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The Lirst part of ithis thesis describss the
preparation of 3B-hydroxy-1L,20-diox0o-ba-~pregnan-iEe-
ylimalonie acid, by the Wichael addition of dlethyl sodio
malonate to IP-acetony-He-pregu-lé-ene-ll 20=dicne, in
the presence of an excess of dliethyl malonate, and briex
alkaline hydrolysis of the product. When the reactlion
wag carvied out with approximately equal molegulaw
quamtitiéa of scdium and diethyl malonate the producth
was JB-hydroxy-160,24=cyclo-2l-norcholans11,20,23~trlone

The Michael reaction between 3PB=2Cetoxy=D0-piregi=-
16-ene-11l,20=dione and diethyl sodliomethylmalonate
gave, after hydvolysis, a mixture of lhe deslirved acld
and a cyclonorcholanirione, but cariying out the
veaction with dimethyl sodiomethylmalonate and
chrroma tography of the product gave pure dimethyl
( 3B-hydroxy-1L, 20-3ioxo-Ba-pregnon-L6a-yl )-methylmnal ona’

It has not been found posgible (o prepare a
1To=hydroxy=l6=dicarbomethoxymethyl compound or to

carTy out & Michael reaction belween IP-acetoxypregna~

10, l6=dlen=20-on¢ oxime snd diethyl sodliomalonate,
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The second peart of the work Lls mainly concernsd
wilih the phobochemical oxygenatilon of three sieroidal
enol acetates and the identification of the products.

Photo-oxygenation of J-acetoxyergosnta=35,5,7,28-
tetraene gave J-aceitoxyergoate-3,5,7,9(11),28-pentasene,
B—poetoxy=5c,8u—epldioxyergosta—~B8,06,22~-triene and
Sepnetoxy-DE ,14% ~dihydroxyergosta-3,8(9),28-trien~
T-0ne. Cnn treatment with slkali, the epidioxide
vnderwent saponfication accompanied by a novel re-
arrangement to give 4-hydroxyergosta-4,6,8(14) ,22-
tetraen=3=0na. Treatment of the epidioxide with
godium borohydride gove, depending on the solvent used,
various compoundg which were not identified, snd
catalytic hydrogenation gave & mlxture of dlols eor txiol
which could not be separated to glve auny pure compound.
Chronlum trloxide=pyridine oxidation of ergosterol
peroxide gave Hi,de-epldlioxyergosta—6,228-dlien-d=one,
which on alkall treaitment gave 4=bydroxyergosto-=
4,6,8{14),28-tetragn-3-one. Alkali treatment of
F-aceboxy=5% ,14% —dlhydroxyergesta=3,8(9),22-trien~
P-one gave T,14% mﬁihy&r@xyergosﬁamégsge(9)gﬁzmt@tré@m~

=00




Aerial oxidation 0f ergosta-4,6,22-trien-3=one in
alkaline medlium did not give the expected 4-=hydroxy-
ergosta=t,6,8(14),22-tatraen-3=-0ne, but the 4-hydroxy-
4,6, RB=trlien=5=003. Brgosta~4,6,8{(14),28-tetraen-3-0na,
under the same conditions, gave 4=hydroxyergosia-
4,6,8(9),14 22-pentacn=3=0n6.

Photo-oxygenation of J-~acetoxyergosta=3,5,7,9{(11),2¢
pentoens gave 3-20@T0Xy-HU,8u-epldioryergogta~3,6,9{(11),
2R-tetraone ag the sole ¢rystalline product. Treatment
of this epidioxide with alksli yielded 4=hydvroxyevrgosto-
4.6,8(14),9011) ,28-pentaen-3-one. F-Acetoxylumista-
%.,5,7,9(11),28-pentaene was the only crystalline
materisl obbained by vhoto-oxygenation of 3=acetoxXy-
lumiagte~3,5,7,28=tetrasne,

Ixamination of the mother liguors Trom the
crystallisatlion of ergosteryl acetate pervoxide has
revealed that 3ﬁmacetoxy@rgoataw598(9§gzzetrienmvmane
is produced as a by=product during the photo~oxygenation

of evgosteryl acetate, but nmo dehydroergosteryl acetats
9 ¥

was abtalined.
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The first pert of this thesis describes the
proparation of 3P-hydroxy-1),20-4iox0-ba~preguan-216w--
yimalonic acid, by the Michael addition of diethyl sodio-
malonate to 3P-acetoxy-da-pregn=16-ene-1L,20=dione, in
the pr@sam@é of an excess of diethyl malonate, and bdbrief
alkaline hydrolysis of the product. When the reactlon
was carried oult with approximately egqual molecular
quantities of sodium and diethyl malonate the product
wag 3P-hydroxy-16a,24=cyclo=l-norcholan-11,20,23-trione.

wh@ Michael resction beitween 3$ma@@toxym5mmprégmm
16-ene=1l1l,20=-dione and diethyl sodiomethylmalonate
gave, alter hydrolysis, a mixture of 1lhe desired acld
and a cyclonorcholantrione, but carvying out the
éeac%ion with dimethyl sodiomethylmelonate and
chromatography of the produst geve pure dimethyl
(3ﬁwhydr@xymllg20mdioxomﬁmmpregmanwlﬁmwyl)mm@%hylmalana%&;

It has not been found possible do preparve a
17a-=-hydroxy-16-dicarbomethoxynethyl compound oxr *to
carry out a Michael reaction between 3f-acetoxypregna~=

Dplb-dion=20-one oxime and diethyl sodiomalonate.



(14)

The secomd paxt of the work is mainly concerned
with the photochemical oxygenatlon of three steroidal
enol acetbtates end the identification of the products.

Photo-oxygenation of J-acetoxyergosta«3,5,7,22-
tetraene gave J-acetoxyergoste-%,5,7,9(11),22-pentaene,
B-acetoxy-5e,8u-epidioxyergosta«~3,6,22-triene and
B-acetoxy=568 ,14% <dihydroxyergosta=5,8(9),22«trien~
T=0One. On treatment with alkali, the epidioxide
wnderwent saponficetion sccompanied by a novel re-
arrangenent to give 4-hydroxyergosto~4,6,8(14),22-

e lraene3-0Ne. Treatment of the epidioxide with
sodium borohydride gave, depending on the golvent used,
varlous compounds which were not identified, and
catalytic hydrogeunation gave a mixture of dlols or triols,
which could not be separated to give any pure compound,
Chromium trloxlde=pyridine oxidation of ergosterol
peroxide gave 5S¢, 8c-epidioxyergoste=06,R2=Alen-3=0ne,
which Oﬁ alkall treatment gave 4-hydroxyergosta-
49698(14);22mteﬁraenm3mam@u Alkali trestment of
Fepcotoxy=0% ,14% —dibhydroxyergosta=3,8(9),22-trien=
7-one gave 7,14% —dihydroxyergosta—4,6,8(9),22-tetraen=

S==0NE o
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Aerial oxiddation of ergosita—4,6,22-trien~3=0one in
alkaline medium did not give the expected 4=hydroxy-
ergonta-4,6,8(14),28-tatracn-3-ona, but the 4-hydroxy-
4,6,22-trien-3-0ne. Ergosta-4,6,8(14),22-tetraen-3-0ne,
undery the same conditiona, gave 4-hydroxyergosta- '
4,6,8(9),14 ,22=-pentaen=3-one.

Photo-oxygenation of 3-scetoxyergosta-3,5,7,9(11),28-
pentaene gave 3-acetoxy-du,8u-epldioxyergosta-5,6,9(11),
22-tetraene as the sole crystalline products Treatment
of this epidioxide with alkali ylelded 4-hydroxyergosta.
4,6,8(14),9(11),28-pentaen-3-0n8. d=Acetoxylumlagta-
5,5,7,9(11),22-pentacne was the only crysislline
material obtained by photo-oxygenation of J-acetoxny-
lunista~3,6,7,22-tetrasne.

Examination of the mother liguors from the
erystallisation of ergosteryl acetate peroxide has
revealed that SBma@@toxyergoatamﬂva(9)922wtrienm7mone
is produced as a by-=product during the photo-oxygenatlon
of ergosteryl acetate, but no dehydrosrgosteryl acetate

was obbtained.
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Intvroduetion.

The ability of a wide varxiety of nucleophilic
reagents £ add to the double bond of N 26-20-ketosteroids
ig well known. In investigating the use of the steroid
@apogenin'botogenin (1) a8 a starting material in the
synthesis of cortisone intermediates, Markerﬂ found +hat
treatment of the oxiﬁatioQ product (IL) of the dilacetate
oi pseudobotogenin with methanolic potagsium hydroxide gave
a product which he thought to be 3f,l7-dihydroxypregnese

eng=-12,20-d1ione {IIX).
~ CHa
"“W“- *“ 0o (=0

CHy
‘“ /Jifizj *r() 8w{(uL“)aw«ﬁ£
j\v’ [f\ﬁe e CHAOAg
[
HO g AgQ®

CFis

P2 (1)
Cea)
AN O

]

T

HOQZ;/’

(111)
This compound was, however, shown b0 be the product of

-,

8 bhase eameiysed addition of methanol to the aB-uvnssturated-

20=ketosterold, by Fukushlima and-Gallagherg who obtained
3p=-hydroxy-lba~me thoxypregn-5-en-20-one (V), by refluxing

3B-acetorypregna=b,L6-dicn-20-006 (iV, B = Aec) with



b

methanolic potassium hydroxilde.

GH,

NN

|

-RD““w/lmm/

(1v)

The lé-=methoxy group was agsumed to have the o-
conflguration as the veagent probably attacks the less
hindered e=face of The molecule sund this was confirmed by
rotation dataem

The weaction was then seen as a convenlent method of
syntheslisglng léa=hydroxysteroids. Hizg chmann ¢t @gé
prepared 3B-acetoxy-lEu-benzyloxypregi-S-e¢n-20=-cne (VI)
by reaction of 3f-hydroxypregna-H,i6-dien-20-one (IV, R = H)
and benzyl alecohol, then by successive reductlons with
1ithium aluminium hydride and with sodium and alcohol
obtained a mixture of 20=eplmeric 3B;L6¢,20=trihydroxy-

gterolds (VII).

ye= () HCwaaQ

3] faa \ 200
@/‘ e QOHRCalle ‘1’) j QH
rfj? ,/L””“ (/“4%/ P

A0S~ Ho® /L%u

(7)) (VvIT)
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In a similar fashion, /\*%-20=ketosterolds will
réact with thiols to give 1lé-alkylthio derivatives. For
instance, 3f-acetoxypregna-b,lé-dlen~20-one (IV, R = Ac)
when refluxed with benszyl mercaptan and pipewldine in
bhenzene gives 3f-acetoxy-l6u-benzylthiopregn-b-en-20-0ne (Xi)f
?Ha
Sz}

(\‘"ﬁ'/‘ s §CHzColin

(\gﬁ/ o
A& .{f’ tg \Z\lj
Mg >

(1) (X11)

Reaction will also take place with nitroparaffing

7

wnder appropriate conditions, so that in thls case,
3p-acetorypregna«~s,l6-dien-20~one (IV, R = Ac) dissolved

in nitromethane and piperi@ine and kept at room temperature
for five days gives 3P-acetoxy-léa-nltronethylpregn-o-gn-

20-cne {(XII),

The possibility that deprivatives of pr@gestercne-
containing carboxyl or methoxycarbonyl functions might have
vaeful bilological provexriles prompted Eladena to investlgate
an extension of this type of reacilon, He found that
Michael reaction of SBmace%oﬁypfegnamﬁglﬁmdienmzﬂmone

{(IV, B = Ac) and sodiomalonic eater gave, after brief



5

hydrolysis with aqueous alkall and acid trzatment, the
expected 3P-hydroxy-20-oxopregn-S-en-~16e-ylmalonic acid
(XI11). Prolonged hydrolysls, however, resulted in poor
yields of the acid, due to (a) The splitting of the acid
into hydrolysed starting materialse and (b) further changes
to an amorphous product, which was Formulated ss (XIV),
?Hgﬁ

'an-l

\Jﬁﬂ/[x\ " CH ( GQOH) a

(¥111) (x1V)

It has almo been reportedﬁ that on heating a methanolic
sclution of the ke tone (IV, R = H} under reflux with sodium
eyanide, there was smooth addition of hydrocyvanic acid to
give & good yield of the Bu-cyano derivative {(XV, R = Hj
RO = Gﬁ) which on vigorous alkaline hydrolyslis gave 38

hydroxysléu—carboxypregn-5S-—en-20-one {(XVI).

?Ha qHﬁ
mo l.-.a-

jony ‘T/
(r\ff? - fﬁf’ o
RO WM

(V) (X§1)



Mazur aad Cellagg later suggested, on the basis of
molecular rdta%ion messurements, that inversion of
coufigunration takes place under the strong alkaline
hydrolysls @énditionﬁ and that the acid obitalned is 3=
hydroxymiﬁﬁwearhoxyml?&»pregnmﬁmanmEOmaneo This theory
hag recently receilved support Lirom Crabbé and Rmmogii who
¢leim to have prepared other Léf-pubstltuted l7a-progester
ones, but the position is still not clear.

Mazur and Cella also carried out Michael reactions
bhetween Sﬁéace%oxypr@gnamSQ16m§i@mm20mone (IV, R = Ac)
and ethyl cyanocacetate, malononitrile, ethyl malonate,
@ﬁhyl acetoacetate and acetyla@@ton@aze Using ethanol
as golvent and gagéu% ethoxide as base, the adducts

atg

XV, R = Hy R'=CHCY and XV, R = Hy R' = CH(CN), were
obtained with ethyl eyemocacetats and malononitrile
reapectively. The second wnethod used excess addend as
solvent and preformed sodium enclate of the addend as base.
The latter procedure ylelded addends XV, R = Acs

| | {;&oggﬁ& |
R ° = CH(CO0C,H;)p, XV, R = Aoy R® = CGHOOCH, and
XV, B = Acy R%CH(CCCH ), with ethyl malonate, ethyl

acatoncetate, and acetyl acetons respectively.



The Michael reaction of 3B=LcoLoXy=DN-nTegn-lb-eng-=L] 2=

dione and maloniec ester derivatives.

As an extension to the work carried out by Blaﬁang on
the Michael reaction of 3fsacetoxypregna-S,16-dien-20=one
(IV, R = A¢) and sodiomalonic ester, the analogous reaction
between 3B-scetoxy-DHi-pregn-lé-ecne-11l,20-dione (XV¥II) and
malonic ester derivatives has been iavestigated,

Uging approximately the same experimental conditions
a8 employed by Bladon in the preparation of the 16¢-
dicarbdxym@thyl derivative of BﬁmaaﬁﬁaxyprégnawSglemdienw

20-0ne {(IV, R = Ac), it was found that the course of the
Micheel veaction between 3R-acetoxy-Bu-pregnsIl6-ene=~1i ,20-
dione {AVIIL) and sodiomalonic ester was dependent to some
extent on the wrelative Qon@entrationa of aodium and ethyl
malonate present in the reaction mixture. Reactlon hetweoen
the two in the prasencalof excess of ethyl malonate gave,
after brief alkaline hydrolysis and acidification, the
deslired 5BmhydroxymiipEﬂmdionwﬁmmpregnanm16amylmalGnic
acid (¥VIIL, R = R" = H). If, however, the reactlon was
gariried out with approximately equal moelesular guentities
of sodium and diethyl malonate, then the product af%ér
hydrvolysis and acidification was a pooxly crystalline,
colourless solid Qf indefinitd melting point. This subgtanece

has been formulated as (XIX), becaunse the ulibraviolet spectrs



in neutral and alkaline solutlion resemble the corresponding
spectra of 59Smdimethyleyclaheﬁ&n@ml93mdiona (dimedone).
Further, as in the case of the corresponding compound (X1V)
obtained from BﬁmacetaxypragmamsDlﬁmdienmzomoneﬁ9 the
infrared spectrum had a strong band at 1590 em. *,
characteristic of the enoi form of a P-diketone. The
ill=defined melting point and poor recovery on crysbtallisatlion
are pfobably due to éhe présenc@ of (U,4) lsomeric substences
and tw§ enol forms. If the hydrolysls step was omltted,
the product was the ethyl ember (XVIII, R = Hg R' = Bt),
which was, however, xnot obtained crystalline.

The methyl egter (XVIII, R = Hy R*® = Me} was
obtained by'eaterifi@ation of the scid (XVIII, R = R' = H)
with dlazomethane and chromatography of the product on
deactivated alumlna. If the Michael reaction was carvied
out wsing the sodlio derivative of dimethyl malonate, thue
avolding thé hydrelysis and methylation steps, the product
was pure methyl ester (XVIII, R = H; R' = Me), Gxidation
of the methyl ester with excess of chromic acld-sulphuric
acid in aeaton@ia gave dimethyl 3,11,R20=trioxo-dSu-pregnai-

1L6a~yimatonate {XX).
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=0
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N (‘ 'Ei: QQORQ
Oymﬁykwpﬂ( )iii
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The reactlion betweon 3P-acetoxy-00-pregnelé-cne-ll,20-
dione (XVII) and the modio devivabive of diethyl methyl-
malonate gave an lopure acidic product after hydrolysis,
even when an excess of the malonlic sster was present. The

uwltraviolet spectra in newvtral and alkaline golution showed
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that thils was probably a mixture of the desired seild
(X¥1, R = R' = H) and a cyclomorcholantrione (XXIL, B = H).
Methylation of this meterial, followed by chromstography
0of the product gave only a small guantity of a crystelline
compound, melting over o wide range, which has been sssigned
the gtructurse (XXII, R = Mej. The ultraviolet specirum
in meutral solution sgaln wesembles that of dimedone, buatb
in this case there ig very Little bathochromic shift om
the additionm of alkaldi. Cyclisation to the cyclonor.
cholantrione presumably takes place during the hydrolysie
of the intermediate ester (XXI, R = Hy R® = Bt) since, if
the hjﬁralyéia step wag onitted, the product was the olly
athyl ester (XXI, R = H; R' = B%). Turthermore, cerrying
out the reaction with the sodlio derivative of dimethyl
methylmalonate and chrometography of the product gave
erystalline dimethyl (Sf-hydroxy-ll,20-A1loxo-ba-piegnan—
L6@yl )—maethylmalonate (XXI, R = Hy R' = Me). Oxidation
of thig with chromic goid-sulphuric acild in acetone gave
dimethyl (3,11,20=-triono-b0-pregnan=16a-yi)-nethylmnal onate
(XAITL).

