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SUMMARY

The reaction of 3B-tosyloxy-5a-cholesta-5,68-diol with potassium t-
butoxide in t-butanol has been further investigated.

58-Hydroxy-4,5-secocholest-3-en-6-one was synthesised. It was shown
to undergo an ene reaction in decalin in a sealed tube at 200°C to give
primarily 38-methyl-A-nor-5g-cholestan-5-01-6-one and 68-hydroxy-4(5-6a)
abeo-cholestan-5-one. These primary products were further modified under
the reaction conditions to give 3-methyl-B-nor-58-cholest-2-en-4-gne and
5g~cholestan-5-01-6-one respectively. |

The cyclohexane analogue, 3-methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-
1-one was synthesised. Heating under reflux in decalin gave 38,7aB-dimethyl-
3aB-hydroxy-octahydro-4H-inden-4-one ;53 ,7ag~dimethyl-3ag-hydroxy-octahydro-
4H-inden-4-one and an unidentified minor product.

The synthesis of 5-(2-propenyl)-58-cholestan-2-01-3-one was partially
completed.'

The epimeric 5-(2-propenyl)~-5a-cholestan-2-01-3-one was synthesised.
The ene reaction was observed in refluxing toluene giving 2a,5-(1-methyl-
ethano)-5a-cholestan-2g-01-3-one and 3u,5-(1-methylethano)-5rcholestan-
3g-01-2-one.

The ketone analogue, 5-(2-propenyl)-5a-cholestan-3-one underwent an
ene reaction in decalin in a sealed tube at 250°C to give 24,5-(1-methyl-

ethano)-5q¢-cholestan-3-one.
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INTROBUCTION

The ene reaction was first recognised and systematically investigated
by Alder! in 1943. [t was originally defined as the “indirect substituting
addition of a compound with a double bond, the enophile, to an olefin with
an allylic hydrogen, the ene. It involves allylic shift of one double bond,
transfer of the allylic hydrogen to the enophile and bonding of the unsat-

urated termini" (Scheme 1).

Scheme 1
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It is related to both the Diels-Aider reaction and the 1,5 hydrogen
shift as all three reactions may be considered to involve similar cyclic

six-membered transition states (Scheme 2).

Scheme 2
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Recent caiculations?s3 suggest that the transition state of the ene
reaction may be unsymmetrical, the ene-enophile carbon-carbon bond being
more developed than the enophile carbon-ene hydrogen bond.

In relation to .the Diels-Alder reaction where the diene is generally
eléctron rich and the dienophile is electron deficient, the ene reaction
proceeds most readily when the ene is electron rich and the enophile is
electron deficient. Intermo]eﬁular ene reactions of simple unactivated
olefins are unknown. Even the simplest example, the reaction of 1-methyl
prop-1-ene (1) and acetylene (2) requires extreme pressure and temperature*
(Scheme 3). Intramolecular reactions of simple 1,6-dienes (3) have been

‘reported> and require temperatures in excess of 400°C,

Scheme 3

| m mmmL_,,U

} 170 atm
(1) (2)

350°C
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The enthalpy of the reaction can be examined® by considering all of

the bond breaking and bonding forming processes (Scheme 4).




Scheme 4
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1
Energy expended Energy gained
(Bond breaking) (Bond making)
D (C3-H) D (X-H)
D, (X=Y) D (Cy-Y)
Dy (C2=Cy) D, (C2=C3)

AG = aH - Tas
AH

sum of bond dissociation energies.

D (X-H) + D (C;=Y) + D (Cp= C3) - D (C3-H) - D (X=Y)
- D(Cz= Cy)

1]

In most cases where C,=C; and C,=C3; are not significantly strained,
they will have similar dissociation energies and so D (C,=C3) and D (C;=Cy)

will cancel from the equation, which becomes: -
aH = D (X-H) + B {C;-Y) - D (C5-H) - DH {(X=Y).

Several conclusions can be reached:-
1) Reactivity is dependant upon the allylic hydrogen boﬁd dissociation
energy D (C3-H).
2) The enhanced reactivity of acetylenes compared to olefins can be
attributed to thé lower 1 bond dissociation energy.of the acéty]ene,
(D, (X=Y)). _

Thermodynamic considerations also make it possible to predict the
orientatfon of attack on the enophile. An example is the exclusive forma-

tion of alcohols with carbonyl enophiles”(Scheme 5).




Scheme 5

(;)O
oy
S et
|
o0
I+ 1+

H~. D
—— OF
N A 190 KCal/mol

N B occ-H)y 98 + 2Kcal/mol
- > = . B(C-0) _79 + 2KCal/mol
N 177 KcCal/mol

asB-Unsaturated carbonyl enophiles also show a preferred orientation
of reaction (Scheme 6). This is exemplified by the reaction of methy!
acrylate (4) andmethyl propiolate (5) with 1-methylprop-l-ene (1) in which

transfer of the proton to the a-carbon is preferred.8

o : 27°
I (@) 953 5%

Scheme B
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The intramolecular ene reaétion benefits from entropic advantages
compared to the intermolecular reaction.? The enhanced reactivity of an
ene-enophile combination is a consequence of the compensating effect of a
less negative aS.

Depending on the position of the bridge linking the ene and enophile,
four orientations for intramolecular ene reactions are known. These are

types I, II and III described by Oppolzer? and the.more recently-observed!?
type IV (Scheme.7).

2KCal/mol
2KCal/mol



Scheme 7

Type 111

Type IV
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The type I reaction is by far the most common_with typevILI and type
IV being confined to a few examples.10»1l

Reaction leading to the formation of 5-membered rings is almost always
more facile than the analogous six-membered ring formation. Seven-membered
ring formation is génera11y not an efficient process.

The thermal cyclisation of the dienone (6) is a demonstration of the
preference for five-membered ring formation even though this involves
addition of the hydrogen to the g-carbon of the enone (c¢cf Scheme 6)

(Scheme 8).12 This leads to a mixture of five and six membered ring products.

i ol

(6) 2 : N

Scheme 8

This reaction, in common with many other high temperature ene reactions,
is reversible and heating the cyclohexanone product at the reaction tempera-
ture gives a partial conversion to the others.

The development of activated electron deficient enophiles has greatly
expanded the synthetic utility of both the inter- and intra-molecular ene
reactions. fhe use of conjugated acetylenic or olefinic carbony]lcompounds

as enophiles has been explored and is exemplified in Scheme 9.

Scheme 9

//COCﬁ . . //COCF
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(ref. 14)



CO@N“!

CO,Me 1350

24 hours

(ref. 13)
Further examples of activated enophiles includes the reaction of tri-
ketoin.dene (7) with cyclohexenésand the intramolecular cyclisation of the
‘keto-diazocarboxylate (8b).16 Oxidation of the hydrazide (8a) in dichloro-
methane at room temperature gave (8b) which immediately underwent an ene

reaction to give the pyrrolidone derivative (9) (Scheme 10).

Scheme 10
o H
0
(@)
{7)
Mn02
— N —_—
o N/N“\ PN co, Et
H CozEt '
(8a) - (8b) {9)

Snider!? has investigated the use of Lewis acids to further activate
a,B-unsaturated carbonyl and carbonyl enophiles. Many reactions may be
carried out at room temperature or below (Scheme 11). The Lewis acid acts

by co-ordinating to the carbonyl oxygen effectively withdrawing electron

density from the enophile.



Scheme 11
/COCF,
CozEt Et,A1C1 - ]
COzEt CH,C1, \r
CO,Et -35%C/30 mins
(ref. IQJ
SﬂC]q
-
H ]
o "o
OH
(ref. 18)
MeAlCl,
CH,C1 >
o 2v2 o
r.t./20 hours
(ref. 19)

r.t. = room temperature.

| fn contrast, little work has been reported on the development of
activated electron rich ene systems. A related reaction is the metalio-
ene reaction?%,2! which occurs at ambient temperatures. The ene may be
considered as an allylic carbanion. Reaction proceeds with transfer of é

metal atom, usually magnesium (Scheme 12}.



Scheme 12

58 r.t. \\\//J“.—’J“
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Conia22 has cyclised a large number of unsaturated carbonyl compounds
using the. enol tautomer as the ene {Scheme 13). These reactions take place

at temperatures between 270° and 350°C (cf 500°C for simple 1,6 dienes).

Scheme 13

o) : ' o

Five and six-membered rings are formed in good yield under similar
conditions. Larger rings have been reborted23 but require higher tempera-
tures and give decreased yields.

‘The stereochemistry of the reaction is.dependant upon several factors
and is generally difficult to predict, especially in reactions producing
bicyclic products. Conia?? has, however, made several generalisations
based on experimental results and a study of transition state geometry
(Scheme 14). ‘A five;membered ring, when formed under kinetic control, -

will have cis-stereochemistry. However, six-membered ring formation
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usually leads to trans-stereochemistry. Reaction reversibility and enoli-
sation in the product may allow modification of the final product stereo-

chemistry.

Scheme 14

Cis
' —H
catalytically
allowed if
((.‘.Hz)n'_2 R=H.
~

(CHz)naz Trans

The enophile is generally an olefin or acetylene, but an example of
a carbonyl enophile is the thermal 'aldol' reaction of the diketone (10)2%

(Scheme 15).

Scheme 15

= $9 —5%

The pronounced enol character of g-diketones allow cyclisation temp-
eratures as low as 200-250°C (Scheme 16). The low temperatures avoid exo-

endo rearrangement of the double bond produced on cyclising acetylenes.25
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Scheme 16

200°¢

o =

The ene reaction of unsaturated carbonyl compounds has found wide
application in the synthesis of natural products. Paquette?® cyclised the
intermediate acetylenic ketone  (11) in his synthesis of modhephene (12)

(Scheme 17).

Scheme 17

o\ ' o

360°¢C

(1) y
y
o

Ley and Jackson?7 used the ene reaction of an acetylenic p-keto-ester-

several steps

2)

(13) in the synthesis of analogues of the insect antifedants clerodin and
ajugarin (Scheme 18)., The thermal cyclisation required a temperature in
excess of 260°C. However, Lewis acids were found to catalyse the reaction

and allow cyclisation to proceed at lower temperatures.



12

Scheme 18
-
## MeO 2/260°C
© or AfToluene/ZInl, Me0.L b
(13) or p.t./CH,C1,/SnCl, e0y

Recently28 Lewis acids and mercury salt/protic acid combinations have

been used to catalyse the reactions of simple acetylenscketones (Scheme 19).

Scheme 19
o o o o o
Il —_ o
—— i
(14) - (15) .(16)
Condition Yield %

(14) (15) (16)

i) T.C.E./700C/24 hrs ‘
HC1/H,0, HqCl,/EtOH 38 17 24

ii) T.C.E./700C/24 hrs
p.T.S.A./Et,0, HgCl,/Et,0 78 - -

i11) CH,C1,/70°C/24 hrs
SnCl 4 70 - -

p-toluenesulphonic acid
1,1,2,2-Tetrachloroethane

muw

It was observed??® in these laboratories that a byproduct of the
reaction of the tosyloxy diol (17) with potassium t-butoxide in t-butanol
at 50°C was 3g-methyl-A-nor-5g-cholestan-5-01-6-one (19) (Scheme 20).
This was believed to arise from a novel intramolecular ene reaction of

the intermediate unsaturated acyloin (18) formed by fragmentation of (17).
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Scheme 20
. ) ’
TsO ! o)
G
OH

(17)

/

HO o
(19)

Fragmentations of the type described in Schemé 20 have also been

observed3® in the reactions of 38-chloro and 38 -tosyloxy-Sa-cholestan-5-01
(20) (21) and 3a-toxyloxy-58-cholestan-5-01 {22) with potassium t-butoxide
in t-butanol (Scheme 21).

Scheme 21
P
X ! o)
OH .
X =C1 (20)
X = TsO (21) e |
Y ——
-
TsO” ©

OH
(22)
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The ene reaction of the unsaturated acyloin (18) is similar to those
of unsaturated ketones described previously?Z, but occurs at significantly
lower temperature. This enhanced reactiQity may be due to the extra oxygen
atom increasing the electron dénsity of the ene,;

Attempts to isolate the intermediate failed, but Silva3l in these
laboratories synthesised the 6-0-acetyl derivative (26) of the 6-epimer of
the unsaturated acyloin (18) from 6a-hydroxy-cholest-4-en-3-one (23)

utilising an Eschenmoser fragmentation {Scheme 22).

Scheme 22
> (). (i1) >
s
o ' 0

(23) OH (24) OAc

(i11)
(iv) rb/\

I o™ -
(26) ‘OAC (25) 6AC

Reagents: i) H202/NaOH/MeOH, ii) Ac20/Py, iii) EtOH/TsNHNH,/50°C,
‘ iv) Hz2/Pd/BaS04/EtOAc.

Deprotection of the keto-acetate {26) with sodium ethoxide in ethanol

gave only the diosphenol (27) (Scheme 23).

Scheme 23

I >

° ' 26 ' ©
bne 1 [, @
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It was our aim to further investigate the ene reaction of unsaturated
acyloins by:-
i) Cléser examination of the original fragmentation - cyclisation reaction
(Scheme 20}. .
ii) Synthesis of the unsaturated acyloin via 6a and 68-acetoxy-4,5-seco-

cholest-3-en-5-one and investigate its reactions under a variety of conditions.

iii) Synthesis of other unsaturated acyloins to study the general reaction.
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RESULTS AND DISCUSSION

Part I Preparation and Reactions of the

4,5-secocholest-3-en-5,6-acyloins.

We considered that base-catalysed fragmentation of a tosyloxy -diol
derivative with the 68-hydroxyl protected would give evidence of the proposed
intermediate unsaturated acyloin (18 ). Also, the protecting group would
stop further reaction and allow investigation of fhe intermediate acyloin.

Treatment of cholesterol (28) with E;to]uenesu]phoﬁy] cﬁ]oride in
pyridine. gave the tosylate (29).32 This was epoxidised with m-chloroper-
benzoic acid (mCPBA) in ether/chloroform to give the a-epoxide (30)}33 which
was treated with methanol and.boron trifluoride etherate to give the known

methoxy-tosylate (31)31 (Scheme 24).

Scheme 24
CsHy
(i)
.
HO TsO
(28) (29)

(iii)

Ts0

(30)

Reagents: i) TsC1/Py; ii) mCPBA/EtZO/CH613; iii1) MeOH/BF3.Et,0.
' Reaction of the methoxy-tosylate (31) with potassium t-butoxide in
t-butanol gave a mixture from which a minor product (2%) 6g-methoxy-4,5-

secocholest-3-en-5-one (32), could be separated by preparative thin layer
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chromatography. The major fraction contained a mixture of 6a-methoxy-4,5-
secocholest-3-en-5-one (33) and 6g-methoxy-5a-cholestan-3a,5-epoxide (34)

in 55% yield.

O
. : oes

() OMe (33)

O=-
=
®

The 68-methoxy-ketone (32) showed ¥ max. 1720 (C=0) em™! in its infra-
red spectrum and its 'H n.m.r. spectrum had signals at 6 5.5 - 5.9 (m, RCH
= CHy), 4.9 - 5.2 (m, RCH = CH, ), 3.64 (brd t, C6a-H) and 3.34 (s, OMe)_
which supported the assigned structure. The mass spectrum had a molecular
ion at m/z 416 and a base peak at m/z 362 arising from a McLafferty re-
arrangement involving the loss of the butenyl chéin by cleavage of the
C1-C, bond,

The presence of the 6a-methoxy-ketone (33) in the mixed band was

confirmed by the infrared spectrum {v_.. 1720 (C=0)cm™!)and the 'H n.m.r.

X.
spectrum (6 4.0, q, Cop-Me}. Reduction of the mixture with sodfum boro-
hydride in methanol and preparative thin 1ayer'chromatography gaﬁe, as the
minor product (2%) 6a-methoxy-4,5-secocholest-3-en-5-£-01 (35) and as the
major product (55%) 68-methoxy-5a-cholestan-3a,5-epoxide (34).31

NN

HO
(35)

o-

Me

The methoxy-alcohol (35) had Vax 3580, 3470 (OH) cm™! in its infra-

red spectrum and the 'H n.m.r. spectrum had important signals at § 5.6 - 6.0
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(m, RCH==CH,), 4.8 - 5.2 (m, RCH==CH,), 3.42 and 3.35 (s, Oﬁe) and 3.25
{(m, C68-H). The mass spectrum had a molecular ion at m/z 418,

Reaction of the methoxy-tosylate (31) can proceed by two pathways.
Displacement of the tosylate by the oxygen anion (Path A) leads to the
oxetane (34). Fragmentation (Path B) leads to the 6a-methoxy-ketone (32)
which undergoes a base-catalysed epimerisation to give the 6a-methoxy-ketone

(33) (Scheme 25).

Scheme 25
: —-
" TsO : Path a ‘
HO (31)
Me
Path bi
(32)
- Me
t-Bul k

(33)
OMe

Preparation of the 6-0-acetyl- derivatives of the epimeric unsaturated
acyloins (41), (26) was achieved via a common route (Scheme 26) from their

respective 6-hydroxycholest-4-en-3-ones (36), (23).
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Scheme 26
(1) | \
-
e o
o)
OH . OH
68 (36) (37)
6& (23) (24)
(ii)
"ﬁ\\\\s - ﬁ\‘\\\‘
-
M o o
- 0
(40) OAc () QA
(25) (39)
(iv)
O
" (41) OAc
(26) '

Reagents: 1) H,0,/NaOH/MeOH; ii) Py/Ac,0; i) TsNHNH,/EtOH/500C;
iv) H,/Pd.BaS0,/Et0Ac
Cholesterol (28) was oxidised with cyclohexanone and aluminium iso-
propoxide in toluene to give cholestenone (42).3% Treatment of choleste-
none with triethylorthdformate and a catalytic amount of acid in ethanoi
-gave the ethoxy-diene (43)3° which was photolysed in oxygenated ethanol3

to give SB-hydroxycholest-4-en—3—0ne (36)37 (Scheme 27).
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Scheme 27

(42)
(28)

(i1)

N

| ! "\-4 (i)
o EtO

(3%6)  oOH (43)

Reagents: i) Al (01Pr)4/cyclohexanone/toluene; ii) HC(OEt)4/Ht/ELOH;
ii1) hv/0,/ELOH,

Epoxidation of cholesterol (28) with T;ch]oroperbenzoic acid in ether
gave the a-epoxide (44).38% Oxidation with pyridinium chlorochromate in
dichloromethane followed by isomerisation of the crude keto-epoxide (45)
with triethylamine in ethanol gave 6a-hydroxycholest-4-en-3-one (23)%9
(Scheme 28).

Silva3l previously prepared the 6a-hydroxy-enone (23) by oxidation
of the epoxide (44) with chromium trioxide in pyridine. This resulted in

over-oxidation and genefa]]y lTower yields.
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Scheme 28
@ () >
:
HO _ HO ‘.
(28) " (a)
1(11)
.\\\\‘5 (i) ‘ n\\\\“s
el
(o] o 1
. . (o)
(23) OH (45)

Reagents: i) mCPBA/ether; ii) PyCr0,Cl,/CH,Cly; 119) EtOH/NEL;.

The hydroxy-enones (3¥) and (23) were epoxidised with alkaline hydrogen
peroxide in methanol to give, after recrystallisation, the epoxides (37) and
(24) respectively. The epoxides were assigned the 4B8,58-stereochemistry by
analogy with other reported“?>“! epoxidations of steroid a*-3-ketones.

The epoxy-ketone (36) had important signals at s 3.48 (brd s, Cba-H,

W3 6Hz), 3.02 (s, Cda-H) and 1.36 (s, C108-Me) in its 'H n.m.r. spectrum.
The mass spectrum had a molecular ion at m/z 416 which fragmented with the
loss of CuHs0 to m/z 331. A possible .rationalisation of this_%ragmentatfon

is. shown in Scheme 29.
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Scheme 29

-

o

AL

HO

DS,
- Ty

The epoxy-ketone (24) had similarly characteristic signa]s‘in its
'H n.m.r. spectrum at § 4,14 (q, C68-H, J 5 and 11Hz), 3.46 (s, C4a-H) and
1.14 (s, C108-Me) and mass spectrum similar to that of (36).

Acetylation with acetic anhydride in pyridine gave respectively the
epoxy-acetates (38) and (39), thch underwent an Eschenmoser fragmentation“?2
when treated with p-toluene sulphonhydrazide in.ethaﬁol to give the acetyl-
enes’ (40) and (25). |

The presence of the terminal acetylene in (40} was confirmed by the

infrared spectrum ( 3310 and 2120 (C=C-H) cm"l). The 'H n.m.r. spectrum

Vmax.

had an important signal at 6 5.39 (brd t, Cba-H, J( SHz), which

apparent)
confirmed retention of the 68-0Ac stereochemistry under the reaction condi-
tions. The mass spectrum showed a molecular ion at m/z 442 which fragmented
with the loss of the butynyl chqin to afford a peak at m/z 390, which further
fragmented with the loss of acetic acid to give a peak at m/z 330 (Scheme

30).
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Scheme 30
\ \

\\é.

HO H
+on
Ac
McLafferty m/z 390
Rearrangement —AcOH
H?- m/z 330

The acetylene (25) had a similar mass spectrum and characteristic

infrared (v 3315 and 2120, (C=C-H) em~!) and 'H n.m.r. (6 5.46, q,

max.
C6g-H, J 6 and 11Hz) spectra.

The acetylenes (40) and (25) were partially hydrogenated in ethyl
acetate solution using 5% paHadiurﬁ-on-bam‘um sulphate catalyst p-o1‘soned
with quinoline to give the olefins (41) and (26).

The olefin (@1)had infrared (v_. 3080 and 1640 (RCH=CH )em™!). and

max
'‘Hn.m.r. (5.6-6.0, m, RCH=CH, and 4.85-5.15, m, RCH=CH,) spectra that con-
firmed the presence of a terminal olefin. Its mass spectrum had a molecular ion
at m/z 444 which fragmented with the loss of the buteny! group to afford a

peak at m/z 390. Further fragmentation by the loss of acetic acid gave

the base peak at m/z 330 (Scheme 31).
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Scheme 31
-
H AN
r~/
+ .
OAc <0Ac

=AcOH

o8

The olefin (26) gave a similar mass spectrum. Its infrared spectrum

.+°3

had Vmax 3075 and 1640 (RCH = CHy)em™! and its 'Hn.m.r. spectrum had important

peaks at 8§ 5.6 - 6.1 (m, RCH = CH,) and 4.85 - 5,20 (RCH = CH;y).

6g-Hydroxy-4g ,5-epoxy-58-cholestan-3-one (37) also underwent an
Eschenmoser fragnuentation”%to give, in the crude product, the 6g-acetylenic
acyloin {46). Attempted purification by preparative thin‘Tayer chromatography
on silica gel caused isomerisation to the 5g-acetylenic acyloin (47) (Scheme 325.
This approach to the synthesis of thg unsaturated acyloin (48) proved to be
inefficient, compared to using the epoxy-acetate (38), due'main1y to diffi-

culties in purification of the product.



Scheme 32
(1)
o
OH H o (46)
(37)

(ii)
Ill H (47)

. !

Reagents: 1) EtOH/TsNHNH,/500C; ii) Silica, preparative t.1.c.

The infrared spectrum of the acetylenic acyloin (47)hadv 3280,

ma x
2120 (C=C-H), 3520 (OH) and 1715 (C=0) cm~! confirming the presence of a
terminal acetylene and an acyloin. The 'H n.m.r. spectrum had important
signals at 3.55 (s, OH, D,0 exchangeable) and 4.08 (s, C5a-H) which
supported the assigned regiochemistry. The 5-acyloin (47) is .
presumably more thermodynamically stable than the 6g-acyloin (46)
and it is assumed that the 5g-equatorial conformafion.wou]d be preferred.
Attempted-hydrolysis of the 6g-acetoxy-ketone (41) using concentrated
hydrochloric acid in methanol gave the 5a-methoxy-ketone (33) previously

obtained in the reaction of 3g-tosyloxy-6g-methoxy-5a-cholestan-5-01 (31)

with potassium t-butoxide in t-butanol.

NN

(33)

o-
=2
o
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Hydrolysis of the 6g-acetoxy-ketone (41) was best achieved with concentra-

ted hydrochloric acid in 90% aqueous ethanol, giving 58 ~hydroxy-4,5-seco-
cholest-3-en-6-one (48). Both the 6a- and 68-acetoxy-ketone (26) and (41)
underwent hydrolysis when treated with dilute hydrochloric acid (2M) in

ethanol, although a longer reaction time was required. The milder condi-

tions ofAthis reaction allowed the isolation, by preparative t.1.c., of the
5g-acyloin (48) as the major product and 6a-hydroxy-4,5-secocho1est-3-en-

5-one (49) as the minor product.

I 1>

HO (48) @) (49)
o OH
33% from (26) 26%
30% from (41) 24%

The 5g-acyloin (48) had v__ 3070 and 1640 (RCH=CH ) 3470 (OH) and
1710 (€=0) em™! in its infrared spectrum which confirmed the presence of the

terminal olefin and acyloin. Its 'H n.m.r. spectrum had important signals

at 6 4.25 (brd s, OH, 0,0 exchangeable) and 4.08 (s, C5a-H) which confirmed
the assigned regiochemistry. Its mass spectrum had a mo1e;u1ar ion at m/z
402 which fragmented with the loss of the butenyl chain to give'a peak at
m/z 348,

The 6a-acyloin (49) gave a similar mass spectrum. Its infrared

spectrum had.\;m 3070 and 1640 (RCH=CH,), 3470 (OH) and 1700 (C=0)cm !. Its

BX.
'H n.m.r. spectrum had important signals at & 4.38 (g, C68-H, J 7 and 11Hz)
and 3.90 (brd s, OH, D,0 exchangeable) which confirmed the assigned regio
and stereochemistry.

Isomerisation presumably proceeds by acid catalysed enolisation of

the acyloin to an enediol intermediate (48b) {Scheme 33).
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Scheme 33

OR R=H (48b) OR

Hydrolysis of the 6p-acetoxy-ketone (41) with deoxygenated ethanolic
potassium hydroxide under an inert atmosphere gave only the 58-acyloin (48).
However, if the hydrolysis was performed in the presence of air, the dios-
phenol (27) was the major isoiable product. The diosphenol had Vmax. 3430
(OH), 3080 (RCH=CH,), 1670 (C=0), 1650 (C=C)em™in its infrared spectrum and
the 'H n.m.r. spectrum showéd important signals at ¢ 6.09 (s, OH, D,0 ex-
changeable), 6.01 (d, C7- H J 2Hz) 5.55 - 6.0 (m, RCH=CH,} and 4.9 - 5.2
(m, RCH=CH,). The mass spectrum had a molecular ion at m/z 400 which frag-
mented with the loss of the butenyl chain to give the base peak at m/z 346.
Acetylation with acetic anhydride in pyridine gave the diosphenol acetate

(51) which shoﬁed a downfield shift of 0.36 ppm for the C7-H signal in the

'‘H n.m.r. spectrum,

>

H (27)
Ac (51)

Treatment of the 5g-acyloin (48) with either ethanolic potassium
- hydroxide or potassium t-butoxide in t-butanol, in the presence of air,

also gave the diosphenol (27).
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Several examples of the base catalysed autoxidation of acyloins have
been reported*3.4%,45 (Scheme 34). Typically, when 5a-cholestan-2a-01-3-
one (52) or its acetate (53) are treated with ethanolic potassium hydroxide
in the preSence of oxygen, the diosphenol(54) is formed.

