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ABSTRACT

Bnol acetylation of b=ketocholestanyl acetate by
acetic anhydride-sulphuric acid or ascetic anhydride-perchloric
- A
acid gave the &-enol acetate, which on bromination yielded

the known bSet-bromo-ketone,

Isopropenyl acetate enol acetylation afforded a 1:1
mixture of A5~ and.AF-isomers, the ratio being determined by
bromination of the enol acetate mixture fbllowed by 0.R.D,
and specific rotation measurements on the mixed 5e(~ and -

bromo~ketone,

The Te{=bromo-~ketone with pyridine-silver nitrate
gave the known Bﬁ-acetoxy—cholesta—6,7-dione together with
the 6—kéto=£¥—ketone. Dehydrobromination of the Te{=bromo
compound by N,N-dimethyl formamide-lithium carbonate gave the

6-keto~f¥=compound in good yield.
Prom O.R.D. measurements the structure of the enol

form of jﬁwacetoxy—eholestaw6,7-dione hag been assigned.

A preliminary study has been made of the enol acetyl-
ation of both 3B-acetoxy-Te-bromo-cholestan-6-one and 3R~

acetoxy~-cholest-li-en-b6-one,
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The monobromination of 6-ketocholestanyl acetate has

been studied

1

, and it has been found that initial bromination

occurs at the 5 position, but that this bromo-ketone is slowly

converted into the 7~ bromo-ketone in the presence of acetic

acid and hydrogen bromide.

It was decided to examine further the reactions of

the 6-keto group, and in particular to endeavour to prepare

the Aém and. A?« enol acetates,

This introduction discusses

previous enol acetylation studies, and on the basis of these it
was hoped to be able to predict the preferred direction of

enolisation of the 6-ketone under different reaction conditions.

The known examples of enol acetylation of steroid

ketones under specified reaction conditions are given in the

following table, and further reference to these will be made

" in the subsequent discussion.

Position of Compound. Conditions Product | Refer-
keto-group ences
2-keto- cholestan-2-one jacetic anhydride AP-enol 9
(5x-H) cC1),/HC10), acetate
- P ]
3-keto= 17B-acetoxy- isopropenyl AN =enol 10
(Box=H ) androstan~3-one |acetate acetate
TsOH
3=keto- 2x-methyl-173~ isopropenyl AF—enol 10
(B~ ) acetoxy-androstant acetate acetate
3-one TsOH
3-keto=- L-methyl-chol- isoprobenyl Aﬁ_enol 13
(5%-H) estan-3-one acetate acetate
‘ HéSOu L




Product

Position of Compound Conditions R ef er-
keto-group ences
3-keto- 17@~acetoxy=-19- | isopropenyl L@:A? 10
(Bot=H 3 nor-androstan- acetate enol acetatg
19-nor) 3-one T sOH (2:1)
3-keto- 2-methyl-178- isopropenyl [)Q-enol 10
(HFx=H 3 acetoxy-19-nor- |acetate acetate
__19=-nor) androstan-3-one T sOH
3-keto- coprastan-3-one isopropenyl z;j-enol 19
(§g4H) acetate acetate
stou
5-keto- des-A=cholestan- | acetic anhydride A?(1O)- n
5-one COlu/HCIOM enol acetatgq
5-keto- des=-A=cholestan~ | acetic anhydride Ap:£§(1o)— 1l
5-one TsOH enol acetatgs
| (3:7)
5-keto- des-A-cholestan~ | isopropenyl AP:A?(1O)— 1l
5-one acetate enol acetates
T s0H (7:3)
7-keto- 7~ket6cholestahy1 acetic anhydride,&ﬁ:égwenol 18
(50¢-H ) acetate T sOH acetates
(1:1)
7-keto= 7~ketocholestan&l isopropenyl é@—enol 18
(5etH) acetate acetate acetate
TsOH
11=keto- 3@8-acetoxy-ergo- | acetic anhydridelép(11)-enol 6
(5= ) stan~-11-one T sOH acetate
11-keto- methyl 3o-acetoxy-acetic anhydridetﬁﬁ(11) enol| 20
(5o-H ) 11-keto-etio T sOH acetate
cholanate
16-keto~ 33-hydr'oxy-5o(-= isopropenyl A1 6 ; A1 5 -enol 21
androstan=-16~one | acetate HQSO“ acetates
‘ (30:1)
178-keto- (%£)18-nor-D-~homo-| isopropenyl £37(17a)- 17
(18-nor-D~ | estrone methyl acetate HQSOu enol acetate
homo ) ether




Position of | Compound. Conditions Product |[Refer-
keto-group o o ences
4z =
17a~-keto- (£)18-nor-D-homo-| acetic anhydride Ly“(?/a)— 17
(18-nor-D- | estrone methyl HZSOM enol acetate
homo ) ether
20-keto- ?B~acetoxyallo- isopropenyl ZS2Q~ enol N
‘ pregnane-20-one acetate acetate ‘
: ' H,50
| 27"h |

‘ . . A17(20)
20=keto- AB-acetoxyallo- acetic anhydride|A =enol L

pregnane-20-one TsOH acetate

Note: TsOH = toluene-p-sulphonic acid

It is now pertinent to consider the proposals which
have been made concerning the mechanism of enol acetylation.
Marshall et.al. 2 found that the acid catalysed reaction of
acetic anhydride with 20-keto steroids (Al4), yielded an enol
acetate which was proved to be the 1317(202 isomer (A5).
However, a different enol acetate, the A@O- isomer (A6), was
obtained 3,4 from the same ketone on treatment with isopropenyl
acetate under acid conditions, On the basis of this, Cornforth5
suggested that in enol acetylation, isopropenyl acetate is more
susceptible to steric hindrance than acetic anhydride, and that
the formation of an enol acetate 1ls inhibited if the X-hydrogen
atom to be removed is sterically hindered, viz. 17~ hydrogen
is more hindered than the 21 - hydrogen atoms.

6

Crawshaw, Henbest and Jones -~ have proposed a mechanism
for enol acetylations which involves a cyclic transition state

for all acld catalysed reactions.
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Although these authors acknowledged Cornforth's
suggestion that the accessibility of the hydrogen atom to be
removed was of importance, they suggested that the formation
~of the £§7(202 enol acetate in the higher temperature acetic
anhydride reaction was due to the greater thermodynamic stabllity
of the Aj7(20)- isomer. In support of this sﬁatement, the A20-
-enol acetate on heating under reflux with acetic anhydride in

the presence of an acid catslyst gave the £U7(20> isomer.

However, Dauben et.al. 7, as a result of an examina-
tion of the reactions of A@”é- cholestadien-3-one, concluded that
the acid catalysed isopropenyl acetate reaction took place by
the mechanism above, but that the reaction with acetic anhydride
under acid conditions proceeded by coordination of the

CHBQO © group onto the ketone oxygen atom, and the proton loss



which followed would be governed by the requirement that the
transition state received maximum stebilisation by hyper-

conjugation 8.

