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In 1930 it was establishedl’e that extracts of
the adrenal cortex will prolong the life of an adrenal-
ectomised animal. This discovery promoted extensive
researoha’4,5'6 into the isolation of the physiologically
active functionse. The initial achievements, allied to
those from further .’Lmrest:l.ga‘(::t.ons,"'m’9 led to the
isolation of twenty-nine crystalline compounds from the
crude adrenal cortex extracts.

A variety of different techniques was requirsd to
isolate the active material. Extracfion of the adrenal
glands with cold acetone or alcohol and subsequesnt
partition of the extracted ﬁaterial between various
immiscible solvent pairs, yielded a concentrate. Separa-
tion of the component compounds and the investigation of
their structures were undertaken by Reichsteini Kbndallt
Pfiffner, and others. The methods of fractionation
included the use of Girard reagentslofor the separation
of carbonyl from non-carbonyl material, partition

11012
techniques, and chromatography of acetates.
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V#s&A" i,”- Seven of the compounds AT-¥IX) proved ONTabl.L

maintaining the life of an adi*enelectomised animal
Examination of the compounds (I-TII) shows that they
possess an a?-unsaturated ketonic function in riny A
and have an a-ketol side chain which is highly sennit:''
to acid or alkali. The hormone activity is ausociat”.
with the presence of both these groupings in the
molecule* Comparison of these seven active hormones
indicated that the oxygen functions at iand C%* weru
not necessary for life maintenance activity, but ar”®

essential for exhibiting other physiological properties

"y



With the elucidation of the structure of
cortisone, 17-hydroxy-ll-dehydrocorticosterone, (V1I),
by Henchu and his colleaguea in 1949, investigations:
leading to its synthesis were commenced since it appeared
to possess a remarkabdble therapeutic value against
rheumatoid arthritis. Although this initial promise
was not fulfilled, the investigations yielded a numdber of
corticosteroid intermediates having an ll-oxygen function,
or a 9(1l1)-olefinic double bond which is readily convert-
ivle to aﬁ ll-oxygen functicen.
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The first parf of this section describes some
of the corticoasteroid intermediates formed in projected
parfial syntheses of cortisone from ergosterol-D and
dehydroergosterol. |

Later the rearrangement of dehydroergosterol
(or analogous A 5:7:9(“)-steroida) t0 an anthrasteroid
will be discussed and comparison made with the neosteroiis

and other aromatic compounds.

Ergosterol as a Starting Material for Adrenocortical

Bormone Synthesis.

In 1948 Bergmann and Stevens indicated the
suitability of ergosterol (VIII; R =H) as a starting
material for the partial synthesis of adrenai cortical
steroids because of its probabie facile conversion into
derivatives like dehydroergosterol, having unsaturation
at q@g, which might lend themselves to the introduction
of oxygen at this position. In.additiqn, it was.pqinted
out that the A’° (“)-double bond was ideally situated to.
facilitate cleavage of thejside chain with subéeqnént

formation of one of the typical adrenal cortical hormone

gside chains.
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The same authors showed that the homoannular
diene systenm of (VIII) may be protected by formation
of the maleic anhydride adduct (IX) while the side
chain is degraded by ozonolysis to the aldehyde (X).
This is then converted into the enol-acetate (XI),
ozonolysis of which followed by‘pyrolygis gives
20-oxopregna-5,7-dien~3p-yl acetate (XII). This
degradation of the side chain became a standard method

181918
employed by later workers.

1l-0x0~steroids from Ergosterol-D.

. A _
In 1951 Tishler ® and hies co-workers achieved the
synthesis of ll-oxygenated ergosterol derivatives.

17
Partial reduction of ergosterol acetate (VIII;



R = Ac) gave 5~dihydrcérgostery1 acetate (XIII) which
was oxidised with mercuric acetate - to ergosterol-D
acetate (ergosta~7,9(11),22-trien-3f-yl acetate) (XIV).
rreatment of the triene (XIV) with one equivalont of
perbenzoic acid gave a monoepoxide, 9a,11a-epoxyergouté—
—7,22-dien-35~yl acetate (XVI), hydrolytic rgarrangemant
of vhich yiclded Va,11a~dihydroxyergosta«8,22-&165-36~y1
acatate (XVITI). Chronic anhydride oxidation of (XVIII)
gave 83,9z-epoxy~7,ll-dioxoergost-zz-enraﬁ;yl acetate (XX) and
7,11-d1oxoergosta-8,22~dien-38-yl acetate (XXXII). The latter
was reduced to 7,ll-dioxoergost;zz;en-Sﬁ-yl acetate
(XXIV) on treatment with zinc dust in acetic acid ond
further reduction of this-proéuct (¥XIV) by the Huang-
~Minlon = modification of the Wolff~Kishner procedure
yielded ll-cxoergost-22-en-36-~yl acetaﬁe,(zxv). Similar
transformations of diosgenin, cholesterol, and stigmasterol
have also becn described?e.

Imnmediately after the publication of this work
Heussergp’zi and hils co-workers reported a particl synthesic
which followed eseentially the same pattern. The
analagous products in fhe cholestane and androstane

series were also oynthesised.
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(XV) (R = CaHy14Bry)
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A0 (XVIII)(R = Celdy)
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(XVII) (R = CgHyoBry) - {XX) (RV= CoHi4)

(XXI)(R = ngé7Bra)

A0
_(XXII) (R = Cngv)

(XXIII) (R = CgHiq3rs)

AeO

(XxXv) (XXIV)

The 7-hydroxyl group of the triol monoacetate
(XVIII) was assigned the a-configurétion by Henbest and
Waglandzz. Acetolysis of the epoxide (XVI) gavé
33,7a-diacetoxyergosta—8,22-dien-1lé§ol (xxvI), @hich was



oxidised to ll-oxo-3f,7a-diacetoxyergosta-8,22-diene

(XXVII) by treatment with chromic acid in acetic acid.

'

Cih,

| OAc
(XXVIII) (XXIX) (XXX)

Treatment with the boron trifluoride-ether complex
isomerised the epoxide (XVI) to ll-oxo-9f-ergosta-7,22-
~-dien-2f-yl acetate (XXVIII) which was oxidised with
monoperphthalic acid to ll-oxo-7f,8B-epoxy-9f-ergost-22-
~on-3f-yl acetate (XXIX). The B-configuration was
assigned to the 7,8-epoxy-group in view of the similar
stereochemical courses taken by hydrogenation and peracid
reactions with other trisubstituted olefinic bonds in the
steroid series. Alkaline rearrangement of the epoxide

(XXIX) and acetylation yielded ll~-oxo-3B,7f-diacetoxy=-



ergosta-8,22-diene (XXX).

During the years 1952-1955 Spring and his
co-workers published a series of steroid péper%a_at
which contained, in addition to other work, a conclusive
proof of the structures of the above compounds (XVI to
XXX) .

Treatment of S5-dihydroergosteryl acetate (XIII)
with bromine yielded a tetrabromoergostenyl acetate which
was partially debromirnated by sodium iodide to 22,23-
didromoergosta-7,9(11l)~dien-3p-yl acetate (XV),
debromination of which with zine dust yielded ergosterol-D
acetate (XIV)fa Treatment of the &ihydro-acetate (X1II)
with dbromine followed by debromination of the reaction
mixture (without isolation of intermediateg) gave the
conjugated diene (XV) in excellent yield.

Oxidation . of the diene (XV) with perbenzoic acid
yielded the epoxide (XVII) which was treated with sulphuriec
acid in dioxan to give 22,23-dibromo-7a,lla-dihydroxy-
ergost-8-en-3f-yl acetate (XIX), oxidation of which with
chromic anhydride gave a mixture of the epoxide (XXI) and
the ene-~dione (XXIII). Debromination using zinc dust
related the compoundes (XVII, XIX, XXI, and XXIII) to

- 16

those in the analogous series described by Tishler
20 1

and Heusser u’)ggo 6). In particular treatment of the

enedione (XXIII) with zinc dust in acetic acid gave
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7,1l=-dioxoergost~-22~cn-3f=~yl acetate (XXIV).
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At@ "~OH A:. O k . 704 APO
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(XXIV)

Treatmentzvof the triol monocacetate (XIX) with
perbenzoic acid gave 22,23~dibromo~8a,%-epoxy-~7,1l-
-dihydrozyergostan-sﬁ—yl acetate (XXXI) which was
oxidised with chromic anhydride to 22;23~dibromq-83,9mm
-epoxy-7,ll~dioxoergostan-3f-yl acetate (XXI). Aqueous

hydrogen bromide in acetic acid converted this saturated

epoxide ({XXI) into 22,23-dibromo-%x,lla~dihydroxyergostan-



~7=0n€ (XXXII) which was oxidised witﬂ chromium trioxide
to 22,23~-dibromo=-9a-hydroxy=7,ll-dioxoergost=-8«en«3-yl
acetate (XXXIII), which in turn yields 7,11-dioxoergost—~
-22-en-38-yl acetate (XXIV) on treatmentlwith zine dust
in acetic acid. Alternatively debromination of the
hydroxy-anedibne (XXXIII) with zinc dﬁst.in neutral
solvent gave 7g1}-dioxo-8a-ergost-zzéen—s5-y1 acetate
(XXx1v), which wan isomerised to thé‘ﬁormal ane-dione
(XXIV) on heating with scetic acid, suggesting that

the hydrogen atoms at Cg) and Gy, in (XXXIV) are

are a-oriented due to a cis-addition of hydrogen to the
zla(g)-double bond. (A similar cig-addition of hydrogen
to a 1,4-dioxo-2,3~ene by treatment wifh zine and acetic
acid has been described by Barton et g;:‘). This view
was taken since addition of hydrogen at C(,) probabdbly
occurs from the rear (a) face of the molecule to give

a 9a-hydrogen and consequently the isomer (XXXIV) differs
from (XXIV) in configuration at JO%

Debromination of the compounds (XXXI), (XXXII),
and (XXXJII) gave the corresponding ergost-22-enyl
derivatives (XXXV), (XXXVI), and (XXXVII):

The a-configuration of the 9-hydroxyl group of
the compound (XXXII) was eptablished by MacLean and
Springgg. Short treatment of 22;23-dibromo-7a,lla-
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dihydroxyergost-8-en-3f-yl acetate (XIX) with the boron
trifluoride-ether complex gave a mixture of the B§ -
unsaturated ketones, 22,23-dibromo-7-oxoergost-9(11)~en-
38-yl acetate (XXXVIII) and 22,23~dibromo-11-0xo-9f-
~ergost-7-en-38~yl acetate (XXXIX). Debromination of
these products (XXXVIII) and (XXXIX) gave the knowm

16220 981 s
) -unsaturated ketones (XL) GrR028122S ana (XXVIIis""a

Hydroxylation of the BY ~unsaturated ketone (XXXVIII) with
osmium tetroxide followed by acetylation gave the dlacetate
(XLI) which is consequently a cis-glycol and therefore
has a 9a-hydroxyl group.

Spring gﬁ_g;:o also demonstrated that filtration
of a benzene solutioa of the ketone (XXVIII) through
alumina gave the 9a-epimer (XLII) (ef. Bladon g&,g;,“),
and that prolonged contact of the 9B-epimer (XXVIII) with
alumina gave the cpf-unsaturated ketone (XLIV). This
shows that the Sa-epimer is an intermediate in the
conversion of (XXVIII) into (XLIV). Similarly it was
demonstrated that the debromo-ketone (XLIII) is on
intermediate in the conversion of (XXXIX) into (XLV).

In addition trecatment of the ketone (XLII) with
perbenzoic acid yielded 22,23-dibromo-7a,8a-epoxyergostan
-38=yl acetate (XLVI). The a-configuration for the

7,8-epoxide bridge was established by considering its

mode of formation and the following sequence of reactions.
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The epoxide (XIVI) rearranged readily on mineral
acid treatment. With hjdrogen bromide .in chloroformic
acetic acid 22,23-d1bromo-7,ll-dioxoergostan=38-yl
acetate (XLVIII) was formed and related to the known
7,ll-dioxoergost~22-en-35~y1 acetate (XXIV) by
debromination with zinc dust in a neutral solvent.
Treatment of the epoxide (XLVI) with sulphuric acid in
dioxan gave 22,23-dibtomo-7a-hydroxy—ll-oxoérgost-ageng
«3f-yl acetate (XLIX) which wés acetylated to the
diacetate (1) and debrominated to give the ll-oxoergosta-
-8}22-&1en-5ﬁ,7a~d101 diacétate (XxVIX) previously
described (p.. 8) by Henfeat and Wagland?z. 22,23~
Dibromo-?a-hydroxy—ll-oxoergost-8-en-38-y1 acetate
(XLIX) is an intermediate in the conversion of the
oxo#éﬁoxide (XLVI) to the saturated diketone (XL?III)
since (XLIX) yields the last compound (XLVIII) on treat-
menf with hydrogen bromide in chloroformic acetic acid.

When the oxo-epoxide (XLVI) was treated with
1% methanoclic potassium hydroxide at room temperature 22,23
dibromo-3f,7a-dihydroxyergost-8-en-11-cna {XLIX) was formed,
and acetylated to give the diacetate (L) described above.
However, with refluxing methanolig potassium hydroxide
the oxo-epoxide (XLVI) gave 22,23-dibromo-38,7a-dihydroxy-

ergoét-8(14)-én-11-ohe (LI) which was acetylated to the
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diacetate (LII) 22,23-bibromo-3p,7a-diacetoxyergost-B-en-
-ll-one (L) was shown to be an intermediate in the
conversion of the oxo-epoxide (XLVI) to the diol (LI)
as (L) was converted to the last compound (LI) by
refluXing methanolic caustic potash.

The 7a,8a~configuration is assigned to the
epoxide ring in view of the established attack from the
rear (@) face of A -stenols by osmium tetroxide-scid.
{oxidation of cholest-7-en-3f-yl acetate with osmium
tetroxide followed by hydrolysis ylelds 3B,7a,8c-
-trihydroxy-cnolestanesvfaa). Consequently the hydroxyl
groups of the unsaturated ketones (XLIX) and (LI) derived
by cleavage of the epoxide ring are a-oriented.

Oxidation of 22,23-dibromo-ll~0x0-9f-ergost-7-en-

-3f=yl acetate (XXXIX) with freshly prepared perbenzoic

acid in mineral acid-freg chloroform gave an almost
quantitative yield of 22,23-dibromo-7pB,8pf-epoxy-11-0x0-
-Qﬁ-ergoatah-SB-yl acetate (LIII), which was dcbrominated
by zinc in neutral solvent to 78,8B-epoxXy-11=0X0-9B=
~ergost-22-en-3B-yl acetate (XXIX), previously obtained
by Henbest and Waglandza, and by Heusler and Wettsteina.s

Treatment of the oxo-cpoxide (IIII) ih chloroform
with a trace of hydrobromic acid gave 22,23-dibromo-7p-

~hydroxy~ll-oxoergost-8-en-3p-yl acetate (LIV) which wasg
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(m)(azcgz-lm,a':,qc)
acetylated to the diacetate (IV)-. Debromination of
the alcohol (LIV) yielded 7f-hydroxy-ll-oxoergosta-8,22-
~dien-3f-yl acetate (LVI) which on é.cetylation gave the
diacetate (XXX) previously prepared by Henbest and
‘27&31é‘l&t:u‘lgg (pe 8)'. ‘
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Apart from the orientation of the 7-hydroxyl group,
structure (LIV) was established by oxidation with chramic
anhydride followed by treatment with zine dust in acetic
acid to give the known 7,l1l-dioxoergost-22-en-3f-yl
acetate (XXIV)ae. Consequently the compound resulting
from the action of hydrobromic acid on the oxo-epoxide
(LIII) can only differ from 22,23-dibromo-7a¢-hydroxy-
etgost-S—en-SB-yl aﬁetafe (XLIX) in configuration at -
c(,y . Hence.(LIV) includes a 7B-hydroxyl group and the
epoxide ring of (L1III) has the B-configuration.

Treatment of the oxo-epoxide (LIII) with sulphuric
acid in dioxan yielded 22,23-dibromo-7f-hydroxy-11-oxo-9p-
-ergost=-8(14)-en-3p=-yl acetate (LNIi) which was acetylated
to the corresponding diacefat? (LviiI). Mild alkaline
hjdrolysis of this diacetate (LVIII) gave the unconjugated
diol (LIX) whiéh on acetylation gave 22,23-dibromo-3g,7p-
diacetoxyergost-8(1l4)=-en-ll-one (LX). It was therefore
concluded that the hydrolysis conditidns caused epimeriss-
tion of the 9B~hydrogen atom to give the natural 9a~epimer.
This simultaneously demonstrated that époxidation of the
unconjugated ketone (XXXIX) yielding (LIII) was not
accompanied by inversion at C(g) (cf. Henbest and
Wagland ).

Short treatment of the oxo-epoxide (LIII) with
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alcoholic alkali followed by acetylation ylelded 22,23~
dibromofsﬁ,VB-diacetoxyergoat—a-en~11-one (Lv). BHowever
prolonged treatment of (LIII) with alcoholic alkali and
subsequent acetylation’gave a mixture which yielded‘three
homogeneous products, two of Which were identified as
the af-unsaturated keténe (ILV) and the saturated diketone
- (XI¥III); the third product was another af-unsaturated
keto~ diacetate.  Treatment of 22,23—dibromo—79ahydroxyo
—ll-éxo-ergost—a-enoaﬁ-yl acetate (LIV) with alkall followsd
by acetylation yielded a mixture of the saturated diketone
(XLVIiI) and thia,keto-diaeefate, which was also formed
fron 22,28—dibromo-7B—hydroxy—ll—oxo-QB-ergost;B(i4)-en
-3f-yl acetate (LVII) by.refluxing with alkali followed by
acetylatiohc It was therefore deduced that this keto-
diécetate is 22,23—diﬁromo-33,7B~diacetoxy—146-ergost~8;
-en-ll-one (IXI), differing from (LIV) only in the configura-
tion at C(y4). It is noted that debromination of (LXI)
proceeds smoothly with zinc dust in neutral sobvent, while
gimilar trcatment of the l4a-isomer (LV) yields the BY¥ -
unsaturated ketone (XLIII)

It is also pertinent to contrast the behaviour
of 7a and 7p-hydroxy substituted'22,23;dibromo-11—oxoergost—'
-8-en-3f-yl acetates in refluxing alkali. The 7a-hydroxy-
~derivative (XLIX) yieidsrthe non-éonjugated 22,23~-didbronmno-



33,Va—dihydroxyergostus(14)~en-11-one (LI) in which the
doudble bond has moved out of conjugation to give an
alkall stable BY -unsaturated ketone. Similer alkali
treatment (followed by acetylation) of the 7f-hydroxy-
-derivative (LIV) results in the formation of the 14B-
~epimer (IXI). | |

Treatment of 22,23—dibromo-7B-hydroxy—}l—oxo-QB-
ergost-8(14)-on~3p-yl acetate (LVII) with a trace of
hydrobromic acid in chioroform yielded a dienone which
was shown to be 22,23-dibromo-ll-oxoergosta-8,l4-dien-3f-yl
acetate (LXIII) by Grigor, Newbold, and Sprih%t who c¢arried
out the following reactions. Reduction of the oxo-dieng

(IXIII) with lithium borohydride followed by acetylation

CotyBn

A O H Ao ,
(Lvix) - (LXIII)(R=CgH;,Brz)
(ILXIV)(R=CgHy9)

(LXVIII) (LXVI)
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A0

(LX1X)

yielded 22,23-dibrom0335,11§-diacotoxyergostama,lquiena
(LXV), the ultraviolet spactrum cf which was characteristic
of the ergo-~-fs (238’14) diene system as distinct froj that
expected for thacﬁé’ﬁ—dienc system of 22,23-d1bromo~38,11 -
diacetoxyergostana,8-d1ehe (LXIX). Hydrogenaticn of the
oxo-diona (LXIIT) over Raney nickel gave the known 1l-oxo-
-ergost-3-an-33~yl acatates (LXVI)aS, formation of which
verifiad the structure (ILXIII) for the oxo-diens.

