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SUMMARY.

PART I: The Structural Chemistry of the Triterpene ft-Amyrin.
The reactions of the enol acetate of iso-ft-amyrenonyl 

acetate show that the parent <*ft-un saturated ketone is correctly 
formulated as 2-acetoxyolean-10-en-12-one. iso-ft-Amyrin
acetate, derived from iso-ft-amyrenonyl acetate by catalytic 
or Clemmensen reduction, is shown to be 2-acetoxyolean-10-ene 
and it is concluded that the locking of rings B/C in ft-amyrin 
corresponds to the more stable configuration. Clemmensen 
reduction of iso-ft-amyradienonyl acetate gives ft-amyradienyl-II 
acetate which contains the same carbon skeleton as ft-amyrin.
In contrast to the behaviour of iso-oc-amyradienonyl acetate, 
iso-ft-amyradienonyl acetate is reduced catalyticalLy to 
neo-ft-amyrin acetate, a monoene, which differs from each of 
the previously described isomers.

Treatment of ft-amyrenonyl benzoate with strong alkali 
gives 18-iso-ft-amyrenonol. Catalytic hydrogenation of
18-iso-ft-amyrenonyl acetate yields 18-iso-ft-amyrin acetate, 
oxidation of which with hydrogen oeroxide yields a saturated 
ketone, 18-iso-ft-amyranonyl acetate. The orientation at C~, _ 
in the last compound is shov/n to represent the sterically 
stable configuration. Bromo-18-iso-ft-amyranonyl acetate is 
considerably more stable than the isomeric bromo-ft-amyranonyl 
acetate, and yields the corresponding f̂t-unsaturated ketone 
on heating in pyridine. Reduction of 18-iso-ft-amyranonyl a 
acetate by the Kishner-Wolff procedure gives 18-iso-ft-amyrano1 
which differs from the saturated pentacyclic triterpenoid 
alcohols hitherto described.
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PART II: Routes to 11-Oxygenated Steroids from Ergosterol*
Krgosterol has been converted by various procedures into 

llcx-hydr©xy and 11-keto-steroids. The action of oxidising 
agents on ergosteryl-D acetate has been investigated: treatment 
with chromic acid giving 3(2>-acetoxyergosta-9(H) :22-dien-7-one 
and 3£-acetoxyergosta-8:22-dien-7-one, with one mol. of per- 
formic acid giving 3£-acetoxy-8e*-ergosta-9(H) :22-dien-7-one, 
with two mols. of performic acid giving 3£-acetoxy-9c*:lld- 
epoxyergost-22-en-7-one, and with perbenzoic acid giving 9<*:11«- 
epoxyergosta-7:22-dien-3P>-yl acetate. By using mild alkaline 
conditions, hydrolysis of the ketoxide is accompanied by rear
rangement to give 3fa:llo<-dihydroxyergosta-8:22-dien-7-one, 
whereas treatment with strong alkali also effects a rearrange
ment, to give in this case, after acetylation, 7:ll-diketoergost- 
22-en-3p-yl acetate. 3o(:llo<-EpQxyergosta-7:22-dien-3P>-yl 
acetate has been converted into 3̂ -acetoxy-9̂ :llo(-.dihydroxy- 
ergost-22-en-7-one characterised by its conversion into 3P>:1B*- 
diacetoxyergosta-8:22-dien-7-one on treatment with strong alkali 
followed by acetylation.

Oxidation of ergosteryl-D acetate 22:23-dibromide with one 
mol. of perbenzoic acid gives 22 :23-dibromo-9°<: llo(-epoxyergost~ 
7~en-3̂ 2>-yl acetate, whereas with two mols. a corresponding 
7 $ : 9<*:11̂ -diepoxide is obtained. Treatment of the former 
compound with sulphuric acid gives 22:23-dibromo-7^:ll'*- 
dihydroxyergost-8-en-3p>-yl acetate. Oxidation of this diol 
with chromic acid yields 22:23-dibromo-7:ll-diketoergost-8-en- 
3P>-yl acetate and 22:23-dibromo-8o<:9<*-epoxy-7:11-diketoergostan- 
3 -̂yl acetate, treatment of which with zinc and acetic acid 
gives in each case 7:ll-diketoergost-22-en-3£>-yl acetate.
22:23-£ibromo-9°<:llcx-epoxyergost-7-en-3^-yl acetate has been
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rearranged to 3(2>-acetoxy-22-23-dibromoergost-8-en-7-one by- 
treatment with dilute hydrochloric acid and to 3fi-acetoxy-22:23- 
dibromoergost-8-en-ll-one by treatment with boron trifluoride.

Oxidation of 22:23-dibromoergosta-7:9(ll)-dien-3P>-yl acet- 
-ate with performic acid gives 3(2>-&cetoxy-22:23-dibromo-9c*:llc<- 
epoxyergostan-7-one, debromination of which with zinc yields 
3(2>-acetoxy~9<*:llo(-epoxyergost-22-en-7-one characterised by its 
conversion by relatively mild alkaline hydrolysis followed by 
acetylation into 3fr:lia-diacetoxyergosta-8:22-dien-7-one. 
3(b-Aeetoxy-22:23-dibromo-9°< :llo<-epoxyergostan-7“One is converted 
by alkali into 22:23-dibromo-3(^:ll^-dihydroxyergost -8-en-7-one 
and is isomerised by filtration of its benzene solution through 
alumina into 3(3-&cetoxy-22:23-dibromo-llo<-hydroxyergost-8-en-
7-one, The last compound is smoothly oxidised by chromic 
acid to 22:23-dibromo-7:1l-diketoergost-8-en-3P-yl acetate. 
Catalytic reduction of 3f?>: llcx-diacetoxy-22:23-dibromoergost-
8-en-7-one in the oresence of alkali is accompanied by 
debromination to 3fi :ll«-dihydroxyergost-22-en-7~one.

Oxidation of 22:23-dibromo-7^:llo<-dihydroxyergost-8-en- 
3(2>-yl acetate with perbenzoic acid gives 22:23-aibromo-8a:9a- 
epoxy-7^ :11a-dihydr oxyergo s tan-3(2>-yl acetate, which has been 
converted into 22:23-dibromo-8o<:9o<-epoxy-7 :ll-diketoergostan- 
3(?>-yl acetate by treatment with chromic acid and 22:23-dibromo- 
9odlot-dihydroxy-7-ketoergostan-3p-yl, acetate with hydrogen 
bromide. The behaviour of the last compound with alkali has 
been examined. With dilute alkali simple hydrolysis of the 
3(3-acetoxy group occurs, but, with stroger alkali, dehydration 
also occurs with formation of 22:23-dibromo-3f?>:lla-dihydroxy- 
ergost-8-en-7-one. Oxidation of 22:23-dibromo-9a:llo<- 
dihydroxy-7-ketoergostan-3p-yl acetate with chromium trioxide



gives 22:23-dibromo-9o<-hydroxy-7 : ll-diketoergostan-3fc-yl 
acetate, vigorous treatment of which with alkali followed by 
acetylation gives the known 22:23-dibromo-7:ll-diketoergost-
8-en-3(2>-yl acetate. Whereas treatment of the last compound 
with zinc dust and acetic acid gives 7:ll-diketoergost-22-en- 
3(2>-yl acetate, with zinc dust in ether-methanol it gives 
7:ll-diketo-8c*-ergost-22-en~3(3-yl acetate, readily isomerised 
to the more stable form on being heated with acetic acid.
The 8<x-isomer is also obtained by treatment of 7:ll-diketo- 
ergost-8:22-dien-3ft-yl acetate , 22:23-dibromo-8<*:9«-epoxy~ 
7:ll-diketoergostan-3(2>-yl acetate, or 8<*:J«-epoxy-7:ll-diketo- 
ergost-22-en-3 -yl acetate with zinc dust in a neutral solvent.
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Introduotion.
The triterpene class of compounds consists of non- 

-nitrogenous natural products containing basically thirty 
carbon atoms, the fundamental skeleton of which consists 
of six isoprene (CH8sCH.CMesCHfi) units. On dehydrogen- 
ation with selenium the triterpenes give a mixture of 
aromatic hydrocarbons, particularly homologues of naphtha
lene. This is in contrast to a somewhat similar class of 
natural products, the sterols, which give the character
istic Diels hydrocarbon (3-methyl-1J 2-cyclopentenophenan- 
throne) on dehydrogenation.

The triterpenes are widely distributed in the plant 
kingdom and may occur in all parts of the plant, free or 
glycosidically linked with sugars as saponins. The most 
abundant triterpenes are probably the amyrins which were 
first Isolated by Hose (1), in 1839, from Manila elemi 
resin, and in 1887 separated into the a- and p-forms by 
Vesterberg (2). Since then the amyrins have been found 
in numerous resins and saponins, the latex of many other 
plants (3) and shea nut oil (4).

The triterpenes, like the steroids, are interesting 
because of the complicated alicyclic structures to which 
they can give rise, which are not easily accessible by
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synthesis. The ease of forming complex unsaturated and 
oxygenated systems depends on the presence of angular 
methyl groups which prevent aromatisation, and on the 
location of some of the double bonds which causes additions 
to be hindered and allylic reactions to predominate.

Owing to the immense amount of work on the subject, 
only fundamental advances and certain features of the 
p«*aayrin structure will be described in the historical 
part, especially as excellent reviews of this field are 
already available (5-10).

Evolution of the General Triterpene Formula.
Two methods have been widely employed for the 

determination of the structures of triterpenes, namely,
(a) dehydrogenation with selenium, and (b) oxidative 
degradation.

In 1929 Ruzicka (11) subjected a mixture of a- and 
P**amyrin to dehydrogenation with selenium at relatively 
high temperatures {320 to 350°) and isolated various 
homologues of naphthalene, regarded as typical dehydrogen- 
ation products of the pentaeyclic triterpenes. The 
structural problem resolved itself into the construction 
of a triterpene skeleton consistent with the isoprene 
rule and capable of accounting for the products. Ths
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isolation of 1 •8-dimethylpicene led to the important 
conclusion that the pentacyclic system of the triterpenes 
was a reduced picene nucleus (12).

Recently, increasing use has heen made of the 
pyrolysis ©f oxidation products in which one ring is open, 
giving rise to fragments containing two or three rings 
which are readily investigated. This procedure was also 
originated by Buzicka (13) and was at first confined to 
©leanolie acid (I; R - COsH) which has been finally 
degraded to two sets of products representing rings A-B, 
and B-E (14). The configuration of rings A and B have 
been recently compared in different series of triterpenes 
by examining the pyrolysis fragments containing these 
rings, and in all cases they have been found to be the 
same* a-Amyrin and p-amyrin have been degraded to common 
products containing rings A, B and C (15) which proves 
sterio identity in this region.

She formulation of the skeleton of P-amyrin has been 
modified many times to account for increasing knowledge, 
but the modifications have usually been confined to rings 
C, B and E, and particularly to the location of the two 
methyl groups placed finally at C**, and C**. Structure 
(I) suggested by Haworth in 1937 (5,6) is compatible with 
the reactions of the members of p-amyrin group, and is now
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considered to be almost certainly correct.

NO

Inte ro onve rsi on of Triterpenes.
Probably the most important advance in the field of 

triterpene chemistry has been the establishment of the 
suspected relationship between various individual compounds 
and their assignment to different groups, so that the 
reactions of each compound in a given group have a bearing 
on the structure of all members in the group and the 
complete determination of structure for one member will 
establish the constitution of most members of the group.

The inter“relationships have, for the most part, been 
determined by the application of a method developed by 
Euzieka in which monoearboxylic acid members of the group 
are converted into the corresponding aldehyde by the 
Bosenmund method (the hydroxyl group being protect©di, and 
the aldehyde then reduced to the corresponding deoxocompound
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by the Wolff-Kishner method:

HCO«H -S2£WKC0C1 fiCH0 —  * KCHo+RCHe0H
Polycyclie triterpenes can now be classified into at 

least three different groups: the 0-amyrin group (I),
the a-amyrin group (II), and the lupeol group (III). Ihe 
first two groups have basic structures consisting of five 
six-membered rings, while the third has a structure 
composed of four six-membered rings and one five-membered 
ring.

wo
(TO

HO

(Ttt)

fhe most important interconversions that have been 
accomplished so far (cf. 7,10) indicate that not only has 
a relationship been established between the functional 
groups of the different compounds within a group but that 
all have the same carbon skeleton,that the unreaotive 
double bond occupies the same position in all, and that 
the same stereochemical configurations exist about the 
numerous asymmetric carbon atoms.



The Ethylenic Linkage and its Environment.
The location of the unsaturated centre of the p-amyrin 

group In ring C (which is not revealed by catalytic 
reduction) was indicated by pyrolysis experiments (14,16). 
Further information was obtained by experiments on 
oleanolic acid. Oxidation of aeetyloleanolic acid (IV) 
with chromic acid gives an ap-unsaturated ketone (Y) and 
a keto-lactone (VI) (16,17). The former compound can be 
reduced by standard methods to oleanolic acid, which 
indicates the presence of a methylene group adjacent to 
the ethylenic linkage. On the other hand, in the keto- 
-lactone, the double-bond has been oxidised, so that the 
carbonyl and the lactone groupings mark, therefore, the 
position of this linkage.

O-CO

AcOAcO AcO

m

p-Amyrin benzoate (VII} E = Bz) is likewise oxidised 
to an up-unsaturated ketone, p-amyrenonyl benzoate (VIII} 
E 8 Bz) formed by oxidation of the methylene group 
immediately adjacent to the ethylenic linkage (18,19,20).
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Catalytic reduction of {3-amyrenonyl benzoate (VIII, E = Bz) 
led to complete reduction of the carbonyl group, the 
ethenoid linkage being unaffected, with formation of 
p-amyrin benzoate (Vllj E = Bz). Reduction of j3-amyr- 
enonol (Yllli R = H) with sodium and alcohol, followed by 
acetylation, has led to valuable information concerning 
the environment of the ethylenic linkage of P-amyrin. The 
product, p-amyradienyl-I acetate (IX), presumably formed 
by reduction of the carbonyl group of j3-amyrenonol to a 
secondary alcohol and dehydration of the latter, contains 
a conjugated system of two ethylenic linkages located in 
a single ring, as shown by the absorption spectrum.

PO
AcO

AcO AcO
(a)
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Oxidation of 13-amyrin acetate (VII; R = Ac) with 
hydrogen peroxide (21, cf. 22) gives a saturated ketone,
£-amyraaonyl acetate (X) . [This compound was previously 
described as an oxide (2l)]. Bromination of £-amyranonyl 
acetate in acetic acid with one mol. of bromine yields an 
ap-unsaturated ketone , iso-13-amyrenonyl acetate (XI) , 
reduction of which with sodium and alcohol, followed by 
acetylation, yields £-amyradienyl-I acetate (IX).

The nature of the unsaturated centre In £-amyrin was 
further defined by Picard and Spring (23) who have shown 
that (3-amyrenonyl esters are partially dehydrogenated 
when treated with bromine to yield £-amyradienonyl esters 
(XII), which contain a conjugated dienone system

i i i t•CO-O^-C^G- spectroscopically established. Treatment 
of £*amyrin acetate with N-bromosuecinimide yields 
p-amyratrienyl acetate (XIII) (24) containing a conjugated 
triene ohromophore«

AcO
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When (3-amyrenonyl acetate (VIII; B = Ac) is reduced 
to P-amyradienyl-I acetate (IX) there is also produced 
at the same time an isomeric compound named by Picard and 
Spring (23) P-amyradienyl-II acetate, containing a con
jugated diene system distributed between two rings. This 
compound had previously been obtained by Buzicka and 
co-workers (19, 25) by the oxidation of £-amyrin acetate 
with selenium dioxide. Spring and eo-workers (26, 27) 
prepared later the same compound by treatment of (3-amyr
enonyl acetate (VIII; R - Ac) and (3-amyradienonyl acetate 
(XII; B ~ Ac) with selenium dioxide. ,6-Amyradienyl-II 
acetate was formerly (19, 23, 25-28) represented by 
formula (XIV), although (XV) was not excluded. The 
corresponding oleanolic acid-compound has been shown, 
however, to have the structure (XV} B = CO»H) by Barton 
and Brooks (29), so that (XV; B ~ CH«) is now the accepted 
structure for £-amyradienyl-II acetate.

AcO

(w) (.XV) M
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Both representations involve bond migration during their 
formation from £-amyrenonyl acetate. Catalytic hydrogen
ation of p-amyradienyl-II acetate yields a compound 
isomeric with £-amyrin acetate, termed cf-amyrin acetate 
(XVI), containing a 15(18)-double bond.

A compound which has given much useful information 
regarding the C-B-E portion of the p-amyrin molecule 
(cf. 51) is p~amyradiendionyl acetate (XVII). This 
compound (as an alcohol) was first prepared by Jacobs and 
Fleck in 1930 (32) by a method involving treatment of 
P-amyrin benzoate with sulphur, followed by saponification, 
oxidation of the sulphur-compound with potassium permang
anate and hydrolysis* Since then it has been prepared 
by a number of other methods'• Spring and co-workers (23, 
54) prepared it by the action of selenium dioxide on 
p-amyradienyl-I acetate (IX) and p-amyratrienyl acetate 
(XXIX). Buzicka and co-workers (25, 50) prepared it by 
the treatment of p-amyrin acetate, p-amyradienyl-II

AcO
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acetate (XV) and cf-amyrin acetate (XVI) with selenium 
dioxide. Jacob’s compound was shown by Ruzicka and

i iJeger (25,53) to be a hydroxy-dione containing -CO-0=0-CO- 
grouping! on treatment with hydrazine it gave a pyridazine- 
-derivative, formulated as (XVIII). The researches of 
the last authors have provided much evidence in favour of 
the structure (XVII) for p-amyradiendionyl acetate, 
although it has been criticised (cf. 35) on the grounds 
that it cannot fully account for the properties of certain 
derivatives.

It has not been possible to prepare p-amyradiendionyl 
acetate by stepwise reaction from either p-amyrin acetate 
or iso-P-amyrenonyl acetate (XI), although the latter 
compound contains half of the chromophore of P-amyradien
dionyl acetate (XVII). Barton and co-workers (31) put 
forward a hyxjjothesis that all the reactions leading to the 
diketo-diene system proceed via the I0:l2sl8-triene (XIII) 
(■Of. 34).

Treatment of iso-p-amyrenonyl acetate (XI) with 
selenium dioxide gives iao-p-amyradienonyl acetate (27), 
originally formulated by Spring (27) as (XIX), and later 
by Busieka (45) as (XX), whieh involved the migration of 
the angular methyl group from Ci4 to Ci8. Further treatment 
of iso-P-amyradienonyl acetate with selenium dioxide gives
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A cO Ac OAcO

an isomeric $ -amyradiendionyl acetate, formulated by 
Buzicka and Jeger (46) as (XXI).

In view of various reactions performed on iso-ft- 
-amyradienonyl acetate, the validity of the formulation 
(XX) is questioned, and this, together with later work 
carried out by Buzicka and co-worker# (15) having a 
direct bearing on the problem, Is further discussed in 
the theoretical section of this thesis.

— ~o0o~—
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Ste re oohemi stay

Giaeomello In 1938 (36) concluded from X-ray analysis 
that the p-amyrin molecule was flat and the asymmetric 
centres were in the alternating trans-configurations.

Recently Barton (37,38) has extended the concept of 
equatorial and polar bonds (39) to the difficult problem 
of the stereochemistry of the pentacyclic triterpenes of 
the p-amyranol group. The basic assumption was made that 
in the more stable configurations all five rings would 
adopt chair conformations.

Rings A and B had been shown to be trans-fused from 
the known relation (40) to the diterpene abietic aeid. 
Rings D and E were shown to be cis-fused with the less 
stable orientation at Cie (19,27,37,63), while the con
figuration at Cie in (3-amyranol derivatives was shown to 
be the more stable one and to have the hydrogen on the 
same side of the molecule as the Ci7-methyl group (41). 
Correlation with the stereochemistry of perhydrophenan- 
threne (38) showed that rings C and D must be trans-fused, 
and conclusive evidence has been produced (37,61) showing 
that Cl* has also the more stable configuration. The 
configuration at Cs is regarded as (3 (The symbols a and 
6 are used with the same significance as in steroid
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2o*

HO

(xxn)

chemistry), on elimination evidence (38) and on steric 
properties which are those of an equatorial hydroxyl 
group (37,39). The assignment of configuration at C* 
(hence the fusion of ring B to C) is on a less certain 
basis. Molecular rotation arguments (42) and X-ray 
Investigation (38) decided in favour of the stereochemical 
representation (XXII), which requires B/C-trans (O^sCi*- 
-anti) C/D-traas *
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SECTION I? iso-P-Amyrenonol and iso-P-Amyradienonol.
The work described in this section was commenced in 

July, 1950, and had as its object the study of reactions 
of certain derivatives of p-amyrin with particular 
reference to iso-{3-amyradienonol and the structural problem 
of the latter compound.

Oxidation of P-amyrin acetate (2-acetoxyolean-12-ene j 
(I) with hydrogen peroxide gives the saturated ketone 
p-amyranonyl acetate (2-acetoxyoleanan-l2~one) (II)(21,43). 
The amorphous solid obtained from the reaction mixture 
after the removal of |3-amyranonyl acetate was chromato
graphed on alumina, yielding a further quantity of p-amyra- 
nonyl acetate and a new acetate, CagHegO*, which does not 
exhibit selective absorption of high intensity in the 
ultra-violet region and does not show a colour with tetra- 
nitromethane in chloroform or ferric chloride in alcohol.
It cannot be acetylated under normal conditions but is 
hydrolysed by alkali to the corresponding alcohol C00Heo00. 
The hydrolysed product does not precipitate on addition of 
water to its alcoholic potassium hydroxide solution but 
readily separates when the diluted solution is acidified. 
The alcohol was recovered unchanged after treatment with 
diazomethane and dimethyl sulphate. Of the structures
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(III) and (IV) which appear probable for this compound, 
the former (III) w$a excluded since the acetate is stable 
to chromic anhydride at room temperature whereas (III) 
should give the enol of 2-acetoxyoleanane-ll5l2-dione 
(V) first prepared by Buzieka and Jeger by selenium 
dioxide oxidation of £-amyranonyl acetate (44).

HO

AcO1 AcO1AcO

OAc OH
OH

AcO' AcO' AcO

Another structure (VII) has been considered for the 
new acetate* fhis, however, seems unlikely as hydrolysis 
with potassium hydroxide would give the salt of the acid 
(VIII), which presumably would be insoluble in ether, 
whereas the alcohol was recovered from alkaline media by
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ether extraction.

oh,

AcO' HO

(vu)
HO

Alkaline hydrolysis of (3-amyranonyl acetate (II) 
gave (3-amyranonol. The acetate was further characterised 
by the formation of its enol acetate (YI) using acetic 
anhydride and sodium acetate (cf. 44).

Treatment of the saturated ketone (II) with bromine 
in acetic acid gives bromo-3-amyranonyl acetate which 
readily loses hydrogen bromide to give iso-{3-amyrenonyl 
acetate (43,45; for which the alternative structures (X) 
and (XI) have been considered (6,27). A decision in 
favour of the latter has been made since reduction of iso - 
-P-amyrenonyl acetate with sodium and alcohol, followed 
by treatment of the product with acetic anhydride, gives 
£-amyradienyl-I acetate (2-acetoxyoleane-10«l2-diene)(XII) 
containing a conjugated diene system in a single ring and 
identical with a product obtained by similar treatment of 
£-amyrenonyl acetate (2-acetoxyolean-l2-en-ll-one) (XIII).
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Catalytic reduction of iso-ff-amyrenonyl acetate gives an

Ac o'

a )

AcO

AcO

(ID)
A cO

isomer of P -amyrin acetate which contains a >C-CH~ 
linkage since it is oxidised by hydrogen peroxide to a 
saturated ketone isomeric with p-amyranonyl acetate.
The isomeric £-amyrin acetate has been formulated as 
2~a©et©xyoleaa-10-ene (XIV) by Jeger and Ruzicka (46). 
This structure did not appear to be rigidly established, 
slnoe hydrogenation of iso-p-amyrenonyl acetate (XI) 
could proceed by reduction of the ethylenie linkage and 
simultaneous or consecutive reduction of the carbonyl 
group to a secondary alcohol, followed by dehydration to



- 19 -

give an isomeric p-amyrin acetate (XVI) differing from 
p-amyrin (XV) solely in the orientation around C(a.e)*
[ef. the catalytic reduction of p-amyranonol to p-amyrin 
described by Buzicka and Jeger (44)]. Of the alternative 
structures (XIV) and (XVI) for the isomeric p-amyrin 
acetate, the former has been established by Wolff-Kishner 
reduction of the derived isomeric p-amyranonyl acetate to 
a product which, after aeetylation, gave p-amyranyl 
acetate (XVII) identical with the compound obtained by

AcO1

HH

* fhe configurations shown in (XV) and (XVI) are for 
the most part arbitrary and are used for comparative 
purposes only. Ihe els-locking of rings B/B, however, 
has been established by Barton and Holness (37) [of. Davy, 
Halsall and Jones (47)].
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similar treatment of P-amyranonyl acetate (44) . The 
isomeric £-amyranonyl acetate is therefore 2-aeetoxy- 
oleanan-ll-one (XVIIIJ. An interesting point concerning 
the nature of the locking of rings B/C in the p-amyrin 
group of triterpenoids emerges from this series of changes* 
The conversion of p-amyrin into 2-acetoxyoleanan-11-one 
(XVIII) and thence into p-amyranyl acetate (XVII) proves 
that these rings are locked in the more stable configur
ation since the introduction of a carbonyl group at the 
11-position and the subsequent treatment of this ketone

(xvti) (xym)

would permit the change from a less to a more stable con
figuration at this junction. Since no such isomerisation 
occurs it is concluded that the more stable configuration 
exists in p-amyrin. Whether the more stable configur
ation is cis or trans remains to be established.

In an attempt to further characterise iso-p-amyrenonol 
by the formation of its benzoate, it was treated with
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benzoyl chloride in pyridine. The product proved to 
be an enol dibenzoate which gives a brown colour with 
tetranitromethan© in chloroform and exhibits selective 
light absorption in the ultra-violet with maxima at

o2300 A ( £ * 31,000), attributable to the two benzoyl
<3groups and at 2750 A ( f = 11,000) attributable to a diene 

system present in a single ring. The enol dibenzoate 
is therefore (XIX; B = C0C®H*) 5 and the structure of iso- 
*3-amyrenonyl acetate as 2-acetoxyolean-10-en-l2-one (XI) 
is confirmed. Treatment of iso-ft-amyrenonyl acetate

O A t

AcO

O R OAc

AcO

(XX)

with acetic anhydride and sodium acetate gives an enol 
aeetate (XIX; B = Ac) which exhibits an absorption

omaximum at 2780 A characteristic of a conjugated diene 
system present in a single ring. The enol acetate 
grouping is easily hydrolysed with the re-formation of 
iso-5-amyrenonyl acetate. The structure (XIX; R = Ac) 
was supported by oxidation of the 10-ethylenic linkage
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of the enol acetate with hydrogen peroxide, with formation 
of 2-aeetoxyoleanane-11:12-dione enol acetate (XX) 
previously obtained by Ruaicka and Jeger (44) by chromic 
acid oxidation of the enol acetate of p-amyranonyl 
acetate (XXI).

The interpretation of the complex reactions of 
p-amyradienedionyl acetate and of analogous compounds 
obtained from other members of the p-amyr±n group of tri- 
terpenoids by Ruzieka and Jeger has provided weighty 
evidence in favour of part of the detail of the formula 
(I) for p-amyrin acetate.

P-Amyradienediony1 acetate (XXII) is obtained by the 
oxidation of p-amyrin acetate (I) (25), p-amyradienyl-I 
acetate (XII) (23), p-amyradienyl-II acetate (XXIII)(35,41) 
and P-amyratrienyl acetate (XXIV)(34) with selenium dioxide. 
Oxidation of iso-p-amyrin acetate (2-aoetoxyolean-10-ene) 
(XIV) with selenium dioxide also gives p-amyradienedionyl

AcO

(xxii) (xxm) ( X XIV )
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acetat® (XXII). It is found that Clemmensen redaction 
of p-amyradienedionyl acetate gives P-amyradienyl-II 
acetate (XXIII).

iso-fi-Amyrenonyl acetate (XI) contains half of the 
chromophore of p-*amyradienedionyl acetate (XXII) and 
accordingly Green, Mower, Picard and Spring (27) attempted 
to correlate these two compounds by oxidation of the former 
with selenium dioxide in the expectation that p-amyra- 
dienedionyl acetate would result. Instead, the reaction 
gave iso -P-arayradienonyl acetate which shows an absorption

G
maximum at 2450 A ( £= 11,000) and unlike iso-p-amyrenonyl 
acetate gives a yellow colour with tetranitromethane in 
chloroform. iso-p-Amyradienonyl acetate was also obtained 
by the action of bromine on iso-p-amyrenonyl acetate by 
the same workers and later by Jeger and Ruzicka (46). It 
is found that iso-p-amyradienonyl acetate can also be 
obtained directly from P-amyranonyl acetate (II) by bromin- 
ation. Green, Mower, Picard and Spring (27) suggested

AcO A c O
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the structure (XXV) for iso-P-amyradienonyl acetate, 
whereas Jeger and Huzicka (46) proposed the structure 
(XXVI) in which it is represented as formed from iso-(3- 
-amyrenonyl acetate by the migration of the angular methyl 
group from 0 (0.*) ^(*») with simultaneous introduction
of a 14*15-double bond. This formulation (XXVI) would 
explain the light absorption, the colour with tetranitro- 
methane and the formation of a new compound, isomeric with 
p-arayra&ienedionyl acetate, by the action of selenium 
dioxide on 1so-p-amyradienonyl acetate (46) . Jeger and 
Ruzioka (46) suggested the structure (XXVII) for this new

AcO
CO«H

H O

isomeric p-amyradienedionyl acetate. More recently, 
Meisels, Jeger and Ruzicka (48) have oxidised iso-P-amyra- 
dienonyl acetate to a hydroxy-diketo-acid formulated as 
(XXVIII), the methyl ester of which on pyrolysis gave an 
acidic fraction represented as the hydroxy-dike tone (XXIX) . 
fhe hydroxy -dike tone was characterised by methyl at ion and
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aoetylation which gave two isomeric compounds formulated 
as (XXX) and ( X X X I )  and identical with two compounds 
obtained by, in all essential features, the same route 
starting from a-amy rin. Ihese reactions, however, cannot
be construed as proof of migration of the angular methyl 
group during conversion of iso-g-amyrenonyl acetate into 
iso-(3-amyradienonyl acetate.

o  0 O M e

HO
OMe

AcO AcO

(S-X.1-X,) (.Xxx) (XSSI)

Xn order to further investigate the structural 
problem of iso-g-amyradienonyl acetate, it was prepared 
by the selenium dioxide and bromine method previously 
described (27,46) and also by direct bromination (2 mols) 
of g-amyranonyl acetate. Alkaline hydrolysis gives the 
corresponding alcohol, iao-g-amyradienonolt acetylation 
of which yields the parent acetate. Benzoylation of the 
alcohol gives iso-3-amyradienonyl benzoate. Pure iao-g- 
-amyradienonyl acetate crystallises in prisms melting 
just over 220°, whereas the acetate was previously described
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as forming plates melting below 210°. The plates can 
readily be converted into prisms by further crystallis
ation or by chromatography. It is found that Clemmensen 
reduction of 1so-ft-amyradienonyl acetate gives ft-amyra- 
dienyl-II acetate (XXIII) which contains the same carbon 
skeleton as ft-amyrin. In itself this reaction can be 
reconciled with the structure (XXVI) for iso-ft-amyradien- 
onyl acetate by assuming that the strongly acid medium 
induces a second migration of the angular methyl group 
at to its original position at Ci4, thus giving the 
dienone (XXV), Clemmensen reduction of which would yield 
ft-amyradienyl-II acetate. It was noted, however, that 
lap-6-amyradienonyl acetate was recovered unchanged after 
prolonged treatment with hydrochloric acid in acetic acid- 
On the other hand, the conversion of iso-ft-amyradienonyl 
acetate into ft-amyradienyl-II acetate could be considered 
to be proof that the carbon skeleton of both compounds is 
the same and that a methyl group has not changed its 
place during the conversion of the one into the other. In 
favour of such a view are the following very substantial 
faots'. first, that iso-u-amyrenonyl acetate is oxidised 
by selenium dioxide to iso -a-amyradienonyl acetate which 
when oxidised and pyrolysed gives a product from which
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are isolated compounds (XXX) and (XXXI) identical with 
those obtained from iso-ft-amyradienonyl acetatej and, 
secondly, that catalytic hydrogenation of iano-a-amyra
dienonyl acetate in acetic acid at room temperature gives 
iso-a-amyrenonyl acetate. The latter observation proves 
that iso-a-amyradienonyl acetate has the same carbon 
skeleton as u-amyrin and that iso-a-amyradienonyl acetate 
does not carry a methyl group at Cis (49) . The conversion 
of both iso-a-amyradienonyl acetate and iso-ft-amyradien
onyl acetate into the compounds (XXX) and (XXXI; requires 
that iso-ft-amyradienonyl acetate likewise does not carry 
such a methyl group. In marked contrast to the behaviour 
of iso-a-amyradienonyl acetate, iso-ft-amyradienonyl 
acetate is reduced eatalytically in acetic acid at room 
temperature with absorption of three molecular proportions 
©f hydrogen and formation of a compound apparently con
taining one ethylenie linkage. This compound, named 
neo-ft-amyrin acetate was previously reported by 3udziarek, 
Johnston, Manson and Spring (61) as iso-ft-amyraaienyl 
acetate. It differs from each of the previously discovered 
Isomers, does not show selective absorption of high

o ointensity above 2200 A (Maximum at 2140 A, £ = 5500) and, 
anomalously, gives an Intense red colour with tetranitro-
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methane In chloroform. This is the first example of a 
triterpene which does not contain a conjugated system 
of ethylenic honds giving an intense red or hrown colour 
with this reagent. This acetate is not isomerised by 
mineral acid. Catalytic hydrogenation of iso-ft -amyra- 
dlenonol followed by acetylation also gives neo-ft-amyrin 
acetate.

The carbonyl group of iso-ft-amyradienonyl acetate is
reduced by lithium aluminium hydride and the resulting
diene-did is characterised as its diacetate (XXXII)
assuming the structure (XXVI) proposed by Jeger and 

nRuaicka. Catalytic reduction of this diacetate gives 
neo-ft-amyrin acetate by hydrogenolysis of the acetoxy-group

OAc

AcO

(K'XXU)

m
the structure* (XXXII)-(XXXIX) are used provisionally 

for comparative purposes only.
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in ring C and saturation of one double bond.
Proof that neo-p-amyrin acetate contains only one 

ethylenic linkage was found later (51) by chromic acid 
oxidation which gives a compound containing one atom of 
oxygen more than neo-ft-amyrin acetate. The oxidation 
product does not exhibit light absorption of high

o

intensity in the region 2000-4000 A and does not give a 
colour with tetranitromethane in chloroform.

Oxidation of iso-(3-â iyr a di e n o ny 1 acetate with excess 
chromic acid under rigorous conditions gives a compound, 
CagHaoO*, needles, m.p.308-309°, [cOp +57°, which

o
exhibits an absorption maximum at 2350 A ( £ - 12,100) 
and does not show a colour with tetranitromethane in 
chloroform. Treatment of this compound with bromine in 
acetic acid yields a bromo-compound, CgSH4 6 0 4 Br, which 
is recovered unchanged after prolonged heating in acetic 
acid solution.

Oxidation of iso-5-amyradienonyl acetate with excess 
hydrogen peroxide gives two products which are readily 
separated by the chromatographic method. The minor 
product, CggH^eOfs, m*p*225-227 °, [a]D +80° appears to be 
formed by a simple addition of two atoms of oxygen to 
iso-5-amyradienonyl acetate. It does not exhibit select
ive light absorption of high intensity in the ultra-violet
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region and does not show a colour with tetranitromethane 
in chloroform. The major product, C8SH4804 (C3J3H4604 
not excluded), plates, m.p*308-309°, [a-]p +179°, exhibits 
selective absorption in the ultra-violet with maximum at

o
2380 A ( £ ® 12,500), does not give a colour with tetra- 
nitromethane and contains a secondary hydroxyl group as 
shown later (51) by chromic acid oxidation to the compound, 
C88H4804, needles, m.^.308-309°, +5*7°, first
obtained by chromic acid oxidation of iso-6-amyradienonyl 
aoetatej the xolates and needles give practically no 
depression of mixed melting point. Treatment of the 
hydrogen peroxide compound, m.p.308-309°, with hydro
chloric acid in acetic acid yielded a new product con
taining chlorine, exhibiting light absorption maximum at

o
2340 A ( £ = 13,000) and showing no colour with tetra
nitrome thane .

Catalytic hydrogenation of the chromic acid oxidation 
product of iso-jB-amyradienonyl acetate gives three 
distinct compounds separated by chromatography. The 
first, OggHgoOg (C'oshggjQjs not excluded), m*p#230.5—232°, 
[u]d +84°, does not exhibit light absorption of high

ointensity above 2200 A, and shows a pale yellow colour 
with tetranitromethane in chloroform. The second, 
CasHgsOs, m.p.324-325.5°, [<*]•£ -94°, does not exhibit
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selective absorption in the ultra-violet region and 
does not give a colour with tetranitromethane in 
o ]hl o x*o o iii • The tbLi x*d c o<oip o*und , 0 ̂ ̂ ̂6 a ̂ js f * p * 172-173°, 
[a]j) +4° does not exhibit light-intensity absorption

O
above 2200 A and gives a dark yellow colour with tetra
nitrome thane in chloroform. The compounds were not 
obtained in sufficient amount to allow a detailed 
investigation of their structures.

This work was discontinued in June, 1951, and 
further study of the oxidation and reduction products 
described above was carried out in this laboratory by 
j r .  D. Johnston (Ph.D. Thesis, 195S) .
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Conclusion.

$he conclusions from this work may he summarised 
as follows. A series of well-defined reactions of the 
a- and 0-amyrin groups has been interpreted in terms of 
the formulations (I) for p-amyrin acetate and (XXXVII) 
for a-amyrin acetate, by the assumption of migration of 
a methyl group in the conversion of iso-aroyrenonol to 
iso-amyradienonol. In the a-amyrin series the postulated 
migration is demonstrably incorrect since simple catalytic 
reduction of iso-a-amyradienonyl acetate yields the 
parent iso-a-amyrenonyl acetate. In the p-amyrin series, 
the postulated migration of a methyl group appears 
unlikely (but not excluded) since is©-p-amyradienonol 
can be converted by Clemmensen reduction into a well-known

AcO AcO (xxxvn)

o

AcO

( Y X V T ) ( x x x v i i O
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derivative of £-amyrin which possesses the same carbon 
skeleton as the latter. The conversion of the iso-a- 
and the iso-ft-amyradienonyl acetates into two common 
degradation products which apparently include the rings 
A-C of the triterpenes, suggests that in so far as these 
rings are concerned, the a- and p-amyradienonyl acetates 
have identical carbon skeletons, since (XXXVIII) is not 
an acceptable formulation for iso-a-amyradienonyl acetate, 
(XXVI) for iso-3-amyradienonyl acetate is suspect.

An attractive hypothesis to circumvent the anomalies 
described above is that neither a- nor £-amyrin carries a

Jtmethyl group attachment at Ci* [of. Jeger, Buegg, and 
Ruziekft (50)]j in such an event the accommodation of the 
displaced carbon atom becomes a matter for speculation.
The possibility that ring G is 7-membered O-amyrin » 
XXXIX) [of. Meyer, Jeger, Prolog and kuzicka (15)] has

MO

(xxxix)
/
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been considered, together with alternative methods for 
the accommodation of the carbon atom displaced from C**. 
Such speculations are premature since the views expressed 
above are to a large measure dependent on the validity of 
the interpretation of the reactions leading from the iso - 
-amyradienonyl acetates to the compounds (XXX) and (XXXI) 
and, in particular, on the validity of the structures 
ascribed to the last two compounds.

«»oOo —
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SECTION II: 18-iso-p-Amyranol.
The generally accepted structure ascribed to the 

0-amyrin-oleanolic acid group of triterpenoids, exempli
fied by that of (5-amyrin (1$ R = H)* has been supported 
by a formidable and, in most cases, convincing array of 
evidence, much of which has emerged from the scholarly 
researches of Ruzicka. The structure ascribed to the 
a-amyrin-ursolic acid group of triterpenoids is illustrated 
by that of a-amyrin (II| R = Hj .

Oxidation of £-amyrin acetate with chromic anhydride 
in acetie acid gives an &% yield of acetone, isolated as 
its 2 54-dinitrophenylhydrazone. Similar oxidation of 
u-amyrin acetate does not give acetone. The triterpenoid 
acetates employed were purified to constant optical 
rotation, and were rigorously dried, a common batch of 
purified acetic acid was employed and the oxidations were 
effected under as far as possible identical conditions.
If (I, R ® H) is the true structure of £-amyrin, the 
acetone obtained from £-amyrin acetate probably originates 
in the geminal dimethyl group in ring E. While this has

* In order to avoid the use of high Roman numerals, 
the formulae in this section are again numbered from (I) 
upwards.
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not been considered to be unlikely, a more natural infer
ence was that £-amyrin contains an isopropyl group 
attached to ring E*

TO TO

AcO HO
(iy)cm)

HO H O1

m.)

$he structures ascribed to the a- (XI; R = Ac) and 
the 0- (X§ E * Ac) acetate differ only in the nature of 
ring E, and there is eyidence that they are sterioally 
identical at 0g, C®, 0®, C*® and possibly at Ci#. Ames,
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Halsall, and Jones (52) have shown that lupenyl acetate 
(III; R * Ac), whioh contains an isopropenyl group 
attached to ring E, is isomerised by mineral acid to 
&-smyrin acetate (IV), itself obtained from p-amyrin 
acetate by a two-stage process. It has been established 
[Davy, Halsall, and Jones (47)$ Barton and Heiness (37)] 
that rings D/E in lupeol (111$ R = H) are trans-fused and 
that the rings D/E in p-amyrin (1$ R = H) are cia-fused. 
Consequently, structural differences apart, lupanol 
(dihydrolupeol) (V) and p-amyranol (dihydro-p-amyrin)(VI) 
differ in orientation around Ci®. Before attempting to 
assess the significance of the formation of acetone from 
p-amyrin acetate (to test the hypothesis that both lupeol 
and p-amyrin have the same carbon skeleton) it was con
sidered essential to embark upon the preparation of the 
isomeric saturated alcohol of the p-amyrin group, 18-iso- 
-p-amyranol (VII) in order to compare it with lupanol and 
other saturated pentacyclic triterpenoid alcohols.

A simple route to 18-iao-p-amyranol appeared to be 
available since indications existed in the literature 
that epimerisation at C*® in p-amyrenonol (VIII; R * H) 
could be achieved. Ihus in a discussion concerning the 
physical constants of p-amyrenonol and its esters,
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Ruzieka, Muller, and Schellenberg (19) reported that 
treatment of p-amyrenonol (m.p.230-231°, +102°)
(VIII$ R 38 H, R* = Me) for a prolonged period with 10^ 
alcoholic alkali gave an isomer, m.p.247-248°, [u]p +81.5°. 
This isomerisation could involve either Ca.® or Cie or 
both centres simultaneously, but the fact that bromination 
of p-amyrenonyl acetate (VIII; R = Ac, R* = Me) proceeds 
smoothly to give p-amyradienonyl acetate [Picard and 
Spring (23) J (IX; R = Ac, R* = Me) suggests that enolis- 
ation of p-amyranonyl acetate involves Ci8. Furthermore, 
reduction of P-amyradienonyl acetate by sodium ethoxide 
and hydrazine gave a complex mixture from which an alio - 
-p-amyrenonyl acetate was obtained; this probably differs 
from p-amyrenonyl acetate in the orientation around Ci8 
[Green, Mower, Picard and Spring (27)]. ICitasato (53) 
has shown that methyl aeetyiketo-oleanolate (VIII; R = Ac, 
R* 58 GOeMe) is isomerised by mineral acid to a ifr -isomer; 
that this isomerisation also involves Cx® is indicated by 
the fact that bromination of acetylketo-oleanolic acid 
(VIII; R * Ac, R* = C0»H) gives the conjugated acetylolean- 
-12«18-dien-ll-onolic acid (IX; R ® Ac, R* = C0SH)[Ruzieka, 
Jeger, and Winter (54)]. It was found (63, cf. 55) that 
when melted, the dienone-acid loses carbon dioxide rapidly
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to give nor-P-amyradienonyl acetate (X; R - Ac) identical 
with the compound obtained originally by Ruzieka, Cohen, 
Fartery and Sluys-Veer (56) by prolonged treatment of 
aoetylketo-oleanolie acid (VIIIj R c Ac, R* =* COgH) with 
boiling quinoline. The ease of decarboxylation of the 
dienone-acid indicates that it is a p^-un saturated acid 
and that it is correctly formulated as (IX* R = Ac, Rf =
= COgH). Barton and Holness (37) have recently reported 
that the alkali isomerisation of methyl acetylketo-olean- 
olate involves inversion at Cie.

It was found that treatment of P-amyrenonyl benzoate 
with strong alcoholic potassium hydroxide gives in high 
yield an isomeric J3-amyrenonol which shows the character
istic light-absorption properties of an ap-unsaturated 
ketone and was characterised by the formation of its 
acetate. The reactions described below established that 
this up-unsaturated keto-aeetate is 16-iso-ft-amyrenonyl 
acetate (XI\ R = Ac). 18 -i s o -ft-Amyrenonyl acetate was 
recovered unchanged after treatment with bromine in acetic 
acid under conditions which led to the conversion of 
ft-amyrenonyl acetate or acetylketo-oleanolic acid into the 
corresponding conjugated dienones (IX). Catalytic reduction 
Of 18-iso-ft-amyrenonyl acetate at room temperature gives
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in high yield an isomeric ft-amyrin acetate, the relation
ship of which to ft-amyrin acetate (1$ R = Ac) was 
established by its easy oxidation with selenium dioxide 
to ft-amyradienyl-II acetate. Of the two possible 
structures (XXII) and (XIV) previously considered for the 
last compound, first prepax*ed by Ruzieka, Muller and 
Sehellenberg (19) by the oxidation of ft-amyrin acetate 
(I> R = Ac) with seleniurn dioxide, Barton and Brooks (41) 
have shown that the former is correct. The formation of 
ft-amyradienyl-II acetate (XIII) by oxidation of both 
ft~amyrin acetate and the isomeric ft-amyrin acetate 
described above proves that the last compound is 18-iso - 
-ft-amyrin acetate (XIIj R = Ac).

Oxidation of 18-iso-ft-amyrin acetate (XII} R = Ac) 
with hydrogen peroxide in acetic acid gives a saturated 
ketone, 18-iso-ft-amyranonyl acetate (XVj R = Ac), alkaline 
hydrolysis of which gives the corresponding alcohol,
18-iso*ft-amyranonol (XV} R = H). 18-iso-ft-Amyranonyl 
acetate (XV} R = Ac) is not isomerised by either mineral 
acid or strong alkali, and represents the sterically stable 
isomer in so far as the orientation at C*® is concerned. 
Treatment of IS-iao-ft-amyranonyl acetate with bromine 
gives bromo-18-iso-ft-amyranonyl acetate (probably XVII).
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This ia considerably more stable than the isomeric bromo- 
-p-amyranonyl acetate , obtained by similar bromination of

Br,

AcO

(xym)

0-amyranonyl acetate, which readily loses hydrogen bromide 
when warmed with acetic acid, giving iso-ft-amyrenonyl 
acetate (45) j bromo-18-iso-5-amyranonyl acetate is 
recovered unchanged after prolonged heating in glacial 
acetic acid. Slow dehydrobromination, however, takes 
place on prolonged heating in pyridine, with the formation 
of an -ketone showing a light-absorption maximum at 
2410 A (XVIII).

Seduction of 18-fso-5-amyranonyl acetate (XV* R =
Ac) by the Wolff-Kishner method, followed by aeetylation, 
gives 18-iso-P-amyranyl acetate (XVIj R = Ac), hydrolysis 
Of which gives 18-isc-p-amyranol (XVIj R = H) which is 
different from lupanol and also from (3-amyranol (XX) 
prepared as described by Ruzieka by the steps (I) -> (XIX) 

(XX) or by Budziarek, Johnston, Manson and Spring (61)
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by the ateps (I) -+■ (XIX) -+ (XXI) —  (XXII) —  -(XXIII)
/  V t f  \-*• IXX) .

w-k
HORO

w-k

O H

( x x m )

fhe constants of p-amyranol (44), lupanol (57), and 
taraxastanol (heterolupanol) (58) are shown below, 
together with those of 18-iso-£-amyranol(this work).

Alcohol Acetate
m.p* 0 3 d m.p.

$ -Amyranol 186 -186 #5 0 +18.6° 284.5-286° +21°
Lupanol 201-20£ -17.8 245 - 246 -1.8
Taraxastanol 218-280 •*■11 262 - 263 +23
18-lao-ft-Amyranol 229-230 +36 280 - 282 +44
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The orientation at Cia in the two isomers, (3-amyranol 
and 18-iso*g-amyranol, in each case represents the 
sterieally stable configuration since neither 3-amyranol 
nor 18-iso-3-amyranonol is isomerised at C16 under strongly 
acid or alkaline conditions. There is furthermore a 
strong prima facie case for a common Cis-configuration in 
3-amyranol, 18-iso-3-amyranol9 germanicol [cf. the convers
ion of siaresinolic acid into morolic acid [Barton, Brooks 
and Holness (41)], and lupeol [cf. the conversion of 
betulin into moradiol diacetate by Davy, Halsall and Jones 
(47)]. This was later confirmed by Ames, Davy, Halsall, 
Jones and Keakins (59) who obtained 18-iso*3-amyranol (VII) 
from lupeol (III), and a further relationship between 
3-amyrin and lupeol, confirming the stereochemistry of 
rings D and E, is thus established.