The acid-catalysed reaction of AP’6-cholestadien—3—one

(A1) with acetic anhydride yielded the A?”? ~triene enol
acetate (A2), Here the proton loss was at C=8, which while
being more hindered than the hydrogen atoms at C-2, its loss

proceeded via the transition state of lower energy.

Isopropenyl acetate, and pyridine-acetic anhydride
conditions were reported to yield the A@’u’6- isomer (A3),
This was attributed to the greater accessibility of the C-2
hydrogen atom as opposed to the C-8 hydrogen atom. However,
while isopropenyl acetaté under acid conditions gave a good
yield of the enol acetate, (85%), no yields were quoted for the

reaction with acetic anhydride-pyridine.

BEnol acetylation of cholestan-2-one under all condi-
tions gave the M- enol acetate (A7) 2, Similarly, with 178 -
acetoxy-androstan-3-one, all enol acetylation experiments

yielded the A?- isomer (A8) as the sole product 10.

The production of a.AF- enol acetate from both 2-keto
and 3-keto (A/B trans) compounds may be attributed to the
greater conformational stability of the A@w‘double bond as
opposed to the Zg- and Aé- double bonds which would be partially

formed in the transition state of the enol‘acetylation reaction11.



Some information concerning the stability of double

bonds in various positions round the steroid nucleus may be

obtained from the heats of hydrogenation of the cholestenes 12.

Double bond | K Zé%?moie
A 27.3
A 25, 85
Y 1 2797
o’ 25.85
A% 27,36
Al 28,93

The data given in the table above indicate that the
252~ doubie bond 1is considerably more stable than either

z
A1- or A”-.

Reactioﬁ 6f 178~acetoxy-2-methyl-androstan-3-one

10 gave A@— enol

with isopropenyl acetate under acid conditions
acetate (A9), which shows that the accessibility of the hydrogen
atom to be removed is not the ohly factor that determines the
direction of enolisation of steroid ketones, and that it may

in fact be dominated by the directional effect arising from
'conformational strain' introduced into the transition state.
Apart from the effect of conformatioﬁal strain discussed above,
the AF- double bond is additionally stabilised by the inductive

effect of the methyl group 11.

The reaction of acid catalysed isopropenyl acetate

with jx-methyl-cholestan-3-one yielded the A?— enol acetate (A10)



as the sole product 13. Here the accessibility of the hydrogen
to be removed and the greater sﬁability of thezﬁz—double bond
oppose the inductive effect of the Lo-methyl group which would
tend to stabilise the A’- double bond; the overall effect
favoured the [@— énol acetate,

Djerassi et.al, 10

have investigated the effect of
changing the angular substituent on C-10 on the enolisation of
3-keto compounds (A/B trans). 178-Acetoxy-19-nor-androstan-3-
one afforded a mixture of the‘a?— and A?— enol acetates (A11 and
A12) in the ratio 2:1 when treated with acid catalysed isopro-
penyl acetate., ¥Furthermore, although the c¢rude product from

the direct bromination of this ketone could not be resolved
into‘its components, dehydrobromination of the crude material
afforded a mixture which contained an appreciable guantity of

the AFL conjugated ketone. Thus the crude bromination product

must have contained an appreciable amount of L-bromo-ketones.

These results imply that the removal of the angular
methyl group reduces the energy difference between the<42- and
As- enols by reducing the conformational strain introduced during

the formation of a Aéu double bond.,

The reaction of 20d-methyl-178~acetoxy-19-nor-androstan-
3-one with acid catalysed isopropenyl acetate gave the A?— enol
acetate (A13) as the sole product 10, mnis suggests that the
inductive effect of the 2o0~methyl group dominates the directional

factor due to the accessibility of the hydrogen atom.



The reaction of des-A-cholestan-5-one, which is
analogous to Lof-methyl-19-nor-androstan-3-one, with isopropenyl
acetate - toluene-p-sulphonic acid gave an enol acetate sample1u
in which the A2 : A°¢10) (A1h, A15) ratio was ca. 7:3,
(analogous to a.A? H A1 ratio of 3:7 for the UX-methyl-19-nor-3-
ketone). |

Thus for 3-ketones, the major factor in determining
the direction of énolisation is the nature of the angular sub-
stituent, (C-10). Only when the difference in energy levels
between the two possible enols due to conformational effects is
small, (viz. in,thé 19-nor sefieé) can the inductive effect of
o-substituents and accessibility of the hydrbgen atom have any

effect on the direction of enol acetylation.

Angular methyl group present

Compound - . Ratioﬁ?:b?
178-acetoxy-androstan=-3-one ' 100:0
2x-methyl-178-acetoxy-androstan~3-one 100:0
u«—methyl—cholestan-3;one 100:0
19-Nor-series
Compound . Ratio s A
173~acetoxy-19-nor-androstan~3-one 2:1
26-methyl-173-acetoxy-19-nor-

“androstan-3-one ’ 100: 0
dés—Afcholestan—S-one 7:3°37T
(analagous to ho-methyl-178-acetoxy-

19-nor-androstan-3~one)




Des=A=cholestan-5-one when enol acetylated with acetic
anhydride - toluene-p-sulphonic acid gave a mixture of A?(1O>-
and A5« enol acetbates 1“‘(g§& 7:3). However, when the enol
acetylating system was acetic anhydride-perchloric acid-carbon
tetrachloride, the enol acetate obtained was the pure 135(10)

isomer,

These results are similar to those obtained by Barton
et.al, ' in the 20-keto series, where it was found that acetic-
anhydride-perchloric acid-carbon tetrachloride at room temper-
ature afforded a better yield of the Al 7¢20) enol acetate than
acetic anhydride-toluene-p-sulphonic acid at 140°,  This is
contrary to the suggestion put forward by earlier workers

Z§7(20) enol acetate was

who proposed that the formation of the
due to the higher reaction temperature used..

16 i1 the synthesis of octal-i-

House and Thompson
ones, studied the enol acetylation of decal-1-one (B1). ‘Acid
catalysed acetic anhydride conditions gave predominantly the
AQ<9)- enol acetate (B2), while isopropenyl acetate under acid
conditions afforded a mixture(QggL 1:1) of the Lﬁ(g)_enol

acetate, and the Zgj isomer (B3),

Somewhat anaiogous to this example is the enol acetyl-
ation of (i)=18—noréD—homo~estroné methyl ether (BlL) 17, in
which the product composition was dependent upon the reaction
conditions. ISopropenyl acetate with an acid catalyst afforded
the Aﬁ7(12a)f énol acetate (B6), whereas acetic anhydride gave
the [95(173) isomer (B5).



10

7-Ketocholestanyl acetate (B7) 18, on enol acetylation
with isopropenyl acetate afforded thezﬁé— isomer (B8), but the
use of acetic anhydride resulted in a mixture of A%~ anda Al-

isomers (B8 and B9), the former predominating.