Similarly, 2a-hydroxy or 2c-acetoxy-androst-4-en-17g-01-3-one (55)
(56) gave the diosphenol (57).

Scheme 34 34
gH17
RO~ KOH/EtOH o) \'
|=| (54)
R = H (52)
= Ac (53)
OH
RO- QLIS:b KOH/EtOH &
= H (55) (57)
R = Ac (56)

The 5g-acyloin (48) failed to cyclise in a deoxygenated solﬁtion of
potassium t-butoxide in t-butanol at reflux and only starting material was
recovered. Failure of the isolated acyloin (48) to cyciise under the
original conditions2? promoted us to re-investigate the reaction in which
3g-methyl - A -nor-58-cholestan-5-01-6-one (19) is produced from the tosyloxy
diol (17}.

The tosyloxy-epoxide {30)33 was treated with perchloric acid in methyl

ethyl ketone to give the tosyloxy diol (17)*6 (Scheme 35).
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Scheme 35
) .
EtCMe
HC1O, >
TSO 64 TSO :
HO H
(30) (17)

Reaction of (17) in a deoxygenated solution of potassium t-butoxide
in t-butanol at 50°C gave a mixture. Separation by preparative thin layer
chromatography gave 3g-methyl- A -nor-cholestan-5-01-6-one (19) (11%), 58-
hydroxy-4,5-secocholest-3-en-5-one (48) (4%) and 68-hydroxy-5a-cholestan-
3a,5-epoxide (58)47 (49%). ..

NN >
LT

(58) AH (48) O HO 0 (9

These results are similar to those obtained by Marples et al29. How-
ever, isolation of the 5g-acyloin (48) from this reaction is an indication
of its role as an intermediate in the production of the A-nor-ketol (19).
Further‘evidence was gained by repeating the reaction in the presence of
~air. Separation of the reaction mixture by preparative thin layer chroma-
tography gave only the oxetane (58) (53%) and the disophenol (27) (17%).
The yield of the diosphenol is comparable with the sum of the yields of the
A -nor-ketol (19) and the 58-acyloin (48) in the absence of air.

It is assumed that autoxidation of the acyloin (18) produced by frag-
mentation of the tosyloxy diol (17) is a fast process compared to the ene
reéction (Scheme 36). The acyloin is therefore 'trapped' by oxidation to

the diesphenol (27).
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Scheme 36
TsO
HO
a7
Kene
(19) ; ’ :l
HO o
kene K kox

it is possible that the A-nor-ketol (19) may arise from the 58-acyloin
by a direct hydride transfer from Cés to the olefin (C4) (Scheme 37).

Scheme 37

A .
Lo :
| . HO ¢ (19)

This mechanism appeared unlikely, but to examine the role of the ba-

hydrogen in the production of the A-nor-ketol (19), the 6a-2H derivative of
the tosyloxy diol was synthesised.

Oxidation of the tosyloxy diol {17) with pyridinium chlorochromate in
dichloromethane gave the tosyloxy ketol (59)48 wlr;ich was reduced with sodium

borodeuteride in methanol to give the [6a-2H]-tosyloxy diol (60) (Scheme 38).
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The absence of a signal at § 3.58 (C6a-H) in 'H n.m.r. confirmed the intro-
duction of deuterium into the 6a-position.

Scheme 38

TsO

TsO

Reagents: i) PyCr02C12/CHaClo544) NaBDu/MeOH.

Treatment of (60) with potassium t-butoxide in deoxygenated E;butaqo]
and separation of the products by preparative thin layer chromatography
gave the A-nor-ketol (19) in only 2% yield. Its mass spectrum had a mole-
cular ion at m/z 402 indicatiné the loss of deuterium during the reaction.
The 5g-acyloin (48) (9%) was isolated and the presence of the signal at & 4.08
(C5a-H) confirmed the loss of deuterium. As expected, the [6¢-2H] -oxetane
derivétive (58) (57%) Qas é1so isolated. The absence of a sianal at & 3.87
{C6a-H) in the 'H n.m.r. spectrum confirmedthe retention of deuterium.

This result ruled out the hydride shift mechanism since deuterium is
absent in the A-nor-ketol (19). The hydrogen must come either directly
or indirectly from the solvent as in the proposed ene mechanism. The
increase in the level of the 5g-acyloin (48), in the product, over that of

the A-nor-ketol (19) is thought to be due to a kinetic isotope effect and

is discussed later as part of the overall mechanism;



32

It was envisaged that changihg either the leaving group or the relative
stereochemistry of the 3-tosyloxy and 5-hydroxy groups, would alter the
course of the reaction sufficiently to give an increase of the fragmentation
reaction at the expense of oxetane {(58) formation. Increased fragmentation
should lead to increased A-nor-ketol (19) formation.

Cholesterol (28) was treated with thionyl chloride to give the chloride
(61)*2, and with mesyl chloride in pyridine to give the mesylate (62)50.
Treatment of these derivatives with m-chloroperbenzoic acid in ether afforded
the chloro-epoxide (63)51 and the mesyloxy-epoxide (64)46 which were hydro-
lysed with aqueous perchloric acid to give the chloro diol (65)51 and the

mesyloxy diol (66) respectively (Scheme 39).

Scheme 39
o
HO or (ii) ¥
(28) . - (6|
= oms (62)| 111}
« \ (iv) \
2 .
HObn (e (63)
(66) (64)

Reagents: i) S0Cl,; 1ii) MeS0,C1/Py; iii) mCPBA/Et,0; iv) HC10,/EtCOMe

- The chloro diol {65) gave only the oxetane (58) (35%) after heating
with 3 moles of potassium t-butoxide in t-butanol solution for 18 hours.
A considerable quantity of the starting material was recovered.

The mesyloxy d1o] (66) on treatment with potassium t-butoxide in t-

butanol gave a m1xture Separation by thin layer chromatography gave the



33

" p-nor-ketol (19) (2%), the 58-acyloin (48) (10%) and the oxetane (58)
(54%). .

This represents an overall decrease in the amount of fragmentation.
More surprisingly, formation of the A-nor-ketol (19) has been affected,
resulting in the isolation of mainly Sg-acyloin (48).

3a-Tosyloxy-5g~cholestan-5-01 (22) has been reported3® to give only "
4,5-secocholest-3-en-5-one (22b) on reaction with potassium t-butoxide in
t-butanol (Scheme 40). The analogous reactions of 3a-tosy1oxy-GB-choléstane-7
5,68-diol (67) with sodium hydride in D.M.F., or 3u-tosy1oxy-GB-acetoxy-Sé-
cholestan-5-01 with potassium t-butoxide in t-butanol, gave 6g-hydroxy-

3R,5-epoxy-5g-cholestane (68)°2,

Scheme 40

G

OH

(22 ) (22b)

NN

H (67) , NaH/D.M.F. ' R=H (68), 52%

Ac (69) , Butok/ButoH H (68), 16%
Ac (70), 114

1]
) 0
il

We considered that a 38, 58 tosyloxy, hydroxy geometry would remove

competing oxetane formation and increase the yield of the fragmentation
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product. 3B-Tosyloxy-58-cholestane-5,68-diol was prepared, although it is
realised that the tosyloxy-hydroxy geometry is less than ideal for the frag-
mentation reaction {see below}.

Treatment of cholesterol (28} with performic acid, followed by hydro-
lysis of the formate, gave the triol (71)°3 which was oxidised selectively
to the 5Sa-dihydroxy ketone (72)53 with N-bromosuccinimide (N.B.S.) in aqueous
dioxan. Epimerisation in refluxing methanolic potassium hydroxide5® gave
the 58-dihydroxy-ketone (73)2* Reaction with p-toluenesulphonyl chloride
in pyridine gave the tosyloxy ketone (73)”%hnd reduction with sodium boro-

hydride in methanol gave the tosyloxy diol (75) (Scheme 41).

Scheme 41
J::b/ (1), (i) _
HO HO :
HO L.
(28) (71)
(i)
A\\\\\s Y
(iv) ‘ \
- O
HO HO ;
HO 0 (73) HO o (72)
A{v) | ' .
’\\\\\5 (vi) | ﬁ\\\\\s
——
TsO TsO ’
HO (o] (74) HO OH

Reagents: 1) HCOH/H»0,;1) NaOH/MeOH/H,0; 1i1) N.B.S./ () 720
‘ iv) KOH/MeOH;.v) TsC1/Py; vi) NaBH,/MeOH
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The tosyloxy diol (75) stereochemistry was confirmed by the 'H n.m.r.
spectrum which had important signals at ¢ 4.97 (brd s, C3a-H, Né /Hz) and
3.53 {brd s, Céz-H, W3 6Hz). Compound (75) was converted to the monocacetate
(76) by treatment with acetic anhydride in pyridine. The signal at s 4.76
{brd s, Céa-H) in the 'H n.m.r. spectrum confirmed the acetylation of the

6g -0H.

T,

TsO (76)
H
OAc

Reaction of the tosyloxy diol (75) with potassium t-butoxide in t-
butanol was extrémely variable due to competing thermal decompasition. The
best result in terms of A-nor-ketol yield consisted of the A-nor-ketol (19)
(45%), the 5B8-acyloin (48) (5%) and an olefinic diol (77) (18%).

The olefinic diol (77) was identified from the infrared spéctrum
(Vmax. 3450, (OH)cm™1) and the 'H n.m.r. spectrum which had important signals
at ¢ 5.2 - 6.0 (m,‘o]efinic protons) and 3.69 (brd s, Cba-H, Wi 6Hz), The

mass spectrum-had a molecular ion at m/z.402. Acetylation afforded the

monoacetate (78), the ‘H n.m.r. spectrum of which showed the 6a-H signal at

s 4.87.
9@ -
-w 07 o | s HO/N - (79)
- Ac (78) ° oH D

The 6q-2H derivative of the tosyloxy diol (75) was prepared by reduc-

tion of the tosyloxy ketone (74) with sodium borodeuteridein methanol.
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Treatment of (79) with potassium t-butoxide in t-butanol again gave
varying results. The best result (based on the yield of (19)) gave, after
preparative thin layer chromatography, a band containing a mixture of A-nor-
ketol (19) and diosphenol (27) (47%), the 58-acyloin (5%) and the dihydroxy-
[6a=2H]-0lefin (13%). Acetylation of the mixture and further chromatography
gave the A-nor-ketol (19) (26%) and the diosphenol acetate (51) (12%). Only
the dihydroxy olefin (77) showed retention of deuterium. The diosphenol was
a product of incomplete deoxygenation of the t-butanol solution. Yields of
the A-nor-ketol (19) were found to be generally lower.

Wharton and Hiegel55 have reported the base catalysed fragmentations
of some tosyloxy-hydroxy-decalins (8 a-d) (Scheme 42). Fragmentation would
appear to require the carbon-tosylate and fragmenting carbon-carbon bonds

to be anti. The hydroxyl geometry is less important.

Scheme 42
(8a) - Complex
v mixture
OTs 6% fragh-
H .
Ts
(8b)

(8c)

(8d)




37

The small amount of fragmentation that occurs with compound (8a) is
thought to arise from a non-concerted reaction pathway.

The tosyloxy diol (75) is unable to obtain the correct conformation
for oxetane formation which requires attack of the oxy-anion on the opposite
side of the carbon atom to the leaving tosylate anion. However, it is also
not in the ideal conformation for fragmentation, although fragmentation is
observed, presumably by a non-concerted pathway. This is reflected in the
increased reaction time, 16 hours compared to 2 hours for the tosyloxy-5a-

diol (17).

TsO

Ho b (7)

The series of reactions described contribute a great deal of circum-
stantial evidence in favour of the proposed ene reaction for the formation
of the A-nor-ketol (19). The failure of the acyloin to cyclise under the
original conditions of reaction seems to refute this. Comparison with the ene
‘reactions of unsaturated ketones led us to believe that elevating the reaction’
| temperature would Tead to a cyclisation.

Cyclisation was achieved by heating the 58-acyloin (48) in decalin in
a sealed tube for 54 hours at 200°C. Separation of the products by prepara-
tive thin Jayer chromatography gave.SB-cholestan-S-ol;G-one (81)l56 in 13%

yield and 3-methyl-B-nor-58-cholest-2-en-4-one in 26% yield.

o8 N

Ho & (Y o H (8
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The Sg-ketol (81) had v . 3465 (OH) and 1695 (C<0) em™ !, The 'H
n.m.r. spectrum had important signals at & 3.9 (s, OH, D0 exchangeable),
0.711 (s, C10pg-Me) and 0.66 (s, C13g-Me). The mass spectrum had molecular
ion m/z 402. The mixed melting point with an authentic sample gave no
depression. |

An authentic sample of the 5pg-ketol (81) was prepared according to
Scheme 43, The tosyloxy ketol (59) was reduced with zinc and sodium iodide
in refluxing dimethoxy ethane>®’ fo give the So-ketol (83). Epimerisation
of (83) in methanolic potassium hydroxide38 gave the 58-ketol (81).

Scheme 43

o (83)

-f——— -

>

HO o (81)

Reagents i) Zn/Nal/CH30CH,CH;0CH3; i) KOH/MeQOH -

The structure assignment of the B-nor-enone (82) was supported by the
infrared spectrum (“max. 1665 (C=0) cm~!) and the ultra-violet spectrum
(Amax. 240 nm) which confirmed the presence of an a-substituted o,B-unsatura-
ted ketone. The 'H n.m.r. spectrum had signals at & 6.50 (m, RCH=CMeCO) and

1.80 (RCH=CMeCO). Double irradiation of the methyl signal at & 1.80 caused
the multiplet at s 6.50 to collapse to a double doublet (J 5.8 and 2.8 Hz)

illustrating the spin-spin coupling between the C-2 and C-1 protons. Double
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‘irradiation of the multiplet at 6 6.50 caused the methyl signal to collapse
to a double doublet {J 1.2 and 2.4 Hz) illustrating the long range coupling
between the methyl and C-1 pfotons. The 5g-configuration was assigned on
the basis of thermodynamic stability and supported by the low-field position
of the C10a-Me signal (& 25.7) in the 13C n.m.r. spectrum, The full 13C
data are given in Appendix I. The mass spectrum had a molecular ion.at m/z

384 which fragments as shown below:-

C-&?HMO - C22H37 m/z 30

o .
CigHp, 0 m/z 229

C11H15 m/Z 147

Cy Hy 0 m/z 123

Further evidence in support of the structure (82) was the observation
that a maximum of 3-deuterium atoms {C-1 and C-5) were incoporated when

treated with NaQD/D,0 in refluxing dioxan giving (84).

DD \
(84)
o_ID

The mass spectrum showed a molecular ion at m/z 387 (C,.H,D;0) which

fragmented as shown below:-

C,,H,;D;0 CyoH3gD  m/z 302

—
w38 T
CIlB Hl 8D30 m/z 232

C, H,0 m/z 148

CgHgD;0  m/z 126
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Although the expected A-nor-ketol (19) was not obtained on heating
the 58-acyloin (48) in decalin, under similar conditions, it was partially
converted to the B-nor-enone (82). It was also found to be susceptible to
acid catalysed rearrangement since on treatment with p-toluenesulphonic acid
in benzene solution, it was converted to the B-nor-enone (82) in 49% yield

and 3-methyl-A-nor-cholest-3-en-6-one (85) in 32% yield.

RN '

(85) (86)

The A-nor-enone (85) infrared spectrum, (vmax. 1680 (C=0), 1625 (C=C)
em™!) and the ultra-violet spectrum (Aﬁax. 260 nm) were in accord with the
assigned structure. The observedﬂkmaX-and the calculated lmax. (242 nm,
Woodward rule3?) differ by 18 nm, but a similarly large lmax. (260 nm) is
observed in the ultra-violet spectrum of hydrindenone (86)%°, The 'H n.m.r.
spectrum had an important signal at é 2.03 (brd s, RCMe=CR-C=0}. The mass
spectrum had a molecular ion at m/z 384, which fragmented with the loss of
methyl to give m/z 369.

It is assumed at elevated temperature the 58-acyloin (48) was conver-
ted to the dienediol (48b) which reacted in the conformations (87) and (88)
to give, respéctively, the A-nor-ketol (19) and 68-hydroxy-4(5-6a)-abeo-
cholestan-5-one (89) as the primary products (Scheme 44). Under the reaction
conditions, these primary products are further modified to give thé B-nor-
enone (82) and 58-cholestan-5-01-6-one (81). It is possible for the 58-ketol
(81) to arise directly from the dienediol but models suggest that the transi-

tion state would be too strained.
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Modification of the primary products involves acyloin (a-ketol) re-
arrangements. Several examples of similar arrangements have been observed38:6!
It was reported that the epoxide undergoes a cyclisation to give the bridged
ketone (91) which is converted by acyloin rearrangement to the hydrindanolone
(92) (Scheme 45).

Scheme 45

(90)

(92)

The observed reaction of the 58-acyloin (48) occurs at relatively low
temperature compared with unsaturated ketones?2 It is unusual in that one
of the products (89) is formed by carbon-carbon bond formation to the
terminal alkene carbon,

The reactions studied suggest that the A-nor-ketol (19).does arise
from an ene reéction of the 6B-acyloin (18). Failure of the isomeric 58-
acyloin to cyclise in a solution of potassium t-butoxide in t-butanol may be
a function of attaining the appropriate conformation, an obstacle overcome
by performing the reaction at elevated temperature in a sealed tube. Alter-
natively, ffagmentation of the tosyloxy diols (17) or {75) produce the 6B-

acyloin (18) in situ in a conformation (93) or (94) which requires minimum
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bond rotation for this to be achieved. Enolisation to the diene-diol (48b)
would have to be fast compared to the rate at which the chain unfolds. This
enolisation would be assisted by the drive to remove the 68-hydroxy/108-
. methyl steric interaction. Introduction of a deuterium at the 6u-position
presumably induces a kinetic isotope effect which slows the rate of enoli-
sation to a rate at which chain unfolding is cémparab]e or faster. Addition
of air allows a rapid and efficient oxidation of the intermediate to the
diosphenol (27) at a rate faster than the ene reaction (Scheme 46).

The role of the mesyloxy group in slowing the ene reaction is not
understood. It may be that the mesyloxy diol (66) fragments
through a different transitionstate that allows the chain to unfold before

the acyloin can enolise.
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Scheme 46
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Prahdané2 63 &% nhas shown that the 4,5-secocholest-3-ene derivatives
(95) and (96) undergo reductive radical cyclisation to give the A-nor-

cholestane derivatives (97) and (98) respectively (Scheme 47).

Scheme 47

\ (i)

i
(o)
(95)

ﬂ\\\\\’ (1)

—3
Ms!

- (96)

Reagents: i) Na/THF or Li/NH3(1) ii) Zn/Nal/D.M.E.

The 3-methyl stereochemistry was found to be a, whereas the ene
reaction gives the A-nor-ketol (19) with B-stereochemistry. It was decided
to investigate the affecf of 6-substituents on similar cyclisations.

The dioépheno1 (27) failed to cyclise when treated with sodium in anhy-
drous T.H.F. and only starting material was isolated.

Reduction of the keto-acetate (41) with sodium borohydride in methanol
gave the hydroxy-acetate (99). Treatment with mesyl chloride in pyridine

gave the mesyloxy-acetate (100} (Scheme 48).
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Scheme 48
(i)
-
Z 0o (ii) X
Ac OAc
(99) X = OH
(100) X = OMs

Reagents: i) NaBH,/MeOH; ii) CH3S0,C1/Py

Attempted reductive cyclisation of (100) with zinc and sodium iodide
in dimethoxyethane proved unsuccessful. It is assumed that 6-acetate has
significantly increased the steric hinderance on the 5-position making
reaction slow. It has been shown®7 that this reaction is subject to steric
hinderance. An example (Scheme 49) is the selective removal of the 3-mesyi-
oxy group from compound (101), the 17-mesyloxy being more sterically hindered
and.unreactive. |

Scheme 49

Ms
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Part II Preparation and Reactions of 3-methyl-

3-(3-butenyl)-2-hydroxy-cyclohexan-1-one

The mixed cuprate derived from methy! lithium, 3-butenyl magnesium
bromide and copper (I) iodide was reported®S to selectively transfer the
butenyl moiety in a 1,4 addition reaction with a variety of enones. When
3-methyl -2-cyclohexen-1-one was added to a solution of the mixed
cuprate, a smooth reaction occurred giving, on aquecus work up, the ketone
(102)65, or on quenching with trimethylsilylchioride in triethylamine, the

trimethyisilylenol ether {(103) (Scheme 50).

Scheme 50
o ' Li .

-
(ii1) (i1}

[:fF;;iji~,/”\\¢;§’ cn
| | [:f::t\iiiii<;¢’
. (103)

Reagents: 1) MeLi/ 2 " “MgBir/Cul/Et,0/THF/-40°C; 1i) NH,C1/H,0;
§i1) Me3SiCl1/EtsN

The infrared 3080, 1640,(RCH=CH,)and 1660, (C=C-0SiMegkm™ and

Omax.
'Hn.m.r. (6 5.4 -5.9, m, RCH=CH,, 4.65 - 5.0, m, RCH=CH,, 4.50, s, HC=
CR-0-SiMe; ) spectra confirmed the presence of a terminal olefin and a silyl

enol ether. Fragmentations of the molecular ion m/z 238 are given below.



M* m/z 238 m/z 223

m/z 183

m/z 73, TSiMe

The silylenol ether (103) was oxidised with m-chloroperbenzoic acid
in ether. The m-chlorobenzoic acid derivatives (see below) were removed
and the resulting a-silyloxy-ketone (104) was hydrolysed to give a mixture
of the isomeric acyloins (105) and (106) (Scheme 51).

Scheme 5i

TMS o
OTMS

(103) - : (104)

Cl

Reagents: 1) mCPBA/Et,0/NaHCO4; ii) EtOH/H,0/HCI

[solation of the acyloins was complicated by the formation of m-chloro-
benzoic acid derivgtives. The major derivative being an ester (115) derived
from two acid molecules. m-Chlorobenzoate esters of the acyloins (105) and
(106) were also formed. Boeckman and Ramiah reported®® the occurrence of
ester formation when using ether as solvent. Oxidations performed in dichloro-
methane or hexane gave mainly a¢-silyloxy ketones. It is thought that the

nucleophilicity of the acid is enhanced due to the higher bascity of ether,
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This increases the rate of attack on the intermediate epoxyether (107)

leading to the ester {108). In non-polar media, internal transfer of silicon

is more rapid (Scheme 52}.

Scheme 52
oTMmMS
TMSO
PhCO, (107)
%AAO : CHyCI,
)J\ TMS
Ph /
TMSO ? 1\60 @go\L@
of
L N
, Ph
T™MS ?

Cf

Cj/oms

cPh TMS = (CHg) 551

0 (108

Qo

The acyloin isomers were separated by flash chromatography to give,
as the least polar isomer, trans-3-methyl-r-3-(3-butenyl)-2-hydroxy-

cyclohexan-1-one (105) and, as the most polar product, cis-3-methyl-r-3-
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(3-buteny1)-2-hydroxycyc]ohexan-1—onel (106 ).

The acyloins had Voax, 485 (OH) 1710 (C=0) for (105) and 3485 (OH),
1708 (C=0) cm ! for (106) in the infrared spectra. The 'H n.m.r. spectra
had important peaks at ¢ 4.0 (s, C2-H), 3.6 (brd s, OH), 0.74 (s, Me) for
(105) and 3.95 (s, C2-H}, 3.78 (brd s, OH), 1.14 (s, Me) for (106) which
confirmed the assigned regio- and stereo-chemistry.

The methyl signal (80.74) in the 'H n.m.r. spectrum of (105) compares

with the C10g methyl signal (80.69) for the steroid 58-acyloin (48).

A
(106) (108). (48)

The mass spectra showed similar fragmentations of the molecular ions

at m/z 182 and these are shown below:-
m/z 128 C7H,50

m/z 109 CgHy 3

m/z 98 = CgH,,0
m/z 95  CyHp,
Wz 81 CeH
n/z 67 CgHy
m/z 55 CyHy

The acyloins (105) and (106) failed to cyclise in a deoxygenated solu-
tion of potassium t-butoxide in t-butanol. However, when heated under reflux

in decalin-solution, in an argon atmosphere for 24 hours, cyclisation occurred
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and three products were isolated by flash chromatography.

The least polar product was identified as 3g, 7ag-dimethyl-3ag-hydroxy-
octahydro-4H-inden-4-one (109). Its structure elucidation was supported by
- the infrared spectrum which had Y ax. 3495 (OH) and 1700 (C=0) cm™! and the
'H n.m.r. spectrum which had important signals at § 3.7 (s, OH), 0.99 (s,
C7a-Me) and 0.81 (d, C3-Me). The !3C n.m.r. spectrum had important signals
at § 215.0 (C=0), 89.3 (C3a), 54.2 (C7a), 42.6 (C3), 19.3 (C7a-Me) and 13.0
(C3-Me). The full 13C data are given in Appendix I.

The mass spectrum had a molecular ion m/z 182, for which major fragmen-

tations led to ions at m/z 112 (C7H120), m/z 111 (CsH;:0) and m/z 98 (CeH100).

(109) (110)

.0 OH ) o|.|3

The major product was identified as 58,7ag-dimethyl-3ag-hydroxy-octa-
hydro-4H-inden-4-one (110). The proposed structure was supported by the
infrared spectrum which had v__ = 3495 (OH) and 1695 (C=0) cm~!. The 'H
n.m.r. spectrum had important signals at 6 4.02 (s, OH}, 1.05 (d; C5-Me) and
0.92 (s, C7a-Me) and the !3C n.m.r. spectrum had peaks at § 214.3 (C=0), 88.2
(C3a), 54.9 (C7a), 39.7 (C5), 18.2 (C7a-Me) and 14.5 (C5-Me). The mass
spectrum had molecular ion at m/z 182 which fragmented as above, (109). |

An unidentified minor product, possibly (111) or (112) had Vimax. 3495 (OH)
and 1712 (C=0) cm™! in its infraréd spectrum. The 'H n.m.r. spectrum had
important signals at § 3.88 (s, OH) and 1.07 (s, Me). The mass spectrum had
a molecular ion at m/z 182. It is assumed that this minor product resu]té
from endo ring closure by analogy with the steroid 58-acyloin (48). It may
therefore be either the bridge ketol (111) or the seven-membered ketol (112)
from its rearrangement (Scheme 53). The decalones (113) and (114} are also

rearrangement products of (111) but their spectroscopic data®? do not fit
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the minor product.