-With the idea in mind that these compounds might
eventually be converted into true cortisone analogues, 1%
was declded to try to introduce a L7e-hydroxyl group into

dimethyl 3f-hydrory-ll,20=dioro-bu-pregnan-1l6c-yinalonate



[

(XVIIT, R = Hy R = Me)o Among the more comnon methods of
converting a 20=ketone to the L7u-hydroxy-20-ketone agre the

L 28,84 ] . 18
anol acevace meithod and Sadrett's method.
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The enol acetate method was developed by Kritchevsky,
Gellagher snd co-workers and enabled them to mynthesize
varlousg l?mmhyﬂraxyaorticnidggﬁg Ineluding cortimanenaa
Part of the cortisone synthesis involved reactlon of Bou-
bydroxypregnane-11,20-dlone {XKIX} with acetlec enhydride io
the presence of toluene-p-sulphonlc acild to form the dienol
triacetate (XXX}, which on oxidetion wilth perbenzolc acid
gave thé 17,20-oxide (XXXI). Miid alkaline hydrolysie

removed all three acetyl groups and opened the oxlde wing

t0 give 30,l7%x-dihyidroxrypregnane-il,20-dione (XXXII).
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Darett, In a synthesis of cordtisons daveloped s

geperal melthod Tor the iwtroduction of a L7e-hydroxyl group.
Treating one of his intermedlates, 3a,fl-dlacetboxypregnanse
Ll,80=d1one (XX(IlT) with hydrogen cyanide, he obitained the
cyanhydrin (IXXIV), which was dehydrated with phosphorus
oxychloride to the At cmsaturated nitrile. The produet
was ﬁapomifieﬂ {XXXV), and selective acetylation gave the
2lencetate (XXXVI). PTregtment with osmlum tetroxide gave
the csmate ester (XAXAVII), which was suiltable for oxidabion.
Gileavags of the osmaie ester grouping of +the oxldailion
producty and hydrolysis gave the 3-leto-lYc=hydroxy ¢ompound

‘;, A.:hxtfﬁ i ‘!-‘) @
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On epplylng the enol acetate method to dimethyl
IR=hydroxy=11l, 20=-0ioxo-5¢-pregnan-~léa-ylnalonate (K¥IIL,

R =Hy R' = Me), the initial stagea_@f enol acetylaition
and epoxidation gave oils, which were used directly.

The finagl mild hydrolyeis gave a crystalline molid, which
on re-egterification with diszomethane yielded unchanged
ghtarting material.

An atteompt was then made to initroduce the L7-0H group
by'm@éna of Sarett's method. Again, the insermedlate
stoges were obitained as oils and the final product Ltself
as an uncryétallisableg black gum. |

The ﬁeaﬁﬂm for the failure of these methods i
probably the steric hindrance caused by the presence of the

lavge l6o-3icarbomethoxyneithyl group.

A diffevent approach to the problem was then tried.
It was thought that the 1l7a-hydroxyl group end the 16-
aubﬁﬁitu@m% might be inﬁroduc@d into a pregrnane nucleus
gimaltaneously, by treatlng a 16,l7-opmxide wlth a potasslo-
malonic ester. The reaction was sttempted on If-~acetoxy-
16,17-¢poxypregn-been~20-one (XXXI%, R = A@)9m as thipg
wag lmmediately avallable and the potassio derivative of
Gdl-teri-butyl nalonate was chosen, as potassium tert.= bhag=

oxide is probably the alkoxlde most Llikely to be sufficlentiy




haslo To split the 16,.17-epoxide linkage.
P ‘ P
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It was envisaged that the weacstion might proceed by
the route indlcated, the 20-ketone rescting fir%t'tﬁ give
the stable anion (XL)g which would react furither with di-
teri-buityl potassiomelonate with cleavage of the epoxide
{XLI). On asddlition of watber the anion should then revert
to the 20-ketone, giving ﬂAmhuiﬁwJabf 5Bv1?@mdihydw@xyw

20-omopregn-f-en-L6Rf-ylnalonate, the different method of
insertion glving a 1léB=derivetive in this case.
In ¢ffect, when The reasctlon was carvied out at vhe

temperature of refluxing tverif-butancl, only hydrolysed

)
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starting material (XXXIL, R = H} was obitalned. Carrying
it out at 150° in an sutoclave wag no more succesadul,
giving an impure, high melting solid, which could not be
purified by wecrystallisatlon. The infrared specitrum of
this compound indicated that 1t was perhaps am escid, so it
wag treated with dlsggomethone . and the product chromatographed
on desctivated sluminas This, however, gave only an
uncrystallisable gun.
The reason foy the failure of this reactlon may be
that once the stable anion (XL) is foxmed, steric nindrance,
due to the_bnlky dibutoxymethyl grouvp at (=20, protects the
16, L7-gpoxide group from the attack of a further gusutlity of
di=tert-butyl potagsionalonats. Addition of water then
simply causes the reverase reaction, giving back the 1691?;
o

epoxy-20-ketone (IXXIX, R = ﬁ):g

| Pogsession of a guanitlity of 3B=acetoxryprogrise-d,l6=
dlen-20-one oxime (XLITI, B = fAc) prompted investigation
of whether & A6-20-cxime would take part in s Michsel

reaction in the same way a8 an ef~usaturated-£0-ketone,

?Ha

(X5111)
® a0 additional ROBO, PoI3o




Afrter refliuxing the oxime (XLILYX, B = Ac) and s00ioe-
malonic ester in ethanol Lor three hours, howsever, all thet
was igolated was saponified starting material (ALIIIL, R = )
It would seem therefore, that the 1691?mﬁou§16 hond is not®
gufficiently actvivated by the 20-oxime group 1o enable 1%

to take part in a Michael addition of malonlc ester.






Melting points were determined on a Kofler hot stage.
Unless otherwlse stated, opitical rotatvions were determined
for chloroform solutions ot voom temperature, ultresviolet
aspectra for eth@nol solutionsg and infrared spectra for
pocasaium chloride discs. Petroleum ether had boiling
point 60-80°,  Alumina (Spence Grande *H') was deactivated

39

by the method of Parrar, Hamlet, Henbest and Jonesg.

BP=hydroxy=Ll] , 20=A1l080=0¢-0regnon-160-y1lnalonlc acid

(EVINI, R = R® = H)e- Sodium (200 mg., B8 m moles) was

dimsolved in ethanol (25 ml.) and diethyl melonate (3.2 o,
20 m moles) added, followed by 3P-a0et0XY-DBU-pTregn=16-aKlm
11,20-dione (744 mg., 2 m moles). The mixture was
refluxed for 3 hours under anbhydrous conditionss ‘then

a solution of potassium hydroxide (4 g.) in 50% v/ agque onus
ethanol (20 ml.) was addsd and wrefluxing continved Loy

5 min. Water was added and the solubtlon extracited with
gther %o give a small meutral fraction (20mz.).
Agidification of the squeous layer gave a white solld

(660 mgo )o Two recrystallisations of a sample (100 mg.)

of the dried material from ethanol-water gave 3P-hydroxy-il,

20=-Giox0-5u-pregnan-léu-ylnalonic acld (IVIIT, B = R® = H)

as plates, M.p. 245-855° (decomp. begins at 220°),
[05]1) + 94,6° (¢ 0.2¢ in methanol) (Founds €,66.0;5 H,8.2.

CosHgq 0 requires C,66.3; H,7.9%), ¥ s 740 (mplonic asid},

Lo
il



1690 (11.,20=0Loxo) and a broad peak in the vegion of 2900
(enoi) cm. "t
If the resstlon mixbture was exitracted wlth ether afder

the inltial refluxing, there was isolated the corresgponding
ethyl ester (XVIII, R'=H; R’ = Bt) as en oll (838 mg.},
Which could not be crystallised, even afber chromatography
on deachlvated alumina.

| In another éxp@rimen% on the seme scale, but using
only 1.6 gs (10 m moles) of dilethyl melonsie, 640 mg. of
crude acidlc product was @bﬁ&inedo. Two recrystallisations
from ethanol-water gave a small, poorly crystelline sample
of 3B-Dylrory=16a ,24-gyelo-Ll-noroholan-11,20 23-%rione
(XIX), mopo RLO-320° (decomp.), [ely + 76.1° (g 0,67 in
pyridine; (Pound: C,74.83 H,8.5., UpgHgp0, mequires
Co74o83 H,80%%), A\ 259 mp. (€ 185,000), A .. (in §aOH)
284 mp. ( € 24,900}, 1695 (ll-ox0), 1590 (enol),

MaEKe

WOT o
1050 and a broad peak in the region of 2900 (enol) cm. 2

Dimedone under similar conditions had }ymaxod? Mo (€ 18,800}

and A .. (in ¥aOH), 282 mp. (& 25,700),

ﬁime%hy;;Sﬁ«hydroxvmllqZowdioxowﬁaapr@gmammlsamvlw

mplonate (XVITI, B = Hs R® = Me)la). = 3IB=Hydroxy-=1l,20~8icxo=

i

Sa-pregnan-lég-yilnalonic acld (2.66 goB was guspended in a

1ittle methanol and treated WLbG excess of ethereal
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diamomethans for 30 mias. The excess of dlazomethane was
destroyed by the addition of a Few drops of acetic acld,
Removal of the organic solvents under reduced pregsure gave
&'y@llaw 0ll (2.56 g.), which wag chromatographed on
desctivated alumina (100 g.). Benzene-ether {(1:1) eluted
a'yellaw oil, which crystallised from ether 40 give impure
diwethyl 3B=hydroxy-11,20-3i0xc--Se=pregnan-16a-yinalonate

3 'y
Laree e smipasnrL ]

(REVIIZ, R = Hy R' = Me) (1.39 g.) mep. L50-160°, Two

regoryetellisations from nethanol-isopropyl ether gave
rogettes (624 mEoly Moo LOL=184%, E&]D + 90.2° (¢ 0.88)

I3

(Pounds §,87.635 H,8.3. CugHge0 vogulives ¢,67.5; H,8.%4),

N mgﬁg%&%ﬁﬁ (=0}, 1949 (malonate}, and 1695 (11,20-dioxo)
GMe >

(b) Bodium (100 mg., ¢ m moles) was dissolved in methanol
(15 ml.) and dimethyl malonate {(1.32 g., 10 m moles) added,
TLollowed by BB-acetory-ll,20-l0x0=-=00-pregn-li-ecne
(372 mgo 1 m molej., The sclubtlion was refluxed for 3 hrs.
under anhydrous conditiong, thexn cooled, water added aud
the product sxirvacted twice with ebloroform. The
chlovoforn extracte were washed with water, driecd over
sodlom sulphate and evaporated to dryness to give ¢olourless,
crystalline matevial (409 mg.), which was racrystellised
from methanol-igopropyl ether o glve dimethyl IR-hydrogy-

11, 20=01080=00=pregnan-160=y1lnalonate

5
m

rosettes {265 mg. ),
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Mopo LB7-162°, [aly + 87.4° (g 0.78), y 3520 (-00),

MAK o
1750 (uwslionate) and 1698 (11,20-0ioxo) em. * identieal with
moterial prepared by method (a).

Aeetylation of this ester with acetic amhyﬁriﬂ@ ol
pyridine et wroom tempersture gave dimethyl SB-pceiboxny-
13 80=-dioxo-Bu-preguan-16e-ylnalonate (XVIII, R = Ac;
R = Me), crystals from methanol, m.p. L33-136.5°,
Laly « %0.9° (g 0.80) (Toumds €,67.05 H,8.3. Gyl
requires (;66.65 Hy8.08), vV . 1762 (melonate), 1740
(=04c) and 2720 (11,20=dioxme) cm. * Mmethyl 3P-hansoyl.oxy-

11, 20-0iox0-Bu-pregnon-16e-ylnglonate (X¥ILL, B = Bsy

e s

R' = Me), prepared with benzoyl chloride and pyridine Formed
feathery needles, Mop. LB87-189°, {m]p + 7L.8% (e 0.685) from
methanel (Founds C,69.95 H,7.40, Oy,8,,0, regulres

G,69.95 H,7.5%), ¥ 1755 (malonate), 1940 (-0z),

Mmaia
1710 (11,20-dioxgo) end 709 (-OBz) om. >

Dimethyl 3,11,20-trioro=-0u-nregnan-1ie-yinalonate (XL} .-

Dimethyl Sf-hydroxy-ll,20=-dloxo=Bu-pregnan-16a-ylinalonate
(207 mg.) in acetone (10 ml.) was stirred vigorcusly ab
voom Lemperature and chromic acld solution added (L mil., of
a solution of 26,7 go of chromiuwm trioxlide and 23 ml, of
concentrated sulphuric acld wmade up to 100 ml., with waber)

The ezxcess of oxidant was destroyed after 5 min. by the



afldition of dilute hydrochloric mcld and sodivme sulphite.

The product was Then extracted twice with ether, the

comblnad ether extracts washed with sodiuvm blearbomate
solution and water, dried over sodium sulphate and

evaporated to dryness to give dimethyl 3,11 ,20-trioxg-Bee
presnon-16e-yimalonate (XX) as »latelets or needles (1BO mg. )
MaPo 190-193°, [m]w + 108° (g 0.78) (FPounds G,68:.15 H,8.0
OaoHssOp roquires C,6%.85 H,7.9%), ¥ . . 1923 (melonate

and 3-o0x0) and 1702 (1l,20-dloxc) om. *

Begotion of diethyl methyimalongte snd BB-acetoxy=95-

PReEN-LE=on0=11,20-dlone, - Sodiuwn (100 mg., 4 m moles) way

dlesolved dnr ethawnol (156 ml.) and diethyl methylmalonste
(Lo74 go, 10 m molen) added, followed by IP-aseiory-5Sg-
Pregn=146-6ne-11,20=-dione (372 mg., 1 m mole). The wixiture
was relfluxed for 4 hours, with the exclusion of m@ié%mf@g
then a solution of potaselun hydrvoxide (2 g.) o 50% v/v
agueous ethanol (10 ml.) was added and refluxing conivinued
for b minunites, water was added and the solutlon exitracted
with ether 4o give s smell neutral frection (18 mg. ).

Acldificetion of the agueous leyer gave n alightly yellow

90lid (318 mgo) Map. 175-240° (deconp.), A e, CH5 1M
(& 8,800}, }\,mxaﬁm WaOH) 288 mp. { € 13,800), 9 mas, L7E0

(11,20=030x0), 1651 and 1592 (enol), and o broad peek in the




reglon of 2900 (emol) em.”®*  Recryetallisation Ffrom
methanol-isopropyl ether gave corystalline material (152 mgo ),
MaDo LBR-264° (deocompa)s

ALL the materdial (recwvystallised and mother Liguox
neterial) was esterified with diazomethane apd the product
passed through a column of deactiveted alumina (10 g.) to
give a gun (191 mg.) which, on crystellisation from ethyl

asetate gave 3P-Pydroxy-R0;23-0inethory-e4-nethyl-l6a, 24

N R T S SR

8Y61.0-2L-n0reholon=20, 23--dien-1l-gne (XXIL, R = Me) as Hlny
neadles (19 mg.), MoP. 265-293° (decompo.), A
(& 13,400), A

24,63
mﬁ,“‘ o e o) mﬁio

nax, Cin NaOH) 254 mpo. ( € 14,600), »
1720 (Ll—0xzo), 1678 and 1605 ocms.”™  Recrystallisation Ffrom
shilovoform-athyl scetate gave needles (4 wg.), Mep. 278-204°
(decomp.), [&ly + 53.4° (g 0,18) (Poumds ©,%8.45 H,9.4
CogHyp Oy requirves C,73.83 H,9.2%4). The mother liquors

yielded a second crop of cryetalline material (6 mg.).
Ether extraction of the reactlon mizture afbter the

initial refluxing gave the ethyl ester (XXI, R = Hs R Bt)

B

as an oil {218 mg.) which could not be erystallised, even
after chromatography on desctivated aluminag (8 gl

Dimethyl (3B=hydroixy=1l,20-010%0-b0-pregaan=166-y1 )

~methvimaionate (¥XI, B = H: R'=lel. - The reaction was

earried out asg above uslng dimethyl methylmalonate {(L.46 g.,



EA

10 1 moles) instead of diethyl methylmalonate., Ether
extraction after the initial wefluxing gave yellow @rystalliéa
material (267 mg.}, which was recrystallised twice from
methanolmisopropyl ether 4o glve ilmpure product as

vosettes (82 mg.), Mepo. 173-175°, recrystallising and

molting 186-204°, [aly + 88.79 (g 0.76).

Impure methyl ester (500 mg.) was dissolved in
benzene aund chromatographed on deactivated alumina (20 g. ).
Flution with 4:1 heuzens—ether gave colouriess, crystalline
material , which after two recrystallisations from methanole
isopropyl ether gave pure dimethyl (3B-hydroxy-1l,20-
31L0x0=-5a=pregnon-16¢-yl-nethyinalonate (X7, R = Hy R' = Me)

a8 prisms (110 mg.) m.p. 224=227° (decomp.), [m]D 4+ 82,5
(e 0.8) (Pounds C,67.83 H,8,3. CpyHq0; raquires

C,68.05 HoB.5%), 9 .
1700 (11,20-dioxo) cm. *

3581 (-0H), 1736 (melonate) end

Acetylation of the dimethyl ester wlth acetle
anhydride and pyridine at room temperature gave dimethyi

{ 3p-acetoxy~11, 20-dioxo-Be-pregnan-18a-yl )-nethyimaloenate

B S e Ce

(XXI, R = Acs R' = Me), crystals from hexane, m.p.
180-188° (decomp. ). Recrystallisation from dichlorc-
methane-hexane gave platelets, m.p. 187--189° (decomp.);

el + 69.0° (e 1.1) (Founds C,67.25 H,8.2. Cgpfyaly
D ey



raquires C,67.25 H,8.2%6), 9 e, L7539 { molonate and

«0AG), 1710 (11,20-~dioxo) end 2241 (-0Ac, broad) cm, *

Dimethyl (38-benzoyloxy=il,20-01L0%0-b0-Dreanan-160=yl )=
&ﬁﬁ&i&&ﬁ&éﬁ@ﬁg (¥XI, R = Bmg R’ = Me) prepared with
b@ﬁﬁoyl ghloride and pyridine gave, after recrystallissation
from dichloromethane-methanol, fiune needles, m.p. 2562380
(decomp. ), [m]D + 64.8° (g 0.8) (Found: €,70.33 H,7.5.

