was prepared by the oxidation of
7K-methyl-19-nortestosterone, whereas hitherto oxidation had
been successfully achieved only with the -methyl isomer.
7/8-methyl-19-nortestosterone, the second of the two methyl-
steroids required, was synthesised in poor yield, along with
the 7~-isomer, by conjugate methyl cuprate addition to 6-
dehydro-19-nortestosterone. The separation of the 7-methyl
epimers proved to be difficult and was achieved by
development of a preparative HPLC system wusing a large

laboratory-made column.

(i1)



The third section of the thesis describes the major part
of the research work and concerns the development of a route
for the synthesis of 11-aryl-A-nor steroids. These steroids
have been designed to explore their potential as anti-
progestins. It is demonstrated that a thallium-mediated
ring contraction of steroidal 4-en-3-ones carrying an 11-
keto group provides entry to a functionalised A-nor steroid
skeleton which can then be arylated using organolithiurn
reagents. Manipulation of the functionalities 1led to the
successful synthesis of 11-phenyl-A-noi- -androst-11-ene-
2,17-dione, which should be a valuable intermediate for the
generation of a set of 1l1-arylated A-nor steroids for

biological evaluation.

(iii)



CONTENTS

Acknowledgements

Abstract

SECTION 1 -

CHAPTER 1 -

1.1.

CHAPTER 2 -

2.1

LITERATURE REVIEW

Introduction: Hormones and Anti-Hormones

The endocrine hormones

Pituitary and hypothalamic regulation

Hormonal aspects of sexual function in
the female

Hormonal aspects of sexual function in
the male

Anti-hormones

References

Steroidal anti-androgens

Biological studies of anti-androgens

Synthetic routes to 7-alkylated steroids
as potential anti-androgens

References

(iv)

Paqe

(i)

(i1)

12

14

19

20

20

24

30



Page

CHAPTER 3 - Anti-progestins 32
3.1 Introduction 32
3.2 Mechanism of action of anti-progestins 36
3.2.1 Cellular mechanism of action 36
3.3 Synthesis of anti-progestins 39
3.4 References 48
CHAPTER 4 ~ A-nor-steroids 49
4.1 Introduction 49
4.2 Anordrin 52
4.3 References 59

SECTION 2 SYNTHESIS AND HPLC STUDIES OF ANTI-ANDROGENS

CHAPTER 5 - Synthesis of 7-methyl-steroids 61
5.1 Introduction 61
5.2 Results and Discussion 64
5.3 Experimental 71
5.4 References 80

(v)



CHAPTER 6 - HPLC studies of 7-methyl-steroids

6.

SECTION 3

CHAPTER 7

1

Introduction

The development of HPLC

Theoretical aspects of HPLC.

Reversed-phase preparative
high-performance 1liquid
chromatography separation
of 7-methyl steroids

Literature methods for separation
of 7-methyl steroid epimers

Results and Discussions

Experimental

References

Page

81

81

82

84

90

90

93

100

101

SYNTHETIC APPROACHES TO 110-ARYL-A-NORSTEROIDS

Strategy for design and synthesis
of 11/S-aryl-A-nor-steroids

Introduction

Target design

Synthetic strategy

References

(vi)

102

102

105

107

110



Page

CHAPTER 8 - Studies of the ring contraction 111
of steroidal 4-en-3-ones

8.1 Introduction 111
8.2 Results and Discussion 114
8.3 Experimental 117
8.4 References 119
CHAPTER 9 - Synthetic approaches to 11”*-aryl-A-nor- 120
androstanes
9.1 Introduction 120
9.2 Results and Discussion 120
9.3 Experimental 145
9.4 References 157

(vii)



CHAPTER 1

Introduction - Hormones and Anti-hormones

1.1 The Endrocrine Hormones

Hormones are chemical messengers produced within an
organism. They have target sites which are distant from the
site of their synthesis and in animals they wusually reach
their targets via circulation in the blood stream. Their
general functions are to co-ordinate the activities of the
many different cells that comprise multi-cellular organisms.
About 50 hormones have now been identified and new ones are

being discovered every year.1-3

Chemically, +the hormones in the human body <can be
classified into three groups4: peptides, with chains varying
in length from 3 to ca. 200 amino acids and with some of the
larger peptides also being associated with carbohydrate
strands - e.g. the glycopeptides Follicle Stimulating
Hormone (FSH) and Leutinizing Hormone (LH); tyrosine-derived
phenylethylamine derivatives - e.g. the catecholamine
hormone adrenalin and the thyroid hormone thyroxine; and the
steroid hormones synthesised in the adrenal cortex and the

gonads.

