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PREFACE

Many chemists, working in the field of steroids, have been interested
in the subject of chemical structure, biological activity relationship. As
the number of synthetic steroids increases at an ever-growing rate, more
and more theories are put forward to explain their mode of action.

The aim of this work is to review the structure—activity theories in the
field of androgens and anabolic agents. It is written primarily for medicinal
chemists and pharmacologists, but other research scientists, such as
endocrinologists and biochemists, may also find it of value.

The first chapter deals with metabolic factors affecting the biological
activities of androgens. In the second chapter the structure-activity
theories are reviewed. A new approach to the structure-activity relation-
ship is offered in Chapter 3. The effects of structural and stereochemical
changes on biological activities are extensively analyzed in this chapter.
A new theory of steroid-receptor interaction concludes this chapter.

In Chapter 4 the therapeutic action of androgens and anabolic agents is
examined. In Chapter 5 some 650 androgens and anabolic agents are
compiled. The literature is covered through 1967. Some compounds could
not be incorporated into the tables owing to the lack of biologic data.

[ am very grateful to the late Dr. Gregory Pincus and to Dr. Marcel
Gut (Worcester Foundation for Experimental Biology) for their encour-
'clgEfnent, and to Dr. Hudson Hoagland (Worcester Foundation for Ex-
perimental Biology) and Dr. Endre Balazs (Retina Foundation, Boston)
for their help in promoting the publication of this work. I also want to
th.ank Dr. Howard E. Ringold (Worcester Foundation for Experimental
Biology; presently with Syntex Research, Palo Alto) for his aid. He not
only read the initial outline of this study but also severely criticized it,

and his many valuable suggestions helped to guide this work into its
present form.
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My thanks are due 40 Mrs. Mina Rano (Worcester Foundation for
Experimental Biology) for typing the manuscript, to Mrs. Janet Mag-
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Massachusetts) for secretarial assistance and to Mr. William R. Wilber
(The Kendall Company, Theodore Clark Laboratory, Cambridge, Mass.)
for his help in preparing the index.

Cambridge, Massachusetts JUuLIus A. VIDA®
October, 1968
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CHAPTER 1

GENERAL ASPECTS

INTRODUCTION

In order to gain knowledge about the relationship of chemical structure
and biological activity, we have investigated many structurally different
steroids. In the field of steroids, relatively small changes in the chemical
structure may bring about sharp changes in potency. In order to explain
drug action in chemical terms the receptor theory [1] was advanced;
the theory considers how the drug molecule alters the chemical properties
or interferes with the biochemical reactions of living tissues. Several
hypotheses have been proposed [2] for drug-receptor interactions, many
in the field of steroids [3, 4, 6, 7,* 43,71, 87, 100, 107]. We will review
these theories; in addition, we will study the effect of structural, con-
figurational, and conformational changes upon hormonal activity.

ANDROGENS AND ANABOLIC AGENTS

Androgens are defined as a group of biologically active steroidal
compounds which are responsible for the secondary sex characteristics
of the male.

Kochakian and Murlin [166] discovered that extracts of male urine
injected into dogs not only had an androgenic effect but, in addition
caused retention of nitrogen (anabolic effect). Since then, numerous
investigations have led to the realization that steroid hormones have
many potent effects on the body and minor chemical alterations of the
steroid molecule may increase some of these effects without affecting
others. Since the anabolic properties of androgens have been confirmed
on both physiological and pharmacological grounds [9], many syn-

1 am very grateful to Dr. 1. E. Bush for an advance copy of his paper.

1
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thetic androgens have been produced with the hope of a useful degree of
protein anabolism without androgenic activity.

Anabolic steroids are those compounds which cause nitrogen reten-
tion, i.e., positive protein metabolism. In man, treatment with testosterone
and related compounds not only brings about nitrogen retention, but potas-
sium, phosphorus, and calcium retention as well. These elements, to-
gether with water, are the main components of the intracellular compart-
ments; hence nitrogen retention is essential in the formation of new
protoplasm. Since anabolic steroids promote protein synthesis in the
muscular system, these drugs find important application in clinical
medicine to speed up healing of wounds and to promote muscular re-
generation after surgery or wasting diseases. Another clinical application
of anabolic steroids is made to counteract the antianabolic or catabolic
effects of the extensively used corticoids. Some androgenic and anabolic
agents are also able to induce objective remission and prolong life in
women with advancing carcinoma of the breast.

Theoretically, for clinical use, anabolic steroids should possess the
truly anabolic activity of typical androgens such as testosterone but
should lack all androgenic properties, such as virilizing effects. Such
compounds have not been reported as yet. In practice, one considers as
anabolic steroids those compounds in which anabolic activity prevails
and which do not show the virilizing effect of androgens in dosages which
are clinically active on protein metabolism.

Chemical modifications of testosterone have led to some synthetic
compounds which show a satisfactory dissociation between anabolic and
androgenic properties. Many attempts have also been made to find orally
active anabolic steroids without androgenic activity since orally active
compounds would have a much greater clinical application than intra-

~muscularly administered drugs.

Excellent accounts of the biological effects and clinical application of
anabolic steroids, by Kriiskemper [5], and of the pharmacology of anabolic
steroids, by Overbeek [50], are available. It is the aim of this book to
examine the chemical structure-biological activity relationship of andro-
gens and anabolic agents. A new theory of steroid-receptor interaction is
also advanced, based on a new approach to the chemical structure-
biological activity relationship.

PRODUCTION OF ANDROGENS IN MAN

Hormones are the chemical products of the endocrine glands. They
are delivered to the blood stream and transported to target organs. After
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attachment to a receptor site, the hormones accelerate or decelerate
normal biochemical processes. They may be used up (metabolized) in
this function or may be released to return into the blood stream. There-
after the hormones may be metabolized in the blood or may reach a
metabolizing organ; the metabolic products are subsequently excreted in
the urine.

Testosterone, the natural androgen, is produced by the Leydig cells of
the testis under normal conditions. Testosterone is transported in the
plasma by means of carrier proteins. This protein binding is of a weak and
reversible nature [235]. In the liver, which is the main site of inactivation,
and possibly also in the tissues where it exerts its action, testosterone is
metabolized. The metabolic products possess reduced androgenic activity
compared to testosterone; some metabolic products are inactive as
androgens. The metabolic inactivation is carried out by enzymes, such as
17B-dehydrogenase, which is responsible for a metabolic transformation
of testosterone, a steroid containing a 178-hydroxyl group, to 17-
ketosteroids. Following such metabolic transformations the steroids are
conjugated with glucuronic and sulfuric acids and then excreted in the
urine.

The biosynthetic pathways employed by different organs, like testis,
ovary, and adrenal cortex, are common to all these organs. Steroids owing
their structural differences to their origin of biosynthesis are inter-
convertible. Pregnenolone is considered a primary steroid on the route to
steroid hormone formation, while progesterone is an important inter-
mediary steroid in the biosynthesis. Progesterone, which is produced in
the ovary, and dehydroepiandrosterone, which is a product of adrenal
cortex, are considered precursors of androgens in the biosynthetic path-
ways. Thus endocrine differences between testis, ovary, and adrenal
cortex are quantitative rather than qualitative.

The composition of the excreted urinary 17-ketosteroids also reveals
a close similarity between the hormones of different origin: the testis
accounts for 30% while the adrenal cortex contributes the remaining
70% of the total urinary 17-ketosteroids [383]. Androsterone, epia-
androsterone, and 53-androsterone (etiocholanolone) are the main urinary
metabolities of testosterone, and dehydroepiandrosterone is the major
urinary 17-ketosteroid derived from the adrenal cortex.

The intermediates employed in the biosynthesis of androgens belong to
two structurally different chemical classes, «,B-unsaturated ketones
(progesterone) and @,y-unsaturated alcohols (pregnenolone and de-
hydroepiandrosterone). The biosynthetic pathways in the production of
androgens are also different [390].



4 1. GENERAL ASPECTS

A recent review of'modes and sites of action of steroid hormones has
been given by Engel [391].

METABOLIC FACTORS

Before considering the structural requirements of androgens and
anabolic agents, one must take into account the metabolic factors affect-
ing the biological activities of steroid hormones. The question can be
raised whether the steroids administered as drugs still possess the
original structure of the drug at the receptor site or whether structural
changes have taken place in the course of the delivery to the receptor
site. In other words, does the receptor see the same structure that we
see at the time of administration? Is the transport of the compound to the
receptor site in the organism fast enough and is the compound protected
from metabolic inactivation long enough to permit delivery of the active
species to the end organ? What is the half-life of the steroid in the body?
These questions become especially important in the view of the finding
[167] that the truly anabolic effect of testosterone (i.e., a definite positive
change in nitrogen balance) begins only at a time when all but traces of
the effective dose of the steroid have been metabolized and excreted by
the body.

Dorfman and Ungar have given an account of the metabolism of steroid
hormones [10], therefore only a few comments will be made here. The
comparative relative activities of testosterone metabolities on the seminal
vesicle and ventral prostate of immature male rats and capon’s comb are
summarized in the accompanying table.

It can be seen that androstane-178-ol-3-one (dihydrotestosterone) is 2
to 224 times as active as testosterone on the seminal vesicles and ventral
prostate indices, but the rest of the compounds are all less active than
testosterone. Thus metabolic inactivation is a very important factor to
be considered.

There are several approaches to the study of metabolism. First, isola-
tion of steroid metabolites from various steroid-forming tissues (testes,
ovaries, placentae, adrenal glands) makes it possible to evaluate the
usefulness of a particular endocrine gland in the production of steroids.
Secondly, in vitro experiments are conducted by incubation with tissue
preparations followed by isolation of the metabolities of steroids. Thirdly,
in vive experiments are carried out by isolation of steroids from bio-
logical fluids, mainly from animal and human blood and urine. This last
method includes evaluation of the rates of secretion and metabolism of
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Testosterone = 100%
Relative activity (%)

Metabolites of Seminal Capon’s Ventral
(estosterone vesicles 8] comb [8] prostate
Testosterone 100 100 100
Androstane-178-o0l-3-one 200 {75 260
Androstane-3ea,173-diol 33 75 24
Androstane-33,178-diol 10 2 3
A*-Androstene-3,17-dione 20 12 39
Androstane-3,17-dione 14 12 33
AP-Androstene-3,173-diol 14 3 21
Androstane-3a-o0l-17-one
(Androsterone) 10 10 53
Androstane-3§-ol-17-one
(Epiandrosterone) 3 g, 2
Ab- Androstene-3,17-dione 7 12 &
A% Androstene-33-ol-17-one
(Dehydroepiandrosterone) 3 16 34

steroid hormones by the application of isotope tracer techniques [318-
321]. Lieberman and co-workers undertook urinary metabolic studies
[304,325] by administration of isotopically labeled steroids followed by
the determination of specific activities of urinary metabolites derived only
from the administered substance. Mathematical analyses were performed
by compartmentalization of the metabolism [385]. One- or two-compart-
ment systems are most frequently used [304,306,384,386,387]. A
compartment is defined as a particular species (e.g., dehydroepiandro-
sterone sulfate) in a particular space (e.g., peripheral organ). It is assumed
that a species entering a compartment mixes immediately with the whole
- compartment. Two factors were responsible for the institution of com-
partmental analysis:

(I) Consider three structurally similar C,, steroids —testosterone, an-
_d!‘ostenedione, and dehydroepiandrosterone. Each of these compounds
1 secreted into the blood stream by glands, and after provoking its bio-
chemical effect, is metabolized and excreted. If the only source of the
plasma pool were provided by the glandular secretion of the hormone,
th@n the secretion rate would be used to calculate the plasma concentra-
tion. However, the picture in the case of the three C i, steroids is compli-
cated by the fact that the three compounds are peripherally intercon-
vertible. Since both glandular secretion and peripheral conversion of
Precursors contribute to the plasma pool, the production rate is used to
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calculate the plasma concentration. The production rate is expressed as
the sum of the secretion rate of the steroids entering the circulation
directly and the steroids entering irreversibly from the outer anatomic
pool [318].

(2) It has been shown that hormones are not exclusive products of the
glands but are also formed in metabolizing organs. These hormones,
however, contrary to the classical hormones, are not secreted into the
blood. It has been established that testosterone formed in the liver from
androstenedione, dehydroepiandrosterone, and dehydroepiandrosterone
sulfate does not enter the blood [305,323,388]. It has also been estab-
lished that secreted and metabolically produced testosterone do not have
the same metabolism [169, 311].

Compartmental analysis has been proved to be useful in dealing with
the complex situation of metabolism.

In addition to estimation on the basis of urinary metabolic studies,
blood production rates of steroids can be estimated, after administration
of isotopically labeled steroids, from the specific activity of the unchanged
steroids in the blood. This method was extensively used by Tait and co-
workers [322,324]. In 1966 a critical survey of steroid hormone metabo-
lism was given by Baulieu [385].

METABOLIC INACTIVATION

The main factors responsible for metabolic inactivations of the andro-
gens are listed below; they are discussed in the following sections.

Metabolism of the 4,5-double bond

Metabolism of ketone and secondary hydroxyl groups
Conjugation of hydroxyl groups

Hydroxylation and epoxidation reactions
Aromatization of androgens

Other metabolic factors

N R L

METABOLISM OF THE 4,5-DOUBLE BOND

The natural androgen testosterone and a large number of other andro-
gens and anabolic agents possess the 4,5-double bond, while the majority
of metabolic products lack this unsaturation. The hypothesis was put
forward that the reduction of the 4,5-double bond in the liver may repre-
sent the rate-limiting step in the inactivation of these hormones [168,221].
Upon hydrogenation of the double bond, the 5-carbon becomes asymmet-
ric and therefore two possible isomers could result, the Sa-isomer (trans
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A/B ring junction) and the 58-isomer (cis A/B ring junction). Catalytic
reduction of simple 4,5-unsaturated compounds (without neighboring
ketone or alcohol functions) in general gives a mixture in which the 583-
isomer (A/B cis product) predominates. In the case of A*-cholestene the
course of reduction of the 4,5-double bond is dependent upon the medium;
in a neutral medium A*-cholestene is reduced to the 53-isomer (A/B cis
product) and in an acidic medium to the Sa-isomer (A/B trans product)
[330]. One explanation was advanced [329] for the usual preponderance
of p-isomers in catalytic reductions on the basis of conformational
analysis [331,332] and another [333] on the basis of catalyst hindrance
theory [334]. The direction of attack can be controlled by steric factors
imposed by nearby substituents; catalytic reduction of 38-hydroxycholest-
4-ene, an allylic alcohol, gave a different composition of the mixture of
stereoisomers [335]. Catalytic reduction of the a,8-unsaturated ketone,
cholest-4-en-3-one, gives a mixture of saturated 5« (A/B trans) and 53
" (A/B cis) ketones [336]; the proportion of products varies with the con-
ditions and with the structure of remote parts of the molecule [337]. A
hydroxyl group at the 113-position leads to exclusive production of 5«
(A/B trans) saturated ketones [338], while 11a-hydroxyl groups lead to
exclusive formation of saturated 58 (A/B cis) ketones in the course of
catalytic hydrogenation of A*-3 ketone compounds [339]. In addition to
catalytic reduction, the o, S-unsaturated ketone system can be reduced to
saturated ketone by metal-ammonia reduction [340]. This kind of reduc-
tion will give rise to that product which will be the more stable of the two
isomers (cis or trans) having the newly introduced hydrogen axial to the
ketone ring [341].

Considering the courses of the chemical reductions of the A*-3-ketone
system, it is not surprising to find that the enzymatic metabolic reductions
are very similar in behavior to the chemical reductions. Thus, reduction
of the 4,5-double bond gives rise to a mixture of 5a- and 53-steroids and
the ratio depends on the nature of substituents in the molecule. Without
an 11-oxygen function the ratio of 58- to Sa-dihydro derivatives was
found to be 1:1[342] to 2:1 [301]. In the presence of an 11-oxygen func-
tion (11-hydroxy [343,344] and 11-keto [345]) the ratio of Sa- to 58-
reduced metabolites was 4:1 or 5: 1.

Since the 58-dihydro derivatives, compounds in which rings A and B
pOS.»sess a cis junction, are inactive as androgens or anabolic agents, the
ratio of products formed in the reduction becomes important.

METABOLISM OF KETONE AND SEcoONDARY HYDROXYL (GROUPS

_ Since reduction-oxidation processes are very common in all living
tissues, all ketone and secondary hydroxyl groups are susceptible to
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redox conversions. This factor is extremely important with respect to the
17-ketone-17-hydroxyl group transformation. Testosterone, which
possesses a 178-hydroxyl group, is known as the most potent natural
androgen and androstenedione, which possesses a 17-ketone group,
is a very weak one; therefore the protection of the 178-hydroxyl group
against oxidative metabolic inactivation becomes a very important con-
sideration. The reversible reaction androstenedione = testosterone has
been demonstrated in the liver, the kidney, and other tissues [171-173].
It has been assumed [174] that both testosterone and dehydroepiandro-
sterone contribute to a plasma androstenedione pool. Androstenedione
was considered the precursor of further metabolites. Accordingly the
178-hydroxyl group of testosterone is first oxidized to the 17-ketone group
and then it is further reduced to other metabolites, i.e., it follows the
“ketonic metabolic pathway.” Baulieu [169] has demonstrated that a
direct “hydroxyl pathway” also exists, and it is not necessary to first

OH

o]
Qgﬁ o \
O O

Androstenedione Testosterone

e

H H

Epiandrosterone Androsterone 5 8- Androsterone

OH
Oéjj I
Ho' "’ : HO' "
f
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oxidize the 178-hydroxyl group for other metabolic transformations to
take place.

Androsterone and 5p-androsterone, which are the major metabolites,
were thought to be uniquely derived from the plasma androstenedione
pool. Korenman ef al. [170,388] demonstrated by the double isotope
tracer method using carbon-14-labeled testosterone and tritium-labeled
androstenedione that neither androsterone nor 5B-androsterone is a
unique metabolite of a plasma androstenedione pool. A unique steroid
metabolite has been defined by Dorfman [326] as a steroid persisting or
formed during metabolism which can be related to one and only one
tissue steroid. Korenman et al. obtained different tritium/carbon-14 ratios
for androsterone and 5@-androsterone, suggesting that other pathways
of testosterone and androstenedione metabolism also exist. These other
pathways, possibly metabolism of testosterone and androstenedione by
peripheral tissue, may be responsible for the relative enrichment of either
the Sa- or the 58-isomer of the urinary metabolites [305].

Furthermore Tait and co-workers [322] pointed out the marked differ-
ence in the urinary and blood production rates of testosterone obtained
in women after injection of radioactive testosterone. He concluded that
steroids produced from dehydroepiandrosterone contribute little to the
blood production rate of androstenedione and testosterone in normal
subjects [403]. According to Tait [324], all the blood production rate of
androstenedione in the female and testosterone in the male is due to the
same secreted steroid, while the blood production rate of testosterone in
the female and androstenedione in the male is due about one-half to the
same secreted steroid and one-half to converted precursor. The normal
male secretes a ratio of testosterone to androstenedione of about 10:1 and
the normal female secretes a ratio of androstenedione to testosterone of
about 25:1.

We have already considered the metabolism of the 4,5-double bond,
including the hypothesis that the reduction of the 4,5-double bond may
represent the rate-limiting step in the inactivation of hormones possess-
ing the A*-3-ketone system. After the reduction of the 4,5-double bond,
the 3-ketone function is also reduced, giving rise to a new asymmetric
center at carbon-3. A correlation between the stereochemical course of
the chemical reduction and the conformations of alcohols has been
t_established by Barton [331, 346]. The reduction of 3-ketones with sodium
In alcohol yields predominantly the thermodynamically more stable
equaﬁ:orial alcohol. Reductions by alkali metals and proton donors pro-
Ceed‘mg through carbanions also give predominantly the thermody-
Namically most stable product, providing the carbanions are sufficiently
long-lived to exercise their stereochemical preference [347]. The von
Auwers-Skita hydrogenation rule [348] was applied to the stereochemical
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course of catalytic reduction of 3-ketones and later modified by Wicker
[349,350]. In strongly acidic solution, rapid catalytic hydrogenation
yields predominantly the less stable axial alcohol. It was postulated by
Dauben [351] that two factors control the stereochemistry of the products
obtained from the reduction of 3-ketones with complex hydrides. In the
mixture of isomeric alcohols, the equatorial one will predominate due to
the ease of formation of the initial complex between the hydride and the
relatively unhindered 3-ketone group. In this case, the reaction course is
influenced primarily by thermodynamic factors; the reduction will follow
the “product development control.”” The composition of the mixture
varies depending on the steric requirement of the different metal hydrides
used in the reduction [351,357]. In contrast, the reduction of 2-ketones
and 4-ketones will follow the *‘steric approach control.” In these hindered
systems, the axial approach of hydride is strongly inhibited by an axial
methyl group; thus the hydride is forced to approach equatorially and the
product will be the axial alcohol. Other mechanisms for the reduction
with complex hydrides have also been offered [352-355]. H. C. Brown
[357] pointed out that in cases where steric hindrance becomes a pre-
dominating factor, steric hindrance to the departure of the leaving group
introduces a new factor which might be termed “steric departure control.”
An interpretation was offered recently by postulation of a flexible form
of the ketone in the reaction [393].

The reduction of the 3-keto group of androgens to both 3a- and 33-
hydroxyl groups has been demonstrated in both in vivo and in vitro. Meta-
bolic studies demonstrated a sex difference in the reduction by rat liver
homogenates of the 3-ketone group of Se-androstane-3,17-dione and
androst-4-en-3,17-dione. When these steroids were incubated [356] with
a rat liver homogenate prepared from male rats, the ratio of 3g-ol
(epiandrosterone) to the 3a-ol (androsterone) varied from 2.3 to 3.5
while a similar preparation from female rats gave ratios varying from
0.12 t0 0.16. In vivo evaluation of the ratio of 3e- and 38-hydroxy epimers
is made more difficult since the metabolic products may arise from Cy,
steroids as well as C o steroids. Also, there is no unique metabolite de-
rived exclusively from androst-4-en-3,17-dione since the metabolic
products may arise from transformations of testosterone or dehydro-
epiandrosterone as well [170].

CONJUGATION OF HYDROXYL (GROUPS

Reduction of the 3-ketone group can give rise to 3a- or 38-hydroxy
compounds, with the former dominating in men. Of the two epimers, the
3a-hydroxy compounds are usually the more potent androgens and
anabolic agents. A contrary example was given by Dorfman [241];
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35,1?ﬁ-dihydroxyandmst-4—ene in mice, rats, and chicks is about as
androgenic as testosterone. In the reduction of the enone system of a
A4-3-ketone group the rate-determining step is saturation of the double
pond. After saturation of the double bond, the reduction proceeds almost
quantitatively to the hydroxy compounds regardless of the redox po-
tential. This is probably due to the irreversible removal of the hydroxy
compound from the ketonic compound-hydroxylic compound equi-
librium by formation of so-called conjugates, ¢.g., esters of sulfuric or
glucuronic acid. The glucuronide formation [327] may approXimate in
vivo an irreversible process and efficient route of inactivation. Metabolic
studies of dehydroepiandrosterone glucuronide showed [385] that when
isotopically labeled dehydroepiandrosterone and dehydroepiandrosterone
glucuronide are injected intravenously, dehydroepiandrosterone sulfate
is formed from both (in a ratio of 5:4 favoring formation from the free
compound). This indicates the existence of a transconjugation mechanism
without the need for free dehydroepiandrosterone intermediate. On the
other hand, the conjugated dehydroepiandrosterone glucuronide under-
goes further metabolic transformations [312], such as androsterone for-
mation, to a very limited extent (10% of that of free dehydroepiandro-
sterone). This shows that dehydroepiandrosterone glucuronide has a
greater tendency to form dehydroepiandrosterone sulfate than does free
dehydroepiandrosterone, the latter having a greater tendency to undergo
further metabolism rather than conjugation with sulfuric acid [311, 385].

Formation of sulfates [328] is relatively reversible. This may be due to
the fact that the metabolic clearance rate [318] of sulfates is relatively
low [389] and their renal excretion inefficient [4]. The conversion of de-
hydroepiandrosterone sulfate in vivo to androsterone and etiocholanolone
glucuronide was demonstrated by Lieberman and co-workers, who ad-
ministered isotopically labeled dehydroepiandrosterone sulfate and
isolated labeled androsterone and etiocholanolone from glucuronidase-
hydrolyzed urine [303]. Since in another study by Lieberman [174], the
transconjugation from dehydroepiandrosterone sulfate to dehydro-
epiandrosterone glucuronide without free dehydroepiandrosterone inter-
mediate was declared to be improbable, in vivo equilibrium betwecn
dehydroepiandrosterone sulfate and dehydroepiandrosterone seems
probable [303].

According to the classical view of metabolism the hormones are
synthesized as free steroids in endocrine tissues and prepared for excre-
tion in urine by peripheral metabolism and conjugation. This view had to
be modified upon the isolation of dehydroepiandrosterone sulfate from
adrt?nal tumor [307]. Thus dehydroepiandrosterone sulfate, a steroid
conjugate, was shown to be secreted by the adrenal tissue. Isotopic
methods also pointed in the same direction. Lieberman et al. [304], using
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the isotopic dilution method, found that after administration of tritium-
labeled dehydroepiandrosterone to normal subjects, the specific activity
of dehydroepiandrosterone excreted as glucuronide was higher than that
of dehydroepiandrosterone excreted as sulfate, indicating that dehydro-
epiandrosterone could be secreted. The double isotope tracer method
using carbon-14-labeled dehydroepiandrosterone and tritium-labeled
dehydroepiandrosterone sulfate was applied [306] to estimate the
secretory rates of both dehydroepiandrosterone and dehydroepiandro-
sterone sulfate and the results confirmed that dehydroepiandrosterone
sulfate is one of the major steroids secreted by human adrenals.

However, the validity of the model used by Gurpide et al. [174,175,
176,306] for the determination of the secretion and interconversion of
dehydroepiandrosterone, dehydroepiandrosterone sulfate, androstene-
dione, and testosterone was criticized by Baulieu ef al. [404] and Migeon
et al. [405].

Baulieu isolated dehydroepiandrosterone sulfate from two adrenal
tumors [307] and found that the concentration of dehydroepiandrosterone
sulfate in adrenal venous blood was higher than that present in peripheral
blood, implying that dehydroepiandrosterone sulfate was synthesized by
the gland [308,308a]. Although dehydroepiandrosterone sulfate is a
secreted as well as a metabolic steroid conjugate, it is not an end product
in the course of metabolism; it, too, as already mentioned, undergoes
further metabolism [312].

The principal point of conjugation (ester formation) is at the hydroxyl
group attached to C-3. However, if ester formation at this position is
not possible and there are other hydroxyl groups present in the molecule,
these other hydroxyl groups also may become attached to glucuronic or
sulfuric acid to give rise to steroid conjugates.

HYDROXYLATION AND EPOXIDATION REACTIONS

Hydroxylation reactions lead to metabolites which are usually less
active than the precursors. Hydroxylation reactions may take place at
a position activated in the chemical sense, such as an allylic methylene
group or a position adjacent to or vinylogous to a carbonyl function.
Hydroxylations of saturated carbon atoms that are inactivated in any
classical sense are also important. Bloom [358] made a discovery which
provided the basis for his proposed mechanism for oxidative attacks on
steroids, including hydroxylations and epoxidations. According to Bloom
“g microorganism capable of introducing an axial hydroxyl function at
C, of a saturated steroid also effected the introduction of an epoxide
grouping axial at C, in the corresponding unsaturated substrate.” Equa-
torial hydroxylases did not effect a similar conversion. Bloom [359]
assumed that hydroxylations proceed by electrophilic attack. Molecular
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orbital considerations reveal [360,361] that in a cyclohexene system the
unsaturated carbon atoms possess sp2-hybridized orbitals with the maxi-
mum m-electron density extending directly above and below the plane of
the molecule. Maximum overlap of r-electrons for the formation of a new
bond is expected to occur with axial attack. In the saturated cyclohexane
system the carbon atoms possess sp3-hybridized orbitals and the maxi-
mum electron density of a carbon-hydrogen bond is concentrated along
the o-type bond. The spatial requirement of the electron bond along the
axial — not the equatorial —carbon-hydrogen bond is similar to that of the
unsaturated carbon-carbon bond. Therefore, as outlined by Bloom
[359], in the appropriate enzyme-substrate complex the spatial relation-
ship required for reaction (hydroxylation) between an axial hydroxylase
and an axial hydrogen bond of a saturated steroid is also similar to the
spatial relationship required for reaction (epoxidation) between the axial
hydroxylase and the -electrons of the unsaturated steroid. A reasonable
degree of structural specificity in the oxidizing enzyme system would pre-
clude occurrence of the epoxidation reaction with equatorial hydroxylases
since equatorial bonds extend outward in the plane of the cyclohexane
ring.

The electrophilic nature of peroxy acids commonly used in preparation
of epoxides is recognized in all of the mechanisms postulated for the
epoxidation reaction [362,363,373]. Enzymatic hydroxylations of
saturated carbon atoms that are unactivated in the chemical sense pro-
ceed with retention of configuration [314-317]. Implications are that
enzymatic hydroxylating agents also possess an electrophilic character,
on the basis of following consideration. Comparison of the stereochemical
course of nucleophilic and electrophilic substitution reactions reveals
that with the exception of nucleophilic internal substitution (Syi) of
alcohols with a limited number of reagents, which results in substitution
with predominant retention of configuration, the nucleophilic substitution
reaction does not proceed with retention of configuration [376]. On the
other hand, electrophilic substitution reactions at saturated carbon often
proceed with retention of configuration, especially in solvents of low
dissociating power [374,375]. Enzymatic hydroxylation procedures
utilize molecular oxygen [364,365] and require reduced nicotinamide
adenine nucleotides [313,366].
~Ringold put forward [369] a hypothesis for the enzymatic hydroxyla-
tion reactions which take place at an activated position. These reactions
El? a position adjacent or vinylogous to a carbonyl function may take place
Via the enol intermediates. Assuming an electrophilic hydroxylating
S_pecies, a high electron density provided by the enolic form at the posi-
UOI_’ of hydroxylating attack may greatly accelerate the rate of reaction.
This hypothesis is in line with the general concept that through enol or
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enolate ion formation, a carbonyl group activates adjacent carbon-
hydrogen bonds toward electrophilic substitution [367,368]. Since
maximum overlap of 7-electrons for the formation of new bond is pro-
vided by an axial approach of the hydroxylating agent, axial 23-, 683-,
10B-, and 17a-hydroxylations are favored over equatorial 2a-, 6o,
10a-, and 178-hydroxylations. Since 17a-hydroxyprogesterone is con-
sidered an important metabolite in the biosynthetic pathways of steroids,
17a-hydroxylation is a most significant reaction. The mechanism of this
reaction was discussed by Hayano [370].

AROMATIZATION OF ANDROGENS

The conversion of radioactive testosterone to estradiol has been
demonstrated with mammalian tissue [225] and accepted as a natural step
in estrogen formation. The conversion of 19-hydroxy-A*-androstene-3,
17-dione to estrone by endocrine tissue [226] suggested that the bio-
conversion of androgens to estrogens proceeds via a C-19-hydroxylated
intermediate. Simple removal of the angular methyl group (as in 19-
nortestosterone), or use of 1,4-dien-3-one with the angular methyl group
resulted in reduced relative substrate activity in steroid aromatization
[227]. This suggested that aromatization proceeds via C-19 hydroxyla-
tion followed by simultaneous or rapidly sequential direct introduction
of a double bond (1,2-unsaturation) and removal of the angular methyl
group [371,372]. Substitutions in the molecule at C-11, C-16, and C-17
all diminish or abolish activity, but 1la-hydroxytestosterone and 68-
hydroxy-4-androstene-3,17-dione are apparently converted to sub-
stituted estrogens. The unsaturated compound, 1-androstene-3,17-dione
is also active in spite of the lack of direct evidence for mammalian enzyme
systems capable of inserting a double bond in the C-4 position [227,377].
Hydroxylation at C-1 and C-2 prior to other changes in the molecule
results in substantial loss of activity and there is also evidence that
hydroxylation and dehydration are probably not involved in double bond
formation [227]. Ester formation at the C-17 hydroxyl group does not
protect against aromatization; esters of testosterone and nortestosterone
gave rise to approximately the same increase in urinary estrogens as the
free steroids [233]. Alkylation in the 17«-position causes a marked de-
crease in steroid aromatization, but offers no complete protection, i.e.,
| 7a-methyltestosterone has a 44% activity in aromatization compared to
100% testosterone activity. The ring-A saturated steroid, 173-hydroxy-
androstan-3-one does not aromatize [227]. Chlorine substitution in the
4-position also inactivates the steroid towards aromatization, i.e., 4-
chloro-178-hydroxyandrost-4-en-3-one 178-p-chlorophenoxyacetate and
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4-chloro-17«-methyl-17B-hydroxyandrosta-1,4-dien-3-one administration
does not cause estrogen excretion [234]. The I-methyl-substituted
steroid, 1-methyl-173-hydroxyandrost-1-en-3-one does not aromatize;
the 1-methyl group inhibits the initial attack of 19-hydroxylase, which
appears to be the first step in the aromatization [228].

OTHER METABOLIC FACTORS

Metabolic studies have shown that after intravenous administration of
carbon-14-labeled testosterone the radioactivity was excreted almost
quantitatively in the urine in 48 hr [310]. However, the sum of all the
known radioactive metabolites is far below 100%. Intravenous adminis-
tration of labeled metabolites, on the other hand, made it possible to
calculate the conversion rate of metabolites on the basis of the specific
activity of the urinary metabolites. The calculated production rates of
known metabolites showed that testosterone is almost quantitatively
transformed to known metabolites, then the formed metabolites in turn
are converted in various degrees (less than 100%) to other urinary
metabolites. The metabolites do not circulate as free compounds in the
blood; they are present as conjugates. Therefore, further metabolic studies
were carried out using conjugated steroids [311]. Tritium-labeled testos-
terone and carbon-14-labeled testosterone glucuronide were intra-
venously injected. Comparison of the urinary metabolites showed that
while tritium-labeled testosterone affords the normal conversion to
tritiated 5« (epiandrosterone, androsterone, and androstanediol) and 58
(5B-androsterone, 5B-androstanediol) metabolites, the percent conversion
of carbon-14-labeled testosterone glucuronide to carbon-14-labeled 58
(58-androsterone and 5B-androstanediol) metabolites is relatively higher.
However, most striking is the fact that carbon-14-labeled testosterone
glucuronide gives rise to practically no carbon-14-labeled 5« (epiandro-
sterone, androsterone, Sa-androstanediol) metabolites. This seems to
indicate that testosterone glucuronide is not split to give testosterone and
that an unknown pathway from testosterone glucuronide to the 58-
steroids could exist [311].

Metabolic studies carried out with isotopically labeled dehydroepi-
androsterone sulfate [312] showed that this conjugated steroid may follow
an “indirect” metabolic pathway initiated by the hydrolysis of the sulfate
group. In the course of the metabolism the conjugated steroid thus be-
comes a free steroid first and the free steroid may undergo further
metabolism. On the other hand, dehydroepiandrosterone sulfate may
follow a “direct”” metabolic pathway without a break of the ester group.
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These studies were carried out by Baulieu and co-workers and are
summarized in an excellent review [312].

THE EFFECT OF STRUCTURAL MODIFICATION
ON THE METABOLISM

REMOVAL OF THE 19-METHYL GROUP

A very important class of androgenic and anabolic compounds is made
up of 19-nortestosterone derivatives. It has been shown that 19-nor-
testosterone is metabolized in a similar way to testosterone itself [177].
The two main metabolites isolated from the urine of a patient after admin-
istration of 19-nortestosterone were 19-norandrosterone (3o-hydroxy-
Sa-estran-17-one) and 19-noretiocholan-3a-o0l-17-one (3a-hydroxy-58-
estran-17-one). The ratio of 5« to 58,17-ketosteroid metabolites of 19-
nortestosterone is similar to the ratio of 5« to 58,17-ketosteroid metab-
olites of testosterone. The conclusion was drawn [177] that the absence
of the angular methyl group exerts little or no influence upon either the
dehydrogenation of the 178-hydroxyl group or the stereochemical course
of the reduction of the A'-3-ketone group. The increased excretion of
estrone after administration of 19-nortestosterone is of the same order of
magnitude as that observed after the administration of testosterone. I ater
it was found that the relative substrate activity in steroid aromatization,
measured by conversion of androgens to estrogens by the human placenta,
was 20% for 19-nortestosterone as compared to 100% for testosterone
[227].

PROTECTION OF THE 178-HYDROXYL GROUP

Another important class of androgenic and anabolic compounds was
synthetized with the direct purpose of avoiding metabolic inactivation.
Introduction of a 17«-alkyl substituent into the testosterone molecule
changes the secondary 178-hydroxyl group to a tertiary hydroxyl group.
Thus metabolic inactivation through oxidation of the 178-hydroxyl group
to a 17-keto group is no longer possible. The 17a-alkyl testosterone
derivatives owe their oral activity to the protection of the 178-hydroxyl
group.

In addition to the protective effect of 17a-alkylation, methyl substitu-
tion in positions 1, 2, and 6 and the position of unsaturation in ring A also
have an important influence on the relative activity of 178-hydroxy-
dehydrogenase [S]. The relative activities of 178-hydroxy-5a-androstan-
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3-one (11%), 17B-hydroxy-5e-androst-1-en-3-one (18%), 17a-methyl-
testosterone (< 10%), la-methyl-178-hydroxy-5e-androstan-3-one (<
10%), 1B-methyl-178-hydroxy-5a-androstan-3-one (< 10%), 1-methyl-
17B-hydroxy-Sa-androst-1-en-3-one (< 10%), and 2-methyl-178-hy-
droxy-5a-androst-1-en-3-one (< 10%) compared to testosterone (100%)
in vitro show a pronounced drop in the oxidation of the 178-hydroxyl
group by DNP-specific 17g-hydroxy(testosterone)dehydrogenase pre-
pared from guinea pig liver. Intermediate values in the relative activities
were obtained in the same experiment [5] by la-methyl-178-hydroxy-
androst-4-en-3-one (47%), 2a-methyl-178-hydroxyandrost-4-en-3-one
(54%), 6a-methyl-178-hydroxyandrost-4-en-3-one (63%), and 68-
methyl-178-hydroxyandrost-4-en-3-one (58%). However, in contrast,
in vivo experiments showed a great increase in the excretion of 17-
ketosteroids upon administration of 178-hydroxy-5«-androstan-3-one
(dihydrotestosterone) [237] and 19-nortestosterone [5]. It was also
reported [239] that 4-chloro substitution of testosterone also decreases
the rate of oxidation of the 178-hydroxyl group.

Reports have also appeared on the protracted action of 178-hydroxy-
Se-androst-2-ene (A-2)* containing a free 178-hydroxyl group [399,
400]. The prolonged action is attributed to the specific structural features
of the molecule which cause a slow metabolic transformation of its 173-
hydroxyl group to form an inactive 17-keto derivative. In addition, a
slower resorption from subcutaneous depot could be another reason
[400] for the prolonged action of 178-hydroxy-5a-androst-2-ene (A-2).
In another case, metabolic studies of 1-methyl-178-hydroxy-5a-androst-
l-en-3-one (A-86) showed [275] that the steroid predominantly excreted
is the unchanged compound, i.e., the oxidation of the 178-hydroxyl
group did not take place to a large extent. This compound (A-86) was
shown to be an orally effective anabolic agent [100,270,300]. The
results of an in vitro experiment on the metabolism of structurally

different androstane analogs were also reported by Kriiskemper and
Breuer [401].

PROTECTION OF THE A*-3-KETONE SYSTEM

‘ Structural modifications were carried out in some classes of steroids
In order to block another known route of metabolic inactivation, namely,
the reduction of the A*-3-ketone system. The structural changes, such as
2a-methylation or 6a-methylation were aimed to slow down the rate of
e

*TI_TE serial number (e.g., A-2) given in parentheses refers to Tables I-V. The tables
and directions for their use comprise Chapter 5.
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reductions in ring A. The enhanced corticoid activity of 2a-methyl-
cortisol was attributed [224] to the apparent inhibition of the reduction of
the A‘-3-ketone system. This suggestion was confirmed by the large
number and amount of steroids retaining the A‘-3-ketone system among
the metabolites of 2a-methyl steroids [223]. In another class of steroid
hormones, 6a-methyl-17a-hydroxyprogesterone acetate has been shown
[229] to exhibita prolonged duration of anti-inflammatory, glycogenic, and
pituitary-inhibiting activity in the rat compared to progesterone. Since
the metabolic inactivation of 6x-methyl-17a-hydroxyprogesterone acetate
by rat liver enzyme is slower than that of progesterone, indications are
that the 6a-methyl group protects the A*-3-ketone system from fast
reduction. It is interesting to note that in the Sa-androstane series, intro-
duction of a 6a-methyl substituent does not lead to an increased andro-
genic or anabolic activity [40].

In the progestational series, it was found [232] that of the isomeric
C-6 halogen-substituted 17a-acetoxyprogesterone derivatives the active
species is the a-isomer (also the thermodynamically more stable isomer).
The 6a-halogen-substituted compounds which possess only a 68-
hydrogen are not reduced enzymatically by simple addition of hydrogen
at C-4 and C-5 of the A*-3-keto system, but through the enol form in-
stead, and formation of the enol proceeds preferentially by abstraction
of a 6a-proton. Thus the 6«-halogen derivatives are reduced (metabolic
inactivation) at a much slower rate and therefore are more active [3].

Electronic factors may also play an important role in affecting the
A*-3-ketone system. For example, it was found [240] that 178-hydroxy-
6p3-fluoroandrost-4-en-3-one is reduced by male rat liver supernatant
fractions, containing reductase, to a mixture of 3 and 38,17 8-dihydroxy-
63-fluoroandrost-4-ene. The allylic alcohol formation was attributed to
the fact that the strongly electron-withdrawing 68-fluoro substituent
brings about polarization of the enone system, which causes the ketone
group to resemble a saturated ketone, rather than a conjugated ketone.
Therefore only the ketone is reduced [240].

OTHER CHANGES

The metabolism of 178-hydroxy-1-methyl-Al-androstene-3-one is
markedly different from that of testosterone. In addition to the large
amount of unchanged compound, small amounts of 1-methyl-A'-andro-
stene-3,17-dione and la-methyl-androstane-3,17-dione also are ex-
creted in the urine, but the 1-methylated androsterone or etiocholane
derivatives are not found [275].
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The introduction of 7a-methyl substituents into testosterones increases
the androgenic and myotrophic activity in every case, while 7a-methyla-
tion of A*androstenedione produces a decrease in androgenicity and has
no effect on the anabolic activity. 7a-Methylation of the 19-nortestos-
terones, even 19-nor-A*-androstenedione, leads to a spectacular increase
in androgenic and anabolic activity, averaging about tenfold. It was sug-
gested [35] that the 7a-methyl groups protect the 19-nor configuration
to permit delivery of the highly active 19-nor steroid to the end organ.

ORAL ACTIVATION OF STEROIDS

Oral activation of androgens and anabolic agents has usually been
promoted by the introduction of a 17a-alkyl substituent into the molecule.
The presence of the alkyl group affects the metabolic course of the steroid
by preventing the excretion of the steroid as 17-ketosteroid [236]. The
presence of the alkyl group also is responsible for undesirable side effects
including liver tissue damage. 17a-Alkyl-substituted steroids were
reported to cause reversible, intrahepatic obstructive jaundice due to
cholestasis [295-298]. The disturbing effects of anabolic steroids on the”
liver function are tested by sulfobromophthalein retention, serum bi-
lirubin, serum lactic dehydrogenase, and total creatinine chromogen
assays [299]. Blood coagulation factors [300] are also used as parameters.
17a-Alkylated steroids produce an increase in sulfobromophthalein
retention by interfering with the excretion of sulfobromophthalein
(probably in the “‘conjugate” form). Several 17a-alkylated steroids in-
crease the serum lactic dehydrogenase level. No significant change in
serum bilirubin occurred at dose levels which caused a change in the
other three parameters. However in patients who became jaundiced
elevation of serum bilirubin was found [299]. The use of anabolic steroids
resulted in increased creatinine chromogen (creatine plus creatinine)
excretion. Since under ordinary circumstances a steady state exists, the
rate of endogenous creatine synthesis and the excretion of creatinine
chrompgen remains constant. The increased creatinine chromogen
excretion due to the use of anabolic steroid indicates an increased creatine
synthesis.

It is interesting to point out that 1-methyl-178-hydroxy-S«-androst-1-
en-3-one (Methenolone, A-86), an orally active anabolic agent lacking
the 17a-alkyl substituent, also caused a slight increase in sulfobromo-
phthalein retention and an increase in the blood coagulation factors V
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and X [300]. Here the effects are, however, very small. An important
class of androgenic and anabolic compounds is made up of 178-hydroxy
esters (acetates, propionates, n-decanoates, phenylpropionates, etc.).
The formation of esters is not only effective as a means of protection
against metabolic inactivation [402], but also brings about a protracted
biological effect. This effect is generally believed to be due to slowing
down of the transport of the compound in the organism [178]. This then
results in a more prolonged effect on the receptors and a longer lasting
weight increase response in the individual organs [382]. Subsequently
17B8-hydroxy ethers were introduced [179]. The prolonged action dis-
played by some ether derivatives is likely to be due to a reduced rate of
of elimination from the body. Also the hypothesis was advanced that
etherification of a steroid may cause it to be differently conjugated in the
body and to exhibit different degrees of affinity for receptors.

In addition to the rate of excretion of the steroids from the body and
the rate of metabolic inactivation, two other important factors con-
tribute to the distribution of steroids in the body. One is the solubility
property, which is the result of polarity of the steroid molecule as a
whole, i.e., the presence or absence of polar groups may render the
steroid hydrophilic or hydrophobic. It is remarkable that esterification of
the 17B-hydroxyl group with glycine or succinic acid leads to large de-
crease of the androgenic and the anabolic activity [242]. This may be
due to the increased hydrophilic character of the resulting esters which
renders the steroids water-soluble, and which in turn may effect the ex-
cretion or the attachment by adsorption to the receptor. Hydrophobic
steroids may be taken up and held in solution in the body fat. The other
factor which has to be taken into account is the action of the steroid on
the end organ, which may involve attachment to a protein. This process
will determine the biological potency of steroids, However, there is a
competition for the steroids by different receptors and it is probable that
steroids are taken up by a large number of substances in the body. The
degree to which this occurs will be determined by the structure of the
steroid. We will deal with the structure of steroids next.



CHAPTER 2

STRUCTURE — ACTIVITY THEORIES

RINGOLD’S THEORY

Ringold was the first investigator to put forward a theory for hormonal
activity by systematic examination of the effects created by stereochem-
ical and electronic alterations of the steroid molecule [3]. He postulated
that the interaction of androgens with a receptor to produce a classical
androgenic response is on the a-face (back side) of the androgen molecule.
He reached this conclusion after examining the androgenic action of -
and p-alkyl- or halo-substituted androstanes. Inherent in the conclusion
is the fact that the active molecules are essentially planar with the
angular methyl substituents attached to the C-10 and C-13 carbon atoms
projecting out from the S-face (top side) of the molecule, and the keto
group at C-3 and the hydroxyl group at C-17 essentially in the plane of
the molecule. The postulation that a-face adsorption is responsible for
androgenic activity was supported by the following facts:

(1) Replacing the 17a-hydrogen by a methyl substituent maintains
full androgenic activity; however, increasing the length of the 17a-
substituent by one carbon unit (the change from methyl to ethyl) results
in decrease in androgenic activity, which is attributed to steric factors.

(2) Removal of the 198-methyl groups (the change from the andros-
tane series to the 19-nor series) does not result in increased androgenic
activity. If the B-face of the molecule were responsible for the andro-
gellic activity the absence of the 198-methyl group could result in an
Increase in androgenic activity.

(3) Introduction of a 68-methyl group in the androstane series results
in an increase of androgenic activity compared to the unsubstituted
an@rostane derivative, while 6a-substitution does not decrease the
activity.

(4) Introduction of a la-methyl group in the moderately potent
androgen, 19-norandrostan-178-0l-3-one, eliminates androgenic activity.

(5) The lowered activity of the mono 2a- and 4a-methylandrostanes
21
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cannot be construed as an argument for or against «-face adsorption
since the methyl group is in the plane of the carbonyl group of ring A in
both cases.

(6) Androstane-3e,173-diol is a potent androgen while androstan-
3B,17p-diol is a very weak androgen. In this case an axial 3a-hydroxyl
substituent would not be a bar to enzymatic interaction since the C-3
oxygen function is probably one of the points of enzymatic attachment.

Despite some reservations outlined by Ringold when he introduced it,
the a-face hypothesis with respect to the androgens seemed reasonably
convincing. He also commented on the decreased androgenicity of
2,2-dimethyl-, 4,4-dimethyl-, and 2«,68-dimethylandrostan-178-ol-3-one.
In each case he attributed the decreased potency to severe steric inter-
actions, which cause distortion of ring A. Further, he pointed out that
the activity of B-homoandrostan-178-0l-3-one and 8-isotestosterone, in
which rings B and C are cis-annulated, indicates that in the androgen
series steric factors in the center of the molecule are not as crucial as
distortion in rings A or D.