Duerden, Heilbron, McMeeking and Spring (60) described 
in 1939 the formation of a hydrochloride from lupeol and 
its conversion into the acetate of an isomeric alcohol - 
the so-called iso-lupeol. Re-investigation of this reaction 
by Jones and his co-workers (59) has shown that iso -lupeol 
is, in faot, germanicol (XXV); the hydrochloride can be 
represented by (XXIV) from a consideration of the reactions 
indicated in the chart. [Formic acid adds on to lupeol in
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the same manner as hydrogen chloride and the addition 
product (XXVI) has been converted into lupenyl acetate 
and germanicyl acetate (59) - The infra-red spectrum 
of the intermediate ketone (.XXVIII) shows a hand at 
1700 cm . - 1  characteristic of a carbonyl group on a six- 
-membered ring. This proves that addition of formic 
acid to lupeol is accompanied by ring enlargement 
analogous to that postulated during the addition of 
hydrogen chloride].

HCl
AgOA<

Ro

POC.1H C O O H

H'COO HO..

») Li M  H 
AcaoK O H

This formulation (XXIVj for the hydrochloride implies 
structure (VII) for its reduction product, which should 
be 18-iso-(3-amyranol provided (3-amyrin is (I). The 
constants of the alcohol and its acetate were identical 
with those reported by Budziarek, Manson, and Spring (65).
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Mixed m*p* determinations of 18-iso-p-aaiyranol and its 
acetate with the specimens supplied by Professor S.H.H* 
Jones confirmed the identity of the compounds. fhe 
hydrogen atom at Cift in 18-iso-j3-amyranol must therefore 
be cis to the methyl group at Ci7 as in lupeol.

fhe method of formation of 18-iso -p -amyranol from 
p-amyrin indicates a trans D/E ring fusion. Hence lupeol 
hydrochloride and, in turn, lupeol, which can be regener
ated from the hydrochloride, have a trans D/E ring 
junction, which confirms the conclusions reached by Davy, 
Halsall and Jones (47). A consideration of the mechanism 
of the formation of lupeol from its hydrochloride also 
indicates that its iso-propenyl group is trans to the 
methyl group at Ci7.

3?he non-identity of 18-iso-P-amyranol and lupanol 
leads to the conclusion that the acetone obtained by oxid
ation of P -amyrin acetate originates in the gem-dimethyl 
group in ring E.

-«-~o0 o—





Melting Points are corrected*
Specific rotations were determined in chloroform 

solutions (unless otherwise stated) in a 1-dm. tube at 
room temperature*

Ultra-violet absorption spectra were measured in 
absolute ethanol solution (except where otherwise stated) 
with a Unicam SP. 500 spectrophotometer.

Micro- analyses were by Dr. A.C. Syme and Mr* Wm. 
McCorkindale, to whom grateful acknowledgements are due* 

For chromatography, activated alumina (supplied by 
Savory and Moore), Grade II (except where stated) standar
dised according to Brockmann, was employed*
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SECTION I.

Isolation of 3 ~Amyrin Benzoate from Manila Slemi Resin.
The solid material obtained from Manila Elemi resin 

(350 g.) after steam distillation to remove volatile oils, 
was dried and dissolved in ether (1000 c.c.). This 
ethereal solution was then washed with sodium hydroxide 
solution (1 0 / 0  until all the acids were removed, with 
hydrochloric acid {10%), and finally with water. It was 
dried over sodium sulphate. The solid residue obtained 
after removal of ether was crystallised once from ethanol, 
dried at 1 0 0 °, and finally powdered giving a crude mixture 
of a- and £-amyrin ( 2 0 0  g.j m.p.160-170°).

The crude mixed amyrins (200 g.) were dissolved in 
pyridine (120 c.c.) and benzoyl chloride (140 c.c.) was 
added dropwise to the stirred solution over 30 minutes at 
100°. After the addition, the reaction mixture was 
heated on the steam bath with stirring for six hours. The 
dark red mixture was cooled, diluted with benzene (600 c.c. j y 
and washed twice with hydrochloric acid (b%), once with 
sodium hydroxide (5$) and twice with salt solution {2%).
The benzene solution was then dried over sodium sulphate 
and concentrated to 300 c.c. Hot ethanol was added to 
the boiling solution until faintly turbid, and on cooling
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a crystalline solid separated. This was washed with cold 
ethanol and dried at 100°.

The crude mixed benzoates were then extracted with 
ether (four times) until the melting point of the 
undissolved solid was above 210°. This residue, after 
repeated crystallisation from methanol-chloroform gave 
pure ft-amyrin (30 g.) as plates, m.p.233-235°, [u]-p +100°
(c, 2*5).

The ethereal washings, on evaporation to dryness, 
gave a solid residue which after repeated crystallisations 
from methanol-chloroform gave a-amyrin benzoate (70 g.) as 
prismatic needles, m.p. 195-196°, [a*]̂  +95° (c, 2.1).

ft-Amyrin (2-Hydroxyole an-12-ene).
A solution of ft-amyrin benzoate (40 g.j m.p.230-232°) 

in benzene (200 c.c.) and ethanolie potassium hydroxide
1000 c.c.) was heated under reflux for 12 hours. It 

was then concentrated until solid began to separate and 
poured into water (2 1-). The crystalline solid was 
collected, washed with water and dried (32 g.j fine needles, 
»*p.184-187°). A sample was crystallised three times
from methanol-chloroform to give ft-amyrin as prismatic 
needles, m.p*l97-l98°, +88° (c, 2*3).
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ft-Amyrin Acetate (2-Acetoxyolean-12-ene).
A solution of ft-amyrin (32 g.; m.p.184-187°) in 

pyridine (100 c.c.) and acetic anhydride (150 c.c.) was 
heated on the steam hath for 2 hours during which time 
the acetate separated as prismatic needles. The mixture 
was cooled, the crystals collected, washed with methanol 
and dried (32 g.; m.p.238-239°). Becrystallisation 
from methanol-chloroform gave ft-amyrin acetate as prismatic 
needles, m.p.241-242°, tu]p +80° (c, 3.2). It gives a 
yellow colour with tetranitromethane in chloroform.

ft-Amyranonyl Acetate (2-Acetoxyoleanan-12-one).
A solution of ft-amyrin acetate (30 g.j m.p.240-241°) 

in glacial acetic acid (1500 c.c.) was treated at 100° 
with a mixture of hydrogen peroxide ( 1 0 0  vol.; 2 0 0  c.c.) 
in glacial acetic acid ( 2 0 0  c.c.) added dropwise during 
30 minutes with stirring. Stirring was continued for 2 
hours at 1 0 0 ° and the solution again treated with Iriydrogen 
peroxide (100 vol.; 50 c.c.) in acetic acid (50 c.c.) 
during 15 minutes. The solution was kept at 100° for 1 
hour and then boiling water was added with vigorous stirring 
until the mixture became opalescent. The crystalline 
solid separating overnight was collected, washed with 
methanol and dried (plates, m.p.293-294°; 15.5 g.). Two
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crystallisations from methanol-chloroform gave p-amyran
onyl acetate as plates, m.p.299-300°, Ca3j) -15° (c, 1.3). 
The mother-liquor was heated to 100°, then treated with 
hot water until opalescent and a second crop isolated 
(plates, m.p.280-282°} 4.0 g.). This was dissolved in 
benzene ( 1 0 0  c.c.) and purified by chromatography on an 
alumina column (Grade II, 10 x 2 cm.). Washing with the 
same solvent (300 c.c.) gave an eluate (2.5 g.) which when 
recrystallised from methanol-chloroform yielded £-amyran- 
onyl acetate as plates, m.p.300-301° {K) (299-300° in an 
open capillary), Ca]]) -15° (c, 2.2) (Found: 0,79.2}
H,10.9. Calc, for C0 8 H6 sOai C,79.3} H,10.8$). Light

o
absorption: Maximum at 2900 A (<£ = 63} log £ • 1.8).
It does not give a colour with tetranitromethane in 
chloroform.

p-Amyranonol (2-Hydroxyoleanan-12-one).
A solution of P-amyranonyl acetate (840 mg.) in 

benzene ( 1 0  c.c.) and alcoholic potassium hydroxide (3$$
25 c.c.) was refluxed for 5 hours. The solution was con
centrated and the product precipitated with water. It was 
collected (0.77 g.) and crystallised three times from 
acetone giving p-amyrancnol(500 mg.) as prisms, m.p.207-208°, 
Oja -26° (c, 2 .8 ) (Found: 0,81.3} H,11.6. Calc, for
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C8 oH6 oC>8 : 0,81.4} H,11.4j0.
Reacetylation of the alcohol (400 mg.) using pyridine 

(3 c.c.) and acetic anhydride (2 c.c.) at 100°, gave 
P-amyranonyl acetate which crystallised from methanol- 
-chloroform as plates (320 mg.), m.p.300-301% [a]D -15.3°, 
-15.1° (c, 5.8, 2.5).

Investigation of the amorphous solid obtained from the 
HgOg oxidation of p-amyrin acetate (Acetate, CajeH6 s0*).

After removal of the two crystalline crops of 
p-amyranonyl acetate from the hydrogen peroxide oxidation 
mixture, further dilution with water gave an amorphous 
solid. The liquor was poured into water and the solid 
collected. Attempted crystallisation of this solid was 
not successful. A solution of the dry amorphous solid 
(19 g.} obtained from the oxidation of 50 g. of p-amyrin 
acetate) in light petroleum (b.p. 60-80°)-benzene (5sl*
500 c.c.) was filtered through a column of activated alumina 
(Grade Il/lII, 40 x 3.5 cm.), and the column eluted with 
light petroleum-benzene (3*1):
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Chromatogram I

gr. Solvent Eluata M.p.
1. patrol -banaene y 

(3il)
400 o.e. O.lSg. cryst.solid 200-260

2. * 230 3.44 I t  M 220-250
3. H 130 0.63 tt » 220-245
4. » 130 0.38 H I I 220-255
3. t t 200 0.32 t t  I I 220-240
6. tt 200 0.32 tt  I I 230-255
7. I t 230 0*29 I t  II 230-245
8. tt 230 0.23 I t  tt 230-250
9. f t 300 0.24 tt tt 232-245
10* I t 430 0.19 t t  I I 235-240
11. tt 330 0.21 tt tt 225-235
is* tt 800 0 * 28 tt tt 200-220
18* (HI) 400 0.24 tt tt 180-210
14* I t 600 0.21 tt H 180-200
13. w 600 0*17 t t  tt 180-200
16. benzene 300 0.23 yellow resin
17. • i 330 0*18 n  n

18* tt 600 0.09 i t  «

19* t t 800 0*08 n  tt

so. n 800 0.07
7.91

i t  it

g *
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Further elution of the column with benzene-ether, 
ether, and ether-alcohol gave a yellow resin which did 
not crystallise *

Fraction 1 was discarded.
Fraction 2 , thrice recrystallised from ethanol, gave 

p-amyranonyl acetate (1*0 g.), m.p.290-292°, Ctt]p -15°
(c, 1 .8 ), showing no depression of m.p. when mixed with an 
authentic specimen. The mother liquors were evaporated 
to dryness and the solid re-chromatographed as described 
under "Chromatogram II".

Fractions 3 -6 , crystallised individually from ethanol, 
gave prismatic needles, m.p.270-275°. The crystals were 
combined and recrystallised three times from methanol, 
giving an acetate as prismatic needles (0.7 g.), m.p.289- 
-290°, [a]D +29° (c, 0 .6 ) (Found: 0,76.5, 76.4j H,10.5, 
10.4. CaaHeaO* requires C,76.75j H,10.5$). A mixture 
with £-amyranonyl acetate had m.p.263-273°. This acetate 
does not give a colour with tetranitromethane in chloroform 
or with aqueous alcoholic ferric chloride. It does not 
exhibit selective absorption of high intensity in the ultra-

o
-violet region above 2200 A.

The acetate was recovered unchanged after treatment
(a) with acetic acid - dry hydrogen bromide at room
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temperature for 3 days,
(b) in benzene-acetic acid (1*9) with chromic anhydride 
(1*5 atoms of 0 ) in acetic acid for 2 0  hours at room 
temperature, or
(c) with bromine in acetic acid at 80°.

Fractions 7-11, treated individually, crystallised 
from ethanol as needles, m.p.240-260°. Further purifi
cation by crystallisation was not successful. This was 
re-chromatographed as described under "Chromatogram III".

Fractions 12-15 gave white amorphous solid from 
methanol.

Attempted purification of other fractions from the 
chromatogram did not give homogeneous material.

Chromatogram II.

A solution of the dry solid (2*4 g.) from fraction 2 
(after removal of p-amyranonyl acetate) in light petroleum- 
-benzene (1 0 :1 $ 1 0 0  c.c.) was filtered through a column
of activated alumina (Grade 11$ 20 x 2 cm.), the column
being eluted ae follows:
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Fr. Solvent Bluate
1 . lightpetrol-benzene (10*1) 200 c.c. 0«5l g. crystalline solid
2. « 850 0*28 I t  H

8. « 250 0.12 f t  »t

4 . tt 250 0.06 H H

6. « 800 0.08 ft  It

6 • t t 300 0.12 tt  I t

7. « 300 0.12 ft ft

8. t t 300 0 *10 t t  ft

9. m (8*1) 250 0*18 f t  It

10* « 250 0 * 0 ? ,
t t  ft

U . i t 250 0*05 tt  «

12. benzene 260 0*32 ft ft

13. « 250 0.11 f t  tt

14. i t 250 0*04 f t  It

16. benzene -ethanol (10*1) 250 0»30 yellow resin
16. ft 800 0 *  10 

2.31 g.
m tt

fractions 1^5 gave mixed crystals from ethanol (m.p. 
198*806®) and were discarded.

Fractions 6*14 crystallised from methanol as needles, 
»*p* < 280®. fwo reei^stallisations from methanol gave
prismatic needles, m.p.2 8 8 - 2 8 9 showing no depression of
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m.p. when mixed with the acetate, m.p.289-290°, isolated 
from chromatogram I.

Fractions 15 and 16 gave white amorphous solid from 
methanol.

Chromatogram III 
The mother-liquors from fractions 5-6 were evaporated 

to dryness and the solid combined with the mixed crystals 
from fractions 7-11. A solution of this material (1.8 g.) 
in light petroleum-benzene (3*1; 150 c.c.) was filtered
through a column of activated alumina (Grade I/Ilj
28 X 3.5 cm.) , the column being eluted as follows!
Fr. Solvent Bluate
1«4> light 

petrol -benzene (351) 1500 c.c. Nil
6 -18 H (1:1) 2300 Nil
13. benzene 300 Trace crystalline solid
14. tt 300 0 . 0 2  g. n

15. H 300 0.05 *
H

Id. to 300 0.09 *
It

It. to 300 0.13 tt

1§. i t 300 0.07 *
tt

19. t t 500 0.05 H tt

30. t i 500 0.05 I t

31. f t 500 0.03 “
It



- 57 -

Fr. Solvent Eluate
2 2 . benzene 300 e.c. 0*03 g. crystalline solid
23. benzene-ether (3si) 300 c.c. 0*32 g. crystalline solid
24. 11 300
26. " 300

further elution of the column with ether and ether- 
-alcohol gave a yellow resin which did not crystallise.

fractions 14-22 crystallised from methanol as large, 
prismatic needles, m.p.291-292°, undepressed in m.p. when 
mixed with the acetate m.p.289-290° from chromatogram I.

Fractions 23-25 gave mixed crystals from methanol, 
m.p.236-240°, showing no colour with tetranitromethane in 
chloroform.

Alcohol f qOa|.
(a) A solution of the acetate m.p.288-289°, Ca]-p +29° 

( 2 0 0  mg.} in ethanolic potassium hydroxide (3$* 1 0  c.c.) 
was refluxed for 3 hours. It was poured into water 
(50 c.c.) "but no precipitate appeared. The product 
separated from the solution on addition of a few drops 
of dilute hydrochloric acid. It was extracted with ether, 
and the ethereal solution washed with water, dried (alkali 
free NagSC*) and ether removed. Crystallisation of the

0.26 
0.02 
1 . 1 0  g.
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product from methanol gave prisms (170 mg.), m.p.247-249°, 
which after two recrystallisations from the same solvent 
had m.p.249-250°, Ca3jj +20° (c, 1.4) (Found: 0,75.65;
75.71 H,11.3, 11.4* Cgolisq0 5 *HgQ requires C,75.SJ
H,11.0$. OooHooOo.MeOH requires 0,76.9; H,ll*l$). The
alcohol was sublimed at 180-200°, 1 0 “® mm. press- (m.p. 
249-250°) (Found: 0,77.4, 77.55; H,11.3, 11.2.
CsoHsoO® requires 0,78.4; H,11.0$). It was resuhlimed 
twice at (a) 210-230°, 1 0 mm. press., and (b) 220-240°, 
10“® mm* press, (m.p.249-250°) (Found: 0,77.7; H,ll.l.
CaoHeoO® requires 0,78.4; H,11.0$). When heated in open 
capillary (at about 190°) or in a vacuum, the substance 
disintegrates with loss of solvent which is complete only 
after three sublimations). The alcohol does not exhibit 
selective absorption of high intensity in the ultra-violet 
region and does not show a colour with tetranitromethane 
in chloroform.

It does not dissolve in cold or hot aqueous potassium 
hydroxide (20$). It dissolves in boiling alcoholic 
potassium hydroxide (3$) but precipitates on addition of 
water (m.p* being unchanged). The alcohol was recovered 
unchanged after treatment (a) with diazome thane in ether 
at room temperature for 2 hours, (b) with dimethyl sulphate 
in alkaline solution.
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(b) A solution of the acetate (70 mg.) in ethanolic 
potassium hydroxide (5$; 4 c.c.) was refluxed for 4
hours. It was poured into water (80 c.c.; no precipit
ate) and the clear alkaline solution extracted with ether 
(4 times). The ethereal solution was washed with water, 
dried (Has30<t) and evaporated. The residue (25 mg.) 
crystallised from methanol, giving the alcohol as prisms, 
m.p.2 4 6 - 2 4 8 undepressed in m.p. when mixed with the 
alcohol m.p.249-250° from experiment (a). Working up 
the aqueous solution as under (a) gave a further quantity 
of the alcohol (30 mg.).

(©) A solution of the acetate (50 mg.) in ethanolic 
potassium hydroxide ( 3 3  c.c.) was boiled for 2 minutes. 
On addition of water, a white precipitate appeared which 
was collected, washed and dried. Crystallisation from 
methanol gave the alcohol as prisms, m.p.245-247°, 
undepressed in m.p. when mixed with an authentic specimen.

Reacetylation of the alcohol (50 mg.) using pyridine 
(0.5 c.c.) and acetic anhydride (0.5 c.c.) (at 100°) gave 
the acetate CS8H6 e04 as prismatic needles (40 mg.) (from 
methanol), m.p.292-293°, Ca]-p +28° (c, 1.5), undepressed 
in m.p. when mixed with the acetate described above.
(Test for acid: The ethereal solution of the pure acetate
was shaken twice with sodium carbonate solution (3$), which
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was then acidified with dilute hydrochloric acid. No 
precipitate was obtained).

i s o -Amyrenonyl Acetate (2-Acetoxyolean-10-ene-12-one)«
(a) A solution of £-amyranonyl acetate (3 g.) in 

glacial acetic acid (250 c.e.) was treated with two drops 
of 40^ aqueous hydrogen bromide and a luixture of bromine 
in glacial acetic acid 1 . 1  mols) added dropwise
during 15 minutes at 50° with stirring. Stirring was 
continued for 2 hours at 50-60°, the mixture was then 
heated to 90° and hot water added (with stirring) until 
a permanent separation of a crystalline solid occurred.
The crystalline solid which separated on cooling was 
collected, washed with methanol and dried (plates (2 .2 g.), 
m.p.284-286°) . Keerystallisation from acetone (or 
methanol)gave iso-5 -amyrenonyl acetate as hexagonal plates, 
m.p.289-290°, O]^ +61°, +60° (c, 1.2, 2 .2 ) (Found:
C,79.6 | H,10.4. Calc, for C3 SHeoOe: 0,79.6* H,10.45$).

o
Light absorption: Maximum at 2470 A ( £ = 10,600). It
does not show a colour with tetranitromethane in chloroform 
and the m.p. is undepressed when mixed with (3-amyranonyl 
acetate.

A solution of a sample of iso-6 -amyrenonyl acetate 
(1 . 0  g.) in light petroleum-benzene (2 *1 $ 1 0 0  c.c.) was
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filtered through a column of activated alumina (Grade
II; 2  x 1 2  cm.) and the column eluted with the same
mixture of solvents. Evaporation of the solvent
(350 e.e*) gave a crystalline solid (0.94 g.; m.p.289-290°)
which crystallised from acetone as hexagonal plates,
m.p.290-291°, [a] +61° (c, 2.3), undepressed in m.p. with
the sample described above.

(b) A solution of p-amyranonyl acetate (17 g.) in 
glacial acetic acid (1.5 1.) was treated with a mixture 
of bromine in acetic acid (8 $; 1 . 2  mols.) added dropwise
during 30 minutes at 55-60° with stirring as before. The 
solution was maintained at the same temperature for 4 
hours. Working up gave bromo-{3-amyranonyl acetate (13 g.), 
m.p.270-272° (decomp.). The product was dissolved in 
glacial acetic acid and heated on the steam bath for 3 
hours with stirring, hydrogen bromide being evolved.
Working up as in experiment (a) gave iso-ft-amyrenonyl 
acetate (11 g.), m.p.289-290°, Ca3p +62° (c, 1.4J.

iso-(3- Amyrenonyl acetate was recovered unchanged 
after refluxing its solution in 15$ ethaaolic potassium 
hydroxide for 70 hours.

iso-8 -Amyrenonol (2-Hydroxyolean-lO-ene-12-one).
A solution of iso-ft-amyrenonyl acetate (800 mg.) in
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benzene (5 c.c.) and ethanolic potassium hydroxide {3̂ }
30 c.c.) was heated under reflux for 5 hours. The solution 
was concentrated and diluted with water. Isolation by 
means of ether gave a product, which crystallised from 
methanol to give iso*-£~amyrenonol (660 mg.) as prisms, 
m.p.249-260°, [a]^ +57° (e, 1 .6 ) (Found: 0,82.2} H,10.7.
Calc, for C3 0 H4 e02: 0,81.75} H,11.0$). light absorption:

o
Maximum at 2460 A ( £ = 10,000). It does not show a 
colour with tetranitromethane in chloroform.

Acetylation of the alcohol (100 mg.) using pyridine 
(1 c.c.) and acetic anhydride (0.5 c.c.) at 100° (2 hours) 
gave i s o -amyrenonyl acetate ( 1 0 0  mg.) as hexagonal 
plates from acetone, m.p.290-291°, Ca3-p +61.5° (c, 1.4).

Enol Acetate of (3-Amyranonyl Acetate (Enol Acetate of 
2 -Acetoxyoleanan-12-one).

Following the method of Buzicka and Jeger (44) , a 
solution of £-amyranonyl acetate (500 mg.) in acetic 
anhydride (25 c.c.) containing freshly fused sodium 
acetate (500 mg.) was heated under reflux for 92 hours.
The reaction mixture was poured into water and extracted 
with ether. The ethereal solution was washed with water 
and dried (NagSO*). Bemoval of the ether gave a cyrstal- 
line solid, which crystallised from methanol-chloroform
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to give the enol acetate of ft-amyranonyl acetate (450 mg.) 
as needles, m.p,240-241°, [a]^ +58°, +60° (c, 0.8, 1.4) 
(Foundi 0,77,5; H,10.4. Calc, for C ^ H n O * :  C,77.7;
H,1Q.3$) • It shows a yellow colour with tetranitromethane 
In chloroform and does not exhibit light absorption of

o
high intensity above 2200 A.

Bnol Acetate of iso-ft-Amyrenonyl Acetate (Bnol Acetate 
of 2-Acetoxyolean-lQ-ene -12 -one).

A solution of iso-ft-amyrenonyl acetate (2.0 g.) in 
acetic anhydride ( 1 0 0  c.c.) containing freshly fused 
sodium acetate (1 g.) was heated under reflux for 72 hours. 
The reaction mixture was treated with water and extracted 
with ether. The extract was washed with water and dried 
(NaaS0*). After removal of the ether, the residue 
crystallised from methanol-chloroform to give the enol 
acetate of iso-ft-amyrenonyl acetate (1 . 8  g.) as prismatic 
needles, m.p.217-218°, [a]D +202° (c, 1.2) (Found; 0 ,7 7 .6 ; 
H,9.9. Cs*H6 s 0 4 requires 0,77.8; H,9.9%)• Light

o
absorption: Maximum at 2780 A (£ 8  8600). The enol
acetate gives a red-brown colour with tetranitromethane 
in chloroform.

The enol ester group is easily hydrolysed, attempted
purification by chromatography on alumina giving
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iso-ft-amyrenonyl acetate in quantitative yield.

Enol Benzoate of iso-ft-Amyrenonyl Benzoate.
A solution of iso-ft-amyrenonol (90 mg.) in pyridine 

( 1  c.c.) was treated with 3 drops of benzoyl chloride, and 
the mixture heated at 100° for 4 hours. The product, 
isolated by means of ether in the usual manner, crystallised 
from ace tone-methanol (1:1) as £>lates (65 mg.), m.p.225.5- 
-227°. After four recrystallisations from methanol the 
enol benzoate was obtained as plates, m.p.235-235.5°,
[a]D +246° (c, 1.2) (Found: 0,81.1} H,8.4. C4 4 H6 e04

requires 0,81.4} H,8 .6 $). Light absorption: Maxima at
2300 C £ 8  31,000) and 2750 A ( £= 11,000). The enol 
benzoate gives a red-brown colour with tetranitromethane.

iao-ft-Amyrin Acetate (2-Acetoxyolean-lQ-ene).
Following the method of Jeger and Ruzicka (46) a 

solution of iso-ft-amyrenonyl acetate (2 . 0  g.; in stabilised 
glacial acetic acid (300 c.c.) was added to a suspension 
of freshly reduced platinum oxide catalyst ( 2 0 0  mg.) in 
glacial acetic acid ( 1 0  c.c.) and the mixture shaken with 
hydrogen at 16° for 44 hours. The solution was filtered 
and poured into water. The product, isolated by means of 
ether, crystallised from methanol-chloroform as plates 
(2.4 g.), m.p.250-251°, .[a] +77° (c, 1.6) (Found; C,82.1,
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H,11.4. Calc, for CssHfiBOe: C,82.0; H,11.2$). light
Oabsorption: Maximum at 2070 A (£ ® 5500). It gives a

yellow oolour with tetranitrome thane in chlorofozm.

1so-p-Amyranonyl Acetate (2-Acetoxyoleanan-ll-one).
Following the method of Jeger and Kuzicka (46) a 

solution of iso-|3-amyrin acetate (0.7 g.) in glacial 
acetic acid ( 1 0 0  c.c.) was heated under reflux and treated 
with a solution of hydrogen peroxide (7 c.c.; 100 vols.)
in glacial acetic acid (7 c.c.j added dropwise during 10 
minutes. The solution was then refluxed gently for 1 
hour when a further quantity of hydrogen peroxide-acetic 
acid solution (10 c.c.) was added. The solution was 
refluxed for a further 2 hours and on cooling the product 
crystallised from the solution as plates (0.25 g.j, m.p. 
327-332°. Eecrystallisation from methanol-chloroform
gave plates, m.p.338-359°, Ea]p +7° (c, 1.3) (Found:
0,79.0; H,10*7. Calc, for CO2Hes08: C,79.3j H,10.8$).

o
light absorption: Maximum at 2800 A (s = 200). It does
not show a colour with tetranitrome thane in chloroform.

B-Amyrany1 Ace tate (2-Ac e toxyole anan). (Wi th J. D. Johns t on)
A solution of iso-P-amyranonyl acetate (250 mg.) and 

hydrazine hydrate (1 0 0 $; 2 c.c.) in ethanolic sodium
ethoxide (7.5$; 10 c.c.) was kept at 200-210° for 18 hours
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in an autoclave. The acetylated reaction product (85 mg., 
was dissolved in light petroleum (l.p. 60-80°)-benzene 
(2*1$ 50 c.c.) and filtered through a column of activated 
alumina (Grade II, 10 x 1.25 cm.). Washing with the same 
solvent mixture (50 c.c.) gave a fraction (30 mg.), 
crystallisation of which from methanol-chloroform yielded 
(3-amyranyl acetate as plates, m.p.282-284°, [a]^ +24°
(c, 0.5), undepressed when mixed with a specimen prepared 
by Wolff-Xishner reduction of (3-amyranonyl acetate as 
described by Ruzicka and Jeger (44).

ft-Amyradiendionyl Acetate (2-itcetoxyolean-lQsl3(18) -dien- 
-1 2 sl9-dione j.

(a) Three sealed glass tubes, each containing p-amyrin 
Qcetate (500 mg.), selenium dioxide (800 mg.) and dioxan 
(25 c.c*), were heated in a furnace at 2 0 0 -2 1 0 ° for 2 2  

hours. The mixture was filtered through sintered glass, 
diluted with water and the product extracted with ether.
The extract was shaken several times with potassium 
cyanide solution (3%), water and dried (NasS0*). Removal 
of the ether gave a residue, which was taken up in methanol 
and the solution decolorised by boiling with charcoal. 
Crystallisation from methanol gave p-amyradiendionyl acetate 
as square plates (1.2 g.), m.p.237-238°, Ca]p -94° (c, 1.7)
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(Found: 0,77.6* H,9.5. Calc, for C0 8H4 6 O*: 0,77.7*
o

H,9.4$). Light absorption: Maximum at 2760 A (£ *
11,200). It gives no colour with tetranitromethane in
chloroform.

(b) A solution of 0*amyrin aoetate (1*0 g*) in 
benzyl acetate (5 c.c.* b.p.2 l6 °) was refluxed with 
selenium dioxide (1.6 g.) for 19 kours. Benzyl acetate 
was removed by steam distillation, and the dark-brown 
residue dissolved in ether. Working up as before gave 
a product, which crystallised from methanol to give 
0 -amyradiendionyl acetate as square plates (260 mg.), 
m.p.237-238°, Ca]-p -93° (c, 1.5), undepressed in m.p. 
when mixed with the specimen described under (a). Light

o
absorption: Maximum at 2760 A ( £■ =* 11,000).

Clemmensen Seduction of p-Amyradiendionyl Acetate.
A hot solution of 0-amyradiendionyl acetate (500 mg.; 

in glacial acetic acid (50 c.c.) was treated with concent
rated hydrochloric acid ( 1 0  c.c.) and added to freshly 
amalgamated zinc (from 15 g. of zinc), and the mixture 
heated under reflux for 90 minutes. fhe product,
Isolated by means of ether, crystallised from methanol as 
elongated plates (130 mg.), m.p.190-200°. Four recryst
allisations from the same solvent gave 0 -amyradienyl-II
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acetate as plates, m.p.217-220°, [u]p -62° (c, 1.3), 
undepressed in m.p. when mixed with an authentic specimen 
(m.p.227-228°) prepared by selenium dioxide oxidation of

o
{3-amyrin acetate. Light absorptions Maxima at 2510 A 
( £ = 26,000) , 2430 A ( £ - 23,000) * 2600 A ( <s * 16,000).
It gives a red-brown colour with tetranitrome thane in 
chloroform.

Chromatography of the residue (360 mg, obtained by 
evaporation of the mother liquors J on alumina gave a 
further quantity (170 mg.) of £-amyradienyl-II acetate 
(from light petroleum).

iso-p-Amyradienonyl Acetate.
Selenium dioxide method. (cf. Green, Mower, Picard,

and Spring, J.,1944,527).
(a) :yjo-P-Amyrenonyl acetate (7.5 g.) in glacial 

acetic acid ( 2 0 0  c.c.) was refluxed with powdered selenium 
dioxide ( 8  g.) for 24 hours. The hot, pale yellow 
mixture was filtered (sintered glass) and the filtrate 
diluted with water. The solid was collected, washed 
with water and dried. A solution of the solid in ether 
was washed with b% aqueous potassium cyanide, then with 
water, dried, and freed from ether, and the solid cryst
allised from methanol (or acetone) as long prisms (5.0 g.) 
m.p.218-219 °. He crystallisation gave iso-fi -amyradienonyl

i
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acetate as prisms, m.p.220-221°, Ca]p -39°, -40° (e, 1*1, 
1*3)j not altered in crystalline form or in m.p. by 
further crystallisation. After sublimation at 180-190°/ 
A O - 8 son. press., iso-P-amyradienonyl acetate had m.p. 
221-222°, -.39° (e, 1.1) (Pound: 0,80*0; H,9.9.
Calc, for C3BH*8 0 |5: C,79.96; H,10.1$)- Light absorption:

o
Maximum at 2460 A ( <£ - 11,200) . It gives a yellow colour 
with tetranitrome thane in chloroform.

(b) In another experiment, the reaction product 
separated as plates, m.p.212-213°, from alcohol. When 
this material was recrystallised from acetone, large, 
hexagonal plates separated which were kept overnight in 
contact with its mother-liquor. The plates had then 
changed into prisms, m.p.216-217°. Recrystallisation
from the same solvent gave iso-fi-amyradienonyl acetate 
as prisms, which when dried for a week in a vacuum over 
phosphoric oxide at 135° had m.p.2 2 0 - 2 2 1 Ca]D -40°
(c, 1*4). Light absorption: Maximum at 2450 A ( ̂  =
11,100).

After chromatography of its benzene solution on 
alumina, the m.p* and the rotation were unchanged.

Bromine method*
(a) i s o - Amyrenonyl acetate (1,0 g.) in glacial 

acetic acid (60 c.c.) was treated dropwise with a solution
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of bromine in acetic acid (B%\ 1 . 1  mols.) and 2 drops of 
a solution of hydrogen bromide in acetic acid during 16 
minutes at 8 6 ° with stirring. The solution was maintained 
at 80° for 3 hours, and then hot water was added with 
stirring until the mixture became faintly opalescent. The 
crystalline solid which separated on cooling was unchanged 
starting material (0.47 g.j m.p.286-288°, ta]D +59° (c,1.7) 
undepressed in m.p. when mixed with iso-(3-amyrenonyl 
acetate). The mother-liquor was diluted with water and 
the precipitate extracted with ether. Removal of the 
ether gave a crystalline solid which crystallised from 
acetone to give iso-ft-amyradienonyl acetate (0 * 2 2  g.) as 
prisms, m.p.2 1 6 - 2 1 7 - 3 8 °  (c, 1.0), showing no
depression of m.p. when mixed with an authentic sample.

0
Light absorptions Maximum, at 2450 A ( £ = 10,100) .

(b) 0-Amyranonyl acetate (1.9 g.) in glacial acetic 
acid (150 c.c.) was treated with a solution of bromine in 
glacial acetic acid 2.1 mols.) during 5 minutes at
90°. The solution was kept at 90° for 1 hour and then 
overnight at room temperature. The mixture was diluted 
With water, and the solid collected, washed, dried, and 
crystallised from acetone. The first crop (0.34 g.) 
separated as plates, m.p.278-280°, which did not give a 
colour with tetranitromethane in chloroform and proved to
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be jlso-0-amyrenonyl acetate. The second crop consisted 
of prisma contaminated with a small number of plates*
The two forms were separated mechanically into plates 
(0.03 g.J, m.p.215-256°, giving no colour with tetranitro- 
methane in chloroform, and prisms (0.69 g.), m.p.20V-209°, 
[>3 p -25° (c, 2 .1 ), which gave a yellow colour with 
tetranitromethane. Recrystallisation of the prisms from
acetone gave prisms (0.56 g.), m.p.214-217°. A solution 
of this solid (0.53 g.), in light petroleum-benzene (5sl* 
1 0 0  c.c.) was filtered through a column of activated 
alumina (Grade II \ 15 x 2 cm.). Light petroleum-benzene 
(4 si} 500 c.c.) eluted iso-ft-amyradienonyl acetate (400 mg.) 
which after crystallisation from acetone (prisms) followed 
by sublimation, had m.p.219-220°, ta3p -40° (c, 2.0)
(Foundi 0,80.0, H,9.7• Calc, for C3 8H4 8 0s: C,79.95}

o
H,10.1$). Light absorption: Maximum at 2450 A ( s =
11,000).

i so ~0-Amyradienonol.
A solution of iso-0-amyradienonyl acetate (500 mg*) 

in ethanolic potassium hydroxide (3$} 50 c.c.) was heated 
under reflux for 3 hours. Isolation by means of ether 
gave a product which crystallised from methanol to yield 
iso-p-amyradlenonol (410 mg.) as large, hard prisms,
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m.p.241-242°, [a] -61° (c, 1.2) {Found: C,82.G; Hf10.7.
Calc, for C0 OH*6 O8: C,82.1; H,1G.6$). light absorption:

oMaximum at 2450 A (£ = 11,000). It gives a yellow 
colour with tetranitromethane in chloroform.

Reacetylatlon of iso-g-amyradienonol (50 mg.) using 
pyridine (1 c.c.) and acetic anhydride (0.5 c.c.) at 100° 
(5 hours) gave iso-3-amyradienonyl acetate (45 mg.) as 
prisms (from methanol), m.p.2 2 0 -2 2 1 °, Ca3 p “40° 1 »0 ).

o
Light absorption* Maximum at 2450 A ( £ = 12,100).

iso-3-Amyradienonyl Benzoate.
iso <*8 -Ainyradienonol (80 mg.) in pyridine ( 1  c.c.) 

and benzoyl chloride (0 . 2  c.e.j was heated at 1 0 0 ° for 3 
hours. The product, isolated by means of ether, cryst
allised from methanol to give iso-{3̂ amyradienonyl benzoate 
(75 mg.) as prismatic needles, m.p.207-208°, Ca]-j-? -23°
(c, 0 .8 ) (Found: 0,81.5; H,9.0. Ca7 H6 ©Oe requires

o
c,81.9; H,9.3$). Light absorption: Maximum at 2320 A
( £ * 31,000). It gives a yellow colour with tetranitro
me thane in chloroform.

iso*8 ^Amyradienonyl Acetate was recovered unchanged after 
treatment with:

(a) dry hydrogen chloride at room temperature for 14 
hours in chloroform, followed by acetylation;
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(b) concentrated hydrochloric acid in glacial acetic 
acid at room temperature for 2  weeks;

(o) concentrated hydrochloric acid in glacial aoetic 
acid under reflux for 1  hour;

(d) acetic anhydride and sodium acetate under reflux 
for 41 hours, and for 172 hours;

(e) acetic anhydride and sodium acetate at 180-200° 
for 6 8  hours;

(f) benaoyl chloride and pyridine at 1 0 0 ° for 1 0  

hours;
(g) 15$ ethanolic potassium hydroxide under reflux 

for 48 hours, followed by acetylation.

Glemmenaen Reduction of iso-fi-Amyradienonyl Acetate.
A hot solution of iso-8 -amyradienonyl acetate (0.5 g.) 

in glacial acetic acid (40 c.c.) was treated with concen
trated hydrochloric acid ( 1 0  c.c.) and added to freshly 
amalgamated zinc (from 15 g. of zinc), and the mixture 
heated under reflux for 30 minutes. The product, isolated 
in the usual manner, separated from acetic acid as plates 
( 2 2 0  mg.), m.p.204-210°. It was recrystallised from
acetone and then thrice from alcohol, to yield (3-amyra- 
dienyl-II acetate as plates, m.p.227-228°, Ca]-p -62°
(c, 2.1) (Found: 0,82.6; H,1 0 .6 . Calc, for C8eH®©08:
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C,82.3; H,10.S$). It gives a red-brown colour with 
tetranitromethane in chloroform. Light absorption: 
Maximum at 2515 ( « = 28,200), 2435 ( £ = 24,700) , and

O2600 A ( £ = 18,000) * A mixture with a specimen (m.p. 
227-228°) prepared by selenium dioxide oxidation of |3- 
-amyrin acetate had m.p.227-228°.

Catalytic Hydrogenation of iso-Amyradienonyl Acetate.
A solution of iso-ft-amyradienonyl acetate (200 mg.) 

in glacial acetic acid (50 c.c.) was added to a suspension 
of freshly reduced platinum catalyst (from 1 0 0  mg. of 
platinum oxidej in glacial acetic acid ( 1 0  c.c.) and the 
mixture shaken with hydrogen at 16°. Absorption of 
hydrogen was at first rapid, and after 45 minutes, 
approximated to 1 mol. After 44 hours the apparent 
absorption of hydrogen was 3 mols. She product, isolated 
in the usual manner and crystallised repeatedly from 
methanol, gave neo-ft-amyrin acetate (150 mg.) as blades, 
m.p.225-226°, [a]r) +5° (c, 2.0) (Found: 0,82.0; H,11.2.
CesHe«0s requires C,82.0j Hf11.2$). It gives an intense 
red-brown colour with tetranitrome thane in chloroform and

odoes not exhibit selective absorption above 2200 A 
(Maximum at 2140 A, £ ® 3500).
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Catalytic Hydrogenation of iso-ft-Amyradienonol.
A solution of iso-ft-amyradienonol (140 mg.) in 

glacial acetic acid (40 c.e.j was shaken with hydrogen 
over freshly pre-reduced platinum catalyst as described 
before. Isolation by means of ether gave a product 
which did not crystallise and showed a red-brown colour 
with tetranitromethane in chloroform. It was acetylated 
using pyridine and acetic anhydride at 100°. Isolation 
by means of ether gave a product which crystallised from 
methanol as blades (70 mg.), m.p.210-216°. A solution 
of this solid in light petroleum ( 1 0  c.c.) was filtered 
through a column of alumina (Grade IIj 1 x 6 cm.) and 
the column washed with the same solvent. Evaporation of 
the first fraction (50 c.c.) gave a crystalline solid 
which crystallised from methanol to give neo-(6 -amyrin 
acetate as blades (40 mg.), m.p.224-225c, [al-£ +5° (e,l.l), 
undepressed in m.p. when mixed with a specimen described 
in the previous experiment. It gave a red-brown colour 
with tetranitrome thane in chlorofoxm.

neo-p-Amyrin acetate was recovered unchanged after 
treatment with:

(a) concentrated hydrochloric acid in glacial acetic 
acid under reflux for li1 hours *
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(b) dry hydrogen chloride in chloroform for 3 hours 
at room temperature j

(e) tetranitromethane in chloroform for 30 minutes 
at room temperature.

Lithium Aluminium Hydride Reduction of iso-ft-Amyradienonyl 
Acetate.

A solution of iso-g-amyradienonyl acetate (400 mg.) 
in dry ether (50 c.c.) was added dropwise to a suspension 
of lithium aluminium hydride (300 mg.; in ether (40 c.c.). 
The mixture was gently refluxed for 4 hours after which 
time excess of water was cautiously added to decompose 
the reduction adduct and the excess of lithium aluminium 
hydride. Dilute sulphuric acid (10$) was then added 
until the mixture was just acid and the water layer clear. 
The ethereal solution was separated, washed with water 
till neutral to litmus, dried (MgSO*), and evaporated.
The product was acetylated by warming with acetic anhydride 
(0.5 c.c.) in pyridine (3 c.c.) for 3 hours. Isolation 
by means of ether gave a product, which crystallised from 
aqueous methanol to give the dlacetate (360 mg.) as square 
plates, m.p.167-168°, [a]^ +25° (c, 1.0) (Found: C,78.0j 
H,10.Q5. CS4 Hsfi0 4  requires C,77.8| H,10.0$). The 
diacetate gives a yellow colour with tetranitromethane in
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chloroform and does not exhibit selective absorption of 
appreciable intensity in the ultra-violet region above

o o
2200 A. (Maximum at 2100 A, £ = 6600).

Catalytic Hydrogenation of the Diaoetate Qa4.HfigQ*.
A solution of the diaeetate, m.p.167-168° (200 mg.) 

in glacial acetic acid ( 2 0  c.c.) was added to a suspension 
of a freshly reduced platinum catalyst (from 1 0 0  mg. of 
platinum oxide) in glacial acetic acid ( 1 0 0  c.c.) and 
the mixture shaken with hydrogen for 20 hours. The 

product was isolated in the usual manner and crystallised 
from methanol to give neo-f'-amyrin acetate as blades 
(100 mg.) , m.p.223-224°, [a]^ +5° (c, 1.0) (Pound: 0,81.7; 
H,ll.0. CggHgsOs requires 0,82.0; H,11.2$), giving a 
red colour with tetranitromethane in chloroform and 
showing no selective absorption of high intensity above

o2200 A. A mixture with a specimen m.p.226° prepared by 
previous methods had m.p. 224-225°.

Hydrogen Peroxide Oxidation of iso-ft-Amyradienonyl Acetate.
A solution of iso-{3-amyradienonyl acetate (500 mg.; 

in glacial acetic acid (30 c.c.) was treated at 100° with 
a mixture of hydrogen peroxide (100 vol.; 30 c.c.) in 
glacial acetic acid (30 c.c.) added dropwise during 1 hour
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with stirring, The solution was kept at 100° for 4 hours
diluted with water and the solid extracted with ether.
Removal of the ether gave a residue which crystallised from 
methanol in plates (90 mg*), m.p.303-305°. Recrystallisation 
from methanol gave plates, m.p.304-305°, Ca3jj +147° (c, 0.8), 
showing no colour with tetranitromethane in chloroform.

o
Light absorption: Maximum at 2380 A (£ ~ 10,800).

The mother liquors were evaporated to dryness, the 
residue (250 mg.) dissolved in benzene (30 c.c.) and the 
solution filtered through a column of alumina (Grade II\
1,5 x 1 0  em,), the column being eluted as follows:
Fr. Solvent Eluate M.p.

1 . benzene 50 c.c. 2 0  mg. colourless resin 190°
2 . H 60 25 * tt 190
3. n 50 5 tt it 190
4. N 50 3 n rt

5. M 60 8 ft tt

6. tt 70 Trace n it

7. benzene-ether (HI) 50 70 H tt 290
8. « 50 7 ft n 290
9 . « 50 3 ft a

10. ether 50 Trace ft tt

11* ethanol 50 8 tt it

1 2 . *
1 0 0  __§L.

150 mg.
tt it
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Fractions 1, 2 and 5 were crystallised from methanol 
four tines giving plates, m.p.225-227°, Ca]jj +80° (c, 0.5) 
(Found: 0,74.7, H,9.5. C3 8H«0 0 # requires 0,74.7; H,9.8$.
C0 aEieO8 requires 0,75.0; H,9.4$). fhe product does not

o
exhibit light absorption of high intensity above 2200 A.
It does not show a colour with tetranitromethane in 
chloroform, or ferric chloride in alcohol.

Fraction 7 was crystallised twice from methanol to 
give hexagonal plates, m.p.308-309°, Ca]p +179° (c, 0.4)
(Found: C,77 * 6 ) H,9. 8 • requires C,77.7;

CasH^eO* requires 0,77.4; H,9.7$) undepressed 
in m.p. when mixed with the first crop, m.p.304-3Q5tJ

o
described above. Light absorption; Maximum at 2380 A 
f £ 33 1 2 ,0 0 0 ) . Ihe product does not show a colour with 
tetranitromethane in chloroform.

freatment of the Hydrogen Peroxide Oxidation Product of 
iso-0-Amyradienonyl Acetate with Hydrochloric Acid.

A solution of the acetate m.p.308-309° (12 mg.) in 
chloroform (0.5 c.c.) and glacial acetic acid (2 c.c.) 
was treated with concentrated hydrochloric acid ( 2  drops) 
and Scept at 45*50° for 1 hour. Isolation by means of 
Other gave a product which crystallised from methanol as 
prisms ( 6  mg.), m.p.234-235° (decomp.), Ca]-p +126° (c, 0.4;-
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Light absorption: Maximum at 2340 A ( £ = 13,000) . It
does not show a colour with tetranitromethane in chloroform 
and gives a positive Beilatein test for halogen.

Chromio Acid Oxidation of iso-ft-Amyradienonyl Acetate.
A solution of iso-fc-amyradienonyl acetate (2.0 g.) 

in stabilised glacial acetie acid (150 c.c.) was treated 
dropwise with a solution of chromic anhydride (2 . 0  g.) in 
water (1 c.c.) and acetic acid (80 c.c.) over 30 minutes.; 
the solution being heated under reflux. It was refluxed 
for a further 1- hours, and diluted with water. Isolation 
by means of ether (small acid fraction) gave a product 
which crystallised from methanol -chi orofom as prismatic 
needles (1.0 g.), m. p. 306-307°. A sample was re cryst
allised twice from methanol-chloroform to yield prismatic 
needles, m.p.308-309°, Ca]p +57° (c, 1.0) (Found: 0,77.1$ 
H,9 .6 . requires C,77.4| H,9.7.
requires 0,77.7$ H,9.4^). Light absorption: Maximum at

Q
2350 A ( £ = 12,100). The product does not show a colour 
with tetranitromethane in chloroform nor with ferric 
chloride in alcohol.

A solution of the product (0.9 g.) in benzene (60 c.c.) 
was filtered through a column of alumina (Grade 11$
2 x 10 cm.). Evaporation of benzene fraction (120 c.c.)
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gave a solid {0 . 8  g.) which crystallised from methanol- 
-chloroform as prismatic needles, m.p.308-309°, Ca]j)
+57.5° (c, 0.4), undepressed in m.p. with the specimen 
described above. Mixed m.p. with the "hydrogen peroxide 
oxidation product, m.p.3 0 8 - 3 0 9 was 304-307°.

The product was recovered unchanged after refluxing 
its solution in acetic anhydride with sodium acetate for 
72 hours.

Brominatlon of the Chromic Acid Oxidation Product of 
iso-5-Amyradienonyl Acetate.

A solution of the acetate, m.p.308-309°, Ca3p +57° 
(prismatic needles? 1 0 0  mg.) in glacial acetic acid 
(40 c.c.) was treated dropwise with a solution of bromine 
(1.1 mols.) in glacial acetic acid {8%) over 30 minutes 
at 60-70°. The solution was kept at 60-70° for 2 hours 
and diluted with water. Isolation by means of ether gave 
a product which crystallised from methanol as plates 
(60 mg.), m.p.290-294° (decomp.). Three recrystallisations 
from the same solvent gave plates, m.p.298-299° (decomp.), 
£G>3p +85° (o, 0.4) (Founds 0,66.7} H,7.8« C Q + H Y g  

requires: 0,66.8$ H,8.2. CeeH4 «0 4 Br8 requires 0,67.0$
oH,7.9 )̂. light absorption: Maximum at 2350 A ( £ = 12,000) .

The product does not show a colour with tetranitromethane 
in chloroform.
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The product was recovered unchanged after heating its 
solution in acetic acid on the steam hath for 4 hours.

Clemmensen Reduction of the Chromic Acid Oxidation Product 
of iso-P-Amyradienonyl Acetate.

