
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


THESIS

submitted to

THE UNIVERSITY OF GLASGOW

in fulfilment of the 
requirements for the

DEGREE OF DOCTOR OF PHILOSOPHY

by

DUNCAN m e  LEAN

September, 1954



ProQuest Number: 10646750

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uesL

ProQuest 10646750

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



The cuthor wishes to express his appreciation, of 

the guidance and encouragement given during the course of 

these investigations by Professor F.S. Spring, F.H.S. He 
also wishes to acloiowledge liis indebtedness to Hr. G.T. ITewbold 
and Hr. R. Stevenson for invaluable advice and discussion.



STUDIES IN ERGOSTEROL CHEiirSTRI



COUTEHTS.
Page.

Introduction. 1

Historical.
I. Ergosterol as a starting material for

adrenocortical hormone synthesis.......  9
7-9 (ii )

II. 11-Keto-steroids from A -Dienes.
(a) Oxidation with Peraromatic Acids  10
(b) Oxidation with Peraliphatic Acids..... 20

(c) Oxidation with Sodium Dichrornate
and N-bromsuccincinide   24

III. ll"Keto-steroids from Debydroergosterol.
(a) Peroxidation in Ring B................ 26

(b) Peroxidetion in Ring C................ 29

IV. Conversion of 11-Qxygenated Steroids into
Cortisone........    30

Theoretical.

I. The preparation and Attempted Selective
Hydrogenation of ll-Oxoergosta-8%22- 
dien-3j5-yl A c e t a t e . 3̂

II. The Stereochemistry of ^  ^-7-Keto and
-ll-keto-steroids on^some of their 

derivatives............................. ^9



III. The Stereochemistry of 9o6%llO^Dihydro%y-7-
axocrgost-22-en-35-yl Acetate and of l o i %  s p  
90itllt-tetrahydroxyergost-22-en-^-'yl .
A c e t a t e * 47

17. Bromination of 22»23-Dibromo-ll-oxo-9^ergOBt
-7-en-3j6-yl Acetate.......................... 53

V. The Structure and Reactions of 22%23-Dibromo-
7ô i 8ftVepoxy-ll-oxoergostan-3^yl .Acetate..... 55

VI. The Structure and Reactions of 22%23-Dibromo-
7y6%8^-epoxy-U-oxo-9j6-ergostan-3^-yl Acetate. 66

VII. A Fixtial Synthesis of Cortisone............ 75

Experimental.

I. The Preparation and Attempted Selective
Hydrogenation of H-oxoergosta-8»22-dien-^- 
yl Acetate............................... 80

.9 (ll ) ,7II. The Stereochemistry of A -7-Keto and A -
ll-Keto-steroids and some of their Derivatives #92

III* The Stereochemistry of 9oti 11/)̂ -dihydroxy-7-
oxoergost-22-en-^-yl Acetate................*.103

IV. Bromination of 22i23-Dibrono-ll-oxo-9^-ergost-
7-en-^ -yl Acetate................. ‘...........105

V* The Structure and Reactions of 22%23-Dibromo-
8o^-epoxy-ll-oxoer gostan-^ -yl -Acetate...... *108

VI. The Structure and Reactions of 22i23-Dibromo-'^i
8y3-epoxy-ll-oxo-9^-ergostan-3^-yl Acetate..... *116

VII. A Partial Synthesis of Cortisone from Ergosterol.124



££ê 2»

Bibliography. ........   135



INTRODUCTION



-  1 -

INTRODUCTION

The dramatic clinical effects obtained with cortisone and 

ACTH in recent years have stimulated efforts to solve long standing 

problems connected with the partial and total synthesis of adrenocortical 
hormones. When, in 1929, Rogoff and Stewart(l), and in 1930, Swingle 

and Pfiffner(2), and Hartmann and 3rownell(3) reported that extracts 
of cortical tissue would maintain life in the adranalectomised animal, 

extensive investigations of the constituents of this gland were initiated.
The active adrenal cortical agent was originally referred to as "cortin" 

or the ”lif0-maintenance hormone”.
The specific physiological activity of an adrenocortical hormone 

is difficult to define in that a substance may show a positive response 

in one method of assay and a negative response in another. It is essential, 

therefore, in reporting biological activity, to specify the assay method 

used. The most important of the symptoms which follow adrenalectomy and 

which provide quantitative methods of assay (besides survival tests) are*-
1. Disturbance of the Nà , Cl and water balance (all increased 

excretion) and K*** (retention).

2. Increase of the urea content of the blood.
3. Asthenia (inefficiency of muscle).

4. Disturbance of carbohydrate metabolism (decrease in liver glycogen)#
5. Reduction in resistance to traumata (cold, mechanical shock, etc.).
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Intensive research, conducted mainly by E.G.Kendall, J.J.Pfiffnor 

T.Reichstein and O.Wintersteiner, and aimed at the isolation and chemical 
characterisation of cortical hormones, has resulted in the isolation from 
glandular extracts of twenty-eight crystalline steroids, six of which (l-Vl) 

are capable of maintaining life in adronalactomised animals. The residual 
amorphous fraction remaining, after removal of all crystalline material,
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retained 14-30]^ of the activity of the whole extract. Recently there has 

been isolated from this amorphous fraction(4), a twenty-ninth crystalline 

steroid electro-cortin to which the structure (VIl) has been ascribed.

It has physiological activity about 30-100 times greater than 11-deoxy- 
corticosterone(Vl)•

Physiological activity was first clearly associated with a 

crystalline product when Mason, (̂yers and Kendall(5), established the 

effectiveness of their compound E (1% cortisone) in the work performance 

test of Ingle. The same compound has also been isolated by Wintersteiner 
and Pfiffner(6) who called it compound F, by Reichstein(7) who called it 
compound Pa, and later by Kuizenga and Cartland(8).

A detailed description of the chemical procedures involved in 
the isolation of the individual cortical steroids would be superfluous.
In general, whole beef glands are extracted with acetone or alcohol which 
precipitate protein constituents. Advantage is taken of the relatively 

high water solubility of the hormones(9) whereby certain of the highly 

oxygenated hormones partition from ether or benzene to water on repeated 

extraction to give a fat-free aqueous concentrate. The Girard procedure 

is used for the separation of reactive ketones from non-ketonic or inert 

ketonic material(7). For separation of the individual components chromato- 

tgraphy of the more stable acetates is used.

Nearly all the substances isolated are ^(gl) steroids, those 
exhibiting cor tin activity all having the o(fi -unsaturated ketonic grouping 

in ring A, characteristic of testosterone and progesterone, and possessing 

a ketol grouping in the side chain which is highly sensitive to both acids
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and alkalies. At substitution can exist, the ketone or the

hydroxyl group (orientated in the /3-configuration(6)) are subjected to 
very pronounced steric hindrance from the enguler methyl groups at 

and G^^2)* & feature which is reflected in chemical behaviour. The 
carbonyl group at inert to phenylhydrazine, hydroxy lamine and

to normal Wolff-Kishner conditions, Girard* s reagents, and is resistant to 
catalytic hydrogenation in a neutral medium,. Hydrogenation can be 

accomplished in acetic acid solution, or by means of lithium aluminium 
hydride to give exclusively the hindered 11^-hydroxy derivative (i.e., 
lydrogen attacks the molecule at the unhindered rear face and opens the 

rear bond of the carbonyl group). The 11^-hydroxyl group is susceptible 

to dehydration even by dilute mineral acids and resists acylation under 
normal conditions, although methods of enforcing this acétylation have been 
described(l04).

17-Hydroxy-ll-dehydrocorticosterone (or "Gortisono")(X) isolated 
by Kendall(5) and often designated as Kendall* s compound E, appears to be 

a particularly important member of the series from the point of view of 
physiological actions, matched only in part by compounds lacking either 
the tertiary hydroxyl group at G^y or an oxygen function at G^.

Apart from the development of synthetic methods required for 

structural elucidation, and in particular of accomplishing the difficult 

task of the introduction of oxygon functions at G]j and G^?, it was 

imperative to obtain sufficient quantities of the adrenocortical hormones 

for clinical evaluation, since only minute amounts could be isolated ftom 

beef adrenal glands. In 1943 Reichstein(ll) achieved the important feat 

of introducing oxygen at the 11-position and synthesised a substance
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identical with natural ll-dehydrocorticosterone(ll). In 1946 Sarett 

completed the synthesis of cortisone starting from deoxycholic acid.
Within .an extremely short time Hench and Kendall announced the anti- 

arthritic effect of cortisone( 13) • Eventually further results of the 

influence of cortisone on some of the collagen diseases have been reported 
and also on conditions associated with allergy, e.g., asthma and hayfevar. 

The profound effect of cortisone on rheumatoid arthritis appeared to be 
highly specific(l4), no other compound apart possibly from 17-hydroxy- 
corticosterone having comparable potency. Recent publications(15), however 
have reported that cortisone has no curative properties but merely 

suppresses the symptoms of rheumatoid arthritis, and radiological progressioi 
of joint damage has been observed in patients under cortisone therapy. 

Evidence has also been published that cortisone and aspirin have comparable 
effects in arthritic patients(l6). Electrocortin (or aldosterone), the 
recently isolated steroid adrenocortical hormone, is presently under 

clinical invastigation(l7).

In 1946, however, the apparent anti-arthritic effect of cortisone 

made it desirable that adequate supplies should be made available and 

partial synthesis from naturally occurring steroids seemed the most rational 
approach. Although most of the cortisone available until 1952 was 

prepared from deoxycholic acid(VIIl), the difficulties attending this route 

have been appreciated for a considerable time and much attention has been 
given to routes starting from steroids other than bile acids. These 
investigations have been successful and cortisone can now be prepared
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from a number of steroids, e.g., from ergosterol(Zl), chole sterol ( IX), 

stigmasterol(X), and the sapogenins diosgenin(XIl) and hecogenin(XIIl).
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The principal disadvantage in the use of cholesterol( IX) is 

the difficulty of side chain degradation. The specific problem of devising 

a method for the introduction of an 11-oxygen function into steroids devoid 

of oxygen function in ring C but possessing a A  ®-ethylenic linkage 

has been overcome by the general procedures of allylic bromination at 
C7 , dehydrobromination and mercuric acid oxidation to introduce the

^^-ethylenic bond, which serves as the necessary point of attack 

(XIV-XVII).
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In ergosterol (XI) the side-chain double bond facilitates 
degradation (also a feature of stigma sterol) and the A  -ethylenic 

bond can be introduced in one step.
Diosgenin (XII) is an attractive steroid as regards the 

synthesis of intermediate pregnane derivatives. Marker and his co- 

workers (18) have shown that treatment with acetic anhydride gives 

pseudodiosgenin acetate (XVIII) which can be oxidised to the pregna- 

5:16-diene derivative (a IX) which can be converted to pregnenolone 

acetate (XX) by hydrogenation.
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This last compound is easily converted to progesterone and in view of 

the recent microbiological hydroxylation(20) of progesterone at 

diosgenin is gaining in importance as a starting material.

The total synthesis of cortisone has also been accomplished 

by several groups (21,22,23) and recent improvements (24) have suggested 

that this route might become as economic as partial synthesis.

Excellent reviews of the synthesis of cortisone and related 

steroids have recently been published by F.S. Spring (99) and by 

C. Djerassi (100).

The work described in this thesis is concerned with the util­
isation of ergosterol as a starting material for cortisone synthesis.



HISTORICAL.
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HISTORICAL

This section deals with the conversion of ergosterol to 

cortisone and therefore is principally confined to the methods which 

have been applied to the oxidation of the derived ergosterol-D (or 

analogous steroids) and dehydroergosterol.

I. Ergosterol as a Starting Material for 
Adrenocortical Hormone Synthesis.

In 1948, Bergnann and Stevens (25) suggested that ergosterol 

(XXI; RrH) might be used as a starting material for the partial synthesis 

of adrenal cortical steroias, "because of the comparative ease with which 

it may be converted to derivatives lise dehydroergosterol which possess 

unsaturation at and wnich might lend themselves to the introduction 
of oxygen at this point, in addition, the 22;23-double bond was expected 

to facilitate removal of the side chain to permit its replacement by one 

of the typical side chains of the adrenal cortical hormones." In this 

latter direction, Gonsiderauie progress was made by these autnors, who 

showed that protection of the ring B conjugated diene system of ergosteryl 

acetate (XXI; R=Ac) with maleic anhydride permitted preferential attack 

on tne side chain douoie oond.

xy lu
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Thus treatment of the maxeic anhydriae adduct (XXII) with ozone gave 

an aldehyde (AXlil) whic^ ^as converted into the enol acetate (XAiV), 

ozonoiysie oi which followed by pyrolysis gave 20-oxopregna-5:7-dien- 

-3p-yl acetate (XXV). This ozonolysis procedure for side chain 
degradation xias ueen substantiated by later workers (26,4?).
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7 19 (il)
II. 11-Keto-steroids from -dienes.

(a) Oxidation with Fera3?omatic Acids.
In May, 1951, the successful introduction of 11-oxygen functions 

into ergosterol derivatives was announced by Tishler and his co-workers(27)• 

This communication describes essentially a general scheme for the synthesis
5

of ll-keto-steroids from steroids containing a A  -etbylenic linkage such 
as ergosterol, diosgenin, stigmasterol and cholesterol. The three latter

5 *7steroids must initially be converted into the A  * derivatives* This
5

can be accomplished by allylic bromination of the A -steroid at C7 followed 
by dehydrobromination.(XIV-XVl). (See Introduction).

The subsequent general procedure can be exemplified by reference 

to ergosterol. Partial reduction of ergosteryl acetate (XXI>R=Ac) gave 

5-dihydroergosteryl acetate (XXVl)(28) oxidation of which with mercuric 

acetate gave ergosteryl-D acetate (ergosta-7%9(ll)%22-trien-3p-yl acetate) 

(XXVIl)(29). Treatment of ergosteryl-D acetate with one equivalent of 

perbenzoic acid gave a monoepoxide 9tf^»ll«^-epoxyergosta-7%22-dien-3jS-yl 

acetate (XXVIII), hydrolytic rearrangement of which yielded 7|%U<X-dihydroxy 

ergosta-8$22-dien-3^-yl acetate(XXIX). Henbest and Wagland (see Theoretica 

section V) have recently shown that the 7-hydroxyl group in (XXIX) has the 

-orientation. Oxidation of (XXIX) by chromic anhydride yielded 
7%H-dioxoergosta-8%22-dien-3/3-yl acetate(XXX) which was reduced on treat- 

%ment with zinc dust and acetic acid to 7%U-dioxoergost-22-en-3j3-yl 

acetate (X3CXl). Using the Huang-Minlon modification of the Wolff-Kishner

procedure, the last compound was converted into H-oxoergost-22-en-3p-yl
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ucecate (XXXI). Using tii© Huang-Minlon moaifAcation or xne n̂olff-Kishner 
procedure, the last compound was converted into ll-oxoergost-22-en-3p-yl 

acetate (XXXII). Hausser and his co-workers describe essentially the same 

route (30) and similar transformations in the cholestane and androstane 

series (31) and it was they who first ascribed the 9oC;IK-epoxide structure 

to the monoepoxide (XXVIII).
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An alternative route to ll-oxoergost-22-en-3^-yl acetate through 
the monoepoxide (XXVIII ) has also been described(30). Treatment of the 

latter compound with boron trifluoride etherate in absolute benzène gave 
in high yield U-oxoergosta-8t22-dien-3^-yl acetate (XXXIIl)(30) which 
has subsequently been selectively reduced with lithium in liquid ammonia

AcO

XXVin XXXni

9 "17

XXKi\

to U-oxoergost-22-en-3jB-yl acetate (XXXIl)(33). It has also been shown
8

that reduction of A  -ll-ketones by lithium in liquid ammonia can produce 
1D( -hydroxy-steroids under certain conditions (34) •

A further route to H-oxoergost-22-en-3/3-yl acetate has been 

described(3S) in which 9ûfill^-epoxyergosta-7»22-dien-3p-yl acetate (XXVIII) 

was treated successively with one mole of bromine, excess perbenzoic acid, 

and zinc dust and acetic acid to give 9^$HA-dihydroxy-7-oxoergost-22-en- 
3 / ^ - y l  acetate (XXXIV)(this has subsequently been shown to be a 9A&llR- 

glycoli see theoretical section and(36)). Treatment of (XXXIV) with 

alkali followed by acétylation gave 3^%ll<-diacetoxyerg08ta-8%22-dien- 
7-one (XXXV) which on treatment with strong base followed by re-acetylation
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gave 7:ll-dioxoergost-22-en-3^-yl acetate (XXXI).
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9cX:llcX-Dihj/droxy-7-oxoergost-22-en-3^-yl acetate (XXXIV) has 

been obtained by another route (37) starting from 70/:llc(.-dihydroxyergO8ta- 
8:22-dien-3^-yl acetate (XXIX). Partial oxidation of the latter with 

raonoperphthalic acid gave the ditertiary epoxide (XXXVI). The 8(X; 9&- 

configuration is given to the epoxide group (30) since it has not been 

found possible to form the corresponding epoxide of the related methyl 

30C-acetoxy-7(X: 1 IK-dihydroxy chol-8-enate. It is reasoned that a ready 
explanation for this marked difference is to be found if the epoxide 

group in (XXXVI) is of-orientated since addition of an d-epoxide group 
to the chol-8-ene derivative is considerably hindered by the cis fusion 

configuration of the rings A/b . The epoxide (XXXVI) is extremely liable 

to mineral acids and isoraerises with hydrogen bromide or boron trifluoride
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to 9o(%llo^-dihydroxy -7-oxo0rgost-22-en-3jS-yl acetate (XXXIV)# Treatment

of the epoxide (XXXVl) with aqueous sulphuric acid converted it into
7? %8|%9^%UcV-tetrahydroxyergost-22-en-3f-yl acetate(XZXVIl) (37) which in

turn on treatment with hydrogen bromide in acetic acid gave 9(% 110(-dihydroxy-

7-oxoergost-22-ôn-3^-yl acetate (XXXIV)«

Catalytic hydrogenation of the diacetate (XXXV) in the presence
a

of alkali effects saturation of the A  -ethylenic linkage with formation 
of 2̂ $ -dihydroxy ergost-22-en-7 -one (ZXX7IIl)(37), Wolff-Kishner reduction
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of which gives 3|5%llol-dih7drQxyergost-22-0ne(XXZIX)«

An approach to cortisone through ergosteryl-D acetate 22%23-

........ dibromide has been. described(38). • Treatment of 5-dihydroergosteryl acetate

(XXVl) with bromine under specific conditions gave a tetrabromo ergostenyl 
acetate, which on treatment with sodium iodide was partially debrominated 

to give 22»23-dibromoergosta-7t 9(ll)-dien-3j3-yl acetate (Xl) (ergosteryl-D 

acetate 22%23-dibromide), the structure of which was established by its 
debromination with zinc dust to ergosteryl-D acetate (XXVIl)#

AcOA c O

X L

The reaction series (XXVIl) - (XXXIl) (p*Jl) has been carried out with the
8

related dibromides, reduction of the dibromo- A -7%11-diketone being 

accompanied by debromination to (XZXl)(39)#

Another very efficient method of obtaining U-oxoergost-22-en- 

3j3 -yl acetate has been described by Elks ^  sl(54) being a method first 

described by Jones and liis co-workers) (54-), whereby the dibromo-epoxide (LXX] 
obtlined by perbenzoic acid treatment of ergosteryl-D acetate 22%23- 

dibromide (XL) (39), was treated with boron trifluoride etherate in 

ether to give 22%23-dibromo-ll-oxo-9^-ergost-7-en-3^-yl acetate (LXXII)*
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Catalytic bydrogene.tion of the latter compcnmd gave an excellent yield of 

22%23-dibromo-ll-oxo-9/3-ergostan-3P-yl acetate (LXXIII)* The 9^-hydrogen 

atom of (lX£IIl) isomerised to the natural d-configuration with strong 

alkali treatment, debromination of the product giving ll-oxoergost-22- 
en-3/3-yl acetate (XZXIl)#

In addition to ergosterol, cholesterol, stigmasterol and diosgeniuj 
this general route to 11-oxygenated steroids has bean applied to cholana, 

bisnorallocholane, androstane and cholestane derivatives. k  

diane was prepared from cholic acid as follows(30)»- methyl 3d% -diacetooq 

-12-oxocholanate (XLI) was oxidised with selenium dioxide to methyl 

3c(»7o(-ciiacetoxy-12-oxochol-9-enate(XLIl) which on treatment with alkali 
gave 3d-hydroxy-12-oxochola-7» 9( 11 ) -dienic acid(XLIIl). Reduction of
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the latter compound by the Wolff-Kishner method gave the required 
3o(-hydroxychola-7% 9(11)-dienic acid(XLIV), also obtainable directly ftom 

(XLIl) by the Wolff-Kishner technique# Treatment of the 3-acetate methyl 

ester of (XLIV) with monoperphthalic acid gave as major product, an epoxide 

which by analogy with the corresponding ergosterol derivative was 

formulated as the 9o(# lid -epoxide (XLV) from which the saturated 11-keto
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methyl ester (XLVIl) can be prepared by a series of steps exactly similar 
to these for ergosterol derivatives, i.e., (XZVIIl) —  (XXXIl)(p*|l ),

Doubts have been expressed(3.0). concerning the structure ascribed to the • • 

epoxide (XLV). Consideration of molecular rotation differences and of 

the fact that the epoxide with boron trifluoride ether ate in absence of 

water isomerises to methyl 3'X-acetoxy-7-oxochol-8-0nate and not to the 
11-keto isomer, suggest that the epoxide may have the 7»8-oxide structure 

(XLVI).

In the androstane series, 3j3»17^-diacetoxyandrost-5-ene(XLVIIl) 

was converted by a novel route(45) into 3j8%17/?-diacetoxyandrost-7-ene(LIl) • 
Oxidntion of the diacetate (XLVIII) with t-butyl chromate(46) gave 
^%17/5-diacetoxyandrost-5-en-7-one (XLIX), catalytic hydrogenation of which

OAc

j
/

o A c

A c oOH

II
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in ethyl acetate gave 3ptl7^-diacetoxyaiidrostan-7-ono(L) • Further 

hydrogenation of (l ) in acetic acid gave 3^il7p-diacetoxy-7cC"laydroxyand- 

rostane (LI) , which was dehydrated to 3j5%17p-diacetoxyandrost-7-ene(LIl)« 

Using essentially the same procedure(27,30), as that described above for 

5-dihydro-ergosteryl acetate (through ergosteryl-D acetate) the conç>ound 

(l u ) was converted into 3^-17^-diaceto%y-U-oxoandrostane (LIIl)(32).

(b) Oxidation with Peraliphatic Acids.

This method is applicable only to compounds of the alio
series} it does not apply to the 5^-series»

Diosgenin (XIl) can be converted by general established
methods as previously described into 22a-allQspirost-7-en-3fi-yl acetate

(LIV) and thence to 20- oxoall opr e gn-7 - en- 3^-yl acetate (LV). Djerassl
et al (47) described the mercuric acetate oxidation of the latter
compound to give 20-oxoallopregna-719(ll) -dien-3)$-yl acetate (LVI)*

Treatment of (LV) with lithium aluminium hydride followed by acétylation
gave 3)3-20/^diacetoxyallopregn-7-ene (LVIl) which was converted to the 

7*9(11)
^  -diene (LVIIl) by mercuric acetate oxidation(48). Oxidation

of (LVIII) with performic acid gave 3p % 20 p- diac et o%y- 9 l H  - epoxy 

allopregnan-7-one (LIX) (49) which isomerised on treatment with alkali 

to give 3#*ll/%2O0-trihydroxyallopregn-8-en-7-one (LX)* Catalytic 

hydrogenation of (LX) followed by Wolff-Kishner reduction gave 

3̂ I U y 1205-trihydroxyallopregnane (LXl). Chromic anhydride oxidation
of the latter gave the known triketone (LXII) which was reduced
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by Raney nickel hydrogenation to Ht2Q"dioxoallopregnan-3g~ol (LXIII> 

R=H)(50). Another route has been described by Djerassi et (Sl) 

whereby 3fiillj3tt20j3“trihydro:<yalloprègfi-B-en-7"One (LX) was isomerised into 

3f$20p-dihydroxyallopregn-7%11-dione (LXIV) by refluxing with potassium 

t-butoxide in t**butanol. The diacetate of (LXIV) forms the 7-ethylene- 

dithioketal which on desulphurisation with Raney nickel gave 3 f i 2 0 f i -  

diaceto%yallopregnan-ll-one (LXV).

HOCH

LX'

/HO H

j j n v

c«,
Aco CM

Lxi/

This general performic acid oxidation procedure has also been 

applied to allopregna-7%9(ll)-dien-20-one(LVl) (52), to 22&-allospirosta- 
7«9(ll)-dien-3j8-yl acetate (53,49) obtained from diosgenin, and to 

ergosteryl-D acetate (35,38).