Ringold also considered the role of substitution by electronegative
atoms. He called attention to the fact that in the androgen series, as
opposed to the progestational and corticoid hormones, the «,8-unsaturated
ketone group, ie., the A*-3-ketone system, is not required for high
hormonal activity and saturated 3-ketoandrostanes (5«-H) are potent
agents as well as are the 3a-hydroxyandrostanes. Ringold attributed
this finding to the fact that if the C-3 oxygen function is involved in an
enzymatic or cellular combination, which he felt is almost certainly the
case, the firmness of this binding cannot be of as great importance for
the androstanes as for the progestational and corticoid hormones. To
support this theory, he pointed out that the substitution of a powerful
electronegative group (such as 2a-fluoro or 4-chloro) has a marked in-
fluence on the A*-3-ketone system by effecting the polarization of this
system. This effect may cause the A*-3-ketone system to resemble more
a saturated 3-ketone system. Hence the explanation that while the 4-
chloro-substituted progestational agent and corticoids are inactive, the
4-chloro-substituted androgens are active. The role of 2a-fluoro sub-
stitution was also explained by polarization factors, but the role of
6-fluoro substitution remained unexplained.

ZAFFARONI'S DATA

Zaffaroni [78] studied the effects of alkyl and electronegative group
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substitution on the activity of androgenic-anabolic steroids. His findings
for androgenic activity confirm Ringold’s postulation; in addition he in-

cluded anabolic activities. The main points of his data may be summarized

as follows:

(1) {a-Methyl-19-nordihydrotestosterone is inactive as an androgen
and 20% as active as testosterone as an anabolic steroid.

(2) The 2a-methyl substitution decreases the androgenic activity and
increases the anabolic activity of the parent steroid. 2a-Methyldihy-
drotestosterone was found to be as active orally as 17a«-methyltes-
tosterone as an anabolic agent and to have very low androgenicity.
2e,17a-Dimethyldihydrotestosterone possesses 20% of the androgenic
and 400% of the anabolic activity of 17-methyltestosterone when
administered orally.

(3) 3-Methy! substitution (a or B) completely eliminates androgenic
and anabolic activity.

(4) 4-Methyltestosterone was found to be 40% as androgenic and
120% as anabolic as testosterone. 4a-Methyldihydrostestosterone was
5-10% as androgenic and 100% as anabolic; 48-methyldihydrostesto-
sterone, 5-10% as androgenic and 200% as anabolic as testosterone.

(5) 6a-Methyl substitution in the testosterone and dihydrotesto-
sterone series decreases the androgenic potency and increases the ana-
bolic potency while 68-methyl substitution increases both acfivities.

(6) 2,2-Dimethyl, 4,4-dimethyl, or 2a,68-dimethyl substitution
eliminates activity.

(7) 2-Hydroxymethylene substitution in the 17«-methyldihydrotes-
tosterone series decreases the androgenic activity to 20% that of 17a-
methyltestosterone while increasing the anabolic activity to 400% that
of the same compound.

(8) 4-Chlorotestosterone exhibits 50% of the androgenic and 100%
of the anabolic activity of testosterone.

(9) 6a-Fluorotestosterone possesses 50% of the androgenic and
100% of the anabolic activity of testosterone, while 6p3-fluorotestosterone
has 25% of the androgenic and 25% of the anabolic activity of testosterone.

(10) 6a- and 68-Chloro substitution diminishes both the androgenic
and anabolic activities of testosterone.
As can be seen, Zaffaroni’s data complement Ringold’s theory.

BUSH’S THEORY

. Bush [4], however, disagreed with Ringold’s theory. According to
ush [4] up to 1962 “the balance of the evidence is in favor of an associ-
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ation of the a-side_of the steroid with receptors for androgenic activity,
but more work is needed before the uncertainties about the role of sub-
stituents at C-17 will be resolved. A B-sided association is suggested, for
instance, by the activity of epimeric 17-hydroxysteroids.” Bush’s main
criticism of Ringold’s theory, which favors a-sided attachment of andro-
gens to their receptor, centered around the uncertainty of the effects of
17a-substituents. As Bush outlines, “the 17a-methyl group, while con-
ferring oral activity on a typical C;4178-0l, reduces androgenic potency
by parenteral routes while leaving levator activity intact.”” Larger 17a-
alkyl groups reduce or abolish androgenic activity, though most clinical
workers have found that androgenic activity is still present. Bush also
called attention to the fact that in androgens substitutions and modifica-
tions in ring A have much more complicated and striking effects than in
other classes of steroids. In ring A a-substitutions appear to cause con-
siderable losses of androgenic activity, such as in compounds containing
2a-methyl, la-acetylthio, and 3«-methyl groups. On the other hand,
9a-bromosteroids have fair or considerable androgenic potency. Bush
also suggested that the considerable activity of 6a-methyl- and 4-methyl-
testosterones can be attributed to the fact that close apposition of these
steroids to their receptor does not occur over the lower edge of rings A
and B. Furthermore the appreciable androgenic activity of 8a-testosterone
suggests that close apposition of the gS-surface of ring B is not involved
in the steroid-receptor association for androgen activity. Bush pointed
out the fact that a number of 3-deoxy and 3g-fluoro-3-deoxysteroids
possess significant androgenic activity. He suggested that the 178-
hydroxyl group plays a specific role in the association of this group with
the receptors for levator and androgenic activity, since all active steroids
in this group possess a 178-hydroxyl group or else a group which can be
converted to it (17-ketone or 17a-hydroxyl). According to Bush, all
these data confirm the validity of the broader concept outlined by him —
that changes in the configuration of the upper half of rings C and D have
a far greater effect on all types of biological activity of steroids than
many changes in the configuration of rings A and B.

In a later article [7], Bush pointed out that analysis of the structure—-
activity relationship suggested that in the case of androgens, probably,
but not certainly ‘“‘the upper and g-sided surface of the molecule was
responsible for conferring specificity on the steroid-receptor associa-
tion.” According to Bush the importance of the configuration of the
“upper” half of the rings (carbons 1,2,11,12,13,16,17) is evidenced by
the preparation of potent androgens and anabolic agents possessing a
heterocyclic ring [11] attached to ring A. These new compounds have
shown that the A*-3-ketone system is not necessary for androgenic
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activity and a large coplanar extension of the s_,teroid nucleus from the
A-ring “leftwards” is compatible with androge_mc activity. Bush favored
(71 a J(-3.sided attachment of testosterone to its receptors even though
17a-alkyl substituents larger than the ethyl group cause a sharp decrease
in androgenic or levator activity. That several 17«a-methyl and 17a-
ethyl derivatives possess considerable activity points to the fact, accord-
ing to Bush, that the a-surface of the steroid is not involved in a specific
interaction with the receptor, since 17e-methyl and 17a-ethyl substitu-
tions already bring about considerable distortion of the molecular surface
of the steroid.

Bush [4] did not favor a specific interaction of the steroid hormones
with their receptors. The fact that synthetic steroids which differ from
the natural hormones display hormonal activity leads him to the conclu-
sion that those regions of the natural steroid hormones which can be
modified in the synthetic steroids without loss of activity are not re-
sponsible for close association with their receptors, i.e., “‘these regions
are either not associated closely with their receptors or . . . they associate
with a flexible part of their receptors in a way that confers little or no
specificity upon the interaction.”

In Bush’s explanation [4] of the nature of drug-receptor interaction
the association between steroid and receptor does not involve chemical
reaction. He also ruled out the possibility that the high biological activity
of certain analogs is due to metabolic modification. He attributed the
intrinsic action of the steroids on their receptors or their surroundings
to some effect of a physical nature. According to Bush the 178-hydroxyl
group, which appears to be the crucial polar group in the natural androgen
testosterone, increases the specificity of receptor association by increas-
ing the probability that the steroid attaches itself by the correct phase.
This is similar to Sarett’s concept [180] of anti-inflammatory steroid
action. Once this one-point, loose attachment to the receptor is made by
one of its polar groups, rotation around this point can bring the molecule
into correct apposition with the rest of the receptor surface. As soon as
the correct apposition of the steroid to the receptor is reached, the associ-
ation becomes strong enough to permit little or no movement of the parts
of the molecules that are in close apposition. Thereby the receptor is
prevented by the presence of steroids from interacting with other mole-
cules or groups.

This mechanism was defined later by Bush [6] as the blocking mech-
anism. Bush’s classification is based on Paton’s rate theory of drug
action [181]. Paton suggested that a pharmacological effect depends
Not upon the number of individual drug-receptor combinations but upon
the rate, k,, of drug-receptor occupation. He assumes that receptor
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occupation itself immobilizes receptors, so that the observed pharma-
cological effect depends upon the ratio k»/k;, where & is the rate of dis-
sociation of drug-receptor complexes. When ks is high (case 1) the drug
will be a powerful stimulant (agonist) because receptors are rapidly set
free from occupation; when k» is low (case 2) the drug will be mainly
antagonistic and its biological effect may be explained by the fact that its
occupancy of receptor sites prevents the agonists from access to these
specific receptor sites. Intermediate values of k, characterize partial
agonists.

In Bush’s turnover mechanism 4, is high (Paton’s case 1); it requires
the association of a receptor with the drug involving chemical reaction or
transport, followed by the dissociation of the second molecule (carrier
or exchange mechanism) or of a very similar (chemical change) molecule.
The rate-limiting step is determined by the rate constant for the dis-
sociation reaction.

On the other hand, in the blocking mechanism ; is low (Paton’s case 2
the rate-limiting step is determined by the association of steroid with the
receptor. The association blocks the receptors against the approach and
association of agonists. According to Bush [6], the blocking mechanism
must involve either the competitive inhibition of the turnover mechanism
or the production of physical changes on the molecular scale. Steroid
hormones produce their action merely by sitting down on the receptors,
they are in the class of “blocking agents” rather than “turnover agents.”’
This would confirm Bush’s earlier postulation [4] that the reactive groups
of steroid hormones are not essential as reactive groups for steroid
hormone activity (since no chemical reaction takes place).

THEORY OF BOWERS AND CO-WORKERS

In 1963 a Syntex group [43] set out to study the structural requirements
of androgenic-anabolic activity. Their concept was to vary the electron
density pattern in and around ring A. According to Bowers, in conjunc-
tion with steric properties the electron density pattern should be related
to the ability to bind to proteinlike structures. They found that Al-, A%-,
and A®-178-hydroxy-5a-androstenes all exhibit reasonable anabolic
activity, the anabolic-androgenic ratio being more favorable in the
latter two compounds. The corresponding A*-olefin exhibited only very
weak activity and A*-178-hydroxy-5B-androstene was inactive. 17a-
Methyl-17g-hydroxy-A%-5a-androstene had 50% of the androgenic and
200% of the anabolic activity of 1 7e-methyltestosterone, when admin-
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istered orally. According to Bowers, other data also aid the conclusion
that a high electron density at C-2 and/or C-3 in 178-hydroxyandrostane
is a factor strongly promoting high myotrophic activity. This condition
may be satisfied by a C-3 carbonyl or oxidizable C-3 hydroxyl group. It
is possible that C-3 ketones may be active primarily as enols or enolate
anions where a A? m-bond is present. Bowers also postulated that “‘intro-
duction of more than one sp*-hybridized carbon atom into ring A results
in a pronounced flattening of the ring from a cyclohexane chair form to a
more planar conformation in which the steroid may be better able to rest
on a receptor surface with a concomitant increase in the degree of orbital
overlap.”

While Bowers et al. center their attention on the structural require-
ments of ring A, the more difficult question still remains, What are the
steric requirements of androgen-receptor complex interactions? The
contradiction still exists between Ringold’s a-sided and Bush’s B-sided
attachment of androgens to their receptors.

THEORY OF WOLFF AND CO-WORKERS

Wolff et al. in 1964 suggested on the basis of biological evaluation of
11 steroids having cyclopropane, ethylene oxide, or spirooxiranyl rings
fused to C-2 and C-3, that a requirement for androgenic activity is the
presence of high electron density at C-2 and/or C-3 such as is provided
by sp? hybridization. This high electron density is responsible for the
formation of a m-complex with the receptor site. Wolff suggests that the
steroid is in contact with the receptor surface in two discrete areas: the
B-face of rings A, B, and C is attached to a receptor area and the a-face
of ring D is attached to a second receptor area. The 138- and 178-
substituents are in a relatively unhindered environment. It was proposed
that the two principal binding sites are the A ring, where a 7-bond is
formed, and the 17g-function, which can be attached by any of several
types of nonbonded interactions. The remaining areas in contact with the
receptor would form ordinary hydrophobic bonds or van der Waals bonds.
It was suggested that no chemical reaction takes place, but that the effect
of t}_xe steroid is to induce a conformational change in the receptor. In an
earlier paper Wolff [99] rationalized the low androgenic and myotrophic
potency of C-19 functional steroids (10-cyano, 10-formyl, and 10-
hydroxymethyl compounds) in terms of steric interference with drug-
feceptor fit. He put forward the hypothesis that androgenic and myo-

trophic responses are initiated by the B-face absorption of a steroid on a
tissue receptor.
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NEUMANN AND WIECHERT’S DATA

In 1965, Neumann and Wiechert [100] published the results of their
investigations of some 150 steroids. They studied the androgenic and
anabolic activity of steroids substituted in the C-1 and/or the C-2 posi-
tion. Five parent compounds were chosen: 1. Sa-androstan-178-ol; 2.
testosterone; 3. 3Sa-dihydrotestosterone; 4. A'-5a-androsten-178-0l
3-one; and 5. A%S5a-androsten-178-ol. The parent compounds were
further classified according to the substitution in the 17-position, i.e.,
178-hydroxy, 17«-methyl 178-hydroxy, or 17B-acetoxy compounds.

Their results may be summarized as follows:

(1) The effect of la-methyl substitution was indiscriminate—in-
creased, decreased, or unchanged anabolic and androgenic potency was
observed.

(2) With two exceptions the 13-methyl substitution decreases ana-
bolic activity and significantly decreases androgenic activity. A>-Andros-
tenes were the exceptions, for which distortion of ring A causes the
normally equatorially oriented B-substituent to assume a quasi-axial
position.

(3) 1,1-Dimethyl and 1,1-ethylene substitution brings about almost
total loss of androgenic and anabolic activity. 1-Ethyl substitution in
Al-compounds also leads to inactivation.

(4) 1-Methylene substitution has no effect on the activity of dihy-
drotestosterone and 17a-methyl-A%-5a-androstene-178-ol, and decreases
the activity in other cases.

(5) 1,2a-Methylene substitution increases both the anabolic activity
and the androgenic activity of 178-acetoxy-5a-androstane while pro-
ducing a favorable ratio. In all other cases 1,2a-methylene substitution
decreases the anabolic activity to a small extent and the androgenic
activity to a great extent, thereby producing a favorable ratio.

(6) 1-Methyl substitution of A'-Sa-androstenes has no effect on the
anabolic activity, but decreases significantly the androgenic activity,
thereby producing a very favorable ratio.

(7) le-Chloromethyl, la-bromomethyl, and le-iodomethyl substitu-
tion bring about a significant decrease in activities. Since they decrease
the androgenicity to a greater extent, the ratio becomes favorable.

(8) la-Hydroxy substitution increases both activities of dihydro-
testosterone and dihydrotestosterone acetate significantly, while it has
no effect on A%-Se-androstene-173-0l 17-acetate.

(9) 1-Ketone substitution decreases the activities.

(10) le-Cyano substitution leads to inactivation.

" Further studies were carried out with disubstituted substances in
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order to establish the effects of additional substitutions. The results are
summarized as follows:

(1) 7a-Methyl substitution in la-methyl-substituted compounds brings
about a large increase in both anabolic and androgenic activities, while
7B—substitution leads to inactivation.

(2) Removal of the 19-methyl group (changing to the 19-nor series)
in la-methyl, la-hydroxyl, or 1,2a-methylene compounds decreases the
androgenicity to a great extent while decreasing the anabolic activity
only to a smaller extent. Thus the ratio becomes favorable.

(3) 118-Hydroxy substitution in 1-methyl A'-compounds, la-methyl
or 1,2a-methylene compounds brings about a decrease in potencies.

(4) 2-Chloro substitution in 1-methyl A'-compounds decreases the
androgenic potency significantly while decreasing the anabolic potency
only slightly, thereby producing a favorable ratio.

(5) 3-Chloro substitution in A?-compounds, the introduction of AS-
unsaturation, 28-bromo, or 4-hydroxymethylene substitution all lead
to inactivation.

EVALUATION OF NEUMANN AND WIECHERT'S DATA

Considering the question of a-face or B-face attachment of ring A to
the receptor surface, the balance of supporting data is in favor of a-face
attachment. While la-methyl substitution is indiscriminate, the decrease
in activities caused by 18-methyl substitution would favor g-face attach-
ment. In contrast, the decrease in activities by la-chloromethyl, lo-
bromomethyl, 1e-iodomethyl, and le-cyano substitutions all favor a-face
attachment. The increase of activities caused by la-hydroxy substitu-
tion also suggests a-face attachment, since the la-hydroxyl group is
usually regarded because of its polar nature as a point of attachment to
the receptor site. In addition, the multi-substituted compounds suggest
that attachment to the receptor on the g-face at C-11 is not important
since 11p-hydroxy substitution brings about a decrease in potencies.
The multi-substituted compounds also suggest that since removal of the
bulky C-19 methyl group (transfer to the 19-nor series) does not increase
the potencies, attachment to the receptor on the g-face at C-19 is not
critically important. If it were, introduction of a C-19 methyl group would
decrease the potencies, but in fact it increases them. The importance of
the 178-hydroxyl group is well documented by the fact that acetylation
of the 17 8-hydroxyl group of 1,17a-dimethyl-A'-5a-androsten-17 8-0l-3-
one completely inactivates both potencies. The role of electron clouds
may become important in explaining the increased potencies of 1,2a-
methylene- and 1-oxo-substituted 17p-acetoxy-5a-androstanes. It is
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reasonable to assume that these increases are due to introduction of
electron clouds into the molecule.

KLIMSTRA, NUTTING, AND COUNSELL’S THEORY

In 1966, Klimstra, Nutting, and Counsell [87] dealt a serious blow to
Wolff’s hypothesis. They examined the validity of the following state-
ment of Wolff’s hypothesis: “the tendency is for the asymmetrical sp* sys-
tem to afford a more active compound when hindrance is greater on the
a-face, than when hindrance is greater on the 8-face” [71]. According to
Klimstra, Nutting, and Counsell “this hypothesis is set forth to rational-
ize the increased activity or lack of it of the & over the corresponding
B-isomers of steroidal A ring epoxy androgens.” In Klimstra and co-
workers’ experiments ‘“‘similar isomeric epoxides appear to have the
reverse order of androgenic and myotrophic activity when administered
parenterally.” For example, 28,38-epoxy-Sa-androstan-178-ol and 17a-
methyl-28,33-epoxy-Sa-androstane-178-0l were several times more
potent than the corresponding a-isomers, i.e., 2¢,3a-epoxy-Sa-androstan-
178-0l and 17a-methyl-2a,3a-epoxy-5a-androstane-178-0l. According
to Klimstra et al. “this would tend to indicate that the more active
epoxides have greater hindrance on the 8- rather than on the e-face of the
tetracyclic system.” These results are somewhat in line with a-face (back
side) attack of the androgen molecule by the enzymatic surface as pro-
posed by Ringold.

Klimstra, Nutting, and Counsell concluded that ““the different results
reported as well as the variety of hypotheses expounded seem to further
point up the lack of understanding of how and where these substances
are bound to receptor sites.”

This is certainly a dramatic conclusion to the existing hypotheses of
the mode of interaction of hormones with receptors and of the problem of
structure and mechanism of action of steroid hormones.

EVALUATION OF BIOLOGICAL DATA

To say that considerable difficulty is encountered in comparing litera-
ture data expressing anabolic and androgenic properties would be an
understatement. The methods of biological evaluation are given in detail
by Dorfman [182, 183]. While androgens have a pronounced effect in
humans by influencing the growth of the male genital tract and the de-
velopment of secondary sex characteristics, androgenicity is most often
expressed in terms of the following indices: the growth of the seminal
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vesicles and ventral prostate in rodents and the growth of the chick and
capon comb. (A most recent communication by Cavallero [105] recom-
mends the use of the exorbital lacrimal gland of the castrated rat as an
index of androgenicity.) The effect of anabolic activity in humans is
associated with nitrogen retention and positive protein metabolism. While
Stafford and co-workers [191] and Arnold et al. [184] make use of the
nitrogen-retaining activity of castrated male rats, and even the nitrogen-
retaining activity in the monkey has been suggested by Stucki et al. [192]
as a measure of anabolic activity, generally the anabolic activity has
been expressed in terms of increase in weight of the levator ani muscle
of the rat, following the demonstration by Eisenberg and Gordan [185]
that the levator ani of the rat responded to testosterone by an increase
in weight. Such growth is sometimes referred to as levator activity or
myotrophic activity. The main points of criticism with regard to the
growth of the levator ani muscle as an indicator of the anabolic activity
of steroids are summarized by Hayes [186]. Comparative evaluation of
the anabolic activity by nitrogen retention or myotrophic activity is
provided by Arnold and Potts [44] and by Potts et al. [41].

Meaningful experimental evaluation of anabolic and androgenic activity
was started by Hershberger et al. [187]. The difference in weight between
the ventral prostate (seminal vesicles) of the treated and untreated ani-
mals gives a measure of the androgenic activity while the difference in
weight of the levator ani muscle gives a measure of the anabolic (or myo-
trophic) activity of the steroids. Overbeek [42] pointed out the fact that
sometimes the weight of the levator ani muscle is divided by the weight
of the seminal vesicles to express anabolic activity. This practice is in-
admissible according to Overbeek, since their quotients will generally
be dose-dependent. He also cautioned that in comparing esters, one can
only compare those which have the same duration of action.

In this study, where possible, anabolic activity is expressed as the ratio
of the activity of the compound to that of testosterone or testosterone
propionate (in most cases subcutaneous administration of the drug) or
methyltestosterone (in most cases oral administration of the drug) in in-
creasing the weight of the levator ani muscle of the rat. The standard of
comparison (T = testosterone, TP = testosterone propionate, MT =
methyltestosterone) is expressed as 100% activity. Androgenic activity
where possible, is expressed as the ratio of the activity of the compound
compared to that of testosterone or testosterone propionate (subcutane-
ous administration) or methyltestosterone (oral administration) in in-
creasing the weight of the seminal vesicles or ventral prostate of the rat.

The anaboliclandrogenic ratio (quotient), Q, is expressed as the ana-
bolic activity of the compound compared to T, TP, or MT as measured
by the percent increase in weight of the levator ani muscle in the castrated
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rat divided by the androgenic activity of the compound compared to that
of T, TP, or MT as measured by the percent increase in weight of the
seminal vesicles or ventral prostate of castrated rat.



CHAPTER 3

A NEW APPROACH TO THE
STRUCTURE — ACTIVITY RELATIONSHIP

In all previous hypotheses for the mechanism of action of hormones,
the main consideration has been restricted to the question whether the
- or the B-face of the steroid is involved in the steroid-receptor inter-
action. These theories are evaluated on the basis of changes in hormonal
activities brought about by structural modifications. Since obviously the
search is for compounds with high activity, most of the theories are de-
rived from results brought about by optimal structural modifications.

Since we feel that perhaps better results can be obtained from another
viewpoint, we propose to consider the mechanism of action by an ap-
proach considering the minimal structural requirements necessary 1o
bring about hormonal activity. We must remember that the natural andro-
gen and anabolic agent, testosterone, does not display the minimum
structural requirements of active steroids — there are many steroids which
are less active; testosterone itself is an excellent androgen and a good
anabolic agent.

Starting with the basic compound which displays the minimal structural
requirements, we will consider the effects of the following alterations on
the hormonal activity:

1. Ring size

2. Stereochemistry of annulation, configurational, and conforma-

tional changes

3. Replacement of carbon by other elements

4. Replacement of hydrogen by other elements and functional groups

and introduction of unsaturation

5x¢-ANDROSTANE — BASIC STRUCTURE

In 1960, the very fundamental postulation was made by Segaloff and
Gabbard [22] that androgenic activity is a property of the hydrocarbon
steroid skeleton of the natural androgen, Sa-androstane. It might be

33
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argued that certain seco steroids possessing only three rings also display
androgenic properties, such as Wilds’ [195] (E-46), Dorfman’s [21] (E-6),
or Jacques’ [117] (E-13 and E-14) compounds.

Granting that a tricyclic ring system takes precedence over a tetra-
cyclic ring in simplicity, the other structural modifications, namely intro-
duction of oxygen functions and unsaturation, are high order deviations
from the simple hydrocarbon. However, we are concerned only with
compounds containing the steroid skeleton.

Before Segaloff and Gabbard’s results showing that a hydrocarbon
steroid containing no oxygen exhibits androgenic property were pub-
lished in 1960, Huggins and Jensen [188] had found that androstan-178-ol,
a steroid containing only one oxygen, caused growth of the prostatic
gland. Steroids possessing an oxygen function at either position 3 or
position 17 (but not at both sites) were also investigated by Kochakian
[189], who found that none of these steroids had biological activity when
administered by implantation as pellets. However, he found that the
absorption of these compounds from the subcutaneous tissues was low.
The fact that poor solubility was the reason for the inactivity of these
compounds was later demonstrated by Kochakian [19]. He found that
the completely saturated A-ring deoxy compound, 17-methylandrostan-
17-ol, displayed high activity in promoting growth of the kidney, the
prostate, and seminal vesicles, when administered orally. This finding
was later confirmed [86], inasmuch as the compound possessed significant
oral anabolic (280% of methyltestosterone) and androgenic (50% of
methyltestosterone) activity.

Having defined Sa-androstane as our basic structure, we are now in a
position to consider the effects of the modifications outlined above.

THE EFFECT OF RING SIZE

An excellent review of ring contraction is given in Djerassi’s “Steroid
Reactions” [190]. Examination of some biological data suggests that ring
contraction significantly decreases or abolishes androgenic—anabolic
activity. The complete elucidation of the effect of ring contraction is
beyond the scope of our investigations, inasmuch as ring-contracted
steroids do not adapt themselves to the principle of minimal structural
requirement. We will, however, consider the effect of ring expansion.

A-Homo STEROIDS

A-Homotestosterone propionate (compound E-20) is reported [152] to
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have androgenic and myotrophic potency. The activity is less than, but of
the same order of magnitude, as that of testosterone propionate; the ratio
of myotrophic to androgenic activity is significantly higher in the case of
the A-homo compound than with the testosterone propionate. The A-
homo ring can assume two possible conformations. In one of these the
C-2 and C-2' carbons project below the plane, and the new C-1— C-2 and
C-2'—C-3 bonds become axial with respect to the rest of the skeleton.
It can also be seen that in the newly adopted conformation of the C-1 and
(C-2 pair becomes completely eclipsed with respect to each other along the
C-1—C-2 axis. The same applies to the newly adopted conformation of
the C-2' and C-3 pair and finally to the conformation of the C-2—C-2'
pair. On the other hand the A-homo ring can assume a quasi-boat con-
formation with the C-2 and C-2' carbons projecting above the plane of
the molecule. In this case the new C-2—C-2' bond becomes quasi-
equatorial with respect to the rest of the skeleton and the newly adopted
conformations of the C-1 and C-2, C-2 and C-2’, and C-2’ and C-3 pairs
along their respective axes are no longer eclipsed. Therefore the second
conformation is more favored. These data will yield additional evidence
that a-face adsorption is really the case on ring A.

In either case the molecular dimensions of ring A are not greatly
affected in one respect. Consider the distance between the two sides of
ring A, namely the C-1—C-2 sideand the C-3-C-4 side. From molecular
models it can be seen that insertion of the C-2’ atom into the hexagon
(making a heptagon) will not greatly alter the distance between the C-3 —
C-4 side (this remained unchanged) and the imaginary C-2—C-3 axis
(which corresponds to the old C-2—C-3 side). In other words the
“width” of the A ring will remain the same. As will be seen later, this is
an important consideration,

Examining now A-homodihydrotestosterone (compound E-10) it is
seen that the conformation of ring A is quite different from that in A-
homotestosterone. Carbon atoms C-4 and C-5 are now sp*-hybridized as
opposed to the sp? hybridization of those atoms in the first case. Inspec-
tion of molecular models will reveal that ring A can adopt several con-
formations. In one case carbons C-2 and C-2’, and in the second case
carbons C-2' and C-3, project above the plane, while in two other con-
formations C-2 and C-2', or C-2' and C-3 project below the plane. How-
ever by far the most important conformation A-homodihydrotestosterone
can adopt will be the one in which the C-2 and C-3 carbon atoms project
below the plane with C-2' also projecting, but to a slighter degree below
the plane of the molecule. Although the “width” of ring A in this case, as
already outlined before, remains the same, projection of ring A below the
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plane of the molecule becomes the overriding issue and explains the loss
of activity, as will be explained later. This fact points to the importance
of a-face absorption at ring A.

B-HomMo STEROIDS

Ringold examined [111] the activity of B-homoandrostan-173-ol-3-one
in which ring B contains seven instead of the six carbon atoms found in
normal steroids. This compound is as androgenic as androstan-113-0l-3-
one, while the anabolic activity is increased. Assuming that there is no
possibility for the B-homo ring to take up a boat conformation, there are
still seven conformations possible for ring B, four different chair forms
with planes of symmetry passing through carbons 5, 8, 9, or 10 and three
twist forms with axes of symmetry passing through carbons 6, 7, and 7'.
The conformation of B-homoandrostan-178-0l-3-one was depicted [3] as
having the C-7 and C-7' carbon atoms projecting below the plane of
molecule. If we assume that ring B is in a chair form, then the plane of
symmetry in the above conformation would pass through C-10. This con-
formation, however, was pictured later by Sorm et al. [380] as unlikely,
because of large angle strains and distortions. Sorm expects three con-
formations to be the most favorable. In two of these, the plane of symmetry
passes through carbons 5 and 8, respectively, and in the third possible
conformation ring B assumes a twist chair form with an axis of symmetry
passing through C-7. Since in the first two conformations there is con-
siderable protrusion of carbons comprising ring B below the plane of the
molecule and the compound still possess considerable activity, a-face
attachment of the molecule at ring B cannot be an important factor. How-
ever, the molecular dimensions of ring B are not greatly affected in one
respect. Consider the distance between two sides of ring B, namely the
distance between the C-9—C-10 side and the C-6—C-7 side. Inspection
of molecular models reveals that insertion of the C-7' atom into the
hexagon will not greatly alter the distance between the C-9—C-10 side
(this remained unchanged) and the imaginary C-6-C-7 axis (which corre-
sponds to the old C-6—C-7 side). In other words, the “width”” of ring B
will remain the same.

D-Homo STEROIDS

Due to the trans junction of rings C and D in natural steroids, the five-
membered D ring is strained. Birch [193] pointed out the fact that the
18-CHj; (between rings C and D) appears to be essential for high activity
but this effect may be due merely to the fact that it prevents the (natural)
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trans junction of rings C and D from assuming the more stable cis con-
figuration. The methyl group can be replaced by ethyl group [77] without
diminution in activity. With two fused six-membered rings, the trans
junction is the more stable and if ring D of the natural hormones is con-
verted into a six-membered ring, the compounds obtained are active, so
it may be possible to omit the 18-CHs group in such cases [162, 165,
194]. W. S. Johnson also expressed the view that the 18-nor compounds
may be expected to exhibit activity provided the C/D rings remain trans-
fused, a condition which, in the case of 17-keto compounds, is more apt
to be satisfied with a six-membered than with a five-membered ring D.

THE STEREOCHEMISTRY OF ANNULATION AND
CONFIGURATIONAL AND CONFORMATIONAL CHANGES

A/B RING JUNCTION

Etiocholane derivatives in which the C-5 hydrogen occupies the S-
position and rings A and B possess a cis ring junction are inactive as
androgens or anabolic agents. In these molecules rings A and B are not
planar; ring A is bent so that the C-2, C-3, and C-4 carbon atoms project
below the plane of the rest of the molecule.

Since in the past the mechanism of hormone action was always in-
terpreted in terms of a- or B-face attachment it is hard to visualize any
other but a-face attachment at ring A. Considering that lack of planarity
and protrusion towards the o-face abolishes activity, this fact very
strongly supports a-face attachment at ring A.

B/C RING JUNCTION

8-Isotestosterone

8-Isotestosterone (8a, 9a-testosterone) is a stereoisomer of the natural
hormone testosterone [16]. The configuration at C-8 center of 8-iso-
testosterone (compound E-7) is inverted, since the C-8 hydrogen now
assumes an a-orientation in contrast to the natural hormones, where the
C-8 hydrogen has a B-orientation. As a result of the configurational
change at the C-8 center, the B/C ring junction becomes a cis junction.
Inversion of configuration at C-8 therefore causes a major conformational
change since either ring B or ring C must now assume a boat conformation,
as pointed out by the striking changes found in the rotatory dispersion
of 8-iso stereoisomers [196]. Therefore, the 8-iso stereoisomers no
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newly imposed interaction between the C-18 methyl group and the
hydrogens on C-8 and C-9 is not so severe. The overall geometry of the
molecule as a whole is less bent in the second conformation; it approaches
planarity to a greater extent. These compounds are not expected to have
Jarge androgenic-anabolic activity.

Retrotestosterone has no androgenic activity [198], but the 6-halo
derivatives are reported to have favorable anabolic-androgenic ratios in
the following order: 6a-fluoro- (greatest), 6B-chloro-, 68-fluororetro-
testosterone [119]. Introduction of additional unsaturation at C-6 and C-1
has a beneficial effect and a “strong anabolic activity with favorable
anabolic—androgenic ratio” is reported for the following compounds in
decreasing order [120]: 6-chloro-178-hydroxy-98,10a-androsta-1,4,6-
trien-3-one 17-acetate (greatest), 6-fluoro-178-hydroxy-98,10a-androsta-
4,6-dien-3-one 17-acetate, 6-chloro analog, 6-unsubstituted analog.

In addition to the classical tests usually applied for the assay of andro-
genic and anabolic activities, another method is reported by the same
workers for the evaluation of androgenic properties of progestational
campounds in the rat by the female fetal masculinization test [201]. It
should be pointed out that inversion of configuration at C-10 does not
necessarily bring about abolition of androgenic activity, in view of the
new theory, as will be seen later.

8a,10a-Steroids

In this class of compounds the configurations at the C-8 and C-10
centers are both inverted. As a result of this configurational change both
the A/B and the B/C ring junctions become cis. As expected on the basis
of previous considerations, 8a,10a-testosterone does not show any
androgenic—anabolic activity [199,200].
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Ring C in boat form Ring B in boat form

longer possess the natural planar geometry; instead the two planar
halves made up from ring A and ring B on one side and ring C and ring D
on the other side are perpendicular to each other. This explains the ob-
served decrease in the biological activity of 8« ,9a-testosterone (com-
pound E-7). We would like to point out that the iso steroids may be
pictured as possessing either one of the two possible conformations which
are probably of similar energy content (with ring B or ring C in the boat
form). Assuming that the energy barrier between the two conformations
is not too large, both conformations will be significantly populated. The
transition in flipping over from one conformation to another conforma-
tion must involve a state where the conformation will approach near
planarity. On statistical grounds, the population of this planar form must
also contribute to the stereochemical picture. If we accept that the planar
form exhibits activity, we can justify the observation that isotestosterone
possesses some androgenic activity.

Retrosteroids

Stereoisomers possessing the 98,10«-configuration are called retro-
steroids [197]. These compounds have the hydrogen atom on carbon
atom 9 in the B-position and the C-19 methyl group on carbon atom 10 in
the a-position, i.e., just the reverse of the normal 9«,1083-structure. The
B/C ring junction becomes a cis junction and the angular C-18 methyl
group on carbon atom 10 has an a-configuration as opposed to the angular
C-19 methyl group which occupies a 8-configuration on carbon atom 13.
Inspection of molecular models reveals that the 98,10«-stereoisomers
may adopt a conformation with all the rings in the chair form.

Inspection of models also reveals that in this conformation on one hand
there is a large nonbonded interaction between the C-19 methyl group
and the hydrogens on C-12 and C-14. On the other hand, by flipping over
ring C into a boat form, this interaction is greatly relieved while the
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newly imposed interaction between the C-18 methyl group and the
hydrogens on C-8 and C-9 is not so severe. The overall geometry of the
molecule as a whole is less bent in the second conformation; it approaches
planarity to a greater extent. These compounds are not expected to have
Jarge androgenic-anabolic activity.

Retrotestosterone has no androgenic activity [198], but the 6-halo
derivatives are reported to have favorable anabolic-androgenic ratios in
the following order: 6a-fluoro- (greatest), 6B-chloro-, 68-fluororetro-
testosterone [119]. Introduction of additional unsaturation at C-6 and C-1
has a beneficial effect and a “strong anabolic activity with favorable
anabolic—androgenic ratio” is reported for the following compounds in
decreasing order [120]: 6-chloro-178-hydroxy-98,10a-androsta-1,4,6-
trien-3-one 17-acetate (greatest), 6-fluoro-178-hydroxy-98,10a-androsta-
4,6-dien-3-one 17-acetate, 6-chloro analog, 6-unsubstituted analog.

In addition to the classical tests usually applied for the assay of andro-
genic and anabolic activities, another method is reported by the same
workers for the evaluation of androgenic properties of progestational
campounds in the rat by the female fetal masculinization test [201]. It
should be pointed out that inversion of configuration at C-10 does not
necessarily bring about abolition of androgenic activity, in view of the
new theory, as will be seen later.

8a,10a-Steroids

In this class of compounds the configurations at the C-8 and C-10
centers are both inverted. As a result of this configurational change both
the A/B and the B/C ring junctions become cis. As expected on the basis
of previous considerations, 8a,10a-testosterone does not show any
androgenic—anabolic activity [199,200].
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C/D RING JUNCTION

A number of steroids having the 13a-configuration and simultaneously
a C/D cis ring junction have been reported [202] to be inactive.

CH,
CH,

RING EXTENSION

As we have already outlined, ever since Kochakian’s [19,189] and
Huggins and Jensen’s [188] experiments, it has been recognized that
the oxygen function at the C-3 position is not necessary to elicit an
androgenic response. Nevertheless, up to 1959, all compounds showing
a significantly high androgenic or anabolic activity did have an oxygen
function at carbon-3. In 1959 and 1960 Clinton [203,204] and co-workers
reported the preparation of steroidal pyrazoles by fusion of a pyrazole
ring to the steroid nucleus at positions 2 and 3. By this modification they
wanted to alter the relative distance between substituents at the 3-
position and the 17-position and change the type and stability of re-
ceptor site bonding. The fusion of the pyrazole ring substitutes an
“aromatic” nitrogen for oxygen at the 3-position and thus changes the
nucleophilic environment in this area. One obvious change was that the
C —N bond distance was lengthened to 1.4 A as compared to the C—0O
bond distance of 1.2 A in normal ketones.

As a result of this first report, a large number of compounds containing
an isocyclic or a heterocyclic ring fused to the steroid skeleton were
prepared and tested for androgenic and anabolic activity. Included are
steroidal isoxazoles [205], thiazoles [94], pyrroles [206], pyrimidines
[207,208], oxazines [209], thiazenone [92], quinoline [107], pyridine
[122], and furazane [121], all prepared by the fusion of the heterocyclic
ring to ring A. Several bis heterocyclic steroids were also prepared by
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fusion of two heterocyclic rings to the steroid nucleus at ring A and ring
D, such as steroidal dipyrimidines, pyrazolopyrimidines, and dipyrazoles
[137,210]. The compounds having an isocyclic ring extension include
the steroidal fulvenes [107], cyclohexenone [150], cyclohexane [151].

Only fusion of heterocyclic rings to the 2,3-position proved to be a
useful extension of the steroidal nucleus to produce enhanced activity
or better dissociation of androgenic-anabolic activity. Isocyclic ring
extensions and fusion of a heterocyclic ring to other positions, such as
1,2 (D-98) or 16,17 (E-27,E-31), gave products with decreased or
abolished activities.

The explanation may be provided partly by the enhanced nucleophilic
character of heterocyclic rings to provide a greater electron cloud for
binding to the receptor site and partly by stereochemical considerations.
The fusion of heterocyclic rings does not interfere with the binding forces,
inasmuch as they do not protrude in the directions which are responsible
for interactions. They provide an additional flat area and also favorably
contribute to the slight conformational change of the steroid nucleus.

We should also mention that simple nitrogen-containing derivatives of
keto groups, such as 3-azo (D-150), 3-azine (D-5), and 3-hydrazone
(D-15) derivatives, may also sometimes favorably affect the activity or
the dissociation of activities, while others work in the opposite direction,
such as 3-dimethylhydrazone (S-115,S-116) or 17-N-pyrrolidinium salt
derivatives (E-15).

REPLACEMENT OF CARBON BY OTHER ELEMENTS

One of the main areas of research in the past decade included the
preparation of aza and oxa steroids produced by replacement of carbon
atoms in the steroid skeleton by nitrogen and oxygen. Practically all
positions were replaced and the only successful modification of the
natural isocyclic skeleton was obtained by replacing the carbon-2 atom
by oxygen (E-21, E-22, E-29).

In addition to the skeletal modifications accomplished by replacement
of one carbon atom, several attempts have been made to improve hor-
monal activity by replacement of a whole isocyclic ring by a heterocyclic
ring. The isocyclic ring A was replaced by a pyrazole [211], isoxazoline
[212], pyrimidine [213], or thiopyrimidine [214] ring; however, all these
types of compounds were inactive. In view of the fact that fusion of the
same heterocyclic rings in addition to the steroid nucleus led to highly
active compounds, this finding emphasizes the importance of the steroid
skeleton.
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REPLACEMENT OF HYDROGEN BY OTHER ELEMENTS
AND FUNCTIONAL GROUPS, AND
INTRODUCTION OF UNSATURATION

1-SUBSTITUTION

1a-Substitution

Testosterone. Introduction of la-methyl (S-150), le-ethyl (S-151),
la-methyl 17-acetate (S-72), la-chloromethyl 17-acetate (S-74), la-
bromomethyl 17-acetate (S-75), la-iodomethyl 17-acetate (S-76), 1,1-
dimethyl 17-acetate (S-77), la,2a-methylene 17-acetate (S-78), la-
methyl 4-chloro 17-acetate (S-79), le-methyl 7a-methyl [ 7-acetate (S-80),
la-methyl 78-methyl 17-acetate  (S-81),  la-methyl 113-hydroxy 17-
acetate (S-82), la,2a-methylene 118-hydroxy 17-acetate (S-83), la-
methyl 11-keto 17-acetate (S-84), la-methyl A®17-acetate (S-86), lo-
methyl A® 11-keto 17-acetate  (S-88), lo,2a-methylene A% 17-acetate
(S-89), la-methyl4-chloro A% 17-acetate  (S-90), la,2a-methylene 6-
chloro A% 17-acetate (S-91), la-cyano 17-ketone (S-37), le-methyl 17a-
methyl (S-92), 1a-methylthio 17¢-methyl (S-46), la-ethylthio 17a-methyl
(S-47), la-acetylthio 17a-methyl (S-48), la,7a-dithioethyl 17«-methyl
(S-39), la,7a-dithiopropyl 17a-methyl (S-60), la,7a-diacetylthio 17a-
methyl (S-61), and la,7a,17a-trimethyl (S-94) all decrease androgenic
activity. However the anabolic activity of the same compounds is de-
creased to a much smaller degree compared to the parent compound and
in a few cases it is even increased slightly compared to the parent com-
pound (S-72,S-46). The anabolic-androgenic ratio becomes favorable in
many instances. The 7a-substituted compounds comprise a special class
with respect to anabolic potency: 7e-substitution in addition to la-
substitution brings about a many-fold increase in the anabolic potency
(S-61, S-80, S-94).

Sa-Dihydrotestosterone. la-methyl (D-84),* la-ethyl (D-170), la-
cyano (D-88), le-hydroxymethyl (D-91), la-nitromethyl (D-92), 1,1-
dimethyl (D-93), 1,1-ethylene (D-94), spiro-la-oxiranyl (D-95), la,2a-
methylene 4-hydroxymethyl (D-97), 1&-formyl (D-87), 1¢-isothiocyano
(D-90), 1,2-A%-pyrazolino (D-98), 1-methylene 17a-methyl (D-125), 1a,
2c-methylene 17a-methyl (D-126), 1,1-17a-trimethyl (D-127), la-iso-
propyl 17-acetate (D-102), 1-methylene 17-acetate (D-103), la-chloro-
methyl 17-acetate (D-104), la-bromomethyl 17-acetate (D-105), la-
iodomethyl 17-acetate (D-106), 1-keto 17-acetate (D-109), 1,1-dimethyl
|7-acetate (D-110), 1,1-ethylene 17-acetate (D-111), 1,1-spirooxirany!

*1-Methylene (D-86).
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(D-115), la,2c-methylene 17-acetate  (D-112),  la,2e-methylene 4-
hydroxymethylene 17-acetate (D-113), le,2ex-methylene 118-hydroxy 17-
acetate (D-114), 1¢,2¢-methyl 17-acetate (D-116), la-hydroxy 28-
bromo 17-acetate (D-117), la,2a-methylene 2B-chloro 17-acetate
(D-118), la,2a-methylene 2B-bromo 17-acetate (D-119), le-methyl
2¢-acetoxy 17-acetate (D-120), lee,17e-dimethyl (D-123), la-methyl
17-acetate (D-100), la,17a-dimethyl 2-hydroxymethylene (D-172),
ler,17a-dimethyl[3,2-c]pyrazole (D-177), and l-methylene 2,2-dimethyl
17-acetate (D-121) substitutions all decrease androgenic activity com-
pared to the parent compound. However the anabolic activity of the same
compounds is decreased to a much smaller degree. Therefore the anabolic—
androgenic ratio as a result of this type of substitution becomes favorable
in many cases. The 7a-methyl substitution again constitutes a special
class of compounds; la,7a-dimethyl (D-96), and la,7a,l7«-trimethyl
(D-128), substitutions substantially increase the anabolic activity but
do not alter the androgenic activity. la-Hydroxy (D-89), la-hydroxy 17-
acetate (D-107), and le-acetoxy 17-acetate (D-108) slightly decrease
the androgenic but substantially increase the anabolic potency but, if
a-face attachment is important at this position, this is not unexpected
in view of the fact that this group is considered to be involved at the site
of enzymatic attachment.

19-Nortestosterone. 1-Methyl-Al-3-desoxo-5a-dihydro 17-acetate
(N-64), la-methyl Sa-dihydro (N-48), la-methyl Sa-dihydro 17-acetate
(N-61), la-hydroxy Se-dihydro 17-acetate (N-62), le,2cc-methylene Se-
dihydro 17-acetate (N-63), and la-methyl-A%-5a-dihydro 17-acetate (N-
65) substitutions all markedly decrease the androgenic activity while the
anabolic activity is decreased in a smaller degree. The anabolic-andro-
genic ratio becomes favorable.

5a-Androstan-17 B-ol. 1a-Methyl (D-129),* la,2e-methylene (D-131),
la-methyl 17-acetate (D-135), la,17-dimethyl (D-139), and la,2e-
methylene 17a-methyl (D-141) substitutions all markedly decrease
the androgenic activity, while the anabolic activity is decreased to
a lesser extent. This type of substitution has a favorable effect on the
anabolic-androgenic ratio. The la,2e-methylene 17-acetate (D-137) has
the same androgenic activity as the parent compound, while the anabolic
potency is increased and I-keto 17-acetate (D-138), la-hydroxy 17a-
methyl (D-59) and 1-keto 17a-methyl (D-56) substitutions increase both
Dpotencies to produce a favorable anabolic-androgenic ratio. This finding
is not unexpected on the basis of reasoning previously offered. 1a-Methyl-
3a-hydroxy (D-171) substitution decreases the androgenic activity and

*la-Formyl (D-14).
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slightly increases the anabolic activity compared to 3a-hydroxy (D-31)
substitution. ;

Sa-Androstane-173-o0! with Ring A Unsaturation. 1-Methyl A'3-keto
(A-86), l-ethyl A'3-keto (A-87), l-ethynyl A'3-keto (A-88), 1-methoxy
Al3-keto (A-89), l-methyl A'3-keto 17-acetate (A-6), l-ethyl A!3-keto
17-acetate (A-96), 1-chloro A! 3-keto 17-acetate (A-97), 1-acetoxymethyl
Al3-keto 17-acetate (A-98), l-chloromethyl A! 3-keto 17-acetate (A-99),
I-methyl A'3-keto 1 7a-methyl (A-104), 1-methyl A'3-keto | 7a-methyl
173-acetate (A-105), 1-ethyl A! 3-keto 17a-ethyl (A-106), 1-methyl A! 3-
keto 17a-vinyl (A-107), 1-methyl 2-chloro A! 3-keto (A-90), 1-methyl2-
bromo A' 3-keto (A-91), 1-methyl 2-methoxyA! 3-keto (A-92), 1-methyl
4-hydroxymethylene A'3-keto (A-93), 1-methyl 118-hydroxy A!3-keto
(A-94), 1-methyl 11a-hydroxy Al 3-keto (A-95), 1-methyl 2-methyl A' 3-
keto 17-acetate (A-100), 1-methyl2-chloro A 3-keto 17-acetate (A-101),
1-methyl 2-methoxy A! 3-keto 17-acetate (A-102), 1-methyl 118-hydroxy
Al3-keto 17-acetate (A-103), 1-methylA' (A-137), 1-methylA!'17-
acetate (A-138), I-methyl A' 17a-methyl (A-141), 1-ketoA? (A-79),
1-keto A% 17-acetate (A-122), 1-keto A? 17a-methyl (A-67), la-methyl
A% (A-108), la-methyl A? 17-acetate (A-115), la-methyl A% 17@-methyl
(A-72), la-methyl A% 17a-ethynyl (A-126), loa-hydroxy A?17-acetate
(A-117), la-hydroxy A% 17a-methyl (A-70), 1-methyleneA? (A-110),
I-methylene A% 1 7a-methyl (A-132), l-ethyleneA® (A-112), 1-ethylene
A? 17-acetate (A-121), 1-ethylene A% 17a-methyl (A-133), 1,1-dimethyl
A% (A-111), 1,1-dimethyl A% 17-acetate (A-120), 1,1-dimethyl A? 17a-
methyl (A-134), la-chloro A? 17-acetate (A-118), la-cyanoA? 17-acetate
(A-119), 1-methylene A*3-chloro 17-acetate (A-124), 1-keto A% 3-methyl
17-acetate (A-125), la-methyl A* (A-136), lo-methyl A* 17-acetate (A-
139), and la-methyl A* A% 17-acetate (A-140) substitutions all decrease
the androgenic activity to a large degree. However the anabolic activity
in almost all cases is decreased only to a smaller degree. Therefore the
anabolic-androgenic ratio is favorably effected. In a few cases the ana-
bolic activity is increased, such as la-methyl A? 17a-methyl (A-72),
1-keto A? 17a-methyl (A-67), and 1-methyl A'3-keto 17-acetate (A-6).

