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Krgosterol has been converted to some ll-oxygenated
sterolds and to progesterone. The chemistry of some of
the intermediates has been investigated.

Oxidation of 22:23-dibromoergosta=7:9(11)-dien-33-yl
acetate with one mel. of perbengzoic acid gave 22:23~
-dibromo-9atlla-epoxyergost-7-en-33-yl acetate character-
ised as the alcohol. Rearrangement of this epoxide with
mineral acid gave 22!23~dibromo-7-oxoergost-3-en-33-yl
acetate after reacetylation, which was debrominated with
zinc dust to fR-oxoergosta-3t22-dilen-33-yl acetate. Treat-
ment of B2!Z3-dibromo-9arlla-epoxyergost-7=en-3p5-yl
acetate with boron trifluoride afforded 22:23-dibromo-1l-
-oxoergost-8-en-33-yl acetate which on debromination gave
7-oxoergosta-3128-dlen-33-yl acetate. Catalytic hydrogen-
ation of 22:23-dibromo-9%atlla-epoxyergost-7-en-33-yl
acetate and of 22:23-dibromo-ll-~oxoergost-3-en-33-yl
acetate in acetic acid ylelded 22:23-dibromoergost-3(14)-
-ean-33-yl acetate. Reduction of ll-oxoergost-3:22-dien-
-3)=-yl acetate with lithium in ligquid ammonia gave ll-oxo-
-ergost-cé-en-33-o0l acetylated to ll-oxocergost-22-en-33-yl
acetate. Reduction of 22:&3-dibromo-ll-oxoergost-3-en-
-3J-y1 acetate under the same conditions, followed by

reacetylation, afforded 33:1la~diacetoxyergost-22-ene
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characterised, by basic hydrolysis, as the diol.

Simple hydrolysis of 22:23-dibromo~ll-oxoergost-8-
-en-33~yl acetate gave the alcohol whereas stronger
alkaline conditions gave, after reacetylation 22:23-
-dibromo-1l-oxo-l4s~ergost-3~en-3 -yl acetate or 22:23-
-dibromo-ll~-oxoergost-3(14 )-en~-3)-yl acetate, depending
on the conditions employed. Treatment of 22:23~dibromo-
-1l1-oxoergost-3-en-35~yl acetate or of 28:23-dibromo-1l-
-oxoergost-3(14 )-en-33~-yl acetate with aydrogen chloride
or treatment of the latter with strong alkali also
yielded 22:'23-dibromo-ll-oxo-l14j-ergost-3-en-35-yl
acetate after reacetylation. Debromination of 22:23-
-dibromo-ll-oxoergost-3(14)~-en-33-yl acetate and of 22:23-
-dibromo-11-oxo-14,)-ergost-3-en-3p~-yl acetate afforded
ll-oxoergosta~3(14):122-dien-33~yl acetate and ll-oxo-143-
~ergosta~-3:22-dien-35~-y1 acetate respectively, which were
characterised as their alcohols by basic hydrolysis. Enol
acetylation of 22:23~dibromo-ll-oxoergost-3-en-33-yl
acetate gave 3jtli-diacetoxy-2:2:23~-dibromoergosta~7:9(11)~
~-dlene, whilst 22:23-dibromo-ll-oxo-l4j-ergost-3-en-3p-yl
acetate, under the same conditions, afforded the corres-
ponding 33:1l-diacetoxy-22:23~-dibromo~-143-ergosta=7:9(11)-
~-diene. Debromination of these enol acetates with zine
dust gave 3p!ll-diacetoxyergosta-7:9(1ll):22-triene and
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3p:11l-diacetoxy-143-ergosta-719(11):22-triena respectively.
The course of the action of alkali on 22:23~dibromo-l1l-
-oxoergost-8-en-3)-yl acetate has beon examined spectro-
scopically.

llydrogenation of 22t &3-dibromoergosta=-713(1l1)~-dien-~
~-33~yl acetate gave 22!:3~dibromnocergost-3(14)-en~-33-yl
acetate, or 22:23~-dibromoergost-7-en-3i~yl acetate,
depending on the solvent employed; they were characterised
as the aleohols and as the derived benzoates. Uebromin-
ation of 22:23-dibromoergost-3(14)~en-3)~-yl acetate and of
22123-dibromoergost-7-en-3:-yl acetate afforded ergosta-
~-3(14)122-d1en-33-yl acetate and ergosta=-7:22-dien-33-yl
acetate respectively. Treatment of 22123-dibromoergost-
-3(14)-en~-33~y1 acetate or of Z2:23-dilLromoergosta-7-en-
-33~yl acetate with hydrogen cechloride in chloroform gave
mixed crystals (82:23-dibromo-''p ' '-dihydroergosteryl
acetate). ilkewise treatment of 282123-dibromoergost-3(14)-
~-en~-33-yl benzoate gave nmixed crystals Debromination of
£2123-dibromo-' '3 ' '-dihydroergosteryl acetate gave ''j'’'-
-dihydroergosteryl acetate characterised as the aleohol and
derived benzoate. Hydrogenation of 22:23-dibromo-''g''-
-dihydroergosteryl acetate and removal of the residual
unsaturated material ylelded 22:23-dibromoergostan-33-yl
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acetate. Debromination of the latter gave ergost-22-en-
-33-y1 acetate converted by basic hydrolysis to the
alcohol. GCome anomalous moleeéular rotations are discussed.
Oxidation of ergosterol gave ergosterone which on
rearrangenent ylelded jgosrgosterone. Partial reduction
of the latter by elther catalytic hydrogenation or by
chemical methods afforded ergost-4:22-dien-3-one.
Attempted ll-oxygenation of ergosta—-4rg22-dien-3-one by a
nicrobiological method was unsuccessful. Selective
catalytic hydrogenation of jgoergosterone and of ergosta-
-4:22-dien-3-one gave S53-ergost-22-en-3-one which when
reduced with lithium aluminium hydride ylelded S3-ergost-
-Z22-en-3a-01 Czonolysis of the acetate of this compound
gave 3a-acetoxyiplaporeholan-~-£22-al, characterised as its
2:4-dinitroshenylhydrazone. Oxidation of this aldehyde
yielded 3a-acetoxylhisporeholanie acid, treatment of which
with diazomethane, gave the methyl ester Bnol acetyl-
ation of 3a-acetoxyhlsngreholan-22-al afforded an oily
compound, which when ogzonised ylelded 20-oxopregnan-3a-yl
acetate with 3a-acetoxypregnan-20a-0l as a by-product, the
latter isolated as the diacetate. Basic hydrolysis of
20-oxopregnan-3a-yl acetate gave 2C-oxopregnane-3a-ol,
which when oxidised afforded pregnane-3:20-dione. Methods
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exist for the conversion of the latter to progesterone.
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ALETROPUCTORY REVISW

Sinece 1943 much chemical researeh has been devoted
to the examination of possible partial, or total, syn-
thetie routes to l17-nydroxy-ll-denydrocorticosterone,
commonly know as cortisone (Zendall's compound E). The
higstorical Lackground of this and other adrenal cortical
hormones originated, almost a guarter of a century ago,
with clinical investigations on the physiological effects
of an adrenal cortex extraect. [flogoff and Steugrt (1) in
1329, and Swingle and rfiffner (2) in 1330, reported that
extracts of the adremal cortex could maintain the l1life of
an adrenalectomised animal which would otherwise have
died within a fow days. AS a result, an extensive series
of chemical investigations (3,4,5), aimed at the isolation
of the active principles, were initiated in 1393S5. This
led within three years tc the isolation of twenty-one
erystalline compounds from the crude extract or cortin
and, later, to the isolation of seven more. The residual
amorphous fractions still possessed physiclogical activity
and very recently there has been isolated (135) from them,
what is probably the most physiologically active hormone,
electrocortin.

Several methods, and combinations of methods, were



employed to isolate the individual substances.

Extraction

of the aminced adrenal glands with acetone or alcohol gave

a protein free concentrate and partition dDetween varioys

solvents gave a fat free extract (8,7,8,9).

Further

fractionation vas accomplished in the formation or hydpe)-
ysis of the Uirard derivatives, a method introduced by

Reichatein (10) for the separation of ketonie froz non-

-ketonic or inert ketonic material.

Chromatography of

the uore stable acetates, however, proved the most effie-

fent metnod of separation (11,18).
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Geven of the isolated compounds showed aetivity im main-
taining l4ife In an adrenalectomised animal. Thelr
structures are shown adove (I-VIX). They all posses an
a3-unsaturated ketonic grouping in ring-A, characteristie
of progsstorone and testosterone, and have a ketel side
chain whieh i3 highly sensitive to alkanli and acid. The
C(si)-ketone and C(,,)-J~hydroxyl groups, in agrecment
with the conformation theory (138,138) are hindered by
the axial C(;0) and C(,3; methyl groups. A Cri14)
carbonyl group does not react with carbonyl reagents sugh
as phenylhydrazine, hydroxylamine, or semicarbazide, and
undergoes the Volff-ishner reaction with difficulty. It
ean, however, be reduced using lithium aluminium hydride,
and ean be catalytically hydrogenated with a platinum
catalyst in acetic acid, both methods giving almost
exclusively the l1ll3-hydroxy derivative. Using normal
reaction conditions, this cannot be acylated, but acyl-
ation can be achieved using special conditions (13).

A number of comzanion eccrtical steroids have been
isolated, all of whieh are reduction products of the
hormones (I-VI) abeve, lacking either the unsaturated
grouping in ring-A, or the side chain ketol function.
They are inactive in the life maintenance test. Compar-

ison of the seven active hormones indicates that oxygen
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functions at C(;;) and C(9) are not essential for life
maintenance activity, but contribute sgignificantly to
other important physiologieal actions. The adrensal
cortex through the medium of the steroidal material 1t
secretes into the bloodstrean, controls the alectrolyte
balance and the carbohydrate and q@#tain netabolism in
the liver and muscles. 0f the isolated horaones olectro-
cortin (VII) and deoxycorticosterone (I) are the zmost
potent in the first type of activity, while the two 17-
-hydroxy-ll-oxygenated sterolds are slightly more active
in the second type. In addition the adrenal certiecal
hormones are also concerned with resistaince to shock and
normal growth maintenance. Cortisone was recently
reported to possess added therapeutic value (14) in that
it alleviated tho symptouns of rheumatold arthritis. Sinece
the woric deseribed 1n this thesis was completed, however,
the initial promise shown by cortisone in this conneetion
has diminished (141).

The elucidation of the structures of the various sub-
stances 1solated from the adrenal cortex proceeded
rapldly during 1257-1239, due largely %o the researches
of Feichstein and Eendall and their assceiates. Several

methods were employed: (a) degradation to imown eempounds,



(b) correlation with hormones whose structures had
already been deduced, and (e¢) partial syntheses from
other steroids. The nature and position in the sterocid
nucleus of the inert oxygen atom, characteristic of nany
of these Lormones, was {inally deduced, by a partial
synthesis (15,16) of ll-dehydrocorticosterone (III).

Investigation of the physiological properties of the
ll-oxygenated cortical hormones in the biochemiecal,
biological, and medical flelds was severely limited by
the minute quantities of material avallable for clinical
use. The partial synthesis of cortisone had been
achieved previously by Sarett (16,17) in 1948, starting
from deoxycholic aecid (VIII), a laborious procedure, which
had provided, however, sufficient material for cliniecal
testing. The therapeutic effects of cortisone in the
treatment of rheumatold arthritis (14) appeared to be
highly specific,for no other compound, apart from the
derived dihydrocortiscne (V). had comparable action.

It thus became obvious that new synthetic routes
wvere urgently required to produce cortisone economically
and in quantity. The bile acid route has been thoroughly
exanined and despite many subsequent improvements in the
procedures involved, it was felt that its complexity



rendered 1t impracticable, and that an examination of

alternative starting materials was desirable. (The
bile acid route is, however, the prineipal route by
which cortisone has been made in quantity. )

HO® H H s “oﬁl\’
3 x.

wil.

HO

H
X1 X\,

i X1,
In the above connection cholesterol (IX), ergosterol (x),
stigmastercl (XI), diosgenin (XII1), and heeogenin (XIII),
were considered. Although there are now methods for

converting these stercids into cortisone, each method is



-® .

limited by the nature of the sterold employed. Apart
from hecogenin, the above steroids are all unsubstituted
in ring-C and consequently the problem of the intro-
duction of an ll-oxygen function 1s more difficult.
Cholesterol, in addition, has a saturated side chain and
its conversion to a pregnane derivative is accompanied by
drastic losses. Stigmasterocl is not readily available
and 1t seems unlikely that this position will improve.
Ergosterol, the major sterol in the non-saponifiable
fraction of yeast, seemed the most promising, since it is
easlly convertible to two derivatives, ramely ergosata-

-5 7t 9(11 ) 22=-tetraen-33-0l (XIV) and ergosta=-719(11):22~
-trien-33-0l1 (AV) whieh, Lecause of their.éi’(“)-bond,
might form useful intermediates for the introduction of
the necessary c(;;)-oxygen funetion A further feature
of ergosterol is that the side chain ethylenic linkage
provides a point of attaeck for degradation to a c(‘,,-
acetyl group.

> N ?ﬂ,

C=0

HO
X. XV. xVI.



In the case of cholesterol, stigmasterol, and diosgenin,
the introduction of the A?!44)-pond 1s a lengthier and
more wasteful procedure (139,128). However, the side
chain of diosgenin is easily degraded (19) to pregnane
derivatives and thus this sapogenin 1s a valuable starting
material for ring-C unsubstituted hormones. ~rrogesterone
(XVI) itself 1s easily prepared from diosgenin (19), and
in view of the recent microbiologiecal hydroxylation (20)
of progesterone at C(;i1), diosgenin may well assume
greater importance. lecogenin contains a C(;;)-knto
group and seemed a promising starting material, but
present methods of harvesting are poor, and purification
of the crude material 1s attended by large losses (123).
Improvements in the isolation of this steroidal sapogenin
would undoubtedly give it greater prominence as a starting
point (140) for a synthesis of cortisone.

The total synthesis of cortisone has been achlieved by
three different schools (21,124,185) The route due to
Woodward and his associates (21) is the most direct and,
although in its initial stages it did not appear a sound
economic proposition, recent improvements (127) have
brought it to a position wvhere it must be regarded as
highly competitive with any of the avallable partial

syntheses.






LISTORICAL

A2 FARTIAL SUTHESIS OF 11-OXXGEIATED SIERCIPS , EARTICULSELY.
AJ01 ERGCOTRROL..

Since 1948, there have appeared many publications ceon-
cerned with the partial synthesis of ll-oxygenated steroids,
materials which might be regarded as possible internediates
for a synthesis of cortisone. The work described in this
section is a preeis of the methods and experiments employed
by chemical research groups, other than that of this
cepartment, designed to convert ergosterol to C(ii)
oxygenated derivatives. The research work carried out in
this field by the departmental team has been reported in a
series of publications (109-114) and such papers that are
pertinent will be discussed in the theoretical section of
this thesis.

Ergosterol.

Ergosterol (I), first isolated from ergot, is the
major sterol in the non-saponifiable fraction from yeast,
which at present constitutes the main source. Widespread
interest in ergosterol was first aroused in connection
with its relationship to vitamin-D) and consequently 1its
chemical bebaviour, particularly its photochemistry, has



been extensively investigated. With the establishment
of 1ts empirical formula Cggli¢el Ly Windaus (22) in 1382,
only a short period elapsed before its complete structure
was elucidated.

Ergosterol can be converted by sodium=-alechol
reduction (23,34) to ergosta-7122-dien-8p-ol (II).
Selective catalytic hydrogenation also gives either (II)
or ergost-7-en-33-ol1 (III)(26), depending on the condit-
ions employed. The latter compound is isomerised (27)
by a platinum catalyst, saturated with hydrogen to ergost-
-8(14)-en-33~0l1 (IV) which can be further rearranged (27)
with dry hydrogen chloride to ergost-l4-en-33-ol (p-ergo-
stenol) (V). Barton (23) has confirmed the positions of
the double bond in these stenols by molecular rotation

nethods.

HO ) He TRl
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Aeid isomerisation of ergosterol (as acetate) leads to a
separable mixture of ergosterocl-B,, ergosterol-Bg, and
ergosterol-ig. Each is converted to this mixture by acid

treatuent.

CeHny Cqbi
; Ho(:tgg. VC@

Windeus gt al., (32) and Heilbron, Johnstone, and Spring
(31) obtained (VI) by mercuric acetate oxidation of

ergosta~7:zZ2~-dien~35-0l and its structure, ergosta-

R
HO Vit.

-7:9(11):22-trien-33~0l, was finally confirmed by Barton
(28) in 1946. ©Ergosterol itself undergoes a similar

oxidation when treated with mercuric acetate (33) giving
ergosta~-5:17:9(11 )1&2-tetraen-33~0l (dehydroergosterol ) VII).
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These compounds, (VI) and (VII), are the two ergosterol
derivatives which primarily have been used in experiuents
designed to give C(j.)-oxygenated steroids and these
methods will be deseribed below.

_ as an Intersediate.
(a) In 1943 Dergmann and Stevens (33) suggested the

possible utilisation of dehydroergosterocl as an inter-
mediate in the synthesis of adrenal cortical hormones.

They investigated two prineipal problems®' [irstly, the
degradation of the side chain of ergosterol under con-
ditions which would lead to the retention of the conjug-
ated diene system in ring-B, and secondly, the intro-
duction of an oxygen atom at C(i;), followed by degradation
of the side chain.

The initial stages of both problems met with reason-
able success. Addition of maleie¢ anhydride to ergosteryl
acetate (VIII) gave the adduet (IX) which was preferenti-
ally oxidised at the £2:&3-double bond with ozone, affording
the aldehyde (X). Further oxidation of (X) gave the acid
(XI), whose methyl ester (XIa) on pyrolysis yielded 33~
-acetoxymethyliignorehola-6:7~dienate (XII) with simultan-
eous elimination of maleic anhydride. Treatment of the
aldehyde (X) with acetic anhydride in a sealed tube gave
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an encl acetate, formilsted as (XIII), which supposedly
gave the maleic anhydride adduect of l17-oxoandrosta-517-
-dien-33~yl acetate (XIV) on ogonolysis. Pyrolysis of

the last compound, however, did not give any identifiable
products.

VILL. 1X. ' X.

Ao

X1

In an attempt to introduce an oxygen atom at the ll-position,
the maleic anhydride adduct (XVI) of dehydroergosteryl
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acetate (XV) was prepared and the side chain protected
by conversion to the dibromide (AVII). Oxidation of
this material with perbenzolic acid readily gave in high
yield a 9:l1l-epoxide (XVIII) which on debromination with
gine in acetic acid ylelded the desired adduct (XIX).
Ogonolysis of the latter, followed by oxidation of the
resulting aldehyde gave the Jignoraeid (XX). Unfortunately
pyrolysis of (XIX) brought about aromatisation of ring-B,
and in view of the low yields involved, and the diffie-
ulties encountered in eliminating maleic anhydride from
the adducts, the approach was abandoned at this stage.
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(b} HNo further successful attempts on the conversion of
dehydroergosterol to ll-oxygenated steroids were reported
until late 1962, when Jones and his eco-workers published
their experiments (34-33) in this field. Using as their
starting material, Sa:83a-epidioxydehydroergosteryl acetate
(XXI), obtained from dehydroergosterol by photoperoxidation
and acetylation, they showed that it could be preferen-
tially reduced with a specially prepared platinum catalyst
to the dihydroderivative Sat3a-epidioxyergosta-9(1ll):22-
-dien-33-y1 acetate (XXII) in about 6505 yield. This in
‘turn was hydrogenated giving 3j-acetoxyergosta-9(11):22-
~dien-5a:3a~diol (XXIII). It had been hoped that on
treatment of this material with mineral acid, an aniono-
tropic rearrangement would have occurred to give 30~
-acetoxyergosta-3t22~-dien~-5atll-diel (XXIV).

Cq¥n Cqkn
SRR
Awo
M
H
heo OH X%V. A oM

XX IV.
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Only a simple dehydration occurred, however, the produet
being 3)-acetoxyergosta-7:9(11):22-trien-5a-0l (XXV).

Unfortunately it was not found possible to oxidisge
the A*(34)_pong of (XXII) selectively, as the side chain
double bond proved to be very much more reactive. The
lack of reactivity of the A*(**).11nkage vas more
foreibly demonstrated by the fact that Sar3a-epidioxy-
ergost-9(1l)-en-33-yl acetate (XiVI), produced by eatalytie
reduction of Sa:3a-epidioxydenydroergosteryl acetate ( iXI),
gave only small yields of ll-oxygenated compounds on
oxldation.

X XN\, XX (X,
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Thus perbenzoic acid zave Sa:8a-epidioxy-3ailla-epoxy-
ergostan-33-yl acetate (XXVII) in 127 yield, potassium
permanganate in acetic aeid led to a 147 yleld of 33~
~-acotoxy-£at3a-epidioxyergostan-9atlla=-diol (AXVIII)
together with 357 of the allylic oxidation product l2-oxo-
-5a:8a-epidioxyergost-9(1l )~en-35-y1 acetate (iXIX), while
chromiun trioxide yielded only the latter material (XXIX).
The unreactivity of the A 34} bond has been attributed
to the sterie hindrance caused by the Sa:Sa-epidioxy
bridge which shields it from attack on the rear(a) face.
The use of such materials in a cortisone synthesis is
inconceivable, due to the saturated side chain.

It was found, however, that, whereas treatzent of
3)-acetoxyergosta=-9(11):22-dien-6a13a~diol (AXIII) with
mineral acid gave (XXV), the use of an organic aecid sueh
as acetic acid led to the transanmilar epoxide Sar3a-
-gpoxyergosta=-9(1l1)t22-dien~-33-yl acetate (XiX), in which
the A%(%3).pond was more reactive than in the Sa18:-
-epidioxy analogue.

Cq“n qHi

XKW, XXX,
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In this compound also the A®*-bond was found to be more
reactive than the nuclear double bond and attempts at
preferential oxidation gave only poor ylelds of ll-oxo-
steroids, or were complicated by simultaneous degradation
of the side chain. In the saturated side chain series,
derived from the transannular denydration of 3p-acetoxy-~
ergost-2(11 )-en-6a:3a-diol (XXXI), oxidations were found
to proceed in much better yleld. A method of obtaining

an ll-oxygenated steroid was described as outlined.

X V.
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Oxidation of (XXXII) with osmium tetroxide followed by
acetylation afforded 33:1lla~diacetoxy-EatBa-epoxyergoatan-
-9a-0l1 (XAXIII), in 68% yield, readily dehydrated in 50%
yield to the enol acetaete (AiXIV), whieh was converted on
acid treatment to the non-crystalline 3j:ll-dlacetoxy-
ergosta-7:9(11)-dien-6a-0l (XiiV), identified by its
ultraviolet absorption speetrum. Subsequent rearrange-
ment of (XXXV) or of (XiXIV) with 5% alkali gave ancther
non-erystalline substance, regarded as a Sa-hydroxy-ll-oxo-
-3-ene (AXAVI) from a consideration of ultraviolet
absorption data. In view of recent work (this thesis),
it seems unlikely that (XAiVI) is a natural steroid, and
the method of its production would seem more likely to
give a l4)-steroid. The experimental detall, however,

is scanty, making a decision difficult.

This study also included an investigatior into methods
of degrading the ergosterol side chain to a C(,9)-acetyl
group (36). Using Sa:Ba-epldioxyergosta~9(1l):22-dien-~
-33-yl acetate (XXII) as a model, Jones gt al., effected
the degradation in the following way.

Ogonolysis of the epidioxide (XXIX) and decomposition
of the ozonide gave the aldehyde (AXiVII) in 35-507 yield
together with 105 of the corresponding aeild (XXXVIII). The
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enol acetate (AXXIX), obtained ir 8075 yield from the
aldehyde by treatment with acetic anhydride and potassium
acotate, was ogonised to give the pregnane derivative (XL),

which on reduction with zinec and acetic acid afforded

3p3~-acotoxy-20-oxopregna=-7: 9(11 }=dien-5a-01 (XLI).

