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Summary -

The reactions of 5,6a-epoxy-3p-hydroxy-5a-cholestane,
5,6B~epoxy-3p-hydroxy-58-cholestane, and 5,6a-epoxy-38-me-
thoxy-5a-cholestane with boron trifluoride etherate in
benzene glve largely products of rearrangement via
C(5)-0 cleavage. Thes‘e results contrast with the known
reactions of the corresponding 3f-acetoxy-epoxides which
give high yields of fluorchydrins.

The 3f-acetoxy-,>f-hydroxy~-,and 3p-methoxy-,
derivatives of 5,6a-epoxy~Sa-androstan-1T-one and
5,60-¢poxy-5a-pregnan-20-ocne react with boron trifluoride
etherate in benzene to glve, in addition to their
respective fluorolﬁdrins, products of rearrangement via
C(5)-0 cleavage. 5,6p-Epoxy-38-hydroxy-5p-androstan-
-17-one and 5,6B-epoxy-3p-hydroxy-5p-pregnan-20-one
were found to react with boron trifluoride in a similar
manner.

In contrast to¢ their cholestane analogues 3f-acetoxy-,
3p-hydroxy-, and 3f-methoxy-, substituted 5,6a-epoxy-19-
methyl-5a-cholestanes react with boron trifluoride etherate
in benzene to give reduced ylelds of their respective
backbone -rearranged compounds and a greater diversity of
products derived from C(5)-0 cleavage, including a number

‘of 1(10—> 5)-abeo-steroids. 3B-Acetoxy-5,6B-epoxy-19-
~methyl-5p-cholestane glves the backbone-rearranged
compound and 3>f-acetoxy-S5-formyl-19-methyl-B-nor-5§-

~cholestane as major products when treated with boron tr@fluoride.
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The 3a-acetoxy-, and 3a-hydroxy-, substituted 5,6¢-epoxy-
~19-methyl-50-cholestanes when treated with boron trifluoride
in benzene give a diverse array of products derived from
¢(5)-0 cleavage and none of their respective fluorohydrins,
3a-Acetoxy-5,6B-e poxy-19-methyl-58-cholestane reacts with
boron trifluoride to give 3a-acetoxy-l19-methyl-S5a-cholestan-
-6-one and 5-acetoxy-3a,6p-dihydroxye=l19-methyl-5a-cholestane.

3p-Acetoxy-,3p-hydroxy-, and 3f-methoxy-, substituted
5,6a-e poxy-19-methylene -5a-cholestanes react with boron
trifluoride to givg their respective flucrohydrins in
addition to rearrangement products derived from initial
C(5)-0 cleavage.

The above reactions are discussed quallitatively, in
terms of the steric and electronic effects of the C(3)-,
C(l?!; and C(19)-substituents, and their effects on the
competition between C(5)-0 cleavageand fluorohydrin formation.
The nature and diversity of the products obtained have been
rationalised in terms of a carbonlum ion type of mechanism,.

The 6-keto-,b6p-acetoxy-,and 6-desoxy-,derivatives
of 9,lO-epoxy-BB—methoxy-5-methyl-lQ-nor-5B,}Oa-cholestane
and 9,10-epoxy-}ﬂ-methoxy-s-methyl-19-nor-55,QB-cholesténe
react with boron trifluoride in benzene to give rearrangement
products including backbone-rearranged products in addition

(0),11(12)_ _  A1(10),9(11)

to their respective Zf «compounds.
The direction of epoxide cleavage and the balance between
conjugated olefin formation and rearrangement is qualltatively

equated to the variation in inductive (-I) effects of the

iv



C(6)-substituents, The greater yields of conjugated Olefins
from the B-epoxides than +the d-epoxides 1s asceribed to

the greater degree of C(9) carbonium 1lon character necessary for
migration of the BB-hydrogen atom in the former compourds.
3B-Acetoxy-8,9-epoxy-5a,8a-1lanostane reacts with boron
trifluoride etherate in benzene to give 3B-acetoxy-5a-lanosta ~
-7,9(11)-diene. Under similar conditions 3B-acetoxy-9,lla-
-epoxy-éu-lanostana gives a mixture of 3p-acetoxy-Sa,98-
-lanostan~ll-one and 3p-acetoxy-8-methyl~18-nor-5a,8q,l4p-lanosta«
9(11),13(17)-dtene. Treatment of 3p-acetoxy-5e¢-lanost-9(11)-ene
with N-bromoacetamide and perchloric acid gives BB-acetoxy-.

~Ta-bromo-5a-lanost~-8-en-ll-one.
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INTRODUCTION: -

The epoxide ring may be opened using either an acid or
Lewls acld catalyst in a non-pclar solvent and in the absence
of any effective nucleophiles, rearrangements may be induced.
Any trisubstituted epoxide has an electronic preference for
cleavage of the tertiary carbon oxygen bond.
In the first systematic investigation of the reaction -
of some steroldal epoxides with boroh trifiuvoride diethyletherate

Herbest 12

found that a wide varlety of steroidal epoxides
gave ketones as their major products, the remaining materials
being unidentifiable. |

The ketones are formed by a stereospecific hydride shift
to the electron deficlent carbon atom, produced by polarisation
or fission of a carbon oxygen bond in the epoxide Lewis acid
complex which is flrst formed.

(15} o the reaction of some 8-

Subsequent work
-substituted 5,6-epoxy cholestamns .: (Ia,b) showed the
formation of fluorohydrins (IIa,b) instead of the ketones
dIIa,b). Again some non-identifiéble residues were obtained.
The formation of the fluorohydrins was attributed to the
presence of fluoride ions in the boron trifiuoride. The
slow formation of the fluorohydrins can only compete with
the rapid formation of the ketones when the polarisation of
the C(5)-0 bond is8 sufficlently inhibited by an electronegative
substituent at C(3). It was also suggested that the move-

ment of a Jp-substituent from an equatorial to a less
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favourable axial conformation in the formation of products
having 5p-stercochemistry would inhibit the formatlion of
these products. Subsequent work has shown that the ylelds
of fluorohydrins may be substantlally reduced by the use
of freshly purified boron trifluoride die'i:hyletherﬁ.te.‘e)

The initial suggestion(lb) that the formation of a
ketone from an epoxide was unfavourable if it led to
formation of a cig-decalin type of structure-or one strained
by large syn-diaxial interactlions implies that the transition
state determining the pverall reaction path has a resemblance
to the final product.(3) Thus, in the rapid and efficient
conversion of the epoxy-cholestane (IV) to the ketone (V)

a transition state (VI) derived from compound (IV) involves
distortion only of ring A, towards its final conformation in
the product (V). However, in the slow and inefficient
conversion of the epoxide (Ic) to the ketone (IIIc) the
comparable transition state (VII) has no conformational
.resemblance to the product. The‘tranSition state (VIII)
which would resemble the product in this case would involve
the energetically unfavourable distortion of the A and B
rings simultaneously.

Failure to give a ketone has therefore been interpreted(ﬁ?
as conformational or steric frustration of the formation of
the necessary transition state., Electrostatic or inductive
effects of any neighbouring groups have also to be taken into

consideration. In the cases where these effects are operatlve
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an alternative pathway of elimination or'rearrangement followed
by elimination is pursued.(3 )
In a re-examination of the reaction of 38-acetoxy-
5,6a-epoxy-cholestane (Ia) with boron trifluoride, first
investigated by Henbest,(lb) Hartshomn gg,gi.(a) found
that, depending upon the reaction conditions, a yield of
up to 32% of a hydroxylic olefin was obtained in addition
to the fluorohydrin (IIa). The olefin was assigned the
dimeric structure {IX). The 13,1l7-olefinic bond is formed
by C(5)-0 cleavage of the epoxide (Ia), accompanied by a
serles of stereospecific trans-1,2-shifts of the groups at
all the tertiary centres of the steroid nucleus to glve
the 'backbone-rearranged’ compound (IX) having an inverted
stereochemistry at each tertiary centre. Many examples of
such rearrangements of epoxides to give backbone-rearranged
compounds (usually as monomers) are well documented.(j)
Similar rearrangements in the acid catalysed isomerisation
of steroid and terpenoid olefins have also been observed
and recently reviewed.(ua’b)
These 'backbone rearrangements' although superficially
set up for a concerted process are unlikely to be completely
s50. Such concerted mechanisms would invelve & simultaneous
flattening of the four rings of the stercid and this would
be energetically unfavourable, the calculated energy difference

between the chalr and half chair cyclohexane ring being

15 k.r::a.l.mole.”1 (5)
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The intermedlacy of discrete carbonium ions is indicated
in the reactions of the two 4,4-dimethyl-5,6-epoxy-cholestan-

-3-ones (Xa,b) with boron trifluoride.(G'T)

Compound (Xa)

gave as the only product the spiro-compound (XI), and -

compound (Xb) gave the backbone-rearranged compound (XII)

(80%). The formation of a 6-ketone from the conformation

(XITII) of the intermediate carbonium ion from compound (Xb)

would be unfavourable since the Go-hydrogen is held in the

nedal plane of the carbonium ion.(s) Although the effect

of the differences in solvents and reagents cannot be accurately

assessed it is of interest to note that the analogous‘backbone-

rearrangements'of some steroid and terpenoid olefins have

recently been interpreted both in terms of concerted mechanisms

(8,9) . and equilibrating carbonium ion mechanismssub’ 10?

Recently evidence has also been presented for a carbonium

ion mechanism in the Westphalen rearrangement of Sa-hydroxy-

-steroidssll’la)
To provide further information on the precise roles of

electronic, conformational and steric factors in controlling

the rearrangements of trisubstituted steroidal epoxides a

study has been made of the boron triflucride~catalysed

reactions of some 5,6-epoxides, with varying substituents

at C(3),C(17), and C(19). Information of this type should

help to clarify the nature of the mechanism or competing

mechanisms involved in these rearrangements,
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Discussion 1 :-

Treatment of 5,6a-epoxy-3B-hydroxy-5a-cholestane {XIVa)
with boron trifluoride gave a mixture., Separation by ‘
preparative t.1.c. gave the fluorohydrin (xva)(*) (24),
the C(6)-ketones (XVIa)(l5) (4.5%) and (XVIb)(16) (11%),
the Westphalen derivative (XVITa) (7%) and the backbone-
rearranged product (XVIIIa)(a) (16%) and a polar fraction.
The {a]y value of the fluorohydrin (XVa) (=7.5°%) was
considerably different from that previously reported, (14)
(+ 36°). However, the fluorohydrin was characterised as its

C(3)-acetate (XVb), (1%)

the spectroscopic data for both
compounds bhelng satisfactory. In addition, the change in
[M]D in preparing the C(3)-acetate (XVb) (-89°) compares
well with that observed (-960) for the preparation of the
C(3)-acetate of 3,5,6p-trihydroxy-Sa-cholestane. L 7)

The Westphalen derivative (XVIIa) was identified
by the 11{ n.m,r. chemical shifts of the 58-methyl {“¢8.62)
and the 13B-methyl (¢ 9.23) groups, these being typlcal -

(12)

of compounds of this type. The 68-proton also appears

as the expected quar‘bet(ls) (v 6.59, J(apparent}, ca.
11 Hz., 4 Hz.). Intense end absorption in the u.v. spectrum(lg_)

of the diacetate (XVIIb) ( € s 5000) and Jones

215 nm:
oxidation @®? of the diol (XVIIa) to the known diketone(gl_)
(XVIIc) confirmed the assigned stfucture.

Partial acetylatlion of the polar fraction using acetic
anhydride/pyridine followed by preparative t.l.c. gave
the mono-acetate (XVIIIb), the 3p-hydroxyl being axial
and relatively difficult to acetylate. Further acetylation

5.
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gave the known diacetate (XVIIIc) (2,22) (17#). Hydrolysis
of the diacetate (XVIIIc) to the.diol (XVIIId)(E) and
oxidation gave the diketone (XvIITe)(2) also obtained from
the diol (XViIIa). The 6a-proton signal in the lH n.m.r.
spectrum of the diacetate (XVIIIc) appears as a triplet

(¢ 5.42, J (apparent)} ca. 7.8 Hz;), presumably owing to

the similarity of the chemical shifts of the Ta-and T8~
protons.(EB) The epimerisation at C(6) is thought to occur
through a C(10) or C(8) carbonium ion, és shown (fig.l).

A C(10) carbonium ion could exist in the conformations (1)

(24) In

or (2), the former being the more preferable.
nelther case is the C({5)~C(6) bond well disposed for cleavage,
being in the nodal plane of the vacant C(10) p—orbital.(QB?
With a C(8) carbonium ion (3) the C{6)-C(7) bond is well
aligned (55.300 to the p-orbital plane) for cleavage.(as)
In addition, in the case of the C(8) but not the C(1l0) carbonium
ion the recyclisation reaction could occur via a-six membered
transition state, with the intramolecular removal of the
C(9) hydrogen atom by the C(6) oxygen atom.

This scheme issimiiar tq that recently proposed for
the epimerisation at C(4) in the rearrangement of a
4,55—ep0xide.(24) Becently'Whitlock(es) has isclated
aldehydes of the general type (XIX) from the Lewis acid
and acid catalysed opening of some decalyl epoxides (XX).

However the extra conformational mobility of a decalyl

carbonium ion {(fig.l (4)) coupled with the presence of the






geminal dimethyl group may enable a conformation as 1illustrated
(fig.l (4)) to be attained in which fission of the C(5)-C(6)
bond (sterold nomenclature) may occur, .
Reactions formally similar to the proposed aldehyde
recyclisation, involving the intramolecular attack of
an olefin on an epoxide when treated with acid or lewis
acid, are well known.(27a’b’c)
Treatment of the diol (XVIIIa) with boron trifluoride
gave recovered starting material. -Similar treatment of
the diol (XVIIa) gave only compound (XVIIIa) (as shown by
t.l.c.). This indicated that neither compound (XVIIIa)
or compound (XVIIa) were precursors of compound (XVIIId).
The ketone (XVIb) was shown to isomerise slowly
on silica gel to give its isomer (XVIa), thus accounting
for the isolation of some of the latter. It was shown (t.l.c.)
that the isomerisation of compound (XVIb) to compound (XVIa) -
did not occur under the conditions of the reaction or work ﬁp
procedure.,
The mixture obtained by reaction of 5,6B-epoxy-3f-
-hydroxy-Sﬁ-cholestane(13) (XITVb)} was separated by
preparative t.l.c. to glve two mﬁjor fractions, one of which
was the ketone (xvia) (20%).
The second, more polar fraction was acetylated to glve
the diacetate (XVIIIc) (40%), purified by preparative t.l.c..
Preparative t.l.c. of the reaction mixture obtained
from 5,6a-epoxy-jﬁ-methoxy-5a—cholestane(28) (XIVe) gave

four fractions, which were acetylated and further purified

7.



by preparative t.l.c. to give the ketone (XVIe) (27%),

the Westphalen derivative (XVIId) (18%), the backbone-
rearranged product (XVIIIf) (9%)‘a.nd a fourth non-acylable
material (7%)}. The Westphalen é.erivative (XVI1d) was
readlly identifiable from its lH n.m,r, spectrum, the
5B-methyl (. 8.80) and 13B-methyl (¢ 9.22) groups being
typlcal of a J\ g’lo-compound.(le_) In addition the acetate
(XVIId) was hydrolysed and oxidised to give the known ketone

(28) The backbone-rearranged compound (XVIIIf)

(XVIle).
was identified from its :LH n.m.r. and mass spectra. The
former shows the S5f-methyl (™ 8.92) and 1l4B-methyl

(7 9.12), the lower branch of the C(2) Hi'doublet appearing
atY. 8.98. Double irradiation 88 Hz. downfield from the
latter caused its collapse to a singlét (7 9.03), showing
the C{20) proton +to be allylic and hence confirming the
presence-of a 13,17 olefinic bond.ce) The base peak in

the mass spectrum (see table) of compound (XVITIf) (m/e
285) corresponds to the loss of acetic acid and the side
chain from the parent ion (m/e 458). This was confirmed

by accurate mass measurement. This important loss of side
chain is typical of backbone~rearranged compounds.(ga)
Dlerassi (29) has recently shown that the loss of side chaln

in the mass spectral fragmentation of steroidal nuclear
olefins increases 1in importance as the olefinle bond approaches
the D-ring, such that, in the &l*lt compound (XXI) m/e

[M-113] becomes the base peak. The proposed allylic






cleavage reactions responsible for the side chain loss in

Eﬁfé’ l:s_z, and Z:SiF’ compounds cennot be directly
operable in the case of the £>=}?,17 compound. Direct
vinylic cleavage is also unlikely. The probable mechanism
1s therefore one of olefin isomerisation in the molecular
ion;(jo) prior to the allylic cleavage (fig.2), (1) or
(2). Fragmentation (2) is analogous to that proposed by
Djerassi for the £:>_}4 compound (XXI).

The structure of the fourth compound (XXII)} is based
on the following evidence. Analytical and mass spectral
(see table) data confirmed the molecular structure as
028“4802' The i.r. spectrum shows no hydroxyl or carbonyl
bands indicating that the C(6) oxygen atom is involved in an
oxlde linkage. The 220 M.Hz. lH n.m.r. spectrum of
compound (XXII) shows the C(6) proton signal as a doublet
(T 6.17, J.ca. 5.2 Hz.) and the 10f-methyl signal as -

a doublet ( T 9.09, J.7.5 Hz.). Consideration of these
data led to the two possible structures (XXII) and (XXIII).
An examination of molecular models revealed that the |
observed doublet (J. ca. 5.2 Hz.) of the C(6) methine could
arise from either compound (XXII) or (XXIII), the dihedral
angle between one of the C(7) protons and the C(6) proton
being ca. 90o in each case. Similarly the chemical shift
of the C(6) proton could fit either structure.(}l°32)

The pfeférence for the structure (XXII) is based upon

further data obtained from related compounds (Discussions

2 and 3). The stereochemistry at C(5) is tentatively

9.
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assigned from mechanistle considerations.

Treatment of the 6,9-oxide (XXII) with boron trifluoride/
acetic anhydride(33) gave a crude mixture which was hydrolysed
and oxidised. Preparative t.l.c. gave the backbone-rearranged
dioxo-spiran (XXIV). The 1i.r. spectrum of compound {XXIV)

! ang 1715 em.”Y for the two

shows bands at 1750 cm.
carbonyl groups. The 1H n.n.r. shows the l4B-methyl
group (T 9.08) éuperimposed on the high field branch

of the C(El)erdoublet (7 9.04, J ca. 5 Hz.). Double
irradiation 83 Hz. downfield from this doublet caused its
collapse to a shoulder on the l4B-methyl signal.(2}

The base peak in the mass spectrum (see table Jof compound
(xxxv) {m/e 285) corresponds to the loss of side chain
from the parent ion, confirming the [};E?’l7 structuregee?

Compound (XXIT) is probably formed by intramolecular
attack of the Ha-oxygen atom on a C(9) carbonium ion.

The formation of both a 1,3 oxide bridgecjl) and 1,4
oxide bridgescja’ju) have been reported under similar
conditions.,

The possibility of proton release from the boron
trifiluoride co-ordinated 3p-hydroxyl group could be in part
responsible for the low yield of fluorohydrin (XVa) from
compound (XIVa). Such a dissociation could reduce the
bulkiness of the 3p-substituent and conformationally facilitate

C(5)=-0-cleavage, or alternatively, the released proton could

catalyse the epoxide opening. Both of these alternatives

10.



may be discounted in view of the result of rearrangement of
the 3f-methoxy-epoxide (XIVe).
In contrast to the reactions of the epoxides (XIV4)

and (XIVE)(lb’e)

the epoxides (XIVa), (XIVb) and (XIVe)
give largely products arising from C(5).-0 cleavage.
The reluctance of the epoxides (XIVd) and (XIVe) to

(ib) |

undergo C(5)-0 cleavage was ascribed to the electron

withdrawing nature of the 3f-acetoxy-group. In addition it

was suggested(lb)

that the unfavourable equatorial to
axial conformational change undergone by the 3p-acetoxy-
group would hinder the formation of products with the
58-configuration, from the 5,6a-epoxide (XIVAd).

However the conformational free energy differences
bhetween equatorial and axial acetoxy-, hydroxx; and
methoxy-groups are approXimately the same(35) (see
table 1), Assuming the effect of co-ordinated boron
trifluoride is unimportant, 1t seems likely that the
proposed conformational effect is relatively unimportant
in this series, and the electron withdrawing nature of the
3p-substituent (see table 1) (36’37? largely controls the

competition between C(5)-0 cleavage and fluorohydrin formation.



' (30,31)
supsTITENT - "a"ane(eY) ot

X k.cal.molé1 -CHEX

F . 0.5 +1.10

c1 0.4 +1.05
OAc 0.7 + 0;0003)
OH 0.7 + 0.555
OMe 0.7 + 0.520

H - + 0.490

TABLE 1

Hartshorm and his cosworkers recently reported that
whereas the 3a-acetoxy-5,6a-epoxide (XIVf) gave essentially

(38)

products arising from C(5)-0 cleavage, the 3a~hydroxy-

-5,6a~epoxide (XIVg) gave a moderately good yleld of

32) These results show the ...

fluorohydrin (Xve) (47%).(
reverse trend to those described above, Hydrogen bonding as
shown (XXV) could assist the formation of the fluorohydrin
from compound (XIVg).

Conformational opposition to C(5)-0 cleavage by a
3B-substituent implies that the reaction has some degree of
concerted character. If the reaction 1s completely carbonium
ion in character, the Initially formed reactant like
carbonium fon (XXVI) involves nc distortion of the A-ring
and conformational opposition to its formation would not be
expected. The direct formation of a product like carbonium

ion e.g. {(XXVII) from the initial rate determining C(5)-0

cleavage 1s energetically unfavourable(j) but cannot be

12.



completely ruled out.

If the inductive effect of the 3f-substituent were the
only factor governing the competition between C(5)-0 cleavage
and fluorohydrin formation then the 3f-fluoro-5,6a-epoxide
(]{IVi)(3 9) should give a high yield of the fluorchydrin
(XVd) when treated with boron trifluoride. A preliminary
investigation of this reaction has shown (by t.l.c.) that
the epoxide (XIVi) gives a complex mixture with no single
major product. However, it will be necessary to look at
this reaction in greater detail before the significance of
the results can be accuratély assessed,

Some of this work has recently been reported by us in

the 1iterature.(uo)

i3.



Discussion 2:~-

3p-Acetoxy-5,6a-epoxy-5a-androstan-17-one (XXVIIIa )(hl_)
when treated with boron trifluoride in benzene gave a mixture.
Preparative t.l.c. of the mixture gave recovered epoxide
(oviIIa) (6.5%), the fluorchydrin (JQ{IXa)aza) (68%) and
the Westphalen derivative {X0Xa) (17.5%).

The Westphalen derivative was purified as its diacetate
(XXXb) and was readily identified from its lH n.m.r. and u.v.
spectra, The Fformer showed the 5f-methyl signal at - 8.76,
the 13p-methyl signal at - 9.08 and the 68-proton as a
quartet (J (apparent) 11 Hz. and 4 Hz.) at't5.32.(12’18)
The latter showed an intense end absorption (&£ 215 rm. 5,380).

(19) Hydrolysis of (X0O(b) and oxidation gave the known

3,6-diketone (xxxo).(ug)
The crude reaction mixture from 5,6a-epoxy-3p~hydroxy-

S5a-androstan-l7-one (XXVIIIb) (1)

was acetylated and
separated by preparative t.l.c. to give the Westphalen
derivative (0Xb) (35%) and a second fraction, an
inseparable mixture of three products, the fluorohydrin
(X0aXa) (256%5), the ketone (X0XIa) (18.5%) and the epoxide
(XXVIIIa) (2;2%). The percentagesof the three components
were estimated from the integrated intensities of their
characteristic methine proton signals in the 1!-1 n.m,r.

of the mixture. A sample of the pure fluorohydrin (X{IXa)
was separated by preparative t.l.c..

A sample of the mixture when treated with base

gave & mixture of two products. This was treated with

14,
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(43) and gave, after preparative

(%4)

periodic¢ acld in acetone,
t.l.c., the 6-ketone (00Ob), confirming the presence
of the ketone (X0{Ia) in the original mixture, and the

38, 5x,68-triol (XXTXb). (¥

Preparative t.l.c. of the reéction mixture obtained from
5,6B~e poxy-38-hydroxy~5p-androstan-17-one (XXVIIIc )(41 )
gave three fractions. The first, an Inseparable polar
mixture (20%) was not further investigated. Preparative
t.dec. of the;: second fraction gave the ketcone (0{Ib)

(15%) and the fluorohydrin (XXIXe) (36%) purified and
ldentified as its diacetate (}O{IX;i). Treatment of the
fluoro-compound (XXIXd) with base éave the epoxide (XIVIIIc).
The presence of the tertlary fluorine was indicated by the .
mass spectrum (see tab_le), the parent ion (m/e 408)

losing both one and two moles of acetic acid (m/e 348,

288) followed by the loss of hydrogen fluoride (m/e 328,

268 respectively).

The third, minor, fraction was acetylated and purified
by t.l.c. to give a compound tentatively formulated as
(XXIIa) (6.5%). The 'H n.m.r. spectrum indicated the
presence of a 5B-methyl group (T  8.75) and a 1,10-double
bond (- 4.67) by comparison with the spectrum of (XXXb)

(5B-methyl at =y 8.76). The chemical shift of the

13B-methyl {7 9.11) is not consistent with a Q9,11_
or 14,15_ structuregu6) Hydrolysis of (X0XXIIa)

followed by oxidation, gave the diketone (XXXIIb).

15.



The lH n.m.r. speetrum exhibited signals at-1;u.5
(Wi, 12 Hz.), T 8.76 and T°9.12 assigned to the olefinic
proton, the 5ﬁ-methyl and the 13f-methyl groups respectively.
The 1.r. spectrum of (XXXIIb) showed carbonyl bands at
1745 cm.-l and 1720 cm.:} The u.v. spectrum showed the
absence of an o,f-enone, thus eliminating the possibilities
of [:,4’5- or 1257’8-structures. Snatzke(QT) has

1’10—3—ketone

reported the base catalysed isomerisation of a N\

to the a,ﬁ-énone. However, treatment of the diketone (JOXIIb)

under the same conditions gave no change in the u,v. spectrum.-
5,60-Epoxy=3f-methoxy-5a-androstan-1T-one (XXVIIId)

was prepared from BB—methoxy-androst-5-en—17-one(48) by

monoperphthalic acid oxidation. The 5,6a-sterecchemistry

was readily assigned from the 1H n.m.r. spectrum of (XXVIIId),

the C(6)-methine appearing as a doublet (J (apparent) & Hz.jg49?
The reacition mixture from treatment of the epoxide |

{(XXVIII4) with boron trifluoride was separated by preparative

t.l.c. to glve two fractions. These were acetylated and

further separated by t.l.c. and gave the Westphalen derivative

(xxxxd) (2055), the ketone (XOXIe) (21%), the fluorohydrin

(XXIXe ) (13;5;5) and the epoxide (XXVIIIG) (4.28). The

Westphalen derivative (XXXd) was readily identified by a

comparison of its 1H n.m.r. spectrum with that of (X0Xb).

" The u.v. spectrum of (XXXd) showed a strong end absorption

(8_ 215 n.llm..GOO) confirming the presence of the 9,10l-double

bond.(19)°
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The ketone (XXXIc) was identified from its 1.r.spectrum
(1750, 1715 cm.-l) and TH n.m.r. spectrum, The cis-A,B-ring
Junction was confirmed by the equatorial 3a-proton ( [ 6.59,
W5 8 Hz.). The 10f- and 13B-methyl group signals appeared
as a singlet (. 9.14). This was consistent with the
calculated values for the angular methyl signals of compound

Goacre ), (#6)

The fluorohydrin (XXIXe) was readily identified
from its 1H n.m.r. spectrum. Doublets at = 5.71 (JHF ca.50.
Hz,) and T 8.87 (JHF 5. Hz.) were observed due to coupling
of the 6f-fluorine atom with the 6a-proton and 10f-methyl
group respectively.(so) The hydroxyl bands (3610, 3400 cm.ul)
in the i.r. spectrum confirmed the presence of the 5a-hydroxyl.
group. The mass spectrum (see table) and analytical data
supported the proposed structure (XXIXe).

The mixture derived from the reaction of boron triflucride
etherate with 3p-acetoxy-5,6a-epoxy-5Sa-pregnan-20-one {XXXIIIa)
(ul) was separated by preparative t.l.c. to give the fluoro- .
hydrin ()DD(IVa)(M) (76%), the Westphalen derivative
(00va) (8.5%) and the epoxide (0XTITa) (13%). The
Westphalen derivative was purified as its diacetate (JOXVD)
and was readily identified from its lH n.m.r.(le’ls) and

U.v. spectra.(lg)
Hydrolysis and oxidation of (XXXVb) gave the known

diketone ()OOCVc),(Sl) confirming the assigned structure,
The reaction mixture from 5,6a-epoxy-38-hydroxy-5a-
-pregnan-20-one (JODCIIIb)(al) was acetylated and separated

by preparative t.l.c. and gave the fluorohydrin (X0XXIVa)

17
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(9%), the Westphalen derivative (XXXVb) (3T7%) and the ketone
(00Via) (31%). The ketone (XXXVIa) was identified from
its lH n.m.r, spectrum. The SB-stefeochemistry was lndizated
by the equatorial C(3)-proton (- 5.02, wi. B Hz.). ‘The
10B-methyl signal (¢ 9.1%) and 138-methyl signal (T 9.44)
were also consistent with the assigned struéture.(46) The
ketone previously reported by Mihina(sz) as (XXVIa) is in
fact (XXXVIb). This follows from its mode of preparation
(under basic.conditions), and by comparison with the original
literature.(53)

The reaction mixture from 5,6B-epoxy-3p-hydroxy-58-
-pregnan-20-one (XXXIIIc)(ul) was acetylated and separated
by preparative t.l.c. to glve the fluorchydrin (XOXXVII)
(62.5%) and the ketone (x}cxvxb)(53 ) (263). The fluorohydrin
(30XVII) was readily identified from its énalytical and
spectral data. The presence of a 5c-fluorine atom was
confirmed by the mass spectrum (see table) in which the parent
ion (m/é 436) lost acetic acid {m/e 376) followed by
hydrogen fluéride (m/e . 356).

5, 6a-Epoxy-38-me thoxy-5a-pregnan-20-one (XOXIIId) was
prepared by monoperphthalic acld oxidation of 3p-methoxy-

-pregn-S-en-EO-one.(sa) The 5,6a-stereochemistry of

(COXTITd) was supported by the Y n.m.r. spectrum in which
the C(6)-proton appeared as a doublet (-~ 7.25, J (apparent)
4 Hz.),(#9) '

Preparative t.l.o. of the mixture obtained from the
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epoxide (JOXXITIId) gave two fractions. The first fraction
was further separated by t.l.c.; the components were
acetylated, and again subjected to t.l.c., to give the
Westphalen derivative (XOOXVA) (237), the fluorchydrin
(XxXIVb) (8%) and the spiro-compouﬁd (OXVITII) (3.5%).
The second fraction on preparative t.l.¢. gave the ketone
(Xxotvic) (13.5%) and the spiro-compound (XXXIX).

The Westphalen derivative (X0IXVd) was readily identified
from its lH n.m.r., by comparison with that of (XXXVb),
and from the lntense end absorption in its u.v., spectrum
( € 215 nm. 5,200).(19) The fluorohydrin (XXXXIVb) was
readily identifiable from the characteristic proton to
fluorine spin-spin coupling constants observed for the
6a-proton (JHF 50 Hz.) and 10B-methyl group (JHF 5 Hz.).(so_)
The i.r. spectrum (3600, 3450 cm.-l) confirmed the presence
of the tertiary hydroxyl group.

The u,v. spectrum (& 215 nm, 6,520) of the spir?-compound
(XXXVIIT) indicated the presence of a tetrasubstituted
olefinic bond.(lg) The methyl group appeared as a broad
singlet (T 8.32) in the lH n.m.r, spectrum, owing to allylic
coupling. The 13B-methyl group (< 9.31) and 6f-methine
proton (< 5.33, J (apparent) 11 Hz., 4 Hz,) confirmed the
9,10-position of the double bond by comparison with the
lH n.m.r. spectrum of (J00Vd). The C(5) stereochemist?y
was assigned on mechanistic considerations.

The 5B-stereochemistry of the ketone  (XXXVIb) was
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indicated by the equatorial 3a~proton (°C 6.58 (W%, 8 Hz.)).
The 13- and 10B-methyl signals (- 9.42, 9.19 respectivel§)
also agreed with the proposed structure.(46) .
The structurewas assigned to the compound (XXXIX)

essentially by comparison of its lH n.m.r, spectrum with
that of the compound (XXII) (see also Discussion 3).
Analytical data and the mass spectrum (see table) showed

it was isomeric with compound (XXXIIId). The i.r. spectrum

of compound (XXXIX) showed no hydroxylfﬁénd,

The 100 M.Hz.lH n.m.r. spectrum of compound (XXXIX)
showed a doublet (J ca. 6 Hz.) at~ 6.17 assigned to the
6B-proton., The lO-methyl group gave rise to a doublet

(J ca. 7.5 Hz.) at 4£9.15. Double irradiation 66 Hz.
downfield from the 1lC-methyl doublet caused its collapse -
to a singlet.

The prcceding results show that, as with the cholestane
5,6a-epoxides (XIV d,a,e), variation of the 3B-substituent
from acetoxyl to hydroxyl and methoxyl in the Sa-androstan-
-17-one 5,ba-epoxides (OXXVIIIa,b,d) and 5c¢-pregnan-20-

-one 5,6a-epoxides (XXXIIIa,b,d) produces a reduction in
the ylelds of thelr respective fluorohydrins and an increase
in the percentage of products derived from C{5)-0 cleavage.
Hewever, the reduction in yilelds of the fluorchydrins are
not as great in the latter two series as in the cholestane
series. This may be due to the operation of long range

effects destabllising the formation of a C(5)-carbonium



ion (Al type mechanism)} relative to fluorohydrin formation
(A2 type mechanism). Long range conformational, electro-
statlic and inductive effects have been reviewed recently.(ss?
It is not clear which of these effects (or combination of
these) operates in this case:, If the yields of the isolated
fluorchydrins are accurately representative, then for a
given 3f-substituent the decrease in yield of the fluoro-
hydrins on progressing from the androstan-l7-one through

the pregnan-20-one to the cholestane series of epoxides can
be qualltatively equated with the expected reduced

inductive {-I) effect felt at C(5) from the C(17)-

(36) A more quantitative approach is

substituents.
necessary however to provide definite evidence orn which
effects operate.

The effect of ring D and its substituents on the fate
of the C(5) carbonium ion, once formed, i.e. the ratio
of products derived from 10f-methyl migration to other
products, cannot be assessed from the above results.
However, Crastes de Paulet(56) has suggested such an
effect would operate.

It has been found that the olefins (XL) can be
rearranged to the“backbone"products (XII)(ST) demonstrating
the feasibillity of such rearrangements with a 1l7B-acetyl
substituent. The Sa-pregnan-20-one epoxides (30OIITa,b,d)

gave no such backbone rearranged compounds. However,

the compound (JOXIX) isolated from the epoxide (XOXXIII4)
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does arise from a C(9) carbonium ion, It would therefore
appear that the combined presence of the C(6a)—ogF3 and

the 17-CH,CO groups prevent the formation of a c(8)
carbonium ion. Electronegative groups at C(6) have

recently been shown to inhibit C(8) carbonium ion formation.
For example, the hydroxy-steroid (iLII) gives the olefins
(I.IIT) (14%) and (XLIV) (3%) under the conditions of the

(58)

Westphalen rearrangement. The efficiency of the

backbone rearrangement from some lOB-hydroxy-steroids has
also been found to be susceptible to C(6) electronegative

(59)

substituents.



Discussion 3:-

Having investigated the sensitivity of the boroﬁ trifluoride~
catalysed opening of some 5,6-epoxides with variations in the
3B-substituent it was dec:ltied to determine whether these
.rea.ctions are sensitive to changes in C(l9)-substituents.