1B-Substitution

Testosterone. 1B-Methyl 17-acetate (S-73) and 1B-acetylthio 17-
ketone (S-38) substitutions give a marked decrease in the androgenic
activity. The anabolic activity of the first compound is slightly decreased
and that of the second compound markedly decreased. The anabolic-
androgenic ratio of S-73 is favorable.

Sa-Dihydrotestosterone.  1B-Methyl (D-85), 18-methyl 17-acetate



REPLACEMENT OF HYDROGEN BY OTHER ELEMENTS 45

(D-101), and 1g-methyl 17a-methyl (D-124) substitutions all markedly
decrease the androgenic potency, while the anabolic potency is decreased
only to a smaller degree. Hence the anabolic-androgenic ratio becomes
favorable.

19-Nortestosterone. The effect of 13-substitution is not known in
this area.

Sa-Androstan-173-0f. 13-Methyl 17-acetate (D-136) substitution
offers only a slight decrease in the already small anabolic activity while
not affecting the very small androgenic potency. 18-Methyl 17a-methyl
(D-140) substitution decreases both indices.

Sa-Androstan-178-0l with Ring A Unsaturation. 18-Methyl A* (A-
109), 18-methyl A? 17-acetate (A-116), 18-methyl A® 1 7a-methyl (A-127),
18-methyl A? 1 7a-ethyl (A-128), 18-methyl A* 17a-vinyl (A-129), bis(13-
methyl A? 17a-y1) (A-131), 13-methyl A% 17a-ethynyl (A-130), 13-methyl
A?3-chloro (A-113), 1B8-methyl A?3-chloro 17-acetate (A-123), and 13-
methyl A? 3-chloro 1 7a-methyl (A-135) substitutions all markedly de-
crease the androgenic activity while the anabolic potency is decreased
only to a smaller degree. This brings about a favorable anabolic-andro-
genic ratio, especially in the case of A-109 and A-127.

1,2-Unsaturation

Testosterone. A' (S8-70), AL A% (S-106), A' 2-chloro 17-acetate (S-110),
A® 4-chloro 17-acetate (S-114), A' 1-methyl 17-acetate (S-85), A! I-methyl
A% 17-acetate (S-87), A!'17a-methyl (S-15), A'2,17a-dimethyl (S-68),
A' 2-formyl 17a-methyl (S-137), A! 4-chloro [7-acetate (S-114), A! Ta-
mercapto 17a-methyl (S-57), A! 7-acetylthio 17a-methyl (S-58), A' 4-
- chloro 11p-hydroxy 17a-methyl (S-103), A' 9a-chloro 118-chloro 17a-
methyl (S-127), and A! 9a-bromo 11-fluoro 17a-methyl (S-128) substitu-
tions all significantly decrease the androgenic activity. At the same time
the anabolic activity is decreased only to a smaller degree and in some
cases it is even increased (S-127), to bring about in all cases a favorable
anabolic—androgenic ratio. A' 7a-Methyl 17a-methyl (S-138) and A' 2-
methyl A% 17«-methyl (S-69) substitutions both increase very slightly the
androgenic and to a larger degree the anabolic potency to bring about a
favorable anabolic—androgenic ratio. This can be explained by the protec-
tive effects of 7a-methyl, in one case, and of 2-methyl A%-unsaturation, in
the other case, against metabolic inactivation and against configurational
changes.

The Overall Effect of 1-Substitution
The evidence presented in the preceding chapters overwhelmingly
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emphasizes the imp;ortance of a-face attachment of androgens at carbon-
I of the steroid skeleton. 1a-Substitution generally decreases androgenic
activity. However, the anabolic activity is decreased only to a smaller
degree; hence it is possible to obtain a favorable anabolic-androgenic
ratio by the variation of 1a-substituents.

The evidence also points to the importance of the I1p-substitution
effect. Thus 1B-substitution decreases the androgenic and —to a smaller
degree —the anabolic potency, as well producing a favorable anabolic-
androgenic ratio. However the activity changes caused by [3-substitution
cannot be construed as an argument for 8-face attachment at carbon-1,
since the 1B-substituents are in the plane of the molecule. Instead the
importance of 1B-substitution should be taken into account in favor of
the third-dimensional attachment of the steroid molecule to the receptor,
as will be postulated later. The importance of third-dimensional attach-
ment becomes evident in case of Al-unsaturated compounds, where the
substituent attached to carbon-1 is clearly no longer an o- or a S-substit-
uent but protrudes in the plane of the molecule. It can be seen that 1-
substitution of A'-unsaturated compounds also decreases the androgenic
activity and to a smaller degree the anabolic activity, to provide a favor-
able anabolic-androgenic ratio.

2-SUBSTITUTION

2a-Substitution

Testosterone. 2a-Fluoro (S-33), 2a-cyano (S-109), 2-keto (S-113),
2a-chloro 4-chloro (S-111), 2a-chloro 6a-chloro (S-112), 2-chloro A 17-
acetate (S-110), 2a-dimethylamino 17-acetate (S-41), 2a-dimethylamino
17-acetate methiodide (S-42), 2-methylene 17 a¢-methyl (S-32), 2a-methyl
17a-methyl (S-108), 2-methyl A! 17a-methyl (8-68), 1«,2a-methylene
113-hydroxy 17-acetate (S-83), le,2a-methylene A® 17-acetate (S-89),
l«,2er-methylene 6-chloro A%17-acetate (S-91), 2-formyl A' 17 a-methyl
(S-137),1«,2a-methylene-17-acetate (S-98), Z2a-fluoro 17e-ethynyl
(S-34), 2-hydroxymethylene 17 a-ethynyl (S-35), and 2-hydroxymethylene
17 a-propynyl (S-36) substitutions all markedly decrease the androgenic
activity and to a smaller degree decrease the anabolic activity. Thus this
type of structural change leads to a favorable anabolic-androgenic
ratio.

Sa-Dihydrotestosterone. 2a-Methyl (D-49), 2a-methyl A"V (D-50),
2a-hydroxymethyl (D-8), 2-methoxymethylene (D-20), 2-hydroxymeth-
ylene (D-147), 2a-fluoro (D-18), 1,2-A%*pyrazolino (D-98), 2a-meth-
oxymethyl (D-17), la,2a-methylene 17@-methyl (D-126), 2-hydroxy-
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methylene 17a-methyl  (D-10), 2-benzoyloxymethylene 17c-methyl
(D-16), 2,2-17a-trimethyl  (D-21), 2-N-methylanilinomethylene 17a-
methyl (D-22), 2a,17a-dimethyl A**" (D-55), 2-[2'-(N,N-diethylamino)-
ethylaminomethylene] 17a-methyl (D-80), 2-N-piperidylmethylene 17a-
methyl (D-81), 2-N,N-dimethylaminomethylene 17a-methyl (D-82), 2-
N,N-diethylaminomethylene17a-methy1 (D-83), 2-methylene 17a-
methyl (D-152), 2a-methyl 17a-methyl (D-453), 2a-acetylthio 17«-methyl
(D-44), 2-aminomethylene 17a-methyl (D-78), 2-[2'-(N,N-dimethyl-
amino)ethylaminomethylene] 17¢-methyl (D-79), 2a-formyl 17a-methyl
(D-151), 2a-methyl 17a-methyl 178-propionate  (D-6), 2a,6a,17a-tri-
methyl 178-propionate  (D-7), la,2c-methylene 17-acetate  (D-112),
la,2-methylene 4-hydroxymethylene 17-acetate (D-113), la,2a-meth-
ylene 11B-hydroxy 17-acetate (D-1 14), 1£,2¢-methyl 17-acetate (D-116),
la,2e-methylene 23-chloro 17-acetate (D-118), la,2a-methylene?2f-
bromo 17-acetate (D-119), la-methyl2¢-acetoxy 17-acetate (D-120),
{-methylene 2,2-dimethyl 17-acetate (D-121), 2a-methyl 1 7-propionate
(D-28), 2a-methyl I7,8-[6-hydroxymethyltetrahydropyranyloxy] (D-34),
2a-methyl 178-tetrahydropyranyloxy  (D-35), 2c-methyl 17-methoxy
(D-19), and 2a-methyl 17-dichloroacetoxy (D-158) substitutions all de-
crease androgenic activity to a great extent. However the anabolic
activity is decreased only to a smaller degree, and is even increased in
some instances, such as D-8, D-10, D-55, D-45, D-6, D-7, D-35, D-158,
D-50, to produce a favorable anabolic-androgenic ratio.

19-Nortestosterone. 2,2,17a-Trimethyl Sa-dihydro (N-23), 38-
hydroxy 2,2-dimethyl [7a-methyl Sa-dihydro (N-24), A?Se-dihydro
17a-methyl (N-29), Sa-dihydro 170 -methyl[2,3-dlisoxazole (N-72),
17a-methyl[2,3-d]isoxazole (N-76), 2a-methyl Sa-dihydro (N-22), 2-
hydroxymethyl A% 5a-dihydro (N-31), 2-formyl A?5¢-dihydro (N-32), la,
2a-methylene Se-dihydro 17-acetate (N-63), le-methyl A?Sa-dihydro
17-acetate (N-63), 2-cyano A®5a-dihydro 17-acetate (N-30), and 17-
acetate[2,3-d]isoxazole (N-70) substitutions all decrease androgenic
activity to a large extent while the anabolic activity is decreased only to
a smaller degree; thus the whole effect is a favorable anabolic—androgenic
ratio.

Sa-Androstan-178-ol. 1a,2a-Methylene (D-131), 2a,3a-epoxy (D-
64), 2a-methyl 38-hydroxy (D-133), 2a-methyl 3a-hydroxy (D-164),
2-methylene (D-157), la,2a-methylene 17-acetate (D-137), 2-methylene
3B-acetoxy 17-acetate (D-75), la,2a-methylene 17a-methyl (D-141),
2-keto 17a-methyl (D-57), 2-methylene 33-hydroxy 17a-methyl (D-76),
2-methylene 33-acetoxy 17a-methyl (D-77), 2-methylene 17a-methyl
(D-9), 2a,3a-epithio 17a-methyl (D-70), 17«-methyl [2,3-c]oxadiazol
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(D-71), 17a-methyl [3,2-clpyrazole (D-11), 2w,17a-dimethyl3-azine
(D-5), 17a-methyl[3,2-clisoxazole (D-33), 2a,3a-epoxy 17a-methyl
(D-38), 2a,3a-methylene 17a-methyl (D-41), 2«,3a-difluoromethylene
17a-methyl (D-52), 2a-methyl 3-hydrazone 17a-methyl (D-15), 17q-
methyl 2,3-cyclohexeno (D-72), 17a-methyl 2,3-cyclohexano (D-73),
17a-methyl[3,2-b]pyridine (D-149), and spiro-28-oxiranyl (D-42)
substitutions all decrease the androgenic activity while in most cases
lowering, but only to a smaller degree the anabolic activity. In a few
cases (D-9, D-70, D-71, D-5, D-11, D-52, D-33, D-15, D-150), the
anabolic activity is increased. All these types of substitution lead to
a favorable anabolic-androgenic ratio. In the case of Sw-androstan-
178-0l, which does not possess the 17a-methyl substitution and
therefore is not protected against metabolic inactivation at the only
site offered for a stronger type of attachment to the receptor, introduction
of another *‘active site” into the molecule may become important enough
inasmuch as it may override the normal steroid effect. Therefore, it is
not surprising to find that with introduction of an “electron-rich” sub-
stituent into this bare molecule, for example by 2a,3a-epoxy 17-acetate
(D-37), 2a,3a-methylene (D-40), 2a,3a-epithio (D-69), and 2«,3a-
difluoromethylene 17-acetate (D-51) substitutions, the androgenic as well
as the anabolic activities are both increased compared to the parent com-
pounds (D-134 and D-145, respectively), with the latter having an edge
and producing a favorable anabolic-androgenic ratio.

Sa-Androstan-17B-ol with Ring A Unsaturation. 2-Methyl A' 3-keto
(A-10), 2-bromo A' 3-keto (A-143), 2-methyl A! 3-keto 17-acetate (A-61),
2-chloro A' 3-keto 17-acetate  (A-142), 2-methyl A' 3-keto 17a-methyl
(A-11), 2-methylA!3-keto 17a-ethyl (A-12), 2-cyanoA!3-keto 17a-
methyl (A-42), 2-methylthio A! 3-keto 17a-methyl (A-60), 2-formyl A! 3-
keto 17a-methyl (A-63), 2-bromo A!3-keto 17a-methyl (A-74), 2-chloro
A'3-keto 17a-methyl (A-75), 2-hydroxy A'3-keto 17a-methyl (A-76),
2-methoxy A’ 3-keto 17a-methyl  (A-77),  1-methyl 2-chloro A 3-keto
(A-90), 1-methyl 2-bromo A! 3-keto (A-91), 1-methyl 2-methoxy A! 3-keto
(A-92), 1-methyl2-methyl A! 3-keto 17-acetate (A-100), 1-methyl 2-
chloro A' 3-keto 17-acetate (A-101), 1-methyl 2-methoxy A! 3-keto
17-acetate (A-102), 2-chloro 38-hydroxy A' 17a-methyl (A-144), 2-
chloro 33-acetoxy A! 17a-methyl (A-145), 2-methyl A! | 7-acetate (A-35),
2-methyl A® 17a-methyl 178-acetate (A-31), 2-methyl A2 (A-23), 2-methyl
A? 17a-methyl (A-24), 2-cyano A? 17-caproate (A-27), 2-cyano A? (A-44),
2-cyano A® 17a-methyl (A-43), 2-cyano A% 17«-methyl 178-acetate
(A-53), 2-formyl A* (A-36), 2-formyl A? 17a-methyl (A-28), 2-formyl A2
A* ]7-acetate (A-37), 2-difluoromethyl A® (A-29), 2-difluoromethyl A2 17-
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acetate (A-40), 2-fluoromethyl A? (A-64), 2-fluoromethyl A® 17-acetate
(A-41), 2-hydroxymethyl A> (A-38), 2-hydroxymethyl A? 17a-methyl
(A-26), 2-chloromethyl A 17-acetate (A-39), 28-hydroxyethyl A* (A-50),
2_carboxylic A2 17a-methyl (A-62), A® [2,3-dlisoxazole (A-156), A*A!
[2,3-d]isoxazole (A-149), 17a-methyl A2 A*[2,3-d]isoxazole (A-58), 17-
acetoxy AZA*[2,3-dlisoxazole (A-147), 1 7e-methyl AZA*A®[2,3-d]isoxa-
zole (A-148), 17a-methyl A%[2,3-d]isoxazole (A-30), 17a-methyl AZ
[3,2-d]thiazole (A-158), 17c-methyl A2[3,2-d|methylthiazole (A-85),
|7a-methyl  A?[3,2-d Imethylpyrimidine (A-84), A?[3,2-e]thiazenone
(A-83), A%[3,2-b]quinoline (A-33), 2-acetoxymethylene A% (A-47), 17-
acetoxy 2-keto A® (A-80), 17a-methyl 2-keto A3 (A-66), 2a-methyl 17a-
methyl A%A® (A-51), and 17a-methyl A%[3,2-c]pyrazole (A-157) substitu-
tions all decrease the androgenic activity to a medium or large degree. In
this type of substitution, the anabolic activity is often decreased to a
small degree, thereby producing a favorable anabolic—androgenic ratio.
But in many cases the anabolic activity is increased. The following are
the compounds showing the most favorable anabolic-androgenic ratios:
among the Al-unsaturated compounds, A-6, A-10, A-11, A-61, A-63,
A-104: and among the A’-unsaturated compounds, A-24, A-27, A-28,
A-38, A-43, A-44.

2B-Substitution™
Testosterone. No examples were found for this kind of substitution.

5a-Dihydrotestosterone. 28-Fluoro (D-153) substitution abolishes
both androgenic and anabolic activities.

19-Nortestosterone. No examples were found for this kind of
substitution.

Sa-Androstan-17p-ol. 28,38-Epoxy (D-67),288,3-epithio (D-65), 28,
3B-epithio 17a-methyl (D-66), and 2p-hydroxy 17a-methyl (D-60) sub-
stitutions substantially decrease both the androgenic and anabolic
potencies, leaving a favorable anabolic-androgenic ratio. In contrast,
however, 23,3B-epoxy 17-acetate (D-36) and 28,38-difluoromethylene
17-acetate (D-53) substitutions substantially increase both the andro-
genic and anabolic properties. Moreover, as already mentioned, Klimstra,
Nutting and Counsell [87] reported results with respect to the 23,38
epoxy 17a-methyl (D-68) and 2a,3a-epoxy 17a-methyl (D-38) pair as
well as the 23,38-epoxy (D-67) and 2a,3a-epoxy (D-64) pair. Their re-
sults indicate that the more active epoxides have greater hindrance on the

*2-Disubstituted compounds are listed under 2a-substitution,
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B-face rather than on the a-face of the tetracyclic system, in line with
a-face attachment at this area.

The Overall Effect of 2-Substitution

In line with the principle of minimal structural requirement, there is
no evidence to support a B-face hypothesis at carbon-2. However, the
importance of 2a-substitution is well documented. Since, as in the case
of 13-substitution, the 2a-substituents are in the plane of the molecule,
the importance of 2a-substitution is a significant support in favor of the
third-dimensional attachment of the steroid molecule to the receptor, as
will be postulated later. The importance of third-dimensional attachment
becomes evident in the case of Al- or A%-unsaturated compounds, where
the substituent attached to carbon-2 is no longer an «- or a S-substituent
but protrudes again in the plane of the molecule. It can be seen that planar,
2-substitution of Al- or A?-unsaturated compounds also decreases the
androgenic activity and to a smaller extent the anabolic activity to pro-
vide a favorable anabolic-androgenic ratio. Furthermore, certain sub-
stituents in the 2-position not only decrease the androgenic activity but
increase the anabolic activity, so judicious selection of substituents can
lead to highly favorable dissociation of anabolic and androgenic activity.

3-SUBSTITUTION

3a-Substitution

Sa-Androstan-178-0l. Sa-Androstan-3«,178-diol (D-31), and Sa-
androstan-3e-ol-17-one (D-27), derivatives are very potent androgens,
while the anabolic activity is decreased compared to the parent com-
pound, to give an unfavorable anabolic—androgenic ratio. In these cases,
an axial 3e-hydroxyl substituent will not interfere with the attachment to
the receptor since the C-3 oxygen function is probably one of the points of
attachment. 2«,3a-Epoxy (D-64), spiro-3a-oxiranyl (D-142), 3a-hydroxy
3B8-methyl (D-163), 38-hydroxy 3a-methyl (D-162), 2a,3x-epithio [7a-
methyl (D-70), 2a,3a-epoxy 17a-methyl (D-38), 2a,3a-methylene 17a-
methyl (D-41), and 2«,3a-difluoromethyl 17a-methyl (D-52) substitutions
all substantially decrease the androgenic activity. The anabolic activities
of D-38, D-41, D-64, and D-142 are small. Ringold [3] accounted for the
inactivity of D-162 and D-163. The androgenic activities of the 2c-methy!
383-hydroxy (D-133) and 2a-methyl 3a-hydroxy (D-145) compounds are
not known, but the anabolic property of the former is the same as that of
the parent compound while the anabolic potency of the latter is slightly
higher than that of the parent compound. The anabolic activities of D-52
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and D-70 are greater than that of the parent compound, giving a favor-
able anabolic-androgenic ratio.

As already outlined under 2a-substitution, 2«,3a-epoxy 17-acetate
(D-37), 2a,3a-methylene (D-40), 2a,3a-epithio (D-69), 2a,3a-difluoro-
methylene 17-acetate (D-51), and, in addition, 3a,4a-epoxy 17-acetate
(D-39) substitutions all give increased androgenic as well as anabolic
activity, with a favorable anabolic-androgenic ratio.

Sa-Androstan-173-ol with Ring A Unsaturation. Both the 3a-hydroxy
A* 17-acetate (A-55) and 3a-hydroxy A* 17-(1'-ethoxy)-cyclohexyl ether
(A-154) compounds are very potent androgens with high anabolic activity
and show an unfavorable anabolic—androgenic ratio.

3B-Substitution

19-Nortestosterone. The reduced form, 38-hydroxy derivative
(N-34) shows decreased androgenic and anabolic potencies with a favor-
able anabolic—androgenic ratio. The same applies for N-107. The N-26
and N-27 derivatives show a very favorable anabolic-androgenic ratio.

Sa-Androstan-178-0ol. 'We have already dealt with the effects of
23,3B-disubstitutions, such as D-36, D-38, D-53, D-60, D-64, D-65,
D-66, D-67, and D-68, under 2-substitution.

38-Hydroxy (D-146), 38-hydroxy 17-methyl (D-61), spiro-38-
oxiranyl (D-43), 38-cyclopentyl (D-156), and 3B-hydroxy 17-ketone
(D-161) substitutions all cause decreased androgenic activity while the
anabolic activity is either very small or not recorded at all.

Sa-Androstan-17B-ol with Ring A Unsaturation. 33-Hydroxy A'
(A-13), 3B-hydroxy A!17a-methyl (A-15), 3B-hydroxy A' 17e-ethyl
(A-17), 3p-hydroxy 2-chloro A’ 17a-methyl (A-144), 3B-acetoxy 17-
acetate (A-14), 3fB-acetoxy 17a-methyl (A-16), 3B-acetoxy 17e-ethyl
(A-18), and 3B-acetoxy 2-chloro A’ 17a-methyl (A-145) substitutions all
cause decreased androgenic activity. At the same time, the anabolic
activity is decreased to a smaller extent, to yield a favorable anabolic-
androgenic ratio.

On the contrary, 33-hydroxy A* (A-54) and 3B-hydroxy A* 1 7a-methyl
(A-146) substitutions substantially increase the androgenic potency,
while the former also increases to a smaller degree the anabolic potency,
thus creating an unfavorable anabolic—androgenic ratio. The effect of
3B-hydroxy A 17a-methyl substitution (A-146) on the anabolic activity is
not known. 38-Acetoxy A* 17-acetate (A-56) substitution has no effect on
the androgenic activity while decreasing the anabolic activity of A-4.
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We have already discussed the effects of 2,3-disubstitutions in the A*-
unsaturated series under 2a-substitution.

Androst-3,5-dien-17B-0l.  3-Methyl 17a-methyl (A-32), 3-chloro 17-
acetate (A-153), 3-cyclohexylenol ether 17a-methyl (A-160), 3-cyclo-
pentyl- (A-161) and 3-cyclopentylenol ether 17a-methyl (A-162) sub-
stitutions all significantly increase the androgenic activity. The anabolic
activity is increased to a smaller degree to produce an unfavorable
anabolic—androgenic ratio.

Androst-5-en-178-0l.  33-Acetoxy 17a-propargyl(A-165), 3p3-hydroxy
(A-152), 38-hydroxy 17a-methyl (A-5), and 38-hydroxy 17-ketone (A-57)
substitutions all bring about a large decrease in androgenic and anabolic
potencies, while the anabolic-androgenic ratio remains unfavorable.

'l

Other 3-Substitutions

Replacement of the 3-ketone, as well as the 178-hydroxyl function,
by fluorine, i.e., 3,3,17,17-tetrafluoro-5a-androstane (E-26), abolishes
both androgenic and anabolic activities. Simultaneous replacement of
the 3-ketone and 178-hydroxyl group by a heterocyclic ring, i.e., Sa-
androstano[3,2-dpyrimidine[17,16-c]pyrazole (E-27) and Sa-estrano-
[3,2-c]pyrazole[17,16-d]pyrimidine (E-31), also abolishes both activities.

Testosterone 3-dimethylhydrazone (S-115), 17a-methyltestosterone 3-
dimethylhydrazone (S-116), 3-methylene- 1 7e-methylandrost-4-en-17 -0l
(S-26), 3-methylene-17a-ethylandrost-4-en-178-ol (S-27), 9a-fluoro-3-
methylene—l?a-methylandrost-4-en—1IB,I?B—diél (S-28), Se-dihydro-
testosterone-3-isonicotinylhydrazone (D-154), 3-methylene-17«-methyl-
178-hydroxyestr-4-ene (N-19), 3-methylene-17a-ethyl-178-hydroxyestr-
4-ene (N-20), and 19-nortestosterone 3-dimethylhydrazone (N-75) all
have the androgenic property decreased to a large extent. At the same
time, the anabolic potency is also decreased. The anabolic-androgenic
ratio becomes favorable only in one case (S-26). 3,3-Azo-17a-methyl-5a-
androstan-17g-ol (D-150) shows decreased androgenic and increased ana-
bolic activity to produce a very favorable anabolic-androgenic ratio, while
2a,17a-dimethyl-5a-androstan-178-ol-3-hydrazone (D-15) and 2«,17a-
dimethyl-4,5a-dihydrotestosterone-3-azine (D-5) show no change in
androgenic activity but increased anabolic activity to yield a favorable
anabolic-androgenic ratio. 3-Methylene-17a-methyl-178-hydroxy-5e-
androstane (D-54) has both potencies decreased to the same degree. In
173-hydroxy-5a-androstane-3-fulvene  (D-155), 3B-cyclopentyl-178-
hydroxy-5a-androstane (D-156), 17a-methyl-178-hydroxy-23(H )-2,3-
cyclohex-2’-eno-Sa-androstan-4'-one (D-72) and 17a-methyl-178-hy-
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droxy-2B(H )-2,3-cyclohexano-Sa-androstan-4'-one (D-73) both poten-
cies have been abolished.

The Overall Effect of 3-Substitution

We have already described Sa-androstane, our basic structure display-
ing androgenic properties; an oxygen function at the carbon-3 position is
not necessary for androgenic or anabolic activity. This postulation is
supported by the androgenic and anabolic activity of a large number of
3-desoxy compounds. Introduction of a 3-oxygen, especially a 3-ketone
function, however, usually enhances activity. Substitution of the 3-ketone
function by methylene or nitrogen derivatives is permitted. Fusion of a
heterocyclic ring to the 2- and 3-positions with simultaneous incorpora-
tion of unsaturation at the new junction leads to a highly successful new
class of compounds exhibiting favorable anabolic—androgenic ratios.

The importance of bond angles, distances, and directions in trying to
assess relations between the structure and physiological activity was
greatly emphasized by Woodward [215]. He pointed out the fact that in-
troduction of the 3-carbonyl function, i.e., the change of cyclohexane
ring A to a 3-cyclohexanone ring A brings about very little distortion from
cyclohexane geometry as far as the backbone structure of the carbons and
the attached groups is concerned. The only change brought about by
introduction of the 3-carbonyl function is the considerable change in the
position of the carbonyl carbon with respect to the rest of the molecule
[216]. The distance from the a-carbons to the carbonyl carbon was found
to be close to 1.50 A [217,218] as compared to a normal 1.545 A carbon-
carbon (single bond) distance, and the carbonyl angle to 1 16°,as compared
to the normal 109° tetrahedral angle.

Since, stereochemically, not much change is observed by introducing a
carbonyl group into the 3-position of the steroid skeleton, the nature of
the observed enhanced androgenic and anabolic activity is probably due
to electronic factors. Introduction of an electron-rich substituent must
provide additional force to the attachment of steroid to receptor.

Substitution of a methylene group (which has a vander Waals radius of
2.0 A) for the carbon-3 ketone function changes the bond distance to
1.34 A [217] from 1.22 A [218], and the bond angle C—C==C to 122°
from 116° (C—C==0), with the additional distance of the C—H bond
length, 1.08 A, and the bond angle H—C—H 108° 44’ [218]. Similarly,
substitution of nitrogen for the carbon-3 ketone function changes the
bond distance to 1.4 A [219]. It can be seen that substitution of the
oxygen function by a methylene group or a nitrogen derivative lengthens
the bond distances but, more important, alters the bond angles consider-



54 3. THE STRUCTURE—ACTIVITY RELATIONSHIP

ably. Disubstitution in the 2- and 3-positions with the simultaneous
introduction of A2-unsaturation will alter the bond lengths and angles
even further. This is particularly apparent when a five-membered hetero-
cyclic ring is fused to carbon atoms 2 and 3. This change may bring about
a very favorable change in the anabolic-androgenic ratio.

The high androgenic activity of 3a-hydroxy-substituted compounds is
used as an argument in favor of a-face absorption since the carbon-3
oxygen would probably be one of the points of attachment to the receptor.

In line with the principle of minimal structural requirements, the
indiscriminate results of 38-substitution point to the uninvolvement of
the 3p-position. Furthermore, as we have already seen, comparison of
283,3p- and 2a,3a-disubstituted compounds [87] revealed that the more
active epoxides have greater hindrance on the g-face than on the a-face
of the tetracyclic system, in line with a-face attachment at the carbon-3
position.

4-SUBSTITUTION

Sa-Dihydrotestosterone. 4a-Methyl (D-47), 48-methyl (D-46), la,2a-
methylene 4-hydroxymethylene (D-97), and 1e,2c-methylene 4-hydroxy-
methylene 17-acetate (D-113) substitutions all decrease the androgenic
activity to a great extent and the anabolic activity to a smaller degree.

19-Nortestosterone. 4-Hydroxy 17-cyclopentylpropionate (N-77), 4-
chloro 17a-methyl (N-12), 4-chloro 17a-methyl 178-propionate (N-13),
4-methyl (N-15), 4-chloro 17-acetate (N-14), and 4-hydroxy 17-acetate
(N-16) substitutions all decrease the androgenic activity. The anabolic
activity is only slightly decreased or even increased (N-77), thus the
anabolic—androgenic ratio becomes favorable. 4-Hydroxy 17a-methyl (N-
74) substitution greatly increases both activities to bring about a favorable
ratio. Dimethyl substitutions, e.g., 4,4-dimethyl3-keto A% 17a-methyl
(N-42), and 4,4-dimethyl 3-keto A® (N-41), abolish both activities. The
reason for the effect of 4,4-dimethyl substitution may be explained ac-
cording to Ringold [3] by the fact that the 4-methyl group may possess
a pseudo-axial configuration due to severe nonbonded interactions on the
B-face (particularly 2-H-6-CHj, 6-H-2-CHa, 19-H-6-CHs interactions).

Sa-Androstan-17-ol. The 3a,4a-epoxy 17-acetate (D-39) exhibits in-
creased androgenic and anabolic potencies with a favorable anabolic-
androgenic ratio. This effect again may be due to the introduction of an
electron-rich substituent into ring A of a relatively simple molecule,
providing another active site for attachment to the receptor. 48-Hydroxy
17a-methyl (D-62) and 4-keto 17a-methyl (D-58) substitutions decrease
both activities to produce a favorable anabolic-androgenic ratio.
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Sa-Androstan-178-ol with Ring A Unsaturation. 1-Methyl 4-hydroxy-
methylene Al 3-keto (A-93), 4-keto A? 17-acetate (A-81), and 4-ketoA?
17a-methyl (A-68) substitutions all decrease the androgenic and anabolic
activities but the last two produce a very favorable anabolic-androgenic
ratio. Dimethyl substitutions in 4-positions again abolish activity, i.e., the
4,4-dimethyl 3-ketoA® (A-34), 4,4-dimethyl 3-keto A® 1 7a-methyl (A-65),
4,4-dimethyl 3-keto A® 6-methyl 16a-methyl (A-82), and 4,4-dimethyl
3p-hydroxy A® 6-methyl 16a-methyl (A-69) compounds, probably for
the same reasons as outlined before.

Testosterone. A'4-Chloro 17-acetate (S-114), 4-bromo (S-8), 4-methyl
(S-11), 4-chloro 118-hydroxy 17-acetate (S-7), 4-fluoro 17-acetate (S-9),
4-hydroxy 17-acetate (S-10), la-methyl4-chloro 17-acetate (S-79), 4-
chloro 17-propionate (S-6), 4-hydroxy 17a-methyl (S-16), 4-chloro 17a-
methyl (S-17), 4-mercapto 17a-methyl (S-49), 4-methylthio 17a-methyl
(S-50), 4-ethylthio 17a-methyl (S-51), 4-acetylthio 17a-methyl (S-52),
and 4-chloro 118-hydroxy 17a-methyl (S-102) substitutions all decrease
the androgenic property. However, the anabolic potency is only slightly
decreased and in a few cases increased, such as S-114, S$-11, S-16, S-6.
Substitution at the 4-position by bulky substituents i.e., 4-ethyl (S-13)
and 4-allyl (S-14), abolishes both activities.

The Overall Effect of 4-Substitution

Introduction of the 4,5-double bond into the androstane molecule
shortens the 4-5 bond length to 1.34 A from 1.545 A. At the same time,
the double bond causes the ring A to assume a half-chair conformation.
Since the double bond is at a ring junction, five carbon atoms, C-3, C-4,
C-5, C-6, and C-10 lie in a plane, C-2 is above the plane, and C-1 is
below the plane. Only the bonds extending to substituents at C-1 and C-2
have the character of normal axial or equatorial bonds for cyclohexane
but those at C-10 and C-6 are only approximately axial or equatorial
with respect to ring A. Energy considerations [220] reveal that the half-
chair cyclohexene is slightly less stable than the chair cyclohexane.
Electronic considerations become important in the case of additional
carbonyl substitution at C-3. The length of the carbonyl group of a
molecule was correlated with its first ionization potential; a decrease of
the ionization potential means an increase of the negative charge on the
oxygen atom, and this in turn means an increase of bond length, probably
because of increased single bond character according to the resonance
description of the carbonyl bond.

N
o

C=0¢——— >C+——O‘
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Introduction of tnsaturation between carbons 4 and 5 causes inter-
action of the donor—acceptor type involving the r-electrons of the «,g-
unsaturated carbonyl system. Introduction of a,B-unsaturation to the
carbonyl group decreases the ionization potential of the carbonyl group
or, in other words, increases the polarity of the carbonyl group. In terms
of the resonance theory, the net change is an enlarged contribution of
ionic structures, e.g.,

0=C—C=C+——> 0—C=C—C*

We may consider now the effect of substitution at C-4 of testos-
terone (O=C—C=C system). If there is a hydrogen atom at C-4, the
large electronegativity of the oxygen atom gives an acceptor character
to the carbonyl group and a donor character to the unsaturated bond.
Therefore, the resonance contributing structures depicted below are

important:
| |
1 T ]
0 = -0
H H

However, if the hydrogen at C-4 is substituted by atoms having lone
pairs of electrons (4-chloro, 4-fluoro, 4-hydroxy), resonance contributions
such as

X+

become important. Even 4-methyl substitution can account for such
structures by hyperconjugation. Hetero substitution at C-4 therefore de-
creases the polarity of the carbonyl group and the stability of the enone
system by resonance-contributing structures of the type shown above,
which decrease the double bond character of the unsaturated bond.

The most important function of the 4,5-double bond seems to be the
protection of the 3-carbonyl function against metabolic inactivation. It
is known that Sa-dihydrotestosterone is a more powerful androgen than
testosterone, especially when measured by the ventral prostate index.
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However, the 3-carbonyl function is metabolized much faster in Sa-
dihydrotestosterone than in testosterone where the 4,5-double bond has
a rate-limiting effect, i.e., the metabolic inactivation of 3-carbonyl group
is much faster than the reduction of 4,5-double bond [168,221].

Stereochemical factors are only of secondary importance at the carbon-
4 position.

(1) Dialkyl substitution in the Sa-dihydro series or A’-series causes
a considerable distortion and forces the a-substituent to orient itself in
a quasi-axial conformation. Since we have already seen the importance
of axial attachment at C-3 and will see the same at C-5, it is not surprising
to find that the quasi-axial conformation at C-4 inteferes with the «-face
attachment to the receptor at carbons 3 and 5 and hence abolishes
activity.

(2) Bulky (ethyl, allyl) substituents in the testosterone series also
significantly decrease the activity by causing protrusion exceeding the
ordinary distances of simple substituents in the plane of the molecule.

(3) Unsaturation between C-4 and C-5 causes ring A to assume a
half-chair conformation. The C-19 methyl group is therefore no longer
axial with respect to ring A and will cause a small conformational dis-
tortion of the C-19 methyl group with respect to the steroid skeleton as a
whole as compared to that in S«-dihydrotestosterone. This factor will
contribute to a small degree to the fact that replacement of C-19 methyl
group by a C-19 hydrogen (change to the 19-nor series) very often will
favorably affect the androgenic and anabolic activities. This effect will
be discussed in detail under 10-substitution.

5-SUBSTITUTION

As discussed previously, etiocholane derivatives in which the rings
A and B possess a cis junction are inactive as androgens or anabolic
agents. Since this type of substitution may be considered an axial, a-face
substitution of the Sa-hydrogen by an alkyl group with respect to the
ring B, the importance of a-face attachment at carbon-5 becomes evident.
However, the 8-isotestosterone and retrotestosterone series do not be-
long among the Sa-substituted compounds. The importance of a-face
attachment is further evidenced by the decreased potency of 5a-substi-
tuted derivatives.

Sa-Dihydrotestosterone. 5¢&-Methyl (D-26), Sa-cyano (D-24), Sa-
carbamido (D-25), and 4a,5a-epoxy 118-hydroxy 17a-methyl (D-148)
substitutions all decrease both activities to a large extent and Se-methyl
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17-propionate substitution (D-143) abolishes androgenic and anabolic
activities.

Sa-Androstan-178-ol. Sa-Hydroxy A? 17a-methyl (A-73) substitu-
tion decreases both androgenic and anabolic potencies but the resulting
compound still shows some potency.

5,6-Unsaturation

The 3-substituted A®$-derivatives have already been considered under
3-substitution. Introduction of 5,6-unsaturation into the saturated 5c¢-
androstan-173-ol causes decreases in both potencies; the assistance pro-
vided by the *“electron cloud” of this substitution at this position must
not be important. 178-Hydroxyandrost-5-ene (A-49) and 17a-methyf-
178-hydroxyandrost-5-ene (A-59) both show decreased androgenic and
anabolic potencies and an unfavorable ratio compared to the parent
saturated compound. Additional unsaturation between carbons 3 and 4
will further decrease the activities. 178-Hydroxyandrost-3,5-diene
(A-150) and 17a-methyl-173-hydroxyandrost-3,5-diene (A-48) show de-
creased activities compared to the AS-analogs, A-49 and A-59, or to
173-hydroxyandrost-3-ene (A-3).

The fact that the unsaturation between carbons 4 and 5 or carbons
5 and 6 imposes the same kind of conformational distortion in compounds
possessing the 3-carbonyl group is documented in the 19-nor series by
the comparison of activities of corresponding A*®- and A*S-compounds.
The 19-nor 3-keto, A*17a-methyl 178-0l (N-4) and 19-nor 3-keto A%®
17a-methyl 178-0l (N-39); 19-nor 3-ketoA* 17a-ethyl 178-01 (N-5) and
19-nor 3-keto A*8 17a-ethyl 178-0l (N-38); 19-nor 3-keto A* 17a-ethynyl
178-0l (N-7) and 19-nor3-keto A®® 17a-ethynyl 178-0ol (N-37) pairs
exhibit the same androgenic and anabolic activities, respectively.

5,10-Unsaturation

The 17a-methyl-178-hydroxy-A%1®-estren-3-one (N-40) and 17a-
methyl-178-hydroxy-At-estren-3-one  (N-4);  17a-ethyl-178-hydroxy-
A0 estren-3-one (N-93) and 17a-ethyl-178-hydroxy-Af-estren-3-one
(N-5); and 17a-ethynyl-178-hydroxy-A*1®-estren-3-one (N-43) and 17a-
ethynyl-178-hydroxy-A*-estren-3-one (N-7) pairs of compounds were
compared and it was found that the A%® analogs possess substantially
lower androgenic and anabolic activities than the corresponding A* ana-
logs. Introduction of 5,10-unsaturation brings carbons 1, 4, 5, 6, 9, and
10 into one plane with carbons 3 and 7 projecting below and carbon-8
projecting above the plane. C-2 is virtually in the plane. This type of
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conformational distortion has an unfavorable effect on the biological
activities.

6-SUBSTITUTION

6a-Substitution

Testosterone. 6a-Methyl (S-12), 6a-nitro (S-40), 6-chloro A% 17-
acetate (5-64), A% 17a-methyl (S-107), and 6a-methyl 17a-methyl (S-96)
substitutions all decrease the androgenic and anabolic activities. Several
la-substituted AS-testosterone derivatives are considered under la-
substitution. All Af-unsaturated derivatives reduce the androgenic and
anabolic activities compared to the 6,7-saturated analogs (see also
Wettstein [2301]. The anabolic—androgenic ratio is favorable in S-64 and
S-12. There are conflicting reports for 6a-chlorotestosterone acetate (S-
29); Kincl and Dorfman [56] report a larger, and Cross et al. [53] report
smaller androgenic potency than that of testosterone, while the anabolic
activity is greater in both cases. The resulting anabolic—androgenic ratio is
favorable. There are more conflicting reports on 6«-fluorotestosterone (S-
31). Zaffaroni [78] reported the androgenic activity of 6a-fluorotestoster-
one to be 50% of that of testosterone and the anabolic activity 100% that
of testosterone, while Kincl and Dorfman first reported [56] 200% (ventral
prostate), 170% (seminal vesicle), 190% (levator ani) values, later Kincl
and Dorfman [82] reported 123% (ventral prostate), 128% (seminal
vesicles), and 206% (levator ani) values compared to testosterone (100%
on each index). We should point out that the steric requirements of sub-
stituents as measured by the van der Waals radii are the following [222]:
hydrogen, 1.2 A: fluorine, 1.35 A; chlorine, 1.9 A. As we can see, the
fluorine is not much larger and it is possible that the steric effects ex-
hibited by the fluorine as compared to the hydrogen are too small to
consider.

Sa-Dihydrotestosterone. 6a-Methyldihydrotestosterone (D-4) is re-
ported [30] to have decreased androgenic and anabolic activities with a
favorable anabolic—androgenic ratio (disregarding a preliminary report [ 34]
from 1957). 6a-Methyl 17a-methyl (D-13) and 2¢.,6c,17-trimethyl 173-
propionate (D-7) substituted compounds both show decreased androgenic
activity, with the former showing a slightly decreased anabolic activity
and the latter an increased anabolic activity. The anabolic-androgenic
ratio is favorable.

A®-dndrosten-178-0l. 4.4,6,16a-Tetramethyl 3-keto (A-82) and
4,4,6,16a-tetramethyl 38-hydroxy (A-69) substituted compounds both
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have very small androgenic activities; the anabolic activities are not
known.

19-Nortestosterone. 6a-Methylnortestosterone (N-88) shows de-
creased androgenic and anabolic activities, with a slightly favorable ratio.

6B-Substitution

Testosterone. 6B-Fluoro (S-62), 6B-methyl (S-95), 6f-nitro17-
acetate (S-39), 68-chloro 17-acetate (S-71), and 68-methyl 17a-methyl
(S-97) substitutions all bring about a large decrease in the androgenic
activity and in the anabolic activity. The ratio is not favorable. The 683-
acetoxy 17-acetate (S-117) has a greatly reduced anabolic activity while
the androgenic potency is not known.

5a-Dihydrotestosterone. 65-Methyl (D-3) substitution causes a de-
crease in both androgenic and anabolic potencies. Preliminary data [34]
were later corrected (compare Kinel [107]).

Sa-Androstan-178-ol with Ring A Unsaturation. 63-Methyl A!
3-keto 17¢-methyl (A-19), 6B-methyl A’ 3-keto 17a-ethyl (A-20), and
68-methyl A2 17a-methyl (A-71) substitutions all cause a great decrease
in androgenic and anabolic potencies to produce a favorable anabolic—
androgenic ratio.

The Effect of 6,7-Unsaturation

Comparison of 17a-methyltestosterone (S-2), 17a-methyl-5a-dihydro-
testosterone (D-2), and 17«-methyl-AS-testosterone (S-107) revealed
that the presence of the double bond in the 4,5-position enhanced the
anabolic activity and did not alter the androgenic activity, according to
Beyler et al. [124]. Additional unsaturation lowered both anabolic and
androgenic activities, but decreased the anabolic activity to a lesser
degree.

Comparison of 17a-methyl-178-hydroxy-Sa-androstano[3,2-c]
pyrazole (D-11), 17a-methyl-178-hydroxyandrost-4-eno[3,2-c]pyrazole
(A-157), and 17a-methyl-17g-hydroxyandrost-4,6-dieno[3,2-c]pyrazole
(A-168) showed that as the degree of unsaturation is increased there is a
corresponding decrease in the anabolic and androgenic activities, with
the last compound (A-168) having complete loss of these activities. It
was suggested [124] that the anabolic and androgenic properties of this
compound were lost due to the flattening imposed by the steroidal diene
system. It was also found that introduction of an additional double bond
between carbons 6 and 7 in 4-chlorotestosterone acetate (S-148) results
in the complete loss of activity (compare with S-146).
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The Overall Effect of 6-Substitution

Since substitution of the B-face, axial hydrogen by other substituents
brings about a decrease in potency, the importance of g-face attachment
to the receptor at C-6 is emphasized. We also notice the decreased
androgenic potency of 6«-substituted derivatives. Since the 6a-hydrogen
is in the plane of the molecule, the importance of third-dimensional attach-
ment becomes evident. This is particularly evident in AS-unsaturated
compounds where the 6-substituent is no longer «- or B-oriented but
clearly projects in the plane of the molecule.

7-SUBSTITUTION

Jo-Substitution

Testosterone. Ta-Methyl (S-21), 7a-methylthio 17-acetate (S-119),
Ja-mercapto 17-acetate (S-121), and la,7e-dimethyl 17-acetate (S-80)
compared to lwe-methyl 17-acetate (S-72); 7a-methyl 17-ketone (S-23)
compared to 17-ketone (S-22); 7a-methyl A' 17a-methyl (S-138), 7a-
mercapto A! 17a-methyl (S-57), and 7a-acetylthio A 17a-methyl (S-58)
compared to A! 17a-methyl (S-15); and 7a-methyl 17@-methyl (S-20)
substitutions all increase both potencies, giving rise very often to a favor-
able anabolic-androgenic ratio. 7a-Acetylthio 17-acetate (S-120), 7a-
mercapto 17a-methyl (S-53), Ta-methylthio 17a-methyl (S-54), Ta-ethyl-
thio 17a-methyl (S-55), and 7c-acetylthio 17a-methyl (S-56) substitu-
tions cause decrease of both androgenic and anabolic potencies while
maintaining a favorable anabolic-androgenic ratio.

Sa-Dihydrotestosterone. la,7a-Dimethyl (D-96), la,7a,17q-tri-
methyl (D-128), and 'la,7a-dimethyl 17-acetate (ID-122) substitutions all
cause increase in both activities with a resulting favorable anabolic-
androgenic ratio.

19-Nortestosterone. Ta,17a-Dimethyl (N-10), 7a-methyl 17a-ethy-
nyl (N373), 7a-methyl 17-ketone (N-18), 7a-methyl (N-11), 7a-methyl
17-acetate (N-9), 133-ethyl 7a-methyl (N-52), 133,17a-diethyl 7a-methyl
(N-53), 13B-ethyl 7a-methyl 17a-ethynyl (N-54), and A®AM7e,17a-
dimethyl (N-102) substitutions bring about a great increase in the ana-
bolic and androgenic properties, producing a favorable anabolic—andro-
genic ratio.

7B-Substitution

Only two compounds have been studied containing a 78-methyl group:
la-methyl-783-methyltestosterone acetate (S-81) and 1a,78-dimethyl-5a-
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dihydrotestosterone acetate (D-32). Both decrease the androgenic and
the anabolic activities to a very large degree. This finding is especially
significant in the view of the large increase obtained in activities by
7a-methyl substitution of the same compounds.

The Overall Effect of 7-Substitution

In view of the large increases in the androgenic and anabolic potencies
of 7e-methyl-substituted compounds, a-face attachment to the receptor
at carbon-7 is not involved. On the contrary, the increase in activity was
attributed to protection of other structural elements (4,5 double bond,
19-norhydrogen) against metabolic inactivation. However, 78-substitu-
tion is important. Since this substituent is in the plane of the molecule,
third-dimensional attachment, as in the case of 6a-substitution, is
emphasized.

