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Summa! IE -
The reactlon of four 3f-hydroxy-derivatives of

Westphalen's diol with lead tetraacetate is described.
The major products are the ethers BB-acetoxy-3f8,5-
oxaethano-19-nor-58-cholest-9(10 )-ene (lltS]);
'6B-acetoxy¥9a,lOuepoxy-jﬁ,5—oxaethano-19—nor-56,
10a~-cholestane ,6B-acetoxy~98,10-epoxy-38,5-oxae thano~
19-nor-5B,9B~cholestane, and 68-acetoxy-l4-methyl-3B,5-0xa= -
ethano-18,19-bisnor-58,8a,98,10a¢,14B-cholest-13%(17 )-ene

in which the ofiginal 5B-methyl group has been
functionalised. Oxidation of {(11[5)) with chromic

acid gave producté of attack at the 9,10-double bond

and/or the allyliec position 1l. The reduction of

(11[5]) and subsequent oxidation and boron-trifluoride
catalysed cleavage of the tetrahydrofuran ring is described.

The photolysis of two 3f-nitrite ester-derivatives

of Westphalen's diol is described. The ma jor products

are 6f-acetoxy-9a,l0-epoxy-5-syn-oximino=19-nor-58,10¢-
cholestan 38,01, 6B—acetoxy-9a,10-epoxy-51g531-oximino-
l9—nor?56,10a-cholestan-—33-01, and 6ﬁ-acetoxyf9ﬁ,10~

e poxy=5-oximino-19-nor-58,98-cholestan—->8~0l,

Deamination of the oximR€: to the respective hemi .
acetyl acetates is described,

Aprotic deamination of 3B,6f-diacetoxy-Sa-amino~

cholestané gave a Westphalen rearrangement in which an
increased ratio of Hofmann to Saytzeff product is obtained.

| Deamination of 6u-aminocholestan38,58-diol gave

‘ (111)



3B-hydroxy-A-homo-B-nor-5@-cholestan-da~one. 6-Aminocholest-

4 ,6-diene-3-one and 2-amino-5t-cholest-l-en-3-one are formed
from Ga~-azidocholest-ld~ecne3-one and 28-azido-5a~-cholestan«=
%-one respectlvely and spectroscopiec data are reported for
these enamines.,

The 6Bf-acetoxy-,6-desoxy-, and 6-keto-derivatives of
3B-benzyloxy~-5i-methyl-19-nor-cholestan~10-0l under dehydrating
conditions rearrange to give the correéponding backbone
rearranged products.

The 6o-acetoxy-,6p-acetoxy-, and 6-keto-derivatives
of 38-acetoxy-4,4-dimethyl-Sa-cholestan-5-0l; Ga-acetoxy-,
6B-acetoxy-, and 6-keto-derivatives of 3*B-acetoxy-U4f-methyl-
5a-cholestan-5-0l; and 3B,6p-dlacetoxy-lda-methyl-5a~-cholestan-
5~01 undergo rearrangerment, under Westphalen conditions, to
give the corresponding Sﬁ-methyl-gﬁgclo)—compound§. The
bu-acetoxy- and 6-keto-derivative of 3B-acetoxy-4o-methyl-
5a-cholestane-5-01; and 6~desoxy-4,4-dimethyl-5a-cholestan-
5-0l give elimination and/or acetylation. The 6p-acetoxy-
and 6-keto-derivatives of 3B-methoxy-l9-methyl-5a-cholestan~
5.0l and 3B,6B-dlacetoxy-l0-ethenyl-5a-cholestan-5-ol
rearrange, under Westphalen conditions,to give the 5B-ethyl-
(}?(lo)—compounds and Sﬂ~ethenyl-g:?(lo)-compound respec-
tively. These results and rate data for some of the above.
reactions suggest that alkyl group migration 1s concerted with
tHe heterolysis of the €(5)-0 bond.

Deuteration studies in the rearrangement of the

10-ethenyl-Sa-hydroxy-sterold suggest that a protonated
cyelopropyl intermediate is involved.
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Introduction,.=-

Controlled introduction of substltuents at the angular
methyl groups in the steroid molecule was for yszars regarded
as impracticable. The need for synthetic routes to naturally
occurring hormones (e.g. aldosterone) catalysed research
into methods of attacking the quaternary methyl group in
stercids.

Realisation that hydrogen transfer can occur from an
unactivated methyl group, given a sultable reactive-Species,(l)
led to a search for alternative reactions of a similar nature.
This resulted in the now accepted fact that an efficient
hydrogen transfer reaction requires the generation of a
free radical, or similarly reactive specles, in close
conformational proximity to an angular methyl which permits
transfer through a six-membered transition state., This 1s
well illustrated in the synthesés of aldosterone by the
Barton reaction.(a) This involved the photolysis ofrthe
C-118 nitrite ester [1] forming the G-118 alkoxy radical
[2] which in turn abstracts hydrogen from the C-18, via a
six-membered transition state, The resulting methylene
radleal {3] after recombination with nitric oxide glves the

nitroso monomer [4] which could be isolated as the corres-
ponding nitroso dimer; or after isoﬁerisation, as aldosterone
acetate oxime [5), Other common methods for generation of
free radicals are by fragmentation of hypohalites and from

alcohols by the action of lead tetraacetate.

1.







The Barton reaction was originally formulated to involve a
four centred transitional species giving rise to a
completely intramolecular radical induced group inter-
change. This mechanism was dlscarded by Akhtar(z)
who suggested that the Barton reaction is best explained

in terms of a 'non-cage free radical process' as indlcated

below.
N=0 *
H o 4 0
: +
E=§ . > NO
NO
solvent cage free radilcal
H
- N’OE

This was rationalised by 1rradiation of a mixture of

cholestan-6 B -0l and androstane-6B-ol nitrite esters containing

isotoplce 1'111:1:-c>gen,1\13'5 and Nlu respectively to half reaction.

The recovered nitroso aleochols showed almost complete iscotopice
Loy wad,

scrambling whilst the oxehapsed nitrite esters showed no

significant scrambling. Later work(u) has shown that photo-

lysis of nitrite esters in the presence of suitable radical
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sources (i.e. bromine) affords a product in which bromine
is substituted at the S-carbon atom rather than NO.

A large number of reactions resulting from the
production of alkoxy radicals by the Barton reaction
ise. Intramolecular radical capture, and the_formation
of ketones are reported in the literature and these aré
comprehensively covered in the review by A.L.N&5sbaumn
and C.H.Robinson, >)

Homolysls of hypolodites give rise to alkoxy radicals
which can attack & non~activated C-H bond at a 8~C atom and
llead to a tetrahydrofuranoid derivative. A large variety of
reactlons, by use of the hypoiodite method, leading to
functionalisation of anguwlar methyl groups at C-10, C-13,
and C-14 have been studied by a number of workers.(6)

The hypoiodites are generated in situ by means of lead
tetraacetate and iodine and under the conditions employed
for alkoxy radical generation two reaction pathways compete.
The hypoiodite can form an alkoxy radical giving rise to a
cyclic ether or if this 1s not an efficient reaction
competition from an lonic reaction can occur giving a ketone
as well as a cyclic ether.

The hyﬁoiodité feacfioné, ﬁnlike fhe Barton reéétion
where only Single intramoleéular subsfitution can oecur,
often give rise to complex mixtures, These arise by

further reaction of the monoiodinated alecohol [61, initially

3.



[9]



formed, resulting in radical attack at the 8-carbon atom as

indicated in the scheme giving an lodcether which on
hydfolysis gives the hemi-acetal [7].

The degree of bifuncitional attack is dependent.
to a large extent upon the steric relationship of the
monoicdinated alcechol intermediate. The cyclic ether
formation requires the lodohydrin to be conformationally
held f9] 50 that rear-side attack by the oxygen substituent
can oceur by way of a linear transition state (O—-CHQ--I);
This could involve an SNE process with attack by the C-6.
oxygen lone pair upon the 19-iodomethyl group or an Sya
reaction by formation of the alkoxy radical intermediate
{8]. The latter is reported to be energetically favoured.(T)

Iead tetraacetate in boiling benzene converts steroid
alcohols to the lead alkaxide(s) which can undergo
heterolytic or homolytic cleavages. Polar cleavage of
lead alkoxide tends to predominate in polar or hasic
solvents as indicated below. Homolytic cleavage can occur,
giving rise to an alkexy radical [10], or alternatively
cleavage of the a,f carbon~carbon bond giving rise to a

carbonyl compound [11] and an alkyl radical [12].,



B:

H

| ) o
R = CH, ~ CH - 0 = Fb(OAc); ~—> RCH,CHO + Pb(OAc )3-.9

R-CH,-=-CH,=2-0--Pb(OAc)s ——> R - CH, - CH, - O++<Pb(0Ac);

2
[10] 1
RCH,+ * CHp eyelic ethers
f12] [11]

d

olefins or acetates
In the presence of a sultably placed S-carbon atom (as in
previous cases) a cyclic ether is formed via a transition state

{13] by direct oxidation.(6b)

o ‘ Po(OAc), .H. P‘b(OAo)B |
2 Y HCewe-.0 H,C™ 0 + Pb(OAc),
L\\\v///J | + AcOH
- (=

[13]
As the intermediate in the lead tetraacetate functlonalisation

reactions i1s not sterically demanding, unlike the lodo-
alcohol intermediate in the hypoiodite reaction, this route
can often be used to functionalise sterically crowded
B-carbon atoms,

The effects of neighbouring groups (1.e. C=0, C=C) and
the presence of a tertiary C-H bond at the 8B-carbon atom
upon the course of the free radieal reactions have been
comprehensively revieﬁed by K.Heusler and J.Kalvoqa.(sb)
Other less common, rhotolytically induced hydrogen transfer
reactions, not discussed,cccur on irradiation of N-iodoamides

(9) and cyanohydrins.(lo)



The functionalisation of the SB-methyl group in a

Westphalen diol diacetate dérivative, using lead tetra-

acetate has recently been reporééd.(ll)

This briefly
reported reaction is fully investigated and othier related
methods of functionalisation are briefly discussed.

Some reactions of the resulting“ether(ll)

have been
investigated., Functionalisation and some reactions of

other Westphalen's diol diacetate derivatives are described.



Discussion.-
The required 36~h3droxy-6ﬁ-acetoxy—compound (1[#c]) was
prepared by the methqd of Marples and'Harringtongll)
Benzyl cholesteryl ether (1[1a])(12) was oxidised
with monoperphthalic acid to the mixed epoxides (1[2])
which were hydrolysed with periodic acld in acefone(13)
to the dtol (L[3b}). Acetylation of {1[3bl) gave the
mono-acetate (1[3a]) which in suiphuric acid-acetic
anhydride-acetlc acid (%) rearranged to the UWestphalen
derivative (i[4a]). Hydrogenolysis of (L{la]), with a
palladium-charcoal catalyst gave (1{4e¢]) which was heated
in boiling cyclohexghe:benzene (1:1) with lead tetraacetate
(4 molar excess) for 2 hr.. Column chromatography and
preparative t.l.c, of the crude product gave some starting
material, the ether (11{5])}(34%), the Westphalen diol
derivative (1{4d]) (7%), the ketone (1L[3])(T), the
ether (11[6]1) (1.7%), and impure polar fractioﬁs. Spectro-
scopic and analyticél data gave a clear indication of the
structure of the ether (11[5]). From the M namer.
spectrum of (11[5]) the observed geminal coﬁpling constant
for the a-methylene group in the tetrahydrofuran ring
(J,, ca. 8.5 Hz.,) is in good agreement with those

AB
(19)

reported for similar systems. The presence of a

9,10-double bond is confirmed by the intense end absorption
in the u.v. spectrum {at 210 nm. § 7760).(20)

Although the ketone (11[3]}) was not erystalline ﬁEl)






PhCH2

(p) R




1ts 1dentity was confirmed by its reduction, with sodium

borohydride, to the alcohol (1{4c]). High intensity end
absorption in the u.v, spectrum of (11{6]) (at 210 nm.,

£ 8350) suggests the double bond is in the 8,14~ rather
than the alternative 8,9—position£20) This 1s confirmed
by the downfield position of the C(18)-Me signal (T 9.15)
in the lH n.m.r. spectrum of (11[6]) relative to that in
(11[5]).(22) The C-6 methine proton is in an axial
conformation since it is spin-spin coupled to an axial

(J, apparent ca. 12 Hz.) and an egquatorial (J, apparent
ca, 4.5 Hz.) proton at C~-7. This is consistent with the
assigned 98,l0uc-configuration. Both the 98,108~ and
9a,108-1somers of (1L[6]) would, from models, have an
equatorial proton at C-6, and the 9«,l0a-isomer would be
expected to have a skew-boat Bwring conformation resulting
in approximately equal coupling constants (eca. 749 Hz,)
for spiﬁ-spin coupling between the C-6 proton and the |

a- and B=-protons at C-T.

Acetylation of two polar fractions from the original
chromatography and further t.l.c. gave the isomeric compounds
{111[55])(0.5%) and (111[6P]X0.5%). The lH nea.r, speetra
of (111{56] Yand (111[&_33)00ni‘ir-med thé absence of the
angular methyl group at C-5 and, in the latter, 2 peak
at ¥ 9.45 showed the presence of a cyeclopropane ring.

The mass spectra of {111[5b])and (111[6b] )(Table)

confirmed the assigned structures. It seems likely that

8.



(a) a-epoxide
{b) B-epoxide

[5] ‘ , [6].
| (a) R =

(b) R = Ac



(111[5a})and (111[62])are formed by hydrogen abstraction

from the allylic positions (1 and 11) and participation

of the double bond as shown in (111[3]) and (L11[4]). ‘The
reaction of the alcohol (1L[l4c]) with lead tetraacetate

was also carried out at room temperature by irradiating

the mixture with u.v.light,(é) the only 1dentifiabhle

product was the ether (11[5]). The reaction of (1[4e])

with lead tetraaqetate in iodine,(6) both in the presence

and the absence of light, gave a complex mixture in which only
a small quantity of the ether (11([5]) was detected by t.l.c.
No ldentifiable product was isolated after chromic acid

(6e) The lack of success with the hypolodite

oxidatlon,
reaction is probably due to the formation of bi-

- functional products, as the iodohydrin intermediate

formed cannot be conformationally held in a position
which could lead to a linear transition state with the
C-3 oxygen substituent due to interaction with the steroid
B ring (see introduction). Photolysis of the nitrite
ester (1[%]), prepared by treating (L{4a]) with

nitrosyl chloride in pyridine, gave only small amounts

of the ketone (11[3]) and some of the alecohol (1{4c]).
Thesé undoubtedly are formed by'thermal deconposition

of the nitrite éster, which 1s lnown to be catalysed

by traces of water or acid impuritles as follows.(25)

9.



[1] o-epoxide ' - [2]
_[1a] B-epoxide

r(?) ‘
H —————
? 2 0AQc C C"H CR.
ff Ofc
[5] _ [6] a-epoxide
(a) R=H [6a] B-epoxide



H H H

! . | H !
R.-C-0-N=0 + H' o= R-C-0-lf=0 — R-C-OH + Ho

| ] |

R R R

H H
L)

|
B-?-O-N=0 + 38— R-ct:-o-;ﬁ.—.o —% R,CO + &+ oo

R ‘ R N=O
The nitrite ester (1[4e]), on standing, underwent
atmospheric hydrolysis giving the alechol (1[4¢]).
Purification was only possible by rapid preparative
t.l1.c. and even then the nitrite ester was contaminated
with about 5% of the alcohol. As great care was taken to
eliminate moisture from the photolysis reaction it would
seem that 3-hydroxy-steroid {(1{4¢]) present in the starting
material is suffieclently acidic to catalyse the formation
of the ketone (11[3}). The failure of the Barton reaction
with (1[%]) mey be dues to the intermedlacy of the hoto-
allylic | 5 -methylene radical which probably rearranges
to give a complex product mixture. In the lead tetra-
acetate reaction the radical intermediste 1s not formed
and the intermediate (111[3/U4]) 1s oxidised directkys6b)
Participation of the double bond could only occur in the
specific way previously indicated. It was felt at this
stage that removal of the 9,10-double bond by epoxidatlon

would minimise the neighbouring group effects observed above

and result in improved yield of functionalised product.

10,



In addition the need for 9- and 1lO-hydroxy steroids

prompted the attemptéd lithium aluminium hydride reduc-
tion of the 9,10-epoxides.

The Westphalen derivative (ltha}) was oxidised with
moneperphthalic acid and colum chromatography of the
erude product gave the Q-epoxide {(1[5a]) (53%) and
the B~epoxide (1[6al) (37%). The epoxide group in
(L{5a]) is assigned the a-configuration as the hydrolysed
product (1{5b]) shows no hydrogen bonding in its solution
i:r. spectrum, whilst the hydrolysed product (1[6b]) shows
considerable hydrogen bonding Iin its i.r. spectrum. Hence
(1[62]) is assigned the P-configuration. Mousseron-Canet(l5 )
has reported such hydrogen bonding fbr OB,10B~epoxides of
6-hydroxy Westphalen derivatives. The above assignment
was confirmed by the low field positlon of the 5-methyl
resonance in the lH n.m.r. spectrun of (1[5a]) (T 8.8).
This deshielding is analogous to the deshielding
influence of the 5a,ba-epoxides upon the 10-methyl resonance
observed by'Cross.(l6)

The epoxide (1[5b]) on treatment with lithium
aluminium hydride in anhydrous tetrahydrofuran gave only
unchanged starting material. The epoxide (1[6b}) under
similar conditions géve after preparative t.l.c. the diol
(11{1a]) (60%), olefin (11lf2a]) (13%), and the triol
(11{1a]) (26#). Acetylation of {11[lal), (11[2a]) and
(11{1d]) with acetic anhydride in pyridine gave the
hydroxy-acetates (11{1b]), (11[2b]), and the hydroxy-

diacetate (11[le]). The C-6 methine proton of (11{1lb])
1.



is in an  equatorial conformation (lH nim.r. Wi ca, 6 Hz,)
)

indicating the l1O0f-configuration. The Qu-configuration
is assumed since diaxial opening would be expected with
Jithium aluminium hydride. The normal dilaxial opening
of epoxides(IT) may be achieved with attack by Hg at
either C-9 or C-10 in the f~epoxide due to the possibility
of half-chair [A] to half-chair [B] inversion of the
B-ring. However attack at C-9 seems likely to be
preferred since the epoxide will probably be held in the
half-chair [A] by the hydrogen bonding between the

6B-OH and the epoxide. Also the transition state
resulting from attack at C-9 seems sterically more
favourable than the one resulting from attack at C-10,
since, from mcdels, the latter would be subject to an
interaction with the l%a-H. 1In addition the steroid
molecule would probably prefer to accommodate the A/B
¢is-ring junction resulting from C-9 attack rather than
the B/C cis-ring Junction resulting from C-10 attack.

The a~epoxide (1[5b]) does not react probably because

of sterie hindrance to attack from the f-face, Elemental

analysis showed (31[2a]) to be isomeric with starting

material (1[6b]). Acetylation with acetic anhydride-pyridine

gave the GB-acetate (11[2b]). The i.r. spectrum of
(11[2b]) showed the presence of a tertiary hydroxy-group.

Lithium aluminium hydride has been reported by

i2,
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Y~Chretien~-Besslere and co-workers(lab) to rearrange

epoxides to their correspondiné allylie aleohols. It

seems likely that (ll[éa}) is formed from attack on

the epoxide oxygen atom by Lig, acting as a Lewis acidflsa)

thus preoducing an electron deficient carbon centre at(C-9,This
is followed by loss of the C-8 proton giving the allylic

alcohol (11[lal]l) as indicated below.

H
~CmCrCom ——— -E-C-C- —_— 8.c-c- — ~(=CuCa .
\/ \&/ 9| !
0 0 0 0
Ii Li Ii

The presence of an §,9-double bond is confirmed by the
high field positlon of the 5~ and C(18)-methyl signals in
the lH n.m.r, spectrum of (11[2b]) relative to those in
(11{1b)) (see experimental). The C-6 methine proton |
of (11{2b]} is in an equatorial conformation (W% ca. 12 Hz.)
indicating the lOB-conformation. Spectroscopic and
analytical data for (11{ld]) and its acetylated derivative
(11[1c]} give a clear indication of their structure. The
i.r. spectrum of (11{lc]) indicates the presence of a

- tertiary hydroxy -group and the absence of the benzyloxy-
group. The lH n.m.r, spectrum of (11[1d]) confirms the
absence of the bengzyloxyegroup. The lH n.m.r. spectrum of
(11[1c]) indicates the presence of two acetate methine
protons with the C-6 methine proton being in an equatorial

conformation (W3, ca., 5 Hz.) indicating the cis-configuration
e

13.



of the A/B ring junction. It seems likely that (11{14])

is formed by hydrogenolysis of the benzyloxy-group under
the conditions employed.

Hydrogenolysis of (L[5al) and (1(6&]), with palladium-
charcoal, gave the ﬁydroxysacetates‘(l[Bc]) and (1{6c]) res-
pectively. TFunctionalisation of (L[5c]) and 1[6c]) with
lead tetraacetate gave after;repafative t.l.c. the ethers
(111{1al) (76%) and (111[1b]) (50%) respectively.
Spectroscopic and analytical data (see experimental)
give & olear indication of the structures of the respective
ethers, The observed geminal coupling for the a-
methylene group in the tetrahydrofuran ring of the
ethers (111[1a]}) and (111[1b]) iz in good agreement with
that observed for (1L[5]) (lH n.n.r. J ca, 8 Hz.).

The nitrite esters (1[5¢]) and(i[6e]) were prepared
from the alcohols (1[5¢]) and (1{60]) on treatment with
nitrosyl chloride in pyridine,

Photolysis of the nitrite ester (L[5e]) in benzene
gave the ketone (IV[l]) (17%), ether (111{1al) (2.2§5,
nitroso—acetaﬁe (zvi2]) (6.4%), aleohol (1[5¢l) (15¢%) and
a polar fraction (47%). Spectroscopic and analyficél data
gave a clear indication of the structure of the ketone
(Iv[L1]) and the ether (111[lal), The ether (111{la])
had an RF‘identical to that observed for an authentic
sample. Attempts to crystallise failed but accurate mass
measurement confirmed its structure as (111i[1la]) (see

Table)s The i.r. speotrum of {IV[2a]) shows an intense

14,



nitroso band (at 1640 cm.-l) and a broad hydroxy! band (at
3650 cm.'l). The TH num.r. spectrum shows peaks at

T 4,3-4,7 (low fleld portion of an AB quartet J ca.

12 Hz.), 4.9-5.6 {(high field portion of an AB quartet and
AcOCH), and 5.6-5.9 (m, OCH). Acetylation of (IV[2a])

with acetlc anhydride in pyridine gave the diacetate (IV[2b]).
From avallable data the two structures (IV{2al) and (IV[5al) can
be tentatively suggested. Compound (Tv[5a]) would be
expected to exist as the nitroso-dimer but its failure

to isomerisze on refluxing in isoprOpanol(B) militates

against this and suggests that fhe nitroso group is

attached at a tertiary centre as in (IV[2al). (IV[Qa])

could arise by participation of the 9u,lOd-epoxide as shown
(scheme.) The opening ¢f the a-epoxide is confirmed by the
absence of any epoxide bands in the i.r. spectrum of

(Iv[2al)., The 9a,l0a-epoxide upon irradiation could cleave

to give an intermediate diradical [Cl]. The tertiary

radical formed can combine with nitric oxide from
solution to form a 1l0-nitroso intermediate [D], The

Q~alkoxy radical undergoes 1nversion(2h) by initlal rupture
of the €{8)-C(9) bond to give the C{8)radical [E] which
combines to glve a 9B-alkoxy radical [F]. Under the
conditions employed the final step may infolve cyclisation

by combination of diradical [H] to give 5B,9B-tetrahydro-

furanoid derivatives (IV[2al).

15,






The polar frection after further prebarative t.l.c. gave
the isomeric oximes (IV[3]) (4.3%) and (IV{%#]) (11.0%).
The structures of these products were deduced from

| spectroscoplic and analytical data, Mass spectra (table)
showed them to be isomeric (029H4705N). (Ivi3]) is
assigned the syn-configuration as the oxime methine
proton signal in the lH n.m.r., spectrum appears at lower
field (T 2.35) than does the corresponding signal in the
1H n.m.r. spectrum of (IV{4]) (T 2.8), This is due to
the deshielding influence of the syn-hydroxy-group and

is analogous %o similar deshielding effects reported in
the 1iterature.(25)' Photolysis of (1[6e]), in benzene,
gave, after preparative t.l.c.;the ketone (IV[lal) (10%),
alcohol (1[6¢cl) (18%), and the oxime (IV[32/4al) (10%9).
The ketone (IV[1lal) was identified from its spectroscopic
data (see experimental). The lH n.m.r. spectrum of
(zv[?a/ba)) shows a singlet at T 2.5 indicating the
presence of an oxime. This was confirmed from its mass
spectrum'(Table), which showed it to be isomeric with
(zv[3]1). Available data does not permit one to assign a

syn- or anti-configuration to the oxime (IV 3a/4al])

Treatment of (IV[3]) and (IV[3a]) with nitrous acid(eé)

in acetic acid gave the hemi-aceﬁ%lacetates (xv[6]l)
(327) and (Iv[6a]) (43%) respectively. These were
characterised on the basis of thelir lH n.m.r. and mass

spectra (see table). The lH n.m.r. spectra of (IV[6a)
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and (IV{6]) respectively'exhibifed one proton singlets
at ¢ 3.88 and T 3.78 respectively assigned to the hemi-
acet§1 acetate methine, Attempted deoximation of the
anti-oxime (IV[4]) with nitrous acid even under forcing
conditions gave only unchanged starting material., No
satisfactory explanation haé yet been found to account
for the inability of (IV[4]) to form the hemi-~acetal.

The above results endorse thé previous suggestlon
that removal of the double bond would lead to higher yields
of functionalised products. Though the low yields of oximes
from the Barton reactions are disappoihting, izﬁkevertheless
shown an improvement over the simllar reactions with the
9,10-0lefin (Ll4el).

The availability of the backbone acetate (L1[4b])
[see Section 2 for preparation] prompted functionalisation
of its hydrogenolysed derivative (ll[#a]).‘

Ffunctionalisation, using lead tetraacetate, pave after
preparative t.l.c. the ether (111[2]) (50%) and starting
material (11[%al) (20%). Spectroscopic¢ and analytical data
give a clear indication as to its structure. In the lH NNl
spectrum of (111[2]) the w-metliylene protons in the itetra-
hydrofﬁrén ring, unlike the previous ethers, appear as a
triplet (at ¥ 6.3) indicating the similar chemical shifts
of the two protons.’

Oxidation of the ether (11[5]) with chromic acid at 1000

iunder corditions employed for the oxidation of 6,19-oxides,(27)
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gave a complex mixture from which no products were
identified, Room temperature oxidation gave the epoxy-
ketones (V{lal) (39%) and (vV[2al) (11%), the «,B~
unsaturated ketone (V[Za]) (9%) and an impure fraction,
which were separated by éreparative t.l.c, from a complex
polar fraction. The structures of these products were
deduced from spectroscoplc and analytical data. The i.r.
spectra of (V{lal) and (V[2a}) showed intense carbonyl bands
{at 1710 and 1720 cm.'l Jand the mass spectra showed they
were lsomeric (CEQHMOS)(table)‘ The lH n.m.r. spectra
confirmed the presence of two methine protons {3-H and
6-H); an acetyl group and the ~0CH,~ group. In the
spectrum of (V[1a]) the 12B-proton signal is clearly seen
at T 7.15 (d, J ca. 12 Hz.) thus confirming that the
carbonyl group is at C-11. The a-configuration is assigned
to the epoxide group in (V[la]) because a solution i.r,
spectrum of the hydrolysed product (V[1b]) shows no
hydrogen bonding.(l5) The epoxide group in (V[ial]l)

is assigned to the 9,10~ rather than 8,9-position because
of the downfileld position of the signal, in the J'H N.m.r,
spectrum, due to the d-meithylene of the tetrahydrofuran
ring relative to that in the ether (11[5]}.(22)

Inspection of models shows that the oxygen atom of an
8B,9p-epoxide is close t6 the C(18)-methyl group, and

the observed low fleld position (1 9.02) of the C(18)-

methyl group signal in the lH n.m.r. spectrum of (V[2al)
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(a) w~H, B-Ohc
(b) a-H, B-OH
(e) 0




is consistent with this. The C-6 methine proton is in
the axial conformation Gﬂ%_ca. 15 Hz.) and this confirms
the 1l0a-configuration {assuming the B-ring adopts the
half-chair conformation). ‘The u.v.spectrum of

[3a 1) 1n methanol,

max . 252 nm. ( 5A8250?, confirms

the presence of an d,f-unsaturated ketone and also that
the double bond is iﬁ the 8,9-position.(eo) The C-6
methine proton iz in an equatorial conformation (lH n,M.
W% ca. 9 Hz), showing the lOB-configuration. Hydrolysis
of the impure fraction with 1% methanolic potaséium hydroxide
and further preparative t.l.c. gave pure (viz{7l) (2.5%).
Elemental analysis and mass spectrum of (VII[7]) show the
molecular formula to be 027H4604 and this indicates that
hydroxylation of the 9,10~ double bond has occurred. The
structure of (VII[7]) is assigned on the basis of its

lH n.m,r, spectrum which exhibited a methine multiplet
equivalent to only two protons (¢ 5.6-6.0), confirming
that two of the hydroxyl groubs are attached. to tertiary
centres. The sSpectrum also points to the presence of a
9B-hydroxy-group due to the down field position of the
g-methylene silgnal of thgltetrahydrprran ring. The
structure is assigned a lOa~hydroxy-group by assuning
diaxial opening of a 9,10-epoxide precursor normally formed
under the condlitions employed., Under the acidic conditions
one cannot preclude isomerisation of the olefin to

8,9-position resulting in a 8a,9p-dihydroxy - steroid and available
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data does not allow ons to distinguish between these two

possibilities.

