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ABSTRACT 

Enol acetylation of 6-ketocholestru1yl acetate by 

acetic aru~ydride-sulphuric acid or acetic anhydride-perchloric 
~-

acid gave the .6?-enol acetate, which on bl"omination yielded 

the known 5«-bromo-ketone. 

Isopropenyl acetate enol acetylation afforded a 1:1 

mixture of A5- and .o.6-isomers, the ratio being determinecl by 

bromination of the enol acetate mixtul"e followed by O.R .. D .. 

and specific rotation measurements on the mixed 5~- and ~-

bromo-l{etone_ 

The 7c<-bromo-ketone with pyridine-silver nitrate 

gave the known 3~-acetoxy-cholesta-6,7-dione together with 

the 6-keto-~-ketone. Dehydrobromination of the ~-bromo 

compound by N,N-dimethyl formamide-lithium carbonate gave the 

6-keto-~-compound in good yield. 

From O.R.D. measurements the structure of the enol 

form of 3~-acetoxy-cholesta-6,7-dione has been assigned. 

A preliminary study has been made of the enol acetyl

ation of both 3j3-acetoxy-7c<-bromo-cholestan-6-one and 3ft

acetoxy-cholest-4-en-6-one. 



INTRODUC'riON 
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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 ~- and 66- enol acetates. This introduction discusses 

1 

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 sterotd 

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 acetic anhydride 6.2-enol 9 
(5o<.-H) OCl4/HCl04 acetate 

3-keto- 17,(3-acetoxy- isopropenyl 2 10 Ci. -enol 
(5cx-H) androstan-3-one acetate acetate 

TsOH 

3-keto- 2o(-methyl-17f3- isopropenyl ~2-enol 10 
( 5«-H) acetoxy-androstan acetate acetate 

3-one TsOH 

3-lteto- 4«-methyl-chol- isopropenyl 2 13 l:l -enol 
( 50C.-H) estan-3-one acetate acetate 

H2so
4 

~ 

" 

-- ~ 
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Position of Compound Conditions Product ~ef'er-
keto-group ences 

3-keto- 17f3-acetoxy-19- isopropenyl lf:A3 10 
(5£X-H; nor-androstan- acetate enol acetatli: 
-19-nor) 3-one TsOH ( 2: 1 ) 

3-keto- 20\-methyl-17{3- isopropenyl {)2-enol 10 
( 5o<.-H; acetoxy-19-nor- acetate acetate 
19-nor) androsta.n-3-one TsOH 

3-keto.., coprastan-3-one isopropenyl 6 3-enol 19 
( 5,.8-H) acetate acetate 

H2so4 

.5-keto- des-A-cholestan- acetic anhydride D?< 1 o)_ 14 
.5-one CO 14 /I-IC 10 4 enol acetat( 

5-keto- des-A-cholestan- acetic anhydride t?:~(10)_ 11+ 
5-one TsOH enol acetatE s 

( 3:7) 

5-keto- des-A-cholestan- isopropenyl d:A?(10)_ 11+ 
5-one acetate enol acetatE ~s 

TsOH (7:3) 

7-keto- 7-ketocholestanyl acetic anhydride b. 6: d -enol 18 
( 5o<-H) acetate TsOH acetates 

( 1 : 1 ) 

7-keto- 7-ketocholestanyl isopropenyl 6 6 -enol 18 
( 5~~H) acetate acetate acetate 

TsOH 

11-keto- 3fi-acetoxy-ergo- acetic anhydride l::l9 ( 11 )-enol 6 
( 5o<.-H) stan-11-one TsOH acetate 

11-keto- methyl 3o<-acetox~ acetic anhydridE 6 9( 11 ) enol 20 
( 5«-H) 11-keto-etio TsOH acetate 

cholanate 

16-keto- 3~-hydroxy-513(- isopropenyl {) 16: ~ 5 -eno· 21 
undrostan-16-one acetate H2Sol.j. acetates 

( 30: 1 ) 

17a-keto- . (± )1 e.-nor-D-homo- isopropenyl L117(17a)- 17 
( 18-nor-D- estrone methyl acetate H2so4 

enol acetate 
homo) ether 
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Position of Compound Conditions Product H.efer-
keto-group ences 

17a-keto- (±)18-nor-D-homo- acetic anhydride ,613(17a)_ 17 
( 18-nor-D- estrone methyl H2so4 enol acetat 
homo) ether 

20-keto- 3,S-acetoxyallo- isopl"Openyl ~20_ enol 4 
pregnane-20-one acetate acetate 

H2so4 

20-lceto- ;yg-acetoxyallo- acetic anhydride ~1 7 ( 2<2-~no 1 4 
pregnane-20~-one TsOH acetate 

Note: TsOI:I - toluene-p-sulphonic acid 

It is now pertinent to consider the proposals which 

have been made concerning the mechanism of enol acetylation. 

Marshall ~.al. 2 found that the acid catalysed reaction of 

acetic anhydride with 20-keto steroids (A4), yielded an enol 

acetate which was proved to be the Ll17( 202 isomer (A5). 

However, a different enol acetate, the !!P0
- isomer (A6), was 

obtained 3,4 from the same ketone on treatment with isopropenyl 

acetate under acid conditions. On the basis of this, Col"nforth 5 

suggested that in enol acetylation, isopropenyl acetate is more 

susceptible to steric hindrance than acetic anhydride, and that 

the formation of an enol acetate is inhibited if the~-hydrogen 

atom to be removed is sterically hindered, ~ 17o<- hydrogen 

is more hindered than the 21 - hydrogen atoms. 

Crawshaw, Henbest and Jones 6 have proposed a mechanism 

for enol acetylations which involves a cyclic transition state 

for ~ acid catalysed reactions. 



X :::: -OAc, .... o-y = o, 
0 

or halogen 

H""'
X 

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 

4 

of the ~1 7( 202 enol acetate in the higher temperature acetic: 

anhydride reaction was due to the greater thermodynamic stability 

of the 617( 2o)_ isomer. In support of this statement, the D- 20-

enol acetate on heating under reflux with acetic anhydride in 

the presence of an acid catalyst gave the ~1 7( 2o) isomer. 

However, Dauben et.al. 7, as a result of an examina

tion of the reactions of D.L~, 6- cholestadien-3-one, concluded that 

the acid catalysed isopropenyl acetate reactlon took place by 

the mechanism above, but that the reactlon with acetic anhydride 

under acid conditions proceeded by coordination of the 

OH3PO G) group onto the ketone oxygen atom, and the proton loss 



which followed would be governed by the requirement that the 

transition state received maximum stabilisation by hyper

conjugation 8• 

5 

The acid-catalysed react:i.on of AL~, 6 -cholestadien-3-one 
(A1) with acetic anhydride yielded the ~3 , 5 ,7-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~ the transition state of lower energy. 