Scheme 53

(111)

(112)
Cis (113)
Trans (114)
The 'H n.m.r. spectra of the hydrindanolones (109) and (110) showed
angular (7a) methyl at chemical shifts which compare well with Titerature

values for similar systemsbl,68,

(116) . (117) Cis, §1.08

0o OH 0 OH

§1.0 (118) Trans, 60.98

The Eii-hydroxyl, 7a-mefhy] Qeonetry is assumed on the basis of ther-
quynamic stability through intramolecular hydrogen bonding. This is supported
by the sharpness and dilution independance of the OH 'H signals in the 'H n.m.r.
spéctra.

"Further evidence for the proposed structures (109) and (110} was gained
from aromatic solvent-induced shifts (ASIS) and lathanide-induced shifts (LIS).
The 'H n.m.r. spectrum of (109) in benzene solution had signals at §0.93 (C7a-

Me) and § 0.77 (C3-Me). These signals are respectively upfield of those in
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CDCi; by 0.06 and 0,04 ppm. Similar upfield shift of the signals for the
3

Co-Me (& 0.96) and the C7a-Me (50.87) of 0.09 and 0.05 ppm respectively were
observed in the '‘H n.m.r..spectrum of {(110) in-benzene, The larger shift
of the C5-methyl in (110) may be attributed to a T - I interaction between
the carbonyl and the solvating benzene molecule decreasing the deshielding
effect of the carbonyl and illustrating the close proximity of this methyl
group to the carbonyl. 2-Methyl cyclohexanone in benzene solution exhibits
a similar upfield shift of 0.0% ppm. for the signal for the methyl group
in its 'H n.m.r. spectrum. |

The 90 MHz 'H n.m.r. spectra of (109) and (110) were obtained in the
presence of increasing concentrations of the lanthanide shift reagent, euro-
pium (III) tris-(1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octanedionate)
(Eu{ fod 3)). The results are tabulated be]ow.and represented in graphical

form (least squares line fit).
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(109) So = 0.000907 moles

L/S 7a-Me 3-Me
§/ppm a8 §/ppm AS

0.000 {0.99 |0.00 [0.81 [0.00
0.0149)1.04 }0.05 jo0.88 |o0.07
0.0287|1.10 | 0,11 |0.99 |o0.18
0.0425 (1.17 | 0.8 [0.19 ]0.28
0.0563|1.21 |[0.22 {0.15 {o0.34
0.0669 | 1.26 |0.27 {0.24 {0.43
0.0754 | 1.31 |0.32 |1.30 [0.49 -
1.00 - 1a.20 6.55

(110) So = 0.000879 moles

L/So 7a-Me 5-Me

8/ppm A8 &/ppm A

¢.000 {0.92 0.00 |1.05 0.00
0.0132 {1.02 0.10 (1.10 0.05

0.0307 | 1.15 }0.23 ]1.13 | 0.08

| 0.0417 11.23 | 0.3 1.19 0.14
0.0548 {1.34 |0.42 [1.23 |0.18
0.0680 [1.45 |0.53 [1.27 |o0.22
0.08660!1.66 |0.74 [1.35 |0.30
1.00 8.33 3.23

Assuming linearity and a 1:1 complex, the slope of the graph gives the

shift for the Lo/So = 169,

then ’ 85 a R; 3 a8 = gcgggﬁ én chemical shift for
Ry = distance of proton i from centre

of lathanide atom.
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In this case Eu(fod); is not the ideal reagent since it is able to
bond to both the carbonyl and hydfoxyl oxygens, depending on steric acCcessi-
bility. The result for hydrindanolone (109) is best explained with the lan-

thanide co-ordinated to the carbonyl oxygen.

CH,

o 109
- Ny (109)

The greater slope for the C3-methyl compared to the angular methyl
reflects its proximity to the lanthanide atom. However, the result for
hydrindanolone (110} is best explained with the lanthanide co-ordinated to
the hydroxyl oxygen. The angular methyl is then c]osér to the Tanthanide
atom and therefore gives the greater siope. The change in co-ordination
site may be due to the deric hindsrance caused by the C3-methyl and the

C5-methyl respectively.

'Fu CH,
HO H,
o (110)
H

Reduction of (109) and (110) with sodium borohydride in methanol gave

the diols (119) and (120).

(19) : (120)

Ho °H Ho O
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The assigned structure (119) was supported by the 'H n.m.r. spectrum
which had an important signal at s 3.74 (m, Cda-H, W3 10Hz). The diol (120)
had a similarly important signal in its 'H n.m.r. spectrum at & 3.58 (brd s,

C4e-H, Wi 4Hz). The spin-spin coupling of the C4a-H to only the C5u-H
reflected in the small W3

OH

CH; R

H R

CJH (120)

Final proof of the structure (110) was achieved through X-ray chrystall-
ography on the crystalline oxime derivative. Direct methods were employed
using SHELLEX and the present convential R is 0.0553 from the 2408 observed

reflections (diffractometer data). Full data will be pubh’shéd elsewhere.

HO

oM
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It is assumed that the acyloins (105) and (106) undergo the ene -
reaction as the enediol to give‘initia11y hydrindanolone (109) and compound
(111) (Scheme 54). Hydrindanolone (109) undergqes a thermal acyloin re-
arrangement to give the isomeric hydrindanolone (110).

Scheme 54

(105) (106)

(109)

(110)
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One experiment performed by heating the acyloins at double the concen-
tration in decalin resulted in dehydration of the primary products. Separa-
tion of the mixture by flash colum chromatography and preparative thin layer
chromatography gave, as the major product, 5,7a-dimethyl-1,2,3,3a,7,7a-hexa-

hydro-4H-iden-4-one (121) (20%) and an unidentified minor product (122) (5%).

H (121)

The structural assignment for (121) was supported by its infrared (1665,
(C=0,enone)cm'land1ts'H n.m.r. (8§ 6.47, m, RCH=CMe-C=0 and 1.78, brd s, RCH=
CMe-C=0) spectra which compared well with steroid B-nor-enbne (82).

The minor product which may arise from dehydration of (111) or (112)

-1
had Vax 1685 (C=0, enone), 1620 (C=C)em  1in its infrared spectrum and its

a
'H n.m.r. spectrum had important signals at 66.35 (t, RCH=CR-CO, J 3Hz) and

1.04 (s, Me). The chemical shifts of some related exocyclic enones are given

below.’0
o 6.43, t J 2.5Hz o H 6.65, m
(123) | (128) T
' s 1.04, s
o) H . ' © y
6.45, t, J 4Hz 6.77, brd d,
J 2Hz
(125) 4

5 1.10, s
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Dehydration of (111) or (112) would be expected to give (123) or’

(126). The spectroscopic of the minor product (122) does not fit the
reported date for (123).

(123) (126)



63

Part III Preparation and Reactions of

5-(2-propenyl)-54 and 5g-cholestane

2,3-acyloins

In Part [ it was suggested that the ease of obtaining the reacting
conformation was a major controlling factor in the ene reaction. This trend
is seen in going from an intermolecular to an intramolecular reaction where
the temperature required for reaction of an ene enophile pair decreases
considerably. This is due to the less negative AS. MWe considered that
restricting.the motion of the alkene chain by constructing it nearer to
the site of reaction would increase AS still further and therefore lower
the reaction temperature.

In the 5-(2-propeny])-cho]estanes (127) and (128) the alkene chain is
paftially incorporated into the A-ring and hangs above or below the sterqid

plane.

HO F\\\\‘s HO h\\\\‘\

HO 1 HO

n/ (127) (128)

The most direct method of introducing the alkene chain is the conju--
gate addition of an allyl copper reagent to cholestenone (42). The additions
of diethyl- and dimethyl- lithium cuprate .to cholestenone, and vinyl Tithium
cuprate to 19-nor-cholestenone (123) have been reported’2*73 and give the

SB-stereochemistry (Scheme 55).
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R =Me, Et

w { _/\)2€uL1‘ gjj'\/
(129) > .

Attempted copper (1) iodide catalysed conjugate addition of allyl

Scheme 55

(42)

magnesium bromide and propargyl magnesium bromide failed, giving only the

/

tertiary alcohols (130) and {131) respectively on mild work up.
HO HO

“/) (130) | gz?/) (131)

The aésigned alcohol structure (130) was supported by its infrared
(“max. 3300 (OH), 3075 and 1640 (RCH=CH2)cm'1) and 'H n.m.r, (6 5.27, s,
C4-H} spectra. The alcohol (131) has similarly ch&racteristic infrared
(o, 3310 (CZC-H, OH) and 2125 (C=C) cn™') and 'H n.m.r. (s 5.33, s, C4-H)
spectra. The 35-0H configuration was assigned by analogy with the reported’*
addition of methyl Grignard reagent to cholestenone which gave a 9:1 ratio
of the s-g]coho] over its epimer.
| Allyl copper reagents have been shown?> to prefer the 1,2-mode of

addition with all but the least sterically hindered enones. In contrast

Sakurai’® has shown that trimethylallylsilane will selectively transfer
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the allyl group in a 1,4 mode of addition, to hindered enones. Treatment
of the decalenone (132) with trimethylallylsilane and titanium tetra-
chloride gave the allyldecalone (133) in good yje]d. However, decalenone

(134) was reported’” to be unreactive towards this system (Scheme 56).

Scheme 56
H
TiCl,/CH,CY,
-
o (CH3) 581 N\ o]
(132) (133)
CH,
CH,
CH,
>< — ™ No reaction
(134)

Cholestenone when treated with trimethylallylsilane/titanium tetra-
chloride in dichloromethane at room temperature for twenty four hours failed
to react and only starting material was recovered.

[t was realised that the allyl-alcohol (130) had the correct substi-
tuent regiochemistry for an oxy-Cope reaction?8, i.e. a 3-hydroxy-1,5-diene
(Scheme 57).

Scheme 57

NS NS

X2 - 7

This strategy has been used in the synthesis of desmosterol (136) from
79
~ the pregn-17-en-16-one (135).
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Scheme 58

OH
— J
. N\
THP \
(135) '
- —

l KH/Dioxan
Several steps

(136) \

The allyi-aicohol (130) failed to undergo a Cope rearrangement with

HO

potassium hydride or sodium hydride in a variety of solvents, (Table I).
~ The most forcing conditions gave cholestenone (42) arising from a B-hydroxy

olefin cleavage (retro ene reaction}, (Scheme 59).

Tabie I
Solvent NaH KH
Diethyl ether - No reaction
T.H.F. No reaction -

Dimethoxyethane | No reaction |Cholestenone

Dioxane : - Cholestenone

Scheme 59

(130) | : (42)
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There are reports®?,8! of the synthetic utility of the oxy-Cope
reaction being diminished by the competing retro-ene cleavage process.
These genemlly involve cases where a quaternary centre is generated as a
consequence of the Cope process.

The related Claisen rearrangement has been used for the angular
functionalisation of terpene derivatives®2., 3g-Vinyloxy-cholest-4-ene
(137) was reported®? to undergo a Claisen rearrangement (Scheme 60) at
200°C to give the 58-aceta1dehydé derivative (138) in good yield. It was
envisaged that (138) could be modified to give the desired 5-(2-propenyl)-

58-cholestane-2,3-acyloin (128).

NN IO

(137) (138) HO

Scheme 60

Selective reduction of cholestenone (42) with sodium borohydride/cerium
(II1) chloride in methanol®3 gave the 38-alcohol (139)8%. Treatment of
(139) with ethyl vinyl ether and mercury (1I)acetate afforded the vinyl ether
(137)82 which underwent the Claisen rearrangement in refluxing decalin to
give the aldehyde (138)82. The aldehyde was protected as the dimethoxy
acetal (140) by treatment with trimethylorthoformate and p-toluenesulphonic
acid in methanol. Allylic oxidation was achieved using chromium trioxide

and dimethylpyrazole8® in dichloromethane giving the enone (141) (Scheme 61).
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Scheme 61

lceugTe,

(139)

(42)
l(ii) |
Ui ’/[::::i:?ffi:>a
(138)

(iV)l HO L§§ (e
-
(140) (141)

Reagents: NaBH, /CeCls/MeOH; 1) 27 ~“OEt/Hg(OAc),; iii) a/decalin;

iv) (Me0)3CH/MeOH/HY; v} CH,Cl,/Cr03/ Dimethylpyrazole.

%

Q

(v)

The enone (141) had characteristic infrared (“max. 1680 (C=0)cm 1)
and 'H n.m.r, (6 6.73 and 6.05, ABq, RCH=CH-C=0) spectra which confirmed the
presence of an unsubstituted a,8-unsaturated ketone.

Hydrolysis of the dimethoxy acetal (140) with aqueous perchloric acid
gave a quantitative return of the aldehyde (138). However, when the enone
(141) was treated in the same way anly the Iaétol (142) could be isolated.
Assignment of the 1aétol structure was supported by its infrared (“max.

3400 (OH) and-1710 (C=0) cm™1) and its 'H n.m.r. (§ 5.77, q, RCH(OH)OR and
"4.52, t, C4g-H) spéctra. The mass spectrum had a m61ecular ion at m/z 444 -
which fragmented with the loss of H,0 to give a peak at m/z 426.

Further evidence for the structure was obtained.by oxidation of the
lactol (142) with pyridinium chlorochromate in dichloromethane to give the
lactone (143). The lactone had a characteristic 6-1acfone carbonyl stretching

fraquency (1780 cm-l) in its infrared spectrum and the Cda-H signal in the 'H

n.m.r. spectrum (8 5.0) was downfield by 0.48 ppm from that in (142).
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> e >
(142) _ (143)

H

It is thought that the lactol (142) arises from an acid-catalysed -
intramolecular Michael addition of either the acetal or the aldehyde to the
enone (Scheme 62).

Scheme 62 -

S

H'/H,0

(142)

An alternative synthetic strategy to (128) has been investigated in
which the 2-oxygen function is introduced before the 5g-allyl group

(Scheme 63).
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Scheme 63
\ (i) >,
-
o
(144)
(42)
i), (iii)
AcO-~. \ (iv) RO: S,
e
(147) HO :
(146) R=Ac
(145 R=H
(v)
AcO-_. \ (vi) AcO._ \
-
0

I\ (148) _ (149) CHO

Reagents: i) H,0,/NaOH/MeOH, ii) HpSO,/H,0/CH3COCHg; 171) Acy0/Py;
iv) NaBH,/CeCl3/MeQH; v) dﬁﬁh\“OEt/Hg(OAC)z; vi) a/decalin

Cholestenone (42) was epoxidised with alkaline hydrogen peroxide in
methanol to give the g-epoxide (144)86 Acid-cafa]ysed rearrangement gave
the hydroxy-enone (145)86 which was acetylated with acetic anhydride in
pyridine to give the acetoxy-enone (146)86. Selective reduction with.
.sodium borohydfide/cerium (II1) chloride in methanol83 to the allylic alcohol
(147)87 and treatment with mercury (II) acetate 1in ethyl vinyl ether
gave the acetoxy vinyl ether (148) 1in good yield. The Claisen rearrange-
ment was achieved by heating (148) under reflux in a decalin solution for

6 hours giving the acetoxy aldehyde (149),
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The infrared spectrum of (143) had Vinax 1720 (C=‘O)t:m-1 and its 'H n.m.r.
spectrum had important signals at & 9.92 (t, RCHO, J 3Hz) 5.96 (s, C3-H
and C4-H), 5.45 (brd d, C28-H) and 2.08 (s, OAc) which confirmed the
assigned structure. The mass spectrum did not show a molecular jon but had
peaks for the loss of acetaldehyde (m/z 426) and the loss of acetic acid
(m/z 410) from the molecular ion.

Treatment of the aldehyde (149) with Ph3P=CH, in T.H.F. at room temp-
erature and hydrolysis of the crude product in refiuxing methanolic sodium

hydroxide gave the allylic alcohol (150).

HO- | n\\\\‘»

-

(150)

The alcohol (150) had infrared (v 3300 (OH) 41680, 1640, (RCH=CH,)

max.
em™) and 'H n.m.r. (5 5.4-6.1, m and 5.06, m, olefinic protons, 4.20, brd
. S, 'C28-H) spectra which confirmed the presence of the 5-propenyl group and
the allylic alcohol. Its mass spectrum had allow intensity molecular ion
at m/z 426 which fragmented w{th the loss of_H20 to give a peak at m/z 408.
Further loss of C4;H; gave a peak at m/z 367.

The alcohol (150) when stirred with a suspension of manganese dioxide

in dichloromethane®® was oxidised to the enone (151) quantitatively.

>,

(151)
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The presence of the enone was confirmed by its infrared (v 1680

max.
(C=0) cm-l) and 'H n.m.r. (8 6.65 and 6.14, ABq, RCH=CH-C=0) spectra which
compared well with those of the enone (141). ' |

The enone (151) was reduced with 1ithium in liquid ammonia to give
the 1ithium enolate (152) which was treated with trimethylsilyl chloride
in triethylamine®? to give the silylenolether (153) (Scheme 64).

Scheme 64

0 \ (1) LiO \

(152)

(11)

TMSO ﬁ\\\\
(153)

Reagents: i) Li/NH3/THF/t~BuOH; i) (CH3)3SiC1/EtsN

The silylenolether (153) had v . 1680 (C=C-0SiMes)cm™" in its infra-
red spectrum and a signal at & 4.65 (brd s, RCH=CR-0SiMej) in its 'H n.m.r.
spectrum. The enol ether regiochemistry was assigned on the basis of the
mechanism. The mass spectrum had a molecular ion at m/z 498,

It was intended to oxidise the silylenolether (153) with m-chloro-
perbenzoic acid by the method of Rubottom et al®® to give, after hydrolysis,
the acyloin (128) (Scheme 65). Unfortunately, a lack of time prevented the

completion of this synthesis.



Scheme 65 Proposed Synthesis

TMSO \ 0

mCPBA

/

hexane ™S
(153)

4 /H,0
o \

(128)

A recent publication by Funk et al77 describes the indirect introduc-
tion of an angular propenyl group into a decalenone system in 3 steps. We
applied this strategy to cholestenone (Scheme 66).

Scheme 66

(1)

(i11)

> (155) (156)
157)
( Brcn-z"'/

Reagents: i) hv/hexane/=-=; ii) HBr/hv/hexane; iii) Li/NH3/T.H.F.

z;ﬁ?
Q§ NS
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Cholestencne (42) was irradiated in the presence of allene in hexane
‘so1ution at -60°C to afford the photo-adduct (154). A signal at & 5.07
(m, W3 8Hz) in the 'H n.m.r. spectrum confirmed the presence of an exo-
methylene group. The 4a,5a-stereochemistry and methylene regiochemistry
wereéssigned by comparison with simitar known steroid photo-adduth' The
photochemically initiated anti-Markovnikov addition of hydrogen bromide to
the photo-adduct (154) gave a mixture of the isomeric bromides (155) and
(156). The bromides were usually used as a mixture but could be separated
by flash column chromatography.

"The least polar isomer (155) had important signals in its 360 MHz 'H
n.m.r. spectrum at & 3.45 (q, RCH,Br, J 3.6 and 9Hz), 3.01 (q, RCH,Br, J 9
and 10.8 Hz) and 2.85 (m, RyCH-CH,Br). Double irradiation of the signal at
§ 3.45 causes the signal at §3.01 to collapse to a doublet (J 10.8 Hz) illus-
trating the vicinal coupling between the cyclobutane ring methine proton
and one of the bromomethyl group protoné. Double irradiation of the ring
methine signal at é2.85causes the signal at § 3.45 to coliapse to a doublet
{J 9Hz) illustrating the geminal coupling of the bromomethyl protons. The
two dimensional 'H n.m.r. spectra (page 75 ) clearly shows the coupling
of these protons to each other.

The more polar isomer (156) had important signals inits 360 MHz ‘H n.m.r.
spectrum at § 3.55 (q, RCH.Br, J 6.3 and 9.9 Hz) 3.40 (t, RCHzBr, J 9.9 Hz)
and 2.46 {m R,CH-CH,Br). Double irradiation of the signal at § 2.46 caused
the signals at & 3.55 and 3.40 to collapse to doub1ets-(d 9.9 Hz) illustra-
ting the geminal coupling between the bromomethyl protons. The coupling
between these protons was clearly visible in the two dimensional 'H n.m.r,

spectrum (Page 76 ).
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The bromides (155) and (156) were reductively cleaved with 1ithium
in liquid ammonia and T;H.F. to give the required allyl-ketone (157) (75%).
A by-product of this reaction was an alcohol (158), the yield of which could .
be reduced by the use of a minimum amount of Tithium and a short reaction
time.

The allyl-ketone (157) had infrared (v .. 3080, 1640 (RCH=CH), 1710

X
(C=0) em™') and ‘W n.m.r. (6§ 5.4 -~ 6.1, m and 5.1, m, RCH=CH,)
spectrawhich confirmed the presence of the allyl and ketone groups. The
mass spectrum had a molecular ion at m/z 426 which fragmented with loss of
C3Hs to give a ion at m/z 385. '

The alcohol (158) was identified from its infrared spectrum which had

max.
(d, J 7Hz) for the bridge methyl and a signal at ¢ 2.36 (m} which was

v 3500 (OH) em™ ', The 360 MHz 'H n.m.r. spectrum had a signal at & 0.92

. assigned to the bridge methylene proton, H,. The two-dimensional ‘H n.m.r.
spectrum (page 78‘ } shows the spin-spin coupling of the bridge methylene
proton, Hy (6 2.36) to the bridge methylene proton Hy (6 0.79, dd, J 5 and 14
Hz). The lowfield position of the signal for H, 1s presumed to be due to

the steric crowd{ng it suffers from the 7a- and 9a- protons. - The mass
spectrum had a molecular ion at m/z'428 which fragmented with loss of

methyl to give an ion at m/z 413 and with loss of C3H; to give an ion at

m/z 385, It is assumed that the methyl will take up the least sferica]]y

hindered position.

r\'
HO
H H
h il X (]58)
Me
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It is proposed that the alcohol (158) arises from a reductive radical
cyclisation of the allyl-ketone (157) (Scheme 67). Evidence for this was
gained by treating the allyl-ketone with 1ithium in 1iquid ammonia which
resulted in the isolation of the alcohol in 46% yield, and unchanged
starting material.

Scheme 67 ;
4

>
SNeot

This cyclisation is particularly efficient when compared to the cycli-

Li
(157)
>,

e

H

oy
X
Yoo

sation of 4,5-secochoiest-3-en-5-one reported by Pradhan®2:63 since no
secondary alcohol is isolated. This may be.due to the close pfoximity of'
the allyl chain to the reacting centre. A similar effect is reported®? with
the norbornene system (159} (Scheme 68) which cyclises much more rapidly
than the hexenyl radical.

Scheme 68

. (159)

faster than
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The allyl-ketone (157), when heated in decalin solution in a sealed
tube at 330°C, underwent an ene reaction (Scheme 69) giving the ketone (160)
(79%). Cyclisation could also be achieved at temperatures as low as 250°C

although the conversion was reduced to 57% (4 hours).

Scheme 69
—
O H . -
ﬂ/ (157)

o) | remr~gm
H

H\N sy (160) ) S Fi

Me Hy

The ketone (160} had Vina 1728 (C=0) cm™t in its infrared spectrum and

X
the 360 MHz 'H n.m.r. spectrum had a signal at 60.93 (d, J 7Hz) for the bridge
methyl. The 4-methylene group gave a double doublet at §2.25 [J(gem) 19Hz and

3Hz] and a doublet at &1.74 [J
] 14 gem)

to the 48- proton which suffers long range(W)spin-spin coupling with the

- 19Hz]. The lower field signal is assigned

bridge methylene proton Hy (&8 2.67, m}. The two-dimensional 'H n.m.r.
spectrum (page 81 ) shows the spin-spin coupling of H, (¢ 2.67) to the
4g-H and to Hy (6 0.71, dd, J 14 and 3 Hz). A signal at & 2.13 (brd s, W}
7 Hz) was assigned to the 28- proton. The mass spectrum had a molecular
ion at m/z 426 which fragmented with the loss of methyl to give an ion at
m/z 411. The regiochemistry and methyl stereochemistrywere assigned on
the basis of the propcsed mechanism and.by comparison with the similar

reaction of 5-vinyl-5a-cholestan-3-one (161) (Scheme 70).73
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Scheme 70

e\\\\\\’ 350°C F\\\\‘*s

o ‘ Sealed tube 0
4” (161)  Decalin

The allyl-ketone (157} was converted to the silylenoclether (162) by
treatment with trimethylisilyl chloride and triethylamine in refluxing di-
methylformamide.®3 It was assumed to be the 2-enol ether on the basis of

thermodynamic stability. The infrared (v_. . 1665 (RCH=CR-0SiMe ) cm ')

ma x
and the 'Hn.m.r. (8 4.7, brd s) spectra confirmed the presence of an enol

ether.
‘ ,
“/) . (162)

Oxidation with m-chloroperbenzoic acid in anhydrous hexane®® and non-

TMSO

aqueous Qork up gave a mixture of the silyloxy ketones (163) and (164).
Careful flash coiumn chromatography gave the least polar epimer, 28-(tri-
methyisi]yloxy)-5-(2—propeny1)—5a-cho]estan-3-one (163) as an oil, and
the more polar epimer 2a-(trimethylsilyloxy)-5-(2-propenyl)-5a-cholestan-
3-one (164) which was crystalline. The C2-stereochemistry was assigned on

the basis of the spin-spin coupling constants for the C2-H in the 'H n.m.r.
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spectra. Compound (163) has a signal at ¢ 4.10 (g, C2«-H, J 7 and 3 Hz)
whereas compound (164) had a signal at & 4.15 (g, C2g-H, J 11 and 7 Hz),

the larger coupling constant being attributed to an axial-axial coupling.

TMSO h\\\s TMSO._ ﬁ\\\3
“,J - (163) ﬂ’/j (164)

The 2g-silyloxy-ketone (163) hydrolysed on standing, but the 24-

silyloxy-ketone (164), when pure, appeared quite stable.
Deprotection of the mixed epimers with tetrabutylammonium fluoride/
silica in chloroform gave initially the acyloins (165) which were converted

~ very quickly in the presence of air into the disophenol (166) (Scheme 71).