It was felt that some C(19)-methyl-epoxides (XLV) would

provide the simplest system for an initial study. In such

a system the change in electronlc effects from the 10f8-
substituent would be minimised, allowing a study of anr
conformational or steric effects operating. This system

(XIV) would also provide a useful parallel to the work on

the Westphalen rearrangement of C(19)-substituted steroids

which was being undertaken in these labhoratories at

the time.(602-P)

The C(19)-oxo-compound (XLVI) was prepared as
described in the literatu're.(&) | Treatment of the compound
(XLVI ) with . methylenetriphenylphosphorane in dry benzene
gave the diene(éoa) (XLVII) (69%). Selective hydrogenation
of the diene (XLVII) wit._h? palladium-charcoal catalyst gave
the C(19)=methyl compound (XIVIIIa). A single vinylic
proton sigral (™ 4.55, W4 ca. 9 Hé.) in the TH n.m.r.
spectrum confirmed that reduction of the l0f-ethenyl group
had occurred, Oxidation of the olefin (XIVIIIa) with
monoperphthalic acid gave the a-epoxide {XIVa) selectively.
The stereochemistry of the epoxide was confirmed by the
lH n.m.r. spectrum in which the 6B-methine proton
appears as a doublet (J 3.1 Hz.).(ug) Acetylation of the

compound (XiVa) using acetic anhydride in pyridine gave
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the epoxide (XLVb).
3B-Methoxy-19-methyl-cholest-5-ene (XLVIIIDb) (60b) was
prepared by treatment of 19-methyl-cholesterol (XLVIIIa)
with perchloric acid in trimethylorthofomatei(sa) Oxidation
of the compoun (XLVIIIb) with monoperphthalic acid gave
the 5,6a-epoxide (XLVc) selectively. The 5a,ba-stereochemistry
was confirmed by the lH n.m.r. (49_) spectrum (cf. XIVa).
The epoxide (XIVa) was reduced with lithium aluminium
hydride in ether to give the 3f,5a-diol (XLIXa)' (68%).
This, on treatment with methane sulphonyl chloride in
pyridine, gave the 3p-mono-mesylate (XLIXb) quantitatively.
The mesylate (XLIXb) was refluxed with acetyl chloride in
1:1 chlc:rof‘or'm/dile't:l'lylanj.line.(63 ) Colurnn chromatography
of the crude reaction product gave pure 3a-acetoxy-l9-methyl-
. cholest=-5-ene (XLVIIIc) (45%).
The lH n.m.r. spectrun of the compound (XIVIIIc) showed
signals for the expected 3f-equatorial methine proton (W4.,
9 Hz.), the olefinic proton (C4.58), and the 3a-acetoxy
group (¢ 8.08}.
Epoxidation of the olefin (XLVIIIc) with monoperphthalic
acid gave a2 mixture which was separated.by preparative t,l.c.
to give the 5,6a-epoxide (XIVd) (52%) and the 5,6B-epoxide
(xxve) (38%).
The spin-Spin coupling patterns and chemical shifts
observed for the C(6) protons in the lH n.m.r, spectra of
compounds (XLVd) (. 7.%0, 4, J ca. 3 Hz.) and (ﬁlﬁé) (= 7.3%
g Wi ca. 4 Hz.) allowed the assignment of the epoxide stereochemistry

(49) The mass spectra (see table) and analytical

24,
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data for compounds (XLVd) and (XLVe) also supported the
assigned structures. Hydrolysis of the two epoxides (XLvd)
and (XIVe) gave the 3a-hydroxy-époxides (XxIvf) and (XLVg)
respectively.

19-Meth&}cholesterol (XIVIIIa) was treated with
performic acid to give the Sa-hydroxy-6p-formate (La) which
was hydrolysed to give the triol ( Lb ). Reaction of the
triol (tilﬁ) with acetic anhydride and p-toluenesulphonic
acid gave the triacetate (ivLc}). The triacetate (iLc ;) was
refluxed with ethanolic potassium hydroxide and the crude
reaction mixture re-acetylated using acetic anhydride in
pyridine. Column chromatography of this mixture gave the
58,6B-epoxide (XIVh) (40%). The mass spectrum (see table),
analytical data and lH n.m.r. spectrum (C(6a)H, ¥ 7.1k
W% ca. 4Hz,) supported the structure (XLVh). Hydrolysis
of the epoxide (XLVh) gave the epoxide (XIVi). The 1y n.m.r,
spectra of the a-epoxides (}{I.Va,b,c‘,d,f) all show a 6f-
-proton-T8-proton coupling constant of ca. 3.1 Hz. This
is smaller than that observed for normal 1l0f-methyl-5,ba-
-epoxides(qg) (J 3.7-4.8 Hz.).

The most stable conformation for the ethyl group in
the epoxides (XIVa,b,c,d,f) is probably close to that
represented in (LI). The 10B-ethyl group suffers an
interaction with the 1l1B-hydrogen atom and l,3-interactions
with the syn-2p748,~ and 8B-hydrogen atoms. These inter-

actlons being greater than thoge for a 10f-methyl group
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probably cause some flattening of the A-and B-rings and
possibly the Cering. This would cause the T-carbon atom

to rotate towards the B-face of the molecule. The 6B-proton-
TB-proton dihedral angle would increase and thus lead to the
reduced spin-spin coupling constant which is observed For
the P-epoxides (XIVe,g,h,1), this flattening would increase
the 6a-proton-TB-proton dihedral angle and decrease the
6a-proton-Ta-proton dihedral angle. The coupling constant
for the latter would increase while that for the former
would decrease, thus causing the normally cbserved narrow
doublet(ug) {(F 2.1-2.7 Hz.) to become an unresolved multiplet
in the B-epoxides (XLVe,&,h,1).

The epoxide {XLVb) was treated with boron trifluoride
In benzene, and the reaction mixture separated by preparative
t.l.c., to give three fractions, Further t.l.c. of one of
these gave the aldehyde (LIIa) (13%) and the ether (LIIIa)
(3%). Acetylation and preparative t.l.c. of the remaining
fractions gave the fluorohydrin (LIV) (19%), the ketone
(Iva) (19%), the olefin (IVIa) (3.5%), the Westphalen derivative
(LvIIa) (15%), the backbone-rearrangéd compound (LVIIIa} (3%)
and the spirﬁ-compound (LIXa) (33).

The fluorohydrin (LIV) was readily identified from
sp-ctroscopic data. The lH n.m.r. spectrum shows the C(6)—
-methine proton as a doublet (JHF ca. 49 Hz.). The i.r.
spectrum confirms the presencé of the tertiafy hydroxyl group

(3440 cm.'l). Jdentification was confirmed by the conversion
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of the fluorchydrin (LIV) to the epoxide (XLVa) with methanolic
potassium hydroxide., The ketone (ILVa) was identified from its
i.r. spectrum (1740, 1710 cm."l). The 58-configuration of the
ketone (LVa) was confirmed by the lH n.m.r. spectrum whicn
showed an equatorial C(3)-proton (W3., ca. 8 Hz.).

The structure of the olefin (LVIa) was tentatively
assigned on the following spectroscopic evidence. The lI-I n.m.r.
spectrum of the compound (ILVIa) shows the l3B-methyl group
(€ 9.30) and an olefinic proton (T %4.75). The chemical
shift of the 138-methyl group excludes the possibility of
&9’11- or Alu-structures,(u6) and 1s consistent with the

observed chemical shifts (- 9.30 - 9.32) of 13B-methyl groups

in other L)l’lo-compounds.(soa)

Hydrolysis and o:zzidation
of compound (IVIa) gave the diketone (LVIb) which shows no
a,B-enone absorption in its u.v. spectrum, excluding &4- or

/__}7 - structures.Attempted base catalysed isomerisation
of the compound (LVIb)(IW) gave a complex miXiure which was
not further investigated (c.f. compound (XXXIIb))

The chemical shift of the 13B-methyl group (7 9.2) in
compound (IVIIa) is typical of &9-compounds.(12) The
triplet due to the methyl porticn of the 5B-ethyl group
appears at [ 9.30. Strong erd. absorption (g 215 nm_5,300)
in the u.v. spectrum of compound (LVIIa) indicates the

(19)

presence of a 9,10-double bond. Hydrolysis and oxidation

of the diacetate (LVIIa) gave the diketone (LVIIb)

( € 215 nm, 5,600). The 1.r. spectrum shows a carbonyl band
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at 1725 em.sl The chemical shift of the methyl triplet of

the 5B-ethyl group in compound (LVIIb) (- 9.46) is similar
to that previously observed for a 58-ethyl~-6-0xo- Qg-eompoundga)a_)

The /\}'3 'l7_-compound (LVIIIa) was identified from its

1H n.m.r. spectrun. The C(21)H3'—dc'>ublet appears at ‘t9.05

(J ca. 6 Hz,)., Double irradiation 88 Hz. downfield from
(2)

the doublet caused 1ts collapse., The mass spectrum (see

22
table ) of the olefin (LVIIIa) shows an intense and characteristig )

peak at m/e 387, corresponding to loss of side chain. Hydrolysis

and oxidation of the diacetate (LVIIIa) gave the diketone (LVIIIb).

The i.r. spactrum shows a carbenyl absorption at 1720 cm.:l

1l
The "H n.m.r. spectrun of the spiro-compound (LIXa)

appears to be that of a typlcal Westphalen compound. The

(12) and the C(6) methine

y,(18)

138-methyl signal appears at - 9.20,
appears as a quartet (4 5.28, J(apparent) 11 Hz., 4Hz.
Hydrolysis and oxidation of the diacetate (LIXa) gave the
diketone (LIXb)., The i.r. spectrum of the diketone (LIXb)
clearly shows the cyclopentanone (1752 cm.-l) and cyclohexanone
(1715 cm.‘l) systems, confirming the structure of compounc;l
(LIXa), Low field chemical shifts of 13f-methyl groups in
spiro-compounxis of this type have been noted by other

(6‘7_) The C(5) stereochemistry was assigned on

workers,
mechanistic considerations.

The aldehyde (LIIa) shows the expected singlet
(4 0.3) in the l}{ n.m.r, spectrum for the aldehydic proton.

The 1.r. spectrum also confirms the presence of the aldehyde
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group (2720, 1720 cm.-l). The signal due to the C(3) proton
(W&., 13 Hz.) in the lH n.m.r. spectrum does not allow a
completely ur-xequivocal assignment of the C(5) stereochemistry.
It does indicate a possible BP-configuration for the aldehyde
(LIZa) in which the A-ring adopts a twist conformation,
possibly to relieve the 1,3-interaction between the 5p-
aldehyde and 3f-acetate groups., Oxidation of the aldehyde
(LITa) followed by hydrolysis gave the hydroxy-acid (IXa).
Treatment of the acid (LXa) with a trace of toluene-p-sulphonic
acid in refluxing benzene gave the Y -lactone (LXI) in

o)

high yield (¥ 1780 em.” "), The lH n,.,m.r. spectrum

max.

shows an equatorial C(3) methine proton (=+g 5.5, W5., ca.
8 Hz.) in support of the chemical evidence for the 58-aldehyde
group.

The ¥ -lactone (LXI) was refluxed in methanolic
potassium hydroxide for 6 hr. to give a polar material,
This was treated with diazomethane. Preparative t.l.c.
gave the hydroxy-ester (IXb) (40%). This ester (IXb) was
shown (by t.l.c, and lH n.m.r. data) to be identical with an
authentic sample obtained directly from the acid (IXa).
The possibility of C(3)-0 cleavage occurring during
lactonisation and the alternative structure (IXII) for the
aidehyde can thus he excluded.

The structure of the ether (LIIIa) rests on the
following evidence. The 1H n.m.r. spe;:trum of the ether
(LIITa) shows a doublet at 6.33 (J, ca., 6 Hz.), assigned

to the C(6) proton. The i.r. spectrum of the compound
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(11IXa) shows no hydroxyl band and suggests the C(6) oxygen
function is an ether. The i.r. spectrum of compound {(LIIIb)
shows no carbonyl band. Oxidation of the alcohol (LIIIb)

Y)

gave the cyclopentanone (LIIIc) ( \)nwux. 1740 cm.”
The lH n.n.r. spectrum of the ketone (LIIIc) showed the
C(6)=methine protou at <¢ 6.10 (J. ca. 6 Hz.). An examination
of molecular models showed that the three structures (LIII),
(IXTII) and (IXIV) could each give rise to the observed C(6)=—
methine proton doublet. The lH n.m.r. spectra of the similar
compounds (XXTII) and (JO{IX) each show the l0-methyl group as
a doublet excluding the general structure (IXIII).

Attempted reduction of (LIIIb) with lithium aluminium
hydride and with 1lithium in ethylamline gave recovered starting
material. The unreactive nature of the cyeclic ether wouid
not be expected for a highly strained oxetan such as (LXIII)
or (LXIV), and led to a preference for the structure (LIIIa)
for the ether.

Treatment of the ether (LIIIa) with boron trifluoride in

acetic anhydride(jj)

gave a single product, the diacetate
(Lxva). The 1y n.m.r. spectrum of the diacetate (IXVa) shows
the C(El)Hj-doublet (% 9.04, J. ca. 6 Hz.) and the 14p-
-methyl group (¢ 9.18). Hydrolysis of the diacetate (LXVa)
gave the diol (ILXVb). The lH n.m.r. spectrum of the diol
(LXVb) shows the C(21)H3-doublet (7 9.04, J. ca. 8 Hz.) and
the l4B-methyl group (<1 9.17). The base peak in the mass

spectrum of the diol (IXVb) (m/e 285) corresponds to the loss



of side chain and water from the molecular ion, confirming
13,17 (22)

the A
gave the diketone (IXVe). The i.r. spectrum shows carbonyl

bands at 1750 em.”t and 1715 em.

-structure. Oxidation of the diol (IXVDb)

The 1H n.m.r. and mass
spectra again support the assigned al}&? structure.
Treatment of the diacetate (LXVa) with osmium tetroxide
in ether/pyridine gave the glgfglycol'(LXVI). The 1.r.
spectrum of the compound (IXVI) confirms thé presence of the
tertiary hydroxyls (3640, 3500 cm.-l). The structure is
also supported by the lH n.m.r. and Iﬁass spectroscoplie drta,
The glycol (LXVI) was treated wilth periodic acid to glve the
dione (IXVIYa). ‘The lH n.m.r. of the dione (IXVIIa) shows
the C(21)Hj-d6ublet (~ 9.01, J. ca. 7 Hz.) and the
lhﬁ-meth‘yl group { ¥ 9.01). The mass spectrum shows a
strong peak (m/e 448) corresponding to the loss of side

chain by a Mclafferty rearrangement.(&)

Hydrolysis of

the dione (IXVIIa) with potassium carbonate gave the hydroxy
acetate (L.XVIIb). On further treatment of the mono-acetate
(LXVIIb) with potassium carbonate the diol (IXVIIc) was
obtained. The i.r. spectrum of the diol shows a carbonyl
absorption at 1710 cm.-1 consistent with the assigned
structure., The lH n.m.r. spectrum of the dione (LXVIIe)
shiows the C(21)H3-doublet (¢ 8.91, 9.04) and the 14f-methyl
group (T 9.04). Double irradiation 88 Hz. downfield from
the c(21 )Hj— doublet causes its collapse and confirms that

the C(20) proton is alpha to a carbonyl group.(a) The
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méss spectrum of compound (LXVIIc) shows a strong peak (m/e
364 ) corresponding to loss of side chain from the'molgcular
ion by a McLaffer@y reayrangement.(sa? This was cdnfirmed
by accurate mass measurements.

The exclusive 'f_orma.tioq_of the 4_\13 ’17-compound
(IXVa) from the ether (LIIIa) lends some support to the
proposed structure, since a series of trans-1,2-shifts
are possible to give the compoﬁnd {LXva). A structure
(LXIV) would need the development of a full carbonium ion
at C(8) to enable a cis-migration of the lia-proton to
tdake place. This is probably a less favourable process,

The use of boron trifluoride in acetic anhydride/acetic
acid has been reported to reduce the percentagé of rearranged
products compared to the boron trifluoride in acetic anhydride

(65)

system. Presumably the presence of a basie specles

i.e. acetate anion, from the solvent enables_elimination,
E E

by an 1 and/or o

with the rearrangement. Treatment of the ether (LIIIb)

type mechanism, to compete effectively

with boron trifluoride/acetic anhydride/acetic acid gave

two products. Preparative t.l.c. gave the olefin (LXVa)

(45%) and a second olefin (LXVIIIa) (55%). ‘The 1H n.n.r.
spectrum of the compound (LXVIIIa) shows an olefinic proton

(Yt 4.73) and the 13B-methyl group ﬁ“c 9.39). The high

field position of the 13B-methyl group excludes & cslu-structure
and supports the assigned L:?’ll-structuregus’ss)

Hydrolysis of the diacetate (LXVIIIa) gave the diol (LXVIIIb)

which was oxidised to give the diketone (IXVIIIc). The
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u.v. and i.r. (‘}max. 1755,1715 cm.-l.) spectra of the
compound (LXVIITc) show the absence of an «,f-enone system
and a &7 - structure is thus excluded.

Allylic oxidation of the diacetate (IXVIIIa) using
N-biromosuccinimide in buffered aqueocus dioxan( sggre the
a,B-enone (LXIX). The i.r. spectrum (1685 cm.-l)
indicates an «,B-unsaturated cyclohexanone., This is
confirmed by the u.v. spectrum (>‘\ max. 237 r;:n, £ max.
11,100). This compares well with data for other

&9,11 (68)

of the compound (LXTX) shows the 13f-methyl group at low

-l2-ketones. The 100 M,Hz. lH N.il.I'e Spectaoum
field (7 9.18). The downfield shift of this methyl group
{( 0.21 ppm) from that observed for the olefin (LXVIIIa)
is consisteni; with the introduction of a lE—keto-group.(us)
The vinylic proton (T 4.35) appears as a doublet (J.ca.

2 Hz.) due to allylic coupling to only one proton.
Examination of a molecular model of compound (LXIX) shows
that a 10a-methine proton has a 0° dihedral angle with the
plame of the olefinlc bond and consequently it would not

couple to the olefinic proton.(69)

The 8B-methine proton
in compound (LXTX) has a dihedral angle approaching 90° angd
and would be expected to couple with the olefinic proton to
(69)

give the observed doublet. The alternative structure
for compound (LXIX) possessing a lOB-proton can beexcluded
since the olefiniec proton should appear as a quartet or

triplet. Attempts to isomerise the olefin (IIXb) to olefin

(LXVIIIc) or vice versa using hydrogen bromide in acetic
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acid were unsuccessiul. Both compounds remained unchanged.
ef.(Ee,TO). Treatment of the olefin {IVITa) with boron
trifluoride in benzene over an extended period gave no
observable isomerisation to compound (ILVIIIa).

The reaction mixture from the 5a,bx-epoxide (XiLVa) was
seﬁarated by preparative t.l.c. to give four fractions.
The first two fractions were acetylated using acetic anhydride
in pyridine. PFurther t.l.c. gave the Westphalen compound -
(Lviia) (9%), the spiro-compound (LIXa) (4%), the ketone
(Lva) (lB.S%)Aand the olefin (LvIa) (6.5¢)., Tre third
fraction gave the ether (T.'EII-b) (10.54), The fourth fraction
(25%) proved to be inseparable.

The reaction mixture from the S5a,6u-epoxide (XTVe) was
separated by preparative t.l.c. to glve four fractions,
The first two were acetylated and purlified by further t.l.c.
to give the spiro-compound (LIXe) (8.3%), the Westphalen
compound (LVIIc) (3%) and the ke tone (Lvb) (31%). The third
fraction gave the ether (LIIId) (16%4). The fourth, non
polar fraction (17%) ,was not further investigated.

The structure of the spiro-compound (LIXc) is indicated
ﬁom its 1H n.m,r, spectrum in which the 13B-methyl group

appears at [ 9.23, (6,7)

and the Sfp-methine appears as o quartet
(T 5.33, J (apparent) ca. 12 Hz., 4 Hz,). Treatment of

the compound (LIXc) with boron triflucoride in acetic

anhydride gave the spiro-compound (LiXa) (30%). Hydrolysis

and oxidation of (LIXa) to (LIXb) confirmed the assigned structure.
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The Westphalen compound (LVIIc) was readily identifiable from
its lH n.m.r. spectrum. The 13p-methyl group appears at
€. 9.21 and the 6B-methine proton appears as a quartet (¢ 5.15,
J (apparent) 12 Hz., 4 Hz. ).(12‘19) In addition the 5p-ethyl
group triplet appears at 1. 9.36 ( J. ca. T Hz.). Hydrolysis
and oxidation of the acetate (IVIIc) gave the known ketone
(LVIId)(soa) confirming the assigned structure.

The ketone (LVb) was identified from its i.r. and lH n.m.r.
spectral data. The i.r. spectrum shows a carbonyl band at
1710 cm.f} The 14 n.m.r. spectrum confirms the equatorial
conformation for the C(3)-methine proton (W, 8 Hz.) and the
5p-stereochemistry.

The Y numar. spectrum of the ether (LITId) exhibited the
expected doublet for the C(6)-methine proton (- 6.32, J.
(apparent) ca. 5 Hz.). The i.r, spectrum confirmed the
absence of hydroxyl and keto-groups. Treatment of the ether
(LIIId) with boron trifluoride in acetic anhydride gave a
mixture, from which the olefin (IXVd) (23%) was separated,

The structure (LXVd) was assigned on the basis of the lH n.m.r.
which is similar to that of compound (ILXVa). The C(3)-methine
(— 4.94) and C(6)-methine (- 5.09) protons of compound (LXVd)
resonate at a slightly lower fleld than those of compound

(Lr7a) (C{3); T 4.99; C€(6),T5.32). A slight downfield

shift in the -OAc signals of compound (IXVd) is also observed.
Hydrolysis of the diacetate (LXV3) gave the diol (LXVe).

The mass spectrum (see table) of the compound (IXVe) shows
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intense peaks (m/e 285 and m/e 267) corresponding to the loss
of side chaln and one or two molecules of water from the
molecular ion (m/e #16). These intense peaks support the

£j§3'17~structure.(22)

Oxidation of the diol (LXW®) gave
the diketone (IXVe), confirming the epimeric nature of com-
pounds (IXVd) and (LXVa) and the structure of the ether
(LIIId).

The reaction mixture from the P-epoxide (XIVh) was
separated by preparative t.l.c. to glve the“backbone"compound
(IVIIIc) (16%), the ketone (LVe) {5%) and the aldehyde
(LITa) (34%). A further fraction (14.57) was an inseparable
mixture.

The backbone-rearranged compound (LVIIIc) was identified
from its lH n.m.r, and mass spectral data. The foimer shows
the lower half of the C(21 )Hj- doublet at - 9.00 and the
14B-methyl signal at ' 9.06. Double irradiation 88 Hz.
downfield from te C(21)H3—doublet causes its collapse.(e)
The mass spectrum of the compound (LVIIIc) has intense peaks
{(m/e 345, 285) and a base peak (m/e 267),‘corresponding to
loss of side chaln, side chain plus acefic acld and side chain
plus acetic acid and water respectively. This supports the

4:33,17 - structure.(ee)

Hydrolysis of the acetate
(LVIIIc) followed by oxidation gave the diketone (LVIIIb)
previously obtained from compound (LVIIIa) and so confirmed
the structure (IVIIIc).

The ketone (IVc) shows a carbonyl band at 1720 —_—

in the i.r. spectrum. The lH n.m.r. spectrum confirms the
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assigned Sa-stereochemistry, the C(3)-methine proton being
axial (Wk., ca. 18 Hz.).

The aldehyde (LITa) was converted into the ¥ -lactone
(LXI). Both compounds were identical to those obtained
previously.

The reaction »f the B-epoxide (XLVi) with boron trifluoride
repeatedly gave a complex mixture, from which no identifiable
products were isolated,

The reaction mixture from the 3a-acetoxy-5,ba-epoxide
(XILVd) was separated by preparative t.l.c. to give the
Westphalen derivative (IVIIe)} (43%), the backbone-rearranged
compound (LVITId} (21%), the ketone (LVd) (28%) and the
aldehyde (LIIb) (2.8%). . |

The Westphalen derivative (LVIIe) was identified from its
lH n.,m.r, and u,v. spectra and by hydrolysis and oxidation
to give the Aiketone (LVIIb) which was previously obtained
from compound (LVIIa). The backbone-rearranged compound
(IVIIIA) was identified from its lH n.m.r. and mass Spectra
and by conversion into the diketone (LVIIIb) which was
previously cbtained from compound (LVIIIa). The ketone (LVa)

shows a carbonyl band ( W) 1730 cm.-l) and the axial

max
3B-methine proton (W3., ca. 24 Hz,) is apparent fiom the
Hn.m.r. spectrum.
The aldehyde group in compound (LITb) is apparent
from the i.r. (2700, 1720 cm.'l) and TH ﬁ.m.r. {ro.27)

sSpectra. In the latter spectrum the 3B-methine proton is

7.



axial (W5., ca., 24 Hz.) indicating the 5B-stereochemistry.

(20) and

The aldehyde (LIIb) was oxidised with Jones reagent
hydrolysed to give the crude hydroxy-acid (IXc). Treatment
of the hydroxy-acid (IXec) with tolaene-grsulphénic acid in
benzene gave the lactone (IXI) (14.5%),which was previously
obtained from the t..dehyde (LIXIa). The formation of the
lactone (LXI) from compound (LIIb) occurs by an alkyl-oxygen
cleavage mechanism. Such a mechanism is not as favourable
as the normal acyl-oxygen cleavage mechanism(Tl) and this could
account for the low yield of the lactone (IXI) from compound
(LIIb).

Reaction of the Sa,b6a-epoxide (XLVE) gave a mixture
which was separated by preparative t.l.c; to give four
fractions which were then acetylated. Further t.l.c. of
the first and third fractions gave the Westphalen derivative
-(LVIIf) (10.5%) and the ether (LIITe) (17%). Preparative t.l.c, '
of the second fraction gave the ketone (LVd) (10.5%) and a
mixture. Hydrolysis and subsequent oxidation of this mixture
followed by preparative t.l.c. gave the diketone (LIXb) (5%)..
Hydrolysls and subsequent oxidation of the fourth fraction,
followed by preparative t.l.c. gave the ether (LXX) (4.3%).

The Westphalen derivative (LVIIf) was identified from
the lH n.m.r. and u.v. spectra and by its conversion into
the diketone (LVIIb). 'The ether (LIITe) was identified by
its conversion into the keto-ether (LIII&) which was
previously obtained from compound (LIIIb). The lH n.m.r.

spectrum of the ether (LIIIe) shows that the 6B-methine proton
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is deshielded ( £&0.17 pmm) by the 3a-acetoxy group relative
to the 6p-methine signal for the ether (LI¥Ia). A similar
deshiélding of the 6B-methine proton was observed for the
two compounds (IXVAd) and (IXva) ( / 0.25 ppm). This lends
furtker support to the assigned 3a-stereochemistiry for the
compound (IXVd).

The ether (LXX) has been assigned a tentative structure
c;n the following evidence. The i.r. spectrum shows a cyclo-
hexanone carbonyl band (1720 cma'l) end no hydroxyl bands.
The lH n.m.r. spectrum shows a single,3f-methine proton
(T 5.75, Wh., ca. 13 Hz.) and the 13B-methyl at < 9.28,
These data are consistent with those reported by Hartshorn
5_1':_&_1_.(}2) for the compound (LXXI). Treatment of the
ether (IXX) with boron trifluoride in benzene for 30 minutes (>2)
gave a single crude product which was oxidised to give the
L\_?-diketone (IVIIb). The above data do not allow the
alternative structures for the ether [(LXXII) and (IXXIII)] to
be completely excluded,

The 58,6B~epoxide {IVe) was treated with boron trifluoride
for 12 hr . _The reaction mixture was acetylated and seperated
by preparative t.1.c. to give the ketone (LVe) (67%) and the
triacetate (LXXIV) (12.5%). The 1.r. spectrum of the
ketone (ILVe) shows a carbonyl band (1720 cm.‘l) and the
:LH n.m.r. spectrum shows the 3B-methine proton to be equatorial
(wi., ca. 8 Hz.). The structure of the triacetate (LXXIV)

follows from the ll-i n.m.r. spectrum which shows equatorial

methine protons at C(3) (W4., 10 Hz.) and C(G)(w-%.,gg.sﬂz.)
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and three acetoxy groups. The mass spectrum of compound
(IXXIV) shows no molecular ion or [M-HOAc] ion. The first
fragment ion observed (m/e 440) is due to loss of 2 moles of
acetic acid from the molecular lon,

The reactlon of the 5B,6p-epoxide (XLvg) with boron
trifluoride produced a complex @ixture which has not been
effectlvely purified,

In contrast to the 5a,6a-epo§ci&ie (XIVd),(ll?'g) the epoxide
(XIvb) gives a low yield {17%) of the corresponding fluoro-
hydrin. Tt is possible that the increased buvlkiness of
the angular ethyl group in compound (XLVb) increases the
hindrance to axial approach of the fluoride ion at C(6) and
so allows other reaction paths to compete. This would also
explain the absence of fluorohydrins in the products from
the 3a-substituted-5,6a-epoxides (XIVd) and (XIVf) whereas
the epoxides (XIVf_)(jg) and (XIVg)(BE) give measurable
quantities (8% and 47% respectively) of the fluorohydrins.

The failure of the 58,6B-epoxide (XILVh) to give any
of the fluorohydrin (LXXVI), and the low yield of the
Sa-acetate (LXXIV), formed via the acetonium ion (I.XKV),(BQ)
from the SB,6B-ep&:inde (XIVe ), may also be due to the bulky
angular ethyl group which would prevent formation of an
axial 6p-hydroxyl group. Compare the reactions of the
epoxides (XIVe)(lb) and (XIVh).(ja)

The formafion of the 5B-aldehyde (IL.XIIa) from the

epoxide (XLVb) must involve a discrete C(5) carbonium ion.
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The originally formed carbonium ion (LXXViI) would give
the Sa-aldehyde (ILXII) on migration of the C(6)-C(7) bond.
The aldehyde (LIIa) may be formed from a C(5) carbonium ion
in the conformation (LXXVIII). This conformation would
afford some relief of the steric interactions between the
10B-ethyl-group and the syn-2- and-4-hydrogen atoms. The
formation of the aldehyde (LIIb) from the epoxide (XLVd)
would occur in a similar manner. The formation of the aldehyde
(LITa) from the B-epoxide (XIVh) could occur directly from the
initially formed C(5) carbonium ion (IXXIX). It is reported
that the epoxides {IX0a,b) give rise to the same aldehyde
(LXXXT); the mechanism proposed 1s the same as above.(au)
The formation of the spiro-compounds (LIII, LYX) from
the epoxides {(XIVa,b,c,f) also requires a fully developed
C(5) carbonium ion since cis-migration of the C(1)-C(10)
bond is necessary. The increased yields of the spiro-
compounds from the 1l0p-ethyl-epoxides (XLva,b,c,f) in
contrast to their 10B-methyl analogues (XIVa,d,c,g) may
also be explained by the increased 10f-alkyl Interactions
with the gngz-and-4-hydrogen atoms in the former epoxides.
This could cause a flattening of the A~ring in the carbonium
ions (LXXVII) or (IXOXII), so pushing the C(1) atom towards
te C(5) atoﬁ. This flattening would be oppoéed by developing
non-bonding interactions between the C(3)-substituent and
c(2) and C(4) methylene protons as they start to eclipse.
Similar arguments have been used to account for the formation

of the spiran (XI) from the epoxide (Xa).(G) In the case of
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the epoxide (IXXXIII), the potential non-bonding interactions
between the 3B-acetoxy- and 48-methyl-group 1s so great as
to prevent the A-ring flattening and no spiro-compound is
formed from this epoxide.(6)

The formatlon of the backbone compound“(INTIIa} from the
epoxide (XLVb) in low yield (3%) 1s also unusual, Possibly
the migration-of a hydride ion from C(8) to C(9) is more
hindered in the 5p-ethyl compounds than.in their 5f-methyl
analogues. An alternative possibility 1s that the ethyl
group involves torsional and angular conformational strain
in the A,B ring system which 1is sufficient to limit the
rearrangement to the relief of this local strain rather than
that of the remote C,D ring System.(56? Using elther
argument, replacement of the 3f-acetoxy-group by a
3a-acetoxy-group would reduce the 3B-substituent, 5g-ethyl
group, 1,3-non-bonding interaction and therefore give a
greater yleld of the backbone-rearranged compound. This
was observed, although the yield of the compound (LVIIId)
(21%) 1s still not as great as that of the 10B-methyl-
-analogue (XVIIIg) (37%) from the compound (xrvr).(38 )

The formatlon, in high ylelds, of the backbone compounds
(LXV) from the spirc-ethers (LIII) is in agreement with the
abtove arguments.

In terms of the competition between C(5)-0 cleavage
and flucrohydrin formation the effect of chaﬁging the
3p-substituent follows the same general trend as was observed
previously (see Discussions 1 and 2)., Some of this work

has recently been reported by us in the literature.(Te)
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Discussion 4:-

Homoallylic participation of the 5,6-double bond in
the solvolyses of 3- and 19-sulphonyloxy-stereoids is
believed to give intermediate non-classlical carbonium lons
from which the various products are derived.(T}) The
boron trifluoride catalysed rearrangements of the 10p-
-ethenyl-steroids (IXXXIVa,b,c) provides a system where
participation of the homoallylice ethenyl group could occur
to give intermedlate, stabilised non-classical carbonium ions.
The availability of these epoxides (IX0XIVa,b,c) prompted
the investigation of their reat_:tions with boron.trifluéride.

The hydroxy-epoxidé (ma) was the sole product from
the monoperphthalic acid oxidation of the diene (XLVII).

The structure was confirmed by the 1H n.,m.r,. spectrum of
compound (IX0XXIVa) and by acetylation to give the kiown
acetoxy-epoxide (L}OO(IV’b).(Th)

ReactionA of the hydroxy-diene (XAVII) with trimethyl-

orthoformate and perchloric acid(62)

gave the methoxy-diene
(IJOO{V).(6O) Monoperphthalic acid oxidation of compound
(LXXXXV) gave the 5,6a—epoxide (ILXCXVe). The lH n.n.T.
spectrumn of the epoxide (LXOO{IVe) shows a single epoxide
proton (~r 7.13 J. (apparent) 4 Hz.), supporting the assigned
structure. (49)
The reaction miiture from the boron triflucride treatment
of the acetoxy-epoxide (LXJO(iVb) was separated by preparative
t.l.c. to give the backbone-rearranged dimer (LXXOVI) (26%)

and the fluorohydrin (LXXXVIIa) (47%#). Some epoxide
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(LXOXTVb) (183) was recovered from the reaction mixture; the
quoted ylelds é.llow for this.

The dimer (IXXXVI) was identified from its 100 M.Hz.

lI'I n.m.r. spectrum in which the C(21)H3-doub1et (v 9.06,

J. T Hz.) collapsed to a singlet (T 9.00C) on double irradiation
at 144 Hz, downfieid.®) other important multiplets appear

at € 2.8-4.2 (a-vinyl-2H), T 4.5-5.4 (B-vinyl-4H, C(3)-28),

and T 6.66 anfiz 6.76 (C(6)-2H). The 13B-methyl group appears
at T 9.46 for the 'normal' half of the dimer. The dimeric
nature of the compound (IXOXXVI) was confirmed by a molecular
welght determination (osmometry 882; the dimer requires

912).

The fluorohydrin (LXXXVIIa) was readily identified from
its lH n.m.r. spectrun which shows the ba-methine proton
(= 5.7, doublet of multiplets, JHF’ ca. 50 Hz.) and the
Sa-hydroxyl proton (*r 6.6, singlet exchanged with Dao).
Treatment of the fluorchydrin (ILXXXVIIa) with methanolie
potassium hydroxide gave the epoxide (DCCXIVa) , supporting
the assigned structure.

The reaction mixture obtained from the Hydroxy-epoxide
(LXXX1Va) was inseparable. Acetylation followed by
preparative t.l.c. gave only one ldentifiable produst, the
fluorchydrin (IXOXVIB) (33%).

Preparative t.l.c. of the reaction mixture from the
me thoxy-epoxide (LXXXIVe) gave the fluorohydrin (IXXXVIIb)

(16%), the backbone~rearranged-product (IXXXVIII) (2%)
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and the ketone (LXXXIX) (15%). Acetylation of another fraction
followed by t.l.c. gave the Westphalen derivative (XCa) (13%).
The remaining material (37#) could not be separated. The
quoted yilelds allow for the recovery of some of the epoxide
(LXoTve ) (6%).