83-SUBSTITUTION

8-Isotestosterone and 8c,10a-testosterone can be considered as 8f-
substituted testosterone derivatives where the 8-H is substituted by an
alkyl group. In the case of 8a,10a-testosterone other structural features
are prohibitive for biological activity. However, 8-isotestosterone dis-
plays decreased, but definite androgenic and anabolic properties. Nagata
[160] prepared some 8p-substituted testosterone homologs — 8-methyl-
testosterone (E-30) and others. In all cases decreased androgenic and
anabolic potencies were observed. These facts point to the importance of
B-face attachment to the receptor at carbon-8.

9-SUBSTITUTION

Retrotestosterone (93,10a-testosterone) has the hydrogen atom on
carbon atom 9 in the B-position and ring B has replaced the hydrogen
normally found in the a-position. As we have seen, some substituted
retrosteroids still possess androgenic and anabolic activity.

Testosterone. A'9a-Bromo 118-chloro (S-123), 9a-chloro 118-fluoro
(S-125), A! 9e-bromo 118-fluoro 17-propionate (S-124), A' 9a-chloro 1 13-
chloro 17a-methyl (S-127), A'9a-bromo 118-fluoro 17a-methyl (S-128),
9a-bromo 11g-fluoro 17e-methyl  (S-126), 3-methylene 9e-fluoro 115-
hydroxy 17a-methyl  (S-28),  9a-fluoro 11g-hydroxy 16a-methyl 17c-
methyl (S-132), and A*™V 16a-methyl 17@-methyl (S-13 1) substitutions all
lead to decreased androgenic potencies and, with the exception of S-127,
to decreased anabolic potencies. The anabolic-androgenic ratio is often
favorable. The androgenic potency of the 9a-fluoro 11g-hydroxy 17-
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acetate (S-122) is not known but possesses small anabolic activity.
However, 9a-fluoro 118-hydroxy 17a-methyl (S-19) and 9a-fluoro 115-
oxo (S-25) substitutions both increase the androgenic and anabolic
activities to a great degree. Both compounds possess a very favorable
anabolic-androgenic ratio. We should point out at this time that the
steric requirements of the fluorine atom [222] as measured by the van der
Waals radii are not very much different from those of the hydrogen atom
(1.35 A versus 1.2 A).

The Effect of 9,10-Unsaturation (A%1%-Nortestosterone)

A®10_Nortestosterone (N-95), 17a-methyl-A%1%-nortestosterone (N-96)
subcutaneously, and 17a-ethyl-A*'%-nortestosterone (N-97) all exhibit
greatly decreased androgenic activities while the anabolic activities are
increased. 17a-Methyl-A%'0-nortestosterone (N-96) orally shows in-
creased androgenic and anabolic activities. The anabolic-androgenic
ratio is very favorable in all cases.

This heteroannular dienone system causes rings A and B to assume a
half-chair conformation. Carbon atoms 1, 3, 4, 5,6, 8,9, 10, 11 are all in
one plane while carbon atom 2 projects above and carbon atom 7 below
the plane. The rest of the molecule is below the plane. Addition of the
second unsaturation to the A‘-3-ketone enone system provides an addi-
tional electron-rich unsaturated residue, i.e., it enhances the electron
delocalization. The result will be an enlarged contribution of ionic
resonance structures such as

- -
0=C—C=C—C=C+—— 0—C=C—C=C—C

Stereochemically, while the hydrogens attached to C-2 and C-7 still
constitute an axial and equatorial bond, the bond which attaches the
hydrogen atom to C-8 is only approximately axial with respect to ring B.
The nonbonded interaction exerted by C-9 and C-10 substituents is
removed. These conformational changes have a favorable effect on the
anabolic-androgenic ratio.

The Effect of 9,10-and 11,12-Unsaturation
(A0 ANUD_Nortestosterone)

Total synthetic studies at Roussel-UCLAF produced a large number of
compounds having this type of extended unsaturation. A%,A'-Nortes-
tosterone 17-acetate (N-103), A%, All-nortestosterone 178-methoxymethyl
ether (N-104), A°A'-nortestosterone 178-decanoate (N-105), A™A'-
nortestosterone  17-carbobenzoxy-ate (N-106), A%,A''-17a-methyl-
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nortestosterone  (N-99), and A%A!'-7a,17a-dimethylnortestosterone
(N-102) derivatives have both androgenic and anabolic activities in-
creased to a very large extent. The anabolic-androgenic ratio is 1. Elec-
tronic considerations reveal that the increased stability of the hetero-
annular trienone system is caused by enhanced electron delocalization.
Stereochemical considerations reveal that carbons, 1, 3, 4,5, 6, 8,9, 10,
11, 12, and 13 are in one plane. Rings A, B, and C assume a half-chair
conformation. Only C-2 is above the plane, still possessing an axial and
equatorial hydrogen bond, while carbons 7, 14, 15, 16, and 17 are below
the plane. C-8 no longer has a true axial bond to a hydrogen atom with
respect to rings B and C. In addition, the C-10 to 19-methyl bond is no
longer truely axial with respect to ring C. The effect of all this conforma-
tional change is a large increase in the androgenic and anabolic activity.

Without disputing the magnitude of change in biological activity caused
by conformational distortion, we should also point out that removal of the
two equatorial and axial hydrogens at C-11 and C-12 and introduction of
two new hydrogens which lie in the plane of the extended unsaturated
system contributes to a large activity change. While the contribution of
this factor to the overall change may be small in magnitude, this fact
points to the importance of substituents at carbons 11 and 12.

The Overall Effect of 9-Substitution

The facts that inversion of configuration at C-9 is possible without
abolishing the activity and that removal of the hydrogen (introduction of
unsaturation between carbons 9 and 10) sometimes decreases (N-96)
the androgenic and anabolic potencies and in many cases increases both
potencies, point to the lack of importance of attachment to the receptor
at carbon-9. Substitution of the 9-hydrogen by bulkier substituents
usually decreases the activity but in the case of fluorine it increases it
(S-19 and S-25). Removal of the 9-hydrogen and the simultaneous intro-
duction of unsaturation between carbons 11 and 12 greatly enhances
the activities. These facts also point to the uninvolvement of C-9 in the
attachment to the receptor site.

10-SUBSTITUTION

The retrosteroids (98,10a-testosterone derivatives) can be pictured as
compounds having an exchanged configuration at C-10. The C-19 methyl
group which is normally a B-substituent now becomes an a-substituent,
and ring A takes the place of the attachment previously held by the
methyl group. The change in steric environment is not too drastic; at
C-10 the methyl group has been exchanged by an alkyl substituent. Dis-
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regarding other stereochemical effects, the change in configuration at
C-10 alone will not destroy activity.

On the other hand, in the case of 8«,10a-testosterone not only is the
configuration changed at C-10 but also at C-8. Both A/B and B/C ring
junctions become cis and, as can be seen from models, ring A with re-
spect to ring B can now be pictured as a very bulky substituent pro-
truding in the 3-face.

All these facts point to the importance of B-face attachment at C-10.

Testosterone—Nortestosterone

It is known [222] that the methyl group has a van der Waals radius
of 2 A while the hydrogen atom has a van der Waals radius of 112A
Replacement of the 19-methyl group by a hydrogen does not necessarily
involve an increase in the androgenic and/or anabolic activity. For ex-
ample, 1-methyl-17B-acetoxy-5a-androst-1-en-3-one (A-6) has a small
but definite androgenic activity and a large anabolic activity and ex-
hibits a very favorable anabolic-androgenic ratio. Substitution of the
19-methyl group by hydrogen abolishes both activities, i.e., 1-methyl-
17B-acetoxy-Sa-estr-1-en-3-one (N-64) does not display any androgenic
or anabolic activity.

Similarly la-methyl-178-acetoxy-S5a-androstan-3-one (D-100), la-
hydroxy-17g-acetoxy-5a-androstan-3-one (D-107), and la,2a-meth-
ylene-17B-acetoxy-5a-androstan-3-one (D-112) exhibit substantial
androgenic and anabolic activities with very favorable anabolic—andro-
genic ratios. Still, replacement of the 19-methyl group by hydrogen will
bring about a large decrease in the androgenic and anabolic activities, i.e.,
for the compounds la-methyl-17 B-acetoxy-5a-estran-3-one (N-61), la-
hydroxy-178-acetoxy-Sa-estran-3-one (N-62), and 1a,2a-methylene-178-
acetoxy-5a-estran-3-one (N-63). ;

On the other hand, 17a-methyl-4,178-dihydroxyandrost-4-en-3-one
(S-16) possesses 50% of the androgenic and 150-300% of the anabolic
activity of 17a-methyltestosterone and yet removal of the 19-methyl
group brings about a very large increase in both potencies, i.e., 17a-
methyl-4,17-dihydroxyestr-4-en-3-one (N-74) possesses 300-1000%
of the androgenic and 1300% of the anabolic potency of 17a-methyl-
testosterone. Similarly, 19-nortestosterone 17-acetate (N-3) has higher
androgenic and anabolic activities than testosterone 17-acetate (S-66).
In addition, the 7a-methyl group increases the androgenic and anabolic
activities of nortestosterone derivatives to a much larger extent than
those of testosterone derivatives; the resulting 7e-methylnortestosterone
derivatives will have greater androgenic and anabolic activities than those
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of 7a-methyltestosterone derivatives. Compare N-10 to S-20, N-11 to
S-21, N-18 to S-23.

Nortestosterone. 10-Hydroxymethyl A”*4,5q-dihydro 17a-methyl (N-
56), 10-hydroxy A®4,5a-dihydro 17a-methyl (N-49), 10-hydroxymethyl]
A?4,5a-dihydro  (N-55), 10-cyano 2,38-epoxy 4,5a-dihydro 17-acetate
(N-44), Sa-fluoro 10-hydroxy 4,5a-dihydro 17a-ethynyl (N-69), 10-
cyano 17-ketone (N-58), 10-hydroxy (N-68), 10-ethyl (N-101), 10-formy]
3B-hydroxy 4,5a-dihydro A% (N-59), 10-hydroxymethyl 38-hydroxy
4,5a-dihydro A® 17«-methyl (N-60), and 10-cyano 38-hydroxy 4,5a-
dihydro A’ (N-57) substitutions all lead to compounds possessing very
small androgenic and anabolic activities. 10-Vinyl (N-100) substitution
produces an activity intermediate between testosterone and 10-ethyl-
testosterone in both indices. The steric requirement of the vinyl group is
between those of the methyl and ethyl groups.

Overall Effect of 10-Substutition

Bulky substituents in 10-positions decrease the androgenic and ana-
bolic activities to a large extent. This definitely points to the 8-face attach-
ment at C-10. Results obtained with 9«,]10a-testosterone derivatives
confirm the importance of 8-face attachment. However the steric require-
ment of the methyl group, as measured by the 2.0 A van der Waals radius
[222], is no bar to B-face attachment to the receptor at C-10. The steric
requirements at C-10 can accommodate 10-methyl substitution (the
presence of the 19-methyl group).

11-SUBSTITUTION

1la-Substitution

I la-Methyl-118-hydroxytestosterone (S-139), 11a,17a-dimethyl-11p,
178-dihydroxy-Sa-androstan-3-one (D-159), 1la,17a-dimethyl-33,118,
17B-trihydroxy-5a-androstane (D-160), and 1-methyl-11e,178-dihy-
droxy-Sa-androst-1-en-3-one (A-95) compounds show no androgenic
and anabolic activity.

11-Keto Substitution

la-Methyl-AS-11-ketotestosterone acetate (S-88), la-methyl-11-keto-
testosterone acetate (S-84), 3,11,17-triketo-A*-androstene (adrenos-
terone) (S-43), and 11-keto-17a-methyltestosterone (S-24) all show de-
creased androgenic and anabolic potencies compared to the those 11-
unsubstituted compound. However, introduction of a 9a-fluoro substitu-
ent into S-24 will increase both androgenic and anabolic activities to a
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large degree to produce a favorable anabolic—androgenic ratio (Sa-
fluoro-11-keto-17a-methyltestosterone, S-25).

11B-Substitution

Testosterone. A'9a-Bromo 118-chloro (S-123), 9a-chloro 118-fluoro
(S-125), 118-hydroxy (S-5), la-methyl 1183-hydroxy 17-acetate (S-82),
la,2cc-methylene 118-hydroxy 17-acetate (S-83), 4-chloro 113-hydroxy
|7-acetate (S-7), A!9a-bromo 11g8-fluoro 17-propionate (S-124), 118-
hydroxy 17-ketone (S-44), A!4-chloro 11B-hydroxy 17a-methyl (S-103),
Al 9a-bromo 118-fluoro 17a-methyl (S-128), and 3-methylene 9a-fluoro
118-hydroxy 17a-methyl (S-28) substitutions all decrease both andro-
genic and anabolic potencies. In some cases, the anabolic-androgenic
ratio is favorable (S-124, S-83, S-7, S-127). However, in 9«-fluoro-118-
hydroxy-17«a-methyltestosterone (S-19) the androgenic and anabolic
potencies have been greatly increased over that of 17a-methyltestos-
terone, while the anabolic-androgenic ratio has become 2. 113-Hydroxy-
| 7a-methyltestosterone (S-18) and A!9a-chloro 118-chloro 17a-methyl
(S-127) show a slightly decreased androgenic potency compared to that
of 17a-methyltestosterone, while the anabolic potency has been increased
by a factor of 3.

Sa-Dihydrotestosterone. la,2a-Methylene 118-hydroxy 17-acetate
(D-114) substitution decreases the androgenic and anabolic potencies
compared to la,2a-methylene 17-acetate (D-112) substitution.

19-Nortestosterone. The 11p-hydroxy 17a-methyl (N-66) deriva-
tive compared to 17@-methylnortestosterone (N-4) and the 118-hydroxy
17a-ethyl (N-67) derivative compared to 17«-ethylnortestosterone (N-5)
show increased androgenic and anabolic activities and, in the first case,
a favorable anabolic-androgenic ratio.

The Overall Effect of 11-Substitution

1 la-Substitutions decrease both androgenic and anabolic potencies.
Since the 11a-substituent is in the plane of the molecule this points out
the importance of third-dimensional attachment to the receptor at C-11.

The effect of 11B-substitution can be divided in two categories. In the
presence of the 19-methyl substituent the primary role of the 118-
substituent is steric hindrance. Bulky substituents (including 118-hydroxy
groups) impose very severe steric interference with 19-methyl and 18-
methyl groups and therefore interfere with the B-face attachment at the
19-methyl and 18-methyl positions. In the absence of the 19-methyl sub-
stituent, this interference is not present. Therefore, 118-hydroxy substi-
tution, by virtue of its attachment on the 3-face to the receptor, increases
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the androgenic and anabolic activities in the 19-nortestosterone series.

Introduction of a 9a-fluoro substituent (S-19) into 17c-methyl-113-
hydroxytestosterone (S-18) will increase the androgenic and anabolic
activities. The fact that this increase is due to the 9a-fluoro substituent
becomes evident by comparing the effect of 9a-fluoro substitution (S-25)
into 17a-methyl-11-ketotestosterone (S-24),

12-SUBSTITUTION

This effect is not known since no 12-substituted compounds are known.
In view of the new hypothesis, however, we predict that S-substitution at
C,2 will decrease both androgenic and anabolic activities.

13-SUBSTITUTION

135-Ethyl-178-hydroxygon-4-en-3-one (N-45) compared to 19-
nortestosterone (N-1); 17a,138-diethyl-178-hydroxygon-4-en-3-one (N-
46) compared to 17a-ethyl-19-nortestosterone (N-5); 17a,138-diethyl-
173-hydroxygon-4-ene (N-47) compared to 17a-ethyl-178-hydroxyestr-
4-ene (N-8); 17a-ethynyl-138-ethyl-178-hydroxygon-4-en-3-one (N-51)
compared to 17a-ethynyl-178-hydroxyestr-4-erf-3-one (N-7) (by the
same authors); and 17«,138-diethyl-198-hydroxygona-4,9(10)-dien-3-
one (N-98) compared to 17a-ethyl-178-hydroxyestra-4,9(10)-dien-3-one
(N-97) all exhibit large increases in the androgenic and anabolic activities.

Birch [193] pointed out, as we have seen already, that the fact that a
C-18 methyl group is necessary for the activity of steroids with a five-
membered D ring may be due to its effect in preventing this junction from
assuming the more stable cis configuration, when, for example, a C-17
carbonyl group is present at any intermediate stage at the synthesis.
Since the trans junction is the more stable for two fused six-membered
rings, the expectation is that with a six-membered ring D the angular
C-18 methyl may be omitted with retention of activity. That removal of
the C-18 methyl group in the D-homo series (E-23, E-32) did not produce
an increase in the activity points to the fact that introduction of C-19
alkyl substituent can be accommodated on the g-side of the molecule.
Thus introduction of C-19 methyl and in some cases C-19 ethyl sub-
stituent does not cause a decrease, but an increase in the activity.

Introduction of a bulky substituent at C-11 or C-8 decreases the
androgenic and anabolic potencies; this points to the importance of 3-face
attachment both at C-19 and at C-18.

The size of an ethyl group is just about the limit, as is shown by
the fact that 13B-ethyl-178-hydroxy-7a-methylgon-4-en-3-one (N-52)
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compared to 17B-hydroxy-7a-methylestr-4-en-3-one (N-1 1) has de-
creases in both potencies and the anabolic-androgenic ratio as well.

We assume that B-face attachment is important at the C-13 position
and that the steric requirements can accommodate an ethyl group at
C-13. This substitution is tested only in the 19-nor series. We assume,
therefore, that the B-face attachment is facilitated by a sloping plane ex-
tending from the 18-ethyl group (highest point through the B-face of C-8
and C-11) to the B-faces of C-6 and C-10 (which are equally distant from
the 18-ethyl group).

14,15-SUBSTITUTION

Al.Testosterone (S-63) and A'*-Se-dihydrotestosterone (D-48) show
increased androgenic and anabolic activities in the rat when administered
orally and decreased activities when administered subcutaneously. Chick
comb assays for androgenic activity show that the A'-compounds are
more active than their parent compounds. However, in the mouse
androgen assay A'-5a-dihydrotestosterone is more active and A'-
testosterone is less active than their parent compounds.

These investigations were carried out [80] in the hope of altering the
relation between the 178-hydroxyl group and the rest of the molecule.

Because of the limited number of C-14 and C-15 compounds available,
it is hard to generalize the effect of 14-and 15-substitution,

16-SUBSTITUTION

16,16-Difluorotestosterone (S-100) has no androgenic or anabolic
activity. 16a-Methyltestosterone (S-129) and 168-methyltestosterone
(S-130) did not show increased anabolic or androgenic activities com-
pared to testosterone. 16a,17a-Dimethyl-A%*-testosterone (S-131)
and 16,17a-dimethyl-9a-fluoro-11p-hydroxytestosterone (S-132) showed
decreases of both androgenic and anabolic activities to a great extent
compared to 17a-methyl-9a-fluoro-118-hydroxytestosterone (S-19).
Both 16a-fluoro-163-methyltestosterone (S-141) and 16c-fluoro-163-
methyl-5a-dihydrotestosterone (D-74) exhibited 20% of the androgenic
activity of testosterone and no anabolic activity. 16-Hydroxymethylene-
Sa-dihydrotestosterone (D-23) was inactive as an androgen and anabolic
agent. Both 4,4,6,16a-tetramethyl-3,8~]?,B—dihydroxyandrost-i—en (A-69)
and 4,4,6.16oz-tetramethyl-l7,8-hydroxyandrost—5-en-3—one (A-82) pos-
sess 12% of the androgenic activity of testosterone and no anabolic
activity. 168-Methyl-19-nortestosterone (N-21) exhibits 10% androgenic
and 40% anabolic activity of testosterone propionate.
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Substitution at the 716-position was studied primarily because 16c-
methyl substitution is known to increase anti-inflammatory activity in the
cortical hormone series [180]. However, in the androgenic-anabolic
series, both types of substitution decrease activity. At the same time,
16-hydroxymethylene-Sa-dihydrotestosterone (D-23) abolishes activity.
In this compound, the 16-substituent is no longer an a- or a 8-substituent
but projects in the plane of the molecule. This points to the importance of
protrusion towards the third dimension. We will elaborate on this matter
in the discussion of 17-substitution.

17-SUBSTITUTION

Without any doubt, the attachment of the steroid to the receptor at the
17-hydroxyl group is one of the most important attachments. This is also
a point where most of the theories fail to explain the observed facts.

We have followed the principle of minimal structural requirement
throughout this study. We selected Sa-androstane as the basic compound
which displays the minimal structural requirements to bring about
hormonal, specifically androgenic and anabolic, activity. It was demon-
strated that this activity is a property of the hydrocarbon steroid skeleton
of the natural androgen, Sa-androstane. However, introduction of an
oxygen function enhances the activity to a large extent, particularly
when the oxygen is introduced to the steroid skeleton as a 178-hydroxyl
group. Compare the high activity of Sa-androstan-178-ol (D-145) to
5a-androstane. The presence of oxygen in the form of a 178-hydroxyl
group is more important than the presence of oxygen at carbon-3 and for
practical purposes all useful anabolic agents and highly active androgens
possess the 173-hydroxyl group.

17a-Hydroxy Epimers

17a-Hydroxytestosterone (E-3), 18,178-dimethyl-17a-hydroxy-5a-
androst-2-ene (E-4), 17a-iso-19-nortestosterone (E-19), 17p-methyl-
17a-hydroxy-D-homoandrost-4-en-3-one  (E-24), 38,17a-dihydroxy-
Sa-androstane (E-34), 178-methyl-17«-hydroxytestosterone (17-epi-
testosterone) (E-33), 3a, 1 7aa-dihydroxy-5a-androstane (E-38), 17aa-hy-
droxy-D-homotestosterone (D-homo-cis-testosterone) (E-41), and 17«-
hydroxy-13a-androst-4-en-one (E-54) derivatives possessing a 17a-
hydroxy substituent have no androgenic and anabolic activity. This alone
already points to the fact that the hydroxyl group at C-17 is not in conitact
with the receptor surface at the o-face of ring D, as was suggested by
Wolft[71].
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17-Ketone Compounds

AiAndrosten-3,17-dione (S-22), la-cyano-A*-androsten-3,17-dione
(S-37), 1B-acetylthio-A*-androstene-3,17-dione (S-38), Te-methyl-A*-
androstene-3,17-dione (S-23), A*-androstene-3,11,17-trione (5-43), 11p-
hydroxy-A*-androstene-3,17-dione  (S-44), 3a-hydroxyandrostane-17-
one (D-27), 38-hydroxyandrostane-17-one (D-161), and androstane-3,17-
dione (D-30) compared to the corresponding 178-hydroxy derivatives
exhibit much smaller androgenic and anabolic activities with unfavorable
anabolic-androgenic ratios (with the exception of S-23, which has a
favorable ratio).

We have already summarized the comparative activities of testosterone
metabolites, many of which possess a 17-ketone function. Those results
also clearly show the decreased androgenic potencies of 17-ketone
metabolites.

The Role of the 178-Hydroxy! Group

We have already considered the metabolic inactivation of the 178-
hydroxyl group and the effect of structural modification, namely intro-
duction of a 17«-alkyl substituent, on the metabolism. At the present, no
other type of substituent at C-17 is known which will replace the 174-
hydroxyl group in effectiveness. However, a large number of 17g8-hydroxy
esters, ethers, acetals, and ketals have been prepared which do not de-
crease the androgenic and anabolic activities. It might be argued that the
C-17 esters are expected to hydrolyze first and the free 178-alcohols are
the active species. First findings suggested that the esters are not hy-
drolyzed; the intact esters are absorbed and take effect as such [178]. The
effect of the ester group was believed to be due to a slowing down of the
transport of the compound in the organism judging from the correlation
between the rate of disappearance of the esters from the site of injection
and the duration of action [178]. However, later reports substantiate the
expectation that the free 178-alcohols are the active species [381], pro-
duced by hydrolysis of the ester in vivo. In any event, regardless of
whether the active species is the free alcohol or the intact ester, the rate-
determining process will be the absorption of ester from an intramuscular
depot. The rate of absorption of the ester can be measured by its dis-
appearance from the site of injection. The duration of action and the ratio
of the anabolic and androgenic activities will be determined by the rate of
absorption of the esters from the intramuscular depot. The same con-
siderations probably also hold for the other 17-hydroxy derivatives.

We conclude that the 178-oxygen atom is responsible for attachment
to the receptor site, whether in the form of a hydroxyl group or in the
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form of hydroxyl detivatives, such as esters, ethers, acetals, or ketals.
We postulate that the attachment is a twofold attachment: the oxygen
attaches to the receptor at the S-face and in addition in the third dimen-
sion, that is, to the plane which is perpendicular to the «- and -faces of
the steroid molecule. The necessity for the third-dimensional attachment
is emphasized by the consideration of 138-ethyl and A'*'>-compounds.
Inspection of 138-ethyl-substituted derivatives, a very potent class of
compounds, shows that the 138-ethyl group severely interferes with a
true B-face attachment of the 173-hydroxyl group to the receptor. There-
fore, some other form of attachment must also be operating. Inspections
of the molecular model of A'*!5-testosterone show that the skeleton is
no longer “planar”; it is rather concave and the 178-hydroxyl group is
no longer a true 3-substituent. While attachment on the $-side is not pre-
vented the importance of third-dimensional attachment is also well docu-
mented by the C—O bond direction.

The Role of 17a-Alkyl Substituent

In Ringold’s hypothesis [3] of a-face attachment of androgens to the
receptor, one important point was that while replacement of the 17a-
hydrogen by a methyl substituent maintains the high androgenic activity
of the parent compound, the increasing length of the 17«-alkyl substituent
(the change from methyl to ethyl) results in a marked decrease in andro-
genic activity. However, a large number of highly active 17a-ethyl com-
pounds have been prepared since. Bush’s [4] main objection to Ringold’s
theory was that g-sided association is suggested by the activity of
epimeric 17-hydroxy steroids. Bush [7] in a later article favors a S-
sided attachment of androgens to its receptors even though 17a-alkyl
substituents larger than ethyl groups cause a sharp drop in androgenic
and anabolic activity. According to Bush [7] “‘the problem may however
be resolved by the extremely interesting analysis of Wolff, Ho, and
Kwok [71] who suggest -sided attachment of androgen over rings A, B
and C and o-sided attachment to a second receptor area over ring D.”

We have already discussed the studies of Klimstra et al. [87] dealing
with the validity of Wolff’s theory at Ring A.

Also we outlined a serious objection to Wolfl’s theory, when we
considered the 17a-hydroxyandrostane epimers, namely, if Wolff’s
theory were correct and the hydroxyl group at C-17 were in contact with
the receptor surface at the a-face, then surely the 17a-hydroxy epimers
are in a much better position to attach themselves to the receptor surface
at the a-face and should show considerably higher activity than the 178-
hydroxy epimers. But this is clearly not the case.
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Furthermore, a large number of 17a-ethyl-178-hydroxy-substituted
compounds are highly active. Since the 17a-ethyl group is free to rotate
and by steric considerations has an approximate van der Waals radius of
4 A it can be seen that the 178-hydroxyl group can attach itself to the re-
ceptor at the a-side only if the binding forces penetrate through the area
occupied by the freely rotating 17a-ethyl group.

This is highly unlikely, to say the least.

It remains to consider the role of 17a-alkyl substituents in the attach-
ment to the receptor. We can see that the steroid-receptor attachment
can accommodate a 17a-methyl or 17a-ethyl group but there is a sharp
decrease in activity when a 17a-propyl, or ethynyl group is introduced
and the importance of the third-dimensional attachment becomes im-
mediately evident. Inspection of molecular models reveals that a 17«
propyl or 17a-ethynyl substituent protrudes well beyond the molecular
dimensions of steroids in the « and in the planar direction. In order to
obtain the molecular dimensions of steroids we draw a plane perpendicu-
lar to the a- and 8-faces, which connects along the equatorially oriented
substituents at carbons 1, 2, 11, and 12 on one side, 16 and 17 on the
other, and 6 and 7 on the third side. We postulate, therefore, that the
steric requirements of the steroid-receptor attachment can accommo-
date 17a-methyl and 17a-ethyl substituents and the attachment of 17a-
alkyl group is two-dimensional at the 8-face and in the third dimension
as defined above.

A NEW THEORY OF STEROID-RECEPTOR INTERACTION

After having examined the effects produced by alterations and sub-
stitutions at each carbon atom, we are in a position to postulate a new
theory for the steroid hormone-receptor interaction.

In considering any kind of interaction between a steroid and receptor,
we must remember that no matter how attractive it seems to picture the
steroid skeleton as having two sides, an a-face and a 8-face and no matter
how many attempts there have been in trying to consider steroid-
receptor interaction in terms of a- or B-side attachment, nevertheless
one must not forget, that the steroid is a three-dimensional entity. When
one tries to explain the behavior of a three-dimensional entity in terms of
two dimensions, one gets a confusing picture. We postulate that the
steroid-receptor interaction is a three-dimensional attachment. The
steroid acts like a porcupine with shorter and longer quills and only some
of the quills really get attached to the receptor. The receptor is flexible
in accommodating a lot of the structural features of steroids.
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The principal points of attachment can be described in terms of molecu-
lar dimensions in the following way:

s

=

The important points of attachment are ring A on the a-side (through
the axially oriented bonds attached at C-1, C-3, and C-5), rings B, C, and
D on the g-side [through the axially oriented bonds attached at C-6, C-10,
C-13, and secondarily C-8, C-11, and through the bonds attached at C-16
and C-17 (168 and 178)]. In addition, on the «-side of ring D (through
the bonds attached at C-16 and C-17). In addition, planar, peripheral
(or p) attachment is made to planes perpendicular to the a- and B-sides

of the steroid skeleton. These planes are obtained along the equatorially
oriented substituents of C-1, C-2, C-11, and C-12 on one side, C-16 and
C-17 on the second side, and along the equatorially oriented substituents
of C-6 and C-7 on the third side. The important points of attachment arc
ring A (through the equatorially oriented bonds attached at C-1 and C-2),
ring B (through the equatorially oriented bonds attached at C-11 and
C-12), ring C (through the equatorially oriented bonds attached at C-6
and C-7) and ring D (through the bonds attached at C-16 and C-17).

The interaction of androgens with a receptor necessary to elicit an
androgenic and anabolic response is on the o and p sides of ring A;
B and p sides of ring B; B and p sides of ring C, and «,3- and p-sides
of ring D.

The points of attachment at C-8 and C-11 (B-side) are of secondary
importance. They are responsible in certain conformational situations
(for example, in the presence of 19-methyl and 18-methyl groups) for
inhibiting the steroid-receptor attachments normally present at other



A NEW THEORY OF STEROID-RECEPTOR INTERACTION 75

positions by steric interference. Yet, in some other conformational situa-
tion (for example, 19-nor steroids), the absence of other bulky substitu-
ents render C-8 and carbon-11 positions on the 8-face to become primary
points of attachment to the receptor.






CHAPTER 4

THERAPEUTIC ACTION:

ANABOLIC-ANDROGENIC RATIOS

THE ANABOLIC-ANDROGENIC RATIO

For clinical use, anabolic steroids should lack all androgenic properties;
however, such compounds have not been reported. For practical purposes
the anabolic—androgenic ratio is used as a measure of the usefulness of
anabolic agents.

The anabolic and androgenic activities are compared to a standard,
usually testosterone or testosterone propionate (subcutaneous adminis-
tration) or 17«-methyltestosterone (oral administration). There are four
ways in which a favorable anabolic-androgenic ratio can be brought about:

(1) A large increase in the androgenic property coupled with an even
larger increase in the anabolic activity.

(2) An increase in the anabolic activity while maintaining the andro-
genic activity in the vicinity of that of the standard.

(3) A decrease in the androgenic activity while maintaining the ana-
bolic activity in the vicinity of that of the standard.

(4) A decrease in the androgenic activity coupled with an increase in
the anabolic activity.

The last case approaches the ideal situation to the greatest extent.

CoMPOUNDS DISPLAYING INCREASED ANDROGENIC ACTIVITY
COUPLED WITH AN EVEN LARGER INCREASE
IN THE ANABOLIC ACTIVITY

9a-Fluoro-17w-methyl-118,178-dihydroxyandrost-4-en-3-one.  This
compound (Fluoxymesteron, S-19) was prepared in the hope of obtaining
a large increase in the androgenic and anabolic activities similar to that
observed in the corticoid series by 9a-fluoro 118-hydroxy substitution.
The compound was found to possess 9.5 times the androgenic and 20
times the anabolic activity of 17a-methyltestosterone [37]. No difference

77
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in the activities was found between the 118-hydroxy and the 11-keto
(S-25) derivatives. In spite of the fact that fluoxymesterone has a favor-
able anabolic-androgenic ratio, due to the strong androgenic effect the
compound has been mainly used as an androgen, for example, as a highly
active oral substitute for testosterone in hypogonadic conditions [267] or
as a phallotropic androgen [268].

7a,1 70-Dimethyl-178-hydroxyandrosi-4-en-3-one.  This 7a-methyl
compound (Bolasterone, S-20) also exhibits a favorable anabolic-
androgenic ratio but has a very strong androgenic effect. Introduction of
a 7a-methyl substituent [269] into testosterone analogs usually leads to
a great enhancement in activities. This was attributed to the fact that the
7a-methyl group inhibits the metabolism in the organism. The influence
of the compound on the liver function has been reported [38].

170-Methyl-17B-hydroxy-estra-4,9,11-trien-3-one (M ethyltrienolone,
N-99). 1In the course of a steroid total synthesis [293] this compound
(Methyltrienolone, N-99) was prepared; it was reported [55] to possess
6000% of the androgenic (ventral prostate index), 7500% of the andro-
genic (seminal vesicles index), and 12,000% of the anabolic (levator ani
index) activity of methyltestosterone. Later the anabolic activity was
reported [74] to be 30,000% of that of methyltestosterone. As measured
by multiple parameters methyltrienclone turned out to be the most
“hepatotoxic steroid,” causing biochemical symptoms of intrahepatic
cholestasis [75]. It was also reported [74] to reduce the excretion of 17-
ketosteroids and 17-hydroxycorticosteroids and to cause enhancement of
the blood coagulation factors V, VII, and X. It also increases the pro-
thrombin content of the plasma [74].

Others. In addition a number of 7a-methyl-substituted 19-nortestos-
terone derivatives were found to possess favorable anabolic-androgenic
ratios with very high androgenic activities: 7a-methyl-178-acetoxy-19-
norandrost-4-en-3-one (N-9), 7a,17a-dimethyl-19-norandrost-4-en-3-one
(N-10), 7a-methyl-178-hydroxy-19-norandrost-4-en-3-one (N-11), and
7a-methyl-19-norandrost-4-en-3,17-dione (N-18). The 7a-methylation
is regarded as a protection of the 19-nor configuration against metabolic
inactivation. The speculation was also put forward [35] that testosterone
derivatives may owe their activities at the end organs (seminal vesicles,
ventral prostate, and levator ani indices) to their transformation to 19-
nortestosterone derivatives, the 19-nortestosterone derivatives being the
active species.

In the Sa-androstane series introduction of an oxygen function into
the molecule at carbon-1 caused a great increase in the androgenic and
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the anabolic activities with a resulting favorable anabolic-androgenic
ratio; 17a-methyl-178-hydroxy-5a-androstan-1-one (D-56) and 17a-
methyl-1a,178-dihydroxy-5e-androstane (D-59) have a ratio of 4.5 and
4.1, respectively, when administered orally.

Ether formation often leads to enhanced oral activity. 178-Hydroxy-
5a-androstan-3-one 17-(1'methoxy)cyclopentyl ether (D-130), 178-
hydroxy-Sa-androstan-3-one 17-(1'-ethoxy)cyclopentyl ether (D-132),
178-hydroxy-Sa-androst-1-en-3-one 17-(1'-ethoxy)cyclopentyl ether (A-
163), and 178-hydroxy-5a-androst-1-en-3-one 17-cyclopent-1'-enyl ether
(A-164) are all reported to possess favorable anabolic-androgenic ratios
with increased anabolic and androgenic properties. The enhancement of
oral activity is interesting in view of the fact that the ether bond of these
compounds is easily broken, as manifested by the strongly enhanced
excretion of 17-ketosteroids in humans treated with the ether derivatives
[144].

In the 19-nortestosterone series introduction of a hydroxyl group leads
to a substantial increase in the androgenic and anabolic potencies in two
cases. 17a-Methyl-118,178-dihydroxy-19-norandrost-4-en-3-one (N-66)
and 17a-methyl-4,17B-dihydroxy-19-norandrost-4-en-3-one (N-74) both
display favorable anabolic-androgenic ratios. The increased activity of
the 4-hydroxy derivative N-74 is particularly interesting, since 4-hydroxy
substitution usually decreases the androgenic activity (see N-77).

Extension of unsaturation also increases the androgenic and anabolic
activities in some cases. The heteroannular dienone, 1383,17«-diethyl-
173-hydroxygona-4,9(10)-dien-3-one (N-98) and several heteroannular
trienones, 7e,17a-dimethyl-178-hydroxyestra-4,9(10),11-trien-3-one (N-
102), 17B-acetoxyestra-4,9(10),11-trien-3-one (N-103), 178-methoxy-
methyloxyestra-4,9,11-trien-3-one (N-104), 178-hydroxyestra-4,9,11-
trien-3-one-17-n-decanoate (N-105), and 178-hydroxyestra-4,9,11-trien-
3-one 17-carbobenzoxyate (N-106) all exhibit very large increases in
both androgenic and anabolic activities. The ratio is not favorable.

COMPOUNDS DISPLAYING INCREASED ANABOLIC ACTIVITY WITH
UNCHANGED ANDROGENIC ACTIVITY COMPARED TO THE STANDARD

17B-Hydroxy-5a-androstan-3-one.  This is a compound (Dihydro-
testosterone, androstanolon, stanolon) (D-1) of short-lived activity and
it has little advantage over testosterone propionate. The growth of the
ventral prostate is stimulated to the largest extent, while the levator ani
and seminal vesicle indices are slightly increased. The anabolic-andro-
genic ratio is between 1 and 2.
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17c-Methyl-17B-hydroxy-5a-androstan-3-one. In oral administration
this steroid (Methyldihydrotestosterone, mestanolon, D-2) shows similar
properties to D-1.

170-Methyl-38,178-dihydroxyandrost-5-ene. This was the first com-
pound (Methylandrostenediol, methandriol, A-5) used as an orally active
anabolic agent with little androgenic activity. However, it was found later
that the anabolic potency is also weaker than that of methyltestosterone
[32,245]. It is also used in the forms with longer lasting activity, such as
dipropionate, 3-propionate, and 17-enanthoyl acetate.

20,1 7a-Dimethyl-17B-hydroxy-5a-androstan-3,3 '-azin. This deriva-
tive (Dimethazin, D-5) was found to possess the same androgenic activity
as methyltestosterone with a twofold increase of the anabolic activity.
The anabolic—androgenic ratio is 2.

4,17B-Dihydroxy-17a-methyl-androst-4-en-3-one. An increased ana-
bolic effect and a slightly decreased androgenic effect are displayed by
this compound (Oxymesterone, S-16). The change in biological activity
achieved at oral administration may be due to the fact that the C-4
hydroxyl group facilitates intestinal absorption [127]. The compound
shows a good anabolic-androgenic ratio (7.0) and good nitrogen retention
in clinical tests [127].

la,7a-Bis(acetylthio)-17a-methyl-178-hydroxyandrost-4-en-3-one. In
comparison with 17a-methyltesterone, this compound (Thiomesterone,
S-61) showed an increase in the anabolic activity and a slight decrease
in the androgenic activity. The anabolic—androgenic ratio is favorable
(7.5). Clinical investigations were also favorable with only slight side
effects when administered orally [76]. The compound was not estrogenic,
was barely active in progestation, and inhibited gonadotropin production,
although to a lesser extent than methyltestosterone. The influence on the
liver function has also been reported [38].

2-Hydroxymethylene-170-methyl-17B-hydroxy-5Sa-androstane.  This
derivative (Oxymetholon, D-10) was subjected to extensive investiga-
tions. In the preliminary report, the compound was found to be a potent
orally active anabolic agent with a low androgenic activity [23]. These
results were confirmed [78] a year later. Camerino and Sala [9] found the
compound to have 150% of the anabolic and 30% of the androgenic;
Dorfman and Kincl [30], 320% of the anabolic and 45% of the androgenic
(orally), and 64% of the androgenic (subcutaneous) potency of methyl-
testosterone. Suchwosky and Junkmann [266] gave an anabolic-
androgenic ratio of 2.5 (oral) and 6.0 (subcutaneous administration), but
found that at the dose levels required to display a good anabolic effect,
the compound shows considerable side effects (hypophysis inhibition)
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(anti-ICSH-effect). Edgren [81] found that the compound was markedly
androgenic at doses that produced no acceleration of body weight over
a 2-week period (at dose levels without anabolic response).

Others. 1In addition to the above-described commercially available
compounds, a large number of compounds display favorable anabolic—
androgenic ratios due to increased anabolic activity coupled with un-
changed androgenic activity compared to the standard. Following is a
list of these compounds:

1 @-Methylthio-17 a-methyl-17 3-hydroxyandrost-4-en-3-one  (S-46),
6a-chloro-178-acetoxyandrost-4-en-3-one (§-29), 2,17a-~dimethyl-
17 8-hydroxyandrost-1,4,6-trien-3-one  (S-69), 7a,17a-dimethyl-1783-
hydroxyandrost-1,4-dien-3-one (S-138), 9a,11p3-dichloro-17a-methyl-
17 8-hydroxyandrost-1,4-dien-3-one  (S-127), 17«-methyl-118, 178-
dihydroxyandrost-4-en-3-one  (S-18), le&,7a-dimethyl-178-acetoxy-
androst-4-en-3-one  (S-80), and la,7a-17«-trimethyl-173-hydroxy-
androst-4-en-3-one (S-94) among the testosterone analogs.

la,178-Dihydroxy-5a-androstan-3-one  (D-89), lee-hydroxy-1743-
acetoxy-Sa-androstan-3-one (D-107), la,17B-diacetoxy-5a-androstan-3-
one (D-108), la,7a-dimethyl-178-hydroxy-5«-androstan-3-one (D-96),
la,7a,17a-trimethyl, 178-hydroxy-5a-androstan-3-one (D-128), 20,17 -
dimethyl-1783-propionoxy - Sa-androstan-3-one (D-6), 2a,6a,17c-tri-
methyl- 17 8-propionoxy-Sa-androstan-3-one  (D-7), 2a-methyl-178-
hydroxy-5a-androstane-17-tetrahydropyranyl ether (D-35), 2a-methyl-
17 B-dichloroacetoxy-5a-androstan-3-one  (D-158), 2a,17a-dimethyl-
17 B-hydroxy-5a-androst-9(11)-en-3-one  (D-55), 2a-methyl-17 8-hy-
droxy-5«-androst-9(11)-en-3-one (D-50), 2-methylene-17 a-methyl-173-
hydroxy-5a-androstane (D-9), 2a,17 a-dimethyl-17 8-hydroxy-5a-andro-
stan-3-hydrazone (D-15), 2a,3a-difluoromethylene-17a-methyl-178-
hydroxy-Se-androstane  (D-52), I2a,3a-epithio-17a-methyl-17;3—hy-
droxy-Sa-androstane (D-70), and 17«-methyl-178-hydroxy-5a-andro-
stano[2,3-c]furazan (D-71) among the dihydrotestosterone analogs.

la,17a-Dimethyl-178-hydroxy-5a-androst-2-ene (A-72), 178-hydroxy-
5q-androst-1-en-3-one (A-7), 17a-methyl-178-hydroxy-5a-androst-1-en-
3-one (A-8), 178-acetoxy-5a-androst-1-en-3-one (A-78), 2,17a-dimethyl-
17B-hydroxy-5a-androst-1-en-3-one (A-11), 2-methyl-17B-acetoxy-5a-
androst-1-en-3-one (A-61), 2-methyl-178-hydroxy-5e-androst-1-en-3-one
(A-10), 2-formyl-17a-methyl-178-hydroxy-5a-androst-1-en-3-one (A-63),
17c-methyl-178-hydroxy-5a-androst-2-ene (A-22), 2.17a-dimethyl-173-
methyl-178-hydroxy-Sa-androst-2-ene  (A-22), 2,17a-dimethyl-17 8-
hydroxy-5a-androst-2-ene (A-24), 2-cyano-17B-caproyloxy-5a-androst-
2-ene (A-27), 2-cyano-l7a-methyl-178-hydroxy-Sa-androst-2-ene (A-
43), 2-cyano-17p-hydroxy-5a-androst-2-ene (A-44), 2-hydroxymethyl-
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178-hydroxy-5a-androst-2-ene (A-38),and 2-hydroxymethyl-1 Toe-methyl-
17B-hydroxy-5a-androst-2-ene (A-26), among the Sa-androstene deriva-
tives containing ring A unsaturation.

COMPOUNDS DISPLAYING DECREASED ANDROGENIC ACTIVITY WITH
UNCHANGED ANABOLIC ACTIVITY COMPARED TO THE STANDARD

19-Nortestosterone Derivatives

Hershberger et al. [187] discovered in 1953 that although 19-nor-
testosterone and other 19-nor analogs exhibit only relatively weak
androgenic properties the protein anabolic effects and myotrophic effects
were of the same order of magnitude as those of testosterone. Since the
anabolic—androgenic ratio of the 19-nortestosterone derivatives was very
favorable, this discovery opened a new field of anabolic agents.

19-Nortestosterone (N-1) and 19-Nortestosterone Esters. The original
results (3.33 anabolic-androgenic ratio) of Hershberger [187] were con-
firmed a year later [65]. In spite of the favorable ratio, nortestosterone
has only short-lived activity and therefore the 17-esters are used clinically,
preventing quick metabolic inactivation of the 17 B-hydroxyl group.

19-Nortestosterone phenylpropionate was found [246] to have a
myotrophic effect four times stronger and an androgenic effect only half
that of testosterone phenylpropionate. Nitrogen and calcium retention
values were also favorable [238].

19-Nortestosterone cyclopentylpropionate has a myotrophic action
approximately twice that of testosterone propionate but only about 20%
of the androgenic properties of testosterone propionate [65]. In addition,
19-nortestosterone cyclohexylpropionate [247], 19-nortestosterone n-
decanoate [148,248], 19-nortestosterone adamantoate [147], 19-nortes-
tosterone 178-p-hexoxyphenyl propionate [249], 19-nortestosterone
178-hemisuccinate (sodium salt), and 19-nortestosterone propionate
are in clinical use.

17-Ethyl-17B-hydroxy-19-norandrost-4-en-3-one. A series of 17a-
alkyl-19-nortestosterone derivatives were prepared for clinical evalua-
tion. The first member of the series, the 17a-methyl compound (N-4),
showed in addition to good anabolic activity a substantial androgenic
and strong progestational and antigonadotrophic activities. Clinically it is
used as an oral gestagen. The 17«-ethyl derivative (Ethylnortestosterone,
Norethandrolon, N-5), however, exhibits such a strong anabolic activity
and favorable anabolic—androgenic ratio (3-5) that in spite of its pro-
gestational [252], deciduomatogenic [253], antiestrogenic [254], and
antigonadotrophic activity [255] it is widely used as an anabolic agent.
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Nitrogen retention evaluation [251] was as good with 17a-ethylnor-
testosterone as with testosterone propionate (subcutaneous administra-
tion) or 17a-methyltestosterone (oral administration) [250]. The calcium
and phosphorus retention was also favorably affected but as a side effect,
mild cholestatic jaundice was observed [256]. Also a marked increase in
bromsulfalein retention was observed in humans by administration of
17a-ethylnortestosterone [257]. Other 17a-alkyl substitutions (propyl,
allyl, methallyl, ethynyl) caused a decrease of the anabolic activity. A
new type of derivatives of 19-nortestosterone was prepared by etherifica-
tion of the 178-hydroxy group [12,143,258]. Among these compounds,
19-nortestosterone-17-(cyclopent-1'-enyl)  ether (N-81) possesses
a favorable anabolic—androgenic ratio without the undesirable side
effects.

4,17B-Dihydroxy-19-norandrost-4-en-3-one 17-cyclopentylpropionate.
This compound (Oxabolon, N-77) has prolonged anabolic activity
and reduced androgenic properties [244], to bring about a favorable
anabolic-androgenic ratio. The undesirable side effects found at
some 19-nortestosterone derivatives are reduced [127] by introduction
of the 4-hydroxyl group. In contrast, 4-hydroxy-17a-methyl-19-nor-
testosterone (N-74) shows a strong increase of the anabolic and the
androgenic effects with a moderate increment [127] of the therapeutic
index as compared with 17a-methyl-19-nortestosterone (N-4). The
anabolic-androgenic ratio compared to 17a-methyltestosterone still
remains favorable (4.5).

4-Chloro-17B-acetoxy-19-norandrost-4-en-3-one. It was reported that
this derivative (N-14) was [126] slightly less anaboli¢ (80%) and andro-
genic (50%) than 17«-ethylnortestosterone. Significant inhibition of
pituitary gonadotropins was also manifested. The compound was also
found active in retaining nitrogen in castrated male rats submitted to
balance studies [259].

