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Abstract—Reductive cleavage of 5.6B-epoxy-4.4.14a-trimethyl-19(10 — 9B)abeo-5p,10x-pregnan-11-one
(IT) with lithium in ethylamine afforded products of C(5)-0 and C(6)-0 bond scission, the lack of selectivity
being attributable to steric factors. The six possible 5,11- and 6,11-68,112-d-diols having 58-stereochemistry,
were prepared, and it was demonstrated that substantial deformations of the B- and c-rings occur in the
series. Although attempted trans-cleavage of the epoxide (I1) failed, a variety of rearrangement products was
obtained by treatment with boron trifluoride-etherate or hydrogen bromide.

THE development of degradative routes to 4-bisdesmethyl derivatives''? of cucur-
bitacins® is a challenging and potentially useful aspect of the study of this family of
natural products, since this could lead to a variety of steriodal hormone analogues in
which the unusual skeletal stereochemistry and substitution patterns are retained.
A stratagem, which has been employed in related systems,’ is functionalisation of
one of the Me groups through 6-alkoxy-radical attack,'-? these intermediates being
accessible by addition of oxygen-containing groups to the ubiquitous A%-bond.
Studies have hitherto shown that such additions are highly stereoselective in the 19-
nor-10a-? and 19(10-9f)abeo-10a-series' of cucurbitacin derivatives, but that
reactions of the latter series are circumscribed by severe steric hindrance. Further-
more, it was recognised® that the non-bonded interactions present in this skeleton
could result in ring deformations which would disturb the alignment of potential
reaction sites. We now present evidence that this is indeed so, and that the potential
for exploiting the 6-alkoxy-radical pathway is likely to be limited.

Epoxidation of the model substance (I) leads exclusively to the S-epoxide (II)!
which it was hoped could undergo trans-cleavage with suitable reagents to generate
6-hydroxy derivatives. In the event, treatment with aqueous perchloric acid® or
lithium aluminium hydride’ failed to open the epoxide (II), while treatment with
halogen acids gave rearranged products (see below), but no halohydrins. It is evident
that the steric factors which favour f-face epoxidation® of I, totally suppress reagent
approach to the a-face of I1.

The reduction of hindered epoxides has been achieved by treatment with lithium
in anhydrous ethylamine® or ethylene diamine.” It is considered® '° that dianionic
intermediates are involved and that the steric requirements of the attacking solvated
electrons are considerably smaller than those of hydride ions.” Such cleavage of

* The preparation of 19 (10 —+ 9 §) abeo steroids via 9~carbonium ion processes has recently been
reported.*
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XI:R=H
XII: R = OAc

conformationally-rigid epoxides usually leads to products of diaxial opening?
However, treatment of II with Li-EtNH , afforded a mixture comprising two major
products. Extensive chromatography gave the 6f,11a-diol (III), the 56,11a-diol (V),
and mixed fractions containing two minor components which were identified by
comparative TLC as the 68,118-diol (IX) and the 55,118-diol (XI) (Table 1). Attempts
to achieve better separation through prior acetylation of the reduction mixture failed,
but Jones oxidation at 0° gave the readily-separated 6,11-diketone (VI1I) (59 %) and
5B-hydroxy-11-ketone (VIII) (34%), together with traces of the A%-11-ketone (I).8
The isolated yields of the two products VII and VIII provided an estimate of the
extent of C(5)-0 and C(6)-0 bond cleavage during reduction of the epoxide (II). The
former cleavage, representing ‘“‘equatorial” opening, is conspicuously predominant
and suggests that stereoelectronic selection is inhibited by the hindered B-ring
environment.

The assignment of 5f-stereochemistry to the 6f,11a-diol (III) implies a formal
cis-cleavage of the epoxide (II) and is a reasonable consequence of C(5)—0 bond
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scission followed by protonation of the 5-carbanion on the less-hindered S-face. This
stereochemistry is also thermodynamically favoured,' !! as was indicated by failure
of the derived 6,11-diketone (VII) to undergo epimerisation at C(5) under equilibrating
conditions.!? The configuration of the 11-hydroxy-group follows from mechanistic
considerations,'® and was confirmed by correlation reactions (I - XVII - XIX — 11
+V, see below).