The majority of hormones are synthesised in special glands

called endocrine (ductless) glands, which secrete their



products directly into the circulation via the blood supply

with which they are in contact. Important endocrine glands
are found in the neck - e.g. thyroid and parathyroid - and in
the abdomen and groin - e.g. adrenals, pancreas and gonads

(testes in the male and ovaries in the female).

There are two fundamentally different biochemical
mechanisms by which hormones express their activities5,6 when
they interact at their target tissues. The polar and very
watei— soluble peptide hormones cannot easily enter the cell
and instead they interact with hormone receptors which are
specialised proteins embedded in the cell surface membrane.
Binding occurs with a very high association constant and
generally results in a conformational change in the receptor,
which in turn 1leads to activation of an effector molecule
with which it 1is associated in the <cell membrane.
Typically, the effector is the enzyme adenylate cyclase,
which then amplifies the signal of the single hormone molecule
binding to its receptor by converting a number of molecules
of ATP to cAMP on the inside of the cell. The cAMP produced
then acts as a co-factor for some enzyme (protein kinase)
within an adjacent compartment of the cell, so that the net
effect of binding of the hormone at the cell surface receptor
is the activation of the enzyme reaction which 1leads to an
increased metabolic turnover, the signal being amplified and
carried by the second messenger, CcAMP. This general

mechanism (Figure 1.1) is intrinsically a fast response



process and is used by the body in many situations where
rapid adjustment in metabolism is needed to meet short-term
demands. For example, as well as the pancreatic peptides
insulin and glucagon (which constantly regulate the critical
concentration of glucose in the bloodstream by balancing its
interconversion with glycogen), the "fight-or-flight"

hormone adrenalin works by this type of mechanism.

ATP

cAMP'**v)Protein Kinase

Fig. 1.1 Mechanism of hormone action by interaction at cell surface

The hormone (H) binds to a cell membrane receptor (R),
leading to activation of an effector (E) on the internal
surface. In this case the effector is adenylate cyclase,
which converts ATP to the second messenger cAMP, providing

an essential co-factor for a protein kinase.

The second general mechanism applies to the 1less polar
hormones such as thyroxine and all the steroids, which are
able to passively diffuse into the body’s cells. Within the
target cells there are special hormone receptor proteins to
which they bind tightly. Evidence from the addition of
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radio-labelled steroids to cultured cells, followed by cell
lysis and sedimentation, suggested originally that the free
receptors are generally located in the cell cytosol and that
the bound hormone-receptor complex is then translocated into
the cell nucleus. This view has been widely accepted, but
some recent work now suggests that the free receptors may
actually reside 1in the nucleus all the time and that the
detection of wunbound receptors in the cytosol was an
experimental artefact due to 1leakage there from the nucleus
during work-up. In any event, the tight hormone-receptor
complex interacts with the chromosomal proteins (chromatin)
associated with the nuclear DNA and the result is the
activation of transcription of a segment of genetic code,
copied as mRNA. The translation of this genetic code by the
cell’s ribosomes 1leads to synthesis of new proteins, which
are generally enzymes and which in many cases utilise cAMP as
a co-factor. Thus, the net result of binding of hormones
such as the steroids to their intracellular (posslbly
intranuclear) receptors is again the induction of additional
enzyme activity and is often again associated with elevated
intracellular 1levels of cAMP (Figure 1.2). Crucial
differences to the first mechanism described above are:
firstly, that the induced enzyme(s) need not necessarily have
been present at all, prior to arrival of the hormone, and
secondly, that this is intrinsically a much slower response
mechanism and 1is never used when the body needs a fast

reaction such as adrenalin-stimulated activity.



Fig. 1.2 Mechanism of hormone action for hormones

entering the cell

One of the principal types of steroid hormones 1is the

class of "corticosteroids" synthesised in the adrenal cortex.
These are subdivided into the glucocorticoid class (e.g.
cortisone, cortisol) which regulate aspects of amino acid,
carbohydrate and 1lipid metabolism and also inflammatory
responses, and the mineralcorticoid class (e.g. aldosterone)
which regulate salt-water balance in the kidneys and also
have a pressure effect which contributes to maintenance of

blood pressure.