Others. The 19-nortestosterone analogs, which instead of the A*-3-
ketone system contain the A-3-Ketone system (unconjugated ketone)
showed very similar androgenic and anabolic potencies compared to the
A*=3-ketone compounds [68]. It is most likely that the A®-3-ketone com-
pounds, 17a-ethynyl-178-hydroxy-19-norandrost-5-en-3-one (N-37),
17a-ethyl-17 8-hydroxy-19-norandrost-5-en-3-one  (N-38), and 17a-
methyl-178-hydroxy-19-norandrost-5-en-3-one (N-39) under the in-
fluence of the acid pH of the stomach are rearranged to the A*-3-ketones.

However, the compounds containing the A>-38-ol system where re-
arrangement due to the lack of 3-ketone group is no longer likely to
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happen, show highly favorable anabolic-androgenic ratios. Thus, 17«-
methyl-38,178-dihydroxy-19-norandrost-5-ene (N-26) and 17a-ethyl-
38,178-dihydroxy-19-norandrost-5-ene (N-27) exhibit very favorable
anabolic—androgenic ratios (14 and 20, respectively). A large number of
19-nortestosterone analogs have been prepared containing a A®7%-3-
ketone system instead of the A-3-ketone system. Unconjugation of the
double bond in this direction leads to unfavorable changes in the andro-
genic and anabolic activities. While 17x-methyl-178-hydroxy-19-nor-
androst-5(10)-en-3-one (N-40) still exhibits a favorable anabolic-andro-
genic ratio with decreased activities, the other analogs, 17a-ethynyl-1783-
hydroxy-19-norandrost-5(10)-en-3-one  (N-43), 173-hydroxy-19-nor-
androst-5(10)-en-3-one (N-92), and 17a-ethyl-173-hydroxy-19-nor-
androst-5(10)-en-3-one (N-93) show sharply reduced activities. Ether
formation at the 178-hydroxyl position helped to regain a favorable
anabolic-androgenic ratio, i.e., 1 78-hydroxy-19-norandrost-5(10)-ene 17-
(cyclopent-1’-enyl) ether (N-71) has a ratio of 3 and 17a-methyl-178-
hydroxy-19-norandrost-5(10)-ene 17-(cyclopent-1'-enyl) ether (N-83)
has a ratio of 2.2.

In addition to the above-described compounds, there are a few other
19-nortestosterone derivatives which display a favorable anabolic—
androgenic ratio by having lower androgenic activities and maintaining
the anabolic activity of the standard compound: 17a-methyl-178-hydroxy-
19-norandrost-2-ene (N-29), 2-cyano-17g-acetoxy-19-norandrost-2-ene
acetoxy-19-norandrost-4-eno[2,3-d Jisoxazole (N-70), 17a-methyl-174-
hydroxy-19-norandrost-4-eno[2,3-d |isoxazole (N-76), and 17a-methyl-
178-hydroxy-Sa-estran-3-one (N-90).

Androstane Derivatives

4-Chloro-17B-acetoxy-androst-4-en-3-one. Extensive studies at
different dosages [243] showed this compound (Chlorotestosterone ace-
tate, S-146) to have an anabolic-androgenic ratio of 5 and 70% of the
anabolic activity of testosterone propionate. It caused an increase of body
weight at subcutaneous administration in female adult rats [243]. Balance
studies in humans showed that 4-chlorotestosterone acetate showed
nitrogen retention [260-262]. Chlorotestosterone acetate has no pro-
gestational estrogenic or corticoid properties; the antiestrogenic property
is 33% of that of testosterone propionate [243]. The presence of a chlorine
atom at C-4 slows down considerably the oxidation of the 178-hydroxyl
group to a 17-keto group [239] and chlorotestosterone acetate was also
shown to be inert towards ring A aromatization [234].
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All other 17-ester derivatives—4-chlorotestosterone 17-propionate
(S-6), 17-succinate, 17-palmitate, 17-enantate, 17-phenylpropionate, 17-
triphenylmethyl ether, 17-phenoxyacetate, and 17-cyclopentylpropionate
[243] —were reported to be less active than 4-chlorotestosterone acetate.
However, 4-chlorotestosterone chloroacetate was reported [263] to be
several times more active than 4-chlorotestosterone acetate and 4-
chlorotestosterone p-chlorophenoxyacetate was promising in showing a
long lasting effect [234,263].

4-Chloro-17a-methyl-178-hydroxyandrost-1,4-dien-3-one. This deriv-
ative (S-105) was reported to have a much higher anabolic-androgenic
ratio than A'-17a-methyltestosterone [263]. It was shown that application
of S-105 does not increase the estrogen excretion [234].

170-Methyl-178-hydroxyandrost-1,4-dien-3-one. Preparation of this
compound (Methandrostenolon, Methandienone, 1-Dehydromethyl-
testosterone, S-15) was a result of investigations on the effect of addi-
tional unsaturation in testosterone derivatives. It was found to show
strong anabolic properties and low androgenic activity [264]. The nitro-
gen retention values were favorable and no progestational side effects
were demonstrated [264]. It is expected that the aromatization of ring A
proceeds at a much lower rate than that of 178-hydroxyandrost-1,4-dien-
3-one due to the rate-decreasing effect of the 17a-methyl group. While
comparative studies in this case are not available, it was shown that
administration of 17a-methyl-178-hydroxyandrost-1,4-dien-3-one con-
tributes to the increase of the estriol fraction in the urine [265].

Androsta-1,4-dien-17B-0l-3-one 17-(cyclopent-1'-enyl) ether. The 17-
ether function instead of the 17a-methyl group in this derivative (Quin-
bolin, S-147) [14]is present in order to assure protection against metabolic
inactivation of the 17-hydroxyl group [12]. The compound is orally
applied and shows androgenic and anabolic activities similar to those of
17a-methyl-173-hydroxyandrost-1,4-dien-3-one.

2a-Methyl-178-hydroxy-5a-androstan-3-one. 'This compound (Dro-
mostanolone, Drostanolon, D-49) was found to possess 130% of the
anabolic and 40% of the androgenic activity of testosterone, therefore
exhibiting a good anabolic-androgenic ratio (3). Esterification of the
17B-hydroxy group by propionic acid (D-28) increased the anabolic
activity to 166% of that of testosterone. Even more remarkable was the
effect of the etherification of the 178-hydroxyl group: the 2'-tetra-
hydropyranyl ether of 2a-methyldihydrotestosterone (D-35) showed 88%
(ventral prostate), 82% (seminal vesicles), and 395% (levator ani) of the
activity of methyltestosterone by oral administration [146].
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Other. In addition to the commercially available compounds which
have been discussed, the following other derivatives exhibit a favorable
anabolic—androgenic ratio by having a lower androgenic activity but the
same anabolic activity as the standard compound:

la-Methyl-17 B-acetoxyandrost-4-en-3-one  (S-72), 13-methyl-17 8-
acetoxyandrost-4-en-3-one  (S-73), 1a-ethylthio-17@-methyl-178-hy-
droxyandrost-4-en-3-one (S-47), la-acetylthio-17«-methyl- 173-hydroxy-
androst-4-en-3-one (S-48), 1a-methyl-4-chloro-17g-acetoxyandrost-4-en-
3-one (S-79), la,2a-methylene-17p-acetoxyandrost-4-en-3-one (S-78),
lae,2a-methylene-118-hydroxy-178-acetoxyandrost-4-en-3-one(S-83), la,
7a-diethylthio-17a-methyl-178-hydroxyandrost-4-en-3-one (S-59), 178-
hydroxyandrost-1,4-dien-3-one (S-70), 4-chloro- 173-acetoxyandrost-1,4-
dien-3-one (S-114), 9a-bromo-11g-fluoro-17a-propionoxyandrost-1,4-
dien-3-one (S-124), 2,17a-dimethyl-178-hydroxyandrost-1,4-dien-3-one
(S-68), 2-methylene-17a-methyl-17p3-hydroxyandrost-4-en-3-one (S-32),
3-methylene-17a-methyl-178-hydroxyandrost-4-ene  (S-26), 4-methyl-
178-hydroxyandrost-4-en-3-one (S-11), 4-chloro-1 13-hydroxy-173-
acetoxyandrost-4-en-3-one (S-7), 17a-methyl-178-hydroxyandrost-4,6-
dien-3-one (S-107), 6-chloro-178-acetoxyandrost-4,6-dien-3-one (§-64),
7a-mercapto-17a-methyl-17g8-hydroxyandrost-4-en-3-one  (S-53), and
7a-ethylthio-17a-methyl-178-hydroxyandrost-4-en-3-one (S-55), com-
pounds in the testosterone series.

la-methyl-17 8-hydroxy-Sa-androstan-3-one  (D-84), la-methyl-
17 8-acetoxy-Sa-androstan-3-one  (D-100), 1,17 a-dimethyl-17 8-
hydroxy-Se-androstan-3-one (D-123), le,2c-methylene- 17 3-acetoxy-
sq-androstan-3-one  (D-112), 2a,17a-dimethyl-178-hydroxy-5e-
androstan-3-one (D-45), 2a-hydroxymethyl-178-hydroxy-5a-andro-
stan-3-one (D-8), 2-aminomethylene-17a-methyl-178-hydroxy-5a-
androstan-3-one (D-78), 2-[2'-(N,N-dimethylamino)ethylaminometh-
ylene ]-17 a-methyl-17 8-hydroxy-5a-androstan-3-one (D-79), 2-[2'-
(N, N -diethylamino) ethylaminomethylene | - 17 &~ methyl- 17 8-hydroxy-
Sq-androstan-3-one  (D-80),  2-N,N-diethylaminomethylene-17a-
methyl-17 B-hydroxy-Sa-androstan-3-one  (D-83), 2-N,N-dimethyl-
aminomethylene- 17 a-methyl- 17 8-hydroxy-5«-androstan-3-one (D-82),
2@,3a-methylene- 17 8-hydroxy-5«-androstane  (D-40), 2a,3a-
epithio-178-hydroxy-5Sa-androstane (D-69), 28,3 8-epithio-17a-methyl-
178-hydroxy-5Sa-androstane  (D-66), 2a,3a-difluoromethylene-17 3-
acetoxy-5a-androstan-3-one  (D-51), ¢-isothiocyano-17 3-hydroxy-
Sq-androstan-3-one (D-90), 4pB-methyl-17p-hydroxy-5Sa-androstan-
3-one (D-46), and 4a-methyl-1?,S—hydroxy-sa—éndrostan-S-One (D-
47) in the Sa-dihydrotestosterone series.
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la,178-Dihydroxy-17a-methyl-5a-androst-2-ene (A-70), 17a-methyl-
17B-hydroxy-Sa-androst-2-en-1-one (A-67), 17B-acetoxy-Sa-androst-1,3-
diene (A-45), 178-hydroxy-Sa-androst-2,4-diene (A-153), 2-methyl-
176-hydroxy-5a-androst-2-ene  (A-23), 18,17a-dimethyl-178-hydroxy-
5q-androst-2-ene  (A-127), 2-formyl-17-methyl-17 8-hydroxy-5a-
androst-2-ene (A-28), 17a-methyl-17p-hydroxy-2-bromo-5a-androst-1-
en-3-one (A-74), 17a-methyl-178-hydroxy-2-chloro-5a-androst-1-en-3-
one (A-75), 2-formyl-178-hydroxy-5a-androst-2-ene (A-36), 2-difluoro-
methyl- 17 3-acetoxy - Sa-androst-2-ene (A-40), 2-fluoromethyl-178-
acetoxy-Sa-androst-2-ene (A-41), 2 -fluoromethyl- 17 8- hydroxy-Se«-
androst-2-ene  (A-64), 17a-methyl-178-hydroxy-5a-androst-2-en-4-one
(A-68), 17B-acetoxy-Sa-androst-2-en-4-one (A-81), 17-methyl-17 8-
hydroxy-5a-androstano[3,2-d]-2 '-methylpyrimidine (A-84), 68,17a-
dimethyl-178-hydroxy-Sa-androst-2-ene  (A-71), 17a-methyl-17 8-hy-
droxyandrost-4-eno[2,3-d lisoxazole (A-58), 1 7B-acetoxyandrost-4-
eno[2,3-dJisoxazole (A-147), 178-hydroxyandrost-4-eno[2,3-d Jisoxazole
(A-149), l?a-methyl-l7,8-hydroxyandrost-4—eno[3,Z-C]pyrazole (A-157),
and So-androst-1-en-178-ol (A-1) among the Sa-androstene derivatives
containing ring A unsaturation.

COMPOUNDS DISPLAYING DECREASED ANDROGENIC ACTIVITY
COUPLED WITH INCREASED ANABOLIC ACTIVITY

170-Methyl-1 7ﬁ-hydroxy-20xa-5cx-androsran-3-one. Upon oral admin-
istration this derivative (Oxandrolone, E-21) was found to possess 322%
of the anabolic and 24% of the androgenic activity of methyltestosterone.
Oxandrolone caused nitrogen retention at all dose levels as evidenced by
significant reductions in urinary nitrogen excretion during the test period
[52]. Oxandrolone exhibited about 10% the potency of norethandrolone
(N-5, 17a-ethyl-19-nortestosterone) as an inhibitor of pituitary gona-
dotropin. With an anabolic-androgenic ratio of 13, this compound is
one of the most potent anabolic agents. This compound also represents
the first example of a therapeutically useful steroid having a heteroatom
(oxygen) inserted into the steroid nucleus.

17-Substituted 1-methyl-5a-androst-1-en-3-one. 1-Methyl-178-hy-
droxy-Sa-androst-1-en-3-one (Methenolone, A-86), 1-methyl-178-
acetoxy-Sa-androst-1-en-3-one (Methenolone acetate, A-6), and I-
methyl-178-hydroxy-5Sa-androst-1-en-3-one 1 7-oenanthate (Methenolone-
oenanthate) compounds were the first compounds introduced [277,278]
among the anabolic agents which do not have a 17a-alkyl substituent and
still possess a substantial oral activity compared to 17a-methyltestos-
terone. The side effects normally associated with orally active compounds



88 4, ANABOLIC-ANDROGENIC RATIOS

possessing a 17a-alkyl group, namely, disturbance of the liver function,
are absent; only slight increases in bromsulfalein and blood coagulation
factors were observed [271,302]. Methenolone caused significant nitro-
gent retention [270]. The significant oral anabolic activity of methenolone
in the absence of a 17a-alkyl group or a 17-ester group may be due to the
presence of the 1-methyl group, which appears to have an effect on the
metabolic inactivation of the steroid: the oxidation of the 178-hydroxyl
group occurs to a lesser degree than the oxidation of testosterone by a
liver enzyme preparation [270] and methenolone is not aromatized to
estrogens [270]. Methenolone was extensively studied for growth
accelerating effects [272]; absorption, distribution [273], excretion [274]
metabolism [275] and clinical investigation [276] were favorable.
Methenolone-oenanthate is used as a long lasting compound. The ana-
bolic-androgenic ratio for methenolone acetate was reported to be 13
at oral administration and 16 at subcutaneous administration [45]. 17a-
Methyl-178-hydroxy-Sa-androst-1-en-3-one (A-104) is also reported
[100] to possess a favorable anabolic-androgenic ratio.

17w-Ethyl-173-hydroxyestrene. This derivative (17«-ethyl-178-
hydroxy-19-norandrost-4-ene, Ethylestrenol, N-8) belongs to the 17-
alkyl-3-desoxo-19-nortestosterone class of compounds [279]. It exhibits
420% of the anabolic activity and 22% of the androgenic activity of 17a-
methyltestosterone [280] at oral administration. The anabolic-androgenic
ratio is 19. A later publication [45] gave a substantially lower value for
the anabolic-androgenic ratio (4.0 for oral, 3.7 for subcutaneous admin-
istration). In the following year, another group of workers reported an
intermediate value of 8 for the anabolic-androgenic ratio at oral adminis-
tration [63], nitrogen-retaining activity being taken as a basis for the
evaluation of the anabolic activity. The clinical-pharmacological evalua-
tion [281] confirmed the favorable preliminary results.

17a-Methyl-178-hydroxy-5a-androstano[3,2-c ] pyrazole. This com-
pound (Stanozolol, Stanazol, Androstanazol, D-11) was found to be the
most potent member of the steroidal [3,2-c]pyrazole series [203]. The
compound was reported to possess 220% of the myotrophic activity and
33% of the androgenic activity of 17a-methyltestosterone [124] while
nitrogen retention values in rats indicated that stanozolol at oral admin-
istration showed 25-45 times the activity of methyltestosterone. How-
ever, the anabolic activity evaluated on the basis of nitrogen retention in
monkeys was not favorable [72]. Two further publications [26, 50] gave
anabolic-androgenic ratios of 10.5 and 3.8 on the basis of levator ani
evaluation, leaving the original [124] anabolic—androgenic ratio of 6 as an
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intermediate figure. The clinical evaluation of the anabolic activity was
also positive [282].

17a-Methyl-17B-hydroxy-Sa-androstan[3,2-c lisoxazole. Evaluation of
this derivative (Androisoxazole, D-33) for anabolic activity by means of
nitrogen balance studies gave an oral anabolic activity of 155% of that of
17a-methyltestosterone. At the same time, the androgenic activity (oral
administration) was found to be 22% of that of 17a-methyltestosterone
on the basis of weight increase of the ventral prostate. In spite of the fact
that this compound has found therapeutical application [131,283-285],
it soon became apparent that the steroidal [2,3-d Jisoxazoles possessed
more noteworthy endrocinological activities [11] than the steroidal
[3,2-c Jisoxazoles.

17a-Methyl-178-hydroxy-5o-androstan [2,3-dlisoxazole. The myo-
trophic activity of this compound (A-30) (based on the weight response
of the levator ani muscle) is reported to be 200% that of 17a-methyl
testosterone [49] and the androgenic activity (based on the increase of
weight of the ventral prostate) to be 24% that of 17a-methyltestosterone
when administered orally. However, based on nitrogen retention studies
[49,286,287], methylandrostanolisoxazole (A-30) was reported to be
9.7 times as effective as methyltestosterone. (Compare 970% activity of
A-30 to 155% activity of D-33 for the isomeric steroidal [2,3-d]- and
[3,2-c lisoxazole, respectively.) Although introduction of an additional
unsaturation between carbons 4 and 5 (A-58) still results in a favorable
anabolic-androgenic ratio, the anabolic potency, as evaluated by myo-
trophic activity, is only of the same order of magnitude as that of 17a-
methyltestosterone [11]. The anabolic potency of A-58 is 170% on the
basis of nitrogen retention evaluation with a corresponding 21% andro-
genic activity on the basis of weight increase of the ventral prostate,
compared to those of 100% for 17«-methyltestosterone [63]. Extension of
the isoxazole series to higher homologs with additional unsaturation
(A-148) or with 17a-alkyl groups larger than methyl resulted in a decline
of activity [11].

170,138-Diethyl-17B-hydroxygon-4-en-3-one. This derivative (Nor-
bolethone, N-46) was reported to possess 340% of the anabolic (myo-
trophic) and 17% of the androgenic (ventral prostate index) potency of
testosterone propionate [81] when administered subcutaneously. The
compound was also found to be active at oral administration [288,289].
The anabolic—androgenic ratio at subcutaneous administration was found
to be 20 on the basis of myotropic evaluation. Nitrogen retention and
body weight effects were also favorable [81]. The oral anabolic activity
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in a nitrogen retention assay was 16.3 times that of methyltestosterone
[290] and 4.2 times more active than stanozolol (D-11). The clinical
evaluation [291] of the compound was also satisfactory. The compound
was found to block the uterine growth effects of both estrone and estriol
in mice and to have minor metrotropic effects when tested alone [289].
Since this compound has been obtained by total synthesis [292] the
commercially available compound is a racemic mixture of d and / enan-
tiomers. The 7a-methyl homolog, 7a-methyl-138-ethyl-173-hydroxy-
gon-4-en-3-one (N-52), also exhibits a favorable anabolic-androgenic
ratio (5).

170-Methyl-178-hydroxy-5c«-androstane-2 ' -methyl[3,2-d | thiazole.
This compound (A-85, Syntex Corp.) was reported [94] to be an orally
effective anabolic agent showing 200% of the anabolic activity and 40%
of the androgenic activity of methyltestosterone, when administered
orally.

3-Methylene-17a-methyl-173-hydroxy-5a-androst-1-ene. Upon oral
administration this compound (A-21), (E. Merck A.G., Darmstadt,
Germany) showed [48] 266% of the anabolic activity and 12% of the
androgenic activity of methyltestosterone. The anabolic-androgenic
ratio of 22 represents a very favorable therapeutic index.

17a-Ethyl-17B-hydroxyestra-4,9(10)-dien-3-one. This compound
(Ethyldienolone, N-97, Eli Lilly & Co.) was reported [154%] to possess
30% of the androgenic and 150% of the anabolic potency of methyl-
testosterone when administered orally and 10% of the androgenic and
100% of the anabolic potency of methyltestosterone when administered
subcutaneously. The corresponding 17a-methyl derivative (N-96)
possesses higher activities, but a somewhat less favorable anabolic-
androgenic ratio.

3,3-Azo-17a-methyl-17B-hydroxy-5Sa-androstane. This derivative
(Methyldiazirinol, D-150, Lederle Laboratories) was reported [123] to
possess 300% of the anabolic and 20% of the androgenic potency of 17«-
methyltestosterone when administered orally.

DISSOCIATION OF ANABOLIC AND ANDROGENIC EFFECTS

Is it possible to dissociate completely anabolic from androgenic effects?

#] am very grateful to Dr. E. Farkas for the endocrine data (personal communication).
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This question has not been answered so far. A pure anabolic steroid
devoid of androgenic properties has not yet been found.

As we have seen, chemical modification of the natural androgen,
testosterone, has yielded a series of compounds some of which exhibit
a favorable anabolic—androgenic ratio. Among the compounds which
possess a favorable anabolic-androgenic ratio those compounds appear
to be most useful which achieve the favorable anabolic-androgenic ratio
by having a decreased androgenic activity and an increased anabolic
activity compared to those of the natural androgen molecule, testosterone,
which is also used as the standard.

In spite of the fact that certain chemical modifications were highly
successful in bringing about a favorable anabolic-androgenic ratio, it is
not possible as yet to make generalizations about what kind of chemical
modification will enhance the anabolic activity with a simultaneous re-
pression of androgenic properties.

CONCLUSION

Is there, in general, a relationship between structural formula and
biological action? Ariens pointed out [2] that there exists a relationship
between structure and action, because the structure of the drug molecule
determines the physicochemical properties of the drug molecule and
in turn the physicochemical interaction between the molecules of the drug
and the molecules of the biological object is responsible for the bio-
logical effect of a drug. “If a lack of such a relationship is observed, it
only is an apparent lack. This may be the consequence of the fact that
the structural formulas used represent only in a very poor way the
physicochemical properties of the drug.”

We have to gain more knowledge to be able to answer this question.
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93



94

Iv.

5. TABLES

. Table I1L.5 ~

Properties of substituted 178-acetoxy-5Sa-androstanes and 17-
keto-Sa-androstanes.

. Table II1.6

Properties of substituted 17a-methyl-178-hydroxy-5a-andro-
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Properties of substituted 178-hydroxyandrosta-3,5-dienes.
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Properties of substituted 178-hydroxyandrost-5(6)-enes.
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Properties of substituted 173-hydroxyandrost-4-enes.
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19-Nortestosterone derivatives.
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Properties of substituted 19-nortestosterones.
Table V.2

Properties of substituted 1783-hydroxy-5a-estranes.
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Properties of substituted 178-hydroxy-estr-5(10)-enes.
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CONTENTS OF TABLES
TABLES WITH ROMAN NUMERALS

Table I (Series E) is comprised of compounds with unusual structural
features.

Table II (Series S) is comprised of testosterone derivatives.

Table III (Series D) is comprised of 4,5«-dihydrotestosterone de-
rivatives.

Table I'V (Series A) is comprised of 178-hydroxy-5a-androstane deriv-
atives containing a ring A unsaturation, excluding testosterone derivatives.

Table V (Series N) is comprised of 19-Nortestosterone derivatives.

Compiled in these tables are, in order, the serial number, the chemical
structure of the steroidal compound, the ventral prostate (V.P.), seminal
vesicles (S.V.), and levator ani (L.A.) indices, the standard of biological
evaluation, the literature reference number, and the route of administra-
tion in the biological evaluation. The standard of biological evaluation,
usually testosterone, testosterone propionate, or 17«-methyltestosterone
is expressed as 100% activity. The route of administration is sub-
cutaneous, unless noted as oral. Unless otherwise noted, the anabolic
activity is expressed as the percentage of the activity of the compound
compared to 100% activity of testosterone (Testost) or testosterone
propionate (Test prop) (in most cases subcutaneous administration of the
drug) or 17a-methyltestosterone (17a-MT) (in most cases oral adminis-
tration of the drug) in increasing the weight of the levator ani muscle of
the rat. Unless otherwise noted, the androgenic activity is expressed as
the percentage of the activity of the compound compared to 100%
activity of testosterone (Testost) or testosterone propionate (Test prop)
(in most cases subcutaneous administration of the drug) or 17a-methyl-
testosterone (17¢-MT) (in most cases oral administration of the drug) in
increasing the weight of the seminal vesicles or ventral prostate of the rat.

TABLES WITH ROMAN AND ARABIC NUMBERS
Tables I1.1-11.6 are comprised of testosterone derivatives.

Tables I11.1-I11.6 are comprised of 4,5a-dihydrotestosterone de-
rivatives.
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Tables IV.1-I1V.7 are comprised of 178-hydroxy-5«-androstane
derivatives, excluding testosterone derivatives.

Tables V.1-V.6 are comprised of 19-nortestosterone derivatives.

The chemical structure of the parent compound is given on the top of
these tables. Compiled in these tables are, in order, the chemical sub-
stitution, the serial number, the percentage of average androgenic
activity, the percentage of average anabolic activity, the average anabolic/
androgenic ratio (quotient) Q, the standard of biological evaluation, and
the route of administration (SC = subcutaneous, O = oral). Only signifi-
cant anabolic/androgenic quotients are given. The anabolic/androgenic
quotient is expressed as the anabolic activity of the compound compared
to testosterone (T), testosterone propionate (TP), or 17a-methyltestos-
terone (MT) (unless otherwise noted) as measured by the percent in-
crease in weight of the levator ani muscle in the castrated rat divided by
the androgenic activity of the compound compared to testosterone,
testosterone propionate, or 17a-methyltestosterone as measured by the
percent increase in weight of the seminal vesicles or ventral prostate of
castrated rat. (17E+NT = 17-ethyl+nortestosterone.)
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Table I

Structure Name V.P. 5.V, L. A. Standard Ref Adm.
OH
ity oxyen 32 11 25 Testost 80
androstan-3-one
H
OH
173-Hydroxy-58-
androst-14-en-3- 45 il 0 Testost 80
one
H
OH
1T -Hydroxy-androst- 8 3 3 Testost 82
4-en-3-one (cis- 5 5 5 Testost 107
testosterone) 3.75 3.75 = Testost 165
13, 178-Dimethyl-
1To-hydroxy-5o- i < 1.5 < 2.5 Test prop 100

androst-2-ene
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Table I (continued)

Structure Name VS Es 5.V. L. A. Standard Ref. Adm.
OAc
3-Oxa-5x-A-nor- .
E-5 androstane-173-o0l 0 0 0 Test prop 83
[‘ acetate
07
H
2-Acetyl-T-ox0-1,2, —= Increases all ——» No standard 20
3,4,4a,4b,5,6,7,9 . : 5 = =
E-6 1] 3 %y R, L, Ve W 15 % Increase in weight of chick comb (inunction) 21
CCH, 10, 10a-dodecahydro- 3-2% of testost
phenanthrene
. T z (andro-
E-7 8-Isotestosterone 40% of Testost in chick comb test genicity) 16
OH
E-8 S omos oo e 100 100 200 Testost 111

hydrotestosterone
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E-10

OH

D-Homo-4, 5a-di- 1138
hydrotestosterone 80
A-Homo-4, 5o -di- <5
hydrotestosterone
pL-19-Nor-D-homo- 85
testosterone &
173-Hydroxy-93, 10a- 1

estr-4-en-3-one

116
100
80

<5

130

Testost
Testost
Testost

Testost

Test prop

Test prop

112
165
194

113

114

116
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Table I (continued)

Structure Name V. P. 5.V. L. A, Standard Ref. Adm.
.-COOH
16,17-Seco-143 - e
E-13 androst-4-en-3- e : = Testost 117
Et one-17-oic acid Ciies pamls
(0]
.-COOH
16,17-Seco-583, 143- =2
E-14 s androst-1-en-3-one- — Chish conb — Testost 117
TEt 17-oic acid
(]
: z j
No 1os® 38-Hydroxyandrost-
5-en-17-ylidene-N-
E-15 pyrrolidinium p- Weak Weak Weak Test prop 118
toluenesulfonate
HO
OAc
Ba-Fluoro-173- —————— Favorable ratic ——— = 119
E-16 acetoxy-93, 10 - e
andrast—4-:en-3-one No details as to the method used, 201

but see nonclassical evaluation
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E-20

OPr

6-Fluoro-175-

acetoxy-98,100c- ————Favorable ratio ———» —_
androsta-1,4, 6-

trien-3-one

6-Chloro-173-
acetoxy-98, 10a-
androst-1, 4, 6-
trien-3-one

~4———Favorable ratic ————» ==

17 -Iso-19-nor-
testosterone g v L =
A ler—
L OB <100 <100 <100 Test prop

one propionate

120

138

152
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Table 1 (conlinued)

Structure Name V. P 5.V. L. A Standard Ref. Adm.
17 -Methyl-178-
24 24 322 17@-MT 52 Oral
e e e i - 630 17q-MT 101 Oral
androstan-3-one
17a-Methyl-173-
E-22 P - hydroxy-2-oxaan- - 20 100 17-MT 51 Oral
o} drost-4-en-3-one
)‘\ =
@
H
o] 0}
D-Homo-18-nor-17a-
- oxa-17, 3-dioxo-
E-23 e P <5 <5 <5 Test prop 107
o :
H
Me
.-OH
17a 3-Methyl-17ac-
E_24 hydroxy-D-homoan- 1] 0 1] Test prop 157
drost-4-en-3-one 0 0 = Testost 165

o)
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E-27

H

N

17Ta-Ethyl-D-homo-
nortestosterone

3,3,17,17-Tetra-
fluoro-5¢-andros-
tane

S5a - Androstano-
3, 2-d |pyrimidine-
17,16-c Jpyrazole

A%- A-Norandrosten-
2-one-33,173-
diol

oo

130

Testost

Testost

Testost

Testost
Testost

107

107

137

158
158

Diacetate
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Table I (continued)

dione

Structure Name V.P. S. V. L. A. Standard Ref. Adm
OAc
2-0xa-173-acetoxy-
E-29 estra-4,9,11_trien- 500 500 G e CLERtREE g
o FEan acetate
s
O
OH
E-30 @‘ Selenliceines s s <4.5 <3 Testost 160
‘ ‘ erone
8}
P
i
et
- 5¢-Estrano[3, 2- ¢]-
E-31 g pyrazole[17,16-d] 0 0 0 Testost 137
TR pyrimidine
N
\N/ .
H
o}
H
18-Nor-D-homo-
10 10 = Testost 162
s ﬁgﬁ S Ly 20 - Testost 165
0 g
H



SOl

E-35

HO

HO

CH,

OH

--OH

17-Epitestosterone g
38, 1Ta-Dihydroxy - 1.5
Se-androstane £
3a-Hydroxy-17a-keto- 20

D-homo-5@-andros-
tane (D-homoandros- 15—-17
terone)

3g-Hydroxy-1Ta-

keto-D-homo-5q- 13
androstane(D- 10
homoepiandros-

terone)

1.5

20
1517

13
10

=

Testost
Testost

D-Homo-
testost

D-Homo-
testost
Testost

D-Homo-
testost
Testost

164
165

163

165
194

165
194
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Table I (continued)

Adm.

Structure Name g P 5.V, L. A. Standard Ref.
D-Homo-383, 17ag3- D-Homo-
E-37 dihydroxy-5a- 120 oD testost 7
androstane 3 3 == Testost 194
D-Homo-3ea, 1Tac-
: £} D-Homo-
E-38 dihydroxy-5a- 4 4 S testost e
androstane
Hot e
H
O
- D-Homo-androst- i = i D-Homo-
E-39 4-en-3, 17a-dione 2lmtt SU=100 testost 165
o]
OH
E-40 REROTERRE L 50 50 — Testost 165

one



LOT

)

E-41

E-42

E-43

O,
%’O
jasi

CH,

e}
m% ;
O

D-Homo-cis -
testosterone

D-Homo-17a-
methyltestoster-
one

D-Homo-5¢-
androstan-3,
1Ta-dione

D-Homo-5a-
androstan-3,
17-dione

100

100

Testost

Testost

Testost

Testost

165

165
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Table I (conlinued)

Structure Name WP 5.V. L. A. Standard Ref. Adm.
OH
D-Homo-5ba-
E-45 androstan-343, 9 9 = Testost 194
17aw-diol
HO' :
H
6-(4'-Ketocyclo-
E-46 hexyl)-A's2- < <1 — Test prop 195
octalone
(0]
(o]
D-Homo-19-nor-
E-47 H androst-4-en- 115 == 15 Test prop 114
3,1T7a-dione
(o]
OH
3-Methoxy -D-homo-
E-48 estra-2,5(10)-dien-  77.5 —_ 125 Test prop 114

CH,O

17a3-ol
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OH

H,C

AcO

8a, 10a-Testos-
terone

93, 10x-Testos-
terone
Retrotestosterone

13- Androst-5-en-
33-0l-17-one acetate

13- Androst-4-en-
3, 17-dione

=

Testost

Testost

Testost

Testost

199

198

202

202
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Table 1 (continued)

Structure Name NP 5.V, L. A. Standard Ref. Adm.
e
E-53 L e 0 0 0 Testost 202
1T -0l-3-one
OH
13- Androst-4-en-
E-54 178-01-3-one o 0 0 Testost 202
OCOCH,
E-55 A-Homotestosterone Mo substitution of testosterone deficit 204
= acetate after castration was possible
OAc
A-Nor-173-acetoxy-
E-56 estra-4,9, 11-trien- 500 500 0g et ey
3 acetate

3-one
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OAc

84-Formyltestoster-
one

4, ba-Ethylene-
173-acetoxy -
androstan-3-one

6o, Ta-Vinylene-178-
acetoxyandrost-
4-en-3-one

683, 73-Vinylene-173-
acetoxyandrost-
4-en-3-one

<1.5

<25

<20

< 4.5

< 20

<14

< 25

<20

<20

Testost

Testost

Testost

Testost

160

378

378
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Table II

Number Structure Name V.P. 3. V. AT Standard Ref. Adm.
OH
=— 35 26 Test prop 36
g-1 elterone — 100 680 17a-MT 45 Oral
28 50 36 170-MT 30 QOral
— 145 100 1Ta-MT 36 Oral
o
OH
Gt 103 94 115 Testost 30
§-2 17 -Methyl- 168 B 159 Test prop 81
testosterone 356 200 280 Testost 30 Oral
130 130 150 Testost 64
(0]
O Prop
165 168 151 Testost 30,82
S-3 Testosterone — 285 385 Testost 46
propionate 99 93 96 Testost 115
— 275 385 Testost 45
(o]
=
170-Ethyl- 5 5 10 Tes‘t prop gl
5-4 testosterone 2 i 3 LES sy g
2 — — 30 170-MT 107

OH
Bt
OF i ‘:E
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5-6

113 -Hydroxy-
testosterone

4-Chloro-
testosterone
propionate

4-Chloro -
118 - hydroxy-
testosterone
acetate

4-Bromo-
testosterone

42
50

38

20

33

42

32
14

31

40

82.5
100

55
68

26

Testost

Test prop
Testost

Test prop
Test prop

Test prop

30

32
78

32
107

32
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Table II (conlinued)

Number Structure Name V. P. S L. AL Standard Ref. Adm.
QAc
4-Fluoro-
5-9 testosterone i = 24 destprap 32
acetate gy = 45 Test prop 107
(o}
F
OAc
4-Hydroxy- ;
S5-10 testosterone 28 24 52 Test prop 32
acetate o == 80 Test prop 107
8]
OH
OH
10 10 30 Test prop 33
—Methyl-
$-11 2 tif . 40 40 120 Testost 78
40 40 120 Testost 27
[}
CH,
OH
a0 30 460 Testost 34
B~ =
S-12 ?e:gtf;?:ione <100 <100 <100 Testost 25
23 23 42 Testost 107

;s

CH,
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5-13

5-15

Q

C.Hy

OH

4 -Ethyl-
testosterone

4 -Allyl-
testosterone

Al-Dehydro -
17 -methyl-
testosterone

4 -Hydroxy -
1Ta- methyl -
testosterone

0.8

55
60

61

50

42
56
20
52

6.0
182
125
210

89

134

330
165

Test prop

Test prop

Test prop
1T-MT
17Ta-MT
17a-MT
1To-MT
1Ta-MT

1Ta-MT
17¢-MT
1Ta-MT
1Ta-MT

33

30
76
26
127

Oral

Oral
Oral
Oral

[Also
Oral see
Oral ref.
109
(Gland)]
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Table II (continued)

Number Name VB, 5.V. L.A Standard Ref. Adm.
OH
ECH,
4 -Chloro- 2T 26 46 1T-MT 30
S-17 17 - methyl - 15 10 50 1Ta-MT 30 Oral
testosterone 12 — 32 1Ta-MT 44 Oral
]
115 -Hydroxy -
S-18 s i e 33 35 40 17@-MT 30
—_ 90 300 17a-MT 37 Oral
testosterone
9a-Fluoro - 75 188 89 1Ta-MT 30 [Also
S-19 113 - hydroxy - — 950 2000 1Ta-MT 37 Oral see
170 - methyl - 120 750 1745 1Ta-MT 30 Oral ref.
testosterone 46-48 64-93 T2-175 Testost 61 105
(Gland}]
Ta, 17¢-Dimethyl - 170 210 146 Testost 35 [Also
§-20 testosterone 224 660 1140 Testost 35 Oral see
— 300 575* 1Ta-MT 72 Oral ref.

*Monkey anabolic evaluation 105

(Gland)]
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5-21

5-22

5-24

“-CH,

ECH

OH

= CH

Ta-Methyl-
testosterone

A - Androsten -
3,17 - dione

Toa-Methyl-
A - androsten -
3,17 - dione

17@-Methyl -
11 - keto -
testosterone

115
68

60
62

133
36

30
8

65

127
110

140

Testost
Testost

Testost
Testost
Testost
Testost

Testost
Testost

1Ta-MT

35

35

37

Oral

Oral

Oral

Oral
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Table 11 (continued)

Number

Structure

Name NP

Standard

Ref.

Adm.

5-26

S-21

5-28

CH;

CH;

9 -Fluoro -
11-keto- 1Ta-
methyl-
testosterone

3 -Methylene -
17 - methyl -
androst-4-en-
178-o0l

3 -Methylene -
17a - ethyl-
androst-4-en-
175-0l

9y-Fluoro -3-methy-
lene - 17a- methyl-
androst-4-en-
113, 173 -diol

850

28

0.8

32

2200

53

30

1Ta-MT

1Ta-MT

1Ta-MT

1Te-MT

37

48

48

48

Oral



611

5-29

3-30

5-31

5-32

QAc

6a-Chloro-
testosterone -
17 - acetate
(0] g =
c1 1
OCCHCL,
Testosterone
17 - dichloro-
acetate
(8]
OH
6o~ Fluoro -
testosterone

b

OH gy

methyl -173 -

CH 4-en-3-one

%

2 - Methylene - 17a-

hydroxyandrost -

190

350
1030

200

123

<40

120
80

350
769

170
50
128

<50
15

270
300

350
786

190
100
206
230

100
50

Testost
Testost

Testost
Testost

Testost
Testost
Testost
1Te-MT

Testost
1Ta-MT

56

56
82

56
98

Oral

Oral
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Table II (continued)

Number Structure Name B 5.V, L. A, Standard Ref. Adm.
OH
2¢- Fluoro- 30 20 30 Testost 60
5-33 testosterone 20 20 50 Testost 28
F-.
(0]
2@-Fluoro - 1Ta-
5-34 ethynyltestosterone 10 20 10 Testost 60
P c=cn
2 - Hydroxy-
5-35 methylene - 17a- <10 < 10 <10 Testost 60
HOCH ethynyltestosterone
(0]
i
OH cy,—C
2 - Hydroxy-
5-36 methylene - 17a- <10 <10 <10 Testost 60
HOCH propynyl-
testosterone
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5-38

C

Cﬂf:é;&l
(0]

=)
9
o o

1o~ Cyano - androst
-4 -en-3,17 - dione

1 - 3- Thicacetyl-
androst-4-en-
3,17 - dione

63~ Nitro-
testosterone
acetate

6o~ Nitro-
testosterone

<10

<10

<10

<10

<10

<10

<10

<10

Testost

Testost

Testost

Testost

60

60

60

60




Tl

Table II (continued)

Number Structure Name VlD,  ERVA TpA Standard Ref.  Adm.
QAc
§-41 20- Dimethylamino-
2 testosterone <10 <10 <10 Testost 60
(CH,), N-.. acetate
(0]
OAc
2a - Dimethylamino -
testosterone <10 <10 <10 Testost 60
acetate
methiodide
(0]
2 A;‘C}I;O?E::i;liﬁi s 7 8 10 Testost 61
5-43 P 48 48 T0 Testost 62
[adrenosterone]
0]
(0]
H - Hydr =
o o l;ﬁ el oy S o> <12 Testost 61
3,17 - dione <10 <10 20 Testost 62



£€C1

5-45

5-46

5-47

5-48

17 -Ethynyl -
testosterone

la-Methylthio - 1Ta-
methyltestosterone

lo-Ethylthio -17a -
methyltestosterone

la-Acetylthio -
17 - methyl-
testosterone

82

35

33

194

66

101

Testost
Test prop

17a-MT

17Te-MT

1Ta-MT

64

76

76

76

Oral

Oral

Oral




4!

Table II (continued)

Number Structure Name NVESE S L.A. Standard Ref. Adm.
OH
.~~CH,
4 - Mercapto -
5-49 17w - methyl- — ik 18 1T-MT 76 Oral
testosterone
0]
SH
OH
-CHj,
4 -Methylthio -
5-50 17~ methyl- — 31 46 1Ta-MT 76 Oral
testosterone
o
SCH,
cH
4 - Ethylthio -
5-51 17a - methyl- = 11 24 1T-MT 76 Oral
testosterone
(8]
SEt
OH CH,
4 -Acetylthio -
17~ methyl- —_ 22 47 17T-MT 76 Oral
testosterone

i
(=1
[X]
| E

SCOCH,



gl

5-53

S5-56

Ta-Mercapto -
17w - methyl-
testosterone

Ta-Methylthio -
17~ methyl-
testosterone

Toe-Ethylthio -
17 - mathyl-
testosterone

Ta-Acetylthio -
1Ta- methyl-
testosterone

34

20

27

144

26

90

62

1T -MT

1Ta-MT

17Ta-MT

1T-MT

6

76

76

76

Oral

Oral

Oral

Oral




91

Table Il (continued)

Mumber

Structure

Name

A% a el

5. V.

Standard

Ref.

Adm.

5-5T7

5-59

5-60

OH

#CH

1 -Dehydro - Ta-
mercapto - 1Ta-
methyltestosterone

1-Dehydro-Te-
acetylthio-17o-
methyltestosterone

lo,Ta- Bis (ethyl-
thio) - 17 - methyl-
testosterone

la,7a- Bis (propyl-
thio) - 17a - methyl-
testosterone

43

22

62

75

122

40

17-MT

1Ta-MT

1Ta-MT

1Ta-MT

T6

76

76

76

Oral

Oral

Oral



LTI

5-62

5-63

5-64

OAc

1o, Ta- Bis(acetyl-
thio) -17Te-methyli-

testosterone
“Emdabol”
63 -Fluoro- 25
testosterone 30
Al - Testosterone 85
108
6-Chloro-173-
acetoxyandrosta- 14

4, 6-dien-3-one

61

25
30

60
190

42

456

25
30

43
125

119

1Ta-MT

Testost
Testost

Testost
Testost

Testost

T6 Oral

78
107

80
80 Oral

82




8TI

Table II (continued)

Number Structure Name Vs [k L. A. Standard Ref. Adm.
QOCOCHCIF
Testosterone
S-65 17 - fluorochloro- 233 361 312 Testost 82
acetate
0
OAc
Testosterone 97 93 T4 Testost 82
5-66 17 - acetate 100-200  100-200  Test prop 100
O
OCH,
S-67 Testosterone 34 23 23 Testost 82
17 - methyl ether <100 <100 < 100 Test prop 153
O
OH
.-CH,
2,17a - Dimethyl -
s-6g  CHy 178 -hydroxy- 22 27 49 Testost 82
androsta-1,4 - 40 40 42 Testost 107
dien -3 - one
(0]



671

5-69

3-170

o

cr,

Cl

CAc

2,17 - Dimethyl
173- hydroxy- 130
androsta -
1,4,6 -trien - 3 - one

0.4
175 - Hydroxy -

androsta- 1,4 - 54
dien-3 - one

643 - Chloro - 173 -
acetoxyandrost- 20
4-en-3-one

1o -Methyltestos -
terone acetate

115

0.8
12
52

20

15

300

4.3

100

20

130

Testost

Test prop
17T-MT
Testost

Testost

Test prop

82

84

107

53

100




0€l

T able II {continued)

Number Structure Name et 5. V. L. A, Standard Ref. Adm.
OAc
CH,
13- Methyltestos-
B8-73 e Yo — 6 50-100 Test prop 100
1o~ Chloromethyl-
5-74 testosterone — <5 607 Test prop 100
acetate
QAc
la- Bromomethyl-
8-75 testosterone —_ <1.5 10-20 Test prop 100
acetate
QAc
CH,IL
: 1o~ Iodomethyl-
5-76 testosterone — 155 30-40 Test prop 100

acetate



1€1

8-18

5-80

CH, CH,

Ohc

OAc

QAc

1,1 - Dimethyl-
testosterone
acetate

1,20 - Methylene-
testosterone
acetate

4 -Chloro - 1a-
methyltestosterone
acetate

1a,7a-Dimathyl-
testosterone
acetate

<1.5

10

40

50

50

300-400

Test prop

Test prop

Test prop

Test prop

100

100

100

100




(43

Table I (continied)

Number

Structure

Name

VR

(2

Standard

Ref.

Adm.

5-84

cH,

OAc

CH,

OAc

OAc

OAc

la,78 -Dimethyl-
testosterone
acetate

1 - Methyl - 113~
hydroxytestosterone
acetate

1,200 - Methylene - 113~
hydroxytestosterone
acetate

le-Methyl - 11 - oxo-
testosterone
acetate

<4.5

<4.5

<7.5

10-20

20

20-30

Test prop

Test prop

Test prop

Test prop

100

100

100

100



€ET

OAc

CH,

OAc

QAc

CH,

QAc

1-Methyl -&" -
testosterone
acetate

1g- Methyl -A° -
testosterone
acetate

1-Methyl-aAt® -
testosterone
acetate

1~ Methyl- 11 - o%o -
A% - testosterone
acetate

<4.5

<4.5

<4.5

<75

YA
=]
@n

<T.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100




PEL

Table II (continued)

Number Structure Name V.P. 5.V. L. A. Standard Ref. Adm.
1, 20 - Methylene -
5-89 AP —testosterone == 1.5 10 Test prop 100
acetate
QAc
(::HE 4 - Chloro - 1g- methyl -
= A8 -testosterone
5-90 ot s <4.5 <T7.5 Test prop 100
(o}
6-Chloro-1,2¢a-
methylene - A® o=
5-91 e <1.5 6 Test prop 100
acetate
S 12,17 w-Dimethyl- 9 20 Test prop 100

testosterone




SEI

$-93
S-94
OH
$-95
0
CH, o
.CH,
5-96
0

1,17 -Dimethyl- At
itestosterone —_
acetate

lee, T, 1T -Trimethyl-
testosterone acetate —

63 - Methyl-

testosterone LY
6, 1T -Dimethyl- <2100
testosterone 65

<1.5

40

< 100

<100
65

< 2.5

200

< 100

< 100
58

Test prop

Test prop

Testost

Testost
Testost

100

100

25

25
107



LET

5-101

5-102

S-103

5-104

o]

o]

HS
0

H
(&
C

OH ‘<1
OH iy,
0]
1
OH
-C
HO
1
OH

17a- Cyclopropyl- Weak androgen —_

testosterone

4 - Chloro-17a-
methyl- 113,178 -
dihydroxyandrost- — 6 =30
4-en-3-one

(More effective)

4 - Chloro-1T7a-
methyl - 113,173 -
dihydroxyandrosta -
1,4 -dien- 3 -one

{Less effective)

118 - Methyl-
testosterone

17Te¢-MT

A -MT

Test prop

109
309

109

Oral

QOral
Oral

Oral



8E1

Table II (contined)

Number Structure Name V. P. S. V. L. A Standard Ref. Adm.
OH
.-CH,
4 - Chloro - 17a - 110
S-105 Methyl - 173- == — =100 17Ta¢-MT 234 Oral
hydroxyandrosta - 263
1,4 -dien-3-one
Cl
OH
S-106 = 173- Hydroxy -
androst - 1,4,6 - <33 =433 <33 Testost 107
trien -
3 -one
OH
.-CH,
Gepealeds 5.1 i 7.2 17a-MT 124 Oral
§-107 YGEORYA 24 = 61 17a-MT 124
4,6 -dien-3 -one
2a,1Ta- Dimethyl -
: 1 1 23 Testost 107
5-108 173- hydroxyandrost - Se s 100 1Ta- MT 107

4-en-3-one



6¢€1

%,

5-109

5-110

5-111

S-112

NC.