It was expected that reduction of the 6,11-diketone (VII) with Li-NH; would give
the 6f,11a-diol (III) but remarkably, this was a minor component of the product

XIII:R =H XV
XIV:R = OAc

XVII:R =H
XVIII: R = OAc

VII —_—

XX:R=H XXI1
XXI: R = OAc
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was confirmed by a c1rcu1tous sequence of reactions. Thus, reduction of the AS-11-
ketone (1) with LAH afforded only the 11B-alcohol (X1II). NMR data (Table 2)
showed that the 11-substituent is axial, but in view of a report'* of reversed stereo-
selectivity upon LAH reduction of stereochemically-related 1 1-ketones, the assignment
was confirmed by treatment of XIII with lead tetra-acetate and iodine in refluxing
benzene. Crystallisation of the product afforded the 118,18-epoxide (XV). The mother-
liquor comprised labile iodine-containing material which was not examined.

The structure of XV was demonstrated hu an NMR snectrum which rhcnlnvprl
1n€ St aemonstraiea N INMR specirum wiich Gispiayé

signals for four tertiary Me groups, a simple AB quartet (J 8 Hz) centred at é 3-53 and
3-65 for the 18-protons, and a doublet (J 5-5 Hz) at § 4-03 for the equatorial 11-proton.
Itisclear from models that only an axial 115-OH group in a c-ring chair conformation
is capable of undergoing alkoxy-radical attack upon a tertiary Me group in XIII.

The A®11-o0l (XIII) was treated with m-chloroperbenzoic acid to give the 58,68-
epoxy-11p-ol (XVI) as the only product. The structure of XVI was confirmed by spec-
troscopic data (Table 2) and by Jones oxidation to the configurationaily-defined!
epoxyketone (II). Reduction of XVI with Li-EtNH, afforded a mixture of the 68,118-
diol (IX) and the 58,118-diol (XI) (Table 1), in which products, configurations at the
functionalised positions were now rigorously established. The former compound (IX)
was identical to the major product of Li-NH, reduction of the 6,11-diketone (VII).

Reduction of the A3-11-ketone (I) with Li-NH, afforded the A%-11a-ol (XVII), in
which the OH group is clearly equatorial (Table 2). Epoxidation of XVII yielded the
58,6B-epoxy-11x-ol (XIX) which underwent cleavage with Li-EtNH, to give a mixture
of the 68,11a-diol (II1) and the 58,11x-diol (V) (Table 1).

The reduction of the 6.11-diketone (VII) with LAH was also examined. and led
to the 6f,118-diol (IX) as a minor component together with two new diols (XX and
XXII) (Table 1). The major product (XX) was formulated as the 6e,11f-isomer on
the basis of NMR evidence (Table 2) which showed that the chemical shift and
splitting of the 11-proton is very similar to that of the 6§,118-diol (IX). The minor
product (XXII) could not be purified, but NMR data (Table 2) was obtained from a
spectrum of material contaminated with XX, and the structure is assigned as the
only outstanding 6,11-isomer in the 58-series. Reduction of the 58-hydroxy-11-ketone
(VIII) with LAH afforded the 58,118-diol (XI) as the major product, together with the
5p,11a-isomer (V), but surprisingly, a similar product ratio was obtained upon
Li-NH; reduction of VIII (Table 1).

Although the configurations of the diols were clearly established by the aforegoing
sequences, the NMR data on the products and their respective acetates (Table 2)
provide compelling evidence for ring deformations in the series. In all the compounds
examined, the protons attached to the oxygen-bearing C atoms are clearly discernible.
With one exception (viz, IX and its diacetate X), the 6- and 11-proton signals are
mutually separated and can be unequivocally assigned. Since the respective vicinal
protons are not distinguishable in the high-field methylene region, the observed
splittings do not necessarily represent true coupling constants,'® and caution was
exercised in using these values. However, since all the signals displayed the expected
multiplicities and symmetry it is clear that first-order treatment is not grossly
inaccurate and accordingly, widths were used as a reliable measure of summed
couplings with adjacent protons.
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TasLE |. PRODUCT DISTRIBUTION IN REDUCTIONS
Diol product %

