STUDIES ON THE ANABOLIC STEROIDS METHANDROSTENOLONE
AND OXYMETHOLONE AND THEIR METABOLITES

by

'Bridget Susan Macdonald, B.Sc.(Birmingham).

A Thesis presented for the Degree of Doctor of Philosophy

University of Edinburgh September, 1972.




Acknowledgements

L

The author would like to express her gratitude to

Dr. P.J. Sykes for his gﬁidance and. help during this
work, and to Professor J.I.G. Cadogan for the provision
of technical and library facilities. Thanks are also
due tq Dr. R.A. Harkness of the Department of Paediatric
Biochemistry, Royal Hospital for Sick Children, Edinburgh
for the provision of metabolic and drug samples and for
helpful discussion. The award of a maintenance grant

from the Science Research Council is gratefully acknowledged.



Table of Contents

Summary
1. Introduction
2. The extraction, location and purification

of the metabolites of methandrostenclone
and oxymetholone

3.1. The synthe51s of 17- eplmethandrostenolone
3.2 Experlmental section

3.3. .The comparison of methandrostenolone and
l?—epimethandrostenolone

3.4. Experimental section. Tihe synthesis of
: trimethylsilyl ethers

3.5. The comparison of 17-epimethandrostenolone
and the previously unidentified metabolite
of methandrostenolone

%.6. The examination of commercial methandrosten-—
olone

3.7. Precursor~product studies on the metabolism
of methandrostenolone

3.8, Experimental section
3.9. The investigation of compounds which might
be intermediates in the epimerisation of
" methandrostenolone

3.10,Experimental section

3.11.The synthesis of the Al’qudien—B—one system

from A '-ene3-~-keto and A —ene3g-hydroxy
Precursors

3.12.Exberimenta1 sectidn

3.13.5S0ome readfions of methandrostenolone
3.14.Experimental section |
3.15.Miscei1aneous reactions

3.16.Experimental section

20
23
39

50
67
69

Th

77
82

88

103

113
117
121 -

132

143
152



L,1.

L.o.
4.3,
Lok,
4.5,
5.1.

The synthesis of the 17o~methyl-5a~
androstane-2,3,17-triols as gtandards for

the metabolites of oxymetholone.

Experimental section |

The comparison of the l7a-methyl-5a-
androstane-~2,3,1l7-triols with the metabolites
of oxymetholone '

The synthesis and chemical reductions of
oxymetholone '

Experimental section

The reactions of 5g-androstane~-3,17-dione,
oxymetholone and methandrostenolone with
liver alcohol dehydrogenase

Experimental section |

Bibliography

Note on publication

Page

159
164

171

176
185

192
198
203
215



Summary

The principal object of the work déscribed in this
thesis has been the synthesis of compounds as standards
for comparison with the metabolites of the anabolic steroid
drugs methandrostenolone and oxymetholone.

Methandrostenolone is metabolised to two ma jor
metabolites, one of which has been previously identified
as 6B-hydroxymethandrostenoclone. The major metabolite of
the drug in normal man has now been identified as 17-epi-
methandrostenolone; the unambiguous synthesis of which is
descfibed. lPrior to comparison of the‘previously unknown
metabolite and 17-epimethandrostenolone the properties of
the latter compound were extensively compared with those_of
its l?~epimer. Mass spectrometry of thé free steroid and
gasuliquid chromatogréphy of the trimethylsilyl defivative
were among the methods used to identify the metabolite.

Although urine extracts were examined unsuccessfully
for evidence of methandrostenolone sulphate as a precursor of
17~-¢pimethandrostenolone the chemical synthesis of sulphate
and sulphonate derivatives of the tertiary 178-hydroxy-17-
methyl function was attempted. The products were unstable
and were readily hydroiysed with retention of configuration
but their mass spectra were similar to that of l?,l?—diﬁethyl—
18-norandrosta-1,4,13(14)-trien-3-one, the product of the
sulphuric acid-catalysed dehydration of methandrostenolone.
The C-~17 epimerisation of the drug'could rnot Ee adhieved-by

chemical means.



The previously unstudied drug oxymetholone is meta-
bolised by hormal man to two major metabolites which are
excreted as conjugates of glucuronic acid. High temperature
catalytic reduction of the drug and itsg metabolites gave only
unsubstituted_17-methylandrostanes. Consequently, it was
- not known whether the C-2! carbon atom of oyymetholone was
retained in the metabolites. The four l?ammethyln5a"androstane-
2,3,17~trlols were synthesised and their mass spectra compared
with thoée of the metabolites. None of the trols corres-—

: poﬂded to either of the metabolites, which were tentatively
identified by mass spectrometry and thin layer chromatography
as 178~hydroxy—2a—hydroxymethyl-l7~methyl—5d—androstanwjnone
and 2a~hydroxymethyl-17a-methyl-5o-androstanc~38 ,17-diol.

The latter compounds were synthesised by the reductions of
oxymetholone with a variety of metal hydrides.

The enzymatic reductions of S5B-androstane~3,l7~dione,

- oxymetholone and methaﬁdrostenolone with horse liver alcohol
dehydrogenase were examined. A 1ow_y1eld of 3f-hydroxy-5g-
andrqstan—l?—oné was obtained from the former compound and
17B~hydroxy-2a~hydroxymethyl-17-methyl~5a-androstan~3-one was.
- tentatively identified as a pfoduct of the enzymatic reduction
of oxymetholone, which was partially degraded in the alkaline
buffer system. Methandrostenolone was not transformed by

the enzyme.



- 1. Introduction

Koc:kakian,1 in l935,~firsf observed that the androgens,
the male sex hormones, possessed the ability to stimulate
the‘synfhesis of ceilular protain, éséociated with the
secondary male characteristic of muscle development; It was
quickly appreciated tﬁat compounds with this property would
provide valuable medications in the treatment of ccnditions
inveolving abnormally low tissue protein content. However,
the natural steroids which poséess this anabolic effect were
unécceptéble for clinical usé, particuiarly with women and
children, because of the virilising androgenic effect.2

An assay of the relative anabolic and androgenic
effects of a compound, the anabolic/androgenic ratio, was

3

developed by Eisenberg and Gordan” and later modified by

4 Although there have since been many

"Hershberger et g;;
altefatibns to these original procedures and the methods are
still open to criticism5§ the assay provides a basis for the
scfeening of possible anabolic agents. Examinafion of the
. naturél.androgens showed that almost all had an anabolic/
androgenic ratio of ga. 1.0, so that if strongly androgenic
they were also strongly anabolic but if only weak androgens
the anabolic effect was weak. Thus began the search for
steroids in which the effects were as widely separated as

possible. According to Kruskempersb

"the androgenic effect
differs from the anabolic effect only in its location and not
in its eséence, thus anabolic steroids which possess no:

_ andfogenic character cannot exist".  However, this opinion

is not universally shared and anabolic steroids with no
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androgenic action are still sought.

The first anabolic steroid to be found™ in which the
androgenic activity was low enough to allow its clinical use
was 19—nortestosterone[l]. However, a comparison of the
doses reqguired to produce a similar effect whén the éompound
was administered orally and parenterally, respectiﬁely, re—

vealed that the latter route required approximately one seventh
7

~of the oral dose. This was explained by the fact that the .
orally administered drug was rapidly transported to the liver
and deactivated by 1l7-oxidation[2]. |
Esterification of lg—noftestostérone led to a series
of drugs[3] in which the relatively brief activity of the
parenterally administered free steroid was signifiéantly
prolonged. ¢ Variation.of the ester residue, particularly
an increase in length, had the effect of increasing the duration
of action and the anabolic/androgenic ratio. The ester
confers lipid solqbility upon the steroid and coﬁsequently the
longer the hydrocarbon chain the more lipid-soluble the steroid
and the glower the diffusion into the blood stream.whefe
rapid hydrolysis to the active compound occurs.8 The esters
of 19—nortestosteroné constitute a large group of the anabolic
sterdids in current Clinical'uée,

.The deactivation of testosterone and its derivatives by
“oxidation of the 17-hydroxyl group is pretented_by the intro-
duction of a 17a-alkyl substituent. . This modification has
‘resulted inla large group of oraily active anabolic steroid
drugs. 178-Hydroxy-17~methylandrosta~l, 4~dien~3~one{meth-

androstenolone)[h], and 17B8~hydroxy-2-hydroxymethylene~17-
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‘methyl-Sa~androstan-3-one(oxymetholone) [5], an investigation
of both of which is reported here, are members of this group.

A further group of compounds, less obviously related
to the natural androgens, have been found to possess high
anabolic/androgenic ratios and some are in clinical use.?
Mény of these steroids, such as 17@-hydroxy-17-methyl-5a~
androstane—(ﬁ,2—0)-pyrazole[6] possess a heterocyclic ring
fused to ring A at positions 2 and 3 and may be prepared from
oxymetholone. |

A wide variety of effects have been ascribed to the
anabolic sferoids, the chief of which are the positive influence
on the protein céntent of the genital and extragenital organs,
the inhibition of hypophyseal gonadotropin function, fhe anti-
oestrogénic effect, the gestagenic,effect and the intrauterine

5d " 411 anabolic

masculinisingieffect on female embryos.
steroids do nof exhibit these properties to the same degree
but any overall theory of their mechanism of action would neéd
to encompasé an explanation of the mechanisms by which fhey
are respoﬁsible fof each effect. The effect of the anabeolic
steroids on protein metabolism is the only one about which
tentative statements may be made at present, protein synthesis
‘being one of the better-studied areas of molecular biology.
Hdwefer correlations between the Structure'and degree of
activity of anabolic steroids cannot be exact since they are
based upon tests in which the use of differenf animal species,
variations in steroid dosagés, in methodé of administration

and in interpretation of data may lead to variable results.

Hormones affect metabolic processes by their ability
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to.defermine thé rateslof reactions and consequently a
particular hormone must have a high affinity for the system
-to be cOntrolled; Steroid hormones, like many drugs, are
~ bound to specific plasma proteins by non-covalent forces,9
the significance of which is not yef fully underétood. The
 ability of steroids to bind with plasma proteins is thought
to be related to the requirement for efficient transport to

the target organ.lo

As has already been illustrated with
reference to 19-nortestosterone, a hormone must possess a
structure such that it can survive for sufficient time to
exercise its hormonal activity at the targef-organ before its
deactivation‘by metabolié processes. The strength of binding
with plasma proteins may be é factor in the rate of metabolic
deactivation of structurally sensitive steroids as well as a
contfol‘mechanism of hormonal actiﬁity at the target organ, |
only the free fraction being available to exert its effeét.lo
At the target organ the hormone may act on the suffaces
"of cells or infracellular phase boundaries thereby altering

the permeability to substrates, it may interact with the

enzyme systems or-affect the synthesis of‘enzyme proteins from

5d

précursors. Anabolic steroids might promote a positive
nitrogen balance by étimulation of protein synthesis, by de-
celeration of prqtein degradation or by a decrease in the

- conversion of amino acids to urea. Various studies have

shown that protein degradation is not impeded but that anabolic
steroids produce a definite enhancement of synthesis.ll’12
Examination of the mechanism of proteiﬁ synthesis shows that

anabolic steroids might intervene to exert their stimulatory



effect at many points in the process. An increase of fhe
ribonucleic acid content of cells and of the activities of
amino acid activating enzymes has been demonstrated but further
work is necessary before the precise point at which anabolic
steroids exert their effect can be determined.?d

In order to exhibit anabolic activity steroids must

thus be able to bind to plasma proteins for transport to the
target organ, they must not be metabolised too rapidly and
they must be capable of exerting an effect on the protein
syﬁthesising system. It is possible that each of these re- -
quirements may involve different structural features and that
only those steroids which possess suitable combinations of
these show activity.lo This might explain why many anabolic
steroids possess similar D-ring substituents but may have a
comparatively large variety of substituents in the A-ring.

The first attempts to synthesise steroids with favour-
able anabolic/androgenic ratios involved relatively minor
modificétibns to the natural ‘steroids 175—hydroxy~5a~amdrostan_
~one and testosterone, which are highly biologically active.
In later work substituents such as alkyl groups and halogen

5d

atoms were introduced. Observations of the androgenic

activity of 5a—androstan'—175—ol,l3 its 17a-methyl derivativel4

15

and 5a-androstane -and of the progestational activity of a
series of'17—alky1-3—deoxy—l9—ﬁortestosteronesl6 dispelled ﬁhe-
classical .belief that functional groups at C~3 and C-17 were
necessary for biological activity. Bowers gt gl.lo synthesised

a series 0of 3-deoxy compounds with at least one centre of un-

saturation in the A-ring to facilitate the réquirement for



protein bindiﬁg. This work showed that a high electron
density at either C-~2 or C-3 or both in 17g-hydroxy-5a-
androstane was a factor which strongly promoted anabolic
activity. Klimstra et al..” studied the effect of the
location of the oxygen atom in ring A on the anabolic activity
of a series of androstane derivatives and found.that lmoky
sﬁbstituted compounds were highly active.,

Methandrostenolone was first,prépared18 in 1955 during
a survey of the use df microorganisms which effected 1,2-de-
hydrogenation. Animal experiments showed that the compound
had a high anabolic/androgenic ratio. and strongly promoted
nitrogen retention ﬁith relatively small hormonal side effects.
As the drug Dianabol{Ciba) it has found wide application as
an oral anabolic agent. The introduction of a 1,2-double
bond into 17a-methyltestosterone resulted in increased bio-
logical activity, compared to the less active 5,6~‘and 6,7—
dehydro compounds.5d

Recent worklS on the X-ray crystallographic structure
determination of l?B-hydroxyandrosta—l,h—dien—j-one[7], the
first steroid containing the 1,4-dien-3-one system to be
studied by this technique, is of particular.interest with
regard to thé relationship between the structure and biological
activity of methandrostenolone and other stercids which possess
this A-ring. Measurements of the valence angles and bond
lengths showed that the A-ring is bent towards the a--side
of the molecule to a much greater extent than can be assessed
from molecular models. This change in conformation of the

A-ring has the effect of greatly altering the position.of the
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19~-methyl group with respeét to the rest of the molecule.
The angle between the plgnes‘containing C-19, C-10 and C-13,
c-18 is iO_.lO in 17p~hydroxyandrosta-1,4-dien~3-one[ 7] com~
pared to 0.8° in testosterone [8], resulting in an increasé
of 0.5k in the distance between C-18 and C-19 in the former

compound.

—

In add;tion, the length of the 13-18 bond was foundl9
to be 1;51ﬁ, uhusually short compared with the thecoretical
C(sp3)-C(sp?) bond distance (1.526ﬂ). The other three
boﬁds to C-1% are all longer, giving an average bond length
to C—iB of 1.54k, only slightly longer than normal. The
short 13~18 1ength7Was ascribed to the bowing of the steroid
towards the a-side which relieves crowding around fhe methyl
_groups and to interaction of the angular methyl groups and
the phenol of p-bromophenol used as a complexing agent to
obtain the X—réy spectra.

The conformations of testosterone[8] and its l-dehydro
analogue[7] are shown in figure 1. Since the structure of
methandrostenolone has‘not been studied by X-ray crystallo-
grapﬁy the.éffect of the additional l7a—mefhyl group upon the
conformation cannot be assessed. However it is probable that
the A-ring will be bent towards the a-side of the molecule

as in 17p-hydroxyandrosta-l,4-dien-3-one.

20 in 1959 as an inter-

Oxymetholone was synthesised
mediate in therpreparétion of 2a,l?d—diméthyl—l?—hydroxy—5a—
andfbstan—B—one duriﬁg a prbgramme designed to study the
effects of alkyl substituents on biological activify in the

androstane and 1l7a-~alkylandrostane -series. It was found to



Figure 2. Dreiding models of methandrostenolone,
oxymetholone and 178=hydroxy-17-methyl-
5g-androstane—-(3,2-c)-pyrazole.
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be a petent coral anabolic agent wifh minimal andregenic
activity and is marketed as Adroyd (Parke~Davis) and Anandrol
(Syntex).

At first sight the structure of oxymetholone[ 5 ]
appears to be quite different from that of methandrostenclone
[4]. However, a Dreiding modeliof the former compound shows
that the hydrogen bonding between the hydroxymethylene
hydroxyl group and the C-3 carbonyl group leads to the
formation of a flat six-membered ring fused to the A-ring.

Thé model aiso shows that this additional "ring" is bent to~
wards the a~side of the molecule, which suggests the possib-
ility that the ability of oxymetholione and methandrostenélone
to produce anabolic activity may be related to their geometry -
at the Auring‘extremity of each molecule [ see figure 2].

This hypéthesis is in accordance with the concept,
outlined earlier (page 5), that different structural features
of . the molecule may be responsible for different requirements
for hormonal'activity. Thus, both methandrostenolone and
 oxymetholone possess the 17g-hydroxy-17-methyl function, which
confers oral stability, and both contain a flat ring at the
other end of the molecule, bent towards the a-side. This
feature mightrthen be responsible for the effect on the
protein synthesising system. In this case the différence
between the lengths of the molecules of methandrostenolone
and oxymetholone, the latter having an:extra ring, between the
two active sites mentioned above could be expected tc be un-
important.5d Oxymetholone is similar, with respect to the

additional flat "ring", to the group of anabolic steroids in



which a heterocyclic ring is fused to C-2 and C-3 [ figure 2].
The metabolic pathways of the body act as defence
mechanisms to facilitate the removal of potenfially dangerous

foreign compounds.<t®

Thé maJjor metabolic transformations,
such as oxidation, reducticn and hydrolysis_result in the
introduction of new functional groups and may lead to acti-
vation, as typified by the formation of 19-nortestosterone
from its esters, or deactivation by the introduction of
centres for further catabolic reactions. The other major
mode of detoxication is conjugation, in which functional
groups are masked by reaction with endogenous substrates,
which are chiefly sulphuric and glucuronic acids in steroid
metabolism. The polarity of the molecule is thus increased,
it is less lipid-soluble and more easily excreted. The
metabolism of steroids and other foreign.compounds is effected
mainly by enzymes found in the liver and the metabolites are
‘excreted in the urine.

The metabolism of the natural androgens has been well
studied?2:23 but that of the majority of synthetic anabolic
steroids has yet to be established.?® Recently, however,
several groups of workers have been engaged in the examination
of the metabolism of a variety of these compounds°24“27
Probably the most important factor which has contributed to
the rise in the number of such investigations is the rapidly
increasing use of mass spectrometry.

Knowledge of the metabolism of anabolic steroids is
of interegt for a variety of reasons. Thé question of whether

metabolism may lead to compounds with activity similar to that
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of the parent drug or with completely different activity is
of considenable importance.?€ Identification of the meta-
bolites may yield information regarding drug toxicity23%28
and in some situations may be the only means of establishing
drug administration. '
Foreign compounds such as drugs usually give rise to
a considerable number of different metabolites because of the
variety of biotransformation and conjugation pathways which
may operate. The metabolic pattern and the toxicity of a
drug may be altered by genetic, physiological or environmental
factors which affect the rate of reactions and thus the relative
importance of each metabolite.zlb..Of.inte;est in the clinical
Situation are the physiological effects of age, sex,
nutritional state, pregnancy and disease and the environmental
effects of stress due to adverse conditions, exposure to
ionising radiation and the ingestion of other foreign compounds.
In order to draw valid-conclusions from studies of the
metabolism of anabolic steroids under such conditions a know-—
ledge of the metabolism of -the compounds in the normal healthy
individual is essentiai. These investigations have been
limited by the sensitivity of the techniques available-for
detection and idéntification of metabolites since the admini-
stration of large doses of steroids to nornal subjects not
undergoing treatment is unjustifiable. Methods employing
small doges of radioactively-labelled steroids havé been used
successfullyzg_Bl_but suitably labelled compounds are generally

difficult to obtain and the danger from exposure to radio-

activity would, under most circumstances, preclude the study
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of the metabolism of childfen and pregnant women. 22
Adhikary and Harkness33 have developed a method by

which microgram quantities of steroids can be detected as

__the parent steranes. lThe technique, known as carbon |

skeleton chromatography, involves the high temperature

catalytic reduction of the steroid to its hydrocarbon skeleton
and analysis of the trapped reduction products by gas-liquid

3% The metabolism of synthetic steroids which

chromatography.
possess  skeletons not found among the naturaliy-occurring
steroids, such as 19-nortestosterones and l7-alkylandrostanes,
is particularly suited to examination by this method.35’36
Crude metabolic extracfs are partially separated by con~
ventional chromatography on thin 1ayefs or paper: A'small
sample from each ffaction is examined by carbon skeleton
chromatography for metabolités bearing the skeleton of tﬁe
drug. Those fractions which contain metabolites can fhus

be isolated, further purified ahd examined by other means in
order to establish their identity.

Catalytic reduction of-éteroids at 170-200€C is a
harsh procedure and only 5-10% of triéoxygenated androstanes
are recovered as fhé:steranes, compared tc 50% recovery from
mono—oxyandrostanes.34 The reliability of the method has,
however, been extensively investigated by the reduction of
known stefoids and of the metabolités of drugs which have also
been examined by conventional methods.32’34’36’37 The sﬁccess
of +the téchnique as apﬁlied to the metabolism of steroid drugs
with skeletons other than those of the natural products depends

on the retention of this unnatural skeletal "label" during
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metabolism. If has been repeatedly shown that the carbon
skeletons of the steroids remain largely intact during meta-
boli&n?e’Bl’BB;qo consequently the method has been used for
the study of the metabolism of normal therapeutic doses of
anabolic steroids.’2s37

Carbon gkeleton chromatégraphy is a useful technique
for the location of microgram quantities of metabolites of
anabolic steroid drugs in biological extracts. However
standard compounds which have been synthesised by unambiguous
routes are essential for the complete identification of any
metabolites, particularly those isolated in very small. . .

bl The work described here includes the synthegis

amounts.
of compounds as standards for the metabolites of methandrost-
enolone and oxymetholone.

The metabolism of methandrostenolone was first in-
vestigated by Rongone and Segaloff42 in 1963 following the
successful isolation of A~ring-reduced metabolites from 17q-
methyltestosterone’43 and l'A -oxa-D-homoandrosta~l,4-dien-3~one
(Al---tes.tolo].actone),m+ After administration of methandrosten-
‘olone[ 4] two metabolites were isolated, both of which how-

l’q—dien—B—one system. The major

ever possessed the intact A
metabolite was positively identified as 6g-hydroxymethandrost-
enolonel 9] by comparison with the authentic material. The
second metabolite was ﬁot structurally identified although

the data indicated that it was an isomer of methandrostenolone
rather than a hydroxylated product.

45

Sandor and Lanthier™® studied the metabolism of a

small dose, comparable to the physiological level, of 17c~-
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140-methandrostenolone in the dog. They found that the

drug had a long biological half life (132_minutes) in com=-
parison to cortisol (52 minutes)*C and attributed this to the
resiétance of the A-ring and C-17 substituents to enzymatic
transformation. Most of the metabolic products were uncon-

Jugated; Adhikary and Harkne5557 likewise found no conjugated

o

metabolites of methandrostenolone in the human. The majority
of the radioactivity (85.4%) administered-to the dog was
excreted in urinary metabolites within 72 hours of injection
aithough only 3%8% was recovered iﬁ the crude chloroform
extracts.. The remaining material was extracted with solvents
of higher polaritj. Since the material in These extracts was
similar to that extracted with chloroform it was suggested
that the phenomenon was due dn;y to partition of the highly
polar metabolites between chloroform and Water. Low re-

37

coﬁeries of metaboliﬁes of methandrostenolone and methyl-

testosteroneAB'by chloroform extraction have been reported

elsewhere. Two metabolites of methandrostenolone were

i solated’d from the dog and it was postulated that these

were C-6 oxygenated products. '. - |
 The 68-hydroxylation of steroids containing the aqwen~3-

one and Ql’q

~dien-3-one systems is now an established biochem-
ical pathway. Cortisol[lO],A7’h8 cortisone[ll]49 and Qa~
fluoro—lls,l6a,17a,21—tetrahydroxypregﬁa¥l,4—diene—3,20~dione
(triamcinolone)[12]5o‘have been shown to be metabolised to
their 6g-hydroxy derivatives by a variety of tissues%9?51’52
Mofe recently the biochemical 6g-hydroxylations.of 17g8-hydroxy-

androsta——l,h—dien-B—one[T-],26’53 17a~hydroxy-6-methylpregna~4,
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6-diene~3,20-dione 17-acetate [13],°F 4-chloro-178—hydroxy—
y

oL, 54,

17-methylandrosta—1,A—dien-B—one[14], 118,21~dihydroxy-

55 .n

6oa-fluoro-1l6g-methylpregna-1,4-diene-3, 20-dione {15] d

[ .
8])6 have also been reported.

testosterone [
The metabolism of compounds containing the 1,4-dien-
%-one system was first investigafed57"6o following thé dis-
covery61 that the antiinflammatory drugs prednisone and
prednisolone were more active than their 1,2-dihydro analogués,
cortisoné and cortisol... Failure to demonstrate any ring-A
reduction products from prednisone and prednisolone, in
contrast to the metabolism62’63 of cortisone and cortisdlgg
led to the suggestibn57’58 that the increased biological
activity was due to the resistanée of the 1,4~dien~%-one
system to enzymatic attack. Later, however;VCaspi and
Pechet64 isolated metabolic products of prednisolone[ 16]
containing the 3a~hydroxy-4,58-dihydro[17], 3a-hydroxy-4,Sa--
dihydro [18] and l—en—3—one—4,BBmdihydro[l9]A—rings. Various

65 and in vitro,66“68 have demonstrated the

studies, in vivo
inhibition of A-ring reduction by 1,2-dehydrogenation in the
corticosteroids. The principle metabolite of one of the
most active of these compounds,'triamcinolone[lz], is thé
unconjugated 6g-hydroxy derivative. |

Mefabolic reduction of the 1,4~dien—3—0né system of
Al—testololactone[ZO] has been shown to cccur to give the

b and &1~ene-3*keto—4,53—

al—ene+3a—hydroxy—4,BB—dihydro[21]
dihydro[22]69 derivatives. The A-ring remained intact in
37-51% of -the material isolated after the administration of

17B-~hydr-oxyandr_osta-—1,4-dien—3—one,53 its 17—cy010penteny1
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ether and androsta—l,4—diene-5,174dione to normal men.26

Less than 5% by weight of the metabolites contained the
fLilly A-ring-reduced 3a~hydroxy-4,58-dihydro structure. The
remainder of the products were 5B—andfost-1-enes with 3c-
hydroxy or 3-keto substituents.

Schubert and-Wéhrberger?f have examined the‘meta—
bolism of the 4~-chloro analogue‘of methandrostenolone, 4-chloro-
178-hydroxy—17~methylandrosta—l,h—dien—B—one[14], and isoclated
ca. 20% of the dose as crude metabolic fractions from which
théy obtained twenty-one metabolites accounting for 1.5%
of the administered drug. The major metabolite was reported
to be the sulphate conjugate of the unchanged drug which,
with the 6B-hydroxy and 163-hydroxy derivatives|23,24],
accounted for 86% by weight éf the metabolites. 0f the
eighteen other metabolites only one, 178-hydroxy-17-methyl-
androsta-4,6-dien-3-one[ 25], was positively identified. All
bﬁt one of thé seventeen uﬁidentified metabolites were
thought to contain the intact 1,4-dien-3-one A-ring of the

54,70 have since identified the

drug. Schubert and Schumann
68,16p~dihydroxy derivative [26] as a metabolite of this steroid.
Tﬁe microbial metabolism of testosterone, 17a¥methy1~
testosterone, methandrostenolone, 4-chloro-l7g-methyltesto-
sterone and 4-chloro-178-hydroxy-17-methylaridrosta~l,4-dien~

71

3-one has recently been reported by Schubert et al. The

170-methyl steroids[27] were hydroxylated by Aspergillus
fluvus at C-15, in contrast to the B-ring hydroxylation of
testosterone. The ratio of 15a— to 158~hydroxylation|28,29]

appeared to depend upon the nature of the A-ring substituents.
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Methandrostenolone [4 ] was metabolised by Clostridium

paraputrificum to the Al—ene—B—keto—h,5B~dihydro compouhd

[30 ] which was further transformed to 170-methyl-58 ~
androstane~3a,17-diol [31] . The Al-double bond of 4—chloro-
l?B—hydroxy—l?—methylandrosta—l,4Fdien—5~one[141 was not
reduced by this organism[32]. Methandrostenolone was not

metabolised by Rhodoturula glutinis, although its 4—chloro

-analogue[14} was transformed to the al—ene—Bﬁ—hydroxymha—
. chloro-5a-steroid[33] and the other compounds were reduced
to 3-hydroxy-5a~-androstanes.

The question of whether the 1,4-dien-3-one system
is aromatised to a significant extent during metabolism is
important because of the changed bioclogical activity of the

S5e

resulting metabolite and because an_oéstrogen would not be
detected as a metabolite of a 17a-methylandrostane by carbon
skeleton chromatography. Aromatisation of 17B-hydroxy-
androsta—l,4—dien—3—one,72 andfosta—l,4—diene—3,l7—dione73
‘and methandrostenolone”® by placental enzymes has been
demonstfated but rio oestrogens were detected following fhe
.incubation of methandroétenoloné with rat liver slices.

In a studyTD of tritium-labelled 4—6hloro—l?8-hydroxy—17—
methyiandrosta-l,h—dienQB—one in normal non-pregnant women
less than 1% of the radiocactivity was detected in 1l7a~-methyl-
oestra-1l,3,5(10)-triene~3,16a,17-triol, consistent with the
known low level of aromatisation of neutral steroids.75
After the administration of i4g of methandrostenolone

to a woman with advanced adenocarcinoma of the lung Rongone

and Segaloff recovered 7.25% of the dose as two cfystalline
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metabolites. %2 The major métabolite, 6B~-hydroxymethan—
drostenolone, accounted for 80% of the extracted matefial.
- During their study of the reliability of carbon skeleton
chromatography Adhikary and Harkness also identified two
metabolites of methandrostenolone from normal men who were
given the therapeutic dose of 5@g of the dfug.37 However,
in this case 68—hydroxymethandrostenolone was present as
only a third of the extract. The predominance of the 6g-
hydroxylation pathway in the first investigation may be due
to a variety of factors stemming from the condition of the
subJject. Experiments with rats have shown that micrcosomal
enzymes are stimulated by pretreatment with stercid hormones
to a degree related to the anabolic activity of the compound.75
A large dose of an anabolic steroid might thus stimulate its
" own hydroxylation. it is also weil—known that many drugs
stimulate or inhibit microéomal metabolism of other drugs?6"79
aﬁ effect which is important iﬁ multiple prescription,2IC ang
that hydroxylation is dependent upon the condition of the
person'to whom the drug is administered.28

Adhikary and Harkness used carbon skeleton chromato-
graphy to examine the metabolites of the therapeutic dose
of 10mg of the anabolic stercid drug oxymetholone in normal
man.32’37' The metabolism of this compound has;not been
reported elsewhere. The retention times of the reduction
products from oxymetholone were identical to those from
methandrostenolone,36 indicating that the additional C-C bond

to the 2-position in oxymetholone is labile under the hydrb—

genation conditions employed. Thus the presence or absence
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- of the'additional carbon atom in the two metabolites could
not be inferred.

Aromatic methyl[34] and ethyl ethers{35] are de-
alkylated to the corresponding phenol[36,37] by microsomal

2l ang oestrone[38] has been assumed to arise

enzyme systems
from 3-methoxyoestronel[39] by.th}s pathway.BO Rat liver
microsomes have been shown®l to O~demethylate 17a-ethynyl-
17-hydroxy-3-methoxyoestra-1,3,5(10)~triene(mestranol)| 40)
to ethynyloestradiol[41] and the slow release of the active
phenol is'thought to be the feason for the reported enhance~
ment of the activity of ethynyloestradiol by formation of
the 3-ether. Adhikary>2 suggested that the C-2 substituent
of oxymetholone[5) might be removed in this ménner to yield
2-hydroxy metabolites[42], However a study of the metabolism
of l—lqc—methy1_175—hydroxy—Sa-androst—l;ent»one'in the rat
showed that no biclogical dealkylation of this compound
occurred. ' |

The microbial transformations of 2-hydroxymethylene-
178 -hydroxyandrost-4—en~-3-one [43], its 17a-methyl [44] and

17a—ethynyl [45] analogues with a variety of organisms were

investigated by Nielson et §;.83 Penicillium lilicanum re-
duced the 17g-hydroxy[43] and 17p-hydroxy-17-methyl [44] com-
' pouﬁds to fhe 2a~hydroxymethyl derivatives{46,47). The 175—
hydr0xy-17;ethynyl compouhd[45] was similarly reduced by |

84

" Rhizopus stolonifer. Neither of these organisms introduced

additional hydroxyl functions. 6p-Hydroxyl and 1l6a-hydroxyl
groups were introduced by other organisms, together with

reduction of the 2-hydroxymethylene function.
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Goldman®? has investigated the effects of oxymetholone
as an inhibitor of 3B-hydroxysteroid dehydrogenase and A5“4—
3-ketosteroid isomerase in the rat. He found that NADH was
formed from NAD and the steroid at a rate which suggested that
oxymetholone was itself dehydrogenated in the system. |

In view of the suécessfu;,isolation of two major
metabolites from both methandrostenoloneBZ’37942!45 and .
oxymethoione32’37 and the previbus characterisation®*?2 of only
one of these products it was deemed appropriate to commence
a sYstematic study into the nafure of the unknown metabolites.
The limited information concerning the identities of the

three compounds has now been summarised and the resulfs of the

investigations are described in the following sections.
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2. The Extraction, Location and Purification of the

Metabcolites of Methandrostenolone and Oxymetholone

Adhikary52 studied the use of high temperature
catalytic reduction of steroidslfor fhe identification of
the metabolites of steroid drugs containing carbon skeletons
not found amdng the natural products. He confirmed the

b2, 45 of two major metabblites of methan-

previous reports
drostenolone and demonstrated that the hitherto unstudied
anabolic agent, oxymetholone, was converted to two major
metaboclites in normal men. |

The production, extraction and isolation of the meta-
bolites of methandfostenolone and oxymetholone were carried
out at the Department of Paediatric Biochemistry, Royal
Hospital for Sick Children, Edinburgh by Dr. R.A. Harkness,
Dr. P.M. Adhikary, Mr. A.M. Tbrrance and Mr. B. Kilshaw.

~ Each healthy male leunteer received the normal thera-

peutic dose of one 5mg tablet of methandrostenolone or one
10mg tablet of oxymetholone. An examination, described
later (section 3.7), of the rate of excretion of the less
polar, previously unidentified metabolite of methandrosten-
olone showed that excretion reached a maximum and fell to é
constant low value within the first 24 hours following drug
administration. Consequently urine was not normally collected
beyond-this period after administration of either drug.

The two metabolites of methandrostenclone are not
conJjugated with‘gluéuronic or sulphuric acids and are re-

covered from urine by chloroform extraction (free fraction).

‘No metabolites of oxymetholone were however detected in the
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Figure-3. The freely extractable urinary metabolites
of methandrostenolone separated by thin
layer chromatography and detected by carbon
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graphic behaviour of the named reference
compounds is shown by the top squares.
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free fréction. Both are excreted as glucuronide conjugates
and are recovered by.hydrolysis of the urine with p-glucu-

" ronidase prior to chloroform extraction (glucuronide

_ fraction).

The chloroform extracts of the free and glucuronide
fractions were washed with diiutg sodium hydroxide solution-
and then with distilled water until neutral,_dried éver
anhydrous sodium sulphate and evaporated td dryness. The
residues were disso?ved'in ethanol and_chromatographed on
thin layers of silica gel G in the solvent system, chloroform-
methanol (9:1 or 19:1). The plates were divided into lcm
bands and the material elutéd from each band. These eluates
were halﬁed, evaporéted to dryness and one set of residues
dissolved in ethanol (0.1lml). iOul of this solution from
each fraction was used for high temperature catalytic re-
duction ét 180-190°C over a 1-3% w/w platinum catalyst. The
reduction products wefe analysed by gas chromatography on 1%
SE-30 or 1% NGA columns. A hydrocarbon standard consisting
of 17-methyl-50¢- and 17-methyl-58-androstanes was derived from
the drug by'the.same method. Those bands which contained
material with the same hydrocarbon skeleton as the drug were
thus identified and further purified-bj thin layer and paper.
. chromatography. Carbon skeleton chromatography was repeated
at each spage of the purificafion to confirm the presence of
compounds with the skeleton of the drug. |

The more polar of the two metabolites of methandrosten—
‘olone [see figuré 3] behaved similarly to 6@ -hydroxymethand-

‘rostenolone, the major metabolite identified by Rongone and
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Segaloff;qz- it was ﬁot further studied. The second
metabolite, M, appeared identical to methandrostenclone

when compared by thin layer and paper chromatography. How-
ever, gas-liquid chromatography on SE-30 and QF-1 columns |
showed that M had a slightly shorter retention time than

metharidrostenolone.32

Approximately 5% of the dose was
isclated as 6B—hydroxymethéndroétenolone and M, in the ratio-:
1:2, assuming that the respbnse of both compounds to carbon
skeleton chromatography was the same. |

About 5% of the dose of oxymetholone was igolated as
two metaholites [see Ffigure 4], bothsmore polar than the
drug and in tﬂe.ratio 1:1 assuming equal response to carbon

skeleton chromatography.'
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5.1 The Synthesis of 17-Epimethandrostenolone

3.1.1. Rongone and Segaloff42 purified sufficient of their
unidentified metaboiite of methandrostenolone for analysis
by ultraviolet and infrared spectroscopy, both of which in-
dicated that the“compound pqsseseed the 1,4~dien~3-one system.
Elemental analysis showed that its composition was closer to
that of methandrostenolone than an oxygenated product but
the melting point (222-224°C) demonstrated that it was not
methandrostenolone (m.p. 164-166°C). In view of this
evidence 1t was suggested that the metabolite might be an
isomer of methandrostenolone.

Adhikary32 recovered about 3.75% (ca. i60ug) of
administered methandrostenolone as a metabolite, M, with
similar polarity to the drug in'thin layer and paper chfoma—
Vtographic systems. M was only distinguishable from

methandrostenolone by gas-liquid chromatography [table 1].

Column 3 SE-30 QF-1

Compound Retention time (mins.)
Methandrostenolone 23.0 25.3
. Metabolite M 22.0 23.9

Table 1. The retention times of methandrostenclone and its

less polar metabolite M on SE-30 and QF~1 columns

From the preceding evidence it was postulated that M
might be the l7-epimer of methandrostenolone, l7-epimethand-
~rostenolone. This compound could be expected to exhibit

similar ultraviolet, infrared and -chromatographic behaviour
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to methandrostenolone since epimerisation of the (~17 sub-
stituents should have very little effect on the shape of
the molecule. The synthesis of 17-epimethandrostenolone

has not been previously reported.

3.1.ii. Previous syntheges of 17-epitestosterone and 17-

methylepitestosterone —

During the synthesis of testosterone[8] by reduction
of the 17-carbonyl group of dehydroepiandrosterone[ 48] Ruzicka

86 ip 1936, obtained a small amount of 17-epitesto-

and.Kégi,
sterone [49]. Siﬁilarly, in 1939 Miescher and KlarerS! is-
olated 17-methylepitestosterone[50] in very low yield during
the synthesis of methyltestosterone [51] by the Grignard re-
action of methylmagnesium iodide with dehydroepiandrosterone
[48]. These comﬁoundé were‘found to possess very low |
androgenicity in comparison to their highly active C-17
‘epimers. There was no interest in 17a~hydroxyandrostane
derivatives until Sondheimer et gl.BB devised methods for
thé,preparation of 17-epitestosteroﬁe énd 17-methylepitesto-
sterone in yields large enough to permit their testing és
anabélic agents. No such activity was detected and so, al-
though many steroid drugs possess the 178-hydroxy~-17-methyl
function few C-17 epimers with the 17o0-hydroxyl group have

89 found that a series of

been reported. Ananchenko et al.
D—homo~17aB—alkyl~17a—a1cohols were less androgenic and less
anabolic than their 17aB-hydroxy epimers. "

No methods had been devised for the preparation of 17q~

hydroxyandrostanes in reasonable yields priof to those of

Sondheimer et §£_88 Because the C-17 carbonyl group is
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Diagram 1. Previous synthesis of 17-epitestosterone



subject to predominantly o-face attack the methods of
' 86 |

Ruzicka and Kagi and Miescher and Klarer87 were of no
-preparative.value. Conversion of a 1l7F-alcohol[52] to the
toluene-p-sulphonate derivative[53] and subseguent acetolysis
and saponification led to the 170-0l{54] in ca. 5% yield_.go’91
The preparation of 17a-hydroxy compounds[55] by perbenzoic
acid Gxidatiqn of 17-isopregnane derivatives[56] was
reparted92 but the.yields were low because the equilibrium
between the pregnanes(57 ] and 17-isopregnanes(56] lies weil
towards the former. _

The synthesis of 17-epitestosterone[49 ] devised by
Sondheimer et §;.88 [diagram 1 ] involved a new route to Ql6m
androstene derivatives since previous routes to these compounds
required the 1l70-0ls as starting materials. Dehydroepian-~
drosterone acetate[58] was converted to its cyanohydrih de-—

rivative, which was dehydrated and hydrolysed under alkaline

conditions to yield Bahhydfoxy—ﬁ5’16-etiadienic acid[59],
' 5,16

This compound was decarboxylated to the & ~dien—-3g-0l[ 6C]
by refluﬁing with guinoline and copper chromite, and
oxidation under Oppenauer conditions gave the A4’16—dien—3~
one[61]. Perbenzoic acid oxidation océurred preferentially
at fhe D-ring to yield the 16a,l7a—oxide[62].which was
reduced with lithium aluminium hydride to the 3&,17&mdiol[63]..
Oxidation with manganese dioxide gave 17-epitestosterone[49)
in 42% yield from the dienol[60]. _

| i7nMethylepitestosterone[50]'was synthesised88 by an
analogous route based on the decarboxylation of 3p-hydroxy-

pregna-5,17(20)-dien-21~o0ic acid[64] which was prepared from
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Diagram 2. Previous synthesis of 17—methylepitestosterone.
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3g~hydroxypregn-5-en-20-one acetate (65 ] by bromination, re-
action with sodium iodide and a Favorskii rearrangement.

The l?—methylene—5~en—38~ol[66] was obtained by refluxing

with quinoiine in the presence or absence of copper chromite.
Oppenauer oxidation gave the 4-en-3-one[67] which was oxidised
with perbenzoic acid to the 17a,2b—oxide[68]. Lithium
aluminium hydride reduction gav; the 178-~methyl-17-01[69 ] which
was oiidised with manganese dioxide to give‘17—methylepitesto—
sterone [50.]. 17-Ethylepitestosterone has been prepared by

a similapr route.93

3.,1l.iii. 17-Methyleneandrost-5-en-3g-0l[66]

The discovery9h:95 of the reaction between alkylidene
-phdsphoranes[?O] and carbonyl compounds[71.] simplified the
synthesis of 1l7-methylepitestosterone by offering an alter—
native route to the 17-methylene compound[66)]. |

96

Sondheimer and Mechoulam”’- first investigated the use

of the Wittig reaction for the synthesis of steroidal methylene
~compounds and reported that the reaction proceeded most smoothly
when¢methylenetriphehylphosphorane[70,R‘=R?:H] was employed.