Cl

CI.

Cl

Cl

5% %

Cl

2@- Cyano -17p -
hydroxyandrost -
4-en-3-one

178 - Acetoxy - 2 -
chloroandrost -
1,4 -dien - 3 - one

20,4 - Dichloro -
173- hydroxy -
androst -4 -en -
3 -one

2¢,6c- Dichloro -
173 - hydroxy -
androst -4 -en -
3 - one

<5

Weak

Weak

<5 < b

<5 <h
Weak Weak
Weak Weak

Testost

Testost

Testost

Testost

107

107

107

107




or1

Table II {conlinued)

Number

Structure Name

R

SRV

Standard

Ref.

Adm.

5-113

S5-114

5-115

o 2 - Keto-
testosterone

OAc

4 - Chloro-17p5-
acetoxyandrost -
1,4 - dien-3 - one

Testosterone
2o dimethyl-
IT hydrazone

N

OH

1Ta-Methyl-
testosterone
dimethyl-
hydrazone

30

11

32

30

18

80

Test prop

Test prop

Test prop

Test prop

107

107

128

128



IvI

OAc

63,173 - Diacetoxy-

5-117 androst -4 -en - — — =iy Testost 107
3 - one
OCOCH,
OH
G
G- Fluoro - 17a-
5-118 methyl - 173 - — — 230 1Ta-MT 18 Oral
hydroxyandrost -
o = 4-en-3-one
F
QAc
7~ Methylthio-
140 — 90 17w~ Ethyl- 133
5-119
J;iitt‘ﬁ?m“c 40 = 10 nortest 133 Oral
fo] "8CH,
OAc
Ta- Acetylthio-
$-120 P il =5 20 Lo Byt 3
it nortest
o “-3COCH,




wl

Table 11 {continued)

Number

Structure

Name NeEy S.V. L. A Standard Ref. Adm.
QAc
75" iﬂcfcapto" 110 - 80 17a-Ethyl- 133
S-121 estosterone maes
acetate
(o] "SH
OAc
HO
‘. 9a- Fluoro - 113 -
5-122 hydroxytestosterone = = 35 Test prop 107
acetate
(0]
OH
]
9a- Bromo - 115~
5-123 e 4 34 Test prop 134
testosterone
o}
OProp
9a-Bromo-118- =
F - R 6 7 Test prop 134
testosterone
S-124 Ce propionate
O



341

§5-125

5-126

§5-127

5-128

9a- Chloro-115-
fluorotestosterone

17~ Methyl -
9a-bromo - 115 - — 4
fluorotestosterone

9,115 - Dichloro -
17w - methyl - &' - —_ 60
testosterone

9x- Bromo 115-
fluoro - 17a- — 12
methyl - Al -
testosterone

84

300

23

Test prop

17Ta-MT

170-MT

17-MT

134

134

134

134




PPl

Table II (continued)

MNumber Structure Name V.P. 5.V, L. A. Standard Ref. Adm.
OH
.-CH,
160 - Methyl- = -
§-129 Ceilaatercae <. 100 <100 7100 Testost 135
(0]
OH
CH,
16/ - Methyl- = - = 10 135
5-130 e e 2 100 2100 <100 Testost
O
OH
.-CH,
SCHT
160,17 - Dimethyl -
3 173- hydroxy - — 17 25 Fluoxy- 136 Oral
S-131 androsta -4,9(11) mesterone
dien - 3 - one
O
9 - Fluoro - 113,173~
132 dihydroxy - 16,17~ — 0 14 Fluoxy- 136 Oral
S dimethylandrost - mesterone

4-en-3-one



Sl

O/Q
OEt
Testosterone
173 -(1'- ethoxy) - B
5-133 eyclopentyl 190 210 1Ta-MT 12 Oral
= ether
Testosterone
5-134 17-cyclopent - —_ 130 110 1Ta-MT 12 Oral
1’-enyl ether
o
OEt
Testosterone
$-135 W= -Gyl 110 220 170-MT 12 oOral
cyclohexyl
ether
(o]

OSi(CH,)s

e Peak at 10-30 days Test prop 149
5-136 Lttty 133 209 130  Peak7-10 days 397
silyl ether
o




14!

Table II (conlinued)

Number Structure Name V.P. 5.V. LA Standard Ref. Adm.
OH
.- CH,
2-Formyl-1Ta-
5-137 S s e 10 10 Testost 155 oral
1,4-dien-3-one
O
Ta 172 - Dimethyl -
S-138 Mg [ o= = 129 332 17a-MT 156 Oral
androsta-1,4 -
dien - 3 - one
= 11le-Methyl-1153-
Bt hydroxytestosterone ) 2 S ssupop the
OECHzc:CH
S-140 17 - Propargyl- 0 0 =5 =i 163

testosterone



Lyl

%

5-141

S-142

5-143

5-144

CH,

5%

OAc

OAc

16@- Fluoro -
163 - methyl-
testosterone

G- Acetoxy -
androst-4 -en -
3,17 - dione

63 - Acetoxy -
androst -4 -en -
3,17 - dione

63 - Hydroxy -
androst-4-en-
3,17 - dione

10

30 0

{*By chick comb )

{* By chick comb}

Testost

96

231

231

231




8t1

Table II (continued)

Number Structure Name N T AT L. A. Standard Ref. Adm.
O
G- Hydroxy -
5-145 androst-4-en- 0 — — — 231
3,17 - dione
0 .
o OAc
55 43.3 126 Test prop 32
4 - Chloro- — 14 68 Test prop 243
S-146 testosterone — 3 10 Test prop 379
acetate 157* (*By lachrymal gland ) Testost 105
O
Cl
(0]
173 - Hydroxy-
androst-1,4-
dien-3-one 17-
S-147 cyclopent-1’- — 20 60 17a-MT 12 Oral
enyl ether
O
OAc
Af-Chloro-
5-148 testosterone <10 0 0 Test prop 243
acetate
o ;

EL



S5-149

S5-150

6v1

5-151

S-152

1 on

4 - Chloro -
11 - keto - 17w - — 7]
methyl -
0 testosterone

OH
cH,

la-DMethyl -
testosterone

OH

la- Ethyl -
testosterone

QAc

6 - Chloro - 173 -
acetoxy - 1o, 20~
methylene - 4,6 -
androstadien - 3 - one

{ Antiandrogenic)

730

60

A-1T@-MT

Testost

Testost

398

398

407




Table II.1

OH
O
Seri Androgenic|Anaboli

Compound .wa%.p mnnﬁm“aun mn.n_i.ﬁw«n @ | Standard Rite
Parent 8-1 100 | 100 1 | Definition sC
Parent 8-1 BHH|E 26 07 | TP sC
Parent s-1 50-100 | 36-60 0.65 | MT (0]

1o CHy S-150 30 | 60 2 iar sC
1o Et S-151 <10 | <10 — | T sC
al 5-70 50 | 100 2 [ sC
& S-10 10 | 25 2.5 |MT o]

AL A° S-106 <33 | <33 (0 T sC
Al, 9q Br, 118Cl S-123 5| 35 ||k sC
20 F 5-33 20 | 40 2 |T sC
200 CN 5-109 <R 2 T sC
2 Oxo 5-113 — 5 — | TP sC
20 Cl, 4C1 5-111 <10, | <10 — | T sC
20 Cl, 6 Cl s-112 — 5 — | TP sC
3-Dimethylhydrazone | S-115 8 9 1.5 | TP sC
4 Br S-8 25EIN20 1 | TP sC
4 CH, 8-11 40 | 120 34 [T 2]
4Et 5-13 0 0 — (TP sC
4 Allyl S-14 0 0 — | TP sC
6c CH, 8-12 25 | 40 ildgd | sC
6o F 5-31 50-200 | 100-200 gl | sC
6 NO, 3-40 <10 | <10 — | T SC
83 CH, 8-95 <100 | <100 T sC
63 F S-62 2511125 1 T s5C
Ta CH, s-21 120 | 120 TR T sC
Ta CH, s-21 50 | 110 2888 BT e}

¢ Cl, 118 F 5-125 50 | 80 1.6 | TP sC
11x CH,, 1130H 5-139 0 0 — | TP sC
1130H 5-5 35 | 40 il sC
114 CH, S-104 0 0 — | TP sC
Al 8-63 75 | 5O (i iy sC
A4 8-63 110-190 | 125 i ar o}

16c CH, S-129 <100 | <100 U | R s5C
16a F, 163 CH, S-141 20 0 — | T 8C
16,16 F, §-100 25| — — | TP sC
1853 CH, 5-130 <100 | <100 | SC

150



Table II.2

OAc
(o]

Compound # Andr|Anab Q | St Rte
Parent S-66 95 | 75 0.8 81T sC
1a CH, 5-72 15 | 130 i sC
13 CH,4 S-T3 6 [50-100 10-15 | TP sC
la CH,C S-74 5| 60 10 | TP 8C
1o CH,Br S-T5 1.5 |10-20 10 | TP 5C
la CH,I 5-16 1.5 |30-40 20 | TP sC
1o, 200 —CH,— 8-178 5| 50 10 | TP sC
1,1(CH,), s-117 1.6 | 2.5 — N TE sC
1e CH,, 4C1 5-179 10 | 50 TR sC
1o CH,, T3CH, S-81 4.5 (7.5 — | TP sC
la CH,, Ta CH, S-80 40 | 400 sifn) ]| gn=) sC
1e CH,, 118 OH 5-82 4.5 | 2.5 2-4 | TP sC
la,2¢ —CH,—, 1130H| 5-83 4.5 | 50 10 | TP sC
la CH,, 11 Oxo S-84 2 20 10 | TP sC
1CH,, &' 5-85 45|75 — | TP sC
la CH,, A° 5-86 4.5 |7.5 — | TP sC
G HE AT AL S-87 451|175 — | TP 5C
1o CH,, 4%, 110x0 5-88 451175 — | TP sC
la,2¢ —CH,—, A® 5-89 1.5 | 10 — | TP sC
1a CH,, 4Cl, A" 5-90 4,5 7.5 — | TP 8C
la,20 —CH,—, 6 Cl, A% 5-91 1.6 6 — | TP sC
A, 2C1 8-110 5 5 — | T sC
Al 4C1 S-114 30| 80 25| TP sC
20 N(CH,), S-41 10 | 10 — | T sC
2aN* (CHy), 17 s5-42 10| 10 — | T 8C
4Cl S-146 14 | 68 4| TP sC
4Cl, 1130H 5-1 25 | 60 25 | TP sC
4Cl, A 5-148 0 0 — | TP sC
4F s-9 22| 25 i | Gtk sC
4 OH 8-10 25| 65 3| TP 5C
6a Cl 5-29 120 | 280 et || sC
63 Cl 8-71 20| 20 1| A SC
63 OAc s-117 — | <5 G| 1 sC
63 NO, S-39 10] 10 — | T sC
§Cl, a® 5-64 28 | 120 A e sC
Ta 8CH, 5-119 140 | 90 0.6 | 17 EINT sC
Ta 8CH, $-119 40| 10 0.4 | 17 EINT 0

Ta SCOCH, 8-120 40| 50 1.2 | 17 EINT sC
TaSH §5-121 110 | 80 0.7 | 17T EtNT sC
9o F, 113 0H 5-122 — | 35 — | TP sC

151



Table II.3

OR
o]
Cormpound

R | # Andr Anab Q| st Rte
— Prop | S8-3 95 | 98 1| T sC
— Prop | 8-3 165 | 151 =L T SC
—_ CH, 5-67 28 23 0.8 T 5C
_ COCHCl, 5-30 350-770 | 350-T70 il 1y SC
— COCHCIF S-65 297 312 1 1y 5C
— mwOvAH_ 5-133 190 | 210 1 MT Q
iy \@ $-134 130 | 110 1| MT )
—_ M»OO 8-135 110 | 220 2 | MT o]
—_ Si(CH,), 5-136 100 | 100 1 TP SC
al \@ 5-147 20 60 3 MT (o]
Al 9¢ Br, Prop 8-124 6 ik 12 TP SC

113 F

4Cl Prop | S-6 50 | 100 28 TS 5C

152



Table II.4

(o]
0
Compound it Andr| Anab Q| 8t Rte
Parent S-22 30-40 | 30-50 b o sC
Parent 8-22 50 | 50 18 |EMT o
1o CN 8-37 <10 | <10 == sC
138COCH, S-38 <10 | <10 — | T sC
6o OAc 5-142 0| — — | — —
63 OAc S-143 0| — - | — —_
6oy OH S-144 0| — — _ —_
63 OH 8-145 0| — e —
Tee CH, 5-23 A58 B 20 [T sC
Te CH, 5-23 65 | 225 ST o
1130H S5-44 <10 | <10 — | T sC
11 Oxo 5-43 8-50 | 10-70 1-15 | T sC

153



Table II.5
Om CH,
Compound it Andr | Anab Q| 8t Rte
Parent 8-2 94-130| 115-150 il |l sC
Parent s5-2 280 | 280 L T o]
Parent s5-2 168| 159 0.9 | TP sC
1o CHy 5-92 21 20 10 | TP sC
1o SCH, 5-46 82 194 2 | MT o
1o SEt 5-47 35| 66 2 | MT o}
1o SCOCH, S-48 33| 101 3 | MT o
1o SEt, Ta SEt 8-59 22| 122 6 | MT o}
1 8 Prop, Ta S Prop 5-60 8| 40 5 | MT O
1 SCOCH,, 7 SCOCH,| 8-61 61| 456 T | MT e}
la CH,, Ta CH; S-94 40| 500 12 [ TP sC
Al 5-15 501 125 2.5 | MT sC
At 5-15 40-60 | 90-210 2-4 | MT o
al, 2 CH, 5-68 25| 50 2 [T sC
Al, 2CHO 5-137 10| 10 1 0
AkGd Gl 8-105 — | >100 — | MT o
Al, Ta CH, S-138 129 332 2.5 | MT o
A', Ta SH 8-57 59| 62 1 | MT o}
A', Te SCOCH, S-58 431 175 1.5 | MT 0
Al 4Cl, 118 OH 5-103 <100 | <100 1 | MT O
A, 45, 2 CH, 5-69 120 | 300 25 | T sC
Al,4Cl, 1180H §-103 <100 | <100 1 | MT 0
Al 9q C1L118Cl S-127 60| 300 5 | MT e}
A 9aBr, 118 F 15-128 121823 2 | MT 0O
2=CH, 5-32 40| 100 DA (ST sC
2=CH, 5-32 15| 50 3 | MT (o]
2c¢ CHy 5-108 1 23 — | T sC
3-Dimethylhydrazone | S-118 26 9 0.3 | TP sC
3=CH, 5-26 26| 53 2 | MT sC
3=CH,, 9« F, 1130H | S-28 32| 30 1 | MT 5C
40H 5-18 50 | 150 3 | MT sC
40H s-16 50| 280 6 | MT o}
4 Cl 5-17 25| 46 20| ST sC
4Cl1 5-17 10| 40 4 | MT 0]
4 SH 5-49 17 ] 5 1 | MT (e}
4 53CH, 5-50 31 46 1.5 MT (o]
4 5Et 8-51 1] 24 2 MT o]
4 SCOCH, S-52 221 47 2 | MT o
4Cl1, 11 Oxo S-149 6| T30 120 | A-MT 0]
4Cl1,113C0H S-102 >100 | >100 1 | MT 0

154



Table II. 5 (continued)

Compound # Andr | Anab Q| B8t Rte
o ¥ 5-118 — | 230 — | MT o
6o CH, S5-96 65| 60 (TR BT sC
63 CH, 5-97 <100 | <100 it sC
Al 5-107 25 | 60 2.5 | MT o
Te CH, 5-20 180 | 146 (e | sSC
T CH, 5-20 600 | 1200 28 [T (o]
T CH, 5-20 300 | 600 2 | MT O
Tar SH 8-53 34 | 144 4 | MT o}
Tev SCH, S-54 7| 26 4 | MT (0]
Tae SEt S-55 20| 90 4,5 | MT o}
T SCOCH, 5-56 27| 62 2 | MT O
9a Br, 118 F S-126 4| 17 4 | MT e}
9¢ F,113 OH S-19 46-188 | 89-175 1-2 | T sC
90 F,113 OH S-19 850 | 1900 2 | MT (e}
9o F,11 Oxo S8-25 850 | 2200 3 | MT 0O
9o F,113 OH,16@ CH; | S-132 — | 14 — | 8-18 e}
AT U 160 CH, 8-131 sl 1.5 | 8-19 o}
113 OH 8-18 35| 40 1.1 | MT sC
113 OH S-18 90 | 300 3 | MT o}
11 Oxo 5-24 65 | 140 2 | MT o
qum OAc, 1T «CH, ,v 5-93 155810205 — | TP sSC
Al 1CH,

155



Table II.6

OH

Compound

R i Andr | Anab St Rte
—_ Et 5-4 5 10 TP s8C
— Et 5-4 —_ 30 MT @]
3=CH, Et s5-27 0.8 4 MT Q
“:m o:_“ Et S-99 o| o 7 sC
1768 OAc
— LC=CH S-45 9 4 T SC
20 ¥ E=EH S5-34 15 10 T SC
2 =CHOH C=CH 5-35 <10 | <10 Y SC

118 Om_v o, o

,_:qm £l c—criliissse 0| o T sc
2 =(CHOH Propynyl 5-36 <10 | <10 i sC
e Propargyl| S-140 a| — T sC

156
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Table IIT

Number Structure Name V.P. 5. V. L. A. Standard Ref. Adm.
OH
268 158 152 Testost 30,61
4,5¢-Dihydro- —_ 30 58 Test prop 36
D-1 testosterone — 85 220 Testost 36
120 122 108 Testost 80
H
17a - Methyl - 254 78 107 Testost 30
D-2 4,5q - dihydro- 20 17 24 Test &4
testosterone 64 52 26 17a-MT 84
— 20-40 30-40 Test prop 100
6{: 'sfegi'i;ém y 390 390 810 Testost 34
téstosterone 80 80 73 Testost 107
D-3
e LSy = 23 35 40 Testost 30
D-4 LG 90 90 460 Testost 34
testosterone

CH,



8¢1

Table II (coniinued)

Number

Structure

Name

V.P.

L. A,

Standard

Ref.

Adm.

CH,

OProp

OProp

OH

2,17 - Dimethyl -
4,5 - dihydro-
testosterone azine

2¢,17a- Dimethyl -
4,5 o~ dihydro-
testosterone
propionate

20, 6 ,17¢ -
Trimethyl -
4,5a - dihydro-
testosterone
propionate

2 - Hydroxymethyl -
4,5¢- dihydro-
testosterone

<6
95

50

20

35

<12
97

50

50

50

21
210

200

200

152

Testost
1Ta-MT

Test prop

Test prop

Testost

30
108

39

40

a0



651

D-10

2 - Methylene -

17w - methyl- ?fr; ljg
androstan - 173- 100 100
ol
2 - Hydroxymethy- lgg gg
HOHC lene - 17 - methyl - 45 5
4,50 - dihydro- 25 25
\ testosterone 36 33
fe) ;
H
136 169
33 —
170-Methyl - 178~ 1°0° =
hydroxy - 5o - 6 g. i
androstano[3,2-c] 3 o
pyrazole 30 30
17a-Methyl - 175 - s 100

- By—
hydroxy - bo 30 30
androstane

120
220

10
196
260

13
320

183

Testost
1Ta-MT
1Te-MT

Testost
1Te-MT
1Ta-MT
17Te-MT
Testost

Testost
1Ta-MT
Test prop
1Ta-MT
Test prop
1Ta-MT

1Ta-MT
17a-MT

30
82
57

30

30

398

30

124

41
41

81
26

42

Oral

Oral
Qral

Oral

Oral

Oral




Table I (continued)

Number

Structure Name

Wit

5. V.

L. A.

Standard

Ref.

Adm.

091

1 OHC

6a,17q- Dimethyl -
178 - hydroxy - boe-
androstan - 3 - one

2@- Formyl -
178 - hydroxy -
5x- androstane

OH

2a,1Ta- Dimethyl -
S5¢- androstan -
178-01-3 -
hydrazone

-CHy
2 - Benzoyloxy-
methylene - 17 -
methyl - 175-
hydroxy - da -
androstan - 3 - one

30

<10

79

30

25

<10

132

20

50

40

280

20

Testost

Testost

1Ta-MT

Testost

o6

56

108

60



191

CH,OCH

OH

2@ - Methoxymethyl -
173 - hydroxy - ba- 10
androstan- 3 - one

2= Fluoro- 173 - 20
hydroxy - Ga- 20
androstan - 3 - one Weak

2 -Methyl - 178 -

methoxy - bo- 10
androstan-3 -
one
2 - Methoxymethylene -
178 - hydroxy - 40

5a - androstan - 3 -
one

10

10

Weak

10

60

30

20

Weak

20

40

Testost

Testost
Testost
Testost

Testost

Testost

60

60

125

60

60




91

Table III (continued)

Number Structure Name V. P. SENE Tl Ao Standard Ref. Adm.

2,2,17Ta- Trimethyl -
173 - hydroxy - 5a- 30 50 20 Testost 60
androstan - 3 - one

2-N-Methylanilino -

methylene - 17q -

methyl 173~ <10 <10 <10 Testost 60
hydroxy - 5S¢ -

androstan - 3 - one

CHOH

16 - Hydroxy -
D-23 methylene - 173 - <10 <10 <10 Testost 60
hydroxy - 5o -
o ' androstan - 3 - one

OH

5a- Cyano- 173 -
D-24 hydroxyandrostan - <10 <10 <10 Testost 60
3 - one



€91

D-27

D-28

HO™

co
NH,

OH

OProp

Sa- Carbamido -
173 - hydroxy - <10
androstan - 3 - one

5£ - Methyl- 173 -
hydroxy - androstan- 30
3 - one

53

3o~ Hydroxy - bo- 40
androstan - 17 - one  4f*
(Androsterone) 219
15

2a-Methyl - 173 - zg
propionoxy - So- 50

androstan- 3 - one

<10 <10
<5 20

8 10

24 30

{*By lacrymal gland)

129 84

15 —

32 15

36 114

50 200

166

Testost

Testost

Testost
Testost
Testost
Testost
Testost

Testost
Testost
Test prop
Testost

60

56

61

105
107
165

61
82
23
107
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Table I ({continued)

Number Structure Name Vo P 3. V. L. A. Standard Ref. Adm.
OAc
D-29 33,173 - Diacetoxy - 13 13 8 Testost 61
5a-androstane 11* (*By lacrymal gland) Testost 106
AcO .E:l.
(0]
D-30 S5c- Androstan - 33 13 11 Testost 61
3,20 - dione 12 — = Testost 165
(0] :
H
OH
a1 3,173 - Dihydroxy - 34 24 30 Testost 61
Sa-androstane 276 129 65 Testost 107
283*  (* By lacrymal gland) Testost 106
HO : 187 135 110 Testost 398
H
OAc
10,73 - Dimethyl -
D-32 173 - acetoxy - bo- — <4.5 <T.5 Test prop 100

androstan - 3 - one




§91

D-36

L,

OAc

17a~ Methyl - 178 -
hydroxy - 5a-

isoxazole

178 - [ (6-Hydroxy

androstano[3,2-¢]- 22

methyltetrahydro-

. pyran-2-yl)oxy|-

OH 2a -methyl- 5 -

androstan - 3 - on

2a - Methyl ~ 178 -
hydroxy - 5a -

androstane THP -
ether

2(3-33- Epoxy -
175 - acetoxy -
5a - androstane

<100

e

44-88

<10

<100

67-82

<10

155"

<100

219-
395

10

1Ta-MT 63
{*N, Retention

evaluation

1Ta-MT 145
1Ta-MT 146

Test prop 71

Oral

Oral
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Table III (continued)

Number Structure Name V.P S L. A. Standard Ref. Adm.
OAc
2a,30- Epoxy -
D-37 173 - acetoxy - 5a- <10 <10 <20 Test prop 71
[ androstane
H
20,3~ Epoxy - 1Ta- <20 <20 20 Test prop el
D-38 C methyl - 178 - 0 0 0 1Te-MT 87 Oral
®oh, hydroxyandrostane 1 1.5 5 Test prop 87
OAc
3a,de- Epoxy - 173 -
D-39 acetoxy - bo- <720 <20 20 Test prop 71
androstane
2,30~ Methano -
D-40 178 - hydroxy - 30 30 100 Test prop 71

Sa-androstane



L91

D-42

D-44

20,3~ Methano -
17Ta- methyl - 178 -
hydroxy - 5o~
androstane

Spiro - 28 - oxiranyl -
175 - hydroxy - Ha-
androstane

Spiro- 34 - oxiranyl -
1783 - hydroxy - 5a-
androstane

2 - Acetylthio - 17 -
methyl - 173-
hydroxy - 5o -
androstan-3-one

<10

<10
0

<10

10

Test prop

Test prop

Test prop
Test prop

1Te-MT

71

71

il
54

6

Oral
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Table III (continued)

Number Structure Name a.v. L. A. Standard Ref. Adm.
il dDimEth?';l' 20 20 400 174- MT 78 Oral
D-45 SIS S i = 800 17a-MT 107
androstan-3 - one
43 -Methyl - 173 -
hydroxy - ba- ot
D-48 St Sl 10 10 200 Testos T8
one
H
CH, OH
4q- Methyl - 1753 -
D-47 hydroxy - ba- 10 10 100 Testost T8
androstan-3 - — —_ 50 Testost 107
] one
P H
CH, OH
D-48 4 b -Dihydro-At 83 28.5 55 Testost 80
testosterone 142 120 143 Testost 80 Oral




691

OAc

20~ Methyl - 175 -
hydroxy - Soe-
androstan - 3 - one

2q- Methyl - 173 -
hydroxy - da-
androst - 3(11) -
en-3-one

2,30 - Difluoro -
methylene - 5w -
androstan - 173 -
ol - acetate

20,30 - Difluoro -
methylene - 17w -
methyl - 50—
androstan - 173 - ol

24

62

27

26
40

68

44

11

62
130

150

122

28
250

Testost
Testost

Testost

Testost

Testost
1T@-MT

82
107

82

a2

82
82

Oral
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Table 01 (continued)

Number Structure Name VTR 5.V, A Standard Ref. Adm.
QAc
28,33 - Difluoro -
methylene - 5S¢ -
= 42 84 Testost 82
e F androstan- 178- = £398
F A ol acetate

3 - Methylene - 17w -

D-54 methyl -175 - 84 32 69 17c-MT 82 Oral
hydroxy - 5o - — 11 59 1Te-MT 48 Oral
androstane

2,173 - Dimethyl -
LU= by £ G 6 153 Testost 82

D-55 androst - 9 (11) - en- 2 HIES
3 - one

LB B = Ll 7.7 6.1 35 Tortprop L BY
Do Dydrony S 180 190 830 17a-MT 84 Oral

androstan - 1 - one




ILT

D-59

OH

1Ta-Methyl - 173 -
hydroxy - 5a-
androstan - 2 - one

1Ta- Methyl - 173 -
hydroxy - 5a-
androstan - 4 - one

17c=- Methyl - 1,
178 - Dihydroxy -
S -androstane

17a- Methyl - 23,
173 - Dihydroxy -
Sa - androstane

<0.5

0.6
<20

6.2
170

0.5
<6

0.6
<24

4.2
150

0.4
<6

2.0
16

1.8
<35

23.0
660

L5
<13

Test prop
17a-MT

Test prop
17a-MT

Test prop
17Te-MT

Test prop
1T@-MT

84

84

84

84

Oral

Oral

Oral

Oral
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Table III (continued)

MNumber Structure

Name L 8. V. AL Standard Ref. Adm.
17a- Methyl -3 :
2 2 4.0 4.3 1.6 Test prop 84
D-61 173 - dihydroxy - 72 65 22 1Ta-MT 84 Oral
5 - androstane
lzg-h':ﬁ;ha;l_ = <0.5 <0.4 <0.1 Test prop 84
D-62 RS <24 <35 170~ MT 84 Oral
Sa- androstane
D-63 e i 50 280 1Ta-MT 86 Oral
5a-androstane
2,30~ Epoxy - 173 - 0
2 B 0.5 0.8 Test prop 87
Do - hydroxy - Sa- 0 0 0 1Ta-MT 87 Oral
(B androstane



€L1

OH

24,33 - Epithio -
178 - hydroxy -
Sa- androstane

2j3,35 - Epithio -
17Ta- methyl - 178 -
hydroxy - 5a-
androstane

2'8 ’313 . EP‘JXY =
173 - hydroxy -
5~ androstane

23,38 - Epoxy -
17T@- methyl - 173 -
hydroxy - 5a-
androstane

0.8
18

5.6
0

0.6
18

2.8
78

Test prop
17a-MT

Test prop
17Ta-MT

Test prop
17a-MT

Test prop
17a-MT

87

87

a7
87

87
87

Oral

Oral

QOral
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Table III {continued)

Number Structure Name NP 5.V, L. A. Standard Ref. Adm.
OH
i 2,3~ Epithio -
D69 b e b 42 42 308 Test prop av
i e 25 25 100 1Ta-MT a7 Oral
androstane
H
20,3~ Epithio -
D-70 172- methyl - 178- 27 27 154 Test prop 87
@ hydroxy - ba- 91 a1 1100 1Ta-MT 87 Oral
androstane
12:&?:2‘:; ['25‘3"'_' g Sw0 <100 <100 Testost 90
(125 ]oxadi’aml— 19-26 19-26  100-150 Test prop 121
% 73-94 73-94  270-330 1Ta-MT 121
178-0l
(or -[2,3-c|furazan)
1T - Methyl - 178 -
hydroxy - 23 (H) -
2,3 - cyclohex - 0 ] 0 Testost 150

2" -eno - 5a -
androstan - 4’ - one



SLI

D-75

17 -Methyl - 173 -

hydroxy -~ 23 (H)

2,3 - cyclohexano - 0 0 0 Testost 151
Sa-androstan-4* -

one

- F
CH, 16a-Fluoro-16g-
methyl - 178 -
hydroxy - 5o~ 1D 20 g

Testost 96
androstan - 3 - one

OAc

2 - Methylene - 33,
CH; 173 - diacetoxy - — 1 < Test prop 97
S - androstane

AcO

17 -Methyl-

2 - methylene - 33,

178 - dihydroxy - o <1 <5 Test prop 97
5a - androstane




9Ll

Table I (continied)

Number

Structure

Name

KRS

S.V.

L. A.

Standard

Ref.

Adm.

H
e,

2 - Methylene - 38-
acetoxy - 17w -
methyl - 178 -
hydroxy - Sa -
androstane

2 - Aminomethylene -
17 - methyl - 178 -
hydroxy -5e -
androstan -3- one

2[2’ - (N,N-Dimethyl-
amino)ethylamino -
methylene| - 17a -
methyl - 5o -
androstan - 173-o0l -
3-one

9[2" - (N,N - Diethyl -
amino)ethylamino -
methylene] - 17a -
methyl - ba -
androstan - 173-0l -
3 -one

20

30

40
40

20

30

40
40

160

150

65
100

Test prop
17-MT

1Te-MT

1Ta-MT

Testost
1T@-MT

o7
97

94

94

94
94

Oral

Oral

Oral

Oral



LL]

2 -N - Piperidyl -
methylene - 17a -

30 30 60 Testost 94
D-81 }rl';;t:g;y _lgi G <50 <50 <50 1Ta- MT 94
androstan -3 - one
2 - N,N - Dimethyl-
(CH,), NCH o e 10 <10 <10 Testost 94
D-82 172~ methyl - 5o~
R 20 20 100 17@- MT 94
o E 0l -3 -one
H
OH a1,
2 - N,N - Diethyl-
aminomethylene -
D-83 Et; NCH 170~ methyl - 5a- 20 20 120 170~ MT 94
androstan - 173 -
o - 0l-3 - one
H
lﬁ’;dll‘f:;:”?g:j‘g" - 30-40  100-150  Testprop 100
D-84 S 77 73 136 Testost 398
(See also

one 406)
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Table M1 (continued)

Number

Structure

Name V.P.

8. V.

L.A.

Standard

Ref.

Adm.

D-85

D-86

CH,

CH,

OH

15 - Methyl - 178 -
hydroxy - 5a-
androstan-3 -
one

1 - Methylene-173-
hydroxy - ba-
androstan-3 -
one

1£-Formyl-178-
hydroxy - 5a- ==
androstan - 3 - one

la- Cyano - 178~
hydroxy - 5a-
androstan-3 -
one

<1.5

il

20

<2.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100



6L1

D-92

SCN

la ,173- Dihydroxy -
5o - androstan -
3 -one

1£ - Isothiocyano -
175 - hydroxy - 5a-
androstan - 3 - one

1o - Hydroxymethyl -
175 - hydroxy - bo-
androstan - 3 - one

1£ - Nitromethyl -
173 - hydroxy - 5a-
androstan - 3 - one

20

10

<4.5

<4.5

200-
400

50-
100

Test prop

Test prop

Test prop

Test prop

100

100

100

100
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Table III (continned)

Number Structure Name V.P. 5.V, L. A Standard Ref. Adm.
1,1 - Dimethyl - 173 -
D-93 hydroxy - 5= — 1.5 2.5 Test prop 100
androstan - 3 - one
1,1 - Ethylene - 173-
D-94 hydroxy - 5a- — 1.5 6 Test prop 100
androstan - 3 - one
Spiro - 1o~ oxiranyl -
D-95 173 - hydroxy - 5a- — <4.5 <7.5 Test prop 100
androstan - 3 - one
le,Te- Dimethyl -
D-96 118 - hydroxy - 5e- 100 2;)&; Test prop 100

androstan- 3 - one



181

D-98

D-100

H

QAc

OAc

1,2e - Methylene - 4
hydroxymethylene -
178 - hydroxy - 5a-
androstan - 3 - one

’

A2 - Pyrazolino -4,3,
1,2 - androstan -
173-01-3 - one

1753~ Acetoxy - 5a -
androstan - 3 - one

lo- Methyl - 175 -
acetoxy - Sa-
androstan - 3 - one

<1.5

30

40

20-30

100-
200

200-
300

Test prop

Test prop

Test prop

Test prop

100

100

100

100
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Table III (continued)

Number Structure Name WP 5.V, L. A Standard Ref. Adm.
OAc
18 - Methyl - 173~
D-101 acetoxy - So- — 1.5 10 Test prop 100
androstan - 3 - one
OAc
1a-Isopropyl -
D-102 178- acetoxy - ba - — <4.5 <7.5 Test prop 100
androstan - 3 - one
OAc
CH.
1 - Methylene - 178~ — 10 30 Test prop 100
D-103 acetoxy - ba- 10 10 20 Testost 56
androstan - 3 - one 4 9 15 Testost 82
o :
H
OAc
1la- Chloromethyl -
D-104 178 - acetoxy - S5o- — 2-3 10-20 Test prop 100

androstan - 3 - one



D-105

D-106

€81

D-107

D-108

OAc

OAc

OAc

OAc

la- Bromomethyl -
1783 -'acetoxy - Sa-
androstan - 3 - one

la- Iodomethyl -
173 - acetoxy - 5o -
androstan -3 - one

lo- Hydroxy - 173 -
acetoxy - bo-
androstan - 3 - one

la, 173 - Diacetoxy -
Sa-androstan -
3 - one

70

70

30

20

200-
300

200-
400

Test prop

Test prop

Test prop

Test prop

100

100

100

100




¥81

Table III {continued)

Number Structure Name Vo L5 5. V. L. A. Standard Ref. Adm.
OAc
(0]
173 - acetoxy - Sa-
D-109 androstan-1,3 - — 13 <100 Test prop 100
dione
0 2
H
OAc
1,1 - Dimethyl - 178 -
D-110 acetoxy - bo- — <4.5 <7.5 Test prop 100
androstan - 3 - one
OAc
1,1 - Ethylene-173-
D-111 acetoxy - 5c~ —_ <4.5 <7.5 Test prop 100
androstan - 3 - one
OAc
1,20 - Methylene -
D-112 178 - acetoxy - bo- — 15 50-100 Test prop 100

androstan - 3 - one



S8I

D-113

D-114

D-115

D-116

OAc

CH,

CHOH

OAc

QAc

1,2¢ - Methylene - 173-

acetoxy - 4 - hydroxy -

methylene - 5o -
androstan - 3 - one

1,2¢ - Methylene - 173-
acetoxy - 113-
hydroxy - 5w -
androstan - 3 - one

Spiro - la - oxiranyl -
17¢ - acetoxy -
da - androstane -
3 - one

1,2¢ - Dimethyl -
173 - acetoxy - ba-
androstan- 3 - one

<4.5

<4.5

<1.5

<1.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100
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Table III (continued)

Number

Structure

Name

Wind Py

L.A.

Standard

Ref.

Adm.

D-117

D-118

D-119

D-120

OAc

OAc

OAc

28 - Bromo-1a-
hydroxy - 175 -
acetoxy - So-
androstan - 3 - one

28- Chloro - la,2a-
methylene - 178 -
acetoxy - 5o -
androstan-3-one

2@ -Bromo-1,20 -
methylene - 173 -
acetoyx-5A -
androstan-3-one

la- Methyl - 2£ |
173 - diacetoxy - Sa-
androstan - 3 - one

<4.5

10-20

<7.5

)

Test prop

Test prop

Test prop

Test prop

100

100

100

100



L8I

OAc

1 -Methylene - 2,2 -
dimethyl - 178 -
acetoxy - Doy -
androstan - 3 - one

la,Ta-Dimethyl -
173 - acetoxy - 5a-
androstan - 3 - one

1o, 170~ Dimethyl -
174 - hydroxy - 5a-
androstan- 3 - one

13,17~ Dimethyl -
173 - hydroxy - 5a-
androstan - 3 - one

50-
100

20-30

1.5

3

50-
100

150

10

Test prop

Test prop

Test prop

Test prop

100

100

100

100
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Table III (continued)

Number

Structure

Name AP 5.V,

Standard

Ref. Adm.

D-125

D-126

D-127

1 - Methylene - 17a -
methyl - 175 -
hydroxy - bo -
androstan - 3 - one

1,2a- Methylene -
172~ methyl - 178-
hydroxy - ba-
androstan - 3 - one

10

1,1,17a- Trimethyl -
178 - hydroxy - boe- — 1.5
androstan - 3 - one

30

30

10

Test prop

Test prop

Test prop

100

100

100



D-128

D-129

681

D-130

D-131

O
OMe

1o, T, 1Te-
Trimethyl - 5c¢ -
androstan - 178 -
0l-3-one

1a- Methyl- 173 -
hydroxy - Sa-
androstane

2a- Androstane
173 -0l -3 - one
(1’- methoxy)cyclo-
pentyl ether

1,2~ Methylene -
S - androstan -
176 - ol

60

<1.%

270

<4.5

200-
400

308

20-30

Test prop

Test prop

1Ta-MT

Test prop

100

100

143

100

Oral




061

Table I {conlinued)

Number

Structure

Name

VP

Standard

Ref.

Adm.

D-132

D-133

D-134

D-135

CH,.,

HO

OEt

OH

OAc

OAc

So- Androstane - 175 -
ol-3-one 17- (1'-
ethoxy)eyclopentyl
ether

20~ Methyl - 38,173 -
dihydroxy - So-
androstane

178 - Acetoxy - Bo-
androstane

lo- Methyl - 173 -
acetoxy - b~
androstane

130

270

<1.5

300

16

3.0

1Te-MT

Testost

Test prop

Test prop

144

100

100

Oral



161

D-136

D-137

D-138

D-139

CH,

QAc

QOAc

OAc

OH
e

18 - Methyl - 173 -
acetoxy - Soa-
androstane

1,2c- Methylene -
1743 - acetoxy - bo-
androstane

178 - Acetoxy - Bo-
androstan - 1 - one

1,17 - Dimethyl -
178 - hydroxy - bo-
androstane

<1.5

2.1

<4.5

22

40

o

Test prop

Test prop

Test prop

Test prop

100

100

100

100
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Table III (continued)

Number

Structure

Name

Vb,

S V.

L.A.

Standard

Ref.

Adm.

D-140

D-141

D-142

D-143

CH,

OProp

13,170 - Dimethyl -
175 - hydroxy - 5 -
androstane

1,2 - Methylene -
17a- methyl - 178 -
hydroxy - ba-
androstane

Spiro - 3o - oxiranyl -
5o - androstan -
175-0l

S5a-Methyl - 173 -
propionoxy-
androstan-3-one

2.5

30

Test prop

Test prop

Test prop

Testost

100

100

54

132



D-144

D-145

£61

D-146

D-147

OH

OH

CHOH

Sa- Androstane

52— Androstan -
173-0l

35,175 - Dihydroxy -
5o - androstane

2 - Hydroxymethylene -
175 - hydroxy - 5 o -
androstan - 3 - one

Increase in weight of chick comb 1.5% of
Testost (intramuscular injection or inunc-
tion onto comb.)

4.8%
22D

<*By lacrymal gland)
22.5 18

(hy lacrymal gland)
3 —

Testost
Testost

Testost
Testost

Testost

22

106
107

106
165

107




vol

Table 11 {continued)

Number Structure Name Ve lek SE L.A Standard Ref. Adm.
OH
SIEH
HO
4,5 - Epoxido - 113,
173 - dihydroxy - o 150 2
D-148 17 - methylandrostan - { Less effective ) &MTITO: 109
L 3 - one
A‘c‘)
170~ Methyl- 17 - 8~
hydroxyandrostano - Weak Weak Weak Test prop 122
D-149 [3,2-b]pyridine
3,3 -Azo- 1Ta-
D-150 methyl - 5o~ 20 — 300 1Te-MT 123 Oral
androstan - 178 - ol
e
2a - Formyl - 173 -
Lhyl- 173 -
D-151 et Lie = = 100 1Ta-MT 107

hydroxy - 5a-
androstan - 3 - one



s6l

D-152

D-153

D-154

D-155

2 - Methylene - 17@ -
methyl - 178 -
hydroxy - 5w -
androstan - 3 - one

28 - Fluoro - 178~
F. hydroxy - 5o-
androstan - 3 - one

(0] :
H
OH
N
4,5 - Dihydro-
testosterone - 3 - iso-
nicotinyl hydrazone
CONH —N

OH

175 - Hydroxy - See-
androstane - 3 -
fulvene

15

35-
130

15

68-
133

<5

50

D2-
98

1Ta-MT

Testost

Testost

Testost

98

125

30

107




961

Table III {continued)

Number

Structure

Name AP SE

Standard

Ref.

Adm.

D-156

D-157

D-158

D-159

CH,

33 - Cyclopentyl -
173 - hydroxy - ba- <5
androstane

2 - Methylene - 178 -
hydroxy - 5a- 10
androstane

OCOCHCI,

20- Methyl - 174 -
dichloroacetoxy -
Sa-androstan -

3 -one

Tl

11a,17a- Dimethyl -
113,173 - dihydroxy -
5a- androstan- 3 -
one

10

B4

20

206

Testost

Testost

Testost

Testost

107

57

32

161



L6l

D-160

D-161

D-162

D-163

HO

CH,

CH,

OH

OH

11,17 - Dimethyl -
318 )llfj 91?|G =
trihydroxy - Soe-
androstane

Epiandrosterone

33,175 - Dihydroxy -
Jo- methyl - 5a-
androstane

3,173 - Dihydroxy -
3p - methyl - bo-
androstane

Testost

Testost

Testost

Testost

161

165




861

Table II (continued)

[2,3-c]furazan

Number Structure Name e 1es S L. A, Standard Ref. Adm.
OH
2 - Methyl - 30,173 -
DolgdE s Gl dihydroxy - 5a- = = 25 Testost 107
androstane
i g
g H
OH
CH,
16 - Methylene - 173 -
D-165 N hydroxy - Sa -
L Weak Weak Weak  D-169 395
androstano [2,3-¢|
\N . furazan
H
OH
CH,
158 - Methyl - 173 -
N hydroxy - 5o - = "
D-166 o androstano [2,3-c] Weak Weak Weak D-169 395
furazan
\N g
H
OH
AOH
163,173 - Dihydroxy -
N S5@- androstano Weak Weak Weak D-169 395
D-167 -
\ =
N 3

H



661

D-168

D-169

D-170

D-171

o

N

160,173 - Dihydroxy -
b - androstano-
[2,3-c]furazan

173 - Hydroxy - 5a-
androstano[2,3-¢|
furazan

la- Ethyl-175-
hydroxy - 5a-
androstan - 3 - one

la- Methyl - 3a,
178 - dihydroxy -
5o - androstane

Weak

50

112

Weak

30

a7

Weak

~100

164

D-169

Test prop

Testost

Testost

395

394

398

398




002

Table I (continued)

Number Structure Name NP 5.V. L. A.

Standard

Ref.

Adm.