A hot solution of the acetate, m.p.508-309°, +57°
(270 mg.) in glacial acetic acid (30 c.c.) was treated 
with concentrated hydrochloric acid ( 8  c.c.) and added to 
freshly amalgamated zinc (from 1 2  g. of zinc), and the 
mixture heated under reflux for 3 hours. Isolation by 
means of ether gave a gum which did not crystallise. It 
was dissolved in light petroleum-benzene (3 slj 50 c.c.), 
filtered through a column of alumina (Grade I/Hj 1.5 x 
13 cm.), and the column washed with the same solvent 
mixture. Evaporation of the first fraction (100 c.c.) 
gave a colourless resin (130 mg.), which on standing in 
contact with methanol gave an amorphous solid, m.p. ca.2 0 0 °. 
The solid showed a red-brown colour with tetranitromethane 
in chloroform, and did not exhibit light absorption of high

o
intensity“above 2200 A.

Catalytic hydrogenation of the Chromic Acid Oxidation 
Product of iso-g-Amyradienonyl Acetate.

A solution of the acetate, m.p.308-309°, Ca]p +57°
(300 mg.) in stabilised glacial acetic acid (70 c.c.) was
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added to a suspension of freshly reduced platinum catalyst 
| (from 1 2 0  mg* of platinum oxide) in glacial acetic acid
Ij ( 1 0  c.o») and the mixture shaken with hydrogen at 16° for
j 20 hours (the apparent absorption of hyd2*ogen was 4 mols.).

The product, isolated in the usual manner, was dissolved 
in benzene (26 c.c*) and the solution filtered through a 
column of alumina (Grade 1/11; 1,5 x 10 cm.)*
ffr. Solvent Sluate

1 . benzene 30 c.c. 180 mg. colourless resin
2 .

w
2 6 2 6

•1 n

3 .
II 30 1 0 n «

4 .
ft 30 2

H n

6 . benaene-ether (1 *1 ) 30 6
it i t

6 . »» 30 Trace it t i

7 . ether 3 0 Trace i i H

a. methanol 30 30 crystalline solid
9. n 30 2 0 H H

1 0 . it 30 7 ti n

1 1 . n 30 __2

282 mg.
gum

Fraction 1 crystallised from methanol as elongated 
plates m.p *193-196*. Four recrystallisations from the 
same solvent gave elongated plates, m.p.230#6-232°,



- 84 -

[a]^ +84° (e, 0.5) (Found; C,82.1*, H,ll.l. CssH6 sOs
requires 0,82.0; H,ll*2 $. C»sHeoOs requires 0,82.3;
H,10.8 $). The product does not exhibit light absorption

oof high intensity above 2200 A. It shows a pale yellow 
colour with tetranitromethane in chloroform. Mixed m.p. 
with P-amyrin acetate (m.p.240-241°) was 224-232°.
Mixed m.p. with iso-p-amyrin acetate (m.p.250-251°) was 
218-225°.

Fractions 2,3 and the mother liquor from fraction 1 
were evaporated to dryness, the solid (70 mg.) dissolved 
in light petroleum ( 2 0  c.c.) and the solution re-chroma
tographed using alumina Grade I/II (1.5 x 10 cm.). 
Evaporation of 150 c.c. of light petroleum gave a product 
(40 mg.) which crystallised from methanol as prismatic 
needles, m.p.172-173°, Lal^ +4° (c, 0.25) (Found; 0,81.7; 
H,11.3. Csj3H5 sOs requires 0,82.0} H,11.2^). The product 
does not exhibit light absorption of high intensity above

o
2200 A. It shows a dark-yellow colour with tetranitro
methane .

£ater fractions (light petroleum-benzene} 1 0 0  c.c.) 
gave a product (28 mg.) which crystallised from methanol 
as flat needles, m.p.226-230°, undepressed in m.p. with 
the product m.p.230.5-232° from fraction 1.
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Fractions 8 , 9 and 10 were crystallised twice from 
methanol to give prismatic needles, m.p*324-235.5°,

-94° (c, 0*6) (Founds 0,78*9} H,10*8» CgsHggOg 
requires Cf79.3; H,10*8$). The product does not exhibit

o
light absorption of high intensity above 2200 A and does 
not show a colour with tetranitromethane in chloroform 
(sparingly soluble).

•at apt < ~ 0 0 0 ■*» »* * *  '



SECTION II.

P-Amyrenonyl Benzoate.
A solution of (3-amyrin benaoate (40 g.) in boiling

stabilised glacial acetic acid ( 2  1 .) was treated with a
solution of chromic anhydride (.40 g») in water (10 c.c.)
and glacial acetic acid (800 c.c.} added dropwise during
1 hour. The solution was refluxed for 1*~ hours, after
which time it was treated with boiling water ( 1 2 0 0  c.c.)
with vigorous stirring, and kept overnight at room 

xtemperature. The crystalline solid was collected, washed 
with aqueous methanol, and dried ( 2 1  g.} m.p.261-2630}.

38 The mother-liquor was further diluted with water. 
Working up using ether gave a crystalline solid (1.0 g.) 
which separated from the ethereal solution. Crystallis
ation from methanol-chioroform gave a product as fine 
needles, m.p.298-500°, ta3;Q -72° (c, 0.5) (Eound: 0,81.3} 
H,9.5. C9 7 H5 QO3 requires 0,81.6} Cg^Hs^Oa
requires 0,81.2} light absorption; Maximum at

o
2800 A ( £ 21,500). (No inflection). The product does
not give a colour with tetranitromethane in chloroform.



- 87 -

Crystallisation from chloroform-methanol gave (3-amyrenonyl 
benzoate as prismatic needles, m ̂.269-270.5°, Ca3jj ■►112°
(o, 1.9) (Found• C|@1*5{ H,9.7. Calc * for C3 7 HggO^*

o
C,81 #6 1 H,9.6$). Light absorption: Maximum at 2300 A
( £ * 21,300) and an inflection at 2520 A ( £ « 13,800).
{3-Amyrenonyl benzoate does not give a coloration with 
tetranitromethane in chloroform.

18 -i so -0 -Amyrenonol.
A solution of (3-amyrenonyl benzoate (14.7 g.) in 15$ 

ethanolic potassium hydroxide ( 1 2 0 0  c.c.) was heated under 
reflux for 52 hours. The pale yellow solution was con
centrated to half-bulk and diluted with water. The solid 
was collected, washed with water until the washings were 
neutral (litmus) and dried (11.8 g.). Crystallisation 
from methanol gave 18-iso-{3-amyrenonol as long plates, 
m.p.254-255°, +84° (c, 0.7) (Found: 0,81.3} H,11.0.
C8 0 H4 «Os3 requires 0,81.8} H,11.Q$). Light absorption: 
Maximum at 2440 A ( e = 12,300).

The alcohol, a.p.247-248°, +81.5° obtained by
Huzleka, Muller and Schellenberg (19) by the action of 
alkali on 0 -amyrenonol is probably 18-1 s9 - 0  -amyrenonol.
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18-lso-g-Amyrenonyl Acetate .
Acetylation of 18-iso-g-amyrenonol (11 g.) "by heating 

it with pyridine (50 c.c.) and aoetio anhydride (70 c.c.) 
on the a team-bath for 2— hours gave 18-iso-5-amyrenonyl 
ecetate which separated from chloroform-methanol as hard, 
square, squat prisms, m.p.277 .5-2790 (9.0 g.), Ca3j) +75°
(c, 1.8) (Found: C,79.8j H,10.8. C3 sH8 o03 requires

cC,79.6j H,10.4$). Light absorption: Maximum at 2450 A
( £ * 10,100) . A mixture of 18-iso-g-amyrenonyl acetate 
and g-amyrenonyl acetate (m.p.265-266°) had m.p.254-2560, 
and a mixture of 18-iso-j3 -amy ranonyl acetate and a-amyren
onyl acetate (m.p.275°) had m.p.228-230°.

18-iso-g-Amyrenonyl acetate was recovered unchanged 
after treatment with bromine (1 . 2  mols.) in acetic acid 
at 60°.

The alio-g-amyrenonyl acetate [m.p.262-265°, [a]^ +67°
o

(pyridine), max. 2460 A ( £ 33 11,000)] described by 
Green, Mower, Picard and Spring (27) is almost certainly 
a somewhat impure specimen of 18-iso-g-amyrenonyl acetate. 
Like the latter, it was recovered unchanged after treat
ment with bromine in acetic acid.

18-iso-g -ianyrin Acetate.
A solution of 18-iso-g-amyrenonyl acetate (1.0 g.)
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in glacial acetic acid ( 1 8 0  c.c.) was added to a suspension 
of freshly re dticed platinum (from 300 mg. of platinic 
oxide) in acetic acid (15 c.c.), and the mixture shaken 
with hydrogen at room temperature. After 24 hours the 
reaction product separated as plates, and after 40 hours 
the absorption of hydrogen was complete (approximately 2  

mols.). The mixture was heated to dissolve the product 
and filtered to remove platinum. The filtrate was con
centrated under reduced pressure to approximately 60 c.c., 
and after cooling, the separated solid was collected, 
washed with cold methanol, and dried. Recrystallisation
from methanol-chloroform gave 18-iso-g-amyrin acetate as 
plates (740 mg.), m.p.245-246.5°, Co-Up +53° (e, 1.0)
(Found* C,82.25j H,ll.2 . ^sshsgOg requires 0,82.0, 
H,11.2$). 18-iso-6-Amyrin aeetate gives a bright yellow 
colour with the tetranitromethane reagent and does not 
exhibit selective absorption in the ultra-violet. A 
mixture of 18-iso-ft-amyrin acetate with p-amyrin acetate 
(m.p.241-242°) had m.p.218-222°, and a mixture of 18-iso- 
-0 -amyrin acetate with iso-ft-amyrin acetate (2 -acetoxy- 
olean-10-ene) (m.p.250-251°) had m.p.212-220°.

g-Amyradlenyl-II Acetate.
A solution of 18-Iso-5-amyrin acetate (220 mg.) in
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boiling glacial acetic acid ( 2 0  c.c.) was treated with a 
solution of selenium dioxide (200 mg.) in water (0.5 c.c.) 
and glacial acetic acid ( 1 0  c.c.) added dropwise during 
20 minutes, and the mixture re fluxed for 1 hour. Freshly- 
fused sodium acetate ( 1  g.) was added and the refluxing 
continued for 20 minutes. The hot mixture was filtered 
through sintered glass, the filtrate diluted with water, 
and the precipitated solid collected, washed with water, 
and dried. A solution of the solid in ether was washed 
with 3$ aqueous potassium cyanide, and with water, and 
dried. The residue obtained after removal of the solvent 
was twice crystallised from methanol-chloroform, giving 
£-amyra&ienyl-II acetate (150 mg*) as plates, m.p.226-227°, 
Ca]p -63° (c, 1*0), the m.p. was not depressed when the 
acetate was mixed with a specimen (m.p.228°) obtained by 
the same method starting from (3-amyrin acetate (Found:
0,22*4} 11,10.8. Calc* for CggHsoOg* 0,82.3, H,10*3%) * 
light absorption: Maxima at 2510 ( £ = 29,100), 2430 ( £ =
27,300), and 2600 A ( £ » 19,500). Ruzicka, Muller and
Schellenberg give m.p.228-229°, -62°, for p-amyra-
dienyl-II acetate.(19).

18-iso-6-Amyranonyl Acetate.
A solution ef-18-iso-0-amyrin acetate (0.7 g.) in
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glacial acetic acid ( 2 0 0  c.c.), heated on a boiling-water 
hath with stirring, was treated with a solution of 
hydrogen peroxide (30$; 2 0  c.c.) in glacial acetic acid 
(20 c.c.) added dropwise during 16 minutes. The solution 
was maintained at the same temperature for 2 hours and 
again treated with a solution of hydrogen peroxide (30̂ 5 
15 c.c.) in acetic acid (15 c.c.) added during 15 minutes. 
After being stirred for 1 hour on the boiling-water bath, 
the solution was treated dropwise with boiling water with 
vigorous stirring until crystallisation commenced. Next 
morning the solid was collected, washed with aqueous 
methanol, and dried (m.p.276-285°j 250 mg.}. A  solution 
of the solid in benzene ( 2 0  c.c.) was filtered through a 
column of alumina (Grade i/llj 1.5 x 5 cm.) and the 
column washed with benzene (60 c.c.). The benzene 
filtrate was evaporated to dryness and the solid residue 
(180 mg.), after crystallisation from methanol-chloroform 
and then from methanol, gave 18 -i so -p-amyranonyl acetate 
as plates, m.p.286-287°, Ca]j) +77° (c, 1.2) (Found.: C,79.5j 
H,10>8. requires 0,79*3$ H,10.8^) . light

o
absorption: Maximum at 3000A ( £ = 126} . A mixture of
18-iso-P-amyranonyl acetate (m.p.286-287°) with p-amyran- 
onyl acetate (m.p*300°) did not show a marked depression 
in m.p. (284-290°).
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In four different oxidations of 18-iso-ft-amyrin 
aoetate the yield of pure 18-iso-ft-amyranonyl acetate 
varied between 26$ and 30$.

18-iso-ft-Amyranonyl acetate was recovered unchanged 
after treatment with concentrated hydrochloric acid in 
glacial acetic acid at 35-45° for 1 hour.

18-iso-ft-Amyranonol.
A solution of 18-iso-ft-amyranonyl acetate (m.p.284- 

-285°; 300 mg.) in 15$ ethanolic potassium hydroxide 
(60 c.c.) was refluxed for 50 hours. The prismatic 
needles separating on cooling were collected, washed with 
methanol, and dried (180 mg.j m.p.308-310°). Recrystallis- 
ation from methanol containing a trace of acetic acid and 
then from methanol gave 18-iso-ft-amyranonol ( 1 1 0  mg.) as 
prismatic rods, m.p.309-310°, Ca3p +91° (c, 1.1) (Pound: 
C,81.3| H,11.45. CooHgoOg requires: C,81.4j H,11.4$).

o
Light absorption: Maximum at 3000 A ( 6 = 40) .

The alkaline mother-liquor was diluted with water and 
the precipitated solid collected, dried, and acetylated 
using pyridine ( 2  c.c.) and acetic anhydride ( 1  c.c.). 
Crystallisation of the product from methanol-chloroform 
gave 18-iso-ft-amyranonyl acetate (90 mg.) as elongated 
plates, m.p.284-285°, +7 7 ° (c, 0.7), undepressed in
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m.p. when mixed with the starting material.
Aeetylation of 18-iso-fi-amyranonol (m.p.309-310°}

60 mg.), by using acetic anhydride and pyridine in the 
usual manner, gave 18 -iso-6 -amyranonyl acetate (50 mg.) 
as elongated plates, m.p.287-288.5°, +78° (c, 0 .8 ),
unchanged by a recrystallisation from methanol-chloroform, 
and undepressed in m.p. when mixed with a specimen of the

o
starting material. Light absorptioni Maximum at 3000 A 
( £ « 140).

Bromo -18 -i so -(3 -Amyranonyl Acetate .
A solution of 18-iso-ff-amyranonyl acetate (250 mg.} 

m.p.284.5-286°) in glacial acetic acid (20 c.c.) was 
treated with a solution of bromine in glacial acetic acid 
(5$j 1.2 mols.) added during 1 hour at 65-80°. The 
solution was maintained at 80° for 3 hours and then 
diluted with water, and the solid collected, washed with 
water, dried, and crystallised from methanol-chloroform.
The first crop (160 mg.) separated as plates, m.p.245-246°
(decomp. ), C«]B +17.5° (c, 1.2), which did not give a 
coloration with tetranitromethane in chloroform and gave 
a positive halogen test. Prom the mother-liquors a second 
crop (65 mg.) of flat needles, m.p.260-265° (decomp.), 
separated. The first crop was heated on the steam-bath
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for hours with glacial acetic acid. On concentration
and cooling of the solution, bromo-18-iso~f3-amyranonyl
acetate separated as plates, m.p.249-250° (decomp.)
unchanged by two recrystallisations from methanol-chloroform,
[a]^ +18° (c, 1.1) (Pound: 0,68.4} H,9.1. CasH6 iOaBr
requires 0,68.2} H,9.1$). Light absorption: Maximum

©
at 3100 A ( £ ® 155). Similar treatment (heating with 
acetic acid) of the second crop gave elongated plates, 
m.p.276-278°, undepressed in m.p. when mixed with 18-iso - 
-5-amyranonyl acetate, [u]D +73° (c, 0.9) (Pound: C,77.6}

o
H,10.9$). Light absorption: Maximum at 2900 A ( £ = 50)^
The physical properties of this fraction show that it is 
essentially 18-iso-fi-amyranonyl acetate contaminated with 
bromo-ketone described above.

Attempted dehydrobromination of bromo-IS-iso-ft- 
-amyranonyl acetate (60 mg.) by heating its solution in 
pyridine under reflux for 3 hours and working up using 
ether, gave elongated plates (40 mg.) from methanol,

o
m.p.242-244°. Light absorption: Maximum at 2400 A
( £ « 7400). Repeated recrystallisation of the product
from methanol gave elongated plates, m.p.253-256°, 03-p

o
+113° (c, 0.5). Light absorption: Maximum at 2410 A
( t * 9000) . It shows no colour with tetranitromethane 
in chloroform. Mixed m.p. with starting material
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(m.p.249-260°) was 229-238°.

18-iao-6-Amyranyl Acetate.
A mixture of 18-iso-6-amyranonyl acetate (m.p.284- 

-286.5°; 300 mg.), alcoholic sodium ethoxide (from 750 mg. 
of sodium and 1 0  c.c. of ethanol), and hydrazine hydrate 
( 2  c.c.; 100$) was heated in an autoclave at 200° for 17 
hours. The cooled mixture was diluted with water and 
extracted with ether. The extract was washed successively 
with hydrochloric acid (3$) and water and dried. After 
removal of the solvent, the solid residue was heated on 
the steam-bath for 2 hours with pyridine (3 c.c.) and 
acetic anhydride (2 c.c.). The crystalline solid separ
ating on cooling was collected, washed with methanol, and 
dried (155 mg.; m.p.277-279°). A second crop (m.p.263- 
-266°; 25 mg.) was undepressed in m.p. when mixed with the 
first crop. The first crop was twice recrystallised from 
methanol-chloroform, giving 1 8 -iso-5 -amyranyl acetate as 
plates, m.p.280-282°, Ca]j) +43° (e, 0.9) (Pound: C,81.6,
H,ll.7. C#*H*4 0 ft requires C,81.6; H,1 1 .6 $). 18-iso-P-
-Amyranyl acetate does not give a colour with tetranitro- 
methane in chloroform, and does not exhibit selective 
light absorption of high intensity in the ultra-violet 
region. A mixture of 18-iso- 5 -amyrany1 acetate with
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£-amyranyl acetate (m.p.284°) had m.p.256-262°, and a 
mixture with lupanyl acetate (m.p.246-248°) had m.p.233- 
-237°.

The original mother-liquors from 18 -iao-fi -amyranyl 
acetate deposited on long storage a crop of large prisms 
(40 mg.)f m.p.179-180°, recrystallisation of which from 
methanol gave prismatic needles, m.p.1 8 0 -1 8 1 °, -5°
(e, 1.1) (Pound: C,8 l.l; H,1 1 .6 . CasHa4 08 requires
C,81.6; H,1 1 .6 . ^ssH§gOg requires 0,82.0; H,1 1 .2 $).
The substance gives a very faint yellow coloration with 
the tetranitromethane reagent, and it does not show 
selective absorption in the ultra-violet region of the 
spectrum.

18-i so-0-Amyranol.
Hydrolysis of 18-iso-ff-amyranyl acetate (90 mg.) was 

effected by heating it under reflux with 3$ alcoholic 
potassium hydroxide for 6 hours. The product, isolated 
in the usual manner, separated from ethanol as plates 
(50 mg.), m.p.228-229°, which after two crystallisations 
from methanol-chloroform, gave 18-iso-g-amyranol as flat 
prisms (thick plates), m.p.229-230°, +36° (c, 1.2)
(Pounds 0,83.85; H,l2.4. Ca4 Hea0 requires 0,84.0;
H,12.2$). It does not give a colour with tetranitromethane
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in chloroform and does not exhibit selective absorption 
of high intensity in the ultra-violet region.

Aeetylation of 18-iso-(3-amyranol (30 Big*) by warming 
it on the steam-bath for 3 hours with pyridine (1 c.c.) 
and aoetio anhydride ( 1  c.c.) gave 18-iso-8-amyranyl 
acetate (25 mg.) as plates (from methanol), m.p.281-282°, 
Ca3 j) +44° (c, 1 .1 ), undepressed in m.p. when mixed with 
the specimen described above.

——oOo———
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IlfHOBUCflOir

She unique role of the steroid hormones in nearly 
all phases of life has been established. With the dis
covery of the sex hormones and the steroid hormones of 
the adrenal gland, it was soon found that these compounds
had a profound influence on metabolism. The small adrenal 
gland secretes a mixture of steroids into the blood stream. 
She full physiological significance of these steroids is 
not known. The two main physiological functions of the 
adrenal cortex are regulation of the electrolyte balance 
In serum and of carbohydrate and protein metabolism in the 
liver and in muscles. Bemoval of the adrenal gland from 
an animal leads to death within a few days. The discovery 
in 1929 that the life span of abrenaleetomized dogs can be 
prolonged by administration of extracts of the adrenal 
cortex, initiated extensive investigations of the constit
uents of this gland {1i. The active adrenal cortical 
agent was originally referred to as "cortim" or the ulife- 
-maintenaace hormone *. Chemical studies of glandular 
extracts undertaken in. 1936 by Beichstein, by Kendall, by 
llmtersteiner and Pfiffner led to the isolation of twenty- 
-eight crystalline steroids, six of which are able to 
maintain life in adrenal©ctomized animals (I-TIt. The 
residual amorphous fractions still possess physiological
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activity "but the nature of the active components is unknown.
No major improvements have been reported in the 

methods used for the partition of steroids. Acetone or 
alcohol extraction from whole beef glands is made (even 
though the active principles are present only in the cortex), 
which precipitates protein constituents. Advantage is 
taken of the relatively high water-solubility of the 
hormones (2,5). The Girard procedure is one of the most 
successful separation methods for the isolation of keto- 
steroids from nonketonic or inert ketonic material (3).
The most efficient method for separation of individual

CH^OH
CO

CHaOH
CO

CH-OH I _

(I) un (in)

CH^OH CH,OHI
nr\CO

Uy ) Cv) (Yi)



components is chromatography of the more stable acetates (4;.
Nearly all the substances isolated are Cex-steroids, 

and those that exhibit cortin activity all have the ap- 
-unsaturated ketonic grouping in ring A characteristic of 
testosterone and progesterone and possess a ketol grouping 
in the side chain, which is highly sensitive to both acids 
and alkalies. At Cu, where substitution cam. exist, the 
ketone or the hydroxyl group (oriented in the £-configur- 
atlon (6)) are subjected to very pronounced steric hindrance 
from the angular methyl groups at Cle and Cia, a feature 
which is reflected in chemical behaviour. The carbonyl 
group at Cu is inert to phenylhydrazine, hydrazine under 
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 exclus
ively the hindered llp-hydroxy derivative (i.e. hydrogen 
attacks the molecule at the unhindered rear face and opens 
the rear bond of the carbonyl group) . The 11^-hydroxyl 
group resists acetylation and is susceptible to dehydration, 
even by dilute mineral acids.

Comparisons of the six active hormones (I-PI) indicate 
that oxygen functions at Cu  and C17 are not essential to 
life-maintenance activity but contribute importantly to 
physiological actions of still greater significance.



- 4 -

17-Hydroxy-11-dehydrocorticosterone (or "Cortisone")(VI,, 
Isolated by Kendall (5) and of tern 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 Ci7 or an oxygen function 
at Cu *

Progress in a steadily expanding area of investigation 
in biology, biochemistry, and medicine was handicapped by 
the lack of sufficient quantities of the adrenal hormones. 
The amounts obtainable from the adrenal glands of cattle, 
in the form of either extracts or isolated products, are 
much too limited to meet the demands (e.g. from approxi
mately 1 ton of beef adrenals * 4oo mg. - 1 g. of cortisone 
can be isolated by a most complex and careful procedure;. 
Since the supply of glands in any case is inadequate, 
synthetic methods have been investigated far beyond the 
requirements of structure elucidation and in particular 
with the objective of accomplishing the difficult and 
important feat of introduction of oxygen functions of 
proper steric orientation at Cu  and C**. The last 
feature was a great stumbling-block in the way of partial 
synthesis, because most of the steroid materials available 
in large quantity have a saturated C-ring.



In 1945 Eeichstein (7) achieved the important feat 
of introducing oxygen at the 11-position and succeeded in 
synthesising a substance identical with natural 11-dehydro- 
corticosterone (III). In 1946 Sarett achieved the 
synthesis of cortisone (VI) starting from deoxyeholic acid 
(8). Sufficient amounts of cortisone were made available 
for clinical testing. Within an extremely short time the 
important discovery of Hench and Kendall (9) of the 
beneficial effect of cortisone and of the adrenocortico
tropic hormone (ACTHj the adrenal-stimulating hormone of 
the pituitary) on rheumatoid arthritis and rheumatic fever, 
was reported, which has enormously stimulated studies of 
the chemistry of adrenocortical steroids. The anti- 
arthritic effeet of cortisone appears to be highly specific 
(10), no other known compound apart, possibly, from 
17-hydroxycortieosterone (V) having comparable potency.

It was apparent by 1949, that in order to provide 
adequate supplies of cortisone, the partial synthesis from 
available naturally occurring steroids was the most 
rational approach. Various starting materials have been 
Considered. Until 1952, most of the cortisone available 
was prepared from the bile acid deoxyeholic acid (VII) (or 
the more abundant cholic acid). The difficulties attend
ing this route, the limited supply of starting material,
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and the large number of stages involved, some of which 
proceed in low yield (10), have been appreciated for a 
considerable time. It is natural, therefore, that 
attention should be turned towards alternative routes 
starting from steroids other than bile aoids. Ihese 
investigations have been successful and cortisone can now

XX

20

as

HOH0'“ HO

(vm)

HOHO HO

(xu)(XI)

be prepared from a number of steroids, in particular, 
from ergosterol, cholesterol, stigmasterol and the 
sapogenins, diosgenin and hecogenin. The principal dis
advantage in the use of cholesterol (VIII) is the difficulty 
of side chain degradation.

The specific problem of devising a method for the
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introduction of an 11-oxygen function into steroids devoid 
of oxygen function in ring C arises from the need to bring 
some of the more widely occurring steroids into use as 
starting materials for the partial synthesis of cortisone. 
Ergosterol (X), the characteristic sterol of yeasts, can 
be converted into two derivatives, dehydroergosterol 
(ergosta-5:7J9(ll):22-tetraen-3P-ol) (XIII) and ergosterol-D 
(ergosta-7 2 9 (H) 222-tri@n-3p-ol) (XIV) each of which 
contains a 9sll-ethylenic linkage and so constitutes 
possible intermediates in the desired partial synthesis.

HOH O

Although little success has as yet attended efforts to 
convert dehydroergosterol (XIII) into an 11-oxygenated 
steroid, ergosterol-E (XIV) has been successfully converted 
into 11-oxygenated derivatives, and thence into cortisone. 
Ergosterol (X) also appears particularly attractive since 
the side-chain double bond should facilitate degradation 
(also a feature of siigmasterol)•

She sterols, cholesterol (VIII) and stigmasterol (IX)
* See, however, Laubach ejt al. (102J .
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and the related sapogenin, diosgenin (XI), are capable of 
similar treatment with the added complication that their 
conversion into 759(11)-diene derivatives is a lengthier 
procedure than in the case of ergosterol* Hie intro
duction of the 11-oxygen function into these molecules 
can be envisaged by the general procedures of allylic 
bromination at C7, dehydrobromination, and mercuric acid 
oxidation to introduce the 9(11)-ethylenic bond, which 
would serve as the necessary point of attack.

— >-

A cQBr Ac0AeO'

Diosgenin (XI) is an attractive steroid as regards 
the synthesis of intermediate pregnane derivatives, 
treatment with acetic anhydride gives pseudodiosgenin 
acetate (XV), which on oxidation yields the pregna-8:16- 
-diene derivative (XVI) which can be converted to pregn
enolone acetate (XVII) by hydrogenation (11).

Hie other sapogenin, hecogenin (XII), may well assume 
considerable importance if the harvesting of the starting 
material can be economically effected. The 12-keto group
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CH CH
CO CO

OAc

AcO AcO

( x v ) Cx v l ) (XVll)

has been moved to the 11-position (12) and the side-chain 
degraded to an acetyl group hy standard methods, thus 
providing another route from a common natural product to 
cortisone.

— ©Go —



HISTORICAL
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11-OXYGENATE!) STEROIDS FROM 7 *9{ 11) -DISHES WITH PARTICULAR 
HEFBHENOB TO ERGOSTEROL-D»

fhe past two years have witnessed the publication of 
many papers in this field. The experiments performed 
mainly by the American and Swiss workers are described in 
this section. The experiments described in the theoret
ical section of this thesis, performed during the same time, 
have in part been reported in a series of publications 
(107-114).

Aryl Peracid Route.
A* From Srgosteryl-D Acetate.

Ergosterol (I), which was investigated particularly 
extensively because of its relationship to the vitamin D 
problem, was first isolated from ergot and is now prepared 
in considerable quantity from the nonsaponifiabl© fraction 
from yeast. In 1932, findaus (13) established the 
empirical formula Ca®H440, and soon afterwards ergosterol 
was fully characterised by various workers. It can be 
Converted by partial catalytic hydrogenation in a neutral 
solvent (14,15,16,107) into a dihydro derivative (5-dihydro- 
ergosterol; II) that retains the double bonds at 0T and 

The A 7 *8-structure was confirmed by Barton from 
data (17). On further hydrogenation with platinum in a
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neutral solvent, the double bond in the side chain is 
saturated (15) and the product is a 7-ergostenol (I?)* 
This substance is isomerised to a8  ̂14  ̂-ergostenol (V) by 
platinum saturated with hydrogen in acetic acid. The 
8(14) -double bond migrates to 14(15) position (?!> under 
the influence of hydrogen chloride (18). In 1929,

HOHO HO

(HI)00

'N

HO HO HO

(IV) (v)

Heilbron* Johnstone and Spring (19, 20) obtained erge- 
uterol-£ (III) by the oxidation of 5-dihydroergo sterol (II) 
with mercuric acetate and the structure ergosta*759(11)*28- 
-trien~30-ol (III) was finally confirmed by Barton in 1946 
(17). Ergosterol (as acetate) is isomerised with dry 
hydrogen chloride in chloroform giving a separable mixture
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of ergosterols-Bi, B« and Ba which are all capable of 
interrelationship (21).

Bergmann and Stevens (22) suggested in 1948 that 
ergosterol (I) can be used as a starting material for 
the partial synthesis of adrenal cortical steroids 
"because of the comparative ease with which it may be 
converted to derivatives like dehydroergosterol which 
possess unsaturation at C** and which might lend them
selves to the introduction of oxygen at this point. In 
addition the 22123-double bond was expected to facilitate 
removal of the side-chain to permit its replacement by 
one of the typical side-chains of adrenal cortical 
hormones.” In a series of experiments they made con
siderable progress in the last direction, showing that 
protection of the conjugated nuclear double bonds of ergo- 
stexyl acetate (VII) by means of maleic anhydride allowed 
the 2 2 1 2 3 -double bond to be preferentially oxidised. Ihus 
treatment of the maleic anhydride adduct (VIII) with ozone
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gave an aldehyde (IX) which was converted into the 
enol acetate (X), ozonolysis of which, followed by 
pyrolysis of the product, gave 3£-acetoxypregna-5s? - 
-dien-20-one (XI). This procedure has been substant
iated by later workers (23). less successful were 
attempts to introduce either a hydroxyl or a ketone group

CH
CH-CHO

MA MA'
AcOAcO' AcO

(Vll) (IX)(viu)

CH CH
CO

MAMA‘
AcOAcO AcO

(X)

-MA- « -HC-CH-i t
OC CO

\ /0

at the 11-position starting from dehydroergosteryl 
acetate-maleic anhydride 2 2 :2 3 -dibromide. Although the 
epoxide (XII) was obtained, pyrolysis of this was
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accompanied by aromatlsatlon of ring B.
The production of the 9(11)-double bond is a develop

ment of the long known (24) dehydrogenation of a * -  

-steroids to the 7 s9(11) -unsaturated compounds. The
7-double bond, if not already present as in ergosterol
(I), may be introduced into a a 5 -steroid by the action 
of N-bromosuecinimide followed by dehydrobromination (27)* 
a process involving the shift of a double-bond from 
position 6 has also been used (28). The 7*9(11)-dienes 
are valuable intermediate products for the synthesis of
11-ke toste roi ds.

A procedure, developed in the laboratories of Merck 
and Company for the synthesis of 11-keto-steroids from 
steroids containing a 5~ethylenic linkage such as ergo
sterol, diosgenin and stigmasterol, has been reported in 
May 1981 by Tishier and co-workers in a preliminary note 
(89). Ergosteryl acetate (VII) is partially reduced to
8->dihydroergosteryl acetate (XIII) (14, 15, 16) oxidation 
of which with mercuric acetate gives ergosteryl-D acetate 
(ergosta-759(11) :22-trien-3|3-yl acetate (XIV) (19, 20). 
Treatment of ergosteryl-B acetate with one equivalent of 
perbenzoic acid gives a monoepoxid®, believed to be
A*-9a111a-epoxide (XV) (30), hydrolytic rearrangement of 
which yields 7^5lltt-dihydroxyergosta-8522-dien-3p-yl
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acetate (XVI). 3!he latter compound is oxidised with 
chromic acid to 7 s11-diketoergosta-8122~dien-^~yl acetate 
(XVII), which is converted into 7s11-diketoergost-22-en- 
-30-yl acetate (XVIII) on treatment with zinc and acetic 
acid* The last compound loses the 7-oxygen atom

AcOAc.0
(VII) (XIU)

AcO AcO AcOOH
(XVI) (XV

CH

>-
OAcOAcO H

(xvm)
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preferentially on Wolff-Kishner reduction modified by 
Huang-Mini on (31) to give 11 -ketoergost -22 -en-3£-yl acetate . 
Ihis is converted to the known compound (XX).

Immediately a number of preliminary announcements 
were made describing the conversion of 7 29(11)-dieni© 
steroids into 11-oxygenated steroids (32-36, 107), and 
more recently an independent paper on the same subject 
has been published by Heusser and co-workers (36) describing 
with experimental details the same route (VII) —  (XIX). 
fhe epoxide of ergosteryl-D acetate is ascribed the 
structure 9aslla-epoxyergosta-72 22-dien-3£~yl acetate (XV) 
since it can be isomerised to two different -unsaturated 
ketones, according to the experimental conditions used. 
Firstly, by treatment with aqueous mineral acid, it is 
converted into 7-ketoergosta-85 22-dien*3P-yl acetate (XXI) 
previously obtained (39) by chromic acid oxidation of 
6-dihydroergosteryl acetate (XIII)• Secondly, treatment 
Of the epoxide (XV) with boron trifluoride e the rate in 
absolute benzene (or with ferric chloride, 37) gives in 
high yield an isomeric -unsaturated ketone to which was 
ascribed the structure ll-ketoergosta~8 s2 2 ~dien-^-yl 
acetate (XXII). Similar transformations are also described 
by Heusser and co-workers (38) in the androstane and 
cholestane series.
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The two isomers (XXI) and (XXII) exhibit an ultraviolet
O

absorption maximum at 2530 A and neither is converted into

AcO AcO AcO

(x v )

the other on treatment with mineral acid* Mechanistically 
(36), the 9sll-structure for the epoxide is very probable} 
the a-conf iguration is ascribed to the epoxy-group since 
attach at the 9 *11 -positions will be at the rear of the 
molecule (of. 40).

the strucutre assigned to (XXII), apart from its 
non-identity with (XXI) and A®( **) -7 -ketone and the non- 
-reaetivity of the carbonyl group, is supported by the 
observation made by fishier and co-workers (30), that the
8 -ethylenic linkage of (XXII) can be selectively reduced 
by the action of lithium and liquid ammonia to give 
11-ketoergost-22-en-3P-yl acetate (XIX) in high yield, 
the general availability of this most convenient route is 
demonstrated by its application to 7*9(11)-dienic esters 
derived from sapogenin® (30, 41). DJerassi and ©©-workers 
(41) have shown that reduction of the a*-11 -ketones by
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lithium and liquid ammonia can also produce 11a-hydroxy 
gteroids under certain conditions.

It was found hy Heusser et al., (36) that oxidation 
of the triol-monoacetate (XVI) (which was given the 
11a-configuration in accordance with the mechanistic 
considerations) with chromic acid gives, in addition to 
7:Xl<*diketoergosta-8:22-dien-3P-yl acetate (XVII), the 
corresponding 8a59a-epoxy-7:ll-diketoergost-22~en-38-yl 
acetate (XXIII), which is obtained as major product when 
an excess of oxidising agent is employed. The 8a:9a- 
-configuration is given to the epoxide-group in (XXIII) 
since a similar oxidation of the related methyl Sa-acetoxy- 
^7s*lla-dihydroxychol-8-enate (XXIV), even with an excess 
Of chromic acid, gives only the corresponding unsaturated 
diketone and not a dike to -epoxide. A ready explanation
for this marked difference is to he found if the epoxide 
group in (XXIII) is a-orientated since addition of an 
a-epoxide group to the chol-8-ene derivative is considerably
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hindered. Like the diketone (XVII), the epoxide (XXIII) 
gives 7J11-diketoergoet-22-en~3p-yl acetate (XVIII) on 
reduction with zinc and acetic acid*

In a later communication, Heusser, Anliker, 
Eiehenberger and Jeger (37) describe variations in their 
original route (36) to 11-oxygenated ergosterol deriva
tives. Starting from 7 ?slla-dihydroxyergosta-8J22~ 
-dien~3P-yl acetate (XVI), this is partially oxidised 
with monoperphthalic acid to give the corresponding 
epoxide (XXV). The a-configuration of the 8*9-epoxide 
bridge follows from the considerations used in the case 
©f the corresponding diketone (XXIII). The epoxide
(XXV) is isomerised with hydrogen bromide in acetic acid, 
or with boron trifluoride etherate in benzene, to 3£- 
*-acetoxy-9^slla-dihydroxyergost-22-en-7-one (XXVI). 
treatment of the epoxide (XXV) with dilute aqueous sul
phuric acid converts it into the intermediate 7 • 8.9* 11- 
-tetrol (XXVII) which is dehydrated to (XXVI) on treatment 
with hydrogen bromide in acetic acid. Treatment of

c*3
CH-fcHjjCOaC HS

(X Xllt) (*xiv)
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(XXVI) with strong alkali (of. 107, 108) followed fcy 
aeetylation gives 3|3slla.-.diacetoxyergosta-8:22-dien- 
-7-one (XXVIII). Catalytic hydrogenation of the

HO., HO..

AcO AcO"AcO' y ^ No
( XX vi)

OH OH
(XVI) (xxv)

OH
OHAcO

(XXVIl)

HO' HO AcO
(x xx) (xxvm)

diaoetate (XXVIII) in the presence of alkali effects 
saturation of the 8~©thylenic linkage and formation of 
3£iXia.~dihydr©xyergost-22-en-7~©ne (XXIX), Wolff-Xishner 
reduction of which yields apaia^dihydroxyergost-gS-ene 
(XXX),
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B. From Other Steroids*
The peraromatic acid route to 11-oxygenated steroids 

from 7*9(11) -diene derivatives has been applied to a 
number of other steroids. Diosgenin acetate (XXXI) is 
converted into the 5 *7-diene (XXXII) by the standard 
method (29, 42), and thence via (XXXIII) to 28a-alio- 
spirostan-3£-yl acetate (XXXV) using the sequence of 
reactions described above for ergosteryl-I) acetate (XIV).

AcO AcO' AcO
(XXXI)

CH
CO

AcO AcO
(XX XIV)

The ketone (XXXV) is converted into llsgO-diketoallo- 
pregnan-30-yl acetate (XXXVI) using standard sapogenin 
reactions (89, 44) for the degradation of the *side chain*.
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Methyl 313-ace toxybisnorchol-5-enate (XXXVIIj , which 
may he obtained from either cholesterol (VIIIfor 
sttgmasterol (Ix f ,  was converted by the standard method 
Into 5*7-diene (XXXVIII) (45). This was converted into 
30 -aoetoxy -11 -ke tohi snorallocholanate (XXXIX) using the 
general series of reactions desoribed above (89).

CH CHCH

-e»-

AcO AcO AcO

In the androstane series, 30*170-diacetoxyandrost- 
-5-ene (XX) (46) was converted by a novel route (47) into 
a 7*9(11)-diene (XXV). The diacetate (XL) was oxidised 
with butyl chromate (48) to 30il70-diaeetoxyandrost*5-ene- 
-7-one (XXI). Catalytic hydrogenation of (XXI) in ethyl 
acetate gives 30:170-diacetoxyandrostan-7-one (XXII), and 
eatalytic hydrogenation of the latter over platinum in 
acetic acid gives 30*170-diacetoxy*7a-.hydroxyandrostane 
(XXIII), dehydrated to 30 *170-diace toxyandrost«*7~ene (XXIV). 
Oxidation of (XXIV) with mercuric acetate gives the 
7*9(11)-diene (XXV), which was converted into 30*170- 
-diacetoxy-ll-ketoandrostane (XXVI) (38), using the same
v Introduction.
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method as that described in the case of ergosteryl-33 
acetate.

OAc OAc O Ac

AcO AcOAcO

OAc OAc

- >

AcOAcO 'OH
H

(XL .IV )(X L III)

In a similar manner, Heusser and oo-workers (38) 
converted cholesta-7 i9(11) -dien-3P~yl acetate (XIVII) 
into H-ketocholestanyl acetate (XLVIII).

AcO AcO
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Cholic acid was converted into a 7*9(11) -diene as 
follows (36, 49): Oxidation of methyl 3u:7a-diacetoxy-
-12-ketoeholanate (XLIX) with selenium dioxide gives 
the 12-ketochol-9(11)-enate (L) which on treatment with 
alkali gives 3a-hydroxy-12-ketochola-7:9(11)-dienic 
acid (LI). Wolff-Kishner reduction removes the ketone 
group (36, 49), and the 7:9(11)-diene (LII) on treatment 
with monoperphthalie acid gives a monoepoxide, formulated 
as a 7:8-epoxide (37) (LIII) (when treated with boron 
trifluoride in absence of water it is isomerised to 
7-ketochol-8-enate and not to 11-keto isomer). Treatment 
of (LIII) with mineral acid gives methyl 3a-acetoxy-

CO.cH

HO'AcO Acd OAc

HO., CO, CH

AcO' AcO OH
(Liv)
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-75Jlla.-dihydrox.ychol**8-enate (LIT) which is converted 
to the known (50) 11-ketoeholanate by chromic acid 
oxidation, zinc dust reduction of the double bond, and 
Eaney nickel reduction of the 7-ethylenedithick©tal- 
derivative.

Aliphatic Peracid Route.
2?his method seems to be applicable only to compounds 

of the alio series; it does not apply to the f>p-series.
Biosgenin acetate (XXXI) is converted into 22a-allo- 

spirost-7-en-3{3~yl acetate (XXXIII) as described above 
(42, 45), and the latter into 20-ketoaLlopregn»7*en»3g-yl 
acetate (LT), oxidation of which with mercuric acetate 
yields the 759(11)-diene (LTI) (51). In a sequence of 
reactions leading from diosgenin to cortisone, the

CHCH CM
COCO H C ■OAc

AcO AcO AcO

compound (LT) was reduced with lithium aluminium hydride 
followed by dehydrogenation of the diacetate with merourie 
acetate to give :206-diacetoxyallopregna-7 89(11)-diene
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(IVXI) (52).
Oxidation (53) of the 7:9(11)-diene (171I) with 

perforate acid gives 5(3:gpp-diacetoxy~9a * 11a-epoxyallo* 
pregnsn-7-one (LVXII) whieh is isomerised by alkaline 
hydrolysis to give 3ps 11atgpg-trihydroxyallopregn*8-en- 
-7-one (MX). Catalytic hydrogenation of the double bond 
to (LX) followed by Wolff-Kishner reduction gives 
3g s llo> *80(3 - trihydro xyallopregnane (LXI) . Chromic acid 
oxidation of (LXI) yields the known (55) triketone (LXII), 
reduction of which with Haney nickel gives ll:20-diketo- 
allepregnan-5(3-ol (LXIII).

c h 3I
HC-OAc

CH,
HC'OH

CH3
IHC'OH

C H jI
H C 'O H

CH ;

CO

HO.

AcO H OH O

(LX)

CH.
CO

H Q

HO HO'
H
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A variation of the method has heen recently described 
by BJerassi and co-workers (54). Eefluxing of 3£illa:20p~ 
-trihydroxyallopregn-8-en-7 -one (LIX) with potassium 
t-but oxide in t-butanol gives the isomeric 3(3 ?20f3- 
-dihydroxyallopregnan*7:11 -dione (LXIV). This is converted 
into 3(3 * 20(3 -diacet oxy allopregnan-11 -one (1}!?) by formation 
of a 7-ethylenedithloketal and desulphurisation with Baney 
nickel *

CH, CH, CH,i i i
HC-OH HC-OH HC-OA c

HQ.

AcOHO HO
(LXV)

Performic acid oxidation (34) of 20-ketoallopregna- 
*7*9(11)-d±en-36-yl acetate (IVI) yields 9a:lla-epoxy- 
*7 *20-diketcallopregnan-3ft-yl acetate (LXVI). Alkaline 
hydrolysis followed by acetylation gives 3ft*11&-diacetoxy- 
»7i2Q-dlketoallopregn-8-en® (IXYII), converted by catalytic 
hydrogenation into 36*11a-diaee toxy-7 *20-diketoallopregnane 
(1X7111). Alkaline hydrolysis of the performic acid 
liquors from which (LXVI) had been removed, yielded the 
aft-Unsaturated ketone 7:2Q-diketoallopregn-8-en~5ft-ol (LXX), 
presumably by rearrangement of the by-product a ® (14) -7-ketone
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(LXIX). Treatment of (LXX) with isopropenyl acetate 
in presence of p>-toluene sulphonic acid gives the enol- 
acetate (LXXI), which is oxidised with monoperphthalic

CH CH C H
CO CO CO

AcO’

(LVI) ( LXVI)

CH CH
CO COA cQ

AcO' Ac 0 H O

(Lxx)

acid to lla-hydroxy-7 2 20-diketoallopregn-8-en~3£-yl 
acetate (LXXII). Hydrogenation of the last compound 
gives 11a-hydroxy-7 :20-dike toallopregnan-3j3-yl acetate 
(LXXIII). A useful feature of this procedure (56) is 
that it leads to products containing a 3£-aeetoxy- and 
Ba^hydroxy-groups thus allowing a differential treatment 
of the 3- and 11-substituents. Thus, chromic acid oxid
ation of (LXXII) gives 7:11:20-triketoallopregn-8-en-33-yl 
acetate (LXXIV) and similar oxidation of (LXXIII) yields



7:ll2 20-triketoallopregnan-3P-yl acetate (LXXV).
CH3 CH, CH
1 ' 1 ICO CO CO

AcO 0 AcHO'

( LXXI j

AcO'

CH CH CH
COCO COHO..

AcOAcO AcO

Performic acid oxidation (57, 53) of 22 a-all o- 
spirosta-7 59(ll)-dien-3^~yl acetate (XXXIV) obtained 
from diosgenin as described earlier, gives 9a111a-epoxy- 
•7-keto*22a-allospirQstan~35~yl acetate (LXXVI). Ihis 
was converted into 9as 11a-epoxy-22a-aliospirestan~36-yl 
acetate (LXXVII) by Haney nickel desulphurisation of the 
7-ethylenedithioketal. The last compound (1XXVII) was 
also obtained from hecogenin (IiXXVIII) (56, 68), which 
was converted into 12-keto-22a-allospiro3t-9(11) -en~3ff «»ol 
(1XXIX) (68) by oxidation with selenium dioxide. Wolff- 
-Xishner reduction (31) of this compound gives (LXXX),
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the acetate of which on treatment with perbenaoie acid 
gives the 9 a;lla-epoxide (LXXVII).

AcO AcO
(xxxiv) ( Lxxvi) (L XXVIl)

HO HO HO
( Lxxviu)

The behaviour of the ketoxide (LXXVI) exactly 
parallels that of the related pregnane derivatives 
described above. Thus the compounds corresponding to 
(LIX)-(LXV) have been prepared using the same sequence 
of reactions (54). One additional 11-oxygenated sterol 
has been obtained by reduction of the corresponding 
diketone (LXXXI) with lithium aluminium hydride to 33*113- 
-dihydroxy-22a-allospirostane (LXXXII) (cf. 59)•

Furthermore, oxidation of 33 ill a-dihydroxy-22a-alio-
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spirost-8-en-7-one (IXXX2II) with, chromic acid yields 
the trione (LXXXIV), partial reduction of which9 using

HO

HO

ft Baney nickel catalyst, followed by aeetylation, gives 
7111 -diketo-32a-allospiroat-8-en*3ft-yl acetate (&XXX?),

HO.

AcOHO'
( L x x x m )

an intermediate in the synthesis of 11:2Q-dlketoaile- 
pregnan*3p-yl acetate (XXXVI) from diosgenin using the 
perbenzoic acid route.

either Routes.
In addition to other oxidizing agents for the con

version of 7:9(11)-dienes into 11-oxygenated steroids, 
Fieser and co-workers (60, 61, 62) investigated sodium
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diehromate and N-bromosuccinimide. Oxidation of methyl 
3 a~ac etexychola-7*9(11)-dienate (LXKXTI) with aodlum 
diehromate in acetic acid (32, 60) gave the 
-ketone (LXOTIII) and the a*-7*11-diketone (LXXXVII) * 
She latter product was transformed by reduction of the

AcO"

( l x x x v i i ) (l x x x i x )CO^CH j

( L x x x v i )

(l x x x v u i ) ( x c u )

—  N N
-<---------------- -— I

k / O H  ^ V ^ o  **

(XCl) ( *c )
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double-bond with zinc and removal of the less hindered
7-ket© group by Wolff-Kishner method into the methyl 
ester acetate of 11-ketolithocholic acid (LXXXIX). She 

-unsaturated ketone (LXXXVIII) is easily isomerised to 
the conjugated ketone (XC), which can be converted back 
to the diene (LXXXVI) by reduction of the carbonyl group 
with sodium and amyl alcohol to (XCI) and dehydration 
with mineral acid, and oxidised through the enol acetate 
(XCII) to (XGIII) with perphthalie acid.