The low overall yleld (7%) obtained in this series of
reactions has been improved (40,114) on application of
this method to less labile derivatives of sergosterol. This
method has become the gtangdard matiod of degrading the
ergosterol side chain.

In view of the limited success which attended the

attempts to obtain ll-oxygenated sterolds by these routes
the use of the derived 3j3-acetoxyergosta=7:9(1l):22-trien~



-8a-0l (XXV) was investigated. Since these experiments

are closely related to the approach from ergosteryl-d
acetate, they will be summarised in a later sub-section.
(e) A third and completely novel approach to the convers-
ion of ring-C unsubstituted steroids to ll-oxygenated
steroids, has been described by lLaubach, Sechreiber,
Agnello, Lightfoot and Srunings (41). In contrast to the
above methods, this eclegant aynthesis involves photo-
chenical peroxidation of a homoannular ring-C diene, which
introduces an ll-oxygen as an 1ll:l4-epidioxy bridge.
Dehydroergosteryl acetate (AV) was catalytically
isomerised with liquid sulphur dioxide in over 307 yield
to ergosta-6:3(14)19(11):22-tetraen~-3p-yl acetate (XLIIX),
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vhiech when photoperoxidised afforded ll:l4-epidioxy-
ergosta-8t3:22-trien~-35-yl acetate (XLIII). Base
catalysed rearrangement of (XLIII) led to 33-acetoxy-ll-
-oxoargosta-etat22-tr1an-k4§¢ol (XLIV), which vhen treateq
with ecid, undervent dehydration to ll-oxosergosta-
-8:3114:22-tetraen-33~y1l acetate (ALV), selective hydroger.
ation of which gave the well~known ll-oxoergosta-3:22~
-dien~-33-yl acetate (XLVI). It is difficult to assess
the value of this route as no experimental detalls have

as yet been given.

Ergogtarol-D az an Intermediate.

The use of this compound as a possible starting
material for the partial syntheses of adrenal cortical
hormones was first suggested by Dergmann and Klacsmann 1y
19438 in a paper (42) smpplementary to their investigationg
on dehydroergosterol.

(a) Success in the preparation of an ll-oxygenated stersi(
from ergosteryl-D acetate was first achieved in the Mereck
Laboratories, the results of the investigation being
reported in a preliminary note (43) by Tishler gt al., ia
Hay, 1861. This was immediately followved by an indepenc-
ent publication (45) by feusser gt al., whose partial
synthesis followed essentially the same pattern. The



former workers have since issued a more cosplete communi-
cation (44), the details of which are deseribed below.

Zrgosteryl-D acetate (XIVII) was selectively oxidised
at the A °'**)_pona with perbangoic or monoperphthalie
acid giving a monoepoxide (XLVIII) which when treated with
a trace of mineral acld afforded 3j-acetoxyergosta-3:28-
—dien-?%clla-diol (ZLIX). Oxidation of this cpmpound with
chromium trioxide led to 7Ttll-dioxoergosta-3tzZ2-dien-33-yl
acetate (L) which when reduced with zine dust and acetic
acid gave T:ll-dioxoergost-22-en-35-yl acetate (Ll1),
further reduced by the imang-linlon procedure (48) to
ll-oxoergost~-22-en-3)-yl acetate (LII). Identification
of (LII), obtained in 507 overall yleld, was carried out
by ozonolysis to the aeid (LIII), whieh was then hydrolysed
and oxidised to 3:11-dioxolisnorallgeholanic aeid (iVII).
This was then compared with an authentic specimen prepared,
unmablguously, from uethyl-3a-hydroxy-ll-oxobisnopeholanate
(LVIII).

Lreatment of the methyl ester of 3p-acetoxy-ll-oxo-
bisnorallocholanic aeid (LIII) with phenylmagnesium bromide
and dehydration of the resulting diphenyl-carbinol (LII)
ylelded the diphenylethylene derivative (LV) whieh on
ozonolysis gave li:20-dioxogllopregnan-33-yl acetate (LVI).
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The side chain of ll-oxoergost-Zi-en-33-yl acetate (LII)
has also been degraded (133) by the gtandard method (35)
giving (LVI) 4in high yield. An alternative method (133)
based on the formation of an enamine (IX) [ef. Herr and
leyl (134)] of the intermediate aldehyde (LIX), followed
by ozonolysis, gave only poor overall ylelds of 11:20-
~dioxogllopregnan~-33-yl acetate (LVI).

o

The Swiss woriers 45) also found that the epoxide
(ZLVIII), on prolomnged treatuent with acid in methanol
gave 7-oxoergosta-8:22-dien-33-yl acetate (LXI). This
reaction left some doult as to the position of the epoxy-
bridge in (ALVIII), as the intermediate diol (XLIX) might
equally well have come from the isomeric epoxide (ILXII).
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fiowever, these investigators made the important discovery
that the epoxide could be isomerised, under aprotie
conditions, with a boron triflucoride (45), or ferrie
chloride (49}, catalyst to a different aj-unsaturated
ketone which they postulated as veing ll-oxoergosta-8:22-
-dien-3/-yl acetate (IXIII). This added considerable
weight to the formulation of the epoxide as 2arlla-epoxy-
ergosta-7:22~-dien-33-yl acetate (ALLVIII),

In a subsequent publication, Tishler gt al., (48)
reported a modification of their first route to ll-oxo-
ergost-c2-en-35-yl acetate. They found that preferential
reduction of the A®-bond of ll-oxocergosta-3:22-dien-33-yl
acetate (LXIII) could be effected with lithium metal in



liquid ammonia giving (LII) after reacetylation, in 30%
vyield. This thus completed a route from ergosteryl
acotate to a C(,;) oxygenated steroid, involving only
five stages, and having a reasonable overall yield. The
reduction in addition confirmed the structures of (XLVIII)
and of (LXIII).

(b) Heusser, inliker, Sichenberger and Jeger in a later
comaunication (49) discussed alternative routes for the
introduction of an ll-oxygen atom. Oxidation of the
triol-nonoacetate (XLIX) with monoperphtihalic zeid ylelded
3J-acatoxy-8at9a-opoxyergest-22~en~7§l111-6101 (LXIV),
which when treated with a trace of sulphuric aeid gave
3}-acetoxyorgost-22-en-7§085:95:11a~t¢trol {LXV ). This
pentol-monoacetate, or its precursor (LXIV), was converted
by hydrobromic acid to 3@-&0etoxy-?-axonr;oat-as-ln-9{}lla-
-diol (LAVI) whieh, by alkaline dehydration, zave 7-oxo-
ergosta-8:22-dien-33:1la~diol (LXVII). Selective
reduction of the A ®-bond of this compound was achieved

by eatalytic hydrogenation in an alkaline medium, and
Wolff~-Kishner reduction of the product (LAVIII) afforded
ergost-£2-en~33:1la~-diol (LXIX). The latter compound
(LXXIX) had been obtained previously by reduction of 1ll-
~oxoergost-22-en-33-yl acetate (LIl) with sodium in
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propanol (50), or by lithium in liquid ammonia (61), a
method first described, by Djerassie gt al., (52) in the
diosgenin series.

(e) A less successful method of converting ergosteryl-D
acetate to an ll-oxygenated steroid has been described

by Fieser, Schneider, and iinang (53). Their procedure,
a general one, consisted of oxidising 7:9(11l )-dienes with
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N-bromosuccinimide and treating the erude produet with
silver nitrate followed by further oxidation with silver
chromate. In the case of ergosteryl-D acetate (ALVII),
71ll-dioxoergost-cé-en-33-yl acetate (L) was obtained
vhiecii, in the erude state, was reduced with zinec dust and

Ca Hiy

acetic acid to 7:11-dioxocergost-22-en-3)-yl acetate (LI),
the conversion of whiech to 1ll:20-dioxogllopregnan-33-yl
acetate (iVI) has already been deseribed.

se~iydroxvergosteryl-p icetate a3 an Intermediate.

The fallure of ring-B epidioxy-, and epoxy-dehydro-
ergosterol derivatives to undergo reactions leading to
good yilelds of ll-oxygenated steroids, led Jones and his
co-workers to approaeh the problem from a different aspect.
They investigated the action of oxidising agents on deriv-
atives of 3)-acetoxyergosta-7:9(11):82-trien-6a-0l (Ea-
-hydroxyergosteryl-D acetate)(XiV) a compound obtained by
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reductive fission of Sa:8z~epldioxyergosta-9(1l):28-dien-
-33~-yl acetate (XXII) The outcome of this work, part
of which was carried out in collaboration with a second
group of workers, ivans, Hathway, Elks, uughton, and
Thomas., was the fabrication of a completely novel method
of introdueing an ll-oxygen atou (54,66). The method
wvas applied to the synthesis of several compounds and the
outline below demonstrates this route by a partial
synthesis of 1ll:20-dioxogllpyregnan-35t5a-diol (LXVI).
3316a-0iacetoxyergosta=7: 9(11 )122-triene (LXX)
obtained by acetylation of (XXV) was epoxidised to yield
33 15a-diacetoxy-3arlla~epoxyergosta-7122-diiene (LXXI).
S5ide chain degradation of this compound by the stardard
aethed (35) gave 3315a~diacetoxy-9atlla-epoxypllopregn-
~7-en~-20-one (LXXIT) which was converted to the 3j-acetoxy-
-5a~-hydroxy derivative (LXXIII). Af this juncture the
synthesis departed from the conventional lines described
above, for it was found that if the rearrangement of
''epoxyenes'' sueh as (LAXII) or (LXXIII) were carried
out in ether instead of benzene using a boron trifluoride
catalyst the product isolated in high yield was a non-
~conjugated, unsaturated, ring-C ketone [a reaction

independently discovered by Heusler gt al. (56)].
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Rearrangement of (LAXIII) by this method gave 33-acetoxy-
-11120-dioxo~-33~-gllopregn~7-en-5a~0l (LXXIV). Catalytie
hydrogenation of (LAXIV) effected reduction of the A7-bond
and g0-keto-groups and oxidation of the crude reaction
produet afforded 3j-acetoxy-11:20- dloxo-93-allopregn-Sa=-ol
{LXXV). Treatment of this material with 205 potassium
hydroxide solution effected epimerisation at C(g) giving
the required 1l1:20-dioxogllopregnan-33tSa-diol (LAXVI),

The latter compound was converted to cortisone (see later),
and to ll-oxoprogesterone (LAAVIII) by oxidation at C(j)
followed by base catalysed dehydration of the product
(LXAVII) to give (LXXVIII). In a later paper (130),
Jones gt al., described an alternative method of preparing
(LZXVI). Treatment of (LXXI) with boron trifluoride
etherate gave (LXXIX) which was rearranged with alkali and
reacetylated giving 33:8a-diacetoxy~-ll-oxoergosta~3:22-
-diene (LXXX). Reduction of (LXXX) with 1lithium in liquid
azmmonia afforded 3)tSa-diacetoxy-ll-oxoergost-£2-ene(LiiXI),
which was then degraded by the gtandard method (365) and
hydrolysed to 1ll:20-dioxogllopregnan-33tba-diol (LALAVI).
These elegant procedures carried out with materials having
groups potentially capable of generating an aj-unsaturated
ketone in ring-A avolds the difficult problem of the
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introduction of aA'-bond into steroids possessing a
ring A/B trans fusion. The latter problem is a serious
stuambling bloek in the conversion to cortisone of all
the ireviously described ll-oxygenated sterolds derived

from ergosterol.

0 M
(a) The method deseribed above has also been applied to
28:23~dibromo~-9atlla-eporyergost-7-en-35-y1 acetate

( LXAXII), and to the dichloro analogue (51). Rearrangement

of elither of these mateorials with boron trifluoride in
ether gave the corresponding A 7-11-oxo0-93-compounds.
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liydrogenation of either of these compounds, however,

gave poor ylelds of the saturated ll-~keto compounds, as
the conditions reguired to reduce the A ?~bond also
caused some reductive delialogenation of the side chain.
(b) A recent publication by Elks, Evans, Long and Thomas
(63) describes the preparation of some ll-oxygenated
steroids by sodium dichromate oxidation of several
7:9(11)-dienes. The most important of theses was the
oxidation of 33:8a-diacetoxyergosta=7:9(11)t22-triene
(LXK) whieh afforded 7'1l-dioxoergosta-513122-trien-33-yl
acetate (LXAXIV) (ehromatography caused dehydration of
the Sa-acetoxy group). This was reduced with zinc dust
and acetic acid to 7:l1l-dioxoergosta-5:22-dien-33-yl
acetate (ILXAXV). Also described is the oxidation, with
sodium dichromate, of 22123-dibromoergosta-7:9(1l)~dien~
-33~-y1 acetate (LAXAVI) which gave, as the major product,




22123~d1ibromo-~-7t11l-dioxoergost-3-en-33-yl1 acetate
(LXAXVII) previously obtained by Hudziarek gt al. (111).
These oxidations procseded in poor yleld and have little,

if any, preparative value.

Cortisone from 11-0xveenated Steroids.

Several routes have been outlined above for the
syntheses of li-oxo-l17-acetyl steroids from ergosterol,
and methods for the conversion of these to cortisone are
described below.

(a) Cortisone from 7t1l-dioxogllopregnan-33-yl acetatet-
The conversion of 7:1l1-dioxogllopregnan-33-yl acetate
[also obtained from cholestercl (44), stigmasterol (44),
diosgenin (44,50) and hecogenin (60)] to cortisone
requires the introduction of hydroxyl groups at C(,7) and
C(sa), and the transformation of the 3J-acetoxyl group to
a AY-3-oxo-systen.

The elaboration of the side chain was achieved (47,
81) by the application of a method due to Callagher (682,
83) for the conversion of an acetyl group at C(jy) to a
dihydroxyaecetone group. Bnol acetylation of 11:20-dioxo-
allppregnan-33-yl acetate (LVI) gave (LXAAVIII) which was
preferentially oxidised, with perbengoic aeid, at the
A =-bond, yielding the 17a:20a2-epoxide (LAXXIX). This
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compound on mild alkaline hydrolysis afforcded 111380~
~-dioxogllopyregnane-33:17a~diocl (XC). Bromination of
the latter in chloroform gave the monobromo intermediate
(XCI), which when treated with sodiumz acetate solution
afforded Zl=-acetoxy-1l:20-dioxogllpopregnane-33:17a~diol
(XCII1).

s

Xcn X Cl X<,

Farton gt al., (182) found that this process gave poor
yields due to simultaneous epoxidation of the A ?(33).
-bond. They developed a much superior method involving
mono-enol acetylation of the C(s,) ketone. This treat-
ment of (LVI) with acetiec anhydride, in carbon tetra-
chloride, in the presence of a catalytic trace of per-

chloric acid, gave the enol acetate (iCIII) which on



epoxydation and btasiec hydrolysis afforded 11:20-dioxo-
allgpregnane-83:17a-diol (XC) in an overall yield of 02%.
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=0

c—ofe

LVi.

The conversion of (iCII) to cortisone to cortisone acetate
has been elaimed by Tishler gt al., (47) by a method
involving bromination and dehydrobromination. Experimental
detalls have not yet been disclosed.

Pjerassl and his co-workers have described a method
for converting allosteroids into 3-oxo- A*-derivatives and
have completed the conversion of (XCII) to cortisone (85).
tUxidation of Z2l-ncetoxy-11:20-dioxogllopregnane-3@ 17a~-diol
(XCIT) with N-bromosuccinimide in Lfgrk.-butanol gave the
triketone (XCIV), which on dibromination in anhydrous
acetic acid, using a catalytic trace of hydrogen bromide,
afforded the &:4~dibdromo derivative (ACV). When refluxed
for &4 hours with sodium iodide in acetone, (XCV) yielded

cortisone acetate (iCVI).
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(b) Cortisone from pregnane-3:11:20-trione (87,136).

Pregrane=-3:11:20-trione (XCVII) has been prepared by
catalytiec hydrogenation (838) of ll-oxoprgoesterone
(LLAVITII), a procedure which also gave the gllg isomer
(ACVIII). A mueh superior method involves microbiolog-
ical oxidation (20,137) of progesterone (IC) {now avallable
from ergosterol (106,108,114) which gave 1lj-hydroxy-
progesterone (C). Selective catalytic hydrogenation of
this compound led to (CI), which on oxidation furnished
pregnan=-3t11+:20-trione (XCVII) 4in high overall yield from
progesterone.

Selective reduction (87) of pregnane=-3:11:20-trione
vith sodium borohydride gave 11l:20-dioxopregnan-3az-ol (CII)
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the side chain of which was elaborated (138) by the
Gallagher method (82,83). The resultant 2l-aecetoxy-11:20-
~dioxopregnane-3ar171-diol (CIII) was then oxidised with
N-bromosuccinimide in jgrt.-butanol to Zl-acetoxy-3:11:20-
-trioxopregnan~17az-o0l (CIV)., ‘Monobromination of this

compound ylelded the 4-bromo derivative (CV), which
(33
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afforded cortiscne acetate on pyruvie aeid cleavage of
the derived semlcarbazone.

The introduction of A%-3~oxo gysten Ly the above
method is based on a procedure first discovered Ly
Zendall (63), and is a general reaction for normal (A/B
ring gig-fusion) steroids. An alternative method 1if
dehydrohalogenation has recently been deseribed Ly
Holysz (89) inveolving the use of lithium chloride or othep
metallie chlorides, in dimethylformamide solution. The
yields by this method are equally good and its simplicity
compared with Xendall's method would seem tomake it the
reaction of cholce.

(e) Cortisone from 11:20-dioxogllppregnane 33:5a~-diol.
Jones g% al., (128,130) found that in order to
elaborate the cortical side of 1ll:20~dioxogllppregnane~
-3316a~diol (LIXVI) and at the same time retain the Sa-
-hydroxyl group (for introducing the A\ ®~3-oxo grouping
at a later stage) the procedure of Sarett (131) was best
employed. The widely used method of Gallagher gt al. .
(82,83) proved to be too drastie, as simpler Sa-hydroxy
compounds were readily dehydrated to A®-steroids, under

these conditions.

Addition of hydrogen cyanide to the moncacetate(CVI)
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of (LAXVI) gave a cyanohydrin (CVII) in which the C(g5)~
-hydroxyl group was then solectively dehydrated with

phosphorus oxychloride in pyridine to (CVIII). The
% Toon
e

resulting nitrile (CVIII) still retaining the Sa-hydroxyl
group was oxldised with osmium tetroxide and the product
hydrolysed to the 17a~hydroxy compound (CIX). This on
bromination gave (CX) which,when treated with potassium
acetate, followed Ly oxidation of the C(s)-hydroxy group,
and dehydration of the Sa-hydroxyl, yielded cortisone
acetate (XCVI).
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The work described in this thesis is part of a
progranne designed to effeet a partiasl synthesis of
cortisone from ergosterol, and had as its objeet the
partial synthesis of ll-oxygenated steroids, and of
materials suitable for ll-oxygenation by bilological
means. These investigations began in 1951 shortly
after Tishler and his co~-workers had outlined (44) a
general scheme for the synthesis of ll-oxosteroids
from steroids eontaining a A°-bond such as ergosterol,
diosgenin and stigmasterol. At this stage also,
methods of obtalning ergosta-7182-dien-3)~yl acetate,
and its oxidation product ergosteryl- D acetate, were
being considerably improved and a successful approach
for the conversion of ergosterol to a c(;‘)-oxygenated
steroid (110), alternative to the one above, was nearing
completion.

Sinece that time the latter work and the experiments
described in this thesis, performed during the past
three years, have been reported in a series of publie-
ations (109=-114).
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Zrgogteryl-D Acetpte and 22:23-Dibromocergostervl-D Acetate.
The approach to the partial synthesis of ll-oxygen-
ated steroids, possessing a two-carbon atom side chain,
demanded two qualifications of the starting material,
(a) that it should possess in ring-C, a function permitting
ready oxygemation at C(a.), and (b) that the side chain
should be amenable to degradation to an acetyl group.
Although ergosteryl-D acetate (III) fulfilled these con-
ditions, difficulties had been encountered in its prepar-
ation. This consisted of hydrogenation of ergosteryl
acetate (i) %o ergoata-7:22-dien-33-yl acetate (5:8-
-dihydroergosteryl acetate) (II) followed by oxidation
with mercuric acetate to ergosteryl-D acetate (III).
Ergosta-7:22-dien-33~yl acetate (II) had been
prepared previously by Heilbron and Sexton (26), Wieland
and Benend (25),and Barton and Com (70), all by partial

Hiy CqMn Hin

I .



hydrogenation in a reutral solvent. ione of the prepar-
ations gave good ylelds, the best (7C) realising a 30-35%
yield using a platinum catalyst and chloroform as solvent.
Anderson, Stevenson, and Spring (110) investigating
methods of improving the yleld, carried out the hydrogen-
ation in pure benzene with a Raney nickel catalyst and
obtained ergosta-7:22-dien-3j-yl acetate in 90% yleld.

Subsequently other workers have reported various
inproved procedures: Fannizon and Kagi (72) obtained a
gimilar yleld with Rupe nickel in ether solution, Laubach
and Brunings (71) reported a quantitative yield with
Raney nickel in dioxan and, more recently, Ruyle gt al..
(78) have found that the reaction can be efficliently
carried out at 3 atm. pressure in benzene solution with
a Raney nickel catalyst.

Ergosteryl-D acetate was originally prepared by the
oxldation of ergosta-7t2&~-dien-3)-yl acetate (II) with
mercuric acetate using a modification of a method first
used by Bergmann and Stevens (33) for the preparation of
dehydroergosteryl acetate from ergosteryl acetate. The
method was found to be unsatisfactory, for although an 855
yield of crude material, [alp}; 18°, could be realised,
its purification to econstant optical rotation was extremely
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vesteful, the yleld of product with [alp<. 28 not
exceeding 30,6,

In a search for alternative methods of preparing
ergosteryl~l acetate, Spring and his co-workers (110)
studied the action of bromine on ergosta-7:22-dien-33-yl
acetate, since ick and Hollingsworth (74) had found that
oxidation of cholest-7-ene in chloroform with bromine at
-76° gave cholesta-7:9(1l)-diene. The former workers
found that bromination of ergosta-7:82-dien-3j-yl acetate
in ether at -80“ led to the separation of a tetrabromo-
ergostenyl acotate in 43-537 yield. This tetrabromide
which zan also be obtelned directly from ergosteryl-D
acetate is moderately stable in the solid state, as are
its solutions in ether or dioxan. Iliowever, alecohol and
particularly chloroform solutions, suffer profound decomp-~-
osition, even after a short period at room temperature.
Sodiun {odide in ethancl-benzene effects partial debromin-
ation giving 22:!23~dibromoergosta-7:19(1l )~-dien~33~yl
acetate [dibromoergosteryl-D acetate] (IV), the structure
of which was first established by its conversion to
ergosteryl-D acetate and secondly by its characteristiec
ultraviolet absorption, identical in location with that
of ergosteryl-D acetate. In contrast with tetrabromo-
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ergostenyl acetate, 2Z:25-dibrococergosta~7:23(11)-dien-~

-35~y1 acetate 1s markedly stable and can be hydrolysed
with ease to the eorresponding aleochol (V).

The structure of the intermedlate tetrabrouide has
been established by Yerck and Co., (Frivate communication,
R. Stevenson) by chemical methods. They have shown that
of the three probable structures (VI), (VII) and (VIII),
the tetrabromo-compound has the structure (VIII).
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Confirmation of this could possibly be obtained by

spectroscopic methods. The tetrabromide shows a high
1ight intensity absorption at 2570 I (¢ = 8750) and
comparison of this with the ultravioclet absorption spectra
of 4:5-dibromo-3:4-dimethylhex-Z~ene and of g2:5-dibromo-
-314~dimethylhex-3-ene, or materials containing these
systems, might show some correlation, and enable a com-
plete decision between the 1:Z and 1:4 structures to be
made.

