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INTRODUCTION

The dramstic clinical effects obtained with cortisone and
ACTH in recent years have stimulated efforts to solve long standing
problems connected with The partial and total synthesis of adrenocortical
hormones. When, in 1929, Rogoff and Stewart(l), and in 1930, Swingle
and Pfiffner(2), and Hartmann and Brownell(3) reported that extracts
of cortical tissue would maintain life in the adrenalsctomised animal,
extensive investigations of the constituents of this gland were initiated.

The active adrenal cortical agent was originally referred to as "cortin®

or the "life-maintenance hormone".
The specific physiological activity of an adrenocortical hormone

is difficult to define in that a substance may show a positive response
in one method of assay and a negative response in anothers It is essential,
therefore, in reporting biological activity, to specify the assay method
usede The most important of the symptoms which follow adrenalectomy and
which provide quantitative methods of assay (besides survival tests) ares-
1. Disturbance of the Nh*, Cl and water balance (all increased |

excretion) and £ (retention)s
2+ Increase of the urea content of the blood.
3. Asthenia (inefficiency of muscle).

4. Disturbance of carbohydrate metabolism (decrease in liver glycogen)e

5. Reduction in resistance to traumsta (cold, mechanical shock, stces)
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Intensive research, conducted mainly by E.C.Kendall, J.J.Pfiffner
T.Reichstein and O.Wintersteiner, and aimed at the isolation and chemical
characterisation of cortical hormones, has resulted in the isolation from
glandular extracts of twenty-eight crystalline steroids, six of which (I-VI)
are capable of maintaining life in adrenalectomised animels. The residual

amorphous fraction remaining, after removal of all erystalline material,
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retained 14-30% of the activity of the whole extract. Recently there has
been isolated from this amorphous fraction(4), a twenty-ninth crystalline
steroid electro-cortin to which the structure (VII) hes been ascribed.
It has physiological activity about 30-100 times greater than 1l-deoxy-
corticosterons{VI).

Physiological activity was first clearly associated with a

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

effectiveness of their compound E (Iy cortisons) in the work performance
test of Ingle. The same compound has also been isoclated by Wintersteiner
and Pfiffner(6) who called it compound F, by Reichstein(7) who called it
compound Fa, and later by Kuizenga and Cartland(8).

A detailed description of the chemical procedures involved in
the isolation of the individual cortical steroids would be superflucuse
In general, whole beef glands are extracted with acetone or alecohol which
precipitate protein constituents. Advantage is taken of the relatively
high water solubility of the hormones{9) whereby certain of the highly
oxygenated hormones partition from ether or benzene to water on repeated
extraction to give a fat-free aqueous concentrate. The Girard procedurs
is used for the separation of reactive ketones from non-ketonic or inert
ketonic material(7). For separation of the individual components chromato-
sgraphy of the more stable acetates is usede

Nearly all the substances isolated are C ) steroids, those

(21
exhibiting cortin activity all having the &/ -~unsaturated ketonic grouping
in ring A, characteristic of testosterone and progesterone, and possessing

a ketol grouping in the side chain which is highly sensitive to both acids



and alkalies. At C( where substitution can exist, the ketone or the

11)
hydroxyl group (orientated in the A -configuration(6)) are subjected to
very pronounced steric hindrance from the anguler methyl groups at c(lO)

and C )? a feature which is reflected in chemical behaviour. The

(13

carbonyl group at C( ) is inert to phenylhydrazine, hydroxylamine and

11
to normal Wolff-Kishner conditions, Girard's reagents, and is resistant to
catalytic hydrogenation in a neutral medium,. Hydrogenation can be
accomplished in acetic acid solution, or by means of lithium aluminium
hydride to give exclusively the hindered ll8-hydroxy derivative (i.e.,
hydrogen attacks the molecule at the unhindered rear face and opens the
rear bond of the carbonyl group). The 11lB-hydroxyl group is susceptible
to dehydration even by dilute mineral acids and resists acylation under
normel conditions, although methods of enforcing this acetylation have been
described(104).

17-Hydroxy-1l-dehydrocorticosterone (or "Cortisone")(T ) isolated
by Kendell(5) and often designated as Kendall!s compound B, appears to be
a particularly important member of the series from the point of view of
physiblogical actions, matched only in part by compounds lacking either
the tertiary hydroxyl group at 017 or an oxygen function at Cll'

Apart from the development of synthetic methods required for
structural elucidation, and in particular of accomplishing the difficult
task of the introduction of oxygen functions at Cj7 and Ci7s it was
imperative to obtain sufficient quantities of the adrsnocortical hormones
for clinical evaluation, since only minute amounts could be igolated from
beef adrenzl glandse In 1943 Reichstein(ll) achieved the important feat

of introducing oxygen at the ll-position and synthesised a substance
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identical with natural 11-dehydrocorticosterone(IX). In 1946 Sarett
completed the synthesis of cortisone starting from deoxycholic acide
.Hithih'aﬁ éxfréieiy‘shofﬁ ﬁiﬁe.Héﬁcﬁ éna keﬁaail'announced the anti-~
arthritic effect of cortisone(13). Eventually further results of the
influence of cortisone on some of the collagen diseases have been reported
and also on conditions associated with allergy, e.g., asthma and hayfevar.
The profound effect of cortisone on rheumatoid arthritis appearaed to be
highly specific(14), no other compound apart possibly from 17-hydroxy-
corticosterone having comparable potency. Recent publications(IS), however
have reported that cortisone has no curative propertiss but merely
suppresses the symptoms of rheumatoid arthritis, and radiological progressiol
of joint damage has been observed in patients under cortisone therapy.
Evidence has =2lso been published that cortisone and aspirin have comparabls
effects in arthritic patients(16). Electrocortin (or aldostercne), the
recently isolated steroid adrenocortical hormone, is presenily under
clinical investigation(17).

In 1946, however, the apparent enti-arthritic effect of cortisone
made it desirable thet adequate supplies should be made available and
partial synthesis from naturally occurring steroids seemed the most rational
approache Although most of the cortisone available until 1952 was
prepared from deoxycholic acid(VIII), the difficulties attending this route
have been appreciated for = considerable time and much attention has been
given to routes starting from steroids other than bile acidse These

investigations have been successful and cortisone can now be prepared




from a number of steroids, e.g., from ergosterol(XI), cholesterol(IX),

stigmasterol(X), and the sapogenins diosgenin(XII) and hecogenin(XIII).

HO- "~

The principal disadvantage in the use of cholesterol(IX) is

the difficulty of side chain degradation. The specific problem of devising
a method for the introduction of an ll-oxygen function into steroids devoid
of oxygen function in ring C but possessing a A S —ethylenic linlkage

has been overcome by the general procedures of allylic bromination at

C, , dehydrobromination and mercuric acid oxidation to introduce the
Ah?(11)~ethylenic bond, which serves as the necesgsary point of attack

(XTV-XVII).
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In ergosterol (XI) the side-chain double bond fecilivetes

A9(11)

degredation (also a feeture of stigmesterol) end the ~gthylenie

bond can be introduced in one step.

Diosgenin (XII) is en atirsctive steroid as regards the
synthesis of inbermsdiete pregnene derivetives. Ierker end his co-
workere (18) have shown that trestment with scetic anhydride gives
pseudodiosgenin acetete (XVIII) which can be oxidised to the pregna-
5316-diene derivetive (AIX) which cen be couverted to pregnenolone

gcetete (XX) by hydrogenation.
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This lest compound is emsily converted to progesterone and in view of
the recent microbiological hydroxyletion(20) of progesterone et Cyy,
diosgenin is geining in importence es e starting materisl.

The total symthesis of cortisone hes also been accomplished
by severzl groups (21,22,23) and recent improvements (R4) have suggested
that this route might becume zs economic as partisl synthesis.

Excellent reviews of the eynthesis of cortisone snd related
steroids have recently been published by F.S. Spring (99) and by
C. Djerassi (100).

The work described in this thesis is concernsd with the util-

isation of ergosterol es e starting materiel for cortisone synthesis.
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HISTORICAL

This section desls with the conversion of ergosterol to
cortisone and therefore is principally confined to the methods which
heve been epplied to the oxidetion of the derived ergosterol-D (or

A7:9(11)

enelogous steroids) and dehydroergosterol.

I. Ergosterol as & Starting lfateriasl for
Adrenocorticel Hormone Synthesis.

In 1948, Bergmann end Stevens (25) suggested that ergosterol
(XXI; RH) might be used &s & starting materisl for the partial synthesis
of adrenal cortical steroids, "because of the comperstive ease with which
it mey be converted to derivetives 1i1ke dehydroergosterol whieh possess
unsaturetion at Cll end which might lend themselves to the intrcduction
of oxygen at this point. In addition, the 22:23-double bond was expected
to facilitete removal of the side chain to permit its replecement by one
of the typicalA51de chains of the adrensl cortieal hormones." In this
latter direction., eonsiceravie progress was made by these sutnors, who
ghowed that protection of the ring B conjugated diene system of ergosteryl
acetate (XXI; REAc) with meleic annydride permitted preferential atteck

on tne side chain douoie pond.

ey

A fﬂC-NO
|
¢]
J o e iy
Ro/\ Ac

Al XUl KE L

|
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Thue treestment of the meieic anhydriae sdauct (XXII) with ozone gave
en sidehyde (AAIil) whic. sas converted into the enol acetate (XX1V),
ozonolysis o1 which toliowed by pyrolysis geve 20-oxopsegna=->5:7-dien-
-3p-yl acetate (XXV). This ozonolysis procedure for side chain

wegradation nas veen substantiated by leter workers (26,47).
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IT. ll-Keto-steroids from A ~dienes.

(a) Oxidation with Peraromatic Acids.

" In Mdy, 1951, the successful introduction of ll-oxygen functions
into ergosterol derivatives was announced by Tishler and his co-workers(Z?)J
This communication describes essentially a general scheme for the synthesis
of ll-keto-steroids from steroids containing a 4ﬁs-ethylenic linkage such
as ergosterol, diosgenin, stigmasterol and chplesterols The three latter
steroids must initially be converted into the Af!’ derivativese This
can be accomplished by &llylic bromination of the A?-steroid at C; followed
by dehydrobromination.(XIV-XVI). (See Introduction).

The subsequent general procedure can be exemplified by reference
to ergosterol. Partial reduction of ergosteryl acetate (XXI3R=&0) gave
5-dihydroergosteryl acetete (XXVI){28) oxidation of which with mercuric
acetate gave ergosteryl-D acetate (ergosta-?s9(11)\22-trien-3§-y1 acetate)
(XXVII)(29). Treatment of ergosteryl-D acetate with one equivalent of
perbenzoic acid gave a monoepoxide 9asllw-epoxyergosta-7+22-dien-38-yl
acetate(XXVIII), hydrolytic rearrangement of which yielded 72s1l%-dihydroxy
ergosta-8422-dien-3f-yl acetate(XXIX). Henbest and Wagland (see Theoretica
section V) have recently shown that the 7-hydroxyl group in (XXIX) has the
« -orientation. Oxidation of (XXIX) by chromic anhydride yielded
7s11-dioxoergosta-8s22-dien~3fi~yl acetate(XXX) which was reduced on treat-
sment with zinc dust and acetic acid to 7sll-dioxoergost-22-en-3f-yl
acetate(XXI). Using the Huang-Minlon modification of the Wolff-Kishner

procedure, the last compound was converted into 1l-oxoergost-22-en~3f-yl




scetete (AXXI). Using tae Huang-Minion modificetion of twne Wolff-Kishner
procedure, the lest compound wes converted into 1ll-oxoergost-22-en-3p-yl
poetate (XXXII). Heusser end his co-workers describe essentially the same
route (30) and similar trensformetions in the cholestane and androstans
series (31) and it was they who first ascribed the 9«;1-epoxide structure

to the monoepoxide (XXVIII).
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An 2lternative route to 11-oxoergost-22-en-%ﬁ-yl acetate through
the monoepoxide(XXVIII) hes also been described(30). Treatment of the
- latter compound with boron trifluoride etherate in absolute benzené gave
in high yield ll-oxoergosta-8s22-dien-38-yl acetate (XXXIII)(30) which

has subsequently been selectively reduced with lithium in liquid ammonig

to 11-0xoergost~22-en-3ﬁ-yl acetate (XXXII)(33). It has =1so been shown
that reduction of zks-ll—ketones by lithium in liguid ammonia can produce
11X -hydroxy-steroids under certain conditions(34).

A further route to ll-oxoergost-22-en-3f-yl acetate has been
described(35) in which 0¥y 11X -epoxyergosta-7122-dien-3f-yl zcetate (XXVIII)
was treated successively with one mole of bromine, excess perbenzoic acig,
and zinc dust and acetic acid to give 9%+114-dihydroxy-7-oxoergost-22-en~
38-yl acetate (XZXIV)(this has subsequently been shown to be a 9114~
glycols see theoretical section and(36)). Treatment of (XXXIV) with
alkali followed by acetylation gave 3B+11% -diacetoxyergosta-8s22-dien-

7-one (XXAV) which on treatment with strong base followed by re-acetylation



]

geve 7:11—dioxoergost-22-en—3§—y1 acetate {XXXI).

-Q'q W7

‘ ?Q‘ﬁ7
C&P

XXXV

XXV

AcO

90t 11-Dihyd roxy-7- oxoergost-22-en-3p-yl acetate (XXXIV) hes
been obtained by mnother route (37) sterting from 7¢:1ld-dihydroxyergosta-
8:22—dien—3ﬁ-yl ecetete (XXIX). Partiel oxidetion of the latter with
monoperphthalic scid gave the ditertiary epoxide (XXXVI)., The 8¢:9¢d-~
configuretion is given to the epoxide group (30) since it hes not been
found possible to form the corresponding epoxide of the releted methyl
3X~ascetoxy-TX:11®k-dihydroxy chol-8-eneate. It is reasoned that & ready
explenation for this marked difference is to be found if the epoxide
group in (XXXVI) is X-orientsted since asddition of en d&-epoxide group
to the chol-8-ene derivetive is considersbly hindered by the cis fusion
configuration of the rings A/3. The epoxide (XXXVI) is extremely lieble

to mineral acids and isomerises with hydrogen bromide or boron trifluoride
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to 9¥yllx~-dihydroxy -7-oxoergost-22-en-3f~yl acetate (XXXIV)s Treatment

of the epoxide (XXXVI) with aqueous sulphuric acid converted it into
7% 48339 v 11o¢ ~tetrahydroxyergost-22-en-3p ~yl acetate(XXXVII)(37) which in
turn on treatment with hydrogen bromide in acetic acid gave 9¢s11X-dihydroxy-
7-oxoergost-22-en-3f-yl acetate (XAXIV).

Catalytic hydrogenation of the diacetate (XXXV) in the presence
of alkali effects saturation of the Aa-ethylenic linkage with formation

of 3Py118 -dihydroxy ergost-22-en-7-one (DOVIII)(37), Wolff-Kishner reduction]
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of which gives 381la-dihydroxyergost-22-ene(XXXIX).

An approach to cortisone through ergosteryl-D acetate 22¢23-
dibromide has been. described(38). - Treatment of 5-dihydroergosteryl acetate
(XXVI) with bromine under specific conditions gave 2 tetrabromo ergostenyl
acetate, which on treatment with sodium iodide was partially debrominated
to give 22i23-dibromoergosta-749(11)-dien-3f-yl acetate (XL)(ergosteryl-D
acetate 22s23-dibromide}, the structure of which was established by its

debromination with zinc dust to ergosteryl-D acetate {(XXVII).

| ——

Al

The reaction seriss (XXVII) - (XXXII) (p.Ji) has been carried out with the
related dibromides, reduction of the dibromo- ﬂ?—?sll-diketone being
accompenied by debromination to (XXXI)(39).

Another very efficient method of obtaining ll-oxoergost-22-en=-
3 -yl acetate has been described by Elks gt 2l(54) being a method first
described by Jones and his co-workers)(54), whereby the dibromo-epoxide (LXX]
obtained by perbenzoic acid treatment of ergosteryl-D acetate 2223~
dibromide (XL) (39), was treated with boron trifluoride etherate in

ether to give 22z23—dibromo-ll-oxo-9ﬁ—ergost-7-en-%ﬁ-yl acetate (LXXII).
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Catalytic hydrogenation of the latter compound gave an excellent yield of
22323-dibromo-1l-oxo=9B-ergostan-3f-yl acetate (LXXIII)s The 9f-hydrogen
atom of (IXXIII) isomerised to the natural d-configuration with strong
alkeli treatment, debromination of the product giving ll-oxoergost-22~-
en-3f-yl acetate (XXXII).

In addition to ergosterol, cholesterol, stigmasterocl and diosgenin,
this general route to ll-oxygenated steroids has been applied to cholans,
bisnorallocholane, androstane and cholestane derivatives. A 137:9(11)-
diene was prepared from cholic acid as follows(30)s- methyl 3%s7x-diacetoxy
-12-oxocholanate (XLI) was oxidised with selenium dioxide to methyl
30 70~-diacetoxy-12-oxochol~9-enate(XLII) which on treatment with alkali

gave 3d-hydroxy-12-oxochola-7¢9(11)-dienic acid(XLIII)s Reduction of
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%“3
o .fﬂ ew,CH, o Me

s o

XLiv

the latter compound by the Wolff-Kishner method gave the required
3d-hydroxychola-7+9(11)-dienic acid(XLIV), also obtainable directly from
(XLII) by the Wolff-Kishner technique. Treatment of the 3-acetate methyl
ester of (XLIV) with monoperphthalic acid gave as major product, an epoxide
which by analogy with the corresponding ergostercl derivative was

formulated ss the 9dslld-epoxide (XLV) from which the saturated ll-keto

CalgCO Me
J\“ G CyHgCo,Me c HgCo, Me

XLVil
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methyl ester (XLVII) cen be prepared by z series of steps exactly similar
to these for ergosterol derivatives, i.e., (XXVIII) == (XXXII)(pen ).

. Doubts have been expressed(30). concerning the structure ascribed to the
epoxide (¥LV). Considerstion of molecular rotstion differences and of
the fzct that the epoxicde with boron trifluoride etherate in absence of
water isomerises to methyl 3%-acetoxy-7-oxochol-8-enate and not to the
li-keto isomer, suggest that the epoxide may have the 7y8-oxide structure
(XLvI).

In the androstane series, BPzl?ﬂ-diacetoxyandrost-S-Qne(XLVIII)
was converted by a novel route(45) into 3psl7B-diacetoxyandrost-7-ene(LII).
Oxidation of the diacetate (XLVIII) with t-butyl chromate(46) gave

38v178-diacetoxyandrost=5-en-7-one (XLIX), catalytic hydrogenation of which

ofAc
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in ethyl acetate gave Spleﬂ-diacetoxyandrostan-?-one(L). Further

hydrogenation of (L) in acetic acid gave 3pr17p-diacetoxy-Tpl~hydroxyand~
.rdsﬁaﬁe.(ZI), thch ﬁaé aehyarétéd‘td 3p{lfp;diﬁcétbx&ahdfoét;7;eﬁe(LiI).v
Using essentially the same procedure(Z?,éO), as that described above for
5-dihydro-ergosteryl acetate (through ergosteryl-D acetate) the compound

(LII) was coaverted into 3g-17f-diacetoxy-1l-oxoandrostane (LIIT)(32)s

(b) Oxidation with Peraliphatic Acidse

This method is applicable only to compounds of the allo
seriesy it does not apply to the %ﬁ—series.

- Diosgenin (XII) can be converted by general establisghed
methods as previocusly described into 22a-allospirost-7-en-3p-yl acetate
(LIV) end thence to 20-oxoallopregn-7-en-38-yl acetate (LV)s Djerassi
et al (47) described the mercuric acetate oxidation of the latter
compound to give 20-oxoallopregna-7s+9(1l)-dien-3g-yl acetate (LVI).
Treatuwent of (LV) with lithium sluminiun hydride followed by acetylatien
gave 38-20B-diacetoxyallopregn-7-ene (LVII) which was converted to the

[37'9(11)-diene (LVIII) by mercuric acetate oxidation(48). Oxidation
of (LVIII) with performic ecid gave 33s20B-diacetoxy=-9as 12 ~epoxy
allopregnan-7-one (LIX) (49) which isomerised on treatment with alkali
to give %3:lliu20ﬁ-trihydroxyg&igpregn-S—en—7—one (LX) Catalytic
hydrogenation éf (LX) followed by Wolff-Kishner reduction gave
3111/ 208-trihydroxyallopregnane (LXI). Chromic anhydride oxidation

of the latter gave the known triketone (LXII) which was reduced
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by Raney nickel hydrogenation to 11320-dioxocallopregnan-3p-ol (LXIII
R=H)(50). Another route has been described by Djerzssi et al (51)
 whereby 3pyllxs20B-trihydroxyallopregn-6-en-7-one (LX) was isomerised into
3P+ 208 ~dihydroxyallopregn-7s1l-dione (LXIV) by refluxing with potassium
t-butoxide in trbutenol. The diacetete of (LXIV) forms the 7-ethylene-

dithioketal which on desulphurisation with Raney nickel gave 3p+208-~

diacetoxyallopregnan-1ll-one (LXV).

This general performic acic oxidation procedure has also been
applied to 2llopregna-7+9(11)-dien-20-one(LVI) (52), to 22a-allospirosta=-
7+9(11)~dien-38-yl acetate (53,49) obtazined from diosgenin, and to
ergosteryl-D acetate (35,38).

An interesting feature of these performic acid oxidationsis that
oxidetion of ergosteryl-D acetate with 1 mole of performic acid (35,38)

gave 7-oxo-8d-erzosta-9(11)s22~dien~3p-yl acetate (LIVI) which can easily
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be isomerised with acid or alkali to 7-oxoergosta-8122~dien-3B~yl acetate
(LXVIIy R=CoHi 7). From the mother liquors of the ﬁerformic acid oxidatio
of 20-6xoa_il.2pragna-—7. 9(11)-dien-3P-yl acetate (LVI) and analogous

ol P -unsaturated ketone; 7;20-dioxo§;£pregn—8-en-BP-yl acetate (LXVII,
R=COCHg ) has been isolated(52). Enol acetylstion of the latter with
isopropenyl acetate(52) gave (LXVIII) which on treatment with 1 mole of
perbenzoic acid yielded l]d-hydro:qr-%20-dioxo£_lgpregn—8-en~3p-yl acetate
(LXIX). Catalytic hydrogenation of the lstter followed by chromic acid

oxidation gave 7:llu20-trioxoallopregnan-3p-yl acetate (LXX).
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(c) Oxidation with Sodium Dichromate and N-bromsuccinimidee.