68.11a- SBlla- 68,118 SBI1B- 6allf- 6alla-

Substrate Method m v X X1 XX XXII
58,68-Epoxy-11-one (II) (i) 60 30 <5 <5 — —
6,11-Dione (VII) (ii) 15 — 85 — 0 0
(iii) 0 — 10 — 85 5¢
55-OH-11-one (VIII) (i) — 20 — 80 — —
(iii) — 10 — 90 — —
58,68-Epoxy-118-ol (XVI) (1) — — 55 45 — —
58,6B-Epoxy-11la-ol (XIX) (i) 60 40 — —_ — —

¢ (i) Li-EtNH,, EtOH

(ii) Li-NH,, EtOH

(iii) LAH-THF

® In cases where only partial separation was achieved on column chromatography or PLC, the relative
yields were estimated by TLC and GLC. Reproducible accuracy is therefore *5%;.

¢ Not isolated pure.

A comparison of the epimeric A%-11-ols (XIII and XVII), together with the chemical
evidence, shows that the c-ring exists in a chair conformation. This also holds for
the 58,11a-diol (V), but in the 58-116-diol (XI) the 11-proton is more strongly coupled
to 12-protons than in the A’-11f8-ol (XIII), suggesting a slightly flattened c-ring
chair. This may be promoted by the 1,3-diaxial interaction between the 135-Me and
115-OH groups and has the added consequence that a-face interactions are also

TABLE 2. NMR SIGNALS FOR THE 6- AND 11-PROTONS®

Compound

11-H

6-H

6B,11a-(OH), (1)
6B,11a-(OAc), (IV)
58,11a-(OH), (V)

58,0H-11a-OAc (V)

64.11B-(OH), (IX)
68,118-(OAc), (X)
58.118-(OH), (XI)

5-OH-11B-OAc (XII)

A3-118-OH (XIID)
A3-118-OAc (XIV)

58,68-Epoxy-115-OH (XVI)

A*-11a-OH (XVID)

A*-11a-OAc (XVIII)

58,64-Epoxy-11a-OH (XIX)

62,118-(OH); (XX)

6a,118-(OAc), (XXI)
6a,11a-(OH), (XXII)

382(t, 6) 12
490(q. 7. 6) 13
385(q., 10, 7) 17
507(q., 9, 7-5) 165
407(q, 95, 7) 165
510(q., 9, 6) 15
393(q., 8,3-5) 11'5
516(q., 6,2) 8
389(q., 4,2)6
516(q.4,2) 6
381 (br.) 8°

389 (g, 11,6) 17
516 (q., 10:5, 6) 165
376 (q., 11, 6) 17
406(g. 95, 7) 16:S
508 (q., 9, 6) 15
383(q., 9, 6) 15

407(q., 5) 15
521(g. 5) 15

ca 406 (obsc.) * 15
ca 5'16 (obsc) * 15

329 (d., 5-5)
330, 59
436 (br.) 18°
5-40 (br.t.,, 9) 18
417 (br.) 14°

* NMR spectra were recorded on a Varian HA-100 instrument in CDCI, solutions
with TMS as internal standard. The first figure in each column refers to chemical shift
(p.p.m.) and the details in parentheses refer to multiplicity and observed splitting (Hz):
t., triplet; q., quartet; br., unresolved signal. The last figure in cach column refers to

signal width.

5 Half-height width.
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slightly relieved. The latter factor could also account for evidence of c-ring flattening
in the 68,11a-diol (III) for which the 11-proton signal is distinctly narrower than for
the A%-11a-ol (XVII). Furthermore, the 68-OH group in III is clearly y-axial since
the 6a-proton is weakly coupled with those in the 5- and 7-positions. It is concluded
that the B-ring adopts a twist-boat conformation in order to alleviate the eclipsing
interaction between the 48-Me and 68-OH groups, and to further relieve a-face
interactions between the 14a-Me group and the C(9)-C(10) and C(7)-C(6) bonds.

The postulated ring deformations are most graphically demonstrated by the
68,11p-diol (IX) which contains a proven 118-OH group lying in a -equatorial
orientation. This represents an extreme case of c-ring deformation to a twist-boat
since a flattened chair cannot accommodate the observed 11-proton signal (Table 2).
This also applies to the 6e,118-diol (XX). The B-ring of both compounds must also
adopt a twist-boat conformation.