Isopropenyl acetate, and pyridine-acetic anhydride 

conditions were reported to yield the ~2 '4' 6- isomer (A3). 

This was attributed to the greater accessibility of the C-2 

hydrogen atom as opposed to the 0-8 hydrogen atom. However, 

while isopropenyl acetate under acid conditions gave a good 

yield of the enol acetate, (85%), no yields were quoted for the 

reaction with acetic anhydride-pyridine. 

Enol acetylation of cholestan-2-one under all condi

tions gave the 62- enol acetate (A7) 9. Similarly, with 17f

acetoxy-androstan-3-one, all enol acetylation experiments 

yielded. the t:P- isomer (A8) as the sole product 10• 

The production of a Cl.2- enol acetate from both 2-keto 

and 3-keto (A/B trans) compounds may be attributed to the 

greater conformational stability of the ~2- double bond as 

opposed to the /1- and /Y- double bonds which would be partially 

formed in the transition state of the enol acetylation reaction 11• 
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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 - AH 
K cal/mole 

~1 27.3 

42 25.85 
( 

t:J3 27.97 

~5 25.85 

66 27.36 
_611 28.93 

The data given in the table,above indicate that the 

~2- double bond is considerably more stable than either 
1 3 D..- or 6 - .. 

Reaction of 17,B-acetoxy-2o<-methyl-androsta.n-3-one 

with isopropenyl acetate rmder acid conditions 10 gave D.2- enol 

acetate (A9), which shows that the accessibility of the hydrogen 

atom to be removed is not the only 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 conformational strain discussed above, 

the 62- double bond is additionally stabilised by the inductive 

effect of the methyl group 11 • 

The.reaotion of acid catalysed isopropenyl acetate 

with 4o<.-methyl-cholestan-3-one yielded the 1:12- enol acetate(A10) 
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as the sole product 13. Here the accessibility of the hydrogen 
' 2 

to be removed and the greater stability of the~ -double bond 

oppose the inductive effect of the L~4methyl group which would 

tend to stabilise the ~3- double bond; the overall effect 

favoured the ~2- enol 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). 17~-Acetoxy-19-nor-androstan-3-

one afforded a mixture of the c}- and tl>- enol acetates (A11 and 

A12) in the ratio 2:1 when treated with acid catalysed isopro

penyl acetate. Furthermore, although the crude 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 quantity of 

the .6.4- conjugated ketone. Thus the crude bromination product 

must have contained an appreciable amount of 4-bromo-ketones. 

These results imply that the removal of the angular 

methyl group reduces the energy difference between the A2- and 

3 A - enols by reducing the conformational strain introduced during 

the formation of a ~- double bond. 

The reaction of 2~-methyl-17ft-acetoxy-19-nor-androstan-

3-one with acid catalysed isopropenyl acetate gave the A2- enol 

acetate (A13) as the sole product 10• This suggests that the 

inductive effect of the 2~-methyl group dominates the directional 

factor due to the accessibility of the hydrogen atom. 
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The reaction of des-A-cholastan-5-one, which is 

analogous to 4~methyl-19-nor-androstan-3-one, with isopropenyl 

acetate- toluene-~-sulphonic acid gave an enol acetate sample 14 

in which the ~5 : A5( 1o) (A14, A15) ratio was~ 7:3, 

(analogous to a~~ : ~1 ratio· of 3:7 for the 4~-methyl-19-nor-3-

ketone). 

Thus for 3-ketones,. the major factor in determining 

the direction of enolisation 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 the 19-nor series) can the inductive effect of -' 
~-substituents and accessibility of the hydrogen atom have any 

effect on the direction of enol acetylation. 

An~lar methyl grouu present .,. __ - -
Compound Ratiotf: ~ 

17~-acetoxy-androstan-3-one 100:0 
20C-methy1-17,e-acetoxy-a.ndrosta.n-3-om~ 100:0 
4«-methyl-choles·tan-3;..one 100:0 

19-Nror-series -
Compound Ratiob2: !{; 

' 

17(3 -acetoxy-19-nor-androstan-3-one 2: 1 
2~-methyl-17p-acetoxy-19-nor-

androstan-3-one 100:0 
des-A-cholestan-5-one 7:3 7.7 
(analagous to 4~-methyl-17fi-acetoxy-

19-nor-androstan-3-one) 
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Des-A-cholestan-5-one when enol acetylated with acetic 

anhydride - toluene-~-sulphonic acid gave a mixture of A5( 1o)_ 

and 65- enol acetates 11+ (ca. 7: 3).. Howevel"', when the enol 

acetylating ~ystem was acetic aru1ydride-perchloric acid-carbon 

tetrachloride, the enol acetate obtained was the pure ~5( 1 0) 
isomer. 

These results are similal"' to those obtained by Barton 

15 et .. al.. in the 20-ke·to series, where it was found that acetic-

anhydrid.e-perchloric acid-carbon tetrachlorid.e at room temper

ature. affOl"'ded a better yield of the ~7( 20) enol acetate than 

acetic anhydride-toluene-~-sulphonic acid at 11+0°. This is 

contrary to the suggestion put forward by earlier workers 6 

who proposed that the formation of the ~ 7 ( 20) enol acetate was 

due to the higher reaction temperature used. 

House and Thompson 16 , in the synthesis of octal-1-

ones, studied the enol acetylation of decal-1-one (B1). Acid 

catalysed acetic anhydride conditions gave predominantly the 

6i(9)_ enol acetate (B2), while isopropenyl acetate under acid 

conditions afforded a mixture(~ 1:1) of the ~(9) enol 

acetate, and the ~- isomer (B3). 

Sqmewhat analogous to this example is the enol acetyl

ation of (±)-18-nor-D-homo-estrone methyl ether (B4) 17, in 

which the product composition was dependent upon the reaction 

conditions. Isopropenyl acetate with an acid catalyst afforded 

the Ai7(i 2a)_ enol acetate (B6), whereas acetic anhydride gave 

the ~ 3( i7a) isomer (B5). 
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7-Ketocholestanyl acetate (B7) 18 , on enol acetylation 

with isopropenyl acetate afforded theA6- isomer (BB), but the 
) 

USe Of acetic anhydride resulted in a ~mixtUl"e of~ 6 6-- and /:).7-

isomers (B8 and B9), the former predominating. 