Attempted hydrolysis 6f (V[2a]) with methanolic potassium
hydroxide solution (1), did not give the 6B-hydroxy-compound
(v[2b}) but gave, surprisingly, the 8,9-Secb-methoxy-
diketone (VI[7al) (893). The structure of (VI[T7al) is
based largely on mass and other spectral and analytical data.
The mass spectrum (Table) shows the molecular formila is
028H46ph and the base peak arises from loss of methanol (see
table ). The.lH n.m.r. spectrum shows important peaks at
T 5,27-5.5 (m, 20CH), 6.63 (q, JKB ca, T.6 Hz,, OCHE),

6.06 (s, OMe) and 9.3L (s, 18-Me). The i.r. spectrum
confirms the presence of the metho#y—group (2820 cm.—l)

and the éarbonyl group {1720 cm.”l) and the absence of a
hydroxy-group. It seems likely that (VI[7al]) is formed

by the route shown (VI). The initial steps are hydrolysis
of the 6B-acetoxy-group and hydride reduﬁtion of the ll-keto-
group. Although hydride reduction of carbonyl groups with
potassium alkoxide(28) is not unusual, such an effilcient
reduction, as is apparent here, would not be expected
particularly under the conditions employed. Alternatively
hydride reduction of the époxy-group may take place directly.
Step (VI[3)) to (VI[4]) is a retro-aldol reaction which is
followed by dehydration giving d,p-unsaturated ketone
(VI[51). The final step (VI[5]) to (VI[T2])(pathx )

involves Michael addition of methoxide to the
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136-7-ketone. It is possible that a transannular-Mighael

addition following attack of methoxide ion at C-11 (path(y))
could give the acetate (VI[6])}. Since however the product
is stable in aqueocus methanoiie sulphuric acid, the
structure (VI[7]) is preferred, In addition the loss of
methanol from the molecular ion in the mass spectrum is

more reasonable for (VI[T7a)]) than for (VI[G]).(Eg) The
formation of the medium-ring compound (VI{7al) by retro-

(20)

aldolisation is unusual, Previous work suggests a
tetracyclic structure would be preferred. Apart from the
initial hydrolysis, all the steps outlined would be
reversible. Compound (VI[7a]) was treated with EtOD-NaOD
(72 hr. at 60°) in the expectation that the methoxy~group
would be rerlaced by an ethoxy-group and that up to a
maximm of 7 hydrogen atoms (positions 7, 9, 11 and 1%4)
would be replaced by deuterium atoms. Mass spectral
analysis of the product showed ions at m/e 460, 461, 462,
464 and 465 corresponding to the do(T%), d, (25%), d,(10%),
d4(9%) and d5(50%) species of VI[Tbl). The absence of aﬁy
appreciable quantity of d6 and d7 species indicates that
two of the hydrogen atoms of (VI[Tb]) are only exchanged
with difficulty.

Hydrogenation of the ether (11[5]) with platinum
catalyst in acetie acid and a trace of parchloric acid gave

the saturated ethers (V(4a]), (v[5a}), and (V[6al), The

ether (V[42]), the major product (36%), was separated from
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a mixture (43%) approximately (1:1) of (V[5a]) and
(v[6al) by preparative t.1.c; The latter mixture
after hydrolysis and further t.l.c., gave (V[5b]) and (V[6b]).
The C~6 methine proton of (V[#a])‘is in an equtorial
conformation (lH n.m.r. W% ca, 5 Hz.) indicating the
10f-configuration. The 9B~-configuration is assumed since
cis-hydrogenation would be expected to provide the major
product, Hydrogenation of Westphalen's diol derivatives
similarly glves largely the 9B,IOB-product.(31) In the
1H n.m.r. spectra of the ethers (V{5b]) and (Vv[6b]), the
C-6 methine proton signal is superimposed on that of the
a~methylene group of the tetréhydréfuran ring, but it is
clear that the Wy in eéch of these is ca. 18 Hz., confirming
the 10a —configuration, Reaction of (V[5b]) with trichloro-
écet&i isocyanaté, ;n deuteri&éhlorofofm in the n.m.r. tube,
(32) caused a shift of the C-6 methine;proton signal downfield
where it was clearly seen as a triplet., This confirms the
9a-configuration GJ% ca, 18 Hz., J, apparent ca. 7-OHz,,
ef. (11{6]) above ). The ether (V[6b]) has therefore the
98,10a-configuration,

Under the reaction conditions employed for hydrogenation
isomerisation of the 9,l0-double bond along the backbone could
oceur. The failure 1o isolate any isomeric olefins when
hydrogenation was only allowed to proceed to half reaction
militates against this possibility.

Reaction of (VI{6b]) with boron trifluoride-ether in

acetic anhydride 27 gave the diacetate (VII[1]) and the
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triacetates (VITI[2]) and (VII[3]). The olefinic protons
signala in the lH n.m.r. spectrun of (VII[1])appear as a
broadened singlet, and this seems consistent with a
2,3~ rather than a 3,4-double bond. The C{3)-0 bond
in (V[6b]) is probably cleaved in preference to the
O-CH2 bond. The attack of acetate ion may occur
simultaneously at a C-3 carbonium lon. Such a carbonium=
ion intermediate could account for the production of
(VII[3]) but so could the alternative -0-CH,, cleavage.

The ethers (V[4bl), (V[5b]) and (V[6b]) were oxidised
with Jones reagent(jj) to the ketones (V[4el), (V[5e¢])
and (V[6c]) respectively. Oxidation of (V[4a]), with
chromic acid in acetic acid at 1000,(27) gave the lactone
(VII[%1); oxidation of the ketone (V[5c}l) similarly save
the keto-lactone (VII[5]) and the ketol (VII{6}) (slightly
impure ). The latter arises from base-catalysed hydrolysis
of (VII[5]) and decarboxylation of the resultant P-keto
acid during work-up of the reaction mixture. This involved
washing the ethereal solution of products with sodium
hydroxide solution. The hydreolysis probably takes place

by way of acyl-oxygen bond fission(Bu)

_with the conseguence
that the 3-hydroxy-group has the original B-configuration,
The lH n.m.r. spectrum of (VII[6]) shows that the C-3
methine proton is in an axial conformation., In the A/B-
trans-isomer this would be feasible if the A-ring adopted

a skew-boat conformation. Such an energetically unfavourahle
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conformation seems unreasonable and consequently the A/B-cis
confipguration is assigned.

Magss Spectra.- The compounds examined are shown in the

Table. The absence of a molecular ion in the spectrum

of (111[5b]) could be due to allylic activation of the
hydrogens at €-2, thus facilitating elimination of acetic
acid., The spectrum of (IV[2bl), also, does not exhibit a
molecular ion and the peak at m/e 517 corresponds to M-N.
This is unusual as no evidence exists for loss of nitrogen

(3%2) (i2b]) fragments further

from nitroso compounds.
with loss of two molecules of acetic acid and formaldehyde.
The loss of formaldehyde 1s alsc found In the fragmentation
of (111{1a]) and (V[3]) and is probably lost from the
tetrahydrofuran ring. The mass spectra of the oximes
(zv[31), (av[4]}) and (IV[32]) show similar fragmentation
patterns with initial breakdowm giving M-CH peak (at m/e
472). The presence of the CH,OAc group at C-5 in (viz[1l);
(viI[2]) and (VII[3]) is confirmed by the loss of a fragment
of mass T3 from the ion m/e 426, and also, in (VII[2})

and {(VIz{3]), from the ion m/e 486. A similar fragmeﬁtation
. has been reported for steroid l9-acetates.(36) The loss
of carbon dioxide from (VII{5]) and the ion m/e 398 formed
from {VII[4]) would be expected for a Y ~1actone.(35b)

The loss of a fragment of mass 59 (CH3002) in (v{2a]), and
(zv[6]), in the ion wm/e 456 formed from (IV{6al) and to a

smaller extent in (V[1a]) is unusual and the expected
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elimination of acetic acid, apart from in the latter, is

suppressed almost completely. Clearly l,2~elimination,

s
reported for cyclohexyl- and some steroid acetates()503

is not important. Some of the above work has reccntly

(28)

been reported, by us, in +the literature.
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EXPERIMENTAL:~

Solutions were dried over anhydrous sodium sulphate.
Column chromatography was carried out with deactivated
(grade ITI) Camag or Woelm neutral alumina. Merck Kieselgel
PF254 silica gel was used for preparative t.i.c.

I.r. spectra were determined (solutions in carbon tetra=-
chloride unless otherwise specified) with Perkin~Elmer 237 and
257 spectrophotometers. U.v. spectra were determined (for
solutions in hexane unless otherwise specifiled) with Unicam
SPS00 and Hilger and Watts Uvispek spectrometer. Masé spectra
~ were determined with A.E.I. M312 and MS90Z2 mass spectrometers.
Rotations were measured at room temperature with a Bendix
polarimeter 143C for solutions In chloroform,

3B-Benzyloxycholest-5-ene (1{1]). - A mixture of 3B-hydroxy-

cholest-5-ene (20g;); benzyl chloride (25ml.), powdered
potaséium hydroxide‘(lQOg.), and dry toluene (350 ml.) was
heated under reflux and stirred for 4 hr. and then cooled.
Water was added cautiouély and the mixture was shaken. The |,
organle layer was extracted wlth ether, the ethereal solution,
dried, evaporated to give the benzyl ether (x{i]). m.p.
acetone/pet. ether 117-8° (1it. 118.5?)(12?

38-Benzyloxy-5¢,68-epoxycholestane (I[2]). - An ethereal

solution of the olefin (10g. in 150ml.) an excess of
monoperphthalic acid (18z. in 300 ml.. of ether) was set
aslde at room temperature overnight. The solution was

washed with sodium hydrogen carbonate solution until néutral
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and was then dried. Removal of the solvent gave the epoxide
mixture which was used without further purification.

3B~Benzyloxy-5¢-cholestan$=5,68-diol (I[3bl}.- A solution

of the epoxide (10g.) (o-and B-) and periodic acid dihydrate
(0.5g. per g. of steroid) in aque;us acetonélE)wms heated
under refilux for 30 min.. WAter was added to precilplitate
the product. Filtration gave the diol (I[3b]) (9.7g.),

MeDe 185-186°,[a]D-4°(c,o.6), V oy, (mull) 685 and 720
phenyl, and 3480 (OH) em.”™ (Found: C, 80.0; H, 10.6.
034H5#03 requires €, 79.95; H, 10.65%).

68-Acetoxy-33-benzyloxy-5a-cholestan-5-01 (I,[3a]).-

A solution of diol (8g.) (I[3b))} in pyridine (75 ﬁl.) and an
excess of acetic anhydride (8 ml.) was set aside at room
temperature overnight; Reaction was completed by heating the
mixture on a boilihg water-bath for 1 hr,, the mixture was
then poured onto crushed ice. Filtration gave the EZQEEEY'
acetate (I[32]) (7.4g.) m.p.133-135" (from aqueous acetone),
(aly - 31° (€, 0.7), V __ (mull) 685 and 725 (phenyl),

1720 (C=0), and 3500 (0H) em.”  (Found: €, 78.05; H, 10.1.
036H5604 requires €, 78.2; H, 1.0.2%).

6p-Acetoxy3 B~benzyloxy-5-me thyl-19-nor-58-cholest-9(10 )-ene (I[4a]).-

A solution of sulphuric acid in acetic.acid (15ml., 0,25M) was
added to a solution of the hydroxy-acetate (I[3a]) (1.5g.)

in 10% acetic anhydride-acetic acid (80ml.) at 20°,

The mixture was maintaiﬁed at 350;400 for 10 min. and was

then poured into brine. The resultant mixture was extracted
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with ether (x 2) and the combined extracts were washed free
of acid with sodium hydrogen oarﬁdhate solution. After fUrtﬁer
washing with water, the solvent was removed and the crude
,prqduct was purified by column chromatography. Elution with
light petroleum ether (b.p. 60-800), gave the acetate (I{%a])
(0.8g.) m.p. 60-61° (from methanol-acetone~water), [a]D +
7° (C, 1.7), \J oy, (f1lm) 695 and T30 phenyl and 1740

{(C = 0) cm.‘l,"t' 2.76 (s, phenyl), 5.1 - 5.4 (m, AcOCH),
5.56 (s, OCH,), 6.2 - 6.5 (m, OCH), 8.02 (s, AcO), B.T6

(s, 1Me), and 9.22 (s, 18Me) (Found:- C, 80.7; H, 10.05.
036H5403 requires ¢, 80.85; H, 10.2%9).

GB-Acetoxy-38~benzyloxy-9a,lO-epoxy-S-methyl-innbf-SB,10a-

cholestane (I[5a]), and 6B-Acetoxy-38-benzyloxy-98,10-epoxy«5=

methyl-19-nor-58,98-cholestane (I[6a]).- An ethereal sclution

of the olefin (I[4a]) (300mg.) and an excess of monoperphalic
acid (70ml.)(60g.monoperphalic acid per 1000ml. ether) was set:
aside at room temperature.overnight. The solution was washed
with sodium hydrogen carbonate solution until neutral
'aﬁd was then dried. Removal of solvent gave the epoxide
mixture. Separation was effected by column chromatography,
elution with 5% ether/light petroleum (b.p. 60-80°), gave the

o - epoxide (I[Sa]) (160mg. ), m.p. 88-90° (from methanol-
water),[a]D +13,3° (¢, 0.4),V/ max. 695 and 730 (phenyl),
and 1785 (C = 0) em.”>, T 2.72 (s, phenyl), %.9 - 5.3 (m,

AcOCH), 5.52 (s, OCHg ), 6.05 = 6.4 (m, OCH, W ca. 20 Hz.),
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8.05 (s,Ac0), 8.8 (s, 5-Me), and 9.25 (s, 18-Me) (Found:

¢, T78.27: H, 9.936. 036H5404 requires C, 78.50; H, 9.85%)
andhe -epoxide (I[6a}]) (110mg.) (oil), [a]D'+ 43°(c, 0.5),
V pax, 695 a0d T35 (phenyl), and 1780 (C = 0) em.™, ¥

2,72 {s, phenyl), 5.0 - 5.45 {q, J (apparent) ca. 6 and
14Hz, AcOCH-), 6.5 (s, -0CH,~), 6.2 - 6.5 (m, Wi ca. 18 Hz.,
-OCH-), 8.0 (s, Ac0), 8.9 (s, 5-Me), and 9.25 (s, 18-Me)
(Found: C, 78.50; H, 10.2. Oyl Oy Tequires C, 78.50;

H, 9.88%).

' 3B-Benzyloxy-9u,l0-epoxy-5-methyl~19-nor-58,10a-cholestan —

68-01 (I[5b}), and 3B-Benzyloxy-9B,10-epoxy-5-methyl-19-nor-58,

98-cholestan=-6f-0l (I[6b]).~ A 1% aqueous methanolic potassium
hydroxide (30ml.) solution of steroid epoxide was heated under
reflux for 15 min, and was then poured into water. Extraction
with ether gave the epoxy-aleohol. The epoxy-acetate (I [5a])

(60mg. ) gave the aleohol (I[5b]) (49mg.) m.p. 126-70 (methanol)

0 -1
[a}D +.25° (C, 1.0),\fmax_ 3620 (sharp, -OH) em.”™, T  2.68
(s, phenyl), 5.’45 {s, -OCHQ), 6.1 ~ 6,5 (m, 2, OCH protons),
8.95 (s, 5-Me), and 9,26 (s, 18-Me). (Found: C, 80.286,

H, 10.2. requires C, 80.26; H, 9.88%2). The epoxy-

034H5203
acetate (I[6a]) (6Omg.) gave the aleohol (I [6b]) (43.5 mg.)

(o11), [aly + 38.5 (C, 0.9), " 3600-3300 (broad,-OH)

mees o
em.™, T 2.6 (s, phenyl), 5.4 (s, -0CH,), 6.1 = 6.4 (m, OCH),
6.5 - 6.8 (m, OCH), 8.7 (s, 5-Me), and 9.19 (s, 18-Me). (Found:

c, 79.97; H, 10.51. 034H5203 requires ¢, 80.26; H, 9.88%).
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Lithium aluminium hydride reduction of 3p-Benzyloxy-9g0 -

epoxy-5-methyl~-19-nor-58 ,98-cholestan—68-01 (I{6bl). - A

solution of epoxy-aleohol (I[6b]) (250 mg.) in dry tefra-
hydrofuran (25 ml.) was treated with lithium aluminium
hydride (250mg.) and the mixture refluxed for 6 hr. The
excess reducing agent was decomposed with methanol and the
mixture extracted with ether, The ethereal layer was washed
with water, dried and removal of the solvent gave a crudé
product. Preparative t.l.c. [elution (x1)} with ethylacetate-

benzene (10:1)1, gave Jf-benzyloxy«H-methyl-19-nor-58-

cholestan®68,10-diol (IT [lal) (150mg.), an oil, [a]D +
12%(c, 2.2) YV o, (EBE) 00 and 735 (phenyl) and 3400
(broad, OH) em. Y, T 2,68 (s, phenyl), 5.57 (s, ~OCH,-),
6.3 - 6.5 (% ca. 8Hz., m, -OCH), 6.6 ~ 6.9 (m, Wk ca. SHz.,
OCH), 8.6 {s, 5-Me), and 9.28 (s, 18-Me) (Found: C, 80.2:

H, 10.4, 034H5403 requires €, 79.95; H, 10.66%),

SB~benzyloxy-5-methyl-19-nor-5p-cholest-8(9)-en-68,10-diol

(2T [2a])(32 mg.) m.p. 152~3"(methanol ), [alp + 2% (c, 1.3),
ooy, (KBr) 700 and 740 (phenyl), and 3400 (broad, -OH) em. ™%,
"t 2.55 (s, phenyl), 5.38 (s, -0-CH,), 5.9 - 6.5 (m, 2

O~CH), 9.01 (s, 5M=), and 9.3 (s, 18Me) (Found: C, 79.84;

H, 10.34. CyH. 0, requires C, 80.263 H, 10.3 %), and
38,68,10p4rihydroxy-5-me thyl-19-nor-58, 10p-cholestane

(11[1d]) (64mg.) m.p. 245-8° (methanol), (ely 00 V _ (xBr)

max
3400 (broad, -OH) cm.'l, “U (very weak spectrum) 8.52
(s, 5-Me), and 9.3 (s, 18-Me) (Found: C, 79.95; H, 11.37.
‘027H#803 requires €, 77.09: 11.50%).
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The above fractions were acetylated with acetic anhydride

in pyridine. The diol (II [1lal) (100 mg.) gave the acetate

(it [1b]) (80 mg.) m.p. 135-6 (methanol), [aly - 3° (€, 1.7),
YV pax, (1) 695 and 720 (phenyl), 1745 (0Ac), and 3600
(sharp, -OH) cm._l,‘T" 2.7 (s, phenyl), 5.2 = 5.4 (m, W5

ca. 6Hz., AcOCH), 5.5 (s, CHy=0), 6.2 = 6.5 (m, W ca.

OHz,, -OCH), 7.92 (s, Ac0), B.78 (s, 5-Me), and 9,29 (s,

18-Me ) (Found:C,T78.20;H,10.42 036H 604 requires C,78.21;H,10.21%)

5
A crude sample of diol (IX[2a]) (300 mg.) gave the acetate

[e]
(17[2b}) (225mg. ), oil, [l + 4°(C, 4.5), V ..
720 (phenyl), 1745 (AcO), and 3640 (sharp OH) em.”l, T 2.8

700 and

(s, phenyl), %.8 - 5.1 (m, W5 ca. 14Hz., AcOCH), 5.6 (s,CH,=0),
6.3 ~ 6.7 (m, OCH), 8.05 (s, AcO), 9.1 (s, 5-Me), and 9.35

(s, 18-Me). Triol (IIf1d]) (150mg.) gave the dlacetate
(zz[lel) (10img.), m.p. 124 = 5° (methanol) Ia]D -7 (c,
1.5}, N pax, 1750 (AcO-), 3635 (sharp, OH),"G 4,98 ~ 5.15 (m,
Wl ca. Bz, AcOCH), 5.2 - 5,45 (m, WE ca, Sliz., AcOCH), 8.02
(s, AcO), 8.9 (s, 5-Me) and 9.3 (s, 18-Me). (Found: C,

73.80; H, 10.11, requires C, 73+76; 10.38%).

031H5205
6p-Acetoxy-38-benzyloxy-5,14-dimethyl-18,19-bisnor-58,10¢q,

98,8¢,14B~cholest=13(17 )-ene. (II{4b]). - prepared as described
in the following chapter.

Bp-Acetoxy-5-methyl-19-nor-58-cholest-9(10)-en-38-01 (T[4c]),

6B~acetoxy~9n 10-epoxy~S-methyl-19-nor-56,9, l0a-cholestan -

3B-0l (X[5¢]) 6f-acetoxy-9,10B8-epoxy-S-methyl-19-nor-58,96,
-cholestan—38-0l (I{6¢c]), and 6p-acetoxy~5,l4-dimethyl~

18,19-bisnor -58,10a,98,8q,14p-cholest-13{17)-en-3p-01(I7[4a]).~
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‘An ethyl acetate solution of the sterold was shaken with 10%
palladium on charcoal catalyst, in an-atmosphere of hydrogen
at roomr t.é.mperature until the uptake of hydrogen ceased,

The solution was filtered and evaporated. Acetate (I[4a])
‘(ﬁ%mg.f). gave ‘the aleohol (If{kc}) (380mg.), m.p. 141-142°

1
(2 ) MePo 11‘2"11"4)-

(from aqueous acetone) (lit.,
Acetate-a-epoxide (I[5a])(200mg.) gave the aleohol
(1[5¢1)(150mg. ); m.p. 128-30° {from methanol) {al, 0
\/’max. (KBr) 1740 (AcO), 3500 (0H), T #.9 - 5.3 (m,
Wi ca, 18 Hz., ACOCH), 5.7 ~ 5.9 {m, W5 ca. 9Hz., - -OCH),
8,05 (s, Ac0), 8.75 (s, 5-Me), and 9.25 (s, 18-Me) {Found:
¢, 75.67; H, 10.57. CogtlygOy -requires C, T5.6; ﬁ-, 10.5%).
Acetate-p-epoxide (I[6a]) (200mg.) gave the alcohol
(z160])(200mg. ), mip. 62-3° (methanol), [a]  + &°(c, 0.6),
U 5.1 - 544 (m, W% ca. 18 Kz, AcOCH-), 5.8 - 6.2 (m,
WY ea, 14Hz., -OCH-), 8.03 (s, £ic0), 8.92 (s, 5-Me), and 9.2
(s, 18-Me) (Found: C, T75.0; H; 10.3. 629H4804- requires’
C, 75.6; H, 10.5%).
Acetate=13(17)-olefin (II[41)(450 mg.) gave the alcohol
11{4a])(400mg. ), as a gum, [al) +17°%(c, 2.3),V oy LTHO |

(AcO-), and 3640 (sharp;0H)T 5.2 - 5.8 (m, AcOCH), 5.8 - 6.1

(m, 0-CH), 8.04 (s, AcO), 8.9 (s, 5-Me), 9.00 and 9.1 (4, J
6Hz., 21-Me), and 9.12 (s, 14-Me) (see Discussion for mass

spectrum).



Thermal Functionalisation of the alechols (Tl4el), {(I{5cl),

(T{6c]) and (IIf4al).~ Solutions of steroid in dry benzene-

cyclohexane (i:l) and lead tetraacetate (4 molar excess) were
heated under reflux, in an atmosphere of nitrogen, for the
periods specified below; the réaction mixture was filiered,
poured Into water and the organic layer was separated and dried.
Removal of the solvent gave the crude product which was purified
by column chromatogfaphy and/or preparative t.l.c..

The aleohol (If%4e])(7g.) in 2 hr. gave an oil which was
separated into two fracticns by columm chromatography. The
less-polar fraction was separated into the following components
by t.l.c. [elution (x3) with benzene-ethylacetate {30:1)]: the
dlacetate (I[4d1)}(%00mg.), m.p. 124-125°, laly + 85° (¢, 0.9)
(11t.,57) mp. 127-128° [aly+ 84°),
68-Acetoxy-5-methyl-19-nor-58-cholest-9(10)-en-3-one (II[3])

(400mg.) , oil, [aly + 40°(C, 1.0) (Lit.:(el)[a]D+44° y,

reduction with sodium borohydride in ethanol pave the alechol

(I{%c]) m.p. 140°, HB-acetoxy=-38,5-0xaethano-19-nor-58~-choleste=

9(10)-ene (11 [51)(28.), m.p.112-114° (from agueous methanol},
[a) ; -25° (c, 1.0), V. (¥Br) 1740 (C = 0) em™, T 5,0 -
5.2 (g, J (apparent) ca, 12 and 5 Hz., AcOCH), 5.5 = 5.8

(m, ca. W& 12 Hz., OCH), 6.4 (q, ca. 8.5 Hz., ~OCH,~),

Tan
8.5 (s, AcO), and 9.2 (s, 18-Me), (see Discussion for u.v.
result). {(Fourd: C, T8.7; H, 10.45, 029H460} requires C,

78.7: H, 10.45%), 6B-acetoxy~38,5~oxaethano-19-nor-56,98,10a-

cholest«8{14 )~ene (IT [6])(100mg.) m.p. 83-84° (from aqueous
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methanol), [« + ° (c, 0.4),V . (mll) 1745 (C = 0)
cm,‘l,'1: 5.42 (g, J (apparent) ca. 12 and 4.5 Hz., AcQCH-),
5.7 - 6.0 (@, OCH), 6.16 (4, J,5 ca. 8 Hz., OCH,), 7.98
(s, AcO), 9.12 (d, J ca. 6 Hz., side-chain), and 9.15

{5, 18-Me) (see Discussion for u.v, results) (Found:

C, 78.7: H, 10.4: C29H4603 requires ¢, 78.7; H, 10.45%),
and starting material (I{lel)(X.lg.). The polar fraction
after t.l.c. [elution {x %) with benzene-ethylacetate (3:1)]
gave two major fractions which were acetylated with acetic

anhydride in pyridine. Further t.l.c: {elution with

benzene-ethylacetate (10:1)], gave *B,6B-dilacetoxy~5,9~-

methano-19-nor-58,98-cholest~1(10)-ene (III[5])(38mg.) as

& gum, [alp + 15° (G, 0.8), Y (£i1n) 1745 (C = oYem."k,

7,95 and 8.0%4 (s, Ac0), 9.13 (d, side-chain), and 9.35
(s, 18-Me) (see Discussidh for mass spectrum), and

53,6B-diacetoxy-5,lOﬁ-methanole—nor-SB-cholest-9(ll)—ene

(IIr (6]) (36 mg.) a8 a zum, [a]y + 23° (C, 0.8), V
(film) 1745 (C = 0), and 1650 (C = ¢) cm.'l,.TT b4 - 4.7

max.

(m, = CH), 4.9 = 5.1 (m, AcOCH), 5.3 - 5.6 (m, AcOCH),
7.95 (s, Ac0), 8.05 (s, AcO), 9.08 (4, side chain), 9.34
(s, 18-Me), and 9.45 (m, cyclopropane) {see Discussion for
mass spectrum}.

The a~epoxy-alcohol (I[5¢])(180mg.) in 2 hrs. gave an oil
which after t.,l.c. [elution with benzene-ethyl acetate (3:1)]

gave 6f-acetoxy-9u,10-epoxy-38,5-0xae thanc-19-nor-58,10a-

cholestane (ITI[1a]) (138mz.) m.p. 115-6" (from methanol),
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[o]y - 12° (¢, 0.5),V_ (KC1) 1740 (¢ = 0) em.™, U 5.18

- 5.3% (m., W5 ca. 8Hz., AcOCH), 5.48 - 5.73 (m, W3 ca. 10 Hz.,
OCH-), 6.35 (a, JABca. 8Hz.,, -OCHQ-), 8.05 (s, AcO), and 9.23
(s, 18-Me). (Found: C, 75.753 H, 10.3 029H4694 requires

C, T5.94; H, 10.11%).

The B-epoxy-aleohol (I[6e]) (100 mg.) in 4 hrs. gave an
oil which after t.l.c. [elution with benzene-ethyl acetate(3:1)]
gave 6BFacetoxy-9B,10-epoxy~3§,5-oxaethano-19—nor~5ﬁ-cholestane
(III[lb])(50mg.); oil, [a}Dp°, V o, 1145 (C = 0)em.”%,

T 4,98 - 5.83 (q, J{apparent) ca. 5 and 10 Hz AcOCH),

5.65 = 5.00 (m, Wk ca. 10 Hz., OCH), 623 (4, J,5 ca. -OCH,),
8.02 (s, OAc), and 9.2 (s, 18-Me) (Found: C, 75.97; H, 10.12

' The aleohol (II[%a])(150mg.} in 2% hr. gave an oil which
after t.l.c. [elution (x2) with benzene-ethyl acetate (3:1)1,

gave BB-acetoxy~— li— methyl-3B,5-oxaethano-18,19-bisnor -

58,100,98,8x,14B-cholest-13(17)-ene (1I1{2})(6Tmg.) a gum,
1

[al, = 15 (€, 1.3), V. 1T45 (C = 0) em.™", U 5,05 - 5.4

(m, AOOCH), 5-7 - 6.00 (m; OC}I)’ 6.3 (S, 0CH2"), 8.0 (5, ACO),
9,00 and 9.10 {d, J ca. 6Hz., 21-Me), and 9,15 (s, 14-Me)

(Found: C, 78.69; H, 10.43 C29H4603 requires C, 78.68;

H, 10.47), and starting material (II[40])(30mg.).