21 23-Vibromoergosta~-719(1) }~dien-35-yl acetate,
obtained in 9075 yield by sodium iodide debromination of
the tetrabromide, undergoes debromination guantitatively
when heated with zinc dust in ether-ethanol giving
ergosteryl-l acetate (III). The latter material can
also be cbtained in 765 yleld by bromination of ergosta
-7t 22-dien-33-yl acetate in ether, followed by treatment
with zinc dust, without isolation of the intermediate
tetrabromide.

These investigations (110) thus provided excellent
methods of obtaining ergosta-7:18Z-dien~-33-yl acetate,
ergosteryl-D acetate, and 22:23-dibromoergosta-7:9(11)~
-dien-35~-yl acetate.




11-Oxygenated Steroids from 22:23-Ribromperzosta=-7:9(11)-
-diep-33-yl Acetate.

The introduction of an ll-oxygen function into the
sterold nucleus starting from ergosterol and proceeding
by way of 228:23-dibronoergosta~7:3(11)-dlen~3:5~-yl acectate
(IV) has many attractive features, not the least of which
is that the bromine atoms afford an excellent methed of
protecting the side chain.  22:23-Uibromoergosta-7t9(1l)-
-dien-33-yl1 acetate 1s espeecially useful during oxidations,
involving an excess of oxidising agent, where attack on an
unsaturated side chain may take jlace. In particular the
dibromo-side chain permits selective nuclear hydrogenation
in high yield under specifled experimental conditions.

The dibromo-derivatives usually crystallise in well
defined forms and are considerably more insoluble in the
eomnmon organic solvents, than thelr corresponding O *2-
-unsaturated analogues. In addition, the side chain
ethylenic linkage can be regenerated, in quantitative
yield, by debromination with zinc prior to side chain
degradation. A comparison of the molpeular rotations of
the various ergosterol derivatives with those of the cor-
responding 22:23-dibromides shows that the 22:23-dibromo-

-gteroids have a higher positive rotation (mean value of
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80 units; see ixperimental; 105-113). In some cases
the individual groups in the nucleus exert some vicinal
action causing divergence from the mean value.

Since the initially devised route (110) from 22: 23~
~dibromoergosta~-719(11 }~-dien~33~-yl acetate to an 1ll~-
~oxygenated steroid, involving peracetic acid oxidation,
had not given high ylelds the problem was approached from
an alternative direction. Oxidation of 22:23-dibromo-
ergosta=-713(1l )~dien-3:~yl acetate (IV) with one mol. of
perbengoic aeid in chloroform gave & monoepoxide in 70%
yield. The reactions of this compound, which are
deseribed below, show that it is the 22:23-dibromide of
ergostery1-D acetate epoxide [itself obtained by a similar
oxidation (44)] and to which the structure 9atlla-epoxy-
ergosta-7:122-dien-3)~yl acetate (X) was aseribed by
Heusser gt al-, (45). This is supported by the observ-
ation that catalytic hydrogeration of 22:23~dibromoecrgosta-
~7:9(11)-dien-35~-yl acetate leads to initial saturation
of the A®(33)-pond with the formation of 22123-dibromo-
ergost-7-en-33-yl acetate (XI).

Alkaline hydrolysis of 22:23-dibromo-9a:lla-epoxy-
ergost-7-en-35-yl1 acetate (IX) yielded 22:283-dibromo-
-3a1lla~epoxyergost-7-en~-3, -0l (XII) reacetylation of
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which gave the parent acetate The epoxy-bridge is
stable to all alkaline conditions, but under the

influence of acld catalysts, four distinet compounds can
be obtained, all in high yield, depending on the experi-
nental conditions chosen.

Controlled treatment (Pudziarek, Fh.D. Thesis) of
22: 23-dibromo~-9at lla-epoxyergost-7-en-3i-yl acetate (IX)
with sulphuric acid in aqueous dioxan gave 33-acetoxy-
-22?23—d1bromoorgost-3-en-7§ella-diol (XITI) in excellent
yield. The latter ecompound was also formed when Sarlla-
-gpoxyergosta-7122-dien-33-yl acetate (L) was treated
vith bromine in chloroform solution or whem 22:23-dibromo-
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-9a:1l2-epoxyergost-7-en-3 -yl acetate (IX) was eryst-
allised from acetone containing a trace of acid.

Cxidation of (XIII) with chromium trioxide in acetic
acid gave a mixture of 22123-dibromo-3ata—-epoxy-7:11-
-dioxoergostan-33-yl acetate (XIV) and 22¢:23-dibromo-7:ll-
-dioxoergost-3-en-3j-yl acetate (XV). This parallels
the similar oxidation (45) of 33~acetoxyergosta-8:22-dien-
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-7§:11a-diol (XVII) to Ba:da-epoxy-7tll-dioxoergost-22-
-an-33-yl acetate (IVIII) and 7:11-dioxoergosta-3:228-
~dien-33-yl acetate (iIX), although only the latter
compound was lsolated when the oxidation was conducted in

Cq un CeH
o n
-
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acetone solution (44). Reduction of (XIV) or (XV) with
gine dust in acetic acid afforded 7:ll-dioxoergost-22-
~-en~-33~-yl acetate (XV1), debromination being simultan-
eously effected.

Frolonged treatment of 22:23-dibromo-9a:lla-epoxy-
ergost-7-en-35-yl acetate (IX) with hydrochloric aeid in
aqueous methanol, followed by reacetylation of the product,
ylelded 22:23~dibromo-7-oxoergost-3-en-33-yl acetate (XX),

cQ“ne*z. Ch“nﬂ%.. Cquﬂ




debromination of which with zinc afforded the known
7-oxoergosta-3:22-dien~33-yl acetate (Xi1) identical with
that obtained by previous workers (45, 75,109).

Treataent of 22:238-dibrozo-903tlla-epoxyergost-7-en~
-33-y1l acetate with beron trifluoride etherate i lepzene.
using the method deseribed by Heusser gt al., (46) for
the prejaration of ll-oxcergosta~3:22-dien-~-33-yl aecetate
(XXII), gave 22:23-dibromo-ll-cxoergost~3-en-38~yl
acetate (XXIII) in 30% yield. Debromination of (XXIII)
vwith zinc ylelded (XXII) quantitatively. The hydrolysis

J 0s
S
H XX I,

l:‘ XX (V. H WKk X4 XK .

of {(AXIII) did not proceed in a sinmple manner and its
reactions with alkall will be discussed in a later

section
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Blks gt al-. (57) have recently shown, in accordance
with earlier work (54), that 22:23-didbromo-9a:lla-epoxy-
ergost-7-en-3,-yl acetate wvhen treated with boron tri-
fluoride etherate in gthar solution zives rise to 22:23-
-dibromo-ll=-ox0-9j-argost-7-en-33-y1 acetate (XiIV). The
same product could be isolated, when bengzene was used as
solvent, provided the reaction was quenched after about
15 secs. The marked susceptibility of this epoxide to
rearrangement under the influence of acids, meritsz comment,
but before discussing these reactions it is necessary to
consider two important facts: {a) that one of the more
important factors governing the course of a chemiecal
reaction 1s the nature of the solvent employed (118), and
(b) that the formation and subsequent rearrangement of a
carbonium ion is dependent on the stability it may derive
from its environment (119) Recognising these basic
tenets, the reactions of the epoxide possibly proceed by
the following mechanisms.

In highly polar solvents, using an acidic catalyst,
the rearrangement takes the course outlined below (45)
giving (XI1) as the first isolated product. ¥roton fission
of the epoxide (IXa) generates a carbonium ion at C(j)
(IXb) whiech immediately passes into the form (IXe), a much
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more stable state due to the distribution of the & ve
charge over three carbon atoms instead of one, and to
the electiron-donating character of the solvent which by
solvating the lon causes even greater distribution of
the charge; both effects lowar tne energy of the system.
The distributed ion (IXe) ther abstracts an anion from
the solvent, in this case OHe {aqueous medium) giving
(XII). Henbest gt al., (77) found that 1f acetic aeid
were used as the solvent, en acetate group appeared at
C(7), as might have been expected 1if the above foraml-
ation of the reaction is correct.

The diol (AII) in the samne wmedium can then undergo

a similar further rearrangement, as shown to the 7-oxo-
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Here again the polar solvent stabilises the distributed
ion (XIIb). The system ultimately attains complete
stability by rearrangesent, and ejection of a proton
from C(9), giving the enol form (XIlec), which bLecomes
(XXa).

In weakly polar or aprotic solvents, carbonium ions
are only stabilised to a small extent by the medium and
thiis nay assuse alternative charge distributed forms.
Thus the ion (IXe) which would possibly be formed at C(g)

<bg. F!K?
:Eé{i;:t:

1Xd. XxXNa .

vhen the epoxide (IXd) is treated with boron trifluoride
in ether, could not undergo complete solvation by ether,
and takes the ghortest alternative route to stability in
the formation of the synartetic ion (IXf) (121,118). The
latter's formation is, without doubt, simultaneous with
the fission of the 9ailla-epoxy-bridge, a full ®ve
charge never appearing at C(g) at any one instant. This
transition complex (IXf) then attains complete stability
by the formation of a C(i3)-ketone and attachment of the
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former C( ,;)-p-hydrogen at C(p) giving (XXIVa).

In benzene where boron trifluoride etherate displays
an even greater eloctron withdrawing ecapaeity (without
doubt due to the greater dissoeiation of the etherate in
benzene, i.e. mass action effeet. RORDF3; + inert solvent

<=7 ROR + HFg), the formation of (XXIVa) is immediately
followed by eonjugation of the A 7-bond with the C(;;)-
-ketone, the C(,;-3-hydrogen atom undergoing a 113 shift
to C(9) giving (XXIII). This rearrangement also occurs
very slowly in ether. Other strongly electron-withdraw-
ing magents (lewis acids) sueh as magnesium bronide (78)
and ferric chloride (49) will also cause these arrange-

ments, in the same gsolvents, and by similar mechanisms.

Since 22:23-dibromo-ll-oxocergost-23-en-35-yl acetate
had been obtained in good yleld from the 9atlla-epoxide,
it was felt that a stereospecific reduction of the A °-
-bond of the former compound might lead to 22:23-dibromo-
-ll-oxcergostan-3j~yl acetate (XXV) and thus provide a
much more convenient synthesis of ll-oxoergost-22-en-33-yl
acetate (XXW, In view of the protection afforded the
N%-bond by the iromine atoms ecatalytic hydrogenation of
the A ®-bond of (XXIII) was attempted by several methods.
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Hydrogenation of 22:23-dibromo=lli-oxcergost-3-en~-33-yl
acetate and lilkewlse of zZZ2rEld-dibromo-9atlla-epoxy-
ergost-7-en-3,-yl acetate (IX) in glacial acetic aeid,
using a platinum catalyst, caused hydrogenolysis of the
carbonyl or epoxide group respectively, and migration of
the double bond in each compound giving, in high yleld,
221 28-dibromoergost-8(14)-en-33-yl acetate (XXVII).
Attempted saturation of the 3(9)-ethylenic linkage using
a palladium catalyst with glacial acetic acid as solvent,
or a platinum oxlde catalyst in ethyl acetate solution,
resulted in a negligible uptake of hydrogen, and only

starting material was recovered from the reactions.



- £9 -

Parallel with these attempts at catalytic hydrogenation,
several methods of chemical reductlion were also investi-
gated. Treatment of (AXIII), in refluxing amyl aleohol,
with sodium metal gave only & non-erystallisable gum,
whilst aluminium amalgam in molst ether gave a mixture of
reduction products, inseparable Ly erystallisation, and
which resinified during chromatography.

before an outlined programme of sueh reduction
experiments could be completed, Tishler gt al., (48) in
a brief communication reported that ll-oxoergosta-3:22-
-dien~-33~yl acetate (AXII) could be reduced to ll-oxo-
ergost-22-en-3J-yl acetate (AXVI) by means of lﬂbﬁium
metal in liquid ammonia. Simultaneously L Jjerassi and
his co-workers (73) stated that with the analogous dios-

genin derivative (XiVIII) limited quantities of lithium
in liquid amsonia reduced the A ®-bond to the natural
331 %a-configuration. In the presence of alcohol and an




exeess of lithium, the ll-keto group also underwent
reduction giving the lla-hydroxy derivative (XXIX). When
this reduction procedure was apylied to Z22:23-dibromo-
-ll-oxcergost-S~-en~33-y1 acetate, in the absence cf
alecohol, only one product,ergost-22-en-33:1la-diol (XXXI),
isolated as its diacetate (XXXII), was obtalned, irres-
pective of wvhether limited or excessive amounts of lithium
wers used. [ven when the reaction time was limited to
tvo minutes, the sole product after reacetylatiorn wvas the
diacetate, the reduction, as before, being accompanied by

debromination.
CqWn
N
Ao H WX,
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However, roduction of ll-czoergosta-3122-dien~-3i-yl
acetate (XXII) with limited quantities of lithium in
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liquid ammonia afforded ll-oxcergost-22-en-3g-ol (XXXIV).
Acetylation ylelded (XXVI) 1dentified by comparison with
a specimen prepared according to Heusser gt al (45) and
Chamberlin gt al., (44).

It 13, therefors, considered likely that the lithium
bromide produced by debromination »f the side chain =ay
exaert a catalytic effect in furthering the reduction of
the C(ii)-ketone, although no exparisents wers performed
to confirm this point of vievw.

Hydrolysis of 33tlla-diacetoxyergost-22-ene gave the
diol reacetylation of which afforded the parent dlacetate.
The constants obtained for these two eompounds are ident-

iecal with these found by previous workers (850).

Y S = -
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ihe of ilkall on 22:23-Rllromo-1l-gxperzogt-3-gn-
-39-xl Acetate.

Preliminary attempts to saponify 22123-dibromo-ll-
~oxoergost-3-en-33-yl acetate (XiIII) were complicated by
an epimerisation occurring at c(‘.,, and even initial
attempts to obtain the l43-epimer, using conditions
described by Djerassi (79) for epimerisation of the dios-
genin analogue, were not very successful. In view of
this, the effect of alkaline conditions on (XXIII) was
investigated.

It was found that the desired 22:23-dibromo-ll-oxo-
-14j-ergost-3-an-33-yl acetate (XiAXV) could be obtained,
in good yield, by refiuxing 22¢23-dibromo=~ll-oxoergost-
-8-en-33-y1 acetate with 5% methanolic potassium hydroxide
for 5~-3 hours followed by reacetylation. 3horter reaction
periods of 1-2 hours led to mixtures, difficultly separ-
able by crystallisation and giving at best only small
quantities of the required l4j-epimer. The best method
of obtaining the 14 -epimer (XXiV), however, consisted of
treating the l4a-epimer (XXIII) with dry hydrogen chloride
in refluxing glacial acetic acid, followed by reacetylation.
221 23-Vibromo-11-oxo-143-ergost-8-en-33~yl acetate was
characterised as the aleohol (XXAVI) by basic hydrolysis,
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reacetylation affording the p;rent acetate. Do—bromination
of the latter with zinec dust yilelded l1ll-oxo-l4j-ergosta-
-3 22-dien-33~yl acetate (XiiVII) alkaline hydrolysis of
which led to the aleohol (XXXVIIT). Treatment of 22:123-
~dibromo=-1ll-oxoergost-3-en-3,;~yl acetate with methanolie
potassium carbonate, under conditions whieh did not lead
to any epimerisation at C(44) gave 22:23-dibromo-1l-oxo-
ergost-3-en=-33=-01 (XAXIX). Likewise, ll-oxoergosta-3:22-
-dien-33-yl acetate (XXII) gave the corresponding

el




aleochol (XL). Reacetylation of these alecohols regener-
ated the acetates.

In all of the l4j-steroids of this type, that have
so far been examined, the ultraviolet absorption peak of
the ring-C-aj-unsaturated ketone appears apyroximately
50 ; lower in wavelength than the peak for the l4a-
-~analogues, as shown in the table bLelow.

Absorption
Max.

x=a x=0
22' 8-Vibromwo-11-oxo-14x-ergost—3-en- .
-35-y1 acetate 25308 24308
221 28-D1 bromo~11-oxo-14x-ergost-3-en-33~01 2540 2490X
11-0Oxo-14x-ergosta~-3:22-dien-33~yl acetate 2630 24304

11-0xo-14x~ergosta-3: 22~dien-33-0l 25404 25004
3P 73-Diacetoxy-22: 23-dibromo-ll1-oxo-
-l4x-ergost-3-ene 24908 24404

33t 73-Diacetoxy-11-oxo-l4x-ergosta-
-3122-d1iene 24908 24504

The last two l4j-compounds, in the table, (for samples of
which the author 1s indebted to J.Grigor of this Depart-
ment ) were postulated as having a l45-hydrogen atom in a
previous paper (115) and the positions of their ultra-
violet maxima confirm the assignuent of these configuratins.
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Djerassi gt al., (79) deserile ll-oxo-Z2a-spirost-3-en-
-3p-yl acetete and its l4;-isomer, both as having maxima
at 2520 A. No explanation of this anomaly is apparent.

Treatuzent of 22:23-dibromo-ll-oxocergost-3-en-35-yl
acetate (XXIII) with a 127 solution of potassium hydroxide
in ethanolic benzene for a short period, followed by
reacetylation, gave a product which, from a consideration
of 1ts physical and chemiecal properties, is considered to
be 22:23~dibromo=-1l-oxocergost-3(14)-en-33-yl acetate (XLI).
Basiec hydrolysis at 15° gave the alecohol (XLII), acetyl-
ation of which gave the parent acetate.

CqHnBts . CqMin By, CqHn s,

The structure of this steroid and its aleohol were deter-
ained by the following date:~

(a) Heither compound showed significant light
absorption above zzocz; below 22003 the curve character-
istics were indicative of a tetrasubstituted double bond
(80,31).



(b) Examination of the infra-red spectra of the
aleohol and its acetate indicated the presence of a non-
-conjugated ketone in the former and of ketone and acetate
groups in the latter (see LExperimental).

(e) Reconjugation of the A%(3)-bond with the C()
ketone could be effected by prolonged refluxing with
dilute alkali, or by treatment with dry hydrogen chloride
in chloroform in boiling glacial acetic acid. Hydrogen
chloride in chloroform effected reconjugation very slowly:,
only 10% of the crude reaction product being 22:23-dibromo-
~1ll-oxo-143-ergost-3-en-33-yl acetate after 3 hours, as
shown by spectrometric data.

Vebromination of 22:23-dibromo-ll-oxoergost-3(14)-en-
-33-yl acetate with zinc gave ll-oxoergosta-3(14):22-dien-
-33=-y1 acetate (XLIII) characterised as the alcohol (XLIV)

Cq “\\e""z CqHn CqH1y
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by hydrolysis, at 16°, with dilute alkall. Treatment of
ll-oxoergosta-3(14):82-dien-33-yl acetate (XLIII) with
dilute alkali, at reflux temperature, for § hours, afforded
ll-oxo~-l4j-ergosta~3:22-dien~33-yl acetate (XiXVII) after
reacetylation.

The configuration of the C(g)~hydrogen atom in the
A2 (44)-11-0x0-compounds 1s eonsidered to be 9a in view of
the fact that the initially formed 22:23-dibromeo-ll-oxo-
ergost-3(14)-en-33~01l (ILIV) was produced under equili-
brating conditions. This 1s also supported by the action
of alkall on 33173-dlacetoxy-22!23~-dibromo~11l-0x0-93~
-ergost-3(14)-ene (XLV) which gives initially 22:23-
~-dibromo-1l-oxo~-9a-ergost-3(14)-en-33:73~diol (XIVI)(1158),
indicating the 91 configuration to be the most stable in
these A ®(**)-compounds.

cﬂ“n&t Cq “ﬂe'x.

HO : OH
XVi.

“hereas 22:23-dibromo~ll-oxo-ergost-3-en-3p-yl
acetate (XXITI) and its l4)-epimer (iLiV) undergo enol



acetylation, with 1sopropenyl acetate im the presence

of an acid catalyst, to give 33:1l-diacetoxy-22:23-
-dibromoergosta-7:3{11)-dien (XLVIII) and 33tll-diacetoxy-
~-22128~d1i bromo-143~-ergosta-7: 3(11 )~diene (XLIX) respect-
ively, 22:23~-dibromo-ll-oxoergost-3(14)-en-33-yl acetate

qu-lnet‘ . qu\n&\
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(XLI) was reccvered unchanged under these eonditions, no
ring~-C homoannular diene being formed, Debromination

of the enol acetates (ALVIII) and (XLIX) gave 3p:1l~-
~dlacetoxyergosta-7:9(11)~diene (L) and 33:ll-dlacetoxy-
-14j~ergosta-719(11)-diene (LI). The hetercannular
nature of these four dienes was established by an examin-

ation of their ultraviolet absorption spectra, all of
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which showed an absorption peak with no fine structure
in the region 2390-2450 A (af. Djerassi gt al., (83)].

In view of the results obtained by the action of
strong alkali on 22:23-dibromo-ll-cxoergost-8-en-33-yl
acetate the reaction was followed spectrometrically in
order to determine whether arn equilibrium mixture of the
AP(4%) 1 50mer and the 143-isomer was being produced, and
to give a rough indication of the most sultable reaction
time, to obtain a maximum yield of the former material.
In the examination of this reaction, samples of the
reaction mixture were withdrawn over a period of approxi-
mately 2 hours. Each specimen was worked up, acetylated
and the erude acetate examined for absorption intensity
at 2430-2630 Z. The results, shown in the graph opposite,
indicate that under the conditions of the experiment, the
Af-bond moves out of conjugation with the C(,,)-ketone
quite rapidly to give the A%(**)_31-oxo-steroid, while
reconjugation cecurs more slowly to yleld the l4j3-~steroid.
The latter compound, in the acetate form, was the only
substance which was isolated from the final reaction
mixture. From the minimam point on the curve, it can be
inferred that the maximum yield of 2&:83-dibromo-ll-oxo-

ergost-3(14 )~en-33-yl acetate might be obtalned after
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22 minutes. The solubility of the latter, however, is
similar to that of the starting naterial an€ experiment-
ally a reaction period of 3C minutes was found to be an
optimun for a good yleld and easy purification.

Treatnent of pure 22:23-dibromo-ll-oxo-l4 -ergost-
-8~en-33-yl acetate (XXiV) with a 12% solution of
potassium hydroxide in ethanol-benzene for 2.5 hours,
followed by reacetylation, gave a product whose ultra-
violet absorption spectrum showed a peak at 2480 A, only
slightly lower in intensity than that of pure starting
naterial. IExtensive examination of this waterial failled
to reveal the presence of any 22:23-dibromo-ll-oxoergost-
-3(14)-en-83=-yl acetate {(iLI) indicating that £2:28-
~dibromo~-11l-oxo-l4j-srgost-8-en-33-0l1 is stable to the
actiocn of alkall. As expected, treatment of 28:23-
-dibromo-ll-oxoergost-3(14 )~en=-3Pp-yl acetate with strong
alkall sclutlion gave the l43-1isouer.

The facile migration of the O *-bond out of conjug-
ation with the C(,i)-ketone demonstrates the thermo-
dynamically stable nature of the A%(*)_pond. In addition,
the A %-bond 1s in an unfavoured position with regard to
the two trans linked systewus of rings 4 and B and of rings
C and D (89), although in view of the reconjugation which



oM -

can take place, the most eritiecal factor is the stable
&ia-fusion of the C/D indene system. In this conneetion
it is interesting to note that Barton and laws (32) have
shown that Ilndane systems of slmilar mclecules are the
most stable when the C/ D ring fusion 1s Lrans.




