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NOTE

The confiiguration of the hydrogen atoms at the ring junctions
will be 50,88,% and l4c, unless otherwise specified.
In the diagrams the configurations are shown as follows:

A so0lid line indicates & p-configuration

A broken line indicates = e-configuration

A wavy line indicates an unknown configuration or a

mixture of isomers.

A dotted line 1ndicat;a & partially formed bond.
The nomenclature, adopted by Bladon and Mcnsokcngs for exocyclic

steroid epoxides has been followed.

The exocyclic carbon at C-3 will be named the 3' position,

€ee is 3p-methyl-3c,3'-epoxy-Scu-cholestane.




Summary

The stereochemical results of the epoxidation with dimethyl-
oxosulphonium methylide and dimethylsulphonium methylide of 5a-
cholestan-3-one, 2¢-methyl-5a-cholestan-3-one, 2,2-dimethyl-50-
cholestan-3-one, S5a-cholestan-2-one and Sc-androstan-lT7-one and the
epoxidation with perascids and the alkaline hydrogen peroxide-benzo-
nitrile system of the methylene-derivatives of these five ketones
have been studied. Dimethyloxosulphonium methylide with the A-ring-
ketones gave mainly epoxides resulting from egudtorial attack, while
its reaction with the 1l7-ketone involved attack from the c-side.
Attack of S5e-cholestan-3-one and 2,2-dimethyl-5c-cholestan-3-one
with dimethylsulphonium methylide was mainly axial, whilst the
epoxidation of 2¢-methyl-5e~-cholestan-3-one and So-cholestan-2-one
with the same reagent involved principally equ@torial attack. The
reaction of Sa-androstan~lT7-one with dimethylsulphonium methylide
gave the 17f,20-epoxide. Peracid attack of the 3-methylene-steroids
was mainly axial, while that of 2-methylene-5c-cholestan and 17-
methylene-5c-androstane was predominantly from the a-side. LEpoxi-
dation of the A-ring-methylene-steroids with the alkaline hydrogen
peroxide-benzonitrile system involved predominantly equétorial
attack, whilst 1T-methylene-5c~androstane with this reagent gave
the 1T7¢,20-epoxide. The addition of hypohalous acids to 3-methylene-
5a-cholestane has been studied. The epoxidation of A-nor-Sc-
cholestan-2-one with dimethyloxosulphonium methylide and the peracid
epoxidation of 2-uethylono-A-nor-Sc-cholostane eand 3-methylene-4,4-
dimethyl-cholest-5-ene have been carried out.

The reactions of methylene-epoxides under basic conditions



involved attack at the exocyclic carbon atom, while with acids or
reagents involving coordination to the epoxide oxygen as the first
stage attack took place at the more heavily substituted steroid-
ring carbon aton. A

The stereochemistry of the intermediate amino-alecohols produced
in the Tiffeneau reactions of Se-cholestan-3-one, 2a-methyl-S5c-
cholestan-3-one and 2,2-dimethyl-5a-cholestan~3-one has been deduced
from the corresponding 3-methylene-epoxides by cleavage with N3™,
followed by reduction of the 3-azidomethyl-3-alcohols.

The epoxidation of cholest-4-en-3-one with dimethylsulphonium
methylide was unsuccessful, alumina chromatography of the crude
product allowing for the isolation of an «,pP-unsaturgted-Sa-cholestan-
3-aldehyde. The synthesis of 3p-methyl-3c,3'-epoxy-S5c-cholestan-2-
one from 2,2-ethylenedioxy-5a-cholestan-3-one has been carried out.
2=lethylene-5a~cholestan-3pf-0l was prepared from 2-N-piperidino-
methylene~50-cholestan-3-one and the peracid epoxidation of the
2-methylene-3p-0l and its 3p-acetate was carried out, followed by
modifications of the C-3 functional groups of the epoxides. The
reactions of these 3-oxygenated-2-methylene-epoxides with acidie
reagents involved cleavage of the bond between the epoxide oxygen
atom and the exoeyclic carbon atom.

The epoxidation of the 3-ethylidene-S5c-cholestanes and 3-
isopropylidene-5c~cholestane with peracid involved predominantly
axial attack, whilst epoxidation of these compounds with the alkaline
hydrogen peroxide-benzonitrile system showed a preference for '
equétorial attack to take place. The epoxide derivatives of the
3-ethylidene-50-cholestanes all gave 3f-acetyl-S5a-cholestane on



rearrangement with Br3, the P-epoxides also giving some 3o-methyl-
5a~-cholestaen-3f-aldehyde. The BF3 catalysed rearrangements of the
two 3-isopropylidene-epoxides have been carried out. The o=
epoxide gave 4,4-dimethyl-A-homo-5¢-cholestan-3-one and 3p-methyl-
Ja-acetyl-Sa~cholestane, while the p-epoxide gave Jo-methyl-3f-
acetyl-5a-cholestane. As part of the proof of the structure of
the ring enlargement product from the c-epoxide, the methylation

of A-homo-5c-cholestan-4-one was carried out.

The synthesis and the Br3-oatalyaod rearrangements of the
epoxides of 2-isopropylidene-A-nor-5c-cholestane have been carried
out. |

The o~ and f-epoxides of 2.3-d1nothyl-§a-oholoatano have been
prepared and treated with BF3, the c—opoxido‘giving 2p-methyl-2¢c-
acetyl-A-nor-5¢-cholestane and the P-epoxide the corresponding 2a- |
methyl=-2p-acetyl-compound.

Finally the reaction of 2¢,3o-epoxy-So-cholestane with methyl
magnesium iodide was found to involve rearrangement to Se-cholestan-

3-0one.
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The chemistry of the epoxide group in steroid systems has
been extensively investigated. The methods of synthesis and
ring-opening reactions of particular steroid epoxides illustrate
the influence that steric, electroniec, and conformational factors
can have upon the chemical reactions of the epoxide system. In
the work presented in this thesis the synthesis and reasctions of
some exocyclic and tetrasubstituted steroid epoxides are reported.
Examples were chosen in order to illustrate three aspects of
epoxide chemistry; stereochemistry of epoxidation, nucleophilie
substitution reactions of epoxides, «nd Lewis acid cataslysed
rearrangeuent reactions of epoxides.

A literature review of the available information relevant

to these three aspects of epoxide chemistry has been made.



stereochemistry of Epoxidation

0f the many methods available for epoxide synthesis the
most frequently used are peracid (1)1 and alkaline hydrogen
peroxide (2)1 oxidation of olefins, eyclodehydrohalogenation of
halohydrins with alksli (3, X = halogen),’ and cyclisations which
involve other leaving groups than halogen such as the base treat-
ment of monoalkyl- or monoarylsulphonate esters of 1l,2-diols
(3, X = =0S02R). To these methods can be added two recently
reported procedures which oifer interesting and useful routes to
epoxides. The first method consists of the treatment of olefins
with benzonitrile and hydrogen peroxide in methanol at & pH oa.é.z'3
Here the peroxide and benzonitrile co-react to give the reactive
peroxybenzimidic acid (4) which in the absence of an olefin will
oxidise the hydrogen peroxide itself to oxygen (4).2 The mechanism
for epoxidation by this reagent has not yet been rigorously

established but hes been assumed to be similar to the Bartlottl
mechanism for peracid epoxidations (l).3 The second of the newer

methods involves the reaction of aldehydes and ketones with
certain sulphur yltdos§’4'5'° 0f the ylides that have been used
for epoxide synthesis, dimethyloxosulphonium methylide (5a) and
dimethylsulphonium methylide (5b) have so far been the most
pronin.nt.3"'5 It has been found that these two ylides differ
both in their reactivity and in their reactions.‘ For while the
less reactive oxosulphonium ylide interacts with the carbonyl
group of aromatic and nonconjugated aldehydes and ketones to form

epoxides and with a,p-unsaturated ketones to form eyelopropyl
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ketones (6), the sulphonium ylide is extremely labile with a half-
life of &« few minutes at room temperature and gives only epoxides

even from a,f-unsaturated ketones.

(a) Epoxides from olefins
Turning now to the stereochemical aspects of epoxidation, it

is a general rule that the attacking species, be it peracid or
helonium ion, will tend to approach the site of the reaction from
the less hindered side of the molecule. This directive influence

is clearly seen in the peracid epoxidation of steroid olefins.

In A/B-trans steroids, for example, the screening of the p-face of -
‘the molecule by the angular C-19 and C-18 methyl groups causes attack
by peracid predominantly from the less hindered a-face resulting in
the formation of c-epoxides. Thus Sc-oholcat-l-cno,7 S5e=-cholest=2-

9

one,e and Sa-cholest-3-ene” all give exclusively e-epoxides on
treatment with peracids, With cholest-5-ene, however, some ca.2l %
of the p-epoxide is formed on peracid epoxidation.lo The formation
of the p-epoxide is attributed to the effect which the 5,6-double
bond has upon the conformation of rings A and B. The trigonal
carmmon atoms at C-5 and C-6 cause the l9-methyl group to become
pseudoaxial thereby reducing the screening effect on the incoming
reagent. However it must be noted that cholest-4-ene in which the
methyl group at C-10 is also pseudoaxial gives only the c-epoxide.
The results from the peracid epoxidation of several rigid

methylenecyclohexane systems have recently been published.3’12’13

With relatively unhindered compounds such &8 4~t=-butyl-methylenecyclo-
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hexane (7, X = CHp) and trans-l0-methyl-2-methylene-decahydro-

- naphthelene (10, X = CHy) peracid attack is predominantly axial to
give the two epoxides (8) and (11), while egudtorial attack is
observed with the more hindered trans-9-methyl-2-methylene-deca-
hydronaphthalene (13, X = CHp) giving the epoxide (15).3 Explana-
tions similar to those used to elucidate the stereochemistry of the
metal hydride reduction of cyelohexanones have been put forward to
explain these epoxide formations since the fesults obtained from the
epoxidations of the methylene-compounds when compared with the
reduction products of the corresponding ketones (7, 10, 13, X = 0)
are found to be stereochemically very'sinilar.3 There have been two
explenations put forward in order to account for the stereochemistry
of metal hydride reduction of oyelohoxanones}"ls’ls The rirstl‘
involves two factors, "sterie approach control" and "product develop~
ment control." Here equétorial approsch is assumed to involve
approach from the less hindered side, and is found in relatively
hindered cyclohexanones where there is substantial steric inter-
ference between & a-axial substituent and the attacking species in
the transition state, with the less stable axial alcohol resulting.
With unhindered cyclohexanones, on the other hend, the stable
equatorial alecohols are predominantly formed, and it is assumed that
the relative stability of the product is reflected in the transition
state with formation of the more stable product. Thus while the
result of the epoxidation of the more hindered olefin (13, X = CH2)
in which there is one 1,3-interaction with hydrogen and one 1,3~

interaction with the angular methyl group is presumably due to
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vgterie approach control" the other methylene-cyclohexanes would
appear to give products resulting from "product development control"®
indicating that the epoxides are more stable with their methylene
groups "oquiforial."

In the second cxplanation;s’ls it is suggested that unhindered
cyclohexanones are not symmetrical above and below the plane of the
carbonyl group and that while equitorial substituents on the cerbons
¢ to the carbonyl group are more or less in the plane of the carbonyl
group thereby giving little steric interference to attacking reagents
the axial substituents on the same a-carbon atoms are perpendicular
to the plane of the carbonyl group and will tend to interfere with
the close approach of a reagent from the equitofial side. If the
transition state for the reaction is reached at some distance from
the carbonyl group, however, the éxial hydrogens on the p-carbons
will become sterically more important resulting in & decrease in
axial attack. Applying this hypothesis to the peracid epoxidation
results would therefore indicate that the peracid must closely
approach the double bond in the transition state.

From the epoxidation reactions with the unhindered methylene-
oyolohoxanos3 it was found that the amount of axial attack is some-
what solvent dependent, the use of methylene chloride and chloroforam
giving the least zmount of axial attack. This is aseribed to a
tighter solvation of the transition state which will conseguently
inerease the bulk of the reagent meking a sterically controlled
process more important.

Steriec factors are not, however, the only influences on the
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stereochemistry of peracid epoxidation. With o,p- or py-unsaturated
aleohols peracid attack produces an epoxide in which the epoxide
oxygen usually assumes a position on the same side of the molecule

as the hydroxy]. group (.‘. (17&)).12’11’18

This can naturally give an
epoxide oxygen on oither the more or less hindered side of the
molecule, depending on the position of the hydroxyl group. This
has been explained in terms of hydrogen bonding between the peracid
and the hydroxyl group (18), which holds the reagent on the same side
as the hydroxyl group with the result that finally a cis-epoxy-
alecohol is produced. One of the best steroid examples of this is
the epoxidation with perbenzoic acid of Sa-cholest-l-en-3f-ol (19,
R = H) in which the 1p,2p-epoxide (20a) is formed, whereas 3p-
acetoxy-5a-cholest-l-ene (19, R = Ac ) yields the corresponding
lo,2a-epoxide (20b).18d This type of reaction has been found in some
cases to be solvent oontrollod,l7 for while epoxidation of eyclo-
pentenol (16) gives high yields of gis-epoxide (17a) in cyclopentane
or acetonitrile as solvent, more 3ggg§roonpound (17b) is produced in
ether or methanol. This is probably due to the hydroxyl group
hydrogen bonding with the oxygenated solvents rather than the peraecic

Long range directive effects have also been obgserved in olefin
epoxidation.l7 Thus the alkeline hydrogen peroxide of l7-substitute«
lk‘—3-keto-steroida (21) gives 100% p-epoxide (23) as the normal
product except where the 17-substituent is a hydroxy- or acetoxy-
group when, because of polar effects, up to 30% of the product is
the c-epoxide (22).

So far only one stereochemically significant epoxidation with
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the alkaline hydrogen peroxide-benzonitrile system has been carried
out.3 Epoxidation with this reagent of fhe same rigid methylene-
cyclohexanes used in the study of peracid epoxidation (p.3) in all
cases gives predominantly equdtorial oxygen transfer, These
results can be explained by assuming that the reagent has considerable
steric bulk thus attacking the double bonds by a sterically controlled
pProcess and/or that the traunsition state for the addition is formed
at a distance from the double bond such that the p-axial hydrogens
become steriecally important. '

There are three well established methods for the synthesis of
the intermediate halohydrins (24)'neoo:s§ry in the eyclodehydro-
halogenation technigue; the addition of a hypohalous acid to an
olefin (25), reduction of a-halo-carbonyl compounds (26) and addition
of organo-metallic rezgents o #-halo-oarbonyl compounds (27).1 In
all cases the hydrogen atom and hydroxyl-group must be trans to one
another ior cyclisation to an opoiido t0 take place, the reaction
being particularly favoured when the groups are trans diaxial to one
another.l This necessity for trans arrangement of groups also
applies for those cy&lisationa involving leaving groups other than
halogen.l

The stereochemistry of epoxidation starting from e-halo-earbonyl
compounds depends on the configuration of the halogen atom in the
starting material (and need not be considered further). With the
addition of & hypohalous acid to an olefin the prineiple of attack
from the less hindered side again prodoninatoa,l attack of the

halonium ion producing a halohydrin with the oxygen atom on the more
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hindered side of the molecule, This therefore results in the
formation of epoxides isomeric in configuration to those obtained

by peracid epoxidation of the same dlefin. For example hypobromous
acid generated from N-bromosuccinimide and perchloric acid with
Sa-cholest-2-ene (28) gives 3a-bromo-Sa-cholestan-2g-ol (29),%2
which on treatment with alkali produces 2f,3p-epoxy-5c-cholestane
(30)20 while as has already been mentioned peracid attack of this
olefin gives the c-epoxide (31).8 Also well illustrated in this
example is the stereochemistry of the addition to the 2,3-double
bond, the trans diaxial bromohydrin and not the diequétorial compound
being produced. Endocyeclic olefins in general give trans diaxial
addition compounds, the unsymmetrically substituted 9';1-steroids
(32) give, for example, the 9a-bromo, llp-alcohols (33).21 This

is in marked contrast to addition of hypohalous acids to unsymmetri-
cally substituted acyclic olefins where Markovnikov's rule is
usually obeyed to give & compound with the halogen atom on the less

22

substituted carbon atom. Agein of particular relevence to this

work is the addition of hypohalous acids to methylenooyoloalkanca.23
Here ring size has an influence for while hypobromous acid gives only
l-bromo-cycloalkylmethanols (34), hypochlorous acid gives mixtures

of chlorohydrins, The l-chloro-compounds predominate for four-

and six-membered rings and the chloromethyleycloalkanols predominating

with the five- and seven-membered rings (35).
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(b) Epoxides from ketones
The stereochemieal results for the epoxidation of the carbonyl

groups of aldehydes and ketones with dimethyloxosulphonium methylide
and dimethylsulphonium methylide are interesting. It has been
shown that in this respeet a real difference exists between these

two ylides. For while the oxosulphonium ylide on addition to
eyclohexanones reacts by equétorial attack the sulphonium ylide shows
a preference for axial attaok.‘ gxamples include the reaction with
4-t-butyleyclohexanone which with the oxosulphonium ylide gives a 90%
yield of the epoxide (9), while with the sulphonium ylide & mixture
of the two epoxides (8) and (9) is produced in which the epoxide
with cis t-butyl and epoxide oxygen atom (8) predominates (ratio of
eis: trans 87:13). Transfer of methylene to 3,3,5-trimethyleyclo-
hexenone with the oxosulphonium ylide is also stereospecific with
only epoxide (36) being formed. The same starting materizal on
reaction with the sulphonium ylide gives a mixture of epoxides with
the axial methylene epoxide comprising 55% of the mixture.

Several non-conjugeted steroid ketones have been treated with
these reagents as & means of produeing exocyclic steroid epoxides.
With Sp-steroid-3-ketones single epoxides seem %o be produced on
treatment with dimethyloxosulphonium methylide. Unfortunately,
nowever, the configuration of these epoxides has not been established.
Dihydrotestosterone (37) on the other hand with the oxosulphonium
ylide gives a T9% yield of the c-epoxide (39) while the sulphonium
ylide reacts with the ketone to give a 90% yield of the p-epoxide
(38).5f The explanation for these results is based upon the assumptio:

that initial attack on the carbonyl group by the ylides will teke
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place from the g-side to give intermediates (402) and (40b) with
the intermediate formed from the more reasctive sulphonium ylide
less likely to revert to starting materisls than (40b) which is
formed from the relatively stable oxosulphonium ylide. Then since
epoxide generation from (402) or (40b) involves Sy2 backside
displacement of sulphonium group by oxyanion a trans coplanar
arrangement of oxygen and sulphur is required. With intermediates
(40a) and (40b) severe non-bonded interactions between the groups
attached to sulphur and the la- and So-hydrogens will occur and will
be more severe with (40b), . However, an intermediate of the form
(41) will be relatively free of non-bonded interactions and thus
while the seme intermediates (40a) and (40b) are initially formed
from either ylide only (40a) goes to a product. The other
intermediate (40b) participgtes in an eguilibrium among starting
materials, (40b), and (41b), only the later going to products,.

With 17-keto-steroids (42) ylide attack takes place to give
17p,20p=-epoxides (43)5a,b,o,d,o but even here there is a difference
between the ylides, the sulphonium methylide is almost 100%
stereospecific whilst the oxosulphonium methylide always gives a

little of the c-epoxide (440,53'b-°’0
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Lpoxide Nucleophilie Substitution Reactions

Ring opening reactions of epoxides involve nucleophilic attack
on one of the epoxide carbons with displacement of the epoxide
oxygen and are therefore nucleophilic substitution reactions.

Most of these reactions take place with inversion of configuration
at the site under attack although some examples with retention of

configuration are known.1’24

It is most convenient to consider separately ring opening reac-
tions which take place under basic or neutral conditions from those
carried out under acidie conditions. In the former case simple
nucleophilic attack at one of the epoxide carbons with subsequent
ring opening is the most likely procedure whilst under acidic con-
ditions epoxide oxygen protonation will first take place with a
resultant weakening of both carbon-oxygen bonds. Thus bond breaking
is relatively easy under acidic conditions and with backside push by
the attacking nucleophile ring opening is a fairly rapid process.

Orientation studies of nuecleophilic substitution resctions of
unsymmetrically substituted acyclic epoxides show in faect that there
is a difference in the mechanisms of substitution under basie or

24 For example

neutral conditions and under aecidie conditions,
treatment of 2,3-epoxy-2-methylbutane (45) with sodium methoxide

gives 3-methoxy-2-methyl-2-butanol (46) whilst the addition of

methanol, ecatalysed by sulphuric acid or boron trifluoride, to the
same epoxide gives chiefly 3-methoxy-3-methyl-2-butanol (419.25
With the basic reagent steric hindrance will inhibit attack at the

more highly substituted carbon whilst the different product resulting

from reaction under acidic conditions indicates that the transition
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state here must involve some degree of positive charge on the more
highly alkylated carbon which can be stabilised by the electron
releasing effects of the two methyl groups. Since inversion takes
place, a fully developed carbonium ion is unlikely, and thus both
reactions can be regarded as involving Szy2 type mechanisms.

With exocyclic epoxides a similar orientation distinetion can
be made between nautral or basic and acidic reaction conditions,
With lithium aluminium hydride reduction of methylenecycloalkane
epoxides gives tertiary alcohols (47)2‘ whilst cleavage of the
same type of epoxides with hydrogen halides produces mainly l-

halocycloalkanemethanols (48). 23

In nucleophilic substitution reactions of steroid epoxides
conformational effects are usuaslly more important than primary
steric, or electronic effects. This is also true for other
endocyclic epoxides, 0f the very many examples of this effect in
steroid epoxides one which best illustrates the difference between
substitution reactions with acyclic and alicyclic epoxides is the
cleavage of 5p,6p-epoxy- and 5e,6c-epoxy-steroids (49) and (50)
with hydrogen chloride to the trans diaxial chlorohydrins (51) and

(52) respeotively.27 Indeed, there are very few examples where

diexial cleavage is not observed for e teroid epoxides in which
there are no strong polar group influences. One exception,
however, to the diaxial opening rule exists in the case of acid
cleavage of 4,4-dimethyl-2g,3p-epoxy-steroids (53) where the trans
diequitoriel derivatives (54) are formed, this being due to the

28
original epoxides existing in preferred half-boat conformations.

The orientation during the ring-opening of unsymmetriecally
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substituted epoxides is greatly influenced b, adjacent polar

groups. An electron withdrawing group tends to inhibit attack at
the epoxide carbon next to it. For example with epichlorohydrin
(55) the electronegativity of the chlorine atom overcomes the

normal tendency for attack to take place at the more highly alkylated
carbon atom under acidic conditions and with various alcohols gives
the same products (56) as with the corresponding sodium alkoxide-.29
Similarly glyeidol (57) has been converted into l-ethoxy-2,3-
propandiol (58) on treatment with either sodium ethoxide or ethanol

in the presence of an aoid.3°

Such & general rule cannot however be applied to steroid epoxides
with an adjacent electron withdrawing group. Here factors other
than electronic czn influence the ecourse of the reaction. A survey
of some examples can illustrate this point taking acid-catalysed
ring-opening reactions of c,ﬁ;epoxy-ketonea as the first examples.

The 16@.l?a-epoxy-l?ﬁ-mothyl—l?u—ketono‘(59) gives a bromohydrin
(60) on treatment with hydrogen bromide in which there is a
diequatorial orientaticn of bromine end hydroxyl group and the
corresponding p-epoxide (61) cleavea'to give a product (62), with
the same reagent, in which the hydroxyl groupAis also & to the
kctcnn.31 The exoeyeclic epoxide (63) similarly gives the bromohydrin
in which the bromine is on the exocyelic carbon atom (64).32 However,
3Jo-scetoxy-1lbe,lTe~epoxy-16p-acetyl-5p-androstan-ll-one (65) with
hydrogen bromide in acetic acid gives a bromohydrin (66) with the
hydroxyl group p to the carbonyl group.33 Again, epoxide (67)
cleaves with hydrogen bromide to give the lTa-bromo-léf-alcohol (68)

in which the substituents are quasi-axia1.3‘ Obviously for these
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last two examples steric =nd conformational factors are of
importance., This type of behaviour is not confined to cyclo-
pentane epoxides, however, for the o~ and B-epoxy-derivatives of
testosterone (69) both give on treatment with hydrogen halides,
the 4-halo-compounds (70).35

Several c-hydroxy- (and c-acetoxy-) sterocid epoxides have clso
been subjected to acid catalysed nucleophilic substitution reac-

36,37

tions. Again results cannot solely be explained in terms of

the inductive (-I) effect of the hydroxyl-(acetoxyl-) group.

Hydrobromic acid cleavage of 4o~ and 4p-acetoxy~5c,0a~epoxides
(71) and (73) gives the expected Su-nydroxy-6f-bromo-compounds (72)
and (74), and the 4p-acetoxy-5f,6p-epoxide (75) similerly gives the
expected trems-diegquatorial bromohydrin (76). However, 4o-aceloxy-
5p,6p-epoxy-cholestane (77) gives with hydrobromiec acid a mixture
of the trans-diaxial Se-bromo-6p-alecohol (78) and the trans-
diequatorial 6f-bromo-6p-hydroxy-derivative (79). The same epoxide
(77) on treatment with methanol and toluene-p-sulphonic acid gives
only the Sa-methoxy-0f-ol (80). The reagent used for epoxide
cleavage seems to be of considerable importance since the acid .
catalysed addition of methanol to the 4p-acetoxy-5¢,0p-epoxide
gives cholest-5-en-4-one (81).

At the same time the rezctions of the four isomeric 4,5-epoxy-

6-hydroxy-cholestanes under acidic conditions were 1nvestigatod.37

With the exception of the 4p,5p-epoxy-opf-ol (82) the epoxides with
methanol and toluene-p-sulphonic acid yield products resulting
from C-4-0 bond cleavage. The ois-p-epoxy-alecohol (82) does show
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some C-4-oxygen cleavage (83) but this product is accompenied by
some cholest-4-en-G-one (£4). This can only be explained by C=5-
oxygen bond cleavage concerted with hydride migration from C-4,
A similar mechanism to this is also proposed for formation of
cholest-5-en-4-one from 5p,6pP-epoxy~-4p-hydroxy-cholestane, In
both cases & boat conformation is required [ring A for the 5,6-
epoxide, ring B for the 4,5-epoxide] for a trans sntiparallel
arrangement of the 4o~ or 6n-hydrogon and the C-5-oxygen bond.

The presence of conjugated groups favours attack at the
ad jacent carbon both under éoidio and basic or neutral oonditiona.z‘
Under acidic conditions the positive charge (or partial positive
charge) is stabilised by conjugative electron release from &
(=orbital or atomic p-orbital. In some cases there is good
evidence for 2 high degree of carbonium ion development and a two
step reaction, backside attack by the nucleophile not being part
of the driving force for the reaction. 3-Phenyl-2a,30-epoxy-5a=
cholestane (87) which rescts with lithium aluminium hydride in the
normal fashion to give 3p-phenyl-Sc-cholestan-3e-ol (88) undergoes
an abnormal resction with dilute perchloriec acid in aqueous hcotono,
the main produet being 3p-phenyl-5c-cholestan-2e¢,3p-diol (90).38
The proposed mechanism reguires cleavage to the C-=3 carbonium ion
followed by the nucleophile then -attacking in the main from the
less hindered side of the molecule. This is one of the few steroid
epoxides giving retention of configuration on nucleophilic sub-

stitution. In faet cis ring opening is frequently observed with

aryl substituted epoxides when the resction is carried out under
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acidie oonditions.24’3%his has been interpreted s being due to

the formation of an ion pair by the protonated epoxide and aeid
anion (91) which is enclosed in & "cage" of solvent with consequent
nuecleophilic attack by the anion taking place from the only

available direction, i.e. from the same side as the epoxide oxyann?"3g

However, this clearly should be possible with any acid catalysed
epoxide nucleophilic substitution reaction. Since, cis opening has
so far only been observed for epoxides carrying unsaturated sub-
stituents such as aryl groups or double bonds this would tend to
indicate that the transition state must have considerable carbonium

ion character &nd could thus be represented as (92)39 which would

account very well for cis opening to 2 produet with overall retention
(93). A good example is the opening of trans-stilbene epoxide

with hydrogen chloride in chloroform to give only threo chloro-
hydrin‘o (complete retention). It is interesting, however, that
cis-stilbene epoxide gives up to 8074 inversion under the same
conditions, Here, if a transition state of type (92) were involved,
there would be & fair degree of eclipsing between the two aryl
groups and rotation around the carbon-carbon bond to the more

stable trans form might take place prior %o chlorohydrin tornation.39

Another steroid epoxide giving retention of ring opening is
the ring B epoxide (94).‘1 Acid catalysed reaction with benzoie
acid in benzene gives mainly the Op-ester (95) and it is supposed
that the presence of the 7,8-double bond leads to considerable
carbonium ion development at C-6 with the direction of attack of

the nucleophile due either to attack preferentially occurring from



the less hindered side or to & partial bond intermediate. It is
interesting to note that cleavage of the corresponding 3p-acetoxy-
epoxide (96) with boiling water yields mainly the diol (97)
agcompanied by & little 6f-alcohol (95 with C-3 acetate, C-6-0H).
Compound (97) is the result of a Syg2 type reaction with inversion
at C-0.
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LPOXIDE REARRANGEMENT REACTIONS

A convenient method for the reerrangement of an epoxide to
its isomeric ketoniec products is to treat the epoxide in a suitable
solvent with a Lewis acid such &s boron trifluoride (98). The
first step in this type of reaction involves co-ordination of the
Lewis acid with the epoxide oxygen bringing about polarisation of
the carbon-oxygen bonds with conseguent migration of one of the
substituents to an eleetron difficient centre. Which bond breaks
and which group migrates depends on steric, electronic, and con-
formational factors. Clearly these rearrangements can also involve
either a transition state with bond polarisation and concerted
group migration or a two step reaction in which full carbonium ion
development first takes place. The nature of the substituents on
the epoxide have & bearing on the degree to which a carbonium ion
is involved, it being most favoured in epoxides with adjacent
conjugative substituents and least favoured where a positive
churge at a secondary centre would be involved.

Products from epoxide rearrangement reactions can often only
be explained in a satisfactory manner by attributing their formation
to a two-step carbonium ion mechanism. Goldamith,42 for example,
found that reaction of Geraniolene monoepoxide (99) with boron tri-
fluoride in benzene as solvent gives the three produets, (100), (101),
and (102), Compound (101) results from a transition state with
full development of a positive charge.

This oxanplo42 also illustrates well two other points which

can often be observed in boron trifluoride catalysed epoxide
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rearrangement reactions. When ether is substituted for benzene
as the reaction solvent the overall reaction is much slower than
that for benzene. After fifteen minutes some 17% of the starting
material remains unchanged with ether whilst in benzene total
conversion to preoducts occurs in this time. Other workera43 have
explained this solvent dependence of reaction rate in terms of the
equilibrium shown in (103) meking it obvious that the concentration
of boron trifluoride-epoxide complex will be increased by the use
of an inert solvent. Again using ether as solvent the reaction
products are different.‘z for as well as some starting nﬁterial
and compounds (l101) and (102) the fluorohydrin (104) is also
produced. The rate of fluorohydrin formation is much faster than
that of ketone formation when roughly eguivalent amounts of epoxide
and catalyst are used. Preferential fluorohydrin formation on
treating epoxides with boron trifluoride has been found in many

10,44,45,59,08,TL .4 4g usually solvont-dopandont.10’4"‘5

instances
For example the epoxy-ketone (105)%% with a limited amount of boron
trifluoride—etherate in ether leads to fluorohydrin formation (106)
whilst in benzene the dicarbonyl compound (107) is formed.

In meny cases treatment of these fluorohydrins with a further
quantity of boron trifluoride leads to the same ketonic products
that are formed during boron trifluoride treatment of the original
epoxide in benzene, With fluorohydrin (104) for example treatment
with boron trifluoride-etherate in ether gives (:I.OJ.).‘2 With

benzene, the fluorohydrin on treatment with more boron trifluoride

undergoes fragmentation to volatile products. Usually, however,
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either solvent gives the same results for this type of seoondgry
transformation. Further details of preferential fluorohydrin
formation and mechanisms for their subseguent conversion to ketonic
products will be given when the effect of polar groups on epoxide
rearrangement is discussed.

In trisubstituted steroid epoxides, without a polar substituent
in the vieinity of the epoxide group, ketone formation results from
a hydride shift. Moreover migration of hydrogen is stereospecifie,
with the 9,ll-epoxides for example, the ketone with a p-hydrogen
at g=9 (110) is formed from the c-epoxide (108) while the P-epoxide
(109) gives the corresponding Ya-compound (111).10’46 It is
interesting that whereas the reaction with the p-epoxide is complete
in five minutes the c-epoxide requires seventy five hours for

complete isomerisation. This long reaetion time for the c-epoxide

is probably due to the 9p-configuration of the product requiring
that either rihg B or ring C is in a boat conformation.

Competition between alkyl migration and hydrogen shift is only
observable outside the atofoid field. Thus l-methyl-l,2-epoxy-
eyclohexane with magnesium bromide gives either acetyleyeclopentane
or & mixture of acetyleyclopentane and 2-methyleyclohexanone
depending on the reaction conditions (112).‘7

On treatment with zine chloride epoxide derivatives of
ethylidenecycloalkanes rearrange to acetyl compounds (113) with no
evidence of conpoting methyl migration or ring cnlargemont.‘a

With disubstituted epoxides there is & chance of two competing

hydride migrations. ixeluding exoeyclic methylene epoxides there
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are two examples of rearrangement of steroid epoxides of this
typo.‘g'so Addition of methyl magnesium iodide to the 118,12p-
epoxide (114) results prineipally in rearrangement to & C-nor-ll-
hydroxyethyl-compound (115), in which C-ll-oxygen bond cleavage
and 12,13-bond migration are both 1nvolvod.49 20, 3p=-Epoxy=50a-
cholestane (30) with methyl magnesium 1odido5° gives ring con-
traction products (116) and the Grignard derivative of Sa-cholestan~
2-one (117) which can only come from C-3-oxygen bond cleavage.
Rearrangement with Lewis acids of simple exo-methylene epoxides

5 53 .aa

suech as methylenecyclohexane epoxide, } p-pinene epoxide,
camphene epoxid053 results in formation of aldohyden a8 the  only
products.

The rearrangement of similar epoxides in the steroid system
has been the subject of two recent reports.s"55 172a,18-Epoxy~C=-
nor-D-homo-spirostan (118)5‘ on treatment with either boron tri-
fluoride or perchloric acid gives mainly an 1l8e-aldehyde (120),
since it does not epimarise with base. In both cases minor products
are isolated, two of unknown structure with boron trifluoride and
the 18-hydroxy—1513(175)-olofin (122) with perchloric acid. The
17ap,l8-epoxide (119)54 with boron trifluoride in benzene gives
three products identified as a cyelic ether (121), & fluoro-alcohol
whose probable structure is given as the 1T7ac-fluoro-compound (123),
and the 18-hydroxy- A 23(178)_g1ee4n (122). The same resotion
carried out in ether gives a mixture of cyclic ether (121) and the
18-hydroxy-olefin (122), while perchloric acid converts the epoxide

into the 18-hydroxy-olefimn (122).
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Formation of the l8-aldehyde from the l7aa,l8-epoxide is a
concerted process as shown in (124), The simultaneous formation
of the 1l8-hydroxy-olefin reguires a cis-elimination and is presumed
to involve full carbonium development at C-1lTa, The eyclic ether
is thought to involve & two step process involving a four-membered
ring &s an unstasble intermediate (125), this intermediate can also
give the 18-hydroxy-olefin by l3e-proton loss,

The same workors55 have investigated the boron trifluoride
and perchloric acid reactions of the 12,12'-epoxy-derivatives ((127)
and (128)) of l2-methylene-tigogenin (126). The 12f,12'-epoxide
(128) with BF3 in benzene gives after chromatography the C-nor-D-
hono-zx13(17a)-oletin (122), followed by the l2p-aldehyde (129)
and an unknown unsaturated alcohol. Replacing the solvent by
ether gives the same major products along with an unknown diol.
Treatment of the epoxide (128) with agueous perchloric acid gives
the olefin (122) plus a minor product tentatively assigned as the
eyelie ether (133). The c-epoxide (127) with boron trifluoride
in benzene also produces a mixture of products from which the
12¢-aldehyde (130) is obtained directly by erystallisation.
Chromatography of the residue which from n.m.r. contains both
aldehydes gives the O 13(17a)-010f1n (122) and the l2p-aldehyde
(129). The same products but in different yields,are obtained

using ether as the solvent. Reaction of the compound (127) with
perchloric acid gives 657 of the ecyelic ether (131), 10% aldehyde

(129), end & new unknown unsaturated compound.

a}3(17a)

The formation of the C-nor-D-homo- -plefin from both
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epoxides is enviaaged55 as involving Cj,-0 bond cleavage and

migration of the electron pair of the C33-Cy4 bond to give the

intermediate (132), fragmentation with loss of formaldehyde then
produces the olefin, Both in this instance and for the formation
of the l2p-aldehyde the electron shifts involved can be concerted
with C312-0 bond cleavage only for the 12f,12'-epoxide. Formation
of the 12p-aldehyde and the 13(172)_g1.¢in from the 12¢,12'-
epoxide requires a C-12 carbonium ion intermediate since the
stereochemical requirements for & concerted rearrangement are not

possible in this case. Only the less stable l2¢-aldehyde results

from a concerted mechanism with $he l2¢,12'-epoxide. Thus it
appears that a two step carbonium ion reaction pathway can compete
effectively with the concerted rearrangement when the latter leads
t0 the less stable isomer. The possible mode of formation of the
eyclic ether from the perchloric acid reactions is given in fig.
(133) for the c-epoxide. Formation of the ether (131) from the
f-epoxide is thought to involve & C-l2-carbonium ion intermediate.
With tetrasubstituted epoxides rearrangement in theory could
involve migration by any one of the four substituent groups, and
in fact complex product mixtures have been obtained from reactions

54,57,58,59 56 have put forward a

of this type. Kirk and Hartshorn
scheme to help rationalise such results. In it transition states
involving some degree of positive charge are proposed arising from
either "axial" or "equdtorial" cleavage (134) (this need not involve
full development of & positive charge and can be concerted with

substituent migration). The ring assumes the "chair" conformation
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closest to the conformation of the epoxy-compound, so that non-
bonded interactions are minimised, rotation of groups about the
1,2-bond during this initial step determining which groups will
migrate. Axial cleavdge permits trans-attack by C-3, while
egqudtorial cleavage favours trans-migration of group Ry, although
cis-attack is possible if migration of Ry is unfavoursble (134).

These principles were then applied to the results from the
rearrangement of 4.5—epoxy-4-anthyl-57'58 and 5,6-epoxy~b-methyl-
-toroids.sg Skeletal rearrangements are involved in the BF3-
catalysed rearrangements of 40 ,5-epoxy-4p-methyl-5c-cholestane
(135&)58 and 5,6u-epoxy-6p-methyl-Se-cholestane (136a)59 giving
(137) and (138) respectively. Both can be explained as proceeding
via axial cleavage to give the C-4 or C-6 carbonium ion with
rotation about the appropriate bond to allow concerted trans-attack
by the 10,5-bond. EquAtorial cleavage would afford a C-5 carbonium
ion for each of these epoxides, rotation about C-4 or C=-6 placing
the 4p- or 6f-methyl group in position for trans-attack upon
0-5.%6 mis resulte in 5p-methyl ketones (139) and (140) which
are in fsot the ultimate ketonie products of thermodynieally con-
trolled rearrangements from either the c-epoxides or the homo-nor

ketonen.58'59

4p,5-Epoxy~4c-methyl-S5e~cholestane (135b) gives the So-methyl-
4-ketone (141) as the main product, the result of methyl group
migration.se while the 5f,6f-epoxide (136b) gives as the major
ketonie product S5p-acetyl-B-nor-cholestane (142), a ring contraction

product.sg In both cases epoxide cleavage at C-5 is involved.
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The reactions for the two epoxides proceed through similar tran-
sition states and the marked difference in products is attributed
40 the two extreme conformeations for the C-5 carbonium ions (135¢)
and (135d). (135¢) permits ring B to exist in a strain-free
conformation while (135d4) involves unfavourasble interactions which
include & partial eclipsing about the 7,8-bond, and twisting of
the 9,10-bond, which foreces the C-19 angular methyl group towards
C-ll. In structure (135e¢) the 6,5-bond is suitably placed for
ring contraction in the case of the 5f,6p-epoxide (136b), while
the same structure for the 4f,5p-epoxide (135b) places the methyl
group in a suitable position for trans-attack on the C=5 carbonium
ion.

Both epoxides give minor ketonic products. With the 5p,6p-
epoxide (1360)7? & So-methyl-6-ketone (l43a) is formed and with
the 4f£,5p-epoxide (135b)58 ring econtraction to (143b) takes place.
Both require structure (135d4) for suitable arrangement of the
migrating nubstitu.nts.56

So far apart from fluorohydrin formation this review of
epoxide rearrangement reactions has only dealt with ketonie product
formation. However in many instances poler and non-polar
material has been isolated from BF3-catalyaod epoxide rearrange-
ment reactions, in some cases in large ylelds. In most cases
such products have not been fully identified, One exception,
nowever, exists in the case of the 4p,5p-ep oxide (135b) where 4-
methyl-cholesta=3,5-diene (143c) is formed in large yiold.sa In

fact this is oaly one of several examples of elimination reactions
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in 4p,5p-epoxide aystons.56’57

Bpoxide substituents which carry a polar group have a marked
effect on the rearrangement of the epoxides. Rearrangements of
epoxides in which the polar group is ¢ or f to one of the epoxide
carbon atoms will be considered. For example, whereas it was
found that So,6c-epoxy- and 5f,6f-epoxy-cholestanes (144, R = H)
and (147, R = H) isomerise to 6-keto-steroids (145, R = H) and
(148) on treatment with boron trifluoride, the jp-acetoxy derivatives
(144, R = ﬂ-OH3002) and (147, R = B-CH3C0p) give the 6f-fluoro-So-
hydroxy-, (146), and 5Se-fluoro-6f-hydroxy-, (149), -compounds
instead of the expected kctonaa.lo"‘ In the case of the a-epoxide
(144, R = 6-033002) this has been attribntod“ to a reduction of
the partial ionisation of the C-5-oxygen bond by the long-range
inductive (~1) effect of the BF3y co-ordinated C-3 acetoxy group
together with the unfavoured interactions that the acetate group
would suffer in the A/B-cis product. Thus the alternative diaxial
opening with ¥~ tekes place in preference. With the 5¢,0p-
epoxide (147, R = p—ca3coz) both fluorohydrin formation and hydride
shift to an A/B-trans ketone would be expected to derive assistance
from change oi acetate conformation from axial to egqudtorial and
hence it is suggested that the difficulty in C-5-oxygen bond
jonisation necessary for ketone production is the decisive effect.

The same workcr-44 found that 3e-acetoxy-5a,bu-epoxy-cholestane
(144. R = 0-083002) gives the ketone (145, R = a—cH3002) as the
nain product; since the electronic and confornational factors are

in opposition it is assumed that the gain in energy resulting from
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the axial acetate group assuming an equdtorial conformation on
ketone formation, and the unfavourable 1,3 (3a¢,5a)-diaxial inter-
action which would result if fluorohydrin formation occurred are
more important than the -1 effect of the acetoxy group.

Very recently reinvestigations of the 833 catalysed reactions
of 3p-acetoxy-5,6c-epoxy-5c-cholestane (144, R = 5-683002) and
Jo-acetoxy-5,6c-epoxy-5a~-cholestane (144, R = a-cH3002) have been
carried out.60'61 With the a-epoxide (144, R = ﬂ—0H3002) fluoro-
hydrin formation again takes place along with a minor hydroxy
compound mentioned by the first group of workors“ which is now
shown to be the dimer (1l50a) resulting from & 'backbone' rearrange-
ment (150b) with C-19 attack on the C-5 carbonium 1on.60 Larger
yields of this dimer are produced when the reaction is carried out
with carefully purified BPB. "Backbone" rearrangements have been
shown to occur freguently with 4,5~ and 5,6-epoxycholestanes where

cleavage to & C=5 carbonium ion can take placo.01'65’69

The re-examination of the reaction of the 3u-acetoxy-5¢,6c-
epoxide (144, R = 0-033002) with BF3 was carried out to see if an
intermediate fluorohydrin was involved in final product formation.61
With e reaction time of 25 seconds, in comparison with the 14 hrs.,
and 5 minutes of the first workern,“ a erude product containing
at least six compounds is obtained. This consisted of small yioids
of the fluorohydrin (151) and 6-ketone (145, R = e=-CH3C02), the
bulk of the remainder being backbone rearranged compounds (152)
and (153). A transition state involving C-5-o0xygen bond cleavage

accompanied by conformational changes leading to a earbonium ion
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in which ring B adopts a skew form is suggested for this
rearrangement,

With 3-keto-5a,60-epoxy-compounds (154) the conformational
effects present with 3-acetates aie absent, and the electron-
withdrawing influence of the carbonyl causes the C-5-0 bond to

be firm and fluorohydrin (155) formation tekes plaoo.62

Interesting results have been obtained in the boron tri-
fluoride catalysed reactions of 3,3-ethylenedioxy-5,6-epoxides.
The 5¢,6c-epoxide (156) undergoes Cg-0 cleavage with formation of
the Sa-hydroxy-6f-fluoro-derivative (157), the -I effeet stabiliz-

ing the 05-0 epoxide bond.62

In the reaction of the 5@,6f-epoxide
(158) with boron trifluoride in benzene as solvent five compounds
were isolated by chromatoaraphy.63 The major product is the
ketal-ketone (159) and its fornation can be ascribed to the
ghielding of the c-face of the molecule by the ketal group prevent-
ing attack by F &t C-5 even though the -I effect of the ketal
opposes ketone formation. Minor productes are due to removal of
the ketal group giving the 3,6-dione, cleavage of ring A (160),
backbone rearrangement (161), and diene formation.

Two other 5,6-steroid epoxides with keto-groups at C-3 have
been treated with boron trifluoride. 50,60-Epoxy-4,4-dimethyl-
cholestan~3-one (162a) gives as the sole product the spiro-steroid

(162b)6"65 whilst the p-epoxide (163) gives & backbone rearrange-

6
ment compound as the major product (164). ’ In neither case is a

concerted migration involved.“'65 The reaction of BP3 with 3f-

acetoxy-5a,060-epoxy-4,4-dimethylcholestane also gives three
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"hackbone" rearrangement products.65
Rearrangements with boron trifluoride of 5,06=ep0Xy=6-methyl-
cholestanes substituted &t C-3 have been carried out.59’63 3p-
Acetoxy=5,60~epoxy-6p-methyl-S5a-cholestane (165) gives an B85%
yield of 3B—aeetoxy-S-nathy1-A~hono-3-nor—5ﬁ-oholostan-4a—ono

%9 e

(166) on treatment with BF; in benzene for 25 minutes,
corresponding 5,6f-epoxy-6a-methyl-compound (167)59 gives the
fluorohydrin (168) after 2 minutes in benzene, but the same resac-
tion for 20 minutes gives & mixture of compounds which contains
the fluorohydrin (168) and 3p-acetoxy=-5-methyl-A-homo-B-nor-5p-
cholestan-4a-one (166) and 3p-acetoxy-5-methyl-5c-cholestan-o-one
(169). After 1 hr. in benzene the same ketonic products are
produced along with a trace of fluorohydrin, and when (168) itself
ig treated with boron trifluoride-etherate in benZene the com-

pounds (166) and (169) are produced. This tends to suggest that

the fluorohydrin (168) could be an intermediate in the reaction to
ketonie products. As has already been mentioned this type of
secondary transformation is very common and elearly in some cases
eannot involve simply rearrangement of the fluorohydrin or elimina-

10,42,44,45,59 29

tion of hydrogen fluoride. In this example an

explanation is given to account for this type of reaction;
abstraction of the Sa-fluoride ion with & molecule of boron
trifluoride to give a B?‘- jon is assisted by participation of the

6p-hydroxy group (possibly es -Q8Fy) as shown (170) giving a
structure eguivalent to the original epoxide~boron trifluoride

complex which then undergoes rearrangement to ketonie products by
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Cg-0 or Cg=0 cleavage.