Shis method is also applicable to 7*9(11)-dienes of 
the 6a-series (61), Diehromate oxidation of 7*9(11)- 
-cholestadienyl benzoate (XCIV) gave the a® , 7  ill-dike tone 
(XQVII) and the a ® (Ai) -7-ketone (XCV) which was isomer
ised to the -ketone (XCVI) by zinc and acetic acid. 
Reduction of (XCVII) with zinc and acetic acid followed 
by Wolff-Xishner reduction afforded 11-ketocholestanol 
(XCVIII). Oxidation of (XCIV) with hydrogen peroxide 
and ferrous sulphate (or peracetic acid) gave the 7-keto- 
-9a ilia -epoxide (XCIX), convertible through (C) into (Cl) 
by the methods reported by Bjerassi al. (33, 34).

Another method for use with either a ois- or a trans- 
-A/B junction has been described (36, 62). 7*9(11)-
-Dienes of the bile acid (LXXXVI), cholesterol and ergo- 
sterol series have been converted into the saturated
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BzO'

(xciv)

(xcvu)

>

H0,

( x c v i )

(xevm)

Cc) (Cl)

7 *11 -ilk®tones (CII) by reaction with K-bromosucciniBd.de 
in t-butanol-dilute sulphuric acid, followed by further 
oxidation with silver ehromate and reduction with zinc 
and acetic acid. In the bile acid series initial products 
of reaction with the bromoimide have been characterised (62)
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as the 9(11)-ene-7-one (CIII), 8-ene-ll-one (CIV) and
8-en#-11a-*©1-7-one (OV) .

Ac 0
(LXXXVI )

(cm) (civ) (cv)

A new route to ll-ketosteroids starting from 9(11)- 
-unsaturated compounds (OVI) was described (63). %■
successive oxidation with perbenzoie acid and sodium 
diehromate the epoxides (GVXI) and (CVIII) are prepared.
Xhe latter is oxidised with chromic acid to give the 
3a*9a~epoxide (OX) which reacts with hydrogen bromide to 
form the bromo dike tone (CIX). Reductive elimination of 
the bromo-atom leads to the diketone (OXIX), and partial 
reduction with sodium borohydride, followed by acetylation,
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to (CXIII). Reduction of (CX) with sodium borohydride 
gives arise to the f©imation of a mixture of triols which 
contains 3ui9aslljB-triol in largest amount. fhe 
3-monoacetate of this triol can be oxidised to (CXI) •
9Che conversion of (CXI) to (CXIII) is accomplished either

->■
AcO' OAcO'

(evil)

Br

HO.

—>■ 
Ac O'O HO

(Cxi)

AcO' AcO'
(Q-Xiv)
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by direct Cleimnensen reduction or via the bromoketone 
(CXXV).

This type of method is applicable only to compounds 
with a els-A/B ring junction, since the oxide ring in 
(OX) cannot be produced in the trans-A/B series*

In ergosterol series, Jones and eo-workers (68) have 
recently reported that oxidation of 3p-acetoxy-Sas8a- 
~epidioxyergost-9(ll)-ene (CXV) with potassium permanganate 
in acetic acid gives the corresponding 9sll-diol (CXVI).

A new synthetic route has been recently devised by 
Laubach et al. (102) for the conversion of Coring 
unsubstituted steroids to cortisone. Dehydroergostexyl 
acetate (CXYII), prepared by mercuric acetate dehydrogen
ation of ergosteryl acetate, was catalytically isomerised 
with liquid sulphur dioxide in over BQfo yield to the 
658(14)59(11):22-tetraene(CXVIII), which on photochemical 
peroxidation (103) afforded the 11:14-peroxide (CXXX)* 
Selective hydrogenation of the peroxide over a lead-

(C,xv) (^CXVl)
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-palladium catalyst gave a glycol {CXX), which underwent 
acid-catalyzed anionotropic rearrangement to a readily 
aoylated isomer, the 9^11-diol (CXXI).

Mild base-catalyzed rearrangement of the peroxide 
(023X) yielded the 6 88*22-trien-14~ol-ll-oae (OSII).
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Acid-catalyzed dehydration, followed by reaeetylation 
led to the 6:8:14522-tetraen-11-one (CZXXII), which on 
select lye hydrogenation over \7-7 Raney nickel gave the 
known intermediate, 30-acetoxyergosta-85 22-aien~ll~one 
(CXXIT).

Beeently Heusler and Wettstein (81) have reported 
the following series of transformations: Treatment of
9a:lla-ep0xyergost-7~en-3P-yX acetate ( XV ) with boron 
trifluoride etherate in absolute ether gives the a  -li
ke tone (CXXV) which belongs to the 9£-series. This 
intermediate (GXXT) is rearranged with mineral acid or

HO

+
AcO

(xv)

'7

AcO' AcO'AcO O  Ac

(XXll)  ̂C XX Vtll ̂ (cxxix)
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boron trifluoride in benzene to the known conjugated 
A * -11-ketone (XXII). Treatment of the uneonjugated 
ketone (CXXV) with lithium aluminium hydride followed by 
acetylation gives rise to the compounds (CXXVD and 
(CXXVTI) with the unnatural 9 3 -configuration. Oxidation 
with monoperphthalic acid yields the ketoxide (OXXVIII) 
which is converted into (CXXIX) on treatment with boron 
trifluoride in dioxan, followed by acetylation# Similarly 
the a 6-11 -ketones of the androstane and eholestane series 
have been prepared.

Conversion of 11-Oxygenated Steroids into Cortisone.
Ergosterol has been converted into ll-ketoergost-22- 

-ea-30~yl acetate (XIX) as described above (29, 30). 
Ozonolysis of (XIX) followed by esterification gives 
methyl 30-aoetoxy-11 -ketobisnorallocholanate (XXXIX), which 
is also obtained from methyl 53-acetoxybisnorehbl-5-enate 
(XXXVXI), itself obtained from either cholesterol or

CH CH,
co Diosgenin 
\ Heeogenin

AcO AcO

(xxxix)



- 41 -

stigmasterol (29). Barbier-V^ieland degradation of 
(XXXIX) gives 11i20-diketoallopregnan-5P-yl acetate 
(XXXVI) also obtained from diosgenin and heeogenin as 
described above.

!he transformation of (XXXVI) to cortisone acetate 
(CXXXIII) includes introduction of two hydroxyl groups in 
positions 17 and 21 and of the ap-unsaturated ketone in 
ring A (64, 65). Using the Gallagher method (66),
11*2G-diketone (XXXVI) is converted into its 11*20-dienol- 
-acetate, oxidation of which with perbenzoic acid followed 
by alkaline hydrolysis gives *17a-dihydroxy-11*20-
-dike toallopregnane (CXXX) • Bromination of the last

C H 3I
CO

C H ^ 0 Ac

CO

HO

OH

HO

OH

H H

(CXKX) Qcxxxi)

H

( c x x x n ) (C.XXXlll)
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compound followed lay treatment of the 21-bromo-derivative 
with sodium acetate (64) or with sodium iodide followed 
by potassium acetate (65) gives 3)3:17a-dihydroxy-11:20- 
-diketoallopregnan-21-yl acetate (CXX22). Oxidation of 
(CXXXI) with N-bromoacetamide yields 17a-hydroxy-3511320- 
-triketoallopregnan-21-yl acetate (CXXXEI) (64, 65). 
Bromination and dehydrobromination of the last compound 
(64), or using a method previously employed with other 3- 
-keto-allo-steroids (67) , gives cortisone acetate (CXXXIII).

Microbiological Oxidation.
fhe ability of several micro-organisms to oxidise 

steroids at Ci* in one simple step has been reported 
recently (70, 71, 73). Bio-oxygenation of progesterone 
(C2XOV) yields 11a-hydroxyprogesterone (CXXXY), oxidation

cH5 CH, CH jI | | SCO (20 CO
HO..

CH

CO CO
HO...
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of which gives the known 11-ketoprogesterone (CXXXVT) . 
Catalytic reduction of (C.XXST) over palladised charcoal 
in presence of alkali (71) gives 3i20-diketopregnan-lla 
-ol (CXXXVII), which allows a simple part-synthesis of 
cortisone from progesterone in ten stages (72, 104) .

Further studies revealed (74) that fungus Hhizopus 
nigricans shrh. in particular produces excellent yields 
(85 -95$) of 11a -hydroxyproge sterone (CXXXV) from 
progesterone (CXXXIV).

«>ap>«»S0O — — —
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Introduction*
The work described in this thesis had as its object 

the development of routes to 11-oxygenated steroids from 
ergosterol in a projected partial synthesis of cortisone* 
The investigation was commenced in June 1951, at a stage 
when a general scheme for the synthesis of 11-keto- 
-steroids from steroids containing a 5-ethylenic linkage 
such as ergosterol, diosgenin and stigmasterol had been 
reported in a preliminary note by Tishler and co-workers 
(29), and when Spring and co-workers (106, 10V) had 
perfected the method for the preparation of 5-dihydro- 
ergosteryl acetate from ergosteryl acetate and consider
ably improved the yield of pure ergosteryl-B acetate, the 
starting material used in these Investigations*

Since that time, many publications have appeared, 
describing various oxidation procedures directed towards 
the formation of 11-oxygenated steroids starting from 
7i9(ll)-dienie steroids. Many of these communications 
are in outline form only without experimental details*
The experiments described in this thesis, performed during 
the same period, have in part been reported in a series of 
publications (107-114).

*»«*Q0& — — —
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Ergosteryl-P Acetate,
The approach to the syntheses of 11-oxygenated 

steroids started from ergosteryl-D acetate [ergosta- 
+7 s9(ll)!22-trien-3P-yl acetate] (III) the simplest 
available derivative of ergosteryl acetate (I) containing 
unsaturation involving Cx* and a side-chain ethylenle 
linkage. The most efficient method of preparation of 
ergosteryl-P acetate (III) consisted of the preparation 
of 5-dihydroergosteryl acetate (II), followed by oxidation 
with mercuric acetate to give (III).

AcOAcO
C O (»u)

The preparation of 5-dihydroergosteryl acetate (II) 
has been reported by Heilbron and Sexton (14), Wieland 
and Benend (15) and Barton and Cox (16) by the partial 
hydrogenation of ergosteryl esters in a neutral solvent* 
the last-named authors obtained 50-35$ yield after 1^ - 2 
hours reaction time, using a platinum catalyst and 
chloroform as solvent. Anderson, Stevenson and Spring 
(106) have isolated 5-dihydroergosteryl acetate of high
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purity in practically quantitative yield (95$) by per
forming the hydrogenation in benzene solution with Haney 
nickel catalyst. The hydrogenation could be completed 
within 15 minutes. Since that time, other improved 
procedures have also been reported by various workers * 
Panizsson and Kagi (36$ p.2125, footnote) obtained a 90-95$ 
yield with Bupe nickel in ether solution! more recently 
Laubach and Brunings (75) reported a quantitative yield 
with Haney nickel in dioxan and, finally, Huyle et al.
(76) have effected the same reaction in similar yield 
using a Baney nickel catalyst and benzene as solvent.

Ergosteryl-B acetate was prepared by oxidation of 
5-dihy droergosteryl acetate by means of mercuric acetate 
(19, 20), using a modification of the existing method, 
first employed by Bergmann and Stevens (22) for the

AcO
(IV)

jxejaxatioa of dehydroergostexyl acetate (IT) from ergo- 
steryl acetate in chloroform solution. Although the 
yield obtained in the oxidation of 5-dihydroergoateryl
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acetate to ergosteryl-2) acetate by mercuric acetate has 
been improved, the method is still far from satisfactory- 
A crude reaction product is isolable in 85$ yield, which 
on purification by crystallisation, gives ergosteryl-P 
acetate, Ca3p +23°, in 48-50$ yield. This product, 
however, is not quite homogeneous. Purification of this 
material to constant optical rotation by crystallisation 
proved extremely wasteful, lowering the yield of product 
with [a] *£+28° to 30$. Pure ergosteryl~D acetate,
Ca]B +30% exMfits the characteristic ultraviolet light

o
absorption, viz, well-defined maxima at 2350 and 2420 A

o(principal, £ = 18,000) with an inflection at 2510 A, 
which appears to be characteristic of 7 S9(ll) -dienic 
steroids (77). A comparison of specific rotation values 
and the principal bands of the absorption spectra of the 
various samples prepared, suggests that the impurity is 
unreacted 5-dihydroergosteryl acetate ([a]^ -21°, showing

o
no light absorption above 2200 A). 5-Pihydroergosteryl 
acetate and ergosteryl-23 acetate cannot be separated by 
chromatography.

Brgosteryl-D acetate was subsequently prepared in 
reasonable yield, according to the method developed by 
Anderson, Stevenson and Spring (106), using a bromination 
procedure (to be discussed) whereby a high purity was
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readily obtained, as shown by comparison of its melting 
point, specific rotation and ultraviolet light absorption 
intensity with previously reported values.

Brgosteryl-D Acetate
Method of 
preparation Source M*p«

s at o 
2420 A 
in EtOH

Bromine This work 178-180° +33° 19,000
Mercuric Acetate This work 176° +30° 18,000
Mercuric Acetate (56) 169-170° +21° 16,000
Mercuric Acetate (16) 169° +18° 13,200
Perbenzoic Acid (78) 171° +86°

Ergosteryl-D acetate, [a]^< +28°, was employed as 
starting material in the experiments described below* 
Homogeneity of the product was verified by alkaline 
hydrolysis to the free alcohol followed by reacetylation* 
Ergosteryl -D benzoate was also prepared from ergosterol-D 
by the usual method.



-  49 -

II-OXYGENATED STEROIDS FROM ERGOSTERYL-D ACETATE.

Oxidation with Chromic Acid.
The oxidation of ergosteryl-B acetate (III) with 

chromium trioxide in acetic acid was first examined under 
a variety of conditions. In all cases, 3 £-&oetoxyergosta- 
-8 s22-dien-7-one (VI) was obtained in poor yield. This 
ap-unsaturated ketone was first obtained by Stavely and 
Bollenback (39), as a minor product of the oxidation of 
5-dihydroe rgo steryl acetate (II) with chromium trioxide.

When ergosteryl-D acetate was oxidised with chromium 
trioxide in acetic acid at 50°, a crystalline compound was 
isolated, CaoHisOo, m.p.174-176°, -54°, which does
not exhibit selective absorption of high intensity aboveo
2200 A and gives a yellow colour with tetranitromethane 
in chloroform* This compound is isomeric with 3|3-acetoxy- 
ergosta-8i22-dien-7-one (VI)* It is converted into the 
up-unsaturated ketone (VI } by filtration of its solution 
in light petroleum-beazene through a column of alumina* 
Alkaline hydrolysis gives 3$-hydroxyergosta-8 :2 2 -dien-7-one 
(VI?) showing a maximum at 2520 A ( £ 85 11,000), which is 
also obtained on hydrolysis of 3 £-acetoxyergosta-8 s2 2 - 
-dien-7 -one. The initial reaction product is an uncon
jugated ketone, 3p-acetoxyergosta-9(ll)s22-dien-7-one (V)* 
Fieser and co-workers (35, 60, cf* 32) have shown that
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oxidation of methyl 3a~acetoxyehola~7!9(11)-dienate with 
sodium dichromate dihydrate gives methyl 3a-aoetoxy-7- 
~ketochol-9(11)-enate which, like the oxidation product 
from ergosteryl-D acetate, is readily isomerised hy alkali 
to the corresponding £>*-7-ketone. Reaction with 
N-bromosuecinimide (62) gave the same unconjugated ketone. 
Bichromate oxidation of 739(11)-cholestadienyl benzoate 
(61) gave likewise the corresponding a 9  ̂X1 ̂ -7-ketone 
(see "HistoricalH). Heusser and co-workers (37) described 
a compound, m.p.176-177°, C®]^ -38°, obtained by treatment 
Of 7^3lla«dihydroxyergosta-8:22-dien-3p-yl acetate (XXIY) 
with hydrogen peroxide in acetic acid, as 3P~aeetoxy- 
ergosta-9(ll) :22-dien-7^one (V). This is probably the

'7

AcO
Cv)

same as a compound (m*p.l76-177°, Ca3j) -43.5°) obtained 
by fishier and co-workers (30) by controlled acid- 
-isomeri sat ion of 9a.2lla-epoxyergosta*7*22-dien~30-yl 
acetate (XVIIB. Further proof of structure employed for 
this ketone, and a discussion of the stereochemical
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aspect is included later.
In addition to 3p-acetoxyergosta-8 *22-dien-7-one

(VI), oxidation of ergosteryl-D acetate with chromic 
anhydride gives, in very small yield, a second compound, 
sup. 127-128°, [o-l-p -30°, showing a maximum at 2680 A
( £ = 3,300-4,700), which was not obtained in sufficient 
amount to allow a detailed investigation. The constants 
and the analysis (CgoH^O* ), however, suggest a mixed 
crystal of 7 sll-diketoergosta-8:22-dien-^~yl acetate
(VII) (C3 0H4 4 O4 , sup.133-135°, +2 2 °, £ £ 7 0 0  55 8,600)
and 8a59a-epQxy-7;ll-diketoergost-22-en-3£~yl acetate
(VIII) (C8 oH4 4 0 6, sup.130-132°, CalD -60°, no absorptiono
of high intensity above 2200 A). The same mixed crystal

AcO AcO

was later obtained on treatment of 7$?llu-dihydroxy- 
ergosta-8:22-dien-36-yl acetate (XXIV) with chromium 
trioxide in acetic acid (cf. 36). Excess of oxidising 
agent promotes the formation of the di tertiary-epoxide
(VIII). Separation of these two compounds by crystallis-
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at ion or chromatography is not easy. Fieser and co
-workers (60, 61) obtained the corresponding a ®-7sll- 
-diketones on dichromate oxidation of methyl 3a~aeetoxy- 
ohola~V *9(11)-dienate and 7 *9(11)-eholestadienyl bensoate.

Oxidation of ergosteryl-D acetate with chromium 
trioxide in acetic acid containing sulphuric acid gives 
a product, which is almost certainly partially rearranged 
35-acetoxyergosta-9(11) :22-dien-7-one (?), showing a

o
maximum at 2520 A { £= 2,200). Chromatography of this 
product on alumina gives 3$-aeetoxyergosta*8!22-dien-7-one. 
Again, a very small yield of the product, m.p.123-125°, 
was isolated by chromatography, which is probably a 
mixture of 8a:9a-epoxy-7:ll-diketoergost-22~en-3£-yl 
acetate (VIII) and 7:11-diketoergo sta-8:22-dien-36-yl 
acetate (VII).

Oxidation with Performic Acid.
In view of the unpromising yields of the oxidation 

products described above, the oxidation of ergosteryl-D 
acetate with hydrogen peroxide in formic acid was next 
investigated.

With one mol* of performic acid, a compound,
C*®H*60<s, m.p.194-197°, +18° was obtained in good
yield. fhis compound gives a pale yellow colour with 
tetranitromethane from which it follows that it is formed
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by addition of oxygen to the conjugated system of 
ergosteryl-D acetate (in preference to the side-chain 
double bond), since the diene system of the last compound, 
in common with many conjugated diene s, gives a dark-brown 
colour with tetranitromethane. In support of this 
decision it was found that the compound C^oH^eOs does 
not exhibit selective ultra-violet absorption of high

Q
intensity above 22G0 A. She initial reaction product 
is unstable, simple crystallisation being accompanied by 
the appearance of selective light absorption with a

o
maximum at 2540 A. Hydrolysis of the initial reaction 
product with either dilute alkali or mineral acid is 
accompanied by rearrangement to give 3{3-hydroxyergosta- 
-8:22-dien-7-one ( VI' ). If the formation of a 7*11- 
-oxide be excluded as sterically improbable, oxidation 
has occurred at either the 9:11- or at the 7:8-ethylenic 
bonds of ergosteryl-D acetate to give either an epoxide 
[(IX) or (X)] or a ketone [(XI) or (XII)]. The 9a:11a- 
-configuration is ascribed to (IX) because of the weil- 
-established preferential rear attack by reagents of the 
9- and the 11-position (40). The last compound (IX), 
obtained by the action of one mol* of perbenzoic acid on 
ergosteryl-D acetate (29, 108) is described later. The 
ease with which the compound, CooH*e08, is rearranged to
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an ap-unsaturated ketone (VI ) by alkali and by simple 
crystallisation, is in marked contrast to the stability

of the known ergosteryl -D epoxide (IX). The difference 
in reactivity between the epoxide and the compound,
OsoH^eOs, shows that the latter is not an epoxide, but 
rather a ketone [(XI) or (XII)]. That hydrolysis and 
rearrangement with alkali give 3P-hydroxyergosta-8:22- 
~dien-7-one excludes (XI) , and it is concluded that the 
compound CsoH4 8 0 3  is -acetoxyergosta-9(11):22-dien-7-one
(XII). These views are supported by the observation of 
Djerassi and co-workers (34) that treatment of the performic

(ix) (x)

(xi) (xiO
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acid mother-liquors, obtained from the conversion of 
20-ketoallopregna-7 59(ll)-dien-3p-yl acetate into 9a:lla- 
-epoxy-7:20-diketoallopregnan -3 g-yl acetate, with alkali 
gave 7:20-diketoallopregn-8-en-3£-ol pre sumably by 
rearrangement of the -7 88-oxide and/or the
-7-ketone. 3o far, however, the value of the evidence 
is doubtful 3ince the isomeric 7:8-oxides of ergosta- 
-7:9(11) :22-trien-3P-yl acetates are not known, and it is 
possible that one or both of these may readily rearrange 
to 30-acetoxyergosta-8 522-dien-7-one (VI). It is 
unlikely that the oxidation product, C80H4608, is a 7 58- 
-epoxide since it has been converted into 3P-acetoxy- 
-9u:lla-epoxyergost-22-en-7-one (XVIII), by protection 
of the 22:23-ethylenic linkage by the addition of one mol. 
of bromine, followed by oxidation with perbenzoic acid 
and debromination of the product with zinc (108), 
identical with a compound obtained by the oxidation of 
ergosteryl-D acetate with two mols. of performic acid 
(to be discussed later).

The structure of the oxidation product has been 
finally confirmed as 3p-aeetoxyergosta-9(ll): 22-dien-7-one 
(XII) by an examination of its infra-red absorption 
spectrum which shows two well-resolved bands in the 
carbonyl region: one at 1740 cm.-1 is ascribed to the
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30-acetate group and the other at 1715 cm.-* is ascribed 
to the 7-carbonyl group.

In view of the fact that the same structure, viz. 
30-acetoxyergosta-9(ll}*22-dien-7-one (XII), has been 
already ascribed to the compound (m.p.174-176°, [a]^ -54°) 
obtained by the oxidation of ergosteryl-D acetate with 
chromium trioxide and that the proof of structure employed 
by Heusser et al - (37) for this ketone is the same as that 
employed for the compound, m.p.194-197% £a3;p +18° ^  
concluded that the two 0^-unsaturated ketones probably 
differ in orientation around Ce.

(x m ) (xiv)

( X V I )
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Later* a Cg epimer (XIII) of 7 •ll-diketoergost-22- 
-en-30-yl acetate (XIV) has been discovered [(114)j to 
be discussed] and a comparison of the molecular rotation 
relationships of the two diketones with those of the two 
unsaturated ketones confirms the original view and 
strongly suggests that the isomer of [a]^ +18° is 3 0 - 
-acetoxy-8a-ergosta-9(ll) s2 2 -dien-7-one (XV) and that 
the isomer of Ca]^ **54° has the normal 80-configuration 
(XVI) .

Molecular Rotation Differences.
C [a]D M« W# [M]d A80-*8a

7 ill-diketone 8 a +30° +141
470 +282

7 ill-dike tone 80 -30° -141
A0(* i)-7 -ketone 8 a +18° +82

454 +327
A®(ii) -7-ketone 80 -54° -245

Oxidation of ergosteryl-L acetate with two mols. of
performic acid gave a compound, Ĉ oIî eO*, which does not

o
show selective absorption of high intensity above 2200 A. 
Two oxygen atoms have been introduced into the ergosteryl-D 
acetate molecule and, since the primary oxidation product 
of the performic acid oxidation of this compound has been 
shown to be 30-acetoxyergosta-9(ll)s2 2 -dien-7-one (XII), 
one oxygen atom must be present as a ketone at the 
7-position. Since the remaining centres of attack are
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the 9*1 1 - end 2 2 523-double bondst the second oxygen atom 
must either be in the nucleus or in the side chain. The 
latter possibility is excluded since (a) the remaining 
nuclear bond is attacked preferentially to the side-chain 
double bond, as is later proven by strong alkaline 
hydrolysis of the compound C3 0H4 8 0 4 , and (b) the compound 
C®®H4 e0 4 is also obtained by performic acid oxidation of 
ergosteryl-B acetate 22 5 23-dibromide, in which the side- 
chain double bond is protected by bromine atoms, followed 
by sine dust debromination, a step which introduces the 
22523-ethylenic linkage. It follows that the second

oxygen atom is present either as a ketone at position 1 1 , 
or as a 9:ll-«xide. The possible structures for the 
compound C«oH*eO* are therefore 7 5 1 1 -diketoergost-2 2 -en- 
-3£-yl acetate (XVII) and 9 a 111a -e poxy -7 -ke t ©e rgo s t -22- 
-en^-yl acetate (XVIII) [the 9£ slip-configuration being 
excluded in view of the preferential rear attack of 
reagents at the 9- and the 11-positions (40)3. Since the

(XVIl) (xvm)



-  59 -

oxidation product differs, however, from the known 7 :1 1 - 
-diketone (XVII) (29, 36, 109) it is therefore 9 a<lla- 
-epoxy-7 -ke toergost-2 2 -en-3p-yl acetate (XVIII), This 
compound can also he prepared from 3 f>-acetoxyergosta- 
-9(11):2 2 -dien-7-one (XII) by protection of the 22:23- 
-ethylenic linkage by the addition of one mol, of 
bromine, followed by oxidation with perbenzoic acid and 
debromination of the product with zinc (108).

Relatively mild alkaline hydrolysis of 9 a:lla~
-epoxy-7-ke toergost-2 2 -en-3p-yl acetate (XVIII) gives a 
compound C*eH**O0 shown to be 3$:llu-dihydroxyergosta- 
-8 :22-dien-7-one (XIX) by the reactions now to be dis
cussed. The structure ascribed to the compound Ce8H440® 
is supported by its formation from the ketoxide (XVIII), 
by the ultra-violet absorption spectrum normally assoei-

o
ated with an a £ -unsaturated ketone [maximum at 2520 A 
( 6  a 9000), and the infra-red spectrum which shows the 
existence of both the ap-unsaturated ketone and hydroxyl 
groups. The presence of two hydroxyl groups in this 
Compound is indicated by the fact that it fozms a diacetate, 
C®sH4 8 Qb [maximum at 2520 A ( 6 ® 10,400)] (XX). Since 
the precursor (XII) contains a ketone group at the 7- 
•position it follows that the compound CeeH4 *0 6 is either 
5$:11ft,-dihydroxyergosta-8 :2 2 -dien-7-one (XIX) or the
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corresponding 3P«ll|3-diol» Concerning the oriental;!on 
of the 1 1 -hydroxyl group in 3$ * 1 1  -dihydroxyergosta-8 ; 2 2  - 
-dien-7-one, the ease of acetylation to a diacetate at

first sight precludes the possibility of the lip-configu
ration, since it is a well established fact that an 
lla-hydroxyl group can readily be acetylated whereas an 
lip-hydroxyl group cannot (24). This deduction, however, 
may be invalidated by the effect of the 8*9-ethylenic 
linkage upon the accessibility of an lip-hydroxyl group, 
which might exert an anomalous neighbouring-group effect 
(of. 63) . An argument based on analogy can be presented 
in favour of the 1 1 a-configuration. Djerassi and co- 
-workers (57, 33, 34) have employed a method for the intro
duction of an oxygen at Cu  analogous to that described 
herein, which is applied to diosgenin and allopregnane 
derivatives. Oxidation of 3(3;20p-diacetoxyallopregna- 
-7*9(11)-diene with performic acid gives 3p*20P-diacetoxy- 
-9a 111a -epoxyallopregnan-7 -one, alkaline hydrolysis of

(XIX) (XX)
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which yields 30*lla*2O0-trihydroxypregn-8-en-7-one which 
foims a triacetate. Catalytic hydrogenation of 30*lla:2Oj3- 
-trihydroxypregn-8-en-7 -one gives 3P*11a *200-trihydroxy - 
pregnan-7-one which forms a triacetate (3 3 , of .3 4 ).
Whilst it can he reasoned that the conversion of a 3*11*20- 
-trihy droxypregn-8 -en-7 -one into a triacetate does not 
prove that the 1 1 -hydroxyl group has the a-configuration, 
since the effect of a neighbouring group upon an 1 1 0 - 
-hydroxyl group may be shown by an 8 *9-unsaturated centre 
(63) f triacetylation of the saturated 3  ̂11 ̂20-trihydroxy- 
pregnan-7-one proves the a-configuration for the 11- 
-hydroxyl group in these compounds. Consequently, the 
11-hydroxyl group in 30 * 1 1  -dihydroxyergosta-8 *2 2 -dien-7 -one, 
obtained in an analogous manner from ergosteiyl-D acetate, 
is assigned the a-configuration, from which it follows 
that the diaeetate is 3 P:lla-diacetoxyergosta-8 *2 2 -dien- 
-7-one (XX).

It was considered necessary, nevertheless, to effect 
hydrolysis and acetylation on a related compound lacking 
the 8*9-ethylenic linkage. Correspondingly, it was 
conclusively shown that the ascribed 1 1 a-configuration is 
Correct, since catalytic hydrogenation (using platinum 
oxide) and alkaline hydrolysis of 30 *lla-diaeetoxy-22 *23- 
-dibromoergost-8-en-7-one followed by acetylation gave
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3|3:llG'-<liaoetoxyergost-22-en-7-one (to tie discussed 
late 2?) *

Further investigation of 9a:lla~exDoxy-7-*ketoergost- 
-2 2 -en-3(B-yl acetate (XVIII) revealed that on filtration 
of its benzene solution through a column of alumina, no 
material was eluted from the column until methanol was 
introduced to the eluting solvent* This behaviour 
suggested that the product contained one or more hydroxyl 
groups, and that the basicity of the alumina was sufficient 
to cause alkaline rearrangement of the 9a:1 1 a-epoxy-7- 
-ketone system to the 1 1 a-hydroxy-8 -en-7-one to give 
3£-acetoxy-lla-hydroxyergost-8-en-7-one (XXI). The product

oexhibited light absorption at 2540 A indicating an ap- 
unsaturated ketone, and the infra-red spectrum showed

AcO ..HO..

Ac. 0AcO' AcO

absorption bands in the ketone, acetate and hydroxyl 
regions. The structure (XXI) ascribed to this compound 
was confirmed by acetylation to the known 3j3* 1 1 a-diacetoxy 
ergosta-8 :2 2-dien-7-one (XX). The important feature of
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the above procedure is that the chromatographic rearrange
ment, unlike mild alkali rearrangement, affords selective 
protection at Ca.

In contrast to treatment with mild alkali, hydrolysis 
of 9aslla-epoxy-7-katoergost-22-en~30-yl acetate (XVIII) 
or 50:11a-diacetoxyergosta-8:22-dien-7-0ne (XX) with 
strong aqueous-ethanolic potassium hydroxide followed by 
acetylation yielded a reaction mixture, from which 7*11- 
-diketoergost-22-en-30-yl acetate (XIV) was readily 
isolated by chromatography on alumina. The identity of 
the diketone (XIV) was established by direct comparison 
with a specimen prepared as described by Heusser et al. 
(36). A similar isomerisation of 6-ketocholest-4-en- 
-30~yl acetate into cholestane-3 *6-dione was observed by 
Heilbron, Jones, and Spring (79) and the conversion of 
60j£L-diac©toxypregn-4-en-3:2O-dlone into 21 -hydroxy alio - 
pregnan-3:6J20-trione by treatment with alkali has been 
reported by Herzig and Fhrenstein (80). The Isolation 
of 7:11 -diketoergo s t-22-en-30-yl acetate (XIV) proves 
without doubt the presence of an oxygen atom at CX3, in 
the compound C*8H**09 (hydrolysis of the ketoxide), and 
shows in addition that it can be either 30 *lla-dihydroxy- 
ergosta-8:22-dien-7-one (XIX) or 30s7^-dihydroxyergosta- 
*8s22-dien-ll-one. If the identification of the performic
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oxidation product CBOH4 « 0 4 as 9a;lla-epoxy-7-ketoergost- 
-22-e;a-3j3-yl acetate (X?III) is correct, the latter 
possibility is excluded, and the compound CggH^eO®, 
therefore, must he Spslla-dihydroxyergosta-S? 22-dien-7-one 
(IIS) *

fhe reactions discussed above can he summarised as 
follows:

n

AcO AcO AcO

(vi)

HO,HO..

HOAcO
(Xix)(xxi)

AcO
(XIV) (xx)
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Oxidation of ergosteryl-D acetate with perbenzoic~ 
-formic acid gives a product which on alkaline hydrolysis 
and acetylation yields a crystalline compound, Ca^aO®,

oshowing an absorption maximum at 2520 A ( e = 9,700) and 
giving no colour with tetranitromethane. The yields 
were poor, and the insufficient amount of this compound 
did not allow a detailed investigation. The analysis 
and the absence of colour with te tranitrome thane, however, 
suggest that the side-chain double bond was oxidised.
It is possible that the following steps have taken place 
©n oxidation, hydrolysis and acetylation:

o
HO

H O AcOAcO

Oxidation with Perbenzoic Acid.
Parallel with the chromium trioxide and performic 

acid oxidation experiments described above, a study was 
made of the oxidation of ergosteryl-2) acetate with per- 
benzoic acid. Controlled treatment of the latter compound 
with one equivalent of perbenzoic acid gives readily a
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mono-epoxide in excellent yield. fhe preparation of 
this compound was reported almost simultaneously by 
Tishier and co-workers (29), and by Keusser and co-workers 
(36)j the Swiss authors employed monoperphthalie acid 
for the oxidation of ergosteryl-I) acetate. Since this 
epoxide 5 C^oE&q 0 39 does not exhibit light absox*ption
above 2200 A5 gives a yellow colour with tetranitromethane, 
and differs from the previously described unconjugated 
ketones (absence of a carbonyl group is shown by infra-red 
spectrum) it must be either Saslla-epoxyergosta-7:22~ 
-diea-3p-yl acetate (IX) or 7^:8^-epoxyergosta-9(ll):22- 
-dien-3@-yl acetate (X). Heusser et al. (36) favour

structure (IX), and fishier et al. (30) have also since 
stated their preference for the a7 -9 <x *11 a-epoxide 
structure. Since both chromic acid and performic acid 
had attacked the 7:8-ethylenic linkage preferentially to 
the 9:11-double bond of ergosteryl-D acetate, it was 
anticipated that perbenzoic acid would react in an

o

(>*) (x)
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analogous manner. This, indeed, seemed to be the ease 
when dilute mineral acid hydrolysis yielded the known 
5(5-hydroxyergosta-8:22-dien-7-one (VP). Consequently, 
in the preliminary communication (107) the oxide was 
given the alternative structure 7*U8S-epoxyergoata- 
-9(11) :22-dien-3j3-yl acetate (X). Shis structure soon 
appeared unsatisfactory when an observation was made that 
catalytic hydrogenation of ergosteryl-D acetate 2 2 sg3 ~ 
-dibromide leads to initial saturation of the 9sll- 
-ethylenie linkage with the formation of 22:23-dibromo- 
ergost-7-en-3p-yl acetate (111 ), which leads to the view 
that the monoepoxide of ergosteryl-D acetate 22*23- 
-dibromide is likewise formed by saturation of the 9*11- 
-ethylenie linkage and is therefore 9a:11a-epoxide.

3?he epsxide of ergosteryl-D acetate is ascribed the 
Structure 9a:lla-epoxyergosta-7*22-dien-3|3-yl acetate
(IX) since, according to the experimental conditions, it 
can be isomerised to two different a (B—unsaturated ketones. 
Firstly, with aqueous mineral acid, it is converted into 
3$-acetoxyerg08ta-8*22-dien-7-one (VI), previously 
obtained by chromic acid oxidation of 5-dihydroergosteryl 
acetate (II) (39) and ergosteryl-D acetate (III)(108).
In the second, place, the important observation was made 
by Heusser and co-workers (36) that treatment of the
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epoxide with anhydrous Lewis acids (boron trifluoride la 
absolute benzene or ferric chloride) gives in high yield,

AcO AcO AcO'
(VI) (IX) (XXII)

an isomeric up-unsaturated ketone to which was ascribed
the structure 35-acetoxyergosta-8:22-dien~ll-©ne (XXII).
Like 5(3-acetoxyergosta-8!22-dien-7-one (VI) this isomer

©
exhibits an ultraviolet absorption maximum at 2530 k\ 
neither of the two isomers is converted into the other on 
treatment with mineral acid. These considerations and 
the fact that there are no known transformations which 
cannot be explained by assumption of the 9a:lla-epoxy 
structure (the a-configuration is ascribed to the epoxy- 
-group since attack at the 9:11-positions will be at the 
rear of the molecule;, make the structure 9a:11a-epoxy- 
«rgosta-7:22-dien-3£-yl acetate (IX) very probable.

9as 11a-Epoxyergosta-7:22-dien-35 -yl acetate is 
smoothly hydrolysed with alkali to the corresponding 
9a ilia-epoxye rgosta-7:22-dien-3P-ol, which on re acetylation 
gives the parent acetate. The stability of this compound
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to alkali is noteworthy in view of the extreme reactivity 
Of 9a511a-epoxy-7-ketoergost-22-en-3£-yl acetate (XVIII) 
under the same conditions.

Oxidation of ergosteryl-D acetate with two molecular 
proportions of perbenzoic acid did not give a homogeneous 
reaction product, apart from a small amount of 9a511a- 
-epoxyergosta~7:22-dien-3£-yl acetate. It is obvious 
that the second mol. of the oxidising agent attacked both 
the 7 s8- and the 22 5 25-ethylenic linkages under the experi
mental conditions used. That this is the case, was proved 
by the fact that a beautifully crystalline compound was 
prepared in excellent yield, believed to be the 7*8,9511- 
-diepoxide, on treatment of ergosteryl-D acetate 22523- 
dibromide with an excess of perbenzoic acid, followed by 
debromination of the product with zinc. Description of 
this compound is included in the section dealing with the 
bromo -compounds.

Treatment of ergosteryl-D acetate with exoess of 
perbenzoic acid gives a crystalline compound, ,
in good yield. It does not show selective light absorp-

otion above 2000 A and does not give a colour with te tra
nitrome thane • The analysis, supported by the last 
observation, suggest that the three oxygen atoms are dis
tributed between the three ethylenie linkages. The
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stability of this compound to alkali is demonstrated by 
alkaline hydrolysis to the free alcohol and reace tylation, 
a feature characteristic of the ergosteryl-D acetate

aonoepoxide and diepoxide. The fact that the compound 
CeoEfceOe can be obtained from both the monoepoxide and 
diepoxide on treatment with excess perbenzoic acid, 
allows to fix two oxygens in the nucleus with reasonable 
certainty. The compound is probably a triepoxid© (XXIII), 
although no more work has been done to prove the character 
of the oxygen atom in the side-chain.

7111 -Diketoergost-22-en-5ft-yl Acetate.
In order to study the action of zinc on 7sll-diketo- 

ergosta-8:22-dien-3£ -yl acetate (VII) and 8<U9a-epoxy- 
-7*11-diketoergost-22-en-3f3-yl acetate (VIII), the two 
eompounds were prepared by the method employed by Heusser 
and co-workers (3 6 ).

Hydrolytic rearrangement of 9a:lla-epoxyergosta- 
-7122-dien-3£-yl acetate (IX) using dilute sulphuric acid

AcO

( xxiii)
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yields 7 *• 111a -&ihydroxyergosta-82 22 -dien-33 -yl acetate 
(XXIV) * fhe following reaction, scheme is proposed by 
Heusser et al. (loc.oit.):

HO.. HO..

AcO' AcO OH
( l x) ( x x i v )

Th& presence of two hydroxyl groups in (XXI?) is shown hy 
acetylation to 3p:7£2lla-triacetoxyergosta-8 2 2 8 -diene.
$he triol monoaeetate (XXI?) was given the 11a -configura
tion in accordance with the reaction scheme depicted 
above *

Oxidation of 7$slla-dihydroxyergosta-8!22-dien -33-yl 
acetate (XXI?) with chromic aeid gives a mixture of 7 s 11- 
-dike toe rgo s ta -8:22 -dien-33 -yl acetate (?II) and 8aspa- 
-epoxy-7?ll-diketoergost-22-en-33-yl acetate (7III). Ihe 
two compounds were separated hy crystallisation and chroma
tography. Ihe unsaturated 7*11-diketone (711) exhibits

o
a light absorption with a maximum at 2700 A ( & * 8,400), 
whereas the corresponding 8*9-epoxide does not show select

o
ive light absorption of high intensity above 2200 A. Ihe 
last compound (7III) is obtained as major product when an
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excess of oxidising agent is employed. She Qai9a~ 
-configuration is given to the epoxide-group in (VIII) 
since a similar oxidation of the related methyl 3u-aoetoxy- 
-7$ s11a-dihydroxychol-8-enate (XXV), even with an excess

9 H '7
HO.

AcO'AcO' AcOOH
(vil)

of chromic acid, gives only the corresponding unsaturated 
diketone and not a dike to-epoxide. It is reasoned that
a ready explanation for this marked difference is to be 
found if the epoxide group in (VIII) is cl-orientated, 
since addition of an a-epoxide group to the ehol-fc-ene 
derivative is considerably hindered.

CH

HO.

OH

Partial reduction of 7 *ll-diketoergGsta~8 *0 2 -die»- 
~3P-yl acetate (VII) and 8a:9a-epoxy-7:ll-diketoergost-
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-22-en-3P —yl acetate (VIII) with zinc and acetic acid at 
100° gives the well-known 7Jll-diketoergost-22-en-30-yl 
acetate (XIV). An attempt was made to pex*f orm the same 
reaction in a neutral solvent, by treatment of 7*11- 
-diketoergosta-8:22-dien-3(3-yl acetate (VII) with zinc 
dust in ether-methanol. Surprisingly, the reaction gave 
a compound, C0©H46O*, Ca];p +30°, which does not show
intense absorption above 2200 A, and which on warming of

an acetic acid solution gives 7*11-diketoergost-22-en-3P-yl 
acetate (XIV), -30®. It is also obtained by treat
ment of 8a:9a-©poxy-7 * 11 -diketoergost-22-en-3£ -yl acetate
(VIII) in ether-methanol with gine dust. Ihe new compound 
is an isomer of 7 *11 -diketoergost-22-en-5p-yl acetate and 
it differs from the normal isomer in the configuration at 
C* (XIII). Ihis compound was also prepared by different 
routes to be described and its structure is fully discussed 
®n page 1 1 2 .

Ihe reactions of 9aslla-epoxyergosta-7:22-dien-3£-yl

o

(xw)
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acetate (IX) described above can be sumiaaris©d in, the 
following way:

AcO AcO
(HI) (VI)

AcO' LOH AcO
(xx iv) (xm) (Xll)

AcO AcO' AcO
(vm) (xiv)

3g~Aeetox;y-9a :11a -dihydroxyergost -22 -en-7 -one»
In an attempt to correlate ergosteryl-D monoxide 

(9a:lia-epoxyergosta-7*22-dien-3g-yl acetate, IX) with 
3g~acetoxy-9a :lla-epoxyergost-22-en-7 -one (XYIII) , a 
solution of the former was treated with one mol* of
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bromine, to protect the side-chain ethylenic linkage 
during the subsequent oxidation stage, and then with an 
exeess of perbenxoic acid. Debromination of the reaction 
mixture with zinc dust in acetic acid at 100° gave 3p- 
-acetoxyergosta-S:22-dien-7-one (VI) and, in low yield, a 
crystalline compound C 99K+B0 & 9 identified as 3p-aeetoxy- 
-9a. sHa-dihydroxyergost-22-en-7 -one (XSVI) by the reactions 
described below.

The compound CgoH^aOs was isolated by several methods 
viz. by crystallisation, Girard's reagent and chromato
graphy. The last method is by far the most efficient one: 
a solution of the reaction product in benzene is filtered 
through a column of alumina and the column washed with the 
same solvent until no more material is eluted. Subsequent 
washing with methanol gives the pure compound. On this 
behaviour, one or more hydroxyl groups were anticipated.
The compound does not exhibit selective high-intensity

o
ultra-violet absorption above 2200 A. It is acetylated 
under normal conditions to a diacetoxy-derivative, C®sH8o08 • 
Of the two oxygens to be accounted for, one is a ketone, 
Which was indicated by its reaction with Girard's reagent. 
Treatment of the compound C8eH4eOe, or its acetyl derivative 
G**H*0Oa, with potassium hydroxide solution followed by 
acetyl at ion gives the known 3 p*lla-diacetoxyergosta-8s22-
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-dien-7-one (XX) identical with the compound obtained on 
alkaline hydrolysis and acetylation of 3p-aoetoxy-9a5lla- 
-epoxyergost-22-en-7~one (XVIII) as described above- The 
formation of an ap-unsaturated ketone (XX) indicates &

+
AcO AcO

(IX) (VI)

HO,

HO' AcOAcO
(XX)(xxvii)

dehydration across CB -C9 bond, and thus allows the fixing of 
the hydroxyl group at C9, whieh, being tertiary in 
oharaeter, cannot be acetylated* The acetylated produet 
is, therefore, 30Jlla-diaeetoxy-9a-hydroxyerg0St-22^en~7- 
-ene (XXVIII).

Mild alkaline hydrolysis of 3(3-acetoxy-9ailla-dihydroxy 
•rgos1:-22-en-7-one (XXVI) or 3p:lla-diacetoxy-9a-hydr©5ty- 
•rgOst-22-en-V-one (XXVIII) gives 3 P:9a:1 1 a-trihydroxy-
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ergoat-22-en-7-one (XXVII) which was raaeatylated to the 
acetyl derivative (XXVIII). !Phe infra-red absorption 
spectrum of 33~acetoxy-9a:lia-dihydroxyergost-22-en~7-one 
(XXVI) shows hands at 1732 (33-acetate group) , 1710 (7- 
-ketone group) and 3400 cm.”1 (hydroxyl group).

(Che a-configuration of the 11-hydroxyl group follows 
from the formation of the known 33 sllu-diacetoxyergosta- 
-8s 22 -dien-7 -one (XX). The eis-orientation of the 9 Jll- 
-hydroxyl groups with respect to each other, which was 
proved later, is discussed in the section describing the 
corresponding brominated derivatives (page 118).

—— oOo———
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JSrgosteryl -B Acetate 22 :23 -Pibromide .
As a consequence of the examination of a possible 

preparation of ergosteryl -D acetate by bromination of 5- 
-dihydroergosteryl acetate, a study commenced by Anderson 
and Spring (106), ergosteryl-D acetate 22:23~dibromide 
became available.

The introduction of an 11-oxygen function into the 
steroid nucleus starting from ergosterol and proceeding 
by way of the dibromide has certain attractive features, 
not the least of which is that the route avoids the pre
paration of ergosteryl-D acetate from 5-dihydroergosteryl 
acetate, an inefficient process using the best of the 
various methods available. More important, the use of 
ergosteryl-D acetate 22:23-dibromide as a starting material 
in the oxidation investigations of the 7:9(11)-ergostadiene 
derivatives, affords a ready means for the protection of 
the side -chain, ethylenie linkage during the subsequent 
oxidation stage. It is particularly useful during oxid
ations involving an excess of oxidising agent, in which 
case the oxidation products are usually isolated in excellent 
yields. The protected side-chain ethylenie linkage permits 
selective nuclear hydrogenations in high yields under 
specified experimental conditions. The dibromo-derivatives 
usually have a much higher melting point, which makes them
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easier to handle. They crystallise in well-defined, 
and in most eases, prismatic form. They are more 
insoluble than the corresponding 22-unsaturated compounds, 
and in some instances the product of high purity separates 
from the reaction mixture. The side-chain ethylenie 
linkage can be easily re-established prior to subsequent 
side-chain degradation in quantitative yield by debromin- 
atioa with zinc. A comparison of the molecular rotation 
Of the various ergosterol derivatives described in the 
experimental section and in the publications (107-114) 
with their corresponding 22:23-dibromides shows that the 
dibromides have a higher positive rotation (mean value of 
60 units) . This can be utilized with advantage although 
in some cases the individual groups exert vicinal action 
causing divergences from the mean value (particularly in 
11-substituted compounds).

A study of the action of bromine on 5-dihydroergo- 
ateryl acetate was commenced since, according to Bek and 
Hollingsworth (83) oxidation of cholest-7-ene in chloro
form with bromine at -75° gives cholesta-7:9(11) -diene. 
Treatment of 5-dihydroergosteryl acetate in ether solution 
at -60° with bromine gives in about 50$ yield a tetra- 
bromoergostenyl acetate which separates directly from the 
reaction mixture. This tetrabromide, which can also be
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Obtained directly from ergosteryl-D acetate, is moderately 
stable in the solid state, as are solutions of the 
compound in dioxan and benzene. However, its solutions 
in alcohol and particularly in chloroform, suffer profound 
decomposition after a short time at room temperature.
Sodium iodide effects partial debromination to 22^23- 
-dibromoergosta-7i9(ll)-dien-3f-yl acetate (ergosteryl-D 
acetate 22:23-dibromide} (XXXII), the structure of which 
was established, first, by its conversion into ergosteryl-D 
acetate by debromination with zinc dust and, secondly, by 
its characteristic 7 ?9(11)-dienic ultra-violet absorption 
spectrum, which is identical in location with that of 
ergosteryl-D acetate.

Ihe structure of the intemediate tetrabromide has 
not been established with certainty (1C6, 107) | the 
possibilities (XXIX), (XXX) and (XXXI), which could arise 
either by l:4-addition of bromine or by allylie rearrange
ment of (XXIX) or (XXX), have been considered. The dis
crimination between these structures has not been possible

BrBr Br
Br

AcOAcO BrAcO
(xxx)(x xix)
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because of the extremely labile nature of the compound. 
(The last structure, however, seems to he more probable 
than the first two.