The examples given above lend support to the statement 

that, when the ~-positions to the keto-group are sterically 

m01'1e hindered than for a 2-lceto 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 

OHjJO ~ 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 5~-bromo-ketone 1 , which suggests 

that the ~5- enol is inl1erently more stable than the b6~ enol. 

The greater stability of the LI>- as opposed to the ~6- double 

bond is further supported by heats of hydrogenation data 

obtained by Turner, viz. , 6.5 -25.85 ; A6 -27.36 K. cals. /mole. 

Thus acid catalysed enol acetylation of the keto

acetate (B10), with acetic anhydride should give largely the 

A5- 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 to counter

act the conformational effects which render the ~5- double bond 

thermodynamically more stable than the C!.6- 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. 109°) 

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 reactiono 

Earlier workers 22 studied the reaction of 3#-hydroxy

cholestan-6-one with a mixture of benzoyl chloride-benzoic 

anh.ydride and obtained as a product a compound which was des

cribed as ~' 6-dibenzoyloxy-cholest-5-ene. The structure of 

this compound was proved by synthesis from 5~-chloro-3~, 6~

dibenzoyloxy-cholestane by pyrolytic dehydrochlorination. 

The structure of the above enol acetate sample 

(m.p. 109°) was proved by bromination. Bromination in pyridine

acetic acid (1:10) 23 gave a good yield of a bromo-ketone which 

was identical with the known 3~-acetoxy-5~-bromo-cholestan-6-one. 

The absence of any 7«-bromo-ketone from the bromination product 

proved that the enol acetate sample was the pureA5-isomer, i.e., 

3~, 6-diacetoxy-cholest-5-ene (B11), and did not contain any 

~6-isomer. Bromination of the enol acetate in carbon tetra-



chloride in the presence of either potassium carbonate 11 or 

propylene oxide 24 again gave pure 5~-bromo-ketone, but in 

slightly lower yield. 
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The formation of the A5-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 !so

propenyl acetate using toluene-~-sulphonic acid as a catalyst, 

and subsequent 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 ([ex] D -47°) was similar to that 

of the 65-enol acetate ([«]D-49°), but a mixture of the two 

samples melted over a wide range of temperature (~ 85 - 95°). 

The infrared spectra of the enol aQetate samples 

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

showed a band at 1157 cm.-1 , which was absent in the spectrum 

of the b(-enol acetate. The 1157 cm.-1 band may be attributed 

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

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

6-acetoxy-cholest-6-ene (01), 11,56 em. - 1 25; des-A-5-acetoxy

cholest-5-ene (02), 1155 cm.-1 11 ; and 3~, 7-diacetoxy-cholest-

6-ene (03), 1157 em. -i 11 ). Thus it seemed probable that the 

enol acetate (m.p. 70 - 71°) was the b 6 -isomer (B12). 



However, bromination of this enol acetate in pyridine

acetic acid (1:10), conditions which gave the best results for 

the bromination of the~5-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 frequency of the carbonyl absorption 

in the infrared spectrum of the bromo-ketone 26 , a mixture of 

5«-- and 7ol..- axial bromo-ketones was inferred. 

The rotation of the bromo-ketone mixture was consis-

tent with a 5~-=7~- ratio of~ 1:1. Thus the enol acetate 

sample must have been a mixture of the~5-:~6- isomers in the 

ratio of 1:1. 

In an endeavour to-separate the enol acetate mixture 

into its components and to characterise the A6- 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 achieved; infrared spectra and 

rotations of the fractions were identical with the original 

mixture. (~Jones and Wluka 18 , in the study of the enol 

acetates of 7-ketocholestanyl acetate, who found the~6- and 

~7- 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 
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the crude enol acetate without first crystallising, by which 

process the ratio of isomers in the mixture might have been 

changed. 

Rotatory dispersion and rotation measurements on the 

crude bromo-ketone samples before and after filtration throu@1 

silica gel are given in the experimental section (p.30). 

Comparison of the peak and trou@l hei@1ts of the rotatory dis

persion curves of the bromo-ketone mixtures with the heights of 

the curves for authentic 5~- and 7«- bromo-cholestan-6-one 

enabled the rat:l.o of 5o<-: 7o<- bromo-ketones in the mixture, and 

thus the ratio of ~.5-: t£_ enol acetates in the Cl"'ude enol 

acetate mixture, to be determined.. The ratio of isomers obtained 

by this method, and by rotation measurements, were identical; 

both methods giving a A5-:~- enol acetate ratio of 55:45. 

From these results, it can be seen that there is 

indeed some specificity of react:l.on in the enol acetylat:l.on of 

6-ketocholestanyl acetate depending on the reaction conditions. 

Thus the 65- isomer is formed readily under conditions in which 

the o<.-hydl~ogen atom accessibi.li ty is not important, i.e. , in 

reactions involving acid catalysed reaction with acetic anhy

dride, but the ~6- enol acetate is formed in the reaction where 

hydrogen accessibility is important, i.e., in the acid catalysed 

isopropenyl acetate reaction. However, in the case of the 

isopropenyJ. acetate reaction which should give the £::,.6- isomer, 

the hydrogen accessibility effect (favoul .. ing A6-) is opposed 

by the conformational effect (favouring~-), the result of 



16 

these two effects being a mixtux•e of 65- and D-6- enol acetates 

(ca.. 1 : 1 ) .. 

( 2) Dehydrobromination of_Bromo-ketones 

The dehydrobromination of 5«-bromo-6-ketocholestanyl 

acetate was originally carried out in .·b o.iling pyridine 1• 

Treatment of the bromo-lcetone with a suspension of lithium 

carbonate inN ,N-dimethyl fox•mamide at 100° resulted in star•ti.ng 

material being isolated.. However, at 150° the same mixtul"e gave 

the 64- conjugated ketone in 70% yield .. 

Treatment of the 7~-bromo-ketone in the same maru1er 

afforded the 6.7- conjugated ketone, wh.iqh has recently been 

prepared by other routes 27. The more successful of these 

methods was from 7-dehydrocholesteryl acetate by chromic acid 

oxidati-on to the 5ot..-hydrox:y-d- 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 ~7- conjugated ketone to the ~-hydroxy compound, followed 

by elimination of water. 