Normal (-6 cleavage of the 5c¢,bo-epoxide (165) is not opposed
by the -I substituent at C-3. In the case of thé 58,6B-epoxide
(167), however, the -I effect of the acetate opposes the normal
Cg=0 cleavage thus explaining the initial fluorohydrin formation.
The ketonie products are formed by equitorial cleavage (166) and
exial cleavage (169). with oqu&tdiial ecleavage both electronie
and conformational factors make cis-bond migration the only pos-
sible migration with the A-homo-B-nor product resulting. The
smell yield of 3p-acetoxy-5-methyl-5c-cholestan-6-one results from
axial cleavage., It was later found on rn-uxanination§6 that some
5g-acetyl-B-nor compound (171) was also produced from this epoxide
(167) but in low yield. This type of compound is also formed
from the corresponding 3}-deoxy-5p,6p-epoxide (136b) where of the
two ketoniec products the acetyl-compound (142) is the major. This
reversal of ratios is thought to be due to conformational effects
of the acetate ¢roup.56

It has been ahown63 that the reaction of 3,3-ethylenedioxy-6f-
methyl=-5,6a~-epoxy-S5a-cholestane (171a) with BF3 gives as the main
product the ketal ketone (17le), formed by the expected Cg-0
cleavage and rearrangement, with other minor products derived from
it. The 3,3-ethylenedioxy-ba-methyl-5¢,6p-epoxide (171b) on the

o ther hand63 gives 6-methylcholesta-4,6-dien-3-one along with the

diene-ester (171d). Formation of the diene-3-ketone is one of
56,57,58

several exesmples of such rearrangements from p-epoxides, Eoy

while formation of the diene-ester (171b) can be attributed to &
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reaction which involves participation of the ketal group as shown
(171e).

Polar groups o to one epoxide carbon have 2 very d irect effect
on epoxide rearrangement reactions. flectron releasing sub-
stituents such as aryl or alkoxy groups facilitate bond breaking,
the bond which breaks being the one between the epoxide oxygen and
the carbon carrying the electron releasing ¢roup.2‘ Ylectron with-
drawing groups have the opposite effect, opposing cleavage at the
carbon carrying the electron attracting greup.a4 In steroid
examples, however, conformational factors as well as electronic

factors can be of importance.

In c-keto-epoxides as well as & tendency for cleavage at the
ad jacent carbon not to take plago there is one other important
factor, for it has been shown that with these epoxides acyl-group
migration is preferred to hydride or alkyl-migration when other
steric complications are abaont.‘3 Thus 3-methyl-2,3-epoxycyclonex-
anone predominantly undergoes ring contraction (172) when treated
with boron trifluoride. This has been «xj.u:l.a,:lnod‘3 in terms of
sharing of the positive charge by the carbonyl group in the transi-
tion state which can be resonance stabilized &s shown (172). Aecyl
migration also leads to localisation of the positive charge on a
carbon £ to the original ketone which should be preferred to
localisation of positive charge o to the ketone. 3-Alkyl=2,3=-
epoxycyclohexanones frequently rearrange %o ac-diketones on Lewis

acid treatment. Here elimination of the C-2 proton from the
initial C-3 carbonium ion gives the enol of the c-diketone.
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A good example of this is found in the BP3-treatnent of 4,5-epoxy~
J-keto-steroids (173) where preferential formation of 4-hydroxy-
Adosteroid-3-ketones (174) is observed.®® witn c-acetoxy-epoxides
the -1 effect of the acetate carbonyl group opposes partieipation
of the p-electrons on the other acetate oxygen in the type of
resonance hybrid reguired for ring coatraction, Here the -1
effect of the acetate group and its conformation in starting
meterial and possiuvle products are the important influences in

the rearrangement reactioans. Some steroid examples of the in-
fluence of various eleetron withdrawing groups, and the part
coniormation plays will be given,,

Heactions over a short time of 3f-acetoxy-4¢,5-epoxy-S5a-
cholestane (175) and 3c-acetoxy-4p,5-epoxy-5p-cholestane (176)
with BF3 both involve attack of the acetate carbonyl to give the
bridged structures (177) and (178). The orthoesters (e.g.l79)

67,68 Longer reac-

then open giving the produects (180) end (181).
tion for (175) with BF3 gives as the major product 3p-scetoxy~5p-
cholestan-4-one (182), the normael product from & 4c¢,5e-epoxide,

together with & little 3p-acetoxy-So-cholestan-4-one derived from

the A/B-cis ketone (1€2) on alumina chromatography, and some 4f-

aeotoxy-36,5c-diol.68 Here formation of the ketone involves

cleavage at C-5 in contrast to the diol where formation reguires
that the C-4-o0xygen bond breaks. Thus formation of the 3f,4p-
bridged structure (177) must be & reversible process since there
is evidence that there is initial formation of it in the longer

reaction. Longer reaction times for the BF3 reaction of epoxide

68
(176) gives only the diol (181).
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A bridged intermediate is, however, not possible fdr 3p~-
acetoxy-4p,5-epoxy-5p=-cholestane (183), 313 treatment gives the
fluorohydrin (184) as the only recognizesble product irrespective
of the length of the reaction time,%8

The reaction of Jo-aoetoxy-4c.5-opaxy-5a-ohollstano (185%5)
with BF; was not part of tais original 1nvoat1¢ation68'but has
recently been carried out by the same aroup;69 when & re-examina-
tion of the resction of this epoxide (185) with methyl magnesium
iodide showed that the diol (186) and the backbone rearranged
product (187) are formed and not as previously reported7° the com-
pounds (188) and (189). With BFy, epoxide (185) gives the
expected ketone (190), 25#, together with backbone rearranged
products (191), 58%, and (].92).6'9 There is evidence that (192)
is formed from (191) on alumina ohromatography.69

The BF3-0atalysed reaetions of 3-scetoxy-tetrasubstituted
epoxides of this type give products whose formation depends on
the -I effect of the acetate and on the conformational preferences
of the acetoxy group and ring A when cleavage to a C=5 carbonium

ion takes place.55 The lengta of the reaction is also important.

If the resction is very short diols and fluorohydrins as well as

gtarting materials are the only products from these qpoxidol.57

Except for epoxide (193)69 longer reaction times give product
mixtures containing ketoniec products aslthough in all cases these
ketones account for relatively little of the product, being at
best 36%. With the 3a-acotoxy-4a.5a-cpoxidc (193) an unsaturated

hydroxy-acetate shown to be the backbone rearranged product (194)
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4s formed, 21l routes to ketones being opposed by a combination of
conformational and inductive offocta.56'69 The corresponding 3f-
acetoxy-4c,5c~epoxide (195) glves two ketones.?! One of these
ketones, the A—nor-B—hono-5a-nnthyl-Gletono (196), involves
wnormal® axial cleavage even although this is opposed by the -I
effect of the aoctato.ss The other ketone, 3f-acetoxy-S5-methyl-
5e-cholestan-4-one (197), is & result of equdtorial cleavage and
migretion of the C-4 methyl group.56 With the two 4f,5p-epoxides
elimination reasctions take place to a large extent the 3c-epimer
(198) giving thez>5-4$—aloohol (199) and the 3f-epimer (200) the

A312_cnol acetate of 4-~methyleholest-4-en-3-one (201).56.57 i

th
both these epoxides ketone formation results from methyl migration,
(202) from the Jc-acetate (198) and (203) from epoxide (200).

The yield of (202) is 29%£ while that of the ketone from the 3f-
acetoxy-compound is only 1073.57 This difference in yields is

attributed to the conformational effects o: the two acetoxy-sronps.55

Ring contraction (205) is observed in the bhoron trifluoride-
catalysed rearrangement of 45,5—0poxy-4u—mothy1-5ﬂ-cholestan~3—ono
(204)57 but is not‘dominant since conformstional factors are some-
what egainst 1%,2° formation of the transition state for esrbonyl
migration bringing sbout eclipsing of the 4-methyl and 05-methylono
groups and the close approach of the 4p-oxygen atom to the C-19
angular methyl group. So-Methylcholestane-3,4~dione (206) is,
therefore, also formed, presumably, from & conformation with a strain
free B-ring which allows 4-methyl migration.

Due to the -1 effect of the carbonyl group 4o ,5=2poxy=4f-
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methyl-5a-cholestan~3-one (207) undergoes sbnormal C-5 cleavage
with the 4,6~-dienone (208) as the major product. The two ketones
(209) and (210) are formed as minor products.57 Possible explana-
tions for this is that acyl group migration to C=5 needs the near
eclipsing of the 4-methyl group with C-6 and also gives a strained
trans junction between & S-membered A ring and 6-membered B ring,
while 4-methyl migration leads to & strained ecis-product with an

unfavourable skew interaction between the 5f- and 1l9-methyl areupa.ss

Jolvent and reaction time are shown to be important in the 313-
catalysed reactions of some lbe,lT7o-epoxy-l6p-methyl-50-pregnan-
20—ones.71 In dioxan treatment of 3p-acetoxy-lbe,lTa-epoxy-lof-
me thy l-Se~pregn-9-en-20-one (211) with BF3 gives mainly 3f-acetoxy-
17e-hydroxy-17pg-mnethyl-lo-me thy lene-D-homo-5e¢~androst-9~-en-17a-
one (212), wherees with benzene as solvent a D-homo-iluorohydrin
is formed, probably the lop-fluoride (213). Longer rezction of
(211) with BF3 in drier benzene gives a mixture of the epimeriec
3p-acetoxy~lé-acetyl-lb6-methyl-Se~androst-9-en-17-ones (214) and
(215). The fluorohydrin (213) when treated with boron trifluoride
gives one of the l6-acetyl compounds, (214).

Formetion of the D-homo-fluorohydrin (213) is thought to
proceed via the l6p-fluoro-lbée-methyl compound (216). Interaction
of the 17a-0BFp group with the adjacent 20-carbonyl group creates
8 positive charge at C-20 (217) followed by migration of the 16,17~
bond (218). Hydrolysis of the complex (218) will then produce the
fluorohydrin (213). Ring contraetion (219) of the fluoronydrin

is'thought to involve formation of & tetrafluoroborate intermediate
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with trans 17,17a~bond migration to the resulting positive charge
at C-16 to give the lép-acetyl compound (214)., Isolation of
epimers (214) and (215) when dry benzene is used is thought to
involve eguilibrium at C-16 (220) by reversible ionisation of the
lo=-tetrafluoroborates to give & mixture of the two fluorohydrins
and hence the two acetylcyclopontancnoa.7l

Finally there is one example of the rearrangsment of an o-
keto-terminal epoxide. Isotopically it has been shown that
acrylophenone epoxide undergoes both benzoyl migration and 1,2-
hydride transfer when treated with boron trifluoride (221).72
The related o~ethyl- and a-phenylacrylophenone epoxides undergoe

T2
isomerisation exclusively by & 1l,2-hydride shift (222).
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Object of Research

Examples of work described in this thesis were chosen to show
what influences if any were present in the epoxidation of an un-
hindered steroid ketone and its alkylidene derivatives (5c-
cholestan-3-one, 3-methylene-S5a-cholestane, 3-ethylidene-5c-
cholestane, and 3-isopropylidene-5c-cholestane), two methylated
derivatives of Sc-cholestan-3-one and 3-methylene-5c-cholestane
(2a-methyl-5a-cholestan-3-one and its 3-methylene-derivative and
2,2-dimethyl-5¢-cholestan~3-one and its 3-methylene derivative),
and the hindered 5Sc-cholestan-2-one and its 2-methylene derivative.
Although the epoxidation of several steroid-l7-ketones and 17-
alkylidene steroids has been reported it was felt desirable to earry
out a study of the epoxidation of one such pair of 1lT7-substituted
steroids with dimethyloxosulphonium methylide, dimethylsulphonium
methylide, peracid, and the alkaline hydrogen peroxide-benzonitrile
system. To avoid the possibility of long range effects Sco-androstan-

17-one and its l7-methylene derivative were chosen for this study.

The ring opening reactions of the derived A-ring methylene
epoxides under acidic and basic or neutral conditions were earried
out. In particular it was hoped that opening of the 3-methylene
epoxides with a suitable reagent would give the amino-alecohol
intermediates found in Tiffenean ring expansion reactions and
thereby give information about the stereochemistry of the addition
of CN~ to the original ketones.

The rearrengement reactions of the epoxides derived from the

3-alkylidenes and 2-methylene-5a-cholestane were carried out with



boron trifluoride. It was planned to prepare methylene epoxides
with polar groups ad jacent to the epoxide ring and to study the
effect of these polar groups on subsequent ring opening reactions.
Finally the study of rearrangement resctions of tetrasubstituted
epoxides was oitcndod to include examples which did not possess a
ring junction as one substituent. The examples chosen here were

the two 2,3-epoxy-2,3-dimethyl-5e-cholestanes.
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AND DISCUSSION
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The Preperation and Reactions of Methylene-Epoxides.

(1) Epoxides not adjacent to & polar group.
Starting materials

Sa-Cholostan-3-ono.73'74 2c—nethyl-Sa—cholestan-3-ono,75 and
2,2-dinethy1-5a-oholestan-3-ona76'77 were prepared by the standard
procedures, and Sc-androstan-lT7-one was already available. 50-
Cholestan-2-one was obtained from Sc-cholest-2-ene by the addition

of hypobromous acid to give 3c-bronn-5a-oholestan-2a-0119

which on
treatment with alumina gave 2p,3p-epoxy-S5c-cholestane. Reduction
of this epoxide with lithium aluminium hydride in ether gave Sa-
cholestan-2p-0l which was oxidised with Jones' reagent to the 2-

ketone. 78

Synthesis of the corresponding methylene derivatives of these
five ketones was carried out with methylenetriphenylphosphorane

prepared by the method of Corey et 9.1.79

In all cases crude products
were obtained which from their i.r. spectra contained aromatic bi-
products, The pure exo-methylene-steroids were obtained by
chromatography on alumina, All the olefins exhibited characteristie
absorptions in the i.r. at ¢a.1650 and 890 ong? and likewise

81

characteristic n.m.r. peaks at ca.5.47.

spoxidations of Se-cholestan-3-one and 3J-methylene-5a-cholestane.
Dimethyloxosulphonium methylide was prepared by stirring

together trimethyloxosulphonium iodide and sodium hydride in dry
dimethyl sulphoxide under nitrogen until evolution of hydrogen
ooased.‘ The ketone (223) in dimethyl sulphoxide and tetrahydro-

furan was added to the ylide solution and stirring was continued
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for 1 hour at room temperature and 1 hour at 50°9. Crystalline
3p-methyl-3c,3'-epoxy-Sa~-cholestane (225) was obtained with a
melting point of 131-2 (from acetone), with i.r. peaks at 925 (s),
790 (m), and 698 (w) cm. and & peak corresponding to 2 protons

at 7.38 T in the n.m.r. (half band width 0,012 ppm). . Chromato-
graphy on alumina of the crude product from a second reaction of
the oxosulphonium ylide with the 3-ketone (223) gave two compounds.
The first (eluted with petrol) wae the a-epoxide (225), 97#, and
the second (also eluted with petrol) was 3e-methyl-3pf,3'=-epoxy=-Sa-
cholestane (226), 3%. The f-epoxide (226) has 2 melting point of
170-1° and i.r. peaks at 935 (m), 840 (s, broad), and 723 (w) em.”
with a two proton m.m.r. peak at T7.44 T (half band with 0.030 ppm).

1

The stereochemical identity of these epoxides was deduced by
26

followed by dehydration with phosphoryl cehloride in pyridino.82

the reduction of each to its corresponding tertiary alcohol,

Lithium aluminium hydride reduction of the a-epoxide (225) gave a
product shown to be 3p-methyl-S5a-cholestan-3a-ol (227)83 by its
dehydration to 3-methyl-5c-cholest-2-ene (229)82 and by a mixed
melting point and i.r. spectrum comparison with an authentic sample

of the 3e-o0l (229) prepared by the action of methyl magnesium

iodide on 5c~cholostan—3—ono.82 These experiments show that the
epoxide (225) must have & pseudoaxial C-3-oxygen bond. In a

similar way the P-epoxide (226) was reduced to 3a-methyl-5e-cholestan.
3p-ol (228), identified by ite dehydration to 3-methylene-50-
cholestane (224) and by a mixed melting point and spectral comparison
with & sample of the 3g-ol (228), also prepared by treatment of 5a-

82
cholestan-3-one with methyl magnesium iodide. Here the
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reduction indicates that the epoxide (226) has a pseudo-equdtorial
C=3-0xygen bond.

Additional evidence of the s tereochemistry of the two epoxides
is given by a comparispn of the n.m.r. half band width of the
epoxides (CHy=-0). The a-epoxide (225) has a half band width of
0.012 ppm while the p-epoxide (226) has a half band width of
0.030 ppm. These results are in agreement with the findings of

Carlson and Bohn.3

Solutions of dimethylsulphonium methylide were prepared by
addition of powdered trimethylsulphonium iodide to & stirred solu-
tion of methylsulphinyl carbanion in dimethyl sulphoxide and
tetrahydrofuran under nitrogen at & temperature of oa.-10°.4 After
stirring for ten seconds the steroid ketone (223) in dimethyl
sulphoxide and tetrahydrofuran was added with stirring and stirring
was continued for ten minutes at ca.-10° and for 1 hour while the
temperature of the reaction was allowed to reach room temperature.
A mixture of products was obtained which on chromatography on
alumina gave the c-epoxide (225), 31%, and the B-epoxide (226),
69%. '

Spoxidation of 3-methylene-5c-cholestane (224) with p-nitro-
perbenzoiec aoid85 in ether as solvent gave on chromatography the
a-epoxide (225), 85#, and the p-epoxide (226), 15%. Replacing
the p-nitroperbenzoic acid by m-chloroperbenzoic acid gave the
same ratio of e~ to f-epoxide. When the epoxidation with m-
chloroperbenzoic acid was carried out in methylene chloride the

o- to B-epoxide ratio was 64 to 36.
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The 3-methylene-compound (224) in chloroform was added to a
stirred mixture of benzonitfile, 30# nydrogen peroxide and potas-
sium bicarbonate in nethanol.3 After stirring overnight e crude
product was obtained which on chromatography on alumina gave 3-
me thy lene-50~cholestane, 16%, the a-epoxide (225), 22%, and the
p-epoxide (226), 624%. The ratio of B- to a-epoxide is ca.3 to 1.

3-ilethylene-5a-cholestane was stirred rapidly for five minutes
at room temperature with bleaching powder in ether and water, and

acetic acid was added with stirring continuing for halt-hoar.87

A crude product was obtained which was chromatographed on florisil
giving three main fractions, two of which were.crystalline solids
with the third a semi-solid. Analysis indicated that they all
contained chlorine. The first product (eluted with petrol) showed
i.r. bands at 770 and T30 cm.-l The n.m.r. spectrum indicated the
absence of olefinie protons but had a strong two proton peak at
6.26 T probably due to an exo-methylene group (-Cgax).al Elemental
analysis showed it to be the dichloride (230). The second product
(231) (eluted with petrol-benzene) could not be recrystallised,

its i.r. spectrum had a band at 3560 cn.‘l(-OH) but no strong
absorption in the region 1000-1100 om.'l which would indicate that

the alcohol was tertiary.ao In fact treatment of this alcohol with

acetic anhydride and pyridine did not give an acetate. The last
produet (232) (eluted with ether) was a crystalline solid which
from its i.r. spectrum was an alecohol (3550 cm.-l). A strong
peak at 1050 cm.—l indicated that the alcohol was primary or
secondany.ao Acetylation of this compound with acetic anhydride
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in pyridine gave & product containing an acetate (i.r. 1735 cn.-l) and
starting material even after a reaction time of two days. However
this is sufficient to classify the alcohol as & primary or secondary
aleohol since a tertiary alcohol would be even less reactive with
these roagents.sa The same chloro-compound (232) was obtained by

the cleavage of 3Ja-methyl-3g,3'-epoxy-Sa-cholestane with hydrogen
chloride. Since it is known that addition of hypochlorous acid

to methylenecycloalkanes gives mixtures of l-chloro-cycloalkane-

methanols and chloronethylcycloalkanolsz3 while the corresponding

exocyclic methylene epoxides are cleaved by hydrogen chloride to

give only the l-chloro-oonponndaz3 it would appear that compound

(231) is probably a 3-chloromethyl-3-ol and compound (232) is a
3-hydroxyme thyl-3-chloride. Here the *primary* alcohol is the
major compound; "primary":"tertiary" = ca.T:4. This is in agree-
ment with the similar work on -ethylcnecyclohcxanes.z

Treatment of either alcohol, (231) or (232), with sodium
hydroxide in methanol gave a product (233) with i.r. bands at 3540

andt 128 sl mnte Thtar ADSETR LG e Be SHIFINEEE. 40 An sther, 20

The n.m.r. showed peaks at 6.75 and 6.66U. The peak at 6.66 T
accounting for three protons can be attributed to the hydrogens on
the methyl group of the ether grouping -o-qga, while the other peak
had approximately & two proton intensity &nd is probably due to the
methylene protons ~CHy-OCH;. Treatment of the ether (223) with
acetic anhydride in pyridine did not give an acetate indicating that
the hydroxy-group was attached to C-3. The same compound (223) was

obtained by cleavage of 3c-methyl-3p,3'-epoxy-Se—cholestane with
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sodium hydroxide in methanol. Since basic or neutral substitution
of epoxides of this kind are known to involve attack at the exo-
ceyclic carbon with retention of the epoxide oxygen configurationz‘
this ether (233) would be expected to be 3c-methoxymethyl-5c-
cholestan-3p-0l (233) and this is confirmed b; the tertiary nature
of the hydroxy-group. The formation of this compound from both
chlorides can only be explained by prior formation from them of
the a¥opox1de (226), i.e. in both cases attack of the Cl' ion was
from the a-side giving 3e-chloromethyl-5e-cholestan-3f-ol (231)
and 3f-hydroxymethyl-3e-chloro-5a-cholestane (232). In fact when
either chloride was treated with potassium t-butoxide each gave the
p-epoxide (226) in good yield.

Treatment of 3-methylene-5e-cholestane with HOBr generated
from N-bromosuccinimide and perchloric acidl9 gave & gum which was
chromatographed on florisil. There were no early non-polar com-
pounds and elution with benzene gave a product the i.r. of which
indicated the presence of a hydroxy-group (3550 en.-l) and exhibited

a medium~strong band at 1035 -t

A second gum was eluted with
ether and had a very similar i.r. spectrum to that of the first.
Both compounds contained bromine. Chromatography of the first
product on alumina gave on elution with petrol an 0il with no strong

1 and a

peaks in the i.r. There was & moderate band at 925 om.”
strong peak at 8.76 T was present in the n.m.r. Both these spectra
are similer to the corresponding spectra of 2¢,3c-epoxy-3f-methyl-S5c-
cholestane (234). This observation can be explained by assuming

that the first fraction from the florisil column contained 3e~bromo-
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3p-methyl-50-cholestan-2f-0l (235) which would give 28,3f-epoxy-
3Jo-methyl-5e-cholestane (236) on treatment with aluminsa, The
methyl steroid (229) could result from a perchloric acid catalysed
1aonoriaation§9 of the methylene steroid (224) and subsequent
addition of HOBr to this compound leads to the product (235) in

9,11 21

an analogous fashion to the HOBr addition to A -gteroids.

The second fraction from the florisil column was further chromato-
grephed on alumina to give 3e-methyl-3p,3'-epoxy-Se-cholestane.

The addition of HOBr to the 3-methylene-compound (224) was
repeated using less drastic conditions. The reaction was carried
out in agueous acetone with N-bromosuccinimide and acetic acid.
Florisil chromatography of the reaction product gave two components,
3-methylene-5c-cholestane and an alecohol (i.r. 3540 =nd 1035 cn;-l).
This alecohol (237) also contained bromine and with acetic anhydride
in pyridine gave after two days a mixture of starting material and
acetate, indicating that the compound was & primary or secondary
alcohol. Chromato graphy of this bromo-alcohol on alumina gave
3o~-methyl-3f,3'-epoxy~5e-cholestane in good yield, from which it
could be regenerated by cleavage with hydrobromic acid. This
indicates that the product (237) is 3p-hydroxymethyl-3c-brome-S5a-
cholestane.

Lpoxidation of 2e-methyl-5c~cholestan-3-one and 3j-methylene-2¢-—
methyl-S5a-cholestane.

Treatment of 2c-methyl-5c-cholestan-3-one (238) with dimethyl-
oxosulphonium methylide gave two products which were separated by
chromatography on alumina. The first compound (eluted with petrol)
was 3p-methyl-3a,3'-epoxy-2e-methyl-S5a-cholestane (240), 97%, while
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the second (also eluted with petrol) was 3o-methyl-3f,3'-epoxy-20-
methyl-5a-cholestane (241), 3%. Marked similarities were found
between the i.r. spectra of the a-epoxide (240) and the correspond-
ing epoxide (225). This was also true for the two P-epoxides (241)
and (226). The prineciple similarity was in the intensity of
absorption rather than in band position. The c-epoxide (240) for
example showed & strong absorption at 942 and & medium one at 788
cm."1 while the a-epoxide (225) has & strong peak at 925 with a
medium intensity band at 795, both also had weak peaks at 691 and

698 cn,'l respectively. On the other hand the P-epoxide (241)
exhibited a medium band at 939 with a weak one at 690 along with a
strong broad peak at 839 cn.'l The P-epoxide (226) has corresponding
absorptions at 840 (broad and strong) and at 935 and 723 om.'l(both
weak). In the case of the two epoxides (240) and (241) the n.m.r.
spectra could not be used as a means of identification by half band
width determinations since the c-epoxide (240) exhibited epoxide
peaks at 7.15; 7T.22; 7T.52; 7.597T and the p-epoxide (241) at
7.18; T.26; 7.58; 7.667T.

Identification of the two epoxides of the 2ae-methyl series was
established using the lithium aluminium hydride reduction-phosphoryl
chloride in pyridine dehydration technigue. The a-epoxide (240)
gave an alcohol (242) which lost & molecule of water to give an
olefin. This olefin had no wignificant peaks in the i.r. but the
n.m.r. exhibited & strong six proton peak at 8,43 V. This can be
attriouted to two methyl groups attached to a double bond, which in
this ease can only be accounted for by assuming that the olefin is

2,3-dimethyl-50-cholest-2-ene (244), and in faet the nem.r. of this

90
compound has been shown to have & six proton peak at 8.46° T,
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The melting point of the compound here also corresponds to that
reported for 2,3—41-.thyl—Sc-choleat—Z-ens.90'91 The alcohol (242)
was also obtained by treatment of 2¢-methyl-Sc-cholestan-3-one
with methyl magnesium iodide where it accounted for T79% of the
mixture of the two C-3 tertiary alcohols (242) and (243). The
second alcohol (243) was as expected 1dentical*§: the compound
produced by lithium aluminium hydride reduection of 3o-methyl-3g,3'-
epoxy-2a-me thy l-5a~-cholestane, and cn dehydration gave 3-methylene-
2¢-methyl-5a-cholestane (239).

The reaction of 2c-methyl-5c~cholestan-3-one (238) with the
sulphonium ylide gave & low yield of products. Chromatography on
aluminae gave the c-epoxide (240), 75%, and the p-epoxide (241),
25%, The yield of c-epoxide (240) from the reaction of 3-methylene-
20-me thy l=-5c-cholestane with m-chloroperbenzoic acid in ether was
63% with the remainder f-epoxide (241); Treatment of the olefin
(239) with the alkaline hydrogen poroxidc-benzonitrileAsyatel
produced 3-methylene-5c-cholestane, 16%, the c-epoxide (240), 6%,
and the p-epoxide (241), 78%.

Epoxidation of 2,2-d1msth11-§o—oholastan~}-one and 3j-methylene-
2,2-d1ne§gil—5a-cholestane.
When the epoxidation of the ketone (245) with dimethyloxo-

aulphohiu- methylide was carried out the c-epoxide (247), 94%, was
obtained with the remainder of the product the p-epoxide (248).
The o-epoxide (247) was identified from its i.r. spectrum which
had & strong peak at 930 and & medium intensity band at 780 om.'l

which was a very similar spectrum to those of the other two



c-epoxides (225) and (240) previously mentioned. The i.r. spec-
trum of the f-epoxide (248) had a strong and broad peak at 851

(with a shoulder at 840) and & medium peak at 918 om.'l

again
similar to the spectra of the f-epoxides (226) and (241). Supple-
mentary structural e vidence comes from the polarity on alumina of
the two epoxides, the epoxide with a pseudoaxial C-3-0 bond would
be expected to be and is less polar. Also by now it was appaerent
that the expected major product from treatment of a eyclohexanone

with the oxosulphonium ylide would involve equétorial attack, ' 4’

The n.m.r. spectrum of the a-epoxide (247) showed -CH,~0 (epoxide)
peaks at T7.20; T.28; 7T.53;3 7T.60 while the corresponding
spectrum of the P-epoxide (248) had similar bands at 7.10; 7.18;
7.55; T.63 .

Lithium aluminium hydride treatment of the a-epoxide (247)
gave an alcohol (249) identicel with the less polar of the two
tertiary alecohole produced in & 1l:1 mixture from the reaction of
methyl magnesium iodide with 2,2-dimethyl-5a-cholestan-3-one., The
less polar alcohol must be 2,2,3a-triﬁethyl—Su—cholostan-3a-o1
(249) and further indication that this was so was expected to follow
from its dehydration with phosphoryl ohlorido in pyridine. However
when this was carried out a product was obtained whose i.r. and
n.m.r, spectra were identical to those of 3-methylene-2,2-dimethyl-
Sa-cholestane, except that the i.r. spectrum had one additional
small peak at 830 cm.'l which could be attributed to an endocyclie
olefin, However the n.m.r. spectrum showed no absorptions in the

endo-olefinic region. That the exoeyclic olefin was not the more
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stable of the two possible dehydration produots92 was seen by the
conversion of the 3e-0l (249) into an endocyclic olefin (i.r. 840
om.’l) by treatment at 90° with acetic acid containing a few drops
of perchloric acid. The endoeyclic olefin is 2,2,3-trimethyl-S5a-
cholest-3-ene (251) since its n.m.r, spectrum displays a three
proton peak at 8,38 T (cga-ésé) and a one proton peak at 4,5 T
(H-0=0-). Dehydration of the 3p-zleohol (250) gave almost
entirely 3-methylene-2,2,-dimethyl-5e-cholestane.

The 2,2-dimethyl group is known to distort the normal chair
conformation of the A-riﬁ¢93 and this destroys the geometry for
the trans-coplanar dehydrations into the A-ring observed with the
simpler systems (227) end (242). Elimination of the equdtorial
hydroxy-group of (250) with loss of a trans-coplanar proton of the
C-3-methyl group to give the exocyclic methylene derivative is,
however, still possible, and clearly such & mechanism could also
operate for the 3e-hydroxy-group of compound (249).

Treatment of the dimethyl-3-ketone (245) with the sulphonium
methylide produced a mixture of the same two epoxides in which the
f-epoxide (248) was the major product, 60%. Treatment of 3-
methylene-2,2-dimethyl-50-cholestune (246) with m-chloroperbenzoic
acid in ether gave the c-epoxide (247), 85%. while the corresponding
reaction with the alkaline hydrogen peroxide-benzonitrile system
gave the pB-epoxide (248), 65%.

Lpoxidation of Sa-cholestan-2-one and 2-methylene-S5c-cholestane.
A high yield of the pP-epoxide (254), 99%, was obtained by
methylene transfer to the carbonyl group of So-cholestan-2-one (252)
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with dimethyloxosulphonium methylide, the a-epoxide (255) was alse
isolated, 1l¢%. It was again possible to determine the stereo-
chemistry of these two epoxides on a spectral basis. The material
with a pseudoaxial C-2-0 bond had a similar i.r. spectrum to those
of the corresponding C-3 series (225, 240, and 247) with & strong
peesk at 912 and & medium one at 795 o2~ It also had & peak in
the n.m.r, at 7.54 T with a half band width of 0.015 ppm. The a-
epoxide (255) showed now characteristic pseudoegudtorial carbon-
oxygen epoxide absorptions; 1i.r. broad strong peak at 822 with a
medium one at 942 en.-l and an n.m.r, absorption at 7.37 T with a
half band width of 0.033 ppm. Cleavage of the B-epoxide (254) with
lithium aluminium hydride gave 2¢-methyl-5a-cholestan-2p-ol (256),
identified by a mixed melting point and spectral comparison with
an authentic sample of the 2f-o0l (256).5°

Slightly less of the f-epoxide (254) was formed on reaction of
the 2-ketone (252) with the sulphonium ylide, 75.5%. Bpoxidation
of the 2-methylene-compound (253) with m-chloroperbenzoic acid in
ether gave & similar result with 82% of the product mixture being
the e-epoxide (255), while with the alkaline hydrogen peroxide-
benzonitrile system & 100¥ yield of the c-epoxide (255) was produced.

Spoxidation of Se-androstan-1T7-one and 17-methylene-S5a—androstane.
5a-Androstan-1T-one (257) with the oxosulphonium ylide gave

the p-epoxide (259), 83%, while only p-epoxide (259) was formed
when the corresponding reaction was carried out with dimethylsul-
phonium methylide. The separation of the two epoxides from the

oxosulphonium ylide reaction was carried out on alumina the a-
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epoxide being eluted first, as expected. Here identification of
the two egoxidea apart from polarity difierences was based upon
results from similer reactions on other steroid-l7-ketones., In
all known cases the P-epoxide is the major (or only) product from
these methylene transfer reactionl5a’b’°’d’° and thus the major
product here was assigned the 17B,20-configuration (259), which
was oohtirnod by'the epoxidations of the l7-methylene compound
(258). Treatment with m-chloroperbenzoic acid in ether gave the
o-epoxide (260), 85%, which was identical to the minor product
isolated from the oxosulphonium ylide reaction., This result is
in line with epoxidations of other 17.20—olefins.9"95 The reaction
with the alkaline hydrogen peroxide-benzonitrile system gave an

even larger yield of the ec-epoxide (260), 98%.

The same i.r., identification procedure adopted with the A-ring
exocyeclic epoxides was not possible here. The c-epoxide had
medium intensity peaks at 939, 835, and 760 while the P-epoxide had
i.r. bands (all medium intensity) at 919, 861, and 786 om.-l In
the same way the determination of the stereochemistry of these
epoxides from n.m.r. half band widths was not possible with the epox-
ide proton absorptions not appearing as single signals.

Finally two partial studies of the epoxidation of other steroid

gystems to exocyclic methylene epoxides can be reported.

Zpoxidation of A-nor-Se-gholestan-2-one and 2-methylene-A-nor-jo-

cholestane.
The two epoxides from 2-methylene-A-nor-5e-cholestane were

compounds required for the determination of the stereochemistry of
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the products from the Brl-oataxysed isomerisation of the two 2,3-
epoxy-2,3-dimethyl-5a~cholestanes, A-nor-5a-cholestan-2-one was
prepared from 2,2-dimethyl-S5a-cholestan-3p-ol (261) by its con-
version to 2-isopropylidene-A-nor-5c-cholestane (262) with phos-
phorus pentachloride followed by treatment of this olefin (262)
with ozone.?’ The 2-methylene-compound (264) was prepared from
the A-nor-2-ketone (263) by treatment with methylenetriphenyl-
phosphorane.

The A-nor-2-ketone (263) with dimethyloxosulphonium methylide
gave a product which was recrystallised from acetone to give the
p-epoxide (265), ea.l0C%. while reaction of the 2-methylene-compound
(264) with m-chloroperbenzoic acid in ether gave after recrystal-
lisation from scetone the a-epoxide (266), ca.80¥. Identification
of the two epoxides came from their reduction to the pair of
epimeric 2leohols (267) and (268). 'conyound (267) was also
obtained from A-nor-5a-cholestan-2-one on treatment with methyl
magnesium iodide. Since ethyl megnesium iodide has been shown to
attack the carbonyl group of the A-nor-5c¢-cholestan-2-one to give
the 2p-alcohol (269)96 it was essumed that a similar stereochemistry
of addition would epply for the methyl megnesium icdide resection

giving 2e-methyl-A-nor-5e-cholestan-2p-ol (267). This would mean
that the epoxide from the ylide treatment of the A-nor-ketone
(263) is 2o-methyl-2p,2'-epoxy-A-nor-S5a-cholestane (265) while the
compound from the attack by peracid must be the corresponding a-
epoxide (266). In feet very recently Levisalles and Tkatchenk097
nave earried out and reported the same epoxidations with similar

results.
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Lpoxidations of 4,4-dimethyl-cholest-5-en-3-one and 3-methylene-

4,4-dimethyl-cholest-5-ene.
Synthesis of 4.4-d1mothy1-eholest~5-on-3-on099 from cholest-

4-en-3-on098 was carried out and the J-methylene derivative (271)
was prepared by the reaction of the ketone (250) with methylene-
triphenylphosphorane. The i.r, spectrum of the diene (271) showed
strong bands at 1630 and 880 omz% while the n.m.r. spectrum
exhibited olefinic peaks centred at 5.25 (HpC=0= ) and 4.45T
(=6=CH).

When the 4,4-dimethyl-5-en-3-one (270) was treated with
dimethylsulphonium methylide & product was obtained which from its
i.r. speetrum sesemed to consist only of the 3-ketone (270).

However chromatography on alumina gave initial fractions (less

than 17 of the total product) with no carbonyl peak in the i.r.,
the remainder being the dimethyl-ketone (270). A similar result
was observed when the ketone (270) was added to & solution of the
oxosulphonium methylide. In this case the ketone was extremely
insoluble under the reaction conditions and this remained true
even on the addition of considerable quantities of organic solvents,
Since most of the cholestanes dealt with here have been observed to
be very insoluble in dimethyl sulphoxide the reaction was repeated
using dimethylformamide as the solvent for the generation of the
ylide. However, the ketone again appeared to gome out of solution
and the resulting product consisted of starting material with only
trace guantities of material less polar than the ketone (270) being

isolated by chromatography. Although these initial fractions



w 5§ w

were probably epoxides no verification of this was possible because
of the lack of material.

Treatment of the diene (271) with one equivalent of m-
chloroperbenzoic acid in ether gave a crude product which was
ehromatographed on a2lumina. The first compound (eluted with
petrol) was the diene (271) and this was gquickly followed by a
compound with an i.r. spectrum similar to that of the diene (271).
The n.m.r. spectrum of this material indicated the presence of
the C-3 methylene group (5.217T ) as well as an electronegative-
group at C=-6; protons at T7.68; T.77t which are attributed to
the C-T7 protons, along with & set of absorptions centred about
6.9/7.0 T which are attributed to a 5,6-epoxide. The elemental
analysis also supported this type of compound.

Epoxidation of 4,4-dimethyl-5-en-3-ones with peracids hes
been shown64 to give mixtures of 5¢,60~ and 5p,0P-epoxides
(a:p = 3:2) and on the face of it & similar result would be
expected here, for purely steric reasons the C-3 methylene group
probably having the same effect as the 3-ketone. The configurations
of the epoxides from the 3-keto-steroids were partly determined on
n.m.r. evidence. It has been show%pghat o= and f-epoxides at
05-06 can be distinguished by the value of the C-19 proton fre-
gquency, on the magnitude of the coupling constant beiween the
C-6 and C-T7 protons; or on the difference in chemical shifts of

the C-6 protons for each type of epoxide. In this case the C-19
proton frequency could not be distinguished from other methyl

absorptions in the 9.0 T region caused by the methyl groups at
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C-4, Using the coupling constant and chemical shift differences
in this case would have required spectra of both the 5a,6c- and
5¢,60p=-epoxides for an obvious distinetion to be made. Thus the
stereochemistry of this epoxide (272) remains unknown.

The next compound on elution from the column did not contain
a methylene group but from its n.m.r. spectrum could be seen to
contain an endocyclic double bond 4.48 T (1 proton H-0=C), i.e.
probably the 5,6-double bond. Peaks which could be assigned to
protons on an epoxy group where also present (7.05; T.l4; 7.49;
7.58 T) and the compound was assumed to be & 3-methylene epoxide
(273), and in fact this type of structure was confirmed by elemental
analysis., Identification from its i.r. spectrum in a similer way
to that used to determine the stereochemistry of the other A-ring
methylene epoxides was not possible in this case and lack of
material did not permit a chemical investigation of its structure.

The last compound from the column was & gum (ca,0.5% of the
total product). The n.m.r. spectrum indicated that it did not
contain any protons attached to double boands while a multitude of
peaks about 7.0 T led to the assumption that it was a bi-epoxide
(274).

Thus in this case only the positions of peracid attack of the
diene (271) are known with both the 5,6-epoxide(s) =nd 3-methylene
epoxide(s) heing produced. The ratio of the two sets of epoxides

was almost exactly 1l:1.



Table I Epoxide formation

Percent axial attack

a. Ketone (CH3)250CHy | (CH3)oSCH)
S5a-cholestan-3-one 3 69
20-methyl-5a-cholestan-3-one 3 25
2,2-dime thyl-5a~cholestan~3-one 6 60
S5a=-cholestan-2-one - & 24.5
Sea-androstan-1T7-one 83 100
A-nor-5a-cholestan-2-one ca.l00 -

Percent axial attack

b. Olefin Peracid :
KHGQ}
3-methylene~5c~cholestane : 85 26
3-me thylene-2a-methyl-5a-cholestane | 63 7
3-me thylene-2,2-dimethyl-5c—-choles-| 82 35
tane
2-methylene-50-cholestane 18 0
17-methylene~5a-endrostane 85 98
2-methylene-A-nor-5c-cholestane ca,l00 -
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Discussion

The results of the various epoxidations of the ketones and
methylene-compounds are listed in Table I in terms of percentage
axial attack. Table II consists of results from the addition of
Grignard reagents to steroid ketones.

In order to discuss the significance of the epoxidations
carried out here it is necessar; first to establish three points;
the mechanism by which each epoxidation takes place, the size and
' shape of the attacking species, and the spacial geometry of the
steroids at the moment of attack.

The mechanism &t present in favour for the non-acid catalysed
peracid epoxidation of & double bond is that devised by Bartlett
(1) in which the electrophilic peracid oxygen attacks the double
bond rather than one of thé olefinic carbons. Markownikov's rule
would then lead to greater bond development to the exoecyclic carbon
of the double bond in the rate determining stage. Since this last
stage is unlikely to involve any great steric influences it is the
approach of the peracid to the olefin which must be the stereo-
chemically importent step. The Bartlett mechanism has also been
proposed for double bond attack by peroxybenzimidie aoid.3 This
type of peroxy acid has been shown to be different from other
peracids in its attack of substituted olefins, for while 2-methyl-
2=-butene 1s'epox1dised by peracetic acid at a rate 290 times that
of l-hexene, the rate of disappearance of hydrogen peroxide in a
mixture of acetonitrile, hydrogen peroxide and olefinms is essentially

independent of olefin structure. Thus formation of the peroxy



Table II Addition of Grignard reagents

Ketone Percent axial attack
Sa~-cholestan-3-one 43 - 4082,83
2a-me thyl-50-cholestan-3-one 20
4c-methyl-5c-cholestan-3-one 30101
4p-methyl-50c~-cholestan~3-one 50101
2y2=-dimethyl-5a-cholestan-3-one 49
Sa-cholestan-2-one 090,144
Steroid-17-ketones 10072
A=nor-5c-cholestan-2-one ca.10096
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carboximidic acid intermediate is the slow step in these reactions
with rapid reaction with any available reducing agent then taking

plaoa.za

The mechanism for the ylide reactions is likely to involve
attack by the ylide carbanion on the carbon of the carbonyl group
in a similar way to that of addition of Wittig reagents to carbonyl
groups. With the sulphonium ylides the second step will involve
attack of oxyanion on the carbon of the sulphonium group (see pp.9,
10).5t The first stage is also thought to be 1'0101‘311310.5:t A

similar mechanism has been proposed by Jahnsonﬁa'b

for the reaction
of the butylide (275) with benzaldehydes. In these reactions it
was noted that only one stereoisomer, the trans-stilbene oxides,

was produced, and since it was found that cis-stilbene oxide was
stable to the resction and work-up conditions it was concluded that
the reactions between the ylide (275) and the benzaldehydes were
stereospecific, This stereochemistry was accounted for by assuming
that the step involving ylide attack is reversible and could result
in formation of both the erythro- and threo-betaines. The necessary
transition states for epoxide formation would then require conforma-
tions (276) and (277) and clearly for (277) this is an unfavoursble
conformation involving the three bulkiest groups being gauche to

one another. Thus with the first step reversible mainly the erythro
form is converted into the epoxide the threo form reverting to ylide
and carbonyl compound.

If betaine formation were not reversible the stereochemistry

of the reaction would be determined in the first step and this



R
(06H5)28—0H06H5 (275)

H + ¢ W
S ( [ ‘)Z
ch"‘

(erythro) (27e)

N
S (cb Hs)..

(erythro) (a18)

l

trans epoxide

¥
H S (‘bHS'):_
H

(threo) (avy)

(threo) (279)

l

cis epoxide



- 58 -

would mean that there must be a considerable energy difference
between the two transition states for betaine formation. The most
likely transition states for ylide addition are thought to be (278)
and (279) due to ion-dipole interactions between the carbonyl com-
pound and the ylide grouping. In this case the threo form has the
lower energy which would imply ultimate formation of the cis-
epoxide in preference to epoxide formation from the erythro form
in which the two phenyl groups are eclipsed. However this is in
complete disagreement with the observed results.

The influence that the size and shape of the attacking species
@an have on the stereochemistry of nucleophilic attack of cyclie

52

ketones is well documented. As hes been indicated the reduction

of unhindered cyclohexanones usually involves axial atteck by the
hydride ion while similer results are observed with the addition of
CN~ or acetylene to the same type of ketones, Here the attacking
species is either quite small (H.) or has & rod-like shape (CH-,
HC=CH) so that axial attack will give transition states in which
there is little non-bonded 1l,3-interaction with the axial sub-
stituents. Equétorial attack a&s hes been pointed out can be
explained as unlikely either on the basis of product development
control or because of steric interference with the axial alpha sub-
stituents. Attack by Grignard reasgents to unhindered ketones
takes place to & large extent with equetorial methyl attack and
this can be attributed to the severe interactions that the hydrogens
on the methyl group in the axial position will have with the beta

exial substituents.
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These observations on the effect of small nucleophiles with
unnindered cyclohexanones also depend on the shapes of the cyeclie
ketones. While the A-ring of most A-ring steroid-cyclohexanones
can be regarded as existing to & major extent in the chair form,
the A-ring of 2,2- and 4,4-dimethyl-3-keto-steroids has been shown
to exist as a flattened chair (280).93

The results from the epoxidation of Se-cholestan-3-one with
dimethyloxosulphonium methylide and dimethylsulphonium methylide
can be compared with those obtained from the similar epoxidations
of dihydrotestosterone, With the oxosulphonium ylide both the
3-ketones give overwhelmingly c-epoxides, the result of equdtorial
attack. Clearly the mechanism proposed by Cook et al. (pp.9,10)
1nvolv1ng‘reveraibility of oxosulphonium ylide attack can also be
used to explain the result from 5¢-cholestan-3-one, The non-
reversibility of attack by the labile dimethylsulphonium methylide
which was used as an explanationfor the stereospecifiecity of the
reaction of that ylide with dihydrotestosterone cannot on the face
of it be used with Sg-cholestan-3-one. However, since the sul-
phonium ylide is indeed very reactive and because of the good
yields of epoxides obtained from its reaction with 5a-cholestan—
3-one it is difficult to imagine that the ylide is not "locked"
into position after attack of the carbonyl group carbon. This
would then mean that attack of the ylide did not take place only
from the o-side initially but that some egudtorial attack did
oeccur., In fact other examples of attack by dimethylsulphonium
methylide of cyclohexanones to give a feir amount of equdtorial

attack have been reported. For example reaction of trans-2-
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decalone with this ylide gives a mixture of epoxides with that
resulting from axial attack accounting for 55% of the mixture.3
Such a stereochemical situation has been observed for the addition
of Grignard reagents to Sa-cholestan-3-one (Table II).- Sinece the
ylide carbanion differs from the methyl group from the Grignard
reagent in that it has one much larger grouping attached to the
attacking carbon atom it is difficult to see why the sulphonium
ylide should not initially attack to a greater degree from the
equitorial side. This could be due to shielding by the axial
hydrogens at C-2 and C-4 if the reagent has to closely approach the
carbonyl group in the transition state, or to shielding due to the
C=19 angular methyl group.

The results for the peracid epoxidation of 3-methylene-5a-
cholestane can be explained in terms of the different shielding
properties of the o and p faces of the molecule. If the transition
states for epoxidation by peracid are taken as at the critical point
resembling the final epoxides with the only difference being that
the bulk of the peracgid is still attached to the eleetrophilie
oxygen atom then the epoxide oxygen can be taken as a reference
point from which to measure the shielding to reagent approach from
both sides of the molecule. It can be seen that the axial hydrogens
on C=2 and C-4 are nearer the epoxide oxygen than are those on C-1,
and C=-5. Thus the attack by peracid of the 3-methylene compound
from the c-side on sterie grounds seems reasonable. The reduction
in exial attack with methylene chloride as solvent is likely to be

due to an increase in the resgent bulk due to tighter solvation of
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the transition state, the differences in shielding of the «

and p faces now being less important.