The examples given above lend support to the statement
that, when the o -positions to the keto-group are sterically
more hindered than for a 2-keto or 3-keto function, enol acetyl-
ation using isopropenyl acetate will give that enol acetate
which is derived by the abstraction of the least hindered hydro-
gen atom. The reactions involving acetic anhydride will tend
to give that isomer which would result by coordination of
onpo & onto the oxygen atom of the keto function, followed by
a proton loss which would be governed by the requirement that
the transition state received maximum stabilisation by hyper-
conjugation. ‘This would account for the isolation, from acetic
anhydride reactions, of enol acetates with the highest possible

degree of alkyl substitution.11

The monobromination of 6-ketocholestanyl acetate has

been shown to give mainly the Sc-bromo-ketone 1

, Which suggests
that the Apm enol is inherently more stable than the Aﬁm enol.
The greater stability of the pr as opposed to the Aﬁ« double
bond is further supported by heats of hydrogenatioh data

6

obtained by Turner, viz., A5 -25.85 ; A =27.36 K.cals./mole.

Thus acid catalysed enol acetylation of the keto-
acetate (B10), with acetic anhydride should give largely the
z;sn enol acetate (B11), On the other hand, however, it is



11

difficult to predict whether (in the isopropenyl acetate
reaction), the greater accessibility of the 7-hydrogen atoms as
opposed to the 5~hydrogen atom would be sufficient tolcounter—
act the conformational effects which render the A&~ double bond

thermodynamically more stable than theACé« double bond.



DISCUSSION
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(1) Enol Acetylation of the 6-Ketone

The enol acetylation of 6-ketocholestanyl acetate at
room temperature with acetic anhydride-carbon tetrachloride in
the presence of perchloric acid catalyst gave an oily crude
product., Chromatography of the crude material on deactivated
alumina allowed the separation of an enol acetate (m.p. 1090)

from unchanged starting material,

Enol acetylation of the ketone with boiling acetic
anhydride with sulphuric acid as a catalyst gave, after chroma-
tographic separation, an enol acetate sample identical with
that obtained from the perchloric acid catalysed reaction.

EBarlier workers 22

studied the reaction of 3B3-hydroxy-
cholestan-6-one with a mixture of benzoyl chloride-=benzoic
anhydride and obtained as a product a compound which was des-
cribed as j@, 6-dibenzoyloxy~cholest-5-ene. The structure of
this compound was proved by synthesis from 5&-chloro-38, 68~

dibenzoyloxy-cholestane by pyrolytic dehydrochlorination.

The structure of the above enol acetate sample
(m.p. 1090) was proved by bromination., Bromination in pyridine-
agetic acid (1:10) 23 gave a good yield of a bromo-ketone which
was identical with the known Bﬁ-acetoxy—B«—bromo~cholestan—6=one.
The absence of any 7«-bromo-ketone from the bromination product
proved that the enol acetate sample was the purezﬁ5=isomer, i.e.,
38, 6-diacetoxy~chole$t—5-ene (B11), and did not contain any

Aﬁ-isomef. Bromination of the enol acetate in carbon tetra-



chloride in the presence of either potassium carbonate 1 or

2l

propylene oxide again gave pure 5«bromo-ketone, but in

slightly lower yield.

The formation of the‘ﬂ5—enol acetate in acid-catalysed
acetic anhydride reactions is consistent with the factors dis-

cussed previously in the introduction.

The reaction of the keto-acetate with boiling iso-
propenyl acetate using toluene-p-sulphonic acid as a catalyst,
and subseguent chromatography on deactivated alumina, afforded
an enol acetate (m.p. 70 - 71°) in low yield (20%), which had
the characteristics (e.g. sharp m.p.) of a pure compound. The
rotation of this enol acetate (Du]jj -47°) was similar to that
of the &’-enol acetate ([]-49°), but a mixture of the two

samples melted over a wide range of temperature (ca, 85 - 950).

The infrared spectra of the enol acetate samples

differed slightly; the spectrum of the material (m.p. 70 - 71°)

1, which was absent in the spectrum

1

showed a band at 1157 cm.

of the AP-enol acetate. The 1157 cm. | band mey be attributed

to the presence of a hydrogen atom attached to the carbon atom

containing‘the double bond of the enol acetate., (cf. 3,5-cyclo-

6-acetoxy-cholest-6-ene (C1), 1156 o, 25,

cholest=5-ene (C2), 1155 cm."1 11; and 38, 7-diacetoxy-cholest-

6-ene (C3), 1157 em. j1).

des-A-5-acetoxy-

Thus it seemed probable that the
enol acetate (m.p., 70 - 71°) was the‘ﬁﬁ -isomer (B12).



"

However, bromination of this enol acetate in pyridine-
acetic acid (1:10), conditions which gave the best results for
the bromination of ﬁhezﬁ5—enol acetate, gave an oily solid as a
product, which was difficult to crystallise, and melted over a
wide range of temperature (123 - 130°). Bromine analysis of
the sample indicated that it was a mono-bromo-ketone, and as
there was no shift in the freguency of the carbonyl absorption

26

in the infrared spectrum of the bromo-ketone s a mixture of

Bo(~- and 7~ axial bromo-~ketones was inferred.

The rotation of the bromo-ketone mixture was consis-
tent with a 5%=:7¢~ ratio of ca. 1:1. Thus the enol acetate
sample must have been a mixture of thez35—:£§- isomers in the

ratio of 1:1,

In an endeavour to separate the enol acetate mixture
into its components and to characterise the Aﬁ- enol acetate,
careful chromatography on deactivated alumina was employed on a
sample (960 mg.). In spite of dividing the mixture into 28
fractions, no separation was achleved; infrared spectra and
rotations of the fractions were identical with the original

mixture. (cf. Jones and Wluka O

, in the study of the enol
acetates of 7-ketocholestanyl acetate, who found the.&ém and
AJ— isomers readily separable by chromatography on deactivated

alumina).

A more accurate value for the ratio of enol acetate
isomers formed in the reaction of acid-catalysed isopropenyl

acetate with the keto-acetate was obtained by bromination of



the crude enol acetate without first crystallising, by which
process the ratio of lsomers in the mixture might have heen

changed.,

Rotatory dispersion and rotation measurements on the
crude bromo-ketone samples before and after filtration through
silica gel are given in the experimental section (p.30).
Comparison of the peak and trough heights of the rotatory dis-
persion curves of the bromofketone mixtures with the heights of
the curves for authentic 5o~ and 7s- bromo-cholestan-6-one
enabled the ratio of 5ot-: 76~ bromo-ketones in the mixture, and
thus the ratio of A?—:Cé— enol acetates in the crude enol
acetate mixture, to be determined. The ratio of isomers obhtained
by this method, and by rotation measurements, were identical;

both methods giving a AB—:£§~ enol acetate ratio of 55:45.

FProm these results, it can be seen that there is
indeed some specificity of reaction in the enol acetylation of
6-ketocholestanyl acetate depending on the reaction conditions.
Thus the A?e isomer is formed readily under conditions in which
the &~hydrogen atom accessibility is not important, i.e., in
reactions involving acid catelysed reaction with acetic anhy-
dride, but the Dﬁ— enol acetate is formed in the reaction where
hydrogen sccessibility is important, i.e., in the acid catalysed
isopropenyl acetate reaction. However, in the case of the
isopropenyl acetate reaction which should give the Dé_ isomer,
the hydrogen accessibility effect (favouring;éé-) is opposed

by the conformational effect (favouring AP—), the result of



16

these two effects being a mixture of AS—- and A6w enol acetates

(ca. 1:1).