The ylide was generated in ethereal solution with butyllithium
as the base according to the procédure described by Wittig.9A’95.
A solution of the steroidal ketong in ether‘was added and the
reaction carried Qut under reflux in tetrahydrofuran after
removal of the ether by distillation. Reaction of 3B~hydroxy-
Sa-androstan-17-one with 3 equivalents of the Wittig reagent
gave a 32% yield of thé corresponding‘17—methylene compound.
When the quantity of Wittig reagént was increased to 5 equi-

valents a 58% yield was obtained; consequently a ver
_ y
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considerable excess of reagent was recommended for the
reaction of polyfunctional compounds. Treatment of dehydro-
epiandrosterone [48 ] with 3 equivalents of the reagent gave
the 17-methylene derivative[66] in 36% yield. The effect
'of.pretection of the 38~-hydroxyl group on the yield was in-
vestigated but the free ketol p;gved to be the most suitable
starting material.96 |

In 1962 Corey and Chaykovsky97 reported the preparation
of methylsulphinyl carbanion[72] from the reaction of sodium

hydride and dimethyl sulphoxide[73]. Greenwald et al.’*

used
this base for the preparation of the Wittig reagent{70] and
found that both the rate and yield of the overall reaction
were greatly improved in comparison to those of the recaction
in customary solvents. Pofassium t-butoxide was introduced
for the generation of methylsulphinyl carbanion by Drefahl

ot a1.,99,100

who obtained 17-methyleneandrost-5-en=-3g~01[66]
in 80% yield. | | '

In their synthesis of the 17-methylene compound !66 ]
| Drefahl et g;.loo maintained the mixture of steroid and ylide
solutions at room temperature for 12 hours-beforerheating at
80°C for 15 hours and subsequent extraction of the product.
Several,variations of this procedure have now been tested
and thin layer chromatography of the reaction mixture showed
that all the starting material [48 ] was consumed after the
solutions were mixed, heated directly to 80°C and maintained
at this temperature for 1 hour. . Rigorous ekclusion of water
was.necessary for successful formation of the ylide.

The presence of the byproduct of the reaction, triphenyl-

phosphine oxide[74], in the crude product was easily detected
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by intense absorptions at v % 1210, 1125 and TBOcm_l in the

ma
infrared spectrum. Alumina chromatography has been
used96’1oo to purify the product but several recrystallis-

ations from methanol proved more convenient and consistently
gave 75-80% yields of pure compound, judged by the absence of
the triphenylphosphine oxide bands in the infrared spectrum.

The'infrared and n.m.r. spectra contained bands at Voax 1650
and 895cm"1101 and a two proton signal at T5.36 respectively,
characteristic of a terminal methylene function. When
acétdne_was employed as recrystallising solvent co-crystals

of triphenylphosphine oxide and the steroid[66], which melted

at a similar temperéture to the pure steroid, were obtained.

3.1.iv. 17-Methyleneandrost-4-en-3-one[67 ]

The Oppenauer oxidation,lo2 used by Sondheimer et g&?B

convérted the A5—en—38—ol[66] to the Lb—en-3%-one[67] in a
single step, although it.probably inﬁolved initial formatioh
" of the B, y-unsaturated ketone [75] which would be immediately
isomerised in the basic medium.92 This reaction proved un-
suitable because of the difficulty of freeing the product (677
from traces of cyclohexanone and its condensstion products,
which resulted in large losses of steroid. Consequently; _
the A5—en—38-ol[66] was oxidised to the A5—en43—one[75] with

' chromic acid in acetone.lo3’1oa

Mineral acid has been
usedlo3 to isomerise the 5,6;double bond to the conJugated
L4,5-position but when fhis reagent was employed much de-
-'gradation'occurred. However anhydrous oxalic acidtos proved'

successful for the isomerisation.

In an attempt to minimise degradation of the steroid
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Diagram 3. Mass spectral fragmentations of 17-methyleneandrost-
5—-ene-3-dimethyl ketal.
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during removal of the organic solvents after chromic acid
oxidation saturated sodium bicarbonate solution was added
immediately after the reaction had been quenched with
methanol. The solvents were then rémoved and the product
extracted by the usual pfocedure. Infrared analxsis of
the crude.product showed a very low intensity B;y—unsaturated
carbonyl absorption, vmax_1715cm_l, in comparison to the C-H-
stretch at \)max2990-2910cm'1 and several intense bands in
.the fingerprint region not found in the spectrum of the A5~
en—5~one[75ja N.m.r. spectroscopy indicafed that the dogble
" bond was entirely in the 4,5—positioh (Th.64,6-H) and that.
the 17-methylene fuhction wés intact (T5;56). ‘The shift of
the C-19 methyl signal (78.98) compared to that of the A%-
en-3-one [75] (T9;17) was consistent with the assignment of
‘two singlets (76.89, 6.80) to a 3~dimethyl ketal[76].

- Alumina chromatography of the crude product led to
almost immediate elution of a white crystalline compound, ‘the
_iﬁfraréd and n.m.r. spectra of which showed the features |

described above. Zalkow gt g;.106

‘reported signals at T6.86
and 6.81 in the n.m.r. spectrum of 5a-cholestane-3-dimethyl
katal; These authors stated that the reéction medium
shoﬁld be absolutely anhydrous to obtain‘a high degree of
 ketal formation, however the n.m.r. spectrum showed that the
crude product contained about 60% of the ketall76].

The mass spectrum of the low polarity product taken
frdm the column confirmed that it was 17-methyleneandrost—
5—ene—3~dimeth§l keta1[76].- The ethylene ketal,'which is

a common protective group for steroid ketones, produces such
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Diagram 4. Mass spectral fragmentations of
17-methyleneandrost—i-en-3-one.
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pronounced fragmentation that it overshadows the effects

of other functional groups.i®7d

The dimethyl ketal function
in 17-methyleneandrost-5-ene~3-dimethyl ketal acted in the
same way and gave rise to the base peak at m/e 101 by the
route shown in diagram 3. As in the casc of the ethylene
ketal of androst~5—en—3—one10%iEpe 5,6—double bond favours
‘cleavage of the 3,4-bond by‘allylic activation [route a]
whereas an ion cannot arise from 2,3-bond cleavage [rouﬁe b
because of the unfavourable allene intermediate thch would
‘be involved. Thé only other ions 6f importance in the masé
Specfrum of the ketal were the.molecular ion (m/e 330, 9%)
and those at m/e 299 (18.5%) and m/e 298 (22%). These'two.
latter ions arise from loss of a methoxy radical and the
élehents of methanol, respectively.

- Approximately 40% of the crude product was eluted from
the column as the ketall 76] .  However, the next component

h—en—ﬁ—one[6?] (12%) which could have

was identified as the 4
arisen only by hydrolysis of the ketal and conjugation 6n'

the alumina. It was identibal with the compounds obtained

by Oppenéuer oxidation of the a5—en—35~ol[66] and by oxalic
acid isomerisation of the A%-en-3-one[75]. The mass spectrum.
5f 17-methyleneandrost-4-en-3-one was mofe complex than that
of the dimethyl ketall[76]. The molecular ion (m/e 284)-was
also the base peak and the spectrum included peaks at

m/e 242108 4ng m/e 124109 characteristic of the'Ah—en—Bwéne
systemloﬁa[see diagraﬁ‘h].

Unreacted'A5—en—36~01[66] was next eluted from the

“column. The most important ions in the mass spectrum of
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MY, m/e 286 - m/e 268

—I15—18 /e 273

Diagram 5. Mass épectral fragmentations of
17-methyleneandrost-5-en-3g-ol.

//gé///a m/e 285
" _
2
@)
ot
M*, m/e 300 - | | m/é 282
—l5“|8 m/e 267

Diagram 6. Mass spectral fragmentations of 68-hydroxy-17-
methyleneandrost-L4-en-3-one.



this compound [see_diagram 5] were the molecular ion
(m/e 286), which was also the base peak, and ions at m/e
271, m/e 268 and m/e 253, which arose from loss of a
methyl radical, water and the two moieties together,
respectively. |

A second unknown product was then eluted, the infra-
red sﬁectrum of which showed thét it contained a hydroxyl

group (vmax35OOcm‘1) in:addition to the 17-methylene function.

‘The conjugated carbonyl absorption (vmaxl6800m“l) was

slightly different from that of 17-methyleneandrost-4—-en—3-
one (vmaxl6750m"l). As well as the C-4 proton signal,
which was shifted downfield by 3Hz compared to the corres-
ponding signal in the aa—en~3~one[67], and the 17-methylene
resonance, the compound gave a single proton triplet at
T5.65 (J = 3Hz). The 18-methyl shift (v9.16) was similar
to that of the other 17-methylene steroids engountered but
the 19-methyl resonancer(TB.Bh)'was at considerably lower

field. Similarly the n.m.r. spectrumllo

of the known 6g-
hydroxyandrost-4-en-3-one has a triplgtrat ™5.65 (J = 3Hz)
cofresponding to the 6a—protoﬂ and the 19-methyl signal is
low (18.62). The molécular ion of the unknown product
(m/e 300), which was also the base peak, was consistent
with one additional hydroxyl group tsee diagram 6].  The
only other intense ions in the mass spectrum were those Te-
sulting from loss of a methyl group, water and both at

m/e 285, m/e 282 and m/e 267, respectively. The compound

was thus identified as 6B-hydroxy-17-methyleneandrost-i—-en-

3-one [77 1. 6B—Hydroxychblesteh—en—Béone has been reported
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to be among the products of the dichromate oxidation of
cholesterol.ll1a
Mild acid hydrolysis of the ketal [76] gave a mixture

4

of the enones [75,67] which was isomerised to the # —en-3%-

onel[67] with oxalic acid.

3.1.v. 17q,20-0xido-2l-norpregn~i—en-%-one[ 68]

sSondheimer et g&.BB

used perbenzoic acid for the
conversion of 17-methyleneandrost~4—en-3-onel 67] to the 17a,
20~oxide[68]. Mdfe recently epoxidising agents, such as m-
7chloroperbenzqic acid, which remain active for long periods
when stored at room temperature, havé been developed. m-
'_Chlor0perbenzoic acid, mahufactured by the FMC Corporation,
was used for the first epoxidations of the 1l7-methylenc
compound, according to a method developed by the-manufactur-

L1122 the reagent had a minimum assay of 80% active

ers
oxygen when produced but at the time of use the assay was 60%,
determined by iodimetric titration.

The products of the epbxidatidn reaction were examined
most conveniently by thin layer chromatography énd n.m.r.
spectroscopy. Affer development of the plate with sulphuric
acid spray and heat the epoxide [68] was readily‘recogniéable
as a gréenish—yellOW'spot, slightly more polar than the
initially pink spot of the starting material [67] and con-
siderably less polar than ﬁhe blue spot given by 17a~hydfoxy—
17-hydroxymethylandrost-4-en-3-one [78]. Epoxide formation
was easily detected by n.m.r. spectroscopy by the‘disappear-

ance of the 17-methylene signal (75.3%6) and the appearance

of a pair of doublets at 17.34, 7.26 (J,p = 4Hz) assigned to
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the protons of the 20-methylene function. The C-~20 protons
of the glycol[78] gave a pair of doublets at +6.h3, 6. 38
(3,5 = 11Hz). | |

When the epoxidation was carriéd out at room femper«
‘ature for periods of between 1 and 3 hours unreacted starting
material [67 ] was isolated at rqutidn concentrations of ca.
0.0024 moles of active oxygen per 0.0036 moles of steroid -
per litre of methylene chloride but at concentrations of
'0.1%6 moles of acﬁive oxygen per 0.136 moles of steroid per
_1ifre of solvent the major product wés the glycol[78],
formed by cleavage of the epoxide under excessively acid
.conditions. Howevér, at conéentrations in the region of
0.07 moles of active oxygen per 0.08 moles of steroid per
1litre good yieldé of the epoxide [68], only slightly contamin-
ated with the unreacted 17-methylene compound (67 ] and the
glycol [78], were obtained. Purification was unnecessary at
this stage because the products of reduction of these contam-
inants were easily removed after the following reaction.

The epoxidation was repeated using new batches of m-
- chloroperbenzoic acid manufactured by either B.D.H. Chémicals
Ltd. or by Ralph N. Emmanuel Ltd. The heat of reaction was
now sufficient to boil the solvent and a fluorescent green-~
red colour developed. The product of epoxidation under
these conditions contained a mixture of the starting material
(671 and the two hydroxymethyl compounds [78,797], but no
epoxide[68]. There was no improvement when the temperature
was maintained below 25°C during the addition of the peracid

and at ice temperature the reaction did not proceed at all.
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A colour change similar to that described above was
noted in an experiment, described later (section 3.15.ii),
in which the glycol[78] was heated with sulphuric acid. De-
hydration and methyl'migrafion again occurred to give 1l7q-
hydroxymethyl—l?—methyl-lB—norandfosta~A,lB(lh)—dién—B-one
[79], the hydroxymethyl protoﬁsmgf which gave a pair of
doublets at 76.70, 6.60 (JAB = 10Hz).

Titrimetric analysis of the fresh peracids showed
-thét the‘average active oxygen content was 86%, in com-
parison to the 60% activity of the older reagent. Since
| the diluent in this iatter material might have been the
parent acid, fresh peracid was-mixed with m-chlorobenzoic.
acid to give a sample with 60% activity. However, this re-—
agent also gave overreaction under the previous conditions.

113 obtained at least three different

Ruzicka et al.
products from the oxidation of l?—ethylideneéndrdstmh—en-B—
~one with 1.5 equivalents of ﬁoﬁoperphthalic acid (0.088 mole
of active oxygen/0.057 mole of steroid/litre) but oxidation
with 0.9 equivalents of perbenzoic acid (0.237 mole of
active oxygen/0.264 mole of steroid/litre) gave predominantly
“the l7a,20—epoxide.88 Reaction of 0.9 equivalents of per-
benzoic acid, prepared according to the method of Moyer and

LA yith 17-methyleneandrost-4-en-3-one (0.024 moles

| Manley,
of active oxygen/0.027 moles of steroid/litre) for 2-3 hours
gave a mixture of the epoxide[68](35%), unreacted starting
material[67](50%) and the glycol[78]1(15%). A longer reaction
time led to complete degradation of the epoxide. |

Satisfactory ylelds of 17&,20—oxido¥2l—norpregn~4—en-



- m/e 270 (100%)
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M+, m/e 300 (78%) _42

m/e 258 (35%)

m/e 124 (61%)

Diagram 7. Mass spectral fragmentation of 17a.,20~0xido-21-
norpregn-t-en-3-one.
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S-one, contaminated with some unreacted starting material
but with negligible glvcol were finally.achieved with the
B6% active m-chloroperbenzoic acid at concentrations of ca.
0.019 moles of active oxygen‘per 0.0i8 moles of steroid
per litre of solvent. _

The mass spectrum of the epox1de[68][see diagram 7]
contalned the expected molecular ion at m/e 300 together
with intense ions arising from loss of the epoxide oxygen
atom (m/e 284) and of the epoxide function (m/e 270, base
peak). Other important ions in tne spectrum were those
characteristic of the AY-en-3—one system (m/e 258 and'm/e

124).

3.1.vi. 178-Methylandrost-f-en—3g,17-diol [80]

Sondheimer et gl.aa reported the formation of a
mixture of the C-3 epimeric l?B—methylandrostuh—eneQB,17—
diols by lithium aluminium hydride reduction of the 17a,20-
epoxide [68]. Reduction of an unhindered C-3 carbonyl group
has been shown to give approximately 90% of the equatorial

115 because of attack from the less

BB—eicohol in most cases,
crowded a-face of the steroid molecule. However, a,g-un-
saturation can have a profound effect on the stereochemistry
of reduction, as illustrated.by cholest-4-en-6-one and
cholegt~5-en-4-one, both of which haﬁe been reducedtl® to

the a~alcohols. Theee-results are eXplained116_by distortions
caused by the double bond which tend to pull the canbonyl
group 1nto the plane of the molecule and so decrease the

crowding on the p~-face. The choice of solvent and reaction

temperature can also affect the stereochemistry of the
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products of hydride 1"ec11,1c;tions.117‘5‘-l

The product of.the lithiumlaluminium hydride re-.
duction of the epoxide[68], which was easiiy purified by
virtue of its_poor sblubility in acetone in compariscn to
the reduction products of the 17-methylene compound [67] and
the glycol[78], gave only one spot on thin layer chromato-
graphy. However, it was doubtful whether a mixture of the
30~ and 38-alcohols could have been separated in the s@lvent
system employed. The n.m.r. spectrum of the product showed
that the double bond was no longer conjugated (T74.72, 4-H)
and a multiplet at 75.85 (w% = 18Hz) was in good agreement

110

with the reported spectrum of androst-i4-en-3g-0l (75.85,

m,wy = lBHz,BQﬁE). Since the 3-proton of éndrostwﬁ—ehm

Ja~-01 resonatesllo

at 75.91 (m,w%‘: 10Hz) it was impossible

to determine, from this region of the spectrum, whether the
product contained any of the 3a-o0l because of the band width
of the 3a—proton'and the pdor solubility of the sample. The
19-methyl signal of the product (78.95) was similar to that

of androst-f-en-3g-ol (T8,95110) but there was no evidence

of a 19-methyl signal similar to that of androst-f4-en-3g-ol
(79.01110).‘ Consequently the product of the iithium aluminium
hydride reduction of 17@,20—oxido—21-nofpregn—h-en—3mone was
assumed to be 17@-methylandrost-4-ene-3g,17-diol[80].

Oppenauer oxidation of the enediol [80} gave 17-methylepitesto-
sterone{50] which was reduced with sodium borohydridell8 to
give a product which was predominantly the 3p-0l[80] but also
éontained a small amount of the epimeric 3c~-ol (C-19 methyl,
rg.01). |
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¥, w/e 304, 9% o M*, m/e 30L, 58%
MY, m/e 304 -¥58 m/é 246
170-0H, 9% ~—> 17a-0OH, 22%
17-0H, 58% 178~-0H, 100%
m/e 286 - 218, m*.251°1 m/e 268.
17a~0H, 100% —%  170~0H, 37%

17p-0H, 70% ' _ 178~0H, 14%

-15 -15
m. 256.8 m* 239.0
v A 4
m/e 271 18, n* 236.2 m/e 253
170~0H, 40% % 170-0H, 50%

178-0H, 25% _ - 17p-0OH, 25%

Diagram 8. Mass spectral fragmentations of the epimeric
17-methylandrost-4-ene3p,1l7-diols. _
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The mass Spectrum.of 178-methylandrost-4-ene-38,17~
diol [see diagram 8] contained a very low.intenéity,molécular
ion (MY, m/e 304), the base peak arising from loss of water
from the molecular ion (m/e 286). Metastable peaks (m*)
showed that the base peak lést a methyl radical and water
by the three pathways shown in @}agram 8. | 17a—Méthyiandrostu
4—ene~-3g,17~-diol was obtained by sodium borohydride reduct‘ionll8
of methyltestosterone and its mass.spectrum contained the
same ions as that of its C~17 epimer. .However the inten-

sities of ‘the characteristic ions relative to the base peak

in each spectrum were quite different [diagram 8].

3.1.vii. 17-~Epimethandrostenclonds8l]

Muller et gl.llg described the use of 2,3-dichloro-5,
6-dicyano~1, 4-benzoquinone (DDQ) for the preparation bf 17a,
21-dihydroxypregna-1,4-diene-3,11, 20~trione 2l-acetate from
thé 3-keto-58~ and 3oa-hydroxy-58- steroid precursors. A
concentration of 3-4 moles of DDQ per mole of 5a—hydroxy;58"
steroid was recommended for dehydrogenation to the dienone;
conééquently, since the enediol [801 already contained one
of the required A-ring double bonds the quantity of DDQ was
reduced to 2.2 moles per mole of steroid. |

Alumina chromatography was used to remove several low
polarity products of this reacfion from the two major products
- which were of very similar pdlarity. These compounds were
separated into two fractions, each rich in one of the com-
.ponents, by further chromatography. The two pure compounds
were obtained by recrystallisation. A single proton resonance

at T4.28 in the n.m.r. spectrum and a carbbnyl band at Vinas



m/e 284

17a~0H, 12%
g 178-0H, 10%

-18 m/e 124

" 17a~CH, 3%5%
17B—OH3 3&%

'_M+, m/e 302
170~0H, 100%

178-0H, 100% m/e 260

170~0H, 6%
178_OH’ 7%

m/e 269

17a~0H, 6%
17B—OH9 3%

Diagram 9. Mass spectral fragmentations of the epimeric
17-methyltestosterones. '
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1675cm_1 in the infrared spectrum indicated thaf the less
polar product was ar’-en-3-one.  Its melting point (180~
182°C) was in agreement with the literature meltlng pOlntlllb
of 17-methylepitestosterone [50 ] and the mass spectrum (M*,
m/e 302) confirmed the identification of the compound.
Diagram 9 illustrates the close.ﬁimilarity.between the mass
spectrum of.this compound and that of its C-17 epimer, methyl-
testosterone.

| The crystalline compound 1solated from the most polar
fractlon was identified as the 1, 4 dien-%*-one, l7-epimethan-
drostenolone[81]. - The properties of this compound and its
17—epimer,me%handroétenolone are compared and discussed.in

section 3.3.
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Experimental Procedure

Melting points_wére determined on a Kofler hot
stage apparatus and are corrected. Infrared spectra &f
carbon disulphide solutions were recorded on a Unicam S.P.

200 spectrometer and ultraviolet spectra were recorded on
a Unicam 5.P. 800 spectrometer. = Nuclear magnetic resonance
specira of deuteriochloroform solutions were recorded on a
Perkin Elmer R10 (60 M Hz) spectrometer or a Varian HA 100
(100 M Hz) spectrometer with tetramethylsilane as an internal
stanéard. Optical rotations were measured dn a Perkin Elmer
model 141 automatic polarimeter at 589nm in methanol SOIutions.
lAﬁalyses wefe determined on a Perkin Elmer model 240 instrument.
| Merck silica gel GF,g, was used for thin layer chromato-
graphy and the eluting system was benzene-ethanol (9:1) unless
.otherwise stated. The ﬁlates were developed with sulphuric
acid in ethénol (1519) spray‘and then heated. Alumina refers
to Sﬁence type H alumina of Brockman activity 2 and 5% de-
éctivated alumina to alumina deactivated with 5% by volume of
a 10% solution of acetic acid.

Mass spectromeiry was carried out on an AEI MS 902
instrument operated at 70eV by Mr. D. Thomas. ﬁicrogram
samples for mass spectrometry were weighed on a Cahn 1@00.
range selector electrobalancé. Very small samples,
particularly'of metabolifes, were transferred to a quartz
direct insertion probe as solutions.in chiloroform and the
solvent removed by evaporafionf'
| Gas 1iqu;d chromatography was éarriéd out on a Perkin

Elmer 801 ingtrument with 6 ft. all—gléss columns of &M
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internal diameter and a Pye 104 instrument with 6 ft. all-
glass columns of " internal diameter. Stationary phases
were the methylsilicones, OV-1 and QF-1 and the methyl-
siloxane polymer, SE-30. Various column temperatures be- -
tween 220 and 250°C were used and are stated in the text.
The detector and injector were maintained at slightly higher
temperatures than the column. Preparative gas chromato- |
graphy was carried out with the aid of a column splitter over
the end of which a 6" length of glass tubing (5mm internal
diameter) was placed. Samples condensed approximately half
way along the glass tube ‘and were located as a slight mist
lcovering a " band. Both'ends of the tube were removed to
leave a section (ca. 1M) containing the steroid which was
then'eluted, evaporated to drynesé aﬁd redissolved in a
small volumé of solvent.r - This sample was either rechromatd—
graphed or transferred to a diréct insertion probe for mass
spectrometry.

Methandrostenolonerand oxymetholone were extracted
from commercial tablets of the.respective dfugs by first
~ grinding the tablets to a fine powdér with a pestle and
mortar. The pbwder wés transferred to a flask and benzene
was added. After periodic shaking of the mixture during ca.
30 minutes the insoluble carrier material was removed by
filtration and the filtrate was evaporated to dryness to

give the pure steroid.
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2.2 Experimental Section

3.2.i. 17-Methyleneandrost—5-en—3g-ol |66 1100

Methyltriphenylphosphenium bromidelzo (25.0g) and
potaszium t—butoxide:t_butanolllzb(1:1 complex, 13.04g) were
dissolved in dry dimethyl sulphoxide (80ml) under.nitrogen
with gentle warming. A solution of js—hﬁdroxyandrostm5wehm
17-orte (4.04g) in dimethyl sulpﬁoxide (80ml) was added. The
reaction mixture was maintained af 80°C for 1 hour, diluted
with ice and 10% sodium chloride solution and extracted twice
with ether. The ether extracts were combined, washed with
water, dried over anhydrous magnesium sulphate and evapofated
to dryness to give the crude'product (5.09g), heavily con-
taminatéd wifh triphenylphosphine oxide. Recrystallisation
from methanol yielded pure 17—methyleneaﬁdrost-5—en—38~ol

(3.17g, 79%); m.p. 134-135°. (11t.,%°

133-134%);5 v 3450,
1655, 895cm-;; n.m.r. (60 M Hz)”T9.20 (C-18 methyl), 8.98

(C-19 methyl), 6.45 (3a-H), 5.36 (17=CH,), 4.64 (6-1H).

3.2.ii.  17-Methyleneandrost-5-en—3—-one| 751+03s104

17-Methyleneandrost-5-en-3p-0l (3.07é) was dissolved
in ice-cold acetone (215ml), maintained at 0°, and 8N chromic
acid (6.14ml, Jones reagent) was added with rapid sﬁirring.
After 45 seconds the reaction was qguenched with methanol
(120ml), water was added, the organic solvents were removed
on a rotary evaporater and the steroid was extracted twice
into ether. The combined ether extracts were washed with
saturated sodium bicarbonate solution and with water until
neutral, dried over anhydroué magnesium sulphate and eVap-

orated to dryness to give a crude product (2.83g). Crystal-
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lisation from ethanol gave 17-methyleneandrost-5-en—3-one
(0.898g, 29.5%); m.p. 109-117°; Voo l715, 1685, 1655,

895cm~l.

3.2.iii. 17-Methyleneandrost~4-en-3-one[67]

a. Isomerisation of 17-methyleneandrost-5-en--3-one with
hydrochloric acid103 -

17-Methyleneandrost-5-en-3-one (Q.Sg) was dissolved . in
ethanol to give é pale yellow solution. Gaseouslhydrogen
chloride was bubbled through for a few seconds and the dark
brown solution was left to stand at room temperature for
1 hour. It was then poured into water, extracted with
ether and the ether solution washed with Saturated sodium
bicarbonate solution and.with_water, dried over anhydrous
mégnesium sulphate and evaporated to dryness to yield a
brown glass. Crystallisation from acetone-pentane yieldéd

- white crystals of 17-methyleneandrost-4-en-3-one (0.3g);

88 1

m.p. 125-130° (1it.,%° 129-131°); v 1675,1665,1625,895cm " ;
n.m.r. (60 M Hz) 79.17 (C-18 methyl), 8.80 (C-19 methyl),
5.32 (17=CH,), 4.23 (4-H). .

b. Isomerisation of 17-methy1eneahdrost—5-en~5~one with

anhydrous oxalic acid105

Anhydrous oxalic acid (0.2g) was added to a solution
of 17-methyleneandrost-5-en-3-one (0.85g) in ethanol (50ml).
The solution was heated at 60° for 30 minutes, water was
added and the ethanol was removed by evaporation in vacuo.
The steroid was extracted twice into ether, the combined ether
-extracts were washed with satufated sodium bicarbonate

solution and with water, dried over anhydrous magnesium
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sulphate and evaporated to dryness. Crystallisation from

acetone gave 17-methyleneandrost-i4-en-3-one (0.76g) as white

88

needles; m.p. 129-131°(1it.,” 129-131°); v __ 1675,1655,

1625,895cm™+; n.m.r. (60 M Hz) 79.17,8.80,5.32,4.23. -

c. Isomerisation of 17-methylencandrost~5-en~3~-one via
formation of the C-3 dimethyl ketal -

17~Methy1eneandrost-5—eh—35—ol (1.0g) was dissoived
in ice;cold acetone (70ml) and 8N chromic acid (2.0ml) was
added to the stirred solution at 0°. The reaction was
allowed to proceed for 60 seconds and then quenched with
methanol (100 ml). Saturated sodium bicarbonéte solution
wés added drbpwise to the stirred mixture until it was
approximately neutral. The organic solvents were removed by
evaporation in vacuo and the aqueous residue was extracted
thfee,times with ether. The_combined ether extracfs wére
washed with saturated sodium bicarbonate solution ard theh
with water until all the chromium salts had been removed,
dried over anhydrous magnesium sulphate and evaporated to

dryness to give a yellow glass; 2990-2910(s), 1715(w),

Vmax
1400-800 (strong bands)em™ T, containing the dimethyl ketal
of 17—mefhy1eneandrost~5—en—3-one (60%); n.m.r. (60 M Hz)
19.20 (C~18 methyl), 8.98 (C-19 methyl), 6.89, 6.80 (s,5,-0CH,,
~0CHs), 535 (17=CH,), 4.64 (6°H). The crude product also
contained 17-methyleneandrost-5~en-~3-one; n.m.r. (60 M Hz)
r9.17 (C-18 methyl), 8.80 (C~19 methyl), 5.35 (17=CH,),
L.6L (6—3). T.l.c. showed that the major produét, the

ketal, was less polar than the A5—en435—01, A5—en-3—one-

and Aa—en—B—one.
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The crude product (1.05g) was dissolved in toluene
and chromatographed on alumina (30g). Elution with toluene
(150m1) gave white crystals (0.386g, 37%) of 17-methylenc—
androst-5-ene-3-dimethyl ketal; m.p. 112.5—115.§?acetone);
v 1655,1110,1065,895¢m™~; n.m.r. (60 M Hz) 79.20 (C-18

methyl), 8.97 (C-19 methyl), 6.89, 6.80 (s,%—oggj,

~ocE,),

5.37 (l?QCﬂz), 4.64 (6-H); Mass spectrum, M m/e 330. |
Further elution with toluene (150ml) gave a brown

gum (6.7mg) which was discarded. The following six

fractions elufed with toluene (900ml) gave 17-methyleneandrost-

4-en-3-one (0.126g, 12%) as colourless crystals from acetone;

m.p. 130.5-135° (1it.,°

& 129-131°); vma#l675,1655,896cm“1;
n.m.r. (60 M Hz) 79.16 (C~18 methyl),8.80 (C-19 methyl),
5.36 (17_= Cﬂz), 4,27 (4-&); Méés spectrum, M' and base
peak, m/e 284.

.Continued elution with toluene (150ml) yielded a green
glass (15;1mg) which was discarded. Two further fractions
“eluted with toluene gave white crystals of 17-methyleneandrost-
S-en-3g-ol (0.228g, 22%); m.p. 124-13F (1it.,tC 133-134°);
V05 1655,895em™ s n.m.r. (60 M Hz) 19.20 (C-18 methyl), 8.98
(C-19 methyl), 6.50 (3a-H), 5.36 (17=CH,), 4.61 (6-H); Mass
spectrum, M’ and base peak, m/e 286, 7 '

A further fraction (8.2mg) eluted with tdluene (250ml)
was discarded, as was the material (31.3mg) ecluted with
toluene—chloroform (9:1, 500ml). Toluene-chloroform (1:1,
250ml) eluted colourless crystals (43.8mg, 4%) of 6p-hydroxy-
17-methyleneandrost-4-en-3-one; m.p. 170-175° (acetone);

vmax35oo,1680,1655,895cm‘1; n.m.r. (60 M Hz) v9.16 (C-18 methyl),
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8.54 (C~19 methyl), 5.67 (t, 3Hz, 6a-H), 5.37 (17=CHp),
L.22 (é—ﬁ); Mass spectrum, M  and base peak, m/e 300.
17—Methyleneandfost—5-ene-3—dimethyl ketal (0.30g)
was dissolved in acetone (100ml) and dilute sulphuric acid
(5ml) was added. The solution was stirred for 1% hours and
~then extracted three times withféther. The combihed'ether
extracts were washed with saturated sodium bicarbonate
solution and with water, dried over anhydrous magnesium
sulphate and evaporated to dryness to yield a mixture of 1?—
methyleneandrost-5-en-3-one and 17—ﬁethy1eneandrost_auen-3~
one; vmaxl7l5,l675cm“1; n.m.r. (60 M Hz) 74.67 (GHE), 4.28
(4-H).  The mixture was isomerised with anhydrous oxalic

acid, as described in section 3.2.iii.b., to the 4-en-3-one.

d. The Oppenauver oxidation of 17-methy1eneandrost—5—en—3$~0188

17-Methyleneandrost-5-en-3g~-o0l (0.517g) was dissolved
in toluene (40ml) and cyclohexanoné (7ml) and traces of
meisture were removed by distillation of the.solvent‘until
clear. A solution of aluminium isopropoxide (1.11l6g) in
toluene (35ml) was addéd to the gently refluxing steroid
solution. The mixture was refluxed for 3 hours, water was
added and the organic solvents were removed by steam distil-
lation with a Soxhlet extractor for 1% hours. The aqueous-
phase in the reaction flask was extracted twice with chloro-
form, the combined chloroform extracts washed with dilute
hydrochloric acid, saturated sodium bicarbonate solution and
with water, dried over'anhydrous‘magnesium sulphate and
evaporated-to dryness. The product, a yellow glass (0.823g),

crystallised on standing but smelled strongly of cyclohexanone.
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Recrystallisation from acetone gave white crystals of 17-
methyleneandrost~4-en~3-one (80mg, 16%); n.m.r. (100 M Hz)
79.17 (C-18 methyl), 8.80 (C-19 methyl), 5.36 (17=CH,),
4.27 (4-H).

3.2,iv. 170,20-0xido~2l-norpregn-l-en-3-one| 6811122

m-Chloroperbenzoic acid (60% active oxygen, O.35g,
1.21 mmole active oxygen) was added to a solution of 17~
methyleneandrost¥4—en—3—one (0.5g, 1.76 mmole) in methylene
chloride (20ml). The reaction was allowed to proceed for
2 hours at room temperature. Excess peracid was destfbyed
with 10% sodium sulphité solution and the reaction mixture
was neutralised with saturated sodium bicarbonate solution,
washed with water, dried over anhydrous maghesium sulphate and
eVaporated'to dryness. Crystallisation'from acetone yielded
l?a,ZO—OXido-zl—ﬁorpregn—h-en—j—one (0.45g); m.p. 180-184°
(11t.,% 179-182°); v 1675cm™Y; n.mir. (100 M Hz) 19.14
(C-18 methyl), 8.82 (C-19 methyl), 7.34, 7.26 (d,d,JAB 4 Hz,
a“epOXide)SCfCE2*O), 4.28 (4-H); Mass spectrum, M*, m/e 300.

3.2.V, l7a~HVdroxv—l7—hydroxymethylandrost—h—en—}—one[?@l

m-Chloroperbenzoic acid (60% active oxygen, 3.9g,
13.6 mmole active oxygeh) was added to a solution of 17-
methyleneandrost--4-en-3-one (3.86g, 13.6 mmole) in methylens
‘chloride (100ml) and the reaction carried out as described
above. T.l;c. showed that_fhe majbr product of this reaction
" was more polar than the epoxide and gave a bright blue spot.
‘Recrystallisation from acetone gave l?a~hydroxy—l7—hydroxy—
methylandrost-4-en-3-one (3.1g); m,p.'2360 (1itn§8 234-236°);
n.m.r. (100 M Hz) 79.01 (C-18 methyl), 8.89 (C~-19 methyl),
6.43, 6.38 (d,d,J,p 11 Hz, 178-CH,-), 4.25 (4-H).
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3.2.vi. 17p-Methylandrost—L4-ene-38,17-diol] 80 ] by reduction
88

of 17a,20-0oxido-21l-norpregn-i~en-3-one

A solution of 17a,20-oxido-21l-norpregn-4-en—3-one
(0.45g) in drj ether (25ml) was slowly added to a suspension
of lithium aluminium hydride (0.20g) in ether (20ml). The
mixture was refluxed for 30 minutes and excess reaéent
destroyed by careful addition.o}-water. The aquebus layer
was separated and washed with ether, the combined ether
extracts were washed with water, dried over anhydrous mag—‘
nesium sulphate and evaporated to dryness. Recrystallisation
from acetone gave 178-methylandrost-4-ene-38,17-dicl (0.36g);
m.p. 225-228°%; v__ 3410cm™; n.m.r. (100 M Hz) 79.31 (C-18
methyl), 8.95 (0—19 methyl), 8.83 (C—ZO.ggzgxl), 5.85 (m,w%
18 Hz, 3a-H), 4.72 (4-H); Mass spectrum, M, m/e 304;
calculated for N S jog.2AO217, found 304.239655.

3.2.vii. 17-Methylepitestosterone[50]

17B-Methylandrost-4-ene-38,17-diol (75mg) was dissolved
in dry toluene (5ml) and cyclohexanone (1lml). Alﬁminium iso-
propoxide (151.2mg) in toluene (5ml) was added to the gently
refluxing-steroid solution.' The reaction mixture was re-
fluxed for 1 hour, éllowed to cool and water and concentrated
hydrochloric acid Were added. The orgénic 1aYer wés
separated from the agueous phase, evaporated fo dryngss and
the residue dissolved in chloroform. The agueous phase was
extracted twice with chloroform and the cbmbined chloroform
solutions washed with saturated sodium bicarbonafe solution
and with water, dried over’anhydrous magnesium sulphate and
evaporated to dryness to yield a yellow syrup which.smelled

strongly of cyclohexanone. Much of the contaminating material
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was remo&ed by evaporation in vacuo and by passing a stream
of dry nitrogen over the product, at 80°, for 1 hour.
Crystallisation from acetone gave long needles of 17-methyl-
.epitestosterone (30mg); m.p. 167-168° (lit.}1331820); t:l.c.,

one spot, less polar than the starting material; Mass

spectrum, M7, m/e 302. .

3.2.viii. 1l7p-Methylandrost-4—ene-%g,17-diol{8C] by reduction
118

" of l7~methvlepitestosterone

A solution of 17-methylepitestosterone (15mg) in
methanol (0.6ml) and ethyl acetate (0.15ml) was mixed with a
solution of sodium borohydride (5mg) in methanol (0.6ml) and
e$hy1 écetate (0.15ml) and kept at room temperature for 24

“hours. . Glacial acetic acid (0.2ml) was added followed by
dilute hydrochioric acid. The steroid was extracted into
ether and the ether solution washed with saturated sodium
bicarbonate solution and with water, dried over anhydrous
magnesium sulphate and evaporated to dryness to give a white
crystalline product (10.6mg); n.m.r. (100 M Hz) ©9.371 (CmiS
methyl), 8.94 (C-19 methyl), 8.82 (C-20 methyl), 5.86 (m,w%
18 Hz, 3a-H), 4.72 (4-H). A small peak at 79.01 (C-19

: methzl)‘indicated-that the product contained a small pro-

portion of 17g-methylandrost-4-ene-3a,17-dicl. Recrystal-

- lisation from acetone gave l7g-methylandrost-4-ene-3g,17-diol

(2.5mg); m.p. 226-228°; [a]y + 8° (C - 0.18).

3.2.ix. 17a-Methylandrost—l—ene—3f,17-diol 18

A solution of methyltestosterone (0.41g) in methanol
(16.4ml) and ethyl acetate (4.1ml) was mixed with a solution

of sodium borohydride (0.106g) in methanol (16.4ml) and ethyl
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acétate (h.lmlj and the reaction carried out as described
above. The white product (O.hh}g) was sparingly soluble in
ether and crystallisation from acetone gave l1l7a-methylandrost-
lmone-3g,17-diol (0.199g); m.p. 167-169° (1it. 18 166-170°);
n.m.r. (100 M Hz) 79.13 (C-18 methyl), 8.94 (C-19 methyl), 8.81
. {C-20 methyl), 5.86 (m,W% 14 Hz, 3a-H), 4.72 (4~H); £.1.c.,
similar polarity to 17g-methylandrost-4-ene-3g,17-diol; [a]D

+ 14° (C=0.25); Mass spectrum, MY, m/e 304.

320X l?—Epimethandrostenolone{81]119

A solution of 178-methylandrost-4-ene-3g,17-diol (0.35g,
1.15 mmole) and DRG (0.57g, 2.5 mmole) in dry dioxane (20ml)
was refluxed for & hours. The solvent was removed by
evaporation in vacuo and the residue dissolved in benzene and
filtered through a layer of alumina (lOgj. Elution with
"benzene removea three low polafity components and then a
mixture of two components was elﬁted with benzene-chloroform
(1:1); the lattér mixture was retained. Rechromatography
of this fraction échieved partial separation and each compound
was isolated by crystallisation from the fraction in which it
‘was most abundant. The less polar compound (40mg) was
identified as 17-methylepitestosterone; m.p. 180-182° (lit.T1%®
182%); v, 3410,1675cn™; n.m.r. (100 M Hz) 79.28 (C-18

methyl), 8.8% (C-20 methyl), 8.81 (C-19 methyl), 4.28 (4-H)

and the second compound (140mg) as l7-epimethangdrostenolone;
m.p.221°; vmaXBAlO,l665,1636,9100m_l; n.m.r. (100 M Hz) 79.26
(C-18 methyl), 8.82 (C-20 methyl), 8.77 (C-19 methyl), 3.92

(d, 2Hz, 4-H), 3.78 (d of 4, Jy, 10 Hz, J,, 2 Hz, °o-H), 2.94

2
(d, 10 Hz, 1-H); [a]y + 3% (C=0.50); Mess spectrum, M*, m/e

300; calculated for CZOH2802 300.208919, found 300.210430.
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%3.3. The comparison of methandrostenolone and l7-epimethan-

drostenolone

Adhikary reported32 that on the microscale methandro-
stenélone was only distinguishable from its less polar |
metabolite (M) by a very small difference in retention times
on g.l.c. [see table 1, page 23]. Consequently methandro-

stenolone and its 17-epimer were compared prior to comparison

of 17-epimethandrostenclone and M.

3.%3.1. Thin laver chromatography

Methandrostenolone and its C-17 epimer were not
separated by the solvent systems, benzene—ethanol (9:1) and
chloroform-methanol (9:1).  Because of the presence of the
Al’h—dien—B—one chromophore both compounds were visible when
~ the blates were viewed under ultravioclet light. Development

~ with Sulphuric acid produced identical orange-brown spots

after heating.

3.%.1ii. Infrarced spectroscopy

The infrared spectra of both epimers of methandrosten-
olone were very similar and only minor differenceé could be
discerned in the fingerprint region. Absorptions at vmaxl665

1’4—dien—3-one system

and 16300m_1, characteristic of the A
were presént in the spectra of both compounds.

Ananchenko et g£.89 were unable to distinguish between
the C-173 epimeric l?é—alky1—3~methoxy-D—homooestra—l,3,5(10),8—
tetraen-17a-o0ls by infrared spectroscopy but noted small

differences in the spectra of C-1'a epimeric l7a-alkyl-19--nor-

D=homotestosterones.
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3.3.,1ii. Melting points

The melting point of 17-epimethandrostenolone (2210)
differed considerably from that of methandrostenolone (163°).
Other pairs of C-17 epimers which have been found to shoﬁ-
such a differeﬁcé, the 170-alcohol having the higher melting

point in all cases are testosterone (1550)11]b

111b

and 17-epi-

methyltestosterone (1640)lllband 17

111b

testosterone (221°),
methylepitestosterone (182°) and 1l7a-methylandrost-4-ene—
38,17-diol (166-1569°) and 178-methylandrost-4-ene-3g,17-diol

(225-228°).

3.3.iv. Optical Rotations

Until a@pPOXimately twenty years ago there was con-
fusion about the C-17 configuration of natural steroids such
as testosterone, which was originally assigned the 17a~hydroxyl

92,111c When the true structures of such com-

'cbnfiguration.
pounds were determined it was found that inversion from the

17g- to the 1l7a~-configuration was accompanied by a laevoro-

tatory shift of the optical rotaticns of the compounds.lllC

. Optical Rotations B0 ()20 [12-[q)B
Testosteroneslllb ' o +109 +71.5 ~-37.5
Methyltestosteroneslllb' +76 +67 -9
" Methandrostenolones ‘ +20 +3 -17
17-Methylandrost-4-ene~38,17-diols +14 +8 - -6

Table 2. The optical rotation of pairs of C-17 epimeric

steroidal alcohols
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The optical rotations of the C-17 epimers of methandro-
stenolone and 17—methy1androst—#~ene~3ﬁ,17mdiol showed
differences typical of the structures of the compounds

[table 2].