A further type of steroid hormones 1is synthesised 1in the
ovaries and testes and these gonadal steroids are responsible
for regulation of sexual function in women and men,

respectively.

1.2 Pituitary and Hypothalamic Regulation

For the majority of the endocrine hormones, 1including all
of the sex steroids, there is a 3-tiered mechanism which
controls their circulating concentrations (Figure 1.3). At
the 1lowest 1level, the plasma concentration of each steroid
depends on its rate of synthesis in and release from the
gonadal tissues where it originates. These gonadal
processes are regulated by gonad-stimulating hormones
(gonadotrophins) produced by the pituitary gland at the base
of the skull. For example, the pituitary hormones FSH and LH
are respectively responsible for controlling the release of
estrogen and progesterone in the ovaries. In turn, the
release of such stimulating hormones from the pituitary gland
is controlled by further releasing hormones produced in the
hypothalamus. This gland at the base of the brain, is
situated immediately above the pituitary and is connected to
it by a short stalk through which chemical products can be
carried in a direct flow of blood. Thus, for example, rapid

pulses of Gonadotrophin Releasing Hormone, known as Gn-RH or
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LH-RH, from the hypothalamus regulate the release of
pituitary FSH and LH which are targeted on the gonads.
There are several opportunities for feed-back regulation in
this 3-tiered system, so that circulating 1levels of the
pituitary or endocrine hormones or metabolic products
connected with their activities can interact with receptors
at higher tiers, thus allowing the whole system to maintain a
finely balanced responsiveness to physiological and metabolic
requirements. Moreover, the close proximity of the highest
tier to the brain undoubtedly results in some direct neural

inputs as well.

1.3 Hormonal Aspects of Sexual Function in the Female

In the female, estrogens (e.g. estradiol: 1.1a) produced
in the granulosa cells in the ovaries under the controlling
influence of pituitary FSH during the first half of the
monthly cycle stimulate the thickening and vascularization of
the lining of the uterus (endometrium), preparing it for
implantation. Following ovulation at the mid-point of the
monthly cycle, the ovum (oocyte) released from its burst
follicle on the ovarian surface travels down the fallopian
tube towards the wuterus. In the course of its fallopian
transport, the ovum may meet spermatozoa and fuse with one of
them in the process of fertilization. A fertilized ovum
will begin to grow and divide and the resulting group of

cells (blastocyst) may then become attached to the surface of



the uterus, implanting in the endometrium (conception can be
defined as occurring at this point) and developing into an
embryo and later into a fetus, which is interfaced with the
maternal blood system through the placenta that develops

during the early stages of pregnancy.5

Following the release of the ripened ovum at the mid-point
in the monthly <cycle, the burst follicular sack is
transformed into a solid secretory body called the corpus
luteum. Under the controlling influence of pituitary LH,
the corpus luteum secretes progesterone (1.2) which
maintains the receptivity of the uterine endometrium to
implantation and also 1is essential +to maintain the
implantation as pregnancy develops. During pregnancy,
progesterone also performs several other wvital hormonal
functions, including stimulation of the development of
mammary tissue for later lactation and inhibition of the
release of any further ovulation (which could obviously have
serious consequences, 1if a second conception occurred some
months after the first). So important is a high level of
progesterone during pregnancy that, in addition to 1its
continued secretion by the corpus luteum, it also begins to
be made in large quantities by the placenta as the pregnancy

progresses.

As the blastocyst implants and begins its development, it

emits a signalling substance, human chorionic gonadotrophin



or hcg (the chorion is an outer membrane that encapsulates
the developing fetus before birth) whose presence ensures the
maintenance of the corpus luteum. (In fact, the newest and
most sensitive pregnancy-testing kits rely on the detection
of traces of hcg in the urine within a few days of pregnancy
becoming established). If this signal fails to appear, the
levels of LH decline steeply at the end of the monthly cycle,
the corpus 1luteum breaks down (luteolysis ), progesterone
levels drop and the endometrium is shed in a flow of blood
(menstruation). This 1leaves a fresh, thin endometrial
surface and the whole cycle of events 1leading to ovulation

can begin again.