?urgher methods for the production of ll-oxygenated steroids

79 \11

from A ° ° ~-dienes have been reported by Fieser %?d)his co-workers
7so\11

(69,90,91), who investigated the oxidation of A ~dienes with

sodium dichromate and with N-Bromsuccinimides

*gu

" g \O

XC|x

Oxidation of methyl 3d-acetoxychola-7+9(1l)-dienate (XCVI)
with sodium dichromste in acetic acid (92,89) gave the A? 5 ~7-ketone
(XCIX) and the AB -7s1l-diketone (XCVII), Reduction of the latter with
zinc followed by removel of the 7-carbonyl group by the Wolff-Kishner
method gave the methyl ester acet=te of 1l-ketolithocholic acid (XCVIII).

The A ¥ -unsaturated ketone (XCIX) wus easily isomerised to the conjugated
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ketone (CII) which can be converted bock to the diene (XCVI) by reduction
with sodium and amyl mlcohol to the alcohol (CI) followed by dehydrations
Enol scetylation of the non-conjugated ketone (XCIX) gave the enol
acetate (C) which was converted into (CIII) by treatment with perphthalic
acidy

This dichromate oxidation method also applies to Sdrsteroids;
Dichromate oxidation of cholesta-7+v9(11)-dien-38-yl benzoate, (90) gave
the related cholestercl products shown abov?;(CE also 93).

78041

Another method for use with A -dienes with either a

cis or trans 4/B junction has been described (36,91)(102)s Dienes of

the bile acid, cholesterol and ergosteral series have been converted into
the saturated 7sll-diketones (CVIII) by reaction with N-bromosuccinimide

in t-butenol-dilute sulphuric acid, followed by further oxidation with

Co,C Hz

Ac O". H
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silver chromate and reduction with zine and acetic acid. In the bile

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

characterised(¢l) as the 9(11)-em-7-one(CIY), 8+-en-ll-one (CV), and

8-en-11-0l-7-one (CVI). Silver chromate oxidation of these led to
(CVII) which was reduced by treatment with zinc dust and acetic acid to

(CVIII).

11l-Keto-steroids from dehydroerzosterol.

(a) Peroxidation in Ring Be

As mentioned before dehydroergosterol (LXXIVy R=H) prepared
by mercuric acetate oxidation of ergosteryl acetate, seemed an attractive
starting material for the synthesis of ll-keto ergosterol derivatives.
Bergmann and Stevens(25) approached the problem by forming the maleic

anhydride adduct (LXXVy R=Colyn) of dehydroergosteryl acetate (LXXIVyR=Ac),




_27_

protecting the sidechain ethylenic linkage by addition of bromine to give
(IXXV;R:CoquBrg) thus leava.ng the A & -ethylenic linkage open to

. oxldat;ve attacks Treatment of (L»XV)R%&»;BI‘—.) with perbenzoic acid
followed by debromination with zinc gave a high yield of the monoepoxide

(LXXVI). Pyrolysis of (LXXVI), however, caused aromatisation in ring B

gnd no identifiasble ll-keto-steroid was isolated.

C9 Hl"l
‘ f‘? ”:7

LXXX | L X% X W

—
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In 1952, a new approach to ll~keto-steroids from dehydro-
ergosteryl acetate was descrlbed hy Jones gt 2l in a series of publlcatlons
' (55). Wlndaus und Llnsert(57) in 1“28 flrst prepared 5¢\8avep1d10xy-
dehydroergosteryl acetate (LXXVII) by photoperoxidation of dehydroergostery:
acetate (LXXIVsR=Ac). Jones and his co-workers(55a) preferentially
reduced (LXXVII) with a specially prepared platinum catalyst to give
Sts8%-gpidioxyergosta-9(11)s22-dien-3f-yl acetate (LXXVIII)s Catelytic
hydrogenstion of (LXXVII) with Raney nickel or prlladium catalyst gave
5&~hydroxyerzosta-7s9(11)s22-trien-3f-yl acetate (LXXIX) which was also
obtsined from (LXXVIII) by Reney nickel or palladium catalysed hydro-
genation. The formation of (LXXIX) probably proceeds through 5ps8qt-
dshydroxyergosta=9(11)s22-dien-3f-yl acetate (LXXX) since this intermediate
has been isolated by platimum catalysed hydrogenation (2 moles) of (LXXVIII
and resdily dehydrates to (LXXIX) on mild acid treatment. The standard
3-stage degradation procedure for the side chain of ergosterol derivatives
(25) (ozonolysis, enol acetylation, and ozonolysis) on (LXXVIII) gave
¢y 8xt-gpidioxy ~R0-oxozllopregn-9(11)-en-3f-yl acetate (LXXXII)(55b) which
was converted to Smrhydroxy-zO-OXOQ;;gpregna'7$9(11)-dien-BP-yl acetate
(LX£XIII) by hydrogenation. The 119 iy -ethylenic linkage of 5ds8x-
epidioxyergosta=9(11)s22-dien-38-yl acetate (LXXVIII) and related compounds
was shown to be only moderately reactive towards oxidising agents although
2 9% ll-epoxide and a 9s1l~diol have been formed, albext in poor yield;

This wes attributed to steric hindrance of the e -ethylenic bond by
the « -orientated epldbxy bridge. TFollowing well established routes as

70011
described previously for & -dienes, both (LXXXIII) and (LXXIX)
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can be converted into Sd-hydroxy-ll\20-dioxo§;lgpregnan—3p-yl acetate
(LXXXI)(SG 54)) and thencc to cortlsone.

A very 1mportunt featare of this approach to cortisone through
ool Bol-epidioxy derivatives was that rupture of this DdsSd—epldbxy system
led to S5t-hydroxy derivaives which after oxidation of the 3f-hydroxyl
group, led readily to the 3-keto- A&-system (see p®2 ) the formation of

which is one of the most formidable of the problems in the partizl synthesis

of cortisones

(b) Peroxidation in ring Ce

In 1953, Laubsch and Brunings(58) described without experimental
detail, a novel route from dehydroergosterol to ll-oxygenated steroids
»nd thence to cortisonc. Dehydroergosteryl acetate (ILXXIVy R=dc) was
catelytically isomerised with liquid sulphur dioxide to ergoste-6+3(14) ;
9(11)s22-tetraen-3B-yl acetate (IXXXIV). Photo-peroxidation of this latter
compound afforded 1lsl4-epidicxyergosta-6+8v22-trien-3p-yl acetate (LXXXV)
which under mild basic conditions rearrenged to 3p-acetoxy-ll-oxoergosta-
6+8422~-trien-14-ol (LXXXVI)e Acic hydrolysis of (LXXXVI) gave 11-
oxoergoste~618114s22-tetraen-30 -yl a2cetete (LXXXVII) which was partially

hydrogenated to the known ll-oxocergosta-8s¢22-dien-3p-yl acetate (XXXIII).
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IV. Conversion of ll-oxygensted Steroicds into Cortisones

11320-Dioxozllopregnan-3f-yl acetate (LXIIIy R=Ac) is & common
intermediate in many partial syntheses of cortisone from 5&-series steroid
starting materiszls. The transform-tion of (LXIIIy R=H) to cortisome
acetate includes the introduction of two hydroxyl groups in positions
Ci7 and Gy »nd of the 0P -unsaturated ketone in ring A. Using the
Gallzgher method (59), the 11s20-diketone (LXIIIy R=Ac) is converted into
its 11sR0=-dienol-acetate, oxidation of which with perbenzoic acid
followed by alkaline hydrolysis gives 3fs17d-dihydroxy-11s20-dioxocallo
pregnane (LXXXVIII). Bromination of the latber followed by treatment
of the 2l-bromo derivative with sodium acetate (60) or with sodium iodide
followed by potassium acetate (61) gives 317 ~ dihydroxy-1ls20~dioxoallo

pregnan-21l-yl acetate (LXZAIX). Oxidation of (IXXXIX) with
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1...oH

TLXXXIX

|CH;O AC

Co
\..*OH

N-bromoacetamide yields l7ol-hydroxy-3sllsR20~-trioxoallopregnan-21-yl:
acetate (¥C)(60,61). Brominztion of the latter followed by dehydro-
bromination (60) or using a method previously used with other 3-keto allo
steroids (62) gives cortisone acetate (XCI).

Gallagher!s procedure however was found to be unsuitable(56)
for Set-hydroxy-1ls20-dioxoallopregnan-3p-yl acetate (LXXXI), which, under

5
the reaction conditions resdily dehydrated to Q0 -steroidse The method
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of elaboration used in this case wrs thet described by Sarett (62) whereby
the 5d-hydroxy-1ly20-diketone (LXXXI) wes treated with hydrogen cyanide

to give the cyanohydrin (XCII)(56). Seclective dehydration at Gyo of the
latter compound with phosphorus oxychloride in pyridine gave (XCIII) which
on osmiun tetroxide oxidation gave a 17s20-diol, which yielded(XCIV)on
treatment with base. Treatment of (XCIV) with bromine followed by
treatment of the 21~-bromo derivative with potagsium acetate as described
before gave the 2l-acetate (XCV). Oxidation of the latter gave the

3~ketone which was dehydrated to cortisone a2cetate (XCI).
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THEORETICAL.

-The work cdescribed: in thig-thesis had =2s its object the
conversion of ergosterol into ll-oxygenated steroids, with a view to a
partisl synthesis of cortisoney the chemisiry of some intermediates
encountered is discussed in detail. The investigation was commenced in
October, 1951, when a general scheme for the synthesis of ll-keto-steroids
from Lf -stercids such as ergosterol, diosgenin and stigmeasterol had
already been reported by Tishler et al(27) snd by Heusscer et al (30).

The experiments described have in part been reported in a series

of publications (65-69).

1. The Preparation and Attempted Selective Hydrogenation of
d1-Oxoergosta-8422-dien-3B-yl Aceclates

Heusser and his co-workers had described(30) (see Historical

Section) the preparation of 1ll-oxoergosta=-8s22-dien-3p-yl acetate(I) from

ergosterol.
Cg H Cc
g ?q H(—, ol ] qul?
% < Q
ACO/ ” /E*\a A(O/ vl'/;:‘\,
T i)

It was obvious that if this compound(I) could be selectively reduced to
11-oxoergost-22-en-3f-yl acetate (II), an attractive synthesis of cortisone

from ergosterol could be envisaged. The latter compound (II) was known,
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h=ving been obtrined by Heusser et al(30) by the removel of the 7-carbonyl
group from the less readily accessible 7sll-dioxoergost-22-€n-38-yl acetate
. (III) either by. the Wolff~Kishner methoc¢ or by desulrhurisation of the’
7-ethylenedithioketal of (III). Attempts were therefore made to reduce
selectively the Ae—ethylenic lead of (I).

1ll-oxoergosta-8s22-dien-3p-yl acetate was produced from
ergosterol by the method of Heusser et al(30) which involved acetylation
of ergosterol (IVyR=H) to ergosteryl acetete (1VsR=Ac). Selective
hydrogenation of the latter compound gave 5-dihydroergosteryl acetate (V)

(28) which was treated with mercuric acetate to give ergosteryl-D

CoH <9 Hy
Hiq SALL 1
Aco/ N : AC (o} :"
H
w 0 S
£9 U




acetate(VI) in about 30% yield, after tedious separation from unchanged
starting meterials A much improved yield of ergosteryl-D acetate was
prepared by the method of Anderson, Stevenson and Spring(28) by bromination
of 5-dihydroergosteryl acetate (V) under specified conditionse. Treatment
of ergosteryl-D acetate (VI) with perbenzoic acid gave a mono-epoxide to
which Heusser el al have ascribed the structure 9dsllel-epoxyergosta-7422-
dien-3p~-yl acetate (VIiI). Rearrangement of the latter (VII) with boron
trifluoride~ethercte gave ll-oxoergocta-8s22-dien-3f-yl acelate (Cls

Direct catalytic hydrogenation of (I) was unsuccessful, however,

8
in the attempted selective reduction of the [\ -bonde Hydrogenolysis of

8
the ll-carbonyl group resulted with migration of the A -ethylenic bond

giving ergost-8(14)-en-3f~-yl acetate (® -ergosteryl acetate)(VIII),

q ¥

—

T v

identical with a specimen prepared by Budziarek,Johnson and Spring (73)

by hydrogenation of ergosteryl-D acetates
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Another approach wes made to the problem by attempting to
recuce the ll-carbonyl group of ll-oxoergosta-8s22-dien-3g-yl zcetate(I)
© $0 the ‘corresponding aleohol And to exemine the possibility of reduction
of the Asa-ethylenic bond of the derived allylic alcohole. Treatment of
(I) with lithium aluminium hydride or with sodium borohydride, however,
gave an inseparable mixture, the presence of a &:.9(11 -diene impurity
being indicated by the ultra-violet absorption spectrume The lithium

aluminium hydride product was considered to be a mixture of the desired

allylic aleochol (IX)

-
H
" \J
|
/ K
on H
. o 2 1x J

and ergosterol-D the latter being a dehydration product of the formers
Evidence th:t some carbonyl reduction had indeed occurred to yield a
dienediol (IX or isomer) was adduced by the observetion that dehydration

of the mixture with boron trifluoride geve a high yield of ergosterol-D (X).
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Prolonged treatment of the crude reduction mixture with boron

trifluoride etherate followed by acetyl-tion gave ergosteryl-B,

€qHi7

s Xt
7eafa1)
acetate (XI) in poor yield, the initielly formed fa) ~-diene
g+14
having isomerised to the A -diens. The reduction product was not

further examinede

Of primeory importance in these experiments aimed at saturation
8
of the A -ethylenic bond in ll-o:{oergosta-&zz-dien-Bﬁ-yl acetate (I),
22
was the protection end mointenance of the A -ethylenic linkage in order

to facilitate subsequent side chain degradation. Accordingly a number of
experiments were undertaken in order to exemine the possibility of forming

22 '
2 22v23-dibromide as 2 mesns of protection of the A -ethylenic linkages.

Sromination of ll-oxosrgosta-8s22-dien-3p-yl acetate (I) gave 22423~

dibromo~ll-oxoergost-8-en-3p-yl acetate (XII),
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which has nlso been obtained in this laboratory by Budziarek et al(39)
by treatment of 22s23-dibromo -9¢sllé-epoxyergost-7-en-3f-yl acetote (XIII)
in absolute benzene with boron trifluoride-ether complex.

An attempt to hydrogenate the ‘Aa-ethylenic bond of 22sR23~dibromo
1l-oxosrgost-8-en-38 -yl acetate (X11) vy thdhethod of Kleiderer and
Lornfeld(75) involving hydrogen exchange with cyclohexanol in the presence
of Raney nickel in a fairly high boiling inert solvent such as toluens
was unsuccessiuls 1l-Oxoergosta-8s22-dien-2p-yl acetate(I) was obbtained
o5 the product and no evidence of reduction of the A s-eth.ylenic bond
wes founde

It is noteworthy that brominstion of 9slld-epoxyergosta-7s22-
dien-3f-yl acetate (VII) gave 22\23—dibromo-7dtlhi-dihydroxyergost-S-en~3p-y1
acetate (XIV) which was also obtained by Budziarek et al(39) and a second

product, 7-oxoergosta-8-22-dien-3p-yl acetate (XV) which has previously




- 30 =

Nu xiv XY

been obteined by prolonged treatment of the epoxide (VII) with mineral
acid (27). TIraces of hydrogen bromide in the bromine probably converted
(VII) into (XV).

At this time, before an outlined programme of research wasg
completed, Tishler(33) and Djersssi(34) and their co-workers reported
the reduction of the C&B-ll-ketone system to the saturated ll-ketone
in high yield, using lithium metal in liquid smmonia, and no further
experiments were cerried oute.

o(11)

7
II. The Stereochemistry of A * «7-Keto and O -11-Keto-steroids
and some of their Derivativese.

Budziarek et al(65) in this loboratory hed prepared a compound,
by oxidation of ergosteryl-D acetate with one mole of performic acid, to
which they ascribed the struclure 7-oxoergosta-9(ll)t22-dien-3§-y1 acetate
(XIX). This differed from the product, to which the some structure was
given by Heusser gt al(31), who obtained it by a dehydration of 7olslla-

dihydroxyergosta-8+22-dien-3f-yl acetate (XVII), and by Tishler et al(33)
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who obtained it by acidic rearrangement of both Sdsllo~epoxyergosta-7122-
dien-3f-yl acetate (VII) and of 3fs7ols Lld-trihydroxyergosta-8s22~-diene
(XVI) under criticel control followed by acetylation. A specimen of the
compound described by Budziarek et al was prepared and its infra-red
absorption spectrum determined. Two well resolved bands were evident s
one at 1740 ctn—'1 ascribed to the 3Be.ccetate group, and the other at 1715 cm |
ascribed to the 7-carbonyl groupe This ruled out the possibility of an
epoxide structure, and as the compound differed from 1l-~-oxoergosta-7s22-
dien-3p-yl acetate and its 9f-isomer and is converted into 7-oxoergosta-
8s22-dien-3f-yl acetate by treatment with acid or basse(65), it evidently
possessed a Ag ’ -7-carbonyl systeme As a result Budziarek el g}_(eﬁ)
concluded that their B ¥ -unsaturated ketone differed from that described
by Heusser gt a2l and Tishler et al in orientation around Cg. It was
therefore desirable to examine and compare the reactions of these two

isomerse
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As prolonged mineral acid treatment of the triol-mono acetate(XVII)
gave the « f; -uncaturated ketone, 7-oxoergosta-8+22-dien-3B-yl acetate to
- which the B¥ -unsaturated ketone (XIX) is =lso converted by treatment with
acid it is very probable that (XIX) is an intermediate in the conversion
of (XVII) into 7-oxoergosta-8s22~dien-3f-yl acetate. For two reasons the
line of investigation chosen wes controlled acid treatment of 22323-dibromo-
7o(s 11X ~dihydroxyergost-8-en-3-yl acetate (XIV). Firstly, the sparing
solubility of (XIV) rendered it valuable for controlling the reaction,
because as the soluble B ¥ -unsaturated ketone was formed the completion of
the reaction would be indicated by the dissolution of the insoluble (XIV);
and secondly, protection of the lkge—olefinic bond as the dibromide permitte
examination of the &9(11)-7~ketone system by oxidative attacke

22423-Dibromo-7xs1ld-dihydroxyergost-8-en-3p-yl acetate (XIV) wes
prepared by methods reported from this laborztory. Bromination of 5-dihydr
ergosteryl acetate (V)(28) at -60° gave a tetrabrom oergosteryl acetate
which is believed to be ZE.11;;22:23-tetrabromoergost-B-en-3p-y1 acetate(XX)
(Privete communication of Merek and Co.3 cf. Re.C.Anderson thesis)s Pertial
debromination of the latter compound with sodium iodide gave ergosteryl~-D
acetate 22v23-dibromide (XXI) which showed the characteristic ultra-violet
 absorption spectrum of a ,57:9(11 ~diene and which on treatment with zine
gave ercosteryl-D acetate. Treatment of ergosteryl-D acetate 22423~
dibromide with one mole of perbenzoic 2cid(39) gave 22123-dibromo-Ses11d -
epoxyergost-7-en-3ﬁ-yl acetate (XIII) which on treatment in tetrahydro-

furen with sulphuric acid gave 22323 -dibromo-7«4 11 ~dihydroxyergost~8-

en-33-yl acetate (XIV)s
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When 22¢23~dibromo~ms 11l -dihydroxyergost-G-en-33-yl acetate
(XIV) was treated in mbsolute benzene with boron trifluoride-ether complex
for a short time, two isomeric non-conjugated unsstursted ketones were
obtainede One of these was 22t23-dibromo-ll-oxo-%B-ergost-?-en-Bﬁ-yl
acetate (XXII), the structure béing established by debrominstion with
zinc dust in benzene-ethanol to yield ll-oxo—9ﬁ-ergosta-7:22-dien-%p—y1
acetate (XXv). This had previously been prepared by Bladen et al (54)
and Heusser et al (64), by brief treatment of 9usll-epoxyergosta-7s22-
dien-38-yl acetate (VII) with boron trifluoride,”the unnatural !
98-configuration being aseribed to (XXV) because filtration of a solution

of (XXv) through a column of aluaina converted it into the 9d~isomer(54),
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The structure (XXII) is further supported by the ultra-viclel absorption
spectrum and by the fact that filtration of a solution of (XXII) through
a column of alumina converted it iamto the conjugated isomer 22+23~dibromo-
11-oxoergost-3-en-3@-yl acetate (XII) previously obtsined by Budziarek

et 2l (39) by treatment of 22s23~-dibromo=-9s1lh-epoxyergost-7-en-33-yl
acetate in absolute benzene with boron trifll;oride. The second (major)
product of the reaction of (XIV) with boron trifluoride was 22s23-dibromo-
7-oxoergost-9(11)-en-3-yl acetate (XXIII), treatment of which with dilute

alkeli followed by acetylation gave the isomeric «\i-unsaturated ketone (XX




previously obtained by Budziarek et g;(39) by prolonged sulphuric acid
treatment of the dibromo-epoxide (XIV). E1kS et 21(93)hawe subsequently

" prepared (X{III) by dichromate oxidation of 22s23-dibromo ergosta-7+9(11)-
dien-3(yl acetate (XXI). Trestment of (XIV) with boron triflemgide for

a short time followed directly by chromatography of the reaction mixture on
alumine yielded the aff -unsaturated ketones (XII) and (XXIV) in one
operation, the initially formed @‘-unsaturated ketones having been
isomerised by the chromatographic alumina. The structure of (XXIII) follows
from the following reasonse.

Debromination of 22v23-dibromo-7-ogocergost-9(1l)-en-38-yl acetate
(XXIII) by zinc dust in ether ethanol gave 7-oxoergosta-9(11)s22-dien-3$-yl
acetate (XIX) [K];D-55°, identicel with the product obtained by Heusser et
al (31) and Tishler et al (33) as described earlier. Comparison of the
latter compound with that [K]y*20° described by Budziarek et al (65)
had led to the conclusion that they differed in orientation at Cge
Budziarek et @l have also prepered a Cg-cpimer(XXVIII) of 731l-dioxoergost-

22-en-3@—yl acetate (XXVII)(??) and a comparison of the molecular rotations

Catin CqHn

Aco” 0 A No




- 45 =

of the two diketones (XXVII) and (XXVIII) with those of the two

B3 -unsaturated ketones (XIX) and (XXVI) supports the original view and
suggests that the isomer prepared by Budziarek et al ([dan20°) is 7-oxo~-
8dfergosta-9s(ll)-dien-%ﬁ-yl acetate (XXVI) and that the isomer prepared

by Heusser et al and Tishler et al ([GQD-55°) has the natural qs-configura-

stion.