The conjugated oxo-diene (LXIII) was also preparad
by sulphuric acid trcatment (followed by acetylation)of
22,23~dibrom0w1140xoergost-8(l&)-en-as,?ﬂ-diol (LXVII)
or of the 7a-iscmer (LXVIII). In contrast it 1is noted
that occid treatment of the.Af(gé-lsomer (L} with sub-
sequent acetylation gave tho saturated diketone (XLVIII)
(p. 12 ).

11-0xo-staroids from Dehvdroergosterol.
. 12 - ’
Bergmann and Stevens further (¢£. p. 4) suggeatad

that dehydroergosterol (LXXI), prepared by mercuric acetats



oxidation of ergoeteryl acetate (Vlii; R = Ac), appeared
an attractive starting material for the synthesis of
ll-oxo0-ergosterol derivatives. The maleic anhydride
adduct (LXXIII) of dehydroergosteryl acetate (LXXII) was
formed and the side chain protected by bromination to give
the dibromide (IXXIV). Treatment of the last compound
(LXXIV) with perbenzoic acid followed by debromination
with zinc dust gave a high yield of the monoepoxide (LXXV),
pyrolysis of which caus2d zaromatimation and no identifiable

ll-0oxo0steroid was icoclated.

A0

(LXXI)(R = H) (LXXIII)(R=CgHiq) (1LXXV )
(LXXIV )(R=CgH; »Brz )

In 1952-1953 a series of publications by Jones
gi}g;fi’da described another approach to 11-6xo-8teroidao
Photoperoxidation of dehydrcergosteryl acetate (LXXII) gave
5a,8c-epldioxydehydroergosteryl acetate (1XxVv1), first
prepered by Windaus and Linsertt6 Jones and his co-workars
preferentially reduced the A ® .double bond of (LIXVI) with
a8 speclally prepared platinum catalyst to give 5a,8a-

epidioxyergosta~9(1l1),22-dien-3p-yl acetate (LXXVII), which
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AcQ

A0

( LXK;;I ) \

A0

on
N (IXXXI) (LXXX )

on hydrogenation with Raney nickel or palladium

catalyst gave Sa-hydroxyergosta-7,9{(1l1) 23-trien-35—y1
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acatato (LZXIX). Sinco tinic compound is also prepared by
platinum‘catalysed hydronenation (2 noles) of the epi-
dioxide (LXXVII)togicm Sa,Sa-dihydroiyergOSta~9(ll),22-
-dienFsﬁ-yl acetate tLXXVIII) wpich is rcadily dohydrated
to the conjugated 7,9(11)-d1ena (Lxx;;) on mild acid |
treatment, the diol (LXXVIII) 15 an intermediate in the
cenvarsion of ths transannuler epidioxide (LXXVIi) into
this diene (LXXIX). Tho application of the standard
nethod (p. §) of degradation of the side chain of’
érgosterol dorivativas to the epidioxide (LXXVII) gave
5a,3a-apidioxy-20~oxcallopregn = 2(11 }-en-3p-y1 acetate
(LXXX), hydrogenation of which yielded Sa~-hydroxy=-20-
" oxoallopregna=7,9(11)-dien-33-yl acetate (LXXXI).
The Agcultethylenic linkage of the epidioxide
'(LXXVII) proved only moderately rezctivs to oxidising
agents and formed the 9,11-epoxide and 9,11-d101 in poor
ylolds. This was attributed to ths steric hindrance of
the £f<}1Ldouble bond by the a-orientated epidioxide bridg:
Folloving the woll established routes deseribed
previously for Afyg(lgidienas, both the bridge compounds
(LXXV1I) and {LXXX) sén ba converted into 5a~hyéroxy-11;20<
dioxoallopregnan-33-yl acetate (LXXXIi), and thech‘to

cortisona.

It 1s observed that formation of cortisone via




5a,8a-epidioxides is facilitated by the subsequent
formation of a Sc-hydroxy-derivative which 1s readily
dehydrated after oxidation of the 3B-hydroxyl group to

- glive the A ~-3=-0x0 system of cortisonec.

11-0xo-gteroids from Ergosta-6,8(14),9(11),22-
-tetraen-3p-yl Acetate. |

Laubach et al.’"® demonstrated that dchydroergosteryl
acetate (LXXII) rearranges in the presence of anhydrous
sulphur dioxide.and pyridine to the isomer ergosta=-6,8(14),
9(11),22-tatraen-38-yl acetate (LXXXIII), which proved a useful

intermediate for corticosteroid synthesis. The structure

G H

07

Ato Aco :
{LXXXVI) (LXXXIV)

(LXXXIII) was established by the following series. of

reactions.

Catalytic hydrogenation of the tetraene (LXXXIII)



_J

over platinun catalyst (3 moles of hydrogen) yielded
ergost-8(14)-en~3f~yl acetate‘(;;x;;V),r_‘Formation of
the.maleic anhydridefaddﬁﬁﬁibf;%ﬂéffétfaéﬁe (LXXXIII)
gave a compound the ultraviolet absorption spectrum

of which was consistent with that of the ¢isold diene
(LXXXV) and different from the absorption maxima expected
for the A ° or & @eko 19)

the adducts of the tetraenes (LXXXVI) and (LXXXVII)

diene systems derived fron

respectively.

Saponification of the tetraene (IXXXIII) followed
.by oxidation yielded é hon;cqﬁjﬁgﬁfed:kétone (IXXXVIII)
having an unchanged ultravioietnabaorption spectrun.
The originalddf(el double bond has therefore migrated away
from ita position adjacent to ring A in the sulphur
dioxide-pyridine rearrangemcant.

The same workers b formed the epidioxide (ILXXXIX)
by photoperoxidation of the tetraene (IXXXIII). The

epidioxide system in the former (ILXXXIX) was selectively
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(XcI1) . (XCII)(R=CgHy4) (XCIV)

(XCIII)(R=CoHyg)

Cy Hiy
? wh
Afo . Aro )
(xcv)  (XCVI)(R=CgHi»)  (XGVIII&) (R=CgHy,)

(XCVII)(R=Collip)  (XCVIIIIR=CoHjig)

cleaved by a highly deactivated palladium-lsad

catalyst to yleld lla,14a-d1hydroxyergosta-6;8,22~tr19n-
-38-y1 acetate (XC). Attempted acid-catalysed dehydra-
tion of the l4a-hydroxyl group gave the isomsriec 9g,lle-



-dihydroxyergosta-6,3(14),22-trien-33-y1 acetate (XCI),
which was subsequently prepared_in.quantitative yleld
by very dilute aqueous acid treatment of the diens-diol
(XC).  The isomers (XC) and (XCI) each absorbed one mole
of hydrogen ovef Raney nickel catalyst, the-conjugated
diene systems being partially reduced hnder éonditionS‘
which were not adequate for the reddctidh of the isomeriec
é&s,liﬂdiene system in the ergostatriéne se’ries'f6 The
hydrogenation (1 mole of hydrogen) of the diol (XCI) over
Raney nickel gave 9&,ilu»dihydroxyergoétaws(1&),22~dienw
-33-yl acetate (XCII), which 1h turn was hydrogerated
(3 moles of hydrogen) over plétinum catalyst to lla-
~hydroxyergost-8(14)-en-33~-yl acetate (XC1v). In
addition the diol (XCI) absorbed two moles of Lydrogen
over palladium=-charcoal catalyst giving.9a~11a-dihYdroxy*
ergost-8(14 )-en-3p~-yl acetate (XCIIIi, the remaining
Z&Bcléldouble bond of which was completely inert to
noble-=metal hydrogenation in neutwral media.

The a-configuration was assigned to the
epidioxide ring upon considering the approach of the
peroxidising attack and the stereochemistry of the
subsequent derivatives. It has been well established that

o{11) 139230347-40
attack of /&,  =-unsaturated steroids and of the Qﬂli
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tne molecule. Moruover trancannular additions to the
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scmewnat sterically compasrabls & -disna storolds havo

gonzrally beoon found to talts placas on the mwfacaz7.

Tha non-rearvanging ll-hydroxzyl group of ths
diolz (XCI) and (XCII) has the same configuration as the
1li=hrdroxzyl functicn oi tha parsnt diol (XC). 115
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facile formatiecn of the cyelic sulphite estor (3CV).
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reaction has a pracedent in tho enalogous facile
gsterificaticn ¢f & 5?8a0xiéee9a,11andiol vy tho action
cf thionyl chleridec 1In pyridine.

Treatnent of the diels (XCII) and (XCIIT) with
boiling acetlec arhydride yioided the corresponding
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A ~trienzs (XCVI) and (¥CVII}, which formed tic
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aleie anhydrlds adducts (MCVIIIa}and (GOVIID)rest iva7vg
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.ydrogenation of ergosta-7,9(11),14-trien-33-yl acaial

e



(XCVII) over platinum in acetic acid resulted in the
absorption of two equivalents pf hjrdrogdn‘ id yiel'dﬂ
éi-gost-S(;:é)één-aanyl acetate (LXXXIV) whiéﬁ 1s similarly
pfébaréd by hydrog'enation of ergosteryl acetate (VIIi';
R = Ac). This indicated that there has bsen no
rearrangement of the léarbon skeleton. Altﬁough the
ﬁitraviolet absorption spectra of the adducte, (XCVIIIE)
and UCVIITb) d1sagreed with the calculated maxima, it was
found to coincide with the absorption exhibited by a
Aa (teho (lx}-diena which had bagnv synthesised by Graber
at _a_L.u in the corticosteroid series.

With a view to obtaining a safurated lla-
hydro:iy;srgostan-aﬁ—yl.acetate- the monoacetates (XCIi ) and
(XCIIXI) were reduced over platinum cataiyst in acetic
acid. These conditions (followed by acety'laf.j.on) however,
yielded aﬁ,lla-diacetdxyergost-'-s(14)-'-ene (XCIV) which |
remained unchanged under conditions which isomerised and
hydrogenated the double bond of ergost—8(14 )-en-33-y1
acatate (LXXXIV) to give ergostan-33-yl aéetétega



However the same workers prepared a nuclear-saturated
l1l-oxoergost-22-enyl derivative by a 'rednction-oxidation'
c¢leavage of the epididxide (XCIX) to give l4a-hydroxy-
-ll-oxoergosta-6,3,22-trien-3g~yl acatate (CI) which
was readily dehydrated by treattﬁent with mineral aecid
followed by acetylation to give ll-oxoergosta~6,8,14,22-;
tetraen-33-yl acetats (CiI). Hydrogenation of ths
nuclear trienone (CII) over palladiﬁm in neutral medium
gave ll-oxoergost-3-en-303~yl acetate (CIII). However,
if the tetraenone (CII) was reduced over a Rahey nickel
catalyst, ll-oxoergosta-38,14,22-trien-3p-yl acetata (LXIV)
resulted. The analogous hydrogenation treatment of the
—trienone (CI) gave the unsaturated ketol (CV), subsequent
acid-catalysed dehydration of which»yielded the trienone
{LXTV), previously prepared by Spring et g.z_]‘.u~ (p. 19).
Partial hydrogenation of {IXIV) to ll-oxoergosta-~8,22-dien-
-38-yl acetate (CVI) was effected over a Raney nickel
catalyst in a basic aqueous alcoholic medium. The remain-
ing nuclear double bond of the ketona (CVI) was readily
reduced by lithium metal in liquid ammonia to give
ll-oxoergost-22-en-338-yl acetate (CVII) in good yield as

-

3 : 55
reported by Tishler ¥ and Djerassi.



(xcxx)

7 /7
Mtﬁ

(cv)

A

(CIII) (R =

(CvI)

(R =
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The Anthrasteroid Rearrangement.
58
In 19583 Nes and Mosettig discovered that

treatment of dehydroergosteryl acetate (LXXIXI) with
chloroformic hydrogen chloride promoted a rearrangement
of the steroid nucleus giving a hydrocarbon anthra-
ergostapentaehe, which was shown to contain a benzene
ring with a double bond in conjugation and an isolated
double bond. These last non-aromatic double bondswere
readily reduced to give a tetrahydro-derivative, the
ultraviolet spectrum of which 1s very similar to that
of 9-methyl-s-octahydroanthracene (CVIII)'as distinet
from 9=methy1-s-octah&drqphenanthrene (CIX). Selenium
dehydrogenation of anthraergostapentaene ylelded an

anthracene derivative which indicated the presence of

(CIX)




an octahydroanthracene nucleus in the carbon skseleton dof
the parent pentaene. In addition vigoroué oxidation of
the pentaene with concentrated nitric acid yiélded
l-methyl-é,s,s,G-tetracarboxybenzene (cx)?e This acid
was also formed on similar oxidation of 9-methyl-s-
-octahydroanthracene (CVIII), whereas Q-methyl-s-octa;
hydrophenanthrense (CIX) gave the pentacarboxylic acid
(CXI ). |

The same workers remarked that a hydrocarbon
having the 9-methyl-s-octahydroanthracene skeleton could
arise from dehydroergosteryl acetate (LXXIX) by only two
types of carbon-carbon rupture i.e. (a) at C(1) and C(iouy,
and (b) C(g)jand C(a1), leéding to the aromatic compounds

(CXII) and (CXIII) respectively. Scission at C(i4)and

C(15y) could give the structure (CXIV) which, although
| Cobiiy

+conjugéted d.b. +conjugated d.b. +conjugated d.b.
+ Me

(CXII1) (CXI1X) (CYTY )




satisfying the'Spectfoscopic and oxidation résults,
seemed unlikely to produce an anthracene derivative on
dehydrogenation. The réarrangsment of dehydroiumisteryl
acetate (the C(1y) eplmer of LXXII) also yields the
anthraergostapentaene which consequently cannot.ba
represented by structure (CXIV). |

These authors pointed out that this rearrangement
of the steroid hucleus to an anthracene derivative may
well be associated with part of a biogenetic route to
endogenous carcinogens since many potent carcinogens are
anthracene derivatives with a ring fused to the 1,2 -
positions (e.g. 10-methyl-1,2-benzanthracene CXV). It
was observed that the hydrocarbon (CXII) bears a skeletal
resemblance to 1,2-cyclopenteno-5,10-anthracene (CXVI)

59
which shows a definite carcinogenic activity .

(cxvi)

608
That the route to the anthrasteroid proceedad

by dehydration followed by aromatisation was demonstrated

by the isolation of an intermediate dehydration product



shown to be ergosta-5,7;9(11),14,22~pentaena_(CXVII),
which was subsequently isomerised to anthraergostapenta-
ene (CXII)in high yield by chloroformic hydrdgen

chloride. :

(CXVII)

61 . A
Burgstahler demonstrated that the anthrasteroids

are correctly represented by the cipher (CXVIII) as a

result of the followlng sequence of degradafive reactions. -

(CXVIII)

CHO

(CXXII) , (CXXI1I)



Treatment of anthracholestatetraene (CXVIII;
R = CpHy,) with osmium tetroxide ylelded the cis-a-
-glycol (CXIX) which was cleaved with lead tetra-acetata
giving the keto-aldehyde (CXX). Pyrolysis of (CXX)
produced the volatile aldehyde (CXXII) and the non-volatile
ketone (CXXI) which was dehydrogenated with palladium- '
-charcoal to give 339-dimethylanthracene (CXXIII),
identified by synthesis. '

The following mechanism for the anthrasteroid
rearrangement was outlined by Burgétahleralipége 37 )

The anthrasteroids (CXXIV) and (CXXV) were
preparedeob from cholesta~5,7,9(11 )-trien-33-yl acetate
(CXXVI) and 3B~hydroxybishbrchola«S,?,9(11)-tfiehic
acid methyl ester (CXXVII) respectively. The product
from 17-oxoandrosta-5,7,9(11)-trien-3p-yl isocaproate
(CXXVIII), however, was a mixture which probably contained
the chloro-derivative (CXXIX). | |

The irradiation of 7-dehydrocholesterol (CXXX),
isodehydrocholesterol (CXXXI), or cholesta-5,3-dien-3p-ol
(CXXXIX) in the presence of p-toluenesulphonic acid and
mercuric acetate, and in the absence of oxygen, to give

an aromatic compound has boen describad by Tsuda and

62 .
Hayatsu , who obtained 'an anthracene derivative from



RO

(CXXVI; R=Acj R '=H,CHMeCHCH,CHMey )
(CXXVII; R=Hj; R'=H,CHMe.CO:Me)
(CXXVIII; R=1-CgH1303R'=0)

(CXXIV; R=CHMe.CH,CHzCH,CHMe )
(CXXV3 R=CHMeCOMe )



g
e

- selenium dehydrogenation of the aromatic compound which

was consequently formulétqd as (CXXXIII).

(CxXxx)

(CXXXIIX)

The Neosteroids
€3 ,
It was discovered by Windaus in 1928 that

visible 1light, in the presence of eosin and the absence
of oxygen, caused ergosterol (CXXXIV), to form the
bisergostatrienol (CXXXV). High vacuum distillation
of (CXXXV) results in the loss of methane to give &

mixture of neoergosterol (CXXXVI) and the non-aromatic



(CXXXVIII) (CXXXIX) (CXL)

64
"tsoneoergosterol”.

Naocergosterol (CXXXVI) contains only one reactive.
double bond which was located in the 22,23-position by
1solation of methylisovaleraldehyde (CXXXVII) es a product
of ozonolysis?6 The presence of an aromatic ring in the
nucleus was indicated by the elementary analysis and the
ultraviolet absorption'spectrum?5 Oxidation of neo-
ergosterol (CXXXVI) by concentrated nitriec acid gavs
prehnitic acid (CXXXVIII) which originated from ring B
and not ring C as tha ready dehydrogenation ol neoergostar~

ol, without loss of methane, gave the naphthol (CXXXIX).



The latter was reduced by sodium in amyl alcohola, to
epineocergosterol (CXL). The 33-hydroxyl groupﬂs,69
in neoergosterol 1s'epimerised by retiuxing with sodium
in amyl alcohol. |

Further work on the formation of neosteroids has

7
been carried out by later workers.u

Aromatic Ring-C or Ring-D.

The steroidal alkaloid veratramine (CXLI) and
certain derivatives of jervine (CXLIII) are analogous
to & hypothetical D-homosteroid in which ring-D is

aromatic.