Treatment of (I{lel) and (I[Sc]) with nitrosyl chloride:-

Nitrosyl chloride gas was bubbled into a solution of steroid
in pyridine {100ml. per g.) for 4 min. at -20°C. The mixture

was then poured into ice and extracted with ether, The



ethereal layer was then dried and the solvent evaporated,
The hydroxy-acetate (I[4c]})(200mg.) gave a yellow oil
which, after t.l.c. {elution with benzene-ethyl acetate (3:1)],

gave 6f~acetoxy-5-methyl-lg-nor-5f8~cholest-9(10)-en-38-0l nitrite

(Z{4e])(150mg.) as a gum {attempts to crystallise gave only
starting material), max. 1600 and 1640 (~0-N=O), and 1740
(C = 0) em YU 4,1 - 4.5 (m, ONOCH), 5.1 - 5.5 (1, Aoocﬁ),
8.02 (s, AcO), 8.90 (s, 5-Me), and 9.2 (s, 18-Me).

The hydroxy-d-epoxide (I[5¢1)(190) gave an oil which, after
t.l.c. [elution with benzene-ethyl acetate (3:1)], gave

bf-acetoxy-9¢ 10 ~epoxy=H-methyl-19-nor-58,10¢-cholestan-38-o0l

nitrite (I[5]1)(150mg.) as a gum, ™V 1z 1650 (-0-N=0), and
1745(¢ = 0) om™> T 5.1 - %.35 (m, ONOCH), 4.9 - 5.3 (m,AcOCH),
8.05 (s, OAc), 8.9 (s, 5~Me), and 9.22 (s, 18-Me).

Photolysis of nitrite esters (I{%]) and (T(5e]).-
Solutions of steroid in dry henzene were irradiated, in an
atmosphere of nitrogen, for the period specified below, with a 200
watt mercury vapour lamp. The solutions were then concentrated.

The nitrite ester (I[4e1)}(350mg.) in 2 hrs. at 0°C gave
an oil which after t.l.c. [elution with benzene-ethyl acetate (3:1)],
gave the keto-acetate (ITI3]) (20mg.), hydroxy-acetate (I[4c])}
('7Omg.) and another three fractions contalning numérous
unidentifiable products.

The o-epoxy-nitrite ester (1{5¢})(1.0g.) in 2 hrs. at 16%¢
gave an oil which after t.l.c. [elution with benzene-ethyl

acetate (3:1)], gave 6B-acetoxy~9a,1l0-epoxy-5-methyl-19-nor-
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58,100-cholestan-3-one (IV{1])(180mz.), m.p. 122-3° (from

methanol) [aly + 5.3° (G, 0.9), Vmax. 1720 and 1740 (C = 0)
em.™, U 4.8 - 5.2 (m, AcOCH), 8.05 (s, Ac0), 9.0 (s, 5-Me),
and 9.25 (s, 18-Me) (Found: C, 75.51; H, 10.05; 029H4504
requires C, 75.9; H, 10.1%), mixture (33Bmg.) which, after
further t.l.c. [elution with benzene-ethyl acetate (10:1)],
gave (ITI[1lal)(22mg.) as a gum,*\/max. 1750 (C = 0) em,t
U 5.1 -~ 5.4 (m, wh 9Hz., AcOCH), 5.4 - 5.7 (m, Wh 8Hz., OCH),

6.4 {a, JAB ca, 9 Hz., —ocHa), 8.05 (s, Ac0), and 9.22 (s,

18-ie )} (see Discussion for mass spectrum), (IV[Ea])(Gkﬁg.)

V pax. 1640 (-N=0), 1750 (C = 0), and 3650 (broad, OH), cm.'l,

T 4.95 (a., 9,5 ca. 12 Hz.,0CH,), 1.9 - 5.2 (m, W} ca. 20 Hz.,
AcOCH), 5.6 - 5.9 (m, Wk ca. 10 Hz., OCH), 8.02 (s, AcO), and

9,20 (s, 18-Me), hydroxy-acetate (I[5¢]){153mg.), and mixture

(470 mg.) which, after further t,l.c. [elution with ethyl acetate],

gave 6B—acetoxy~9a,lo-epoxy—S-Engoximino-l9—nor-5ﬁ,10a~cholestan-

301 (IV [3]) (43mg.) m.p. 198-199° (from chloroform-hexane ),
[a]D + 44 (c, 1.4),\/max. 1780 (¢ ='0I)I, ang 3600-3100 (broad,
—om)en.”t, T (0e1,) 2,35 (5, syn= € = N ), 4.8 ~ 5.2 (m,

AcOCH), 5.7 - 6.0 (m, OCH), B.02 (s, Aco); and 9.22 (s, 18-Me)

(see Discussion for mass spectrum) {Found: C, 71.16; H, 9.61

029H4705N requires C, TL.13; H, 9.68), and 6B-acetoxy=-9a,10-

epoxy-5-anti-oximino~19-nor-58,10u~-cholestan—>3p-ol (IV{4])

(110mg. ) m.p._100° (amorphous solid)}, [a%j 36.6° (C, 1.9),

V. 175 (C = 0), 3600-3300 and 3650 (08) em.”t, T 2.8

max
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H
(s, C = N.o)s Bk = 4.9 (m, AcOCH), 5.6 = 6.1 (m, 0CH),

87.92 (Ac0), and 9.3 (s, 18-Me) (see Discussion for mass spectrum).
Acetylation of {IV[2a]){64mg.), with acetic anhydride in

pyridine gave (IV{2b1)(60mg.) as a gum, [ak)+-37°(c, 1.2),

oy, 1650 (0-N = 0), and 1750 (C = 0) em™t, T 1.6 -

5.5 (m, OCH), 5.15 (q. 5 ca. 12 Hz. 0CH,), 8.00 and 8.05

(0Ac), and 9.22 (s, 18-Me) (Fownd: G, 69.9;)H, 9.14.

€y HygOg requires ¢, 70.02; H, 9.29%) (see Discﬁssidq for mass

spectrum).

68, %g £ -diacetoxy-9a,l0~epoxy-3a, 5~-me thano~4-oxa-A-~homo-

19-nor-50,10a-cholestane (IV{6}). ~Solution of steroid-syn-

laxiﬁé.(IV[j]) (50mg.) in acetic acid (5 ml.) was treated with
sodiﬁm nitrite (60 mg.) in acetic acid'(5 ml.)} at 5°C.

After lO‘min%”‘the reaction mixture was poured into water,
extracted with ethef and ethereal layer dried; Reméval of
solvent gave a gum which, after t.l.c. [elution benzene-ethyl

acetate (3:1)], zave the hemi-acetal acetate (IV{6])(16mg.),

V. 1750 (C = 0)em.™t, "V 3.88 (s, 0-CH-0), 5.2 - 5.5
(m, AcOCH,OCH), 8.12 (s, AcO), and 9.25 (s, 18-Me) (see
Discussion for mass spectrum},

Oxidation of the Ether (II[5]):~ A solution of chromic oxide .

(1g.) in water (0.3ml.) and acetic acid {#ml.) was added to a
solution of the ether (II[5]) (lg.)in acetic acid (4 ml.).

The mixture.was stored at room temperature for 2 hr. and was
then poured into water and extracted thoroughly with ether.

The other extracts were washed free of acid with sodium h&drogen

carbonate solution, and were then washed with water. They were
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finally dried. Removal of the solvent gave a crude product
which, after t.l.c. [elution (x4) with benzene-sthyl acetate

{5:1)], gave 6B-acetoxy-9ua,l0-epoxy=-38,5-0xacthano-19-nor-58,

10a~cholestan-1l-one (V[la]){420mg.), m.p, 122-126° (from

aqueous methanol), [«] . 10° (c, 1;0),\7max (xBr) 1710 and
1740 {C = 0) cm.-l, T 5.0 - _5.3 (m, W ca. 13 Hz.,AcOCH),

5.6 - 5.8 (m, W3 ca. 10 Hz., OCH), 6.2 (q. ca. T.9 Hz.,

OCH2), 7.15 (4, J ca, 12 Hz., 128-H), 8.0 (s, AcO), 9.13 (4, side-
chain), and 9.22 (s, 18-Me) (see Discussion for mass spectrum)
(Found: C, T3.7; H, 9.45, .029H1¥405 requires C, 73.7: H, 9.1%),
68-acetoxy-88,9-epoxy-38,5-0xaethano-19-nor-58, 98 ,10a~-cholestan~

1l-one (V[2a])}(1lTmg.) 2 gum,'\?mm 1720 and 1750 (€ = O)cm.-l,

T 1.5 - 4.8 (m, WA ca. 15 Hz., AcOCH), 5.4 - 5.7 (m, W& ca,
10 Hz., OCH), 6.0% (s, OCHEJ, 8.0 (s, AcO), 9.02 (s, 18-Me),
and 9,12 (d, side-chain) {see Discussion for mass spectrum),

6B-acetoxy~38,5-oxaethano-19-nor-58-cholest-8(9 J-en-1l-cne (V[3})

(96mg. } m.p. 145-146.,5° (from aqueous acetone), {a]D + 3.6°

(¢, 1.0),V___  (mll) 1650 (C = ), 1690 and 1750 (C = 0)
cm.-l,'t 5,0 - 5.25 (m, W% ca. 10 Hz., AcOCH), 5.5 - 5.8

{m, W& ca. 11 Hz., OCH), 6.26 (q. ca, 8.6 Hz., OCHQ),

JAB
7.26 (a4, J ca, 14 Hz., 12p-H), 8.0L (s, AcO), 9.12 (4, side-chain),
and 9.26 (s, 18-Me) (see Discussion for mass spectrum and u.v.
results), and amorphous volar fraction (400 mg.) I

(mull) 1750 (broad, C = 0) and 3500 (broad -0H), ¥ 5.0 = 5.2

(m, AcOCH), 5.5 - 5.9 (m, -0-CH, and OCH,), 6.7, 6.9, T.0

and 7.2 (S4 ? ), 8.0 (s, Ac0), and 9.28 (s,18-Me).



Hydrolysis of (V[ial),(v[2a]) and polar fraction. - Solution

of steroid in 1% aqueous methanolic potassium hydroxide was
‘heated under reflux for 15 min., then poured into water, and
extracted with ether.' The ethereal 1ayef was separated,
dried and evaporated.

The a-epoxy-acetate (V[1la])}{100 mg.) gave 9a,l0-epoxy-

38 ,H-oxaethano-19-nor-58,100-cholestan-ll-one-68-01 (V[1ih])

(9318, ), m.p. 119,5 - 121°(£rom agueous methanol), fOF]D + 12°

(©, 0.3), WV 1720 (C = 0), and 3530 (0H) em,™, ‘T (cDCL,)

max .
5‘4 - 5'65 (ml OCH)’ 5'85 (q, JAB ca, 8.6 Hz., OCHE), 6-3 -
6.6 {m, OCH), 6.9% (d, J ca. 12 Hz., 128-H), 9.12 (4, side-
chain), and 9.19 (s, 18-Me) (Pound: ¢, 75.2; H, 10,2,
027H4201+ requires C, 75.3; H, 9.85%)., Polar fraction (300 mg.)
gave an amorphous solid (198 mg.) which, after t.l.c. [elution

' fhe
(x3) benzene-ethyl acetate (1:3)], gave|triol¢II{7])(25 mg.) an
amorphous solid [a]D + 1.8%(c, 0.2), \’max 3500 (broad =OH)
JAB ca. 8 Hz., OCHQ), 5.6 = 6,0 {m,
OCH), and 9.28 (s, 18-Me) (see Discussion for mass spectrum)

cm.-ls -LI (CDC15) 5.7 (q-

(Found: €, T4.5; H, 10.9. C..H requires C, Th.6; H, 10.67%).
o760

The B-epoxy-acetate (V[2a])(100mg.) gave 8,9-seco-6E€ -

methoxy=-3p, 5-oxae thano-19-nor-58,10a,14% -cholestan-8,11-dione

(vi[721)(83mg.) m.p. 117.5 =~ 119.5° (from aqueous methanol )
Ve, (KBF) 1712 (C = oYem. ™, ¥ 5.27 = 5.5 (m, 20CH), 6.63
(a, J,p @« 7.6 Hz., OCH,), 6.06 (s,-OMe), and 9.3L (s, 18-Me)
(see Discussion for mass spectrum) (Found: C, T5.42; H,

10,39, ChgHyc0, requires C, 75.29; H, 10.38%).
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Ethers (v{#a}]), (V[4bl), (vI5b]) and (VI6b]). ~ A solution of

the ether (II[5]) (250mg.) in acetic acid (30ml.) was shaken,
at room temperature, with perchloric acid (2 drops, 60%
aqueous solution) and platinum oxide (250 mg.), in an
atmosphere of hydrogen for 2 days. The solution was filtered,

diluted with ether, washed free of acid (NaHCO and dried.

5,
The mixture, obtained by removal of the solvent, gave, afier
t.1l.c. [elution (x2) with benzene~ethyl acetate (10:1)],
68-acetoxy-38,5-0xaethano-19~nor-58,98-cholestane (V[4a)}
(9lmg.), a gum, [o] - 2.9° (€, 1.0), .~ (mull) 1745 (C = 0)

cm.'l,‘fs.ls - 5.4 (m, W ca. SHz., AcOCH), 5.6 - 5.9 (m, Wi

ca. 12Hz., OCH), 6.42 (q;,'JAB

9.13 (d, side-chain), and 9.72 (s, 18-Me) {Fourd: C, 78.55;

ca. 7.9 Hz,, OCHE), 8.0% (s, AcO),

H, 10.65. 029H4803 requires C, 78.3; H, 10.9%), and a mixture
of ether (V{5a]}(and (V16a])(108mg.). Hydrolysis of the mixture
in 1% methanolic potassium hydroxide, and further t.l.c.

[elution (x5) with benzene-ethyl acetate (3:1)], gave

38, 5-oxae thano-19-nor-58 ,10a-cholest~6p-ol (V[5b])(27mg. ),

- T7° (C, 0.4),

M.De 162-163o (from aqueous methanol), {a]b
\)nmx.(mull) 3400(0H ) em.-l,’tf 5.65 - 5.95 (m, W5 ca., 12 Hz.,
OCH), 5.95 - 6.4 (m, OCH and OCHE), 9.13 (d, side-chain), and
9.34 (s, 18-Me) (Found: C, 80.5; H, 11.45. Cotly g0, Tequires

C; 80.55; H, 11.5%), and 38,5~-oxaethano-19-nor~58,98,100~

cholestan-6p-01 (V[6b]) (3img.), m.p. 139-140° (from aqueous

-1
methanol), [l - 3.0 (c, o.8),\)_max_ (mull) 3420 (OH) em.”™,

“C 5.65 = 5.95 {m, W} ca. 12 Hz., OCH), 6.05 = 6.45 (m, OCH and

k.



OCHE), 9.13% (d, side-chain), and 9.33 (s, 18-Me) (Found:

¢, 80.6; H, 11.35, 027}14602 requires C, 80.55; H, 11.55%).

Hydrolysis of the ether (V[4a]) in 1% aqueocus methanclic

potassium hydroxide gave 3f,5-oxaethano-l0-nor-58,98~cholestan-

6p-01 (V[4b]), m.p. 128-130° (from agueous methanol), {cx]DO0

(c, J..O),\')muc (mul1l) 3400 (0H) em. L, T 5.6 - 5.9 (m, W3

ca, 12 Hz., OCH), 5.9 - 6.5 (m, OCH and OCHE)s 9.13 (4, side~

chain), and 9.%0 (s, 18-Me) (Found:C, 80.65; H, 11.7.

02?H4602 requires C, 80.55; H, 11.5%).
Ketones (V{4c]), (V[5¢])} and (VI6e]).~ A solution of Jones

reagent {0.5 ml.) was added to a stirred solution of Analar

acetone (10 ml./100 mg. of alechol) at room temperature, After

+10 min. +the solution was poured into water, extracted with ether,

washed free of acid (NaHCOB), and dried. Removal of solvent

gave the ketone which was crystalllsed from agueous methanol.

The ether (V[#b])(j?mg.) gave 3B,5-oxaethano-19-nor-

58,98-cholestan-6-one (V[4e]) (20 mg.), m.p. 100-102° [Oﬁ}D -3

{c, o.a),Vmax (KC1) 1720 (C = 0) ca." T 5.6 - 5.9 (m,0CH),

C, 80.75; H, 11.32. 027H4402requires c, 80.95;: H, 11.1%).

The ether

{(v[5b])(250 mg.) gave 3B,5~oxaethano-19-nor-58,100-

cholestan-6-one {V{5c]){150mg.), m.p. 125-126°, [a] D" 0’
(¢, 1.0}, V__ (€Br) 1726 (C = 0) cm,™, T 5.4 = 5.7 (m, OCH),

6.07 {q, JﬁB ca. 8 Hz., OCHé), and 9.33 (s, 18-Me) (Found:

¢, 80.7; H, 11.4. 027H4402requires ¢, 80.95; H, 11.1%),

42,
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The ether (V[6b])(80 mg.)} gave 38,5-oxaethanc-19-nor-

58,98,10a-cholestan-6-one (V[6e]}(69 mg,), m.p. 105-106° (froi

methanol), [al, + 5.3°(C, 1.5), V g, (mu11) 1720 (C = 0)
cmi.-l’ ,‘f 5-5 - 5‘8 (m.l OC-H)’ 6'35 (qt’ JAB ca. 8HZ-3 00}12))
and 9.3 (s, 18-Me) (Found: C, 80.65; H, 1l.1. CETHMOE
requires C, 80.95; H, 11,1%).

The Diacetate (VIT[1]) and Triatetates (VII[2}) and (VII[31}.-

Borontrifluoride-ether (0.1 ml.) was added to a solution of
(v{6b] )(130mg.) in acetic anhydride (27) (8ml.) at room
temperature. After 1 hr. the solution was poured into lee,
set aside for 15 min., and extracted with ether, The ether
extracts were washed free of acld (NaHCOE) and dried. The
product, obtained by removal of the solvent, after t.l.c.
[elution with benzene-ethylacetate (3:1)} save 6B-acetoxy-

~5-acetoxymethyl-19-nor-58,98,10a-cholest-2-ene (VIT[1])(50mg. )

as a gum, [aly + 28°(C, 0.8),V . (cHCL,) 1735 (C = 0)
em.'l, "L’ 4,3 (s, 2 = CH), 5.0 ~ 5.4 (m, AcOCH), 5.67 {(q, I\B
ca, 12 Hz., CHéOAc), 8.04 (s, 24c0)}, 9.13 (d, side-chain},

and 9.31 (s, 18-Me) (see Discussion for mass spectrum){Found:

C, 76.25; H, 104, Cyli

a mixture of triacetates (VII[2]) and (VII{3])(63 mz.) (éee

04 requires C, 76,5; H, 10.357), and

Discussion for mass spectrum). Further t.i.c. felution (x#)

with benzene-ethylacetate (10:1)], gave S5-acetoxymethyl-3a,6p-

diacetoxy-19-nor-58,9B,10a-cholestane (VII[2]}(30mg.), m.p.

102-3° (from aqueous methanol.), [a]D + 57%e, 0.6),"7f 5.0 = 5.6

(m, 2AcOCH), 5.68 (q., Jypg Ca- 13 Hz., CHQOAO), 7.96 (s, Ac0),

43,




8.0% (s, 2Ac0), 9.10 (d, side chain), and 9.30 (s, 18-Me) (Frund:
¢, 72.15; H, 9.9. 033H54°6 requires C, 72.5; H, 9.953), and

S~acetoxyme thyl-jé, 6B8-dlacetoxy-19-nor-58,98,106-cholestane (VIZ

[31)(10 mg.), m.p. 125—60 (from methanol)}, T 4.8 - 5.1 {m,
W3 ca. 9 Hz., AcOCH), 5.1 - 5.6 (m, AcOCH), 5.62 (q., I éa,,
13 Hz., CHQOAG), 7.97 (5, AcO) 8,03 (s, AcO), 8.08 (s, AcO),
9,14 {d, side-chaln), and 9.33 (s, 18-Me)(see Discussion for mazs

spectrum).

Oxidation of the Ether (V[%a]) and the Ketone {5c]) with Chromic Acid.-

A solution of chromie oxide (100 mg.)} in water (0.3 ml.) and acetic
acid (5 ml,) was addedl to a solution of the steroid (100 mg.) in
acetic acid (5 ml.). The mixture was heated on a boiling water-
bath for 2 hr. and‘was‘then poured into water, and extracted

with ether., The extracts were washed with sodium hydrogen carbonate
{(v[4a]) or sodium hydroxide (V[5¢]) solution and were then dried.
Removal of the solvent gave the crude product which was purified

by t.l.c. [elution with benzene-ethylacetate (3:1)].

The ether (Vtha]) gave SB-acetoxy-3a,5-methano-4-oxa-phomo=

19-nor-5a,9f-cholestan-4a —one (vit {4])(24mg.) m.p. 191-192, [dlD

+10° (¢, 0.8), V _ (KG1) 1750 and 1775 (C = 0) em."t, T 4.8-

max
4.95 (m, AcOCH), 5.1 - 5.4 (m, OCH), 7.82 (s, Ac0), 9.13 (d, side-
chain), and 9.28 (s, 18-Me) (see Discussion for mass spectrum)

(Found: C, T5.55; H, 10.2. CQQH#GOA requires C, 75.95; H, 10.1%),

and starting material (V[4a]) (10 mz.).

Ly,




The ketone (V¥{5¢]) gave 3u,5~methano-%-oxa-A-homo-19-nor-5a,l0a-

cholesta-4a,6-dione (VII[5])(10 mg.}, m.p. 194-1960,\<nax (Ko

1720 and 1765 {C = 0) cm.f} {see Discussion for mass spectrum)
(Found: C, '78.00; H, 10.5. 027H4203 requires C, T78.20; H, 10.2%).

5a,10a-— -cholestan-6-one-3f-o0l (VII[6]) (5 mg.), a gum, T 5.5 -

6.1 {m, OCH), 9.1 (4, side-chain), and 9.3 (s, 18-Me) (sece
Discussion for mass spectrum), and starting material (v{5c})
(20 me. ).

Photolysis of nitrite ester 1[6e}:- The hydroxy-acetate (1{6c])}

on itreatment with nitrosyl chloride in pyride gave the nitrite ester
(1{6e]1). FPhotolysis of the nitrite ester (1{6e])(500 mg.} as
previously described for {(1[4e]) gave an oil. Preparati#e t.1l.c,
[elution with benzene-ethylacetate (3:1)}, gave the keto-acetate
(xv[2a] (50 mg.)lalyr 19° (e, 1.0)2s a gum,™Y 1720 and 1740
(C=0)cm._l,‘tf 5.3-5.6 (q, J apparent 10 and 5 Hz., AcOCH), 8.05

(s, AcO), 8.9 (s, 5-Me), 9.10 and 9.20 (4, side-chain, 18-Me),

starting material (1[6c])(90 mg.), and 6B~acetoxy-9B s10-epoxy~5-

oximino~19-nor-58, 9p~cholestan—~3p-oL (IV[3 or ¥al)(50mg.), a gum,

laly+ 204° (e, 0.6), T 2.50 (s,CH=N-0), 5.1-5.6 (m, AcOCH), 5.8-6.1
(m,0CH), 8.05 (s,Ac0) 9.1 and 9.2 (d,side-chain and 18-Me) (see Dis~
cussion for mass spectrum).

Deoximation of (IVI3/4a])(35 mg.) with nitrous acld, & before,
gave, after t.l.c.[elution with benzene-ethylacetate (3:1)],68,%a -
-diacetoxy-98,10-e poxy-3a,5-me thano-4-oxa+A-homo-19-nor-5a,9p-cholest-

ane (TV[€a])(15 me.) & &um,V,,, 1750 (C=0)em.™,TU'3.18 (s,00H0),

5.1-5.35 (m,AcOCH), 5.35-5.6 (m,0CH), 8.1 (=,2 OAc),9.08 and 9.18

(d,side-chain and 18-Me) (see Discussion for mass spectrum).

45.



Mass Spectral Data

Comp« Base Peak Molecular ion Other lons Meta stable peaks
m/e Formula /e Formula Relat- m/e Formula Relat-m/e  transition
{calculated (caleulated ive (calculated 1ve
mass ) mass ) Abund- mass ) Abund-
I ance
(%) (%)
II{tal 43 WiH, 350N CpiygOs b 429 10 414 hhkh-kg
(444 ,3603) 584 4 247 44hl333
‘ 331 34 331 Lhiaz8L
271 18 222 331-2Th
25% 7 236 271-253
1Ir{la} 398 £58,3403 (::293,4601l 16 415 : 10.9 346 458-398 .
(458.3396) 383 2 376 458-815 2
368 1 368  398-383
343 15.2 3lo  398-368
205  398-343
314 24 o248 398-314
v[2tr/5b] 43 517.3515 CyH,o0g 38.3 4ok, SL7-457
(517.3528) o
457.3207 029}14504 30 45 57-397
‘ (457.3307)
597-3}?9 __CQTF{MOE 44
. B ' o (397.3105)




Mass Spectral Data (continued)
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Comp. Base Peak : Molecular ion Other ions Meta stable peaks
m/e  Formula m/e Formula Rela- m/e Formula - Rela- m/e transition
(calculated (calculated tive (caleulated  tive
| mass) mass ) Abund- mass ) Abund-
‘ ance ance
(%) (%)
i.8 2 8o 4 489-472
wi3] 43 489 1% 3 3 AR
: 412 40 376 489-430
Loz 16,4 366 402-384
384 14,5 198 384-276
289 3.6
276 5.5
Iv[4] 402. C H © 4189.3463 029H47N05 8.5 472,3420 C_H _NO 4.6 455 48g-472
. 46" -
A (489.345%) 4303311 52?2;%3% 12,3 350 A72-412
12 0(4%,_332% 5.8 376 489-430
2936 .
384 ,2824 (5%4?2817) 55.5 368 402-384
289.2527 i 7.7 % 400089
(2%9.2531) 198
276,2453 019H320 21.5 Z84-276
(276.2553)
w6l 43 | 516.3461 Cs18180% 50 473 14,3 434 516-473

(516.3451) 45T : ' 50 405  516-457




Mass Spectral Data (contirmed)

Comp. Base Peak Molecuwlar lon Other ions Meta stable peaks

43,

m/e Formula /e Formula Rela- m/e Formula Rela- m/e transition
{calculated (caleulated tive (calculated tive
mass ) ‘ mass ) Abund - mass ) Abund-
: ance ance
| (%) ®
ITI{5b] 364 | 4ah 3527 CogllinOp %7 212.5 h42h-364
(ngh.jjul)
257 11.8 173  36k-251
TIT[6b] 24,3336 CpgynOn  ugn senn Caflugly 2.8 36 88 312.5 bLoli-364
hok, 3341 4B, 3552
v[la]  472.318% CyH, )0, 472 Cogllyi0s 100 430.3084 C,H,0, 92 391  A472-4%0
(472.3189) k13 (420.,2082) 20 359.6 A4T2-412
412 3 25 26 4722353
353 - 36
iz 264,24 H_ O 472,304 2 4 ) .8
= > ((22432453)' o fﬁg{zhggm 9 4;2 3059 Coria® :8 Lk B72-415
) ) 15 (4 L 5055) 6.9




Mass'Spectral Data {continued) .

Comp. 3ase Pese s Wolseular ion Other ions : Meta stable peaks
m/e Tormila m/e Formula Relz- m/e Formula Rela- m/e - transition
(calculated (calculatzd tive {caleculated tive
mass ) . mass) . Abund- ma.ss ) Abund -
. ance - ance
(%) (%)
V{3l  456.3231 o0y yse Cogyi®y 100 59 C,pgfizg 4 BA5.9 H56-396
(465.3239) 366.2919 (3667 0003) 49 29%.8 456-266
353 27 2733 456-353
viz{7] 151 ¥34.3399 C_ H, 0, 30.8 416 46 362.8 398-380
a7 46 0.8 380.6 416-398
(434.3396) 398
350 23 08,7 U434-416
264 45 B
160.6 434264
vI{7a] 414.3137 Cagilya0s 46,3365 C,gHyc0, 18 386 12 359.9 414.386
(414,3134) (446,3396) 356 c H o E 328.3 386-356
278.2596 “19 3k e
(278.2609)

263 16
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Mass Spectral Data {continued}

Comp. Base Peak Molecular F%g%ula Rela- Other ions Meta stable peak
: m/e Formula m/e (caleulated tive m/e Formula Rela- m/e transition
(calculated ) Abund- (calculated tive : .
mass) mass ance mass ) Abund- -
(%) ance
(%)
vIT{1] 366 486 0.05 426 61 396.5 426-411
; 411 4.3 357.4  366-351
%%ﬁ 2,1 k5 426-366
351 11 292.5 426-353
vIi[a] 426 546 0.33 486 28. 373.4  4B86-426
47 0.67 337.4 366-351
n3 3.9 4.5 L426-366
384 14
366 75 30L.7 #13-353
353 45 292.5 426-353
vii[z] 43 486.3699 CxHen0y 31 375,04 486-426
71 186 0.57 337.4 366-351
426 (486.3709) 69"  314.5 126-366
384 8.9 202.5 U426-353
366 85
353 48
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Mass Spectral Data (continued)

Comp. Base: Peak Molecular ion Rela- Other ions Rela~ Meta stable peak
m/e Formula  m/e Formula tive m/e Formula tive m/e transition
{caleulated (caleculated Abund- (caleulated Abund-
mass ) mass ) ance mass ) ance
(%) %)
viz[4] ws 458.3395 029H4604 19 398 78 375.9  458-415
(458.3396) 270 2k 345.5  458-398
354 50 '
43 TL
vii{sl 14 ny 100 396 10 318.8  414-396
270 .6 323.9 359-341
359 83 '
341 7
VII [6] 125.0603 C,TH902 388.3336 Cogyy0p 7 370 23 352 388-370
[125,0603] (%88.3341 215 16
very
VI>/4e] 28 #89. 34 weak e PRT Cpgly O 535 360 (a72-h2)
e (472.34%20) 27 ?
wiéa] 43 - 516 2.6 573 - 0.8 403 516-456
456 4.3 345 456-397
397 2.5




Section 2

A Study of Westiphalen type and related rearrangements
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Introductions:~

An unsaturated diol diacetate was obtained by Westphalen
(37a,392) while attempting to enforce acetylation of the
tertiary alechol of cholestane-38,5a,6B-triol-3,6-diacetate,

(590) in the late 30's, showed that Wagner-

Petrow et al.
Meerwein rearrangement of the C({19)-methyl group from C-10
to C-5 had taken place. Further studies in the ecarly 50's

led to the formulation of the diol diacetate as [l](j9c)

Cafl7

OAc

Chemical evidence for the f-configuration of the H-methyl
(11)

group in this structure has recently been published,.
The Westphalen rearrangement is now common to a wide
variety of HSa-hydroxy-steroids possessing electro-negative

6p-substituents, but the introduction of other substituents

!
at C-6 i.e. electronegative 6&,(403) 66-methy1( Ob) or

(40ec)

6-keto result in acetylation and/or simple dehydration.