The Zeductlon of 22:23-Pillromoers
Acetate,

Concurrently with the oxidation experiments that were
carried out on 22:23-dibromoergosta~7t2(11)-dien-33~-yl
acotate (IV) a study was made of 1%s catalytic redustion
(113). £2:23-Dibromoergosta-712{1l)-dlen-33-y1l acetate

2ka-719(11 )-dlen-33-y)

offars some advantage over ergosteryl-D agetate as a start-
ing point for the synthesis of ll-oxo-steroids, since
nuclear oxidation is more efficiently effected in the former
than in the latter, presuanbly because of partial attaek
at the side chain ethylenie linkage. The side chain
halogen atoms also provided a satisfactory protection of
the 22:23-double dbond of ergosteryl-D acetates undar the
hydrogenation conditions used anc, coupled with the easy
rogeneration of the A"“-bond by zine dust, has led to
efficient methods for the preparation of ergosta-3(14):22-
~-dien-33-01 (LIV) and ergost-&8-en-3p-ol (LIX). Of these
compounds the former has been described by lLaubach and
Zrunings (71) since this work was completed. They prepared
it by hydrogenation of ergosta-8:3(14):122-trien-35-yl
acetate (LiXXIV) 4in a neutral sclvent over Raney nickel.
Lrgost-2¢-en-33-01 has been obtalned by Barton, Cox, and
Holness (34) by partial hydrogenstion of jgpergosterone
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{iAIT) to 3-oxoergost-2iZ-ene (LXX.IITI) followed by
reduction of the latter with sodium and propanol.
i{ydrogenation of 22123-dibromcergosta-7:9(1l)-dien-
-33=y1 acetate (IV) in ethyl acetate over platinum gave
22t 23=dibromoergost~7-en-33=-yl acetate (XI) which was
characterised by hydrolysls to the aleohol, and as the
derived benzoamte. The moleeular rotation data (Table I)
support the structure alloecated to 22s23-dibromoergost-7-

-en-33=0l1. Furthermore, the observed changes in molecular

C‘l“ﬂﬁ'fx. \“q&l-




rotation accompanying saturation of the double bond
(comparison with 2g2:23-dibromoergostan-33-ol, its acetate
and bengoate) are in agreement with values for the satur-
ation of comparable stenols (23,35). The structure
allocated to £2:23~dibromoergost-7-en-33-yl acetats was
confirmed by its conversion, in high yield, to ergosta-
-7122~-dien-33~yl acetate (11) by zinc dust treatment.
Hydrogenation of 22:23-dibromoergosta-7:98(11)~-dien~
-3)-yl acetate in acetic acid over platinum gave 22123~
-dibronoergost-1(14 )=-en-33-yl acetate (AiVII) character-
ised as in the case of the /\"-iscmer. Furthermore,
shaking 22:123~-dibromoergost-7-en-33-yl acetate (XI) in
acetic acid with s platinum catalyst saturated with
hydrogen caused isomerisation to 22:23-dibromoergost-
-3(14)-en-3p-yl acetate (XiVII). The location of the
double bond in these eompounds follows from well estab-
lished considerations (38). Thus the moleeular rotation
changes on acetylation D\ ; and benzoylation A\ ; of the
alcohol, are in good agrecment with representative values
for other Sa-st-3(14)-en-33-ols, and the ultravioclet
absorption spectrum of the acetate agrees with that
expected for a N24) _stenol (30,31) or its acetate.
liowever, although the molecular rotation changes on
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acetylation and benzoylation of 22:23~-dibronoergost-
~-3(14 )~en-33-0l1 are normal, the A -values for saturation
of the double bond are only in fair agreenent with
standard values for 8(14) stenols. This indicates asome
degree of vieinal action of the side chain [ef. Mancera
et al., (87)].

Uebromination of 22:23-dibromoergost-3(14)-en-33-y1
acetate with zince afforded ergosta-3(14)s22-dien-35-yl
acetate (LITI) which was characterised by hydrolysis to
the aleohol (LIV).

As has already been mentioned . reviously, (XAVII)
wvas also obtained when, either 22:23-dibromo-ll-cxcergost-
-3-en-33~-yl acetate, or 22:23—d1br6mo-9u:lla-opoxyergOUt-
~-3~-an-3P~yl acetate was hydrogenated in acetic acid using
2 platinum catalyst.

Treatment of 22:23-dibromoergost-3(14)~-en-33-yl
acetate or bengoate with dry hydrogen chloride in chloro-
form zave mixed crystals which could not be resoclved by
crystallisation. Debromnination of the acetate dibromide
nixed crystal gave ''p’''-dihydroergosteryl acetate char-
acterised by the preparation of the corresponding aleochol
and benzoate. ''3' '=Dihydroergosteryl acetate was shown

by BSarton, Cox and fiolness (34), t- be an inseparable
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enuimolar mixture of ergosta-3{14):22~-dien~-33-yl1 acetate
(LIII) and ergosta-l4:22-dien-33-yl acetate (LV).

CQ“"‘ qu-\neb,__ CqHn

o W, H i, A W i

The product obtained by isomerisation of 22:238-dibromo-
-ergost-3(14)-en-33~yl acetate 18, therefore, a mixture
of 28:23-dibromoergost~3(14)-en-3j~yl acetate and 22:23-
~dibromoergost-l4~-en-33-yl acetate (LVI), and, since it
affords ''y''-dihydroergosteryl acetate in nearly quanti-
tative yield, it is inferred that it, iikewise, 13 an
equimolar mixture. The moleecular rotations of 2Z2:23-
-dibromoergost~l4-en~33=-0l and its derivatives, caliculated
from the values for 22:283~dibromoergost-3(14)-en=-33-0l1 and
of the mixed crystals (22:28-dibromoergost-3(14)-en-3i-o0l
and 22t z3-dibroncergost-(14)-en=33-0l) are shown in Table

XX+
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Although the A values for acetylation and Lenzoyl-
ation of g2:23~dibromoergost-l4~en~-3j-ol are in reason-
able agreement with standard values for A'*-stenols, the
changes in molecular rotation acecompanying saturation of
the double bond of this compound and its derivatives
(ecomparison with the corresponding derivatives of 22:28-
-dibromoergostan-33-0l) are anomalous, in this respect
resenbling 28a-gllospirost-3(14)-en=-3)-0l in which a
stronz vicinal effect of the sapogenin side chain was also
observed (37) Summarising, the dibrominated side chain
exerts a profound vicinal effect upon the 14(15)~, a less
pronocunced effect upon the 3(14)-, and no effect upon a
7(3)=ethylenic linkage.

A preparation of 2¢:23-dibromoergostan~-3;~yl acetate
(LVII) was achieved by isomerisation of 22:23~dibromo-
ergost-3(14 )-en=-3i~yl acetate with dry hydrogen chloride,
hydrogenation of the mixed erystal with a platinum
catalyst, and removal of unsaturated material by Anderson
and Nabenhauer's methed (90). Alternatively, the crude
hydrogenation product was treated with an excess of per-
benzelc aeid and the oxidation mixture chromatographed.
In addition to (LVII) a compound CgpliasO3Brs was isolated.
This is regarded as 22:23-d1brouo-8$:14§—epoxyergostan~
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-35-yl acetate (ii).

The increasing importance of prozesterone, due to
its easy biological oxygenation (20) to lla-hydroxy-
yrogesterone prouyted an attempt to obtaln better ylelds
of 2g:23-dibronocergostan-33~-yl acetate. This compound
could possibly form a useful precursor for a synthesis of
progesterone. Attempts to improve tnis hydrogenation,
however, (a) by hydrogenation of &2:23-dibromoergest-3{14)-
-en~3,~y1l acetate or of 22:23~diiLromoergosta~-719(1l)-dien-
~-34~y1 acetate in the ,resence of hydrochloric acid (122,
132) at 0% or 30% (b) by repeated rearrangezents and

hydrogenations of 22:<3~dibromoergost-7-en-gp-yl acetate,



and (e) hydrogenation of 22:23~-dibrouocergosta~7:3(1l)-
~-dien-35~-yl acstate in hydrogen chloride-saturated ether,
“ere not successful. (Some, but not all, of these
experiments are reported in the Zzperimental). The chief
reason for this fallure appears to be that the long
periods of hydrogenation needed for saturation of the
nucleus caused marked reductive debrozination of the side
chain.

Ugbrozination of 22:25-dlbromocerzostan-33-y. acetate
gave ergost 2g-en-3. -yl acetate (LVIII) echaracterised, by
basic hydrolysis, as the aleohol (LIX).

D e
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ihe onveralop of irgosterel %o srogcate
It has reeently been shown that mieroblologiecal

oxidation of progesterone (LAXIX) gives a 0% yleld of
lla=-hydroxyprogesterone (LAiXII) whiech can be transfermed
into cortisone by a ten step route of high overall
efficlancy (87). The lack of any abundant indigenous
steroid easily convertible to progesterone, coupled with
the lizited availability of progesterone itself, prompted
the exploration of a possible partial synthesis from
ergosterol (1). (For a sumsary of alternative available
methods of preparing progesterone, yidae (133)] The
prime aim was to obtain a nuclear saturated A**-gteroid
vhile retaining an oxygen function at C(3) Subsequent
tc this the side chain could be degraded to give s suit-
able pregnane derivative. Beth of these objects were
achieved by the methods described Lelow (114).

Cxidation of ergosterol to ergosta-4:7:2Z-trien~3-
-one (ergostercne) (LXI) by the Oppenauer method (91)
gave a highly coloured product which required extensive
purification, vith econsequent poor yleld. A eonsiderable
1zprovenent was made by using aluminium Lgrt.-butoxide in
toluene with gyelolexanone as a hydrogen acgeptor.

although the removal of self condensation products of



cyglphexanr: was necessary, before good ylelds of ergo-
sterone were obtalned.

The method of Barton gi al., 34) was used for the
rearrangenent of ergosterone to ergosta=-4:3:2E~-trien-3-
-one (lgpergosterone) (LAII). Foron trifiuoride in
ether failed to effect any rearrangement.

In connection with tails project it was also decided
to attempt the C(,,) microblological oxidation of ergosta-
-4t 28-dien-3-one (LAIII). lHowever, the only available
method, at that stage, of obtaining ergosta-4:g82-dien-3-
-one was that due to Barton, Cox, and liolness (34) who
prepared it by a selective catalytic hydrogenation of
Japgergosterone. The yield, moreover, had heen so poor
that the method could not be deeued of any preparative
value, and alternative methods were sought.

Fleser gt al. (92) had found that a l2-oxo=7:9(11)-
-diene system could be reduced with zinc dust in acetie
acid to the lz-oxo-3-ene steroid, whiech then rearranged
under the influence of acid or alkall to the lZ-oxo-9(1l)-
-gne compound. Application of this reduction to jgp-
ergostercne gave, after chromatography, a minute quantity
of the desired ergosta-4:2s~-dien-3-one (LAIII). Zine
dust in ethanol effected no reduction whatsoever, while



- 84 -

lithiun aluminium hydride in ether zave only ergosta-
-4: 8 22-trien-33~0l {(IXiXTT).
H.

/) LX),

With the failure of this attempt, attention was turned to

the possibility of employing a hydrogenation proeedure.
Heduction of Jjggergosterone in gyclohexane with a Raney
niekel catalyst proceeded very rapidly at first but was

arrested after the absorption of approximetely 2 mols. of



hydrogen. Chromatography of the complex product yielded
only two pure materials of unknown constitution, which
were not further investigated. when the hydrogenation
was earried out using a palladiumn-gtrontium catalyst in
pure bengene, and the reaction stopped after the
absorption of 1 mol. of hydrogen, ergesta-4:2g-dien-3-
-one was obtained in 40§ yield Attempts to improve
this yleld by employing different solvents, or by stopping
the reaction after the absorption of 0.8 mol., or of
1.2 mol. of hydrogen, were not successful. A mach more
satisfactory synthesis of ergosta-4r22-dien~-3-one was
evolved by reducing jggergosterone with a blue solution
of 1ithium metal in liguid ammonia, in the presence of
methanol. In the light of this result it is interest-
ing to recall that reduction of A ®-1l-oxo-steroids with
lithium in liquid ammwonia gave the corresponding satur-
ated ll-oxo-steroid (43,73), whereas with exeess lithium
in liquid ammonia, the saturated lla~hydroxy-steroid was
obtained. More recently Barton, Ives, and Thomas (938)
have found that reduction of A 4¢~3-~oxo-steroids with
lithiun in liquid am=mcnia gave the saturated Sa-ketones.
The reduction of the dienone system may possibly
proceed by the following mechanismi 116 addition of two
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olectrons would give the dianioncid system (LAVI) which
by the attachment of a proton, from the methancl, at C(9)
and a lithium catibn at the C(3) oxygen atom would afford
the metal enolate (LXVII). There 1s good reason to
believe that this would be stable to further reduction
(94). Subsequent working up would afford the A ®~3-oxo-
steroid (LAVIIT), whieh, under the experimental condit-
ions, would isomerise to ergosta-4:2:-dien-3-one [ef.
Sireh (96)].

Mierobiological oxidation, according to Peterson gt
al., (20) of ergosta-4t:2z-dien~3-one was attempted using
the mould Rhilzopus Higricans (see Experimental). Extens-

ive examination of the recovered stercidal material failed



to reveal the presence of any transformation products,
and no other work was done in this direetion.

Selective hydrogenation of Jggergosterone with a
palladium-charcoal eatalyst in the presence of alkall
gave Si-ergost-22-en-3-one (I XIV) in slmost gquantitative
yield. The latter compound was also obtained, when
ergosta-4!gg~dien~3-one was reduced under the same con-
ditlons, although in muech lower yield. Fhen Sj~-ergost-
-22-en-3-one was crystallised from methanol, containing
a trace of mineral acid, it readily formed a ketal (LXV),
from which the parent ketone was regenerated by hydrol-
ysis with aqueous mineral acid. The faeile formation
of this ketal is in accord with the observations of
Fieser (98) on the reductive methylation of 3-oxo-5)-
-steroids. Both the ketal and §3-ergost-2Z-en-3-one
gave the same 2:4-dinitrophenylhydrazone.

Reduction of S53-ergost-22-en-3-one (LAIV) with
lithium aluminium hydride followed by acetylation gave
Sj=-ergost-22-en-3a~-yl acetate (L IX), in good yield,
hydrolysis of which then zave 53-ergost-22-en-3a-ol (LXX).
The last compound had been prepared by Barton, Cox, and
Holness (34) by sodium-propancl reduction of &i-ergost-

-Z2-en-3-one (LXIV), which they obtained by ecareful
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fractionation of the complex mixture derived from a
partial hydrogenation of jgpergostercone in the presence
of a platinum eatalyst in ethyl aeetate solution. The
side chain of Sj-~ergost-22-en-3-yl acetate was then
degraded to an acetyl group accerding to the method
siiown in the scheme (preceding page).

Ogonolysis of &j-ergost~22-en-33-yl acetate (LAIX)
in chloroform at -45°¢ followed by decomposition of the
ozonide with zinc dust and acetic acid gave a mixture
Sa-acetoxyhisnorenolan-22-51 (LiIXI) and 2:3-dimethyl-
butyraldehyde, each of which was charaecterised by prepar-
ation of its 2:4~dinitrophenylhydrazone. The aldehyde
(LXXI) was further characterised, and identified, by
oxidation,either with chromic acid or ozone, to 3a-
-acetoxyblsnoreholanie acid (LXAII), which had previously
been obtained by side chain degradation of lithocholie
acid (97,93). Treatment of 3a-acetoxylhignoreholanie
acid with dlazomethane in ether gave the corresponding
methyl ester (LiAITI).

Although attempted enol acetylation of 3:-acetoxy-
Lisperenclan-22-al (LXAI) using acetic anhydride in carbon
tetrachloride and a pereiloric acid catalyst falled to

give a pure product, treatment of the aldehyde with acetie



anhydride~potassium acctate gave an oily enol acetate

{ LXAIV) which defied crystallisation. Ogonolysis of
this material followed by decomposition of the ozonide
with zinc dust and aeetic acid gave 20-oxopregnan-3ag-yl
acetate (LXiAV) as the major product. ©Basic hydrolysis
gave the alecohol (LXXVII). The latter compound had
previously been prepared from lithocholic aecid (29) and
also from pregnane-3:20-dione (LAXVIII) by preferential
reduction either catalytiecally (100,101) or with sodium
borohydride (87). A seecond amorphous (minor) product
from the ozonolysis of the enol acetate (LXXIV) was
readily separated by ehromatography since it was mueh
more strongly held by alumina. On acetylation it ylelded
3at20a-dlacetoxypregnane (LXiV1), after chromatographie
purification. The isolation of this diacetate is attri-
buted to the formation of a small quantity of 3a-acetoxy-

pregnan-20a~ol (LXiX), during the zinc dust decomposition
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of the ozonolysis product. The diol (LAAXI) has been
isolated from pregnancy urine by Hartmann and locher
(103) and has been obtained (101) by sodium and jgao-
propyl alcohcl reduction of 3a-hydroxypregnane-zi-one
(LXXVII).

Cxidation of 3Sa-hydroxypregnane-zZ20-one with chromium
trioxide in acetic acld yielded pregnane-3:20-dione
( LAXVIII) from whiech progesterone may be obtained by the
method of Butenandt and dchmidt (104).

{Fregnane-3:20-dione (iXAAVIII) was ldentified by
comparison with a specimen prepared by a modification
of a method due to bButenandt and Fleisher (102) involv-
ing catalytic reduction of progesterone. Sa-ilydroxy-
pregnane-20-one (iAAVII) was identified by comparison
with a specimen prepared by sodium borohydride reduction
of pregnane-3t20-dione (87)].

Since this vork was completed, similar partial
syntheses of progesterone from ergosterol have been
briefly described by the Upjohn group (106) and by
Lalgleish, Green and roole (10€).

Methods for converting progesterone to cortisone

have een described in the preceding section of this

thesis.







BAPERINENTAL

Srgosta~-7t2e-dlen~-3p-yl Agstate (6:6-Uihydroergo-
steryl Acetate). - A solution of ergosteryl acetate
(35 g+) in benzene (300 c.c.) was added to a suspension
of Raney nickel sludge (W.8; 15-20 c.c.) (LRg.-Synih. .22,
€6) in pure bengene (60 c.e¢.,) and the mixture shaken
with !lydrogen. When the hydrogen uptake ecorresponded
to 2140 c.c. (Theo = 1900 e.c,) the reaction was arrested
anc the catalyst removed by filtration. Evaporation of
the filtrate AN yacup yielded a solid which erystallised
from methanol-ehloroform giving ergosta~7t2i-dien-3j-yl
acetate (25 g.) as lustrous plates, m.p.178-130°, [a]p
-20° (e, 1.4). Light absorption: 1t showed no high
intensity absorption above 2200 ;. It gave a yellow
colour with tetranitromethane in ehloroform. Concentrat-
ion of the mother liquors yielded a further quantity (7g.)
of ergosta-7:22-dien-33-yl acetate, which after a further
erystallisation, had m,p.130-1381°, [a]p =81l° (e, 2.0).

Zrgogta-7:9(11)t22-Lrien-35-y]l Ascetate (Ergosteryl-D
scetate). - A solution of ergosta-7:2i-dien-33-yl1l acetate
(150 g.) ir chloreform (140C c.c.) was added to a

solution of mercuric acetate (174 g.) in stabilised
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glacial acetic acid (2600 c.c.) and the mixture divided
inte two equal portions. Zach portion was shaken in a
wWinchester bottle for 13 aours at 16°. After standing
for a further six hours the precipitated mercurous
acetate was filtered, and the flltrates eombined and con-
centrated below 50°, under reduced pressure, to 300 c.c.
The erystalline solid (73 g.), which separated on cooling
vas collected, washed with methanol, and dried An XYacug.
Three recrystallisations from chloroform-methancl gave
ergosta=-7:3(1l)t82-trien~-3j)~yl acetate (33 g.) as elong-
ated plates, n.p.176°, [a]p +&€8° (e, 1.8). iLight
absorptiont maxima at 2350 A (¢ = 18,500) and 2420 A

(¢ = 17,300), with an inflexion at 2510 A (¢ = 12,700).
It gives a red-brown colour with tetranitromethane in

chlorofora.

Tetrabromoergostenvl Acetate. - fSrgosta-7:22-dien-
-35-yl acetate (10 g.) in pure dry other (1 1l.) was
cooled to -2C° and a solution of dry bromine (6.1 e.c.)
in glacial acetic aeid (80 ec.c.) added in one portion
with swirling. The nixture was then quiecitly cooled in
an external acetone-carbon dioxide bath to -45° and
allowed to come to room temperature over £ hours. The

white floeculent precipitate (3.3 g.) which had separated



vas filtered, washed with ether, and dried Jin ¥Yagug for
15 minutes at 16°, m.p.l1l4~113° A specimen after two
erystallisations from benzene-petrol had m.p.l27-123¢

(decomp. ). The crude naterial (m.p.114-118°) was used

for further reaction.

22t 23-plbrongergosta~7t9(11)-dian-35-yl Acaetate, -
A solution of tetrabromoergostenyl acetate (20 g.) in
benzene (300 e.c.) was treated with a soclution of sodium
iodide (30 g.) in ethancl (300 c.ec.) at 15°. Af'ter
standing for 18 hours, the mixture was poured into a sol-
ution of sodium thiosulphate (3 1., 4%) to remove free
iodine. The yellow benzene layer was separated, washed
with water, and dried (NagzSO4). Removal of the ber:zene
uncder reduced pressure below 80° gave a yellow erystalline
solid, which crystalliised from clhiloroform-methanol giving
22 23-d1bromoergosta~7:9(11 )-dien~-33-yl acetate as thick
colourless prismatic rods (12.5 g.), m.p.283~-280°, [a]p
+31° (e, 1.8). Light absorption: JMaxima at 2350 (¢ =
19,000) and 2420 A (4 = 21,000) vith an inflexion at
2500 A (4 = 13,000), With tetranitromethane in chloro-

form 1t gives a red-brown colour.



Ergoata-7:9(11)122-trien-33-yl Acetate (Ergosteryl-b
Acstate). - 22:23-Uibromoergosta-7:93(11)=-dien-33-yl
acetate (10 g.) in ether (600 c.c. ), containing glacial
acetic acid (1 e.c.), was stirred at roo: temperature for
five hours with zinc dust (20 g.). The solution was
filtered to remove excess zinre and the filtrate washed
with vater, dried (Nagily) and evaporated under reduced
pressure. The crystaliine residue (8.3 g.); M p.176~
-176¢, was reecrystallised from chloroforxz~-methanol,
affording pure ergosta-7:9(1ll):2&-trien-33i-yl acetate as
large elongated plates, m=.p.173%, [a]p *832° (¢, 1.4)
Light absorption: Maxima at 2360 (¢ = 17,000) and 2420 A
(¢ = 19,000) with en inflexion at 2510 A (¢ = 12,000).

It gives a red-brown colour with tetranitromethane in

chloroform.

22123-Libromo-9a:1la-gpoxyexzogst-7-a0~39-xl Acgtate.-

22: Z3-Uibromoergosta~-719(11 j~dien-33-yl acetate (10 g.)
was dissolved in chloroform (240 c.c.) and treated drop-
wise with a solution of perbenzoic acld (1.2 mols) in
chleroform (60 e.c.) over a period of 38 hours. During
the addition the solution was stirred and maintained at
-10° by an ice salt bathy the perbenzoic acid was kept

at 0° by using s jacketed burette, the jacket containing
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ether through wihich a stream of air was drawn. inis
device maintained the perbenzoic aeid at 0° The reaction
mixture was kept at 0° for a further 12 hours, then

washed with sodiun carbonate solution (6%), water, and
dried (HagilOg). Removal of the chloroform under

reducec pressure below BC® gave a white solid which was
erystallised from pure acetone or petrol to give 22:&3-
-dibromo-3atlla-guoxversost-7-gn-35-yl1 agetate as needles
(8.8 g. ), m.p.218%, [a]; -24°, -26° (e, 1.5, 1.7). It
gives a yellow colour with tetranitromethane in chloroform
and does not show high intensity light absorption above
8200 A.