3.3.v. Nuclear magnetic resonance spectroscopyv

The resonances of the three A-ring protons were
identical in the spectra of both epimers of methandrdsten—

olone, 73.92 (4, 2 Hz, 4-H), 3.78 (d of 4, J,, 10 Hz, Joh

iz
2 Hz, 2-H), 2.94 (4, 10 Hz, 1-H), as expected. However
comparigson of the methyl resonances of the three pairs of
epimeric l7mhydroxy“17-methyl compounds synthesised [table 3]
shéwed that the chemical shift of the C-18 methyl group was

characteristic of the configuration at C-17. Indeed

o C~18 methyl C-19 methyl C-20 methyl
configuration at C-17 ¢—0OH pB-0H a—OH = B-—-OH a-OH B=-OH
Methandrostenolones 9.26 Q.07 - 8.77 8.77 8.81 8.82

Methyltestosterones 9.28 9.09 8.81 8.79 8.81 8.79

17-Methylandrost—Lt- | |
ene-3g,17-diols 9.3l 9.13 . 8.95 8.94 8.83 8.81

Table 3. The chemical shifts (T values) of the ¢-18, C-19 and
C-20 methyl groups of pairs of 17-epimeric steroidal

alcohols.

Ananchenko et 31.89 have used the chemical shift of the C-18
methyl group to assign the configuration at C-17a in sub-
stituted D-homooestrenes and D-homo-19-nortestosterones.
Their interpretation was based upon unpublished wprk on the
spectra of cyclic.carbinols by'Berezin and Musher, who found

“that the resonance line of a methyl group-was shifted to
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weaker field the closer the protons were to the oxygen of

a hydroxyl group.

3.3.vi. Gas=liquid chromatography

Methandrostenolone and l?—épimethandrostenolone were
chromatographed separately aﬁd as mixtures on OV-1 and QF-1
columns at several temperatures between 225 and 25000. The
latter epimer had é fractionally shorter retention time (0.978
of the Ry of'methandrostenolone)-when the compounds were
- chromatographed separately, but a mixture could not be re-
solved on 0OV-1. Slight separation of the heads of the peaks
Ofreach component was obtained on QF-1 at 2400, but this was
only possible for an approximately equimolar mixture of the
epimers. Hexamethyldisilazane was injected onto the QF-1
“column in an atfempt to reduce tailing and thus improve sep-
-arétion but fhe'chromatography_was not improved.' The epimeric
17-methytestosterones could nét be resolved on an OV-1 column.

The use of trimethylsilylation has resulted in the
successful g.l.c..of many éteroids which would otherwise
haﬁe been unsuitable because of poor volatility and insta-
bility-at the temperétﬁres_necessary for chromatography. Re-
.placement of active hydrogen atoms by the trimethyléilyl ether
fuhction leads to decreased polarity and increased volatility
because of reduced intermolecular hydrogen bohding.l21a Since
the introduction of the triﬁethylsilyl group may accentuate
minor differences between closely related coﬁ?bunds,121b
‘silylation of the epimérs of methandrostenoléne was attempted.

A method employing hexamethyldisilazane and dimethyl- |

chlorosilane at room temperature, which has been used success=-
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fully for the preparation of the trimethylsilyl etheré of
corticosteroidsl?? was examined. The products of this
reaction should be particularly suitable for direct injection
into a g.l.c. instrument or mass speétrometer because of the
absence of‘acetamide derivatives which lead to high back-
grounds.122 However, silylatiqg of the.tertiary'C-l?lhydroxyl
'group was not achieved under these conditions.

In 1970 Brooks et al.” reported details of the 178-
trimethylsilyl ethers of twelve steroid drugs, including
mefhandrostenolone, which contained 17a-methyl,-ethyl,-propyl,
'—allyl and -ethynyl substituents. These derivatives were
prepared by the method of Makita and Wells,123 Who used hexa-
methyldisilazane and trimethylchlbrosilane as the silylating
reagentsf Methandrostenolone and 17—epimethandrostenolone
were successfully silylated by this method, although g.1.c.
showed that the reaction did not go to completion. The
derivatives of the epimers were well resolved and the peak
shapes were also improved by the absence of tailing. When
chromatographed on OV-1 at 235° the retention times of the
derivatives compared to those of the free steroids were
1,077'1 0.014 (9 runs) for methandrostenolone and 0.791 + 0.015
(7 runs) for 17-epimethandrostenolone. Consequently the
C-17 epimers of methandrostenolone were easily differentiated
by g.l.c. of their trimethylsilyl ethers. |

In later experiments the methods of Chambaz and
Hor'ningl‘zl'L and Sakauchi and Horning,125 developed for the
silylation of compounds contéining highly hindered hydroxyl

groups, were investigated. Irimethylsilylimidazole and tri-
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methylchlorosilane were employed in the former_method and

in combination with bistrimethylsilylacetamide in thé'latter,
and the reaction mixtures were heated in both cases. T.l.c.
showed that under these conditions the only products of the
silylations of the epimers of methandrostenolone were the
low polarity derivatives, unconﬁgminated by.free steroid.

'This was verified by g.l.c.

3.3.vii. Mass spectrometry

| The use of mass spectrometry in bioiogical, pharmacolo~
gical and medical investigations has increasedlrapidly in
recent years because of the very low sample requirements of

the.teohnique.126a

When mass spectrometry was first used
for the study of steroids it was thought that compounds
differing only in their stereochemistry at one position, such

as epimeric hydroxy steroids,127 128

would be indistinguishable.
However, the refinement of techniques, particularly for the
introduction of samples into the spectrométer, has enabled
marny epiméric pairé of compounds to be differentiated.128
All-glass inlet systems and direct introduction of the sample
into the ion source result in diminished thermal feactions
and thus in ions characteristic of electron-induced frag-
mentation.

| The problem of the differentiation of epimeric alcohols
by mass spectrometry was examined by Biémann and Seibl129
who observed that the spectra of epimeric cyclic alcéhols,
including steroidal alcohols, were generally very similar

but that there were distinct differences in the abundances

cf the molecular ion (M+) and the ion arising from loss of



56

water (M-18). In the spectra of secondary alcohols these
authors found that M' was more intense (and M-18 less
intense) for the eguatorial alcohcl, which was less crowded
‘and therefore more stable than M+ of the axial alcohol.
The converse was true for the spectra of tertiary alcohols,
in which the axial alcohol gaﬁe-jhé most intense M7, Thig
was interpreted as an effect of the crowding produced by the
equatorial alkyl group which was larger than the hydroxyl
group. |

The mass spectrometry of epimeric steroidal alcohols

has been extensively. studied by a group of Russian workers@g’

;BOfIBB In an investigatioﬁs9 of the C-1"7a configuration

of l7a—alky1—D—homooestra—1,3,5(10),8—tetraen—17a—ols and
17a—alky1~l9—nor—D—homotestosterones they compared the ratios
of the intensities of the M-18 and ﬁ+ ions and found that
this ratio was much greater for one comﬁound in each pair
than for the other. Applying the "crowding" concept of

129

Biemann and Seibl™* they concluded that the ratio was
greatest for those compounds in which the 17a-alkyl group
was B.(equatorial) and thus closest to the C-18 methyl
grbup. This assignment of configuration was confirmed by
comparison with assignments made on the basis of chemical
reactivity and n.m.r. spectroscopy. Examination132 of the
_-'spéctra of 17-alkyloestradiols and 17~aikyl~19—nortestosterones‘
showed that the difference in the ratio of M-18 to M*' for
pairs of epimers was much less pronounced than in the D-homo
series, but that dehydration of the l7c-hydroxy compound
still proceeded more readily than that of the 17f-epimer.

132

It has, however, been reported that no differences between
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the mass spectra cof the 17a-epimers of 17a~methyl-D-homo-
testosterone or between those of l?a«ethyl~D—homotestosterone
could be detected. Comparison of the mass spectra of methyi—
testosterone and its C-17 epimer [diegram 9] showed no
significant difference in the intensities of the M-18 and

M* ions.

Differencee between the mass spectra oflepimeric
secondary alcohols in the progesterone sefies were studied
by Zaretskii et al.1”! who concluded that the ratio M-18/M*
wonld be greater than unity for those alcohols in which the
hydroxyl group was axial and less than unity for equatorial

134 obtained similar results

alcohols. Grostic‘and Rinehart
for the particular steroids (1le- and 1llg-hydroxyprogesterone)
studied by the Russian workers131 but found that other
-hydroxymsubstituted progesterones had more intense molecular
ions than dehydration ions, regardless. of the configuration
of the hydroxyl group. These resultsi illustrate the
necessity for standard compounds of known configuration,

since it had been suggested131 that the ratio Me18/M+ could
be considered diagnostic of configuration if a known compound
was not available for comparison.

Comparison of the mass spectra of methandrostenolone
[figure 5a] and 17-epimethandrostenclone [figure 5b] showed
that M* was greater than M-18 for the former compound.and
less than M-18 for the latter. lThus the "crowding" effect129
between the 17p-methyl and C-18 methyl groups of 17-epimethan-
drostenclone operated to destabilise the molecular ion

[figure 6]. Spectra were obtained at a variety of temper-

atures and it was found that the ratio M—18/M+ was always less
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than unity for methandrostenolone and greater than unity

for its l7-epimer [table iG], The fact that this
relationship was true over a range of temperatures was
important for application to metabolic samples since the
presence of contaminants could alter the temperature corres-
pondiﬁg to maximum ion pressure.

The high mass region of fhe spectrum is partioularly
useful for information concerning the nature of_substituents%35
In the spectra of methandrostenolone and its l7-epimer the
: iéns ih this region were generally of low intensity in
comparison to the base peak at m/e 122. Peterson,136 in a
study of the mass spectra of a variety of highly substituted
pfegnanes and pregnenes, observed_fhat-the base peaks of
progesterones [ 82] and 6—methylpfogesterones [83] were at
‘m/e 124 and m/e 138 respectively. He concluded that these
ions arose from fragmentation across the 6-7 and 9-10 bonds
with transfer of two hydroéen atoms to the charged A-ring
fragment. The mass spectra of androst-l-en-3-ones[84] and
androst-4-en-3-ones [85] were studied by Shapiro and

137 .These compouhds give rise to very intense

Djerassi.
ions, generally the base peaks, at m/e 122[86 ] and m/e 124
[87], respectively.

Experiments with cpmpounds appropriately labelled with
deuterium have established that the m/e 122[86] and m/e 124
[87] ions in the spectra of Al-en—B—ones and Au—en;B-ones,

137,138 [diagram 10 ]

respectively,‘arise by related processes
The 9-10 bond is first cleaved and migration of the 8g-
hydrogen atom to C-10 occurs with formation of an 8-9 double
bond[88]. In the al-enone series the 5a~hydrogen atom

migrates to C-7 to give the A-ring fragment, m/e 122[86].
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Diagram 10. Mass spectral fragmentatlon processes of
androst-l-en-3-one and androst-4~en-3-one.



Intensities m/e300 m/e282 m/e267 m/e2L42 m/e282 m/e267 m/e2h?  Temp.
- (% base peak, m/e 122) .M+ M~18 M-18-15 M-58 m/e300 m/e300  m/e267 (°C)
Methandrostenolone 15.6 6.4 3.7 11.0 0.41 0.27 3.0 125

27.1 . 7.2 L,2 13.9 0.27 0.16 3.3 90
24.2 6.9 5.2 12.0 . 0.29 0.22 3.7 90
Mean ratios, methandrostenolone 0.32.- 0.21 3.3
17-Epimethandrosten-— 1.5  94.2. .17.7  L.L  62.8  11.8 0.25 160
- - 0lone. - o :
0.9  71.0  14.3 4.2  78.9 15.9  0.29 120
Mean ratios, l7~epimethandrostenolone 66.1 12.6 0.25
Table 4. The intensities (% base peak) of four characteristic ions in the spectra

of methandrostenolone and its l?—epimer.

64,



m/e 122 2 178

Diagram 11l. Mass spectral fragmentation of
methandrostenolone and its 17-epimer.



- | m/e 242

Diagram 12. Mass spectral fragmentations of methandrostenoloné
and its 1l7-epimer.



60

This migration cannot occur in the A*-enone series aﬁd thus
rotation of the 7-8 bbnd occurs such that a C-11 hydrogen
atom migrates to C-6 with formation of the ion, m/e 124[87].
Consequently, the base peak (m/e 122) in the épectra of
methandrostenoclone and its 17-epimer must arise by the same
‘mechanism {diagram 11 ] as the m/e 124 ion in the spectra of

A

A —en-3-ones.

Zaretskii et al.t?"

studied the mass spectra of the
epimeric Bmmethoxy—ITa—trideuteromethyl—D;homooestra—l,3,5(10),
8-tetraen-l7a~o0ls and found that dehydration of the 1l7ac-

16—-double bond whereas de-

alcohol gave the endocyclic a
'hydration of the l7ap-alcohol occufred less readily and gave
:a'mixture of the endo- aﬁd exocyclic double bonds. The M-

- 18-15 ion in the spectrum of the o~alcohol was shown to

Harise from elimination of either the C—l?ior C-18 methyl
groups. Consequently, the intensity of this peak was greater
than that of the corresponding peak in the spectrum of the

: B;alcohol, which was diminished because of formation of the
17-methylene M-18 ion.

As expected, the ratio M—18—15/M+ was greater for
17-epimethandrostenolone than for methandrostenolone [table 4],
showing that endocyclic elimination of water [89] was pre-
dominant in the former molecule [81][diagram 12]. - Elimin-
ation of the C-19 methyl group preéumably contributed to thel
M-18-15 ion in the epimers of methandrostenolone, since
.Popov et gl.ljg have shown, by deuterium labelling, that the

C-19 methyl group is eliminated from 5Sa-androstan-17-one

three times as readily as the C-18 methyl group.



Figure 6. Dreiding models of methandrostenolone and
o ‘ its 17—epimer showing the crowding around
the 13-~17 bond in the latter compound.
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Fragmentation of the D-ring of C-17 alcohols is
well known89’108’132’1AO and Ananchenko et g;.89 observed
that cleavage of the 13-17a boﬁd in l17a-alkyl-3-methoxy-D-
homooestra-1,3,5(10),8-tetraen-17a-ols occurred most readily
for the less crowded B-~hydroxy epimers. The ion arising
from fragmentation across the 13-17 and 15-16 bonds (m/e 242,
M-58) was significant in the spectrum of methandrostenolone25
but of very low intensity in that of the l7a~hydroxy epimer
[ see figure 6]. It thus appears that methandrostenolone
and 17-épimethandroétenolohe fragment préferentially by
different mechanisms, D-ring cleavage being more favourable
. for the former and déhydration and ﬁethyl elimination for
the latter. Comparison of the ratio M-58/M-18-15 for the
-epimers showed that it was greafer tﬁan unity for methandrost-
”enolone and less than unity for 17wépimethandrostenolone
[table 4]. Fragmentation across the 13-17 and 14-15 bonds
to give a very low ihtensity ion at m/e 227 occurred in both
‘epimers; |

Spectra of methandrostenolone contained a low in-
tensity metastable ion at m/e 265.2 associated with the
ffégmentation, M* to M-18. Those of 17-epimethandrosten-
olone contained a very low intensity metastable ion at m/e
252.7, corresponding to the transition, M-18 to M-18-15.
Neither compound gave both metastable ions. |

Although the molecular ions of most trimethylsilylated
compounds are very wéaklzl:the mass spectra of these de-
-rivatives have proved useful for the detection of certain

5

functional groups, such as the-A ~en~-38-o0l system, the silyl

121d

ethers of which give rise to intense ions at m/e 129 and
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Diagram 14. Mass spectralfragmentation of 17-substituted-
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m/e M-129. By the use of deuterium labelling Diekman.and
Djerassi141 have shown that the m/e 1297fragment contains
carbong 1, 2 and 3 of fhe A-ring with the trimethylsilyl
ether function [ diagram 13]. | |

Brooks et al.2” found that the mass spectra of the
trimethylsilyl ethers of steroid drugs, inéluding methan-
'.drostenolone, contained abundant_ions ét m/e 128-+R,
characteristic of a tertiary 17-hydroxy steroid where R =
alkyl, alkenyl and alkynyl {diagram 14]. The spectra of
thé trimethylsilyl ethers of methandrostenolone and 17-epim-
ethandrostenolone were very similar, the base peak of both
being at m/e 143 (128-+15). The moiecular ion (m/e 372)
was of iow intensity in both spectra and the only other
'Aions of importance were those at m/e 73 [(CH3)58i+]3 m/e 75

[0 = si(cH and m/e 282{M-(CH,

‘ 5)5] 5)3
of the trimethylsilyl group on the direction of fragmentation

SiOH]. The influence

was obvious from the almost complete loss of m/e 122, the

‘base peak of the free steroids.

3.%3.viii. Gas chromatography-mass spectrometry

. The stability of methandrostenolone and its 17-epimer
during g.l.c. was examined by preparétive chromatography
followed by mass spectrométry of the condensed effluent.

A sample of methandrostenolone was chromatographed and the
effluent collectéd as the peak was recorded. The condensate
was eluted, rechromatographed and thé effluent again colliected,
eluted and then subjected tb mass -spectrometry. The
retention  times were the same for both chromatogfams and the

mass spectrum [figure 7a] was similar to that of authentic
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methandrosfeﬂolone [ figure 5a).. 17-Epimethandrostenolone
~was examined in the same way and again the rechromatographed
material had the same retention time as the peak from which
it was collected. The mass spectrum of the twice-chromato-
graphed.17-epimethandrostenolone'[figure 7b] was similar to
~that of the pure compound [figupe 5b 1. |

Table 5 shows the ratios of the intensities of the
characteristic ions from the spectra of methandrostenolone
and'l?-epiﬁethandrostenolone after preparative g.l;c. The
mean values of the intensity ratios from spectra of hethan—
drostenolone obtained at 80 and 90°C were similar to those
obtained from spectra of the unchromatographed'compound
[table &4, pages9]. Spectra of 17-epimethandrostenoclone
‘were taken over a wide range of temperatures (60-150°C) and
alfhough the intensity ratics.did not differ so greatly from
those of methandrostenolonc as did those of the unchromato-
graphed compound [table 4 ] the spectra of the two epimers
“were still significantly different. | _

The reason for the diminished m/e 282/m/e 300 and
m/e 267/m/e 300 ratios, corresponding to an.apparent in-
crease in the stability of the moleculéf ion of 17-epimethan-
drostenolone after preparétive g.l.c. 1s uncertain. How-
 eVer, a temperature effect in the mass spectrometer may have
been responsible since the g.l.c. retention time and the
mass sﬁectré, which contain no ions other than those of
17-epimethandrostenolone, do not suggest degradation of the
steroid on the column. ‘

Combined gas chromatcgraphy—mass spectrometry (g.c.-

m.s.,) has been used extensively for the identification of



Intensities m/eéOO m/e282 m/e267 m/e2b2 m/e282 m/e267 m/e2h? Tgmg.

(% base peak, m/e 122) © M-18 M-18-15 M-58 /e300 m/e300 m/er67
Methandrostenolone . 27.8 13.0 7.0 - 15,7 0.47 0.25 2.2 80
| 30.4 13.1 4oh .13.9  0.43  0.14 3.0 90
Mean ratios, Methandrostenolone 0.45 0.20 2.6
9.5  80.9  16.7 7.1 8.5 1.8 0.48 60
17-epimethandrosten— 18.9 100.0  22.2 8.9 5.3 1.2 0.40 80
olcne . ‘
335.3 86.7 19.4 - 8.3 2.6 0.58 0.43 90-100
54.8  83.5  21.9 11.0 1.5 - 0.40  0.50 110

77.3 72.7 27.3 13.6° 0.94 0.29 0.50 150

Mean ratios, l7-epimethandrostenolone . 3.8 0.85 0.46

Table 5. The intensities (% base peak) of four characteristic ions in the spectra of
' methandrostenoclone and its l7-epimer after preparative g.l.c.

79
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mammalian steroids from plasma, urine and faeces.126b;

Since it had been demonstrated that methandrostenclone and
its 17-epimer gave their characteristic, distinguishable
magss spectra after g.l.c. the metabolism of methandrost-
enolone appeared to be ideally suited to eﬁamination by
g.Co=M. S, B | |

A Pye 104 gas chromatograph linked to an MS-20 spectro-
meter was used to obtain spectra from methandrostenoclone
and 17—epimethandrostenolone.' In order to protect the
membrane separator the oven temperature was restricted By
a thermal cut-out at 240° and losses may have occurred
through condensation in the transfef line which was operated
at 26000. However, the apparatus was particulafly un-
satisfaéfory for the analysis of steroids because of its poor
resolution at m/e values greater than 200. Consequently,
it was impossible to count the spectrum to the molecular
- ion becaﬁse of the background ﬁoise from column bleed com-
bined with the low inténsities of the high mass lons. A‘
computer link-up was not available for analysis of the
spectra and thus the metabolism of methandrostenolone could
- not be examined by g.c.-m.s.

The technique of single-ion monitoring can be used to
locate those compounds which are known to give rise fo a
characteristic fragment. Lawson and Brooks27 have examined
the metabolites of methandrostenoione by g.c.-m.s. of the
trimethylsilylated urine extracts, with monitoring of the )
m/e'lhj ion. By this method they have reported the detection
of nanogram amounts of 6Buhydroxymethandrostenolone in the

free fraction and tentatively, a compound with one additional
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double bond, one with a reduced double bond, two isomers of
68~hydroxymethandrostenolone and an isomer of methandrosten-
olone. In the conjugated fraction they found two major
metabolites, oﬁe which appeared to coﬁtain a 6fhydroxy—éA—

en-3-one system and the other a 3-hydroxy analogue of this.
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Y Experiméntal section. The synthesis of trimethyl-
silyl ethers. '

3.4.1.122‘ A mixture of equal volumes of a 40% solution of
hexamethyldisilazane in benzene and a 10% solution of di-
chlorodimethylsilane in benzene was added to the solid
sferoid and the reaction alloweqfto ?roceed overnight at
room temperature. The solvent Qas removed by evaporation
in vacuo and the residue extracted with n-hexane. The
pfecipitated silicon compounds were removed by filtration
and the solvent evaporated'to give a suitable concentration
of steroid, which was injected directly into the g.l.c.
- instrument. |

Tertiary alcohels, such as methandrostenolbne and its
17-epimer were not silylated by this method. |

3.4.11.%2123  Hexamethyldisilazane (10 drops) and tri-

" methylchlorosilane (l-dr0p) were added to a solution of the
steroid (img) in dry pyridine (4 drops). -The mixture was
left at room temperature overnight and then‘the solvents were
removed by evaporation with a stream of nitrogen. Ethyl
acetate was added to the residue and the‘soiid byproducts-
~removed by filtration.

T.i.o. of the filtrates after silylation of methan-
drostenolone and 17-epimethandrostenclone showed two similar
components in each sample, the major of very low polarity
and the otherﬂcorresbonding to the free steroid. G.l.c.
of the products 6f both reactions showed two components,the_
minor having the retention time of the free steroid. Both
products gave maximum ion pressurcs in the mass spectrometer

at températures well below those required by the free steroids,
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indicating the increased volatility. The spectra of both
compounds showed the expected low intengity molecular ion

(m/e 372) and base peak (m/e 143).

3.4.111.12%  Trimethylsilylimidazole (3 drops) and trimethyl-
chlorosilane (2 drops) Qere added to methandrostenoclone (ca.
1mg) in a glass tube. The tube was stoppered and heated

on a water bath at 80-90°C for several minutes. T.l.c. of
the reaction mixture, from which there was no precipitation,

indicated complete formation of the low polarity derivative.

3.4.iv.125 Bistrimethylsiiylacetamide (3;75u1), trimethyl-
silylimidazole (3:75p1) and trimethylchlorosilane (2.5ul)
were added to the solid steroid (10-100ug) in a glass tube.
The tube was stoppered and placed in an ovén at 95f10000
for 30 minutes. n-Hexane (5 drops, ca. 0.1ml) was added
'to achieve a suitable concentration and the Sample was
injected into a g.l.c. instrument.

Both g.l.c. and t.1.c. indicated 100% silylation of

methandrostenolone and its 17-epimer by this procedure.



69

%.5. The comparison of l7-epimethandrostenolone and the

previously unidentified metabolite of methandrosten=-

The isolation and purification of samples of the
metabolite (M) of methandrostenolone, each of which was
estimated by carbon skeletbn chromatography to contain about
160ug (3.5% of the dose of methandrostenolone) has been
described in section 2. The analytical methods applicable
to this size of sample were t.l.c., g.l.c. and mass spectré—
metry of the free and tfimethylsilylated metabolite.

T.l.c. of several samples of M showed that each was
a mixfure of components, some of which gave different colour
reactions with sulphuric acid from methandrostenolone and
its. 17-epimer. The majority of Qomponents in each sample
were of similar polarity to each other and to the two epl-
meric standards in a solvent system (benzene-ethanol, 9:1)
different from that with which the metabolic sémples were
isolated (chloroform-methanol, 9:1). Some of the components
in this band gaverthe same colour reaction as the standards
(orange-brown). No information was obtained from t.l.c.
of a trimethylsilylated extract, probably because the con-
centration of the metaboiite in the sample was too low.

G.1l.c. of the metabolic samples on OV-1 at 220°C con-
firmed the presence of peaks at the retention time (16.2
minufes) of methandrostenolone or its 17-epimer. Chromato-
graphy, on OV-1 at 235?0, of similar samples after trimethyl-
silylation showed peaks at the retention time of 17-epimeth-
androstenclone trimethylsilyl ether (8.40 minutes) but none

at the retention time .of methandrostenolone trimethylsilyl
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ether (11.56 minutes).

Sihce mass spectra characteristic of methandrosten-
olone and its 17-epimer were obtained after preparative
g.l.c. of the compouhds this technique was used for
additional purification of. two samples of M prior to mass
spectrometry. However, the mass spectra of these samples
and of others which were not so purified contained very
intense peaks at m/e 194 and m/e 109 at and below 90°cC.

‘ At higher femperatures these ions, due to unkhown impurities;
~declined and those at m/e 282 and m/e 122 increased. The
spectra of samples of M [see.figures 8a and Bb] contained

all the characteristic and most intense ions of methandrost-
enolone and 17-epimethandrosten§10ne [see figures 5 and 7 ]

as well as a variety of ions, below m/e 300, which did not
belong to either of these compouﬁds.

| The ratios of the characteristic ions (m/e 300, m/e
282, m/e 267, m/e 242) [table 5] were similar to those of
17-epimethandrostenolone and differed from those of the
17g~0l1 [see tables 4 and 5] .  Spectra of authentic
methandrostenolone and its 17-epimer could not be obtained
abové 15000 because of low ion pressures. Similar behaviour
of the ions corresponding to 17—epimethahdrostenolone was
observed in the gpectra of.metabolic‘extraots. The mass
spectrum of the triméthylsilyl ether of M was similar to

that of the derivative of ‘17-epimethandrostenclone with the
molecular ion at m/e 3?2, the base peak at m/e 143 and an
ihtense'ion at m/e 282. |

The examination of the free and trimethylsilylated

metabolite M of methandrostenolone by gas chrométography and



Intensities m/e300 m/e282 m/e267 m/e242 m/e282 m/e267 m/e242 Temp.

.

(% base peak, m/e 122) MF . M-8 M-18-15 M-58 m/eBOO m/e300 m/e2B7 (°¢)
7.7 5%.8 15.4 15.4 7.0 2.0 1.0 90
Metabclite M 5.0 57.5  15.0 15.0 11.5 3,00 1.0 110
' ' 4.5 54.5 15.9 15.9 12.1 3.5 1.0 - 125
6.5 54.9 19.4 22.6 8.5 3.0 1.2 140

Mean ratios, Metabolite M 9.8 3.9 1.0
| L.k 47,8 13%.0 L.k 10.9 3,0 0.34 50
Metabolite M 6.3 52.1  1l4.6 6.3 8.3 2.3 0.43 70
after 3.9 L. 5 14.5 5.6 11.4 3.7  0.39 - 80
preparative g.l.c. 21.6 58.9 15.7 5.9 2.7 0.73 0.38 . 90
2%, % 56.7 16.7 6.7 2.4 0.72 0.40 110
47.6 57.2  19.1 9.5 1.2 0. 40 0.50 140

Mean ratios, Metabolite M | 6.2 1.8 0.41

Table 6. The intensities (% base peak) of four characteristic ions in the spectré

" of samples of the metabolite M.
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mass‘spectrometry thus identified it as_l7—epimethandrosten—
‘'olone by comparison with the authentic compound, synthesised
by an unambiguous route. There was insufficient metabolié
matefial for analysis by techniques which require larger
samples but comparisdn with the melting point, infrared and
elemental analysis data reportedfby Rongone and Segallo.ffLL2
indicated that their less polarrmetabolite was also l?eri—
methandrostenolone.

Schubert and Wehrberger"zLL isolated twenty-one metabolites
in their study of the metabolism of.the 4~chloro analogue
of methandrostenolone (Oral-Turinabol) in women. Four of
these accounted for 92.2% of the material recovered as meta-
bolites:; the major metabolite tA5.7%) was extracted from
the-”sulphate" fraction and identified as the unchanged drug.
The 6p-hydroxy derivative (29.6%) was obtained from the free
fraction and the 16g-hydroxy derivative (11,0%) from the
glucuronide fraction. The fourth metabolite (5.9%) was
isolated from the free fraction but it was not characterised.
The remaining'seveﬁteen metabolites, none of which accounted
for more than 2.5% of the total, accounted for the remaining
Visolafed.material (7.8%).

The unidentified metabolite (5.9%) from the free
fractién was shown to possess the same A—ring aé the drug
itself. Its melting point (202-2050)'was considerably higher
than that of OralfTuriﬁabol (148-1500), a similar variation
to that between methandrostenolone (164°) and its 17-epimer
(2210). The chromatographic behaviour of the metabolite
was not very different.from that of the parent drug and its

molecular weight, from mass spectrometry, was 334, The



" molecular iﬁn of Oral-Turinabol is m/e 335 but if the
metabolife was the. 17-epimer of the drug it might be
exﬁected to have a low inteﬁsity moleculaf ion which could
have led to incorrect interpretation of the spectrum, of
which no further details were reported. The chemical shifts
. of the methyl groups in the n.m.r. spectra of the metabolite
and the drug were given®' [see table 7] and show that al-
though the C-19 and C-20 methyl signals were at similar
positions in both compounds the C-18 methyl signal. was
shifted upfield by 70.15 in the metabolite. An upfield
shift of'TO.19 of the C-18 methyl resonance of 17-epimethan-
drostenolone compared to.its 17-epimer was obsérved [table 7].
Consequently,-it is possible that the unidentified metabolite
of Oral-Turinabocl may be the 17-epimer of.the drug, although
Schubert and Wehrbergerza suggested that artefact formation
, might'explain the n.n.r. spectrum. One of the séVenteen

minor metabolites also gave similar n.m.r. methyl shifts.

Orai- %4 Metabolite Methan- 17-Epimeth-

Turinabo of Oral- 4 drosten- androsten-
Turinabol olone olone
C-19 methyl, T  8.72 - 8.69 8.77 8.77
C-20 methyl, T  8.85 8.79 8.82 8.81
C-18 methyl, T 39.09 | g.24 9.07 9.26

Table 7. The chemical shifts (T values) of the C-18, C-19
and C-20 methyl groups of Oral-Turinabol, a meta-

bolite of Oral-Turinabol, methandrostenolone and

#ts C-17 epimer.



74

3.6. The examination of commercial methandrostenolone -

'Because only 3.5% of the dose of methandrostenolone
could be 1solated as 17—epimethandrostenoloﬁe it ﬁas
necessary to establish that commercial méthahdrostenolone
(Dianabol) does not contain a small percentage of the epimer.’
Methandrostenolone is prepared iodustrially by two routes,
both of which require methyltesfosferone as the starting
material.’®  The Al— double bond may be introduced by
chemical déhydrogenation or by specific microorganisms.

Methyltestosterone is synthesised by'the reaction of
a methyl Grighard reagent with the 17-keto group of dehydro-
épiandrosterone,lllb a reaction which is almost totally
stereospecific for the formation of the 178-0l because of
hindrance from the C-18 methyl group to attack from the f-side

111e, 117 - yoyever 17-methylepitestosterone

.of the moiecule,

- was isolated in very low yield during a large—scale synthesils

of'methyltestosterone,87 In éddition, it has been re-
portedluz’143 that the 178-hydroxy-17-methyl configuration

| is only formed in small yields when the molecule contains a

12a~-hydroxyl group which hinders a-face attack.  Similarly,

_mixtufes of the 17a-hydroxy-17a-methyl epimers are formed in

the Grignard reaction of a i?a—ke‘co—D—homo.steroid.lm‘L

| The dehydrogenation of methyltestosferone has been

;acoomplished by a variety of mioroorganisms145

and there is
no evidence to suggest that epimerisation mighf occur at
this stage. However, if oommercial methandrostenolone is
free from the 17-epimer it must bs concluded that mammalian

metabolism'is capable of accomplishing the l7-epimerisation

reaction. In this case it is possible that a microbial
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enzyme system, able to carry out the transformation, could
be found. Microbial introduction of the tertiary 17a-
hydroxyl group is rare but has been reported146 for pro-

gesterone, deoxycorticosterone and ll-dehydrocorticosterone

with Tricothecium roseum and for progesterone with Trichoderma

.viride and with Dactylium dendroides. However these organisms

are not used for the conversion of methyltestosterone to
methandrostenclone.

Crfstalline methandrostenolone extracted from tablets
of Dianabol had fhe same melting point as authentic methan-
drostenolone and a mixed melting point was not depreséed.

The infrared and n.m.r. spectra were similar to those of
methandrostenolone and g.l.c. of the trimethylsilyl ether

gave no peak corresponding to the defivative of fhe 17~epimer.
Mass spectra of methandrostenolone from tablets [figure 9a]
were compared with those of the authentic material [figure 5a]
and of mixtures of methandrostenolone and its 17-epimer
(19:1)[figure 9b].  The spectra of tablet methandrostenolone
were identical with those of the authentic compound whereas
the mixtures showed small buf significant differences,

J partiéularly in the ratio m/e 282/m/e 300 [see table 8].

| Mixture 2, which gave ratios closer to those of pure methan-
drostenolone than did mixture 1, was known to contain less
17-epimethandrostenolone. The fact that the ratios m/e 282/
m/e 300 and m/e 267/m/e 300 were greater for the mixtures
than for the pure 178~o0l, and m/e 242/m/e 267 was less for
the mixtures was predictable from a knowledge of the preferred
fragmentations of both epimers.

Following this demonstration of the purity of -commercial
methandrostenolone material from this source was used in some

of the experimental work to be described.



Intensities m/e300 m/e282 m/e267 m/e242 m/e282 m/e267 m/e242 Temp.

(% basg peak, m/e 122) Mt M-18 M-18-15 M-58 ©/e500 m/e300 m/e267 (°c)
2L.2 8.1 4.0 12.9 0.3% 0.17 3.2 100
19.5 6.3 3.7 10.9 0.32 0.18 3.0 110
Tablet 20.0 7.5 3.8 11.6 C.38 0.19 3.1 110
Methandrostenolone 28.6 8.6 5.7 14.3 0.30 0.20 2.5 120
) : : 19.1 7.1 3.6 11.9 0.37 0.19 3.3 120
11.0 3.0 2.0 6.0 0.27 0.18 2.0 130
22.2 8.3 h.2 1%.9 0.537 0.19 3.3 130
40,3 16.7 8.3 29.9 0.41 0.21 3.6 140
50.0 20.9 10.5 24.4 0.42 0.21 2.3 145
16.0 5.0 3.5 - 11.0 0.31 .22 3.1 150
7.5 3.0 2.0 6.0 0.40 0.27 3.0 180
11.4 5.7 5.7 11.4 0.50 - 0.50 2.0 200
Mean ratios, tablet methandrostenolone 0.37 0.23 3.0
Methandrostenolone + 7.0 8.5 2.5 3.0 1.2 0.3%6 1.2 90
17-Epimethandrostenolone 11.0 16.5 6.0 7.0 1.5 0.55 1.2 100
(gg. 19:1) ‘ 11.7 18.1 6.4 8.5 1.5 0.55 1.3 125
Mixture 1 ' 18.6 28.9 12.4 14.4 1.6 0.65 1.2 180
Mean ratios, mixture 1 1.5 0.53 1.2
Methandrostenolone + 30.0 13.3 5.0 15.0 0. L4 0.17 3.0 85
17-Epimethandrostenolone 19.7 16.4 6.6 13.1 0.85 0.34 2.0 100
(ca. 19:1) 15.0 12.0 4.0 9.0 0.80 0.27 2.3 110
Mixture 2 24.5 17.0 6.0 15.5 0.569 0.25 2.6 120
38.0 18.0 8.5 26.5 0.47 Q.22 3.1 130
Mean ratios, mixture 2 _ : 0.65 0.25 3.3

Table 8. The intensities (% base peak) of four characteristic ions in the mass spectra of
tablet methandrogtenclone and of mixtures of methandrostencione and its l7-epimer.

9L
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3.7. Precursor-product studies on the metabolism of

methandrostenolone

The conJjugation of steroids with glucuronic or
sulphuric acids and excretion of the conjugates in the urine
is a major pathway in the metabolism of natural and synthetic

21,147

compounds. The metabolism of methandrostenolone is

unusual both because the two major metabolites are excreted

as'frée steroid532

and because there is no biochemical pre-
cedent for‘the epimerisation of a tertiary hydroxyl group.
The stability of the &l’h—dien—B—Qne system towards bio-
chemical transformations has been reported as a result of in-
vestigati@ns of the metabolism of a variety of drugs with
this functional group.zq!26’5o ‘In view of this stability
the obvious mode of metabolism of methandrostenolone is
hydroxylation, which occurs to give the 68-hydroxy derivative.
Since the few l?a—hydroxylepimers of éndrogenic-and
anabolic steroids which have been tested were found to pPOSSess
'very littie bioclogical activity identification of the 17-epimer
- of methandroétenolone as the maJor metabolite of the drug in
'normallmen suggests that mammalian metabolism is capabie of
detoxifying an btherwise éxceptionally stable drug by form-
ation of the virtually inactive 1l7a=-o0l. The metabolism of
very few synthetic steroid drugs with the 17B-hydroxy-l17-methyl
function has been studied and it is probable that the "epimeri-
sation pathway" has not been observed before because most of
these compounds, uniike methandrostenolone,-contain other
~ substituents ﬁhich are more readily metabolised by conventional
pathways. ' ' o S

It is probable that the épimerisation of methandrosten-
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olone may be accomplished by the acti&n of one or more
enzymes. Confirmation of this would require isolation of
the purifiéd "epimerase" and verification of its Specificity
and activity by in vitro experiments which‘was impracticable
durihg this study. Consequently the problem of the mechanigsm
of epimerisation was approached_ﬁj the assumption of the
existence of an "activated intermediate'. This intermediate
could-then be soughﬁ in the urine following administration of
methandrosfenolone and the epimerisation attempted by
chemical synthesis and reaction.

Sulphate conjugates of steroids are abundant and yel no
‘such conjugétes of the metabolites of methandrostenolone could
‘be isoclated. Consequently the possibility that methandrbsten—
clone sulphate might be an intermediate in the l?—epimerisation
reaction was considered. The sulphate group is a good leaving
group and attack by a hydroxyl group from the a-face mighti
thus lead to 17~epimethandrostenolone. The object of the
precursor-product studies was to examine whether methandrosten-
olone sulphate was produced and then converted to the epimer,
in whigh case the sulphate would only be isolated soon after
administration of the drug.
| Urine was collected at intervals of four hours up to
sixteen hours after the administration of 10mg of methéndrosten—
olone and then at one eight hour and two twelve hour intervals
up to.forty—eight hours._ The urine collections were halved
to provide duplicates and each was extracted with its own
volﬁme of chloroform to give. the free fraction containing the
product, 17-epimethandrostenclone, as described ﬁreviously

(section 2). Pyridinium sulphate was then added to the



ug l17-Epimethandrostenclone —

—
]
—

—
o
A

1
!
i
|

e . — — -y

Figure 10a

---- duplicates

—— mean of duplicates

o e —a ms e e e oy

T T TEEEEe ::F::_.'::; = :j‘
iy 8 12 16 20 2y 28 32 35 5o A ha
' " Time (hrs) —
)
o
O
= .
i 10b
%16. Figure
P .
2]
o]
Hi12]
g
©
H
v 8
g
-
i
>~
'._|
b.O 0 . . -
< b 8 12 16 20 24
Time (hrs) —
Figure 10. Histograms showing the -variation of the weight

urine with time after the
methandrostenolone.

of 17-epimethandrostenolone extracted from

administration of



79

agqueous phase tb form the pyridinium salt%AZ% any steroid
sulphates which might be present. These Wére extracted
with chloroform and hydroiysed with hydrochloric acid to
givé the sulphate fraction which might confain a precursor,
methandrostenolone sulphate. A second study was carried
out in wﬁich urine was collecte@"for fwenty—four hours but
duplicaﬁes were not performed.

The free and sulphate fractions were examined by
carbon skeieton chromatography for steroids Qith the same
polarity as methandrostenolone and bearing the 17-methyl sub-
stituent. The material in these bands was then analysed by
quantitative g.l;c. with preghanediol diacetate as an inter-
"nal standard. | | |
The histograms [figures 10a and 10Db] show the appro-

' ximaté weights of l?—epiméthandrostenolone found in.the free
fraqtions in each s@ccessive-four hoﬁrs after administrétion
of the drug. The correspondence between the two duplicates
[broken lines, figure 10a] in the first two four hour periods
was poor, although in the foliowing samples it was good. - How-
evef, both studies showed that maximum excretion of 17-epimeth-
' _androstenolone occurred within thé first eight hours. In a
.étudy of the metabolism of 17a~lqc—methandrostenolone in the
dog Sandor and Lanthier45 found that the bulk of the urinary
metabolites were -excreted uncbnjugated in the second twenty-
four hours following intravenous injection. The different
modes of application of fhe drug probably largely account for
this difference in excretion rates.. | '

In the first study a sulphate fraction corresponding to

each free fraction was analysed. The majority of these
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fractions did not contain a component with the same retention
time as methandrostenolone and although several of the
earliest fractions gave a small peak at this retention time
the quantity of material was insuffiéient to estéblish the
identity of the peak by silylation. After individual
analysis the fourteen sulphate fractions were combined and re-
chroﬁatographed to give a peak (ca. 1lug) which could have
‘been one of the epimefs of methandrostenolone. The total
sulphate fraction from the second study was.analysed and
gaﬁe a peak corresponding to only 0.33ug of material at the
retention time of methandrostenolone.

These fesulfs failed to demonstrate the existence of
‘methandrostenolone sulphate and hence a precursor-product
relationship between this conjugate and 17-epimethandrosten-
olone could not be found. To demonstrate such a felationshib
would have required the e%tradtion of material with the
retention time of methandrostenolone from the sulphate fraction,
such that the histogram of extracted steroid against time
reached a maximum prior to the corresponding histogram of
,17—épimethandrostenolone extracted from the free fraction.
Because 17—epimethandrostenolone was found to be excreted so
.rapidly urine collections would‘need to Be made at very
lshort intervals during the first eight hours after admini-
stration in order to observe a maximum in the sulphate
fraction prior to that in the free fraction if a precursor-
product relationship did exist.