Scheme 71

. | (165)
(163) . '

(164)

O

The diosphenol (166) had v .~ 3400, (OH) 1710 (C=0) and 1665 (C=C(OH)-

C=0) em~lin its infrared spectrum. The 'H n.mlf. spectrum had important

signals at 6 6.1 (s, C1-H) and 5.7 (s, C4-H). The mass spectrum had a mole-

cular ion ét m/z 440.
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The analogous oxidation of 2a-hydroxy-cholestan-3-one in alkaline
solution has been reported.*3 It is unusual that this autoxidation occurs
rapidly and without base catalysis.

Deprotection of the silyloxy-ketones withBuN*F~/Si0, in a refluxing
solution of deoxygeﬁated toluene under an atmosphere of argon (18 hours)
afforded two products. Separation by preparative thin layer chromatography
gave the 3a,5a-ethano-compound (167) (6%) and the Z2a,5a-ethano-compound
(168) (33%). Similar yields of (167) (7%) and (168) 27%) were obtained by
heating a solution of the silyloxy-ketones (163) and (164) in decalin with
BuyN*F~/Si0, in a sealed tube at 200°C (4 hours).

(168)

Ene reaction of the dienediol (169) in conformations A and B would
give rise to the primary products (168) and (170); these could undergo
further rearrangement to the related products (1567) and {171} or by shift

of the alternative bonds to the compounds (172) (Scheme 72).
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Scheme 72

(169)




86

The assigned structures were supported by the spectroscopic evidence,
In particular, the infrared spectrum of the minor isomer (167) [“max 3495

(OH), 1705 (C=0)cm™ '] differed from that of the major isomer (168) [v_.
3500 (OH), ]725 (C=0)cm™!] suggesting a different carbon skeleton rather
fhan simply a difference in the configuration of the 1-methyl (bridge).

The 360 MHz 'H n.m.r. spectrum of the minor isomer (167) had a signal
at § 1.05 (d, J 7 Hz) for the bridge methyl. The Cl methylene protons gave

an AB quartet at-§ 2.25 [J 15 Hz] in which the upfield branch was

(gem)
slightly broadened. The bridge methylene proton,H, again appeared at low
field (s 2.64, quartet d, J 14, 9 and 3 Hz). The general splitting pattern

compared with that of the bridge methylene proton, H, in alcohol (158).

X
The two dimensional 'H n.m.r. spectrum showed the spin-spin coupling of Hy
to the Cl—proton Hw (8 1.8, m) and the other bridge methylene proton, H_y
(6 1.22). A sharp singlet at 6 3.6 was assigned to the hydroxyl proton.
The absence of any N.Q.E. of the 1-méthy1ene on double irradiation of the
bridge methyl reson-nce (5 1.05) confirmed the assigned methyl configura-
tion. In the alternative configuration {(170) a significant N.Q0.E. between
the Cla-H and the bridge methyl would be expected. That_the 3,5-ethano-
compound (167) may be formed from the 2,5-ethano compound (168) was demon-
strated by t.f;c. of the product of heating (168) in decalin at 200°C for
4 hours in a sealed tube. The mass spectrum of compouhd (167) had a mole-
cular ion at m/z 442 which fragmented with loss of CH3CHO to give an ion at
m/z 398.

The major isomer (168) had a signal in the 360 MHz 'H n.m.r. spectrum
at § 0.85 (d, 7 Hz) for the bridge methyl. The C4-methylene gave a double
doublet at ¢ 2.45 [J(

19 Hz and 3 Hz] and a doublet at 41.92 [J 19Hz)

gem) (gem)
The lTower field signals were assigned to the 4g-H which suffers long range
spin-spin coupling (W) with the bridge methylene proton, Hy (82.91) fcf. ketone

(180)J. The two-dimensional 'H n.m.r. (page 80 ) shows the spin-spin coupling
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of proton Hy (s 2.91, m, J 3, 10 and 15 Hz) to the 48-H, the proton, H,,
(6 2.03, m) and the other bridge methylene proton, Hy (& 0.90). The spin-
spin coupling between proton H,, and the bridge methyl is also visible.
The signal for the hydroxyl proton appeared as a sharp singlet at §3.50.
The mass spectrum had a molecular ion at m/z 442 which fragmented with

loss of CH3CHO to give an ion at m/z 398.
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The ene reaction of acyloins (165) is a further example of the increased
reéctivity of acyloins compared to ketones (110°C ys 250°C}. This enhanced
reactivity is believed to be due to the extra oxygen in the dienediol increas-
ing the ene electron density.

The decrease in reaction temperature compared to that of acyloin (48)
is probably due to the lower mobility of the alkene (enophile} chain.

Future developments include coupling of an acyloin with an electron
deficient enophile (Scheme 73). Ths should allow the reaction to proceed
at even lower temperatures.

Scheme 73

CO,R
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EXPERIMENTAL

Solvents were dried and disti]]ed.by conventional methods. Solutions
were dried over anhydrous magnesium sulphate and solvents removed in vacuo on a
rotary evaporator,

Preparative thin layer chromatography (t.1.c.)} was performed using a
Merck Kieselgel 60 PF,54 and 54,. Flash chromatography was accomplished using
Merck silica gel 230-400 mesh according to the method of Still et al.®*

Infrared spectra were recorded as Nujol mulls (solids) or thin films
(o0ils, liquids) on a Perkin-Elmer 177 spectrometer.

'H nuclear magnetic resonance spectra were determined in deuterochloro-
form uﬁing tetramethylsilane (T.M.S.) as internal standard. 60 MHz spectra
were recorded on a Varian EM 360 A spectrometer and 90 MHz spectra were recor-
ded on a Perkin-Elmer R32 spectrometer. 360 MHz and 24 "Hae.r. spect were
run at Fisong plc. koughborough ona Bruker specthometer,

13C nuclear magnetic resonance spectra were determined in deuterochloro-
form with tetramethylsilane as internal standard on a Bruker WP-80 spectrometer,

Mass spectra were recorded using a Kratos MS80 spectrometer linked to a
DS-55 data system. -

1ementai analyses were performed by the Microanalytical Departhent,
University of Manchester.

Optical rotations were measured for solutions in chioroform with an
Automatic Digital Polarimeter AA-10.

Melting points were determingd on a Kofler b]oﬁk and are uncorrected.

Ether refers to diethy] ethe; and petrol to petroleum ether 40-60°C boil-
ing fraction. |

Organometallic reagents in.solution were transferred by g1ass‘syringe and
handled under argon.

Deoxygenation of t-butanol solutions was achieved by refluxing while

argon was bubbled through for at least four hours.



93

Experiment Number

1)  3g-Tosyloxycholest-5-ene
2}  3g-Tosyloxy-5,b6a-epoxy-5a-cholestane
3} 3g-Tosyloxy-6g-methoxy-5a-cholestan-5-0l

4) Reaction of 3g-tosyloxy-6g-methoxy-5q«-cholestan-5-01 with
potassium t-butoxide in t-butanol

5} Cholest-4-en-3-one

6) 3-Ethoxycholesta-3,5-diene

7)  6a-Hydroxycholest-4-en-3-one

8) 5,6a-Epoxy-5a-cholestan-38-0l

9)  6a-Hydroxycholest-4-en-3-one

10) 6g-Hydroxy-=48,5-epoxy-5g-cholestan-3-one

11) 6q-Hydroxy-43;S-epoxy-SB-cholestan-3-one

12) 63-Acetoxy-4s,S-epoxy-Ss-éhélestan-3—one

13) 6a-Acetoxy-4g,5-epoxy-5g-cholestan-3-one

14) 6g-Acetoxy-4,5-secocholest-3-yn-5-one

15) 6a-Acetoxy-4,5-secocholest-3-yn-5-one

16} 6s-Acetoxy-4,5-secochoiest-3-en-5-one

17) 6a-Acetoxy-4,5-secocholest-3-en-5-one

18) 5g-Hydroxy-4,5-secocholest-3-yn-6-one

19) Hydrolysis of 63-acetoxy-4,5-secoch01est—j—eﬁ-s-one
a) with methano]/concéntrated hydrochloric acid
b) with 90% aqueous ethanol/concentrated hydrochloric acid
c) with ethanol/dilute hydrochloric acid
d) with ethanolic potassium hydroxide/inert atmosphere

" e) with ethanolic potassium hydroxide/air

20) Reaction of 5g-hydroxy-4,5-secocholest-3-en-6-one with
potassium t-butoxide in t-butanol

a) under an inert atmosphere
b) in the presence of air

21) 6-Hydroxy-4,5-secocho1esta-3,6—d1én-5-one

‘ 22) '35-Tosyloxy—Safcho1EStane-5,65-dio]




23)

24)
25)
26)

27)
28)
29)
30)

31)
32)
33)
34)

35)
36)
37)
38)
39)

40)

41)
42)

43)
44)
45)

46)

O

Reaction of 3g-tosyloxy-5a-cholestane-5,6g-diol with
potassium t-butoxide in t-butanol

a) under an inert atmosphere
b) in the presence of air

38-Tosyloxy-ba-cholestan-5-01-6-one
3g-Tosyloxy- (6a=2H] -5a-cholestane-5,6g-diol

Reaction of 3g-tosyloxy-[6a-2H]-54¢-cholestane-5,68-dio}l with
potassium t-butoxide in t-butanol

38-Mesyloxycholest-5-ene
38-Mesyloxy-5,b6a-epoxy=-5a-cholestane
38 -Mesyloxy-5q~cholestane-5,66-diol

Reaction of 3g-mesyloxy-5q«-cholestane-5,6g-diol with
potassium t-butoxide in t-butanol

38 -Chlorocholest-5-ene
3g-Chlorg~5,6q-epoxy-5a-cholestane
38-Chloro«bg-cholestane-5,68-diol

Reaction of 3g-chloro-5a-cholestane-5,6g-diol with

~ potassium t-butoxide in t-butanol

Sa-Cholestane-3¢,5,6B8-triol
5¢-Cholestane-3g,5-diol-6-0ne
58-Cholestane-38,5-diol-6-one
3g-Tosyloxy-5g-cholestan-5-01-6-one
38-Tosyloxy-53~eholestane-5,68-dio]

Reaction of 3g-tosyloxy-5g-cholestane-5,6g-diol with
potassium t-butoxide in t-butanol

3g-Tosyloxy-[6a-2H]-5g-cholestane-5,68-diol

Reaction of 3g-tosyloxy-[6a-2H]-5g-cholestane-5,6g-diol with
potassium t-butoxide in t-butanol

Cyclisation of 5g-hydroxy-4,5-secocholest-3-en-5-one
Thermal rearrangement of 3g-methyl-A-nor-5g-cholestan-5-01-6-one

Acid catalysed rearrangement of 33-methy]-A-nor—SB-cholestan—S-
ol-6-one .

Deuteratibn of 3-Methyl-B-nor-5g-cholest-2-en-4-one



47)
48)
49)

50)
51)
52)

53)
' 54)
55)

56)

57)
58)
59)

60)
61)

62)
63)
64)

‘65)
66)
67)
68)
69)
70)
)

e

5a-Cholestan-5-01-6-gne
58-Cholestan-5-01-6-0one

Attempted reductive cyclisation of 6-hydroxy-4,5-secocholesta-
3,6-dien-5-one

68-Acetoxy-4,5-secocholest-3-en-5¢-01
5¢£-Mesyloxy-6B8-acetoxy-4,5-secocholest-3-ene

Attempted reductive radical cyclisation of 5¢-mesyloxy-6g-
acetoxy-4,5-secocholest-3-ene

1-{Trimethylsilyloxy)-3-methyl-3-(3-butenyl)-cyclohex-1-ene
3-Methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-1-one

Attempted cyclisation of 3-methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-
1-one with potassium t-butoxide in t-butanol

Cyclisation of 3-methyl-3-{3-butenyl)-2-hydroxy-cyclohexan-1-one
in decalin

. 38,7ag-Dimethyl~3ag ,4R -dihydroxy-octahydro~4H-indene

58,7aB8-Dimethyl~3ag ,48-dihydroxy-octahydro-4H~indene

Cyciisation of 3-methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-1-one in
decalin with product dehydration

Attempted conjugate addition of allyl magnesium bromide to
cholestenone

Attempted conjugate addition of propargyl magnesium bromide to
cholestenone

Attempted conjugate addition of trimethylallylsilane to cholestenone
3a-(2-Propenyl)-38-hydroxy-cholest-4-ene

Attempted oxy-Cope' rearrangement

Cholest-4-en-38 o1

38=-Vinyloxy-cholest-4-ene

a3 ,58-Cholestenylacetal dehyde

5-(2,2-Dimethoxy-ethyl })-58-cholest-3-one
5-(2,2-Dimethoxy-ethy1}~58-cholest-3-en-2-one

Hydrolysis of 5-{2,2-dimethoxy-ethyl)-58-cholest-3-ene

Attempted hydrolysis of 5-(2,2-dimethoxy-ethyl)-5g8-cholest-3-en-2-one



72)
73)
74)
75)
76)
77)
78)
79)
80)
81)
82)

83}

84)
85)
8)
87)
88)

89)

96

4g ,5-Epoxy-58-cholestan-3-one
2a-Hydroxy-cholest-4-en-3-one
2a-Acetoxy-cholest-4-en-3-one
2a-Acetoxy-cholest-4-en-38-01
SB-V%nyloxy-Za-acetoxy-choTest-4—ene
2a-Acetoxy-a3-58-cholestenylacetaldehyde
5-(2-Propenyl)-58-cholest-3-en-2q-01
5-(2-Propenyl)-58-cholest-3-en-2 -one
2-(Trimethylsilyloxy)-5-(2-propenyl)-58-cholest-2-ene
40,5-(1-Methylene-ethano) -5a-cholestan-3-one
4a,5+(1-Bromomethnylethano)-5a-cholestan-3-one
5-(2-propenyl)}-5a-cholestan-3-one

Reductive cyclisation of 5-(2-propenyl)-ba-cholestan-3-one
Thermal cyclisation of 5-(2-propenyl}5«cholestan-3-one
3-({Trimethylsilyloxy)-5-(2-propenyl)-5a-cholest-2-ene
2e-(Trimethylsilyloxy)-5-(2-propenyl)~5a-cholestan-3-one

Attempted hydrolysis of 2&-(trimethylsilyloxy)-5-(2-propenyl)-
S5a-cholestan-3-one -

Hydrolysis and thermal cyclisation of 2z-{trimethylsilyloxy)-5-
(2-propenyl)-5a-cholestan-3-one

a) in a sealed tube
b} in refluxing toluene



) 97
Part 1

1. 3B-Tosyloxycholest-5-ene (29)

\\\\\ Cholesterol (10g) and p-toluenesulphonyl chloride (20g) were dissolved
“in ﬁyridine (120 m1) and allowed to stand at room temperature overnight.
The solution was pogréd oer ice and the resulting solid product filtered
off. Recrystallisation from acetone gave the pure tosylate (29) (15.3g,
98%), m.p. 130-132°C, (1it.32 m.p. 131.5-132.5°C).

2. 3B-Tos yloxy-5,6c-epoxy—-Sa—cholestane (30)

3B3-Tosyloxycholest-5-ene (15.4g) was dissolved in dry ether (430 mT)
and dry chloroform (40 m1). m-Chloroperbenzoic acid (9.8g, 2 mol. equiv.)
was added and the solution was stirred at room temperature overnight. The
ether solution was washed with aqueous sodium sulphite until neutral
(Starch/lodide paper), aqueocus sodium bicarbonate (100 m1) and water (100
m1), dried and evaporated in vacuo to give the epoxide (30) (15.8g, 99%)
which was used without further purification {1it.33 m.p. 124°C).

3. 3B-Tosyloxy—6B-methoxy-5a—-cholestan-5-01 (31)

3B3-Tosyloxy-5,6a—epoxy-5a—cholestane (2,0g) was dissolved in dry

methanol (80 m1j and ether (10 m1). B8oron trifluoride etherate (2 ml) was
added and the solution allowed to stand at room teﬁperature for four hours,

| The solution was diluted with water {200 ml) and extracted with ether
(3 x 75m1). The combined ether extracts were washed with aqueous sodium
bicarbonate (50 ml1) and water (50 ml1), dried and evaporated in _vacuo to
give é sticky white solid (2.1g). Recrystallisation from methanol géve the
methoxy tosylate (31) (1.7g, 72%) as white needles. m.p. 120-123°C (1it.3!?
m.p. 123-125°C) wpax 3550 (sharp, OH), 1600 (C=C aromatic) cm~1, §
7.85 and 7.37 (ABq, 4H, tosyl aromatic protons), 5.0 (m, 1H, C3«-H,
W

[T

18Hz), 3.38 (s, 3H, OMe), 2.95 (brd s, 1H, Céx-H, W% & Hz), 2.47 (g,
3H, tosyl- Me), 1.06 (s, 3H Cl0B-Me), 0.66 (s, 3H, C1l3B-Me).
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Reaction of 3B-Tosyloxy-6B-methoxy-5a-cholestan-5-01 with potassium

t-butoxide in i-butanol

A solution of potassium t-butoxide (0.45g, 2 mol. equiv.) in t-butanol
(30 m1) was added to a solution of 3B-tosyloxy-6B8-methoxy-5«—-cholestan-5-01
(1.2g) in t-butanol (70 m1) under argon. The mixture was stirred for two
and a half hours at 55°C, then poured into water (200 ml) and extracted
with ether (3 x 50 m1). The combined ether extracts were washed with water
(2 x 25 m1), dried and evaporated in vacuo to give an oil. Preparative
thin layer chromatography [$i0,, petrol:ether, 2:1 (v/v)] gave 68-methoxy-
4,5-secocholést-3-en-5-one (32) (0.024g, 2%), an oil, wvpay 1720 (C=C)
em~t, § 5.5-5.9 (m, 1H, RCH=CH,}, 4.9-5.2 (m, 2H, RCH=CH,)}, 3.64 (brd t,
1H, C6a—HyJ (apparent) 4Hz), 3.34 (s, 3H, OMe), 1.20
(s, 34, Cl0B-Me) and 0.75 (s, 3H, Cl3B-Me). (Found: m/z 416.3657 (M* ).
CyeH4s0, requires M*= 416.3654). A second fraction containing.a mixture
(55%) of GB-methdxy—Sa—cho1estan-3a,5-epoxide (34), an oil {a]p + 21°
(c=0.01349 g1-1), & 4.5 (m, 1H, C3B-H), 3.40 (m, IH, Cé6a-H), 3.32 (s, 3H,
OMe}, 2.6 (q, 1H, C4e-H, J 9 and 7Hz) 2.06 (d, 1H, C4B-H J 9Hz), 1.14 (s,
3H, C108-Me) and 0.69 (s, 3H, Cl3B-Me), (ref.3!) and 6a-methoxy-4,5-seco-
cholest-3-ene-5-one (33), an oil, vyax 3080 (RCH=CH,), 1720 (¢=¢),
1640 (RCH=CH;) cm™!, & 5.6-6.1 (m, 1H, RCH=CH,),4.85-5.20 (ﬁ, 2H, RCH=CH,)},
4.0 (q, lH,lCGB—H, J 6 & 11 Hz), 3.46 (s, 3H, OMe), 1.10 (s, 3H,  Cl08-Me)
and 0.73 (s, 3H, Cl3B-Me). (Found: m/z 416.3654 (M*). C,gHse0, requires M*
416.3654). '

The mixture was dissolved in methanol (20 m1) and reduced with an
excess of sodium borohydride. Work up and preparative thin layer chromato-
graphy [5i0,, petrol:ether, 2:1 (v/v)] gave 6B-methoxy-4,5-secocholest-3-
en—5£-01 (2%) (35) an o0il, vpax 3580, 3470 (OH), 3070, 1640 (RCH=CH,)
cm~!, § 5.6~6.d (m, 1H, RCH=CH,), 4.8-5.2 (m, 2H, RCH=CH,), 3.42 and 3.35
(s, OMe), 3.25 (m, C5-H & C6-H), 0.95 & 0.90 (s, ClOBTMe) and 0.60 & 0.65
(s, ClBﬁ—Me). (Found: m/z 418.3800 (M**)}. C,gHs5q0, requires M*- 418,3810)

and 6R3-methoxy-5«—cholestan-3«,5-epoxide (34).
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Cholest-4-en-3-one (42)

A solution of aluminium isopropoxide (13.4g, 1.6 mol. equiv.) in
toluene (70 m1) was added to a refluxing solution of cholesterol (40g) in
toluene (400 m1) and cyclohexanone (200 m1) over thirty minutes. During
the addition toluene was distilled off zig a Dean-Stark trap.

The solution was cooled to room temperature and saturated aqueous
sodium-potassium tartrate (160 ml) was added. The.mixture was steam
distilled until 1200 ml of distillate had been collected. The residual
mixture was cooled and extracted with chloroform (3 x 100 m1). The
combined chloroform extracﬁs were washed with water (100 h]),'dried and
evaporated in vacuo. Recrystallisation of the oily product from methanoi
at 0°C gave cholest-4-en-3-one (32g, 80%), m.p. 79-81°C (1it.3*4 m.p.
79-81°C).

3-Ethoxycholesta-3,5-diene (43)

Cholestenone (6.2g) was dissolved in absolute ethanol (20 ml) and
triethylorthoformate (6 ml1) with warming. A few drops of ethanolic
hydrogen chloride [acetyl chloride (1 m1) in ethanol (10 m1)] were added
and the mixture allowed to stand at room temperature for two minutes.
Pyridine (2 ml1) was added and the soluticon cooled to 0°C. The crude
product was filtered off and recrystallised from acetone to give
3-ethoxyfholesta~3,5—d1ene (4.2g, 65%) m.p. 83-85°C (1it.3% m.p.
83.5-85°C), wpax 1625, 1650 (C=C) cm~*. |

6B-Hydroxycholest—-4-en—-3-one (36)

3-Ethoxycholesta-3,5-diene (2.0g) Qas dissolved in‘95% ethanol (200
ml). The solution was irradiated (4 x 100 watt tungsten filament lamps)
while air was bubbled throuéh for 5 hours (t.1.c.). The solvent was
removed in vacuo and the.crude product recrystallised from acetone—hexane
to give 68-hydroxycho1est—4—en-3—one—(1.lg, 58%), m.p. 192-194°C (1it.37
- h.p. 192—194°C), vmax 3400 (OH), 1680 (C=0) 1615 (C=C) cm™1,
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5,6a-Epoxy-5a-cholestan-3R-01 (44)

To a solution of cholestero] (10g) in dry ether (100 m1) at 0°C was
added sodijum bicarbonate (3.0g) and m-chloroperbenzoic acid (6.2g, 1.5 mol.
equiv.). The solution was stirred at room temperatﬁre for twenty hours,.
then washed with aqueous sodium sulphite (50 m1), aqueous sodium bicarbo-
nate (50 m1) and water (50 ml), dried and evaporated in vacuo. Recryst-
allisation from 88% aqueous acetone gave pure 5,6a-epoxy-Sa-cholestan-3f-o01
(8.3g, 80%), m.p. ;39-142°C (1it.3% m.p. 141-143°C).

6a—-Hydroxycholest~4-en-3-one (23)

Pyridinium chlorochromate (8.6g, 2 mol. equiv.) was added to a solu-
tion of 5,6a-epoxy-5e-cholestan-3B8-o] (8.2g) in dichloromethane (150 ml).
The solution was stirred at room temperature overnight then filtered. The
filtrate was washed with dilute hydrochloric acid (50 ml1), aqueous sodium
bicarbonate (50 m1) and water (50 ml), dried and evaporated in vacuo to
yield the epoxy—ketone (45) (6.2g, 76%) as a brown foam {(one-spot by
t.l.c.). . |

The crude epoxy-ketone (45) was dissolved in ethanol (100 ml1) and
triethylamine (50 m1) then heated under reflux for four hours. The solu-
tion was concentrated in vacuo, then diluted with ether (100 m1). 'The

ether was washed with dilute hydrochloric acid (25 m1), aqueous sodium

bicarbonate (25 ml) and water (25 ml), dried and evaporated in vacuo to
give an off-white foam. Flash column chromatography [5i10,, petrol:ether,
6:1,'(v/v)] gavé 6a-hydroxycholest-4-en-3-one (4.1g, 60%), m.p. 154-1559¢
(methanol) (1it.3% m.p. 156°C).

6-Hydroxy-4,5-epoxy-58-cholestan—3-one (37)

A solution of hydrogen peroxide (30%, 1.5 m1) in aqueous sodium
hydroxide (2 M, 10 ml) was added to 6B-hydroxycholest-4-en-3-one (1.0g) in
methanol (80 ml). The mixture was stirred at room temperature for 3 hours,
then diluted with water (200 m1) and extracted with ether (3 x 50 mi). The

combined ether extracts were washed with brine (2 x 50 ml) dried and
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evaporated in vacuo to give SB-hydroxy-4B,5—epoxy—53-;holestan—3—one
(0.67g, 64%), m.p. 174-76°C (methanol), [x]p + 85° (c= 0.017 gi-1),
vpax 3520 (sharp, OH), 1710 (C=0) cm~!, 5-3.48 (brd. s, 1H, Céa-H, Wi
6Hz), 3.02 (s, 1H, Cda-H), 1.36 (s, 3H, C10B-Me) 0.74 (s, 3H, .C138-Me).
(Found: m/z 416.;268 (M*). Cz-,H.HQJ requires M*s 416.3290. (Found:
C,77.8; H, 11.0. C,,M.40, requires C, 77.8; H, 10.6%).

6a-Hydroxy-45,5-epoxy-58-cholestan-3-one (24)

ba—Hydroxycholest-4-en-3-one (2.2g) was treated as above with
hydrogen peroxide (30%, 4 ml1) and sodium hydroxide (4N, 10 m1) in methanol
{200 m1) to give 6a-hydroxy—4£,S—époxy;SE—cho1estan—3—one (1.4g, 61%) an
0il, [a]p + 42° (C = 0.00979 g1-!) (ref31). Recrystallisation from '
methanol gave the pure 483,5B8-epoxide (24) m.p. 138°C, [a]p + 58° (¢ =
0.02534 g1-'}, vpax 3440 (brd, OH), 1710 (C=0) cm™*, & 4.14 (q, 1H,
£6B-H J 5 and 11Hz),3.46 (s, 1H, C4a-H), 1.14 (s, 3H, CiOB-Me) and 0.69
(s, 3H, C13B-Me}. (Found: m/z 416.3294 (M** ). C,;H,,04 requires M**
416.3290). (Found: C, 77.5; H, 10.8. C,,H4,0; requires C, 77.8; H,
10.6%).