It is difficult to see why peroxybenzimidic acid should be so
different fgom the other peracids if it operates by the Bartlett
mechanism, On the face of it it is difficult to believe that its
size is so great that equdtorial attack becomes preferred to such
a great degree. (+)=-Peroxycamphoric acid for example gives high
yields of the epoxide resulting from axisl attack of 4-t-butyl-l-
mothylonooyolohoxano.l2 Another mechanism for this reaction seems
a more likely answer. The observed preference for axial attack is
observed with hypochlorous and hypobromous acid attack of J-methy-
lene-50~cholestane.

The presence of a methyl group alpha to the 3-ketone can be
seen to alter in a marked way all the epoxidation reactions of the
2a-methyl-steroids as well as the addition of Grignard reagent to
2e-methyl-5c-cholestan-3-one (and 4a-nethy1-5&-0holestan~3-on01°1).
In all cases there is a reduction in axial attack compared with
the same reazctions on the parent 3-ketone (223) or 3-methylene com-
pound (224). Such observations have also been reported for simple
u—methy1-cyclohexanones.52 The Grignerd reaction with 2-methyl-
eyclohexanones takes place with 75 percent of equitorial attack.
Examination of the molecular model of 2-methyleyclohexanone showed
that the methyl group in the equitorial position will be more stable
in the case where the hydrogen atoms are in a skew position with

2
respeet to the substituents at C-2 (281).5 In this case the dis-

tance of one of the hydrogens on the methyl group from the C-1
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carbon will be the same as that for the axial betg hydrogen atoms,
i.e, there are now three axial beta hydrogens causing additional
sterie hindrance, Applying this observation to the 2¢-methyl-
steroids would therefore mean that the three interactions with
axial beta hydrogens will push the reaction in each case towards
more equdtorial attack taking place.

The epoxidations of the 2,2-dimethyl-steroids and the addition
of Grignard reagent to the dimethyl-ketone (245) show results
gimilar in the main to those of the parent series (223) and (224).
These results will depend on the shapes of the A-ring of the
dimethyl-ketone (245) and its methylene derivative (246). Examina-
tion of the molecular models of the two dimethyl compounds in the
half-chair A-ring form in fact indicates that the p-face is now
guite heavily shielded by axial substituents and'evon with several
axial or pseudoaxial hydrogens bringing about non bonded interactions
with reagent approach from the a-side this direction of approach is
now favoured over top-side approach.

Axial attack of Sa-cholestan-2-one and its methylene derivative
involves a l,3-interaction with the C-10 methyl group and thus all
the reagents tend to attack in the main from the equdtorial side.
Attack to some extent from the egqubtorial side has in faet also
been observed for small nucleophiles such as hydridc.52

The reactions of the two sets of cyclopentane-steroids indicate
in all cases high shielding of the p-face of the molecules. This

is doubtless due to the relutive nearness of the angular methyl

groups.
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Reaections

Boron trifluoride
Boron trifluoride-etherate (1 drop per 100 mg. steroid) was

added to a solution of 3p-methyl-3e,3'-epoxy-5e-cholestane in dry
benzene, The reaction was terminated after 2 minutes and & crude
product was obtained which on chromatography on alumina gave the
c-epoxide (225), 20%, followed by an aldehyde, 26%, (i.r. bands at
2715 and 1725 cm.'l) and an alecohol, 54%, (i.r. bands at 3350 and
1057 om.'l). The aldehyde was also characterised by its n.m.r.
spectrum which had present a one proton peak at 0.397. Attempts
to reerystallise the aldehyde from petrol led to & crystalline
product whose i.r. spectrum was differeant from that of the alde-
hyde with bands at 3400 to 2450 (broad) and 1695 (s) om.7!
characteristic of a carvoxyliec acid.ao This acid reacted with
ethereal diazomethane to give & product identifiable as a methyl
ester by its i.r. spectrum which had present peaks at 1730 and

1160 cm.'lao The melting points of these two compounds were similar
to those reported for Se-cholestan-3p-carboxylic acid (284) and its
methyl ester (285)102 and from this evidence the petrol-recrystal-
lised material was assigned the 3p-carboxylic acid structure (284).
The n.m.r. spectrum of the alcohol from the BF3 reaction of
the a-epoxide (225) had peaks at 6.62 and 6.3t probably attributable
to a deshielded methylene group. It was found to contain fluorine
and on trestment with acetic anhydride in pyridine it gave & mono-
acetate (i.r. bands at 1740, 1242, and 1052 cm.?l and a three proton
absorption at 7.9T in the n.m.r. with other downfield peaks at
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6.09 and 5.76 7). Assuming epoxide oxygen co-ordination with BF3
prior to ring opening to the fluorohydrin an analogous reaction to
those observed with the f-epoxide (226) and hydrogen chloride and
hydrogen bromide (pp.42-45) would be expected, i.e. opening to

the 3a-hydroxynethyl-3a—tluéio-OOlpound (286), end this is justi-
fied by the acetate formation (287).

When the fluoro-alecohol (286) was treated with a further
guantity of boron trifluoride-etherate in benzene ooanréion to the
3-aldehyde took place, and this was also the observed result when
excess boron trifluoride-etherate was added to the c-epoxide (225)
in benzene. The n.m.r. spectrum of the crude product from this
last reaction had present two aldehydic proton absorptions. The
major, 0.397, corresponded to that observed for the 3-aldehyde
isolated by alumina chromatography with the other at o,ég’r, It
has been shown that pairs of epimerié aldehydes can be distinguished
by differences in chemical ahitts.103 Bgudtorial aldehydes show &
peak at a slightly higher find. Applying this concept here
would iﬁply thet the aldehyde corresponding to the band at 0.39
had an equbtorial configuration and this is borne out by the fact
that the aldehyde mixture when run through a column of alumina or
when treated with base epimerises to a single aldehyde with a peak‘
in the n.m.r. at 0.39T, i.e. the more stable eqgudtorial form.

When the reaction was carried out in ether as solvent it was
found that little or no resction occurred with reaction times of
2 to 60 minutes. Therefore the reaction was allowed to continue
for 2 hours before being terminated. When this was done & crude

product was obtained the n.m.r. spectrum of which showed the
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presence of fluorohydrin (6.62, 6.3 T ) =nd the two aldehydes (0.39
and 0,28 T ), On this occasion the intensities of the two alde-
hydiec signals were approximately egual, Chromatography of the
erude product on alumina gave the 3p—a190hydo and the fluorohydrin.

The same reactions were carried out with the p-epoxide (226).
Here with benzene as solvent the n.m.r. of the crude product showed
the two aldehydie protons with that of the equétorial aldehyde
again the major, Fluorohydrin formation was not observed in this
case. ¥ith ether as solvent and a reaction time of 2 hours the
only absorption band present in the n.m.r. of the crude reaction
product was that of the 3p-aldeayde proton (0.397T). Again only
3p=-aldehyde could be isolated for both erude products by alumina
chromatography.

When the resction between 2¢-methyl2p,2'-epoxy-Sa-cholestane
(254) and excess boron trifluoride-etherate was carried out in
benzene as solvent a product was obtained which again had two
aldehyde peaks, 0.4l and 0.24 T, in the n.m.r. By using the
chemical shift distinetion method the band at 0.41 must belong
to the hydrogen of the 2a-aldehyde (288), and in fact chromatography
on alumina of the crude product gave & single aldehyde with a peak
in the n.m.r. at 0.41 T which must be due to an aldehyde in the
stable equétorial configuration. No fluorohydrin formation was
observed with this reaction. With ether as the solvent and a
reaction time of 2 hours the erude product could be seen to contain
only the two aldehydes from its n.m.r. spectrum, with the two peaks
having approximately equal intebRsities. The single 2e¢-aldehyde
was isolated by chrometography on alumina, It was found that the
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2a-aldehyde could be recrystallised from petrol with apparently
no conversion to a earboxylie #oid. |

The reactions of 2p-methyl-2¢,2'-epoxy-5a-cholestane (255)
with boron trifluoride-ethorate were carried out in a similar way
to those of the a-epoxide (254). With benzene as a solvent
almost equal amounts of the two'aldohydea were formed (n.m.r.
0.41 and 0.247v ) while the use of othef as solvent gave principally
the 2¢-aldehyde. Again alumina chromatography allowed for the
isolation of only the 2e-aldehyde. |

By using these n.m.r. technigues it was hoped that some
information about the use of ether and benzene as solvents in
boron trifluoride epoxide isomerisations oouid be obtained. As
has been already mentioned in the Introduction (p.18) the work of
Goldsmith‘a indicated a greater tendency to these types of reaec-
tions taking place by & carbonium ion mechanism with benzene &as a
solvent than with ether as solvent,

In all cases the use of benzene as a solvent led to mixtures
of aldenhydes and this can only be explained by the reactions %o
some extent going through & two step carbonium ion mechanism,
The eqgubtorial aldehydes would result by a concerted process only
for epoxides (226) and (255). From the observation that the stable
equhtorial aldehydes are im all cases the major products (for
epoxide (255) ea.l:1l) it could be assumed that reaction pathways
involving carbonium ion intermediates are more importent than
econcerted mechanisms for epoxides (225) and (254). However it is
egqually likely that both concerted and carbonium ion mechanisms
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are favoured for the Br3-oatalysed reactions, the fast reactions
in benzene allowing for sufficient time for partial epimerisation
of the axial aldehydes to the more stable eguhtorial ones under
the reaction conditions.

On the other hand there does seem to be a difference between

the epoxide isomerisations with ether as the solvent, The two
axial-oxygen epoxides give almost equal amounts of the two alde-
hydes which must mean at least 50 percent of the reactions go by
concerted processes, The observation of almost complete conversion
of the equbtorial-oxygen epoxides to the equitorial aldehydes could
also be explained by a greater degree of concerted epoxide
rearrangement with ether as a solvent.

The reactions of the two a—epoxides of 3-methylene-2¢-methyl-
and 3-methylene-2,2-dimethyl-5c-cholestane with boron trifluoride-
etherate in benzene were also studied, The i.r. spectra of the
products from both reactions with excess BF3 and a reaction time of
2 minutes had present no readily identifiable absorption bands and
the n.m.r. spectra of both erude reaction products indicated that
aldehydic protons were not present. Neither crude product could
be fractionated on alumina. A second reaction with the a-epoxide
of the 2,2-dimethyl-series in benzene with a small amount of boron
trifluoride-etherate (1 drop/150 mg. eteroid) for half-minute also

gave unrecognisable material.
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Hydrogen chloride and hydrogen brouide

The eorresponding reactions to those already mentioned for

the p-epoxide (226), (pp.44,45), were carried out for the o-epoxide
(225) with hydrosen'ohloride in ehloroform and with hydrobromie
acid, In both cases products were obtained with gimilar i.»,
spectra to the c-halo-compounds (232) and (237). The product from
the e-epoxide with HCl hed peaks at 3560 and 1075 while the product
from the same epoxide with HBr ahowedzﬁbaorption bands 2t 3540 and
1010 om.”} These products on the basis of the results from the f-
epoxide would be expected to be 3e-nydroxymethyl-3p-chloro-5a-
cholestane (290) and 3o~hydroxymethyl-3p-bromo-5ae~cholestane (291),
and in faet both were converted into mixtures of acetates and
starting materials on treatment with acetic anhydride in pyridine
overnight. Also the a-opoxid§ (225) was regenerated from both
the compounds (290) and (291) on treatment with base (potassium
t-butoxide in the case of the -3p-chloro-compound (290) and chromato-
graphy on alumina for the 3p-bromide (291)). |

Alumina gAetivttl ;I}

Cleavage of epoxides to 1,2-diols is usually accomplished under
acidic oanditiona}3° However it has recently been shown that treat-
ment of 3p-methyl-3c,3'-epoxy-So-cholestane with 60#% perchloric acid
gives a complicated mixture of préducts}os Thus in this case &
suitable methoed for oloavaga to hydroxy-nydroxymethyl compounds
ander basic conditions was investigated. The best method for
attacks of this nature is by treatment with base in a high boiling

131
solvent such as dimethyl eulphoxide.3 However the methylene-



epoxides were all very insoluble in that solvent, but cleavage to
diols was accomplished by freatmont of the epoxy-compounds with
alumina of aetivity II. The o- and p-epoxides (225) and (226)
when treated in this way overnight gave on elution with chloroform
the required diols. The material from the o-epoxide gave & mono-
tosylate (293) with toluene-p-sulphonyl chloride in pyridine, The
i.r. spectrum had peaks at 3600 (hydroxyl) and 1180, 1190 om.-l
(characteristic of a tosylat01°4). while the n.m.r. showed & peak
at ~ 7.54 (3 protons, aryl methyl group). Treatment of this
tosylate with base regenerated the c-epoxide (225) while with
lithium aluminium hydride 3p-methyl-5a-cholestan-3e-ol was produced

(mixed melting point and i.r. spectra comparison). This indicates
that the diol is 3p-hydroxymethyl-S5c-cholestan-3e-ol (292) formed
by nucleophilic attack at C=-3', The tosylate of the diol from

the p-epoxide wes also prepared (295) (i.r. 3580, 1190, and 1180
om."}) and was treated with potassium t-butoxide to give the p-
epoxide, thus also showing that spoxide cleavage had occurred with

nucleophilic attack at the exoecyelic carbon atom.

Acetic aecid

The acetolysis of 3f-methyl-3a,3'-epoxy-Sa-cholestane has been
shown to give & mixture of diacetate and c-acetoxy-alcohola.lo5
However when this reaction was repeated using dried and redistilled
acetic acid a single compound wes obtained whose i,r. spectrum
indicated that both acetate and hydroxy groups were present. The

n.m.r. speetrum haed & three proton absorption band at T 7.87

(acetate) with peaks corresponding to two protons at T 5.86 and
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6,07, which can be attributed to the methylene group -CHo-OH,
Treatment of this compound with lithium aluminium hydride gave the
3e~hydroxymethyl-3p=0ol (294), while a diacetate was formed with
acetic anhydride in pyridine thus showing the acetolysis product
t0 be 3a~hydroxymethyl-3p-acetoxy-Sa-cholestane (296).

The pP-epoxide (226) with purified acetic acid gave after heat-
ing at 90° for 2 hours & product which contained both acetoxy and
hydroxy groups (i.r.) =nd whose n.m.r, spectrum was very similar to
that of the acetolysis compound (296)., With lithium aluminium
hydride it was converted into the 3f-hydroxymethyl-3a-ol compound
(292) end thus it was assigned the 3p-hydroxylmethyl-3o-acetate
structure (297).

Methanolie potassium hydroxide and acid catalysed addition of

me thanol

The ac-epoxide (225) was cleaved with potassium hydroxide in
me thanol to give & erystalline product (298) with an i.r. spectrum
(3560 and 1118 cm.‘l) similar to thet of the 3c-methoxymethyl-
compound (233) formed by cleavage of the f-epoxide (226) under the
same conditions (p.44). The n.m.r. spectrum of the compound (298)
had & three proton peak at T 6.62 (-0-053) and & peak at T 6.84
corresponding to two protons (-052-0033). As expected no acetate
was formed when the compound was treated with acetic anhydride in
pyridine, and it is, therefore, 3p-methoxymethyl-Sc-cholestan-3e-ol
(298).

When either of the 3-methoxymethyl-3-ols were treated with acetic

132
anhydride in the presence of boron trifluoride, crude products,



T} =

showing acetoxy signals in the i.r., were obtained which after
treatment with lithium aluminium hydride gave on caromatography
from alumina the 3-hydroxymethyl-3-ols in moderate yields (the 3a-
ol from the p-methoxymethyl-compound and the 3p-ol from the o=
methoxyme thyl-compound).

The a-epoxide (225) on treatment with methanol in the presence
of either perchloriec or toluene-p-sulphonic acid gave a crystalline
product which from its i.r. spectrum appeared to be an alcohol.

A mono-acetate was formed on treatment with acetic anhydride in
pyridine and the n.m.r. spectrum of the alcohol had absorptions at

T 6.75, 3 protons, (-0-CH3) and T 6.37, 2 protons, (-CHy-0H).

The compound must thereiore be 3o-hydroxymethyl-3pg-methoxy-S5a-
cholestane (299). Similar reactions for the P-epoxide with methanol
in the presence of perchloric or toluene-p-sulphonic acid gave a
erystalline product which from spectra could be seen to be a me thoxXy-
alecohol (i.r. 3550 and 1075 om.?l n.m.r. v 6.82, 3 protons, (-0-053)
and T 6,58, 2 protons (-Cge-OH)). On the basis of the cleavage of
the a-epoxide this later compound must be 3p-hydroxymethyl-3c-
methoxy-5a-cholestane (300).

Methyl lMagnesium Iodide
The c-epoxide (225) in ether was added to an ethereal solution

of methyl magnesium iodide and the mixture was refluxed for 5 hours
to give a product containing a hydroxy-group (i.r.) with & strong

peak at 1010 cm.-l suggesting a primary or secondary alcohol. When

this product was chromatographed on alumina 100 percent conversion

%o the c-epoxide took place unless the chromatogram was completed
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within minutes of its start when a pure sample of the alcohol could
be obtained. This would suggeat that the reaction product was 3Ja-
hydroxymethyl=3p-iodo-50-cholestane (301) and in fact elemental
analysis consistant with this structure were obtained. The same
product was obtained when the a-epoxide was cleaved with hydriodie
acid,

The B-epoxide (226) likewise gave an elcohol (302) with methyl
magnesium iodide which on alumina gave back the f-epoxide. The
i.r. speetrum indicated a primary or secondary alcohol (3550, 1030
cn.'l). and on standing for several weeks the product started to
brown around the edges of the crystals and after & longer period of
time a purple gum was obtained which did not give interpretable

spectral evidence as to its structure. The product from the f=-
epoxide with HI was also non-crystalline and again spectral informa-
tion did not lead %o & conclusion as to its structure. The observed
instability of the produet from the P-epoxide is almost certainly

due to & 3Je-axial iodine in the molecule, with iodine both large

and a good leaving group it will be easily eliminated andthus the
strueture of the aslecohol from the Grignard reaction is 3p-hydroxy-
methyl-3a-iodo-5a~-cholestane (302).

Piperidine
Both epoxides (225) and (226) when refluxed with piperidine

gave nitrogen containing productis, The i.r. speetra nad bands in
the region about 3500 (-0H) but neither had primary or secondary
alcohol peaks in the region 1100-1000 cm.’l as would be expected

with epoxide-cleavage under basic conditions. The elemental
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analysis indicated that the products were the 3p-piperidinomethyl-
3a-0l (303) (from the c-epoxide) and the 3a-piperidinomethyl-3f-ol
(304) (from the p-epoxide).

It can be concluded, therefore, that the expected attack at
C-3' took place with nucleophilic substitution reactions of the
two 3-methylene epoxides under basis conditions. With acids or
reagents involving co-ordination to the epoxide oxygen as the first
stage (313. Meligl) attack took place at the more heavily sub-
stituted C-3.
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The Stereochemistry of Tiffeneau Reactions
The homologation of several A-ring steroid ketones including

5a-cholestan-3-one, 2o-methyl-5a-cholestan-3-one and 2,2-dimethyl-
5a-cholestan-3-one has recently been carried out using the Tiffeneau
ring enlargement tochniqualos (305, with Se-cholestan-3-one as an
example). The preparation of the intermediate amino-alecohols was
achieved by addition of CN™ to the 3-ketones followed by reduction
of the eyanohydrin acetates to the required compounds. On treatment
with nitrous acid A-homo-ketones were obtained along with in each
case a 3-methylene-epoxide as & bi-product. It was recognised that
these epoxides presented a clue as to the stereochemistry of the
addition of CN™ to the original ketones sinece from that stage onwards

the exocyclic carbon atom remains in the same configuration. The

two epoxides from Su-cholestan-3-one and 2,2-dimethyl-5c~-cholestan~
3-one were 1dontifiedl°5 as a-epoxides, which was taken to mean that

attack by CN~ on the carbonyl groups of these 3-ketones was equdtorial,

The epoxide from 2a-methyl-5a-cholestan-3-one was assumed to be also
an oc-epoxide on the basis that the 2a-methyl group would be sterically

neutral.lo5

Comparison now of this epoxide with the two known 2a-
methyl-3-methylene epoxides showed it, however, to be 3e-methyl-3£,3'-
cpoxy—Zg—aethy1-5a-cholostano. It is interesting also to note that
the epoxide bi-product from 4c—mathji-5a-cholestan—3-ono in the
Tiffenesu reaction can now be shown to be & P-epoxide from its i.r.
spectrum which has a broad absorption band at 830 with & medium one

at 930 em~L On this basis it would seem that attack by CN~ to the

carbonyl group of these c-monomethyl-3-ketones is axieal.
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The stereochemistry of the Tiffeneau intermediates can salso
be determined by & comparison of the aamino-alcohols produced on
reduction of the cyanohydrin acetates with each of the epimeric
pair of such amino-alcohols produced by an unambiguous route. The
cleavage of the a-epoxide (225) directly with lithamide, sodamide
and potassamide has been shown not to be posaib101°5 and therefore
a less direct route involving reactions of known stereochemistry on
the pairs of methylene epoxides seemed a reasonable proposition.
The method chosen was nuoleophilic attack of the spoxides by R;
followed by reduction of the azido-alcohols to the amino-aleohols.
In fact such & route has been desoribed13 for the mixture of epo-
xides derived from perascid attack of 4-t-butyl-methylenecyeclohexane,
with as expected attack by N; taking place at the exocyelic carbon
atom. The conditions used on applying this technigue to the series
of steroid methylene epoxides was cleavage by refluxing with lithium
azide in methanol overnight, followed by reduction with either
lithium aluminium hydride or Raney nickel/hydrazine hydrato!'o6 When
this technigue was applied to the c-epoxide (225) a erystalline
product was obtained with very strong azide bands in the i.r. at
2200-2050 cm.':llo6 along with 2 pesk at 3560 emTt (=0H), there
were no strong peaks in the region 1100-1000 cm.Tland the n.m.r.
showed peaks at T 6.83 and 6.78 (-CH2§3). The product wes homo-
geneous on alumina chrometography. Reduction of this ezido-
alcohol (306) gave with either reducing agent a white solid which
could be recognised as an amino-alecohol from its i.r., spectirum

3600 (hydroxyl) and 3200 (amino) cm.'l The direct comparison of

this compound with the amino-alcohol from the Tiffeneau reactions
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of the 3-ketonelo5 was not possible as the 3-aminomethyl-3-o0l in
the later case was not isolatable in & pure form. It was noted
there, however, that purification of this amino-alechol could be
accomplished by conversion into its acetonide (307) and this was
attempted here by refluxing the amino-zlcohol with acetone followed
by slow distillation of the acetone. In this case, however, a
erystalline product could not be obtained, nevertheless the i.r.

of this crude compound (308) was not the same as that of the aceto-
nide from the 3-ketone. The whole process was then repeated for
the B-epoxide (226) with erystalline products formed at every stage,
and in this case the acetonide was identical to that produced from
the 3-ketone (307), (mixed m.p., i.r. and n.m.r.). On the face of
it this would seem an impossible situation as the a-epoxide cannot
be formed from 3Ja-aminomethyl-5a-cholestan-3p-ol. However it was
noticed that a-epoxide formation was only observedlo5 when nitrous
aeid treatment of the crude amino-aleohol mixture was carried out,
the acetonide (307) in a similar reaction giving a 90% yield of
A-homo-4-one with no epoxide-bi-product. Thus it would appear that
the a-epoxide wes only formed from & mixture of the two epimerie
C=3 aminomethyl-alcohols with only the 3p-aminomethyl-30-0l going

to the epoxide and in the case of the acetonide reaction preliminary
purifieation to the p-alcohol was achieved by its selective reaction
with acetone. Such & conclusicn is justifiable from the work of
Pavre and Gravell> who found that waile the trans 4-t-butyl-amino-
methyl-cyclohexanol gave ¢2.20% of an epoxide bi-product the gis
amino-alecochol gave a very small yield of epoxide. Obviously a
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trans-coplanar deamination of the 3a-aminomethyl-3f-ol (309) to
the P-epoxide would involve strong interactions with the C-1 and
C=5 axial hydrogens. Since the acetonide (307) from the 3-ketone
was formed in 60% yield this must mean that axial attack ocourred
to a greater extent than equdtorial attack.

Reduction of the azido-zleohols (identified by i.r.) formed
from the 3j-methylene epoxides of the 2c-methyl series (240) and
(241) gave white solids identifieble as amino-slcohols from their
i.r. speectra, The 3p-aminomethyl-3c-~ol (310) on heating with
acetone gave & crystalline acetonide different from that produced
via ON~ attack of 2e-methyl-S5a-cholestan-3-one., The acetonide from
the 3e-aminomethyl-3f-ol (311) could not unfortunately be iscolated
in & erystalline form, Nevertheless its speetra (i.r. and n.m.Tr.)
were identical with those of the acetonide for the Tiffeneau reac-
tions. Thus agein it would appear thet attack by CN~ on the ketone
was to some extent equétorial (in faet the yield of acetonide from
the cysnohydrin acetate was 67%).

There was insufficient 3a-methy1-3ﬁ,3'-opoxy-Z,Z-dinethyl—Sa-
cholestane to carry out a cleavage with N; and thus only the o~
epoxide (247) was subjected to that reaetion. The azido-a2lcohol
(i.r. 3560 and 2250-2100 om.’l) so produced was reduced to give &
white solid which on refluxing with acetone gave after removal of
the solvent a glass with peaks in the a.m.r. which could be attributed
to an acetonide (T 8.55 [geminal methyl protons], C-3' methylene
protons centred at ea.T 7.0). The i.r. spectrum was different from

that of the crude acetonide formed in the Tiffeneau reactions thus



giving "negative" evidence indicating again equdtorial attack by
CN™ on the dimethyl-ketone.

The epoxides from 2-methylene-Se-cholestane were also cleaved
with Ng to give orystalline azido-alcohols (i.r. and n.m.r,). The
2a~azidomethyl-2p-0l1l (312) was reduced to give the aminomethyl-
aleohol (i.r. 3600 and 3200 cm.‘l) which with acetone again gave a
erude product, ideatifiable as the acetonide (313) (i.r. 820 on.-l).
Treatment of this acetonide with'ﬁltroun acid gave a product the
i.r. spectrum of which indicated only partial conversion to products.
Chromsgography on alumina and elution with petrol-benzene (1l:1l)
yielded a ketonic product which from g.l.c. evidence could be seen
to be a mixture of Se-cholestan-2-one and sn A-homo-ketone. This
identification was based on the retention times found for a series
of A—homo-koton951°5’1°7 (and for Se-cholestanones). The retention
time for the A-homo-ketone in this cass was different from that for
A-homo-5a-cholestan-3-one and thus formation of the ring eanlargement
product here must have resulted from 2,3-bond migration. Separation
of the two products by rechromatography on alumina or crystallisation

was not possible.
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(2) Bpoxides adjacent to & polar group

The epoxidation of cholest-4-en-3—one with dimethylsulphonium
methylide.

The isolation of epoxides from the reaction of cholest-4-en-

3-one with dimethylsulphonium methylide has been reportcd‘ with one
of the epoxides obtained from the mixture of methylene epoxides by
repeated recrystallisation, However when this epoxidation was
repeated, & erude product was obtained which showed similer i.r.
absorptions to those reported for the reerystallised epoxide
(1720(w), 1685(w), 940(s), 880(w), lit.4 1724(w), 1689(m) on.-l).
The n.m.r. spectrum was &lso consistent with an epoxide product

(T 7.23, hydrogens on C=3'). However it was not found possible

to reorystallise the material and in most cases evaporation of the
solvent gave gums whose i.r. spectra had lost most of the epoxide
ebsorption bands with broad hydroxyl peaks now present. This
would indicate partial epoxide cleavage on recrystallisation. The
methylene transfer to the enone was therefore repeated and the crude
product was chromatographed on alumine, The first fractions were
eluted with petrol-benzene and their i.r. specira corresponded to

& single o,P-unsaturated aldehyde (i.r. 2680, 1680 snd 1660 cm.?l

109). A second non-crystalline o,f-

u.V. pax.235 mp (¢ 13,100)
unsaturated aldehyde was next eluted. Here only the fingerpoint
region of the i.r. was different from the corresponding spectrum

of the first aldehyde. Treatment with base did not lead to its

epimerisation. Several minor fractions were next eluted whose

i.r. speectra all contained carbonyl groups. Identification of
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these minor products was not possible. Finally elution with
chloroform-methenol (95:5) gave tne bulk of the product which could
not be recrystallised., The i.r. spectrum indicated the presence
of a2 hydroxy group. Other attempts at separation of the methylene
epoxides from cholest-4-en-3-one were all equally unsuccessful.
Chromatography on deactivated neutral alumina again gave mainly
nydroxy-material while no separation was observed with Florisil

or silica gel.

It is obvious from the =bove that these epoxy-derivatives of
cholest-4-en-3-one are readily cleaved. The erystalline aldehyde
indicates that epoxide isomerisation takes plece to some extent with
hydrogen migration. The double bond must then move to either
Cp=C3 or C3-Cy (314). The position of the double bond has not been
determined. v
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Synthesis of the epoxides of j-methylene-Sa-cholestan-2-one

The obvious method for the synthesis of the 3-methylene epoxide
derivatives of S5e-cholestan-2-one would be slkaline hydrogen pero-
xide oxidation of 3-methylene-S5c-cholestan~-2-one, however such a
route seemed impracticable since a-keto-methylene compounds (without
an adjacent endocyclic double bond) appear to be somewhat labile.
For example oxidation of 2-methylene-lTc-metaylandrostan-3g,l7p-ol
with chromium trioxide-pyridine gives a dimer which is presumed to
result from original formation of the 2-mothylene-3-ona,12? and
other experiments involving the 2-methylene-5c-3-one system have also

lloA possible

indicated its easy conversion into dimeric compounds.
alternative route to a-keto-methylene-epoxides through ylide treat-
ment (sulphonium methylide or methylenetriphenylphosphorane followed
by peracid) of an c-acetoxy-ketone iz also not practicable since the
basiec ylide resction conditions would undoubtedly lead to a-hnydroxy-
ketones which can rearrange to other a-hydroxy-ketones or mixtures
of u—hydroxy—ketones.lll
For epoxide synthesis in this case, therefore, an indirect
synthetic route was followed. 2@,3B~Epoxy-S5e-cholestane (315) was
cleaved with redistilled and dried acetic acid to give a high yield
of 3a~acetoxy-Se-cholestan-2p-0l (316) which was converted into the
Je~-acetoxy-2-one (317) on treatment with Jones' roagont.112'113Tho
next step was the protection of the 2-ketone by formation of the
2-ketal (318). However, the usual ketalisation procedure of
ethylene glycol, triethyl orthoformate and toluene-p-sulphonic

acidll‘ gave only starting material and so a second method for



ketalisation was examined. The use of ethylene glycol and boron
trifluoride in acetic acid with c-acetoxy-ketones has been ahownll,

to produce high yields of c-acetoxy-ketals and this method was

tried hers, The c-acetoxy-ketone (317) in dry acetic aecid at 60°
wae treated with ethylene glycol and cooled to 40°, boron trifluoride-
etherate was added and the mixture was allowed to stand for 9 hours,
during which time a solid preeipitated out. Recrystallisation of
this product gave & compound which from spectra could be identified
as an acetoxy-ketal (i.r. 1738, 1247, 1053 om.;'

(acetate) and 6.06 (-0—0§2-0§2—0-)133). The ketal group was assumed

n.m.r. v 7.92

t0 be at C=2 on the basis of the following observetions. It has
been shown that the w-acetoxy-ketones (317) and (320) on treztment
with HBr or alunina112'113

and so it would seem reasonable to assume that (317) under the

give 3p-acetoxy-Sa-cholestan-2-one (319)

ketalisation conditions reacted as the 2-ketone. The configuration
of the acetoxy group might also be expected to be equitorial but
thie has not been confirmed, The yield from the ketalisation was
48% end it is of interest to note that treatment of 3e-acetoxy-Se~
cholestan-2-one with HBr does at best give & yield of 50% of the
equdtorial acetate (319).113

The 3-acetoxy-2-ketal (318) was refluxed with sodium hydroxide
in methanol to give & product contsining & hydroxy group (i.r.).
This was assumed to be 2,2-ethylenedioxy-5c¢c-cholestan-3-ol (321).
Oxidation of this compound with chromium trioxide pyridine com.ploxn6
geve the ketal-ketome (322) (i.r. 1720 om.?l n.m.r. ¢ 6,03 (ethylene

ketal hydrogens)), and conversion to the 3-methylene-Z-ketal (323)
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(1.r. 1650, 915, 910 om.7> n.m.r.T 6.09, 6.06 (ketal), 5.29, 5.01
(exoeyelic methylene hydrogens)), was achieved with methyleneiri-
pvhenylphosphorane.

The reaction of the ketal-ketone (322) with dimethyloxosulpho-
vniun methylide gave on recrystallisation from acetone & compound
identical to that formed by m-chloroperbenzoie acid attack of (323)
(after recrystallisation). The i.r. spectrum of this compound had
vands at 1170, 1060, 982, 950, 838, 750 em.5l while present in the
n.m.r. were absorptions at v T.44, 7.37, 7.07, 6.99 (epoxide hydrogens
at C-3'), 6.09, 6,00 (ethylene ketal hydrogens). On this basis the
compound was assumed to be a 3-methylene epoxide and by analogy with
oxosulphonium methylide epoxidation of Se-cholestan-3-one end 2,2-
dimethyl-5a-cholestan-3-one and the peracid attack of 3-methylens-50-
cholestane and 3-methylene-2,2-dimethyl-5c-cholestane it was also
assumed to be the a-epoxide (324).

The last stage for the preparation of 3p-methyl-3a,3'-epoxy-5a-
cholestan-2-one was the removal of the ketal group. This type of
reaction is usually achieved by acid treatment117 and in this case
HBr was used since the reagent used for de-ketalisation would also
have to in this case convert the aecid labile epoxy-group into a
compound(s) from which it could eesily be regenerated at a later
atage. HBr gas was bubbled through a solution of the epoxy-ketal
(324) in enloroform and a gum was obtained with a earbonyl group
(1715 em.=1) and a hydroxy group (3500 em.~l)., The yield was low
and indicated probably that the conditions of elezvege had been

rather drastic. The produet on chromatography on elumina geve on
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elution with petrol & crystalline product with pesks in the i.r.
at 3050, 1718, 940 and 835 cm."l The n.m.r. showed an absorption
band at T 7.20 which can be attributed to epoxide protons (cgz-o).
This product was therefore zssumed to be 3p-methyl-3a,3'-epoxy=-Sa-
cholestan-2-one (325).

From this first attempted synthesis it was obvious that apart
from ketalisation and the final removal of the ketal group the
route was a practical one each of ti : intermediate steps giving
high yields of products. The mein problem was the regeneration
finally of the 2-ketone and doubtless the use of milder acidie
conditions could improve the yields from this stage. However the
report12l of the preparation of 3-oxygenated-2-methylene-epoxy-
steroids suggested thut these types of epoxides would be easy to
prepare, thus giving sufficient material for a study of the reac-

tions of c-oxygenated-methylene epoxides.
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The synthesis and reactions of 3-oxygenated-2-methylene epoxides

The preparation of 2-methylene-5c-cholestan-3f-0l (326) was
carried out in a similar way to that reported for the synthesis of
a nuamber of 2-methylene-3p-ols in other steroid systems.122 Refluxing
2-hydroxynethylone-Sa—cholestan-}-ono75 with piperidine in banzon¢123
gave a product identifiable by elemental analysis and speotralz3
a8 2-N-piperidinomethylene-5a-cholestan-3-one (327) (i.r. 1655 cn.Tl
u.v. 334 mp (e 22,800)). Treatment of this compound (327) with
excess sodium borohydride in methanol at 0° gave a precipitate
which was recrystallised from acetone. The i.r. spectrum of this
compound exhibited absorption bands at 3560 (hydroxyl), 1645, 895
(Csté-) om.Tl while the n.m.r. spectrum had present peaks at T
5.00 and 5,28 (CH2=é-). Treatment of this compound with acetic
anhydride in pyridine gave & mono-acetate (329) (i.r. 1738, 1650,
1238, 1039, 895 om.?l n.m.r. T 7.89 (3 protons, acetate), 5.17 and
5.29 (2 protons, exoecyclic methylene group)). All this indicates
that the borohydride reduction product was 2-methylene-5c-cholestan-
3p-0l (328).

The epoxidation of (328) and (329) and the subsequent alteration
of the functional groups at C-3 were carried out in similar ways to
those described by Klimstra.121 There it was found that epoxidation
of the 2-methylene compounds containing a 3p-hydroxy group gave
epoxides in which the epoxide oxygen assumed a position on the
same side of the steroid ring as the 3-substituent, i.e. 2§, while
with the 3p-substituent an acetoxy group the epoxide oxygen on

epoxidation assumed the 20 position.
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Treatment of 2-methylene-5¢~-cholestan-3p-ol (328) with an
excess of m-chloroperbenzoic acid in either ether or benzene-
echloroform as solvent gave a product, m.p. 162-164°%, i.r. bands
at 940, 835, 700 em.;' and n.m.r. peaks atT 7.49, 7.41, 6.88,
6.80 (attributed to the C-2' protons of a 2,2'-epoxide). On the

12l 12,17,18,134

basis of Klimstra's wor and because in all cases

at least some cis-epoxide is formed on peracid attack of a,p-
unsaturated-alcohols, this compound was assumed to be the 2p-
epoxide (330). Treatment of this compound (330) with acetic
anhydride in pyridine gave a compound; m.p. 153-155° with i.r.
bands at 1640, 1230 (acetate), 942, 905, 835 omfl eand n.m,r,
peaks at T 8.00 (3 protons, acetate); 7.53; T.44; 6.99; 6.90
(C-2' hydrogens). This compound was assumed to be the 3f-acetate
(331). Oxidetion of 2e-methyl-2p,2'-epoxy-S5e-cholestan-3f-ol
(330) with Jones' reagent gave a ketone, assumed to be the 2g,2'-
epoxy-3-ketone (332); m.p. 164-166°, i.r. bands at 1720 and 830
cm.?l n.m.r. peaks at T 7.36, T.26, 7.22, T7.12 (exocyclic epoxide
protons).

When 2-methylene-5c-cholestan-3f-ol acetate (329) was treated
with excess m-chloroperbenzoic acid in ether a product was obtained
which after recrystallisation from acetone melted over a 10° range

(120-1309). This melting point was not improved on after repeated
recrystallisation. The i.r. spectrum was similar to that of the

2p,2'-epoxide (331); 1640, 1230, 905, 835 Om:1
1

with the peak at
90% em, much broader in this case., The n.m.r. spectrum was also

very similar; T 8.00 (acetate), T7.54, 7.45, 7.10, 6.91 (epoxide).



+ 8% =

There would seem, therefore, to be & difference between the

result here and those patentedlzl for the androstanes. It would
seem very unlikely that peracid attack of the 2,2'-double bond
should oeccur to = marked extent from the p-face (18% axial attack
by peracid for 2-methylene-5a-cholestane, page 50). However steric
and/or electronic effects of the 3p-acetate may give slightly more
p-epoxide here and this coupled with a greater loss of the more
polar 2q¢,2'-epoxide on crystallisation could well give a product
containing & feir proportion of the p-epoxide (331) (total epoxide
product was obtained in & 69% yield after crystallisation). Since
the mixed m.p. of the product here with the 2p,2'=epoxy-3p-acetate
(331) was 122-149° it was assumed that the product isolated from
peraeid attack of the 2-methylene-3-acetate (329) contained a sub-
stantial amount of the 2a,2'-epoxide (333). Removal of the acetate
of this product with potassium carbonate in warm agueous methanol
gave an alcohol, m.p. 126-150° (mostly 127-134°), with an i.r.
spectrum similar to that of the 2p,2'-epoxy-3p-ol (330) with the
addition of & peak of medium intensity at 900 on" ank sk BN,
spectrum identicel to the P-e.oxide (330). Oxidation of this
compound, which was assumed to contain (330) and the 2¢,2'-epoxy-
3g-0l (334), with Jones' reagent gave & ketone whieh after crystal-
lisation from =cetone hed & m.p. 164-166°, The i.r. and n.m.r.
spectra of this ketone were similar 40 those of the 2f,2'-epoxy-3-
ketone (332), and the mixed melting point of this oxidation product
with the 2@,2'-epoxy-3-one (332) was 161-6°, Thus it would appear
that proagressive loss through reerystallisation of the 202'=-epoxides
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on going from the 3p-acetate via the alcohol to the 3-ketone had
given in the end 2o¢-methyl-2p,2'-epoxy-5a-cholestan-3-one.

The p-epoxide (330) when treated with HBr gave in high yield
a erystalline product which contained bromine. Chromatography of
this product on alumina gave back the epoxide (330), and when the
bromohydrin was treated with acetic anhydride in pyridine it gave
& product containing hydroxy and acetoxy groups (i.r.) and which
from its n.m.r, spectrum appeared o be a mono-acetate (T 7.94
ca.3 protons). This acetate was not wholly erystalline but
attempts to further acetylate it with acetic anhydride in pyridine
over 2 days did not alter its composition (n.m.r., i.r.), and thus
the parent bromo-compound was assumed to have only one secondary
alcohol group (at C-3) and was thus assigned the 2a-bromomethyl-
2p,3p-dicl structure (335).

It is interesting that neither the n.m.r. spectrum of the
bromehydrin (335) nor the corresponding spectrum of the crude
acetate contained methyl signals downfield from T 9.09. It has
been noticedl?4 with other 2f-substituted compounds that the posi-
tion of the C-19 methyl group absorption is shifted downfield.
However not all 2p-compounds dealt with in this work have shown
downfield shifts. The diacetate of S5a-cholestan-28,3e-dicl, for
example, showed only pesks attributable to the two acetates down-
field from T 9.1.

The a-keto-epoxide (332) was also treated with HBr and gave a
bromohydrin (336) from which the parent epoxide (332) could be
regenerated on alumina chromatography. This bromohydrin (336)
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did not form an acetate on treatment with acetic anhydride in
pyridine overnight and thus it was assumed to be the 2a~bromomethyl-
compound (336). In this case the n.m.r. spectrum of (336) showed
methyl signals at T 9.34, 9.19, 9.09, and 8.87, the last of which
can be attributed to the C-19 methyl group.

Treatment of 2¢-methyl-2pf,2'-epoxy-5c-cholestan-3-one with
boron trifluoride-etherate in benzene gave after 5 minutes a crude
product from which it was not possible to isolate erystalline
material. Chromatography on alumine gave on elution with solvent
systems from petrol to chloroform gums accounting for little of the
product. The remaining bulk of the product could not be eluted
using chloroform plus 10% methanol. The experiment was repeated
using twice redistilled boron trifluoride-etherate and redistilled
benzene and gave on work up after a reaction time of 5 minutes only
starting material. With this purified boron trifluoride-etherate
in fact no conversion of the epoxide was observed with reaction
times up to 5 hours and so the reaction was allowed to proceed over-
night after which time & ecrystalline product with a gharp m.p. was
obtained which had strong peaks in the i.r. at 1658 and 1630 (enone)
with & medium peak at 1710 cmrl No information on other than the
methyl signals was possible from the n.m.r. spectrum. The elemental
analysis indicated the formation of & product isomerie with the
starting epoxide. The obvious possible rearrangement products in
this case would be 2-hydroxymethylene-5c-cholestan-3-one or A-homo-
S5e-cholestan-2,4~dione. The first could be ruled out by spectra
and mixed melting point. The compound exhibited a peak at 279 m
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in the u.v., (ethanol) whiech shifted to 3ié ma with 0.OLN NaOH in
ethanol-water (9:1) as solvent. This is characteristic of a p-
dikotone}zs On treatment with ca.2 moles of bromine a crude product
was obtained with no absorptions in the i.r, in the region 1690-
1600 e 71 but with peaks at 1700 and 1720 ¢ ;1 There were no
strong absorptions in the u.,v., and thus it was assumed that the
bromine atoms had attached themselves at C-3, between the two keto-

groups of A-homo-S5c-cholestan-2,4-dione (337).



(33]) o¢ (34))

oHC

Hsc.oc.
(338)

c.Hs

(340) o (342)



> 8% o

Sthylidene Epoxides

The synthesis snd reactions of the epoxides of 3-ethylidene-Sa-

cholestane

The reaction of Sa-cholestan-3-one with ethylidenetriphenyl-
phosphorane has been reported to give & product in which one of the
3-ethylidene-compounds predominates and from which this ma jor olefin
can be isolated by reorystalliaation.l26 This was repeated here,

79,127

using methylsulphinyl carbanion as the base, and a product

was obtained which could not be wholly purified by recrystallisation
(m.p. 51-5°, 1lit. for the major olefin from the Wittig reaction126
55—70). Hydration of the 3-ethylidene-compound isolated here (1)
with diborane generated from sodium borohydride and boron trifluoride-
etherate in tetrahydrofuran (2 modification of the in situ diborane

128)’

generation method of Sondheimer gt 2al. followed by oxidation

of the resulting organoborane with alkaline hydrogen peroxido128
gave an alcohol which after chromatography and erystallisation from
acetone melted over a 10° range. Oxidation of this compound with
Jones' reagent gave & high yield of 3p-acetyl-5o-cholestane (338)
(identified by & comparison of its melting point with that reported
for 3B—aoetyl—5a—oholestan0129 and from its i.r. and n.m.r. spectra).
This indicotas that hydration of the olefin had in fact produced a
hydroxy group at C-3' (secondary). The wide melting point range
for the hydration product probably indicates that the 3-ethylidene-
S5e-cholestane used in the hydroboration procedure consisted of the

two geometrical isomers and/or thut initial attack of diborane was
not stereospecifically alpha. Dehydration of the aleohol with
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phosphoryl chloride in pyridine gave & product (II) identical in
spectra with the 3-ethylidene-5a-cholestane produced by the Wittig
reaction (I). It was again difficult to reerystallise (m.p. 42-6°,
mixed m.p. with (I) 42-52°). This would indicate that the 3-

ethylidene derivative formed in the Wittig reaction was not the
major product here and that a trans-coplanar dehydration had taken
place. It also probably confirms that the product isolated from
the Wittig reaction (I) (after recrystallisation) was not a single
olefin.

The 3-ethylidene-5a-cholestene from the Wittig reaction (I)
on treatment with excess m-chloroperbenzoic acid in ether gave &
product which on chromatography on alumina and elution with petrol
gave two fractions. The first fraction was the major product, 86%,
and on recrystallisation from acetone had & sharp melting point
(103-105°) probably signifying a single compound. The i.r. spec-

 §

trum had peaks at 980, 879 and 687 om.” while the n.m.r. spectrum

exhibited absorption intensities at T 8.79, 8.70 (C-3' methyl group),

7.21, T.12 (C=3' hydrogen). On the basis of polarity and from the
results of the peracid epoxidation of the 3-methylene-cholestanes
(pp. 41-49) this compound was assumed to be the a-epoxide (339).

The second fraction, 14%, had & melting point 80-83° and ebsorptions
in the i.r. 2t 1000, 928, 872, 770, 720, 710 em:~
n.m.r. at T 8,77, 8.67 (C-3' methyl group), 7.26, 7.16 (C-3' proton),
and was assumed to be the p-epoxide (340). This epoxide (340) was

with peaks in the

the major product, 52%, resulting from the reaction of the 3-
ethylidene compound (I) with the alkaline hydrogen peroxide-
benzonitrile syatem? The o-epoxide (339) was also isolated from
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this reaction, 21%, as was a little starting material, 27%. The
ratio of the Pf- to a-epoxide is T72:28.

These two epoxidation reactions were also carried out with
the 3-ethylidene compound (II) resulting from the hydration-
dehydration reaction seguence. m-Chloroperbenzoic acid in ether
gave epoxides identical in their spectra to those formed in the
peracid epoxidation of the Wittig 3-ethylidene-5a-cholestane (I).
The major product (a-epoxide) was formed in 83% with 174 of the
p-epoxide. Treatment of this 3-ethylidene-5¢-cholestane (II) with
the alkaline hydrogen peroxide-benzonitrile system also gave the
a-epoxide, 23%, and the p-epoxide, 57%, along with some starting
material 20%. The ratio of p- to a-epoxide is T71l:29. The m.p.
of the a-epoxide (341) from the hydration-dehydration olefin (II)
was 98-107° (mixed m.p. of the two a-epoxides 94-105°) with that
of the p-epoxide (342) 110-120° (mixed m.p. of the two P-epoxides
70-90°). This would indicate that the epoxides from the 3-ethyli-
dene (II) were not single compounds with in both cases contamination
by the corresponding epoxides of the other 3-ethylidene system (1)

The a-epoxide (339) when treated with excess boron trifluoride
in benzene gave & product which from spectra appeared to be an
acetyl-compound (i.r. 1705 and 1355 cn.fl n.m.r. C 9.34, 9.23, 9.20,
9.09 and 7.88 (cga-éso). Chrometography on alumina gave a single
compound identified as 3p-acetyl-Se-cholestane by its specira and
by & mixed m.p. The n.m.r. here was identical to that for the
erude product indicating that a high or total yield of the equétorial
acetyl compound wes isolated on work up. The rearrangement wes

repeated using ether as solvent, with a reaction time of 2 hours,
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and again the n.m.r. spectra of the crude znd alumina purified
products were the same and indicated formation of 3p-acetyl-5a-
cholestane. Thus there is in this case no information from spectra
as to whether the reaction pathway involved a concerted mechanism or
& carbonium ion intermediate.