[;//D ~55% has the natur:1l 8f-configuration. /p My

7v11-Dioxoergost-22-en-3p-yl acetate -28¢ ~132°

7v11-Dioxo-Bl-ergost-22-en-3P-yl acetate +30 +141
G »8A = +273

7-oxoergosta-9(11l)s22-dien-36-yl acetate -55 -250

7-oxo-Gt-ergosta-9(11)s22-dien-3f-yl acetate +20 +91
e 385 = +341

Oxidation of 22;23-dibromo-7-oxoergost-9(ll)-en-SP-yl acetate (XXIII)
with one mole of perbenzoic acid gave 22s¢23~-dibromo-9d-114-epoxy-7-oxoergostal

-3p-yl acetate (X¥XIX) previously obtrined by oxidation of ergosteryl-D
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acetate 22s23-dibromide with 2 moles of performic acid(38). Debromination
of (XXIX) with zinc dust gave Sol»11~-epoxy-7-oxoerzost-22-en-3g-yl

acetate (XXX). Budziarek et al(65) have reported the preperation of (XXX)
by treatment of 7-oxo-Sdrergosta-9(11)s22-dien-3g-yl acetate (XXNI)
successively with one mole of bromine, perbenzoic acid and zinc duste
Therefore, one of these reactions, either the conversion of (XXIII) into
(XAIX) or the conversion of (XXVI) into (XXX), must have involved inversion
at Cg. This probably occurred in the latter cese, since ~lthough %{s1ll-
epoxy—?-oxoergost-22-en—%8-yl acetate (XXX) is very sensitive to alkali(66)
forming lﬂ%~hydroxy-7-oxoergosta-Bs22-dien—3p-y1 acetate, when it wag

treated with acetic acid or hydrogen bromide in acetic acid under which
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conditions 7:11-dioxo—&irergost-zz—en-BF-yl acetate is converted into the
more stable Bﬁ-epimer, it was recovered unchangeds For this reason

%y 118 -epoxy~7 ~oxoergost-22-en=3f~yl acetate (XXX) is believed to have the
naturel 8B-configuration (i.ee, the more steble trans linked B/C system).
Attenpts made to convert the unneturel BY-unsaturated ketone (XXVI) into
the %6-epimer using the methods for converting the 8f-diketone (XXVIII)

into (XXVII) failsd.

ITI, The Sterochemistry of S%slMedihydroxy-7-oxoergost-22-en-

%!jzl_acetate and of 7 s Su(s Sals -tetrahydroxyergost-zz-en:gé:zl aceta

Budziarek gt al have reported (78,79) the preparation of 22s23-
dibromo-iblsQﬁepow-’?dsllp(-dihydrowergostan-%@-yl acetate (XXXI) by the
perbenzoic acid oxidation of 22t23-dibromo—%xtlli-dihydroxyergost-S-en-%ﬁ-
yl acetate (XIV). Treatment of (XXXI) with hydrogen bromide in acetic acig
(79) geve = compcund which was ascribed the structure 22123-dibromo~9§\lldr
dihydroxy-?-oxoergostan-Bﬁ-yl acetate (XXII), deBromination of which gave

Qg;lli-dihydroxy—?-oxoergost-zz-en-qg-yl acetate (XXXIII).

C -
< “‘1 e 2 Cq Hiq 842_ Cq “n B'f-\_
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This compound (XXXIII) has also been obtained from 7@js1lld-dihydroxyergost=
22—en—%b—yl acetate under similar conditions by Heusser et 35(31) and

‘was first described by Budziarék'gﬁ'gl(es) who obuained it by treatment of -
9dslli-epoxyergosta-7t22-dien-3p-yl acetate (VII) successively with one‘
mole of bromine, excess perbenzoic acid, followed by zinc dust treatment.
The latter authors(65) originally ascribed the p -orientation to the
9-hydroxyl group in (XXXII) the two hydroxyl groups being considered as
trans orientated with respect to each other "since they almost certainly

originate by 2 hydrolytic cleavage of a Wslld-epoxide intermediate".

This ergument does not appear satisfactory in view of the fact that

addition of bromine to thlli-epoxyergosta-7s22-dien-3p-y1 acetate (VII)
(page4 ) results in hydrolytic rearrangement to give in part 22s23-dibromo-
0 110l ~dihycroxyergost-5-en-3f-yl acetate (XIV) which may thus be the
precursow (XZIIT) in Budziarek et al's conversion from (VII)s As a result
of this observation the 9f-hydroxyl assigament in (XXXIII) was later
withdrawm(79). Further evidence on the stercochemistry of this group was |
therefore soughte The formation of 22123-dibromo-9&s1M ~dihydroxy-
7-oxoergostan—3p-y1 acetate (XXXII) from 22+23-dibromo~3ls 9d-epoxy-2ls 11~
dihydroxyergostan-3g-yl acetate (XXXI) and the ease of dehydration of the
former compound to give 3Fsll%rdiacetoxy-22s23-dibromoergost-8-en-7-one
(XZXXIV) after re-acetylation, seem to indicate that the S~hydroxyl group

in (XXXII) and related compounds has the A -orientation (trans elimination

of water). This view has been established in the following way.
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Oxidation of 2223-dibromo-7-oxoergost-9(11)-en-38-yl acetate

(XXIII) with osmium tetroxide, followed by decomposition of the osmic acid
complex hy hydrolysis and subsequent re-zcetylation gave a diacetate
%5\lhl-diaoetoxy-zzi23-dibromo-&i:hydroxyergostan-7-one (XXV) identical
with a compound obtained by acetylation of 22s23-dibromo-9 +11X-dihydroxy-
7-oxoergostan-3-yl ecetate (XXXII) as prepered by Budziarek et 2l(78,79).
Debrominction of this diacetate (XXXV) gave %8|llirdiacetoxy-airhydroxyer-
gost-22-en-7-cne (XXIVI) identical with a specimen prepared by acetylation
of Qfslli-dihydroxy-?-oxoergost~22-en-3p-yl acetate (XXXIII) prepared by

Budzisrek et al(65). The 9s1ll-cis~-glycol structure was ascribed to

Cq H ] B"z
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(XTXV) and (XTXVI) for the following reasons. Since oxidation with osmium

9(11)

tetroxide yields g_jgs_-glycols(SO), since the 4 ~double bond is

invariably abtecked from the rear(ed): face, and the 1l-hydroxyl group is -

readily acetylated =nd therefore has the & -orientation, it follows that
the 9-hydroxyl group in (XXXV) and (XXXVI) and hence in (IXXITI) and (xxxi)
related compounds is also ol -orientatede

In addition to the formation of WallX-hydroxy-7-oxoergost=22-en-
s’lﬂ-yl acetate (XUXVIII) from SolsSK-epoxy-7s 11 ~dihydroxyergost-22-en-38-yl
acetate, by treatment with hydrogen bromide in acetic acid, or boron
triflumide in absolute benzene, Heusser et al(31) describe the treatment
of the latter compound (XXEVII) with aqueous sulphuric zcid to get a
7;8:9tll-tetrahydmo;qrergost-.?.?,-en-?»/%-yl acetate (IXXIX) which in its turn
gave %(slla(.—dihydroxy-?—oxoergost-zz-en-Br}-yl acotate (XXVIII)ow treatment

with hydrogen bromide in acetic acide

Hi7 qHi7
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Lo | f Q
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An 2llocotion of configuretions of the hydroxyl groups in (COXIX) can be
nede in the following waye. Starting from the view that the 2- and
11-hydroxyl groups. in (XXAVIII) are X .-orientated and as the tetrahydric:
alcohol (XXXIX) is converted into (XMVIII) with hydrogen bromide it
follows that the 9- and 1l-hydroxyl groups in (XXXIX) are also X -orientateq
Since the 8- and 9-hydroxyl groups in (XIXIX) result from an acid
fission of the Xs9¥vepoxide bridge in (XXXVII), they will be trans
orientated with respect to each other (in the cleavage of oxides = Walden
inversion occurs at the carbon atom at which a carbon-oxygen bond is
ruptured) from which it follows that the 8-hydroxyl group in (XEXIX) is

@ -orientated (i.e., Diaxial opening). Since Henbemt and Wagland(63)
are established the X -orientation of the 7-hydroxyl group in 7046110
dihydrowergosta-dtzz-dien'-B@-yl acetate, it follows that the 7-hydroxyl

group in (XXXVII) and hence in (XXXIX) is =21so X -orientated.

s
o
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The structure of the tetrshydric =lcohel is therefore 7‘8& 96ks 110(~
tetrehydroxyergost-22-en-3$-yl acetate (XL). Heusser et 21(31) for

© gifferent reasons had' tentatively -ascribed the confisuration: of (XXXIX) as-
a 7@v8v s lin-tetrahydric alcohol. Theyamgeeed that if it is assumed
the 8ds90-epoxide bridge in (XXXVII) isMorientatedy since (XXXVII) is
converted into (XXXVIII) by boron triflucride in the sbsence of water then
the epoxide bridge in (XXVII) is ruptured between Cg and the oxygen with
the consequence that the 9-hydroxyl group in (TXVIII) isel -orienteted.
Therefore by reasoning similar to that above the 3-hydéroxyl group in (XXIX)
is © -orimmtated and the 9- and ll-hydroxyl groups are ™ -orientated.
Concerning the oriantetion of the 7-hydroxyl group, it was ergued (31)

that the ready dehydration of (XXXIX) to the 7-ketone (XXXVIII) connotes

a cis-glycol (trans elimination of wster) in which case the 7-hydroxyl
group in (XXIX) would be (3 -orientateds This conclusion, though
epparently velid is erroneous as the7-hydroxyl group has been shown(65) to

be W -orientated (see Section V).
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IVe Bromination of 22v23-Dibromo-1l-oxo-9f-ergost~7-en-3@-y1 Ace‘oate;
Bladon et al have found that hydrogenation of ll-oxoergosta-7s22-

dien-3f-yl acetate (XLII) in zcidic medium gave, ergost-B(l‘l)-eanpyl.

acetete (VIII) (X -ergosteryl acetate)(54), presumably by hydrogenolysis

of the ll-oxygen function followed by migration of the double-bond.

This behaviour has been confirmed and furthermore it was found that hydro-
genntion of (XLII) in ethyl acetate gawe 1l-oxoergost-7-en-3 @-yl acetate
(LXVIII) previously obtained only in crude form by Bladon et al. These
authors and Elk6 et g._l_(54) have described the hydrogenation of A7-olefinic-
9@'steroids when hydrogenation took place by frontzl attack on position Cg
to give saturated 9@-steroidse Frontal perscid attack on 4 7-—olefinic-
9&steroids has also been described (63,64,69 Section VI this thesis). It
wa.s considered of interest to compare the action of bromine on A7-olefinic-

9 ﬁsteroids.




Treatment of 22s23-dibromo-ll-oxo~9@-ergost-7-en-3@-yl acetate
(X¥XII) with bromine gave a tribromo compound 7gs22123-tribromo-ll-oxoergost=

3-en~3f-yl acetate - (LXIX) which shows the chatractéristic ultre-violet

AcO”

|

XXl LXIX X

|

light absorption of an W@ -unsaturated ketone. (llo trace of a 7s8-dibromide
wes found). Treatment of the tribromo-ketone (LXIX) with zinc in a neutral
solvent gave unexpectedly ll-oxoergos a-’7t22-dien-3'\5—yl acetete (XLII).

This last compound has also been obtained(69) from an attempted debromination
of 3(3'7*\5—dic.cetO:q,f-IZ.«Z"23-dibromo-ergost-8-en-ll-one (Section VIy LXVI) with
zinc in a neutral solvent. In view of the fact that side chain dehelogenatio
of the last compound involves this remerkable formation of the@ﬁ -unsaturated
ketone (XLII) whereas the 7&~epimer (section V¥y XLIX) undergoes normel side
chain dehalogenation, it is considered likely that the bromine atom at Cq

hos the 3 -orientation.
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Treatment of the tribromo-ketone (IXIX) with alkeli followed by
acetylation of the product gave a keto-diene which was identical with a
keto-diene ﬁrépéréd.bj M. i.Gfiéof 6f.tﬁié éebnftﬁeﬁt.bﬁ élfefnafiﬁe“
methods. lMr. Grigor has subsequently proved the structure of this compound

to be 22123-dibromo-1l-oxoergosta=-8114-dien-3B3-yl acetate (Lxx)

Aco

LXX

V. 1Ihe Structure and Reactions of 22+23-Dibromo-7Xs 3X-epoxy-1l-~
oxoergostan-38-y1 Acetate.

7e0(11)
A number of oxidation products derived from steroidal A oy

dienes have been described during the last hiwee years. In particular it
has been established that oxidation of ergosteryl-D acetate with peraromatiec
acids gives & 9s11%-epoxide(R7,30) whereas with performic acid the

B Y -unsaturated ketone 7-oxo-8¥-~ergosta-9(11)s22~-dien-3p-yl acetate is
procuced (65,66,67). The natural Cg epimer of the last compound, viz.,
7-oxoergosta-9(ll)n22-dien—3F—yl acetate is obtained by the methods described
earlier (page Al). These Cg-epineric {35 -unsaturated ketones have each

been converted into 9l l1l{{-epoxy=~7- xoergost-Z”-en-B{lyl acetate (inversion
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heving occurred in the former case)(page4é). - This and the following
subsections describe the nsture and behaviour of the oxidation products

derived from a further two @l ~unsaturated ketones cbtained from steroidal

A7 (1) .
~dienes, vizs, 22 .23-dibromo-ll-oxoergost-?-en—B(l—yl acetate (XLI)

and 22s823=dibromo-1l-oxo-9f-ergost-7-en-3f-yl acetate (XX1I).

It has been shown earlier (Section II) that treatment of 22423~
dibromo-#s11%k-dihydroxyergost-6-on-3 (*yl acetate (XIV) with boron
trifluoride in cbsolute benzene gave & mixture from which 22+23-dibromo-
11-0x0-93-crgost=7-en=3 (71l acetate (XXII) was isolated, debromination of
which yielded the corresponding ll-oxo-9G—ergosta-’/s22-dien—3§-yl acetate
(XXV)., Ihis seme non-conjugated ketone (XXV) has been obtained by
Bladon gt 21(54) and by Heusder and Wettstein(64) by controlled treatment

of 9AsllW-epoxyergosta-7s22-dien-3Q-yl acetate in ether with boron
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trifluoride-=t ether complex, and Elke et al(54) have carried out a similer
isomerisation of the related dibromide compound 22i23-dibromo=-a¥s11%-
epox:,*ergost-?—en-B[B-yl acetate to get (XXII). Spring and his co-workers
21s0(69), in an attempt to form the enol acebate of 22v23-dibromo-11-
o:~:oergost-8—en~3($-—yl acetate by treating 22122-dibromo-%Ksll%-epoxyergost-
7-en-30-yl acetate with boron trifluoride in the presence of acetic anhydrid

unexpectedly obtained instead ef the @‘-unsaturated ketone (XXII)s

Cq Hiy CqH
i I
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Bladon gﬁ_gl(S&) have shown that filtration of a benzene solution

of 1l-oxo-93-ergosta-7s22-dien-3f-yl acetote (XXV) through specielly treated

‘aluriine caused inve#Bion at Gy giving ll-oxoergosta-7s22~dien-3(yl acetate

(XLII). Similer treatment of 22v23-dibromo-ll-oxo-9B-ergost-7-en-3 6yl
acetate (XXII) gave 22823-dibromo-ll-oxoergost=7-en-3 -yl acetete (XLI) in

good yields The structure of (XLI) was established by its conversion into

(lfq Hq Br

+ CqHy

i
H
X

xXu T XL

—_—

1l-oxoergosta~7s22-dien-3f@-yl acetate (YLII) by treatment with zinc dust.
If the 2lunina treatment of 22\33—dibromo-ll-oxo-9?-ergost-7-en~3ﬁ‘yl
acetate (X{II) was prolonged or if ordinary Spence grade H alumina was
used (not specially treated as above] (Section II) then (XXII) was

isomerised to 22323-dibromo-1l-oxoergost-s-en-3f-y1l acetabe (XII),
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indicating that (XLI) is an intermediate in the rearrangement of (XXI)
into (XII)s In the same way, prolonged contact with elumina (not specially|
treated) converted ll-oxcergosta-7s22-dien-33-yl acetate (XLIT) ipto
1l-oxoergosta=-8322-~dien-3¢-yl acetate (I) although in poor yield. The poon
yield of this last resction prompted a further attempt to be made on the
conversion of (XLII) into (I)s Treatment of (XLII) in acetic acid with
hydrogen chloride gas gave 1l-oxo-14[-ergosta-8s22-dien-3f-yl acetate (XLIII
identical with = specimen prepared in this laboratory by treatment of
11-oxo-ergosta~8s22-dien-3~yl acetate (I) with alkali or with hydrogen
chloride gas(94). Presumably the Aq-ethylenic bond of (XLII) has

migrated firstly to the S8s9-position with consequent enolisation causing
inversion &t G se The motivating force for this inversion of configuration
at Cy4 probably lies in the fact that greater strain is associated with
trans hydrindane than with the cis isomer (95,105) and therefore it would

89 .
be expected that the £\ -l4@-system (_cg._s_ with respect to methyl group

at Cy5) would be more thermodynsmicelly stable than the Ae.g-lw(-system
(trens with respect to methyl group at Cig)s This behaviour has slso been
observed by Djerassi et al(87). A fuller discussion of this epimerisation
et Cia 1s contzined in Section (VI). The poor' yield in the convergion of
11-oxoergosta-7v22-dien-3}-yl acetate (XLII) imto ll-oxoergosta-8322-dien
-3@-yl acetate (I) by treatment with aluwmina is attributed to the'slightly
alkaline condition of the alumina which could partially induce epimerisetion
at Cisae
Treatment of 22v23-dibromo-11-oxoergost—-7-en-3(>~yl acetate (XLI)

with perbenzoic acid gave in high yield 22:23-d:ibromo~7¢(s8°(r-epo:q-ll-
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oxoergosta -3{3-y1 acetate (XLIV) the structure of which follows from the

following reasonse

Cq Hiy B Cq Hq
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Empiricel anslysis of the compound (XLIW) was in agreement for
CapHegOgBrey it did not show intense selectivee light absorption in the
ultra vj.ole{; above 2000: and the absence of a lycroxyl group confirmed by
its infra-red absorption spectrum,(XLIV) must mccordingly possess a 718-
epoxide functione Fieger and Qurisson(82) had oxidised cholest-7-en-
3B-y1 acetate with osmium tetroxide acid to obttain a 3@s7Re8A-triol and
also oxidised a D 7-stenol with seleniun dioxiide and obtained the

Ae.i*-'?pg—alcohol , the 7-hydroxyl group of which was proved to have the
same orientation (%) as the 8s1l4-epoxide-7-2lcohol obtained by Wintersteinerx
and Moore(86) by peracia oxidétion of a A 7-s1tenol. This indicates
that peracid aitack on 47—stenols proceeds by the suggested general rezsr

7
(\) attack(85) on A -ethylenic bonds of naturml steroids. Accordingly

the 7ds84~configuration was ascribed to the epoxide group in (XLIV),
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The epoxidation of the isolated 7+8-double bond in a n#tural steroid
had not been observed previocusly. Two éteroid 7+8-epoxides had been
described in the literaturey one of these, prepared by Hembegt and Wagland
(63) by oxidation of 1l-ox0-9f-ergoste-7s22-dien-3(-yl acetate (XXV) with
monoperphthalic acid wes 78s8(-epoxy-ll-oxo~9f~ergost-22-en-3¢-yl acetate
(unnaturel configuration at-Gg) which is discussed in some deteil later.

The second, methyl 3t%~acetoxy-7{s8 ¢-epoxychol-9(1l)-enate is obtained by

oxidation of methyl-3k-acetoxychola-7+9(11)-dienate with monoperphthalic
2cid(31). The vicinel effect of the ‘Aghi -ethylenic linkage may
possibly play come part in the formation of the latter 7s8-epoxide. A
number of 7+8s9v1l-diepoxides have recently been describéd, Vize, TRalos Ay
llobdiepoxy;Zza-spirostan-SO-Bd%diol by Djerassi et 21(106), 7¢e 3 9% 11X~
diepoxy=5k-hydroxyergost-22-en-3 p-yl acetzte by Jones et al (552) and
7£i8i;9#;IJK-diepoxyergost-22-en-3P—yl acetate by Tishler et 2l (27).
According to Fieser (81,82) peracid oxidation of a Sk-st-7-enol proceeds

by initial hydroxylation at G, which undergoes an allylic rearrangement

to give a.zf . -7-hydroxy compound. This mechanism does not account for
gpoxide formation. In view of the 7s3-egpoxide formation in (XLIV) it is
alternatively suggested that peracid attack on.Asv-stenols results in initia
hydroxylation at C, (OH attack) with the elimination of & proton in one
of two ways as shown above accordinz to the conditions of the reactiong
i.e., either with the formation of a 7%8¢repoxide or, with the formation
of one or both the aliylic alcohol systéms. Support for this mechanism
has been forthcoming from Barton et g;(BS) who very recently have obtained

a T7Tv8=epoxide of 5-dihydroergosteryl acetate by perphthaléc acid oxidation.
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When treated with zinc dust in a2 neutral solvent 22123-dibromo-7xs
8&-epoxy-ll-oxoergostian~-33-yl acetate (XLIV) was smoothly aebrominated té
give 7Ns8drepoxy-ll-oxoergost-zz-en-3@Pyl acetate (XLV).

The behaviour of the keto-epoxide(XLIV) with acids was now examinede
With hydrogen bromide in chloroform-acetic acid, it gave 22123-dibromo=7s11l-
dioxoergostan-3(-yl acetate (XLVI) the structure of which followed from its
ready conversion into the known 7sll-dioxoergost-22-en-30-yl acetate (XLVII)
by treatment with zine in a neutrél solvents The naturel configuration

at Cg and Cg in (XLVI) follows from its conversion into (XLVII) and from
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the fact that it was recovered unchanged after alkaline hydrolysis followed
by acetylation. Treatment of the keto-epoxide (XLIV) with sulphuric acid
in dioxane(69) gave R2¥23-dibromo-7X-hydroxy-11l-oxoergost-8-en-3¢-yl
acetate (XLVIII) which showed the characteristic ultra-violet absorption
spectrum of anaiﬂ -unsaturated ketone. The presence of a hydroxyl group
in (XLVIII) was confirmed by its acetylation to 3Ps7X-diacetoxy-22423-
dibromoergost-8-en-1l-one (XLIX) and its 7K—configﬁration follows from
the fact that it is formed by acid cleavage of 2 7Xs8X-epoxide bridge.
(XLVIII) is intermediate in the conversion of the kéto-epoxide (XLIV) into
the saturated diketone (XLVI) since it is converted into the last compound
by treatment with hydrogen bromide in chloroform-acetic acid.