However, these authors were unsuccessful in their 

attempts to dehydrobrominate the 7~-bromo-ketone. Under the 

conditions they used (silver nitrate and boiling pyridine), 

only 3,a-acetoxy-ch.olesta-6;7-di.one (04) was isolated, in low 
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yield (18% crude product), by crystallisation of the crude 

reaction product. This compound would be formed by hydrolysis 

of the bromo-ketone to the 7~-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 (~ 25%), 

and the ~7- conjugated ketone, (~ 10%). It must be pointed 

out that th.e separation of the 6.7- conjugated. ketone from the 

cr•ude reaction product by crystallisation (the method used by 

Heilbron et.al. 1) would be d::l.fficult, if not impossible. 

( 3) Structure of the Enol Form of 3ts-Acetoxy-bholesta-6, 7-clione 

Heilbron et.al. 1 have shown the 6,7-diketone to 

exist in the mono-enol form (05 or 06), by the presence of one 

active hydrogen atom, and by the green-violet colour formed on 

reaction with alcoholic ferric chloride. T,he infrared spectrum 
I 

of the compound has an absorption peak at 3424 cm.-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 the ~-7-ketone (05) or the 67-6-ketone (06) .. 

It has been found that the rotatory dispersion curve of 6-a.ce

toxy-3~-bromo-cholest-5-en-7-one (E2, 07) 5 is similar to the 
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curve obtained for 3~-acetoxy-cholest-5-en-7-one (E4, 08) 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 t:?- or a e:l- double bond in the enol acetate of the 

dione (09 or 010) might be revealed by comparison of the 

rotatory dispersion curve of the enol acetate with the curves 

of 3~·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 tinlike that of the~7-6-ketone (E3), but 

similar to the curve of the .6?-7-ketone (E4) in general shape. 

Thus it is probable that the enol acetate of the dione is 

3(.3,6-diacetoxy-cholest-5-en-7-one (09) and by inference the 

enol form of the dione is 3t9-acetoxy-6-hydr{)xy-cholest-5-en-

7-one (05). 

(4) Attempted Enol Acetylation of 7~-Bromo-6-
~etocholestanyl Acetate 

> 

It has been found that 6-acetoxy-3~, 7~-dibromo

cholest-5-ene (D1) was resistant to further bromination 25. 

In order to study the bromination of the corresponding 3fl

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

attempted. 

Enol acetylation employing acetic anhydride with 

toluene-~-sulphonic acid, and with carbon{etrachloride-
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perchloric acid, gave unchanged bromo-ketone. However, prolonged 

heating under reflux with acetic anhydride using toluene-~

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 fractioll; ([q(JD + 1°) which partially 

solidified on standing. 

The infrared spectrum of this material indicated tb.e 

presence of an enol acetaie function, and no keto-function. 

This spectrum differs from that of 6-acetoxy-3~, 7«-dibromo

cholest-5-ene 25 by the higher frequency of the enol acetate 

carbonyl band, the presence of a strong C = C absorption band 

6 -1 at 1 50 em. , 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 ([~]D + 1°) is the ~6-isomer (D2), although 

no analytical data could be obtained. 

In support of this, Rutherford and Stevens 29 have 

found that in enol acetylation of some ~-halo-ketone~ 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 A4-6-Ketocholestanyl Acetate 

In an attempt to prepare the enol acetates of the 
' 

~4- conjugated ketone and to study the bromination products of 
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these co1:npounds, enol acetylation experiments wer•e carl"ied out .. 

Some ex~ples of enol acetylations of. conjugated ketones in the 

.steroid series are given below. 

Compound Oondi tions Pl"oduct R ef.e1 ... 
ences 

cholest-l.j:-en-3-one isopropenyl acetate- D.3 '5-cnol 30 
sulphuric acid acetate 

cholesta-4,6-dien- acetic anhydride- 6 3 ' 5 '7-enol 7 
3-one acetyl chloride acetate 

cholesta-4,6-dien- isopropenyl acetate- 2 4 6 D. ' ' -enol 7 
3-one TsOH acetate 

3~-acetoxy-cholest- isopl .. openyl acetate-· 67' 9 ( 11 Lenol 31 
8-en-7-one TsOH acetate 

3~, 2g~-diacetoxy- acetic anhydride- 67,9(11)_ 32 
5,8- t:l -pregnen- · · TsOH 1l.~o<-H and 
11-one 1 tt.t;J-H ~, 

+ ~s ( 14 , 9 ( 11 l. 
enol acetate 

N:ote: TsOH = toluene-~-sulphonic acid. 

Enol acetylation of. the A4- conjugated k~tone with 

boiling acetic anhydride and sod~um acetate, acetic acid-carbon 

tetrachloride and perchloric acid, and with boiling acetic 

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

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

be crystallised. Chromatography of these products on deacti-

vated alumina resulted in their decomposition, and in all cases 

no compound could be eluted. An attempt was made to purify 

product (0) by sublimation, but this too was unsuccessful. 

In order to obtain information about the reaction 

product (C), a srunple was hydrolysed under mild acid conditions 



21 

and the product clu~omatographed on deactivated alumina. Light 

petroleum-benzene (4:1) eluted a co~pound, the infr~red 

(1695 em. - 1 ) and ultra violet spectra (Amax. 2510 X, {-13,200) 

of which were those of a cross-conjugated dienone. Thus the 

conjugated ketone must be cholesta-4,7-dien-6-one. (D3), which 

had previously not been prepared. No confirmation of this 

assignment could be made from rotatory dispersion measurements 

in view of the laclc of compouncls of analogous structure. 

Elution with the same solvent gave a further compound 

which was characterised by m.p. 126° (lit. value 129- 130°), 

infrared spectrum 1681 cm.-1 (1686 cm.-1 ) and ultra violet 
0 . 0 

spectrumAmaxe 3150 A,£ -9,400 (Amax. 311+0 A,£- 9,500) as 

cholesta-2,4-dien-6-one (D4) 33. 

The isolation of the two conjugated ketones in which 

the 3{3-acetoxy group is absent indicates that under the acid 

catalysed enol acetylation conditions, enol acetylation is 

aceompanied by the loss of the 3,8-acetoxy group.. Analogous to 

this observation is the loss of the 3,)3-acetoxy group when 

3,a-acetoxy-cholest-5-en-7-one (D5) was heated under reflux in 

benzene in the presence of toluene-~-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, 

confi~ms that the 3p-acetoxy group is eliminated only under 

acid catalysed conditions. Thus reaction with sodium acetate 

and acetic anhydride, while yielding an enol acetate function, 
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the product still contains the 3~-acetate group. 