(2) Dehydrobromination of Bromo-Xetones

The dehydrobromination of 5K-bromo-b6-ketocholestanyl
acetate was originally carried out in boiling pyridine 1.
Treatment of the bromo-ketone with a suspension of lithium
carbonate in N,N-dimethyl formamide at 100° resulted in gtarting
material being isolated. However, at 150O the same mixture gave

thelA&« conjugated ketone in 70% yield.

Treatment of the 7e-bromo-ketone in the same manner
afforded the A7~ conjugated ketone, which has recently been
prepared by other routes 27. The more successful of these
methods was from 7-dehydrocholesteryl acetate by chromic acid
oxidation to the Buwhydroxy-cyw conjugated ketone, and removal
of the hydroxyl group with zinc and acetic acid.

Heilbron et.al. 1

originally studied the bromination
of 6-ketocholestanyl acetate as a possible route to 7-dehydro-
cholesterol. This was to have been prepared by reduction of

the A?— conjugated ketone to the 6B8-hydroxy compound, followed

by elimination of water.

However, these authors were unsuccessful in their
attempts to dehydrobrominate the 7X-bromo-ketone. Under the
conditions they used (silver nitrate and boiling pyridine),
only Qanacetoxy—cholesta-6;7—dione (cl4) was isolated, in low
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yield (18% crude product), by crystallisation of the crude
reaction product. This compbund would be formed by hydrolysis
of the bromo-ketone to the TX-hydroxy compound, and oxidation

of this to the dione by oxygen in the basic medium.

It was decided to repeat this experiment, and to
separate the reaction products by chromatography on silica gel.
By this method, two crystalline products were obtained from the
reaction, and were characterised as the 6,7-dione (ca. 25%) ,
and the A'- conjugated ketone, (ca. 10%). It must be pointed
out that the separation of the £J— conjugated‘ketone from the
crude reaction product by’crystallisation (the method used by

Heilbron et.a1.1) would be difficult, if not impossible.

(3) structure of the Enol Form of 3B-Acetoxy-cholesta-6,7-dione

Heilbron et.al. | have shown the 6,7-diketone to
exist in the mono-enol form (C5 or C6), by the presence of one
active hydrogen atom, and by the green-violet colour formed on
reaction with alcoholic ferric chlor@de. The infrared spectrum
of the compound has an absorption peak at 3L2L c:m."1 which may
be assigned to the 0-H stretching frequency of an intramolecular

hydrogen bonded enol form of the diketone.

The possible configurations of the enol form of the
diketone are either thezﬁ?—?—ketone (¢5) or the.07~6-ketone(06).
It has been found that the rotatory dispersion curve of 6-ace-

toxy-3@-bromo-cholest-5-en-7-one (E2, C7) ° is similar to the



18
curve obtained for 3g-acetoxy-cholest-5-en-7-one (E4, C8) 28;
the 6-acetoxy group having little or no effect on the rotatory
dispersion curve, By analogy, it was hoped that the presence
of either a A?« or a C?— double bond in the enol acetate of the
dione (C9 or C10) might be revealed by comparison of the
rotatory dispersion curve of the enol acetate with the curves
of 3B-acetoxy-cholest-5-en~7-one and 3p-acetoxy-cholest-7-en-

6-one.

The rotatory dispersion curve of the enol acetate of
the dione (E1) is unlike that of the A -6-ketone (E3), but
similar to the curve of the A?~7—ketone (EL) in general shape.
Thus 1t is probable that the enol acetate of the dione is
3@,6-diacetoxy=cholest—5—en-7—dne (09) and by inference the
enol form of the dione is Bp-acetoxy-6-hydroxy—cholest-5-en—

7—oné (G5),

(4) Attempted Enol Acetylation of Tex~Bromo-6-
ketocholestanyl Acetate

It has been found that 6—acetoxy—3@, Tx-d.ibromo-
cholest—5-ené (D1) was resistant to further bromination 25.
In order to study the bromination of the correspdpding 38~

acetoxy compound, enol acetylation of the 7«-bromo-ketone was

attempted.

Enol acetylation employing acetic anhydride with

toluene-p-sulphonic acid, and with carbontetrachloride-
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perchloric acid, gave unchanged bromo-ketone. However, prolonged
heating under reflux with acetic anhydride using toluene-p-
sulphonic acid as a catalyst, and removing the acetic acid formed
in the reaction, partially affected enol acetylation (15%).
Chromatography of the crude product on silica gel and elution
with ether gave an oily fractioq (E#JD‘+ 1°) which partially
solidified on standing. ‘

The infrared spectrum of this material indicated the
presence of anAenol acetate function, and no keto-function.
This‘spectrum differs from that of 6--acetoxy—3/89 Te=dibromo=
cholest-=5-ene 2> by the higher frequency of the enol acetate
carbonyl band, the presence of a stréng C'; C absorption band

at 1650 cm, "

» and the complex C - 0 bands of the enol acetate.
On the basis of the above evidence, it is probable that the
enol acetate product (&x]D +1°) is the.A6—isomer (p2), although

no analytical data could be obtained.

In support of this, Rutherford and Stevens 29 have
found that in enol acetylation of somexx—halo-ketones,by treat-
ment of the ketones with sodium methoxide and acetyl chloride,
enolisation occurred towards the carbon atom carrying the

halogen atom.

(5) Enol Acetylation of¢$”-6—Ketocholestany1 Acetate

In an attempt to prepare the encl acetates of the

Alh-conjugated ketone and to study the bromination products of
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these compounds, enol acetylation experiments were carried out.,

Some examples of enol acetylations of conjugated ketones in the

sterold series are given below.

bonditions

enol acetate

Jompound Product Referd
: ences
- :
cholest-l~-en~3=-one |isopropenyl acetate- AXB’)»enol 30
sulphuric acid acetate
= : z
cholesta~ly,b-dien~ |acetic anhydride- 22121 enol 7
3=0ne acetyl chloride acetatbe
cholesta=l,6~-dien= . isopropenyl'acetatew zﬁz’u’6wenol 7
3=one _ Ts0H acebtate
IB-acetoxy-cholest~| isopropenyl acetate-- CJ’9(11Lenol 31
8-en-7-one TsOH acetate
3, 2gﬁ~diacetoxy~ acetic anhydride- A7’9(11>~ 32
58— A°=pregnen- TsOH o=l  and
11~one , mpnﬁg,
A801),9(11)

Note:

TSOH‘ =

N

toluene=p=-sulphonic acid.

Tnol acetylation of the A'- conjugated Ketone with

boiling acetic anhydride and'sodium acetate, acetic acid-carbon

tetrachloride and perchloric acid, and with boiling acetic

anhydride - toluene-p-sulphonic acid conditions each gave oily

products, (A), (B), and (C) respectively, none of which could

be crystallised.