The behaviour of the keto-epoxide (XLIV) with alkali wes next

examined. Using 1% methanolic potassium hydroxide at room temperature,

the keto-epoxide (XLIV) gave 22323-dibromo-ll-oxoergost-8~en-3&-7)(-diol(I)

acetyletion of which yielded thé dizcetate (XLIX) identical with that

?q Hiq B'f;_ | Tq "2 &fL QS ?q H2 B"‘.
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obtained by the action of sulphuric acid on the keto-epoxide (XLIV) followed
by acetylstion of the product (XLVIII)« Trestment of the diol(l) with

zinc ‘dust followed by acetylation gave 3(w7X-didcetoxyergosta-8+22-dien-11-
one (LI), also obteined by debromination of (XLIX) with zinc. This
diacetete has also been obtzined by HuSMet end Waglend(63) by the rear (X)
attack by acetic acid on the ﬁq-ethylic bond of 9Rs1llX-epoxyergosta~
7v22~dien-3(3-yl acetate followed by oxidation of the intermediate 3BT~
diaceto:qrergosta-&22-dien—lld-ol with chromic acide :

When treated with refluring methenolic potassium hydroxide the keto-
epoxide (XLIV) gave 22123-dibromo-ll-oxoergost-8(14)-en-3Ps7-diol (LII)
which shows the ultra-violet light absorption characterisgtic of an isolated
tetra-substituted double bond (84), and which is readily acetylsted to give
the diacetate (LIII). Debromination of the diol (LII) yielded ll-oxoergosts

8(14)s22-dien-3fs7¢-3101(LIV)s The ™-confizurntion of the hydroxyl group
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in (LII) is further established by the fact that 22s23-dibromo-ll-oxoergost=
S-en-3(w7#-diol(L), obtained from XLIV) by treatment with cold elkeli, was
converted into (LII) by refluking methanolic potessium hydroxide, also
indicating that (L) is an intermediate in the conversion of (XLIV) into

8
(LII). This migration, under =lkaline conditions, of a A -ethylenic bond

in a 438-1l—ketone to the 3sl4-position has been observed previously by
Djerassi et al(87) and in this department by Mr. F. Johnson(94). The
configuration of the Gy hydrogen atom in (LII) is considered to be9gX
since it is formed from (L) under equilibreting conditions and might therefod
be expected to assume the naturzl configurstion. This is supported by

the fact that 22s23-dibromo-1l-oxo-9fl-ergost-3(14)-en-30-73-diol was
icomerised with alkeli to 22423-dibromo-1l-oxoergost=8(14)~en-33¢70-diol
indicating the greater stability of the latter systems« This 1aét reaction

is discussed later (Section VI)e




Vie [Ihe Structure and Reactions of 22+23-Dibromo- Zﬁt&B- -
epoxy-1l- oxo“;gjerwoutan_ﬁﬁ-yl Acetates

This sectlon oescrlbeu the cxumlnatlon of uhe oxldatlon products of
the epunoic(S% ~ungaturated ketone 22:23-d1bromo-ll-oxo-95—ergost-7-en-
3(-yl acetate (XXII)y Oxidation of which, using a freshly prepered peracid
reagent and mineral acid free chloroform gave an almost quantitative yield

of 22;23-dibromo-7$n8§-epoxy-ll-oxo-95-ergostan-3ﬁ;yl acetate (LV).

Debromination of (LV) with zinc in 2 neutral solvent gave 7ﬂ;8§-epoxy-ll-
oxo-9p~ergost-22-en-3(-yl acetate (LVI) previously obtained b& Hubbest and

Wagland(63) end by leusder and Wettstein(64) by direct oxidetion of 1l-oxo-
9$-erg0sta-7s22-dien-3Fryl acetate with monoperphthelic acide The configur-
ation of the‘oxidc and the meintenance of the 98-centre in (LV) was proven

by subsequent reactions which are described below.




Attempted reductive cleavage of the 7a8-epoxide bridge of (LV) by
catalytic hydrogenation resulted in the isolétion of two isomers, the first
.of which was assigned the structure 22s23-dibromo-7f-hydroxy~11+«oxoergost-g4
en-33-yl acetate (LVII) on the basis of its method of preparation and its
light absorption spectra, anc which wes a2lso obteined by treatment of the
keto-epoxide (LV) with a trace of hydrobromic acid in chloroform(69),
(LVII) shows the characteristic ultra-violet sbsorption spectrum of an

1Lﬁ~unsaturated kevone znd 1ts infra-re¢ abgorption spectrum revezls the

presence af*k&-unsaturated ketone, hydroxyl and acetoxyl groupse The
presence of a hydroxyl group was confirmed by acetyletion of (LVII) which
vielded the diacetate (LVIII)s The second catalytic hydrogenstion product
was the known 22s23-dibromo—?all-dioxoergostan—Bﬁﬁyl acetete (XLVI) which

estobliched the epoxide bridge in (LV) as a 738-epoxides Since the
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hydroxyl group in (LVII) was zcylable and it resulted from a 7s8-epoxide
bridge in (LV) it follows that it is situeted at position GCqe © This W2S
firmly established (69) by the conversion of (LVII). into .7sll-dioxcergost- .
22-en-3f-yl acetate (XLVII) by treetment with chromic acid followed by
debromination with zinc dust. Many attempted hydrogenations of (LV) were

unsuccessful, isomerisation products elways being isolatede

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

these following reasons. The two diacetates (LVIII) and (JLIX) might
conceivably differ in configurstion at Ciqe  Since (LVIII) has the 14X~
configuration, (it differs from the léﬁ“epimer described later), 2nd since
22323-dibromo-1]-oxoergost=8-en-3 §~7x~diocl(L) is an intermediate in the

conversion of the keto-epaxide (XLIV) into 22:23-dibromo-1l-oxoergost-8(14)-

Qﬂnﬁ'f-,, eq “g’) B-f.L

A O x "'er [7'%6) ‘ oAc

XLix RV

en~3@t7urdiol(LII) and therefore the ld4-centre ic not involved in the formatis
of (Lj and (XLIX) from the lketo-epoxide (XLIV) it follows thet (XLIX) has
also the laX-confisurations Therefore, (XLIX) and (LVIII) can only differ
in their orientation at C;. As it is establiched that (¥LIX) has a 7«-
acetoxyl sroup, therefore (LVIII) has 7f-acdbxyl group =nd as & corollery

the epoxide bridge in (LV) hes the @-ﬂxxﬁiguration. H t and Waglend(63)
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also ascribed the 7618@-ep0xide configuration to the epoxide bridge in (LVI)
reasoning that as trisubstituted(iofinic bonds in natural steroids were
normally attacked.in a similar steric manner. by both.peracids and hydrogen .
and that as hydrogenation of ll-oxo-9ﬁ-ergosta-7s22-dien—3p-y1 acetate gave
ll-oxo-9€-ergostan-39-yl acetate(54) a reaction wﬁich must proceed by frontal
(@) attack on theé§7 -ethylienic bond, and therefore peracid attack on ll-oxo-
9§~ergosta-7s22-dien-3ﬁ—y1 acetate would give a ﬂ}tsprepoxide. An inspection
of models shows that in (LV) and (LVI) the 7s8-olefinic bond is considerably
more accessible for attack on the [3 face then is the cage with the 9¢-
apimers (XLI) end (XLII)e

At this stage in view of the necegsity of utilising mineral acid .
free conditions in the formation of the keto-epoxide (LV) (the slizhtest trace
of acid resulting in a mixture which consisted largely of 22:23-dibromo-7ﬂ-
hydroxy-1l-oxoergost-8-en-3f-yl acetate (LVII)(69))it was considered likely
that in the formation of this keto-epoxide (LV) the hydrogen atom at Cg had
becn maintained in the ﬁ orientetions Consequently many attempts were made
to convert the 9ﬁ-keto-epoxide (LV) into the ¥f-isomer, all of which were
unsuccessfuls One of these attempts, however, did indirectly furnish a proof
of the 9@-structure of (LV). When 22s23-dibromo-7(s8 3-epoxy-11-0x0-9p-ergosts
3yl acetate (LV) was treated with dioxane containiﬂg dilute sulphuric acid,
2 compound was formed to which the structure 22:23-dibromo—?@—hydroxy—ll-oxo-9ﬁ
ergost~8(14)~en-30-yl acetate (LIX) was ascribed. This compound shows the
ultra-violet absorption spectrum characteristic of a doubly exocyclic tetra-
substituted olefinic bond (84)y the presence of a hydroxyl group was confirmeq
oy its infra-red absorption spéctrum and also by acetylation which gave a

iiacetate (LXI)y the hydroxyl group is situated at Gy and has the

~
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(’:-configuration because it is acylable and has been formed from a 7{(s8(3-
epoxide bridges The gr\s-configuration was assigned to (LIX) for the féllowing
reasons. Alkaline hydrolysis of (LIX) at room tewperature gave a diol (LX)
the ultra violet absorption of which estavlished the maintenance of the 8(14)-
olefinic bonde Acetylation of this diol gave a diacetate which differed from
(IXI) and which was consequently considered to be 3!!;7{;—diaceto;qr-22s23-dibromo
ergost-8(14)-en-11l-one (LXII). The diacetates (LXI) and (LXII) can‘only
differ in configuration at Cg. The latter is considered to have the 9X-
configuration in view of the fact that it was produced under equilibrating
conditions and might therefore be expected to have the natural (9%) configurati
The compound (LIX) therefore possesses the 9(3-orientation and so also must the
keto-epoxide (LV) and therefore it follows that the formation of (LV) from the

7
QF— A -unsaturated-ll-ketone (XXII) is not accompanied by inversion at Cg.
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The interesting feature of the conversion of the keto-epoxide (LV)
into (LIX) is that while the mechanicm of the reaction probably follows the

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

by elimination of a proton to give an olefinic bond, which is formed preferen-
tially in the@‘-gmmition [£3§(14)] to the ll-carbonyl function, instead of in
the expected & ( -position [df]. It was considered possible that (LIX) was
an intermediate in the formation of 22s23-dibromo-7f-hydroxy-ll-oxoergost~8-
en-3f-yl acetate (LVII) from the gp-kéto-epoxide (LV). When (LIX), however,
was treated with a trace of hydrobromic scid in chloroform using conditions
which convert the keto-epoxide (LV) into (LVII), it was not converted into
(LVII) but gave e dienone of unknown structure. It eppears unlikely, thereford
that 22:23-dibromo-'?(}-hydro:w-ll-oxo-?)@-ergost-8(14)-en-3{3-yl acetate (LIX)
is an intermediate in the conversion of (LV) into (LVII). Similerly 22:23-
dibrono-7(s-hydroxy-1l-oxo-ergost-8-en-3f-yl acetate (LVII) was recoydfddunchange
on treatment with sulphuric acid and dioxane using the conditions under which
the keto-epoxide (LV) is converted into (LIX). It follows that (LVII) is not
an intermediate in the conversion of (LV) into (LVII).

Debromin-tion of 22s23-dibromo-7f-hydroxy-11-oxo=9 Brergost-8(14)-
en-3 §yl acetate (LIX) with zinc in a neutral solvent yielded 7Q-hydroxy-11-

oxo-9b-ergosta-6(14)s22-dien-3 {ryl acetate (LXIII). Similarly debromination
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of 3fs7p-diacetoxy-22+23~dibromoergost-8(14)-en-11l-one(ILXII) gave 3fa7§-

diaceﬁoxy —ll-oxoergoéta-S(l4):22-diene(LXIV) which was also obtained by
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debromination of 22323-dibromo-ll-oxoergost-8(14)-en-3Ps 7f-diol(LX) to give
1l—oxoergosta-8(l4);22-dien-3($17{$-diol(IXV) followed by acetylation. A
compound designated 7{-hydro:gr;ll-oxoergosta-8(l4)t22-dien-3(;--yl acetate has
been obtained by Heusler and Wettstein(64) by treatment of the 7»8p-epoxy-11-
oxo-9f-ergost-22-en-3 (5~y1 acetate (LVI) in hot dioxane with boron-trifluoride.
Although the m.p. of this compound is similar to that of 7{-hydroxy-11-oxo-9f-
ergosta-8(14)s22~dien-3(~yl acetate (LXIII) the rotations of the two preparatior
(+76°, +216° respectively) are markedly different. We have not prepared

7 $~hydroxy-1l-oxoergosta=8 (14)122-dien-3$-y1 acetatey the related diacetate
(LXIV) mep. 111-113° [&]p 434°, again differs apprec:iably from the diacetate
(mepe 153-155% [u'.]D not given) obtained by Heusler and Wettstein . The

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

the experiment of Heusler and Wettstein did not give a homogeneous producte.
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When 22123-dibromo~7@-hydroxy~11-oxo-9{-ergost-3(14)-en-3-yl
acetate (LIX) or 22:é3-dibromo-ll—oxoergostn8(14)-en-3ﬁ%7p-diol (LX) were
-treated. with refluxing alkali followed by acetylation tﬂey~were converted
into diacetoxy-22s23-dibromo-14(3-ergost-8-en-11-one (LXVI). This compound
shows the light absorption properties of an X f-unsaturated ketone both in
the ultra-violet and the Infra-red regions. Ag it must have the same
configuration at C; as SGn7deiacetoxy-22:23-dibromoergost-S-en-ll-one¢VIII)
it can only differ from this last compound in confizuration at Ci4. Since
greater strain is associated with trans hydrindane than with the cis isomer ay
since (LXVI) is formed under equilibrating conditions and will therefore take
the less strained configurstion, (LXVI) must be the l4{-epimer of (LVIII).
Treatment of (LVIII) with refluxing alkali(69) flollowed by acetylstion also gay|
the lé@—epimer (IXNT) o

It is of interest at this point to compare the beheaviour of
W.- and 7p-hydroxy substituted 22s23-dibromo-1l-oxoergost-3-en-3(-yl acetates
when treated with alkali. The 7¥~hydroxy derivative (XLVIII) is converted by
alkeli into the non-conjugated 22s23-dibromo-1ll~oxoerzost-8(14)~-en-3fs7d-diol
(LII), the double bond moving out of conjugation to giVquﬁ -unsaturaﬁed
ketone.  In the case of the 73 -hydroxy derivative (LVII), however, similar
~1kali treatment (followed by a cetylation) leads to the l4p—epimer (IXVI).
This C 4 epimerisation has been observed by Djerassi et al (87) with a related
‘Qf-ll-keuone of the sepogenin seriess A close exomination of this behaviour
with 22t23—dibromo-ll~ox09rgost-3—en-BQ—yl acetate (XII) has recently been
carried out by Johnson and Spring (94)Iwho also isolated the intermediate

22;23-dibromo-ll-oxoergost-8(14)—en—3@~jl acetate (LXVII) by refluxing (XII)
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with 12% 2ll=li. LXVII could be converted into the l4ﬂ—epimer of (XII), VizZe,
ALIII by treatment with dilute alleali, which also could be obtained from [XII)

by treatment with dilute elkali.. .IL is 7§eﬁeﬁ:fe.believed.that the ‘behaviour
a8

X XN X
of both the 74 - and 7P-hydroxy derivatives(XLVIII) and (LVII) is similer to
that observed by Johnson and Spring, the critical factor being the greater
stability of e G/D cig. fusion system and that the configuration of the 7-hydroxy
group exerts an influence on the bond¢ migration.

It is of interest to note at this point that recently Barton znd
Laws(96) have shown that 3@-hydroxy-lS-oxoergostane is apparently more stable

when the C/D ring fusion is trans and a suggested rationalisation of thege

apperently contradictory results has been published by Dreiding (107),
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VII. A Partisl Synthesis of Corilisone from Epgosterol

The conversion of ergosterol into llt20-dioxoall_opregnan-l}6-yl

acetobe (LXXX).has.been achieved by the.route.(v)f_w-_’a(LXXX) as .showvn .
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llsZO-Dioxoallopregnan«B[}yl acetate (LX) is o common intermediate in the
syﬁthesis of cortisone starting from verious natural products (49,97), and its
. conversion into.cortisone follows.well establighed reules .(see Higtorical .
Section).

It hes been shown earlier that ergosterol cean be converted in
high yield into 5~dihydroergosteryl acetate (V). In 1948, Bergmannand Stevens
(25) first used ozenolysis to degrade the ergosterol side chain, a procedure
which has later been shown by Jones snd his co-workers(93) and by a Glaxo
Leboretories group(102). Invegtigetion of the action of ozone on 5-dihydroerg
gosteryl =scetete (V) at -50°% showed that there was preferentizl attack of the
side chain olefinic bonds An ozonide wrs formed which, on decomposition with
zinc dust =nd acetic acid, gave Bﬁ—acstoxy bisnorsllochol-7-en-22-al (LXKII)
in 85% overall yield. The ultra-violet asbsorption spectrum of (IXXII)
showed the presence of a tri-substituted olefinic bond (84). The aldshyde
(LXXII) was characterised by the very ready formation of = dimethyl acetal
(formed even on crystallisation of the aldehyde from slightly impure methanol),
2nd of a 2s4-dinitrophenylhydrazones The gide chain degradation procduct,

o

separated ifrom the crude reaction product by steam distillation was isolated

]

es its 2v4~-dinitrophenylhydrazone, identical with thet from methyl lsopropylace
aldehyde.

Enol zcetylstion of the aldehyde (LAXII) yielded 3@s22-diacetoxy
bisnorallochole-7+20(22)-diene(IXXIII), selective ozanolysis of which at -50°
followed by decomposition of vhe product wibth zinc dust and acetic acid gave
20—oxog&égpregn-?-en-3@~yl zcetate (LXXIV). Djerassi and his co-workers have
prepared this compound from diosgenin(47). (LXXIV) was smoothly converted

with allkell o the clcchol 20-oxoallopregn-7-en-3{@-ol, which in turn was




.

benzoyl ted to 20-oxoalloprezn-7-en-3B-yl benzoate.
——
Attempts to introduce a l7s-hydroxy function at this stage by

_the method of Kritchewysky snd Gallagher(Sg) were not .succegsful. - Enol.

cetylation of (LXXIV) accqrdmg to thie method of these authors gave an oily
mixture which probebly consisted of the possible cis and trans isomers of an
enol acetete of a Cgp-ketone. Chromatogrephy of this oil gave = specimen of
& low melting compound, the empirical anelysis of which wag in agreement with

3ps20~ciacetoxyallopregna-7s17(20)-diene(LICXI) Treatment of the crude

XXX}

oil with perbenzoic acid followed by alkeline hydrolysis by the method of
Kréfchowsky and Gallagher did not introduce a 17d-hydroxy function but zave
20—0xog£lgpregn-7-en-3p-ol, le8e, sterting materizl. The uvse of excess
perbenzoic acid was not any more successful bubt led to the formation of some

7.9(11)—diene as an impurity. Djerassi and his co-workers(88) have reported|
the introduction of the 173¥-hydroxy function into (LXXIV) using this method but
in very low yields In view of thege discouraging results, the introduction of
a I™-hydroxy function was postponed to a leter stage.

Oxidation of 20-0::0'-_&2_1_«3‘pregn—7-en-3?—y1 acetate (LXXIV) with

mercuric acetate according to the method of Djerassi end his co-workers(47)
gave o poor yield of 20-0xogi&gpregna-7:9(11)—dien-3@kyl acetete (LXXV), no

more than 10% of pure dienone being obteined after extensive purificatione
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The yield was greatly improved by cerrying out the oxidation according to the

method of Anderson Stevenson and Spring(28), who treated 5-dihydroergosteryl

ergosteryl-D acetate. Bromination of 20-oxogl£>pregn-7-en-3ﬁ-yl acetate
(LXXIV) at -50° followed immediately by debromination of the product with

zinc dust gave a 785 yield of pure 20-oxcallopregna-7s9(11l)-dien-3{-yl acetate
(LXXV). This compound shows the cheracteristic ultra-violet light absorption
spectrum if41437.9(11 -diene systeme Alkaline hydrolysis of (LIXV) gave
20-oxoallopregna~-7s $(11)-dien-3(3-ol.

The introduction of an 1l-oxogen function into (LiXV) was
accomplished in the following way. Treatment of 20-oxosllopregna-7s9(11)-
dien—BlLyl acetate (LXXV) with perbenzoic acid at 0¢ gave 9ulllk-epo§y-20-
oxoallopregn-7-en-3@3-yl acetate (LXXVI). This structure ves ascribed in
accordance with mown behaviour ef (30) of ;ﬁ:og . ~dienes of natursl steroids
with perbenzoic acide Treatment of the keto-epoxide (LXXVI) with boron
trifluoride~-ether complex in ether as solvent using the method of Bladon
et al (54) gave 11s20-dioxo-9f-allopregn-7-en-3f-yl acetate (LXAVII). Catealytiq
hycdrogenation of ﬁhe lagt compound (LXXVII) yielded ZOF-hyerzy-ll-oxo-Q@P
2llopregnan-3-yl acetete (LIXVIII), the structure of which was confirmed by
its infra-red absorption spectrum which shows well resolved hydroxyl, carbonyl
and acetoxyl bands. Serett(89) has selectively reduced 20-ketone groups in
11s20-diketones of the pregnane (rings A/B cis fused) series, obtaining a
prépondcrant amount of the 20 -isomers Since the effects of an allopregnane
(4/B trans fused) or 9p~hydrogen (B/C cis) system on reduction at Cyo have

not yet been established, the hydrogenation produet (LXXVIII) is provisionally
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assigned the 20y-hydroxyl configuration. Oxidation of 20{{-hy droxy-1l-oxo-
9f-2llopregnan-3p-yl acetate (LXXVIII) with chromic anhydride gave 11320-dioxo-~
9¢-allopregnan-3(-yl acetate (LXZIX)e ~ Alternatively catelytic hydTOéenatibn'
of 11s20-dioxo-9(-gllopregnan-3f-yl acetate (LXXVII) followed by oxidetion of
the crude reaction product with chromic anhydride geve 85% overall yield of

11+ 20~dioxo-9f-allopregnan-3f-yl acetate (LXXIX).  Treatment of the last
compound (LXXIX) with 207% methanolic potassium hydroxide converted it into
11:20-dioxo§;;gpregnan-3&-01, the identity of whiclh was confirmed by comparison

with an suthentic specimen prepared by hydrolysis of = sample of 1lsR0-dioxo-

allopregnan-3Q-yl acetate (LXXX), kindly supplied lby Dr. B.A.Hems, Glaxo
Laboretorieg Limited, Greenford. Acetylation ofIll;20-dioxoa110pregnan—3ﬁ—
ol gave 11s20-dioxoallopregnan-3f-yl acetate (LXXX) which was also identified

by comparison with an authentic specimen.
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EXPERIMENTAL.

41l m.p's were determined using = standard S.P.L. ﬁhgrgope?eg.'

Specifié rotations were determined in chloroform golution (except
where otherwise stoted) in a 1 dm. tube at room temperasture.

Ultra-violet absorption spectra were messured in ethanol solutien
(except where otherwise stated) using a Unicam SP.500 spectrophotometers

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

The slumina used for chromatography was that supplied by Peter

Spence grade "H" (grade II stendardised according to Brockmamn).