For the most efficient method of preparation of 
tetrabromoergostenyl acetate, the ether solvent should 
be dry, and the temperature should be allowed to rise 
from -60° to -10° over a period of 2 hours, whereafter 
the precipitated tetrabromide is removed by filtration 
from the rapidly decomposing reaction liquor. Attempts 
to obtain crystalline material from the tetrabromide 
filtrate proved unsuccessful due to the susceptibility 
to rearrangement and decomposition in common solvents at 
room temperature.

freatment of a solution of tetrabromoergostenyl 
acetate at room temperature with ethanolie sodium iodide 
causes immediate liberation of iodine, to give 22^23- 
-dibromoergosta-7 ;9(11) -dien-3£-yl acetate (XXXII) in 
almost quantitative yield (95̂ ). Ihis latter compound 
(XXXII) was debrominated in quantitative yield by heating 
an ether-ethanol solution with zinc dust to give ergo
steryl-D acetate (III) of high purity. Srgosteryl-D 
acetate was also prepared in less pure form in 70% yield 
without isolation of the intermediate tetrabromide or 
dibromide by direct treatment of the reaction mixture
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obtained by bromination of 5-dihydroergosteryl acetate 
( II ) with zine dust.

To trabromoe rgostenyl

AcO AcO

AcO
(in)

In contrast to tetrabromoergostenyl acetate, 22*25- 
-dibromoergosta-7*9(ll)-dien-3£*-yl acetate (XXXII) is 
extremely stable, and was hydrolysed by means of alkali 
to 22*23-dibromoergosta-7 *9(11) -dien-3£-ol, characterised 
by reacetylation to (XXXII). Benzoylation of the alcohol 
in the usual manner gave 22*23-dibromoergGsta-7*9(11)- 
-diea-3P-yl benzoate, which was debrominated to ergosteryl-D 
benzoate on treatment with zinc dust in ether-methanol.
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5?he Beduction of Ergosteryl-D Acetate 22 *23-Dibromide, 
Ergosteryl-D acetate 22*23-dibromide offers some 

advantage over ergosteryl-D acetate (XXXIII, B=C8Hi7) as 
a starting point for the synthesis of 11-keto steroids 
since nuclear oxidation is more efficiently effected in 
the first compound than in the case of ergosteryl-D 
acetate presumably because of partial attack at the side- 
-chaln ethylenie linkage of the latter. Parallel with 
the oxidation experiments described, a study was made of 
the catalytic reduction of ergosteryl-D acetate 22*25- 
-dibromide. The side-chain halogens proved to be a 
satisfactory protection of the ass-linkage of ergosteryl-D 
acetate under the hydrogenation conditions described in 
the experimental section, and this, together with the easy 
regeneration of the ethylenie linkage by zine dust 
treatment has led to efficient methods for the preparation 
of the hitherto relatively inaccessible ergost-8(14)*22- 
-dien-3p-ol and ergost-22-en-3£-ol. Of these two 
compounds, the former has been described by Daubach and 
Brunings (75) since this work was completed! they pre
pared it by hydrogenation of ergosteryl-B acetate (ergosta- 
-6*8(14) *22-trien-3P-yl acetate) in a neutral solvent over 
Baney nickel. Ergost-22-en -3£-ol has been obtained by
Barton, Cox and Holness (84) by partial hydrogenation of
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%soergo 3terone in neutral solution to ergost -22 -en~3 -one 
followed by reduction of the latter with sodium and 
propanol.

% drogenation of ergosteryl-D acetate 22523-dibromide 
in ethyl acetate over platinum leads to saturation of the 
9ill-ethylenie bond and formation of 22; 23-dibromoergost- 
-7-en-3|3-yl acetate (XXXIV, HKJgHifBrsf B*=Ae) which was 
characterised by hydrolysis to 22i23-dibromoergost-7-en- 
-3$-ol (XXXIV, E=:GeHi7Brs \ Itr =Hj and by the preparation 
of the benzoate of the latter.

She molecular rotation data (Sable I) support the 
structure allocated to 22*23-dibromoergost-7-en-3p-ol, 
the a-values on acetylation and benzoylation being in 
good agreement with representative values observed for 
trans A/B 7-sten-30-ols (cf. 86). Furthermore, the 
observed changes in molecular rotation accompanying 
saturation of the double bond (comparison with 22:23- 
-dibromoergostan-3p-ol, its acetate and benzoate) are in 
good agreement with values for the saturation of compar
able 7-stenols [cf. Barton (17) \ Barton and Cox (16)].
She structure allocated to 22i23-dibromoergost-7~en-3$-yl 
acetate was confirmed by its conversion into 6-dihydro- 
ergosteryl acetate (XXXIV, B=C8Hi7j E,J=Ac) in high yield 
by treatment with zinc dust in ether-e.thanol.
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Hydrogenation of ergosteryl-D acetate 22!83-dibromide 
in acetic acid over platinum gives 22:23-dlbromoergoet- 
-8(14)-en-3p-yl acetate (XXXT, H=CsHirBrsj R'=Ao) charact
erised by hydrolysis to 22:23-dibromoergost-8(l4)-en-3p-ol 
(XXSVj R-C9Hx*Brs; H,s=H) and by preparation of the cor
responding benzoate * Furthermore, isomerisation of 22:23- 
-dibromo@rgost-7-en-36-yl acetate (XXXI?i K®C9Hi7Brsi 
B1 =Ac) in acetic acid solution by shaking with a platinum 
catalyst saturated with hydrogen gave 22:23-dibromoergoat- 
-8(14)-en-3P~yl acetate. The location of the double bond 
in these compounds follows from well-established consider
ations (see Fieser and Fieser, Natural Products Belated to 
Phenanthrene, fie inhold Publ. Corp. ,1949). Thus the 
molecular rotation changes on acetylation and benzoylation 
of the alcohol are in good agreement with representative 
values for other trans A/B 8(14)-st@n-3p-ols (Table I), 
and the ultraviolet absorption spectrum of the compound 
agrees with that expected for an 8(14)-sterol [Bladen, 
Henbest and ?/oods| Hal sail (87)]. However, although 
the molecular rotation changes on acetylation and benzoyl
ation of 22*23-dibromoergost-8(14)-en-3p-ol are normal the 
&-value s for saturation of the double bond are only in 
fair agreement with standard values for 8(14)-sterols*
This indicates some degree of vicinal effect of the side



- 87 -

chain [cf• Mancera, Barton, Rosenkranz and Djerassi (85)3 * 
Debromination of 22 * 23-dibromoergost-8(14) -en-5£-yl 

acetate with zinc gives ergoat-8(14):22-aien~3$~yl acetate 
(XXXV, H=C0Hi7 j B*=Ac) hydrolysed by alkali to ergost- 
-8(14) :22-dien-3f3-ol (XXXV, B=C0H17} B#*H). Hydrogenation 
©f ergoat-8(14)*22-dien-3@-yl acetate (XXXV, R*C9Hi7, B#* 
Ac) in either ethyl acetate or acetic acid over platinum 
gives ergoat-8(14)-en-30-yl acetate (XXXV, B=C9H19i B=*Ac) 
(a~«rgostenyl acetate).

« ft P

AcO'
(xxx III)

AcO AcO

A study of the catalytic reduction of two oxidation 
products of ergosteryl-D acetate 22*25-dibromide, namely 
22:23-dibromo -9u:lla-epoxyergost-7 -en-38-yl acetate



(XXXVI) and 3P-acetGxy-22 5 23-dibromo©rgost-8-©n-ll-one
(XXXVII) (described later) was included in this investi
gation* In acetic acid solution over a platinum 
catalyst both compounds suffered hydrogenolysis with the 
formation of 22 J23-dibroffloergost-8(14) -en-3£-yl acetate 
(XXXV, R=C9Hi7Brs5 H*-Ac). 3^-Acetoxy-22^23-dibr©mo- 
ergost-8-eii-ll-one was recovered unchanged after shaking 
with hydrogen either in ethyl acetate solution over 
platinum catalyst or in acetic acid solution over pallad
ium black.

treatment of 22;23-dibromoergost*8(14)-en-3£-yl 
acetate with dry hydrogen chloride (111) gave a mixed 
crystal which could not be resolved by crystallisation 
and a similar mixed crystal was obtained by treatment of 
22 s 23-dibromoergost-8 (14) -en-3£-yl benzoate with hydrogen 
chloride. Debromination of the acetate dibromide mixed 
crystal gave "p'-dihydroergosteryl acetate, further char
acterised by preparation of the alcohol and benzoate.
The nature of ,,p,,-dihydroergosteryl acetate was fully 
elucidated by Barton, Cox and Holness (84) as an insepar
able equimolar mixture of ergost-8(14) s22-dien-3£-yl 
acetate and ergost-14*22-dien-^-yl acetate. The product 
obtained by isomerization of 22s23-dibrom©erg©st-8(l4)- 
-en-3p-yl acetate is therefore a mixture of 22:23-dibromo-
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ergost-8(l4j-en-50-yl acetate and 22:23-dibromoergost- 
-14-ea-3£-yl acetate , and since it gives, on debromin- 
ation, *£*-diliydroergosteryl acetate in nearly 
fuaatitative yield, it is inferred that it likewise is 
an efuimolar fixture. The molecular rotations of 22:23- 
-di bro moergos t-14-en-3£-o1 and its derivatives, calcul
ated from the values for 22 :23-dibronioergost-8(l4)-en-3P-ol 
aad those of the mixed crystal (22:23-cibromoergo3t-8(l4)- 
-sterol sad 22:23-dibromoe rgo st-14-sterol) are shown in 
Table II. 11 though the t-x and n £ values for acetyl- 
ation and benzoylatlon of 22:23-dibromoergost-14-en-3£-ol 
are- in reasonable agree sent with standard values for 

-sterols the changes in molecular rotation accomp
anying saturation of the -double bond of this compound and 
its derivatives {comparison with corresponding derivatives 
of 22$23-dibromoergostan-3£-eli are anomalous in this 
respect resembling 22-isoalIospirost-8(l4j-en-3p-ol in 
which a strong vicinal effect of the sapogenin side chain 
'was also observed (lancers, Barton, losenkrans, and 
Bjerassi, loc.cit. #. Susisarising, the 22:23-dibromo side
chain exerts a profound vicinal effect upon the 14(15)- 
-ethylejsic linkage, a less pronounced effect upon the 
8(14) -double bond and no effect upon a 7{8)-unsaturated 
centre.
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A preparation of 22i23-dibromoergostan-3$-yl acetate 
(XXXVIII, R=C©Hi7BrB| R,=sAc) was achieved (111) by 
isomerisation of 22:23-dibromoergost -8(14) -en-3{3 -yl 
acetate with dry hydrogen chloride, hydrogenation of the 
product followed by removal of unsaturated material using 
the method of Anderson and Fabenhauer (88). Attempts to 
improve the method of preparation by reduction of 22*23- 
-dibromoergost-S(l4)-63-yl acetate in the presence of 
hydrochloric acid were not successful. Debromination of 
22 *23-dibromoe rgostanyl acetate gave ergost-22-en-33-yX 
acetate (XXXVIII, B^CaS*?* R*^Ac) characterised by hydrol
ysis to ergost-22-en-53-ol (XXXVIII, R=CeHi* j R* ®H) *

M> '"•OOO — — —
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11 -OXYOBNATED 3T5BQID3 MOM BROQ3TBRYL-D AOBTATB 22?23- 
-DIBBOMID33.

Oxidation with Performic Acid.
33-Ace toxy-9a:lla-epoxyergost-22 -en-7-one (XVIII) 

has been prepared directly from ergosteryl-D acetate by 
oxidation with performic acid (107, 108) as described 
before, and also by oxidation of ergosteryl-D acetate 
22123-dibromide (XXXII) followed by debromination of the 
Intermediate 33-ac@toxy-22i23-dibromo-9a!lla-epoxyergostsn- 
-7-one (XXXIX) (106), The last compound was later 
prepared by treatment of ergosteryl-D acetate 22*23- 
-dibromide with hydrogen peroxide in acetic acid (110).

In an attempt to improve the yield of 33-acetoxy- 
-22*23-dibromo-9aslla-epoxyergostan-7-one (XXXIX) attention 
was next turned to the oxidation of 22;23-dibromoergosta- 
~7J9(ll)-dien-33-yl acetate (XXXII) with performic acid 
in a one phase solution made possible by the addition of 
ethyl acetate. The compound, CaoHaeO^Bra, obtained from 
the reaction mixture is dimorphous, separating from 
chloroform-methanol as plates, m.p.235-237° and from 
acetone as needles, m.p.220-221° (both forms posses the 
same specific rotation value), each form being convertible 
into the other by change of solvent. The compound was 
characterised as 33-acetoxy-22:23~dibromo-9a;lla-epoxy-
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ergostan-7-one (XXXIX) by the formation of a semi- 
-carbazone and a 2 • 4-dinitrophenylhydrazone (good agree
ment for a non-conjugated ketone, cf. 89) and by zinc 
dust debromination, either in acetic acid or ether- 
-methanol solution, to the known 33-acetoxy-9a:11a-epoxy - 
ergoat-22-en-7-one (XVIII), identical with the specimen 
obtained by performic acid oxidation of ergosteiyl-D 
acetate, thus confirming the structure ascribed to (XVIII) 
on the evidence previously discussed.

Treatment of 33-acetoxy-22:23-dibromo-9a: 11a-epoxy- 
ergostan-7-one (XXXIX) with alkali gave 22:23-dibromo- 
-308lla-dihydroxyergost-8-en-7-one (XI») in an exactly 
analogous manner to the formation of 33: Ha-dihydroxy ergost- 
-i-en-7-one (XIX) from 33-acetoxy-9a:lla-epoxyergost-22- 
-en-7-one (XVIII). The j^resence of the a£-unsaturated 
ketone is shown in both the ultra-violet and infra-red 
spectra, the latter also confirming the presence of 
hydroxyl groups and absence of acetate groups* The 
dibromdiol (XL) was further characterised by debromination 
with zinc to give 3 3 J 11a-dihydroxyergosta-8:22-dien-7 -one 
(XIX), and by acetylation to 33:11a-diaeetoxy-22:23- 
-dibromoergost-S-en-7-one (XLI). Debromination of the 
last compound gave the known, previously prepared 33:11a- 
-diacetoxyergosta-8*22-dien-7 —one (XX) • Both the ketoosBde



- 94 -

(XVIIIi and diacetate (XX) were converted to Vsll — 
-diketoergost-22-en~3£-yl acetate (XI?) by heating tinder 
reflux with strong alkali as described previously*

Br

AcOAcO Ac 0
(xxxu) (xxxix) (xvui)

Br
BrHO

HO HO
(XL)

Br
Br AcQ.Acq

AcO AcO AcO
(xx) (xiv)

Kumerous oxidations of ergosteryl-D acetate 22*23- 
■*dibromide with performic acid were carried out under a 
variety of conditions and at temperatures ranging from 
room temperature to 80°. The most efficient preparative 
method for 3J3:11a-diacetoxy-22:23-dibromoergost-8-en-7-one
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(XL!) from ergosteryl-D acetate 22:25-dlbromide is the 
oxidation of the last compound with performic acid in 
ethyl acetate at 40-46°, followed by alkaline hydrolysis 
and acetylation of the reaction product.

Filtration of a benzene solution of 3£-&ee toxy-22*23- 
-dibromo-9a:lla-@poxyergostan-7-one {XXXIX) through a 
column of alumina gives 3£-aeetoxy-22*23-dibromo-llu- 
-hydroxy@rgQst-8-en-7-©ne (XDII) which is strongly

AcO,HO.

— >■

AcOAcO AcO

AcO HO

(XL)( X L III )

adsorbed by alumina. The compound was characterised by 
Its ultra-violet absorption spectrum which exhibits a 
maximum characteristic of an ap-unsaturated ketone, and 
the infra-red spectrum which shows bands in the ketone,
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acetate and hydroxyl regions. Acetylation of this
chromatography product gave 3(3111a-diacetoxy-22:23-
-dibromoe rgost-8-en-7-one (HI) and alkaline hydrolysia
yielded 2212 3-dibrorno-3(3:llu-dihydroxyergost-8-en-7 -one
(XL). Oxidation of 3(3-acetoxy-22:23-dibromo-11a-hydroxy-
ergost-8-en-*7-one (XLII) with chromic acid (1*1 atoms of
oxygen) gives 2 2:23-dihromo-7:11-diketoergost-8-en~3P-yl
acetate (XLIXI) identified by its ultra-violet light

0
absorption at 2700 A and by direct comparison with an 
authentic specimen prepared as described by Budziarek, 
Johnson and Spring (109). This oxidation proceeds 
smoothly and in good yield in contrast to the oxidation 
of 22: 23-dibromo-7% :11a-dihy&roxye rgost-8~en-3(3-yl acetate 
(XXIV} which gives a mixture of products including 22*25- 
-dibrorno -8a:9a-epoxy-7:11 -dike toe rgostan-3(3-yl acetate 
(LVIII) and 22:23-dibromo-7:ll-diketoergost-8-en-3|3«yl 
acetate (ZLIII), which is described later (cf. 109).

In an attempt to convert 3p:lla~diacetoxy-22:25- 
-dibromoergost-8-en-7-one (XLI) into 22:23-dibrorno-7*11- 
-&iketoergostan-3£-ol (cf. the similar conversion of 
6 0-hydroxychole st-4-en-3-one into chole stane-3•6-dione by 
Ellis and Petrow, 90) the former compound was treated 
with methanolic hydrogen chloride. The product obtained 
after acetylation, however, had the molecular formula
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indicating that dehydration had occurred}
oand showed two absorption maxima at 2240 and 2960 A in

Aco.

AcOAcO

the ultra-violet. This compound has been formulated 
as 3J3 -acetoxy-22 * 23 -dibromoergosta-8 s 11 -diem-7 «*one 
(XStXT). Similar dehydration of an lla~hydroxy-7-keto- 
- a • -unsaturated steroid has been observed also in the 
sapogenin series by Homo, Stork, Bosenkranz and 
Djerassi (54).

The next problem investigated in this series was 
the reduction of the 8(9)-ethylenie linkage in the 11- 
-hydroxy-S-en-7-one system in order to permit the ready 
removal of the 7-keto group by Wolff-ICishner reduction, 
thus obviating the difficulty of performing this reaction 
on an ap-unsaturated ketone.
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The compounds chosen for this examination were 22*23- 
-dibromo-3£*lla-dihydroxy@ rgost-8-en-7-one (XL) and 
3$ *llu -di ac e t oxy -22*23 -dibromoe rgo s t -8 -en -7 -one (XLI), 
since due to the known difficulty of hydrogenating an 
8(9)-double bond (91), it was considered that an unprot
ected 22(23)-double bond would be preferentially reduced* 

A number of hydrogenation experiments performed on 
the two compounds in a variety of solvents and using 
various catalyst (platinum oxide, palladium black and 
palladised charcoal) resulted either in recovery of 
starting material or isolation of a non-homogeneous 
material. The required selective hydrogenation was 
finally successfully accomplished by performing the 
reaction in ethanolic potassium hydroxide. Hydrogenation 
of 3ps 11a-diaee toxy-22 *23-dibromoe rgost-8-en-7-one (XLI) 
in ethanolic potassium hydroxide solution over platinum, 
using the conditions described in the Experimental 
section led to reduction of the 8(9)-ethylenie linkage 
which was accompanied by hydrolysis and side-chain 
debromination, with formation of 3$*llQ'-dihydr©xyerg©st- 
-28-en-7-one (XL?). This compound, which does notQexhibit high intensity light absorption above 2200 A and 
gives a pale yellow colour with tetranitromethane, was 
furthei* characterised by acetylation to 3£*lla-diacetoxy-
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ergost-22-en-7 -one (XLVI),

AcO AcOHO

(XLl) ( X L V )

This procedure, for reducing the ethylenie linkage 
of an cip-unsaturated ketone, has been previously 
utilised by Chemerda, Chamberlin, Wilson and Tishier (64) 
(cf* also 92), and by this route the same compound (XLV) 
was also prepared by Heusser and co-workers (37), by 
selective reduction of 3P;lla-diaeetoxyergosta-8*22-dien- 
-7-one (XX). The latter workers also effected the 
Wolff-Xishner reduction of (XLVI) to 3$ ;lla-diace toxy - 
ergost-22-ene.

Hydrogenation of ilia-diacetoxy-22;23-dibromoergost-
-8-en-7-one (XLI) in ethanol over platinum and isolation 
by chromatography gave a crystalline compound, CssHggO*, 
which does not exhibit light absorption of high intensity

oabove 2000 A, does not give a colour with tetranitromethane 
sad shows a depression of melting point when mixed with 
3$ilia-diaeetoxyergost-22-en-7-one (XLVI). It is 
concluded that the catalytic hydrogenation led to reduction
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of the 8(9) -ethylenic linkage accompanied by debromination

A c o

AcO

(xli)
AcO

and saturation of the aide-chain, with the formation of 
33 :lla-diacetoxyergostan-7 -one (ZLVH).

Oxidation with Perbenzoic Acid.
Oxidation of ergosteryl -D acetate 22:23-dibromido 

(mil) with one molecular proportion of perbenzoic acid 
gives a monoepoxide in *70% yield. Ihe reactions of this 
compound, which are described below, show that it is the 
22s23-dibromide of ergosteryl-D acetate epoxide, itself 
obtained by similar oxidation of ergosteryl-D acetate (29) 
to which the structure 9u:llu-epoxyergosta-7 *22-dien-33-yl 
acetate (IX) was ascribed by Heusser and co-workers (36). 
This is supported by the observation that catalytic 
hydrogenation of ergosteryl-D acetate 22:23-dibromide 
leads to initial saturation of the 9:ll-ethylenic linkage, 
as described above, a fact which leads to the view that 
the monoepoxide of ergosteryl-D acetate 22:23-dibromide 
is likewise formed by saturation of the 9 Jll-ethylenic
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linkage, and that it is therefore 22:23-dibromo-9 a: 11a- 
-epoxyergost~7-en-3@-yl acetate (XXXVI).

Br

Br

AcO AcOAcO'

(x L v in) ( x x x v i )  ( x x x v i i )

HO Ac OAcO

(Vi)

Alkaline hydrolysis of 22:23-dibrono-9a:11a-epoxy- 
ergost-7-en-3p-yl acetate (XXXVI) yields 22 5 25-dibromo- 
-9a: 11 a-epoxyergost-7-en~3f3-ol (XLIX) which is reaeetylated 
to the parent acetate. Treatment of 22:23-dibromo- 
•9 a: 11 a - e p o xy e rg o s t -7 ~e n - 3 p -y 1 acetate with aqueous 
hydrochloric acid, followed by acetylation of the product 
gives 3£-acetoxy-22 J23-dibromoergost-8-en-7 -one (XLVIII), 
debromination of which with zinc gives the known 36- 
-aeetoxyergosta-8:22~dien-7-one (VI) (39, 36, 108)# 36-
~Acetoxy-22:2 3 -dibromoergost-8-en-ll -one (XXXVII) was
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Obtained in good yield by treatment of 22*23-dibromo- 
-90,:Ha-epoxyergo s t -7 -e n -3 £-y 1 acetate (XXXVI) with 
boron trifluoride e the rate in absolute benzene, using 
the method described by Heusser and co-workers (36) for 
the preparation of 3e-acetoxyergosta-8*22-dien-ll-o»e 
(XII). The latter compound (XII) was obtained in 
excellent yield by debromination of (XXXVII) with zinc.

An attempt was made to debrominate 22 *23-dibromo- 
-9a:Ha-epoxyergost-7-en-3£-yl acetate (XXXVI) with zinc 
dust in ether, but, surprisingly, the reaction gave 
quantitatively ergosteryl-D acetate of high purity.

Oxidation of either ergosteryl-D acetate 22*23- 
-dibromide (XXXII) or 22*23-dibromo-9aJlla-epoxyergost- 
-7-en-3£-yl acetate (XXXVI) with an excess of perbenzoic 
acid gives a compound, CaoEteO^Brg, isolated in good 
yields. It does not give a colour with tetranitromethane 
and does not exhibit selective light absorption of high 
intensity above 2000 A. Since the primary product of 
the perbenzoic acid oxidation is the 9as11a-epoxide, and 
it differs from the known 3fi-acetoxy-22*25-dibrGmo«‘9G-*lle>- 
-epoxyergostan-7-one (XXXIX), it is presumably 22*23- 
-dibromo-7^* 8^,9 a; 11a-diepoxyergostan-3p -yl acetate (1). 
fhis structure is further supported by the infra-red 
absorption spectrttip, which shows only one band in the
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carbonyl region at 1736 cm.*1 ascribable to the acetate 
group.

AcO AcO AcO
(xxxvi)dO(XXX tl)

2g:23-Dihromo-7^!8^?9a:lla-diepoxyergoatan-3P-yl 
acetate (L), is extremely stable to alkali, and it is 
hydrolysed with methanolic potassium hydroxide to 22?23~ 
-dibromo- 7  ?: 8 9 a: 11a-diepoxyergostan-3p-ol (II), 
characterised by reacetylation to the parent acetate. 
Further evidence of the absence of the ketone system is 
forthcoming from an examination of the infra-red absorp
tion spectrum of the alcohol (LI). This shows the 
absence of any bands in the carbonyl region.

Lebromination of 22:23-dibromo -7? J 8^,9 a 111a-diepoxy- 
ergostan-3p-yl acetate (L) with zinc dust in ether-aethanol 
gives the beautifully crystalline 7Ss8S,9«uila-.diepo3Qr- 
crgost-22-en-3p-yl acetate (LIX), which is different from 
the known compounds. This is an important example in 
which the use of ergosteryl-L acetate 22;25-dibromide 
affords a ready means for the protection of the side-chain
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ethylenic linkage during the oxidation stage. Oxidation 
of ergosteryl-D acetate with two ©ole. of perbenzoic

AcO

Br

Br

HO HO
C u n )

acid does not give a homogeneous reaction product (apart 
from a mall amount of the monoxide) due to the partial 
attack of the side-chain double bond.

7^:8^,9as 11a-Diepoxyergost-22-en-3p-yl acetate (HI) 
is smoothly hydrolysed with alkali to the corresponding 
7^88^,9a: 11a-diepoxyergost-22-en-33-ol (Dili), which was 
also obtained by debromination of 22: 23-dibromo-7^58^,9a111a 
-diepoxyergostan-3£-ol (LI), with zinc dust in ether- 
-aethanol • !Ehe infra-red light absorption spectrum of 
the alcohol (HII) does not show any bands in the carbonyl 
region and thus confirms the structure. It was further
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characterised by acetylation to the parent acetate (I»II).
Oxidation of ergosteryl-D acetate 22 *23-aibromide 

(XXXII) with excess perbenzoic acid followed by deb renin- 
ation of the product with zinc dust in acetic acid at 
100° (6 hours) gives a mixture from which ergosteryl-D 
acetate and 3(3-acetoxyergosta-8122-dien-7 -one (YI) were 
isolated in poor yield together with Sp-acetoxy-lla- 
-hydroxye rgosta-8 *22 -dien-7 -one (XXI) by chromatography 
en alumina. Acetylation of the last compound (which 
proved difficult to purify) gave 33illu-diacetoxyergosta- 
-8:22-dien-7-one (XX).

Treatment of 22 s23-dibromo-75 *85 ?9 a :11a-diepoxy- 
ergostan-3p-yl acetate (L) with zinc dust in acetic acid 
at 100° (2 hours) gives 3P-acetoxy-9a:lla-.epoxyergost-22- 
-en-7-one (XVIII) in good yield. [Attempted chroma
tography of this ketoxide on alumina causes rearrangement 
to -acetoxy-11&-hydroxyergosta-8 • 22 -dien-7 -one (XXI) as
described earlier]. The corresponding 3p-acetoxy-22:23- 
-dibromo-9a:lla-epoxyergostan-7-one (XXXIX) was obtained 
as a by-product when a solution of 22 *23-dibromo- 
-75*8*5,9u:11a-diepoxyergostan-3(3-yl acetate in acetic acid 
was treated with aqueous hydrogen bromide at room temperature*

Although 22 * 23-dibromo -75*85,9a * 11& -diepoxyergostan- 
-3p-yl acetate (I) is very stable to alkali, treatment
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with acid causes rearrangement. Thus hydrolysis with 
methanolic hydrogen chloride followed by acetylation.

Br

AcO AcO AcO

AcOAc O'
[xxxix)

treatment with boron trifluoride etherate in benzene, 
aqueous hydrogen bromide in acetic acid, or heating in 
acetic acid at 100°, gives a compound, CoaH^eO^Brg, 
which does not give a colour with tetranitromethane and

o
shows ultra-violet absorption maximum at 2400 A ( £ “ 
6000-7000j the intensity was practically unchanged 
after chromatography or further treatment with acid) •
The infra-red absorption spectrum shows bands at 1726 
and 1240 (acetate group) and 1668 cm.“A (ap-ketone group}. 
It was recovered unchanged after treatment with chromic 
acid. The compound forms a 2 i4 -dinitrophenylhydrazone
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(a mono-derivative) v?ith Brady’s reagent. The ultra
-violet absorption spectrum (principal maximum at 3600 A, 
£= 24,000) is in good agreement with that expected for 
the 2 *4-dinitrophenylhydrazone 0f a saturated ketone (89)

o
(secondary maximum at 2360-80 A, £ = 20,000). The 
rearranged compound is hydrolysed by methanolic potassium 
hydroxide to the corresponding alcohol* the infra-red 
absorption spectrum shows bands at 3460 (hydroxyl group) 
and 1676 cm.*1 (aj3-ketone).

Bebromination of the acetate with zinc dust in 
ether-methanol gives a compound, which is
difficult to crystallise (low melting point* it forms 
readily a 2:4-dinitrophenylhydrazone). The same compound 
was obtained on treatment of 7Ss8^,9u:lla-diepoxyergost- 
-22-en-3P-yl acetate with aqueous hydrogen bromide in 
acetic acid. Heduetion with lithium aluminium hydride 
followed by acetylation yields a diacetate, CaeHeeO#, 
which was also obtained on similar treatment of the cor
responding dibromide; it does not exhibit selective light

o
absorption of high intensity above 2200 A.

It is possible that one ring of the rearranged 
product is open and a structure such as (LIT) has been 
considered. The data available, however, does not permit 
putting forward any such structure with certainty. It is
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interesting that although 3p-aea toxy-2 2 :23-dibromo -9 a: H a  - 
-epoxyergostan-7 -one (XXXIX) is obtained as a minor

AcO

( u v )

product (over 10%) on treatment of 22s23-dibromo- 
J?^*8^,9aslXa~diepoxyergostan-3p-yl acetate (L) with 
hydrogen bromide in acetic acid, it is certainly not an 
intermediate compound in the formation of the final 
rearranged product, but a side-reaction, since the 
ketoxide is stable to acid and is recovered unchanged 
after treatment with hydrogen bromide in acetic acid or 
boron trifluoride in absolute benzene.

A digression into medicinal chemistiy can conven
iently be introduced at this stage. According to Reiser 
(96) evidence of low-order carcinogenicity of a variety 
of cholesterol-rich lipid fractions (97) and of high 
carcinogenic potency (98) of crude progesterone prepar
ation derived from cholesterol by bromination, oxidation 
and debromination (99) suggests the existance of a 
possibly endogenous non-aromatic steroid carcinogen



- 109 -

related to or derived from cholesterol, and the con
sideration that the carcinogen is a product of oxidation 
of cholesterol cannot he excluded. It can he inferred 
that the a * -chole stenol, which occurs naturally (96) 
with cholesterol, was converted into a 7 -cholesta-
dienol and hence that the carcinogen may he an oxidation 
product of this diene. In view of the demonstrated 
carcinogenicity of the diepoxide of vinyleyclohexane 
(100) it seems possible that the substance may be 7*8,9 511- 
-diepoxycholestanol. This conceivably could be formed 
in lard-injected cholesterol (97) by the action of 
peroxides of lard on a 7-cholestenol; cholesterol 
administered in sesame oil, whieh contains a natural 
antioxidant preventing peroxidation, has given no tumors 
(98).

The possibility that the diepoxide of ergosterol-B 
may also have carcinogenic potency and the easy method 
of preparation has made sufficient quantities available 
for this investigation. Consequently, samples of the 
7*8,9J11-diepoxide have been sent to The Royal Cancer 
Hospital, fhe Chester Beatty Research Institute, load©n, 
for testing. So far, however, the results are not yet 
available.
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Reactions of 22 »25~X)ibroiiiQ~75sllQ,~dih.ydro%yergost~8~en~ 
-5fi-yl Acetate.

Controlled treatment of 22:23-dibromo-9a:11a-epoay ~ 
ergost-7-en-3(3-yl acetate (XXXVI) with sulphuric acid in 
dioxan or tetrahyfirofuran gives 22:25-dibromo-7 £ :11a.- 
-dihydroxyergo3t-8-en-5p-yl acetate (LV) in excellent 
yield. The latter compound is also obtained by treatment 
Of 9a:11a-epoxyergosta-7 :22-dien-3£~yl acetate (IX) in 
chloroform with bromine. It acetylates readily to give 
5{5:7$ 111a-triacetoxy-2£: 23-dibromoergost-8-ene (LVI) , 
debromination of which with zinc dust yields 3 ps7 Mlla- 
-triaeetoxyergosta-8:22-dien (L1TII) identical with a 
Specimen prepared by acetylation of 75:lla-dihydroxyerg©st-

Br

Br Br

AcO‘ AcOAcO O AcOH
(Lvi)(xxxvi)

HO.

AcOAcO O AcO H

(xxiv)
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-8:22-die n-36-yl acetate (XXIV) obtained from 9a:11a- 
-epoxye xgo sta-7 s22-dien-3$ -yl acetate (XX) previously 
described hr Chamberlin et al. (89). Debromination of 
82:23-dibromo -7 K :11a -dihydroxyergost-S-en-Sp-yl acetate 
CIV) with sine gives Vs:lla-dibydroxyergosta-8:22-dien- 
-38-yl acetate (XXXT) in excellent yield.

Cxi da t i on of 22:23-di bromo -7 ■-: 11a -dihydroxye rgo at - 
-8-em-3fB -yl acetate (XV) with chromic acid gives a 
mixture of 22:25-dibromo-7 :ll-dikatoergo3t-8-em-3.p-yl 
acetate (XL! 11 and 22:23-dibromo-8a:9a-epoxy-7: 11 - 
-dlketoergostan-56-yl acetate (LYIII). The oxidation 
of 22:25 -dibromo -7 *: 11a -dihydroxyergost-B-en-58 -yl acetate 
with chronic acid parallels the similar oxidation of 
75:lla-dihydroxyergosta-8:22-dien-3S-yl acetate (XXIV) 
described by Heusser et d. (36) which gives a mixture 
of 7:ll-dlketoergo8ta-8:22-dlen-3£-yl acetate (VII) and 
8a s8a -epoxy -7:11 -dike toe rgo s t -22 -e n-3 f -yl ace tate (VIII) * 
Treatment of either (HXIIi or (IVIII, with zinc dust in 
ace tie acid gives 7:ll-diketoergost-22-en-38-yl acetate 
(HV) in quantitative yield. in attempt was made to 
limit this last reaction to simple debrorination by treat
ment ©f 22:2 5 -dibroao-7:11-diketoergost-8-0X1-36-yl acetate 
fIMII? with zinc dust in e ther-me thaaol. The reaction 
gave a compound, f>]2 +3C* which does not show



intense absorption above 2200 A. Simple warming of an 
noetic acid solution of the compound, gives

rBr. -Br,a. 1HO.

AcO AcO'AcOOH

AcOAcO
( X I I I )

AcO“ AcO AcOOH
(vn) (vi,i)

7:ll*diketoergoat-22-en-3£-yl acetate (XIV), -28°.
fhe compound, C8 0 H*6 0 4 , [a]^ +30°, is also obtained by 
treatment of 2 2 :2 3 -dibromo-8a :9a-epoxy-7* 11-dike toe rgos tan- 
*S0-yl acetate (LVIII), 7*ll-diketoergost-S*22-dien^-yl 
acetate (VII), and 8a:9 a-epoxy-7:ll-diketoergost-22-en-3£-yl 
acetate (VIII) in ether-methanol with zinc dust (see p.73)$
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the conversion of each of these compounds into 7:11- 
-diketoergost-22-en-3p-yl acetate by treatment with zinc 
dust and acetic acid has previously been reported (29,
36, 109). The compound, 0*oHggO*, [a] +30°, isI)
therefore an isomeric 7:ll-diketoergost-22-en-3£-yl 
acetate and it must differ from the latter in configur
ation at Og and/orCg« She new isomer is 7 sll -diketo-8u- 
-orgost-22-en-3£-yl acetate (XIII), a cis-addition of 
hydrogen to the 8:9-double bond having occurred. This 
view is based on the probability that addition of hydrogen 
at Og occurs from the rear of the molecule to give a 
9a-hydrogen, from which it follows that the new isomer 
must differ from the normal isomer in the configuration 
at Cg« Such a stereochemical course for the reduction 
of ene-l:4-diones has been also exemplified by Barton and 
co-workers (82), who describe a similar cis-addition of 
hydrogen to a l:4-diketo-2:3-ene by treatment with zinc 
and acetic acid.

This view was later confirmed by Barton (106) in an 
extremely elegant series of transformations of stereo
chemical interest. Seduction of 7:ll-diketo-6a-aza-B- 
-homolaaost-6-en-3p-yl acetate (LIX) with zinc dust and 
acetic acid affords two isomeric ke to -amides, 8a:9u (IX) 
and 80:9$ (LXI), involving cis-addition of hydrogen.
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Both amides a w  isomerised by alkali "to a further 8P*9u- 
-stereoisomer (LXII), the more stable trails-f oxm•

AcO
M HO O

XI)

0

(L x ) (l x i v )

Oxidation of the amide (LXEI) with selenium dioxide in 
acetic acid gives the saturated triketone (LXIII). This 
reaction is in marked contrast with the course of the 
eelenium dioxide oxidation of the cis-form (LX), where 
the double bond is readily re-introduced between C* and 
G» to give the unsaturated triketone (IiXIVj. This led 
to the conclusion that the ready selenium dioxide oxid
ation of the system -CO-CH-CH-CO- to -CO-C=C-CO- is a 
etereospeoific process in which the hydrogen atoms should 

c*s to each other.
Other cases have been described (105) where the
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trsns-stereo chemistry of the hydrogen atoms of an ane- 
•1 i4-dione makes difficult selenium dioxide oxidation 
to an ene -1 *4-dione • 7 *11 -Diketolanostsnyl acetate
(1X7| R=ite, B,=sCoHit) gives 7sll-diketolanost-5-enyl 
acetate (1X71} R=Me, R* =C8Hi7) and not 7sll-diketolanost- 
-8-enyl acetate (1X711} R=Me, B#=C«H1T). Similarly

A cO

( l x v i )

AcO

7 *11-dike toe rgo stanyl acetate (LXVj R-H, R* =*0®^®) affords 
7tll-diketoergost-5-enyl acetate (LXVI; R*H, R* =0®!!!®), 
and net 7 ill-diketoergost-8-enyl acetate {LXVII} R=H, 
R,ssC®Hi9) .

fhe discovery of 7 s 11 -diketo-8u-ergos t-22 -en-3p-yl 
acetate {XIII} (114) enabled Barnes and Barton (105) to 
further support the generalisation that ready conversion 
of ane -1:4 -dione s to ene-1J 4-di ones requires a cis-relation 
for the eliminated hydrogen atoms and to confirm, at the 
same time, the structure of the new compound. They have 
shown that, as expected, selenium dioxide oxidation (in 
ethanol solution) of the compound gives in excellent yield
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7 til -dike toergosta-8 *• 22 -dien-3P -yl acetate (I,XVII} B-H, 
B**G8Hi7) with preferential cia-elimination of hydrogen. 
Bhder the same conditions 7;11-diketoergostan-3£-yl 
acetate was not attacked.

22123 -Libromo-9a 111a -dihydroxy-7 -ke toe rgos tan -3(3 -yl Ac e tate 
and Related Compounds.

Oxidation of 22 s 23-dibromo-7̂  slla-dihydroxyergost- 
-8-en-3p-yl acetate (LV) with perbenzoic acid gives, in 
excellent yield, 2 2:23-dibromo-8a:9a-epoxy-7 lla- 
-dihy droxye rgos tan-3 (3-yl acetate (LXXI) debromination of 
which with zinc dust in ether-methanol gives the known 
8a:9a-epoxy-7 ̂ : 11a-dihy droxyergost-22-en-3£-yl acetate 
LXXII) first prepared by Heusser and co-workers (37) by 
partial oxidation of 7 ̂ :11a-dihy droxye rgos ta-8:22 -dien- 
-3p-yl acetate (XXIV) with monoperphthalic acid. Ihe 
dibromide (LXXI) was further characterised by acetylation 
to 3£ s 7£ s lla -triacetoxy-22 s 23 -dibromo -8a; 9a -epoxyergostane 
(LXVIII), debromination of which gave the known 3ps7^11a- 
-triacetoxy-8ai9a-epoxyergost-22-ene (LXIX) (37, 109), 
and by alkaline hydrolysis to 22:23-dibromo-8a:9a-epoxy- 
-3p * 7 ̂ 5 lla - trihydroxy e rgo s tane (LXXIII) debromination of 
which gives 8a:9a-epoxy-3£*7^ :lla-trihydroxyergost-22-ene 
(LXXIV). Oxidation of 2 2 s2 3 -dibromo-8as9a-epoxy-7$slla- 
-dihydroxyergostan-3@-yl acetate (LXXI) with chromic acid
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gives 22125 -dibros o -8a i9a-epoxy -7 i11-diketoergostan-3£ -yl 
acetate (LH) previously obtained by the oxidation of 
2 2 125-dibromo -7 K: lla ~dihy droxye rgost-8-en-3£ -yl acetate 
(LT) with chromic sold (109) * fhe a-configuration of 
the 819-epoxide bridge in (LXXI) follows from the con
siderations used in the case of the corresponding diketone 
(LKi.

O <*> H |-j Br̂ C 9 H  nyBir^ CqH

OH
(L̂ )

A - CoM

AeO

Lxxv)

(l xv ii i)

(lxxii)(L x x i )

(LXXIV

9m»7

9 H17

C-9 firl J|-j B Co HQWqi
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Treatment of 22:23-dibromo-8ai9a-.epory-7*i ;lla- 
-dihydroxye rgo s tan-3 3-yl acetate (LXXI) with aqueous 
hydrogen bromide in acetic acid (ef. 37) gives 33-acetoxy- 
-28:23 -dibromo -9a:11a-dihydroxyergostan-7 -one (LXKV) 
debromination of which gives 33-acetoxy-9asiia-dihydroxy- 
ergost-22-en-7-one (XXVI), obtained previously by treat
ment of 9 a:lla-epoxyergosta-7:22-dien-33-yl acetate (IX) 
successively with one mol* of bromine, excess perbenzoic 
acid, and zinc and acetic acid. In a preliminary 
publication (107), the ^-configuration was ascribed 
provisionally to the 9-hydroxyl group. Budziarek, 
Newbold, Stevenson and Spring (108) ascribed the 3-orient
ation to the 9-hydroxyl group in (XXVX), 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 9a;lla-oxide intermediate* M 
This argument does not now appear satisfactory since the 
instability of 9a: lla -epoxyergosta-7 : 22 -dien-33 -yl acetate 
and of 22: 2 3 -dibromo-9a:lla-epoxyergost-7-en-33-yl acetate 
to traces of mineral acid results in the addition of 
bromine being accompanied by hydrolytic re arrangement to 
give, in part, 22:23-dibromo-7̂  J lla-dihy droxye rgost-8-on- 
-33-yl acetate (109) which may thus be the precursor of 
33 -ace toxy -9 a: lla -dihy droxye rgo st -22 -en -7 -one in the
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reaction sequence described by Budziarek et al. (loc.cit.) 
(ef* 371. 'Support for this view was obtained from the 
observation that 33-acstoxy-9a*iiG,-(lihydrQxyergost-22-©n- 
-7-on© iXXfli is obtained in high yield by treatment of 
22 • 23-dibro.no -8a.: 9c -epoxy - .7 $ s lie.-dihy droxye rgos tan -33 -yl 
acetate (L22X; with zinc dust and acetic acid (112, 113). 
There is therefore- no evidence for assuming the 3•“Config
uration for the 9-hydroxyl in (XX¥I) and its derivatives.

The formation of 3 if -ac e t oxy-22:23-di bromo - 9 a : l l a  -  

-dihydroxyergostam-7-ene fLHV> from 22:25 -dibromo - 8 a : 9 a  -  

-epoxy-f ̂ * lla -dihydrokyergostan-33 -yl ace tate (LXXI), 
the reactions of the former compound and inspection of 
the Stuart models seem to indicate the a-configuration of 
the 9 -hydroxyl group in (LH?). Since the 11 -hydroxyl 
.group is also a-orientated, it follows that (LXXV) is a 
cis-glycol. This view is further supported by Heusser 
end co-workers (37) who found that 8a :9a-epoxy-7*; :11a- 
-dihy droxye rgo s t -22 -e n-33 -yl acetate (LXXII) is isomerised 
to 33 -ace toxy -9a :11a -dihy droxye rgo st -22 -en-7 -one (XXVI) 
either with hydrogen bromide in acetic acid, or with boron 
trifluoride e the rate in absolute benzene. Treatment of 
the epoxide (LXXII) with aqueous sulphuric acid converts 
it into 7 s8sS: 11 -tetrahydroxyergost-22-en-33-yl acetate 
(UZVX) which in its turn gives 33 -ac e toxy - 9 a ; l l a  -dihy droxy -
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crgost-22 -en-7 -on® (XXVI) on. tre atment with hydrogen 
bromide in ace tie acid. A provisional allocation of

HO

OH A c O
(l x x i i) (x x v i )

H-. I 0 H  ^ A o hAcO

(ixxvi)

configurations to the hydroxyl groups in (XXVI) and 
(LXXVI) was made. Starting from the view that the 8*9- 
-epoxide bridge and the 11-hydroxyl group in (LXXII) are 
both a-orientated, it is argued that the conversion of 
(LXXII) into (XXVI) by means of boron trifluoride 
e the rate in absence of water requires that the 8a*9u- 
-epoxide bridge is ruptured between Ce and the oxygen 
with the consequence that the C*-hydroxyl group is a- 
-orientated. Since the tetrahydric alcohol (LXXVI) has 
been converted into (XXVI) the 9-hydroxyl group in the 
latter is also a-orientated. Since the 8- and 9-hydroxyl
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groups in (LXXVT) result from an acid fission of the 
8a;9a-epoxide bridge 9 they will be trans-orientated with 
respect to each other tin the cleavage of oxides a Walden 
inversion occurs at the carbon atom at which a carbon- 
-oxygen bond is ruptured (of. 24, p.22l}], from which it 
follows that the S-hydroxyl group in (LXXVI) is £-orient- 
ated. Concerning the orientation of the 7 -hydroxyl group 
In (LXXVT} it is argued that the ready dehydration of 
(LXXVI) to the 7-ketone (XXV’I ) connotes a cis-glycol 
(trans-elimination of water) in which case the 7-hydroxyl 
group in (LXXVI) is {3-orientated.

Support for this view is also forthcoming from the 
concept of equatorial and polar bonds (101). Inspection 
of the models (rings A, B and C in chair conformation) 
shows that the 8-hydroxyl group and the hydrogen at C* 
both form polar bonds, and, according to the concept, for 
ionic elimination reactions involving substituents on 
adjacent carbon atoms, the elimination proceeds most 
readily when the two substituents form polar bonds*

The a-configuration of the 9-hydroxyl group in (LXXV) 
has been finally proved beyond doubt [by $Ir. Maclean in 
this laboratory (95)] by treatment of 3(3-acetoxy-22:23- 
-dibromoergost-9(ll) -en-7-one (LXXVII) [itself obtained 
by treatment of 2 2 :2 3 -dibromo-7 :11a-dihy droxye rgost-8-en-



- 122 -

-5P-yl acetate (LV) with boron trifluoride etherate in 
absolute benzene] with osmium tetroxide in absolute 
benzene to yield 3pJlla-diaeetoxy-22:23-dibromo«»9a~ 
-hydroxyergostan-7-one (LXXIX) [itself obtained by acetyl
ation of 3P-acetoxy-22 s 23-dibromo-9eu lla-dihy droxye rgostan - 
-7-ene (LXXV)] after hydrolysis (to decompose the addition- 
-complex) followed by acetylation.

AcO Ac O'OH

(L v ) (l x x v i i )

r,2

HO AcO
(l x x i x )(L XXVIIl)

It is obvious that the addition-compound was formed 
by the attack of the molecule from the rear, the side 
which is considerably less hindered. Decomposition of 
the complex by hydrolysis yields a cis-glycol, which, 
according to Criegee (94), can be represented as follows*



- isa -
-CH

♦ >s08 —
0

-CH-0 -CH-OHn x

-CH -CH-0 -CH-OH
+H8OsO*

Since the 11-hydroxyl group is a-orientated, it follows 
that the 9-hydroxyl group is also a-orientated*

5p -Ace toxy -22 • 23 -dibromo -9a • lla -dihydroxyergostan- 
-7-one (LAXV) was further characterised by alkaline 
hydrolysis to 22 * 25-dibrosio-30 • 9a :ll&-trihydroxye rgostan - 
•7-one (LXXVIII) and by acetylation to 30 slla-diacetoxy- 
-22; 23-dibromo -9a-hydroxyergostan-7 -one (LXXIZ). 
Debromination of (LXXVIII) and (IXXIX) gave 3p*9a:lla- 
-trihy droxye rgost -22 -en-7 -one (XXVII) and 30 slla-diacetoxy- 
-9 a-hydroxye rgost-22-en-7-one (XXVIII) respectively* 

Although treatment of 30-acetoxy-22;23-dibromo- 
-9a :lla-dihy droxye rgo stan-7 -one (LXXY) with 1% alcoholic 
potassium hydroxide results in simple hydrolysis with the 
formation of 22 i23-dibromo-3ps9a:11a-trihydroxyergostan- 
-7-one (L2XVIII), U3ing 1G£ methanolic potassium hydroxide, 
hydrolysis is accompanied by partial dehydration and 
formation of 22 i23-dibromo~5p: 11 a-dihy droxye rgost-8-en- 
-7-one (XLII), which is also obtained by treatment of 
22523-dibromo-30 :9 a:lla-trihydroxyergostan-7 -ene (LXXVIII) 
with \Q% alhali. It was noted, however, that very drastic 
conditions had to be employed (16 hours) in order to induce 
dehydration across C*-C9 to (ALII) % the dibromo-9s 11 -diol
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AcO .HO.