An experiment was carriéd out to detefmine whether small
quantities of free steroids might be carried over into the

sulphate fraction by partition of chloroform in water during
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the initial chiloroform extraction of free steroids. 17~-Epi-
methandrostenolone (lBOug)‘was partitioned between egual
volumes of chloroform and water, the chloroform layer dis-
carded.and the aqueoﬁs layer subjected to the "sulphate
extraction procedure"%ATCThe final residue was trimethyl-
silylated and examined by t.l.c. which showed at least seven
components, one of which was of low polarity and gave a
similar colour reaction to methandrostenolone and its 17-
'epimer. G.l.c. indicated that the mixture contained seven
components, one with a retention time similar to that of 1l7-
epimethandrostenolone trimethylsilyl ether. Coﬁsequently,
the very small peaks at the retention time of methandroéten—
‘Olonelinrthé sulphate fractions may have been 17-epimethan—- -

drostenolone carried over from the free fraction.
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3.8. Experimental Section

3.8.1. Precursor-product studies

Methandrostenolone (10mg) was taken orally in the
morning and urine collected at 4 hour intervals for the first
' 16 hours, then after an interval of 8 hours and finally at

12 hour intervals up to 48 houfs after administration of the

e

drug. Each urine collection was halved to provide dupli-
cates and both portions were extracted.with chloroform to

give the free steroids and then treated by a procedure de-
signed to extract and hydrolyse any steroids which might be
present as the sulphate conjugate%ﬁvc Those 17-methylandros-
tané components, with similar polarity to methandrostenplone,

. in both fractions were identified b& carbon skeletoﬁ chromato-
graphy and isolated as described previously (section 2).

The residues from the 'free fraction'and the 'sulphate
fraction' were then examined 5y‘g.1.c.

Chromatography was carried out on a Pye 104 gas
chromatograph with giass columns packed with 23% OV-1 stat-
ionary phase and operated at 235°C with a nitrogen flow
rate of 40ml per minute. Free methandrostenolone gave an
asymmefric peak because of tailing caused by the hydroxylic
"nature of the compound and its low volatility. lThe acetates
of small samples of primary_and secondary steroid alcohols
may be conveniently prepared for g.l.c. by exposure of the
free steroids to a dry atmosphere of pyridine and acetic anhyd-
ride but much harsher conditions are necessary for the
synthesié of the acetates of fertiary alcohols (see section
3.1%3.iv). When this piece of work was carried out tri-

methylsilylation was unsatisfactory because the method
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employed (see section 3.4.ii) did not result in 100% for-
métion of the derivative ahd the background, when the
silylated metabolic samples were chromatographed, was very
high. Consequently, samples weré analysed without prior
derivative formation; after analysis of the free metabolite

the trimethylsilyl derivative of one fraction was prepared

and chromatographed to identify the epimer present in the
sample. A peak with the retention time of 17-epimethandrcs-
tenolone trimethylsilyl ether was.obtained. Although free
methandrostenolone did not give é symmetrical peak gocod
agreement was obtained when methandrostenolone solutions of
known concentration were compared with similar solutions of
standérd compounds'with an electronic integrator and by the
weights of the cut-out peaks.

Pregnanediol diacetate was used as an internai standard
for the quantitative analjsis of the'metabolic samples. = It
had a longer retention time thén the epimers of methandrosten-
olone and chromatographed well at 2350. Compounds with |
éhorter retention times were examined but wefe unsuitable be-
cause of the presen@e of contaminants with short retention
times in the metabolic samples.

The inside of each tube containing a metabolic residue€
was washed with a smail volume of dry ether and carefully
evaporated to dryness with nitrogen, to concentrate the sample
in the bottom of the tube. Pregnanediol diacetate (ca. 2mg)
was weighed accurately.on a Cahn electrobalance, transferred
to a graduated flask and made up to 100ml with Analar acetone.
An aliquot of this solution (Q.5m1 or 0.25bml, contaihing ca. |

10ug or 5ug, respectively, of the standard) was added from a
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Samgkegéizr‘ X v X Y(ug) X=Yx X per Mean X
 admini- y y b per 4
stration (Lg) hours hours
(hours) ‘ :
Free fraction, 1l7-epimethandrostenolone
1 O-4 26018 70347 0,499 9.77 4.88 4.88 7.29
2 O-4 46735 47065 0.993 9.77 9.70 9.70 * e
3 48 6058 6001 1.011 10.415 10.53%10.53 8
L 48 L37 728 0.600 10.415 6.25 6.25 S:39
5 8=-12 2479 7662 0.323% 10.415 %.36 3.36 3.17
6 8-12 1755 6157 0.285 10.415 2.97 2.97 ’
7 12-16 1798 16086 0.112 10.415 1.17 1.17 0.9
8 10-16 1038 15856 0.065 10.415 0.68 0.68 °+92
Q9 16-24 1870 27033 0.069 10.415 0.72 0,36 0. 40
10 16-24 1073 6496 0.165 5.2075 0.86 0.43 *
11 24L4-36 1919 14%22 0,134 5.2075 0.70 0.23 0. 14
1z 24-36 48 2351 0.024 5.2075 0.12 0.04 T
13 36--48 2606 17965 0.145 5.2075 0.76 0.25 0.17
14 36-48 48% 9167 0.053% 5.2075 0,28 0.09 )
Sulphate fraction, material with retention time of
methandrostenolone
1 O=-4 200 5807 0.035 10.415 0.37 0.37 0.19
2 O=-4 11 5587 0.002 5.2075 0.01 0.01 t
3 4=8 122 6805 0.018 5.2075 0.09 0.09 0.09
L L-8 - 1672 - 5.2075 - - :

5 8=12 - 11018 - 5.2075 - - 0.02
6 8-12 27 9761 0.003 5.2075 0.02 0.02 ’
7 12-16 630 11475 0.055 5,207% 0.29 0.29 0. 29
.8 12-16 - 8880 - 5.2075 - - *

9  16-24 - 9924 - 5.2075 - -
10 16-24 - 4193 - 5.2075 - - -
11  24-36 - 9186 - 5, 2075 - -
12 24=36 - 8107 - 5.2075 - -
13 36-48 - 7159 - 5.2075 - -
14 36-48 - 9975 - 5.2075 - -

_ Table 9. Results of the analysis of the "free" and the

"sulphate" fractions from urine following the

administration of methandrostenolone
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burette to the tube containing the residue to be analysed
and the solvent removed by carefui evaporation with nitrogen
a£ ro0m temperaturé. |

The residue, containing Xug of.the compound to be

analysed and Ypg of the standard was then dissolved in a

- small volume (gg. 1011) of Analar acetone and injected into

the gas chromatograph. The areas of the peaks, x and-y,

corresponding to the unknown and to the standard, respectively,

- were measured with a Kent Chromalog 2 Integrator and X was

determined from the proportional relationship:- % = %

Time after X . , vX “r -
Sample _oi 9o X y 7 Y(1g) X—Yy _ i igﬂrs-
stration ME o
(hours) '
Free.fraction, 17-epimethandrostenolone
1 O-4 3466 2128 1.63 9.2 15.0 15.0
2 4-8 2699 4254 0.635 9.2 5.8 5.8
3 8-12 3546 5594 0.635 S.2 5.8 5.8
4 12-16 - 3926 - 9.2 - -
5 16-24 2267 4810 0.472 9.2 4.3 2.2

- Sulphate fraction, material with retention time of
methandrostenolone

1-5 0-24 347 9703 0.036 9.2 0.33
(inc.)

Table 10. Results of the analysis of the "free' and the com-

bined "sulphate" fractions from urine following

the administration of methandrostenolone
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Tables 9 and 10 show the results of two studies which
are represented in histogram form in figures 10a and iOb.
Fraction 4, table 10 was examined twice and in both cases
no material with the retention time of methandrostenoclone

was found.

5.8.ii. Treatment of 17-epimethandrostenolone by the

"sulphate extraction_procedure”lq?c

17-Epimethandrostenolone (131ng) was ground to a fine
poﬁder and washed into a separating funnel with water (300ml)
and chloroform {(300ml). The mixture was shaken well andl
the chloroform layer discarded. The aqueous iayer was then
made 0.3M in pyridinium sulphate [pyridine (16ml) and con-
centrated sulphuric acid (5.4m1)] and extracted with chloro-
~ form (320m1). The aqueous'léyer was discarded and the
organic 1ayer washed with distilled water (2 x 32ml), dried
over anhydrous magnesium sulphate and evaporated to dryness.
The residue was dissolved in water (10.9ml) and concentrated
" hydrochloric acid (0.1lml) was added to the solution, which
was left to stand for 5 minutes before extréctibn with chloro-
form (2 x llml). The coﬁbined organic éxtrécts Wére'washed
with 1IN sodium hydroxide solution (1lml) and with water (2 x
11m1), dried over anhydrous magnesium sulphate and evaporated
to dryness to give a brown résidue. The trimethylsilyl de-
rivative bf the residue was prepared according to the method
described‘in section 3.4.iv. T.l.c. of this derivative
showed seven spots, the least polar of which gave the colour
reaction of methandrostenolone and its 17~-epimer. Seven

components with retention times between 6.4 and 23.8 niinutes
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on 25% OV-1 at 235°C were detected by g.l.c. One of the
components had a retention time (11.4 minutes) similar to
that of the trimethylsilyl ether of l?—epiméthandrosten—

olone.

——
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3.9. The investigation of compounds which might be inter-

mediates in the epimerisation of methandrostenolone

3.9.1. Tt has been shown (section 3.7) that material re-~
sembling‘methandrostenolone sulphate could not be isolated
from the urine, following administration of methandrosten-
olone, in more than negligible quantities, which may have
been due to carry-over of free steroid rather than to
qxtracfion and hydrolysis'of a sulphate. If methandrosten-
olone sulphate existed but was unstable to the extraction
_procedure methandrostenolone should have been detected in
the free fraction because chemical hydrolysis of a sulphate,
with few exceptions, leads to fission of,thé 0-S bond and
retent;on of configuration rather than to‘fiSSion of the C~0
" bond with irr\r_elr'sion.M8
There is a possibility, however, that a fransitdry
sulphate intermediate might exist. The enzymes responsible
for the sulbhation of steroids, the steroid sulphotransferases,A
_ have been found in significant amounts only in the liver,
sdrenals and jejunal mucosa in the adult human,™*” whilst
those which Catélyse the hydrolysis of steroid sulphétes,,
the steroid sulphatases, are known to occur in the liver

150

and adrenals as well as the testes and ovaries. Conse—
quently, if enzymes of these types are involved in the epi-
merisation of methandrostenolone it is possible that a
sulphate might exist transitorily in organs in which both
types of enzymes are found.

The epimerisation of a tertiary hydroxyl group is

such an unusual reaction that, although very 1i£tle can be

said about the mechanism of the biological reaction without
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enzyme studies, it was of interest to explore the possibility
of effecting such a transformation by chemical means.

151 that steroid sdlphates were

Originally it was considered
final products of metabolism But several workers have now
shown that these conjugates can pérticipate in a variety of
biochemical reactions,+o1r 192 It has been demonstrated that
the conversion of cholesterol and pregnenolone to biologically
active steroids may take place at the level of the sulphate
estéfs.l53m156 Consequently the synthesis of methandrosten-

olone sulphate was attempted;

%.9.ii. Methods of synthesis of steroid sulphates

Many methods have been developed for the synthesis of
steroid sulphates following the appreciation of their impor-
,_tance as products of metabolism. Threerrgactions, in ‘each
of which the active sulphating agent isrthe pyridine-sulphur
trioxide complex, have formed ﬁhe basis for the majority of .

157,158 The complex may be generated in situ

these syntheses.
by the reaction of chlorosulphonic acid with pyridine, and the
steroid to be sulphated simply added to the reaction.  This
method has been widely used157 but suffers from the disadvan-
tage that it is sometimes difficult to remove chloride ions
completely from the final products.159 An alternative method
involves_the‘preparation of pyridine sulphate and the use of
an internal dehydrating agent, usually acetic anhydride, to

157

generate the pyridine-sulphur trioxide complex.’ This

methed is effective prévided that the concentration of acetic
anhydride relative to pyridine sulphate is not too great, in

160 -
which case the steroid acetate is the primary product. A
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third méthod for the generation of pyridine-sulphur trioxide
involves the direct reaction of solid sulphur trioxide with
pyridine in chloroform. This‘reactioﬁ is_rather,violent
and has not been much used because of the difficulty of
nandling sulphur trioxide.T”’ A method which utilises
sulphamic acid as the sulphating reagent has been described
by Joseph et gl.161

Methods of steroid sulphation which'utiiise the isolated
adduct of sulphur trioxide with a nitrogenous base are con-
venient because of the absence of chloride ions. The pre-
paration of pyridine-sulphur trioxide was described by
Baumgartehl62 in 1926 and its properties and reactions have
been reviewed by Gilbert.l63 A commercial preparation of
pyridine-sulphur trioxide, m.p. 141-143°, was initially em-
ployed in the work to be described and Roy and Trudingerl59
described a convenient méthod of preparation of the complex,
m.p. 175°. . In view of the discrepancy bétween these re-
. ported melting points material was synthesised according to
the latter method and found to have a melting point of 140°.
Melting points ranging between 97° and 175°, depending on
‘the method of preparatioﬁ, have been reportedl63 for pyridine-
. sulphur trioxide. Gilbertl63 has explained these discrepan-—
cies in terms ofKthe salt-like nature of the complex, its low
volatility and low solubility in all common solvents making
purification exceeding difficult.

Roy and Trudinger'®? stated that the method which they
described for the preparation of pyridine-sulphur trioxide

was also suitable for the synthesis of the adduct of sulphur

trioxide with other bases, such as trimethylamine.
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Consequently the synthesis of triethylamine-sulphur trioxide
was attempted by this method. Unlike the pyridine adduct,
the product of the addition of chlorosulphonic acid to tri-
ethylamine was soluble in chloroform and so anhydrous ether

was added to achieve precipitation. The white crystalline

material was recovered by filtration and purified according
164

to the method, described by Dusza et al, ' for the purifi-
cation of commercial triethylamine-sulphur trioxide. How-

ever, the purified product had a melting point above 250°
whereas that of triethylamine-sulphur trioxide is 920.

Hence triethylammonium salts of steroid sulPhates were pre—
pared by the addition of triethylamine to reaction mixtures
containing pyridine-sulphuf frioxide. Because of the greater
basicity of triethylamine it readily replaces pyridine as the
cation. '

Several other methods have been described for the pre-
paration of éteroid sulphate esters. That of Mumma et g;}65166
"which utilises dicyclohexylcarbodiimide for the generation of
the active sulphating species from sulphuric acid was used
for an attempted sulphation of methandrostenclone, described
later;

The literature contains many references to methods
suitable for fhe'preparation of sulphates of primary and
secondary steroid hydroxyl groups, but there are few réferu
ences to the sulphation of tertiary steroid alcohols.®”
Dusza et 2;.164 were able to synthesise the sulphates of the
tertiary l7a-hydroxyl group of l7a-hydroxyprogesterone and
related ccmpounds by a method employiﬂg triethylamine-sulphur

161

trioxide. Joseph et al. have prepared the sulphates of
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the 178-hydroxyl group of l?a—ethynyl—BQmethoxyoestra—l,3,5

(10)-trien-17-0l and 1l7a-ethynyloestra-1,3,5(10)-triene-3,17-
diol with sulphamic acid. Howevef reports of tertiary 17p-
sulphates in which fhe l7a—éubstituent is an alkyl group are

167 68

more scarce. D'Alo1 prepared the disodium salt of 17o-

methylandrost-5-ene-38,17-diol disulphate, which compound was
found to be unstable at ambient temperature and only stable
below 8°. It has long been known that steroids can be bio-

169-171

_chemically sulphated at the 3,17 and 21 positions but

Wengle and Bostf6m172

have shown that the introduction of a
methyl or ethyl group at the 17a-position inhibits the

sulphation of the,l?ﬁ—hydroxyllgroup.

3.9.iii. The synthesis of sulphatés of methandrostenolone

The properties of the triethylammonium salts of
steroid sulphates make them desirable derivatives compared to
some of the more common salts.l64 Because of the apparent

failure of attempts to synthesise the triethylamine-sulphur
‘trioxide complex, salts of triethylémine were prepared by ex-
change with pyridinium salts. Several variations of the
‘basic method of preparation of the steroid sulphate from
pyridine~-sulphur trioxide and triethylémine were employed in
-attempts to synthesise the derivétive of methandrostenolone.

Sulphates are very.polarrcompounds and would be expected:
to have exceedingly low Rf values in the golvent systems
normally employed for t.l.c. of the less polar free steroids.
Infrared spectra of steroid sulphates in potassium bromide
discs have often been recorded but a variety of solvents may
be used for solution spectra provided that a sultable cation

147a

is used to confer solubility. Intense.absorption bands,
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characteristic df the sulphate moiety, occur at v XthO and

ma
l225cm_1, sometimes not fully resolved because of their

_1'147a,175 A series of

intensity, and at vmaX107O—lO6Ocm
intense bands, characteristic of the S-0-C bonds and thus
dependent on the nature of the sferoid appear in the region
v, 1050-650cm™t. 177 o

Methandrostenolone was reacted with pyridine-sulphur
trioxide asnd triethylamine in pyridine for two hours at
room temperature. The addition of efher gave a slight pre-
cipitate which could nét be recovered by filtration; con—
sequently the solvents were removed by evaporation and the

174 described

resulting crystals washed with ether. Emiliozzi
thé'isolation of androsterone triethylammonium sulphate by
distillation of the solvents in vacuo below 60°.  The product
of this reaction of methandrostenoclone was initially examined
by t.l.c. and infrared spectroscopy, both of which indicated
that no reaction had occurred.
The n.m.r. spectrum of the same product showed in-

significant shifts of the mefhyl peaks from the ﬁositions of
those of the free steroid. However, the spectrum included

a triplet at 78.65 (J = 7Hz) and a quartet at v6.84 (J = 7Hz)
"which integrated for 20% of the sample. These resonances
were neither free triethylamine [79.03 (t, 7.2 Hz), 7.57 (a,
7.2 Hz)] nor diethyl ether [78.81 (t, 7.2 Hz), 6.52 (q, 7;2
Hz)] but were similar t@ the positidns reportedl64 for the
ethyl protons in steroid triethylammonium sulphates [ 78.67
+ 0.08(t), 6.92 + 0.08.(q)]. The mass spectrum of the
product [figure 1la] was different from_that of methandrosten—

olone [figure 53]; particu1arly in the appearance of a meta-
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stable ion at m/e 252.7, attributable to the transition,
m/e 282 to m/e_267, the near disappearance of m/e 242 and
the appearance of a low intensity ion at m/e 239.

The sulphate of methandrostenolone was also prepared
by the method of Emiliozzi,lrﬂ+ as described by Roy and
Trudinger,l59 in which the reactants were heated to give a
solution prior to the additioﬁ of triethylamine. Once again,
examination of the product by t.1l.c. and infrared spectro-
scopy suggested that it was unreacted methandrostenclone but
the méss spectrum was similer to that of the product of the
preﬁious reaction [figure 1la]. The figures obtained from
elemental anélysis‘were not in exact agreement with those
_caiculated forAmethandrostenolbne triethylemmonium sulphate
but were of the correct ordér. Hydrolysis of this product
in aﬁ aQueous medium containing a trace of base gave a com-
'pouhd with the mass spectrum, n.m.r. spectrum and melting
point of methaﬁdrostenolone.

Finally a procedure recommended for the formation of
the triethylammonium sulphates of steroids with hindered

164

hydroxyl groups, in which the reactants were heated at
 70—9OO'for three hours was examined. The ethyl protons in
 the n.m.r. spectrum of a sample of methandrosténolone tri-
ethylammonium sulphate prepared by this method were twice as
intenSé as was required for 100% forﬁation of the derivative.
This was explained by the fact that Chemiéal.exchange-occurred
between the ammoniuh proton of the salt and any free triethyl-

amine which had not been removed by evaporation. Consequently,

all the ethyl protons, whether in the cation or the free base
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_appeared at the resonance positions of the cation, and the
ammonium proton appeared as é very broad band in the region
T3.6 - 2.8, Thus, unless all free triethylamine was re-
moved n.m.r. spectroscopy could not be used to calculate the
percentage formation of the triethylammonium sulphate; The
pyridinium salt of methandrostenolone sulphate was prepared
and gave a mass spectrum similar to the products of the

previous sulphation reactions.

3.0.1iv. interpretation of the results of the sulphations of

methandrostenolone

Rationalisation of the results of the experiments des-
cribed in the above section was difficult because information
from the different methods of examination of the products
appeared to conflict. 1In all cases t.l.c. and infrared
spectroscopy indicated that no reaction had occurred, as did
the lack of any shift of the methyl signals, particularly the
C-18 methyl resonance, in the n.m.r. spectra. However the
" appearance of the quartet énd triplet at the reported chemicel
shiftsl6h of the triethylammonium moiety, and the elemental
~analyses were indicative of successful formation of methan~ 
drostenolone sulphate. Mass spectrometry provided the ﬁost
" conclusive evidence for formation of a derivative, since each
product gave a similar spectrum which was not that of free
methandrostenolone. The recovery of methandrostenolone
after hydrolysis of the derivatives eliminated the possibility
that decomposition might have occurred prior to mass spectro-
metry.

The literature contains little concerning the mass
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spectrométry of steroid sulphates, pfobably because the
temperatures fequired to obtain adequate signal response
lead to decomposition of the salts presentiywﬁsed'and herice
the method is of limited value for the characterisation of

1470

these compounds. Joseph and Dusza have subjected a

number of triethylammonium sulphates to mass spectrometry,

‘ b
the detailed results of which are not available.lh? How-
ever, ions at‘m/e 48, m/e 64 and m/e 101, indicative of the

so”

, SOE and (C2H5)3N+ fragments, respectively, were found
although no molecular ions were obserVed.147b The spectrum
at iOOO of methandrostenolone‘triethylammonium sulphate
[figure 12a] prepafed by the method described by Roy and
Trudingérl59.was similar fo those of all the’samples studied
[see figure 1la] and-showed no evidence of.the_three above-
mentioned ions. In the spectrum of the same sample at 200O
[figure 12b] the high mass fragments had declined and among
the prominent peaks were those at m/e 48, m/e 64 and m/e 101.

Joseph et gl.l61 reported that the base peak in the mass
spectrum of B—hydroxy-é—methoxyoestra—l,3,5(10)—trien—l7—one
potassium sulphate was the molecular ion of the free steroid,
but that the S0% and SOE ions were not observed because the
‘temperature was insufficient to cause decoﬁposition of the
potassium salt obtained by cleavage of the S-0 bond.

- The results described thus indicated that methandrost—
enolone pyridinium[90] and triethylammonium[9l] sulphates
were successfully formed and, inside the mass spectrometer,
decomposed to give a species with intense ions at m/e 282[92]

and m/e 267({93][see figure 11la]. The metastable ion at m/e
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252.7'showéd that both ions driginated from thé same molecule.
The low intensity ion at m/e 300 may haﬁe arisen from cleavage
of the S-0 bond in the spectrometer,l6l from unreacted methan-
drostenclone or from derivative hydrolysed prior to spectro-
metry. A low intensity ion at m/e 239, which occurred in
neither the gpectrum of methandtgstenolone nof that of its
l?—epimer, and the almost total disappearance of the ion at

‘ m/e 242 indicated that the sulphate decomposed in fhe mass

13(14)~ene[92]'

spectrometer to give the 18-nor-17,17-dimethyl-4
(Mm%, m/e 282). The mass spectrum [figure 11b] of the major
product of the sulphuric acid catalysed elimination reaction
.of methandrostenolone,17,17*dimethyl-18—ndrandrosta-l,4,13
(14)5trien;3-one[92] was similar to those produced by the
_ sulphates of methandrostenélone [sée figure 1la]. Elimin-
ation of the sulphate to the 17—methy1—A16- molecule would
give rise to a species wifh M oat m/e 282. However this
species contribﬁfes-to the m/e-282 ion in the spectra of
.methandrostenolone and its 17-epimer, neither of which con-
tains the ion at m/e 239. In addition, exocyclic elimination
would be éxpected to accompany endocyciic elimination of the
sulphate in which event the m/e 267 ion would not be expected
“to be és intense.as observed [see figures 1la and l2a].
Josebh et 21.161 found that the mass spectrum of js—hydroxy—
androst-5-en~17-one ammonium sulbhate[94] contained no mole-
cular ion but that thé baéé peak arosé from eliminétion of-
the elements of ammonium sulphate to give a 3272-diene ion[95].
The hydrolysis of steroid hydrogen sulphates has been

the subject of much study148’1f5 because of the importance of
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establishing whether or not the steroids identified affer

the hydrolysis of sulphates of biological origin are the

| products of rearrangement and hence onlyrarfefacts of the
hydrolysis procedure. The solvolysis reaction can be ex-—
pressed as nucleophilic displacement of the alcohol (R-0H)
[96] by the ether (RéO)[97] from the reactive dipolar species
[98] which is regarded as existing in equilibrium with the
other tautomeric forms of the hydrogen sulphate [99]. The
effectiveness of various ethers in accomplishing the solvo-

1170 Because of the

lysis follows their order of basicity.
low basicity of the phenolic oxygen atom sulphates of -the
oestrogens are so readily hydrolysed that they are difficult

to handle.l1”P  Prediction of the basicity of the C-17

- oxygen atom of methandrostenclone is difficult but hydrolysis

- of methandrostenolone sﬁiphate must have occurred in carbon
disulphide, used for infrared spectroscopy, in acetone prior
to t.l.c. and perhaps partially in deuteriochloroform during
n.m.r. spectroscopy. This mode of hydrolysis, i.e. fission
of the 0-S bond, alsoc occurred when the sulphate was refluxed
in an aqueous basic medium, giving methandrostenclone as the

product.

%2.9.v. The attempted synthesis of methandrostenolone sodium
-sulphate
A mild method of sulphation employing dicyclohexyl-

carbodiimide to generate the reactive species from sulphuric
acid has been described by Mumma et g;-166 The synthesis of
the sodium salt of methandrostenolone sulphate was attempted

'by this method and a product was obtained in very low yield
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after passage through two ion—exéhange columns. The
positions of the methyl peaks in the n.m.r. spectrum of the
product differed from those of methandrostenolone but re-
sembled those of the products of dehydration of the 178-
hydroxyl group (see section 3.13).  The nature of the pro-
duct was confirmed by its low pglarity on a t.l.c. plate;

thus the éteroid was dehydrétea by -sulphuric acid rather

than sulphated. The low recovery of product (ca 20%) was

" then explained by fhe fact that the firét ion-exchange column
wés désigned to remove any unreacted steroid from the sulphate,

the former being eluted first and discarded.

%3.9.vi. The synthesis of the sulphates of dehydroepiandro=~

sterone, testostéfone, methyltestosterone and 17a-

hydroxyprogesterone
164

.Dusza et al. reported details of the n.m.r. spectra
of a vériety of triethylémmonium sulphates including thosev
of dehydroepiahdrosterone, testosterone and 17d~hydroxy—
.progesterone. These compounds and the derivative of
"methyltestosterone were prepared andrthe N.Mm.r. speétra
recorded. A1l contained a quartet and a triplet in the
'éorreét positions for the sulphates, although the peaks may
‘have been intensified by chemical exchange of the ammonium
proton with-free basé. The spectra of the derivatives of
dehydroepiandrostefone and testosferone contained peaks at

164 £or the sulphates and at those of

the positions reported
the free steroids whereas those of l7a-hydroxyprogesterone
and methyltestosterone, like methandrostenolone, showed no

shifts from the positions of the peaks in the free steroid.
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DehydroepiandrdSterone pyridiﬁium‘sulphate was pfepared, the
signal due to the 3a~proton being shifted downfield in the
‘n.m.r. spectrum of the derivative compared to that of the
free steroid. These results confirmed that secondary
-sulphates are more easily prepared and of greater stability

than the derivatives of tertiary-alcohols.

3.9.vii. The synthesis of sulphonates of methandrostenolone

The nucleophilic substitution of sulphonic esters of
secondary steroidal alcohols, particularly the toluene-p=—
sulphonates, has been extensively studied for mechanistic
purposes and as a means to the epimerisation of alcohols.117C
Derivatives of tertiary alcohdls have not been so studied;
nevertheless the prepération of methandrostenolone tecsylate
- was attempted. Recovery of the derivétive by precipitation
by the addition of water to ﬁhe reaction mixture proved un-
satisfactory and so the solvent was removed by evapcration
lat room temperature and the crystalline product obtained by
filtration. The tosylation product behaved similarly to the
sulphates described previously; due to rapid hydrolysis of
the tosylate infrared spectroscopy and t.l.c. indicated that
the reaction had not occurred but the mass spectrum was
similar to those given by the sulphate derivatives [see figure
1la].

Nucleophilic‘substitution is generally accompanied by
elimination, the ratio of products from each mechanism varying

11l7¢c

_éccording to the reaction conditions. Accordingly the

product of tosylation of methandrostenolone was adsorbed onto
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' alumina. Although alumina tends to operate as a base
rather‘than a nucl‘eophile1170 and thus to cause predominant
elimination only 5% of the product was of sufficiently low
polarity to be eluted with benzene. The remaining $5% of
the material on the column was eluted as a single fraction
Qith similar polarity and identical mass spectrum to methan-
drostenolone. . The trimethylsilyl ether of this fraction
" was prepared and examined by g.l.c. but no trace of 17-
epimethandrostenolone was detected. When authentic andro-
- stanolone tosylate was prepared and adsorbed onto alumina
no elimination or inversion products were detected. k The
major produét was unchanged'derivative aﬁd the other product
was the free 178-hydroxy steroid. |

The méthanésulphdnate of methandrostenolone was syn-—
 thesised and found to be insoluble in common solvents, such
as those used for infrared and n.m.r. spectroscopy. The mass
‘spectrum of the derivative was-similar to those of the sulphates
and tosylate of methandrostenolone [ see figure 1la]. After

hydrolysis of the mesylate, methandrostenolone was obtained.

3.9.viii. Conclusion

The results described in this section indicated that
it was possible to prepare the sulphate and sulphonate de-
rivatives of the tertiary hydroxyl group of methandrostenolone o

168 g

but that, as expectéd, these derivatives were unstable
decomposed to give the parent steroid in common solvents and
when intentionally hydralysed. Thus, chemical hydrolysis re-

sulted in fission of the S~0 bond. The mass spectral results
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were, however best explained by fission of the C(17)-0 bond
in the mass spectrometer, with migration of the C-18 methyl
group to C-17 and elimination of the lia-hydrogen atom to

13(14) _gouble bond. In-

give the gquaternary-substituted A
version at the 17-position would require fission of the
'C(17)-O bond and attack by a hydroxyl group from the o-side
of the molecule before migration of the C-18 methyl group
could occur. It is feasible that an enzyme, by virtue of

its stereochemistry, might prevent C-18 methyl migration

- and thus allow inversion to proceed.
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3.10. Experimental Section

%3.10.1. Pyridine-sulphur trioxidel59

A mixture of chlorosulphonic acid (4ml) and ethanocl-
free chloroform (20ml) was added droﬁwise to a mixture of
dry pyridine (10ml) and chloroform (Bbml) at 0°C. The
reaction vessel was surrounded py an ice-salt bath and the
rate of addition adjusted such that the temperéture femained
below 5° during the addition, which required approximately
- 2 hours. The whife precipitate of pyridine-sulphur trioxide
waé recovered by filtration, washed with cold chloroform
(3 x 8ml) to remove pyridine hydrochloride and with water (2
x_éml). The proddct was dried over phosphorus pentoxide to
give pyridine-sulphur trioxide‘(7;5g, 76%);'m.p. 140°
(1887 97-175°).

3,10.ii. Methandrostenolone triethylammonium sulphate

a. Room temperature for 2 hours

Pyridine-sulphur trioxide complex (26.9mg, Aldrich
Chemical Co. Inc., Milwaukee, Wis. U.S.) and triethylamine
(0.23ml1) were added to a solution of methandrostenolone
(4L6.0mg) in a small volume of dry pyridine and the reactioﬁ

flask stoppered and left at room temperature for 2 hours.
Anhydrous ether {ca. 10 times the volume of the reaction
mixture) was added, whereupoh a cloudy white precipitate,
which could not be filtéred, was observed. The solvents
were removed by evaporation with a gentle stream of nitrogen
at room temperature and crystallisation occurred after
storage in a desiccator in xgggg} The pale yellow crystals

were filtered under suction and washed with anhydrous ether.
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Infrared spectra of the crystals (m.p. 142--147°) and of the
ether-soluble material were ldentical with that of methan-
drogtenolone. Similarly; t.l.c. of these fractions and

' the crude product showed only the free steroid. The n.m.r.
spectrum (100 M Hz) of the crystals was similar to that of
methandrostenolone but-for an qdditional guartet and triplet;
79.08 (C-18 methyl), 8.82 (C-20 methyl), 8.76 (C-~19 methyl),
8.65 (t, 7 Hz), 6.84 (q, 7 Hz); [triethylamine, 79.03 (t, 7.2
Hz), 7.57 (q, 7.2 Hz); diethyl ether, 8.81 (t, 7.2 Hz),

6.52 (q, 7.2 Hz); triethylammonium 51.11pha't:<—:*s,l6l+

T8.67 +
0.08 (t), 6.92 + 0.08 (q)]. The ethyl group was present in
ca. 20% of thé sample; Mass spectra of the crystals (the
intensities [% base peak] inrbrackets refef to spectra at 120°
[figure 1la], 125° and 140°, respectively); m/e 300 (6,7,5%),
m/e 282 (49,100,100%), m/e 267(27,53,73%), m/e 239 (3,4,5%).

b. 60-70° and then at room temperature for 48 hourg 22

Methandrostenolone (51.8mg) and pyridine-sulphur
trioxide (preparation described in section 3.10.i, 50mg) were
suspended in dry pyridine (0.25ml) and warmed to 60—'?0O to
give a pale yellow solution above clear droplets. The
mixture was allowed fo cool whereupon the droplets crystal-
lised. Triethylamine (2 drops) was added and after 48 hours
at room temperature a single—phasé pale yellow solution was
obtained. The solvents were evaporated at room temperature
with nitrogen and the last tracesrremoved in a desiooafor

in vacuo to yield a yéllowish—gfeen product (73.1lmg); m.p.
143-150°; infrared spectrum and t.l.c. similar to methan-

drostenolone; mass spectrum (intensities at 115 and 130°);
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m/e 300 (5,3%), m/e 282 (57,45%), m/e 267 (26,33%), m/e

239 (3,3%); calculated for C26H4305SN C = 6h.84, H ='9.00,
N = 2.91%, found, C = 62.02, H = 8.78, N = 2.53% (calculated
for methandrostenolone, C = 80.00, H = 9.34%) .

c. 80-85° for 4 hours0*

Pyridine-sulphur trioxide (29mg, 1.1 equivalents) and
triethylamine (4 drops) were added to a solution of methan-~
drostenolone (50mg) in a small volume of pyridine. The
reactlon vessel was fitted with a reflux condenser protected
with a calcium chloride tube and heated at 80- 85 for 4 hours.
The orange solutlon was allowed to cool before the addition
of.anhydrous ether (ca. 10-20 times the volume of the reaction
- mixture). A white precipitate, which could not be filtered,
was obtained. It was thus dissolved by the addition of
- methylene chloride and the solvents were removed at room
‘temperature by evaporation in vacuo, by a stream of nitrogen
and finally in a desiccator in vacuo. The infrared spectrum
of the orystalline product {m.p. 144-154°) was similar to
that of methandrostenolone, as was the n.m.f. spectrum (100 M
Hz) but for ethyl protons at v8.67 (t, 7 Hz, 9 H), 6.83 (q,

7 Hz,-6H). T.1l.c. of the product in the system benzene,
acetone;'water (2:1:2), upper phase, 70%~methanol, 30%161’L
showed two similarly coloured spots at Rf 0. 86 (major),

correspondlng to methandrostenolone and at Rf (0.5).

%.10.iii Hydrolysis of methandrostenolone triethylammonium
sulphate '

- Methandrostenolone triethylammonium sulphate (52.5ng,

preparation described in section %.10.1ii.b.), sodium bicarb-
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onaté (ca. 1lmg) and water (Zml) were heated at 100°C for

‘1 hour. After cooling, the steroid was eitracted into
ether and the ether extract washed with water until neutral,
dried over anhydrous magnesium sulphate and evaporated to
dryness .to yield a crude prodUct.(36.2mg); m.p. 153-157°;
n.m.r. (100 M Hz) 19.08 (C-18 methyl), 8.82 (C-20 methyl),
8.77 (C-19 methyl), 3.94 (d, 2 Hz, 4-H), 3.79 (d of 4, Jp,
10 Hez, ng 2 Hz, 2-H), 2.94 (d,rlo Hz, 1-H); t.l.c., polarity
and colour reaction idehtical to those 6f methandrostenolone;
mass spectrum, m/e 300 (17%), m/e 282 (11%), m/e 267 (7%),
m/e 242 (16%).

3,10.iv. ~Methandrostenoclone pyridinium sulphate

Methandrostenolone (48.8mg) and pyridine-sulphur tri-
oxide (50mg) were suspended in pyridine (0.25ml) and heated
' to give a solution. The reaction mixture was then left at
- room temperature for 48 hours; Yellowish—green crystals
formed and were recovered by filtration and dried in a
.desiccator in vacuo. Yield 62.9mg; m.p. 122- -130°; Mass
spectrum, 115°, m/e 282 (100%), m/e 267 (70%), m/e 239 (L%).

2,10.v. Attempted synthesis of methandrostenolone sodium
166

sulphate

Methandrostenolone (50mg) was dissolved in dimethyl-
formamide (0.2ml) and added to an ice-cold solution of di-
cyclohexylcarbodiimide (0.17g) in dimethylformamide (O.3ml).
Concentrated sulphuric-acid (0.014ml) iﬁ dimethylformamide
(0.1ml) was added and.the mixture kept at 0° for 15 minutes,
" with occasional agitation. It was then transferred to a

column of DEAE cellulose (Whatman DE~11,'CI— form, 4g) and
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methenol (1 litre) was passed through the column to elute
unreacted steroid and dicyclohexylcarbcdiimide, dimethyl-
formamide and dicyclohexylurea. This fraction was dis-—
carded. 1M methanclic ammonium hydroxide (ZOOml) was passed
through the column and ﬁhe solvents removed from this
fracticn by evaporation below 40° in vacuo. The residue was
suspended in acetone (lObml) end the white precipitate of
ammonium chloride removed by filtration. The filtrate was
' passed through'a column of Dowex-50W-X8 (Na+ form) and the
eluent removed by evaporation belcw 4,0° The residue was
drled over phosphorus pentcxide tec give a brown glass’ (ca.
IOmg); n.m.r. (100 M Hz) showed that the D-ring differed
from that of methandrostenolone, t.1.c. in chloroform-
methanol-water. (65:25: 4)166 showed that the product had similar
polarlty to methandrostenolone (R ca. 0.88) and in benzene-
ethanol (9 1) two components were resolved, one similar to
methandrostenolcne and one less polar. _
3,10.vi. Dehydroepiandrosterone triethylammonium sulphatel6h

Dehydroepiandrosterone (250mg) and pyridine-sulphur
trioxide (250mg) were euspended in pyridine (1.25ml1) and warmed
to 60-70° until complete solution was obtained. The reaction
mixture was cooled, whereupon crystallisation occurred, and
triethylamine (0.125ml) was added. After 48 hours et room
temperature the'solvents were removed with a stream of nitro-
gen and finally in a desiccator in vacuo. The infrared
gspectrum of the product was similar to that of the free
steroid but t.l.c. showed two components, one wifh the same

-polarity as the free steroid and one which remained at the



1108

start of the chromatogram; N.m.r. (60 M Hz) 79.14 (C-18

methyl), 8.98 (C-19 methyl), 8.64 (t, 7 Hz), 6.84 (q, 7 Hz),

5.74 (broad, 3a~H), 4.61 (v, 6-H) dehydroepiandrosterone

triethylammonium sulphate [1it., 0%

79.18, 8.98, 5.75, 4.60
and free dehydroepiandrosterone, 79.11, 8.96, 6.52, 4.62];

164

%.10.vii. Testosterone triethylammonium sulphate
Testosterone (250mg) was reacted-with pyridine-

sulphur trioxide (250mg) and triethylamine (0.125ml) in

pyridine (1.25ml) as described in section 3.10.vi.  The

infrared spectrum of the product was similar to that of
testosterone, but t.l.c. showed a componént'remaining'at
the start of the chromatogram as well as one corresponding

to testosterone. N.m.r. (60 M Hz) 79.17 (C-18 methyl),

8.83 (C-19 methyl), 8.64 (t, 7 Hz), 6.84 (q, 7 Hz), 5.71

(17&—&), 4.30 (4-H) testosterone triethylammonium sulphate
r1it., 2% 9,18, 8.80, 5.63, 4.25] and 19.23 (C-18 methyl),
8.83 (C-19 methyl), 6.35 (17a-H), 4.30 (4-H) testosterone
[T9.él, 8.82, 6.35, 4.23].

3,10.viii. Methyltestosterone triethylammonium sulphatel6LF

Pyridine-sulphur trioxide (57mg) and triethylamine (8
drops) were added to a solution of methyltestosterone (100
mg) in a small volume of dry pyridine. The reaction vessel

was fitted with a reflux condenser protected with a calcium

chloride tube and heated at 80-85° for 4 hours: The orange

solution was allowed to cool and the solvent removed by
evaporation in vacuo below 40°, then with a stream of
nitrogen and finally in a desiccator in vacuo, whereupon

crystallisation occurred. The product was examined by n.m.r.
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spectroscopy (100 M Hz);- 79.10 (C-18 methyl), 8.80 (C-19
methyl), 8.80 (C-20 methyl), 8.66 (t, 7 Hz), 6.80 (q, 7 Hz),
5.40 (broad, N H), 4.28 (4-H) methyltestosterone triethyl-
ammonium sulphate [methylfestosterone, 79.09, 8.79, 8.79,
4.27].

%.10.ix. 17a~-Hydroxyprogesterone triethylammonium sulphatel64

17a~Hydroxyprogesterone (100mg) was_feacted with

' pyridine-sulﬁhur trioxide (57mg) and triethylamine (8 drops)
in'pyridine as described in section 3.10.viii. The product
was examined by n.m.r. spectroscopy (100 M Hz); 19.28 (C-18
methyl), 8.82 (C-19 methyl), 8.67 (t, 7 Hz), 7.75 (C-21 methyl),
6.80 (q, 7 Hz), 4.27 (4-H), 4.01 (broad, N H) 17a-hydroxy-

| ' 16

progesterone triethylammonium sulphate [1it.,

% 9.5, 8.84,
- 7.72, 4.30]. '

1 %.10.x. Methandrostenolone tosylate

Methandrostenolone (50mg) was dissolved ih dry
pyridine (7ml), cooled to 0° and added to a solution of
freshly purified toluene-p-sulphonyl chloride1120 (67mg) in
pyridine (3.5ml) at 0°. The reaction mixture was kept at
0° for 4 days after Which time it was a faint pinkicgh~yellow
colour. Pyridine was removed by evaporation at room temper;
aturé with nitrogen and the solid material was washed with
pyridine and dried by filtration and sto}ége in a desiccator
'ig vacuo. Infrared spectroscopy and t.l.c. of the pale
yellow crystals (60mg) indicated only unreacted methandrost-

enolone. However the mass spectrum of the crystals was

different from that of the free steroid; 140°, m/e 282 (77%)

| m/e 267 (60%); m/e 239 (12%).
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3,10.xi. Reaction of methandrostenolone tosylate with alumina

Methandrostenolone tosylate (200mg) was adsorbed onto
alumina (5g) and benzene (100ml) was passed through the
column, which was then left for 3 days. Non-crystalline
material (5.3mg) was eluted with benzene. This fraction was
of low polarity compared with mgthandrostenolone_and probably
.contained one or more pfoducts of elimination at C-17; 1t
was not examined further. A yeilow glass (45mg), which
crystallised on standing; was eluted with benzene-—chloroform
(i;l, 100ml). The polarity and mass spectrum indicated
that it was methandrostenolone; m/e 300 (31%), m/e 282 (11%),
m/e 267 (7%), m/e 242 (17%); G.l.c. of the trimethylsilyl
ether of this fraction showed no trace of l7~epimethandrost~

enolone.