I. The Preparation and Attempted Sclective Hydrogenation of
T1-oxoerzosta-os 22~ dlen-3$ é&enea:xl Acetate.

Erggstagzl Acetate.

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

(300 go) in warm pyridine (1800 c.c.), the air in the flask displaced by
nitrogen, and the mixture kept in the dark at room temperature for 18 hours.
The product, which had sepersted, was removed by filtration, washed with hot
vater and dried at 50°  Crystallisation from chloroform-methanol gave ergosiery.
acetate as large lustrous lezfs.

M pe 173-175°, Lx]D -93° (¢, 1e2).

-

5=-Dihydroergosteryl Acetates
Lef. Anderson Stevenson and Spring(33) ]

Raney nickel sludge (Org.Synth.gg,ZS) (15-20 c.c.), washed twice

by decentation with benzene (2 x 50 c.c.), was added to a solution of ergosteryl
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acetate (35 g.) in benzene (300 c.c.y Analar), and the mixture shsken at room
temperature in »n atmosphere of hydrégen until 2140 cec. had been absorbed
(about .15 ninutes)e. . A blank. experiment had shown that the solvent sbsorbs -
about 150 c.c. of hydrogen in this time. The filtered reaction solutions
from five such experiments were combined and the solvent removed under reduced
pressure. COrystallisation from chloroform-methanol gave 5-dihydroergosteryl
acetate (160 Bo3 1st and 2nd crops) as plates

" mep. 180-182° [2], -19:5°
The compound gave a yellow colour with tetranitromethane in chloroform and

o
did not show high intensity light absorption above 2200a.

Ergogteryl - D Acetate
Bergmen and Stevens(25) ]
Anderson et al (38 ]

| Heusser et al (37);

A werm solution of mercuric acetate (96 ge, 1¢5 mols.) in
stabilised glacial acetic acid (1300 c.c.) was added to a solution of 5-
dihydrosrgosteryl acetate (44 gy) in dry chloroform (500 c.c.) and the mixture
shoken for 17 hourse The precipitated mercurous acetate was removed by
filtretion and the filtrate concentrated under reduced pressure (below 50°)
bo cbout 300-400 c.ce  The regulting precipitate was filtered and washed with
celd mevhanols Recrystellisation from chloroform-methanol gave ergosteryl-D
acetate (18 g.) as blades, me.p. 168-172°, [o]p +19°(c, 1+0). Recrystallisatio
gave a pure specimen vhich had m.p. 176°, [o]p +30° ( c,—2-0 Y
Light absorption s maxime at 2350 (€ = 15,500) and 2420 (€ = 17,000)
and en inflection ab 2510; (& =12,500)

It showg a dark brown colour with tetranitromethane in chloroforme
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9%y 1ol ~epoxyerzogta=-7422-dien-S8~-yl acetates
Lcf. Budziarek et al (65) |« )

4 solution ol perbenzolc acic (1-1 mols.) in chloroform (30 ceCa)
wes added dropwise with stirring over 5 hoursAto a solution of ergosteryl-D
acetate (9.0 g.) in chloroform (35 c.c.) maintained between -5° and 0°.

After 24 hours at QY, the solvent was completely removed from the reaction
mixture under reduced pressure (below 35%). The golid resicdue wes disgolved
in boiling acetbone and the solution concentrated until crystals started to
seperate. On cooling, 9dslli-epoxyergosta-7t22-dien-3p-yl acetate wes
depogited rs plates (6 g.)

meps 211-213¢ [d]y = -38° (e, 2.0)

Founds c, 79.5y H, 10.3

Cale. for CgoHeglsy C, 79.4y H.10.2%
It shows a yellow colour with tetrenitromethane in chloroform and does not
show selective high intensity light absorption above 22005.

Chemberlin gt al(R7) report mep. 202-205° [&]p -35°.
Heusser_et gl (3C) report m.p. 205-207° [ol]p =39,5%,

Budzicrek et al (loc.cit.) report m.p. 211-213° [a]p -38°.

P llet-Dibydroxyergosta=-3s22-dien-3B-y1 Acetate.
[Cf. Heusser et al(30) [.

A solution of 9uslld-epoxyergosta~7422-dien-3p-yl acetate (200 mg.
in dioxan (150 c.c.) was treated with 2N sulphﬁric acid (27 c.c.) by
shaking at 20° for exactly three minutes. The mixture wes poured into a
seperating funnel conbzining sodium bicarbonate solution and ether. The

ethereal extract was weshed once more with sodium biececrbonnte solution and



twice with woter, dried (NapSQs) and theether removed under reduced pressure.
Three crystallisations from acetone gave 7allot-dihydroxyergosta-8s22-dien-3p-
v1 acetate (140 mg.). as. prismetic needless :
mepe 230-232°, [ol], = +85° (e, 0.7}

Crystelligation from Methanol gave prismatic needles

MePe 243-250° [oL]D = +83° {¢,0:4)

Founds C, 7640y H, 1044

Calc.for GuoHlegOus @, 7642y H, 10.,2%

P

It gives 2 pesle yellow colour witna tetranitromethane in chloroform and does
o

not show high intensity selective light absorpiion above 22004.

Chamberlin et al (igg.gig.) give m.p. 243-252°, Bx]D + B85°
Heusser et al (loc.cit.) give,mep. 270-272° [eljp + 82°

for this compound.

@rgosta-8t22-dien;§§lﬂxslhbtriol.

7dalli—Diﬁydroxyergosta-G\22-dien—3ﬁ—yl acetate (200 mg.) was
refluxed for 1 hour with 2% methanolic’potash (75 coce)s Treatment with water
extraction with chloroform followed by washing the extract with water, drying
(Nag8Qy ) and removel of the chloroform under reduced pressure gave a solid
white residue which gave on crystellisation from chloroform-methanol
ergosta-8|22-dien-3pv%£\lldrtriol, as fine needles m.p. 240-242%

the specific rotation was not cdetermined because of the insol-

subility of the triol in most solvents at 20°.




= B =

Foun.du C-, 77-6" I'I, 10.8
Cale. for CagHegOsa ¢, 78.1y H, 10.8%
Lizht absorptiom  €4150 = 6,000

It gives a pale yellow colour with tetranitromethane in
chloroforms

Chamberlin et 2l. give m.p. 273-274%

7yv11-Dioxoerzost=22-en-3f-y1l Acetate.
[cf. Heusser et al (30)]

A stirred solution of %x\lLerihydroxyergosta-8:22-dien-3p-yl
acetate (300 mg.) in glacial acetic acid (3% c.c.) was treated aropwise over

15 mimutes with 1.125 I chromic anhydride solution in acetic acid (8 c.c.y
4 mols.) with externsl ice-cocling. Stirring was continued for a further.IS
minutes and the mixture left at room temperature overnights The excess chromic
anhydride was destroyed with methanol and the mixture treated with water and
extracted with ether. The ether extract was washed with sodium hydrogen carbonate
solution and water, dried (nagsq,) and the ether removed under reduced pressure to
give o brown gum (250 mg.). (Heusser et al have isolated Buws 9d~epoxy=7-oxoergost-
R2-en-3f-yl acetate and 7:1l-dioxoergosta-8;22-dien-3§-y1 aceﬁate, from this gum
by chromatogzraphy). ‘ _

A golution of the gum (250 mg.) in glacial acetic acid (25 c.c.)
was treated with zinc dust (250 mg.) added at room temperature with stirring.
The mixture was heated to 100° with constant stirring and more zine dust (500 mg.)
added over 30 minutess The mixture was left to cool overnight after which the

zinc was filtered, the filtrate treated with water and extracted with ether.
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The extraoct was wached with saturated sodium hydrogen carbonate solution and
vater, dried (25 S04 ) and the eher removed under reduced pressure to leave a colour%
“sless gum (175 mgs)e & golution of thik zum in benzene (30 c.cs) was Tiltered
through a colunn of alumina (6 x 2 cm.). Continued elution with benzene (250 GeCos )
gave 7:ll—dioxoergost—ZE—en-Bp-yl acetate (40 mg.) which crystsllised from methanol
as finé needles,
mepe 196 ~ 188°, [ol]p - 31° (@, 0.5).
Lisht absorptions meximnm at 29004 (e, 110).
Found. C, 76.44 H, 10.0
Calc. for CaoHizQus C, 76455y H, 9.85%
It givés a faint yellow éolour with tetranitromethane in
chloroform.

lleusser et _al (loéc.cit.) give m.p. 195.5-196 [d]y -27%%

1)-Oxoergosta=-8422~-dien-3@-yl Acetates
{cfs Heusser et.al L30) |o"

A solution of 9ualld-epoxyergosta=-7v22-dien-3f-yl acetate
(500 mge) in dry benzene (20 c.c.)’was treated with rédistilled boron trifluoride
etherate complex (20 drops) and the solution kept at room temperature for 70 hours.
The solution wag diluted with ether (50 c.c.x weshed successively with water,
saturated sodium hydrogen carbonate solution and water, and dried {MNa;S8Q.). The
solvent was removed under reduced pressures Crystellisstion of the residue from
methanol gave ll-oxoergosta-3+22-dien-2f-yl acetate (320 mg.) as needles.

m.p. 130 - 132° faj, + 105.5¢ (€, 1.16)

Light sbsorption s maximum at 255da (& = 9,500).
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Founds €, 78.8y H, 103
Calec. for caomscg. G, 79,25 H, 10.2%
Iu shoxs a p“le ynllow colour wlth tctr nitromethane in

chloroforn.

Heusser gt al. (loc. gcit.) give mep. 122-123° [at] + 92° for

this compound.

Hydrogenation of 1l-Oxoerpgzosta-8s22- qlen—uﬁ—yl acetalece

A soluvion of ll-oxoergosta—ﬁs22“dien-3 ~yl acetate {192 maw)
in stabllised glacisl acetic acid (200 c.c.) waé shaken with pre-reduced pletinum
oiilde cabalyst in an atmogphere of hydrogen for 2 hours. The filtered solution
wes concentrated in wacuo to 20-30 c.c., treated with water and extracted with
ethers The extract wes waghed successively with weter, sodium hydrogen carbonate
solution »nd water, dried (NagSQs) and the ether removed under reduced pressurec.
Crystallisation of the solid resicue from methenol gave ergost—8(14)-en—3ﬁ-yl
acetate (o ~-ergostenyl acetate) (50 m.ge) as plates

fieie ~LIG-111%, [a]D = 4% (&, 0.5)

Light absorptions Eaioo = B4y600s

Founca : G, 80714 B, 1,4

Galew For GalinGes O, 8Lty 8, 114%

~

The compound wag undepressed in m.p. on admixture with an authentic specimen.

ITreatment of ll-oxoergosta-8s22-dien-3B-yl acetate with
Lithium Aluminium Hydrice and Boron Lrifluoride.

.

(2) Lithium Aluminium hydride (1 g.) was placed in the cone of a

Soxiilet extractor and extracted with dry ether (80 c.cs) Into this solution
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was added dropwise over 10 minubtes a solution of ll-oxoergosta-8y22-éien-3p-yl

acebate (JOO ms.) in et rer (?O CeCo ) The mlxture ves allowed to cbﬁna for a

further 10 ninutegs after whlch water (10 c.¢s) was added slowly to dec0mpose the

excess lithium elwainium hydride. The lithium-z2luminium complex which formed
wes decomposed with dilute sulphuric acid (10 c.ces 10%). The ethereal solution

wag washed wilth weter, twice with saturatsd sodium-hydrogen carbonate solution,
and twice with woter, dried (Mep80.) and the ether removed under reduced pressures
A white solid A (450 mg.) was obtained m.p. 140-160°.

Light ebsorptioms maxims a2t 2360 (&= 8,700;, 2430 (& = 10,000) and an
inflection at 2520 A.( & = 7 4400)

Chromatography of the golid A did not give = homogeneous producte

Slution with benzene - 5 methanol gave = solid which had a light absorption
spectrum  max. at 2360 (€ = 6,100) 242 (& = 6,850) and an inflexion at

&}

25004 (& = 4,550).

1

(b) The solid was dissolved in benzene (75 c.c.) and treated with
redistilled boron trifluoride etherate complex (15 drops) =nd kept at room
venmperebure for 70 hours. The resction mixture which coloured considerzsbly
cduring vthis time, woe diluted with ether, weghed successgively with wabter, sodium
hydrogen crrbonnts solubtion snd water, dried (7iagS0.) and the solvent removed
under reduced pressulies The gummy residue obteined was treated in pyridine
(4 coc.) with acetic snhydride (4 c.c.) at 100° for 2 hours. The product isolated

.

in the usual menner was dissolved in benzene (50 c.c.) and the solution filtered

throuzh o column of slvmina (5 % 2 em.). Elution with benzene (200 c.cs) gave a

gun (3¢ mge) which erystalliged from methanol as plates of ergosteryl-b, acetate.



mePs 138-140°, [u]D ~56% (B, 05
ht a2bgorptions mexdimum at 2500 (& =17,000)
Bomndy' ¢ Gy Bhiay (B TR 0 N
ale. for GaoBagls €, 82.15 H 10.6%

—_— 1 1

It showe a2 red brovm colour with tetrznitromethane in chloroforne

1 -

(¢) When the s0lid A described above was dissolved in benzene
(50 c.cs) o2nd treated with redistilled boron triflucride (5 drops) at room
temperature for 10 minutes, and worked up as in (b) but not ecetyleted, white
resicuel solid (400 ng.) was obtained which on erystallisation from acetone gave
sosterol-D ag needles.

mepe 165-167° [x|p + 30° {€, 1.5)

Light absorptioms maxima gt 2360 (& = 16,200), 2420 (& = 18,500)
and an inflsction at S510A (& = 12,500)

Founds Gy B82e95 H, 1l.4
Coles for CagHue0p RCHHOH B, 830 . B, 10,28
Srgosterol-D gives s brown colour with tetrenitromethane in chloroform.

22v23~Dibromo-ll-oxoergost-8- en-ap-vl Acetates
ci. Budzizrek et al(39) |

(2) A solution of 22:23-Dibromo-: x;Lbir@poxybrgost~7-en—3F~yl
ccetate (500 mg.) in benzene (50 c.c.) was treatéd with redistilled horon tri-
fluoride etherate (40 drops) and kept at room temperaturs for 72 hours. The
solution was diluted with ether (50 c.c.) and washed successively with water,

sodiunm hycrozen carbonete solubtion, weter, dried (IugS0,) and the solvent removed

under resduced pressures The resicue crystallis

fron methanol~chloroform to

rJ.
L..l

give ﬁﬂth“tlJPOvO‘ll"OIOOrgDSt*7"en*3?~yl acetate (3C0 mg.) as elongated platess
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mepe 201-202° [a]y + 96° (6, 1.0)
Light absorpoions meximam ab 2530& (& =9,500)
ioﬁnﬂ( e d,.55.5.3. .H; %.f. Tt
Gales for CsoHesOsBra C, 53465 H, 7+550%

It gives no coloration with tetranitromethane in chloroforma

Budzisrel gt al give 201-202°, [y ]y + 98°%

(v) A solution of ll~o:oc:do:ta-?|iﬁ-dien—SP—yl acetate
(100 ¢m.) in ehloroforn (1C c.c.) was treated with a solution of
promine (1 mol.) in ciiloroform (5 ce.c.), added dropwise during 20 mimutes
with stirrings at 0% The colourlessg solubtion was kept overnight at -4“
diluted with chloroform (50 c.c.) w-shed with sodium hydrogen carbonate
solution and water, dried (Nag S0, ) and the solvent removed under reduced
pressure. A solution of the resicue in light petroleum (b.p. 60-80°) -
benzene (7135 50 c.c.) wes filtered through a column of activated alumina
(2 x 10 cm.) Elubtion of vhe column with the same solvent gave a fraction
Mepe 194-195° (350 mg.) which crystellised from methanol chleroform to give

223 23~dibromo-1l-~oxoerzust-8-en-3B8-yl acetate as blades,
i 2

—

m.pe 200-201°, [, + 99° (€, 1.0)
Light absorptions llaximum at 25303 (¢ = 9,000).
Founds C, 58.49 H, 7.6
Cao HigU3Bre requiress C, 58.6y I, 7.55%

A mixbure with a specimen described under (a) had mepe. 200-201°,



Ireatment of 22s23-dibromo-ll-oxoergost-8-en-3p-yl
Acetate with Raney nickel-cyclohexanol/tolisnes

Preparation of Raney nickel catalyst. .Raney. nickel was
prepared by the method of Mozingo(103) and after the exhaustive washing the
water was decznlied and toluene added. The toluene was then distilled until
no further water was removed. The catalyst was stored under toluene.

A solution of 22s23-dibromo—ll-oxoergost-B-en—B?~jl
scetate (640 mge.) in toluene (20 c.c.) and cyclohexenol (10 c.c.) wes refluxed

my

or 22 hours with Raney nickel catalyst (3 g.). fhe cooled solution was

[

hen filtered, concentrated to about 5 c.c., treated with water and extracted

ct
@

with ether. The etnereal extrect was washed 3 times with water, dried
(HapSCs) and the solvent removed in vacuo (1 mm.y 100°).  Six crystallisation
from methanol gave ll-oxoergosta-8s22~dien-38-yl acetate (330 mg.) as flat
needless
mep. 130-131% [+ 107.5° (e, 1:2)s
Light absorptions maxirum at 2550;1) (E = 8,200).
Founds C, 79.03 H, 10.5
Calc. for CsoHses®s s G, 79.2y H, 10.2%
It did not depress in m.p. when mixed with an suthentic specimen.
Concentration of the methanol mother liquors followed by
chromatography of the residue on alumina did not yield any ovher homogeneous

producte

Bromination of Selslled-epoxyerposta-7+22-dien-3B8-yl acetate

A golution of C&s 11&-cpoxyergosta~-7s22-dien-38~yl acetate

(500 mg.) in chloroform (20 c.c.) wes treated dropwise with a solution of
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bromine (1 mol.) in chloroform during 20 minutes at -4°. The solution
wvas kept overnizht at -5%. Calorofcorm wes removed under reduced pressure
at roon uenperature; | ;hé feél;u; Qu; ;efﬂfated in;o'*ﬁ ﬂéetoﬁe‘soluble. |
frection A (200 mg.) and an acetone insoluble fraction (250 mu.) which

was collected and washed with methanols This proved to be 22s¢23-dibromo-
Tl 118 ~cihycdroxyergost-8-en~3 B vl acetate m.p. 204-205°.

The scetons soluble fraction A (efter removrl of ecetone)
was dissolved in ether-ethanol (lil,+ 60 c.c.) and refluxed with zinc dust
for 2 hours. The filtered colution was concentrated, treated with water
and extracted with etner. The extrrcli was washed with water, dried
(M2 802 ) and the ether removed under reduced pressure. Crystallisation from
methanol gave an smorphus solid (12C mg.) mep. 185-186°. This solid was
diesolved in 1lizht petroleum (b.p. 60-30°) - benzene (1sly 50 c.c.) and
filtered througih » column of alumine (10 x 2 cm.)s Llubtion with benzene
(150 coco) mave 7-oxoerzost-8-en-3B-yl acetate (100 mg.) which crystallised
from methenol as pletes,

meps 208-209°, [«]p - 57° (€, 1.0)
Light absorption s M-ximun at 25405 (£ = 10,000)
Founds €, 791y Hy 102
Calce for CaoHig®sy C, 79.23 H, 10425
It was undepresced in m.pe. on admixture with a specimen prepared by the
method of Budziarek, Johnson and Spring(39) who give m.p. 209-211°

LJ(]D ""560.
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ol1e) 7
II. The Stersochenmistry of & -7-Keto and A =-1l1-Keto~steroids
and some of their Derivatives.

7 sllfzgﬁ$g§j$etrgbromoergost-8-en-Bbfzg Acetate.
cf. Anderson et al(38)] =

A solution of 5-dihycroergosteryl acetate (10g.) in dry
ether (1,000 c.c.) was cooled to -20° Bromine (5.1 c.c.) in glacial
acetic acid {20 c.c.) was quickly added and the mixture cooled rapidly to
-60° witi shakinge The mixture wes allowed to regain room temperature over
2 hours and the solid (9.18) which separated was filtered, washed with ether
and dried under reduced pressure. Tiids tetrabromo compound decomposes on
storage and its solutions in chloroform, acetone or acetic acid decompose
with evolution of hydrogen bromides It crystallises from benzene~light
petroleun =s felted needles,

mep. 128°, D‘]D + 230° (€, 1.0 in benzene)
Anderson et al. give m.p. 128 [d]y # 260° (in benzene)

Broosteryl-D-acetate 22v23~dibromides
lcf. Anderson et al (38) ]

A solution of tetrabromoergostenyl acetate (26 g.) in
slightly warm benzene (1400 c.c.) wes sheken with a solution of sodium
iodide (100 g.) in ethanol (1200 c.c.j. Iodine was immediately liberatede
The reaction mixture was kept at room temperature for 20 hourg, after which
it wes washed with -aqueous sodium thiesulphate solution (10%) until the
iodine colour cdiseppeared. The bengzene layer was washed with water, dried
(lap SQs) and concentrated under reduced pressure to 200-300 c.c., and
passed down a short column of alumine (20 x 4 cm.). Elution with benzene

(500 c.cs) gave ergosteryl-D-acetate 22v23-dibromide (14.1 g.) which



crystallised from chloroform-methanol ag prismatic neeldes
n.p. 230-232° Lw' + 30° (e, Tl )
Light absorptions mexima at 2350 (& =19,000), 2420 (€ = 21,000)
end inflection at 25004 (& = 13,000).
Founds C, 602y H, 747,
Calec. for CaoHagOaBrg 3 C, 60.2y H, 7.75%
I? zives a brown colour with tetranitromethane in chloroforme

Anderson gt al give m.p. 233-234° [d]D + 32R,

223 23-Dibromo= 91slAL-ﬁ“o"ynr~03u—7 eut_B -1 Acetale
[ef. Budzicrek et 21 (3°}J

A solution of ergosteryl-D-acetate 22323-dibromide (14 v.)
in chloroform (300 c.c.) was trsated dropwise with perbengoic acid (1.2 mols)
in ehloroform with stirring s=nd cooling in ice during 5 hours. The
mixture wes kept at C° for 12 hours. The solution was washed with sodium
hydrosen corbonate solution and water, dried (HapS0.) and the chloroform
removed under reduced pressure (temperature below 35°). Crystnllisation
from acetone gave 2232 dibromQ—stll&-epoxyergost-?-en-QS-yl acetate
(845 g.) as needles

mepe 216°, [o2]p = 26° (€, 1.0)
The compound did not absorb light selectively above 22 OO; .