Oga¥y . 0p requires C,70.3; H,7:6%), 9 1785 (=0Baz),

Mo s
1269 (=0Bz, broad) and 710 (=0Bz) cm. ¢

Dimethyl (3,11 ,20-trloko=5t=preenan=160=y1)-ne thyl.-

malonate (AXIIT). - Dimethyl (3P-hydroxy-11,20-010x0~Bo-~
proegan - 16a-y-methylmalonate (100 mg. ) was oxidised with
chromic aoid-pulphuric apgid in scetong, exastliy as

described above. Working wvwp as hefore gave colourless,
crystalline materinl (85 mg.), Bap. 289-240°, T
recrystallisations from ethev-methanol gave dimethyl (5,1L,20-

trioxo=-Bu-pregnan-16a-yL)-nethyinolonate (IXIII) an

platelets (30 mg.), Mep, 238-241° (decomp.), [m]m + 100,59
(g 0.9) (Tounds G,6%.3; H,B8.85. Cyqlgg0y,0.50H,00
requires G,67.3; H,8.2%), I me, LT R9 (malonate and 3-0m%o)
and 1695 (11,20-diox0) om. &



Inol acetylation of dimeithyl 3B-hydroxy-ll,20-=0]iox0-

Se-presnan=leu-yinalonate with aceilc snhyvdride-perchlorie

aeld in carbon tetrachlorids. - Dimethyl 3f-hydroxy-1ll,20-
dioxo=Hu-pregnan—i6a-ylmalonate (100 mg.), suspended in
carbon tetrachloride (2 ml.) was added to = mixture of
acetle anhydride-pexrchloric acild (0.5 mlL. of a solution
of 4 drops of perchloric acid (72%) in 5 ml. of A.R. acetic
anhydvide | and the solution allowed to stand for 3 hours.
The mizxture weas then dAiluted with ether and washed twice
with lece~cold 5% godium hydroxide solution and water, dried
over sodium sulphate and evaporated o dryness to give a
y@liowish gum (116 mg.) which was used directly for the
next step.

Attempted epoxidation of crude enolscetate of dimethyl

3B=hydroxy=ll,20=01l0x0=u-pregnen=160=ylusionatec. = The

erude enolacetate from above was dissolved in chloroform

(1 ml.), 1W monoperphthalic acid solution (3 ml.) added and
the mizture allowed to stand for S days. The solution was
diluted with ether, washed twice wiith ice-cold 5% sodium
hydroxide solution end once with water, dried over sodium
sulphate and evaporatved to dryness to give a gum, which was
treated immedlately with boiling .80 wethanollc potassiwnm

hydroxide solution (2 ml. ). The mixture was warmed uwuntil



all the gum bad dissolved, diluted with water and cooled.
Aftey acidification, a white golid was glowly pvrecipitated.
™Tis was filitered off end dried over phosphorus pentoxide

to give white, crystalline material (25 mg.), m.p. L75-184¢
(Gecomp.). ' Re-esterification with diasonethane gave
dlmethyl 3ﬁmhydroxymllgEﬂmdioxom5mmpr@gnanmlﬁmwylmalonat@
(xvizg, R-m Hi R = Me), mepo. 154-162°, This meterial

had an infrared gpectrum identical with that of the starting
material,

Treatment of dimethyl 3B-hyvdroxvell , 20-010%0=H¢=

pregunan=16oa=ylnalonate with hvdrogen cyvanide, followed

by _opuiuvn tetroxide., - A mixture of dimethyl 3B-hydroxye

11 ,20=0l0x0-Bu--pregnan-Llée-ylnalonate (110 mg.) in pyridine
(1 ml.), liquid hydrogen cyenide (6 ml.) and triethylamine
{4 drops) was kept overnight at woom temperstures Dilute
hﬁdro@hl@ri@ acld was added and the product (61 mg.)
igsolated with ether. This meberisl (dried in vacwo) in
pyridiﬁe (1 nl.) was treated with redistilled phosphorus
oxyehloride (0.1 ml.) and kept overnight at 20°C,
Brtraction with chloroform gave material (50 wg.), which

ahowed A 210 and 256 mp. ( € 58,900 and 3,500).

MK e
This was dissolved in pyridine (2 ml.), treated with ocsmiun
tetrozide (48 mg.) and kept overmight at £0°C. Mamnitol

(HO0 mg.) and potessium hydroxidelilOO mg.) were added and
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the mixture warmed av 40° for 10 minsg, A¥ter addition of
dilute hydrochlowic acid, the soluition was extracted with
ehlofoform (x 6), but no prodvuet was obtained. Bsher

extraction gave a blackish gum (112 mg. ).

Malonvl chioride, = Malonic acid (52 g ) end phosphorus

p@nt&@ﬁlorid@ (200 g.) were shaken together, with exclusion
of molsture, When brisk evolution of hydrogen chloride
ceased, the mixture was warmed at 55° Lor 30 mninutes.

The phosphorus oxychloride formed during the reactlon was
remnoved pﬂﬁ@r reduced pressure and the residue distilled to
give malonyl ehloride (25 g.), beop. B55° (water pump).

The pfédmcﬁ was allghtly brown aund Lluoremcent.

Di-tert-butyl malonaie. - A l-lltre three-necked flagk

was Citted wilth a thermometer, & mechenicel stirrer, a
reflux condenger protected by a calelium chloride tube and a
drmp@imngunnelg algo protecited hy a caloium chloride tube.
A mixture of Bert-butyl alcohol (16O ml., abont 1 mole),
dried by distillstion from sodlum, and dimethylaniline

(80 wl., 0,63 moles) was pleced in the flask, and a solution
of mal@mjl chloride (28.0 g., 0.2 moles) in dry alcohol-free
chlovoforn (about 60 ml.)was added slowly from the droppinge
funnel with stivring, while the reaction CLlask was ceoled

in an jce<=bath. The reactlion was gtrougly exothermic, so
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the rate of dropplng was regulated so that the Semperature
of the mizxture did not exceed H0°. After the addition was
complate (&bcnﬁ 30 minuktes), the reddish-brown mixture was
heated under weflux for 4 hours. The mizmture was then
cooled, ice~cold 6N sulphuric aclid (150 nl.) was added with
stirring and the product extracted with three 250 mio
portions of ether. The @oﬁhim@d agther extracts were
washed once with 6N sulpburic acld, twice with water, twica
with 10% potassiun carbonate solution and once with
saturated sodium chloride solution, and were finally dried
over anhyirous sodivm sulphate to which a small amount of
potassilun carbonate was added. The ether was removed by
digtilliation at reduced pregsure and the veslidus, to which
o pinch of megnesium oxide was added, was distilled a%
reduged ProsoUre. The yileld of colouriesy di=teri=butyl
malonete, distilling at 96-98% 18 mu., was 18.0 g. (48%),

24

Treatnent of 3f-aeebony=L0 , 17-2n0XV L asNeD-an.-0-0na

with di-tert-butyl malonate al 80°. - Potassium (160 mg.,

4 m wmoles) was dissolved in Any bert-butanol (L5 mlé} and
di-tert=butyl malonate (2,16 g., 10 m moles) added,

followed by 3P-acetoxy=16,1l7-epoiypregin=>b-en-20=-0ne (372 ng.,
1 m mole}, The mixture, which contained preciplitated

potassiun tert.-butoxide, was refluxed Lor 12 hours undexr
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anhﬁdr@um gconditions, then the seolubtlion waeg cooled, water
was added and the product extracted with ether. A reddish
01l (990 mg.) was thug obtained, the welght showing that
there was excess di=tert.-butyl malonate {approx. 450 ag.
present. This malongite proved very difficult to get rid
of, 8o the profuct was hydrolysed by refiuxing for 1 houw
with potaszsiwn hydroxide (2 g.) in 50% v/v agueous nethenocl
(10 ml.)o. After sbout 5 minutes reflux, a yelleow g0lid
came Aown. At the end of the hour, the mizture was cooled,
water was added and the nixture was extracted twice with
ehloroform. The combined chloroform exirvacts were dried
srer sodium sulphate and evaporsated to dryness to give =
yollow, crystalline solid (318 mg.), mep. 186-194°,
Reerystallisation fwom methanol gave 3fR=hydroxy-l6,L17-
apoxypregn-S-en-20-one (XXXIX, R = H) aa slightly yeliow
plates (15 mgo), Mepo 190=194°, Em}m = T21® (@ 08), N

maXe

208 wmp. (€ 4,900}, 9 1705 (20-o0xe), 1440, 1380 zund

MAR o
10685 oem. * A second crop (95 mge), Mmep. L98=194.5° was
obhtained Frowm the mother liguor.

Treatment of SB=acetory=L0,17=-en0rypregn=0=n-a0-0ne

with di-teri=buiyl malonate at 1850°, = The veaction was done

on exactly the seame seale as above, but instead of carryling
out the reaction at the temperature of refluxing tert.-

butanol, the mixture was hested in an autocleve at 150° for



24 hours. After cooling the weactlion mixture, water was
added and the mixture exvtracted with chloroform to give a
yellow=red gum (80 mg.). Acidification of the aqueous
Llayer with concentrated hydwochloric acld gave a 1light brown

s0lid (240 mg.), which melted only slightly up to 35¢e,

N mgx, 210y RS0 and 284 mu. QE%;%@E 366.0, 340.0 and 205.8),
Y oy, 5420, 2950 and 1630 (very bmoad) cm. ? Attempted

recrystallisation was completely uwnsuccesaaful, so the compound
wag treated with dliazomethane 4o give a dirty, brown froth
(200 mg.), which was chromatographed on desctiveted alumine

(8 go)o Flution with 1:1 chloroform=bengene gave a gum
which could not be crystallized.

Attempted NMichael reagtiop of diethyl maglonate and

IB=acetonvoregna=s,l6-dlen-20-0ne oxime, - Sodlum (200 mg.,

& m moles) was dissolved in ethanol {25 ml.) and diethyl
malonate (3.2 g., 20 m moles} added, followed by 3R-acetoxy-
Pregna=>5,16-dien-20-one oxime (658 mg., 2 m moles).

The mixture was refluxed for 3 hours with exclusion of
nolature, then o solution of potassium hydroxide (H g.) im
50% v/v agueous ethanol (20 ml.) was added and the
refluxing continved for & minutes. After cooling, water
was adfded and the golution exitrected with ether twiecs to
give BR-hydroxypregns-hH,lb-dien-20-cne oxime (XLILI, R = H)

838 a white, crystalline, neutral fraction (534 BZo )y
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MoPo BO0=225¢ {decomp.), A mox. 204 and 237 mp. (& 6,900
end 15,200), 9 — 1444, 1370, 1245, 1060, 1038 and a broad

pealk in the region of 3000 cm. *
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whme. Nauk. 1961, 934) hos shown that 168-allkyl=lja-

hydrony-20-oxe sterolds result from elkyl-metal compounds
gnd 16a,LTe=epoxy-20-ketones, in which the 20-ketone group

has been protected by ethylenedloxy-keval formation.
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The ability of stercidal, conjugated dienes to take
up oxygen with the formatlon of epldioxides, when ixradiated
with visible light in the presencs of eosin is well Ikmown.

An epildioxide of this type was Lirst prepared by
Windaus and his co-wovkers at G8ttingen in 1928, In in-
vestigating the sitructure of ergosterol and its ultraviclet
irradiation pro&ﬁctag their progress was congtantly impedoed
by the difficulty of obtaining well-defined, crystalline
intermediates. Windavs and hilg team therefore resorvied 4o
the cireuitous method of preparing other dorivatives of
ergosterol, which were easily obtained erystalline,

They found that in attemitping to use visible light iwn
thg praggn@@-of photosensitising dyes to bring about an
isomerisatlion similar to that caused by wltraviolet 1light,
the nature of the product obtained was dependent on whether
or not oxygem was passged into the solution. In the presence
of eosin alone, in aleoholic solution, ervgosterol (I, R = H)
was found to be converted by visible Llight dnto an
extremely insoluble dehydrogenation pfuduetsg the so=¢alled
ergopinacol, the structure of which was at once wvecognlaed
as being comprised of two stercld nuclel and 18 now known To

3,8 , ,
be (I1), ° When oxygen wasg slso present, the other
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conditions belng the same, Windaus and Brunken in 1928

obtalned the peroxide addition compound, which was later

shown %0 be (III, R = H),

(1) (xx) (111)

Brgosterol peroxide (III, R = H) is sensitive %o
. 8
acids but it differs from known 1,%-peroxides in belng

atable to alksline reagents, 1% has been lsolated from

. |$,

the mycelium of the mould Asperzilius fumlsgatus e

Dehydrosrgosterel {1V, B = ¥H) was found %o form an
analagous epidioxide by Windaus and Linsert. The
structure of the epildioxide was then unlknown, but after
the formula of ergostercl had been sstablished, Miller
proposed that the epidioxide has the, now accepted, structure

¥, R = H),
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Tittle work was then published on these epidioxides
until the end of 1950, when a team of workers at Manchester
embarked upon sn intensivs programmne of investligation ivte
ﬁh@ possibility of synithesising cortisone from dehydro-
ergoaterolperoxide, but most of this work was on

® 420
hydrogenation.

Skau and B@rgm&ﬂnxi oxygenated an alcohollic solution
of chalaﬁtamzpéméi@me (T1), while illuminating it with the
light from a 200 watt bulb and obteined the epidioxide (VIL),
which on heating, isomerised to an df-unssturated ketone.

This was later shown o be S-hydroxycholest—3~en-2-one (VIII},

CaHyyr Colly v

o o

®

(vI) (vir) (Viii)
a2
by Conca snd Bergmeann, who also veported the acid-
catalysed rearvangement of this compound %o a phenol, budb
did mot suggest a structure for their product. avis and
28 X
Halsall have recently shown however, that the phenol has

structure (X). They postulate that the first step in the



8%

regrrangenent is the formatidn of a carbonium lon ab Cg o
If then Gp, the most highly substituted carbon atbtached %o
Ceo migraées‘tb form & spiren (IX) and if this gplren
subsequently collapses by a second migraetion of the more

'highly substituted group, the phenol will have sitrueciture ().

Y
RN N e i
. o
b

(VIII) (%) {(x)

Ring ¢ epldioxides have been prepared by Laubach,
Behreiber, Agnello and Bruningagﬂﬂ who obtaiﬁ@@ disappointing
results using the method described earlier, Carrying owd
the meaction in 1:1 benzene-alechol at 0-107, with intense
lighting however, they fouwnd thet the reaction was complate
in 30 minutes with a minioum of by-products. In this way,
3p-aoetoxyergoeta-6,8(14) ,9(11),22-tetracne (XI) was
converted to 3P-scetory-1lo,lic-epidloxyergoata-=6,8(9),28-

triene (XII),

A@Oﬁ
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Bpidioxides corvesponding to those formed Lrom
@rgost@rél and dehydroergosterol have been prepared from
iumistercl. = The method employed by Bladon, Clayton
Eﬁ_g&? and Clayton, Henbest and J@nﬁgin for the preparation
ok ergosﬁ@ryl acetate péroxide and dehydroergosteryl acetate
peréiide was used with lumisteryl acetate. A small
quantlty of pyridine was added o peutrallse any acld
produced by oxidative splitting of the side=chalin double
bond, alkali being avolded as 1t mighﬁ have caused
hydrolyéis-@f the 3B-acetate group. In %he‘@&@@ of
ergosterol and dehydrosvgostercl, the photo~oxygenstion was
carvied out at the temperature of vrefluxing ethanol,
mainiy bé@auﬁ@-of the low solubility of these compounds in
ethanol. Lumisterol derivatives however, are much more
goluble in éthanalg 80 the reaction could also be mrried
out at room temperature snd 1t was thus shown that high
temperature iz not essentlal.

A% high temperature, lumisteryl acetate (XIII, R = Ac)
gove dehydrolumisteryl acetate (XIV, R = Ac), dehydro-
1umiséery1 acetate B-epidioxide (X7}, lumipteryl acetate
ﬁ%epiﬂi@xié@ (X¥V1), impure dehydrolumisteryl acetate
g-gpidioxide (XVII) end 3P-scetoxylumista~5,8(9),28-tricn«
7—one (XVIII).

At low bemperature, lunlsteryl acetate gave three



producte, dehydrolumlisteryl acetate (XIV, R = Ag), lumisteryl
acetate Peepidioxide (AVI) and 3p-sceboxylumistoss,0(9),28=
trien=T=one (XVIII). | |

A% both high and low temperature, dehydrolumisteryl
agetete gave debhydrolumisteryl acetate B-epldioxide and

dehydrolninisteryl acetate a-epidioxide (XVII).

ol 7

(xv)

(XVTIT)

The fact that an w—epidioxidse was not obteimned fyom
lunisteryl ecetate, while two epidioxides were obhtalned
from dehydrolumisteryl scetate probably mesns thebt thig
epidlioxide is unstable, Also, since lumisteryl acetats
gives the dehydrelumlsteryl acetate @?iéiﬁﬂiﬂ@ﬁ in the hot

only, 1t may bhe assumed that lumistervl acetate c—epidioxide
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lg initlally formed but breaks down to dehydrolvmisteryl
acetate (XIV, R = Ac) and possibly the ketone (XVIII) o
high temperature or in working up.

Photo-oxygenation of the other two 5,7-dlenes,

ie
isomeric at €5 and Ci4, Qﬁma rgosterol (isopyrocaleiferol)

axnd Qmmlumisterml ¢ (pyrocaleiferol) has also been carried
19
out. At the temperature of refluxing ethanol, both

9B-ergosteryl acetate (XIX) and Yu-lumigiteryl acelate (XX)

yield a 5,8-epidioxide (XXI and XXXI) ag the sole product.