6R-Acetoxy—-4B,5-epoxy-58-cholestan—3-one (38)

6B-Hydroxy-48,5~-epoxy-58-cholestan-3-one (0.5g) was dissolved in
pyridine (20 ml1) and acetic anhydride (5 m1) and allowed to stand at room
temperature overhight. The reaction mixture was poured over ice and
extracted with ether (3 x 50 m1). The combined ether extracts were washed
with di1uté hydrochloric acid (2 x 25 m]),aqueous-sodium bicarbonate (25
ml) and water (25 ml), dried an& evaborated in vacuo to give the acetate
(38) (0.343g, 78%) m.p. 106-107°C (methanol) [«]p + 45° (¢=0.0119g1°1)
Vma;o 1740 (C=0, ester), 1720 (shoulder, €=0, ketone) cm !, & 4.60
(brd s, 1H,_CBa—H, Wi 6Hz), 3.06 (s, 1H, Cde-H), 2.11 (s, 3H,0Ac). 1.30
(s, 3H,. C10B-Me) and 0.72 (s, 3H, C13B-Me). (Found: m/z 458.3428 (M**)
C,qHa604 requires M*s 458.3396) (Found: C, 75.8; H, 10.2. C29Ha604
requires C, 75.9; H, 10.1%).
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ba-Acetoxy—4B,5-epoxy-5B8-cholestan-3-one (39)

6a~Hydroxy-48,5-epoxy-58-cholestan—-3-one (OiBZg) was acetylated with
acetic anhydride in pyridine as above. Preparative thin layer chromato-
graphy [5i0,, petrol:ether, 2:1 (v/v)] gave the écetate (39) (0.57g, 63%),
an oil, {a«]p + 53° (c=0.01553¢1"1), vpax.- 1745 (C=0, ester), 1710
(C=0, ketone) cm~!, & 5.43 (q, 1H, C6B-H, JS and 11 Hz), 3.40 (s, 1H, Cla~
H), 2.05 (s, 3H, OAc), 1.22 (s, 3H, Cl0OB-Me) and 0.72 (s, 3H, C13B-Me).
(Found: m/z 458.3393 (M* ) C,qH4e04 requires M*- 458.3396).
6B-Acetoxy-4;5-sec0ch01est—3—yn-5-one (40)

p-toluenesulphonhydrazide (0.94g, 1.1 mol. equiv.) was added to a
solution of 6B-acetoxy—48,5-epoxy-5B-cholestan-3-one (2.3g) in absolute
ethanol (80 m1). The solution was stirred at 50°C for two and a half
hours, then diluted with water (200 mi) and extracted with ether (3 x 50
ml). The combined ether extracts were washed with dilute hydrochloric acid
(25 m1), aqueous sodium bicarbonate (25 m1) and water (25 ml), dried and
evaporated in vacuo to give an orange oil. APreparative thin layer chroma-
tography [Si0,, petrol:ether, 3:2 (v/v)] gave the pure acetylene (40)
(0.89g, 40%), an oil [«]p -42°C (¢=0.012 g1°*), vpax. 3300 (C=C-H)

2120 (C=C) 1745 (C=0, acetate) 1728 (C=0, ketone); 5 5.39 (brd t; 1H, Cba-—

H, J (apparent) 9Hz), 2.12 (s, 3H, OAc), 1.08 (s, 3H, (10s-Me), 0.70
(s, 3H, C138-Me). (Found: .m/z 442.3443 (M'*). CogHyg0; requires

Mt 442.3447) .

ba—Acetoxy-4,5-secocholest-3-yn-5-one (25)

ba-Acetoxy=-4B,5-epoxy-5A-cholestan-3-one (0.599) was treated as above
with p~toluenesulphonhydrazide (0.25g) in ethanol (40 m1). Preparative
thin layer chromatography gave 6a—acetoxy-4,5-secocholest—3-yn-5-one

(0.241g, 42%), an oil, [a]p -12° (c=0.00971 g1-1), v 3315 (C=C-

a X
H), 2120 (C=C), 1745 (C=0, ester), 1728 (C=0, ketone) cm-!, & 5.46 (g, 1H,
CéB-H, J6 and 11 Hz), 2.18 (s, 3H, OAc), 1.20 (s, 3H, Cl0B-Me) and 0.77 (s,

3H, C138-Me). (Found: m/z 442.3444 (M* ). C,.H4e0; requires M*- 442 .3447).
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16. 6B-Acetoxy-4,5~-secocholest-3-en-5-one (41)

6B3-Acetoxy-4,5-secocholest-3-yn-5-one (0.73g) iﬁ ethyl acetate (20 ml)
was added to a pre-hydrogenated suspension of 5% palladium on barium
sulphate (~200 mgs) in ethyl acetate (20 ml) poisoned with quinoline (4
drops 20% solution). The suspension was stirred vigorously until 1 mole of
hydrogen had been consumed. The catalyst was filtered off and the result-
ing solution washed with dilute hydrochloric acid (10 mi1) and water {10 ml)
dried and evaporated in vacuo. Preparative thin layer chromatography
[Si0;, petrol:ether, 3:2 (v/v)] gave the pure olefin (41) (0.571g, 78%), an
0il [a]p —31° (c=0.0107991°'), wpax- 3080 (RCH=CH,), 1745 (C=0,
acetate), 1728 (C=0, ketone), 1640 (RCH=CH,}cm~!; § 5.6-6.0 (m, 1H, RCH=-

CH,), 5.42 (brd t, 1H, C6a—H J(apparent) 9Hz), 4.85-5.15 (m, 2H, RCH=CH,),
2.14 (s, 3H, OAc), 1.08 (s, 3H, Cl108-Me); 0.69 (s, 3H, Cl3p-Me}.

(Found: m/z 444.3607 (M+“). CoqHyg03 requires mte 444 .3603) .

17. 6a—~Acetoxy-4,5-secocholiest-3-en-5-one (26 )

6a—Acetoxy-4,5~secocholest-3-yn-5-one (0.188g) was hydrogenated as
above. Preparative thin layer chromatography [Si0,, petrol:ether, 3:1
(v/v)] gave the olefin (26} (0.106g, 56%), an oil,[x] -4.5° (c=0.01099
g171) vpax 3075 (RCH=CH,) 1750 (C=0, ester), 1728 (C=0, ketone), 1640
(RCH=CH,) cm=!, & 5.6-6.1 (m, 1H, RCH=CH,), 5.48 (q, 1H, C6B-H, J 6 and 11
Hz), 4.85-5.20 (m, 2H, RCH=CH,), 2.17 (s, 3H, OAc), 1.19 (s, 3H, CIOB-Mé) |
and 0.76 (s, 3H, Cl3B-Me). (Found: m/z 444 .3586 (M**). C,q4H,30; requires
M*- 444 .3603).

18. 58—Hydroxy—4,5-secocho1est;3—yn—6—one (47)

6R~Hydroxy-4B,5-epoxy-58-cholestan—3-one (0.99g) was dissolvéd in
ethanol (60 ml) and E-to]uenesu1phonﬁydrazide (0.461g, 1 mol. equiv.)
was added. The solution was stirred at 50°C for two hours, then diluted
with water (200 ml1) and extracted with ether (3 x 50 ml). , The combined

ether extratts were washed with dilute hydrochloric acid (25 ml1), aqueous
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sodium bicarbonate (25 ml1) and water (25 ml1), dried and evaporated in vacuo
to give an oil (0. 839g). Preparative thin layer chromatography twice
[$10,, petrol:ether, 2:1 (v/v)] gave 5B-hydroxy-4,5-secocholest-3-yn-6-one
(0.3g, 31%), an oil, vpgx. 3520 (OH), 3280 (C=C-H), 2110 (C=C), 1715
(C=0) cm~!, § 4.08 (s, 1H, CS5a—-H), 3.55 (brd s, 1H, OH, 0,0 exchangeable),
0.70 (s, 3H, C10B-Me) and 0.68 (s, 3H, C13B-Me). fFound: m/z 400.3346 (M%),

C,Hq440, requires M* 400.3341).

Hydrolysis of 6R-Acetoxy-4,5-secocholest-3-en—-5-one

(a) With methanol and concentrated hydrochloric acid:-
bi-Acetoxy—4,5-secocholest-3-en-5-one (0.43g) was dissolved in
methanol (35 m1) and concentrated hydrochloric acid (5 ml) and heated under
reflux overnight. The solution was diluted with water (150 ml1) extracted
with ether (3 x 25 m1). The combined ether extracts were washed with
aqueous sodium bicarbonate (25 m1) and water (25 ml), dried and evaporated
in_vacuo. Preparative thin layer chromatography [Si0,, petrol:ether, 2:1
(v/v)] gave 6B-methoxy-4,5-secocholest~3-en-5-one (33) (0.097g, 24%)
(b} With ethanol and concentrated hydrochloric acid:-
A solution of 6B-acetoxy-4,5-secocholest—3-en-5—-one (0.529) in ethanol
(50 m1), water (5 ml) and concentrated hydrochloric acid (5 ml) was heaééd
under reflux refluxed for one and a half hours. The solution was diluted

with water (200 m1) and extracted with ether (3 x 50 ml1). The combined

ether extracts were washed with aqueous sodium bicarbonate (25 m!) and

water (25 ml), dried and evaporated in vacuo to give 58-hydroxy-4,5-seco-
cholest-3-en-6-one (0.41g, 88%), an oil, [«]p + 12° (c=0.012 g1-1),

Qmax~ 3470 (OH), 3070 (RCH=CH,), 1710 (C=0), 1640 (RCH=CH,) cm-1, & _
5.55-6.10 (m, 1H, RCE=CH2); 4.9-5.25 (m, 2H, RCH=CH,}, 4.25 (brd s, 1H, OH,

0,0 exchangeable), 4.08 (s, 1H, C5«-H), 0.69 (s, 6H, Cl0B-Me and C138-Me).

(Found: m/z 402.3506 (M* ). Ca7H4s0, requires M** 402.3498).
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(c) With ethanol and diiute hydrbch]oric acid :-
6B-Acetoxy-4,5-secocholest-3-ene-5-one (1.3g} was dissolved in ethanol
{50 m1) and dilute hydrochloric acid (2M, 10 m1). The solution was heated
under reflux for five hours (t.1.c.) then diluted with water (200 m1) and
extracted with ether (3 x 50 m]);' The combined ether extracts were washed
with aqueous sddium bicarbonate (25 m1) and water:(éS ml), dried and evap-
orated in vacuo. P;eparative thin layer chromatography [Si0;, petrol:
ether, 2:1 (v/v}] gave 58-hydroxy-4,5-secocholest~-3-en-6-one (48) (0.36g,
30%) and 6a-hydroxy-4,5-secocholest-3-en-5-one (49) (0.2%94g, 24%), an oil,
[«]p +17° (c=0.00929 g{‘l); vpax- 3470 (OH), 3070 (RCH=CH,), 1700
(C=0), 1640 (RCH=CH,) em~!, & 5.5-6.2 (m, 1H, RCH=CH,), 4.9-5.2 (m, 2H,
RCH=CH,), 4.38 (q, 1H, C6B-H, J7 and 11Hz), 3.9 (brd s, 1H, OH), 1.10 (s,
3H, C10R-Me) gnd 0.65 (s, 3H, C138-Me). (Found: m/z 402.3498‘(M+').
C,7Hqe0, requires M* 402.3498).
(d) With ethanolic potassium hydroxide under an inert atmosphere:-
6R-Acetoxy—-4,5-secocholest-3-en-5-one (0.3859) was added to a solution
of potassium hydroxide in thoroughly deoxygenated ethanoi (30%, 30 ml)
under argon. The solution was heated under reflux for one hour, then acid-
gfied with dilute hydrochloric, diluted with water (150 m1) and extracted
with ether (3 x 50 ml). Thé combined ether extracts were washed with water
(50 m1), dried and evaporated in vacuo to give 58-hydroxy-4,5-secocholest—
3-en—6-one (48) (0.285q, 90%).
{(e) With ethanolic potassium hydroxide in the presence of air:-
GB—Acetoxy—4,5-secoch01est—B-éne-S-one (0.45g9) was added to ethanolic
_potassium hydroxide (5%, 30 m1) and stirred for one hour at room tempera-
ture. The solution was diluted with water (150 m])'and extracted with
‘ether (3 x 50 m1). The combined ether extracts were washed with water (50
ml), dried aqd evaporated in vacuo to 6-hydroxy-4,5-secocholesta-3,5-dien-

S5-one (27) (0.36g, 80%), m.p. 125-127°C (methanol), [«]p -66° (c=0.0143
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g1°1), vpax 3430 (sharp, OH), 3080 (RCH=CH,), 1670 (C=0), 1650 (C=C)

cm-', & 6.09 (s, 1H, OH, D,0 exchangeabie), 6.01 (d, 1K, C7-H, J2 Hz),
5.5-6.0 (m, TH, RCH=CH,), 4.9-5.2 (m, TH, RCH=CH,), 1.06 (s, 3H, C10B-Me)
and 0.78 (s, 3H, Cl3B-Me). (Found: m/z 400.3334 (M* ). C,,H440, requires
M*+ 400.3341). (Found: C, 80.7; H, 11.5. C,,H440, requires C, 80.9; H,
11.1%).

The diosphenol (27) was acetylated with acetic anhydride in pyridine at
room temperature overnight to give the disophenol acetate (51), an oil,
3080 (RCH=CH,), 1765 (C=0, ester), 1690 (C=0), 1640 (RCH=CH,) cm™!, & 6.47
(d, 1H C7- H, J 2Hz), 5.6-6.2 (m, 1H, RCH=CH,), 4.85-5.2 (m, 2H, RCH=CH,),
2.22 (s, 3H, OAc), 1.08 (s, 3H, Cl0B-Me) and 0.79 (s, 3H, Cl3B-Me).
(Found: m/z 442.3451 (M™ ). C,qH440; requires M*+ 442.3448).

Reaction of 5B-hydroxy-4,5-secocholest-3-en-6-one with potassium t-butoxide

in t-butanol

(a) Under an inert atmosphere:-

To a thﬁrough1y deoxygenated so]utidn of the 5B-acyloin (48) (0.412g)
in t-butanol (30 ml) at 78°C was added a deoxygenated solution of potassium
t-butoxide (0.23g, 2 mol. equiv.) in t-butanol (10 ml). The solution was
stirred for two hours under argon at 78°C, then acidified with dilute
hydrochloric acid, diluted with.water (100 m1) and extracted with ether (3
x 25 m1). The combined ether extracts were washed Qith water (3 x 25 ml1),
dried and evaporated in vacuo to give unchanged starting material (0.369g).
(b) In the presence of air:-

A solution of the 5B8-acyloin (48) (0.18g) in t-butanol (10 ml1) was
added to a solution of potassium t~butoxide (0.1lg, 2 mol. equiv.) in

t-butanol (10 mi1) and stirred at 55°C for four hours. The solution was

diluted with water (100 mi1) and extracted with ether (3 x 25 ml). The"

combined ether extracts were washed with dilute hydrochloric acid (25 ml),.
aqueous sodium bicarbonate (25 m1) and water (25 ml), dried and evaporated

in vacuo to give the diosphenol (27) (0.15g, 83%).
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6-Hydroxy-4,5-secocholesta-3,6-dien-5-one (27)

The 5B-acyloin (48) (0.314g) was added to ethanolic potassium
hydroxide (5%, 30 m1) and stirred at room temperature for one hour, The
solution was diluted with water (100 ml1) and extracted with ether (3 x 25
ml). The cémbined ether extracts were washed with water (25 ml), dried and
evaporated in vacuo to give the disophenol (27) (0.285g, 91%).
IB-Tosyloxy—5a—cholestane=5«,6B-diol (17)

3B-Tosyloy-5,6c~epoxy—5Sa-cholestane (3.85g) was dissolved in methyl
ethyl ketone (120 m1). To this répid]y stirring solution was added per-
chloric acid (60%, 1 ml). Stirring was continued for fifteen minutes then
the solution was diluted with ether {80 ml1), washed with aqueous sodium
bicarbonate (50 m1) and water (50 m1), dried and evaporated in vacuo to
give the tosyloxydiol (17) (3.5g, 89%), m.p. 148°C dec. (acetone, petrol)
(1it.%% m.p. 148-150°C dec.).

Reaction of 3fB-tosyloxy—Sa—cholestane-5,6B3-diol with potassium f-butoxide

in t—butanol

(a) Under an inert temperature:-

A deoxygenated solution of potassium t-butoxide (0.46g, 2 mol. equiv.)
in t-butanol was added to a déoxygenated solution of 3B-tosyloxy—5a-—
cholestane-5,6B-diol (1.2g) in t-butanol (90 m1). The mixture was st%rred
at 50°C for two hours under afgon then diluted with water (150 ml1) and
extracted with ether (3 x 50 m1). The combined ether extracts were washed
with water (2 x 50 ml), dried and evaporated in vacuo. Preparative thin

layer chromatography [Si0,, petroi:ether, 2:1 (v/v)] gave 3B-methyl-A-nor-

" 5B-cholestan-5-o01-6-one (0.096g, 11%), (1it.2° m.p. 116-118°C), a second

" .fraction 58-hydroxy-4,5-secocholest-3-en-6-one (48), (0.034g, 4%) and a

further bo1ar fraction 6R-hydroxy-5a—cholestan-3a,5-epoxide (58) (0.41g,
49%.), (1it.%7 m.p. 121-123°C). '
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(b} 1In the presence of air:-

33-Tosyloxy-5e-cholestane~5,6B3-diol (l.gg) was treated as above in the
presence of air. Preparative thin layer chromatography [SiDz; petrol:
ether, 2:1 (v/v)] gave é*hydroxy—4,5—secochoiesta-3 ,6-dien-5-one (27)
(0.140g, 17%) (m.p. 125-127°C) and 6B-hydroxy-5«-cholestan-3c,5-epoxide
(58) (0.449qg, 53%).

3B-Tosyloxy-5a~cholestan-5-01-6-one (59)

A solution of 3B-tosy1oxy-Sa-cho]estan;S,Gﬁ—diol (2.0g) and pyridinium
chlorochromate (2.25g, 2 mol. equiv.) in.dichloromethane (60 m1) was
stirred at room temperature for two hours. The solution was washed with
dilute acetic acid (2 x 25 m1}, aqueous sodium bicarbonate (2 x 25 ml1) and
water (25 ml), dried and evaporated in_vacuo. Recrystallisation from
methanol gave 38-tosyloxy-S5a—cholestan-5-o01-6-one (1.6g, 78%), m.p. 161-
163°C, (1it.*®* m.p. 161-163°C).
3B-Tosyloxy—[6a—-2H}-5a-cholestane-5,6B8-diol (60)

Sodium borodeuteride (0.209g, 2 mol. equiv.) was added to a rapidly
stirring solution of 3B-tosyloxy-5a~cholestan—5-01-6-one (1.42g) in
methanol (80 ml1). Stirring was continued for ten minutes, then the solu-
tion wés diluted with water (150 ml) aﬁd extracted with ethef (3 x 50 ml).
The combined ether extracts were washed with dilute hydrthToric acid (25
ml), aqueous sodiuh bicarbonate (25 ml) and water (25 ml), dried and evap-
orated in vacuo. Recrystallisation from acetone, petrol gave 3f-tosyloxy-
[6a—2H]-5a~cholestane-5,6B-diol (1.06g, 74%), m.p. 148-150°C dec., 'H
n.m.r. absence of signal at &6 3.58 (C6a—H).

Reaction of 3B-tosyloxy-{6a-2H]-5«~cholestane-5,6R-diol with potassium

t-butoxide ' in t-butanol
A solution of potassium t-butoxide (0.43g, 2 mol. equiv.) in deoxygen-
ated t-butanol (30 ml) was added to a solution of 3B-tosyloxy-[6o~2H]-5a—

cholestane-5,68-diol (1.06g) in deoxygenated t-butanol (80 ml1). The



27.

28.

29.

109
solution was stirred at 50°C for two and a half hours under argon. Work up
as for Expt. 23, followed by preparative thin layer chromatography [Si0,,
petrol:ether, 2:1 (v/v)] gave 3B-methyl-A-nor-5B8-cholestan-5-01-6-one (19)
(0.022g, 2%). .(Found: m/z 402 (M**). C,7H460, requires M* 402), no
deuterium retention, the unsaturated acyloin (48) (0.070g, 9%), no deuter-
jum re;eﬁtion and the 6B-hydroxy—[6a-2H]-5a-cholestan-3«,5-epoxide (0.42g,
57%) .
3B3-Mesyloxycholest-5-ene (62)

Cholesterol (3.0g) and methanesulphonyl chloride {3 ml1) were dissolved
in pyridine (60 ml1) and allowed to stand at room tempefatufe overnight;
The solution was poured over ice and the resulting solid filtered off.
Recrystallisation from acetone gave 3B-mesyloxycholest-5-ene {3.5qg, 98%),
m.p. 121-124°C (1it.5% m.p. 115-116°C).

3B-Mesyloxy-5,6a-epoxy-Sa—cholestane (64)

3B3-Mesyloxycholest-5-ene (3.0g) was dissolved in ether (150 mi) and
chloroform (20 m1). m-Chloroperbenzoic acid (2.0g, 1.5 mol. equiv.) was
added and the solution stirred at room temperature overnight. The solution:
was washed with aqueous sodium sulphite {50 ml1), aqueous sodium bicarbonate
(50 m1) and water (50 ml), dried and evaporated in vacuo ﬁo give a white
solid. Recrystallisation from petrol gave 3B-mesyloxy-5,6a—-epoxy—Sa-
cholestane (2.4g, 73%), m.p.. 140-146°C (11t.%% m.p. 144-148°C). |
3B-Mesyloxy—5a-cholestane-5,6c-diol (66)

3B-Mesyloxy—5,6a-epoxy-Sa—cholestane (2.4g) was dissolved in methy]l
ethyl ketone (150 ml1) and to this rapidly stirring solution was added
perchloric acid (60%, 2 ml1) dropwise. The solution was stirred at room
temperature for fifteen minutes, then diluted with ether (50 m1), washed
with aqueous sodium bicarbonate (50 ml) and water (50 ml), dried and evap-

orated in vacuo to give an off-white solid. Recrystallisation from acetone:
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petrol gave 3B-mesyloxy-5«-cholestane-5,68-djol (1.7g, 67%), m.p. 153-154°C

dec, [a]p -8° (c=0.015 g1-'), wpax 3530, 3550 (OH) cm*!, & 5.15 (m,

1H, C3a-H), 3.58 (brd s, 1H, C6a-H, W} 6Hz), 3.2 (s, 3H, -0,5-Me), 1.19 (s,
3H, C10B-Me) and 0.68 (s, 3H, C13B-Me) (Found: C, 67.1; H, 10.1, C,aHss0sS
requires C, 67.4; H, 10.1%).

Reaction of 3B-mesyloxy-5«x-cholestane-5,68-diol with petassium t-butoxide in
t-butanol A

A solution of potassium-t-butoxide (0.46g, 2 mol. equiv.) in deoxygen-
ated t-butanol (30 ml) was added to a solution of 3B-mesyloxy-Sa-cholestane-
5,§B-dio1 (1.0g) in deoxygenated t-butanol (80 ml1). The solution was
stirred for two and a half hours under argon at 55-65°C. Work up as for

Expt. 23 and preparative thin layer chromatography [Si0,, petrol:ether, 2:1

(v/v)] gave 3B-methyl-A-nor-58-cholestan-5-o1-6-one (0.021g, 2.6%), 58~

hydroxy—4,5-secocholest-3-en-6-one (48) (0.084g, 10%) and 6B-hydroxy—5«—
cholestan—3«,5-epoxide (58) (0.44qg, 54%).

Chlorocholest—5-ene (61)

Thionyl chloride (10 m1) was added to cholesterol at 0°C. The solution
was heated under reflux for one hour then poured over ice. The product was
filtered off and recrystallised from acetone to give 3B-ch1orocho1e;t—5~ene
(4.1g, 78%), m.p. 93-95°C (1it.4? m.p. 95-96°C).

3B3-Chloro-5, 6a-epoxy--5a—-cholestane {(63)

m-Chloroperbenzoic acid (2.4g, 1.5 mol. equiv.) was added to a solution
of 3B-chlorocholest-5-ene (3.8g) in ether (40 ml). The soluytion was
stirred overhight at room temperature, then washed with agueous sodium
sulphite (25 ml), aqueous sodium bicarbonate (25 m1), and water (25 ml),
dried and evaporated iﬁ vacuo. Recrystallisation from acetone gave 3f3-
chloro-5,6a—epoxy-5a~cholestane (2.65g, 68%), m.p. 89-90°C (1it.31 m.p.
89.5-90.5°C).
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33-Chloro-5a-cholestane=~5,68-diol(65)

To a rapidly stirring solution of 3B-chloro-5,6a—epoxy-5a-cholestane
(2.3g) in me£hy1 ethyl ketone (60 m1) was added perchloric acid (60%, 1 m1))
dropwise. After fifteen minutes the solution was diluted with ether (40 ml)
and washed with aqueous'sodium bicarbonate (25 ml1) and water (25 ml), dried
and evaporated in vacuo. Reérysta11isation from acetone, petrol gave 38-
chloro-5a—cholestane-5,68-dio1(2.3g, 95%) m.p. 124-126°C (1it.°! m.p.
126°C).

Reaction of 3B-chloro-5a—cholestane-5,68-diol with potassium t-butoxide in

t-butanol

A solution of potassﬁum t-butoxide (0.69g, 3 mol. equiv.) in deoxygen-
ated t-butanol (30 ml) was added to a solution of 3B-chloro-5a—cholestane~
5,68-diol (0.91g) in deoxygenated t-butanol (100 m1). The solution was
stirred for twenty four hours at 65°C under argon. Work up as for Expt. 23
and preparative thin layer chromatography [Si0;, petrol:ether, 2:1 (v/v)]
gave unchanged starting material (0.233g, 30%) and 6B-hydroxy-5e-cholestan—
3x,5-epoxide (58) (0.281g, 35%).

5a¢-Cholestane-38,5,6R-triol

Cholesterol (10.4g)} was suspended in 90% formic acid‘tlno ml1) and
warmed to 80°C for fifteen minutes where upon an oily upper layer separated.
The mixture was-allowed to cool then hydrogen pefoxide (30%, 10 m1) was
added. Thé reaction mixture was stirred overnight and then diluted with
boiling water (150 ml1). The solution was allowed to cool and the resulting
solid was filtered off. The solid was washed several times with water then
dissolved in methanol (300 m1). The methanolic solution was made alkaline
with an excess of aqueous sodium hydroxide (25%) and heated on a steam bath
for thirty minutes. The mixture was acidified with dilute hydrochloric acid
and cooled to 0°C. The crude product was filtered off and recrystallised
from methanol to give 5a-cholestane-38,5,58-triol (8.7g, 77%) m.p.'