The rearrangement is usually carried out in acetic anhydride~
acetic acid containing sulphuric acld or potassium hydrogen
sulphate as the only effective acld catalyst for promoting
rearrangement. Attempted rearrangement using other catalyst
of varied acidity glves only acetylation of the Sa-hydroxy

(41)

Z1roup.
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Kinetic data compiled by Xirk et al.(ql) showed a first
order dependance of reaction rate upon the concentration of
each species, i.e. sulphuric acid, steroid and acetic
anhydride. The apparent specific role of sulphuric acid as
catalyst was indicated by the isolation of cholesteryl
hydrogen sulphate (75%)(42) on treatment of cholesterol
under Westphalen conditions. Analysis of the kinetic data
excludes the possible protonation mechanism followed by
loss of water and migration of the C(l9)—metﬁyl group, this
being confirmed by the inertness of Ha-methoxyl derivative
(41) under Westphalen conditions. The dependance of
reaction rate upon the concentration of acetic anhydride
was interpreted as involving the formation of a S-acetyl
sulphate which would be a better leaving group than
5-hydrogen sulphate.(ue)

The route suggested which 1s consistent with the
available data involves (a) rapid sulphonation glving
the hydrogen sulphate [%] (b) acetylation giving the
Sa-acetyl sulphate [4] (¢) rate-determining loss of acetyl
sulphate giving rise to the C(Skearbonium ion [5] followed by
migration of the C(19)-methyl group (see scheme).

The function of a 6B-substituent in the rearrangement
has been rationalised in terms of steric compression arising

from its 1,3-diaxial interaction with the C(19)-methyl group

directing the fate of the carbonium ion intermediate [5].
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Kirk et al.(ul) have suggested that in addition to steric
compression the electronegativity (~I) of the Gﬁu
substituent-could=have an equal or even greater influence
upon the reaction path.

If the above account of the specific need for a Of~
substituent is valld one would predict that the analogous
Sa-hydroxy steroid possessing a 4B-electronegative group
would undergo rearrangement. This was found to be 50 by

(43)

~ Summers et al. who reported the rearrangement of
4g,7R-dincetoxy cholestan-5a-ol [9] giving 4B-acetoxy-
SB—methquC?»compound[lO] (66%) under Westphalen conditions.
(44 )

Hartshorn et al. in a recent publication also found that
the UB-acetoxy-Sa-oxygenated steroid [11] rearranged under
Westphalen conditions, It 1s of Interest to note that in

the absence of an electronegative substituent in the B ring
an increased yileld of partlal or complete backbone rearranged
products was obtalned. This was considered to be due to

the greater ease with which the 8-9 hydride shift to form

a C(8)transient carbonium ion could ocecur.

If the rearrangement, as suggested in the above account
proceeds via a carbonium intermediate one might expect some
rearrangement to occur with the 5@-hydroxy steroid [i12].
This is not so as BB-hydroxy steroid {12] is reported(45)
to glve only 36,6B-diac¢toxy cholest-4uene and 3p-acetoxy-

5a-cholestan—gione under Westphalen conditions. This

could be due to retention of configuration of the carbonium
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ion [7] by being associated with the departing acetyl
sulphate anion as an ion pair while migration occurs, or

it could also be interpreted as indlcating the inter-
ventlon of the migrating methyl group in the rate
determining fission of £he ¢(5)-0 bord {8} (synchronous
reaction). Available data does not allow one to distinguish
between the two altermatives. The possiblliity of
participation by the C(19)-methyl group glving rise to
anchimeric assistance and/or steric acceleration(AY?
has to date received little attention and warrants
investigation so that the nature of the rate-determining
step can be 'glarified. It 1s of interest to note that

Snatzke(q6b)

has suggested the possible intermediacy of

a2 non-classical ion. |
Westphalen-type rearrangements have been successfully

carried out with other HBa-substituted steroids. Snatzke

(46a) found that nitrous acid deamination of Sa=-amino-

steroids possessigg-electronegative 68-substituents gave

Westphalen rearranged products. Also deamination of the Ba-

amino-6-keto-steroid [13] gave, surprisingly, the

Westphalen-6-ketone [14]. This has been attributed to

the ability of the diazonium ion formed to fragment to

the required carbonium ilon with a low activation energy

(52)

by the loss of a molecule of niltrogen.
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A related reaction of interest discovered by Snatzke
(46b) is the rearrangement of the 3,5,6-triacetate[15].
Under Westphalen conditions [15] gave only starting material
but undér foreing conditions the triacetate gave the Vest-
phalen diacetate {1] and a rearranged product identified
by Kirk et al.(48) as the 13,17-olefin [16], The
latter olefin 1s probably formed by stereospecific
Wagner-Meerwain shifts of methyl and hydride groups at
all ring Junection positions. Similar backbone rearranged
products were also formed on isomerisation.of cholest~

(49a) and 3o/B-amino-5-pregnenc~

4-ene, cholest-5-ene,
20-ones(50) with acid. A backbone type rearranged
product is also obtained {in part) on treatment of some
5,6a-epoxides with Lewis acids., The rearrangement of
epoxides are ususlly complicated and a comprehensive

(49b)

account by Kirkland Hartshorn surveys the numercus
reaction paths open to epoxides on treatment with Iewis
aclids. All the above rsactions nominally proceed via

a C-5 carbonium lon and it is not yet understood why under
certain reaction conditions the rearrangement terminates
at the 9,10-position while other conditions favour a
complete and/or paftial backbone rearrangement. The natuire
of the solvent medium and reagents in conjunction with

the relief of conformational strain(49a)

od wm{’\ﬁ‘“”d,
going to a backboneLmay well play an important role in

experlenced in

57,




deciding the nature of the producits obtained.

The Westphalen rearrangement of Ba-hydroxy steroids
with varying substituents at C-%, C-6 and C-10 and the acid
catalysed dehydration of 9-and 1l0-hydroxy-sterolds are
here investigated in an attempt to clarify the detailed
mechanisms involved, Deamination of a Baw-amino steroid
under aprotic conditions 1s also studied in order to
determine the effect of solvent change upon the fate of

the G( 5)-carbonium ion.
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Digcuszsion,-

Snatzke and Véithen(46a) reported that deamination
of 3B,6p-diacetoxy-5a-aminocholestane (1[3c]) in aqueous
acetic acid and dioxan gave the Westphalen diol diacetate
(L05]) (b6t o AL E8mer (LI61) (50%) ama the £
isomer (TI[11){90%). This product distribution is
similar to that obtained from Westphalen rearrangement
of Su~hydroxy-sterolds (see introduction).

The attempted preparation of Swa-azldo-3,3-ethylene-
dioxycholestan-6f-0l from the f-epoxide (1{lel) proved
unsuceesstul, Epoxidation of 3,3—ethylenedioxycholestan-
Reente with monoperphthalic dcid in ether as described

in the literature(sl)

gave a mixture of the w- and S
epoxides. Column chromatography of the mixture gave the
B-epoxide (1[lc}) (60%) and the a-epoxide (1L[lc]) (307%)
The epoxides are assigned the ¢« and B-configuration on
the basis of the lH n.m.r. spectra as the melting points
observed did not agree with those gquoted in the literature.(sl)
The deshielding of the 10-methyl observed in going from
5B,6B-epoxide to the Sa, &wepoxide is analogous to the de-
shielding observed by Cross(ls) for simllar 5,6-epoxides.
The B-epoxide (1[lel) on treatment with sodium azide
and sulphuric acid in dimethyl sulphoxide gave only
unchanged starting material whilst the corresponding
a-epoxide (1{le}) under the same conditions gave a

quantitative conversion to the azide (1[2]). Resistance
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of the B-epoxide (1{1le]) to nucleophilie attack giving
diequatorial substituents has been reported by other
workers,(52) this resiétance arising from the inter-
action between the incoming nucleophile.- and the bulky
3,5=ethylene dioxy-group at the a-face of the steroid
molecule.

The amine (1[3c]) was prepared via the azide (1[3a})
by the method of Ponsold.(53)' Reaction of the epoxide
(1[la])(54) with sodium azide and.sulphuric acid in
dimethyl sulphoxide gave the azide (1{3al), the isomeric
compound (1[4b]) and some starting material (1[1a}l).

The mixture on colum chromatography gave (1L[3al)
contaminated with the hydrolysed compound (1[#b]), and
(1[4a]) contaminated with B-epoxide (L[lal)., Purification
of {1[3a]) was effected by preparative thin layer chroma-
tography and this on acetylation gave the azide (1[3bl).
Reduction of (1[3b]) with hydrazine hydrate and Raney nickel
gave the amine (1[3c]). The isomer (L[%a]), which was
detected by Snatzke(aea) but not by Ponsold,(53) was
subsequently obtained by way of the diol (L[{4bl). The
mixture of (1[4a)) and B-epoxide (1[la]) was hydrolysed and
chromatographed to give (L[4b]) and the B-epoxide (1{1b]).
Acetylation of (L[4b}) gmave the azide (1{%a]).

The hydrochloride of (1[3c]), in acetic acid, gave,
on treatment with a satu;ated sodium nitrite solﬁtion, a
product distribution identical to that obtained by

(46a.)

Snatzke.
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The hydrochloride of (1[3¢])), in chloroform, gave,
on treatment with an excess of 3-methylbutylnitrite, and
after preparative t.l.c., the Westphalen diol diacétate
(L[5]1)(40%) and essentially pure éb}(lo)~isomer (1[6])
(47%). The 1H n.m.r. spectrum of the latter suggested that
it was contaminated wilth a little of thelﬁkﬁ-isomer
(11{11) ( < 10%), but one crystallisation from aqueous
methanol gave pﬁre ¢:>l(10)-1somer (1[6}).(46b)

It appears that the change from protic to aprotiec
conditions results in an increased Hofmann versus
Saytzeff control in the deamination., Since the;ﬁhl-isomer
(1{61) gives no detectable quantities of the Z)?(lo)-isomer
(1[5]) on standing in aqueous acetic acid for two hours,
it seems unlikely that (1L{6]) is first formed under
protic conditions and then equilibrates to (L[5]).
A possible explanation lies in the different size of the
basie species(55) attacking the C(10)-carbonium ion,
presumably an intermediate in both rsactions. The removal
of a proton from C-1 and C-9 by a water molecule is probably
equally easy and under agueous conditions the expected(56)
Saytzeff elimination occurs. However, in the aprotic reaction,
the base is probably J-methylbutylnitrite and this will be
more ster;cally demanding than water. The C-9 proton of a
C(10)-carbonium ion intermediate appears, from inspection

of models, to be subject to 1,3-diaxial interactions with

hydrogen atoms at position 12, 14 and possibly 7, while the
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proton at C-1 appears to be relatively unhindered.
Consequently increased attack at C-l and formation
of more of the Hofmann product (L{6]) than in the

reaction under protic conditlons would be anticlpated.

It is noteworthy that ‘backbone rearranged’(Eu) products

were not detected.

The indicated stereochemistry of the azide (i[ha]) was
assumed'by Snatzke and Veithen (46a) by analogy with ﬁhe
reported diequatorial opening (in part) of the B-e poxide
(1[1al) with 1ithium aluminium hydride GT) e L4 numr.
data for the diol (1[4b]) and azide (1[4a]) confirm this
stereOchemistry which 1s alsc consistent with the results
of the deamination of the corresponding amine (1{4ec})
deseribed below. In the Iy n.mr. spectra of (1{4al)and (1[4v])
the C=3 methine proton signal, at U 5.8 and 4.8 respeatively,
has a half~height band width of T-é Hz., which confirms 1its
equatorial conformation and that the A/B ring junction is
cis, The C-6 methine proton in (1[4b]) and (1L[4a]) is
axial, since the signal at- T 6.4 has a half-height band
width of ca. 20 Hz.,. Reduetion of the dihydroxy-azide
(1[4b}) with hydrazine hydrate and Raney nickel gave the
amine (1{lcl), and deamination of this in aqueous acetic
acid gave the anticipated A-homo-B-norketol (1l{2al]).

The ketol is assigned the c¢is-A/B-ring junction since
it gives a positive c.d. curve and 1s closely analogous
to the ketone (11{3b]) which gives a positive cotton

effeot.(SB) The migration of the C(5)-C{10) bond in
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the deaminatlion is foreseeable, since it has the requlred

antiperiplanar conformation with the departing equatorial

diazonium group.(59) Oxidation of (11{22]) with Jones

reagent (33) gave the f~diketone (11{2bl) wﬁich in

alkaline solution showed an intense u,v. absorption:
)\max.'294 nn (€ 20,800). In neutral solution only

a weak absorption was evident; these data compare well

with those reported(60) for the compound (11{4]),

The avallability of the ketol (11{5)), formed by Jones

(3) oxidation of fhe diol (L[4b]) prompted us to
investigate its possible retroaldolisation with

strong base, Surprisingly, cholest-4-ene-3-6-dions

{5370) (111{31) was obtained.From thin layer chromatography,

it appears that (111[3]) is formed by hydrolysis of an

unstable intermediate which was shown to be the enamine

(111{21). The lH n.m.r, spectrum of (1i[21) showed

important signals at X %.18 (s,=CH), 4.8-4.95 (m,=CH),

and 6.5-7.2 (m, NH2), the amine protons were exchanged

by deuterium on shaking with DQO. The i.r. spectrum

showed important bands at 3460, 3380 (NHQ) 1675 (C=0) and

1640 (¢=C) cm.-l The enamine (111{2]) was insufficiently

stable to allow elemental analysis but a low resolution

mass spectrum confirmed the molecular weipght was 397.

The u.v., spectrum of {111[2]) in ethanol showed bands at)‘max.

256 (£ 8750) and ( g T300) nm. On addition of

sulphuric acld to the solution, the spectrum collapsed
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to a single band at A A 273 (g 16000) nm. The original
spectium waslobtained by neutralising the solution with
caustic soda. The band at 328 nm. in neutral solution

is attributed to the dienone chromophore of (11L{2]). No
other examples of thils type of enamlne were reported in

the literature but 1t appears that the ¥ —amino group
exerts a bathochromic shift (ca. 50 nm.) which is larger
than a~ and P-hydroxyl and methoxyl groups.(sa) The band
at 256 nm. may be due to 4-en-3-one part of the chromophore
which is cross-conjugated with the 6,7-en~b6-amine system.
Other cross-conjugated systems have similarly been reported
to exhibit two bands in their u,v. spectra.(ée) The band
at 273 nm. in acid solution is probably due to the immonium
salt (11[8b]). The spectrum of the imine (11{8a]) would be
expected to be comparable with that of the ene-dione (111{3])
(>\max. 253 nm.(37b)) and a bathochromic shift to 273nm.
on formation of the salt is not unreasonable. The conversion
of the azide (11[5]) to the enamine (111{2]) presumably
involves a base-catalysed Q7elimination giving compound
(11[{6]) which deébmposes in the‘enolate form {(11[7]) to
give the imine (11{8a]). This evidently tautomerises to the
enamine (111[2]). This mechanism is analogous to that
reported by Edwards and PUrushothaman(64) for the reaction
of the bromoketone (lll[5a])(65) with sodium azide in
dimethyl sulphoxide or lithium azide in dimethyl formamide.

The diketone (111[5e]}) was formed via the unstable azide

6h.
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(L11[5b}) and the imine (111[{5c])) which were detected by

i.r. spectroscopy but were not ilscolated. It was suppgested
that azlde lon acts as a base and promotes the enolisation
of the azide (111[5b]) to (111[%]1). This is facilitated
by the steric repulsion between the axial azldo- and
methyl-groups. Although such unfavourable interactions
were not present in compound (11{6]) it is not surprising
that it should revert to the enamine (11(8])in the basic

y{66)

medium empioyed. The azide (11{6] appears to have

(6&) since 1t

similar stability to 2-azido-cyclohexanone
decomposes to the enamine (111[2}) only above 70° in
dimethyl sulphoxide and sodium azide. Not surprisingly,
treatment of the bromoketone (111[1](67) with sodium azide
in dimethylsulphoxide at lOO0 rapidly gave the enamine
(111[2]). Edwards and Purushothaman reported no u.v. or

lH n.m.r. spectral data for the imine (ill[Sc]). An attempt
was made to prepare the imine (211[Sc]}) by reaction of the
promoketone (111[5a)) with sodium azide in dimethyl
sulphoxide at 100o 80 that its spectroscopic data could be
compared with that of the enamine (111{2]). It was clear
from these data that the product of this reaction was the
enamine (111{6]) rather than its tautomer (111[5c]). The

lH n.m.r. spectrum showed the presence of an olefinic proton
(s,”C %.09) and a primary amino-group (m,"C 6.3-6.9); the
amine protons were exchanged by deuterium on shaking the

sample wlth DéO. The 1.r. spectrum showed important bands
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at 3500 and 3400 (NH2)’ 1685 (C=C-C=0), and 16X0

(C:C)cm,-l The mass spectrum confirmed the molecular
welght was 399. The u.v. spectrum in ethanol exhibited

a single band at 293 (€ 4330) nm. indicating that the
g-amino~-group exerts a bathochromic shift of about 65

nm, This figure is not unreasonable in view of the
estimated effect of the Y -émino group, In acid
solution the enamine (111[6e]) is converted to the
immonium salt (lll[Sd]) since the u.v. spectrum has

7\max‘ 231 (€ 6200} nmg63 ) Treatment of the enamine
(111[6]) with methanolic sulphuric acid gave the ketal
(111{71), The mass spectrum confirmed the structure of the
ketal since it exhibited intense peaks at m/e 127 and

m/e 114 (scheme below). The former ion has been observed
in the mags spectrum of j,}—dimethoxyandrostane.(68)
Both are analogues of important lons in the mass spectrum

of androstan~3-one ethylene ketal,(és)

An intense peak
at m/e 418 corresponds to the loss of carbon monoxide from
compound (111{7]) and may be reasonably represented as
shown (scheme). The chemical shift of theC{19)-methyl
group signal (T 2.29) in the 1H n.m.r. spectrum confirmed
the structure of the ketal {111[7}). The alternative
2,2-dimethoxy-3-oxo-structure would be expected to exhibit
a C(19)-methyl group signal at . T 8.8.(22) A
comparison of the stability of the 2a-azide (111[5g]) with

that of the azides (11[6]) and (111[5b]) was desired,
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Synthesis of the azide (111{5g]) from the bromoketons
(111(5f]) was not attempted since the latter is known %o
isomerise readily to the 2¢-bromoketons (111{5a]), The
preparation of (111[5gz]) from the bromoacetoxy-compound
(IV[la])(69) by way of the azide (IV[1lb]) was attempted.
Unfortunately treatment of compound (IV[;a]) with sodium
azide in dimethyl sulphoxide gave the allylic acetate
(Iv[2]) and no reaction occurrved with sodium azide in
reflﬁxing methanol or n-butancl. The formation of the
allylic acetate (IV[2]) may involve initial displacement
of the bromine by dimethyl sulphoxide gnd a subsequent

&90)

El reaction, or & direct elimination of hydrogen
bromide by way of an Eo mechanism, The absence of any
2-keto-steroid (IV[lel) in the product when the reaction
was carried out in the presence of base 1.e. collidine
favours the latter mechanism. If solvent participation
occurred the oxysulphonium ion (IV{3]) formed should break
down in base via a sulphonium methylide giving the ketone

(ize]). #92)

This line of investigation which has been recently

reported by us,(Toa’b)

was not pursued any further,

The deamlnation resulits show that the type of solvent
medium employed has little influence upon the nature of
the products obtained, As menticned previously Westphalen

and more extensively rearranged compounds nominalily involve

C¢(5)~ and ‘C(10)-carboniun ions. An attempt to investigate
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the importance of steric and electronic effects is made by
studying the dehydration of 9- and lofhydrOXy-steroids and
Ka-hydroxy-steroids with varying substituents at C-%, C-6
and C-10.

The 68,108-diols (IV[#a]).and.(IV[Ta]) were prepared
as described in the previous chapter and briefly reported
in a recent commumnlecation by us.<700). anes(33)
oxidation of (IV{4al) and (IV[7al) gave the ketols
(zv{4a]) and (Iv[7b]) respectively.

Treatment of the diol (IV[4a]) with p-toluene
sulphonyl chloride in dry pyridine gave a mixture of the
6-tosylate (IV[i4c]) and the olefin (V[2])s The crude
mixture on refluxing with lithium éluminium hydride in
dry tetrahydrofuran gave the olefin (V[2]) (50%). The
i.r. spectrum of {V[2]) shows a sharp hydroxyl band (at
3640 cm.-l) and the mass spectrum does not exhibit a
molecular lon but shows a fragment lon of molecular formula
034Hu802 (M -4H) resulting from double dehydrogenation of
molecular ion, Other important fragment lons are M-HEO
and M—(Héo + 07H8D) (027H42). The lH n.m.r. spectrum showed
the presence of two olefinic protons (6-H and T-H, T 4.5-5.0)}
which exhibit an AB pattern (J ca, 11 Hz.). The expected
AB pattern arisiag from coupling between the C-6, C-7 and
C-8 protons gilving an ABX system is not observed because,
from inspection of models, the C(8)-H bond is approximately
at right angles to the plane of the 6,7-olefin resulting in

almost zero coupling with the olefinic protons,
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Hydrogenzation of the olefin (V[2]) with a palladium-

charcoal catalyst, gave (IV[4e])., The i.r. spectrum of
(xv{l4e]) showed an hydroxyl band (at 3650 cm.ul) and no
benzyloxy bands indlieating hydrogenclysis of the
benzyloxy-group had occurred. This was confirmed from
the 1H n.m.r. spectrum of (IV[4e]) which showed no |
nromatic protons and the absence of olefinié pﬁotéﬁs
showed that the 6,T-olefin had been fully hydrogenated.
Hydrogenolysis of (IV[5p]with a palladium-charcoal
catalyst, gave the diol (IV[5a]). Treatment of (IV[5al)
writh 1lithium in ethylamine pgave a mixture which after
acetylation, with acetic anhydride in pyridine, and
preparative t.l.c., gave the Westphalen diol diacetate
(L{5]) (25%), alcohol-diacetates (IV[6]) (25%) and
{(vi1]) (%1%). The struciures of (IV[6]) and (V[11) were
deduced from spectroscopic and analytical data. The
i.r. spectra of (IV[6]) and (V[1]) show sharp hydroxyl
bands {at 3640 cm.'l) énd intense acetate carbonyl bands
{at 1745 cm.-l). In the TH n.m.r. spectrum of (xvi6]))
the C-6 methine proton is in an axial conformation
Wi ca. 16 Hz.) showing the 1Qu-configuration. In the
lH n.m.r., of (V[1]) the C-6 methine proton is in an
equatorial conformation Gu%‘gg. 10 Hz.) showing the
10B-configuration., Compounds (IV[61) and (V[1]) are
given the 98- and 9a-configuration respectively assuming

diaxial opening of the epoxide (IV{5al).
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Treatment of the 6§,108-diol (IV[4a]) and the 6-
desoxy compound (IV[4el) with ‘toluene~p-sulphonic acid
in acetic anhydride at 1000 gave a high yield of the
backbone rearranged products (V[Zal) (77%) and (V[3¢])
(80%) respectively. The lH n.m.,r, spectra of (V[3al)
and (VI3cl) are typical of compounds in thisrseries.('rl)
(v[?%al) shows the characteristic C(El)-methyl doublet at
T 9.01 (lower branch of C{21)-Me doublet) and 9.11 (upper
branch of C{21)-Me doublet, 148-Me, and lower branch of side-
chain doublet), The % n.m.r. spectrum of (V{3cl) shows
important peaks at T 8.85 (s, 58-Me), 9.02 (lower branch of
C(2L)-Me doublet) and 9.12 (upper branch of C(21)-Me doublet,
148-Me, and lower branch of side-chain doublet): Double
irradiation at 88 Hz. downfield from the C{21)-Me doublet
caused its collapse to a singlet (T 9.07) in both cases
and this confirmed the presence of the Qlj(r(_) double bond.
(71) The low resolution mass spectrum of (V[3a]) showed
a fragment ion (M-113) characteristic of backbone rearranged
compounds, (1)

Treatment of the ketone (IV[4d])} with toluene-p-
sulphonic acld in acetic anhydride at 100° gave the back-

bone rearranged product (V{3bl) (20%), the Al-(lo)

compound
(zv[8]) (25%) and the acetate (V[6]) (13%) which were
separated by preparative t.l.c. Accurate mass measurement
on the molecular ion in the mass spectrum of (V{Zbl]) showed

it to have the molecular formtila C%HSOOE' The lH nNJneT.
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spectrum of (V[3b]) shows important pé'aksl at T 8.69
(s,5B-Me ), 9.03 (shoulder, lower branch of C(el )-te
doublet), 9.04 (s,148-Me ), and 9.12 (upper branch of
C(21)-Me doublet and lower branch of C(26)- and C(27)~

Me doublets). These data are only consistent with the
structure shown (V{3b]) and the failure of the ketone

to isomerise with base to a £ -6-ketone excludes the
alternative 4}8 (9)- and 4}8 (14 )-structures. Final confir-
mation of the structure of (V(3b]) was obtained by its
preparation by Jcanes(j‘TJ ) oxldation of the alechol (V{3al)
which was obtained by hydrolysis of (V[Zal). The H n.m.r.
spectrum of (IV[B]) shows a vinyl proton signal (¢ 4.4-4.7)
 and the chemical shifts of the 5f-methyl and €(18)-methyl
groups (T 8.79,9.32) suggest the Zl-l(lo)-structure for
(Iv[8]) rather than the possible alternative ,Q9(ll .
structure, The 1.r, spectrum of (V[6]}) showed strong
carbonyl and acetate bands (at 1720 and 1740 cm.‘l).
Elemental analysis and the :LH n.m.,r. spectrum of

(v[6]) confirmed the presence of the acetate group
(“T°8.08). Hence (V[6]) arises by direct acetylation of
the 10B-hydroxy group in (IV[4d]l).

Treatment of the alechol-diacetates (IV{6]) and (V[1])
with toluene-p-sulphonic acid in acetic anhydride at 100°
gave dehydration products and no skeletal rearranged prosiucts.
The aleohol (IV[6]1) gave, after preparative t.l.c., the

Westphalen diacetate {(1{5]) (50%) and the Al(lo)-olefin
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(vis]) (11%). The lH n.m.r. speetrum of (VI5)) shows
an olefinic proton signal (T 4,5-4.7) and the chemical
shift of the C{18)-methyl group (-C 9.32) suggests the

&;(10)-structure for (V[5]) rather than the possible

L )-structure. The mass spectrum of (V

alternative &7
{5]) does not exhibit a molecular ion but accurate mass
determination on the fragment ion (M~AcOH) showed it to
have a molecular formula Cagﬁusog. The alcchol (V[lj)
gave, after preparative t.l.c., starting material (287),
Westphalen discstate (1[5]) (6.58), and the & (L)
compound (V[4]) (36%). Spectroscopic and analytical

data gave a clear indication as to the structure of (V[4]).
The lH n.m.r. spectrum of (V(4]) shows an olefinie proton
signal (T ¥.45-4.65) and the chemical shift of the C(18)-
A1)

methyl group (T 9.39) suggests the ~structure

rather than the possibie alternatiVeJﬁbl(lo);structure.
It was of interest to attempt the retroaldolisation of
(v[44]}) as this could confirm the mechanism postulated

(30a) for the retrealdolisation of

by Slates and Wendler,
a 6-keto=-5B-methyl-90,l00-dihydroxy-steroid leading to an
anthrasteroid, Treatment of (IV[4d]) with hot (20¢7) methanolie
potassium hydroxide gave, as expected, the anthrasteroid

{(vi7]) (27%), starting material (17%) and a polar mixtufe
(33%). Accurate mass measurement on the molecular ion

(m/e 490) in the mass spectrum of {V{7]) shows the molecular
formula to be C3uH5002.
and an olefinic band (1680 and 1640 om. ™t respectively).

The i.r. spectrum shows a carbonyl

T2,



The u.v. spectrum of (VI7}) Cx‘max. 248 (410,800) nm.)

. confirms the presence of an a,B-unsaturated ketone and is
analogous to Similar systems reported in the literature.
(?0) The 1H n.n;r. spectrum shows a secondary methyl

doublet at T 9.00 (lower branch of the S5-methyl) and

9.16 (high-field branch of 5-methyl and low-field branch

of the side-chain doublet). These data are only consistent
with the structure (V[7]). It seems likely that (V[7])

is formed by retroaldolisation,giving a 5,l0-seco-steroid,
followed by an aldol condensation between the O-keto-group

and the C{1)-methylene~group,

The low yield of backboﬁe-rearranged product obtained
from the 6-ketone (IV[4d]) compared to that from the OB,
10B-diol (IV[#a]) and the 6-desoxy-l0B-aleohol (IV[4el)
1s probably due to the greater electron-withdrawing properties
of the 6-carbonyl- as compared to the O-hydroxy-{or OAc)
and 6-desoxy groups. The migration of a hydride ion from
C-8 to C-9 will be more difficult in the ketone (IV{4d}).