The fluorohydrin (IXXXVIIb) was identified from its
lH n.m.r. and i.r. spectra. The former shows the 6a-
methine proton as a doublet of multiplets ( ¢ 5.60, Jyp SB-
50 Hz.), and the latter shows the presence of the tertiary
hydroxy-group (3630, 3450 cm.-l). The backbone-rearranged
compound (LXXXVIII) was identified from its lH n.m.r. spectrum
which shows the C(él)Hj-doublet (~¢£9.06, J. ca. 6 Hz.) and
the 14B-methyl group ( ¢ 9.19). Double irradiation 88 Hz.
downfield caused the collapse of the C(21)H3-doublet.(2)
The mass spectrum of the compound (LXXXVIII) shows a base
peak (m/e 297) due to the characteristic loss of side chain(aa)
and water from the molecular ion. The i.r, spectrum of the
ketone (LXXXIX) shows a carbonyl band (1713 cm.-l). The
‘lH N.m.r. specfrum of the ketone (LXXXIX) shows aﬁ equatorial
C(3)-methine proton (W5. 7 Hz.) and confirms the 5B-stereo-
chemistry. The lH n.m.r. spectrum of the Westphalen.derivative

(XCa)} shows a typlcal 13B-methyl signal (‘1:9.21).(12)

The
u.v, spectrum indicates a non-conjugated diene. Hydrolysis
and oxidation of the compound (XCa) gave the ketone (XCb).
The structure is supported by the lH z;.m.r. spectrum of

the ketone (XCb) which shows the 13B-methyl group at ¢ 9.22
and by the 1.r. spectrum which shows a carbonyl band at

1718 om.
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The attempted hydrogenation of the ketone (XCb) to give the
ketone (LVIId), using a palladium-—charcoal catalyst gave
a mixture which was not investigated any further.

The epoxide (LXXXIVb) reacts in a similar manner to

)Slb'a) Thus

3B~-acztoxy-5,bu-epoxy-Sa-cholestane (XIVd

surprisingly the C(19)-methylene group appears +to have little

effect on the product distribution. The participation of

the olefinle bond does not appear to compete very favourably

with attack of fluoride ions at C(6). Although this 1s not

direct evidence regarding the ionlc intermediates from the

epoxide (ILXOXIVb) it does seem unlikely that non-classical

ions of the type (XCI)FE%; particularly favourable energeticallygjl?

Steric interaction between one of the methylene hydrogen atoms

and the hydrogen atoms at C(2) and C(4) may be a factor in

destabilising ions of the .type (XCI).(TS) This would not

apply to the classical ion (XCII) or the equivalent non-

~classical bicyclobutonium ion. (75,76)

Overlap of the YT electrons of the olefinic bond with the

developing (or fully developed) C(5) carbonium ion could lead
to the classical ions (XCIT) and (XCIII), and thus the ion
(XCIV). The product (LXXXVI) could then be derived from the
ions (XCII) and (XCIV). The above arguments will apply
egually as well to the'jﬁ-hydroxy- and 3f-methoxy-epoxides
(LoxXIvVa,c).

The epoxides (IX0{IVa,c) give increased ylelds of their

respective fluorohydrins (IXXXVIIa,c) in a comparison with

the analogous 108-methyl epoxides (XIVa,c), This would
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indicate that the ethenyl group is inductively destabilising
C(5)-oxygen cleavage. This could occur in a stepwise or a

concerted process. In the latter, the destabilisation would
be analogous to that reported for phenyl migration.(TT)

The yleld of the fluorchydrin (LXOOVIIa) (47#%) from
epoxide (LXXXIVb) ’n comparison to that of 'cl;le fluérohydrin
(XVb) (ca.70%) from the epoxide (XIVd)(lb? is an apparent
contradiction to the above argument. This prompted a
re-investigation of the reaction of the epoxide (XIVA)
with boron trifluoride, under the same conditious used for
the epoxide (LXXXIVb).

The yield of the fluorohydrin (XVb) was 43% and thus the
comments on the inductive (-I) effect of the 1l0f-ethenyl group
seem reasonable,

The same general conclusions have been reached in a
recent study of the Westphalen rearrangement of the l0f-ethenyl-
~compound (XCV&).(60a’78) It was found that the product
distribution resembled that from the rearrangement of the
10B-methyl compound (XCVb), although the reaction rate was
slower for the former compound. The observed sc¢rambling of
a deuterium label in the ethenyl group also supported these
conclusions, (60a, 78_)

The ethenyl group would b2 expected to be sterically
less demanding than the ethyl group. The yield of the

backbone~product (LXXXVI) (26#&) from the 10B-ethenyl-epoxide

(LXOOTVL) in comparison to that of the compound (LVIIIa) (3%)
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from the lOB-ethyl-epoxide (XLVb) may be due to this,
Backbonewrearranged compounds are normally isolated as
monomers. The reason for the isolation of the backbone

compounds (IX) and (LXXXVI) as dimers is not clear.

48.



SECTION 2

The Lewls acid catalysed reactions
of some 9,l10-epoxy-19-nor-cholestanes

ard epoxy-lanostanes.



Introduction:-

In contrast to trisubstituted epoxides, tetrasubstituted
epoxides have no overwhelming electronic preference for cleavage
of a particular C-0 bond when treated with a lLewis acid.From a
conformational analytical study of the reactions of a number

of 4,5- and 5,6-te .rasubstituted steroidal epoxides Kirk and
(79)

Hartshorn formulated the rule of axial cleavage. This
states that any 1l,2-disubstituted epoxy-cyclohexane will tend
to react by cleavage of the C-O bond which permits the oxygen
atom to become axlal in the chair conformation of the ring
most nearly corresponding to the half chair conformation of
the original epoxide. The rationale of this rule was that
axial clea%age could lead to a continued partial overlap

of the filled orbital of the departing oxygen atom vith the
formally vacant p-orbltal of the carbonium ion, thus
minimising the energy of the transition state prior to bond
migration. This continued orbital overlap would also have a
directing effect on whiﬁh migrations could occur, leading to a
preference for trans-migration. Equatorial cleavage would
give none of these effects.

It has been found that 'axial cleavage' can be overcome
by the operation of adverse conformational, steric, or
electronic effects., Thus it was found that the rearrangements
of the four epimeric 3-acetoxy-4,5-epoxy-4-methyl-cholestanes
(XCVI) exhibited 'abnormal' reactions,(so) i.e. equatorial

cleavage. Where normal axial cleavage is permitted then
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bond migratlons which result in charge accumulation at
C(4) are suppressed by the 3-acetoxyl-group.
The lack of ketone formation from epoxides of the

type (XCVII) and (XCVIIT) has been noted.('®:8%.82)

Both
these epoxides give the dlene (XCIX). 'The failure to

give carbonyl com:zunds has been at£ributed to conformational
restraints opposing deformation and bond migration in the

centre of the steroid nucleus and to the thermodynamic

(1a) (83)

stability of the conjugated diene system. Halsall
has found that the 7,B8a-epoxide (C) gives the hydroxy=-olefin
(CI).

The boron trifluoride catalysed reactions of some
C¢(6)-substituted-9,10-epoxy-5p-me thyl-19-nor-cholestanes
(CIT) have been studied to further examine the effects of
possible conformational restraints in the centre of the
steroid nucleus, and to provide further information on the
"backbone-rearrangement” of steroidal epoxides. In contrast
to the 7a,8ax~ and 8a,9a-epoxides (XCVII and XCVIII) a
number of 9,11-epoxides have been found to give a wide range
of interesting products,

Henbest(la)

investigated the boron trifluoride catalysed
reactions of the two epoxides (CIIIa) and (CIIIb) end found
that the epoxide (CIIIb) rearrunged éuickly to give the
expected, strain free ketone (CIVa) whereas the epoxide
(CITIa) rearranged slowly to give the strained ketone (CIVD).

(84
Wechter ) treated the epoxide (CV) with boron trifluoride
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and obtained the ketone (CVI) in high yield, and this is
consistent with the rule of axial cleavage. Treatment of the
epoxide (CViI) with perchloric acid gave as the major
product (CVITI) and only a small yield of the 1l-ketone ' oo)
The 9a-hydrogan in the product (CVIII) arose from a 1,3-
-transannular shift of the lia-hydrogen atom. No explanation
has been offered for the difference between this reaction
and the analogous one employing boron trifluoride.

The 9,ll-epoxides provide potential precursors for
partial synthesis of the cucurbitacins, for example,

(86) found that the epoxides

bryogenin (CIX). ApSimon et al.
(CIXa) and (CIXb) would not react with boron trifiuoride
etherate and reacted only slowly with boron trifluoride gas.
The maJjor products were the olefins (CXIa,b) and not as
expected the phenols (CXIIa,b). Formation of the homoallylic
alechols was considered to occur by intramolecular removal
pf the lia-hydrogen atoms by the Qa-oXygen atoms, there being
ne ether present to act as a proton transfer agent.

The 3B-acetoxy-8,9a-epoxy-and-9,1la-epoxy-lanostanes
were studlied as potential intermediates in cucurbitacin
synthesis and in view of the diversity of the recorded reactions

of 9,1l-epoxides(la’84’85’86)

the reactions of 3p-acetoxy-
=9,1l1a-epoxy-~lanostane with Lewis acids would also be of

a more general interest,
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Discussion l:-

The epoxide mixture (CXIIIa,b) was prepared via the
Westphalen compound (CXIVa) by the method of Mousseron-CanetQBT? '
Repeated preparative t.l.¢. of this mixture gave the pure
a-epoxide (CCITIa) (51%) and B-epoxide (CXIIIb) (34%). The
S5B-methyl signals in the 1H n.m.r. spectra for the a-epoxide
(CX1IIa) (T 8.78) and the P-epoxide (CXIIIb) (T 8.84)
allowed the stereochemlistry of the epoxides to be assigned,
by analogy with the observed relative chemical shifts of the
10B-methyl groups of some S5a,6a- and 5ﬁ,6B-epoxides.(u9)

Hydrolysis of the 6f-acetoxy-a-epoxide (CXIIIa) gave the
6B~-hydroxy-a-epoxide (CXIIIc). .Oxidation of compound
(CXIIIc) with Jones reagent(go) in acetone gave the known
6-oxo-a-epoxide (CXIIId)£88) which had previously been
prepared by oxidation of the Westphalen derivative (UXIVb).
Similar treatment of the 6B-acetoxy-P-epoxide (CXIIIb) gave
the 6B-hydroxy-p-epoxide (CXIIIe) and the 6-oxo-B-epoxide
{CXIIIf).

The 6-desoxy-epoxides (CXIIIg,h) were prepared from the
6~desoxy-Westphalen compound (CXIVc); The compound {CXIVec)
had previously been prepared in 50% yield, by the Huang-Minlon
reduction of the 6-ketone (CXIVb).(Es) In an attempt to
improve the yield of this step, the reduction of the benzene
sulphonyl hydrazone (CXIVd) was attempted. These reactions
are reported to proceed in high yleld with other steroidal

(89)

ketones. The benzene sulphonyl hydrazone (CXIVA) was
prepared from the ketone (CXIVb) according to Barton,(go)
and was found to be a relatively unstable compound.
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Sodium borohydride reduction of the freshly prepared compound
(CXIVd) in dioxan(89) gave the required 6-desoxy-compound
(CXIVe). The yield of the 6-desoxy-compound (CXIVe) was
found to be extremely variable. Acceptable yields (ca.

80%), were only obtained from small scale reactions and no
other identifiable products were isolated from the reactions.
The compound (CXIVe) was therefore prepared by the literature

(28) Oxidation of the compound (CXIVe) using mono-

method.
perphthalic acid gave the mixed epoxides (CXIIIg,h).
Preparative t.l.c., of the mixture gave the pure a-epoxide
(CXIIIg),(#B%)and pure B-epoxide (CXIIIh) (32%). The stereo-
chemistry of £he epoxides (CXIIIg and h) was assigned from
(49)

lH n.m.r.spectral evidence, as described previously.
Several attempts to prepare.the a-epoxide (CXITIg) from

the epoxides (CXIIIc) and (CXIIId) have proved unsuccessful.
The tosylate (CXIIIi) and the benzene sulphonyl hydrazone
(CXIIIJ) could not be formed. .

Treatment of the 6-oxo-a-epoxide (CXIIId) with boron
trifluoride gave a mixture. Preparative t.l.c. of this mixture
gave the diene (ma)(ssa)(ea%), the diene (cxvza)(aga)(zug-;),
the backbone-rearranged compound (CXVIIa) (20%), and the
backbone-rearranged compound (CXVIIIa) (6%). The dienes
(CXva} and (CXVIa) were previously obtained by treatment of
the epoxide (CXTIId) with ethanolic hydrochloric acid.(saa)

The 100 M.Hz.lH n.m,r. spectrun of the backbone-rearranged
compound (CXVIIa) shows a single vinylic proton (7 4.66)

and characteristic signals for the S5B-methyl group (¢ 8.64),

53.



e "

CXVIT CXVITI
(a) = () 10« =0
(b) BOAc,.H (p) 10B =0
(e) =H, (c) 10B BOAc,H

Me. O

ORc ' CXXI

CXX



the 14B-methyl group (T 8.99), and the C(El)Hj-doublet
(£ 9.07 J. ca T Hz.). The 60 M.Hz. lH n.m;r. spectrum of
the compound (CXVIIa) in d6-benzene- shows upfield shifts for
the 58-methyl group (- 8.83) and l4B-methyl group (- 9.15)
signals.(gl) The lower branch of the C(21)H3- doublet is
observed at ' 8.93. Double irradiation 88 Hz. downfileld
caused the collapse of this doublet confirming the Ql 2,47_
-structure.(e? The f_‘_\l’lo-stmcture is supported by the low
field position of the SB-methyl group signal. The axial
C(3) methine proton (W3 ca. 22 Hz.) is also consistent with
a 153,10_ or 58,10B-structure, The mass spectrum of the
compound (CXVIIa) shows an intense peak (m/e 267) due to loss
of side chain and methanol from the molecular ion (m/e 412).
13,1 (22)

This supports the assigned "\ 7—structure.

Hydrogenation
of the compound (CXVIIa) using a palladium~charcoal catalyst
gave a mixture of two isomeric compounds, inseparable by
t.l.c. « The lH n.m.r. spectrum of the mixture shows a
predominance (ca, T0%) of one isomer which appears to possess
the 10B-configuration since the C(3) methine proton is axial
(W% ca, 22 Hz.). The oi)sewed upfield shift of the 5B-methyl
signals (‘c _c_zg; 8.73) on hydrogenation of compound (CXVIIa) is
consistent with the assigned structure. The l48-methyl-
groups signals ¢f the dihydro-compounds (1; ca, 9.00 )were
unchanged on hydrogenation, as would be expected. This
mixture was not further investigated.

The structure of the compound (CXVIIIa) is tentatively

assigned on the following evidence. The i.r. spectrum indicates
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). The:LH

n.m.r. spectrun shows the 5p-methyl group {(—r 8.61) and the

the presence of a hydroxyl group (3620, 3500 cm.

148-methyl group (T 9.00). The equatorial C(3)-methine proton
(W% ca. 9 Hz.) is consistent with the 5B,1Ou-stereochemistry.
In d6-Lenzene an upfield shift of the 5p-methyl group { ¢ 9.05)

and 14B8-methyl group (T 9.14) signals is observed ( I+ 92)

to
reveal half of the C{2l )Hg‘doublet (€ 8.93) at low field.
This would bz expected for a Dlj ‘17-str'ucture. The
decomposition of the compound (CXVIIIa) prevented further data
from being obtained, -

| Reaction of the f-epoxide (CXIIIf) with boron trifluoride
gave a mixture. Preparative t.l.c., of ﬁhe mixture gave the
diene (CXVa) (23%), the diene (CXVIia) (264), the backbone-
rearranged compound (CXVIIa) (5%), thé backbone-rearranged
compound (CXVIIIb) (7%), and the diketone (CXTXa) (5%).

The i.r. spectrum of the compound (CXVIIIb) shows a
hydroxyl band (3500 cm.-l). The lH n.m.r. spectrum of the
compound shows the 58-methyl group (< 8.8l), the 14B-methyl
group (== 9.02), and the lower half of the C(21 )H3-doublet
(~x 9.00). ‘I‘l-ﬂ.e axial C(3)-methine proton (W} ca, 22 Hz.)
supports the assigned lOB-stereochemistry. The spectrum in
d6-benzene shows the SB-methyl and l4f-methyl signals shifted
upficld and the lower half of th- C(21)H3' doublet clearly
resolved. Double irradiation 88 Hz.downfield caused the collapse

of this doublet and confirmed the }\13 ’17-structure. (@)

Treatment of the compound (CXVIIIb) with thionyl chloride
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in pyridine gave the diene (CXVIIa)}, identical with an authentic
sample (by t.l.c.).

The 1.r. spectrum of the diketone (CXIXa) shows cyclo-
pentancne {1730 cm.*l) and cycloheptancne (1700 cm.'l)
carboﬁyl bands. The lH n.m.r. spectrum of the diketone shows
the 5B-methyl group (- 8.79) and the 13B-methyl group
(1 9.33). The C(3)-methine proton signal is obscured by
the jﬁ-mgthawlsignal and its half-height band width could not
be determined. As the conformations of the cycloheptanone
rings in any of the structures (CXIXa) are not known it is
difficult to determine the shielding or deshielding effect
of the cycloheptanone carbonyl group on the angular methyl
group signals., Thersefore a definite structure cannot be
assigned. The structures (CXIXAa) and (CXIXBa) would both
involve the migration of a group which iIs cis to the departing
oxygen atom in the epoxide (CXIIIf). This would involve a
high degree of carbonium ion character at either C(9) or c(10),
and this would be expescted to be unfavourable owing to the A
presence of the inductive (-I) effect of the C(6)-oxo-group.
The structures (CXIX Ca) and (CXIX Da) both involve migrations
of groups trans to the departing oxygén-atom and so the
rearrangement could retain some degree of concerted character
and this might be expected to be more favourable under the
prevailing conditions.

| Treatment of the a-epoxide (CXIIIa) with boron

trifluoride gave a mixture. Preparative t.l.c.
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gave the backbone-rearranged compound {CXVIIb) (56%), and the
backbone-rearranged compound (CXX) (373).

The “H n.m.r. spectrum of the comi:nound (CXVIIb) shows
a single vinylic proton ( C 4.68), the 5B-methyl group
(“r 8.88), the l4B-methyl group (¢ 9.0%) and the lower
branch of the C(21. \Hj-doublet (T 9.00). Double irradiation
87 Hz. downfield from the C(21)H3-doub1et caused its collapse,

verifying the L\13’17 (2)

-structure. The mass spectrum of
the compound (CXVIIb) shows an intense peak (m/e 343) due
to loss of side chain from the molecular ion (m/e 456}, This

is consistent with the assigned &13’17 (22}

-structure.
Hydrolysis and oxidation of the 6p-acetoxy-compound (CXVIIb)
gave the 6-oxo-compound (CXVIIa), identical with an authentic
sample (by t.l.c. and lH n.m.r. ).

The i.r. spectrum of the compound (CXX) shows no hydroxyl
band. The lH n.m.r. spectrum shows the 53-methyl group
(= 8.82), the 14B-methyl group (- 9.07) and the lower half
of the C(El)Hj-doublet ( £9.00). Douﬁle irradiation
87 Hz.downfield from the latter signal collapsed this doublet,

confirming the d' 2,17

-structure.(z) The similarity in
the chemical shift of the 5B-me'thyl group and that of the
5p-methyl group in the compound (CXIVc) (- 8.85) and the
equatorial C{3)-methine proton fw% ca. .10 Hz.) are consistent
with a Qg’lo-structure.

A further minor hydroxylic-product (5%) was isolated.
This compound, from which the 3B-methoxyl-group had been

removed, dcecomposed before sufficient data was available for
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its identification.

The reaction mixture from the P-epoxide (CXIIIb) was
separated by preparative t.l.c. to give the conjugated diene
(CXVb) (34%), the conjugated diene (CXVIb) (17%), and the
backbone-rearranged compound (CXVIIIc) (15%). The u.v. spectra
of the diene (CXVb) ()\ maxX. 249 n.m., £ M. 25,200) and

the diene (CXVIb) ()\mJc 243 n.m., £ 9,200) compare

max
well with those reported for the compounds (CXVa) and (CXVIa)SSBa?
The lH n.m.r. spectra of (CXVb) and (CXVIb) also compare well
with those of compounds (CXVa) and (CXVIa).

The i.r. spectrum of the compound (CXVIIIc) shows the
presence of a hydroxyl group (3620, 3450 cm."l YThe J'H n.m.,r.
spectrum shows the SB-methyl group (- 9.00), the 14B-methyl
group (€ 9.09), the C(El)Hj-douhlet (superimposed on the
58-methyl signél , and lower branch of the side chain doublet
T9.12). Double‘irradiation Q0 Hz. downfield from the
c(21 )Hj-doublet caused a reduction in the intensity of the
signals at “£9.00 ard 9.12 and an increase in the intensity
of the signal at ~¢ 9.09. The structure of compound (CXVIIIc)
was confirmed by its conversion to ccmpound (CXVI-Ib) with
thienyl chloride in pyridine.

Reaction of the a-epoxide (CXTIIg) with boron trifluoride
gava a complex mixture. Preparative t;l.c. of the mixture
gave the backbone-rearranged compound (CXVIIc) (27%), the
ketone (CXIXb) (28%), the hydroxy~olefin (CXXI) (9%) and a

further diene (CXXIT) (18%).
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The ;H n.m.r. of the diene (CXVIIc) was typlcal of a

/*i(lo)’15(17?-structure, as described previously. Double

v

irradiation experiments and the mass spectrum confirmed the

l}&j’l7-structure.(2’22)

Hydrogenation of the diene

(CXVIIc) using & palladium-charcoal catalyst gave a single
compound (CXXIII). The lOB-sterecchemistiry was indicated

by an axial C(3) mechine proton (T 6.65-7.20)} in the

lH n.m.r. spectfum. The SP-methyl group signal (¢ 9.00)

was shifted upfield relative to that for compound (CXVIIc)

(. 8.9L), This shift (-0.09 p.p.m.) is similar to that
observed on hydrogenation of the compound {(CXVIIa)}. The
compound (CXXIII)} was not further investigated. Ozonolysis

of the diene (CX§IIc) gave a mixture. Preparative t.l.c.

gave the pure tetrone (CXXIV) (23%). The lH n.m,r. spectrum

(~£ 0.23, triplet, J. ca. 2.5 Hz.)} and i.r. spectru. (2720 cm.-l)
of the compound (CXXIV) confirmed the presence of the -CHO '
group. The lH n.m.r. spectrum also showed the C(21)H3—doublet
at low field (¢ 8.93, J. ca T Hz.). The mass spectrum

shows an intense peak (m/e 362) due to loss of the A-ring

carhon atoms from the molecular ion (m/e 462) by a McLafferty

).(64)

rearrangement (CXXV, fission (a) A strong peak (m/e

378) corresponding to the loss of side chain from the
molecular ion by a similar mechanism is also observed
(CXxXv fission (b)). Tﬁese fragmentations are consistent
with the assigned structure.

The i.r. spectrum of the ketone (CXIXb) shows a

1

carbonyl band (1705 em. ). The lH n.n,r, spectrum shows

o
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the 58- and f33~methyl signals superimposed ('t;9.05). The
| mass spectrum of the compound (CXIXb) shows an‘ intense péak.
(m/e 384) due to loss of methanol from the molecular ioen
(m/e 416)., This fragmentation 1s not observed in the mass
spectrum of the ketone (CXIXa). This, and comparison of
the lH n.m.r. data for the two ketones (CXIXa) and {CXIXb)
suggests they have a different carbon skeleton., The loss
of methanol in the mass spectrometer is normally a 1,3-

(93,8,0) The enhanced loss of methanol

or 1l,4-elimination.
in the mass spectrum of the ketone (CXIXb) (m/e 384, 37%),
was thought to be possibly due to the formation of an ion
(CXXVI) of enhanced .stability. Preliminary deuteration

experiments have however proved inconclusive. Scnaffner

(9%)

et.al. have recently reported the formation of sSome
8(9 —» 10)abeo=l0a~-and 10B-steroidal ketones by the photolysis
of some 9¢,10a- and 9p-1l0B-epoxides.

The compound (CXXI) shows a hydroxyl band (3590 cm.'l)
in 1ts i.r. spectrum. The hydroxyl group was found to be
resistant to acetylation using acetic anhydride/pyridine,

(20) The lH n.m,r.

and to oxidation using Jones reagent.
spectrumn of the compound (CXXI) shows a single vinylic proton
(~ 4.66), two angular methyl groups ( 1 8.88, 9.42) and

an axial C{3)-methine proton (- 6.4-6.8)., Dehydration of
the compound (CXXI) with thionyl chloridt:n. in pyridine gave

a single product, the diene (CXXVII). The u.v. spectrum
indicates a non-conjugated diene. This eliminates the

possibility of a ﬁ}l’lo- partial structure, The J‘H N,
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speé:trum shows the angular methyl groups (€ 8.75, 9.37)

and two vinylic protons. The calculated positions for

the 1OB-methyl and 13B-methyl groups (46_) of the compounds
(CXXT) and (CXXVII) were found to be in reasonable agreement
with the experimental values (table 1). A Q5’6-
-structure as opposed to a au’B-str_'ucture was assigned
on the basis of the half-height band width of the vinylic-
proton (W3 10 Hz.) for the compound (CXXI). Hydrogenation
of the hydroxy-oclefin (CXXI) using a platinum catalyst in
acetic acld gave two compounds, separated bj;' preparative
t.l.¢c. » The major product (53%) was identified as 3B-methoxy-

(33) .,

cholestane, y comparison with an authentic sample.

This confirms the structure of the compound (CXXI). The
minor product (10%) has been assigned the structure {(CXXVIII)

from its lH n.m.r. (see table 1) and i.r. spectral data,

Compound  Observed Calculateéus) Observed Calculated
10B-methyl 1OB-methyl  13f-methyl 13B-methyl

signal signal slgnal signal
191.0.45 8.88 8.83 9.42 9.3
CXXVII 8.75 8.83 9.37 9.38
CXXNTIT 9.02 9.06 9.32 9.35
TARLE 1

The structure of the remaining diene (CXOTOI) (see

fig.l) rests on the following evidence. The i.r. spectrum



of the compound (CXXII) shows no hydroxyl or carbonyl bands.
The mass spectrum of the compound shows the molecular ion
(m/e 398) as the base peak and a peak (m/e 285, 22%) due

to the loss of side chain. These data could be consistent
with a dilene structure (molecular formula 028H460) with

one of the olefini. bonds in the centre of the molecule

but not at C(l})-c(l?).(gg) The u.v. spectrum of the
compound indicafes a non-conjugated dlene system. The

lH n.m.r. spectrum shows a single vinylic proton (~¢ 4.75),
an axial C(3)-methine proton (W% ca. 24 Hz), and the anguiar
methyl grours (‘c 9.13, 9.20). ‘The C(21)l-[3-doub1et was not
observed at low field, indicating that a 13,1l7-olefinic bond
was absent. The chemical shifts of the angular methyl signals
indicated that the 138-methyl group was highly deshielded
and therefore an 8,14~ or 14,15-clefinic bond could be

present. A 14,15

~ partial structure would require a
tetrasubstituted 9,l10-0lefiniec bond. This is not consistent
with the observed axial C(3)-methine proton, or the relatively
high field positions of the angular methyl signals [e¢.f.

compound (CXIVe); 5f-methyl (~g 8.85)]. A gv (10):8(1%)

-diene
system would aléo require a 5f-methyl group signal at low
field as the 5B-methyl group would be deshielded by both
olefinic bonds. An examination of a molecular model of the
compound (CXXII) indicates that the C(6)-vinylic proton
would couple to_only one of the C=(T) pfotons. This would

be consistent with the observed narrow multiplet (W3 ca. 6 Hz.)
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for the vinylic proton signal. Hydrogenation of the dlene using
a platinum catalyst in acetic acid gave therolefin (Cx).

The mass spectrum of the compound (CXXIX) shows the molecular
ion (m/e 400) as base peak and a peak (m)e 287, 13%) due to loss
of the side chain, The 1H n.m.r. spectrum of the compound
(CXXIX) shows an axial C(3)methine- proton (¢ 6.55-7.15) and
the angular methyl group signals (% 9.13, 9.37). The

angular methyl group signals in the 1H n.m.,r. spectra of both
compounds (CXXIT) and (CXXIX) were identified by the addition
of the paramagnefic shift reagent, tris-diplvalomethanato-
europium [ Eu (DPM)3].(95) A standard steroid: Eu(DPM)j

molar ratio, and a.standard concentration were employed.

The results are summarised in table 2. The compound (CXVIIc)
and 3Jp-methoxpcholest-5-ene were used as reference compounds,
The results enable the 13B-methyl group signals to be

assigned unambiguously for the compounds (CXXITI) and (CXXIX)
but do not allow an unambiguous definition of the second

angular methyl group as 5p- or 1l0f-~. However, the observed

COMPOUND VINYLIC  METHOXYL 5B-METHYY, 10B-METHYL, 158-METHYL
PROTON METHYL

ohift Shilt Sniit Snirt Shift

C pm ¥ pm T pom T ppm ppm
3B-methoxy-4.73 0.18 6.76 1.53 9.00 0.17 9.33 0.03
cholest-5-
-ge
CXVilIc 4,93 0,22 6.79 0.90 8.91 0,11 9.04 0.04
CXXII 4,75 0,08 6.79 1.49 9.13 0.13 9.20 0,02
CXXIX 6.80 1.3 9.13 0.13 9.37 0.04

TABIE 2
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shift for the vinylic proton in compound (CXXII) (table 2) is

more in keeping with a L}?’s- than a L}}’lo—structure.
These results thus support the proposed £:E’8(la?-structure

for compound (CXXII) and the Z:?(g)-structure for the compound
(CXxX1X). _Isumﬁrisaﬁion of the 8,li-olefinlc bond to the
8,9-position presumably occurs on the catalyst surface during
hydrogenation. If this is so then compound (CXXIX) would

be expected to have the lﬂB-configuration,(96’97)

since the
diene (CXXII), from mechanistic considerations, has the 9p-
configurﬁtion.

The compound (CXXTX) was found not to be 3B-methoxy-
cholest-8-ene by comparison with the literature.(asa)
However the chemical shift of the 13B-methyl group (<% 9.37)
in the lH n.m.r. spectrum of the olefin (CXXIX) would seem

to be far too high for a l4ﬁ-steroid.(46?

Treatment of the olefin (CXXIX) with ruthenium tetroxide(ga)
gave the dione (CXXXI). The same dione(CXXXI) was obtained
from the olefin (CXXIX) by treatment with osmium tetroxide£97’99)
followed by periodic acid cleavage of the intermediate diol. (CXXX).
The Gione (CXXXI) shows a single carbonyl band (1705 cm.'l) in -
its 1.r. spectru%, and this is consistent with the opening of

an 8,9-olefinic bond.(97) The olefin (CXXIX) was treated

with hydrogen chloride in chloroform to give a crude product.

This was hydrogenated overnizht using a platinum catalyst in
acetic acid,. The crude product, a mixture of olefinic

and fully saturated material (by mass spectrometry) did not

contain any 3B-methoxycholestane, as shown by t.l.c..
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The structure of the diene (CXXII) and the reaction
scheme (CXXII) —> (CXXXI) (fig.l) at present represent only
a 'best fit' to the available data, although some of these
data are not fully consistent with the reaction scheme.

Untii 2 degradation of the diene (CXXII) is achleved which
allows the positire ldentification of the position of at least
one of the olefinic bonds, a definite structure cannot be
assigned to the diene. Preliminary experiments using osmium
tetroxide or ruthenium tetroxide on the diene (CXXII) have
provided no identifiable preducts.. Ozonolysis of the diere
(CXXII) has given similar results.

Reaction of the B-epoxide (CXIITIh) with boron trifluoride
gave a mixture. Preparative t.lie. of this mixture gave the
backbone-rearranged compound (CXVIIc) (30%), the diene
(cxx11) (8%), the conjugated diene (CXVe) (13%) and the
ketone (CXXXII) (21%3).

The conjugated aiene (CXVc) was readily identified from
its characteristic u.v. spectrum ( )\ nax. 248 n.m., § ax.

).(888') The ]T-I n.m.r. spectrum alsoc supported the

27,000
assigned structure.

The i.r. spectrum of the ketone (CXXXII) shows a carbonyl
h)

group (1720 cm.‘l) and hydroxyl group (3640, ‘.}480 cm.”
The: lH n.m.r. spectrum shows the 5f-methyl group (¢ 9.09)
and 13B-methyl group (=7 9.30) and no methine protons., The
tertiary nature of the hydroxyl group was confirmed by its

failure to acetylate using acetlec anhydride in pyridine.
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Exhaustive deuteriation of the ketone (CXOXXII) using sodium
methoxide in deuterio-methanol indicates four exchangeable
protons are present (by mass spectrometry). Dehydration of

the hydroxy-ketone (CXXXII) with thionyl c;hloride in pyridine
gave a tetra-substituted olefin (CXXXI1TIa). The i.r. spectrum
shows the carbonyl band (1715 cm.-l).' The “H n.m.r. spectrum
shows both the S5B-methyl (-¢ 9.00) and 13B-methyl (7€ 9.20)
groups shifted downfield relative to those for compound (CXXXII).
Reduction of the compound (CXOXIIIa) with tri-(t-butoxy)-lithium

(100)

aluminium hydride gave & single product, the hydroxy -

olefin (CXXXIIIb). The i.r. spectrum of compound (CXXXIIIb)
shows a hydroxyl group (3580, 300 cm.-l). The H n.m.r.
spectrum also shows the S5f-methyl group (U 8.75) and l3f-methyl
group (- 9.21). The equatorial C(3)-methine proton (7 5.90,
W4, ca. 9 Hz.) is consistent with the formation of the
3B-hydroxyl group. Treatment of the hydroxy-oclefin (CXXXTIIb)
with potassium in refluxing benzene, followed by methyl :I.odids3 3)
gave 3B-methoxy-5B-methyl-19-nor-cholest-9(10)-ene (CXIVe),
identical in all respects with an authentic sample.(aa)
This verifies the structure of the keto-olefin (CXOQ{II).

The formation of the keto-olefin (CXXII) could occur by
a 1,4-hydride migration from C(3) to C{10) as shown (CXXXIV)
to give the intermediate methoxonium ion kCJD(XV).. Although
well documented in medium-sized ring cOmpounds,(ml)
transannular 1,4-hydride migrations are not well known in
cyclohexane ring systems. However a l,4-phenyl shift has

(Lo2)

been reported for a six-membered ring system. A
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consequence of the mechanism proposed aboﬁe is the 1l0q-
~stereochemistry for the compound (CXXXII). This is consistent

with the observed ready dehydration of the 9B-hydroxy-ketone

(CXOXXTI) to glve the 9,10-olefin (CXXXIIIa). The above

mechanism could readily be proved by deutefiation eXperiments.

The alternative ...chanism of a series of l,2-hydride shifts

from C(1) and C(2) would involve the generation of secondary

carbonium lons and is therefore less llkely.

Tne 1H n.m.r, spectrum of the B-epoxide (CXIIIb) shows

an axial C(6)-methine proton as a quartet (J (apparent)

12 Hz., 4 Hz.). This indicates a conformation (CXOXVI) for

the epoxide. The lH n.m.r. spectrum of the a-epoxide

(CXIIIa) shows the C(6)-methine proton signal as a triplet

(J (apparent) ca. 10 Hz.). This could indicate a conformation

(CXOOIVIT) or alternatively a conformation (CXXXVIII) in which

the Ta- and TB-protons exhibit accidental magnetic équivalencegz3)

The former conformation might be antlcipated to be the more

stable of the two, since the 6B-acetoxy-group is equatorial.

In the cases of the 6-keto-epoxides (CXIIId,f) and

6-desoxy-epoxides (CXIIIg,h) the preference for any glven half

chair conformation is not kmown, These conformational
ambiguities preclude the use of the axial c¢leavage rule(Tg)
for the 9,l0-epoxides studled.