AcO AcO
(xxvm)

C ̂ H

AcO HO

(xKVIl)

HO. HO.
HO.

HOAcQ AcO'OH
(lxxi)

AcOH O

(*L,0
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is very stable to acid and alkali and should, therefore, 
hare the normal p -configuration of hydrogen at C8. fhis 
is further supported by the fact that 3£-ace toxy-22*25- 
-dibromoergost-9 (11} -en-7 •-one (LXXIX) [which was con
verted into 3(3 s 11a -di&ce toxy-22 • 23-dibromo -9a-hydroxy- 
ergostan-7 -one (L XZIX) ] was de brominated {93) to the more 
stable unc on jugate d ketone (XVI) previously described, 
which has probably the 8 £ -configuration.

Oxidation of 3£-ace toxy-22:23-dibromo-9a: ll<x- 
-dihydroxyergo3tan-7 -one (LXXV) with chromic acid gives 
22123-dibromo-9a-hy droxy-7 :ll-diketoergostan-3p-yl acetate 
(LXXX) which was recovered unchanged after heating with 
acetic anhydride, or with acetic anhydride to which con
centrated hydrochloric acid had been added. (Treatment 
of the last compound (LXXX) with Xf alcoholic potassium 
hydroxide effects simple hydrolysis with the formation of 
22 525-dibromo-3P :9a-dihydroxyergostan-7:11-dione (LXXXI). 
Debromination of (1XXX) with zinc dust yields 3P-acetoxy- 
-9a-hydroxy-7 :11 -diketoergost-22-ene (1XXXII), also 
obtained by chromic acid oxidation of 3(3-acetoxy-9a* 11a- 
-dihydroxyergost-22 -en-7 -one (XXVI) (112). Controlled
alkaline hydrolysis of {LXXXII) gives 3£:9a-dihydroxy- 
-7:11-dike toe rgo st-22-ene (LXXXIII) which is also obtained 
hy zinc dust debromination of the corresponding dibromide

{I-XXXIK
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AcO'
AcQ

(l x x v ) (x i v )

Ho.

AcO

(l x x x )

HO.

AcO' MO  N O

(vii) ( l x x x i i i ) (l x x x i )

Timorous treatment of 22 i 23-dibroi&o-9a-hydrosy-7 * 11 - 
*diketoergostaii.-3f:-yl acetate (LUX) with alcoholic 
potassium hydroxide followed by acetylation of the reaction 
product, yields, as sajor product, 22i23-dibromo-7*11-
-dUcetoergost-o-en~3f-yl acetate (XLII1), identical with 
a specimen prepared by a different route by Budziaxek,



Johnson, and Spring (109) who showed that treatment of 
(XLIIIi with zinc dust and noetic acid gives the well- 
-known 7 :ll-diketoergost-22-en~30-yl acetate (XI?).
Similar treatment of 50 -ace toxy-9a-hydroxy-7 s 11 -dike to - 
•rgost-22-ene (LXXXII) gives 7*ll-diketoergost-8*22-dien- 
*50-yl acetate (VII) identical with a specimen prepared 
hy Heusser and co-workers (36) hy a different route.

Conclusion.
Ergosterol has been successfully converted by various 

procedures into 11a-hydroxy and 11-ketosteroids. fhe
action of perfonnic and perbenzoic acid on ergosteryl-D 
acetate and ergoateryl-3 acetate 22;23-dibromide has been 
fully Investigated as these two oxidising agents proved 
extremely promising. The introduction of an 11-oxygen 
function into the steroid nucleus proceeding by way of 
the dibromide has been 3hown to have many attractive 
features.

Novel methods for the preparation of 7 sll-aiketoergost 
-22~en-30-yl acetate have been developed which offer an 
alternative route to cortisone from ergosterol sines the 
diketone has been converted into 11 *20-diketo-allopregnan- 
•50-yl acetate (64), which has been converted into 
cortisone (64, 65).





Melting points are corrected*
Specific rotations were determined in chloroform 

solutions (unless otherwise stated) in a 1-dm* tube at 
room temperature •

Ultra-violet absorption spectra were measured in 
absolute ethanol solution (except where otherwise stated) 
with a Unicam SP. 500 spectrophotometer*

Micro-analyse s were by Dr* A*C* Syme and Mr* ?m* 
McCorkindale, to whom grateful acknowledgements are due* 

For chromatography, activated alumina (supplied by 
Savory and Moore), Grade II (except where stated) standar
dised according to Brockmann, was employed*

HWorking up in the usual manner1’ means addition of 
water, extraction with ether, washing of the extract with 
sodium hydrogen carbonate solution, and water, drying 
(MgSO*), and evaporation under reduced pressure.
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Ergosteryl Acetate.
A solution of ergosterol (100 g.) in pyridine 

(600 c.c.) and acetic anhydride (100 c.c.) was kept in 
the dark for 18 hours at room temporature. She product, 
which had crystallised, was collected, washed with 
methanol and recrystallised from chloroform-methanol to 
give ergosteryl acetate as lustrous leaves, m.p•173-175°, 
[a]^ -93° (c, 2.0).

5-Dihydroergosteryl Acetate*
A solution of ergosteryl acetate (35 g.) in benzene 

(300 c.c.) Analar) was treated with a suspension of 
Haney nickel sludge (Org.Synth.,29,25) (W6f 15-20 c.c.) 
in benzene (50 c.c.), and the mixture shaken at 17° with 
hydrogen under slight positive pressure until the total 
absorption was 2140 e.c.( calc., 1900 c.c.) (time: 13-20 
minutes) , of which, according to a blank experiment,
150 c.c. were absorbed by the solvent. (The filtered 
reaction solutions from five such experiments were com
bined, and the solvent was removed under reduced pressure 
to yield a crystalline residue, m.p.172-174°, which gave 
a yellow colour with tetranitromethane in chloroform. 
Crystallisation from chloroform-methanol gave 5-dihydro- 
ergosteryl acetate (93 g.) as lustrous plates, m.p.178- 
-181°, [a]]} ~20° (c, 2.0), showing no high-intensity
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absorption above 2200 A. [A further quantity:(70 g.) 
(total yield, 93$), m. p.177-179°, Ca]D -18® (e, 1.8)]. 
Becrystallisation of the produet from chloroform-methanol 
gave plates, m*p.180-182°, O]^ -20*5° (c, 2*1) (Pound: 
0,81*7} H,11*0. Cale* for C0OH4sOg: 0,81.8} H,11.0$).

Ergosteryl-D Acetate.
A solution of 5-dihydroergosteryl acetate (60 g.) 

in chloroform (700 c.c.) was treated with a solution of 
mercuric acetate (87 g., 1.2 mols) in stabilised glacial 
acetic acid (1.2 1.) added in one portion, and the mixture 
shaken for 6 hours at room temperature. After standing 
for 16 hours the precipitated mereurous acetate (63 g.) 
was removed by filtration and the filtrate concentrated 
under reduced pressure below 50° to a volume of 400 c.c., 
and cooled. The crystallised solid was collected, 
washed with cold methanol and dried (42 g.) Crystallis
ation from chloroform-methanol gave ergosteryl-D acetate 
as blades, m.p.169-172°, +19° (c, 2.0). After four
recrystallisations from chloroform-methanol the product 
(15 g.) was obtained as large blades, m.p.175-176°,
[o/Jj) +30° (c, 1.8) (Pound: 0,82.1} H,10.6. Calc* for 
C9oH*608: 0,82*1} H,10.6$). Light absorption: Maxima

oat 2350 ( s® 17,000) and 2420 A ( £ = 18,300), and an
oinflection at 2510 A ( £= 13,000). It gives a brown
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colour with t©tranitromethane in chloroform.
The crystalline solid collected from the mother- 

liquors (m.p*164-169°, [a]p +7°) is suitable for similar 
re-treatment with mercuric acetate to yield ergosteryl-E 
acetate.

Ergosterol-S.
Hydrolysis of ergosteryl-D acetate with methanolic 

potassium hydroxide (3$) in the usual way gave ergosterol- 
-E as felted needles from methanol-chloroform, sup. 165- 
-167°, Ca3j5 +30° (c, 1*7). Light absorption! Maxima 
at 2350 ( £ = 16,500) and 2420 A ( £ = 18,000), and an 
inflection at 2510 A ( 6 = 12,500).

Acetylation of the alcohol using pyridine and acetic 
anhydride (at room temperature for 16 hours) gave 
ergosteryl-E acetate as large blades from methanol- 
-chloroform, m#p#176°, 0]j) +31° (c, 1.5). Light

o
absorption: Maxima at 2350 (£ - 17,000) and 2420 A ( € 3

Q
18,300) with an inflection at 2510 A ( £ 3 13,000)*

Ergosteryl-E Benzoate.
A solution of ergosterol-E in pyridine and benzoyl 

chloride was heated at 100° for 2 hours. Crystallisation 
of the product from chloroform-methanol gave ergosteryl-E 
benzoate as blades, m.p.l77-178°, [a]j) +31° (c, 1.9)
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(Found: C,84#0| H,9*8. Co«H4e0s requires 0,83.95}
H,9*7$).

Oxidation of Ergosteryl-D Acetate with Chromic Acid.
(a) 53-Aoetoxyergosta-9(11) :22-dien-7-one.

A solution of ergosteryl-D acetate (2.19 g.) in 
benzene (20 c.c.) and stabilised acetic acid (150 c.c.) 
was kept at 50° and treated with a solution of chromium 
trioxide in glacial acetic acid (31 c.c., 1.044N, equiv. 
to 5 atoms of 0) added during 1 hour with stirring.
After 1 hour's stirring at 50° the mixture was concen
trated under reduced pressure to 20 c.c. and diluted 
with water. The precipitated solid was isolated by 
means of ether, in the usual way. Removal of the ether 
gave a pale yellow semicrystalline solid which crystal
lised from methanol as plates (0.63 g.). Two further 
crystallisations from methanol gave 33-acetoxr/ergosta- 
-9(11) :22-dien-7-one as plates, m.p. 174-175% [a]D -64‘ 
(c, 1.2) (Found: 0,79.1} H,10.3. C^oH^eOa requires
0,79*2} H,10.2$0 • It gives a yellow colour with tetra
ni trome thane in chloroform and does not show selective

o
absorption of high intensity above 2200 A.
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30-Ace toxye rgosta-8:22-dien-7-one.
A solution of this compound (0*37 g.) in light 

petroleum (b. p • 6 Q-30°}-benzene (5*1* 50 c.c.) was chroma
tographed on a column (12 x 2 cm.) of alumina (Grade II). 
Elution with light petroleum-benzene (l*2j 400 c.c*) and 
benzene (500 c.c.) gave a solid, m.p. ca.192-204°
(320 mg.), which crystallised from methanol to give 30- 
-aeetexyergosta-S:22-dien-7-one as plates, m.p.208-211°, 

*56° (c, 1.5), undepressed in m.p. when mixed with 
an authentic specimen, m.p*210-2l2° (Found* 0,79*4$ 
H,10.5. Calc, for CS0H*6G8; C,79.2$ H,10.2$). Light

o
absorption; Maximum at 2520 A ( £ = 10,100). It gives a 
light yellow colour with tetrani trome thane in chloroform.

A second crop (0.36 g.) combined with the residue 
(1.1 g.) from the methanol mother-liquors was dissolved 
in light petroleum-benzene (3*1$ 50 c.c.) and chromato
graphed on a column of alumina (15 x 2.5 cm.).

Fr. Solvent Vol. Wt. Residue m.p.
1. 1.petrol-benzene(3*1) 300 c.c. 45 mg. yellow ca.l40°

crystals
E. « (1*1) 400 100 * *
3. " (1*2) 300 65 « «4. benzene 600 143 ** ea. 165-185
6. benzene-@ther(2*l) 200 42 n 160-178
6. « (1*1) 200 110 * 150-170
7. ether 200 30 yellow gum
8. ether-methanol(20*l) 200 500 *
9. methanol 200 80 *
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Fractions 1-3 crystallised from methanol to give a 
compound as prismatic needles, m.p. 127-128.5°, [a3p -30°
(c, 0.9; (Found* C,75.15j H,9.3. requires
0,76.9f H,9.5$; 0 8 0 Il4 4 0 6 requires 0,74.3; H,9.15$).

o
Light absorption; Maximum at 2680 A ( £ = 4,700). It 
gives a yellow colour with tetranitromethane in chloroform. 
Fractions 4 and 5 crystallised from methanol to give 3£- 
-acetoxyergosta-8;22-dien-7-on@ as plates, m.p#201-206°,
[a]j) -53° (c, 0.5) undepressed in m.p. on admixture with 
the specimen described above. Light absorption: Maximumo
at 2540 A ( 6» 9,100)*
Later fractions did not give homogeneous material.

(b) Ergosteryl-L acetate (2.1 g.) suspended in stabilised 
glacial acetic acid (200 c.c.) was stirred at 16° and 
treated dropwise during 1 hour with a solution of chromium 
trioxide in acetic acid (30 c.c.; 1.044 it) containing 
sulphuric acid (2.5 c.c.; d,1.84). After a second hour’s 
stirring the reaction mixture was treated as described 
under (a) . Four crystallisations of the neutral fraction 
(0*7 g.) from methanol gave a compound, m.p.190-194°, 
undepressed on admixture with 3j3-acetoxyergosta-8:22-dien- 
-7-one, m.p.208^210°. Light absorption: Maximum at

o
2520 A ( e * 2,200). Chromatography of this product on
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alumina gave 3p'*ae@toxyergosta-8:22-dien-7-one as plates 
from methanol, m.p.208-210°, Ca]^ -64° (cf 1 *1 ). light

oabsorptions Maximum at 2580 A ( £ « 10,100).
The methanolic mother-liquor 3 were combined, 

evaporated and the residue (1 . 0  g.) dissolved in light 
petroleum-benzene (1:1; 30 c.c.) was chromatographed on 
a column of alumina ( 1 2  x 2 om.).

Fr. Solvent Vol. Wt. Residue m.p.
1. 1 . pe trol -benzene (1 :1 ) 400 c.c. 8 8 mg. yellow 

crystals
90-100°

2 . “ (1 :2 ) 1 0 0 32 n tl
3. benzene 400 150 it 150-1804. benzene -ether(5:1 ) 300 60 yellow gum5. (1 :1 ) 1 0 0 1 0 it
6 . ether 1 0 0 16 >f
7. methanol 2 0 0 250 >f

Fractions 1 and 2 crystallised from methanol to give the 
compound C3 0H4 4 O4 as yellow prismatic needles, m.p.123- 
-125°, [a] -32° (c, 0.4), undepressed in m.p. when mixed
with a specimen described under (a). Light absorption:

o
Maximum at 2680 A ( £ = 4,300).
Fraction 5 gave 35-acetoxyergosta-8 :2 2 -dien-7-one as 
plates from methanol, m.p.203-205°, ta3p -53° (c, 0.6) 
showing no depression of m.p. when mixed with the specimen

o
described above. Light absorption: Maximum at 2520 A
( £ « 10,000).
Later fractions from the chromatogram did not crystallise.



5£-Hydroxyergosta- 8  : 2 2 -»dien~7-one.
(a) Hydrolysis of 3£-acetoxyergosta-6s22-dien-7~oao 

using methanolic potassium hydroxide {2%) in the usual 
way gave 55~hydroxyergosta-8 :22-»dien-7~one which separated 
from methanol as plates, m.p. 176-178°, |>]p ~44° (e, 0*9) 
(Pound: C#78.0i H,ll.l. CseH^Os .CH8 0 H requires C,78*3|

o
H,10.9$). Light absorption: Maximum at 2520 A ( £ *
11,000).

(b) Similar hydrolysis of 3£-acetoxyergosta-9(ll):22- 
-dien-7-one gave 3 5 ~hydroxyergosta-8 :2 2 -dien~7 -0 ne as 
plates from methanol, m.p.176-1770, I>]p -42° (c, 0*8), 
undepressed in m.p. when mixed with the specimen described

oabove. Light absorption: Maximum at 2520 A ( e m 11,000).
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Oxidation of Ergosteryl-3) Acetate with Performic Acid.
(a) One mol.

33-Acetoxy-8a-ergosta-9 (11) : 2 2  -dien-7 -one.
A mixture of ergosteryl-D acetate (2.2 g.) in benxene 

(20 o *o •), formic acid (20 c.c.* 90$), and hydrogen 
peroxide (0.65 c.e.j 30$) was stirred for 20 hours at 
room temperature. The reaction mixture was evaporated 
under reduced pressure below 50° (bath temp.) and the 
residue crystallised from methanol, to give 313-ace toxy- 
-So.-ergosta-9(ll) ?22-dien-7-one (930 mg.) as small needles, 
m.p.196-198°, [a]D +2 0 °, +18° (c, 0.5, 1.0) (Found:
0,73.8$ H,10.2. C0 oH*e0 0 requires C,79.2| H,10.2$).
It gives a pale yellow colour with tetranitromethane in 
chloroform and does not show selective absorption of high

o
intensity above 2200 A. Repeated crystallisation from 
methanol did not appreciably alter the m.p. but caused

o
the appearance of high intensity absorption at 2540 A. 
Infra-red light absorption: Maxima at 1740 cm. ” 1 (acetoxy
group) and at 1715 cm. ’ 1 (nonconjugated ketone group).

-Hydroxyergosta-8 * 2 2 -dien-7-one.
3p-Acetoxy-8 a-ergosta-9(11)*22-dien-7-one (250 mg.) 

was heated under reflux with aqueous methanolic potassium 
hydroxide (15 c.c., 3$) for 2 hours. Isolation of the 
product by means of ether, followed by crystallisation
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from methanol, gave 3p~hydroxyergosta-8 :2 2 -dien-7-one 
(160 mg#) as plates, m.p*178-180°, Ca3D -43° (e, 1*3) 
(Found: 0,77.9} Hf10.8. Oalc. for CseH**O».CH0OH:
C,78.31 H,10.9$). Light absorption: Maximum at 2540A
( « » 10,000).

3(3-Acetoxyergosta- 8  s 22 -dien-7 -one.
Aeetylation of 3£ -hydroxyergosta-8 :22-dien-7 -one 

using pyridine and acetic anhydride at 1 0 0 ° ( 1  hour), 
gave -acetoxyergosta-8 :2 2 -dien-7-one as plates from 
methanol, m.p.209-211°, [a]^ -54° (c, 1.5) (Found: 0,79.1} 
H,10.2. Calc, for C0 OH*eO0: 0,79.2} H,10.2$). Light

o
absorption: Maximum at 2540 A ( £ = 10,100).

(b) Two mols.
3£ -Acetoxy-9a. :lla-epoxyergost- 2 2  -en-7 -one.
Ergosteryl-D acetate (2 . 2  g.) in benaene ( 2 0  c.c*) 

was stirred with a mixture of formic acid (20 c.c.} 90$) 
and hydrogen peroxide (1.2 c.c.} 30$) for 20 hours at 16*. 
The reaction mixture was evaporated under reduced pressure 
below 50°. Crystallisation of the residue from methanol 
gave 3(3-acetoxy-9 a.;lla-epoxyergost-22-en-7-one (360 mg*) 
as needles (which formed slowly from an initial gel), 
m.p.220-223°, Ca]^ -85°, -87° (c, 0.5, 1.0) (Found:
0,76.2} H,9.8. C0 qH4 SO* requires 0,76.56} H,9.86$). The
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compound gives a pale yellow colour with tetrani trome thane 
in chloroform and does not exhibit high-intensity

o
absorption above 2200 A.

33 s 11a -Dihydroxy e rgo sta -8 : 22 -dien-7 -one.
-Acetoxy-9a:lla-epoxyergost-22-en-7-one ( 9 5  mg*}

was heated under reflux f o r  1 hour in aqueous methanolic 
potassium hydroxide (6 c.c.) 3%) « The product was 
isolated by means of ether and crystallised from acetone, 
to give slla-diliyd r o x y e r g o s t a - 8 «22-dien-7-one (60 mg*} 
as needles, m.p.214-215 [a] -6° (c, 1.5} (Found: 0,78.46$
H,10.35. CgeH<,*Qe requires 0,78.75; H,10*7$). Light

o
absorption; Maximum at 2540 A ( £ = 8100). It gives a 
faint yellow colour with tetranitromethane.

33:11a-Piace toxyergo sta-8:22-dien-7-one.
Aeetylation of 33: Ha-dihydroxy ergo sta-8:22-dien-

**$S~one using pyridine and acetic anhydride at 100° for
1 hour gave 33•lla-diacetoxyergosta-8 s 22-dien-7-one which
separated from methanol as needles, m.p.175-177Ca3j|
+13° (1.3) (Fouad* 0,74*8} H,9.7. require*

o0,75.0} H,9*4$) • Light absorption: Maximum at 2520 A
{ im 10,400). It gives a light yellow colour with 
ehloroformic tetranitromethane.
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5£-Acetoxy-11a -hydroxye rgo ata * 8  s 2 2  -jdien-7 -one.
A solution of 3j3-ace toxy-9a, :11a-epoxyergost-22-en- 

-7-one (200 mg*) in benzene (20 c.c*) was filtered 
through a column of alumina ( 1 2  x 1*5 cm.), and the 
column washed with the same solvent. The crystalline 
solid present in the benzene fraction (400 c.e.) and the 
benzene-ether fraction (lslj 400 c.c.) was negligible. 
Evaporation of the ether-methanol fraction (10*1\
1 0 0  c.c.) gave a solid which after three crystallisations 
from aqueous methanol gave 3ft-acetoxy-1 1 a-hydroxyergosta- 
-8 *2 2 -dien-7-one as felted needles, m.p.187-190° (sinter
ing at 170°), [a]^ -29° (c, 0.8) (Pound: 0,76.3j H,10.1.
C»eH*«0* requires C,76.55j H,9.85$) Light absorption:o
Maximum at 2540 A ( e ~ 8000). It gives a light yellow 
colour with tetrani trome thane in chloroform.

Aeetylation of 3P-acetoxy-11a-hydroxyergosta-8 :22- 
-dien-7-one using pyridine and acetic anhydride gave 
3p:Ha~diacetoxyergosta-S:22-dien-7-one as needles from 
methanol, m.p.174-176°, Ca3p +12° (c, 1.1), undepressed 
In m.p. when mixed with the specimen described above.

o *•
Light absorption: Maximum at 2520 A ( £ s 10,300).

7 ill-LiketQergoat-22-en-5P-yl Acetate. (with B.C.Anderson). 
A solution of 3^:llu-diacetoxyergosta-8:22-dien-7-one
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(140 mg.) In ethanol ( 6 6  c.c.) was treated with 50$ 
aqueous potassium hydroxide (24 c.c.) and the mixture 
refluxed for 14 hours. She product isolated by means 
of ether and dried by evaporation of its solution in 
benzene, was acetylated in pyridine and acetic anhydride. 
The acetylated product was isolated by means of ether and 
its solution in benzene (25 c.c.) was chromatographed on 
Grade II-III alumina ( 8  x 1.25 cm.), and the column 
washed with benzene. Evaporation of the first fraction 
(270 c.c.) gave a crystalline solid ( 2 0  mg.), m.p. 155-*170°. 
The next fraction (200 c.c.) yielded a solid (15 mg.) 
which after two crystallisations from methanol gave 7*11- 
-dllcetoergost-22-en-3p-yl acetate as small prismatic 
needles, m.p.196-198°, [u]^ -25° (c, 0.5) (Founds C,76.4j 
H,9*9. Calc. for 5 O4 • 0,76.55} H,9.85$). The
compound did not show high-intensity absorption aboveo
2200 A. It was undepressed in m.p. when mixed with an 
authentic specimen prepared as described later (cf. 29,36).

Oxidation of Ergosteryl -13 Acetate with Perbenzoic -Formic 
Acid.

A solution of ergosteryl-D acetate (1.9 g.) in dry 
chloroform (5 c.c.) and formic acid (5 c.c.} 98$) was 
treated dropwise with a solution of perbenzoic acid
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(3 atoms of oxygen) in chloroform (10 c.c*) over 15 
minutes with stirring while the flask was cooled in 
water. She homogeneous solution was kept at room 
temperature for 18 hours. fhe solvents were evaporated 
to dryness under reduced pressure below 50°.

Hydrolysis of the residue using methanolic potassium 
hydroxide (50 e.e.j b%) and isolation by means of ether, 
gave froth (1.5 g.) which was dried in vacuum.

Aeetylation of the product using pyridine (10 c.c*) 
and acetic anhydride ( 1 0  c.c.) gave a compound ( 2 0 0  mg#) 
which crystallised from methanol in prismatic needles, 
m.p.196-198°, [a]^ -4° (c, 2.3) (Pound: 0,73.0} H,90U
Ca*H*8 0 d requires 0,72.7} H,9.2$). Light absorption*

o
Maximum at 2520 A ( e ** 9700). It does not show a colour 
With tetranitromethane in chloroform.
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Oxidation of Ergosteryl-D Acetate with Perbenzoie Acid.
(a) One mol.
9q>slla-EpoxyergQSta*7 1 2 2 -dien-5ft-yl Acetate.

A solution of ergosteryl-D acetate (1.0 g») in 
ehlorofoxm ( 1 0  c.c*) was treated with perbensoic acid 
(1 * 2  mols.J in chloroform ( 1 0  c.c.; added dropwiso with 
stirring during 2 hours at -3 °. QJhe mixture was kept

[A convenient device for controlling the rate of oxidation 
and cooling the perbenzoic acid-solution is shown below:]

To
Water
Pump

To Uains
Perbenzoic Acid 
in Chloroform

-Bther

Ice-Water 
—  Bath •Ether

CONTROLLED OXIDATION WITH PERBENZOIC ACID.
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at 0 ° for 2 0  hours. fhe solid residue * obtained by 
removal of the solvent at room temperature under reduced 
pressure t was dissolved in the minimum volume of boiling 
acetone. On cooling, the solution deposited 9 a:1 1 a- 
-epoxyergosta-78 22-dien-3p~yl acetate (0-7 g.) as hexag
onal plates, m.p.205-207°, which after two reerystallis- 
ations from the same solvent had m.p.211-213°, [a]^ -38°
(c, 2*2) (Found* 0,79*2 $ H,10*2* Calc, for C^qH^qOq* 
0,79.2$ H,10.2$). It gives a yellow colour with tetra- 
nitrome thane in chloroform and does not show selective

o
absorption of high intensity above 2200 A.

Chamberlin et al. (29) report m.p.202-205 °, [a]^ -36°, 
Heusser et al. (36)report m.p.205-207°, [a]^ -39.5°.

9 a:1 1 a-Epoxyergosta-7;2 2 -dien~3p-ol.
A solution of 9a:lla-epoxyergosta-7:22-dien-3p~yl 

acetate (500 mg.) in aqueous methanolic potassium hydroxide 
(60 c.c.j 2%) was heated under reflux for 2  hours. She 
solid (450 mg.) which separated on cooling was washed with 
water and twice crystallised from methanol to give 9 a 8lla~ 
-epoxyergosta-7 :22-dien-33-ol as flat needles, m.p. 187- 
-189°, £a]D -41° (c, 1.3) (Found: C,78.5| H,10.8.

.OH5OH requires 0,78.3$ H,10.9$0 . It gives a 
yellow colour with tetranitromethane in chloroform and 
does not show high intensity light absorption above 2 2 0 0

o <t{
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Aeetylation of 9aslla-epoxyergo3ta-7:22-dien-^-ol 
was effected by heating on the steam hath for 1 hour 
with pyridine and acetic anhydride. The solid which 
separated on dilution with water was crystallised from 
acetone to give 9a:lla-epoxyergosta~7:22-dien-5£~yl 
acetate as plates, m.p.210-212°, Ca]p **57° (e, 1*2), 
undepressed in m.p. when mixed with an authentic specimen 
(Pound: C,79*3f H,10.5. Cale. for Cf79.2|
H, 1*0.2̂ ). It does not exhibit selective absorption of

a
high intensity above 2200 A.

(b) Two mols.
Ergosteryl-D acetate (1.0 g.) was treated with per

benzoic acid (2.2 mols.) exactly as described above.
The residue crystallised from acetone in plates (270 mg.), 
m.p*l90-200°. Hecrystall!sation from acetone gave
9d:lla~epoxyergosta-7:22-dien-3£-yl acetate as plates, 
m.p*203~206°, undepressed on admixture with the specimen 
described above; Ca3D -38° (c, 1.1) (Pound: 0,79*5;
H,10.3$).

The acetone mother-liquor did not give homogeneous 
material.

(c) Three mols.
(!) Ergosteryl-D acetate (2*19 g.) was treated with 

perbenzoic acid (3.5 mols.) as before. The reaction
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mixture was shaken with sodium hydrogen carbonate 
solution and water, and dried. Evaporation of the 
solvent under reduced pressure gave a residue, which 
crystallised from methanol in plates (1 . 1  g.), m.p.190- 
-195*. Three recrystallisations from the same solvent 
gave a compound as elongated plates, m.p.212-214°,
(e, 1.2) (Pound*. 0,73.7} H,9.5 * C0 o-K̂ ®Op requires 
0,74.0} H,9tb%). The compound does not give a colour 
with tetranitromethane in chloroform and does not show

o
selective absorption of high intensity above 2000 A.

(ii) Similar treatment of 9a:lla-epoxyergQSta-7*22- 
-dien-5(3-yl acetate (400 mg.) with perbenzoic acid (2.5 
mols.) gave plates from methanol, m.p.209-211° (220 mg.), 
[a]p «*9° (c, 1 .0 ), undepressed in m.p. when mixed with 
the specimen described above.

(iii) Treatment of 7^*8^/9a.:lla-diepoxyergost-22- 
-en-3£-yl acetate (200 mg.*, described later) with per
benzoic acid (1.5 mols.) gave plates from methanol, m.p. 
212-214° (160 mg.), [a]^ -6 ° (c, 1.2) (Pound*. 0,73.9} 
H,9.5$), undepressed in m.p. when mixed with the specimen 
described above. It does not exhibit light absorption

o
of high intensity above 2000 A.

Hydrolysis of the acetate was effected by heating 
its solution in methanolic potassium hydroxide (4$) for
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4 hours. Isolation hy means of ether gave a product 
which crystallised from aqueous methanol in plate®, sup. 
198-201°. Three recrystallisations from the same 
solvent gave plates, m.p.211-214°, [a]^ -10° (c, 1*6)
(Found: 0,73.1* H,10.4. C^H^O*.CH30H requires 0,73.1}
H,10.15$). It does not exhibit selective absorption

o
of high intensity above 2000 A.

Aeetylation of the alcohol using pyridine and acetie 
anhydride gave the acetate as elongated plates from 
methanol, m.p.212-214°, [alp -8° (c, 1.0) undepressed in 
m.p. when mixed with the specimen described above (Founds 
0,73.9} H,9.5. C*oH*6Q8 requires 0,74.0} H,9*5$). It 
does not give a colour with tetranitromethane in chloro
form and does not show selective absorption of high 
intensity above 2000 A.

3f3 -Hydroxye rgo sta -8:22 -dien -7 -one.
A solution of 9a:lla-epoxyergosta-7?22-dien-3p-yl 

acetate (150 mg.) in aqueous methanolic hydrogen chloride 
(10 c.c.} 0.7$).was refluxed for 2 hours. The solution 
was concentrated and the solid (85 mg.) which separated 
on cooling crystallised thrice from methanol, to give 
3P-hydroxyergosta-8:22-dien-7-one as plates, m.p*175-177°, 
undepressed with the specimen described above, [u]]} -48°
(c, 0.5) (Found: 0,78.5} H,ll.l. Oalc. for C88H**0».CH0OH
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o

0,78.31 H,10.9$) . Light absorption: Maximum at 2540 A
( 5* 10,700). The alcohol gives a yellow colour with 
tetrani trome thane in chloroform.

The same alcohol was obtained using aqueous me than- 
olio sulphuric acid.

Aeetylation of the alcohol with pyridine and aeetie 
anhydride gave 3£-aeetoxyergosta-8s22-dien~7-one which 
separated from methanol as plates, m.p.208-210°, OUj) *55° 
(c, 1.1) (Pounds 0,79.0j H,10.3. Calc, for C0#H4 6O*s

o
0,79.2* H,10.2$) Light absorptions Maximum at 2540 A 
( £ “ 10,000).

30-Aeetoxyergoata-8:22-dien-11-one■
Following the method described by Heusser et al.(36), 

a solution of 9a;lla-epoxyergosta-7s22-dien-3£-yl acetate 
(1.0 g.) in dry benzene (30 c.c.) was treated with re
distilled boron trifluoride-ether complex (10 drops) and 
the solution kept at room temperature for 3 days. The 
solution was diluted with ether, washed successively with 
water, sodium hydrogen carbonate solution, and water, and 
dried (NagS04). The solvents were removed under reduced 
pressure; the residue separated from methanol in flat 
needles (0.7 g.), m.p.120-125°. A solution of the solid
in benzene (20 c.c.) was filtered through a short column
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of activated alumina, and the column washed with the 
same solvent. Evaporation of the filtrate gave 3P-acetoxy- 
ergosta-8:22-dien-11 -one which separated from methanol 
in blades, m.p.129-131% [a]^ +105° (c, 1.7) (Found*
Cf79.2j H,10.2. Calc, for C99n+*Q9 i 0,79.2} H,10.2jO.

oLight absorption: Maximum at 2540 A ( £ a 9,600). It
gives a pale yellow colour with tetranitromethane in 
chloroform.

Heusser et al. (loc.cit.) give m.p.122-123°, 0]£+92®.

7£*lla-])ihydroxyergosta-8:22-dien-3fi-yl Acetate.
Following the method described by Heusser et al. 

(loc.cit.) a solution of 9a:lla-epoxyergosta-7:22-dien- 
-3p-yl acetate (400 mg.) in dioxan (300 c.e.) was treated 
with sulphuric acid (55 c c.j 2N) added in one portion 
with shaking at room temperature. After 3 minutes the 
solution was poured into sodium hydrogen carbonate 
solution. The precipitate was extracted with ether and 
the ethereal solution washed with water till neutral.
Removal of the ether gave a residue which separated from 
acetone in needles, m.p.230-232° (500 mg.). Recrystallis
ation from methanol gave 7Sslla-dihydroxyergosta-8:22- 
-dien-30-yl acetate as prismatic needles, m.p.250-252%
[a]D +85° (c, 0.4) (Found: 0,76.4} H,10.4. Calc, for
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OaoH«sO«: C,76.2j H,10.2#}. It does not show selective
Oabsorption of high intensity above 2200 A.

Chamberlin et al* (loc.cit.) give m.p.248-232°,
[oOp +85 °t suad Heusser et al. (loc.cit.) give m.p.270-878°, 
C®3d +88°.

3gs75slla-Triacetox.vergosta-8t22-diene.
Acetylation of 7 ̂:11a-dihydroxyergosta-8s22-dien- 

-30-yl acetate on the steam bath for 1 hour with ace tie 
anhydride and pyridine gave 30:7£:lla-triac@toxyergosta- 
-8J22-diene which separated from methanol as prismatic 
needles, m . p . 172-173°, [a]^ +90° (Found: 0,78.0* H,9.4>
Calc, for Cg^HegOe : C,73.3j H,9.4$). It gives a pale
yellow colour with tetranitromethane in chloroform and 
does not exhibit selective absorption of high intensity

o
above 2200 A.

Oxidation of 75slla-Dihydroxyergosta~8i22-dien-30-yl 
Acetate with Chromic Acid*
(a) 8as9a-Epoxy-7:11-diketoergost-22-en-30-yl Acetate.

A suspension of 7$slla-dihydroxyergosta-8*22-dien- 
-50-yl acetate (800 mg.) in stabilised glacial acetie 
acid (100 c.c.) was treated with a solution of chromium 
trioxide in acetic acid (3.1 atoms of 0), and 2N sulphuric 
acid (1 c.c.) added in one portion. After shaking for
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5 minutes at room temperature the solution was complete.
It was kept overnight at room temperature. Water was 
added and the reaction mixture worked up using ether#
The residue, after removal of the ether, crystallised 
from aqueous methanol in fine needles (300 mg#), m#p*117- 
*120°. Two recrystall!sations from aqueous methanol 
gave 8a:9a-epoxy-7 ill-diketoergosta-22-en-3£-yl acetate 
as needles, m.p#130-132°, [a]s -60° (c, 0.8) (Found* 
0,74.3} H,9#l. Calc, for CaoH440«: C,74.3} H,9.15}0#
It gives a yellow colour with tetranitromethane in 
chloroform and does not show selective light absorption

o
of high intensity above 2200 A.
(b) 7 ill -Dike toergosta-8:22 -dien-3(3 -yl Acetate.

The mother-liquors from experiment (a) were evapor
ated to dryness, the residue dissolved in light petroleum- 
-benzene (10 c.c.} 4:1) and the solution filtered through 
a column of activated alumina (1.5 x 10 cm.). Evaporation 
of the solvents (150 c.c.) gave a solid, which crystallised 
from aqueous acetone to give 7:ll-diketoergosta-8:22- 
-dien-3£-yl acetate (240 mg#) as pale yellow, flat needles, 
m.p.l53-l35°, [ajp +22° (c, 1.0) (Found: 0,76.7} H,9*5.
Calc, for 0,76.9} H,9.5$). Light absorption:

o
Maximum at 2700 A (e * 8,400)•
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7:11 -Diketo-8a-ergos t-22 -en-3P-yl Acetate.
(a) A solution of 7:11-diketoergosta-8:22-dien-3£-yl 

acetate (200 Big.) in ether-methanol (1:1$ 250 c.c.) was 
heated under reflux with zinc dust (2 g.) added portion- 
wise during 3 hours. The mixture was filtered and the 
solution slightly concentrated, when crystalline, small 
hexagonal plates s©x>arated. The solution was cooled, 
the solid collected, washed with methanol and dried
(150 mg.; m.p.200-204°). Two recrystallisations from 
ace tone gave 7:11 -dike to ~8& -ergost -22 -en -313 -yl acetate 
as hexagonal plates, m.p.2 0 4 - 2 0 6 + 3 0 ° ,  +27°
(c, 0.6, 0.4; sparingly soluble in chloroform) (Pound: 
C#76*6; H,9.9. C30H4e04 requires 0,76.55; H,9.S5$).
It does not show light absorption of high intensity above

o2200 A and gives a faint yellow colour with tetranitro- 
methane in chloroform. A mixture with 7:ll-diketoergost- 
-32-en-3p-yl acetate (m.p.197-198°, -28°) had m.p.'
178-198°.

(b) Similar treatment of 8a:9a-epoxy-7:ll-diketo- 
ergost-22-en-30-yl acetate (300 mg.) in ether-methanol 
(1:1; 400 c.c.) with zinc dust (3 g.) gave 7:ll-diketo- 
-8a-ergost-22-en-30-yl acetate (200 mg.) as hexagonal 
plates from acetone, m.p.203-205°, [a]p +250 (e, 0.5) 
undepressed in m.p. when mixed with the specimen described 
under (a).
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7 ill -Piketoergost-22-en«»5(3-yl Acetate,
(a) 7:11 -Diketo“8a-0 rgo s t-22-en-3f3-yl acetate 

(80 mg.) in glacial acetic acid (3 c.c*) was heated on 
the steam hath for 45 minutes The solution was 
diluted with water and extracted with ether. Removal 
of ether gave a solid, which was crystallised from 
methanol to yield 7 :11-diketoergost-22-en-3|3~yl acetate 
(70 mg-) as small, prismatic needles, m»p*196-198°, [^Op 
-28°, -30° (c, 1.0, 1.2) (Found: 0,76.7} H,10.0. Calc,
for CaoH4604: C,76.56} H,9*85$). The diketone does

onot show high intensity light absorption above 2200 A.
It is undepressed in m.p. when mixed with the specimens 
prepared as described under (b) and (c).

(b) A solution of 7 :ll-diketoergosta~8:22~dien-3P-yl 
acetate (300 mg.) in glacial acetic acid ( 25 c.c.) was
heated on the steam bath for 3 hours with zinc dust
( 3 g.) added portionwise and then boiled under reflux 
for 15 minutes. Isolation of the product with ether 
gave 7:11-dike toe rgo st-22-en-3(3-yl acetate (250 mg.) as 
needles from methanol, m.p.197-198°, [ci]̂  -29° (c,0*8)
(Found * C,76.5} H,9.9. Calc, for CgoH^gO^: 0,76*55}
H,9.85$). It is undepressed in m.p. when mixed with the 
specimen described under (a). It gives a faint yellow 
colour with tetranitromethane in chloroform and does not
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oshow high intensity light absorption above 2200 A.

(c) Similar reduction of 8a:9a-epoxy*7:11-diketo- 
ergost-22-en-3£-yl acetate (400 mg*) with sine dust and 
acetic acid gave a product isolated by means of ether.
A solution of this product in benzene (20 c.c*) was
filtered through a short column of alumina ( 5x 1  ©,.o.) 
and the column washed with benzene (100 c.c.). Evapor
ation of the benzene filtrate gave 7:11-diketoergost-22- 
-en-5£-yl acetate (300 mg*) as small prismatic needles 
from methanol, m.p.1 9 8 * 2 0 0 * * 5 0 °  (e# 1*3) undepressed 
In m.p. when mixed with the specimens described under (a) 
and (b).

* » ©  * — *

■ ■* . 1 #  ■ ' ^ 1 , : ^ M  .

i  ;v • . \ • - - ' ... - ■;

•'.,v V ,: t - • -flMi ■./;
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3P-Acetoxy-9a: 1 1 a  - di hy droxye rgo s t -22 -en-7 -one.
(a) A solution of 9a:lla-epoxyergosta*7:22-dien- 

-3P-yl acetate (1.0 g.) in dry chloroform (10 c.c.) was 
treated dropwise during 15 minutes at 0° with a solution 
of bromine (1 mol.) in chloroform (5 c.c.) with stirring.
A solution of perbenzoic acid (1.5 inols.) in chloroform 
(80 c.c.) was then added during 1 hour at -5° and the 
mixture kept for 2 days at 0°. The mixture was evapor
ated to dryness under reduced pressure at room temperature 
and the residue dissolved in glacial acetic acid (25 c.c.) 
and treated with zinc dust (10 g.) added in portions 
during 5 hours with stirring on the steam bath. The 
debrominated product was isolated by means of ether, it 
formed a crystalline solid which was re crystallised from 
acetone to give plates (250 mg.), m.p.198-205% undepressed 
on admixture with 3p-acetoxyergosta~8;22-dien-7~one.

The acetone mother-liquors were evaporated and a 
solution of the residue (0.80 g.) in ethanol (20 c.c.) 
treated with glacial acetic acid (0.5 c.c.) and Girard*s 
reagent T (0*5 g*)« The mixture was heated under reflux 
for 90 minutes, cooled, and diluted with water (20 c.c.) 
eoatainlng crushed ice, and the pH was adjusted to 5.5-6 
by sodium carbonate solution. The mixture was extracted 
with ether (2 x 20 c.c.) (Extract A). The pH of the
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aqueous layer was adjusted to 2-3 by hydrochloric acid, 
the mixture extracted with ether (2 x 20 c.c.) and the 
extract washed with f>% sodium carbonate solution and 
then water, and dried (HasS0*). Removal of the ether 
gave a solid (80 mg.) which after three cryetallisatione 
from methanol gave 3p~acetoxy-9a:11a-dihydroxyerg o s t -2 2 - 
-en-7-one as rectangular plates, m.p.260-262°, -66°
(c| 1.3) (Pound: C,74.0; H,1C.0. Cao^eO* requires
0,73.7, H,Q.9$). The compound gives a pale yellow 
colour with tetranitromethane in chloroform and does not

oshow high-intensity absorption above 2200 A.
Evaporation of extract A followed by crystallisation 

from methanol gave plates, m.p.200-210°, undepressed when 
mixed with 3f3-acetoxyergosta-8*.22-dien~7-one. (Light

o oabsorption: Maxima at 2440 A, « « 6,000 and at 2520 A,
* * 6,300).

(b) Oxidation of 9a:lla-epoxyergosta-7*22-dien-3£-yl 
acetate (1.0 g.) was effected as described above, with 
the difference that the reaction time with perbenzoic 
acid was 7 days. The debrominated product was crystallised 
from acetone to give plates, m.p.190-210°. This solid
(160 mg.) in benzene (25 c.c.) was chromatographed on a 
column of Grade II alumina (12 x 1*5 cm.), and the column 
washed with benzene (500 c.c.) which gave 3(3-acetoxy~
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ergosta-8:22-dien-7-one (26 mg.) as plates, m.p.203-2070,
ofrom methanol. Light absorption: Maximum at 2540 A

( e ** 9,100).
Further elution of the column with benzene containing 

X% of methanol (160 c.c.) gave a solid (115 mg.) which 
after two crystallisations from methanol gave 30-acetoxy- 
-9a:11a-dihydroxyergost-22-en-7-one as rectangular plates, 
m*p»261-263°, [o-lp -69° (e, 1.1), undepressed in m.p. 
when mixed with the specimen described above (Found:
0,73.5j H,9.95$). The compound does not show high-

o
-intensity absorption above 2200 A and gives a light yellow 
colour with tetranitromethane in chloroform.

The acetone mother-liquor was evaporated and chroma
tographed as above, to give 3(3 -ace t oxy ergosta-8 22 -dien- 
-7-one (60 mg.) together with 3fJ -aeetoxy-9a:11a-dihydroxy - 
ergost-22-en-7-one which separated from methanol as plates, 
m.p.257-260°, undepressed when mixed with the specimen 
described above. It does not show selective absorption 
of high intensity in the ultra-violet region of the 
spectrum.

(e) 9a:11a-Epoxye rgo sta-7:22-dien-30-yl ace tate 
(1.0 g.) was oxidised with perbenzoic acid as described 
in (a) and the solution kept at 0° for 3 weeks. The 
reaction mixture was debrominated by zinc and acetic acid,
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and the product directly crystallised from acetone to 
give 3£-acetoxy-6a:11a-dihydroxyergost-22-en-7-one 
(130 mg.) as plates, m.p.257-260°, undepressed on admixture 
with the specimen described above. Chromatography of 
the residue from the mother-liquors gave a further 45 mg. 
of this compound.

3P tlla-Placet oxy-9 a -hydroxyergost -22 -en-7 -one.
A solution of 3(3-acetoxy-9a:11a-dihydroxyergost-22- 

-en-7-one (130 mg.) in pyridine (5 c.c.) and acetic 
anhydride (5 c.c.) was kept at room temperature overnight. 
Isolation of the pi*oduct by means of ether, followed by 
two crystallisations from light petroleum (b.p#60-80°) 
and two from methanol, gave 5(3:11a-diacetoxy-9a-hydroxy
ergost -22-en-7-one as needles, m.p.197-198°, [a]p -44°
(cf 1.0) (Founds C,72.15 H,9.6. CS8HS00a requires 
Cf78.4| H,9.5$). It gives a pale yellow colour with 
tetranitromethane in chloroform, and does not show high-

o
-intensity light absorption above 2200 A.

3$*9a:11a-Trihy droxyergost-22-en-7-one.
(a) Hydrolysis of 3p-acetoxy-9a;lla-dihydroxyergost- 

-22-en-7-one using 2% aqueous methanolic potassium 
hydroxide, gave 3(3 • 9a 111a -trihy droxye rgost -22 -en-7 -one 
which separated from acetone (or methanol) in flat needles,
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m.p.258-259°, [a]-p -71° (c, 1.1) (Found: C,75.2J H,10.4.
CgsH^eO^ requires C,76.3| H,10.4$). The compound did

©not show high-intensity absorption above 2200 A.
(b) Similar hydrolysis of 30*lla-diacetoxy-9a- 

-hydroxyergost-22-en-7-one gave the triol, m.p.257-259°, 
Ca]D -70° (c, 0.7), showing no depression of mixed m.p. 
with the specimen described above.

Aoetylation of 30:9a:lla-trihydroxyergost-22-en-7-one 
using pyridine and acetic anhydride gave 30s11a-diacetoxy- 
-9a-hydroxyergost-22-en-7-one as needles from methanol, 
m*p.l95-l96°, [a]p -43° (c, 0.8) undepressed in m.p. when 
mixed with the specimen described above.

30 *lla-Diaoetoxyergosta-8:22-dien-7-one.
(a) 30s11a-Biacetoxy-9a~hydroxyergost-22-en-7-one 

(100 mg.) was heated under reflux with aqueous methanolic 
potassium hydroxide (7 c.c.j &%) for 8 hours. The 
solution was concentrated and the reaction product isolated 
by means of ether. A solution of this solid in pyridine 
(1 c.c.) and acetic anhydride (2 c.c.) was heated on the 
steam-bath for 2 hours. Isolation by means of ether 
gave a solid (60 mg.) which after crystallisation from 
methanol gave 30slla-diacetoxyergosta-8*22-dien-7-one as 
hard, flat needles, m.p.175-177°, [a^ +14° (c, 0.6),



- 169 -

undepressed with the specimen described before (Founds 
C,75.0j H.9.55. Calc, for CBSH48Oe: C,75.0j H,9.4J&).

O
Light absorption! Maximum at 2520 A ( <s =* 10,400) * The 
compound gives a faint yellow colour with tetranitro
ut© thane in chloroform.

(b) 3^-Acetoxy-9a:11a-dihydroxyergost-22-en-7-one 
was heated under reflux with aqueous methanolio potassium 
hydroxide (5$) for 24 hours. Working up as before 
followed by acetylation gave 33:11a-diacetoxy-8:22-dien- 
-7-one obtained as needles, sup.174-176°, OJp +14°
(o, 0.6) t undepressed in m.p* when mixed with the specimen

o
described above. Light absorption: Maximum at 2510 A
( £ * 10,300).

■ p f -  ' ‘ ' s
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Te trabromoe rgo atenyl Acetate.
A solution of 5-dihydroergosteryl acetate (10 g.) 

in dry ether (1000 c.c*) was treated rapidly at 0* with 
a solution of dry bromine (5*1 c.c. 33 4.4 mol s.) in 
glacial acetic acid (50 c.c*}. The mixture was cooled 
to -60° with shaking, and allowed to regain room tempera
ture during 2 hours with frequent shaking. The solid 
(8.3-9.0 g.) was collected, washed with ether, and dried 
at room temperature under reduced pressure. Two 
crystallisations of a sample of the colourless amorphous 
solid from benzene-light petroleum (b.p.60-80°) gave 
tetrabromoergostenyl acetate as felted needles, m*p.l28° 
(decomp.), Ca3j) +240° (c, 1.2 in benzene) (Pound! C,47.7| 
H,6«4, Br,42*5. Calc* for C^cH^gOgBr,• 0,47.5, H,6*l}
Br,42.2^). The compound decomposes on standing, and 
solutions in chloroform, acetone and acetic acid decompose 
with evolution of hydrogen bromide. Anderson, Stevenson 
and Spring (106) report [u]^ between +205° and +260° in 
various solvents.