FiG. 1

It is thus suggested that whereas strain-free Dreiding models represent the A>-11-ols
(as well as the 58,6 8-epoxy-11-ols) faithfully (Conformation A, Fig 1), the interactions
present in an all-chair conformation (B) when the B-ring is saturated, are relieved by
a B-ring twist-boat, c-ring flattened chair form (C) in the 6,11a-diols. The 6,118-diols
adopt a conformation (D) in which the B- and c-rings are twist-boats. While the
c-ring of the 56,11 8-diol (XI) is demonstrably flattened, there is no direct evidence
to suggest a B-ring deformation. The extent of these conformational changes cannot
be precisely ascertained without more detailed analysis of the vicinal proton signals.
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Attemnts to hlanfv the NMR snectra using euronium shift rpagpnfelG have not
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hltherto yielded the desired information since several protons suffer nearly-equivalent
shifts. A study of model monofunctional systems is in progress.

A mechanistic anomaly presents itself in the dissolving-metal reductions performed
in this study. Thus, while the A-11-ketone (I) and the 58,68-epoxy-11-ketone (II)
are reduced almost exclusively to 11a-OH compounds. the major products derived
from reduction of the 6,11-diketone (VII) and the 58-hydroxy-11-ketone (VIII)

are 11f-isomers, albeit with y-equatorial orientation of the c-ring function, i.e. the
IIR-OH group. This suggests that when the conformational restraint of an olefinic

SIS Al WiITALD LA LULLILLIIAQLIRVIGL IS Giidy U Qi CLNiiii

or epoxndlc group is not present at C(5)-C(6). the c-ring has already assumed its
deformed condition in the transition state, and that protonation of the 11-carbanion
proceeds stereoselectively!” or more rapidly'® from the a-side. It is also possible that
the c-ring of the starting 11-ketones (VII and VIII) (unlike I and IT) is deformed, but
direct evidence for this phenomenon is not available.

A variety of selective reactions was attempted on the 6,11-diketone (VII) in order
to obtain further information about conformational changes, but it transpired that
the 6-CO group reacts very sluggishly (selective reduction and protection) under
conditions where the 11-function is unaffected. Similarly, attempts to attack the
olefinic bond of the A3-11-ketone (I) with diborane, without reducing the 11-function,
failed. It has been reported'® that hydroboration of a stereochemically-related
system proceeds selectively on the f-face and that subsequent alkoxy-radical attack
upon similarly-disposed Me groups is possible. Similar stereoselectivity prevails
in I since prolonged in situ hydroboration afforded the 68,11f-diol (IX) as the major
product. There was some evidence of more rapid addition to the A*-bond than reduc-
tion of the 11-CO group, but the preparative isolation of intermediates proved to be
impractical. In any event, the conformational uncertainties associated with this
series render it unlikely that the 6-alkoxy-radical pathway to 4,4-dimethyl degradation
would be viable. The staggered disposition of the 4- and 6-functions (C and D, Fig 1)
suggest that side-reactions might intervene, and even if the desired radical transter
were to take place it would be unselective.

It was of interest to investigate the Lewis acid-catalysed rearrangement of the
epoxyketone (II) in the hope that the Sa-isomer of the 6,11-diketone (VII) might be
formed.2° Brief treatment of II with BF;-etherate afforded a mixture of products
which was separated by chromatography on silica. The major product (75%) was
formulated as the B-nor-5f-aldehyde (XXIII) on the basis of spectroscopic evidence.
and is derived unexceptionally?® 2! by a 7(6— 5)abeo rearrangement. A minor product
(XXIV: ca 5%) is clearly an artefact of XXIII, and a third product, the A'!9-3.11-
ketone (XXV: ca 5%) is derived from migration of the 10x-proton to the 5-position,

0 ?H\

XXIII: R = CHO
XXIV:R =H

o
H

R
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and its subsequent elimination together with the formed 65-OH group. Traces of
further ill-defined products were encountered but could not be purified.