(CXLITI) (CXLIV)



The structure (CXLI) for veratramine was proposed by

Tamnm and W1ntersteiner71 who obtained experimental support

for this formulation by oxidation of triacetyldihydro-

veratramine (CXLII) to the indanone (CXLIV), which proved

identical with a compound dex'ivacl'y8 from jervine (C_XI.III)°
In conclusion, the only arcmaticAring-C ccmpounds

(CXBV)vL and (CXI.'VI)?8 derived from steroidal substances

possessed a carbon skeleton fundamentally different from

that of the normal steroid nucleus.

(CXLVI) (R=CH;CH=C(CH3 )CO)
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Introduction

During the investigation of the possidle
conversion of ergosterol (CXXXIV) into cortisone (VII),
Anderson, Sbring, aﬁg Stevensonfs required as an
intermediate, 22,23;dibromoergbstefyl-D acétatzc. This
was prepared in good jield by treatment'of-tetrabromo-
ergostenyl acetate with sodium iodide. .Thé structure
of this tetrabrowide, obtained by low température
bromination of 5a,6-~-dihydroergosteryl acetate (x111),
was not established.

The work described in this thesis defines
the constitutions of further products obtaingd from
the tetrabromide, and-utilises a kqbwledge of these .
derivatives-to consider the character of the parent
compound, which is subsequently shown to be a 7,11,22,23-

-tetrabromoergost-8-en-38-yl acetate.
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Chromatography of Tetrabromocrgostenyl Acetate.

When a solution of the tetrabromide in benzene
wvas filtered through a column of alumina, decompoaition
took place with the simultaneous production of a'
violet-green (ultimately brown) band at the top of the
column. Elution w;tﬁ benzene gave two isomeric
crystalline compounds, CyoHg4 OpBr,, héving distinct
characteristics, and when the brown band was finally
washed from the column with mefhanol, a third compound,
CyyHy 503 Br,, crystallised slowly from the concentrated
eluate.

| The first isomer, m.p. 211-212° was obtained in
high yield when a warm benzene solution of the tetra-
bromide was filtered quickly through the column, while the
second iéomer, M.p. 136-137°, was isolated in good yield
when the column was allowed to stand overnight before
elution. In éach case a small amount of the third
substante was isolated from the methanol fraction. The
structure of thisvmaterial is'diseussed in a later section
(p.96 ).

The isomer, m.p. 211-212°, gave a deep orange
coldur, fading to yellow, with tetranitromethane, and
showed threé maxima of medium intensity (ca.11,000) at
2280 R, 2340 1, and 2680 A, in the ultraviolet region.



This spectrun correapondbdAexactly with that of ergosta-

7,9(11), 14,22-tetraen-3p-yl acetate (XCV1), pregered by
| ' a8

Laubach, Schreiber, Agnéllo, and Brunings (p. 26),

who also fofhed the corresponding maleic anhydride adduct
(XCVIII) absorbing at 2730 A. (€ = 4570). |

(CXLVII)

|

A0 -
(Xcv1) (XCVIIIa)

Debromination of the isomer, m.p. 211-212°, by treatnment
with zinc in ether-ethanol at 50° gave a product having
the same melting point and ultravioldet absorption |
Bpgctrum as tho tetraenc (XC¥I) prepared by Laubach gz,gifﬁ
who published neither a specific rotation value nor an
elementary analysis for the compound.

In order to.confirm the structure (CXLVII)



for the parent dibromotriene the maleic anhydride adduct

(CXLVIII) was formed and subsequently debrominated to a

coripound having the same constants as the corresponding

ach

adduct (XCVIII2 prepared by Laubach et al. =~ An

identical maleic anhydride adduct (XCVIII) was prepared

from the debromotriene (XCVI).

TABLE I.

Laubach et al.

Ergosta-7,9(11),14,22-

tetrasn-33~yl acatato
(XCcvl)

M.A. Adduct. (XCVIII

Author.

Tetraene (XCVI)

M.A. Adduct (XCVIIIa)

[a]D . Ultraviolet

feDe absorption
spectra.
127-131° - 22704 (€ = 9120)
23508 (€ = 6310
26804 ( ¢ = 10,000)

205-809° -36.7° 27308 (€= 4570)

127-131° 22804 (€ = 10,070;
23504 (€ = 10,120
26804 (€ = 9180).

205-208°-36.5° 2730& { = 4280).

From this comparison the first isomexr; m.p.

211-212¢, is identified as 22,23-dibromoergosta-7,9(11),14-

~-trien-3p-yl acetate (CXLVII).

Alkaline hydrolysis of the acetate (CXLVII)

yielded the corresponding alcohol which on reacetylation

gave the original compound. Attempted dehydration of the
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alcohol with phesphorus oxyehloride yielded the 3a-chloro

derivative which proved unstable on recrystallisat;on;
this configuration assumes that Walden inversion has taken
place. o

Treatment of the tetrabromide with collidine also
gave the dibromotrienes (CXLVII), but in this case contemin-
ated with a dibromodiene, since subsequent treatment of the
mixture with chlorofornic hydrogeh chloride degtroysd ths
cross-conjugated triene system and 22,23-dibromosrgosta-
-8,14-d1en-38-yl acetate (CXLIX) was 1solated from the
reaction product by chrematography. The last compound vas
previously prepared’oa by lovw tempsrature bromination
(2 moles) of 5a,6-dihydroergosteryl acetate (XIII), followed
by chrcmatography on alumina. A ccmparison of the constants
below of the two products showsthat they differ only in
the intensity of absorption at 2480 £. The author suggasts
that the extinction coefficient, (19,500), 1s correct
as 1t is in excellent agreement with that, (19,800)
reported for ergostaryzl-q acetate (CL) by Flesar et _.‘:«1_]5.”

TABLE I

Dibromoergosteryl-B,  m.p. (alp Ultraviolet
Acetate | Absorpticn Spectra.
R. C. Andarson 227-228° -20,5° 2480&. (€ = 14,000).

Author 205-226° =20°  2480f. (€ = 19,500).



(CXLIX) (R = Cglly,Bra)
(CLY (R = Cgllzq)

The sccond isomer, CaoHesaO2Brg, m.p. 136-137° (p.438)
gives a daeep yellow colour with tetranitromethane in
chloroform. It was not reduced by Adam's catglystE?
in glacizl acstic acid, and displayed‘absorption
characteristic of an aromatic ring in both the ultraviolat
and infrar@d--regions°

Hydrolysié of ths acetate using either acid or
alkali gave the corresponding alcohol, [aly + 5°, which
vielded the original dibrdmo aromatie acetate on

reacetylation. Oxidation of the alcohol with chromium
trioxide in pyridine gave the 3-<keto steroid, [a]D + 23°%
exhibiting absorption in the infrared region at 1721 cm.™t:
eorresponding80 to an isolated 6-ring carbenyl group, and
st11l1 showing the presence of an unconjugated benzenoid
ring in tho ultraviolst absorption spectrun. The |

molecular rotation difference betwesn the alcohol ard tha



ketone (+99°) is in fair agreement with the figure
(+73 :ﬁ‘)vsfor the oxidation of 3Bf-hydroxy-steroids to
3-oxo-steroids. - .

The alcohol was not dehydrated by treatment with
phosphorus oxychloride, but gave a 3a~chloro derivativezs
Dehydration of the alcohol with phesphorus pentoxide,
howefer, gave a mixture of two isomers, the 2-ene and the
3-cne, which were separated by fractional crystallisation.
Both isomers displayed the characterlistic ultraviolet
absorption of an unconjugated aromatic ring and were
unchanged after attempted isomerisation with strong mineral
acid. This behaviour eliminates the possibility of an
aromatic ring A or B, and hence eliminates an anthrasteroid
structure (CXVIII. p. 35).

In addition the dibromoaromatic acetate does not
correspond to a neosteroid since (a) no gaseous products
were observed during its formation, (b) the elementary
analysis of the acetate and its derivatives require all the
carbon atoms of the original ergostane skeleton, and (c)
it differs from 22,23-dibromoncoergosteryl acetate'(CLI),
mep. 179-181°%
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AeO
(CLI)

In order to consider the possible mechanisn
of the aromatisation, tetrabromoéigostenyl acetate will
be represented by the structure (CLI11), which is later
(p. 95) shown to be correct. RNuclear dehydrobromination
and protonation give the carbonium ions (CLIII) or (CLIV)
which can exist in the resonance hybrid forms (CLV), (CLVI),
‘and (CLVII), due to the unsaturated nature of the nucleus.
As stated above, the dibromotriene (CXLVII) is obtained
in high yield when an alumina column on which the tetra-
bromide (CLII) has been adsorbed is immediately washed
with benzene. On the other hand when elution of the
column is delayed for 20 hours, only a small proportion
of the dibromotriene (CXLVII) is obtained and the major
" product ia the dibromoaromatic acetate. This would
'suggest that the aromatic compound is formed preferentially
at the expense of the triene (CXLVII) when a longer contact
time with the aluminﬁ is allowed. This requires that
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(CLII)  (CLVII) (CLVI)

AN P2
O
S /j/“\g’j\
fe0 A
(CLYIII) (CXLVII)

there must be a common carbonium ion intermediate whickh
ray give rise to either the triene (CXLVII) or the
aronmatic compound. The triéne (CXLVII) is considered %o
have been formed from the intermediate carboniun ion
(GIVII) by loss of a proion from 0(35) as shown above.

Peossible mechanismo for the formation of an aromatic



structure~from the resonant carbonium ions (CLVI) and
(CLVII) are outlined below.

| In the first route from the carbonium ion (CLVI),
a%@gnér-ﬂeerwein migration of the 0(15)—methyl group to
C(,a) is followed by loss of a proton from 0(1,) to give
the benzenoid structure (CLIK)o Alternatively, a
rearrangement of the nucleus could result in the formation

of the ring-D aromatic steroid (CLX).

R = CQHL')BI’Q

o

(CLXIII)
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Another mechanism originates from the carbonium
ion (CLVII) and leads to the aromatic compoundes (CILXI) and
(CLXII), which resemble the dihydroanthrasteroide (CLXV).

However, treatment of the dibromotriene (CXTLVII)
wilth chloroformic hydrogen ehlofide did not yield the
dibromoaromatic compound. In addition, the dibromotriene
(CXLVII) wae recovered quantitatively after having been

left on a column of alumina mixed with aluminium bromide,

and having a few drops of hydrobromic acid added as



catalyst. It is therefore uhlikely that this last
reaction mechanism is correct as prbtonation of the
dibromotriene (CXLVII) should readily yield the carbonium
ion (CLVII) and hence the arométic atrﬁcturea (CIXX) and
(C1LXIX ), '

Evidence in favour of structure (CLIX) for the
dibromoaromatic acetate was obtained from a study of its

spectroscopic properties,

{ <re)




A study (Fig.I) of the ultraviolet absorption spectrum.?9
(C) showed that 1t closely resembled the spectra of the
neosteroids (CLXIV; Dsland 9-methy1&s-octahydropheﬁanthrene
(CIX; E)ai while #iffefing markedl& from the absorption

83983 .
of veratramine (CILXIII, & p51)and of the dihydroanthra—
. : _ _ antare
steroids = (CLXV, B).

" (CLxV) “exvin)

That is to say it displays an absorption
congistent with the angular annulation contained in
gtructure (CLIX).

Moreover, the infrared spectrum of the dibromo-
éromatic acetate (in chloroform) shows bande at i606 cma"1
and 1575 cm.,'1 and, (in carbon disulphide) at 869 cﬁ;'ie
This absorption is att'ributedsi to a péhtasuhatituted
benzene ring, which is evident in structures (CLIX), (CIXI),
and (CXLII). There is no strong absorption at 810 cmo':,
nor is the absorption in the 1600 cm.,"1 region character-

istic of a tetraaubstituted benzene ring, such as is

present in strueture (CIX).
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CyoHgg 03 Br, , which d1d not give a 2 4-dinitrophenylhydra-
zone, but which exhibited a strong band at 1684 cm. -
(aromatic carbonyl stretching frequency, Table III).

The corresponding absorptiona of the aromatic ketonas
(CLXXII) and (cmn:[) at 1709 cn.” and 1703 em. -
are too similar to permit"distinctionﬂof a fivea'from

a six-nmembered ring ketone in conjugation with a benzene
ring. - However, the absorptlon falls to 1700 cmu"jl

when the 1ndanonen-":6 system is included in the féfa-'
tramine nucleus (CXLIV)yz, while the inclusion of the
oxotetralin nuclsus (CLXXIII) in 4-cx0~3,9-dimethyl-s-octahydro-
anthracene (CXXI) raises the wavelength of carbonyl
absorption to 1680‘cm°f‘. ' This favours the 6-;ing,

ketone structure (GLXIX)‘for the dibromoaromatic keto-

-ocetate, as againot the indanone structure (CILXX).

'Aca -~

(CLXXXI) (CLXXIII)



TABLE IIY

aromatic carbonyl
gtretching freque?cy

&7

ultraviolet
absorption.-

Triascetyldihydroketo- 1700
veratramine (CXLIV)
l-oxoindane (CLXXII) 1709
l-oxotetraline 1703
(CLXXIII)
cyclohexenotetralone
(CLXXIV)
dibromoaromatic keto- 1684

acctate (CLXIX)

5510 A R=To.vroo;
3000 £ (e= 3,000

2510 A (€= 10,000}
3000 X (€= 3,200
2490 A (€= 12,000)
2920 X (¢= 3,200)

2620 & (€= 1.5.800;
3050 A (¢= - 3,500)

2650 A Ee= 15, 000)
3100 £ (e= 3,000)

Examination of the ultraviolet absorption data

(Table III) shows that the absorption of the indanone

system in'triacetyld1hydroketoveratramine
almost identical with that of l-oxoindane

71984

(CXLIV) is
(CLXXII). It

is therefore reasonable to deduce that the dibromoarcmatic

keto-acetate cannot be represented by structure (CLXXI)

since its ultraviolet absorption spectrum is markedly
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different from that of the ketoveratramine (CXLIV).

It is also observed that fusion of a second ring to the
benzene ring of l-oxotetralin (CLXXIII),'giving nglgp
hexenotetralone (CLXIIV)Z’ involves a bathochromic shift
of 13 Eqaccompanied by an increase in'the intensity of
absorption. Since the ébsorpfion displayed by (CLXXIV)
and the dibromoaromatic keto-~-acetate ére of the same order,
it is to be expected that the latter will contain é
gsimilar triannular chromophore and therefore may be
represented by (cr,xix) or (CLXX) (p.56).

Prolonged oxidation of thé dibromoaromaiic
acetate or of the derived kefo-acetate wifh an excess of
chromium trioxide in acetic acid, yieldea an acidic product,
wﬁosa elementary analysis and equivalent weight determina-
tion were consistent with a dicarboxylic acid, C;oH,0sBr,
A broad infrared absorption band at 3300-2850 cm.’l. and
a aecondéry band at 1720-1710 em.“‘, confirmed the presence
of carbo;yl-groups, and the ultraviolet absorption at
2570 A. (€ = 11,000) and 3000 A.(€= 3,000) bears a close
relationship to that of §5,6,7,8-tetrahydro-~-2-naphthoic
acid (GLXXV)79. Moreover, the acid product did not give

N ~COH




a 2,4-dinitrophenylhydrazone with Brady's reagent, even
after prolqﬁged refluxing. The acid proved difficult to
erystallise and did not form a crystalline anhydride.

~ Alkaline hydrolysis of the aciﬁ-acetate,
followed by acldification, gave the corresponding
acid-alcohol, CagH,o0sBry, which was purified by repeated
precipitation from its acetic acid solution by the
addition of water. This alcphol did not yield a
cryétalline_benzoate or 3,5-dinitrobenzoate.
GH, B,

B i
i §
“ o~

(cLIX)
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It is evident that oxidation of a compound havirg
structure (CLIX) would givéione_of the intermediate ketones
(CIXIX) or (CLXX) before subsequent formation of the '
corresponding dicarboxylic acids (CLXXVII) or (CLXXVI),
whereas the hypothetical compound (CLX) would yield the
ketone (CLXXI) which on further oxidation would give a
keto-monocarboxylic acid (CIXXVIII) or a keto-dicarboxylic

acid (CLXXIX).

(CLXXVIIX)

Since it has been established that the final
oxidétion pro&uct is a dicarboxylic acid having no
carbonyl group, structures (CIXXVIII) and (CLXXIX) are
eliminated. Hence, the intermediate aromatic keto-acetate
has structure (CLXX) or (CLXIX). The dibromoaromatic

acetate must therefore be 22,23-dibromo-l2-methyl-18-
-norergosta-8(14),9(11),12-trien-3g-yl acetate‘(CLIX).
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Action of Silver Acectate on Tetrabromoergostenyl
Acetate.

Yhen a suSpension of tetrabromoergostenyl
acetate in ethexr io treatéd with siiver acetate helow
~25%C, a yellowish solid is isolated, showing maxima at
204G A. (6 = 3GBC), £330 A. (¢= 5160}, snd 2200 4.

(¢ =3540j. Subseguent fractional crystallisation ox
chromatography of this material ylelds 1l-0x0--22.23

—v"r
N

Aivromoergezt-C~cn-33-v1 acetate (CILIIIIII) anm the majosr

Yot
o
[
":-:
9]
i

%y a3l V=0x0-22,23-dibrouncorgost-b-en-35~y1l aceitate

f AT TaraF T

3 - 2 ~ =™ 3 + ~n % - - "" iy ":: — . \
(STYXXIVY, bDoth of which absord at 2530 A.{E= 9,500},

intermedinte mixture reveals that neither of the af-
~ketones (JLI¥ZIIL) ond {(CIXXXIV) are proeent ae compeaonic.
t ig therefeore suggested that this immediats reaction
product is e mixture of the éibrémoergost&nyl (CLXXY) and
dibromoergostadienyl derivatives (CIIXXI) end (CGLIXXII),
which degrade rcadily and rearraﬂne co showa to give the
aP-unsaturated ketcnes (CLXkXI“”) gnd (CLXXXI?)gQ.

Wthen the above‘feaction 3o carried out at room
temperature and the product ia'carefully chromatographed,
no purs material ig, Lowever, obtained. The intermediate
product shows mexima at 2050 i., 2380 E,, and 2450 E,,

end the impure fractions of the ch;o&atogram oliow gimilsy
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(CLXXXIT)
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Coly 2
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(CLXXXTIY) (CLXXXIV)

spectra. Hence, it may be deduced that the reaction gives
a mixture of stable triacetoxydibromoergostenes and
dibromoergostadienol acetates, which prove inseparable

by chromatogfaphy or fractional crystallisction.



The purpose of treating the tetrabromide with
silver acetate was to replace, without rearrangement,
the two nuclear bromine atoms by acetate_gioups.' As the
tetrgbromide was formed in the preéence of acetic acid,
and is known to exist in the acid-stable allyllic form, o
it was then treated with silver acetate in acetic acid.
An immediate precipitate of the yellow silver biomide was
evident, suggesting that the reaction was of the ionic

nature outlined below (cf. p. 91.

CoH,, B, H,Br,

(CLIT)

The golution was filtered and a white solid -
was precipitated from the acetic acid solution by the
addition of water. This product could be taken up in
petrol and éhromatographed; or worked up through ether,
and the neutral product chromatographed, to give the
game four compounds in each case i.e.