237-239°C (1it.%3 m.p. 237-239°C).
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Sa—-Cholestane-3k,5-diol-6-one (72)

S5a-Cholestane-38,5,6B8-triol (4.1g) was dissoived in dioxane (40 ml) and
water (4 mi). N-bromosuccinimide (2.2g, 1.05 mol. equiv.) was added and the
solution stirred at room temperature for ten minutes. Aqueous sodium meta-
bisulphite sojution was added until the yellow bromine colour disappeared.
Water (20 ml) was added and the solution cooled to 0°C. The resulting pre-
cipitate was fi]teréd‘off and recrystallised from methanol to give 5ax-
cholestane-3B8,5-diol-6-one (1.82g, 91%), m.p. 230-232°C {1it.%3 m.p.
231-232°C).
5B-Cholestane-38,5-diol-6—one (73)

A solution of bSa—cholestane—-383,5-diol-6-one (6.9q) in methanolic sodium
hydroxide (10%, 300m1) was heated under reflux for two hours. The solution
was concentrated in vacuo, diluted with water (200 m1) and extracted with
ether (3 x 50 m1). The ether was dried and evaporated in vacuo. Flash
column chromatography [Si0,, ether] gave 55-cho1estane-3ﬁ,5—diol—6-oné
(5.3g9, 77%) (1it.%% 62°C) and unchanged starting material (1.0g, 14%).

38-Tosyloxy-5B-cholestan~5-01-6-one (74)

53-Cholestan-5-01-6-one (4.9g) and E—to1uengsu1phony1 chloride (10g)
were dissolved in pyridine (60 m1) and allowed to stand at room témperature
for three days. The solution was poured over ice and extracted with ether
(3 x 50 m1). The combined ether extracts were washed with dilute hydro-
chioric acid (50 m1) and water (50 ml), dried and evaporated in vacuo to
give an oil. Crystallisation from petrol gave 3R-tosyloxy-5B-cholestan-5-
ol-6-one (4.1g, 61%), m.p. 144-145°C (1it.55 144-145°C).

38-Tosyloxy-5B-cholestane-5,68-diol (75)

Sodium borohydride (0.25g, 3 mol. equiv.) was added to a rapidly
stirred suspension of 3B—tosy1oxy—5B—cho1estan—5—01?6~one (1.0g9) in methanol
(50 m1) and ether (5 m1). Stirring was continued for thirty minutes, then

the solution was diluted with water {200 ml1) and extracted with ether (3 x

50 m1). The combined ether extracts were washed with dilute hydrochloric
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acid (50 m1), aqueous sodium bicarbonate (50 ml) and water {50 ml), drieﬁ
and evaporated in vacuo. Recrystallisation from methanol gave 3B-tosyloxy-
58-cholestane-5,68-diol (0.86g, 85%) m.p. 88°C, [«]p + 19° (c=0.011 g1-1),
vmax 3530 (OH), 1600 (C=C aromatic) cm~!, & 7.88 and 7.42 (ABq, 4H,
tosyl aromatics), 4.97 (brd s, 1H, C3a-H, Wi 7Hz), 3.53 (brd s, 1H, CGa;H,
Wi 6Hz), 2.64 (s, 2H,0H), 2.47 (s, 3H, tosyl methyl), 1.11 (s, 3H, C1l0B-Me)
and 0.68 (s, 3H, Clik-Me).
The tosyloxy diol (75) was acetylated with acetic anhydride in pyridine
overnight at room temperature to give 3B-tosyloxy-6B8-acetoxy-5B8-cholestan-5-01
(76) m.p. 119-120°C dec. (methanol), Vnax 3620 (OH), 1630 (C=0; ester),
1600 (C=C, aromatic) tm-l, and 1730 (C=0) cm-l,. 7.84 and 7.38 (ABq, 4H,
tosyl aromatics), 4.94 (brd s, 1H, C3g-H), 4.76 (brd s, 1H, C& -H), 2.47
(s, 3H tosyl methyl}, 2.10 (s, 3H, OAc), 1.07 (s, 3H, Ci10s-Me), and 0.68 _
(s, 3H, C13g-Me). (Found: C, 69.9; H, 9.4. C3gHs50¢ requires C, 70.1; H,9.1%).

40. Reaction of 3B-tosyloxy—-5B-cholestane-5,608-diol with potassium t-butoxide in

t-butanol

A solution of potassium t-butoxide (0.31g, 2 mol. equiv.) in deoxygen-
ated t-butanol (30 ml) was added to a solution of 3B-tosyloxy-5B-cholestane~
5,68~diol1 (0.8g) in deoxygenated E-butaao1 (80 m1). The solution was
stirred at 55°C for sixteen hours under argon. Work up and preparative_thin
layer chromatography [Si0,, petrol:ether, 2:1 (v/v)] gave 3B-methyl-A-nor-
ER-cholestan-5-01-6-one (19) (0.23g, 45%), 6-hydroxy-4,65-secocholesta-3,6~
dien-Sfone (27) (0.019g, 3%), SB-hydroxy-4,5-secocholest-3-en -5-one (48)
(0.031g, 5%), and a mixture of AZ and A3-5B-cholestene-5,68-diol (77),
(0.099g, 18%), a gum, vpay 3450 (brd, OH), 1670 (C=C) cm"!, § 5.2-6.0
(m, olefinic protons), 3.69 (s, 1H Céa—-H), 1.09 (s, 3H, C10B-Me) and 0.68
(s, 3H, C138-Me). (Found: m/z 402.3484 (M*:)}. C,Has0, requires M*-.
402.3498),
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Acetylation with acetic anhydride in pyridine gave A2 and A3-6B-
acetoxy-5B-cholesten-5-01 (78), a gum, vpax 3450 (brd OH), 1725 (C=0,
ester) em~!, § 5.2-6.0 (m, olefinic protons), 4.87 (s, 3H, C6a~H), 2.12 (s,
3H, OAc), 1.05 (s, 3H, Cl108-Me) and 0.68 (s, 3H, C13B-Me).
3B-Tosyloxy—[6a—-2H]-5B-cholestane-5,6B8-diol (79)

Sodium borodeuteride (0.21g, 2 mol. equiv.) was added to a solution of
3B8-tosyloxy-5B8-cholestan-5-01-6—one (1.5g} in methanol (40 m1) and ether (10
ml). The solution was stirred for thirty minutes and worked up as before.
Recrystallisation from methanol gave 3B-tosy1oxy-[6a~2H]-SB-cholestane-s;SB—
diol (1.2q 88%), m.p. 87-88°C

Reaction of 3B-tosytoxy-[6a-2H]-5B-cholestane-5,6B-diol with potassium

L-butoxide in f-butanol

A solution of potassium t-butoxide (0.39g, 2 mol. equiv.} in deoxygen-
ated t-butanol (30 ml) was added to a solution of 3B-tosyloxy-{6«-2H]-58- .
cholestane-5,68-diol (1.0g) in deoxygenated t-butanol (100 m1). The solu-
tion was stirred for sixteen hours at 55-65°C under argon. Work up and
preparative thin layer chromatography [Si0,, petrol:ether, 2:1, (J/v)] gave
a band containing‘a mixture 3B-methyl-A-nor-5B8-cholestan-5-01-6-one(19) and

6-hydroxy-4,5-secocholesta-3,6-dien-5-one (27) (0.33g, 47%), 5BR-hydroxy-4,5-

- secocholest-3-en-5-one (48) (0.034g, 5%) and A% and A3-[6a-2H]-56-

cholestene-5,6B-diol (77) (0.0%92g, 13%).

Acetylation of the mixed band and preparative thin layer chromatography
[SiOz,lpetro1:ether, 3:1 (v/v)] gave 3B-methyl-A-nor-5f-cholestan-5-c1-6-one
(19) (0.187g, 26%) and 6-acetoxy-4,5—secocho1esta-3,6—dien—5—onel(51)
(0.093g, 12%).

Cyclisation of 5R-hydroxy-4,5-secocholest-3-en-5-one

A solution of 5B-hydroxy-4,5-secocholest-3-en—-5-one (0.40g} in decalin
(5 m1) was heated under argon in a sealed tube for five and a half hours at

200°C. The decalin was removed in vacuo. Preparative thin layer chromato-
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graphy [Si0,, petrol:ether, 2:1 (v/v)] gave 5B-cholestan-5-oi-6-one (0.0528g
13%), m.p. 104-105°C (methanol) (1it.%% m.p. 102-103°C) and 3-methyl-B-nor-
58-cholest-2-en-4-one (0.102g, 26%) m.p. 83-84°C (methanol), [«]p + 146°
(c:=0.00626 g1-1), vpax 1665 (C=0) cm™!, Apax 240 nm (& 9820), &
6.50 (m, 1H, RCH=CMe-C=0, W} 10 Hz, collapses to quartet, J 3 and 6 Hz on
irradiating at & 1.80 ppm), 1.80 (brd s, 3H, RCH=CMe-C=0, collapses to
double doublet J 1.2 & 2.4Hz, on irradiating at & 6.50), 0.96 (s, 3H, C10B-
Me) and 0.65 (s, 3H, C13B-Me). (Found: m/z 384.3363 (M**) C,,H440 requires
M*- 384.3392). (Found: €, 84.3; H, 11.9. C,,H440 requires C,-84.3; H,
11.5%).

Thermal rearrangement of 3B-methyl-A-nor-53-cholestan-5-o0l-6-one

A solution of 3B-methyl-A-nor-5B-cholestan-5-o1-6-one (0.188g) in
decalin (5 ml1) was heated in a sealed tube under argon at 200°C for five and
a half hours. The decal%n was removed in vacuo and preaparétive thin Tayer
chromatography [Si0,, petrol:ether, 2:1 (v/v)] gave unchanged starting
material (0.097g, 57%) and 3-methyl-B-nor-5B-cholest—2-en-4-one (82)
(0.025g, 15%). '

Acid catalysed rearrangement of 3B-methyl-A-nor-58-cholestan-5-o1-6-one

p-Toluene sulphonic acid (0.01g) was added to a solution of
3B¥methy1—A—nor—5B—cho1estan—5—01—6—one (0.180g) in benzene (30 ml). The
solution was heated at reflux overnight then washed with agueous sodium
bicarbonate (5 m?) and water (5 ml), dried and evapo}afed in vacuo.. Prepa-
rative‘thin layer chromatography [$i0,, petrol:ether, 2:1 (v/v)] gave 3-
methyl-A-nor-cholest-3-en-6-one (0.058g, 32%), m.p. 80-81°C (methanol),
[«]p + 56° (c=0.00745 g171), vpax 1680 (C=0), 1625 (C=C) cm"?,

‘A\max 260 nm (e 11,500), § 2.04 (s, 3H, C3-Me), 0.98 (s, 3H, C10B-Me)

and 0.71 (s, 3H, Cl3B-Me). (Found: m/z 384.3390 (M* ). C,,H440 requires M*e
384.3391) (Found: C, 84.4; H, 11.5. C,,H44,0 requires C, 84.3; H, 11.5%).
and 3-methyl-B- nor-5B-cholest-2 -en—4-one (82) (0.089g, 49%).
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Deuteration of 3-methyl-B-nor-5B-cholest-2-en-4-one

A solution of 3-methyl-B-nor-58-cholest-2-en—4-one (0.0364g) in dioxane
(2 ml) was added to a solution of sodium (0.07g) in deuterium oxide (3 ml)
and dioxane (4 m1). The solution was heated under reflux for twenty seven
hours under nitrogen, then diluted with ether (50 ml1) and washed with water
(15 ml). The ether was dried and evaporated in vacuo to give an oil which,
on crystallisation from methanol, gave [l«,18B,58,-2H]-3-methyl1-B-nor-
cholest-2-en-4-one, § 6.50 (m, 1H, RCH=CMe-C=0, W} S5Hz, collapses to singlet
on irradiating at § 1.80), 1.80 (d, 3H,7RCH=Cﬂe-C=O, collapses to singlet
on irradiating at § 6.50). (Found: m/z 387.3583 (M* ). C,,Hs D30 requires
M*e 387.355).

S5a¢—Cholestan-5-o1-6—-one (83)

Zinc (3.49, 10 mol. equiv.) and sodium jodide (3.5g, 5 mol. equiv.)
were added to a solution of 3B“tosy1oxy-Sa-choléstén—s-ol—s—one (3.0g) in
dimethoxyethane (40 ml). fhe-mixture was heated under reflux for two and a
half hours, then diluted with ether (50 m1) washed with dilute hydrochloric
(25 m1), aqueous sodium bicarbonate (25 m1) and water (25 m1), dried and
evaporated in vacuo. Recrystallisation (xZ) from methanol gave
Sa—cholestan-5-c1-6-one (1.4g, 66%), m.p; 151-153°C (1it.56 m.p. 153°C).
5R-Cholestan-5-o1-6-one (81)

A solution of Sa—cholestan-5-o1-6-one (0.2g) in methanolic potassium
hydrbxide (10%, 30 m1) was heated under reflux for ten hours. The solution
was diluted with water (100 m1) and extracted with ether (3 x 25 m1). The

combined extracts were washed with dilute hydrochloric acid (25 ml1) and

‘water (25 ml), dried énd evaporated in vacuo to give an oil. Flash column

chromatography- [Si0,, petrol:ether, 9:1 (v/v)] gave 5B-cholestan-5-ol1-6-one

(0.18g, 90%) m.p. 104-105°C (methanol, acetone) (1it.5% m.p. 102-103°C).
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Attempted reductive radical cyclisation of 6-hydroxy-4,5-secocholesta-3,6-

dien-5-one

A solution of 6-hydroxy-4,5-secocholesta—-3,6-dien-5-one {0.075g) in THF
(25 m1) was stirred with sodium (0.043g) under nitrogen for three days. The
solution was filtered and diluted with ether (50 m1). The etheral solution
was washed with dilute hydrochloric acid (25 ml}, aqueous sodium bicarbonate
(25 m1) and water (25 ml1), dried and evaporated in vacuo to unchanged
starting material (0.059g, 79%).

6B-Acetoxy-4,5-secocholest—3-en-5§-01 (99)

Sodium boroﬁydride (0.24g, 4 mol. equiv.) was added to a solution of
6R-acetoxy-4,5-secocholest-3-en—-5-one (0.74g) in ethanol (40 m1) and ether
(5 ml1) at 0°C. Stirring was continued for ten minutes then the solution was
diluted with water (100 m1) and extracted with ether (3 x 50m1). The
combined ether extracts were washed with dilute hydrochloric acid (50 m1)
and brine (50 ml1), dried and evaporated in vacuo. Preparative thin layer
chromatography [Si0,, petrol:ether, 2:1 (v/v)] gave 68-acetoxy—4,5-seco-
cholest-3-en- 5f-01 (0.61g, 82%), an oil, [a]p -1.9° (c=0.01068 g1-1),
vmax 3480 (OH), 3080 (RCH=CH,), 1720 (C=0, ester) 1640 (RCH=CH,) cm=!,

§ 5.6-6.1 (m, 1 RCH=CH,), 5.25 (m, 1H, C6a—H, Wi, 8 Hz), 4.85-5.2 (m, 2H,
RCH=CH,), 3.55 (d, 1H, C5-H, J 4Hz), 2.12 (s, 3H, OAc), 0.97 (s, 3H, Cl108-
Me) and 0.72 (s, 3H, C138-Me) (Found: m/z 386.3537 (M'-CH3C02H) reﬁuires
386.3548).

5f-Mesyloxy-6B-acetoxy—4,5-secocholest-3-ene (100)

6B-Acetoxy-4,5-secocholest-3-en-55-01 (0.6g) and methane  sulphonyl
chloride (0.7g) were dissolved in pyridine (30 m1) and allowed to stand at
room temperature overnight. The reaction mikture was poured over ice and
extracted with ether (3 x 25 m1). The combined ether extracts were washed
with dilute hydrochloric acid (25 ml1), aqueous sodium bicarbonate (25 ml)

and water (25 ml1), dried and evaporated in vacuo to give an oil. Prepara-
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tive thin layer chromatography [Si0,, petrol:ether, 2:1 (v/v)] gave 5§-

mesyloxy-6B-acetoxy-4,5-secocholest-3-ene (0.466g, 66%), an oil, [«]p

-0.2° (c=0.01267 g17!) wpax 3080 (RCH=CH,), 1730 (C=0, acetate),

1640 (RCH=CH,) cm™!, & 5.6-6.1 (m, 1H, RCH=CH,), 5.65(m, H, 6a-H, W3

9Hz), 4.85-5.2 (m, 2H, RCH=CH,), 4.65 (d, 1H, C5-H, J 4Hz), 3.05 (s, 3H,
-50,-Me), 2.14 (s, 3H, DAc), 1.05 (s, 3H, C108-Me) and 0.70 (s, 3H, C13B-Me)
(Found: m/z 428.3671 (M  -CH,;S0;H) requires 428.365).

Attempted reductive radical cyclisation of 5fZ-mesyloxy-bB-acetoxy-4,5- .

secocholest=3-ene

Zinc (0.48g, 10 mol. equiv.) and sodium iodide (0.57g, 5 mol. equiv.)
were added to a solution of 5&Z-mesyloxy—-68-acetoxy-4,5-secocholest—-3-ene
(0.4g) in dimethoxyethane (25 m1). The mixture was heated under reflux for
two hours, then filtered and diluted with ether (25 m1). The ether solution

was washed with dilute hydrochloric acid (25 ml}, aqueous sodium bicar-
bonate (25 ml) and water (25 mi), dried and evaporated in vacuo to_yje]d
unchanged starting material (0.230g).

Treatment of the recovered material, as above, for two weeks gave an

0il (0.0538g) containing several components (t.l.c.).
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1-(Trimethylsilyloxy)-3-methyl-3-{3-butenyl)-cyclohex-1-ene (103)

To a stirred suspension of copper (I) iodide (0.6 mol. equiv.) in :
T.H.F. (50 ml) at -409C under an argoh atmosphere was added a solution
of methyl lithium (17.8 ml, 0.55 mol. equiv.) in ether. The yellow
suspension of methyl copper was allowed to warm to 0°C (~ 15 minutes),
it was then cooled to -40°C and a solution of 3-butenyl magnesium
bromide* (1.2 mol. equiv.) in ether was added. The solution was stirred
for a further thirty minutes, at which time 3-methyl-2-cyclohexen-1-one
{(6.09, 1.0 mol. equiv.) in T.H.F. (20 m1) was added. The solution was
allowed to warm to room temperature and stirring continued for a further
two hours. '

Trimethylsilyl chloride (12.6g, 2.2 mol. equ{v.) in triethylamine
(40 ml) was added and the solution stirred for sixty minutes. The
reaction mixture was diluted with petrol (100 ml1) and washed with
aqueous ammonium chloride (2 x 50 ml), aqueous sodium bicarbonate (50
ml), dried and evaporated in vacuo to give a green liquid (14.3g).
Distillation gave the pure silylenolether (103) (10.6g, 82%) b.p.

110-115°C (1.5 mn Hg), v 3080 (RCH=CH,), 1660 (C=C-0SiMes), 1640.

ax.
(RCH=CH,) cm™!, & 5.4-5.9 (m, 1H, RCH=CH,) 4.85-5.0 (m, 2H, RCH=CH,)
4,50 (s, TH, CH=CR-0SiMe;) 0.95 (s, 3H, Me) 0.18 (s, 9H, 0SiMes).

(Found: m/z 238.1768 (M**}. C 4 Hpg0Si requires M- 238.1753).

*  3-butenyl bromide (8.8g, 1.2 mol. equiv.) in ether (20 ml) was
added dropwise to a suspension of magnesium (1.6g, 1.2 mol. equiv.)
at a rate maintaining a gentle reflux. Stirring was continued for a

further one hour to ensure complete reaction.
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Cis and trans 3-methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-1-one
(105) (106)

To a solution of 1-{trimethylsilyloxy)-3-methyl-3-(3-butenyl)-
cyclohex-1-ene (13.4g) in ether (150 ml) was added sodium hydrogen
carbonate (7.2g, 2 mol. equiv.) and m-chloroperbenzoic acid (12.8g,

1 mol. equiv.). The mixture was stirred for five hours and then filtered.
The filtrate was washed with aqueous sodium sulphite (50 ml), aqueous
sodium bicarbonate (50 ml) and water (50 ml), dried and evaporated in
vacuo to give a white solid (17.4g).

The solid was dissolved in hot hexane {60 ml), then the hexane soju-
tion was cooled to 0°C. The crystallised m-chlorobenzoate ester (115)
was filtered off and the filtrate evaporated in vacuo to give the crude
a-silyloxy ketones (11.5g, 80%).

The a-silyloxy ketones were dissolved in ethanol (90 ml) and hydro-
chloric acid (2M, 20 ml1} and stirred at room femperature for forty
minutes. The solution was diluted with brine (200 ml) and extracted
with ether (3 x 50 ml). The combined ether extracts were washed with
aqueous sodium bicarbonate (50 ml) and water (50 ml), dried and evabora-

ted in vacuo. Distillation under reduced pressure gave the isomeric

acyloins (6.5g, 63%) (100-1459C, 2mm Hg).

Flash column éhromatography (Si0,, petrol:ether, 8:1 (v/v)] gave
3-methy1-3-(3-buteny1)—cyc]ohexan~1-one (]02)_(5.869, 8%) Vioax. 3080
(RCH=CH,) 1715 (C=0) 1640 (RCH=CH,) cm™! (1it. ref.65),

Trans-3-methyl-r-3-(3-butenyl)-2-hydroxy-cyclohexan-1-one (105)(1.18g,
12%), v_.. 3485 (OH), 3075 (RCH=CH ), 1710 (C=0), 1640 (RCH=CHp)cm™',
5.65-6.13 (m,1H,RCH=CH,), 4.9-5.2 (m,2H,RCH=CH,) 4.0 (s,1H, C2-H) 3.60 (brd
s, 1H,0H, D,0 excharigeable) 0.74 (s,3H,Me). (Found: m/z 182.1306 (M*.)
Cy1Hy g0 requires M. 182.1307), Oxime m.p. 132-1349C (petrol, ether).
(Found: C, 67.0; H, 9.9; N, 7.1. C;;H;4NO, requires C, 67.0; H, 9.7;

N, 7.1%).
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- A fraction containing a mixture of isomers (1.38g, 13%) and cis-3-
methyl-r-3-(butenyl)-2-hydroxy-cyclohex-1-one (106) (0.96g; 9%),

v

max. 3490 (OH), 3075 (RCH=CH, ), 1708 (C=0), 1640 (RCH=CH, ) cm™L,

§ 5.59 - 6.05(m, 1H, RCH=CH,), 4.85 - 5.2 (m, 2H, RCH=CH,), 3.95 (s,

1H, C2-H), 3.78 (brd s, 1H, OH, D,0 exchangeable), 1.14 (s, 3H, Me}.
(Found: m/z 182,1304 (M*:). C,;H,40, requires M*- 182.1307). Oxime

m.p. 135-136%C (petrol, ether). (Found: C, 67.1; H, 9.98; N, 7.0.
Cy1HigNO, requires C, 67.0; H, 9.7; N, 7.1%). 2,4-dinitrophenylosazone
m.p. 193-194°C (methanol). (Found: C, 51.3; H, 4.3; N, 20.9. C,3H,,0gNg
requires C, 51.1; H, 4.5; N, 20.7%).

Attempted cyclisation of 3-methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-1-

one with potassium t-butoxide in t-butanol

The acyloins (105),(106) (0.4g) were added to a deoxygenated solu-
tion of potassium t-butoxide (2 mol. equiv.) in t-butanol {40 ml).

The solution was stirred at 50°C under an argon atmosphere for 4
hours, then diluted water (100 m1), neutralised with hydrochloric acid
(2M) and extracted with ether (3 x 25 ml). The combined ether extracts
were washed with water (2 x 25 ml), dried and evaporated in vacuo to

give unchanged starting material (0. 39g)

Cyc11sat1on of 3-methyl-3-{3-butenyl}-2-hydroxy-cyclochexan-1-one in

decalin

A solution of the acyloins (105),(106) (1.79)_in decalin (15 ml} was
heated under reflux for 24 hours under an argon atmosphere. The solution was
flash chromatographed (Si0,, petrol to remove the decalin, then petrol:
ether, 8:1 (v/v)] to give 38,7ag-dimethyl-3ag-hydroxy-octahydro-4H-inden-
4-one (109) (0.32g, 19%). Further purification by preparative thin
layer chromatography [Si0,, petrol:ether, 3:1 (v/v)] gave pure (109)
(0.150g, 9%), Vinax. 3485 (OH}, 1700 (C=0) cm’!, & 3.7 (s, 1H, OH, D,0
exchangeable), 0.99 (s, 3H, C7a-Me), 0.81 (d, 3H, C3-Me, J -7Hz).
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(Found: m/z 182.1307 (M¥:). Cy1H,50, requires M*- 182.1307). Oxime
m.p. 103-104°C (petrol:ether). (Found: C, 66.7; H, 9.8; N, 7.0.
Cy1Hy9NO, requires C, 67.0; H, 9.7; N, 7.1%).

A second column fraction, 58,7ag-dimethyl -3ag-hydroxy-octahydro-
4H-inden-4-one (110) (0.55g, 32%). Further purification by preparative
thin layer chromatography [Si0s, petrol:ether 3:1 (v/v)] gave pure
(nb) (0.318g, 19%), Vo 3495 (0H), 1695 (C=0)cm™%, s 4.02 (s, 1H,
OH, D,0 exchangeable), 1.05 (d, 3H, C5-Me, J 7Hz) and 0.92 (s, 3H, ,
C7a-Me). (Found: m/z 182.1303 (M*-). C;,H,g0, requires M*- 182,1307).
Oxime, m.p. 175-176°C (petrol,ether) (Found: C, 67.0; H, 10.0; N, 7.2%.
€, H19NO, requires C, 67.05 H, 9.7; N, 7.1%). |

The final column fraction (0.44g, 26%) contained a mixture. Prep-
arative thin 1ayef chromatography [Si0,, petrol:ether, 3:1 {(v/v)] gave
an unidentified cyclisation product (111) (0.08g, 5%) v 3495 (OH),
1712 (C=0) cm™!, s 3.88 (s, OH) and 1.07 (s, 3H, Me). (Found: m/z
182.1307 (M*-). €y H;g0, requires M¥-182.1307) and unchanged starting
material (0.138g, 8%).