3.10.xii. Androstanolbne tosylate

| An ice-cold solutidn of androstanolone (5.0g) in
pyridine (70ml) was added to a solution of freshly purified
toluene—-p-—sulphonyl'Chloridel120 (6.0g) in pyridine (30ml)
at 0°. The pale yellow solution was maintained at 0° for
48 hours by which time a bright orange-pink colour had
.developed. Watef was added and the precipitate recovered
by filtration, washed with water, dried and recrystallised
from ethanol to yield androstanolone tosylate (5.99g, 78%) 3
m.p. 175.5-177°; vmaxl708,1380,1193,11830m_1; n.m.r. (100 M
Hz) 79.20 (C-18 methyl),9.02 (C-19 methyl), 7.56 (Ar-CHy),
. 5.74 (t, 8 Hz, 170-H), 2.69; 2.2% (d4,d,9 Hz, 9 Hz, 4 H, Ar H).
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3.10.xiii. Reaction of androstanolone tosylate with alumina

Androstanolone tosylate (3.125g) was dissolved in a
small volume of benzene and adsorbed onto alumina (200g)}.
After 48 hours the column was eluted‘with petrol and with
‘benzene, both of which removed a single compound (1.630g)
which, from its polarity, infrared and n.m.r. spectra waé
unchanged androstanolone tosylate. | Elution with ethanol
gave a mixture (0.375g) of androstanolone and androstanolone
tosylate (2:1); n.m.r. (60 M Hz) 79.23 (C-18 methyl), 8.96
(Cf19 methyl), 6.34 (t, 7 Hz, 170-H) androstaﬁolone and
19.20 (C~18 methyl), 9.00 (C-19 methyl), 7.55 (Ar-CﬁB),

' 5.73 (t, 8 Hz, 17a“H), 2.65, 2.20 (d,d,9 Hz, 9 Hz, Ar-H)

androstanolone tosylate.

3.10.xiv. Methandrostenolone mesylate

" Ice~cold methanesulphonyl chloride (0.04ml) was added
to a solution of methandrostenolone (51.5mg) in dry pyridine
(0.5ml) at 0°. A pale yellow colour developed and after
18 hours at room temperature colourless crystals had formed.
The white crystalline pfoduct (40.2mg) was recovered from the
dark yellow mother ligquor by filtration. The crystals
(m.p. 154-158°) were too insoluble in carbon disulphide
and chlorqform to obtain infrared énd n.m.r. spectra,
regpectively. The mass spectrum of the crystals, 1400,

m/e 282 (45%), m/e 267 (26%), m/e 239 (2%) showed that they

were not methandrostenolone.

5.10.xv. Hydrolysis of methandrostenolone mesylate

The product of the preceding reaction (15.7mg) was
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suspended in water (lml) with a trace of sodium bicarbonate
and heated at 100° for 1 hour. The steroid was extracted
_info ether, washed with water until neutral, dried over
anhydrous magnesium sulphate and evaborated to dryness to
yield a white solid (3.3mg); m.p. 150—1540; polarity and
mass spectrum similar ‘to those Eﬁ methandrostenclone; 1300,

m/e 300 (27%), m/e 282 (24%), m/e 267 (9%), m/e 242 (19%).
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3.11. The synthesis of the &1’4—dien—3—one‘system from

&a—en&B—keto and Aq—eneﬁa—hydroxy DPrecursers

The original source of methandrostenolone used for this
work was extracted from commercial tablets. However, the
synthesis of methandrostenclone from the readily available

precursor, methyltestosterone, was examined as a more

e

accessible source of the compound. | Industrially the &1—
double boﬁd is iﬁtroduced into the precursor, usually methyl-
festosterone, chemically or microbiologically.Bc. The methods
of 1l-dehydrogenation are well established but difficulty
ariées in the separation of the product from methyltesto-
sterone in the event éf incomplete reaction. The var%ety

of synthetic modifications and separation methods described

in the 1iteraturel’0~180

coﬂfirm that this is an important
7 industrial problem in the synthesis of methandrostenolone.
The androgenic nature of methyltestosterone makes its
presence intolerable in a drug whibh may be administered to
women and children.

Among the methods which have been used to reduce the
interference by methyltestosterone is an enzymic dehydro-—
genation in which the éubstrate was reported to be prefer-
entially absorbed and retained by the cells whilst the product
was slowly released into the ligquid phase which was periodically
removed.176 Adduct‘formation'between steroidél Aé—en-}—ones,

L77 178 and

179

and 2-naphthol and morpholinohydrazide derivatives

the different rates of hydrolysis of the semicarbazones
of Ah-en—B—ones and Al’é—dien—j—ones have all been used as
means of purification. The microbial oxidation and dehydro-

" genation of 17a4methylandrost?h—ene~38,17~di01 has been
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described as a means of avoiding the complications caused
by ‘the presence of methyltestosterone,180

The problem oi the purification of methandrostenclone
from methyltestosterone was identicél-to fhat encountered in

the synthesis‘of 17—epimethéndrostenolone, since each pair

_of epimers have similar oolarities. Pﬁrification was
achieved by column chromatography and recrystallisation in
the synthesis of the latter compound. This method produced
sufficient pure material fof the characferisation of the
mctabolite of methandrostenolone but would be inefficient for
the preparation of large quantitieo of the dienocne.

The use of 3-4 equivalents of DDQ has been recommen-
ded for the conversion of a saturated 3—h§droxysteroid to

_fhe corresponding Ql’q—dien—j_—one.ll9

-Consequently, for
the preparation of the dienone from a steroid already
partially dehydrogenated in the A-ring proportionally less.
reagent was ﬁsed. -However, reactioo of methyltestosterone
with 1.1 eouivalents of DDQ gave only slightly more than 50%
of the dienone. Preparative t.l.c. was ilnefficient for .
‘purification of the product because the polarities of the
compounds are so similar that overlapping bands are obtained.
‘¢.1.c. showed that repeated crystallisation resulted in en- '
~richment of the filtréte in methandrostenoclone. Dichloro-
. dicyanobenzoquinol was readily‘removed from the product by
filtration, but unreacted DDQ was difiicult to remove.
Filtration through alumina resulted in the édsorption of
steroids and reagent but the method described by Caspil

181

et al., which employed a wash with sodium hydroxide

solution, removed all DDQ.
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In view of the poor conversion to dienone and the
inefficiency of the conventional methods of purification
ofher separation methods were examined. As mentioned
previously, semicarbazone derivatives179 and 2-naphthol
adductsl77 have been utilised. A Japanese gfoup has des—
cribed the use of morpholinoacetohydrazidé and‘h—hydrazinom
.formylmethyl—hwmethyl—morpholinium halides for the separation

of methandrostenolone from methyltestosterone.178

They
reported that the latter compounds formed water-soluble de-
rivatives with the 4-en-3-one, but did not react with the
dieﬁoﬁe; thereby making separation of the two compounds easy.
4-Hydrazinoformylmethyl-4-methylmorpholinium chloride
waé_prépared, as nearly as possihle, according to_the method

of Tohda et al.’®

Crystallisation could not be accomplished
. although it was obvious from the melting point reportedl78 for
the compound that the'crystalline form was attainable. The‘

- viscous oily product was assumed to be the desired reagent,
and its reaétions with a Aq—en—B—one(testosterone) and a gl’q-
dien-3~one(cholesta-1,4~dien-3-one) were examined prior to

an. attempted separation of methandrostenolone and methyl-
testosterone. When the reagent wés reaéted with testosterone
only 6.5% of the steroid was recovered from thé organic phase
whereas 81.3% of a sample of cholesta~1,4~dien-3-one was re-

- covered from this phase.. A mixture of methandrostenolone

and methyltestosterone was then reacted with 4=hydrazino-
formylmethyl-4-methylmorpholinium chloride and the organic

extract was found to be free from the Aq—en43wone.

Once a successful method for the separation of Al’h—dienw
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- 3-one from unreacted Aqmen-5~one was available the synthesis
of 17-epimethandrostenclone was reexamined. Theofetically,
2 equivalents of DDQ should be required to oxidise the 3-
hydroxyl group and to introduce the A'-double bond into 178-
‘methylandrost-4-ene-3p,17-diol. Consequently, as in the
original synthesis of the éompognd (section 3.2.x.), 2.2 eq-
uivalents of DDQ were used. The progress of the reaction
was monitofed by periodic t.l.c. of the reaction mixture,
which showed that oxidation to the 3-keto group occurred
rapidly and completely.within three hours of the start of
refluxing. However, l-dehydrogenation was gradﬁal and in-
complete'even when.the reaction was continued for twenty-

four hours. Since Muller et g&.llg

1,4

reported the conversion
of a'3—hydroxy5teroid to a AT *-dien-3~-one with 3-4 equiva-
lents of DDQ, although in only 30% yield, the reaction of '
the'gq—en&BB—hydroxy precursor of 1l7-epimethandrostenolone
with 3.5 equivalents of DDQ was examined. - After refluxing
for fourteeﬁ hours, t.l.c. of the reaction mixture indicated
compiete conversion to the dienone. Consequently, 100%
formatioﬁ of the dienone was easily achieved provided that a

large excess of DDQ was used, thus, obﬁiating the necessity

to use the tedious separation procedures described.
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3.12. Experimental section

3,12.i. Reaction of methyltestosterone and 1.1 eguivalents
of DDO 17

DDQ (0.579g, 1.1 eguivalents) was added to a solution
of methyltestosterone (0.7g) in dry benzene (70ml) and the
mixture was refluxed for 18 hours. The precipitated quinol
was removed by filtration and washed with methylene chloride.
The combined filtrate and washings were evaporated to dryness
and the residue, a dark brown glass, was dissolved in
'methyléne chloride-ether (1:3). The solution was filtered
through a pad of alumina (10g), which was washed with ether.
After evaporation of the solvents the residue was redissolved
in the solvent mixture and the alumina filtration repeated.

The filtrate was then washedlBl

with 2N sodium hydroxide
solution (30ml), which removed all colouration from the
organic layer, and with water until neutral, dried over
anhydrous magnesium sulphate and evapdrated to dryneés to
yield a pale yellow oil (0.66g). Crystallisation from
acetone gave long white needles which were shown to be a
mixture of slightly more methandrostenolone than methyl-
testosterone by t.1l.c. G.l.c. of the crystals and residues
after repeated crystallisations from acetone showed that

' the residue became richer in methandrostenolone. Preparative

t.l.c. was attempted but overlapping bands wére obtained.

Methandrostenolone was more polar than methyltestosterone.

3.12.ii. L-Hydrazinoformylmethyl-4-methylmorpholinium chlorid%7a

L4-Methylmorpholine (21.0g) in absolute ethanol (50ml1)

was mixed with ethylchloréacetate (19.9ml) and the solution
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refluxed for 8 hours. As soon as the colourless solution

was heated_it rapidly-chahged through yellow and orange to

deep red. The solution was allowed to cool and 100%
hydrazine hydrate (11.2g) was added, whereupon most of the
colour disappeared to give a pale orange solutionlfrom which

a white viscous oily iayer separgted. This material was
soluble in water but insoluble in ethanol but repeated attempts
: at crystallisation were unsuccessful. The supernatant was
removed and benzene added and distilled to remove traces of
_watef which might have hampered crystallisation. The final

product was a creamy-white glass.

%,2,iii. Reaction of testosterone with h—hYdrazinoformyl—-
- methyl-4-methylmorpholinium chloridelfa-

4—Hydrazinoformylmethyl—h—methylmorpholinium chloride
"(gg. 500mg;) wasladded to a solution of testosterone (196.9mg)
in a'mixturé'of methanol and acetic acid (9:1, 8ml). The
mixture was wérmed to 40° and then left at room temperature
for 2% hours. Water and éther were added and the aqueous
phase extracted twice with ether. The ether extracts were-
combined, washed with saturated sodium bicarbonate soiution
and with water, dried over anhydrous maghesium\sulphate and
evapdrated to drynéss to give a residue (12.8mg). T.l.c.
showed that the residue contained testosterone and several.
'more polar contaminants. 'Consequently, testosterone
(184.1mg, 93,5%) was-extracfed into the aqueous phase by

complex formation.
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3,12.iv. Reaction of cholesta-1,4—dien~-3-one with /4-hydrazino-

formylmethyl-4-methylmorpholinium chlor'idelf8

A solution of cholesta-1,4~dien-3-one. (55.6mg) in
methanol and acetic acid (9:1, 2ml) was treated with the
. reagent (ca. 125mg) by the procedure described in the pre-
ceding section. Cholesta-l,4~dien~3-one (45.2mg, 81.3%)

was recovered from the ether extracts.

3.,12.v. Reaction of methandrostenolone and methyvltestosterone

with 4-hydrazinoformylmethyl-4-methylmorpholinium
.. 178
chloride

A solution of a mixture (105.4mg) of methandrostenolone
-and methyltestosterone in methanol and acetic acid (9:1, 2ml) |
was treated with the reagent (ca. 250mg) as described in
.section 3.12.iii. A yellow glass (76.8mg, 72.8%) was re-
covered from the organic phase. T.l.c. showed that this

product was pure methandrostenolone.

2.12.vi. Reaction of 17g-methylandrost~4-ene-3g,17-diol and
- poet?

a. 2.2 Eguivalents of DDQ

- DDA (178.3mg, 2.2 equivalents) was added to a solution
of 175“methylandrostfh—ene—BB,17—diol (108.4mg) in redistilled
dioxane (24ml) and reflﬁxed. After 3 hdurs, t.l.c. of the
reaction mixture showed complete conversion of the starting
material to l7-methylepitestosterone, but no trace of 17-epi-
methandrostenolone. T.1.c. at intervals up to 24 hours
after the start of the reaction showed gradual, but incomplete
formation of the latter compound. The product was recovered
as described in section 3.12.i. and contained a mixture of

17-methylepitestosterone and 17—epimethandrostenolone.A
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b. %.5 Equivalents of DDQ

A solution of l?B—methylandrost—&—ene—BB,l?—diol
(475.%mg) and DDG (1.250g, 3.5 equivalents) in dioxane
(25mi) was refluxed for 14 hours, when t.l.c. of the reaction
mixture showed complete conversion to 17-epimethandrosten-

olone. The product was recovered as described previously.

3,12.vii. Reaction of methyltestosterone and 3.1 eguivalents

of DDQTLY

Methyltestosterone (5.034g) and DDQ (11.73lg, 3.1 equi-
valents) were dissolved in dioxane (110ml) and refluxed for
6 hours when t.l.c. showed 100% reaction. The dioxane was
rémoved by evaporation in vacuo and benzene was added to the
fesidue, which was filtered to remove insoluble quinol. The
. quinol was washed with benzene and the filtrate and waéhings
) evaporated to dryness. " The residue was dissolved in methy-
lene chloride and ether (1:3), washed with 2N sodium hydroxide
solution and then with water, dried over anhydrous magnesium
sulphate and evaporated to aryness to yield a crystalline
product (4.668g,-93%). ‘T.1.c. showed that this product -was
pure methandrostenolone and hence furthef purification was

unnecessary.

© 3.12.viii. Purification of DDQ

" Impure DDQ (&Og, a mixture of quinol and quinone) was
dissolved in benzene (400ml) and the insoluble quinol removed
by filtration. The filtrate was evaporated to ca. 120ml and
an equal volume of petrol ether (40-60°) was added to the hot
solution. The bright red crystals of DDQ were rémoved by
filtration and dried, below &OO, to givé light orange

1124

crystals (28.5g); m.p. 212-214° [1it., 213°].






121

3.13. Some reactions of methandrostenolone

The reactions of methandrostenolone with‘a variety
of reagents which would primarily cause reaction in the
D-ring rather than the A-ring were examined. Reactions of
the dienone system wefe not of interest in connection with
the metaboligm of methandrostenolone and have been studied
extensively elsewhe:r'ell?(JL because of the large number of

compounds in whichk this system occurs..

3.13.i. Base
Methandrostenolone was refluxed with sodium methoxide
and with sodium hydroxide in methanol. In both reactions

only unchanged methandrostenolone was isolated.

3.1%.ii. Acid

. Secondary 17g-alcohols [100] are dehydrated slowly in
comparison with the rate of the reacfion of the corresponding
-17&—015[101], which have the trans-coplanar stereochemistry

. 1l7e
necessary for Wagner-Meerwein rearrangements. 7

Migration
of the 13,l4-bond, which is trans-coplanar to the 178~0l[100],
is unfavourable because the product:: would contain a highly
strainéd trans-fused cyclobutane system. Lack of anchimeric
assistance thus means that formation of the 17-methyl-18-nor-
513(17)—compound[102] is slow. However, no difference has
been observed in the rates of elimination of the two C-17
tertiary alcohols [103)]; +this has been ascribed to the in-
creased stability of the C-17 tertiary carbonium lon com-
pared to.the corresponding secondary carbonium ion, an effect

which must nullify any stereoelectronic difference. 17€»1822
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Dehydnation of a tertiary l7-alcohol may give products with
a Alj(lh)“ or a AT°—double bond [104], the latter being the
major product from compounds with an]l-QXy substituent [103].
Methandrostenolone and ifs 17-epimer [105] were both |

heated with 20% aqueous sulphuric acid at 100° for 2 hours.
Each compound reacted completely to give 17,17-dimethyl-18-
norandrosta—l,4,13(14)~trien—3¥gne[106] as the major product
(ca. 50%), the absence of olefinic protons in the T4.0-6.0
fegion of the n.m.r. spectra indicating that the extra double
bond was tetrasubstituted. Methyltestosterone[51] reacted
under similar conditions to. give 17,17-dimethyl-18~norandrosta-
4,13(14)-dien-3~0one[107] as the only prndudt.

N The presence-of a series of small peaks in the T35.0~
3.5 region of the n.m.r. spectrum af the product of the
reaction of methandrostenolone with sulphuric acid indicated
that the dienone-phenpl rearrangement had occurred in about
50% of the sample. This reaction is normally carried out in
acetic anhydride_and sulphuric acid, when the major ’

1174d,182b 1y4_9ien-3-one[108] is the l-hydroxy-

:product of a a
4-methyl phenol[109]. The mechanism of the rearrangement
under'these conditions has been shown, with the aid of
opiically active comPOunds, to inveolve a spiran intermediate
[110]. When the dienone contains certain substituents, such
as.a A6~double bond, a C-6 or C-11 carbonyl.group or a C-4
mefhyl group, all of which hinder the above mechanism, the
major product117d is the 1—mathyl-3—hydroxy phenol[111].

This compbund probably arises by migration of the.C—18 méthyl
group to a‘C—l carbonium ion [112], followed by loss of the

1,4

C~1 proton. In aqueous acids an unsubstituted 2 -dien—3-
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one was found to give predominantly the "meta" phenol [111],
which may be largely due to the different polarity of the

s.olvent.ll?c1

Consequently the product of the reaction of
methandrostenolone [4] may have contained a mixture of the
"meta® [12.3] and "para" [114] pheﬁols, the former pre-
dominating. B

When methandrostendlone wés reacted with sulphuric
acid in acetic acid the A-ring was complétely rearranged,
tégether with the expéctéd D-ring reaction. Thus, although
the D-ring rearrangement ogcurred when the steroid was not
in solution (aqueocus acid), solution was necessary for 100%
dienone-phenol rearrangement (acetic acid).; Under the
latter conditions the major product was the "para" phenol
[114], indicated by a pair of doublets at 73.48, 3.15,
J = 8 Hz in the n.m.r. spectrum. The coupling constants
between meta protons and between para protons ére 1-3 Hz
and 0-1 Hz, reépéctively; thus the protons in the product

were ortho (J = 6-9 Hz).183'

184 studied fhe reactidn of methan-

Tishler and Brodj
| drostenolone [4] with methanolic hydrochloric acid at 100°

for AO.minutes and identified three of the products as 17,17~

‘ dimethyl—lB-norandrosta—l,4,lB(l&)—trien—Bfone[lO6], 1-hydroxy-
4,17, 17-trimethyl-18-noroestra-1,3,5(10),13(14)~tetraene[114]
_énd tentétively, l—methoxy-h,l?,17—trimethyl—lBd—chlorooestra-.
1,3,5(10)~triene[115], the former being the major product.

The latter tw§ compounds fluoresced atl325 nm when activated

at 280 nm which is characteristic of oestrogens, whereas

the former compound exhibited no such fluorescence. All
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three compounds and methandrostenolone exhibited the same
excitation and fluorescent spectra after heating with

methanolic hydrochloric acid and it was su,gt{.g‘estedlBL‘L

that
the C-13% carbonium ions of the two aromatic products were
respongible for the fluorescent charaCteristics of methan—
drostenoloné under these condiﬁ}ons,

The immediate generation of a coloured species was
observed when methandrostenolone was heated with sulphuric

and acetic acids; this may have been due to the C—13

carbonium ion [116].

'31%,iii. Phosphorus oxychloride

The reaction of a steroid alcohdl with.phosphorus
6kychloride or thionyl chloride has been shown to proceed
stereogspecifically through thé trans-coplanar conformation
of the leaving groups even. when the product is the less

stable olefin.ll?f

In the case of a C-~17 tertiary alcohol
trans-coplanar elimination of the 17g-hydroxyl group with
the 16a-proton requires distortion of the D-ring ‘which is
sterically hindered by the incfeased‘proximity of the 178~
substituent and the C-18 methyl group. Consegquently exo-
cyclic elimination is preferred.

In a study of 17a-methyl and 17a-ethyl-D-homo-17a-
ols it was obserﬁéd&g that dehydration of the a-ols occurred
readily in the mass spectrometer to give intense M-13 ions
whereas the B-ols were chemically dehydrated with phosphorus
oxychloride'ét a faster rate. This can be explained by the
fact that the more crowded molecular ion (thét in which the

larger, alkyl substituent is B) is less stable and therefore

dehydrates to relieve strain whereas chemical dehydration of



QAc
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this epimer necessitétes increased interaction between the
C-17 and C-18 substituents prior to formation of the endo-
cyclic double bond. Consequently the epimer in which the

" smaller (hydroxyl)'substituent is closest to the C-18 methyl
- group is chemically dehydrated fastest, the ease of exocyclic
elimination ﬁresumably being qugl for both epimers.

The dehydration of methandrostenolone[4] Qifh
phosphorus oxychloride in pyridine at room temperature Qas
accompanied by much degradation, no A-ring protons being
distinguishable in the n.m.r. spectrgm of the product.
waéver, this‘spectrum showed that exocyclic elimination to
give the 17—methylene function [il?]-(¢5.38) was more favour-

able than endocyclic elimination to the Al6

~double bond [118]
(74.75). The ratio of exo- to endocyclic elimination was
estimated to be ca. 6:1. |

A mixture of 17—me£hyleneandrosta-l,&-dien—B-one and
17—ﬁethyleneandrost—&—en—E—one was prepared by the reaction
of DDQ with the latter compound and then reacted with
'phosphofus oxychloride as described above. Once again,
.degradation occurred énd, althougﬁ the C~4 proton of the
Q4_en—3—one (v4.27) was clearly visible in the n.m.r. spectrum
of the crude product the A-ring protons of the dienone could
ﬂot be detected. Similarly, the infrafed spectrum showed
the loss of the cross-~conjugated carbonyl function. Thus,
althoﬁgh the nature of this dggradation is unknown it is

1’a—dien—3—one'function and, like the

specific for the &
~dienone-phenol rearrangement of the A-ring in sulphuric acid,
does not take place with a Ah—en-B—one._ In view of the

extensive degradation the dehydration of 17-epimethandrosten-
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olone was not investigated under these conditions.

313.1iv. Acetylation

Ananchenko et gl.sg demonstrated a difference between
the chemical reactivity of the C-17a epimeric 3—methoxy—17a;
methyl-D-homooestra~1,3,5(10),B~tetraen-17a-ols by their
~reactions with acetic anhydride in pyridine. After reaction
at reflﬁx temperature for 2 hours both epimers were partially
‘converted to their acetates. However, after 6 hours the
17ap-0l was dehydrated to the l1l7a-methylene compound whereas

ﬁhe_l?aa—ol was converted to the ace_tate.89

When methandrostenolone was treated under the same
acetylation conditions the n.m.r. spectra of the reactien
products after times of 2 hours and 6 hours were the same.
The 17B-acetate was the major product with only a trace of
dehydration to the 17-methylene compound (ca. 4%). Since
methandrostenolone would be expected to dehydrate more
readily under these conditions the reaction of 17-epimethan-
drostenolene was not examined. |

Since the product of the acetylation of methandrost-
enclone under the conditions described above was a non-
| crystalline,_dark—coloured.glass alternative methods of
acetylation were examined. The lack of reactivity of stercid
alccohols containihg hindered functions, such as the secondary
11g-~hydroxyl group and tertiary hydroxyl groups, to acety-
lation with ecetic anhydride in pyridine at room temperature
may be explained:by the necessity for e termolecular tran-

sition state.’178  oOliveto et g1.185 found that the use of

more drastic conditions, for example heating, fqr the



brH H 3
! + [QL F%\
ot T3, 250 27
Rz/‘ \CH R e /7 3 4 _
H 3 CH,

—5—C
CHS—CH,

Diagram 15. Proposed mechanism for the oxidation of :
secondary alcohols by dicyclohexylcarbodiimide
and dimethyl sulphoxide.
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Diagram 16. Proposed mechanism for the dehydration of tertiary
steroid alcohols with dicyclohexylcarbodiimide and
dimethylsulphoxide.
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acetylation of the 1lp-hydroxyl group caused dehydration.
However, the position was readily acetylated185'at room
temperature with an acetylating reagent in the presence of
a strong acid catalyst, under which conditions the reactive
acetylium speciles is formed.ll?g
When methandrostenolone .was reacted with acetic

' 185
as catalyst complete reaction occurred at room temperature.
Alfhough the n.m.r. spectrum of the product showed that
there was no dehydration under these conditions, the 73.0-
3.5 region indicated that a small amount of A—ring rearrange-
ment occurred. The major product was methandrostenolone
acetate but, as before, it was not crystalline.

The'mass‘spectrum of this producf showed the expected

molecular ion of methandrostenolone acetate at m/e 342 and an
intense ion at m/e 282, arising from eliminétion of acetic
acid. Ions at m/e 340 and m/e 324 were not rationalisable
in terms of this Qompound. However a low intensity ion at
m/e 384 indicated the formation of a small amount of a
diacetate, probably 4,17c-dimethyloestra-1,3,5(10)-triene-1,
l?-dioi diacetate [119]. The ions [120] at m/e 340 and
m/e 324 would'thén arise by elimination of CHjCOH, probably
from a cyclic conformation of the'acetate, and of acetic

acid, respectively, from this diacetate.

3.1%3.v. Sulphoxide-carbodiimide oxidation

The oxidation of secondary steroid alcohols to ketones _
has been aécomplished with dicyclohexylcarbodiimide and di-

methyl sulphoxide186a [diagram 15]. The selective oxidation
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of secondary alcohols ih the presence of tertiary alcohols
has been achieved in some compounds but certain tertiary
alcohols have been-found to dehydrate very readily.186b
Moffatt observed186b (unpublished_exﬁeriments) that methyl-
testosterone[51] was completely dehydrated almost instant-
aneously to a %:2 mixture of th§_Al6— [121] and 17-methylene
[122] compounds. He suggested that this dehydration in-
volved an intramolecular proton abstraction mechanism
[diagram 16] similar to that proposed for the oxidation
tdiagram 15] but with regeneration of dimethyl sulphoxide
rather than formation of dimethyl sulphide.186b

| Prior to exémination of the reaction of methandrost-
‘enolone under these conditions the reaction of methyltesto-
sterone was carried out. Precipitation of dicyclohexylurea
was observed almost immediately affer mixing of the reagents
but t.l.c. of the product after 2 hours showed that not all
the stéroid had reacted. Slightly less than 50% of the
product was eluted ffom an alumina column ag a low polarity
band. The n.m.r. spectrﬁm of this fraction showed-that the
17-methylene [122] and é16—compounds [121] were present in a
1:1 mixture which accounted for 70% of the total fraction.
A third product was identified-as 17,17;dimethy1—18—noran—
drosta-4,13(14)~dien-3-one[107]{19.05, 9.04 (C-17,17dimethyl),
8.85 (C-19 méthzl)]. Unreacted methyitestosterone was‘then
recovered from the column. These results were confirmed by
g.l.c., which showed three short retention time peéks in the
low polarity fraction.

Since Moffatt 80P did not include the 421" -17,17-

dimethyl compound [107] among the products of the reaction

of methyltestosterone the reaction
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was repeated without éicycléhexylcarbodiimide and without
dimethyl sulphoxide and dicyolohexlearbodiimide; T.1l.c.
of the products of both reactions showed no spots other
than that corresponding to methyltestosterone. Consequently,
17,17-dimethyl~18~-norandrosta-4,13(14)-dien-3-one must be a
product of the dimethyl sulphox%@endicyclohexylcarbodiimide
reaction. : |

When methandrostenolone[4] was reacted with dimethyl
sglphoxide and dicyclohexylcarbodiimide for one hour less
. than 10% of the sample was converted to a mixture of the
l?mﬁethylene [123] and Al6—compounds [124]. No 513(14)-17,
17-dimethyl compound [106] was detected. The reaction was
repeated and t;l.c. after three hours showed that vefy little
conversion had occurred but after sixty houfs all the steroid
had reacted. The. product now contained a 1:1 mixtufe of the_
17-methylene [123] and,&l6—compounds [124] and 20-30% 17,17~
dimethylniB—norandrosta—l,4,lB(lh)—trien—B—one[lO6]. Under
similar conditions l?—epimethandrosfenolone[81] reacted com-
‘pletely within three hours to give a mixture containing the

17-methylene [123], a6 [124] and A13(14)

-17,17-dimethyl
[106] compounds in the ratio ca.: 5:3:2.

The reactions of methandrostenolone without dicyclohexyl-
carbodiimide and without dimethyl sulphoxide and dicyclohexyl-
carbodiimide were examined. T.lic. of both products showed
a very intense Spot corresponding to methandrostenolone and
a very fainf low polarity spot which could not have accounted
for the 20-30% formation of 17,17-dimethyl-l8-norandrosta-l,%4,

13(14)~trien~3-one in the reaction with dicyclohexylcarbodi-

imide.
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2.1%.vi. Phosphorus pentachloride

The products of the reactions of secondary 8-, 78—
and 17B- alcohols with phosphorus pentachloride are the

epimeric a-chloro compounds.ll'711

The reaction involves the
formafion of a colinear O¢.v.eeCavennn Cl traﬁSition stafe
and consequently alcbhols, such as 2o~ and ba~hydroxy steroids
react by an Syi mechanism with retention of configuration
because of the unfavourable interactions which would be
involved in the formation of the Sy2 transition state.117h
The tertiary alcohol, 12a—hydroiy—l2—methy1tigogenin
acefate has been treated with phosphorus pentachloride to
give the 128—chlorof12—methyl derivative.187 Although the
reaction appeafs to proceed by anlSNZ mechanism it has been
reported that deliberate attempts to produce the C-12
carbonium ion resulted in degradation of thé steroid.ll7i
When methandrostenolone was reacted with phosphorus

187 2t room temperature for 48 hours

pentachlofide in ether
extensive degradation occurred, indicated bylthe poorly'
'resoived n.m.r. spectrum and loss of the carbonyl absorption
in_the infréfed spectrum of the product. A similar reaction

of methandrostenolone in chloroform188

containing calcium

carbonate for 1 hour at 0° gave predominaﬁtly unreacted

steroid. The less polar 17,17-dimethyl-18-norandrosta-l,

4,13(14)-trien-3-one was also isolated but the mass spectra

of both products showed no trace of a compound in which the

l?B—hydroxylrgroup had beén substituted by a chlorine atom.
The failure of methandrostenolone to form a l7a~chloro-

17-methyl product by reaction with phosphorus pentachloride

was probably due to steric hindrance which would prevent the
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" formation of a colinear G......C......Cl transition state.

%,13.vii. Conclusion

The results described in this section showed that
any reaction of methandrostenolone, such as that in sulphuric
acid, in which a C-17 carbonium ion was formed led to the
l?,17—diméthy1518—nor-A13(14)— aerivatiye by dehydration
with C-18 methyl migration. Epimerisation could only
proceed from the C~17 carbonium ion if this migration could
. be prévented. A reaction such as that of methandrostenolone
with phosphorus pentachloride, in which a C-17 epimeric chloro
"compound might have been produced by a mechanism not involving
a carbonium ion presumably did not proceed because of steric
hindrance to the fbrmation.of the required transition state.
Consequently the epimerisatibn of mefhandrostenolone by
" chemical means was impossible whereas it is feasible’thét an
enzyme, Dby virtue of its steréodhemistry, might block C-18
methyl migration and iptroduce a hydroxyl group from fhe

gq-side of the molecule thus forming 17-epimethandrostenolone.
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%.14, Experimental section

3.14.i. Reaction of methandrostenolone with -

sodium methoxide

Sodium (ca. éOOmg) was added to a solution of
methandrostenolone (102.5mg) in methanol (50m1j and refluxed
for 2 hours under nitrogen, during which time the colour of-
the'solutioﬁ darkened. Methanol was removéd by evaporation
in vacuo and the residue was dissolved in ether. The
solutibn was washed with water until neutral, dried over an-
- hydrous magnesium sulphate and evapéréted to dryness to

yield a brown glass (127.3mg); t.l.c. showed a spot with
 the séme pdlarity and colour reaction as methandrostenolone
and faint traces of two more polar components; n.m.r. (100
M Hz) T9ﬂ07 (C-18 QQEQX;), 8.82 (C-20 méthxl), 8.75 (C-19
imethyl), 3.94 (d, 2 Hz, 4-H), 3.79 (d of 4, J1, 10 Hz, J,y
2 Hz, 2-H), 2.94 (4, 10 Hz, 1-H) identified the product as
unchanged methandrostenolone.

- 3.14.ii. Reaction of methandrogtenolone with sodium
189

hydroxide in ethanol

A solution of methandrostenolone (105.7) in ethanol
(30ml) oontaining'20%.sodium hydroxide solution (2 drops)
was refluxed for 2 hours. The ethanol was removed by
evaporation in vacuo and the residue dissolved in ether,
washed with water until neutral, dried over anhydrous mag-
nesium sulphate and evaporatedlto dryness to yield a brown
glass (126.6mg). T.l:g. and n.m.r. spectrosoopy'(loo M Hz)
indicated that the product was methandrostenolone; T9;O7

(C-18 methyl) 8.82 (C-20 methyl), 8.76 (C-19 methyl), 3.93
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(d, 2 Hz, 4-H), 3.78 (d of d, J1 10 Hz, J,, 2 Hz, 2-H),
- 2.94 (d, 10 Hz, 1-H). |

‘3.l4.iiL Reaction of methandrostenolone with agueous sulphuric

Methandrostenolone (46.8mg) and 20% aqueous sulphuric
acid (10ml) were heated at 100°- for 2 hours. When cbol the
QQueous phase was extracted twice with ether, the combined
ether extracts were washed with saturated sodium bicarbonate
solution and with water, dried over anhydrous magnesium
sulphate and evaporated to dryness to give a brown glass
H(53.5mg), the major component of which was 17,17-dimethyl-
.'18~nofandrosta~l,4,13(14)—trien~3—one; vmax1665ém"l, N.Mm.T.
(100 M Hz) 19.08, 9.04 (C~-17,17 dimethyl), 8.80 (C-19 methyl),
3.87 (d, 2 Hz, 4-H), 3.72 (d of 4, Jy, 10 Hz, J,, 2 Hz, 2-H),
2.84 (d, 10 Hz, 1-H); g.l.c., Retention time, 5.64 minutes
(2350). 3-Hydroxy-1,17,17-trimethyl~18-noroestra-1,3,5(10),
1%(14)-tetraene and l-hydroxy-4,17,17-trimethyl-l8-noroestra-
1,3,5(10),1%(14)-tetraene were also formed; n.m.r. 7T3.5-3.0
(aromatic protons); g.l.c., Retention times, 13.326 and
14.60 minutes (235°). |

The crude product was chromatographed on alumina
(10g) to give 17,l?—dimethyl—lB—norandrosta—l,4,13(14)~trien—
3-one as a low polarity glass; vmaxl665cmf1; mass spectrun,

m/e 282 (100%), m/e 267 (71%), m/e 239 (3%) [see figure 11b].

3.14.1v. Reactlon of 17— eplmethandrostenolone with agueous

sulphurlc acid

A suspension of 17~ep1methandrostenolone (8 9mg) in

| 20% aqueous sulphuric acid (2ml) was heated at 100° for
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2 hours. The product, a brown glass (12.2mg) was extracted
as described in section 3.14.iii; T.l.c. showed that com-
plete reaction had occurred to give a low polarity product
the n.m.r. spectrum of which was'identical to that of the -
producf of the correéponding reaction of methaﬁdrostenolone

(séctibn 3.,14.ii1).

e

%.14.v. Reaction of methyltestosterone with agueous

sulphuric acid -

Methyltestosterone (5%.1mg) and 20% aqueous sulphuric
| acid (10ml) were heated at 100° for 1% hours and the product
(52.1mg), a brown glass, was extracted as described in
“section j.lh.iii. - The major product (ca. 86%) was 17,17-di-
methyl-18-norandrosta~4,13(14)~dien-3-one; t.l.c., low '
polarity; n.m.r. (100 M Hz) 19.06, 9.04 (C-17,17 dimethyl),
 8.85 (C-19 methyl), 4.24 (4-H) with unreacted methyltesto-
sterone (ca. 14%); n.m.r. 19.09 (C-18 methyl), 8.79 (C-19
methyl), 8.79 (C-20 methyl), 4{25 (4-H).

"F.1b.vi. .Reaction of methandrostenolone with sulphuric. acid

in acetic acid

- 20% Aqueous sulphuric acid (10ml) was added to a
solution of methandrostenolone (106.8mg) in glacial acetic
acid (2ml). The light precipitation was dissolved by the
addition of glacial acetic acid (6ml) and the solution was
heated at 100° whereupon a red precipitate formed and was not
redissolved‘by_the addition of further glacial acetic acid
(5ml). After 2 hours the mixture was allowed to cool,
extracted with ethef and the ether sblution neutralised

with saturated sodium bicarbonate solution, washed with water,
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dried over anhydroﬁs magensium sulphate and evaporated to
dryness. The product, a dark brown glass (110.6mg) con-
tained no unreacted methandrostenoldne. The major componeﬁt
was l-hydroxy—h,17,l7-trimethyl—18—néroeétra—l,3,5(10),13(14)m
tetraene; n.m.r. (100 M Hz) 19.02, 8.99 (C-17,17 dimethyl),
7.86 (C-4 methyl), 5.04 (broad, 1-OH), 3.48, 3.14 (d,d, 8 Hz,
8 Hz, 2-H, 3-H) with some 3-hydroxy-1;17,17~trimethy1-18-
noroestra-1,3,5(10),13(14)-tetraene; n.m.r., 73.5-3.0 (small

peaks).

3,14.vii. Reaction of methandrostenolone with phosphorus

oxychloride89

Freshly distilled phosphorus oxychloride (0.05ml) was
added to a solution of methandrostenol.one (ll2.5mg) in dry

pyridine (2ml), whéreupon fuming occurred and a'yellow colour

- -was generated. After 18 hours at room temperature the dark

-red solution was poured into a mixture of ice and water and'

" the steroid extracted into chloroform, washed with water,
dried over anhydrous magnesium sulphate and evaporated to
dryness to yield a dark brown giass (80.7mg), which contained
no carbonyl band in its infrared épectrum; n.m.r. (100 M Hz)
75.38 (17'= CH,); 4.75 (16-H), 6:1; further purification and
characterisation'was not undertaken because of the tar-like
nature éf the product, which had obviously suffered ektensife

degradation.

%.,14.viii. Synthesis of 17-methyleneandrosta—1,4-dien—3-one

A solution of 17-methyleneandrost-4-en-3-one (49..4mg)

and DDQ (42.6mg) in dioxane (12ml) was refluxed for 20 hours.
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The dioxane was removed by evaporation in vacuo and the
residue was dissolved in benzéne, filtered through alumina
(1lg) and evaporated to dryness to yield the crude product
(54.3mg) which was chromatographed on alumina (2g). Elution
_with benzene gave a mixtufe (31.7mg) containing eqﬁal amounts
of the starting material and l?jmethyleneandrosta~l,h—dien—
Z-one; v'aXl665cm—l;, n.m.r. (60 ¥ Hz) 79.18 (C-18 methyl),

m
1,4

8.77 (C-19 methyl) A’ '-dien-3-one and 19.16 (C-18 methyl),

8.80 (C-19 methyl) Aq-en—Bfone.

-3.14.ix. Reaction of 17~methyleneandrosta-1,4-dien—-3-one
89

with. phosphorus oxychloride

Phosphorus oxychloride (0.025ml) was added to a
solution of the product oflfhe previous reaction (30mg) in
dry pyridine (lml).- After-18 hours at room temperature the
reaction mixture was poured into a mixture of ice and water
aﬁd the steroids were extracted into chloroform, washed with
water, dried over anhydrous magnesium sulphate and evaporated
'to.drynesé to yield a brovn glass (27mg); vmaxl6750m_l, no
band at 1665cm™7; n.m.r. (100 M Hz) 7 5.36 (17 = CH,), 4.27

(4-H), no protons in 72-3 region (Al’q—dien—B—one).

3. 14.x. Acetylation of methandrostenolone

a. Acetic anhydride and pyridine at reflux temperature for -
. 89

2 hours

A solution of methandrostenolone (49.6mg) in pyridine
(0.6ml1) and acetic.anhydride (0.6ml) was refluxed for 2 hours;
cooled and poured into dilute acetic acid (1:4, 20ml). After
30 minutes the steroid was extracted into chloroform, washed

with saturated sodium bicarbonate solution and with water,
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dried over anhydrous magnesium sulphate and evaporated to

dryness to give a brown'giass (55.6mg); v X1730,1_665cm_1;

ma
n.m.r. (100 M Hz) 79.09 (C-18 methyl), 8.76 (C-19 methyl),

8.62 (C-20 methyl), 8.03 (CO.CHz), 3.94 (@, 2 Hz, 4-H), 3.79

{(d of &, J;, 10 Hz, Joy 2 Hz, 2-H), 2.95 (a4, 10 Hz, 1~-H).