Com1itions Enol Acetate 3,B-Acetate 

·acetic anhydride-sodium acetate 1770' 1206' 1742, 1235 em. -i 

1189 em. -1 

acetic anhydride-carbon tetra- 1767' 1205, - - -
chloride-perchloric acid -1 1188 em. 

acetic anhydride-toluene-~- 1767, 1200, - - -
sulphonic acid 1190 em. - 1 

In spite of the fact that a more detailed examination 

of the enol acetylation reactions will have to be carried out 

before the enol acetates can be identified, it is still of 

interest to speculate about the identity of the reaction 

products (A, B, C). 

In view of the infrared data, it seems likely that 

the major component of the sod:i.um acetate - acetic anhydride 

reaction product will ~e 3fi,6-diacetoxy-cholesta-4,6-diene (D7), 

even though the altern~tive A5,7_ diene 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, ~2 ,4-6-ketone and 64,7_6-ketone must be derived 
2 4 6 . 

from the 6' ' -and D?,5,7_ enol acetates (D9 and D10). 
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EXPERIMENTAL 

Melting points are corrected. Specific rotations were 

measured in chloroform in a 1 dm. polarimeter tube at room 

temperature. Micro-analyses were carried out at the University 

of Otago. Infrared absorption tneasurements were in carbon di

sulphide solutions and were recorded with a Perkin-Elmer Model 

221 double-beam instrument equipped with a soclimn chloride 

prtsm. Ul tl'aviolet absorption data were obtained with methanol 

solutions. Alumina used for chr"omatography was P. Spence 

Grade 'H'; deactivated almnina refers to g:r.•ad.e 'H' to which 5% 

of 10% aqueous acetic acid has been added. Silica gel used 

for chromatography was Hopldn and Williams 'Material fo1~ 

Ohr~omatography'. IJight petroleum refers to the fraction of 

b.p. 50 - 70° 



6-Nttrocholesteryl-nttrate. 

A suspension of cholesterol ( 20g.) in acetic acid 

(80c.c.) was stirred with fmning nitric acid (1c.c.) at 20°. 

This was cooled to 0°, and furning nitric acj.d (130c.c.) was 

added dropwi se dut~j_ng 1 hl~. , ancl the rnixtu1~e 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 , quote m. p. 128°). 

3~-Hydroxy-cholestan-6-one. 

24 

A solution of 6-nitro-cholesteryl nitrate (10g.) in 

acetic acid (140c.c.)· and water (27c.c.) was heated with zinc 

pow(ler (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 ether (11; 500c~c.). The etherial 

extract was washed successively with sod hun bicarbonate, water, 

brine, and dried. Removal of the solvent at 20m.m. gave a 

coJ.our'less solid ( 9. 6g.) as a residue. rrhj.s 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. 133-134°, which on 

cr•ystallisation from ethanol 

one (28g.), as needles, m.p. 
1 -1 3610cm~ (OH), and 1718cm~ 

afforded 3~-hydroxy-cholestan-6-

140-1410, [O(}D -2° (c=0.99),~max. 

(0:::0). (Barton and Cox, J.Chem.Soc., 
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3@-Acetoxy-cholestan-6-o~e. 

3fo-Hydroxy-cholestan-6-one (38g.) was dissolved in 

the minimrun amount of warm pyridine (ca. 100c.c.) and acetic 

anhydr•ide ( 25c. c.) was added, and the solution left for 18 hr. 

at 20°. Removal of the solvent at 20m.m. and crystallisation 

from ethanol afforded 3,tS-acetoxy-cholestan-6-one (30.2g.) as 

needles, m.p. 129°, [0\] n'-24° (c:::0.935), ~max. 1739 and 

1236cm71 (OAc), and 1721cm:1 (0=0). (Barton and Cox, J.Chem. 
' 

Soc. , 1948 t 783, quote m. p. 129°, [0(] D-16°). 

3@-Acetoxy-5~-bromo-cholestan-6-one. 

Bromine ( 0.40g. ; 1.1 moJ..) in acetic acid ( 1. 5c. c.) 
' was added dropwise during 10 min. to a solution of 3ft-acetoxy-

cholestan-6-one ( 1. Og.) in dry ether ( 1 OOc. c.) at 0°. The 

solution was stirred for• 30 mi'n., and isolation lli ether and 

subsequent crystallisation from ether-light petroJ.erun gave the 

bromo-ketone (607mg.), m.p. 16L~-165°, [o<]D-134° (c=0.92), 

':))max. 1745 and 1236cm:1 , (OAc), and 1724cm:1 (~bromo

ketone). (Heilbron et.al., J.Chem.Soc., 1937, 801, quote 
o· o m.p. 162 , [o<)D-133 ). 

1£1,..:-·Acetoxy-7;!-bromo-cholest an-6-one. 

Bromtne ( 1 .. 1 g. ; 1 mol.) in acetic acid ( 20c. c.) was 

added during 1 hr. to a stirred solution of 3(3-acetoxy-choles

tan-6-one (3.0g.) tn ether (30c.c.) and acetic acid (7.0c.c.), 



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

the oily solid ( 3. 30g.), isolated. via ether, was adsor•bed on 

silica gel ( 1 OOg. ) • Elution with light petroleum-benzene 

(1:1) and. crystallisation from methanol-ether gave the bromo

ketone as needles (1 .. 78g.), m.p. 146-147°, [o<]n+44° (c=0.96), 

~max. 1745 and 1236cm:1 (OAc), and 1724cm:1 (~bromo-ketone). 
·(Heilbron et. al. , iLChem. Soc. , 1937; 801 , quote m. p. 145° 

[o<]n+41 o). 

Isomerisation of 3f3-Acetoxy-5C><.-bromo-cholestan-6-one. 

A solution of the bromo-ketone (100mg.) in acetic 

acid-chloroform (10c.c. ; 1:1) containing aqueous hydrogen 

bromide (0.3c.c. ; 50%) was kept at 20° for 24 hr. Due to the 

dark colour of the solution, kinetic observations using the 

polarimeter were impossible, and the solution was wor•ked up 

via ether to give a solid m.p. 125-130°, [o<]D-68° (c=0.76), 

·-~ max .. 1745 and 1236cm:1 (OAc), and 1721cm:1 (~ bromo-ketone)e 

The rotation data indicate a mixture of bromo-ketones 

Attempted Isomerisation of 3~-Acetoxy-7~-bromo-cholestan-6-o~. 

A solution of the bromo-ketone (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 



bromo-ketone (78mg.) as needles, m.p. 146-147°, [o<.]D+43° 

(c=1.02), ~ max. 1745 and 1236cm~1 (OAc), and 1721cm~1 

(~ bromo-ketone). 