1a,17e¢- Dimethyl -
173 - hydroxy - 2 -
hydroxymethylene - 24 24 42
Sa-androstan-3 -
one

D-172

173 - Hydroxy - 1Ta-
methyl - B -
androstan - 3 - one
oxime

D-173 158 117 380

175 - Hydroxy - 1a,
17~ dimethyl - 5o~
androstan - 3 - cne
oxime

D-174 Thil 64 170

173 - Hydroxy - o~
androstan - 3 - one 64 53 T6
?|) semicarbazone

H, NCNHN

D-175

Testost

Testost

Testost

Testost

398

398

398

398



10¢

D-176

H, N-CNHN

D-177

lae- Methyl - 178 -
hydroxy - So-
androstan - 3 -
one semicarbazone

178 - Hydroxy - 1a,
173 - dimethyl - 5o -
androstano[3,2-c]
pyrazole

23

28

24

30

60

59

Testost

Testost

398

398




Table IIL.1

H
H

Compound # Andr | Anab Q| St Rte
Parent D-1 30-260 | 60-220 20 TP R sC
la CH, D-84 30-40 | 100-150 3-5 | TP sC
la Et D-170 0|0 — | T s5C
la CN D-88 45 | 7.5 = TP 5C
1o OH D-89 50 | 200-400 4-8 | TP sC
1a CH, OH D-81 4.5 | T.b — | TP s5C
1la CH,NO, D-82 4.5 | 1.5 — | TP sC
13 CH,4 D-85 1.5 | 5-10 — | TP sC
1¢ CHO D-87 al || 5 — | TP sC
1¢ SCN D-90 10 | 50-100 5-10 | TP sC
1 =CH, D-86 5-10 | 20 2-4 | TP sC
1,1(CH,), D-93 15 | 2.5 = Enp sc
1,1v D-94 1.5 | 6 =2 s sC
1,107 D-95 4.5 | 7.5 - | TP 5C
la,20 —CH, —

4=CHOH D-97 3|30 10 | TP sC
1,2 - Pyrazolino D-98 1.6 | 5-10 — | TP 8C
1o CHy, T CH,y D-96 100 | 200-400 4 | TP 8C
200 CHy D-49 25 | 62 Bl 5C
20 CH, OH D-8 40-50 | 150 ST s5C
200 CH, OCH, D-17 10 | 30 3 sC
o GHL A D-50 65 | 150 28 | T 8C
2a F D-18 20 | 20-50 1-2 | TP 5C
28 F D-153 0|0 — | TP 5C
2=CHOH D-147 — | 30 — | T sC
2=CHOCH, D-20 50 | 40 0.8 | TP sC
40 CH, D-47 10 | 100 10 | TP s5C
43 CH, D-46 10 | 200 20 | TP SC
5aCH, D-26 5-30 | 20 =@ RITND 5C
5aCN D-24 1010 160 ) SC
5 CONH, D-25 10 | 10 1T 5C
6aCH, D-4 30 | 40 1.2 | TP 5C
68 CH, D-3 80 | 100 1.2 | TP s5C
ARGIE D-48 50 | 50 1| TP sC
16 =CHOH D-23 10 | 10 1 T sC
16 F, 163 CH, D-1T4 20 [ O — | B sC

202



Table III.2

OH
CHg

O i
H
Compound # Andr | Anab Q| St Rte
Parent D-2 20-40 | 30-40 k| e sC
Parent D-2 55 | 26 0.5 | MT 0]
1 CH, D-123 2588 E150 Gl ke sC
15 CH, D-124 1.5 | 10 — | TP sC
1,1 (CHg)a D-127 il [k — | TP sC
1=CH, D-125 15 | 30 A |E ) sC
1o, 2a—CH, — D-126 10 | 30 3 | TP sC
1 CH,, 2=CHOH D-172 24 | 42 2T sC
lee CH,, To CHy D-128 60 | 200-400 3-1 | TP 5C
2e CH, D-45 20 | 400 20 MT 0
2a CHO D-151 — | 100 — | MT 0
20 SCOCH, D-44 6 | 6 — | MT (0]
20 CH,, 173 Prop D-6 50 | 200 AR TV, sC
Dl CHY, ASUL D-55 65 | 150 i| T sC
2¢¢,8a0CH,, 178 Prop D-7 50 | 200 4 TP sC
2,2 (CH,), D-21 40 | 20 (SRR sC
2=CHOH D-10 80 | 230 i sC
2=CHOH D-10 30-45 | 150-400  5-10 | MT o
2=CHOBenzoyl D-16 25 | 20 RN RTS sC
2=CH, D-152 15 | 15 3] MT o}
2=CHNH, D-18 20 | 160 8§ | MT O
2=CHN(CH,)» D-82 10 | 10 = | 4 sC
2=CHN({CHa}, D-82 20 | 100 5| MT o
2=CHN(CHg)¢ D-22 10 | 10 — | T sC
2=CHN D-81 30 | 60 2T sC
2=CHN ; D-81 30 | 60 21 MT e}
2=CHN(Et), D-83 20 | 120 6| MT o]
2= CHNH(CH,),N(CH,), | D-79 30 | 150 51 MT o}
2 = CHNH(CH,),N(Et), D-80 40 | 85 iyl e sC
2 = CHNH(CH,),N(Et), D-80 40 | 100 2.5 | MT o}
4o, 50 Epoxy, 1150H D-148 <40-60 | <80-180 <2-3 | MT o}
6o CH, D-13 30 | 50 18 G BT sC
113 OH,11a2 CH, D-159 0,0 — | TP sC

203



Table I1L.3

OR
H

Compound R # Andr | Anab Q | St Rte
Parent Ac D-99 30 | 100-200 3-6 | TP sC
le CH, Ac D-100 40 | 200-300 5a | TP sC
la CH, Cl Ac D-104 2 | 10 — | TP sC
la CH,Br Ac D-105 4| 30 || sC
la CH,I Ac D-108 3| 20 B || s sC
le OH Ac D-107 70 | 200-300 3-4 | TP sC
la OAc Ac D-108 70 | 200-400 3-6 | TP sc
la CH(CH,), | Ac D-102 45 | 7.5 — | TP sC
15 CH, Ac D-101 1.5 | 10 — | TP sC
1=CH, Ac D-103 10 | 30 3 | TP sc
10xo Ac D-109 13 | 100 7| TP sC
1,1(CH,), Ac D-110 4.5 | 7.5 — TP sC
1,1¥ Ac D-111 45 | 7.5 — | TP sC
il ik (6} Ac D-115 45 | 7.5 e Emn sc
1a,2a —CH,~| Ac D-112 15 | 50-100 3-7 | TP sC
1o, 20—CH, —

4 =CHOH Ac D-113 45 | 7.5 — | TP SC
la, 20— CH, |

113 CH Ac D-114 45 | 7.5 e | ) sC
la,2¢—CH,—|

2pCl | Ac D-118 45 | 7.5 — || ) sC
la,2a—CH,—|

23Br | Ac D-119 45 | 7.5 o Emn sC
1=CH,;

2,2(CH,), Ac D-121 45 | 7.5 — | TP sC
120H,28Br | Ac D-117 2 | 10-20 5-10 | TP sC
10CH,,2E0Ac| Ac D-120 45 | 7.5 = emp sC
1aCH,,TaCH,| Ac D-122  50-100 | 50-100 i |l A sC
1aCH;, T3 CH,| Ac D-32 45 | 1.5 — | TP sc
1£ CH, 2£6CH,| Ac D-116 15 | 25 TS D sC
20CH, Prop D-28 40 | 160 | ap sC
20CH, CH, D-19 10 | 20 2l sc
2a:CH, COCHCI, |D-158 75 | 206 g SC

204



Table I11. 3 (continued)

Compound R # Andr Anab Q | St Rte
{' |
!
2a CH, /O\ | D-34 <100 | <100 1| MT o
0~ “CH,0H
20 CH, O D-35 70 | 307 4 | MT 0
o
5o CHy Prop D-143 0|0 — | T 8C
s CHGOX '| D-130 196 | 308 1.5 | MT o)
o )G D-132 200 | 300 15 | MT o
EtG

205



Table III.4

OH
H

Compound # Andr | Anab Q| st Rte
Parent D-145 22 | 18 08 | T sC
la CH, D-129 <42l 5 — | TP sC
la CHO D-14 10 | 40 4 | T 5C
lo,2e —CH,— D-131 4.5 | 20-30 §-7 | TP sC
la CH,, 8 Semicarb D-176 23 | 60 26 ST sC
2 =CH, D-157 10 | 20 2T sC
2a,3a¢ —CH,— D-40 30 | 100 3 R sC
2,20— D-42 0|0 — | TP SC
200 CH,, 358 OH D-133 — | 18 — | T sC
2a CH,, 30 OH D-164 — | 25 — | T e
2,30 Epoxy D-64 el — | TP sC
2¢,30 Epoxy -4 oo — | MT O
233,35 Epoxy D-67 1.3 | 8.7 — | TP sC
28,35 Epoxy D-67 0|0 — | MT e}
20,3 Epithio D-69 40 | 300 7 TP sC
2q,3a Epithio D-69 25 | 100 4 | MT (0]
23,34 Epithio D-65 2| 13 (& e 5C
233,38 Epithio D-65 0|0 — | MT o}
3o OH D-31 25-280 | 30-65 0.3- T sC
35 OH D-146 5 | — — | T sC
330— D-43 10 | 10 — | TP sC
330— D-142 i L) — | TP sC
30 OH, la CH, D-171 105 | 164 it e sC
3a¢ OH, 38 CH, D-163 0| — = || ay sC
330H, 3e CH, D-162 0| — — | T sSC
34 Cyclopentyl D-156 S[ED — | T sC
3 Fulvene D-155 B | 5 — | T sC
3 Semicarbazone D-175 60 | 16 ke sC
3 Isonicotinyl

hydrazone D-154 {2 ) 08 | T s5C

206



Table IIL.5

B
H

Compound R # Andr Anab

— H D-144 1D — —
172 CH, H D-63 50 | 280 6

— OAc | D-134 15 i
le CH, QAc D-135 1.5 | 2.5 —_
13 CH, OAc D-136 1.5 | 2.5 —_
10xo CAc D-138 9 | 40
lo,20 —CH,—| OAc | D-187 28l 22 1
2=CH,,
3p OAc QAc D-75 o458 — |
20,30 Epoxy | OAc D-37 <10 | <20 2 |
23,38 Epoxy | OAc D-36 10 | 10 —
2a,3w —CF,-| OAc D-51 35 130 3
28,33 —CF,—| CAc | D-53 35 | 85 2
330Ac QAc | D-28 13 ] —_
30,40 Epoxy | OAc | D-39 <20 | <20 1
Jo OH Oxo | D-27 50 | 30 0.6
38 OH Oxo | D-161 ol =
3 Oxo Oxo D-30 20 10 0.5

207



Table II1.6

OH

Compound # Andr | Anab Q| St Rte
Parent D-12 100 183 2 | MT (0]
la OH D-59 5 | 23 4| TP sC
la OH D-59 150 | 650 4 | MT 8]
loe CH, D-138 Ghay ) — | TP sC
13 CH, D-140 1.5 | 2.6 — | TP sC
10x0 D-56 i 5| TP 8C
10xo0 D-56 180 | 830 4.5 | MT o}
lo, 20 —CH,— D-141 4 | 30 {7l T sC
la CH,, 30Oxime D-174 70 170 2000 [T 5C
1o CH,, [3,2-c]

Pyrazole D-177 30 | 60 2R T sC
23 OH D-60 0.5 145 — | TP sC
23 OH D-60 (4] 3 2 | MT (0]
2 Oxo D-57 (Da | e TV sC
2 Oxo D-517 4 | 18 4 | MT (0]
2 =CH, D-9 & ) 2l A sC
2 =CE, -9 100 | 200-400 2-4 | MT o
20 CH,, 3Hydrazone | D-15 100 | 280 3 | MT o}
2 =CH,, 30 OH D-76 115 — | TP sC
2 =CH,, 33 0Ac D-T7 1 5 — AL 5C
2 =CH,, 33 OAc D-T7 5 5 — | MT o}
(2c: CH,, 3 Azine) |

Dimer D-5 B | 24 T sC
(2a CH,, 3 Azine)

Dimer D-5 95 | 210 2| MT 8]
20,3c¢ —CH, — D-41 <10 10 — TP s5C
20,3 —CF, — D-52 108828 6} || s5C
20,30 —CF, — D-52 50 | 250 5 | MT o
2a,3a Epoxy D-38 G — | TP 8C
2¢,3 0 Epoxy D-38 0|0 — | MT 0
23,38 Epoxy D-68 5 | 35 7| TP sc
283,33 Epoxy D-68 0|0 — | MT O
2,3 Epithio D-70 27 | 154 b | TP S5C
2,3 Epithio D-70 90 1100 12 | MT o}
28,33 Epithio D-66 1 3 — | TP S5C
24,33 Epithio D-66 18 | 78 4 | MT o}
2,3 Cyclohexeno D-72 0|0 ] BT sC
2,3 Cyclohexano D-73 0|0 — | T sC
[3,2-5]Pyridine D-149 2|5 [ iz sc
[2,3-c|Oxadiazole D-71 2 150 | TP 5C
[2,3-c|Oxadiazole D-71 80 | 300 4 | MT (8]
[3,2-c|Pyrazole D-11 150 120 0.8 | TP sC
[3,2-¢]|Pyrazole D-11 30 | 200 6 | MT o}

208



Table IIL, 6 {continued)

Compound # Andr | Anab Q| st Rte
[3,2-¢|Isoxazole D-33 20 | 150 7.5 | MT 0]
3a OH D-61 4 | 1.6 - | TP sC
3a OH D-61 70 | 20 0.3 | MT (]
3 =CH, D-54 60 | 69 Lo MT e}
3,3 Azo D-150 20 | 300 15 | MT o}
3 Oxime D-173 140 | 380 20 AT sC
30 OH, 11a CH,, 113 OH| D-160 0|0 — | T sC
43 0OH D-62 0.5 | 0.1 — | TP sC
43 OH D-62 20 | 35 2 | MT o]
4 Oxo D-58 0.6 | 1.8 — | TP sC
4 Oxo D-58 20 | 35 2 | MT 6]

209
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Table IV

Number Structure Name V. P. S. V. L A. Standard Ref. Adm.
oH
ba- Androst - 35 35 100 Testost 43
A=l 1-en-178-0l 62 62 85 Testost 82 17-
| Acetate
H
OH
0 0 0 170-MT 87 Oral
R 37 42 134 Testost 398
A-2 e 50 50 150 Testost 43
o = 15 30-40 Test prop 100
v 5.8 hEg 17 Test prop 89
H
OH
40 40 80 Testost 43
A-3 e 42 42 69 Testost 82
s M 26 40 92 Testost 82 17-
: Acetate
B
OH
A Androst-4- 10 10 10 Testost 43
en-178-o0l 20 20 18 Testost 82 17 -
Acetate




11T

CH,

OAc

OH

-CH,

17~ Methyl androst

-5-en-33, 178-
diol
1- Methyl - 5=

androst-1-en-
178-0l-3-one
17 - acetate

S5 - Androst -
1-en-173-0l-
3-one

17 - Methyl -
174 - hydroxy - ba-
androst-1-en-
3 - one

38

65

62

15
27

135

14
180

10
20

100
123
100
5-10

30
25

220
100

18

65
80
46

T2
11.8
500
100-
200
36

200
50
89

910

1600

Testost
Test prop
Test prop
1Te-MT
17a-MT

1To-MT

Test prop
Test prop
Test prop

17Te-MT

Test prop
Testost

Test prop
Test prop

Test prop
Test prop
Test prop
17@-MT
1Te-MT

107
36
32
42
44

44
81
47
100

76

46
398

100

100
46
84
84
85

Oral
Oral

Oral

(See
also
ref.
45)

Oral

Oral
Oral




[ave

Table IV (continued)

Number Structure Name WL By S.V. e oA Standard Ref. Adm.
17 - Ethyl - 178 -
A-9 hydroxy - ba- =" .
o S tis o ] Test prop 46
one
2 - Methyl - 175 -
A-10 CH, hydroxy - o~ — 50 50 Test prop 46
androst - 1-en - 130 115 300 Testost 82
fo) : 3 - one
H
2,17@=- Dimethyl - e
T s b 25 50 Test prop 46
A-11 e 1l 17 56 Test prop 84
o 90 170 660 1Te- MT 84 Oral
3 - one
2 - Methyl - 17Ta-
A-12 s oy deoiins e 1 4 Testprop 46

S5¢-androst-1-en-
3 -one



€1T

HO

OAc

AcO

OBen;

S5~ Androst -
len-33,17T3~
diol

So- Andrest -1 -
en-343,178-diol
diacetate

17a-Methyl - 5
androst-1-en-
38,178 - diol

17a - Methyl - Sa-
androst - en - 33,
173 -diol 3 -
monoacetate

82

50

50

100

100

100

40

40

50
24
420

200

Test prop

Test prop

Test prop
Test prop
170-MT

Test prop

46

46

46
84
84

46

Oral



¥Ic

Table IV (continued)

Number

Structure

Name

Wi Ik

2l W

L.A.

Standard

Ref. Adm.

17~ Ethyl - 5a-
androst-1-en-
33,173 - diol

172 - Ethyl - Sce-
androst-1-en-
33,173 - diol-

3 - monoacetate

63,1Ta- Dimethyl -
174 - hydroxy -
Sa-androst-1-
en-3-one

68 - Methyl - 1Ta-
ethyl - 175 - hydroxy -
Sa-androst-1-en-
3 - one

10

<1

50

<5

Test prop

Test prop

Test prop

Test prop

46

46

46

46



SIT

A-24

CH,

H

OH

OH

3- Methylene -
172 - methyl -
Sa-androst- 1 -
en-173 -0l

17e-Methyl - 175 -
hydroxy - da-
androst - 2 - ene

2 -Methyl - 175 -
hydroxy - ba-
androst - 2 - ene

2,17 - Dimethyl -
173 - hydroxy -
So- androst -

2 - ene

64

200

12

187
4.8
88

87
320
200

266

1200
11
362

437

200

117
100
150

310
1040
1000

1Ta-MT

17Ta-MT
Test prop
Testost

1Te-MT
Testost
17@-MT

Testost
Testost
Testost

Testost
1Ta=-MT
1Ta-MT

48

30
30
a7

QOral

Oral

(See
also
ref.
100)

Oral

Oral

Oral
Oral
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Table IV (conlinued)

Number Structure Name V. P S.V. L.A. Standard Ref. Adm.
3,17a- Dimethyl -
A-25 173 - hydroxy - ba- — 5.3 3 1Te-MT 48 Oral
androst - 2 - ene
CH,
Z;Tiﬁd;‘:g“;‘iﬂgé"_ 45 62 203 Testost 30
A-26 HOCH, o e 19 44 218 17a-MT 30 Oral
30 30 220 1Tee-MT 58 Oral
1 androst - 2 - ene
H
QCapr
2-Cyano-175-
hydroxy - See-
A-2 NC TonoED.
7 il e 125 170 870 Testost 30
L 17 - caproate
H
19 50 a7 Testost 30
2-F -178-
ie hyd:;;nyy—l 1,};’? 10 10 100 Testost 56
A-28 e 20 25 140 17a-MT 82 Oral
AT B 2.5 3.8 35 Test prop 84
110 160 - T80 1Te-MT 84 Oral




LIT

OH

2 - Difluoromethyl - A
gl 173 - hydroxy - Sa- 5'
androst - 2 - ene
! 24
17a- Methyl - 178 - 95

hydroxyandrostano - 1
[2,3-d]isoxazole 85

OAc
2,17Tax-Dimethyl -

173 - acetoxy - 5o - 45
androst - 2 - ene

3,17~ Dimethyl-
androsta - 3,5 - —
dien- 173- 0l

CH,

[===]

28

31

200
200

134

58

25

Testost
Testost

17Ta-MT
17-MT
Test prop
Testost

Testost

1Ta-MT

30

11,49
131
11
398

30

48

Oral
Oral

Oral
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Table IV (conlined)

Number Structure Name Vo S.V. L.A Standard Ref. Adm.
OH
173 - Hydroxy - 5o~
A-33 androstano|3,2-5 | 10 10 10 Testost 107
quinoline
H
OH
4 4 -Dimethyl - 175 -
A-34 hydroxyandrost - 0 0 0 Test prop 33
5 -ene -3 -one
o] 5
CH, CH,
QAc
2 - Methyl - 173 -
20 20 50 Testost a7
= CH, iR
483 > TR 28 24 52 Testost 82
androst -1 - ene
H
OH
2-Formyl - 175- .
20 20 100 Testost 58
A-36 S I 10 10 100 Testost 82
androst - 2 - ene

H



617

A-38

OAc

OHC

HOCH,

X

OAc

CICH,

QAc

F,CH

&

2Formyl - 173 -
acetoxy - A% -
androstadiene

2 - Hydroxymethyl -
173 - hydroxy - ba-
androst -2 - ene

2 - Chloromethyl -
173 - acetoxy - ba-
androst - 2 - ene

2 - Difluoromethyl -
1753 - acetoxy - bo-
androst - 2 - ene

10

20

10

10
52

10

20
50

10

10
48

10

220
457

10

10
156

Testost

Testost
Testost

Testost

Testost
Testost

58

58
82

59

59
82
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Table IV (continued)

Number Structure Name NaPs 5. V. L. A. Standard Ref. Adm.
OAc
FCH 2 - Fluoromethyl -
A-41 = 173 - acetoxy - ba— 40 40 200 Testost 59
androst - 2 - ene
H
2 - Cyano - 17a-
A-42 methyl - 175 -
= hydroxy - So- 10 <10 30 Testost 56
androst-1-en-
3 - one
2 - Cyano - 1Ta-
A-43 methyl - 178 - 100 120 350 Testost 56
hydroxy - ba- 20 73 800 1Ta-MT 82 QOral
androst - 2 - ene
TR 80 80 250 Testost 56
A-44 NC Y et 94 195 535 Testost 82

androst - 2 - ene



| ¥&4

5%%

A-47

A-48

OAc

%

QAc

AcOHC.

173 - Acetoxy - Sa-

androsta-1,3 - =
4 : 44
diene
173 - Acetoxy
-androsta - 2,4 - 40
diene

2 - Acetoxymethylene -
174 - hydroxy - 50~ 20
androst - 3 - ene

17~ Methyl -
178 - hydroxy -
androsta-3-5-
diene

30
44

20

20

100
93

100

20

20

Testost
Testost

Testost

Testost

Testost

56
a2

26

56

56



(&&é

Table IV (conlinued)

Number Structure Name V. P. 8. V. L. A. Standard Ref. Adm.
OH
175 - Hydroxy-
A-49 C&é Sl 6 6 <10 Testost 56
OH
HOCH, CH, 2 iqg{dﬁggfsgl{l B 10 <10 <10 Testost 56
A-50 B e 5 5 10 Testost 82
H
OH
.-CH
2d&,1Ta-Dimethyl -
A-51 CH.-. 173 - hydroxy - 20 20 50 Testost 56
2 androsta - 3,5 - diene
QAc
A-52 Ogé 118 dcetonys 10 <10 <10 Testost 56

androst - 4 -ene



£TC

HO'

HO

AcO

OAc

Ohc

2 - Cyano - 17a-
methyl - 173 -
acetoxy - So -
androst - 2 - ene

34,173 - Dihydroxy-
androst - 4 - ene

3w,173 - Dihydroxy-
androst-4 -en
173 - acetate

33,175 - Diacetoxy-
androst - 4 - ene

124

112
T4-112

13

133

155
87-155

<9
22

95

94
90-94

Testost
17T-MT

Testost

Testost
Testost

Testost

56

82

61

61
107

61

Oral



¥TC

Table IV (coniined)

Number Name Al 5.V. L. A, Standard Ref. Adm.
)
35 - Hyd t-
= e Al o <10 <10 Testost 62
= (Dehydroepi- 34 14 12 Testost 107
HO™ androsterone)
17a - Methyl - 175 - 10 — 100 17e-MT 11,63 Oral
A-58 hydroxy androst-4- 10-20 — 50-100 Test prop 11
eno[2,3-d|isoxazole 21 — 170 * *Nitrogen 63 M.T.
retention
e,
17a- Methyl -
A-59 1783 - hydroxy - — 116 95 1Ta-MT 42 Oral
androst - 5 - ene
2 - Methylthio -
A-60 1Ta - methyl -
i 178 - hydroxy - 5a- — 8 11 17@-MT 76 Oral

androst-1-en-
3 -one



§TT

A-61

QOAc

2 - Methyl - 173 -
acetoxy - ba-
androst-1-en-
3 -one

CH

17a- Methyl - 173~
hydroxy - ba-
androst -2 -ene -
2 - carboxylic acid

H e,
2-Formyl- 1Ta-
OHC methyl - 175 -
hydroxy - bo-
androst-1-en-
(8] 3 - one

2 - Fluoromethyl -
FCH; 175 - hydroxy - 5a-
androst - 2 - ene

120
144

18

60
50

47

136
107

48

53
50

47

267
332

59

93
250

136

Testost
Testost

17@-MT

170-MT
17a-MT

Testost

82

82

82
155

82

Oral

Oral
Oral




9Tt

Table IV (continwed)

Number Structure Name V. P._ 5. V. _ L. A. Standard Rel. Adm.
OH
.-CH,
4,4 1Ta- Trimethyl -
178 - hydroxy - 0
A-65 androst-5-en-3 - 0 0 Lestoren <
one
(0]
cH, "CH,
OH
1Ta- Methyl - 173 -
A-B6 hydroxy - So- <0.2 <0.2 <0.4 Test prop 84
androst -3 -en~ 16 26 <23 17e-MT 84 Oral
2-one
17a- Methyl - 173 - 2 2 9 Test prop 84
A hydroxy - So- 40 a5 140 1Ta-MT 84 Oral
androst -2 -en- — 10 20 Test prop 85
1-one — 20 150 1Ta-MT 1] Oral
17 - Methyl - 173~ 8.3 8.3 34 Test prop 84
A-68 hydroxy - 5a- 20 29 170 1Ta-MT 84 Oral
androst -2 -en - — 20 100 Test prop 85

4 - one — 15 100 1Te-MT 85 Oral




LTT

A-69

A-T2

4.4.6,160-Tetra-
methylandrost -
D-en-33,175-
diol

17ce-Methyl - 1o,
173 - dihydroxy -
S5a-androst -2 -
ene

63,17 - Dimethyl -

178 - hydroxy - 5o-
androst - 2 - ene

1o, 17 - Dimethyl -
173 - hydroxy - 5a-
androst - 2 - ene

10

<0.6

10

1.6

14

10

<0.6
14

16
100
100

<0.8
66

4.8
560
20

Testost

Test prop
17ax-MT
1Te-MT

Test prop
1Te-MT

Test prop
1Te-MT
Test prop

B4

84

100

Oral
Oral

Oral

Oral




BTC

Table IV (continued)

Number Name VB 5V L. A. Standard Ref. Adm.
17~ Methyl - 50,773 -
‘ =z 22le 0.7 0.6 1.3 Test prop B4
il e ot e <23 <36  17a-MT 84 oral
2 -ene
17a- Methyl - 2 -
A-T4 bromo - 173 - 8.3 5.6 18 Test prop 84
hydroxy - Sa- 37 52 140 17a-MT 84 Oral
androst-1-en- 50 20-40 Test prop 29
3 - one
2 - Chloro - 1Ta-
A-TE methyl - 175 - 6.7 5.6 32 Test prop 84
hydroxy - ba- 32 43 200 1T@-MT 84 Oral
androst-1-en- — 10 20 Test prop 29
3 -one
2,174 - Dihydroxy -
A-T6 HO Llopmetylobars . 2160 <140 160  170-MT 84 Oral

androst-1-en-
3 - one




67T

A-80

OAc

2 - Methoxy - 17Ta-
methyl - 173 -
hydroxy - Sa-
androst-1-en-
3 - one

173 - Acetoxy -
Se-androst-1-
en-3 - one

175 - Hydroxy - 50 -
androst - 2 -en -
1-one

173 - Acetoxy - ba-
androst-3 -en-
2-one

0.5 1.8
5.9 14
100 400

50-100  100-200

Test prop
1Ta-MT

Test prop
Test prop

Test prop

Test prop

84
84

85

100

85

85

Oral




Table IV (continued)

Number Structure Name Waaey 5.V L. A. Standard Ref. Adm.

0£C

OAc

178 - Acetoxy -

A-81 Ho-androst -2 - — 25 200 Test prop 85
en-4 - one
cHy
4.4.6,1600- Tetra-
methyl - 173 - o
A-82 hydroxyandrost - 10 14 0 Testost 95

5-en-3-one

178 - Hydroxy - 5o~

androstano|3,2-¢]
A-83 /]j 1 4/ thiaz [_ 5 3 — 25 Test prop 92

en - 3'- one
OH
173 - Hydroxy - 17Ta-
methyl - 5o- 33 33 100 17a-MT 93 Oral

androstano[3,2-d| 1.6 1.5 6 Test prop 93
2'- methylpyrimidine




1€C

1T~ Methyl - 175 -
hydroxy - bo-
androstano - 2/~
methyl[3,2-d|
thiazole

1-Methyl - 173 -
hydroxy - 5o-
androst-1-en-
3 - one

1~ Ethyl-173-
hydroxy - bo-
androst-1-en-
3 -one

1 - Ethynyl - 175 -
hydroxy - b=
androst-1-en-
3 -one

10

44

10
40

<4.5
11

30
200

30
88

<7.5
13

Testost
1Ta-MT

Test prop
Testost

Test prop
Testost

Test prop

94

100
398

100
398

100

Oral




(454

Table IV {continued)

Number

Structure

Name

5.V

L. A.

Standard

Ref.

Adm.

A-92

OCH,

OH

1 - Methoxy - 173~
hydroxy - ba-
androst - 1-en-
3 -one

2- Chloro-1-
methyl - 173 -
hydroxy - 5o~
androst -1-en-
3 - one

2-Bromo-1-
methyl - 175 -
hydroxy - 5o~
androst-1-en-
3 - one

2 - Methoxy - 1 -
methyl - 173 -
hydroxy - 5a-
androst - 1-en -
3 - one

wn

<4.5

<45

20

<7.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100



€ET

A-93

CHOH

Et

OAc

1 - Methyl - 4 -
hydroxymethylene-
173 - hydroxy - 5o~
androst-1-en-3-
one

1-Methyl- 118,173 -
dihydroxy - Sa-
androst-1-en-

3 - one

1 -Methyl - 11@,173-
dihydroxy - Sa-
androst-1-en-

3 - one

1- Ethyl- 173-
acetoxy - 5o~
androst-1-en-
3 - one

<4.5

<4.5

<4.5

10

=5

Test prop

Test prop

Test prop

Test prop

100

100

100




1454

Table IV (continued)

Name

W ldh

L. A,

Standard

Ref.

Adm.

_P{umber Structure
QAc

Cl

OAc

A-98

QAc

CH,

Aol o ik

1- Chloro-173-
acetoxy - So-
androst -1-en -
3 -one

1 - Acetoxymethyl -
173 - acetoxy - G-
androst-1-en-

3 - one

1 - Chloromethyl -
173 - acetoxy - 5o~
androst-1-en-

3 -one

1,2 - Dimethyl -
173 - acetoxy - ba-
androst-1-en-
3 -one

<4.5

<4.5

<1.%

<7

Test prop

Test prop

Test prop

Test prop

100

100

100

100



SET

A-101

A-102

A-103

A-104

Cl

CH,0

HO
CH,

QAc

QAc

OAc

OH
-G

2-Chloro-1-
methyl - 173 -
acetoxy - 5o-
androst-1-en-
3 -one

2 - Methoxy - 1-
methyl - 175-
acetoxy - 5o -
androst-1-en-
3-one

1-Methyl- 173 -
acetoxy - 113 -
hydroxy - Soa-
androst-1-en-
3 - one

1,17@- Dimethyl -
173 - hydroxy - 5oe-
androst-1-en-

3 -one

<1.5

<15

50

20-30

200

Test prop

Test prop

Test prop

Test prop

100

100

100

100




9¢T

Table IV {continued)

Number

Structure

Name

N

S.V.

L.A.

Standard

Ref.

Adm.

A-105

A-106

A-107

A-108

OAc

1,17~ Dimethyl -
178 - acetoxy - S~
androst-1-en-
3-one

1,17 - Diethyl -
173 - hydroxy - ba-
androst -1 -en-
3 - one

1 - Methyl - 17a -
vinyl- 173-
hydroxy - ba-
androst-1-en-
3 - one

la- Methyl- 173 -
hydroxy - ba-
androst - 2 - ene

34

<1.5

<4.5

<2.b

<25

=l

30
81

Test prop

Test prop

Test prop

Test prop
Testost

100

100

100

100
398




LET

A-109

A-110

A-111

A-112

OH

CH,
H
OH
CH,
H
OH

OH

14 - Methyl - 173 -
hydroxy - 5o~
androst - 2 - ene

1 - Methylene - 173-
hydroxy - da-
androst - 2 - ene

1,1-Dimethyl - 173 -
hydroxy - ba-
androst - 2 - ene

1,1 - Ethylene - 173~
hydroxy - 5a-
androst - 2 - ene

20-40

20

20

Test prop

Test prop

Test prop

Test prop

100

100

100

100




8€C

Table IV (continued)

Number Structure Name V.P. S. V. L. A. Standard Ref. Adm.
1-Methyl -3 -
chloro-174- o :
A-113 hydroxy - S = <1.5 < 2.5 Test prop 100
androst - 2 - ene
OAc
A-114 173 - Acetoxy - 5o~ —_ 3 10-20 Test prop 100
androst - 2 - ene 60 60 160 Testost 82
H
OAc
1la- Methyl - 175 -
A-115 acetoxy - So- == <1.5 6 Test prop 100
androst - 2 - ene
OAc
CH, :
15-Methyl- 1735~
A-116 acetoxy - ba- — 1.5 T Test prop 100

androst - 2 - ene



A-117

A-118

6¢£T

A-119

A-120

OAc

OAc

OAc

OAc

la- Hydroxy - 175 -
acetoxy - bo- — <5
androst - 1 - ene

lo- Chloro- 173 -
acetoxy - ba- — 10
androst - 1 -ene

lo- Cyano - 178 -
acetoxy - 5o~ — <1.5
androst - 2 - ene

1,1 -Dimethyl - 173~

acetoxy - da- — <4.5

androst - 2 - ene

10-20 Test prop
40 Test prop
<2.5 Test prop

=2ih) Test prop

100

100

100

100




ove

Table IV (continued)

Number Structure

Name

VR,

5. V.

Standard

Ref.

Adm.

OAc

A-121

OAc

A-122

A-123

Cl

OAc

A-124

Cl

1,1 - Ethylene - 173-
acetoxy - bo-
androst - 2 - ene

178 - Acetoxy - ba-
androst -2 -en-
1-one

3 - Chloro-145-
methyl - 173 -
acetoxy - S~
androst - 2 - ene

3-Chloro-1-
methylene - 173-
acetoxy - bo-
androst - 2 - ene

<1.5

=<fii5

10

Test prop

Test prop

Test prop

Test prop

100

100

100

100



1T

A-125

A-126

A-127

A-128

CH,

OAc

3 -Methyl- 173 -
acetoxy - ba-
androst -2 -en -
1-one

lee- Methyl - 1Ta-
ethynyl - 175 -
hydroxy - da-
androst - 2 - ene

13,172- Dimethyl -
173 - hydroxy - da-
androst - 2 - ene

15 - Methyl - 1T~
ethyl - 5o androst -
2-en-178-0l

<4.5

20

-

<2.5

100

<2.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100




e

Table IV (continued)

Number Structure Name V.P. 5.V.

Standard

Ref.

Adm.

OH
-+ CH=CH,

153 = Methyl - 17~
vinyl - 5o — 1.5
androst - 2 - ene

A-129

18- Methyl - 170~
ethynyl - 178 -
hydroxy - Sa-
androst - 2 - ene

A-130

A-131

Bis (13 - methyl - A% -
5a-androsten- 178~ — L
ol - 17a-yl)

OH

1 - Methylene - 17a-
methyl - 174 -
hydroxy - 5a-
androst - 2 -ene

A-132

2-3

<2.5

2.5

10-20

Test prop

Test prop

Test prop

Test prop

100

100

100

100



EFC

A-133

A-134

A-135

A-136

1,1 - Ethylene - 17a-
methyl - 175 -
hydroxy - S~ an-
drost - 2 - ene

1,1,17@- Trimethyl -
173 - hydroxy - 5o~
androst - 2 - ene

3 - Chloro - 13,17Ta-
dimethyl - 5o~
androst -2-en-
178 -0l

1la- Methyl - 173 -
hydroxyandrost -
4 -ene

=l

<1.5

10

e

<8

Test prop

Test prop

Test prop

Test prop

100

100

100

100




¥e

Table IV (conlinued)

Number Structure Name

VP

L. A,

Standard

Ref.

Adm.

OH

EH
1-Methyl- 1735 -
A-137 hydroxy - So-
androst - 1 - ene

OAe

1- Methyl- 173 -
A-138 acetoxy - Sa-
androst -1 - ene

QAc

1o-Methyl - 175 -
acetoxy - androst -
4 - ene

A-139

OAc

lo- Methyl - 173 -
acetoxyandrosta -
4,6 - diene

A-140

3-4

1.5

1.5

30

<2.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100



S¥T

A-141

A-142

A-143

A-144

1,17~ Dimethyl -
173 - hydroxy - ba-
androst-1-ene

2- Chloro- 173~

Cl =
acetoxy - bo-
androst-1-en-

[} 3 - one
H:
OH
2 -Bromo-173-
hydroxy - See-
B
2 androst-1-en-
3 -one
e} 5
H

OH
=

2 - Chloro- 17a-
methyl - 353,175 -
dihydroxy - 5a-
androst -1 - ene

<45

10

10

10

10

20

10-20

Test prop

Test prop

Test prop

Test prop

Test prop

100

29

379

29

29




9T

Table IV (continued)

Number Structure Name V.P. 5.V L. A. Standard Ref. Adm.
2 - Chloro- 17o-
Cl methyl -33 -
A-145 acetoxy - 178 - — 5 4 Test prop 29
hydroxy - ba-
AcO androst-1- ene
OH
.-CH,
e 5 o t 17a-MT 15
173 - dihydroxy- -
A-146 et 100 — — Test prop 15
HO
OAc
178 - Acetoxy - A* - : N
2 CH androsteno[2,3-d| 10 20 80 Testost 13
A-147 N/ isoxazole
N o
OH
.-CHy
H 1Ta- Methyl - 173 -
A-148 ~#C hydroxyandrost - e =
N./ 4,6 - dieno[2,3-d] 1 2-5 Test prop 11
3 isoxazole



A-149

A-1500

L¥T

58

A-1561

A-152

IR

B

OH

175 - Hydroxy - 10-20 — 50-100
androst - 4 - eno- 0 e 0
[2,3-d]isoxazole

CH

(8]

173 - Hydroxy-
androst - 3,5 -
diene

{ Chick comb androgenic
activity 10)

Se- Androst-1-
en-3,17 - dione { 9 By lacrymal gland }

33,173 - Dihydroxy-

2
androst - 5 - ene L 22 N

%

HO

Test prop 11
1Ta-MT bl

Testost 102

Testost 106

Testost 107

Oral




8¥C

Table IV (confinued)

Number Structure Name A d 2 5. V. L. A. Standard Ref. Adm.
OH
173 - Hydroxy-
A-153 androstan - 2,4 -
diene 40 40 120 Testost 155
o}
OEt
3e,173 - Dihydroxy -
e B =
A-154 o G Tl T 150 120 17a-MT 12 Oral
(1’ - ethoxy)eyclo-
o3 hexyl ether
HO"
OAc
3 - Chloro-173-
A-155 acetoxyandrosta - { Favorable ratio } 129
3,5-diene .,
C1
OH
173 - Hydroxy -
11 = 40 Test prop 11
a-156 M 26 BRI, 0 = 0 170~ MT 11
N [2,3+]isoxazole
= :
H



6¥¢

A-157

A-159

A-160

17— Methyl - 174 - 26.5
hydroxyandrost - <
4 - eno[3,2-¢| 22
pyrazole 46.5

17T - Methyl - 173 -

hydroxy - ba- =95
androstano[3,2-d] 2
thiazole

170~ Methyl - 173 -
hydroxy - ba- 20
androstano[3,2-d]
2’ - phenylpyrimidine

17a Methyl- 210
testosterone o7
3 - eyclohexyl 500

enol ether

20

385

500

47.5
B
120

61.5

<25

<25

270

500

D-11
Test prop
1Ta-MT
D-11

1Ta=-MT

17a-MT

1Ta-MT
1Ta-MT
17a-MT

124
124
124
124

94

94

139
139
140

Oral
Oral

Oral

QOral

Oral

Oral




0§¢

Table IV jconfinued)

Number Structure Name A 1el 5. V. L.A. Standard Ref. Adm.
OH
Testosterone
: 19 <1 7 Test prop 141
elbL P clupenenyl s o 15 6 1To-MT 141 Oral
enol ether
Q
o
.~CH,
17a - Methyl - 38 16125 23 Test prop 141
A_162 testosterone - 165 295 250 1Te-MT 141 Oral
3 - cyclopentyl 225 420 285 1Te-MT 142 Oral
enol ether.
e Q
2 OEt
4,5¢ - Dihydro, - A' -
A-163 IBSIEREOIE s 250 760 17a- MT 12 Oral
ethoxy) - 17 - ]
J cyclopentyl ether
o
A-164 240 400 17a-MT 12 Oral

4,50 - Dihydro - A -
testosterone 17 -
cyclopent - 1" -
enyl ether

0 5
H



ISt

A-165

A-166

A-167

A-168

AcO

HO

CH,

G

CH

17a- Propargyl -
35- acetoxy-
androst - 5 - ene

33,1173 - Dihydroxy -
3a-methylandrost -
4-ene

30,173 - Dihydroxy -
38 - methyl -
androst -4 - ene

1T - Methyl 175 -
hydroxyandrost -
4,6 - dieno[3,2—¢|
pyrazole

[=]

Testost 163
Test 3
Test 3
MT 124
Stanozol 124

(D-11)

Oral




(414

Table IV (continued)

androstano[2,3-d]
isoxazole

Number Structure Name V.P. 5.V, L.A Standard Ref. Adm.
OH
~CH,
17T - Methyl -
3 — 120 Stanozolol 396 Oral
A-169 1,0 - androstadiene -
; - Al-17q-
38,174 - diol 60 125 @-MT 396 Oral
HO
1o, 1T - Dimethyl -
A-170 USEl s 42 75 Testost 398




Tahle IV,1

H

Compound R # Andr Anab Q | S8t Rte
Al —OH AT 10-100 | 30-200 2-3 | TP sc
Ll —OAc A-T8 50-100 | 100-400  2-4 | TP sC
= e 15-30 | 50-200 3-7 | TP sc
.CH,
iy {_gg A-B 100-200 | 900-1600 5-16 | MT o
3
_OH i i
ien A-9 3| 5 | TP sc
—
ik A-163 250 | 750 3 | MT o
EtO
Ll —o@ A-164 240 | 400 2 | MT o
e Oxo A-151 gl S sc
1CH, —oH A-86 1-2 | 30 15 | TP SC
1Et —O0H | A-87 <4.5 | <7.5 — | TP sC
1C=CH | —OH A-88 g s SC
10CH, |—OH A-89 <45 | <45 1 | TP sc
1CH, —OAc A-6 10-20 | 100-500 10-15 | TP sc
1CH, —OAc A-6 6 | 36 6 | MT )
1 Et —OAc A-96 <45 | <75 T sC
1C1 —OAc A-97 <45 | <15 ey sC
1CH, OAc| —0ac A-98 <45 | <15 — | TP sc
1CH,Cl | —0Ac A-99 <15 | 4 ey sc
1CH, .{gg A-104 <15 | 200 13 | TP SC
7 3
1CH, e s <15 | <25 — s sc
.CH,
1Et /gtﬂ A-106 <15 | <25 2 | TP sc
OH
1 I - 45 | =1 b
CH, e A < <15 TP sc
3CH, __OH A-10 50-130 | 50-300 1-2.5 | TB,T sc
2Br —OH A-143 10 | 10-20 1-2 | TP scC

ki

253



Table IV.1

( continued )

Compound R| # Andr | Anab Q| st Rte
2 CH, —OAc| A-61  100-140 | 260-330 3| T sc
201 —OAc| A-142 10 | 20 2 | TP SC
2CH, Ay 20 | 50 2.5 | TP sc
“CH, :
2CH, coih (A 130 | 660 4 | MT o
"\CH,
2CH, o A 1|4 o sc
OH .
= = | @,
20N Com. | A-22 10 | 50 3| s
OH |
e - iy
2SCH, o 4 | MT
2 CHO c il Aty 50 | 100-250  2-5 | MT )
3
2Br gt i 8-50 | 20-40  0.8-2 | TP sc
3
2Br S e 40 | 140 3 | MT )
CH, | j
2C1 e s 5-10 | 20-30 2-5 | TP sc
CH,
2c1 ol Wi 40 | 200 5 | MT 0
".CH,
2 OH 7OH | Ang 120 | 160 L (o]
CH,
2 OCH, ~OH | ) 19 5 | 14 3 | MT o
CH,
_OH
63CH, “.CH, | A-19 10 | 50 5 | TP sc
64 CH, A it ) e s sc
1CH, 2C1 —OH | A-90 5 | 50 10 | TP sc
2CH, 2Br —OH | A-91 2 | 10 5 | TP sC
1CH, 20CH, —OH | A-92 <45 | <1.5 e sc
1 CH,, 4—CHOH—OH| A-93 <45 | <15 e sc
1CH, 1180H —OH | A-94 <45 | 10 — | e sc
1CH, 11aOH —OH | A-95 <45 | <15 o sc
1CH,, 2CH, —OAc| A-100 il - sc
1CH, 2C1 —OAc| A-101 5 | 50 10 | TP sc
1CH,, 20CH, —OAc | A-102 <15 | <2.5 D sc
1CH,, 1180H —OAc | A-103 5 | 20-30 4-6 | TP sc

254



Table IV.2

Ry
R2
Compound |

R, R, # Andr | Anab Q | &t Rte

=g | —e [ 50 | 40 0.8 | TP sc

e e s 15-100 | 25-50  0.5-2 | TP sc
-CH,

— 3goH | <9 | alss 100 | 420 4 | MT 0
.CH,

— 3gon | | A 5 | 2 — | TP sc

2C1 3gon | /O | A-144 10 | 5-10 | o sc

— 3pOAc | —OAc| A-14 50 | 40 0.8 | TP sc

 reaac| Tl 100 | 200 2 | TP sc
CH,

— spoac| .o | A1 ol — e sc

2¢l 380Ac | «OF | A-145 5 | 4 e scC
CH,

o ok 2 10 | 60 6 | MT o

s e s 25-44 | 95 2-4 | T sC

L oh ot | 35 | 100 3| T sc

1CH, H, —OH | A-137 3-4 | 30 10 | TP SC

1CH, H, —OAc| A-138 15 | 2-3 =8 D sc

1CH, H, o0 | A1 <45 | <45 1| TP sc
3

£ gl —OAc| A-1 62 | 85 12 | T sc

% CH, H, —OAc | A-35 25 | 50 2 | T sc

& spom | -Zon | A-169 60 | 125 2 | AMT 0
3

255



Table IV.3

Compound R # Andr | Anab Q | St Rte
o —OH A-2 50 | 150 3| T scC
il —OAc A-114 60 | 160 3| T sC
— s A-22 20-80 | 100-360 R [T sC

.CH,
i i A-22  50-200 | 200-400  2-4 | MT o
& 3
1a CH, —OH A-108 3| 30 10 | TP sc
1o CH, —OAc A-115 <15 8 L ges sC
1o CH, o A-T2 5| 20 4| TP sc
-CH,
la CH, o A-72 60 | 560 9 | Mt o
.CH,
\OI. -
la CH, e <1.5| <2.5 e sc
1o OH —OAc A-117 <5 | 10-20 4| TP sC
la OH e A-T0 30 | 100 3 | MT 0
3
1aCl —OAc A-118 10| 40 4| TP sc
1¢CN —OAc A-119 <15 | <2.5 e T sC
18CH, —OH A-109 5| 20-40 4-8 | TP sc
18CH, —OAc A-116 <15 7 — | T sC
16 CH, O A-127 20 | 100 5 | TP sC
.CH,
18 CH, \mw A-128 <15 | <2.5 < g sc
l\om - - —
18 CH, e | A <15 2-3 TP sc
OH . g
13 CH, _.\..omom A-130 <1.5| <25 —mp sC
13CH Dimer| ~OH A-131 <1.5| <2.5 S e sc
fa(2}
1,1CH), |—OH A-111 <45/ 9 D sc
1,1{CH,), |—OAc A-120 <45 | <15 — | TP sc
1,1(CH,), .._\mm A-134 <15/ 5 = sc
AR
10xo —CH A-T9 b Rl — | TP 5C
10xo0 —OAc A-122 <15 10 — | s sc
10xo0 o A-67 10| 20 2 | TP sc
CH,
10x0 i mm A-6T 30 | 150 5 | MT o
3
1 =CH, —OH A-110 6| 20 3| TP sc
1 =CH, _OH A-132 <5 | 10-20 4| TP sC
“.CH,




Table IV. 3 (continued)

Compound R i Andr Anab Q | St Rte
1,19 —oH A-112 4| 20 5 | TP sc
11V | —oac  |A-121 <45| <75 =alne sC
ity s A-133 3| 10 3 | TP sc

3
18CH,, 3C1 | —OH A-113 <15| <25 e sc
18CH, 3C1 | —OAc  |A-123 <4.5| <15 e sC
1568, 301 08 A-135 <15| <25 | e sc
3
10x0, 3CH, | —OAc | A-125 <4.5| <15 & e sC
] =CH,, 3C1 | —OAc | A-124 <15 <25 i sC
la CH, [2,8-d]} ~OH A-170 35| 75 5| T sC
Isoxazole + CH,
2 CH, —OH A-23  30-240| 100-150 0.5-4 | TP sc
2 CH, b A-24 75| 310 4 | TP sc
" CH,
2 CH, A 35| 58 2 | TP sc
7. cn,
2 CH, Ao A-24  100-300| 1000 3-10 | MT o
a
20N —OH A-44  80-200| 250-550 3-4 [ T sc
2CN —OCapr | A-21 150| 850 6| sc
2CN o A-43 110| 350 1 sC
<. CH,
2CN S A-43 45| 800 20 | MT 0
<. cn,
2 CN T Aty <9| <9 i sC
" CH,
20N <98 | A58 10| 22 2 | mMT o
&
2 CHO —OH A-36 15| 100 8| T sc
2 CHO o A-28 20-50| 100 el || e sc
a
2 CHO e A-28  20-110| 140-T80 7 | MT 0
3
9CHO, A* | —OAc | A-37 10| 10 oo c
2 CHF, —OH A-29 8| 8 e sC
2 CHF, —OAc | A-40 50 150 3T sc
2 CH,F —OH A-64 41| 136 5| T sc
2 CH,F —oA: | A-41 40| 200 5| T c
2 CH,0H —OH A-38 20-60| 220-450 8-10 | T sC
2 CH,0H S A-26 50| 200 s| T sc
<. CH,
2 CH,0H o s 30| 210 7| mr 0
*++ CHy |

25



Table IV, 3 (confinued)

Compound R # Andr Anab Q| st Rte
2CH, C1 —OAc A-30 10 10 —_— £} sC
2CH,CH,OH | —OH A-50 <30 | <10 — | T 5C
2CO0H oo A-62 30 | 60 2 | MT o

T (OH
mm.wl_&
isoxazole —0OH A-156 11 | 40 4 | TP sC
[4j2adl —OH A-149 10-20 | 50-100 5 | TP sc
isoxazole, &

[2,3-d _~OH AL sC
isoxazole,&' | **-CH, A-58 10 | 100 10 | MT o
[2,3-d] —QAc A-147 20 | 80 A5 T s5C

isoxazole, A
[2,3-d] _OH

isoxazole A& | - CH, A-148 1] 2.5 e s5C
[2,3-d] _OH

isoxazole “+. CH,4 A-30 25 | 200 8 | MT (0]
[3,2-4] _OH

thiazole . CHy A-158 <25 | <25 1 | MT o}
[3,2-dlcH, | oH

thiazole *+«CH, A-BS 40 | 200 5 | MT o
[3,2-d|CH, _-OH

pyrimidine | *-- CH, A-84 33 | 100 3 | MT (0]
[3,2-¢]

thiazenone —0OH A-83 3| 25 T sC
_..mumlw_”_

quinoline —OH A-33 10 | 10 e sC
3CH, 0 A-25 5| 8 — | Mt 0

- CH,
4 Oxo —OAc A-81 25 | 200 8 | TP sC
40x0 S A-68 20 | 100 5 | TP sc
a
40xo0 e A-68 15-30 | 100-150  5-6 | MT o
3
A —OH A-153 40 120 a3 | sC
IS —0Ac A-46 45 100 20 sC
50 OH ook A-73 <20 | <35 1.5 | MT !
3
63 CH, \OE A-T1 12 66 5 | MT 8]
. OH:H.w