The p-epoxide (340) was also treated with excess boron tri-
fluoride in benzene and the n.m.r. spectrum of the crude product
was run. This showed a three proton peak at T T7.88 (QQB-C-) and
a one proton peak at T 0.61 (-qgo). The crude product was chroma-
tographed on alumina to give two fraections. The first, 24%, was
the aldehyde (i.r. 2670, 1720 om.'l). Its n.m.r. spectrum showed
the one proton peak at T 0.61 and there were also peaks present at
T 8.73 and 8,87 which could be attributed to 2 methyl group adjacent
to the aldehyde function (0H0-¢-0§3). The product was assigned the
Jo-methyl-3p-aldehyde (343) structure from the spectral evidence and
because this is the aldehyde which would be formed from the p-
epoxide (340) by a concerted process. A concerted mechanism for
the formation of the aldehyde was thought to be a reasonable
assumption since the transition state for a carbonium ion mechanism
for both the a- and P-epoxides would be expected to be the same (344)
and thus formation of the aldehyde from both epoxides would be
expected to result. It also seems reasongble to explain the non-
formation of aldehyde from the a-epoxide on the basis of a concerted
mechanism taking place with then an equiAtorial hydride shift being
preferred for sterie reasons to an egqudtorial methyl migration,
The second fraction from the rearrangement of the P-epoxide (340)
was 3p-acetyl-Se-cholestane, T6%. The reaction of the p-epoxide
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(340) with boron trifluoride in ether also gave & mixture of alde-
hyde (343), 264 and 3p-acetyl-S5c-cholestane, T4%. There is thus
little difference in the yields of the aldehyde (343) with the two
solvents and thus it is not possible to tell to what degree the

reaction is concerted in ether or benzono.‘z

The rearrangement reactions were also carried out with the o~
and p-epoxides from the hydration-dehydration 3-ethylidene-5a-
cholestane (II). The oa-epoxide (341) with boron trifluoride in
either benzene or ether as solvent gave as the only recognisable
product 3p-acetyl-5e-cholestane while the p-epoxide (342), again in
either benzene or ether as solvent gave mixtures of the aldehyde
(343) and 3p-scetyl-Se-cholestane; 25% aldehyde and 75% 3f-acetyl
in benzene and 27% aldehyde and 73% 3f-acetyl in ether.



=
Yo

3
Hf ue
Moo C
He
(347) ow (340) M, (34%)
I-SC. o S - o
Hf/\o" i
344 (359
He \-&C
i we ;
cH : Axe :
2 & L
(as1) (352)
HC : H§.° & '
coc H.'s &+
(354)

(253



- 96 =

Isopropylidene Lpoxides

The synthesis and reactions of the epoxides of J-isopropylidene-

Se-cholestane

The preparation of 3-isopropylidene-5c-cholestzne (345) from
Sa-cholestan-3-one and isopropylidenetriphenylphosphorane has been
reportod.126 The reaction was repeated here with either potassium
t-butoxide or methylsulphinyl oarbanion79 as base, with disappoint-

ing results. Only on & few occasions could ylide solutions be

prepared, although no fault in the adopted procedures was obvious
with all reagents being carefully purified and dried prior to their
use. As & result only a limited amount of the 3-isopropylidene-
compound (345) was available for subsequent reactions. An alter-
native route for the preparation of the isopropylidene steroid was
unsuccessful, the dehydration with phosphoryl chloride in pyridine
or thionyl chloride in pyridine of the tertiary alcohol (346)
derived by the addition of excess methyl magnesium iodide %o the
3p-methoxycarbonyl-compound (347) giving the 3-isopropenyl derivative
(348) (i.r. 3050, 1640, 895 om.7' n.m.r. T 8.36, 8.30 (methyl group
on the double bond), 5.34 (qggsé-). This does in fact seem to be
the usual route for the dehydration of such hydroxyisopropyl-
derivatives of six-membered rings.135

Treatment of the isopropylidene compound (345) with excess
m-chloroperbenzoic acid in ether gave after alumina chromatography
and elution with petrol two compounds. The first and major, 87%,

product had peaks in the i.r. at 1215 end 870 onfl and a strong

absorption &t T 8,71 in the n.m.r. which can be attributed to the
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Thus on polarity, spectra, and from the observed preference for

two methyl groups adjacent to the epoxide oxygen (

axial attaok’hy peracid found in this work for other 3-alkylidene-

Sa-cholestanéa the product here was assigned the c-epoxide structure
(349). The second product, 13%, on similar reasoning was assumed
to be the p-epoxide (350). It had i.r. peaks at 1235 and 875 onIl

and a strong methyl group absorption in the n.m.r. at T 8.67

(zié::é-o-). The reaection of 3-isopropylidene-5a-cholestane with
th: alkaline hydrogen peroxide-benzonitrile syston3 gave the same
two epoxides (349) and (350). On this occasion the p-epoxide (350)
was only just the major of the two epoxides, 54%. An alternative
attempt at synthesis of the f-epoxide (350) from the olefin (345)
was not suecessful. Addition of HOCl generated from bleaching
powder and acetic ascid gave a single product showing no hydroxy
absorptions in the i.r. There was however & strong peak at 908
with a medium one at 1635 emTt (CHZ=é-) and the n.m.r, showed peaks
at T 4.94, 5.12 (ngzé-) and atT 8.06 (c§3-é=052). The compound
also contained chlorine and with the assumption of initial attack
by Cl* from the a-face this product was assigned the 3p-isopropenyl-
3a-chloro-structure (351), and probably results from acid dehydration
of the initially formed 3f-hydroxyisopropyl compound (352).

The a-epoxide (349) with boron trifluoride in benzene gave
after alumina chromatography two rearrangements products. The first
product, eluted with petrol-benzene (95:5), was & ketone showing
methyl signals in the n.m.r. at T 8.97 and 8.93. The second and
minor, 7%, product (eluted with petrol-benzene (9:1)) was also a
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ketone and from its spectra appeared to be an acetyl-compound (i.r.
protons, CH3-C-). The P-epoxide (350) with BF3 in benzene gave a

single product identifiable &s a methyl ketone by its spectra (i.r.
1699, 1350 cm.?l n.n.r. T 8.83 (qg3-c-c-) and T 7.89 (three protons,
cgs-c-). The methyl-ketones from the e~ and P-epoxides were dif-
ferent and on assuming concerted processes for their formation from
the epoxides then the one from the o-epoxide should be the 3p-methyl
compound (353) with the 3e-methyl product (354) resulting from the
rearrangement of the p-epoxide. Because of the limited amount of
the ketone from the a-epoxide & proof of the stereochemistry of the
two acetyl compounds on & chemical basis was only possible from the
ketone from the p-epoxide. Here the metayl ketone (354) was treated
with excess m-chloroperbenzoic aecid in chloroform and left at room
temperature for eight days. On work up a crude product was obtained
which appeared to be & mixture of acetoxy and ketonie products
& $%°.1% ™ Chromatography on alumina gave starting material and
acetate, lithium aluminium hydride treatment of the acetate giving
3a-methyl-50-cholestan~3f-0l showing that a concerted mechanism for
rearrangement of the p-epoxide had taken place,

The major ketonic product from the rearrangement of the a-
epoxide (349) was thought to be an A-homo-ketone, this being the
only other obvious rearrangement product for the epoxide. The methyl
signals at T 8.97 and 8.93 in the n.m.r. for this compound can be
attributed to methyl groups adjacent to & carbonyl group. The
g.1.0. retention time with respect to A-homo-5e-cholestan-4-one was

1.1l which is similar in magnitude to the retention times found for
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a2 number of B—methylated—A-homo-kotones.105 The rearrangement of
(349) can result in formaticn of either 3,3-dimethyl-A-homo-5a-
cholestaen-4-one (355) from a 2,3-bond shift to the exocyelie ear-
bonium ion or 4,4-dimethyl-A-homo-Sa-cholestan-3-one (356), the
result of 3,4-bond migration. In order to prove which was in fact
the product formed, the rearrangement product was treated with 1.05

moles of bromine to give a product » M_x.l.'n.a and 1699 ¢ Tl Silieca

gel chromatography afforded a2 crystalline compound, Y pax, 1718 cn:%
and an oil, VYV gax,h 1699 on:} which appeared from the "fingerprint®
region of its i.r. spectrum to be mainly starting materisl.
Attempted dehydrobromination of‘;ither fraction with lithium bromide
and lithium carbonate in refluxing dimethylformamide gave crude
products which could not be fractionated on alumina, It was not
entirely clear from the u.v. spectra of these crude products as to
whether enone formation had or had not taken place, although the

L did show & shoulder at

product from the ketone with ¥ .. 1718 cm.
ea,230 M.

Thus, owing to & limited amount of the rearrangement product,
a less direct proof of its structure was required, Addition of
diezomethane in the presence of potassium hydroxide to 5S5c~-cholestan-

107,136

3-one was carried out as described, and & crude product was

obtained which was adsorbed onto alumina, Elution with petrol gave
3p-methyl-3c,3'~epoxy-Sa-cholestane (225), 4%, which was followed,
on elution with petrol-benzene (8:2), by A-homo-5c-cholestan-3-one
(357), 6%. Finelly elution with petrol-benzene (8:2) and benzene
gave A-homo-5a-cholestan-4-one (358), 90%. The A-homo-ketones were

- 107,136 136
identified from their melting points, »13 i.r. spectrsa, and
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g.l.¢. retention times. 207 The isolation of the 3¢,3'-epoxide (225)
from this reaction has not hitherto been reported and must imply

some equdtorial attack by the nuoleophile1°7 on the ecarbonyl group
at 0=3.

Since the purpose of these experiments was the preparation of

a-dimethyl-A-homo-ketones, the methylation of A-homo-5e-cholestan-
4-one was carried out with methyl iodide and potassium t-butoxide
under similer conditions to those reported for the synthezis of 2,2-
dimethyl-S5a-cholestan-3-cne from 5c-choleatan-3-on¢.76'77 Under these
reaction conditions the A-homo-ketone (358) gave a crude product
which was adsorbed onto alumina (aetivity II). Elution with petrol-
benzene mixtures ranging from 1% to 30% benzene gave a series of
fractions most of which were non-crystalline while elution with
petrol-benzene (6:4) and benzene gave A-homo-Se-cholestan-4-one,
35%. These first fractions were assumed to contain methylated A-
homo-4-ketones. An indication of the degree of methylation of each
fraction from their g.l.c. retention times by comparison with the
retention times reported for a number of methylated-A-homo-ketones
was not successful, all the fragtions here giving broad peaks at
ca.lel with respect to A-homo-5a-cholestan-4-one. This nevertheless
indicates the formation of meterial with higher molecular weights %o
A=-nomo-5a-cholestan-4-one.

The presence of at least one unsubstituted methylene group at

137

=2 or C=4 in steroid 3-ketones has been shown t0 be associated

-1
with an i.r. absorption at ca.l1l420 em., which is attributed to the

bending vibration of the c-methylene groups perturbed from 1450 cn.?l

the normeal position for a six-membered ring, by the effect of the
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earbonyl group. In a similar way Sa-androstan-lT7-one shows a peak
at 1410 emT* It was therefore thought worthwhile to see whether
this effect was also observeble for the seven-membered riung ketones
from the methylation reaction. The i.r. spectra of a representative
number of the fractions from the alumine (activity II) column were
therefore run in carbon tetrachloride solutions. The early frac-
tions from the column showed no absorptions in the region 1450-1380
em>l while the later fractions showed peaks at 1412 om.?l as did
A=-homo=-5a-cholestan-4-one and A-homo-Se-~cholestan-3-one. It would
therefore seem probable that monomethyl- and/or dimethyl-A-homo-4-
ones hajy been isolated from this methylatlon experiment. It was
also apparent however that further methylation of these types of
compounds was guite readily achieved under the strong conditions
used. The experiment was therefore repeated using methyl ehloride

in the presence of potassium t-butoxide}BB

With these conditions a
erude product, found to consist mainly of starting material, 56y,
was isolated, with frectionation of the rgmainder of the product on
alumina (aetivity II) not wholly successful. When the methylation
of A-homo-5a~-cholestan-4-one was carried out using methyl iodide and
3 equivalents of potassium t-butoxide a2 produet was obtained which
was somewhat easier to fractionate on alumina (activity II). As
well &s a aigh proportion of non-crystalline material, three crystal-
line fractions, the last being A-homo-5e-cholestan-4-one, 40%, were
eluted. The first, eluted with petrol-benzene (9:1) was assumed
from its i.r. speetrum to be a tri- or tetra-methyl-A-homo-4-one

aad with isopropenyl acetate and concentrated sulphuriec aeidm7 gave

& product contzining both acetate and ketone absorptions in the i.r.
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The ketone was the major product and was mostly separated from the
acetate on silica gel chromatography. Tais ketone had an i.r.
spectrum very similar to that of the ketone prior to the enol-
acetylation, and was recovered unchanged when similarly treated
with isopropenyl =zcetate and concentrated sulphurie aecid. The
acetate and ketone mixed fraetion showed pesks in the n.m.r. at
T T7.86 (acetate) and 8.36 (methyl group on the double bond). Thus
this first erystalline fraction must eontain 3,3,4a,4a-tetramethyl-
A<homo-Sa~cholestan~-4-one (359) slightly contaminated by trimethyl-
ated material. The second orysfallino fraction, eluted with
petrol-benzene (7:3), had & peak in the i.r. at 1412 on>l and 2
g.1.0., retention time with respeet to A-homo-Sa-cholestan-4-one of
1.12, It gave, after treatment with isopropenyl acetate and
concentrated sulphurie acid, an enol-acetate with a peak at T 7.86
(acetate) in the n.m,.r. but with no other methyl peaks downfield
from T 8.70, thus showing, in confirmation to the i.r. evidence,
the presence of an unsubstituted methylene group alpha to the
carbonyl group.

An attempt at the formation of 3-methyl-i-homo~S5a~cholestan-4-
36 by
hydrogenolysis with palladium on chareoal catalyst75 gave after
chromatography on alumina (activity II) and elution with petrol-

one from 3J-hydroxymethylene-A-homc-Sa~choleatan-4-one (360),1

benzenes (l:1) a moderate yield of ketoniec material with a retention
time of 1.1l with respect to A-homo-5a-cholestan-4-one, which would
indicate that formation of the 3-methyl-A-homo-4-one (361) had taken
place. The second erystalline fraetion from the lest methylation

of A-homo-5e¢-cholestan-4-one was different from this monomethyl-
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compound (36l) and was also different from the known 4ag-methyl-A-
homo-5c-cholestan-4-one (362)1°% which left only two possibilities
for its structure; 3,3-dimethyl-A-homo-5c-cholestan-4-one (355) or
4a,4a~-dimethyl-A-homo-5c~cholestan-4-one (363). In order to find
out which the methylation material was treated with approximately 1
mole of bromine to give & crude bromo-ketone which on treatment with
lithium bromide and lithium carbonate in boiling dimethylformamide
gave an oil with a A 4ax8t 237 mp (e €a.8000) which can be taken
as indicating the presence of a ring junction double bond in the
moloculol39 (A-homo=-5a-cholest-2-en-4-one has been shownlQ7 4o have
a A mex,.2t 229 mp). The methylation product must therefore be the
3,3-dimethyl-compound (355) and because it is different from the
ring expansion product formed by the action of BFy on the o-epoxide
(349) this must imply formation of the 4,4-dimethyl-A-homo-3-ketone
(356) in the later case.

The BF3-catalysod rearrangements of the o- and f-epoxides of
3-isopropylidene-5a-cholestane therefore show real differences in
their reaction pathways, The B-epoxide (350) cleaves the C-3-0
bond with & concerted shift of the methyl group to the partially
formed carbonium ion at C-3 from the relatively unhindered a-side.
The corresponding reaction for the oc-epoxide takes place only to a
small extent and doubtless this is due to the fact that the methyl
ghift here would involve equédtorial attack which would be expected
for steric reasons to be an unfavoured process. Thus & ring expan-
gion rearrangement is preferred for the c-epoxide. It is not
altogether clear why @ similar reaction does not occur at all for

the p-epoxide, since one might expect a positive charge or partial
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positive charge to be better accommodated on the exooyclic carbon

than on the six-membered ring}‘o but this may be due to the nature

of the possible products formed or the avoidance of having two
bulky groups attached at C-3 in the transition state. It is also
not clear why the ring expansion of the c-epoxide involves & 3,4~
bond shift since the comparsole diazomethane and Tiffereau ring
expansions of Sc-cholestan-3-one involve overwhelmingly formation
of A-homo-5u-cholestan-4-one, due to a 2,3-bond migration. Again
it can only be assumed that it is the nature of the final possible
produacts which is the directive force in the BF3-catalyaed re-
arrangement.

The methylation of the A-homo-ketone (358) seems to be &2 some-
what complicated reaction. Since it has Dbeen shown that base
catalysed condensations occur at poeition 3 for the A-homo-ketone
(358) it is probvably safe to assume that monomethylation also ococurs
at this position. Further methylation, however, takes place rapidly
and it is not possible to judge from the wmajor methylation products
which are the favoured positions of attack. It is interesting to
note in fact that enol-acetiylation of 3J-methyl-i-homo-S5a-cholestan-
4-one with isopropenyl acetate and concentrated sulphuric acid gives
a product in which double-bond formation towerds C-4a takes place,
there being no downfield methyl signels in the n.m.r. of this com-
pound attributable to a methyl group attached to & double-bond.
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Synthesis and reactions of the epoxides of 3-isopropylidene-A-nor-

5a=-cholestane

3-Isopropylidene-A-nor-5e~cholestane was treated with m-chloro-
perbenzoic acid in ether to give a product which was erystallised
from acetone. The i.r. spectrum of this compound had bands at
920, 850 cm.':1 while the n.m.r. spectrum possessed a strong peak
at T 8.74 (053::6_0’ epoxide). This compound was assumed to be
the epoxide gggulting from a-attack, (365), by analogy with the
epoxidations carried out on the other steroid alkylidene-cjyclopentane
(pp.50=52). HOBr, generated from N-bromosuccinimide and acetic acid,
was added to the isopropylidene steroid (364) to give a2 crude alecohol
which was adsorbed onto alumina, Elution with petrol gave &
product with peaks in the i.r. at 1700 (carbonyl) and 850 om:I
Repeated chromatography on alumina failed to fractionate what was
obviously a mixture of ketone and epoxide. By using neutral
alumina (aectivity III) a little epoxide (850 cm.'l) was isolated
free from the ketone. This was assumed to be the f-epoxide (366),
resulting from initial attack by Br' on the double bond from the
a-side, The mixed fraction of epoxide and ketone on gas liquid
chromatography showed retention times with respect to S5aea-cholestane
at 2,21 and 1.38. The first is exactly the same as was found for
2,2-dimethyl-50-cholestan-3-one, and with the absence of methyl
ketone absorptions in the i.r. it was assumed that addition of
HOBr to the 2,2'-double bond involved attack by OH on C-2 with

some ring expéision to a dimethyl-ketone then taking place on

treatment with alkali.

The a-epoxide (365) was treated with boron trifluoride in
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benzene to give & ketonic product. This product showed g.l.c.
retention time with respect to Sg-cholestane at 2,21, 2.03 (small
peak), and 1,85, Alumina chromatography and erystallisation from
acetone allowed for the isolation of two of these compounds, The
first compound from the column had & retention time with respect

to Sa-cholestane at 1.85 on g.l.c. and possessed peaks in the i.r.
at 1700 and 1355 ot (methyl ketone)., The n.m.r, spectrum showed
peaks at T 8.67 (C§3—¢—é=0). 7.86 (cga-éso), and it was therefore
assumed to be a2 2-methyl-2-acetyl-A-nor-compound (367), resulting
probably from & concerted mechanism for the rearrangement. The
second compound from the column, after crystallisation, had a g.l.c.
retention time with respect to Se-cholestane at 2.21. Since it
did not have a sharp melting point, it was assumed to be & mixture
of the two dimethyl ketones (368) and (369) resulting from & 1,2-
and 2,3-bond shift.

A small amount (50 mg.) of the P-epoxide (366) was treated with
boron trifluoride in benzene to give & product which contained a
methyl ketone (i.r. 1700, 1355 omIl). On g.l.c. two peaks were
obtained, the mejor having a retention time with respect to 5Sa-
cholestane at 1.85, which, being identical to the retention time
for the 2¢-acetyl compound (367), was assumed to be due to the
methyl-ketone., The minor g.l.c. peak had a reteantion time with
respect to Sa-cholestane at 2.06 (ca.l0% of the product). Alumina
chromatography by not bringing about a separation of these compounds
and repeated crystallisation from acetone gave a compound which

melted over 10° (83-939).
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The Synthesis aend Reactions of 2,3-Epoxy-S5¢-Cholestanes

The synthesis and reactions of 2,3-dimethyl-2,3-epoxy-Sec-cholestanes

2,3-Dimethyl-5ec-cholest-2-ene was prepared by the addition of
methyl magnesium iodide to 2c-methyl-5a-cholestan-3-one, followed by
dehydration of the mixture of tertiary alcohols with acetic geid
containing a few drops of perchloric aecid. Treatment of this
olefin with excess m-chloroperbenzoic acid in ether gave a single
compound identified as the a-epoxide (370). The i.r. spectrum of
the epoxide had bands at 1162, 870, 850 om>' while the n.m.r.
spectrum exhibited & strong methyl signal atT 8.71, corresponding
to the methyl groups at C-2 and C-3 in (370). Cleavage of the
epoxide with lithium eluminium hydride gave the known 2a,3f-dimethyl-
Sa-cholestan-3a-0l (371). Two routes were employed to synthesise
the B—eboxide (372). The first was the most direct and consisted
of the addition of HOBr generated from N-bromosuccinimidé and acetic
acid to the dimethyl-2-ene (373). A gum was obtained which con-
tained bromine and & hydroxy-group (i.r.). Treatment of this
product with alumina gave, on elution with petrol, in moderate
yield, a non-polar compound identified as the f-epoxide (372). The
i.r. spectrum contained absorptions at 1130 and 855 cmf} while
strong methyl signals at T 8.76 and 8.73 were present in the n.m.r.
which can doubtless be attributed to the methyl groups at C-2 and
C-3 of the epoxide (372). Cleavage with lithium aluminium hydride
gave an alcohol identical to that formed by addition of methyl
magnesium iodide to 3p-methyl-Sa-cholestan-2-one (see below), which
is most likely to involve equdtorisl methyl attack by analogy with
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Grignard reagent additions to S5e-cholestan-2-one20s144 The first
step in the second route to the P-epoxide (372) was the synthesis
of 3p-methyl-5a-cholestan-2-one. The preparation of this compound
from the BF3-catalysed rearrangement of 3p-methyl-2a,30-epoxy-S5a-
cholestane (374) has been deseribedr?® ana this was repeated here.
Lpoxidation of 3-methyl-Sc-cholest-2-ene with m-chloroperbenzoiec
acid gave the o-epoxide (374) (m.p. 131-1329, 11t}45 135°) which
was then treated with boron trifluoride-etherate in benzene, A
erude product was obtained which showed aldehyde and ketone peaks
in the i.r. (2670, 1715 and 1705 cm:™

gave first the aldehyde, 28%; i.r. 2670 and 1715 omr} RuBlele U

8.77 (0§3-¢-é=0)3770.59 (aldehyde). This would indicate formation

Chromatography on alumina

of a 2-methyl-A-nor-2-aldenyde and in fact later work showed it to
be 2p-methyl-A-nor-5c-cholestan~2c-aldehyde (375). The second
fraction on chromatography consisted of 3f-methyl-S5a-cholestan-2-
one, T2%, (m.p. 145-148°, 1:1.1;].'“5 147-149°). Thas formation of
both rearrangement products involves epoxide cleavage to the ter-
tiary carbonium ion (or partially formed carbonium ion) at C=3,
with then competition between hydride and 1,2-bond shift.

The 3p-methyl-2-ketone (376) was treated with approximately 1

equivalent of t-butyl h;(pochlr.n';l.'l:e“’6

in warm acetic acid. When
this was carried out on a small scale a high melting erystalline
solid was precipitated from the reazaction mixture. This product
contained chlorine and analysed for a 3-methyl-3-chloro-5a-cholestan-
2-one., It possessed a Y .. at 1715 om:1 and a A max.(0«R.D.)

at 308 mp . These figures indicate the formation of an axisal
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chloride, the shifts relative to the parent 3-ketone (376) (¥ pax.
1705 cm:}‘l maxfO.R.D.) 291 mp) being within the observed limits
for an axial halogen adjacent to & carbonyl aroup}47'1‘8 Treatment
of the chloro-compound with HBr in acetic acid did not bring about
epimerisation. Thus formation of 3a-chloro-3g-methyl-S5aca-cholestan~-
2-one (377) had taken place. When the 3p-methyl-2-ketone (376)
was treated with t-butyl hypochlorite in acetic acid on a larger
scale a mixture of starting material and the 3e-chloride (377)
precipitated out. Chromatography on silica gel led to the separa-
tion of the two compounds, the 3c-chloride (377) being eluted first.
This chloro-compound (377) was then treated with an ethereal solu-
tion of methyl lithinml49and the crude product so obtained was
filtered through zlumina with petrol to give the p-epoxide (372).
When 2f,3f-dimethyl-2c¢,3a-epoxy-5a-cholestane (370) was treated
with boron trifluoride a single compound (378), identical to the
ma jor product isolated by alumina chromatography from the reaction
of the c-epoxide of 3-isopropylidene-A-nor-S5a-cholestane (365) with
BF3, was obtained. The p-epoxide (372) likewise gave an acetyl-
compound (379) on treatment with boron trifluoride in benzene (i.r.
1699, 1355 cm:} n.m.r. T T.87 (ogg-éso). These two acetyl-com-
pounds (378) and (379) were then treated with an excess of m-
chloroperbenzoic acid and after 8 days both were worked up to give
mixtures of starting material and acetate, separated by chromato-
graphy on silica gel. In neither case was the crude acetate
purified, but was immediately treated with base to give hydroxy-
eompounds. The alcohol resulting from these reactions on (379)

was found to be identical (mixed melting point and i.r. spectra
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examination) with 2a-methyl-A-nor-5e-cholestan-2p-ol (380) while
the alcohol formed from (378) was similarly found to be 2f-methyl-
A-nor-5e~-cholestan-2ae-0l (381). This means that the product
formed by boron trifluoride treatment of (370) and (365) must de
2p-methyl-2a-acetyl-A-nor-5e-cholestane (378) and that the product
from the rearrangement of (372) muet similarly be 2¢-methyl-2p-
acetyl-A-nor-5o-cholestane (379).
The aldehyde (375) was treated with methyl magnesium iodide

to give a product identifiable as the two secondary aleohols (382)
by i.r. and n.m.r. spectra (i.r. 3650, 1110, 1090 cmT} n.m.r. T
methyl groups at 8.80, 8.86, 8.96). (Treatment of this product with
Jones' reagent then gave 2p-methyl-2a-acetyl-A-nor-5a-cholestane,
showing that formation of the Zc-aldohyde had in fact taken place.

' The rearrangement of the ¢- and B-epoxides (370) and (372)
therefore both involve "axial" cleavage with concerted bond
migration to the electron~-deficient centre, and are thus uncom-
plicated examples of the tetrasubstituted-epoxide hypothesis of

Hartshorn end Kirk?6
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The reaction of 2¢,3c-epoxy-5a-cholestane with methyl magnesium
iodide

28, 3p~Bpoxy=S5a-cholestane (383) has been shownso

to react with
methyl magnesium iodide to give, as the main product, 2¢-(l'-hydroxy-
ethyl)-A-nor-Se-cholestane (384) (isolated as the two epimerie
alcohols) along with a little 2e-methyl-2p-hydroxy-5c¢-cholestane
(385). This was repeated here with similer results and the

mixture of hydroxyethyl-A-nor-compounds (384) was oxidised with
Jones' reagent to 2¢-acetyl-A-nor-5a-cholestane (386) to give a
comparison compound for the two 2-acetyl-A-nor-compounds (378) and
(379) derived from the BF3 reactions on the two 2,3-dimethyl-2,3-
epoxy-5a-cholestanes (370) and (372). That only the 2a-zcetyl-
compound (386) had been isolated from the oxideation of (384), and
not an eguilibrium mixture of the 2a, (386), and 2p-, (387), -acetyl-

151

compounds, was confirmed by the melting point of the oxidation

product, 78-80°, (1iti>" m.p. for (386) 77-78°, and for the
eguilibrium mixture 67°5°’151  I®

9.33, 9.27, 9.18, 9.09 (C-18, C-19 and side chain methyl groups)
(lit}slvalue for the C-19 methyl group for (386) 7T 9.27 and for
(387) T 9.42).

The reaction of methyl magnesium iodide with (383) doubtless

and from its n.m.r. spectrum, ¢

involves epoxide rearrangement under the influence of magnesium
iodidelso to give a mixture of aldehyde and ketone which then reacts
in the normal way with methyl magnesium iodide. It was therefore
decided to earry out a similar reaction with 2a,30-epoxy-S5a~-chol-
estane (388). Accordingly the c-epoxide (388) was prepared from

S5a-cholest-2-ene on reaction with m-chloroperbenzoic acid in ether
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and was treated with methyl magnesium iodide in ether. A crude
product was obtained which was chromatographed on alumina,
Elution with petrol-benzene (l:1l) gave 3p-methyl-Se-cholestan-3p-
ol (389), 37#, identified by a2 mixed melting point, i.r. spectrum
and dehydration with phosphoryl chloride in pyridine to 3-methyl-
Sa=cholest-2-ene. Further elution with the same solvent gave Sa-
cholestan-3a-0ol (390), 1ll%, identified by & mixed melting point,
i.r. spectrum and oxidation with Jones' reagent to Sa~cholestan-3-
one, Elution with benzene-ether (9:1) gave 3c-methyl-5a-cholestan-
3p-ol (391), 34¢#, identified by a mixed melting point, i.r. spectrum
and dehydration with phosphoryl chloride in pyridine to 3-methylene-
5a-cholestane. The last product from the column, eluted with
chloroform, was shown to be 5e-cholestan-28,3ae-diol (392), 174,
by & comparison with a sample of that compound (392) formed by the
treatment of the o-epoxide (388) with dilute sulphuric aoid%sa. and
by the formation, from both samples of the diol (392), of the 2f£,3a-
diol diacetate (393) by treatment with acetic anhydride in pyridine.
The 3a-alcohol (390) and 2g,3a-diol (392) can be assumed to be
derived directly from the epoxide by cleavage; the alechol (390)

153romained after the formas-

by reduction, since & little magnesium
tion of the Grignard reagent, and the diol (392) by hydrolysis,
indicating the presence of a trace of moisture in the reaction
mixture. The two tertiary alcohols, however, must result from
magnesium iodide rearrangement of the 2¢,3c-epoxide (388) to give
Sa-cholestan-3-one (394), and this will involve C-2-0 cleavage, i.e.
"axial" cleavagesé and a hydride shift to C-2. The remaining step
in the reaction will then involve addition of methyl magnesium

iodide to the 3-ketone (394).
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General Notes on Experimental Section

Melting points were determined on & Kofler block and are
corrected. Optical rotations at 589 mu were measured at room
temperature on a Perkin Elmer 141 Polearimeter, for chloroform
solutions in a 1 dm. cell. The concentration value quoted in
brackets after each rotation is in g./100 ml. Infra-red spectra
were recorded for carbon disulphide (unless otherwise stated) on
either a Unicam SP200 spectrophotometer or a Perkin Elmer 237
spectrophotometer. Ultra violet spectra were recorded for ethanol
solutions on a Unicam SP80O0Q spectrophotometer. Nuclear magnetic
resonance spectra were recorded for deuterochloroform solutions
using tetramethylsilane as an internal standard on a Perkin Elmer
R10 (60 me/s) spectrometer. Rotatory dispersion measurements were
recorded for chloroform solutions (unless otherwise stated), of
econcentration lmg./ml., on & Bendix Ericsson Polermatic 62 spectro-
polarimeter. G.L.C., analysis was carried out on either a Perkin
Elmer model 801 gas chromatograph or & Perkin Elmer model Fll ges
chromatograph (flame ionisation). For the Perkin Elmer 801 a
column (6 ft. x 1/16 in.) of S.E. 30/Epon on A.,W.-D.M.C.S. Chrom G
(80-100 mesh) or E30l on A.,W.-D,M.C.S, Chrom G (80-100 mesh) at
temperatures of 240-255%, with an inlet heater at 0a,270° and inlet
pressures of nitrogen of 35 1b./sq.in., was used. For the Ferkin
Elmer Fll & column of £301 on A,%W.-D.M.C.S. Chrom G (80-100 mesh)

at a temperature of 250°, carrier gas Ny, was used.

Column chromatography was carried out by the method of

Reichstein and Shoppus4 and the activity of the alumina used was

1
defined by the method of Brockmann and Schodder.o8 Alumina
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(aetivity II) infers Peter Spence type 'H' alumina, activity II.
'Alumina' infers Spence type 'H' alumina treated with 5% (by volume)
of 10%# acetic acid, and was activity III.

m-Chloroperbenzoic acid was obtained as a gift from FMC
International of New York. Epoxides rearrangements were carried
out in dry benzene, using freshly distilled boron trifluoride-
etherate. Quantities in brackets after 'sodium hydride' refer to
the hydride free from mineral oil. Solutions were dried over
magnesium sulphate. The petrol used had b,p. 60-80°.

Microanalyses were determined by Drs. Weiller and Strauss of

Oxford.
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The Preparation of Methylene-'Zpoxides

(1) Epoxides not adjacent to & polar group

5a-oholeatan-}§-ol73

Cholesterol (120 g.) in ethyl acetate, was reduced by catalytic
hydrogenation over 10% pelladium on charcoal catalyst, at 30° and
1l atmos. pressure. Perchloric acid (8 drops) was added as promoter.
The acid was neutralised with sodium hydroxide, and the catalyst
filtered off. The volume of solvent was reduced to give crystalline

Sa-cholestan-3p-ol (91.2 g.) m.p. 141-2° (1it. 142°).

ég-Cholestanp}-ona7‘

5a-Cholestan~-3p-ol (30 g.) in acetone (2 1l.) was oxidised with
8N chromic acid (Jones' reagent) (60 ml.). The reaction was allowed
to proceed for 4 minutes and excess reagent was decomposed with
methanol (200 ml.). Water (200 ml.) was added, the acetone removed
under reduced pressure and the steroid extracted into ether. The
ethereal solution was washed with dilute hydrochloric acid, with
water, until the washings were neutral, and with saturated sodium
chloride solution. The solution was dried and the solvent removed
under reduced pressure to give Sa-cholestan-3-one, which was re-
erystallised from acetone (28.5 g&.), m.p. 128-129° (1it. 1299),
(el + 44° (e 0.11) (lit. +43.5°).

2c-ueth}-5c—cholestan—i—one75

5a-Cholestan-3-one (8.2 g.) in dry benzene (100 ml.,) was added

over 1 hour to a stirred suspension of sodium methoxide (1.5 g.) in
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dry benzene (80 ml.) and ethyl formate (11l ml.). After adding
additional sodium methoxide (0.5 g.) and stirring for four hours
the mixture was filtered and the s01lid waahéd with benzene and dried.
The bright yellow salt so obtained was stirred 1 hour with & mixture
of concentrated hydrochloric acid (8.5 ml.), water (65 ml.) and
ethanol (20 ml,), filtered and washed with water until the washings
were neutral to give 2-hydroxymethylene-5c-cholestan-3-one (7.9 &.)
m.p. 166-168° (lit. 164-166°).

2-Hydroxyme thylene-5a-cholestan-3-one (4 g.) in benzene (50 ml.)
was added to 10% palladium on charcoal eatalyst (2 g.) in ethanol (50
ml.,) and the mixture was shaken in an atmosphere of hydrogen for two
days. The catalyst was removed and the solvent evaporated to give a
product which was chromatographed on alumina (activity II) (150 &.)
to give on elution with petrol-benzene (l:l) 2a-methyl-5c-cholestan-
3-one (2.2 g.) m.p. 119-120° (1it. 121°),

2,2-Dimotgxl-5a-cho1eatan—}-ono75'77

Potassium (12 g.) in t-butanol (300 ml.) was added to a boiling
solution of So-cholestan-3-one (12 g.) in dry benzene (300 ml.) and
t-butanol (150 ml.). Methyl iodide (90 ml.) in dry benzene (300 ml,
was added and the mixture refluxed for 1 hour. Ice and water were
added and the steroid was extracted into ether which was washed with
water, dried and evaporated to give & mixture of me thylated ke tones.
Chromatography on alumina (activity II) (1000 g.) eand elution with
petrol-benzene (7:3) gave 2,2-dimethyl-5e-cholestan-3-one (8.2 g.)
m.p. 99-101° (1it. 111-113°).
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Sc~Cholestan-3g-0l Toaylatelo‘

5a-Cholestan-3pf-ol (20 g.) was dissolved in pyridine (250 ml.)
and cooled to 0%. This solution was added to & solution, also at
0°, of toluene-p-sulphonyl chloride (20 g.) in pyridine (100 ml.),
and the mixture was left at 0° for 48 hours. Water (500 ml.) was
added and the steroid was filtered off and washed well with water,
dried, and recrystallised from ethanol to give S5a-cholestan-3f-ol

tosylate (21 g.) m.p. 140-142° (11t.135°), Y max)}189 and 1176 on.'l

50—0holest-2-en¢lo4

5a-Cholestan-3p-ol tosylate (20 g.) was dissolved in petrol
(100 ml.) and adsorbed on alumina (activity II) (800 g.). After
48 hours elution with petrol (2 1l.) gave on crystallisation from
acetone Se-cholest-2-ene (10.6 g&.) m.p. T4-75°, (1it. 75°), Y nax,
3010, 1655, 785, and 675 cm.; ! n.m.r. T 9.33 (C-18 methyl), 9.23,
9,18, 9.09 (C-19 and side chain methyls), 4.34 (shoulder at 4.39)
(H-C=C-H). Chloroform-methanol (99:1) afforded 5Sc-cholestan-3a-
ol (0.3 &.) m.p. 185-6° (1it.182°),

2B, 3p-Epoxy-Sa-cholestane
N-Bromosuccinimide (13.5 g.) in dioxan (150 ml.) and N per-

chlorie aeid (13.5 ml.) were added in succession to & solution of
S5a-cholest-2-ene (27 &.) in 5% - ag. t-butanol (600 ml.) and dioxan
(300 ml.,) at room temperature. After keeping at room temperature
overnight, the solution was concentrated in yvacuo below 45° to remove
most of the solvent, water was added and the steroid extracted with

ether. The ether extract was washed with water, potassium iodide
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solution, sodium bisulphite solution, and water, dried and evaporated
to give crude 3o-bromo-5a-cholestan-2p-ol (21.6 g.) which was
chromatographed on alumina (500 g.) to give on elution with petrol
2B, 3p-epoxy-Sa-cholestane (16.2 g.) m.p. 90-91° (11t.889-91°),x)nax.
825 and 818 em7r n.m.r. T 9.36 (C-18 methyl group), 9.18, 9.15,

9.09 (side chain and C-19 methyl groups) and 6.87 (center) (epoxide

protons).

29—Cholontan~2ﬂ-ol78a

2@, 3B-Epoxy~-5a—-cholestane (5.0 g.) in dry ether (50 ml.) was
added to lithium sluminium hydride (3 g.) in dry ether (100 ml.) and
the solution refluxed for 2 hours, Ethyl acetate was added, followed
by dilute hydrochloric acid. The ethereal solution was washed with
water, dried and evaporated to give & white =0 1id which on erystallisa-
tion from acetone gave Sa-cholestan-2p-ol (4.8 g.) m.p. 152-155° (1it.
153-59) Y pax, 3560 and 1015 om,”t

jg.—Cholostan.--z-onn?sb

50-Cholestan-2p-0l (10 g.) was dissolved in acetone (600 ml.)
and 8N.chromic acid (20 ml.,) added with stirring. Stirring was con-
tinued for 4 minutes and methanol (50 ml.,) added, followed by water.
The organic solvents were distilled off and the steroid was extracted
into ether. The ether solution was washed with dilute hydrochlorie
acid and water until the washings were neutral, dried and evaporated
to give on erystallisation from acetone 5a-cholestan-2-one (8.9 g.)

mep. 129-131° (1i%. 131°),» pax.1710 em.”t
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Methylitriphenylphosphonium bromidolla

Triphenylphosphine (100 g&.) in benzene (500 ml.) was cooled to

ca.~10° with a salt-ice bath and methyl bromide (50 g.) was added.
The mixture was allowed to stand at room temperature and after two
days the precipitate was filtered off, washed with benzene and dried
to give methyltriphenylphosphonium bromide (105 g.) m.p. 227-229°
(1it. 227-229°).

General Method for the Methylenetriphenylphosphorane Roaetion79

Sodium hydride (7.8 mmoles) (504 dispersion in oil) was washed
three times with dry petrol and then 'blown dry with nitrogen. Dry
dimethyl sulphoxide (20 ml.) was added and the mixture was heated
with stirring under nitrogen at 70-75° until evolution of hydrogen
ceased (ca.45 min,). The resulting solution of methylsulphinyl
carbanion was cooled and equal volumes (10 ml,) of tetrahydrofuran
(distilled from calecium hydride) and dry dimethyl sulphoxide were
added., To this solution at 0° was added, under nitrogen, methyl-
triphenylphosphonium bromide (7.8 mmoles), rapid stirring producing
a deep yellow solution of methylenetriphenylphosphorane. The
appropriate steroid ketone (2.6 mmoles) in dry tetrahydrofuran (10
ml.) was added to the ylide solution and stirring was continued for
12 hours at 60°. Water wes then added and the steroid was extracted
with ether. The ether solution was washed with water, dried and
evaporated to give & crude product which was chromatographed on
alumina (aectivity II) (100 g.) to give on elution with petrol the
methylene-steroid which was crystallised from acetone. By this

method was prepared:



- 120 -

;rueth1}9n0-5a-choleatanellg from 5e-cholestan-3-one (10 g.)

(9.1 g.) m.p. 65-66°, [a]p +22° (c.0.2) (1it., m.p. 64-65°,
[alp +24%), ¥ pax 3070, 1650, 888 em.7* n.m.r.T 9.34 (0-18 metnyl),
9.18, 9,16, 9.1 (side chain and C-19 methyl groups), 5.43 (CHQ=5-)
J-lMethylene-2o-methyl-5a~cholestane from 2e-methyl-5¢-cholestan—3-
one (1.0 g.).

Yield of 3-methylene-2¢-methyl-5a-cholestane (0.86 g.) m.p.
68-70° [a]p +17° (e. 0.23), v o 3060, 1645, 890 om.3 n.m.r.T
9.33 (C-18 methyl group), 9.18, 9.10, 9.05, 8.93 (c-19, C-2, and
side chein methyl groups), 5.36, 5.47 (exocyclic methylene group)
(Found: ¢, 87.6;5 H, 12.5. CogHgg requires C, 87.43 H, 12.6%).

3-Methylene-2,2-dimethyl-5e~cholestene from 2,2-dimethyl-So-cholestan-
3-one (1.0 g.).

Yield of 3-methylene-2,2-dimethyl-Sc-cholestane (0.7 &.) m.p.
79-80° [alp +53° (€.0.20), YV pax, 3060, 1640, 885 cm:?‘ B.m.r. T
9.35 (C-18 methyl group), 9.18, 9.09 (side chain methyl groups),

9.04, 8.93, 8.90 (C-19 and C-2 methyl groups), 5.37 (exoecyclie

methylene group). (Found: ¢, 86.9; H, 12.3. C3OH52 reguires

C, 87.3; H, 12.7%).

120

2-lethylene-5c~-cholestane from Se-cholestan-2-one (1.0 g.).

(0.83 &) m.p. 65-6T° (1it. 65-67°), ¥ pax, 3040, 1645, 895 om.7!
n.m.r. U 9.33 (shoulder 9.35), 9.19, 9.10, 8.76 (methyl signals),
5.41 (centre) (exoecyelic methylene group).
17-Methylene-5e—androstane from Sa-androsten-17-one (1.0 g.)

(0.74 &.) m.p. 67-68°, [aly +8° (€.0.15), UV .. 3060, 1650,

882 on:?' n.m.r. T 9.24, 9.21 (C-18 and C-19 methyl groups), 5.36
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(center) (exoeyclic methylene group). (Found: ¢, 88.2; #©, 1ll.6.
020532 requires ¢, 88.2; H, 11.8%).

Trimotglloxoaulphohin- iodido.4

A solution of dimethyl sulphoxide (32 g.) end methyl iodide
(60 ml,) were refluxed ior 3 days during which time & solid precipi-
tated. The solid was filtered off, washed with chloroform and
dried to give trimethyloxosulphonium iodide (50 g.), m.p. 237°.

Trimethylsulphonium iodide*

Dimethyl sulphide (30 g&.) and methyl iodide (75 g.) were mixed
together and allowed to stand at room temperature overanight. The
resulting salt was washed well with chloroform and dried, yield
(100 &.).

p=Nitroperbenzoic Aoidas

A slurry of p-nitrobenzoic acid (40 g.) in methanesulphonic
acid (116 g.) was stirred at 0° while hydrogen peroxide (87#, 35 ml.)
was added over 10 minutes. The temperature rose to 35° during the
addition, and the slurry was stirred at 40° for 3 hours. Ice was
then added, and water before the mixture was filtered and the solid
material washed with water, The peracid was dried over phosphorus
pentoxide to constant weight, (40.2 &.).

The purity of this peracid was determined by reacting a known
weight (0.25 g.) of acid with sodium iodide in acetic acid-chloroform
(3:2)., Water was added and the liberated iodine titrated with
standard sodium thiosulphate solution (0.1N). The product was
found to contain 97# peracid.
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General Metnod for the Dimethyloxosulphonium Methylide Reaction?

Sodium hydride (6 mmoles) (50% dispersion in oil) was washed
three times with dry petrol and then blown dry with nitrogen.
Powdered trimethyloxosulphonium iodide (5.5 mmoles) and dry dimethyl
sulphoxide (20 ml,) were then added and the mixture was stirred
rapidly. Vigorous evolution of hydrogen ensusd which ceased after
ca,30 minutes to give a milky-white reaction mixture. The steroid
ketone (2.6 mmoles) in dry tetrahydrofuran (10 ml,) and dry dimethyl
sulphoxide (5 ml.) was added with stirring and stirring was continued
for 1 hour at room temperature and for 1 hour at 500. The rezction
mixture was cooled, water added and the steroid extracted inte ether.
The ether solution was washed well with water, dried and evaporated
to give the mixture of methylene epoxides which was then either
recrystallised to give the major epoxide or chromatographed on
alumine (50 &.) to give both epoxides followed by erystallisation

of each epoxide from acetone.

Reaction with 5a-cholestan-3-one (1.0 g.)

a) The product was recrystallised from acetone to give 3p-methyl-

3a,3'-epoxy-Sa-cholestene (0.761 g.) m.p. 131-2° [a]p +20° (e.0.21),
) max,3010 (w), 925 (8), 790 (m), 698 (w) om.3! n.m.r. T 9.33
(C-18 methyl group), 9.17, 9.16, 9.09 (C-19 and side ochain methyl
groups), and 7.38 (half band width 0,012 ppm.) (epoxide protons)
(Found: ¢, 83.8; H, 11.8. CogHggO regquires C, 83.9; H, 12,1%).

b) The product on chromatography gave 3f-methyl-3e,3'-epoxy-56-

cholestane (0.760 g.) m.p. and m.m.p. 130—10, followed by 3o-methyl-
3B,3'-epoxy~Sa-cholestane (0.027 ge) MePe 170-1° [“]D +20° (e.0.15)
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Y ax.3010 (), 935 (m), 840 (s, broad), 723 (w) em.™ m.m.r, T

9.34 (C-18 methyl group), 9.20, 9.14, 9.09 (C-19 and side chain
methyls), 7.44 (half band width 0.03 ppm.) (epoxide protons).
(Found: ¢, 83.8; H, 11.9. CpgHygO reguires C, 83.9; H, 12.1%).

Resction with 2e-methyl-5¢-cholestan-3-one (0.90 g.)