Ggﬁ‘v'a' G H‘“’?
u\fﬁ‘

b i - ) ‘i 0>
’ 4 " 2, .4"".’5’/
ACQ T TN Aed

(XX} (XX13)

A " o
It is pointed out that whilst the ﬁmrmaﬁimn O:E

H,8-0pldioxides is possible in both the 2,10-sntl series
(ergosterol snd lumisterol) and the 9,10-pyn seriea
{9B=ergosterol and Se-—lumistercl), the reaction in the
9,10=20tl series may be accompanled by dehydrogensatlon to

186 . , .
a 5,7,9(11),22-tetraene, while in the gyn series no such
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side resction occurg.> Forthermore, the rate of reaction
in the srgosierol sewies is slower tham in the 9B-ergosterol
series. These reachlons indicate a greater resctivity of
the dilenic system in the syn series.

Work iﬁvclvimg photo~oxidation of ergosterol=i,
acetate, 3P-acetoxryergosta~T,14,22-triene (XXIII1) hes been
carried Quﬁ'by Barton and Lawagfg'wha aleo lavestigated the
efficiency of various dyestuffe as sensitizers in the
photo=oxygenation reaction. They found that eryithrosin
B, vose=bengal, eosin and phloxine were the most
afficient énd chose erythrosin B as thely dyestuff, as 1t
ig salightly more efficient than the other three mentioned.
Ergostervol By-acetate (XXITI) on photo-oxidation gave
Fp-acetoxy-7Te ,8u-epOoRy—L14E ;@rgms%wzem@nmlﬁm@ne {XxIV),
3p-acetoxy-158 mhydroxyergostaw@(lé)DBdeienWWm@n@ (xxvy,

a hydropevoxide or peroxide, the structure of which was not
elucidated amdi3Jma@etoxyu?mmhyﬁrﬂxyargwgtamaé14)922mdi@mm

1H=-0ne (XXVI).

= he present work shows that dehydroevgoesteryl acaetate

is not in fact formed as g by-product during the
photo=oxygenation of ergosteryl acebtate.



(XXT11) i,

hydroperoxide

or
peroxide

(Ixve)

Barton and Laws pointed out that the glsold nature
of sterolid hetercannular dienes lg a strict necessity in
the formation of peroxides, as 1t is in their reavstion wiith
malele anhydride.

It can be seen from this work that phobto-oxygenation
can be used to produce compounds other than peroxides and
another example of this is found in the cholesterol series.
Sehenk, Gollnick and Neum&ll@ri@ found that cholesterol
{(ZXVII), on irradiation in the presence of hematoporphyrin
ag senslitizer, combines with oxygen to give & substance

regarded as the A %-Hu-hydroperoxide (XXVIII).
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QOH

(XXVIT) (XXVILE)

The use of photo-~oxygenation is not conflued to the
gterold flield and the technigue has been used in moest
branches of organic chemistry in the synthesis of a variety
of compounds. One of the best lmown examples is the
asynthesis of the monoterpene ascaridele (XXX}, by photo-
oxygenation of e=terpinene (XKIX)QQG but wany such weawilons

&2

are degeribed in an interesting book by Schbnberg.,

H@ GH{;}
iyt H
CHp CHg CH. “CH,

(xxTx) ()

More vecently, photo-oxygenation has been used to
gcarry out one of the more difficult sleps in the chemical
gynthesls of sll tetracycline &@riva%iva%oag Phobo-
oxygenatlon 0f 7=chlorcanhydrotetracycline (XXXILY gives
the 6=hydroperoxy compound (IXXIT), which is then

catalytically reduced to 7-chlorodebydrotetracycline (YEXIIT}.
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Cl CHs OOH _ W(CH
= 8 o ! ~OH

. COMH,
< 3 }
(XXXII)
N(CHa )z
a""OH
, e COWH -
g o oW,
CoI1I)

The reactlon is thought %o

of tetracyeline.

simulate the bliosynthesis



Photo=oxvgzenation 0Ff 3-atetoxvergosta-=3,.D,.%7.22-tetraene,

In spite of the large amount of work which has been
done on the photo-oxygeunation of steroids, there is no
record im the literature of the photo-oxygenation of a
steroldal enol scetate, such as 3-acetoXyergosta=>5,5,7,28=
tetraene (XXXV), so it was decided to try and obtain an
epidioxide from this gompound and find out how ite
properitiee compared with those of ergosteryl scetate

peroxide.

(XXX¥)

J-pcetoxyergosta=3,0,7,228-tetracne (XXAV) was

obtained from ergosterol (I, R = HJ, by way of the

A ‘ 23
intermediate 3-ketone (XXXIV).  Oppenauver oxidatlion

of ergosterol, using sluminium isopropoxide and acetone
in benzene gave ergoste-4,7,22-~-trien-3-one (XXXIV),
which was converted %o the enol scetate, on being refluxsd

a4

with acetic anhydride and pyridine.



As there is no reference im the literature to the
photo=0xygenation of 3=acetoxyergosta-3,9,7,22=tetraene,
the weactlion was carried out by the method used in $he
preparatlon of lumisteryl acetate f-epidioxide atl room
%@mperatureois The enol acetate (XXXV) is not vewry
soluble in ethanol, but rather than carry out vhe resgection
at high tempera@ufeg which greatly Increases the tendency
to £orm bymprodgcﬁssiﬁ the starting mafefiai was dissolvad
in 131 benzene-ethanol, the procedure sdopitsed by Laubach,
Schreiber, Agnello and Brunings in the preparation of
Ring C @piﬁioxidesgiﬁ Bogin was used as the sengitising
dye and o small quantlity of pyridine waé agaln added To
minimise the effect of any acid produced by oxidative
gplitting of the side=chain double=bond, Oxygenatlion
was carylied out, while the Solutioﬁ was irraliated with
white light and under these conditions the reactlon was
phout 85% complete inm 12 hours..

The product obtained on evaporating the solution
and removing the eosin was an impure, ¢rystalline solid,
which was chromatographed on deasctivated alumina. The
alkaline conditlons of an alunmina column however, seemed
t0 cause deconposition or vearrangement of one or more

of the photo-oxygenation nrodusts. In subseguent



experiments therefore, sillica gel was used, with
considerably more éuccessg.allowing the crude product

to be separated into three componentso These were,

in ease of elution, Uwacetoxyergostam? 5,7,9(11),22-~
pentaene (XXXVI), Bmacetoxymom98mmepid10xyefgostam596gzzm
triene (XXXVII) and 3-acetoxy-56k ,14%8 -—dihydroxyergosta-

5,8(9),22-trien-7-one (XXX¥IIX).
CoHyw
i i

A4

AcO - AcQ > 7
(XXXV) (XXXVI)
kiﬂaﬁio 31D mu. mas, 3 1o
Y max.1763(enol acetate)
and 1656 cm,.=t
CoH g

?eﬁiv

Sga
NG

OH
(XXXvII) (XXXVIII) -
%m&m 210 mu. Ao, 240 mzlokmaif 249 mu.
¥ e, L 76k om. 2 Y pas, 3610, 3509 and 3360.
(enol acetats) hydrony?)ﬁ 1768 (enol
acetate} and 1695 cm,.”?
oB-ungaturated ketone).
= kig%@° refers o the value for the uliraviolet absorpth-

ion, calculated by the Woodward-Fieser rules.®’ These
rules are useful in @alcuiatﬁng the approximate ultra-
violet absorption maxima 6f cemjugated enones, but they
suffer from the dimadvantage that they tend to break

down at high degrees of unsaturation and substitution.



B ACOTOLYEPEOBBE~B,5,7,9(L1),28-pentacnse ( XXAVI)
ig eaplly ldentifled by its ulitraviolet and infrared
gpecitra and by comparison with an authentic sample,
prepared by the method of Hellbron, Kennedy, Spring and
Swainogﬁ It de also Interesting to note that whilse
%h@r@‘iﬁ no record of dehydroergosteryl acetate being
produced by photo-oxygenation of ergosteryl acetate,
dehydrolumigteryl acetate is one of the photo—oxygenation
products of lumisteryl ac&tatﬁwig

3=Acetoxy-5u,80-epldioxyergoata=3,6,28-triecne
(XXX¥1I) shows no ultraviolet absorption gbove 210 W e
The infrared spectrum shows the presence of the enol
acetate group. Inability to obtain a sample melting
over less than 7-8°, led 40 a suspicion that the material
wag lmpure, either due to the fact that the supposedly
pure gtarting materlal contained some of the lsomeric
-acetoxyergosto~2,4,6,22-tetraene (XKXIX)QG ev that the

épidioxide was a wmlxture of two stereclsomers.

CeHlyg

@@ﬁSJ
J

(XXXIX)




The f@a@ﬁion betwesn ergosta-=d,?,22-trien-3-one and
acetyl chlovide-acetic anhydrid@gﬁ and boitween ergostas
457,22=trien~3-0one and isopropenyl acetate-concentrated
sulphuric acidga gave enol acetates, identical with that
prepared using pyridine-acetic anhydride. It would

seem thevefore, that the originsl gample was in fach
homogeneous, thus ruling out the first of these
possibilitieso The second is Largely ruled out by
careful chromatography of the epidioxide, which falls

0 reveal the presence of amy isomexic matexial. it was
conecluded that the somewhat wide meliting-point of the
epidioxide was due t0 decomposition of the compound as

1t neared the meliing point temperature. This
phenomenon was later found to be common to many of the
compounds in the series, but in most cases, the melting-
point can be made sharp by carrying out the determination
in ¥aguo.

The epidioxide bridge most likely has the c-configur-
ation, by analogy with ergositerol peroxide. Tha
configuration of the epidioxide bridge in the latter
¢compound was originally d@dué@d by econsideration of the
“rule of rear abtack® , that ceviain reagents usually

approach the steroid molecule Ffrom the less hindered {a)
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Bldé, Dalton and Meakineg point ous that there
are many exceptions to this rule, espé@ially when
addition to ring A or B is invalvedQSﬁ and they provide
chemical proof of rear approach in the oxidation of
ergogiterol. As the only difference between 3=pC e LOXF~
ergosta-3,0,7,22-Ttetrasne and &rgnétexyl acetate is the
presence of the additional 394md@ub1é bond, it seems Likely

that the enol acetate will alsco form an w-epldioxide.

It was expected Hthat alkaline hydrolysis of the
gpidioxide (XAXVII) would give the 3J-ketone (AL}, although
there is no record in the literature of the preparation of
“this ketone from ergosterol peroxide. Qm'treatmeaﬁ with
alkall however, the epidioxide, 1n addlition to veing

gagponified, underwent an intevesting rearrangemesnt %o yield

4-hydroxyergosta-4,6,8(14),22-tetraen-3-0me (XLI, B = H}.

(ofye CoHy o
jgn @l
SN r\%aﬂ\«:” —
0z )
0 e Oﬁxﬁﬁ p
(X1) OR  (x11,R=H)

Amax, 370 mp. AS8LCesgy oy

Vg, 9428 (hydrogen bonded 0H),
1856 (hydrogen bonded umssturstec
ketone), and 1603 cm.™? raues

1656 (hydrogen bonded unsat R
ketone), and 1603 cm,"? aturatec
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This compound is identified malnly by its ultravioleb

end infrared specira, which taken together, indicate a
conjugated %Tienoﬁes with a hydroxyl group adjacent to the
carbonyl group. On this bagis, (¥LI, R = H) is the most
likely siructure for the rearvangement product. The
D498 y8 (18 )atrien—-3-0one system is preferred to the
isomerie A% 8988} _grsen aoone syastem, because of the
predictions of the Woodward-Fieger rules, The vaiue

of 391 mu. pfedicted for the former system is much

cloger to the actual value of 370 mp. than is the value

of 420 mp., predicted for the latier system, which contains

a2 homoannular diene component.

Cotlgq CoHyy

O PR
f\f N | - ‘-"«ij/[;,/
0’\':::"\% @’L //\\V,;,//

g™
(XL11) (XLLITI)
35 ! & ]
@alﬁ It ) @8,1@ a =
>\m&K0356 Wre %maxo 385 Mo
Y iax, 1666, 1644 and D mege, Y66L, 1634 end
1588 om, * 1694 cm, "t
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The uvltraviolet and infrared absovptlon properties
of the hydroxy~ketone (XLI, R = H)} are similar to those

. 88,38
of ergosta-4,6,8(14),22-tetraen-3-one (XLIT)

and
ergosta=-4,6,8(9),22-tetraen-3-one (XLIII)D34 which absorb
as shown. It can also be seen that the sgpecifice

rotation of the hydroxy-ketone (+ 733°) is comparable with
those of the compounds mentioned.

Acetylation of the hydroxy-ketone (XLI, R = H) with
acetliec anhydride=pyridine at room temperature gave
d=aeetoxyergosta-~4,6,8(14)22~tetracn~3-one (XLI, R = Ac)
and treatment of it with benzoyl chloride-pyridine at
room temperature gave the 4-benzoate (XLI, R = Bz).

Both of these show an enol ester carbonyl peak in the
infrared, together with disappearaunce of the hydrogen
bonded hydroxyl peak and a slight shift of the 3<ketcne
peak %o a higher frequency. Also, the main peak (370 @;cﬁ
in the ultraviolet absorption apectrum of the hydroxy-
ketone shows a bathochromic shift of about 20 Mo o when

it is measured in alkaline golutlon as compared to

neutral solution, and a gimilax shifv is shown by the
ultraviolet spectrum of the 4-ascetate, presumably hecause

hydrolysig of the acetate group takes place in alkaline
P



solniion. The spectium of tle 4-benzoate however, shows

no shift of this nature (see Table 1),

Table Y.
d=hydroxyergosta~4,6,8(14)22-tetraen-3-one W
Gompound | d-hydroxy-ketone “4-acetate | 4-benzoate
(XLI, B = H) (XTI, R = Ac) | (XLI, B = Ba)
Ama, 205, 262 and 250 and 362 mn| 205, 232, 278
{in BGOH) | 370 mp. (€ 9,200,] (& h,700 and | and 355 mu.
6,600 and 21,000) | 17,900) (£ 15,500,
18,000, 6,800
and 25,200
Amax. 205, 277 ond 218 and 398mu. | 218 and 355 wy
{(in WaOH) | 390 mm. (€ 36,100,] (€ 13,200 and| (£ 42,50C and
6,600 and 14,500) | 11,200} 22,600
_ e i

The nuclear magnetic resomance spectrum of the
dgeetate (XLI, R = Ac) contained a symmetrical guartet
of peaks due to the AR system o¢f the Gz(T 3.82) and
G, (T 3.39) protoms (J llc./sec.), together with a brosad
peak due to the side~chain olefinic protons (T 4.72).
The absence of a sharp singlet peak (C,) in the olefinic
reglion, together with the high positive rotatiocn and the
ﬁltraviélet speetrum excluded the alternative struciure

{(XLIVY) for the acetate.
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(X5Iv)

Both ergosterol and dehydroergosterol pevoxides aye
stable in alkaline solutionpxo ag expected with compounds
in which the epidioxide bridge joins two tertiary carbon
atomg, so 1% is interesting that hydrolysis of 3-aceioxy-
50 ,8a~epidioxyergosta—3,6,22-triene (¥XAVII) yields +this
nydroxy~ketone (XLI, B = H). This is not the first
ingtance in which a ditertiary epiéioxid@ system has been
found to be uvnsitable in alkeline solutions hydrolysis o
lumisteryl acetate P-epidioxide {KVI) does not give the
Behrydroxy compound, but SP=hydroxylumista=4,6,22-%rien=
Bea0ne {XLV)OQB The structure of this compound was
assigned on the basis of its infrared and ultraviolet

spectra and optical rotatlon data.
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The following neckhanism is advanced Tor the
rearrongenent 0f J-a6et0xy=00,50=¢pidloxyergoaia=3,6,28=

triene (XIXVIL), on alkaline hydrolysis

\ "\,
A )
L £ O,":ﬁf 1‘ = .(\ﬁ:“" 00:?:

A TN 1

O.}\ f,/ \f'/

(XXKFTT) (X))

(XLI) (XLVITI)

A,

The dnitial step is in fact, hydrelysis to the ketone (R,

2,

wihtrich dn slleline solution Fovas the carbanion {

The wegatively charged 4-position is sufficiently closwe

“‘x"’

te the bBu,8a-eplidioxide bridge to attacl 16, with the
Tormation of the intermediste epoxide (XWVIX, whic
reprranges o form the dikedomw {XILVILI}. Aciadiizstian

then gives 4-hydroxyergoata=%4,0,8! 14 ), 28« betrashne Senns
] : e

(XTI, B = H)o
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it was decided at this sitage to try to obtaln o
direct relationship between the enol acetate epidioxide
(XXXVII) and evgosierol peroxide (IIL, R = H) and the
first method attempited was sodium borohydride reduction
of the epidioxide 1o ergosterol peroxide.  J-Acetoxy-
cholesta=3,5,7-triene (XLIX} has been divectly reduced to

36

7-dehydrocholesterol (L) by this reagent, g0 the same

experimental conditions were used in this cass.

Colyy CoHay
¢N¢ﬂﬁmj ff%ﬁbw
|
ACOT AR HO® 2

(InLIX) (5

the reaction 4id not go as expected however, and
varying the conditions gave sevevral unexpected products,

trienes or trienomes, which will be described later.