From the yields of backbone-rearranged preducts

obtalned in the reactions described, it is clear that the

nature of the C(6)-substituent 1s a controlling factor on
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the efficiency of the backbone=rearrangement. The inductive
(-I) effect of the C(6)-substituent would be expected to
affect the stability of any C(8) carbonium ion and so
affect the migratory aptitude of the Bp-hydrogen atom,

This destaillising effect would be expected to be in the

(36)

order 6-keto-) &-acetoxy<) 6-desoxy-, as was observed.
This effect of the C(6)-substituent has recently been
observed for other rearrangements leading to backbone-—

(58,59) This same inductive effect

rearranged products.
would also be expected to have an influence on the direction
of C-0 fission, electronegative substituents favouring

C(9)-0 cleavage as opposed to C(10)-0 cleavage. Thus the
6-keto-epoxides (CXIIId,f) and 6p-acetoxy-epoxides (CXIIIa,b)
gave no products unambiguously derived from C{10)-0 cleavage.
In contrast to the above epoxides the 6-desoxy-a-époxide
(CXI1Ig) gave the compound (CXXI) and the 6-desoxy-B-

~epoxide (CXITIIh) gave the compound (CXXXI), which are

both formed via initial C(10)-O cleavage. A double-
rearrangement 1s necessary for the formation of the diene
(COTI). Although such a rearrangement is possible, it does
not seenm Gery probable., It is known that some Sa-hydroxy-
-19-nor-10f-steroids and also some lOa-hydroxy~l9-nor-9f-
steroids under the conditions of the Westphalen rearrangement,
or when treated with toiuene-p-sulphonic acid in acetie
anhydride, give only the products of straightforward
dehydration. (160a)

Recently evidence for a stepwise carbonium ion

mechanism in the "backbone-rearrangementd of a
68.



9f-cholestane derivative has been published.(lOB) The
"backbone-rearrangemenf'of the 98,l0B-epoxides (CXIIIb,f,h)
would support this mechanism, where the g}ngB-hydrogen atom
precludes any degree of concerted migration. Heterolysis

of th2 C(9)-0 pond in the B-epoxides(CXIIIb,f,h) must give

a high degree of carbonium ion character at C(9). In

the case of the a-epoxides (CXIII a,d,g) there 1is the
possibility of some degree of concertedness in the C(9)-0
cleavage and 8f-hydrogen atom migration. This seems to be
indicated by the increased yields of the conjugated dienec
(CXV) and (CXVI) from +the P-epoxides (CXIIIb,f,h) relative
to those from the a-epoxides (CXIIY¥a,d,g)}. The introduction
of the more electronegat}ve C(6)-substituents also increases
the ylelds of the conjugated dlenes (CXV) and (CXVI) from
both the a-epoxides (CXIIJa,d,g) and B-epoxides (CXiIIb,f,h).
This probably reflects the reduced migratory aptitude of

the C(8) hydrogen atom which allows a straightforward elimination

to compete with backbone rearrangement.
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Discussion 2:-

8,9-Epoxy-3B-hydroxy-5«,8a-lanostane (CXXXIXa) (104) was
prepared by oxidation of 3f-hydroxy-5a-lanost-8-ene (CXL)(lOS?
with monoperphthalic acid. Acetylation of compound (CXXXIXa)
gave the 8a,9a-epoxide (CXXXIXb).(lou? Both these epoxides
were found to be stable on recrystalllsation from ethyl acetate
(c.f. reference 104). Treatment of the 8a,Ja-epoxide
(CXXXIXb) with boroﬁ trifluoride or tin (IV) chloride gave
(106)

only the conjugated diene (CXLI). Thé same result was
obtained by treating the 8a,9a-epoxide (COXIXb) with mineral
acid.(lou) Lithiun in ethylamine reduction (with or without
t-butanol)(lou) gave the 9a-hydroxy-compound (CXLII),(lou)
after acetylation and colum chromatography. The by-product
of the reaction was found to be the diene (CXLI) and not, as

(10%) the olefin (CXL). The

was previously reported,
formation of the diene is probably due to the lithium cations
present in the reaction mixture acting as a Lewis acid, This
has been reported to occur during the lithium aluminium
hydride reduction of some epoxides.(IOT) Dehydration

of the 9u-hydroxy-compound (CXLII) with thionyl chloride in
pyridine gave the 9,1l-olefin (CXLIII).(IOA? Similarly
treatment of the compound (CXLII) with sulphuric acid/acetic
ari:;ydride/acetic acid, and with toluene-p-sulphonic aczid/
acetic anhydride gave the 9,1l-olefin {CXLIII) and no
rearrangement products., Oxidation of the olefin (CXLIII)

with monoperphthallc acid gave the 9a,lla-epoxide (CXIIVa).
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The appearance of the llf-proton as a doublet (- T7.04,

J (apparent) 4.8 Hz.) in the 1H.n.m.r. spectrum of the

epoxide confirms the assigned 9a,lla-stereochemistry.
Treatment of the epoxide (CXLIVa) with boron trifluoride

or tir.(IV) chloride in dry benzene gave the same reaction

mixture. Preparative t.l.c. of this mixture gave the 9p-ll-ketone

(CXIva) (35%) and the backbone-rearranged product (CXIVI) (45%).
Tﬁe structure of the ketone was clear from the i.r.

spectrum (1713 cm.“l) and from its conversion into the known
(108)

9a-1l-ketone (CXIVb) by sucecessive treatmenu with base

and reactylation. The structure of the“backbone-oompoumd”
(CXIvI) was indicated by the mass spectrum which shows a strong
peak (ﬁ/e 355) due to loss of side chain from the molecular
ion (m/e 462).(22) The 100 M,Hz. lH n.m.r. spectrum of the
compound (CXIVI) shows a single vinylic proton (¢ 4.7) and

the C(21)H3-d0ublet (€ 9.05; J. ca. 7 Hz.). This douialet
collapsed to a singlet on double irradiation 149 Hz. downfield,

confirming the 4253’17-structure.(2)

The i.r. and u.v.
spectra of the compound (CXIVI) were consistent with the
assigned structure. Treatment of the epoxide (CXIIVa) with
tin(IV) chloride in benzene has recently been reported(log)
to givé only the ketone (CXLva) (80%#). The data renorted
for the ketone (CXLVa) (m.p. 18}-5°Cq[a]ﬁ+ 110)(109),does not
agree with that obtained (m.p. 199-200°CU[a]D+V96°) in

the present work. The reasons for these differencesaqe

not clear.
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Tt was anticipated that the 9B,1lp-epoxide (CXLIVb)
might be prepared via the bromohydrin (CXLVIIa). The olefin

(CXLIII) was therefore treated with N-bromoacetamide and

110
perchloric acid ("HOBr") in peroxide frec, aqueous dioxang )

A single product, the bromo-ketone (CXIVIIIa) was obtained.
The i.r. spectrun. of the bromo-ketone (CXIVIIIa) (1668 cm.“l)

is typical of an o,pB-unsaturated ketone. The lH n.m.r.

spectrum of the compound shows a signal at low field (= 5.00;
w%«. ca, T Hz,) which is assigned to the equatorial TB-methine
proton. The u.v. spectrum { k max. 267 n.m. amax. 7,660)

shows the xma.x shifted to a longer wavelength relative to

the parent a,f-enone chromophore (CXLVIIIb) (>\max.255)'(108)

Shifts to longer wavelengths of this magnitude have been

recorded for the introduction of axial-) -bromine atoms

(111)

into other a,B-enone systems. These shifts have been

ascribed to second order effects due to partial overlap

of the bromine p-orbitals with/a,B-unsaturated chromophore.

Hydrogenolysis of the bromo-ketone (CXLVIIIa) using a

palladium catalyst gave the o,B-unsaturated ketone (CXLVIIIb)SlOS?

(Npax, 257 nem. €

between the melting point recorded for the ketone (CXLVIIIb)

nax 9,370). There was some disagreement
(133-1400.) and that in the literature (108_) (119-200(:.).
Accordingly the ketone was recuced using lithium in liquid

(112) to give the diol (CXLIXa) from which the

ammonia
diacetate (CXLIXb) was obtained. Both these compounds

have data in agreement with that in the literature.(llj)

T2.



The failure of the olefin (CXLIII) to give the bromohydrin
(CXLVIIa) is possibly due to a severe interaction in the
transition state between the developing Sa-bromine atom
and l4a-methyl group.

It was found that the 9a,lla-epoxide (CXLIVa) could
be opened using periodic acid/dioxan or perchloric acid/
methyl ethyl ketone(llu) to give the diene (CXLI) but
the 9a,11p-diol (CXLVIIb)} was not obtained. Treatment

(115)

of the epoxide with aqueous dioxan gave recovered

starting material. Attempis to introduce a 9Ga--chlorine

-

atom by reaction of the olefin (CXLIII) with hypochlorous
acid(lIG) or nitrosyl chloride(lIT) gave only recovered
starting material.

The failure of the B8¢,9a-epoxide (CXOXIXb) to

7-compound is probably due in part

rearrange to a 4:;L}’l
to the syn-cenformatlion of the l4a-methyl and 8,9-epoxide
groups. This requires the development of a full carbonium

ion at C(8) for rearrangement to occur. This would allow

diene formation to compete effectively, as in the case of

the 9,1l0-epoxides studied(118) (Discussion 2}. In contrast

to this, the anti-conformation of the 8B-hydrogen atom and
9,11-epoxide group in the epoxide {CXLIVa) would allow a

more concefted type of reaction which could compete effectively
with elimination., Although the similar acid-catalysed
rearrangement of dihydroeuphol (CL) to isoeuphenol (CLI)

(119)

is well known, the rearrangement of the 127f-methyl

and l2a-methyl groups in the lanostane series has not been

1.



previously reported. The failure of the 10B-methyl group
to migrate to C(9) in any of the above reactions is a
little surprising: Apparently the interaction between the
geminal C(4) dimethyl group and 10f-methyl group provides
insufficient driving .force for this reaction to occur. As
stated previously (see Introduction) ApSimon et al. found
the generation of an allylic C(10) carbonium ion followed
by A-ring aromatisation provided insufficient driving force

(86)

for the 108-methyl group to rearrange. The rearrangement

of compound (CLII) to compound (CLIII) in good yield has

(120) The stabilisation of the

recently been repérted.
C(10) carbonium ion intermediate by the 5,6-double bond
provides sufficlent additional driving force for this reaction.
These results have recently been reported by us in the

literature.(lal)
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Experimental : -

I.r. spectra were determined (for carbon tetrachloride
solutions unless otherwise stated) with Perkin-Elmer 237 and 257
spectrophotometers, U.v. spectra were determined (for hexane
solutions‘ unless otherwise stated) with Unicam S.P.800 and
Uvispek spectrophotometers. ]TI N.m.r. spectra were
determined at 60 M.Hz., with a Perkin-Elmer R.10 spectrometer,
at 100 M,Hz. with a Varian H.A. 100 spectrometer or at
220 M,Hz. with a Varian H(R,.220 spectrometer. Solutions
were in carbon tetrachloride unless otherwlse stated.
Rotationas were measured for chloroform solutions with a
Bendix polarimeter 143C. Mass spectra were determined
with A.E.I. M.3, 902 and M.S. 12 mass spectrometers. 6ne
metre plates (0.5 m.m) of Merck Kieselgel PF254 were used
for preparative t.l.c. Colum chromatography was carried
out using deactivated (Grade III) Camag neutral alumina,

Solutdlons were dried over anhydrous sodium sulphate and
solvents were removed in vacuo on a rotary evaporator.

The following'standard experimental procedures were
adopted .unless otherwise stated:-

Epoxidation.~ The steroid was treated with a four molar
excess of monoperphthalic acid-ether solution (60 g./litre)
at room temperature overnight. The excess acid was removed
by washing the ether solution with a 2 N. sodium hydroxide
solution followed by washing with water. The solution was

dried and the solvemt removed.



Hydrolysis~ A solution of the steroid in agqueous methanolic
potassium hydroxide (5®) was refluxed for 30 minutes. The
solution was cooled, poured int_o water and extracted with ether.
The ether solution was washed well with water and dried,
followed by removal of the solvent.

Acetylation.~ The steroid was treated with an excess of acetic
anhydride-pyridine (1:10) at room temperature overnight. The
mixture was poured into water and extracted with ether. The
ether was washed free of pjrridine using dilute hydrochloric
acid (2N)., This was followed by washing with a saturated
sodiw'n‘bicarbonate solution and water; after drying, the
solvent was removed.

Oxidation.~ Alcohols were oxidised using Jones reagent(zo)
(2 ml./1 g. steroid) in acetone (ca, 6 ml./1 g. steroid)

for 5 minutes at 0°C. . The mixture was poﬁred into water

and extracted with ether. The ether solution was washed with
a saturated sodium bicarbonate solution followed by water.

The solvent was removed after drying the solution.

Heaction of Epoxldes with Boron trifluoride.=

The epoxide as a solution in sodium dried benzene (5% w./v.)
was treated with boron trifluoride diethyletherate 1m.2 g.- .
steroid) for the specified time at room temperature. The
mixture was poured into a saturated sodium blcarbonate solution
and was then extracted with ether. The ether extract was
washed with water, and dried. The solvent was removed to give

the crude product mixture.
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Reaction of 5,6a-Epoxy-3f-hydroxy-Sa-cholestane (XIVa).-

The epoxide (XIVa.)(lj) (1.7 g.) was reacted with boron
trifluoride for T min. to give a crx;de product mixture.
Preparative t.l.c. {eluting (x2) with benzene-ethylacetate
(1:1)] gave the fluorohydrin (XVa) (34 mg.), m.p. 214.216°
(from acetone), [a]D-'T.SO (e. 0.25), T (CDClj) 5.7% (4,
Jyp S2. 50 Hz,, 6-H), 5.92 (m, W3 ca. 24 Hz., 3-H), 8.90

(4, ca, 5 Hz., 10p-Me), 9.09 and 9.18 (side chain

(14)
;

[a]D+ 360), the ketone (XVIa)} (77 mg.), m.p. 143-144° (from

Iup
doublet), and 9.32 (s, 13B-Me) {1it.%  ‘m.p. 219-221°,
aqueous methanol ), [a]D- 5.5° {c. 0.5) (lit.,(lS) m.p. 142~
143°, (el 5.1°), the ketone (XVIb) (187 mgz.), a gum,

o _ ,
(aly- 327 (e 0.4),\)max. (CH013) 3400 (OH), 1705 (C=0)
em. ™, T (cCL;) 5.89 (m, Wh ca. 8 Hz., 3-H), 9.09 and
9.18 (d, side chain methyls), 9.13 (s, 108-Me), and 9.34
(s, 13B-Me) (lit.,(ls) m.p. 9’{0, [a]D-lP?’o), the /_Slj’l.rtcompound
(Xviiza) (170 mg.), an amorphous solid, m.p. 147-1490,

[a]D-l- 38° (c. 0.8) (lit.ﬁe)[a]]f 37°), +the slightly impure
9,10

AN

3B-Acetoxy-6f-fluoro~-5-hydroxy-5a-cholestane (XVb).- The

-compound (XVIIa) and a polar fraction (see later).

fluorohydrin (XVa) was acetylated to give the 3-acetate
(Xvb), m.p. 213-214° (from acetone/hexane ), [a]D-26° (e.0.15),

T (CpCly) 4.80 (m, W4 ca. 24,Hz. 3-H), 5.73 (4, Jyp 8.

50 Hz., 6-H), 7.99 (s, OAc), B.79 (4, Ji, c2. 6 Hz.,

10p-Me ), 9.i0 and 9.19 (d, side chain methyls), and 9.32

(1%)

(s, 13p-Me) (1Lit. p

m.p. 212-214°, [a]D-22°).



%B-Ace toxy~58-cholestan-6-one (XVId).-The ketone (XVIb) was

acetylated to glve the 3-acetate (XVId), m.p. 137-138°

(from methanol), [al - 25° (c. 0.5) (21t.{*6) n.p. 136°

[a],- 26°). |
3B4ba-Diace toxy-5-me thyl-19-nor-58-cholest-9(10 )-ene (XVIIb).-

Acetylation of the A&9,10

-compound (XVIIa) and further
t.l.¢c. [ethyl acetate-benzene (1:3)] gave tﬁe dlacetate
{(XVIIb), a gum, {a]D+ 36° (c. OB), ‘E 7590 at 210 n.m.,

5000 at 215 n.m., and 2400 at 220 n.m., T (00013) 4,90 (m,
W ca. 10 Hz., 3-H), 5.39 (q, J (apparent) ca, 11.2 and

3.1 Hz., 6-H), 8.03 (s, 2xCAc), 8.84% (s, 5B-Me), 9.10 and
9.19 (4, sidé chain methyls), and 9.24 (s, 13p-Me) (Found:
c, 76.7; H, 10.6. c}lHSOOll requires C, T6.5; H, 10.4%).
38,6a-Dihydroxy~5-methyl-19-nor-58-cholest-9(10)-ene (XVIila).-

Hydrolysis of the diacetate (XVIIb) gave the diol (MIa)
(overall yield 119 mg.), an amorphous solid, [a]y- 4.2°
(c. 1.0), T (cDC14) 5.80 (m, WE ca. 9 Hz,,3-H), 6.57 (a,
J (apparent) ca, 11 and 4 Hz,, 6-H), 8.627(5, 5-Me ), 9.09
and 9.18 (d; side chain methyls), and 9.23 (s, 138-Me)
(Found: C, $0.2; H, 11.35, °27H46°2 requires C, 86.5;

H, 11.5%).

Diketone (XVIIc).- Oxidation of the diol (XVIIa) gave the
atketone (XVIIc), a gum, [al - 46° (c. 0.8) (11¢./®) [a] -
46°).

Diacetate (XVIIIc). Acetylation of the polar fraction

and further t.l.c, [ethyl acetate-benzene (1:5)] gave the
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mono-acetate (XVIIib),“t(d)Cl)) 5.49 (t, J (apparent) ca.
7.8 Hz., 6-H), and 5.95 (m, W3 ca. 9 Hz., 3-H). Acetylation
of the mono-acetate (XVIIIb) at 100° for 2 hr. gave the diacetate
(XVIIIc)(overall yield 290 mg.), a yellow oil,[aly+ 12°

(c. 0.8), T (cnc13) 4.93 (m, Wk ca. 9 Hz.,3-H), 5.42 (t,

J (apparent) ca, 7.8 Hz.,G-H), T.98 (s, 2 x OAc), 8.96 (s,
58-Me ), 9.01 (low-field branch of C(21)Hj—doublet), 9.11
(high field branch of C(21) Hj-doublet; 14p-Me, side chain),
and 9.23 (side chain) (litafe) [a]D+ 14° )Y see also reaction
of epoxide (XIVb)].

Diol (XVIIId).- Hydrolysis of the diacetate {XVIIIc) gave the
diol (XVIIId), m.p. 191-192.5° (from methanol), [aly+ 20°
(¢.0.35) (11t.f,2) m.p. 192-193°, [al+ 21°).

Diketone (XVIITe).~ Oxidation of the diol (XVIIId) gave the
diketone (XVIIIe), a gum, [alj+ 34% (c. 0.4) (11t.,(2)[a]D

+ 340). The same diketone was obtained by oxidation of the
diol (XVIIIa).

Reaction of 5,68-Epoxy-3B-hydroxy-58-cholestane (XIVb).{IB)-

The epoxide (XIVb) (2.0 g.) was reacted for 7 min. with boron
trifluoride and gave a crude product which was separated by
preparative t.l.c. [eluting (x3) with ethyl acetate-benzene
(1:1)] to give the ketone (XVIa) (400 mg.), m.p. 154-156°
(from methanol),[a]D- 5.2° (e, 1.9) (lit.515) m.p. 142-3°,
{a]D- 5.10),and a polar fraction.

Acetate (XVIe).- Acetylation of the hydroxy-ketone (XVIa)

gave the 3-acetate (XVIe), m.p. 128-120°(from methanol ),
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[a]D-l6° (e.l.1) (111;.515) m.p. 127-128°,[a]D- 15.5°).

Diacetate (mﬁc).-ncetylation of the polar fraction at
100°C.for 2 hr. gave after t.l.¢. on silver nitrate-impregnated -
silica (10%) [ethyl acetate-benzene (1:10)] the diacetate
(xvizze) @) (800 me.), lelyr 11.3° (c. 1.06).

Reaction of 5,6a-Epoxy-3B-methoxy-5a-cholestane (XIVc).(EB) -

The epoxide (XIVe) (1.0 g.) was reacted with boron trifluoride
for 5 min. to give a crude product. Preparative t.i.c. [ethyl
acetate-benzene (1:5)] gave five fractions of which four

appeared from spectroscopic data to be essentially homogeneous
and these were acetylated. T.l.c. of the four fractions gave

3B-methoxy-58-cholestan-6-one (XVIe) (270 mg.), m.p. 108-

110°(fron methanol), [aly~ 39° (e. 0.95),v .~ 2835 and
1100 (OMe), 1708 (C=0) cm.”~,~¢ 6.58 (m, W} ca. 8 Hz., 3-H),
6.79 (s, OMe), 9.14 (d, side chain methyls), 9.19 (s, 108-Me),
and 9.35 (s, 138-Me) (Found: C, 80.75; H, 1i.55. Cogtyg0s

requires C, 80.7; H, 11.6%), 6a-acetoxy-3B-methoxy-S,l4-

-dimethyl-18,19-bisnor-58,8a,98,10a,14B-cholest-13(17)-

ene (XVIIIf) (90 mg.), @ gum, [alg+ 51° (c. 0.5),v
1733 (C=0), 1245 (C-0) and 1095 (OMe) cm.“l, “~ 5.44 (m,

Wi. ca. 7 Hz., 6-H), 6.56 (m, W& ca. 9 Hz., 3-H), 6.78 (s,

OMe), 8.02 (s, OAc), 8.92 (s, 5B-Me), 8.98 (lowfield branch

of C(21) Hs-doublet), 9.12 (high-field branch of C(EI)H}—
doublet, l4#f-Me, side chain), and 9.22 (side chain) (the
C(21)H)-doublet collapsed on double irradiation 88 Hz. downfield),

M (mass spectrum) 458.3757 (12% of base peak) (C-J.'ol-lsoojrequires
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458,3760), base peak 285.2213% (CEOH290 requires 285.2218),

6a-acetoxy-3p-methoxy-5-methyl~-19-nor-5-cholest-9(10)-ene

(XVIIQ) (180 mg.), m.p. TL-T3° (from methanol), CI 63°
(c. 0.7), V

(qa, J (apparent) ca. 10.3 and 2.6 Hz,, 6-H), 6.52 (m, W,

ax. L1740 (C=0), and 1240 (C-0) em.”t, ¢ 5.47

ca. 11 Hz., 3-H), 6.75 (s, OMe), 8.03 (s, OAc), 8.80 (s,

58-Me ), 9.14 (4, side chain methyls), and 9.22 (s, 138-Me)
(Found: C, 78.75; H, 11.05. 030H5003 requires C, 78.55;

H, 11.0%), and 6a,9-epoxy-3B8-methoxy-1(10-> 5)-abeo~5a-cholestane

(XIT) (70 mg.), [alg+ 7.1° (c. 0.6), O max, 2835, 1100 (Oie)
em.”t, ¢ (220 M.Hz.,CDCLy) 6.17 (d, J (apperent) ca. 5.2 Hz.,
6-H), 6.24% (m, W} ca, 14.6 Hz., 3-H), 6.73 (s, OMe), 9.09
(d, J (epparent) ca, 7.5 Hz., 10B-Me), 9.13 (d, side chain
methyls), and 9;37 (s, 13B-Me ), M (mass spectrum) 416.3657
(028H48°2 requires 416.3654) (Found: C, 80.25; H, 11.7.
028H4802 requires C, 80.7; H, 11.6%).
Ketone (XVIIe).- Hydrolysis of the &g’lo-compound (xvIIda)
gave the alecohol (XVIIf), W rax, JOM0 and 3480 (OH) cm.'l,
“r 6.6 (m, 3- and 6-H), 6.80 (s, OMe), 8.82 (s, 5p-Me)}, 9.18
(d, side chain), and 9.29 (s, 13B-Me), which on oxidation gave
the ketone (XVIIe), m.p. 64-66° (from me thanol), [a]D- 8.0°
(38 np. 65°, [al - 7.8°).
3,6-Dioxo-14-methyl-1{10—» 5)-abec-18-nor-5«,8x,98,L48-

(c. 0.30) (2it.

cholest-13(17)-ene. (XXIV).- The epoxy-spiran (XXII) (150 mg.)

as a solution in acetic acid (6 ml.) and acetic anhydride

(2 ml.) was treated with boren trifiuoride (1.1 ml.) for 12 hr.
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at 00. Ether was added and the mixture was poured Into 2 N.
sodium hydroxide solution. | The ether extract was washed

with water, dried, and the solvent removed. The crude extract
was hydrolysed and oxldised to give a crude mixture. Preparative

t.l.c. (benzene) gave the dioxo-spiran (XXTV)(20 mg.), a gum,

v 1750 (3-C=0), and 1715 (6-C=0) cm.™Y, T 9.0l

max
(low~field branch of C(21)H5-doub1et),'9.08 (high-field branch
of C(21)H5, 148-Me ), and 9.16 (d, side chain methy1§) {(Double
irradiation 83 Hz. downfield caused the C{21) Hﬁ-doublet to
collapse to a shoulder on the l4p-methyl signal), M (mass
spectrum) 398.3187 (027H4202 requires 398.3185), base peak
285.1849 (019}12502 requires 285.1854),

Reaction of a Mixture of Cyclohexanol and Epoxide (XIVd).-

A mixture of the epoxide (1.0 g.) and cyclohexanol (0.23 g.)
was treated with boron trifluoride ether complex (300 mg.,
ca. 1 mol. with respect to steroid) under the usual conditions
for 5 min,. Preparative t.l.c. [ethyl acetate-benzene (1:10}]
allowed the isolation of the major product, the fluorchydrin
(evp) M (500 mg. ), m.p. 213-214°, [a] -20° (c.0.84).

Variation of the quantity of boron trifiuoride (0.1, 1.5,
and 10 mol.) did not appear (t.l.c.) to change the mixture

of products,

Reaction of 3B-Acetoxy-5,ba-epoxy-5a-androstan-17-one (XXVIIIa).-
The epoxide(ul? (1.2 g.) was reacted with boron trifluofide

for 5 min.. The erude product was separated by preparative
t.l.c. [ethyl acetate-benzene(l:3)] and gave the fluorchydrin

{(XxX1Xa) (812 mg.), m.p. 165-166° (from methanol), [a]D+ 24(c.1.0),
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V) (CHCL..) 3620 and 3450 (OH), 1740 (acetate and
max 5

17-C=0), and ca. 1250 (C-0) em.”t, (CDCl3) 4,90 (m,

W} ca. 20 Hz., 3-H), 5.7 (4, I

(s, OAc), 8.90 (d, J ca. 5 Hz., 108-Me), and 9.13 (s,
(122)

ca, 50 Hz., 6-H), 8.00
138-Me ) (11t. MePo l&f:[a]n+ 15,6), the epoxide
(xviria) (78 mg.),and a polar material.

38, 6a-Diace toxy~5-methyl-19-nor-58-androst~9(10 }-en-17-one

(XXXb).- Acetylation and further t.l.c. of the polar material
from above gave the diacetate (J00m) (211 mg.), a gum,

[al g+ 94° (c. 0.85), £ 5380 at 215 n.m., U (CHC15)

max.
1735 (acetate and 17 C=0), and 1240 (C-0) cm.“l, T (cnc:L})
4,86 (m, w%-gg. 10 Hz., 3-H), 5.32 (q, J (apparent) ca. 11
and 4 Hz., 6-H), 7.95 (s, 2 x OAc), 8.76 (s, 5B=Me), and
9.03 (s, 13p-Me) (Found: C, 70.89; H, 8.38. CQBH}QOS

requires C, T1.10; H, 8.30%).

Diketone (XXXc).- The diacetate (X0{b) was hydrolysed and
oxidised to give the 3,6-diketone (Xxkc), m.p. 175-176° {from
benzene-petrol), ¥y, 1740 (17-C<0), and 1718 (3,6-0-0) en. -
(11£. 98 m.p. 175-277°).

Reaction of 5,6u-Epoxy-3p-hydroxy-5a-androstan-17-one (XXVIIIb).—

The epoxide (XXVIIIb)(hl) (600 mg.) was reacted as a

saturated solution (ca., 1.2%) in benzene with boron trifluoride
for T min., The crude product was acetylated. Preparative
t.l.c. [ethyl acetate-benzene (1:3)]gave.the tﬁ?'lo-compound
(XXb) (244 mg.) and an inseparable mixture of three products
(455 mg.). Froﬁ the methine proton signals in the 1H n.m.r.

spectrum of the mixture the percentage ylelds of the fluorohydrin
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((IXa) (25%), the ketone (XXX¥a) (18.5%) and the epoxide
{(XXVIIIb) (ca. 2%) were estimated. Prepafative t.l.c. of the
mixture [benzene-éthyl acetate (1:1)) gave some pure fluorchydrin
(XXIXa). The mixture was hydrolysed to give a mixture of two
products (by t.l.c.). Treatment of this mixture with periodic
acid in refluxing acetone(uj) for 30 min. on work up gave a
mixture of two products. Preparative t.l.c. [eluting(x 2)with

benzene-ethyl acetate (1:1)] gave the ketone (X0XIb), m.p.

(44)
v

204-207°, [a]+ 53), and the tricl (XXIXb), m.p. 296-298°

205-207° (from methanol), (aly* 30° (c. 0.35) (1it. m.p.

(from acetone) (lit.SaS) m.p. 301-302).

Attempted Isomerisation of the 4;?’10-Compound (XXxp).-

Treatment of the ag’lo-compound (X00(b) with beron
trifluoride in benzene as usual, for 18 hr., on work up
gave only recovered starting material.

Reaction of 5,6B-Epoxy-3f-hydroxy-58-androstan-17-one (XXVIIIc)gql?

- The epoxide (XXVIIIc) (0.6 g.) was reacted with boron
trifluoride as a saturated solution (ca, 1%) for 7 min..
Preparative t.l.c. [benzene-ethyl acetate (1:1)] of the

crude product gave three fractions. Further t.l.c. [chloroform-
methanol (19:1)} of one fraction gave the ketone (XXXIb)(uu)

(91 mg.), W max.
and 1715 (6-C=0) cm.”™, . (CPC1,) 6.42 (m, Wh ca. 24 Hz.,

(CH013) 3610 and 3460 (OH), 1740 (17-C=0),

3-H), 9.12 (s, 108-Me), and 9.22 (s, 138-Me), and a second fraction.

This was acetylated and recrystallised to give 3B,6B-diacetoxy-

~5-fluoro-5a-androstan-17-one (XXIXd) (217 mg.), m.p. 24 8°

(from methanol), [a]D+ 7.1° (e. 0.71), T (CDClj) 4 .60-5.40
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(m, 3,6-H), T7.91 (s, OAc}, 7.99 (s, OAc), 8.82 (s, 10f-Me), and
9.10 (s,l3p-Me) (Found: C, €7.78; H, 8.24, C23H3305F
requires C, 67.64; H, 8.14%). A second fraction was acetylated,
and further t.l.c. [ether-petrol (1:1)] gave 3B,6B-dlacetoxy-
5-methyl-19-nor-5f-androst-1{10)-en-1T7-one (0XITa) (39 mg.),

MeDs 220-222° (from methanol), [a]D+ 16° (c. 0'31)’\)nmx

(CHC1;) 1735 (O and 17 C=0), and ca. 1240 (C-0) em.”t, T

(CDCIB) 4.56-5.30 (m, 1, 3, 6-H), 7.92 (s, OAc), 7.98 (s,

OAc), 8.75 (s, 5p-Me), and 9.11 (s, 13B-te) (Found: C, T1.1ll; H,
8.34. 0231-1:,)205 requires C, 71.10; H, 8.30%)- The third
fraction (120 mg.) was an inseparable polar mixture.

Diketone (XXXIIb);- The diaéetate (X0IIa) was hydrolysed and
oxidised to give‘the diketone (XOOIb), a éum, vV oK. 1745
(17-C=0), and 1720 (3,6-C=0) em.” , ¥ .5 (m, W} ca. 12 Hz.,
1-H), 8.76 (s, 5B8-Me), and 9.12 (s, 13f-Me).

Attempted Isomerisation of the Diketone (XXXIIb).- The diketone

(0OIIb) (12 mg.) in ethanol (0.6 ml.) was refluxed for 1 hr.
with ethanolic potassium hydroxide (0.1 ml., 30%). Work up
gave a mixture (by t.l.c.), which was not further investigated.

Treatment of the Fluorohydrin (XXIXd) with Base.-

The fluorohydrin (XXIXd) (100 mg.) was heated under
neflux in methanolic potassium hydroxide solution (5%) for
30 min. and poured into water. Extraction with dher gave the
hydroxy-epoxide (XXVIIIc) (71 mg.) identical with an authentic

sample,

5, 6a-Epoxy-38-me thoxy-5a-androstan-17-one (XXVIIId).- 3f-Methoxy-

-androst-S-en-lT-one(48)(3.0 g.) was epoxidised to give the
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5,60-epoxide (XXVIIId) (3.0 g.), m.p. 167-169° (from methanol),

[al,- 18.5%(c. 0.6), L nax, 2850, 1095 (OMe) and 1735 (17
C=0) cm.'l, T (cD013) 6.,6-6,95 {(m, 3-H), 6.69 (s, OMe),
7.07 (d, J (apparent) ca. &4 Hz.)G-H), 8.93 (s, lOB-Me), and
9.19 (s, 13p-Me) (Found: C, 75.27; H, 9.28. C20H3003
requires C, T75.43; H, 9.50%).

Reaction of 5,06a-Epoxy-3B8-methoxy-5¢-androstan-17-one (XXVIIId).-

The epoxide (OVIIId) (2.0 g.) was reacted with boron tr'ifluoride
for 5 min.,. Preparative t.l.c¢., [benzene-ethyl acetate (1:1)]
gave two fractions which were acetylated. FPFurther t.l.c.

[ benzene-ethyl acetate (10:1)} of these fractions gave

6a-acetoxy-3p-me thoxy-5-methyl -19-nor-58-androst=-9(10)-en-17-one

(x0Xd ) (400 mgz.), m.p. 152° (from methanol), [o:]D+ 136°(c.076)=
€ 4,600 at 215 n.m., N i, 2830, 1090 (OMe), 1745 (acetate

S (cpe15) 5.33 (a,

J (apparent) ca. 10 and 4 Hz.,6-H), 6,47 (m, s ca. 12 Hz.,

and 17-C=0), and 1240 (C-0) cm.

3-H), 6.T1 (s, OMe), 7.98 (s, OAc), 8.76 (s, 5p-Me), and 9.04
(s, 138-Me) (Found: C, 72.85; H, 8.85. 0221-13204 requires

C, 73.30; H, 8.95%), 68-Ffluoro-5-hydroxy-38-methoxy-5e-androstan-

-17-one (XXTXe) (269 mg.), m.p. 223-225° (from methanol),

[al ¢ 52%c. 0.75), V nax. (CHCL;) 3610 and 3440 (OH),

1

2830, 1095 (OMe), and 1740 (C=0) em.™, = (CDClj) 5.71

(d, Jyp ca. 50 Hz., 6-H), 6.40 (m, W} ca, 22 Hz.,3-H),
6.67 (s, OMe), 8.87 (4, JHF ca. 5 Hz., 10B-Me), and 9.12
(s, 138-Me) (Found: C, T1.33; H, 9.07. CEOH3lojF requires

C, 70.99; H, 9.24%), 3B-methoxy-58-androstan-6,17-dione (XKIc)
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(414 ng.), m.p. 163-164° (from methanol),[aly + 6.7 (c. 0.76),
V . 2830, 1095 (OMe), 1750 (17 C=0), and 1725 (6 C=0) .
cm.-l, T 6.59 (m, W3 ca. 8 Hz., 3-H), 6.78 (s, OMe), and
9.14 (s, 108,13B-methyls) (Found: C, 75.07; H, 9.39.

cao“zoc’} requires ¢, 75.43; H, 9.50%), and the epoxide
(XXVIIId) (85 mg.).