It was the recognition of the key role of progesterone in
inhibiting ovulation which led to the development of oral
contraceptives (the "Pill") in the mid-1950s. Progesterone
itself is wunsuitable as an oral drug, since it 1is rapidly
metabolised by the "first pass" effect, in which substances
are absorbed across the intestinal wall into the blood supply
in the portal vein, from where they are carried directly to
the 1liver and are met by an array of metabolising enzymes.
A search for analogues of the natural <compound with
progesterone-1like activity (progestins) and with the ability
to survive first-pass hepatic metabolism resulted in the
observations that removal of the 19-methyl group and
introduction of 17”~-hydroxy 1-17df-acetylenic functionality in

place of the natural 177-acetyl group separately 1led to

10



(1.1) (a) R=H
(b) R=C=CH

(1.3) (a) R=Me
(b) R=Et

(1.5)
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increased progestin potency and oral activity. These
properties proved to be additive, so that their combination
into the semi-synthetic steroid norethisterone (1.3a) 1led to
the first generation of oral contraceptives. It was soon
found in clinical studies that better control of cyclicity
and bleeding and reduction in side effects could be achieved
by combining the progestin with an orally active estrogen.
A typical example is 177-ethynylestradiol (1.1b) with the
acetylenic unit again providing protection against first-pass
metabolism. During the 1960s a further synthetic progestin,
levonorgestre1l (1.3b) was discovered to be 80 times more
potent than norethisterone. Combinations of levonorgestrel
and ethynylestradiol have been the most popular formulations
in oral contraceptives used in the West for more than a

decade.

As well as having a direct effect on the endometrium,
estrogens are also important in stimulating the development
of secondary sexual characteristics (breasts, deposition of

fat on hips and thighs, hair, etc.) in the female at puberty.

1.4 Hormonal Aspects of Sexual Function in the Male

The testes in the male contain very 1long, highly

convoluted seminiferous tubules, within which spermatogenesis
C

occurs. ’ The primary germ cells (spermatogonia,

containing 46 chromosomes) undergo several successive

12



divisions, eventually producing spermatocytes, each of which
contains 23 chromosomes that will pair with 23 chromosomes in
the ovum on fertilization. The spermatocytes gradually
transform into round spermatids which eventually develop a
tail, midpiece and compact head in the final spermatozoa.
During these development stages, the sperm cells remain in
close contact with Sertoli cells which 1line the inner walls
of the seminiferous tubules and maintain and nourish the
growing sperm. After about 10 weeks of development within
the seminiferous tubules, the spermatozoa are released and
are carried out of the testes in a flow of fluid, passing
slowly (1-2 weeks transit time) through a very 1long, coiled
duct called the epididymis. During the epididymal transport
stage the spermatozoa undergo a number of biochemical changes
both in internal metabolism and, especially, in the nature of
the external surface coating, which 1leads to them acquiring
motility and prepares them for the eventual process of fusion
with the ovum. On ejaculation, the contents of the
epididymis pass through a connecting tube (vas deferens) and
out through the urethra, acquiring additional fluids on the
way which are contributed to the seminal fluid by ducts from

the prostate and Cowper’s glands.

The Sertoli cells require two control agents to be present
in order to function correctly, one being FSH from the
pituitary gland and the other the androgenic steroid hormone,

testosterone (1.4). The latter 1is synthesised in Leydig

13



(interstitial) cells which are found in the spaces between
the seminiferous tubules. Production of testosterone in the
Leydig cells is under the control of the pituitary hormone LH
and, as 1in the female, the secretion of both +the
gonadotrophins FSH and LH in the male pituitary is regulated

by pulsatile signals of Gn-RH (LH-RH) from the hypothalamus.

Some testosterone is enzymatically reduced to 5i(-dihydro-
testosterone (DHT; 1.5) in circulation, in peripheral tissues
(e.g. in skin) and in target tissues (including cells in the
testes and in accessory glands such as the prostate) and it
is the reduced form of the androgen which binds to the
androgen receptor in many tissues. In addition to the
primary function of maintaining spermatogenesis, androgens
serve several other hormonal functions in the male. In
particular, their continuous presence in a sufficiently high
plasma concentration is essential for the maintenance of
secondary sexual characteristics (body musculature, hair, and

voice) and 1libido and potency.

1.5 Anti-hormones

Substances which mimic the action of a natural substance,
being able to bind to its natural receptor and elicit, at
least qualitatively, the same type of response, are termed
agonists. P Many agonists of the natural, human hormones

have been synthesised and have proved invaluable in a variety

14



of therapies: e.g. powerful glucocorticoid agonists such as
the semi-synthetic steroids dexamethasone, betamethasone and
prednisolone are used for treating chronic inflammatory
conditions and allergies; agonists of the natural progestin,
such as 1levonorgestrel , are used for the suppression of
ovulation; estrogen agonists are used for hormone replacement
therapy in post-menopausal women to prevent bone loss leading

to osteoporosis (thin, fragile bones) in 1later 1life.