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

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

acetic anhydride (7c.c.), and aqueous perchloric acid (0.5c.c.; 

60%), and kept at 20° for 18 hr. The mixture was diluted with 

ether ( 1 1.) and washed successively with sodium bicarbonate 

solution, water, brine, and dried. EYaporation of solvent 

afforded an oil (5.73g.) which was adsorbed on deactiYated 

alumina (500g.). Elution with light petroleum-benzene (100:35) 

gave solid ~.6-diacetoxy-cholest-5-en_~ (3.74g.), and crystal

lisation from methanol-ether gaye needles (2.7g.) m.p. 109°. 

Crystallisation from methanol gaYe needles m.p. 91-92°, 
I 

(o<]n-49° (c::::0.98), (Found: c, 76.1; H, 10.2; o, 13.55. 

C 31H50o
4 

requires 0, 76.5 ; H, 1 o. 3; 0, 13. 2%) ~ max. 1761 and 

1205cm:1 (enol acetate), 1745 and 1241cm:1 (3~-acetate), and 

1701cm:1 (C=C). Elution with benzene afforded unchanged 

starting material (750mg.), identified by m.p. 129°, [o<.] D-2LJ.0 

(c=0.93), ~max. 1739 and 1236crn:1 (OAc), and 1721cm:1 (0=0). 

(b) A solution of 3~-acetoxy-cholestan-6-one ( 451rng. ) in 

acetic anhydride (8c.co) and sulphuric acid (0.02c.c.) 

was heated under l"eflux for 1 hr. Isolation via ether afforded 

an oil (519 mg.) which was adsorbed on deactivated alumina(5P~~ 



28 

Elution with light. petroleum-benzene ( 10: 3) and crysJGallisation 

from. ether-methanol gave 3f3,6-diacetoxy-cholest-5-ene (339mg.) 

as needles, m.p. 109°, [o<.Jn-49° (c:::0.,98), ~max. 1761 and 

1205cm:1 (enol acetate), 1745 and 12~.1cm-.. 1 (3j?-acetate), and 

1701cm:1 (C=O). 

hl The sol vent was fractionally dist:i.lled at 96° from a 

solution of 3~-acetoxy-cholestan-6-one (8.015g.) and 

toluene.::J2-SUlphonic acid (1.27g.) in isopropenyl acetate 

(200c.c .. ). After 8 hr., during which time 50c.c. of solvent 

had distilled over, the remaining solvent was removed at 20m.m. 

presm..u~e. The residue was worked up m ether in the usual 

manner, and affol'decl an oil ( 9. 26g. ) which was adsorbed on cle

acti"IJ'ated alum.in.a ( 800g.). Elution with light petroleum

benzene (10:3), and crystallisatj_on from methanol gave an enol 

acetate sample (1.58g.) as needles, m.p. 70-71°, [CX]n-47° 

(c:::1.07), (Found: C, 76.1; H, 10.·1; O, 13.3. c 31 H50o4 

requires C, 76. 5 ; H, 1 o. 3; 0, 13. 2%) ·~ max. 1761 and 1209cm71 

( ) -1 ( ) -1 enol acetate , 171_1-2 and 1238cm.. 3fl-acetate , and 1701 em. 

C::C'). Further elution with the same solvent followed. by elution 

with benzene yielded unchanged starting rnatel~ial ( 5. 28g.), 

m.p. 129°, [o<] D-24° (c:::0.85), ~max. 1739 and 1236cm:1 (3~

acetate), and 1721cm:1 (C=O). 
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~ination of _2~,6-Diacetoxy-cholest-5~ene. 

BI>omine ( 250mg. ; '1., 5 moL) in acetic acid ( 1 c. c.) 

was added to a solution of the enol acetate (500mg.) in pyridine

acetic acid (4 .. 5c.c. ; 1:10) at 20°. The uptake of the bromine 

by the enol acetate was rapid, and a precipitate of bromo

ketone formed, which was isolated via ether-chlorofol"m ( 500c. c.; 

20:1) and washed successi'lrely with aqueous sodium sulphite, 

hydrochlol"'ic acid ( 2N), aqueous sodium hydrogen carbonate, 

saturated br•ine and finally dried@ Removal of solvent at 20mm. 

gave the crude product (553mg.), which was adsorbed on silica 

gel (50g. ). Elution with light petroleum-benzene (1:1) and 

crystallisation from ether-light petroleum gave 3(3-acetoxy-5o(

bromo-cholestan-6-one (450rng.) as needles, m.p. 167-168°, 

[ex] D-131 ° ( c=O .. 96), \> max. 1745 and 1236cm:1 , ( 3~-acetate), and 

1724cm71 (~bromo-ketone). 

B1•omination of the Enol Acetate mixture (m .. p. 70-71°). 

ill Bromine ( 250mg .. ; 1 .. 5 moL) in acetic acid ( 1. Oc. c.) 

was added to a solution of the enol acetate (491mg.) 

in pyridine-acetic acid (4.5c.c. ; 1:10) at 20°. After 10 min. 

the excess bromiri'e was destroyed by aqueous sodium sulphite and 

the steroidal matel"ial recovered lli ether in the usual mrumer. 

Removal of the sol vent at 20mm. gave a crude bl"omo-lc.etone 
0 0 ~ 

mixture (511mg.), m.p. 115-125 , [~]n-50 (c=0.93), ~max~ 

1745 and 1236cm:1 (OAc), and 172·lcm:1 (~bromo-ketone). 
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:R.D. in methanol: 

( 2800~) ' + 5400°; 

[ J . 0 0 
M ( 3275A), - 3600 ; 

0 0 
( 3250A) , -4050 ; 

0 
( 2760A), + 5000. 

Adsorption of th~ crude bromo-ketone mixture on 

silica gel (50g.) and subsequent elution with light petroleum

benzene ( 1:1) gave a mixed bromo-ketone sample (400mg. ) , 

[9<]n-50° (c=0.99), \l max. 1745 and 1236cm-:1 (OAc), and 1721cm-:1 

(.§Jh bromo-ketone). R.D. in methanol: DlJ (3262~), -4200°; 

(3225f), -45oo0
; (285oR), + 5970°; (2813~), + 585°. 

i£1 Conditions as before (500 mg. enol acetate). 

Crude ~action J2POduct (517 mg.) : [O(]n-49° (c=1.0l.~), 

R.n. in methanol: Uvl] (3300~), -2800°; (2900A) + 3950°. 

Mate~Jal after filtration. through silica gel (4.25mg.): 

[o<]D -50° (c=0.87), R.D. in methanol: [IV!] 
0 

(2800A), + 6480. 