22 s83-Mbromoergosta-7:9(11) -dien-53-yl Acetate.
(Brgosteryl-P Acetate 22:23-hibromide).

A solution of tetrabromoergostenyl acetate (9*0 g.) 
in warm benzene (500 c.c.) was treated with sodium iodide 
(25 g.) in ethanol (500 c.c.) added in one portion.
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Iodine was immediately liberated. After standing for 
80 hours at room temperature, the solution was diluted 
with water (500 c.c#), the benzene layer separated, and 
the aqueous phase extracted with benzene (300 c.c*).
The combined extracts were washed with sodium hydroxide 
solution ( 2  x 2 0 0  c.c . 9  1 $) , then with water, and dried 
(Na0 SO*). Removal of the benzene gave an orange solid 
which was dissolved in a minimum volume of chloroform, 
precipitated by addition of methanol, and collected 
(7*9 g#). Crystallisation from chloroform-methanol gave 
22s23-dibromoergosta-7 :9(11) -dien-3fc-yl acetate as 
prismatic needles, m.p.234-235°, +32° (c, 1.4)
(Found: C,6 C.Q| H,7.8 . Calc, for CooH4 ©OeBr0: C,60.2|
H,7«75$). Light absorption: Maxima at 2360 (e 88 19,000)

O o
and 8420 A ( £ = 21,000), and an inflection at 2600 A 
( £ » 13,000) . It gives a dark brown colour with tetra
ni trome thane in chloroform.

88s23-3)ibromoergosta-7:9(11) -dien-5j3~al.
A solution of the acetate (300 mg.) in benzene 

( 6  c.c.) and aqueous methanolic potassium hydroxide 
(40 c.c., 3 %) was refluxed for 6 hours, and concentrated 
to 50 c.c. The crystals separating on cooling were 
recrystallised from methanol-chloroform, giving 22:23- 
-dibromoergosta-7* 9(11)-dien-3ff-ol (270 mg.) as elongated
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plates, m.p.23G-231°, [a]^ +26° (c, 2-0) (Pound: 0,69.5} 
59.0} H,8-4, 8.3. CseH^OBrs .CH3OH requires: 0,69.2}
H,82*$). Light absorption: Maxima at 2350 (^ * 18,000)

° oand 2420 A ( £ * 80,000), and an inflection at 2600 A 
( £ 13 13,600). The alcohol gives a brown colour with 
te trani trome thane in chloroform.

Acetylation of the alcohol using pyridine and acetic 
anhydride gave 22:23-dibromoergosta-7:9(11)-dien-3p-yl 
acetate as large, prismatic needles from methanol- 
-chloroform, m.p.235-236°, [a]^ +33° (e, 1.2). Light 
absorption: Maxima at 2350 ( £ =* 20,000) and 2420 A
( £ « 21,000) and an inflection at 2500 A ( £ 33 14,000) .

22:23-Dibromoergosta-7:9(llj -dien-3ft-.yl Benzoate.
Treatment of 22:23-dibromoergosta-7:9(11) -dien-35-ol 

with pyridine and benzoyl chloride at 100° for 3 hours 
gave 22:23-dibromoergosta-7:9(11)-dien-35-yl benzoate as 
blades from methanol-chloroform, m.p.221-222°, Ca3jj +28° 
(e, 1.9) (Pound: 0,63.8} H,7.4. C86H*eOsBre requires:
0,65.6} H,7 •&%). Light absorption: Maxima at 2340

o( £ « 30,200) and 2410 A ( £ * 27,400) and an inflection
oat 2500 A ( £ * 14,000) • It gives a brown colour with 

te trani trome thane in chloroform.
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Ergosteryl -33 Benzoate.
A solution of 22:23-dibromoergosta-7:9(11)-dien- 

-3P-yl benzoate (300 mg.) in ether-methanol (1:1}
100 e.c.) was treated with zinc duet (2 g.) (activated 
by washing with ammonium chloride solution) added portion- 
wise and the mixture heated under reflux for 3 hours.
The reaction mixture was filtered, concentrated and the 
residue treated with water and the precipitate extracted 
with ether. The ethereal solution was washed with water, 
dried (Na8S04), and evaporated. Crystallisation of the 
residue from methanol-chloroform gave ergosteryl-D 
benzoate (200 mg.), m.p.176-178°, +31° (c, 2*0)
(Pound: C,84.1| H,9.86. C3*H4808Br2 requires 0,83.95}
H,9.7$).

Ergosteryl-£ Acetate.
A solution of 22:23-&ibromoergosta-7:9(11)-dien- 

-3p-yl acetate (1.0 g.) in ether-ethanol (1:1} 200 c.c.) 
was treated with zinc dust (5 g.) as before. Evaporation 
of ether gave plates, m.p.176-178° (0.7 g*). Crystallis
ation from methanol-chloroform gave ergosteryl-D acetate 
as elongated plates, m.p.178-180°, [u]p +35° (e, 2.0) 
(Pound* 0,82.1} H,10.6. Calc, for * 0,82.1}
H,10.6$). Light absorption: Maxima at 2350 ( £ 38 17,000)

o oand 2420 A ( £ * 19,000), and an inflection at 2510 A
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( £ * 13,000). It gives a brown colour with tetranitro
me thane .

22 * 23-Libromoe rgo st-8(14)-en-30-yl Acetate.
(a) A solution of ergosteryl-D acetate 22:23- 

-dibromide (500 mg.) in stabilised glacial acetic acid 
(250 c.c.) was added to a suspension of freshly reduced 
platinum (from 200 mg. of platinum oxide) in acetic acid 
(15 c.c.), and the mixture shaken with hydrogen for 20 
hours at room temperature. Bemoval of the catalyst by 
filtration, concentration of the filtrate under reduced 
pressure, addition of water, extraction with ether, 
washing of the extract with dilute sodium carbonate 
solution and water, drying (Na8S04), and evaporation 
under reduced pressure gave 22:23-dibromoergost-8(14)-en- 
-30 acetate which separates from methanol-chloroform 
as elongated plates, m . p . 192-193° (400 mg.
+4.5° (c, 2.0, 7.0) (Pound: 0,60.1} H,8.3. CooH^bObBTb
requires 0,60.0} H,8.0$). Light absorption: ^ 81O0 8,000, 

7500, € J3 8 0 0 5600, £ sgse 1400. It gives a deep 
yellow colour with te trani trome thane in chloroform.

After chromatography of a specimen on alumina the 
constants were unchanged.

The same product was obtained when chloroform-glacial
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acetic acid (1*9 parts) was used as solvent for the 
hydrogenation (12 hours).

(b) A solution of 30-acetoxy-22:23~dibroiaoerg©st- 
-*8-en-ll-one (500 mg.) in glacial acetic acid (100 c.c.) 
was shaken with hydrogen over pre-reduced platinum oxide 
(200 mg.) for 10 hours. Working up in the usual manner 
gave 22:23-dibromoergost-8(14)-en-3p-yl acetate as 
plates (from methanol-chloroform), m.p.189-191° (250 mg.),

+3° (c, 1.0), undepressed in m.p. when mixed with 
the specimen described under (a) (Found: 0,60.2} H,8.4$).

The same product was obtained when glacial acetic 
acid (100 c.c.)-concentrated hydrochloric acid (3 drops) 
was used as solvent and palladium black as catalyst for 
the hydrogenation (68 hours).

(c) A solution of 22:23-dibromo-9a:11a-epoxyergost- 
-7-en-30-yl acetate (500 mg.) in glacial acetic acid 
(80 c.c.) was shaken with hydrogen for 4 hours over 
platinum (from 100 mg. of platinum oxide; - Working up 
in the usual way gave 22:23-dibromoergost-8(l4)-en-30-yl 
acetate (460 mg.) as plates (from methanol-chlorofcm), 
m.p.191-192°, [a]p +4® (c, 1.1), undepressed in m.p. when 
mixed with the specimen described unddr (a) and (b)
(Pound: 0,60*0} H,8.l£).
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22:23-Dibromoergost-8(14)-en-3£-ol.
A solution of 22:23-dibromoergost-8(14) -en-30-yl 

acetate (500 mg.) in benzene (10 c.c.) and meth&nolie 
potassium hydroxide (80 c.c.} ljt) was refluxed for 1 
hour. The solution was diluted with water and extracted 
with ether. Removal of the ether gave a solid, which 
crystallised from me thanol-chioroform to give 22:23- 
-dibromoergost-S(14)-en-30-ol as plates, m.p.213-214°,
(420 mg.), [a]^ +13° (e, 1.8) (Found: 0,60.3} H,8.6.
C»*H* ©OBrg requires G,60.2} H,8.3$).

Acetylation of the alcohol using pyridine and acetic 
anhydride gave 22:23-dibromoergost-8(14)-en-30-yl acetate 
as elongated plates from methanol-chloroform, m.p.192-193° 
Ca3p +4° (c, 1.6).

22:23-jPibromoergQst-8(14) -en-35-yl Benzoate.
A solution of 22:23-dibromoergost-8(14)-en-30-ol in 

pyridine and benzoyl chloride was heated at 100° for 1 
hour and kept at room temperature for 2 hours. Crystallis 
ation of the product from chlorofozm-methanol gave 
22»83-dibromoergost-8(14)-en-30-yl benzoate as plates, 
m.p.242-243°, [a]D +3° (c, 5.0) (Found: 0,63.4} H,7.8.
C««H* o08Br8 requires 0,63.4} H,7.6$>).



- 167 -

22:23-Dibromoergost-7-en-3p-yl Acetate (with F. Johnson).
A solution of ergosteryl-D acetate 22:23-dibromide 

(500 mg.) in ethyl acetate (100 c.c.) was shaken with 
hydrogen over pre-reduced platinum oxide (100 mg.) for 
14 hours. Working up in the usual way gave 22:25- 
-dibromoergo st-7-en-30-yl acetate (5-dihydroergosteryl 
acetate 2 2:25-dibromide) as needles (from methanol-ethyl 
acetate), m.p.224° (400 mg.), [a]D -7° (c, 2.0) (Found: 
0,60.3} H,8*2. OgoH^sOsBra requires 0,60.0} H,8.0$). 
Light absorption: ^SI00 5000, taiS0 3620, <s8JB0© 1700.
It gives a yellow colour with tetranitromethane in 
chloroform.

It is isomerised by shaking its solution in acetic 
acid,with a platinum catalyst and hydrogen for 4 hours, 
to give 22:23-dibromoergost-8(14)-en-3fc-yl acetate.

Hydrolysis of the acetate using methanolic potassium 
hydroxide (2%) gave 22:23-dibromoergost-7-en-3£-ol as 
plates from methanol, m.p*222-223°, t>]p -8° (c, 1.3) 
(Found: 0,59.1} H,8.6. CssH4©0Bre.CHo0H requires
0,59.0} H,S.5$).

®*e benzoate. prepared in the usual way, separates 
from me thanol -chloroform as needles, m.p.806°, [a]^ -4° 
(e, 4.0) (Found! C,63.4j H,7.8. Ce«H«eOsBra requires 
0,63.4} R,7.6%).
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Ergosta-8(l4)*22-dien-3p-yl Acetate.
A solution of 22 *23-dibromoergost-8(14)-en-5p-yl 

acetate (m.p.191-193°} 200 mg.) in ether-methanol 
(60 c.c.} 1*2) was refluxed with ginc dust (2 g.) added 
portionwise during 3 hours. The solution was filtered, 
concentrated, and diluted with water. Isolation by 
means of ether gave ergosta-8(14) *22-dien-3{3-yl acetate, 
as plates (from methanol) , m.p.122-123.5° (120 mg.),
0 3 b -25° (c, 1.1) (Found*. 0,81.6} 11,11.2* Calc, for 
Oco^sOjg: 0,81.8} H,11.0$). Light absorption*
€su« 8000, £Siso 7000, £Ssoo 4900. It gives a deep 
yellow colour with te trani trome thane in chlorof ona.

Ergosta-8(14) *22-dien-5f3-yl Benzoate.
A solution of 22*23-dibromoergost-8(14)-ea-30-yl 

benzoate (500 mg.) in pyridine (30 c.c.) containing 
water (3 drops) was heated with zinc dust (4 g.) for 3 
hours on the steam-bath. The mixture was filtered, and 
the filtrate concentrated under reduced pressure and 
diluted with water. Working up using ether gave ergosta- 
-8(14)*22-dien-5p-yl benzoate (380 mg.) as flat needles 
(from me thanol-chloroform), m.p.126-127°, f>]p -24° (c,4.1) 
(Found* 0,83.8} H,10.2. C3eH60Oe requires 0,83.6} 
H,10.0$)• It gives a deep yellow colour with tetranitro-
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methane in chloroform.

Ergosta-8(14):22-dien-3j3-ol.
A solution of ergosta-8(14):22-dien-30-yl acetate 

(60 mg.) in methanolic potassium hydroxide (20 c.c.} 5%) 
was refluxed for 2 hours, then concentrated and diluted 
with water. Isolation by means of ether g§ve ergoata- 
-8(14) :22»dien-3p-ol which crystallised from methanol or 
acetone as elongated plates, m.p.126-127° (40 mg.)?
Ca3p -19°, -20° (c, 1.5, 1.0) (Found: C,84.2} H,11.8.
CaaH^gO requires 0,84.35} H,11.6^). It gives a deep 
yellow colour with tetranitromethane.

Aeetylation of the alcohol using pyridine and 
acetic anhydride gave ergosta-8(14):22-dien-30-yl acetate 
as plates (from methanol), m.p.123-124 °. t>]j) -27° (0,1.3).

Brgoat-8(14)-en Acetate.
A solution of ergosta-8(14):22-dien-30-yl acetate 

(100 mg.) in ethyl acetate (60 c.c.) was shaken with 
hydrogen over freshly reduced platinum oxide catalyst 
for 5 hours. The filtered reaction mixture was con
centrated, giving plates (80 mg.) which on recrystallis- 
atlon from methanol gave ergost-8(14)-en-30-yl acetate 
as plates, m.p.109-110°, Ca]j) +4° (c, 2.0), showing no 
depression of m.p. when mixed with an authentic sample,
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m.p.l08~109°, [a]D +5 °, prepared by hydrogenation of 
ergesteryl-D acetate in glacial acetic acid (Found* 
Ct81.2} H,11.4. Calc, for C00Heo08: 0,81.4} Hf11.4$).
Light absorption* £ «l0© 7000, £8i6© 6400, £ssoo 4600.
It gives a yellow colour with te trani trome thane in 
chloroform.

The same product in similar yield was obtained by 
using chloroform or glacial acetic acid as solvent for 
the hydrogenation*
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Oxidation of Eraosteryl-D Acetate 22*25-Dibromide with 
Performic Acid.

30-Acetoxy -22:25-dibromo-9a 111a-epoxyergostan-7 -one.
A solution of ergosteryl-D acetate 22*23-dibromide 

(5.0 g.) in ethyl acetate (250 c.c.) wa3 treated with a 
mixture of formic acid (50 c.c.} 98-100^) and hydrogen 
peroxide (30$} 3.75 c.c. = 4 atoms of oxygen) added in 
one portion with shaking. The suspension was shaken at 
room temperature for 6 hours when solution was complete. 
The clear solution was kept at room temperature for 40 
hours. It was washed with water, the ethyl acetate 
layer separated, and the aqueous layer extracted with 
ethyl acetate. The combined ethyl acetate extracts were 
washed with sodium hydrogen carbonate solution and water 
and dried (Na8S04). Removal of the solvent under reduced 
pressure and crystallisation of the residue from acetone 
gave 30-ace toxy-22 * 23-dibromo-9a:11a-epoxyergostan-7-one 
(1.5 g.) as needles, m.p. 220-831°, [a] -46° (c, 1.6),
not altered by re crystallisation from the same solvent. 
Hecrystallisation from methanol-chloroform gave a second . 
modification as plates., m.p.235-237°, [a]p -47° (c, 1.5). 
The two forms are unchanged after drying in a high vacuum 
at 100°) (Found: 0,57.1} H,7.4. Calc, for C^oH^eO^Br®:
0,57.1} H,7.35$). It does not give a colour with
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tetranitromethane in chloroform, or exhibit high-intensity
olight absorption above 2000A.

Alkaline hydrolysis and acetylation of the residue 
from the acetone mother-liquors gives 3psll^-diacetoxy- 
-S25 23-dibromoergost-8-en-7-one, as described below.

30-Acetoxy-9a:11a-epoxyergost-22-en-7-one.
A solution of 5 f?-ace toxy-22:23-dibromo-9a :11a-epoxy- 

ergo stan-7-one (600 mg.) in ether-me thanol (1*1* 200 c.c.) 
was heated under reflux with zinc dust (5 g.) added 
portionwise during 3 hours. fhe product isolated by 
means of ether was crystallised from methanol to give 
5p~aeetoxy-9a:ila-epoxyergost-22-en-7-one as felted 
needles (initial gel formation), m.p.227-229°, [a]^ -89°, 
*87° (c, 1.0} 1.5) (Found: 0,76.7} H,9.9. Calc, for
CsoHfcoO*: 0,76.55} H,9.85$). Mixed m.p. with the
specimen, m.p.223°, described before, was 224-228®.
Light absorption: Maximum at 2050 A ( € * 1,500). It
gives a pale yellow colour with tetranitromethane in 
chloroform.

30-Acetoxy-22:25-dibromo-11a-hydroxyergost-8-en~7-one•
A solution of 3p-acetoxy-22:23-dibromo-9a:11a- 

-epoxyergostan-7-one (300 mg.) in benzene (30 c.c.) was 
filtered through a column of alumina (12 x 2 cm.). After
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elution with benzene, benzene-ether (1:1) and ether 
(eluate: negligible), elution with ether-methanol (2:1}
100 c.c.) gave a solid (260 mg.) which, thrice crystallised 
from methanol, yielded 3@-aeetoxy-22:23-dibromo-llu- 
-hydroxysrgost-8-en-7-one as needles, m#p.206-208°, Ca3j) 
-15° (c, 1.7) (Pound: 0,57.0} H,7.5. C&le. for
C»oH4 6 0 4 Bre: 0,57.1} H,7*35$). Light absorption:

r*3

Maximum at 2520 A ( £ = 8,000). Infra-red light absorption: 
Maxima at 1732 c».-A (aeetatej, 1669 oja.-* (a$-ketone) 
and 3700 cm.~* (hydroxyl). It gives no colour with 
tetranitromethane in chloroform.

22:23 -Sibromo -30: 11 a- -dihydroxye rgo s t -8 -en -7 -one.
(a) A solution of 3{3-acetoxy-22:23-dibromo-9a:lla- 

-epoxyergostan-7-one (650 mg.) in benzene (5 c.e.) and 
aqueous methanolic potassium hydroxide (50 c.c.} 3%) was 
heated under reflux for 3 hours. Isolation by means of 
ether gave a product, which crystallised from methanol 
in flat needles, m.p.230-231° (550 mg.). Hecrystallis- 
ation from methanol gave 22:23-dibromo-30 :jla-dihydroxy- 
ergost-8-en-7-one as blades, m.p. 231-832% M d +4» (c,1.7) 
(Pound: 0,57.3} H,7.7. 0 8 «H4 4 0 »Brs requires 0,57.1}

oH,7.5$). Light absorption: Maximum at 2520 A ( e* 8,200).
It gives no colour with te t rani trome thane.
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(b) A solution of 3f-acetoxy-22•25-dibromo-11a- 
-hy droxye rgost-8-en-7-one (100 mg.) in methanolic 
potassium hydroxide (20 c.c.; 2%) was heated under 
reflux for 2 hours. The product, isolated by ether, 
gave 22:23 -dibromo -50: 11a -dihydroxye rgost-8-en-7 -one
(80 mg.) as plates (from methanol) , m.p.231 -232°, Ca3p +3° 
(c, 1.4), undepressed in m . p .  when mixed with the 
specimen described above. light absorption: Maximum
at 2520 A ( £ = 8,000).

(c) A solution of 30:11a-diacetoxy-22:23-dibromo- 
•rgost-8-en-7-one (600 mg.) in benzene (10 c.c.) and 
methanolle potassium hydroxide (3̂ j 40 c.c.) was refluxed 
for 3 hours. 22:23 -Dibromo -30: 11a-dihy droxye rgo st -8- 
-en-7-one (400 m g « ) ,  isolated by means of ether, cryst
allised from methanol as elongated plates, m.p.232°,
0 3 d +4° (c» 1‘3)» undepressed in m.p. when mixed with 
the specimens described above. Light absorption:
Maximum at 2510 A ( £ = 800C).

$0:11a-Diacetoxy-22:23-dibromoergost-8-en-7-one.
(a) Acetylation of 22:23-dibromo-30:11a-dihydroxy- 

•rgost-8-en-7-one using pyridine and aoetio anhydride 
(at 100°) gave 56 * 11a-di ace toxy-23:23-dibroiaoergost-8- 
-en-7-one as prismatic needles from methanol-ehlorofoxm,
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m.p.161-163® (air dried) or m.p.201-202° after prolonged 
drying at 100° in a high vacuum; Ca3j) +18° (c, 1.5)
(Found: 0,57.1; H,7.3. CssH4 e0 6 Bre requires C,57.1;
H,7.2$) . Light absorption-’ Maximum at 2520 A ( £ = 10,000) • 
Infra-red light absorption: Maxima at 1738 and 1245 cm."1
(acetate) and 1690 em.~x (up-ketone). It gives no 
colour with tetranitromethane.

(b) Aeetylation of 3p-acetoxy-22:23-dibromo-llu- 
-hydroxyergost-8-en-7-one (acetic anhydride-pyridine) 
gave 3|3 :lla-diaeetoxy-22:23-dibromoergost-8-en-7 -one 
which separated from methanol-chloroform as prismatic 
needles, m.p.162-163° and 200-202° (after drying at 100° 
in vacuum), [a]D +18° (c, 0.8) (Found: C,56.7; H,7.5$).

o
Light absorption: Maximum at 2520 A ( € * 10,000). The
mixed m.p. was undepressed on admixture with a specimen 
described above.

Preparative Method for 3F : 11 a-Liacetoxy-32:25-dibromo- 
ergost-8-en-7 -one.

A solution of ergosteryl-3) acetate 22:23-dibromide 
(5.0 g.) in ethyl acetate (250 e.e.) was treated dropwise 
with a mixture of formic acid (98-100$; 50 c.c.) and 
hydrogen peroxide (30$j 5*75 c.c.) over a period of 4 
hours at 40-45° with mechanical stirring. The clear 
solution was kept at room temperature for 2 days, washed
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with water and sodium hydrogen carbonate solution, and 
the solvent removed under reduced pressure. The white 
crystalline residue was hydrolysed by refluxing its 
solution in benzene (15 c.c.) with methanolie potassium 
hydroxide 100 c.c.) for 3 hours. Isolation by
means of ether gave a crystalline solid, which was acetyl 
ated in pyridine (50 c.c.) and acetic anhydride (50 c.c.) 
on the steam bath for 3 hours. Working up using ether 
gave a solid which crystallised from methanol-chloroform 
to yield 3(3* 11a-diacetoxy-22:23-dibromoergost-8-en-7-one 
(2*5 g.) as prismatic needles, m.p.156-158°, *19°
(c, 1.5) (Pound: 0,57.3* H,7.6. Calc, for CasH4,OeBrs

o
C,57.1j H,7«2$). Light absorption: Maximum at 2510 A
( £ * 11,000). It is undepressed in m.p. when mixed with 
the specimens described above.

tlla -23iacetoxyergosta*8:22 -dien-7 -one.
A solution of 3P:11a-diacetoxy-22:23-dibromoergost- 

-8-en-7-one (200 mg.) in ether-methanol (1:1} 60 c.c.) 
was heated under reflux with zinc dust (2 g.) added in 
portions for 3 hours. The product, isolated by means of 
ether, was crystallised from methanol to give 3£*lla- 
-diaoetoxyergosta-8:22-dien-7-one (130 mg.) as needles, 
m.p.175-177°, [a]D +12° (e, 1.2) (Pound; 0,75.2} H,9.5. 
Gale, for C88H4eOe: 0,75.0} H,9.4$). Light absorption:
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o

Maximum at 2510 A ( £ « 10,300). The m.p. was undepressed 
when the product was mixed with the specimen described 
before.

36:11a-Dihydroxye rgosta-8:22-dien-7-one.
A solution of 22:23-dibromo-36 *11a-dihydroxye rgost- 

-8-en-7-one (160 mg.) in methanol (50 c.c.) was heated 
tinder reflux and treated with zinc dust (1 g.) added 
portionwise over a period of 3 hours. Working up using 
ether gave a product which on crystallisation from acetone 
gave 3£:lla-dihydroxyergosta-8:22-dien-7-one (100 mg.) as 
prismatic needles, m.p.214-215°, Ca]-p -7° (c, 1.0) (Pound: 
0,78.5 £ H,10*5. Calc, for CaaB^O,: 0,78.45* H,1C.35$) .

o
Light absorption: Maximum at 2540 A (£ « 8,600). It is
undepressed in m.p. when mixed with the specimen (m.p.215°, 
[a]j) -6°) obtained by alkaline hydrolysis of 36-acetoxy- 
~©a*lla-epoxyergost-22-en-7 -one.

22:23-Dibromo-7:ll-diketoergost-8-en-36-yl Acetate (with 
B. Stevenson).

A solution of 36-ace toxy-22:23-dibromo-11a-hydroxy- 
ergost-8-en-7-one (177 mg.) in stabilised glacial acetic 
acid (25 c.c.) was treated with a solution of chromic 
anhydride (21 mg.) in glacial acetic acid (0.63 c.c.) and 
then with sulphuric acid (2N* 2 drops). The mixture was
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shaken for 5 minutes, kept at room temperature overnight 
and then filtered from a fine floeculent precipitate 
(80 mg.j m.p.246°). The solution was diluted with water
and the neutral product (140 mg*) isolated by means of 
ether. Crystallisation of the neutral produet from 
chloroform-methanol gave 22:23-dibromo-7:11-diketoergost- 
-8-en-3P-yl acetate as plates, m.p.249-260°, I>]-p +29°

o(c, 1.0). Light absorption: Maximum at 2700 A ( £ =
8,100) . The m.p. was undepressed when mixed with an 
authentic specimen, m.p.250-251°, [a]-p +27° described 
earlier.

3P -Acetoxy-22 : 23 -dibromoergosta-8 : 11 -dien-7 -one.
A solution of 3p:11a-diacetoxy-22:23-dibromoergost- 

-8-en-7-one (300 mg.) in methanolic hydrogen chloride 
(5j£* 60 c.c.) was refluxed for 4 hours. The produet 
was isolated by means of ether and acetylated using 
pyridine and acetic anhydride at 100°. Crystallisation 
of the acetylated product from methanol-chloroform gave 
plates (200 mg.), m.p.260-262°, which were purified by 
chromatography of a solution in benzene (20 c.c.) on 
alumina (10 x 2 cm.). The solid eluted with benzene 
(300 c.c.) was crystallised from methanol-chloroform to 
give 33-acetoxy-22:23-dibromoergosta-8:11-dien-7-one as 
thick plates, m.p.263-264°, [a]p -13° (c, 1.0) (Found:
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0,69.0} H,7.5. OaeH^^OsBre requires 0,68*7} H,7.2$).
o

Light absorption: Maxima at 2240 ( 6 39 18,000) and 2960 A
( £ « 6,000).

30:11a-Dihydroxyergoat-22-en-7-one.
A solution of 30:lla-diaeetoxy-22:23-dibromoergost- 

-8**en-7-one (260 mg.) in ethanolic potassium hydroxide 
(0.1M} 100 c.c.) was shaken with hydrogen and pre-reduced 
platinum catalyst (from 50 mg. of Pt0a) at room tempera
ture for 2 hours. The solution was filtered, concentrated 
t© a volume of 30 c.c., diluted with water, and extracted 
with ether. Removal of the ether left a crystalline 
residue, which was crystallised from aqueous acetone (or 
aqueous methanol) to yield 30:lla-dihydroxyergost-22-en- 
-7-one (170 mg.) as long fine needles, m.p.206-207°, 
l>3x) -*76° (c, 0.8) (Found: 0,74.8} H,10.9. Calc, for
Cg^H^eOs.HeO: 0,74.95} H,10.8$). It does not exhibit

o
high intensity light absorption above 2200 A, and gives 
a faint yellow colour with tetranitromethane in chloroform* 

Starting material was recovered on attempted hydrog
enation in ethanol (20 minutes), ethyl acetate (6 hours) 
ever platinum, ethanol over palladium black (6 hours), 
and ethyl acetate (12 hours) over palladised charcoal.
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5(3 :lla«Diacetoxyer^Q8t~22 -en-7 -one .
Acetylation of 3£:11a-dihydroxyergost-22-en-7-one 

using pyridine and acetic anhydride at 100° (2 hours) 
gays 3£:lla-diaeetoxyergoet-22-en-7-onef which separates 
from methanol as soft plates, m.p.l41-142°, O]^ -67°,
-68° (c, 0.7, 0.6) (Pounds C,74.6| H,10.0. Calc, for 
C»«He©0ci 0,74.7} H,9.8$). It does not exhibit high

o
intensity light absorption above 2200 A, and gives a 
faint yellow colour with tetranitromethane in chloroform. 
Heusser et al.(37, p.949, footnote) give m.p.123-124°, 
[“■3d -60° for this compound.

5£ *11a-Siacetoxyergostan-7-one.
A solution of 5p:lla-diacetoxy~22:23-dibromoergost- 

-8-en-7-one (500 mg.) in ethanol (300 c.c.) was shaken 
with hydrogen over prereduced platinum oxide (from 200 mg. 
of Pt08) at room temperature for 20 hours. The solution 
was filtered, concentrated to a volume of 50 c.c. under 
reduced pressure, and diluted with water. Isolation by 
means of ether gave a very soluble gum, which did not 
crystallise. A solution of this product in light 
petroleum (40-60°)-bensene (1*1) was filtered through a 
column of alumina (10 x 2 cm.). Elution with the same 
solvent (300 c.c.) gave a solid (50 mg.) which did not
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separate In homogeneous crystals from methanol. Evapor
ation of the benzene fraction (200 c.c.) gave a product 
(250 mg*) which crystallised from methanol to give 
35slla-diacetoxyergostan-7-one as hard thick plates, 
m.p*l39-l41°t ta]D *50° (e, 0*6) (Pound: C,74.0| H,10.4.
C5 BH6 s0 5 requires 0,74.4; H,10.1$). The compound does 
not exhibit light absorption of high intensity above

o
2000 A, and does not give a colour with tetranitromethane 
in chloroform. Mixed m.p. with 35:llu-diaeetoxyergost- 
-22-en-7-on© (m.p*141 **142°) was 126-132°.

— oOo— -
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Oxidation of Srgosteryl-P Acetate 22*25-Dibromide with 
Perbenzoic Acid.

82:23-Dibromo-9a:11a-epoxyergoat-7-en-3(3-yl Acetate.
A solution of ergosteryl-D acetate 22:23~dibromide 

(4*39 g.) in chloroform (20 c.c.) was treated dropwise 
with perbenzoie acid (1.2 mols.) in chloroform (20 c.c.) 
added with stirring during 3 hours at 0°. The mixture 
was kept at 0° for a further 2 hours. The solution was 
concentrated under reduced pressure at room temperature, 
until solid sex̂ arated, when the mixture was diluted with 
ether. The solution was shaken successively with 
sodium carbonate and water and dried UlgSO*). The 
solid obtained by removal of the solvents at room tempera
ture, under reduced pressure, crystallised from pure 
acetone in needles, m.p.207-208° (3.4 g.). Three further 
crystallisations from acetone gave 22:23-dibromo-9a:11a- 
-e poxy e rgo st -7 -en-3|3 -si acetate as flat needles, m.p.218- 
-219°, [a]^ -26° (c, 1.7) (Pound: C#58.5j'Hf7.6.
GsoH*eOaBre requires C,58.6j E,7.55^). It gives a 
yellow colour with tetranitromethane in chloroform and 
does not show selective absorption of high intensity above 
2200 A.

Attempted crystallisation of the epoxide from 
technical acetone or methanol caused rearrangement.
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22:23-Dibromo-9 a:11a-epoxyergost-7-en-5p-ol.
A solution of 2 2 i23-dibromo~9a :11a-epoxye rgost-7- 

-en-5P~yl acetate (400 mg,) in benzene (20 c.c.) and 
methanolie potassium hydroxide (80 c.c.* 2%) was heated 
under reflux for 2 hours. Precipitation with water 
and isolation by means of ether gave a product which 
after three crystallisations from methanol gave 22:23- 
-dibromo-9a:lla-epoxyergost-7-en-3ft-ol as plates, m.p. 
200-202° (350 mg.), [a]D -27° (c, 0.9) (Pound: 0,58.0*
H,8.0. 08«H4e0KBrg.CHe0H requires 0,57.6* H,8.0$). It 
gives a yellow colour with tetranitromethane in chloro
form and does not show selective absorption of high

o
intensity above 2200 A.

Aeetylation of the alcohol using pyridine and 
acetic anhydride at room temperature gave 22:23-dibromo- 
♦9a. 111a-epoxye rgost-7-en-3£-yl acetate as needles from 
acetone, m.p.218°, [>]-£ -25° (c, 1.5) (Pound: 0,58.5}
H,7.55$). It does not exhibit selective absorption of

o
high intensity above 2200 A. Mixed m.p. with the 
authentic specimen described above was undepressed.

Brgosteryl-D Acetate.
(a) A solution of 22:23-dibromo-9aJlXa-epoxyergost- 

~7-en-3p-yl acetate (1 g.) in ether was treated under 
reflux with zinc dust (10 g.) added portionwise during
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3 hours. The solution was filtered, shaken with water 
and dried. Bemoval of ether gave a solid which cryst
allised from acetone to give quantitatively ergosteryl-D 
acetate as plates, m.p. 177-179°, [a]^ +32°. Light 
absorption: Maxima at 2350 ( £ =» 16,400), 2420 ( 6 -
18,800) and 2510 A ( £ = 12,800). It gives a red-brown 
colour with tetranitromethane in chloroform.

9a: H a  -Epoxyergosta-7:22 -dien-3f.- -yl acetate was 
recovered unchanged on treatment with zinc dust under 
similar conditions.

(b) Treatment of an acetic acid solution of 22:23- 
-dibromo-9a:11a-epoxyergost-7 -en-3p-yl acetate with zinc 
dust at room temperature for 4 hours gave also ergosteryl-B 
acetate, m.p.176-178°, undepressed when mixed with an 
authentic specimen,

3 0 -Aeetoxy-22:23-dibroinoe rgost -8 -en -7 -one.
A solution of 22:23-dibromo-9a:11a-epoxyergost-7-en- 

-3p-yl acetate (700 mg.) in benzene (7 c.c.) was refluxed 
with aqueous methanolie hydrochloric acid (100 c.c.} 1%) 
for 1~ hours. A solution of the product, isolated in

tm

the usual manner, in pyridine (15 c.c.) was heated with 
acetic anhydride (10 c.c.) for 4 hours at 100°. The 
acetylated product (m.p.235°} 120 mg.) isolated by means 
of ether was purified by filtration of its solution in
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■benzene (10 c.c.) through a short column of activated 
alumina. Slut ion with the same so 3. vent gave 35 - 
-aoetoxy-22s 23-dibromoergost-8-en-7-one which crystallised 
from methanol in plates, m.p.241-242 V  «&9° (c, 1.5) 
(Found: 0,58.6} H,7.6. CaoH^OaBrg requires 0,58.6}
H,7 .55$) . Light absorption ; Maximum at 252C 1 ( 6  = 
10,000). It does not give a colour with tetranitro
se thane in chloroform.

3p-Acetoxyergosta-8:22 -dien-7 -one.
A solution of 3£-acetoxy~22:23-dibromoergost-8-en~

-7-one (50 mg.) in ether-ethanol (40 c.c.} 1:1) was
refluxed for 2 hours with zinc dust (1 g.) added portion-
wise . After filtration? the solution was concentrated
and poured into water. Isolation by means of ether
gave a solid which crystallised from methanol to give
55♦acetoxyergosta-8:22-dien-7-one as plates, m.p.209-211°,
[a]j) -56° (c, 0.5) (Found: 0,79.3} H,10.3. Calc, for
Ca©K*e0a: 0,79.2} H,10.2$}} it is undepressed in m.p*
when mixed with an authentic specimen. Light absorption:

©
Maximum at 2520 A ( 6 = 10,000). It gives a yellow colour 
With tetranitroaethane in chloroform.
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®^ ~-oetoxy -22:23 -dibromoe rgo st -8 -en -11 -one .
A solution of 22 = 23-dibromo-9a:11a-epoxyergost-7 - 

-en-3£-yl acetate (1 g.) in dry benzene (60 c.c.) was 
treated with redistilled boron trifluoride etherate 
(16 drops) and the solution kept at room temperature for 
3 days. The solution was diluted with ether (50 c.c.) 
and washed successively with water, sodium hydrogen 
carbonate solution, water and dried over sodium sulphate. 
The solvents were removed under reduced pressure and the 
residue crystallised from methanol-chloroform from which 
it separated in elongated plates, m.p.190° (0.73 g.).
Light absorption; Maximum at 2530 A ( £= 9100). A 
solution of the solid in benzene (25 c.c.) was filtered 
through a short column of activated alumina, and the 
column washed with the same solvent. Evaporation of 
the filtrate gave 5£-acetoxy-22;23-dibromoergoat-8-en- 
-11-one which crystallised from methanol-chloroform in 
blades, nup.2Ql-2G2°, [a]p +98° (c, 1.7) (Found: C,58.7} 
Hf7»7. C*0H*e(Vbrje requires C,58.6j H#7.56$). Light

o
absorption; Maximum at 2530 A ( £ *= 9800) • It gives no 
coloration with tetranitromethane in chloroform.

3$-Aoe toxyerg o a t a -8s 22-dien-11-one.
A solution of 3£-acetoxy-22:23-dibromoergost-8-en- 

-11-one (300 mg.) in ether (60 c.c.) and methanol (60 c.c.)
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was treated under reflux with zinc dust (3 g.] added 
portionwise for 2 hours. The mixture was filtered, the 
filtrate concentrated and the crystalline solid (nup. 
120-130°J 200 mg*) separating collected and thrice 
crystallised from methanol to give 3£-acet©xy-8:22-dien- 
-11-one as elongated plates, m.p. 129-131°, [>]$ +105°
(c# 1.6) (Pound: 0,79.2} H,10.2. Calc, for Ca0H*60o:
0,79.2} H,10.2$)} it is undepressed in melting point 
when mixed with an authentic specimen prepared according 
t© Heusser et al. (36) who give m.p.122-123% +92°
for this compound. Light absorption: Maximum at 2530
( e« 9000).

22:23-Pibromo-75:85-9a:llo.-diepoxyergo s tan -3ft-yl Acetate.
(a) A solution of ergosteryl-L acetate 22:23-dibromide 

(2 g.) in dry chloroform (30 c.c.) was treated dropwise 
with perbenzoic acid (3 mols.) in chloroform (20 c.c.) 
added with stirring during 3 hours at 0°. The mixture 
was kept at -3° for 2 days, shaken successively with 2% 
sodium carbonate and water and dried (MgSO*). The 
crystalline solid obtained by removal of the solvent at 
50-40° under reduced pressure crystallised from acetone 
in needles, m.p#197-202° (1.4 g.). These further cryst
allisations from acetone gave 22:25-dibromo-7^*8%-9ft:lie- 
-diepoxyergostan-3p-yl acetate as needles, m.p*214-216°,
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[a]}) +1*3° (c, 2,3) (Pound! 0,57.1} H,7.5. C#oH*©0*Br«
requires C,67*1} H,7.35$). It does not give a colour
with tetranitromethane in chloroform and does not show

oselective absorption of high intensity above 2000 A. 
Infra-red light absorption: Maxima at 1736 and 1248 cm.**1
(acetate group).

Chromatography of a benzene solution of the compound 
on alumina gave a solid which crystallised from acetone 
in prismatic needles, m.p.218-220% +1.7° (c, 3.5)
undepressed in m.p. when mixed with the specimen described 
above.

(b) A solution of 22:23-dibromo-9a2lla-epoxyergost-7- 
-dn*3p-yl acetate (20 g.) in chloroform (180 c.c.) was 
treated with perbenzoic acid (1.5 mols.) in chloroform 
added in one portion at 0° with shaking. The mixture 
was kept at -4° for 24 hours and then for 12 hours at 
room temperature. It was shaken successively with water, 
sodium hydrogen carbonate solution, water and dried 
(MgSO*). Bemoval of the solvent at -40° under reduced 
pressure gave a solid, which crystallised from acetone as 
needles, m.p.203-206° (15.9 g.). Becrystallisation from
acetone gave 22:23-dibromo-7%:8$i-9aslla-diepoxyergostan- 
-30-yl acetate as needles, m.p.214-216° (10.1 g.), [o»]x)+1.8° 
(c, 5.5) (Pound: 0,57.4} H,7.6$). It is undepressed in
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m.p. when mixed with the specimen described above.
Chromatography of this compound on alumina in 

benzene solution raised the m.p. to 219-220°, £u]p +1.7° 
(c, 5.0).

22:25 -Dibromo -7 5 s 8 ̂ -6a.: 11a -diepoxyergostan -513 -ol.
A solution of 22:23-dibromo-7£:8S-9aslla-dlepoxy- 

ergostan-3p-yl acetate (1.0 g.) in aqueous methanolie 
potassium hydroxide (220 c.c.j 2%) was heated under 
reflux for 3 hours. The crystalline solid (m.p.215-217°, 
650 mg.) which separated on cooling, was collected and 
crystallised from acetone to give 22:23-dibromo-7̂  :8*>- 
-9a*• 11a-die poxyergo s tan-3fi-ol as prisms, m.p.225-227°,
[a]D +2.7° (c, 4.4) (Found: C,55.7; H,7.5. C8 8 H4 4 0 S.HS 0

requires C,55.5j H,7.6$). It does not give a colour 
with tetranitromethane in chloroform and does not show 
selective light absorption of high intensity above 2200 
Infra-red light absorption spectrum shows a wide band 
at 3340 cm.”1 (hydroxyl group) (no bands in the ketone- 
acetate region).

Acetylation of the alcohol using pyridine-acetic 
anhydride gave 22:23-dibromo-7*1 J8^-9aslla-dlepoxyergostan- 
-3£-yl acetate as needles, m.p.220-221° (from acetone), 
Ca]j) +1.8° (c, 3.2), undepressed in m.p* when mixed with 
the specimen described above.
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7 s, 18 % -"9a i llct -Piepoxye rgo st -22 -en -53 -yl Acetate.
A solution of 22:23-dibromo~7§: 8̂ -90, :11a-diepoxy - 

ergostan-30-yl acetate (5 g.) in ether (300 c.c*) and 
methanol (500 c.c.) was refluxed for 3 hours with zinc 
dust (15 g.) added portionwise. The mixture was 
filtered, the filtrate concentrated and the crystalline 
solid (m.p.220-222°; 3.1 g.) separating collected and 
ciystallised from methanol to give 75:85-9a:11a-diepoxy- 
ergost-22-en-3,6-yl acetate as soft, elongated plates, 
m.p.221-223°, [a]^ -4° (c, 3.2) (Found*- 0,76.4$ H,9.8. 
$«©H*e0 4 requires 0,76.55; H,9.85^). It gives a pale 
yellow colour with tetranitromethane in chloroform and 
does not exhibit selective light absorption of high

o
intensity above 2200 A ( ^ 0eo = 1200). Infra-red light 
absorption: Maxima at 1740 and 1252 cm.-1 (acetate group)

7^*85-9a:Ila-Diepoxyergost-22-en-30-ol.
(a) A solution of 75:85-9a;lla-diepoxyergost-22-en- 

-50-yl acetate (500 mg.) in aqueous methanolie potassium 
hydroxide (120 c.c.; 2%) was heated under reflux for 2 
hours. She solution was concentrated and the crystalline 
solid, which separated on cooling, collected (m.p.227-228° 
450 mg.), and crystallised from methanol to give 75:8^- 
-9a:lla-diepQxyergost-22-en-36-ol as elongated plates, 
m.p.227-228°, [a]^ -1.5° (c, 2.2) (Found: 0,75.5; H,10.4.
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C8gH4 4 0s.GHa0H requires C,75.6j H,10.5$). It gives a 
pale yellow colour with tetranitromethane and does not 
show selective absorption of high intensity above 2100 
Infra-red light absorption: Maximum at 3340 cm.“*
(hydroxyl group) (absence of any bands in the ketone- 
-acetate region).

(b) A solution of 22:23-dibromo-7%:8£-9a:11a- 
-diepoxyergostan-3p-ol (300 mg.) in ether-methanol (1:1\ 
120 c.c.) was refluxed with zinc dust (3 g.) added 
portionwise during 3 hours. The mixture was filtered, 
the filtrate concentrated and the crystalline solid 
separating (200 mg.) collected and crystallised from 
methanol to give 7^:8S~9a:lla-diepoxyergGst-22-en-3£-ol 
as plates, m.p.227-229°, [a]p -2° (c, 2.6) > undepressed 
in m.p. on admixture with the specimen described above.

Acetylation of the alcohol using pyridine-acetic 
anhydride gave 7^:8!-9a;lla-diepoxyergost-22~en-3^yl 
acetate which crystallised from methanol in blades, 
m.p.222-223°, [a3p *4° (c> 3.5), undepressed in m.p. when 
mixed with the specimen described above.

3£-Acetoxy-9a;lla-epoxyergost-22-en-7-one.
A solution of 22:23-dibromo-7S:85-9a:lla-diep©xy- 

ergostan-33-yl acetate (500 mg.) in acetic acid (15 c.c.) 
was heated with zinc dust (2 g.) on the steam bath for

So 
o
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2 hours. Isolation by means of ether gave a product 
which crystallised from methanol (initial gel formation) 
to give 3p-ac0toxy-9a ;ll<x-epoxyergost-22-en-7-one as 
needles, m.p.222-225°, Ca3p -86° (c, 1.2), undepressed 
in m.p. when mixed with an authentic specimen, m.p.223- 
-225°.

-Acetoxy-22:23 -dibromo -9a: lla-epQX.yergostan-7 -one.
A solution of 22^23-dibromo-7^:8?-9a:11a-diepoxy- 

•rgostan-33-yl acetate (8 g.) in acetic acid was treated 
With aqueous hydrogen bromide (80 c.c.j 48$) added 
portionwise with shaking at room temperature. The mixture 
was kept overnight at room temperature. The crystalline 
solid which separated from the dark-green solution was 
collected (m.p.238-240°\ 1.4 g.), washed with methanol 
and crystallised from methanol-chloroform to give 3£- 
-acetoxy-22:25-dibromo-9a;lla-epoxyergostan-7-one as 
plates, m.p.237-239°, Ca3p -48° (c, 1.0) (Found: C,57.4j 
H,7.4. Gale, for C8oH4 ©0 4 Brs: 0,57.lj Hf7.35$). It
is undepressed in m.p. when mixed with an authentic 
specimen, m.p.236-237°. Infra-red light absorption:
Bands at 1720 (wide) and 1254 cm.-i (acetate group). It 
was recovered unchanged on further treatment with either
(a) aqueous hydrogen bromide in acetic acid solution or
(b) boron trifluoride etherate in absolute benzene.
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Be b r omiaat i on in ether-methanol with zinc dust gave 
3(3-ace toxy-9a ;lla-epoxye rgost-22-en-7-one as needles 
(initial gel formation from methanol), m.p#227~229°, [a-lp 
*89° (c, 1.0) (Pound: C,76.7j H,9.9. Calc. for
0*»&4eO«: 0,76.55$ H,9.85$). Mixed m.p* with the
Specimen, m.p.223-225c, was 224-228°.

58:lla-Diacetoxyergosta-8:22-dien-7-one.
A solution of ergosteryl-D acetate 22:23-dibromide 

(2 g.) in chloroform (50 c.c.) was treated dropwise with 
a solution of perbenzoic acid (3 atoms of oxygen) in 
chloroform over a period of 3 hours at 0°. She solution 
was kept at -5° for 2 days and evaporated to dryness 
under reduced pressure at 30-35°. A solution of the 
partially crystalline solid in glacial acetic acid was 
treated with zinc dust (20 g.) added portionwise over a 
period of 6 hours with stirring at 100°. Working up in 
the usual manner gave a crystalline solid, m.p. 190°
(400 mg.) a solution of which in light petroleum (b.p.60- 
80°)-benzene (50 c.c.j 1*1) was chromatographed on 
activated alumina (2 x 12 cm.). A light petroleum-benzene 
(150 c.e.j 1:1) eluate gave ergosteryl-L acetate which 
crystallised from methanol in plates, m.p.173-176° (50 mg.),

+25° (c, 0.6). Light absorption: Maxima at 2350
and 2430 A ( £ = 16#500 and 17,500 respectively). It gives
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a red-brown colour with tstranitromethane in chloroform.
A benzene eluate (600 c.c.) gave 3p-acetoxyergosta-8:22- 
-dien~7-one, which crystallised from methanol in plates, 
m.p#208-210° (100 mg.)f [a^ -54° (c, 0*7). Light

oabsorptions Maximum at 2540 A ( 6 ® 9100)* It gives a 
yellow colour with tetranitromethane in chloroform.
Washing the column with ether-methanol (100 c.c.; 20 si) 
gave a product, m.p.170-180° (200 mg.). Light absorptions

o
Maximum at 2120 A ( £ = 7200) undepressed when mixed with 
5P-*acetoxy-lla-iiydroxyergosta-8s22-dien-7-one, m.p.186- 
-189°. This proved difficult to purify; acetylation 
using pyridine (2 c.c.) and acetic anhydride (2 c.c.) at 
100° for 3 hours gave 3P:11a-diacetoxyergosta~8:22-dien- 
•*7-one as flat needles from methanol, m.p#173-175°, Ca3j) 
*12° (e, 0.9) undejjressed in m.p. when mixed with an 
authentic specimen, m.p.174-176° (Found; C,74.8| H,9.7. 
Calc, for CagHasOe1 0,75.0; H,9.4^}. Light absorption: 
Maximum at 2520 A ( £ = 10,000)•

Treatment of 22:23-Libromo-7^;8^-9a:lla-diepoxyergostan- 
-s§-xi_ Acetate with:
(a) Methanolie Ijydrô en Chloride.