12
A signal at 75.37 showed that the product contained a trace
of the 17-methylene compound arising from exocyclic de-
hydration (ca. 4%).

b. Acefic anhvdride and pvridiﬂe at reflux temperature for
6 hour 89

Methandrostenolone (53.5mg) was reacted by the pfoe
:ceduré described above, except that the reaction timé was
increased to 6 hours. The t.l.c., infrared and n.m.r.
spectra of the product (57.lmg),.a brown glass, were similar
to those of the product of the 2 hour reaction. The amdunt
of the 17-methylene compound (ca. 4%) in the product had not

increased after the longer reaction time.

c. Acetic anhydride and toluene-p-sulphonic acid at room
' 185

temperature
- Acetic anhydride (0.08ml} and toluehe-p—sulphonic

acid (4mg) were added to a solution of methandrostenolone
(44.5mg) in acetic acid (0.4ml). After 7 hours t.l.c.
indicated that all the methandrostenolone had reécted,
Water was added and thé steroid extracted intoc ether, neu-
tralised with saturated sodium bicarbonate solution, washed'
with water, dried over anhydrous magnesium sulphéfe and
evaporated to dryness to yield a brown glass (58.8mg). The

infrared and n.m.r. spectra of the product were similar to
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those of the preceding acetylation reactions except that

no dehydration had occurred énd there was a small amount

of A-ring rearrangement (T73.5-3.0, small.peaks). The

major product, methandrostenolone acetate was of low polarity
compared to methandrostenolone and there was a trace of a
less polar component. Mass spectrum, m/e 342'(M+; 12%),

MZe 282 (M—ACOH, 8%%) methandrostenolone acetéte;‘ m/e 384
(3%), m/e 340 (15%), m/e 324 (17%) probably 4,l7u-dimethyl-
oestra—l,3,5(10)—triene~l,l?—diol‘diacetate. |

3. 14 x1. Reaction of methvltastosterone with dimethyl
186

sulphoxide and dlcvclohexylcarbodllmlde

‘Methyltestosterone (502mg) was dissolved in a mixtﬁre
‘of dimethyl sulphoxide (6ml) and benzene (20ml) containing
dicyclohexylcarbodiimide (1.02g). Pyridine~trifluoroacetic
acid adduct (50mg)was added and the reaction vessel stopperedi
After 2 hours ether and oxalic acid (O.541g) were added.

When gas evolution had ceased water was added and the pre-
cipitated dicyclohexylurea removed by filtration. The
filtrate was washed with water, dried over anhydrous magnesium
‘sulphate and evaporated to dryness to yield the product
(O.57§g) which contained unreacted methyltestosterone and

Va less polar band. The crude produét was chrdma£ographed-

on 5% deactivated alumina (17g) and a white crystalline
material (234mg) was eluted with petrol-benzene (3:1 to 3:2).
The n.m.r. spectrum (100 M Hz) showed that the fraction
contained a 1:1 mixture of 17-methylene (75.36) and A16~
compounds (T4.74) which accouﬁted‘for 70% of the. sample.

The methyl signals were assigned to 17,17-dimethyl-18-



139

norandrosta-4,1%(14)-dien~3-one, 79.05, 9.04 (C-17,17 dimethyl),
8.85_(0—19 methyl); 17-methyleneandrost-i4-en-?-one, 79.18

(C-18 methyl), 8.79 (C-19 methyl) and 17-methylandrosta-4,
16~dien-3~one, 79.22 (C-18 methyl), 8.79 (C-19 methyl),

8,36 (C-20 methyl). Unfeacted methyltestosterone was

eluted from the column with benzene.

3.14.xiiQ Reaction of methandrostenolone with dimethyl-—
186

sulphoxide and dicyclohexylcarbodiimide

Methandrostenolone (53.0mg) was dissolved in a
mixture of benzene and dimethyl sulphoxide (3:1, 1lml)
_containing dicyclohexylcarbodiimide (0.1g). Pyridine~tri-
* fluoroacetic acid complex (5mg) was added and the readfion
vessel was stoppered. After 1 hour at room temperature
the reaction mixture was diluted with ether and oxalic acid
(65.7mg) was added. The_product (63.6mg)'was'isolated as
described in the previous section and t.l.c. indicated that
- the major component was unreacted methandrostenoclone. No
~ other compounds were detectable in the n.m.r. spectrum of
the crude product. Chromatography on 5% deactivatéd
alumina (4g) and elution with petrol-benzene (3:2) gave a
‘1low polarity fraction (4mg); n.m.r. (100 M Hz) 75.37 (17 =

CH,), 4.75 (16-H) 1:1 mixture. The methyl signals could

5),s
not be aSsigned because Qf the low intensities due to the
‘small sample size.

The reaction was repeated for 60 hours. T.l.c. of the
reaction mixturé.after 3 hours showed that very little

reaction had occurred whereas affer 60 hours most of the

methandrostenolone had reacted to give a low polafity band.
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The product, a yellow glass, contained a 1:1 mixture of the
17-methylene (715.36) and 316—compbunds (t4.74), accounting
for ca. 70% of the sample. The methyl signals in the n.m.r.
(100 M Hz) speétrum'of the product were assigned to 17,17-
dimethyl-18-norandrosta-1,4,13(14)-trien-3-one, 719.07, 9.03
(C-17,17 dimethyl), 8.78 (C-19rmethyl), l?—methyleneandrosté-
1,4~-dien~3-one, 19.14 (C-18 methyl), 8.75 (C-19 methyl) and |
17-methylandrosta-1,4,16-trien-3-one, 79.19 (C~18 methyl),
é.75 (C-19 methyl), 8.3%6 (C-20 methyl). G.l.c. indicated
Vthat_the ratio of the l7,l?—di@ethyl-(5.56 minutes),17-methy-
lene~(7.04 minutes) and 17-methyl—al6~(6.52 minutes) products
was ca. 0.4:1:1 (235°C).

3,1L.xiii. Reaction of 17-epimethandrostenolone with dimethyl
186

sulphoxide and dicyclohexylcarbodiimide

17-Epimethandrostenolone (6.5mg) was dissolved in a
mixture of benzene and dimethyl sulphoxide (3:1, 0.2ml)
containing dicyclohexylcarbodiimide (20mg). Pyridine-tri-
;fluoroacetic acid adduct (1lmg) was added and the reaction
vessel stoppered.  After 3 hours, t.l.c. of the reaction
_ mixture indicated thatrall the steroid had reacted. Ether
and oxalic acid (11.8mg) were added and the producf, a yellow
glass (17.1mg) isolated as described in section 3.14.xi.

The n.m.r. spectrum of the product.wés similar to that of
the preceding reaction of methandroétenolone except that the
ratid of 17—methjlene— to A16- products was greater-thanl
unity. The ratio of.17,17?dimethy1—(5.72 minutes), 17-
methylene-(7.12 minﬁtes)‘and l7—methyl-Al6-(6.6O minutes)

cdmpounds was ca. 2:5:3 from g.l.c. at-235OC.
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%.14.x%xiv. Reaction of methandrostenolone with phogphorug

pentachloride

a.188 Phosphorus pentachloride (ca. 100-200mg), which had

been sublimed at 80-90° (ca. 0.04 mm Hg) was added to a
solution of methandrostenolone (104.9mg) in chloroform
‘(2oﬁ1) containing calcium carbonate (521.5mg) in a dry box.
The solid reagents had been driéé over phosphorus pentoxide
in vacug and the chloroform over molecular sieve. - The
flask was stoppered and removed from the dry atmosphere into
an ice bath. Upon addition of the phosphorus pentachloride
the chloroforﬁ solution became'orange—coloured.‘ After 1
hour at 0° saturated sodium bicarbonate solution was added
to the feaction mixfuré, which was then extracted with
chloroform. The organic phase was washed repeatedly with
base to neutralise the acid produced by slow hydrolysis of
the excess reagent. - It was then washed with water, dried
over anhydrous magnesium sulphate and evaporated to dryness
:to yield a dark rust-coloured glass (145.6mg). T.l.c.
-showed that the produét.contained two components, the major
of the same polarity as methandrostenolone and the othér of
lower'polarity. Preparative t.l.c. of the crude product
gave two fractions; ‘the.least polar was identified as 17,17-
dimethyl—lB—norahdrosta—l,4,13(14)—trien-3—one (16.1mg);
n.m.f. (100 M Hz) 9.07, 9.03 (C-17,17 dimethyl), 8.78 (C—19
methyl), 3.90 (d, 2 Hz, 4-H), 3.75 (d of d, Jq, 10 Hz, J,; 2
Hz, 2-H), 2.85 (d; 10 Hz, 1-H); mass spectrum, m/e 282 (65%),
“m/e 267 (29%), m/e 239 (6%) and the other as unreacted |

methandrostenolone (40.6mg), from its n.m.r. ahd-mass spectra.
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187 Freshly sublimed phosphorus pentachloride (ca. 100-

b.
200mg) was added to a solution of dry methandrostenolone
(66.3mg) in sodium-dried ether (20ml) in a dry box. A
yellow colour was generated when the reagent was added

put after 1% hours at 0° it had not dissolved. The reaction
was thuslleft at room temperafure'for 48 hours when a dark-
coloured solution was obtained. Ether and water were added,
the organic layer was washed with saturated sodium bi-
carbonate solution and with water, dried over anhydrous

. magnesium sulphate and evaporatéd to dryness to give a dark
‘rust-coloured glass (94.7mg) . T.1l.c. indicated that the
cruderproduct contained three components of low polarity
compared to methandrostenolone. The carbonyl function,
vmaxl6650m"1 was absent from the infrared spectrum and the

n.m.r. spectrum showed that much degradation had occurred;

consequently the products were not further examined.
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2.15. Miscellanéous reactions

3.15.i. The reactions of 17a,20~ and 178,20-epoxides with
boron trifluoride

17a, 20-0xido-21-norpregn-L-en—3~one[68] was synthes-
igsed during the preparation of 17—epimethandrostenolone.
(section 3.1). In order to compare the reactions of 17a,20-
and 178, 20-epoxides with boron:Efifluoride—étherate 17,20~
oxido—21?norpregn-5-en—35—ol[125] was prepared from dehydro-
epiandrosterone[48] by the method of Franzen and Driegen.lgo
The produqt of the epoxidation reaction appeared to be homo-
geneous by t.l.c. and its n.m.r. spectrum contained the
.'expected two proton pair of doublets at T?.ho‘énd 7.10 (J =
6 Hz). However the:mass spectrumlat 120O contained not only
the molecular ion of the epoxide (m/e 302, 100%) but also an
intense ion at m/e 316 (75%). At higher temperatures, 140,
160- and 170° the intensity of the latter ion fell to 20, 7
~and 2% of the m/e 302 ion, respectively.
Dimethylsulphonium methylide does not usually react to

112e

' generate cyclopropanes whereas dimethyloxosulphoniumn

methylide has been shown to react with a, B-unsaturated

112f

ketonés to give cyclopropyl Ketones. Since the com-

ponent with M", m/e 316 could only be detected by mass

5

spectrometry at 120° a small proportion of the A“-en-3g-ol

may however react with dimethylsulphonium methylide to
form a 5,6~cyclopropyl-178, 20-epoxide[126](M", m/e 316).

The'preparatioh of 178,20-oxido~21l-norpregn~i-en—3-one
5

by the Oppenauer oxidation of the A”“-en-3g~ol has been

191

reported. This reaction was attempted but the n.m.r.
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. spectrum of the product showed that degradation of the
epoxide functionlhad occurred. |
175,ZO—Oxido~214norpregn—5—en—38—01[125] was reacted
with boron triflueride-etherate in acetamide at ca 100° for
1% hours. The n.m.r. spectrum of the crude product con-
tained two pairs of doublets atfﬁ6.70, 6'60-(JAB 10 Hz) and
at 1t5.83, 5.73 (JAB 11 - Hz), the former pair of which were
"assigned to the C-20 methylene protons of l7a~hydroxymethyl-
17-methyl-18-norandrosta~5,13(14)-dien-38~01[127] (cf. 17a-
_hydroxymethyl—l?—methyl—18—norandrosta—ﬁ,lB(lh)—dien—B—one,
described in section 3.16.ii., 16.70, 6.60, J,p 10 Hz, ~CH,0H).
Since the 17a,20-cpoxide function[68] was shown to open under
acid‘conditions to give a l?a—hydroxy—l?—hydroxymethjl COom-
pound [78] (section 3.1l.v.), t6.43, 6.38, Jpp 11 Hz,
-;CEZOH the pair of doublets at 15.83, 5.73 were ascribed to
the C-20 methylene protons of l7o~hydroxymethylandrost-5-ene-~
38,17-diolT22[128].  This compound [128] and the 17a-hydroxy-
metﬁyl—l7~methyl diol [lZ?j were present in the crude prcduct |
in approximately equal proportions as calculated from the
S n.m.r. spectrum. However crystallisation from acetone gave
pure 17a-hydroxymethyl-17-methyl-1l8-norandrosta-5,13(1l4)-dien—
38-01[127}, 76.70, 6.60, -CH,OH. Reaction of the 178,20~
epoxide [125] with boron trifluoride in benzene for 24 hours
gave a red glass, the n.m.r. spectrum of which_showed £hat
considerable degradation had occurred although l7a~hydroxy-
methyl;17;methy1-18-norandrosfa—5,13(14)-dien—55—01[127],
76.65 (small peak, —C§20H), 9.02 (C~17 methyl), 9.02 (C-19

methyl) was probably present.  Within five minutes of the
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addition of-boron trifluoride thé reaction solution‘had
~changed from colourless through deep orahge and deep red
td violet, accompanied'by the deposition of black material.
Consequently the products were not further investigated.
Reaction of 17@,20—oxido—él-norpregn—&—enr3-0ne[68]
with boron trifluorode-etherate in acetamide under the
conditions described above gave only l17a-hydroxymethyl-
- 17-methyl-18-norandrosta-4,13(14)-dien-3-one[79].  The
n.m.r. spectrum of the crude product showed no trace of 17a-
hydroxy—l?—hydroxymethylandrost—h-en—Bwone[78]. When the
reaction was carried out in benzene for 24 hours the n.m.r.
spectrum of the crude product shdwed that degradation had
occufred although the 17a-hydroxymethyl-17-methyl compound
.[79] was formed. The reaction mixture quickly changed
from pale yellow to orange, rust red and bléck with depo~
sition'of material. The reaction was repeated in benzene
for two minutes, when a yelloﬁ solution was obtained. The
n.m.r. spectrum of the crﬁde product sh&wed only 1l7a-hydroxy-
methyl-17-methyl-18-norandrosta—4, 13(14)~dien—3-one[797],
although t.l.c. indicated traces of several other components.
Boron trifluoride is a Lewis acid and is thus able to
react with a polar solvent fo form a Lewis basé accompanied
by the generation of protons. Protonation of an epoxide
leads to_aﬁ electron deficient carbon centre which is readily
attacked by an anion or solvent molecule with cleavage of
the epoxide ring. The product of such a reaction is
generally a trans diaxially substituted compound with the

epoxide oxygen forming an axial hydroxyl group corresponding
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to the configuration of the epoxide. Attaék by a nucleo-
phile, in this case OH , at the 17-position [a. in diagram
17] of the 178,20~epoxide [125] would give the 17a-hydroxy-
17—hydroxymethylrproduct [129] whereas attack at C-20 [b. in
diagram 17] would lead to the epimeric product [128] in
which the epoxide oxygen is pseqdoequatorial.' This latter
ig, indeed, the observed produéf, showing that the lack of
Stéric hindrance to attack at C-20 compared to C-17, and the
only pseudoequatorial nature of the epoxide oxygen in the
_ pfoduct outweighs the reguirement for diaxial ring cleavage.

" In the case of the 17a,20-epokide [68] attack at C-17
‘[a', in diagram 17], presumably hindered by the C-18 methyl
- group would give a 178~hydroxy-17-hydroxymethyl product [130]
whereas‘attack at C-20 [b'. in diagram 17] would give the
epimeric configuration [78] in which the epoxide oxygen forms
a pseudoaxial hydroxyi group. This is the product formed by
acid-catalysed cleavage of the 17¢,20-epoxide (section 3.1.v),
although in the boron trifluoride-catalysed reaction only
17a-hydroxymethyl-17-methyl-18-norandrosta-4,13(14)-dien-3—
one[79] was formed.

The formation of products with the 17w~hydroxymethyl-
17-methyl—18~nor-315(14?—eﬁé systems [131] from both 17a,20-
.[i52] and 178, 20-epoxides[133] in acetamide and particularly
in benzene is. not surprising gince the tendency for migration
_ of the C-18 methyl group'to Cc-17 under conditions which ténd
to produce a positive centre at the.17—position has been

discussed already (section 3.13).
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3.15.ii. The reaction of 17a—hydroxy—l74hydroxymethyl—

androst-4-en-3—one with sulphuric acid

When a mixture of 17amhydfoxy—l?vhydroxymethylandrost—
L4—en~3-one[78] and aquéous sulphuric acid was heated at 100°
a red-green fluorescence was obsérved. N.m.r.'spectro-
scopy showed that the major pro@yct after 2 hours was 1l7a-
hydroxymethyl—l?—methyl—lS—norandrostama,13(14)—dien—3—0ne
[79], 76.70, 6.60, -CH,0H, accoﬁpanied by the unreacted
17a~hydroxy-17-hydroxymethyl compound. However t.l.c. of
 the crude product showed a complicated mixture of spots
similar to that observed after the attempted epoxidation of
_17-méthy1eneandrogtfh-en—B—one under excessively acid
.conditions; described in section 3.1.v. Consequently the
fluorescénce observed in the latter reaction was probably
- also due to the generation of 17a—hydroxymethyl4l7~methyl—

18-norandrosta~4,13(14)~dien-3-one.

'3.15.iii. The attempted preparation of 17c—phenyl-5a-
' ~androstane~38, L7-diol

The synfhesis‘of i?a—phenyl—5a—androstane—Bﬁ,l?—diol
[134] was attempted so that the reactions of a tertiary 178-
hydroxy-17-phenyl centre might be compared with those of the
l7s—hydroxy-17—methyl function of méthandrostenolone
(described in section 3.13).
| T.l.c. and n.m.T. spectroécopy of the crude product
isoiated after the reaction of a refluxing mixture of epi-
androsterone [135] and phenylmagnesium bromide [136] in ether
for 15 minutes indicated that 1little, if any, reaction had

occurred. Consequently, the reaction was repeated with the
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use of tetrahydrofuran as the solvent for the steroid and
the reaction time was extended to 173 hours. When the
sferoid solution was added dropwise to the brown ethereal
solution of the Grignard reagent precipitation occcurred,
which dissoived on swirling. Considerable heat was
evolved during mixing of the reagents. When all the steroid
had been added a precipitate was formed which did not dissolve
when the mixture was heafed. Approximately half of the
- ether used for pfeparation of the phenylmagnesium bromide
was reméved by distillation and the mixture was then re-
fluxed for 17% hours. |

The weight of the crudé‘product, a viscous orange oil
(3.05g) obtained after destruction of magnésium complexes
Qith ice-cold sulphuric acid was ca. 150% in.excess of the
fheorétical vield (1.29g), aséuming lOO% formation of the
desired product.  Crystallisation gradually occurred but
crystals could not be isolated by filtration and so the
crude product was chromatdgraphed on alumina. A mixture
of two low polarity compounds was eluted with petrol and
with benzene—petfol (1:1). T.l.c. of the mixture showed
two spots, both of which were visible under ultraviolet
1ight‘bﬁt only one, the minof? more polar component was
visible; as a yellow spot, after sulphuric acid development.
The n.m.r., infrared and mass spectra of this fraction enabled
identification of the major component as diphenyl [137].

The more polar component of the previous ffaétion was
obtained by further elution with benzene-petrol (1:1). The

infrared spectrum of this compound contained hydroxyl and
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aromatic absorptions and the n.m.r. spectrum showed that
three types of protons.were present in the ratio 1:1:10,
the latter being aromatic protons. Mass spectrometry
indicated that tﬁe molecular weight of the compound was 184
and the only structure consistent with all the information
was that of diphenylcarbinol [13’4](111:.,193 m.p. 69°).  The
melting point of the fraction, 62.5-63.50, was probably low
because of contamination from diphenyl. |

Elution with benzene and then with ethanol gave a
_ffaction containing several components, the major of which
was obtained pure by crystallisation from acetone. This
‘compound was visible under ultraviolet light and gave a
bright orange spot (Rf 0.46) which was slightly less polar
“than epiandrosterone (Rf 0.41, purple spot). Its infrared
specthm indicated that it contained a hydroxyl group, Vmax

335Ocm"1 together with a carbonyl function in a six-membered

ring, v 1.

X172Ocm" The n.m.r. spectrum showed that the

ma
C-3 hydroxyl group was present, T6.hO; 3a~H, and the presence
of a series of small doublets between 77.75 and 7.00 suggested
thaf the carbonyl group was in the D-ring (cf similar
absorﬁtions in the n.m.r. spectra of épiandrosterone and
androstéerone). The n.m.r. spectrum also showed that the
compound contained five aromatic protons. . Mass spectrometry
gave a molecular weight of 378, ten in excess of that of
17a-phenyl-5oa—androstane-3g,17~diol. The only structure
which appeared to be consistent with all the data was that

of D-hoﬁo-Bﬁ—hydroxy—l?aﬁ—methyl—17a—pheny1w18—norandrost—
13(14)=en-17-one[139]. Also consistent with this structure

were the formation of an acetate of molecular weight, 420,
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and its complete lack of reaction with agueous sulphuric
acid, with a mixture of sulphuric and acetic acids and with
dimethyl sulphoxide—dicyclohexylcarbodiimide under the
conditions described in secfion 3.13.

A very small fraction was finally removed from the
,coiumnnwith ethanol. This fraction contained several
components, oﬁly one of which was visible under ultraviolet
light and the n.m.r. spectrum indicated the presence of
éromatic protons and the 3B-~-hydroxyl group. The mass
spectrum contained a very intense ion at m/e 292 (100%) and
~a-sma11 ion (%%) at m/e 368, the molecular weight of 17a-
phenyl~5a-androstane—36,l?ndiOl[lBh]. Consequently it
'-Would appear that the desired product was present in this
final fraction and the low intensity of its molecular ion
in the mass spectrum may have been due to an intense frag-
mentation or, more prcbably, to masking by a minor, more
volatile component of the mixture.

| The explanation for the formation of diphenylcarbinol
[138] and D-homo-38-hydroxy-17ap-methyl-17a-phenyl-18~nor-
androst-1%(14)-en-17-one[139] among the products of the
reaction of epiandrosterone [135] and phenylmagnesium
bromide [1%6] is at present unknown. The origin of the
additional carbon atom is obviously a key question; con-
sequently. the purity of the bromobenzene used in the above:
feaction and in a repeat reaction, in which the same product
mixture was obtained, was ascertained by refractometry.
Since the steroidal starting materialrwas pure attention must

focus on the solvents, sodium-dried ether and tetrahydrofuran,
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which was refluxed over and distilled from 1ithium aluminium

hydride. 128

Further experiments will be necessary to
determine whether the tetrahydrofuran was the source of the
extra carbon atom.

173 yhich leads to a product analogous

A reaction
. to a compound which might be considered as a precursor of

the D-homo-17a8-methyl-17a-phenyl-17-ketone[139] is the D-
homo rearrangement of a 17B-hydroxy~20-ketone of the pregnane
égries [1407. Lewis acid;éafalysed rearrangement of such

.~ a compound leads to a D-homo-17ag-hydroxy-17a~methyl-17-
\ketone[lal] and the alkaline-catalyéed_reaction to the 17a-
ebimeric product [142]. By analogy, the rearrangement of

‘é compound in which the 2l-methyl group'was replaced by a
'phenyl ring might lead to a D-homo-17a-hydroxy-l17a-phenyl-
ketone, the acid-catalysed dehydration of which might occur
with migration of the c~-18 methyl group to C-17a and

13(:LL*)—dcﬁuble bond. However the origin of

formation of a &
| any intermediate containing the.additional carbon atom is
unknown, although it mst surely be linked to the formation

~of diphenylcarbinol.
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3.16. Experimental section.

3.16.i. 17@,20-Oxido—21-norpregn-5-en-3g-o1[125]19°

A sdlution_of potassium t—butoxide.(o.&g) in dimethyl
suiphoxide (3ml) was added dropwise to a stirred, water-
cooled soiution of BB—hydroxyandrostf5—en-17¥one (500.%mg)
and trimethylsulphonium iodide (474.8mg) in dimethyl
“sulphoxide (5ml) under nitrogenf“ After 2% hours the flask
was cooled during the slow addition of water, the steroid
was extracted into ethef, washed with water, dried over
anhydrous magnesium sulphate and evaporated to dryness to
Ayield white érystalline 178 ,20-0oxido~2l-norpregn~5-en—-3p-ol
‘(478.8mg); m.p. 162-165° (1it.,*9' 172-176°); t.l.c., one
spot, slightly less‘poiar.than the starting haterial; n.m.r.
(100 M Hz) 19.12 (C-18 methyl), 8.99 (C-19 methyl), 7..40,
7.10 (4,d,6 Hz, 6 Hz, —OCEzj, 6.48 (m, Wiy 25 Hz, 3a-H),
L.64 t6—ﬁ); mass spectruﬁ, M*, m/e 302 (16000).

3.16.ii. l?ﬁ;2O—Oxido—21—horpregn—4—en-3—one191

178, 20~0xido-21l-norpregn-5-en—-3g—ol (146.9mg) was
dissolved in toluene (12ml) and cyclohexanone (2ml).
Toluéne (2ml) was removed by distillation prior to the
addition of aluminium isopropoxide (293.8mg) in toluene
(10ml).. The mixture was refluxed geﬁtly for 3 hours, wéter
was added and steam.distiliation carried out with a Soxhlet
extractor'for l% hours. The aqueous mixture in the reaction
flask was extracted with chloroform, waéhed with very dilute
hydrochloric acid, saturated sodium biéarbonate solution and
with water, dfiéd over anhydrous magnesium sulphate.and

evaporated to dryness. The product, an oil, smelled Strdngly
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of cyclohexénonef Prolonged evaporation in vacuo and with
a stream of nitrogeh produced crystals which-were filtered
and washed with acetone to give a product (59.0mg, ca. 25%);
n.m.r. (100 M Hz)} showed that the A5Fen-38-ol system had
been oxidised to the Au—en—B—one, Th.26(h—ﬂ)_but that the

epoxide function had been degraded; the doublets at 77.40,

7.10 (6 Hz) were absent.

3.16.111. Reaction of 178, 20-oxido~2l-norpregn~5—-en-3g—ol

with boron trifluoride

~a. In acetamide

‘ Melted acetamide (10g) was dried over molecular sieve
and added to 17B,2b-oxido-21—norpregn—5—en—3B—ol (103.3mg) .
The mixture was warmed until a solution was obtained where-
 upon redistilled boron trif]_uor'ide-etheratelgL'L (0.04ml1) was
added and the mixture heated at ca. 100° for 1% hours.
Water was added and the steroid extracted into ether, washed
with saturated sodium bicarbonate solution and with water,
dried over anhydrous magnesium sulphate and evaporated to
dryness to yield a crude product (122.7mg); n.m.r. (100 M Hz)
16.70, 6.60 (d, d, J, 10 Hz, -CH,O0H), 5.83, 5.73 (4, 4, J,g
1l Hz, —Cﬂon),‘containing approximately equal amounts of
17a—hydroxymethyl—l?~méthy1~18~norandfostaf5,lB(lh)-dien—
38-01 and 17g-hydroxymethylandrost-5-ene—38,17-diol, 22
respectively. Crystallisation from acetone gave pure 1l7a-
hydroxymethyl-17-methyl-18-norandrosta-5,13(14)-dien-38~0l
(18.5mg); m.p. 167-169%; t.l.c., one spot; n.m.r. (100 M Hz),
79.02 (C-19 methyl), 9.02 (C-20 methyl), 6.70, 6.60 (4, d,

J

4p 10 Hz, —-CH,OH), 6.46 (m, 3a-H), 4.59 (6-H).
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195

b. In benzene

194 (0.04ml) was

Redistilled boron triflucoride-etherate
added to a solution of 173,20—oxido—21—nqrpregn—5-en—38—ol
(96.7mg) in anhydroﬁs benzene (3ml). After 24 hours at
- room temperature ether was added. The Solutidn was washed
with sodium bicarbonate solutiqn aﬁd with water, driéd over
anhydrous magnesium sulphate and evaporated to dryness to
give a red giass (97.5mg). T.l,c. indicated that the
product contained at least five components and the n.m.r.
spectrum showed that @uch degradation had occurred. Peaks
_at 719.02 (C-19 methyl), 9.02 (C-20 methyl), 6.65 (-CH,O0H)

- showed that l7a%hydroxymethyl—17—methyl—lB-norandrosta¥5,13
(ih)-dien—ja-ol was formed in the reaction. Because of the

degradation which had occurred the product was not further

studied.

3.16.iv. Reaction of l7a,20-0oxido-21l-norpregn-i-en-3-one
' with boron trifluoride

a. In acetamide

l?a,20fOxido—Zl_ﬁorpregn—h—en—3—one (96.3mg) was
reacfed with boron trifluoride—etheratel94 (0.04ml) in
acetamide (10g)-as described in section 3.16.iiia to give
170~hydroxymethyl-17-methyl-18-norandrosta-4,13(14)-dien—
3-one (100.7mg) as the major product, identified by its
n.m.r; spectrum (100 M Hz); 79.03 (C~20 methyl), 8.86 (C-19
methyl), 6.70, 6.60 (d, d, J,p 10 Hz, -CH,OH), 4.26 (4-H).
195 |

b. In benzene’

17a,20-0xido~21-norpregn~4-en-3-one (98.6mg) was
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9% (0.04m1) in

reacted with boron trifluoride;etherate
benzene (3ml) as described in section 3.16.iiib.  The
prbduct, a red glass (100.3mg), was a complicated mixture
which contained 1?a—hydroxymethyl—l?—methyl~18—norandrosta—
4,13(14)-dien-3~one; n.m.r. (100 M Hz) 1 6.70, 6.60 (4, 4,
Jup 10 Hz, -CH,OH) and many products of degradation which
were not further studied.

The reaotioﬁ was repeated, but allowed to.proceed for
.a much shorter time. 17w, 20-0xido-21-norpregn~4~en—3-one
 (143mg) was dissolved in dry benzene (14.3ml) and boron
trifluoride-etherate (2 drops) was added to the stirred
solution. Aftér 2 minutes the reactiqn mixture.was poﬁred
ihto ether and water, the ether solution was washed with
water, dried over anhydrous magnesium sulphate and evaporated
to dryness to give a yellow glasé (157.2mg). T.l.c. and-
n.m.r. spectroscopy (100 M Hz) showed that the major product
‘was 17a—hydroxymethyl-l?~methyl—18—norandrosta—h,lj(lu)wdien—
3-one, 19.02 (C-20 methyl), 8.85 (C-19 methyl), 6.70, 6.60
(d, 4, Jp 10 Hz, -CEZOH), 4.27 (4-H).

' 3.16.?. Reaction of l7a~hydroxy-l7-hydroxymethylandrost-—4—

en~-3%-one with sulphuric acid

A mixture of 17o-hydroxy-17-hydroxymethylandrost-4-en-
3-one (34,1mg, prepared in section 3.2.v) and 20% agueous
sulphuric acid (6ml) was heated at 100° for 2 hours.  When
cool, ether was added and the organic extract was washed
with saturated sodium bicérbonate solution ahd with water,
dried over anhydrous magnesium sulphate and evaporated to

dryness to give a red glass (43.1mg); t.l.c. showed a



156

complicated mixture; ‘n.m.r. (100 M Hz) showed that the
major product was l7a-hydroxymethyl-17-methyl-18-norandrosta-
4,13(14)~dien-3-one, 79.01 (C~20 methyl), 8.84 (C-19 methyl),

AR 10 Hz, —CEZOH), L.25 (4—5).

- 6.70, 6.60 (d, 4, J

3.16.vi. -Attempted synthesis of 17&—Dheﬁy1—5a-androstane—
3R,17-diol - '

A portion of a mixture of bromobenzene (5.42g, 3.61ml)
 and ether (20ml) was added to dry magnesium turnings (0.83g)
in ether (5ml). A crystal of iodine was added and gentle

- heat supplied until turbidity was observed. The remainder
.of the bromobenzene solufion was then slowly‘added and the
mixture refluxed for 15 minutes. A solution of epiandros-
terone (1.003g) in tetrahydrofuran (50ml)‘wés added dropwise
to the solution of Grignard reagent with swirling. A white

- precipitate which forﬁed on addition of the stercid solution
dissolved on mixing and considerable heat Was generated
during the process. During removal of ether (10ml) by
distillation of the brown solution precipitation occurred.
"The white precipitate and yellow liquid were stirred and
refluxed for 17% hours. The reaction mixture was then
‘poured into a mixturé of ice, water and concentrated
sulphuric acid (4ml). Ether was added and the aqueous layer
reextracted with ether. The combined ether extracts were
washed with saturated sodium bicarbonate solution and with
water, dried over anhydrous magnesium sulphate and evaporafed
to dryness to give a viscous orange oil (3.05g). T.1.c.
showed that the crﬁde product contained at leasf six com-

ponents. Gradual crystallisation occurred on standing
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but crystais could not be obtained by filtfation. Con-~
seQuently_the'crudé product was dissolved in benzene and
chfomatographed on 5% deactivated alumina (90g). |
Elution ﬁith petrol (60—800) and with benzene-petrol
(1:1) gave a mixture (0.2g) contéining two components of
low polarity and low melting points (40,5—639). - The major
component of the fraction was identified as diphenyl from
its infrared and n.m.r. spectra; Mass spectrum, M+, m/e 154.
Continued elution with benzene—petrol.(lzl) gave a
single component (l.Zg), identical with the more polar com—
-ponent of the previous fraction aﬁd identified as diphényl—
carbinol; m.p. 62.5-63.5° (1it., 9% 69°); V., 3650cm ™
and aromatic bands; n.m.r. (100 M Hz) 77.59 (s, 1H, CH),
4.23 (s, 1H, -OH), 2.69 (s, 10 H, ArH); red solution with
'cohcentrated éulphuric acid;l93 Mass spectrum, M+, m/e 184.
| Elution with benzene and then with ethanol gave
matérial (0.88g) which was shown, by t.l.c., to contain a
mixture of several components; Crystallisation of this
fraction from acetoné gaﬁe a single compound (93mg), the
only componént of the crude fraction visiblelunder ultra-
'violet 1ighfj t.l.c., Re 0.46 (cf. epiandrosterone, Re 0.41);
| m.p. 175.5-177.5°; vmax3350,2950,1720,1635,1050,780,7000m—1;
n.m.r. (100 M Hz) 19.13 (C-19 methyl), 9.05 (C-17a methyl),
7.75-7.00 (7 ‘doublets, 2 H, C-16 H), 6.40 (m, 30-H), 2.70-
2.40 (m, 5 H, ArH); Mass spectrum, M', m/e 378; calculated
for‘026H3402 378.255866, found 378.255759. This product
was thus tentatively identified as D-homo-3g-hydroxy~17ap-

methyl-17a~phenyl-18-norandrost-13(14)~en-17-one which
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stfuoture was consistent with the data.

| The column was stripped by further elution with
ethanol to give a mixture (0.08g) containing several polar
" components, one of which was visible under ultraviclet
‘light; vmax3450,2950,7100m_1j n.m.r. (100 M Hz) 79.24
(C-18 methyl), 9.18 (C-19 methyl), 6.38 (m, ‘30.—_H_), 2.68
(Ar H); Mass spectrum, intense ion at m/e 292 (100%) and
ion at m/e 368 (%%, M' of 17a~phenyl-5a-androstane-3g,17~
diol). - This fraction may therefore have contained 17a-
phenyl-5a~androstane-38,17-diol.

The major product df the above reaction, assumed to be
D—homo—}B—h&dfoxy—l?aﬁ—methyl—l?a—pheny1~18~norandrost~
13(14)-en-17-one was acetylated with acetic anhydride and
pyridine at room temperature for 2% hours to give the 38—
acetate; m.p. 226-2287; vmaX1730,172Ocm_l; n.m.r. (100 M Hz)
719.12 (C-19 methyl), 9.06 (C-17a methyl), 8.00 (COCEB),

5.33 (m, 30-H), 2.70-2.40 (Ar H); Mass spectrum, M*, m/e 420.
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4.1. The synthesis of the 17a-methyl-5a-androstane-2,3,17-
triols as standards for the metabolites of oxymetholone

4,1.i. Following the administration of oxymetholone to

normal men Adhikary32

isolated two major metabolites, both

of which were more polar than the drug. High temperatufe
éatalytic reduction of all three compounds gave products

with the same retention times as those obtained from
éteroids_with.the 17-methylandrostane skeleton. Consequently
it could not be determined whether the C-2 substituent in
oxymetholone was removed during metabolism or retained in

. the metabolites and removed during carbon skeleton chromato-
_graphy. _

Adhikary?2 reported that the more polar of the two
metabolites (0-1) was not reduced with potassium borohydride
_but that the less polar metabolite (0-2) was reduced to a
product with the same polarity as 0-1. 'He thus‘suggested32
thaf 0-2 might contain a 2;hydroxy—3-keto function [143,144]
and 0-1 'a 2,3%-glycol system [145—148j. Because of the polar
naturé of the metabolites of oxymetholone purification was
difficult;32 consequenfly the synthesis of the six 173~hydroky—
”174methy1—5a—androstanes cdntaining the above substituénts
[143-148] was attempted to provide compounds for comparison

with the metabeolic extracts.

4,1.ii. 17a~Methyl-5aq—androst—2-en-17-ol

‘The most convenient intermediate for the synthesis bf
the 2,3~-dioxygenated compounds [143~148] was 17a-methyl-5a—
_androst-2-en-17-o0l, which was prepared by a route starting
from dehydroepiandrosterone. Hydrogenation of this

- compound with a palladium—charcoal catalyst by the method of
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Pettit et allo®

gave 3B-hydroxy-5a-androstan-17-one as the
major product.  Alumina chromatography of the crude
reduction product gave a low polarity material (5.3%%)

“which was identified as a mixture of 5s-androstan-17-one,
110

"79.17 (C-19 methyl), 9.12 (C-18 methyl), (1it., 79.19,
9.14) with a small amount of 5@-androstan-17-one, 79.05

110 +9.05, 9.15).

It has been reported196 that hydrogenolysis (ca. 5%) of the

(C—19‘methzl), 9.12‘(0—18 methyl), (1lit.,

C-3 function generally accompanies catalytic reduction of

5

A”~en-38-0l1s.

3p-Hydroxy-5a-androstan-17-one tosylate was prepared

11l2e and adsorbed onto alumina in

by the standard procedure
an attempt to obtain the A°-ene. Although the synthesis of
S5a~-cholest-2~ene in 70% yield by the reaction of the 3g-

197

tosylate on alumina has been reported, under similar

conditions 5a-androst-2-en-17-one was obtained in only 6.5%

yield. . Iriarte et gl5}98

haVe, however, examined the'
reaction of 3*B-hydroxy-5a—-androstan-17-one tosylate with
sodium acetate in acetic anhydride and acetic acid as a
means of preparing 3a~hydroxy-5o-androstan-17-one and
obtained 5d~andro$t—2—en—l7—one in 54% yield together with
3@—hydroxy45a4androstaﬁ—17—one acetate (39%). Consequently,
5a—androst—2—en—l7—one was prepared by this method and
reacted-withra ten-fold excess of methylmagnesium iodide

~to give the known l?a—methyl—5a—androst—2—en-l7-01199 in

61% yield.
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4.1.iii. 170-Methyl-5a-androstane-2a, %0,17-, 20,38,17-,
28, 3%a,17- and 28,3%8,17-triol[145-148].

Proceduges for the stereospecific synthésis of the four
steroid 2,3%-glycols were devised many years ago and are well

Zoo,prepéred the

‘established. In 1957, Henbest and Smith
~ four cholestane-2,3-diols, thetga,Ba—, 2B,3B- and 2o, 3p-
isomers for the first fime, byrmethods similar to those used
for the synthesis of corresponding -diols in the'sapogenin
series. . The coﬁfigurations in the cholestanes were assigned
by anélogy with the sapogenin series.

Marker and Plambeck201

prepared the 2B, 3a~-diocl in the
cholestane series by the action of hydrogen peroxide on the
.Az—ene. During ﬁhe synthesis of a variety of 2, 3-oxygen-
ated—l?a—meﬁhy1-5a~androstan—l?—ols Klimstra202 prepared
17a—methy1—5a—androstane—ZB,3&,17—friol 2-acetate[149] by
the acetic acid cleavage of the 2a, Ba—epoxide[150]robtained
from the 2-ene[151]. Consequently 17a-methyl- 5a—androstane—
2B, 30,17~ tr101[147] was prepared by hydrolysis of the 2p-
acetate[149] obtained by the above route.
17a-Methyl-6a-androstane-28, 38,17-triol[148] was
prepared by the reactlon of iodine and silver acetate with
17a~-methyl- 5a-androst—2—en—17 —01[151].  The reagents serve
as a source of positive iodine ‘which reaptsll?k’zo3 with the
olefin [151] to form the 2a,3a-iodinium ion [152].  This
species is attacked by the acetate ion to form an iodo-
acetate [153] which is converted to the ZB,BB—acetoniﬁm
bridged ion [154] by Ag+—cata1ysed loss of the iodide ion

in anhydrous acetic acid. The addition of water to the

acetonium ion [154] leads to rapid formatibn of the two mono-
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acetates of the 28,38-diol [155,156] which are then hydrolysed >
to the free glycol [147].

‘ 17&—Methyl~5avandrosténe—Za;BB,l?-triol[146] was
prépared by epimeriéation of the axial 2B-hydroxyl group
. in the corresponding 28, 38-glycol{148] to the more stable

équatorial position with sodium in ethanol.200 The

reactionll?l’zoo

of l7a~methy1~5a-androst;Z—en-lT—ol[151]
with osmic acid was used for thé preparation of the cis
20, 3a-glycol [145].

The n.m.r. spectra of the four triols [145—148] were
obtained in deuteriochloroform soluticns although their
‘sblubility was poor, so that the C-18 and C-19 methyl
positions could be comparéd with the theorétical values
computed from fables of substituent shiftsllo’amFa [table ll].
The agreément between the theoretical and observed positions

was good except for the 28, 38-glycol. Other characteristics

of the compounds are described in section 4.3.

L.l.iv. 2B,178-Dihvdroxy—17-methyl-5c—androstan-3-one
2—acetate ‘

Klimstra292 prepared 28 ,178-dihydroxy—17-methyl—5u
androstan-3-one 2-acetate by bhromic acid oxidation of the
2B—acetoxy-3o-o0l. This reaction was carried out a number
of times in an attempt to prepare the 2—hydroxy-3fketone by
hydrolysis of the 2-acetoxy-3-one buf in each case the
product of the oxidation reaction was an intractable gum.

In the light of results described in section‘ﬁ.B attempts to

prepare this compound were not continued.



T (CDClB) 2, 3a 2a, 3B 28, 3a 28, 3

| 19-H 18-H 19-H 18-H. 19-H 18-H 19-4 18-H

110 . ' _
5a,lha— 9.22 9.31 9.22 9.7%1 9.22 9.31 9.22 9.31,
l?s-OH,l?—MeZOha -0.01 -0.15 -0.01 ~0.15 - -0.01 =-0.15 -0.01 -0.15
2q-0H1 10 ~0.02  0.00  -0.02 . 0.00 - - - -
28-0H110 - - - - -0.26 -0.01  -0.26 -0.01
30-0H 10 0.00 -0.01 - - 0.00 -0.01 -~ -

‘ i \ _

33-0H110 - - -0.0% -0.01 - - -0.0% -0.01
Calculated 9.19 9.15 9.16 9.15 8.95 9.14 8.92  9.14
Found 9.19 9.17 9.17 9.17 8.97 9.14 9.00 9.18
Table 11. The theoretical and observed T values of the C-18 and C-19 methyl resonances

in the four l7a-methyl-S5a—-androstane-2,3,17-triols.

¢GT
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L.?2. Experimental Section.