An interesting feature of these performic acid oxidations is that 

oxidation of ergosteryl-D acetate with 1 mole of performic acid (35,38) 

gave 7-0x0-ôé(-0rgosta-9(ll)%22-dien-3^-yl acetate (LXVI) which can easily
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be isomerised with acid or alkali to 7-oxoergosta-8i22-dien-3fJ-yl acetate 

(LXVII^ R=Og% 7 ). From the mother liquors of the performic acid oxidatio:
of 20-oxoallopregna-7> 9(11)-dien-sp-yl acetate (LVi) and analogous 
of̂  -unsaturated ketone 7»20-dioxoallopregn-8-en-3p-yl acetate (LXVII^ 

R=£OGE^ ) has been isolated(52). Enol acétylation of the latter with 

isopropenyl acetate(52) gave (LXvIII) which on treatment with 1 mole of 
perbenzoic acid yielded l]of-hydroxy-7»20-dioxoallopregn-8-en-3j)-yl acetate 

(LXIX). Catalytic hydrogenation of the latter followed by chromic acid 

oxidation gave 7»11»20-trioxoallopregnan-3p-yl acetate (LXZ).
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( c ) Oxidation with Sodium Pichr ornate and N-bromsucciniDu.de •

Further methods for the production of 11-oxygenated steroids
7*9(11) .........................................................

from Ù  -dienes hâve been reported by Fieser and his co-workers
7 *9 (11 )

(39,90,91), who investigated the oxidation of ^  -dienes with

sodium dichrornate and with N-Bromsuccinimide.

XCVi

A

OH

<

Cl

XC VKl

c

'X

CHI

Oxidation of methyl 3o(-acetoxychola-7» 9(ll)-dienate (XCVl)
N 9(11)with sodium dichromste in acetic acid (92,89; gave the A  -7-ketone

8
(XGIX) and the A  -7* 11-diketone (XCVIl). Reduction of the latter with 

zinc followed by removal of the 7-carbonyl group by the Wolff-Kishner 

method gave the methyl ester acetate of 11-ketolithocholic acid (XGVIIl)* 

The ^  -unsaturated ketone (XCIX) was easily isomerised to the conjugated
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ketone (CIl) which can be converted beck to the diene (XCVl) by reduction 

with sodium and amyl alcohol to the alcohol (Cl) followed by d ehydration* 

Enol acétylation of the non-conjugated ketone (XCIX) gave the enol 

acetate (C) which was converted into (CIIl) by treatment with perphthalic 

acid*

This dichr ornate oxidation method also applies to 5oC-steroids*
Dichr ornate oxidation of cholesta-7%9(ll)-dien-3jS-yl benzoate, (90 ) gave

the related cholesterol products shown above (cf. also 93)#
7 19 (ll )

Another method for use with A  -dienes with either a
cis or trans A/B junction has been described (36,91)(l02)• Dienes of 

the bije acid, cholesterol and ergosteral series have been converted into 
the saturated 7til-diketones (CVIIl) by reaction with N-bromosuccinimide 
in t-butanol-dilute sulphuric acid, followed by further oxidation with

X C V
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silver c hr ornate and reduction with zinc and acetic acid. In the bile 

acid series, initial products of reaction with the bromoimide have been 

-characterised(9l) as the 9(ll)-0n-7-one(CIY) ,• S^-en-ll-one ' (CV), arid ' 
8-en-likt-ol-7-one (CVl). Silver chromate oxidation of these led to 

(CVIl) which was reduced by treatment with zinc dust and acetic acid to 

(CVIII).

ll-Keto-steroids from dehydroergosterol.

(a) Peroxidation in Ring B.
As mentioned before dehydroergosterol (LXXIVj R=ü ) prepared 

by mercuric acetate oxidation of ergosteryl acetate, seemed an attractive 
starting material for the synthesis of 11-keto ergosterol derivatives. 
Bergmann and Stevens(25) approached the problem by forming the maleic 

anhydride adduct (LXXV^ R^CgHL?) of dehydroergosteryl acetate(LZZIV^Rz^c),

A c  o
/

A c o
/

9 ̂ 17
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protecting the sidechain ethylenic linlcage h y  addition of bromine to give
9 (ll )

(LXXV^R^jOn Qi 7 Brg ) thus leaving the ^  -ethylenic linlcage open to 

oxidative attack* Treatment of (LXXV^R^Gg 7 ) with perbenzoic acid

followed by debromination with zinc gave a high yield of the monoepoxide 
(LXXVI). Pyrolysis of (UCXVl), however, caused aromatisation in ring B 

and no identifiable 11-keto-steroid was isolated*

0 %

k
OM

/

o'h
J-XXIK LxxX U

/ i c O OH

L X X X  \\\

CO

/A c o
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In 1952, a new approach to 11-keto-steroids from deioydro- 

ergosteryl acetate was described by Jones ^  ^  in a series of publications 

(55). Windaus and Linsert(57) in 1928 first prepared 5tf%6dr©pidioxy- 

dehydroergosteryl acetate (LXXVII) by photoperoxidation of dehydroergosteryi 

acetate (LXXIV^R=Ac) . Jones and his co-workers(55a) preferentially 
reduced (LXXVII) with a specially prepared platinum catalyst to give 
5d%8d-epidioixyergosta-9( 11 ) %22-dien-3^-yl acetate (LXXVIIl). Catalytic 

hydrogenation of (LXXVII ) with Raney nickel or palladium catalyst gave 
5c^-hydroxyergosta-7% 9(ll)»22-trien-3j3-yl acetate (LXXIX) which was also 

obtained from (LXXVIIl) by Raney nickel or palladium catalysed hydro­

genation. The formation of (LXXH) probably proceeds through 5ô i8d- 
dehydroxyergosta-9(ll)%22-dien-3p-yl acetate (LXXX) since this intermediate 

has been isolated by platinum catalysed hydrogenation (2 moles) of (LXXVIIl 

and readily dehydrates to (LXXIX) on mild acid treatment* The standard 
3-stage degradation procedure for the side chain of ergosterol derivatives 

(25) (ozonolysis, enol acétylation, and ozonolysis) on (LXXVIIl) gave 

So^iSoi-epidioxy -2Q-oxoallopregn-9 (ll) -en-3̂  -yl acetate (LXXXIl)(55b) which

was converted to 5oC-hydro3y-20-oxoallopregna-7%9(ll)-dien-3p-yl acetate
9(11)

(LXXXIII) by hydrogenation* The A  -ethylenic linkage of 5ol»8oc-

epidioxy ergo sta- 9 ( 11 ) % 22 - dien- 3jB -yl acetate (LXXVIIl) and related compounds

was shown to be only moderately reactive towards oxidising agents although
a 9% 11-epoxide and a 9%11-diol have been formed, albeit in poor yield.

9 (11 )
This was attributed to steric hindrance of the A  -ethylenic bond by

the -orientated epidDxy bridge. Following well established routes as
7*9(11)

described previously for Ù  -dienes, both (LXXXIII) and (LXXIX)
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can be converted into 5(^-hydroxy-ll%20-dioxoallopregnan-3fi-yl acetate 

(LXXXI)(50,54)) and thence to cortisone*

A very important feature of this approach to cortisone through 

50̂180̂ -epidioxy derivatives was that rupture of this 5ci%8c(-epi(^xy system 

led to 5c/-hydi"0xy derivatives which after oxidation of the 3p-hydroxyl 

group, led readily to the 3-keto- A  -system (see p*32) the formation of 
which is one of the most formidable of the problems in the partial synthesis 
of cortisone*

(b) Peroxidation in ring C*

In 1953, Lpubach and Brunings(58) described without experimental 

detail, a novel route from dehydroergosterol to 11-oxygenated steroids 
and thence to cortisone. Dehydi'oergosteryl acetate (LXXIV^ R=Ac ) was 

catalytically isomerised with liquid sulphur dioxide to ergosta-6%8(l4) 1 

9(u)i22-tetraen-3p-yl acetate (LXXXIV). Photo-peroxidation of this latter 
compound afforded 11% 14-epidio]{yergosta-6%8$22-trien-3p-yl acetate (LXXXV) 

which under mild basic conditions rearranged to 3p-acetoxy-ll-oxoergosta- 
6%8t22-trien-14-ol (LXZXVI)* Acid hydrolysis of (LXXXVI) gave 11- 

oxoergosta-6%8%14%22-tetraen“Sp-yl acetate (LXXXVII) which was partially 

hydrogenated to the known U-oxoergosta-8%22-dien-3f-yl acetate (XXXIIl)*
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IV• Conversion of ll-oxygenated Steroids into Cortisone•
ll%20-Dioxoallopre2nan-3#-yl acetate (LXIII^ R = A c ) is a common 

intermediate in many partial syntheses of cortisone from 5(X-series steroid 

starting materials. The transformation of (LXIII^ to cortisone

acetate includes the introduction of two hydroxyl groups in positions 
Ci7 and C21 and of the -unsaturated ketone in ring A. Using the 

Gallagher method (59), the 11»20-diketone (LXIII^ R^c) is converted into 

its 11%20-dienol-acetate, oxidation of v;hich with perbenzoic acid 

followed by alkaline liydrolysis gives »17(X-dihydroxy-ll»20-dioxoallo 
pregnane (iJOOCVIIl). Bromination of the latter followed by treatment 

of the 21-bromo derivative with sodium acetate (60) or with sodium iodide 

followed by potassium acetate (6I) gives 3p»17o(.- dihydroxy-11%20-dioxoallo 
pregnan-21-yl acetate (IGSXIX). Oxidation of (LXXXIX) with
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N-bromoacetamide yields IVoC-hydroxy-3% lltSO-trioxoad^pregnan-Sl-yl-
acetate (XC)(60,6l)« Bromination of the latter followed by dehydro-

bromination (6O) or using a method previously used with other 3-keto alio

steroids (62) gives cortisone acetate (XGl).

Gallagher* s procedure however was found to be unsuitable(56)
for 5oC- hydr oxy-11% 20-di oxoall opr e gnan- 3 p -yl acetate (LXXXl), which, under

5
the reaction conditions readily dehydrated to Ù -steroids. The method
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of elaboration used in this case w  s that described by Sarett (62) whereby 

the 5&-hydroxy-lli20-diketone (LXXXI) was treated with hydrogen cyanide 

to give the cyanohydrin (XCIl)(5ô), Selective dehydration at Q30 o f  the 

latter compound with phosphorus oxychloride in pyridine gave (XCIIl) which 

on osmium tetroxide oxidation gave a 17oC%20-diol, which yielded(XCIV)on 

treatment with base. Treatment of (XCIV) with bromine followed by 

treatment of the 21-bromo derivative with potassium acetate as described 

before gave the 21-acetate (XGV). Oxidation of the latter gave the 
3-ketone which was dehydrated to cortisone acetate (XGl).
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Tm:ORZTICAL.

........ The work described- in this-thesis had as its -object- the........

conversion of ergosterol into 11-oxygenated steroids, with a view to a 

partial synthesis of cortisone} the chemistry of some intermediates 

encountered is discussed in detail. The investigation was commenced in 

October, 1951, when a general scheme for the synthesis of 11-keto-steroids
5from -steroids such as ergosterol, diosgenin and stigmasterol had 

already been reported by Tishler et al(27) and by Heusser et al (30).
The experiments described have in part been reported in a series 

of publications (65-69).

I. The Preparation and Attempted Selective Hydrogenation of 
ll-0xoergosta-8%22-dien-3^-yl Acetate#

Heusser and his co-workers had described(30) (see Historical
Section) the preparation of ll-oxoergosta-8»22-dien-3{>-yl acetate(l) from

ergosterol.

A c OAcO
III \ h

It was obvious that if this compound(l) could be selectively reduced to 

ll-oxoergost-22-en-3p-yl acetate (ll), an attractive synthesis of cortisone 

from ergosterol could be envisaged. The latter compound (ll) was known.
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hr-ving been obtained by Heusser ^  £l(30) by the removal of the 7-carbonyl

group from the less readily accessible 7$ll-dioxoergost-22-6n-3p-yl acetate

(ill), either by-the-Wolff-Kishner method or by desulphurisation of the'

7-ethylenedithioketal of (ill). Attempts were therefore made to reduce
8

selectively the A -ethylenic lead of (l).

11 - 0X0 ergo sta-8» 22-dien-3 f>-yl acetate was produced from 
ergosterol by the method of Heusser et ^(30) which involved acétylation 

of ergosterol ( l V y T i = E )  to ergosteryl acetate (iV^E^Ac). Selective 

hydrogenation of the latter compound gave 5-dihydroergosteryl acetate (V) 
(28) which was treated with mercuric acetate to give ergosteryl-D

R O /
/Aco M

IV

/
A

> /
H

J
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aceoate(Vl) in about 3 0 %  yield, after tedious separation from unchanged

starting material. A much improved yield of ergosteryl-D acetate was

obtained by the debromination of ergosteryl-D acetate 22%23-dibromide,

prepared by the method of Anderson, Stevenson and Spring(28) by bromination

of 5-dihydroergosteryl acetate (V) under specified conditions. Treatment

of ergosteryl-D acetate (Vl) with perbenzoic acid gave a mono-epoxide to

which Heusser ^  al have ascribed the structure 9c<illQC-epoxyergosta-7i22-
dien-3p-yl acetate (VIl). Rearrangement of the latter (VIl) with boron

trifluoride-etherate gave ll-oxoergosta-8%22-dien-3)S“yl acetate (l).
Direct catalytic hydrogenation of (l) was unsuccessful, however,

8
in the attempted selective reduction of the -bond. Hydrogenolysis of

6
the 11-carbonyl group resulted with migration of the A  -ethylenic bond 

giving ergost-8(l4)-en-3^-yl acetate (X -ergosteryl acetate)(VIIl),

H /
H

Vhf

identical with a specimen prepared by Budziarek,Johnson and Spring (73) 
b}"" hydrogenation of ergosteryl-D acetate.
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A nother approach was made to  th e  problem  by a tte m p tin g  to  

reduce the  11 -ca rb o n y l group o f  l l-o x o e rg o s ta -8 » 2 2 -d ie n -3 ^ -y l a c e ta te ( l)

to  the  ■ correspond ing a lc o h o l and to  examine th e  p o s s ib i l i t y  o f  re d u c t io n  
8

o f the  A  -e th y le n ic  bond o f  the  d e rive d  e J . ly l ic  a lc o h o l.  Treatm ent o f  

( l )  w ith  l i th iu m  alum inium  h;^^dride o r w ith  sodium b o ro h y c r id e , however,
7 *9 (ll )

gave an in se p a ra b le  m ix tu re , the  presence o f a -d ie n e  im p u r ity

be ing in d ic a te d  by th e  u l t r a - v io le t  a b so rp tio n  spectrum . The l i t h iu m  

alum inium  h yd rid e  p roduct was cons ide red  to  be a m ix tu re  o f  the  d e s ire d  

a l l y l i e  a lc o h o l ( IZ )

H

/OH

/X

and e rg o s te ro l-D  th e  la t t e r  be ing a d e h yd ra tio n  p rod u c t o f th e  fo rm e r. 

Evidence th a t  some ca rbony l re d u c tio n  had indeed occurred  to  y ie ld  a 

d ie n e d io l ( IZ  o r isom er) was adduced by th e  o b s e rv a tio n  th a t  d e h yd ra tio n  

o f the  m ix tu re  w ith  boron t r i f l u o r id e  gave a h ig h  y ie ld  o f e rg o s te ro l-D  (X ) .
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P ro longed tre a tm e n t o f  the  crude re d u c t io n  m ix tu re  w ith  boron 

t r i f l u o r id e  e th e ra te  fo llo w e d  by a c e ty l- t io n  gave e r g o s te r y l- 3 1

/
H

/

I

7*9(11)
a ce ta te  (X l)  in  poor y ie ld ,  th e  i n i t i a l l y  form ed ^  -d ie n e

8 '14:
having  isom erised  to  the  ^  -d ie n e . The re d u c tio n  p roduc t was no t

fu r th e r  examined.

Of p rim a ry  im portance in  these experim ents aimed a t  s a tu ra t io n  
8

o f th e  A -e th y le n ic  bond in  ll-o x o e rg o s ta -8 % 2 2 -d ie n -3 p -y l a ce ta te  ( l ) ,
22

was th e  p ro te c t io n  and maintenance o f th e  A  -e th y le n ic  linl-cage in  o rde r 

to  f a c i l i t a t e  subsequent s ide  ch a in  d e g ra d a tio n . A c c o rd in g ly  a number o f 

experim ents were undertaken in  o rd e r to  examine th e  p o s s ib i l i t y  o f  fo rm in g

Aa 22»23-d ib rom ide  as a means o f p ro te c t io n  o f  th e  A -e th y le n ic  l in k a g e . 

B rom ina tion  o f ll-o x o e rg o s ta -8 » 2 2 -d ie n -3 p -y l a c e ta te  ( l )  gave 22»23- 

d ib ro m o - ll-o x o e rg o s t-8 -e n -3 p -y l a ce ta te  ( X I l ) ,
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Ac o

I X IM

wh ich has a lso  beon ob ta ined  in  t h is  la b o ra to ry  by B udz ia rek ^  a l(3 9 )

by tre a tm e n t o f 22%23-dibromo -9 /» ll< re p o xy e rg o s t-7 -9 n -3 j? -y l a ce ta te  ( X I I l )

in  abso lu te  benzene w ith  boron t r i f lu o r id e - e th e r  complex.
8

An a.ttempt to  hydrogenate th e  A -e th y le n ic  bond o f 22%23-dibromo

ll-o x o 9 rg o s t-8 -e n -3 p -y l a ce ta te  ( X I l )  by th^method o f  K le id e re r  and

K o rn fe ld (7 5 ) in v o lv in g  hydrogen exchange w ith  cyc lohexano l in  the  presence

o f Raney n ic k e l in  a f a i r l y  h ig h  b o i l in g  in e r t  s o lv e n t such as to luene

WPS u n su cce ss fu l. ll-0 x o e rg o s ta -8 % 2 2 -d ie n -3 p -y l a c e ta te ( l)  was o b ta in e d
6

as the  p roduc t and no evidence o f  re d u c tio n  of th e  A - e th y le n ic  bond 

was found.

I t  i s  notew orthy th a t  b rom in  t io n  o f  9o(% IM -epoxyergosta-7%22- 

d ie n -3 p -y l ace ta te  ( V I l )  gave 22 % 2 3 - d ib r  omo-7ô % Ugl -  d ih y d r o iy e rg o s t-8  -en -3^ - y l  

ace ta te  (XIV) which was a lso  o b ta in e d  by B udz ia rek ^  ^ ( 3 9 )  and a second 

p ro d u c t, 7 -oxoe rgos ta -8% 22-d ien -3p -y l a c e ta te  (XV) which has p re v io u s ly
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been ob ta ined  by pro longed tre a tm e n t o f the  epo:d.de ( V I l )  w ith  m in e ra l

a c id  (27) .  Traces o f  hydrogen bromide in  the  bromine p ro b a b ly  co n ve rte d

( V I I )  in to  (XV).

A t t l i i s  t im e , be fo re  an o u t l in e d  programme o f resea rch  was

com pleted, T is h le r (33) and D je ra s s i(3 4 ) and t h e ir  co-w orkers re p o rte d
8

the  re d u c tio n  o f th e  A  -11-ke tone  system to  th e  sa tu ra te d  11-ketone 

in  h ig h  y ie ld ,  u s in g  l i th iu m  m eta l in  l i q u id  ajmnonia, and no fu r th e r  

experim ents were c a r r ie d  o u t.

9 (11 ) 7
I I .  The S te reochem is try  o f A  ' -7 -K e to  and A  -1 1 -K e to -s te ro id s  

and some o f t h e i r  D e r iv a t iv e s .

B udziarek ^  a l(G 5) in  t h is  la b o ra to ry  had p repared a compound, 

by o x id a tio n  o f e rg o s te ry l-D  a ce ta te  w ith  one mole o f p e rfo rm ic  a c id ,  to  

which th e y  a sc rib e d  th e  s tru c tu re  7 -o x o e rg o s ta -9 ( ll)% 2 2 -d ie n -3 f-y l a ce ta te  

(X IX ). T h is  d i f fe re d  from  the p ro d u c t, to  w hich th e  same s tru c tu re  was 

g iven  by Heusser e t a l ( 3 l ) ,  who ob ta ined  i t  by a d e liyd ra tio n  o f 7o(.% 11&- 

d ih yd ro xye rg o s ta -8 % 2 2 -d ie n -3 ^ -y l a ce ta te  ( X V I l) ,  and by T is h le r  e t  a l(S 3 )
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who ob ta ined  i t  by a c id ic  ref^xrangement o f bo th  9o6iUoL-epoxyergosta-7»22-

d ie n -3 ji-y l a ce ta te  ( V I l )  and o f »7o t» llx trtrihyd roxye rgosta -8% 22-d iene

(XV l) under c r i t i c a l  c o n tro l fo llo w e d  by a c é ty la t io n *  A specimen o f  th e

compound described  by BudziaTek ^  ^  was prepared  and i t s  in f r a - r e d

a b so rp tio n  spectrum determ ined* Tiro w e ll re s o lv e d  bonds were e v id e n t »

one a t  1740 cm ^ a sc rib e d  to  th e  3p»^cets.te group, and th e  o th e r a t  1715 cm

a sc rib e d  to  the  7 -ca rb o n y l group* T h is  ru le d  ou t th e  p o s s ib i l i t y  o f  an

epoxide s t ru c tu re ,  and as the  compound d i f fe r e d  from  ll-o xo e rg o s ta -7 % 2 2 -

d ie n -3 ^ -y l a ce ta te  and i t s  9p-isom er and is  converted  in to  7 -oxo e rg o s ta -

3»22- d ie n - 3^- y l  a ce ta te  by tre a tm e n t w ith  a c id  o r b ase (ô5 ), i t  e v id e n t ly  
9(11)

possessed a A  -7 -cp jrbony l system* As a r e s u l t  B udzia rek et a l(6 6 )  

concluded th a t  t h e i r  ^  ^  -u n s a tu ra te d  ketone d i f fe r e d  from  th a t d e scribed  

by Heusser e t sJ. and T is h le r  e t ^  in  o r ie n ta t io n  around Gq , I t  was 

th e re fo re  d e s ira b le  to  examine and compare th e  re a c t io n s  o f  these two 

isom ers*
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As prolonged mineral acid treatment of the triol-mono acetate(XVIl) 

gave the W  ̂ -unsaturated ketone, 7-oxoergosta-8%22-dien-3p-yl acetate to 

which the ^ ̂  -unsaturnted ketone (XIX) is also converted by treatment with 

acid it is very probable that (XIX) is an intermediate in the conversion 

of (XVIl) into 7-oxoergosta-8%22-dien-3j^-yl acetate. For two reasons the 

line of investigation chosen was controlled acid treatment of 22%23-dibromo- 
7y%llt-dihydroxyergost-8-en-3^-yl acetate (XIV). Firstly, the sparing 

solubility of (XIV) rendered it valuable for controlling the reaction, 

because as the soluble 8 -unsaturated ketone was formed the completion of 
the reaction would be indicated by the dissolution of the insoluble (XIV)^

92and secondly, protection of the -olefinic bond as the dibromide permitte
9 (ii )

examination of the A -7-ketone system by oxidative attack.
22$ 23-Dibromo-7(x % I M -dihydroxyergost-8-en-3|g -yl acetate (XIY) was

prepared by methods reported from this laboratory. Bromination of 5-dihydr

ergosteryl acetate (V) (28) at -60" gave a tetrabrom^pergosteryl acetate
which is believed to be 7,f $ll^$22$23-tetrabromoergost-8-en-3j5-yl acetate(XX)

(Private communication of Merck and Co.*, cf. R.G.Anderson thesis). Partial

debromination of the latter compound with sodium iodide gave ergosteryl-D

acetate 22$23-dibromide (XXl) which showed the characteristic ultra-violet
7:9(11)

absorption spectrum of a A -diene and which on treatment with zinc

gave ergosteryl-D acetate. Treatment of ergosteryl-D acetate 22$23- 

dibromide with one mole of perbenzoic acid(39) gave 22$23-dibromo-9oUll<l- 

epoxyergost-7-en-3^-yl acetate (XIIl) which on treatment in tetrahydro- 

furan with sulphuric acid gave 22$23-dibromo-7o^$lM-dihydrox^'^ergost-8- 

en-3|3-yl acetate (XIV).
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When 22%23-dibromo-%^: 11)̂ -dihydro}(yergost-u-@n-3)A-yl acetate 

(XIV) was treated in absolute benzene with boron trifluoride-ether complex 
for a short time, two isomeric non-conjugated unsaturated ketones were 
obtained* One of these was 22%23-dibromo-ll-oxo-9^-ergost-7-en-3p-yl 

acetate (XXIl), the structure being established by debromination with 

zinc dust in benzene-ethanol to yield ll-oxo-9j3-ergosta-7% 22-dien-3^-yl 

acetate (XXv)# This had previously been prepared by Bladen ^  al (54) 

and Heusser et ad. (64), by brief treatment of 9oUll)^-epo3cyergosta-7i22- 
dien-3ys-yl acetate (VIl) with boron trifluoride, the unnatural 

^-configuration being ascribed to (XZv) because filtration of a solution 
of (XXv) through a column of alumina converted it into the 9d^isomer(54),
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The structure (XXIl) is further supported by the ultra-violet absorption 

spectrum and by the fact that filtration of a solution of (XXIl) through 

a column of alumina converted ib into the conjugated isomer 22$23-dibromo- 

ll-oxoergost-8-en-3(l-yl acetate (XIl) previously obtained by Budziarek 
et al (39) by treatment of 22t23-dibromo-9o(tlll\-epoxyergost-7-en-3p-yl 

acetate in absolute benzene with boron trifluoride. The second (major) 

product of the reaction of (XIV) with boron trifluoride was 22%23-dibromo- 
7-oxoergost-9(ll)-en-3(5-yl acetate (XXIIl), treatment of which with dilute 

alkali followed by acétylation gave the isomeric 0( ̂ -unsaturated ketone(XXr
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previously obtpined by Budziarek ̂  al(39) by prolonged sulphuric acid 

treatment of the dibromo-epoxide (XIV)* Elk6 et al(93)haye subsequently 

prepared (XXIll) by dichromate oxida.tion of 22%23-dibromo ergosta-7%9(li)- 

dien-3(V-yl acetate (XXl). Treatment pf (XIV) with boron trif]WÜ.de for 

a short time followed directly by chromatography of the reaction mixture on 

aluminn yielded the ̂  -unsaturated ketones (XIl) and (XXIV) in one 

operation, the initially formed -unsaturated ketones having bean 
isomerised by the chromatographic alumina. The structure of (XXIIl) follow; 

from the following reasons.
Debromination of 22%23-dibromo-7-oXoergost-9(ll)-en-3^%yl acetate 

(XXIIl) by zinc dust in ether ethanol gave 7-oxoergosta-9(ll)%22-dien-3(?-yl 
acetate (XIX) [X] g-55*, identical with the product obtained by Heusser et 
al (31) and Tishler ^  ^  (33) as described earlier. Comparison of the 
latter compound with that described by Budziarek ̂  al (65)

had led to the conclusion that they differed in orientation at Ce.
Budziarek e^jy. have also prepared a Ce-epimer(XXVIIl) of 7%11-dioxoergost- 

22-en-3&-yl acetate (XXVIl)(77) and a comparison of the molecular rotations
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of the two diketones (XXVIl) and (XXVIII) with those of the two 
^  t-unsaturated ketones (XIX) and (XXVl) supports the original view and 

suggests tha.t the isomer prepared by Budziarek et ^  is 7-oxo-

8û6-ergosta-9% (ll)-dien-3^-yl acetate (XXVl) and that the isomer prepared 

by Heusser et al and Tishler ^  has the natural 8^-configura-
ttion.