Budzisrek gt al gave m.p. 218° [o+]; - 26
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22\23—Dibromo-%i;lbﬁ‘dihydroxyerggst-S-en-BQ-xl Acetates
lef. Budziarek et al (39) ]

A solution of 2223~ leromo-9d|lli epo:yergost-7~en-
.3P-&l.aéeﬁaf~ (ZO r.) in tetrahyuroiar n (100 ;OS c.c.) was treated with
agueous sulphuric acid (2 Ny 6 c.c.) added in one portion with shaking. The
solution was kept at room temperature for 4 hourse The crystalline solid
which separated was collected and washed well with methanol, to give
223 23=cibromo-Tus Ll -dihydroxyergost-8-en-3f-yl acetate (16.5 g.) as
microcrystalline solid, mepe. 207-210% which is very imsoluble in most organic

solventse

223 23~-Dibromo-ll-oxo-98-ergost~7-en-3f-yl acetate.

A sugpension of 22+23~dibromo=-7ds 118-dihydroxyergost~8-
en-3f-yl acetate (500 mge) in benzene {100 cece) was shaken with boron
trifluoride-ebher complex (1 c.c.)s After 12 minutes dissolution was
conpletey the mixture was diluted with ether and washed with sodium hydrogen
corbonate solucion, weter, dried (NopSQp) =nd the solvent removed under
reduced pressure. 1IWelve crystallisations of the residue from acetone

yielded 22v23-dibromo-11-oxo-9f-erzost-7-en-38-yl scetete (25 mg.) as

needles,
mepe 200-203%, [«]p - 118° (€, 0.5)
founds Cy 53¢9y H, 7.854
CaoHegOsBre reguires C, 53.6y H, 7.55%

v
IT does not snow selective absorption of high intensity above 2200A.



- 05 =

22:23-Dibromo—?-oxoerggst—QLll)-eq:§?-yl acetate.

The combinecd mother licuor$ from the first eight erystellis-
-wations -of the foregoing compound were-concencrated. = A ©rop of plates (400 g,
wa.s obteined which was recrystallised twice more ifrom acetone to give

22\2;-dibromo-7—oxoergost-9(ll)-eanQ-yl acetabe =8 rhombic plates,

Mmeps 231-233° [dJD - 36°, -34° (g, 2.2, 1.8).
Founds C, 58858 H, 77
CsoHegOsBra requires C, 58.63 H, 7.550%
It gives 2 pole yellow colour with tetranitromethane in chloroform and does

)
not show selective absorption of high intensity above 2200A.

22323=Dibromo=-ll-oxoer~ost-6-en=-3p -yl acetate.
=g 2

(a) A solution of 22s23-dibromo-1ll-oxo-Sg-ergost-7-en-p-yl
acetate (100 mg.) in benzene (25 c.c.) was filtered through a column of
oluming (2 x 8 em.).  Blubtion with benzene (300 c.c.) gave 22123~dibromo-11-
oxoergost-3-en-38-yl acetate (70 mg.) which separated from methanol as
elongated plates,

m.p. R00-201°, {of|y + 98¢
Light abeorptions Maximum at 25304 (£ = 9,000)
It does not give a colour with tetranitrometnane in chloroform and a mixture
with = specimen prepared according to Budziarek, Johnson and Sprinz(39) was
undepressed in mepe.

(b) A suspension of 22:123-dibromo-7a-11-dihydroxyergost=~8-en-3§~
vl acetate in benzene was treated with boron trifluoride etherate as described.
A solution of the product in light petroleum (b.p. 60-80°) - benzene, (431s

50 c.c.) wes filtered through alumina (2 x 15 cm.)s Elution with benzene
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(350 c.c.) gave a fraction (100 mg.) which, after five recrystallisations from
methanol gave 22;23—dibromo—ll-oxoergost-8~en—3§~yl acetate as elongated plates,
meps’ 200-203°, "[o]p + 96° (€, 1.0) =~ ° ;
Light absorptions maximun at 2540K (& = 9,000).
Founds Cy, 5848y H, 7.7
Calcs for CaoHegOsBray O, 58.69 H, 7.55%
It does not give a colour with tetranitromethane in chloroform and was

uncepressed in m.p. on admixture with an authentic specimene

228 23~dibromo-7-oxoergost-8-en-38-yl acetate.

(a) Gontinmued weshing of the column described in (b) above with
ether (300 c.c.) gave a fraction (260 mg.) which crystallised from methanol-
chloroform to give 22:23-dibromo-7-oxoergost—B—en-BP-yl acetate as plates,

m.p. 240-242°, fol]y - 29° ( &, 0.5). |
Light absorptions lMaximum 2t 25308 (& =9,080).
Founds C, 58.8y H, 7.6,
Csle.for CyoHugQBros G, 58.63 H, 7.55%
It does not give a colour with tetranitromethane in chloroform. It is
undepregsed in mep. when mixed with a specimen m.p. 240-242° [d]D -289,

prepared as described by Budzi-rek Johnson and Spring (39).

(b) A solution of 22;23-dibromo-7—oxoergost-Q(ll)-en-3p-y1 acetate
(170 mg.) in 2% aqueous methanolic potassium hydroxide (50 c.c.) was heated
under reflux for 2 hours. The cooled solution was diluted with water and
extracted with ether. The extract was washed with water, dried (HaQSQQ) and
the ether removed under reduced pressure. The residue was acetylated with

pyridine and acetic anhydride on the steam bath at 100° for 3 hourse Isolation
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of the product by means of ether and crystellisation from chloroform-methanol
gave 22123-dibromo-7-oxoergost-8-en-3f-yl acetate (150 mg.)

mep. 239-241°, [«]; - 28° (e, 2.0).
Undepressed in m.p. when mixed with the specimen cescribed above.

Q
Light absorptions maximum at 25208 (& = 9,250).

11-0Ox0-9B-ersosta~7v22-dien-38-yl acetatee.

A solution of 22s23-dibromo-ll-oxo-9p-ergost-7-en-3f-yl
acetate (1 g+) in benzene-ethanol (lslj 200 c.c.) was heated under reflux for
3% hours with zinc dust (3 g.) added portion wisse. The filtered scolution was
trerted with water and extracted with ether. The extract was washed with
water, dried (NopSQs) and the ether removed under reduced pressures The residy
was crystallised from acetone to give ll-oxo-?ﬁ-ergosta-7\22-dien-3§-yl acetate

(600 mz.) as hexagonal plates,

mep. 159-161°, [et], - 206° (€, 2.55)
Founds By 7945y H; 10.1
Calc. for CsoHueOss C, 79.2y H, 10.2%
It gives a prle yellow colour with tetranitromethane in chloroform and does
o

not show selective absorption of high intensity sbove 2200A.

Bladon et al (54) zave meps 159-161°, [dJD - 191°.
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7-Oxoerzosta-9(11)122-dien-3p-yl acetate .
A solution of 22123-dibromo-7-oxoergost-9(11)-en-3p~-yl
‘acetate (500 mg.) in ethandl-ether (lsly 50 c.c.) was heasted under reflux for
3 hours with zinc dust (2 g.) added portionwise. Treatment of the filtered
solution with weter, followed by extresction with ether and washing the extract
with water, drying (NagSOe) and removal of the ether under reduced pressure gave
7-oxoergosta-9(ll)sak-dlen—BP-yl acetate(300 mg.) which crystzllised from aceton
as plates,
m.p. 177-178°, [o]y =~ 55° (&, 1.3)
Founds G, 794y H, 10.2%
Gale. for GagHee®sy 0y 79.2% H, 10.2%
It gives a pale yellow colour with tetranitromethane in chloroform and does not
show selective iight absorption of hizh intensity above 2200:.
Heusser et al (31) zive msps 176-177° [ﬂ]D - 58°, and Schvenewaldt et al (33)

give m.pe. 176-177° [ot]p - 43.5°

7~ox0-8M-eroosta~9(11)s 22~ -dien-38-yl acetates
[cf. Budziarek et al (65)]

A mixture of ergosteryl-D acetate (2.2g) in benzene (20 c.c.)
fornmic acid (20 c.c.3y 90%), and hydrogen peroxide (0.65 c.c.y 30%) was sbirred
for 20 hours at 15%  The reaction mixture was evaporated under reduced pressur
below 50° {bath temperature), and the residue crystellised from methznol to
give flat ncedles of mepe 170-175%, and giving a red brown colour with tetra-
nitro methane in ciloroiorni

Light absorptions maxima at 2360 (€ = 3,200), 2440 (& = 4,80(

and an inflection at 2¢ ?G& (€ = 3,500):
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Concentration of the methanol mother liquors gave an amorphos solid which
erystalligsed from methanol to zive 7-oxo-&!-ergosta—9(ll)\22~dien~3$~y1 acetate
"as needlés,
meps 194-196° [2]p + 18° (€, 0.5).

Light absorptions E-éigo = 5,400 and showing no selective
absorption of hizh intensgity above 2200& .

Infra-red spectrumy Pecks at 1740 and 1235 (acetate) znd at
1715 cm = (saturated cerbonyl).

FOllnd‘ C, 78.9‘ H, 10.2.

Calce for GsoHeglsy C, 792y H, 10:2%

BE—Hydroxyergosta-8522-dien-?—one.

(a) A golution of 7-oxoergosta-9(11)s22-dien-3f-yl acetate
(300 mg.) in 3% aqueous methanolic potassium hydroxide (50 c.c.) was heated
under reflux for 2 hours. Treatment of this solution with water, extraction
with ether, washing the extract with water, cdrying (112580, ) end removel of
the ether under reduced pressure gave 3P-hydroxyergosta-8s22-dien-7-one, which
crystallised from methanol os pletes (200 mg. ),
m.p. 175-177°, [atjp - 45° (€, 1-0)
Light absorptions maximum at 25604 (&€ =9,000).
Founds C, 8l.4y H, 10.7
Caelc. for CaeMusOsy G 8le5y Hy 10.75%
It gives = pale yellow colour with tetranitromethane in chloroform and was
undepresged in me.p. when mixed with & specimen prepared as described by

Schoenewaldt et al (33).
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(b) A solution of 7-oxo-8¥~ergosta-9(11)s22-dien-3f-yl
acetate (150 mg.) was refluxed with 37 squeous methanolic potassium hydroxide
as described above in (a). Crystallisation of the product from methanol
gave 3B-hydroxyergosta-8s22-dien-7-one (100 mg.) as plates,
mepe 176-177°, [b]p =~ 43° (€, 1-2)
Light absorptions meximum at 2540E (& = 10,000)
The compound was undepressed in m.p. én admixture with a specimen prepared as

described in (2) abovee

Attenpted isomerisation of 7-0xo-3&—ergpq§a-9(ll)s22-
3p-yl acetabes

[cf. Budzizrek and Spring (77) for isomerisation

of 7svll-dioxo-B8d-ergost-22-en-3f-yl acetate].

(a) A solution of 7-oxo-sx—ergosta-9(11)‘22—dien-3p-y1 acetate
(150 mz.) in glacial ecetic acid (10 c.c.) was heated on the steam bath for one
hour. Ireatment of the mixture with water, followed by extraction with ether,
washinz the extract with water, with sodium hycrogen carbonate solution and
wich water, drying (NagS0.) and removel of the ether under reduced pressure
gave = highly coloured zum which could not be crystallisede

(b) A solution of ¥-oxo-S#-ergostn-9(11)s22-dien-3B-yl acetate
(150 mgs) in glecizl zcetic acid (10 c.c.) was left overnight at room temper-
vature. Isolation of the procuct by means of ether as describecd above did not

give o homogensous producte

s

22z23~Dibrguo-G&‘lki-epoxy~7-oxoergostan—SF—yl Acetate
A stirred solution of 22;23—dibromo-7-oxoergost-9(ll)-en-

3B-yl acstate (4.35 g.; in chloroform (50 ce.c.) was trested dropwisc with
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perbenzoic acid (1.1 mols.) in chloroform (14 c.c.) during 3 hours at 0%  The
solution was Wopc ag O” overnight, snd thenwashed with sodium hydrogen cerbonatg
soluvion =nd with water, (rlOd.(LLgDUA) anc the chléréférﬁ feﬁoéed ﬁn&eﬁ |
reduced pressure below 35%. Cryuualllsa tion of the resicdue from methanol-
chloroform gave 22323-dibromo=-%%is1ld-epoxy~7-oxoergostan-3p-yl acetate as
plates (3:% Bs)

mePs 228-230°, [ty - 44° (C, 2.5).
Two crystallisations from acetone gave elongated needles,

Meps 222-2824°, F‘JD - 447

Foundy C, 572y Hy 74

Cales for CaoHygOuBres ©C, 57.1s H; 7.35%
1t does not ghow selective absorption of high intensity above 2200A. On
admixture with a specimen (m.p. 222-224°, [¢]p - 49°) prepared according
to Anderson et al (38) it was undepressed in m.pe. "

Attempueo Acid Reerrangements of 22s23~dibromo~Ss 11~
oy -7~ oxo—ergOSuﬁn—35~yl acevatee
18

(a) With Boron trifluoride-ether complex

A solution of 22423-dibx omo-“daljﬂ ~@poxXy-7-~ oxoergoqtanrlﬁ-
vl acetate (400 mg.) in benzene-ether (lsly 50 c,ed) wag treated with boron tri-
fluoride-ether complex (15 drops) in =cetic =acid (2 c.c.) znd allowed to stand
for 3 deys at room temperature. The solution was diluted with ether (30 c.c.)
woghed with sodium hydrogen carbonate solution and water, dried (NazS80.) and
the solvenit removed under reduced pressures Grystallisation from acetone

gave elongated needles (370 mg.) m.p. 222~224¢ [of]p - 48° (C, 2.1) alone and

mixed with startineg material.
D
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(b) With Hydrogen Bromide in Acetic acide

A solution of 22y23-dibromo-Y%silol-epoxy-7-oxoergostan~
P jl cetate (aaU mp.) in ncetic acid-chloroform ( :1$ 50 c. c.j wes Lreated
with hydrogen bromide solution in weter (2 cec.s 43%) =nd kept ot room temper-
ature overnighte The golution was concentrated, treated with water and
xtracted with etherse The extract was washed with sodium hydrogen carbonate
solution ~nd with water, dried (lfgS0.) =nd the solvent removed under reduced

Dressure. Crystallisation of Uhe residue from acetone gave elongated needles

Lot ]y ~ 48 (Cy 240), meps 221-222° aione and when mixed with starting material.
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g 28 The Steresochemistry of St 1lA-dihydroxg-7-oxoergost-22-
en-3@~71 acetates
ot A d

3P Lid ~-Dincetoxy-22s 23-dibromo-Sa-hydroxyergostan=7-ones
L : A ol

A golution of 22a23-dibromo-7~oxoergost-9(11)-enr3pryl
wcetate (1.0g.) in ether-benzene (441 3 50 c.c.) and pyridine (0.74 c.c.) was
treated with osmium tetroxide (1.0g.)s a brown colour rapidly developed.
After 5 days at room temperature, the mixture was evaporated under reduced
pressure and the residue refluxed for 5 hours with a solution of sodium
sulphite (5g.) in agueous ethanol (100 c.c.3 50%). The mixture was concen-
trated under reduced pressure, acidified (Congo-red) with dilute hydrochlorie
acld, and extracted with ether (2 x 150 c¢.c,) and then with chloroform
2 x 150 c.ce)s The washed and dried (NazSO,) chloroform extract was
evaporated under reduced pressure and the residue was treated with acetic
anhydoride and pyridine at room temperature overnights The acetylated product
wue lsolated by means of ether and crystellised from chloroform-methanol to
give 3Pi1lld-diacetoxy-R2v23-dibromo-td-hydroxyergostan-7-one (550 mg.) as
needles,

mep. 247-250°, [&¢]p - 27° (e, 1.0)

Founds C, 55,953 H, 7.4

Calc. for C3aHsoOsBray  C, 55.65y H, 7.3%
The gubstance showed no high intensity light absorption sbove 2200§ and gave
no colour with tetranitromethane in chloroforme. Budziarek, Hemlet and Spring
(79) give m,p. 259-260° [&]p - 29°, - 27° A mixture of the above compound
vith a gpecimen prepared according to Budzizrek et al did not depress in mepe

The m.pe. of the substance is dependent on the rate of hesting.
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The material extracted by means of sther wag acetylated with
acetic anhydride and pyridine at room temperature overnight. The acetylated
product, isolated by méans of etier, was purified by chrometography on slumina
to zive Bpslli-diacetoxy-zzs23~dibromo-Qirhydroxyergostan—7-§ne (300 mg.) as
needles from chloroform-methanol

[®]p - 27° mep. 247-249° alone or mixed with the above
specinens
Founds C, 2548y H, 7.5

Calc. for C3pHsoOgBrat C,55.65y H, 7.3%

3?;ll£-uiuce@QEX-Qi-hgggpxyergost~22-en-?—one.

A golution of 3§sllt—diacetoxy-22t23-dibromo-9!-hydroxy-
ergosten-7-one (200 mg.) in methanol-benzene (1ltly 50 c.c.) was refluxed with
zine cust (3.0 g.) added portionwise over 4 hourse The filtered solution was
concentrated, trented with water and extracted with ether. The washed and
dried (NapS0.) extract was evaporated under reduced pressure. Crystellisation
ol the residue from aguesous acetone gave Wleli-dincetoxybo’-hydroxycrgost-22—en
7-one- (120 mz.) as needles

m.pe 193-1957, pL], -46° (e, 1.0)
Founds C, 72.63 H, 9.8
Cales for CasHso0gy €, 72+4y H, 9.5%
Lhe subsltance showed no selectlve light absorption of high intensity above
2200: . It dic not depress in m.p. when mixed with - specimen (m.p. 194-196°)

prepared by Budziarek, Hemlet and Spring (loc. cit.)
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V. Brominztion of 22+23~Dibromo-1l-oxo-9f-erzost~-7-en-3B-yl Acetate.
i 8

Brzogt-8(14)- Vﬂ'&ﬂFXl Acclate d¥er*ooteqz;_&ceuate).

A polublan of 17-oxoor~ou a 7\~N 3F~yl acntate (laO ng )
in acetic acid (100 ce.c.) wos shalken in an atmosphere of hydrogen for 1 hour
with flntinum (from 60 mge Pt0s)e The filtered acetic acid solution wes
concentrated, trested with water and extracted with ethers The extract was
washed successively with sodium hydrogen carbonate solution and water, cdried

(2280, ) and the ether removed under reduced pressures. Crystallisation of the

H

idue from methanol gsve ergos L-6(14)-en—3|3-Jl acetate as plates,
mep. 107-109°, [ot]y + 3° (€, 1.4)
Founds C, 81.6y H, 1ll.4
Cales for CsoBsoOss ©, 8lsdy H, 1l.4%
The m.p. of a mixture with an suthentic specimen m.p. 109-110° Ul]v + 4°

=

7 Y 5
(€, 2.0} wag undepresgseds

11-0xoerggst-7-en~3§ryl Acetates

A solution of ll-oxoergosta-7s22-dien-3f-yl acetate (250 mg.)
in ethyl ~cetate (200 c.c.) was uhuken in an atmosphere of hydrogen for 24
hours with Flatinum (from 60 mg. BtQs) » The filtered solution was evaporated

to drynesg and the residue crystallised from methanol to give li-oxoergost-7-

en-3p-1 acetaEé_(lGO ng ) as needles,

meps 162-164°, [ol]y + 48%, + 47¢ (&, 133 1.5)

Light absorptions & 2oz = 34500:
i"'OI.llldl C, 79015', H’ 1008
CaoHegQy requiress C, 73.9y H, 10.6%

For a crude (not annlysed) specimen of this compound, Bladon et al (54) give

MeDPs 145-156%, [olip + 32°
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72223 23~Tribromo-1l-oxoergost-8-en-3g-y1l Acetate.

A solution of R2323-Dibromo-ll-oxo-98-ergosi-7-en-38-yl
acetate (L1.05.) in dry ether (200 c.c.) was treated with = solubtion of bromine
in glaciel acetic acid (7.8 c.cs 3 0.0316 gm./ce.c.) added dropwise with
stirring at 15%. After standing for 10 minutes, the colourless solution was

washed with 1j sodium hydroxide solution, waber, and dried (NapS0.). Cry-

stallisation of the product from chloroform-methanol gave 7Bs22s23-tribromo-

11-oxoerpost-8-en-3-y1 acetate (800 mg.) as plates,
m.pe 198-1929° (decomp.) [&]p + 78° (c, 1.0)

o
Light ebsorptions maximum 2t 262086 (&€ = 9,500).

(&3]

1.

19!

Fomd‘ C’ 9 H, 6075

Cso His O3 Bra requiress G, 520y H; 6.5%

11-Oxoergosta-7s22~dien-38-yl Aceltated

A solution of 7Ps22s23-tribromo~ll-oxoergost-8-en-3f-yl
acetate (490 mg.) in methanol~ether (70 c.cey 18l ) was refluxed with activeted
zine (2 g.) 2dded in poriions over three hours. The filtered solution was
concenuvrated, treated with water znd extracted with ether. Thé washed and
dried (H7gSUs) extract was evaporated to dryness and the residue crystailised

from methanol to give ll-oxoergoste-7s22-dien-3f-yl acetate as plates,

m.p. 175-177°, [otjp + 30° (6, 1.1).

Light cbsorptions €040 = 3,400
rounds G, 72.15y H, 10.4
Colcs for CaoHaeOsy Ca 79:23 H, 10.2%

It gives a pale yellow colour with tebtranitromethane in chloroform. Bladon et &
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(5¢) ziwes m.p. 175-180° D%jD + 259 for a gpecimen obtained by filtrztion of

the 96-epimer throuzh alumina.

22423 -Dibromo-ll-oxoergosta-Sslé~dien-38-v1 acetateos

A colution of 7Bs22s23-tribrouo-ll-oxcergost-8-en-38~yl
ecetate (120 mg.) in 3} aqueous methanolic potassium hydroxide (40 c.c.) was
refluxed for 2 hours. The solution was treated with water and extracied with
gthers, The woshed ond dried {H2pSQ.) extract was eveporated to dryness and
ohe residue aceiylated with acetie anhydride and pyridine at room temperature.
The rrocuet isoclated in the ususl meaner by means of ether was crystallised
from methanol to give plates (40 mg.) m.p. 196-200°. This was dissolved in
benzene (10 c.c.) ond filtered through » short column of elumina (4 x 2 Clte.) s
Elution with benzene (100 c.c.) gave a white solid (30 mg.) which wes crystallis
Irom methonol Go give 22s23-dibromo-ll-oxoergogba-0slé-dien-38-yl acelate as
plates,

meDe 214-215° [alin + 38° (€, 1:5)

H

Light absorptions mexima at 2140 (&£ = 11,000) and at
b :
29204 (€ = 12,500),
Founds C, 58,95 H, 7.35

Cso liga O3 Brg recuiress C, 53.8y3 H, 7s2%
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V. The Siructure and Reactions of 22+23-Dibromo-70ls 56~
cLo.y'l’—ogoerTOSU(n~Qijl Acedate.