It has recently been suggested(44) that in the dehydration
of Su-hydroxy-steroids a 6f-acetoxy-group similarly
inhibits the backbone rearrangement to a small extent.

In contrast, under Westphalen conditions(lu) the 10pB-
hydroxy-compound (IV[4a]) has recently been showm to glve
a mixture of the 9,10-olefin (60%) (see section 1) and

the 13(17)-olefin (V(3al) (40%%). The decrease in yield

, ed hroducds
of backbonerbtained is probably due to the availability of

.



basic species i.e. acetate anion,from thé ébifent medium
which result In competition between elimination, by an
E, and/or E, type mechanism, and rearrangement to the
backbone compound.

The marked dlfference in the course of rearrangement
of the 68,10B-diol (IV[4a)) and the Su~hydroxy-6p-
substituted compounds suggests that the two feactions do
not invdlve the same C(10)-carbonium ion-like intermediate.
Since the 1OB~-hydroxy-group and the la- and Qo-hydrogen
atoms are in the anti-periplanar conformation, it scems
likely that a discrete C(10)}- carbonium ion is not involved
in the dehydration of (IV[4al), (Iv[4d]).,and (IV{lel)
and that the hydride shift or loss of proton from C-9,
and in (IVi4d}l) the loss of a proton from C-1, is
concerted with the breakage of the C(10)-oxygen bond.

In the Wastphalen rearrangemeht, the migrating methyl
group and the 9a-hydrogen atom cannot be in a truly anti-
periplanar conformation, and it 1s possible that a more
C(10)-carboniun.-ion~like Intermediate is formed with
subsequent loss of a proton from C-9 (or C-1)}. 1In the
rearrangements of 4,5~ and 5,6-epoxides the products
generally obtalned are the extensively rearranged

fxs(ln)- and 125;3(17)-compounds, and Iin view of the
above results and those reported recently by Hartshorn

(71a)

et.al. the differences in feagents and reactants
may well play important roles in deciding the reaction

path.
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Since the &9(10)-compound (seetion 1, fig. (1{%a]))

under identical conditions gave no detectable amount of the

I

by a protonation-deprotonation mechanism involving the

3(:]'rn---i.szomer' it seems unlikely that the latter is formed

initially formed ilg(lo)-compound. The absence of any
backbone type rearrangedJﬁh}E(lT)—product from the dehydration
of (V{1]}) is not surprising as from models this would give
rise to the energetically unfavourable 58,98,108~-configuration,
similarly the possible rearrangement of (IV[6]) to give a
Aﬁﬁ-compound(Gl) would result in a 10B,98,8B-configuration.
§IV[L (V1)

) and (FHEL) to give

and CBIB(lT)-compounds respectively, is unlikely

The rearrangement of

pt
due to the cis-configuration of their A/B~ and B/C-ring
Junctions respesctively.

It is of interest to note that the dehydration of
the 10a-hydroxy-compound (IV[6]) leads to the expected
high ratio of Saytzeff to Hofmann product (%.5:1) but,
surprisingly, the dehydration of the 9a-hydroxy-compound
{v{1]) gave the reverse with a high ratio of Hofmann to
Saytzeff product (5.5:1). Under the conditions employed

.. one would expect Saytzeff control of elimination to
predominate in both cases as the transition states should
have considerable cationic character. This anougly can
be rationalised as the loss of a £-10 {or C-8) hydrogen,
for a transition state with cationie character, would be
destabilised by its proximity to the electron withdrawing

group at C—6S44)
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(58)

Recently Jones and his co-workers

reported
that the diol (VI[3e]) dehydrated with toluene-p-
sulphonic acid in benzene to give a mixture of the Su-
and 5p-6-ketones (VI[4a]) and (VI[4b]) and the A-homo-
B-nor-5a- and 5B-ketones (11[%a]) and (11{3b]).
Similarly dehydration of the triol (VI[3f}) in
methanolic sulphuric acid gave the 5f-6-ketone (VI[4e]).
Tt was felt that dehydration of 4,4-dimethyl-5o-
hydroxy~-steroids with electron-withdrawing substituents
at C-6 would, under the Westphalen conditiorélu)
result in Westphalen type rearranged products. The
rearrangement of 4,4-dimethyl,4f-methyl, and do-methyl-
5a~-hydroxy-compounds are described below..
Compounds (VI[3a]), (VI[361), (VI[30]){T2) ana
(VI[Z»d])(BB) were prepared from 4,4-dimethyl- .5

).(73)

compound (vi[5al Cis~hydroxylation of compound -

»12) which on Jones

(vl5a]) gave the atol (vI{ze1)®®
<):ai:i.cla.'lsicn(3 3) gave the ketol (VI[}c]).(ﬁs) Reduction.
of the ketol wlth sodium borohydride gave the diol
(VI[3g]). Acetylation of the diols (VI[3e]) end (VI[3g])
(the latter with some difficulty) gave the requir'ed‘
diacetates (VI[3a]) and (VI[3b]) respectively.
Epoxidation of compound (VI[5a])} with monoperphthalic
acid gave the a-epoxide (VII[l])(SS) which on reduction
with lithium in ethylamine gave the 6-desoxj-compound

wilzal). 8
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The 4f-methyl and ‘a-methyl- tﬁ:s-éompounds (vi[sel)

and (VI[5b]) respectively were prepared by the methods
of Julis and Bavaux.(74) Oxidation of compound
(vI[5¢]) with osmium tetroxide gave the cis-diol

(vill [1a]) which on acetylation gave the 6a-acetate
(VITI[1b]). Oxidation of the diol (VIII[la]) with
Jones reagent(jj) gave the ketol (VIII[le]) which was
reduced with sodium borohydride in ethanol solution to
glve the 68-alcohol (VIII[2a]). Acetylation of this
gave the 6p-acetate (virr{2bl}). Similarly, oxidation
of compound (VI[5b]) with osmium tetroxide gave the
eis-diol (viiI{id])} which on acetylation gave the Ha-acetate
(viII{le}). oOxidation of compound (vi{sb]) with mono-
perphthalic acid and hydrolysis of the resultant epoxides
with periodic acid(lj) gave the diol (VIII[2e]). Acety-
jation of the diol (VIII[2c]) gave the &B-acetate (vizz[2al)
and oxidation of the diol (VIII{2c]) with Jones reagent
(53) gave the ketol (VIII[1f]).

The major products from the dehydration reactions of
compounds (VI[3al), (VI[3b]) and (VI[3e]) were the
corresponding 45?(10)-compounds;(VI[6a]), (viiép]),
and (VI[6c]).(7§) réspectively and these were isolated
by preparative t.l.c. and identified”mainly from thelr
lH Nl daﬁa which were typlcal of compounds in this
series.(l4) In the lH Nem.rs Spectra of (VI[6bl) and

(VI[6c]) the C-3 methine proton is in an equatorial
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conformation (W¥ ca. 6 Hz.) whilst the C-6 methine proton
(in (VI[6b]) only), is in an axial conformation (W} ca.

20 Hz, )} indicating the 5p-configuration in both compounds.
In the I n.m.r. spectrun of (VI[6a]) the C-~3 and C-6
methine protons are superimposed so .the structure (Vi{[éal)
was assigned because of the low field position of the
C(iB)-—methyl signal (T 9.2). Hydrolysis of the dlacetates
(vi{6al) and (VI[6b]) gave the corresponding diols which

(10)_41 ke tone (VII[2a]§?§

on oxidation gave the knéwn L}?
In addition to the,ﬁﬁg(lo)-compound (vi[éal), compound
(VI[3a]) gave a small yield of a mixture of the
z:%(lo)-compound (VII[32]) and the backbone rearranged
compound (VII[*al). Hydrolysis of the mixture and

t.l.c. allowed the separation of the diols (VII[2b]) and
(viI[4b]). The lH n.m.r. spectrum of the former

showed the presence of the C-1 vinylic proton (T 4.5)
and on oxidation it gave the a,B-unsaturated ketone
(vizisl) ()\me. 231 om. (§ 9000)). Accurate mass
determination on the molecular ion and the fragment #¥n of
(ViZ[5]) and (VII{3b]) respectively confirmed the assigned
structures (see table). The structure of the diol (VII
fbb]) was assigned tentatively from its lH n.m.r. spectrum
which showed important peaks at-( 8.92 (s, 4o-Me and
5p-Me), 9.02 (s, 4f-Me and low field branch of

C(21)-Me doublet), and 9,16 (m, high field branch of

C(21)-Me doublet, 1l4Bp-Me and side-chain.) The diol
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was oxldised to the diketone (VII[)#G])(TB ) which showed an

intense peak in the mass spectrum at m/e 313 corresponding
to the loss of the side~chaln. This fragmentation 1s

13;3(17)-compounds.(7‘) An

very characteristic of
unusual by-product was obtalned from the oxidation of the
diol (VIi[jb]). This compound was isomeric with the
ketone (VII[{5]) (mass spectrum table) and showed a carbonyl
band at 1765 cm.'l {presumably lactone), At present, a
satisfactory structuré to this compound cannot be assigned,
The major products in the reactlons of compounds (VIII
[1b1), (VIII[le]}) and (VIII[2b]) under Westphalen conditions
(%) fere the A0 _compounds (VITI[32]), (VITI[3c]) and
(VIII[3b]) respectively. These were 1solated by preparative
t.l.c. and identified mainly from their 1H n.M,r. spectra
which were typlcal of compounds in this series.(;u) in
the lH n.m.r, spectra of (VIII{3al) and (VITI[3c]) the C-3
and C-6 methine protons are in egquatorial conformations
(W} ca. 6-8 Hz.) indicating the 5f-configuration in both
compounds. In the 1H Nl specfrum of (VIII[3b]) the
C-3 and C-6 methine protons are superimposed and the
structure (VIIT[3b]) was assigned because of the low field

position of C(18)-Me signal (T 9.2). In addition, hydrolysis

of compounds (VIII{3al), (VIII[3e])} and (VIII{3b]) and
(33)

Jones oxidation of the corresponding hydroxy-compounds
gave the diketone (VII[2b}) {mass spectrum). The o.r.d.
spectrum of the diketone (VII[2b]) is very similar to

that of the 4,4-dimethyl-diketone (VII[Qa])(Ts) suggesting
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that the 4a-methyl group makes no appreciable contribution
to the molecular amplitude of the 1attgr. Meodels show
that the 4a-methyl group in compound (VII{2a]) is
approximately situated in the XZ plane in the octant
projeétiqn for the 6-carbonyl group. This seems to
confirm that due to vicinal effects the 6-carbonyl

group is of prime importance in determining the sisn and
amplitude of the Cotton effect for the 3,6-diketones.(75)

A small amount of slightly impure:£>}3’17

~compound (VIIf#4d])
was isolated from the reacfion of the 6a;acetate (VIII[1b]).
This was 1dentified tentatively from the 1y n.m.r.

spectrum which showed important peaks at " 8.85 (s, 5f-Me)
and 9.08 (4, C(21)-Me).(71a) In addition, the mass
spectrum of (VII[4d]) showed the important and characteristic
fragmentation of the side chain(7 ) after the loss of

one molecule of acetic acid from the parent ion.

The major product from the dehydration of the 68-
acetoxy-ta~methyl-compound (VIII[2d]) under the usual
conditions(ln) was the dﬂ:g-compound (VIII[3d]). Compound
(VITI{3d]) was 1dentified by its L4 nuner. data (see
Experimental). The Ga-acetoxy-Ya-methyl-compound
(VITII{le]) reacted very slowly and after 2 hours gave
& considerable amount of unchanged starting material
(23%) and a complex mixture from which the,Llu-compound
(vizz{6]) was separated by t.l.c. This, the major
1

product, was not fully characterised from 1ts “H n.m.r.

spectrum which showed the presence of a vinylic methyl
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group (T 8.43). The signal‘ﬂds broadened by homoallylic
coupling to the C-6 hydrogen atom indicating the retent=
ion of configuration at C-GSTT) The signal due to the
C-3 hydrogen atom was superimposed on that for the C-6
hydrogen atom but its ¥} (ca. 6 Hz.) confirmed the 3a-
configuration. The similar epimerisation of the
3-acetoxy-group {and not the 6-acetoxy-group) in
ESchompounds has previously been reporteda(TB)

The 4x-methyl-6-oxo-compound {VIII[1f]) under

dehydration conditions gave the acetate (VIII[5]) and

the ap-unsaturated ketone (VIII[41) ( 7\max. 28% nm).

The latter was also obtained by treatment of the 4u-

me thyl-6-oxo-compound {VIII[1f]) with thionyl chloride

in pyridine. The former compound (VIII[5]) was identified
from the lH n.m.r. spectrum which showed the presence

of two acetoxy-groups (T 7.88 and 8.07). Also
hydrolysls of (VITII[5]) gave the corresponding diol

which on acetylation gave starting material (VIII[1f]).
Acetylation of 5a-hydroxy-6-keto-stefoids under these

(%0¢) .14 has been

conditions has been noted before
ascribed to the reluctance_of these compounds to form
carbonium ions at C-5 adjacent to the 6-carbonyl group.
The results described here show that provided the
C(19)-methyl group suffers 1,3-syn-diaxial interaction
with a B-substituent at C-4 and/or C-6 and provided an

electron withdrawing substituent is present at C-6,

a1,



a Westphalen type rearrangement will occur, Compounds
(vIIiflel) and (VIII{1f]) do not have these requirements
and react in a different way.

The reaction of the 6u-acetate (VI[3a]), under West=
phalen conditions, differs from those reported for the
hydroxy-compounds (VI[%1) and (VI[}f]).(58) The course
of the former reaction is probably inflﬁenced by the
protection of the C-6 hydroxy-group by acylation thus
eliminating some of the ryeaction paths open to the latter.
. It seems likely that the latter involves a C (5)-carbonium
jon and it might be inferred that under Westphalen conditions
the alternative concerted process operates.

The dehydration reactions of 4,4-dimethyl-6a-acetate
(VI[3a]) and 4p-methyl-ba-acetate (VIII[1b])} gave in
addition to the major product (&9(10)-) a small amount. of
the more extensively rearranged products (VII[lal) and
(vrIf4d]) respectively. It has been suggested by Kirk
and Hartshorn(ua) that the direction of the dipole induced
by the 6-substituent is of prime importance in directing
the reactlon path. The above results tend to indicate that
this has little influence upon the migration of the C(19)-
methyl but may well have a slight influence on the ability
of the C-8 and C-9 protons to migrate.

The absence of anw'lbﬂFolefin from tﬁe dehydration
of the 4B8-methyl-compound (VIII[1b]) compared to the high

yleld obtained from (VIII[le]) and reported(uoa) for the
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aleohol (VIIT[1g))suggests that aC{5)-carbonium ion is

not involved, The rearrangement of the G-ketones (VI[3el)
and (VIII[le]) offers some evidence in suppert of a
concerted mechanism as 1t is unlikely to proceed via

the energetically unfavourable C{5)-carbonium ion'(#Oa)
In the absence of 4f-methyl substituents Sa~hydroxy~6-
ketones are acetylated under Westphalen conditionsgho)
It has been suggested that the carbonyl group destabillses
the formation of theC(5)-carbonium ion allowing the inter-
mediate acetyl sulphate to be attacked by a meolecule of
(12)

free alcohol, Formation of aC(5)-carbonium lon from
(VI{3el) and (VIII{lc]) would be similarly destabilised
but a concerted process would be subject to steric
acceleration.

The reaction of the‘6-desoxy-compound (vi[3]) to
give the £;5-olefin i1s similar to the reaction of the
5a-hydroxy~6p-methyl~compound (VII[6])§8°) Both
reactions presumably proceed via C(5)-carbonium ions and
indicate that the steric effect of the 4- or 6-substituént
alone is insufficient to ensure rearrangement.

The rearrangement of compound (VI{3bl), and {VIII[24])
in 0.0l M solution in acetic acid which were 0.05M in

(14,51) wepe

sulphuric acid and 0.5 M in acetic acid
followed polarimetrically at 25°C. The high rate of
reaction of compound (VIII{2b]) did not allow an accurate

determination of k in 0.5 M acetic anhydride. At the
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lower concentration (0.15M ) reasonably consistent values
were obtained, A plot of log (0-Gae ) 2gainst time were
linear 1ndicating that the reactlon under these conditions

was first order in steroid concentration as are the normal

(%%)

Westphalen rearrangements, Relative rates were

calculated by reference to the values for the 3f-methoxy-

5a-hydroxy-compound (villa}) which were in good agreement

(14, 41)

to those previously obtained. The last colummn

in table below shows the estimated rates of compounds
(vi[3bl), (VIII[2b)), and (VIII{2d}) relative to that of
the 3f-acetoxy-5a-hydroxy-compound (VI[1b]). fThese figures
(14)

are deduced from the known relative rates of compounds

(vi[la]) and (VI{1lb]) (ratioc ca. 3:1)

Compound [A020]=?i14M rgl [A020]=0:§M b:l. r§1.
k see, 1 k sec.

(vizz(eb])| s53t6x10™° 51{ - - |18

(vizr{z4}) - - Batoaxo? 1.1 2.0

(vi[3p]) - - l.gfoax10 | 1 1.8

(vi[1a]) |1.04%0.02x1077 1 .9%0.02x1070 1.7 1 3.2

(vzi] )y - - - b1

(1xlzal) l7.56%0.16a0° | 7.3 [36.8%1.5x1070} 12,7 22.6

From inspection of the calculated relative rates it
appears that the rates of the reactions of compounds
(vi[3b}), (virz[2d]), and (VI[lb]) are very similar,

At first sight, this may seem unreasonable 1f the angular
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methyl migration is concerted with the heterolysisof the
C(5)-0 bond, since considerable relief of the syn-l,3-
diaxial interaction between the 4p-methyl group and the
angular methyl gfoup in (VI[jb]) should occur. Also,

there would be some relief of the similar interaction
between the 6f~acetoxy~-group and the 4g-methyl group.
However, models suggest such relief of strain will be
counteracted to some extent by compressidn between the
haemethyl group and the 6a-hydrogen {VII{fig.)). This
compression appears to be governed, in part, by the residual
compression between the U4B-substituent and the migrating
C(19)-methyl group, accounting for the similarity in the
rates of reactions of compounds {VI[3b]) and (viIr[2dal).

It is also possible,buﬁ perhaps unlikely, that the same detailed
mechanism does not apply for compounds (VI[3b]), (vrirfzad4}l),
and (VI{1b]) and that similarity in reaction rates is
fortuitous. These data do not however execlude the possible
intermediacy of a discrete C(5)-carbonium fon. Two
alternative C(5)-carbonium ion mechanisms may be considered;
the carbonium ion may be appreclably flatiened or it may

be reactant-like, existing as an intimate ion pair. The
former mechanism seems unlikely as an appreciable lncrease
in-the reaction rate of the 4,4-dimethyl-compound (VI{3b])
would be expected due to some relief of steric compression
between the 48-methyl, the angular methyl, and the 6B-

acetoxy-group in the transition state., However, the latter
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mechanism would certainly account for the similarity of
rates of compounds (VI{3b]) and (VI[1b]) and there is
(81)

evidence to suggest that simllar carbonium ions are
reactant-like, However, the very rapid rate for compound
(VIIII2b]) militates against this mechanism and a
concerted mechanism seems best to explain all the data.
Although 1t is reasonable that the rearrangements
discussed above and those reported for Ha-hydroxy steroids
under Westphalen conditions in the 11 terature (12) proceed
in & concerted fashion the alternative carbonium ion
mechanism cannot be completely excluded at this stapge.
In addition, if the reactions are concerted, it is not
possible to.say whether a protonated cyclopropane inter=
mediate and/or a C(10)-carbonium ion are involved.
In an attempt to resolve these questlions we deeclded
© %o study some 1l0-substituted sterocids. In particular it
ﬁas felt that variocus l0-alkyl and <benzyl compounds,
with varying substituents at C-6, might provide useful
kinetic as well as general information on the reaction
mechanisms. It was envisaged that these compounds could
be synthesised from the lQ-oxo«ierivative JIX[1d1) " prepared
as  described in the'literature.(sz) n
Tosylation of the alcohol (Ix[ldljhhifﬁ tolﬁéne—
p-sulphonylchloride in pyridine gave the crude 3J-tosylate
ester which on refluxing in methanol gave the 3B-methyl

ether compound (IX[1b}){70%). This was identified from

its lH n.m.r, spectrum vhich showed important peaks at
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T 0.4 (s,CHO)‘ 4. 2.4.4 (m, olefin), and 6.82 (s,0Me).
Treatment of (IX{1b]) with methylene-triphenylphosphorane
(83) in dry ether gave the diene (iX[le]) (60%), The
i.r. spectrum of (IX[le]) showed no aldehyde band
indicating the absence of the 19-oxo-group. The lH Nalels
showed a complex four proton multiplet at T 4.1-5.2
which confirmed the presence of the l0-ethenyl group.
Selective hydrogenation of the dlene (IX[le}) with
palladium charcoal catalyst gave the 1l0-ethyl compound
(zxX[1£]). The lH n.m.r. spectrum showed only a single
proton multiplet between T 4.,0-5.0 which showed that
selective hydrogenation had occurred.

Oxidation of the olefin (IX{1f]) with performic acid and
hydrolysis with methanclic potassium hydroxide gave the
alol (IX[2c]l). Acetylation of this gave the 6p-acetate
(1X[2a]). The i.r. spectrum of (IX[2a]) showed a strong
acetate carbonyl band and a sharp hydroxyl band (at 1745
and 3610 em.-l). In the Iy n.n.r. spectrum of (IX{2a}l)
the C-3 and C-6 methine protons are in axial (W% ca. 18
Hz.} and equatorial (W%-gg. 6 Hz.) conformations respectively
indicating the Sc¢-configuration at C-5 and the B-conflguration
of the 6-acetoxy-group. Oxidation of the diol (IX[2c])
with Jones reagent(EB) gave the ketol (IX[23]). The i.r.
spectrum of (IX[23]) showed strong carbonyl and hydroxyl
1)

bands {at 17310 and 3600 cm,
Oxidation of compound (IX[1f)) with osmium tetroxide

gave the cis-diol (IX[2d]) which on acetylation gave the
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acetate (IX[2e]). In the lH n.m.r. spectrum of (IX[2z])
the C-6 methine proton signal has a half height band
width of ca. 19 Hz., which confirms its axial conformation.
Attempted reduction of the ketfl (IX[2j]) with sodium
metal in ethanol gave a complex mixture of products which,
after acetylation and preparative t.l.c., gave the alcohol-
acetate (X[Ha])T(IE%) and (X[4b]) (10%). The structures of
these products were deduced from spectroscople and analytical
data. The i.r. spectra of (X[%al) and (X[4b]) showed
intense acetate carbonyl bands(at 1740 cm.-l) and hydroxyl
bands (at 3500 and 3550 cm.'l). The “H n.m.r. spectra con-
firmed the presence of two methine protons (3-H and 6-H),
one acetoxy-group, and one methoxy~vgroup. In the spectrum
of (X[4a]) the C-3 and C~06 methine protons are in equatorial
conformations (W3 ca. 8 and 6 Hz, respectively) and this
indicates the Bf-configuratlon at C-5 and the Buconfiguration
of the 6-acetoxy group. In the spectrum of (X[4b]) the
C-3 and C«6 methine prdtons_are in equatorial and axial
conformation (W% ca. 8 and 20 Hz.) respectively and this
indicates the 5g-configuration at C-5 and the a~configuration
of the 6-acetoxy group. It thus appears that epimerisation

at Ce5 occurs prior to reduction of the carbonyl. This could

occur in the basic medium employed through an A-homo-B-

nor-compcund.(ssa)
The a~epoxide (IX[3]) was prepared by the method of
Watanabe et algeu) Hydrolysis of (IX([3]) with periodic

acid in acetone(;j) gave the dlol (IX{2i]). Acetylation
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with acetic anhydride in pyridine gave the 6B-acetate
(IX[2b])., This was identified from its Ly n.m,r. spectrum
which confifmed the presence of ﬁl::: olefinic protons,

two methine protons, and two acetate groups.

The attempted opening of the olefin (IX{la]) with
performic acid resulted in epoxidation and attempted
cleavage of the crude epoxide with periodic acid(lj )
gave back unchanged epoxide. Permanganate (850)
oxidation of (IX[11i]) gave a complex mixture from which
no identifiable products were isolated, Oxidation of
(1x[111) with osmium tetroxide gave the cis-dlol (IX[2f])
which on oxidation with Jones reagent(jj ) gave the ketol
(1x[22}). The i.r. spectrum of (IX[2z]) showéd intense
carbonyl bands (1710 and 1740)and sn-hydroxy-band (at 3450).
Reduction of the ketol (IX{2g]) with sﬁdium borohydride
in ethanol gave a crude diol which on acetylation gave the
6f-acetate (IX[2h]). The H numar. spectrum of (IX[2h])
confirmed the presence of an axial and equatorial methine
(C-3 and C-6 with Whea. 22 md 8 Hz. respectively), three
acetoxy-groups, and the O-CH2 group,

Treatment of (IX[1a]) with methyl lithium in dry
ether gave the 19~methyl-19-hydroxy-compound (XI[la])
which on acetylation with acetic anhydride-pyridine gave
the 19-methyl-19-acetoxy-compound (XI[1lb]). The diacetate
(xT[1b}) on hydrolysis with sodiwn carbonate in methanol

gave the aleohol-acetate (XI[le]) which on treatment with
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- trimethylorthoformate and perchloric acid gave the acetoxy-

methyl ether (XI[ld]). Hydrolysis of (XI[1d}) overnight
" with methanolic potassium hydroxide gave the alcohol-methyl
ether {XI[le]) which on oxidation with Jones n--;angem;(33 )
gave the lO-acetyl-compound (XI{Eaj). Spectroscopic and
analytical data for all the above compounds gave a clear
indication as to thelr structures.’ The 1.r. spectrunm of
(Xt{2a]) showed a strong carbonyl band at 1710 eme™t
indicating the presence of the 10-acetyl-group. The lH N.m.r.
spectrum confirmed the presence of an olefiniec proton, a
methoxy-group and a low-field methyl signal (U 7,95) due
to the l0-acetyl-group, |

Treatment of (XI[2a)) with methyl lithium in ether and
benzene, to give the required 1O-iso-propyl derivative, gave
only unchanged starting material, similarly treatment with
methylene triphenylphosphorane, at elevated temperatures gave
no reaction. It is of interest to note that the attempted
reaction of (IX[1bl) with methyl 1ithium gave only unchanged
starting material in contrast to {IX[1d]). A possible
explanation for this difference is that the 3-0-Li group
formed may promote polarisation of the l10-formyl-group and
asslst attack by a molecule of methyl lithium. In view of this
result it was felt that the 1l0-acetyl- -hydroxy-compoind
(xx{2bl) might well react with methyi 1lithium, (XI[2b]) was
prepared by the method deseribed by Caspil et.al.(86) in

the androstene series. The alcohol-acetate (XI[1le]) on



£reatment with dihydropyran in chloroform gave the 3-tetnra~
hydropyranyl ether derivative which after treatment with
lithium aluminium hydride, followed by chromic acid
oxidation, and treatment of resulting crude product with
mineral acid gave the 10-acetyl-3-hydroxy-compound (XI[2b]).
Treatment of (XI[2b]) with methyl lithium unfortunately
gave only unchanged starting material. in addition the
possiple route to l0-n~-propyl-derivatives by treatment

of (ik[ld]) with ethyl lithium and ethylidene triphenyl-
phosphorane gave only unchanged starting material. This
lack of reactivity must be due tb sterie c¢rowding around

the reacting centre which inhibits the formation of a
reacting complex.in the former and a betaine intermediate

in the latter. Treatment of (IX[1d]) with phenyl Llithium
in ethef gave, surprisingiy, the diols (XT[3]) ara (XI[%4])).
Their structures were deduced from spectroscople and
analytical data. The i.r. spectra of (XI[3]) and (XT[%))
showed strong intramole~ularly hydrogen bonded hydroxy-bands
at 3640 c:m.—1 This indicates that the oxygen function at
C-198 1s conformationally held over the A-ring in both cases
due to partial bonding with 3p-hydroxy-group. DBoth lH’n.m.r.
spactra showed a five proton signal f 2.5-3.0 indicating the
presence of a phenyl group. In both cases the 19-H signal
was broad (W%ggg. 5 Hz.) indicating considerable allylic
coupling with the ortho-protons of the phenyl group. The

compound (XI{4]) is assigned the S-configuration due to the




high field position of the C(18)-methyl in the 1H Net.r.
spectrum at 1:9.7 compared to 9.5 in the spectrum of
(xx[3]). This large difference becomes understandable
on inspection of models. In the §-alc6hol the aromatic
.ring is conformationally held over the B- and C-rings
and one of the protons of the C(18)-methyl lies under-
neath the ;romatic‘fing cauéing the upfield shift of the
C(l8)-met$yl resonance.