It wes then decided to try and obteln correletion
between the epidioxide (XXXVII) and ergesterol veroxide
(III, R = H) by hydrogenating the epidioxide to a known
ergosterol peroxide derivative (LI), or to an ergostanol
(LI1), or ergostenol (LIIL), all of which have heen
Qhﬁained'by catalytic hydrogenation of ergosteryl scetate

20
peroxide,




AcO¥~.~7
OH

(1) (L1X) (LIY1)
Unfortunstely, catalytic hydrogenation of 3-acetoxy--

5a,80~epidioxyergosta~3,6,22-triene (XXXVIL) with
platinum oxide gave a mixture of diols oxr triols, in which
hydrogenolysis of the 3-acetate group seemed %o have taken
piaQQQand which could not be separated to give any
récognisable compound,

Finally, %o establish a yrelationship between the
epidioxide (XX(VII) and ergosterol peroxide, an attempi
was made to exidize ergosierol peroxide to Bo,B8x-epidlioxy-
ergosta-6,22~-dien-3-one (XL), in the hope that alkali
treatment of this compound would give dehydroxyergosta-=

4,6,8(14),22-tetraen-3-one (XLI, B = H),

Caly g Golye
N e xﬂdﬂ)ﬂ\!
e SN e s
OD 7?"' .
RO% o N/'L"ﬁ" O'L\T{i N
OR

(r11} (X1) {(x%n1)
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As was mentioned earlicr, theie is no record in the
literature of the preparation of the 3=ketone of ergositersl
peroxide, but Oppenauer oxidation of 3P-hydroxy-5x,80-
ePOKYyergosta=9,22-diene (LIV) haé been shown o give the
3-ketone (LV)osg Isomerigation of this compound with a
trace of mineral acid gave the 7,9-diene (LVI) which was
dehydrated with the weak alkaline reagent, aluminium
tert.-butoxide to give ergos%a%49799(ll),Ezwteﬁraenmsmone
(LVIT),

091‘11 b CQH'XL?

&W ’\$Ym\
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Oppenauver oxidation of ergogterocl peroxide™ was

carried out wnder the same conditions as used in ths

i?é

a o
A

@w&umt@wol peroxide was prepar&d by & allight m@dsfxuuhiOﬁ
of the original method of Windaus and Brunken.®




59

preparation of Hua,Bu-epoxvergesta~-9(1l),22-dlien~3=0ne
(LV), but this did not give the desired product.

Instead, there was isolated a small amount of 4~hydroxy-
ergosta-4,6,8(14),28-tetraen-3~one (XLI, R = H}, togsiher
wi.th aﬁartihg material (III, R = H), indicating that
oxidation had probably taken place to some extent, hut
that any ketoune formed had immediately rearranged undew
the conditions used in the oxidation.

It was then decided to try chromium trioxide~
pyridine oxidation, 1m the hope that this would allow
isolation of the 3-ketone. It wag found that the success
of this oxidation was dependent on the method of working
WP If the excess of oxidsunt was destroyed by adding
dilute hydrochloric acid and =odium sulphite before
carrying out the ether extraction then the Iinitial,
colouriegs oxidation product guickly deteriorated to a
red gum. Chromatography of this gum gave a trace of
4-hydroxyergosta-4,6,8(14),28-tetraen-3-~0one (XLI, R = H).
Refluxing the gun with ethanolic potassium hydroxide
solution, and chromatography of the product gave a little
of the hydroxy ketone together with a colourless,

crystalline compound which has been named Ketol A and which
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showed ultraviolet absorption at 256 mp. in ethanol and
at 248 mpre in alkxaline solution. It showed peaks in
the infrared at 3413 and 1681 cm. ¥, but no structure
has been proposed for this compound. If the chromium
trioxide-pyridine oxidation product was extracted with
ether, without destroying the excess of oxidant, the
extraction proved to be rather laboriouws, but it did give
a colouriess gum, which after fractional cwyrystallisgation,
yielded itwo products. The firat of these was the
required 5u,8¢-epidioxyergosta-6,22-dlen-3--one (XL}, the
mother liquor of which gave an amorphous solid on
vrituration with petroleum ether. Crystallisation Iyom
ather-mnethanol gave a poorly crystalline solid, which
absorbed din the uliraviolet at 240 mu. and in the iafrzreaed
at 3448 and 16856 cm. *  When the mother liquor of the
Initial teiturstion of this material was taken to dryness
and the resildue refiuxed with @thenolic povasgivm hydrozida.
dehydroxyergosta«wd 6,8(14)228-tatracn=3=0one (I1I. R = %)
could be dsolated from the produet, In the ssume way, the

crystallisation wmother liquaﬁ ¢f the poorly crystallinc
maverial was taken to drymess and the vesidue treaited vwith

ethaneldic potasagium hydroxide solution. Ghromstography of
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the product yielded Ketol A, which was identical with
the material isolated during the atiempted preparation
of Ba,Ba=ecpidioxyergosta=6,22=dien=3-0ne,

It would seem therefore that 5S¢ ,Ba=epidioxyergosta-
6,22=-0laen=3=0n¢c 1ig eitremely sensitive to traces of acid
or alkali, giving poorly crystalline, deccmposition
products, which bhave not been identified, On being
refluxed with ethanclic potassium hydroxide solution, 1%
gave 4-hydroxyergosta~4,6,8(14),22-tetraen~3=0ne, thus
establishing the link betwecn 3-acetoxy-da.8¢=epidioxy-
ergosta=3,6,22=trien and ergosterol pexroxide. Although
this confirms that the structure of the encl acetate
epidioxide is amnalogous to that of ergosterol peroxide,
it does not prove the configuration of the epidioxide
bridge.

The structure of the product of alkaline hydrolyals
having been established, the reactlions of 3-acetony=5n, 8
epidioxyergosta-3,6,22-triene {XXXVII) moy be summarized

by the following chart.




have

Yarious, vnidentifled
products, dependlng on
the solvent used.
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Missture of diols owx
triols.

Due to the sensitivity of the molecule, all weactions

to be carried out undery mild o m61 ions and care has

to be talken in working up, as mogt of ithe productis are

k]

sensiiive to traces of acids ox alksli and %o light and

tend to deteriorate easily to intractable olls.

oxygenats

trien=7-one [{(XXXVIII) was essigned on the Ffollowing

The structure of the third product of vhoto-
P )

tion, J-acetony-D%,LhE “dihvdmmgargostamsga(ﬁ)gﬁem

evidence, The ultraviolet absorpilon suggested an

gR-ungaturated ketone and this was confirmed by the infraved
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nox, 5610, 3509 and 3360 Vinax, 5580 and 3236 (hydrozyd},
(hydroxyl), 1768 (enol and 1645 cm. i (hydrogen
me@tat@% and 1695 cm. * honded, ungaturated k@b&ﬂ&)

(eB-vnsaturated ketone).

avsorption, which also showsd the prescnce of both
hydrogen bonded and free hydroxyl groups and sihowed thew
the enol acetate grouping was gtill present, Avalyses
of the compound favour s molecular formula of Vot q Os -

showing that in addition %o the enol acetats group and

the ketone, there are iwo hydroxyl groups. VHedither of
these could be acetylated with acetic anhydrids snd

et

pyridine at wroom temperature, so they must both be
tertlary. The gf-umsaturated system cannot b@,ﬁg@memcne¢
g8 %his would he in conjugation with the doublz hond of

the enol acetate group, therefore it nust be A\¥=Twons op

erte
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A7 =6-0ne. This means Tthat the hydroxyl groups mast
be at Gy snd C;, and the Adle)o7.0ne system is
favoured, because of the compound’'s behaviour oun treai-
ment with ethanolic potassium hydroxide solution. The
fact that one of the hydroxyl groups shows intramolecular
hydrogen bonding in the infrared spectrum rules out a
9-hydroxy- /\ ®{(29) 7-one system.

Brief alkaline hydrolysis of 3-acetoxy-5& ,148 -
dihydroxyergosta~3,8(9),28-trien-"-one (XXXVIII} gave en
wasaturated ketone, which was found to decompose on
attempited recrystalllisation, The pure materizl was
obtained, simply by acidifying the reaction mixture anc
filtering off the product. This compound has been
agsigned the tautomeric structure (IVIIIa/LVITIb, R = K},
for the following reasons. The ultraviolet and infrared

gpectra indicate a conjugateld triemone and posszibly two

te

-
)

hydroxyl groups. Veasurement of the uwltrgviclet

spectrum in alkalilne solution shows two very broad peaks

at 263 and 444 mp, probably due to the formation of the

® The hydroxyl regilon of the infrared spectrum cannot te

gtudied in sclution, because of the poor solubllity of
the compound and its tendency o decompose.
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anion (LIX) in this medium and micro-analyeis suggests

a molecular formula of CggHyq 05 Acetylation with acetic

L ———

&0

(LIX)

anhydride and pyridime at room temperature gave a Mmonc-
acebate, which may have either structure (IVIlia, R = Ac}
or (LVIITo, R = Ac)s The second of these possibilities
is Ffavoured because of the nature of the compound’s lafra.
red absorption. Examination of the 2-4 m. region in
dilute carbon teitrachloride solution reveals a hydroxyl
peak at 3597 cm, * indlcating that the molecule is
unlikely to contain a 7-keto group, as this would be
hydrogen bonded to the adjacent ld-bydvoxyl group.

An attempt was made to cavry out a dienone-phsnol

The ultraviolet absorptlion maximum of compounda of L;ﬁn
nature can hz cald ula ed(by Lh@ ectron Gas Theory.

This gives Amax. = 127 gwém?Lw mp, wheve j = number of
W éin
double bonds. In this case j = 3, as the 8(9)-double

bond is not part of the resonance gystem and substititing
J = 3 in the equation gives h;nav 452 mp.
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) q?k&;‘v 88 . o L )
rearrangement of 3,14€ —~dihydroxyergosta-3,5,8(9),28~

tetraen~7-one {(ILVIIla, R = H), but this gave only water-
soluble products, probably on account of the additional

double bond at Cg.




Treatment of Jd-aceltony-ou,8a-epldioxyercesta-5,0,22-triene

with sodium borohydride,

As was meniioned earlier, sodium borohydride
reduction of 3-zcetoxy-Hu,B8p-epidioxyergosta=3,6,22-triene
was attempied, using the same conditions as were employed
in the reduction of Jd-acetoxycholeéesta=-3,5,%7~triene %o
Wmdehydrocholesteralasg This involved treatment of the
enol acetate epidioxide in ether-methanol at 0°C, with
sodium borobydride in ethancol, the borohydride being
dissolved in ethanol, ag it is more stable in that solvent.
The initial product of the rea@tion wasg an impure,

colourless cyrystalline solid, which had ultravioleit angd

infrared absorption as shown. This material could not de
hjg oHy v Tmpure Ketone III
material
(Pa l \[ NoBH,, \ 7.9 ﬁ%ﬁ- Dy }‘ma;s;;oﬁ?q it o
e T I e \ PR
#05 | /MU N (im CClLg)
L ") 90 WA o
Aed” S ¥ mase 00 om.” - -
’ 3021 and 1672 cm.
(XXXVIT)
purified by recrystalligation and whem 1t was chromato-

graphed on deactivated alumina, rearrangement took place

to give a sharp-melting, cyystalline compoend, which was
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named F¥etone L1, This had uwitraviolet and Infrared
absorption as shown, and these suggested that the
gtructure of this compound is similar to that of the
hjdrmxymkeﬁone (XTI, R = H). There is however, wno
hydroxyl absorption in the infrared, but the presence cf

o weak peak at 302} cm. * gave rise to the idea that the
compound containg an ether linksge and that 1t might even
be the methyl or ethyl ether of 4-hydroxyergosta-4,6,8(1L4},
RR=tetraen=3=-0ne, With this in nind, an attempt was madse
to form the methyl ether of the hydroxy-ketone, but thism
was unsuccessful, Ketone 111 was also found to nave s
gpecific rovation of only +2°, whereas the hydroxy-ketone
has a rotation of +733° and it seems unlikely that ether
Tormation would bring about such a change. The weal
peak at 3021 cn. % in the infrared spectrun is probabls
dua to double bond gbsorptlon and Xetone IIl is most
likely a conjugated trienone, »ut 1t has been found

»

impossible o sssign an exact atrueture,

Repetition of the sodium asorohydride treatment using
ether and methanol alone as th2 sclvents also gave an
impure product. When this was chromatographed on

deactivated alumina, 1t gave uncrystallisable mixtures and
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when 1t was chr@maiogfaph@d on s8ilica gel, 4t gave only
& trace of Qwhydroxyergostaw%gﬁga(i@}gzzm%etraenmﬁmonec
indicating tﬁaﬁ reduc%ion was not taking plasce and tha':
the conditions were mérely causing rvearrangement of the
epidioxide. ™his was probably due to the instability

of sodium borohydride in methanol,

Unerystallisable
oile

CoHaqg ,ﬁf
PN Trpure Ve

£y "y . s gm ey 3
[ | NaBH,, Waterial Qif Shromatography

\Es’; y f A
1 o] E4O0H ma. S0 Mo
\ ‘*noc > t.yuz ¥ ‘x:.ﬁ th,
AcO ~o Qmax03%66 Cllo

Conjugated trienc
w 4

}maKOQIQ%gu

S030 em. *

(XXXVII)
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in o third series of experviments, using sthey and
ethanol as the solvente, a campletély gifferent prodgue
was ohitained, Thie was an impure, colourless, crystalline
s0lid, the ulﬁravioie% and dnfrarved absorpition of whiel
suggested that 11t was a conjugated trienol., It could nol

be purified by wecrystallisation and when 1T was

&

chromatographed 1t gave uncrystallisable oils, apart o
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one occasion, when chromatography on deactivated alumins
gave a crystalline compound.  The ultrévialét avsorptlion
of this cbmpound indicated that it was a conjugated trizne
snd a weak peak in the infrared at 3030 cm. * again
indicated the possible presence of an ether linkage.
Micro-analysis shows that there are in fact two ethoxyl

roups, so the siructure (LX) was proposed for this
PSy pxop

compound, but this has not been confirmed, Lecause other

atvempts to obitain the compound gave unidenitifisble olls.




Aerial oxidatlion of ergosta-4,6,22-trien-3-one and

ergosta~-4,6,8(14)  22-tetraen=3=-0na,

An attempt was then made to obialn 4-hydroxyergosia-
4,6,8{(14),28-tetraen-3-on¢ by aerial oxidation of ergosta-
4,6,22=-trien-3-one (LX), The tirienone was dissolved in
tert.-butanol, containing potasgium tert.-butoxide and the
solution stirred at room temperature for 24 hours.

The product obtalned after working up the reaction mixzture
and chromatographing the crude product nowever, was
d-hydroxyergosta~4,6,22-trien-5-one {(LXIL, R = H),

together with a Lititle vrecovered starting material.

Collir CoHyy
”\Ebﬂkj fﬂ\ﬁbﬂ\}
GO O
LI L0
(rxz) OR (1317 .me
}&m@,ﬁgc 286 g Aﬁ;& . SLS mn.

?max 3401 (hydrogen bonded

0H) end 1856 om. i(hydwuwuy
bonded, unsaturated ketone)
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Itallan workers have recently »eported the aerial
oxidatbion of seveval 3-keto-/\ ?-steroids using %his
method.3? They obtalned the corresponding. 4=hydroxny-
-lketo- [\ % ¥ mderivatives, along with 3,6=dlketo- A % -
derivatives.




The product was identifled mainly by iis Infrared
absor@tiono- The ultraviolet absorption is considerably
lower than that pfedicte& for this type of aompcﬁund9 and
on acetvylation with acetic éﬂhydride and pyridine at room
tenperature, the 4-hydroxy-3=ketone gives ithe 4-acetate
{LXI11, R = Ac), the ultraviolet absorption of which
(307 myo) is rather higher tham expecited. This enomolous
behaviour may be due to the compounds partial existence in
a diketvonic form.

As 1t appeared that the extra 8(1l4)=double bond
could not be introduced by aerxial oxidation, another
attempt was made, using ergosta=4,6,8(14),22-tetragn=>5-00a
(XnI1). Under the same conditiouns, this gave a green,
erystalline compound, which apoears to convain one
hydroxyl group and has been assigned the atructure

(IXIXI, R = H). The deviation of the wl.traviolel

Coly v
.r"’\j?i'/&&‘m] I,/\ FiPa
. CEIE mpmmie /\ﬂ PN
O e
or  (INITI,R=R) O (LHIV)
calco ' cales 44
>\mmm h20 mg. xm&ifc 393

)ma 270 and 371 wpo
LN

Qm&; 3378 (hydrogen bonded OH) , 1642 and

1637 cm. *(hydrogen bonded, wasabturated
ketone)




absorption from the caleculated value, the presence of

twin peaks in the inflrared spectrum and thé green colour

of the compound are probably due to its partial existence

in the diketonic form (IXIV). This is borme out by
exomination of the visible abagorptlion, which reveals a

peak &t 623 L o (€ 5.1), the wvalue of the exbinction
soefficlient suggesting that the compound exists as the
diketone to the extent of approximately QB%OE It was
thovght possible that the inltial step in the oxidetion was
the introduction of the h=hydrcexyl group, vhe extre double
bond being introduced subsequently. However, allowing the
reaction to proceed for only three hours, instead of

twenty four, merely resulted in & lower yield of the
compound (ILXITII, R = H)g Acetylation with acetic anhydride
and pyridine ot room temperature gave the h-acetate (LXITI,
R = Ag), which had infrared absorption at 1773 (encl acetate),
1669, 16L7 and 1590 cm. * (unaaturated ketone) . I% would
geem therefore, that introductlion of & hydroxyl group into

an ergostenone nucleus by this method to glve the desired

= Simpie l,2-diketones, such &s diacetyl show a serles of
absorption bands in the region between W20 and h50 mp.
(€ pa, 20), and this absorption confers a yellow colour
on these compounds.®?




Th

d--Dpydrory-3-ketone (XLL, B = H) 4is rather difficult.

The compounds obiained are interesting however, as the

hydrogen bonded carbonyl groups absorb at a very low

frequency in the imnfrared region.

The main peaks in

the infrared spectra of 4=hydroxyergosta-4,6,22-trien-

d=ome, 4-hydroxyergosta=4,6,8(9),14,28-pentaen=3=one

and thelr ascetates are given 1in Table 2.

Iable 2.

4mhydroxyergostam496922mﬁri@né§4@m@

{ 3-ketone)

dahydroxy-ketone d-goetate
Compound (TXIT, R = M) (TEII, R = Ac)
Y max., 3448(0H}, 1647, _ | 1779(ernol acetate),
{(im CCL,) 1623 and 1575 om. * | 1678, 1683 and
( B-ketone) 1585 cm. *
{3=ketone)
d=hydroxyergosta~4,6,8(92),14,22-pentaen-3-0ns
i d--lydroxy-ketone t-acetate
 Compound (LXITI, B = H) (LXIII, B = Ae)
Y max. 5425(0H), 1642, _ | 1773(enol acetaie),
(in CCLl,) 1637 and 1590 cm. *| 1669, 1653 and

1590 cm. 4
{ 3-ketone).