/ ^ D  "55" has the natur-1 sp-configuration*
7%ll-Dioxoergost-22-en-3|5-yl acetate 

7% 11- D i o x o e r g o s t -22-en-^-yl acetate
8 j ^------  y Q ' X  =

7-oxoergosta-9(ll)\22-dien-3f5-yl acetate 
7-oxo-3oi-ergosta-9(ll)»22-dien-3p-yl acetate

Qp------------------ =

Oxidation of 22$23-dibromo-7-oxoergost-9(ll)-en-3p-yl acetate (XXIIl) 

with one mole of perbenzoic acid gave 22%23-dibromo-9oi-llcL-epoxy-7-oxoergogta 

-3p-yl acetate (XXIX) previously obtrined by oxidation of ergosteryl-D

/%/D / V d
-28* -132'

+30 +141

+273
-55 -250
+20 +91

+341
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acetate 22»23-dibromide with 2 moles of performic acid(S3). Debromination 
of (XXIX) with zinc dust gave 9oi>llib-epoxy-7-oxoergost-22-Gn-3p-yl 

acetate (XXX). Budziarek et ^(65) have reported the preparation of (XXX) 
by treatment of 7-oxo-j(6-ergosta-9(ll)»22“dien-3jS-yl acetate (XXIl) 

successively with one mole of bromine, perbenzoic acid and zinc dust. 

Therefore, one of these reactions, either the conversion of (XXIIl) into 

(XZIX) or the conversion of (XXVl) into (XXX), must have involved inversion 

at Ce* This probably occurred in the latter case, since although 5bCil3o6- 
epoxy-7-oxoergost-22-en-3^-yl acetate (XXX) is very sensitive to alkali(66) 
forming ll?^^hydroxy-7-oxoergosta-8»22-dien-3p-yl acetate, when it was 

treated with acetic acid or hydrogen bromide in acetic acid under which
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conditions 7»ll-dioxo-8o6-ergost-22-en-3^-yl acetate is converted into the 

more stable 8#-epimer, it was recovered unchanged. For this reason 
^OtillPC^epoxy^7-oxoergost-22-en-3p-yl acetate (ZXX) is believed to hâve the 

natural ^-configuration (i.e., the more stable trans linked B/C system). 

Attempts made to convert the unnatural ^  -unsaturated ketone (XXVl) into 
the 6^-epimer using the methods for converting the 8flt-diketone (XXVIII) 
into (XXVII) failed.

Ill. The Sterochemistry of 9j^»lk6'dihy(^o%y-7-oxoergost-22-en-
3̂  -yl acetate and of 7ô VScnf» 9a^»I3D^-tetrahydroy3^ergost-22-en-3jg-yl aceta

Budziarek et cl have reported (73,79) the preparation of 22\23- 

dibromo-ob^%9:)t-epoxy-7<^%ll^-dihydroxyergostan-^-yl acetate (XXXl) by the 

perbenzoic acid oxidation of 22»23-dibromo-?^$ll)^-dihydroxyergost-8-en-3^- 
yl acetate (XIV). Treatment of (XXXl) with hydrogen bromide in acetic acid 
(79) gave a compound which was ascribed the structure 22»23-dibromo-9^%lloL- 

dihydroxy-7-oxoergostan-3^-yl acetate (XXXIl), deBromination of which gave 
9^»l]ô -dihydroxy-7-oxoergost-22-en-3^-yl acetate (XXXIIl).

A to/

XXX f

t
X X X I M
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This compound (XXXIIl) has also been obtained from 7g(iHl^dihydroxyergost- 
22-en-3^-yl acetate under similar conditions by Heusser et al(3l) and 

was first described by Budziarek' et al(65) who obtained it by' treatment of 

l]p^-epoxyergosta-7%22-dien-3j6-yl acetate (VIl) successively with one 

mole of bromine, excess perbenzoic acid, followed by zinc dust treatment*
The latter authors(6S) originally ascribed the ^-orientation to the 
9-hydroxyl group in (XXXIl) the two hydroxyl groups being considered as 
trans orientated with respect to each other "since they almost certainly 
originate by a hydrolytic cleavage of a 9tX»lit-epoxide intermediate".
This argument does not appear satisfactory in view of the fact that 

addition of bromine to » 1]^-epoxyergosta-7$ 22-dien-3^-yl acetate (VIl) 
(page4- ) results in hydrolytic rearrangement to give in part 22%23-dibromo- 

7ct«l]ût-dihydroxyergost-3-en-3j6“yl acetate (XIV) which may thus be the 
precursojr (XXXIIl) in Budziarek et s conversion from (VIl). As a result 
of this observation the 95-hydroxyl assignment in (XXXIIl) was later 

withdrawn(79). Further evidence on the stereochemistry of this group was 

therefore sought* The formation of 22%23-dibromo-9^»l]gC-dihydroxy- 

7-oxoergostan-36-yl acetate (XXXII) from 22%23-dibromo-d3C% 9o[repoxy-%»ll6- 

dibydroxyergostan-3^-yl acetate (XXXl) and the ease of dehydration of the 

former compound to give 3#%ll^rdiacetoxy-22%23-dibromoerg08t-3-en-7-one 

(XXXIV) after re-acetylation, seem to indicate that the S-hydr-oxĵ l̂ group 
in (XXXII) and related compounds has the ^-orientation (tr?jis elimination 

of water). This view has been established in the following way*
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Oxidation of 22%23-dibromo-7-oxOGrgost-9(ll)~en-^-yl acetate 
(XXIIl) with osmium tetroxide, followed by decomposition of the osmic acid 
complex hydrolysis and subsequent re-acetylation gave a diacetate 

^%llo^-diaceto]{y-22$23-dibi'omo-9)d-hydroxy8rgostan-7-one (23CXV) identical 
with a compound obtained by acétylation of 22%23-dibromo-9^%l]p6-dihydro%y- 
7-oxoergostan-3^-yl acetate (XXXIl) as prepared by Budziarek ̂  al(78,79). 

Debromination of this diacetate (XXXV) gave 3^»ll>^^-diacetoxy-9o^-hydroxyer- 
gost-22-en-7-one (XXXVI) identical with a specimen prepared by acétylation 
of 9j%llf̂ -dilij"di’Oxy-7-oxoergost~22-en-3|§-yl acetate (XXXIIl) prepared by 

Budziarek et al(65)* The 9/%llx̂ -cis-glycol structure was ascribed to

A c O
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(ZXXV) and (XXXVl) for the following reasons. Since oxidation with osmium
9(11)

tetroxide yields cis-glycols(80), since the A  -double bond is
invariably attacked from the rear(0̂ ) ■ face, and the ll-hydrOjiyl group is 

readily acetylated and therefore has the -orientation, it follows that 

the 9-hydroxyl group in (XXXV) and (XXXVl) and hence in (XXXIIl) and 
related compounds is also oC -orientated*

In addition to the formation of 9oC%llo^-hydroxy-7-oxoergost-22-en- 
sA-yl acetate (XXXVIII) from 9ô -epo%y-7oC% l]*6-dihydroxyergost-22-en-^-yl 

acetate, by treatment with hydrog^en bromide in acetic acid, or boron 
triflufltide in absolute benzene, Heusser et ^(3l) describe the treatment 

of the latter compound (XXXVIl) \d.th aqueous sulphuric acid to get a 
7%8*9*ll-tetrahydroxyergost-22-en-3^yl acetate (ylXXIX) which in its turn 
gave l!b6-dihy dr o}y-7-oxoer gost-22-en-3^-yl acetate (XXXVIIl)on treatment

with liydrogen bromide in acetic acid*

A c o
/

H Q

H

/4c O /

Aco / .V

XAAVJJJ
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An o21ocation of configurations of the hydro:cyl groups in (X3KIX) can ba 
made in the following ivay. Starting from the view that the 9- and 

• ll-hydi'oxyl -groups- in (XXXVIIl) oxq OC .-orientated and as- the- tetrahydric• 

alcohol (XXXIX) is converted into (XXXVIIl) with hydrogen bromide it 

follows that the 9- and 11-hydroxyl groups in (XXXIX) are also X  -orientate 

Since the 8- pnd 9-hydroxyl groups in (XXXIX) result from an acid 

fission of the 9D(%epoxide bridge in (XZXVIl), they will be trans

orientated with respect to each other (in the cleavage of oxides a Walden 
inversion occurs at the carbon atom at wliich a carbon-oxygen bond is 

ruptured) from which it follows that the 8-hydroxyl group in (XaXIX) is 

0 -orientated (i.e., Diaxial opening). Since Heabest and Wagland(63) 

are established the ^ -orientation of the 7-hydroxyl group in 7Ĉ »110C- 
dihy dr oxy er gosta-3%22-dien-3 (^yl acetate, it follows that the 7-hydroxyl 
group in (XXXVIl) and hence in (XXXIX) is also (X -orientated.

4c o ' '

XL
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The structure of the tetrnhydric alcohol is therefore 9((%llo(-

tetrahydroxyergost-22-en-3(S-yl acetate (XL). Heusser et ^(3l) for 

different'reasons’had’tentatively-ascribed the configuration-of (XXXIX) as 

a 7(î%8(Si9c^%llX-tetrahydric alcohol. TheyaftgXted that if it is assumed 
the 80C» 90(-epoxide bridge in (XXXVII) isKorientated^ since (XXXVIl) is 
converted into (XXXVIIl) by boron trifluoride in the absence of water then 

the epoxide bridge in (XXXVIl) is ruptured between Cq and the oxygen with 

the consequence that the 9-hydroxyl group in (XXXVIIl) isQ< -orientated. 
Therefore by reasoning similar to that above the 3-hydroxyl group in (X̂ -CXIX) 
is ^ -oriftntated and the 9- and 11-hydroxyl groups are -orientated. 

Concerning the orientation of the 7-hydroxyl group, it was ejgued (31) 
that the ready dehydration of (XXXIX) to the 7-ketone (XXXVIIl) connotes 
a cis-glycol (trans elimination of water) in which case the 7-hydroxyl 

group in (XjCCIX) would be -orientated. This conclusion, though 

apprrently valid is erroneous as the 7-hydroxyl group has been shown(65) to 

be Ok -orientated (see Section V).
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IV. Bromination of 22%23-Dibromo-ll-o%o-9^-er208t-7-en-3pLy2 Acetate# 

Bladon et ^  have found that hydrogenation of ll-oxoergosta-'7i22- 

dien-3/^yl acetate (Hill) in acidic medium gave. ergpst-8(l4)-enT3^yl. . 

acetate (VIIl) -ergosteryl acetate)(54), presumably by hydrogenolysis 

of the 11-oxygen function followed b y  migration of the double-bond.

/

r f "
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VIII

/|cO/
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This behaviour has been confirmed and furthermore it was found that hydro­
genation of (XLIl) in ethyl acetate gave ll-oxoergost-7-en-3^yl acetate 
(LXVIII) previously obtained only in crude form by Bladon ^  al. These

7
authors and ElkS ̂  ^(54) have described the hydrogenation of ^  -olefinic*

9 ^steroids when hydrogenation took place by frontsi attack on position Gg

to give saturated 9Ç-steroids« Frontal peracid attack on ̂  -olefinic-

9<^steroids has also been described (63,64,69 Section VI this thesis). It
7ims considered of interest to compare the action of bromine on ̂  -olefinic- 

9 (Asteroids.
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Treatment of 22$23-dibromo-ll-oxo-sp-ergost-7-en-3(^yl acetate 

(aXII) with bromine gave a tribromo compound 7^»22t23-tribromo-ll-oxoergost* 
3-en'-3^-yl-acetate • (LXIX) which shows the characteristic ultra-violet

H,7

A c . 0 /
t̂ r
\H

X X l L.X/K XL_U

light absorption of an^P> -unsaturated ketone. (No trace of a 7»8-dibromide 
was found). Treatment of the tribromo-ketone (LXIX) with zinc in a neutral 

solvent gave unexpectedly 11-oxoergosta-7t22-dien-S^i-yl acetate (XLII).

Tills last compound has also been obtained(ô9) from an attempted debromination 

of 3(̂%7'̂ ’̂-diacetoxy-22%23-dibromo-ergost-8-en-ll-one (Section VI^ LXVI) vâth 

zinc in a neutral solvent. In view of the fact that side chain dehalogenatio 

of the last compound involves this remarkable formation of the ̂  6-unsaturated 

ketone (XLIl) whereas the 7ü-epimer (section 7j XLIX) undergoes normcd side 
chain dehalogenation, it is considered likely that the bromine atom at C7 

has the -orientation.
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Treatment of the tribromo-ketone (UCIX) with alkrli followed by 

acétylation of the product gave a keto-diene which was identical with a 

keto-diene prepared by Mr. J.Grigor of this department by alternative 

methods. Mr. Grigor has subsequently proved the structure of this compound 
to be 22i23-dibromo-ll-oxoergosta-8#14-dien-^3-yl acetate (LXX)

C q  H t ' ]

V. The Structure and Reactions of 22&23-Dibromo-%d%8&-epoxy-ll- 
oxoer f'o stan-3 ()-yl A c etat e .

7 "9 (ll )
A number of oxidation products derived from steroidal A  

dienes have been described during the last hliree yerjrs. In particular it 

has been established that oxidation of ergosteryl-D acetate with per aromatic 
acids gives a 9*%ll&-epoxide(27,30) whereas with performic acid the 

K-unsaturated ketone 7-oxo-8«<-ergosta-9(ll)»22-dien-3P-yl acetate is 

produced (65,66,67). The natural Gg epiraer of the last compound, viz#, 

7-oxoergosta-9(ll)»22-dien-3(^yl acetate is obtained by the methods described 

earlier (page 4,4)* These Gg-epimeric -unsaturated ketones have each 
been converted into 9pC%ll(il-epoxy-7-oxoergost-22-en-3 [̂ -yl acetate (inversion
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having occurred in the former case) (paga4.t). * This and the following 

subsections describe the nrture and behaviour of the oxidation products 

derived from a further two -unsaturated ketones obtained from steroidal

Cc|
^  J

/
(4
XLI

H

^  '9 (ll)
-dienes, viz., 22%23-dibromo-ll-oxoerg08t-7-en-3p'-yl acetate (XLI) 

and 22%23-dibromo-ll-oxo-9(^ergost-7-en-3P-yl acetate (XXIl).

It has been shown earlier (.Section II) that treatment of 22%23- 

dibr omo - iK » IIQ^ dihy dr oxy er gost-8-en-3 (?-y 1 acetate (XIV) with boron 

trifluoride in absolute benzene gave a mixture from which 22%23-dibromo- 

ll-oxo-9J)-ergost-7-en-3 {^yl acetate (XXIl) was isolated, debromination of 

which yielded the corresponding ll-oxo-9^-ergosta-7%22-dien-3^-yl acetate 
(XXV). This same non-conjugated ketone (XXV) has been obtained by 

Bladon ^  al(54) and by Heusler and Wettstein(64) by controlled treatment 

of 9X%ll&repoxyerg08ta-7%22-dien-3^ryl acetate in ether with boron
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trifluoride-i-t ether complex, rjid iïLlĉ  et a2(54) have carried out a similar 
isomérisation of the related dibromide compound 22%23-d i b r o m o - 11^- 

epoxyergost-7-en-3p>-yl acetate to get (XXIl). Spring and his co-workers 
also(ô9), in an attempt to form the enol acetate of 22%23-dibromo-ll- 
oxoergost-8-en-3^-yl acetate by treating 22%23-dibromo-9oCtll®C-epo;xyergost-

7-en-3(b-yl acetate with boron trifluoride in the presence of acetic anhydrid 
unexpectedly obtained instead ^  the ^ 15-unsaturated ketone (XXIl).

c < ^

/
M

V  \v



-  58 -

Bladon gt ̂ (54) have shovm that filtration of a benzene solution 

of ll-oxo-9(i-ergosta-7%22-di0n-3(lr-yl acetate (XXV) tlirough specially treated 

aluniria caused' ihvèfSiôn'at Cg giving 11-oxoergosta-7%22-dien-3(^yl acetate 
(XLIl). Similar treatment of 22%23-dibromo-ll-oxo-9D-ergost-7-en-3 (Sr-yl 

acetate (XXIl) gave 22%23~dibromo-ll-oxoergost-7-en-3 p-yl acetate (XLl) in 
good yield. The structure of (XLl) was established by its conversion into

Aco

y
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C q M 6 r f , Cq
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ll-oxoerg08ta-7%22-dien-3P-yl acetate (■ILIl) by treatment with zinc dust. 
If the alumina treatment of 22%23-dibromo-ll-oxo-9^^ergost-7-en-3&-yl 

acetate (XXIl) was prolonged or if ordinary Spence grade H alumina was 

used (not specially treated as abovejj (Section II) then (XXIl) was 
isomerised to 22i23-dibromo-ll-oxoergost-8-en-3§-yl acetate (XIl),
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indicating that (XLl) is an intermediate in the rearrangement of (XXl)

into (XII)* In the same way, prolonged contact with alumina (not specially

treated)'converted H-ôxôefgdsta-7i22-dieh-3p-yl acetate (XLII) into

ll-oxoergosta-8»22-dien-3p-yl acetate (l) although in poor yield. The poor

yield of this last reaction prompted a further attempt to be made on the

conversion of (XLII) into (l). Treatment of ((}ILIl) in acetic acid with
hydrogen chloride gas gave ll-oxo-'14p-ergosta-8»22-dien-3(^yl acetate (XLIII

identical with a specimen prepared in this laboratory by treatment of
ll-oxo-ergosta-8*22-dien-3^kyl acetate (l) with alkali or with hydrogen

7
cliloride gas(94). Presumably the ̂  -ethylenilc bond of (XLIl) has 

migrated firstly to the 3i 9-position with consequent énolisation causing 
inversion at The motivating force for this inversion of configuration

at Ql4, probably lies in the fact that greater strain is associated with 
trans hydrindane than with the cis isomer (95,1105) and therefore it would

8*9
be expected that the / \  -14fr-system (cis with respect to methyl group

8 «9
at Ci3 ) would be more thermodynamically stable than the ^  -140(-system

(trans with respect to methyl group at This behaviour has also been

observed by Djerassi et ^(87). A fuller discussion of this épimérisation 

at Cl4. is contained in Section (V%). The poor' yield in the conversion of 

U-oxoergosta-7%22-dien-3(S-yl acetate (XLIl) inito ll-oxoergosta-8»22-dien 

-3^-yl acetate (l) by treatment with aiuioina is: attributed to the slightly 

alkaline condition of the alumina which could piartially induce épimérisation 
at •

Treatment of 22i23-dibromo-ll-oxoergost-7-en-3(i-yl acetate (XLl) 

with perbenzoic acid gave in high yield 22i23-diibromo-7«C%8^-epoxy-ll-
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oxoergosta -3(î-yl acetate (XLIV) the structure of which follows fi*om the 

following reasons#

j.

X AcOAco' H H

X L i V XUV/

Empiric cl analysis of the compound (XLIW) was in agreement for
it did not show intense selective light absorption in the

ultra violet above 20004 and the absence of a Ibycroxyl group confirmed by
its infra-red absorption spectrum,(XLIV) must accordingly possess a 718-

epoxide function# Fieser and 0urisson(82) hacd oxidised cholest-7-en-
3P-yl acetate with osmium tetroxide acid to obtbain a 3 7c\% 8^-triol and

7
also oxidised a -stenol with selenium dioxüde and obtained the

8 "14:
^  -7j^-alcohol, the 7-hydroxyl group of which was proved to have the

same orientation as the 8% 14-epoxide-7-alcohol obtained by Wintersteinei
7

and Moore(86) by peracid oxidation of a -sttenol# This indicates
7

that peracid attack on ̂  -stenols proceeds by the suggested general rear
7

(ok) attack(85) on ̂  - ethyl enic bonds of naturel steroids. Accordingly 

the 7oC%8tf(-configuration was ascribed to the epoxide group in (XLIV)^
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The epoxidation of the isolated 7%8-double bond in a natural steroid 

had not been observed previously. Two steroid 7»8-epoxides had been 

described in the literature} one of these, prepared Henbest and Wagland 
(63) by oxidation of ll-oxo-9 (^ergosta-7»22-dien-3(3-yl acetate (XXV) with 

monoperphthalic acid was 7^»8p-epoxy-ll-oxD-9p-erg08t-22-en-3#-yl acetate 

(unnatural configuration at Cg ) which is discussed in some detail later.

The second, methyl 3Ck-acetoxy-7^»8 ̂ epoxychol-9(ll)-enate is obtained by 

oxidation of methyl-3c^-acetoxychola-7»9(ll)-dienate with monoperphthalic
- 9 (ll )

acid(Sl). The vicinal effect of the ̂  -ethylenic linkage may 
possibly play some part in the formation of the latter 7:8-epoxid@. A 

number of 7»8»9»11-diepoxides have recently been described, viz., 7A^8*»9/t 
ll64-diepoxy-22a-spirostan-3^-5ç(-diol by Djerassi ^  ^(106), 7*^30^»90(»llX- 

diepoxy-5c^hydroxyergost-22-en-3^yl acetate by Jones ^  ^  (55a) and 
7^»8^»9s^Uik-diepoxyergost-22-en-3f-yl acetate by Tishler et al (27). 

According to Fieser (81,82) peracid oxidation of a 5çk-st-7-enol proceeds 

by initial hydroxylation at Ql^ which undergoes an allylic rearrangement
e(i4r)

to give a A  -7-hydroxy compound. This mechanism does not account for 

epoxide formation. In view of the 7» 8-epoxide formation in (XLIV) it is
7

alternatively suggested that peracid attack on A  -steiols results in initia 

hydroxylation at G? (OH* attack) with the elimination of a proton in one 

of two ways as shown above according to the conditions of the reaction} 

i.e., either with the formation of a 7 0 ^ 8 epoxide or, with the formation 

of one or both the allylic alcohol systems. Support for this mechanism 

has been forthcoming from Barton et a2(83) who very recently have obtained 
a 7»8-epoxide of 5-dihydroergosteryl acetate by perphthal&c acid oxidation.
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When treated with zinc dust in a neutral solvent 22%23-dibromo-7oC% 
8fl^-epoxy-ll-oxoergostan-3Ç>-yl acetate (XLIV) was smoothly debrominated to 

give 7K%8oC-epoxy-ll-oxoergost-22-en-3^yl acetate (XLV)#

The behaviour of the keto-epoxide(XLIV) with acids was now examined. 
With hydrogen bromide in chloroform-acetic acid, it gave 22%23-dibromo-7ill- 
dioxoergostan-3(l-yl acetate (XLVl) the structure of which followed from its 

ready conversion into the known 7ill-dioxoergost-22-en-3Ç-yl acetate (XLVIl) 
\rf treatment with zinc in a neutral solvent. The natural configuration 

at Cg and Cg in (XLVl) follows from its conversion into (XLVII) and from
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the fact that it was recovered unchanged after alkaJLine hydrolysis followed 

by acétylation# Treatment of the keto-epoxide (XLIV) with sulphuric acid 

in diôxàne(69) gavé 22*23-dibromd-7X-hÿdrd%y-ll-oxoergÔ8t-8-en-3@-yl 
acetate (XLVIIl) which showed the characteristic ultra-violet absorption 

spectrum of an 9^0 -unsatmrated ketone. The presence of a hydroxyl group 
in (XLVIIl) was confirmed by its acétylation to 3P%7@(-diacetoxy-22%23- 

dibromoergost-8-en-ll-one (XLIX) and its 7#(-configuration follows from 
the fact that it is formed by acid cleavage of a 7X.»8K-epoxide bridge. 
(ZLVIIl) is intermediate in the conversion of the keto-epoxide (XLIV) into 

the saturated diketone (XLVl) since it is converted into the last compound 

by treatment with hydrogen bromide in chloroform-acetic acid#
The behaviour of the keto-epoxide (XLIV) with alkali was next 

examined. Using 1^ methanolic potassium hydroxide at room temperature# 

the keto-epoxide (XLIV) gave 22%23-dibromo-ll-oxoergost-8-en-3(?-7pC-diol(l) 
acetylftion of which yielded the diacetate (XLIX) identical with that

^  I •
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obtained by the action of sulphuric acid on the keto-epoxide (XLIV) followed 

by acétylation of the product (XLVIIl). Treatment of the diol(l) with 

2iric dUst followed by'acétylation gâvé 3(U'7^-diâcét6xyer'go'stà-8%22-dieh-ll- 

one (li), also obtained by debromination of (XLIX) with zinc. This 

diacetate has also been obtained by Hudkbt and Wagleud(63) b y  the rear )
7

attack by acetic acid on the ̂  -e thy lie bond of 9pCi llp(-epoxyer gosta- 

7$22-dien-3(̂ -yl acetate followed by oxidation of the intermediate 3(1$ 7A- 
diacetoxyergosta-8$22-dien-llj(-ol with chromic acid.