ﬁ mixture of the alcohols (x1{3}) ana (XT{41) on
acetylation gave a mixtufe 6f fheuééno-acetate (xx{6})
and the diacetate (XI[5]). Oxidation of the erude mixture
with aneslreagent(Bj) followed by hydrolysis gave after
t.l.c. starting material and the 10 benzoyl-compound
(Xi[?b]). The 1.r. spectrum showed a carbonyl band at
1675 em. ™! and a hydrogen bonded hydroxyl band at 3640 em.
In the 1H n.m.r. spectrum of{XT[7b])} the aromatic protons
do not appear as a singlet due to the deshielding influence
of the l9-carbonyl groip and the tﬁo ortho-protons appsar
as a miltiplet (at '('2.05-2.3) at lower field than the
meta- and para-protons (at < é.512.8). In view of the
large degree of hydrogen bonding_qbserved in the i.r.
spectrum, 1t would be reasonable to assume that the
l9-carbonyl group is conformationally held over the A-ring.
Inspection of models show that the benzene ring would then
be held over the C- ring and directly over the C(18)-

methyl group. This is confirmed by the high field position
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of the C(iB)—methyl re&onanéé in the lH nem,r. spectrum

(T 9.9). Attempts to reduce the benzoyl-group to give
the regquired l0O-benzyl-compourd by Wolf-Kishner, Huang-
Minlon and catalytic reduction have to date failed and
this line of investigation requires further attention.
The major products from the dehydration of {IX[2a])
and (1X{2)]) under Westphalen conditions were the
A}?(lo)-compounds (x[1a]) and (X[1b}). These were
identified from thelr speétroscopie and analytical data.
In the lH n.m.r. spectra of (X{lal) and (X{1b]) the ¢-3
methine pﬁoton is in an equatorial conformation (W%'gg,
8-9 Hz.) indicating the B-configuration of the S-ethyl
group. In the former the C-6 methine proton is iﬁ an
axial conformation confirming the equatorial conformation
of the b-acetate group. The low field position »f the
€(18)~-methyl (T 9.21 and 9.25) is characteristic. of

(1%) The appearance of a triplet

éompounds of this type.
centred at T 9.5 in the latter which is assigned to the
methyl protons of the 5p-ethyl group indicates that the
5p~ethyl group is conformationally held so that the methyl
protons lie in the shielding cone of the C-6 carbonyl group.
Hydrolysis and oxidation of (X{1al) to glve the keto~
acetate (X[1b]) confirmed that both were 9,10-olefins.

In addition to the £59(10)-compound (X[1al) the hydroxy-
acetate (IX[2al) gave small amounts of the C&u-compound

(xi2]). The lH n.m.r. spectrum showed the absence of a
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J-methoxy-group and the presence of two acetoxy-groups

(T 3;082‘iﬁdicgting;fhét'undef the acid dohditiqhs3
employed the'jﬁ-methoxy-group has been cleaved.and
displaced by an acetate group. The sterecochemistry
at C~3 1s not assigned as the_lH n.m,r. spectrum Iindicates
it %o be a mixture of 3a- and 3f-isomers.

The hydroxy-acetate (Ix{2e])‘gave_a_high yleld of

Aﬁ&-compound (x[31). The 1H n.m.r. spectrum showed the-
absence df.a métﬁoxy—grouﬁ and.the presenge of‘two acetate
gfoups.‘ As in the above case clea?age ofrthé methyl
ether oceurs probably due to allylic activation by
elimination giving 4,(5)0lefin, The stereochemistry at
C-3 1s not assigned. Conformation of the structures of
the diacetates (X[2]) and_(X[j])’was obtained by hydrolysis
and oxldation to the 3,6-dione {X{7]). The structure was
deduced from spectroscoplc and analytical data. The 1.r.
spectrum showed a strong carbonyl band (at 1695 cm.'l)
A strong absorption in the u.v. spectrum at X B, 248
n.n. is typical of compounds of this type.(eo)

Dehydration of (IX[2b]) gave surprisingly the

rearranged compound {X[lel). Accurate mass measurement
on the fragment fon M-60 showed it to have a molecular
formala cjlo602.. The 1H n.n.r. spectra of (X{le]) and
its hydrolysed derivative (X[1d]) showed the presence of
two methine protons GN%-EE. 10 and 16 Hz.), three olefinic
protons exhibiting an ABC-pattern and a low-field C(18)-

methyl (7 9.2) resonance, the former and the latter being
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typlcal of compourds in this series obtained above,
Hydrogenation of (X[ld})rwith palladium charcoal (5)
as catalyst gave the saturated dérivative (X{le}) which
exhibited an 1H n.m.r. spectrim similar to that of
(x[1al).

The rearrangement of a 0.01M solution of (IX[2al)
was followed as previously described for the 5o
hydroxy-steroids and rate data obtained is given in the
above table. It can be seen that the 10B-ethyl compound
(1x[2a]) rearranges at a rate 7.3 times greater than the
rearrangement of compound (VI[lal) to (VI[2])., 'he
stable conformation of comﬁcund (zxf1a}) is probably
close to that represenféd in (IX{%}). The 19-methyl group
suffers an interaction with the l1f-hydrogen atom and two
skew interactions with the C(1)-C(10) and €(9)-C{10} bonds.
These interactions are thus probably largely responéible
for raising éhe ground state energy of compound (IX[2a])
relative to that of conpound (VI[la]). From models i%t is
difficult to see how relief of these interactions may cccur
by flattening at C-5 necessary in the transition state
leading to a planar carbonium ion. However if the alkyl
group migration, as suggested above, 1s concerted with

C(5)-0~bond cleavage such steric relief in the transition

state will occur, and this would explain the observed increase

rate. Such relief would also explain the rearrangement of the

6-keto-compound (IX[23]) in view of the results reported
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(400) It was rather

for the lO-methyi analogue.
surprising that the Gu-acetate (IX[2e]) gave only
z}f-compbunds. This must be because the extra
interactions detailed ahdve are not sufficient to

raise the transition state for elimination above that

for a concerted rearrangement. In addition the
anfavourable conformational change which the ba-acetate
undergoes in a concerted process will contribute to the
high energy of the transition state. In the 6-keto-
derivative the transition state for acetylation 1s raised
above that required for a concerted rearrangement thus
giving the 9,10-0lefin in high yield.

The rate of reaction of the lO-gthenyl compound
(zX[2b]) was not measured but after 3 hr. t.l.c. of the
reaction mixture showed considerable amounts of unreacted
material. This indicates that the reaction rate is very
slow,.

In view of the slow rate 1t seems likely that a
discrete carbonium ion is not formed in the rate determining

and ethyl
step because 1f thiswere so the rate of ethenyl/migration
would be expected to be similar, Hence migrating group
participation giving rise to the cyclopropyl intermediate
{or transition state){A) probably occurs. The slow
reaction rate may be due t0 the electron withdrawing effect
of the ethenyl group analogous to that observed for

phenyl migrations.(ST)
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In addition, the resulting cyclopropyl transition state

or intermediate involves a contribution in one of its
resonance forms from a primary carbonium ion [¢] which
would be energetically unfavourable,
A deuteration e;periment detailed below indicates

that a cyclopropane intermediate as opposed to Jjust a
| transition state is involved in the ethen&l migration.
19-Dideutromethylene~-derivative of (IX[2b]) was prepared
from dideutrométhylene triphenylphosphorane by the method
described above, Mass spectral analysis of the deuterated
reactant {IX{2b}) and the deuterated product (X{le]),
resulting from Westphalen rearrangement, showed ions at
m/e 456, 457 and 458; and 438, 439 and 440 respectively,
corresponding to the d_ (11.0%), dy (38.4%), and d2(50.6$5);
and d_ (9.0%), dl (37.54), and d2 (53.04) species of the
fragment ions M -60 respectively, The above results indicate
that during the Westphalen rearrangement all the deuterium
atoms are retained and no exchange with solvent occurs.
The lH n.m.r, spectra of the deuterated reactant and
product show & fall in intensity of the tertiary olefin

signal and a corresponding increase In intensity of the
termingl olefinic signal (124). This indicates that during
rearrangement scrambling of the deuterium atoms has taken
place and this seems likely to occur by the formation of
a cyclopropyl intermediate [A]. However the above result
does not preclude the possibility of a eyeclobutyl interw-

mediate [E].
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The attempted Introduction of oxygenated functions

at fhe C-5 position detalled in Section I prompted the
Investigation of selective oxidation of the 5p-ethenyl
group detailed below. .

Treatment of the diene (X[lc]) with monoperphthalic
acid in ether at room temperature gave in high yield the
On,10.a-¢poxide(X[8]), No direct evidence 1s avallable to
assign the a-configuration to the epoxlde but this is
tentatively assigned on the baéis that the major product
obtained on oxidation of a similar §,10-0lefin in section I
is the a-epoxide. Oxidation of the diene (X[lel) with
oxmium tetroxide in pyridine gave after 24 hrs. at room
temperature a high yield of the cis-diol (X[é]). Low
resolution mass spectrum showed a fragment ion m/e 472
corresponding to M-60 and subsequent fragmentation with
loss of two molecules of water (see table) confirming the
presence: of two hydroxyl groups. The diol is assignéd the
9a,lOa-configuration due to the high field position of the
C{18)~methyl signal in tle Ty n.m.r. spectrum as the
9f-hydroxy~group would be expected to have a deshielding
influence upon the C{1l8)-methyl resonance, Further
oxidation of the diocl (X[51) with lead tetraacetate gave
the diketone (X[6]).

The results detailed in this section and others
reported in the literature(lu’IT) clearly indicate that

the Westphalen rearrangement of Ho-hydroxy-sterolds require
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the presence of a 4« or 6-eleétron withdrawing substituent.
It is clear that these substituents play an important

role steriecally and electronically in controlling the
dehydration and that these need not be located in one
particular group. The rate data leave little doubt as

to the synchronous nature of the heterolysis of the

C(5)-0 bond and the alkyl group migration which implies
that the function of the syn-axial substituent (at C-4

or C-6) is to provide steric acceleration in the West-

rhalen rearrangement,
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EXPERIMENTAL .~

Soiutions were dried ovef anhydrous sodium sulphate.
Column chromatography was carried out with deactivated (grade
II1) Camag or Woelm neutral alumina. Merck Kieselgel PF'254
silica gel was used for preparative t.l.c. I.r. spectra
were determined with Perkin-Elmer 237 and 257 spectrophotometers,
u.v. spectra were determined for solutions in ethanol with a
Unicam SP800 spectrophotometer and lH n.m.r. spectra were
determined (for solutions in carbon tetrachloride unless other-
wise specified) at 60 Me/sec., with a Perkin-Elmer R10 spectro-
meter. ﬁotations'were measured at 22° with a Bendix polarimeter
143C for solutions in chloroform. Mass spectra were determined
on A.E.I. M.8.9 and M.S.12 mass spectrometers.
Epoxides (1[le]).- Cholest-5-en-3-one ethylene ketal (2,0 g.) in
dry ether (% ml.) was treated with monoperphthalic acid-ether
solution (100 ml., 0.65 N) and the mixture stirred at room
temperature for 24 hr. The ether solution was then washed with
2N sodium hydroxide solution, water, dried and evaporated.
Chromatography of the resulting white solid, with 10% benzene-
light petroleum ether as eluent gave the B-epoxide (1{lel)(1.2g.)
mop. 124.5° {liu.( 51 ) MePe 126-127°1 T 6.17 (s, OCH,CH, ),
7.3 (d, J -ca. 3Hz. C‘—iCH), 5.09 (s, 19-Me), and 9.34,
s, 18<Me), . further elutgon with 20% benzene-light petroleum
ether gave the a-epoxide {L[lc}){0.6g.) m.p. 141-30 {from
ether) [lit.( 5 ) m.p. 118-120°7, 6.16 (m, OCHlCHgo)
7.4 (4, J ca. 5Hz., C\5JCH),9-09 (s, 19-Me), and 8.95 (s,

18-Me ).

. :-‘1.-!
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5a-Azido-Bﬁ-acetoxy-Sa—chdié;%én—S-ol(l[}a]), 6a-azido-58-

cholestan-38,5-diol (llﬁbfsfg;d 6B-azido~5a~cholestan-5-0l=

3~one ethylene ketal (1[2]).~ The B-epoxide 1[lal(2g.) and

sodium azide (6 g.) in dimethyl sulphoxide (200 ml.) containing
a few drops of 98% sulphuric acid were heated for 48 hr, on
a steam-bath., The mixture was poufed intb brine and extracted
with chloroform; the extract was dried and evaporation of the
solvent gave a mixture of azides (1{#a]) and epoxide Cl[la])
(1.1z.). Elution with 57 ether-light petroleum ether gave a
mixture of the azide (1{%a]) and the hydrolysis product
{1{4b)), Preparative t.l.c. of the latter mixture on silver
nitrate-impregnated silica (10%) gave the azide (R[3al)
(647 mg.), m.p. 184-188° (lit.s%;a &8805\me_3350 (QH):
2090 (Nj), and 1740 and 1710 {C=0, partially hydrogen bonded )
em.™t, T 4.7-5.3 (m, AcOCH), 6.1-6.% (m, OCH), 8.0 (s,Ac0),
8.84 (s, 19-Me), and 9.35 (s, 18-Me), and the azide (1L{4b])
(227 mg. ), m.p. 126-8°, [aly+ 50°, \) . 3440 (OH) and
2090 () em.”t, T 5.7-5.9 (m, OCH), 6.2-6.7 (m, NCH),
9.1 (s, 19-Me), and 9.35 {5, 18-Me} (Found: C, 72.85; H, 10.35;
N, 9.2 027H47N302 requires C, 72.75; H, 10.65; N, 9.%45%).

The mixture {1{%]) and (1[la}) was heated under reflux
in 10% agueous methanclic potassium hydroxide for 15 min.,
poured into water, and extracted with ether. The c¢rude product
was chromatographed; elution with 2075 ether-light petroleum
ether gave the azide (1[#b}):(700 mg.), m.p. 125-6? (see above).
Elution with 40% ether-light petroleum gave the P-epoxide

(L[1b))(200 mg.).(5%)
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The epoxide (1[le]) (150 mg.) under identical conditions

gave the azide (1[2 1)(110 mg.) m.p. 82-3° (from methanol),
V pax, 2400 (OH) and 2100 (Nﬁ) emt, T 70.15 (m, |

OCH,CH0) 6.6-6.8 (m, CHN,), 8.9L (s, 19-Me), and 9.3

(s, 18-Me).

5-Azido-3B ,6B-diacetoxy-5a-cholestane (1[3b]) and 3B-acetoxy-

6a~azido-5B~cholestan-5-01 {1l[4a]).«~ The appropriate azide was

treated with an excess of acetlic anhydride in pyridine at

room temperature overnight., The solution was poured into

cold water, set aside for a few minutes and extracted. The
extract was washed successively with water, sodium hydrogen
carbonate solution until neutral, and finélly water, and

dried. Removal of the solvent left the crude acetate which was
crystallised from methanol.

{a) Azide (1[3a}) (640 mg.) gave azide (L{3b])}(540 mg.),

mope W6-148°, [al - 72 (1.7 )

m.p. 146°, [a]D-TOO),
Vi 2095 (V) and 1780 (Ac0) on.™ T 4.8-5.3 (m, 2 AcoGH),
7.96 and 8,05 (each s, Ac0), 8.86 (s, 19-Me), and 9.34

(s, 18-Me),

(b) Azide (1[4b]) (700 mg.) gave azide (1[4a])(630 mg.), m.p.
{ 46a)

115-6°, [a)+ 51°, (11t, , m.p. 112-115°, [al+ 40.5°),
~\/nmx.3600 (0H), 2100 (Nj), and.lT4O (AcO) em.™t, T 4.7-
4,9 (m, AcOCH), 6.2-6.6 (m, CHN5), 7.92 (s, Ac0), 9.06 (s,
19-Me), and 9.35 (s, 18-Me).

5-Amino-38,68-diacetoxy-~5a-cholestane (L[3c]) and 3B-acetoxy-Ga-

amino-5g-cholestan-5-0l (1[ 4c)).- To the azide in ethanol was

added hydrazine hydrate (1 ml.per 300 mg. of azide) and a
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little Raney nickel. The mixture was heated under reflux

for 15 min., ether was added, and the solution was set aside
until gas evolution ceased. It was then washed with water
and dried, and the solvent was removed to leave the crude aminé
which was purified by t.l.c. and crystallised from methanol.
(a) Azide (l[}b])(GOO mg.) gave the amine (1[3¢])(500 mg.),
m.p. 141-142°, [a]D-—32°(lit.( 2), m.p. 142-145°, [0] -36.8°),
Vpax, 2310 and 3390 (NH,), 1740 (AcO), and 1610 (N’H_J.) em.”t,
T 4.5-5.2 and 5.3-5.6 (each m, AcOCH), 7.99 and 8.07 (each s,
AcO), 8.86 (s, 19-Me), and 9.32 (s, 18-Me).
(b} Azide (L[40])(200 mg.) gave the amine (L{4c])(180 ms.),
MeDas 141-30,[a]D+ 53°, \Jmax. 3400 broad (OH and NHQ) cm."l,
T (cpe1,) 5.8-6.1 (m, CHO), 7.0-T.4 (m, CHNH,), 9.1 (s, 19-Me),
and 9.35 (s, 18-Me) (Found: C, 76.95; H, 11.85; N, 3.5.
CETHugNoaxequires ¢, 77.25; H, 11.75; N, 3.35%).

Aprotic Deamination of the Amine (1[3c]).~ Dry hydrogen chloride

was bubbled briefly through a solution of the amine (l[jc})
(150 mg.) in dry ether. The solvent was removed in vacuo and
the resilual hydrochloride was treated in chloroform with an
excess of J-methyl butyl nitrite (5 drops). The solution was
set aside at room temperature for 1.5 hr. and then evaporated
to dryness in vacuo. Preparative t.l.c. gave (L[5]1)}(59 mz.),
m.p. 126-127°(from agueous acetone), [a]D+ 85.5° (lit.( 46b),

. 1740 (AcO) em. L, T 4.8-5.1

¥,

m.p. 127°, [alg+ 84°), W
and 5.1-5.6 (each m, AcOCH), 8.0 (s,Ac0), 8.82 (s, 19-Me), and

¥
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9.18 (s, 18-Me) and (1[6])(68 mg.), m.p. 81-82°(from methanol),

[a]D~7°(lit.( 460) p. 85°, [a1-10°, ), ., 1740 (AcO)

em.™, U 5.5-8.8 (m, CH=C), %.8-5.6 (m, 2AcOCH), 7.99

and 8.02 (each s, AcO), 8.80 (s, 19-Me), and 9.33 (s, 18-Me).

Deamination of the Amine (L[4¢]).~ The amine (L[4%c])(500 mg.)

in 809 aqueous acetic (50 ml.) at 10° was treated with .
concentrated sodium nitrite solution (containing 2g.). After
| 1 hr., the solution was poured into water and extrac{:ed with
éther. The extract was washed with sodium hydrogen carbonate
solution until neutral, and then water, and finally dried.
Removal of the solvent left an oil (400 mg.) which after

preparative t.l.c. gave the A-homo-B-nor-ketol (IT [2a])(220 mg_.),‘

m.p. 148° (from methanol){a]D+ 21°, Vmax 2400 (CH) and 1695
(c=0) om.™, T 6.1-6.6 (m, CHO),7.2-7.6 (m,CH,COCH), 8.85 (s,
19-Me), and 9.35 (s, 18-Me), ¢.d. (cyclohexane) )Mmax 293, 298,
and 307 nm; & § + 1.80; + 1.55; and + 1.39 (Found: C, 80.85;

H, 11.35. Coplygd, requires C, 80.55; H, 11.5%).

6a-Azido-5B-cholestan-5-01~J-one (11[51) and A-homo-B-nor-5p-

cholestan-3,4a-dione (11 [2b]).-The appropriate alcohol was

treated in Analar acetone at 20° with an excess of chromic

acid .solution [chromium triéxide (6.25g.) in 205’3 sulphurie acid
(25 ml.)( 35 )] for 15 min., The solution was diluted with water
and extracted with ether. The extract was washed with sodium
hydrogen carbonate solution until neutral and then with water,

and dried. The solvent was removed to leave the crude ketone

which was crystallised.
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(a) Theazide (L[4b])(260 mg.) mave the ketol (II[51)(250 ma.),

MeDe 182-184° (decomp. ) (from methanol), [a]D+ 840”\7max.
3490 (0H), 2100 (N,), and 1720 (C=0) em. "3, T (epe)
6.1-6.5 (m, Nch), 8.97 (s,19-Me), and 9.28 (s,18-Me) (Found:
C, T3.15; H, 10.0; N, 9.45. C,.H, N0, requires C, T3.l;
H, 10.2; N, 9.45%).

(b) The ketol (II[2a])(25 mz.) gave the diketone (II [2b])
| (22 mg,), MePe 138-1390 (from aqueous acetone), \fmax. 1695
(c=0) em."L, T 6.4-6.8 (m, COCH,00), 8.99 (s, 19-Me), and
9.35 (s, 18-Me), X . (KOH-EtOH) 294 nm (¢ 20,800) (Found:
¢, 8L.05; H, 11.25, Cpnflyy0p Tequires C, 80.95; H, 11.05%).

Attempted Retroaldolisation of 6Ga-Azido-5B-cholestan-5-0l-

3-one (II[5]).- The ketol (II[5]) (50 mg.) was heated under
reflux in methanolic potassium hydroxide (50 mg. in 8 ml.)

for 0.5 hr.. The solution was poured into water and extracted
with ether-chloroform (1:1). Removal of the solvent gave che
slightly impure enamine (III[2])(40 mg.). Immediate prep-
arative t.l.c. [elution with benzene:ethyl acetate (3:1)],

gave the enamine (ITI[2]). ~{ 4.18 (s, =CH), 4.8-4.95 (m,
=CH), 6.5-7.2 (m, NH,}, 8.9 (s, 19-Me), 9.13 (d side-chain),
and 9.26 (s, 18-Me), (see Discussion for i.r., u.v., and

mass spectral data).

Enamine (ITI[2}) from 68-Bromocholest-l-en-3-one (ITI{1}]).-

A mixture of the bromoketone (TITII{1]){200 mg.)( 67) and

sodium azide (P00 mg.) in dimethyl sulphoxide (20 ml.) was

heated on a2 bolling water bath for 10 min. and poured into water.
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Extraction with ether gave the enamine (ITI{2]) (180 mg.)

(spectroscopic data were as above).

Enamine (III[6]) from 2e~Bromo-Sa-cholestan-3-one (III[Sa).-

A mixture of 'the bromoketone (ITI{5a]) (lg.)( 65) and sodium
azide (2 g.) in dimethyl sulphoxide (60 ml.) was heated on a
boilling water bath for 2 hr., and poured into water. Extrace
tion with ether gave the crude amine (IXII[6]), Immediate
pneparativé t.l.c., [elution with benzene:ethylacetate (1:1)],
gave the pure enamine (III{6]) (320 mg.) U 4.09 (s, =CH),
6.3%3-6.9 (m, NH2), 9.04 (s, 19-Me), 9.13 (d, side-chain), and
9.,%2 (s, 18-Me) (see Discussion for i.r., u.v., and mass
spectral data).

3,3-Dimethoxy-5Sa-cholestan-3-one (ITI[7]).- A solution of the

enamine (ITI[6]) (60 mg.) in methanol (10 ml.) and concentrated
sulphuric acid (2 drops) was heated under reflux for 2 hr, and
poured Into water. Extraction with ether gave a solid which
orystallised from methanol to give the ketal (IIi[?]) (Z0 mg.)
m.p. 105-106°,[a]D+ 70° (e,0.4), T 6.77 (s, OMe), 6.91

(s, OMe), 9:14 {4, side chain), 9.29 (2,19-Me), and 9.36 (s,
18-Me), V. (CCL,) 1744 (C=0) em.”>, (Found C, 78.85;

H, 11.5. 029H5003 requires C, T7.95; H, 11.3%) (see Discussion

for mass spectral data)

3a~-Acetoxy~5a-cholest-l-ene (IV[2]).~ A mixture of the bromo-

acetate (IV[laI)( 69 )(200 mg.) and sodium azide (500 mg.) in
dimethyl sulphoxide (10 ml.)} was heated on a boiling water bath

for 15 minutes and poured into water. Extraction with ether

106,



gave a.solid which crystallised from methanol fto give the
allylie acetate (IV[2]) m.p. 76-78°, [a]D-40° {e, 1.1),

" 3.8-4.6 (m, BC=CH~, J ca. BHz.), #.8-5.1 (m, AcOCH), 8.06
(s, Acos, 9.15 (4, side=-chain), 9.21 (s, 19-Me), and 9.35

Cag
¢, 81.25; H, 11.3%).

9a,10~Epoxy-5 - methyl=19-nor-58,10a-cholestang38,68-dio)(IV[5al).-

An ethyl acetate solution of hydroxy-epoxide (IVISb])(1.25 g.) was
shaken with 10% palladium on charcoal catalyst, in an atmosphere

of hydrogen at room temperature until the uptake of hydrogen
ceased., The solublon was flltered and evaporated, glving the
diol (Iv[5a]){(1.05g.) m.p. 173-1740 (from aqueous methanol),
'[a]D+ 26° (e, 0.7), \Jnmx_(KBr) 3400 (broad, OH) cm.—l,
“5.55 - 5.9 (m, OCH), 6.00 -~ 6.4 (m, OCH) 8.84 (s, 5-Me),
and 9.25 (s, 18-Me) (Found: C, 76.87; H, 11.01
16 of
027}{4603 mquires C, 77.46, H, 1.1008/0)0

38,6B-Diacetoxy-5-methyl-19-nor- - 58, 98,l0a~cholestan-10-ol

(Iv[6]), and 3B,6p~Diacetoxy~5-methyl-19-nor=-5p-~cholestan-9a-ol

(V[1]).~ A solution of epoxide (IV{51)(1.2g.) in anhydrous
ethylamine (50 ml.) was treated with finely cut lithium
metal (500 mg.) at 0°C and the mixture shaken until a
permanent blue colour appeared. The solutlon was kept at
room temperature for a further 0.5 hr., water carefully
added, extracted with ether, ether layer was dried and
evaporated. The resulting amorphous solid was acetylated
with acetic anhydride in pyridine giving an oil. Preparative

t.l.c. [elution (x2) with benzene-ethyl acetate (10:1)],
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gave the diacetate (1[5]) (300 mg.) m.p. 124.125°, [a]D+

(46b ) m.p

I
8o°(e, L.2), [1it. . 128°, [a]D+ 85°1L§1cohol

(V1) (500 mg.) m.p. 165-166° (from aqueous methanol),
[alyr 3.5° (c, 2.8), W, LT45 (AcO) and 3640 (sharp,
oH) em.” L, T 4.7-5.00 (m, Wy ca. 10 Hz., AcOCH), 5.3-5.5 (m,

W, ca. GHz., AcOCH), 8.07 (s, AcO), 8.05 {s,Ac0), 8.91 (s,

L
2

5-Me ), and 9.3 (s, 18-Me) (Found: C, 73.82; H, 10.32.

the
031H5205 requires C, 73.76; H, 10.4%), and[alcohol (IV[6])

(300 mg.) as a gum, [l + 16.5° (e, 3.0), V

i 1745 (AcO)
and 3640 (sharp, OH) cm.“l,‘t; 4.,9-5,4 (m, 2 AcOCH, estimated
W% ca. 8 Hz, and "6 Hz.), 8.00 (s, AcO), 8.03 (s, AcO),

8.85 (s, 5-Me), and 9.35 (s, 18-Me),

3B8-Benz¥ loxy-5-methyl-19-nor-5-cholestan-6-one-10-ol (IV[2d])

and 3B-Benzoyloxy-5-methyl-l9-nor-58-cholest-8(9)~en~6-one-10=~0l

(v [761).~ A solution of steroid in acetone at 0° was
treated with chromic acid solution( 33) for 5 min: The
solution was diluted with water; extracted with ether. The
ether layer was washed yvith water, dried and evaporated
glving the crude ketone,

The diol (IV[4al)(450 mg.) gave the ketol (IV[4d}])
(400 mg.) m.p. 111-2°, (al, - 36° (e, 2.3) N, 1715
(C=0) and 3650 (sharp, OH) em."l, T 2.75(s,phenyl),
5.4-5.8 (q, J,p ca. 12 Hz., 0-CH,~), 6.2-6.5 (m, OCH),
8.75 (s, 5<Me), and 9.32 (s, 18-Me) (Found: C, 80.07T;

H, 9.88 C_'jl!-HSllo:’) I‘equires C.I 79-95; H, 10.66%)-
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The diol (IV[72]1)(92 mg.) gave the ketol (IV[T7b])(2% mg.)

m.ps 167-170° (from methanol) Vyax, 1720 (€=0) and 3550 (sharp,
bH) em.”t, X 2.65 (s, phenyl), 5.4 (s, OCH,) 6:1-6.6 {m, OCH),
8.88 (s, 5-Me), and 9.22 (s,18-Me) (see Discussion for mass
speetral data},

jﬁ-BenZyloxyyS;methyl—l9-nor-SB-cholest-6-en-10—ol (vfa]).-

A solution of diol (IV[4a]}(200 mg.) and p-toluene sulphonyl
chloride (200 mg.) in pyridine (20 ml.) was allowed to stand at
room temperature for 4 days. The mixture was poured into water,
extracted with ether, and the organic layer dried. Ewvaporation
of the solvent gave an oil which, after t.l.c. [elution with
benzene-ethylacetate (20:1)], gave an oil (150 mg.), and
starting material (IV[2al).

The oil (150 mg.) was then dissolved in dry tetrahydrofuran
(25 ml.) and treated with lithium aluminium hydride (100 mg.)
at room temperature for 1 hr. After the addition of methanol
(5 ml.) the mixture was poured into water and extracted with ether.
Evaporation of the ether extract gave an oil which, after t.l.c.
[elution with benzene-ethylacetate (20:1)], gave chgl)(QO mg. )
as a gum, [a}D- og° {e, 1.8), \)max.

(s,phenyl), 4.5-5.00) (m, AB of ABX system, CH=CH ), 5.57 (s,

3640 (OH) cm._l, T 2.75

OCH, ) 6.3-6.6 (m, OCH), 8.82 (s, 5-Me), and 9.3 (s, 18-Me)

2

(see Discussion for mass spectral data).

5-Methyl-19-nor-58-cholestanz38,10-d10l(IV{4e] ).~ An ethylacetate

solution (20 ml.)} of the aleohol (V[2]){(80 mg.) was stirred with

10% palladiumcharcoal as catalyst, in an atmosphere of hydrogen
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for 0.5 hr. The solution was filtered and evaporated to give
(zv{4e1)(68 mg.) m.p. 116-117°, [al+ 27.5° (e, 1.3),
3650 (OH) cm.'l, T 5.85-6.1 (m, OCH), 8.88 (s, 5-Me) and 9.35

max.