Chromatography gave 3P-methyl-3a,3'-epoxy-Za-methyl-3a-cholestane
(0,736 g.) mep. 111-1129: {alp +27° (€.0.22) V .. 3020 (w), 942 (s),
788 (m), 698 (w) om.;  m.m.r.T 9.34 (C-18 metayl group), 9.38, 9.26,
9,18, 9.15, 9.10 (¢-19, C-2, and aido.chain methyl groups), 7.59,

7.52, T.22, 7.15 (epoxide protons). (Found: ¢, 83.9; H, 12.5.
Cogligg0 requires C, 84.0; H, 12.2%4), and 3a-methyl- ' —@POXY =20~
methyl-5a-cholestane (0.021 g.) m.p. 81-82° [a]p +3° (e.0.20),

YV max,3020 (w), 939 (m), 839 (s, broad), 690 (w) cm.:l BB P T
9.33 (C-18 methyl group), 9.38, 9.25, 9.18, 9.09 (C-19, C-2, and side
chain methyl groups), 7.66, 7.58, 7.26, 7.18 (epoxide protons).

(Found: ¢, 84.1; H, 12.0. CpgHgp0 requires ¢, 84.0; H, 12.2%).

Reaction with 2,2-dimethyl-5e-cholestan~3-one (0.80 g.)

The compounds eluted were Jp-methyl-3c,3'-epoxy-2,2-dimethyl-
Se-cholestane (0.495 g&.) m.p. 94-95° [alp +55° (0.0,17), U pay 3020
(w), 930 (8), 780 (m) cm.Tl n.m.r. T 9,34 (C-18 methyl group),

9.30, 9.18, 9.09, 9.07, 8.89 (C-19, C-2 and side chain methyls),

7.60, 7.53, 7.28, T7.20 (epoxide protons). (foundz c, 83.8;

H, 12.0. C30li520 requires C, 84,0; H, 12.2%#), and 3a-methyl-3(,3'-
epoxy-2,2-dimethyl-5a-cholestane (0.036 g&.) m.p. 78-80° [aly +39°
(€.0.21)y YV pax 3020 (w), 918 (m), 851 (s, broad, with a shoulder

at 840) em.7* n.m.r. T 9.34 (C-18 methyl group), 9.31, 9.19, 9.09,
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9.05, 8.89 (¢-19, C-2, and side chain methyls), 7.63, 7.55, T7.18,
7.10 (epoxide protons). (Found: C, 84.0; H, 1l2.1. C30Hs520
rﬂquireﬂ C, 8‘00; H. 1202%).

Reaction with 5¢-cholestan-2-one (0.910 g.

The product on chromatography gave 2a-methyl-28,2'-epoxy-S5a-
cholestane (0.717 g.) m.p. 96-98° lelp +24° (e.0.19), v max, 3020 (w)
912 (8), T95 (m) om.jl n.m.r. T 9,35 (C-18 methyl group), 9.19, 9.09,
9.07 (C-19 and side chain methyl groups), 7.54 (half band width
0.015 ppm.) (epoxide protons). (Found: C, 84.1; H, 12.3.

CpgHyg0 reguires C, 83.9; H, 12.1%), and 2p-methyl-2¢,2'-epoxy-5a-
cholestene (0.0l10 g.) m.p. 105-106° [a]p +20° (¢,0.066), ¥ pax,
3015 (w), 942 (m), 822 (s, broed) om.7* n.m.r. T 9.35 (C-18 methyl
group), 9.19, 9.14, 9.09 (C-19 and side chain methyl groups), 7.37
(half band width 0.033 ppm.) (epoxide protons). (Found: ¢C, 83.9;
H, 11.9. CogHyg0 requires C, 83.9; H, 12.1%).

Reaction with 5e-androstan-17-one (0.770 g.)

Chromatography gave 17a,20-epoxy-5o-androstane (0.121 8.) M.D.

88-89° [a]p -9° (.0.06) » o 3020, 939, 835, 760 em.t nom.r. T

9.19 (C-18 and C-19 methyl groups), 7.39, 7.30, 7.29, 7.20 (epoxide

protons). (Found: €, 83.1; H, 11.0. CopH320 requires C, 83.33
H, 11.2%), and 178,20-epoxy-5a-androstane (0.585 g.) m.p. 160-4°
[c]D +5°% (e.0.21), V max, 3010, 919, 86l, 786 om.?l n.M.re T

9,22, 9.14 (C~-18 and C-19 methyl groups) T7.47, 7.38, 7.15, 7.06
(epoxide protons). (Found: ¢, 83.0; H, 1ll.1l. CooH320 requires
¢, 83.3, H, 11.2%).
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General Method for the Dimethylsulphonium Methylide Roaction4

Sodium hydride (6 mmoles) (504 dispersion in 0il) was washed
three times with dry petrol and blown dry with nitrogen. Dry
dimethyl sulphoxide (15 ml.) was added and the mixture was heated
with stirring under nitrogen at ea,70° until evolution of hydrogen
ceased (ca,45 min,). Dry tetrahydrofuran (15 ml.) was added and
the mixture was cooled to ca.-10" (salt-ice bath) and powdered
trimethylsulphonium iodide (5.8 mmoles) was added with stirring
guickly and stirring was continued for 10 seconds and then the
steroid ketone (2.6 mmoles) in dimethyl sulphoxide (5 ml.) and
tetrahydrofuran (10 ml.) was added with stirring and stirring was
continued for 10 minutes at -10° and for 1 hour with the salt-ice
bath removed. Water was added and the steroid was extracted with
ether. The ethereal solution was washed well with water, dried and
the ether evaporated to give the methylene epoxides (except for 5a-
androstan-1T-one) which were separated by chromatography on alumina
(50 g.) with petrol as solvent. The epoxides were then crystallised
from acetone and identified by infrared examination and mixed m.p.

Reaction with Sa-cholestan-3-one (1.07 g.)

Eluted first was 3p-methyl-3c,3'-epoxy-Se-cholestane £0.3)1 g:),
m.p. and mixed m.p. 129—131°, and this was followed by 3Je-methyl-38,3'
epoxy -Se-cholestane (0.686 g.), m.p. and mixed m.p. 176-1".

Reaction with 2e-methyl-5c-cholestan-3-one (1.0 g8.)

Isolated were 3Jf-methyl-3c,3'-epoxy-2e-methyl-5e-cholestane
(0.31 g.) mixed m.p. 111-112°, and 3e-methyl-3f,3'-epoxy-2¢~methyl-
5ea-cholestane (0.101 g.) mixed m.p. 80-2°,
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Reaction with 2,2-dimethyl-5e-cholestan-3-one (1.0l g.)

The compounds in order of elution were jf-methyl-3c,3'-epoxy-
2,2-dimethyl-5a-cholestene (0.53 g&.) mixed m.p. 91—40, and 3a-methyl-
38,3'-epoxy~2,2-dime thyl-5c-cholestene (0.35 g.) mixed m.p. 78-80°.

Reaction with Sa-cholestan-2-one (0.9 g.)

Eluted were 2e-methyl-2f,2'-epoxy-5a-cholestane (0.514 g.) m.p.

and mixed m.p. 96-980. and 2p-methyl-2c¢,2'-epoxy-Sc-cholestane (0.166
g.) m.p. and mixed m.p. 103-106°.

Reaction with Se-androstan-17-omne (0.22 g.)
Crystallised was 178,20-epoxy-5e-androstane (0.178 g.) mixed
m.p. 160-163°.

Lpoxidation with p-Nitroperbenzoic Acid
To 3-methylene-5¢-cholestane (1.0 g.) in dry ether (20 ml.) was

added p-nitroperbenzoic acid (0.9 g.) in dry ether (20 ml.). The
ethereal solution was allowed to stand overnight at room temperature
and then excess peracid was destroyed with ferrous sulphate solution.
The ether layer was then washed with water, sodium bicarbonate solu-
tion, and water, dried and the solvent evaporated to give the erude
epoxides. Chromsato graphy 6n alumine (50 g.) gave on elution with
petrol 3p-methyl-3o,3'-epoxy-Sa-cholestane (0.74 g.) mixed m.p. 130-1°
(acetone) and je-methyl-3B,3'-epoxy-5c-cholestane (0.13 g.) mixed
m.p. 169-171° (acetone).

EBpoxidation with m-Chloroperbenzoic Acid
To the appropriate olefin (2.6 mmoles) in dry ether (20 ml,) was
added m-chloroperbenzoic acid (5 mmoles) in dry ether (20 ml.).
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After standing overnight at room temperature the reaction mixed
was worked up with ferrous sulphate solution, water, and sodium
bicarbonate solution as above. The mixtures of epoxides were
chromatographed on alumina (60 g.) with petrol as solvent, The
epoxides were crystallised from acetone and identified by mixed
m.p. and i.r. examination.

A similer procedure was used for the epoxidation in methylene

chloride.

Epoxidation of 3-methylene-5a-cholestane

a) In ether (4.5 g. steroid). Chromatography gave 3f-methyl-3a,3'-
epoxy-5e-cholestane (3.41 g.) mixed m.p. 129-130° and 3Ja-methyl-
3p,3'-epoxy-5a-cholestane (0.60 g.) mixed m.p. 170-3°.

b) In methylene chloride (1.0 g. steroid). Eluted first was 3p-
methyl-3c,3'—epoxy-Se—cholestane (0.427 g.) mixed m.p. 129-131°, and
this was followed by 3e-methyl-3p,3'-epoxy-5c-cholestane (0.241 &.)
mixed m.p. 170-4°,

Epoxidation of 3-methylene-2c-methyl-3e-cholestane (0.25 g.)

The yield of 3f-methyl-3e,3'-epoxy-2¢-methyl-3c-cholestane was
(0,108 g.), mixed m.p. 110-112° and that of 3Jo-methyl-3P,3'-epoxy-2a-
methyl-Se-cholestane (0.064 g.) mixed m.p. 80-82°,

Epoxidation of 3-methylene-2,2-dimethyl-5a-cholestane (0.70 g.)
Eluted were 3p-methyl-3c,3'-epoxy-2,2-dimethyl-5a-cholestane
(0.40 g.) mixed m.p. 91-94°, a fraction consisting of both epoxides

(i.r.) (0.026 g.) and jg-nothxl-}g,;'-Qgpxx-z.2-dimetgxl-5c-choles-
tane (0,090 g.) mixed m.p. 78-80°.
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Epoxidation of 2-methylene-5c-cholestane (0.70 g.)

Eluted were 2c-methyl-2f@,2'-epoxy-5a-cholestane (0.104 g.)
mixed m.p. 95-97°, and 2p-methyl-2a,2'-epoxy-5c~cholestane (0.461
&.) mixed m.p. 104-105°.

;poxidation of 1l7-methylene-S5c-endrostane (0.24 g.)
Chromatography gave l7e,20-epoxy-S5c-androstane (0.136 g.) mixed

m.p. 88-89°, and 17p¢,20-epoxy~Se-androstane (0.024 g.) mixed m.p.
156-160°,

Lpoxidation with Alkaline Hydrogen Peroxide-Benzonitrile3

The appropriate olefin (1.3 mmoles) in chloroform (5 ml.,) was
added to methanol (5 ml,), benzonitrile (0.35 g.), potassium bicar-
bonate (0.075 &.), and hydrogen peroxide (30%4, 0.4 ml.) and the
mixture was stirred at room temperature for.24 hours., Ether and
water were then added and the ether solution was washed with ferrous
sulphate solution, water, sodium bicarbonate solution, and water,
dried and the ether removed to give a crude product which was
chromatographed on alumina (40 g.) with petrol as solvent. The
compounds =0 eluted were crystallised from acetone and identified

from their i.r, spectra and by & mixed m.p.

Epoxidation of 3-methylene-5o-cholestane (0.9 g.)
Chromatography gave 3-methylene-5a-cholestane (0.103 g.) mixed

MePeo 64-65°. Jp-methyl-3c,3'-epoxy-Sa-cholestane (0.137 &.) mixed
m.p. 129-130°, and 3e-methyl-3f,3'-epoxy-S5a-cholestane (0.391 &.)
mixed m.p. 170-174°.
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LEpoxidation of 3-methylene-2a-methyl-5c—cholestane (1.54 g.)

Elution gave 3-methylene-2e-methyl-5e-cholestane (0.218 g.)
mixed m.p. 69-71°, 3p-methyl-3a,3'-epoxy-2c-methyl-Sa-cholestane
(0.086 g.) mixed m.p. 111-112°, 3o-methyl- '—epoxy-2a-methyl-50-
cholestane (1.09 &) mixed m.p., 79-81°,

Epoxidation of J-methylene-2,2-dimethyl-Sa-cholestane (0.52 g.)
Chromatography produced J-methylene-2,Z-dimethyl-5a-cholestane

(0.14 g.) mixed m.p. 79-800, Jp-methyl-3a,3'-epoxy-2,2-dimethyl-Sc~
cholestane (0.088 g.) mixed m.p. 92-95° and 3e-methyl-3g,3-epoxy-
2,2-dimethyl-5a-cholestane (0.163 g.) mixed m,p. 76-790.

Epoxidation of 2-methylene-5c-cholestene (0,89 g.)

Elution gave 2-methylene-5e-cholestane (0.228 g.) mixed m.p.

65-67° and 2p-methyl-2c,2'-epoxy-5e~cholestane (0.322 g.) mixed m.p.
105-106°.

gpoxidation of 17-methylene-Sc-androstane (0.23 g.)

Chromatography gave lT7-methylene-5a-androstane (0.076 g.) mixed
m.p. 67-68%, 17a,20-epoxy-Sa-androstane (0,092 g.) mixed m.p. 88-89°
and 17f,20-epoxy-5c-androstane (0.002 g.) mixed m.p. 160-4°,

General Method for Reaction with Methyl Magnesium Iodide
The steroid ketone (1 g.) in dry ether (50 ml.) was added to

methyl magnesium iodide in ether (100 ml.) (from magnesium (2 g.))
and the mixture was heated under reflux for 4 hours. Excess reagent
was decomposed with ammonium chloride solution and the steroid was
extracted with ether, The ether solution was washed with water,

dried and the ether evaporated to give a solid which was adsorbed
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from petrol on alumina (60 g.). The alcohols were eluted with

suitable solvents and were erystallised from acetone.

Heaction with Sa-cholestan-3-one (5 5‘282

Slution with petrol-benzene (l:1) and benzene gave 3f-methyl-
Sa-cholestan-3e-ol (2.75 g.) m.p. 125-126° (11t,126-127°). Elution
with ether gave 3o-methyl-S5a-cholestan-3f-0l (2,09 g.) m.p. 146-148°
(11%.147-9°).

Reaction with 2a-methyl-5c-cholestan-3-one (0.9 g.)

Elution with petrol-benzene (l:1l) and benzene gave 2a,3f-
dimethyl-5a-cholestan-3e-0l (0.530 g.) m.p. 147-148° (elp +27.5°
(0+0.25) » gayx, 3600, 940, 955 em.”! (Found: ¢, 83.7; H, 12.4.

CogHigp0 requires O, 83.6;5 H, 12.6%). Elution with benzene-ether
(99:1) gave 2¢,3e-dimethyl-S5e-cholestan-3p-ol (0.135 g.) m.p. 158-160°
[a]p +19° (.0.11) » ___ 3600, 938 em.”* (Found: C, 83.4; H, 12.4.
CpgHgp0 requires C, 83.6,; H, 12,6%).

Reaction with 2,2-dimethyl-S5a-cholestan-3-one (2.0 g.)
Elution with benzene-ether (99:1) gave 2,2 trimethyl-Sa-

cholestan-3a—ol (0.851 g.) m.p. 105-106° [a], +48° (e.0.19) » ...
3590, 940, 925, 918, and 845 ocm.”>  (Found: ©, 83 8; H, 12.2.
C3oHs4C requires ¢, 83.7; H, 12,6%). Elution with ether-methanol
(99:1) gave 2,2,3a-trimethyl-5a-cholestan-3p-ol (0.825 g.) m.p.
139-140° [o]y +45.5° (0.0.21) » goy 3580, 935, and 920 em.”™
(Found: ¢, 83.7; H, 12.4. C3oHs40 requires C, 83.7; H, 12.6%).
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General iMethod for Lithium Aluminium Hydride Reduction of the

Methylene Epoxides

The epoxide (0.1 g.) in dry ether (10 ml,) was added to lithium
aluminium hydride (0,1 g.) in dry ether (10 ml,) and the solution
refluxed for 2 hours. Ethyl acetate was added, followed by dilute
hydrochloric acid. The ether solution was washed with water, dried
and evaporated to give the alcohol which was erystallised from
scetone and identified by i.r. and & mixed m.p.

Reduection of 3p-methyl-3c,3'-epoxy-Sa-cholestane (0.1 g.)
Produced 3B-methyl-5a-cholestan-3e-ol (0.08 g.) m.p. and mixed

M. p . 126-1270 .

Reduction of 3¢-methyl-3f,3'-epoxy-Sa-cholestaene (0.1 g.)
Produced 3o-methyl-5¢-cholestan-3p-ol (0.091 g.) m.p. and mixed
m.p. 146-149°%.

Reduction of 3f-methyl-3e,3'-epoxy-2a-metnyl-5e~cholestane (0,11 g.)

Gave 20,3f-dimethyl-5¢-cholestan-3e-ol (0.073 g.) m.p. and
mxed l.p. 1‘7-14800 '

Reduection of 3e-~me l- 'mgpoXy-2a-methyl-Sa-~cholestane (0.07 g.)

Gave 2a,3a-dimethyl-5¢-cholestan-3f-ol (0.063 g.) m.p. and
mixed m.p. 158-160°.

Reduction of 3f-methyl-3e,3'-epoxy-2,2-dimethyl-5a-cholestane (0,067 ¢
Produced 2,2,3f-trimethyl-S5c-cholestan-3a-0l (0.054 g.) m.p. and
mixed m.p. 104-106°.
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Reduction of 2a-methyl-2p,2'-epoxy-Se—cholestane (0.324 g.)

Gave 2a-methyl-Sc-cholestan-2g-ol (0.297 g.) m.p. and mixed
mcpo 147-148° -

General method for Dehydration with Phosghoryl Chloride in Pyridine
The steroid alcohol (0.08 g.) in pyridine (4 ml,) was heated

under reflux with phosphoryl chaloride (0.8 ml.,) for 30 minutes.
Decomposition of the excess reagent with water and extraction with
ether gaeve, after washing the ether solution with water and drying,

a solid which was adsorbed from petrol on alumina (aetivity II)

(20 g.). Elution with petrol gave the olefin which was erystallised

from acetone.

Dehydration of -me thyl-5c-cholestan-3a-ol (0O, 8

82
Gave 3J-methyl-5a-cholest-2-ene (0,051 g.) m.p. 82-83° (1it.
82-83%), » geg,790 em.”t (double bond).

Dehydration of 3Jo-methyl-Se-cholestan-3g-ol (0.08

Gave 3-methylene-5c-cholestene (0.048 g.) m.p. and mixed m.p.
64-65%, ‘

Dehydretion of 2¢,3p-dimethyl-5a-cholestan-3c-o0l (1.0 g.)
Gave 2,3-iimethyl-50-cholest-2~ene (0.823 g.) m.p. 83-85° (lit?o

86-5-880) n.ll.I‘-T 9.3‘ (C-ls m@thyl SZ‘O\IP), 9.32, 9.18' 901 (C-lg
and side chain methyl groups), 8.43 (C-2 and C-3 methyls).

Dehydration of 2e,3e-dimetnyl-5e-cholestan-3f-o0l1 (0.15 g.)
Gave 3-methylene-2a-methyl-Sa-cholestane (0.098 g.) m.p. end

mixed m.p. 68-T1%.
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Dehydration of 2,2,3p-trimethyl-5c-cholestan-3o-ol (0.2 g.)
Gave a product » mex, 1640, 885, 830 om.'l n.n.r. 9.34 (Cc-18

me thyl group), 9.20, 9.1, 9.05, 9.01, 8.95, 8.90 (methyl signals),
5.46 (esxoecyclie methylene group). The melting point on repeated

erystallisation from acetone, 60-75°,

Dehydration of 2,2.}g—trimetgzl—ﬁn-oholostan—ag:ol (0.2 g.!

Gave 3-methylene-2,2-dimethyl-Sa-cholestane (0.154 g&.) m.p. and
llixed I.p . 78-8°° .

242y3=-Trimethyl-5a-cholest-3-ene.
2,2,3f-Trimethyl-5a~cholestan-3e~0l (0.2 g.) in acetic acid (30

ml,) plus perchloric acid (3 drops) was heated at 909 for 2 hours.
Most of the solvent was removed under reduced pressure and water was
added. The steroid was extracted with ether and the ether solution
was washed with water, dried and the ether removed to give 2,2,3-
trinsthxl-gg-cholcst-}-cnif(0.133 £¢) MePo 99-102° (zcetone) [n]D +15°

(.0.16) Yo% 640 (broad) om.?l n.m.r. T 9.33 (C-18 methyl group),
9,21, 9.18, 9.09, 9.05, 8.98 (methyls at C-19, C-2, and in the side
chain), 8.38 (C-3 methyl), 4.5 (C-4 proton). (Found: €, 87.2;

H, 13.0. C3olisg requires C, 87.3; H, 12.7%#).

Addition of hypochlorous acid to }-meggglenq:zg-cholestane87

3-Methylene-5a-cholestane (1 g.) in ether (50 ml.) and water

(60 ml.) was stirred strongly at room temperature with bleaching
powder (1 g.) for 5 minutes. Then acetic acid (0.7 ml,.,) was added
and the mixture was stirred for a further 25 minutes. Ether (200

ml.,) was added and the ether layer was washed with water, potassium
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iodide solution, sodium bisulphite solution and water, dried and
the ether removed to give the product which was adsorbed from
petrol on florisil (100 g.). Elution with petrol gave 3-chloro-

me thyl-3-chloro-5¢-cholestone (0.31 g.) m.p. 108-9° (acetone)

[6]p +27° (€.0.16), » yax770 snd 730 em.7* n.m.r. T 9.33 (C-18 metayl
group), 9.22, 9.18, 9.15, 9.09 (C-19 and side chain methyls), 6.26
(-CHp.Cl). (Found: €, 74.1; H, 10.3; 0Ol, 15.4. C,gH,sCl,
reguires ¢, 73.8; H, 10.6;3 ¢Cl, 15.6%). Elution with petrol-
benzene (l:1) gave 3e-chloromethyl-Sa-cholestan-3f-ol (semi-solid)

(0.17 8+) P pax 3560, 759, T40 em.~! and elution with ether gave
3p-hydroxymethyl-3a—chloro-5a~cholestane (0.300 g.) m.p. 128-131°
[a]p +26° (0.0.16) » ... 3560, 1050, 770, 740 cm.7' (Pound: ¢,
76.65 H, 11.0; ¢Cl, 8.4. 028349001 requires C, T77.03y H, 1l.3;
o1, 8.1%).

3e-Chloromethyl-5a-cholestan~3p-ol (0.05 g.) was treated with
acetic anhydride (0.3 ml.) in pyridine (5 ml.) and allowed to stand
at room temperature for 24 hours. The solution was poured into
water and the steroid extracted into ether. The ether solution
was washed well with water and the solution dried and evaporated to
give 3e-chloromethyl-5e~cholestan-3p-ol (0.046 &.), identified by
i.r. speectra examination. '

3p-Hydroxymethyl-3a-chloro-5a-cholestane (0.05 g.) was treated
with acetic anhydride (0.3 ml.) in pyridine (5 ml.) and allowed to
stand at room temperature for 2 days before being worked up as
above to give a product consisting of an acetate » ., 1740 and

1235 om~t and starting material (not fully separated by chrometo-
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graphy on silica gel and elution with benzene).

Cleavage of 3o-methyl-3f,3'-epoxy-Sc-cholestane with hydrogen
chloride

3o-Methyl-3p,3'-epoxy~Sa-cholestane (0.08 g.) in dry chloro-
form (25 ml.) was treated with 2 stream of hydrogen chloride geas
at room temperature for 5 minutes, and allowed to stand for 10
minutes. The chloroform solution was washed with water, sodium
carbonate solution and water, d ried and evaporated to give 3p-
hydroxymethyl-3a-chloro-5a-cholestane (0.06 g.), m.p. and mixed m.p.
128-130° (acetone).

Reactions of the chloro-compounds with sodium hydroxide in methanol
3a-Chlorome thyl-5ea-cholestan~3f-ol (0.05 g.) was refluxed for

six hours with sodium hydroxide (0.1l g.) in methanol (25 ml.).

The solution was poured into water and the suspension obtained
extracted into ether. The ether layer was washed with water, dried
and the solvent removed to give on erystallisation from acetone
3a-me thoxyme thyl-5¢—-cholestan-36-01 (0.03 &.) m.p. 96-97° [a]p +27°
(€.0.07) ¥ pax.3540 and 1118 on.?l n.m.r. T 9.38 (C-18 methyl group),
9,21, 9.09 (C-19 and side chain methyl groups), 6.75 (2 protons,

CHoOMe) and 6.66 (3 protons, methoxy methyl group). (Found: C,
80.2; H, 12.0. CpgHgp0p reguires C, 80.5; H, 12.1%). When
3p-hydroxymethyl=3a=-chloro-5a~cholestane (0.1 g.) was similarly
treated with sodium hydroxide (0.5 &.) in methanol (100 ml.) it
gave 3c-methoxymethyl-5e-cholestan-3p-ol (0.073 &.) m.p. and mixed
m.p. 96-97° (acetone). Attempted acetylation of 3e-methoxymethyl-
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Sa-cholestan-3f-0l with pyridine-acetic anhydride at room temperature
overnight gave back Jo-methoxymethyl-S5e-cholestan-3ip-ol, identified

by an i.r. spectra examination.

Cleavage of 3e-metnyl-3p,3'-epoxy-S5a-cholestane with sodium
hydroxide in methanol

Ja-Methyl-3p,}'-epoxy-5a-cholestane (0.5 &.) with sodium hydro-
xide (2 g.) in methanol (100 ml,) was refluxed for 5 hours. The
solution was poured into water and worked up as above to give Ja-
methoxymethyl-50-cholestan-3p-0l (0.464 g.) m.p. and mixed m.p.
96-96.5° (acetone).

Treatment of the chloro-compounds with potassium t-butoxide

3o=Chloreme thyl-5a~cholestan-3p-o0l (0.015 g.) in t-butanol (5

ml.) was added to potassium t-butoxide (0.02 g.) in t-butanol (5 ml,)
and the mixture was heated at 60° for 2 hours and left overnight at
room temperature. Water was added and the steroid extracted into
ether, The ether layer was washed with water till neutral, dried
and evaporated to give 3e-methyl-3f,3'-epoxy-5a-cholestane (0.0l g.)
identified by i.r. spectra, A similar reaction with 3p-hydroxy-
methyl-3e-chloro-5e-cholestane (0.02 g.) also gave 3e-methyl-3$,3'-
epoxy-5a-cholestane (0.01 g&.), again identified by i.r. spectra

examination.

Treatment of 3-methylene-5c-cholestane with N-bromosuccinimide and

perchloric acid

3-llethylene-5a-cholestane (1.0 g.) in 5% aq. t-butanol (40 ml.)
and dioxan (10 ml.) was treated with N-bromosuccinimide (1.0 g.) in
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dioxan (20 ml.) and N perchloric aecid (0.4 ml.) at room temperature
and after keeping at room temperature overnight the solution was
concentrated in vacuo below 459, water was added and the steroid
extracted with ether. The ether extract was washed with water,
potassium iodide solution, sodium bisulphite solution, and water,
dried and the ether evaporated to give the product which was
adsorbed on florisil (100 g.). Elution with benzene gave a gum,
(0.41 g¢)y ¥ pax,3550 and 1035 em~t which was adsorbed from petrol
on alumine (50 g.), and gave on elution with petrol an oil with

O .. 925 emit n.m.r.T 9.34 (C-18 methyl aroup), 9.18, 9.16, 9.09
(c-19 and side chain methyl groups), 8.76 (Og3-¢-0, epoxide), 6.7
(c=2). Elution from the florisil column with ether gave a2 gum
(0.21 g.) *» pgx, 3550 and 1035 emT} which was adsorbed from petrol
on alumine (50 g.) to give on elution with petrol 3a-methyl-3g,3'-

epoxy-5a-cholestane identified by i.r. spectra examination.

Treatment of 3-methylene-5c-cholestane with N-bromosuccinimide and
acetic acid

3-Methylene-5a~cholestane (1 g.) in acetone (15 ml.) was added
to & solution of N-bromosuccinimide (1 g.) and acetic acid (0.8 ml.)
in scetone (30 ml.) and water (10 ml.). After leaving at room
temperature for 8 hours ether and water were added and the ether
layer was washed with water, potassium iodide solution, sodium
bisulphite solution and water, dried and the solvent removed to give
a product which was adsorbed on 1o florisil (50 &.). Blution with
petrol gave 3-methylene-5e~-cholestane (0.231 g.) m.p. and mixed m.p.

64-65°, while elution with ether gave 3p-hydroxymethyl-3a-bromo-5c-
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cholestane (0.444 g.) m.p. 110-113° [a], +24° (e.0.16) ¥ .. 3540
and 1035 emT} (Found: C, 69.6;5 H, 9.8; Br, 16.5. CpgHyqOBr
requires ¢, 69.8; H, 10.2; Br, 16.8%). Acetylation of this
compound (0.1 g&.) with pyridine-acetic anhydride at room tempera-
ture for 2 days gave a mixture of acetate (1740 and 1230 cm:l) and
alcohol (3560 cﬁfl). Separation on silica gel (10 g.) on elution
with petrol-benzene mixtures was not possible.

Adsorption of 3p-hydroxymethyl-3c-bromo-5¢-cholestane (0.09 &.)
on alumina (10 g.) and elution with petrol gave 3c¢-methyl-3f,3'-

epoxy-5a-cholestane (0.05 g.) m.p. and mixed m.p. 172-3° (acetone).

Cleavage of 3c-methyl-3f,3'~epoxy-Jo-cholestane with hydrobromic
acid

3o~Methyl-38,3'-epoxy-5a-cholestane (0.2 g.) in acetone (50 ml.)
was treated with 48% hydrobromic acid (10 drops) and the solution was
left at room temperature for 2 hours. Water was added and the
steroid extracted with ether to give after washing well with water,
drying and solvent evaporation 3p-hydroxymethyl-3c-bromo-5¢~-cholestane

(0.171 g.) mixed m.p. 110-112° (acetone).

2,2—D1metgzl-zc—choleatan~}g-olgo

2,2-Dimethyl-5e-cholestan-3-one (3 &.) in dry ether (50 ml.)
wes added to lithium aluminium hydride (2 g.) in dry ether (100 ml.)
and the mixture was refluxed for 2 hours. Ethyl acetate and dilute
hydroehloric acid were added and the steroid was extracted into ether.
The ether layer was washed with water till neutral dried and the

solvent removed to give a product which on erystallisation from
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acetone afforded 2,2-dimethyl-Se-cholestan-3p~-ol (2.9 g.) m.p. 145~
146°, [o])p +27° (.0.76) (11%3° m.p. 146-°, [a]; +28°).

2-Isopropylidene-A-nor-5¢-cholestaned0
2,2-Dimethyl-5a-cholestan-3f-ol (1.0 g.) in dry petrol (500 ml.)
at 0° was treated with freshly prepared phosphorus pentachloride (2
g.) and the mixture was stirred at (° for 30 minutes and for 1 hour,
while warming up to room temperature. water was added and the
organiec layer was washed with sodium carbonate solution and water,
dried and evaporated to give an oil which was filtered through
alumina (aetivity II) with petrol as solvent to give after erystal-
lisation from acetone 2-isopropylidene-A-nor-Se-cholestane (0.79 &.)
m.p. T0-729 [a]p +38° (0.0.18) (11t.%%m.p. 71.5-73°, [a]p +46°
(¢.0.9)); nem.r. T 9.36 (C-18 methyl group), 9.19, 9.12, 9.09
(C-19 and side chain methyl groups), 8.40 (c-2' methyl groups).

A-nor-5a—cholestan-z-onngo

2-Isopropylidene-A-nor-5c-cholestane (2.6 &.) in methylene
chloride (40 ml.,) and methanol (40 ml.) was treated a% ea,-T70° (dry
joce-acetone bath) with a stream of ozone for 1 hour (solution devel-
oped & blue colour), and then at & temperature of ¢2.0° acetic acid
(10 ml.) and zine (2.5 g&.) were added and the mixture was stirred
ior 1 hour. The reaction mixture was then filtered and the
filtrate washed well with water, sodium carbonate solution and water,
dried and the solvent removed to give a gum which was dissolved in
benzene and passed through a column of alumina (100 g.) with more

benzene to give after crystallisation from acetone A-nor-Sc-
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cholestan-2-one (1.5 g.) m.p. 103-4°, [a], +149° (e.0.09) (lit.go
m.p. 103-4°, [ea]; +143°141), Y. pax, 1740 omTt

2-lethylene-A-nor-5e—~cholestane
Sodium hydride (0.5 g.) (50% dispersion in oil) was washed
three times with dry petrol and then blown dry with nitrogen. Dry

dimethyl sulphoxide (25 ml,) was added and the mixture was heated
with stirring under nitrogen at 70—75° until evolution of hydrogen
ceased (ca.30 minutes). The resulting solution of methylsulphinyl
carbgnion was cooled and tetrahydrofuran (15 ml.) was added. To
this solution at O° was added, under nitrogen, methyltriphenylphos-
prhonium bromide (5 g.) rapid stirring giving the yellow ylide solu-
tion.  A-nor-Se-cholestan-2-one (1.0 g.) in tetrahydrofuran (10 ml.)
was added and the mixture was stirred at 55° overnight. Water was
added and the stercid was extracted with i&her. Work up in the
usual menner gave & crude product which was filtered through alumina
(activity II) (150 g.) with petrol to give 2-methylene-A-nor-5a-
cholestane (0.68 g.) m.p. 62-64° [a]p +64° (e.0.2), > pax, 3020, 1650,
885 om.7t n.m.r. v 9.33, 9.29, 9.19, 9.09, 9.07 (C-18, C-19 and side
chain methyl groups), 5.12 (C-2' hydrogens). (Found: €, 87.3;

He 12.3s Cp7Hyg Tequires C, 87.5; H, 12.5%!.

20-Methyl-2p,2'-epoxy-A-nor-5c~cholestane
A-nor-5c-cholestan-2-one (0.2 g,) in tetrahydrofuran (10 ml.)

was added to & solution of dimetayloxosulphonium methylide in dimethyl
sulphoxide (15 ml.), prepared from trimethyloxosulphonium iodide

(0.6 g.) in the usual manner (p.l22). Work up with ether and water
gave a product which was crystallised from acetone to give 2¢-methyl-
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2Bp,2'~-epoxy—-A-nor-jo-cholestans (0.14 g.) m.p. Ti=12% » —— 3020
921 cm.Tl n.m.r. ' 9.34 (C-18 methyl group), 9.19, 9.18, 9,10, 9,09
(=19 and side chain methyl groups), T.3, 7.25 (C-2' hydrogens),

2p-liethyl-2a,2'-epoxy-A-nor-Se—-cholestane
2-Methylene-A-nor-5a-cholestane (0.4 g.) in ether (20 ml,) was

treated with m-chloroperbenzoic acid (80#%, 0.4 g.). After stgnding
overnight at room temperature the mixture was worked up as usual
(p.127) to give on erystallisation from acetone 2f-methyl-2e,2'-
epoxy-A-nor-5a~-cholestane (0.29 g.) m.p. 81-84°; [a]y +16° (¢.0,085);
Y pax, 3020, 940, 925 cm.7t n.m.r. T 9,34 (C-18 methyl group), 9.19,
9.18, 9.09, 9.07 (C-19 and side chain methyl groups), 7.20 (c=2"
hydrogens). (Found: C, 83.4; H, 11.9. CoqHye® vegquires C,
83.9; H, 12.0%).

Cleavage of 2e-methyl-2p,2'-epoXy-A-nor-5c-cholestane with lithium

aluminium hydride

2a~ilethyl-2f,2' -epoxy-A-nor-5a-cholestane (0,067 g.) in dry ether
(10 ml,) was treated with lithium aluminium hydride (0.0%5 g.) in dry
ether (10 ml.) and the mixture waes refluxed for 2 hours. After
work up in the usual manner (p131 ), eryatallisation from acetone
gave 2c-methyl-A-nor-5a-cholestan-2p-ol (0.06 &.), m.p. 138-139°,
[6]p +27° (0.0.1)5 » Loy 3560, 932 emsl (Found: ¢, 83.0; H, 12.4.
Coqligg0 requires C, 83.4; H, 12.4%).

Cleavage of 2p-methyl-2c,2'-epoxy-A-nor-Se-cholestane with lithium

aluminium hydride
2p-Methyl-2a,2'-epoxy—A-nor->a-cholestane (0.0% &.) in dry ether
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(10 ml.) was treated with lithium a2luminium hydride (0.05 &.) in
dry ether (10 ml,) under the conditions outlined above and worked
up to give 2f-methyl-A-nor-5e-cholestan-20-0l (0.05 &.), Mmep. 1l15=-
116%; [e)p +20° (€.0.23); J pax, 3570, 920 eml (Found: ¢, 83.8;
H, 12.3. CpqH,g0 requires C, 83.4; H, 12.4%).

2e~iethyl-A-nor-5a-cholestan-2p-ol
A-Nor-5a-cholestan-2-one (0.l g.) in dry ether (25 ml.) was

added to methyl magnesium iodide (from magnesium (0.1 g.)) in dry
ether (25 ml.) and the mixture was refluxed for five hours. On
cooling dilute ammonium chloride solution was added and the ether
layer was washed well with water, dried and the solvent removed to
give on crystallisation from acetone 2¢-methyl-A-nor-5e-cholestan-

2g-ol (0,099 g.) m.p. and mixed m.p. 137-139°.

cholost-4—eng};on398

cholest-4-en-3-one was prepared from cholesterol (150 g.) using
the procedure described in "QOrganic Synthesis." This yield was
(99 g.) with m.p. 80-81° [a]y +88° (€.0.20), A pax 244 mu (¢ 16,400),
(1142 m.p. 81-82°, [a]p +88°).

4-Dimethyl-chole Btﬁ-emkomgg
Cholest-4-en-3-one (12 g.) was methylated with methyl iodide

(12 ml.) in the presence of potassium t-butoxide (from potassium
(4 g.)) to give on erystallisation from acetone 4,4-dimethyl-cholest-
S—en-3-one (5.7 &) mep. 176-178° (114.9% 1779)3 » pax,1705 em.”t
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3-Methylene-4,4-dimethyl-cholest-5-ene

Methylenetriphenylphosphorane (from methyltripheaylphosphonium
bromide (6 g.)) was prepared es deseribed on page 119 and to it was
added 4,4-dimethyl-cholest-5-en-3-one (1.5 g.) in tetrahedrofuran
(35 ml.) and the mixture was refluxed overnight under Np.  After
work up in the usual menner & crude product was obtzined which was
adsorbed on elumina (eetivity II) (200 g.), elution with petrol
and erystallisation from scetone giving 3-methylene-4,4-dimethyl-
cholest-5-ene (1.32 g.) m.p. 92-93%; [alp -28° (2.0.21); ¥ max,
3040, 1630, 890 om. ;> m.m.r.T 9.32 (C-18 methyl group), 9.18, 9.09,
9.07, 8.97, 8.78, 8.72 (C-19, C-4 and side chain methyl groups),
7.6 (broad, centrs), 5.25 (eentre) (€-3' hydrogens), 4.45 (centre)

(Cc-6 hydrogen). (Found: ©, 87.8; H, 12.2. O3pHsy requires
0, 87073 H' 1203%)‘

Reaction of 4,4-dimethyl-cholest-5-en-3-one with dimeth lsulphonium

methylide
A solution of dimethylsulphonium methylide in dimethyl sulphoxide

(15 ml.) was prepared in the usual way (methylsulphinyl carbanion frox
sodium hydride (0.3 g.) and trimethylsulphonium iodide (1.6 g.)) and
o it at ea.-10° was added 4,4-dimethyl-cholesti-5-en-3-one (1.0 g.)
in tetrahydrofuran (15 ml.). The mixture was stirred at ea,-10°

for 10 minutes and for 1 hour while the temperature of the reaction
rose to room temperature. The mixture was worked up with ether to
give a crude product, L pop 1705 cm.Tl which was adsorbed on

alumina (100 &.). Elution with petrol gave & product (0.025 8 )s
v max,.3920, 985, 965, 925, 890, 865 em=t Hlution with benszene gave
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4 ,4-dimethyl-cholest-5-en-3-one (0.79 g.) m.p. and mixed m,p.
176-178° (acetone),

Reaction of 4,4-dimethyl-cholest-5-en~3-one with dimethyloxosul-

phonium methylide in dimethyl sulphoxide
Dimetayloxosulpnonium methylide (from trimethyloxosulphonium

iodide (5 g.)) was prepered in the usual manner (p.122) and to if%,
in tetranedrofuran (30 ml.), was added 4,4-dimethyl-cholest-5-en~
3-one (1.1 &.). A white precipitate was immediately formed which
would not go into solution on adding tetrahedrofuran (25 ml.) and
stirring. The mixture was thus heated at 60° under nitrogen for
2 hours and worked up as usual to give a product (¥ poy 1705 em.~1)
which was adsorbed on alumina (180 g.). Elution with petrol gave
a product (0.07 &.)y » a4 960, 920, 885, 850 on:l (all weak to
medium). Zlution with benzene gave 4,4-dimethyl-cholest-5-en-3-
one (0.91 g.) m.p. and mixed m.p. 176-178° (acetone).

Resetion of 4,4-dimethyl-cholest-5-en-3-one with dimethyloxosulphonium
methylide in dimethylformeamide

Dimethyloxosulphonium metaylide was prepared from trimethyloxo-
sulphonium iodide (5 g.) in dimethylformamide (35 ml.) using the
experimental conditions outlined on page 122. 4,4-Dimethyl-cholest-
5-en-3-one (0.9 &.) in tetrahydrofuran (35 ml.) wes added precipitat-
ing = white solid. Additional tetrshydrofuren (25 ml.) was added
and the mixture was heated at 50° for 2 hours. The crude product.

isolated by means of ether, had “ pox 1705 omTt It was esdsorbed

onto alumina (200 &.). Elution with petrol gave a produet (0.06 g.)
jdentical in i.r. with the petrol eluted material of the previous
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experiment; 2 max.96°’ 920, 885, 850 cm.-l Elution with benzene
gave 4,4-dimethyl-cholest-5-en-3-one (0.86 g.) m.p. and mixed m.p.

176-178° (=cetone).

Reaction of 3-methylene-4,4-dimethyl-cholest-5-ene with m-chloro-

perbenzoic acid
3-Methylene-4,4~dimethyl-cholest-5-ene (1.0 g.) in dry ether

(100 ml,) wes added to m-chloroperbenzoic scid (80%) (0.53 &.) in

dry ether (100 ml.) and the mixture was allowed to stand overnight

at room temperature before being worked up as described on page 127
The erude product was adsorbed onto alumina (100 g.) a2nd elution with
petrol gave 3-methylene-4,4-dimethyl-cholest-5-ene (0.252 €.) M.Pe
and mixed m.p. 92-93° (acetone). Further elution with petrol and
erystallisation from acetone gave 5,6-epoxy~-3-methylene~4,4-~dimethyl-
cholestane (0.267 g.) m.p. 89-92°, [a], +21°% (e.0.11), * pax 3050,
1640, 938, 889, 765 em.3t n.m.r. T 9.39, 9.38, 9.29, 9.27, 9.10,

9.07, 8.91, 8.89, 8.73 (c-18, C-19, C-4 and side chain methyl groups),

7.77, 7.68 (¢-T7 protons), 7.02, 6.90 (C-6 protons). (Found: C,
83.9; H, 12.2. 0303520 requires C, 84.0; H, 12.2%). Elution
with petrol-benzene (99:1) @nd erystallisation from acetone gave
3—methg}—3,3'-opoxy-4,4-dimethy1-aholest-5-one (0.254 g.), m.p.
90-34° [elp -36° (0.0.12); » por 3040, 965, 930, 922 em.3" a.m.r.
T 9.31, 9.18, 9.08, 9.01, 8.86 (c-18, C-19, C-4 and side chain

methyl groups), 7.58, 7.49, 7.14, 7.05 (C-3' hydrogens), 4.486 (C-6

hydrogen). (Pound: ©, 84.13 H, 12.0. 030H520 requires C, 84.0;
H, 12.2%). Finally elution with petrol-benzene (98:2) gave the

-1
diepoxide (gum, 0.020 g.) P p.x, 3040, 970, 930 em., n.m.r.
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T 9,36 (C-18 methyl group), 9.26, 9.18, 9.09, 8.96, 8.85, 8.77 (C-
19, C-4 and side chain methyl groups), hydrogens (C-7, C-6, z2nd
g=3') at 7.56, T7.51, 7.46, T.38, 7.32, 7.10, T7.03, 6.92.
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Reactions of Methylene-Epoxides

(1) ZBSpoxides not adjacent to & polar group
Reaction of 3f-methyl-3e,3'-epoxy-Sa-gholestane with BFi-etherate

in benzene
ip-Methyl-3a,3'-epoxy-Sa-cholestane (1.0 g,) in dry benzene
(100 ml.) was treated with boron trifluoride-etherate (10 drops).

After two minutes the solutiorn was poured into & sclution of sodium
acetate and ether was added. The ether solution was washed with
water, dried and the ether evaporated to give a product which was
ehromatograephed on alumina (60 g.). Elution with petrol gave
starting materisl (0.158 g.) identified by i.r. spectra examination.
Zlution with petrol-benzene (9:1) gave Se-cholesten-3p-aldehyde
(0.205 &.) m.p. mostly at 94-6° (not recrystallised); [a]D +28,5°
(€.0.22)5 ¥ Lo 2715, 1725 ems; n.m.r. T 9.35 (C-18 methyl group),
g.21, 9.18, 9.09 (G-19 and side chain methyl groups), 0.39 (aldehyde),
Recrystallisation from petrol of this aldehyde (0.2 g.) gave So-
eholestan-3p-carboxylie aeid (0.191 g.) m.p. 206-208° (lit%O2 206~

208%), ¥ ay 3400-2450, 1695 omT} Treatment of the 3p-carvoxylic
acid (0.911 g.) with ethereal diazomethane (prepared from potassium
hydroxide treatment of nitrosomethyluroal42(1.0 g.) in ether (100
ml.,)) gave after allowing to stand 4 hours at 189 @nd isolation with
ether 3p-methoxycarbonyl-5e-cholestane (0.862 g.) m.p. 66-68°
(acetone) (111102 54-56°/69°) » ... 1730, 1160 em7l Elution with
ether gave after crystallisetion from acetone Jo-hydroxymethyl-3f-
fluoreo-Sa-gholestane (0.427 g.) m.p. 163-164%; [a]D +29° (6.0.11);
L nex.3550, 1057 em>t n.m.r.T 9.33 (C-18 methyl group), 9.23, 9.18
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9.09 (C=19 and side chein methyl groups), 6.62, 6.30 (C-3' hydrogens),
(Found: C, 80.1; H, 11.5. CpgHyqgOF requires C, 79.7; H, 11.7%).
A solution of the fluoro-azlecohol (0.05 g.) in pyridine (6 ml.)
and acetic anhydride (0.3 ml.,) were kept at room temperature for
16 hours. Isclation with ether and erystallisation from acetone
gave 3o-acetoxymethyl-3p-fluoro-So-cholestane (0.041 g.) m.p. 98-
100°, ¥ pox 1740, 1242, 1052 omir n.m.r.T 9.33, 9.23, 9.18, 9.09
(c~18, C-19, and eide chain methyl groups), 7.9 (acetate), 6.09,

5.76 (C=3' hydrogens). Both the hydroxymethyl and acetoxymethyl

compounds gave positive tests for fluorine,

gualitative test for rlugr1n0143
a, Alizarin fluorine blue (0.0385 g.) was dissolved in seodium

hydroxide solution (0.5N; 20 ml.) and the solution diluted to 150
ml., with water. Sodium acetate (0,02 g.) wae added and the solution
brought to pH 5 with dilute hydrochloric aeid. A solution of sodium
acetate (2.5 g.) and acetiec acid (2,5 ml,) in water (30 ml,) was then
added and the whole solution made up to 200 ml.

b. Cerous nitrate (0.0217 g.) was dissolved in water (200 ml.)
and dilute nitrie acid (1 drop) and hydroxylamine hydrochloride
(0.1 g.) added.

e. Tribenzylamine (0.l g.) was dissolved in warm n-pentanol-sec-
butanol mixture (3:1 ; 35 ml.,), the solution cooled and diluted to
100 ml., with the same mixture.

A small amount of steroid (less than 1 mg.) was combusted in a flask
filled with oxygen, and the residue dissolved in water (1 ml.).
Five drops of this solution were placed in & small tube eand the
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alizarin fluorine blue solution (a) (2 drops) added and the con-
tents mixed, Cerous nitrate solution (b) (2 drops) was then added
and mixed, A change to blue within 1 minute indicated fluorine
present, The extraction solution (e¢) (10 drops) was added and the

blue colour was absorbed into the organic layer.