I'/hen treated \d.th reflmcinrr methanolic potassium hydroxide the keto- 

epoxide (XLIV) gave 22$23-dlbromo-ll-oxoergost-8(l4)-en-3j(3$7o^-diol (LII) 

which shows the ultra-violet light absorption characteristic of an isolated 
tetra-substituted double bond (84), and which is readily acetylated to give 

the diacetate (LIIl). Debromination of the diol (LII) yielded 11-oxoergost; 

8(l4)$22-dien-3(^7^rdiol(LIV). The 7K-configurntion of the hydroxyl group

J/ko
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in (LIï) is further estaolished by the fact that 22»23-dibromo-ll-oxoergost-
8-en-3(\7^-diol(L), obtained from XLIV) by treatment with cold alkali, was

converted into (LIl) by refluxihg'methanolic potassium hydroxide, also

indicating that (L) is an intermediate in the conversion of (XLIV) into
8

(LII). This migration, under alkaline conditions, of a -ethylenic bond 
a

in a ^  -11-ketone to the 3» 14-position ha.s been observed previously b y  

Djerassi ^  ^(87) and in this department by Mr. F. Johnson(94). The 
configuration of the Cg hydrogen atom in (LIl) is considered to beS^K 

since it is formed from (L) under equilibrating conditions and might therefo: 

be expected to assume the natural configuration. This is supported by 
the fact that 22»23-dibromo-ll-oxo-9[^-ergost-8(l4)-en-3P-7^diol was 
isomerised with alkali to 22»23-dibromo-ll-oxoergost-8 (l4)-en-3|i»7(]-diol 

indicating the greater stability of the latter system. This last reaction 
is discussed later (Section VI).
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VI* The Structure and Reactions of 22*23-Dibromo~7(^t 8(3-, 
epo:xy-lI"Oxo-9p-ergostan"3p-yl Acetate*

This section describes the examination of the oxidation products of , 

the epimoic ̂ ^ -unsaturated ketone 22i23-dibromo-ll-oxo-9-’-ergost-7-en- 

3(̂ -yl acetate (XXIl), Oxidation of which, using a freshly prepared peracid 
reagent and mineral acid free chloroform gave an almost quantitative yield 
of 22%23-dibromo-7^%8^-epoxy-ll-oxo-9^-ergostan-3^iyl acetate (LV).

C ̂  W|T

\i

/

XXII / . u L-V I

Debromination of (LV) vd.th zinc in a neutral solvent gave 7^*8^-epoxy-ll- 

oxo-9p-ergost-22-en-3(^-yl acetate (LVI) previously obtained by HuOtftb and 

Wagland(63) and by Heusier and Wettstein(64) by direct oxidation of 11-oxo- 

9P"ergosta-7%22-dien-3 p-yl acetate with monoperphthalic acid. The configur­

ation of the oxide and the maintenance of the 9,^centre in (LV) was proven 
by subsequent reactions which are described below*
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Attempted reductive cleavage of the 7%8-epoxide bridge of (LV) by 

catalytic hydrogenation resulted in the isolation of two isomers, the first 

. .of which v/as. assigned the structure 22%28-dibromo-7f-hydroxy-ll""Oxoergost-8 

en-S^-yl acetate (LVII) on the basis of its method of preparation and its 

light absorption spectra, and which was also obtained by treatment of the 

keto-epoxide (LV) with a trace of hydrobromic acid in chloroform(69),

(LVII) shows the characteristic ultra-violet absorption spectrum of an 
\p-unsaturated ketone and its infra-red absorption spectrum reveals the 
presence of -unsaturated ketone, hydroxyl and acetoxyl groups* The 
presence of a hydroxyl group was confirmed by acétylation of (LVII) which 

yielded the diacetate (LVIII)* The second catalytic hydrogenation product 

was the knoTv/n 22%23-dibromo-7%ll-dioxoergostan-3|3-yl acetate (}ILVl) which 
established the epoxide bridge in (LVj as a 7»8-epoxide* Since the

Aco
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hydroxyl group in (LVII) was acylable and it resulted from a 7i8-epoxide 

bridge in (LV) it follows that it is situated at position G?. Tliis was 

firmly established.(69) by the conversion of (LVII). into .7%11-dioxoergost- . 

22-en-3p-yl acetate (XLVIl) by treatment with chromic acid followed by 

debrominction with zinc dust. Many attempted hydrogenations of (LV) were 

unsuccessful, isomérisation products always being isolated.

The configuration of the 7-hydroxyl group in (LVII) follows from 

these folloifing reasons. The two diacetates (LVIII) and (}XIX) might 
conceivably differ in configuration at Gi^, Since (LVIII) has the 14oC- 

configuration, (it differs from the K-P-epimer described later), and since 

22%23-dibromo-ll-oxoergost-8-en-3/-7o\,-diol(L) is an intermediate in the 
conversion of the keto-epoxide (XLIV) into 22%23-dibromo-ll-oxoergost-8(14)

XLix

H

en-3(3r70C-diol(LIl) and therefore the 14-centre is not involved in the formati( 

of (L) and (ZLIX) from the keto-epoxide (XLIV) it follows that (XLIX) has 

also the 14o(-configuration. Therefore, (XLIX) and (LVIII) can only differ

in their orientation at G?. As it is established that (]{LIZ) has a 7o(-

acetoxy^l group, therefore (LVIII) has 7§»-accfc:yl group and as a corollary 
the epoxide bridge in (LV) has the ^ -configuration. Huiîbeçt and Wagland(63)
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also ascribed the 7^i8^-epoxide coniiguration to the epoxide bridge in (LVI) 
reasoning that as trisubstitutedciefinic bonds in natural steroids were 

normally attacked-in a similar steric manner, ty both peracids and hydrogen - . 

and that as hydrogenation of ll-oxo-9^^ergosta-7%22-dien-3p-yl acetate gave 
1 1 - 0 X 0 - 9  ^ergostan-3 jî-yl acetate(54) a reaction which must proceed by frontal 

([̂) attack on the - ethyl enic bond, and therefore peracid attack on 11-oxo-

9[^ergosta-7i22-dien-3ji-yl acetate would give a 7^» 813-epoxide. An inspection

of models shows that in (LV) and (LVI) the 7%8-olefinic bond is considerably 
more accessible for attack on the p face than is the case with the 9^- 

epimars (XLl) and (XLII).

At this stage in view of the necessity of utilising mineral acid . 
free conditions in the formation of the keto-epoxide (LV) (the slightest trace 

of acid resulting in a mixture which consisted largely of 22»23-dibromo-7p- 

bydroxy-ll-oxoergost-S-en-Sf-yl acetate (LVII)(69))it was considered likely 

that in the formation of this keto-epoxide (LV) the hydrogen atom at Cg had 
been maintained in the (6 orientation. Consequently manj»’ attempts ware made 
to convert the 9p-keto-epoxide (LV) into the 9(|{-isomer, all of which were 
unsuccessful. One of these attempts, however, did indirectly furnish a proof 

of the 9^-structure of (LV). When 22»23-dibromo-7pi8^S-epoxy-ll-oxo-9^-ergosta 

3[S-yl acetate (LV) was treated with dioxane containing dilute sulphuric acid, 
a compound was formed to wliich the structure 22i23-dibromo-7p-hydroxy-ll-oxo-9f 

ergost-3(l4)-en-3^-yl acetate (LIX) was ascribed. Tliis compound shows the 

ultra-violet absorption spectrum characteristic of a doubly exocyclic tetra- 

substituted olefinic bond (84)% the presence of a hydroxyl group was confirmee 

by its infra-red absorption spectrum and also by acétylation which gave a 

iiacetate (LXI)^ the hydroxyl group is situated at and has the
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P>-configuration because it is acylable and has been formed from a 7̂ %8(̂ - 

epoxide bridge. The 9(irconfiguration was assigned to (LIX) for the following 
reasons. Allcaline hydrolysis of (LIX) at room tenperature gave a diol (LX) 
the ultra violet absorption of which established the maintenance of the 8(l4)- 

olefinic bond. Acétylation of this diol gave a diacetate which differed from 

(LXI) and which was consequently considered to be 3jti7^-diacetoxy-22*23-dibromo 

ergost-8(l4)-en-ll-one (LXIl). The diacetates (LXI) and (LXII) can only
differ in configuration at Cg. The latter is considered to have the 9%-

configuration in view of the fact that it was produced under equilibrating 

conditions and might therefore be expected to have the natural (9flO configurati 

The compound (LIX) therefore possesses the 9 ̂ orientation and so also must the 

keto-epoxide (LV) and therefore it follows that the formation of (LV) from the
7

9̂ - A  -unsaturated-11-ketone (XXIl) is nob accompanied by inversion at Cg.
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The interesting feature of the conversion of the keto-epoxide (LV) 

into (Liz) is that while the mechanism of the reaction probably follows the 

route outlined. schematically below,, viz,acid fission of the epoxide followed.

o H

by elimination of a proton to give an olefinic bond, which is formed preferen­

tially in the -position [^8(14)] to the 11-carbonyl function, instead of in
8

the expected ̂  ̂  -position [A ]• It was considered possible that (LIX) was 
an intermediate in the formation of 22»23-dibromo-7[i-hydroxy-U-oxoergost-8- 

en-sp-yl acetate (LVIl) from the 9^keto-epoxide (LV). When (LIX) , however, 

was treated with a trace of hydrobromic acid in chloroform using conditions 

which convert the keto-epoxide (LV) into (LVII), it was not converted into 

(LVII) but gave a dienone of unknown structure. It appears unlikely, therefore 
that 22t23-dibromo-7^-hydroxy-ll-oxo-9^-ergost-8(l4)-en-3(5-yl acetate (LIX) 

is an intermediate in the conversion of (LV) into (LVIl). Similerly 22*23- 

dibr ono -7^-by dr oxy-11 -oxo - ergo st -8 - en- 3 (^yl acetate (LVIl) was recovâf^unchange 

on treatment Tr/ith sulphuric acid and dioxane using the conditions under which 

the keto-epoxide (LV) is converted into (LIX). It follows that (LVIl) is not 
an intermediate in the conversion of (LV) into (LVIl).

Debrominr-tion of 22* 23-dibromo-7 ̂ hydro:{y-ll-oxo-9 ̂ ergost-8 (l4) - 

en-3 ̂ yl acetate (LIX) with zinc in a neutral solvent yielded 7p-hydroxy-11- 

0 X 0 - 9 ^ergosta-o(14)*22-dien-3^yl acetate (LXIII). Similarly debromination
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of 3p»7p-diaceto3Qr-22t23-dibromo0rgost-3(l4)-en-ll-one(LXIl) gave 3(H7jS- 

dJLacetoxy -ll-oxoergosta-8(l4)t22-diene(LXr/) which was also obtained by

c<| Hn

H

H 0 /

CqHf7 t XjôvT

H

O H H O X OH

LX LX(/

debromination of 22i23-dibromo-ll-oxoergost-8(l4)-en-3jii7^-diol(LX) to give 

ll-oxoergosta-8(l4)»22-dien-3^t7j^-diol(LXV) followed by acétylation* A 
compound designated 7^-hydroxy-ll-oxoergosta-8(l4)%22-dien-3|;-yl acetate has 

been obtained by Heusier and Wettstein(64) by treatment of the 7p*8p-epoxy-ll- 

oxo-9^-ergost-22-en-3 (k-yl acetate (LVI) in hot dioxane with boron trifluoride. 

Although the m.p. of this compound is similar to that of 7(S-hydroxy-ll-oxo-9(J- 

ergosta-8(l4)»22-dien-3^-yl acetate (LXIII) the rotations of the two preparation 

(+76^, +216° respectively) are markedly different. W e  have not prepared 

7(^-hydroxy-ll“Oxoergosta-8(l4)i22-dien-3^-yl acetate} the related diacetate 

(LXIv) m.p. 111-113° [^]d+34°, again differs appreciably from the diacetate 

(m.p. 153-155"} not given) obtained by Heusier and Wettstein . The

liist authors appreciated that their preparation was not pure. Repetition of 

the experiment of Heusier and Wettstein did not give a homogeneous product#
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Wlien 22»23-dibromo-7p-hydroxy-ll-oxo-9(^ergost-8(l4)-en-3(^-yl 

acetate (LIX) or 22% 2 3 - dibr omo-ll-oxoergogt-8 ( 14) -en-3 7 p-diol (LX) were 

treated-with refluxing alkali followed by acétylation they were converted • • 

into diacetoxy-22»23-dibromo-14p-ergost-8-en-ll-one (LXVI). This compound 

shows the light absorption properties of an (X P-unsaturated ketone both in 

the ultra-violet and the Infra-red regions. As it must have the same 
configuration at C7 as 3^7^diacetoxy-22»23-dibromoergost-8-en-H-one(lVIIl) 

it can only differ from this last compound in configuration at C14.. Since 
greater strain is associated with trans hydrindaine than with the cis isomer ar 
since (LXVI) is formed under equilibrating conditions and will therefore take 

the less strained configuration, (LXVI) must be the 14p-epimer of (LVIII). 
Treatment of (LVIII) with refluxing alkali(69) followed by acétylation also gai 

the 14[5-epimer (LXVI) •
It is of interest at this point to compare the behaviour of 

'ÎV.- and 7^-hydroxy substituted 22i23-dibromo-ll—oxoergost-8-en-3(J-yl acetates 

when treated with alkali. The 7o(-hydroxy derivative (XLVlIl) is converted by 
alkali into the non-conjugated 22%23-dibromo-ll- oxoergost-3(l4)-en-3|l%7#(-diol 

(LII) , the double bond moving out of conjugation! to give3{3 )S -unsaturated 

ketone. In the case of the'T3 -hydroxy derivative (LVIl), however, similar 

rlkali treatment (followed by acetylation) leads to the 14p-epimer (UIVI).

This C;l-4 épimérisation has been observed by Djer*assi et al (87) with a related 

^  -11-ketone of the sapogenin series.. A close examination of this behaviour 

with 22%23-dibromo-ll-oxoergost-3-en-3^ryl acetate (XIl) has recently been 

carried out by Johnson and Spring (94) who also Isolated the intermediate 
22%23-dibromo-ll-oxoergost-8(14)-en-3B-yl acetat*e (LXYII) by refluxing (XIl)
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with 12/j alkali. LIVII could be converted into the 14jS-epinier of (XII) ̂ viz., 

XIIII by treatment with dilute alkali, which also could be obtained from [XIl) 

.by treatment/with .dilute alkali. . .It is therefore . believed .that the-behaviour
'N.-V
i

xt. >x

{
h : -  
1  '

H O OH

u/X U K S f i LX

of both the 7-V, - and 7(i-hydroxy derivative^(XLVIIl) and (LVII) is similsr to 

that observed by Johnson and Spring, the critical factor being the greater 

stability of a G/D cis» fusion system and that the configuration of the 7-hydroxjj 
group exerts an influence on the bond migration.

It is of interest to note at this point that recently Barton and 

Laws(96) have shown that 3^-hydroxy-15-oxoergostane is apparently more stable 

when the C/D ring fusion is trans and a suggested rationalisation of these 
apparently contradictory results has been published by Dreiding (l07).

/tcC) If

> v  S '  ' 
. ;

X M

O

A c O '

LX VII

/
A e O

W L  III



- 75 -

VII. A Partial .Synthesis of Cortisone from E^goaterol

The conversion of ergo sterol into 11%20-dioxoaHopregnan-^-yl 

. . .acetc.t.9 (UQCX). has been ncliieved .by. the. route. (V). —r— (L][2Z) as . shoim . .
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ll»2Q“j3ioxoallopresnan-3 pr-yl acetate (LTOIX) is a common intermediate in the 

synthesis of cortisone starting from various natural products (49^97), and its 

conversion into. cor. Dis one follows-well -established routes (see Historical . . . 

Section).

It has been shown earlier that ergosterol c: n be converted in 

liigh yield into 5-dilgydroergosteryl acetate (V). In 1948, Bergmannand Stevens 
(25) first used ozanolysis to degrade the ergosterol side chain, a procedure 

which lias later been shown by Jones and his co-workers(93) and by a Glaxo 

Laboratories group(l02). Investigation of the action of ozone on 5-dihydroerg 
gosteryl Fcetate (V) at -50^ showed that there wr.s preferential attack of the 

side chain olefinic bond. An ozonide u : i s formed which, on decomposition with 
zinc dust and acetic acid, gave 3|i-aceto:cy bisnorallochol-7-en-22-al (LXXII) 

in 85/b overall yield. The ultra-violet absorption spectrum of (LXXII) 
showed the presence of a tri-substituted olefinic bond (84). The aldeliĵ de 

(LXXII) was characterised by the very ready formation of a dimethyl acetal 
(formed even on crystallisation of the aldehyde from slightly impure methanol), 

and of a 2 % 4 - dinitr ophenylliydr a zone. The side chain degradation product, 

separated from the crude reaction product by steam distillation was isolated 

as its 2 % 4 - dinitr ophenylliydr a zone, identical with thpt from methyl i^propylace 
aldehyde.

Enol acétylation of the aldehyde (LKXII) yielded 3{^%22-diacetoxy 

bisnorallochola-7%20(22)-diene(LXXIIl) , selective ozanolysis of which at -50* 

followed by decomposition of the product with zinc oust and acetic acid gave 
20-oxoallopregn-7-en-3^S-yl acetate (LaaIV;. Djerassi and his co-workers have 

prepared this compound from diosgenin(47). (LXXIV) was smoothly converted 

with alkali to the Icohol 20-oxoallopregn-7-en-3Ç-ol, which in turn was
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benzoyl ted to 20-oxoallopragn~7-an-3 yl benzoate»

Attempts to introduce a 17o,-hydroxy function at this stage by 
Lhe.method of Kritchpvsky . nd Gallagher(59) were .not .sucaesaful. . Enol- • • 

cetyl tion of (LXXIVj accordlog to the method of these authors gave an oily 

mixture wliich probably consisted of the possible cis and trans isomers of an 

enol acetate of a Cgo -ketone. Cliromatograpliy of this oil gave a specimen of 

a low melting compound, the empirical analysis of which was in agreement with 
3^i20-diaceto:Q^alJ^regna-7tl7(20)-diene(ECXXl). Treatment of the crude

C0 4C

oil with perbenzoic acid followed by alkaline liydrolysis by the method of 
I\rltchûl?'sl̂  and Gallagher did not introduce a 17c(-hydroxy function but gave 
2Q-oxoallopregn-7-en-3Ç“Ol, i.e., starting material. The use of excess 

perbenzoic acid \ m . s not any more successful but led to the formation of some
7 "9 (ii )

^  -diene as an irrpurity. Djerassi and his co-workers(88) have reported
the introduction of the 17X-hydro:{y function into (LXXIV) using this method but 

in very low yield. In view of these discouraging results, the introduction of 
a 17^-hydroxy function was postponed to a later stage.

0:d.dation of 2Q-oxoallopregn-7-en-3^-yl acetate (LXXIV) with 

mercuric acetate according to the method of Djerassi and his co-workers(47) 
gave a poor yield of 20-oxoallopregna-7% 9(ll)-dien-3^yl acetate (LXXV), no 
more tlian lO/'o of pure dienone being obtained after extensive purification.
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The yield was greatly improved by carrying out the oxidation according to the 
method of Anderson Stevenson and Spring(28), who treated 5-dihydroergosteryl 
acetate at -50*̂  with bromine followed by treatment with Zinc dust to obtain 

ergosteryl-D acetate. Bromination of 20-oxoallopregn-7-en-3^yl acetate

(LXXIV) at -50^ followed immediately by debromination of the product with 

zinc dust gave a 78/̂  yield of pure 20-oxoallopregna~7% 9(ll)-dien-3jJ-yl acetate 

(LXXV). This compound shows the characteristic ultra-violet light absorption
7 «9 (ii )

spectrum if a/j -diene system. Alkaline hydrolysis of (L}2V) gave
20-oxoallopregna-7i 9(11) -dien-3 ,'S-ol.

The introduction of an 11-oxogen function into (DCXV) was

accomplished in the following iTay. Treatment of 2Q-oxoallopregna-7% 9(ll)-
dien-3|^yl acetate (LXXV) with perbenzoic acid at 0^ gave 9&%ll*-epo%y-20-
oxoall opr e gn- 7 - en- 3 g-yl acetate (DQCVl). This structure was ascribed in

7 "9 (11)
accordance with loiown behaviour adT (30) of -dienes of natural steroids
v/ith perbenzoic acid. Treatment of the keto-epoxide (LXXVI) with boron 

trifluoride-ether complex in ether as solvent using the method of Bladon 
et ̂  (54) gave ll%20-dioxo-9&-allopregn-7-en-3^-yl acetate (LaXVII). Gatal^i)i( 

hydrogenation of the last compound (LXXVIl) yielded 20 |^-hydroxy-ll-oxo-9 ̂  

allopregnan-3jV-yl acetate (iGÜCVIIl), the structure of which was confirmed by 

its infra-red absorption spectrum which shows well resolved hydroxyl, carbonyl 

and acetoxyl bdnds. Sarett(89) has selectively reduced 20-ketone groups in 

llt20-diketones of the pregnane (rings A/B cis fused) series, obtaining a 

preponderant amount of the 20 (ji -isomer. Since the effects of an allopregnane 

(A/B trans fused) or 9f)-lTydrogen (B/C cis) system on reduction at C20 have 
not yet been established, the hydrogenation product (LXXVIII) is provisionally
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assigned the 20 ̂ -hydro:yl configuration. Oxidation of 20|i-hydroxy-ll-oxo- 

9t̂ -alIopregnan-3 ̂ -yl acetate (LXXVIII) with chromi.c anhydride gave 11%20-dioxo- 

9 all opr e gnan- 3 (^yl ' acetate' (LXXIX). ' Alternatively catalytic hydrogenation 

of lli20-dioxo-9ft-allopregnan-3fi-yl acetate (LXXVI.T) followed by oxide.tion of 

the crude reaction product with chromic anhydride gave 85^ overall yield of 
H»20-dioxo-9|V-allopregnan-3P-yl acetste (LXXIX). Treatment of the last 
compound (LXXIX) with 20^ methanolic potassium hydroxide converted it into 
lli20-dioxoallopregnan-3&rol, the identity of whiclh was confirmed by comparison 
with an authentic specimen prepared by hydrolysis <of a sample of 11%20-dioxo- 
allopregnan-3^-yl acetate (LXXX), kindly supplied Iby Dr. B.A.Hems, Glaxo 

Laboratories Limited, Greenford. Acétylation of !llf 20-dioxoallopregnan-3p- 
ol gave ll$20-dioxoallopregnan-3ĵ -y 1 acetate (LXXX ) which was also identified 

by comparison with an authentic specimen.
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EXPERIMENTAL.

All m.p* s were determined using a standard N.P.L. thermometer. 

Specific rotations were determined in chloroform solution (except 

where otherwise stated) in a 1 dm. tube at room temperature.
Ultra-violet absorption spectra were measured in ethanol solution 

(except where otherwise stated) using a Unicam SP.500 spectrophotometer.

Infra-red absorption spectra were determined by M.A.Pajasckowski,
B.Sc.

The alumina used for chromatography was that supplied by Peter 

Spence grade "H” (grade II standardised according to Brockmann).

I. The Preparation and Attempted Selective Hydrogenation of 
11-oxoergosta-3»22-d i e n - y l  Acetate.

Ergosteryl Acetate.

Acetic anhydride (300 c.c.) was added to a solution of ergosterol

(300 g.) in warm pyridine (1800 c.c.), the air in the flask displaced by
!

nitrogen, and the mixture kept in the dark at room temperature for 18 hours. I

The product, which had separated, was removed by filtration, washed with hot 

water and dried at 50°. Crystallisation ffom chloroforra-methanol gave ergostery 

acetate as large lustrous leafs.
m.p. 173-175°. [(X]̂  -93° (c, 1-2).

5-Dihydroergosteryl Acetate.
[cf. Anderson Stevenson and Spring(33)]
Raney nickel sludge (Org.Synth.29,25) (15-20 c.c.), washed twice 

by décantation with benzene (2 x 50 c.c.), was added to a solution of ergosteryl
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acetate (35 g.) in benzene (3ÛÜ c.c.-, An^lar), and the mixture shaken at room 

temperature in rn atmosphere of hydrogen until 2140 c.c. had been absorbed 

(about. 15 minutes). -A. blank-experiment had shovm that the solvent absorbs • 

about 150 c.c. of hydrogen in this time. The filtered reaction solutions 

from five such experiments were combined and the solvent removed under reduced 
pressure. Crystallisation from chloroform-methanol gave 5-dihydroergosteryl 
acetate (160 g. ; 1st and 2nd crops) as plates

m.p. 180-182° [>]^ -19-5®

The compound gave a yellow colour with tetranitromethane in chloroform arid
o

did not show high intensity light absorption above 220ÛA.