(s, 18-Me) {(Found: C, 79.84; H, 12.26 027H4802 requires
c, 80.1; H, 12.0%).

Dehydration of aleohols (IV[4a])(TV[4a]}IV[4e])(IV[6]) and(V[1]).-

Acetic anhydride solution of steroid (0.036 M) was treated with
p-toluene sulphonic acid (200 mg.) and the miiture heated on a
steam bath for 0.5 hr, The reaction mlxture was then cooled,
poured into water and extracted with ether. The organic layér
was dried and solvent evaporated.

The diol (IV[%a])(900 mg.), after t.l.c. {elution '(xa) with

benzene~ethylacetate (20:1)], gave 6B-acetoxy-3B-benzyloxy-5S-

methyl-18,19-bi sn or-58,8a,98,10a,148-cholestan-13(17 )-ene (V[3al)

(700 mg.) a gum, [alp + 27° (o, 1.3), ~) .0 1740 (AcO) em.™,

T 2.75 {(s,phenyl), 5.4-5.8 {(m, OCH,,0CH), 6.20-6.5 (m,W%_ ca.
9 Hz. AcOCH), 8.02 (s, AcO), 8.9 (s, 5-Me), 9.01 and 9.11 (d,
2l-Me ), and 9.2 (s, 18-Me) {Found: C, 80.72; H, 10.2.
Cagly05 vequires C, 80.85; H, 10.18%).

The ketol {IV[4d]1)(80 mg.), after t.l.c. [elution with
benzene-ethylacetate (10:1)], gave a mixture (35 mg.) and

108-acetoxy~3B-benzyloxy-5-methyl-19-nor-58-cholastan-6-one
1

(VI61)(10 mg.) a gum, V ax, 1720 (C=0) and 1740 (AcO) cm.
’C 2078 (S: Dhenyl): 5-4"5-7 (S, OCHE)' 6-3"6-6 (m W% ca. 8 Hz.,

OCcH), 8.08 (s,OAc); 8.68 (s, 5-Me), and 9.35 (s, 18-Me) (Found:
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¢, 78.5; H, 9.99. C36H5404 requires C, 78.5; H, 9.88%).
Further t.l.c. of the mixture [elution (x2) of silver nitrate
impregnated silica, with chloroform-petroleum ether {60,/80)

(1.:1)] gave 3B~benzyloxy-5-methyl-19-nor-58-cholest-~1(10)-ene~

6-one (IVI8]1)(20 mg.) as a gum, L 2.78 (s, phenyl), 4.4-4.65
(m, Wy ca. 8 Ha., C = CH), 5.4-5.6 (s, OCH,), 6.1-6.4 (n,
w%ca.. 8 Hz., OCH), 8.79 {s,5-Me), and 9.32 (s, 18-Me), and

3B-bepzyloxy-~5-methyl-18,19-bl s nor-58,8¢,98,10a,148~cholest~

13(17)-en-6-one (V[3b})(16 mg.), a gum, N, 1720 (c = 0)
em.”t, T 2,75 (s, pheny1), 5.4-5.6 (s, 0CH,), 6.1-6.4 (m,

w% ca, 8 Hz., OCH), 8.68 (s, S-Me), and 9.04 and 9,12(d Xsce
Discussion for mass spectral data),
The diol (IVi4e])(52 mg.) t.l.c. [elution with benzene-

ethylacetate (10:1)], gave 38-acetoxy-S-methyl-18,19-bisnor-

58,80,98,10«,148-cholest-13{17 )-ene {V[3c])(%0 mg.) a gum,
[a]+ ¢° (c, 0.8),T 4.9-5.1 (m, Wy ca. 9 Ha., AcOCH), 8.05

(s, AcO), 8.85 (s, 5-Me), 9.1 {s, 14-Me), 9.02 and 9.12 (4, 21-Me),
The alcohol-diacetate (V{11){130 mg.), a.fter t.l.c.

[elution with benzene-ethylacetate (10;1)}, gave the W stphalen

diol-diacetate (1{5}) {9 mg.) m.p. 123-4° [oc]D+82° (111'..,( A6n)

m.p. 127-8°, [cx]Df»85°), 38, 68-diacetoxy-5-methyl-19-nor-

5B-cholest-9(11)-ene (V{4]1)(50 mg.) m.p. 101-202° (from

methanol), [al;- 1.7° (e, 0.8), T 5.45-4,65 (m, Wy ca.
8 Hz., C = CH), 4.9-5.15 (m, w% ca. 9 Hz., AcOCH) 5.3-
5.5 (m, w%_ ca. 6 Hz,, AcOCH), 8.00 (s, Ac0), B.05 {s,0Ac),

8.85 (s, 5-Me), and 9.38 (s, 18-Me) (Found C, T6.42; H,10.45
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requires C, 76.503 H, 10.36%4), and starting material

c}lHSOOQ
(v[1])(240 mg.).

The alcohol-diacetate (zv)[6]1) (40 me.), after t.l.c.
[elution with benzene-ethylacetate (10:1)], gave the Westphalen
diol-diacetate (1[5])(20 mg.) m.p. 126.127° (11t(46b ), m.ﬁ.

127~8°) and 3B,63-d1acetoxy-5—me£hyl-l9-nor-58,93-cholest—l(lO)—eﬁe

(V5106 mg.), a gum [al+ 10.5° (e, 0.7), W
cm.-l,'1: 4.5-4,75 (m, W%_ca. 8 Hz., C:CH }, 4.9-5.2 (m, W%

nAK. 1745 (AcO)
ca. 6 Hz., AcOCH), 5.2-5.45 (m, Uy ca. 13 Ha., AcOCH), 8.00
(s, AcO), 8.05 (s, AcO) 8.95 (s, B5-Me), and 9.32 (s, 18-Me)
 (see Discussion for mass spectral data).

ZB-Benzyloxy-5a/B-methyl-19-nor-anthracholest-6(1 )-ene-10-one

( v[71).~ A methanolic solution of steroid (IV)[44])(300 mg. in 5
ml.) was treated with 20% potassium hydroxide in methanol

(30 ml.) and the mixture refluxed for 7 hr. The solution was
then poured into water and extracted with ether. The organic
layer separated, dried and evaporated gave an olil which, after
t.l.c, [elution {x2) with benzene~ethylacetate (10:1)], gave

the anthra-steroid (V{7})(50 mg.), a gum, [a]D+ 115° (e, 0.8),

284 ( € 10,800) nm., ~ _ 1640 (c=C), and 1680

M max. max

(C=0) em.™, T 2.75 (s, pheryl), 5.35-5.55 (s, CH,0), 6.00-
6.6 (m, OCH), 9.00 and 9,10 (d, J ca. 6 Hz., 5-Me), and 9.22
(s, 18-Me) (see Discussion for mass spectrum) and a mixture

(50 mg.) containing numerous polar components from the t.l.c.
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%3, 6a~-Diacetoxy-4,4-dimethyl-5a-cholestan-5-01 (VI{3a]), and

2B, 6a-diacetoxy-ta-methyl-5a-cholestan-5-01 (VIII{le]), and

38, 6a-dlacetoxy-4B-methyl-5a-cholestan-5-o1 (VIII{1b]).~ A

solution of the steroidin pyridine(10 ml./0.%4 g. steroid) was
treated with osmium tetroxide (0.3 g. per 0.4 g. steroid) and
the mixture kept at 21° for 96 hr. with occasional shaking. |
A solution of sodium sulphite, in water and pyridine (1:1)
was added and the mixture shaken for 2 hr. After extractlion with
chloroform and repeated washings the organic layer was saturated
with hydrogen sulphide and the solution washed with water.
Evaporation of the solvent gave the crude diol-acetates.

The crude diols in pyridine and excess acetic anhydride were
heated on a steam bath for the periocd specified, Addition of
water and removal of the solvent under reduced pressure gave
the dlacetates.

The olefin (VI{5a])(500 mg.) gave the crude diol (VI[3el)
(450 mg.).( 58,72) The crude diol (VI[3e])(140 mg.}, after 24
hr., gave the diacetate (VI[3al), m.p. 115-117° (from methanol),
[a],- 28° (o, 0.6), T 4.8-5.2 (m, 2 AcOCH), T.98 (s, AcO), 1
8.04 (s, AcO), 8.7% (s, 4p-Me), 8.88 (s, 19-Me), 9.0-9.22 (d, |
La-Me, 26-Me, and 27-Me), and 9.33 (s, 18-Me)(Found: C, T4.5;

H, 10.9 56Q5 requires C, T4.4; H, 10.6%).

ijH
The olefin (VI[Sc])( (e ).(l.l g.) gave the crude diol (VIII |
[1a])(1.0 g.)- 1
The crude diol (VIII[1a])(300 mg.)}, after 4 hr., gave |

the diacetate (VIII[1b1){(300 mg.) m.p. 200-201° (from methanol ), |
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[a]-5° (e 1.9), T4.5-5:0 (m, 24c0CH), 8.0 (s, 2Ac0),
9.0 (s, 19-Me ), 9.07 and 9.18 {d, 48-Me), 9.12 and 9,22
- {d, side-chain), and 9.4 (s, 18-Me) (Found: C, T4.15;
H, 10.32 032H5405 requires C, T74.09; H, 10.49%).

The olefin (VI[5b])(300 mg.) gave the crude diol
(virr{1da] )(250 mg.). The crude diol (VIII[1d]) (250 mg.),
gave, after t,l.c. [elution with benzene-ethylacetate
(3:1)], the diacetate (VIIT[le])(185 mg.) m.p. 175-6°
(from methanol ), [a]D+ 68° (c, 0.4),T %.9-5.5 (m, 2AcOCH),
8.05 (s, 2Ac0), 8.95 (s, 19-Me), 9.10 and 9.20 (d, side-
chain), 9.15 and 9.25 (d, 4a-Me), and 9.33 (s, 18-Me) (Found:
C, TH.18; H, 10.58 ¢

32
33-Ace toxy~da~methyl-5a-cholestan-5,68~di0l (VIII{2c]).~ The

H5405 requires C, T4.09; H, 10.49%).

olefin (VI [5b]){600 mg.)( (& )in ether (20 ml.) was treated
with monoperphthalic acid solution (50 ml.)(60 g./litre) and
the mixtqre stirred overnight. The mixture poured into
water and:the usual work up gave a mixture of a.and f§.epoxides
(600 mg. )i

The crude epoxide mixture (600 mg.) in acetone (30 ml.)
was treated with periodie acid dihydrate solution (250 mg./
5 ml.HQO) and the mixture refluxed for 1 hr. The mixture
poured 1nto water and the usual work up gave the erude diol
(viII{2e])(400 mg.) which was used without further purification.

3R-Acetoxy-L ,4-dimethyl-Se-cholestan-5-o0l-6-one (VI[3e])

38-Acetoxy-4B-methyl~5e=-cholestan-5-0l-6-one (VIII{le])

3B-Acetoxy-da-methyl-5¢-cholestan~5-0l-6-one (VIII[1f]).~

A solution of anes( 33 ) reagent (0.4 ml./200 mg. steroid)
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was added to a stirred solution of the diol in acetone
(15 ml./200 mg. alcohol) at 0°C. After % min. the solution
was poured into water and the usual work up gave the ketol.
The diol (VI[3e])(200 mg.) gave the ketol (VI[3e])
(180 mg.) m.p. 157-159° (from methanol), [a]D 0° (Lit.( 12)
m.p. 158-160°, [aly - 1.1°) (Found: €, 76.4; H, 10.5
031H5204 requires C, 76.2; H, 10.7%).
The diol (VIII{1a])(700 mg.) gave the ketol (VIII{le})
(600 mg.) m.p. 202-203°, [a]D— 26.5° (e, 0.5), ﬁanax. 1720-
1730 (AcO, C=0) and 3300-3600 (broad OH) em.”™ “T 4,7-5.0
(m, AcOCH), 8.07 (s, AcO), 9.10 and 9.2 (d, side-chain),
9.05 and 9,15 (4, 4B-Me), 9.15 (s, 19-Me), and 9.38 (s, 18-Me)

(Foundt: C, 75.67; H, 10.T4 HeoOy Tequires C, 75.9; H,10.62%).

C50
The diol (VIII{2c1)(200 mg.) gave the ketol (VIII[1lf])

(170 mg.) m.p. 166-167° (@], 11° (e, 0.18), Ts.02 - 5.5

(m, AcOCH}, 8.00 (s, AcO), 9.1 and 9.2 (d, 4a-Me, side-chain)

9.2 (s, 19-Me), and 9.36 (s, 18-Me) (Found: C, T5.59; H,

10.78 C30H5004 requires C, 75.9; H, 10.63),

jﬁ,6B-Diacetoxy-4,4-dimethyl-5a-cholestan-5—ol (VI{3bl),

38,68~d1acetoxy-4B-methyl-5a-cholestan~5-01 (V11)2nl),

38,6B-diacetoxy-ta-methyl-5a-cholestan-5-01 (VITI[2d}).-

A solution of the ketol in ethanol (20 ml./150 mg.) was
treated with an excess of sodium borohydride (100 mg.) and
set aside for 1 hr. The solution was acldified with acetic
acid and diluted with water. The usual work up gave the crude

diol.
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A pyridine solution of the ¢rude diol and excess acetic
anhydride was heated on a bolling water bath overnight. Water
added and evaporation gave the diacetate.

The ketol (VI[3e]){150 mg.) gave the erude diol (VI[3gl)
{140 mg.)} T 2%.8-5.2 {m, AcOCH), 5.9-6.15 {(m, OCH), 8.01 (s,
AcO), 8.63 (s, U4B-Me), 8.68 (s, 19-Me), 9.0-9.2 (d, La-Me;
27-Me), and 9,32 (s, 18-Me).

The crude diol (VI{3g])){1L40 mg.) gave the dlacetate
(VI{3b]), m.p. 115-117° (from methanol), fal;- 18° (e, 0.6),
T4,8-5,2 (m, 2ac0CH), 7.98 (s, AcO), 8.04 (s,Ac0), 8.7% (s,
hp-te), 8.88 (5,19-Me), 9.0-9.22 (&, Hu-Me, 27-Me) and 9.33
(s, 18-Me) (Pound: C, T4.5; H, 10.9 033H5605 requires C,

T4.4; H, 10.67). '

The ketol (VIIT[lc]l)}{200 mg.) gave the erude dfol (Virt{oal)
(190 mg.}. The erude diol (VIIT{2a])(190 mz.) gave the diacetate
(v111{2b])(180 mg.), m.p. 167-168° (from methanol), [al,- 40°
(e, 0.4), T (weak) 4,6-5.4 (m, 28cOCH), T7.98 (s, AcO), 8.0%

(s, Ac0), 8.80 and 8.92 (d, 19-Me and 4B-Me) 9.1 and 9.2 (d,
side chain), and 9.3 (s, 18-Me) (Found: C, 73.T4; H, 10.51
CBEHSHOB requires C, T4.09; H, 10.%49%).

The diol (VITI[2¢]) (180 mg.), after acetylation at room
temperature overnight, gave the diacetate (VITI[24]1)(140 me.)
m.p. 136-8° (from methanol), [a]D 0°T 5,0-5.6 (m, 2AcOCH),
8.0 (s,Ac0), 8.05 (s,Ac0), 8.88 (s, 19-Me), 9.1 and 9.2 (4,
side-chain), 9,12 and 9.22 {shoulders, 4a-Me), and 9.33 (8,18~

Me) (Pound:C,73.803H,10.67 C, H) 0. requires C, T4.09:H,10.49%).

5475
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General procedure for dehydration of Ba-hydroxy steroids.- A

solution of the sterold (100 mg.) in acetic aclid (6 ml.) and
acetic anhydride (1 ml.) was treated with sulphuric acid
(0.} ml.; 4g. H2804/25 ml.acetic acid) and set aside for
“the period specifiéd. The solution was poured into brine and
the resultant mixture was extracted with ether, The ether
extracts - were washed with water (x2) and evaporation gave
the erude product.

The diacetate (VI[32])(80 mg.) after 1 hr., gave an oil.
Preparative t.l.c, [elution with benzene-ethylacetate (40:1)],

gave 3p,ba-diacetoxy-4,4,5-trimethyl~19-nor-58-cholest-9(10)-

ene  (VI[6al)(24 mg.), an o1l [alyt 4.4%(e,0.9), % 5.3+5.6
{m,2AcOCH), 8.02 (s, 28c0), 8.74 (s,5B-Ms), 8.93 (s, do-Me),
9,06 (s, 48-Me), and 9.20 (s,18-Me) (Found: C, 76,70; H, 10.8
033H5404 requires C, 77.00; H, 10.60%), a mixture of compounds
(VII[%a]) and (Vir{4al) (11 mgﬁ) and starting material (12 mg.).
The mixture (VII[}a};VIIE&a])(BO mg.) in 1% methanolic
potagssium hydroxide was refluxed for 6 hours. The usual work
up, followed by t.l.c. [elution with benzene-ethylacetate
(3:1)], gave 3B,6u-dihydroxy-U,4,5-trimethyl-19-nor-58-cholest-
1(10)-ene (VII{3b])(14 mg.),an oil, ¥ 4,5 (m,HC=C), 5.%-
5.8 and 5.9-6.1 (m, AcOCH), 8.85 (s, 5B-Me), 9.0-9.3 {(m,

bauMe, 4B-Me, 21-Me, 26-Me, 27-Me), and 9,38 (s, 18-Me),

{see Discussion for mass spectral data), and 3B,6a-dihydroxy-

4,4,5 14 «tetramethyl-18,19-bisnor-53,8a¢,96,10a,148-cholest-
13(17)-ene (VII[4b])(8mg.), an o011, T 6.1-6.8 (m, OCH),
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8.92 (s,4a-Me and SB-Me), 9.02 (s, 4B -Me and low-field kranch of

21-Me doublet), 9.16 (m, high-field branch of C-21 Me ' doublet,

Cu26 Me, 27-Me, and 1U4B-Me ).

The diacetate (VI[3b])}(90 mg.) after % min, gave an oil
(80 mg.). Preparative t.l.c. [elution with benzene-ethylacetate
(10:1)}, gave 3B,6p-diacetoxy-4,4,5~trimethyl-10w-nor~58~cholest~
9(10)-ene (VI[6b])}(45 mg.) an oil, [G}D + 100° (e, 0.9),7T %.7-

5.2 (m, AcOCH), 5.3-5.55 (m, AcOCH) 8.0, (s,0Ac), 8.06 (s,0Ac),

8.72 (s,58-Me), 9.03 (s,4p-Me), 9.10 (s,4a-Me), and 9.21 (s,
18-Me) (Found: C,76.95; H, 10.7 CZDHB#O# requires C,T77.0;
H,10.66%).

The ketol (VI[3c])(100 mg.) after 2 hours gave an oil (%0 mg.).
Preparative t.l.c.[elution with benzene-ethylacetate (10:1)], gave

IB-acetoxy-4,4,5-trimethyl~19-nor-5g-cholest~9-en-6-one (VI{6e])
(75 )

mep. 95-96°
[@]5-53°).  5.3-5.5 (m, AcOCH), 7.99 (s, OAc), B.72 (s, 5p-Me),

(60 mg.), m.p. 95-97,[aly-55" (o, 0.4) (1it.

9.04 (s,48-Me), 9,08 (s,ba-Me), and 9.26 (s, 18-Me).
The diol (VI[34])(400 mg.) after 30 min., and t.l.c. [elution

with benzene-ethyladetate (40:1)], gave 3f-acetoxy-4,4-dimethyl-

cholest-5-ene {VI{5a]) (280 mg.), identical in all respects to

an authentic sample, and mixture (20 mg.) T 3.0-4.0 (olefihic
, | )
protons ) )\,max.(EtOH) 244 nm,
The diacetate (VIII{1b])(240 mg.) after 1 hr., and t.l.c.

[elution with benzene-ethylacetate (10:1}}, gave 38,6u-diacetoxy-

48,5-dimethyl-19-nor-5B~cholest=9(10 J~ene (VIII[32])(90 mg.),

m.p. 138-139°(from methanol), [cx]D+ 108° (e,1.8), 4-.9-5.15
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(m,AcOCH), 5.15-5.4 (m,AcOCH), 8.0 (s,Ac0), 8.08 (3,Ac0),

8.85 (s, 5-Me), 9.12 and 9.22 (d,%p-Me and part of side-chain
doublet),and 9.20 (s,18-Me) (Found: C, T6.91; H, 10.55

. L7t '
032H5204 requires C, 76.75; H, 10.47%) and a mixture of
(VIII[ﬁa}) and (VII[#d])., PFurther t.l.c. of the mixture

[elution (x2) benzene-ethylacetate (10:1)}gave 38,ba-diacetoxy-

4,5, 1 h=trimethyl-18,19-bisnor-58, 8, 98,100, 1B cholest-13(1T)-

ene (VII[{4d])(10 mg.) as an oil, T 4.9-5.4 (m, 2AcOCH), 8.05
(s, 2Ac0), 8.85 (s,5p-Me), 9.03 (s, 1¢w«f1e1d branch of
21-Me doublet), 9.13 (s, liB-Me, and low-field branch of
side chain doublet, high-field branch of 21-Me doublet),
9,20 and 9.30 (d, 48-Me) (see Discussion for mass spectral
data), |

The diacetate (VIII[2b])(G0 mg.) after 1 hr,, and t.l.c.

[elution with benzene-ethylacetate (10:1)], gave 3B,68-dlacetoxy-

48, 5-dime thyl-19-nor-5p-cholest-9(10)-ene (VIII[3b]){26 mg.)

an oll, [a]D+ 50° (¢, 0.6) 5.0-5.é2 {m, 2AcOCH), 8.00
(s, AcO), 8.05 (s,Ac0), 8.9 (s,5B-Me), 9.06(s,low-field branch
of the 4B-Me doublet), 9.10 and 9,20 (4, side-chain, high-
field branch of 4B-Me doublet, C-18 Me ){Found: C, T7.1l;
H, 10:3 032H5204 requires C, 76.75; H, 10.47%).

The ketol {VIII{lel) (140 mg.) after 2 hr., and t.l.c.
[elution with benzene-ethylacetate (10:1)], gave 3B-acetoxy-

48,5-d1imethyl-19-nor-58-cholest~9(10 )-en-6-cne (VIII[3c])

(80 mg.), m.p. 128-129° (from methanol}, [a1D-61° (e, 1.5),
T 4.9-5.1 (m, AcOCH), 8.00 (s, AcO), 8.80 (s,58-Me), 9.10

and 9.20 (d, side-chain and low-field branch of the
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4B-Me doublet, 9.25 (=, 18-Me}, and 9.32 (s, high~field
branch of 4f-Me doublet) ,(Found: C, 78.74; H, 10.62
CBOH4803 r'equil"es C, 78‘78; H, 10059%).

~ The diacetate (vizriad) (&5 mg.), after 1 hr. and
t.1.c. [elution with benzene-ethylacetate (19:1)], gave

%3, 6B-diacetoxy~4a,5-dime thyl-19~nor-58-cholestan-9(10 )-ene

(vizz{zal) (17 mg.), an oil, {a]j + 67° (e, 0.3), T 5.0-5.4
{m, 2AcOCH), 8.00 (s, 2Ac0}, 8.78 (s, 5B8-Me), 9.1 and 9.2
(d, side-chain, %a-Me and 13-Me) (Pound: C, 76.25; H, 10.45

032H540& requires €, 76.76; H, 10.47%).

The ketol (VIII[1f]) (90 mg.), after 3 hr. and t.l.c.
[elution with benzene-ethylacetate (19:1)], gave 3f-acetoxy-

Yomethyl-cholest-4-en-6-one (VIII[4]) (18 mg.), m.p. 99-101°,

N oy, 1700 {eonj. C=0) and 1740 (AcO) em, N pax, 243

(§ 6,500) nm., T 4.6-5.0 {m, AcOCH), 8.00 {s, Ac0), 8.45

(s, 4-Me), 9.04 (s, 19-Me), and 9.3 (s,18-Me) {(Found: C, T79.2;

H, 10.62  Oy,H;) 0y requires C, 78.89; H, 10.59%), 78,5

diacetoxy-da-methyl-Sa-cholestan-6-one (VIII[5%1) (24 mg.),

an oil, T 5.1-5.6 (m, AcOCH), 7.9-(s,Ac0), 8.05 (s,Ac0),
9.08 and 9.13 (d, side-chain), 9.15 and 9.26 (d, 19-Me and %o-Me),
and 9.35 (s, 18-Me ), and starting material (14 mg.).

Hydrolysis of (VIII{5.]) (24 mg.) with ! % methanolic
potassium hydréxide, and after the usual work up acetylation‘
overnight with acetic anhydride in pyridine gave starting

material (VIII[1f]) (10 mg.), m.p. 165-70. The diacetate
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(viII[2e1){(120 mg.) after 24 hr. and t.l.c. [elution with

benzene-ethylacetate (19:1)}}], gave a mixture (24 mg.) and
starting material (27 mg.). Preparative t.l.c. of the mixture

[elution (x2)} with benzene-ethylacetate (%0:1)], gave

3 £,6a-diacetoxy~A-methylcholest~4-ene (VITI[6]) (10 mg.)
X 4.6-4.9 (m, 28c0CH), 8.05 (s, 24¢0), 8.4 (s, broad, 2-Me),
8.88 (s, 19-Me), and 9.32 (s, 18-Me) and (VIII[3e]) tentatively

assigned the structure, 3B,ba-diacetoxy-la,5-dimethyl-19-nor-

5B-cholest=0(10)~ene, 1 8.02 (s,Ac0), 8.78 and 8.9 (4, 4a-Me

and 58-Me) and 9.25 (s, 18-Me).

Dehydration of (VIII[1£]) with thionyl chloride.- A solution

of ketol (VIII[1f]) (18 mg.) in pyridine (9 ml.) was treated
with thionyl chloride (three drops) at 0°C for 0.5 hr. The
mixture poured into water and extracted with ether., The ether

extracts, dried and evaporated, gave 38-acetoxy-4-methylcholest-

4-en-6-one (VITI[4]) (10 mg.), m.p. 99-101°, identical in all

respects to sample previcusly obtained.

b, 4, 5-Trime thyl ~19-nor-58-cholest-9-en-3,6-dione (Viif{2al),

and 48,5-Dimethyl-19-nor-58-cholest~3-en-3,6-dione (VII[2b]).~

A small sample of each of the dlacetates
_ (vIzz{zbl)
(VI[ 6a}), (vi[ébl), (VIII{3al)/and (VIT1[3c]) was separately
hydrolysed by heating under reflux in a 1% methanolic potassium
hydroxide solution overnight. The diols thus obtained were
oxidised with chromie acid in acetone and purified by t.l.c.
The diacetates (VI{6a]) and (VI{6b]) each gave thetﬂ?—dione

(vir{za}) m.p, 116-117° (from methanol ), o.r.d.[ﬁ]jlsu-l6,9000,
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(8] pqo+ 19.435°, [l + 13,945 (16,0 P ) g, 110.120°,
) o 0

[#)5p1 - 13,7507, [Flyos + 14,6007, [Fl,,, + 11,2007).

The diacetates (VIIT[3b]) (VIII{3a]) and (VIII[3c]) each
gave thelﬁg-dione (vir[2b]) an oil, o.r.d. [¢]318-18,440°,
[#] gt 28,440, [Fly + 16,200°. ‘¥ 9.1 and 9.2 (d, side-chain,
18-Me, 5B-Me, and low-field branch of 4f-Me doublet) and 9.31
(s, high~field branch of 4B-Me doublet) (see Discussion for mass
spectrum).

Oxidation of diols (VII[3b]) and (VII[lb]).~ Both compounds

were treated with chromic acid in acetone under conditions

described above., The diol (VII[3b]) (14 mg.) after t.l.c.

[elution with benzene-ethylacetate (10:1)], gave 4,4,5-trimethyl~
19-nor-58,100/8-cholest-l-ene-3,6-dione (VII[5]), m.p. 134-136°,

1
N max.

Discussion for mass spectral data), and an unknown 1actonehJ;ax

1700 (broad) cm.” ,7\nmx_(EtOH) 231 nm. (£ 9000) (see

1765 cm.‘l, (see Discussion for mass spectral data).

The diol (VII[4b]) (8 mg.) gave 4,4,5,14-tetramethyl-18,19-

bisnor~58,8ax,98,10a,148-cholest-13{17 )-en-3,6-dione tVII[#c])
( 75)

, an oll (see Discussion for mass spectral data).

3B-Methoxy-19-oxocholest-H-ene (1X {1b]).- 3p-Hydroxy-steroid

(I)C[ld])(82 )(l g.) in . dry pyridine (30 ml.) was treated with
p-toluene sulphonyl chloride (1 g.) and the mixture allowed to
stand at room temperature overnight. The sclution was then
poured into ice, extracted with ether and the ether extracts
washed with water, dried and evaporated. The resulting oil

was dissolved in methanol and refluxed for 2 hr. on a steam bath.
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Water was then added till the solution became turbid, cooling

gave the crystalline product (IX[1b]) (700 mg.) m.p. 71-2°
(aq.methanol),‘w%mx 1730 (C=0) and 2720 {(H-C=0) cm._l,

T 0.4 (s, HO=0), 4.2-8.% (m, C=CH), 6.82 (s, OMe), and 9.4
(s, 18-Me) {Found: C, 81.,12; H, 11,22 c28H4602 requires

¢, 81.1; H, 11.18%4).