The abortive attempts to generate halohydrins by reacting the epoxide (II) with
halogen acids yielded instead a mixture of halogen-free rearrangement products.
Thus. treatment with 459 hydrogen bromide in acetic acid yielded the products
(XXI1I1, XXIV), the isomeric 6,11-diketone (XXVI), and a minor dicarbonyl isomer
which was not identified. The B-norcompound (XXIV) was obtained in 10Y%] yield,
but the respective yields of the remaining components (combined yield ca 65 %) could
not be accurately ascertained since they exhibited similar polarity and were only
separated by fractional crystallisation. It is evident that in the HBr reaction, the
suppression of nucleophilic attack by Br~ on the protonated epoxide due to a-face
hindrance, creates the opportunity for neighbouring bonds to migrate in an analogous
manner to the well-defined Lewis acid phenomena.2° The respective product distri-
butions in the two processes may be attributable to differing migratory propensities
of the participating bonds, arising from conformational differences between a
protonated and a Lewis acid co-ordinated epoxide.

The 6,11-diketone (XXVI), a product of simple 1,2-hydride shift,?! was converted
quantitatively to the Sf-isomer (VII) upon mild alkaline treatment,'? thereby
demonstrating that the assignment of 5f-stereochemistry to the 6f,11a-diol (III)
and hence to all its derived products is correct.

EXPERIMENTAL
For general directions see Ref 2.

Lithium-ethylamine reduction of 5,6B-epoxy-4.4,14a-trimethyl-19(10—98)abeo-58,10a-pregnan-11-one(11).

Li (0-4 g) was added in small, freshly-cut portions to a stirred soln of II (151 g) in anhyd ethylamine
(100 ml). After development of a blue colour, EtOH (0-5 ml) was added and the soln was stirred for 1 hr.
The excess of Li was destroyed with EtOH and the soln was evaporated to a small volume. Water was
added and the product was extracted with chloroform (4 x 30 ml). The extract was washed with water,
dried over MgSO, and evaporated to give semi-crystalline material (1'5 g).

A portion (0-2 g) of the product in chloroform was adsorbed on silica gel (20 g). Elution with chloroform-
benzene (3: 1, 110 ml) afforded 4,4,14x-trimethyl-19(10 -98)abec-58,10x-pregnane-68,1 1«- diol (111: 0-056 g),
m.p. 176-177° (from acetone-hexane), {«]p-9° (¢ 0-6) (Found: C, 79-2: H, 11-7%: M*, 362, C,,H,,0,
requires: C, 79-5: H, 11:7%: M, 362). Acetylation of I1I gave the 6,11-diacetate (IV), m.p. 153-154° (from
MeOH), [a]p-13¢ (c 0-8) (Found: C, 75:3: H, 104%. M™*, 446, C,3H, O, requires: C, 75-3: H, 10:4%,:
M, 446). Further elution with the same solvent mixture (30 ml) gave mixed fractions which were combined
(0-14 g) and applied to PLC plates. Multiple development with chloroform-benzene (3:1) and separation
of the bands atforded turther 111 (0-055g) and 4,4,14a-trimethyl-19(10—-9f)abeo-54,10x-pregnane-5,1 1a-diol
(V:0-052 g) as an amorphous product. [¢]p-3° (c 0:9). (Found : C, 79-0: H. 11:3%: M. 362). Acetylation of
V with Ac,O-pyridine at 25° afforded the 11-acetate (V1), m.p. 161-164° (from acetone-MeOH), [a]p-5°
(¢ 0:8) (Found: C. 76:8: H. 11-0%: M ™, 404. C,,H,,0, requires: C, 772; H, 11-:0%,; M. 104). Matcrial
(0-012 g) obtained from the intermediate and lower zones of the PLC plates revealed the presence of two
minor components contaminated with the isolated products.