Lo2.1. BB—Hydroxy—5a—androstan—i?-one196

10% Palladium on charcoal (2.30g) and 72% perchloric
‘acid (0.2ml) were added to a solution of 3g-hydroxyandrost-
5-en-17-one (éOg) in absolute efhanol (250m1) and hydro-
genated. - The reaction was continued for 4 hours although
. 90%'0f the hydrogen was consuméd within the first hour.
.The'solution was filtered through a layer of Celite and the
fiitrate was coﬁcentrated to dryness in vacuo. The residue-
. was dissolved in chloroform, wéshed with water, safufated
_ sodium bicarbonate solution and with water again, dried éver
'énhydroﬁs maghesium sulphate and evaporated to dryness..to
give a product (19.0lg) containing two components. The
major component was of similar polarity to the stafting
material and the other of lower polarity. The product was
chromatographed on alumina (350g) and the low polarity
fraction (1.51g, 5.3%) eéluted with benzene. and with benzene-
. chloroform (4:1); mn.m.r. (60 M Hz) 79.17 (C-19 methyl), 9.12

110

(C-18 methyl), Sa-androstan-17-one (lit., 19.19, 9.14);

and 79.12 (C-18 methyl), 9.05 (C-19 methyl), 5-androstan-

110 19,15, 9.05).  The polar product (15.21g)

: 17;one (1it.,
was eluted with chloroform and crystallised from chloroform-
hexane (1:2) to give pure 3B-hydroxy-5a-androstan-~l7-one
(14.7g, 75%); m.p. 173-174.5° (1it., 19 176-177.5%); v

‘3450,2930,1730,1380,1045cm—1; ngm.r. {100 M Hz) ©9.17 (C-19

methyl), 9.15 (C-18 methyl), 6.41 (sp, 10,10,5,5 Hz, 3a-H).
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1l2c

L,2.ii. . 3B-Hydroxy-5c—androstan-17-one tosylate
A solution of freshly purified toluene-p-sulphonyl

chfl_oridell2C

(20g) in dry pyridine (100ml) at 0° was added
to a solution of 35—hydroxy—5a—androétan—l?—one (14.7g) in
byridine (200ml) also at 0°. The mixture was maintained
at 0° for 48 hours when the soluticn was a deep red-orange
colouf, indicative of formation of the defivative.112C

The solution was poured into an ice-~water mixture and sfirred
ﬁntil all the ice had melted. The precipitated tosylate was
~recovered by filtration, washed‘With very dilute hydrochloric
acid and with water and dried in nggg to give 3B~-hydroxy-Sa-
éndrostaﬁ—l7~bne tésylate (20.71g, 92%); t.l.c., one spot of
Low polafity in comparison to the free alcohol; m.p. 160—161O
(1it.,198 163-164°); vmangzo,1735,1380,1195,1180cm“1;
n.m.r. (60 M Hz) 19.21 (C-19 methyl), 9.18 (C-18 methyl),
7.57 (Ar—CﬁB), 5.56 (m, BQ—E); 2.71, 2.23 (d, 4, 8.4, 8.4

HZ, L"H’ AT-E) . -

L.2.,iii. 5Sa-Androst-2-en-17-one

a. Reaction of 38—hydroxy—5a—androstan—l?-one‘tosylaté with
197

aluming

 38-Hydroxy-5a-androstand7-one tosylate (5.935) was
- dissolved in a smalljvolume of benzene and adsorbed onto
a column of alumina (ZOOg).  After 36 hours the column was
eluted with benzene to givé 5a—andros%-2-en—l7—one (0.39g,
6;5%); vmaX3000,1735,1655,675cm_1; n.m.r. (60 M Hz) 79.23
' (C-19 methyl), 9.T4 (C-18 methyl), 4.40 (d, 1.2 Hz, 2-H, 3-H).
Elution with ethanol gave a compound (4.87g, 82%); vmax3450,
1735,1380,1045,1035,1ozocm'1; n.m.r. (60 M Hz) T9.17 (c-19
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methyl), 9.15 (C-18 methyl), 6.41 (m, 3a~H) which was
thus identified as 3B~-hydroxy-S5a—androstan-17-one rather
than the 3a-hydroxy epimer(lit., %% 3s-H, +5.9-6.0).

b. Reaction of 3B-~-hydroxy-5a-androstan-l7-one tosylate with
1388

sodium acetate in acetic anhydride

A solution of BB—hydroxy:5a—andfostan—l?~one tosylate
(19.52g) and anhydrous ébdium acetéte (19.525) in glacial
acetic acid (173.6ml) and acetic anhydride (17.36ml) was
refluxed for 5 hours. Chloroform and water were added,
 the léyers wvere separalted and the agueous layer reextracted
‘with chloroform.. .The combined organic layers were washed
with saturated sodium bicarbonate solution and with waéer,

dried over anhydrous magnesium sulﬁhate and evaporated to
dryness. The residue was chromatogfaphed on silica gel
(750g) and elution with benzene (41) gave 5g~androst-2-en-17-
one (6.91g, 57%) as crystalline plates; m.p. 99-100.5° (lit}?S
105-106%); v 3000,1735,1655,675cm " ; n.m.r. (60 M Hz)

19.24 (C-19 methyl), 9.15 (C-18 methyl), 4.41 (d, 1.2 Hz, 2-H,
B—E)‘ Elution with benzene-ether (2:1,11)gave 3a~hydroxy~
5q-androstan-17-one acetate (5.77g, 39%); m.p. 163-164°
(1it.,198 164-165°); vmaX1735cm‘1; n.m.r. (60 M Hz) 19.19

(C-19 methyl), 9.15 (C-18 methyl), 7.96 (COCH;), 4.99 (m,
 38-H).

L4.2.iv. 17&—Methy1-5a—androst~2—en—17¥oi[151]

A solution of methyl iodide (34.lg, 15ml) in dry
ether (120ml) was added to maghesium turnings (5.76g) in
ether (40ml) and refluxed for 15 minutes to give methyl-

maghesium iodide. A golution of S5g-androst-2-en—-l17-one
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| (6.53g).in ether (200 ml) was added dropwise to the cooled
Grignérd reagent. and refluxed for 15 minutes. It was then
poﬁred into a mixture of ice, concentrated sulphuric acid
and ﬁater and stirred until the ice had melted. The
‘layers were separated, the aqueous layer extractéd with
ether and the combined organic extracts washed with dilute
hydrochloric acid, sodium metabisulphite solution and with
Qater until nedtral, dried over anhydrous magnesium sulphate
and evaporated to dryness to give a yellow glass (6.835g)

~ which was chromatogréph?d on alumina (240g). Unreacted
_5a—androst~2uen—17-one (2.52g).was eluted with benzene and
-identified by its ﬁ;m.r. and infrared spectra. Elution
Qith benzene—chloroforﬁ (1:1) gave l7a~methyl—5a~androét—2-
en-17-01 (4.22g, 61%); m.p. 1h4-146° (1it.,t99 147°);
“n.m.r. (100 M Hz) 79.23 (C-19 methyl), 9.15 (C-18 methyl),
8.80 (C-20 methyl), 4.42 (4, 2 Hz, 2-H, 3-H).

L.2.v. 2@,3a—Oxido—l?a—methyl—5a—androstan—17-ol[150]205

A solution of m-chloroperbenzoic acid (1.461g) in
ether (40ml) was added to a solution of 17a~methyl-5u-androst-
2-en-17-0l (0.992g) in ether (100ml). After 48 hours at
room temperature the excess peracid wés destroyed with |
sodium sulphite solution and ether was added. The organic
phase was washed twice with sodium bicarbonate solutidn and
then with water, dried ovér anhydrous magnesium Sulphate.and
efaporated to dryness. Crystallisation from methanol gave
2a, 3a~oxido-17a~methyl-5a~androstan-17-0l (0.635g, 60%)

20

as needles; m.p. 197-200° (1it., 2 20552070); n.m.r. (100

M Hz) 19.24 (C-19 methyl), 9.17 (C-18 methyl), 8.81 (C-20
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methyl), 6.86 (28-H, 38-H).

Lh.2.vi. 17¢c-Methyl-5a-androstane-28,3a,17-triol 2-acetate
[149]202

2a, 3a-0xido-17a~methyl-5a—androstan-17-ol (0.4g) was

dissolved in glacial acetic acid (8ml) and heated at 100°
for 6 hours. When cool, ether and water were added, the
ether extract was washed with saturated sodium bicarbonate
solution and with water, dried over anhydrous magnesium
sulphate and evaporated to dryness to give l?a—hethyl—5a~

' androstane-28,3%,17-triol 2-acetate; n.m.r. (60 M Hz) 79.15
' (C-18 methyl), 9.07 (C-19 methyl), 8.79 (C-20 methyl), 7.96
(COCHg), 6.13 (m, 38-H), 5.10 (m, 20-H); v 1710cm ",

The product was partially purified by alumina chromatography.

L.2.vii. 17a=Methyl-5c—-androstane-28,3a,17-trioll147]

The product of the previous reaction, eluted from
alumiha with benzene-ethanol (19:1) was dissolved in
methanol (1ml) with potassium hydroxide (0.15g). After 4
hours at room temperature the methanol was removed by
" evaporation in vacuo and the residue was dissolved in ether.
The solution was washed with dilute hydrochloric acid,
sodium bicarbonate solution and with water, dried over
- anhydrous magnesium sulphate énd.evapofated to dryness to
give a crude prbduct; m.p. 200-207°. Crystallisation from
acetone gave l7q—methyl—5a—androstane—ZB,3&,17—triol (0.15g);
m.p. 217-218°; n.m.r. (60 M Hé) 79.14 (C-18 methyl), 8.97
(C-19 methyl), 8.78 (C-20 methyl), 6.33 (m, 28-H), 6.12 (m,
2a-H); Mass spectrum; M, m/e 322; calculated for
C20H3u03_322.250781, found 322.2497L6.
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k.2.viii. 17a-Methyl-5a-androstane-28,38,17-trio1[148]%%C

Freshly prepared silver acetate (0.77g) and iodine
(O.h9g) were added to a stirred solution of l7a-methyl-5a-
.androst-2~én~17—ol (O.5g) in glacial acetic acid (100ml).
When all the iodine had dissolved water (1 drop) was added
‘and the mixture was stirred atﬂg5o for 20 hours. Sodium
chloride (lg) in water (Iml) was added to the cooled mixture
which was then filtered and the filtrate evaporated to
dryness. The residue was hydrolysed with potassium
hydroxide (1.5g) in methanol (75ml) at room temperature
for 12 hours._ The methanol was removed by evapdration
'in vacuo and the residue dissolved in chloroform, washed
with water until neutral, dried over anhydrous magnegium
sulphate and evaporated to dryness. The crude product was
 diss0lved in benzene and chromatographed 6n alumina. Material
of relatively low polarity, eluted with ether—methanol:(49:1)
was discarded. Elution with éther—methanol (1:1) gave 17c-
.methyl—5a—androstane—25,36,17—triol (O.B?g) which was
crystallised from methaﬁél to give needles; m.p. 201—2020;
-n.m.r. (60 M Hz) 79.18(C-18 methzl), 9.00 (C-19 methyl),
8.82 (C-20 methyl), 6.37 (m, 3a-H), 5.99 (m, 2¢-H); Mass
.spectrum, M+, m/e 322; calculated for'C2OH3,+O3 322.250781,

found 322.250656.

L.2.ix. 17o~Methyl-5a-androstane-2a,38,17—triol[14672%°

17a~Methyl-5a-androstane-~28, 38, 17~triol (50mg) was
 dissolved in ethanol (6ml) containing sodium (ca. 200mg) and
refluxed for 5 hours. The ethanol was removed and the

residue dissolved in ether, washed with sodium bicarbonate
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solution and with water, dried over anhydrous magnesium
sulphate and evaporated to dryness'to give 17o-methyl-5a-
androstane-2a, 38,1l7-triol which was crystallised from
acetone; m.p. 190-192°; n.m.r. (60 M Hz) 79.17 (C-19
methyl), 9.17 (C-18 methzl), 8.81 (C-20 methzl), 6.54 (m,
3a-H), 6.04 (h, 23—&), Mass spectrum, MY, m/e 322; calculated
for C2OH3403 322.250781, found 322.249306; 17a;methy1~5a—
androstane~2a, 38, 17-triol 2, 3-acetonide, M+, m/e 362;

calculated for C O3 362.282079, found 362.282610; M-15,

A 23138
m/e 347, calculated for 022H35O3 347.258605, found 347.258286.

L.2.x. 1’?’o_L--IVIe'thyl—fScJ.—andr'os1:ar1e—2c1,,30L,17--1:1ﬂiol|:]_45__-[20-O

A solution of 17a-methyl-5a-androst-2-en-17-o0l (O.°5g)
in dry benzene (15ml) was added to a solution of osmic acid
(0.5g) in pyridine (25m1); ~ After 5 days at room temperature
the mixture was saturated with hydrogen sulphide, the
solvents were removed by evaporation in vacuo and the
residue was dissolved in benzene.  The solution.waé
filtered twice through Celite and the filtrate evaporated to
dryness. 'Crystaliisation'from methanol gave 170-methyl-5Soa—
androstane-2a, 30, 17-triol; m.p. 197-199°; n.m.r. (100 M Hz)
79.19 (C-19 methyl), 9.17 (C-18 methyl), 8.81 (C-20 methyl),
6.27 (m, 28-H), 6.06 (m, 38-H); Mass spectrum, M+, m/e 3223
caloulated for CpoHs,Ox 302.250781, found 322.250342.



Figure 13. The mass spectra of a) 1l7c-methyl-5a~androstane-2¢, 3a,17-triol and b) 17a-methyl-5a~
. ~androstane-2a,38,17-triocl.
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androstane-28, 38, 17-triol.
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4,3. The comparison of the l7a-methyl-5c-androstane-2,3,

17-triols with the metabolites of oxymetholone.

The four l?afmethyl—Ba—androstane—2,3,17—triols were
examined by t.l.c. in benzene—ethanol (9:1) and chloroform-—
methanol {9:1) solvent systems. When the plates were
developed with sulphuric acid and heafed the compounds gave
yellowabrown spots of'slightly differing polarities. The
Rf values of the Z2a,3a-, 2d,38—, 2B, 30— and 2, 3B- compounds
relative to that of oxymetholone expressed as 1.00 were
0.54, 0.41, 0.%9 and 0.59 in the former solvent system and
0.70, 0.63, 0.54 and 0.68 in the latter. All were con-
siderably mQre_polar than oxymetholone although the 2a,38-
glycol appeéred to contain a trace of material (relative Rf
1.07) of lower polarity thén oxymetholone; ‘this was not
present in any of the other compounds. Comparison of thé Rf
‘"values of the foﬁr tfiols and a sample of the more polar
metabolite of oxymetholone showed that the metabolite
(relative Rf 0.46 in CHClB—MeOH) was more polar than any of
the standard tridls. Since a 2,3=glycol is expected to be
more polar than the corresponding 2~-hydroxy-3-ketone doubt
was thus cast upon the suggested32 identities of 0-1 and 0-2.

The mass spectra of the four synthétic triols [figures
13a, 13b, 13c, 13d] were compared prior to examination of the.
spectra of metabolic samples. The 2a, 30—, 28,3u- and 28, 38~
glycols [see figures 13a, 130, 13d] gave the correct molecular
ion for a 17a—methyl*5§—androstane—Z,3,17—triol, at m/e 322.
The most intense ions in the épectra of these epimers were
those at low m/e Values;' in the high mass range each

spectrum contained a series of intense ions at the same m/e



2B, 3a-

T T T : T T T T
7 4 2 271 260 259 216
322/ 500 397/300 39%/302- 28300 BT 300 2522 PP/ 322, %0 522
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Diagram 18. Mass spectral fragmentations of 17g-methyl-50~
androstane-2,3,17-triols
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"values but of different intensities relative to one another
[figure 14}. Metastable ions were available to show that
these ions arose from loss oan methyl'group (m/e 307) and.
of water (m/e 304)-from;M+, loss of water from m/e 307
(m/e 289) and of a methyl group from m/e 304 (m/e 289) and
of water from m/e 289 (m/e 271 ). An alternative fragment-
ation involved loss of an uncharged species.of mass 58 from
Mt to give m/e 264 (D-rlng fragmentation) Wthh fragment
then lost either waTer (m/e 246) or a methyl group (m/e 249)
[Diagram 18]. The patterns of the relative intensities of
these seven ions and M+, shown in figure 14, were different
'fof each epimer. The stability Qf the molecular ion of
each triol, as reflected by its intensity was unexpected in
view of the relatively low intensities of the molecular ions
of methaﬁdrostenolone and its 176epimer. This difference
can, however, be expléined by the lack of any systeﬁ to
promote ring fragmentation in the saturated androstanetriols
in contrast to the intense B-ring fragmentation caused by an
A-ring dienone system. |

_ The mass spectrum of a sample of 17a¢-methyl-5a-andro-
'stane—2a,38yl7—triol [figureIISb]‘differed from those of
the other three triols. Maximum ion pressure was obtained
from the sample at 105-140° in contrast to 170-180° for the
. latter compounds and the intensities of all ions in the high
mass region.were less éhan 10% of a very intense peak at
m/e 347. The molecular ion of the triol (m/e 322, 3.5%)
was present at 105° and, at 140°, the intensity of this ion

relative to m/e 347 had risen to 11.5%; the ions at m/e 307
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and m/e 704, characteristic of the other three triols were
also detectable at this temperature. The spectra of the
2&,33,17~triol were rationalised‘whén a very low intensity
ion (ca. 1% of m/e 347 at 105°) at m/e 362 was taken inté

~ account. This showed that spontaneous formation of the
acetonide [157] of the diequatorial glycol system of 170~
méthyl—5a—androstane~2a,BB,l?ntriol[146] had occurred during
crystallisation from acetone.Loss of a methyl group from
the acetonide (M, m/e 362) thus gave rise to the very
intense ion at m/e 347 [158]. Exact mass measurement of
the ions at m/e 362 and m/e 347 gave values in error of
iess than 0.1 p.p.m. and 1 p.p.m. for the 023H38O3 and
022H35O3 structures, respectively.

A sample of the 2a,3B-glycol which had been re-
cfystallised from acetone was dissolved in ethanol and water,
heated and benzene was added. The sblvents were removed by
evaporation in vacuo, benzenelwas added and the evaporation
repeated.  The resulting material was examined by mass
spectrometry at 140° and four spectra were recorded at
_intervals of one minufe between each. The relative in-
tensities of the M-15 ion of the acetonide (m/e 347) and M*
of the triol (m/e 322) reversed during the time in which the
spectra were recorded Lsee table 12],_showing that the
greater volatility of the acetonide was responsible for the
lack of evidence of the triol in the spéctrum obtained af
105°. Thﬁs, as confirmed by t.l.c. and n.m.r. spectroscopy,
the original sample of the triocl contained only a-small

amount of the volatile acetonide derivative which masked the

_ présence of the free triol.
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Spectrum Time (mins.) m/e 347 m/e 322 m/e322

m/e 347
1 0 21 y 0.19
2 1 10 5 " 0.50
3 ) 5.5 6.5 1.18
L 3 2 7.5 3.75

Table 12. Variations in the ihtensities of the ions at

m/e 347 and m/e 322 in mass spectra of 1l7a-—
methyl-5a-androstane—2a, 38 ,17-triocl with time.

Metabolic sampleSIWere obtained by thin layer and
paper chromatography of urine extracts following the
administration of 10Omg doses of oxymetholone. Carbon
skeleton chromatography was used to locate those fractions-
containing material with a l7a~methylandrostane skeleton
and each metabolic samplelwas thought to contain only one

of the two previously located32

metabolites. Five such
samples were examined by mass‘speétrometry and all gave
spectra_indicative of impure mixtures [figures 15a, 15b,
15c, 15d, i5e]; Many intense ions were present in each
-spectrum up to ca. m/e 306 but beyond this mass value those
ions which might characterise metabolites of oxymetholoﬁe
were of low intensity. HoWever, the oﬁly region of the
specfrum which could be used for characterisation of the
metabolites was that above m/e 306 because the metabolites
of oxymetholore, being presumably fully ringwsaturafed like
the drug, were not expected to produce any characteristic

medium mass ions of high intensity, such as the m/e 122,

m/e 121 pair given by methandrostenolone and its metabolites.
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None of the samples of metabolites gave lons at
m/e 322 which mighf have indicated a 2,3,17—triol, nor were
the characteristic m/e 307 and m/¢ _304 ions [see figures 13a,
13b, 13c, 13d] present. Consequently it was concluded that
a 17afmethyl—5a—androstane—2,3,17—triol.was not a metabolite
of oxymetholone and that a 2,178~dihydroxy—l7—methyl—5a;
androstan-3-one was also unlikely to be formed duriﬁg B
metabolism. |

Four of the spectra of the metabolites showed ions
at m/e 334 [figures 15a, 15b, 15¢, 15d]. In view of the

83,84 of a series of 2-hydroxy-

reported microbial reductions
ﬁethylene-bh—en~3—ones in the androstane series to the 2-
hydroxymethyi—Ah—ene—B—ketonesAthe observation of ions at
m/e 334 in the spectra of metabolites of oxymetholone
suggested that the 2-hydroxymethylene function might be
metabolised to give a 178-hydroxy-2-hydroxymethyl-17-methyl-
Sa-androstan-3-one (MY, m/e 334). A spectrum [figure 15¢]
of a sample of the most polar metébolite of 6xymetholonef
contained an ion at m/e 336 which could be assigned to a
2-hydroxymethyl-17-methyl-5a-androstane-3,17-diol (M+, m/e
336), formed by reduction df the C-3 carbonyl function of
oxymetholone as well as the 2-hydroxymethyleﬁe system. It
would thus appear that during metabolism of oxymetholone

the additional carboﬁ atom at C-2 ié-retained._ The re-.
ductions of oxymetholone with a'variety of reagents, to
provide standard compounds, are therefore described in the

following section.






Relative Intensity (%) —

m/e 274
100 332

80 |
60 .
40 ' o | | ;

L2274 275

204

lwl

tl!"i ' hll JM th U” Md o 1 .,;

120 140

‘ _If lI ] lIlh i A ~
200 220 240 2060 280  3do . 330 3k
m/e —

Figure 16. The mass spectrum of oxymetholone at 120°



176

4,4, 'Theée synthesis and chemical reductions of oxymetholone

Loh,i. Synthesis of oxymetholone

Oxymetholone was synthesised to proVide a more
readily available source of the compound in greater quantitj
than that obtained by extraction of commercial tablets of
theldrug. The preparation of oxymetholone[5] was first

described by Ringold et 21.20

and is achieved by condensation
‘of ethyl formate with the A%~enolate anion [159] of 17p- |
hydroxy—l?—methyl—5a—androstan—B—one [160]. The product is
'precipitéted as the enolate salt [161] from the non-polar

solvent and then acidified to givell?m

the free hydroxymethy-
lene compound [5]. . 17&-Hydrbxy%l?—methy1~5a—androstan—}—
~one[160] wés.prepared from 36—hydroxy~5awandrostan—l?—éne

by reaotionlwith ﬁethylmagnesiﬁm iodide followed by chromic
acid oxidafion of‘the C-3 hydroxyl group of 1l7c-methyl-boa-
androstane-3%g,17-diol. .

In the mass spectrum of oxymetholone [fiéure'16] the
molecular ion (MT, m/e 332)‘was also the base peak and no
other ions were greater.ﬁhan 40% of M'.  The intensities of
M—lB‘(m/e 3L, 7%) and M-18-15 (m/e 299, 7%) refleot the low
.'tendenéy of the 178-hydroxy=17-methyl function to lose water,
whereas the medium inténsity ion at m/e 2%4 (M-58, 38%) shows
that D—ring‘fragmentatioﬁ is‘more favourable for this con-

- figuration (cf. m/e 242 in the.speotrﬁm of methandrostenolohe
[figure 5al). The ion at m/e 275 (%6%) presumably arises
from fission of the 2,3-bond, hydrogen transfer and loss of

" the hydroxymethylene function with the C-2 and C-1 carbon

atoms [162].
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GL.bh.ii. Reduction of oxymetholone with lithium aluminium
hydride

Oxymetholone was reduced with 1lithium aluminium

_ hydride at room temperature as described by Knox and
Velarde.206 When the product was isolated by the addition
of sodium sulphate and removal of the salt cake by filtration

as desoribed206

by these authors only 87% of the steroid was
recovered. Consequently, the ealt cake was dissolved in
water and extracted with ether by which means the remaining
product, rich in the most polar, least ether-soluble
component was isoiated. |

T.l.c. showed that both product fractions contained
the same four compounds, the least poler of which was unreacted
 oxymetholone[5]. The other three oomponents were ldentified
by comparison with the products obtained by Knox and Velarde? 06
In order of increasing polarity these were 17¢-methyl-2-
methylene-5a-androstane-3g,17-diol{163], 178~hydroxy-2a-
hydroxymethyl-17-methyl-5a-androstan-3-one[164] and 2@4
' hydroxymethyl-17a-methyl-5e-androstane-38,17-dio1l165].
Crystallisation of the major fraction from acetone gave 178-
hydroxy—2a—hydroxymethyl—l?—methyl—5a—androstan-B—one[164],

206 188-190°) which was shown by t.l.c.

m.p. 183-185° (1it.,
to be slightly contaminated with 17a~methyl-2-mnethylene-50~
androstane—}ﬁ,l7—diol[165]. * Pure 2o~hydroxymethyl-17o-~
methyl-50-androstane-38, 17-diol[165], m.p. 280-282° (1it.,206
280-282 } was obtalned by crystalllsatlon cf the minor

fraction from acetone.
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4.4.iii. Reduction of oxymetholone with lithium tri-t-—butyl-

oxyaluminium hydride

Oxymetholone[5] was reduced with lithium tri-t-butyl-
 oxyaluminium hydride to give a crude product from which a
mixture of 17B-hydroxy-2a-hydroxymethyl-17-methyl-5¢~-androstan-
3-onel 164] and 2a—hydroxymetﬁyl—17a-methyl—5a—androstane—BB,
' 17-diol{165] was crystalliéed ;é the major product.  The
crude product contained some unreacted oxymetholone aﬁd a
small amount of the 2-methylene-3g-o0l[16%].

7 The 2a~hydroxymethyl-3-ketone[164] was more volatile
than the 20-hydroxymethyl-38-01[165], masé spectrometry of
the mixture éiving spectra with M at m/e 334 [Figure 17a,
1600] and at m/e 356 (180°). - The base peak in the spectrum
[figure l7a] of the former compound was at m/e 277, formed
" by loss of a fragment of mass 57 from the molecular ion.

One of the major peaks in the spectrum of oxymetholone [fig-
ure 167 was likewise formed by loss of a mass 57 fragment.
The other important ions in the spectrum of the 2a-hydroxy-
methyl-3-ketone were formed by loss of water from the
molecular ion (m/e 316) and of water (m/e 298) or a methyl
group (m/e 301) from this ion.

Acetylation of the mixture of the Z2a-hydroxymethyl-3-
ketone and the 2a-hydroxymethyl-*g-ol with acetic anhydride
in pyridine at room temperature gave a mixture containing
.two low-polarity components, the mass spectrum of which
contained the molecular ions of the monoacetate (m/e 376)
and the diacetate (m/e 420). Under these conditions the

tertiary 178-hydroxyl function was not acetylated.



179

The mixture containing the 2a—hydroxymethyl—3—
ketone end the.2a—hydroxymethyi-35—ol was reduced with
sodium borchydride. | T.1l.c. of the product showed that
the less polar 3-ketone [164] had been reduced to the 2a-
hydroxymethyl-38-01[165] and a trece‘of a slightly more
polar compound which was presumed to be the epimeric Z2a-
hydroxymethyl-3a-01[166]. This was cohfirmed by mass
spectrometry of the-product which showed only a.molecular
ion at m/e 336-in spectra obtained at a variety of temper-
atures. [see figure 17b]. Other characteristic ions in
the spectra cf the 2a—hydroxymethyl¥3~ol were those arising
‘from ioss of water‘or a methyl_group from the molecular ion
(m/e 318 and m/e 321, respectively) and from loss of water
from both of these ions (m/e 300 and m/e 303).

The product of the sodium borohydride reduction was
acetylated to give a prodﬁct which-showed one low-polarity
spot on t.l.c. and gave a mass spectrum with the molecular
ion of a 2-acetaxymethyl—3-acetate (m/e 420). The epectrum

-contained no trace of the molecular ion of the monoacetate

at m/e 376.

Lubaiv. Reduction of oxymetholone with sodium borohydride

Oxymetholone [5] was reduced with sodium borohydride
to give a crude product, the components of which were
~identified by t.l.c. against standards from the preceding
reductions. The product contained unreacted oxymetholone
[5],176-hydroxy—2a-hydroxymethyi—17—methyl—Bd-androstan—
3-cne[164] and a mixture of the two epimeric ZQ—hydroxy—

methyl-17a-methyl-Sa—androstane-3,17-diols { 165,166] .
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4.olh.v. Reduction of oxymetholone with sodium dihydro-bis

( 2-methoxyethoxy)aluminate

Reduction of‘oxymetholone with sufficient SOdium
dihydro- bis(2—methoxyeth0xy)aluminate for react10ﬂ of the
2= hydroxymethylene and 3-carbonyl functions gave a crude
product containing no unreacted oxymetholone. However,
the major product was identifiod by t.1l.c. as 178- hydroxy;
2a—hydroxymethyl—l7—methyl—5u—androstan—3-one[164] accom-
panied by’only traces ofhmore polar components. Use of:
- sufficient reagent for complete reduction Of_Only one of.
the functions .gave a mixture‘containing unréacted‘oxymeth—

Glone; traces of polar components and the 2a-hydroxymethyl-

Z-ketone[164] as the major product.

Lohhovi. . Discussion

The reductions of oxymetholone With lithium aluminium
hydride, lithium tri t-butyloxyaluminium hydride, sodium
borohydride and sodium dihydro~bis(2-methoxyethoxy)aluminate
are of interest because of the different product mixtures
obtained and the nature of the products.

The major product of the reduction with all four re-
‘agents was l?B-hydroxy—2d—hydroxymethyl -17~ methyl 5g~androstan—
Z3-one. Isclation of a ketonic product from a reduction in
Awhich excess reducing . agent was employed must be ascribed
to the relationship of the two_reduoable groups in.the OXy=-
~ metholone moleculc. Thus, conjugation of the hydroxy—
Vmethylene double bond with the 3-carbonyl function leads to
a. positive centre at C-2' because of polarisation towards_

the carbonyl oxygen atom. This centre is then attacked by
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a hydride ion [167] with the generation of a Azfdouble_ﬁond
and formation of an O-Al bond at C-3 [168]. Consequently,
further attack by H cannot occur and the addition of water
leads to hydrolysis-of the O0-Al bond with formation of an
enol [169] which then isomerises to give the 2o~hydroxymethyl-
%~keto compound [164]. .
‘ The formation of 3-hydroxy-2a-hydroxymethyl compounds
~ may be explained by hydride reduction. of the 2-aldehyde
function {170] present in equilibrium with the 2-hydroxy-
methylene system [5] in a propoftion (gg. 22%, by calculation

2OLLb) of the sample, followed by reduction

from ﬁ.m.r. spectra
Aéf the 3-carbonyl group. Alternatively the latter function
may be attacked by a hydride ion with destruction of the
hydrogen bonding with the 2—hydroxymefhylene system and con-
. sequent isomerisation to the aldehyde which is then reduced.
The 2-methylene product'[163]_is formed by elimination of the
2'-0Al substituent from the intermediate to the 2o~hydroxy-
methyl-3-alcohol{171]. |
Sodium dihydro—bis(é;méthoxyethoxy)aluminate reacted
with_oxymetholone to give only the 2o-hydroxymethyl-3-one.
Consequently the low yields of the 2u-hydroxymethyl-17o~
methyl—5a¥androstane—3,l?—diols in the reactions with the
- other thréé reagents must be due.to a combination of the
faster hydride attack at C-2', because of the conjugated
enone system, than at C-3 and to the steric requirements
for the formation of the two O-Al bonds.
The reduction of oxymetholone to a 2&~hydromee£hyl—

Bs—alcohol with lithium aluminium hydride and with lithium
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tri-t-butyloxyaluminium hydride and of both oxymetholone
and l?B—hydroxy—2a-hydroxymethyl—17—methyl-5a~androstan—3;
cne to mixtures of the Ba—rand 38— alcohols with sodium
borohjdride is not surprising. The anion from lithium
aluminium hydride in ether is much less heavily Solvated

than that from sodium borchydride in a hydroxylic solventl:L7a

207 is smaller for

' S0 that Dauben's "steric approach factor"
the former reagent than the iatter. Coﬁsequently more of
the thermodynamically less stable alcohol is formed by
reaction with sodium borohydride. Eliel and Rerick®OC

observed that sterically unhindered 3-ketones and analogues
such as 4-t-butyl cyclohexanone gave a greater proportion

of the équatorial élcohols by reduction with lithium

“aluminium hydride in ether than with sodium borohydride in

- hydroxylic solvents.

209 studied the 1lithium aluminium

Dreiding and Hartman
hydride reduction of 2;carbéthoxycyclohexanone and 2-hydroxy-
methylenecyclohexanone and suggested a mechanism whereby the
enolised portions of the compounds reacted to give enolate
- salts whereas the non-enolic portions were reduced normally
to give diols. | They isoclated 2—methylenecycloheianol, 1-
cyclohexenemethanol and 2-hydroxymethylcyclohexanol in the
ratio 5:2:1 from the reductions of the above Compounds.

. However no 2;hydroxymethy1—az—ene has beén found among the

reduction products of oxymetholone.296

-4.4.yii. Comparison of the metabolites of oxymetholone with

178~hydroxy-2o-hydroxymethyl-17-methyl-5a-androstan-—
3-one and the 2a~hydroxymethyl-17g-methyl-5a~

androstane-3,17~diols.

The mass spectra of four samples of the less polar
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metaboiite of oxymetholone [figures 15a,.15b, 15¢c, 15d] con-
tained ions at.m/e 334 (MY of 17p-hydroxy-2a~hydroxymethyl-
l?—methyl—5a—androstan—}—one,[figure l?a])and fairly prominent
ions at m/e 316 (M-18). The sample of the most polar meta-
bolite [figure 15e] gave an ion ét m/e 336 (M of 2o0~hydroxy-
methyl—l?a-mefhyl—5a—aﬁdrostane—3,l7—diol,[figure 17b}) and a
pronounced ion at m/e 318 (Mwléaf_ Spectra 15d and 15e
corresponded to the two metabolite-containing fractions
obtained after a single administration of oxymetholone.
'Bbth fractions were chromatographed on a thin layer plate
against 173whydrOXY—Za—hydroxymethyl—l?—methyl-Ba—androstan—'
-Sfone (Rf 0.53), Pa-hydroxymethyl-l7g-methyl-50~androstane-
38,17-diol (Rs 0.38) and 2a~hydroxymethyl-17a-methyL-5a—
androstahe-3a,l7~diol (Rf 0.%1) as standards. The sample
containing the most polar metabolite gave a spot at Rf 0.38
and that containing the least polar metabolite gave a spot
~at Ry 0.50 with others at 0.44 and 0.2k |

Mass spectrometry of the trimethylsilyl derivatives
of the samples from which spectra 15d and 15e were obtained
tended to confirm the proposed structures-of the metabolites.
The éample containing the more polér metabolite gave a
relatively intense ion at m/e 147, not present in the

spectrum of'the free stercid. Such an ion is formedzlo

by
the interaction of_the trimethylsilyl functions of two '
adjécent'hydroxyl groups through a cyclic intermediate with
expulsion of the SiMeBOéiMe2 fragment (m/e 147) [see diagram

20].  An ion at m/e 147 was not observed in the spectrum of

the derivative of the less polar metabolite. An intense



184

ion at m/e 143, characterlstlc of the 17p~-hydroxy-l17-methyl
system was not found in the spectrum of either derivative,
possibly due to more intense fragmentations, such as that
giving m/e 147, induced by the silyl groups in the A-ring.
Carbon skeleton chromatogfaphy of a sample of 2a-
hydroxymethyl-17a-methyl~5a~androstane-3g,17-diol, obtained
be lithium aluminium hydride reduction of oxymetholone (section
4f5.iv), gave only reduced products with the retention times
‘of 17-methy1androstanes. Thus, the 2o-hydroxymethyl-, like
‘the 2-hydroxymethylene-function is removed during high
temperature cataly{ic reduction and consequently all available
évidénce indicates that the two metabolites of oxymetholone
- in normal man are l?B—hydroxy~2a—hydroxymethy1—17~methy1-5a—
androstan-3~-one and 2a-hydroxymethyl-17a-methyl-5a-androstane-

: 35;17—diol, although the analysis of further samples is

. desirable.
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4.5. Experimental Section

4.5.i. 1l7a~Methyl-5g-androstane-38,17-diol

A solution of methyl iodide (52g, 23ml) in dry ether
(150ml1) was added to magnesium turnings (9g) in ether (50ml)
and the mixture refluxed for 15 minutes. 33—Hydroxy—5d— |
_ androstan-17-one thg, for preparation, see section 4o2.i.)
was dissolved in ether (500ml) and a small volume of tetra-
hydrofuran and added dropwise to the stirred solution of
methylmagnesium iodide. Aftér refluxing for 15 minutes the
reaction mixturé was poured into ice, water and concentrated
sulphuric acid (40ml) and stirred until all the ice had
ﬁelted. The 1aye£s were separated and the aqueous layer
was extracted three times with chloroform-ether (1:9). The
combined organic extracts were washed with sodium sulphite
solution, saturated sodium bicarbonate solution and with
watér, dried over anhydrous mégneéium sulphate and evapor-
~ated to dryness to give the product (9.665g), a mixture of
the starting material and the diol. Pure 17c-methyl-5a-
.androstane-36,17-diol (7.711lg, 73%) was obtained by recry-

211 206-

stallisation from acetone; m.p. 211.5-212.5° (1it.,
209°); n.m.r. (60 M Hz) 719.18 (C-19 methyl), 9.16 (C-18

methyl), 8.80 (C-20 methyl), 6.45 (m, 3a-H).

L.5.11. 175—Hydfoxy~17—methy1—5a—androstan—j—one

8N Chromic acid solution (5ml) was added to a stirred
solution of 17a—methy1—5a—androstane~35,17—diol (2.502g) in
acetone (500ml). The reaction was allowed to proceéd for
1.5 minutes and then quenched with methanol (500ml). Water

(500ml) was added and the mixture neutralised with saturated
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sodium bicarbonate solution. The organic solvents were
removed by évaporation in wvacuo, the aqueous phase was
extracted twice with efher and the combined organic extracts
were washed with wgter, dried over anhydrous magnesium
sulphate and evaporated to dryness to give a yellow solid.
Crystallisation from acetone‘gaYe“pure 178-hydroxy-17-methyl-
5a~androstan—-3-one (1.674g) as‘needles; m.p. 192-194° (litp}b
193°); vmaxl710qm—l; Nn.m.r. (60.M Hz) T9.l4 (C~-18 methzl),

8.98 (C-19 methyl), 8.81 (C-20 methyl).

L.5.1i1. Oxymetholone[S]zO

Sodium hydride (Zg,‘60% dispersion in o0il) was waghed
free from oil with petrol (60-80°) and then with benzene and
addeg.to a. stirred mixture of 178-hydroxy-17-methyl-5a-andro-
stan-3-one (1.009g), dry benzene‘(ZOml) and ethyl formate
(2ml) under nitrogen. After 5 houré the green reaction
mikture was filtered, the precipitate was washed with benzene
and with hexane, dried and added to ice-cold dilute-hydro-
chloric acid (50m1). The lumps were crushed and the mixture
was again filtered. The precipitate was washed with water,
dissolved in ether and the solution washed twice with water,
dried over anhydrous magnesium sulphate and evaporated to
dryness to give a yellow glass. Crystallisation from acetohe
gave pure oxymetholone (O.660g); m.p. 174-178° (lif.,2o 178-
180°) ; vmax3380,2930,'-1640,945cm"1 ; n.m.r. (100 M Hz) .
76.23 (C-19 methyl), 9.14 (C-18 methyl), 8.80 (C-20 methyl),
1.41 (s, average of ~CO.C = C.H.OH and ~C.0H = ¢.cH0?O™);

Mass spectrum, M' and base peak, m/e 332.
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4.5.iv. Reduction of oxymetholone with lithium aluminium
.. 206 - - '
hydride _
A fine suspension of oxymetholone (501.6mg) in ether

(50ml) was added dropwise to a stirred suspension of lithium
aluminium hydride (497.1lmg) in ether (150ml) and the mixture
was stirred at room temperaturg/for 1% hours. Excess hydride
was destroyed with ethyl aceta%e and then saturated aqueous .
sodium sulphate (lml) was added, followed by sufficient
sodium snlphafe to give a clear snpernatant ether solution. -

' The mixture was filtered, the salt cake was washed with

ether and the combined filtrate and washings weré'evaporated
fo_dryness to give a product (436.6mg, 87%). The salt caké_
was dissolved in wéter, the solution extracted twice with
ether and the combined organic extracts washed with water,
dried over. anhydrous magnesium sulphate and evaporated to |

- dryness to give a sparingly soluble white material (81.7mg,
16%). T.l.c. of both products showed the same four major
components, in.brdef of increasing pclarity; oxymetholone,

_ 17a-methyl-2-methylene-5a-androstane-38,17-diol, l?B—hydroxy—l
2a-hydroxymethyl-17-methyl-5a-androstan-3-one and 2o-hydroxy-
methyl-17a-methyl-50~androstane~-38,17-diol. The smaller
fraction (81.7mg)} extracted from the salt cake appeared to

be richer in the latter compound and crystéllisation from
acetone gave pure-2awhydroxymethyl-l?a—methyl—5a—androstane—

206

%8,17-diol; m.p. 280-282° (1lit., 280-282°).  The major

component of the other fraction was the 2a-hydroxymethyl-3-
ketone and crystallisation from acetone gave 17B-hydroxy-2a-
hydroxymethyl-17-methyl-5a-androstan~3-one; m.p. 183-185°

206

(lit., 188-190°); t.l.c., slightly contaminated with 17a-
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methyl-2-methylene-5c—androstane-3g,17~diol; vmaxl700cm—1;

n.m.r. (100 M Hz) 719.16 (C-19 methyl), 9.14 (C-18 methyl),
8.81 (C-20 methyl), 6.34 (m, 2g-H), 6.14 (m, —CE2OH); Mass
spectrum, M, m/e 334.

4.5.v.  Reduction of oxymetholone with lithium tri-t-butyl-
212

oxyaluminium hydride

Dry't-butanol (1.32ml) was added dropwise to-a
solution of 1lithium aluminium hydride (179.4mg) in tetra-
~ hydrofuran (5;9ml). This solution wés‘then added dropwise
to a solution ofloxymetholone (592.2mg) in tetrahydrofuran
(5.9m1) at 0°C and the reaction maintained at this temper-~
aturé for 15 minuteés. Excesé reagent was decomposed‘ﬁith
5% acetic acid (70ml) and the steroid was extradted into
ether, washed with sodium bicarbohate solution and with water;
~dried over anhydrous magnesium sulphéte and evaporated to
dryness to give the crude product (571.5mg). Crystallisation
from acetone gave a_mixture:of 178-hydroxy-2a~hydrcxymethyl-
17—me£hyl—5a;androstan—}—one (Rf 0.34) and 2o-hydroxymethyl-
17a-methyl-5a-androstane-38,17-diol (Rp 0.21, compared with
oxymetholone, Rg 0.45, in benzene~ethanol, G:1); Mass
spectrum, M, m/e 334 (160°); M"Y, m/e 336 (180°).

4.5.vi. Acetylation .of 178-hvdroxy-2a-hydroxymethyl-17- .
methyl-5a—-androstan-3%—one and 2g-hydroxymethyl-
17a-methyl-50~androstane~3g,17-diocl.