36-Methoxy~19«metﬂjlenecholest-B-ene (TX[lel).~ A 2.0 M hexane

solution of butyl lithium (2.5 ml.) was added to a suspension of
methyl triphenyl phosphonium bromide (2.02 g.) in ether (25 cc)
and the mixture stirred under nitrogen for 1 hr, The steroid
(1X[1b]) (1 g.) dissolved in ether (25 ml,) was then added and
the mixture stirred for 2 hr., and refluxed for a further 4 hr,
After cooling the mixture was poured into water, extracted with
ether and the ether extracts dried and evaporated. The resulting
oil after column chromatography, elution with petroleum

ether (60/80) gave the 19-vinyl steroid (1X[lel)} (600 mg.)

e Do 82.4° (from methanol), [a}D- 102° (e, 0.4), Th.1-5.2
{m, 4H, C=CH, and HCL-CHQ), 6.82 (s, OMe ), 6.9-7.5 (m, OCH),
and 9.43 (s,18-Me) (Found: C, 84.34; H, 11.T5 CpgH, g0

requires C, 84.4; H, 1L.72%).

3B-~Me thoxy-19-methylcholest~5-ene (1x[1£]).~ 4&n ethylgcetate
solution of the steroid (IX[lel) (lg.) was stirred with 10%
palladium on charcoal catalyst, in an atmosphere of hydrogen
at room temperature until the uptake of hydrogen had ceased.
The solution was filtered and evaporated and the resulting oil,

on crystallisation from methanol, gave {LX[1f])(1 g.) m.p. 81.2°
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[a]D— 53° (c, 0.8), T 4,4-%4.7 (m, C=CH), 6.8 (s, OMe),
6.7-T.3 {m, OCH), and 9.3 (s, 18-Me) {Found: C, 83.41;
H, 12.15 029H500 reguires C, 83.99; H, 12.15%).

68-Ace toxy-38-methoxy~19-me thyl-5a-cholestan-5-0l (IX[2a]).-

A solution of steroid (IX([1f]) (2g.) in 98% formic acid

(20 ml.) was stirred vigorously at 50°C, for 5 min. After
cooling to room temperature the suspension was then treated
with 30% H202 (2.0 ml,) and stirring continued overnight.
Boiling water (30 ml.) was added and after cooling the mixture
was extracted with ether, washed with sodlum hydroxide solution,
water and evaporated. The resulting oil was treated with 109
potassium hydroxide solution (2 ml.) in methanol.(60 ml.).

The usuval work up gave ;SB-methoxy-lQ-methyl—Sa-cholestanf-5,613_-

atol (X[2e]) (1.8 &.) m.p. 203-4°, [al~ 3° (e, 2.0),T 6.2-
6.8 {(m, 2 OcH), 6,68 (s, OMe), and 2.3 (s, 18-Me) {Found:CJ7.8;
H, 11.67 Coglig05 requives C, 77.62; H, 10.70%). Acetylation
of (IX{2¢]) with acetic anhydride-pyridine gave a quantitative
yleld of the Gfacetate (IX[22}) as an oil [al;- 25°

(c, 0.4), \
(m, w% ca. 6 Hz.,, AcOCH), 6.3-6.8 (m, 20CH), 6.8 (s, OMe),

1745 {C=0) and 3610 (OH) cm.-l, T 5.3-5.5

max.
8.0 (s,Ac0), and 9.3 (s, 18-Me) (Found: C 75.56; H,10.76
CBlHSl}Oli requires C, 75.87; H, 11.09%).

38, 68-Diacetoxy~19-methylene~50~cholestan-5-0l {(IX[2b]).-

A solution of the a-~epoxide (IX[Z”I)( 8 )(250 mg, ) and
periodic acid dihydrate (150 mg.) in aqueous aceione was

heated under reflux for 30 min. Water was added to precipitate
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the ﬁroduct whieh on filtration gave 3f-acetoxy-l9-methylene-

Sewcholestane5,6B~diol (IX[21]) (200 mg.) m.p. 199-200°(from

methanol) [al+ 8° (¢, 0.25) (Found: C, 76.76; H, 10.08
'C:,)OHaOO4 requires C, 75.9; H, 10.62%). Acetylation of
(1x[21}) with acetic anhydride-pyridine gave a quantitative
yield of the hydroxy-acet#te (zx[2v]) as an oil, [a]D-24°
(e, 0.2),T 3.2-3.9 (m, X proton of ABX system, HC=C) 4.5-
5.3 (m, C=CH,,2Ac0CH), 7.95 s, Ac0), 8.08 (s,Ac0), and 9.42

(s, 18-Me)

6a-Ace toxy-3B-me thoXy-19-methyl-5a-cholestan-5-01 (IX[2e])

ZB-Ace toxy-10-acetoxyme thyl~5a=-cholestane5,Su~-dicl (IX[2f]).~

A solution of stercid in pyridine (10 ml./0.% g. steroid) was
treated with osmium tetroxide (0.3 g. per 0.4 g. steroid) and
the mixture left at 21° for 96 hr. Chloroform (100 ml.)
was added and thelsolution saturated with hydrogen sulphide.
Filtration through a short alumina {grade IIT) column and
evaporation gave the cis-diol,

The olefin (1x[1£]) (200 mg.), gave (X [2a&]), which on
treatment with acetic anhydride in pyridine and preparative
t.1l.c.[elution with benzene-ethylacetate (3:1)}], gave the

hydroxy-acetate (IX{2e]) (150 mg.) m.p. 166-8° {from

methanol) [aly + 36° (e, 1.1), T 5.00-5.4 (m, AcOCH), 6.k~
6.9 (m, OCH) ,6.78 (s,0Me), 8.05 (s,Ac0), and 9.35 (s, 18-Me)
(Found: C, 75.93; H, 11.12 CyHg,0, requires C, 75.87; H,11.09%).

The olefin (IX[1i]) (450 mg.) gave the diol (IX[2f])
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(350 mg.) m.p. 149-151o (from methanol} [a]D 00,*1:4.9-5.3
(m, AcOCH), 5.6-6.2 (m,AcOCHE), 6.2-6.9 (m, OCH) 8.00 (s,
2Ac0), and 9.35 (s, 18-Me) (Found: C, 71.19; H, 9.9%
C}lH5206 requires C, TL.50; H, 10.07%).
3B-Methoxy-19-methyl-50-cholest-5-0l-6-one (IX[23j]) and

38-acetoxy-10-acetoxymethyl -5a-cholestan-5-0l-6-one (IX[2g) ).~

A solution of Jones( 3 ) reagent (0.4 ml./200 mg. steroid)
was added to a stirred solution of the diol in acetone (15
ml./200 mg. steroid) at 0°C. After 3 min. the solution was
poured into water and the usual work up gave the ketol.

The diol (IX[ad]) (100 mg.) gave the ketol (IX[2j}) (100
MmE.) M.D. 204-50 (from methancl ) [a]D- 44.50 (e, 0'3)’q\%ax.

1710 (C=0) and 3600 {OH) cm.'l X 6.75 (s,0Me) and 9.3

(s, 18-Me) (Found: C, 78.11; H, 11,46 ¢ requires

2915003
¢, 77.97; H, 11.28%).

The diol (IX[2f]) (310 mg.) gave the ketol {(IX[2g])

o _

(290 mg.) as an oil [aly - 37.5° (e, 0.45), \)ﬁax_ 1710
(C=0), 1750 (AcO), and 3450 (broad,OH) en. YT 4.7-5.3 (m,
AcOCH), 5.5-6.0 (m,0CH,), 8.02 (s,Ac0), 8.1 (s,Ac0) and 9.33
(s,18-Me )} (see Pimeussion for mase speeiral data),

3B,68-Diace toxy-10-acetoxymethyl-5a-cholestan-5-01 (IX[2h]).-

A solution of the ketol (IX[2gz]) (200 mg.) in ethanol (25mi.)
was treated with sodium borohydride (200 mg.) and stirred fof
1 hr. at room temperature. The solution was acidified with
acetic acid, diluted with water and the usual work up gave

the ¢rude diol.
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A pyridine solution of the crude diol and excess acetic

anhydride was allowed to stand at room temperature overnight.
Addition of water and eVaboration, under vacuo, gave the crude
triacetate (IX[2h]}) (200 mg.). Preparative t.l.c.[elution
with benzene:ethylacetate (10:1)] gave pure triacetate
(zx{enh]) (137 mg.), an oil, [a}D-3o° (e, 1.0), V &ax.1740
(AcO) and 3500 (OH) em.™ , T 4.7-5.2 (m, AcOCH), 5.2-5.6

(m, AcOCH), 5.6-6.0 (m, OCH,), 7.9 (s,Ac0) 8.00 (s,Ac0),

8.1 (s,Ac0), and 9.3 (s, 18~Me),

Dehydration of (IX[2a]),(1X[2bl),(1X[2e]),{IX[2h]), and

(zxf23]).~ Conditions identical to those detailed above.
The hydroxy-acetate (IX{2a}} (200 mg.) after 15 min. gave an
0il (150 mg.). Preparative t.l.c. [elution with benzene-

ethylacetate (19:1)] gave 6B-acetoxy=-3B-methoxy-5-ethyl~1.9-

nor-58-cholest-9{10)-ene (X[la}) (100 mg.), an oil, [a]D+ 47°

(e, 0.6)7T 5:2-5.6 (m, w% ea., 16 Hz., AcOCH), 6.5-6.8 (m,

Wy ca. 8 Hz., OCH), 6.8 (s,0Me) 8.05 (s,Ac0), 9.1 and 9.2
2

(d, 21-Me), and 9.21 (s, 18-Me)} (Found: C, T78.74; 10.95

requires C, 78.65; H, 11.09%) and 3§ ,6f-diacetoxy~

Ca15205
19-methylcholest-b-ene (X[2}) (20 mg.), an o011, [al+ 40°
(c,0.6), \2hax' 1750 (Ae0) cm.'l,‘Tf 4.05-4.35 (m,W, 9 Hz.,

. . 2
C=CH), 4.6-5.1 (m, 2AcOCH), 8.08 (s,28¢0), and 9.3 (s,18-Me)

(Found: C, T7.03; H, 10.55 ¢ 0, requires C, 76.75;

252
H, 10.474).
The hydroxy-acetate (IX[2b]) (80 mg.) after 6 hr. gave

an oil (70 mg.). Preparative t.l.c. [elution with benzene:
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ethylacetate (10:1)] gave 3B,6B-diacetoxy-5-ethenyl-19-nor-54-

cholest-9(10)-ene {(X{lel) (44 mg.), oil, {a}D+ 73° {e, 1.0),
“T4,0-5.6 (m, HC=CH2,2AOOCH), 8.05 (s,Ac0), 8.1 (s, AcO),
9,08 and 9.18 (d, 21-Me and 18-Me) (see Discussion for mass
spectrum).

The hydroxy-acetate (IX{2e]) (60 mg.) after 15 min. gave
an oil (60 mg.). Preparative t.l.c. [elution with benzene:

ethylacetate (10:1)] gave 3 § . 6a-diacetoxy-19-methylcholest-

heene (X[31) (40 mg.), otl, [aly + 21° (c, 0.7). X 4.4-h.6
(m, w%,ca. 10 Hz., HC=C), 4.7-5.1 (m, 2AcOCH), 7.98 (s,A4c0),
8.05 (s,Ac0), and 9.32 (s, 18-Me).

The hydroxy-triacetate (IX{2h]) (100 mg.),after 3 hr.,
t.1.c. indicated hainly unchanged starting material; further
treatment for 18 hr, gave a mixture (10 mg.,) T 4,1-4,4
(m,HC= ) 7.9-8.05 (m,3Ac0), and 9.3 (s, 18-Me).

The ketol (IX[2j]) (120 mg.) after 15 min. gave an oil
(60 mg.). Preparative t.l.c.[elution with benzene:ethyle

acetate (10:1)] gave 3B-methoxy-5-ethyl-19-nor-58-cholest-

‘9(10)-en-6-one (x{1bl) (2" mg.), oil. [a]D- 31° (c,0.4),

Vyax, 1785 (C=0) en.™, T 6.4-6.7 (m, Wy ca. 9 Ha., CHO)
6.75 (s, MeO), 9.25 (s, 18-Me), 9.38, 9.5, and 9.6 (%, CH3

g

portion of 5-ethyl) (Found: ¢, 8L.26; H, 11.32 - C29“48°2
requires C, 81.25; H, 11.29%).

Sodium in ethanol reduction of (IX[23j]}.- A solution of the

ketol (IX[23]1) (250 mg.) in absolute ethanol (50 ml.) was
treated, over 20 min., with sodium metal and refluxing continued

for a further 20 min. The excess sodium was destroyed by
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addition of more ethancol, The solution was poured into water,

extracted with ether, and the ether extract washed and dried.

Evaporation gave an cil which was shown by t.l.c, to contain

numerous products. Acetylation of the crude oil with acetic

anhydride in pyridine followed by preparative t.l.c. [elution

wlth benzene-ethylacetate (10:1)] eave 6B-acetoxy-3@-methoxy-

19-methyl-58-cholestan-5-01 (X[#a]) (30 mg.), oil [aJD 0°,

V .. 1780 (C0) and 3500 (0H) ema ™, T 5.2-5.4 (m, Wy

ca., 6 Hz,, AcOCH), 6.3-6.6 (m, W% ca. 8 Hz., OCH), 6,7 (s,0Me),
8.04 (s,Ac0), and 9.32 (s, 18«Me) (Found : C, T6.2; H, 11,70

Gy HeyO) Tequires C, 75.87; H, 11.09%), and ba-acetoxy~38-

methoxy-19-methyl-58-cholestan-5-o1 (X[4b}) (15 mg.) m.p.

138-40° (from aq. methanol}, [a]D +120° (e, 0‘2)"\)ﬁax
1750 (C=0) and 3550 (OH) em.™*, T 4,9-5.3 (m, Wy ca, 20 fiz.
AcOCH}, 6,3-6.5 (m, Wy ca. 8 Hz, OCH), 6.7 (s, OMe), 8.05
(S;AGO): and 9,735 (5; 18-1\’16') (Found: c, 75-775 H, 10.8%
031H5404 requires €, 75.87; H, 11.09%).

Hydrolysis and oxidation of (X[lal,(X[2], and (X[3]}.~ The

steroids were hydrolysed with 1% potassium hydroxide in methanol

and after the usual work up the crude alcohols were oxidised with

(33)

Jones reagent as previously desecribed,

The methoxy-acetate (X[1a]) (20 mg.) gave BBfmethpxy—B-ethylf

‘ 19-nor-5@-cholest-9(10 )~en-6-one (X[{1b])(10 mg.) identical in
| every respect to the sample previocusly obtained.
The diacetates (X[2]) (20 mg.} and (X{3]) (10 mg.) gave

19-methylcholest-4-en-~3,6-dione (X[7] (12 mg, and 6 mg.
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respectively), m.p. 119-20° (from methanol), [a]D- 340 (e¢,0.2),

~

max
(Found: ¢, 81.33; H, 10.86 CEBHMO2 requires C, 81.5;

1695 (econj. C=0) cm.“l, hmax 248 n.m., (€ 11.500)

H, 10.75%).

Hydrolysis and hydrogenation of (X[lel).~ A solution of the

diacetate (X[lel) (30 mg.) in 1% methanolic potassium hydroxide
was refluxed on a steam bath for 15 min., Work up in the usual

manner gave S5-ethenyl-~19-nor-5g-cholest-9(10)-en-38,68-diol

(x[1d]), oil, T 3.8-5.4 (m, HC=CH,,,ABC system), 5.9-6.3 (m,
w%pa. 10 Hz., OCH), 6.4-6.9 (m, OCH), 9.1 and 9.2 {(d, 21-Me
and 18-Me).

A solution of the diol (X[lal]) (15 mg.) in ethylacetate
was treated with 5% palladium on charcoal (10 mg.) and the
mixture stirred under an atmosphere of hydrogen for 1 hr. The
solution was filtered and evaporation of the solvent gave

5-gthyl-19-nor-58~cholest-9(10)-en-38,68-diol (X[lel) (14 mg.),

0il, T 6.0-6.3 {m,0CH), 6.4-6.8 (m, OCH), 9.1 and 9.2 (4,
21-Me and 18-Me). (Found: C, 81.24; H, 11.51 C,gH, 0,
requires C, 80.71; H, 11.61%).

3p,6B-Diace toxy~-5-ethenyl~19-nor-5p-B-seco~cholestan-9,10-dione

(X{6]). A solution of the diene (X[le}) (60 mg.) in pyridine (3
ml.) was treated with oxmium tetroxide (30 wg.) and the mixture
kept at room temperature for 24 hr, Usual work up gave, after
preparative t.l.c.,[elution with benzene-ethylacetate (3:1)],

38,68-diace toxy-5~ethenyl-19-nor-58,10a-cholestans9a,10~diol

(x[5]) (35 mg.), oil, \)max. 1780 (Ac0), and 3500 (OH) cm.-l

130.



T 3.7-5:3 (m, HC=CH,., 2AcOCH), 7.96 (s, OAc), 8.15 (s,Ac0),
and 9.32 (s,18-Me) (see Discussion for mass spectrum).
A solution of the diol (X[5]) (30 mg.) in t.butanol

(3 ml,) was treated with‘lead tetraaceiate in acetic acid

(0.065M, 4 ml.) and the mixture kept at 45° for 4 hr, The mix-
ture was poured into water, extracted with ether, the ether

extract waéhed with sodium hydroxide (1% solution), water

and dried. Evaporation of the solvent gave the dlketone

(x[6el) (e0 'mg.) oil, \Jmax 1720 (C=0) and 1740 (AcO)

cm.-_l,’ClL.G-S.O (m, 2AcOCH), 8.05 (s, AcO), B.12 (s, Ac0),

and 9,05 (s, 18-Me) (see Discussion for maés spectrum),

Epoxidation of (X[lc]).~A solution of the diene (X[lel)

{100 mg.) in dry ether (2 ml.) was treated with monoperphthalic
acid (1 ml., 0.65N) and the mixture stirred at room temper-

ature for 12 hr. The usual work up gave j§,6ﬂ-diacetoxy«9a,

10-epoxy-5-e thenyl-19-nor-58,10a-cholestane (X[8]) (80 mg.)

m.p. 98-100° (from methanol) lal 22° (e, 0.7),"% 4.0-
5.3 (m, HC=CH,,2Ac0CH), 8.1 (s, 2Ac0), and 9.25 (s,18-Me)
(Pound: C, T4.57; H, 9.78 C requiresC, T4.67;
H, 9.79%).

38,19-Diacetoxy-19-methyleholest-5~ene (XI{1b]).- To lithium

325005

(300 mg. ) in dry ether (30 ml.) was added methyl fodide (4.0 g.)
and the mixture stirred until all the lithium had reacted.

A solution of (IX[1d]) (600 mg.) in dry ether (30 .ml.) was
added and the mixture refluxed for 2 hr. The excess methyl

lithium was destroyed by addition of methanol and the resulting
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mixture poured into water, extracted with ether and the
ether extract dried. Evaporation gave the crude diol
(xI[1a}} (500 mg.)

Acetylation of the crude diol with acetic anhydride and
pyridine gave.(XI[lb]) (550 mg.) oil, [G]D- 0.5) U 4.3~
4,9 (m, HC=C, AcOCH), 5.3-5.8 (m, AcOCH), 8.05 (s, 2Ac0),
“and 9,28 (s, 18-Me) (Found: C, T76.69; H, 10.35
Capfis 0y requires C, 76.75: H, 10.47%).
19-Ace toxy-19-methylcholest-5-en-38-0l (XIflc}).- A sclution

of the diacetate (XT{1b]}) (550 mg.) in methanol (25 ml.)

was treated with sodium carbonate (500 mg.) and the mixture

‘ refluxed fof 1l hr. The mixture was poured into water,
extracted with ether and the organic layer dried. Evaporation
of the solvent gave (XIf{le]) (456 mg.) oil, [a]D - 430

(¢, 0.5) (Found: C, 78.88; H, 11.45 ¢
C, 78.55; H, 10.99%).

19-Ace toxy~3B8-methoxy-19-methylcholest-5-ene (XI[1d]}).- A

requires

30750°3

solution of (XI{le]) (456 mg.) in trimethylorthoformate

(10 ml.) was treated with perchloric acid (0.6 ml.) and the
mixture allowed to stand at room temperature for 15 min. The
mixture was poured intc water and extracted with ether. The
ether extract was washed with sodium bicarbonate solution,
water, and dried. Evaporation gave {XI[ld]) (405 mg.) m.p.
169-70° (from methanol ) [a]D- 49° (e, 0.5),;C 4 bk 85

(m, HC=C, AcOCH), 6.78 (s,0Me), 6.8-7.3 (m,CHO), 8.05
(s,Ac0), and 9.29 (s, 18-Me) {(Found: C, 78.64; H, 10.95
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requires C, 78.76; H, 11.099).

C,.H_.0
275275
3B~Me thoxy-19-methylcholest-5-en~19-0l (XI{le]).- A solution of

(xT[1d1)} (400 mz.) in 1% methanolic potassium hydroxide (20 ml.)
was heated under reflux overnight. The mixture was poured into‘
water, extracted with ether and the ether extract dired.
Evaporation gave (XI{lel) (330 mg.) m.p. 103-4° (from methanol),
[a)y - 5° (¢, 0.15), T h.bk.6 (m, HC=C), 5.8-6.2 (m, AcOCH),
6.8 (s, MeO), 6.85-7.2 (m, OCH), and 9.3 (s, 18-Me)} (Found:

¢, 80.86; H, 11.9 C,.H..0, requires C, 80,87; H, 11.70%).

2975072
10-Acetyl-3B-methoxylcholest-5~ene {XI[2a]).-A solution of

(x1{le]) (320 mg.) in acetone (30 ml.) was treated with Jones
reagent(33 ) (0.6 m1.) and the mixture stirred at room
temperature for 4 min.,. The solution was poured into water
and the usual work up gave {(IX[2a]) (300 mg.) m.p. 119-20°
(from méthanol), [a]D— 120° (¢,0.5}, W max.l?lo (€c=0) cm.-l,
T 4.2-4.45 (m, HC=C), 6.8 (s,0Me), 7.95 (s,CH,CO), and
9.38 (s,18-Me) (Found: C, 81.55; H, 11.12 C29H4802 requires

c, 8L.25; H, 11.29%).

10-Acetylcholest=5-en-38-0l {XI[2b)).~ A solution of (XIfle])

in dry chloroform (40 mk.) was heated on a steam bath with
exclusion of moisture until 50% of the solvent was distilled off,
The solution was cooled and dihydropyran (X ml.)} and

p-toluene sulphonic acid {10 mg.) were added and the mixture
stirred at room temperature for 20 hrs. The solution was

then washed with sodium bicarbonate solution, water, and then

dried. Removal of the solvent gave the 3-tetrahydropyranyl
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ether derivative( 86 ). A solution of the crude product

in dry ether (20 ml.) was treated with lithium aluminium
hydride {500 mg.) and the mixture heated mder reflux for
10 hr. The excess lithium aluminium hydride was decomposed
by addition of methanol and the resulting mixture was poured
into water, extracted wlth ether and dried. Evaporation
gave the crude alcohol, which was dissolved in pyridine

(7 wl.) and treated with chromium tricxide (500 mg.) in
pyridine (2 ml.). The mixture was stirred for 4 hr., and
poured into water, extracted with ether and the ether layer
dried. Evaporation gave the lO-acetyl derivative which was
dissolved in methanol (10 ml.) containing 2N hydrochloric
acid solution (L ml.) and the mixture left at room temper-
ature for 1 hr.. Addition of water gave (XI[2b])} (250 mg.)
mop. 148-9° [al - 112° (e, 0.2), T h.2-b.b (m, HO=C), 6.3~
6.8 (m, OCH) 7.88 (s, CHEQO), and 9.4 (s, 18-Me) (Found:

¢, 80.94; H, 11.22 Cogly 0y requires C, 81.10; H, 11.18%),

19~Phenylcholest-~5-en-38,10R-d10l (XI{3]) and 19-phenylcholest-

5-cn-38,195-diol (XI[4]).- To iithium (300 mg.) in dry ether

(20 ml.) was added bromo benzene (3.2 g.) and the mixture stirred

until all the lithium bad reacted. A solution of (IX[1d])
(500 mg.) in dry ether (20 ml,} was added and the mixture
refluxed for 2 hr. The excess phenyl lithium was destroyed
by adding methanol and the resulting mixture was poured
into water, extracted with ether and the ether layer dried.

Evapbration of the solvent gave an oil, Preparative t.l.c.
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[elution (x3) with benzene-ethylacetate (3:1)] gave
. )
(xt [31) (300 mg.) an oil, [a}D - 817 (e, 0.8), ‘omax. 3640
(-0H hydrogen bonded) cm._l’z'2.5-2.95 (broad singlet, phenyl).
4. 44,6 (m, HC=C), 5.1~5.15 {(m, ¥y ca. 5 Hz. @ CHO), 6.4-6.9
3
(m, OCH), and 9,45 (s, 18-Me) (Found: C, 82.29; H, 10.36

requires C, 82.79; H, 10.53%) and (XT{4]) (150 mg.)
1

033H5002
an oil [a]D - 104° (e, 0.3), \Jmax. 3640 (-OH broad) cm.
T 2.5-3.1 (m, phenyl), 4.4-4.7 (m, HC=CH), 4.8-5.05 (m, @CHO),

and 9.7 (s, 18-Me) (Found: C, 82.8; H, 11.0 C requires

3355072
c, 82.79; H, 10.5%%).

19-Benzoylcholest-5-en~33-0l (XI[7b]).~ A solution of (XI[3]})

and (XI{21) (500 mg.) in pyridine (15 ml.) was treated with
acetic anhydride (2 ml.) and the mixture allowed to stand at
room temperature overnight. The ﬁsual work uﬁ gave a mixture
of mon~acetate (XI[6] and diacetate (XI[5]). The mixture was
dissolved in acetone (20 ml.) and treated with Jones reagent
(0.6 ml.) for 3 min. The usual work up gave a mixture of
(Xi[5]) and (XI[Tal)f The mixture was then treated with 1%
ﬁéthanolic potassium hydroxide solution (20 mi.). The usual
work up gave an oil. Preparative t.l.c. [elution with benzene:
ethylacetate (3:1)] gave (XI[7p]) (250 mg.) oil. [aly - 217°
(c, 0.3);'\2nax. 1670 and 1680 (4, PhO=0) and 3640 (broad OH)
cm.-l‘1f 2,05-2.% (m, 2 ortho protons PhC0)}, 2.5-2.8 (m,

3 meta-para protons PhC=0), 4.2-4.4 (m, HC=C) 6.,4-6.9 (m,
OCH), and 9.9 (s, 18-Me) (Found: C, 83.14; H, 10.23

H4802 requires C, 83.14; H, 10.15%).

€53
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- Mass Spectral Data

136..

Base Molecular Ion Other Ions Metastable peaks
Peak
m/e m/e Formula Relative m/e Formula Relat- m/fe transition
(Calculated abund- (Calculated ive '
mass ) ance % mass ) abund-
ance %
i11f2) 23 397 33.3 382 Y 568 397 - 382
369 7.6 244 397 - 369
284 4.7 87 397 - 186
186 10,7 #5397 - 172
172 | 56
11r{6] 384 399 68 3T 5.35 369.5 399 - 384
345 399 - 371
TI7{7] 127 446 1.8 418 89 391, 346418
38 3.2 367 418-386
%28 6.4 282 4318.328
1L 1.7
witel 43 506 17.2 488 26.5 Vgl 506~188
. ' 15 15.5 340 506-415
398 . 52 313 506-398
380 e8 362 398-380

Shé 50 297 398-344




Mass Spectral Data

Base
Peak Molecular = fon Other Tons Metastable peaks
m/e m/fe Formula Relat- m/e Formula Relat~- m/e transition
(Calculated ive {Calculated ive
Mass) abund- Mass ) abund-
ance % ance %
v {2] 57 488.3638 C34H48°2 " 31.8 337 366-351
u7Y 2.28
%86 (488.3654 ) 6.8
384 9.1
366.3272 41
351 3.7
325 18
vizal 105 534 10 519 5 505 534519
458 15 404 519-458
42, 20 332 534-421
429 T.5 345 534-429
(490.3811)
vi5] 486 426,3408 029Hh602

(426.3498)
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Mass Spectral Data

Base Molecular Ton Other Ions Metastable peaks
Peak
m/e m/e Formula Relat- m/e Formula - BRelat- m/e transition
(Calculated ive (Calculated ive
Mass) abund- Mass ) abund-
ance % - ance %
v{T] 43 hoo 381k 03@H5002 b7 399 23,5 225 490~329
(4903811 ) 38 364 301 490384
_ ' 382 31.0 208 490382
vII{3bl 28 430 0.1 412.3705 C..H. o0 13.5 383 412.397
397 29 42 1.5
(412.3705) '
vizfial 327 500 16 485 ) k60 500-485
440 7.5 387 500-440
387 10 300 500-387
276 387-227
viI{en] 43 ¥12.3337  Coghyn0, 2.8

(412,341 )
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Mass Spectral Data

Base Molecular Ion Other Ions Metastable peaks
Poalk
m/e m/fe Formula Relat- m/e Formula Relat- m/e transition
{Calculated ive (Calculated ive
Mass ) abund- Mass) abund-
ance % ance %
vir{sc] 313 %426 25 411 8.3 230 426-313
vII[5] %26,3499 029H46°2
{426,35498)
e
lactone 43 - 426.3502  C,0H, L0 8.8 27 12.5 172 426-271 N
20 k62
{(structure (426.3498)
not assig- '
ned)
IX[2h] 43 518 11.5 458 8.5 406 518-458
39.8 11 347 458.308
367 15,4
X{1e] 378 232.3496 cjoﬁ%o2 % ) 426 438.-378
798 (138.3498) 37

351 6.5




Mass Spectral Data

Base Molecular Ion Other Tons Metastable peaks
Peak
mfe mfe Formula Relat- m/e Formula Relat- m/e transition
{Calculated ive (Calculated ive
Mass) abung- Mass ) abund-
ance % ance %
X {51 43 412 57,5 360 (472-412
[ n2 13 (412-~384
584 59.5
264 1.00%
x[6] 43 530.3597 052H5006 0.5 470 1.25 358 470-410
(530.3607) 426 3
' 410 1.2
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