Reaction of 3B-Acetoxy-5,6a-epoxy-5¢~pregnan-20-one

(maIIa).(l*l_) - The epoxide (XXXIITa) (1.65 g.) was reacted
with boron trifluoride for 10 min.. fhe crude product was
separated by preparative t.l.c. [benzene-ethyl acetate (3:1)]
and gave the fluorohydrin (OXXIVa) (1.26 g.), m.p. 202_204°
(from methanol), [a]D+ 43%(c, 0.38 ), ’t;(CDCl3) 4,90 (m,

W} ca. 22 Hz., 3-H), 5.78 (d, Jyp _c_g 50 Hz., 6-H), 7.90
(s, m3co-), 8.00 (s, cnjco-), 9.11 (4, Jyp o2+ 4 Hz., 108-Me ),
and 9.39 (s, 13B-Me) (lit.g}u) M.Pe 223-2240, [a]D+ ua°),
the epoxide (OO{TITa) (218 mg.) and a polar fraction.
Diacetate (XOXXVb). The above fraction was acetylated.
Preparative t.l.c. [benzene-ethyl acetate (19:1)] gave

3B, ba-diace toxy-5~methyl -19-nor-58-pregn-9(10 }-en-20-one

(oovb) (140 mg. ), m.p. 118-1190 {from methanol), [a]D

+ 136° (c. 0.5), £ 5,350 at 215 n.n., Y e, LT8O
(acetate C=0), 1712 (C=0), and 1235 (C-0) cm.'l, ol (cnc13)
4,98 (m, Wk ca. 10 Hz., 3-H), 5.44 (q, J (apparent) ca.

11 and 4 Hz, 6-H), ca. 7.99 {(m, 3x cnjco-), 8.80 (s, 5p-Me),
and 9.29 (s, 138-Me) (Found: C, 71.83; H, 8.90.

» 7
025}13605 requires C, 72.08; H, 8.71,;?.
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Diketone (XXVe).- The diacetate (J00Vb) (100 mg.) on
hydrolysis and oxidation gave the diketone (300(Ve) (50
mg.), m.p. 168-169° (from ethanol), [al + 6 (c. 0.8) (1it.,
(BL) n.p. 167-169°, al s 7.68°).

Reaction of 5,6a-Epoxy-3B-hydroxy-5¢-pregnan-20-one
(31)

(XxXI1ID), - The epoxide (XXXIIIb) (1.4 g.) was treated
with boron trifluoride for 7 min.. The crude product was
acetylated. Preparative t.l.c. [benzene-ethyl acetate
(3:1)] gave three fractions. Two fractions were further
separated by t.l.c. [benzene-ethyl acetate (10:1)] and gave

the fluorohydrin (XXXIVa) (129 mg.), 5B-acetoxy-58-pregnan-

-6,20-dione (X0VIa) (439 mg.), m.p. 111-112° (from petroleum

ether), [a}D+ 13.8° (c. 0.72), N 1740 (acetate C=0),

max
1710 (6,20-C=0), and 1240 (C-0) em.";L T 5.02 (m, W3 ca.
8 Hz., 3-H), 7.99 (s, CH300--), 8.01 (s, cnjco-), 9.14 (s,
10B-Me ), and 9.4% (s, 13B-Me) (Found: C, 73.84; H, 9.22.
023H3404 requires C, 73.76; H, 9.1553))and the bg,lo_
compound (XXXVb) (517 mg.). The third fraction (490 mg.)
of polar material was not further investigated.

Reaction of 5,6B-Epogg:}ﬁ«hydroxy-sﬁ-pregnan-20—one

(mxnc).(ul_) - The epoxide (2.0 g.) was treated with
boron trifluoride for 5 min.. The crude product was
acetylated and preparative t.l.c. [benzene-ethyl acetate

(10:1)] gave 3B,6B-diacetoxy-5-fluoro-5a-pregnan-20-one

(xovi1) {(1.25 g.), m.p. 221-222° (from acetone), [a]
0° (e. 0.77), \)max 1740 (acetate C=0), 1710 {C=0) and

1248 (C-0) em.™Y, ¢ (CDC1) 4.6 - 5.4 (m, 3,6-H),
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7493, 7.96, 8.03 (s, 3 x CH,C0-),8.87 (s, 10B-Me), and

9.38 (s, 13B-Me) (Found: C, 68.87:; H, 8.34, 025H3705F
requires C, 68.71; H, 8.54%), and the ketone (XIXVIb)

(518 mg.), m.p. 155-1560 (from aqueous methanol), [a]D+

26° (c. 0.57) (11t.553) m.p. 155-156°). Some highly polar
material (456 mg.) was not further inﬁestigated.

Ketone (XOXXVId).- The acetoxy-ketone (XXXVIb) was hydrolysed
to give the hydroxy-ketone (JOXVId), m.p. 185-187° (from
ethyl acetate), \J nax . (CHClj) 3620 and 3470 (OH), and 1710
(6, 20 - C=0) em.”L, ¢ (DC1,) 6.40 (m, Wh ca. 23 Hz., 3-H),
7.90 (s, CH;009, 9.25 (s, 10B-Me), and 9.39 (s, 136-Me)
(11t.5?3) m.p. 186-187°).

5,6a-Epoxy-28-me thoxy -5a-pregnan-20-one (X0XIIId).-

BB-Methoxy—pregn-s-en-zo-one(54) (2.5 g.), was epoxidised
to glve the a-epoxide (XXXTIId) (2.5 &.), m.p. 146-148°

(from ethyl acetate), [a]D 0% (c. 0.67), Voax

2820, 1095
(OMe), and 1708 (C=0) em.”t, ~C.6.55-7.00 (m, 3-H), 6.80
(s,0Me), 7.25 (4, J (apparent) ca, 4 Hz., 6-H), 8.06 (s,
CHBCO-), 8.99 (s, 10B-Me), and 9.49 (s, 13B-Me) (Found:

Cc, 76.21; H, 9.78 . 022H3403 requires C, 76.26; H, 9.89%).

Reaction of 5,ba-Epoxy-3B-methoxy-5a-pregnan-20-one (XXXITId).-

The epoxide (J0OOIId)} (3.0 g.) was reacted with boron trifluoride
for 5 min.. Preparative t.l.c. [benzene-ethyl acetate (10:1)]
of the mixture gave two fractions. The first fraction was
further separated by t.l.c. [ether-petrol (3:2)] and the

fractions acetylated. PFurther t.l.c. of these fractions
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gave 6a-acetoxy-3B-methoxy-5-methyl-19-nor-58-pregn-9(10)-en-20-

-one  (X0(VA) (630 mg.), a gum, [al+ 97° (e. 0.7), € 5,200

at 215 num., \) 2820, 1090 (OMe), 1730 (acetate 'C=0),
1705 (C=0), and 1235 (C-0) cm.'l, € 5.47 (4, J (apparent)

ca, 11 and 4 Hz., 6-H), 6.52 (m, W& ca. 11 Hz., 3-H), 6.76

(s, OMe), 8.00, 8,04 (s, 2 x cujco-), 8.81 (s, 58-Me), and 9.30
(s, 13B-Me), M (mass spectrum), 388.2562 (C,yHs0) requires

388.2613), 68-fluorn-5-hydroxy -3g-methoxy-5a-pregnan-20-one

(covb) (236 mg. ), m.p. 190-191° (from methanol), [a]D+
nc. 0.8), Vv (CHC1,) 3600, 3450 (OH), 3830, 1095

(0Me ), and 1700 (C=0) em. ™Y, g (CDClj) 5.77 @, gy ca.

50 Hz., 6-H), 6.3-6.7 (m, 3-H), 6.68 (s, OMe), T7.91 (s, CHJCO—),

8.90 (a, .

¢, T2.04: H, 9.76, 0221{35031-‘ requires C, T72.02; H, 9.63%),

ca, 5 Hz., 10B-Me), and 9.37 (s, 13B-Me) (Found:

and 6a-acetoxy-38-methoxy-1(10 —» & )-abeo-5a-pregn-9(10)-en-

-20-one (JOXVIII) (98 mg.), a gun, [al+ 62.5° (c. 0.92),

€ 6520 at 215 n.m., V) nax. 2825, 1095 (OMe), 1735 (acetate
C=0), 1708 {C=0), and 1240 (C-0) cm.-l, T 5.33 (q, J (apparent)
ca. 11 and ¥ Hz., 6-H), 6.28 (m, W& ca. 14 Hz., 3-H), 6.82

(s, oMe), B.00, 8.04 (2 x CH,C0-), 8.32 (s, 10-Me), and 9.31

(s, 138-Me), M (mass spectrum) 388.2608 (CQIIH}GOI} requires
388,2613). The second fraction was separated by t.l.c.

[ether-petrol (2:3)] to give 6a,9-epoxy-3p-methoxy-1(10—y 5)-

abeo-50-pregnan-20-one (XXXIX) (55 mg.), a gum, [a]D+ 59.6 °
(e. 0.71), VW max. 2835, 1105 (OMe )}, and 1708 (C=0) cm.Il-
C (100 M.Hz., CDCly) 6.17 (d, J ca. 6 Hz., 6-H), 6.26 (m,

Wh ca. 18 Hz., 3-H), 6.75 (s, OMe), T.9L (s, CHCO-), 9.15
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(@, J ca. 7 Hz., 1OB-Me), and 9.44 (s, L3B-Me) (Double
irradiation 66 Hz. downfield caused the 1lOP-methyl doublet
to collapse) (Found: C, 75.82; H, 9.95. 0221-1340-.5 requires

C, T76.26; H, 9.89%), and 3B-methoxy-58-pregnan-6,20-dione

(XxXvIie) (399 mg.); m.p. 172-173° {from methanol), [a]D- 2.5°
(c. 1.1), v max..2835, 1105 (OMe), and 1710 (C=0) cm.'}
6.58 (m, W3 ca. 8 Hz., 3-H), 6.79 (s, OMe), 7.98 (s,
cnjco-), 9.19 (s, 108-Me), and 9.42 (s, 138-Me) (Found: C,
76.35; H, 9.82, 022H34°3 requires C, 76.26; H, 9.89%).

3B-Hydroxy-19-methyl-cholest-5-ene (XLVIITa).- A 2.0 M hexane

solution ofn-butyllithium (26 ml.) was added to a suspension

of methyltriphenylphosphonium iodide (22 g.) in dry

benzene (200 ml.) and the mixture stirred under nitrogen for

2 hr. « 3p-Hydroxy-19-oxo-cholest-5-ene (XLVI) (61) (8.1 g.)
dissolved in dry benzene (200 ml.) was added slowly. The
mixture was stirred overnight at room temperature and then
refluxed for 6 hr. . After cooling the mixture was poured into
water, extracted with ether and the ether extracts dried and
evaporated. The resulting oll after column chromatography
(eluting with benzene, followed by l0% ether-benzene) gave the
10B-ethenyl steroid (XLVII)(Goa)(5.6 g£.). An ethyl acetate
solution of the steroid (XIVII) was stirred with a 10% palladium
6n charcoal catalyst, in an atmosphere of hydrogen at room
temperature until the uptake of hydrogen had ceased. The solu;ion
was filtered and evaporated and the resulting oil,recrystallised

from acetone-methanocl, gave the 19-methyl-steroid (XLVIIIa)

(5.7 &), m.p. 86-88°, [a];-23° (c. 0.60), T 4.55 (m, Wk
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ca. 8 Hz., 6-H), 6.61 (m, w%-gg. 26 Hz., 3-H), and 9.31 (s,
138-Me) {Found: C, 84.03; H, 1l1.56. C28H480 requires

¢, 83.93; H, 1208%3).

5, 6a-Epoxy-3p-hydroxy-19-methyl-5a-cholestane (XLVa).-

Epoxidation of the 19-methyl-steroid (XIVIIIa) (6.0 g.) gave
as the sole product, the q-epoxide (XLVa) (4.9 g.), m.p.
74-75° (from methanol), [e],- 43° (c. 0.64), \) nax, 540
and ca. 3450 (OH) cm."l, X 6.2 (m, W} ca. 24 Hz., 3-H),
7.19 (d, J ca. 3.1 Hz., 6-H), and 3.35 (s, 13B-Me) (Found:
c, 81.1; H, 11.3. C28H4802 requires C, 80.7; H, 11.6%).

3B-Acetoxy-5,60-epoxy-19-methyl-Sa-cholestane (XLVb).-

The hydroxy-epoxide (XIVa) (2.0 g.) was acetylated and gave

the acetoxy-a-epoxide (XLvb) (1.5 g.), m.p. 67—680 { from

methanol), [a] - %0° (c. 0.7), Vo, 1740 (C=0), and 1245
(c-0) em.™t, T 5.2 (m, W ca. 26 Hz., 3-H), 7.18 (d, J
ca. 3.1 Hz., 6-H), 8.12 (s, OAc), and 9.37 (s, 12ZB-Me)
(Found: C, 78.5; ﬁ, 10.6.
H, 11.0%).

3B-Me thoxy-19-methyl-cholest-5-ene (XLWILIb). %P)_ mne

CBOHBOOB requires C, 78.55;

hydroxy-olefin (XLVIIIa) (500 mg.)_in trimethylorthoformate

(5 ml.) was stirred at room temperature and perchloric acid

(0.5 ml., 60% w/v.) was slowly added. The stirring was continued
for a further 15 min. and the mixture poured into a sodium
bicarbonate solution and extracted with ether. The extract was
dried and the solvent removed to give the methyl-ether (XLVIIIb)

(450 mg.), m.ﬁ. 80-82° (from methénol),[a]D- 51° (c. 0.46)’



(11t.£6°b) m.p. 81-82°, [a]m—53°).

5, 6a-Epoxy -3p-me thoxy-19-methyl-5a-cholestane (XIVe).-

The methoxy-olefin (XIVIIIb) (1.8 g.) was epoxidised to

give the a-epoxide (XLVe) (1.8 g.), m.p. 67-680 (from

1l

methanol), [al,- 39.5° (c. 0.6), \) _ 1,100 (OMe) om.”",

max
X 6.55-7.00 {m, 3-H), 6.77 (s, OMe), T.2L (d, J (apparent)

ca. 2.5 Hz., 6-H), and 9.35 (s, 13p-Me) (Found: C, 80.78;

H, 11.89. requires C, 80.87; H, 11.79).

Cagtso2
The a- and B-Epoxides (XLvd) and (XLVe).- The epoxide (XLVa)

(5.2 g.) was heated under reflux with lithium éluminium hydride
(4.0 g.) in ether (600 ml.) for 1 hr.. The mixture was cooled
and the excess reducing agent removed by the addition of ethyl
acetate. Work up gave the diol (XLIXa) (3.4 g.) m.p.
;48-1490 {from methanol))[a]D+ 13° (c. 1.08),'\) A
(CHClj) 3620, 3440 (OH) em.”t, €5.95 (m, W& ca. 21 Hz.,
3-H), and 9.32 (s, 13p-Me). The diol (XLIXa) (1.0 g.} in
pyridine (25 ml.) at 10° was treated with methanesulphonyl
chloride (1.5 ml;). The mixture was allowed to stand for
2 hr. at room teﬁperature and then poured into ice. The
mixture was extracted with ether and the ether extracts
washed with dilute hydrochloric acid and sodium bicarhbonate
solution. Removal of the solvent gave the mesylate (XLIXb)
(1.2 g.), an oil, [al+ 13° (c. 0.86), V) oy, (thin film)
3540 (OH), and 1350, 1175 (S=0) em.”™t, ' 5.00 (m, W} ca,
26 Hz.,3-H), T7.05 (s, Mesoj-), and 9.32 (s, 13B-Me).

The mesylate (XIIXb) (1.2 g.) was refluxed for 5 hr. in

a mixture of acetyl chloride (17 ml.), chloroform (17 ml.)
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and diethylaniline (17 ml.). The mixture was poured into

water and extracted with ether. The ether extract was washed

with sodium bicarbonate solution, dried, and the solvent

removed. The crude resldue was chromatographed on deactivated
alumina (70 g.) (eluting with petrol and 29 ether-petrol) and

gave the 3a-acetoxy-~olefin (XILVIIIc) (450 mg.), V) max. 1740

(C=0), and 1245 (C-0) cm.”t, L 4.58 (m, wh ca, 8 Hz., 6H),

5.11 (m, W5 ca. 9 Hz., 3-H), 8.08 (s, OAc) and 9.29 (s, 13B-Me).
The olefin (XLVIIIc) (450 mg.) was epoxidised using monoperphthalic
acid for 48 hr. to give a mixture. Preparative t.l.c. [eluting

(x 2) in benzene-ethyl acetate (19:1)] gave 3u-acetoxy-5,6a-

-epoxy-19-methyl-5a¢-cholestane (XLvd) (144 mg.), a gum, [a]D-36°
1

(c. 1.1), WV max, 1740 (C=0), and 1245 (C-0) em.”™, “T 5.14
(m, W ca. 8 Hz., 3-H), 7.40 (d, Jca. 3 Hz;, 6-H), 8.04
(s, OAc), 9.39 (s, 13B-Me) {Found: C, 78.59; H, 10.88.
CjOHSOOj requires C, 78.55; H, 10.99%),and 3a-acetoxy-
5,6B-epoxy~19-methyl-5B-cholestane (XIVe) (168 mg.), m.p.

70-71° (from methanol), [a] - 2% (c. 0.84), V) . LTHO (C=0),
and 1240 (C-0) cm.',l't.s.oo (m, W} ca. 13 Hz., 3-H), 7.3

(m, W3 ca. 4 Hz., 6-H), 8.06 (s, OAc), and 9.32 (s, 13B-Me)
(Found: €, 78.00; H, 11.08. C_H_ 0. C, 78.55; H, 10.99%).

305073
5,6a-Epoxy-3a-hydroxy-19-methyl-5a~cholestane (XIVf).- The

epoxide (XILVA) was hydrolysed and gave the hydroxy-a-epoxide

(XLVE), m.p. 94-96° (from methanol), [a]l- 57° (c. 0.8),
V .. 3570 (OH) em.™, T 6.04 (m, Wk ca. 8 Hz., 3-H),
7.00 (s, OH), 7.18 (d, J ca. 2,5 Hz., 6-H), and 9.35 (s, 13p-
Me) (Found: C, 80.86; H, 11.94. 028H48°é requires C, 80,71;

H, 11.61%), 94;



5,6B-Epoxy-3a-hydroxy-19-methyl-5B-cholestane {XIVg).-

The acetoxy-pB-epoxide (XILVe) was hydrolysed and gave the

hydroxy-f-epoxide (XIVg), m.p. 130-131° (from methanol),

o -1
[a]y- 10.87(e. 0.7),\)max. 3640, 3430 (OH) em.”” ,'T 5.91
(m, W3 ca, 11 Hz., 3-H), 7.20 (m, W5 ca. 4 Hz., 6-H), T.54
(s, OH), and 9.32 (s, 13f-Me) (Fourd: C, 80.71; H, 11.45,
028H4802 requires C, 80.71; H, 11.61%).

38-Ace toxy-5,6B-epoxy-19-methyl~5B-cholestane (XLVh).-

The hydroxy-olefin (XILVIIIa) (2.5 g.) was stirred for 12 hr.

at room temperature with formic acid (25 ml.) and hydrogen
peroxide (3 ml. 100 vol.). The mixture was poured into water
and extracted with ether. The ether extract was washed with
sodium blcarbonate solution, dried and the solvent removed,

The crude product was heated under reflux for 30 min. in
methanolic potassium hydroxide (2.5%, 160 ml.). The usual
work up gave the crude tricl ( 1Ib ) (2.3 g.). The triol

(. TB.) was heated at 100° for 30 min. with toluene-p-sulphonic
acid (0.7g.) in acetic anhydride (35 ml.). The mixture was
cooled, poured inte water and extracted with ether. The ether
extracts were washed with sodium bicarbonate solution, dried
and the solvent removed. This crude triacetate ('Lc ) was
heated under reflux for 15 min. in ethanol (113 ml.) containing
potassium hydroxide (3.42 g.). The usual work up gave a crude
product which was acetylated. Column chromatography of the

mixture (eluting with benzene) gave the pure 5,6B-epoxide (XIVh)

(1.1g.), a gum, [alg 0° (c. 0.71), \)m. 1740 (C=0), and

1235 (c-0) em.”t, T (cnc13) 5,20 (m, W& ca. 22 Hz., 3-H), 7.1%
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(m, W& ca. 4 Hz., 6-H), 8.02 (s, OAc), and 9.36 (s, 13p-Me)
(Found: C, 79.00; H, 11,11, 030H5005 requires C, 78.55;
H, 10,99%).

5,68-Epoxy-~38-hydroxy-19-methyl-58~cholestane (XIVi).-

The acetoxy-5,0B-epoxide (XLVh) was hydrolysed and gave
the hydroxy-5,6B-epoxide (XLVi), a gum,[a]D+ 2.l°(c. 0.47),

V__ 3630 and ca. 3400 (OH) em. ", T6.32 (s, OH), 6.40

max,

(m, W% ca. 22 Hz,, 3-H), 7.22 (m, W3 ca. 4 Hz., 6-H), and
9.33 (s, 138-Me) (Found: C, 80.70; H, 11.48. L

requires C, 80.7L; H, 11.561%).

Reaction of 3f-Acetoxy-5,6a-Epoxy~-19-methyl-5a-cholestane (XIVb).-
The epoxide (XLVb) (1.5 g.) was reacted with boron trifluoride |
for 1 min.. Preparative t.l.c. of the resultant mixture

[eluting with benzene-ethyl acetate (10:1)} gave three

fractions. The least polar was further chromatographed

[benzene-ethyl acetate (40:1)] to give 3p-acetoxy-5-formyl-19-

methyl-B-nor-58-cholestane (LIIa) (196 mg.), a gum, [a]D

+ 21° (e. 0.2), V) ax, 2720 (sldehyde C-H), 1740 (acetate
C=0), 1720 (aldehyde C=0), and 1235 (C-0) em.”, ~C 0.31

(s, CHO), 5.1 (m, W& ca. 13 Hz., 3-H), 8.0% (s, OAc), and

9.33 (s, 13f-Me), mass spectrum: no molecular ion, first
signiricant peak possibly *.C,H,-CHO, (m/e 401. 3422, 027}14502

requires 40l. 3419), and 3B-acetoxy-6a,9-epoxy-19-methyl-

-1(10—> 5)-abeo-5a-cholestane (LIITa) (45 mg.), m.p. 110-111°

(from methanol), [aly- 3.6° (c. 0.8), V oy, 1THO (c=0),

and 1240 (C-O)-cm.-i""[: 5.0 (m, W ca. 13 Hz., 3-H),

%.



6.33 (d, J ca. 6 Hz., 6-H), B.09 (s, OAc), and 9.40 (s,

13p-Me) (Found: €, T79.02; H, 11.00. requires

Caoflg003 Tea
C, 78.55; H, 10.99%). The remaining two fractions were
acetylated. T.l.c. of the acetylated middle fraction [in

benzene-ethyl acetate (40:1)] gave 3f-acetoxy-68-fluoro-

-5-hydroxy-19-methyl-5a-cholestane (LIV) (245 mg.), m.p.

143-1-'m° (from acetone-methancl), {a]D- 21° (c. 0.7), V)

3608 and 3440 (0H), 1740 (C=0), and 1720 (C=0) em.™t,

max.

€ 4.90 (m, W3 ca. 20 Hz., 3-H), 5.86 (m, ca. 49 Hz.,

i
6-H), 6.98 (s, OH), 8.03 (s, OAc) and 9.30 (s, 138-Me)

(Found: C, 75.05; H, 10.89. requires C, 75.28;

C40H51F05
H, 10.,74%), and 3B-acetoxy-19-methyl-58-cholestan-6-one (LVa)

(275 mg.), m.p. 115-116° (from methanol), [a],-29° (c. 0.7),
VD pax, 1740 (acetate C=0), 1T10 (C=O)-and 1230 (C-0) em.”},
€ 5.10 {m, W& ca. 8 Hz., 3-H), 8.00 (s, OAc), and 9.34 (s,

138-Me) (Found: C, 78.38; H, 10.78.  CyH 05 requires

C, 78.55; H, 10.99%), and 38,6a-dtacetoxy-5-ethyl-19-nor-

-5f-cholest-1{10)~ene (LVIa) (56 mg.), a gum, [a]D-23°

(c. 1.2), V . 1735 (C=0), and 1230 (C-0) em.™, ¥ 4.73

(m, Whkoa. 10 Hz., 1-H), 4.9-5.4 (m, 3,6-H), 7.98, and 8,03

max

(s, 2 x OAc), and 9.30 (s, 1P -Me). T.l.c. of the acetylated
most polar fraction [in benzene-ethyl acetate (10:1)] gave

38,6a-diacetoxy-5-ethyl-19-nor-58-cholest-9(10)-ene (LVIIa)

(224 mg.), a gum, [a]D+ 25° {c. 0.4), fi 5,300‘at 215 n.m.,

V. 1735 (C=0), and 1235 (C-0) cm. 4 .69-5.23 (m, 3,6-H),

max
8.00 (s, 2 x OAc), 9.20 (s, 13B8-Me), and 9.30 (t, J ca. T Hz.,

5B-Et) [Pound: M (mass spectrum), 500.3848; C, T77.36; H,10.37.
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Cyolic,0, requires I, 500.3865; C, 76.75; H, 10.4 T%hnd a second
fraction which was separated hy t.l.c. on silver nitrate
impregnated silica (10%) [benzene-ethyl acetate (40:1)] to

give 3B,6a-diacetoxy-5-ethyl-14-methyl-18,19-bisnor-58,

8a,98,10a,14B~cholest-13(17)-ene (LVIIIa) (43 mg.), a gum,

[al+ 58° (c. 0.8),N) . 1740 (C=0) and 1240 (c-0) em.”L,

.50 (m, W ca. 10 Hz., 3-H), 5.2 (m, W} ca. 6 Hz., 6-H),
8.03,8.09 (s, 2 x OAc), 9.0 and 9.1 (shoulder) [d, C(21)

H}]’ and 9,11 (s, 14B-Me) (double irradiation 88 Hz., downfield
caused the C(Ql)H:_s-doublet to collapse), M (mass spectrum)
500.3859 (9%) (CH o0, requires 500.3865), and 38,6a-diacetoxy-

410 )-ene
19-methyl-1(10—> 5)-abeo-5a-cholest~9 / (LIXa) (47 mg.), a gum,

o] " -1
[al+ 1.5° (e. 0.7), a?)m_ 1740 (C=0), and ca, 1235 (C-0) em.™™,

~ 4.9 (m, W ca. 22 Hz., 3-H), 5.2 (m, U ca. 20 Hz., 6-H),
8.00 and 8.05 (s, 2 x OAc), and 9.20 (s, 13f-Me), M (mass
spectrum) 500.3855 (0321{5204 requires 500.3865).

Treatment of the Fluorochydrin (LIV) with Base.- The fluorohydrin

(LIV) (150 mg.) was heated under reflux in methanclic potassium
hydroxide solution (5%) for 30 min. and poured into water.
Extraction with ether gave the hydroxy-epoxide .(XLVa) (90 mg.),
identical with an authentic sample.

5-Ethyl-19-nor-5p~cholest-1{10)-en -3,6-dione {IVIb).-

The diacetate (IVIa) (50 mg.) was hydrolysed to give the diol
(LvIe) (38 mg.), an amorphous solid, [a]D- 5.5° (c. 0.8),

\J oy, 3220 (OH) em.”L, ¢ 3.55 (s, 2 x OH, exchangeable
with D0), 4.56 (m, W3 ca. 12 Hz., 1-H), 5.98 (m, W} ca.

14 Hz., 3-H), 6.57 (m, W& ca. 7 Hz., 6-H), and 9.30

98.



(s, 138-Me), M (mass spectrum) 416.3653 (CEBH”rBOQ requires
416.3654). Oxidation of the diol (LVIc) gave the dilketone

1725 and 1715 {C=0) cm.‘l,

(LVIB) (20 ms.), & gum, \J __
“C 4.56 (m, W4 ca. 8 Hz., 1-H), and 9.30 (s, 13B-Me).

Attempted Isomerisation of Diketone (LVIb).- The diketone

(IVIb) (10 mg.) was heated under reflux 11;1 ethanocl (1 ml.)"
with methanoliec potassium hydroxide solution (30%, 0.15 ml.),
for 1 hr. ., The mixture was poured into water. Ether
extraction gave a crude, complex mixture which was not
investigated further.

The Diketones (IVIIb), (LVIIIb) and LIXb).- The respective

diacetates were hydrolysed and oxidised to give the diketones.

The diacetate (IVIIa) (40 mg.) gave S5-ethyl-19-nor-5B-cholest-

9(10)e n «3,6-dione (LVIIb) (26 mg.), m.p. 101-102° (from

methanol), [al;- 11° (c. 0.5), £ 5,600 at 215 n.m., V ax.
1725 (C=0) em.”t, 7 9.20 (s, 138-Me), and 3.46 (t, J ca.

7 Hz., 5B-%+%) [Found: M (mass spectrum), 412.3355; C, 81.31;

H, 10.93. C,gH,,0, requires M, 412.3341; ¢, 81.50; H, 10.75%].

The diacetate (LVIIIa) (40 mg.) gave 5-ethyl-l4-methyl-18,19-bisnor-

-58,8x,98,10a,)4B-cholest-13(17)en -3,6-dione (LVIIIb) (35 mg.),
a gum, [al + 27%c. 028), v ___ 1720 (C=0) R
(s, 14B-Me and low-field branch c(21)H3- doublet), 9.10 (s,

high-field branch C(21)H3—doub1et and side chain), 9.20 (side
chain), and 9.29 (%, J ca. 7 Hz., 58-Et), M (masé spectrum)
412,.3338 (CEBHMLOB requires 412.3341). The diacetate (LIXa)

(40 mg.) gave, after preparative t.l.c., 19-methyl-1(10—» 5)-

-abeo-5a-cholest-9(10)-en -3%,6-dione (LIXb) (17 mg.), m.p. 102-104°
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(from methanol), [a] - 92° (e. 0.34), V 1752 (3, €=0), and

max.
1715 (6, €=0) em.” S, 9.21 (s, 138-Me) (Found: C, 81.24;
H, 11.05. C,gH, )0, requires C, 81.50; H, 10.75%).

The X -Lactone (IXI).- The aldehyde (LITa) (75 mg.) in
(20)

acetone (6 ml.) at 0° was treated with Jones reagent
(0.75 ml.) and set aside for 3 hr. . The mixture was poured
into water and extracted with ether to give a carboxylic
acid which was hydrolysed to give the hydroxy-carbaxylic

acid (IXa), \J 3600,2500 (OH), and 1710 (C=0) cm. .

max
A solution of the hydroxy-acid (LXa) was heated under reflux

for 15 min. in benzene containing a trace of toluene-p-sulphonic
acid, washed with sodium bicarbonate solution, dried and evaporated

to give 3a,5-methano-19-methyl-4-oxa-A-homo-B-nor-5a-cholestan-

ha-one (IXI) (60 mg.), m.p. 132-1330 {from methanol), [a]D+

19° (c. 0.7), V)

Hz., 3-H), and 9.35 (s, 138-Me) [Found:m(mass spectrum) 414.3495;

1780 (C=0) em.”Y, T 5.5 (m, Whea. 8

max

c, 81.48; H, 11.42, 028H1+602 requires M, 414.3498; ¢, 81.10;

H, 11.18%].

The Hydroxy-Ester (LXb).- The Z{ ~lactone (LXI) (35 mg.) was
heated under reflux for & hr. in methanolic potassium hydréxide
solution (10%). The mixture was poured int;: water, extracted
with ether, and the extract dried and evaporated. .The crude
residue In ether at OOC, was treated with an excess of-dlazomethane
for 15 min.. Acetic acid was added and the solvent removed

to give, after preparative t.l.c., the hydroxy-ester (LXb)

(1% mg.), a gum, \) !

max 3450 (OH), and 1700 (C=0) em.”—,
T 6.2-6.42 (m, 3-H), 6.29 (8,-CO0Me), and 9.33 (s, 13B-Me).
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The same ester was obtained directly from the hydroxy-acid
(IXa) using diazomethane in ether (as shown by t.l.c. and
lH n.m.r. spectroscopy).

6a, 9-Epoxy-38-hydroxy-19-methyl-1{10—=> 5)-abeo-5a-cholestane

(LIIIb).~ The acetate (LIITa) was hydrolysed to give the
alcéhol {LIIIb), m.p. 56—58°and 104° (from methanol),

) -1
[a]D+ 5.5 (c. 0.75), \)max. 3600 and 3430 (OH) em. ~, T
(100 M.Hz., CDCl,) 5.71 (m, Wi ca. 14 Hz., 3-H), 6.23 (4,
J ca. 6 Hz,, 6-H), and 9.37 (s, 13f-Me) (Found: C, 80.84;

H, 11.62. ngHugog requires C, 80."(1; H, 11.61%).

6a,9-Epoxy~19~-methyl-1 (10— 5)-abeo-5a-cholestan-3-one (LIIIc).-
The alcohol (LIIIb) (25 mg.) was oxidised to give the ketone -
(LIITe) (20 mg.), an amorphous solid,laly 0° (c. 0.42),

N 17h0 (C=0) em.™*, °C 6.10 (4, J ca. 6 Hz, 6-H) and

9.38 (s, 138-Me), M (mass spectrum) 414,3501 (028H460 requires
414.3498).

The Reaction of 3f-Acetoxy-6a,9-epoxy+19-methyl-1(10—> 5)-

abeo-5a-cholestane (LIIIa) with Boron Trifluoride in Acetic - "' .

Anhydride.- The ether (LIITIa) (62 mg.) as a solution in ether
(1.6 ml.) and acetic anhydride (2.6 ml.) at 0° was treated
with bor;n trifluoride etherate (0.36 ml.) for 2 hr.. The
mixture was poured into dilute sodium hydroxide solution (2N),
ether extracted, washed with dilute hydrochloric acid (2N) aﬁd
sodium bicarbonate sclution, dried and the solvent remove& to
give 3B,6a-diacetoxy-14,19-dimethyl-1l(10—> 5)~abeo-18-nor-

5a,8a,98,14B-cholest-13{(17)~ene (Ixva) (68 mg.), a gum,
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Q -1
[a]D+ 37 (ec. 1.1), Voox. 1740 (C=0) and 1245 (C-0) em. ",

T 5.00 (m, W& ca. 15 Hz., 3-H), 5.34 (m, W3 ca. 7 Hz., 6-H),
8.00 and 8.05 (s, 2 x OAc), 8.98 and ¢a. 9.09 (  C(21)u;=
doublet), 9.12 and 9.21 (side chain methyls), and 9.18 (s,
148-Me ). |

38, 6a-Dihydroxy-14,19-dime thyl-1(10=) 5)-abeo-18-nor-

5a,8a,98,l4B-cholest-13(17)-ene (IXVb).- Hydrolysis of the

diacetate (ILXVa) gave the diol (LXVb); a gum, [a]D+ 41 °
(c. 0.9), \J) . 36% and ca. 3380 (0H) om.”), € 5.78

(m, W& ca. 17 Hz., 3-H), 6.65 (m, W} ca. 6 Hz., 6-H), 8.98
and ca. 9.10 (C(21)H3-doub1et); 9.10 and 9.20 (side chain
methyls), and 9.17 (s, 14B-Me), M (mass spectrum) 416,3657
(028H4802 requires 416.3654}.

14,19-Dimethyl-1(10—> 5)-abeo-18-nor-5«,8x,98,14p-cholest--

13(17)-en -3,6-dione (IXVec).- Oxidation of the diol (LXVb)

(62 mg.) gave the diketone (LXVe) (45 mg.), a gum, [a]D+
91.5%(c. 0.45), \} 1750 and 1715 (3,6-C=0) em.™,

. 9.01 and 9.09 (C(al)Hj-doublet), 9.09 and 9,20 (side chain
methyls) and 9.12 (s, l4B-Me), M (mass spectrum) 412.3335
(028H4402 requires 412.3341).

38, 6e-Dihydroxy-14,19-dimethyl-L (10—=> 5)-abeo-18-nor-13,17-

seco-5u,8a,58,148-cholestan-13,17-dione (LXVIIc).- The

diacetate (IXVa) (50 mg.) in ether (3 ml.) and pyridine
(2 ml.) was reacted with osmium tetroxide (100 mg.) for 3
days. The mixture was diluted with chlorcform, saturated

with hydrogen sulphide, and passed through 2 short alumina



column, Removal of the solvent gave the diol (IXVI), a gum,
N, 3640, and ca. 3500 (0H), 1740 (C=0), and 1240 (C-0)

em.'l, T 4.97 (m, Wh ca. 14 Hz., 3-H), 5.33 (m, W5 ca.