Substances which bind strongly to a biological receptor
but fail to elicit the natural agonistic response are termed
antagonists. Antagonism of hormone receptors can also be
used as a basis for a variety of therapies. Amongst the
important applications of this type of approach are the uses
of anti-hormones in cancer chemotherapy. Many tumours which
originate in tissues of the reproductive system have a strong
requirement for supplies of the hormone naturally associated
with that tissue and can be prevented from growing by
starving them of that hormone. For example, breast tumours
often have a requirement for estrogens and their growth can
be inhibited by anti-estrogens such as ICI’s non-steroidal
compound tamoxifen (1.6).7 Recently, some steroidal
compounds such as (1.7) have been shown to be pure anti-

A—10
estrogens

15



CH,
0 CH 3jCH N

e CH.

(1.7)

Another example 1is the prostate gland, which may become
larger due to benign growth or due to cancer. Carcinoma of
the prostate is particularly difficult to cure and there are
often metasteses (secondary tumours formed by cells of the
original growth having split off and lodged elsewhere in the
body) in inaccessible 1locations such as the spine. Both the
primary and secondary tumours are generally androgen-

dependent and can be inhibited by completely shutting off the

16



supply of androgens. Originally this was achieved by
castration, a traumatic event for men already faced with a
terminal illness. Nowadays, there are a number of options
referred to as "chemical castration" which achieve the same
objective non-surgical 1ly. For example, the wuse of
antagonists of the natural LH-RH will switch off secretion of
FSH and LH from the pituitary and hence 1lead to collapse of
both testosterone production by the Leydig cells and sperm
biosynthesis by the Sertoli cells. Alternatively, an anti-
androgen can be used which blocks the steroidal hormone
receptors in the target tissues. Examples include the non-
steroidal drug flutamide (1.8) and the steroid cyproterone

acetate (1.9).

02n NHCOCHMe2

(1.8)



The applications of anti-androgens and anti-progestins are

discussed 1in detail in the following chapters.
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CHAPTER 2

Steroidal Anti-androgens

2.1 Biological Studies of Anti-androgens

Two compounds which have long been known to possess weak
anti-androgenic activity are dodecahydrophenanthrenel and A-
nor‘pr‘ogester‘one.p However, the first major clinical advance
in this field resulted from studies of the 1,2-methylene-
substituted steroid cyproterone acetate (2.1). This had
been synthesised as a potential progestin and was indeed
found to have powerful progestational effects, but in the
course of the evaluation it was also discovered to have
strong anti-androgenic character. In the mature rat, the
compound causes atrophy of the seminal vesicles, prostate
gland and other androgen-responsive organs, as well as
cellular changes in the pituitary gland that are typical of
castration with increased gonadotropin secretion (this latter
effect is not seen in men). The testes are unaffected by
small doses, but large doses can cause decreases 1in Leydig
cell function and spermatogenesis. As a result of these
characteristic anti-androgenic effects, cyproterone acetate
has been extensively investigated and used clinically for the
management of prostate carcinoma; for reduction of acne in
both sexes and hirsutism in women; in the +therapy of
precocious puberty, to delay premature sexual and physical
maturation; and for reduction of 1libido in men with severe
(and criminal) deviations in sexual behaviour.4

20



Cl

(2.1)

Cyproterone acetate has also been investigated as a male
contraceptive agent. The combination of direct anti-
androgenic effects (antagonist binding to dihydrotestosterone
receptors) and feed-back inhibition of the pituitary gland by
this steroid results in down-regulation of FSH and LH
secretion and shut-down of spermatogenesis. However, dis-
advantages of cyproterone acetate include consequent loss of
testosterone production from the Leydig cells, leading to
loss of potency and libido, and the fact that this steroid is
also a powerful progestin causing breast changes in the

male.4°®

Apart from cyproterone acetate and A-norprogesterone (for
treatment of acne), many other steroids have been
investigated and/or used for their anti-androgenic character.
However, whilst more +than 200 anti-androgens have been
reported, only a few have progressed further than the initial