Crystallisation from acetone led to the separation
of a microerystalline solid, m.;.200°, very insoluble in
the usual solvents except pyridine, and undepressed in
wmelting point when mixed with a specimen of 3p-acetoxy-
-82:23~dibromoergost—~8—-on-75:‘lla-diol (m. poe 204¢) (Found!
C,68.8; H,8.0. Cale. for CyoMaglaBrat C,57.0; H,7.65%).

Crystallisation from technical methanol gave a
naterial of m.p.231-232° after three crystallisations,
showing the characteristiec absorption of an ap-unsatur-
ated ketone (¢ = 800C). This compound is probably

{mpure 22:23~dibromo=-7-oxoergost-3-en-i3-yl acetate.



22 23~2i bromo- 211 11a-gpoxy-7-gn-33-9l. ~ 22:23-
~-libromo=-9atlla-epoxyergost-7-en-33~yl acetate (0.380 g.)
was dissolved in benzene (40 c.c.) and added to a solution
of potassium hydroxide (1 g.) in methanol (&0 c.c.). The
mixture was refluxed for £ hours, then poured into water
and extracted with ether. The ethereal layer was separ-
ated, washed with water, dried (NazS80,), and taken to
dryness under reduced pressure. Crystallisation of the
residue from methanol gave Z2!:23-gihromno-9arlla-guoxy-
erzost-7-gn-33-gl as plates, m,p.200-g02°, [a]p -27°
(e, 0.7) (Found: ©€,53,01 H,3.0. Cgpllge0aBrs.Cly0H
requires C,57.8; H,3,0%). It gives a yellow colour with
tetranitromethane in chloroform and does not show any

selective light absorption above 2200 K.

ez 23~21hrong-7-oxoergost-3-gn~33-y1l Acelale. -
2z123-vibromo-9atlla-epoxyergost-7-en~-35~-yl acetate
(0«7C g«) in methanol (100 c.c.), and benzene (7 c.c.)
wvas treated with concentrated hydroechloric acid (g c.c.)
and the mixture refluxed for 1.5 hours. The solution
was then diluted with water and the preeipitate filtered,
washed with water and dried. The solid was reacetylated
using pyridine-acetic anhydride. Working up in the

usual way and erystallisation of the product from methanol
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ation of a solution in bengene (10 c.e.) through a

column of alumina (2.5 x 5.0 em.) which was eluted with
bengene (10 c.c.). Evaporation of the combined eluates
gave a white residue recrystallised three times from
methanol giving 22:23-dibrowo-7-0x0erroat-3-an-33-yli
agetate as plates, m.p.241-242¢, [alp ~29° (e, 1.5)

(Found: C,58.83 H,7.68. Cg3ples03Br; requires C,53,83
H,7.66%). Light absorption: Max. at 2580 A (4 = 10,000).
1t gives only a faint yellow colour with tetranitromethane

in chloroforn.

7-Uxoergosta-3r2o-glen~-oi-yl Acetate. - 22:23-Dibromo-
-7-oxoergost-3-en-33~yl acetate (0.06 g.) was dissolved
in ether (20 e¢.c.) and ethanol (20 c.e.). Zine dust
(1 g.) was added and the mixture refluxed for Z hours.
The excess ginc dust was removed and the filtrate concen-
trated to small bulk. Isolation of the product in the
usual way, and erystallisation from methanol furnished
7~-oxocergosta-3t2z-dien-3 -yl acetate (0.032 g.) as plates,
m.p.209-211°, [a], -66° (e, 0.6) (Found: C,79.1; 1,10.3.
Calec. for CyoHeslat C,70.23 H,10.2%) It was undepressed

in melting point when mixed with an authentic specimen.
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Light absorption: Max. at 2520 A (¢ = 10,000). It
gives a yellow colour with tetranitromethane in chloro-

form.

22:23~Pihrono~11-pxoorgost-3-gn-35-y1 Acetate. -
221 23~Uibromo-3atlla-epoxyergost-7-en-33-y1 acetate (lg.!
in dry bengene (80 c.c.) was treated with dry, redistilled,
boron trifluoride etherate (15 drops) and the solution
kept at 15 for 3 days. The mixture waa then diluted
with ether, (100 c.c.), washed with sodium hydrogen
carbonate solution, water and dried (Nagilq). The solvents
were removed under reduced pressure and a solution of the
residual yellow solid in benzene (25 c.c.) was percolated
through a column of alurine (3 x 1.25 em.). The column
was further eluted with bengene (200 e.c.). The combined
eluates were evaporated to dryress in vacuo and the
residue (0.73 g.) recrystallised Irom chloroform-methanol
to give 22:23-dlbromo-11-gxoersost-3-gn~3/-yl agcetate as
blades, m.p.200-202%, [a]p +83° (¢, 1.1) (Found: C,58.753
He7.7. CaollqaOsBry requires C,563.8; H,7.86%). Light
absorption: Max. at EE630 K (¢ = 9300). It does not give

a coloration with tetranitromethane.
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22t £3~-pibromo-11~gx0greogt-3-an~35-0l. - 4 solution
of £2:Z3-dibromo~ll-oxoergost-3-en-33~yl acetate (0.4 g.)
in benzene (30 c.c.) wvas added to a solution of potassium
carbonate (1 g.) in water (& c.c.) and methanol (30 ec.ec.)
and the mixture refluzed for l.5 hours. Isolation of
the product by the usual procedure afforded 228:23-é¢ilLromo-
~-11l-gxoergogt-8-en-35-gl (0.22 g.) as plates from methanol,
m. p.131-138°, [a]p +98° (e, 1.3} (Found:r C,57.83 H,7.54.
CaplleaOsBrs.CHyOH requires C,57.63 H,3.0%8). Light
absorption: Hax. at 2640 A (¢ = 8600). It gives no

colour with tetranitromethane in chloroform.

11-xpepgosta-3t c2-dlen~35-y1 Agetate, - 22:23-
-4 bromo-~l1ll-oxoergost-3-en-3; -yl acetate (2.8 g.) was
dissolved in ether (200 e.e.) and methanol (200 eg.c.)
and the mixture refluxed with zine dust (8.0 g.). The
excess zinc was removed Ly filtration and the filtrate
concentrated to small bulk, diluted with water and
extracted with ether. Working up in the usual way gave
ll-oxoergosta-3:22-dien=-33~yl acetate (1.864 g.) as
glistening plates from methanol, m.p.133-134°, [a] +1l04°
¢y 1.0} (Found:r C,79.84 H,10.4. Cale. for Caollge0s:
Cy79.85 1,10.3%). Light absorption: Max. at 2630 A
(¢ = 9000). It gives a faint yellow colour with tetra-
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nitromethane in chloroform and shows no depression in
melting point when mixed with an authentic specimen,
me pe122-180°, [a]; +102° prepared according to leusser
et al., (45) who gave m.p.182-123%, [a]p +92°.

livdrogenation of 22:25-Dibromo-9a:lla-gpoxyerrost-
~7-gu-35-yl Acetate. - (a) A solution of 22:23-dibromo-
-9atrlla-epoxyergost-7-en-33-yl acetate (0.44 g.) in
glacial acetic acid (30 c.c.} was added to prereduced
platinum catalyst (from 0.1 g. Pt0sz) in glacial acetie
acid (50 e.e.). The mixture wvas shaken with hydrogen
until absorption ceased (32 c.c.j 1 mol = 32 ¢.e.). The
catalyst was removed by filtration and the bulk of the
acetic acid taken off under reduced pressure. The
residual l1liquid was diluted with water and the granular
precipitate filtered, washed with water and dried.
Crystallisation from chloroform-methanol afforded glisten-
ing plates of 22:23-dibromoergost-3(14 )~en-3p-yl acetate
(0.22 g.), m.p.139=-180°, [a]p +3° (¢, 1.0) (Founds
€,80.05 H,8,1. CgoligaOsBry requires C,80,03 H,8.0%8).
It gives s deep yellow colour with tetranitromethane in
chloroforn. Light absorption: no high intensity
absorption above 2200 ;. Below 2200 A the curve exhibits
the characteristics of a tetrasubstituted double bond,
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31003000, 4248507500, 423006600, €3:301400.
(b) Using the same experimental conditions as above with
dioxane as solvent, the starting material was recovered

unchanged.

Lydrogenation of 22:23-Librope-1l-oxoergost-S-en-
-33-yl Acatate, - (a) 22:23-Uibromo-ll-oxoergost-3-en-
~-33-yl acetate (0.& g.) in pure acetic acid (100 ec.c.)
was added to prereduced platinum catalyst (from FtOg,

0.2 g.) in pure acetic acid (60 c.c.). After shaking
the mixture with hydrogen for 10 hours the catalyst was
removed and the filtrate concentrated, diluted with water
and the product isolated in the usual way. Crystallis-
ation from chloroform-methanol gave 22:28-dibromoergost-
-3(14 )~-en-3 -yl acetate (C.25 g.) as lustrous plates,
meP.189-190°, [alp +3.5 (e, 1.0) (Found: C,80,2; H,3.4%).
Mixed with a specimen prepared in the previocus experiment,
it showed no depression in melting point.

(b} Attempted hydrogenation using a palladium oxide
catalyst with acetic acid as solvent or a platinum oxide
catalyst with ethyl acetate as solvent effected no reduct-
ion, starting material heing regovered unchanged.
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themical feductions of 22:23-Dibromo-1l-gxoergost -
-3-gn-33-yl Agetate, - (a) Sodium-Amyl aleonol:- 22:28-
-J{bromo~ll~oxoergost-3-en-3,~yl acetate (0.3 g.) in
n-amyl aleohol (40 c.c.) was heated to reflux and
sodium (0.8 g.) added as fast as reaction would permit,
then allowed to cool. Isolation of the product as usual
yielded a non-crystallisable gum. No crystalline
material could be isolated on ehromatography.
{b) Aluminium Amalgam:- A solution of 22:23-dibromo-
-1l~ox0ergost-8-an=33~yl acetate (0.4 g.) in ether
(100 c.c.) was added to amalgamated aluminium foil (5 g.)
covered with ether, and a few drops of water added. The
solution was allowed to stand at 16~ for 24 hours with
the addition of water (0.5 c.c.) after 8 hours. irocess-
ing in the usual way gave a white solid whiech was cryst-
aliised from methanol, giving a mixture of plates and
prismgs (0.18 g.), m.p.135-150°. After four recrystallis-
ations the product had m.p.167-170° showing negligible
light absorption and still obvicusly a mixture from the
two crystalline forms present. Chromatography failed
to effect any separation.
(e) Aluminium jggpropoxide failed to effeet any reduct-

ion.
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33tlla-piacetoxvergoat-2e-gne. - 28t23-Dibromo-11-
~oxoergogst-3-en-33-yl acetate (0.3 g.) in dry ether
(800 ec.c.) was added over 15 minutes to a stirred deep
blue solution of lithium metal (0.5 g.) in anhydrous
liquid ammonia {260 e.c. ), Stirring was eontinusd for
a further 2 hours (disappearance of blue colour) and
the solution then allowed to stand overnight to permit
evaporation of the excess ammonia. Water and ether
wore added and the product, isolated in the usual way,
vas acetylated using pyridine-acoetic anhydride. Slow
crystallisation of the acetylated product from aqueous
methanol furnished 3j1lla-diacetoxyergost-22-ene, as
hard needles (0.32 g.), m.p.123-129°, (a]p =81° (e, 0.9).
Two further recrystallisations gave the pure dlacetate,
m.p.132~-133°, {a]p ~36° (e, 1l.2) (Found: C,76.3; H,10.4.
Cale. for CsaligaCet C€,76.75; H,10.5%). It gives a
pale yellow colour with tetranitromethane in chloroform.
[Heusser gt al., (50) give m.p.123-129°, [a]p -83° for
this material. !

Zrgogt-22-gn-35:11a-digl. =~ 3p:lla-iiacetoxyergost-
-2z-ene (0.1 g.) was dissolved in methanol (20 e.c.) and
added to a solution of potassium hydroxide (1 g.) in
water (3 c.c.,) and methanol (30 c.c.). The mixture was
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refluxed for 1 hour, diluted with water and the preeipi-

tate filtered, wvashed with water, and dried 1L YRGUE.

The product was reerystallised from methanol to give
ergost-22-en-3jtlla~diol (0.07 g.), m.p.166°, [aly =-24°(e0,9)
(Found: €,80.7; H,11.8. Cale. for CasilealOs: C,80.7%
Helle8%).

Reacetylation of a sample of this diel by the usual
method gave the diacetate, =.p.132-133° {[a]lp ~-38° (e,1.0),
undepressed in melting point when mixed with the specimen
prepared above.

Attenpted feduction of the A ®-bond of 22:23-Pikromo-
-11-gxoergoat-3-gn~Si-yl Acetate by Lithium in Lizuid
Anmopia. - A sclution of 22!23~dibromo-ll-oxoergost—-3-en-
~33-y1 acetate (0.8 g.) in ether (150 c.c.) was added
vith stirring to a deep blue solution of lithium metal
(0.058 g.3 7 atoms) in anhydrous liquid amsonia (200 c.e.)
and ether (100 c.c.). Addition of the dibromo-steroid
solution was discontinued after 65 c.c. had been added,
the blue colour of the ligquid ammonia solution hawving
disappeared. The mixture was allowed to stand at 13°
for @ hours. Isolation of the product in the usual vay
afforded a white solid, [light absorption: max. at

2580 A (¢# = 400) indicating the almost complete conversion
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of the aj-unsaturated ketone grouping] whiech was reacetyl-
ated using pyridine-acetic anhydride. The erude acetate
vas refluxed with zine dust (1 g.) in ether (30 c.c.) for
0.6 hours to debrominate any remaining dibromosteroid
material. Working up in the usual way and ecrystallis-
ation of the product from agqueous methanol gave 3j:lla-
-diacetoxyoergost-22-ene (0.106 g.) as needles, m.p,132-
-133°, [a]p -88° (¢, 1.08), giving no melting point

depression wvhen mixed with an asuthentic specimen.

11-Uxpergogt~2s-gn=-33-gl. - ll-Uxoergoata-3:2c-dien-
=33~yl1l acetate (0.7 g.) in dry ether (26 c.c.) was added
with stirring to a blue solution of lithium metal (0.045g.
4 atoms) in liquid ammonia (120 c.c.). After 7 minutes
when addition was complete the solution became colourless.
Lithiun (8 mg.) was added (reappearance of blue colour)
and stirring continued for a further 2 minutes. Ammonium
chloride (1 g.) was added to destroy excess lithium and
the product worked up as described in previous reductions
of this nature. The material obtained was completely
saponified using a solution of potassium hydroxide (1 g.)
in methanol (60 e.c.) and water (1 c.c.) and refluxing for
1 hour. Working up in the usual way and crystallising
the product four timnes from methanol gave needles of
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11-oxoergost-2c~en-33-0l, m.p.186-187°, [a]lp +26° (e,0.35).
Yield (0.25 g.) = 36% (Found: C,30.73 Hy11.4. Cale.
for Caailgefa® C,81.13 H,11.26). It showed no selective
11ght absorption above £200 i, and when mixed with an
authentic specimen, m. .187-189°%, [2]; +26°, prepared
according to lieusser gt al. (45) showed no depression in
melting point. It gave a faint yellow colour with tetra-

nitronethane in chloroform.

11-Ox0argoat~2e-en-35-yl Agetate, - ll-Oxoergost-
-22-en-33-0l (0.1 g.) was dissolved in pyridine (2 e.c.)
and acetic anhydride added (1.5 c.c.). After standing
at 15° for 12 hours isolation of the produet by the usual
progcedure gave ll-oxoergost-zZi-en-3, -yl acetate as needles
from methanol, m.p.124-126°, [a]p +12.6° (e, 0.8) (Found:
C,79.85 Hyl0.9. Cale. for Caoli¢aly: ©,73.9§ H,10.6%).
It gave no depression in melting point when mixed with an
authentic specimen prepared according to Heusser g% al.
(46).

9a111a-fpoxvergosta-7r 22-dden-85-yl Acetate, - A
solution of ergosta~7195(ll):22-trien-335-yl1 acetate (10 g.)
in chloroform (90 c.c.) was cooled to -6° in an ice-salt
bath. A solution of perbenzoic aecid (1.3 mol) in
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chloroform (73 c.c.) was added with stirring over 3 hours.
After standing at 0° for a further two hours, the reaction
mixture was shaken with sodium carbonate solution, the
chlorofora layer separated, washed with water and dried
(Na3804). Removal of the chloroform under reduced
pressure, below 35°, gave a white crystalline residue
vhich was crystallised from acetone. 9atlla-Epoxyergost~-
~7t2z~dien~-33-yl acetate (4.9 g.) separated as elongated
plates, m.p.2085°. This product was used for further
reaction., A specimen purified from acetone had m.p.2l0°,
{a)p ~40°® (e, 1.8) (Found: C,79.2§ H,10.3. Cale, for
Caoliga0s: C,79.8y 1,10,2%). Light absorption: no
selective absorption above 220C ;. Chamberlin gt al-,
(44) give m.p.202-205°, [a]p +86°. Heusser gt al. (45)
report m.p.205-207°, [a]p -89.5°.

3)-Agetoxyerzosta-31 ae-m—-vg t1la-giol ([after
Heusser gt al., (45)]. - 9a:lla-Epoxyergosta~-7:22-dien-
-89-yl acetate (0.2 g.) was dissolved in pure dioxane
(180 c.c.). GSulphuric acid (27 c.c.; 2N) was added and
the nmixture shaken for exactly 3 minutes,; poured into
saturated sodium bicarbonate solution (150 c.c¢.) and
immediately extracted with ether (200 c.c. ). The ethereal

layer was separated, washed with water, dried (NagBOgq)
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and taken to dryness under reduced pressure. The total
material from ten such runs was combined, triturated

with acetone (15 c.c.), and filtered. The solid thus
obtained vag dried to give 3)-acetoxyergosta-3t182-dien-
-7§{tlla~diol, (1l.44 g.), m.p.230°, used without purifi-

cation in further reactions.

7:11-Rigxoergosta~3+22-dien~23-yl Acatate lafter
Heusser ot al. (48)]. - 3¢—Acotoxyargosta-al22-dien-7$!
:lla-diol (1.4 g.) was cocled to 0° in an ice-salt bath,
and a solution of chromic acid (1.365 g.) in glacial
acetic acid (316 c.c.) added, together with sulphuric
acid (& c.c.j &€N), over a period of 1 =in. The mixture
was stirred vigorously until all the solid had gone into
solution, and allowed to stand at 15° for 84 hours.
Methanol (60 c¢.c.) was added to destroy the excess chromie
acid, followed by water (1500 e.c.) and the mixture then
extracted with ether (400 e.c.). The ether layer was
separated, washed successively vwith sodium hydrogen
carbonate solution, &% ferrous sulphate solution, water,
and dried (Naz304). Removal of the ether under reduced
pressure gave a gumny residue (1.18 g.) which was taken
up in glacial acetic acid (100 c.e.) and zine dust (1 g.)
added. The mixture was heated to reflux point and a
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further quantity of zine dust (2 g.) added during 0.6
hours. Refluxing was continued for 2 hours, the liquid
reduced to small bulk A5 yague and then diluted with
water and ether. The liquid was filtered to remove
excess zinc dust, the ethereal layer separated, washed
with water, sodium hydrogen ecarbonate solution and dried
(HagS0q ). Removal of the ether under reduced pressure
afforded a pale brown solid (1.09 g.) whieh was taken up
in benzene (50 c.c.) and absorbed on to a column of
alumina (10 x 1.2 em.). Further elution with benzene
(400 e¢.c.), combination of the eluates and evaporation
to dryness yielded a white solid which erystallised from
acetone~-water, affording 7:1l1-dioxoergost-22-en-3j-yl
acetate (0.26 g.) as flocculent wvhite needles, m.p.197-
-198°, [a]p -27° (e, 1.5).

11-0xoargost-22-gn~-33-g) (after Chamberlin gt al.,
(44)]. = 7:ll-Dioxoergost-22-en-33-yl acetate (2.6 g. ),
powdered potassium hydroxide (1.15 g.) and diethylene
glyeol (12.5 ec.e.) together with 307 hydrazine hydrate
(1.26 c.c.) were warmed in an open flask. The tempera-
ture was ralsed to 130-140° for 1 hour, with stirring,
and then to 130-190°¢ where it was maintained for an
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additioral 2 hours. The reaction mi:ture was cooled,
diluted with water and bengene, the organic layer separ-
ated, washed with water, and dried (NagS50y). Removal

of the bengzene under reduced pressure gave a brown solid
which erystallised from methanol as pale brown needles,

Me pe1687-18D°. This was taken wp in methanol treated
with charecoal, and allowed to crystallise. ll-Cxoergost-
-Z22-en-33-0l1 separated as long fine needles (1.26 g.),
m.p.167-189°, [a]; +85° (e, 1.3).

A specimen of the above alcohol was acetylated using
acetic anhydride-pyridine. Working up afforded ll-oxo-
ergost-22-en-3)~yl acetate which crystallised from
methanol as long fine needles, m.p.124°, [a]p +11° (e,1.5).
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22t 23~plhrono-11-gxe-145~ergoat-3-an~35~4l Acctale. -
(a) A solution of 22:23-dibromo«ll-oxoergost-8-en-3j-yl
scetate (1 g.) in methanol (200 e.c.) was added to
potassium hydroxide (13.5 g.) in methanol (100 e¢.ec.) con-
taining water (10 c.e.), and the mixture refluxed for &
hours. U4lution of the reaction nixture with water and
isolation of the steroldal material by means of ether
gave a gurnmy solid which was acetylated using pyridine
(1& c.c. )-acetie anhydride (10 c.c.). Working up in
the usual way and crystallisation of the product from
echloroform-methanol, or acetone-methanol, afforded
rhombohedral erystals of 22t 23~-diiromno~11-gxp-143-egreosk-
-3-gn-33~-y1 agetpte (0.825 g.), mep.171-172°. Two
further recrystallisations from chloroform-methanol gave
the pure compound (0.8 g.), m.p.183-134° (5.189°), [alp
+93°, +92° (e, 1.0, 1.5) (Found: C,63.5; H,7.6.
CaofleaUgirg requires C,53.8; H,7.55%). Light absorption:
Vax. at 2430 A (¢ = 9,800). It shows a faint yellow
colour with tetranitromethane in chloroforn.
(b) 22:23-Dibromo-ll~oxoergost-3-en-3,-yl acetate {(0,76g.)
was dissolved in glacial acetic acid (60 c.c.) and a
stream of hydrogen chloride passed through the =ixture

at the reflux temperature. The reaction mixture was
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taken to dryness, under reduced zressure, and the residue
acetylated using pyridine (3 c¢.c. !-acetic anhydride

(6 e.ce) at 90¢ for 3 hours. Isolation of the acetate
through ether and erystallisation from acetone-methanol
yileldec 28t23~-dibromo-ll-oxo-l4)-ergost-3-en-33-yl
acetate (0.54 g.) as rhombohedra, m.p. and mixed m.p,132-
-183°, [a]p +91° (e, 1.6). Light absorption: Hax. at
2430 A (¢ = 9000).

22:23-Plhromo-11-9x0~143-argost-3-an-35-gl.. - 2823~
~-Uibromo-1l-oxo0-143-ergost-3-en-33-yl acetate (0,192 g.)
in methanolic potassium hydroxide (80 c.c.j; 2%) was
refluxed for 0.& hours. Isolation of the product by
pio~-11-gx0-14 -orgost -
-3-gn~-35-gl which separated from methanol as plates or
needles (0.1 g.), m.p.808-204°, [alp +108° (e, 0.8)
(Found: C,58.7§ H,3.0. CgalisaVadrs requires C,53.3;
H,7.8%). Light absorption: Max. at 2490 A (4= 8,800 ).