Hemevion of Je-hydroxymethyl-3f-fluoro-5o~cholestane with BF, in
benzsne

3o-Hydroxymethyl-3g-fluoro-Se-cholestans (0.1 g.) in dry
benzene (10 ml,) was allowed to react with Brs-otharate (0.1 ml.)

for 950 minutes. The solution was then poured into sodium bicar-
bonate solution, ether was added and the ether layer was washed with
water, dried and the ether evaporated to give a product which was
filtered tarough alumina (10 g.); elution with petrol-benzene

(95:5) giving Se-cholestan-3f-aldehyde (0,081 g.), identified from

its i.r. and n.n.r. spectra.

Reaction of 3B-methyl-3le,3'-epoxy-Se-cholestene with excess BF3-

etherate in benzene

3p-lethyl-3a,3'-epoxy-S5a-cholestane (1 g.) in dry benzene (100
ml.) wes treated with boron trifluoride-etherate (1 ml.). After
2 minutes the benzene solution was poured into water and ether was
added. The ether layer was washed well with water, dried and
evaporated to give a produect, n.m.r. T 0.39 (38-CHO), 0.29 (3a-CHO)
(P:e ea.4:1)., Chromatography of this product on alumina (60 g.)
end elution with petrol-benzene (9:1) gave the 3p-aldehyde (0.731 g.),
i{dentified by n.m.r. spectra, (T 0.39).
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The treatment of the mixture of 3-aldehydes with potassium hydroxide

in ethanol

The reaction of 3f-methyl-3e,3'-epoxy-5e-cholestane (0.1 g.)
with doron trifluoride-etherate (0.1 ml,) in dry benzene (10 ml,)
was carried out exesetly 2s in the previous experiment, and the erude
product (n.m.r.T 0.39, 0.29), (0.09 g.), was kept at room tempera-
ture with XOH (0,15 g£.) in aqueous ethancl (90%, 20 ml,) for eight
hours, Work up with ether znd water gave a product, with only one
aldehyde peck in the n.m.r. (T 0.39), identifieble a&s Se-cholestan~
3g-aldehyde (0.065 g£.).

Reaction of 3f-methyl-3e,3'-epoxy-Ju-cholestane with 3Fy-etherate
in ether

A solution of the e-epoxide (0.5 g.) in dry ether (50 ml.) was
treatad with boron trifluoride-etherate (0.5 ml.) at room temperature
for 2 hours and was then poured into water, Ether was added and
the ether layer washed with water, dried and evaporated %o give a
produet, n.m.r. T 6.62, 6.3 (fluorohydrin), 0.39 (3p-CHO), 0.29
(3a=-CHO) (ratio of aldehydes from the two bands, ea.l:l). Chromato=-
graphy of this product on alumina (50 g.) gave on elution with
petrol-benzene (9:1) the 3p-aldehyde (0.221 g.) agein identified
by n.m.r. spectra, Elution with etﬁcr gave 3a-hydroxymethyl-3p=
fluoro-Se—cholestane (0.174 g.) m.p. and mixed m.p. 163-164° (acetone)

Reaction of }a-mathyl-gg,}'-gpoxg—?n—choleatane with boron trifluoride

in venzene

3a-Methyl-3p,3'-epoxy-Sa-cholestane (0.5 g.) in dry benzene (30
ml.) was treated with boron trifluoride-etherate (0.5 ml.) &t room



- 151 -

temperature for 5 minutes. The reaction was terminated by pouring
the benzene solution into water and ether was added. The ether
solution was washed with water, dried and the ether evaporated %o
give the crude aldehydes, n.m.r, " 0.39, 0.29 (ratio of aldehydes
from peaks; pi:a ca.é4:l). The aldehyde mixture (0.5 g.) was
adsorbed onto alumina (35 g£.) and elution with petrol-benzene gave
the 3p-aldehyde, n.m.r.?” 0.39.

Reacvion of jo-methyl-3f,3'- poxy-Sa-~-cholestane with BF3~etherato
in etaer

A solution of the pP-epoxide (0.5 g.) in dry ether (60 ml.,) was
treated with boron trifluoride-etherate (0.5 ml.) at room temperature
foxr 2 hours. Work up with ether and water gave & product with only
one eldehyde band in the n.m.r. (7 0.39, equitorisl aldehyde). The
product (0.49 g.) was then cleaved up by filtering through & column
of aiumina (40 g.) with petrol-benzene (9:1) giving & pure sample
of the 3p-aldehyde (0.40 g.), n.m.r. T 0.39.

Reaction of 2a-methyl-28,2'-epoxy-Sa-cholestane with boron trifluorid

in benzene

20-Methyl-2p,2'-epoxy-5a-cholestane (0.2 g.) in dry benzene (20
ml.) was treated for 5 minutes at room temperature with boron tri-
fluoride-<etherate (0.2 ml.). Work up with ether and water gave a
product (0.191 g.) containing the 2e-aldehyde (n.m,r.T 0.41) and
2p-aldehyde (n.m.r. T 0.24), the ratio of the o-:pf-aldehyde being
ca.4:1. The erude product was adsorbed onto alumina (20 g.) and
elution with petrol-benzene (9:1) gave Se-cholestan-2e-aldehyde
(0.183 g.), m.p. 95-96° (petrol), [ea]p +22° (e.0.12) ¥ pax, 2700,
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1725 om.Tt n.m.r. T 9.35 (C-18 methyl group), 9.19, 9.10 (C-19,
side chain methyl groups), 0.41 (2¢-CHO). (Found: ¢, 83.9;
H’ 11090 0283480 requirea C' 83.9; H, 12-1%)0

Reaction of za-notgxl-Zg,Z'—ogoxx-?a-oholoatane with boron tri-

fluoride—-etherate in ether

The p-epoxide (0.1l g.) in dry ether (10 ml.) was treated with

boron trifluoride-etherate (0.1l ml.) and kept at room temperature
for 2 hours. The crude product, isolated by means of ether,
contained both aldehydes (n.m.r. T 0.4l (2a-aldehyde), 0.24 (2p-
aldehyde))in an approximaetely 1:1 ratio. Chromatography of the
erude produet (0.107 g.) on alumina (10 g.) gave on elution with
petrol-benzene (9:1) the 20-aldehyde (0.l g.) m.p. and mixed m.p.
94-96° (petrol).

Reaction of 2f-methyl-2a,2'-epoxy-Sa-cholestane with BF3-etherate
in benzene

A solution of 2p-methyl-2a,2'-epoxy-Sa-cholestane (0.1 g.) in
dry benzene (10 ml,) was treated with boron trifluoride-etherate
(0.1 ml,) and kept at room temperature for 5 minutes. The crude
product, isolated by means of ether, contained, in a ratio of ca,l:1,
the two aldehydes (n.m.r.). Alumina (10 g.) chromatography with
elution by petrol-benzene (9:1) gave S5a-cholestan-2e-aldehyde
(0.073 g.) m.p. and mixed m.p. 94-96° (from petrol).

Reaction of zs-notgxl-Zalz'9egox¥—5a-cholestana with BFB in ether

A solution of the 2a,2'-epoxide (0.05 g.) in dry ether (10 ml.)
was treated with boron trifluoride etherdte (0.05 ml.) at room
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temperature for 2 hours. The crude product, isolated by means of
ether, contained, from n.m.r. evidence T 0.41, 0.24 (approximate
ratio of the signals 95:5), the two aldehydes. Chromato graphy on
alumina (10 g.) gave on elution with petrol-benzene (9:1) and
erystallisation from petrol Sa-cholestan-2o-aldehyde (0.041 8.)
m.p. and mixed m.p. 94-96°.

Reaction of 3f-methyl-3e,3'-epoxy-2e¢-methyl-Se-cholestane with

boron trifluoride in benzene

A solution of the 3a,3'-epoxy-2c-methylcholestane (0.5 g&.) in
dry benzene (40 ml,) was treated with boron trifluoride (0.5 ml.)
and kept at room temperature for 2 minutes. The crude product,
(0.471 g.), isolated by means of ether, showed no assignable
absorptions in the i.r. or n.m.r. (Tt 9 - -2). Fractionation on

alumina (60 g.) was not possible.

Reaction of }B—metnll-;c,}'—Qgpxy-z,2-dimethyl—5a-choleatane with

BF3 in benzene
a) The epoxide (0.50 g.) in dry benzene (40 ml,) was treated with

boron trifluoride-etherate (0.5 ml.) at room temperature for 2
minutes. The erude product (0.41l g.), isolated by means of ether,
was unidentifiable from its spectra (i.r., n.m.r.) and could not be
fractionated by chromatography on alumina (60 g.).

b) The epoxide (0.404 g.) in dry benzene (10 ml,) was treated with
boron trifluoride-etherate (2 drops) at room temperature for 0.5
minutes. The erude product (0.4 &.), isolated by means of ether,
could not be identified from its i.r. or n.m.r. spectra. Product
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separation on alumina (60 g.) was not possible.

Reaction of 3p-methyl-3a,3'-epoxy-Sc-cholestane with hydrogen
chloride

The a-epoxide (0.4 g.) in dry chloroform (25 ml.) was treated
with a stream of hydrogen chloride gas at room temperature for 10
minutes and allowed to stand for 30 minutes. The chloroform
solution was washed with water, sodium carbonate solution and
water, dried and e vaporated to give after erystallisation from
acetone Je-hydroxymethyl-3p-chloro-5ae-cholestane (0.33 &.) m.p.
142-144°, [alp +26° (e.0.19), » max . 3960, 1075 em.~l (Found:
¢, 77.13 H, 11.30. CpgHygOCl reguires C, 77.0; H, 11.3%).

Treatment of this compound (0.07 &.) in pyridine (5 ml.) with
acetic anhydride (0.5 ml.,) gave after a reaction time of 20 hours
a erude product containing & hydroxy-group (‘)max.3560 cm.'l) and
an acetate (* pax, 1740, 1235 om.'l). Chromatography of this
product on silica gel (10 g.) with elution with petrol-benzene
(7:3) gave a mixture of alecohol and acetate (i.r.) while elution
with ether gave 3a-hydroxymethyl-3p-chloro-5a-cholestane (0.011l g.)
(L.7:)

When 3a-hydroxymethyl-3p-chloro-5a~-cholestane (0.102 g.) in
t-butanol (15 ml.) was treated with potassium t-butoxide (0.1l g&.)
in t-butanol (5 ml.) and the mixture refluxed 1 hour and allowed
to stand overnight at room temperature a product (0.051 g.) was
obtained which could be identified as 3p-methyl-30,3'-epoxy-5S5c-

cholestane by i.r. spectra examination.
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Reaction of 3p-methyl-3c,3'-epoxy-Se-cholestane with hydrogen
bromide

A solution of 3p-methyl-3e,3'-epoxy-Sa-cholestane (0.253 &.)
in acetone (30 ml.) and tetrahydrofuran (10 ml.) was treated with
484 hydrobromic acid (12 drops) and was kept at room temperature
for 2 hours. Water was added and the steroid extracted with ether.
The ether layer was washed free of acid with water, dried and the
ether evaporated to give on erystallisation from acetone Ja-hydroxy-
methyl-3p-bromo-5a~cholestane (0.223 g.) m.p. 122-124%, [elp +22°
(.0.14), ¥ pay 3540, 1010 em.”! (Found: ©, 70.0; H, 10.3; CI,
16.8. CogliggOB3r requires ¢, 69.8; H, 10.2; Cl.16.6%).

Treatment of this compound (0.104 g.) with acetic anhydride
(2 ml.) in pyridine (8 ml.) for 18 hours at room temperature bfforded
a mixture of acetate (i.r. 1740, 1235 cm.'l) and aleohol (3540 cm.'l).
Chromatography of this product on silica gel (25 g.) and elution
with petrol-benzene mixtures gave fractions, all containing the
acetate and alcohol, while elution with benzene-ether (9:1) gave
3e-hydroxymethyl-3p-bromo-5e~cholestane, (0.010 g.) identified by
i.r. spectra,

jo=-Hydroxylmethyl-3p-bromo-5a-cholestane (0.021 g.) was adsorbed
onto alumina (10 g.) and left for 15 minutes. Elution with petrol
gave 3f-methyl-3a,3'-epoxy-5a-cholestane (0.017 g.) identified by

i.r. spectra comparison.

Cleavage ofggg-methxl-éali'- on¥-5a—choleatana on alumina (activity

1)

The c-epoxide (1.0 g.) was adsorbed from petrol onto alumina
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(activity II) (150 g.) =nd the column stoppered and left overnight.
Elution with petrol geave starting material (0.124 g.) and elution
with caloroform gave 3P-hydroxymethyl-S5e-cholestan-3e-ol (0.431 g.)
m.p. 181-183° (acetone) [a]p +22° (e.0.15) » max.(CHC1l3) 3550,
3500-3300 cmfl (Found: ¢, 80.0; H, 11.8. CogHg0y requires

C, 80.3; H, 12.0%).

The diol (0.210 g.) in pyridine (10 ml.) was treated at 0°
with toluene p-sulphonyl chloride (0.18 g.) and the mixture was
kept at 0° for 24 hours. Isolation with ether and water gave the
erude tosylate (0.217 g&.) ( * pax, 3600, 1190, 1180 om:l ) con-
taminated with a small amount of starting material (3500-3300 cn?;)
Repeated reerystallisation from acetone gave a small sample (0.0l
g.) m.p. 130-134°%, ¥ pax 3600, 1190, 1180 emvl The n.m.r. of the
second crop (0.107 &., m.p. 126-1310) had peaks at T 9.35 (C-18
methyl group), 9.29, 9.18, 9.17, 9.1 (side chain and C-19 methyl
groups), 7.54 (aryl methyl group), absorptions at ea.6.5 (impurity),
6.21 (C-3' hydrogens), 2.72, 2.58, 2.26, 2.14 (aromatic protons).

Impure tosylate (m.p. 126-131%) (0.035 g.) was treated with
potassium t-butoxide (0.035 g.) in t-butanol (25 ml.) and the
mixture was refluxed for 1 hour and allowed to stand overnight at
room temperature. The crude product, isolated by means of ether,
was adsorbed on alumina (10 g.), elution with petrol giving 3p-
methyl-3e¢,3'-epoxy~S5a-cholestane (0,022 g.) identified from its
i.r. spectrum.

The tosylate (m.p. 126-131°) (0.041 g.) in dry ether (20 ml.)
was added to lithium aluminium hydride (0.05 g.) in dry ether (20
ml,) and the mixture was refluxed for 2 hours. Ethyl acetate and
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dilute hydrochloric acid were added, and the crude product was
isolated with ether. Crystallisation from acetone géve an impure
sample of 3f-hydroxymethyl-5c-cholestan-3a-ol (0.012 g.), identified
by its i.r. spectrunm (03013). The second erop (acetone) was 3f-
methyl-5a-cholestan-3a-ol (0.016 g.) m.p. and mixed m.p. 126-127°,

» ax, 3600, 965, 960, 900 em.~!

Cleavage of 3a-methyl-36,3'-epoxy-5c-cholestane on alumina (activity
11)

The p-epoxide (0.5 g.) was adsorbed from petrol onto alumina
(aetivity II) (100 g.) and the column was stoppered and left over-
nignt. Elution with ehloroform gave 3Jo-~hydroxymethyl-5e-~cholestan-
3g-0l (0.221 g.) m.p. 180-182° (acetone), mixed m.p. with 3p-hydroxy-
methyl-5c~-cholestan-3a-ol 169-181%, [a]p +32° (€.0.11); ¥ .. (CHCL,)
3560, 3500-3300 ems* (Found: ©, 80 13 H, 12.3. CpgHgo0p requires
¢, 80.3; H, 12.0%).

The diol (0.140 g.) in pyridine (25 ml.) was treated at 0° with

toluene p-sulphonyl chloride (0.10 g.) and the mixture was kept at

0° for 24 hours. Isolation with ether gave the crude tosylate
(0.141 g.), m.p. 155-161°, ~ ___ 3600, 1190, 1180 omi~ A portion
of this impure tosylate (0.110 g.) was treated with potassium %- T
butoxide (0.110 g.) in t-butanol (40 ml.) under the conditions
deseribed on page 156, and the crude product, isolated by means of
ether, was adsorbed on alumina (5 &.). Elution with petrol gave
3a-methyl-3g,3'-epoxy-5e-cholestane (0.038 g.), identified by its
i.r. spectrum and elution with chloroform gave the 3e~hydroxymethyl-
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Ireatment of 3p@-methyl-3a,3'-epoxy-Sa-cholestane with acetic acid
3p-Methyl-3a,3'-epoxy-Se-cholestane (1.0 g.) was heated at 90°

with dried and redistilled acetic 2cid (14 ml,) for 2 hours. The
acetiec acid was removed under reduced pressure giving on erystal-
lisation from acetone 3e-hydroxymethyl-3p-acetoxy-S5c-cholestane
(0.699 g.) m.p. 121-124°, [a], +26° (c.0.16) » .. 3570, 1740, 1235,
1050 em.7* n.m.r.T 9.34 (C-18 methyl group), 9.24, 9.18, 9.09 (C-
19 and side chain methyl groups), 7.87 (acetate), 6.07, 5.86 (C-3'
hydrogens) (Found: C, 78.3; H, 1ll.4. C3pH5p03 reguires ¢, 18.23
H, 11.4%).

The 3a-hydroxymethyl-3p-acetate (0.2 g.) was treated in the
usual way with acetic anhydriee (4 ml.) and pyridine (& ml,) over-
night at room temperature to give on erystallisation from acetone
3o-acetoxymethyl-3pg-acetoxy-5a~cholestane (0.192 g.) m.p. 136-137°,

Y pax.l740, 1235, 1050 em.7+ n.m.r. % 9.34 (C-18 methyl group),
9.24, 9.19, 9.08 (C-19 and side cheain methyl groups), T7.94 (6 protons,
acetates).

3p-Acetoxy-3a~hydroxymethyl-5c-cholestane (0.2 g.) and lithium
aluminium hydride (0.2 g.) in dry ether (25 ml.) were refluxed for
2 hours. The excess lithium sluminium hydride was destroyed and
the ether solution was washed with dilute hydrochloric acid and
water, dried and the ether evaporated to give on erystallisation from
acetone 3e-hydroxymethyl-5e~cholestan-3f-ol (0.132 g.) m.p. @nd
mixed m.p. 180-1830.
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Treatment of 3Jo-methyl-3f,3'-epoxy-Se-cholestane with acetic acid
Jo-methyl=-3p,3'-epoxy-Sc~cholestane (0.5 g&.) was heated with

dried and redistilled acetic aecid (9 ml.) for 2 hours at 90%. The
acetic acid was removed under reduced pressure to give on crystal-

lisation from acetone 3a-hzgroximeth;1-3a-acetoxy-sa-oholestano

(0.447 g.) m.p. 124-125° (mixed m.p. with 3e~hydroxymethyl-3p-
acetoxy-5e-cholestane 117-125°). [a]p +28° (e.0.1), 2,5 3580,
1740, 1230, 1050 cm.3t n.m.r. T 9.34 (C-18 methyl group), 9.24,
9.18, 9.16, 9.09 (C-19 and side chain methyl groups), 7.88 (acetate),
6.07, 5.85 (C=3' hydrogens). (Found: ¢, 78.0; H, 1ll.l
C30H5203 requires ¢, 78.2; H, 11l.4%).

3a-Hydroxyme thyl-3p-acetoxy-5a-cholestane (0.2 g.) and lithium
aluminium hydride (0.2 g.) in dry ether (25 ml.) were refluxed for
2 hours. The excess lithium aluminium hydride was destroyed and
the ether solution was washed with dilute hydrochloriec acid and
water, dried and the ether evaporated to give on crystallisation
from acetone 3e-hydroxymethyl-5e-cholestan-3p-ol (0.126 g.) m.p.
and mixed m.p. 181-1830.

Cleavage of 3f-methyl-3e,3'-epoxy-5c-cholestane with sodium hydroxide
in methanol

The e-epoxide (0.52 g.) was refluxed with & mixture of sodium
hydroxide (2 g.) and methanol (50 ml.) for 5 hours. The solution
was poured into water and the steroid extracted with ether. The
ether layer was washed with water, dried and the ether evaporated
to give‘gﬁ-metho;ymethyl—Sa—choleatan-3a~ol (0.491 g.) m.p. 8?-880,
lalp +25.5° (0.0.2) ¥ oy 3560, 1118 omi™ n.m.r. T 9.35 (C-18
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methyl group), 9.25, 9.18, 9.09 (0-19 end side chain methyl groups),
6.84 (C=3* hydrogens), 6.62 (methoxy methyl group). (Found:

¢, 80.8; H, 12.0. CogHg202 requires C, 80.5; H, 12.1%). Only
starting material was isolated when this product (0.08 g.) was
treated with acetic anhydride (1 ml.) and pyridine (4 ml.) over-

night at room temperaturs.

Lcetylation with acetic anhydride and BF3-etherate 13-

The 3p-methoxymethyl-3le-ol (0.1 g.) in acetic anhydride (5 ml.),
boron trifluoride etherate (0.6 ml.) and dry ether (10 ml,) at 0°
was allowed to stend at this temperature for 20 hours. | The solu-
tion was then poured into ice-water and after 3 hours ether wsas
added and the mixture stirred. The ether layer was washed with
potassium bicarbonate solution and water, dried and evaporated to
give a gum (0.1g.) > pox 3600, 1740, 1235 em:l This gum (0.09 &.)
in dry ether (20 ml.) was added to lithium aluminium hydride (0.1
g.) in dry ether (20 ml.) and the mixture was refluxed for 5 hours.
After addition of ethyl acetate and dilute hydrochloric acid the
steroid was extracted into ether which was washed well with water,
dried and evaporated to give & produet ( & .y 3590 em.~1) which on
chromatography on alumina and elution with chloroform-methanol
(99:1) gave 3p-hydroxymethyl-5¢-cholestan-3e-ol (0.037 &.) m.p. and
mixed m.p. 179-182°.

A similar resction with the 3e-methoxymethyl-3f-ol (0.05 g.),
acetic anhydride (2 ml.), boron trifluoride etherste (0.2 ml.) in

dry ether (5 ml.) a2t 0° for 20 hours gave on work up a non-erystal-

line product (0.03 &.) (3600, 1740, 1235 om.'l). Treatment of
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this product with excess lithium aluminium hydride in dry ether
in the usual manner gave 3e-~hydroxymethyl-S5e-cholestan-3f-ol (0,01
g.) m.p. and mixed m.p. 178-181°.

Epoxide cleavage with methanol in the presence of an acid

a) To a methanolic solution (0.50 ml,) of 3p-methyl-3a,3'-epoxy-
Sa-cholestane (50 ml.) was added perchloric ascid (70%, 0.3 ml.) and
the mixture was allowed to stand for four hours. Water and ether
were added and the ether layer was washed witah sodium bicarbonate
solution and water, dried and the ether evaporated to give on
erystallisation from acetone 3Ja-hydroxymethyl-3p-methoxy-5a-choles-
tane (0.427 g.) m.p. 124-125° [a]p +26° (e.0.22) 2 pax, 3550, 1050,
1062, 1085 em.Tt n.m.r. T 9.34 (C-18 methyl group), 9.18, 9.09
(=19 and side chain methyl groups), 6.7% (methoxy methyl group),
6.37 (C-3' hydrogens). (Found: €, 80.7; H, 12.0. CpgHga0s
requires C, 80.5; H, 12.1%).

b) A methanolic solution (50 ml,) of 3p-methyl-3e,3'-epoxy-Se-choles~

tane (0.51 g.) was heated under reflux for 1 hour in the presence

of toluene-p-sulphonic acid (0.051 g.). The solution was cooled

and excess acid neutralised with addition of sodium bicarbonate

solution prior to solvent removal. The residue was extracted with

ether which was washed with water, dried and evaporated to give on

erystallisation from acetone 3Ja-hydroxymethyl-3p-methox;-S5a-choles-

tane (0.458 g.) m.p. and mixed m.p. 124-125°,
3a-Hydroxymethyl-3p-methoxy-Sa-cholestane (0.100 g.) was treated

with acetic anhydride (2 ml.) and pyridine (& ml.) and the mixture

was kept at room temperature overnight. Work up in the usual way
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with ether gave the acetate, ”’max'l738, 1235, 1105, 1045 cm:l
(homogeneous on chromatography on florisil (30 g.) =nd elution
with petrol-benzene mixtures).
a) 3e-Methyl-3f,3'-epoxy-5c~cholestane (0.211 g.) was cleaved
under the conditions outlined for &. to give a semi-solid (0.199 &.)
which was filtered through alumina with ether to give on erystal-
lisation from acetone 3B-hydroxymethyl-3c-methoxy-5e-cholestane
(0.178 g.) m.p. 90-91° [a]y +29.5° (0.0.09) ¥ ., 3550, 1075 emT}
n.m.r, T 9.35 (0-18 methyl group), 9.25, 9.18, 9.09 (C-19 and side
chain methyl groups), 6.82 (methoxy metayl), 6.66 (-0H), 6.58 (C-3°

hydrogens). (Found: ¢, 80.9; H, 12.3. C2qigp0p requires

G, 80.5;5 H, 12,1%).

b) 3e-Methyl-3f,3'-epoxy-Sa-cholestane (0.2 &.) was cleaved with
methanol (25 ml.) and toluene-p-sulphonie aeid (0.020 g.) under the
reaction conditions outlined in b. The crude product isolated by
means of ether, was crystallised from acetone to give 3f-hydroxy-

me thy 1- 3a-me thoxy-5a-cholestane (0.168 g.) m.p., and mixed m.p. 90—91°.

The reaction of 3p-methyl-3e,3'-epoxy-Se-cholestane with methyl

magnesium iodide
The e-epoxide (1.0 g.) in dry ether (20 ml.) was added %o an

ethereal solution (50 ml.) of methyl magnesium iodide (from magnesium
(1 g.)) and the mixture was refluxed for 5 hours. Ammonium chloride
solution was added dropwise and the ether layer was then washed

well with water, dried and the ether evaporated to give Je-hydroxy-

me thyl-3p-iodo-5e-cholestane (0.897 g.) m.p. 134-136°%, [a]p +20°
(000014), y m&x.3560. 1190’ 1010 Om-:],' N M.T. T9o3‘ (0-18 meth]l
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group), 9.25, 9,18, 9.09 (C-19 and side chain methyl groups), 6.7l
(C=3' hydrogens). (Found: €, 63.8; H, 9.3; I, 23.6. CpgHyqgOI
reguires C, 63.5; H, 9.3; I, 24.0%).
Ja~-Hydroxymethyl-3g-iodo-5e~cholestane (0.4 g.) was absorbed
onte alumina (40 g.). Immedisate elution with petrol-benzene (1l:1)
gave the 3p-iodide (0.389 g.) m.p. end mixed m.p. 134-136° (acetone).
The above experiment was repeated (ec-epoxide (0.12 g.),
alumina (20 g.)) except that 2 minutes were allowed to elzpse before
elution. Elution with petrol then gave 3f-methyl-3c,3'-epoxy-S5a-
cholestane (0.087 g.) identified by i.r. spectra examination,

Cleavage of 3f-methyl-3e,3'-epoxy-Se-cholestane with hydriodic acid
To 3s-mothy1-3a,3‘-opoxy-sdpoholeatann (0.1 g.) in dry ether
(30 ml.,) wes added hydriocdic acid (sp.er. 1.94, 2 ml,). After

stirring at room temperature 2 hours the solution was poured into
water and the ether layer was washed with water, sodium bisulphite
solution, and water, dried and the ether evaporated to give a
slightiy impure sample of 3a-hydroxymethyl-3p-iodo~5a-cholestane
(0.11 g.), identified by i.r. examinatiocn. Crystallisation from
acetone gave & sample m.p. and mixed m.p. 132-135°,

The resction of Ja-methyl-3f,3'-epoxy-Se-cholestane with methyl

magnesiam iodide
The p-epoxide (0.5 &.) in dry ether (20 ml.) was added to an

ethereal solution (50 ml.) of methyl megnesium iodide (from magnesium
(1 g.)) and the mixture was refluxed for 5 hours. Work up with
aumonium chloride solution and water in the usual way geve after

erystallisation from acetone 3f-hydroxymethyl-3e-iodo-5a-cholestane
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(0.496 g.) m.p. 115-116°, » .. 3550, 1185, 1030 emit n.m.r.?>
9.35 (C-18 methyl group), 9.18, 9.09 (C-19 and side chain methyl
groups), 6.43 (C-3*' hydrogens). After standing for several weeks
the crystalline sample began %o brown around the edges of the
erystals and after six months a purple gum was obtained with no
specifiec funetional group absorptions in the i.r.

A pure sample of 3p-hydroxymethyl-3e-iodo-5a-cholestane (0.09
g.) was adsorbed onto alumina (20 g.). After 2 minutes elution
with petrol gave 3c-methyl-3p¢,3'-epoxy-5e-cholestane (0.061 g.)
identified by i.r. spectra examination.

The reaction of 3e-methyl-3E,3'-epoxy-Se-cholestane with hydricdie
acid

The f-epoxide (0.1 g.) in dry ether (10 ml.) was treated with
hydricdie acid (sp. &r. 1.94; 2 ml.) in the same way as for the a-
epoxide. A crude product was isolated (0.095 g.) which could not

be identified by spectra examination.

Epoxide cleavage with piperidine
3p-Methyl-3c,3'-epoxy-5a-cholestane (0.25 g.) was refluxed for

2 hours with piperidine (10 ml.). Water was added and the steroid

extracted with ether. The ether layer was washed with water, dried

and the solvent evaporated to give 3p-piperidinomethyl-5Se-cholestan~

3o-0l1 (0.241 g.) m.p. 140-141° (acetone) [ea]p +24.%° (c.0.21),

» max.3500, 3450-3300 em: (Found: €, 81.7; H, 12.0; K, 3.0.

033H5g0N requires C, 81.65 ®, 12.23 N, 2.9%).

3a-lethyl-36,3'-epoxy~Sc~cholestane (0.05 g.) in piperidine
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(4 ml,) was refluxed for 2 hours and the mixture was worked up as

above to give Je-piperidinomethyl-5e-cholestan-3p-ol (0.047 g.) m.p.
171-174°, lelp +28° (¢.0,05), Vv max 3500, 3450-3300 enst (Foand:
C. 82.0; H' 12.10 033359°N r.quiros 0. 81.6; H' 12.2%).
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Ihe Stersochemistry of Tiffeneau Reactions

Lithium azide in methanol

Lithium chloride (8.5 g.) was dissolved in analar methanol
(200 ml,) and powdered sodium azide (15 g.) was added, The mixture
was heated under reflux for 5 hours, cooled and kept at 0° for 4
hours after which time it was filtered to give methanolic lithium

azide solution.

General method for epoxide cleavage with methanolic lithium azide

The epoxide (1 g.) in chloroform (25 ml.) was added to lithium
azide in methanol (100 ml,) and if necessary more methanol was added
to obtain a homogeneous solution. This solution was then refluxed
overnight (ea.20 hours) and then most of the solvent was removed
before the addition of water and ether. The ether layer was washed
with water, dried and evaporated to give either the crude azido-
alcohol, which was crystallised from acetone, or & mixture of azide-
aleohol and starting materiazl, separation of the products being
achieved by chromatography on alumina with subsequent crystallisation

of the azido-alecohol from acetone.

Jp-hzidomethyl-Sa-cholestan-3e-0l
By the above method 3p-methyl-3a,3'-epoxy-S5a-cholestane (1 8. )

geve 3@-azidomethyl-5Se-cholestan-3e-ol (0.933 &.) m.p. 120-121°,
[a]p +24° (©.0.11), » o, 3560, 2200-2050 (azide) em:' n.m.r.? 9.35
(C=18 methyl group), 9.25, 9.18, 9.09 (C-19 and side chain methyl
groups), 6.83, 6.78 (C-3' hydrogens). (Found: C, 75.6;5 H, 1l.4;
N, 9.1. CogHygONy requires C, 7.8 H, 1l.1; N, 9.5%). The
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azide was homogeneous on chromatography on alumina (60 g.) with

gsolvents ranging from benzene to ether.

;a-Azidonetgxl-Se—oholostanp;gfol
3Ja-Methyl-3p,3'~epoxy-5a-cholestane (1.1 g.) gave with these

reaction conditions 3e-szidomethyl-5e-cholestan-3p-ol (0.936 &.)
m.p. 102-5°, [a], +31° (e.0.17), » .. 3580, 2200~2050 emT: n.m.r.
T 9.34 (0-18 methyl group), 9.17, 9.09 (C-19 and side chain methyl
groups), 6.56 (C-3' hydrogens). (Found: ¢, 75.8; H, 10.9; N,
9.3.  CppHyqONy requires C, 75.8; H, 11.1; W, 9.5%).

3p-Azidome thy L-2c—methyl-50-cholestan—-3o-0l

3p-Methyl-3ea,3'-ep oxy-2c-methyl-5e~cholestane (0.25 g.) gave
}g—azidoneggyl—ZQ-letgyleﬁa-oholestanpgp-ol (0.226 g.) m.p. 96-989,
[a]p +29° (€.0.13), ¥ pay 3570, 2200-2080 emsl (Found: C, 76.1
H, 11.3; N, 9.7. CpgH510N3 reguires O, 76.1; H, 11.2; N, 9.2%).

}n—hzidomoggyl-Za-metgll-SQ—cholestan-}Q-ol
Jo-lMethyl-3g,3'-epoxy-2c-nethyl-5a-cholestane (0.2 g.) geve

Jo-azidomethyl-2¢-methyl-Se-cholestan-3€-o0l (0.188 g.) m.p. 97-99°,
[elp +32° (€.0.23), ¥ gy 3570, 2220-2080 emTt (Found: C, 76.2;
H, 11.4; N, 8.8, C2gHg10N3 requires C, 76.1; H, 11.2; N, 9.2%).

}E-Azidometgll-z,2-d1met@ylg§q-oholestanp}q-ol
3p-lethyl-3a,3'-epoxy~2,2-dime thyl-5e~cholestane (0.5 g.) gave

3p-azidomethyl-2,2-d1meth1l—5a-cholostaa-3a—o1 (0.474 g.) m.p. 112~
1159, [a]p +42° (0.0.21) ¥ . 3560, 2250-2100 emsl (Found: C,

76.7; H, 1l.4. C3gHg3ON3 requires C, 76.4; H, 11.3%).
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2o-Azidomethyl-5a~cholestan-3p-o0l

2a~Methyl-2p,2'-epoxy~5a~cholestane (0.5 g.) gave 2ec-azido-
methyl-Se-cholestan-2p-ol (0.420 g,) m.p. 125-1269, [a], +20° (e,
0.13), » pox 3550, 2200-2050 emT3 n.m.r. T 9.35 (C-18 methyl group),
9.18, 9,09 (side chein methyl groups), 8.99 (C-19 methyl group),
6.84 (C-3' hydrogens). (Found: ¢, 75.9; H, 10.8; N, 9.9.
028H‘90N3 requires ¢, 75.8; H, 1ll.1l3; N, 9.5%).

2p-hzidomethyl-Se-cholestan-2¢-0l
2p-Methyl-2¢,2'-epoxy-S5a~cholestane (0.22 g.) gave efter

chromatography on alumine (30 g.) the 2¢,2'-epoxide (0.103 &.) on
elution with petrol, and a low melting product (0.071 g.) on elution
with ether. This lest compound could not be crystallised from
acetons but was observed to be homogeneous by ite rechromatography
on alumina (20 g.) with eareful elution with solvents ranging froa
benzene-ather (l:1) to chloroform. By its spectra it was identi-
fied as 2f-azidomethyl-Sa-cholestan-2e¢~0l, * .. 3550, 2200-2080
(azide) emTt n.m.r.”? 9.34 (C-18 methyl group), 9.19, 9.09, 9.07

(g-19 and side chein methyl groups), 6.59 (C-3' hydrogens).

General methods for reduction of azido-alcohols
(2). The azido-aleohol (0.1 g.) in dry ether (10 ml.) was added

to lithium aluminium hydride (0.1l g.) in dry ether (10 ml.) and the
solution was refluxed for 2 hours. Ethyl acetate and 10% sodium
hydroxide solution were added and the ether layer washed with water,
dried and the ether was removed to give the a-amino-alcohol which
was either crystallised from ethanol or was converted into its

acetonide by dissolving it in acetone followed by slow distillation
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of the acetone.

(B). The azido-aleohol (0.5 &.) in ethanol (20 ml.) was treated
with hydrazine hydrate (1 ml.) and a spatula tip of Raney nickel,
end the mixture was heated under reflux for 20 minutes. The
datalyat was filtered off and water was added. The stercid was
extracted with ether and the ether solution was washed with water,
dried and the ether evaporated to give the a-aminc-zleohol which
wae either erystallised or converted into its acetonide as detailed

above,

Jf-Aminomethyl-S5e~cholestan-3e-0l
(2). Reduction of 3p-azidomethyl-S5a-cholestan~-3e-ol (0.5 g.) with

lithium a2luminium hydride gave -aminome thyl-5¢-cholestan-3o-ol
(0.217 g.) m.p. 141-145°, » .+ 3600, 3200 em7! n.m.r.t 9,36 (0-18
methyl group), 9.26, 9.18, 9.09 (C-19, side chain methyl groups),

there were no signals detectable in the region™t T7.0-6.0. (Found:
¢, 80.5;3 H, 12.13 N, 3.4, CpgHgOF regquires C, 80.5s H, 12,33
N, 3.4%).
(b). Reduetion of 3p-ezidomethyl-Se-cholesten-3e-ol (0.5 g.) with
hydrazine hydrate and Raney nickel gave 3p-aminomethyl-5e-cholestan-
3e-0l (0.318 g.), identified from its i.r. spectrum.
3p-aminomethyl-5e~cholestan-3e~0l (0.2 g.) was dissolved in
acetone and the acetone slowly distilled off until only 5 ml. remained
No material crystallised out and the remaining acetone was removed
to give the crude acetonide (0.19 g,) ‘umnx. 825 cm?} n.m.r. T 9.34
(c-18 methyl group), 9.25, 9.19, 9.09 (C-19 and side chain methyl
groups), 8.64 (geminal methyl groups of acetonide), 7.13 (C-3°'
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protons alpha to imino).

Se—aminomethyl-5e-cholestan~-3£-01

(a). Reduction with lithium aluminium hydride of 3e-azidomethyl-
Sa-cholestan-3p-ol (0.5 8.) gave Jo-aminomethyl-Se-chnolestan-3p-ol
(0.263 g.) m.p. 199-202°, » .. 3600, 3200 em:; n.m.r. T 9.34
(C=18 methyl group), 9.18, 9.17, 9.09 (side chain and C-19 methyl
groups), no detectable signals downfield from T 7.0.

(b). Reduction of the 3c-aminomethyl-3p-ol (0.1 g.) with hydrazine
hydrate and Raney nickel gave 3ec-aminomethyl-5c-cholestan-3f-ol
(0.062 g.), identified from its i.r. spectrum.
Jo-Aminomethyl-5a-cholestan-3p-0l (0.15 g.) was dissolved in
acetone and the acetone slowly distilled off until ¢a.5 ml. remained.
‘The a2cetonide orystallised out on cooling: m.p. 143—6° (mixed m,p.
with the acetonide from the Tiffeneazu resctions on Sa-cholestan~j3-
one,195143-6%) (11t.230145-6°), * Lax.830, 810 enTt n.m.r.?t 9.35
(c-18 methyl group), 9.19, 9.09 (side chain and C-19 methyl group),
8.63 (geminal methyl groups of =cetonide), 7.00 (C-3' hydrogens).

3f-Aminome thyl-2e-methyl-Sc~cholestan-3a-0l
(a). Reduction with lithium 2luminium hydride of 3p-azidomethyl-

2o-methyl-5¢-cholestan-3o-0l (0.114 g.) gave 3f-aminomethyl-2¢-
me thyl-5e-cholestan-3a~0l (0.063 g.), v gax, 3600-3200 cm:l Treat-
ment with acetone in the usual way gave the acetonide (0,041 g.)
m.p. 95-97°, ¥ .o
9.19, 9.09 (C-19 and side chain methyl groups), 8.63 (geminal methyl

: 818 om:} n.m.r.t 9.34 (C-18 methyl group),

groups), 6.80, 7.00, 7.19, 7.29 (C~3' protons).
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3e—~Aninome thyl-2¢-methyl-5a~cholestan-3f-0l

(a). Reduetion with lithium s=luminium hydride of 3a-azidomethyl-
2o~-methyl-Sc-cholestan-3p-0l (0.121 g.) gave 3a-aminomethyl-2¢-

me thyl-5a-cholestan-3p-0L1 (0,059 &) 2 pu. 3600, 3400-3200 cm7l
Treatment with scetone in the usual way gave the acetonide (0,050
g.) (not erystalline - probably due to the presence of a little 3a~-
aminome thyl-3f=ol (i.r. slight sbsorption ea,3600-3200 em.~ 1)),

» max,825 emT+ n.m.r. T 9.34 (C-18 methyl group), 9.19, 9.09
(C-19 and side chein methyl groups). 8,63 (geminal methyl groups),
protons attributable to C-3' hydrogens at 6.90, 7.1lC but other

peaka Obscu.red, (litnlos? 6.7°| 5090' 7009. 7029)-

3p-Aminomethyl-2,2-dimethyl-Se~cholestan-3c-0l
(a). Reduction of 3p-azidomethyl-?,2-dimethyl-S5a-cholestan-3o-ol
(0.212 g.) with lithium aluminium hydride gave jf-aminomethyl-2,2-

dime thyl-Se~cholestan-3a-ol (0,108 &.) » gax, 3600, 3200 ems’

Acetonide formation in the usual manner geve a glass (0.093 g.),

» pax,820 om.3" mum.r. T 9.34 (C-18 methyl grous), 9.19, 9.12, 9.09,
£.99, 8.92, 8.72 (C-19 and side chain methyl groups plus also
possibly acetonide methyl groups), 8.55 (acetonide methyl groups),

C-3' protons at ea.T7.0 (pattern not clear).

2o-Aminomethyl-Sa-cholestan-2g-0l

(a). Reduction of 2e-azidomethyl-5c-cholestan-2f-ol (0.25 g.) with
lithium aluminium hydride gave 2e-esminomethyl-5c-cholestan-2f-ol

1 Refluxing with acetone, followed

(C.170 &) ¥ gax, 3600, 3200 cm.
by slow distillation off of the acetone gave a glass (0.146 g.)

identifiable as the acetonide, ~ pgy 820 em.,~1
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The crude acetonide from the 2a-auwinomethyl-2p-ol (0.1 g.)
was dissolved in glacial acetiec acid (10 ml.) and ether (4 ml,)
and cooled to ca.-10°, A solution of sodium nitrite (0.5 g.) in
water (4 ml.) was added over 2% hours, so that the temperature did
not exceed =59 during this time. The solution was poured into

water and the steroids extracted into ether. The ether layer was

washed with sodium carbonate solution and water, dried and the
ether evaporated to give & pale brown oil (0.08 g.) with i,.r.
absorptions at 3600, 3200, 1695 omT} The oil was adsorbed onto
alumina (10 g.) and elution with petrol-benzene (1l:1) gave & ketonie
product (0.012 g.), ¥ max, 1695 om>t
(Perkin Elmer Fll - full details are given in the introduction %o

which showed two pezks on g.l.c.

the Expe rimental Seetion). One had a retention time with respect
to S¢-cnolestan-3-one at 1.25, with the other having a retention
time 1.40 with respeect to S5e-cholestan-3-one. Since on the sanme
instrument S5e-cholesten-2-one was found to have a reteation time
with respeet to Se-cholestan~3-one of 1.26 the first peak of the
product was assumed to be S5a-cholestan-2-one. The second retention
time of the nitrous acid experiment product was similar to that ior
A=-homo=-5a-cholestan-4-one (1.4 with respect to Sa-cholestan-3-one)
but different from that of A-homo-Se-cholestan-3-one (1.35 with
respeet to Sa-cholestan-3-one) and thus the second peak was assumed
to belong to A-homo-Se-cholestan-2-one. Separation of these two
compounds by chromatography on alumina (10 g.) with elution with
solvents from petrol-benzene (9:1) to benzene was not possible.
Similarly no separation was possible on erystellisation from acetone

(mopo 85"1030 ) .
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The Preparation and Reactions of Methylene Epoxides

(2) Bpoxides adjacent to & polar group

The epoxidation of choloat-4-on;3-one with dimethylsulphonium

methxlido4
Dimethylsulphonium methylide was prepared from trimethylsul-

phonium iodide (8 g.) end methylsulphinyl carbanion (from sodium
hydride (1.5 g.)) in dimethyl sulphoxide (70 ml.) by the method
outlined on page 125. Cholest-4-en-3-one (5.0 g.) in tetranydro-
furan (35 ml,) was guickly added and the mixture was stirred at
ca.-10° for five minutes and for one hour as the reaction temperature
rose to room temperature. The crude product (4.7 g.), isolated by
means of ether, had i.r. absorptions at 3050, 1730 (m), 1695 (m),
940 (s), 880 om:} and n.m.r. peaks at t 9,31 (C-18 methyl group),
9,19, 9.09, 9.07, 8.90 (C-19 and side chain methyl groups), 7.23
(C-3' hydrogens of methylene epoxide). Attempts to recrystallise
the ecrude product from acetone failed, evaporation of the solvent
giving en oil (i.r. 3500-3200 emit).
The experiment was then repeated with trimethylsulphonium
iodide (8 g.) and cholest-4-en-3-one (5 g.) in the usual manner,
isolation by means of ether, giving a crude product (4.42 g.) with
an i.r. spectrum identical to that of the erude product from the
first attempted epoxidation of cholest-4-en-3-one. This second
erude epoxide mixture was adsorbed onto elumina (500 g.) and elu-
tion with petrol-benzene (99:1) gave, on crystallisation from
acetone, an ¢,f-unsaturated-Sc-cholestan-3-aldehyde (0.321 €+.) MePo

110-112%, /) gay 235 mp (¢ 13,100), ¥ pax,2680, 1680, 1660 enTt
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n.m.r. T 9,33 (C-18 methyl group), 9.18, 9.09 (side chain methyl
groups), 8,95 (C-19 methyl group), 3.43 (proton on p-carbon of the
o, Pf-unsaturated aldehyde system), 0.49 (aldehyde). (Pound: ¢,
84.1; H, 11.8. Cpglyg0 requires ¢, 83.9; H, 12,14).

Elution with petrol-benzene (98:2) gave a second ¢,f-unsaturated-
3-aldehyde, as a gum, (0.062 g.): A max, 235 B, » ... 2680, 1680,
1660 emt n.m.r.? 9.32 (C-18 methyl group), 9.27, 9.18, 9.09,
8.73 (C-19 and side chain methyl groups), 3.56 (double bond hydro-
gen), 0.57 (aldehyde). This compound (0.020 g.) in agueous
ethanol (90%, 10 ml,) containing KOH (0.040 g.) was kept at room
temperature for 18 hours. Work up with ether gave a crude aldehyde
(0.013 8.), identical in spectra with the starting material.

Elution of the column with solvent systems varying from benzene
to ether gave iractions, (total 0.911 g.), whose i.r. spectra con-
tained ketonic absorpticns, none of which could be recrystallised
from acetone nor identified.

Elution with ehloroform-methanol (95:5) gave hydroxy-material
(2.871 g.) ( ¥ ;253400-3200 cm:J), as an oil, Crystallisation
from acetone or ethanol was not possible, and the material was not
characterised.

The addition of dimethylsulphonium methylide (from trimethyl-
sulphonium iodide (8 g.)) to cholest-4-en-3-one (5 g.) was repeated,
in the usual way, giving the required crude epoxides (1.r.) (4.17
g.) on ether work up. This product was divided into three approxi-
mately equal portions. One portion (1.5 g.) was adsorbed onto
neutral alumina (100 &.), deactivated by shaking with water to
activity III. Blution with petrol-benzene mixtures aavé the two
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¢, p-unseturated eldehydes (0.037 &.) and (0.01ll g.) respectively,
and again unknown ketones (0,141 g.) were eluted with benzene-ether
solvent mixtures. Non-erystallissble meterial (0.98 g.) wes
eluted with chloroform-methsnol (95:5), > pax,3400-3200 em:l The
other two portions of the epoxide mixture were chromatographed on
florisil (100 g.) and silica gel (150 g.). In both cases neither

epoxide separation nor alcohol formation was observed.
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Synthesis of the epoxides of 3j-methylene-5e-cholestan-2-one

2g:gxdroxxolc-aooto;lfSa-oho1eatanoll3

2g,3p-Epoxy-S5e~-cholestane (4 g.) was heated on a water bath
at ¢2.90° with redistilled and dried acetic seid (56 ml.) for 3
hours. The acetic acid was removed under reduced pressure, giving
on erystallisation from acetone 2f-hydroxy-3a-acetoxy-S5e-cholestane

11l
(2.67 g.) m.p. 137-139° (1it. ’ for analytical sample 138.7-139.2°),

}a—Acotoxz-éa-cholestan-z-onollz'113

2p-Hydroxy=-3e-acetoxy~Sa~cholestane (3 g.) was dissolved in
acetone (200 ml,) and oxidised with 8N chromic scid (Jones' reagent)
(6 ml.). The reaction was allowed to proceed for 4 minutes and
excess reagent was decomposed with methanol (25 ml.). Water was
added, the acetone removed under reduced pressure and the steroid
extraeted into ether. The ether solution was washed with water
until the washings were neutral, dried and the ether evaporated to
give 3a-scetoxy-S5c-cholestan~2-one (2.66 g.) m.p. 149-150° (1it}13
150.2-150.9%), » 4o 1742, 1720, 1235, 1040 em:} n.a.r.T 9.34
(c-18 methyl group), 9.22, 9.19, 9.09 (C-19 and side chein methyl
groups), 8.89 (acetate).