I% can algo be seen thai the absorption due to the

S-ketone giroup moves to a higher frequency, when the effest

of hydrogen bonding is removed, l.e. on acetylation.
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Photo—oxygenation of S-aceloxvergosta=

3.5,7,9(11) , 22-peniaenec,

Having prepaved an epidioxzide from 3«acetoxyergosta—
3,0,7,R2=Tetracne, it was decided to £find out whether
SMaGetuxyergostamﬁgﬁg?99(11)922mpentéenﬁ formed a similay
epidioxide, and whether this epidioxide also underwent
rearrangement on alkaline hydrolysis.

Denydroergosterol (IV, R = H) was obtained from
ergosterol by dehydrogensition with mercuric acetatei yls
was converted to the 3-~ketone ill).'}';"&!")‘m3 by Oppenauex

29
oxidation. T this case, aluminium tert.-butoxide wan

found to be preferable to isopropoxide and it was found

to be unwise to chromgtograph the crude product, az this
led to decomposition and produced red gums,. Oun one
cecagion, a bateh of aluminium tert.-butoxide, which was
pink in colour, produced sn uncrystallisable product, but
thls was thought to be due to the presence of free base

in the tert.=butoxide.  In most cases the crude product
was recrystallised once from acetone and used directly for
the next step. Enol scetylation of the ketone (LXV), by
refiluxing It with scetic anhydzride and pyridine gave

BeaCetoRyergosta=>5,0,7,9(11) 2r=pentsene (XXXVI). ©
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The oxygenation and irradiation were carried out as

deéscribed previocusly smd it was found that the reaction

went to complefion in about 5.9 hours ﬁomparéd with thz
32 hours required for the compleite photowoxygenation of
d-agetoxyergosta-3,5,7,28~tetraene, The product obtained
on evaporating the solution to drynéss was a ved gum, waich
was immediately chromatographed on silica gel, but no
crystalline material could be isolétedu It would seem
therefore that the reaction product is even more sensitive
to traces of acid or alkali than S-scetoxy=50,8u=cpidilciy.
ergosta=3,6,28«~triene, which is not entively unexpecied
with the additional 9{11)-double bond present in the
molecule, Repedtition of the photo=oxygenstion gave ithsa
pame red gum, bui in this casge, the gun was dissolved ia
chloroform and the solution passed through a short columw
of deactivated alumina as quickly a8 possible. This
removed a grest deal of the ¢olour, hut evaporastion of dhe
eluate still gave a red gum. Two recrystallisations from

methanol however, gave 3=acatozy-5u,8u-cpidioxyergostsas-




59699(11)922mtetra@n@ (LXVI) a3 pale orange needles.
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{(xxxvr) (LXVI) O (ravir, Rem)
ﬂmaxol?619%@@l and )\naxo400 mys
lgégﬁg%é}ﬁggmgl ?\La1g°391 mze

Qmax°3033€0ﬂ3 1842,
1640 and 1527 om.™s
(unsaturated katons)

The epldioxide ghows no selective absorption in
the ultraviolet, and the infrared spectran shows the
presence of the enol avetate group. On hydrolysis with
dilute alkall, the epidlozide underwent rearrangemendt, to
give 4dehydroxyergostasd ,6,8(14),9(11),;20-pentaen.3=ane
{(LXVIY, R = B), which had ultraviolet aud infrared
absorption as shown and was thus ldentified in the pamo

way as 4-hydroxyergosta-4,6,8(14),22-tetraen-3=0ne

A

(XLI, R = H). Acetylation with acetic anhydride-pyridine

= The pure product is probably completely colourlass,

but the presence of traces ¢f cosin decomposition
products, which are difficul’ 1o remove, make it
siightly orang=.
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at room temperature gave the 4-—acetate (LIVII, R = Ac) and
treatment with benzoyl ¢hlorife-pyridine gave the 4-henzoate
(LXVII, R = Bz).

It was recently pointed autiﬁ that the molegular
rotation lancrements for the addition of oxygen to
gteroidal ring B dilenes are Qf the same order in all cases.
It is Interegting therefore to compare the molecular
rotation dncrements for the addition of oxygen to the two

enol acetates with those of other vring B dienes (Table 3).

Table 3.

Compound [&[M]%
Ergosterol %3?930
Ergosteryl acetate +300
22 ,23-Dihydroergosterol +458°
22 23-Dinydroergosteryl aceltate 377
Spl7=Diacetoxyandrosta-0,7=dlene +488@2
Ivmisteryl acetate @23015
d=pretoxyergosita=3,0,7,28=tetraene +668b
3-Acetoxyergosta-3,5,7,9(11l},28-pentasne *IS?QE

{a) Por formation of epidioxide
{(b) Present work
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It is also interesting at this stage to compare %he
infrarved spectra of 4ghydroﬁyergc8%ém49698(147922mﬁetwa@nm
3-one, 4-hydroxyergosta~4,6,8(14),9(11l),2R~pentaen=-3-ona and
thelr esters. The gignificant peeaks ave given in ZTable 4,
from which it can be geen that both hydroxy-keiones show
hydrogen bonded nydroxyl and hydrogen bonded carbonyl
absorpition. On esterification, there is as expecied,
complete disappearance of the hydroxyl peak and an
agsociated shift of the 3-carbonyl peak to a highev
frequeneys. In all cases, the carbonyl peaks of the

Jﬁagsgaiiaﬁaﬂﬁiiﬁ

=compounds are at a lLower frequency than

. 2 96,0 (24) _ _
those of the corresponding A =gompounds, and Ihe
snel benzoate carvhounyl Irequency ls lower than +that of the
enol acetate group.

The total combined mother Liquors from the
recrystallisation of the epidicxide (LAVI) were taken to
dryness and the resgidual gum chromatographed ow silica gel,
in the hope that after having vemoved the bdbullk of the
epidioxide, no deccomposition would take place on the columi,
Ounly a further small amount of the epidioxide could be
igolated however, 80 it would appear that if any by-product

i1g formed during the photooxygenaition, then it ig very




Table 4.
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&

4=hydroxyergosta=4,6,8(14),;22~tetraon-d-one

and 1800 cm. *

1681 ( 3~ketone)
and 1597 cm. *

’ d-hydroxyketone d-poabate 4=hanzoate
Compound | ryr5 "g = H) (X1, R = Ac) |(RLI, R = Bz)
Y max. 3400( OH Y, 1773( enol 1951 (enal
(in ¥C1) | 1656( 3=ketone) acetate), henzoate),

1681L( 3-kehone),
1642 and_
18600 ¢m, 7

d-hydroxyergosta-4,6,8(14),9(1L1),22-pentasn-3-0ns

d=hydrozyketone

d-aceitate

s ST

d=Yanzwosbc

aund 1610 cm. 4

1653( 3-ketone),
1623 and_
1885 ome >

Gompound | (73T, R = H) | (LAVIT, B = Ac) |(LXVIL, & = Bu)
Y max. 3578§OH}9 1.764.( enol. 1732( enol
(in XC1) | 1642( 3-ketone) acetate), henzoate)

1667( 3=keioneg )
and 1626 -m. *

wnstable and decomposes during the working-up process oR

ade e

on attempted separation,

A attempt was then made to oxidize dehydroergosterol

peroxide (¥, R = H) to the 3-ketone, to find out whethay

treatment of this ketone with ethanolic potassiun hydiroxlde

golution would gilve 4-hydroxyergosta-—4,6,8{(14),9(11),2:2

pentaen-3-one {(LIVII, R = H).

Preatment of

denydro-=




grgosterol peroxide with chromiuvm triowide=pyridine, which
succeasfully oxidized srgosterol peroxlide to 5a,80-
epidloxyergosta=06,22-dlen-3=0ne was completely unsuccessgsiul

however, and left the peroxide unchang@d;
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Photo—oxyeenation of J-scetoxviumista-5,5,7.22=-tetracne,

The iumistercl used as the starting msterial in this
series was obtalined ag its 3,0-dinitrobenzoate, Lrom
Titamin D residues.™ Tunisteryl 3,5-dinltrobenzoate was
digtingulished from caleiferyl 3,b-dinltrohensoaite, by the
fact that calciferol compounds ghow a peak at 685 cm. * in
the infrared, probsbly due to the §,,=0;, methylene group.
This peak 1s conpletely absent Iln the specitra of
lumisterol compounds. Hydrolysis of lumisteryl &,5-
dinitrobenzoste gave the sterol (XITIL, R = H), which was
oxidized to the B-ketome (LAVITI), = by Uppenauesr
wxiaatiom033 AMuninivm tert.~butoxide wasg again found
0 be more suitable than isepropoxide, although on one
occasion, the bad baitch of aluniniuvm tert.-butoxide
mentioned earlier brought eboud no oxidation of the
gtarting material. On all ocvcaslons, the crude oxidation
product had to0 be chromatographed o separate the pure
product from uwnchanged starting material, and the Tlual
yield was alwayve pPOOY. Refluxwing lumista-4d,7,22-trien

F-one (IXAVIII) with acetlic anbydride and pyridine gave

e
oy
o

These residues, obtained from Glaxo Laboratorics Litd.
contain a mixture of caleciferyl and lunisteryl 3,5-
dinitrobenzoates, which con be zeparated by Ifractional
crystallisation.
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Jeacetoxylumista,3,5,7,22-tetraene (LEIX).

Colaw Caai?
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(XT1X) (LEVILID) (TXIX)

Photo-oxygenstion of the emnol acetate gave a red
gum, which could not be crystaliised, but chromatography
on silice gel gave J-acetoxylumista«3,5,7,9(1L),22
pentaene (LYY}, s peries of oily fractlions which wers
thought to be parvially decomposed epidicxide, a trace
of unildentifiable solld and an af-unsaturated ketuns.

G@Hilty G(E‘:H‘i}.ﬁ‘?

NP ENEN .
i fﬁw N L]
¢ <
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?_——\uoe

Aol A@Of\f N
(rrTx (LX)
s, 305, 317 end 330 mu. Muage 3805 33 and 353 mp.
oalo. : eale.
hmax 318 mpe Apers. 358 ma.
Ve, 750 (enol ecatate), Waw, 2757 (enol scetate),
1650 and 122N cw. * 1661 and 122h cw.

There is no rererence in the literaiture o the

preparation of 3-pcetoxylumlsta-3,5,7,9(L1),28-pentaenc

r:s"

(XX}, but 1% is identified by iite ultraviolet and
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infrared specira. An attempt was made to synthepige
this enol acetate, by oxldizing dehydrolumlisterol

(XIV, R = H) to the 3-ketone and enol acetylating the
ketbtome, but Oppenauver oxidation of dehydrolumisterol
with aluminium tert.-butoxide and acetone in benzens
gave an Impure product, which aflter chromatography on
deactivated alumina gave uwachanged dehydrolumisterol snd
en uncrystallisable red oll. The ultraviolet absorpition
of the oll however, showed that it contained a high
peoportion of ef-umsaturated ketone, mo it was refluxed
directly with scetic anhydride and pyridine, bul again &
red oll was obltained, the ultraviolet spectirum of which
showed that there was no enol acetate present.

It was thought that the oily Lractiong cbbtainaed
by chromatography of the crude photo-oxygenation product
might contaln some partially decomposed epldioxide, so
they were refluxed briefly with ethanolic potassium
hydvoxide solution, to find out whether a resrrangemeontd
produet could be obtained. The product of this
reactlion was a brown gum, even alter chromatograephy on
gllica gel, so it would gppesr that the epildloxide of
Segeetoxylumisgta=3,0,7,2R«-tetraen is extremely unstable

eand guickly decomposes to glve intractable olls,




The af-unsaiturated ketone obvtained, is thought
0 have come from an impurity in the lumlsterol used,
besausge a second photo=oxygenation experiment gave
3-poetoxylumista~3,5,7,2(1L),22~pentaecns as the sole
crystalline product, although the Wwo runs were carried
out at completely different dilutions. The fact that
the ofi~unssturated ketone shows no‘anol acetate pesk in
whe infrared makes it very unlikely %o have been a true
photo-oxygenation product, 80 it was not investligated

any further.
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By-products from the photo-oxyeenaiion of ergosteryl acsetaie.
By-produects from the photo-oxyegenation of ergositeryl acetaie

TNE PHOTD-UXJEENOGLON 0L GLROSTETyL 906TavE Woe

carried out at one stege to obtain ergositerol peroxide Ffor
a synthesis which wes described earller, so 1t wag decided
to examine the mother liguors from the crystallisation of
the peroxide, for the presence of any other producits.
Chromatography of the evaporated mother liquors on
deactivated alumina gave b,6~dihydroergosteryl acetats
(LXXIg R = Ac), a further emall quantity of ergosteryl
acetate peroxide and 3f-acétoxyergosta-H,8(9),28-trien="7-

one (LXXII).

Colay Callaw

Nos Nes
Roéz:jgxxu/ Amﬁgiffqbflﬂ

(LXXL) (LAXTT)

8,6-Dihydroergosterol (LAXI, R = M) im usually
présent as an lmpurity in ergesterol and this is undoubltedly
the source of the material obtalned here.

The physical constants of the 3P-~acetoxyergosta-
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5,8{9),28-trien-7~0one (LXXII) obtained, corrvespond guite
closaely with those of the same compound obtained by
Elks et 8l., by oxidation of 3P,5u-diacetoxyergosta-
7,9(11) ,22=trlene (LXXIXI) and rearvangement of the
intermediate 3Pp-ascetoxyergosta~5,2(1l),228-trien-T-one
439244

(LXXIV) .

CoHao Q@Hn? Selye

f - r‘j@«‘l\
SC VSO TGS
A@O%\V%LN’ A O RN TP L PN

(LXXIIT) (LXXIV) {(L¥X1T)

The production of this cross-conjugated ketone

(LXXII) by photo-oxygenation of ervgosterylacetate
16.

5,8(9),28-trien="-one (XVIIX) from lumisteryl acetate. =
16

Wo trace of the expected 9(11)-dehydroergosteryl’ "
avetate was deteched. Tyl
avetate was deteched.
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General oxperimental proceduras.

Meiting,pointso Thede were Getermined on a Kofler hot

stage, and also in certain ﬁpécifi@d cases, in a sealed,
evacuaited tube,

Optical rolations. Unless otherwise stated, these waxe

determined for chloroform solutioms at room temperaturs.

Uliraviolet speciras Unless otherwise stated, thease

refer to ethanol solutions. Alterations iu spectra in
alkaline solution were obscrved by dilm%ing\e%hanol
solutions of the compounds with 0.1N NaOH, Blank
solutions were prepared by a simllar dilution of purs
ethanol.

Infrared ppecitra. Tnless otherwise stated, these are
9

for potassium chloride discs. In certain specified
cases, apectra were run imn carbon tetrachloride soluticn
at two concentratlonss approx. 0,034 for the reglon
zelﬁJpo and approx. 0,0020M for the reglon =4 j1. usling

1 cm. Infraslil Quartz cells in the Latter case.
Reapgents, Alumina {Spence Grade °H') was deactivated by

45
the method of Farrar, Hawlet, Henbest and Jones.
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The silica gel used for chromatography was Hopklin and
Willdems, M.F.Co The eosin used was found to vary im
purity, some samples giving impurities, which contaminated
the photo=-oxygenation productﬂa Petroleum ether had

boiling point 60-80°,

5

Fhoto=oxveenation technlgues, Oxyegenation and Ilrradiatioc

were garried out by two methods,

Mathod (A).- The steroid was dissolved in benzene and

ethanol, Besin (a filtered scolution of the dye in
ethanol} end pyridine were added and the solution placed
in a vertical, Pyrex glass tube, sealed at The lower eni
(see Pigel). Ozygen was passed through, while the tuba
was illuminated by a 22% , 20 watt, " warm whitse® ,
fluorescent tube, placed vertically and parallel %o the
reaction tube. Ho refluxling of the solvents took plac2,.
Two solutions were often run simultaneously, using two
tubes and the procedure repeated once or dtwlce, before
bulking the golutiong and evaporadting them all t@g@ﬁh@f»
The reachtion was followed specirophotometrically by
removing a sample (1 ml.) of the scolution every bhour or
wwo hours, diluting this sample to 100 mi. with athanol

and determining the uwultraviolet spectrum against a blany




golutlon, containing ethanol, benzene, pyridine and

gosin in corvect proporvions. As the reaction proceedad,
the intemsity of the peak due to the 5,7-Adiene systenm
glowly diminishsd.

Method (B).- The solution was prepared as describsed in

method (A), but it was placed in a large, anaular Pyrex
vessel (see Fig.2 and illustration). This allowad oxygen
t0 be pagsed into the solution at three polnts agnd
permitted more efficient use of the light, as the
Fluoregscent tube passed down through the centre of the
vesgel. The wreaction was followed by spectrographiec
analysis, a8 in method (4).

in both method (A) and metheod (B), the vesmsels wer:
filled with solution to allow naximum use of the lightiag.

Changes in concentration did not appear o have any eff2eh.
8 P i




B2h sockets

0 gmcﬂ}*j v

A

8Ly
J/fgondensaw
v

86.0 oo

Ve N

Ingide dlometer 2.7 ©mo
Outside diameter 2.9 ¢l
Capacity L3I0 ml.