Chrométography of these products on deacti-

vated alumina resulted in their decomposition, and in all cases

no compound could be eluﬂed.

product (C) by sublimation, but this too was unsuccessful,

In order to obtain informetion about the reaction

An attempt was made to purify

product (C), a sample was hydrolysed under mild acid conditions
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and the product chromatographed on deactivated alumina, Light
pétroleum—benzene (4:1) eluted a compound, the infrared

(1695 em.~ ') and ultra violet spectra (Amax. 2510 K,E‘-13,zoo)-
of which were those of a cross-conjugated dienone. Thus the
conjugated ketone must be cholesta-u,7~dien~6~one.(D3), which
had pfeviously not been prepared. No confirmation of this
assignment could be made from rotatory dispersion measurements

in view of the lack of compounds of analogous structure,

Blution with the same solvent gave a further compound
which was characterised by m.p. 126° (1it. value 129 - 130°),
infrared spectrum 1681 em, ! (1686 cm."1) and ultra violet
spectrum Amax. 3150 K, £ -9,400 (Amax. 3140 X, £~ 9,500) as
cholesta=-2,4-dien=6-one (DL) 33,

- The isolation of the two cénjugated ketones in which
the 3B-acetoxy group is absent indicates that under the acid
catalyéed enol acetylation conditions, enol acetylation is
accompanied by the loss of the jﬂ—acetoxy group. Analogous to
this observatidn is the loss of the éﬂ-acetoxy group when
Q@maoetoxy-cﬁolest—5-en—7-one (D5) was heated under reflux in
benzene in the presence of toluene-p-sulphonic acid to.yield

cholesta=3,5-dien=7-one (D6) 12.

Examination of infrared data obtained for the crude
products (A, B, C) from the enol acetylation reactions,
donfirms that the ip-acetoxy group is eliminated only under

acld catalysed conditions. Thus reaction with sodium acetate

and acetic anhydride, while yielding an enol acetate function,



the product still contains the J3B-acetate group.

Conditions . Enol Acetate 3B8-Acetate
‘acetic anhydride-sodium acetate 1770, 1206, 17h2, 1235 c:m.m1
1189 cm. ™"
acetic anhydride-carbon tetra- 1767, 1205, - - -
chloride-perchloric acid 1188 cm."1
acetic anhydride-toluene-p- 1767, 1200, ‘ - - -
sulphonic acid 1190 cm.-1 :

In spite of the fact that a mdre detailed examination
of the enol acetylation reactions will have to be carried outb
before the enol acetatés can be identified, it is still of
interest to speculate about the identity of thevreaotion
products (A, B, C), |

In view of the infrared data, it seems likely that
the major component of the sodium'acetate - acetic anhydride
reaction product will be QB,6—diacetoxy~cholesta—h,6»diene (D7),
even though the alterﬁgtive a2 7. giene system (D8) may not be
completely excluded.

- Unless isomerisation of the double bonds occurs during
the mild hydrolysis of crude product‘(C), which is unlikely, the
two dienones,4A2’u—6~ketone and Ay”7-6~ketone must be derived
from the 82210, ang 139517 enol acetates (D9 and D10).
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EXPER IMENTAL

Melting points are corrected. Specific rotations were
measgured in chloroform in a 1 dm. polarimeter tube at room
temperature. Micro-analyses were carried out at the University
of Otago. Infrared absorption measurements were in carbon di-
sulphide solutions and were recorded with a Perkin-Elmer Model
221 double-beam instrument equipped with a sodium chloride
prism. Ultraviolet absorption data were obtalned with methanol
solutions. Alumina used for chromatography was P. Spence
Grade 'H'; deactivatéd alumina refers to grade 'H' to which 5%
of 10% agueous acetic acid has been added. Silica gel used
for chromatography was Hopkin and Williams 'Material for
Chromatography'. Light petroleum refers to the fraction of

bcpo 50 i 700



6-Nitrocholesteryl-nitrate.

A suspension of cholesterol (20g.) in acetic acid
(80c.c.) was stirred with fuming nitric acid (1c.c.) at 20°.
This was cooled to OO, and fuming nitric acid (130c.c.) was
added dropwise during 1 hr., and the mixture was stirred for
a further 30 min. The solid obtained, after filtration and

drying in air, was the product, 6-nitro-cholesteryl-nitrate

(11.7g.), m.p. 128°, (Heilbron et.al, J.Chem.Soc., 1937,
801, qguote mep. 1280).

3a-Hydroxy-cholestan-b-one.

A solution of 6-nitro-cholesteryl nitrate (10g.) in
acetic acid (140c.c.) and water (27c.c.) was heated with zinc
powder (18g.) at 100° for 2 hr., and then heated under reflux
for 10 hr. The solution was diluted with water (21,) and the
product extracted with ethér (11; 500c.c. ). The etherial
extract was washed successively Withrsodium bicarbonate, water,
brine, and dried. Removal of the solvent at 20m.m. gave a
colourless solid (9.6g.) as a residue, This solid (63g.) was
heated under reflux with hydrochloric acid (190c.c.) and
ethanol (675 c.c.) for 1% hr. Dilution of the solution with
water (21.) gave a colourless solid m.p. 133-13M0, which on
crystallisation from ethanol‘afforded 3ﬂ—hydroxy»cholestan—6—
one (28g.), as needles, m.p. 140-141°, Dx]D~—20 (¢=0.99), vy max.
361Ocm',"1 (OH), and 1718cm',_'1 (¢=0). (Barton and Cox, J.Chem,Soc.,
1948, 783, quote m,p. 140°, [X], -6°).




38-Acetoxy-cholestan-6-one.,

3p-Hydroxy-cholestan-6-one (38g.) was dissolved in
the minimum amount of warm pyridine (gg& 1000.0;) and acetic
anhydride (25c.c.) was added, and the solution left for 18 hr.
at 20°. Removal of the solvent at 20m.m. and crystaellisation
from ethanol afforded Bpwacetoxy—cholestgn~6—one (30.2g.) as
needles, m.p. 129°, Dx]D~2u° (¢=0,935), Y max. 1739 and
1236cm?1 (OAc), and 1721cm’;’1 (¢=0). (Barton and Cox, J.Chem,
Soc., 1948, 783, quote m.p. 129°, [*] ;-16°).

5@~Acetoxy-BMubromo~cholestané6—one.

Bromine (0,40g. 3 1.1 mol.) in acetic acid (1.5c.c.)
was added dropw{se during 10 min. to a solution of 3g-acetoxy-
cholestan-6-one (1,0g,) in df& ether (100c.c.) at 0%, The
solution was stirred for 30 min., and iéolation,gig ether and
subsequent crystallisation from ether-light petroleum gave the
bromo-ketone (607mg. ), mep. 16L4-165°, B{)D-13&0 (e=0,92),

S max. 1745 and 1236cm:1,,(0Ac), and 17243m:1 (ax. bromo-
ketone). (Heilbron et.al., J.Chem.Soc,, 1937, 801, quote
m.p. 162°, [x1,-133°),

Jg-Acetoxy-Tx-bromo-cholestan-6-one.