Ergosteryl - D Acetate 
1 Bergman and ,StevensX25) ]
[Anderson ̂  al (38)^
[Heusser e t  ^  (37)

A vjarm solution of mercuric acetate (96 g#, 1-5 mois.) in 

stabilised glacial acetic acid (l300 c.c.) was added to a solution of 5- 

dihydroergosteryl acetate (44 g,) in dry chloroform (500 c.c.) and the mixture 

shaken for 17 hours. The precipitated mercurous acetate was removed by 

filtration and the filtrate concentrated under reduced pressure (below 50°) 
to about 300-400 c.c. The resulting precipitate was filtered and washed with 

cold methanol. Recrystallisation from chloroform-methanol gave ergosteryl-D 

acetate (l8 g.) as blades, m.p. 168-172°, [oLjp +19°(c, l-O). Recrystallisatio

gave a pure specimen which had m.p. 176°, +30° ( c, 2-0 )•
Light absorption \ ma:d.ma at 2350 (£ = 15,500) and 2420 (6 = 17,000)
a.nd an inflection at 251ÛA (6 = 12,500).

It shows a dark brov/n colour with tetranitromethane in chloroform.
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9tJ.i llo f-e p o :c /e rg o s ta -7 t 22 -d ien -3 j3 -.y l a c e ta te .
[cf. Budziarek et çü. (65)j.

A solution of perbenzoic acid (l-l mois.) in chloroform (30 c.c.)

was added dropwise with stirring over 5 hours to a solution of ergosteryl-D

acetate (9.0 g.) in chloroform (35 c.c.) maintained between -5° and 0°.

After 24 hours at 0°, the solvent was completely removed from the res.ction

mixture under reduced pressui'e (below 35°). The solid residue was dissolved
in boiling acetone and the solution concentrated until crystals started to
separate. On cooling, 9#%ll&-epoxyerg08ta-7%22-dien-3p-yl acetate was
deposited as plates (6 g. )

m.p. 211-213° [ d ] ^  = -38° (c, 2.0)
Found» c, 79.5} 10.3

Gale, for OsoHtsQs' C, 79.4% H.10.2%
It shows a yellow colour with tetranitromethane in chloroform and does not

o
show selective high intensity light absorption above 2200A.

Chamberlin et al(27) report m.p. 202-205^ [^]p -3 5° •
Heusser_et al (SO) report m.p. 205-207 [^jp -39.5°.

Budziarek et ^  (loc. cit. ) report m.p. 211-213° [^Jp -33°.

llob-Dihydroxyergosta-8»22-dien-3(S-yl Acetate.
[Cf. Heusser et~aï(3Ôj |. .

A solution of 9^^»H^-epo2yergosta-7»22-dien-3p-yl acetate (200 mg. 

in dioxan (l50 c.c.) vms treated with 2 N  sulphui'ic acid (27 c.c.) by 

sha.-d.ng at 20° for exactly three minutes. The mixture was poured into a 

separating funnel containing sodium bicarbonate solution and ether. 'The 

ethereal e:rtract was washed once more with sodium bicrrbonate solution and
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twice with water, dried (Nag 80^) and the ether removed under reduced pressure. 

Three crystallisations from acetone gave 7^^ 11(X.-ditiydroxyergosta-8%22-dien-3 p-

yl acetate.(h o  mg.) as.priamatic needles...................................
m.p. 230-232°, [oL]̂  = +85° (c, 0.7)

Crystallisation from Methanol gave prismatic needles 
m.p. 243-250° [ o L ] ^ = +83° (c, 0.4)

Founds C, 76.0} H, 10.4
Calc# 1 or C g Q 0^» (D, 76.2} H, 10.2^

It gives a pale yellow colour with tetranitromethane in chloroform and does
!not show high intensity selective light absorption above 2200&.

Chamberlin ^  ^  (loc. cit. ) give m.p. 248-252°, [oL]̂  + 85°

Heusser ^  al (loc.cit.) give,m.p. 270-272° [ô6Jp + 82°
for this compound.

Brgosta-8% 22-dien-3p » 7p̂ » lüf^triol.

7o^»IH-Dihydroxyergosta-8»22-dien-3^-yl acetate (200 mg.) 
refluxed for 1 hour with 2 %  methanolic potash (75 c.c.). Treatment with water 

extraction with chloroform followed by washing the extract with water, drying 
(Nag8%) and removal of the chloroform under reduced pressure gave a solid

white residue which gave on crystallisation from chloroform-methanol

ergosta-3»22-dien-3pr7od%lloUtriol, as fine needles m.p. 240-242°.

The specific rotation was not determined because of the insol- 
»ability of the triol in most solvents at 20°.
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Found» G, 77.5% H, 10.8

Calc, for GgeH^eCb» (g, 78.1% H, 10.8^

Light absorption» ^2120 = 6,000.
It gives a pale yellow colour with tetranitromethane in

chloroform.
Chamberlin et al. give m.p. 273-274°.

7»ll-i)io:{oergost-22-en-36-yl Acetate.
I cf. Heusser eF"al X30) [ '

A stirred solution of 7(x!. » l]o(_- dihy dr o:<yer gosta-8 » 22 -dien- 3p-yl 

acotate (300 mg.) in glacial acetic acid (3b c.c.) was treated dropwise over 
15 minutes with 1.125 LI chromic anhydride solution in acetic acid (8 c.c.%
4 mois.) with e:rbernal ice-cooling. Stirring was continued for a further 15 
minutes and the mixture left at room temperature overnight. The excess chromic 

anhydride was destroyed with methanol and the mixture treated with water and 

extracted with ether. The ether extract was washed with sodium hydrogen carbonate 

solution and water, dried (NagSĈ .) and the ether removed under reduced pressure to 

give a broim gum (250 mg.). (Heusser et ^  have isolated 8u%g&-epoxy-7-oxoergost- 

22-en-3^-yl acetate and 7»U-dioxoergosta-8»22-dien-3jS-yl acetate, from this gum 

by chi'omatography).
A solution of the gum (250 mg.) in glacial acetic acid (25 c.c.) 

was treated vrnth zinc dust (250 mg.) added at room temperature with stirring.

The mixture was heated to 100° with constant stirring and more zinc dust (500 mg.) 

added over 30 minutes. The mixture was left to cool overnight after wliich the 

zinc filtered, the filtrate treated with water and extracted with ether.
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The extract was washed with saturated sodium hydrogen carbonate solution and 

v/ater, dried (Nag80.̂,) and the ether removed under reduced pressure to leave a colour4 
» les s'gum’( 17 5 rfig.j.' ' A solution of this gum in'benzene'( 30'c.'c.) was filtered 

through a column of alumina ( 6 x 2  cm.). Continued elution with benzene (250 c.c.' 

gave 7*ll-dioxoergost-22-en-3G-yl acetate (40 mg.) which crystallised from methanol 

as fine needles,
m.p. 196 - 198°, - 31° (c, 0.5).

CJ
Light absorption» maximum at 2900A (& , llO).

Found. C, 76.4% H, 10.0
Calc, for CaoHisQt. C, 76.55% H, 9.35^

It gives a faint yellow colour with tetranitromethane in
chloroform.

Heusser et al ( 16c.cit. ) give m.p. 19d. 5-196 -27°.

ll-Oxoergosta-8»22-dien-30ryl Acetate.
[cf. Heusser et-^ ISOTJ*

A solution of 9c/»lK.-epoxyergosta-7»22-dien-3p-yl acetate 

(500 mg.) in dry benzene (20 c.c.) was treated with redistilled boron trifluoride 
etherate complex (20 drops) and the solution kept at room temperature for 70 hours. 

The solution was diluted with ether (50 c.c.^ washed successively with ivater, 

saturated sodium hydrogen carbonate solution and water, and dried (NagSQ̂ ,). The 

solvent was removed under reduced pressure. Crystallisation of the residue from 

methanol gave ll-oxoergosta-3»22-dien-3f^-yl acetate (350 mg.) as needles.

m.p. 130 - 132° [oL]jq + 105.5° (c, 1.16)
Light absorption » maximum at 255C^ (<5- = 9,500).
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Found» C, 78.8% H, 10.3

Calc, for 0, 79.2% H, 10.2^

It show-8 a pale yellow colour with tetranitromethane in

chloroform.
Heusser et (loc. cit. ) give m.p. 122-123° [^]p + 92° for

this compound.

Hydrogenation of ll-0xoergQsta-3»22-dien-3p-yl acetate.
A solution of ll-oxoergosta-8»22-dien-3&pyl acetate (112 mg.) 

in stabilised glacial acetic acid (200 c.c.) was shaken vdth pre-reduced platinum 

o;d.de catalyst in an *^tmosphere of hydrogen for 2 hours. The filtered solution 
was concentrated ^  vr.cuo to 20-30 c.c., treated v/ith water and extracted with 

ether. The ezztract was washed successively with water, sodium hydrogen carbonate 
solution '̂ nd water, dried (NagSQ̂ ,) and the ether removed under reduced pressure. 

Crystallisation of the solid residue from methanol gave ergost-8(l4)-en-3p-yl 

acetate ( cv6-ergostenyl acetate) (50 m.g.) as plates
m.p. 110-111°, - 4° (cl, 0.5)

Light absorption» ^sioo = 3,600.
Found» C, 80.71 % H, 11.4

Calc, for C, 81.4 % H, 11.4^

The compound was undepressed in m.p. on admi:cture w/ith an authentic specimen.

Treatment of ll-oxoergosts-8»22-dien-30-yl acetate with 
Lithium .lluminium Hydride and Boron Trifluoride•

(a) Lithium Aluminium hydride (l g.) was placed in the cone of a
Boxhlet extractor and extracted with dry ether (80 c.c.) Into this solution
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wmc added di'opwise over 10 minutes a solution of ll-oxoergosta*-8»22-dien-3p-yl

acetate (500 mg.) in ether (20 c.c.). The mi:cture was allowed to stand for a

further 10 minutes after wliich water (LO c .c .) was added slowly to decompose the

excess lithium aluminium hydride. The lithium-aluminium complex which formed
\îü.3 decomposed with dilute sulphuric acid (lO c.c.% lO/'o). The ethereal solution

was washed with water, twice v/ith saturated sodium hydrogen carbonate solution,
and twice with w;a,ter, dried (Nag SO^) and the ether removed under reduced pressure.

A wliite solid A (450 mg.) ims obtained m.p. 140-160°.
Light absorption» maxima at 2360 8,700;, 2430 (£ = 10,000) and an

c
inflection at 2520 A ( £ = 7,400).

Chromatography of the solid A dad not give a homogeneous product, 
Elution with benzene - 5}I methanol gave a solid wliich had a light absorption 

spectrum max. at 2360 ( & = 6,100) 242 (6. = 6,850) and an infle:âon at
u

2500A (6 %= 4,550).

(b) The solid was dissolved in benzene (75 c.c.) and treated with 

redistilled boron trifluoride etherate complex (l5 drops) and kept at room 

temperature for 70 hours. The reaction miscture which coloured considerably 

during tliis time, was diluted with ether, washed successively with water, sodium 

lî d̂rogcn carbonate solution and water, dried ('lagCQ̂ ) and the solvent removed 

under reduced pressure. The gummy residue obtained was treated in pyridine 

(4 c.c.) with acetic anhydride (4 c.c.) at 100° for 2 hours. The product isolated 

in the usual manner i/as dissolved in benzene (50 c.c.) and the solution filtered 
through a column of alumina ( 5 x 2  cm.). Elution with benzene (200 c.c.) gave a 

gum (30 mg.) which crystallised from methanol as plates of ergosteryl-3| acetate.
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m.p. 130-140“, [ô j - 56“ (c, 1.2).

L ig h t  nbsorp tion»  nrjdjnum a t  2500A (£. = 17,000).

................ Found»' ■ • 0, 81.6%' H,' 11.0.............................

Calc, for OaoXeQs 02.1% 10.6^
I t  sliowc a re d  brown co lo u r w ith  to tra n itro m e th a n e  in  ch loroform #

(c ) vfiien th e  s o l id  A d e scribed  above was d is s o lv e d  in  benzene 

(50 c . c . )  end t re a te d  w ith  r e d is t i . l le d  boron t r i f l u o r i d e  (5 drops) a t  room 

tem perature  f o r  10 m inu tes, and i;o rked up as in  (b) bu t no t c c e ty lr te d ,  w h ite  

re s id u a l s o l id  (400 mg.) ivas o b ta ined  w liich  on c r y s ta l l is a t io n  from  acetone gave 

e rg o s te ro l-D  as needles.

m.p. 165-167° [oC\yj + 30° (C, 1 .5 )

L ig h t  a b so rp tio n * maxima g t 2360 (£ .=  1 6 ,2 0 0 ), 2420 (^- = 18,500)
and an in f le c t io n  a t 2510A ( £  = 1.2,500).

Found* G, 82.9% H, 11.4

C a lc, f o r  G28% 4,Ü3 ^ % 0 H  G, 33.0% H, 11.2/2

E r% ostero l-D  g ive s  a brown co lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm .

22*23-D ibrom o - l l -oxoe rgQ st-8 -en - 3 P -y l A ce ta te .
[ c f .  B udzia rek e t a l(3 9 )J

(a ) A s o lu t io n  o f 22*23-D ib ro m o - llo L -e p o x y e rg o s t-7 -e n -3p~y l 

ace ta te  (500 mg.) in  benzene (50 c .c . )  was tre a te d  w ith  r e d i s t i l l e d  boron t r i ­

f lu o r id e  e th e ra te  (40 drops) and kep t a t  room tem pera tu re  f o r  72 hours . The 

s o lu t io n  was d i lu te d  w ith  e th e r (50 c . c . )  and washed s u cce ss ive ly  w ith  w a te r, 

sodium hydrogen cai’bonate s o lu t io n ,  w a te r, d r ie d  (iTo^SO^) and th e  s o lv e n t removed 

under reduced p ressu re . The re s id u e  c r y s ta l l is e d  from  m e th a n o l-ch lo ro fo rm  to  

g ive  2 2 *2 3 -d ib ro m o -ll-o x o o rg o c t-G -e n -3 p -y l a ce ta te  (300 mg.) as e longated  p la te s .
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n.p. 201-202“ + 95“ (e, l.O)

Light absorption* na:d.inuni at 253ÜA ( c  = 9,500)
Found* C, 53.8 % H, 7.7

Calc, for CgoHtsQBBrg C, 53.6% H, 7.55/o 

It gives no coloration with tetranitromethane in chloroform.

Budziarek et give 201-202'', Jp + 98^2

(b) eoluuion of ll-o::oer^osta-3»22-dien-30-yl acetate

(iCO gm. ) in chloroform (IC c.c.) i r a s treated with a solution of 
bromine (l mol.) in ciiloroform (5 c.c.), added dropwise during 20 minutes

with stirring at 0°. The colourless solution was kept overnight at -4°
diluted with ciiloroform (50 c.c.) washed irith sodium hydrogen carbonate 
solution and water, dried (NagSOg.) and the solvent removed under reduced 
pressure. A solution of the residue in light petroleum (b.p. 60-80°) - 
benzene (7*3% 50 c.c.) was filtered tiirough a column of activated alumina

(2 X 10 cm.) Elution of the column with the same solvent gave a fraction

m.p. 194-195° (50 mg.) wiiicn crystallised from methanol chloroform to give 
22 * 2 3 - dibr Qi go -11 - 0x 0 ei- g u s t - 8 - en- 3p-yl acetate as blades, 

m.p. 200-201°, [ o ^j-Q + 99° (&, l.O)
o

Light absorption* Ilaximum at 2530A (£ = 9,000).

Found* C, 58.4% H, 7.6

C3o % 6%Lr2 requires* C, 53.6% H, 7.55^

A mixture with a specimen described unuer (a) had m.p. 200-201°.
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Treatment of 22%23-dibromo-ll-o%oer&08t-8-en-3p-yl 
Acetate with Raney nickel-cyclohexanol/toluene*

................ Preparation of.Raney.nickel c.at.alyst., . Raney, nickel was .
prepared by the method of Kozingo(l03) and after die eidiaustive washing the

water was decanted a.nd toluene added. The toluene was then distilled until
no further water was removed. The catalyst was stored under toluene.

A solution of 22%23-dibromo-ll-oxoergost“3-en-3p-yl
.cotate (640 mg.) in toluene (20 c.c.) and cyclohexanol (lO c.c.) ivas refluxec
for 22 hours with Raney nickel catalyst (3 g.). The cooled solution was
then filtered, concentrated to about 5 c.c., treated with water and extracted

wiuh ether. The ethereal extract was washed 3 times with water, dried
(Nag80/1,) and the solvent removed ^  vacuo (l mm.> 100^). Six crystallisation

from methanol gave ll-oxoergosta-3\22-dien-3|3-yl acetate (330 mg.) as flat
needles.

m.p. 130-131° + 107.5° (e, 1.2).
o

Light absorptiont maximum at 255ÛA (£ = 8,200).
Found* C, 79.0} H, 10.5

Calc, for CgoĤ j-gOj » G, 79,2} H, 10.2^

It did not depress in m.p. when mixed with an authentic specimen.

Concentration of the methanol mother liquors followed by 
chromatography of the residue on alumina did not yield any other homogeneous 
product.

Bromination of 9fl6tl2^-epoxyergosta-7%22-dien-3p-yl acetate

A solution of 9<^tllo6-epoxyergosta-7%22-dien-3yS-yl acetate 

(500 mg.) in chloroform (20 c.c.) v/as treated dr op wise with a solution of
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bromine (l mol.) in chloroform during 20 minutes at -4°. The solution 

was kept overnight at 5"̂. Chloroform was removed under reduced pressure 

at room temperature. The residue was separated into an acetone soluble 

fraction A (200 mg.) and an acetone insoluble fraction (250 mg.) which 

was collected and washed with methanol. This proved to be 22i23-dibromo-
7«̂ \lloi'-diĥ ĉ’ro3g>"GrgOGt-0-en-36-7l acetate m.p. 204-205°.

The .acetone soluble fraction A (after removal of acetone) 
was dissolved in ether-etlianol (itl,* 60 c.c.) and refluxed with zinc dust 

for 2 hours. The filtered solution was concentrated, treated with water 
"'nd extracted with ether. The extract was washed with water, dried 

(Nag30^) and uhe etiier removed under reduced pressure. Crystallisation from 
methanol gave an smiorphus solid (120 mg.) m.p. 185-136°. This solid was 
dissolved in light petroleum (b.p. 60-80°) - benzene (itl*, 50 c.c.) and 

filtered tlirough a column of alumina (lO x 2 cm.). rilution with benzene 

(l50 u.c.) gave 7-oxocrgost-8-en-3[3-yl acetate (lOO mg.) which crystallised 
from methanol as plates,

m.p. 203-209°, - 57° (S, l.O)

Light absorption % luximum at 254GA ( &  = 10,000)

Found* C, 79.1} K, 10.2 

U-lc. for Cso^sQs} G, 79.2} H, 10.2%.
It I'lRB undepressed in m.p. on admixture with a specimen prepared by the 

method of Budziarek, Johnson and Spring(39) who give m.p. 209-211°

U J d “ 56°.
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9 (il ) 7
II. The Stereochemistry of ̂  -7-Keto and A -ll-Keto-steroids

and some of their Derivatives.
................. i j *l]i^i2.2%23-Tetrabromoergost-8-en-3p-yl Acetate.

[cf. Anderson et Ql(38jj

A solution of 5-dihydroergosteryl acetate (lOg. ) in dry 
ether (1,000 c.c.) was cooled to -20°. Bromine (5.1 c.c.) in glacial 

acetic acid (20 c.c.) was quicldLy added and the mixture cooled rapidly to 

-60° with shaking. The mixture was allowed to regain room temperature over 

2 hours and the solid (9.18) which separated was filtered, washed with ether 
and dried under reduced pressure. This tetrabromo compound decomposes on 
storage and its solutions in chloroform, acetone or acetic acid decompose 

with evolution of hydrogen bromide. It crystallises from benzene-light 
petroleum as felted needles,

m.p. 128°, + 230° (C, 1.0 in benzene)

Anderson et al. give m.p. 128° t  260° (in benzene)

Ergosteryl-D-acetate 22%23-dibromide.
[of. Anderson et al [38^]
A solution of tetrabromoergostenyl acetate (26 g.) in 

slightly warm benzene (l400 c.c.) was shaken with a solution of sodium 

iodide (lOO g.) in etiianol (1200 c.c.). Iodine v/as immediately liberated* 

The reaction miocturo was kept at room temperature for 20 hours, after which 
it was washed with -aqueous sodium thiosulphate solution (lO/̂ ) until the 

iodine colour disappeared. The benzene layer was washed with water, dried 

(llagSCh) and concentrated under reduced pressure to 200-300 c.c., and 
passed down a short column of rlumina (20 x 4 cm. ) • Elution with benzene 

(500 c.c.) gave ergosteryl-D-acetate 22*23-dibromide (l4.1 g.) which
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crystallised from chloroforn-methanol as prismatic neeldes

m.p. 230-232* [(/j + 30" (C, 1.4).

Light absorption» maocima at 2330 { £  =19,000), 2420 (€ = 21,000)
O

and inflection at 2500A ( = 13,000).
Found* C, GO.2} H, 7.7.

Gale, for CgoIiieGsBi^ * C, 60.2} H, 7.75%

It gives a broim colour with tetranitromethane in chloroform.
Anderson et oA give m.p. 233-234° [ o / + 32“'.

22*23-Dibr o m o - * I M  - ep oẑ y sr gost-7-en- 36 -y 1 Ac etat e 
[cf. Budziarek £t gA (39jj
A solution of ergosteryl-D-acetate 22*23-dibromide (14 g.) 

in chloroform (300 c.c.) was ti*eated dropwise with perbenzoic acid (l.2 mois) 
in cliloroform with stirring and cooling in ice during 5 hours. The 

mixture was kept at 0° for 12 hours. The solution was washed with sodium 

hydrogen carbonate solution nnd water, di‘ied (Na^SO^) and the chloroform 

removed under reduced pressure (temperature below 35°). Crystallisation 

from acetone gave 22*23-dibromo-9/*l]X-epoxyergost-7-en-d^-yl acetate 

(8.5 g.) as needles

m.p. 216°, [ô ]ĵ  -26° (e, l.O)
O  ■

The compound did not absorb light selectively above 22ÛQA .

Budziarek et al gave m.p. 218° [ô ]̂  - 26°.
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22*23-D ib r  omo-7c/% I I 06- d i h Y o r o x y e r g o s t - S - Q n - S f t - y l  A ce ta te , 
[ c f .  B udz ia rek efc ^  (3 9 j J

A s o lu t io n  o f  2 2 *2 3 -d ib ro m o -9 ^ \lk /-e p o x y e rg o s t-7 -e n - 

3 ^ -y l a c e ta te  (20 g .)  in  te t ra h y d ro fu r - n (100-105 c . c . )  v/as t re a te d  w ith  

aqueous s u lp h u i'ic  a c id  (2 N} 6 c . c . )  added in  one p o r t io n  w ith  shalcing. The 

s o lu t io n  was kep t a t room tem peratu i'e  f o r  4 h o u rs . The c r y s ta l l in e  s o l id  

which separa ted ivas c o lle c te d  and washed w e ll w ith  m ethano l, to  g ive  

2 2*23 -d ib rom o-7c4*llpC -d ihyd roxye rgost-8 -en -3p -y l a ce ta te  ( l6 .5  g. ) as a 

m ic ro c ry s ta l l in e  s o l id ,  m .p. 207-210° w hich is  ve ry  in s o lu b le  in  most o rgan ic  

s o lv e n ts .

22*23-Dibromo-ll-QXO-9p-ergost-7-en-3p-yl acetate.

A suspension o f  22* 2 3- dibromo-7oC* lloL - d ih y d r oxyer g o s t-8 -  

e n -s p -y l a ce ta te  (dOO mg.) i n  benzene (lOO c . c . )  was shaken w ith  boron 

t r i f lu o r id e - e th e r  complex ( l  c . c . ) .  A f te r  12 m inutes d is s o lu t io n  was 

com plete} th e  m ix tu re  was d i lu te d  w ith  e th e r and washed w ith  sodium hydrogen 

carbonate s o lu t io n ,  w a te r, d r ie d  (NagSQ^) and th e  s o lv e n t removed under 

reduced p ressu re . Twelve c r y s ta l l is a t io n s  o f the re s id u e  from  acetone 

y ie ld e d  2 2 *2 3 -d ib ro m o -ll-o x o -9 p -e rg o st -7 -e n -3 |) - y l  a ce ta te  (25 mg. ) as 

need les,

m.p. 200-203°, -  118° (C, 0 .5 )

Found* C, 53 .9 } H, 7 .8 5 .

GaoHtsQsBrg re q u ire s  G, 58.6} H, 7.55%
o

I t  does n o t show s e le c t iv e  a b s o rp tio n  o f  h ig h  in te n s i t y  above 220QA.
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22%23-D ib rom o-7-Q XQ ergost-9(ll ) -e n -3 p -y l a ce ta t e .