Rotations on the bromo-ketone mixtures both before and 

after filtration through silica gel indicate a ratio 5o( : 7o<. 

roughly 55: 45. 

O.R.D. results and interpretations 

Compound Peak 5o<: 7o< Trough 59':7o<. 

5~-Bromo-cholestan-6-one -13500 +18800 
7~-Bromo-cholestan-6-one +7200 -9800 
Expt. (a) crude -4050 55:45 +51+00 55:45 
Expt. (a) after filtration 

through silica gel -4500 55:45 +5970 55: L~5 
E:1..rpt. (b) crude -2800 50:50 +3950 50·: 50 
Ex.pt. (b) after filtration 

through silica gel -3200 50:50 +6480 55:45 
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Hyd:£olysis of 3f?,6-Diacetoxy-cholest-5-ene. 

3~,6-Diacetoxy-cholest-5-ene (400mg.) in methanol 

(20c.c.) was heated under reflux with aqueous potassiwn 

hydroxide ( 2c. c. ; 25%) for 30 min •. Isolation in the usual 

manner afforded a solid which on crystallisation from methanol 

gave 3p-hydroxy-cholestan-6-one (306mg.) as fine needles~ 

m.p. 140-141°? [~]D-2° (c:0.99), V max. 3623cm:1 (OH), and 

1721cm:1 (0=0). 

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

The enol acetate (12~ng.) in methanol (6c.c.) was 

heated tinder reflux with aqueous potassium hydroxide (0.6c.c. 

25%) for 30 min. Isolation via ether yielded a solid which on 

crystallisation from methanol gave 3p-hydroxy-cholestan-6-one 

) 
. 0 0 ~ 

(79mg. as fine needles m.p. 140-141 , [o<]D-2 (c=0.99), ""¥max. 

3623cm:1 (OH), and 1721cm:1 (0=0). 

Attempted preparation of 3/1:-Acetoxy-cholest-4.-en-6-one • 
• 

3~-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 lli ether, and washing 

successively with hydrochloric acid (2N), sodium bicarbonate, 

water, brine, and drying, yielded a solid, and crystallisation 

of this from ether-light petroleum gave unchanged bromo-ketone 

(833mg.) as needles m.p. 166-168°, [~]D-134° (c=0.92), 
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~max. 1745 and 1236cm~1 (OAc), and 1721cm~ 1 (~bromo-ketone). 

aa-Acetoxy-cholest-4-en-6-one. 

3~-Acetoxy-5~-bromo-cholestan=6-one (950mg.) was 

added to a boiling suspension of lithium carbonate (3.5g.) in 

N,N-dimethyl formamide (100c.c.). The mixture was heated under 

reflux for 4 hr. and recovery of steroidal material ~ ether 

gave an oil ( 755mg. ) which was adsorbed on deactivated ah:unina 

(750g.). Elution with light petroleum-benzene (2:1) gave the 

conjugated ketone (552mg.) which on crystallisation from 

methanol gave chunky needles, m.p. 111°, [o<..]n-49 .. 5° (c=1.06), 

~max. 1748 and 1230cm:1 (OAc), 1701cm:1 (0=0-0=0), and 1645cm:1 

0 
(C.=C),Amax. 2360A, (£, 5,800). (Heilbron et.aL, :.Lt.Cllem.Soc .. , 

1937, 801, quote m .. p. 110°, [o<)D-50.5, A max. 2360~ (€., 6,300)) .. 

~-::Acetoxy-cholest-7-en-6-one. 

3(3~·Acetoxy-7o<.-bromo-cholestan-6-one ( 250mg. ) was 

aclded to a boiling suspension of lithium C8.l"bonate ( 900mg. ) in 

N,N-dimethyl formamide (25 c.c .. ) under nitrogen. The suspension 

was he~lted tmcler reflux for 3 hr. , and wo1•king up via ether 

affo1•cled an oil ( 216mg. ) which was adsorb eel on siliea gel ( 30g. ). 

Elution with benzene-ether (50: 1) gave a solid ( 136mg.) wh:i.eh on 

Cl'ystallisation f:c•om methanol gave the col'}juga:te<Llf.etone as 

needles, m.p. 152-153°, [o<]n+1 ° ( c=O. 98), (Fotmd: C, 78.6 ; 

H, 1 o. 2 ; 0, 1 0., 9. C 29H!~6o 3 requires C, 78. 7 ; H, 1 0. 5 ; 0, 1 o. 8~&) 



~ me.xa 174.2 and 1236cm.-1 (OAc), and 168L~cm.- 1 (0::{)-C:O), 
0 0 

A max. 2450 A, (€,, 21 ,Lj.OO). R.D. in methanol: [M] (5890A), 

+800°; · (5oooX), + 550°; (4oooX), + 1300°; (345o£), + 6500; 

(31ooX), - 6000°. (Harvey and Bloch, Chern. and Ind., 1961, 

595, quote m.p. 151-152° only). 
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Attempted Dehydrobromination of 3,S-Acetoxy-7o<..,·bt•omo-cholestan-

6-one (cf. J.Chem.Soc. 1937, 80~.) 

The b1 .. omo-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.). Elution with 

light petroleum-benzene (1:2) and crystallisation from methanol> 

affor•d.ed 3{3-acetoxy-cholestane-6·, 7-dione ( 147mg.) as needles, 

m.p. 162-163°, [~JD-115° (<a=1.01), ~max. 3L~2L~ cm.-1 (oH), 1742 

and 1233cm.-1 (3fo-acetate), 1680cm.-1 (c=C-C=O), and 1652cm.-1 

0 
(C=C), Amax. 2740 A, (£, 11,700)a R .. D. in methanol: 

[M] ( 589of), -350° ; ( 5000~); -150° ; ( Lt.oooX), -1150° ; ( 325oR) , 

-5000°; (3000~), -1500°; (2975~), - 500°. (Heilbron et.al., 

J.Chem.Soc .. , 1937, 801, quote m .. p. 156-157°, [t::I(]D -108°, 
0 

)\max. 2745A, (£, 1 q700)). Further elution with benzene-ethel .. 

(50:1) gave 3~-acetoxy-cholest-7-en-6-one (75mg.) and crystal

lisation from methanol afforded needles, m.p. 152-153°, 

[c:<Jn+1° (•c=0.98), ~ max. 1742 and 1236cm. - 1 (OAc), and 

168L~cm.- 1 (C=C-C=O), A max. 2450%, (€-, 2~400). 
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Acetylation of 3,8-Acetox;y:-cholestB:ne-6 27-dione. 