Bromine (1.1g. ; 1 mol.) in acetic acid (20c.c.) was
added during 1 hr. to a stirred solution of 3ﬁ~acetoxy—choles=
tan-6-one (3.0g.) in ether (30c.c.) and acetic acid (7.0c.c.),



26

at 30°., The mixture was heated under reflux for 2 hr., and

the oily solid (3.30g.), isolated via ether, was adsorbed on
silica gel (100g.). ERlution with light petroleum~benzene

(1:1) and crystallisation from methanol-ether gave the bromo-
ketone as needles (1.78g.), m.p. 146-147°, Dx]b+uu° (e=0.96),

Y max. 1745 and 1236cms (0Ac), and 1724ems! (ax. bromo-ketone).
(Heilﬁron et.al., J.Chem,Soc., 1937, 801,,qgote mep. 145°

(o +41°)

Isomerisation of 3p-Acetoxy-Hx-bromo-cholestan-6-one.

A solution of the bromo-ketone (4100mg.) in acetic
acid-chloroform (10c.c. ; 1:1) containing agueous hydrogen
bromide (0,3c.c. ; 50%) was kept at 20° for 24 hr. Due to the
dark colour of the solution, kinetic ébservations using the
polarimeter were impossible, and the solution was worked up
via ether to give a solid m.p. 125-130°, [x],-68° (c=0.76),

3 max. 1745 and 1236cms| (0OAc), and 1721cms' (ax. bromo-ketone).

The rotation data indicaete a mixture of bromo-ketones

Bok=: T3 651 35.

Attempted Igomerisation of 3B-Acetoxy-T7x~bromo-cholestan-6-one.

A solution of the bromo-ketdne (100mg. ) in chloro-
form-acetic acid (10c.c. ; 1:1) containing aqueous hydrogen
bromide (0.3c.c. ; 50%) was kept at 20° for 24 hr. Isolation

via ether and crystallisation from methanol yielded unchanged
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bromo-ketone (78mg.) as needles, mep. 146-147°, Bx]D+450
(¢=1.02), 3 max. 1745 snd 1236em~ (OAc), and 1721cm!

(ax, bromo-ketone).

Enol Acetylation of 3g-Acetoxy—cholestan~6-one.

(a) A solution of 3g-acetoxy-cholestan-6-one (5g.) in
carbon tetrachloride (130c.c.) was treated with

acetic anhydride (7c.ce), and aqueous perchloric acid (0.5c.c. H
60%), and kept at 20° for 18 hr, The mixture was diluted with
ether (114) and washed successively with sodium bicarbpnate
solution, water, brine, and dried. TFEvaporation of solvent
afforded an oil (5.73g.) which was adsorbed on deactivated
alumina (500g.). Tlution with light petroleum-benzene (100: 35)

gave solid jﬁ.6—@iacetoxy—cholest—S—ene (3. 74g.), and crystal-

lisation from methanol-ether gave needles (2.7g.) m.p. 109°,
QPystallisation from methanol gave needles m.p. 91-920,
[o]-49° (e=0.98), (Found: G, 76.4;H, 10.2;0, 13,55,
C54Hg0), requires C, 76.5; H, 10,330, 13.2%) N max. 1761 and
12050m':1 (enol acetate), 1745 and 12u1cm:1 (3B-acetate), and
1701om71 (c=¢)., Rlution with benzene afforded unchanged
starting material (750mg.), identified by m.p. 129°, EX]Dnzuo
(¢=0.93), ¥ max. 1739 and 1236ems' (0Ac), and 1721cms’ (C=0).
(b) A solution of 3@nacetoxymcholestanw6=one (L51mg. ) in
acetic anhydride (8c.c,) and sulphuric acid (0.02¢c.c.)
was heated under reflux for 1 hr. Isolation via ether afforded

an oil (519 mg.) which was adsorbed on deactivated alumina (50g.)
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Elution with light‘petroleumwbenzene (10:3) and crystallisation
from_ethermmethanél‘gave Bﬁ,6—diacetoxy-ch01est—5mene ( 339mg. )
as needles, m.P. 1095",' [&]me" (¢=0.98), Y max. 1761 and
12050m":1 (enol acetate), 1745 and 12u1cmfj (38-acetate), and
1701em3" (C=0).

(c) The solvent was fractionally distilled at 96° from a

solution of 3@-acetoxy-cholestan-6-one (8.015g, ) and

toluene~p-sulphonic acld (1.27g.) in isopropenyl acetate
(200¢.c. ). After 8 hr., during which time 50c.c. pf solvent
had distilled over, the remaining solvent was removed at 20m,m.
pressure. The residue was worked up via ether in the usual
manner, and afforded an oil (9526g.)’which was adsorbed on de-
sctivated alumina (800@.). Flution with light petroleum-
benzene (10:3), and crystallisation from methanol gave an enol
acetate sample (1.58g.) as needles, m.p. 70-71°, BX]Dwu70
(¢=1.07), (Found: C, 76.1;H, 10.1;0, 13,3 C 31 Hg00),
requires G, 76.5; H, 10,330, 13.2%) ~ max. 1761 and 1209cm? "
(enol acetate), 1742 and 12380m7 (38-acetate), and 17O1cmf1
C=C), PFurther elution with the same solvent followed by elution
with benzene yielded unchanged starting material (5.28g.),
m.p. 129%, Bd -21° (c=0.85), I mex., 1739 and 1236em.’ (34-
acetate), and 17240m7] (C=0).



Bromination of 38,6-Diacetoxy-cholest-5-ene.

Bromine (250mg. ; 1.5 mol.) in acetic acid (4 CeCo )
was added to a solution of the enol acetate (500mg.) in pyridine-
acetic acid (U.5c.c. ; 1:10) at 20°. The uptake of the bromine
by the enol acebtate was rapid, and a precipitate of bromo-
ketone formed, which was isolated via ether-chloroform (500c.c.;
20:1) and washed successively with agueous sodium sulphite,
hydrochloric acid (2N), agueous sodium hydrogen carbonate,
saturated brine and finally dried, Removal of solvent at 20mm,
gave the crude product (553mg.), which was adsorbed on silics
gel (50g.). Elut%on with light petroleum-benzene (1:1) and
erystallisation from ether-~light petroleum gave Qﬂmacetoxy=5qr
bromo-cholestan-6-one (L50mg.) as needles, m.p. 167-168°,
BX]D-131° (¢=0,96), ¥ max., 1745 ana‘1236cm?1, (§g_acetate), and.

1724em (ax. bromo-ketone).

Bromination of the Enol Acetate mixture (m.p. 70-71°).

{a) Bromine (250mg. ; 1.5 mol,) in acetic acid (1.0c.c.)