Oxidation of the diol mixture

The crude product (1-1 g) obtained in the previous experiment was dissolved in acetone (100 ml) and
treated at 0° with 8N chromic acid. After 20 min, NaHSO,aq was added and the product was isolated by
extraction with chloroform, and adsorbed on silica gel (60 g). Elution with chloroform-benzene(1:1, 55 ml)
afforded the A3-11-one (1: 0-03 g), m.p. and mixed m.p. 155-157" (lit.,' m.p. 158-160°). Elution with chloro-
form gave 4.4,14a-trimethyl-1910—9a)abeo-Sp,100-pregnane-6,11-dione (VII: 0-646 g), m.p. 216-218°
(from acetone-MeOH), [a]p + 131° (¢ O7), v, 1700 and 1692 cm™!', & 0-61, 1-02, 1-04, 1-16, and 1-28
(5 x Me) (Found: C, 80-7: H. 10:7%: M*, 358. C,,H;,0, requires: C, 80-4; H, 10-7%; M, 358). Elution
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with chloroform-MeOH (99:1, 60 mi) gave 5-hydroxy-4,4,14a-trimethyl-19(10—+98)abeo-58,10x-pregnan-
11-one (VIII: 0-37 g), m.p. 180-182° (from chloroform-MeOH). [x]p + 152° (c 0:6), v,,,, 1695 cm ™! (Found :
C.797:H 11'1%: M™, 360. C;,H,,O, requires: C, 799; H, 11-2%,; M, 360).

Lithium-liquid ammonia reductions

(a) The diketone (VII; 0-16 g) in dry THF (6 ml) was added dropwise to a stirred mixture of Li (0-05 g)
in liquid ammonia (freshly distilled from Na. ca 25 ml) and EtOH (0-1 ml). After 30 min, EtOH was added
and the mixture was evaporated. Water was added and the product was isolated by extraction with
chloroform. and adsorbed on silica gel (30 g). Elution with chloroform-MeOH (99-1, 180 ml) gave the
6B.11a-diol (I11: 0-009 g), m.p. and mixed m.p. 172-175°, followed by mixed fractions (0-056 g). and 4.4,14a-
trimethyl-19(10-98)abeo-58,10a-pregnane-64,118 -diol (IX: 0-:092 g), m.p. 169-174" (from acetone-hexane),
[a]p + 48° (c 0-8, CsHN) (Found: C, 79-8; H, 11:7%: M™, 362). The mixed fractions were combined
and crystallised twice from acetone-hexane to give further IX (0-03 g), m.p. 167-172°. Acetylation of IX
afforded the 6,11-diacetate (X) as an amorphous product, [a]p + 34 (¢ 0-8) (Found: C, 758 H, 10:6%:
M*, 446).

(b) The hydroxy-ketone (VIII; 0-08 g) was reduced as described in the previous experiment. PLC of the
product afforded V (0-009 g), identified by TLC and spectral analysis, and 4,4,14a-trimethyl-19(10—»9f)abeo-
5p,10a-pregnane-5.115-diol (XI: 0-052 g). double m.p. 118-120° and 142-144° (from acetone-hexane),
[2]p-57 (¢ 0-4) (Found: C, 79-6: H, 11-6%: M ™, 362). Acetylation of XI afforded the 11-acetate (XII), m.p.
154-156° (from chloroform-MeOH), [a]p-13° (¢ 0-6) (Found: C, 77:0; H, 110%: M*, 404).

(c) The A-11-one (I: 0194 g) was reduced as described in the previous experiments. Chromatography
of the product on silica gel (24 ) afforded 4.4.14a2-trimethyl-19(10—+9p8)abeo-10x-pregn-5-en-11x-ol (XVII:
0-173 g). m.p. 95-99° (from acetone). [a], + 66° (¢ 1-5) (Found: C. 83-4: H. 11:9%: M*, 344. C,,H,,O
requires: C, 83-7: H, 11:7%,: M, 344). Acetylation ot XVII afforded the acetate (XVIII), m.p. 80-81° (from
MeOH). [a]p + 55° (¢ 09) (Found: C, 80-7; H. 11:0%; M ™, 386. C,,H,,0, requires: C, 80-8; H, 11:0%;
M. 386).

Lithium aluminium hydride reductions .