The combined mother l iq u o rs  from  th e  f i r s t  e ig h t c r y s t r . l l i s -

ta t io n s 'O f  the  fo re g o in g  compound w ere -concentra ted . ' A crop- o f p la te s ’ (400 mg.

VXLE ob ta ined  which was r e c r y s ta l l is e d  tw ice  more from  acetone to  g ive

22%2 3 -d ib ro m o -7 -o x o 8 rg o s t-9 ( ll) -e n -3p - y l  ace ta te  os rhom bic p la te s ,

m.p. 231-233° [oC]^ -  36°, -34° (e , 2 .2 , 1 .8 ) .

Found* C, 58.85} H, 7 .7

GsoBieOsBro re q u ire s  C, 58 .6} H, 7.55%

I t  g ives a pa le  y e llo w  c o lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm  and does
o

n o t show s e le c t iv e  a b s o rp tio n  o f h ig h  in te n s i t y  above 2200A.

2 2 *2 3 -D ib ro m o -ll-o x o e rg o s t-8 -en -3 j> -y l a c e ta te .

(a ) A s o lu t io n  o f 2 2 *2 3 -d ib ro m o -ll-o x o -9 jô -e rg o s t-7 -e n -3 p -y l 

a ce ta te  (lOO mg.) in  benzene (25 c .c . )  was f i l t e r e d  th rough  a column o f 

o.lumina ( 2 x 8  cm .). E lu t io n  w ith  benzene (300 c . c . )  gave 22»23-d ib ro m o -11- 

o x o e rg o s t-3 -e n -3 p -y l a ce ta te  (70 mg.) which separa ted from  m ethanol as 

e longated p la te s ,

m.p. 200-201°, [oi]̂  + 98°
o

L ig h t  a b so rp tio n * Irx im um  a t  2530A (£  = 9,000)

I t  does n o t g ive  a co lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm  and a m ix tu re  

w ith  F specimen prepared a cco rd ing  to  B udz ia rek, Johnson and S p ring (30 ) was 

undepressed in  m.p.

(b ) A suspension o f  22 » 2 3 - d ib r  omo - 7o6-  l]p(/- d ih y  d r oxyer gost -8 -  en- 3p -  

y l  a ce ta te  in  benzene was tre a te d  w ith  boron t r i f l u o r id e  e the ra te  as desc ribe d . 

A s o lu t io n  o f  the p roduc t in  l i g h t  petro leum  (b .p . 60-80°) -  benzene, (4 *1 }

50 c .c . )  was f i l t e r e d  tliro u g h  alum ina (2 x  15 cm .). E lu t io n  w ith  benzene
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(350 c . c . )  gave a f r a c t io n  (lOO mg.) w liic h , a f te r  f iv e  r e c r y s ta l l is a t io n s  from  

methanol gave 2 2 » 2 3 -d ib ro m o -ll-o x o e rg o s t-8 -e n -3 8 -y l a ce ta te  as e longa ted  p la te s ,  

...............................m .p. 200^203°, + 96° ( f i ,  l . O j ......................................................................
Ü

L ig h t  a b s o rp tio n : maximum a t  254QA ( £  = 9 ,0 0 0 ).

Found* C, 58 .8} H, 7 .7

C a lc , f o r  GaoHtgChBrg* C, 58.6} H, 7.55%

I t  does no t g ive  a co lo u r w ith  te tra n itro m e th a n e  in  c lilo ro fo rm  and was 

undepressed in  m.p. on adm ixture  w ith  an a u th e n tic  specimen.

22 :2 3 -d ib ro m o -7 -o xo e rgo s t-8 -e n -3 ^ - y l  a c e ta te •

(a ) C ontinued washing o f  th e  column desc ribe d  in  (b ) above w ith  

e th e r (300 c . c . )  gave a f r a c t io n  (260 mg.) w hich c r y s ta l l is e d  from  m ethanol- 

ch lo ro fo rm  to  g ive  2 2 i2 3 -d ib ro m o -7 -o xo e rg o s t-8 -e n -3 6 -y l a ce ta te  as p la te s ,

m.p. 240-242°, -  29° ( C, 0 .5 ) .
o

L ig h t  a b s o rp tio n : Ikximum a t 2530A ( &  = 9 ,0 0 0 ).

Found* C, 58.8} H, 7 .6 .

C p lc . fo r  CgoHieOsBra» C, 58 .6 ) H, 7 .5 5 ^

I t  does n o t g ive  a co lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm . I t  is

undepressed in  m.p. when m ixed w ith  a specimen m.p. 240-242° —2 8 °,

prepared as described  by B udz i-rek ,Johnson  and S pring  (3 9 ).

(b ) A s o lu t io n  o f 2 2 *2 3 -d ib ro m o -7 -o x o e rg o s t-9 (u )-e n -3 p -y l aceta te  

(l7C  mg.) in  2% aqueous m ethano lic  potassium  hydrox ide  (50 c . c . )  was heated 

under r e f lu x  fo r  2 hours. The coo led  s o lu t io n  was d i lu te d  w ith  w ater and 

e x tra c te d  w ith  e th e r. The e x tra c t  was washed vn.th w a te r, d r ie d  ( Na@SO )̂ and 

the  e th e r removed under reduced p re ssu re . The re s id u e  was a c e ty la te d  w ith  

p y r id in e  and a c e t ic  anhydride  on the  steam ba th  a t  100° f o r  3 hours . Is o la t io n
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o f  the  p rod u c t by means o f  e th e r and c r y s ta l l i s a t io n  from  ch lo ro fo rm -m ethano l

gave 22»23-d ib rom o-7 -oxoergost“ 8 -e n -3 p -y l a ce ta te  (150 mg.)

.........................................m.p. 239-241*, [ ^ ] p  -  2 8 " (c , Z.O)'.

Undepressed in  m.p. when m ixed w ith  the  specimen d e scribed  above.
o

L ig h t a b so rp tio n * maximum a t  252QA ( ^  = 9 ,2 5 0 ).

l l-0 x o -9 p -e rg o s ta -7 * 2 2 -d ie n -3 ^ -y l a c e ta te .

A s o lu t io n  o f  22 *2 3 -dibrom o-1 1 -oxo-9 p -e rg o s t- 7 - en -3 p -y l 

a ce ta te  ( l  g .)  in  benzene-ethanol ( l » l }  200 c . c . )  was heated under r e f lu x  f o r  

3L hours w ith  z in c  dust (3 g . ) added p o r t io n  w ise . The f i l t e r e d  s o lu t io n  was 

t re a te d  w ith  w ater and e x tra c te d  w ith  e th e r. The e x tra c t  v/as washed w ith  

w a te r, d r ie d  (No^SCl) and th e  e th e r removed under reduced p re ssu re . The re s id u  

was c r y s ta l l is e d  from  acetone to  g ive  l l-o x o -9 p -e rg 0 8 ta -7 * 2 2 -d ie n -3 p -y l a ce ta te  

(600 mg.) as hexagonal p la te s ,

m.p. 159-161°, -  206° (C , 2 .5 5 )

Found* C, 7 9 .5 } H, 10.1

C a lc, f o r  GgQII;,g * C, 7 9 .2 } H, 10.2%

I t  g ives a p r ie  y e llo w  c o lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm  and does
o

n o t show s e le c t iv e  a b s o rp tio n  o f  h ig h  in te n s i t y  above 220QA.

Bladon e t a l  (54) gave m.p. 159-161°, -  191°.
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7-QxoerA^osta“ 9 ( l l ) * 2 2 - d ie n - 3 ^ - y l  a ce ta te  •

A s o lu t io n  o f  22*23-d ibrom o-7“ O x o e rg o s t-9 ( l l ; -e n -3 p -y l 

a ce ta te  (5 0 0 'mg.) in  è th a n ô l-e th e r  ( l # l }  50 c . c . )  was heated under r e f lu x  f o r  

3 hours w ith  z inc  dust (2 g . )  added p o rt io n w is e . Treatm ent o f th e  f i l t e r e d  

s o lu t io n  w ith  w a te r, fo llo w e d  by e x tra c t io n  w ith  e th e r and washing th e  e x tra c t  

w ith  w a te r, d ry in g  (NagSO^) and removal o f  the  e th e r under reduced p ressu re  gave 

7 -o x o e rg o s ta -9 ( ll)» 2 2 -d ie n -3 p -y l ace ta te (300  mg.) w hich c r y s ta l l is e d  from  aceton 

as p la te s ,

m.p. 177-178°, [otjQ -  55° (d , 1 .3 )

Found* C, 79 .4 } H, 10.2%

Gale, f o r  C3oHt-60b } C, 7 9 .2 } H, 10.2%

I t  g ives  a pal e y e llo w  c o lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm  and does n o t
o

show s e le c t iv e  l i g h t  a b s o rp tio n  o f  h ig h  in te n s i t y  above 2200A.

Heusser ^  ^  ( 3 l)  g ive  m.p. 176-177° -  58 ", and Schvenewaldt e t  a l  (33)

g ive  m .p. 176-177° [cC]̂  -  4 3 .5 ° .

7-o x o -8flt>-ergosta-9( 11 ) * 2 2 -d ie n -36- y l  a c e ta te .
[ c f .  B udz ia rek e t c l  [6 5 ) j

A m ix tu re  o f e rg o s te ry l-D  a ce ta te  (2 .2 g ) in  benzene (20 c . c . )  

fo rm ic  a c id  (20 c .c .5 90%), and Iiydrogen pe rox ide  (0 .65  c . c . }  30%) to s  s t i r r e d  

f o r  20 hours a t 15°. The re a c t io n  m ix tu re  was evaporated under reduced p res sur < 

below 50° (b a th  te m p e ra tu re ), and the  re s id u e  c r y s ta l l is e d  from  m ethanol to  

g ive  f l a t  needles o f  m.p. 170-175°, and g iv in g  a re d  brown c o lo u r w ith  t e t r a -  

n i t r o  methane in  c llo ro fo rm .

L ig h t  a b so rp tio n * maxima a t  2360 ( £ = 3 ,9 0 0 ), 2440 (6 = 4,80(
o ^

cjid  an in f le c t io n  a t  252QA (6 = 3 ,5 0 0 ).



- 99 -

C o n ce n tra tio n  o f  the methanol mother l iq u o rs  gave an amorphes s o l id  w liich  

c r y s ta l l is e d  from  methanol to  g ive  7 -o x o -3 r f-e rg o s ta -9 ( ll) t2 2 -d ie n -3 p ’- y l  a ce ta te  

as need les,

m.p. 194-196° + 18° (C, 0 .5 ) .

L ig h t a b so rp tio n * £  2120 = 5,400 and showing no s e le c t iv e
o

a b s o rp tio n  o f  h ig h  in te n s i t y  above 220Qâ •

In f ra - re d  spectrum* Peaks a t  1740 and 1235 (a c e ta te ) and a t  

1715 cm ^ (s a tu ra te d  c a rb o n y l) .

Found* 0 , 78 .9 } H, 1 0 .2 .

C a lc , f o r  CaoIkeCb) C, 79 .2 ) H, 10.2^L

3 p -R ydroxye rgosta -8 *22 -d ien -7-one •

(a ) A s o lu t io n  o f 7 -oxoe rgosta -9 ( 11 ) * 2 2 -d ie n -3 p -y l a ce ta te  

(300 mg.) in  3% aqueous m ethano lic  potassium  hydrox ide  (50 c . c . )  was heated

under r e f lu x  f o r  2 hours. Treatment o f t h is  s o lu t io n  w ith  w a te r, e x tra c t io n

w ith  e th e r , washing the e x tra c t  w ith  w a te r, c ry in g  (NrgSO^) and rem oval o f 

th e  e th e r under reduced p ressure  gave 3p -hyd roxye rgosta -8*22 -d ien -7 -onG , which 

c r y s ta l l is e d  from  methanol as p la te s  (200 mg.) ,

m.p. 175-177°, [XJo -  45° (& , l-O )
o

L ig h t a b so rp tio n * maximum a t 256QA ( 6  = 9 ,0 0 0 ).

Found* C, 31 .4 } H, 10.7

C a lc, fo r  C gelk iC a) C, 81 .5 ) H, 10.75%

I t  g ives a pa le  y e llo w  c o lo u r TrTith te tra n itro m e th a n e  in  c h lo ro fo rm  and was 

undepressed in  m.p. when mixed w ith  a specimen prepared  as d e sc ribe d  by 

Ochoenewaldt e t a l  (3 3 ).
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(b ) A s o lu t io n  o f  7 -o x o -3 o fc -e rg o c ta -9 ( ll)» 2 2 -d ie n -3 p -y l 

a ce ta te  ( l5 0  mg.) was re f lu x e d  w ith  3% aqueous m ethano lic  potassium  hyd rox ide  

as d e sc ribe d  above in  ( a ) .  C r y s ta l l is a t io n  o f  th e  p rod u c t from  methanol 

g"ve 3 p -liyd r oxyer go s ta -8 * 22 -d ie n -7  -one (lOO mg.) as p la te s ,

m.p. 176-177°, [ô̂ Jq -  43° (ù , 1 *2 )
o

L ig h t  a b so rp tio n * masdLmum a t 254QA ( £ = 10,000)

The compound was undepressed in  m.p. dn adm ixture  w ith  a specimen prepared as 

described  in  (a ) above.

A ttem pted is o m é r is a t io n  o f 7 -0 x o -3 ^ -e rg o s ta -9 ( llJ *2 2 -
3 p -y l a c e ta te .
[ c f .  B udz ia rek and S p rin g  (77) f o r  is o m é r is a t io n  

o f  7 * l l-d io x o -8 ( i-e rg o s t-2 2 -e n -3 p -y l a c e ta te ].

(a ) Â s o lu t io n  o f  7 -o x o -8 o t-e rg o s ta -9 ( ll) * 2 2 -d ie n -3 6 -y l a ce ta te  

( l5 0  mg.) in  g la c ia l  a c e t ic  a c id  (lO  c . c . )  was heated on th e  steam bath  f o r  one 

houi*. Treatm ent o f  th e  m ix tu re  w ith  w a te r, fo llo w e d  by e x t ra c t io n  w ith  e th e r ,  

washing th e  e x tra c t  w ith  w a te r, w ith  sodium hycrogen carbonate s o lu t io n  and 

w ith  w a te r, d ry in g  (hagBO^,) and removal o f th e  e th e r under reduced p ressure  

gave a h ig h ly  co lo u re d  gum w hich cou ld  no t be c r y s t r l l i s e d .

(b ) A s o lu t io n  o f  7 -o x o - l& -e rg o s ta -9 ( l l) * 2 2 -d ie n -3 & -y l a ce ta te  

( I jQ mg.) in  g la c ia l  a c e tic  a c id  (lO  c . c . )  was l e f t  o ve rn ig h t a t  room tem per- 

*a tu re . I s o la t io n  o f th e  p ro d u c t by means o f  e th e r as described  above d id  n o t 

g ive  a homogeneous p ro d u c t.

2 2 *2 3 -D ib r o jO -T ^ * llt -e p o x y -7 -o x oer, ;o s ta n -3 p -y l Ace ta le

A s t i r r e d  s o lu t io n  o f 2 2 *2 3 -d ib ro m o -7 -o x o e rg o s t-9 ( ll) -e n -  

s p -y l a ce ta te  (4 .35  g . ; in  cn lo ro fo rm  (50 c . c . )  was tre a te d  dropw ise w ith



- 101 -

pe roenzo ic  a c id  ( l . l  m o is .) in  ch lo ro fo rm  ( l4  c . c . )  d u rin g  3 hours a t  0 ° . The 

s o lu t io n  was kep t a t  0° o v e rn ig h t,  and thoivTashed w ith  sodium hydrogen carbonate 

s o lu t io n  -nd w ith  w a te r, d r ie d  (hag80^) and the  ch lo ro fo rm  removed under 

reduced pressure below 35". C r y s ta l l is a t io n  o f the  re s id ue  from  m ethanol- 

ch lo ro fo rm  gave 22%23-dibromo-9f<^% llX-epo}:y-7-0]:oergo8tan-3^-yl a ce ta te  as 

p la te s  (3 .3  g . )

m.p. 223-230°, [ot]̂  -  44 " (C, 2 .5 ) .

Two c r y s ta l l is a t io n s  from  acetone gave e longa ted  need les, 

m.p. 222-224°, -  44°

Found* G, 57 .2} H, 7 .4

Calc, f o r  CgoHtsOtBrg* C, 57 .1} H, 7.35%
o

I t  does no t show s e le c t iv e  a b s o rp tio n  o f h ig h  in te n s i t y  above 2200A. On 

adm ixtu re  w ith  a specimen (m .p. 222-224°, [^Jx) "  49°) prepared a cco rd ing

to  Anderson ^ t  a l  (33) i t  was undepressed in  m.p. ^

A ttem pted A c id  Rearrangements o f 22% 23-dibrom o-9^% ll^- 
er )o: y -7 -  oxo - e r go s ta n -  3|5 - y l  a ce ta te .

(a ) W ith  Bor on t r i f lu o r id e - e th e r  complex.

A s o lu t io n  o f 22% 23-d ib rom o-9^*ll& -epoxy-7 -oxoergostan-3p- 

y l  a ce ta te  (400 mg.) in  benzene-ether (1 *1 } 50 c , c j  was tre a te d  w ith  boron t r i ­

f lu o r id e -e th e r  complex ( l5  drops) in  s c e t ic  a c id  (2 c . c .) and a llo w e d  to  stand 

f o r  3 days a t room tem pera tu re . The s o lu t io n  was d i lu te d  w ith  e th e r (30 c .c . )  

washed w ith  sodium hydrogen carbonate s o lu t io n  and w a te r, d r ie d  (NagSO^) and 

th e  so lve iio  removed under reduced p ressu re . C r y s ta l l is a t io n  from  acetone 

gave e longated needles (370 mg.) m.p. 222-224° W ] r  -  48° (C, 2 . l )  a lone  and 

m ixed w ith  s ta r t in g  m a te r ia l.
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( b) W ith  Hydrogen Bromide in  Ac o t ic  a c id .

A s o lu t io n  o f  22% 23-d ib rom o-9^tli& -epoxy-7 -oxoe rgo8 tan - 

s p -y i c e ta te  (450 mg.) in  a c e tic  a c id -c lilo ro fo rm  (2 *1 } 50 c . c . )  was tre a te d  

vd th  iiydrogen bromide s o lu t io n  in  wader (2 c . c . }  43%) and kep t a t room temper­

a tu re  o v e rn ig h t. The s o lu t io n  was co n ce n tra te d , t re a te d  w ith  w a te r and 

oxbracted  w ith  e th e r. The e x tra c t  was washed w ith  sodium hydrogen carbonate 

s o lu t io n  and w ith  w a te r, d r ie d  (ifagSO^) and th e  s o lv e n t removed under reduced 

p ressu re . G ib ^ s ta llis a t io n  o f the  re s id u e  from  acetone gave e longa ted  needles 

-  48" (g , 2 .0 ) ,  m.p. 221-222" . I o n :  and when mi::ed w ith  s t a r t in g  m a te r ia l.
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III. The Btereocheraistry of 9t̂ *llct--dib:/drQ:y-7-QxoergQst-22- 
en -3 p -y l  a c e ta te .

3p* iJdi- P i " c e t oxy -22 % 2 3 -  d ib r  omo -  QflLrliy d roxy e r go s ta n -  7 -  one.. . .

A s o lu t io n  o f  2 2 % 2 3 -c lb ro m o -7 -o x o e rg o s t-9 ( ll) -e n -3 p -y l 

ace ta te  ( l .O g . ) in  e ther-benzene (4*1  } 50 c . c . )  and p y id d in e  (0 .74  c . c . )  was 

tre a te d  w ith  osmium te t ro x id e  ( l .O g . ) }  a brown co lo u r r a p id ly  developed.

A f te r  5 days a t room tem pera tu re , the  m ix tu re  was evaporated under reduced 

pressui'e  and the  re s id u e  re f lu x e d  f o r  5 hoiu*s w ith  a s o lu t io n  o f  sodium 

s u lp l i i te  (e g .)  in  aqueous e th a n o l (lOO c .c . }  50%). The m ix tu re  was concen­

t ra te d  under reduced p re ssu re , a c id i f ie d  (Congo-red) w ith  d i lu te  h y d ro c h lo r ic  

a c id ,  and e x tra c te d  w ith  e th e r (2 x  150 c . c . ;  and then  w ith  ch lo ro fo rm  

(2 X  150 C . C . ) .  The \>rashed and d r ie d  (hag80^) ch lo ro fo rm  e x t ra c t  was 

evaporated under reduced p ressure  and the re s id u e  was tre a te d  w ith  a c e t ic  

anhydride  and p y r id in e  a t  room tem perature o v e rn ig h t. The a c e ty la te d  p rod u c t 

vus is o la te d  by means o f e th e r and c r y s ta l l is e d  from  ch lo ro fo rm -m e thano l to  

g ive  3 p iljp C -d ia ce to :{y -2 2 t2 3 -d ib ro m o -‘.d -h yd ro :ye rg o s ta n -7 -o n e  (550 n ^ .)  as 

need les,

m.p. 247-250°, [o^j£) -  27° (d , l .O )

Found* C, 55.95} H, 7 .4

C a lc , f o r  CaaHsoOgBra) C, 55.65) H, 7.3%
O

The substance showed no h ig h  in te n s i t y  l i g h t  a b s o rp tio n  above 22C0A and gave 

no co lo u r w ith  te tra n itro m e th a n e  in  ch lo ro fo rm . B udz ia rek , Hamlet and S pring  

(79 ) g ive  m,p. 259-260° |oLĵ  -  2 9 " , -  27 ". A m ix tu re  o f the  above compound 

w ith  a specimen prepared a cco rd ing  to  B udziarek ^  a l  d id  n o t depress in  m.p. 

The m.p. o f  the  substance is  dependent on the  ra te  o f  h e a tin g .
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The material extracted by means of ether was acetylated with 

acetic anhydride and pyridine at room temperature overnight. The acetylated 
productisolated by means of ether, was purified by chromatography on alumina 

to give 3pilK“diacetoxy-22*23-dibromo-9b6-liydroxyergostan-7-one (300 mg.) as 

needles from chlor of orm-met lianol

m.p. 247-249" alone or minced with the above
specimen.

Found* G, 55.9} H, 7.5

Gale. 1 or GggH^oGgBrg % G,55.65} H, 7.3%

dp * 11)6-ui; cetoxy-9[\l-byuroxyergost-22-en-7 -one.

A solution of 3|g *ll£-diacet oxy-22* 23-dibr omo-Qi'-hy dr oxy­
er go stan-7-one (200 mg.) in methanol-benzene (1*1} 50 c.c.) was refluxed with 

zinc dust (3.0 g.) added portionwise over 4 hours. The filtered solution v/as 

concentrated, treated with water and extracted v/ith ether. The washed and 

dried (Nag80,̂ ) extract was evaporated under reduced pressure. Grystallisation 

of the residue from aqueous acetone gave 3^5*13p6-diacetoxy-9o(^-hydroxyergost-22-en 
7-one- (L20 mg.) as needles

m.p. 193-195", -4G" (t, l.O)

Found* G, 72.6} H, 9.8
Gale, for Gggh^QOg} G, 72.4} H, 9.5%

The substance showed no selective light absorption of high intensity above
Ü

220ÜA . It did not depress in m.p. when mixed with - specimen (m.p. 194-196") 
prepared by Budziarek, Hamlet and Spring (loc. cit.)
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IV. Bromination of 22t23-Dibromo-ll-Q::o-9p-ergost-7-0n-3p-yl Acetate.

Ergost-6(l4)-en-3jjlryl Acetate (fl̂ -ergosteiiyl Acetate)•

A solution of ll-oxoergosta-7*22-dien-3p-yl acetate (l50 mg.) 

in acetic acid (lÜO c.c.) was shaken in an atmosphere of hydrogen for 1 hour 

with Flatinum (from 60 mg. PtOo). The filtered acetic acid solution was 

concentrated, treated with water and extracted with ether. The extract was 
washed successively \d.th sodium hydrogen carbonate solution and water, dried 

(iTô SQ̂ ) and the ether removed under reduced pressiu*e. Crystallisation of the 

residue from methanol gave ergoct-8(14)-en-1:6-yl acetate as plates,
m.p. 107-109", + 3° (C, 1.4)

Found* C, 81.6} H, 11.4

C-lc. for GsohsoGte* C, 01.4} H, 11.4%
The m.p. of a mizcture with an authentic specimen m.p. 109-110° [cL]+ 4°
(c, 2.0) was undepressed.

11-Oxoer -;ost-7-en-3[3-yl Acetate.

A solution of ll-oxoergosta-7*22-dien-3p-yl acetate (250 mg.) 

in ethyl acetate (200 c.c.) was shaken in an atmosphere of hydrogen for 24 

hours with Platinum (from 60 mg. PtOg) . The filtered solution vus evaporated 

to dryness and the residue crystallised from methanol to give 11-oxoergost-7- 

en-3p-yl acetate (l60 mg.) as needles,

m.p. 162-164", [oLĵ  + 48", + 47" (€, 1.1} 1.5)

Light absorption* ^2050 = 3,500.
Found* G, 79.15} H, 10.8

Gso^sQa requires* C, 73.9 } H, 10.6%
P'or a crude (not analysed) specimen of this compound, Bladon et al. (54) give
m.p. 140-156", [ô jD + 32"
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7^t22*23"TribromQ”ll-QxoergOGt-3-en-3j|̂-yl Acetate.