22123 ~Dibromo-ll-0x0- Qé~er"oub 7-en-3p-yl . Acsiate.
Cf. ulc w3 J}V'..J'l..a et U-l 04'

A solution of 2223~dibromo~Wallt-eporyergost~7~en-3f-yl
acetote (10z.) in dry ether (500 c.c.) was trested with freshly distilled
boron trifluoride-ether complex (2 c.ce, 1 mol.)s. The solution was kept
at 0% for 13 hourse A crystalline golid which seperated wes collected,
woched well with methanol and recrystsllised from-acetone from which 22423~

dibromo-ll-oxo~9f-ergost-7-en-3¢-yl acetate separated as prismatic neadles,
meps 200°%; [#]p = 120° (€, 1.1)
Founds C, 53.3y H, 75
Colc.for GspHagOsBrus G, 58.63 H, 7.55%

()
It did not ebsorb licht selectively u1tn high intengity above 2200A&. The

compound wags underpressed in m.p. when mixed with a specimen prepared b
i X B ¥ Y

Maclenn and Sprinz(67). |

22v23=Dibromo~1l-oxoerost=7~ en-Bp-yl Acetotes.

The alumina used in this oxperiment was prepared as followss~
Spence 'Tyre H' alumine (1 %g.) wes stirred for 3 hours with

aqueous acetic acid (1.5 1y lOﬁ), filtered, washed with distilled water (2 1.),

1 - de
e

methanol {2 1.) and distilled water (2 1.) and then reactiwated by heating at

r)\ nn

* polution of 2°s22-dibromo=-l1l-~ oxo—°9 ~ergos '~7-en-3p~yl scoetate

(700 mz.) in lizht petroleun (bepe. 60—80“) - bengene (1sly 70 c.c.) wms

™

adporbed rapidly under prescure on an alumine column (10 x 1.5 em.)s The

.

column wes immediately eluted with benzene (100 c.c.) condaining pyridine



-~ 109

(1 cocs) agein under pressurey these operations took 5 minutes. Evaporation
of the {iltrate uncer reduced pressure and crystallisation of the residue from

chloroform-methanol gave 22123-dibromo-ll-oxoergost-7-en-38-yl acetate (620 mg.)
— | L

s felted needleg,
mepe 189 - 180°, [y + 29° (&, 0:4)
Lis h absorptions < 2000 = 1530
Founcs Cy 58«7y H, 7485

CaoHaeOyBry requiress C, 58.6y H, 7.55%

It zives 2 prle yellow colour with tetranitromethane in chloroforms

ll-oxoergosta—S\22-dien-3?—yl Acetate.

A golution of ll-oxoergogla-— 7|f°-gien—3p-yl acetate (150 mg.)
in benzene-chloroform (10 c.c. 9911) was ndsorbed on a column of grade II
= Intmdine, (10 x 2 cm.) snd left for 5 dayse Hlution with benzene (50 cecs)
nd crystallisation from methsnol gave ll-oxoergosta-8s22-dien-3p-yl acetate
(30 ng.) ae blades,

neps and mixed meps 125-127°, [at]D + 102° (&, 0.5)

Light absorptions meximm at 25308 (& = 8,000)

11-0Oxo-148-ergzogta~8s22-dien- qé*”l Acetat
i
A solution of ll-oxoergosta-7s22-dien-3f-yl acetate (100 mg. )
in glacinl scetic ncid (50 c.c.) was treated with a continuous stream of ary
hycdrogen chiloride gas for 1 hour at room temperature. The solution was
trented with water and extracted with ether. The extract was washed
successively with sodium hydrogen carbonate solution, and water, dried (HQQSO*)

.1

and the ether removed under reduced presgurce The regidus was treated with
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acetic anhydride and pyridine at 100° for 1 hour. The product isolated in
the normal manner by meang of Guh“r erye °l¢1sed from aoueous ecetone to

give ll-oxo-lip-ar;osta-&sBZ—dien—B -1 gcetate as flat needles

meps 111-112.5%, [R]p + 138.5° (€, 1.2)
Light absorptions moximum at 2 AoOA (& = 9,300)
Founds C, 7848y H, 10.4

G3cHegls requiress C, 79.2y H, 10.2%

ggszauDibromo—RKsRi—enoxy—ll-oxoergostan—pryl Acetate.

A golution of 22+23-dibromo-ll-oxoergost-7-en-3f-yl acetate
(380 mg.) in chloroform (10 c.c.) at 0° was treated with freshly prepaved

wts

perbenzoic necid solution in mineral acid-fres chloroforms (2.5 c.cCey
2.5 mols.) and the solution lkept at 0° for 8 dsys. The solution was then
diluted with chloroform and washed suecessively with sodium hydrogen csrbonaie

solution, water and dried (HasSQ.). The chloroform solution was concentrated

under reduced pressure (below 35°) and diluted with methanol to give 22s23-

dibromo-es S ~apoxy-~il~oxoergostan=3 E ~y1 acetate (500 m*.) which wag collected
and recrysgtallised from chloroform-methanol ag needles,

mep. 210-212%, [d]p = 125° (€, 1.7)
Founds Cy 578 3 H, 7.8
CaoBagUaBrs recuiress C, 57.1y H, 7.4%

)
‘he oxo-epoxide does not show high intensity light absorption above 20004

and 1t doeg not give a colour wibth tetranitromethane in chloroform. It was
recovered unchanged after treatment at room temperature with acetic enhydride

IR - < A9
and¢ pyridine.

_ : - g
Infra~-red spectrums peaks at 1747 and 1250 (scetate) and 1717em ~ (ketone).
No Iydroxyl penk was evidenb.



22s23~Uibromo=7s1ll~dioxoerzostan-3-yl Acetates
Lxhlu evperiment was cerried out by Mr. J.Grigoxr e

A gsolution of 22323-dibromo-7als Sdrepowfll-oxoergostan-af-.

71 scetate (300 mg.) in chloroform (25 c.c.) wag treated with glaciel acetie
acid containing acqueous hydrogen bromide solution (10 drops, 467 ) and kep?d
overnizht at room temperature. After dilution with walber the product was
extracted with chloroforme The wached =nd dried extract was evaporﬂued to
dryness and the regidue crystallised from cihdoroform-methanol to give 2223~
dibromo-?sll—dioxoorgostﬂn-gp-yl scetate (90 mg.) as fine needles,

m.pe R61-263°, [a]p =2° (&, 1.3)

Founds Cy 564758 Hy 7ed

CsolegOsBra roquireds C, 57.1y H, 7.35%
Ifhe diketone cdoes nobt give = colour with tetranitromethane in chiloroform and

4

does not show nigh intensity ultra-viclet light absorniions

T3 8 - Broxy-11l-oxoergos 22 ed-oﬁ—il Acetates

A& solution of 22323-dibromo~7Xs8d~epoxy-ll-oxoergostan-
3p-yl ccelnte (220 mg.) in benzene-methanol (1sly 50 c.c.) was refluxed for
3 hours wibh zinec dust (1 g«) 2dded portionwise. The filtered solution was
concentrated, treated wibth weler and extracted with ether. The weshed and

dried (Mag5Q.) extract wus evoporated finder reduced pressure and the residue

crysonlliised from thloroform-methanol to give Ts8l-epoxy-lli-oxoersost-22-en~

%ﬁ-yl ~cetate (150 mg.) =o elongated plates,

mep.  130-161%, [ ]y -16.5° (&, 1.3).
Founds C, 76e4y I, 9.8,

Cs0lesCy Toquiress G, 764553 H, 9.85%



Lizht abscrptions € oo = 251004

-~ prle yellow colour with tetranitromethane in chloroform.

'.-
(o)
!_.
o
&

22:23-Diuromo-ll-oxoergpst-&"en-qptﬁi—diol.
(with W. Laird).

22323 ~Dibromo-7¢s Sd-epoxy-ll-oxoerzos th_-sﬁ-Jl acetate
(275 mge) in benzene (6 cuce) wag trented with methanolic potageium hydroxide
(50 e.cs3 1%) 2nd the solution lept for 3% hours ot room tempersture. The

54

mixture was treated with water 2nd extracted with ethers The washed and dried

ct

(112580, ) extract was evaporated and the residue crystallised from ehloroform-

methanol to give 22s23=-dibromo~ll- :cerzpst—8~en-§£s7drdiol'(240 mge) &8
felted needles,
meps 211°; [pt]y + 113°; + 11»’ (e, 6.6, G, 7).
Licht absorptions Maximum at ! JOQA (& = 9,600)
Founds Gy 2608 H,

Cpgllase O3 Bra. CHgCH requiress Cy D6«ly H, % ap.

38s i -Digacetory—-22s23~dibronoersost-0-en-11-one.
#g £ LS e -

Trontment of the above diol with acetic anhydride and pyridine
at room temperature and isolation of the product by means of ether gave 3fsTa-

diacetoxy-22v23-dibromoergost-8-en-11-one which separated from mebhanol as

mepe 202-213%, {at]p + 104° (6, 1.5)
0 .
Lizht =bsorptions laximum at 2460& (& = 9,400), £a020 = 2,700
Founds Gy 5742y Hy ¥a3

"ug;¢-gosdln re "'L'l.feul C, 57.13 H, 7.2;0



Wg %l-Dincetoxyergosta-8122-cdien~-ll-one.
Wich W. Lairdj.

A golution of 22123-dibromo-ll-oxoergost~3-en-8P7
diol dincetate (500 mz.) in ether-methenol (1sl 3 50 c.c.) was refluxed with

.

zinc dust odded portionwise during 3 hourse The filtered solution was treated

o

with water aad exbracted with ether. The washed and dried extract was
eveporzived to drymess and the regidre cerystallised from methanol to gzive
3P W -dincetoxyergosta-8slR-dien~1l-one (RGO mg.) as fine nsedles;

mepe 102-103° [t ], + 108° (&, 1.0)

1}

Lizht absorptioms Meximun at 24908 (& = 8,800)y €z0s0 = 3,800
Founds G, 74.95 T, 9.8

Calcafor CagHagOss ©, 75.04 H, 9.4%

1 Weglend(63) give mep. 102-105°, [o]y + 109°

. .

\

223 23-LUibromo-11-oxoergost-8(14 )~ en-ofsel-diol,

(a) A& solutlon of R2s23-dibromo-Tusde-epoxy-1l-oxoergostan-38-
vl ercetate (320 mg.) in benzene (10 c.c.) and methonolic potassium hydroxide
(50 cocey 207) wos refluxed for 1% hours. The concentrated solution was
breatad with water ond extracted with ether. The wached snd dried (MeeSCy)
extract wag evaporated rnd the residue crysteoilised from chloroform-methanol

bo give 22323-dibromo~ll-oxo-ergost 3&;&)‘0H‘3§!%¢7di01 (200 mg.) as needles,

MePe U2~ @b°“ Ldju + 33° (€, 0.3 in pyridine. )

Lizht absorptions Enoso = 3,700
Founds Gy BEedy By R

UQSH‘_’__‘}% Bl"f_} a l'lil".BS‘ C 3 57, 155 H, 7 5::



(b) Hydrolysis of 22xs23-dibromo~lli-ox oor*o**‘-'.‘--en-S/Ss‘7a/~diol
(314G mzs ) with ncqueous methanolic potnssiun ﬂJuJ:O::ln ag (L) gave 2@23~
dibrOmo—ll—o;:o‘.:ruof -8 lf-)-ﬁn- 18 d"(,l._u; \50 uls .), u.p. and mixed ‘:1.1;.

202-203°, [&t]p + 31° (&, 0.2 in pyridine)

Light absorptiony &Eapec = 10,200.

3fs T -Dincetoxy-22s23~dibromusrg reoet~8(14 ) -en-11-one.
=
Treatment of the above dlol with acetiec anhydride and pyridine

at room itemperabure and isclabtion of ths produet by means of shther gave

881 W -di-cetoxy-22123-dibromoergost-8(i4)~en-1l-one which ceprrated from

- i Sk
math - nanAlpa
neui LO__. ._Vu_,‘._t,p’

nep» 194-163°, [a]. + 32° (&, l.4j.
ight ebgorpbiomm €500 = 8,600
Founds Gy D78y Hy 73
Os03as0sBra requiress ©, 57.1y i, 7.2%s

ll-U"or,r"'t:u‘t.a—f-‘(lf.-)s :.“;-r,J.oﬂ-- vl - u.'Lol.
K J J. |f- Lhilhd).

A colution of 22123-dibromo-ll-oxoer zost-0(14)~en-38 v M ~diol

(110 mz.) in bensene-methonol (Isl 3 50 c.cs) wag refluxed with zine dust (2z.)

added periionwise during 2% howrss Igolrhion of the product by means of ethex

rave ll-oxoors J,.o-.-u\lf; 2 22-dien-3gs Tl ~-diol (66 mge) ns necldes from aqueous

nmebhanold

meps L79~L0LY [oljp + &% (€, 0.7)
Light ?"A‘J».‘,‘-Ql'p"k}io.li c:’_}géﬁ@ = 7,0\.:0
Founcy C, Toiedy 1, 104

Ugglies Uy Tequiress G, 73.483 H, 1G.355%
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22 23-Dibromo-'#b- iy droxy-ll-oxoergost-8-en-3B~y1 acetate.
(with W¢ Lairdj. a6

(4 rcolution of 22y23-cibromo-7és i ~epoxy-1l-oxoergostan-
3f-y1 ncetate (400 mz.) in benzene (10 c.c.) wos treated with sulphurie acid
(5 cecoy 2 N) in methenol (50 c.c.) and the misture refluxed for one houre
Ireatment of the solution with water fcllowed by sxtraction with ether,
weshing, drying {llaz8Qy) end eveporation of the extract under reduced pressure
gave 22w ”,3—dibromo-’?:s’.-k\yc;ro:;y-ll-o:;oergost-S-en-BF -yl acetate (30 mg.) 2s
needles

mepe 216-217° [oL], + 97° (€, 1.8)
Light absorptions ma:e.inmm. at 2490§ (& =9,000)3 €a030 = 3,1000.
Founds C, 56495 H, 7.1
CaoHagQeBrs requireds G, 57.1y H, 7.35%
Acetylation of the elecohol using acetic anhydride and pyridine at 100° gave
3If3t l-dirceboxy-22¢23~dibrono ergosgt-d-en-ll-ons which separated from methanol
as prismtic plates,

mep» =2nd mixed m.ps 212-2139, [aLjD + 1C0” (C,‘ 0uB)is



Vi, The Structure and Re-,-ctctlonu of 22323-Dibromo-7fs B -epoxy-
_J:J.-oico.-_?P' -erzogian-3p~yl acetete. =

. 22823 -Libromo~ 75 P- o::-‘,'-ll-o::o—9¥~cr50§_§aq—38-ylL AcaGale,
hJ

A golution of 22v23-dibrono-ll-ox -9F~ergost-—7—-en—3ﬁ-,fl

acetote (5.“1?\ in chloroform (70 c.c.) was treated during 1 hour =t 0° with a

-

freshly prepared solubisn of perbenzoic acid in chloroform (23 ceCey 6245 mge/Be(
After overnight storage at 0¥, the golution was wached with sodium I;n/c“wor;on
corbonate solution and weter, dried (I p 0, ) concentrated and dilubed witl
methanol to zive a cyystalline golid which wones recrystellised from methanol

chloroform, giving 22i123-dibromo~ 'Qg PM orgyr-ll~oxo-28-crsostan~3B-y] aceunte

. —— e

Tﬁ..p . f‘;l"?‘.'?.lf", [d.

Founds G, 52.7% 52:8y H, 6.9, 7s1 GCleBr 30.7%
Cale. for CsyHugOslrs ECHCIss C, 53.1y 4, 6.8 Cl, 7.7

3
<

Tlie solvent of crystellisation was not expelled Ly henting in wacuo at 100,

o —

"

The compound zawe no eolour with telranitromethane in chloroform =nd did not
9

abgorb 1izht selectively with liigh inte sity a2hove 20004.
- - . - , - .} n
Infra-red Spectrums Peaks ~t 1730 and 1341 (zcet tate) and 1717 cm (’:ﬂLone).

-

784 Jf3- Epoxy-11~oxo-8-erzosi-22-~en-3B-y1l Rcetabos
L) a4

-

A solution of .':,rl\;:.';}"\:il)l"o}ilo-?fgt-3/3 epoxy-1ll-0x0o-¢ [3 ergosuan~

) )

Y . - R
3 -yl scetnte (1.5 ge) in benzene (5C c.c.) ether {50 c.c.), and methanol

249

R
adaaq

oo,

=0y \ F T Y T e . POy
(;;L c+Cs) wre hented under reflux for 5 hours with zinc dust (3 ge

Cr e, [P PO P R - G B S
bered solution was trested with weter and exbracbted with
(;,._-.v'3 oy ) exxtraclt wasz ewaporated to drynecs

and the residue crystallised from metlhrnol to give 7,8\8F—-'=po y-1l-0x0~Cf -



I

ergost-22-en-3p-yl acetate (1.0 g.) as needles,
nep. 185%, [at], -64%, -67¢ (€, 0.5, 12)
Founds C, 763y H, 10s0
Calc. for CsoHesQas C, 76.555 H, 9.85 %

It zives 2 pole yellow colour with tetranitromethene in chloroform znd does

not exhibit high intengity ultra-violet light absorption. Henbest and Wagland

(63) record m.p. 175-177°, [“&D — 63°, for this compounds Heusler and

Wettstein (64) give m.p.170.5-171.5°, {alp -74°.
22323-Dibromo-7s11-dioxoergostan~3-yl acetate.

22323 ~-Dibromo-7sy1l-dioxoergostan-36-yl acetates

A
A PULKUGAVIL UL SASE 0T UL UL VIO o8 e TSPULY T AL UAUT ar"ergostan

—qB—yl scetete (1 ge.) in redistilled ethyl acetate (350 c.c.) was shaken in

an atmogphere of hydrogen for 24 hours with pre-reduced platinum catalyst

( from 200 mge FtOz)e A crystalline solid separated which was collected by
filtretion to give a mixtuwre (A) of platinum and steroid. The ethyl zcetate
mother licuors were removed under reduced pressure and the residue wag crystalli

T

sed from methanol-chloroform to give 22323-dibromo-7sll-dioxoerzostan-38-yl

acetate (330 mg.) as needles,
meps 258-253°, [ot] - 2° (€, 1.0)
Founds C, 37«4y Hy 745
CoollsgOuBra Toquiress G, 7.1y H, 7.35%

The diketone did not give a wolour with tetranitromethane in chloroform and did

not show high intensity ultra-violet light absorptions
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223 23-Dibromo-7B-hydroxy-11l-oxvergost~3~en-3@-yl Acetate.
T {

The mixture (&) of pletinun and steroid describec above was
extracted by percolation of hot chloroform through the mixture in a filter
funnel. The chloroform extract wmgs evaporated to dryness and the residue

crystallised from chloroform-methanol to give 22s23-dibromo-78-hydroxy-11-

oxoergost-8-en-3p-yl acetete (185 mg.) as plates,

mep. 239-241% [ot]p + 85° (e, 0.3)
Light absorptions maximum at 25400 (& = 9,000)
Founds G, 56485y H, 7e5
CooHesQuBrg requiress ©C, 57.1y H, 7.35Y

Lhe compound did not give a colour with tetranitromethane chloroforme

22;23-Dibrqu-Zﬁ—hydroxy-ll—ogp-ggfergostf§£l4)-en-%l:z;
Acetates il '

A solution of 22:23-dibromo—aﬂtqﬁ-epoxy-ll—oxo-%ﬂ-ergost&n—
3B-y1 2cetate (1.12g.) in dioxan (230 c.c.) was treated with sulphuric acid
(8 cocey 2 N.) 2nd kept at room temperature for 4 hours. The solution was
diluted with water, and extracted with ether. The washed and dried (llegSQs.)
extract was evaporated Lo dryness and the residue crystallised from methanol.

<

The first crop (40 mg.) which showed high intensity absorption at 25404

wes not further ezzamined. Concentration of the mother liguor and crystallisa-

stion of the solid obtained from aqueous methanol gave 22323-dibromo-78 -hydroxy-
v

11-oxo-9B-ergost~3(14)-en-38-v1 acetate (940 mg.) as platés,
7 !

meps 201-202, [#]p +196° (€, 1.5).
Light absorp‘biom & 5410 = 9,000

Founds | G, 57.0y Hy 7ubs
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CaoHagOuBrs requiress C, 57.1y H, 7.35%
It gives a pale yellow colour with tetranitromethane in chloroforms
‘Infra-red spectrums Pesls at 3470 (hydroxyl), 1740 and

1250 (acetate) and 1710 cm (ketone).

3B 7B-Dizcetoxy-22v23~dibromo~-9p-ersost-8(14 ) -en-11-one.
] 1 L4

ncétylation of 22s23-dibromo-7p-hydroxy-1l-oxo-9p-ergost

-8(l/i-)-en-3p -yl acetate with scetic enhydride and pyridine alt room temperature

and isolation of the procduct by means of ether gawe 3ﬁ;?’£—aﬁacetom—22;23-

dibromo-")p-er;gst-B(l4)-en—ll-one which geparated from methznol as plates,

m.ps 170-171°, WD » 142° (8, 1.0)
Light absorptions €100 = 8,400,

Founds C, 37.k3 H, 75

CaoHesOsBrs requiress C, 57.1y  H, 7.2%

* 7BvEydroxy-11-oxo-98-ersosta-3(14)s22-dien-36-y1l Acetate.
i T LA

22323-Dibromo-78 ~hydroxy-11-oxoergost-3(14) -en—i?s—-yl
acetate (250 mg.) was debromineted with activated zinc dust (3 g.) by
refluring in benzene-ether-methanol (1slsly 60 c.c.) for 3 hours. The

filtered solution wes concentrzted, treated with water and extracted with

b

@®

her.  The washed and dried (MNap,SOy) extract wes evaporated to dryness

end the residue crystallised from aqueous acetone to give _’7p-h'rdro:r:‘f-ll-

ox0-9p-er rosta~-3(14)v22-dien~38-v1 acetate (130 mg.) as plates,
930~ Y LVE
m.p. 192-195°, [otip + 216° (8, 1.45)
Light absorptions Canse . = 8,000

Founds O3 75.353  Hy 96t

~



O

Usollegls « G3lg0 Tequiresy G, 735.0y I, %

It gives & yellow colour with tetranitromethane in chloroform.

bromo~-1l-oxoerzogt-8{14)- en-%s?ﬁ_— diols
]

A golution of 22s23~-dlbr omo-7ﬁ-u,/ groxy~ll- 010-9'3-61"0'*"
Q(lf;)—en-;’[.?—;,'l acetate (1.8g.) in methanol (150 c.c.) was treated with
potagsium hydroxide (220 e, 1n water (3 CeCs) and kept &t room vemperaiure

for 16 hours. The solution was cooled to -50 and the erysitalline solid

witich separated was collected and rishizl walh weber « Recrystallisation

from chloroform-methanol gawve 22s23~dibromo-ll=oxoer opt-d.:.;) ~cn-38+ TB-diol
! (I |

C,-‘ > 1 7 -~ - 1 ! i

\ =0 8 N J_...‘);Ab\.~-‘\l‘\- L..J._".u‘\_if.i,

Bepe 207-R09% [ob]py + 85° (&, Cy5)

Lounds C, 69.65 H, 7.9

Capilye (g Brg , ,'it.) o CH reguiress C, 35.2y I, 8,04

-

L.‘L_): -; QVOJ. J'UJ_‘J .l.‘ c 2U90 — l(/', :'OO.