(a) A mixture of VII (0:15 g) and LAH (0-04 g) in dry THF (10 ml) was heated under reflux for 1-5 hr.
The excess of reagent was destroyed and the product was isolated by extraction with chloroform, and
adsorbed on silica gel (25 g). Elution with chloroform-MeOH (98:2, 140 ml) gave a mixed fraction (0-008 g)
(M7, 362) which comprised ca 80%, (TLC) of XXII, followed by 4.4,14a-trimethyl-19(10—»9p8)abeo-5f,10a-
pregnane-6a,11f-diol (XX: 0-125g), m.p. 209-210° (from acetone-hexane), [a]p + 33° (¢ 07, C;HsN)
(Found: C, 79-4: H, 11-:3% M ™, 362). Acetylation of XX afforded the 6.11-diacetate (XXI). m.p. 139-142°
(from acetone), [a]p + 58° (¢ 0-8) (Found: C, 75:25; H, 10:3%; M ™, 446). Further elution of the column
with the same solvent (20 mi) afforded IX (0-011 g), m.p. and mixed m.p. 167-170°.

{b) The hydroxy-ketone (VIII; 0-09 g) was reduced as described in the previous experiment. PLC of
the product gave V (0-007 g). identified by TLC and spectral analysis, and XI (0074 g), m.p. and mixed m.p.
118--120° and 142-144°.

(c) The A’-11-one (I: 0-199 g) was reduced as described in the previous experiments to give 4.4,14a-
trimethyl-19(10 »9 f)abeo- 1 0a-pregn-5-en-11g-0l (XIII: 0-145g)} m.p. 129-131° (from aqueous acetone),
[x]p + 60° (c 1-1) (Found: C, 83-9: H, 11:7%.: M*, 344). Acetylation of XIII afforded the 11-acetate (XIV),
m.p. 161-164° (from MeOH). [«]p + 40° (¢ 1-1) (Found: C. 80-7: H. 11-2%,: M ™, 386).

Lead tetra-ucetate-iodine oxidation of the AS-118-ol (X 111)

Lead tetra-acetate (0-818 g) and I, (0-224 g) were added to XIII (0-16 g) in dry benzene (20 ml) and the
mixture was heated under reflux for 1 hr. Aqueous KI was added, followed by Na,S,0;, and the organic
layer was separated. washed with water and evaporated. Crystallisation of the residue from MeOH
afforded 118,18-epoxy-4,4,14a-trimethyl-1910—9f)abeo-10a-pregn-5-ene (XV. 0-016g), m.p. 171-173°
[alp + 129° (c 1-0), & 0-78, 0-93, 098, and 1-05 (4 x Me), 3-53 and 3-65 (each 1H, d, J 8 Hz, 18-H,), 403
(1H, d, J 5-5 Hz, 112-H), and 55 (1H, br., 6-H) (Found: C, 84-1; H, 11-2%,; M*, 342. C,,H,,0 requires:
C,842:H, 11-2%; M, 342). The residue derived from the mother-liquor contained iodinated material (MS)
but attempted purification yielded dark, intractable gums.

Epoxidation and lithium-ethylamine reduction of the A%-11-ols
(a) m-Chloroperbenzoic acid (85 %, 0-07 g) was added to X111 (0-09 g) in chloroform (15 ml). The progress
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of the reaction was followed by TLC. After 3 hr no starting material remained, and the chloroform soln
was washed with Na,CO ;aqand water, and evaporated to give XVI (009 g) as an oil, § 0-68, 0-73, 0-76, 1-04,
and 1'1 (5 x Me), 329 (1H. d, J 55 Hz, 6a-H'), and 3-81 (1H, br.. w, 8 Hz, 11a-H) (Found: M*, 360.
C14H,00; requires: M, 360), which was homogeneous on TLC and GLC. The crude product (0-08 g)
was dissolved in anhyd ethylamine (25 ml), and Li (0-03 g) was added in small part portions, followed by
EtOH (2 drops). After 1-S hr the mixture was worked up in the usual way and the product was separated
by PLC to give IX (0-038 g). m.p. and mixed m.p. 168-172°, and XI (0-031 g), m.p. and mixed m.p. 118-120°
and 141-143°,

(b) The A*-11a-0! (XVI1: 0-07 g) was treated with m-chloroperbenzoic acid as described in the previous
experiment, to give XIX (0-07 g) as an oil, 5 0-68, 0-73, 0-86, 1-09, and 1:17 (5 x Me), 3-3 (1H, d, J 55 Hz,
6a-H"). and 3-76 (1H, q. J 11 and 6 Hz. 118-H) (Found: M*, 360). The total product was reduced with Li
in anhyd ethylamine. The usual work-up followed by PLC of the product gave I11 (0-036 g). m.p. and mixed
m.p. 175-177", and V (0-023 g). identified by TLC and spectral analysis.