6 Hz., 6-H), 7.98 and 8.06 (s, 2 x OAc), and 9.16 (s, Lip-Me),

M (mass Spt;.ctrum) 534. 3904 (032H51+06 requires 534.3920). |

The diol was treated with periodic acid (20 mg.) in ether (4 ml.)
at room temperature for 2 hr.. The scolution was diluted with -
ether and washed with sodium sulphite solution. Removal of

the solvent and preparative t.l.c. {benzene-ethyl acetate

(3:1)] gave the diketone (IXVIIa) (22 mg.), 2 gum, \)

1745 (acetate C=0), 1718 (C=0) and 1240 (C-0) cm.'l,

max.

T 4.97 (m, W4 ca. 15 Hz., 3-H), 5.29 (m, w%_g_g. 5 Hz., 6-H),
8.02 and 8.07 (s, 2x OAc), 8.9% and 9.05 (C(21)Hy doublet),
and 9.01 (s, 14p-Me). The diacetate (LXVIIa) in methanol
(2.5 ml.) was stirred at room temperature for 45 min. with
potassium carbonate (25 mg.) to give the monoacetate (IXVIIb)
a gum, \J A 3640 and 3480 (OH), 1740 (acetate C=0), 1718
(C=0), and 1245 (C-0) em.”l,~.5.31 (m, Wk ca. 6 Bz., 6-H),
5.75 (m, W3 ca. 12 Hz., 3-H), 8.00 (s, OAc), 8.92 and 9.03
(C(El)H:,’-doublet), and 9.0L (s, 148-Me). Extended treatment
of the mono-acetate (ILXVIIb) with potassium carbonate for

20 hr., as above, gave on work up and preparative t.l.c.
[benzene-ethylacetate (1:1)] the diol (IXVIIc) (7 mg.), a

1

gum, V) 3640 and 3460 (OH), and 1710 (C=0) em. —,

max.
T 5.80 (m, W& ca. 1% Hz., 3-H), 6.55 (m, W} ca. 6 Hz.,

6-H), 8.91 and 9.04 (C(El)ﬂg'dOUblet), 9.04 (s, 14p-Me)
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and 9.10 and 9.19 (side chain methyls) (double irradiation
88 Hz. downfield caused the C(El)Hj-doublet to collapse to

a shoulder on the 148-Me signal), M (mass spectrum) 4#48.3558
(028H4802 requires 448.3552).

The Reaction of the Ether (LITIb) with Boron Trifluoride in

Acetic Anhydride and Acetie Acid.- The ether (LIIIb) (200 mg.)

in acetic acid (7 ml.) and acetic anhydride (1 ml.) was treated_
with boron trifluoride etherate (1 ml,) for 2 hr. at 00. The
reaction mixture was worked up as pmviously described.
Preparative t.l.c. [in benzene-ethyl acetate {(40:1)] of

the mixture gave the é‘_\lj’lT—compound (LXva) (93 mg.) and

2,11

the slightly impure /__\ ~compound (IXVIIIa) (112 mg.),

a gum, V) . 1740 (=0) and 1240 (C-0) cm.™ ) "L 4.7 (m,

W3 ca. 6 Hz., 11-H), 4.85-5.25 (m, 3,6-H), 8.00 and 8.09 (s,
2 x OAc), and 9.38 (s, 1%B-Me).

19-Methyl-1{10—> 5)-abeo-5a-cholest-9(1l)-en ~3,6-dione.

(LXVIIIc).- The dlacetate (IXVIITa) was hydrolysed and gave,

after preparative t.l.c., 3B,6a-dihydroxy-19-methyl-1(10~> 5)-

abeo-5a-cholest-9(11)-ene (LXVIIIb), m.p. 164-165° (from

methanol), [a + 29° (c. 0.9), V _ 3640 and 3380 (0H)

max
em.”t, T 4.79 (m, Wh ca. 7 Hz., 11-H), 6.1-6.7 (m, 3,6-H), and
9.38 (s, 13-Me) (Found: C, 80.92; H, 12.05. Cygg0, requires

C, B0.71; H, 11.61%). The diol (IXVIIIb) (25 mg.) was oxidised
to the diketone (LXVIIIc) (23 mg.), m.p. 109-111° (from methanol),
[a]D-l- 35° (c. 0.46), V) 1

2y, 1755 (3 €=0) and 1715 (6 C=0) om.” ™,
T (100 M.Hz., CDC1,) 4.44 (m, Wh ca. 8 Hz., 11-H), and 9.30
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(s, 138-Me) [Found: M (mass spectrum) 412:3345; C, 82.25;
H, 11.60. C,gH,,0, requires 412.%341; €, 81.50; H, 10.75%].

38, 6a-Diacetoxy-19-methyl-1(10 =) 5)-abeo-5a-cholest-9(11 )-en-12-

~one (IXIX).- The diacetate (van:cé) (BT mg.) was dissolved
in dioxan (3 ml.) and water (0.6 ml.). Caleium carbonate

(40 mg.) and N-bromosuccinimide (110 mg.)} were added. The
mixture was stirred and irradiated with a tungsten lamp

at room temperature for 1 hr.. The mixture was poured into
water, extracted with ether, and the ether extracts washed
with sodium bicarbonate solution., Removal of the solvent
and preparative t.l.c. [benzene-ethyl acetate (19:1)] gave

the «,B-enone (LXIX) (30 mg.), a gum, [al t 63.5° (c, 0.5),
)\max. 237 num., € 11,100, V1740 (acetate C=0), 1685
(12-¢=0), and 1240 (C-0) cm.-l) T (100 M.Hz,, CDCl3) k.35
(d, J ca. 2 Hz., 11-H), 4.80-5.12 (m, 3,6-H), 8.92 and 8.99

. (s, 2 x DAc), and 9.18 (s, 13B-Me), M (mass-spectrum) 51%.3623
(032H5005 r-'equires 514.3658).

Attempted Isomerisation of the Compounds (ILIXb), (LXVIIIc) and

(LvIIa).~ The olefin (LVIIa) remained unchanged when treated
with boron trifluoride in benzene for 24 hr, at room
temperature. The olefins (LIXb) and (LXVIIIc) remained
unchanged when treated with hydrogen bromide/acetic acid at
95o for 6 min.(.22’70) '

Reaction of 5,6a-Epoxy-3p-hydroxy-l9-methyl-5a-cholestane

(XIva).- The epoxide (XLVa)} (2.0 g.) was reacted with boron
trifluoride for 2 min. « Preparative t.l.c. of the reaction

mixture {in benzene-ethyl acetate (3:1)] gave four fractions.
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Two polar fractions were acetylated and further t.l.c. gave
the spiran (LIXa) {79 mg.), the Westphalen derivative
(IVITa) (135 mg.), the ketone (Lva) (275 mg.) and the
lzi’lo-compound (Lvia) (100 mg.). The third fraction gave
the ether (LIIIb) (208 mg.). The fourth fraction (500 mg.)
was inseparable.

Reaction of 5,6a-Epoxy-38-methoxy-19-methyl-5a-cholestane (XLVec).~

The epoxide (XIVe) (1.6 g.) was reacted with boron trifluoride
for 5 min. . Preparative t.l.c. of the reaction mixture [in
benzene-ethyl acetate (19:1)] gave four fractions. Two

polar fractlons were acetylated and further t.l.c. [in benzene-

ethyl acetate (30:1)] gave 6a-acetoxy-3p-methoxy-19-methyl-1(10

—>» 5)-abeo-5a-cholest-9(10)-ene {LIXe) (133 mg.), a gum,

[al+ 19° (c. 1.3), D 2825, 1095 (OMe ), 1740 (C=0), and
1240 (C-0) em.™, T 5.3% (a, J (apparent) ca. 12 and 4 Hz.,
6-H), 6.30 (m, V% ca. 10 Hz., 3-H), 6.83 (s, OMe), 8.06 (s,0Ac),
and 9.23 (s, 13B-Me ), M (mass spectrum) 472.3912 (C,.H_.O ‘

315273
requires 472.3016), 6a-acetoxy-3p-methoxy-5-ethyl-19-nor-

5B-cholest-9(10)-ene (LVIIc) (48 mg.), a gum, [a]D+ 40°

(c. 0.81), \)max 2825, 1090 (OMe), 1740 (C=0) and 1245 (C-0)

cm.-l, C 5.1% (q, J (apparent) ca. 12 and 4 Hz., 6-H), 6.53
(m, W& ca. 10 Hz., 3-H), 6.77 (s, OMe), 8.05 (s, OAc), 9.22
(s, 138-Me) and 9.37 (t, J ea. 7 Hz., 5B-Et), M (mass spectrum)

472.3899 (C requires 472.3915), and 3B-methoxy-19-

15205
methyl-5B-cholestan-6-one (LVb) (224 mg.), m.p. 94-94.5°

. (from methanol), [a]D-uu" (c. 0.66), V) ax, 2830, 1090

(OMe) and 1710 (C=0) em.”l, “{.6.62 (m, W& ca. 8 Hz.,3-H),
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6.79 (s, OMe ), and 9.35 (s, 13p-Me) (Found: C, 80.86;
H, 11.72. 029H5002 requires C, 80.87; H, 11.715). The

third fraction gave 6t,9-epoxy-3B-methoxy-19-methyl-1(10—» 5)-

-abeo-5a-cholestane (LITIA) (254 mg.), m.p. 87-88° (from

methanol ), [a]D+ 4,6%ec. 0.72), \)nmxf 2825, 1100 (0Me)
cm.:'l,z 6.32 (4, J (apparent) ca. 6 Hz., 3,6-H), 6.77

(s, OMe}, and 9.32 (s, 13B-Me) (Found: C, 81.03; H, 11.T1.
CogHso0, requires C, 80.87; H, 11.71p. The fourth fraction
(284 mg.) was inseparable.

Reaction of the Spiran {LIXc) with Boron Trifluoride in Acetic

Anhydride .- The spiro-compound (LIXc) (65 mg.) in acetic
anhydride (2.6 ml.) and ether (1.6 ml.) at 0° was treated

with boron trifluoride etherate (0.36 ml.) for 1 hr.. The

usual work up, followed by preparative t.i;c., gave the
diacetate (LIXa) (20 mg.)}. The diacetate (LIXa) was
hydrolysed and éxidised to give the diketone (LIXb). Both
compounds were identical in .all respects to those previously
obtained.

The Ketone (LVIId).~- The acetate (IVIIc) (20 mg.) was hydrolysed
and oxidised to give the ketone (LNIId)‘(lQ mg.), a gum,

[a]D- 40_° (c. 0.2), Qmax. 2830 (OMe), 1720 (C=0) em, Y,
T.6.4-ca. 6.75 (m; 3-H), 6.75 (s, OMe)}, 9.25 (s, 138-Me), and
9.49 (t, J ca. 7 Hz., 5B-Et) (111;.560"‘)[0:]])- 1°). |

Reaction of the Ether (LITId) with Boron Trifluoride in Acetic

Anhydride.- The ether (LIITId) (65 mg.) was reacted as above
for 12 hr.. Work up and preparative t.l.c. gave the diacetate

(LXvd) (15 mg.), a gum, C 4.67-5.18 (m, 3,6-H), 7.98 and
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8.02 (s, 2 x OAc), 9.03 (d, J ga. 7T Hz., C(2L)H,), and 9.17
(s, 14B-Me}. Hydrolysis of the diacetate (IXVd) gave the diol
(LXVe ), & gum, “£5.79 (m, Wh ca20 Hz., 3-H), 6.27 (m,

w%-gg, 8 Hz., 6-H), 9.00 (low-field branch C(21)H3—doublet ),
9.10 (high=field branch of C(21)H3-doublet and side chain),
9.16 (s, 148-Me), and 9.20 (side chain). Oxidation of the
diol gave the diketone (IXVe). This was identical in all
respects to the authentic sample.

Reaction of 3B-Acetoxy-5,68-epoxy-l9-methyl-58-cholestane (XIVh).-

The epoxide {XLVh) {400 mg.) was reacted with boron trifluoride
for 5 min.. Preparative t.l.c. of the product mixture {eluting

{x 2) in benzene-ethyl acetate (19:1)] gave 3f-acetoxy-68-

hydroxy-5-ethyl-14-methyl-18,19-bisnor-58,8«,98,10c,148-

cholest-l}(l?L—e‘ne {(IVIIZIc) (64 mg.), a gum, {a]D+ 16° (c. 1.3),

\)max. 3640 and ca. 3500 l(on), 1740 (C=0), and 1245 (C-0)
em.” L, T 4.97 (m, W3 ca. 8 Hz., 3-H), 6.75 (m, W& ca. 24 Hz.,
6-H), 8.03 (s, OAc), 9.00 (lower branch C(El)H}-doublet). 9.06
(s, 14p-Me), 9.09, shoulder and 9.10 (side chain and upper
branch C(El)Hg'doublet), and 9.20 (side chain) (double
irradiation 88 Hz. downfield caused the C(21)H5-doublet to
collapse), M (mass spectrum) 458.3775 (CEOHSOO;‘; requires

458.3760), >B-acetoxy-1l9-methyl-5a-cholestan-b-one (LVec)

(20 mg.), m.p. 112° (from methanol), [a]D- 6° {e. 0.4),
\)max 1740 (acetate C=0), 1720 (C=0), and 1240 (C-0)
cm.'l, T ca. 5.0 (m, W3 ca. 18 Hz., 3-H), 8.06 (s, OAc), and
9.3 (s, 138-Me) (Foupd: c, 78.86; H, 10.70. 030H5003
requires C, 78.55; H, 10.99%) and the aldehyde (LITa) (135 mgZ.).
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A further fraction (58 mg.) was an inseparable mixture,

The Diketone (LVIIib).- The hydroxy-acetate (LVIIIc) (60 mg.)

was hydrolysed and oxidised. Preparative t.l.,c, of the
product gave the diketone (LVIIIb) (23 mg.) which was identical
with that obtained previously.

The ¥ -Lactone (IXT). - The aldehyde (LITa) (130 mg.) was

oxidised and hydrolysed as described previously to give the
hydroxy-acid (IXa). This was heated under reflux in benzene
containing a trace of toluene-p-sulphonic acid to give the

¥ ~lactone (IXI) (105 mg.). Both the aldehyde (LIIa)
and the lactone (ILXI) were identical with the authentic
samples.

Reaction of 5,68-Epoxy-3f-hydroxy-19-methyl-5B-cholestane

(XIVi).- The epoxide (XIVi) (400 mg.) was reacted with boron
triflucride for 5 min. to give a mixture, from which no
fdentifiable products were lsolated.

Reaction of 3a-Acetoxy-5,6a-epoxy-l9—methyl-Sa-chdlestane

(XIVd).- The epoxide (XIVd) (600 mg.) was reacted with boron
trifluoride for 5 min... Preparative t.l.c. of the resultant
mixture [eluting (x2) in benzene-ethyl acetate (30:1)] gave

Zx-acetoxy-ba-hydroxy-5-ethyl-19-nor-58-cholest-9(10)-ene

(Lviie) (258 mg.), m.p. 131-1320 {from methanol ), [a]D o°
3610 and 3460 (OH),

1730 (C=0), and 1245 (C-0) cm.™ , "X %.82 (m, W& ca. 21 Hz.,

(c. 0.7#), & 7,400 at 215 n.m., )
3-H), 6.37 (m, W ca. 18 Hz., 6-H), 8.06 (s, OAc), 9.23 (s,
138-Me) and 9.33 (t, J ca. T Hz., 5B-Et) (Found: C, 78.69;

H, 10.89. ¢

30H5003 requires C, 78.55; H, 10.99%),
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Ia-acetoxy-6a-hydroxy-5-e thyl-li-methyl-18,19-bisnor-58,8«,98,104q,

14p-~cholest-13(17)~ene. (IVIIIA) (126 mg.), a gum, [a]D +
39.5° (c. 0.86), WV _x, 2400 (OH), 1730 (C=0), and 1245 (C-0)
cm.'l,';: 5.15 (m, broad, 3-H), 6.29 (m, W} ca. 8 Hz., 6-H),
8.03 (s, OAc), 9.00-9.11 (C(’al)]{g-doublet), 9.11-9.20 (side
chain methyls), and 9.11 (14B-Me) {double irradiation 88 Hz.,
downfield cauéed the C(21)H3-doublet to collapse), M (mass
spectrum) 458.3764 (CBOHBOOB requires 458.3760),

3a-ace toxy-19-methyl-5B-cholestan~6-one (LVd) (168 mg.}, m.p.

93-93.5o (from methanol), [a]D- 14,5° (es 1.1), aX.
1740 (acetate C=0), 1710 (C=0), and 1235 (C-0) em.”t, T 5.39
(m, W%-gg. 24 Hz., 3%-H), 8B.06 (s, OAc), and 9.35 (s, 13B-Me)

(Found: C, 78.7%; H, 10.82. requires C, 78.55;

C.~H
305003
H, 10.99%) and 3a-acetoxy-5-formyl-19-methyl-B-nor-58-cholestane

(LITb) (17 mg.), a gum, N ax. 2700 (CHO), 1740 (acetate
=0), 1720 (aldehyde C=0), and 1240 (C-0) em.™t, [ 0.27
(s, CHO), 5.00 (m, W& ca. 2% Hz., 3-H), 8.06 (s, OAc), and
9.33 (s, 13B-Me), M (mass spectrum) 458,3767 (030H5003
requires 458.3760).

The Diketones (LVITb) and (IVIIIb).~ The hydroxy-acetates

(IVIiIe) and (LVIIId) were hydrolysed and oxidised. The compound
(IVIiIe) gave the diketone (IVIIb) and the compound (ILVIIId)

gave the diketone (LVIIIb). Both diketones were identical with
thelr respective authentic samples.

The X -Lactone (IXI).- The alciehyde (LTIb) (17 mg.) in

acetone (2 ml.) at 0° was treated with Jones reagent(zo)
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(0.05 ml.) for 3 hr.., The mixture was poured into water. The
usﬁal work up gave a crude product whicvk!f}iydrolysed. This
latter product (IXc) was heated under reflux in benzene
containing a trace of toluene-p-sulphonic acid for 30 min..

The solution was washed wilth sodium bicarbonate solution,
dried and the solvent removed., Preparative t.l.c. of the
mixture [in benzene-ethyl acetate (10:1)] gave the X -lactone
(IXT) (2.5 mg.), m.p. 127-129° (from mefhanol). This sample
was identical with an authentic sample of the }f ~lactone

(IXI) (by t.1.c., i.r. spectrum, and mixed m.p. 127-129°).

Reaction of 5,5a-Epoxy-3a-hydroxy-19-methyl-5a-cholestane (XLVf).-

The epoxide (XIVf) (600 mg.) was reacted with boron trifluoride
for 2 min.. The crude reaction mixture was separated into

four fractions by preparative t.l.c. [in ether-petrol (9:11)].
These fractions were acetylated and further preparative t.l.c.

gave 3a,ba~diacetoxy-5-ethyl-19-nor-5p-cholest-9{10)-ene (LVIIf)

(63 mg.), a gum, [a]D+ 32°(c. 0.68), &€ 6,750 at 215 n.m.,

V . 1740 (C=0), and 1240 (C-0) em.” , L 4.60-5.23 (m, 3,6-H),
8.00 and 8.04 (s, 2 x OAc), 9.21 (s, 13B-Me) and 9.31 (t, J ca.
7 Hz., 58-Et) (Found: C, T76.25; H, 10.30. 0521{5204
c, 76.75; H, 10.47%), the ketone (ILvd) (64 mg.), 3a-acetoxy-

requires

-6a,9-epoxy-19-methyl-1(10~—> 5)-abeo-5a-cholestane (LIITe)
(70 mg.), a gum, [o'.]D+ 17° (c. 0.62), AY) nax. 1740 (C=0),

and 1245 (C-0) em.”>, “L5.01 (m, W} ca. 17 Hz., 3-H), 6.18

(d, J (apparent) ca. 6 Hz., 6-H), 8.09 (s, OAc), and 9.40

(s, 138-Me) (Found: C, 78.81; H, 10.70. C30H5003

C, 78.55; H, 10.99%), and two further fractions. These

requires
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fractions were hydrolysed and oxidised and further t.l.c.
gave the diketone (LIXb) (30 mg.) and 3a,l0-epoxy-5-ethyl-
-19-nor-58,10a~cholestan-6-one (IXX) (26 mg.), a gum,

[al+ 21%c. 0.5),\) 1720 (C=0) em.”", T 5.75 (n,

W% ca. 14 Hz., 3-H), and 9.28 (s, 13p-Me), M (mass spectrum)
414 3404 (028H4602 requires 414,3498),

The Ketones (LVIIb) and (LIIIc).-The‘acetoxy-compounds
(LVIIf) and (LIIIe) were hydrolysed and oxidised. 'The
compound (LVIIf)'gave the diketone (LVIIb) which was
identical with the authentic sample. The compound (LIIXe)
gave the keto-ether (LIIIc), which was identical with the
authentic sample.

Treatment of the Ether (IXX) with Boron Trifluoride.- The

ether (IXX) (25 mg.) as a solution in benzene (5%) was
treated with boron trifluoride (ca, 0,05 ml.} for 30 éin. at
room temperature. The usual work up gave a single product
which was oxidised to give the diketone (LVIIb) (25 mg.).
This sample was identical in all respects to- the authentic
sample.

Reaction of 3ua-Acetoxy-5,6B-epoxy-19-methyl-5p-cholestane

(XIVe ).~ The epoxide (XLVe) (320 mg.) was reacted with boron
trifluoride for 12 hr.. The resultant mixture was acetylated
and preparative t.l.c. [in benzene-ethyl acetate (10:1)]

gave 3a-acetoxy-19-methyl-5a-cholestan-6-one (IVe) (213 mg.),

a gum, [a]D-1+° (e. 1.2),N) 2745 (aéc%tate C=0), 1720 (C=0)
* Ty

and 1240 (C-G) cm.” , T 4.95 (m, Wk ca/3-H), 8.04 (s, OAc), and
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9.30 (s, 13B-1e) (Found: C, 78.20; H, 10.8%4. 030H5003
requires C, 78.55; H, 10.99%) and 3ua,5,6B-triacetoxy-19-methyl-
-Ba.cholestane (LXXTIV) (40 mg.), a gum, [a]D- 45,5%(c. 0.8),

\)ma.x

5 Hz., 6-H), 4.90 (m, W& ca. 10 Hz., 3-H), 8.0L (s, 2 x OAc),

1750 (C=0), and ca. 1240 (C-0) cm.“l,'t 4,34 (m, W3 ca.

8.09 (s, OAc), and 9.29 (s, 13B-Me); mass spectrum: no
molecular ion, the first significant peak possibly [M-2 moles
HOAc] 440,3676 (CJOHI}BOE requires 440.3654).

Reaction of 5,6B-Epoxy-3a-hydroxy-19-methyl-58-cholestane

{(XIVg).- The epoxide (XIVg) (330 mg.) was treated with
boron trifluoride for 2 min.. The resultant mixture could
not be separated. °

5, 6a-Epoxy-38-hydroxy~19-me thylene-5a-choliestane (LXXXIVa).-

The diene (XIVII) (60a) (2.2 g.) was epoxidised to gilve the
hydroxy-epoxide (IXXXIVa) (2.35 g.), a gum, [a]D- 55°
(c. 0.8), WV 3630 and 3380 (OH) and 3090, 1640, and 920

(CH,=CHR) em, L, T h.1-5.2 (m, ~CH=CH,), 6.35 (m, W} ca. 25 Hz.,

max.

3-H), 6.82 (s, OH), 7.12 (d, J (apparent) ca, 3.5 Hz., 6-H),
and 9.49 (s, 138-Me) (Found: C, 81.21; H, 10.96, Caa“usoz
requires C, 81.10; H, 11.18%).

3B-Ace toxy-5,0a-¢ poxy-19-methylene ~-5a¢-~cholestane (LXXXIVb)(Tnz-

Acetylation of the hydroxy-epoxide (LXXXIVa) (2.35 g.) gave
the acetoxy-epoxide (IXXXIVb) (2.1 g.), m.p. 75-76" (from

methanol), [al - 55° (c. 0.83),7C 4.00-5.60 (m~CH=CH,
and 3-H), 7.11 (d, J (apparent) ca. % Hz., 6-H), 8.10

(s, OAc), and 9.48 (s, 138-Me) (lit.€74) Mop. 770, [a]D-BBO).
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5 ,6a-Epoxy -3 -me thoxy-19-me thylene-~5e~cholestane (LXXXIVc),-

The hydroxy-diene (XLVII)(Goa) (1.1 g.) as a solution in
trimethylorthoformate (11 ml.) was treated with perchloric
acid (1.1 ml. 60% w/v.) at room temperature for 15 min..

The mixture was poured into sodium bicarbonate sélution and
extracted with ether. The ether extract was dried and the
solvent removed. The crude product was epoxidised to give
the a-epoxide (LXXIVe) (1.15 g.), m.p. 87-88° (from methanol),
laly- 63.5%(c. 0.77), V pax, 2820 (OMe), 3090 and 920 |
(CH,= CHR) om. ™1, T 4.04-5.20 (m, ~CH=CH,), 6.69 (m, W} ca.
21 Hz., 3-H), 6.8L (s, OMe), T.14 (d, J (apparent) ca. 4 Hz.,
6-H) and 9.49 (s, 13B-Me) (Found: C, 81.37; H, 11.38.
Coghlyglpy requires C, 81.25; H, 11.29%).

Reaction of 3B-Acetoxy-5,6a-epoxy-19-methylene-5a-cholestane

(IXXXIVb).- The epoxide (LXXXIVb) (2 g.) was treated with
boron trifluoride for 5 min.. Preparative t.l.c. of the
resultant mixture [in benzene~ethyl acetate (25:1)) gave the
dimeric ether (LXOXOVI) (430 mg.), m.p. 171-173° (from

. 3610, 3450 (CH),
1740, 1720 (C=0), 1245 (C-0) and 3080 and 915 (CH2=CHR) em.‘l,

methanol ), [a]D+ 10.5%(c. 2.1), O Ak
T (100 M.Hz., C‘D013) 2.8-4,1 (m, (x 2) RCH=CR,), 4.5-5.4
(m, (x 2) R,C = CH, and (x 2)-CHOCOR), 6.70 (m, W} ca. 13 Hz.,
(x 2) -CHOR), 8.00 (s, OAc), 8.09 (é, OAc), 9.02 and 9.09
(c(al)ﬁj-dout;let) 9.10/9.12 and 9.18/9.20 [{x 2) side chain
doublets], 9.18 (s, l4B-Me), and 9.46 (s, 138-Me) (double

irradiation 147 Hz. downfield caused the C(21)H5-doublet
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to collapse [Found: M.W. 882 (osmometry) C, 78.29; H, 10.T4.
C6OH9606 requires MJW. 912; C, 78.89; H, 10.59%], and a
second fraction. FPFurther t.l.c. of this fraction [eluting

(x 2) in benzene-ethyl acetate (40:1)] gave 3B-acetoxy-68-

-fluoro-5-hydroxy-19-methylene-5a-cholestane (ILXXXVIIa)

(780 mg.), m.p. 163° (from methanol), [a)yt 15.5%c., 0.75),

V_ . 3610, 3450 (0H), 1740, 1720 (acetate C=0), ca. 1250

(C-0) and 3090 and 920 (CH,=CHR) em. Y, T 3.35-4.00 (m, X

part of ABX, CH.=CHR), 4.40-5.4 (m, 3-H and A B part of ABX,

2

CH2=CHR), 5.70 {(m, J et 48 Hz., 6—H),.5.60 (s, OH), 8.02

(s, OAc), and 9.41 (s, 13p-Me) (Found: C, 76.02; H, 10.62.
cjoHugF°3 requires C, 76.50; H, 10.36f7), and the epoxide
(LoxXIVDE) (350 mg.).

Treatment of the Fluorchydrin (LXXXVITa) with Base.- The

fluorohydrin (LXXXVIIa) was heated under reflux for 30 min.
in methanolic potassium hydroxide (5/). The mixture was
cooled and poured into water. Ether éxtraction gave the
hydroxy-epoxide (LX3{IVa), identical with an authentic: sample.

Reaction of 5,60-Epoxy-3B-hydroxy-19-nethylene-~5a-cholestane

(LXXXIVa).- The epoxide (IXXXIVa) (1.0 g.) was reacted with
boron trifluoride for 5 min.. The reaction mixture was
acetylated. Preparative t.l.c. [eluting (x %) in benzene-

ethyl acetate (25:1)] gave the fluorohydrin (LXXXVIIa) (330 mg.).
No other identifiable products were isolated.

Reaction of 5,060-Epoxy-38-methoxy-19-methylene-5a-cholestane

(LXX{TVe ).~ The epoxide (LXO{IVe) (760 mg.) was treated with
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boron trifluoride for 2 min.. Prepafati{re t.l.c. [in
benzene-ethyl acetate (19:1)] gave five f"ractions. A fraction
of highly polar material (230 mg.)} was found fo be inseparable,.
A second fraction was acetylated and further t.l.c. gave

6a-acetoxy-~3B-methoxy-5-ethenyl -19-nor-58-cholest-9(10)-ene

(XCa) (9L mg.), a gum, [aly+ 66° (. 0.52), \) 3070,

max.'
1635 and 910 (CH2=CHR-), 2820 (OMe ), 1740 (C=0), and 1245 -

(C-0) cm.-l,'tj.S—il-.}E (m, X part of AB{ system, CH2

4.8-5.50 (m, A B part of ABX system, CH,=CH- and 6-H),

=CH- ),

6.57 (m, W% ca. 10 Hz., 3-H), 6.80 (s, OMe), 8.06 (s, OAc),
and 9.21 (s, 13B-Me ), M (mass spectrum) 470.3770 (leHSOO:,J
requires 470.3760}. Preparative t.l.c. of a further two

fractions gave 68~fluoro-5-hydroxy-38-methoxy-19-methylene-5a-

-cholestane (LXXXVIIb) (114 mg.), m.p., 147-148° (from
methanol ), [a]D'-l- 3y° (c. 2.0), V ma.x 3630, 3450 (0OH),
3090, 1637 and 940 (CH,=CH-) 2835 (Oite) em.™t, T 3.31-
3.96 (m, X part of ABX system, CH2=CH-), 4.46-5,30 (m, A B

part of AR/ system, CH2=CH-), 5.60 (m, . ca. 50 Hz., 6-H),

Jup
6.34 (m, W3 ca., 24 Hz., 3-H), 6.66 (s, OMe), and 9.42 (s,
13%f-Me) (Found: C, T77.70; H, 10.98. 029H49FO2 requires

C, T7.62; H, 11.01%), Ha-hydroxy-3p-methoxy~5-ethenyl-14-

-methy1-18,1C-bisnor-58,8a,98,10a,143-cholest-13(17 )-ene

(LOOVITI) (15 mg.), a gum, V' 3630 (OH), 3080, 1635,

and 930 (CH,=CH-) , 2835 (OMe) em.”t, ¢ 3.60-4.05 (m,
X part of the ABX system CH2=CH-), 4,77-5.32 (m, AB part of

the ABX system, CH,=CH-), 6.25 (m, W5 ca. 8 Hz., 6-H),
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6.61(m,W} ca. 9 Hz., 3-H), 6.9% (s, OMe), 9.0 and 9.11 (C(2L)Hs-
doublet), 9.11 and 9.19 (side chain methyls), and 9.19 (s,
14p-Me) (double irradiation 88 Hz., downfield caused the

C(21)H3-doublet to collapse), M (mass spectrum) 428.3648

(029H4802 requires 428.3654), 3B-methoxy-19-methylene-5p-

-cholestan-6-one (LXXXXIX) (107 mg.), a gum, [a]D-.37°(c. 1.7),

\)max_ 3100, 1640 and 925 (CH,=CH-), 2835 (OMe) and 1713 (C=0)
cm.-l,'T:,3.86-4.42 {m, X part of ABX system, CH2=CH*), L135-
527 (m, A B part of ABX system, CH,=CH-), 6.58 (m, Wi

ca., T Hz., 3"H): 6.77 (S, OMG): and 9.39 (51 ljB‘Me)

(Found: ¢, 81.18; H, 11.00. CE9H4802 requires C, 81.25;

H, 11.29%), and the epoxide (LXXXIVe) (42 mg.). The fifth
non-polar fraction (53 mg.) was not investigated any further.

38-Me thoxy-5-ethenyl-19-nor-5-cholest-9(10)-en-6-one (XCb).-

The acetate (XCa) (27 mg.) was hydrolysed and oxidised and
gave, after t.l.c., the ketone (XCb) (10 mg.), m.p. 69--"{10

(from methanol )}, \J 2830 (OMe ), 1718 (C=0), and 935

maxX.
(CH,,=CH-) em.”t, T (100 M.Hz., CDCL;) 4.00-%.29 (m, X part

of ABX system, CH.=CH-)}, 4.84-5.16 (m, A B part of ABX system,

2
CH,=CH-), 6.50 (m, Wi ca. 8.5 Hz., 3-H), 6.7 (s, OMe),
and 9.22 (s, 13p-Me), M (mass spectrum) 426.3502 (029H4602
requires 426.3498).

Reaction of 3f-Acetoxy-5,6a-epoxy-5a-cholestans (XIVd).(l3) -

The epoxide (XIVd) (516 mg.) was reacted with boron trifluoride
for 5 min.. Preparative t.l.c¢. [in benzene-ethyl-acetate
(10:1)] gave the fluorchydrin (XVb)(lb) (221 mg.). The

remaining material was not investigated any further..
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The a- and P-Epoxides (CXIIIa) and (CXIIIb).- 6B-Acetoxy-3f-

-methoxy-s-methyl-l9-nor-58-cholest-9(10)-ene(es) (8.4 g.)
was epoxidised to glve a mixture of two compounds. Repeated
preparative t.l.c. of this mixture (in chloroform) gave

6B-acetoxy~9,l0-epoxy-3p-me thoxy-5-~me thyl-19-nor-58-10a-

~cholestane (CXIIIa) (4.3 g.), m.p. 86-87° (from methanol),
[al* 10.5° (c. 1.2), 3 nax, (CHCL;) 2830 (OMe), 1735 (C=0)
and ca. 1240 (C-0) cm.-l, ﬁ[,(CDClj) 4,99 (t, J (apparent)
ca. 9 Hz., 6-H), 6.41 (m, W% ca. 8 Hz., 3-H), 6.69 (s, OMe),
8.01 (s, OAc), 8.78 (s, 5B8-Me), and 9.24 (s, 13B-Me) (Found:
¢, 76.22; H, 10.95. C..H_.0, requires C, 75.90; H, 10.62%),

30 504
and 6B-acetoxy-9,10-epoxy-3p-methoxy-5-methyl-19-nor-5-9p~

-cholestane (CXIIIb) (2.85 g.), a gum, [a]D+ 63° (c. 1.1),

-1
vV A (CHCl3) 1725 (C=0), and 1250 (C-0) em. ~, L (CD013)

5.15 (q, J (apparent) ca. 12 and 4 Hz., 6-H), 6,41 (t, J
(apparent) ca. 6 Hz., 3-H), 6.69 (s, OMe), 7.98 (s, OAc),
8.84 (s, 58-Me), and 9.19 (s, 13B-Me) (Found: C, T76.10;

H, 10.28. 04 requires C, 75.90; H, 10.62%).

C30%50
9, 10-Epoxy-6B-hydroxy-38-me thoxy-5-me thyl-13-nor-58,10a-~

-cholestane (CXIIIc).- The acetoxy-epoxide (CXIIIa) (100 mg.)

was hydrolysed and gave the hydroxy-a-epoxide (CXIIIb) (89 mg.),

M.P. 134-1350 {from aqueous methanol), [a]D+ 25° (c. 0.8),
V . (CHCL;) 3610, 3640 (OH), and 1090 (Ote) em.™d,

T (CDC13) 6.00-6.60 {m, 3,6-H), 6.71 (s, OMe), 8.89 (s,
58-Me ), and 9.27 (s, 138-Me) (Found, T7.82; H, 11.05.

028H4803requires c, 77.72; H, 11.18%).
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9,10-Epoxy-38-me thoxy-5-methyl-19-nor-5f ,10a-cholestan-6-one
) ( 88)

(CxXTI11d - The hydroxy-epoxide (CXIIIc) (89 mg.) was
oxidised and gave the keto-epoxide (CXIIId) (72 mg.), m.p.
94.96° (from aqueous methanol-acetone), [a]D- 8.4°(c. 1.1),
\)max_ (CHClj) 1712 (C=0) em.”t, "L 6.46 (m, W% ca. 8 Hz.,
3-H), 6.75 (s, OMe), 8.79 (s, 58-Me), and 9.24 (s, 13p-Me)
(88a) m.p. 970’ [a]D - 6.3).