'22,23—dibromoergosta-7,9(11),14-trien-36~y1

acetate (CXLVII),
38,78,1la~-triacetoxy-22,23-dibromoergoet-8-ene

(CLXXXv1iI1),
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38,7¢.113~triacotoxy-22,23~dibronoergost-8(14)-
ene (CLXXXIX), and
38,7p~-d1acetoxy-22, 23—dibromoergoa' t-9(11)-cn-
8g-01 (OXC). | - ’ |
The cross-conjugated triene (CXLVII) has been describded

(po 44 ) ®
CH,Be, 2 HyBr,
pa]
H
“Qde A0 Ao
(CXLYII) (CLXXXVIIX ) {CLXXXIX) (cxc)

Before considering the elucidation of the
structures (CLXXXVIII), (OLXXXIX), and (CX0), it is
pertinent to compare the ultraviolet absorption spectra of
these compounds with that of ths known 33,7a,1la-triacetoxy-

~ -22,23~d1bromogrgost-8-gne (CXCI )
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It 1s observed (Fig. II) that, while the
triacetates (c:.xxxvnr )y (cx.xxxlx), and (CXCI), exhibit
maxima 1n the 2080-2100 A. region having extinction
coefficients of ca. 11,000, the dlacetate (CXC) absorbs
at the lower wavelength 2040 A. and with a smaller
intensity of absorption, i.e. 4,500. This similarity 15
the ultraviolet absorption spectra of the triacetataes
(CLXXXVIII), (CLXXXIX), and (CXCI), 1s consistent with
each molecule having a tetrasubstitutedae doublé bond
allyl to an acetate group. Further, the spectrum of the
diacetate (CXC) is in good agreement with that exhibited
by a steroid having a trisubstituted L& u)--olcafi,nic

:1.)
linkage.



38,78,11c-TFiccetoxy-22,23-Dibromoergost-8~ene.

. This compougd wag eluted with light petroleum-
benzene mixtures and gives an elementary analysis consis-

| tent with a triacetdxyd;bromoergpstene, C3eHsp0sBrg .

The ultraviolet absorption spectrum (C, Figure II)

'indicafes the presence of a tetrasubstituted double bdbond,

whilst broad 'acetate’ bands are exhibited in the infrared

region.'

The acetate groups were located by the following
series of rcactions. Debromination with zine dust in
ether-ethanol gave a crystalline triacetoxyergostadiene,
C34Hs30s » Which was hydrolysed with lithium aluminium
hydride to give an impure triol product, which proved
unstable to recrystallisation techniques. This instabil-
1ty_ia comparable with the impure triocl product obtained
from the alkaline hydrolysie of 3,7,ll-triacetoxy-lanost-
-8-enea7(GXCII). and the instability is probably due to
the labile nature of the allyllic alecohol groups at 0(,)




and C(q3y+ The impure ergostadlenetriol showed no absorption
in the infrered region corraﬁponding to tpg presence of
acetate, and wasa subaquently oxidiéed'with chromium
trioxide in pyridins (specifie oxidation of hy@roxyl“)

to give a yellow erystalline compound, CS,H“ O;. The
abgorption at 2680 Z,,(6 = 8,000) in the ultréfioiet |
region, and 1718 cm.” (isolated 6-ring carbonyl) and

1675 cm.~" (ene-dione) in the infrared region, 13 consis-
tent with the struqture of 3,7,11-trioxoergosta-8,22-diena
(cxc1v)ip.70). ) |

Debrominafion of the known_35,7@,11a;tr1acetoxy-
-22,23-dibromoergost-8—ene (c:xc:x)es yielded '33.7a,1q.a-
-triacetoxyergosta-8,22-diene (CXCIII) which was hydrolysed
vrith lithium aluminium-hydridé and oxidised with the
chromium trioxide-pyridine complex to give 3,7,11-trioxo-
ergpata-8,22-diene.(CXOIV), identical with the oxidation
product described above.

It_wouldqtherefore appear that the uﬁknown
compound is a 3,7,ll-triacetoxy-zz,2Sfdibromoergoat-
~-%-cne and only the configuration 6f the acetate groups
at c(,) and C(,l)‘remaing to be determingd. A portion

of the impure triol was reacetylated and chromatographed

on alumina.
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The product was eluted with light petroleum-
~benzene mixtures. It showed no hydroxyl-ahsorption in thg
infrared region, was free from aB-unsaturated ketonic
material and proved to be identical with the original
triacetate, 38,7f,11f-triacetoxyérgosta-8,22-dlene.  Since
the conditions of acetilation were ineuﬁ'icientu for |
acylation or.an 11B-hydroxyergost-8~ene, the ll-acetate
group must be a-orientated, and hence this triacetoxy-
ergostadiene, which can only differ from the triacetate
(CXCIII) in configuration at C(,) is 3B,78,1lla-triscetoxy-
ergosta-8,22-diene (CXCV). The parent product is therefore
3&.76,lla-triacetaxy-22,25-dibromoergost48-ene (CLXXXVIII):

AO“ “DAe

‘(CXCI ) (R = CQHQ,?BTQ )
(CXCIII)(R = Colly5 )

(cxc1v)

Alkaline hydrolysis of the triacetate
(CLXIXXVIII) again gave an impure triol product showing
no absorption corresponding to acetate in the infrared

region.
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Mild acid hydrolysis of the triacetate
(CLXXXVIII) followed by acetylation yielded 7-o0xo-22,23-
dibromoergost-8-en-3f~yl acetate (CLXXXIV). The reaction
probably proceeds by acid-catalysed dehydration to the
dienol (CXCVI), wﬁieh-rearrangea to the af-unsaturated

ketone (CXCVII), identified as the corresponding acetate
- (CLXXXIV).

C'Hn. B CQHI'; : CﬂH‘T

(CLXXXVIII)
HnB’{.‘z i
.."‘_‘_ . HO .

(CXCVII) (R = H) (CXCVI)
(CLXXXIV)(R = Ac)




3B,7x,11B-Triacetoxy~22,23~dibromoergost-8(14)-ene.

‘ This substance was eluted from the column of
alumina with benzene and displayed abaorpt;On in the
ultraviolet region (B, Fig.II) typical of a tetrasubstitu-
ted doudble bond, and adbsorption in the infrared region
co:responding to more than one acetate groupe. Thgae'
characteristios agéin indicatad4§3,7,11-triaoetoxy—22,23-
dlbromoergost-B-ene.

Dobromination with zine dust in a meutral
solvent gave a cryafalline triacetoxyergostadiene, which
was hydrolysed with lithium aluminium hydride to an
ergostadientrial, 0,53;303, treatment of which wifh the
_chromium trioxide~pyridine complex yielded 3,7,11-

' trioxnergoata-8,22-éieﬁe CXCIV). This located the three
acetate groups in the original compound at 0(,), C(,), and
Cra1ye ' _
Since the elementary analyscs obtained for the
dibrqmo-triacetate and the debromo-tr;écetate did not
distinguish a triacetate from a triol-diacetate or a
triol-monoacetéte, the dibromo-compound was treated with
chromium trioxide in pyridine. The substance was
recovered quantitatively uwnd it is therefore concluded
that the oxyaubstituents'attached to the secondary carbon

atoms G(,) and c(,,) are acetate groups. It remains to
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- establish the configuration of these groups and the
position of the tetrasubstituted double bond.

| Alkaline hydrolysis of the dibromo-triacetate
gave an impure product which was not purified by
crystailisation techniques.

Acid hydrolysis of the dibromo-triacetate and
acetylation of tha product, yielded 22,23-dibromosrgosta-
7,9(11),14~-trien-38-yl acoetate (CXLVII). Tho same
product (CXLVII) was obtained when the dibromotriacetate
was boiled under reflux with acetic anhydride. Similar
treatment of 38,78,1la-triacetoxy~-22,23-dibromoergost-
-8-ene (CLXXXVIII) with acetic anhydride gave a
quantitative recovery of starting material.

Laubach et al. (p.26) have obtained this

799(11) r24 :
A -triene systam by the ready dehydration of a

9a,1la~-dihydroxyergost-8(14 )-ene derivative. In addition,
37 :
Fieser and Ourisson have demonstrated that 7a-acyl-
cbolest-8(14)—ene derivatives (CXCVIII) are readily
714
converted into either A - (CXCIX) or A- (cc)

cholestadienes depending on the conditions employed.



CoHiq
SN
(Cxc1x)
~OR ::::: eHy
(CXCVIIX)
{cc).

It would therefore appear that the dibromotriacetate hasz
aA” '*)_double bond as 1n structure (CCII) and thet the
acid-catalysed dehydration follows a route similar to that
shown below, (¢f. p. 70) to give the triemol (CCIII),
identified as the corresponding acetate (CXLVII).

€ By,

(CCIII) (R = H)
(CXIVII) (R =

(cciI).
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Further evidence for structure (CCII) for the
dibrpmotri.a_.c'etaté was Obtained when attempts were made to
establish the configuration of the acetate groups at
O(7) 8nd Gry4y- Debromination of the dibromotriacetate
followed by hydrolysis with lithium aJuminium hydride
yielded the ergostadientriol as before.

Reacetylation of this material yielded, instead
of the original triacetate, a slightly impure diacetate,
thes infrared abaorption spectrum of which [3425 em.™
(hydroxyl), 1733 cm."“, 1706 cm.d, 1258 cx’n."1 .
and 1248 c:m."l (acetate)], corresponded to that of a
3B '{f-diac etoxyergoata;-s( 14),22-dien~11f-0l. That
dehydration at 0(.,) or O(u) had occurred to only a minor
extent to give a2 conjugated diene system was indicated by
the ultraviolet absorption spectrum of this product (amax.
2100 4,6 = 9000, with inflexion at 2500 i,€ = 1,000).
Attempts to purify this crystalline naterial led to
further degradation. |

In order to establish the presence of an
1l1g-hydroxyl group, the material was oxidised with the
chromium' trioxide~pyridine complex. The oxidation product
was isolated in ethexr snd éryatallised from cold methanol
as stout blades. These were, however, shown to be of
mixed composition from their f:a.baorption at 2120 4 (€=
4860), 2430 A (€ = 6120), and 2960 A (€ = 4100) in the
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ultraviolst regiop. The intensity of abéorption at 2430 ;°
gorrespbnds to 75% of ap-unsaturated ketone. Careful
chromatography and crystallisation 6f.this oxidation product
(110 mg.) gave two eompoﬁnds in very poor yield.

Light petroleum-benieno (2:1) eluted a fraction
which crystallised in yellow blades (7 mg.) the character-
1stics of which compared favourably with the constants of
1l-oxoergosta-8,14-dien-3p8-y1 acetate CLXIV) previously
prepared by Spring g&_gl,al(po 19), and by Ldubabh.gg_g;fs
(p. 31) |

b

m.po. [aJD Ultraviolet absorption
spectra.’
Spring at al. 144-145° 0° + 1°¢ 2100 £. (€ = 8300),
| 2960 A. (¢ = 12,5800)
Author 136-142°  + 5° 2100 A. (€ = 7,300)
2980 A. (€ = 8,000)

Shortage of matefiai prevented further purification.
Elution with benzene-ether yielded a second fraction which
crystallised as colourless needles showing absorption at
2440 X. (¢ = 8,000). From the ultraviolet'absorption
sbecﬁrum of the original reaction product, 1# appears that
the major component, absorbing at 2440 A (€ = 6120), 1is
readily decomposed either by recrystallisation or by
contact with alumina since only a small amount (14 mg. )

could be obtained in pure crystalline form. This compound



absorbs at 1739 cm.”t, 1239 cm.™! (acetate) and 1677 cm.

(aB-unsaturated ketone) in the infrared region and this,
together'ﬁith the elemsntary analysis, is consistent with
that of_gn 11-oxa-ig§-ergosta-8,zz-diene-aa,3§-d1acetata
(ccIII).

(cc111)
TABLE IV
Ultraviolet Carbonyl
Mo po [aJD - absorption Absorption in I.R

(XXKX) 152-153° + 82° 2490 A (¢= 8,800) 1658 em.” |
(XKVID 102-103° +109° 2490 A (€= 8,800) 1670 cm. .
(LXII) 82-84° +103° 2440 A (é= 8,400) 1689 cm.™
(CCIIT) 186-138° + 77° 2440 A (€= 8,000) 1677 em.”

In Table IV, the constants of this aB-unsaturated
ketone are compared with those of tie three known -¢ompounds
of the series: yviz: ll—oxo—ergosta—s,22—d16n—36373-
-diacetate (XXX), ll~-oxoergosta-8,22-dien-33,7a~diacetate
(XXV1I), and 11-6xo=145~9rgostaa8,22~dian~3ﬁ,7ﬂad1acetate
(LXII). From this comparison, it is evident that tho navw



compound 1s not identical with the 1somers (XXxx), (XXviIi)
"and (LXII), and c@ﬁsgquently-it must be 11-oxo+14ﬁw
ergosta-8,22-dien-38,7a~diacetate (CCIV). It will be
noted that this compound, like the other 14f3-1somer
(LXII) shows maximum absorption at 2440 A, in the ultra
violet region wheféas the 146—1somers(XXX) and (XXVII)

Coty

both exhibit absorption maxima at the slightly higher

wavalength 2490 £. |
o1
It has been shown by Spring et al. that while

77

acid treatment of the 3Y¥- unsaturated ketomes (LIX) and (LX)

gives 22,23-dibromo-ll-oxoergosta-8,14~-dien-33-ol (CIV),

similar treatment of the pY¥-unsaturated ketons (LVII) having

the unnatural (B) configuration at C(g) gives a "non-
-conjugated” oxo-diene which was tentatively assigned the

structure (CCV).
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(LVIX) (ccv)

31
It 1is also noted that acid treatment of the
8
aB-unsaturated ketone (LIV), having z/\ ~double bond, gives
the saturated diketons (XLVIII ).

e N/ (/1
e — /“‘”””””j
A0 M \v/*\W/\Q

(LIV) (XLVIII)
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Hence 1t 1is reasonable to deduce that the triol -
diacetate, which is partially oxidised by the chromium
trioxide-pyridine complex to give the Aa'“-»dienone LXIV),
has the natural (a) configuration at C{g) and aAB(“ )-
double bond as in structure (CCVIII).

The second product of this oxidation has been
assigned the structure (CCIV). The formation of this
af-unsaturated ketone from the triol-diacetate (CCVIII)
is analogous to the formation of 22,23-dibromo-ll-oxo-
;14B-e:gost-8-en-35,7B—d1acetate (LXI) from the BY-unsatur-
ated ketone (LX) by isomerisation of the double bond from
the Aa(“ )-. to the A a-pos’ition?O (p. 18)

The assignment of structure (CCVIII) to the triol-
-diacetate requires that the parsnt triacetate be 33,7a,11p8~
triacetoxy~22,23-dibromoergost-8(14 )~ene (CLXXXVIII),
debromination of which gives 33,7a,11p~triacetoxyergosta~
-8(14 ),22-;iiene (CCVI). This in turn is hydrolysed with
1ithium aluminium hydride to the triol (CCVII) whieh, on
oxidation with the chromium trioxide-pyridine complex, yields
3,7,11-trioxoergosta~-8,22-diene (CXCIV). Reacetylation
of tha triol (CGVII) wﬁth acetic anhydridé in pyridine at
foém temperatiiré yields the unstable trioil-diacetatd
(CCVIII). Oxidation of this triol-diacetate (CCVIII)
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CyHy

(CLXXXVIII )R = Csﬁx 7Braz)  (COVITI) (cxcIv)
(ccVI) (R = Cgl,y

(CCIV)

ylelds the two products 1dentified as the dienone (LXIV) and
the ap-unsaturated ketone (CCIV).
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3p8,7p-Diacetoxy--22,23~dibromoargost~9(11)-en~83-0l.

The fourth product, C;2Hs,0sBrz, formed by ths
action of silver acetate on a suspension of the tetra-
bromide in acetic acid,; was eluted from the alum;na column
with benzene-ether mixtures. The infrarejabsorption
spectrun showed the presence of‘hydroxyl (3836 em.™ )
and acetate groups (1733, 1718, 1261 and 1239 cm.”*). The
absorption in the ultraviolet region (p.6s5, D, Fig. II)
was consistent with the presence of a trisubstituted double
bond, as distinet from a tetrasubstituted olefinie linkage
Debromination, with zine dust in boiling ethanol, yielded
a crystalline diacetoxyergostacianol, Cagﬁﬁqose |

That the dibromoalcohol was not acetylated under
normal conditions indicated the presence of a hindered
hydroxyl group, which was shown ‘to be tertiary when the
dibromoaleohol was recovered unchanged after attenpted
oxidation with the chromium trioxide-pyridine complex. -

From the data described and the fact that the
22,23-dibromotriol diacetatse was prepﬁréd from the
tetrabromide which must bé.a 1,2 (CCIX,CCX) or a 1,4
(CLII) nuclear dibromidezab the strdcfure.of'this diacetate
must be represented by (CCXI) or (CCXII), the latter

having the unhindered a-configuration at C(i1).
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(CCXI) (CCXII)

Alkaline hydrolysis of this diacetate yielded
the corresponding triol which readily regenerated the
original diacetate on acetylation.

Acid hydrolysis of the parent diacetate followed
by crystallisation of the product gave a matertial showing
maximum absorption at 2550 £ (€ = 7,200) in the ultra-
violet region. Acetylatioh of thistproduct gave 7-oxo-
22,23-dibromoergost-8-en-3p-yl acetate (CLXXXIV).

This acid dehydration to the af-~unsaturated ketone
(CCXIII) favours the structure (CCXI) for the triol-diacet=

ate which may hydrolyssa, dehydrate and rearrange as shown.



(CCXIII)

However it 1is possible that the hypothetiecal
3B8,11a-diacetate (CCXII) may follow a path similar to

that outlined below to give the same ef-unsaturated

ketone (CCXIII).