Reacetylation of a specimen of the al&ohol (0. 08656 g.)
by the usual method gave the acetate (0.04 g.), m.p.183~
-134°, [a]p +91° (e, 1.0).

means of ether afforded 22:283~-

11-0xg-l4-greoata-3r22-dlen-35-yl Agetate. - 22123
-.ibromo~1l-0x0=-14 ~ergost-3-en-33~yl acetate (0.185 g.)
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in ether-methanol (40 c.¢.§ 1t1l) was refluxed for 2.6
hours with zine dust (2 g.). Isolaticn of the product
in the usual way gave 1ll-gxp-1l4,-grgoata-3:22-glan~33-y1
agatate (0.11 g.) whieh separated from methanol as
glistening blades, m.y.113-114°, [a]; +134° (e¢; 1.3)
(Found: C,79.2§ 1,10.5. Cgolias0s requires C,79.3;
1,10.8%). Iight absorption Max. at 2480 A (4 = 9000).
It gives a faint yellow colour with tetranitromethane.

A specinen of the aleohol (C.l2 g.) was hydrolysed
by methanolic potassium hydroxide (80 c.e.j 2%) at 18°
during 2 days. 1l1-0xg-~l43~-grgosta-3:2z-gign-33-gl ecryst-
allised slowly from aqueous wethanol as plates, m.p.43°
(indistinet), [a2]p +182° (e, 1.5) (Found:r C,78.43 H,10.8.
CeglleeOa.Hg0 requires C,78.13 H,10,8%). Light absorption:
Max. at 2600 A (¢ = 8800). This alcohol is very soluble
in all the common organic solvents. Reacetylation of a
specimen, using pyridine-acetic anhydride, regenerated
the acetate, m.p. and mixed =.p.112-113°, [a]p +134° (e¢,1.5).

22: 23-Dibromo-11-pxoerzost~3(14 )-gn-33-yl Acetate. -
A solution of 22! &Z3-dibromo-ll-oxoergost-3-en-3i~yl acetate
(1 g.) in benzene (4E c.e.) was added to a refluxing

solution of potassium hydroxide (10 g.) in dry ethanol
(45 e.c. ). The mixture was refluxed for 0.5 hours and
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then poured into water (300 c.c.), extracted with ether
(200 c.e. ), and the organic layer separated, dried
(Nag80q) and taken to dryness under reduced pressure.
Neacetylation of the residue, working up in the usual
vay, and recrystallisation of the product three times
from chloroform-methanol furnished 22185

erzost-3(14 )-gp~33-yl acetate (0.4 g.) as needles, m.p.
186-196°, [a]p +60°, +61° (e, 1.25, 0.,9) (Found: C,53. 9
y7.7. Cgolige0sBrs requires C,63.8; H,7.56%8). Light

absorption: (a) 1t shows no high intensity absorption
above 2200 A. 433008200, 431807100, +as008750,%azs01730;
(b) the infra-red absorption spectrum shows peaks at

1724 en.~" and 1736 em.~* indicative of ketone and
acetoxyl groups respectively. It gives a deep yellow

colour with tetranitromethane in e¢hloroform.

22:23~ibhromo-11-oxoargost~3(14 )-an~-33-gl. - A sol-
ution of 22:23-dibromo-ll-oxoergost-3(14)-en-33-yl
acetate (0,143 g.) in methanol (30 c.c.) and bensene
(10 c.e.) was added to methanolic potassium hydroxide
(32 c.c., 4%) and the mixture allowed to stand at 15°
for 2 days. Isolaticn of the produet through ether
and crystallisation from methanol afforded 22:23-¢ibromo-

~-11-gxoergost-3(14)-gn-33-gl (0.0 g.) as plates,
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m.p.135-188°, [al]; +87° (ey 1.0) (Found: C,59.2; H,8.0.
CualigaO3Bra requires C,53.8; H,7.755). Light absorption:
(a) 31003860; (b) peak at 1724 en.~% in the infra-red
spectrum, indicative of an isolated ketons. It gives a
deep yellow colour with tetranitromethane in chloroforai.
Reacetylation of a specimen of this alecohel (0.036 g.)
gave the acetate (0.032 g.) as needles from methanol, B.p.
and nixed m.p.196-198°, [a]p +60° (0.8).

Svdroxide Solutiopn on 22:23-Libromo-11-g9xgerpost-S-gn-
-33~y] Acetate. - A solution of 2223-dibromo-ll-oxo-
ergost-3-en-33-yl acetate (1 g.) in bengene {45 e.c.)
‘was heated to reflux temperature and added to a boiling
solution of potassium hydroxide (10 g.) in ethanol

(45 c.c. ). At appropriate intervals. samples (2 e.c.
each) were withdrawn from the solution and each individual
aliquot worked up in the usual way and the product
reacetylated. Isolation of the acetates gave a gummy
residue in each case, and this was triturated with
methanol to induce solidification. The methanol was
then removed in yagup and the residual solids examined
spectroscopically for maxima an¢ their intensities in the
region 2430-2530 A. (For graph see theoretical).
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Time
(min.) 0 10 20 3 4 S0 90 110
¢ 9200 7360 4000 4350 4800 5200 6600 3400

Crystallisation of the end product gave £22:23-dibromo-ll-
-oxo-l4j-ergost-3-en-yl acctate, n.p, and mixed m.p.132°,
{a]lp +91° (e, 1.3).

Ixectuent of 22:23-bibrome-1l-oxe-l4)-grgoat-3-gn-
-35-yl Acetate witn 125 Potassiup Hydroxide Solution. -
A solution of 22:2£3-dibromo-ll—-oxo~lij-ergost-8-en-33-yl
acetate (0,6 g.) in bengzene (22.5 c.c.) was added to a
refluxing solution of potassium hydroxide (& g.) in dry
ethanol (22.8 e.c.). The mixture was refluxed for 2.6
hours and the product isolated by dilution with water and
ether extraction  feacetylation gave the acetate as a
brown gummy material which was triturated with methanol.
After removal of the methanol under reduced pressure a
repreosantative sample of the solid was examined for light
absorption intensity at 2430 A (¢ = 3900). Crystallis-
ation of the remainder pave successive crops of starting
naterial (0.45 g.), m.p.180°, [a]p +92° (e, 1.4), mixed
melting point 182°. The residual gummy material from
the mother liquor showed a light absorption of +343y6000,
indicating the presence of mainly starting material.
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Ireatuent of 22:23-Pibromo-11-oxoergoat~-s(14)-en-
-83-¥) Acetate wAth JZ5 Potassiug I 2 Solution. -
281 23~C1i brono—~11~oxoergost-3(14 )-en-35-y1 acetate (0.8g. )

in benzene (9 c.c.) was added to a refluxing solution of
potassium hydroxide (2 g.) in othanol (9 c.c.), and
refluxing continued for 2.% hours. VWorking up in the
usual way, reacetylation, and isclation of the acetate
followed by recrystallisation from acetone-methanol
yielded 22:23-dibromo-ll-~oxo-l4,~ergost-S-en-3p-yl
acetate (0.12 g.) as rhomtohedra, m.p.183°, [(a]p +39°
(e, 1.8), mixed melting point 133°.

11-Qxoerzosta-3(14 ) 22-dden~-03-y1 Agetate, - 22:23-
~-Dibromo-1l-oxoergost-8(14 )-en-33-yl acetate (0,15 g.)
in ether-methanol (30 c¢.e.j 1:1) was refluxed with zine
dust (2 g.) for 2.5 hours. The debrominated steroid
isolated in the usual way, afforded plates from methanol
of ll-gxgergogta-3(14):22-dian~->)-yl agatake (0.07 g« ),
m.p.112¢, [a]lp +41.6 (e, 0.33) (Found: C,79.3; H,10.8.
CaolleslgBry requires C,79.3t H,10.8%). Light absorption:
it shows no high intensity absorption above 2200 i;
£21000100, €5.1805800, €53003600 It gives a bright
yellow colour with tetranitromethane in chloroforn.
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11-0Uxpergogta-3(14 )t 22-dien-33-9l, =~ A solution of
ll-oxoergosta-3(14):22-dien~33-yl acetate (0.185 g.) in
methanol (30 e.e.) was treated with a solution of
potassium hydroxide (1 g.) in methanol (30 ec.e.) and the
mixture allowed to stand at room temperature for £ days.
Isolation through ether yielded ll-gxpersogts
-dian-33-gl (0.006 gz.) which crystallised from methanol-
-water in fine needles, m.p.113-114°, [a]p +88° (c,0.94)
(Found: C,81.33 H,10.8. CssligaCs roquires C,81.53
Hel0.75%). Light absorption: no high intensity light
absorption above 2200 i.

Reacetylation of the aleohol (0.081 g.) regenerated
the acetate (0.015 g.), m.p. and mixed m.p.113-114°,
[a]p +40° (e, 0.76).

Jearrangesent of 22+ 23~-Pihrono-1l-gxpargoat-3(14)-
-an-39-x) Agetats. - (a) (Hsing hydrogen chloride).
221 23~Uibromo~1l-oxoergost-3(14)-en-33~y1 acetate (0.12g.)
in acetic aecld (20 ec.c.) was treated under reflux with
a stream of dry hydrogen chloride for 3 hours. The
product, worked up in the usual way, was reacetylated by
pyridine-acetic anhydride at 15* for 13 hours. Isolation
of the acetate folloved the usual procedure and two
recrystallisations from methanol gave £22:23-dibromo-ll-
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~-ox0-14;-argost-3-en-3i-y1l acetate (0.07 g.) as rhombo-
hedral plates, m.;.184°, nixed m.p.134°, [alp +94°

(e, 1.1) (Found: C,863.9y H,7.8%).

(b) (Using dilute alkall) Refluxing a solution of
22! 23-dibromo=-1l-oxoergost-3(14 )-en=-33~yl acetate

(0.112 g. ) in methanol (3C ec.c.) with potassium hydroxide
(1.2 g.) in methanol (30 c.c.) for 3 hours and reacetyl-
ation of the isolated product gave 22!&3-dibromo-ll-oxo-
~l4)-orgost-3-en-3,-y1 acetate which after three cryst-
allisations from methanol had =.p.132° (5.1838°), nixed
melting point 132-134°, [a]; *94° (e, 1.256). Light
absorption: Haxe. at 2470 A {+ = 9000).

Hearrengemept of 11-Oxpergosta-3(14)r22-dlen~35-yl
Agatate. - 4 solution of ll~-oxoergosta-3(14):182-dien-33-yl
acetate (0.03 g.) in methanol (3C c¢.c.) was added to a
solution of potassiuum hydroxide (1 g.) in methanol
(30 e.c.) and water (1 e.c.). The mixture was refluxed
for 6 hours and the product, isolated in the usual manuer,
was reacetylated. Crystallisation of the acetate twice
from agqueous methanol afforded ll-oxo-l4j-ergosta-3:22-
-dien~-33~yl acetate (C.02 g.), m.p. and mixed m.p.110°,
[a)p #180° (e, 0.3).
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Atsempted Engl Asetylaiion of 22!23-PAbromo-11-
~0%oersogt-3(14 )-gn-93-yl Acatate, - 28:23-Dibromo-11-
-oxocrgost-3{14)-an-33-y1 acetate (0,07 g.) was dissolved,
by warming, in jgppropenyl acetate (20 e.c.) and a miero-
drop (3 0,01 c.ec.) of concentrated sulphuric acid. The
solution was heated to 90° for 3 hours and, after the

addition of anhydrous sodium acetate (0.3 g.), taken to
dryness under reduced preasure. The residual solid was
taker up in other-wvater and the ethereal layer separated,
washed with sodium hydrogen carbonate solution, water and
dried (Nag304 ). Removal of the ether under reduced
pressure and crystallisation of the residue furnished
starting material (0.086 g.) as blades from methanol

(0.06 g.)y m.p.198° [a]p +60° (e, 1.2). ILdight absorption:
€208093800. It gave no depression in melting point when
uixed with a specimen of starting material.

33:11-Liacatoxy-22: 23-dibrameergosta~-719(11 )-diane. -
221 23-Dibromo~1l-oxoergost-3-en=-33-y1l acetate (0.4 g.)
was dissolved in jgopropenyl acetate (10 ¢.c.) and a
microdrop of concentrated sulphuric aeid added. After
heating the mixture at 30° for four hours, sodium acetate

(0.2 g.) vas added, and the excess jggpropenyl acetate
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reanoved under reduced uressure. The residue was taken
up in ether and the ethereal layer separated, washed
with sodium hydrogen carbonzte, water and dried (NagBOq).
Rexoval of the ether and crystallisation of the residue
from methannl furnished 33:1l-disgaetoxy-22:23-gibromo-
srgosta-719(11)-gigns (0.31 g.) as plates. m.p.B03-210°,

Three further recrystallisations gave the pure diacetate
(0.19 g, )y mepo213~-224°, [a]p +38°, +38° (e, 1.4, 1.8).
Light absorptioh: Max. at 2390 A (4= 16,200) (Found:
C,68.873 H,7.8. Cgaliga0¢br; requives C,63.5; H,7.4%).
It gives a red-brown colour with tetranitrometnane in

chloroform.

33111-2dacetoxy-22 S3-di brogo-145-grgosta-719(11 )~
-gilgne, - 22:83~Libromno~ll-oxo-l4;-ergost-3-en-3j~-yl
acetate (0.4 g.) in jgopropenyl acetate (10 c.c.) was
treated with a microdrop of concentrated sulphuriec acid
and the mixture heated at 20° for 2 hours. Anhydrous
sodium scetate (0.2 g.) was added and the produoct
isolated as in the previous experiment. Crystallisation
from methanol afforded 355r1)l-glacetoxv-22:23-dibrono-143-
-grzogta-7:3(11)-dleng (0.2 g.) as flocculent needles,
m. p.151-168°, [a]p -82°, -34° (¢, 1.3, 1.75) (Found:
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C,53.753 H,7.86. CgslienleBry requires C,63.58; H,7.45).
It gives a red-brown coloration with tetranitromethane in

chlorofornm

35t11-Piag a-7t2(11 ):22~risne, ~ A solution
of 33:11-dlacetoxy-22:!23~dibromocergosta=-T:9(11)-diene

(0.5 g.) in ether-methanol (60 c¢,e.3 1tl) was refluxed with
gine dust (38 g.) for 3.5 hours. The excess zinec dust was
removed and the filtrate diluted with water. 33111~
-Rlagetoxvercosta-719(11)22-griene isolated through ether,
erystallised as large blades from methanol (C.22 g. ), m.p.
118-117°, [a]p +33° (e, 2.0) (Found: ©,77.73 H,10.0.
Cpallen0¢ requires C,77.4; H,9.75) Light absorption: Max.
at 2400 A (¢ = 15,000). It gives a red-brown colour with

tetranitromethane in chloroform.

35t11-Uiacetoxy-143~argosta~79(11 )1 282-4riere. -

Uebromination of 3jtll-diacetoxy-22:23~-dibromo-l4~ergosta~
~7t9(11)~diene (0.4338 g.), as in the previous experiment,
afforded 3):11-diagcatoxy-145-grgosta~719(11)r22-riene
(C.28 g.) as long fine needles from agqueous methanol, m.p.
30-31°, [a]p -14° (e, 1.2) (Found: C,77.2§ H,9.7. Cgaligaly
requires C,77.4; 1,9.75). Light absorption: Max. at 2440%
(¢ = 15,000) It gives a red-brown coloration with tetra-

nitromethane in chloroform.




g2+ 23-P4kromoareost-3(14 )-gn-35-yl Acetate, - (a) A
solution of 22t:23-dibromoergosta-719(11)-dien=-33-yl acetate
(0.5 g.) in glacial acetic aeld (250 e.c.) was added to
a suspension of platinum catalyst (from 0.2 g. #t03) in
acetic acid (15 c.c.) and the mixture shaken with hydrogen
at room temperature for 20 hours. Isolation of the
produet in the usual way gave 28:83~dibromoergost-3(14)-
-en-~-33~yl acetate (0.4 g.) which separated as lustrous
plates from chloroform-methanol, m.p.130-191¢, [a]lp +6°,
+4.6° (¢, 8.0, 7.0) (Found: C,80.1j Hy8.3. CgoligeUaBrs
requires C,80.0; H,3.08). It showed no depression in
melting point when mixed with a specimen prepared by a
previously described method.

(b) A solution of 22:23-dibromoergosta-7:9(1ll)-dien-83-yl
acetate (3 g.) in chloroform (80 c.c.) was added to
glacial acetic acid (400 ec.c.) in whiech there was sus-
pended platinun oxide (0.4 g. ). After shaking with
hydrogen for 12 hours the catalyst was removed, the fil-
trate concentrated to 50 c.c. under reduced pressure, and
the product precipitated by the gradual addition of water.
The coarse crystalline solid, thus obtained, was filtered,
wvashed, dried at 30° and crystallised from chloroform-
-mgthanol. e2123-Vibronoergost-3(14 )~-en-33-yl acetate
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(2.3 g.) separated as large plates, n.p.189-191°, [a]y
+3.5° (e, 2.8). Light absorption: <21008000. iixed
with a specimen from (a) it had m.p.130°,

22: 23~Dibrouoargost~3(14 )-an -33-9l. - A solution of
22! 23~-dibronocergost-3(14 }-en-33~y1 acetate (0.25 g.) in
benzene (10 c.c.) was added to methanolie potassium
hydroxide (40 c.c.j 1%) and the mixture refluxed for 1
hour. Isolation of the product in the usual way and
erystallisation from chloroform-methanol ylelded 2228~
-dibronoerzost-3(14)-gn-33-g1 (0.2 g.) as lustrous plates,
m.p. 213-214°, [a]p +13° (e, 1.8) (Found: C,80.33 H,3.8.
CaaligaOiry requires C,80.2) i,8.8%).

Reacotylation of the aleohol (0.06 g.) using pyridine-
~acetic anhydride at 3C® for 1 hour gave the acetate
(0.04 g.), mep.183~189¢, [a]p +4.9° (e, 2.8).

22:23-Libromoerzost-3(14 )=-gn-35~yl Heuzoate., - 22:23-
-Dibromoergost-3(14~en-3)=-0l1l (from 1.5 g. of acetate)
was dissolved in pyridine (35 c¢.c.) and redistilled
benzoyl chloride (3 c.c.) added. The mixture was kept at
20° for 1 hour and then allowed to stand overnight at 1&°.
Isolation of the bengoate through ether and crystallis-
ation from chloroform-methanol yielded 22:23~¢
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-3(14 )-gn~-33~-x1 benzoate (1.25 g.) as plates, m.p.242-
-243°, [a]p +3° (e, 6.0, 4.5) (Found: C,83.4; H,7.8.
Caslis uOabrg requires C,63.4; 14,7.6%). Light absorption:
€230015,000. It gave a bright yellow colour with tetra-

nitronethane in chloroforun.

Sreosta-3(14 )1 22-dien~33-yl scetate (with R,Budziarek).-
A solution of 22:23~dibromcergost-3(14)-en=-35-yl acetate
(0.2 g.) in ether-ethanol (60 c.c.3 1:1) was refluxed with
zine dust (1.5 g.) for 2 hours. The solution was
filtered, concentrated, diluted with water and extracted
with ether. Isolation of the product afforded greosta-
-3(14)r22-diepn-3/~y]l acetate (0.15 g.) as plates from
chloroform-methanol, m.p.122-123.5°, {alp -258° (eg.1)
(Found: C,31.5j H,11.8. Cgoliqsls requires C,31.83
Hy11.05). Light absorption: +; 1308000, 431507000,
€22004900. It gives a deep yellow colour with tetra-
nitromethane in chloroform [laubach and “runings (71)
give m.p.122.8~124°, [a]; ~88.5°].

Ergosta-3(14)r22~gdien~35~gl (with R.Budziarek). -
A solution of ergosta-3(14):22-dien=-33-yl acetate (0.1 g.)
in methanolie potassium hydroxide (20 c.c.j 3%) was
refluxed for 2 hours then concentrated, and diluted with
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water. Isolation by means of ether gave grgosta-3(14):22-
~glan~35-g) which crystallised from methanol as elongated
plates (0.06 g.), m.p.128-127°, [a], ~19° (e, 1.5)
(Found: C,384.23; H,11.8. Caallesl requires C,54.35;
Hyll.87).

Acetylation gave ergosta-38(l4):32-dien-3,~yl acetate

as plates from methamol, m.p.123-124°, [a]y -€7° (e, 1.3).

22:23~2i bromgergogt-7-gan-35~y1 Acgtate. A solution
of 22:23-dibromoergosta-719(11)-dien~-33~yl acetate (0.85g.)
in ethyl acetate (100 c.e.) was added to platinum catalyst
{from 0.116 g. Pt0g), in ethyl acetate (20 ¢.c.). The
suspension was shaken for & hours with hydrogen. Nemoval
of the catalyst and evaporation of the filtrate to dryness
1L yaguo gave a white solid vhich was reerystallised from
chloroform-methanol or ethyl acetate-methanol. 2283~
-lbropogrgost~7-an~-35~¥], acatate (0.4 g.) separated as
needles, m.p.224° (decomp.), [alp =-7° (e, 2.0, 1l.4)
(Found: €,80.3; H,3.2. Cgollgalairy requires C,80.04
H,8.0%). Light absorption: <; 1505000, 431503820,
€28001700, It gives a yellow colour with tetranitro-
methane in chloroform.
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221 £3~-P1bronoergost-7-gn~-35-0l. — A solution of
221 23-dibronoergost-7-en-33~yl acetate (0.2 g.) in
benzene (15 c.c.) was added to methanoclie potassium
hydroxide (25 c.e.j 2%) and refluxed for 1 hour. Frocess-
ing the reaction uixture in the usual way yielded 22:23~
-ddbromoersoat~7-an~-35~-gl (0.185 g.) as plates from
methanol, m.p.2:2-223°, [a]p -8° (e, 1.3) (Found: C,569.1%
H,8.6. CgagligsBry.Ciy0l requires C,59.03 H,8.5%).
Reacetylaticn gave the parent acetate as needles fron

methanol chloroform, m.p.2268° [a]p -8° (e, 1.5).

22: 23-2hronoargeat~7-ep~33-yl lenzoaks. - €2:23-
~Dibromoergost-7-en-33-~01 (from 0,9 g. of acetate) in
bengene (20 c.c.) was added to a solution of benzoyl
chloride (3 c.ec.) in pyridine (50 e.c.). After heating
at 50° for g hours the product was isolated in the usual
vay. Crystallisation from chloroform-methanol furnished
needles of 22:23-dibhroroergost-7-gn-35-yl hepzoate (0.8g.),
m.p.206° {decomp.), [a]p -4° (e, 4.0) (Found: C,83.4;
H,7.8. Capligo0ghry requires C,83.44 H,7.8%). iight
abscrption: Hax. at £300 A (¢ = 16,000).

Ergogta-~7Se~ -33-yl Acetate. - A solution of
28t 23-dibromoergost-7-en-3=-y1 acotate (0.25 g.) in ether-
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-ethanol (80 c.c.3 1'1) was refluxed with zine dust

(1.5 g«) for 2 hours. The solution was filtered, con-
centrated, and diluted with water. Isolation by means

of ether afforded ergosta-7:2i-dien-3)-yl acotate

(0.16 g.) as plates from echloroforz~methanol, m,.p.138-183°,
(a]p =20° (e, 1.2) undepressed in melting point when =ixed
wvith an authentic sample (Found: C,32.13 H,11.1. Cale.
for Cgoligelst ©,31.35 H,11.0%). It gives a yellow
colour with tetranitromethane in chloroform.

lsoperdsation of 22123-LAbromoergoat-7-en-95-yA
Acptate, - 22:23~Uibromoergost-7-en-33-yl acetate (0.5 g.),
in acetic aeld (300 ec.c.) was shaken with a platinum
catalyst in hydrogen for 4 hours. Working up through
ether gave 22:Z3-dibromoergost-3(14)-en-33=yl acetate as
plates {0.4 g.) from chloroform-methanol, m.p. and mixed
m.p.190° [alp +4° (¢, 3.0).