A_Q

. °
identification of their activity. The ring-A oxa-

steroid, 6&(-bromo-17ft-hydroxy-1 -methyl-4-oxa-5f<-androstan-

21



3-one (BOMT) exhibits anti-androgenic effects in all
androgen-dependent tissues outside the <central nervous
system, 10,11 competing for DHT binding sites slightly more
effectively than does cyproterone acetate. Other steroids
with high effectiveness in competing for DHT receptors
include 17/S-hydroxy-2-oxa-4,9-estradien-3-one and 17”-hydroxy
-170(-methy1-2-o0xa-4,9-estradien-3-one,12 although they showed
some androgenic as well as anti-androgenic character. The
highest degree of inhibition seemed to be associated with

compounds showing a general flattening of ring geometry.

A variety of B-norandrostanes have been shown to possess
little or no androgenic character and amongst these, B-nor-17(-
methyl testosterone was active as an anti-androgen and B-nor-
deoxycorticosterone and 1its acetate were marginally anti-
androgenic. The anti-androgenic activity of 17”~-acetoxy-
4c(, 5-cycl o-A-homo-B-nor-5«(-androst-1-en-3-one was found to be
comparable with that of cyproterone acetate,14 as was the

activity of the 4,5-secosteroid (2.2).15

OH
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Alkylations of the A-ring of testosterone appear to
mainly give rise to compounds with varying degrees of
androgenicity.16 However, 20C-methyl testosterone with a 1 -
ethynyl or 17o0(-vinyl group are claimed to show progestational

and anti-androgenic qualities.17

Based on evidence from earlier, limited structure-activity
correlations, a Japanese group synthesised 16~-ethyl-19-
nortestosterone (known as TSAA-291), which was shown to be an
anti-androgen (but 1less powerful than cyproterone acetate)
with reduced or negligible hormonal activities of other types
and has been studied in clinical trials for the treatment of

prostate cancer.18

A group at Upjohn observed that introduction of a 7oC~
methyl group onto 19-nortestosterone resulted in increases in
both anabolic and androgenic activity.19 The subtle effects
of stereochemistry are very important for determination of
agonist or antagonist actions following receptor binding.
Thus, 76 ,17<"-dimethyl-5* ,17~-dj hydroxy-19-norandrostan-3-one
is anabolic but anti-androgenic,20 whereas 7<tf-methyl estr-4-
ene-3<H ,17 |£-diol is anti-progestat ional .21 Recently,
attention has focussed on the possible anti-androgenic, anti-

fertility effects of 7j?-methyl-19-nortesterone.22

23



2.2 Synthetic Routes to 7-alkylated Steroids as Potential

Anti-androgens

As discussed in the previous Section, recent interest has
focussed on the production of 7-methy landrogens in the

androstane and pregnane series.

Various methods for preparing 7-alkylated steroids have
been reported in the 1literature.23-26 The method described
by Campbell and Babcocko involving Michael addition of
méthylmagnésium bromide to 6-dehydro-17£(-methyl-testosterone
in the presence of cuprous chloride gave 70( ,170C-dimethyl-
testosterone (2.4) as the main product and a small amount of
the 7f£-epimer (2.5) (Scheme 2.1). On dehydrogenation of the
crude product with chloranil, +the minor component (2.5) was
converted into 6-dehydro-7,17* -dimethyltestosterone (2.6),
which was separated from 7o0(-methy lenone (2.4) and then
reduced back to 7/J-methyl-enone (2.5) with Li-NHg. The

70(-epimer does not undergo dehydrogenation with chloranil.
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OH OH

OH

(2.5)

Scheme 2.1

7~-Methyltestosterone has been prepared by Zderic and
Ringold~”, by addition of methyl Grignard to 7-
ketotestosterone ethylene ketal acetate (2.7) (Scheme 2.2.).
When the total <crude product of the Grignard reaction was
treated with hot aqueous acetic acid, 7-methyl- 6-dehydro-
testosterone (2.8) was obtained in excellent yield. This
was hydrogenated with 5* palladium carbon catalyst in

methanol-KOH mixture to give 778-methyltestosterone (2.9).
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={AY)

H2-Pd/C

MeOH-KOH

(2.9)