&
-

P

Bl gﬁqk@ta

y

Plan of simmular vessel

BlLl sockets

et Y 427
O .\
14

9.5 o

\ N7 S

Ba 3 cmo

R

2.8 e
Capacity 1500 wnl,

Section through ammular vessel

Flgo 2







0
A

3

Photo-—oxyzenation of S-aCetoXyergogta-3.,9,7 . 22=-tetraent,

e

. - 24 —— . ;
Bregostinad 7, 22-trlene=3-0ne {XXXIT) o~ Brgositerol

(50 g.) was dlssolved in benzene (1200 ml.) and the
nixture distilied until no more wét@r was entrained in
the distillate {approx. 100 ml.).  Aluminium isoproporide
(60 g.) and acetone (500 ml.) were HGhen added, the mixziure
refluxed for 7 hours with sitirring and allowed to stand
overnighi. The benszene solution wés washed with watex,
dilute hydrochloric acid, potaessium bicarbomate solution
end Finally with water. The combined washings were
extracted twice with ether and the ether extracts washod
with watexr. The benszene and ether solutions were
combined, dried over sodium sulphate and evaporated 1o
dryness under reduced pressure to give a yellow, crystalline
solld (H4.5 go o Chromatography on deactivated alumiia
(500 g.) and recrystallisation of the material eluted iy
13l petroleum ether-bengzene from acetone-mathanol gave the
product as yellow needles (21.2 £.), MePo L27-132¢
(pavrtially vecrystallises and melts up to 200°),

[a]y - 3.8° (g 1.02), X\ 206 end 238 mp. (£ 9,000

maXe

and 14,000}, . 1682 (af-unsaturated ketome}, 1629,
o 24

1460, 1370 and 966 cm. *  Heilbron et al  gave m.p. ..B8°,




falp = 0.89, 230 mpe( € RD,000). A mecond cvop

}\m&x;
(4.75 go)p Mopo 123-131°, [a]y = 5.5° (g 0.76) wae
obtained from the mother liquoz.

: 24
3-Acetoxyercosta-3,5,7.22-tetraene  (XXXV) .-

A solution of ergosta~4,7,228-trieng-3-one (24 g.) in
pyridine (60 ml.) and ac@tic anhydride (60 ml.) was
heated uwnder reflux for 3 hours, Pale yellow plates
(24.2 g.) came down bn'coolimg and were recxrysitallised
from ethyl ascetate-methanol to give JS-acetoxyergosta-
3.5,7,22-%etraene (XXXV) as almost colourless plates
(20,5 go), mops 14L.5-151° (146-148° im waewo), [o], - 183°
(g 2.0), A max

18,000, 22,800 and 16,400), 9 1, 1767 (enol acetate),

ma
- 24
1662 and 1640 cm. * Heilbron et gl  give mepo. 146°,

02069 302, 315 and 330 mp. (& 16,200,

[aly, - 143°, 316.5 mpe (£ 22,400),

 max.
The Toregolng preparvations are typleal of many which

were carried ocut.

Imol sceitylation of ergoglia-4,7,28=-tricd=3=0na,

uging acetic anhyvdride-sceiyl chloride. - Ergoasta-4,7,82-

trien-53-one (1 g.) in acetic anbhydride (8 ml.} and acatyl
chloride (8 ml.) was heated under reflux for 6 hours.
The excegs aeetyl chloride was removed uwnder roedusad

pressure and the solution filtered to give a 1light browa




crystalline sollid (683 mg.), Mepe. LID~147.5°,
Recrystaliisation from ethyl acetate-methanol gave
3-acetoxyergonta=5,5,7,22-tetrasne (XXXV) (556 mg.),

M.po. 140-149°, [m]n ~ 145°%, (g 0.95), A .. 210, 302,

515 and 330 mp. ( & 6,600, 13800 22,600 and 16,100),

Y maxolve59 16861, 1462, 1368, 1216 snd 1118 cm. ?,

ldentical with the infrared spectrum of material preparad

above. . o
Enol acetviatlon of exrgostio—%4,7,22=irienc->-00a,

Enol acetviation of ergosto~%,7,22=triene—>5-0n3,

weing lisopropenyvl aceitate-concentraied sulyphuric acid.-

A solution of srgosta~=4,7,28-trien=3-one¢ (1 go).in
isopropenyl acetate (3 ml.) end concentrated sulphuric

acid (1 drop) was refluxed for two houwao The crystalllns
golid which was obtained on codlimg was taken up in @%L@é
and the ether solution weshed briefly with water and d:iled
over sodluwm sulphate. Brvaporation gave a brownlsh,
crystalline solid (1.19 g.), which was recrysitalllissd

twice fram sthyl acstate-methanol to give 3-acotoryerg.sia-
3,5,7,22-tetroone ap pale yellow plates (XAXT) (157 NGiia f

mopo 140-149°, [@;].D - 132° (g 0.%8), A\ 210, 3082, B15,

maie
and 350 mp. (£ 8,700, 18,100, 22,400 end 16,300),

Y s, 1768, 1660, 1460, 1370, 1220 and 1118 cn.




o
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identical with the dinfrered spectrum of material

prevared above, Byvaporation of the combined mother
liquors gave a dark red gum, whlch would yield mo furither
erysialline material, even after chromatography on silica
gel (30 g.)o

Oxygsnation and irradistion of J-apeetoxyergesia-

30,7 22=-tetraene (XXAV), « 3=-ACeb0Ryergosta=3,5,7,22-

tetraene (3 g£.) was dissolved in benzene (125 ml.) and
ethanol (125 ml.). Eosin (50 ml. of a filtered molution
of 1 g. of the dye in 100 ml. of ethanol) amd pyridine
(2.5 ml.) were added and the solution oxygenated and
ivradiated by method (A).  Specitroscopic snalysis showed
that the reaction was complete im sbout 12 hours, althcugh
it was not stopped watlil after 18 hours. The solutlop
wes then takem o drynsss, the residue dissolved as Lfax
ag possgible in ether, the solution Tiltered and pasmaad
through a short column of deactivaited alumina Lo remove
any dissolved eosin. The resulting yeollow solutlon wes
again taken to drymess and the gum (2.07 g.) crvystalliced

from methanol to give & pale yellow solid (981 mg.), mcpPo

. g 1% f
i04@1b2@ )} A Max. 2057 9 &nd 258 M}lo ( Elémo 259 Ewld 339 8 } ]
Y 1772, 1689, 1460, 1450, 1380 apd 1250 cm. >

nakoe




The erysitalline material and material from the
mother lilguor were recombined snd chromatographed on
deactivated alumina {80 g.)o Flution with 4:1 peitroleun
ather-benzens gave a yellow gum, which was crystallised

from methanol to give a pale yellow solid (341 mg.),

P o 1 1‘% ¢ 3 &
Moo 11B=LBR®, X . 207 and 358 mp. (Elcmozﬁa and 59.7},
Y e, 1770, 1688, 1460, 1379 emd 1229 cm.”*  Flutlom

with 134 petroleum ether=bengzene gave & yellow s0lid

(66 mgo), Mopo 150-193° (decompo), A 206 and 366 nu.

maxoe

(E%fmozzo and £52), 3 1720, 1651, 1589, 1451 and

maixe.
1371 cmg. *

In anothey experimenty, 3=aCetoXyergo8ta=3,0,7,22«
tetraene (10 g.) was dissolved inm benzene (325 ml.) and
ethanol (275 ml.). Bosin (a flltered solution of 1 g.
of the dye in 100 ml. of ethanol) and pyridine (5 ml.)
were added and the solution oxygenaied and irvrediated ).y
method (A). The resctlon was allowed to proceed fop
16 houra, alithough specitroscopic analysis showed that .t
was complete after 12 hours. The resctlon was then
repeataed with two further 10 g. portions of enol acets s,

and again allowed to proceed for 16 houws in each case




e

The solutions from the three runs were combined
and taken o dryness to give a deep red gum, which was
dissolved as far asg possible in 134 petrolsum ether—
benzene, Tfiltersd and chromgtographed on silica gel
(800 go}o TElution with 134 petroleum ether~benzene gave
a yellow, crysballine solid, which after two recrystall-
isations from ethyl acetate-methanol gave 3-scatoxy-
ergosta-3,5,7,9(11),22=pentaene (XAXVI) (55 wg.) as
yellow plates, m.p. 143-160° (158-161° in vacue ),
[@]D - 234° (g 0.52)(Pound: €,82,93 H,9.9 Cale. fox

CooHaplps CpB2:95 H,9.7%), N 206, 256, 338, B354

Waike
and 373 mp. (€ 6,300, 12,300, 10,500, 13,700 and 1.0,5¢0),

Y pax, 1764 (enol acetate), 1656, 1458, 1368, 1211 and

1130 em.”*  Heilbron QQ,Q;?G give mop. 161°, {el, - 272°,
kﬁmm@356 mpt. (€ 17:;400). Biution with 931 benzene-
gther gave yellowlish, crystalline material, which altex
two recrystallisations from methanol gave 3J-pgetoxy-bo B

aildloxyvergosta-3,6,22-triene (¥XAVII) as almost colourlesns

needles (5.6 g.), MopPo 144-152° (148-149° in vacuo)

[ely + 0.4° (g 0.94), N 212 mp. (€ 7,700}, 9

MaXo MEVE «
1764 {(enol acetate), 1681, 1458, 1374 and 1227 cm. *

A sample (500 mg.) was given ihree further wecrystallications




from athanocl %o glve colourless needles {243 HEZe) s HoPo

144-152.5 (L48-149° im vacuo), [l + 1.1 (¢ 0.95),

Ip
{Pounds C,77.33 H»QLEQ' CgoHaa 0 requires ©,76.9;
Hy9.6%).

Blution with Vsﬁ'béHZén@c@ther.gav@ orange crystalline
material , which was recrystallised twice from methylene

chloride-~isopropyl ether to give 3—geetoxy=5%5 ,14§ -

dihydroxyergosta=3,8(9),22-trien="-one (XXXVIII), am

almost colourless needles (1.0 g.) mop. LE82=200°
(190-192° in vecug), Eja}D = 111° (¢,0.65)(Founds C,74.53

Hy9.3 Cgolly,0; reqiires C,74.35 H,9.15%), N 240 .

MARK o

(€ 10,500), 9 ___ 3250 (hydrogen bonded hydroxyl),
1767 (enol scetate), 1692 («B-unsaturated ketone), L6334

and 1212 cm.,* ¥ . (in CCl, } 3610 (free hydroxylj,

1=

3509 (intermolecular hydrogen bonded hydroxyl) ard 3360 :m. *
(intramolecular hydrogen bonded hydrozyl).

This photo-cxygenation reaction and the separation
of the products is typical of several, which were carri:d
out.

Chromnatography of J3-ac@itoxy-20 .8x—epidloxyvergosia=

5,6, 22-triene. ~ B-Acaloxy-5c,8a-epidloxyergosta~-5,6,22.
triene (XXXVII) (520 mg.) was dissolved in 131 petrolews

ether-benzene and chromatographed on silica gel (28 gol.




10

fraction

Tolune

Solvent

Welght

Melting
point

ez,

ot

Dasczipiion

DI

@ I & R S

12

13
14

50 ml,

g0

LR}

99
1A
0
11}
9
e

9

100 ml.

50 ml.

100 ml.

"

g¢

Petrol HU%
Benzene 505
&

| 1K

1]
11

7%

[
0

L1

Patrol 30%
Benzene 7056

1t

31

Bengene

Benzene 90%

Ether 10%

7 mgo

8

g
0

¢

&0
<

]

_.5 11

13 7
6 g9

12"
62 2¢

]_6 1Y)
:L 5 ¢9

I 442152, 5°

14.5,5-15R°
14:6=1.53°

141-153°

145-1852.5°
141-153°

143-152°
140-152°

138=1562¢
126-152,5°

+5, 0O

Jfﬁoﬁa

[

Ting,colounr=
less needlss.

0y

Colourisassy,

feathery
naeedles,
qif

L]

1}

4]

1]

§%
Pals, yell ow
crystall-
sgolid,

o

Golouvless,
feathary
needles,

be
Slightly
yellow
negdles

oy

No3o The welghis, melting points and optical rotetions all

arply to the fractions alter vecrystallisatlon from meihanoi.

TeTe

The uliraviclet and tnfrared sbsorptlon aspectra of

-
ate

[ragtions 2, 9, 10 and 14 also showed that these fraztions
identic

=
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4-Hydroxyergonta-4,6,8(14) 28-tgtrasn-3-0ng

(X0L, R = H); = 3=Acetory-Du,Bu=eplildloxyergosta=3,06,228-
tfi@n@ (L 8.) war dissolved imn ethenol (40 ml.) and a
solution of poitassiun hydrwxid&l(z g.) in water (5 ml,)
added. The resulting orange-red solution was relfluxed
for 10 minutes during which time 1% became deep reddishe-
brown. The solution was cooi@dv acldified with
concentrated hydrochloric ascid and extracted twice with
atheyr, The ch@r extracite were washed with Watérﬂ driad
@#er sodium sulphate and evaporated to dryness t@ glve
an orange, crysballlns solid (875 mg.}, which waw
digsolved in benzene and chromatographed on gilice gel
(40 g.)o

Blution with benzens gave a yellow, crystalline sclid,

which was reerysitallised from methylene chloride=lisopropyl

sther to glve 4-hyvdroryergosta-4,6,8(14),28~t8treen=53-~000
(X0I, R = H) es {lne, bright y=llow n@édleﬁ (211 mg.),
Mmepo 187=198° (L97-204 in vacuo), [m]D + P33e (g 0.84)
(Pound: G,82,65 H,9.9. UuuH,00, Tequires €,88.3;
H,9.9%), A
21,000),

nax, 208, 262 and 370 mp. ( & 9,200, 6,600 avd

o (in MaGH) 2285, 277 and 390 mpn. (£ 36,100,
maXe }

6,600 and 14,500), e, 5400 (hydrogen bonded bhydroxyd),
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1656 (hydrogen bondad wassbureted ketone), 1600 snd
1370 em.™2, Y max;(in CCly ) 3448 em. *(hydrogen bonded
hydroxyl).

Acetylation with acetisc énhydrid@ and pyridine ab
room temperature gave 4-peeboxyergontine-d ,6,8(14),22-
tetragn-8-one (XLI, R = Ac) as yellow needles, mop. 130-1353°
(from methylene chloride-methenol), [m]D ¢ 684° (g 0.60)
(Poumds C€,80.15 H,9.5. OCyoH;50; wequires €,79,95;

H99.8%) A 250 and 362 mp. { € 4,700 and 17,900),

Mage
h,mﬂxo(in Na(H) 218 and 398 mp. (€ 13,200 and 11,200),
9 ma 1773 (emol acetate), 1681 (unsaturated ketous),

1597, 1348 and 1206 cm. %, |, values (im OCLg) 3.82
doublet (Uy), 3.32 doublet (Cy) and 4,72 varesolved
(pids chain olefimic protoms) (J 11 o /fasc.).

The 4--benzogie (XLI, R = Bg), preparad from
benzoyl chloride and pyridine, form@d pale yellow
crystels, Mop. 147-154°, [m]D + BR0° {g 0.59), from

nethylene chloride-methanol (Founds C¢,82.35 5 H,8,7 .

UgpHy s 05 requires C,82.05 Hy8.65%), A _ . 205, 252, 278
end 355 mp. (& 15,600, 16,000, 6,800 and 26,2000, h .
(in WaOH) 218 and 355 mp. (€ 42,500 and 22,600), 9 ——

1751 {encl benzoate) 1681 (3-ketone), 1642, 1600 and

701 cm. *
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Gotalyiic hydrogenation of J-acelory-Du,Bu—epidloxye

orgosta-3,6,22 -triene (XAXVII). - Bohe o TORY=U , Bol=

apidloxyergosta=3,6,22-triene {200 mg.) in ethyl scetate
(25 nl.) was shalken with hydrogen and prereduced platinum
oxide (150 mg.). Aﬁéerptiom ceased after 30 minuites, when
B3B38 wl. of hydrogen had been consumed (30 ml. = 3 moles).
The ecatalyst was removed by flltration and the smlaﬁiom
evaporated to drymness in vacuno to give s white, crystalline
801id (185 mg.), MopPo LB0-203.5H9, [@]D - 55° (@ 0.99),

N mgzx, 208 and 214 mn. (E%g’mo 256 and 242), ma. 9567
3268, 3226, 1462, 1379 and 971 ocm. * Thla material was
dispolved in 7:3 peitroleun ether<benzmene and chromaitographed
on deactivated alumina (20 gs)o

Eiution with bengene gavs g white, crystalliline solld,
which was recvystallised fyom methylens chloride-methancl
to give long needles (67 mg.), Mep. LE0-207°,

Eiution with 7:3 bensene-—ether gave a white,
crystalline polid, whlch wap again recrysitesllised from
methylens chloride-methanol to give needles (15 mg.),

MoPo 134=L76,
In another experiment, I-acetoxy=0u,B8¢=epidioxy-

ergosta=53,6,22=-triene (500 mg.) in athyl acetate (40 ml.)
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wos shaken with prereduced platinum catalyst (200 mg. )

for § hours, by which time 122 ml. of hydrogen had been
consumed and a white so0lid had been deposited. The white
golid and the platinum oxide were filtered off and the
flltrate evaporated to dryness o gilve a white, crysitalline
material (227 mg.), m.p. 140=206°, [g]D = 43.3° (o 0,56},

Y jmax, 9280, 1742, 1471 end 1387 Glke * The platinum
oxide wawm then washed free of the white solid, uging
chloroform, and the chloroform solution evaporated to
dryness to glve a white, crystaliine solid (214 mg.),
Moo 141-2808°, [w], « 87.6° (g 0.46), ¥
and 1389 cm, *

max”ﬁzﬁﬁg 1475

These two products were combined and allowed %o stand
overnight with pyridine and acetic anbydride. Wo acetyl-
ation took place however, and the material was recoversd
unchangad. This material was sgain dissclved in pyridine-
acetic anhydride and the solusion allowed o stand om the
gtean=bath for 1 hour, but this was equally uvnsuccesaful.

The materisl was Linally dissclved in 1:9 petroleun
ether-benzene and chromatographed on deactivated aluminse
(26 8.).