CoHiy Be,

0
-(CCXIII)

In order to make a decision between the
possible structures (CCXI) and (CCXII) for the triol=~
diacetats, the molecular rotation change which accompanies
the formation of the last compound from the corresponding
triol was conpared with the molecular rotation differences
observed on acetylation of the saturated 3,7- and 3,11-~dliols
(CCXIV), (CCXV), (CCXVI), and (CCXVII).®

Ct Hn CﬁH’"
RO-..,
RO “OR | RO
(CCXIV)Diol My + 33 (CCXV )Diol My -67
(CCXVIII) 3,7-Diacetate M ~84 (CCXIX) 3,11-Diacetate Mp -180
AMp -117° Alp -113°
CeHyg CeHiy
RO
(CCXVI) Triol Mp - 54 (CCXVII) Diol Mp + 214

(CCXX) 3,7-Dlacetate My -201 (CCXXI) 3,7-Diacetate Mp + 267

aMp  ~147° AMp + 53°



(CCXXII) Triol Mp ~294

(CCXXIII) 3,7-Diacetate Mp -182
AHD + 112°

While the conversions of the 33,7a-diol (CCXIV) and
the 33,11a-diol (CCXV) into the diacetates (CCXVIII) and
(CCXIX) respectively are accompanied in each case by a
negative change in molecular rotation, the corresponding
change which oceurs on acetylation of the 36,7B-diol
(CCXVII) is positive (+53), and compares favourably with
that (+112) for the acetylation of the dibromotriol (CCXXII)
t6 the dibromodiacetate (CCXXIII). The apparent
discrepancy between the figures (+112) and (+53) may

. o(11)
possibly be attributed to the presencse of a 4 -~doubla

bongoand a tertiary hydroxyl group in the triol-diacetate
(CCXXIII). |

Further, since this triol-diacetate (CCXXIII) was
most probably formed by hydroxylation of the carbonium ion
(CCXX1Vv; p. 86), the tertiary hydroxyl group may reasonably
be expected to adopt iho normal Baconfiguration_to form
33,7B-d1acetoxy-22,23-dibromoargost~9(11 )-en-8p-o0l
(CCXXIIX) |



€6

C,H,,Br, 1H 781,
¥ —OH OH
AO QA A0~ OAe

(ccxxIv) (CCXXI1I)

Attempted dehydration of the triol-diacetate
(CCXXIII) with thionyl chloride, phosphorus oxychioride,
or acetic anhydride, under vigofousAcoﬁditions pfdved
unsuccessful and only unchanged starting materiallwas
recovered. . Hdwevér, alkaline hydrolysis to giéé'the
triol (CCXKIiL followed by relatively milder‘treathént
with phosphorus oxychloride, yielded an impure &ellow
solid, showing an absorption maximum at 2320 A (€ = 12,000)
with an inflexion at 2800 - 2900 A (€ = 4,450). This
absorption spectrum is compqréble with that of the 6,8(14),
9(11)-trieggasystem in ergosta-6,3(14),9(11)-22~tetraen-
-38-yl acetate (IXXXIII), d max 2320 £, (€ = 18,500) and
2870 5.,'(€= 6;500); Although no firm conclusion can be
reached as to the structure of tho impure dehydration
product, 1t is considered to be the 3x-chloro-triene (CCXXV )
since treatmsnt of a 3B-alcohol with phosphdrus oxychloride'

' 75
gives the 3a-chloro derivative.
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The Igcation and Configuratiocn of the Nuclear Bromine
Atoms in Tetrabromoergostenvl Acetate.

Anderson preparad.mc tetrabromoergostenyl acatatg
by low temperature bromination of &a,8-dihydroergostenyl
acotate (XIII), ergosteryl-D acstate, (XIV), and dibromo-
ergosteryl-D acetate (XV). The brdmination of the
ergosteryl-D acetates (XV) and (XIV) gives an immediate
separation of the ether-insoluble taetrabromide, while in
the bromination of the dihydro compound (XIII), the

tetrabromide is only precipitated after 15 to 30 minutes.

CoHy

'Ato

(XIII) | . (XV) (R
(XIV) (R

CoHy7Brg )
Collyo)

It was deduced therefore that bromination of the

i u

side chain double bond and of the conjugated diene system,
takes place rapidly while the initial oxidation of the
dihydro compound (XIII) by the bromine to produce a A’t"")ﬁ-
ethylenic linkage, takes place slowly.

Bromination of the ergosteryl-D diene system is
analogous to the addition of bromine to buta-l,3-diene

91
(CCXXVI), a reaction which 1s knoun ?92 to give trens-



8%

1,4~dibromobut-3-ene (CCXXVII) as the major product. The
9
reaction is formulated ' as'a two 3tep reaction involving

a resonant carbonium ion as an intermediata.

+ -
CHz .= CH-CH=CHj .__?_rq CHp = cn-;a-?n, _.-_EL CHz = ca-tlzﬁ-cng'
Br Br Br
{coxXxXVI) éna ~ CH=CH-CH3 —» CH3 - CH=CH-CH,
B be Bir
~ (CCXXVIT)

Application of this mochanism to the ergosteryl-D
conjugated diene system in (XV) and (XIV); favours the
formation of & 7,11,22,23-tetrabromoergost-g-ene (CLII),
1.e. a 1l,4-nuclear dibrono compound, &8 against ths 1,2-
nuclear dibromides (ch)~and (CCIX), which are regarded as
unlikely since they also require the attachment of a large

bromine atom to a hindered tertiary position, i.e. at C(g)o0f
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From the work described in this section, it is
observed that thg tetrabromide, subsequently referred t
" as (CLII), is unstable in the presence of alkali.
Treatment of the tetrabromide (CLII) with collidine
leads to the removal of two moles of hydrogen bromide
from the stéroid nuéleus and gives 22,23-dibromoergosta-
7,9(11),14-trien-3p-yl acstate (CXLVII) as the major
product. _

When the tetrabromide (CLIX) is treated with
hydrobromic acid, under conditions known to promots
allylic rearrangament,vad it is recovered unchanged. 1t
wéuld therefore appear to exist in the acid stable allylic
form.

In order to prove that the nuclear bromine atoms
are in fact located at positions 7 and 11 (CLII) an |
attenmpt was made to replace these bromine atoms by acetate
groups. To prevent possible rearrangement of the
molecule, the reaction‘%as carried out under acidiec
conditions in acetic acid. An immediate precipitate of
yellow silver bromide was formed. This was removed by
filtration and four compounds (CXLVIT), (CLXXXVIII),
(CLXXXIX), and (CXC), were-isolafed from the acetic acid

solution.



| A0 “OAe
(CCXXVIII)

R = CeH;-;_Brz

“OAec
(CLXXXIX )




A possible mechanism for the formation of thesae
‘four compounds is outlined above.

Facile replacement of the bromine atom at C(y)
from both sides of the molecule (CLII) results in the
formation of a 7a- or 7f-acetate, and since substitution
aﬁ C(i1) 1s relatively hindered this may give rise to the
tfansitory carbonilu:n,ions (CC_:}C{VIII) and {CCXXIX). To give
a §£§g§f7,ilmd1acétats (CLXXXIX),{CCX¥VIII) requiras an

ncetate ion to take up the hindersd 11p-econfiguration. It

. " 51 .

has bean dszcduczd by Wendler st 2l. that an 118-hyéroxyl
.. o(s2) . ,

group attached to a =gtoroldal skeleton assumes an

resistant to acetylation. 1I¥ is th@refore'reasaﬁable to
asscme that the épproach of an acetate ion from ths 3=Taéa
trs noleenlarzy induce migration Gf tha 45 ~double. bord to ths
Z(RQBupns{ﬁfﬁm w1%h subaequent:fc?mation'of 30,748,113~
-triacetoxyczz,Zéwdibromoergoéth(ié)»ene (CLIXXIZ ).

In the case of the carbonium icyrz(CCXXIX),-a“second
trana-7:11=-diccotats, l.e2. 23,7Bs11a=-triacetoxy-22,23=-d
dibronoergost-8-ene (CLXXXVIII), is formed by ths attasch-
rment of an c-orlentated acstate group to the carbon atea
C(iz) which Is open to atteel on the raawr {a) face of tha

nolecule.

0y



Attempts to rearrange either-of the dibrcmo-
triacetates (CLXXXVIII) or (CLXXXIX) on alumina in the
presence of acefic acid proved unsuccessful and led to
quantitative recovery 6f starting material. From this
it is deduced that (CLX#XVIII) and (CLXXXIX) ars not
intermsdiates in the conversion of the tetrabromide
(CLIXI) into 33,738-diacetoxy-22,23-dibromoergost-2(11 )-en~
-88-01 (CXC). A suggested mechanism for fhis conversion
procecads th?ough the carbonium ion (CCXXX) whiéh undergoss
allylic réarrangement to the tertiary carboﬁium ion
€SCXXXIS. Substitution of the bromine atom at C(q,by
an acetate group yields the carbonium 1on(CCXXI?) which
wou;d preferentially také-up a hydroxyl group at the
hindered tertiary C(g) carbon atom rather than a larger
acetate group, to give the diacetate (CXC) having the
_hormal g-eonfiguration at Cte)e ‘ |

As i35 usual with the reactions of the'tatrabrom;dé
a small amount of 22,23wwdibfomosréosta—?,Q(il),lQ-triehév
-3yl acetate {CXLYII) was formed as a by~product of the
reaction. ?he'méchaniém.may proceed via the carborium

1on{CCXXXI) as shown, (cf. p. 50)

22
It has been reported  that bromination of butadiene

[ L =



Ir 22,23-dibromoergosteryl-D acotate (XV) is
considered to be & butédiene derivativa, then thé |
addition of bromine to 1ts diene system vwill yield 4
tetrabromoergostenyl acetate which may bs roprésented by

(CCXXXTII) or (CCXXXIII) . ¢ Hy By
: ] /3

A0 : )
(CCXXXII) - (CCXXXIIT) -
It is significant that only two triacetates

(CLXXXVIII) and (CLXXXIX), having 7,ll-trans-diacotate

groups, are forr2d by the acfion of silver acétate-acetic
acid on the tetrabromide. This would suggest'that tho.
two nuclear (trpns) bromine atoms of the tetrabromide
(CCXXXII) or (CCXXXIII) undorgo rdplacement»by two separate
reaction mechanisms, (a) by dirsct substitution, (b) bj
substitution with Walden inversion, to give the 7,11-trens
-dlacatates (CLXXXVIII) and (CLXXXIX}. Should tho tetra-
bremide include tvo nuclear (g;g)'brOM1ne atoms, 1t is
unlikely that the two 7,1l-trens-diacotates (CLXXXVIII) and
(CLXXXIX) would be tho 2ole products obtairied by replacoment
of tha nuclsar bromins atoms with acatate groups. Similarly
the formation of thesa twb 7,11-trans~-diacetates (CLXXXVIII)
and (CLKXXiX) precludes a nuclear l1,2-dibromide structura

for tetrabromosrgostenyl aegtate, and it is therafora
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concluded that the last compound is elther 7a,118,22,23-
~tetrabromoergost-~8~en-33~yl acetate (CCXXXII) or
76,lla,22,23-tetrabromoergpstés—en-3a‘y1 acetate (CCXXXIII),

The Action of Methanol on Tetrabromoergostenyl Acetate.

When tetrabromosrgostenyl acetate is treated with
calcium carbonate in bolling methanol two preducts are
obtained. The first of these was shown to contaln two

methoxyl groups (Zelsel) and the elementary analysis

indicated the molecnlar fermula, CaoHegOzBrz(0MHa )z, In

3]

addition ths ultraviolet absorption spectrum (d 2060 A,

nax -
€ = >750) indicated the presence of a tetrasubstituted
double bond, which is most probably A a(2) op p8(20} 44

in the snalogous products (CIXXXVIII) and (CLXXXIX)
rospactively (p. 9i) obtained from the tetrabromide by

the substitution of thé_two nuelear bromihe atoms. This
compound is therefore represented by either (CCXAXIV) or
(CCXXXV)., It displays a strong band at 1081 em.~* which

may be due to the vinyl ether sYstem.

CqH,, By,

S ./Eb‘ % I A A
) Moo mﬂ/°GH¢I%0y/\N/”x
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CCXXAV)  {CCXVY) (R = CellyoBrg) (COXXVIII)
(CCX‘K}?@?II) (R = Cgﬂiry)



Zeisel estimation and analysis of the second
product showed thatlit_chtained»only onemethqu1 group
and had the molecular formula Cg HegOgBr.O0Me. The
ultraviolet absorption spectrum (2m° 2460 A", € = 18,000)
corresponded to that expscted of the ergosta-7,9(11)~dienol
ether systems in formulae (CCXXXVI) and (CCXXXVIII),

(ef, Djerassi_ggggl,as)

Considering the possible mechanism of formation of
the above products from tetrabromoergostenyl acetate
(CCXKXII or CCXXXIII) 1t 1s reasonable to assume that the
carbonium ion (CCXXXIX) is an intermediate. This carbonium
ion (CCXXXIX) can then become stabilised in two vays (a)
by taking up a methoxyl group to give the dimethoxy-

ergostene (CCXXXIV) or (CCXXXV), and (b) by allylic

rearrangemsnt and loss of a proton from C(9) to give the

methoxydiene (CCXXXVI),

C? H,, B".‘fe

A0~
{CCXXXIV)



The conjugated diene (CCXXXWl) was also isolated from
ths methanol fraction of the. tetrabromide chromatogram (p.43),
having resisted elution by the non-polar solvents. However
since the methoxydisna, once formcd, is not strongly adsorbed
on alumiina but is readily eluted with light petroleum-benséna
mixztureos, 1t is suggested that a stable complex of thae typs

(CCxX¥X), exists on the tetrabromide column and on elution with

B C’i H/ 7 Br;ﬁ,
r{'ﬁi\“\g’)\}
VoA e e L =
St AL By
AQ T N
- (CIIvV) -
(CCXIAX)

methanol this conmplex i deccmpeszd teo give the mathoxydisrs

(COXEXVL.

<
o’
o]
Q
9]
c-r}
[
]
o

It has aliready bae ted (p.80) that the rescnating

Q

carbonium ioas (CLIII), (CLIV}), (CLV), (CLVI), and (CLVIL) arec
formed on contact of the tetrabromide with alumina. Consider-
ing the large dimensions of the anion (4137, ) and the loeation
of the positive charge in these carbonium iéns it is evidant
that the carbeniunm 1én most likeiy To partiéipét@.in ccmplex
formation is (CLIV ), the.bulkg anion (AlBr,) bLoing more
readlily attached to the relatively unhindered 7-=position %o

s

giva ths combplexz (CCXXXX ).



An attempt to prepars the methoxydiene (CCXXXVI), by
filtration of an ether-methanol solution of the tetra-
bromide through a column of alumina, gave a mixture of
22,23-d1bromoergosta-7,9(11),14~trien-33-yl acatate
(CXLVIXI) and 7-05:0-»22,23—d1bromoergost-aa-—enaaﬁ-yl aqetate
(CLXXXIV). |

Alkaline hydrolysis of the methoxydiene (CCXXXVI)
gave the éorresponding alcohol, from which the original
acetate was regenerated on acetylation. Debromination
of the methoxydiens (CCXXXVI), with zinc dust in refluxzing
ethar:ethanol solution, yielded 7-methoxyergosta~7,9(11),
22-trien-33-yl acetate (CCXXXVII).
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£11 melting points arg uncorrected. Spacific
rotations were dotermined in chloroform solutitn, (unléss
otherwise stated), in a 1 dm. tube at approximately 15<C.
Ultraviolet absorption'spectra ware neasured in ethanol
solution, using a Unicam SP.S500 spactrophotoieter.
Infrared absoyption-spectra ware measured in Fujol mulis,
(unless otherwiss stated), with a Grubb Parsons 5.4

doublzs bzam spoetrophetonetsr with sodium chlovids optizs.

Grado II alumina and light potroleum (bep. €0=20°) word

=)

uscd for chromatography.

The author wishes to thank D». A. C. Symo ecnd
Mr. W. MeCorkindale for the micrcanalyces and tho
ultraviolet aobsorptlien mecasurements, and De. G. To

Hewbold for the infrared absorption speetra.

Tetrahremeargostany) Acetates. ~ Bromino (16 g.3

4.4 moles) 1n glacial acetle acid (80 ml. ) was added to

a solution of 5a,6-dihydrosrgosteryl acatate (10 g.) in
dry ether (1000 ml.) at =230°% and the solution was cooled
rapldly to =75° by acetone-"drikold". Ths orange
solution was shaded from sunlight and gradually allowed
to attain room tewpsrature during 3 hr. The crystailine

matsrial vas collseted ard wached white wilth dry cthar
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bafore drying in vacuo at room temperature (1 hr. ).

~ Crystallisation of this product (7 g.) from benzene-light
petroleum (b.p. 60~30°) yilelded tetrabromoergostenyl
acetate as colourless needles, m.p. 126-127° (dacomp. ),
[e], + 260° (¢,1.5, in bonzene) [Found: C,47.7§ H,6.4;
Dr,42.5. Calc. for C3 HesOgsBra: C,47.5; H,6.1; Br,42.2%).

The Actior of Alumina gg,TetfabromoergostengL

Lcatate. = (a) A solution of the tetrabromide (21 go)
in WAF{ benzono (400 ml.) wvas parcolated throush o -
column (21 % 4 cm.) of alumina (200 g.). - Elution with
benzene (€00 ml. ) yielded a fracticn (14.1 g.), which
crystallisad fron chloreform-nethanol to give 22,23~

dibromoergosta=7.9(11),14-trien~-33-y1 acetate as pale

yellow leaflets, m.p. 211-212° (decomp.), [alp ~ 54°
(c;1.1). Reerystallisation did not remova the yellcw
colour, buﬁ filtration through a short column of'alumina
vielded colourless leaflets, ﬁcpa 211-212° (deconp. ),

[alp - 53° (g,1.2), Aoy, 2280 A (€ = 11,730), 2240 A.

(€ = 11,030), 2680 X@ (€ = 10,090); infrared absorption
at 1733cm.”?* and 1250 cm.~! (O-acetyl). The trione gives
an oranga-red colour; going to deep yellow, with tetra-
nitremethane in chloroform [Found: 0,60,6; H,7;5.

CauHeeOalrs requires: C,60.45 H,7.475].
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Further elution with benzene, benzene-ether, and
ether.yielded no pure material.' However, eldtioh’with'
methanol (250 ml.) removed the dark brown band from the
head of the column, the methanol eluate being repeatedly
concentrated to yield crops of a crystalline solid (400 mg. ).
Recrystallisation of this product from ather-methanol gaves

22,23~-d1bromo=7 =methoxyergpsta=7§9(ll)=dien=36=yl acatate

-

a3 large priesms, m.p. 180-182°, Qa]D + 2%° (g,1:8), giving
& brown colour with tetranitromathans in Ch10r0f0?35;1maio
2480 A. (£ = 18,000); 4infrared absorption at 1740 cm.~?

“* (C=C-0-0C).

and 1240 cn.”' (0O-zcetyl), 1083 cn.
[Found: €,59.3; H,7.8; Ole,5.5. Cg(Hag028r,.0He requires:
C,59.23 Hy7.73 Olla 4.9%].

The methoxydiene was racovered unchangad after
filtration through zlumira, recrystallising from ether-—-
methanol as large prisms, m.p. 181-182°, [a]D + 38° (g,1.5).
(b) A solution of tetrabromoergostemyl acatats (18 g.)
in COLD benzene (500 ml.) was adsorbad on a column of alumina
(500 g. ) and left overnight. Elution with benzens (600 ml. )
yielded a fraction (1.9 g.) which crystallised from acetone-
mathanol to give 22,23-dibromoergosta=-7,9(11}14-trien-33-y1
acetate as pale yellow leaflats (650 ng.), m.p. 204-206°

{decomp. )3 La]D = 54° (g,1.2).
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Further elution with benzene (2 1.) gave a sacond
fraction (15.1 g.) which crystallised slovly from
acetone-methanol to yield 22,23-dibromo-~12-methyi-13~nor-
ergosta-3(14),9(11),12-trien-3p-yl acetate as colourless
needles (5.2 g.), m.p. 136-137°, [alp - 4.1° (g,1.6),

Rmax. (in 1so;octane )« 2090 1?., (é = 31,200), 2700 1:.
(€ = 363), 2760 A. (€ = 283), inflexion at 2620 K. (€ = 288);
infrared absorption at 1740 cmo'fl and 1241 em.~?! (0~acety1)§
1606 cm.~* and 1575 cm.”* (CECls) (aromatie ring vibration);
869 cm. > (penta-substituted benzens ring) (CSaf. The
compound gave & decp jellow cclour with tetranitromethané
in chloroforam. [Found: C,60.43 H,7.5.C30Hee02Bryz requires
C,60.4; H,7.4%). |

Elution with banzene-ether (1 1.) and ether (1 1.)
gave intractible gums (1.5 g.). Elution with ether-
methanol (1 1.) and methanol (500 ml.) gave a fraction
(2.5 g. )y which crystallised slowly from methanol as a
1ight brown solid. Recrystallisation of this material
frem ether-methanol furnished 22,23-dibromo-7 ~methoxy-
ergosta-7,9(11 )-dien~38-yl acefate (125 mg.); m.p. 180-182¢°,
{alp + 92° (c,0.9).