A solution of 22:23-dibromo-7^:8^-9a;11a-diepoxy- 
ergostan-3P-yl acetate (200 mg.) in aqueous methanolie 
hydrogen chloride (15 c.c.; 2%) was heated under reflux
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for 6 hours. Isolation by means of ether gave a product
O

(light absorption: Maximum at 2400 A, 6 = 6600) which was
acetylated at 100° (1 hour) using pyridine-acetic 
anhydride. Working up gave a product which crystallised 
from methanol to give a compound as needles, m.p.183-185° 
(100 mg.), [a]^ -45° (c, 1.7) (Pound: 0,57.3* H,7.8.
G«»H4eO*Bra requires 0,57.1, H,7*35$). Light absorption:

o
Maximum at 2400 A ( £= 6600). It does not give a colour 
with tetranitromethane in chloroform. Infra-red light 
absorption: Maxima at 1726 and 1240 cm."1 (acetate) and
1668 cm.-* (up-ketone).

Chromatography of a benzene solution of the substance 
©n.alumina gave needles (from methanol), m.p.188-189°, 
ta3l) *46° (<*, 1*6), undepressed in m.p. with the specimen

odescribed above. Light absorption: Maximum at 2400 A
( 7400).
(b) Boron iPrifluoride.

A solution of 22:23-dibromo-7^:8^-9a:lla-diepoxy- 
ergostan-36-yl acetate (300 mg.) in dry benzene (20 c.c.) 
was treated with redistilled boron trifluoride etherate 
(6 drops) and the solution kept at room temperature for 
5 days. The solution was diluted with ether (80 c.c.) 
and shaken successively with water, sodium hydrogen 
carbonate solution, water and dried (ITagSO*). The solid
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(250 mg.), obtained on removal of the solvent under 
reduced pressure, was dissolved in light-petroleum (b.p. 
60-80°)-benzene (1:1$ 25 c.c.) and the solution filtered 
through a column of alumina (10 x 2 cm.}. Washing with 
the same mixture of solvents gave no solid- Washing 
with benzene (300 c.c.) gave a product (50 mg,.), which 
crystallised from methanol in needles, m.p.182-183°.

o
light absorption: Maximum at 2400 A ( £ = 6400). Evapor
ation of the benzene-ether fraction (200 c.c.j 5*1) gave 
a solid (180 mg.) which crystallised from methanol in 
needles, m.p.l85-187°, [a]p -47° (c, 1.4) (Pound: C,57.0*

o
H,7*8$). Light absorption: Maximum at 2400 A ( £ = 7000).
It is undepressed in m.p. when mixed with the specimen 
described above.
(c) Hydrogen Bromide in Acetic Acid.

A solution of the dibromo-diepoxide (8 g.) in acetic 
acid (800 c.c.) was treated with aqueous hydrogen bromide 
(80 e.c.j 48$) added in portions with shaking. The 
solution was kept at room temperature for 48 hours. The. 
crystalline by -product (3£ -acetoxy-22:23-dibromo -9cl :11a- 
-epoxyergostan-7-one (m.p.238-240°, 1.4 g*}, separating 
from the solution, was removed by filtration, the filtrate 
diluted with water and extracted with ether. Working up 
in the usual manner gave a product which crystallised
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from methanol in needles, m.p.186-188° (5.5 g.), -47°
(e, 1*5) (Found: C,57.2j Hf7*7$). Light absorption:

o
Maximum at 2400 A ( £ = 6100). Infra-red light absorption: 
Maxima at 1726, 1668 and 1240 cm.-1.

Chromatography on alumina (benzene solution) gave 
needles (f rom me thanol), m.p. 190-191°, [<0$ -48° (c,l.l), 
undepressed in m.p. when mixed with the specimens

o
described above. Light absorption; Maximum at 2400 A 
( a * 6300) (The intensity varied from 5700 to 7000 in 
different experiments £>erformed) .
(d) Acetic Acid at 100°.

A solution of the dibromo-diepoxide (500 mg.) in 
acetic acid (30 c.c.) was heated on the steam bath for 
45 minutes. V/orking up gave a produet which crystallised 
from methanol in felted needles, m.p.187-189° (430 mg.), 
Ca3l) -46° (c, 1*2), showing no depression of mixed m.p. 
with the specimens described above. Light absorption:

o
Maximum at 2400 A ( £ = 6500).

The dibromo-diepoxide was recovered unchanged
(a) after keeping its acetic acid solution at room tempera
ture overnight, and (b) after treatment with 2N sulphuric 
aeid in tetrahydrofuran for 4 hours.

The diepoxide was recovered unchanged after heating 
its acetic acid solution at 100° for 2 hours.
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The 2:4-Dinitrophenylhydrazone of the acetate was 
Obtained (in methanol with Brady's reagent) as yellow, 
felted needles (from methanol-methylene chloride), m.p. 
212-214° (Found: 0,53.3} H,6.1. CgeHBoQv^Brg requires

o0,53.3} H,6*2$). Light absorption: Maxima at 2360 A
( 19,600) and 3600 A ( s = 24,000) (wide, bands).
Infra-red light absorption: Bands at 1732 and 1233 cm.”1
(acetate), 1668 cm.--1 (up-ketone)., 1611, 1585 and 1510 
cm.”1 (substituted aromatic ring, etc.).
Hydrolysis of the rearranged compound (m.p.184-186°,
£8*oo = 6100} 500 mg.) effected by heating in aqueous 
methanolic potassium hydroxide (3$) under reflux for 3^ 
hours, gave a product which crystallised from methanol 
in needles (470 mg.), m.p.147-149° and 242-245° (sec.), 
further crystallisations from methanol gave needles, 
m.p.l48-150° and 244-247° (sec.), -45° (c, 1.3)
(Found: C,57.0 and 57.1} H,8.0 and 8.05. CgeH^OoBrg
requires 0,57.1} H,7.6$). Ultra-violet light absorption:

oMaximum at 2400 A ( £ = 6200). Infra-red light absorption 
Maxima at 3460 (hydroxyl) and 1676 cm.”* (ap-ketone).

The 2:4-Binitrophenylhydrazone of the alcohol was 
obtained (in methanol with Brady's reagent) as yellow, 
felted needles, m.p.226-227° (from methanol-methylene 
chloride) (Found: 0,53.3} H,6.0. Co4H4a0eN4Brs
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requires C,53.2j H,6.3$). Ultra-violet light absorption
o oMaxima at 2360 A ( € = 20,000) and 3600 A ( £ » 24,000). 

Infra-red light absorption: Bands at 3240 (hydroxyl),
1668 (ap-ketone) 1611, 1585, 1510, 1324 and 1269 cm.-1.

Acetylation of the alcohol using pyridine-acetic 
anhydride gave the parent acetate which crystallised from 
methanol in needles, m.p.190-191°, [oOp -47° (c, 1.1) 
(Pound: C,57.3j H,7.7$). Light absorption: Maximum

o
at 2400 A ( € * 6800). It is undepressed in m.p. when 
mixed with the specimens described above.
Chromic Acid Oxidation of the acetate (m.p.186-188°,
£,«4 oo = 6100) in acetic acid at room temperature (12-24 
hours) resulted in recovery of the starting material of 
higher m.p. (202-204° from methanol), Ĉ lx) “&2° (°> 1-5) ; 
undepressed when mixed with the starting material (Pound:

oC,57.1j H,7.8$). Light absorption: Maximum at 2400 A
( & - 6300-7200 from several attempted experiments). 
Treatment with Ethanolic Hydrogen Chloride (3%) under 
reflux for 4 hours followed by acetylation and chromatog
raphy gave starting material of higher melting point 
(204-206° from methanol), [oOp -49° (c, 1.0) (Pound: 
0,57.6} H,7.4$). Ultra-violet light absorption: Maximum

oat 2400 A ( £ = 6600-7400 from several experiments). 
Debromination of the acetate (1 g.) in ether-methanol
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with zinc dust (refluxing for 3 hours) gave a gum which 
resisted all attempts to induce crystallisation. Chroma
tography on alumina (benzene solution) gave fractions of 
gum which crystallised with difficulty, after prolonged 
standing in contact with methanol allowing slow evapor
ation for several days, to yield a compound as soft, 
felted needles, m.p.76-79° (pool cleared at 84°),
-60° (c, 1.1) (Found: 0,76.55} H,10.1. CaoH4eO*
requires 0,76.55$ H,9.85$). Ultra-violet light absorption:

o
Maximum at 2400 A ( & = 5600).

The 2:4 -Pinitrophen.ylhydrazone of the debrominated 
compound (gum)(in methanol with Brady's reagent) cryst
allised beautifully in yellow, prismatic needles from 
methanol, m.p.132-135° (Found: 0,66.1$ H,7.6.
C»«H6 o0 7 K4t requires 0,66.4} H,7.7%) • Ultra-violet

o
light absorption: Maxima at 2380 A ( £* 19,000) and

o3600 A ( 6 = 23,000). Infra-red light absorption: Maxima 
at 1729 and 1233 cm."1 (acetate), 1668 cm.-* (a£-lcetone) , 
1611, 1585, 1503 and 1324 cm:1
Treatment of 75:8^-9a:flQ>-Diepoxyergoat-22~en-36-yl 
Acetate with Hydrogen Bromide in acetic acid (1 g. in 
25 o.c. + 2 c.c. 48^ HBr) as described for the dibromide 
(red blue green solution) gave a gum, which after 
chromatography on alumina (in benzene solution) crystallised
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slowly from methanol in felted needles, m.p.72-76°, 
undepressed when mixed with the specimen described above.

o
Light absorption: Maximum at 2400 A ( $ 53 5800).

The 2:4-dinitrophenylhydrazone crystallised from 
methanol in yellow needles, m.p.131-133°, undepressed 
when mixed with the specimen described above.
Lithium Aluminium hydride deduction of the above gum 
(0.5 g. from debromination experiment) effected by reflux
ing in ether for 3 hours, followed by acetylation using 
pyridine-acetic anhydride, gave a gum, which was chroma
tographed in benzene solution on alumina. The fractions 
collected crystallised slowly from methanol in clusters 
of soft prisms, m.p.84-87° (cleared at 94°), [a-]]) +37°
(o, 0.6) (Found: C,74.8j H,10.2. CsaH6O06 requires
0,74.7$ H,9*8$). It does not exhibit selective light

o
absorption of high intensity above 2200 A (Sjaioo * 5200), 
and gives a yellow colour with tetranitromethane in 
chloroform.

Similar treatment of the dibromide (m.p.184-186°) 
gave a gum, which after chromatography on alumina cryst
allised with difficulty from methanol in soft prisms, 
m.p.80-83°, undepressed when mixed with the specimen 
described above. It does not show selective light

o
absorption of high intensity above 2200 A.

 oOo--
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22:23-Dibromo-7 : 11a-dihydroxyergost-S-en-5P-yl Acetate.
(a) Powdered 22:23-dibromo-9a:lla-epoxyergost-7-en- 

-33-yl acetate (600 mg.) was shaken vigorously in dioxan 
(50 c.c.) containing aqueous sulphuric acid (2Nj 10 c.c.). 
After a few seconds solution was complete and almost 
immediately solid separated. After 15 minutes the 
crystalline solid was filtered off and washed successively 
with methanol, water, methanol, and ether (small prisms, 
m.p.204-205°; 420 mg.). Two crystallisations from 
pyridine gave 22:25-dibromo-75:11a-dihydroxyergost-8-en- 
-3(3-yl acetate as needles, m.p.216-217°, [a];p +93°
(c, 0.3 in pyridine) (Pound: C,56.8j H,7.8. C8 0H*e0 4 Bre
requires C,57.0> H,7.65$). It does not show selective

oabsorption of high intensity above 2200 A; it is very 
sparingly soluble in most organic solvents including 
chloroform.

(b) Attempted crystallisation of the dibromo-epoxide 
from technical acetone led to the separation of a micro - 
crystalline solid, m.p.200° which is very insoluble in 
most organic solvents, including chlorofoim, and is 
undepressed in m.p. when mixed with 22:23-dibromo- 7 11a- 
-dihydroxyergost-8-en-3£-yl acetate, m.p.204° (Pound:
C,56.6 j H,8.0$0 .

(c) 9a:lla-Epoxyergosta-7!22-dien-3£-yl acetate
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(200 mg.) in chloroform (10 c.c.) was treated dropwise 
with a solution of bromine (1 mol.) in chloroform 
during 20 minutes at -4°. The odourless solution was 
kept overnight at -5°. Chloroform was removed under 
reduced pressure at room temperature. The residue 
separated from acetone as a microcrystalline powder 
(100 mg.), very insoluble in most organic solvents 
inoluding chloroform, and has m.p. 200% undepressed 
when mixed with 22:23-dibromo-7^;lla-dihydroxyergost-8- 
-en-3f3-yl acetate, m.p.204°.

(d) [Preparative method.] A solution of 22J23- 
-di br ©mo-9a: 11 a-epoxy ergo s t-7 -en-3[>-yl acetate (20 g.) 
in tetrahydrofuran (100-105 c.c.) was treated with 
aqueous sulphuric acid (2N$ 6 c.c.) added in one portion 
with shaking. The solution was kept at room temporature 
for 4 hours. The crystalline solid which separated, was 
collected and washed well with methanol (16.5 g.j m.p. 
207-210°) .

35 17 $ s 11a-Triacetoxy -22 *• 2 3 -dibromoe rgo at -8 -ene.
A suspension of 22:23-dibromo-7$:lla-dihydroxyergost- 

-8-en-35~yl acetate (400 mg.) in pyridine (15 c.c.) and 
acetic anhydride (15 c.c.) was heated on the steam bath 
for 30 minutes after which time solution was complete $ 
the solution was kept overnight at room temperature.
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Most of the solvents were removed under reduced pressure 
at 60-80°, the residue diluted with water, and the 
product isolated by means of ether. Crystallisation 
from methanol gave 5ft : 75 :11a~triaoetoxy-22: 23-dibromo - 
ergo at-8-en as prisms, m.p.171-172° (360 mg.), [&]d +77 ° 
(c, 1.9) (Found: C,56.8; 11,7.5. Ca^HggOsBra requires
C,57.0> H,7.3$). It gives a pale yellow colour with 
tetranitromethane in chloroform and does not show

oselective absorption of high intensity above 2200 A.

3ft ?7̂  sllcL-!Triacetox;yrergosta-8:22-diene.
A solution of 3ft:7^:lla-triacetoxy-22:23-dibromo- 

ergost-8-ene (100 mg.) in ether-methanol (30 c.c.; 1:1) 
was refluxed for 3 hours with zinc dust (2 g.) added 
portionwise. -After filtration, water was added and 
the product isolated by means of ether. Crystallisation 
from methanol gave 3ft:7̂ :lla-triacetoxyergosta-8:22“diene 
as prismatic needles, m.p.172° (90 mg.), [o-]p +88°
(c, 1.2) (Found: C,73.5j H,9.6. C34H6j20e requires
C,73.3; H,9.4$). It gives a pale yellow colour with 
tetranitromethane in chloroform and does not exhibit

o
selective absorption of high intensity above 2200 A.
Mixed m.p. with a specimen m.p.172-173°, [a]p +90°, 
obtained by acetylation of 7^:lla-dihydroxyergost-8-en-
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-3p-yl acetate, was undepressed.

7 H *• 11a-Dihydroxyergosta-8 s22-dien-3̂  -yl Acetate.
A solution of 22*.23-dibromo-7 s>5lla-dihydroxyergost- 

•8-en-3£~yl acetate (m.p.204°; 200 mg.) in pyridine 
(30 c.c.) containing water (3 drops) was heated with 
zinc dust (2 g.j added in portions) for 3 hours on the 
steam bath. The mixture was filtered and the filtrate 
evaporated to dryness under reduced pressure. The 
residue separated from acetone in felted needles, m.p. 
231-234° (150 mg.), which on recrystallisation from 
methanol separated as prismatic needles, m.p.251-253° 
(unchanged after drying for 12 hours at 100° and 0.01 mm.), 
[ajp +85° (c, 0.4) identical with a specimen obtained by 
the treatment of ergosteryl-D acetate epoxide with 
sulphuric acid in dioxan (m.p.248-250°, Ca]p +83°). It 
gives a pale yellow colour with tetranitrome thane in 
chloroform and does not exhibit selective absorption of 
high intensity above 2200 A (Found: 0,76.6; H,10.5.
Calc, for CaoHisO*: 0,76.2; H,10.2$). Chamberlin,
Buyle, Erickson, Chemerda, Aliminosa, Erickson, Sita, 
and Tishler (29) give m.p.248-252°, [u]p +85°, and 
Hsussor, Eiehenberger, Kurath, Ballenbach and Jeger (36) 
give m.p.270-272°, [ajp +82°.
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22 :23 -Dibromo -8a: 9a-epoxy -7 :11 -dike to ergo stan-5fi -yl 
Acetate.

A suspension of 22:23-dibromo-7$:11a-dihydroxyergost- 
-8«en-3£.-yl acetate (m.p.204°j 3.6 g.) in glacial acetic 
acid (400 c.c.) was treated portionwise with a solution 
of chromic anhydride in acetic acid (l*05Nj 2.5 0), the 
mixture stirred for 2 hours at room temperature, and then 
kept overnight. After adding a little methanol, the 
solution was concentrated under reduced pressure and 
diluted with water. The product, isolated by means of 
ether, separated from methanol-chloroform as plates 
(1*7 g.), m.p.240°. A solution of this solid in benzene 
(100 c.c.) was chromatographed on activated alumina 
(2 x S cm.). Evaporation of the first benzene fraction 
(300 c.c.) gave a solid (200 Big.; which after crystallis
ation from methanol gave 22 : 23-dibromo-8a:9a-epoxy-7 :11- 
-dlke toe rgo stan -3(3 -yl acetate as flat need3.es, m.p.210- 
-212°, [a]p -44° (c, 1.8) (Found: 0,56.2} H,7.2.
C*oH4*06Bra requires 0,55.9} H,6.9^). It gives no 
coloration with tetranitrome thane in chloroform and does 
not show selective absorption of high intensity above 
2000 A.
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2 2 ‘23 - D i b r o m o  -7 : 11 - d i k e  toer g o a t -6 -en ~3[: -yl Acetate .
Evaporation of the second benzene fraction (500 c.c.) 

from the above chromatogram gave 22:25-dibromo-V *11- 
-dike toergost-8-en-33 -£i acetate (600 mg.) separating 
from methanol-chloroform as hexagonal plates, ia.p.250- 
-251°, [a]B +27, +24° (c, 1.9, 0.9) (Found: 0,57.2;
H,7.25. CeoH*40*BrB requires C,57.3j H,7.06Jf). Light

Oabsorption: Maximum at 2690 A ( £ - 6200). It does
not give a colour with tetranitromethane in chloroform.

7 ill -Dike toergost-22-en-5p-yl Acetate.
(a) A solution of 22:23-dibromo-7:11-diketoergost- 

-8-en-3£-yl acetate (50 m g . )  in glacial acetic acid 
(25 c.c.) was treated with zinc dust (1 g.) and heated 
on the steam bath for 3 hours and then boiled under 
reflux for 15 minutes. Isolation of the product using 
ether gave 7 :11 -dike toergost - 2 2  -en- 3 -yl ace tate (30 m g . } 
as needles from methanol, m.p. 1 9 5 - 1 9 6 [a3p -26° (c,0.4) 
(Found: C,76.4j H,10-0. Calc, for C50H*eO*: C,76.55j
H,9.85$)j it is undepressed in melting point when mixed 
with an authentic specimen prepared as described by 
Budziarek et al. (loc.cit.). It gives a faint yellow 
eoloration with tetranitrome thane in chloroform and does

o
not show high intensity light absorption above 2200 A.
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Cb) Similar reduction of 22:23-dibromo-8a:9a-epoxy- 
-7:ll-diketoergostan-30-yl acetate ( 1 0 0  mg*) with zinc 
dust and acetic acidgave a product isolated by means of 
ether* A solution of this product in benzene ( 2 0  c.c.) 
was filtered through a column of alumina ( 5 x 1  cm.) and 
the column washed with benzene (250 c.c.)- Evaporation 
of the benzene filtrate gave 7:ll-diketoergost-2 2 -en-3 p-yl 
acetate (60 mg.), m.p.197-198°, -28° (c, 1 *8 ); it
is undepressed in m.p. when mixed with the specimen 
described under (a).

7 s11-Diketo-8 a-ergost-22-en-30-yl Acetate.
(a) A solution of 22:23-dibromo-7sll-diketoergost- 

-8-en-30-yl acetate (150 mg.) in ether-methanol (1:1»
2 0 0  c.c.) was heated under reflux with zinc dust ( 2  g.) 
added portionwise during 3 hours. The mixture was 
filtered and the solution slightly concentrated, when 
small hexagonal plates separated. The solution was 
cooled, the solid collected, washed with methanol and 
dried (100 mg.), m.p.200-204°. Two recrystallisations
from acetone gave 7 s11-diketo-8 a-ergost-22-en-30-yl 
acetate as hexagonal plates, m.p.204-206°, [a]j) +30°,
+28° (c, 0 .6 , 0.5) (Found: 0,76.7; H,10.1. CaoftieO* 
requires 0,76*5j H,9.85$). It does not show light



absorption of high intensity above 2200 A. A mixture 
with 7sll-diketoergost-22-en-30-yl acetate (m.p.197-198°, 
Ml) -28°) had m.p. 178-198°.

(b) Treatment of 22:23-dibromo~8a:9a-epoxy-7:11- 
-diketoergostan-30-yl acetate (60 mg.) in refluxing 
ether-methanol (1 :1 ; 80 c.c.) with zinc dust ( 1  g.} for 
3 hours gave 7 :11-diketo-8ci-e rgost-22-en-30-yl acetate 
(35 mg.) as hexagonal plates from acetone, m.p.203-206°, 
[a]p +27° (c, 0.5), undepressed in m.p. when mixed with 
the specimen described under (a).

(c) Similar treatment of either 7:11-diketoergost- 
-8:22-di@n-30-yl acetate or 8 a: 9a-epoxy-7 : 11-dike toe rgost- 
-22-en-30 -yl acetate gave 7:ll-diketo-8a-ergoat-22-en- 
-3P-yl acetate as described earlier.

*7511 -Dike toe rgost -22 -en -30 -yl Acetate.
7:11-Diketo-8 a-ergost-22-en-30-yl acetate (80 mg., 

[a]p +30°) in glacial acetic acid (3 c.c.) was heated on 
the steam bath for 45 minutes. The solution was diluted 
With water and extracted with ether. Removal of ether 
gave a solid, which was crystallised from methanol to 
yield 7:11-diketoergost-22-en-3p-yl acetate (70 mg.) as 
small, prismatic needles, m.p.196-198°, [a]j) -28° (c, 1.2) 
(Found: C,76.7| H,10«0* Calc, for C^H^Ot. C,76.5j
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H,9.85%) , The diketone does not show high intensity
olight absorption abov® 2200 A. It is undepressed in 

m.p. when mixed with a specimen prepared as described 
above (109).

22*23 -Dibromo -8 a • 9 a -epoxy -7 S s11a-dihydroxyergostan-36 -yl 
Acetate.

A solution of perbenzoic acid in chloroform {b%\
1 * 1  mol.) was added slowly with stirring at 0 ° to a sus
pension of 22123-dibromo-7$ :lla-dihydroxyergost-8-en-36-yl 
acetate (15 g.) in chloroform (150 c.c.) and the mixture 
kept at room temperature for 4 hours, when solution was 
complete. The mixture was washed with water, sodium 
hydrogen carbonate solution, water, and dried (Mg304).
The solvent was removed under reduced pressure and the 
solid crystallised twice from acetone from which 22:23- 
-dibromo-8 a:9a-epoxy-7 5:11a-dihydroxyergostan-56-yl 
acetate (12 g.) separated as needles, m.p.245-246°, [a]jj 
+16°, +15° (c, 2.0, 1.6) (Found: 0,55.3} H,7.7.
Cgo h4 $ 0 5 Sr^ re Quire s C, 55 • 6 } H, 7 • 3fn) •

36 *71:11a-Triacetoxy-28:23-dibromo-8a:9a-epoxyergostane.
A solution of 22:23-dibromo-8a:9a-epoxy-7 Hilia - 

-dihydroxyergostaa-36-yl acetate (700 mg.) in pyridine 
(5 e.c.) and acetic anhydride (5 c.c.) was heated on the
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steam bath for 3 hours. The product, isolated by means 
of ether, separated from methanol-chloroform as prismatic 
needles (740 mg.), m.p.214-215°. Two recrystallisations
from the same solvent gave 3j3:7*; :lla-triaeetoxy-22:23~ 
-dibromo-8as9a-epoxyergostane, m.p.220-221°, [o>]x) +4°,
+4° (c, 1.0, 4.0) (Found: 0,55.4} H,7.3. CM He»07Brw
requires 0,55.7} H,7.2j0.

36 s7 5ilia-Triacetoxy-8a:9a-epoxyergost-22-ene.
A solution of 3|3:7$ :11a-triacetoxy-22:23-dibromo- 

-8a:9a-epoxyergostane (400 mg.) in ether-methanol (1:1}
100 c.c.) was refluxed with zinc dust (4- g.) added 
portionwise over 3 hours. Removal of zinc by filtration 
and concentration of the solution gave prisms (300 mg.), 
m.p.160-162°. Two recrystallisations from methanol gave
36*7$:lla-triacetoxy-8a:9a-epoxyergost-22-ene as prisms, 
m.p.165-166°, [>]£ +3° (c, 3.0) (Found: 0,71.6} H,9.3.
Calc, for 0a4Hes07: 0,71.3} H,9.15$). Heusser, Anliker,
Eiehanberger and Jeger (37) give m.p.158-159°, [a]^ +6° 
for this compound.

8as9a-Epoxy-75:11a-dihydroxyergost-22-en-3g-yl Acetate.
A solution of 22:23-dibromo-8a:9a-epoxy-75*11a- 

-dihydroxyergostan-36-yl acetate (500 mg.) in ether-methanol 
(1:1} 100 c.c.) was heated under reflux with zinc dust
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(5 g.) added portionwise over 3 hours. Removal of zinc 
by filtration and concentration of the solution with an 
addition of a few drops of water, gave felted needles 
(340 mg.), m.p. 125-3-30°. Four recrystallisations from
aqueous methanol gave 8a :9a -epoxy -7̂  :11a.-dihy droxye rgost- 
-22-en-36-yl acetate as felted needles, m.p.130-131° 
(unchanged after prolonged drying at 100°, 10~amm. 
pressure, [a]D +19°, +18° (c, 1.3, 1.2) (Found: 0,73.5}
H,1Q.0. Calc, for C30H4eQ6; 0,73.7} H,9.9%). Heusser
et al. (37) give m.p.147-148°, Ea]p +16° for this compound.

Acetylation of 8a:9a-epoxy-7£:11a-dihydroxyergost- 
-22-en-36-yl acetate using pyridine and acetic anhydride 
gave 36:7£:11a-triacetoxy-Ba:9a-epoxyergost-22-ene as 
prisms from methanol, m.p.164.5-166[a]p +2° (c, 2.9), 
undepressed in m.p. when mixed with the specimen described 
above.

22:23-Dibromo-8a:9a-epoxy-3617 5:11a-trihydroxyergo s tane.
(a) A solution of 22:23-dibromo-8a:9a-epoxy-7$ :11a- 

-dihydroxyergostan-36-yl acetate (700 rag.) in methanolic 
potassium hydroxide ( 2 5 0  c.c.) was heated under reflux 
for 2 hours. The solution was diluted with water, the 
solid collected (very sparingly soluble in ether), and 
washed with water until the filtrate was neutral to litmus.
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After drying, the product was crystallised from acetone 
giving needles (550 mg.), m.p.235-237°. Two recryst
allisations from acetone gave 22:23-dibromo-8a:9a-epoxy- 
-36:75 s11a-trihydroxyergostane as needles, m.p.241-242°, 
M jj +29° (c, 0.5) (Found: C,55.7j H,7.75. CseH4a04Br2
requires 0,55.45} H , 7 . 6 5 % ) .

Ob) A solution of 36:7§!11a-triacetoxy-22:23-dibromo- 
-8a:9a-epoxyergostane (100 mg.) in methanolic potassium 
hydroxide (2%$ 50 c.c.) and benzene (2 c.c.) was heated 
under reflux for 2 hours. Crystallisation of the product 
from acetone gave 22:25-dibromo-36:7$illa-trihydroxy- 
-8a:9a-epoxyergostane (60 mg*) as needles, m.p.239-240°, 
[a3l) +27° (c, 0.4) undepressed in m.p* when mixed with 
the specimen described above.

Acetylation of 22:23-dibromo-8a:9a-epoxy-3|3:7s :11a- 
-trihydroxyergostane using pyridine and acetic anhydride 
gave 50*75:11a-triacetoxy-22:23-dibromo-8a:9a-epoxy- 
eygostane which separated as prismatic needles from 
methanol-chloroform, m.p.220-22l°, [a]^ +4° (c, 2.8) 
undepressed in m.p. when mixed with the specimen described 
above.

8a:9a-Epoxy-36 s7 H:11a-trihydroxyergost-22-ene.
(a) A solution of 8a:9a-epoxy-7?:11a-dihydroxyergost- 

-22-en-36~yl acetate (300 mg.) in methanolic potassium
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hydroxide {1%\ 60 c.c.) was heated under reflux for 2  

hours. The product, isolated "by means of ether, 
separated from acetone in flat needles (250 mg.), m.p. 
160-163°. Three recrystallisations from acetone gave 
8 a:Qa-epoxy-30:7 5:11a-trihydroxyergost-22-ene as flat 
needles, m.p.166-167°, [a]D +32° (c, 1.0) (Found:
0,74.9} H,10*5. Cs8H4 6 04 requires 0,75.3} Hf10.4j6) .

(b) A solution of 22:23-dibromo-8a:9a-epoxy-30*7^:11a- 
-trihydroxyergostane (250 mg.) in ether-methanol (1:1}
60 c.c.) was heated under reflux with zinc dust added 
portionwise over 3 hours. Removal of zinc by filtration 
and concentration of the solution gave flat needles 
(170 mg.), m.p.164-166°, which on recrystallisation from 
acetone gave 8 a:9a-epoxy-30:7$:11a-trihydroxyergost-2 2 - 
-ene, m.p.l66-167°, [a]p +31° (c, 0.9) showing no 
depression in m.p. when mixed with the specimen described 
above,

(c) A solution of 30:7$:11a-triacetoxy-8 a:9a-epoxy- 
ergost-2 2 -ene ( 1 0 0  mg.) in methanolic potassium hydroxide 
( 2 4 0  c.c.) was heated under reflux for 2 hours. The 
product, isolated by means of ether, was crystallised 
from acetone to give 8 a:9a-epoxy-30:7$:11a-trihydroxy- 
ergost-22-ene (60 mg.) as flat needles, m.p.165-166°,
[a]D +30° (c, 0. 8 ) undepressed in m.p. when mixed with 
the specimens described above.
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Acetylation of 8a-:9 a-epoxy-3f):7$:11a-trihydroxy- 
ergost-22-ene using* pyridine and acetic anhydride gave 
30:7£;lla-triaeetoxy-8a:9a-epoxyergost-22-ene which 
separated from methanol as prisms, m.p.164-166°, [a]D +3°
(e, 2.7) showing no depression in m.p. when mixed with 
the specimen described above.

22:23-Dibromo-8a :9a-epoxy-7 :ll-diketoers:ostan-3l3-vl Acetate. 
(with Dr. G.T. Newbold) .

A solution of 22:23-dibromo-8a:9 a-epoxy-7 :11a- 
-dihydroxyergostan-36-yl acetate (216 mg.) in glacial 
acetic acid (15 c.c.) was treated with a solution of 
chromium trioxide in acetic acid (1.7 c.c.; IN) diluted 
with glacial acetic acid (10 c.c.) added over la hours 
with stirring at room temperature. After standing over
night the solution was heated to 45-50° for 30 minutes, 
treated with methanol, evaporated to small bulk under 
reduced pressure and diluted with water. The product 
was isolated by means of ether and crystallised from 
methanol-chloroform to give 22:23-dibromo-8a:9a-epoxy-7:11- 
-diketoergostan-30-yl acetate as flat needles (160 mg.), 
m.p.210-212°, [a]p -43° (c, 1.0) (Found: 0,55.9} H,7.2.
Calc, for C0 oH4 4 0 6 Brs: 0,55.9} H,6.9$). It was undepressed
in m.p. when mixed with a specimen prepared by Budziarek, 
Johnson and Spring (loc.cit.).
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30-Ace toxy-22:25-dibromo-9a:11a-dihy droxyergostan-7-one.
A solution of 22:23-dibromo-8a:9a-epoxy-7$:11a- 

-dihydroxyergostan-30-yl acetate (5 g.) in glacial acetic 
acid (40 c.c.) was treated with aqueous hydrogen bromide 
(48$* 1.5 c.c.) at room temperature and the mixture kept 
for 1 hour. The crystalline solid which separated from 
the blue solution was collected, washed successively with 
a little acetic acid and methanol and dried (4.2 g.} m.p. 
246-248°). Three recrystallisations from acetone gave 
3 0 -acetoxy-2 2 :2 3-dibromo-9 a:1 1 a-di hydroxye rgo stan-7-one 
as hexagonal prisms, m.p.250-251°, [a]p -36°, -35°
(c, 2.5, 2.1) (Found: 0,55.6} H,7.6. CsoH^eOeBrs
requires 0,55.6} 11,7.5$).

30-Acetoxy-9a:11a-dihydroxyergost-22-en-7-one.
(a) A solution of 30-acetoxy-22:23-dibromo-9a:11a- 

-dihydroxyergostan-7-one in ether-methanol (1 :1 ) was 
heated under reflux with zinc dust for 4 hours. The 
product, isolated in the usual manner, was 30-acetoxy - 
-9a:lla-dihydroxyergost-22-en-7-one (yield, quantitative) 
which separated from methanol as rectangular plates, m.p. 
267-269°, [a]p -69°, -67.5° (c, 1.0, 0.8), undepressed 
in m.p. when mixed with the specimen described by 
Budziarek, Newbold, Stevenson and Spring (108) (Found: 
0,74.0} H,10.1. Calc, for CsoH^sgO: 0,73.7} H,9.9$).
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(b) A solution of 22:l3-dibromo-8 a:9 a-epoxy-7$:1 1 a- 
-dihydroxyergostan-30-yl acetate (400 mg*) in acetic acid 
(30 c.c.) was heated on the steam bath with zinc dust 
(4 g.) added portionwise over 4 hours with stirring.
Working up using ether, gave a product which crystallised 
from methanol in rectangular plates (210 mg.), m.p.262-263°- 
Recrystallisation from methanol gave 3 0 -acetoxy-9a:1 1 a- 
-dihydroxyergost-22-en-7-one, m.p.267-269°, [a3-p -67°
(c, 0.9), showing no depression in m.p. when mixed with 
the specimen described above.

30 :9a slia-Trihydroxyergost-2 2 -en-7-one.
Hydrolysis of 30-acetoxy-9 a:1 1 a-dihydroxyergost-22- 

-en-7-one ( 1 0 0  mg.) using 2% methanolic potassium hydroxide 
(30 c.c.), gave 50:9a:11a-trihydroxyergost-2 2 -en-7-one 
(70 mg.) which separated from acetone (or methanol) in 
flat needles, m.p.258-259°, [a]p -71° (c, 1.1) (Found: 
0,75.2} H,10.4. CeeH4 e0 4 requires 0,75.3} H,10.4$J.

50:11a-Diacetoxy-22:23-dibromo-9a-hydroxyergostan-7-one.
A solution of 30-acetoxy-22:23-dibromo-9 a:1 1 a- 

-dihydroxyergostan-7-one (400 mg.) in pyridine (20 c.c.) 
and acetic anhydride ( 1 0  c.c.) was heated on the steam bath 
for 3 hours. The solid separating from the mixture on 
standing was collected, washed with methanol and dried
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(330 mg.; m.p.256-257°) . After two recrystallisations
from acetone (or methanol-chloroform) 30s11a-diacetoxy- 
-22:23-dibromo-9 a-hy droxye rgo s tan-7-one was obtained as 
felted needles, m.p.259-260°, [a]D -29°, -27° (c, 1.6, 0.9) 
(Found: 0,55.65; H,7.5. CasH6 0 OaBre requires 0,55.65;
Hf7.3$).

36:lla-Diacetoxv-9a-hydroxyergo8t-22-en-7 -one.
(a) 30:11a-Diacetoxy-2 2 :23-dibromo-9a-hydroxyergostan- 

-7-one (150 mg.) was debrominated by heating its solution 
in ether-methanol (1 *2 ; 1 0 0  c.c.) with zinc dust ( 2  g.) 
for 4 hours under reflux. The reaction product, isolated 
in the usual manner, crystallised from methanol to yield
30:11a-diacetoxy-9a-hydroxyergost-2 2 -en-7-one (100 mg.) 
as needles from methanol, m.p. 194-196°, [a]j) -43° (c, 1.0), 
undepressed in m.p. when mixed with the specimen described 
by Budziarek ejt al. (108) (Found: 0,72.6; H,9.6. Calc,
for C6 8 H6 oO©: 0,72.4; H,9.5$).

(b) Acetylation of 30:9 a:11a-trihydroxyergost-22-en- 
-7 -one using pyridine and acetic anhydride gave 3 0 :1 1 a- 
-diac e toxy-9a-hydroxye rgost-2 2 -en-7-one as needles from 
methanol, m.p.193-195®, [a]j) -42° (c, 0.8), undepressed 
in m.p. when mixed with the specimens described above.
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2 2 :23-Dibromo-50:9a:1 1 a-trihydroxyergostan-7-one *
(a) A solution of 3(3-aeetoxy-22:23-dibromo-9a:lla- 

-dihydroxyergostan-7-one (300 mg.) in methanolic 
potassium hydroxide (1 $; 2 0 0  c.c.) was heated under 
reflux for 2 hours. The product isolated in the usual 
manner (250 mg.; m.p.258-260°) was crystallised from 
acetone to give 22:23-dibromo-30:9a:11a-trihydroxyergostan- 
-7-one as felted needles, m.p.262-263°, [a]^ -45°, -42°
(e, 0.25, 0.3) (Found, after drying in high vacuum over 
FgO© at 100° for varying periods up to 7 days: 0,54.0;
54.1; H,7.75, 7.9. C8 8 H4 0 O4 Brs.Hs0 requires 0,53.9;
Hf7.75$). It is sparingly soluble in chloroform and 
separates as thick, elongated plates from methanol-chloroform.

Acetylation of the triol, using pyridine and acetic 
anhydride gave 30:11a-diacetoxy-22:23-dibromo-9 a-hydroxy - 
ergostan-7-one in quantitative yield; the diacetate 
separated from acetone as felted needles, m.p.259-260°,
[a]jj -28° (c, 0.8), undepressed in m.p. when mixed with 
the specimen described above (Found: 0,55.6; H,7.6$).

Debromination of the triol by refluxing its solution 
in methanol with zinc dust for 4 hours, gave in quantit
ative yield, 30:9a:11a-trihydroxyergost-22-en-7-one which 
separated from methanol as flat needles, m.p.257-259°,
[a]D -70° (c, 0.7), undepressed in m.p. when mixed with 
the specimen described above.
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(b) A solution of 3p-acetoxy-22:23-dî ^̂ offiO-9a:lla- 
-dillydroxy®rgostan-7-one (300 mg.) in dry acetone 
(200 c.c.) was treated with a stream of dry hydrogen 
chloride for 30 minutes, at 16° and the mixture kept at 
room temperature for two days. The solvent was removed 
under reduced pressure and the product isolated by means 
of ether. Crystallisation from acetone (or methanol) 
gave 33:9a:11a-trihydroxy-22:23-dibromoergostan-7-one 
as small plates, m.p.258-269°, [a]p -43° (c, 0.2).
(Found: C,54.l; H,7.9). It does not exhibit selective

o
absorption of high intensity above 2000 A and the m.p. 
of a mixture with the specimen described under (a) was 
undepressed.

33:11a-Diacetoxy-22:23-dibromoergost-8-en-7-one.
A solution of 22:23-dibromo-33:9a:11a-trihydroxy- 

ergostan-7-one (150 mg.) in 10$ methanolic potassium 
hydroxide (50 c.c.) was refluxed for 18 hours. The 
product, isolated by means of ether, was acetylated by 
warming for 1 hour with pyridine and acetic anhydride.
The acetylated product, also isolated by means of ether, 
crystallised from methanol giving 33:11a-diacetoxy-22:23- 
-dibromoergost-8-en-7-one as needles (70 mg.), m.p.158- 
—160°, [a]D +18° (c, 0.8) (Found: C,57.3J H,7.5.
Calc. for COsH*806Brs: C,57.1; H,7.2g). Light absorption
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o
Maximum at 2520 A ( & = 9000). It was undepressed in 
m.p. when mixed with the specimen described by Budziarek, 
Stevenson and Spring (110).

22 i 23 -Dibromo -3(3:11a -dihy droxye rgo s t -8 -en-7 -one.
A solution of 3(3-acetoxy-22:23-dibromo -9a :11a- 

-dihydroxyergostan-7-one (200 mg.) in methanolic potassium 
hydroxide (10̂ J 100 c.c.) was heated under reflux for 18 
hours. The product, isolated using ether, was crystal
lised four times from methanol to yield 22 : 23-dibromo- 
-3£:11a-dihydroxyergost-8-en-7-one (120 mg.) as flat 
needles, m.p.228-230°, [a]^ +4° (c, 1.8) (Found: 0,57.3} 
H,7.6. Calc, for C88H440aBrBs 0,57.1} H,7.5$). Light

o
absorption: Maximum at 2520 A ( € = 8000). The m.p. of
a mixture with the specimen described by Budziarek, 
Stevenson and Spring (110) was undepressed.

22:25-Dibromo-9a-hydroxy-7:11-dike toe rgo stan-3p-yl Acetate.
A solution of 3fc-acetoxy-22:23-dibromo-9a:11a- 

-dihydroxyergostan-7-one (4.0 g.) in glacial acetic acid 
(1000 c.e.) was treated with a solution of chromium 
trioxide in glacial acetic acid (1 N} 25 c.e.) added drop- 
wise over 30 minutes at 35-40° with stirring. The 
solution was kept at room temperature overnight, treated 
with a little methanol and concentrated under reduced
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pressure. After dilution with, water, the product was 
isolated hy means of ether, and crystallised from 
methanol-chloroform to give 22i23-dibromo-9a-hydroxy-7:11 
-diketoergostan-313-yl acetate (1.6 g.) as blades, m.p.256 
-258°, [aJjj +1.5° (c, 4.6) (Found; 0,66,7* H,7.3. 
Cso&teOeBrs requires 0,55.7* H,7.2$). It does not

o
exhibit light absorption of high intensity above 2000 A.

22:23-Dibromo-9a-hydroxy-7:11-diketoergostan-3p-yl 
acetate was recovered unchanged (a) after heating its 
solution in acetic anhydride under reflux for 24 hours, 
and (b) after heating its solution in acetic anhydride 
containing concentrated hydrochloric acid (3 drops) under 
reflux for 12 hours.

22 *23-Dibromo-5g-9a-dihydroxyergostan-7ill-dione.
A solution of 22:23-dibromo-9a-hydroxy-7 ill-diketo- 

ergostan-3p-yl acetate (150 mg.) in methanolic potassium 
hydroxide (lj£* 200 c.c.) was refluxed for 30 minutes.
The product, isolated in the usual manner, crystallised 
from acetone or methanol to give 22;25-dibromo-3g j9a- 
-dihydroxyergostan-7 *11-dione (120 mg.) as needles, m.p. 
234-235°, 0 3 d +16° (c, 1.7) (Found: 0,56.0* H,7.5.
OasĤ ÔtBrjg requires 0,55.6* H,7.3$).

Reacetylation of the alcohol (50 mg.) using pyridine 
(0.5 c.c.) and acetic anhydride (1 c.c.) at 100° gave the
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acetate (40 mg.) which separates from methanol-chloroform 
as blades, m.p*256-258°, [&]d +2° ĉ> l»e>> undex>ressed 
in m.p. when mixed with the specimen described above.

~Acetox.y-9a-hydroxy-7:11-diketoergoat-22-ene.
(a) A solution of 22:23-dibromo-9a-hydroxy-7:ll- 

-diketoergostan-3^-yl acetate (160 mg*) in ether-methanol 
(1:1j 120 c.c.) was heated under reflux with zinc dust
(2 g.) added portionwise over 3*1 hours. The product 
was isolated by means of ether and crystallised from 
aqueous methanol to give 3<3-acetoxy-9a-hydroxy-7:11 - 
-diketoergost-22-ene (110 mg*) as felted needles, m.p.183- 
-185°, [aj-p -23° (c, 1*6) (Found: G,73*85j H,9*75.
C»oH*80e requires C,74.0j H,9.5$). It does not exhibit

o
light absorption of high intensity over 2200 A (ca060 » 
3000,  ̂8i8o 25 1100) •

The same product was obtained using zinc and acetic 
acid at 100°.

(b) A solution of 3p-acetoxy-9a:lla-dihydroxyergost- 
-22-en-7-one (70 mg.) in glacial acetic acid (30 c.c.) 
was treated with a solution of chromium trioxide in 
glacial acetiG acid (1 Nj 0.4 c.c.) added in one portion 
with shaking at room temperature. The solution was kept 
at room temperature overnight. A little methanol was 
added, the solution concentrated under reduced pressure,



- 224 -

diluted with water and the oily product isolated by means 
of ether. After standing for two days with methanol the 
solid was collected and crystallised from aqueous 
methanol to give 3£-acetoxy-9a-hydroxy-7Hl-diketoergost- 
-22-ene as felted needles, m.p.177-180°, Ca3p *25° (c,1.4), 
undepressed in m.p. when mixed with the specimen described 
above.

7 111-hiketoe rgo s t -8:22 -dien -3 {3-yl Acetate.
A solution of 3£-acetoxy-9a-hydroxy-7s11-diketo- 

ergost-22-ene (70 mg.) in aqueous methanolic potassium 
hydroxide (5$$ 30 c.c.) was refluxed for 3 hours. The 
yellow solution was concentrated and diluted with water. 
Isolation by means of ether gave a yellow gum, which was 
aoetylated using acetic anhydride in pyridine. A solution 
of the aoetylated product in light petroleum (b.p.60-80°)- 
-benzene (3:1$ 10 c.c.) was filtered through a column of 
alumina (Grade i/llj 10 x 1 cm.) and the column washed 
with the same solvent mixture. Evaporation of the first 
fraction (60 c.c.) gave a yellow gum (40 mg.) which proved 
difficult to crystallise. Evaporation of the second 
fraction (light petroleum-benzene, 1:1$ 60 c.c.) gave a 
yellow semicrystalline solid (15 mg.) which crystallised 
from aqueous methanol to give 7:11-diketoergost-8:22- 
-dien-3P-yl acetate as yellow, soft, flat needles,
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m.p.132-135 °, undepressed when mixed with a specimen 
prepared according to Heusser st al. (36). Light

oabsorption: Maximum at 2700 A ( £ = 8600).

5 ft 19 cl -Dihydroxy-7 • 11 -dike toergost -22 -ene *
(a) 3 {3 -Ace t oxy -9 cl -hydroxy-7 :ll-diketoergost-22-ene 

(150 mg.) in methanolic potassium hydroxide 8 c.c.)
was heated gently on the steam bath for 10 seconds when 
solution was comijlete whereafter a crystalline solid 
separated immediately. The solid was collected, washed 
with methanol and dried (120 mg., needles, m.p*244-246°). 
Three reorystallisations from methanol gave 3£*9a- 
-dihydroxy-7111-diketoergost-22-ene as needles, m.p.255- 
-266°, [ci]x) -8° (c, 0.4 in chloroform-methanol, 20 si) 
(Found: C,75.5j H,l0.1. Ca8H**04 requires C,75.6j
H,1Q.0$)* It does not exhibit light absorption of high

O
intensity above 2200 A.

Reacetylation of the diol (30 mg.) using pyridine 
(0.5 c.c.) and acetic anhydride (1 c.c.) at 100° gave 
the acetate (25 mg.) which crystallised from methanol in 
felted needles, m.p.183-185°, -23° (c, 1.5),
undepressed in m.p. when mixed with the specimen described 
above.

(b) A solution of 22:23-dibromo-33*9a-dihydroxy~ 
ergostan-7:ll-dlone (50 mg.) in ether-methanol (l:l|30c.c.)
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was heated under reflux with zinc dust (0.5 g.) added 
portionwise over 3 hours. The product, isolated by 
means of ether, was crystallised from methanol to yield 
33:9-dihydroxy-7 ill-dike toergost-22-ene as needles, 
m.p.254-256°, Ca3j) -7° (e, 0,4 in ehioroform-methanol, 
20il)f undepressed in m.p. when mixed with the specimen 
described above.

22123-Dibromo-7:11-diket o e rg o s t -6 -e n -53-yl Acetate.
A solution of 22:23-dibromo-9n-hydroxy-7ill-dlketo- 

ergostan-33-yl acetate (400 mg.) in methanolic potassium 
hydroxide (3̂ j 120 c.c.) was refluxed for 3 hours. The 
product was isolated by means of ether and aoetylated 
using acetic anhydride and pyridine. A solution of the 
aoetylated product in benzene (40 c.c.) was filtered 
through a column of alumina (Grade I/IIj 1.5 x 12 cm.). 
Evaporation of the first two benzene fractions (260 c.c.) 
gave a solid (250 mg.) which crystallised from methanol- 
-chloroform to yield 22:23-dibromo-7:ll-diketoergost-8- 
-en-33-yl acetate as hexagonal plates, m.p.257-259°,
[a]j5 +30° (c, 1.8) (Pound: C,57.6j H,7.2. Calc, for
CaoĤ Ô̂ Brjgi C,57.3j H,7.05jOj it is undepressed in 
m.p. when mixed with the specimen described by Budziarek, 
Johnson, and Spring (109). Light absorption: Maximum

o
at 2700 A ( <£ * 9600) .
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"Svaporation of later "benzene fractions gave a yellow 
solid (100 mg.) which crystallised from methanol- 
-chloroform in yellow elongated plates, m.p*253~255°,
[a]^ +66° (c, 1.2) (Pound: C,57.8j H,7#2). light

o o
absorption: Maximum at 2100 A ( £ * 8000), 2660 A ( £ *

o
6300) and 3800 A ( £ ** 8600).

cO#*'4***
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