A solution of 22*23-ûibrono-ll-oxo-98^ergost-7-en-3p-yl 

âcëtâtè (l.Og.J in dry ether (200 c.c.) was treated with a solution of bromine 

in glacial acetic acid (7.3 c.c. } 0.0316 gm./c.c.) added dropwise with 

stirring at IS"'. After standing for 10 minutes, the colourless solution was 
washed with 1% sodium hydroxide solution, water, and dried (NagSO^,). Cry­

stallisation of the product from chloroform-methanol gave 7p% 22* 23-tribromo- 
ll-oxoergost-3-en-3p-yl acetate (800 mg.) as plates,

m.p. 198-199° (decomp.) [̂ ]p + 78° (O, l.o)
o

Light absorption* maximum at 2620A { S  =  9,800).

Found* C, 51.3} K, 6.7.

CsoütgCbBrg requires* C, 52.0} H, 6.5%

ll-0][oergosta-7*22-dien-3p-yl Acetate.

A solution of 7p*22*23-tribromo-ll-oxoergost-8-en-3p-yl 

acetate (490 mg.) in methanol-ether (70 c.c.} 1*1 ) v/as refluxed with activated 
zinc (2 g.) added in portions over tliree hours. The filtered solution was 

concentrated, treated with water and extracted with ether. The washed and 

dried (h-'g30^) extract was evaporated to dryness and the residue crystallised 

from metlianol to give ll-oxoergosta-7*22-dien-3^-yl acetate as plates,

m.p. 175-177°, [0t]j3 + 30° (fi, l.l).

Light absorption* <^20^  = 3,400
Found* G, 79.15} H, 10.4

C Ic. for G3o % 6% }  C, 79.2} H, 10.2%

It gives a pale yellow colour with tetranitromethane in chloroform. Bladon et al
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(54) gives m.p. 175-130° + 25° for a specimen obtained by filtration of

the 9jS-opiner thi'ough alumina.

22*23-Dibromo-ll-Q::oergosta-8»14-dien-3^-yl acetate.

A solution of 7p%22t23-tribroiiio-ll-oxoergost-8-en-3^-yl 

acetate (l20 mg.) in 3% aqueous methanolic potassium hydroxide (40 c.c.) v/as 
refluxed. for 2 hours. The solution was treated with water and extracted with 

ether. The washed "nd dried (Nĉ SÔ ,) extract was evaporated to dryness and 

the residue acetylated with acetic anhydride and pyridine at room temperature. 
The procuct isolated in the usual mr.nner by means of ether was crystallised 

from methanol to give plates (40 mg.) m.p. 196-200°. This vus dissolved in 
benzene (lO c.c.) and filtered tlirough a short column of alumina ( 4 x 2  cm.). 

Elution with benzene (lOO c.c.) gave a vhiite solid (30 mg.) vdiich vus crystalli; 
from mot. nol to give 22%23-dibromo-ll-oxoergosta-8%14-dien-3&-yl acetate as 

plates,
m.p. 214-215" [oilrj + 38° (d, 1.")

Light absorption* maxima at 2140 (£ = 11,000) and at

292Û4. (e. = 12,500).
Found* G, 58.9} H, 7.35

Cgoh^ChBrg requires* G, 58.8} H, 7.2%
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V. The 8+ructure and Reactions of 22%23-L)iurQmo-7DUoo(- 
Q p o: y  -11- o::o er go sta.n- 3 p-yl Ac eta t e.

>-yl-Acetate..................  22* 23 -Dibr omo -ll-.oxo -.916- er go s t - 7 - enr 3fi ■
[cf. Elks, Evans ^  ^  [54;j
A solution of 22*23-dibromo-9'fl6*ll^-epo:yergost-7-en-3p-yl 

acetate (lOg.; in dry ether (500 c.c.) was treated with freshly distilled 
boron trifluoride-ether complex (2 c.c., 1 mol.). The solution was kept 
at 0° for 10 hours. A crystalline solid which separated was collected, 
lushed well with metlianol and recrystrllised from acetone from which 22*23- 
cibromo-ll-oxo-9^-ergost-7-en-3p-yl acetate separated as prismatic needles,

m.p. 200", - 122" (d, l.l)

Found* G, 50.3} H, 7.5
Calc.for CaoI^gCbBra» C, 53.6) H, 7.55%

C
It did not absorb light selectively with liigh intensity above 2200A. The 

compound was underpressed in m.p. when mixed with a specimen prepared by 
Ilaclean and 3pring(67). II

22*23-Dibromo-ll-oxoergost-7-en-3p-yl Acetate•

The alumina used in this experiment was prepared as follows*- 

Eponce ‘Type IT* alumina (l kg.) vus stirred for 3 hours with 

aqueous acetic acid (1.5 1} 10%), filtered, washed with distilled vuter (2 1.), 

metlunol (2 1.) and distilled water (2 1.) and then reactivated by heating at 
400° for 5 ho'urs.

solution of 22*23-dibromo-ll-oxo-9^-crgost-7-en-3p-yl acetate 
(700 mg.) in light petroleum (b.p. 60-80°) - benzene (1*1} 70 c.c.) was 

adsorbed rapidly under pressure on r.n alumina column (lO x 1.5 cm.}. The 
column was immediately eluted with benzene (lOO c.c.) containing panridino
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(l c.c.) again under pressure-, these operations took 5 minutes. Evaporation 

of the filtrate under reduced pressure and crystallisation of the residue from 
chloroform-methanol gave 22%23-dibromo-ll-Qxoergost-7-en-3p-yl acetate (620 mg.) 

as felted needles,
m.p. 189 - 190", [(tjo + 29" (d, 0-4)

Light absorption* <d2oco = 1550
Found* G, 53.7} H, 7.55

requires* G, 53.6} H, 7.55%
It gives a pole yellow colour with tetranitromethane in chloroform.

ll-oxoergosta-8*22-dien-3p-yl Acetate.
A solution of ll-oxoergosta-7*22-dien-3#-yl acetate (l50 mg.) 

in bonsone-chloroform (lO c.c. 99*l) v/as adsorbed on a column of grade II 

-lumina (lO x 2 cm.) ■'"iid left for 5 days. Elution with benzene (50 c.c.) 
nd crystallisation from meth nol gave ll-oxoergosta-3*22-dien--3p-yl acetate 

(30 mg.) as blades,
m.p. and mixed m.p. 125-127°, + 102° (d, 0.5)
Light absorption* maximum at 2530A (& = 8,000)

ll-Cbco-14jg-ergosta-3*22-dien--3p-yl Acetate.

A solution of ll-oxoergosta-7*22-dien-3^-yl acetate (lOO mg. j 

in glacial -cetic acid (50 c.c.) was treated with a continuous stream of dry 

hydi'ogen chloride gas for 1 hour at room temperature. The solution was 
treated with water and extracted with ether. The extract was washed 

successively witn sodium hydrogen carbonate solution, and water, dried (iJĉ EQ̂ ) 

and the ether removed u ;k ,er reduced pressui'e. The residue was treated with
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acetic anhydride and pyi'idine at 100° for 1 hour. The product isolated in 

the norm-'l manner b;' moans of ether crystallised from aqueous acetone to 
give 11-0 X 0 -lip-er aos ta-o * 22-di en-3 p-yl acetate as flat needles,

m.p. 111-112.5", [(Ijg + 138.5" (e, 1.2)
o

Lpght absorption* maximum at 24GÛA (£. = 9,300)
Found* G, 78.8} H, 10.4

requires* G, 79.2} H, 10.2%

22*23-Dibromo-',0̂* ( L -epoxy-11-oxoergostan-3p-yl Acetate.
A solution of 22*23-dibromo-ll-oxoerg08t-7-en-3ppyl acetate 

(380 mg.) in chloroform (IQ c.c.) at 0° was treated with freshly prepared 
perbenzoic acid solution in mineral acid-free chloroform, (2.5 c.c.}
2.5 mois.) and the solution kept at 0" for 8 d*,ys. The solution was then 

diluted with chloroform and vu shed successively with sodium ’i^^drogen carbonate 

solution, water -nd dried (iTâ SOi). The chloroform solution was concentrated 
under reduced pressure (below 35°) and diluted with methanol to give 22*23- 
dibromo-7o6*^-eno^-ll-oxoerqoctan-3/9-yl acetate (SGu mg.) wliich was collected 

and 1 ecryst^llised from chloroform-methanol o,s needles,

m.p. 210-212", - 175" (&, 1.7)

Found* G, 57.3 } H, 7.6

GgoE4,6Ü4,Br2 requires* G, 57.1} H, 7.4%
O

The 0X0-epoxide does not show high intensity li ht absorption above 2000A 

and it does not give a coloui’ with tetranitromethane in chloroform. It was 

recovered unchanged after treatment at room temperature with acetic anhydride 

end pyridine.
"'iInfra-red spectrum* peaks at 1747 and 1250 (acetate) and 1717cm (ketone)

No lydrozyl ^ j a k  was evident.
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22%23-Dibromo-7% 11-dioxoergostan-3^-yl Acetate.
[Tills eirperiment was carried out by Tlf. J.Grigor].

A solution.of 22*.2 3 - djLbr omor 7V $ epo:y rll- oxo er go stan- 3̂  a 
yl acetate (300 ng.) in chloroform (25 c.c.) was treated with glacial acetic
acid containing aqueous hydrogen bromide solution (lO di’ops, 46%) and kept
overnight at room temperature. After dilution with water the product was 
extracted with chloroform. The washed '̂.nd dried extract was evaporated to 

dryness and the residue crystallised from chloroform-methanol to give 22*23- 

dibromo-7*ll-dioxoergostan-3#-yl acetate (90 mg.) as fine needles,
m.p. 261-263", -2° (d, 1.3)

Found* 0, 56.75} H, 7.5

Cgoh^eGc-Brg requires* G, 57.1} H, 7.35%
The dike tone does not give a colour with totraiiitromethane in chloroform and 
does not show high intensity ultra-violet light absorption,

7ç!̂ *8t;6-E:jQ:y-ll-oxoergûEt-22-en-3;3-yl Acetate.
A solution of 22*23-dibromo-7^*d^^epoxy-ll-oxoergostan- 

3^-yl acetate (320 mg.) in bensene-metbmol (1*1} 50 c.c.) was refluxed for 

3 hours with zinc dust (l g. ) added portionwise. The filtered solution was 
concentrated, treated with water -̂ nd extracted with ether. The washed and 
dried (hag50̂ ,) extract was evaporated under reduced pressui'o and the residue 

cryst llised from Chloroform-methanol to give 7ô * ooT - e p o:cy -11 - oxo er go s t - 22 - e n- 
33-yl •'cetate (190 mg.) ŝ elongated plates,

m.p. 190-191", -15.5" (c, 1.3).

Found* C, 76.4} II, 9.3.

GgoTh-GĜ j, requires* C, 76.55} H, 9.85%
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Light absorption* ^so-to = 2,100- 
It gives a prlo yellow colour with tetranitromethane in chloroform*

22*23-Dibromo-ll-oxoergost-8"8n-3#*%^-diol.___________________________ 3(31_______
(with »7. Laii'd).

22*23-Dibromo-7^*o^^epoxy-ll-oxoergostan-30-yl acetate 

(275 mg.) in benzene (6 c.c.) wr̂.s treated with methanolic potassium hy^droxide 

(50 c.c.} 1%) and the solution ]:ept for ^  hours at room temperakare* The 
mix'Gure was treated vmth water end extracted with ether. The washed and dried 
(higSO/̂ ) extract was evaporated and the residue crystallised from (chloroform- 
m:uh .:iol tu ivu 22* 23 - dibromo-ll-oxocr go st-8 - en-3^ * l o i - diol (240 mg.) as 

felted needl.63,
m.p. 211", [o6j2 + 113°, + 112° (C, 0.6, 0.7;.

o
Light absorption* Maximum at 250QA ( £ = G,600)

Found* C, 56.0} H, 7.5

GggTl^QgBrg. Cî-ĵ üH requires* C, 56.1} H, 7.8%.

3^*7^-Di#'cetoxy-22*23-dibronoor'Ost-2-Gn-ll-one.

Treatment of the above diol with acetic anhydride and pyridine 

at room te ■'peratire and isolation of the product by morns of ether gave 3(3*7fiC- 

diacetoxy-22*23-dibromoergost-8-en-ll-one which separated from methanol as 

prism:.tic plates
m.p. 212-312", + lOl" (c, 1.5)

O
Light "bsorption* Maximum at 2460A (<£ = 9,400;, ^2040 = 2,700.

Found* G, 57.2} H, 7.3

C3 2 IL-a0531*2 requires* G, 57.1} H, 7.2%
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3^i7/-Di' ,ceto:r/er''osta*-3i 22-dj.Gn-ll-onû.
(% vh  W. L a i r d ) / ■

A s o lu t io n  o f  22% 23-d ib rqm q-ll-oxo8rg08 t~p~enr3^ l% /- 

d io l  d ia c e ta te  ( jû ü  mg.) in  e the r-m e thcno l ( l i l  } 50 c .c . )  was re f lu x e d  w ith  

s ine  dust added p o rtio n w is e  ( t i r in g  3 hours. The f i l t e r e d  s o lu t io n  was tre a te d  

a d th  w a te r and e x tra c te d  w ith  o th e r. The washed and d r ie d  e :r tra c t was 

evapor: te a  to  drgmess and the  re s id u e  c r y s ta l l is e d  from  m ethanol to  g ive  

3 ^ *7 7 -d i' ce to xycrgos ta -8v22 “ d ic n - l l- o n e  (200 mg.) as f in e  need les,

m.p. 102-103" + 109° (c ,  l .O )

L i^ h t  a b so rp tio n * Maximum a t  2490a (cf -  8 ,8 0 0 )} ^2000  = 3,800 

Found* C, 74 .9 } H, 9 .6 .

C a lc . fo r  O32 IÛ6Û6 » 0 , 75 .0 } II, 9.4%

IkDoest and W agl-nd(63) g ive  m.p. 102-105", + 109",

22*23 -L ib rom o-32L;; o x o e rg o s t-8 ( l4 )  -e n -3 p » yo t-d io l.

(a ) A s o lu t io n  o f 22* 23 -  d ib r  omo -  7ô  * 80& - ep o xy -11 - 0x0 e r go s t  an-3^ -

y l  a ce ta te  (320 n g .)  in  benzene (lO  c .c . )  and m e thano lic  potassium  hydrox ide  

((30 c . c . }  20%) was re f l iu ie d  f o r  1^ hours. The con ce n tra te d  s o lu t io n  was 

tre a te d  w ith  w ater -nd e x tra c te d  w ith  e th e r. The washed . nd d r ie d  

e x tra c t  was evaporated nd the  re s id u e  c r y s ta l l is e d  from  ch lo ro fo rm -m e thano l 

bo '’'iv o  22*23--dibromo - l l - o x o - e rg o s t - 8 ( l4 j- e n -3 # * 7 ^ - d io l (200 mg.) as need les,

m.p. 202-203°, [oLj^ + 33" (d , 0 .3  in  p y r id in e . )

L ig h t a b so rp tio n * <^yo60 = 3 ,700 .

Found* G, 57 .2} H, 7 .7

UsehL^CbBro requires* G, 57.15} H, 7.5%
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( b; I iy d ro ly s is  o f  22*2b-31broiriO“- ll-o : :o o rg o s t-  j-e n -S ^ * 7f *• d io l  

( l4 0  mg., wiui'i : cpieoLis m e thano lic  potassium  hydrox ide  as in  (a ) gave 22*23- 

d ib ro m o -ll-o x o o rg o s t- 'o ( l4 )-3 n -7 ^ *7 b l“ d io l  (SU m g .), m.p. and ni::.?d m.p. 

202-203°, î ]ij + 31° (c ,  0 .2  in  p j^rrid ino)

L ig h t  a o so rp tio n * «^20 60 ~ 10,200.

3jg * 7oL- L ine  e t oxy-22 * 23 -  dibrom ocr go :.;t- 8 ( 14 ) -o n -11- one.

Treatm ent o f  the  above d io l  w ith  a c e t ic  anhydride  -nd  p y r id in e  

a t room tem pera tu re  -'ud is o la t io n  o f the  p rod u c t by me ns o f e th e r gave 

33%7bi - d i '  c . to:*3’'-: :l\23- d i  or OMOor a o r t - J (14 ; -e n - l l - o n o  i ; l i ic ’ : r ca ' ra te d  from  

n e th -n o l - s need les,

m.p. 194-193", + 32" (c ,  1 .4 ) .

L ig h t a b so rp tio n * £2070  = 8,600

Found* G, 57.4} II, 7 .3

0 3 2 G5Brjj re q u ire s *  57.1} 1., 7 .2 /o*

l l - 0 : :o e rg e s ta -b ( l4 )  * 22-dio n -  3B * '/b̂  -  d io l .
(w ith  Ü .“ L a ir d ) .  '

il- s o lu t io n  o f 2 2 *2 3 -d ib ro m o -ll-o x o e rg o s t-C ( l4 )-e n -b G *7 ^ -d io l 

(110 mg.) in  benseno-mcthanol ( l * l  } 50 c . c . )  was re flue io d  w ith  s ine  dust ( 2 g . ) 

added o r tio n w is e  d u rin g  hours. I s o l  t io n  o f the  p roduc t by moans o f  e th e r 

gave 11- ox ; , out \-d ( l4  ; * 22- c ie n - 38 * 7ol - ui o l  (66 mg.) ' s leeldes from  aqueous

m etlianol
m.p. 1 7 9 -1 ,1 °  + 8 ° (c, 0.7)

lu i J it a b so rp tio n * ^ 20so ~ 7,000

Found* C, 76 .4 } II ,  10.4

G2 8 îSr4'-3 requires* 73.as} H, 10.3 5%
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22% 1 ̂ » 1’v.'omo- of--I'iYc'ro::;,̂ ~ll- j::ocr %ort-' ,-uA-36-yl acetate. 
™(uith W* Laird j.

a. ^o]lotion ol 12% ju-̂ dbronO'-''0'f% A6-c, o::^-ll-o::oorjoctan- 

3$-̂ u. .cotat0 (̂ xOO m .) i.; benzene (lO c.c.) v/as treated with sulphuric acid 

(5 c.c.', 2 hij in meth.nol (50 c.c.) and the raiorbiire reflu%ed for one hour. 
Treatment of the solution with water followed by extraction with ether, 

ŵ sliin^, drying (llciĝ Ck) and evaporation of the ertract under reduced pressure 
gave 22%33-dibromo-7^-hydroxy-ll’'o::oergost-'8-en-3p-yl acetate (l30 mg.) as
needles

n.p. 216-217° [o6ĵ  + 97° (C, 1.8)

Light absorption» maximum at 249Qi\ (b = 9,000)^ ^ 3 0 3 0 = 3,1000.
Found: C, 56.9«, H, 7.1

C3oHt6(4Br2 required: C, 57.1^ H, 7.3 5/o
iicetylation of the alcohol using acetic anhydride and pyridine at 100° gave 

3p:7b6-diÀcetoxy-22:23-dibromo ergost-3-on-ll-one which separated from methanol 

as priBimtic plates,
m.p. nd mixed m.p. 212-213°, + ICO^ (C, O.G).
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VI. The Structure and Reactions of 22%23-Dibromo-7g»86~epoxy- 
11-0X0-98-ergostan-SB-yl acetate. ‘

22»23.-Oi.brono“7̂  % “o.;o:;y-11-o::o-^3-er^ostan-3^-yl Acetate.
A solution of 22i23-dibrono-ll-oxo-9p-'ergost~7-en-3j5-yl

acetate (5,9j-) in chloroform (70 c.c.) was treated during 1 hour at O"' with a

fresilly prepared solution of perbensoic acid in chloroform (23 c.c.% 62.5 rag./c.(

After overni ;ht storage at O'̂ , the solution was washed with sodium hydrogen

carbonate solution and wr.ter, dried (ilagOO.̂ ) concentrated and diluted with

methanol to ^ive a crystalline solid which ŵ .s recrystallised from methanol
chloroform, gi /̂ing 22i23-dihrono-7/3i 3R-auo:y-ll-oxo-9ft-ergostan-3S-yl acetate

"'.s needles,
m.p. 213-210°, [ĉ ĵ  - 29° (C, 0.7)

round: Ü, 52.7) 52.8) II, 6.9, 7.1 Cl+3r 30.71
Calc, for CjuHisGiDrs.l-GHClj. G, 53.1% II, C.O Cl, 7.7 )

3r 23.15^

The solvent of crystallisation was not eiq̂ -elled by heating ^  vacuo at 100°.
The compound gave no coloiur v.dth tetranitromethane in chloroform and did not

V
absorb light selectively with high inte sity above 2000A.

IrJ3ra-red Spectrum# Peaks at 1730 and 1241 (acetate) and 1717 cm ̂  (l:otone).

7,gt 3p -dpo ::y -ll~oxo -O ^-e rg o s t-2 2 -e n -^ 0 -y l A ce ta te .

A solution of 22%23-dibromo-^f%30-epoxy-ll-oxo-^#-ergostan- 
3|?-yl acetrte (l. 5 g.) in benzene (50 c.c.) ether (50 c.c.), and methanol

(50 c.c.) was heated under reflux for 5 houTs Tiith zinc dust (3 g.) added

portionuise. llie filtered solution was treated with water and extracted with 

ether. The nv.shed and dviod (hagSO/;,) extract was oi/r.porated to dryness 
end the residue crystallised from metha.nol to give 7^t8#-epoxy-ll-oxo-9p-
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)rgost-22-Gn-36-yl acetate (l.O g.) as needles,
m.p. 185°, [OC]̂  -64°, -67° (C, 0.5, 1.2).

Found: 0, 76.3) H, 10.0
Gale, for G ^ q K ^ q O ^ x C, 76.55) H, 9.85 %

It gives a pale yellow colour with tetranitromethane in chloroform and does
not exhibit high intensity ultra-violet light absorption. Henbest and Wagland
(63) record m.p. 175-177°, - 63°, for this compound. Hens 1er and
Wettstein (64) give m. p. 170.5-171.5°, [ciJd -74°.

22:23-Dibromo-7%ll-dioxoergostan-3É»-yl acetate.
22»23-Dibrono-7:ll-dioxoergostan-3É>-yl acetate.

A i3«^_LLxuj.'w'ii tj U J . U J L e r g o s t a n

-I^-yl acetate (l g.) in redistilled ethyl acetate (350 c.c.) vjas shaken in
an atmosphere of liydrogen for 24 hours with pro-reduced platinum catalyst
( from 200 mg. PtOg). A crystalline solid separated which %-;as collected by

filtration to give a mi^rbure (A) of platinum and steroid. The ethyl acetate

mother liquors were removed under reduced pressure and the residue was crystalli

: ed from methanol-clilor of orra to give 22» 23 -dibromo-7 % 11-dioxoer gostan-3 g-yl

acetate (330 mg.) as needles,
m.p. 258-25&°, [ o i ] ^ - 2° (C, l.O)

Found: 0, 57.4) H, 7.5.

G3011̂ 60̂ Brg requires: C, 57.1) H, 7.35^

The diketone did not give a volour with tetranitromethane in chloroform and did
not show high intensity ultra-violet light absorption.
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2 2 %  2 3-Dibromo-y^-hydroi^y-ll- oxoergost-3-en-3j?-yl Acetate. 

The mixture (a) of platinum and steroid described above was 

extracted by percolation of hot chloroform tlirough the mixture in a filter 

funnel. The chloroform eretract wo.s evaporated to dryness and the residue 

crystallised from chloroform-methanol to give 22%23-dibromo-7#-hydroxy-ll- 
oxoergost-8-en-3p-yl acetate (l85 mg.) as plates,

m.p. 239-241°, [l]p + 85° (C, 0.3)
o

Light absorption: maximum at 2540A { £  = 9,000)
Found: G, 56.85) H, 7.5

G3Q% 6  0tbr2 requires: C, 57.1) H, 7.35^
The compound did not give a colour vrLth tetranitromethane chloroform#

22:23-Dibromo-70-hydro:^^-ll-oxo-9p“ergost-8(l4)-en-3B -yl 
Acetate. * ' '

A solution of 22:23-dibromo-7^r86-epoxy-ll-oxo-9^-ergostan-
3fl-yl acetate (l.l9g. ) in dioxan (230 c.c.) was treated with sulphui’ic acid

(8 c.c.) 2 M. ) pnd kept at room temperature for 4 hours. The solution was

diluted vdth water, and extracted with ether. The washed and dried (iTâ SÛ̂ )

extract was evaporated to dryness and the residue crystallised from methanol.
o

The first crop (40 mg.) which showed high intensity absorption at 2540A 

was not further examined. Concentration of the mother liquor and crystallisa- 

:tion of the solid obtained from aqueous methanol gave 22:23-dibromo-^? -hydroxy- 
11-0X0 - 9jp- ergo st-8 ( 14 ) - en- ̂  -yl acetate (940 mg.) as plates,

m.p. 201-202, +196° (e, 1.5).

Light absorption: ^ 2 1 1 0  = 9,000
Found: C, 57.0) H, 7.6.
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requires: C, 57.1) H, 7.35^

It gives a pale yellow colour with tetranitromethane in chloroform.

..........Infra-red spectrum: Peaks at 3470 (hydroxyl), 1740 and

1250 (acetate) and 1710 cm ̂  (ketone).

3^:'i^-Diacetoxy-22:23-dibromo-9^ergost-8(l4)-en-ll-one.