(e) A saturated solution of the tetrabromide (2 g.) in
ether-methanol (250 ml. 1:1) was percolated'throﬁgh a

column of alumina (17 g.). Concentration of the eluata
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(250 ml.) yielded a mixture of yellow needles (150 ng. ),

m.p. 198-202° (decomp. ) and 217-220° (decomp. ), which |
was dissolved in light petroleum (10 ml.) and chromatographod
on alumina (5 g.). Elution with light petroleum benzene .
mixtures (2300 ml.) ylelded a fraction (60 mg.) which
crystallised from ether-metharol to give colourless

leaflsets of 22,23-dibromoergosta-7,9(11),14-trien~33~yl
acaotate,; m.p. 198-200° (decomp. ). Flution with benzenec

and then with ether gave a yellow-vwhite solid (85 mg.) which
crystallised from ethep-methanol as needles,m.p. 228-233°,
[elp - 25.4° (¢,1.6). Racrystallisation of this material
from ether-masthanol furnishod pale ysllow necodles, MmepP-s
244-245° [aly - 27° (g,1.0), gﬁaxyesso £, (& = 9000),
jdentical (m.p. and nixed m.p., and infrared absorptiocn)
with 22,23-dibromo=7=0x03rgest=8-an-33=-y1 acatato.

{Found: €,58.863 H,7.8. Calc. for Cj Hga03Brz: C,53.63
H,7.55%].

The Action of Alumina-Aluminium Bromide on 22,23~

Dibromoargosta=7,9(11),1¢=-trien-3p-y) Acotate. = A solution

of tha dibromo-triene (250 mg. ) in bsnzens (30 ml.) was
filtered through a column centaining an intimate mixtura of
alumina (9 g. ) and anhydrous aluminium bfomide (1 go )y to
which a‘few drops of concantrated hydrobromic =zcid had bzen

added. After threa days at roonm temperature, elutiocn
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with benzene (1 1.5, gave a fraction which crystallised to
yield the dibfomo-triene as colourless leaflets (200 mg. ),
‘m.p. 198-200° (decomp.), [alp - 54° (c,2.5). Ko colour
developed on the column as in the aromatisation of

-tetrabromoergostenyl acetate.

Debromination of 22,23-Dibromcergosta~7,9(11),14~
trien-33-yl Acetate. - A solution of the dibromo-triene
(450 mg.) in ether ethanol (100 ml.) at 50°, was stirred
vigorously for 4 hr. 1n the presonce of activated zinc dust
(4 g-). The product was worked up through ether in the usual
way and dried (Napg504). On concentration of thé ether
solution a white solid was 6btained which on recrystallisa-
tion from acetone géve ergosta-7,9(11),14,22-tetraen~33-yl
acetats as plates, m.p. 134-139°, zmax. 2280 K. (€ = 10,070),
2350 A. (€= 10,120), 2680 A. (¢ = 9180). After drying
under high vacuum'the constants of the material were m.p.
128-131°, [aly - 88.2° (g,1.8). [Found: C,82.7; H,10.45.
CsoHae02 requires C,82.5; H,10.2%].

Laubach et al. > gave m.p. 127-181°, d oy, 2270 A,
(€= 9120) 2350 £. (€ = 6310), 2680 A. (¢ = 10,000). o

specific rotation or analysis was recorded by these workers.

The Maledc Anhydride Adduct of 22,23-Dibromoergosta-—
7,9(11),14~trien-33-yl Acetate. - A solution of the =

dibromo-triene (550 mg.) in dry benzens (50 nl. ) was boiled
under reflux for 7 hr. with maleic anhydride (550 mg. )
Concentration of the solution yielded fine



white neadles, m.p. 226-227°, & mag. 2060 A (€= 4320 ),
2750 A. {f_= 3950).  Four recrystallisations from acetone
furnished the adduct a3 neadles, m.p. 234°, [alp + 28°
(c,1.6) [Found: C,5%.6; H,6.9. Calc. for CgqHegO5Bry:

C,L\Jog, H 6 7 ]

The Maleie Anhydrida Adduct of Irgosta-7,9(11),14,23-

itetraen-3p-yl Acstate. - (a) The maleic arhydride adduct

of the dibremo-triene (70 ng.) was dissolved in ether-sthono
(12 ml. ) and the solution was boiled aﬁue: reflux for 2 hr.
with ectivated sine dust (3 go). Tho product was isolated

- e by el 2 <5 O 2 aes 7 s e - & - - -
in ether worked up in the usunl mannsy, and ths solwvant

avaporated to give o ysllew-whlte solid (30 ng.) which wos
talzen up in mothanol, boiled with chareoal, and ths scluticn
fiiterad. Aoeyystallisaticon from maethanol gave the adducs
as steut needles, m.p. 235-2089 [uig = 3G.5° (£,1.3), E e

& . - . .
2040 A. (< = 3870), 2750 A (< = 3780); Infrarad absorption

, -3 s - . o =h o
at 1730 cm.  ard 1224 emo (O-aeotyl), 1842 em. 3 1778

[ L

ek, sy '='js - L ' 2 3
m. ™", 1863 cm. " and 1202 en.”*  (2¢id anhydride ).

Laubach gt gl. gave m.p. 205-209°, [aly) - 36.7° 3‘%ﬁ”

- @
)
8750 A. (€ = 4570 ).

(b) A soluiion of ergosta=7,2(11), 1u932=tctfaen=85ﬂvl

acctate (22 mg.) in dry tcluens (8 ml.) was refluxed (2 hr.)

<

vith maleic anhydride (34 mg. )o The solution was evaborated

to dryness and ths product recrystallised from mathanol
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to give the adduct as stout needles, MePo 205=-206"°, .f\max,
2040 A, (€ = 4870), 2730 A. (€ = 4220); identical (m.p.,.
mixed m.p., and infrared'absorption) with the debrominated

édduct prapared above.

22,23-Dibromoergosta=-7,9(11),14-trien-33-0l. - Tha

dibromo-trienyl acetats (119 mg.) was refluxed for 1 hr. with
2% methanolic sodium hydroxide (25 ml.) The product wag
worked up through ether in the usual manner and reerystall-

isad from chloroform-nmethanol to give 22,23=dibronoerzosta-

7,9(11)914mtr16n-36=01, as leaflets (80 mg.), m.p. 180-191°

(], - 59° (g,1.6), 2220 £. (€ = 10,500), 2250 4.

;} MaXe
(€ == 9170), 2670 £. (€ = 10,200); infrared absorption at
3350-3135 cmomg (alcoholic hydroxyl). [Found: €,60.9;
H,7.9. Caglisz0Brz requires €,60.7; H,7.65%]. |
Acotylation of the alechol regenarated ths dibrono-
~trienyl acetata m.p. 205-206° ). 2280 A. (€ = 11,100),

[2] [ ]
2350 A, (€ = 109200)g 2620 A. (€ = 9880). Idantical infraraed
absorption. :
Tha Action of Phnsphorus Oxychloride-Pvridine on .

22,23-Dibromoergosta~7,3(11),14-trien-38-0l. - A solution
of the dibremo-trienol (125 mg.) in pyridine . (13 ml. ) was
hzated for 1.5hr. with phosphorus o: ycnlorioe (1.2 ml.) a%
100° and tho solution was allowed to cool overnizght. Tha

product, isolated by means of gther w q crystallised from
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2

5.

chloroform=-methonol to give white needles of 22,25-dibroman-

-3e-chloroergosta=7,9(11),14~-triene, m.p. 199==200G lelp

Q
~23.2° (e,1.7), ;%EQK 2280 8. (¢ = 11,350), 2340 A. (€ =

=]
10,760), 2630 h. (€ = 8,750) [Found: C,58.43 Hy7.4.

.

.
CacHe1BrzCl requires C,58.73 H;7.279)

Tha Action of Collidine on Tetrabromcargostansl
Acetate. - A solution of the tetrabromide (11 g.) in dry

bonzene (200 nl.) and collidine (75 ml.); (purif

2l s

iea BiF

R ~ A s R - T . [N S . . | Lot 3o .
dlz%illation over scdiuvm}, vas maintained at 100° {focry 20

Tifie A bndf-enloured yiuc’Pi te (5.12 g.3 thooretical

~ - ]

“ » .. . % £ o i ey am ary o Y
Yor collidine hyd:z obremido: 5.85 Eo )} was Tiltowrcd off and

washed with ézy bonzens (80 ml. )o The combingd filteato

A e P ey e ] : P I 3 A - Yisq eyl m o

and washings were wasned with dilute sulphuric seld,

T .} » h o fa AR v 3 7
soturated o'i“” hydrogen caybonats solution, and drind

ST oa 2l 3 e %y e e e S e . i TR ~ - . e . 3 - T N i e e
Walanoua 1. BéarorfatTioint or e soivaent mnder rfaeduoad ROCELULG

yicldod a white seolld, wnlich vwas digsolved in o oininum of

of impure 22,23-dibromoergosta-7,9(11),i4-trienyl secctata,
&) - - qﬂ s
m.p. 205-203° were precipitated. ¢ .. 2220 £ (= 9,330),

0

Dublon4nanion ¢i the zbove matserial by treatment

th zine dust in ether~ethanol at 850° for 4 by, followed b

- Laye



103

chromatography of the product gave only impure efgosteryi—D
acetate in poor yleld. Seﬁeral similar debromindtions, in
which the temperature varied between 40° and 60°,'also

failed to yleld pure ergostatetrasns.

The Action of Chloroformic Hydrogen Chloride on the

Impure 22,23-Dibromoergosta-7,9(11),14-trien~3f-yi ficatate.-
Chloroformic hydrogen chloride (10 ml.3 0.26N) was added

to a solution of the impure dibromo-triens (800 mg.) in
dry chloroforn (40 ml. ) and the green solution was
maintained at 30° for 12 hr., before being washed with
-saturated aquaous sodium bilcarbonate solution and water.
Evaporation of the drled solution under reducad pressure
gave a brown gum (800 mg.) which was dissolved in light
petroleum (30 ml.) and adsorbed on a column of alumina
(24 g. ). Elution withllight patrolsum (300 ml. ) yielded
the dibromo-triena (30 mg.), m.p. 205-206°. Further
elution with the same solvent (1100 ml.) yielded a whita
crystalline solid (150 mg.) which on recrystallisation from
ether-mathanol gave 22,23-dibromocsrgosta-3,14-dien-33-yl
acetate, as colourless nesdles, m.p. 222-223°, [alp = 17.2°
(¢41.7) . Two further recrystallisations from the sama
solvent gave needles, m.p. 225-226°, [a]D - 20° (g,1.8),
doax. 2480 A. (€ = 19,500). [Found: C,80.5§ H,8.1.
Ca,Hae02Bra roquires C,60.2;3 H,7.8%]
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The Attempted Catalytic Hydrogenation of the
Dibromoaromatic Acétate, - Platinum catalyst (prepared by
hydrogenation of 250 mg. platinum oxide) was addéd to a
solution of the dibromoaromatic acetate (250 mg.) in
glacial acetic acid (50 ml.) and the mixture was shaken for

24 hr. with hydrogen at atmospheric pressura. Ho uptake
of hydrogen was observed and starting material was
raecovarcd quantitéfively after working up the acetic acid

solution in the normal manner.

The Dibromoégomatic é;gggg;. -~ (a) The dibromo-
Laromatic acetats (250 mg.)'was boiled under refiux for
1 hr. with 2% methanolic sodium hydroxice (25 ml.). The
product was worked'up through ether and erystallised from
light petroleum to give felted needles (90 mg.) of 22,23-
g;p;gmgfl2amethglwl8wnorergbstae8(14),9(11),lzﬁgg;ggfsﬁﬁg;:"
m.p. 111-113° [alp + 5° (g,1.1)y Ay, 2080 A. (€ = 30,000),
2680 K, (€ = 400), 2780 gn (€ = 260);“ infrared absorption
at 3390 cm.~? (hydroxyl group), 1593 em.~" (aromatic ring
vibration), 865 cm.,m1 (pentasubstituted benzene ring).
[Found: C,80.2; H,7.6. C2gH;20Br; requires: C,60.6; H,7.6%].
(b) The dibromoaromatic acetate (497 mg. ) was boiled under
reflux for 1 hm with 18% aqueous methanolic sulphuriec acid
(100 ml. ) and left overnight to crystallise as colourless
noedles (450 mg.), m.p. 80-98°.  Further recrystallisation

from aqueous methanol yielded the dibromoaromatic 2lcohol



eas colourless needles, m.p. 108-110°, [c]D + §°, identical

(m.p., mixed m.D., ultraviolet and 1nfrared spsctra) with
the alkaline hydrolysis product. Acetylation of this
alcohol regenerated the dibromoaromatic acetate, m.p.

136-137°, [a]p - 2° (g,1.2)

Dibromecaromatic 3-Ketong. - A slurry of chromium
trioxide (100 mg.) in pyridine (2 ml.) was added to a
solution of the dibromoaromatic alcohol (100 mg;) in
pyridine (1 ml.) and the mixturs was allowed to stand for
20 hr. at room temperature with occasional agitation,
Mothanol (5 ml.) was added and then 2% aqueous sodium
hydroxide solution (20 ml.). The product was worked up
through ethar in the normal manner and evaporation of the
solvent gave & pale yellow gum which crystallised slowly
from methanol as rosettes of colourless needles, m.p.
102-105°. Further recrystalllsation from chloroform-
methanol yielded 3-0x0-22,23~-dlbromo-12-mathyl~18-norergosta~
8(14),9(11) ,12-triens, m.p. 139-140 °, [al, + 23° (_g,l,,l)

d paz. 2080 A. (€ = 30,000), 2630 A. (€ = 500), 2760 A.
(€= 260); infrared absorption at 1721 em. (six«ring
carbonyl), 1597 eme ™ (aromatic ring vibration), 872 cm. ™t
(pent&=§ubst1tuted benzene ring). {Found: €,60.73 Hy7.2.

Cagleo0Brs requires: C,60.9; H,7.3%].



The Action of Phosphorus Oxychloride-Pyridine gn the

Dibromoaromatic Alecohol. = A solution of the dibromoaromatic

alcohol (85 mg.) in pyridine (10 ml.) was'heated for 1.5 hr.
with phosphorus oxychloride (1 ml.) at 100° and allowed

to cool overnight before working up through ether in the
norcal mannor. The resultant white solid (60 mg. ) was
recrystallised from chloroform-methanol to give 22,23~
-d1bromo-3a-chloro-12-methyl-18-norergosta~-8(14),9(11),12-

trieno as colourless necdles, m.p. 195=197°§ [a]D + 13°

-]
(gs1.7), ?;mam 2150 K. (& = 25,000), 2580 A.{é= 467),
2670 A.(} 476), 2760 A. (€ = 400). [Found: C,58.65; H,7.3;
Br,27.2; €1,6.05. CagHaiBroCl requires €,58.7; H,7.2;
Br,27.9; C1,6.2%].

Dehydration of the Dibromoaromatic Alecohol. - A

solution of the dibromoarcmetic aleohol (160 mg.) in dry
benzene (5 ml.) was shaken (22 hr.) with phesphorus
pontoxide (160 mg. ) at roocm tempsrature. The product was
worked up in the normal manner yielding a pale yellow gum
(140 mgo )y d pgn.2080 £, (€ = 27,000), 2690 £. (€ = 370),
which erystallised from acatone as colourless blades (70 mg. )

m.po 124-125°, [alp + 53° (€,007)y dpoe. 2080 A. (€ = 30,000),

aXe
2690 & (€ = 370) [Found: C,62.65; H,7.7. CasHeoBrs

requires C,62.7; H,7.5%]. This compound must be the

2-ene or ths 3-eng. The other isomar, or a mixed crystal

of tho two, crystallised from the mother liquors as needlaes



(30 mg.), m.p. 123-128°  Further crystallisation from
chlorpform»methanol furnished colourless needles, m.p.
128-131°, [aly + 41° (£40.6), dpny, 2080 £ (€ = 30,000)
2690 A. (€= 370) [Found: C,62.5; H,7.5. CzgHgoBrs
requires C,62.7; H,7.55]. Both isomers gave a strong
yellow colour with tetranitromethane in chloroform. They
showed no marked difference in their infrared spectra and
a nmixture of the two had m.p. 124-125°,

Both isomers, after refluxing (1 hr.) with concentra-
ted hydrochloric acid and acetic acid (1:5), showed no

change in thoir ultrsviolet absorption spectra (n-hexans).

Treatnsnt of Ergosterol with Concentrsted Nitrple
Acid. - Concentrated nitric acid (s.g. 1.42; 45 nl.) wvas

added carefully to ergosterol (2 g.) and, after the

initial vigorous reaction, ths solution was gently warmed
until the evolution of nitrous fumes had csased. The
solution was refluxed gehﬁly for 17 hr. and conecentrated
(35 ml. distillate collected). The solution was allowed

to cool and deposit a crystalline precipitate which was
collected, washed with ether, and recrystallised from water
to give prisms cf toluene=2,3,5,6-tetracarboxylic aecid

(120 mg. )y m.p. 238-241°, ths crystalline form changing to
blades at 210°



The acid was treated with excess diazomethaiie in
ether to yield the tetramethyl ester, m.p. 118-122®.

57
(Inhoffen gives m.p* 121-123®).