Attempted ketalisation of 3e-acetoxy-Se-cholestan-Z-one

3a-Acetoxy-Se-cholestan-2-one (1 g.) in triethyl orthoformate
(8 ml.,) and ethylene glycol (1 ml.) was treated wiih toluene-p-
sulphonie acid (0.050 g.) and the mixture was refluxed for 10 minutes,
followed by distillation. The mixture was then poured into sodium

bicarbonate solution and the steroid extracted into ether, The
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ether solution was washed with water, dried and the solvent was
removed to give the 3c-acetoxy-2-one (0.86 g.) m.p. and mixed m.p.
147-149° (acetone).

3-hcetoxy-2,2-ethylenedioxy-So-cholestane
3Ja-Acetoxy-5a-cholestan-2-one (1 g.) and ethylene glycol (5 ml.)

were dissolved in hot acetic acid (2% ml.) and the solution was
cooled to ¢a.40° and freshly distilled boron trifluoride etherate

(4 ml,) was added. After allowing the mixture to stand at room
temperature for 9 hours, the resultant precipitate was collected

and erystallised from acetone to give J-acetoxy-2,”?-ethylenedioxy-
5e-cholestane (0.528 g ), m.p. 122-124°%, » pax 1738, 1247, 1053 emTi
n.m.r. ¢ 9.34 (C-18 methyl group), 9.18, 9.09 (C-19 and side chain
methyl groups), 7.92 (scetate), 6.06 (~0-CHp=CHp=0-)%> (Found:

@, 76.13 H, 10.7. C31Hg904 requires C, 76.25 H, 10.7%).

3-Hydroxy-2,2-ethylenedioxy-5a-cholestane

2,2-Ethylenedioxy-5a-cholestan-3-0l acetate (1.3 g.) was dis-
solved in methanol (200 ml.) and wes added to & solution of potassium
hydroxide (3 g.) in 5% agueous methanol (100 ml.). The mixture was
refluxed for 3 hours and then most of the methanol was removed under
reduced pressure. Water was added and the stercid was extracted
with ether. The ether solution was washed with water, dried and
the ether evaporated to give 2,2-ethylenedioxy-S¢-cholestan-3-ol
(0.951 g.) m.p. 128-129° (acetone). * pax, 3530, 1245, 1220, 1360,
1100, 1090, 1058, 975, 950 em:t
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2,2-Ethylensdioxy-S5e-cholestan-3—one
Chromium trioxide (2.5 g.) was added with vigorous stirring
to pyridine (35 ml,) a2t 0°-5°}16

A yellow slurry of chromium tri-
oxide-pyridine complex was obtained and to it was added 2,2-ethylene-
dioxy-5a-cholestan-3-0l (2.0 g.) in pyridine (25 ml.). The mixture
was stirred for 30 minutes and left at room temperature for 20 hours,
before being poured into water. The steroid was extracted with
ether and the ether solution wes washed with water, dried and the
ether evaporated to give, on erystallisation from acetone, 2,2-
ethylenedioxy~5c-cholestan-3-one (1.747 g.), m.p. 149-1529, [e]p +51°
(€,0113), 2 gy 1720 omsy n.m.r. T 9.34 (C-18 methyl group), 9.19,
9.10, 8.92 (0-19, and side chain methyl groups), 6.03 (ethylene
ketal). (Founds €, 78.03 H, 10.7. CogHyg03 reguires C, 78.3s

H, 10.9%).

}-Metgglono-2,2-etq1lonodioxx-ﬁa—oholostane
Methylsulphinyl carbanion in dimethyl sulpnoxide (30 mlJ)(from

godium hydride (0.2 g.)) was prepered in the usual way, and from

it was prepared methylenetriphenylphosphorane by the addition of
methyltriphenylphosphonium bromidé (2:5 & )» 2,2=Ethylenedioxy~-
Se-cholestan-3-one (0.35 &.) in tetrshydrofuran (20 ml.) was added
and the mixture was heated at 50° for 13 hours. Water was added

and the steroid extracted with ether. The ether solution was
washed with water, dried and the ether removed under reduced pressure
to give & erude product which was adsorbed onté alumina (activity

II) (60 &.). Blution with petrol-benzene (1l:1) gave a crude product

(aromatic biproducts) wahich was crystallised from ether-methanol to
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give 3-methylene-2,2-ethylenedioxy-Se-cholestene (0.282 g.), m.p.
101-102°, » pmex,1650, 1190, 1120, 1080, 915, 910, 840 om7r n.m.r.
T 9.34 (C-18 methyl group), 9.18, 9.09 (side chain methyl groups),
8.99 (C~-19 methyl group), 6.09, 6.06 (ethylene ketsl), 5.29, 5.01
(C-3' hydrogens). (Found: ¢, 81.9; H, 1l.1l. C3pHgols reguires
C, 8l.43 H, 11.4%).

3p-Methyl-3a,3'-epoxy-2,2-ethylenedioxy~5e~cholestane
(a) Dimethyloxosulphonium methylide (from trimethyloxosulphonium

iodide (0.4 g.)) was prepared as described on page 122, and to the
ylide solution was added 2,2-ethylenedioxy-Sa-cholestan-3-one (0.40
g.) in tetrahydrofuran (10 ml.). The mixture was stirred for 40
minutes at room temperature and then for 2 hours at 55°, ecooled,
and water addéd. The steroid was extracted into ether and the
ether layer was washed with water, dried and the ether evaporated
to give, after erystallisation from acetone, 3}P-methyl-3a,3’'-epoxy-
2,2-ethylenedioxy~-5a-cholestane (0.289 g.) m.p. 76-80°, ’)max.117°'
1060, 982, 950, 838, 750 cm?} n.m.r. & 9.34 (C-18 methyl group),
9.18, 9.09, 9.00, 8.79, 8.76 (side chain and C-19 methyl groups),
7.44, T.37, 7.07, 6.99 (C-3' hydrogens), 6.09, 6.00 (ethylene ketal).
(b) 3-Methylene-2-ethylenedioxy-5a-cholestane (0.20 g.) in dry

ether (20 ml.) was added to m-chloroperbenzoic aeid (80%, 0.20 g.)
in dry ether (50 al,) and the solution was allowed to stand at room
temperature overanight. The ethereal solution was then washed with
ferrous sulphate solution, water, sodium bicarbonate solution, and
water, dried and the ether was removed to give on erystallisation

from acetone }g:npjgll-}clg'-g oxy=2,2-ethylenedioxy-Sa-cholestane
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(0.163 g.) m.p. end mixed m.p. 75-79°.

Jp=Methyl-3a,3'-epoxy~-5c¢~cholestan-2-one
Hydrogen bromide gas was passed through a chloroform solution

(50 ml,) of 3p-methyl-3a,3'-epoxy-2-ethylenedioxy-5a-cholestane
(0.170 g.) for 20 minutes at room temperature, and the solution

was set aside for 90 minutes. The chloroform solution was washed
with water, sodium carbonate solution and water dried and the
chloroform evaporated to give a ecrude product (0.152 g.) ¥ pax, 3500,
1715, 938 om:?'which was adsorbed on alumina (40 g8.). Blution

with petrol-benzene (l:1) gave & product (0,051 g.) which was
erystallised from acetone with difficulty to give 3p-metnyl-3a,3'-

epoxy-Sa-cholestan-2-one (0,008 g.), m.p. 144-148°, » po» 3050,
1718, %40, 835 om:} n.m.r., t 9.34 (C-18 methyl group), 9.19, 9.09,
9.05, 8.73 (C-19 and side chain methyl groups), 7.20 (CHp-0-,

epoxide).
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The synthesis and reactions of 3-oxygenated-?-methylene epoxides

2-N-Piperidinomethylene-5¢~-cholestan~-3-one

2-Hydroxyme thylene=5¢-cholestan-3-one (10 g.) was dissolved
in benzene (200 wml,) and piperidine (10 ml,) and heated under reflux
for 15 minutes. Removel of the benzene, filtration and erystallisa-
tion from acetone gave 2-N-piperidinomethylene-5a-cholestan-3-one
(10.1 &) m.p. 127-130°, [alp -224° (€.0.22), 2 go 1655 em:;
A pex, 334 mp (€ 22,800), n.m.r.T 9.34 (C-18 methyl eroup), 9.19,
9,09 (eide chain and C-19 methyl groupe), 6.57 (ca. 4 protons -

hydrogens adjacent to N in pipéridine ring), 2,48 (C-2' hydrogen).

(FoundS 0' 8205; H, 11.3; N. 3.0, 033H55°N r‘quirgs G, 8203;
H, 11.5; N, 2.9%).

2-Methglene-sa-oholestan-lgeol

Jodium borohydride (5 g.) was added to & solution of 2-N-
piperidinomethylene-5a-cholestan~3-one (5 g.) in methanol (320 ml.)
at 02 (ice bath) and the reasction was left at this tempefature for
5 hours. During this time & precipitate formed which was collected
and erystallised from ascetone to give 2-methylene-5¢-cholestan-3p-

ol (3.371 &.), m.p. 129-131%, [a]p =5° (e.0.14); 2 .. 3560, 3050,

1645, 895 omf} n.m.r. * 9.34 (C-18 methyl group), 9.30, 9.19,

9.09 (C-19, and side chain methyl groups), 5.26, 5.00 (C-2' hydrogens)
(Found: ¢, 83.8; H, 12.0. Cogliyg0 requires C, 83.93 H, 12.14%).

2-Methylene~5a~-cholestan—3p-0l acetate

2-lethylene-5c~cholestan-3f-0l (2.0 g.) was acetylated with
scetic anhydride (10 ml.) and pyridine (10 ml.) at room temperature
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overnight, Work up in the usual way, (p.l34), and erystallisation
from acetone gave 2-methylene-S5e-cholestan-3f-ol acetate (1,937 g.)
m.p. 91-92°, [a]y =3° (e.0.12), ~ .. 3050, 1738, 1650, 1238, 1039,
895 cmyy m.m.r. 7 9.34 (C-18 metnyl group), 9.29, 9.18, 9.09 (c-19,
and side chain methyl groups), 7.69 (2cetate), 5.29, 5.17 (C=2°

hydrogens), (Found: ¢, 81.3; H, 11.4, C3olgp0y requires ¢,
8l.4; H, 11.4%).

2e-lethyl-2p,2"'-ep0Xy=50c~cholestan-3p-01
(a) 2-Methylene-Sa-cholestan-3p-ol (2.5 g.) in dry ether (200 ml.)

was added to an ether solution (100 ml.) of m-chloroperbenzoie acid
(80%, 2.5 g.) and the mixture was allowed to stand at room tempera-
ture overnight. The ethereal solution was then washed with ferrous
sulphete solution, water, sodium bicarbonate solution zmnd water,
dried and the ether evaporated to give con erystallisation from
acetone 2e-methyl-2p,2'-epoxy-~Se-cholestan-38-0l (2,086 g.) m.p.
162-164°, [a]p +13° (e.0.15) 2 ... 3550, 1095, 1080, 1065, 940,
835, 700 emTt n.m.r. 7 9.34 (0-18 methyl group), 9.19, 9.15, 9.09

(C=19 and side chain methyl groups), 7.49, T7.41, 6.80, (c=2?
epoxide protons). (Found: ¢, 80.7; H, 11l.6. Coglyg0, requires
¢, 80.7;3 H, 11.6%).

(b) 2-Methylene-5c~cholestan-3p-ol (0.51 g.) in benzene-chloroform
(1:1) (50 ml.) was added to m-chloroperbenzoic acid (80%£, 0.5 &.)

in benzene-~chloroform (1l:1) (50 ml.). The mixture was allowed to
stand at room temperature overnight before being worked up &s in the

previous example to give 2u-met@yl—2ﬁ,2'-epox;f5o—cholestan—;ﬁ—ol

(0.431 g.) m.p. and mixed m.p. 162-164° (acetone).
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2u-lethyl-2f,2'-epoxy~Se~cholestan-3f-0]1 acetate

A mixture of 2¢0-methyl-28,2'-epoxy-Se~-cholestan-3f-0l (0.25
€+), pyridine (5 ml,) and scetic anhydride (2.5 ml,) was kept at
room temperature overnight before being poured into water, The
steroid was then extracted with ether and the ether solution was
washed with water, dried and the ether evaporated to give on eorys-
tellisation from acetone 2¢-methyl-2g,2'-epoxy-Se-gholestan-3f-0l
agetate (0.264 g ) m.p., 153-155°, [e]p =7° (e.0.11); 2 .. 1640,
1230, 942, 305, 835 cmf} n.m.r, T 9.34 (C-18 methyl group), %.19,
9.12, 9.09 (0-19 and side chein methyl groups), 8.00 (acetate),
7.53, T.44, 6.99, 6.90 (C-2', epoxide hydrogens). (Found: G,
8.7; H, 11.0. C30H5003 requires C, 78.6; H, 11.0%).

2c-uet§11-2§,2'-ogoxx-zu-cholestan-}-on.
2a-ilethyl-2p,2'~epoxy-Sa~cholestan-3p-0l (3.0 &.) in acetone

(200 ml,) was oxidised with 8N chromic =mcid (Jones' reagent) (6 ml.).
The reaction was allowed to proceed for 4 minutes and excess reagent
was decomposed with methanol (20 ml.). water was added, the
acetone removed under reduced pressure and the steroid extracted

into ether. The ethereal solution was washed with water, dried

and the ether evaporsated to give on erystallisation from acetone
2o-methyl-2p,2'-epoxy-Sa~cholestan-3-one (2,699 g.) m.p. 164-166°,
[a]p +22° (e.0.20), ¥ .. 1720, 830 emT} n.m.r. T 9.33 (C-18 methyl
group), 9.19, 9.09 (eside chain methyl groups), 8.94 (C-19 methyl
group), downfield protons (C-1, C-4) at 8.26, 8.14, 7.70, 7.58, and

7.36, T.26, T.22, 7.12 (exoeyclic epoxide protons). (Founds
C. 8103; H’ 1009. 02834602 r.qaims C, 81.1; H. 11.2%)0
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The epoxidation of 2-methylene-S5a-cholestan-3f-o0l acetate and the

subseguent alterations of the C-3 functional groups

2-Methylene-5¢~-cholestan-3f-ol (2.5 g.) in dry ether (50 ml.)
was added to & solution of m-chloroperbenzoic acid (80%, 2.5 g.) in
dry ether (50 ml.). The mixture was allowed to stand at room
temperature overnight before being worked up in the usual way with
ferrous sulphate solution, sodium bicarbonate solution, and water.
The crude product so obtained was crystallised from acetone to give
the mixture of 2,2'-epoxy-5c-cholestan-3p-ol acetates (1.783 g.),
m.p. 120-130°. This meteriel was recrystallised three times from
acetone to give a m.p. 120-129%; [a]p -6° (e.0.22); 2 pax, 1640,
1230, 905 (broad), €35 om:} n.m.r.?T 9.35 (C-18 methyl group), 9.19,
9.12, 9.09 (C-19 and side chain methyl groups), 8.00 (acetate), 7.54,
7.45, 7.10, 6.91 (epoxide). (Found: ¢C, 78.63 H, 1ll.3. C30H5003
requires ¢, 78.6; H, 11.0%).

To the 2,2'-epoxy-3-acetoxy-product (0.5 g.) in warm methanol
(60 ml.) was added dropwise a solution of potassium carbonate (0.4
g.) in water (5 ml.). The resulting reaction mixture was allowed
to stend for 1 hour during which time the temperature fell to room
temperature. lMost of the methanol was then removed under reduced
pressure and WAter and ether were added. The ether solution was
washed with water, dried and the ether evaporated to give the mixture
of 2-methyl-2,2'-epoxy-5ea-cholestan-3p-ols (0.359 &.) m.p. 126-150°
(most melting 127—134°) (acetone), [alp +9° (e.0.18); » max.355°'
1095, 1080, 1065, 940, 900, 835 om:} n.m.r. T 9.34 (C-18 methyl
group), 9.19, 9.15, 9.09 (C-19 and side chain methyl groups), 7.49,
7.41, 6.80, 6.88 (epoxide) (Found: ¢, 80.3; H, 11.7. CogHyg02
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requires ¢, 80.7; H, 11.6%).

The 2-methyl-2,2'-epoxy-5e-cholestan-3p-ol product (m.p. 126-
150°) (0.30 g.) in acetone (30 ml.,) was oxidised with 8N chromiec
acid (Jones' reagent) (0.70 ml.). The reaction was allowed to
proceed for 4 minutes and excess reagent was decomposed with methanol
(5 ml,). Water was added, the acetone removed under reduced pressure
and the steroid extracted with ether, The etherezl solution was
washed with water, dried and the ether evaporated to give on crys-
tallisation from acetone 2a-methyl-2f,2'-epoxy-S5a-cholestan-3-one

(0.239 &.) m.p. 164-166°, mixed m.p. 161-166°, [a]p +25° (e.0.21).

Treatment of 2¢-methyl-2p¢,2'-epoxy-Sa-cholestan-3f-ol with HBr
20-Methyl-2p,2'-epoxy-5a-cholestan-3p-o0l (0.418 g.) in acetone
(40 ml.) and tetrahydrofuran (10 ml,) was treated with hydrobromic

acid (48%, 25 drops). After standing at room temperature for 1
hour, the reaction mixture was poured into water and the steroid
was extracted with ether. The ether solution was washed with water
until the washing were neutral, dried and the ether evaporated to give
on crystallisation from acetone 2¢-bromomethyl-5a-cholestan-2£,3p-
diol (0.446 g.) m.p. 202-204°, [a]p =2° (e.0.11); * pax, 3580, 1100,
1075, 1050, 1020 om.§ n.m.r. 7 9.34 (C-18 methyl group), 9.19, 9.09
(C-19 and side chain methyl groups), signals at 6.18, 6.08 belonging
to -CHp-Br. (Found: ¢, 67.5; H, 10.2; Br, 16.2. CpgH,q0,8r
requires C, 67.3; H, 9.9; Br, 16.0%).

2¢-Bromome thyl-5c-cholestan-2f,3f-diol (0.112 g.) was adsorbed
on alumina (25 g.). After 10 minutes elution with ether and

erystallisation from acetone gave 2a-methyl-2p,2'-epoxy-5c~cholestan~
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2c-Bromome thyl-5¢~-cholestan-2p¢,3e-diol (0,10 g,) was treated
with acetie anhydride (2 ml.) in pyridine (4 ml,) and allowed to
stand at room temperature overnight. The crude produet (0.10 &.),
isolated by means of ether, possessed » .. 3560, 1740, 1235, 1030
omr} n,m.r.‘? 9.34 (C-18 methyl group), 9.19, 9.09 (side chain and
C-19 methyl groups), 7.94 (3 preotons, aceiate), protons at 7.65,
7.41, 6,32 (-CHoBr). This erude product (0.090 g.) was treated
with ecetic anhydride (5 ml.) in pyridine (10 ml.) and allowed to
stand at room temperature for 2 days. The product (0.079 g.),
isolated by means of ether, could not be erystallised from acetone,
and had spectra (i.r. and n.m.r.) identical to those of the starting

material.

Treatment of 2a-methyl-2f,2'-epoxy-Sa~cholestan-3-one with HBr
2¢-Methyl-2g,2'-epoxy-5c-cholestan-3-one (0.45 g.) in dry ether

(10 ml.) and acetic acid (30 ml.,) was treated with hydrogen bromide

in acetic acid (40%, 0.6 ml.,) at room temperature for 1 hour. The
reaction mixture was then poured into water and the steroid extracted
with ether. The ether solution was washed with sodium carbonate
solution and with water, dried, and the solvent evaporated to give,

on erystellisation from acetone 2a-bromomethyl-2p-hydroxy-Se-cholestan-
3-one (0.484 g.) m.p. 174-177°, [a]p +80°% (e.0.1); > ,. 3480, 1715,

126%, 1235, 1185, 1035, 935 cm:% n.m.r. T 9.34 (C-18 methyl group),

9,19, 9.09 (side chain methyl groups), 8.87 (C-19 methyl group),
C, 6708; H. 9.7; Br' 16090 ngH"]OQBr requires C, 6707; H) 905;
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Br, 16.1%).

20-Bromome thyl-2p-hydroxy=-5a-cholestan-3-one (0.057 g.) was
adsorbed on alumina (25 g.). After 15 minutes elution with ether
gave 2a-methyl-2f,2'-epoxy-Sa-cholestan-3-one (0.043 g.), identified
by i.r. spectra examination.

2c-Bromomethyl-2p-hydroxy-5e-cholestan-3-one (0.1l g.) was
treated with acetic anhydride (4 ml.) in pyridine (8 ml,), and
allowed to stand at room temperature overnight. Work up in the
usual manner with ether and water gave 2o-bromomethyl-2p-hydroxy-

Sa-cholestan-3-one (0,091 g.), identified from its i.r. spectrum.

Treatment of 2c-nstgll-2g,2'-0goxx-gc-choleatan-goone with BF3 in

benzene

a) 2e-Methyl-2p,2'-epoxy-5a-cholestan-3-one (0.5 g.) in dry benzene
(50 ml,) was allowed to react with boron trifluoride-etherate (0.5
ml,) for 5 minutes. The product (0.5 &.), isolated by means of
ether, could not be erystallised from acetone or me thanol, and was
adsorbed on alumina, Elution with solvent systems from petrol to
chloroform gave gums (total 0.119 g.) which could not be charac-
terised from their i.r. spectra. Elution with chloroform-10%
methanol gave an unknown trace quantity of material (0,011 8.).

b) 2a-Methyl-2p,2'-epoxy-5a~cholestan~3-one (0.1 g.) in redistilled
benzene (10 ml.) was treated with twice redistilled boron tri-
fluoride-etherate (0.1 ml.) and allowed to stand at room temperature
for 5 minutes. Work up with ether and water gave after erystallisa-
tion from acetone 2¢-methyl-2f,2'-epoxy-Sa-cholestan~3j-one (0.080 &.)
m.p. and mixed m.p. 161-165°.
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c) The above experiment was repeated for the 2p,2'-epoxide (0.1
ge), in redistilled benzene (10 ml.), with twice redistilled boron
trifluoride-etherate (0.1 ml.), and rezction times from 10 minutes
to 5 hours. On ether-water work up, in each case only 2a-methyl-
2p,2'=-epoxy=-5c~-cholestan-3~-one was isolated (yields all in the
range 0.085-0.096 g£.), the identification of the epoxide resulting
from i.r. spectra,

d) 2o-moth31—25,2'-epoxy—sa-ehbleutan-3-ono (0.253 £.) in redis-
tilled benzene (25 ml.) was treated with twice redistilled boron
trifluoride-etherate (0.25 ml.) and allowed to stand at room
temperature overnight. The product, isolated by means of ether,
was erystallised from acetone to give A-homo-5e-cholestan-2,4-dione
(0.166 g.) m.p. 162-165°, [a], +52° (€.0.08); ¥ pay 1710 (m),
1658 (s), 1630 (8) enli X gax,279 mp (¢ 6,700)(etaenol), 318 mp
(¢ 11,100) (0.01 N NaQOH in ethanol-water (9:1)); n.mw.r.T 9,34
(C-18 methyl group), 9.24, 9.19, 9.09 (C-19 and side chain methyl

groups). (Found: ¢C, 80.93 H, 11.0. Coglgg0p requires C, 81l.1;
Hy, 11.2%).

Treatment of A-Qgggaﬁg:ggolcatanpz,4-diono with bromine
Pyridinium hydrobromide perbromide (0.17 g.) was added to a

warm solution (ca.4o°) of A-homo-5a-cholestan-2,4-dione (0.091 g.)
in acetic aeid (5 ml.). After 1 hr, the mixture was poured into
water and the steroid was extracted with methylene chloride, The
orgenic layer was washed well with water, dried and the solvent
evaporated to give a gum (0.082 g.); ¥ g4 1720, 1700 emst
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Lthylidene Epoxides

The synthesis and reactions of the epoxides of 3-ethylidene-5a-
cholestane

Sthyltriphenylphosphonium iodidet?7
A solution of triphenylphosphine (58 g.) in ethyl iodide (150

ml,) was heated under reflux for two days. The precipitate was

filtered, washed with benzene and dried to give ethyltriphenyl-

phosphonium iodide (94 g.) m.p. 163-165° (1i+*27 m.p. 163-164.5°).

Reaction of Sa-~cholestan-3-one with ethylidenetriphenylphosphorane
Sodium hydride (1.5 &.), obtained from a 50% dispersion in oil

by washing three times with dry petrol and then blowing dry with
nitrogen, was stirred with dry dimethyl sulphoxide (50 ml.) at T70-
75°, until evolution of hydrogen ceased (ca.45 min.). The resulting

solution of methylsulphinyl carbanion was then cooled, and tetra-
hydrofuran (50 ml.) was added. To this solution at 0° was added,
under nitrogen, ethyltriphenylphosphonium iodide (20 g.), rapid
stirring producing the deep red solution of ethylidenetriphenyl-
phosphorane. S5a-Cholestan-3-one (3 g.), in tetrshydrofuran (20 ml.),
was added to the ylide solution and the mixture was stirred, under
nitrogen at 55-60°, overnight. Water was then added and the steroid
wag extracted with ether. The ether solution was washed with water,
dried and the ether evaporated to give a product which was chromato-
graphed on alumina (aetivity II) (400 g.) to give, on elution with
petrol, the ethylidene-compounds (2.564 € ). Crystallisation from
methanol-ether gave 3-ethylidene-5a-cholestane (I) (1.973 &.) m.p.
51-55° (111326 m.p. for the major olefin from the Wittig reaction
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56=57°), [a]y +23° (e.0.19) (1it126 for the mejor olefin from the
Wittig reaction + 15°); ¥ pox, 818, 815 om.?l n.m.r. v 9,35 (0-18
methyl group), 9.19, 9.17, 9.09 (C-19 and side chain methyl groups),
8§.53, 8.40 (Q§3-é=é-), the C-3' hydrogen appeared at about 4.85,

but the absorption pattern was not clear.

Hydration of 3-ethylidene-5a-cholestane (I)
3-Gthylidene-5¢~cholestane (I) (0.7 g.) was dissolved in tetra-
hydrofuran (200 ml.) and powdered sodium borohydride (1 g.) was

added. The mixture was cooled in an ice bath and boron trifluoride-
etherate (5 ml.) in tetrahydrofuran (25 ml.) was added over 1 hour,
and the mixture was stirred for a further hour at room temperature
before the addition of water (25 ml.). Agueous sodium hydroxide
(50 ml.,, 10%# solution) was then added and the solution was cooled in
an ice-bath. Hydrogen peroxide (30%, 30 ml,) wes added dropwise
with stirring and continued cooling. The mixture was stirred for

1l hour at 0° and diluted with water and ether. The ether solution
was washed with sodium bisulphite solution and water, dried and the
solvent evaporated. The product wes filtered through alumine
(eetivity II) (150 g.) with ether and crystallised from acelone %o
give 3-(1l'-hydroxyethyl)-So-cholestane (0.517 &.), m.p. 106-116°,

» ox.3600 omsl (Found: C, 83.4; H, 12.4. CpgH5,0 requires

c, 83.65 H, 12.6%).

Oxidetion of 3-(l'-hydroxjethyl)-5a-cholestane
3-(1'-Hydroxyethyl)-5a-cholestane (0.1l g.) in acetone (20 ml.)

was oxidised with 8N chromic acid (Jones' reagent) (0.25 ml.). The



reaction was allowed to proceed for 4 minutes and excess reagent

was decomposed with ﬁethanol (5 ml.). Water was added, the acetone
removed under reduced pressure and the steroid extracted into ether.
The ether solution was washed with dilute hydrochloric =e¢id, with
water, until the washings were neutral, dried and the ether evaporated
to give, on erystallisation from acetone, 3p-acetyl-5u-cholestane
(0.088 g.) m.p. 108-109° [e]p +30° (0.0.10) (11429 m,p. 110-1119
[alp +29.5%)5 ¥ oy 1705, 1355 em )3 R.D. (31455 +25°, [§1304 +108°%,
(91,67 +8% [Blyse +14% mom.r. T 9.34 (C-18 methyl group), 9.23,
9,20, 9.10 (C~19 and side chein methyl groups), 7.88 (acetyl).

Dehydration of 3-(l'-hydroxyethyl)-5a-cholestane
3-(1'-Hydroxyethyl)-5a-cholestane (1.6 g.) in pyridine (80 ml.)
was heated under reflux with phosphoryl chloride (16 ml.) for 0.5
hours. After cooling in ice-water, the excess reagent was destroyed
by careful addition of water, and the steroid was extracted with
ether. The ether solution was washed with water, dried and the
ether evaporated to give & product, which was adsorbed onto alumina
(activity II) (200 g.), elution with petrol followed by erystallisa-
tion from methanol-ether giving 3-ethylidene-5a-cholestane II (1.037
€e) M.Pe 42-46° (mixed m.p. with 3-ethylidene-5a-cholestane I 42-
529), [elp +27° (€.0.22), ¥ pax 818, 815 om.3* n.m.r. T 9.34 (C-18
methyl group), 9.19, 9.17, 9.10 (C-~19 and side chain methyl groups),
8.52, 8.40 (Q§3-b=é—), the position of the C-3' hydrogen agein is
not elear, but is centred esbout ea. T 4.85. (Found: ¢, 87.0;
H, 12.3. Cogli5g requires ¢, 87.4; H, 12.7%).
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Apoxidation of 3-ethylidene-S5a~cholestane I with m-chloroperbenzoiec

acid

3-Ethylidene-5e~cholestane I (1 g.) in dry ether (100 ml.) was
added to an ethereal solution (100 ml.) of m-chloroperbenzoie scid
(1L g.). The solution was allowed %o stand at room temperature over-
night and the excess peracid was destroyed with ferrous sulphate
solution, The ether layer was then washed with water, sodium
bicarbonate solution, and water, dried and the ether evaporated to
give a product which was adsorbed onto 2lumina (240 g.). Elution
with petrol and erystallisation from acetone gave 3p-ethyl-3a,3'~
epoxy-Se~cholestane (339) (0.769 g.) m.p. 103-105°, [alp +19° (e.
0.19); » pay, 980, 879 and 687 om.7™ m.m.r. T 9.34 (C-18 metnyl
group), 9.18, 9.14, 9.09, 9.07 (C-19 end side chain methyl groups),
8.79, 8.70 (C-3' methyl group), 7.21, T.12 (C-3' hydrogen). (Found:
c, 84.33 H, 11.9 C29lgg0 requires C, 84.0; H, 12.1%). Purther
elution with petrol and orystallisation from acetone gave Jo-ethyl-
3,3 '-epoxy-Se~cholestane (340) (0.124 g.) m.p. 80-83°%, [a]p +22°
(0.0.10); » gay,1000, 928, 872, 770, 720, 710 em.T* m.m.r. T 9.34
(c-18 methyl group), 9.19, 9.14, 9.09 (C-19 and side chain methyl
groups), B8.77, 8.67 (C-3' methyl group), 7.26, T.16 (C-3' hydrogen).
(Found: C, 84.4; H, 12.2. CpgHgg0 requires C, 84.0; H, 12.1%).

Egoxidation of }-ethxlidenoﬂQa-cholcstano I with alkaline hydrogen

peroxide-bonzcnitrilc
3-Ethylidene-5c-cholestane I (2.5 g.) in chloroform (50 ml.)

was added to methanol (55 ml.), benzonitrile (3.5 g&.), potassium



- 193 -

bicarbonate (1,25 g.), and hydrogen peroxide (30#, 4 ml,) and the
mixture was stirred at room temperature for 24 hours. Ether and
water were then added and the ether solution was washed with ferrous
sulphate solution, water, sodium bicarbonate solution, and water,
dried and the ether removed to give a2 product which was adsorbed
onto alumina (150 &.). Zlution with petrol gave l-ethylidene-5a-
cholestane I (0.562 g.), identified by its i.r. spectrum, and
further elution with the same solvent and orystallisation from
acetone gave 3B-ethyl-3a,3'-epoxy-Se-cholestane (339) (0.437 &.)
m.p. @nd mixed m.p. 102-105%. Blution with petrol and crystallisa-

tion from acetone then gave Jo-ethyl-38,3'-spoxy-Sc-cholestane (340)
(1.105 g.) m.p. and mixed m.p. 80-83°,

Epoxidation of j-ethylidene-S5a~cholestane II with m-chloroperbenzoic

acid
3-Ethylidene-~5a-cholestane II (0.5 g.) in dry ether (25 ml.)
was added to m-chloroperbenzoic acid (0.5 g.) in ether (40 ml.) and

the solution was zllowed to stand overnight at room temperature.
Work up with ferrous sulphate solution, sodium bicarbonate solution,
and water in the usual way gave & product which wes adsorbed onto
alumina (60 &.). Elution with petrol and erystallisation from

acetone gave 3f-ethyl-3e,3'-epoxy-Sc—cholestane (341) (0.357 &.)
m.p. 98-107° (mixed m.p. with 3f-ethyl-3e,3'-epoxy-S5c-cholestane
(339) 94-105°), [elp +22° (€.0.20); » g 980, 879, 687 om.7' n.m.r.
T9.34 (C~18 methyl group), 9.18, 9.14, 9.09, 9.07 (C~19 and side
chain methyl groups), 8.80, 8.70 (C-3' methyl group), 7.21, 7.1l

(C=3' hydrogen). Further elution with petrol and crystallisation
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from mcetone gave Je-eth,1-38,3'-epoxy-Se-cholestane (342) (0.073
g.) mep. 110-120° (mixed m,p. with 3o-ethyl-3p,3'-epoxy-5c-choles-
tane (340) 70-90°), [a], +27° (e.0.21); ¥ ... 1000, 928, 872, 770,
720, 710 oa.?1 n.m.re T 9.33 (C~18 methyl group), 9.18, 9.14, 9.09
(0-19 and side ohain methyl groups), 8.77, 8,67 (C-3' methyl group),
7.26, T.15 (C=3' hydrogen).

Lpoxidation of 3j-ethylidene-Sc- egtane with alkaline hydrogen
peroxide~benzonitrile

3-Ethylidene-5c¢—cholestane II (0.450 g.) in chloroform (10 ml.)
was added to methanol (15 ml.), bengonitrile (0.63 g.), potessium
bicarbonate (0.22 g.), and hydrogen peroxide (30%, 0.7% ml.) and the
mixture was stirred at room temperature for 24 hours., Work up with
ether, ferrous sulphate solution, sodium biocarbonate solution, and
water in the ususl way gave a product which was adsorbed on alumina
(40 g.). Slution with petrol gave 3J-ethylidene-~S5e-cholestane II
(0.082 g.), identified by its i.r., spectrum, and further eluiion
with petrol gave on crystallisation from acetone jp-ethyl=3c,3"'~
epoxy-5¢-cholestane (341) (0.093 g.) m.p. and mixed m.p. 96-106°.
Elution with petrol and erystallisation from acetone also gave Je-
@ - 'eepoxy-So-cholestane (342) (0.233 &.) m.p. and mixed m.p.
98-115°.

Reaction © l-36,3'~epoxy-Se-cholestane with BF3 in
benzene

The c-epoxide (339) (0.120 g.) in dry benzene (15 ml,) wes
treated with boron trifluoride-etherate (0.12 ml.) &t room tempera-

ture ior 2 minutes. Isolation with ether gave a product; 1i.r.
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1705 and 1355 em.;' a.m.r.T 9.34, 9.23, 9.20, 9.10 (C-18, 0-19 and
side chain methyl groups), 7.88 (Q§376=0). This product was
adsorbed on alumina (10 g,), elution with petrol-benzene (l:1) and
erystallisation from acetone giving 3p-acetyl-5a-cholestane (0,092
g.) m.,p, and mixed m.p. 107-109° (n.m.r.T 9.34 (C-18 methyl group),
9.23, 9.20, 9.10 (C-19 and side chain methyl groups), 7.88
(CH3-0=0)).

Reaction of 3p-ethyl-3c,3'-epoxy-Sa-cholestane (339) with BF3 in

ether

The a-epoxide (339) (0.136 g.) in dry ether (20 ml.) was treated
with boron trifluoride-etherate (0,14 ml.,) at room temperature for
2 hours, The crude product, isolated by means of ether, hed n.m.r.
peaks at v 9.34, 9.23, 9.20, 9.10, and 7.88, and on chromatography
on alumina (25 g.) and elution with petrol-benzene (l:1l) gave 3f-
acétyl—Sa—oholestane (0.101 g.) m.p. and mixed m.p. 108-109° (acetone).

Reaction of }a—qtgyl:}§‘}!-egox145a-oholestano (34C) with 3F3 in
benzene
The p-epoxide (340) (0.5 g€.) in dry benzens (50 ml.,) waz treated

with boron trifluoride-etherate (0.5 ml.) and kept at room temperature
for 2 minutes. The crude product, igolated by means of ether,

showed n.m.r. pesks at T 9.34, 9.22, 9.19, 9.09 (Cc-18, C-19, and side
chain methyl groups), T7.88 (cga-ézo). and 0,61 (-CHO). The product
was adsorbed on alumina (25 g.). Elution with petrol-benzene (8:2)
gave 3g-methyl-Sc-cholestan—3p-aldehyde (0,087 g.) m.p. 116-118°
(petrol), [a]p +26° (.0.11); ¥ .. 2670, 1720 em. T n.m.r. T 9.34
(c~-18 methyl group), 9.21, 9.19, 9.09 (C-19 and side cheain methyl
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eroups), 8.87, 8,73 (CH3-C-CHO), 0.61 (-CHO). (Found: O, 84.1;
B 3805 CogHgp0 reguires C, 84.0; H, 12.2%). Blution with
petrol-benzene (l:l) gave 3p-acetyl-5e-cholestane (0.270 g.) m.Dp.
end mixed m.p. 107-108° (acetone).

Reaction of 3a-ethyl- '-8poxy~Se~cholestane with BF3 in

ether

The B;opoxide (340) (0.1 g.) in dry ether (10 ml,) was treated
with boron trifluoride-etherate (0.1 ml,) and was kept at room
temperature for 2 hours. The erude product, isolated by means of
ether, was adsorbed on alumina (25 g.). Elution with petrol-benzene
(B:2) gave 3o-methyl-Su~cholestan-3f-aldehyde (0,022 g.) m.p. and
mixed m.p. 116-118° (petrol). Elution with petrol-benzene (1l:1)
then gave 3Jp-acetyl-Se-cholestane (0.064 g.) m.p. and mixed m.p.
108-109° (acetone).

Reaction of 3f-ethyl-3e,3'-epoxy-5Se-cholestane (341) with BF3 in

benzene

The o-epoxide (341) (0.1 g.) in dry benzene (10 ml.) was ireated
with boron trifluoride-etherate (0.1l ml.) and kept at room temperature
for 2 minutes. The erude product, isolated by means of ether, had
peaks in the n.m.r., at T 9.34, S$.23, 9.20, 9.10, and 7.88, and was
adsorbed on alumina (25 g.). Elution with petrol-benzene (1l:1)
and erystallisation from acetone gave 3p-acetyl-Sc-cholestane (0.068
g.) m.p., and mixed m.p. 108-109°,
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Hdeaction of 3f-ethyl-3e,3'-epoxy-Sa-~cholestane (341) with BF3 in

ether

The a-epoxide (341) (0.1 g.) in dry ether (10 ml,) was treated
with boron trifluoride-etherate (0.1 ml,) 2t room temperature for
2 hours. The crude product, isolated by means of ether, had n.m.r.
peaks at v 9,34, 9.23, 9.20, 9.10 end 7.88, and on carometography
on alumina (25 g.) and elution with petrol-benzene (l:1) gave 3f-
acetyl-5c-cholestane (0.074 &.) m.p. and mixed m.p. 107-109° (acetone)

Reaction of 3a-ethyl-3B,3'-epoxy-S5e-cholestane (342) with BF3 in

benzene

The p-epoxide (342) (0.1 &.) in dry benzene (10 ml.) was treated
with boron trifluoride-etherate (0.1 ml.,) and the solution was
allowed to stand at room temperature for 2 minutes. The crude
product, isolated by means of ether, was adsorbed on alumina (40 g.).
Elution with petrol-benzene (9:1) gave 3a-methyl-5a-cholestan-3f-
aldehyde (0.017 g.) m.p. and mixed m.p. 116-118° (petrol), while
elution with petrol-benzene (1l:1) gave 3p-acetyl-Se-cholestane
(0,054 g.) m.p. and mixed m.p. 107-109° (acetone).

Reaction of 3e-ethyl-3f,3'-epoxy-Sc-cholestane (342) with BF; in

ether

The p-epoxide (342) (0.110 g.) in dry ether (10 ml,) wes treated

with boron trjifluoride-etherate (0.1l ml.) and the solution was
allowed to stand at room temperature for 2 hours, The crude product,
isolated by means of ether, was chromatographed on alumina (40 g.).

Elution with petrol-benzene (9:1) gave 3Jo-methyl-S5o-cholestan-3f-
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aldehyde (0,022 g,), m.p. and mixed m.p. 116-118° (petrol).
Elution with petrol-benzene (l:1l) gave 3p-scetyl-5o-cholestane
(00061 ‘0) MePo and mixed MePoe 108-1090 (“Qton.)o
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Isopropylidene Lpoxides

The synthesis and reactions of the epoxides of 3-isopropylidene-

S5¢c-cholestane

Isopropyltriphenylphospnonium bromide 154

Isopropyl bromide (12.4 g.) and triphenylphosphine (26.4 g.)
were heated together in a Carius tube at 150° for 24 hours, The
erystalline product so obtained was crystallised from ethancl-ether
to give isopropyltriphenylphosphonium bromide (38 g.) m.p. 238-239°
(11t.1%4238-2399).

Resetion of So-cholestan-3-one with isopropyltriphenylphosphorane
a) Sodium hydride (0.19 g.), obtained from a 50% dispersion in

0oil, by washing three times with dry petrol and blowing dry with
nitrogen, wes stirred under nitrogen with dry dimethyl sulphoxide

(20 ml.,) at 70° until evolution of hydrogen ceased (ca. 45 minutes).
Dry tetrahydrofuran (10 ml.) was added, followed by, at 0°, iso-
propyltriphenylphosphonium bromide (3 g.), and stirring under nitrogen
gave the deep-red ylide solution. Sa-Cholestan-3-one (1 g.) in

dry tetrahydrofuran (10 ml.) was then added and stirring under
nitrogen was continued for 1 hour at 30°'and for 12 hours at 60°,
Water was added, and the steroid was extracted with ether. The
ether solution was washed with water, dried and the ether evaporated
to give & erude product which was chromatographed on alumina (activity
II) (40 g.) to give, on elution with petrol, 3-isopropylidene-5a-
cholestane (0.738 g.) m.p. 95-97° (acetone) (lit-12695-97°)- [e]p +27°
(e.0.15) (11%.126414°); n.m.r. T 9.38 (C-18 methyl group), 9.21, 9.11
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Isopropyltriphenylphosphonium bromide (3 g.) was dissolved

(¢-19 and side chain methyl groups), 8.42 (6 protons,

in dry dimethyl sulphoxide (20 ml,), under nitrogen, and to it was
added potassium t-butoxide (0.9 &.) in dry dimethyl sulphoxide (10
ml,). Stirring gave the intense red ylide solution. 5c-Cholestan-
3-one (1 g.) in dry tetrahydrofuran (20 ml.) was then added, and the
mixture was heated at 60° with stirring for 1 hour, and kept over-
night under nitrogen at 60°, Water was then added and the steroid
extracted with ether. The ether solution was washed with water,
dried ang the ether evaporated to give a2 erude product which was
adsorbed on alumina (activity II) (40 &.). Elution with petrol
gave 3-isopropylidene-5c-cholestene (0.727 g.) m.p., and mixed m.p.
95-97° (acetone).

Reaction of 3@-methoxyearbonyl-5a-cholestane with methyl magnesium
iodide

3f-lethoxycarbonyl-5e-cholestane (0.9 &.) in dry ether (25 ml.)
was added to an ethereal solution (150 ml.) of methyl magnesium
iodide (from magnesium (1 g.)) and the solution was heated under
reflux for 4 hours. On cooling, dilute ammonium chloride solution
was added with care, and the steroid was extracted with ether. The
ether solution was washed with water, dried and the ether evaporated
to give 3p-(l'-hydroxyisopropyl)=5c-cholestane (0.684 g.) m.p. 145~
147° (114.129145-146°), » ., 3580 em.7! n.m.r. T 9.34 (C-18 methyl
group), 9.24 (0-19 methyl group), 9.19, 2.09 (side chain methyl
groups), 8.85 (methyl groups on C-3').
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Dehydration of 3p-(1l'-hydroxyisopropyl)-Se-cholestane
a) 3p=-(1l'-Hydroxyisopropyl)-Sc-cholestane (0.402 g.) in pyridine
(20 ml,) wes hested under reflux with phosphoryl chloride (4 ml.)

for 30 minutes. After cooling, the excess reagent was decomposed
with water and the steroid was extracted with ether. The ether
solution was washed with water, dried and the ether evaporated to
give 2 erude product which was adsorbed on alumina (activity II)
(40 g.). Elution with petrol gave 3Jp-isopropenyl-5c-cholestane
(0.339 &.) m.p. 90-91° (acetone) [o.]D +26% (c.0.14); » nax}OSOs
1640, 895 om.7> A.m.r. T 9.34 (C-18 methyl group), 9.21, 9.19, 9.17,
9.10 (side ohein and C-19 methyl groups), 8.36, .30 (methyl group
on the double bond), 5.34 (CHp=G-). (Found: 0, 87.5; H, 12.3.
Cyofigy requires C, 87.3; H, 12.7%).

b) A solution of the hydroxyisopropyl-compound (0.080 g.) in
pyridine (4 ml.) and thionyl chloride (0.2 ml.,) was kept at ca.,-20°
for 3 minutes. Water was added and the steroid was extracted with
ether. The ether solution was washed with water, dried and the
ether evaporated to give & erude product which was adsorbed on
alumina (activity II) (40 g.). Elution with petrol then gave 3p-
isopropenyl-5a-cholestane (0.063 g.) m.p. and mixed m.p. 90-91°

(acetone).

Treatment of }-1aggrogllidene-in—aholestano with m-chloroperbenzoiec

aeid

3-Isopropylidene-50-cholestane (1,517 g.) in dry ether (100 ml.)
was added to m-chloroperbenzoic acid (80%, 1.52 g.) in dry ether
(100 ml.) and the solution was left at room temperature overnight.
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Bxcess peracid was destroyed with ferrous sulphate solution, and

the ether layer was washed with water, sodium bicarbonate solution,
and water, dried and the ether evaporated to give & product which

was adsorbed on alumina (80 g.). Elution with petrol gave 3f-
isopropyl-3a,3'-epoxy-Sa-cholestane (1.183 g.) m.p. 131-132° (acetone),
[elp +24° (.0¢13)5 » pax, 1215, 870 cm.?1 N.m.re T 9.34 (C-18 methyl
group), 9.18, 9.09 (C-19 and side chain methyl groups), 8.71 (C=3'
epoxide methyl groups). (Found: ¢, 83.8; H, 12,1. 0303520
requires C, 84.0; H, 12,2%). Blution with petrol also gave Jua-

isopropyl-3¢,3'-epoxy-Sa-cholestane (0.174 &) m.p. 119-120° (acetone),
[elp +229 (e.0.11); ¥ 4 1235, 875 em.T+ n.m.r. T 9.33 (C-18 methyl
group), 9.17, 9.10, 9.09 (C-19 end side chain methyl groups), 8.67
(C=3' epoxide methyl groups). (Found: 0O, 83.73; H, 12.1. 0303520
requires ¢, 84.03 H, 12.2%).