Ixealuent of 22:23-Dilromocrzogt-3(14)-gn-35-yl
Aeatate wdib Hvdreogen Chloride. - Ury hydrogen chloride
was passed into a soluticr cof 22:23~dibroucergost-3(14)-
-en-3p-yl acetate (1 g.) in dry chlorofora (20 ec.ec.) for
20 minutes at 0°. The solvent was removed under reduced

pressure and the solid erystallised from chloroform-
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-methanol giving plates, m.p.225-226° (deecomp.) (0.8 g.),
[2]p +21° (e, 2.0) (Found? C,80.1§ H,3.0. @OgolgeOsbrs
requires C,80,0¢ H,8.08). Light absorption: <¢3,804000,

€2 1008000, 43.801860, 43200820. The ''compound'' gave
a yellow colour with tetranitromethane in chloroform.

Hydrolysis of this ''agetate’’' (0.3 g.) in benszene
(20 c.c.) by refluxing with methanclie potassium hydroxide
(46 c.0.j 29) for 2 hours gave the corresponding "'alcohol”
(0,24 g.), m.p.216~219° which after three recrystallis-
ations from methanol separated as plates, m.p.&l19-220°,
[alp #29° (e, 1.9) (Found:t C,58.73 H,3.7. CgaellesOBrs.
.CHgOH requires C,69.0; Hy8.,6%).

Acotylation of the aleohol (pyridine-acetic anhydride)
gave the acetate which separated from chloroform-methanol
as plates, [a]p +28° (e, l.3), m.p.223-226° (decomp. )
alone or mixed with the acetate described above.

Refluxing the acetate (0.3 g.) in ether-ethanol
(40 ec.c.j 1:1) with ginc dust (1 g.) gave "3"~dihydro-
ergosteryl acetate whieh separated from methanol-chloro-
form as needles, m.p.108-107° (0.2 g.), {(alp ~18° (e¢,1.8)
(Found: C,32.13 Hyll.4. Cale. for Caoligs0a' C,31.33
H,11.0%). iight absorptiont <¢gz1002250, 45150730. It
gives a deep yellow ecolour with tetranitromethane in
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ehloroform. Barton, Cox, and Holness (34) give m.p.104.5°,
{aly ~17°, for "3"-dihydroergosteryl acetate.

Hydrolysis of the acetate with methanolic potassium
hydroxide (2%) followed by crystallisation of the produet
from chloroform-nethanol gave "j"-dihydroergosterol, m.p.
115-116°, {a]p -11° (e, 1.2). Barton, Cox and Holness
(84) gave m.p.118¢, [alp =-9° for this compound. Bengoyl-
ation of the alcohol by the usual procedure gave the
bengoate as plates from chloroform-methanol, m.p.118¢,

[a)p -9.6° (e, 1.7) (1it., m.p.128°, [a]p =8°).

Ireatment of <2:2z3-Libromoargost~3(14)-en-83-yl
Lenzoats with Jdydregen Chloxpdde,  Ury hydrogen chloride
was passed through a solution of 22:23-dibromoergost-3(14)-
-en-33~-yl benzoate (1 g.) in dry chloroform (30 e.c.) for
€ hours at 0°. Lvaporation to dryness under reduced
pressure gave a pale yellow solid which separated from
echlorofora~methanol as plates (0.36 g.), m.p.229-231°,
la]y *21° (e, 2.0). Four further recrystallisations from
the same solvent gave mixed crystals, m.p.232° (decomp. ),
{a]; +21°, +20° (e, 2.4, 4.0) (Found: C,63.3; H,7.8.
Caslis 00sDrg requires C,83.4; H,7.8%). A solution of the
benzoate (0.075 g.) in bengene (25 c.c.) was refluxed with
methanolic potassium hydroxide (25 e¢.e.3 3%) for four hours
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gave the alcohol as plates {(0.065 g.) from methanol,
n.p.219-280°, (ajy +29° (e, 1.3). The alcohol was
undepressed when mixed with the alcohol obtained by
isomerisation of 22:23-dibromoergost-3(14)-en-33-yl
acetate followed by hydrolysis.

-7:5(11 )~dign-33~-y] Acetate gud 2225~
-g0-3p-yl Acetale, - (a) A solution of 22:23-dibromo-
ergosta=-719(11 )~dien-33-y1l acetate (& g.) in chloroform
(180 e.e.) was added to prercsduced platinum eatalyst
(from 0.5 g. Pt0g) in chloroform (60 c.c.) with sodium
sulphate (1 g.) in suspension to remove water. The
mixture was shaken with hydrogen for six hours, the cata-
lyst removed and the filtrate cooled to 0°. bry
hydrogen chloride was passed through the solution for 2
hours, and the solvent removed under reduced pressure.
The solid residue was hydrogenated again as above. No
absorption of hydrogen occurred, but after the addition
of glacial acetic aetd (100 c.ec, ), hydrogen (80 ec.ec.)

was absorbed during l2 hours. This isomerisation and
hydrogenation procedure was repeated twiee with the
produet (total hydrogen absorbed = 150 e.e.]}. Jorking
up save a erystalline substance which still exhibited a
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deep yellow colour with tetranitromethane and which when
erystallised from chloroform-methanol gave plates (2.6g.),
me. p«109=112°, unchanged by further crystallisation and
exhibitinz a negative Lellstein test. Chromatographic
purification of this material failed to yleld an identi-
fiable product.

{b) A sclution of 22:£3-dibromoergost-7-en-33-yl acetate
(1 g.) in glaeial acetic acid (400 c.c.) was treated with
dry hydrogen chloride at 165¢ for & uinutes. The result-
ing solution was shaken with hydrogen in the presence of
platinum oxide (C.1 g.) for 26 hours. Working up gave

a product, mn,p.£14-216° showing a deep yellow colour with
tetranitromethane in chlorofornm. (Using a teuperature
of 60° 4in this reaction déid not improve the result).

“hen the hydrogenation time was increased to &0 hours, no
signifiecant difference appeared in (a) the colour the
product gave with tetranitromethane in chlorofor: or

(b) the absorption spectrum of the product (45,53000).
(e) 28:23-Vibromoergosta=-7:9(11)-dien-33~-yl1l acetate

(1 g.) 4in ether (60 ec.c.) w;s added to a saturated sol-
ution of hydrogen chloride in ether (86 c.c.). Reduced
platinum catalyst (from 0.3 g. PtOgz) was washed twice
with methanol and three times with dry ether and then
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added as a suspension in dry ether (80 c.c.) to the
reaction flask (vel., 850 e.c.) The flask was eharged
vith hydrogen, stoppered, and shaken vigorously for 110
hours. Isolation of the produet and crystallisation
from chloroform-methanol gave £2:23~dibromosrgost-7-en-
-3)-yl acetate (U.£ g.) as needles, m.p.218-218°, [alp
-5¢ (¢, 8.8) The total ecrude material was treated
aceording to the NHabenhaur-inderson proeedure (20). No

gsaturated material was isolated.

hydrogen chloride was passed through a solution of 22:£3-
-dibromoergost-3(14 )-en-33-yl acetate (2.0 g.) in ehloro-
form (26 c¢.c.) for 2 hours at 0°. The solvent and
hydrogen chloride were removed under reduced pressure
and the residual solid (1.83 g.), m.p.217-219°, recryst-
allised from chloroform-methanol. The produet (0.8 g.)
vas dissolved in acetic aecid~ether (100 c.c.; 1tl) and
shaken with hydrogen over a platinuz catalyst (from

0.2 g. Pt03), for 40 hours. The catalyst was removed
and the solution reduced to small bulk under reduced
pressure. “orking up in the usual way gave a solid
which was dissolved in carbon tetrachloride (30 e.c.).

Aecetlc anhiydride (10 c.c.) containing ecncentrated
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sulphuric acid (10 c.c.) was added slowly with shaking and
cooling over five minutes, and shaking continued for a
further five minutes. Water (10 c.c.) was added and the
mixture extracted with carbon tetrachloride. The com-
bined extracts were wvashed with water, sodium hydrogen
carbonate solution, water, and dried (NagsQq). Removal
of the ether gave a pale yellow solid (0.37 g.)} whieh
erystallised from chloroform-methanol giving 22:£3-dibromo-
ergostan-33-yl acetate (0.25 g.) as plates, m.y.a42-243°
(decomp. ), [a], +8¢, +2.7° (e, 2.2, 3.0) (Found: C,80.4;
H,3.8. Cale. for Cgolisy0glirg: C,59.93 H,3.45). It
does not give a colour with tetranitromethane in chloro-
form and ¢oes not show high intensity absorption above
2000 ;. Barton, Cox, and Holness (34) give decomp. ga.
228° for this compound.

(b) A erude specimen of the mixed crystals of 22723~
~dibronocergest-3(14 -en-33-yl acetate and 22:23-dibromo-
ergost-l4-en-33-yl acetate (C.3 g., m.p.222~-825°) was
hydrogenated as in (a) above. Of the produet (0.2 g.)
was dissolved in chloroform (1l0e,e/ and perbenzoie acid
(0.18 g.) in chloroform (3 ¢.c. ) sdded. The solution
was allowved to stand for 42 hours and then worked up in
the usual way. The 1sclated soliéd was dissolved in
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petrol (120 e¢.c.) and chromatographed on alumina (10 x
1.2 em.) $lution of the column with benzene-petrol
mixtures (2:3; 380 e¢.c¢. ) and evaporation of the eluates
to dryness gave a solid (0.043 g.) which separated from
chlorofora-methanol as plates (0.036 g. ), m.p.237-238°,
[alp *8° (e, 2.8). It showed no depression in melting
point vhen mixed with a specimen prepared as in (a) above.
Further elution of the column with bensene (260 c.c.)
gave a second material which erystallised from chloroform-
-methanol as plates, m,p.212-213° (0.02 g.), laly +a1.5°
(e, 1.2) (Found: C,868.5; H,7.9. Caollee0gBry requires
C,68.43 H,7.8%). This compound, probably 22:23-gibromo-~
-3a:14r-guoxvergostan-33-yl acetate shows no selective
absorption above 2200 E and gives no colour with tetra-

nitrosethane in enloroform.

22:23-2ibromoarsostan-35-9l. ~ A solution of 282:23-
-dibromoergostan-33-yl acetate (0.115 g.) in benzene
(B0 c.c.) and methanolie¢ potassium hydroxide (2C c.c.j 25)
vas heated under reflux for 1 hour. Isolation by means
of ether gave 22:23~-gliromeargestan-335-gl which eryst-
allised from chlorofor:m methanol as plates, m.p.233-240°,
(0,086 g.), [alp +7° (e, 1.45) (Found: C,53.4y H,8.9.
CagileaOBra.CligOH requires C,53.8; H,3.3%).



-Dibromoergostan-35=-ol (0.07 g.) in pyridine (1C c.c.)
vas heated with benzoyl chloride (1 c.c.) at 20° and
alloved to stand at 15° for 24 hours. 22123~}
arzostan-33~yl benzoats (0.08 g.) was isolated in the
usual way and crystallised from chloroform-methanocl as
plates, m.p.218°, [a]p +6° (e, 2.8) (Found: C,83,6%
Hy3.2. Cagllpgs0gBry requires €,83.3; H,7.9%).

Ergogt-2e-gn~35-y1 Agcetate, - A solution of 22:23-
-84 bromoergostan-83-yl acetate (0.16 g.) in ether-ethanol
75 e.c.3 111) was refluxed with zine dust (1 g.), added
over 2 hours. Wworking up in the usual way ylelded
ergost-22-en-33-yl acetate which erystallised fronm
chloroform-methanol as plates (0.06 g.), m.p.167¢, (alp
-g20°, =18° (¢, 1.3, 1l.4) (Found: C,31.0y H,11.4. Cale.
for Cyolls o0t C,31.43 H,11.4%). Barton, Cox and Holness
(34) give m,.p.155.5°% [alp =17° for this compound.

Lrgogt-2--gn~-33-gl. - A solution of ergost-Z2-en-3p-
-yl acetate (C.04 g.) in bengzene (2 c.c.) was heated

under reflux for 1 hour with methanolie potassium hydroxide

(2 e.e.j 28). Isolation by means of ether gave ergost-

-Z2~-en=-3)~01 (0,086 g.) which erystallised from chloroform-
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-methanol as plates, m.p.l83~-154°, [a]D «10° (e, 1.3)
(Founds C,81,9; H,12.2. Cale. for Cgglles0. g0t
C,32.13 H,12.1%).
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& - on of Aluminium tert.-Dutoxide
(ef. Opg.dynth.,81,8). = Aluminium turnings (80 g.) were
covered with an agueous solution of sodium hydroxide
(200 c.c.y 35) and the solution allowed to stand until

JROUTOYEL

hydrogen was being freely generated (apyrox. 3 mins.).
The 1ligquid was then decanted, the aluminium washed fouy
times with water and covered with a solution of muercurie
chloride (200 c.c., 55). After 80 secs. the liquid vas
again decanted and the amalgamated aluminium washed four
times with water, three times with dry methanol, three
times with dry ether, stored under dried ether and used
within 15 mins. The ether was decanted off and
anhydrous fort. ~butanel (100 ec.c., distilled twice over
sodium) added. A erystal of 1odine was added to promote
the reaction which hegan almost immediately, signified by
the gentle liberation of hydrogen. The mixture was
refluxed for 4C hours, igrt. -butanol (350 c.e.) being
added after 4 hours; bengene was also added at intervala
to keep the aluminium fgrit.-butoxide in solution. At
the end of this period the solution was diluted with
bengene (2 litres) and the liguid decanted from any
undissolved aluminium. After centrifuging for 30 mins.,
at 2500 r.p.m., the clarified liquor was decanted from
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the sludge and evaporated to dryness in an inert atmos-
phere giving a erystalline residue of pure aluminium
tert. -butoxide (330 g.). Yield approx. 327 based on
the tert.-btutanol used.

Ergosterone (irgosta-4:7122-trien-3-one). -
(a) Oppenauer conditions. #rgostercl (20 g.) was dis-
solved in dry bengene (300 e.c.) and pure dry acetcne
(120 c.c. ), and the mixture added to a solution of
aluninium tgrt.-butoxide (32 g.) im dry bengzene (200 ec.c. ).
The mixture was then refluxed for four hours, poured
into sulphurie acid (1 1., 10:) and the benzene layer
separated, washed with water, sodium hydrogen earbonate
solution, and finally dried (Hags0q). The dark brown
liquid was taken tc dryness under reduced pressure and
the residual gum recrystallised from acetone-methanol.
Two further reerystallisations from acetone-jyetrol gave
ergosta-4:7:22-trien~-3~one (3.4 g.) as pale yellow
needles, m.;.130-131%, [a]p =11° (e, 1.3). Light absopp-
tiont 4$35400134,300.
(b) The following modified procedure proved more con-
venient. Recrystallised ergosterol (80 g.) was dis-
solved in a mixture of dry toluene (500 c.c.) and gyclo-
hexanone (375 g.) by gentle heating. The solution was



brought to reflux temperature and 50 ¢.ec. of the solvent
distilled to remove traces of moisture. A solution of
aluminium tort.-butoxide (60 g.) in dry toluene (400 c.c.)
was quickly added to the hot solution and the mixture
refluxed for 1.75 hours. After 0.5 hours the solution
becane gelatinous, becoming more moblle towards the end
of the reaction. The cooled mixture was washed with
sulphuric acid (4 x 1000 c.e., 4%), water, sodiumn hydrogen
carbonate solution, water and then dried (Naz50q). The
solvents were removed under reduced yressure and the
residue heated at 133-140° 10™* mm., to remove self con-
densation produets of gyplghexanone. C(rystallisation of
the residual viscous o0il from acetone-petroleum (b, p.80-
~-30¢) gave ergosta-4:7:22-trien-3~-one (38.5 g. ), m.p.123~
-128° suitable for further reaction. The mother liquors
were taken to dryness and the reaidue taken up in ether
(ga. 4C c.c.). A further quantity of ketone (4 g.)
separated on standing at 0° [Total yield of crude
naterial (40,5 g.) = 81%]. Recrystallisation of the total
product yielded almost pure ergosterone (30 g.), =m.p.131°%
as pale yellow needles. A specimen reerystallised four
times from acetone-light petrolieunm (b.p.680-30°) furnished
the pure material as soft white needles, m.;.134°, [a],-12°
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(e, 445) (Foundt C,34.33 H,10.6. <Cale. for Cyaligs0:
C,85.83 H,10.7%). Light absorption: Hax. at 2400 A
(¢ = 13,300). It gives & pale yellow colour with tetra-
nitromethane in chloroforn.

For ergosterone, Cppenauer (91) gives m.p.l3l.65-132°,
[a]lp -15.7°; Hellbron, Kenmnedy, Spring, and Swain (107)
give m.p.132°, {a]p -0.3°; Vetter and Pimroth (103)
give m.p.132°, [a]p ~0.5°, =0.8°.
ligte: The use of freshly prepared aluminium teprt, -butoxide
is essential in the reproduction of the above yield.

1solrgzosterone (Ergosta-4:8:82-trien-3-one). -~ A
solution of ergosta-4:7:22-trien-3-one (18 g.) in dry
chloroform (150 e.¢.) was cooled to 0° by an ies bath and
treated with a stream of dry hydrogen chloride for 1 hour.
The reaction mixture which had become blood-red in colour,
wvas poured into a solution of potassium earbonate (1 1.,
105) and the organie layer separated, washed with water,
and dried (Hagdlyq). Removal of the chloroform under
reduced pressure gave a semisolid gum which was erystallised
fron aqueous acetone. Grgosta-4:8:22-trien-3~-one (14.5g.)
separated as thick yellow prismatic needles, m.p.l00° of
suitable purity for further reaction. Further purifi-

cation proved wasteful. A specimen recrystallised three
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times from ethyl acetatd-methanol separated as pale
yellow needles, m.p.106-107°  GSublimation at 150°
(16=* mn.) removed colour and erystallisation of the
sublimate gave hard prismatic neadles of pure Jzgergo-
sterons, m.p.106-107°, [a]lp -24.6° (e, C.9) (Found:
C,34.93 #,10.9. Cale. for Cgeliga0: C,85.8y H,10.7%).
Light sbsorption: Maxima at 2340 (¢ s 23,000) and
2080 4 (¢ = 11,000). It gives a pale yellow colour
with tetranitromethane in chlorofomn.

Heilbron, Eennedy, S5pring, and Swain (107) give
m.p.108°, [a]p =80°  Wetter and Dimroth (108) give
me.pe110°. Barton, Cox, and Holness (34) give m.p.l06°
for jagergosterone.

On one occasion the crude reaction product (5.75g.)
(from which the last traces of hydrogen chloride are
difficult to remove) was cryatallised direetly from ethyl
acetate-methanol. Yellow needles (2.5 g.), m.p.1l38-140°
separated, which on furtiher recrystallisation gave the
pure material as yellow needles identified as 3-methoxy-
ergosta-3:5:7:28-tetraene, m.p.137-133°, [a]y -33° (¢,1.7)
(Found: C,86.0; H,10.8. Cale. for Caelles0? C,856.03
Hy11.1%). Light absorption: Maxima at 3200 (¢ = 28,000)
and 336C Z (¢ = 18,4C0), a spectrum indlcative of a
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A¥®t7_ griens system [ef. ergosta-3:5:17:22-tetraen-3p-
~y1 acetate with a maximum at 3185 A (¢ = 21,400) and
3:8~divenzoyleoxycholesta=3:517-triene with a maximum at
3180 A (¢ = 20,000)]. It gives a dark brown colour
with tetranitromethanse in chlorcform. COppenaumer (91)
glves m.p.140-141° for this compound.

Attemoted fearraongement of Lrzosta-4:7:22-trien-
-3-gng with BF.//gtgo Complex. - A solution of ergosta-
-4:7122~trien-3~one (0.4 g.) in pure dry ether (265 c.c.)
was treated with boron trifluoride-ether complex and
allowed to stand at room temperature for 43 hours.
Working up in the usual way and crystallisstion of the
product from methanol yielded pale yellow needles, m.p.
129-130°, (0.325 g.), [alpy -11.2° (e, 1.086), undepressed
in melting point with starting material

Ledrogenatdon of Lrgogta-4:6:22-Lrien-3-gua with a
Gapey Mokel Catalvst. -~ Ergosta-4:0:22~trien-3-one
(Ce5 g.) was dissolved in gyglghexane (30 c.e.) and added
to Raney nickel sludge (2 c.c. W.8) in gyglohexzane
(70 es¢e ). The mixture was shaken with hydrogen and the
absorption, which at fi.rst ocecurred rapidly, slowed down

after the absorption of approximately 2 mols. of hydrogen.
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After 2.3 mols of hydrogen had been absorbed, the reaction
wvas stopped, the catalyst removed by filtration, and the
filtrate taken to dryness under reduced pressure. The
solid residue, which showed no selective auvsorption of
high intensity above 2200 i,'uns dissolved in light
petroleun (850 c.e., b.p.80-80°) and chromatographed on
ethyl acetate washed alumina (14 x 1.5 esn.). 860 e.e.

Fractions were collected.

Fraction
1-4 Fetrol -
5=3 retrol:ilengzene (9:1) -
3=-14 Petrol:Bengene (3:2) 20 mg. Cryst.Solid A
16_21 (3 M " B
2028 e 41} e (N c
27-23 g 22
29-32 b, a3
e te D
33~-36 ke 19
37-40 s 20 )
re L ] E
41-44 - 5.}
45 Jengene -
46 Bengzene:ethanol (19:1) 100 v g
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No fraction yielded a weight of material greater than

20 mg. and the fractions were thus combined arbitrarily.
Erodugt A was crystallised three times from methanol-
-acetone from whieh it separated as fine needles, m.p.
198°, [a]y -12° (e, 0.35) (Found: C,33,9§ H,12.1.
Casli¢a0 requires C,383.93 H,12.1%). It shows no select-
ive absorption above 2200 ;. It gives a pale yellow
colour with tetranitromethane in chlorofora.
Eroduct F was crystallised three times from methanol
giving plates, m.p.145¢, [a]p -8° (e, 1.2) (Found:
C,838.43 H,12.2. Cgglies0 requires C,33.9; H,12.1%.
CaalleeC requires ©,34.85; H,11.6%). It shows no select-
ive 1ight absorption above 2200 X and gives a pale ysellow
colour with tetranitromethane in chloroform.

Froducts &, C, D, and E falled to erystallise well and
were not investigated further.

Erepgta-4:6t28-trien~-35-0l. -~ Lrgosta-4:8:22-trien-
-3-one (0.5 g.) was added to a warm solution of lithium
aluminfium hydride (1.9 g.) in ether (50 e¢.c.), the
mixture refluxed for 12 minutes, then allowed to stand
overnight The excess lithium aluminium hydride vas
decomposed with ethyl acetate (10 c.c.) and the resulting
paste diluted with water. ilydrochloric aeid (100 c.c.,3%)
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was added and the mixture ether extracted Isolation of
the produet in the usual way, and crystallisation from
acetone-light petroleus (b.p.80-60°) furnished soft
glistening plates of grgosta-4:0:22-Lrien-3p-pl (0.2 g.),
m.p.129-130°, [alp =26° (e, 0.8) (Founds C,34.3§ H,11.2.
Casfleel requires C,34.8; H,11.275). Light absorption:
Maxima at 2340 ; (¢ = 23,000) and 2400 A (4= 26,000)
with an inflexion at 2470 4 (¢ = 18,000). It gives a

red-brown colour with tetranitromethane in chloroform.