The B-Epoxides (CXIIIe) and (CXIIIf).- The acetoxy-epoxide

(1it-,

(CXITIb) (1.10 g.) was hydrolysed and gave 9,10-epoxy-68-

hydroxy-38-methoxy-5-methyl-19-nor-58,9p-cholestane (CXIITe)

(950 mg.), a gum, [alg+ 46.5%c. 1.1), V max, (CHCL3) 3480
(on) em.™l, T (€DO1,) 6.3-7.0 (m, 3,6-H), 6.0 (s, O%),

8.81 (s, 5B~Me), and 9.20 (s, 13p-Me) (Found: C, T7.56;

H, 11.52, 028H48°3 requires C, T7.72; H, 11.18%). Oxidation
of the hydroxy-epoxide (CXIIIe) (900 mg.) gave 9,10-epoxy-
3B-me thoxy-5-me thyl-19-nor-58,98-cholestan-6-one (CXIIIf)

(800 mg.), a gum, [aly+ 82° (c. 1.4),V

T 6.46 (m, Wi ca. 8 Hz., 3-H), 6.70 (s, OMe), 8.65 (s, 5B-Me),

-1
max. (CHClj) 1715 cm. .,

and 9.19 (s, 13p-Me) {Found: C, 78.19; H, 10.98.
C28H46°3 requires C, T78.09; H, 10.77%).

2{3-Methoxy-S—methyl-19-nor-5ﬁ-cholest-9(10)-ene' (CXIVe). (28) -

3B-Methoxy-5-methyl-19-nor-58-cholest-9(10 )en~6-one (CXIVb) (=8 )
(271 mg.) and freshly recrystallised benzenesulphonylhydrazine
(150 mg.) were heated under reflux in ethanol (5 ml.)
containing concentrated hydrochloric acid (1 drop) for 20

min.. The mixture was cooled, poured into dilute hydrochloric
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acid and extracted with ether. The ether extracts were washed
with sodium bicarbonate soluticn, dried and the solvent

removed to give the benzonesulphonylhydrazone {(CXIVd)

(293 mg.), m.p. 153-155° (from methanol), [al* 11.5° {(c.

0.65), V
865, and 690 cm.'l,'EL 1.50-2.70 (m, aromatic, 5 x C-H)

max 3230, 3080, 2830, 1350, 1220, 1175, 1095,
6.43-6.85 (m, 3-H), 6.8 (s, OMe), 8.80 (s, 5B8-Me), and

9.30 (S, l}B_Me) (Fom‘ld: C, 71.32; H, 9.27; N, 5.00¢
C33H52N203S requires €, 71.19; H, 9.42; N, 5.0%3). The
hydrazone (CXITV4d) (80 mg.) and sodium borohydride (200

mg.) were heated under reflﬁx for 8 hr. in dry, peroxide
free,.dioxan. The mixture was.poured ihto water. Ether
extraction gave, after'preparative t.l.c., the C{6)-desoxy-
compound (CXIVe) (65 mg.), m.p. 58-59° (from ethanol), [a]D+
62° (c, 1.05), ¢ 6.60 (m, Wi ca. 9 Hz., 3-H), 6.76 (s, OMe),
8.85 (s, 5p-Me), and 9.22 (s, 13p-Me) (lit.,(28) m.p. 600,
[a]D+ 61.6).

The a- and B-Epoxides (CXIIIg) and (CXIIIh).- The olefin (CXIVc)

(525 mg.) was epoxidised, and preparative t.l.c. of the
resultant mixture [eluting (x 2) in chloroform-petrol

(3:2)) gave 9,10-epoxy-3B8-methoxy-5-methyl-19-nor-58,10a-

<holestane (CXIIig) (245 mg.), & gum, [al+ 29.5° (e. 0.78),
. 6.55 (m, W3 ca. 10 Hz., 3-H), 6.78 (s, OMe), 8.85

(s, 5B8-Me), and 9.29 (s, 138-Me} {Found: C, 80.66; H, 11.59.

C28H4802 requires C, 80.71; H, 11.61%), and 9,10-epoxy-38-

me thoxy~5-me thyl-19-nor-58,9f-cholestane (CXIITh) (160 mg.),

a gum, [al+ 55.57(c. 0.48),7F 6.55 (m, W} ca. 10 Hz., 3-H),
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6.85 (s, OMe), 8.90 (s, 5B-Me), and 9.18 (s, 138-Me) (Found:
C, 80.94; H,-ll.15. 028H4802 requires C, 80.71; H,
11.61%).

Reaction of the Keto-a-epoxide (CXIITd).- The epoxide (CXIII4)

(88) (600 mg.) was reacted with boron trifluoride for 7

min.. Preparative t.l.c. on silver nitrate impregnated silica
(10%) [in benzene-ethyl acetate (19:1)] gave the diene

(Cxva) (144 mg.), [a]D~ 105° (e. L.31), )\
£ nax. 29,000, T 3.78 (s, 11,12-H), 6.58 (m, Vi3 ca. 9 Hz.,

mAX. 247 n.m.,
3-H), 6.73 (s, OMe), B.7TL (s, 5B-Me), and 9.23 (s, 13f-Me)
88a) 1 .p. 70°, lal- 105°, A . 248 n.m., £

29,000), the dlene (CXVIa) (146 mg.), m.p. 84-85° (from

it.,
maXx.

methanol ), [a}D- 196o {c. 1.02), )\ A 24% n.m., £ e

9,200, "C 4.18 (m, 1,11-H), 6.75 (s, OMe), ca. 6.95
{(m, broad, 3-H), 8.81 (s, 5B-Me), and 9.26 (s, 13p-Me) (1it.,
(88a) m.p. 85-86°, [a]D- 200°, >\ma.x 242 n.m., & max

9,200), 3B-methoxy-5,14-dimethyl-18,19-bisnor-58-8a,98,L4B-

-cholesta-1(10),13(17)-dien =6-one (CXVIIa) (118 mg.), a gum,
lalgr 129° (c. 1.26), V 1

(thin film) 1715 (C=0) cm. —,
. (100 M.Hz., CDCJ.}) 4,66 (m, Wi ca. 12 Hz., 1-H),

max

6.64 (s, OMe), 6.76 (m, W5 ca. 24 Hz., 3-H), B.64 (s, 5B-Me),
8.99 (s, 14p-ite), and 9.07 (4, J ca. 7 Hz., C(2L)Hy),

“C (60 M.Hz., CgDg), 8.84 (s, 5B-Me), 8.9% and 9.05

(C(21)H 5-doublet), 9.05 and 9.15 (side chain methyls), and
9.15 (s, 1l4p-Me) (double irradiation 88 Hz. downfield caused
the C(21)H3- doublet to collapse)} (Found: C, 80.99; H, 10.91.

028H4402 requires C, 81.50; H, 10.75%), and the hydroxy-backbone -
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compound (CXVIIIa) (29 mg.), an amorphous solid,\) max.
(cuc13) 3620, 3500 (OH), and 1710 (C=0) cm.‘l, T (cnc13)
6.46 (m, W: ca. 9 Hz., 3-H), 6.T4 (s, OMe), 8.60 (s, 5B-Me),
9.00 and 9.11 (C(El)Hj-doublet), 9.00 6, 14B-Me ), and |

9.11 and 9.21 (side chain methyls), C (CgDg) 8.92 and 9.03
(C(21)H;), 9.03 and 9.14 (side chain methyls), 9.05 (s,
5B8-Me ), and 9.14 (s, 14p-Me).

Hydrogenation of the Compound (CXVIIa).- The diene (CXVIIa)

(43 mg.) as a solution in ethyl acetate (10 ml.) was

stirred under an atmosphere of hydrogen with a palladium ~
charcoal catalyst for 3 hr.. The mixture was filtered and

the solvent removed to give a mixture of isomers (37 mg.)
‘which were inseparable by t.l.c., “C (CD013) 6.66 (methoxyl-
methyls), 6.73 (m, W& ca. 22 Hz., 3-H's), ca, 8.73 (5B-methyls),

and ca. 9:03 (l4B-methyls).

Reactlion of the Keto-B-epoxide (CXIIIf).- The epoxide (CXIIIf)
(560 mg.) was reacted with boron trifluoride for T min.. .
Preparative t.l.c. of the resultant mixture on silver nitrate
impregnated silica (10%) {eluting with benzene-ethyl acetate
(19:1)] gave the diene (CXVIa)(BSa) (147 mg.), the backbone -
compound (CXVIIa) (29 mg.), the diene (CXVa)(SSa) (128 mg.),
m.p. 68-69° (from methanol), the diketone (CXIXa) (30 mg. ),
a gum, V) 2830, 1100 (OMe), 1730 (6-C=0), and 1700 (C=0)
em.”t, T (CDC15) 6.76 (s, OMe), ca. 6.76 (m,3,H), 8.79

(s, 5B-Me), and 9.32 (s, 13B-Me), M (mass spectrum) 430.3442

(028H4603 requires 430.3448), and the hydroxy-backbone -
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compound (CXVIIIb) (38 mg.), a gum, Vv _ (thin film)

max
3500 (OH), 1710 (C=0), and 1105 {OMe) cm.'l, T (cnc13)

6.64 (s, OMe), 6.32-6.89 (m, 3-H), 8.80 (s, 58-Me), 9.00

and 9.12 (C(el)Hj), 9.02 (s, l48-Me) and 9.12 and 9.22 (side
chain methyls) [double irradiation 88 Hz. downfield (in 06D6)
caused the C(21)H5'doublet to collapse]. -

Dehydration of the Alecohol . (CXVIIIb).- The hydfbxyﬁglefin

(CXVIIIb) 'in pyridine was treated with thionyl chloride at

0° for 5 min..(el)

The mixture was poured into crushed ice.
Ether extraction gave the diene (CXVIIa), identical with an
authentic sample by t.l.c..

Reaction of the Acetoxy-a-epoxide (CXIIIa}.- The epoxide

(CXIITa) (700 mg.) was treated with boron trifluoride for
7 min.. Preparative t.l.c. of the resultant mixture (in

chloroform)gave 6B-acetoxy-3p-methoxy-5,14%-dimethyl-18,19-bisnor-

58,8¢,98,l4p-cholesta-1(10), 13(17)-diene (CXVIIb) (380 mz.),a gum,

[al* 67° (c. 0.52), \)nmx. (CH013) 1730 (€=0), 1250 (C-0),
and 1095 (OMe) cm.‘l,'T:(CD013) 4.68 (m, W% ca. 10 Hz.,

1-H), 5.18 (t, J (apparent) ca. 9 Hz., 6-H), 6.32-6.72 (m,
3-H), 6.71 (s, OMe), T7.94 (s, OAc), 8.88 (s, 5B-Me), 9.00
and 9.12 (C(21)Hy doublet), 9.03 (s, 14p-Me}, and 9.12 and
9,22 (side chain methyls) (double irradiation 88 Hz.
downfield caused the C(21)Hj-doublet to collapse), M

(mass spectrum) U56.3604 (C3OH4803 requires 456,3603),

and 6B-acetoxy-3p-methoxy-5,14-dimethyl-18,19-bisnor-
-58,8a,14B-cholesta-9(10),13(17)-diene (CXX) (21 mg.), a gum,

\)max (CHClE) 1725 (C=0), 1250 (C-0), and 1090 (OMe)cm.-l,
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g (CDCij) 4,836 (m, Wh ca. 18 Hz., 6-H), 6.50 (m, W% ca.
10 Hz., 3-H), 6.71 (s, OMe), T.97 (s, OAc), 8.82 (s, 5B-Me),
9.00 and ‘9.11 (C(El)Hs‘ doublet), 9.07 (s, 14B8-Me), and 9.11 and
9,21 (side chain methyls) (double irradiation 8T Hz.
downfield caused the C(21 )Hi- doublet to collapse). A third
minor product was 1solated (35 mg.), a gum, ) . (CHClj)
3660, 3450 (OH), 1725 (C=0) and ca, 1240 (C-0) em.™, T
(cpC1) 5.04 (m, W% ca. 16 Hz., 6-H), 5.53 {m, W3 ca. 11 Hz.,
3-H), 7.97 (s, OAc), 8.90 (s, 5p-Me), 9.02 and 9.12 (C(21)H;
doublet), 9,12 (148-Me), and 9.12 and 9.22 (side chain methyls)
(double irradiation 87 Hz. downfield caused the C(21 )H3—
doublet to collapse ).
The Diene (CXVIIa).- The acetoxy-diene (CXVIIb) (50 mg.) was
hydrolysed and oxidised to give the diene (CXVIIa) (41 mg.),
[a]D+ 132°%(c, 0.53), identical with the authentic sample

1
(by t.l.c., and "H n.m.r. .spectroscopy).

Reaction of the Acetoxy-B-epoxide (CXIIIb).- The epoxide

600 mg.)
(CXIIIbg /was treated with boron trifluoride for T min..
The product mixture was separated by preparative t.l.c.
on silver nitrate impregnated silica (10%) (eluting with

chloroform) to give 6f-azetoxy-3>B-methoxy-5-methyl-19-

nor-5g-cholesta-9,11l-diene (CXVb) (210 mg.), m.p. 74.5-

76° (from methanol), [alp- 40.5° (c. 3.95), N

249 n.m., £ nax

_ 25,200, \)m. (cnc:13) 1725 (C=0), ca.
: .

1240 (C-0) em.”, T (cnc:l;) 3.87 (s, 11,12-H), 5.35
(m, Wi ca. 9 Hz., 6-H), 6.60 (m, Wi ca, 9 Hz., 3-H), 6.79

(s, OMe), 8.03 (s, OAc), 8.84 (s, 5B-Me), and 9.23 (s, 13B-lle)
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(Found: C, T73.14; H, 10.50. c}OHQSOBIBQUireS c, 78.89;

H, 10.59%), 6B-acetoxy-3p-methoxy-5-methyl-19-nor-58-cholesta-

-1(10), 9(11)-diene (CXVib)(100 mg.), [a] - 49.5%ec. 1.40),

>\max. 243 nam., € 9,200, \) . 2850, 1090 (OMe),
1730 (C=0) and ca. 1240 (C-0) em.™, T (CDCL,) 4.34 (m,
1,11-H), 5.09 (t, J (apparent) ca. 4 Hz., 6-H), 6.40-7.00
(m, 3-H), 6.78 (s, OMe), 7.99 (s, OAc), 8.92 (s, 5p-Me)

and 9.30 (s, 13p-Me) (Found: C, 78.60; H, 10.52.

0301114803 requires C, 78.89; H, 10.59%)}, and 6B-acetoxy-10-

~hydroxy-3B-methoxy-5,14-dimethyl-18,19-bisnor-58,8a,98,14p-

~cholest-13{(17)-ene (CXVIIIec) (S0 mg.), & gum, [a]D+ 44 ,5°

(c. 0.68), \)max' (CHClj) 3620, 3450 koH), 1725 (C=0), ca.
1240 (C-0) and 1095 (OMe) em.™, T (cnc13) 4,92 (+, J(apparent)
ca. 8 Hz., 6-H), 6.3-6.8 (m, 3-H), 6.75 (s, OMe),7.95 (s, '
OAc), 9.00(5,53;Me), 9.00-9.12 (0(21)53- doublet), 2.09 (s,
14B-Me), and 9.12 and 9.22 (side chain methyls) (double
irradiation 90 Hz. downfield caused the C(21)H5-doublet to

collapse) (Found: C, 75.69; H, 10.22. 0y, requires

CBOHSO
C, 75.90; H, 10.62%).

Dehydration of the Hydroxy-olefin (CXVIIIc).- The olefin

(CXVIIXc) (9 mg.) in pyridine (1 ml.) at 0° was treated with
thionyl chloride (1 drop) for 5 min.; The mixture was poured
onto crushed ice., Ether extraction gave the diene (CXVIIb)

(8 mg.), identical with the authentic sample (by t.l.c. and
1H n.m.r. spectroscopy).

Reaction of the a-Epoxide (CXIIIg).- The epoxide (620 mg.)

was treated with boron trifluoride for 5 min.. Preparative
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t.l.c. of the resultant mixture [eluting (x 3) in benzene]

ga#e 9-hydroxy-3B-methoxy-cholest-5-ene (CXXI) (5% mg.), m.p.

1%9° (from methanol), [aly+ 9° (e. 0.45), V) .. 3590 (0H)
em.”t, T 4.66 &m, W3 ca. 10 Hz., 6-H), 6.4-6.8 (m, 3-H),

6.77 (s, OMe), 8.88 (s, 10B-Me), and é.ue (s, 13B-Me) (Found:
C, 80.47; H,'ll.57. CogHyg0, requires C, 80.71; H, 11.61%),
the ketone (CXIXb) (176 ms.), & gum, [a) -4° (c. 0.63),V
1710 (C=0) and 1100 (OMe) cm.™ , T 6.76 (s, OMe), ca. 6.75

(m, 3-H), and 9.04 (s, 5Q,135-Me) (Found: €, 80.57; H, 10.75.
CogHyg0, requires C, 80.71; H, 11.61%), the diene (CXXII)
(108 mg.), 2 gum, [aly- 18° (e. 0.85), %) max, 1100 (OMe) em, ¥,
T 475 (m, U3 ca. 6 Hz., 6-H), 6.5-7.0 (m, 3-H), 6.79 (s,

OMe), 9.13 (s, 10B-Me), and 9.20 (s, 13B-Me) and 3B-methoxy-

5,14-dimethy1-18,19-bisnor-58,8a,98,148-cholesta-1(10),13{17)~

~dlene (CXVITc) (168 mg.), a gum, [al+ 75° (c. 0.66),
O, 1100 (0Me) em.”™", T4.93 (m, W} ca. 11 Hz., 1-H),
6.53-7.00 (m, 3-H), 6.79 (s, OMe}, 8.91 (s, 5B8-Me)}, 9.01 and
9.12 (C(21)H5 doublet), 9.04 (s, 14p-Me), and 9.12 and 9.21
(side chain methyls) (double irradiation 88 Hz. downfield
caused the C(21)H3-doub1et to collapse) (Found: C, 84,02;
H, 11.34. Cogyg0 requires C, 84.35;- H, 11.63%).

Hydrogenation of the Diene (CXVIIc).- The diene (CXVIIc)

(80 mg.) as a solution in ethyl acetate (10 ml.) was stirred
under an atmnosphere of hydrogen with a palladium-charcoal
catalyst for 3 hr.. The mixture was filtered and the
solvent removed. Preparative t.l.c. of the residue gave

the olefin (CXXIII) (44 mg.), a gum, L. 6.65-7.20 (m,3-H),
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6.82 (s, OMe), 9.00 and 9.10 (0(21)1{3— doublet) 9.00(s58-Me ),
9.10(sJ4B-Me ), and 9.10 and 9.21 (side chain methyls).

Ozonolysis of the Diene (CXVIIc).- A stream of ozone enriched

oxygen was passed through a solution of the diene (CXVIIc)

(100 mg.) in chloroform (20 ml.) at -10° for 45 min.. The
solvent was removed and the residue treated with zine dust (gg.
100 mg.) in acetic acid (ca., 10 ml.) for 2 hr. at room
temperature. The product was isclated by ether extraction.
Preparative t.l.c, of the erude product [in benzene-ethyl

acetate (3:1)] gave the A,D-diseco-tetrone {(CXXIV) (23 mg.)

a gum, [a]D - 10.5° (c. 0.38).'\)me 2830 {(OMe), 2720

(CHO), and 1715 (C=0) em.”l, T 0.23 (t, J ca. 2.5 Hz.,

CHO), 6.43 (m, W3 ca. 17 Hz., 3-H), 6.81 (s, OMe), 8.50 and
8.87 (angular methyl groups), and 8.93 (d, J ca. 7 Hz., C(21)
H3), M (mass spectrum), 462.3339 (C28H4605 requires 462.3345).

Dehydration of the Compound (CXXT).- The hydroxy-olefin (CXXI)

(10 mg.) in pyridine (1 ml.) at 0° was treated with thionyl
chloride (1 drop) for % min.. The mixture was poured onto
crushed ice and the product, isolated by means of ether, gave
the diene (CXXVII) (8 mg.), a gum, T 4.70 (m, 6,11-H), ca.
6.4 (broad m, 3-H), 6.76 (s, OMe), 8.75 (s, 10B-Me), and
9.37 (s, 13p-Me).

Hydrogenation of the Compound (CXXI).- The hydroxy-olefin

(CXXI) (30 mg.) in glacial acetic acid (5 ml.) was stirred
under an atmosphere of hydrogen for 3 hr. wilith a platinum
catalyst. The mixture was filtered and the solvent removed.

Preparative t.l.c¢c. of the mixture [in benzene-ethyl acetate
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{5:1)] gave 3B-methoxy-5a-cholestane (16 mg.), m.p. 83-84.5°
(from methanol), [.6.8L (s, OMe), 7.03 (m, W3 ca. 22 Hz.,
3-H), 9.21 (s,‘lOB—Me) and 9.37 (s, 13p-Me) (111:.,(33) MmePe

82-830) and 9-hydroxy-3B-methoxy-5a-cholestane (CXXVIII)

(3 mg.), m.p. 130-132° (from petrol) \) |

3450 (OH) and 1100 (OMe) em.™S, T 6.68 (s, OMe), 6.13-6.70

(CHClj) %620,

(m, 3-H), 9.02 (s, 10B-Me), and 9.32 (s, l}B-MeA) (Found:

C, 80.51; H, 12.05. CEBHSOOE requires C, 80.32; H, 12.04%).

Hydrogenation of the Diene (CXXII).- The diene (CXXTI) (50 mg.)
in glacial acetic acid (10 ml.) was stirred under an a.tmosphere.
of hydrogen for 35 min. with a piatinum catalyst. The mixture

was filtered and the sclvent removed to give the olefin (CXXIX)
(41,5 mg.), a gum, [alg+ 2.5° (c, 0.93), T 6.55-T.15 (m, 3-H),
6.80 (s, OMe), 2.13 (s, 108-Me), and 9;37 (s, 13B-Me ), M .

(mass spectrum) 400.3694 (C28H480 requires 400.3705).

Use of .Eu(D.P M )3.- A standard solution of - Eu(DPM)3
in carbon tetrachloride (50 mg./ml.) was used. Samples
were made up using a steroid:Eu(DPM)B ratio of 6:5 w/W..
The results are summarised in Table 2, Section 2,
Discussion 1.

Reaction of the Olefin (CXXIX) with Ruthenium Tetroxide.-

The olefin (CXXIX) (40 mg.) in carbon tetrachloride was shaken
with sodium metaperiodate (100 mg.), ruthenium trichloride

(80 mg.) and water (2 ml.) at room temperature for 1 hr..

The mixture was poured into a sodium sulphite solution, Ether

extraction gave a crude product,which was purified by t.l.c.

. 128,



[in benzene-ethyl acetate (10:1)]} to give the 8,9-seco-dione

(COOT) (15 ms.), & gum, V__ 1705 (6=0) em.™ , T6.59

max
(m, W ca. 10 Hz., 3-H), 6.81 (s, OMe), and 8.89 and 9.01

(angular methyl groups), M (mass spectrum)} 432.3604 (C:?_BH#BO}
requires 432,3603). '

Reaction of the Olefin (CXXIX)} with Osmium Tetroxide.- The

olefin (CXXIX) (50 mg.) in ether (3 ml.) and pyridine (2 ml.)
was treated w:;.th osmium tetroxide (ca. lOO mg.) at room
temperature for 3 weeks. The mixture was dilu’-cred with benzene
and saturated with hydrogen sulphide. The mixture was passed
through a short alumina column. Removal of the solvent and
preparative t.l.c. of the residue [eluting (x 2) in chloroform]
gave the diol (CXXX) (33 mg.), an amorphous solid, \) max. 3600,
3540 (OH), and 1100 (OMe) cm.™t, " 6.80 (s, OMe), 6.91 (m,
wi ca, 26 Hz., 3-H), 8.90 (s, 10B-Me), and 9.21 (s, 13B-Me),

M (mass spectrum) 434.3760 (028}{5003. requlires 434.3760).

The diol (CXXX) (33 mg.) in ether (2 ml.) was treated with a
solution of pefiodic acid (20 mg.) in ether (2 m1.) at room
temperature for 1 hr.. The mixture was poured into sodium
sulphite solution., Ether extraction gave the 8,9-seco-dione

(1) (30 mg.) identical in all respects with the first sample.

Isomerisation of the Olefin (CXXIX).-Dry hydrogen chloride was

passed into a solution of the olefin {(CXXIX) (2 mg.) in
chloroform (5 ml.) for 2 hr. at -30°. The solvent was
removed and the residue taken up in glacial acetic acid and

stirred under an atmosphere of hydrogen for 12 hr. with a
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platinum catalyst, The mixture was filtered and the solvent
removed. The mass spectrum (m/e 402, m/e 400) indicated

a mixture of fully saturated and olefinic matérial. The
fully saturated material was not 3B-methoxy-5a-cholestane
(by t.l.c. comparison with a genuine sample).

Reaction of the B-Epoxide (CXIIIh).- The epoxide (CXIIIh)

(318 mg.) was reacted with boron trifluoride for 7 min..
Preparative t.l.c. (in benzene) gave the diene (CXVIIec)

(96 mg.), the diene (CXXII) (25 mg.), 3B-methoxy-5-methyl-

19-nor-5g-cholesta-9,1l-diene (CXVc) (40 mg.), a gum,
[al= 54° (c. 0.50), N\ .
T3.89 (s, 11,12-H), 6.59 (m, W& ca. 9 Hz., 3-H), 6.77 (s,

OMe), 8.78 (s, 58-Me), and 9.24 (s, 138-Me) (Found: C, 84.19;

_ 248 n.m., & oy, 275000,

H, 11.61 CoglygC requires C, 84.35; H, 11.63%), and

9-hydroxy-5-me thyl-19-nor-58,98,10a-cholestan-3-one (CXXXII)

3640, 3480 (OH), and 1720 (C=0) em.”Y,

(65 mg.), a gum, N} )
. 9.09 and 9.19 (side chain methyls), 9.09(s,58-Me), and 9.30
(s, 138-Me), M (mass spectrum) 402.3478 (027H4602 requires
4o2.3498).

Deuteration of the Ketone (CXXXII).-~ The ketone (CXXXII)

(5 mg.) in sodium methoxide-deuteromethanol (ca. 10% solution,
1.5 ml.) was heated in a sealed tube at 80° for 24 hr..

The mixture was cooled and poured into water. Ether extraction
gave a single compound, which was subjected to mass
spectrometry (see table).

5-Methyl-19-nor-5p-cholest-9(10 }-en-3-one (COXIIIa).~

The hydroxy-ketone (CXOXII) (41 mg.) in pyridine (0.5 ml.) was
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treated with thionyl chloride (3 drops) at 0° for 5 min..
The mixture was poured into water and e%her extraction gave
the ketone (CXOXXITTa) (36 mg.), a gum, [al+ 14.5° (e.
0.72),\) . 175 (C=0) em.™, T 9.00 (s, 5B-Me), and 9.21
(s, 138-Me}, M (mass spectrum) 384.,3372 (C2 440 requires
384 .3392).

3B-Methoxy-5-methyl-19-nor-5-cholest-9(10)-ene (CXTVe ).~

The ketone (C0OXIITIa) (35 mg.) in tetrahydrofuran (5 ml.)

was treated with tri-t-butoxy-lithium aluminium hydride (100
mg.) at 0° for 1 hr. with stirring. The mixture was warmed

up to room temperature and the stirring continued for a further
2 hr,. The mixture was poured into water and ether extracted.
Removal of the solvent gave a crude material (pure by t.l.c.),
vV A (CH013) 3580, 3360 (OH) em.”, This material was heated
under reflux with finely divided potassium (50 mg.) in benzene
(5 ml.) for 4 hr, under nitrogen. Methyl iodide (2 ml.) was
added and the mixture refluxed for a further 3 hr.. The mixXture
was cooled and the excess potassium rgmoved by the addition of
ethanol. The usual work up gave, afber t.l.c., the methyl-
ether {(CXIVe) (15 mg.), m.p. 59--60o (from ethanol),

[al+ 59.5° tc.o.j),‘t:G.Go (m, Wk ca. 10 Hz., 3-H), 6.T4

(s, OMe), 8.85 (s, 5B-Me), and 9.22 (s, 13p-te) (11t.(2®)
m.p. 60°, [alg 61.7°). |

8,9-Epoxy-3p-hydroxy-5e,8a-lanostane (CXXXIX&)(lOA) -

Epoxidation of the olefin (CXL)(IOS) (8 g.) gave the epoxide
(COxXTXa) (7.2 g.), m.p. 157-159° (from ethyl acetate),

[a]D+ 5o {e. 1.83) (lit.flou) m.p. 158~1629, [a]D+ 70),
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38-Acetoxy-8,9-epoxy-5x,8a-lanostane (CXOXIXb) (104) - Acetylation

of compound (CXXXIXa) (0.5 g.) gave the epoxide (CXOXIXb)
(0.5 g.), m.p. 140-1420 {from ethyl acetate))[a]D+ 14° (c.
0.6), YV rax, L1735 {C=0) and 1240 (c-0) cm.—i,‘1: 5.65 (m,
W% 18 Hz., 3-H), 8.05 (s, OAc), 8.89 (s, CHB), 9.10 and

9.19 (d, side chain methyls), 9.19 (s, 3 x CHj), and 9.25

(104)

(s, CHz) (11t. 7 m.p. 140-141°, [aly+ 15%).

Reaction of the 8a,9a-Epoxide (CXXXIXb) with Lewis acids:-

(a) With boron trifluoride for 1 min., the epoxide (CXXXIXb)
(0.5 g.) gave 3f-acetoxy-5a-lanostad,9(11)-diene (CXLL) (0.4 g.),
MaPs 166.5-167o {from ethyl acetate))[a]D; 89° (c. 0.8),

)\max. 244 n.m., &

11-H), 5.60 (m, W& 18 Hz., 3-H), 8.04 (s, OAc), 9.0l (s, cnj),

max . 13,550, t 4-63 (m: w%’ 16 Hz,, T7-H,

9,10 and 9.19 (d, side chain methyls), 9.10 (s, CHB). 9.13

8106) Mo 167;1680,

(s, 2 x CHB) and 9.46 (s, CH3) (11t.
[a);+ 88°):-

(b) With stannic chloride under the same conditions as above
for 5 min., the epoxide (CXXXIXb) (0.1 g.) gave the

diene (CXLI) (90 mg.).

BB-Acetoxy-9-hydroxy;5a-1anostane (CXLII) (104) - Finely cut

lithium (0.5 g.) was added slowly in portions to a stirred
solution of the epoxide (CXXIXb) (1.2 g.) in anhydrous
ethylamine (50 ml.). After 2 hr. a blue'colour developed.
The reaction was céntinued for a further hour and was then
guenched by addition of acetone. The mixture was poured into

water and extracted with ether. The ether solution was washed
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with dilute hydrochloric acid(2N), saturated sodium
bicarbonate solution and water. The solution was dried

and the solvent removed. The mixture of two products was
acetylated. Preparative t.l.c. [eluting with benzene:ethyl
acetate (10:1)] gave the 9Qa-hydroxy-compound {CXLII) (0.45 g.),
m.p. 168-169° (from ethyl acetate), [a]D+ 18° (e. 1;5),

D pax, 3640, 3560 (0H), 1740 (C=0), and 1243 (0-0) om.

. 5.68 (m, W& 18 Hz., 3-H), 8.0% (s, OAc), 8.99, 9.10, 9.15,
and 9.23 (side chain and other methyls) (fbund: Cc, 78.6;

(104)
|

H, 11.5. 2H56°3 requires C, 78.6; H, 11.55%) (1it.

%
m.p. 163-1640, [a]D+ 70). (Recrystallisation of an authentic
(104)

sample kindly provided by Professor Pried ’ gave

material ldentical with the above sample). A second fraction
gave the diene (CXLT) (200 mg.). Repetition of this

reaction in the preéence o f t-butanol (3 or 12 moles/mole of
sterold) gave the same products in the same ylelds but with
shorter reaction times (30 min. or 10 min. respectively).

104)

Bﬁ-Acetoxy-Sa-lanost—9(ll)-ene (GXLIII)( -~ (a) Thionyl

chloride (0.8 ml.) was added to a solution of the Ya-hydroxy-
~compound (GXLII)-(B.S g.) in pyridine (20 ml.) at O°.

After 5 min. the solution was poured onto crushed ice and
filtered. The crude product was recrystallised from ethyl
acetate to give the olefin (CXLIII) (3.5 g.), m.p. 174-1760,
[al,+ 89° (e. 1.3), T 4.80 (m, Wh 10 Hz., 11-H), 5.65

(m, W 18 Hz., 3-H), 8.05 (s, Oac), 8.94 (s, CHB), 9.10 and
9.19 (side chain méthyls), 9.14 (s, 2 x CHB)’ 9.28 and

9.38 (remaining methyl groups) (Found: C, 8i.7; H, 11.55 .
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C3Hgy0p Tequires C, 81.65; H, 11.55%) . 3O o g
162-165°, [a]+ 85°).

(b) Sulphuric acid.(e drops) was added to a solution of
thé 9a-hydroxy-compound (0.2 g.) in acetic anhydride (2

ml.) and acetic acid (1 ml.) at room temperature. After

15 min. the.solution was poured into brine and the resultant
mixture extracted with ether. The ether extracts were
washed with sodium bicarbonate solution and water, The
solution was dried and the solvent removed. The crude
product, separated by preparative t.l.c. {eluting with benzene:
ethyl acetate (10:1)] gave the 9a-hydroxy-compound (CXLII)
(25 mg.) and the oléfin (CXLIIT) (150 mg.).

(e} A solution of toluene~p-sulphonic acid (22 mg.) and the
9a;hydr0ch-compound (0.1 g.) in acetic anhydride (6;6 ml., )
was heated on a boiling water bath for 30 min. and poured
into water. The mixture was extracted with ether in the

usual way to give the olefin {CXLIII).

3B-Acetoxy-9,lla-epoxy-5a-lanostane (CXLIVa). - The

olefin (CXIIII) (1 g.) was epoxidised to give the 9,1l-epoxide

(CXLiva) (1.1 g.), m.p. 188-189° (from ethyl acetate),
{aly* 27 %e. 0.85),\>max. 1740 (C=0) and 1245 (C-0) em."L,
.5.65 (m, W} 18 Hz., 3-H), 7.04 (d, J (apparent) ca.

4,3 Hz., 11-H), 8.06 (s, OAc) and 9.17 (m, side chain and
other methyls) (Found: C, 78.95; H, 10.85 ., 032H5403 requires
C, 78.95; H, 11.2%).

Reaction of the 9,11-Epoxide (CXLIVa) with Lewis acids -

(2) The epoxide (CXLIVa) (0.8 g.) with boron trifluoride for
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20 min. gave a mixture. Preparative t.l.c. [eluting with

benzene :ethyl acetate (19:1)] gave 3B-acetoxy-5ua,9B-lanostan-

~1l-one (CXIVa) (279 mg.), m.p. 199-200° (from methanol/
chloroform), [al 96° (c. 0.54), V . 1750 (acetate
C=0), 1713 (11,C=0) and 1245 (C-0) em.”,C 5.50 (m, Wi

19 Hz. 3-H), 8.08 ks, CAc), 9.03, 9.13, 9.23 and 9.25 (side
chain and other methyls) (Found: C, 79.5; H, 11.25

requires €, 78.95; H, 11.2%), and 3B-acetoxy-8-

032H5403
-methyl-18-nor-5«,8«,148~lanosta-9(11),13(17)-diene (CXLVI)

(385 mg.), a gum, [a] - 18° (c. 0.6), (cnélj, 100 M.Hz.)
4,7 (%, J (apparent) ca., 4 Hz,, 11-H), 5.51 (m, W& 18 Hz.,
3-H) T7.90 (s, Ofic), 9.0 and 9.08 (4, J ca. T Hz., C(21)H,),
8.91, 9.03, 9.06, é.lB and 9.19 (other methyls), and 9.08 and
9.17 (d, side chain methyls) (The doublet at é.Ol and 9.08
collapsed on double irradiation at -149 Hz. to give a broadened
signal at 9.06), molecular weight (mass spectrum) 468.3963%
(032H5202 requires 468.3967), M - side chain 355.2636
(0241-13502 requires 355.2637).