258



Table IV.4

Compound R # Q| 5t Rie
=5 —OH A-3 40 | 80 2 | T sC
2=CHOAC| —OH A-47 20 | 20 1T sC
20xo0 —OAc A-80 14 0 |l e SC
20xo0 . OH A-66 20 | 20 1 | MT 0
CH,
Table IV.5
R
Compound R # Andr | Anab Q | st Rte
s — (G A-150 Yol = sC
~OH r _ _
B o A-48 5 20 4 | T sc
20 CH, ol A-51 20 | 50 25T sC
‘CH; [
3CH, e A-32 31 | 25 08 |[MT 0O
.CH, _
3C1 —OAc A-155 — <1 |T SC
3 o— | .~OH A-160  200-500 | 300-500 1| MT 0
““CH,
3 U!ol —OH A-161 30 | 6 0.2 | MT 0
3 U\ol \mm A-162  160-400 | 250-300 0.8 | MT o}
e 3
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Table IV.6

Compound R # Andr | Anab Q | St Rte
— —OH A-49 6| <10 Y sC
OH
L ~ i
CH, A-59 116 | 95 0.8 MT 0
33 OH —OH A-152 20 | 10 05| T sc
38 OH o A-B 30-60 | 20-60 1| TP sC
O E.a
33 0H e A-5 60 | 60 1| mT 0
.CH,
38 OH Oxo A-5T <10 | <10 = sc
Y |
330Ac ""Propargyl |A-165 00 T sC
380H,4,4 (CH,),
ey dmein, L O A-69 12 | 0 Ly sc
30xo0, 4,4 (CH;),
~OH A-34 00 e | sC
30x0,4,4 (CHy), | —OH
“CH, A-65 00 — |\ sc
30x0,4,4
(CH,),, 8 CHy, —OH A-82 10 |0 =ulen sC
16 CH,

260




Table IV.7

R,
Compound
R # Andr | Anab Q| st Rte
|
— —0OH A-4 il |l i ||y sC
= —0OAc A-52 10 | 10 L sC
1a CH, —0OH A-138 <5 | <8 — | TP e
la CH, —0Ac A-130 =l || e — | TP Sl
lo CH,, A% |—OhAc A-140 <16 | <25 — | TP sC
30 OH |—0Ac A-55 75-150 | 90 0.6-1.2 | T sC
30 OH ‘0/) A-154 150 | 120 0.8 | MT o
EtO\_
3o OH,
33CH, -0OH A-187 0| — e sC
33 0H —OH A-54 125 | 95 0.8 | T SC
OH TP sC
36 OH decin | [FARLIGEEER0ZI00 e e =
38 OAc —0A¢ A-56 131 6 — | T 5C
38 OH, 30
CH, —0H A-186 0| — —|T sC
[3,2-c] OB
pyrazole *«CH,4 A-157 22| 120 5 | MT O
_”m.Muh_”_ \Om
pyrazole, &| *-CH, A-168 00 — | MT o
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Table V

Number Name V.P. V. L. A Standard Ref. Adm.
OH
—_ ki 66 Test prop 65
19 - Nor- 50 27 125 Testost 35
N-1 e 39 36 390 Testost 35 Oral
— 6 100 Test prop 67
<10 20 200 Testost 64
]
OProp
19 - Mor-
N-2 testosterone - 41 259 Test prop 65 [See also
propionate ref.105
(Lacrymal
gland)]
OAc
19 - Nor- 1086 108 225 Testost 35
N-3 testosterone 62 o6 87 Testost 35 Oral
acetate
— 5} 100 Test prop 67
85 55 90 Testost 35
17~ Methyl - 19 - 192 600 1420 Testost 35 Oral
N-d nortestosterone 37 37 450 Testost 64
— 125 325 17a-MT 66 Oral
110 — 580 1Te-MT 44 Oral




€92

38 38 77 Test prop 32

— 33 103 1To-MT 42 Oral
170 - Ethyl - 19 - 12 —_ 80 Test prop 81
nortestosterone = 1j 104 Test prop 36
57 24 200 1Ta-MT 67 Oral
37 29 120 Testost 79
OH
.-CH=CH,,
17~ Vinyl - 19 - —_ 2 20 Test prop 67
nortestosterone 18 i, 24 Testost 79
(0]
3 10 40 Testost 64
17 - Ethynyl - 19 - = 1 1 Test prop 67
nortestosterone 27 12 20 Testost 79
2 — 20 Test prop 91
5 _ 22 421 1Te-MT 42,250 Qral
Heasl e o — 170 170~ MT 63 Oral
e’:e 2 17 = 40 17ce- Ethyl-
; nortestost M}

40 40 200 17a-MT 107 Oral




¥92

Table V (conilinued)

Number Structure Name Wy S. V. EA Standard Ref. Adm.
OAc
Ta- Methyl - 178 - 290 580 350 Testost a5 (See also
acetoxy - estr - ref. 105)
N-9 i e 165 145 165 Testost 35 Oral
Sl s O == 650 2300 Test prop 73
— 540 840 1Ta-MT 73 Qral
3 : 220 440 320 Testost 35
TfT’ ITg‘dD‘mCthl E 326 540 365 Testost 35 Oral
N-10 T Tiohyeel = 1800 4100  17¢-MT 70 Oral
Slinemone ¢ 519 By lacrymal gland) 19-Nortestost 105
Ta-Methyl-173- —_ 250 590  1Ta-MT 70 Oral
N-11 hydroxy - estr - — 300 1340 Test prop 70
4-en-3-one { 519 By lacrymal gland} 19 Nortestost 105
4 - Chloro - 1Tq-
N-12 el = 25 35 71  Test prop 32

hydroxyestr -4 -
en-3 - one




§9T

H

Cl
OH
H
CH3
OAc
H

4 - Chloro - 17q-
methyl - 173-
propionoxyestr -
4-en-3-one

4 - Chloro-173-
acetoxyestr -4 -
en-3 -one

4 - Methyl - 173 -
hydroxyestr -4 -
en-3 -one

4 - Hydroxy - 175 -
acetoxyestr -4 -
en -3 -one

14

26

3

46
20

18

20

40

59
20

70

112

660

20

92

Test prop

Test prop
Test prop
Testost

Test prop

Test prop
Test prop

60

32
107
126

33

32
107
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Table V (conlinued)

Number Structure Name MBS {5 3 L.A. Standard Ref. Adm.
Q
H
N-17 Estr-4-en- 45 16 58 Testost 35
3,17 - dione 55 31 37 Testost 35 Oral
0]

To- Methylestr -

120 162 124 Testost a5
=] e =
NIS 0y S 165 510 960 Testost 35 Oral
dione
3 - Methylene - 17q -
N-19 = e = 35 42 17a-MT 48 Oral
hydroxyestr -
4 -ene
3 - Methylene - 17¢ -
N-20 e i =0 4 5 17~ MT 48 Oral

hydroxyestr - 4 -
ene




L9T

N-22

N-24

OH

CH,

163 - Methyl - 1753 -
hydroxy - estr -
4-en-3-one

2¢- Methyl - 175 -
hydroxy - ba-
estran - 3 - one

2,2,17a- Trimethyl -
173 - hydroxy - So-
estran - 3 - one

2,2,17a- Trimethyl -
34,178 - dihydroxy -
Sx- estrane

10

10

20

40

40
14

Test prop

Test prop
Test prop

Test prop

Test prop

60

60
107

60

60
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Table V (conlinued)

Number Structure Name V.P. 5.V. L. A. Standard Ref. Adm.
OH
H 5 - Methyl- 173~
N-25 hydroxyestran- <5 <5 14 Testost 56
3 - one
17a- Methyl - 33,
N-26 173 - dihydroxyestr- 50 50 700 17Ta-MT 68 Oral
-5-ene
17w - Ethyl - 33,
N-27 173 - dihydroxyestr- 20 20 400 1Te-MT 68 Oral
-5-ene
OH
H
178 - Hydroxy - ba- <10 <10 <10 Test prop 71
N-28 estr - 2 - ene 2 2 20 Test prop 89




69¢

N-29

N-30

NC

H

17 - Methyl - 173 -
hydroxy - 5a-
estr - 2 - ene

2-Cyano - 178 -
acetoxy - bo-
estr -2 - ene

2 - Hydroxymethyl -
178 - hydroxy - o -
estr - 2 - ene

2-Formyl-173-
hydroxy - So-
estr -2 - ene

<10
2
25

30

=51'5

<40

<10

47

50

<15

<10

10

110

100

50

30

Test prop
Test prop
17Ta-MT

Testost

Testost

Testost

56

56

QOral




Table V (continmed)

Number Structure Name Nl 5. V. L.A. Standard Ref.  Adm.
OH
_.-CH, —HC=CH,
N-33 17a- Allyl- 10 10 10 Testost 64
estrenol = —_ 10 Test prop 67
OH
H 38,174 - Dihydroxy-
N-34 estr -4 - ene S >0 Hi e e
HO
N-35 1Ta- Propyl-19 - — <1 10 Test prop 67
£ nortestosterone 8 11.5 Testost 79
1T7a- Butyl - 19 - ;
i nortestosterone i <2 <5 Test prop 67




ILT

N-37

17~ Ethynyl - 173 -
hydroxyestr -5 -
en-3 - one

1T@- Ethyl - 175 -
hydroxyestr-5 -
en-3 - one

17 - Methyl - 173 -
hydroxyestr - 5 -
en-3 -one

170~ Methyl - 175 -
hydroxyestr - 5(10)-
en - 3 - one

<8
20

<h
30

10
120

Same as N-T

Same as N-5

Same as N-4

Test prop
Testost
Test prop

68

68

69

31
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Table V (continued)

Number

Structure

Name WioiZh

S.V.

Standard

Ref.

Adm.

N-41

N-42

N-43

OH

OAc

4.4 -Dimethyl- 173~
hydroxyestr-5- 0
en-J-one

4.4 17a- Trimethyl -
173 - hydroxyestr - 0
5-en-3-one

17~ Ethynyl- 173 -
hydroxyestr - 5(10) - <10
en-3 -one

23,33~ Epoxy - 10 -
cyano - 175 - acetoxy- 0
Da- estrane

<10

Test prop

Test prop

Testost

Test prop

33

33

64

1



€LT

N-45

133 - Ethyl - 173 -
hydroxygon - 4 -
en - 3 - one

17,134 - Diethyl -
173 - hydroxygon -
4-en-3-one

17w,138 - Diethyl -
175 hydroxygon -
4-ene

lo-Methyl-173-
hydroxy - 5a-
estran - 3 - one

625
21

280

17

120

90
54

860

350
1630

160

20

19 Nortestost 77
Test prop 88,91

17 - Ethyl- 77
nortestost
Test prop 81,88,91
MT 290

17x- Ethyl- 77
nortestost

Testost 78
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Table V (continued)

Number Structure Name NP 5. V. 1L, 255, Standard Ref. Adm.
e ]Egjg‘iﬁt‘;ﬂ:’;”ﬁ* <0.6 <0.6 13  Testprop 84
- JoRoRY 9 <1 <14 17a- MT 84 Oral
Sa-estr -2 -ene
e l;i;uf(;rl‘;'letl'iysl;_l'fﬁ— 1.6 2.3 2.4 Test prop 84
° YRy 110 200 170 17q-MT 84 oOral
estr-1-ene
17~ Ethynyl -
N-51 133 - ethyl - 178 - 8 — 70 Test prop 83
hydroxygon -4 - 6 — 50 Test prop 91
en-3 - one
133 - Ethyl - 178 -
N-52 bydroxy ~Ta- 60 — 300 Testprop 88

methylgon - 4 -
en - 3 - one




SLT

OH

133,17~ Diethyl -
178 -hydroxy - Ta-

methylgon - 4 - en - Eo ik &
3~ one

133- Ethyl - 173-
ethynyl - 178 -
hydroxy - Ta- 26 — 27
methylgon - 4 -
en-3-one

173 - Hydroxy - 10 - 0.9 0.9 0.6
hydroxymethyl -
e e 0 0 0
ba-estr - 2 - ene

170~ Methyl - 173 -

hydroxy - 10 - 0.6 <0.6 1.3
hydroxymethyl - 4] 0 0

S - estr - 2 - ene

Test prop

Test prop

Test prop
17e-MT

Testost
170-MT

88

88

89
89

89
89

Oral

Oral




Table V (continued)

Number Structure Name V. P. SaE L. A. Standard Ref. Adm.

CN 10 - Cyano - 36,
N-57 175 - dihydroxyestr - 0 0 0 Test prop 99
5~ene
HO

10 - Cyanoestr -
4-en-3,17- 0 0 0 Test prop 99
dione

9LT

10 - Formyl - 1Tc-
methyl - 38,175~
dihydroxyestr -
9 - ene

<10 <10 =10 Test prop 99

HO

OH
.C

10 - Hydroxymethyl -
17 - methyl - 33,
173 - dihydroxyestr -
5 - ene

< 10 <10 0 Test prop 99




LLT

N-62

N-63

OAc

OAc

QAc

la-Methyl- 175~
acetoxy - da-
estran- 3 - one

la-Hydroxy - 175 -
acetoxy - o -
estran - 3 - one

1,2~ Methylene -
173 - acetoxy - bo—
estran- 3 - one

1-Methyl-175-
acetoxy - ba- estr -
l-en-3-one

<1.5

2-3

<4.5

20-30

20-30

20-30

4.5

Test prop

Test prop

Test prop

Test prop

100

100

100

100
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Table V (continued)

Number Structure Name W50 el A0 L. A. Standard Rel. Adm.
OAc
N-65 1o - Methyl - 178 -
acetoxy - o - — < 1.5 < 2.5 Test prop 100
estr -2 - ene
OH
ECH,
HOa,
H 17a - Methyl - 113,
N-66 178- dihydroxyestr - — 260 800 1T -MT 24
4-en-3-one
(@]
OH
1Ta - Ethyl - 113,
-67 —di =
A loedityduony, = 80 110 17¢ - MT 24
estr-4-en-3-
one
OH
OH . Tt
= 1033,173- Di- {Ratio given, 1.5} Testost 14
N-68 hydroxyestr - 4 - —_— — < 20 Test prop 31 17 - Acetate
en -3 - one



6LT

N-69

=T

S¢ - Fluoro - 108,
173 - dihydroxy -
17w - ethynyl-
estran- 3 - one

(Ratio given, 1.7)

QAe

173 - Acetoxy - At -
estreno(2,3 - d| 10 20 80
isoxazole

L

Estr - 5(10) - ene -
178 -0l 17 -

cyclopent -1’ - 2 20 20
enyl ether
17q - Methyl -
178 - hydroxy -
dSlydros — 10-20 — g

19 - norandro-
stano [2,3-d]
isoxazole

Testost

Testost

1T -MT

Test prop

13

12

1483

Oral
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Table V (continued)

Number Structure Name

NV

Standard

Ref.

Adm.

Ta - Methyl - 17a -
ethynyl - 173 -
hydroxy - estr -
4-en-3-one

N-T3

4 - Hydroxy - 17¢ -
methyl - 173~
hydroxyestr -
4-en-3-one

N-T4

OH

19 - Nor-
testosterone
R \N’/ dimethyl-
Ry hydrazone

OH

H 17a - Methyl - 178 -
hydroxyestr - 4 -
N6 = ene[2,3 - d]
B isoxazole

1024

281

20-40

105

==

1304
105
1304

10

100

17T -MT

17 - Methyl -
nortestost
170 - MT

Test prop

Test prop

103

127
127
127

128

130

Oral

Oral

Oral

Oral

Oral



18T

N-T78

N-80

ococgyG

4 - Hydroxy - 19 -
nortestosterone
17 - cyclopentyl-
propionate

OH

0COC(CH,),

Nortestosterone
17 - trimethyl-
acetate

OCOC,H,

e Norilestosterone
17 - benzoate

OCOCEPLG

" Nortestosterone
17 - cyclopentyl-
propionate
(ester)

40
32

25

1st week
2nd week
ird week
4th week

2.5-5.0

20

120
100
160
150

13

50

202

Relative to
testost 17 - 244
cyclopentyl-
propionate

Test prop 65

Test prop 107

Test prop 65
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Table V ( continued)

Number Structure Name NP SENE L.A Standard Ref. Adm.
0{7
Nortestosterone
N-81 H 17 - cyclopen - — 40 440 170 -MT 12 Oral
1’ - enyl ether
o
.cH;
17 - Methyl -
N-82 S EES 145 364 174 -MT 107
17 - cyclopent - 17 -
enyl ether
Q. cH,
172 - Methyl -
> 178- hydroxy- e 2
N-83 S S A0 cne 130 286 17a -MT 107
17 - cyclopent -
1’ - enyl ether
OCO@
19 - Nortestos - 1st week 5.0 26.4 ;
N-84 H terone 17 - 3rd week 11.2 58.1 l?eatlt": 147
adamantoate 6th week 8.8 103.6 ;J'-Lés
[same dose Bth week 9.4 97.3

{once) |



€8¢

N-85

N-86

OCOC,H ,-»

OCOC,H, ;-1

([')H

19 - Nortestos- 1st week
terone 17 - n - 3rd week
decanoate fith week
[same dose 8th week

(once) |

19 - Nortestos-

1st week
terone 17 -

e 2nd week
pion:ftflrj [same Hhomeek
P : % 6th week
dose (once)]

13 % Nortf,?to:_ 1st week
=R Tl 2 2nd week

decanoate
[same dose e
6th week

{once)]

6o - Methyl -
178 - hydroxy- 17

estr-4-en-
3 - one

23.8
13.9
15.8
ilatil

19.7
13.3
el
13.8

1]

37.4
32.0
53.3
60.4

46.3

110.2
68.8

26

Relative

femas 147

ERelative
SECEEn 148
N-87

Relative
S8

Test prop 107

*s. ¢.= subcutaneous administration
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Table V (continued)

Number Structure

Name

el 2

5. V.

Standard

Ref.

Adm.

OH

N-89

173 - Hydroxy -
ba - estran -
3 - one

17a - Methyl -
173 - hydroxy -
5S¢ - estran -
3 - one

17a - Ethyl- 178 -
hydroxy - 5a-
estran - 3 - one

1175 - Hydroxyestr-
5(10)-en-3 -
one

10

10

<10

100

10

Test prop

Test prop

Test prop

Test prop

31

31

31

31




58T

N-95

N-96

OH

OH

17 - Ethyl -
173 - hydroxy-
estr - 5(10) -
en - 3 - one

17w - Ethyl - 33,
178 - dihydroxy -
estr - 4 - ene

173 - Hydroxy-
estra - 4,9(10) -
dien - 3 - one

17e - Methyl -
173 - hydroxy-
estra - 4,9(10) -
dien - 3 - one

30
200

10

30
300

50

100

130
1000

Test prop

Test prop

17@ -MT

17 -MT
17 -MT

31

107

154

Oral
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Table V (contined)

Number Structure

Name

CH,

N-100

OH

OH

17@- Ethyl - 178 -
hydroxyestra -
4,9(10) - dien -

3 - one

133,170- Diethyl -
173 - hydroxygona -
4,9(10) - dien -

3 - one

17~ Methyl - 1748 -
hydroxyestra -
4,9,11 - triene -
3 -one

10 - Vinyl - 198 -
hydroxyestr -
4-en-3-one

Vo B 8. L. A, Standard Ref. Adm.
10 10 100 1Ta-MT 154
30 30 150 1Ta-MT 154 QOral
130 —_ <60 170~ Ethylnor- 77
testost
860 — 1450 17w~ Ethylnor- 77
testost
6000 7500 12,000 1Ta-MT 55 Oral
== — 30,000 1Ta-MT 74,75
75 89 52 Testost a2



L8T

N-101

N-102

N-103

N-104

10 - Ethyl - 198 -
hydroxyestr -
4-en-3-one

OH

T, 1Ta- Dimethyl -
173 - hydroxyestra -
4,9,11 -triene -

3 -one

OAc
173 - Acetoxyestra -
4,9,11 -trien -
3-one
OCH,OCH,
|
173 - Methoxy-
methyloxyestra -

49,11 - trien -
3 - one

5 3 4
over over 10,000
10,000 10,000
500 500 500
2000 2000 2000

Testost

1Te-MT

Nortestost
acetate

1Ta-MT

82

159

159

159

Oral

Cral
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Table V ({conlinued)

Number Structure Name A 5.V L.A Standard Ref. Adm.
ococ, H,,
‘. e de“’_"YEStra ~ 500 500 500 Nortestost 159
N-105 ,9,11 - trien - £ 1 _
3-on-17-n- (=G e
- undecanoate BLorate
(8}
1
Q=g
>
CH, 175 - Hyd 3] -
o U W 500 500 Nortestost 159
N-106 L 3: one - 17 - carbo- 8 - phenylpro-
benzoxyate pionate
o]
OH
17w~ Cyclopropyl -
N-107 17,3 - hydroxy - 6 6 50 170~ MT 392 Oral

4 - estrene




Table V.1

Compound R [ & Andr | Anab Q | st Rte
—OH N-1 37 | 125 4T sc
—oH N-1 37 | 390 10 | T 0
—OProp | N-2 40 | 260 6 | TP sc
—OAc N-3 60-100 | 90-220 1.5-2 | T sc
A0 N-4  30-80 | 100-450 2-10 | T sc

-CH,
Ol N-4 100 | 300-600  3-6 | MT o)
.CH,
- N-5 40 | 120 3 |T sc
e N-5  25-55 | 100-200  3-4 | MT 0
“Et g o 7 =
oH
.CH=CH, | N-6 10 | 20 2 | T sC
OH '
it N-T 10 | 20 P sc
OH
P i
] N-35 7 | 10 13 |7 sC
OH
- NEgs R ol Climp SC
‘C.H,
/o@ N-82 145 | 364 2 | MT )
7.CH,
= N-17 30 | 50 15 | T sc
—OCOC(CH,)| N-78 <2 | 18 9 | TP sc
—0COCC, Hy | N-79 GiRtels0 10 | TP sc
0co
2H14<:] N-80 20 | 200 10 | TP sc
—O—G N-81 40 | 440 11 | MT 0
—0— B o st aes 1001 sC
Adamant.

289



Table V.1(continued)

Compound R l # Andr 1 Anah Q| St Rie
4 SR e i ke sc
Decanoate |
15 gy i sy Lk e e sc
Decanoate
= 258 N-86 ol A sc
CH,C, H,
3 Dimethyl-
hydrazone OH N-T5 5 10 2| TP O
2 2(CE) N-23 a oo mi e sc
‘CH,
OH
- 12 30 5
401 e 71 TP sC
401 oo 16 | 70 4| TP sc
$)
4Cl1 —OAc | N-14 22 | 112 5 | TP sc
4CH, —OH N-15 5 | 20 4| TP sC
40H —OAc | N-16 20-60 | 50-90  1.5-2 | TP sc
oco
40H CQH*_G N-T7 35 | 130 3.7 | TCPP sc
4 0H aeon N-74 280 | 1300 45 | MT 0
i
gnich | on N-88 17 | 28 15 | TP sc
7aCH, —OH N-11 300 | 1350 45 | TP sc
fa CH, | —ou N-11 250 | 590 2 | mT 0
7@ CH, =0 N-18 300 | 900 sl )
7aCH, = N-18 120 | 120 i) sC
Ta CH, {gg N-10 350 | 350 1| T sc
Techl g ARINID 1800 | 4100 2.5 | MT 0
-]
_OH L dhaatl i
ToroB I o N 115 MT o)
74 CH,  —Ohc |N-§  300-600 | 350-2300 2-4 | T sC
7T¢CH,  —OAc |N-8 540 | 840 1.6 | MT 0
G oH T N-66 260 | 800 3 | MT o
CH
—~OH
116 OH o N-67 80 | 110 1| MT o
1680H  —OH N-21 10 | 40 4| TP sc
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Table V.2

&
H
|
Compound R # Andr Anab Q | st Rte
A /gg N-50 150 | 170 1.2 | MT 0
3
#1CH, —OAc | N-64 <45 | <45 =T e
A2 —OH N-28 2 | 20 10 | TP e
A o N-29 35 | 110 3| MT o
3
A% 9CH, OH —OH N-31 15 | 50 3| T sc
A2 2CHO —OH N-32 235 | 30 12 | T sc
A?,1¢CH, —OAc | N-65 <45 | <45 g sc
2, 2CN  —OAc | N-30 40 | 100 2.5 | T sc
A -{fE)f’ N-8 20-40 | 200-400 5-20 | MT 0
OH
4 R i e
. Aty | N-98 100 o T sc
43808 D0 N-94 L e sc
# 330H -.{EH N-107 6 | s0 8§ | MT o
#330H —OH | N-34 5 | 50 10 | TP sc
g ar i Ol N-19 35 | 4z 1| MT o
s -CH,
Attt L N-20 A 1| MT o
"34: [2n3'd..|
isoxazole —OAc N-T70 15 80 F sC
4[2,3-d] _-OH
isoxazole "-CH, N-T6 30 100 & |1 e sC
OH :
5 e £ Ja
&L 3C0 “.CH, N-39 Same as N-4
#,500 it N-38 Same as N-5
: _OH . 5
& 3C0 To—cy | N 37 ! Same as N
#,3CO, _-OH -
4,4,(CH,), CH, N-42 ol e sc
#3808 - OH N-26 50 | 700 14 | MT )
L] i “CH:‘ | |
| |
#3600 o8 | N-2; 20 | 400 20 | MT 0
28, 3CO,
4,4,CH), —OH N-41 ol o — | P sC
1o CH,,3C0 —OH N-48 0| 20 20 | T sc
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Table V.2 {continued)

Compound R # Andr Anab Q | st Rte

la CH,, 3CO—OAc | N-61 <1.5 | 20-30 15 | TP sc

1¢OH, 3CO —OAe | N-62 5-3 | 20-30 10 | TP sC

Ta 2o G s 4.5 | 20-30 5 | TP sc

—CH,, 3CO

2,2 (CH,),, _OH

35 0H “.CH, N-24 o | o M i sc

Phiial

isoxazole ~“~CH, N-172 10 | 10 1| TP sc

92 CH,, 3O —OH N-22 20 | 40 5 | TP sc

3C0 —OH N-89 LU L sc

3C0 ~OH N-90 10 | 100 10 | TP sc
“.CH,

3C0O s N-91 L — | TP sC

3C0, 5¢CH, —OH N-25 | 3 |T sC
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Table V.3

B
Compound R # Andr | Anab St Rte
- —o— |IN-T1 40 | 120 | MT 0
%
L ,o»</ | IN-83 130 | 286 MT 0
CHS |
3CO —OH  [N-92 Ll e TP sc
3C0 g N-40 25 | 150 T sc
3
3c0 = N-93 i e TP sc
3C0 celo el <10 | <10 | T sc
—on | :
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Table V.4

Compound | R, R, # Andr | Anab Q | St Rte
A GENOHIE SO R R T L sc
CH,
a2 oH ot v el 1 <z | MT 0
. . |
at G ORI on R Gl — | T, MT SC,0
2,38 Epoxy | CN &l g 0 lo i sc
OH
= / T Ee -
3CO,5F |OH o oy | -89 17 | T sc
3co,&4  |oN - N-58 0|0 e SC
3C0,#  |OH R N R 15 | T SC
3CO0 & |vinyl | —OH |N:100 80 | 50 0.6 | T sc
304 |Bthyl | —OH |N-101 4 |4 S SC
330H4 | CHO {gg N-59 <10 | <10 i sc
1
3g0RS |cHom | <00 IN-s0 <10 | <10 e sc
3
380H& |CN o 0o — e SC

294




Table V.5

Compound R # Andr Anab Q| St Rte
At 720 Inea 120 | 160 1.3 | EENT sC
3C0, 4 —OH  |N-45 21 | 54 2 | Tp SC
30,4 -{EF N-46 17 | 350 20 | TP sc
: _OH i
3C0, 2 o o |N-51 7 | 70 10 | TP sc
3C0,4,
To CH, S OH D 60 | 300 5 | TP SC
300, 4. _OH  [N=B3 70 | 48 07 | Tp sc
T CH, iR
3Co, &, _OH  |N-54 26 | 21 1] TP sc
Ta CH, .C=CH
3C0, &, _OH |N-98 860 | 1450 2 | EtNT SC
APIID) ""Et
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Table V.6

Compound R # Andr Anab Q | St Rte
— —OH N-95 10 | 100 10 | MT sc
i e N-96 250 | 1000 4 | M )
.CH,
A _-OH e
e, N-96 30 | 130 4 | MT sc
e {gf N-97 10 | 100 10 | MT sc
8 e N-97 30 | 150 5 | MT o
“Et
A A N-99 8000 | 12000 1.5 | MT c
-CH, |
At T CH, ’8% | N-102  <10,000 | <10,000 <1 | MT
i .
Al —0Ac | N-103 500 | 500 1 | NTAC sc
Al —ocr:H2 N-104 2000 | 2000 1 | MT 0
OCH,
att —0Co | N-105 500 | 500 1 | NTPP sC
CQHJ.Q
alt —0c0 N-106 500 | 500 1 | NTPP sc
OCH,Ph
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le-Acetylthio  substitution, effect on
activity, 24
17 a-Alkyl substituent, role of 72-73
17a-Alkyl substitution, effect on activity,
21,24
1 7a-Alkyl-testosterone, metabolism of, 16
17ec-Alkylation
effect on liver function, 19
on oral activation, see Oral activation
Anabolic activity
assay of, 31
effect of [7a-alkyl substitution, see
17a-Alkylation
of ring-A unsaturation, see Ring-A
unsaturation
role of B-sided surface, see (-Sided
surface
of upper surface, see Upper surface
Anabolic agents, general aspects, 1-2
Anabolic/androgenic effects, dissociation
of, 90-91
Anabolic/fandrogenic ratio
definition, 31
of various steroids, 77-91
Anabolic effect, 1
Anabolic steroids
clinical application of, 2
definition of|, 2
effects on liver function, see Liver func-
tion
Androgenic activity
effect of 17a-alkyl substitution, see
17a-Alkyl substitution
of electronegative substituents, see
Electronegative substituents
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of 198-methyl group removal, see
198-Methyl group removal
of ring-A modifications, see Ring-A
modifications
of ring-A unsaturation, see Ring-A
unsaturation
a-face adsorption theory, see «-Face
adsorption theory
role of g-sided surface, see @-Sided
surface
of upper surface, see Upper surface
Androgenicity
assay of, 31
basic structure, 33
Androgens
aromatization of, see Aromatization of
androgens
biosynthesis of, 3
definition of, 1
general aspects, 1-2
production in man, 2-4
Androisoxazole, see 17a-Methyl-178-hy-
droxy-5ce-androstan[3,2-c]isoxazole
Androsta-1,4-dien-178-0l-3-one  17-(cyclo-
pent-1'-enyl) ether, 85
Androstanazol, see 17a-Methyl-178-hy-
droxy-5ce-androstano[3,2-c]pyrazole
Sa-Androstane, androgenicity of, 33
Androstan-178-ol, androgenicity of, 34
Androstanolon, see  178-Hydroxy-5a-
androstan-3-one
Androstenedione
blood production rate, 9
conversion to testosterone, 8
plasma pool, see Plasma androstenedione
pool
secretion of, 9
Androsterone, in urine, 3, 9
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58-Androsterone, in urine, 3, &
Annulation, stereochemistry of see Stereo-
chemistry of annulation
Aromatization of androgens, 14-15
role of alkylation, 14, 15
of chlorine substitution, 14
of ester formation, 14
of unsaturation, 14
Assays of anabolic activity, see Anabolic
activity
of androgenicity, see Androgenicity
Asymmetric induction, 9
Axial hydroxylase, 12
Azasteroids, 41
3,3-Azo-17a-methyl-178-hydroxy-Sa-an-
drostane, 90

structure of androgenicity, see

Androgenicity

Binding sites of steroids, 27,73, 74

Biological data, evaluation of, 30-32

Biosynthetic pathways, 3

l o, 7e- Bis(acetylthio)-17a-methyl-17 8-hy-
droxy-androst-4-en-3-one, 80

Blocking agent, 26

Blécking mechanism, 25-26

Blood production rate, 9

Bolasterone, see 7o,17a-Dimethyl-1745-
hydroxyandrost-4-en-3-one

Bond angles, effect on activity, 53

Bond directions, effect on activity, 53

Rond distances, effect on activity, 53

Bowers’ theory, 26-27

23-Bromo substitution, effect on activity, 29

la-Bromomethyl substitution, effect on
activity, 28

Bush’s theory, 23-26

Basic

c

Capon comb, growth of, 31
Carbonyl proup, ionization potential of,
5153, 50

Chick comb, growth of, 31

2-Chloro substitution, effect on activity, 29
3-Chloro substitution, effect on activity, 29
4-Chloro substitution, effect on activity,

2223

Lk &

6-Chloro substitution, effect on activity, 23

SUBJECT INDEX

4-Chloro- 17 8-acetoxy-androst-4-en-3-one,
B4

4-Chloro- 178-acetoxy-19-norandrost-4-en-
3-one, 83

lee-Chloromethyl
activity, 28

4-Chloro-17a-methyl-178-hydroxy-an-
drost-1,4-dien-3-one, 85

Chlorotestosterone acetate, see 4-Chloro-
173-acetoxyandrost-4-en-3-one

Compartmental analysis, 5

Configurational changes, 37-40

Conformational changes, 37-41

Conjugated steroids, metabolism of, 15

Conjugation of hydroxyl groups, 10-12

Conversion rate of metabolites, see Meta-
bolites, conversion rate of

la-Cyano substitution, effect on activity, 28

Cyclohexane geometry, 53,55

Cyclohexanone geometry, 53

Cyclohexene geometry, 55

Cyclopropane fused steroids, 27

substitution, effect on

D

Dehydroepiandrosterone, in urine, 3, 15
Dehydroepiandrosterone glucuronide, met-
abolism of, 11
Dehydroepiandrosterone sulfate
in blood, 12
isolation of, 11
metabolism of, 11, 15
secretion of, 11
1-Dehydromethyltestosterone, see 17a-
Methyl-178-hydroxyandrost-1,4-
dien-3-one
Dienone system, 63
1?a,13,G-Diethyl-17,6-hydroxy-gon-4-en—3-
one, 89
Dihydrotestosterone, see 178-Hydroxy-5a-
androstan-3-one
4,173-Dihydroxy-17a-methyl-androst-4-en-
3-one, 80
4,178-Dihydroxy-1 9-norandrost-d4-en-3-
one 17-cyclopentylpropionate, 83
Dimethazin, see 2a-17c-Dimethyl-178-
hydroxy-Sa-androstan-3,3'-azin

1,1-Dimethy] substitution, effect on ac-
tivity, 28
la,7a-Dimethyl  substitution, effect on

activity, 29
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le-7/3-Dimethyl
activity, 29

2,2-Dimethyl substitution, effect on activity,
23

2a-63-Dimethyl
activity, 23

4,4-Dimethyl substitution, effect on activity,
23

2a-17a-Dimethyl- 178-hydroxy-5a-andro-
stan-3,3'-azin, 80

7,17 a-Dimethyl-17 3-hydroxyandrost-4-
en-3-one, 78

Dissociation of anabolic from androgenic
effects, see Anabolic/androgenic
effects, dissociation of

Distribution of steroids in body, see
Steroid distribution in body

Double isotope tracer method, 9, 12

Dromostanolone, see  2a-Methyl-178-
hydroxy-5e-androstan-3-one

Drostanolon, see 2a-Methyl-178-hydroxy-
Sa-androstan-3-one

substitution, effect on

substitution, effect on

Electronegative substituents, effect on
androgenic activity, 22

Electrophilic substitution, 13

Enone system, see Unsaturated ketone

Enzymatic hydroxylation, 13

Epiandrosterone, in urine, 3

Epoxidation reactions, 12-14

Epoxy-androgens, 27, 30

Equatorial hydroxylase, 12

17 3-Esterification, effect on oral activation,
see Oral activation

173-Etherification, effect on oral activation,
see Oral activation

Ethyldienolone, see 17a-Ethyl-178-hy-
droxyestra-4,%(10)-dien-3-one

1,1-Ethylene substitution, effect on activity,

28

Ethylestrenol, see 17a-Ethyl-178-hydroxy-
estrene

17a-Ethyl-173-hydroxyestra-4,9(10)-dien-
3-one, 90

17a-Ethyl-178-hydroxyestrene, 88

17a-Ethyl-17 B8-hydroxy-19-norandrost-4-
ene, see 17a-Ethyl-178-hydroxy-
estrene
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17a-Ethyl-178-hydroxy-19-norandrost-4-
en-3-one, 82

Ethylnortestosterone, see 17a-Ethyl-178-
hydroxy-19-norandrost-4-en-3-one

Evaluation of biological data, see Biological
data, evaluation of

Excreted 17-ketosteroids, 3

F

a-Face adsorption theory, 21, 22

f3-Face adsorption theory, 24

2a-Fluoro substitution, effect on activity, 22

6-Fluoro substitution, effect on activity, 23

9a-Fluoro-17¢-methyl-1143,178-dihydroxy-
androst-4-en-3-one, 77-78

Fluoxymesterone, see 9a-Fluoro-17a-
methyl-118,173-dihydroxyandrost-
4-en-3-one

G

Glucuronide formation, 10-12

H

6-Halogen substitution, effect on metabol-
ism, 18

6-Halogenated retrosteroids, 39

Heterocyclic ring-A, see Ring-A hetero-
cycle

A-Homo steroids, 34-36

B-Homo steroids, 36

D-Homo steroids, 36-37

Homo(B)androstan-178-ol-3-one, 36

Homo{A)dihydrotestosterone, 35-36

Homo(A)testosterone propionate, 34-35

Hormonal activity, minimal structural re-
quirements for, see Minimal struc-
tural requirements for hormonal
activity

Hydrophilicity of steroids, 20

Hydrophobicity of steroids, 20

17a-Hydroxy epimers, 70

la-Hydroxy substitution, effect on activity,
28

3-Hydroxy substitution, effect on activity,
)

173-Hydroxy-5a-androstan-3-one, 79

178-Hydroxy-5a-androst-2-ene, prolonged
action of, 17

Hydroxyl group
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conjugation of, see Conjugation of hy-
droxyl group
secondary, metabolism of see Metabolism
178-Hydroxyl group, role of, 25, 71-72
Hydroxylation
at 273 position, 14
at 63 position, 14
at 108 position, 14
at 17« position, 14
at 19 position, 14
reactions, 12-14
178-Hydroxy-1-methyl-A'-androstene-3-
one, metabolism of, 18
2-Hydroxymethylene substitution, effect on
activity, 23, 29
4-Hydroxymethylene substitution, effect on
activity, 29
2-Hydroxymethylene-17«-methyl-178-hy-
droxy-5a-androstane, 80
la-Hydroxy-19-nor substitution, effect on
activity, 29

la-Todomethyl  substitution, effect on
activity, 28
8-Isotestosterone, 24, 37-138

Isotopic dilution method, 12

K

17-Keto compounds, 71
1-Keto substitution, effect on activity, 28
Ketones
metabolism of, see Metabolism
reduction of, see Reduction
Klimstra, Nutting, and Counsell’s theory, 30

L

Lacrymal gland of rats, 31
Levator ani muscle, growth of, 31
Liver function, effect of anabolic steroids,
19
M

Mechanisms
epoxidation, 12-13
hydroxylation, 12-13

Mestanolon, see 17a-Methyl-178-hydroxy-
Sa-androstan-3-one

Metabolic clearance rate, 11

Metabolic factors, 4-6

SUBJECT INDEX

Metabolic inactivation, 6-16
Metabolic pathway
of conjugated steroids, see Conjugated
steroids
hydroxylic, 8-9
ketonic, 8-9
Metabolic products
conjugation of, 3
of testosterone, see Testosterone
Metabolic studies
in blood, 6
of conjugated steroids, see Conjugated
steroids
rate-limiting step, 6
urinary, 5
Metabolism
of 17a-alkyl testosterone, see 17a-Alkyl
testosterone
of dehydroepiandrosterone glucuronide,
see Dehydroepiandrosterone glu-
curonide
of dehydroepiandrosterone sulfate, see
Dehydroepiandrosterone sulfate
of 4,5 double bond, 6-7
6-halogen substitution, effect of, see
6-Halogen substitution
173-hydroxyl group protection, effect of,
see Protection of 175-hydroxyl group
A'3-ketone system protection, effect of,
see Protection of A*-3-ketone system
of ketones, 7-10
methods of study, 4-3
19-methyl group removal, effect of, see
19-Methyl group removal
methyl substitution, effect of, see Methyl
substitution
I-methyl substitution, effect of, see 1-
Methy! substitution
Ja-methyl substitution, effect of, see
7a-Methyl substitution
of  19-nortestosterone, see
testosterone
of secondary hydroxyl group, 7-10
structural modifications, effect of, 16-19
Metabolites
conversion rate of, 15
production rate of, 15
Methandienone, see  17a-Methyl-175-
hydroxyandrost-1,4-dien-3-one

19-Nor-
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Methandriol, see
hydroxyandrost-5-ene
Methandrostenolon, see 17a-Methyl-17 -
hydroxyandrost-1,4-dien-3-one
Methenolone, see 1-Methyl-178-hydroxy-
Se-androst-1-en-3-one
Methenolone acetate, see 1-Methyl-173-
aceloxy-Sa-androst-1-en-3-one
Methenolone oenanthate, see 1-Methyl-
17 B-hydroxy-Sa-androst-1-en-3-one
17-oenanthate
198-Methyl group removal
effect onactivity, 21, 29, 65
on metabolism, 16
Methyl substitution, effect on metabolism,
16
I-Methyl substitution
effect on activity, 21, 23, 2§
on metabolism, 18
2a-Methyl substitution
effect on activity, 21, 23, 24
on metabolism, 18
3-Methyl substitution, effect on activity,

23,24

4-Methyl substitution, effect on activity,
Ak !

6-Methyl substitution, effect on activity,
21,23,24

6a-Methyl substitution, effect on metabol-
ism, 18

7a-Methyl substitution, effect on metabol-
ism, 19

1-Methyl-178-acetoxy-5a-androst-1-en-3-
one, 87

I7a-Methylandrostan-178-ol, androgenicity
of, 34

Methylandrostenediol, see 17a-Methyl-38,
178-dihydroxy-androst-5-ene
1-Methyl-2-chloro substitution, effect on
activity, 29

Methyldiazirinol, see 3,3-Azo-17a-methyl-
173-hydroxy-5Se-androstane

Methyldihydrotestosterone,  see 17w
Methyl-173-hydroxy-5Sa-androstan-
3-one

17a-Methyl-38,17 8-dihydroxyandrost-5-
ene, 80

I-Methylene substitution, effect on activity,
28

17 a-Methyl-38,17 B-di-

R

1,2a-Methylene
activity, 28

1,2-Methylene-118-hydroxy substitution,
effect on activity, 29

3-Methylene- 1 7a-methyl- 17B3-hydroxy-5e-
androst-1-ene, 90

1,2 a-Methylene-19-nor substitution, effect
on activity, 29

1-Methyl-118-hydroxy substitution, effect
on activity, 29

17a-Methyl-17g-hydroxy-5a-androstane-
2'-methyl[3,2-d]thiazole, 90

2a-Methyl-178-hydroxy-Se-androstan-3-
one, 85

17a-Methyl-178-hydroxy-Sa-androstan-3-
one, 80

17a-Methyl-178-hydroxy-Sa-androstan
[2,3-d]isoxazole, 89

17a-Methyl-178-hydroxy-Se-androstan
[3,2-clisoxazole, 89

17a-Methyl-173-hydroxy-Se-androstano
[3.2-c]pyrazole, 88

17a-Methyl- 173-hydroxyandrost- 1,4-dien-
3-one, 85

1-Methyl- 17 3-hydroxy- Se-androst- 1-en-3-
one, 87

oral effectiveness, 17, 19
metabolism of, 18

1-Methyl- 173-hydroxy- Sa-androst-1-en-3-
one 17-oenanthate, 87

[7a-Methyl-178-hydroxyestra-4,9,1 1-trien-
3-one, 78

17a-Methyl-178-hydroxy-2-oxa-5a-andro-
stan-3-one, 87

la-Methyl-19-nor substitution, effect on
activity, 29

Methyltestosterone, as standard, 31

Methyltrienolone, see 17a-Methyl-17 5-
hydroxyestra-4,9,11-trien-3-one

Minimal structural requirement for hormo-
nal activity, 33

MT, see Methyltestosterone

Myotrophic activity, 31

substitution, effect on

N

Nature of steroid-receptor interaction, see
Steroid-receptor interaction
Neumann and Wiechert’s data, 28—30
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Nitrogen retention, 1, 31
Norbolethone, see 17w,133-Diethyl-1785-
hydroxygon-4-en-3-one
Norethandrolon, see 17a-Ethyl-17g-hy-
droxy-19-norandrost-4-en-3-one
19-Nortestosterone, 82
derivatives, 82
esters, 82
metabolism of, 16
vs. testosterone, see Testosterone
Nucleophilic substitution, 13
o

Oral activation of steroids, 19-20
by 17a-alkylation, 19
by 17 @-esterification, 20
by 173-etherification, 20
Oxabolon, see 4,178-Dihydroxy-19-nor-
androst-4-en-3-one  17-cyclopentyl-
propionate
Oxandrolone, see  17a-Methyl-173-hy-
droxy-2-oxa-Sa-androstan-3-one
Oxasteroids, 41
Oxygen function at C-3, 24, 34, 53
Oxymesterone, see 4,178-Dihydroxy-17a-
methylandrost-4-en-3-one
Oxymetholon, see 2-Hydroxymethylene-
17a-methyl-173-hydroxy-Se-andro-
stane
P

Paton’s rate theory, 25-26
Plasma androstenedione pool, 8-9
Polarity of steroids, 20
Porcupine theory, 73
Pregnenolone, 3
Product development control, 10
Production rate
in blood, see Blood production rate
of metabolities, see Metabolites
urinary, see Urinary production rate
Progesterone, 3
Protection of 178-hydroxyl group, effect on
metabolism, 16-17
" Protection of A*3-ketone system, effect on
metabolism, 17-18

Q
@, see Quotient
Quinbolin, see Androsta-1,4-dien-173-
ol-3-one 17-(cyclopent-1'-enyl) ether
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Quotient, 31

Receptor theory, |
Reduction
of saturated ketone, 9, 10
of unsaturated ketone, 7, 11
Removal of 19-methyl group, effect on
metabolism, see 19-Methyl group
removal
Replacement of hydrogen by other elements
and functional groups, 42-73
Retrosteroids, 38-39
Ring-A heterocycles, 41
Ring-A modifications, effect on activity, 24
Ring-A unsaturation, effect on activity, 26—
27
Ring contraction, 34
Ring extension, 40
Ring fusion
heterocyclic, 40
isocyelic, 40
Ring junction
AlB,7.37
B/C, 37-40
C/D, 40
Ring size, effect on activity, 34-37
Ringold’s theory, 21-22
Saturated ketones, reduction of, 9, 10
Secretion
of androstenedione, see Androstenedione
of testosterone, see Testosterone
Seminal vesicles, growth of, 31
3-Sided surface, effect on activity, 24
Spirooxiranyl androgens, 27
Stanazol, see 17a-Methyl-173-hydroxy-Se-
androstano [3,2-c]pyrazole
Stanolon, see 178-Hydroxy-5e-androstan-
J-one
Stanozolol, see 17a-Methyl-17p-hydroxy-
Se-androstano [3,2-c]pyrazole
Stereochemistry of annulation, 37-40
Steric approach control, 10
Steric departure control, 10
Steroid binding sites, see Binding sites
of steroids
Steroid distribution in body, 20
Steroid-receptor interaction
chemical nature, 25
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new theory of, 73-75 secretion of, 9

physical nature, 25 as standard, 31
Structure-activity relationships, 33-75 urinary metabolites of, 3, 15
Structure-activity theories, 21-32 urinary production rate, 9
Structural modifications, effect on metabol- 8,10 a-Testosterone, 39-40

ism, see Metabolism Testosterone propionate as standard, 31

Substitution Therapeutic action, 77-91

at C-1,42-46 Thiomesterone, see lee,7e- Bis(acetylthio)-

at C-2, 46-50 17a-methyl-17 g-hydroxyandrost-4-

at C-3, 50-54 en-3-one

at C-4, 54-57 Three-dimensional attachment, 74

atC-5,57-59 TP, see Testosterone propionate

atC-6, 59-61 Transconjugation, 11

atC-7,61-62 Turnover agent, 26

atC-8, 62 : Turnover mechanism, 26

at C-9, 62-64

at C-10, 64-66 U

:: g_ };: 22_68 Unique steroid metabolite, definition, 9

Unsaturated ketone

(Gl G ) catalytic reduction of, 7
at C-14, 69 ATs :

C-15. 69 enzymatic reduction of, 7
LGl metal-ammonia reduction of, 7
at C-16, 69-70 i

polarity of, 56
atC-17,70 3
Unsaturation
overall effect at C-1, 45
at C-1, 45-46 el
£C-2. 50 at C 5-6, 58
fraaeg at C 5-10, 58-59
atC-3, 53-54
3 at C-6, 60
at C-4, 55-57
e at C 9-10, 63
e atC 9-10and C 11-12, 63-64
atC-7,62 g
effect on activity, 42-73
alCe o Upper surface, effect on activity, 24
at C-10, 66 PR ’ i

Urinary 17-ketosteroids, 3, 16

HGClor o8 Urinary production rate, 9

Sulfate formation, 10-12

T v
T, see Testosterone Ventral prostate, growth of, 31
Testosterone von Auwers-Skita hydrogenation rule, 9
17a-alkyl, metabolism of, see 17a-Alkyl
testosterone w
blood production rate, 9 Wolft"s theory, 27

conversion to androstenedione, 8§
metabolic products of, 3

vs. 19-nortestosterone, 65-66
production in man, 3 Zaffaroni's data, 22-23
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