V was added to a solution of the enol acetate (L91mg, )
in pyridine-acetic acid (4.5c.c. ; 1:10) at 20°. After 10 min.
the excess bromine was destroyed by agueous sodium sulphite and
the steroidal material recovered via ether in the usual manner.
Removal of the solvent at 20mm. gave a crude bromo-ketone
mixture (511mg.), m.p. 115-125°%, [0 ~50° (¢=0.93), V¥ max.
1745 and 1236cm;1 (0Ac), and 1721cm;’1 (ax. bromo-ketone).

THE LIBRARY

LNIVERSITY OF CANTERBURY
CHRISTCHURCH, NUZ
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R.D. in methanol: [M] (32752), ~ 3600°; (32502), ~uO50°;
(28002), + 5400°; (27602), + 5000,

Adsorption of the cfude bromo-ketone mixture on
silica gel (50g.) and subseguent élution with light petroleum-
benzene (1;1)»gave a mixed bromo-ketone sample (LOOmg. ),
[],-50° (=0.99), Y max. 1745 and 1236cm%' (0Ac), and 172icm”
(ax. bromo-ketone). R.D. in methanol: [M) (32628), -14200°;
(32253), ~4,500°; (28503), + 5970°%; (28133), + 585°,

(b) Conditions as before (500 mg. enol acetate).

Crude reaction product (517 mg.) : [XT,-49° (e=1.0L),

. e} (0]
R.D, in methanol: [M] (33004), -2800°; (2900A) + 3950°,

Material after filtration. through silica gel (L25mg.):

], -50° (c=0.87), R.D. in methanol: [M] (3350R), -3200°;
0
(2800A), + 6480,

Rotations on the bromo-ketone mixtures both before and
after filtration through silica gel indicate a ratio Ho{: TX
roughly 55:45,

0.R.D, results and interpretations

Compound Pesk 502 Tox Trough | 5o 7o
5~-Bromo-cholestan-6-one -13500 +18800
7X-Bromo-cholestan-6-one +7200 -9800
Bxpt. (a) crude -L050 | 55:45 +5L400 | 55:45
Expt. (a) after filtration

through silica gel =4500 | 55:45 +5970 | 55:L45
Expt. (b) crude -2800 | 50:50 +3950 | 50250
Bxpt. (b) after filtration

through silica gel -3200 | 50:50 +6480 | 55:45 |
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Hydrolysis of 3B,6=Diacetoxy-cholest-5-ene,

3@,6-Diacetoxy-cholest-5-ene (4L0Omg. ) in methenol
(20c.c. ) was héated underfrefluk with agueous potassium
hydroxide (2c.c. ; 25%) for 30 min. Isolation in the usual
mammer afforded a solid which on crystallisation from methanol
gave Bp«hydroxy—cholestan»6«one (306mg, ) as fine needles,
mp. 140-141°, [xJ-2° (0=20,99), ¥ max. 3623cms’ (0H), and
1721em>! (G=0). ' |

Hydrolysis of Bnol Acetate (m.p. 70-71°).

The enol acetate (120mg.) in methanol (6c.c.) was
heated under reflux with aqueous potassium hydroxide (0.6¢c.c, ;
25%) for 30 min. Isolation via ether yielded a solid which on
crystallisation from methanol gave ﬁﬂwhydroxy;cholestan-Gmone
(79mg. ) as fine needles m.p. 140-141°, Ex]D~2° (¢=0.99), ¥ max.
3623cms! (OH), and 1721emT! (0=0).

Attempted preparation of jﬁwAcetoxy-cholest—u-en—6-one.

3B-Acetoxy-5-bromo-cholestan-6-one (1.0g,) and
lithium carbonate (3.5g.) in.N,N;dimethyl formamide (100c.c. )
were kept at 100° for 2 hr, Isolation via ether, and washing
successively with hydrochloric acid (2N), sodium bicarbonate,
-water, brine, and drying, ylelded a solid, and crystallisation
of this from ether-light petroleum gave unchanged bromo-ketone

(833mg. ) as needles m.p. 166-168°, BX]D-1BMO (¢=0.92),
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N max., 1745 and 1236cm':1 (0Ac), and 1721cm':1 (ax. bromo-ketone),

38-Acetoxy-cholest-l~en-6-one,

iﬁ—Acetoxy—B«-bromo—cholestana6-one (950mg, ) was

added to a boiling suspension of lithium carbonate (3.5g.) in
N,N-dimethyl formamide (1000.09). The mixture was heated under
reflux for L hr., and recovery of steroidal material vig ether
gave an oil (755mg.) which was adsorbed on deactivated alumina
(750g.). Blution with light petroleum-benzene (2:1) gave the
conjugated ketone (552mg.) which on crystallisation from
methanol gave chunky needles, m.p., 111°, [dJD"u9.5° (e=1.06),

Y max. 1748 and 1230cm| (OAc), 1701cms' (C=0-0=0), and 16L5cmT

(8]
(C=0C), Amax. 2360A, (€, 5,800). (Heilbron et.al., J.Chem,Soc,,

1937, 801, quote m.p, 110°, B -50.5, X max. 23608 (€, 6,300)),

3p-Acetoxy-cholest-T7-cn-b-one.

3@mAcetoxym7w=bromo=cholestanm6»one (250mg. ) was
added to a boiling suspension of lithium carbonate (900mg.) in
N,N-dimethyl formamide (25 c.c.) under nitrogen. The suspension
was heated under reflux for 3 hr., and working up vis ether
afforded an oil (216mg.) which was adsorbed on silica gel (30g. )
Blution with benzene-ether (50:1) gave a solid (4136mg.) which on

crystallisation from methanol gave the conjugated ketone as

needles, m.p. 152-153°, [QOD+1O (¢=0.98), (Found: C, 78.6;
H, 10.2: 0, 10,9, 029H4603 requires C, 78,73 H, 10.5; 0, 10,8%)



v mex. 1742 and 12%60m,” (0OAc¢), and 168Lem, ™ (C=0-0=0),
X max. 2450 A, (€, 21,400). R.D, in methanol: [ii] (5890R),
+800°;' (50003), + 550° ; (uoooﬁ), + 1300°; ‘(34502), + 6500 ;
| (31002), - 6000°, (Harvey and Bloch, Chem, and Ind., 1961,

595, quote m.p. 151-152° only).