Scheme 2.2

Another method for preparing 7fi-alkylated steroids and 6-
dehydro-7-methy 1l steroids has been described by Robinson and
co-workers25 (Scheme 2.3). When the 7-ketone (2.10) was
treated with méthylmagnésium iodide or, preferably, lithium
methyl in ether-tetrahydrofuran mixtures, compound (2.11) was
formed. This triol wunderwent Oppenauer oxidation and
dehydration to give dienone (2.12) which was oxidised with
chromic acid to compound (2.13), 7-methylpregna-4,6-dien -
3,20-dione, in good yield. Finally hydrogenation of the
diene (2.13) in benzene with palladium-strontium carbonate

0%
catalyst gave 7/5-methylprogesterone (2.14) in poor yield.
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MeCO-C-H HO-C-H
0 -
MeCO
C=0

Scheme 2.3
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7%$-Alkylated steroids can also be prepared using another
method described by Robinson and his colleagues26 (Scheme

2.4).

The 7-ketobisketal (2.16) was prepared from (2.15) by
successive Zeigler bromination, treatment with alumina, and
chromic acid-pyridine oxidation.28,29 When compound (2.16)
was treated with lithium methyl in tetrahydrofuran followed
by treatment with perchloric acid in methanol at room
temperature and then acid anhydride-pyridine acetylation,
compound (2.17) was obtained. Hydrogenation of the dienone
(2.17) in benzene solution with palladium strontium catalyst?
gave 7/?-methylcortisone acetate (2.18). Conversion of this
to the hydrocortisone derivative (2.19) was achieved by
potassium borohydride reduction3@ of the 3,20-bis-
semicarbazone followed by regeneration of the carbonyl groups
at C-3 and C-20, wusing a two phase chlorform aqueous
hydrochloric acid procedure,31 and finally reacetylation at

c-21.
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(2.17)
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Scheme 2.4
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CHAPTER 3

Anti-progestins

3.1 Introduction

During the 1970’s, several groups of workers made efforts
to develop anti-progestational compounds and a number of
steroids were subjected to screening procedures to determine
what structural features would lead to inhibition of binding
of radio-labelled progesterone or other progestins to the
progesterone receptor.1-3 However, the breakthrough
eventually came as the result of an accident, when a group
working at Roussel-Uclaf in France synthesised some 117-aryl
steroids in the search for anti-glucocorticoid activity.
Some of these new compounds, which included RU 38486, indeed
proved to be somewhat active as anti-glucocorticoids, but
more remarkably they also proved to be very potent anti-

progestins.

The potential wuse of anti-progestins as a means of
terminating pregnancy, based on the blockage of the essential
function of progesterone in maintaining gestation (see
Chapter 1) was quickly appreciated by Roussel-Uclaf.
Following toxicological studies which established the safety
of the new steroid, it was extensively investigated in

clinical trials. Most of these studies have focused on the
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use of the compound for medical termination of early
pregnancy. Somewhat unexpectedly, the compound’s efficacy
to induce complete abortion was lower than might have been
anticipated. However, success rates that compare favourably
with the currently available alternatives, vacuum aspiration
and prostaglandin administration, can be achieved if the
anti-progestin treatment is complemented with a low dose of a
synthetic prostaglandin analogue. Such combination regimens

are relatively free of side-effects.

Preliminary results suggest that RU 38486 has potential
also as an emergency post-coital contraceptive with a wider
range of action than the currently used hormonal preparations
which need to be administered within 48-72h after unprotected
intercourse. Nevertheless, treatment as early as possible
seems advisable because it would appear that efficacy

decreases after implantation has commenced.

The discovery of the first competitive progesterone
antagonist RU 38486 (3.1) has initiated an intense search for
more potent and more selective anti-progestins. Among
several hundreds of compounds under preliminary investigation
by Sobering4 are ZK 98734 (3.2) and ZK 98299 (3.3).
Similarly related compounds to RU 38486 have been synthesised
by Organon.C Among the Organon compounds, compounds (3.4),
(3.5) and (3.6) are the most interesting ones. All these
compounds do not only differ in relative potency, but are
clearly distinguished by their different behaviour in various
animal models.
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(3.1) = ru 38486

(3*3) = ZK 98299
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3.2 Mechanism of Action of Anti-progestins

3.2.1 Cellular Mechanism of Action

The mechanism of action of antiprogestins at the cellular
level has not been fully elucidated. In order to explain the
absence of significant agonist activity despite the high
receptor binding affinity of these compounds, a number of
studies have been conducted on the physiochemical
characteristics and DNA-binding ability of glucocorticoid and
progesterone receptors bound to antiprogestin.6-8 These
studies have yielded conflic