Treatment of tjie Dlbromoaromatic Acetate wi*
Concentrated Nitric Acid* = Concentrated nitric acid
(s.g. lo42; 45 ml. ) was added carefully to. the dlbromo-
aromatic acetate {2 g*¥ ) and the solution gently warmed.
When the evolution of nitrous fumes had ceased, the solution
was refluxed gently for1l6 hr*, concentrated, (35 ml* of
distillate collected), and allowed to cool. No solid
material appeared and addition of water precipitated an
uncrystallisable gum. The aqueous phase was extracted
with ether yielding a gum which was combined with tho
precipitated gum and treated with excess diazomstiiane in
ether- Careful chromatography of the product yielded only

intractible material*

The Action of Chromium Trioxlde in Acetic Acid on
Urn Pibromoaromatic Acetate* « A solution of chromium
trioxide (222 mg*| 2 atoms oxygen per mole) in stabilised
acetic acid (5 ml*) was mixed intimately with a solution
of the dlbromoaromatic acetate (1 g#) in stabilised acetic
acid (80 ml* )« After 2*5 hr., a farther quantity of

chromium trioxide (333 mg*; 3 atoms OXygen per mole) in
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stabilised acetic acld (10 ml.) was added to the reaction
-mixture and the whole maintained at room temparaturs for
19 hr. The addition of water pracipitated a white solid
which was collected, and washed with water. Crystallisa~
tion of this product from acatone-mathanol gave the
dibromoaromatic keto-acetate (600 mg.), as colourless rods,
m.p. 133-133°  Reecrystallisation from methanol furnishkéd
leng nsedles, m.p. 135-138°, [a]D - 10° (g,1.9), amax.
2190 & (€= 91,000), 2650 £ (€ = 15,000), 3100 4. (€ =
3,000 )3 infrared absorption at 1738 en.™? (O-acatyl),
1683 cem.”* (carbonyl group adjacent to a tanzene ring),
1592 em.~® (aromatic ring vibration) [Founds C,59.23
H,7.2. Cpllaa0sBrs Trequires C,59.03 H,6.8%}

The ketons did not form a 2,4-dinitrophenylhydragone
oven after proloaged refluxing with Brady 's roagdnt.

The keto-acetate (200 mg.) was hydrolysed by treat~
nent with 2% methanolic potessium hydroxide to the
-corresponding algohol (150 mg.), m.p. 199-201°, {alp ~ &°
(c,0.9) [Founds C,59.8; H,7.4j Br,23.8. Czalls,02Brs
requires C,59.23 H,7.1; Br,28.13].

Acetylation of this alcohal regenerated the original
keto-acetate. |

The keto-acetate was refluxed for2.5 hre with sodium



borohydride in methanol, ths product,xwhich crystallised
from the reaction mixture, was a dlbromoaromatic diol,

Q .
m.p. 115-117° [a]y + 11° (g,1.2), Qm.zoao A. (€ = 35,000)
2690 A.(€ = 400); 4nfrared absorption at 3236 em.™
(alcoholie hydroxyl groups). [Found: C,58.7; H,7.2.

CagHe202Brg requires: C,68.953% H,?o‘i}%].

Furthor Action of Chromium Irioxide in Acetie Acid
on ths Dibromoaprematic Acetats. -~ A éolution of chromium
trioxida (1.0S g+3 12 stoms oxygen par mole ) in stabilised
glacial acetic acid (15 nl.) was added to e solution of
the dibromoaromatic acetate (S00 mg.) in stabilised acetic
ecid (50 ml.) and allowad to stand for SO hr, at room tempera-
turs. The product was worked up through ether 1n'the
usual manner to give an a2cid and a neutral fraction.

The nsutral fraction erystallised from acetone-
methanol as coloarless rods (200 mg.), m.p. 125-138°%, [a]p
- 10° {¢41.0), identical (m.p., mixed m.p. and 1nfrarad)
with dibromoaromatic keto~acetate. |

The acid fraction was an amorphous, white solid
(500 mg. ) which was purified by repeated precipitation
from its soluticn in acetic acid by tho addition of water.
It could not ba recrystallisad from the usual- solvents bdut

vas obtained as fine crystals on evaporation to drynass,
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at room tempsrature, of its concentrated acetic acid
solution. It had m.p. 180-170° (Qecomp); qimxx. 2570 £,
(€ = 11,000), 3000 A, (€= 3,006); Infrared absorption
at 3300-2850 em.”™ and 1720-1710 cm.™* (earboxyl groups)
[Found: €,54.6; H,6.7. Cg5oHg203Brg requires C,54.73 H,6.4%).
(Equivalent weight: Founsféaaﬁ¢ooaﬁra (COOH )3 requiras:
329). |

The acid d14 not give a 2,4-dinitrophenylhydrazons
after prolonged rsfluxing with Brady's reagent, nor did it
form a crystalline anhydride after refluxing for 1 hr. with
acaetic anhydride. It also falled to give a purs product
on treatment with diagomoathane. |

 Alkaline hydrolysis of the acid scetate folloved by
acidification gave an amorphous material wvhich was again
purified by precipitation with water from an acetic aeid
solution to yleld the dibromoaromatic dicarboxylie acid
aleohol, m.p. 140-170° (decomp.) {[Found: C,54.9; H,8.8.
CogHaoOsBra requires C,54.6; H,6.5%]. This alechol
formad neither a pure benzoate nor a 3,5-dinitrobenzoate.

The dibromoaromatic keto-acetate was converted 1ﬁto
tha dibdromoaromatic dicarboxylic-acig by oxidation with
excess chromium frioxlda in acetic acid, usihg the mothod

deseribed above. -
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Debromination of the I'ibromoaromatic Acetate. -
A solution of the dibromoaromatic acetate (400 mg.) in

ether-ethanol (100 ml.) was refluxed for 4 hr. with zinc dust
(4 g«). The product was worked up through ether in the
usual manner and yielded 12-methyvl-18-porergoste-8(14),
9(11),12,22-tetraon~3p-yl acetate, as a clear gum (290 mg.),
la]) + €0° (g,1.6); it could not be crystallised.

Alkaline hydrolysis gave the corresponding alcohol
as a gum, (alp + 77° (g,1.1) ., 2080 A. (€ = 31,000)
2680 A. (€=490). This alcohol was treated overnight at
room temperature with 3,5-dinitrobenzoyl chloride in
pyridine. Crystallisation of the product from chloroform-
methanol gave the 3,5~dinitrobenzoate as yellow blades,
m.p. 156-157°, [alp - 52° (g,2.5), [Found: C,71.43 H,7.23
Ny4.8. CagHaaNaOg requires: C,71.4 Hy7.5; N,4.8%]. The
alcohol was regenerated by alkaline hydrolysis of this
material Aor by filtration of & solution of the 3,S5~dinitro-~

benzoate in benzene through a column of alkaline alumina.

The Action of Caleiuym Carbonate in Methanol on

Tetrabromosrgostenyl Acgiate. - The tetrabromide (1.5 g.)
was refluxed for 2 hr with analar calcium carbonate (3.9 g.)

in methanol (100 ml.). The hot solution was filtered free
from solid which was washed with chlorofornm, and the washings

concentrated. Needles (110 mg. ) were precipitated from



118

the chloroform washings by the addition of cold methanol
These needles-wara~1dentica1;(m.p;, mixed m.p. and ultra=-
violet absorption) with 22,23-d1bromoergosta-7,9(11),14-
-trien-3p~-yl acetate.

The warm methanoclic filtrate on standing overnight
deposited a white solid (600 mg. ), which was collected,
dissolved in light petroleum-benzene (1:1, 20 ml.) and
chromatographed on alumina (20 g.). Blution with benzene-
ether (3:1, 300 ml.) yielded a fraction (285 mg.), which
crystallised from chloroform-methanol as white needles of
32123‘th£232?2f:1¥§1Q2E2§QQEI§££Q§§Q?sﬁgﬂfaﬁ:Z;-QSﬁﬁéiﬁﬁ
m.p. 177-179% [alp + 17° (g,1.8) J . 2060 A. (€= 9750);
infrared absorption at 1730 em.”*, 1250 cm.™* (O-acetyl),
1081 cm.”* (C - 0 - C). [Found: C,58.35; H,8.1; OMe,8.3.
CguHes02Br 3. (OMe )3 requires: C,58.2; H,7.9; OMe,9.4%].

The methzanol mother.liquors woero aevaporated to
dryness to yield a dark yellow gum (800 mgo); which was
takeﬁ up in light petroleum and adsorbed on a column df
alumina (20 g.).. Benzené eluted a fraction (150 mg. ) which
crystallised from acetone-methanol as prisms, m.p. 181-182°,

1 pax, 2450 A. (€= 16,200); identical (m.p. mixed m.p., and
.1nfrared absorption) with 22,23~d1bromo~§%methoxyergosta—
~7,9(11 )-dien-3p-yl acetate.

Alkaline Hydrolysis gg_3ng;ﬁigxomom§tggxxd1ggzl
Acetate. ~ The methoxydienyl acetate (157 mg.) was



refluxed for 1 hr.with 2% methanolic sodium hydroxide (15 ml.).
The product was worksd up through ether in the normal manner
and crystallised from chloroform-methanol to give the dibromo-
methoxydiene alcohol as néeﬂles, m.p. 169-170°, [“]D + 82°
(¢,1.8), 1 nax. 2450 ‘A.(=16,000); 4infrared absorption at

3450 cm.~' (aleoholic hydroxyl), 1068 cme™ (C =0 =-~C = C)
{Found: C,50.83 H,7.0. CasliyeOaBra requires: C,59.43 H,7.9%).
Acetylation regenserated the original acetate (m.p., mixed m.p.,

infrared absorpiion).

Debromination of the Dibromomethoxydienvl Acqtate. -
The dibiomo—dienyl acetate (256 mg.) vas refluxed fom 2.5 ar,
with activated zine dust (5 g.) in ether-ethinol (1:2, 60 ml. ).
The product was worked up through ether in the normal manner
and the resultant gum (165 mg.) crystallised from ether-
methanol to give 7-methoxvergosta-7,9(11),22~trien-3f~yl
acetate, as blades, m.p. 101-102°, [a]; + 134° (g,2.2), :l
2460 A. (€= 16,000). ‘['Foundz C,79.7; H,10.3. Cg331Hgg04s
requiras: C,79.4; H,10.3%], |

max.
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Treatment of Tétrabromoérgzostenyl Acetate with
Silver Acetaté in Ether Pollowed by Chromatography 6f the

Product on Aluminad. < A suspension of the tetrabromide

(850 mg.) and silver .acetate (1.5 g.) in ether (100 ml.)

was stirred for 1 hr., below -25%. The ethereal golution
wag filtered, dried (Na,SO,), and evaporated to give a
yellow-vhite solid (700 mg.); {___ 2040 K. (€ = 6680),

2536 A. (f = 3160), 2400 A. (€ = 3450). The solid was
dissolved in light petroleum benzene (20 ml., 2:1) and
chromatographed on elumina (21 g.). ILight petroleun
benzene (600 ml., 1:l) eluted a fraction (200 mg.) which
erystallised from chloroform-nmethanol fo yield 1l-0x0-22,23-
-dibromoergoetwa-en-SQ-yl acetate as blades, ne.p.191-192°,

[ely + 83° (g,1.7); 2520 A. (€ = 9,330). [Found:

2maz.
C,58.73 H,7.55. Calculated for CgyoH,g0;Bryt C,58.63
H,7.565%].

Purther elution with benzene-ether (150 ml., 4s3l)
yielded a fraction (50 mg.) which crystallised from
chloroform-nethanol to give 7-0x0-22,23-dibronoergoat-8-cn-
3f-yl acetate as blades, m.p. 234-235°, [a]D - 27° (¢,1.5),
Qmax.zsao A. (€ = 9080).

Both af-unsaturated ketones proved identical (q.p.,
nixed m.p. and infrared absorption) with authentic

specimens.



The above reacti&ﬁ wag reﬁeated'and fractional
_recrystallieation of the yellow white solid also gave the
two aﬁ-unaaturated ketonee 1n aimilar yielda.

Treatmont o _g,Tatrabromoergoatenzl Acetate with

Silver Acaetate in Glacial &cet&g Acid. - Tho tetrabromide

(3.9 g.) wag'shakeh viéérously;for 5 ﬁiﬁ; with silver
gcetate (4 g.) in'glééiéiiacetic ﬁcid (100 ml.) and the
golution was rilferéﬂi A whitez flocculent colid (4 8.)
wag predipitated frdﬁlfﬁé filtrate ﬁi'tha addition of
water. This slighti&igéid aolid'waeytakén up in light
petrbléum'(40 ml.) éﬁ&*gﬁborbed.pn~éféolumn of alumina
(145 g.). Elution with light petroleum (1.5 1.), lisht
petroleun-benzene (1 1., 9:1; 500 mi, 4:1) yielded no
naterial. Light petroleum-benzens (500 ml.; 2:1) eluted
22,23—dibromoergosta47;9(11),14-trién-3§-y1 acetate, m.p.
208-210°; 1dentica1 (ﬁ;p., nixed m.p. and ultraviolet
aﬁaorption) with aﬁ’dﬁihentic épeciﬁsn.

Light peﬁroleumpbenzene (1 1., 1:2) yielded a
fraction (750 mg.) which vas crystallisad fron chloroform-
nethanol %o yield 3&.?3,11a~tr1agatogxr22,23—dibromgergost~ :

~B-cne as large prlsms, ﬁ.p. 204.-205°, [e]D + 19° (¢,2.0)

d... 2080 &. (¢ = 10,930); infrared absorption at 1730 a*
and 1250-1225 cm. ™ (O-zcetyl). [Founds C,56.95 H,7.7.
03‘33,0331‘8 requireas 0.57.08 H,7;3‘9}’$]a
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Light petroleum~benzene (500 ml., 136) and benzene
(2.2 1.) eluted a frection (900 mg.) erystallisation of
which from acetons-wator gave 38,7¢,llf-triacetoxy=22,23-

dibromoergost-8(14)~ene as fine needles, m.p. 152-156°,
[a]D - 15.5° (g,1.0)3 agaz. 2090 A. (€ = 11:200); infrared
absorption at 1739 cm.” eand 1250-1221 em.~ (O-acetyl)
[Pounds 0,57.25 H,7.7. Cg Hs30sBr, requires: C,57.03
H,7.3%].

Elution with benzene-ather (900 ml., 6313 500 ml.,

1l:1l) gave & yellow gunm (700 ng.) which erystalliced frem
acetone=water to give 39,7ﬁ-diacet0§y-22,23-dibromoargoa -
«9(11)-on-8B-01 as stout blades, m.p. 210-.212°, [a]D - 29°
(cs1.8); Qmazozozo Z. (¢ = 7,700), infrared sbsorption at
3597 cme™ (alecholic hydroxyl), 1733 cm.'l. 1724 cm.~
1262 om.™ ond 1240 em.” (O-acetyl). [Found: C,57.13
Hy7o7e CzgHgg0;Br, requires: ¢,57.03 H,7.5%].

The Proparation of 3,7,11-Trioxoergoste-8,22-dieng
from 3f,7a,1lc-Triscetoxy=-22,23-dibromoerpost-8-cna. -

A solution of the didbromotriacetate (300 mg.) in ether-
ethanol (100 ml.) was refluxed for 4 hr. with activated
ginc dust (2 g.). Working up through ether in the usuel
manmmer and evaporation of the solvent gave the correspond.
ing triscetate as 2 whito sclid (250 mz.).

Lithium sluminium hydrids (200 ng.) waa added to a

solution of the triacetate (250 mge) in dry ether (60 ml.)



and the resultant mixzturs was allowzsd to stand for
- 10 min.-at-roam-temperature~bef6r@ being boiled undexr
reflux for 20 min. The excess of lithium aluminium
hydride was destroyed by the addition of ice~water and
the rerultant mixture was extracted with ether (3 x 100
nl.)e The ethercsl solution was washed with dilute
hydrochlorio ecid, saturated sodium bicarbonate solution
and water and dried (H¥s,50,). Evaporation of the sclvent
gave the triol (180 mg.) as a white crystalline solid,

A slurry of chromium trioxide (500 mg.) in pyridine
(6 ml.) was added to & esuspension of the triol (180 mg.)
in pyridine (2 ml.) and the mixture was kept at rocm
tempersture for 16 hr., with occasional azitation. The
product wase procipitated with water, extracted with ether,
washed with 2% aqueous scdium hydroxide, diluts hydro-
chloric aclid, saturated sodium bicarbenate solution, and
dried (Hagsoh). | E?aporation of the solution gave a .
yellow solid (150'mg.) which erystallised from methanol

to yield 3,7,11-trioxoergoata-8.22gg;g§g as fine neoedles,
m.pe175-178%, [clp + 61° (g,1.3)8Q pap 2670 A-(€ = 7600);
infrared absorpticn at 1718 en. =t (6-ring carbonyl),

1675 cm.~ (ene-dione). [Found: €,76.65 Hy94. CgaHyolg«
CH, 02 requiress C,76.3; H,9.7%]. '
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38,78511a-Triatetoxy-22,23-dibromoergost-8-ene

Sﬂ,?B,llq-Triacetozxergoatg-B?zzqg;ggg.'- A aqlqtion
of the dibromotriacetate (104 mg.)in gthahdli(?O mi.) vas' -
refluxed for 3 hr with acfivatad gine dust (1 g.). The
product was worked up through ether in the normal manner.
The dried ethereal sclution was concgpfrated and the
product crystallised from ether-methanol to give 38,78 ,116 =~
triacetoxyergost-8,22-diene anm priathio needlee, m.p.-
123-125°, (softening at 110-114°), [q]n + 5° (g,1.8), 2!!131.
2080 4. (€ =‘10,500); infrared absorption at 1733 cm.’i
and 1250-1225 cm.” . [Found: C,72.35; H,9.55. CgqHgs0g 04
(CHy OH) requires:s C,72.35; H,9.5%].

Hydrolysis of 38,78, 11a—Triacetoﬁcxergost_-8 s22-diene
Followed by Oxidation. - Lithium aluminium hydride (180 mg)

was added to a solution of the triacotoxyergostadiene

(200 mg'.) in ether and the sﬁspenaion was kept for 20 min.

at room temperature and then boiled under reflux for 30 min.
The product wac worked up through ether in the normal
manner to give a white solid (120 mg.), crystallisation

of which from methanol gave the impure triol, m.p. 178-185°g
oy, 2090 & (€ = 5,300), 2520 & (€ = 1600).

A fraction of the white molid (80 ng.) in pyridine
(0.8 ml.), was mixed intimately with a slurry of chromium

trioxide (300 mg.) in pyridine (3 ml.), emd the mixturas



wage kept at room temperature for 18 hr. The product

wac worked up through ether as befors to give a yellow
.sqiid (GOVmQQ)'Which ciygtéilisad frbm écétohe;meth&hoi

to yield 3,7,11-trio;oergosta-8,22f&1en3 ag yellow platée,
m.p. 175-178%, [a]; + 63.5° (g,1.4); Xmaxozsso L (€=
8,000); 1identical (mixed Mep., 1nfra£ed absarption),

with the trione'defivad from 3fy7e,1la-triacotoxyergosta-g 22
-diene (p.l22).

;Reacetylétion of 3B,7B,1la-Trihydroxyergoets-8,22+«
giggg, - A solution of 36,VBglld;t??hydrogyergosta-S,22~
diene in pyridine (2 ml.) and acetic anhydride (2 ml.) was
kept for 26 hr. gt room temperature. The acetylated
product was worked up through etheriin the nérmal marner
to yield a clear gum (480 mg.)Q which was diasqlied in
light petroleum.(z ml.) a2nd adsorbed on & column of
alumina (16 g.). Light petroloum-benzene mixtures cluted
asveral fractions (400 mg.) having nelting ranges 100-110°
and 170-180°, d.., 2030 &. (¢ = 6,000), 2540 & (¢-1220);
infrared absorption at 1733 cm.™ , 1247 cm.” (C-acetyl)
and a weak band 1667»cm.'1 (aB~unsaturated ketone)gs
there wao no ébacrption corregponding teo tha'preeenba.of &
hydroxyl group. Fractional reerystallisation of this
nmaterial (50 mg.) yieldesd the original triacetoxyergésﬁap

diene as blades, identicel (m.p., mixedé m.p., and infrared

abesorption) with an authentic specimen.