The product of the above reaction (18mg) containing
a mixture of the 2o-hydroxymethyl-3-ketone and 2o-hydroxy-
methyl-3g-ol was dissolved in pyridine (0.05ml) and acetic

anhydride (0.1ml). After 12 hours at room temperature



189

ether and water were added, the ether layer was washed with
saturated sodium bicarbonate solution, drled over anhydrous
magnesium éulphate and evaporated to dryness to yield 2q-
acetoxymethyl-178~hydroxy-17-methyl-5a-androstan-3-one ‘and
2a—acetoxymethyl—17a~methyl—5a¥androstane—}B,17—diol 3~
acetate (17.2mg); +t.l.c., two spots, both less polar than

the'starting materials; vmaX1740,17106m“l; Mass spectrum,

=+

M of monoacetate, m/e 376; M of diacetate, m/e 420.

" 4.5.vii. Reduction of 178-hydroxy-2a-hydroxymethyl-17-~

methyl-5a-androstan-3-one and 2a~hydroxymethyl- .

17g-methyl-5¢-—androstane-3g,17-diol with sodium
118

borohydrlde

The product of reaction 4.5.v; (1.1lmg) containing a
 mixture of the 2a~-hydroxymethyl-3-ketone and 2a-hydroxymethyl-
3R~-0l was dissolved in methénol (0.05m1) and ethyl acetate
(0.0lml) and mixed with a solution of sodium borohydride
(0.3mg) in methanol (0.05ml) and ethyl acetate (0.01lml).
After 12 hours at room temperature glacial acetic acid (3
drops) and dilute hydrochloriclacid were added. The
steroid was extracted into ether, washed with sodium bi-
carbonate solution and with water, dried over anhydrous
_'magnesium sulphate and evaporated to dryness to yield a
white crystalline material (1.0mg); m.p. 260°; t.l.c., no
spot corresponding to the 2oa-hydroxymethyl-3-one but a spot
corresponding to the 2a-hydroxymethyl-3g-ol and a very faint,
slightly more polar spot presumed to be‘2a-hydroxymethyl—
l?a—methyl 5a—androstane—3a 17- lel Mass spectrum, M+,

" m/e 336 |
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4.5.viii. Acetylation of 2a-hydroxymethyl-17a-methyl~
Sa—androstane-3g,17-diol

The product of the above reaction (1lmg) was dicsolved‘
in pyridine (j drops) and'acétic anhydride (6 drops). After
7 hours the product was isolated as described iﬁ section
4.5.vi. to give 2c—acetoxymefhyl—l?aﬂmethyl—5a—androstane—BB,
17-diol 3-acetate (1lmg); t.l.cf, one low polarity spot;

Mass spectrum, M", m/e 420, with no trace of the mono-

acetate (M*, m/e 376).

4.E.ix. Reduction of oxymetholone with sodium borohydridell8

A solution of sodium borohydride (73.1lmg) in methanol
(8ml) and ethyl acetate (2ml) was added to a solution of
oxymetholone (260.7mg) in methanoi (8ml)} and ethyl acetate
{(2ml). After 24 hours at room temperafure glacial acetic
acid {4ml) and dilute hydrochloric acid were added and the
product (266.2mg) isolated as described in section 4:5.vii.
T.1l.¢. showed that it was a mixture of unreacted oxymeth-
olone, 17&—hydrcxy—2a~hydrokymethyl—l?—methy1~5a—androstan—
3-one, 2a-hydroxymethyl-l17ca-methyl-5a-androstane-38,17-diocl
and 2a-hydroxymethyl-17a-methyl-5a~androstane-3a,17-diol by
comparison with the appropriate standards from the preceding

reactions.

4,5.x. Reduction of oxymetholone with sodium dihydro-bis-

(2-methoxyethoxy)aluminate

A 70% solution of sodium dihydro-bis(2-methoxyethoxy)
aluminate in benzene (0.5ml, ca. 4 equivalents of H,
' Cambrian Chemicals Ltd., Croydon) was added dropwise to a

stirred solution of oxymetholone (268.1lmg) in benzene (25ml).
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After 1 hour excess reagent was destroyed by the addition

of water. Ether and sodium bicarbonate solution were

added and the agqueous phase was extracted twice with ether.
The combined organic extracts were washed with water,

dried over anhydrous magnesium sulphate and evaporated to
dryness to give a pale yellow glass (275.2mg). T.l.c.
showed that no unreacted oxymetholone remained and that

thé major product was 175—hydroxy—2a—hydroxymethyl—l?—methy1~
5a~androstan—3-one,-with traces of several more polar

components. -
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5.1. The reactions of SB-androstane-3,17~dione, oxymetholone

and methandrostenolone with liver alcohol dehydrogenase

5.1.i. Chemical20® 83,84

and microbial reductions of the 2~
hydroxymethylene substituent of‘steroids in the androstane
series have been shown to produce the 2o-configuration of
the resulting hydroxymethyl funqﬁion, the equatorial
conformation of the large grouﬁ being thermodynaﬁicaliy more
stable than the axial. Consequently; by analogy, the hydroxy-
methyl function in any metabolite of oxymetholone may be
assigned the 2a~-configuration. In qontrast, the configur-
ation ofrthe 3-hydroxyl group in a metabplite of molecular
weight 336, in which both the hydroxymethylene and 3-carbonyl
funcfions are reducéd, cannot be as easily assigned aithough
the evidence presented in section Lol suggeéted a 3B-~hydroxyl
group. | | |

'Studies with rats havé shown that testosterone is
metabolised213 to androstanetriols containing the 3a-hydroxyl
and the 3g-hydroxyl configurations and that an epimerase
system which-catalyses the transformation of Sa—androstane—
-3a,176udiol to Sa-androstane~3p,17f-diol can be induced.‘Zlh’215
VConsequently, although biochemical reduction of a 5&*3-keto—
.steroid often leads to formation of the corresponding 3a-
alcohol the configuration of a 3-hydroxyl group in a meta—'
bolite of oxymetholone cannot be assigned by analogy,'
particularly since the effect of thé'Z—hydroxymethyl substit-
uent is unknown. The.biochemical reduction of oxymetholone
was thus investigated with the hope that sufficient of one
of the 2a-hydroxymethyl-l?a~methyl—5a;androstane—3,17-diols

‘would be formed to enable its characterisation and hence, by
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analogy, the tentafive'identification of the more polar
metabolite of oxymetholone in man.

Liver alcohol dehydrogenase (LADH) has been shown to
bé specific for the'dehydrogenation of the 3B-hydroxyl groﬁp
of 3~-hydroxy-5B-cholanic acids and to accbmplish the réverse

216 Data was not

- reduction of the ketone to the ?p—alcohol.
avallable for the reduction of 5a-3-ketosteroids with this
enzyme system and consequently the reéction of 5B-androstane-
3,17—dione was examined prior.to the attempted reduction of
oxymetholone to establish whether the reaction conditions
were‘suitable.

Ultraviolet spectroscopy is often used to follow the
course of enzyﬁatic reducfions by the disappearance of the
340 nm band of B-dihydro nicotinamide adenine dinucleotide
{(NADH) due to simultaneous oxidation of-thié cofactor.216
However this method requires an excess of. steroid so that -
the change in reduced cofactor‘concentration is significant,
lwhereas thé attempted reductions described in this section
were best performed with a large excess of NADH. Conse-

quently, reduction was monitored by t.l.c. and g.l.c. of. the

- products extracted after incubation with the enzyme.

5.1.ii. The reaction of 5g-androstane-3,17~-dione with LADH

5p~-Androstane-3,17-dione was incubatgd with LADH . and
NADH in 2-amino--2-methylpropan-l-ol buffer (AMP, pH 10.5) at
30° for 12 hours. A control reaction, containing all the
ingredients except the‘steroid was treated likewise. |

Prior to termination of thé incubation a small sample

of the steroid reaction mixture Was withdrawn, dilutéd with
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buffer and iﬁcubated for 30 minutes with acetaldehyde.
The ultraviolet spectrum of this solution did not contain
a band at 340 nm whereas the spectrum of the reaction
mixture which was not incubated with acetaldehyde possessed
this band. Thus the enzyme syétem had remained active
throughout the 12 hour incubation with steroid and was
able to catalyse the reduction of aceﬁaldehyde to ethanol
with simultaneous oxidation of NADH to NAD. The enzyme in
thé control mixture was also shown to be active after 12 hours.
'Following denaturation of the protein the reaction énd
control mixtures were extrécted with ethyl acetate and the
extracts were examiﬁed by t.1l.c. The extract from the
control reaction contained three components which were the
same as the most polaf and the fwo least polar of the five
components in the extract of the steroid réaction. Conse~
guently éll but two components of the latter extract could
be eliminated as non-steroidal substances. The major
component was the unreacted 58-androstane-3,17-dione which
when developed with sulphuric acid gave a characteristic
yellow spot fringed by blue and later changing to a purple
spot. The final spot in the extract from the steroid '
reaction corresponded to the epimeric 3—hydroxy~5B—andfostan—
17-one standards. All had the same polarity and gave a
scarlet spot fringed by blue, which changed to deep purple.
The free and the.trimethylsilylated extract con-
taining the reduced steroids was examined by g.l.c. Chromato-
graphy of either the free or the trimethylsilylated 3~hydroxy-
5B-androstan-17;one standards gave two peaksrfor each stefoid,

probably due to thermal elimination. Similar behaviour was
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chromatographed under the same ccnditions.' However, it
was possible to tentatively identify the product (retention
times, 5.92 and 7.12 minutes) of the enzymatic reduction
of 58-androstane~3,l7-dione as BB—hydfoxy-58-andfosfah-l?—one
(retenfion times, 5.92 and 7.12 minutes). Ba—Hydroxy—5B;
androstan-17-one gave peaks with retention times of 6.40
and 7.3%0 minutes. The identification of the reduction
product as the 3g-alcohol is in accordance with the obser-
vations of Waller et al.>'® that LADH is stereospecific

for 3B-hydroxy-58-cholanic acids.

5.1.iii. Attempted reduction of oxymetholone with LADH

Oxymetholone was incubated with LADH and NADH as
described for 5B—androstane-3,17-dione except that the
reaction waé continued for 70 hours, after which time the
enzyme was shown to be still active. In contrast to 5B~
androstane-3,17-dione which gave a suspension in AMP buffer
oxymetholone was completely soluble.

| T.l.c. of the product extract afterrincubation of
oxymetholone with the_enzyme showed ten components with
considerable streaking, indicative of degradation. One
spot corresponded to unreacted oxymetholone and one was of
the samerpolarity as 17B~hydroxy—2a-hydrdxymethy1—17—methy1-
S5a-androstan-3-one. The two least polar componénts
corresponded " to the‘ﬁon—steroidal‘contents,of the control
extract and the most polar spot wéé Gisible under ultra-‘
violet radiation but invisible after sulphuric acid develop-

ment of the plate. The remaining five spots were more
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polar than oxymetholone but none appeared to match either
" of the 2a-hydroxymethyl—17a~methyl—5a—androstane—3,17;diols.
Oxymetholone and its chemical reduction products were
gas chromatographed both aé free stérbids and as their
trimethylsilyl derivétives but in both cases many unidenti-
fiable‘peaks were obtained. '@ghikaryBZ also obServed that
oxymetholone and its metabolites were thermally unstable.
Because of the low conversion to reduced products in the
enzymatié reaction and the poor gas chromatography of this
class of steroids no further information about the structure
of the enzymatic reduction products‘was obtained.
In view oflthe streaking observed in the t.l.c. of
the extract of the enzyme reaction oxymetholone was incubated.
in a pH 10.5 buffer solution with‘no LADH or NADH to assess
the extent of degradation produced by the alkaline medium.
To determine whéther the extraction pfocedure was responsible
for degradation one sample was neutralised with very dilute
hydrochloric acid after incubation but prior to extraction.
However‘there was no difference between the final extract
from this sample and that from a sample which had not been
so-neutralised. Both contained three components, one of‘
which was oxymetholone, oné was'less polar and the other
more polar. All three components were ﬁresent in the
- extract obtained_after incubation of the steroid with enzyme
but the most polar cbmponent from the incubation withoﬁt
enzyme did not correspond- to 17ﬁfhydroxy—2a—hydroxymethyl—17—
methyl-5a—androstan-3-one. Consequently, this compound was
tentatively identified as a_product'bf.the enzymatic

reduction of oxymethoione, but the original object of the



197

experiment, to obtain information concerning the configur-
ation of the 3-hydroxyl group in the most polar metabolite

of oxymetholone in man was not fulfilled.

5.1.iv. Attempted reaction of methandrostenolone with LADH

As described in the introduction (section 1, pages 14~
16), the Al’h—dien—B—one systeﬁfhas been shown to be
exceptionally resistant to enzymatic reduction, although ‘
reductions to the 3a~hydroxy-4,58-dihydro-, 3oa-hydroxy-i4,5a-
dihydro- and thé 1-ene—3—one—4;55—dihydro— A-rings have been
~observed. Methandrosténolone was thus incubated with LADH
under the same conditions as those described for oxymetholone
to examine whether reduction would take place with this
enzyme system. _

T.l.c. of the produét showed that methandrostenolone
and a trace of a slightly more polar component were present.
Gas Chromatography of the free and the trimethylsilylated
extract also showed methandrostenolone with two very small
peaks at shorter retention times.  However both these peaks
were present in chromatograms of the extract from incubation
of methandrostenclone in buffer with no LADH or NADH. Con-

1’q—dien—B—one system was

seQuently, as expected, the A
resistant to reduction by LADH. The trimethylsilyl deriva-
tive of the extract after the enzyme reaction also showed

that no 17~epimethandrostenolohe was formed.
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5.2. Experimental'Section

5.2.i. Reaction of 5B-androstane-3,17-dione with liver

alcohol dehydrogenase

5B—Androstane—3,l?—dione (4.73mg, 16.4 umole, Sigma
Chemical Co.) was ground to a fine powder and transferred
to a flask with 2-amino-2-methylpropan-1-ol bufféf (AMP, pH
10.5, 0O.1M, QOml). Solutions”gf B~dihydro nicotinamide
adenine dinucleotide (NADH, 24.25mg, 31.6 umole) in AMP
buffer (2.5ml) and horse liver alcohol dehydrogenaée (LADH,
activity 2.2 units/mg of protein, 1.95mg) in phosphate buffer
- (pH 7, 1lml) were added to the ;terdid suspension. The flask
was stoppered, shaken to mix the contents and placed in a
water bath at 30°, where it was gently agitated. A control,
identical but for. the omission of the steroid, was set up.

After 12 hours 0.25ml aliquots of the steroid reaction
mixture and the control were transferred to separate tubes,
dilutéd with AMP buffer (1lml) and acetaldehyde (0.035ml) was
added to each. The tubes were incubated at 30° for 30 min-
utes,'the contents of each were diluted to 20ml, samples were
transferred to cuvettes and the ultraviolet spectra recorded.
The aiSapﬁearancerof the NADH absorption at 340 nm indicated
that the enzyme had remained active throughout the reaction
period. 1
' The sterold was isoiated by addition of the reaction
.mixture fo‘ethanol (400ml) which solution was heated to
boiling, cooled and filtered. The ethanol was removed by
evaporation in vacuo to near drynéss and water was added.
The aqueous phase was extracted twice with ethyl acetate,

the combined organic extracts were washed three times with
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water, dried over anhydrous magnesium sulphate and
evaporated to dr&néss to give a brown oily residue (9.8mg).
Extraction of the cpntrol in the same way gaﬁe a similar
residue (8.2mg).

T.l.c. of both residues éhowed that the two least
polar énd the most polar components in the steroid extract
corresponded to the only three components in the control.

Of the two other components in the steroid prodﬁct the major
was identical in colour and polarity (Rf 0.58) to the starting
“material and the last spbt, small in comparison to that of
5e-androstane~3,17-dione, was of the same polérity (R 0.36)

- and gave the same colour reaction as the epimeric 3-hydroxy-
5B—androstan—17—bnes. G.l.c. of the stercid extract showed

. peaks at‘7.h8-(major), 7.12 and 5.92 miﬁﬁtes. The retention
times of the three standard compounds were:- 5f-androstane-
3,17-dione, 7.48 minutes, 3p-hydroxy-5g-androstan-l7-one,

. 7.12 and 5.92 minutes and 3a-hydroxy-5g—androstan-17-one,
7.36 and 6.40 minutes. Consé@uently the product was

tentatively identified as 2p-hydroxy-5g~androstan-1T-one.

5.2.ii. Attempted reduction of oxymetholone with LADH

Oxymetholone (5.0mg, 15.53 kmole) was treated with
NADH (25.95mg) and LADH (3.15mg) as described in the pre-
ceding section. The reaction was continued for 70 hours
at 30°C. After 68 hours samples of the steroid and control
mixtures were tested for enéyme activity by incubation with
acetaldehyde. The tests were positive.

Bright yellow residues (12.5mg and 8.3mg) were obtained

after extraction of the steroid and control mixtures,
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respectively} T.1.c. of both extracts showed that the
two least pblaf components in the steroid extract were the
only two components in the control. The steroid extract
contained at least éight other components with streaking;
indicative of degradation. One of the épots (Rf 0.28) was
of the same polarity as 178-hydroxy-2oa~hydroxymethyl-17-
methyl-Sg~androstan-3-one. ' -

The reaction was repéated and the same product mixture

obfained.

-5.2.iii. Examination of the stability of oxymetholone at
' pH 10.5. | a
Oxymetholone (5.7mg) was dissolved in AMP buffer

' (22.5m1) and phosphate buffer (1ml) and incubated at 30°
.for 72 hours. A second flask containing oxymetholone (5.0
‘'mg) in the same solvent mixture was treated similarly.
After incubation.the contents of the first flask were
neutralised with dilute hydrochloric acid. Both reactions
were then extracted as described in section 5.2.i. to give
residues (13.32mg and 15{6mg) from the neutralised and un-
‘neutralised samples, respectively. T.l.c. showed that
both extracts contained the same three spots, one corres-
.ponding-to oxymetholéne, one less polar and one more polar,
all of which were preéent iﬁ the steroid extract after
incubation with LADH (section 5.2.ii.).  Neither of the
extracts obtained after incubation of oxymetholone without.
enzyme contained a coﬁﬁonent with the same polarity as 17p-

hydroxy—2a—hydroxymethyl—l7—methy1—5a—androstan—B«one.'
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5.2.1v. Attempted reaction of methandrostenolone
with LADH.

Methandrostenclone (4.9mg) was treated with NADH
(25.0mg) and LADH (3.82mg) as described previously
(section 5.2.1i.). Two controlé, one containing all the
ingredients but the steroid and,the other containing the
steroid but no LADH and NADH were set up. All three
flasks were incubated for 72 hours, after which period the
acfivity of the enzyme wags confirmed by reaction with
acetaldehyde.

The cdntehts of the three flasks were extracted as
described. in section 5.2.i. to give residues (27.3mg,
24.1mg and 27.1lmg) from the sterbid + enzyme, enzyme alone
~and steroid alone mixtures, respectively. T.l.c. of each
extract showed two low polarity spots identical to.those
observed in the control and steroid extracts in the pre-
ceding recactions. The major component in both the steroid-
containing extracts had the same polarity as methandrosten-
olone and both showed a trace of a slightly more polar
component. |

G.l.c. of the extract of the steroid + enzyme in-
cubation showed that the major component had a retention
time of 15.56 minutes. Two small peaks at 8.36 and 6.12
miﬁutes_were also present. The trimethylsilyl derivative
of this extract gave a peék at 14.92 minutes and very small
peaks at 9.04 and 6.24 minutes. . Standard methandrosten-
olone trimethylsilyl ether had a retentlon time of 14.92

mlnutes in contrast to that of 17-epimethandrostenolone
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trimethylsilyl ether, 11.00 minutes.. The reaction
extract contained no trace of such a péak. The tri-
methylsilyl derivative of the extract obtained after in-
cubation of methandrostenolone in buffer alone gave the

same peaks as the extract from the steroid + enzyme in-

cubation.

——

The reaction was repeated with similar results.
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ABSTRACT

The more pelar of the two major urinary metzbelites of

. methendrostenolone, 173~hydroxy-21T7-methyl-1,k-androstadien-3-one,
in man has already been identified as 6f-hydroxymethandrcstenclone,
68, 17B-dihydroxy-17-methyl-1,k-androstadien-3-one. The other
metgbolite has now been identified as the 17-epimer of methan-
drostenolone,lTa~hydroxy~iT-methyl-1,4-androstadien-3-one. The.
compound was isclated from the freely extractable neutral Traction
of urine following the administration of 5 mz of the drug to normsl

men. The relevant chromatographie fraetions frem thin layer
and gas liguid systems were identified by carbon skeleton chromato-
graphy. The 1lT-epimer has besen synthesised, details of which are

included, and the previously unidentified metabolite was found to
be identical with the synthetic compound.

The characterisation of the 17-epimer defines a hitherto
apparently unknown bicchemical pathway.

INTRODUCTION

The metabelism of the anabolic steroid methandrostenolone
(Dianabol) 178-hydroxy-1T-methyl-1,4-androstedien-3-one has been
previously studied by Rongone and Segaloff (1). Extraction,
after B—glucuronidase'hydrolysis, of the urine from & woman with
advanced adenocarcinoma of the lung following administration of

i g of the drug afforded two metabolites which accounted for

7.25% of the dose. B80% of the extracted material was identified
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TheIdentiﬁcationoﬂ 7a-Hydroxy-17@-methyl-

androsta-1,4-dien-3-one as a Metabolite of
17R-Hydroxy- 17a-methylandrosta- 1,4- dien -
3-one in Man :

£

By B. 3. MacpoNaLD, P. J. Sykss, P. M. ADHIKARY
and R. A. Harkwnmss. (Departments of Chemistry,
Clinical Chemistry and Paediatric Biochemistry,
University of Edinburgh, Edinburgh, U.K.)

After the administration of the anabolic steroid
178 -hydroxy - 17« - methylandrosta - 1,4 -dien-3-one
(methandrostenolone) to man, two major meta-

. bolites have been found in the chloroform extract
of frésh urine. The least polar metabelite has now
been identified as 17x-hydroxy-175-methyl-
androsta-1,4-dien-3-one, the 17-epimer of meth-
androstenolone. The polar metabolite has already

been identified as 65-hydroxymethandrostenolone’

by Rongone & Segaloff (1963).
" The 17-epimer was synthesized from 38-hydroxy-
androst-5-en-17-one by reaction with triphenyl-
methylphosphonium bromide to form the 17-

methylene derivative, which was oxidized and then

isomerized to form the 4-en-3-one; this was oxidized
with m-chloroperoxybenzoic acid to yield 178-
methyl-170,20-0xidoandrost-4-en-3-one. The oxido-
ketone was reduced  with lithium aluminium
hydride to a 38,17a-diol, which was oxidized and
dehydrogenated in one step with dichlorodicyano-

benzoquinone to give 17«-hydroxy-178-methyl-
androsta-1,4-dien-3-one. This was clearly dis-
tinguished from methandrostenolone by its n.m.r.
spectrum and melting point, 221°C, which was
gimilar to that of the metabolite isolated by
Rongone & Segaloff (1963).

‘The freely extractable neutral fraction was
obtained from a fresh 24h collection of urine from a
normal man after oral administration of 5mg of
methandrostenolone. The component with the
same ‘carbon skeleton’ as methandrostenolone
(Adhikary & Harkness, 1969), which behaved
chromatographically like methandrostenolone, was
separated by t.l.c. followed by g.l.c. and then sub-
jected to mass spectrometry (A.E.I. M5902). The
epimer and metabolite showed a characteristic and
similar pattern ; for example, the molecular-ion pesk
at mfe 300 was always smaller than the peak at
mje 282, This was roversed for methandrostenolone.

No 17-epimer was found in the administered drug,
nor was there any detectable conversion during the
isolation procedure. It therefore seems justifiable
to conclude that the 17-epimer is a metabolite
apparently produced by a new pathway, which is
relatively importent since about 3.59, of an oral
dose can be recovered as the epimer.

Adhikary, P. M. & Harkness, R. A. (1969). A4nalyt. Chem.
41, 470,
Rongone, E. L. & Segaloff,-A. (1963). Steroids, 1, 179.
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The analytiecal techniques which proved of greatest use
in distinguishing the l7-epimers in this investigation were
n.m.r., g.i.c. and mass spectrometry.

Nuclear Magnetic Resonance Spectroscopy

100 MHz spectra were run in deutericchloroform solutions
using a Varian HA 100 instrument. The spectra of the epimers
are identical but for the position of the C-18 methyl reson-
ance which.is at 9.07 1 in the spectrum of methandrostenoclone

759

and at 9.2¢6 1 in that of its 1T7-epimer. This difference in chenmical

shifts is due to the effect of the crientation of the 17-hydroxyl
grcup on the 18-methyl group. Similar cbservations have been
reported by Ananchenko et al., (10}.

Gas Liguid Chrematograchy

G.l.c., was used initially to show that M was a metabclite
of methandrostenolone rather than unchanged drug (3}. However,
this separation was difficult; in later experiments methandrostern-
olene and authentic 1T7-epimethandrcstenolone were chromstographed
on QF-1 and SE-30 colums, separately and as mixtures.
* Fractionally 4ifferent retention times were cbtained when the com-
pounds were chromatographed separately, methandrostenolone having
the longer retention time, Mixtures of equal amounts cof the
epimers gave fractional separation of the tops cf the peaks,
whereas mixtures of unequal amounts gave rise only tc a single
peak. No peak separation could be achieved using OV-1l columms.
These stercids were, therefore, only separsble on colums of very
high resclving power, as in the initial experiments.

The trimethylsilyl ether (TMSE) derivatives of both epimers
were prepared according to the methcd of Makita and Wells {(11)
and chromatographed on OV-1 columms at 235°C. The retention

time of methandrostenolone TMSE derivative relative to methan-
drestenolone was 1.08 and of 1lT-epimethandrostenolone TMSE

derivative relative to its parent compound was 0.78. . The meta-
beolite M was alsc converted to its TMSE derivaiive and was
similarly chromatographed, The corresponding retention time

ratic was 0.78, indicating M to be l7-epimethandrostenclcne.

Mass Spectrometry

Mass spectrometry was carried out using an ARI MS 902
instrument operated at 70 e.V. Spectra of microgram samples
of metaboclite M were obtained by dissoclving the entire sample
in dry ether (10-20 yl). A syringe was used to transfer a
portion {2-3 ul} of this scluticn to a quartz probe and the
solvent was gently evaporated with a hair dryer. This process
was repeated severzl times until sufficient material (ca. 10 pg)
had been transierred to the probe, which was then inserted
directly into the spectrometer. Spectra obtained in this way
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and 3.83 (J = 2 ecps), (2-H), 3.92 (J = 2 cps), (L-H), &.77

(C-19 methyl), 8.82 (C-20 methyl), 9.26 (C-18 methyl); [e]y + 3°
{C =0.50). Analysis by accurate mass measurement, calce. for
Coplingls 300.208919, found 300.210430,

Instruments used were: melting points (corrected) - Kofler
block; infra red spectra — Unicam S.P. 200 spectrophotometer;
n.m.r. spectra Varian HA 100; wmass spectra - AEl, M5602; gas
liquid chrcmatography - Perkin-Elmer model 801; optical
rotations - measured at 20° in methanocl using a Perkin Elmer
model 141 automatic polarimeter.

IIENTIFICATION

The less polar metabolite, M, from severzl studies was
pooled until 100 pg was availavle. However, even alter pre-
parative gas liguid chromatography it could not be obtained
entirely pure, It therefore became necessary to investigate
the efficiency of the various methods of detection available
with regard to establishing conclusively the structurs of M.

In view of the similarity between their structures, the
spectral, chromatographic and other physieal behaviour of
methandrostenclone and its 1T7-epimer was examined. Pure
methandrostenolone and 1l7-epimethandrostenolone preparcd as
previcusly described were used for this purpose.

The Re values of the epimers on silica gel thin layer chromato-
graphy were identical in all the solvent systems investigated.
Both compounds produced an orange-brown spot afier development
with 5% sulphuric acid in ethanol spray and heating and a blue
spot with 8% w/v phosphcmolybdic acid in methanol spray. The
infra red spectra of the compounds in carbon disulphide
solution were very similar except for slight differences in the
fingerprint region, the adsorption maximum for the 1,4-dienore
carbonyl being at 1665 cm. 1

] Rongone and Segaleff (1) quoted the melting point of
their unidentified metabolite as 222-224°,  The melting
point of authentic 17-epimethandrostenolone is 221° and that
of metnandrostenclone is 163°C. Similar differences in the
melting points of pairs of 17-epimers are shown by testo-
sterone, m.p. 155° and lT—egitestosterone, .P. 221% and by
pethyltestosterone m.p. 16L° and 17Rf-methylepitestosterone,
mp. 1829 (8),

The optical rotations of the following pairs of 17-
epimeric compounds have been recorded:— methyltestosterone,
+760° end 178-methylepitestosterone, +67° (8) ; 17-methyl-i-
androsten-38,178-diol, +14°, and 17-metnyl-l-androsten-38,

17a~diol, +8¢; methandrostenclone, +12° and 17~epimethandrostenoclone,

+3%.  The differences between the rotations of each pair of
epimers are of the same sign and order of magnitude. Thus
compounds V and VI and their respective epimers behave as
would be expected (9 ). ‘
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ethanol was removed, The steroid was extracted into ether,
washed with saturated sodium bicarbonate solution, and water,
and finally dried over anhydrous magnesium sulphate. Crystal-

lisation from acetone afforded white needles of I1T, (0.76 g);
m.p. 129-131° (1it. 129-131° [7]); infra red (css) 895, 1655
(1T-methylene}, 1675 em~l {carbonyl); n.m.r. (cpCly) T 9.16
(C-18 methyl), 8.80 (C~19 methyl), 5.36 (J = U cps) (C-17
methylene), 4.27 (J = 6 cps)-(4-H).

17,20-0xido-22~nor-U-pregnen=-3-one (IV) - The enone (III, 0.5 g}
was dissolved in metnylene chloride (20 ml) and m-chlorcperoxybenzoie
acid (0.35 g) was added. The reaction was allowed to procesd for
2 hrs at room temperature. [Excess peracid was destroyed with 10%
sodium sulphite solution until starch-icdide raper remained white
when moistened with 2 drop of the reaction mixture. The solu-
tion was neutralised with saturated sodium bicarbonate solution,
washed with water and dried over anhydrous magnesium sulphate.
Evaporation to dryness and recrystallisation from acetone gave

the oxide (0.45 g); m.p, 180-184° (1it. m,p. 179-1820C {7]);

infra red (CSp) 1675 em™L (carbonyl); n.m.r. (¢DC1lz) © L.28 (L4-H},
7.30 {epoxide), 8.82 (C-19 methyl) and 9.1l (C-18 methyl).

17-Methyl~b-androsten-33,17¢-dicl (V) =~ The oxide (IV, 0.45 g)

was dissolved in sodium~dried sther and was slowly added to
lithium aluminium hydride (0.2 g) in ether (20 ml). The

mixture was refluxed for 30 min and excess reagent was destroyed
with weter, The stercid was extracted into ether, washed with
water and dried over anhydrous magnesium swiphate. Evepcoration to
dryness and recrystallization from acetone gave the diol (0.36 g);
m.p. 225-2280; infra red (CS5) 3410 em~1 (hydroxyl); n.im.r.
(CpC13) 1 b.72 (U-H), 5.8k (3a-K), 8.82 (C-20 methyl), 8.9h (C~19
methyl), 9,31 (C-18 methyl); [¢)p + 89 {C = 0.18). Analysis by
accurate msss measurement, calc. Tor CppHzpOz 304.240217, found
304, 239655,

1To~Hydroxy-17-methyl-1,4-androstadien-3-one (VI) - The diol (v,
0.35 g) and 2,3-dichlorc~5,6-dicyano-1,k-benzoquirone (0.57 g) in
dry dioxan (20 ml) were refluxed for 6 hr. The solvent was

then removed by eveporation, the residue was taken up in benzene
and was filtered through a layer of alumina to remove insoluble
quinecl. The crude preduct was chromatographed on an  alumina
column (10 g. Spence type, activity IT). Elution with
benzene removed three compounds with no carbonyl function,

but elution with benzene—chloroform (1:1) removed two polar
compounds , Zxamination by n.m.r. and mass spectrometry
identified the less polar compound: as 17ohydroxy-17-methyl-4-
androsten-3-one (178-methylepitestosterone) (0.0L g);

m.p. 180-182° {1it. 1820(8]); 1infra red (CS,), 1675 (carbonyl),
3410 em™! (hydroxyl); n.m.r. (CDClg) 7 4.28 {4-H), 8.81 (c-19
methyl, 8.81 (C-20 methyl), 9.28 (C-18 methyl) and the more polar
compound as 17o-hydroxy-17-methyi-1,4-androstadien-3-one
{17-epimethandrostenolone)(0.14 g); m.p. 2219; infra red (CSE),
910, 1636 (alkene), 1665 {carbonyl), 3410 e¢m™! (hydroxyl):

n.m.r. (CDCl3)  2.94 (J = 10 cps), (1-H), 3.73 (J = 2 cps)
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17-Methylene-5-androsten-3-cne (II)- The alcchol (I, 3.07 gl
was dissclved in ice-cold acetone {215 ml), maintained at 0%, and
Jones Reagent (6.14 ml) was added with stirring. After L5 seconds
" the reaction was quenched with methanol (120 ml) water was added,
the organic solvents were removed on a rotary evaporator and the
steroid was extracted twice into ether. The conbined ether extracts
were washed with saturated sodium bicarbonate solution and then with
water before being dried over anhydrous magnesium sulphate.
Evaporation to dryness yielded a crude product (2.83 g) which after
erystallisation from ethanol gave a mixture of II and 177, {0.898 g)s
m.p. 109-117°C; infra red (CS;) 895, 1655 (lT-—methylene), 1675
(carbonyl, III), 1715 em 2 {carbonyl, II).

17-Methylene-l-androsten—3- cne (III).- The mixture of encnes

{IL and III, 0.85 g) from the previous stage was dissolved in.
ethenol (50 ml) and anhydrous oxalic acid (0.2 g} was added.

The solution was held at 60°C for 30 wins, water was added and the
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(positive fractions). These fractions were then purified by
further chromatography on thin layers of silica gel G and finally
by preparative gas liguid chrometography. -Additional confirmation
of the carbon skeleton of the compound or compounds in these
fractions was again obtained by gas chromatography after high
temperature catalytic reduction.

The More polar of the two metabolites showed the same
chromatographic behaviour as 68-hydroxymethandrostenolone. The
major metebolite behaved similarly to methendrostenolome on thin
layer chromatography, but a slightly shorter retention time on
gas chromatography (SE-30 or QF-1) indicated that the compound
was not merely unchanged drug.

PREPARATION OF 17-EPIMETHANDROSTENOLONE

The preparatiocn of lT7oa~hydroxy-17-methyl-4-androsten-3-one
(178-methylepitestosterone) has been described by Sondheimer et al.
(7), using pregnenolone acetate as starting material. The
synthesis of l7-epimethandrostenolone here described is essentially
the same although different reagents were used snd the stariing
material was 3B-hydroxy-5-g&ndrosten-17-one (dehydroiscandrostereons),

Experimental

17-Methylene—5-androsten-38-ol (I).-  Triphenylmethylphesphonium
bromide (25.0 g) and potassium t-butoxide : t-butanol (1:1 complex,
13.04 g) were dissolved in dry dimethylsulphoxide (80 ml) under
nitrogen with gentle warming. A solution of 38-hydroxy-S-androsten-
17-one (4.0k g} in dimethylsulphoxide {80 ml) was added. The
reaction mixture was maintained at 80°C for lhr, diluted with ice
and 10% sodium chloride solution and extracted with ether. The
ether lgyers were combined and washed with water, dried over
-anhydrous magnesium sulphate and evaporated to drymess in vacuo

to give crude product (5.09 g) heavily contaminated with triphenyl-
phosphine oxide. Recrystallisation from methanol yielded pure I,
(3.17 g); m.p. 134-135° (1lit. 133-134°% [7]): infra red (CSp)

895, 1655 (17-methylene), 3450 em™1{3-0H); n.m.r. (CDCls)

19.20 {C-18 methyl), 8.98 (C-19 methyl), 5.36 (J =L cps?

(C-1T methylene), 4.6L4 (J = 6 cps) (6-H).
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as 6p-hydroxymethandrostenolone 68, lTs—dihydroxy—l?—methyl—l,h-
androstadien-3-one. The structure of the second metabolite was
not established but on the basis of the evidence available Rongone
and Segaloff suggested that it wes an isomer of methandrostenolone
rather than an oxygenated product.

Adhikary and Harkness have studied the metabolism of small
doses of methandfostenolone in normal man {2,3). They succeeded
in recovering 5% of the dose as two major metabolites from the
freely extractable neutral fraétion of the urine. High temperature
catalytic reduction with gas chromatographj of the hydrocarbon
products ('cearbon skeleton chromatography"' Ehfﬂ) was used to
locate the metabolites and to ql.lantiiy them. The tw§ compounds
occurred in the ratio 2:1, the minor of the two being identified
as 6B-hydroxymethandrostenclone (2). The 17-epimer of methan-
drostenolone 1Ta-hydroxy-17-methyl-1, k-androstadien-3~one has now
been synthesised and has been shown to be identica; with the major

urinary metabolite (M) of methandrostenolone in man (6).

ISOLATION AND PURIFICATION

In each study, the normal therapeutic dose of one 5 mg tablet
of methandrostenolone was administered to a male volunteer in good
health, and the total urine output of the following 25 hr was
collected. Extraction of the urine with chlorcform gave the
'free fraction'. The extracts were chromatographed on silica gel
G coated plates using chloroformmethanol 19:1 (v/v) as mobile
phase. Chromatographic fractions were collected as eluates from
1l cm bands; these were halved, evaporated to dryness and one set
of residues dissolved in 0.1 ml of ethanol. 10 ul of this
solution from each fraction was used for high temperature catalytic
reduction at 180-190°% using 1-3% w/w platinum catalyst. The
reduction products were analysed by gas chromatography using SE-30
or NGA columns with a hydrocarbon standard derived from the drug
by the same method. From these results, chromatographic fractiens
were selected which contained the same skeleton as the drug

18:6



760 STEROIDS ' ‘ : 18:6

showed that several compounds were generally present in the
metabolite samples even after repeated preparative thin layer
chroratography. It was established that the mass spectra of
synthetic methandrostenclone and its 17-epimer were unaffected
by gas chromatography of the compounds prior to spectrometry.
Consequently, metabolite samples were purified by preparative
gas chromatography, ccllescted in glass tubes and transferred to
the spectrometer probe as already described.

Prior to mass spectrometry of M is was necessary to
compare the spectra cof pure methandrostenclone Fig. 2(a) and
authentic l7-epimethandrcstenclone Fig, 2(c), The base pezk
of both compounds is m/e = 122 (12). The presence of this
ion establishes the i,4-dienone structure of the A-ring, since
it must arise by B-ring rragmentation with the transfer of two
protons to the charged species, Fig. 3 (13).

Under the conditions encountered within the mass spectrometer
17-epimethandrostencleone readily dehydrates to give a peak at m/e = 282
(1t~ HEO) which is large compared with the molecular ion, ut at
m/e = 300. It alsc gives a peak at m/e = 267 (¥* -Hp0-CH3y).

Both of these peaks are present in the spectrum of methandrostencleone
but are unimportant compared with M' and the ion at m/e = 242 which
arizes from fragmentstion across *he.D-ring. It can be seen from
these results that, although both epimers give rise to peaks at

the same m/e values the intensities can be used to determine which
epimer is present (6). Ananchenko 2t al. (10) obtained similar
results in their study of the mass spectra of 1l7-epimeric oestranes
and 19-nortestosterones and the correspeonding D- homo—l?a—eplmerlc
compounds.,
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The mass spectrum of the metabolite M after purificaticn by
preparative gas chromatography is shown in Fig. 2{h). This
spectrum adds further support to the earlier conclusions that M
is not merely unchanged drug and verifies the assumption that it
is 1T-epimethandrostenolone.

For further identification of M the TMSE derivatives of
the authentic epimers and M were subjected to mass spectrometry.

CH
ou :
| -18 5
0 | - ¢ m/e 262
m/e 300 o ‘
' ‘\1\78 .
. 0
0// 1'~ch3 mie 267
m/se le
A8
_CH
3 CHy
Wy
58
0
m/e 300 n/e 242
: Figure 3

A1l three gave similar spectra with the molecular ion, M at

n/e = 372, indicating the successful formation of the derivative.
The base peak is at m/e = 143, the origin of which iz shown in
fig. 4 (12). The only other ion of importance is that at

m/e = 282. ' ’
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Examination of Commercial Methandrostenolone

Because less than 5% of administered methandrostenolone
can be recovered as lY-epimethandrostenolone it seemed advisable
to check that tablets of commercial methsndrostenolone do not
contain a small guantity of the epimer. Accordingly, ten 5 mg
tablets of methandrostenolons (Dianazbol, Ciba) were ground to
& fine powder and extracted with benrzen=. The insoluble carrier
material was removed by filtration and the solvent was removed
on & rotary evaporator, Crystals, which had a melting point
identical with that of pure methandrostenolone wers obtained.

. Gas liquid chrematography of the THSE derivative of the drug

cbtalned from tablets showed no 17-epimer.

Fig.5(a) shows the mass spectrum of a synthetic mixture
containing 95% pure methendrostenolone =znd 9% 17-epimethan-
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drostenclene, The spectrum of methandrostenolone extracted

from tablets is shown in fig.5(b). It is identical with the
spectrum of purs methandrostenocleone, ©ig.2{a), and differs from
fig.5(a). No epimer was detectsble after extracting
methandrostenclone from water and subsequent thin layer chromato—
graphy during which the samples were exposcd to light. The
compound has already been shown to be unaltered after gas
chromatography. S8ince the 17-epimer was not present in the
starting material, nor was it produced by the isolation
procedures, the l7-epimethandrostenolone isolated from urine after
the administration of methandrostenolone must be of biochemical
origin.

DISCUSSION

Proof that a major metabolite of methandrostenolone in
normal man is l7-epimethandrostenolone raises the guestion as
to how 1t arises, The epimerisation of secondary hydroxyl
groups is well known chemically {1k4) whereas epimerisation of
the tertiary 17-hydroxyl group is unknown {15). The epimeris—
atien of secondary steroid alcohols has previously been reported
in biochemical systems especially when there is an adjacent
oxygen function which can assume an oxo-form {16) but such reactions
generally constitute minor metabolic pathways. Biochemical
epimerisation of tertiary alechols, to our knovledge, haé not
been previously described.

The metabolism of methandrcstenolone proceeds quite
'differently from that éf 1Ta-methyltestostercne (17) where the
4(5)-double bond and the 3-oxo group are both reduced. In
addition, there is nc evidence of epimerisation at C-17.

These findings sﬁggest that the A~ring of methandrostenolone
is more stable to the usual enzymatic conversions but may

somehow facilitate the epimerisation at C-17. Similar facts

N
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to these have also been observed by Schubert et al. (18) in
their work cn the metabolism of the Y-chloro analogue of
methandrostenclone (Oral—Turinaﬁol). These. workers have
isolated from the freely extractable fraction an unidentified
metebolite present in relatively large amcounts which may well
be the 17-epimer cof Cral-Turinabol.

The isolation of lT-epimethandrostenclone from the freely
extractable fraction rather than the conjugated iglucuronide'
fraction of urine is unusual; 1little or in some cases no meta-
bolites-were obtained from urine after g-glucurcnidase hydrolysis.
In.addition to the inhibition of glucurenyl transfer to the
178-hydroxyl group by the 1Ta-methyl group the structure of the
A-ring probably further reduces conjugation of the 17-hydroxyl
group; this is consistent with findings of Hsia et al. (19)
who found that 1T7f-hydroxy-1T-methyl-1,h-androstadien~3~one was
four times more effective than 178-hydroxy-1T-methyl-4-androsten-
3-one in inhibiting conjugation of o-aminephenol in vitro.

The mechanism of formation of the 1lT—-epimer is &t present

being studied.
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