A solution of the diketone (90mg.) in pyridine (2c.co) 

and aceti.c anl1.ydride ( o. 2c. c.) was kept at 20° fo:r• 24 hr. 

Isolation via ether affo:r.•ded a solid ( 1 08mg.) which on crystal-

lisation from methanol gave the enol acetate (:probably 3(3,6-

diacetoxy-cholest-5-en-7-:-one), m.p. 105-106°, [o<]n-116° 

(c=0.99), (Found: c, 74.89; H, 9.55• c31 H48o5 requires 

c, 74.32; H, 9 .. 67%) ~max. 1742 and 1233cm .. - 1 (3,8-acetate), 

1767 and 1202cm.-1 (enol acetate), 1695cm.-1 (C=C-C=O), and 

1650cm. -i (C=C), ;\max. 2430~, (£max., 13100). (cf. 6-acetoxy-
, - 0 . 25 

3,.a.o:bromo-cholest-5-en-7-one: Amax. 24.30A, (€max., HJ.-700) ). 

R.D. in methanol: 
/ 0 

[lvr] '( 5890A), + 1800° ; ( 500og), + 1500° ; 
0 0 0) 0 0 

(4000A), + l.t.OO ; ( 3375A , - 850 ; ( 3325A), - 650° ; ( 33ooX), 

- 1550°-; (3275X), - 700°; (275o~), - 61oo0
• 

Attempted Enol Acetylation of 3p-Acetoxy-7o<.-bromo-cholesta.n-

ill A solution of the bromo-ket.one ( 254mg.) and toluene

,E-sulphonic aci.d (20mg.) in acetic anhydride (20c.c.) 

was heated under reflux for 1 hr. Isolation via ether gave 

unchanged starting material (251mg.) m.p. 140-142°, V max. 1745 

and 1236cm.-1 (OAc), and 1724cm.-1 (~bromo-ketone). 

iQl The bromo-ketone (250mg.) in carbon tetrachloride 

(5.6c.c .. ), acetic anhydride (0.3c.c.), andperchloric 

acid (0.02c.c.) was kept at 20° for 18 hr.. Isolation via ether 

afforded unchanged starting material (237mg.), m.p. 138-140°, 



~ max. 1745 and 1236cm. - 1 (OAc), and 1724cm. - 1 (~ bromo

ketone). 
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. . 0 
The solvent was fi•actionally distilled at 140 from 

a solution of 3p-acetoxy-7o<.-bromo-cholestan-6-one 

(915mg.) and toluene-~-sulphonic acid (300mg.) in acetic 

anhydride 75cec. 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 via ether in the 

usual manner. Evaporation of sol vent affor•ded an oily solid 

( 1. 04g.), which was adsorbed on silica gel ( 1 OOg.). Light 

petroleum-benzene (1:2) eluted unchanged starting material 

(811mg. ), which on crystallisation from methanol gave needles, 

m.p. 146-147°, [o<.]D + 44° (c=0.96), Y max. 1745 and 1236cm.-1 

(OAc), and 1724cm.-1 (ax. bromo-ketone). Elution with ether 

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

Infra-red. data indicated this oil to be an enol acetate, 
0 '"'\• -1 

[o<.ln+1 (o::0.91) v max. 1742, 1235, 1215 and 1133cm. (3(3~-

acetate), 1789 and 1178cm.-1 (enol acetate), and 1650cm.-1• 

No analytical data could be obtained. 

~~1 Acetylation of 3@-Aceto~y-cholest-4-en-6-one. 

~ The conjugated ketone (315mg.) was heated under re-

flux with anhydrous sodium acetate (350mg.) and 

acetic anhydride (21c.c.) for 5 hr. Removal of the solvent at 

20m. m. and isolation via ether afforded an oil (A) ( 346mg.), 

~ max. 1770, 1206 and 1189cm.-1 (enol acetate), and 1742 and 



1235cm.-1 (3~-0Ac). 

ill The conjugated ketone ( 350mg. ) in carbon tetrachlorid.e 

(9c.c.), acetic anhydride (0.5c.c.) and perchloric 

acid (0.02c.c.) was left at 20° for 18 hr. Isolation via ether 

gave an oil (B) ( 385mg. ) , ~ max. 1767, 1205 and 1188cm. - 1 

(enol acetate), 1661 (C=O). Chromatography on deactivated 

alumina was unsuccessful due to decomposition of this material 

on the column. 

ill A solution of 3,8-acetoxy-cholest-4-en-6-one (4.94mg.) 

and toluene-,12-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) (498mg .. ), ~ max. 1767, 1200 

and 1190cm.-1 (enol acetate), and 1658cm.-1 (0=0). 

Hydrolysis of the above Enol Acetate. (C) 

A solution of the crude enol acetate ( 9.3rng. ) from 

the acetic anhydride-toluene-,12-sulphonic acid reaction, in 

methanol ( 1 Oc. c.) and. sulphuric acid (7N; 2c. c.) was heated 

under reflux for 1 hr. Isolation via ether yielded an oil 

(84mg.) which was adsorbed on deactivated alUJnina (8g. ). 

Elution with light petroleum-benzene (4:1; 25 c.c.) gave a 

solid (29mg.) which on crystallisation from methanol afforded 

cholesta-4,7-dien-6-one as plates, m.p. 108-109°, [~Jn+5° 

(
1c=1.13), (Found: C, 84 .. 2 ; H, 1 o. 7. C 27rr42o requires 



C, 84.7 ; H, 11. 05%) 7:; max. 
0 

2510A, (~max., 1-1.220). R.D. 
0 . 0 

(5890A), - 600°; (5000A), -

+ 230°; ( 3075R), - 1920o0
; 
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1695cm. -.1 (C:::C-0=0), A max. 
0 

in methanol: [rvr] ( 6000A), - 650°; 

250° ; ( 4oooX), + 200° ; ( 3650~) , 
0 0 0) 0 (2775A), + 1900 ; (2700A , + 600. 

Further elution with the same solvent (15c.c.) gave a solid 
0 - 1 

( 13mg. ) , cholesta-2 ,4-dien-6-one, m. p.. 126 , ~ max. 1681 em.-
0 

( C :::C -C ::::0). A max. 3150A (€ max. , ~400). (Reich, Walker, and 

Collins, ,J,.Org.ChemJ., 195·1, .1§, 1753, quote m.p. 129-130°, 

~ max. 1686cm. - 1 , and )\max. 3140~, (£max. , ~500)). 
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