381 7B ~Diccetoxy 2223~ dibromoergost~8 (14 j-ea-1l-one.
il

ey - s g n

freatment of Lhe above dicl with acetic enhydride and pyridine
at 100" for 3 hours lfollowecd by iesolailon of the produet in the usual menner

1

by mesns of ether gave :gs i/s-u4.¢cwo~;; -22v23-dibromoer ;o 't-fl‘{lfk L )-en~1l~one

-

PO S ek 5 it 75 ~ = R bl . ~
which seperated i{rom methanol as prismatic necedlesg

m.pe 133-185°, [a]y + 55° (€, 1.0 on o specimen

L

dried at room temperalurey drying 2t 100% cesuses decomposition

sccompanied by o chenge in rovation)e.

Light absorption on air dried specimens €ooso = 11,000
Founds C, 5648y H, 7.3
Canllas0sbre requiress C; D718 T, 7e2%
alagVs ul'g TToGL 25 3 sl Ul s o
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ll-Oxoergosta—§£l4)sZZ-dien-aﬂszg-diol.

A golution of 22323-dibromo-1]1- oxoergost-8(14)-en—%ﬁsﬂﬁ-
diol (500 mg.) in ether methanol (1:1- 70 c.c.) was refluxed with zinc dust
(3 g.) added portion wise over 3 * hours. The filtered solution was
concentrated, treated with water and extracted with ether. The washed
and dried (NapS.Qy) extract was eveporated to dryness end the resgidue

crystallised from aguecus acetone to give ll-oxoergosta-8(14)s22-dien-

381 7p-diol (320 mg.) as plates,
ol

m.p. 166-1660’ [ol]D + 760 (6, 104)

Light absorptiom: €505, = 11,500
Founds " G, 78,34 Hy 10.1
Caglesals reqﬁireS- C, 78.45y H, 10.35%

%Elzg-Diacetozyergosta-BﬁLé)sZZ-dien-ll-one.

()  Treatuent of 11-oxoergosta-6 (14)s22-dien-3¢s 78~diol with
acetic anhydride and pyridine at room temperaturé overnight-gave the diacetate
vhich seperated from aqueous methanol as plates,

m.pe 111-113°, &x]D + 34° (€, 2.0)
Light absorption s <3590 = 9,000

Foulld. C, 7406§ H, 9.4‘0

CazHigls requiress C, 75.0y H, 9.4%

(b) A solution of %ﬁa7P-diacetoxy-ZZs23-dibromo-ergost-8(l4)-
en-11-one (700 mg.) in ether-methanol (1s1ly 100 c.c.) was refluxed with
zinc dust (3 g.) added portionwise over 2 ﬁours. The filtered solution wes

concentrated, treated with water and extracted with ethers The washed and




oo

dried (lagSUy) extrect was eveporated to dryness and the residue crystallised

from aqueous methanol to give 3Bs78-diacetoxyergosta-0(14)122-dien-1l-one
I On aqueous R, O Ve SR e s e S 22

(480 mg.) as plates,.
m.p. and mixed m.p. 111-113°, [ot]; + 35° (g, 2.0)

Light absorption v+ €5150 = 9,200

~

388 7R-Diacetoxy=-22s23-dibrono-lip-ergost-d-en-1l-one.
T v s

() A solution of 22:2é-dibr0mo-7lﬁ ~hydroxy-11-oxo-9p-ergost~
6(14)-en-3p-yl acetate (150 wg.) in methanolic potassium hydroxide (50 c.c.$
2%) was heated under reflux for 2 hours. The cooled solution was treated ]
with weter and extracted with ether. The washed and dried (NEQSU*) extract

wes evaporated to dryness and the residue treated wilh pyridine and acetic

anhydride at room temperature. Igolation of the product in the usual wanuner

by means of ether gave %@a25-diacetogg—ZEtZ3-dibromo-l%B-ergost-B-en-ll-one
(100 mg.) which crystallised from aqueous-acetone as needles,
mep. 184-186°, [o]p + 63° (€, 1.3).
Light apsorptions maximun at 243050 (¢ = 8,500).
Founds "G, 57.43 H, 7+35%
GaoHegUsBry requiress G, 57.1y H, 7.2%

Infra-red specirumn Peaks at 1737 and 1241 (acetate) and

1689 cm (o[}5 -~unsaturated ketone).
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(b) Alkali treatuwent of 22s23-dibromo-1l-oxoergost-8(14)-en-

%ﬁ:%&-diol exactly as in (2) followed Qy acetylation gave 3gv78-diacetoxy
A AN P ST e R RIS S B T L e o e

-22423~dibromno-14f3-ergost-8-en-1l-one which separated from aqueous acetone
!

as ﬁeedles
meps and mixed m.p. 165-186°, [ot]y + 62° (€, 0.9)

Q
Light absorptions maximum at 24408 (& = 8,900).

~
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VII. A Partial Synthegis of Cortigoue from Epngosterocl.

.3&-Acetggzgiggg;gllgchol-Y-ene22-al.

An ozonised stream of oxygen was bubbled through a
solution of 5-dihydroergosteryl acetate (40 g.) ia chloroform {600 c.c.)
at =40° to -50° until ozone (1.5 m&ls) had been passeds When the solution
attained room temperature (30 minutes), acetic acid (200 c.c.) and zinc dust
(30 g.) were added and the mixture stirred for one hour. After filtration
methylisopropyl acetaldehyde was removed by steam-distillation. The
non-voletile fraction was extracted with ether and the extract washed
successively with sodium carbonate solution (3%) and water, dried (INasSOg)
and the ether removed under reduced pressure. The residue was extracted
with hot aqueous ecetone ( 3x800 c.c.y 30%). The combined extractions were

concentrated until 3 -acetoxybisnoraliochol-?—en-amral (27 g.) separated as

plates m.p. 133-134°  Two recrystallisations gave the pure aldehyde as

plates, m.p. 136-138°%[a]y - 18° (€, 2.0)

Light absorptions € 2100 = 5,000
Founds C, 77.5y H, 10.0
CoslosOs Tequiress C, 77.4y H, 9.7%

It gives a pale yellow colour with tetranitrbmethane in chloroform.

No acid product was isolated.

The aqueous acetone insoluble fraciion was recrystallised
from methancl chloroform to give S5-dihydroergosteryl acetate as plates

m.p. and mixed m.p. 170-173%



- 125 =

234 Dinitropheylhydrazone

_ Treatment of the aldehyde in methanol with Brady's reagent

gave the 2s4-dinitrophenylhydrazone which crystallised from ethyl acetate

as yellow needles,
NepPs 243-244°

Q
Light absorptions maxima at 2270 (€ = 14,000) and at 36004

(€221,750).
Founds G5 65:2y . H, 7ol

Cao Heo Ogle requiress C, 65¢2% H, 7.3%.

Dimethyl Acetal.

(a) The aldehyde (500 mg.) in warm methanol (50 c.c.) was
treated with concentrated hydrochloric acid (0.02 c.c.)s Immediately a
white solid separated which was collected, washed well with water, and
crystallised from methanol-methylene chloride to give the dimethyl acetal
(450 mg.) as plates,

mep. 210-212°, o]y - 10° (€&, 2.4).

Light absorptions &40 = 4,400
Found‘ C, 74‘083 H, 10.30
CoeHoaOp roquiress G, 74.63 H, 10.1%

It gives a pele yellow colour with tetranitromethane in chloroform.

(b) Crystallisation of the aldehyde from impure (technical)

aqueous methanol gave the dimethyl acetal,

m.p. and mixed m.p. 210-212°, [ot]y - 9° (€, 2.5).
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Methylisopropyl acetaldehyde 2i14-Dinitrophenylaydrazone.

The steam distillate dexcribed-above was extracted with
chloroform. The exiract was washed successively with water, sodium hydrogen
carbonate solution and water, dried (NaySQs) and the chloroform removed under
reduced pressure. The residue in methanol was treated with Brady's reagent
to give a 2s4-dinitrophenylhydrazone which crystallised from methaﬁol as
needles, '

Mepe 122-123°

[Lit. records 2s4-Dinitrophenylhydrazone of methylisopropyl

acetaldehyde A.p. 122-123°].

3Bs 22 -Diacetoxybisnorallochola-7120(22)-dienes

£ e ———— —.

A golution of well dried 3P-acetoxybisnorallochol-7-en—
22-al (10 g.) in acetic anhydride (4C c.c.) was heated with freshly fused
potassium acetate (2 g.) at 120-123° for six hours. On cooling a crystalline
solid separated which was collected and washed well with water. COrystallisa-

vtion from acetone gave 3Bs22-diacetoxybisnorallochola-7120(22)-diene as plate

» (s59)
Wep- 163-165%, [oL]D -25% (&, 1.0)
Light absorptions € goe0 = 5,000
Founds ’ C, 75.4y H, 9.2
CasHss0s Tequiress C, 75.3y H, 9.27%

It gives a pale yellow colour ;ith tetranitrémethane in chloroforme

The ecetic anhydride mother liquors were treated with water
and extracted with ethers The extract was washed with sodium hydrogen
carbonate solution and with water, dried (NapSO.) and the ether removed

under reduced pressure. The residue crystallised from acetone to yield
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a further 2.7 g of the enol acetate.

'20-0x6ailgpfegn;7;eﬁ-§ﬁ-&1'Aéefafe;
A solution of 38v2R-diacetoxybisnorallochola-7s20(22)-diene
(5 g.) in chloroform (400 c.c.) was treated at -40° to ~50° with ozone
(1.5 mols.). When the solution had atteined room temperature (30 minutes)
acetic acid (150 c.c.) and zinc dust (10 g.) were added and the mixture
stirred for 1¥ hours. After filtration the solution was concentrated,
treated wilh water and extracted with ether. The extract wes washed
successively with water, sodium carbonate solution (3%) and water, drisd
(NazS0.) and the ether removed under reduced pressures The residue
crystallised from acetone to give 20-oxozllopregn-7-en-3f-yl acetate (3 g.)
as blades,
m.p. 174-176°, [ct], + 38° (8, 1.0)
Light absorptions 5'2110 = 4,500 and maximua at 29003 (& = 48)
Founds C, 77.0y H, 9.6
Calc. for Coglgels 3 C, 77.05y H, 9.6%
It gives a pale yellow colour with_tetranitrémethane in chloroform.
Djerassi et el (loc. cit.) record m.p. 174-176°, [&]p + 39° for this
compound.
A gecond crop from the acetone mother liquors gave a

further yield (1 g.) of the product me.p. 170-173°
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20-0xog;lgpregg-7-en-%ﬂ*ol.

4 sclutie of 28-axeallgproga-T-ew d8 gL aesieis In sauoess
methanolic potassium hydroxide was refluxed for one houre The solution
was treated with water and extracted with ether. The washed and dried
(NapS0s) extract was evaporsted to dryness and the residue crystallised
from methanol to give 20-oxog;;2pregn-7~en-BF-ol as blades,

mep. 213-215°, [a]y + 39° (€, 1.3)
Light abgorptions € ooko = 5,600
Founds A C, 7943y H, 10.3.
Caic. for Coileaas G, 79,7y H, 10.2%
It gives a pale yellow colour with £etranitrométhane in chloroform.

Djerassi ot al (loc.cit.) record m.p. 213-215°, [a]y + 41%

20-Oxoallopregn~7-~en-3B-yl Benzoate.

Treatment of the alcohol in pyridine with benzoylchloride
at 100° for 1 hour and the product isolated by means of ether gave 20-

oxoalloBregn-7-en-BE:yl benzoate as plates from methanol

m.p. 186-188° [}, + 39° (€, 1.0)
Light absorptioms &g540 = 10,000 and maximum at 2380A°
(& = 17,000).

Founds G, 79485y H, 8.8
Coclee0s requiress C, 80.0y  H, 8.6%

It gives a pale yellow colour with tetranitromethane in chloroforis
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Application of Kritchewsky and Gallacher's procedure
to 20-oxoaliogregn-?-en-Bp-yl Acetate.

- - (a) * ‘A 'golution of 20>OXOg;lgpr6gn-7-en43ﬁry1'aCeﬁate'(550 mg. )
in acetic anhydride (15 c.c.) containing p-toluasesulphuric acid (50 nge )
was concentrated to ca 5 c.Ce over 7 hours by distilling off the excess
anhydride wvery sloulye. The solution was poured into ice-water and
extracted with ether. The washed and dried extract (NaySO.) was evaporated
to dryness and the residue A (450 mg.) dissolved in light petroleum (b.p.
60-80°) - benzene (30 c.c. 3 10sl) and chromatographed on zlumina (2x10 cm).
Elution of the column with petrbleum-benzene and benzene did not give
2 homogeneous producte. Elution with benzene-ether (50 c.c.y 13l) gave
BPc20-diacetoxy-g}igpregna-?s17(20)—diene (100 mg.) which crystallised from
aqﬁeous methanol ag plates, .

m.p. 59-61°%, [ol]y + 4.2° (€, 18
Lizht abgorptions £3500 = 5,500
Founds G, 75.543 H, 9.4,

Celc. for 025}%604‘ C, 73-0" H, 9-1%

This fraction was hydrolysed with 1% aqueous methanolic
potagsium hydroxide and re-acetylated with acetic anhydride and pyridine at
room bteuperature to give 20—oxoallopregn—?-en-Bp-yl acetate, m.p. and mixed

meps 174-176°, (2], + 38° (€, 0.3)s

(b) The residue A (450 mg.) obtained from = similar enol
acetylation was treated with perbenzoic acid (1.1 mble) in chloroform (10 c.c.

and kept at room temperature overnighte The chloroform solution wes washed
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with saturated sodiwm hydrogen cerbonate solution, dried and evaporated to
dryness. The residue was hydrolysed with 1% methanolic sodium hydroxide
and the product isolated in the usual way to give 20-oxoallopregn-7-en-

39—01, mep. and mixed m.p. 213-215°, BzJD + 39° (e, 1.0).

20-Oxoallopregna-719(11)-dien-38-yl Acetate.

CI. Djerassi et al (Z7))s

(a) & golution of 20-oxozllopregn-7-en-3f-yl acetate L )
in chloroform (30 c.c.) and acetic acid (30 c.c.) wes shaken with mercuric
acetate (3 g.) for 18 hours. The filiered solution was concentrated,
treeted with water and extracted with ether. The washed and dried (NagSQs)
extract was evaporated to dryness and the residue crystallised from methanol
to give plates (300 mge) m.p. 146-150°, [o], + 53°, several recrystallisations
of which gave 20-oxo§;lgpregna-7|9(11)-dien-3p-yl acetate (100 mg.) as
plates, ¢

m.p. 157-160°, [¥]y + 78°, (€, 1.0)

Djerassi et al record m.p. 139-141°, [®]p + 78.9%

(b) To a stirred solution of 20-oxoallopregn-7-en-3p-yl acetate |
(5 g+) in chloroform (200 c.c.) at -50° + 5°, bromine (5.65 g.y 2.5 mols.) |
in chloroform (180 c.ce) was added dropwise over two hours. élacial
acetic acid (100 c.c.) and zinc dust were added and stirring continued at -30
to -50° for two hourse The filtered solution was washed successively
with water, with sodium hydrogen carbonzte solution, and water, dried

(Nap SOy ) and the chloroform rewoved winder reduced pressures The resgidue

wes crystallised from methanol to give 20-oxoallopregna-7s9(11)-dienr13-yl

-~
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acetate (3.9 g.) as elongated plates,
mep.. and. mixed .m.p. 159-162° [ot]p, + 81° (€,.1.0) . . .
Light absorptions mexima at 2360 ( & = 12,500), 2420 (& = 14,200)
and an inflection at 2500k (& = 9,300).
Founds= Cy, 772y H, 9.3
Calc. for CasBeaOss G, 77.55 H, 9.05%

It gives a red brown colour with tetranitromethane in chloroforme

20-0xog;LgEyegpa—7;9(1l)jdien-%p-ol.

Hydrolysis of 20-o%qg;;2pregna-7s9(11)-dien—3p-yl acetate
with 25{ aqueous methanolic potassium hydroxide éave the alcohol which
separates from acetone as plates,

m.p. 200-202°, [4], + 73° (€, 1.0)
Light absorptioms maxime at 2360 (£ = 11,000), 2420 (& = 12,750)
and an inflectioﬁ at 2500& (E = 7,300).
It gives a red brown colour with tetranitromethane in chloroform.

Djerassi gt al gave m.p. 201-203° @L]D + 74.1°

anth-Epoxy-zo-oxoallopregn-7-en—3p-yl Acetate.

A stirred solution of 20-oxoallopregna=-7+9(11)-dien-348-yl
acetate (5 go) in chloroform (150 c.c.) was treated with-perbenzoic acid
(1.1 mols.) in chloroform (25 c.c.) added dropwise at 0° over 4 hourse
The solution was kept at 0° overnight. The solution was washed with
sodium hydrogen carbonate solubtion and with water, dried (NEQSQ*) and the

chloroform removed under reduced pressure (below35°). Crystallisation

of the residue from acetone gave 9¢|lli-epoxy-ZO-oxoallopregn—?-en-gg-yl
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acetate (3.3 g.) as plates,
m.p. 191-192°, [ot]y - 2° (€, L.4)
" Light absorpticns Eapao = 5,600

P

Founds C, 74.3y H, 8495

CasHa 204 requiress G, 74.28y H, B.7%

It gives a pale yellow colour with tetranitromethane in chloroforie

113 20~-Dioxo~9B-allopregn-7-en- 38-yl Acetate.

A golution of 20-oxo-%ls 1lt-epoxyallopregn-7-en-3f-yl
acetate (200 mg.) in dry cther (45 c.c.) was treated with boron trifluoride-
ether complex (0.3 c.c.) and the solution kept at room temperature for 16
hourse The solution was washed with water, with sodium hydrogen carbonate
solution and with water, dried (NazS0,) and the ether removed under reduced
pressure. The residue was crystallised from acetone-distilled weter to

give 11s20-dioxo-9f-aliopregn-7-en-3f-yl ecetate (160 mg.) as plates,

~

m.p. 119-121°, [d]p - 110° (€, 1.4)

Lizht absorptions €090 = 5,400

Founds C, 74053 H, 9.0.
CasHs20s requiress C, 74.2y H, 8.7%

~

It gives a pale yellow colour with tetranitromethane in chloroform.

20p-Hydroxy-ll-0xo-9p-allo;_;regnan-?p—yl acetate.

A golution of 1ls 20-dioxo-gﬂ-allopregn—'?-en—3ﬁ-yl acetate
(300 mg.) in glacial acetic acid (200 c.c.) was shaken for 50 minutes in an
atmosphere of hydrogen, with pre-reduced platinum catalyst (from 60 mge.

Pt0; ). The filtered solution was concentrated and the product isolated
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by meens of ether. Orystallisation from acetone-light petroleum (b.p.

li-gxo-9p-
60-80°) gave 20}5—hydro:<y];-alloppregnan-SF-yl acetate (220 mg.) as needles,

M. p» '2024203°,‘pt]ﬁ + 449 & 26,89 (6, 1.5, 1:8)s ' ¥
Founds C, 73:7% H, 9.9
C23H3(;0¢£ requiress C, 73.4; H, 9.6%
It does not show high intensity liéht absorptiorl in the ultra-violet.
Infra-red spectrums FPeaks at 3500 (hydroxyl), 1726 (ketone) 1720 and 1240

em (acetate).

11s20-Dioxo=-9fi~allopregnan-3f~yl Acetate.

A éolution of ll—oxo-gﬁwg_]_._l_gpregnan-Bﬁtzqe-diol 3-acetate
(109 mg.) in stabilised glacial acetic acid (5 c.c.) was treated with chromic
anhydride (29 mg.) in acetic acid (1 c.c.) and kept at room temperature for
16 hours. The excess oxidlsing agent was destroyed by treatment with
methanol, The concentrated solution was treated with water and extracted
with ether. The washed and dried (NepSQ.) extract was evaporated to
dryness and the residue crystallised from light petroleum (b.p. 60-80°)

to give 111s20-dioxo-9B-allopregnan-3 -yl acetate (90 mg.) as plates,

meps 191-193° [ol]p + 154° (€, 1.6)
Founds Cy 73.75y Hy 9.3
CagHs4 Oy Tequiress G, 73.8y H, 9.15%
It does not give a colour with tetranitromethane in chloroform znd does not

absorb light with high intengity in the ultra-violel region.
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11s 20-Dioxoallogregnan-3p -ol.

. A solution of 11120-dioxo-9f-gllopregnan-3f-yl acetate
(150 mg.) in aqueous methanolic lz)otassium hydroxide (5.5. ce.c.y 20%)
was refluxed for six hourse The cooled solution was treated ;ith water
and extracted with ether. The washed and dried exirsct was evaporated to
dryness and the residue crystallised from acetone-light petroleum (b.p.
60-80°) to give 11s20-dioxoallopregnen-36-ol (110 mg.) as elongated plates
(or prisms deper;ding on the rate of crystallisation),

m.pe. 194-195°, [«]y + 116, + 118° (C, 1.6, 1.3).

Foundy C, 75.5y H,; 9.7

Calc.for Ca1HazOss  C, 75.9y H, 9.7%
It does not give a colour with tetran.n:.tromethane J:.n chloroform and does not
absorb light with high intensity in the ultra-violet region. It did not
depress in mep. on admixture with a specimen m.p. 194-195, [aL_]D + 117°
(€, 1.0) prepared by hydrolysis of 11320-dioxoallopregnan-38-yl acetate kindly
supplied by Dr. B.A. Hems of Glaxo Lal;oratories.

Stark et al (49) record m.p. 192-194;, [#]p + 99°.

1ls 20-Diox<ml?lp£regnan- 3p-yl Acetate.

Trée.tment of the alcohol with acetic anhydride and pyridine
at roou vemperature gave 1lli20-dioxozllopregnan-3B-yl acetate which separated
as prismatic needles, (from aqgueous acetone)

m.p. and mixed m.p. 143-144°, [oL]p + 88°( €,0.5).
Stark et al (49) gave m.p. 143-144° [ot]p+ 89°

Chamberlin et al (97) gave mepe. 143-144° [¢]p + 88°
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