33,733-Dfmethy1-3a3,43-d1hydroxy—octahydro-4H-indene (119)

The ketol (109) (140 mg) was dissolved in methanol (10 ml) and
sodium borohydride (3 mol. equiv.) was added at with stirring. After
ten minutes at room temperature the solution was diluted with water
{75 ml) and extracted with ether (3 x 25 ml}. The combined ether
extracts were washed with water (25 ml), dried and evaporated in vacuo
to give a semi-crystalline gum (0.118g, 84%). Flash chromatography
[Si0,, petrol:ether, 8:1 (v/v)] gave the diol (119) (0.70g, 50%), m.p.
94-96°C (hexane), . 3350 {brd, OH) cm !, & 3.74 (m, 1H, C4pg-H, Wi
10Hz), 1.08 (d, 3H, C3é-Me, J 7Hz) 1.0 (s, 3H, C7ag-Me). (Found: m/z
184.1470 (M**). CyyH,40, requires M*- 184.1463),
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58,7aB-Dimethyl -3ag,48 -dihydroxy-octahydro-4H-indene (120)

The ketol (110) (0.170q) was treated as above to give the crude
diol (0.140g) (82%). Flash chromatography [Si0», petrol:ether, 8:1
(v/v)] gave the diol (120) (0.097g, 57%), m.p. 95-96°C (hexane), ¥nax.
3500, 3460 (OH) cm™!, 3.58 (brd s, 1H, C4o-H, W3, 4Hz), 2.54 (brd s,
1H, OH, D,0 exchangeable), 2.31 (brd s, 1H, OH, D,0 exchangeable),
1.07 (s, 3H, C7ag-Me), 1.0 (d, 3H, C58-Me, J 6.5 Hz). (Found: m/z
184.1455 (M), CyiH200, requires M*- 184.1463). (Found: C, 72.1;
H, 11.2. Ci1Hp00, requires C, 71.7; H, 10.9%).

Cyclisation of 3-methyl-3-(3-butenyl)-2-hydroxy-cyclohexan-1-one in

decalin with product dehydration

A solution of the acyloins (105), (106) -(3.0g) in decalin (15 ml) was

_ heated under reflux for twentyfour hours under argon. The solution became

cloudy and water droplets appeared in the condenser. Flash columm
chromatography [Si0,, petrol to remove the decalin, then petro]:éther,
8:1 (v/v)] gave a fraction. containing a mixture of enones (121) and
(122) (1.25g, 46%) and starting material (1.1g, 37%).

The enones were purified by preparative thin layer chromatography
[Si0,, petrol:ether, 3:1 (v/v}} -to give 5,?§-d1methy1~1,2,3,3a,7,7a-
héxahydr0*4H—inden-4-one (121) (0.540q, 20%), Vnax. 1665 (C=0) cm™1,

§ 6.47 (m, 1H, RCH=CMe-C=0), 1.78 (brd s, 3H, RCH=CMeC=0), 1.10 (s, 3H,
C7a-Me). (Found: m/z 164.1202 (Mt+). C;.Hig0 Eequires M¥- 164.1201)
and an unidentified enone (122) (0.131g, 5%), qhax; 1685 {C=0}, 1620
(C=C) cm™}, & 6.35 (t, RCH=CR-C=0, J 3Hz), 1.04 (s, 3H, methyl).
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Part III

60. Attempted conjugate addition of allyl magnesium bromide to cholest—4-ene-3-

61.

one

To a suspension of magnesium (0.34g, 3 mol. equiv.) in ether (50 ml)
was added a solution of allyl bromide (1.7g, 3 mol. equiv.) in ether (20 m})
at a rate maintaining a steady reflux. After addition was complete, the
solution was stirred for a further hour then cooled to -30°C. Copper (I)
jodide (0.53g, 0.6 mol. equiv.) was added. Stirring was continued for a
further fifteen minutes and then a solution of cholestenoﬁe (2.0g) in ether
(20 m 1) was added. The solution was allowed to warm to room temperature
and stir for eighteen hours} it was then waghed with aqueous ammonium
chloride (25 ml1), aqueous sodium bicarbonate (25 ml1) and water (25 ml),
dried and evaporated in vacuo. Recrystallisation from methanol gave 3a-(2-
propeny1)-3B-hydroxy-cholest-4-ene (130)(1.12g, 56%) m.p. 67-68°C, [«]p +
82° (c=0.01296 g1°1), vpax 3300 (OH, broad), 3075 (RCH=CH,), 1640
(RCH=CH2)—cm", 8§ 5.75-6.25 (m, 1H,RCH=CH,) 5.27 (s, 1H, C4-H)}, 5.24 (m, 2H,
RCH=CH,), 1.06 (s, 3H, C10B-Me) 0.69 (s, 3H,C13B-Me) (Found: m/z 408.3764

(M-HZQ) requires 408.3756) (Found: C, 84.5; H, 12.2. C;,Hgq0

requires C, 84.4; H, 11.8%).

Attempted conjugate addition of propargyl magnesium bromide to cholest-4-

en—3-one

To a suspension of magnesium (0.42g, 4.2 mol. equiv.) in ether (20 ml)
activated with-a catalytic quantity of mercuric¢ chloride, Qas added
propargy]l bromide (2.6g, 80% toluene solution, 4 mol. equiv.) in ether (30 '
ml) at a rate maintaining a steady reflux. Stirring was continued for a
further hour, then the solution was cooled to -30°C and copper iodide
(0.32q, 0.4 mol. equiv.) was added. Stirring was continued for a further

fifteen minutes then a solution of cholestenone (1.6g) in ether (30 ml) was
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added dropwise. The solution was allowed to warm to room temperature and

then it was stirred overnight. Work-up as above gave 3u-(2-propynyl)-3B3-

hydroxy-cholest-4-ene (131} (1.34g, 74%), m.p. 84-85°C (methanol), [«]p +

73° (c=0.0614 g-"1), vpmax 3310 (brd, OH, RCECH), 2125 (C=C), 1630

(C=C) cm~*, & 5.33 (s, 1H, C4-H), 2.49 (d, 2H, RCH,C=CH J 3Hz) 2.11 (t, 1H,
RCH,C=CH), 1.09 (s, 3H, C108-Me) 0.61 (s, 3H, C13B-Me) (Found: m/z 424.3647
(M* ). C,ypH4s0 requires M*+ 424.3705. (Found: C,84.9; H 11.9. C,,H4,0
requires C, 84.4; H, 11.4%).

Attempted conjugate addition of trimethylallylsilane to cholestenone

Titanium tetrachloride (0.559,0.95 ml,1.1 mol. equiv.) was added to a
solution of cholestenone (1.0g) and tfimethy]a]ly]si]ane {0.39g, 1.4 mol.
equiv.) in dichloromethane (30 ml1) at -78°C. The solution was allowed to
warm to room temperature and then stir for twentyfour hours. The dichloro-
methane was washed with water (10 ml1), aqueous sodium bicarbonate (10 ml)
and water (10 m1), dried and evaporated in vacuo to give unchanged starting
material (1.1g).

3a—{2-Propeny1)-3B-hydroxy-chalest—4-ene (130)

A solution of allyl bromide (1.89g, 3 mol. equiv.) in ether (10 ml) was
added dropwise to a suspension of magnesium (1.25g, 10 mol. equiv.) in ether
(40 m1) at 4 rate maintaining a gentle reflux. Stirring was continued for a
further one hour, then a solution of cholestenone (2.0g) in ether (20 m1)
was added. The mixture was left stirring overnight and then filtered. The
filtrate was washed with aqueous ammonium chloride (15 ml), aqueous sod ium
bicarbonate (15 m1) and water (15 ml), dried and evaporated in vacuo. |
Recrystallisation from methanol gave 3a—({2-propenyl)-3B-hydroxy-cholest-4-—

ene (130) (1.52q, 68.%).
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64. General method for the attempted oxy-Cope rearrangement of 3a—(2-propenyl)-

3B-hydroxy—-cholest-4-ene

The allyl-alcohol (130) (0.5g) was added to a suspension of sodium
hydride (0.28g, 50% oil dispersion, 5 mol. équiv.) in dry T.H.F. (30 m1).
The mixture was heated under reflux (followed by t.1.c.), then diluted with
ether (50 m1) and washed with hydrochloric acid (0.5M, 20 m1), aqueous
sodium bicarbonate (20 m1) and water (20 ml1), dried and evaporated in vacuo
to give an oil (0.48g). The product was identified by its 'H n.m.r. and
infrarea spectra.

65. Cholest-4-en-3f-01 (139)

Sodium borohydride (0.6§, 1 mol. equiv.) was added to a solution of
cholestenone (6.0g) and cerium (III) chloride (3.8g, 1 mol. equiv.) in
methanol (150 m1) in small portions. The solution was stirred for thirty
minutes at room temperature and then diluted with water (300 mi) and extrac-
ted with ether (3 x 100 m1). The combined ether extracts were washed with
water (2 x 75 m1), dried and evaporated in vacuo. Recrystallisation from
methanol gave cholest-4-en-3B-01 (139) (4.4q, 73%), m.p. 131-132°C, (1it.®4
m.p. 131-132°C).

66. 3B-Vinyloxy-cholest-4-ene (137)"

To a refluxing solution of cholest—-4-en-3B-0l1 (5.6g) in ethyl vinyl
ether (60 m1) was added mercury (II) acetate (~2.0g) in portions over
twentyfour hours. The solution was diluted with ether (40 m1) and washed
with aqueous sodium carbonate (25 ml) and water (25 ml},. dried and evapor-
ated in _vacuo to give an oil. Flash chromatography [Si0,, petré]] and
recrystallisation from ethanol gave 3f-vinyloxy-cholest-4-ene (137) (3.8q,
64%), m.p. 56-57%, (1it.®2 m.p. 56-57°C).

67. A3,5B-Cholestenylacetaldehyde {138)

3B-Vinyloxy-cholest-4-ene (3.6g) was dissolved in decalin (30 m1) and
heated under reflux under argon for four hours., The decalin was removed in
vacuo and the product recrystallised from ethanol to give the aidehyde (138)

(2.2g, 61%), m.p. 64-67°C (1it. m.p.®2 66-69°C).
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5-(2,2-Dimethoxy-ethyl)-5g-cholest-3-ene (140)

The aldehyde (138) (1.7g) and trimethylorthoformate (1 .7g) were
dissolved in methanol (100 m1). A catalytic amount of p—toluenesulphonic
acid was added and the solution stirred for one and a gquarter hours at room
temperature. The reaction mixture was diluted with water (200 ml1) and
extracted with ether (3 x 75 m1). The combined ether extracts were washed
with water (75 ml1), dried and evaporated in vacuo to give a white solid
(1.8g). Recrystallisation from acetone gave the dimethylacetal (140) (1.3g,

68%), m.p. 118-119°C, [«]p + 85° (c=0.01135 g1-!'), & 5.30-5.85 (m, 2H,

C3-H & C4-H), 4.55 (q, 1H, RCH,CH (OMe), J 4Hz) 3.29 (d, 6H, OMe) 0.84 (s,

3H, C108_Me) 0.65 (s, 3H, C13B_Me). (Found: m/z 458.4149 (M* ). C,;,Hs.0,
requires M*. 458.4123). (Found: C, 81.0; H, 11.8. C4,H;,0, requires C,
81.2; H, 11.7%).

5-(2,2-Dimethoxy-ethyl)-58-cholest-3-én-2-gne - (141)

3,5-Dimethyl-pyrazole (15.4g, 21 mol. equiv.) was added to a solution
of chromium trioxide (15.3g, 20 mol. equiv.) in dry dichloromethane at
-20°C. The complex was allowed to form over fifteen minutes and then the
acetal (140) (3.5g) was added. Stirring was continued for a further 6 hours
keeping the temperature at -20°C. Sodium hydroxide (4N, 200 m1) was added
and the solution was allowed to warm to room temperature over fifty minutes.
The layers weré separated and the aqueous layer was re—extracted with
dichloromethane (100 ml). The combined dich1§romethane extracts were washed
with dilute hydrochloric acid (2M, 2 x 100 ml1) and water (100 ml),'driEd-and
évaporated in vacuo to give off a white oily solid. Flash chromatography
[Si0,, petrol:ether 6:1 (v/v)] gave the enone (1.8g, 50%), m.p. 110°C
(methanol), [a«]p + 53° (c=0.00824 g1°'), wpax 1680 (C=0) cm~1, §
6.73 and 6.05 (ABq, 2H, C3-H and C4-H, J 10Hz), 4.57 (t, 1H, RCH,CH {OMe),,
J 6Hz), 3.32 (d, éH, OMe), 2.49 (brd s, 2H, C1-H), 1.01 (s, 3H, C10B-Me},
0.65 (s, 3H, C138-Me). (Found: m/z 440.3657 (M-CH,OH) requires -

440.3654). (Found: C,78.9; H, 11.1. C,,Hs,0, requires C 78.8; H, 11.0%).
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Hydrolysis of 5-(2,2-dimethoxy-ethyl]j-56g-cholest-3-ene

The acetal (140) (0.098g) was dissolved in T.H.F. (30 m1) and perchlo-
ric acid (5 ml1, 30%) and stirred for five hours under argon. The solution
was diluted with ether (60 m1) and washed with aqueous sodium bicarbonate
(30 m1) and water (30 ml) dried and evaporated in vacuo to give the aldehyde
(138) (0.72g).

Attempted hydrolysis of 5-(2,2-dimethoxy-ethyl)cholest-3-en-2-one .

The enone acetal (141) (0.23g) was dissolved in T.H.F. (30 ml1) and
perchloric acid (5 ml, 30.%) and stirred for two hours under argon. The
solution was diluted with ether (60 ml), washed with aqueous sodium bicar-
bonate (30 ml1) and water (30 ml), dried and evaporated in vacuo to give an
0il (0.229). Preparative thin layer chromatography [5i0,, petrol:ether, 2:1
(v/v)] gave the lactol (142) (0.102g, 46%) m.p. 122-124°C (methanol) [«]p
+ 51°%  (¢=0.0038g1°1'}), vpax (KBr) 3400 (brd, OH) 1710 (brd, C=0)
em-!, 8§ 5.77 (q, 1H, RCHZCH(OH)(OR), J 6Hz), 4.52 (t, 1H, C4a-H, J 8Hz),
1.05 (s, 3H, Cl0B8-Me), 0.65 (s, 3H, C13B-Me). (Found: m/z 444.3598 (M* ).
C,aH450; requires M* 444.3603.).

The lactol (0.3g) was dissolved in dichloromethane (50 ml1) and pyridin-
ium chlorochromate (0.3g, 2 mol. equiv.) was added. The solution was
stirred at room temperature for two and a quaéter hours, then washed with
dilute hydrochloric acid (2M, 20 ml1), aqueous sodium bicarbonate (20 m1) and
water (20 m1), dried and evaporated in vacquto.give a brown oil (0.26g).
Preparative thin layer chromatography [Si0;, petrol:ether, 3:1 (v/v)] gave
the lactone (143) (0.05g, 17%), m.p. 165-166°C (methanol)}, [«]p + 92°
(¢=0.00789 g1-1), uma*'1780 (C=0,. Tactone), 1720 (C=0, ketone) cm~!, §-

5.00 (t, 1H, Cda=H, J 8Hz), 1.07 (s, 3H, ClDB-Me), 0.67 (s, 3H, C1l3B-Me).
(Found: m/z 442.3442 (M* ). C,oH4¢0; requires M* 442.3447). (Found: C,

79.1; H, 10.4. C,4H440; requires C, 78.7; H, 10.5%).
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45 ,5-Epoxy-5R-cholestan—3-one (144)

To a solution of cholestenone (5.0g) in methanol (250 ml) and ether (80
ml) at 0°C was added hydrogen peroxide (30%, 15 m1) and sodium hydroxide
(4N, 10 m1). The solution was allowed to warm to room temperature and stir
for five hours. It was then diluted with brine (300 ml) and extracted with
ether (3 x 100 m1). The combined ether extracts were washed with water (2 x
100 ml1)}, dried and evaporated in vacuo. Recrystallisation from methanol-
chloroform gave the epoxy-ketone (144) (3.1g, 60%), m.p. 115-117°C (1it.®8
115-117°C).

2a-Hydroxy-cholest-4-en-3-one (145)

4B,5-epoxy-5B-cholestan-3-one (3.1g) was dissolved in acetone (120 ml),
water (6 ml) and concentrated sulphuric acid (2 m1) and Heated under reflux
for five hours. The reaction mixture was poured over ice and the precipita-
ted product filtered off. The damp product was taken up into ether (100 ml)
and washed with water (50 m1). The ether was dried and evaporated in vacuo
to give an off white crystalline solid. Flash chromatography [S$i0,, petrol:
ether, 4:1 (v/v)] gave 2c~hydroxy-cholest-4-en-3-one (145) (2.1g, 68%).

2a—Acetoxy-cholest-4-en-3-one (146)

20-Hydroxy-cholest-4-en-3-one (2.1g) was acetylated overnight with

acetic anhydride (5 ml) in pyridine (20 m1). The usual work up and recryst-

allisation from methanol gave 2a—acetoxy-cholest-4-en-3-one (146) (1.7q,

81%), m.p. 139-141°C (1it.?8b m p. 140-141°C).

20~-Acetoxy-cholest—4-en-38-01 (147)

2a-Acetoxy-cholest-4-en-3-one (2.0g) and cerium (III} chloride hgpta-
hydra;e (1.7g, 1 mol. equiv.) were dissolved in methanol (80 m1). Sodium
borohydride (0.35g, 2 mol. equiv.) was added with rapid stirring at 0°C.
The solution was stirred for a further three minutes then diluted with water
(150 m1) and extracted with ether (3 x 50 ml). The combined_ether extracts
were washed with water (50 mt) and evaporated in vacuo to give a white solid
(2.0g). Recrystallisation from methanol gave 2a-acetoxy-cholest-4-en-38-0l

(147) (1.5g, 75%), m.p. 105-107°C (1it.87 m.p. 106-108°C).
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3B-Vinyloxy—-2a—acetoxy-cholest—4-ene (148)

To a refluxing solfution of 2«~acetoxy-cholest—4-en-3B-01 (1.0g) in
ethyl vinyl ether (40 m1) was added mercury (II) acetate (0.5g) in small
portions over eighteen hours. The reaction mixture was diluted with ether
(60 m1), washed with aqueous sodium carbonate (25 m1) and water (25 ml),
dried and evaporated in vacuo to give an oil. Flash column chromatography
[$i10;, petrol:ether, 10:1 (v/v)] gave 3B-vinyloxy-2a-acetoxy-cholest-4-ene
(148) (0.65g, 61%), m.p. 98-99°C (methanol) [«]p -67° (c=0.01185 g1-1),
vmax 1740 (C=0), 1630 (C=C) cm~!', & 6.41 (q, 1H, ROCH=CH, J 7Hz}, 5.25
(brd s, 1H, C4-H), 5.1 (m, 1H, C2B-H}, 3.95-4.45 (m, 3H, ROCH=CH, and
€3c-H), 1.18 (s, 3H, Cl0B-Me), 0.70 (s, 3H, Cl3R-Me). (Found: m/z 410.3631
(M-CH,COCH) requires 410.3548). (Found: C, 79.3,; H, 10.6. C;1Hsg 04
requires C, 79.1; H, 10.7%).

2a—Acetoxy—-A2-5B-cholestenylacetaldehyde (149)

3B-Vinyloxy-2a—acetoxy—cholest—-4-ene (2.2g9} was dissolved in dealin (30
m1) and heated under reflux for six hours under argon. The decalin was
removed in vacuo and the crude product crystallised from methanol to give
the aldehyde (149) (1.1g, 50%), vpax 1720 {C=0) cm-1, &§ 9.92 (t, 1H,
RCHO, J 3Hz), 5.96 (s, 2H, C3-H and C4-H), 5.45 (brd d, 1H, C28-H), 2.08
(s, 3H, OAc), 0.93 (s, 9H, CiOB-Me, 26 & 27 Me), 0.69 (s, 3H, C138-Me).
(Found: m/z 410.3561 (M - CH,COOH) requires 410.3545.).

2,4-dinitrophenythydrazone, m.p. 177-179°C (methanol}, vpayx 2280
(NH), 1730 (C=0) cm™! [«]p -221° (c=0.00407 g1-'). (Found: C, 68.3; H,
8.4; N, 8.3. C;,HgqN404 requires C, 68.3; H, 8.4; N, 8.6%).
5—(2-Pr0peny1)-SB-cholest-B—eﬁ-Za-ol (150)

n-Butyl lithium (6.4 ml, 30% w/v in hexane) was added to a stirred
suspension of methyl triphenyl phosphonium iodide (6.1g, 3 mol. equiv.) in
T.H.F. (100 m1) at room temperature under argon. The red solution was

stirred for thirty minutes to allow complete formation of the ylid and then
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a solution of the aldehyde (149) (2.36g) in T.H.F. (20 ml1) was added. The
reaction mixture was stirred for eighteen hours at room temperature then
diluted with petrol (100 m1) and filtered. The filtrate was washed with
dil. hydrochloric acid (40 ml), aqueous sodium bicarbonate (40 ml1) and water
(40 m1), dried and evaporated in vacuo to give an oil. The crude product
was hydrolysed in a refluxing solution of methanolic potassium hydroxide (5%
50 m1) for eighteen hours. The solution was diluted with brine (150 m1) and
extracted with ether (3 x 50 m1). The combined ether extracts were washed
with dilute hydrochloric acid (2M, 50 ml1) aqueous sodium bicarbonate (50 ml)
and water (50 m1), dried and evaporated in vacuo. Flash column chromato-
graphy [Si0,, petrol:ether, 6:1, (v/v)] gave 5-(2-propenyl)-5B-cholest-3-en~
2a-01 (150) (0.88g, 41%), m.p. 127-128°C (methanol), [«]p +143°
{c=0.00554 g1-'), vpax, 3300 (brd, OH), 3080, 1640 (RCH=CH,), & 5.4-
6.1 (m, 3H, RCH=CH,,- C3-H and C4-H), 5.06 (m, 2H, RCH=CH,), 4.20 (brd s, 1H,
C2R-H, Wi 10Hz),0.83 (s, 3H, Cl0B-Me), 0.60 (s, 3H, Cl3f-Me), (Found: m/z
426.3869 (M* ). C,.Hse0 requires M* 426.3861). (Found: C; 84.4; H,
11.8. C;oH5,0 requires C, 84.8; H, 11.7%).

5-(2-Propenyl)-5R-cholest-3-en-2-one (151)

The alcohol (150) (0.88g) was added to a suspension of manganese
dioxide (4.0g) in dichlioromethane and stirred at room temperature for twelve
hours. The suspeﬁsion was filtered and the filtrate was evaporated in_vacue
to give 5-(2-propenyl)-5B-chclest-3-en—-2-one (151) (0.87g, 99%), m.p. 58-
60°C (methanol), {«]p +77° (c=0.00323 417!}, v pax 3080 (RCH=CH,),

1680 (C=0), 1640 (CfC) cm~t, § 6.65 and 6.14 (ABgq, 2H, C3-H and C4-H, J
9Hz)}, 5.6-6.2 (m, 1H, RCﬂ=CH2)., 5.2 (m, 2H, RCH=CH,), 1.04 (s, 3H, ClOB-Me),
0.67 (s, 3H, C13B8-Me). (Found: m/z 424.3705 (M* ). CyqH40 requires M*
424.3705). (Found: C, 85.2; H, 11.6. C3oH4e0 requires C, 84.8; H, 11.4%).
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80. 2—(Trimethy1si1y1oxy)—5-(2~propeny])-SB*cholest-Z-ene (153)

81.

A solution of the enone (151) (0.5g) in T.H.F. (15 m1) and t-butanol
(0.07 g , 0.8 mol. equiv.) was added dropwise with stirring to a solution of
1ithium (0.033g, 4 mol. eqﬁiv.) in liquid ammonia (25 ml1). Stirring was
continued for a further fif;een minutes, then the excess lithium was des-
troyed by the addition of isoprene (2 ml1) and the ammonia removed under a
stream of dry nitrogen. The solid residue was redissolved in anhydrous
T.H.F. and a solution of trimethylsilyl chloride (0.25g, 2 mol. equiv.) in
triefhy1amine (20 m1) was added. The solution was stirred for two hours,
then d11ufed with petrol (100 ml1) and washed with aqueous sodium bicarbonate
(25 m1), dilute hydrochloric acid (0.5M, 25 m1), agqueous sodium bicarbonate
(2 x 25 m1) and water (25 ml)}, dried and evaporated in vacuo. Recrysfa111-
sation from acetone gave the silylenolether (152) (0.33g, 56%) m.p. 104-
105°C, [«]p +23° (c¢=0.0147% g1°!), wpax 3080 (RCH,=CH,}, 1680
(C=COSiMe,) 1640 (RCH=CH,) cm_1, & 5.5-6.1 (m, 1H, RCH=CH,) 4.8-5.1 {m, 2H,
RCH=CH,), 4.65 (brd s, 1H, C3-H), 0.91 (s, 3H, Cl0B-Me), 0.66 (s, 3H, Cl3B-
Me) and 0.19 (s, 9H, OSiMe,). (Found: m/z 498.4250 (M* ). C,3Hsq0Si
requires M* 498.4257). (Found: C, 79.6; H, 12.1. C;;Hs,0S8i requires C,
79.4; H, 11.7%).

4a,5—(1-Methylene-ethano)-5a—cholestan—3-one (154)

A'§o1ution of cholestenone (6.0g) and allene (14g, 20 mol. equiv.) in
n-hexane (H.P.L.C. grade, 300 ml1) was irradiated (Hanoﬁia, 100W medium
pressure mercury arc lamp) for approximately three hours at -60°C. . The
solvent was evaporated in vacuo and the crude product recrystallised from
dichloromethane/methanol to give the adduct (4.3g, 65%), m.p. 158-159°C,
[«]p +62° (c=0.01315 g1-1), vpax 1695 (C=0), 1675 (C=C) cm~?, &

5.07 (m, 2H, R,C=CH,, W} 8Hz}, 0.84 (s, C108-Me) and 0.68 (s, 3H, Cl3B-Me).
(Found: m/z 424.3699 (M* ). C3,H4e0 requires M™ 424 3705). (Found: C,

85.1; H, 11.4. C44H440 requires C, 84.8; H, 11.4%).
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82. 4a—{(1-Bromomethyl ethano)-5a-cholestan-3-one (155 ) (156)

83.

Anhydrous hydrogen bromide was bubbled through an irradiated (Hanovia
100W medium pressure mercury arc lamp) solution of the allene photoadduct
(154) (3.0g) in hexane (300 mt) for two hours. The sofution was washed with
aqueous sodium bicarbonate (100 ml1), sodium thiosulphate (100 ml) and water
(100 m1) dried and evaporated in vacuo. Recrystallisation from dichloro-
methane methanol, gave an isomeric mixture bromides (155) and (156) (3.4gq,
95%). The product was usually used as a mixture but could be separated.
Flash chromatography [Si0,, petrol:ether, 4:1, (v/v)] gave as the least
polar isomer (155) m.p. 128-130°C (dichloromethane, methanol} [«]p +98°
(c=0.00416 g1°')}, vpax 1690 (C=0) cm~!, & 3.45 and 3.01 (m, 2H,

- RCH,Br), 0.81 (s, 3H, C108-Me) and 0.66 (s, 3H, C13B-Me). (Found: m/z

506.2929/504.2944 (M** ) C,,H490Br requires M*r506.2947/504.2967) (Found: C,
71.2; H, 9.9. Cj;oH440Br requires C, 71.1; H 9.9%). and as the most polar
isomer (156) m.p. 156-158°C (dichloromethane, methanol) [«]p +24°

(c=0.0058 g1-'), wpgx 1695 (C=0) cm~!, & 3.55 and 3.40 (m, 2H,

RCH,Br), 0.77 (s, 3H, C108-Me) and 0.65 (s, 3H, C13B8-Me) (Found: m/z
506.2941/504.2961 (M* ). C;oH490Br requires M** 506.2947/504.2967) (Found:
C, 71.5; H, 9.9. CsuHasogr requires C, 71.1; H, 9.9%).