Acétylation of 22:23-dibrono-7^-hydroxy-ll-oxo-9^-ergost 

- 8 ( 14 ) - en- 36 -yl acetate vdth acetic anhydidde and p^rridine at room temperature 
and isolation of the product by means of ether gave 3^:7p-cliacetoxy-22:23- 
dibromo-9^-er~ost-8(14)-en-ll-one which separated from methanol as plates,

n.p. 170-171“ , [ot]jj + 142“ (e, 1.0)

Light absorption» ^2100 = 8,400.
Found: 0, 57.1) H, 7.5

QssH^sGsBrg requires: 0, 57.1) H, 7.2^

■ \ Hy dro>y-ll-oxo“ - ergosta - 3 ( 14 ) : 22 - dien- ̂  -yl Ac etate.

22:23-Dibromo-'^ -hydroxy-ll-oxoergost-3(l4)-en-I^-yl 

acetate (250 mg.) was debrominated with activated zinc dust (3 g.) by 

rofluxing in benzene-ethor-raethanol (l*l;l) 60 c.c.) for 3 hours. The 

filtered solution ws.s concentrated, treated with water and extracted with 

ether. The washed and dried (hagSQ^) extract was evaporated to dryness 

and the residue crystallised from aqueous acetone to give -hydro}:y-ll- 
oxo-9^-er ;osta-3(l4):22-dien-3^-yl acetate (l30 mg.) as plates,

m.p. 192-195°, [oL]j^ + 216° (e, 1.45)

Light absorption: (5 2090 = 8,000

Found: G, 75.35) H, 9.9
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■-3oL(îr6^ i  • % r e c u i l ’ec) G, 7 5 .Û) II, 0 .9

I t  g ive s  a y e llo w  co lo u r w i t l i  to tra n itro n e th a n o  in  ch lo ro fo rm .

22:23 - 2./ ib r  ono-11- oxo or go s t  -  3 ( 14 ) -  e n - ^ i  7^-dlol*

A s o lu t io n  o f 2 2 % 2 3 -  l i b r  omo -7^ -Iny ci" o : { y - l l -  oxo -  9 o r go s t  -  

u ( l4 j-G ia -3 ^ -y l a ce ta to  ( l.G g .y  in  methanol ( l5 0  c . c . )  v/as t re a te d  w ith  

potassium  hydi’ox ide  (2.0 g . j  in  w ater (5 c . c . )  and kep t a t  room tem pera ture  

f o r  IG hours . The s o lu t io n  was coo led to  -u v °  and th e  c r y s ta l l in e  s o l id  

w liich  separa ted was c o lle c te d  and w .shed v f ith  w uter • R e c r y s ta l l is a t io n  

from  c h lo r  o f  orm-mo t l  la n o l gave 22 % 2 3 -  i i  h r omo - 11 -  oxo : r  a: os t  -  3 ( l^r ) -  en- 3^ % Ijg -  u io l

^  ; I : . - » ■  r  "  , ' ■ ' V ' I  ■ -  C '
^  ^  #  y '*K-> V  V ». 2 ' " ^  %J p

n .p . 207-2Ü2'', [o4j^ + 85“  ( c ,  ü . ô)

i-'ouiiu» G, 55 .6 ) K, 7 .9

G g Q 8*3Brg , 2Gi:.Q Gri re q u ire s : G, ^5. :) u , b.O/o

L i  J i lt  a b s o rp tio n : ^ 2u90 = 10 ,300.

3^ : 7/3 -D ia c e to :y -2 2 :23-• dibromoorgost-3 ( 14- ) - cn- l l - o n e .

Trentnonb o f  the  above d io l  w ith  a c e t ic  anhyd ride  and p y r id in e  

a t  100° f o r  3 hours fo llo w e d  by is o la t io n  o f  the p rod u c t in  th e  u su a l manner 

by means o f o th e r gave 36% 78-u ia c o to ]y -2 2 :23-d ib ro m o e r;o s t-0 (  1 4 )-e n - l l-o n e  

which separated from  m etliano l as p r is m a tic  needles

m.p. 133-185^, j ^  + 55° (O, 1 .0  on a specimen

d r ie d  a t  room tem pera tu re ) d ry in g  a t  100° causes decom position 

accompanied by a change in  r o ta t io n ) .

L ig h t  a b s o rp tio n  on a i r  c r ie d  specimen: ^-3080 = 11,000

Found: G, 3G.G) II, 7.3

desi^eOsGrs re q u ire s : G, 57.1) I I , 7.2^
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ll-Oxoergosta-Q (l4)% 22-dien-3|3 » 7jS"dlol.
A solution.of 22 ».2 3-dibromo -11 - pxper go st-8 ( 14 ) - an-^  % 7^ 

diol (sou mg.) in ether methanol (itl) 70 c.c.) was refluxed with zinc dust 

(3 g.) added portion wise over 3 3 hours. The filtered solution was 

concentrated, treated with water and extracted with ether. The washed 
and dried (NagSI (4 ) extract was evaporated to dryness and the residue 
crystallised from aqueous acetone to give ll-oxoergosta-8(14) 122-dien- 
3^t7^-diol (320 mg.) as plates,

m.p. 166-168°, [c/]D + 76° (C, 1.4)

Light absorption: <̂ 2000 = 11,500
Found: 0, 78.3) H, 10.1

requires: 0, 78.45) H, 10.35^

3̂  : 7p -DiacetoxyergostarB (14) :22-di en-ll-one.
(a) Treatment of ll-oxo©rgosta-8(l4):22-dien-3^:7^-diol with 

acetic anhydride and pyridine at room temperature overnight gave the diacetate 

which separated from aqueous methanol as plates,
m.p. 111-113°, + 34° (6, 2.0)

Light absorption : <^2120 = 9,000
Found: 0, 74.6) H, 9.4.

CagHte^s requires: C, 75.0) H, 9.4^

(b) A soluuion of ^:7f3-diacetoxy-22:23-dibromo-ergost-8(l4)- 

en-ll-one (700 mg.) in ether-methanol (l:l) 100 c.c.) was refluxed with 

zinc dust (3 g. ) added portionwise over 2 hours. The filtered solution was 
concentrated, treated with water and extracted with ether. The washed and
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dried (NagSC^) extract was evaporated to dryness and the residue crystallised 

from aqueous methanol to give 3|gt7^-diacetoxyergosta-u(l4)#22-dien-11-one 

(480 rag.) as plates,.
m.p. and mixed m.p. 111-113°, [ô ]̂  + 35° (8, 2.0)

Light absorption i ^2120 = 9,200.

3|6 *7^-Diacetoxy-22t23-diuromo-14jS"ergost-8-en-ll-one.
(a) A solution of 22t23-dibromo-7/?-hydroxy-ll-oxo-9^-ergost- 

8(l4)-en-3j&-yl acetate (l50 mg.) in methanolic potassium hydroxide (50 c.c.) 

2/S) was heated under reflux for 2 hours. The cooled solution was treated 

with water and extracted with ether. The washed and dried (Na@80t) extract 
was evaporated to dryness and the residue treated with pyridine and acetic 

anhydride at room temperature. Isolation of the product in the usual manner 

by means of ether gave 3 ^  % 7^-diacetox3̂ -22t23-dibromo-14j6-ergost-8-en-ll-one 

(100 mg.) which crystallised from aqueous acetone as needles,
m.p. 184-186°, [oLjjj + 63° (C, 1.3).

o
Light aosorptiont maximum at 243QA (& = 8,500).
Pound* C, 57.4) H, 7.35#

GosHteUgBria requires* C, 57.1) H, 7.2#
Infra-red spectrum* Peaks at 1737 and 1241 (acetate) and

1689 cm"^ -unsaturated ketone).
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(b) Alkali treatment of 22t23-dibromo-ll-oxoergost-8(l4)-en- 

3̂ *7y5”diol exactly as in (a) followed by acétylation gave 2jS% 7ŷ  - diac et oxy 
-22* 23-dibromo-14̂ -ergost-8-• en-11-one which separated from aqueous acetone 

as needles

m.p* and mixed m.p. 185-136°, + 62° (€, 0.9)
o

Light absorption* maximum at 244OA (<S = 8,90ü).
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VII* A Partial Synthesis of Cortisone from Ergosterol*
............... ^  -Acetoxybisnorallochol-7-eu-r22"al.........................

An ozonised stream of oxygen was bubbled through a 
solution of 5-dihydroergosteryl acetate (40 g.) in chloroform (600 c.c.) 

at “40° to “50° unoil ozone (l. 5 mills) had been passed. VJhen the solution 

attained room temperature (30 minutes), acetic acid (200 c.c.) and zinc dust 
(so g. ) were added and the raixtiure stirred for one hour. After filtration 

methylisopropyl acetaldehyde was removed by steam-distillation. The 
non-volatile fraction was extracted with ether and the extract washed 

successively with sodium carbonate solution (S#) and water, dried (NagSQ^) 
and the ether removed under reduced pressure. The residue was extracted 

with hot aqueous acetone ( 3x800 c.c.) 30#). The combined extractions were 
concentrated until 3 -ac0toxy^8norajÜochol-7-en-#Ulral (27 g.) separated as 
plates m.p. 133-134°. Two recrystallisations gave the pure aldehyde as 
plates, m.p. 1 3 6 - 1 3 8 ° . -  18° (6, 2.0)

Light absorption* ^2100 = 5,000
Found* G, 77.5) H, 10.0

requires* G, 77.4) H, 9.7#
It gives a pale yellow colour with tetranitromethane in chloroform.

No acid product was isolated.

The aqueous acetone insoluble fraction was recrystallised 

from methanol chloroform to give 5-dihydroergosteryl acetate as plates 
m.p. and mixed m.p. 170-173°.
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2*4 Dinitropheylhydrozoiie

Treatment, of .the aldehyde.in methanol with Brady* s reagent, 

gave the 2*4-dini'crophenylhydrazone which crystallised from ethyl acetate 

as yellow needles,
m.p. 243-244°

o
Light absorption* maxima at 2270 (£. = 14,000) and at 360QA.

(Cp 21,750).
Found* C, 65.2) H, 7.0

G30H1Ü % %  requires* C, 65.2) H, 7.3#.

Dimethyl Acetal.

(a) The aldehyde (500 mg.) in warm methanol (50 c.c.) was 

treated with concentrated hydrochloric acid (0.02 c.c.). Immediately a 

white solid separated which was collected, washed well with water, and 

crystallised from mothanol-methylene chloride to give the dimetIiyl acetal 

(450 mg.) as plates,
m.p. 210-212°, [ o I ] q - 10° (C, 2.4).

Light absorption* ^2080 = 4,400
Found* C, 74.8) H, 10.3.

^ 2 6 ^ 2 ^ 4: requires* C, 74.6) H, 10.1#
It gives a pale yellow colour with tetranitromethane in chloroform.

(b) Crystallisation of the aldehyde from impure (technical) 
aqueous methanol gave the dimethyl acetal,

m.p. and mixed m.p. 2 1 0 -2 1 2 ^, [06]^ - 9 ° (fi, 2.5).
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Methylisopropyl acetaldehyde 2t4"DiaitrQphenylhydrazone.

The steam distillate described above was extracted with 

chloroform. The extract was washed successively with water, sodium hydrogen 

carbonate solution and water, dried (NagSQ^) and the chloroform removed under 

reduced pressure. The residue in methanol was treated with Brady* s reagent 
to give a 2%4-dinitrophenylhydrazone which crystallised from methanol as 

needles,
m.p. 122-123°

[Lit. records 2%4-Dinitrophenylhydrazone of methylisopropyl 
acetaldehyde m.p. 122-123°].

3^t22-Diacetoxybisnorallochola-7» 20(22)-diene.

A solution of well dried 3p-acetoxybisnorallochol-7-en- 
22-al (lO g.) in acetic anhydride (40 c.c.) was heated with freshly fused 

potassium acetate (2 g.) at 120-123° for six hours. On cooling a crystalline 
solid separated which was collected and washed well with water. Crystallisa- 

ition from acetone gave 3|gt22-diacetoxybisnorallochola-7t 20(22) -diene as plate

m.p. 163-165°, -25° (&, l.O)

Light absorption* ^ 20so = 5,000

Found* 0, 75.4) H, 9.2.

requires* C, 75.3) H, 9.2#
It gives a pale yellow colour with tetranitromethane in chloroform.

The acetic anhydride mother liquors were treated with water 

and extracted with ether. The extract was washed v/ith sodium hydrogen 

carbonate solution and with water, dried (NagSQj.) and the ether removed 

under reduced pressure. The residue crystallised from acetone to yield
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a further 2.7 g. of the enol acetate.

2Q-Qxoallopregn-7-en-3^-yl Acetate.

A solution of 3^%22-dlacetoxybisnorallochola-7*20(22)-dienm 

(5 g. ) in chloroform (400 c.c.) was treated at -40° to -50° with ozone 

(1.5 mois.). Wlien the solution had attained room temperature (30 minutes) 
acetic acid (l50 c.c.) and zinc dust (lO g.) were added and the mixture 

stirred for 1^ hours. After filtration the solution was concentrated, 
treated with water and extracted with ether. The extract was washed 

successively with v/ater, sodium carbonate solution (3#) and water, dried 
(NagSO^) and the ether removed under reduced pressure. The residue 

crystallised from acetone to give 20-oxoallopregn-7-en-3p-yl acetate (3 g.) 

as blades,
m.p. 174-176°, [ot]p + 38° (ô, l.O)

o
Light absorption* ^  giio = 4,50U and maximuin at 290QA (£• =48) 

Found* C, 77.0) H, 9.6
Calc, for C23% ^ %  * G, 77.05) H, 9.6#

It gives a pale yellow colour with tetranitromethane in chloroform.

Djerassi et al (loc. cit. ) record m.p. 174-176°, [oL]q + 39° for this 

compound.

A second crop from the acetone mother liquors gave a 
further yield (l g.) of the product m.p. 170-173°.
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2Q-Qy:Qpjl̂ gpragn-7-en-3i3-ol.

^ solution of 20-oxoallopregn-7-en-3^-yl acetate in aqueous 

methanolic potassium hydroxide was refluxed for one hour. The solution 

was treated with water and extracted with ether# The washed and dried 

(Nag80^) extract was evaporated to dryness and the residue crystallised 
from methanol to give 20-oxoallopregn-7-en-3p-ol as blades,

m.p. 213-215°, + 39° (g, 1.3)
Light absorption» £ ■ goto = 5,600

Found* C, 79.4} H, 10.3.

Calc, for CaiifesOst C, 79.7) H, 10.2^

It gives a pale yellow colour with tetranitromethane in chloroform.
Djerassi et al (loc.cit. ) record m.p. 213-215°, + 41°.

20-0xoallopregn-7-en-3p-yl Benzoate.

Treatment of the alcohol in pyridine with benzoylchlorido 

at 100° for 1 hour and the product isolated by means of ether gave 20- 

oxoallopregn-7-en-3p-yl benzoate as plates from methanol
m.p. 186-188° [pCJp + 39° (C, l.O)

O
Light absorption* ^2040 = 10,000 and maximum at 2380A 

( 6 = 17,000).
Found* C, 79.85} H, 8.8

Cgs^seOs requires* C, 80.0} H, 8.6#
It gives a pale yellow colour with tetranitromethane in chloroform.
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Application of Kritchealsky and Gallagher* s procedure 
to 2Q-oxoallopregn-7-en-3p-yl Acetate.

(a) ■ A solution of 2Q'-oxo'allopregn-7-en"3p-yl acetate (550 mg.) 

in acetic anhydride (l5 c.c.) containing g-toluaoesulphuric acid (50 mg.)

was concentrated to ca 5 c.c. over 7 hours by distilling off the excess

anhydride very slowly. The solution was poured into ice-water and 

extracted with ether. The washed and dried extract (NagSÔ ,) was evaporated 

to dryness and the residue A (450 mg.) dissolved in light petroleum (b.p. 
60-80°) - benzene (30 c.c. •, 10*l) and chromatographed on alumina (2x10 cm). 
Eluuion of the column with petroleum-benzene and benzene did not give

a homogeneous product. Elution with benzene-ether (50 c.c.) l*l) gave 
3|3$20-diaceto:y-allopregiia-7* 17(20)-diene (lOO mg.) which crystallised from 
aqueous methanol as plates,

m.p. 50-61°, [o Ĵq + 4.2° (C, 1.3).

Light absorptions <̂ 3120 = 5,500.
Found* C, 75.54) H, 9.4.

Cpic.for O g g g0^* C, 7o.O) H, 9.1#

This fraction was hydrolysed with 1# aqueous methanolic 

potassium hydroxide and re-acetylated with acetic anhydride and pyridine at 

room temperature to give 20-oxoallopregn-7-en-3fi-yl acetate, m.p. and mixed 
m.p. 174-176°, + 38° (e, 0.3).

(b) The residue A (450 mg.) obtained from a similar enol 

acétylation was treated with perbenzoic acid (l.l ml?lc) in chloroform (10 c.c. 
and kept at room temperature overnight. The chloroform solution was washed
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with saturated sodium hydrogen carbonate solution, dried and evaporated to

dryness. The residue was hydrolysed with 1# methanolic sodium hydroxide

and the product isolated in the usual way to give 20-oxoallopregn-7-en- 
36-0I, m.p. and mixed m.p. 213-215°, + 39° (C, l.O).

20-0xoallopregna-7i9(llj-dien-3(3-yl Acetate.
(ci. u?erassi e z  al (47j).

(a) A solution of 20-oxoallopregn-7-en-3p-yl acetate (l g. ) 

in chloroform (30 c.c.) and acetic acid (30 c.c.) was shaken with mercuric 

acetate (3 g.) for 18 hours. The filtered solution was concentrated, 

treated with water and extracted with ether. The washed and dried (Na^SOt) 
extract was evaporated to dryness and the residue crystallised from methanol 

to give plates (300 mg.) m.p. 146-150°, [06]^ + 53°, several recrystallisations 
of which gave 20-oxoallopregna-7*9(ll)-dien-3p-yl acetate (lOO mg.) as 
plates,

m.p. 157-160°, + 78°, (e, l.O)

Djerassi ^  ^  record m.p. 139-141°, + 78.9°

(b) To a stirred solution of 20-oxoallopregn-7-en-3^-yl acetate 

(5 g.) in chloroform (200 c.c.) at -50" + 5°, bromine (5.65 g.) 2.5 mois.) 
in chloroform (I8O c.c.) was added dropwise over two hours. Glacial

acetic acid (lOO c.c.) and zinc dust were added and stirring continued at -3C 

to -50° for two hours. The filtered solution was washed successively 

with water, with sodiun hydrogen carbonate solution, and water, dried 

(Nag8O4. ) and the chloroform removed under reduced pressure. The residue 

was crystallised from methanol to give 20-oxoa±lopregna-7t 9(ll)-dien-^-yl
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acetate (3.9 g.) as elongated plates,
. . . . m.p.. and.mixed.m.p. 169.-162.° +. 81°. (C, .l . O ) ..................

Light absorption* maxima at 2360 { S  =  12,500), 2420 (^ = 14,200) 

and an inflection at 250uA (^ = 9,300).

Found# = C, 77.2) H, 9.3

Calc, "for C23%203* C, 77.5) H, 9.05#
It gives a red brov.n colour with tetranitromethane in chloroform.

20-0xopm gpr m gna-7 * 9(ll)-dien-3|8-ol.
Hydrolysis of 20-oxoallopregna-7* 9(ll)-dien-3^-yl acetate 

with 2 ^  aqueous methanolic potassium hydroxide gave the alcohol which 

separates from acetone as plates,
m.p. 200-202°, [ô ]̂ + 73° (C, l.O)

Light absorption* maxima at 2360 (£ = 11,000), 2420 (£ = 12,750)

and an inflection at 2500A (£ = 7,300).

It gives a red brown colour with tetranitromethane in chloroform.

Djerassi et ^  gave m.p. 201-203° + 74.1°.

9@6* I M  -Sp oxy-20 -0X0 all opr e gn-7 - en- 3 p  -yl Acetate.
A stirrea solution of 20-oxoallopregna-7* 9(ll) -dien-3/^-yl 

acetate (5 g.) in chloroform (150 c.c.) was treated with perbenzoic acid 

(l.l mois.) in ciiloroforra (25 c.c.) added dropwise at 0° over 4 hours.

The solution was kept at 0° overnight. The solution was washed with 

sodium hydrogen carbonate solution and with water, dried (Nag80*) and the 

chloroform removed under reduced pressure (below35°). Crystallisation 
of the residue from acetone gave 9#6* IPX--epoxy-20-oxoallopregn-7-en-3^-yl



- 132 -

acetate (3.3 g.) as plates,

m.p. 191-192°, - 2° (e, 1.4)

Light absorption* ^ 20so = 5,600
Found* C, 74.3) H, 3.95.

^23% 2%  requires* C, 74.2) H, 8.7#.
It gives a pale yellow colour with tetranitromothane in chloroform,

11*20-Dioxo-9p-allopregn-7-en-3^-yl Acetate.
A solution of 20- 0x0 - 9o6* llol- ep o:y  all opr e gn- 7 - e n- 3^ -yl 

acetate (200 mg.) in dry ether (45 c.c.) was treated with boron trifluoride- 

ether complex (0.3 c.c.) and the solution kept at room temperature for 16 
hours. The solution was washed with water, with sodium hydrogen carbonate 
solution and with water, dried (NagSO*) and the ether removed under reduced 
pressure. The residue was crystallised from acetone-distilled water to 
give ll*20-dioxo-9^-allopregn-7-en-3^-yl acetate (I6O mg.) as plates,

m.p. 119-121°, [ d ] j ^ - 110° (e, 1.4)

Light absorption* 6 go go = 5,400
Found* C, 74.5) H, 9.0.

^23^3304 requires* C, 74.2) H, 8.7#
It gives a pale yellow colour with tetranitromethane in chloroform.

20jS-Hydroxy-ll-Oxo-93-allopregnan-3p-yl acetate.

A solution of ll*20-dioxo-9^-allopregn-7-en-3j^-yl acetate 

(300 mg.) in glacial acetic acid (200 c.c.) was shaken for 50 minutes in an 
atmosphere of hydrogen, with pre-reduced platinum catalyst (from 60 mg.

PtOg). The filtered solution was concentrated and the product isolated
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by means of ether. Crystallisation from acetone-light petroleum (b.p.
ll-Slo-qp.

60-30°) gave 20p-hydroxy(-allopregnan-3|3-yl acetate (220 mg. ) as needles,

.................m.p. '202-203°, + 44°, + 44.5° ( t ,  1.5, 1.3).’

Found* G, 73.7) H, 9.9

Oga% Q0* requires* C, 73.4) H, 9.6#
It does not show high intensity light absorption in the ultra-violet. 

Infra-red spectrum* Peaks at 3500 (hydroxyl), 1726 (ketone) 1720 and 1240 

cm*̂  (acetate).

11* 2Q-Dioxo-9j3-allopregnan-3^-yl Acetate.

A solution of ll-oxo-9^-alloprognan-3jg»2Cj3-(ÜQl 3-acetate 
(l09 mg.) in stabilised glacial acetic acid (5 c.c.) was treated with chromic 
anhydride (29 mg.) in acetic acid (l c.c.) and kept at room temperature for 
16 hours. The excess oxidising agent was destroyed by treatment tfith
methanol. The concentrated solution was treated with water and extracted
with ether. The washed and dried (NagSO*) extract was evaporated to 

dryness and the residue crystallised from light petroleum (b.p. 60-80°) 

to give «H*20-dioxo-9^-allopregnan-3 -yl acetate (90 mg.) as plates,

m.p. 191-193° [o Ĵd + 154° (6, 1.6)

Found* 0, 73.75) H, 9.3

Cgsîfe^O* requires* C, 73.8) H, 9.15#

It does not give a colour with tetranitromethane in chloroform sjid does not 

absorb light with high intensity in the ultra-violet regiôn#
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ll%20-Dioxoallopregnan-3^-ol.

A solution of lit 2Q-dioxo-9^-allopregnan-3|^-yl acetate 

(l50 mg.) in aqueous methanolic potassium hydroxide (5.5. c.c.) 20#) 
was refluxed for six hours. The cooled solution was treated with water 
and extracted with ether. The washed and dried extract was evaporated to 
dryness and the residue crystallised from acetone-light petroleum (b.p.

60-80°) to give 11120-dioxoallopregnan-3jg-ol (llO mg.) as elongated plates 

(or prisms depending on the rate of crystallisation),
m.p. 194-195°, [ U ] ^  + 116, + 118° (C, 1.6, 1.3).

Found) C, 75.5) H, 9.7.
Calc.for Og^HjgQji C, 75.9) H, 9.7#

I

It does not give a colour with tetranitromethane in chloroform and does not 

absorb light with high intensity in the ultra-violet region. It did not 
depress in m.p. on admixture with a specimen m.p. 194-195, [olJj) + 117°

(fi, 1.0) prepared by hydrolysis uf lit 20-dioxoallopregnan-3^-yl acetate kindly 

supplied by Dr. B.A. Hems of Glaxo Laboratories.

Stork ^  ^  (49) record m.p. 192-194% W p  + 99°.

Ill20-Dioxoallopregnsn-3^ -yl Acetate.

Treatment of the alcohol with acetic anhydride and pyridine 
at room uemperature gave lli20-dioxoallopregnan-33-yl acetate which separated 
as prismatic needles, ’.from aqueous acetone)

m.p. and mixed m.p. 143-144°, + 88°( 6,0.5).
Stark et ^  (49) gave m.p. 143-144° M o *  89°
Chamberlin et al (97) gave m.p. 143-144° + 88°
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