Treatment of 38,7R,33a-Triacetoxy-22,23-dibromo-
ergoat-8-ene with Acetic Acid on Alumina. - A solution of
the dibromo-triacetate (140 mg.) in benzene (2 ml.) and

acetic acid (2 ml.) was adsorbed on a column of alumina

(6 g.) and allowed to stand for 48 hr, Elution with
benzene yielded a fraction (135 mg.) which recrystallised
from methanol in needles, identical (m.p., mixed m.p., 2nd
infrared absorption) with starting material.

Oydrolyeis of 38,78,lla-Triacaetoxy-22,23-dibromoergoat-
-B-cne. - (&) A colution of the didbromotriacetate (280 rg. )

in methanolic sodium hydroxide (2%; 100 ml.) waes boiled

under reflux for 3 hr. The producf was precipitated by the
addition of water and worked up through ether in the normal
manner. Evaporation of the ether yileclded a white solid
(220 mg.) d_,, 2060 X. (€ = 8820), 2500 1 (€ = 883);
infrared abgorption at 3448-3279 om. =" (aleccholice hydroxyl).
This material could not be purified by recrystallisation.
(b) A solution of the dibromotriacetate (80 mg.) in

aqueous mothanolie hydrochloric acid (5%3 50 ml.) was
refluxed for 1 hr. The solution was concentrated and the
product was precipitated by the addition of water. Working
up through ether in the usual way and evaporation of the
dried solvent yielded a yellowish solid (50 mg.), mepe
182-188°, { |

max, 2010 A. (€ = 7830). A solution of the

yellow solid (40 rg.) in pyridins (1.5 nl.) and acotic



anhydride (1.5 ml.) was kept overnight at room temperatura.
The ocetylated product,isolated by moans of ether, was
obtained es a yellow-white solid (46 mg.), cryétallicéticn
of which from chloroform-methzmol gave 7-0X0-22,23-
ﬁibromoergoat—&-snﬁaﬁayl acetate as blades, m.p. 231-234'
2530 A. (€ = 8760), 1dentica1 (Depey FixXed mope aa&

[
infrarcd absorpticn) with an cuthentic specimen.

)

30, 7u,11f~-Iriacetoxy~-22, 23-d1bronoergest-8(14)=-gnsa.

3p,7a,11p-Triacetoxyarsontr-8(14) ,22-41ene. = A

colution of the dibremotrimcetate (770 mg,) in ethanol
(100 ml.) was refluxed. for 3 hr. with ectivated zine dusﬁo
The produast wae worked up through ether in the normal |
manaer. Evaporation of the etharszal colution and

crystallisation of the residue from costcac-water gava

38,Ta;113~trdncatorvaypeate-B{iy) , Re~1isns &5 Large plsdes,
' o
mepe 90-92°, [aly ~ 17° (g.2.1)5 d .. 2100 X.(¢ = 9,500);

) s
. infrared absorption et 1739 cm.” and 1250-1225 oml

(O-acetyl). {Pound: 0,7251; Hy9.65. Cual500; 4 0 vequires:
¢,72.23 H,9.45%].

28,72 ,118~Triivdroxyergosta-8(14) ,22-d4ene. - The

triacetoxy-diene (140 ng:) ixn dry ether (75 ml.) was
treated with 1ithivm aluminiun hydrids (100 ng.) in the

usual wéy; The produet, ;aolateﬁ.by mzans of ethoer,
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crystallised from zcetone-other as light plates, m.p.
175-187°. - Two further crystallisations of this material
from acetone furnished 38,7t,11f-trihydroxyerzoata-8(14),22-
diene as fine needlea, m.p. 161-165°, [a]D + 35° (¢,0.7,
pyridine); Qmaxizmo A. (€= 11,400); infrared abéorption
at 3226 em.” (alcoholic hydroxyl). [Founds C,78.13 H,11.0.
CeoHee 03 requiress C,78.13 H,10.87,

3¢7,11=-Trioxoexrgosta~8,22-4iene. - A slurry of
chroniun trioxide (90 mz.) in pyridine (1 ml.) was added
to a solution of the triol(90 mg.) in pyridine (1 ml.) ard

the mixture was allowed to stand for 18 hr at room
temperature. The product was worked up through ether in
the normal manner to give a yellow frothy solid {70 mg.)
d pay. 2680 & (€ = 8,000), which was dissolved in benszene,
adeorbed on a short column of alumina, snd eluted with
ethoer. Crystallisation of the product from methanol
yilelded 3,7,11-trioxoergosta~-8,22~dicne as felted needles,
m.p. 176-178°, [aly + 65° (g,1.0)3 d, .. 2690 K. (€:8,000);
identical (m.p., mixed m.p. and infrared ebsorption) with em

authentic specinsn,

Treatment of 3f,7x,11f-Trigcatoxy-22,23-dibromoergont-
~8(14)-ene with Chromivm Trioxide in Byridins. - A solution

of the dibromotriacectate (85 mg.) in pyridine (0.85 ml.) wag
rized intimately with e slurry of chromium trioxide (100 mz.)

in pyridine (100 ml.) &nd the reaction mixture was left for



20 hr., at room temperature. Working up through ether in
the normal way gave & frothy gun (72 ng.) which cryotalliscd
from mothanol to give unchanged dibromotriscotata, ee
necedles, m.p. 148-152°, idontiecal (m.p;, mired m.p., ard

with
infrared abaorption),ibn suthentic apecimon.

'SB,Va-Diacetoxy-l%ﬁ-@rgeafa—S,Bz-g;ggrllqggg. -
A solution of 38,7c,118-trihydroxycrgosta-8(14),22-diona
(150 mg.) in pyridine (11lml.), end ecetic anhydride (11 ml.)
was kept for 12 hr. at room tomperaturev. The produst wao

izolatcd in the uzuzal way to gilve Ef,7e-~-Alagstoxvorzoste

-8(14),22-31en=-118-01 as a8 whits ewrystalline 00lid (360 m3.)
m.p. 151-161°; ¢ 2060 A (¢ = £830), inflexion st 2400-
2700 A. (€ = 1,000);3 Ainfrarsd sheorpticn at 3420 cm.”
(hydroxyl), 1?33 cmo“xg 1766 cmo"i. 1255 cm°°a and 1248 zﬂﬁ&
(O-zeotyl). | '

| A slurry of chromium triozide (290 mg.) in pyridirne
(2.9 ml,) wap added to o golution of the tricl-diacetate
(150 mg.) in pyridice (1.5 ml.) aud the mizturs was left
for 24 hr. at room tempersture. The product was precipi-
tated by the addition of wator and oxtraciecd with ether,
The extract was wasghed with sodium hydroxide soluticz (&%),
dilute hydrochloriec acid, paturated sodium bicarbonate
solution, and dricd (Ha,;S80;). Thoe colution was évapqrateﬁ

to drynens under reduced pressure at room temperature to

give a gun (130 mg.) which exystellieed from cold methenol



a8 stout blades, m.p. 143-163°. {2120 4. (€ = 4,860),
2430 A. (€= 6,120), 2960 4. (€ = 4,100). A soluticn of
this material (110 mg.) in 1ight potroleun-benzona (3:lj
8 ml.) was chromatogrpphed ca a column of slumina (6 g.)?
Elution with 1ight petroleum-banzens (2:13 100 ul.)
yielded a fraction which crystallised from aceione-mzthanol
to yield ll-oxoergonta«8,14,22-{iriecn-33-y1 acetaf@ as
flat yellow blades (7 mg.), m.p. 135-141°, [a]D + 5,40
(000.7)s 4oz 2110 A, (€= 7820) 2960 A. (€ = 7920).
Shortage of material preventcd further purificatica a2nd
characterisation of this compound.
A furthsr freoticn (14 mg.) was eluted with purs
ether and erysiallised from mathenol to givo 38,7a-dilassioxny

-14p-crgoota-8,22-0ien-11-0ne as needles, m.p. 186-183°,

[uz]D + 77° (¢,0.6). Recrystallication from mothanol gave
necdles, Nop. 186~188°; [m}D + 7?.5“(&,0.9)% ? 3%40 4.
(€ = 8020); infrarsd absorpticn at 1739 ecm. ' and 1239 enm. =
(ccetato), 1677 ‘cm, ™ (eB-uneaturated kotons). [Pouna:
Co74.73 He8.9, Gg,H;50; Toquires: C,74.953 H,9.4%].

These were the only two cryctallime fractioms
obtairad although careful elution ramov@d all the naterldl
(102 mg.) which was adsorbed on tha column.

The Iehaviour of 33,7&,llﬁmTriacatoxv-zz.23é61brqm@~

orgost-8(14)-gne under Dohydration Ocnditions. - A solutica
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of the dibromotriscetateo (29 mg.) in acetic anhydride

(10 ml.) was refluxed for 1 hr. and 12ft overnight,

The product was precipitated by the addition of water aml
worked up through ether in the usuval parner. Crystalliecs-
tion from ether-methanol yielded 22,23~dibromosrgosta-
-7,9(11),14~trien-5ﬁ-y1 ccotate in clusters of sm=ll
needlas, m.po 197-199°: { ___ 2270 i. (€ = 11,730),

2340 A 211,030), 2680 4. (€ = 10,090).

Hydrolvaip of 3B,7¢,11p=-Triscetoxyv-22,23-dibrono-

ergont-8(14)-one. - (a) A zolution of the dibromotriace-
tate (140 mg.) in aqueous methanolic hydrochloric acid
(543 21 ml.) wan refluzed for )} hr, sllowed to cool and
poured into water. The product was isolatod uaing ether
as g greenish-white solid (103 ng.), Qmax.zzao 3. (€ =
8830), 2360 A. (¢ = 8280), 2630 A. (¢=8130), 3150 A.
(€ = 1600). | |

A solution of thirp material in pyridine (2 ml.) and
acotic anhydride (2 ml.) was allowed to ctand at rogm
temperature covernight. The erystalline product which
precipitated was romoved by filtration, washed with
dilute hydvochloriec seld and water and roerystialliscd
from ecetons to give 22,25~dibromoergosta~?,9(11),ié-
trien-3f-yl acetato as naedles (98 mg.), m.p. 205-203°,

o © o
doax 2280 L. (€ = 11,100), 2350 A. (¢ = 10,200), 2690 2.



(€ = 6860); the m.p« was undepressed on admixture with
‘en authentic speetdan.
(b) A solution of the dibremotriccetate in aquecus
methanolic sodium hydroxide (2%) was boiled under
reflur for 1 hr. The solution was concentrated and
the product, precipitated by the addition cfwater; was
extracted with ether and isolated in the usual manner
a8 a whito colid, d__. 2080 i (€9730), inflexion
2500 3. (€ = 1,000). Cryctallisation from acetone-
methanol gave an impure white material, m.p. 203-208¢,
d 4. 2120 A. (& = 9570); Anfrared absorption at 3533
em.™ (alcoholic hydroxyl), 1708 cm,™ and 1269 em.™
{O=acetyl).

Treatment of 30,7z,11P-Triacotoxy-22,23-d1bromosraost-

8(14)-ene with Acetic Acid on Aluamina. - Glacial scetie

acid (2 ml.) was added to a colution of the dibronc-
triacatate (150 mg.) in light petroleum-beasene (83:ly

6 ml.) and the mixture was adsorbed on s column of
alumine (8 g.) and allowed to stend for 3 days. Elution
with benzene (100 ml.) yielded a fracticn (150 mg.)
which orystallised from acetone-water as fine needles,
m.p. 148-152°%, identical (m.p., mized m.p. and infrared
absorption) with the starting material.
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3B ,78-Diacetoxy-22,23-dibronoersost-9(11)-en-8f~0l .

38,78=Diacetoxysrgoata-9(11),22-dien-8p~0l. - A
solution of the dibromotriol-diacetats (80 mg.) in
ether-ethanol (40 ml.) was refluxed for 3 hr. with

activated zinc dust (3 g.). The Boiution‘was filtered
and the product, precipitated with water, was cxtracted
with ether. The extract was washed with dilute hydro-
chloric acid, saturated sodiun bicerbenate soluticn end
water. The dried solution wae evaporated and the

residuc crystallised from ascotcne-water as long noedlsd,
m.p. 153-167°, [a], - 28° (g,1.2). Further rocryotallic-
ation from acetone-water ylelded 38,73-dlacetoxyersoste-~
9(11),22»&1@5»3ﬁ«§i a3 blades, n.p. 16l=163°, [G]D - 4}°
(é,O.Q); zmax,2040 A. (€ = 4500)3 infrared absorption

at 3636 cmo‘i,(hydroxyl), 1733 cm."i, 1718 cm."a, 1261 cmfi
1239 cn.” (O-acotyl). [Found: €,74.70; H,10.0. CggH;o0;
requires: C,74.65; H,9.8%].

Attenpted fcetylation of 38, 7P=Dl2cetoxy=22 ,23~d1brono-

ergost-9(11 J-en-88~-ol. - A colution of the dibromotriol-
-diacetate (40 mg.) in acetic anhydride (2 ml.) and
pyridine (2 ml.) wac meintained for 1 hr. at 100°. The
acetylated product was worked up through ether in ths
ucual way end ecrystallised from acetone-watesr to-give

unchanged otarting nmaterial, (m.p., mixad m.p. and



infrared aboorption).

Acld Hydrolymis of 3B,7P-Diacetoxy-22,23-dibrome-

ergost-9(11)-en-8-0l. = A solution of the dibromotriol-
diacetate (40 mg.) in aqueous methanolic hydrochlofie

acid (59, 21 ml.) was refluxed for 1 hr. The solution
“was concentrated, the product was precipitated with water;
and worked up through ether in ths normal manner,
Crystallisation from ethor-methanol yielded an amorphous
solid, { . 2550 A. (€ = 7,200) and a second crop of
micro-crystalline needles, m.p. 191;206°, d 2520 2.
(¢ = 9,000).

LI8Xe

The needles (11 mg.) were acetylated in acetic anhyd-
ride-pyridine at 100° for 2 hr. and cryptezllised fron
chloroform~mathanol to yicld 7-0x0-22,23-A1ibromoergogteS—

en-3B-yl1 acetate as plates, m.p. 232-233°, me°2530 3, (¢s=
8,000); infrared sbsorption at 1748 cm.,"1 and 1237 cmfZ'a
(0-acetyl), 1666 cm.~ and 1592 cm.~ (unconjugated
carbonyl); idsntical (m.p. mixed m.p. and infrared
absorption) with an authentic specimen.

Pagic Hydrolysin of 36,VB-Diacetaxm-az,23~dibr0mo-
ergoaf—Q(ll)gggyeﬁfg;¢ ~ The didromotriol-diacetate
(73 mgs) was refluxed for 1 hr. with aqueoue methanolic
godium hydroxide (2%). The product was worked up

through other in ths usual way, and crystallised fron



acetone-mcthanol to give 38,74,8P~trihydroxy-22,23
-dibromoergost—Q(ll)-ene as plauea, mepe 201-204°, [&'.]D
- 51° (2,1.9, yridine)a 2 2030 i. (€ = ,,850);
infrarsed abacrption at 3300 cm.” (hy@rozyl). [Pounds
C,66.25 Ho8.4. OpgH,q05Brs.Cl;0H requires: C,56.03
H,8.1%].

Reacatylaticn of the triol (18 mz.) ia acetie
enhydride and pyridine at roonm temperatufé for 16 ﬁr.
regeacrated the original dibromotriocl-diacetats
@ep., mixcd n.p. and infrarod aboorption)

The Atternted Dehvdration of 3I3,7f-Diccotoxv—22,20=-

-Gibromosrzont-9(11)-gn-88-0l. -~ (a) Thionyl chlcride

(0.1 ml.) was added to a solution of the dibromotriol-
diccotate (40 rz.) in pyridine (1 ml.) and the soluticn
wag allowed tc £tand for 2 hr. a2t rconm te—peratuL“o fho
dark brown solution was poured into water, extractcd with
ethor and workaed up in the uﬁual way. Evaporatien of
the dzxied (¥ay,S0,) solution yielded a2 clear gun, which
was triturated with methanol to give 2 vhite erystalline
20144 (23 pz.); m.p. 203-208°; {___ 2050 K. (¢ = 2620);
2420 A. (¢ = 1730).
{(b) Phesphorue oxychloride (6 ml.) wano added to a
solutiocn of the diﬁromotriol»diacetate (210 ng.) in

pyridine (20 ml.) and the resultins seclution wes maintainsa



for 2§ hr. at 100°. After the careful addition of
water the product wae worked up through othor in the
normal manner. Evaporation of the ethef gave a yellow
gum (170 mg.); 4 . 2060 A. (€ = 4500), 2220 R. (€ =
3,000), 2460 X. (€ = 1800), which could not be crystall-
ised.

(¢) The dibromotriol-dinccatate (40 mg.) in pyridine

(1 m1.) and acetic anhydride (20 ml.) was boiled under
refluxz for 40 min. The solution wao concentrated,
diluted with water and, aftor 1 hr., the preduct was
extracted with ether. Evaporation of the ether.yielded
a clear gum (20 mg.) which crystallised from acatone-
water as fine bladoes, m.p. 211-212°§ identical (m.p.,
mixed m.p.) with starting material.

(d) Alkeline hydrolysis ofvthe dibromo%éibladiacetate
(80 mg.) yielded 88,78 ,8P~-trihydroxy-22,23~-d1bromo~
ergost-N1l) ences a white solid (70 mg.)» A aolutip’an of
this materisl in pyridine was troated with phoepﬁ;rﬁﬂ
oxychloride (2.2 ml.) end the resulting yellow solution
wes heated for 1 hr. at iOO“,and then ailowea to sztand
ovarnight. Vater was addad cérafully and the product
was worked up through ethor in the usual way. Evapore-
tion of the ¢tker ylolded a yollow solié._ (28 mg.)' Rma::,
2320 A. (& = 11,750) with inflexion et 2800-2900 4.



(€ = 4,450); cf. ergoota~6,8(14),9(11),22-tetraen-3p=-y1
4568 © -
acetate, Rm.zslo A. (¢ = 18,150), 2800 A. (& = 6030).

Treatment of 3f,7f=-Diacetoxy-22,23~dibromoergogt-

-9(1l1)-en-8f~0) with the Chronium Trioxide-Pyridine

Complex., ~ A slurry of chromiun trioxide (80 ng. )

in pyridine (0.8 ml.) was added to a zolution of the
dibromotriol-diacetate (53 mg.) in pyridine (0.5 ml.)
end the reaction mixturs wae allowed to stand for 16 hr.
at room temperaturc. The preduct was precipitated by
the addition of water and worked up through ether in
the usual manner. Evaporation of the ether yielded e
whito so0lid (48 mg.), which crystallised from msthanol
ag bladere, m.p. 211=~R12°, ideatical {(m.p., mixed m.p.
and infrared absorption) with starting material.
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