5~(2-propenyl)-5a-cholestan-3-one (157)

A solution of the bromides (155) (156) (6.8g) in T.H.F. (60 ml) was
added dropwise to a solution of lithium (0.56g, 6 mol. equiv.) in tiquid
ammonia (150 m1) and T.H.F. (60 ml1) over ten minutes with stirring.

Stirring was continued for'é further fifteen minutes then the excess lithium
was destroyed by the addition of ammonium chloride. The ammonia was removed
under stream of nitrogen and the reaction mixture diluted with ether (150
mi). The ether solution was washed with aqueous sodium bicarbonate (50 ml)
and water (50 ml1), dried and evaporated in vacuo. Flash column chromato-

graphy [Si0,, petrol:ether, 6:1 (v/v)] gave 5-(2-propenyl)-5a-cholestan-3-
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one (157) (4.3g, 75%), m.p. 124-125°C (acetone), [a]p +50° (.=0.00539
g1"1) vpay 3080 (RCH=CH,), 1710 (C=0), 1540 (RCH=CH,) em"!, & 5.4-6.1
(m, 1H, RCH=CH,), 5.1 (m, 2H, RCH=CH,), 1.21 (s, 3H, Cl0B-Me) 0.69 (s, 3H,
C138-Me) (Found: m/z 426.3852 (M**). C,oHso0 requires M** 426.3861)
{Found: C, 84.1; H, 11.8. C44Hsq0 requires C, 84.4; H, 11.8%). and
3a,5-(1-methylethano)-5«-choiestan-3B8-01 (158) (1.15g, 20%) m.p. 184°C
(ethylacetate), [«]p +21° (c=0.00771 g1°1), v pax 3500 {em~1):, &
0.92 td, 3H, bridge methyl, J 7Hz) 0.91 (s, 3H, C108-Me) and 0.64 (s, 3H,
C133-Me) (Found: m/z 428.4026 (M**). C,,Hs,0 M** 428.4018 (Found: C, 83.7;
H, 12.2. Cy9Hs,0 requires C, 84.1; H, 12.2%).

Reductive cyclisation of 5-(2-propenyl)-5a~cholestan—3-one

A solution of the allyl ketone (157) (0.3g) in T.H.F. (10 m1) was added
dropwise with stirring to a solution of lithium (0.01%9j, 4 mol. equiv.) in
liquid ammonia (30 ml1). Stirring continued for thirty minutes then the
excess lithium was destroyed by the addition of ammonium chloride. The
ammonia was removed under a-stream of nitrogen and the resulting reaction
mixture diluted with ether (50 ml). The ether solution was washed with
aqueous sodium bicarbonate (15 mt) and water (15 ml), dried and evaporated
in vacuo. Flash column chromatography [5i0;, petfo1:ether, 6:1, (v/v)] gave
the allyl ketone (157) (0.115g, 38%) and 3«,5-(1-methylethano)5«— cholestan—
38-01 (158) (0.139g, 46%). |

Therma]l cyclisation of 5-(2-propenyl)-Sx-cholestan-3—one

5-{2-propenyl-)-5a~-cholestan—-3-one (0.25g) in decalin (2 ml) was heated

" in'a sealed tube at 330°C for fours hours. The decalin was evaporated in

vacuo. Flash column chromatography [$i0,, petrol:ether, 6:1 (v/v}] gave
20, 5-(1-methylethano)-5a~cholestan-3-one (160) (0.198g, 79%), m.p. 92-94°C
(methano]).[u]n +52° (€ =0.00765 g17'), vpax 1725 (C=0) ecm"1, & 0.93

(d, 3H, bridge methyl, J 7Hz), 0.86 (s, 3H, C10B-Me) and 0.67 (s, 3H,
Cl3ﬁ—Me) (Found: m/z 426.3871 (M**) C,4Hgq0 requires M* 426.3861).

(Found: C, 84.6; H, 12.2. C,4Hse0 requires C, 84.4; H,.12.2%).
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86. 3-(Trimethylsilyloxy)-5-(2-propenyl)-~5c-cholest~2—ene (162)

87.

5-(2-propeny1)-5a-cholestan-3-oné (2.5g) was dissolved in dimethylfor-
mamide (60 ml), triethylamine (5 ml1) and trimethylsilyl chloride (5 ml1), and
heated at reflux under nitrogen for twentyfour Hours. The cooled solution
was diluted with petrol (100 ml) and washed with aqueous sodium bicarbonate
(50 m1). The aqueous layer was re-extracted with petrol (50 ml) and the
combined petrol extracts were washed with aqueous sodium bicarbonate (50
ml), dilute hydrochloric acid (1M, 50 ml), aqueous sodium bicarbonate (2 x
50 ml1) and water (50 ml1), dried and evaporated in vacuo. Recrystallisation
from acetone gave the silylenolether (162) (2.0g, 68%), m.p. 103-118°C
(acetone), [a]pg +38° (c=0.0577 g1°'}, vpax 3080 (RCH=CH,), 1665
(C=C-0SiMe;) 1640 (RCH=CH,) cm-!, § 5.5-6.1 (m, 1H, RCH=CH,) 4.7-5.2 (m, 3H,
RCH=CH, and C2-H), 0.81 (s, 9H, C10B-Me, 26 & 27 Me), 0.67 (s, 3H, C1l3B-Me)
and 0.18 (s, 9H, QSiMey) -(Found: m/z 498.4248 (M* ). C,3;H540Si requires
M*e 498.4258).

25-(Trimethy1si]yoxyliﬁ-(Z-propeny])-5a—cho1estan-3-one (163) (164)

A solution of the silylenolether (162) (2.0g} in hexane (20 ml) was
added dropwise to a suspension of m-chlcroperbenzoic acid (1.04g, 1.2 mol.
equiv.) in hexane (50 m1) at 0°C. The solution was allowed té warm to room
temperature and then stirred for a furthef five hours. The m-chloroperben-
zoi; acid was removed by filtration and the filirate was evapﬁrated in
vacuo. Flash column chromatography [Si0;, petrol:ether, 10:1 (v/v )] gave
25-(trimethy1si1yloxy)~5*(2-propeny1)-Sa*cho1estan—3—one (1.3g, 62%), an
0il, [«]p +43° (€=0.01158 g1°'), vpay 1728 cm™!, Further careful
chromatography allowed the separation of the isomers, giving 2B-(trimethyl-
silyloxy)-5-(2-propenyl)-5e~cholestan-3-one (163), an oil,vpax 1728
(C=0) em~!, & 5.5-6.0 (m, 1H, RCH=CH,), 5.85-5.1 (m, 2H, RCH=CH,) 4.10 (brd
q, 1H, C2B-H, J 3 and 7Hz), 1.17 (s, 3H, CiOB-Me) and 2o-{trimethylsilyl-
oxy)=5-(2-propenyl)-5e-cholestan-3-one (164), m.p. 1j1-133°C (méthano]),
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[«]p +36° (c=0.00223 g1-!) wpay 1728 (C=0) cm~!, & 5.5-6.0 (m, IH,
RCH=CH,), 4.85-5.1 (m, 2H, RCH=CH,), 4.15 (q, 1H, C28-H, J 7 and 11Hz), 0.90
(s, 3H, Cl0B-Me), 0.69 (s, 3H, C13B-Me) and 0.13 (s, 9H, OSiMe;). (Found:
m/z 514.4197 (M*). C,3Hss0,51 requires M'* 514.4206) (Found: C, 77.0; H,
11.3. C;3Hsg0,Si C, 77.0; H, 11.6%).

Attempted hydrolysis of 25-(trimethylsilyloxy)-5-(2-nropenyl)-5a-cholestan-3-
one

Tetrabutyl ammonium fluoride on silica (0.8g, 2 mol. equiv.F-") was
added to a solution of the silyloxy ketones (0.37g) in chloroform (20 ml).
The suspension was stirred for two hours and then filtered. The filtrate
was washed with hydrochloric acid (2M, 5-m1), aqueous sodium bicarbonate (5
m1) and water (5 ml), dried and evaporated in vacuo (0.28g, 88%). Prepara-
tive thin layer chromatography [Si0,, petrol: ether, 3:1 (v/v)] gave the
diosphenol (166 ) ~ (0.056g, 17%), an oil, vpay 1710 (C=0,
ketone), 1665 (C=0, enene) e¢m~* § 6.1 (s,C1-H), 5.7 (s, C4H), 5.1 (m, RCH,=
CH;). (Found m/z 440.3648 (M* ). Cs4H4e0; requires M* 440.3654).

Hydrolysis and thermal cyclisation of 2Z-(trimethylsilyloxy)-5-(2-propenyl)-

S5a-cholestan-3-one

a) In a sealed tube:-

A solution of the a-silyloxy-ketone (163, 164)(1.1g) in deoxygenated
decalin (20 ml1) was sealed in a tﬁbe coﬁtaining tetrabutylammonium fluoride
on silica (2 mo]..equiv. F™) and heated at 200°C for four hours. The
suspension was filtered and the filtrate washed with water (2 ml), dried and
evaporated in vacuo. Preparative thin layer chromatography [Si0,, petrol:
ether, 3:1 (v/v)] gave 3a}5—(l—methylethano)-BB—hydroxy—Sa-cholestan-2-one
(167) (0.59g, 7%) m.p. 139-141°C (methanol), [a«]p +48° (c=0.00682 g1-!),

v max 3495 (OH), 1705 (C=0) cm~!, & 3.6 (s, OH), 2.64 (quartet d,
C2 -H, J 14, 9 and 3Hz), 2.25 (ABg, C2-H, J (gem) 15Hz), 1.05 (d,
Cl -Me, J 7Hz), 0.91 (s, C10R-Me} and 0.65 (s, C13R-Me). (Found: m/z
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442.3824 (M* ). C;3,H540, requires M*- 442.3811) and 24,5 (l-methylethano)-

28-hydroxy-5a-cholestan-3-one (168) (0.230g, 27%}, m.p. 110-112°C
(methanol), “mag 3500 (OH), 1725 (C=0) cm~t, & 3.50 (s, OH)) 2.91 (m,
C2--H), 2.45 (dd, C4B-H, J (gem) 19Hz-and 3Hz), 1.92 (d, C4a-H,
J(gem) 19Hz), 0.90 (s, C108-Me), 0.85 (d, C1 -Me, J 7Hz) and 0.66
(s, C13B-Me). (Found: m/z 442.3819 (M** ). C;,Hsy 0, requires M*
442.3811). (Found: C, 81.6; H, 11.4. C,4H;,0, requires C, 81.4; H 11.4%).
b) In refluxing toluene:-

Tetrabutyiammonium fluoride on silica (2 mol. equiv. F~, was added to
a solution of the a-silyloxy-ketone (163, 164)(0.20g) in deoxygenated toluene
(25 m1). The solution was heated under reflux for eighteen hours under
argon, then filterd, washed with water (10 ml), dried and evaporated in
vacuo. Preparative thin layer chromatography [Si0,, petrol:ether, 3:1
(v/v)] gave 3c,5-(1-methylethang —38-hydroxy-5a-cholestan-2-one (167 )
(0.006g, 3%) and 2«,5-. (l-methy!ethano)-ZB-hydroxy—Sq—choIestan-3—one (1638)
.(0.057g, 33%).



APPENDIX I

3¢ n.m.r. DATA

10
5 3 8
4 7 9
Compound Carbon No.
1 2 3 4 5 6 7 8 9 10 Me SiMej
Ketone
(102) 211.5 53.7 [38.5 |35.7 }22.1 |40.9 |40.9 [27.9 |138.8 |114.5 |24.9 -
Silylenolether {149.5 {114.,2 (42,6 }34.5 (19.5 |29.8 |34.5 |28.7 {139.6 [113.7 |27.9 |0.2
(103)
Acyloin .
isomer (1) 211.8 80.9 [44.2 |34.0 |22.1 |40.1 38,7 [27.4 1139.1 |114.4 117.0 -
(105) '
Acyloin
isomer (2) 211.3 83.7 [43.8 §33.5 (21.8 (38.8 j29.1 [28.1 [138.9 [114.5 |24.6 -
- {106)

gsL



Compound Carbon No.
1 2 3 3a 4 5 6 7 7a 7JaMe | 3Me 5Me
Hydrindanolone
1 36.7 {30.6 {42.6 |89.3 |215.0 38.9 23.9 13.7 (54,2 19.3(113.0] -
{(109)
Hydrindanolone
2 #¥.8 {21.3 [39.2 |88.2 |214.3 39.7 33.2 [3%.0 [54.9 | 18.2 | - 14.5
(110) -
|
Enone ! [
a21) 34.5 i22.4 28.9 57,2 |201.7 [133.2 |142.6 [39.4 | 449 26.2| - 15.9

6¢1



Compound

R R \
HO
o
Carbon — H
No.
| R=Hz R=0 R=0H R=H (82 ) (85)
| (158) (167) (168) (160)
! :
1 37.3 47.6 47.6 42.8 55.7 47.3
2 42.3 213.7 79.6 51.0 142.0 Unassigned
3 79.0 84.4 216 .0 217.8 134.6 148.9
4 43.9 43.6 50.3 49.0 203.1 -
5 0.2 43.6 38.4 35.1 55.8 141.9
6 28.8 28.0 28.2 26.6 - 201.3
7 33.3 33.7 3.7 3.3 3.6 . 52.4
8 35.6 35.1 35.6 35.7 35.4 37.1
g 48.1 47.7 49.0 48.9 55.7 Unassigned
10 44.9 44.2 38.6 39.2 44 .2 51.7
11 21.6 22.7 22.1 22.0 21.4 22.2
12 40.2 39.9 40.1 40.2 39.6 39.1
13 42 .6 42.6 42.9 42.9 41.5 42.9
14 56.3 56.2 56.2 56.3 56.3 56.7

...Contd.

oL



15
16
17
18
19
20
21
22
23
24
25
26
27
1-Methyl (bridge)
1-Ethano
2-Ethano
3-Methyl

24,
28.
56.
12.
18.
3.
18.
36.
23.
39.
27.
22,
22,
14,
37.
3.

24,
28.
56:.
12,
18.
35,
18.
3.

23.
39,
27.
22.

22.
15.
37,
39.

hh N~y 00 g O G 0 — ~ & O N M-

ro
Y
o

28.
56.
12.
18.
3.
18.
36.
23.
39.
27,
22,
22.
23,
31.

L2
o

oo oo e = wm o o ow

24,
28.
56.
12,
25,
35,
18.
36,
23,
39,
28.
22,
22,

16.4

o Oy O O W w0 NN W RO

24.2
28.1
56.7
12.0
16.0
35.7
18.8
36.2

23.9
39.6
28.1

22.6
22.8

19.4

i



= oW

o

12.
13.
14.
15.
16,
17.
18.

19.

20.

o

21.

22.
23.

24.
25.

o v o o~y O

142

REFERENCES

K. Alder, F. Pascher, A. Schmitz, Chem. Ber., 76, 27 (1943).

S. Inagaki, H. Fujimoto, K. Fukui, J. Am. Chem. Soc., 98, 4693 (1976).

M.J.S. Dewar, J. Am. Chem. Soc., 106, 209 (1984}.

N.F. Cywinski, J. Org. Chem., 30, 361 (1965).

J. Tanaka, T. Katagiri, K. Ozawa, Bull. Chem. Soc. Jap., 44, 130 (1971).

H.M.R. Hoffman, Angew. Chem. Internat. Ed., 8, 556 (1969).

Reference 6.

K. Alder and H. Von Brachel, Liebigs Ann. Chem., 651, 141 (1962}.

W. Oppoizer and V. Snieckus, Angew. Chem. Internat. Ed., 17, 476 (1978).

B.B. Snider and J.V. Duncia, J. Org. Chem., 45, 3461 (1980).

J.B. Lambert, D.M. Fabricius, J.J. Napoli, J. Am, Chem. Soc., 101,
1793 (1979). .

C.F. Mayer and J.K. Crandall, J. Org. Chem., 35, 2688 (1970).

T.A..Kiliinger and B.B. Snider, J. Org. Chem., gg,‘2161 (1978)

W. Oppolzer and H. Andres, Tetrahedron Lett., 3397 (1978).

G.B. Gill and K.S. Kirollos, Tetrahedron Lett., 23, 1399 (1982).

E. Vedejs and G.P. Meier, Tetrahedron Lett., 4185 (1979).

B.B. Snider, Acc. Chem. Res., 13, 426 (1980).

M.A. Schwartz, J.D. Crowell, H.M, Musser, J. Am, Chem. Soc., 94, 436]
(1972).

B.B. Snider, D.J. Rodini,J. Van Straten, J. Am Chem. Soc., 102, 5872
(1980).

[ H. Felkln, E. Hagman, J.D. Umpleby and E. Wenkert, Tetrahedron Lett.
1 2285 (1972).

W. Oppolzer and H.F. Strauss and D.P. Simmons, Tetrahedron Lett., 23,
4673 (1982).

J.M. Conia and P. le Perchec, Synthesis, 1 (1975).

J.M. Conia, F. Leyendecker, C. Dubois- Faget Tetrahedron Lett., 129
(1966). .

J.M. Conia and P. le Perchec, Sznthesi . 1 (1975).

G Mandville, F. Leyendecker, J.M. Conia, Buil. Soc. Chim. Fr.,
. 963 (1973)




26.
27.
28.

29.

30.
31.
32.

33,
34.

35.
36.
37.

38,

39.
40.
41.

42.

43.
44.
45,

46.
47.
48.
49,

21, 5057 (1980).

L3

L. Paquette and H. Schostarez, J. Am. Chem. Soc., 103, 722 (1981).

W.P. Jackson and S.V. Ley, J. Chem, Soc., Perkin Trans I, 516 (1981).

J. Drouin, M.A. Boaventura and J.M. Conia, J. Am. Chem. Soc., 107,
1726 (1985).

D.S. Brown, R.W.G. Foster, B.A. Marples, K.G.Mason, Tetrahedron Lett.,

R.B. Clayton, H.B. Henbest, M. Smith, J. Chem. Soc., 1982 (1957).

R. Silva, M.Sc.Thesis, Loughborough University, 1982.

E.S. Wallis, E. Fernholz and F.T. Gephart J. Am. Chem. Soc., 59, 137
(1937).

R. Bourdon and G. Ranisteano, Bull. Soc. Chim. Fr., 1977 (1960).

J.F. Eastman and R. Teranishi, Organic Synthesis, John Wiley and Sons,
Inc., New York, IV, 132 (1968).

E. Schwenck, G. Fleischer, B. Whitman, J. Am. Chem. Soc., 60, 1702 (1938).

R. Gardi and A. Lusigani, J. Org. Chem., 32, 2647 (1967).

J. Romo, G. Rosenkranz, C. Djerassi, F. Sondheimer, J. Org. Chem., 19,
1509 (1954).-

Fieser and F1eser, Reagents for Organic Synthesis, John Wiley and Sons,
New York s 136, .

Fieser and Fieser, Steroids, Rienhold Publishing Co., New York, 205 (1959).
H.B. Henbest and W.R. Jackson, J. Chem. Soc. (c), 2459 (1967).

H.J. Ringold, E. Batres, 0. Mancera and G. Rosenkranz, J. Org. Chem., 21,
1432 (1956). :

J. Screiber, D. Felix, A. Eschenmoser, M. Winter, F. Gautschi, K.H. Schult-
Elte, E. Sundt, G. Ohloff, J. Kalvoda, H. Kaufmann, P. Wieland and G. Anner,

Helv. Chim. Acta. » 50, 2101 (1967).

R.E. Lack and A.B. Ridley, J. Chem. Soc.,” (c), 3017 (1968).

R.L. Clarke, J. Am. Chem. Soc., 82, 4629 (1960).

S.M. Kupchan, S. McLean, G.W. Miine, P..Slade, J. Org. Chem., 27, 147
(1962). '

D.T. Witiak and R.A. Parker, J. Medecin. Chem., 14, 684 (1971).

D. Tsui and G. Just, Canad. J. Chem., 51, 3502 {1973).

R.G. Schultz, J. Org. Chem., 24, 1955 (1959).

P.J. Daughenbaugh and J.B. Allison, J. Am. Chem. Soc., 51, 3665 (1929).




50.
51.

52.
23.
54.

55,
96 .
57.
58.
39,

60.

6la.

61b.

62.

63.
64 .

©65.
66 .
67,
68.
69.

70.
n.
2.

73a,

73b.

74.

4

C. Van der Stouwe and H.J. Sheafer, Chem, Ber., 114, 946 (1981).

C.W. Shoppee, R.J. Bridgewater, D.N. Jones and G.H.R. Summers, J. Chem.
Soc., 2492 (1956).

R.W.G. Foster, PhD Thesis, Loughborough University, 1981.
L.F. Fieser and S. Rajogopalan, J. Am. Chem, Soc., 71, 3938 (1949).

R.G. Cookson, R.P. Gandhi and S.M. Southam, J. Chem. Soc., (c), 2494
{1968) .

P.S. Wharton and G.A. Hiegel, J. Org. Chem., 30, 3254 (1965).

D.N. Jones, J.R. Lewis, C.W. Shoppee and G.H.R. Summers, J. Chem. Soc.,
2876 (1955)

P. Kocovsky and V Cerny, Collect. Czech. Chem. Commun., 44, 247 (1979).

Y Mazur and M Nassium, Tetrahedron Lett., 817 (1961}.

A.I. Scott, Interpretation of the Ultraviolet Spectra of Natural Products,
Permagon Press, Oxford, 1968.

G. Dana, F. Weisbuch and J.M. Drancourt, Tetrahedron, 41, 1233 (1985).

M. Mellar, A. Santos, £.G. Scovell and J.K, Sutherland, J. Chem. Soc .
Chem. Commun., 528 (1978).

E.G. Scovell and J.K. Sutherland, J. Chem. Scc., Chenm. Commun. ,529 (1978).

S.K. Prahdan, S.R. Kadam, J.N. Kolhe, T7.V. Radhakrishnan, S.¥. Sohani and
V.B. Thaker, J. Org. Chem., 46, 2622 (1981).
S.K. Prahdan, S.R. Kadam and J.N. Kolhe, J. Org. Chem. 46, 2633 (1981).

S.K. Pradhan, J.N. Kolhe and J.S. Mistry, Tetrahedron Lett., 23, 4481
(1982). | |

J. Drouin, F. Leyendecker and J.M. Conia, Nouv. J. Chim., 2, 267 (1978).

R.K. Boeckman Jr ahd M. Ramaiah, J. Org. Chem., 42, 1581 {1977).
J.M. Coxon and J.M. Gibson, Aust. J. Chem, 34, 1451 (1981).

P.Y. Johnson and M.A. Priest, J. Am Chem. Soc., 96, 5618 (1974).

0. Hofer, Top1cs in Stereochem1stry, John Wiley and Sons, New York, 9,
111,

S.A. Bal, A. Marfat and P. Helquist, J. Org. Chem., 47, 5045 (1982).

B.W. Sands and A.T. Rowland, Steroids, 4, 175 (1964).
T Akiyama, D. Pedder, and J.V. Silverton, J. Org. Chem., 40, 3675 (1975).

J.M. Walliser and P. Yates, J. Chem. Soc. Chem. Commun., 1025 (1979).

P. Yates and F. Winnik, Canad. J. Chem., 59, 1641 (1981).

J. Pusset and R. Beugelmans, Tetrahedron, 32, 797 (1976).



75.
76.
7.

78.
79.
80.

81,

82.

83.

85.

86b.

87
- 88.

. 89.
90,

91.
92,
93,
94,

145

H.0. House and W.F. Fischer Jr., J. Org. Chem., 3, 3615 (1969).

A. Hosomi and H. Sakurai, J. Am. Chem. Soc., 99, 1673 (1977).

R.L. Funk, G.L. Bolton, J. Umstead-Daggett, M.M. Hansen, L.H.M. Horcher,

Tetrahedron, 41, 3479 (1985).

S.J. Rhoads and N.R. Raulins, Organic Reactions, 22, 1 (1975).

M. Koreeda, Y. Tanaka and A. Schwartz, J. Org. Chem., 45, 1172 (1980).

D.A. Evans, D.J. Baillargen and J.V. Nelson, J. Am. Chem. Soc., 100,
2242 (1978). :

A. Viola, E.J. loro, K.K. Chen, G.M. Glover, U. Nayak and P.J. Kocienski,
J. Am. Chem. Soc., 89, 3462 (1967).

A.W. Burgstahler and I.C. Nordin, J. Am..Chem. Soc., 83, 198 (1961).

A.L. Gemal and J.L. Luche, J. Am. Chem. Soc., 103, 5454 (1981).

R. Schoenheimer and E.A. Evans, J. Biol, Chem., 114, 567 (1936).

W.G. Salmond, M.A. Barta and J.L. Havens, J. Org. Chem., 43, 2057 (1978).

. B.R. Davies, G.W. Rewcastle and P.D. Woodgate, J. Chem. Soc., Perkin Trans
1, 735 (1978).

. Tomoeda, M. Ishizaki, H. Kobayshi, S. Kanatomo, T. Koga, M. Inuzuka and
. Furuata, Tetrahedron, 21, 733 (1965).

M
F
M.Lj. Mihailovic, J. Forsek, Lj. Lorenc, Z. Maksimovic, H. Fuhrer and
J. Kalvoda, Helv. Acta. Chim., 52, 459 (1969).

J. Attenburrow, A.F.B. Cameron, J. H. Chapmaﬁ, R.M. Evans, B.A. Hems,
A.B.A. Jansen and T Walker, J. Chem. Soc., 1095 (1952).

G. Stork and J. Singh, J. Am. Chem. Soc., 96, 6181 (1974).

.M. Rubottom, M.A. Vazquez and D.R. Fe1egrena, Tetrahedron Lett., 4319
1974) .

—

D.K.M. Duc, M. Fetizon, I. Hanna and S. Lazare, Synthesis, 139 (1981).
E.C. Ashby and T.N. Pharm, Tetrahedron Lett., 25, 4333 (1984).

H.0. House, L.J. Czuba, M. Gall, H.D. Olmstead, J. Org. Chem. 2324 (1969).

W.C. Still, M Kahn, A. Mitra, J. Org. Chem., 43, 2923 (1978).