Acid-catalysed rearrangements of the epoxy-ketone (I11)

(a) BF;-etherate (0-1 ml) was added to I1(0-12 g) in dry benzene (12 mi), and the progress of the reaction
was followed by TLC. After 20 min the starting material had disappeared and the benzene soln was washed
with NaHCO; aq, water. and dried over Na,SO,. The solvent was evaporated and the residue in benzene
was absorbed on silica gel (6 g). Elution with benzene (25 ml) afforded 4,4,14a-trimethyl-B-nor-19(10 »98)-
abeo-58,10x-pregnan-11-one (XXIV: 0:007 g), m.p. 129-132° (from chloroform-MeOH, [«]p + 85° (c 0-6),
Vmax 1692 cm ™1, 5 076, 0-83, 0-89. 0-94, and 1-11 (5 x Me) (Found: C, 837: H, 11:6%; M*, 330. C,,H,,0
requires: C, 83:6; H, 11-6% . M, 330), and further elution with the same solvent (10 ml} afforded 4.4,14a-
trimethyl-19(10 -9 f)abeopregna-1(10),5-dien-11-one (XXV: 0006g), m.p. 138-141° (from acetone-
MeOH), [a]p + 253° (¢ 0-5). Ve, 1693 cm ™1, A,,,,,240 nm (¢ 12260), § 0-61, 09, 096, 104 and 1-12 (5 x Me),
5-1 and 5.58 (each 1H. br.. w, 8 Hz. 1- and 6-H) (Found: C. 84:9: H. 10-8%: M*. 340. C,,H,,O requires:
C, 84:65: H, 10:65%, M, 340). Further elution with benzene (75 ml) gave S-formyi-4,4,14a-trimethyl-g-
nor-19(10+9f)abeo-5f,10a-pregnan-11-one (XXIII: 0091g), m.p. 147-150° (from acetone-MeOH),
[alp + 77° (¢ 06). v, 1 706 and 1692 cm~'. § 0-72. 0-79. 1-0 (6H). and 1-04 (S x Me), and 1037 (1H, d, J
1'5Hz, -CHO) (Found: C, 80'1: H, 10:4%: M ™, 358. C,,H;30, requires: C, 80-4: H, 10-7%: M, 358).
Further elution gave traces of unidentified crystalline mixtures (TLC).

(b) HBr (ca 45% wiv in AcOH, 0-3 ml) was added to II (0-2 g) in chloroform (30 ml), and the progress
of the reaction was followed by TLC. After 2 hr no starting material remained, and the chloroform soin
was washed with NaHCO, aq and water, and evaporated. The residue in benzene was adsorbed on silica
gel (20 g). Elution with chloroform-benzene (1:1, 45 ml) afforded XXIV (0-018 g), m.p. and mixed m.p.
130-131°, and further elution with the same solvent (90 ml) afforded crystalline material (0-133 g). Fractional
crystallisations from chloroform-MeOH gave 4,4,14a-trimethyl-19(1098)abeo-5a,10a-pregnane-6,11-
dione (XXVI: 0-026 g), m.p. 186~188°, [a]p, + 143° (c 0-7), v, 1705 and 1692cm ™, 6 0-76, 1-02 (6H), 1-26,
and 13 (5 x Me)(Found: C,807: H, 10-9%: M*, 358), and XXIII (0-:021 g), m.p. and mixed m.p. 145-149°.
Concentration of the mother-liquor afforded a compound (0-005 g), double m.p. 157--160% and 207-212°.
Vmax 1700 and 1692 cm ™', 8 1-02, 1-23, 1-25, and 1-28 (6H) (5 x Me) (Found: M *, 358).

Isomerisation of the 6,11-diketone (XX V I
A solution of XXVI (0-006 g) in EtOH (2 ml) and IN NaOH (1 drop) was kept at 25° for 24 hr. Water
was added and the ppt was coilected and dried to give VII (0-005 g), m.p. and mixed m.p. 214-218°.
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