Attempted Dehydrobromination of Bﬁ«Acetoxy~79bbromo~cnolestan—
6-one (cf. J.Chem,Soc. 1937, 801, )

The bromc-ketone (719mg.) was heated under reflux
with pyridine (15c.c.) and silver nitrate (1.5g.) for 5 hr.
After working up in the usual manner, a dark tar (520mg. ) was
obtained, and adsorbed on silica gel (50g.). Rlution with
1ight petroleum-henzene (1:2) and crystallisation from methanol)
afforded 3@»acetoxy-cholestane—6,7_dione (1u7mg.) as needles,
m.p. 162-163°, [X],-115° (e=1.01), 3 max. 3u2h om.”'(0H), 1742
and 123%cm.”" (3p-acetate), 1680cm. ~ 1 (C=0-0=0), and 1652cm,~"
(C=Cc), Amax, 2740 X, (E, 11,700). R.D. in methanol:

(1] (58908), ~350°; (50008); -150°; (LOOOR), -1150°; (3250R),
~5000° ; (30008), -1500°; (29758), - 500°. (Heilbron et.al.,
"J.ChemeSOC., 1937, 801, quote m.p. 156-157°, Bx]D -108°,

A max. 27u5K, (E, 10700)). Further elution with benzene-ether
(50:1) gave BP—acetoxy~cholest~7~en—6mone (75mg. ) and crystal-
lisation from methanol afforded needles, m.p. 152“15309

Dx]D+1° (¢=0,98), ¥ max. 17&2 and 1236cm. ! (0Ae), and
168Lm.m°”1 (C=0-C=0), A max. 24502, €, etuoo).
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Acetylation of 3B-Acetoxy-cholestane-6,7-dione,

A solution of the diketone (90mg.,) in pyridine (2c.c.)
and acetic anhydride (O.2c.c.) was kept at 20° for 2l hr.

Isolation via ether afforded a solid (108mg,) which on crystal-

lisaetion from methanol gave the enol acetate (probably 38,6-
diacetoxy-cholest-5~en-7-one), m.p. 105-106°, E{]D—1160
(¢=0,99), (Found: C, 74.89; H, 9.55. C54H), 05 requires
C, 7h.32; H, 9.67%) Y max. 1742 and 1233cm.” " (3B-acetate),

1

1767 and 1202em.” ' (enol acetate), 1695cm."1 (C=C=~C=0), and

1650gm.“1 (c=¢), A\ max. 24302, (€ max. , 19100). (e¢f, 6-acetoxy-
3‘5Qbromo-cholest—5-en—7-one: Amax, 21},.30!-?., (Emax., 14700) 25).
R.D. in methanol: [i] (5890K), + 1800° ; (5oooﬁ), + 1500° ;
(000R), + 400%; (33758), - 850°; (33258), - 650°; (33008),
- 1550%; (3275R), - 700°; (27508), - 6100°,

Attempted'Enol Acetylation of jﬁ—Acetoxy—?u&bromo»cholestan—
6-one.

igj A solution of the bromo=-ketone (25umg.) and toluene-
p=-sulphonic acid (20mg.) in acetic anhydride (20c.c.)
was heated under reflux for 1 hr. Isolation ggg ether gave
unchanged starting material (251mg.) m.p. 140«1u20, 19 max. 1745
and 1236em, (0Ac), and 172L,Lcm."1 (ax. bromo-ketone).
(b) The bromo-ketone (250mg.) in carbon tetrachloride
(5.6c.c.), acetic anhydride (0,3c.c.), and perchloric
acid (0.02c.c.) was kept at 20° for 18 hr. Isolation via ether
afforded unchanged starting material (237mg.), m.p. 138-140°,
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Y max. 1745 and 1236c;m."”1

(0Ac), and 1724 0m, " (ax. bromo-
ketone). |

{c) The solvent was fractiénally distiiled at.1u00 from

a solution of §p—aoetoxy»?ﬁmbromomcholestan—6«one

(915mg. ) and toluene-p-sulphonic acid (300mg.) in acetic
anhydride 75c.c. After 7 hr., during which time 25c¢.c., of
solvent had distilled over, the remaining solvent was evapora-
ted at 20m.m., and the residue worked up yggrether in the
usual manner. Rvaporation of solvent afforded an oily soiid
(1.0uga); which was adsorbed on silica gel (100g.). ZLight
petroleum~benzene (1:2) eluted unchanged. starting material
(811mg.), which on crystallisation from methanol gave needles,
m.p. 146-147°, X, + U4® (c=0.96), Y max. 1745 and 1236cm, "
(0Ac), and 172hem.” ! (ax. bromo-ketone), - Wlution with ether

gave an oil (157mg.) which partially solidified on standing.

Infra-red data indicated this oil to be an enol acetate,

[X1,+1° (¢20.91) ¥ max. 1742, 1235, 1215 and 1133om.”" (76
acetate), 1789 and 11780m;"1 (enol acetate), and 165Oem."1.

No analytical data could be obtained.

Bnol Acetylation of 3g-Acetoxy-cholest-lL-en-6-one.

iﬁQ The conjugated ketone (315mg.) was heated under re-
flux with anhydrous sodium acetate (350mg.) and
acetic anhydride (21¢.c. ) for 5 hr. Removal of the solvent at
20m.m, and isolation via ether afforded an oil (A) (3L6mg. ),
’Q max. 1770, 1206 and 1189cm.=1 (enol acetate), and 1742 and
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12350m, =1 (38-0Ac).
(b) The conjugated ketone (350mg.) in carbon tetrachloride
(9¢.c.), acetic anhydride (O.5c.c.) and perchloric
acid (0,02¢c.c.) was left at 20° for 18 hr. Isolation via ether
gave an oil (B) (385mg.), 3 max. 1767, 1205 and 1188cm.”
(enol acetate), 1661 (C=C), Chromatography on deactivated
alumina was unsuccessful due to decomposition of this material
on the column,
{c) A solution of 3g-acetoxy-cholest-l-en-6-one (49Lmg. )
and. toluene-p-sulphonic acid (18mg.) in acetic an-
hydride (25c.c.) was heated under reflux for 2 hr. Removal of
the solvent at 20m.m. pressure followed by isolation in the
usual manner afforded an oil (C) (L98mg.), ~ max. 1767, 1200

1

and 1190cm, ™ (enol acetate), and 1658cm. ' (C=C).

Hydrolysis of the above Bnol Acetate, (C)

A solution of the crude enol acetate (93mg,) from
the acetic anhydride-toluene-p-sulphonic acid reaction, in
methanol (10c.c.) and sulphuric acid (7N; 2c.c.) was heated
under reflux for 1 hr, Isolaﬁion via ether yielded an oil
(84mg, ) which was adsorbed on deactivated alumina (8g.).
Blution with light petroleum-benzene (L:41; 25 c.c.) gave a
solid (29mg.) whieh on crystallisation from methanol afforded
cholesta-l,7-dien-6-one as plates, m.p. 108~1O9O, BN]D+50

(e=1,13), (Found: C, 84.2; H, 10.7. C o), 0 requires
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¢, 84.7; H, 11.05%) 9 max. ’l695cm.,”",1 (¢=c-c=0), A mex.
25103, (Emax. , 1§@20). R.D., in methanol: [i] (60002), - 650°;
(58908), - 600°; (50008), - 250°; (LOOOK), + 200°; (3650R),

+ 230%; (3075R), - 19200°; (2775R), + 1900°; (2700R), + 600°,
Further elution with the same solvent (15c.c.) gave a solid
(13mg, ), cholesta-2,h-dien-6-one, m.p. 126°, 3 max. 1681cm, ]
(C=0-C=0), A max. 31503 (Emax. , guoo). (Reich, Walker, and

Collins, J,0rg.Chem., 1951, 16, 1753, quote m.p. 129-130°,
1

0 .
V max. 1686cm.” ', and A max. 3140A, (Emax., g500)).
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