Attenpted Saturation of the A°-Bend of Lrgosta-
~4:8s 2~-Lrien-3-gne using Lluc Puat:Etiancl. - Ergosta-
~-4:8322-trien-3-one (0.33 g.) was taken up in ethanol
(26 c.e. ), activated gine dust (2.0 g.) added, and the
solution refluxed for 4.5 hours. Isolation of the
produet by the usual method and crystallisation from ethyl
acetate-methanol gave pale yellow needles of starting
material (0.25 g.), m.p. and mixed m.p. 104°, [a]p +28°
(e, 1.3).

Srgosta~4:se~dion-3-gue. - By reduction of 1s0-
ergosteronse. (a) With a palladium catalyst. Ergosta-
~4:8122-trien-3~one (0.5 g.) in thiophen-free benzene

(20 c.c.) was added to a suspension of palladised strontium
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eartonate catalyst (0.25 g., 26 Pd) in bengene (10 ec.c.).
The mixture was shaken with hydrogen for 45 minutes when
absorption approximated to 1 mel. Filtration and evapor-
ation to dryness under reduced pressure gave an oily
producet which was crystallised from aqueocus acetone.
Three further reerystallisations from acetone-methancl
afforded long hard needles of ergosta-4:22-dien-3-one
(0.2 g+ )y Mep.129-180°, [a)p +42° (c, 1.4) (Found: C,34.9%
Hy11.3. Cale. for Cgelee0r C,34.33 H,11.2%). Light
absorption: Max. at 2400 ; (¢ = 13,?60)- It gives a
pale yellow colour with tetranitromethane in chloroform.
Sarton gt al.. (84) give m.p.127.5-123.6°, [a]p +48°, +~44°.
The use of ''Analar'' light petroleum or reagent
grade benzene as the solvent in this reaction gave
reduced ylelds. 'oreover, when the reaction was stopped
after the absorption of either 0.8 mols. or more than one
mol, of hydrogen, ytelds were again less than 40%.
(b) With lithium:1iquid ammonia. A solution of ergosta-
-418122-trien-3-one (1.0 g.) in dry ether (80 c.c.),
containing methanol (& c.e.), was added during 3 minutes
to a stirred blue solution of lithium metal (0.8 g.) in
liquid ammonia (200 e.e.). Stirring was continued for

36 minmutes and the ammonia allowed to evaporate overnight.
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The residue was diluted with water, extracted with ethep,
and the product isolated in the usual way. Two recryst-
allisations from aqueous acetenc yielded ergosta~-4:22-
~-dien-3-one (0.8 g.) as long colourless needles, m.p.l29-
-130°, [a]p ~41° (e, 0.9) (Pound: C,34.3§ H,11,28%).
Light absorption: Max. at 2420 l (¢ = 18,000). It shows
no depression in melting point when uixed with a specimen
preyared by method (a) above.

{e) With zinc dust-acetic acid. Ergosta-4:8:22-trien-
-3~one (0.97 g.) wvas dissolved in stabilised glacial
acetic acid (40 ec.c.) and zine dust (& g.) added. The
mixture was refluxed for 80 hours. |VWorking up through
ether gave a brown non-crystallisable gum (0.818 g.)
which was dissolved in light petroleun (30 e.c¢., b.p.80-
~30°) and chromatographed on alumina (16 x 1.2 em.).
£lution of the column with light petroleum (3560 e.c.,
b.p.80=-30°) gave a non-crystalline gum (0.086 g.).
flution with petroleum-benzene (100 e.e., 1t1l) gave a
naterial (0.03f g.) which, after two erystallisations
from ethyl acctate-acetone, had m.p.123-126°¢, [a]p +88°
(e, 0.5). Light absorption: lax. at 2420 A (4 =17,000).
It showed no depression when mixed with an authentie
specinmen of ergosta-4:z22-diien-3-ohe. farther elution

of the column with more polar solvents yielded only non-
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-crystallisadble viscous oils.

Altespted Blologleal Oxidation of IZrgoata-4:2z-dlen-
-3-on8 yiih Hhizopus Nigrieans. - The medium used to
support the growth of the fungus had the following conm-
position: bacto-tryptone (20 g.), corn-steep (3.0 g.),
and teehnical glucose (60 g.), diluted with tap-water to
1 litre of solution. A solution of the medfum (1.5 1.)
was prepared the the pH adjusted to 4.4, using concen-
trated hydrochloric acid. The liguid was then placed in
a & 1. aspirator bottle eguipped at the base with a tube
containing a cotton wool filter, for the introduction of
a strean of sterile air, and a tinistle funnel at the top
for the introduction of spores and steroidal material.
The whole unit was sterilised at 10 1bs. per sq.in. for
186 minutes, and after cooling, the medium was inoculated
with the spores of Zhizobug jlgricans taken from an agay
slope. The medium was aerated for 24 hours at the rate
of 500 c.c. alr per minute, the growth of the mould
becoming prolifiec during this period. A solution of
ergosta-4122-dlen-3~ons (0,4 g.) in aleohol (22 e¢.c.) and
water (7 c.c.) was then introduced and growth of the
culture permitted for a further 40 hours, with econtinued

aeration. The intrcduction of the air was sufficient to
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give pood turbulence and provide thorough nixing of the
steroid solution. At the end of this perlod the
mycelium was flltered and, after drying in air, extracted
with acetone (180 c.c.) in a Soxhlet apparatus. The
filtrate was extracted with chloroform (200 ec.c.). Both
extracts were taken to dryness and the residual solids
combined, dissolved in benzene (5C c.e.), and chromato-
graphed on neutral alumina (12.5 x 1.5 em.). Blution
of the column with benzene (200 c.ec.) and evaporation
under reduced pressure gave a solid residue (0.41 g.).
Further elution of the column gave ron-erystallisable
oils (0.02 g.). The solid material from the column was
erystallised from methanol-acetone giving ergosta-4:22-
-dien-3~one (0.21 g. ), m,p.123-129°, [a]p +42° showing

no depression in melting point vhen mixed with starting
material. Re-chromatography of the material (0.1865 g.)
obtained from the mother liquors of the above crystallis-
ation yielded only a further quantity (0.076 g.) of
ergosta-4r22~-dien~-3-one. No other crystalline prcduct
apart from the latter could dbe 1solated.

S53-gprpost-22-gn-3-pne, - (8) Ergosta—4:8:22-trien-
~3-one (2.0 g.) was dissolved in dry ethanol (30 c.c.)
and added to a solution of potassium hydroxide (1.5 g.)
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in dry ethanol (30 e.c.). This solution was added to

a suspension of 109 palladised charcoal (0.25 g.) in dry
ethanol (10 c.c.) and shaken with hydrogen until absorp-
tion ceased (40 minutes). The catalyst was remcved by
filtration, the filtrate conecentrated, and diluted with
water. Following the usual isoclation procedure, there
vas obtained a erystalline mass, m.;.104-108°, identified
as almost pure S3~ergost-22-en-3-one (2 g.), which was
used without further purification in subsequent reactions.
A specinmen crystallised twice from ethanol separated as
lustrous plates, m.p.110°, [a]p ~6.2° (e, 2.1) (Found:
C,84,8; H,11.8. Cale. for Czalig0t C,84.355 H,11.68%).
Light absorption: Yax. at 2070 (4 = 1,000). and 2700 A
(¢ = 107). Peak at 1723 em."l. 53-Lrgnst-22-en-3-one
gives a faint yellow colour with tetranitromethane in
chloroform. DBarton gt al., (84) zive m.p.110.5°, [alp
-2¢, =1¢, for this material. The presence of traces of
water merkedly reduce the yields from this reaction.

(b) A solution of ergosta-4:2g-dien-3-one in dry ethanol
(45 e.c.) containing potassium hydroxide (0.3 g.) was
hydrogenated as in (a) using 107 palladised echarcoal
catalyst (0.128 g.). Isolation of the prcduect and cryst-
allisation from ethanol yielded soft plates of E3-ergost-
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-22-en~-3~-one (0.45 g.), m.p. and mixed m.p.109=110°,
[a]lp -6° (e,2.0) (Found: C,34.25 H,11.7%).
S)-Lrgost-22-en-3-one¢ 0.1 g.) in ethanol (8 e.e.)
was treated with Brady's reagent (6 c.c.) at 40°. After
standing at 15° for 14 hours, the orange precipitate was
removed by filtration and reerystallised three times from
benzene-ethanol. 5)~Crgosta-g2~en~3-one 2t4-dinitro-
phenylhydrazone separated as small yellow needles, m.p.
197-193¢ (Found: N,9.8. Cale. for CaeligoO¢Ne: N,9.7%).
Barton gt gl., (34) give n.p.199°.

3:3-Lizxaethoxy-63-grgogt-22-gne. - On two occasions
erystallisation of 53-ergost-2--en-3-one from dry
technical methanol (i.e. containing a trace of acid)
afforded 3:8-dimethoxy-53-argost-22-gne (727 yield), as
blades, m.p.84-85.56°%, [2]p =6.5° (e, 2.5) (Found:
Cy81.43 H,11,93 =-0Me,14.7. Cgaulgz0s3 requires C,31.0%
H,11.3; -OMe,14%). Light absorption:Max. at 2040 A (¢ =
1900 ). It shows no absorption peair in the infra-red
carbonyl region and does not absorb in the 2800-320C A
gone in the ultra-violet spectrum.

A specimen of this compound (0.07 g.) in methanol
(10 ec.c. ) treated with Brady's reagent at 40¢ ylelded the
2:4-dinitrophenylhydrazone of Sj-ergost-22-ene-3-one,



vhich was recrystallised from benzene-ethanol, m.p. and
nixed m,p.l198¢.

Hydrolygls of 3:3-Pimethoxy-Si-ergogt-22-ene. - The
dimethyl ketal (0.1 g.) in dioxan (40 c¢.c.) was added to
vater (10 c.c.) containing conecentrated sulphuric aeid
(0.5 e.c.) and the mixture refluxed for 1 hour. The
product, isolated by means of ether, crystallised from
ethanol affording plates (0.085 g.) of &3-ergost-22-en-
-3-one, m.p. and mixed m.p.109-111°, [a]p =65.4° (e,1.7).

55=-Lrgost~2c-gn~-3a~-yl Agatate, - 63-Ergost-22-en-3-
-one (5.2 g.) in dry ether (100 e¢.c.) was added during
15 minutes to a boiling solution of lithium aluminium
hydride (6.0 g.) in dry ether (250 c.c.) and the mixture
refluxed for 1 hour. Acetone (60 e¢.c.) was then added
dropwise and the pasty mass diluted with water (200 e.c.).
Isolation of the product was accomplished in the usual way
and acetylation was carried out using a mixture of
pyridine (40 c.e.) and acetie anhydride (20 c.e¢.) at 0°
for 2 hours. Working up through ether and crystallis-
ation from ethanol or ethyl acetate-methanol afforded
Sj—-ergost~-2c-en-3a-yl acetate (4.5 g.) as plates, m.p.1lll-

-113°, used as such for further reaction. A sample twice



reerystallised from ethyl acetate-methanol gave the pure
acetate, m.p.114-115¢, [a]p +9.2¢ (e, 1.8) (Found:
C,81.63 Hy,11.7. Cale. for Cgoligolg® C,81.4y H,11.4%).
Light absorption: it shows no selective absorption of
high intensity above 220U i. It gives a faint yellow
colour with tetranitromethane in chloroform. Barton gt
al:; (84) give m.p.1l14-115°, [a]; +18°.

S5p~Lripgt-2--gn~3a-pl, - A solution of 5j-ergost-22-
-en~3a~-yl acetate (0.136 g.) was refluxed with methanolie
potassium hydroxide (85 e¢.c.j 4°). Isolation through
ether gave S5j-ergost-2Z-en-3i-o0l in quantitative yield.

It separated from methanol as needles, m.p.149-150°, [alp
-8.2° (e, 1.,8) (Found: C,33.8; H,!2.3. Cale. for
Cpeligg0: C,83.9; Hy12.1%). Barton gt al. (34) give m.p.
149-160°, [a]p =4°. Reacetylation of the aleohol with
acetic anhydride-pyridine at 30° gave 53-ergost-22-en-8a-
-yl acetate, n.p. and mixed m.p.114-116°, [a]lp #10° (e,l.4).

3a-jcetoxyvisncorgholan-28-al. - 6i-Ergost-22-en-3a-yl
acetate (& g.) was dissolved in pure dry chloroform and
cooled to -45° in an acetone-carbon dioxide freezing
mixture. A stream of dry ozonised oxygen (14.7 c.e.j}
O min.) was passed through the sclutlon (at ~-45 :+3°)




until a faint blue colour developed. The reaeticn
mixture was zllowed to attain room temperature, glaecial
acetic acid (50 c.e.) and sinec dust (10 g.) were added,
and the mixture stirred for 2 hours. Excess zinc dust
and zinc acetate were separated and the filtrate sub-
Jeevted to steam distillation, 1 1. of distillate being
collected. The non=volatile product was isolated by
means of ether and crystallised from ethanol, to give the
aldehyde as plates, m,p.115-118°. Reerystallisation from
ethanol or aqueous acetone afforded 3a-gaatoxybisnor-
ehelan-22-31 (3 g.) as plates, m.p.1£21~-123° sintering at
116°, [a]p +36° (e, 1.26) (Found: C,77.1; H,10.4.
CaeligsOs requires C,77.03 H,10.26). The aldehyde does
not show high light intensity absorption above §800 A
nor give a colour with tetranitromethane in chloroform.
The 2:4-dinitrophenylhvdrazone of this aldehyde was
prepared by treatment of the aldehyde (0.075 g.) in
ethanol (38 c.c.) with lirady's reagent. The precipitate
formed after 0.5 hours was filtered, dissolved in benzene
(80 e.e.) and percolated through a column of alumina (Sgj
4 x 1 em.). flemoval of the benzene from the eluate, and
erystallisation of the residue from ethyl acetate, gave
yellow needles, m.p.206° (Found: WN,9.8. CgolgaOgly
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requires ¥,10.17%).

ixtraction of the steam distillate with chloroform
gave an oil which on treatment with Zrady's reagent
yielded ths 2:4~-dinitrophenylhydrazone of 2:3-dimethyl-
butyraldehyde which separated from methanol as orange
blades, m.p.125° (Jit., m.p.124-126°).

3a-jgatoxybisnorgholanic Aeid. ~ (a) 3a-icetoxylhis-
poreholan-g22-al (0.826 g.) in glacial acetic acid
(20 c.c.) was treated at 16° with a solution of chromium
trioxide (0.05 g.) in glacial acetié (10 c.e. ) during
10 minutes. After 12 hours, methanol (6 c.c.) was added
to destroy the excess chromium trioxide; the solution
was then diluted with water, ether extracted, and the
ether extract shaken with sodium hydroxide solution (5%).
The insoluble precipitate was removed by filtration and
suspended in acueous hydrochloric acid. Ether extraction,
followed by isolation of the ether soluble portion yielded,
after reacetylation, 3a-acetoxyhisnoreholanie acid
{0.176 gs ). It separated as needles from acetone-light
petroleun (b.p.80-30°), m.p.221-222°, [a], +21° (e, 1.4)
(Found: C,73.8§ H,9.3. Cale. for Ciqlize0e: €,73.8;
H,2:3%). Sawlewicz and Reichstein (33) give m.p.213-219¢
for this aecid.
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(b) 3a-icetoxylbisnoreholan-22-al (3 g.) was dissolved
in ehloroform (120 e.c.) and ozonised (17.5 e.c¢.}

Og min.) at -45¢ for 20 minutes. The chloroform was
removed under reduced pressure below 45° and the residue
boiled with water for 1 hour. The granular solid whieh
foramed was crystallised from acetone-petroleum to give
3a-acetoxyblsnopcholanie aeid (2 g.), m.p.221-222°, [alp
+g21° (¢, 1.4) (Foundt C,74.086; H,9.8%).

Lethvl-3a-Aggtoxybisnorgholanate, -~ A solution of
3a-acetoxyplsnorcholanie acid (0.6 g.) in ether was added
to an ethereal solution of diazomethane (100 e¢.c.) and
the mixture allowed to stand overnight. Glacial acetiec
acid was then added dropwise until the yellow colour dis-
appeared from the reaction mixture. The ether was
reusoved under reduced pressure and the residue crystallised
from aqueocus acetone. ligthyl-3a-aggtoxybisnorgholanate
{0.48 g.) separated as plates, m.p.103-109¢, [a]p +29°
(e, 2.8) (Found: C,74.3; H,10.2. Cpggligo0¢ requires:
Cy74.2; H,10.0%5). It gives no colour with tetranitro-

methane in chloroform.

Attempted fnpl scetvlation of Sa-Agetoxybisnorgholan-
~-22-gl, - A solution of 3k-acetoxyblsnorcholan-22-al
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(0.51 g.) in dry carbon tetrachloride (4.5 c.c ) was
treated with acetic anhydride (0.5 c¢.c.) econtaining a
trace (0.06 c.c.) of perchloriec acid (65%). The solut-
ion was allowed to stand at room temperature for 76
minutes. Isoclation of the product in the usual wvay
afforded a non-crystallisable gum which was dissolved in
petrol (860 c.c., n.p.80-30°) and chromatographed on
alumina (15 g.). No erystallisable material was eluted.

~hol Acetylation of Sa-jgetoxybisnorgholan-22-al. -
3a-Aecetoxyhisnoreholan-22-al (3.4 g.) was dissolved in
acetic anhydride (35 e¢.c.) and anhydrous potassium
acetate (1.756 g.) added. The mixture was refluxed for
6 hours and allowed toc stand overnight. Isolation
through ether afforded a non-crystallisable oil which
was dissolved in benzene (20 c.c.). Light petroleum
(180 e.c.} D.p.80=-30¢) was added, a small quantity of an
insoluble preecipitate removed, and the solution perecol -
ated through a column of alumina (60 g.; 20 x 1.5 em. ).
The column was washed with light petroleum-benzene
(400 ec.c.j 911), the eluates combined, and evaporated to
dryness under reduced pressure, giving a colourless oil
(2.83 g.) whieh failed to crystallise from any of the

usual organic solvents. In contrast to the parent
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aldehyde, this 01l gave a yellow colour with tetranitro-
methane in chloroform and assuming it to be crude 3a:28-
~diacetoxyhisnorechol-20(22 ~ene, i1t was used for further

reaction.

20-0xouregnan-3a-yl Agetate. - The crude enol
acetate of 3ax-acetoxybisnoreholan-gg-al (2.63 g.) was
dissolved in chloroform (120 e.c.) and ozonised air
passed through the solution at -45° until the blue colour
of excess ozone appeared (282 minutes). There was then
added to the reaction mixture glacial acetic acid
(40 c.c.) and zine dust (10 g.). After stirring for 2
hours the excess zinc dust was filtered and the flltrate
diluted with water. The chloroform layer was separated,
washed with water, sodium hydrogen carbonate solution,
and dried (NagSOgq). Removal of the chloroform under
reduced pressure gave a colourless glass (2.34 g.), which
was dissolved in light petroleu=z (30 c.c.j b.p.60~30°)
and chromatographed on alus=ina (50 g.; 20 x 2.5 em. ).

The chromatogram was developed as follows.
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Fractions ©6~21 were combined and crystallised from light
petroleun (b.,.80-30°). 20~Oxopregnan-3a-yl acetate
(1.2 g.) separated as thiek rods, m.p.100-101°, [a]p +123°
(e, 0.7) (Found: C,78.8; H,10.1. Cale. for CaglzeOs!?
C,78.8; H,10.1%). The keto-acetate was undepressed in
m.p. when mixed with a specimen (m.p.39-100°) prepared by
reductisn of pregnane-3:20-dione followed Ly acetylation

(Mancera gt al. (87)].
Fractions 1-5 and fractions 22-24 could not be crystallised

and were not further examined.

3ar20a-piagatoxyiregnane, - Fractions 25 and 20 vere
combined and acetylated using pyridire-acetic anhydride

at 30°, The product was chromatographed in light petroleunm
(30 c.c.} b.p.80-30°) on alumina (10 x 1 em, ). Light
petrolewn (250 c.c.} b.p.80-30°) eluted a solid (0.17 g.)
which when crystallised from petrol (b.p.80-30°) afforded
3a:20a-dlacetoxypregnane as needles, m.p.130°¢, [u]D +36°

(e, 1.1) (Found: C,74.03 H,10.0 Cale. for Cagleo0st
C,74.25 H,10.0%). iHartmann and Loecher (103) give m. p.
182-133°, [a]p +85.3° {in benzene).

Sa-Ldroxypregnane-20-gne, - 20-Oxopregnan-3a-yl
acetate (0.237 g.) was dissolved in methanol (20 ec.e.)
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and refluxed 1 hour with a solution of potassium carbonate
(0.4 g.) in methanol-water (15 c.c.3 2811). Isolation

by means of ether gave 3a-hydroxypregrane-20-one (0.214 g.)
which orystallised from acetone-light petroleum (b.p.80-
-30°) as needles, m.p.l147-143°, [a]p +110° (e, 0.8)

(Found: C,73.23 H,10.9. Cale. for Cgz;lHgeOz: C,79.8;
H,10.85%). When mixed with a specimen (m.p.l145-147°)
prepared according to Mancera et 31. (67) there was no
depression in melting point. |lMeystre and Miescher (99)
give m.p.154°, [alp #110¢.

Reacetylation of a specimen (0.12 g.) of the aleohol
using pyridine-acetie arnhydride at 30° regenerated the
acetate. Two reerystallisations from petrol (b.p.80-3C¢)
gave 20-oxopregnan-3a-yl acetate, m.p. and mixed m.p.99-
-100¢, [a]p +21° (e, 0.8).

£reghang-3+20-dione. - 3a-ilydroxypregnan-gi-one
(0.15 g.) was dissolved in stabilised glacinl acetic acid
(20 e.e.) and & solution of chromium trioxide (0.04 g.)
in pure acetic acid added at 15° during 3 minutes with
stirring. After standing overnight the reaction mixture
was processed in the usual way, and afforded pregnane-
~-3:20-dlone as rosettes of thiek rods, m.p.120-121° (14i%.,
123¢), [alp +112° (e, 1.0) (Found: C,79.5; H,10.5.
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Cale. for CgaligeOg: C€,79.73 H,10.2%).

rregnane-3:20-dione. -~ (From progesterone].
Frogesterocne (2 g.) was dissolved in ethanol (S0 c.e.)
and added to a freshly reduced 10% palladium-charcoal
catalyst (0.25 g.) in ethanol (80 c.c.) containing
potassium hydroxide (1.5 g.). The mixture was shaken
vith hydrogen for 6 hours, the catalyst removed by fil-
tration, and the product isolated by means of ether.
Two recrystallisations from light petroleum (b.p.860-30°)
furnished a slightly impure pregnane~3:280-dione, m.p.l1l16-
-113°, (0.4 g.) [a]lp +108° (e. 1.2).

32-llydroxvprespane-20-ong. -[According to Mancera
et al. (87)]. Pregnane-3:2C~-dione (0.376 g.) wvas dis-
solved in ethanol (13.5 e.c.) and a solution of sodium
borohydride (0.085 g.) in ethanol (13.5 e¢.c.) added. The
solution was allowed to stand at room temperature for 1
hour, and then a few drops of glaclal acetic acid added
to destroy excess borohydride. The mixture was con-~
centrated under reduced pressure and the product isolated
in the usual way. Crystallisation from acetone-light
petroleun (b.p.80=-80°) ylelded Ju=-hnydroxypregnane-20-one
as needles, m.j.145-147°, [a]ly +103° (e, 1.3).
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A specimen was acetylated and the ascetate cryst-
allised from petroleum (b.p.80-3C°); 3a-acetoxy-
pregnane-2U-one separated as thick needles, m.p.93-100°,
{alp *121° (e, 0.8).
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