Ireatment of 3-isopropylidene-Se-cholestane with alkaline hydrogen

peroxide-benzonitrile
3-Isopropylidene-5a-cholestane (1.0 g ) in chloroform (20 ml,)

was added to methanol (25 ml.), benzonitrile (1.4 g&.), potassium
bicarbonate (0.5 &.), and hydrogen peroxide (30%, 1.6 ml.), and the
mixture was stirred at room temperature for 24 hours. Ether and
water were then added and the ether solution was washed with ferrous
sulphate solution, water, sodium bicarbonate solution, and water,
dried and the ether evaporated to give a product which was adsorbed
on alumina (80 g.). Zlution with petrol gave 3-isopropylidene-5a-
cholestane (0.056 g.), m.p. and mixed m.p. 95-97° (acetons). Further

elution with petrol gave }Q-isogrog;l—}c,}'-opoxl-go-choleatano
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(0.328 g,) m.,p. and mixed m,p. 131-132° (acetone). Lastly, elution
with the same solvent gave Jo-isopropyl-3f,3'-epoxy-Sc-cholestane
(0.390 g,) m.,p. and mixed m.p. 119-120° (acetone).

Treatment of 3-isopropylidene-5c-cholestane with bleaching powder

and acetic acid

3-Isopropylidene-5a-cholestane (1.0 g.) in ether (250 ml.) and
water (300 ml.) was stirred strongly at room temperature with bleach-
ing powder (0.7 g&.) for 5 minutes. Then acetic acid (0.5 ml.) was
added and the mixture was stirred for a further 25 minutes. Ether
(200 ml.) was added and the ether layer was washed with water,
potassium iodide solution, sodium thiosulphate solution and water,
dried and the ether evaporated to give 3Jp-isopropenyl-3e-chloro->o-
cholestane (0.774 g.) m.p. 126-129° (acetone) [a]p +36° (e.0.12);

» o,1635, 908 om. 7} m.m.r. T9.34 (C-18 metnyl eroup), 9.27, 9.19,
9.10, 9.08 (C-19 and side chain methyl groups), 8.38, 8.30, 8.06
(double bond methyl group), 5.12, 4.94 (C§2=é—). (Found: C, 80.6;
H, 11.5; ¢©l, 7.9. C3pHs1C1l requires C, 80.5; H, 11.5; Cl, T7.9%).

Reaction of }g:isogrogxl—}c,}'-ogoxx-Sc—choleatlne with BF3 in benzene
The c-epoxide (349) (0.368 g.) in dry benzene (25 ml.) was

treated with boron trifluoride-etherate (0.37 ml.) &t room temperature
for 2 minutes. The product, isolated by means of ether, was adsorbed
on alumina (100 &.). Elution with petrol-benzene (95:5) gave 4,4-
dimethyl-A-homo-5a~cholestan-3-one (0.251 g.) m.p. 169-170° (acetone);
Y 1ax1699 em.7l n.m.r. T 9.35 (C-18 methyl group), 9.19, 9.10 (C-19

and side chain methyl &groups), 8.97, 8.93 (methyl groups on C-4)
(Found: €, 83.9; H, 12.2. C3pHgp0 requires C, 80.0; H, 12.2%).
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The g.l.e¢. retention time with respect to A-homo-5c-cholestan-4-
one was 1,11, Elution with petrol benzene (9:1) gave 3p-methyl-
3e-acetyl-Sa-cholestane (0.019 g.) m.p., 80-83° (acetone); v max.
1699 and 1350 ems} R.D. [§)455 +17°, [Bl333 +36°, [Dl3gg 0%
[§)p7o +98% m.m.r. T 9.35 (C-18 metnyl group), 9.25, 9.19, 9.09
(C-=19 and side chain methyl groups), 8.84 (3p-methyl group), 7.87
(acetyl). (Found: ¢, 83.8; H, 12.1. '0305520 regquires C,
84.0; H, 12.24).

Reaction of 3e-isopropyl-38,3'-epoxy-Se-cholestane with BF3 in

benzene

The p-epoxide (350) (0.15 g.) in dry benzene (15 ml.) was
treated with boron trifluoride-etherate (0.15 ml,) at room tempera-
ture for 2 minutes. The product, isolated by means of ether, was
erystallised from acetone to give }c-me;&xl—;ﬁ-aoegxl—ﬁa—oholestano
(0.107 g.) m.p. 94-95° (acetone); )Jmax}699. 1350 cm.?l R.D. [@]455
+30°%, (Rl304 +94%, (9164 +49°%, (Blos3 +53°; n.m.r. T 9.34 (C-18
methyl group), 9.25, 9.18, 9.09 (C-19 and side chain methyl groups),
8.83 (CH3-6-=0), 7.89 (CH3-C-). (Found: ¢, 83.8; H, 12.0.
Capfl520 requires C, 84.0; H, 12.2%).

rTreatment of 3o-methyl-3p-acetyl-Se-cholestane with m-chloroper-
benzoic acid

3e-lethyl-3p-acetyl-5a~-cholestane (0.05 g.) in chloroform (30
ml.) was added to a solution of m-chloroperbenzoic acid (80%, 0.05
g.) in chloroform (20 ml.), and the solution was kept at room
temperature for 8 days. Ferrous sulphate solution was added and

the chloroform layer was washed with water, sodium bicarbonate
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solution, and water, dried and the chloroform evaporated to give

a product (0.051 g.), » max, 2125, 1699 on:} which was adsorbed

on alumina (30 g.). Elution with petrol-benzene (9:1) gave 3a-

me thyl-3p-acetyl-5a-cholestane (0,011 g.), identified from its i.r.
spectrum, and elution with petrol-benzene gave the acetate (0.028 g.)
Y pax, 1725, 1250, 1240 cmfl This acetate (0.02 g.) in dry ether

(10 ml,) was heated under reflux with lithium aluminium hydride
(0.02 g.) for 2 hours. On cooling, ethyl acetate and dilute hydro-
chloric acid were added and the ether layer was washed with water,
dried and the ether evaporated to give 3o-methyl-5a-cholestan-3p-ol
(0,013 g.) m.p., and mixed m.p. 146-149° (acetone) (11+.82147-149°)
(» gax,3580, 1010 (m), 945 (s), 930 (m), 920 (m), identical with
the i.r. spectrum of the sample of 3o-methyl-5a-cholestan-3fg-ol,
produced by addition of methyl magnesium iodide to S5c-cholestan-3-
one?? The corresponding spectrum of 3p-methyl-5a-cholestan-3e~-ol

has ¥ p.4,960 (m), 900 (s) em??

Treatment of 4,4-diueggyl—A-homo-Sa-oholostgg-;-one with bromine
4 ,4-Dimethyl-A-homo-5a-cholestan-3-one (0.12 g.) in acetic acid

(5 ml,) containing hydrogen bromide in acetic acid (40%, 1 drop)

was treated with bromine (0.052 g.) in acetic acid (2 ml.). After
4 hours at room temperature water was added and the steroid was
extracted with methylene chloride. The organic layer was washed
with water till neutral, dried and the solvent evaporated to give
the crude product (0.117 g.), 2 max.1718' 1699 emTl: which was
adsorbed on silica gel (50 g.). Elution with petrol-benzene (9:1)
gave a orystalline compound (0.034 g.) m.p. 136-139° (acetone) > p.«.
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1718 cn?l Elution with petrol-benzene (8:2) gave an oil (0.073 g.)
Y pax.1699 om,”t

The erystalline material (¥ p.x 1718 em.~1) (0.025 g.) in dry
dimethylformamide (5 ml.) was heated under reflux with lithium
bromide (0.1 g.) and lithium cerbonate (0.1 g.) for 5 hours. After
cooling, the inorganic material was filtered off, and dilute hydro=-
chloric acid was added. The steroid was extracted with ether and
the ether layer was washed with water until the washings were
neutral, dried and the ether evaporated to give an oil (0.013 &.)
with no strong u.v. absorptions, but with a slight shoulder at ca,
230 mg.

The oil from the bromination of 4,4-dimethyl-A-homo-5c-cholestan-
3-one (0.070 g.) was similarly treated with lithium bromide (0.3 &.)
and lithium carbonate (0.3 g.) in dimethylformamide (10 ml.), and
gave on workup an oil (0.052 g.) with no strong absorptions in the

U.Ve

A-homo-5¢-cholestan—4-one 107
To 5a-cholestan-3-one (13.2 g.) in dry ether (500 ml.) and

methanol (850 ml.) was added potassium hydroxide (28 g.). After
the base had dissolved, the solution was cooled in ice-water %o 0°
and N-nitrosomethylurea (20 g.) was added over 20 minutes with
stirring. Stirring was continued at 0° for an additional 5 hours
and then cold dilute hydrochloric aeid (300 ml.) was added. The
insoluble salts were filtered and washed with ether, and the ether
solution was washed with water till neutral, dried and the ether
evaporated to give ketonic material (12.2 g.) which was adsorbed
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on alumina (1000 g.). Blution with petrol gave 3p-methyl-3a,3'- .
epoxy-5a-cholestane (0,292 g,) m.p. and mixed m.p. 131-132° (acetone).
Elution with petrol-benzene (8:2) gave A-homo-5a-cholestan-3-one
(0.434 g.) m.p. 82-83° (acetone) (11%.10782-83%); »pax 1705, 1412,
1334, 1315 cn.71 g.l.c. retention time with respect to 5e-cholestane
2.70 (11%.1052.70 with respect to S5a-cholestane). Elution with
petrol-benzene (8:2) and benzene gave A-homo-5a-cholestan-4-one

(6.55 g.) m.p. 86-87° (acetone) (11t.19787-88°); v pax, 1705, 1412,
1334 on-:} n.m.r. t 9.33 (C-18 methyl group), 9.18, 9.12, 9.09 (C-

19 and side chain methyl groups). The g.l.¢, retention time with

respect to Sc-cholestane was 2. 80, (lit.losvaluo 2.80).

Methylation of A-homo-5c~cholestan-4-one
&) A solution of potassium (1 g.) in t-butanol (25 ml.) was added

to & boiling solution of A-homo-5a-cholestan-4-one (1.1 g.) in dry
benzene (25 ml.) and t-butanol (15 ml.). Methyl iodide (75 ml.)

in dry benzene (25 ml.) was then added and the mixture was heated
under reflux, cooled and ice added. The steroid was extracted with
ether and the ether solution was washed with water, dried and the
ether evaporated to give & erude product which was adsorbed on
alumina (aectivity II) (100 &.). Elution with petrol-benzene
mixgures ranging from 1£ to 30%# benzene gave 23 fractions (total
weight 0,587 &.). Fractions 12, 13 and 19-23 were crystalline.

All 23 fractions had ¥ .. 0a.1699 om.?l with those from fraction

16 onwards also having & peak at 1412 om7l The g.l.e. retention

times of fractions 15, 16, 20, 21 and 23 with respect to A-homo-5a-
cholestan-4-one were, respectively, 1.12, 1.115, 1.12, 1.115, 1.113.
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Elution from the column with petrol-benzene (6:4) and benzene gave
A-homo-S¢~cholestan-4-one (0.346 g.) m.p., and mixed m.p, 85-87°
(acetone).

b) A-homo-S5c-cholestan-4-one (1.5 g,) was stirred with potessium
t-butoxide (from potassium (0.5 &.)) in t-butanol (30 ml.) and the
solution wus saturated with methyl chloride and allowed to stand
for 2 hours. The solution was resaturated with methyl chloride for
1 hour, and left to stand overnight. Ice and water were then added,
and the steroid was extracted with ether. The ether solution was
washed with water, dried and the ether evaporated to give a crude
product (1.39 g.) which was adsorbed on slumina (activity II) (400
g.). Elution with petrol-benzene mixtures ranging from 1% to 30%
benzene gave T2 fractions, Fractions 46-50 and 57-68 were crystal-
line. The total weight of these early fractions was 0.41ll g,
Fractions 46-50 were combined and erystallised from acetone to give
meterial m.p. 73-81°. Fractions 57-68 were similarly combined and
erystallised to give material m.p. 80-87°. Elution with petrol-
benzene (l:1) and benzene gave A-homo-5a-cholesten-4-one (0.840 g.)
m.p. eand mixed m.p. 85-87° (acetone).

e¢) A-homo-5o-cholestan-4-one (2.0 g.) was added to = solution
of potassium (0.59 g.) in t-butanol (30 ml.) and the mixture was
stirred until a solution was achieved (ca.0.5 hr.). Methyl iodide
(1.84 ml.) was added dropwise, and the mixture was stirred for 4 hours.
Water was added, and the steroid extracted with ether. The ether
solution was washed with dilute hydrochloric acid, and with water
until the washings were neutral, dried and the ether evaporated to

give a crude product which was adsorbed on alumina (aetivity II)
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(100 g.). Elution with solvents ranging from petrol to benzene
gave 24 fractions of total weight 2,068 g.

Fractions 1l and 12, eluted with petrol-benzene (9:1) (combined
weight 0.363 g.), were crystalline, » payx, 1699 om.5l in both cases.
The fractions were combined and erystallised from acetone to give
material with & m.p. 75-84°. This material (0.363 g.) in isopro-
penyl acetate (3 ml.) containing concentrated sulphuric acid (1 drop)
was heated under reflux for 1 hour, and the solution was concentrated
to ca.2 ml., The mixture was warmed with fused sodium acetate (0.09
g.) and chloroform (3 ml.), filtered, and evaporated under reduced
pressure to give a semi solid (0.329 g.), ¥ pax, 1740, 1699, 1210,
1060, 1050 emT! This product was adsorbed on silica gel (60 &.).

Elution with petrol-benzene (8:2) gave 3,3,4a,4a-tetramethyl-A-homo-
Sa-gholestan-4-one (0.291 g.), m.p. 84-88° (acetone); ¥ pax,1699 on:}
n.m.r.t 9.33, 9.30, 9.19, 9.09, 8.89 (c-18, Cc-19, C-3, C-4a, and

side chain methyl groups). (Foundy C, 84.1; H, 12.1. C30Hgg0
requires C, 84.1; H, 12.4%). Treatment of this compound (0.108 g.)

with isopropenyl acetate (2 ml,) and concentrated sulphuric acid (1
drop) in the ususal way gave only starting meterial (0.094 g.) on work
up. Elution with petrol-benzene (8:2), of the silica gel column,
gave a mixed fraction of the tetramethyl-ketone (359) and enol-acetate
(0,020 &) ¥ gag,1740, 1699, 1210, 1060, 1050 ems} n.m.r.T 9.33,
9.30, 9.19, 9.09, 8.89 (¢-18, ¢-19, C-3, C-4a, and side chain methyl
groups), 8.36 (methyl group on double bond), 7.86 (acetate).

Fractions 20 and 21 (from the alumina (aetivity II) column) were
also erystalline and were combined and orystallised from acetone to

)
give ;lé-dimctgll-A-homo-Sc-eho1¢stan-4-one (0.374 g.) m.p. 87=-91";




[0)p +49° (0.0.1)5 » .. 1699, 1412, 955, 940 emst B.m.r. T 9.35
(C~18 methyl group), 9.22, 9.19, 9.10, 9.04, 8.91 (C-19, C-3 and
side chain methyl groups), downfield protons in a "hump" between
7.80 and T7.40. (Found: C, 83.8; H, 12.2. C3pHgp0 requires
c, 84,03 H, 12.2%). The g.l.¢. retention time with respect to
A-homo-50-cholestan-4-one was 1,12, The 3,3-dimethyl-compound (355)
(0.08 g.) in isopropenyl acetate (6 ml.) containing concentrated
sulphuriec acid (1 drop) was heated under reflux for 1 hour, then
concentrated to & volume of ecz.3 ml. The mixture was warmed with
fused sodium acetate (0,02 g.) and chloroform (4 ml,), filtered,
evaporated under reduced pressure, and filtered through 2 column of
siliea gel (10 g.) with petrol-benzene (1:1) to give the enol-escetate
(0.062 g.) (a semi-solid); » pax1745, 1220 omzl n,m.r. T 9.3 (C-18
methyl group), 9.16, 9.09, 9.07, 8.97, 8.70 (C-19, C-3, and side
chain methyl groups), 7.86 (acetate).

Fractions 23 and 24 (from the zlumina (activity II) column) were
combined and crystallised from acetone to give A=-homo=-5c-cholestan-

4-one (0.266 g.) m.p. and mixed m.p. 87-88°,

Ireatment of 3,3-dimethyl-A-homo-S5a-cholestan-4-one with bromine

3,3=-Dimethyl-A-homo-5c~cholestan-4-one (0.120 g.) in acetic
aeid (5 ml.) containing hydrogen bromide in acetic acid (40%, 1 drop),
was treated with bromine (0.050 g.) in acetic aecid (1 ml.). After
4 hours &t room temperature the mixture was worked up in the usual
way to give a crude product which was adsorbed on silica gel (50 &.)
and elution with petrol-benzene (1:1) gave an oil (0.07 &.)y* pax,

1705 om.’l
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This oil (0.05 &.) in dry dimethylformamide (5 ml,) was heated
under reflux with lithium bromide (0.12 g.) and lithium carbonate
(0.12 g.), under nitrogen, for 5 hours. The inorganic material
was filtered off, and dilute hydrochloric acid was added. The
steroid wes extracted with ether, and the ether solution was washed
with water until the washings were neutral, dried and the ether
evaporated to give an oil (0,033 g.); * max.1599' 1670 cn:% A max,
237 ap (¢ ¢2.8000).

3-Hydroxymethylene-A-homo-3a-cholestan-4-one s
A-homo-5¢~cholestan-4-one (3.15 g.) in dry benzene (386 ml.) was

added over 1 hour to a stirred suspension of sodium methoxide (0.6
g.) in dry benzene (30 ml.) and ethyl formate (4.2 ml.). After
adding additional sodium methoxide (0.3 &.) and stirring for four
hours, the mixture was filtered and the solid washed with benzene
and dried, The bright yellow salt so obtained was stirred 1 hour
with a mixture of concentrated hydrochloric acid (4.2 ml.), water
(54 ml.) and ethanol (27 ml,), filtered and washed with water until
the washings were neutral to give 3-hydroxymethylene-A-homo-50-
cholesten-d-one (2.917 g.) m.p. 99-100° (ethanmol) (1i%.29799-100°)
[a]p +18° (0.0.13) (11.1074130); ¥ L.y 1640 omit

3-Methyl-A-homo-Se~-cholestan—4-one

3-Hydroxymethylene-A-homo-5e¢-cholestan~4-one (0.45 g.) in benzene
(40 ml.) was added to 10% palladium on charcoal catalyst (0.2 g.) in
ethanol (40 ml,) and the mixture was shaken in an atmosphere of
hydrogen for 24 hours. The catalyst was removed and the solvent

evaporated to give an o0il which was adsorbed on aluminae (aetivity II)



- 212 -

(60 g.) to give on elution with petrol-benzene (1l:1) 3-methyl-A-
homo-5a-cholesten-4-one (0.112 g.) m.p. 87-90° (acetone); [a]p +25°
(e.0.,12); # max.1699 cn:} n.m.r. T 9.34 (C-18 methyl group), 9.19,
9.09, 8.99, 8.89, 8.80 (C-19, C-3, and side chain methyl groups).
(Found: ¢, 84.0; H, 11.9. CogHgo0 requires C, 84.0; H, 12.1%).
The g.l.¢. retention time with respect to A-homo-5c¢-cholestan-4-one
was 1,11,

A solution of the 3-methyl-A-homo-compound (361) (0.07 g.) in
isopropenyl acetate (2 ml.) containing concentrated sulphuric acid
(1 drop) was heated under reflux for 1 hour, then concentrated to a
volume of ea.l ml. The mixture was warmed with fused sodium acetate
(0.1 g.) and chloroform (4 ml.), filtered, evaporated under reduced
pressure, and the residue chromatographed on silica gel (15 g&.).
Petrol-benzene (1l:1) elution gave the enol-acetate (semi-solid)
(0.057 &) ¥ pax, 1745, 1220 om:% n.m.r. T 9.34 (C-18 methyl group),
9,19, 9.17, 9.09, 8.74 (C-19, C-3 and side chain methyl groups),
7.80 (acetate).
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The synthesis and reactions of the epoxides of 3-isopropylidene-i-

nor-3a-cholestane

3f-Isopropyl-3c,3'-epoxy-A-nor-S5a—-cholestane
3-Isopropylidene-A-nor-5a-cholestane (0.4 g.) in dry ether (20
ml,) was added to a dry ethereal solution (50 ml,) of m-chloroper-

benzoic acid (0.4 &.). After standing at room temperature overnight,
the excess peracid was destroyed with ferrous sulphate solution, and
the ether layer was washed with water, sodium bicarbonate solution,
and water, dried and the ether evaporated to give on crystallisation
from scetone 3p-isopropyl-3e,3'-epoxy-A-nor-5e-cholestane (0.310 &)
m.p. 84.5-86%, [e], +22% (e.0.14); Y g, 920, 850 onet? n.m.r. T 9.34
(c-18 methyl group), 9.28, 9.19, 9.15, 9.09 (C-19 and side chain
methyl groups), 8.74 (C-3' methyl groups). (Found: ¢, 83.7; H,
12:2. Cogligg0 regquires ¢, 84.0; H, 12.2%).

Treatment of 3-i80} lidene-A-nor-5¢-cholestane with N-bromo-
succinimide and acetic acid

3-Isopropylidene-i-nor-5a-cholestane (1 &.) in acetone (20 ml.)
was added to 5% agueous acetone (60 ml.) containing N-bromosuceini-
mide (2 g.). The mixture was stirred at room temperature to achieve
solution, and acetic acid (0.8 ml,) was added with stirring. The
mixture was stirred at room temperature for 3} hours, and part of
the acetone was removed, under reduced pressure, at & temperature
of c2.409, Ether and water were then added, and the ether layer

was washed with potassium iodide solution, water, sodium thiosulphate

solution, and water, dried and the ether evaporated to give a gum

(0.878 &.), ¥ o 3500 o>l which was adsorbed on alumina (80 &.).
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After 0.5 hour elution with petrol gave a product, Y .. 1700 and
850 oms} which was rechromatographed three times on columns of
alumina (100 &.), elution with petrol on each occasion giving
material with ® po. 1700 and 850 em:' This materisl (0.716 &.)

was then adsorbed on neutral alumina (aetivity III) (100 g.).

Elution with petrol gave 3Je-isopropyl-3g,3‘'-epoxy-A-nor-Sc-cholestane
(0.061 g.) m.p. 90-93° (scetone) (mixed m.p. with the c-epoxide |
(365) 80-932), ¥ .5 850 emT! Zlution with the same solvent gave a
semi-s01id (0.51 &), ¥ pax,1700, 850 om; with g.l.c. retention

times with respect to Se-cholestene at 1,38 and 2.21.

Reaction of 3P-isopropy =36,3'=~ goxx-A-nor-iaooholestane'with boron
trifluoride in benzene

The a-epoxide (365) (0.20 g.) in dry benzene (25 ml,.) was
treated with boron trifluoride-etherate (0.25 ml.), and the solution

was kept 2t room temperature for 5 minutes. The crude product,

} and

isolated by meane of ether, had a peak in the i.r, at 1700 em;
possessed g.l.c. retention times with respect to 5a-cholestane at
2.2); 2.03; '1.08, The product was adsorbed on alumina (60 a-).'

Elution with petrol-benzene (99:1) gave, after crystallisation from

acetone, 2@-methyl-2¢-acetyl-A-nor-Se-cholestane (0.138 g.) m.p.
93-96°, » pax, 1700 and 1355 cn:} n.m.r. T 9.34 (C-18 methyl group),
9.19, 9.16, 9.09 (C~-19 and side chain methyl groups), 8.67 (C-3 !
methyl group), 7.86 (C-3' methyl group). The g.l.c. retention time
with respect to S5e-cholestane is 1.85. (Other details are given on
P.221). Elution with petrol-benzene (99:1) and petrol-benzene (9:1)

-1
gave a product (0.042 g.) m.p. 89-100° (acetone), ¥ .4 1700 em.)



- 215 -

with & g.l.c., retention time with respect to Sa-cholestane at 2,21.

Treatment of 3e-isopropyl-3@,3'-epoxy-A-nor-Se-cholestane with BF,

in benzene

The p-epoxide (366) (0.05 g.) in dry benzene (10 ml,) was treated
with boron trifluoride-etherate (0.05 ml,), and the mixture was kept
at room temperature for 5 minutes. The erude product (0.039 g.),
isolated by means of ether, had ¥ .. 1700 and 1355 cm:} and g.l.c.
retention times with respeet to 5c-cholestane 2t 1.85 and 2,06.

The crude product wes adsorbed on alumins (20 g.), elution with
petrol giving a compound (0.033 g.), with g.l.c. retention times
at 1.85 and 2,06 with respect to Sa-cholestane., Crystallisation
three times from ascetone gave & compound with & m.p. 83-93°.
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Ihe synthesis and reactions of 2,3-epoxy-Se-cholestansé

The synthesis and reactions of 2,3-dimethyl-2,3-epoxy-Se-cholestanes

2,3-Dimethyl-5c-cholest-2-ene
2a-Methyl-5¢a-cholestan-3-one (5 g.) in dry ether (250 ml.,) was
added to an ethereal solution (200 ml.) of methyl megnesium iodide

(from megnesium (5 g.)), and the mixture was refluxed for 5 hours.
On cooling, dilute ammonium chloride solution was carefully added,
and the mixture was worked up in the usual way to give the 2a,3-
dimethyl-5¢-cholestan-3-ols (4.98 g.), which were dissolved in
acetic acid (500 ml.). Perchloric acid (14 drops) was added and
the mixture was heated on a water bath (at ¢2.90°) for two hours,
Most of the solvent was removed under reduced pressure, and water
was added. The steroid was extracted with methylene chloride,
and the organic layer was washed with water, till the washings were
neutral, dried and the solvent evaporated to give an oil, which
was edsorbed from petrol on alumina (aetivity II) (400 g.).
Elution with petrol and erystallisation from acetone gave 2,3~
dimethyl-5a~cholest-2-ene (3.81 g.) m.p. end mixed m.p. 83-85°.

29,}g:Dimotgxl-Za,}g—egoxy-Sa-oholestano
2,3=Dimethyl-5a-cholest-2-ene (3 &.) in dry ether (250 ml.)

wae added to m-chloroperbenzoic aecid (3 g.) in dry ether (100 ml.),
and the solution was allowed to stand at room temperature overnight.
Excess peracid was decomposed with ferrous sulphate solution, and
the ether layer was washed with water, sodium bicarbonate solution,
and water, dried and the ether evaporated to give 2 ~-dime 1-
20,36-epoxy-5c-cholestane (2.61 &.) m.p. 121.5-123° (acetone)
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[e]p +38° (0.0.21); » . 1162, 870, 850 em.7' n.a.r. T 9.36 (C-18
methyl group), 9.29, 9.17, 9.09 (C-19 and side chain methyl groups),
8.71 (C=2 and C-3 methyl groups). (Found: ¢, 83.9; H, 1l2.2.
Cogligo0 reguires ¢, 84.0; H, 12,2%).

Ireatment of 26,3f-dimethyl-2¢,3a-epoxy-Se~cholestane with lithium
aluminium hydride

The c-epoxide (370) (0.5 g.) in dry ether (25 ml,) was added to
an ethereal solution (50 ml,) of lithium aluminium hydride (0.5 &.),

and the mixture was refluxed for 2 hours. After cooling, ethyl
acetate and dilute hydrochlofio acid were added, and the mixture
was worked up in the usual wey to give 2¢,3p~dimethyl-Se-cholestan-
3e-o0l (0.471 g.) m.p. &nd mixed m.p. 147-148°% (acetone).

Treatment of 2,3-dimethyl-Sa-cholest-2-ene with N-bromosuccinimide
and acetic acid

2,3-Dimethyl-5a-cholest-2-ene (0.25 g.) in acetone (20 ml.) was
added to N-bromosuccinimide (0.5 g&.) in 5% agueous acetone (80 ml.).
With stirring, acetic acid (0.4 ml.) was added, and the mixture was
allowed to stand at room temperature for 3 hours. Work up with
ether, potassium iodide solution, sodium thiosulphate solution, and

1

water gave & gum (0.140 &.)y » pay, 3600 om:” which was adsorbed on

alumina (40 &.). After 0.5 hour elution with petrol and crystal-
lisation from acetone gave 2¢,3c-~dimethyl-2f,3f-epoxy-JSa-cholestane
(0.041 g.) mep. 108-109° [a]p +61° (0.0.09)5 » mag,1130, 855 em.7
A.m.r. T 9.35 (C-18 methyl group), 9.17, 9.09, 9.07 (side chain and
C-19 methyl groups), 8.76, 8.73 (C-2 and C-3 methyl groups). (Found:
¢, 83.9; H, 11.9. Cpgligg0 requires C, 84.0; H, 12.2%).
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freatment of 2¢,3c-dimethyl-28,3B-epoxy-5o-cholestane with lithium
gluminium hydride

The g-epoxide (372) (0.021 g.) in dry ether (20 ml.) was added
to an ethereal solution (20 ml.) of lithium aluminium hydride (0.02
€.), and the mixture was refluxed for 2 hours. On cooling, ethyl
acetate and dilute hydrochloric acid were added and the mixture was
worked up in the usual fashion to give 2a,3f-dimethyl-S5a-~cholestan-
2p-0l (0.019 g.) m.p. 158-159.5° (acetone), [a]p +57° (e.0.1);
» nax,3580, 945, 850 emT* (Found: C, 83.7; H, 12.2. Cpgli5g0
regquires ¢, 83.6; H, 12.6%).

3f-lMethyl-2a,3o-8poxy-5e~cholestane
3-lMethyl-5c-cholest-2-ene (13.9 &.) in dry ether (150 ml.) was

added to an ethereal solution (200 ml.) of m-chloroperbenzoic acid
(13.9 g.). The mixture was allowed to stand at room temperature
overnight. Excess peracid was decomposed with ferrous sulphate
solution, and the ether layer was washed with water, sodium bicarbonat
solution, and water, dried and the ether evaporated to give 3p-methyl-
2c,33-opoxy-5c—oholestano (13.7 g.) m.p. 131-132° (acetone) (lit.l‘s
135%); » ... 885, 820, 810, 705 em.7’ m.m.r.T 9.37 (0-18 methyl
group), 9.29, 9.19, 9.10 (C-19 and side chain methyl groups), 8.72

(C=3 methyl group), T.13, 7.04 (C-2 proton).

Reaction of 3p-methyl-2a,3a-epoxy-5c-cholestane with boron tri-

fluoride in benzene

 3-lMethyl-2¢,ja-epoxy~-5e~cholestane (4.5 g.) in dry benzene (200
ml.) was treated with boron trifluoride-etherate (4.5 ml.). After

standing at room temperature for 5 minutes the mixture was poured
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into water and ether was added. The ether layer was washed with
water until the washings were neutral, dried and the ether and
benzene evaporated to give a product (4.1 g.) ( * ,.2670, 1715

and 1705 cmzl) which was adsorbed from petrol on alumina (600 g.).
Elution with petrol-benzene (9:1) gave 2f-methyl-A-nor-Se-cholestan-
2e-aldehyde (1.110 g.) m.p. 81-84° (petrol), [°]D +24° (e.0.12)3

» pax. 2670, 1715 emst n.m.r. T 9.34 (C-18 methyl group), 9.19,
9.15, 9,09 (C-19 and side chain nsthjl groups), 8.71 (C-2 methyl
group), 0.59 (e2ldehyde). (Found: €, 83.7; H, 11.9. CogHyg0
requires ¢, 83.9; H, 12.1%). Elution with petrol-benzene (8:2)
gave 3f-methyl-5c-cholestan-2-one (2.859 g.) m.p. 145-148° (acetone)
(114,147 147-149°); [a]p +47° (€.0.15)5 ¥ oy 1705 ezi} R.D.
[(§1a35 +120°, [81307.5+540°% [Rlagq =540, [R5 -470%; n.m.r.

T 9.34 (C-18 methyl group), 9.25, 9.17, 9.09 (C-19 and side chain
methyl groups), 8.85, 8.74 (C-3 methyl group).

Treatment of 3f-methyl-Se—cholestan-2-one with methyl msgnesium
iodide

3p-lethyl-5a~cholestan-2-one (0.25 g.) in dry ether (100 ml,)
was added to an ethereal solution (100 ml.) of methyl magnesium
jodide (from magnesium (0.25 g.)), and the solution was heated under
reflux for 5 hours. After cooling, dilute ammonium chloride solu-
tion was added and the ether layer was washed with water, dried and

the ether evaporated to give, on erystallisation from acetone 2a,3f-

dimethyl-5e¢-cholestan-2f-0l (0.202 g.) m.p., and mixed m.p. 158-159,5°.

t=Butyl hgpochloriﬁg}‘6

Sodium hydroxide (8 g.) was dissolved in water (50 ml.), and
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at 20° t-butenol (7.4 g.) end weter (50 ml.) were added. A
homogeneous solution was formed through which chlorine gas was
passed, with stirring. The temperature was not allowed to exceed
20°, After 0.5 hour the upper layer was seperated and was washed
with sodium carbonate solution, till the washings were not azc¢id

to Congo-red, and with water, and dried over CaCly, to give t-butyl
hypoechlorite (7.9 &.).

Ireatment of 3f-methyl-Sa-cholestan-2-one with t-butyl hypochlorite
a) 3p-Methyl-5e~-cholestan-2-one (0.15 g.) in acetic =zcid (8 ml.)
at 65° was treated with t-butyl hypochlorite (0,05 ml.) znd the

mixture was warmed on a steam bath for 1 hour, 2nd sllowed to stand
overnight at room temperature. The precipitate formed was filtered
off and orystellised from acetone to give Ja-chloro-3pg-methyl-S5c-
cholestan-2-one (0.098 g.) m.p. 195-197° [a]p +152° (¢.0.16);

Y oay, 1718 em?* R.D. (dioxan) fi]‘55 +170°, [§]33l+1630°,

(81,5, -1588°, (@556 -1020°. (Found: o0, 77.5; H, 10.7; ¢C1, 7.9.
Cpgly70 CL requires C, 77.3; H, 10.9; 01, 8.1%).

Treatment of 3a-chloro-3pf-methyl-5a-cholestan-2-one (0.020 g.)
in acetic acid (5 ml.) with hydrogen bromide in acetic acid (40%,
1 drop) at room temperature for 39 hours gave on work up with methy-
lene chloride and water 3a-chloro-3p-methyl-5e¢-cholestan-2-one (0.014
&)
b) 3p-Methyl-5a-cholestan-2?-one (1.56 g.) in acetic acid (18 ml.)
at 65° was treated with t-butyl hypochlorite (0.48 ml.) and the

mixture was warmed on a steam bath for 1 hour, and left to cool to

room temperature overnight. The precipitate was filtered off and
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washed with a little acetone and dried. Chromatography on silica
gel (100 g.) and elution with petrol-benzene (8:2) gave 3c-chloro-
}f-methyl-5¢-cholestan-2-one (0.634 g.) m.p. and mixed m,p. 195~
197° (acetone). Elution with petrol-benzene (3:2) gave 3f-methyl-
5e-cholestan-2-one (0.882 g.) m.p. and mixed m.p. 145-147° (=cetone).

Ireatment of 3Ja-chloro-3p-methyl-Sa-cholestan-2-one with ethereal
methyl lithium

3e=-Chloro-3g-me thyl-5¢~-cholestan-2-one (0.5 g.) in dry ether
(100 ml,) was added to an ethereal solution (100 ml.) of methyl
lithium (from lithium (0.5 €.)) @and the mixture was heated under
reflux for 7T hours. After cooling, dilute ammonium chloride
solution was sdided and the ether layer was washed with water, dried
and the ether evaporated to give a sticky product (0.5 &.), » Sax.
3600 and 855 cmr} which was adsorbed on 2lumina (100 g.). Elution

with petrol gave 2¢,3a-dimethyl-2p¢,38-epoxy-Sc-cholestans (0.212 8.)
m.p. and mixed m.p. 108-109° (=cetone).

Reaction of 2@,}Q-dinethxl-2a,}a—egoxx-§a—oholeatane with boron

trifluoride in benzene

The e—epoxide (370) (0.4 g.) in dry benzene (25 ml.) wes treated
with boron trifluoride-etherate (0.4 ml.), and the mixture was kept
at room temperature for 5 minutes. The product, isolated by means
of ether, was erystallised from scetone to give 2f-methyl-2c-acetyl-
A-nor-Sa-cholestane (0.293 g.) m.p. 94-96.5°%, [aly +17° (0.0.16);
Y iax, 1700, 1355 omf} 2. D [§]45508°, [§]333+120» [§]305-12°'
[§]278+74°. {§]256*1°3°‘ n.m.r. T 9.34 (C-18 methyl group), 9.19,
9.16, 9.09 (0-19 and side chain methyl groups), 8.67 (C-3 methyl
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group), T.86 (C-3* methyl group). (Found: ©, 83.7s H, 11.9.
Cogliggl requires C, 84.0; H, 12.2%).

Reaction of 2a,jo~-dimethyl-2 epoxy-Sa-cholestane with boron
trifluoride in benzene

The p-epoxide (372) (0.14 g.) in dry benzene (10 ml,) was
treated with boron triflucoride-etherate (0.14 ml.), and the mixture
was kept at room temperature for 5 minutes. The product, isolated
by means of ether, was crystallised from acetone to give 2¢-methyl-
2p-acetyl-A-nor-Se-cholestane (0.118 g.) m.p. 114-117°, [e], +30°
(040:15)5 2 o, 1699, 1355 emst R.D. [Bl455+33°, [8)372+220°%,
[81575-99%, [§]255-33°; n.m.r. T 9,46 (C-19 methyl group), 9.35
(C-18 methyl group), 9.19, 9.09 (side chain methyl groups), 8.78
(C-2 methyl group), 7.87 (acetyl). (Found: ¢C, 83.93 H, 12,.0.
CsgHpo0 requires C, 84.03 H, 12.2%).

Treatment of the 2-netq§1-2-aoet1l-A-nor—eogpounds with m-chloro-

perbenzoic scid

a) 2p-lethyl-2ec-acetyl-A-nor-5a-cholestane (0.15 g.) in chloroform
(35 ml.) was treated with m-chloroperbenzoiec acid (0.15 g.) and the
mixture was left at room temperature for 8 days, Work up in the
usual way with ferrous sulphate solution, sodium bicarbonate solu-
tion, and water gave & product (0.136 &.)y ¥ max, 1730, 1700, 1260
and 1230 cm:% which wes adsorbed on silica gel (35 &.). Elution
with petrol-benzene (9:1) gave 2p-methyl-2e-acetyl-iA-nor-Sa-
cholestane (0.047 g.) m.p. and mixed m.p. 94-96° (acetone).

Elution with petrol-benzene (3:2) gave the zcetate (0.080C g.)
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¥ max, 1730, 1260, 1230 enTl which was warmed with potassium hydroxide
(C.2 g.) in 5% agueous methanol (20 ml,) for 1 hour. Removal of

the solvent and ether extraction gave after washing the ether layer
with water until neutral, drying and ether evaporation 2f-methyl-
A-nor-Se-cholestan-2e-0l (0.049 g.) m.p. 2nd mixed m.p. 115-116°
(acetone).

b) 2a-lethyl-2f-acetyl-A-nor-5e-cholestane (0.09 g.) in chloroform
(20 ml.) was treated with m-chloroperbenzoie acid (0.09 g.) for 8
days. After the usual work up a product (0.079 &.) ¥ gy 1730,

1700 ems*
Zlution with petrol-benzene (8:2) gave 2¢-methyl-2f-acetyl-A-nor-
Sea-cholestane (0.022 g.) m.p. and mixed m.p. 114-116° (acetone).
¥lution with petrol-benzene (7:3) gave the acetate (0.040 g.)

» ox.1730 emT} which on treatment with potassium hydroxide (0.1

was obtained which was adsorbed on silica gel (25 g.).

&.) in 5% agueous methanol (20 ml.) gave, on isolation by means of
ether, 2o0-methyl-A-nor-5a-cholesten-2p-ol (0,027 g.) m.p. and mixed
m.p. 137-139° (acetone).

Ireatment of 2f-methyl-A-nor-Sa-cholesten~2¢-aldehyde with methyl

magnesium iodide
2p-Methyl-A-nor-5a—-cholestan-2a-aldehyde (0.4 g.) in dry ether

(50 ml.,) was added to an ethereal solution (100 ml.) of methyl

magnesium iodide (from magnesium (0.4 g.)). The solution was re-
fluxed for 5 hours. On cooling ammonium chloride solution was
added dropwise and the steroid was extracted with ether. The ether
layer was washed with water, dried and the ether evaporated to give
the 2e-(l'~-hydroxyethyl)-2p-methyl-A-nor-5a-cholestanes (0.386 &.)
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(semi-gsolid); 3’max.3650.1110. 1090 em?% a.m.r. T 9,34 (C-18
methyl group), 9.19, 9.10 (C-19 and side chain methyl groups),
8.80, 8.86, £.96 (C~-2p methyl group and methyl group on C-2').,

Oxidation of 20-(1l'-hydroxyethyl)-2f-methyl-A-nor-Se-cholestane
The alcohol mixture (382) (0.25 g.) in acetone (25 ml,) was

oxidised with 8N chromiec zcid (Jones' reagent) (0.6 ml.). The

reaction was allowed to proceed for 4 minutes and excess reagent

was decomposed with methanol (5 ml.). Water was added, the acetone

removed under reduced pressure and the steroid extracted with ether.

The ether layer was washed with water, dried and the ether evaporated
to give 2f-methyl-2e—scetyl-A-nor-Sa-cholestane (0.212 g.) m.p.

end mixed m.p. 93-96° (acetone).
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fhe rezsction of 2a¢,le-epoXy-Se~cholestane with methyl megnesium
icdide

Ireatment of 2f,3B-epoxy-Sa-cholestane with methyl magnesium iodide”?
28,3p~-Epoxy-Sa~-cholestane (1 g.) in dry ether (50 ml,) was
added to an ethereal solution (100 ml.) of methyl megnesium iodide

(from magnesium (1 g.)), and the mixture was refluxed for 5 hours.
On cooling dilute ammonium chloride solution was added, and the
steroid was extracted with ether. The ether layer was washed with
water, dried and the ether evaporated to give & product (1,002 g.) .
which was adsorbed on alumina (100 g.). Elution with petrol-
benzene (l:1l) gave 2e-methyl-2p-hydroxy-S5c-cholestane (0.224 g.)
m,p. 147-148° (acetone) (1it.°C m.p. 148-149°) [alp +29° (e.0.13)
(lit.50+48°); Y oax. 3580, 918, 855 ems! Elution with benzene and
benzene-ether (98:2) gave 2¢-(l'-hydroxyethyl)-A-nor-Sc-cholestane
(0.761 g.) (semi-solid); *’mmx3570 om7l

Oxidation of 2¢-(l'-hydroxyethyl)-A-nor-5e-cholestane
The mixture of hydroxyethyl-compounds (384) (0.6 g.) in acetone
(120 ml.) was oxidised with 8N-chromic acid (Jones' reagent) (1.2

ml,) in & manner similar to that described on page 115. The product,
isolated by means of ether, was crystallised from acetone %0 give
20-a0ety l=-A-nor-5a-cholestane (0.527 g.) m.p. 78-80° (11t}5ln.p.
77=78%)5 2 pag}705, 1360 em>t R.D. [Fl370+64°, [F304,5+230°,
[@)pqp-100°, [5]255-64°; n.m.rs T 9.33 (€-18 methyl group), 9.27
(C=-19 methyl group), 9.18, 9.09 (side chain methyl groups), 7.87
(acetyl methyl group).
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24,;a—Epoxl-gc-cholostanea
5a-Cholest-2-ene (3.8 g.) in dry ether (50 ml.) was added to

an ethereal solution (50 ml.) of m-chloroperbenzoie acid (3.8 g.).
After 36 hours the mixture was worked up with ferrous sulphate
solution, sodium bicarbonate solution, and water to give 2¢,30-
epoxy-5a-cholestane (3.296 g.) m.p. 102-104° (acetone) (111:.8 MePo
1059); meax.820. 815 cn:% A.m,rse T 9.36 (C-18 methyl group),
9.24, 9.19, 9.09 (C-19 and side chain methyl groups), 6.92, 6.85
(Cc=2, C=3 protons).

Treatment of 2¢,3a-epoxy-Sa-cholestane with methyl magnesium iodide
The c-epoxide (388) (1.70 &.) in dry ether (100 ml,) was added
to an etherezl solution (200 ml.) of methyl magnesium iodide (from
magnesium (1.7 &.)) and the mixture was heated under reflux for 5
hours, On cooling, dilute ammonium chloride solution was added,
and the steroid was extracted into ether. The ether layer was
washed with water, dried and the ether evaporated to give & product
(1.61 g.) which was adsorbed on alumina (250 g.). Elution with
petrol-benzene (l:1) gave 3p-methyl-Sa-cholestan-3e-ol (0.580 g.) m.p.
and mixed m.p. 125-126° (acetone), ¥ p.. 3600, 965, 960, 900 on,”t
Dehydration with phosphoryl chloride im pyridine of this alcohol
(0.1 g.) under the conditions outlined on pege 132 gave 3-methyl-
5a-cholest-2-ene (0.074 g.) m.p. end mixed m.p. 82-83° (acetone).
Further elution with petrol-benzene (l:1) gave So-cholestan-3c-o0l
(0.178 g.) m.p. and mixed m.p. 185-186° (acetone), ¥ pax 3570,

1010 emT} oOxidation of this alcohol (0.05 g.) with Jones' reazgent
(0.1 ml.) under conditions similar to those described on pagell
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gave Sa-~-cholesten-3-one (0,044 g.), m,p, and mixed m,p, 128-129°
(zcetone). Zlution with benzene-sther (9:1) gave 3a-methyl-5e-
cholestan-3g-0l (0.541 &.) m.p, ond mixed m.p. 146-148° (acetone);
» ax3580, 1010, 945, 930, 920 om: Dehydration of this aloohol
(0.1 g.) with phospaoryl chloride in pyridine under the conditions
outlined on page 132 gave 3-methylene-Sa-cholestane (0,079 g&.) m.p.
and mixed m.p. 65-66 (acetone). [Elution with chloroform gave
S5a-cholestan-2p,3a=-diol (0.271 g.) m.p. 197-200° (mixed m,p. with
an authentic sanplclsz(len below) 197-200°) (ethanol). Treztment
0of Sa-cholestan-2f,3a-diol (0.1 &.) with acetic anhydride (10 ml,)
in pyridine (20 ml.) &t room tempefaturc overnight gave Se-cholestan-
2p,30-diol diacetate (0.098 g.) m.p. 131-134° (mixed m.p. with an

authentic samplolsz(see below) 131-134%) (acetone).

Qa-Cholestan-zg.}a-d101152

2a,30~-Epoxy-50-cholestane (0.2 g.) in 5% aqueous acetone (50
ml,) was treated with dilute sulphuric scid (10 drops) &t room
temperature for 48 hours. Ether was added and the ether layer was
weehed with codium eerbonate solution and with weter, dried and
the ether evaporated to give 5e-cholestan-2p,3e~diol (0.193 g&.)
m.p. 199-201° (ethenol) (1it.}%2m.p. 200-202°). Acetylation with
acetic anhydride in pyridine at room temperature overnight gave
5a-cholestan~2g,3o~-diol diacetate, m.p. 131-134° (acetone) (11%.152
m.p. 133-1359); » ..o 1740, 1245, 1235, 1035 em:i m.m.r.T 9.36
(C-18 methyl group), 9.19, 9.10 (C-19 and side chain methyl groups),
7.96, 7.92 ( methyl groups of the acetates at C-2 and C-3).
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equd torial attack to take place. The epoxide derivatives of the
3-ethylidene~5c-cholestanes all guve 3f-acetyl-Sea-cholestane on
rearrangement with 8Fj3, the P-epoxides also giving some 3Jo-methyl-
Se-cholestan-3f-aldenjde. The BF3 catalysed rearrangements of the
two 3-isopropylidene-epoxides have been carried out. The c-epoxide
gave 4,4-dimethyl-A-homo-5c-cholestan-3-one and 3p-methyl-3c-scetyl-
Se-cholestane, while the f-epoxide gave 3c-methyl-3p-acetyl-5e¢-chol-
estane, As part of the proof of the structure of the ring
enlargement product from the e-epoxide, the methylation of A-homo-
Sc-cholestan-4-one was carried out.

The synthesis and the BFy-catalysed rearrangements of the epoxide
of 2-isopropylidene-A-por-5e-cholestane have been carried out.

The o- and P-epoxides of 2,3-dimethyl-5a-cholestane have been
prepared and treated with BF3, the o-epoxide giving ?f-methyl-Zc-
acet, leA-nor-5a-cholestane and the p-epoxide the corresponding 2¢-
methyl-2f-acetyl-compound,

Finally the reaction of 2¢,30-epoxy-5a-cholestane with methyl
magnesium iodide was found to involve rearrangement to Se-cholestan-
3-0!10 -