(b) With stannic chloride under the same conditions as above
for 1 hr. the epoxide (CXLIVa) (0.1l g.) gave a mixture of the
ketone (CXLVa) and the £:>lj’l7- compound (CXLVI) as above.

3B-Acetoxy-5a-lanostan-ll-one {CXIVb) - The ketone (CXLvVa)

was heated under reflux In ethanol containing sodium ethoxide
for 15 min,. The usual work up gave a crude mixture which

after reacetylation and preparative t.l.c. gave some starting
material (CXLVa) énd the ketone {(CXLVb), ﬁ.p. 150-151°, [a]D

+ 60° (c. 0.5) (11t.f}°8) Mm.D. 150-152°,[a]D+ 62°).
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3p-Acetoxy-Ta-bromo-5a-lanost-8-en~1l-one {CXLVIIIa).-

N-Bromoacetamide (0.5 g.) was added over a period of 15 min.

to a stirred solution at-O0 of the olefin (CXLIII) (I g.)

in peroxide free dioxan (10 ml.), perchloric acidr(0.74 ml.
aqueous 13% w/v), and water (0.5 ml.). After a further 2

hr, at room temperature the solutlon was poured into sodium
thiosulphate solution and the resultant mixfure ether extracted.
The ether layer was washed wilith sodium bicarbonate solution and
water. The sclution was dried and the solvent removed. The
product obtalned contained a large proportion of starting
material (CXLIII), and was accordingly retreated as above

but for a prolonged period of 14 hr.. The erude product
obtained was chromatographed on deactivated alumina (50 g.)

and gave the olefin (CXLIII) (150 mg.) and the bromo-ketone

(CXIVIIIa) (460 mg.), m.p. 176-1770 (from methanol/acetone),
[a]D+ 124° (c. 0.6), X nax. (EtOH) 267 n.m., &
74660, \>Hﬁx 1735 (acetate C=0) 1668 (11 C=0) and 1240

max.,

(c-0) em.™t, T 5.00 (m, W} 7 Hz., T8-H), 5.45 (m, Wk 19
Hz., 3-H), 8.04 (s, OAc), 8.70, 8.98, 9.1, 9.15, 9.19 and
9.26 (side chain and other methyls) (Found: C, 67.95; H, 8.9;
Br, 14.,1.C_,H_.0.Br requires C, 68.2; H, 9.1; Br, 14.2%2).

3275173 )
3B-Acetoxy-5a-lanost-8-en-1l-one (CXLVIIIb) - A solution of

the bromo-ketone (CXLVIITa) (88 mg.) in ethyl acetate (5 ml.)
was stirred with a 5% palladium on charcoal catalyst in an
atmosphefe of hydrogen at room temperature for 2 hr.. The
solution was filtered and removal of the solvent gave the

ketone (CXIVIIIb) (70 mg.), m.p. 133-134° (from methanol),
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O
[l + 138° (c. 0.6), N (BtoH) 257 n.m., & 9,30,

max
\)max. 1740 (acetate C=0), 1663 (11,C=0) and 1245 (C-0)
em. ", T 5,53 (m, w3 18 I-'Iz., 3-H), 8.02 (s, OAc), 8.89,
9.08, 9.12 and 9.17 (side chain and other methylé) (FPound :
C, 78.85; H, 10.4 . Gy H 0, requires C, 79:3; H, 10.8%)
(11£.§%8) n.p. 119-120°, [alp 120.3°, N 255 num,
log & 3.9).

38,1la-Diacetoxy-5a-lanostane (CXLIXb) and 3B,lla-Dihydroxy-

~5a-lanostane {CXLIXa). - Finely cut lithium was added to a

solution of the ketone (GXLVIIIb)_(l9.5 mg.) in dry ether
(2 ml.) and liquid ammonia (10 ml.) at -40° at a sufficient
rate to maintain a blue c¢colouration for 20 min.., Methanol
was added and the ammonla allowed to evaporate. Ether and
then water was added to the mixture. The organic layer was
dried and removal of the solvent gave a crude mixture which
was acetylated. Preparative t.l.c. gave the diacetate (CXLIXb)
m.p. 128-129° (from methanol) (11t.(,113) m.p. 127-128° ).
Hydrolysis of the dlacetate and the usual work up gave the
diol (CXLIXa) m.p. 195-198° (from dichloromethane/petrol)
(11£.13) 1.p, 195-296°). '

- Attempted Hydrolysis of the 9,1)l-Epoxide (CXLIVa). -

TPreatment of the epoxide (CXLIVa) with (a) aqueoﬁs periodic
acid/dioxan in a sealed tube at 100° for 2 nhr. () aqueous
dioxan in a sealed tube at 145° for two weeks(lls? and

(¢) aqueous perchloric acid/methyl ethyl ketone(llu) failed

to glve the diol (CXLVIIb)}. Experiments (a) and (c) gave only

the diene (CXLI), while the epoxide (CXLIVa) was unchanged in (b).
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Mass Spectral Data

Compound Base Peak Molecular Ion . Other Ions lietastable Peaks
m/e  Formula m/e Formula Rel- m/e . Formula Rel- m/e transition
(Calcul- (Caleul- ative (Calcul- ative

ated ated Abund - ated Abund-

Mass ) Mass ) ance % Mass) ance &
XVIIIf 285 458 w43 5 k28,5 4s58-443
383 4 3% . k43383
351 21 322 383-351
345 10 260 4=8-345
255 57 235.5 345-285

225 285-253

X1 43 ne 19 4ol
398
387
384
369
366
277

354 416-384

OWHHEFEHOPKP

138.

=
=3

XXIV 41 398.3187 C,.H,,0, 6  285.1849 C; H, 0,
(398.3185) (285.1854)




Mass Spectral Data

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/fe Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Calcul- ative (Caleul- ative
ated ated Abund - ated Abund-
Mass ) Mass ) ance % Mass ) ance &
XX1Xa 268 408 293 318.5  348-333
348 309 348-328
333 206.5 h0oB8-348
328 24k9.,5 288-268
288
253 219 328-268
X00vd 43 388.2562 024H36°1+ 328.2371 022}!3202 227.5 328-232
(388.2613) (328.2402) T -
313
206.213%5 CoyHog0
(296.2140)
285 i
281

255
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Mass Spectral Data

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formuls Rel- m/e transition
- {Calcul- (Calcul- ative (Calcul- ative
ated . ated Abund- ated Abund -
Mass ) Mass ) ance % Mass) ance ¢
XOVIT 436 4o3 401 436.418
418 337.5 376-356
376 324 436-376
356 277 316.296
316 266 376-316
206 2L6 356296
XOXVIIT 18 388.2608 024}*}604 17 328.2394 0221-13202 60 277 388-328
(388.2613) (328.2402) 267 328-296
315 8
296.2135 C21H280 32
(296.2140)
281 22
255,1752 018H230 43

(255.1749)
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Mass Spectral Data

141,

Compound Base Peak Molecular Ion Other Ions lMetastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- mn/e transition
(Calcul- (Calcul- ative (Calcul- ative
ated ated Abund- ated . Abund -
Mass ) Mass) ance % Mass ) ance %
XLvd 398 458 6 440 2 362.5 398-380
29 5 546 458-398
380 n ke 398-369
369 66 Di 369-351
351 56 317.5 429-369
XINe 398 458 3 429 9 346 458.308
383 6 342 398-369
380 T 354 369-351
3569 TO 3175 429-369
351 11
XLvh 43 458 3 4ho 368 308-369
398 363 398-380
383 346 458-398

369 24 380-351

2
19
8
380 9 >34 369-351
21
351 17




Mass Spectral Data

142,

Compound  Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
{Calcul- (Calecul- ative (Calcul- ative
ated ated Abund- ated Abund- - -
Mass) Mass ) ance % Mass) ance &
XLIXa 371 418 0.6 4oo 20 Shi 400-371
353 15 336 3T1-353
346 15 202 346.31T
317 T
LiIa 43 401 .35422 021H3402 23
(401,3419)
370.3230 CE6H420 3
(370.3236)
341.,2837 02AH37O 75
(341.2844)
LITb 385.31é0 6 458,3767 0301{5003 10 428.3664 029H48°2
264172 (458.3760) (428.3654 )
(428.32%0)

B4349T  CogH, O, 25
(414 .,3498)




Mass Spectral Data

143, .

Compound Base Peak. Molecular Ion Other Ions Metastable Peaks
m/e  Formula m/e Formula Rel- n/e Formula Rel- m/e transition
(Calecul- {Calcul- ative (Calecul- ative
ated ated Abund - ated Abund-
Mass ) Mass) ance % Mass) ance 9
(414.3498) 396.3399 CgHy),0 2
i (396.3392)
385.3109 Coghly; 0n 3
(385.3106)
277 20
LITId 430 k12 368.5 430-308
101 178 430-277
398
277
LVIc 28 416.3653 C,gH, g0, 4 398.3552 C,gH, (0 19
(416.3654) (398.3549)
587 p)
380.3440 Cogtiuy 8
(380.3443)
369 8
351.3048 C26H39 8
(351.3052)

285 6




Mass Spectral Data

Compound Base Peak Molecular Ion QOther Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Caleul- (Calcul- ative (Calcul- ative
ated ated Abund- ated Abund-
Mass ) Mass) ance % Mass ) ance 5
LVIIa " 381 500.3855 C_. H_ 0 1 kho 3 300 411-351
32752 4 4o 23
(500 -3865) ’-|-ll i0
380 iT)
365 16
LVIIb 383 412.3555 028H4402 384.3027 026H4002 ggg gég:ggg
(#12.3341) 583 (384.3028)
397
370.3235 CogHy 0
(370.3236)
365
355.2653 024H3502

(355.2637)
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Mass Spectral Data

145,

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
{Calecul- (Calcul- ative (Calcul- ative
ated ated Abund - ated Abund -
Mass ) Mass) ance % Mass ) ance §)
IVIIc gggé C27H450 .472-3819 031H5203 9 s 5 416.5  472-443
(383.3314) (472.3916) 12,3344 Cogtly 0y 28 560 Y7o-412
¥ 443-383
(412.3341) 251
. 1 322 383-351
3551.3044 C26H39 85
(351.3052)
LVIITa 2§Ié 022H31°2 500,3859 032H520u
(327.2324) (500, 3865) 13 485 7 470 500-485
hho 3 372 48s-hec
425 3 513 425-365

387.2526 024H5304 23 276 387—327
(387.535) a8 RT-eeT

365 17
267.2117 CogHys T2

(267.2113)




Mass Spectral Data

146,

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
7 Formula ul Rel- Rel-
m/e (Calcul- m/e fgg_‘cﬁ_ aiive m/e ?g;;“:ti a'.%ive m/e transition
ated ated Abund - ated Abund;
Mass ) Mass) ance % Mass ) ance ;o
: 412-384
LVIIIb 299.2013 020H2702 412.3338  CygH), 0, T ggﬁ 3? 357 12-38
255 T 264 299-281
285,1852 Cl9H2502 13 217 412-299
(285.1855)
281 10
WIITe H5.2430 Cpoilys0s 858.3TT5  Cooflseds 23 s 27 k29 Usg.s
(345.2430) (458.3760) 398 11 5635 308-280
380 9 310 345-327
369 7 260 458-345
327 13 250 285-267
285.2219 Cootog® 23 235.5 345-285
(285.2218)
267.2112 Cootlar 27 218 227-267

(267.2113)




Mass Spectral Data

147,

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- n/e transition
(Caleul- {Calcul- ative (Caleul- . ative
ated ated Abund- ated Abund~
Mass) Mass) ance % Mass ) ance %
LVITId@ 267.2109 0221{2,‘r 458 3764 CzOHSOOB 19 ﬁg gg
365 35
35,2432 C22H3}03 58
(345.2430)
327 ral
285.2213 020H290 42
(285.2218)
LIXa 351 500.3855 032115204 440.5649 CjoHusoa 387.5  500-440
(500.3865) (440.3654 ) 528 440-380
2k 380-351
380

365




Mass Spectral Data

148.

Compound  Base Peak Molecular Ton QOther Ions lMetastable Peaks
m/e Formula m/e Formula Reli- m/e Formula Rel- n/e transition
(Calcul- (Calcul- ative (Calcul- ative
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass ) ance %
LIXe 412.3703 029H480 472.3012 031H5203 14 383.3323 027H430 31 360 4ra-412
(412.3705) (472.3916) (383.3314) 350 412-383
380.3451 CQSHuu 38 351 412-380
(380.3443) S2k 380~351
22 383-351
351 5
1X1 43 H1k.3495  CgHy 0, 13 386 55 359.5  414-386

(414.3498) 342 19 M5 38632




Mass Spectral Data

Base Peak

Compound Molecular Ion Gther Ions IHMetastable Peaks
/e Formula m/e Formula Rel- m/e Formula Rel- /e transition
(Calcul- (Caleuwl)~ ative (Calcul- ative
ated ated Abund- ated Abund-
Mass ) lMass ) ance % Mass ) ance ¢
IXVb b3 INT C..H, 0 17 kol 13 38 4316-401
5T Cogliygl 398 7 %k oroags
(416.3654) 385 27 S48 383-365
380 3 263 303-285
365 6 250 285-267
303.2315 CgonlO2 31 220.5 416-303
(303.2324) )
285,2218 cgonggo 95 204 398-285
(285.2218)
267.2112 020H27 26
(267.211.3)
IXV 299.2010 C,_ H..0. 412.3335 ¢ 0 4 307 7 264 299-281
¢ 20727 2 28442 327 2 217 412-299
(299.2011) (412.3341) 281 5
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Mass Spectral Data

150.

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Caleul- ative {Calcul- ative
ated ated Abund- ated Abund-
Mass) Mass ) ance % Mass) ance %
&Lxve 285 416 8 401 b 366 401-383
398 21 250 285-267
383 33 220.5 416-303
380 8
367 10
350 8
313 5
J03 1
267 88
' . 3904 4] 1 L Yy _hi56
LI 43 534,390 c32H54 6 ggg 39 T4-45
(534.5920) WTH.369T CyoHo Oy 379 4l4-396
(L74.3709) S61.5  4Th 414
456.3599 CsoHyg0s 342 456-396
(456.3603)
Lig
h14 3488 028H4602
(414.3498)

396.3398  CpgHy,,0
(396.3392)




——

Mass Spectral Data

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- in/e transition
(Calcul- (Calcul- ative (Calcul- ative
ated ated Abund- ated Abund -
liass ) Mass) ance % Mass ) ance %
IXViIa 43 532 br2 508 419-359
448 249 359-299
g
359
328
299
4483550 415 12 395 430-412
(448.3552) 41 14 300 335-317
364.2628 022“3601; 22 296 L48-364
(364.2613) 282 317-299
335 23
317 46
299.2023 020H27O2 92

(299.2011 )
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Mass Spectral Data

Compound

Base Peak Molecular Ion Other Tons Metastable Peaks
m/e Formula m/e Formula Rel- wm/e Formula Rel- n/e transition
(Calcul~ (Caleul- ative (Calcul- ative
ated ated Abund - ated Abund -
Mass ) Mass ) ance % Mass) ance %
LAVI}Ic 355 412.3345 028H4402 16 384.3023 CE6H4002 g
(412.3341) (384.3028)
383
IXIX 3 514.3623 C 0 4 45k 45 401.5  514-454
ﬁ%;%) 394 § k2 hsh-304
365 6
1LXX 108 4143404 CQBH%O2 396.3383 C28H440
(414.3498) (296.3392)
386.3520 027Hu6°
(386.3549)
386.35140 026H4202
(386.2185)
371
367
333
320

247
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Mass Spectral Data

—

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Calcul- ative (Caleul- ative
ated - ated Abund- ated Abund -~
Mass) Mass ) ance % Mass) ance %
LXXIV 43 440.3676 C}OH4802
(440.3654)
hog
369
251
IXXXVITI
297.2230 CHyg0 428.3648 Cogtlygls 17 413 11¢r2( 598 428-413
(297.2218) (428.73654) §g5 : 378 413-395
312 2320 CaqHx,O 27 2t 395-363
2320 Coplfi 0y 29 280  315-297
(315.2324) 236.5 297-265
265.1956 CooHas val 232 428-315

(265.1956)

153




Mass Spectral Data

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formuia Rel- m/e Formula Rel- m/e transition
(Calcul- (Calcul- ative (Caleul- ative
ated ated Abund- ated Abund -
Mass ) Mass ) ance % Mass) ance %
XCa 378.3278 C,gH),  470.3T70  C, H 0 8 455 4 440 470-455
2175073 _
(578.3286) (¥70.5760) MO0 Cogiyed 8 2 AT
(410,3548) Sl &
395 15 23 395-363
381 50 272 470-357
382 i8 2hT7.5  357-297
363 18 236 297-265
357 10
3ol 10
297 25
265 4
XCb 28 426.3502  CpgHc0, T3 398 53 Bg ﬁeg-398
(426.3498) Eoa 28 > 26-39%
205 20
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Mass 8pectral Data

-Compound  Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Calcul- ative (Caleul- ative
ated ated Abund - ated Abund -
‘Mass) Mass) ance % Mass) ance 92
CXVIIa 412 2 100 397 3 238 299-267
380 >
365 2.5
299 26
267 34
CXVIIb 456.3604 Cc H480 4h 4o7 4o6-441
o 396 366 396-38L
(456.3603) 381 329 441-381
35 258 456-343
283 234 343_283%
251 223 283-251
CXVIIc 285 398 29 383 21 368 398-383
351 2 321.5 383-351
253 17 225 285-253
204 398-285
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Mass Spectral Data

156.

Compound Base Peak Molecular Ion Other Ions lletastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Caleul- ative (Calcul~ ative
ated ated Abund~ ated Abund-
Mass ) Mass) ance % Mass) ance %
CX1Xa 43 430.3442 028H4603 24 402.3119 026H4203
(430.3448) (402.3134)
: 4o2.3474 C27H4602
(k02.3497)
346,2868 Cogflagly 31
(346.2872)
CXIXb 120 416 0.7 414 0.66 349 384366
384 37
366 9
cXQI 398 398 100 383 11 369 398-383
366 15 537 398-366
285 22 225 285-253
253 6

230 23




Mass Spectral Data

Compound Base Peak Molecular Ton Other Tons Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition -
(Calcul- (Calcul- ative (Calcul- ative
ated ated Abund - ated Abund-
Mass ) Mass) ance % Mass) ance %
CXXIV 462.3339  CgH, O 430
2B 4675
(362.3345) 378.2420 G, Hy, 0,
(378.2406)
362,2815 023%803
(362.2821)
362 .,2080 021H3005
(362.2093)
349
346,2138 C1H00)
(346.2144)
317
CXXTX Loo 400,3604 c28H1l 80 100 385 23 é"{O 400.285
(400'3705) 368-3449 CQTHHJI' 9 339 400'368
(368.3443)
287.23T7 CpoH,, 0 13

(287.2375)
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Mass Spectral Data

Compound Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formulsa Rel- m/e transition
{Calcul- {Calcul- ative (Calcul- ative
ated ated Abund - ated Abund -
Mass) Mass) ance % Mass ) ance %
CXXIX 247 4o2 29 370 61
400 21 368 9
Isomerisation 387 45
385 16
287 22
248 20
H.0.9.4 434 3760 028H5003 4316,3652 028H4802 gg?.g ﬁig:ﬁég
(434.3760) Kol (416.3654) 382- 416-398
366 401-383
798.548  C g0 355 416-384
(398.3549) 336.5  398-366
384
383

366
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Mass Spectral Data

159.

Compound Base Peak Molecular YTon Other Tons Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Calcul- ative _ (Caleul-~ ative
ated ated Abund- ated Abund-
Mass ) Mass ) ance % Mass ) ance %
CXXXI 125.0967 C.H .0  432.3604 ¢ 0 38 417 15 k70 432-417
_ BH 13 287483 414 1 397 432-414
386 13
263.2370 CygH, 0 27
(263.2375)
221.1901 C15H250 27
(221.1905)
CXXXTI1 ( ' 2 L hJooo
5023478 €ty g0, 3356319* /T 402-332
' (402.3498) ‘ 333
I 232
\ L . 351

330




Mase Spectral Data

Compound Base Peak Molecular Jon Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition
(Calcul- (Calcul- ative (Calcul- ative
ated ated Abund- ated Abund-
Mass ) Mass ) ance % Mass) ance %
CXXXII 4o6 388 270/71  406-332
DEUTERATION 3713
335
3352
35L
330
CXOOIIIa 43 384.3372 C27HM0 12 369 3.3 554 384-369 .
_ 366,3284 C; ._{H 0.3 348 384366
(284.3392) 27 42 336 366351
(366.3266) 333 369-351
3235 2972 C,,H (1)‘23 271 384326
520.2972 Coybizg . 101 384271
(326.2974)
313 0.47
2TL 1.7
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Mass Spectral Data

161.

Corpourd Base Peak Molecular Ion Other Ions Metastable Peaks
m/e Formula m/e Formula Rel- m/e Formula Rel- _ m/e transition
(Calecul- (Calcul-~ ative (Calcul- ative
ated ated Abund - ated Abund-
Mass ) Mass) ance % Mass) ance %
CXINI 453 468.3963 0521{5202 7 ko8 4 438.,5 468-453
393 12 269 468-355
(355.2637)

295







References

1.

9-

10.

12,

(a) H.B.Henbest and T.I.Wrigley, J.Chem.Soc.,
1957, 4596;

(b) H.B.Henbest and T.I.Wrigley, J.Chem.Soc., 1957,
4765,

JM.Blunt, M.P.Hartshorh and D.N.Kirk, Tetrahedron,
1966, 22, 3195.

D.N.Kirk and M,P.Hartshorn, 'Steroid Reaction
Mechanisms', Elsevier, Amsterdam, 1968, ch. 8:

(a) Reference 3, p. 290;

(b) G.Ourisson, Proc.Chem.Soc., 1964, 274.

J.B.Hendricksen, J.Amer.Chem.Soc., 1961, 83, 4537.

J.W.Blunt, M,P,Hartshorn and D,.N.Kirk, J.Chem.Soc.(C),
1968, 635.

7.6.,Halsall, E.R.H,Jones, E,L.Tan and G.R.Chaudry,
J.Chem.80c.{C), 1966, 1374.

J.C.Jabquesy, J.levisalles and J.Wagnon, Chem.Comm.,
1967, 25.

P.Frappier, R.Goutarel, J. Hannart, F.X.Jarreau and
Q.Xhuong~Huu, Compt.Rend., 1967, gﬁl_, 1707.

M.C.Su;ith and H.W.Whitlock, Tetrahedron letters,

1968, 821.

JMW.Blunt, A.Fischer, M.P.Hartshorm, F.W.Jones, D.N.Kirk
and S.W.Yoong, Tetrahedron, 1965, 21, 1567.
A.Fischer, M.J.Hardman, M.P.Hartshorn, D.N.Kirk and

A.R,Thawley, Tetrahedron, 1967, 23, 159.

162,



13.

14,

lSo

16.

17.
18.

19.

22.

23.

24,

25-

26.

27.

L.F.Fieser and M,Fieser, 'Steroids', Reinhold,

New York, 1959, p. 193,

A.Bowers and H.J.Ringold, Tetrahedron, 1958, 3, 14.
R.M.Dodson and B.Riegel, J.Org.Chem., 1948, 13, 424,
8.Julia, C.Neuville and R.Kevorkian, Compt.Rend.,
1964, 258, 5900.

Reference 13, p. 192.

K.N.Iyer and C.R.Naraya_pan, Tetrahedron letters,

1966, 285.

L.Dorfmann, Chem: Rev., 1953, 53, 47T.

C.Djerassi, R.R.Engle and A'.Bowers, J.0rg.Chem.,
1956, 21, 1547.

V.A . Petrow, O.Rosenheim and W.W.Starling, J.Chem.Soec.,
1938, 677.

HMW,Fehlhaber and G.Snatzke, Annalen, 1964, 676, 188.
C.N.Barwell, 'Nuclear Magnetic Resonance for Organic
Chemists', ed. D.W.Mathieson, Academic Press, New
York, 1967, p. 101.

B.N.Blackett, J.M.Coxon, M.P.Hartshorn and K.,E.Richards,
Tetrahedron, 1969, 25, 4999.

D.M.Brouwer and H.Hogeveen, Rec.Trav.chim., 1970,

89, 211.
HW. Whitlock and A.H.Clson, J.Amer.Chem.Soc., 1370,

92, 5383.
(a) D.J.Goldsmith, J.Amer.Chem.Soc., 1962, 84, 3013;

(b) E.E.van Tamelen and R.G.Nadeau, J.Amer.Chem.Soc.,

1967, 87, 176.

163,



27.

es.

29.

m.

35.

36,

7.
38-

39.

{c) E.E.van Temelen and K,P,Sharpless, J.Amer.Chem.Soc.,

1969, 91, 1849,
Y.F.Shealy and R.M.Dodson, J.Org.Chem., 1951, 16, 1427,

C.Djerassl, Pure and Appl.Chem,, 1970, 21, 205.

H.Budzikiewicz, C.DJerassi, D.H.Williams, 'Mass
Spectrometry of Organic Compounds', Holden Day,

San Francisco, 1967, p. T2.

A.F.Thomas, Chem.Comm., 1970, 1054,

J.M.Coxon, M,P.Hartshorn and C,N.Muir, Tetrahedron,
1969, 25, 3925.

K.N.Iyer and C.R.Narayanan, J.Org.Chem., 1965, 30,
1734,

(a) P.Garside, T.G.Halsall and G.M.Hornby, J.Chem.
Soc.{C), 1969, T16;

(b) J.M.Coxon, M.P.Hartshorn and D,.N.Kirk, Tetrahedron,
1965, 21, 2489;

(e) J.M.Coxon, M.P.Hartshorn and D.N.Kirk, Tetrahedron,
1967, 23, 3511.

E.L.Eliel, N.L.Allinger, S,J.Angyal and G.A.Morrison,
'Conformational Analysis', Interscience, New York,
1965, p.44,

R.W.Taft, 'Steric Effects in Organic Chemistry',

ed, M.S, Newman, John Wiley, New York, 1956, p.619.
P.R.Vells, Chem.Rev., 1963, €3, 1T71.

JM.Coxon, M.P.Hartshorn, C.N.Muir and K.E.Richards,

Tetrahedron Letters, 1967, 3725.

J.M.Coxon, A.Fischer, M.P.Hartshorn, A.J.lewis and
K.E.Richards, Steroids, 1969, 13, 5lL.

164,



40,

b1,
42,

l‘}n

Ly,

b5,

46.

47.

48,

49,

50.
51.

(a) I.G.Quest and B.A.Marples, Tetrahedron Letters,

1969, 1947;

{(b) I.G.Guest and B.A.Marples, J.Chem.Soc.(C), 1970,
1626.

M.Ehrenstein, J.Org.éhem., 1941, 6, 626.

M.D;\vis énd V.A.Petrow, J.Chem.éoc., 1949, 2973.

L.F.Meser and S.Rajagopalen, J.Amer.Chem.Soc.,

1949, T, 3938,

H.B.Macphillamy and C.R.Scholz, J.Amer.Chem.Soc.,

1952, T4, 5512.

M.I.Ushakov and N.D.Zelinskii, Chem.Abé., 1837,

31, 5373.

N.S.Bhacca and D,H.MWilliams, 'Applications of N.M.R.
Spectroscopy in Organic Chemistry', Holden Day, San
Francisco, 1964, p. 21.

P.W,Fehlhaber and G.Snatzke, Annalen, 1964, 676, 203.
A.Butenandt and W.Grosse, Chem.Ber;, 1936, _62, 2776.
Reference 46, p. 99.

Reference 46, p. 123.

P.Brown, O.R.Rodig and P.Zaffaroni, J.Org.Chem.,
1961, 26, 243L.

J,S.Mihina, J.Org.Chem., 1962, 27, 2807.

H.R,Nace, U.S.Patent, }2}0241; Chem.Abs .,

1966, 64, 9801f,

A.Butenandt and W. Grosse, Chem.Ber., 1937, 70, 1446.
Reference 3, p.l6.

J.Bascoul, B.Cocton and A.Crastes de Paulet,

Tetrahedron letters, 1969, 2401.
1651




57.

62.

63.

F.Frappler, F.X.Jarreau, Q.Khuong-Huu, Bull.Soc.
chim.France, 1969, 3265.

J.M.Coxon and M,P,Hartshorn, Tetrahedron Letters, 1969,

105.

J.G.Il.Jones and B.A.Marples, Chem.Comm., 1969, 689.

(a}) J.G.Ll.Jones, Ph.D.Thesis, Loughborough University
of Technology, 1970; -

(b) J.G.Ll.Jones and B.A.Marples, Chem.Comm.,1970, 126, -

M.Akhtar and D.H,R.Barton, J.Amer.Chem.Soc., 1964,

_8_@, 1528,
S.Bernstein, J.P,Dusza and J.P,Joseph, Steroids,
1966, 8, 495.

Pl.Flattner, A.Flrst, F.Koller and W.Lang, Helv.Chim.Acta.,

1948, 31, 14s5.

Reference 30, p. 155.

J.M.Coxon, M.P,Hartshorn, G.A.Lane, K.E.Richards and
U.M.Senanayake, Steroids, 1969, ‘l;lt, 4y,
G.M.L.Cragg, C.W.Davey, D,N,Hall, G,D.,Meakins,
E.E.Richards, and T.L.Whateley, J.Chem.Soc.(C},

1966, 1266.

B.W . Finucane and J.B,Thompson, Chem.Comm., 1969, 1220.
A.I.Scott, 'Interpretation of the Ultraviclet Spectra
of Natural Products', Pergamon, London, 1964, p. 401,
Reference 46, p. 108.

H.Aebli, C,A.Grob and E.Schumacher, Helv.Chim.Acta.,
1958, 41, T14.

166.



TL. E.Could, 'Mechanisms and Structure in Organic Chemistry',
Holt, Rinehart and Winston, New York, 1959, p. 316.
72. I.G.0uest and B,A.Marples, J.Chem.Soc.{C), 1970, 576.
3. (a) Reference 3, p. 236;
(b) R.M.Moriarty and K.Bhamidipaty, J.Org.Chem.,
1970, 35, 2297;
{c) J.Tdanier, J.Org.Chem., 1966, 3L, 2125;

(d) M.Mousseron-Canet and J.C.Lanet, Bull.Soc. chim,

France, 1969, 1745.

T4. Y.Watanabi, Y.Mizuhara and M.Shiota, Chem.Comm.,
1969, 984.

5. G.A.0lah, D.P.Kelly, C.L.Jenell and R.D,Porter,

J.Amer .Chem.Soc., 92, 2544.

76. (a) K.B.MWiberg and A.J.Ashe III, Tetrahedron Letters,

1965, 42453
(b) F.T.Bond and L.Scerbo, ibid., 1965, 4255.

T7. Reference 71, p. 575.

78. I.G.Guest, J.G.Ll.Jones and 'B.A.Mafples, Tetrahedron
Ietters, 1971, 1979.

79. M.P.Hartshorn and D.N.Kirk, Tetrehedron, 1965, 21, 1547.

80. J. M.Coxon, M.P.Hartshorn and D.N.Kirk, Tetrahedron,

1964, 20, 2531.
8. @G.H.Alt and D.H.R.Barton, J.Chem.3o0c., 1954, 1356.

82. L.F.Fieser and T.Goto, J.Amer.Chem.Soc., 1960, 82, 1693.

83. T.G.Halsall and J.G.St.C.Buchanan, Chem.Comm., 1969, 242,

84. W.JWechter and G.Slomp, J.Org.Chem., 1962, 27, 2549.

16?-




85.

87.

88.

89.

al.

3.

94,

95.

N.,L.Mendler, R.P.Graber, C.3.35noddy and F.W.Bollinger,

J.Amer.Chem.Soc., 1967, 79, 4476.

{a) J.MW.ApSimon and R.R.King, Chem.Comm., 1967, 1214;
(b) J.W.ApSimon, R.R.King and J.J.Rosenfeld,

Canad.J.Chem., 1969, 47, 1989.

J.C.Guilleux and M.Mousseron-Canet, Bull.Soc.chim.

France, 1967, 24.
(a) B.Ellis and V.A.Petrow, J.Chem.Soec., 1952, 2246;
(b) G.Sndtzke, Annalen, 1965, 686, 167.

L.Caglioti and P.Graselli, Chem.and Ind., 1964, 153,

D.H.R.Barton and C.H.Robinson, J.Chem.Soc., 1954, 3045, .
(2) Reference 46, p.l64;

(b} J.Ronayne and D.H.MWilliams, J.Chem.Soc.(B),
1867, 540,

P.V.Demarco and L.A.Spangle, J.Org.Chem,, 1969,

24, 3205.

(a) Reference %0, p.1l10;

(b) D.R.Idler, L.M,Safe and 3,H.Safe, Steroids,
1970, 16, 251.

M.Debone, D.Bauer, T.Iizuka, R.M.Molloy, K.Schaffner

and 0.Jeger, J.Amer.Chem.Soc., 1970, 92, 422.

(a) J.K.M.Sanders and D.H.Milliams, Chem.Comm.,
1970, 422;

(b) J.K.M.Sanders and D.HWilliams, J.Amer.Chem.Soc,.,

1970, 92, 641;
(¢) P.V.Demarco, T.K.Elzey, R.B.Lewis and E.Wenkert,

J.Amer,Chem.,80c., 1970, 92, 5737.

168,



96, J.B.Bream, D.C.Eaton, and H,B.,Henbest, J.Chem.Soc.,
1957, 1974.

o7. J.Castells, G.D.Meakins and R.Swindells, J.Chem.Soc.,
1962, 2917.

98. R.M.Morlarty, H.Gopal and T.Adams, Tetrahedron letters,

1970, 4003.

99, V.Prelog, L.Ruzicka and P.Wleland, Helv.Chim.Acta.,

1945, 28, 250.

100. L.F.Mateos and 0,H.Wheeler, Chem. and Ind., 1957, 395.

10l. A.C.Cope, MM.Martin and M.A.McKervey, Quart.Revs.,
1966, 20, 119.

102. F.G.Bordwell and A.R.Abdun-tur, J.Amer.Chem.Soc.,
1964, 86, 5695.

103. J.M.Coxon, M,P.Hartshorm, and C.N,Muir, Chem.Comm.,

1973, 659.

104, J.Fried, J.W.Brown and M.Applebaum, Tetrahedron
Letters, 1965, 849.

105, Reference 13, p.365.

106. L.Ruzicka, R.Denss and O.Jeger, Helv.Chim.Acta,,

1946, 29, 204.
107. Y-Chretien-Bessiere, H. Desalbres and P.Montheard,

Bull.Soc.chim.France, 1963, 2546,

l08. J.F.McGhie, M,K.Pradhan and J.F.Cavalla,
J.Chem.Soc., 1952, 3176.

109. E.C.Levy and D.Lavie, Israel J.Chem., 1970, 8, 677.

110. {a) J.Fried and F.Sabo, J.Amer.Chem.Soc., 1957,

19, 1130;

169.



110.

111,

112.

113.

114,

115.
16.

117.
118.

119.

120.

i21.

122-

(b) J.Kalvoda, K.Heusler, H.Ueberwasser, G.Anner.

and A.Wettstein, Helv.Chim.Acta., 1963, _Ité, 1361.

Reference 68, pp. Tl and 260.

C.DJerassi and G.H.Thomas, J.Amer.Chem.Soc.,

1957, 19, 3835.

M.V.Mijovie, W.Voser, H.Heusser and O.Jeger,

Helv.Chim.Acta, 1952, 35, 96M.

G.D,Meakins, J.M.Diggle, M.D.,Halliday, A.Kasal,

and M.S.Saltmarsh, J.Chem.Soc.(C), 1970, 2325,

Reference 13, p.196.
J.Kalvoda, K.Heusler, G.Ammer and A.Wettstein,

Helv.Chim.Acta., 1963, 46, 1017.

A.Hassner and C.Heathcock, J.Org.Chem., 1964, 29, 1350.

I.G.Guest and B.A.Marples, Tetrahedron letters, 1969,

3575.
D.H.R.Barton, J.F.McGhie, M.K.Pradhan and S,.A.Knight,

J.Chem.Soc.,, 1955, 876.

JW,.,ApSimon and J.J.Rosenfeld, Chem.Comm., 1970, 127L.
I.G.Guest and B.A.Marples, J.Chem.Soc.(C), 1971, 1468.
J .C;Brial and M.Mousseron-Canet,, Bull.Soc.chim.Prance,

1966, 3867.

170.