Flution with 139 petroleun ether-benzene geve white,

erystelline material {100 mg.), which after two
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veerystellisations from leopropyl ether-methavel gave
figt, colourless needles (1B mE.), Mepo A34=14%°,

[&]D + 17.5° (g,@oQQf(F@un@s C,83.2; H,12.0., Calc. for
CooMagUst €,80.73 Hylle6%e Cale. for Cholyg0s 0,83 93

H,12.18%), 7 8460, 1462 and 1377 em. ©

max
| Blution with 92:1 bonzene-ether gave whiie,

crystalline material (45 mg.), which on recrystallisation
from iscopropyl ether gave fine, colourless needles (14 mg. ),
1482-1.99¢, [m]D o 44,6° (¢ 0.48) {(Pounds 69?9065 H,1%.50

Cale. for CgogHanOgz C,80,73 HylL.6%), ¥ 3195, 1460

BAKo
and 1377 cm,

Flution with sl benzens-ether gave white, crysballine
material (32 mg.), which on recwystallisatlon from
ieopropyl ether gave fine, colourless needles {14 mg.},
BoPe 151=0222¢ {m]D - 46,2° (¢ 0.£49)(Pounds C,7%.53

H,10.8), 9 5257, 1727, 1468 snd 1379 com. t

maXo

SP=Hydroxy-6e, Be-epidloxyorzosia=6, 22-4lene

. ‘ e - ap= gyt .y 83@ P
(Brgosterol peroxide, JIT, R = H)y = ° Ergoateryl.

acetate (20 g.) was digsolved in ethanol (3000 ml.)
togather with eosin (150 mg.) and the solution irradiaitad
and heated weder reflux by mesns of a H00 watt, Tungeion

filament lemp, while oxzygen wes passed into the solution
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conbinnonsly. The reaction wan stopped when the solution
no Longsr showad an sbsorptlon maximum at 280 Mo

The solution was concentrated to HO0 ml. and on covling
gave ergosteryl aceitate peroxide (I1I, R = Ac) ae pletes
(13.1 go)y Mop. LB0=R06°, Reecrysitallisation from
chloroform-athanol gave flat meedles (9.57 &), mepo
199-211° (recrystallisation end much sweating Lfrom 146°).
A second recrystelliisation from chloroform-ethenol again
gave flat needles (8.62 go), Mepo 199-807° {recrystallis-
ation 140-170° and much sweating 170-199°), [m}ﬂ - 8,57
(¢ 0.992), 2 maxol?ag {acetate), 1458, 1370, 1225 and
1027 em.,”" %  Claytoen, Henbewmt &ﬁﬁ Jones | EAVE Mop.
199-206° [@]D = 19, ”

Hydrolysis of the acetate with methanolie poteagssium
hydroxide solution gave 3ﬁmhydr9xjm5mggmm@pidiwxy@rgogtam
6,22=diene (ITII,R = H) a8 g slighitly yellow, erystalline
80lid, Mmop. LT6=-181.6%, Recryotallisation from methanol
gave almost colourless plates, m.p. L78=182° (recrystellises

86-90°), [aly - 24.6° (g 0.92), 5448 (OH}, 1458,

MAKo
1372 snd 1036 em. ¢ Glayiton, Henbest and Jones record

MoPo LBL=1BBO [m]n - 369,
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Sppenanar ozxldatlon of ersosterol peroxide

(IIT, B = H), - Brgosterol pé&@ﬁi&@ (750 mg.) in scetone

(20 ml.) was refinzed for four hours with s 25% solmtion
of gluminium dteri.-hutoxlide im toluene (7.9 ml.). The
solution was cooled and diluted with eithery, the ethew
extract washed with water, dried over sodium sulphate snd
svaporated to dryness several times with xyleme to remove
neslityl oxide. The profduct was obieined a8 a yellow gum
(634 mg,), which was dissolved in 131 petroleum @there-
benzene and chromgtogrephed on silica gel (30 g.).

Blution with 139 peteoleun ether-benzmene gave yellow,
erystalline material (64 mg.), which was recrystal ised
twice from Isopropyl ether 0 glve 4=hydroxyergesto-
4,6,8(14),228-tetraen-3-on8 (XLl, R = H) as £ine, pale
yellow neadles (9 mg.), Mpo. 193=198° (195-196° in vacuo)
204, 214, 256 and 371 M. (£ 5,800, 4,400, 19900

A MEXo

and 22,000), & (in WaOH) 218, 225, R72 and 400 mp.

MAXo ,
{& 36,100, 31,000, 5,100 and 15,000), =~ M, 2918 (0Od),
1645 (3=ketone) snd 1590 em. %, identical with the

infrared spectrum of pure hydromy<-ketone. The combined
mother liguovs gave o second erop of yellow meedles (5 mE.),

MoPo LEE=197°, [zz]n + B539% (¢ 0.45).
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Blutlon with 43l benzene-ether gave almost colourlese
erygbelline meterial (105 mg.), mepo 174-180°, which on
reorystallisation from methanol gave umchanged ergoslterol
peroxide a@ flat, colourless neefles (80 mg.), Mopo L72=1ELO,

[el, - 23.2° (g 0.82), 9 5425 (0H), 1453 and 1370 cm.

MAIo
Ldentical with the infrared spectrum of the starting
weterial.

ideo-pyridine oxidation of ersostercel

«
«!
=Y

Chromiun $riox
peroxide, - Brgosterol peroxide (Ll.6 g.) in pyridine (15 ml.)
was added to a sluwrry of chromizm trioxide (1.6 g.) in
pyridine (25 ml.) and the wmixbture sllowed %o stard overnlzhb
at room temperatuvre. The excess of oxidant was destroyed
by adding dlluts hydrochloric acid end sodiuvwm sulphite,
then the product wes extracted twice with ether. Phe
combined ether extracts were washed with diluite hydro-
chlorie acld and water, dried over sodium sulphute and
evapovated to dryness o give y@llmws'ammﬁphmmﬁ material

(1.22 g.)y [a]@ + 91° (g 1.28), 9 3520, 1705, 1669,

MAK o
1456, 1370 and 956 em. ¢  This material guickly becsne
yallow on gvanding, snd attempts o crystaliise 1% caunsed
it %o become darker sud Limally resulted in a brown gum,

which could net be crystallised. This gum was dissolved
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in benzene and chromatographed on silica gel (B0 g.).
Elution with benzens gave yellow, crystelline maberield
(48 mg. ), which was Tecrysitallised twice from ilsopropyl
ether t0 give 4-hydroxyergesta=4,6,8(14),22-hetraen-3-one
(X1, B = H) ss £ine, yellow needles (6 mg.), Mmopo IBB=195
(decomp.) (192-194° ip vaeuol)s ¥ ga. 5426 (OR), 1661
(B-ketone), 1600 and 1372 em. ¥, identical with the
infrared spectrun of pure hydroxy-ketong. The mother
liquors gave a sscond crop (24 mEg.), Mop. L73=194°,
[ely + 542° (g 0.53),

Thia eoxperiment was repeated, hut befove svaporating
the ether extracts to dryness, o littlatgyridin@ (0.8 ml.)
wes added to them. This gave & semi-grystalline, yellow
goldid (1.41 g.), which egain deteriorated 0 a red gum on
attenpted recrystallisalion, This gum (1.4 g.) im
sthanol (40 ml.) was vefluxed for 1 hour with & solution
of potassium hydroxide (2.5 g.) im water (10 ml.).
The deep, relddish-brown selution was cooled, acldified
with concentrated hydrochloric acid end the product
extraeted twice with ¢ther. The comblned ether eztracts
woere washed well with water, dried over modimm sulphsaie

and evaporated to dryness to give a red gum (1.36 go),
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which was ohrvomatogrephed on silica gel (50 g.)o Blutlon
with bensene gave yelléw, crystelline material (63 mg.),
which was recrystallilstgd from ilsopropyl ether to glve
4-hydroxyergoata—a ;6,8(14) ,28-tetraen=5-0ne a8 £ine,
bright yellow needles (14 mg.), M.p. 180=198° (192194

in vecunl), ¥ 3425 (OF), 1653 (3-ketone), 1595 and

MmaXo
1370 em. %, i&@nti@al with the infrared spectrum of pure
Bydroxy-ketons. Tlutlion with 931 benzene-ether gove a
yollowish, crystalline solld (248 mg.), whieh was
recrystallised firom methanol 4o glive an slmost colourless,
cryestalline solid (34 mg.), Mop. 206=847° (degomp.).

A second recrystallisation from methylene chloride gave
Ketol A as colourless, feathery needles (15 mg.), Moo
205m2%50 {decomp. ), [&]D 4+ 99° (g 0.57) (Found: 39?9093

Ho9.95%), N\ 213 and 236 mu. (E-° 258 and 269),

nai. 9 Glilo '
N max, (38 WaOH), 220 and 248 mu. (E%gﬁaﬁﬁ? and 278),
Y mag, 5413, 1681, 1012 and 976 cw.”*  Bveporation of

the mother liguors and treatment of the residue with

petroleum ether gave a second crop of almogt colourless,

erystalline material (56 mg.), m.p. 208-238°¢ (decoup.).
The following procedurs wes then found Ho be the

moat satisfactory,
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%, B8e=Epidioxveirroeta=0 ,20-01o0-3=0n6 (XLl =

%, Be=Bpldioxverroalan=06 22-0ion-3-0ne (Ehl. =

Brgosterol peroxide (1 £.) in pyvidime (15 ml.) was
added to a slurry of chromiuwm trioxide (1 g.) in pyridine

(20 @l.) end the mifture allowed to Bbtand overmighi at

room tLemperature, A large volume of water (approx. 600 ml. )

was sdded and the produect sxiracted with ether. Belove
the ether and agueous layers world separate however, Whe
solutlion had %o be centrifuged foxw 10 mium. The ethew
layer wag plpetted off and {the agueous layer decented
into o sgparsting fumnel and re-extracted with ether.

The combined ether layers were dried over sollium sulphate
end evaporsted a2t reom tempersture uwntil only a small
guantity of pyridine remained. Twituration with wmethanol
gave almost colourless, crystelline materlal (QSO Do ) o
MoPo 166a1#9@a The mother liquor (mother liguor A) waa
treated with petroleum ether (see below). Heorystallig=
ation of the solid frowm ether-methanol (1 dvop pyridine)

gave Bu,Ba-epidiogvergosta-6,22-Glen~-3-one (XL) as

colourless plates (150 mg.), BoDo 162-180° (with & change
of form to needles and decomposition)(161-165° in vagne),

[al, 8,49 (¢ 0.56)(Pounds C,78.6§5 ;00000 CooHyo, s
:I) k 204 3V8
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reguires ¢,78.8; H,92.9%), 1709 (3-ketone), 1449,

B&ER o
1991, 1370 and 966 em. ®  The mother ligquor gave o
second crop of pletes (L5 mg. ), W.p. 165-180°,

Mother liquor A wes evaporated o dryness and the
rogidus treated with petroleum ether to give buff,
amorphous meterial (146 mg.). The mother liguor of ithise
{(mother liquoxr B) wasm trested with ethanolic potassium
hydroxide (see below). The s0llid was crygiallised from
gther-nethanol to give a poorly crysitalline, buff solid
(49 mg.), mop. 178-188°, [el, + 29.8° (g 0.69) (Founds
09#5955 Hol0e2%)y N g Tf" 166.8), ¥ 5448,
1656, 1458, 1368, 1041 and 966 om. 2 The mother liguor

240 mpo (EY

of this wmaterial (mother liguor C) was treated with
ethenolic potassium hydroxide (mes bolow)o

Treatmamu of Eaﬁﬁmm@p$dloxy@°gpﬁtaa6m3%mdi@nmaw@m@

{X1) with ethenolle potasslvm hydroxide solubtlon, -

5&98mmEpidi@xyerg0mtamﬁvEﬁmdiaﬂmﬁm@ne (106 mg.) was
dissolved in ethanol. {20 ml o ) ond o solution of
potarsinn hydroxide (Dua o) im distilled water (1 ml.)
added. The reddish-brown solutlon was cefluxed for

1 houy, then cooled, a@idifi@& with concentraied hydro-

ehloxric acid and sxitracted twice with ether. The coubined
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ether extracts were waghed with water, dried over godlium
sulphate and evaporated to dryness to give e weddish,
erysdelline molid (101 mg.}, which wes dissolved im
benzone and chromstographed on silica gel {ﬁ-go)o Flutdon
with benzens gave yellow, crysialline msterial (55 mg.),
which wae recrysibtallised itwice from methylene chloride-
isopropyl ether %0 give 4-hydronyergosta~4,6,8(14),28-
tetraone~3-one (LI, R = H) a8 fine, bright yellow needlew
(16 mgo), mopo 1B6=L99° (decomp.), [aly + 774° (g 0.48)
(Poumds GCo82.13 H;9.9, OCale. for CuaHuy0s38 €,82,33

He9.8%), A 206, 264 end 368 mp. { £ 6,600, 5,400

MmakKe
and ;10,7900}9 A mmo(m NoOH) 218, 282 snd 404 ms
(& 28,000, 5,400 and 9,200), 9 o, 9544 (0H), 16842

(S-ketona), 1587 and 1368 cm. * Combined wmother liguors
gave o second crop of bright yellow needles (8 mg. ),
MoPo 144=187° (decomp.).

Preatnent of mother 1iguox B materdal with etheonolilc

25

potasaiun hydroxids soiution. - The mother liguor naterial

{(approx. 550 mg.) was treated with ethanolic potessium
hydroxide solution, exactly ap described above. RBther

extragction gave a brown gum, which was disgeolved in benzene
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and chrometographed on silice gel (20 g.). Blution with
bonsene gave yellow, civstalline material (64 mg.), which
was recrystallimed Lfrom methylene chlovide-isopropyl
ether to give 4-hydroxyergoste-%,6,8(14),22-4etraon-3-000
(X101, R = H) a9 yellow needles (85 mgo.), Mopo 198-198°

(Gecomp. ), 9 5636 (OH), 1656 (3-ketone), 1592 and

maXoe
1370 om.” ¢, ddentical with the infrared spectrum of pure
hydroxy-ketone.

Purther eluition gave only rad gums, which could not

be exystallised.

Irgatment of mother liowor € materlsl with ebhenoldic

potassivm bydroxide solution. - The mother liguer material

(100 mg. ) was treated with ethonollc potaessivm hydroxide
solution, exactly eg Jdescribed above. Bther extracition
gave a seni-crystalline, brown gum (91 mg.), which was
dimsolved in benzsene and chromatogrephed om silica gel

(5 8.0 Blutlon with l:l benzene-ether gove crystallineg-
material (23 mg.), which was rearystallised from
methylene chloride-petroleum @ther to give Ketol A as
plnost colourlsas, crysitelline materdial (10 mg.), Mopo

220-24%° (decomp.), V) _ 3436, 1681, LOL4 omd 976 em.”*,
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identical with mabterisl obtaimned esxrlier. No other
eryatalline materisl Was obtained.

Attempted scetylation of Z-pcoboxy=08 , 145 -

Aihvaroxyergosta=3.8(9), 28-trien-Y-one (TXXVIIT), -

S=-Acebtony-0 & ,14 § —dihydroxyergosta=5,8(9),2R-trien="-0n0
(106 mg.) was dissgolved im pyridine (1.5 ml.) aznd scetic
sohydride (1.5 ml.) snd allowed to stand overnight at
TOOR tenperature. Weter was added and the product
extracted twice with ether, The combined ether sxitracts
wers washed with dilute hydrochlioric acid, potassium
bilcarbonate solutlion and water, dried over gofiuvm sulphate
and evaporated to dryness to glve a slightly yellow,
orystelline solid (104 ﬁgOED MoPo 178=199°,
Recrystallisation from methylene chloride=isopropyl ethewr
gave uwnshanged starting material as alwmost colourliess
needles (%o WEo } p MoPo 1BO=LOTO, [m}D - 12%° (¢ 0.51),

249 mp, (€ 11,800), 9 5215 (0H), 176L (amol

N max, BAKo
reetate), 1689 (af-mmsaiurated ketone), 1628, 1361 aund
1812 om. %, iddenitical with the infrared spectrum of the

gtarting material.
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7,145 =Dihyvdrozvergosta=_t,5.8(9) .22-%0 trach-a-0na

( YIXibh, R = H).. S-Acetory-55 ,14% —dihydroxyergosita—

:8(9),28-trien-Y-one {IXAVIII} (500 ng.) wap susponded
in ethanol (12,5 ml.) and potessivm hydroxide (1 g.) im
water (D ml.) was added with stirring. The resulting red
golution wes stirred at room temperature Lor 1 hour, then
oeldified with concentrated hydrochloric acld to give a
yellow sollid, which was extracied with chloroform.
The combined chloroform extracts were washed with water,
dried over sodium sulphate and evaporaited to dryness to
give w yellow @o0ldid (425 mg.). Attempts were mede to
erystaliise this material, but they resulted im
decomposition to a red gum.

In smother experiment, S-acetony=HE ;14% dihydroxy-
8rgosta-3,8(9) ,22--trien-"~one QSOO Mg. ) was itreated in
exaetly the same way, bult the prolfuct odbtained on
acldification wag f£iltered off, washed well with water
and dried gﬁgggg@gﬁ This was found to be puvre 7,148~

dihvdrosrergosta-4,6,8(9),22-tatraen-3-ong (LVIITbh, R = H)

(222 mg.), Mop. 182-203° (decomp.), (202-206° with decomp.
in vacuo), [ely + 172° (g 0.83 in pyridine)(Founds C,78.83




H?QOEO @}3@}5@@@5 E@(&Hix’@ﬁi 69?9028 H 9 ﬁ))rg /\ m@yagﬁﬁg

240, 266 and 37D wo (€ 7,800, 8,200, 8,200 and 1L5,500),

N e, 490 WaOH) 263 sid bl mpo (£ 2,900 andli, 300),

? mae, 9410 (0H), 1642 (uvassturated ketone), 1597, 1582,
1456 and 1229 cm, ?
 Acetylation with acetic anhydride and pyridine at

room bemperaiure gave Y-geetoxy-14E <hydroxyergosin-

4,6,8(9),22-tatragn-3-one (LTVIIIb, R = Ac) asv %iny,

colovrless needles, Mepo. LOH7-L59° (from p-hexene),
[aly + 263° (g 0.52) (Pounds €,77.485 Hy9ulo UgoHyp0,

raquives G,77.25 H,9.1%), meor, 948 mpe (€ 26,200),

N max, (40 WaOH) 265 end 440 wp. (€ 2,900 and 3,200),

Y mes, 5500 (OH), 17970 (enol acetate), 1658 (umsamufahod

ketome), 1603 and 1585 cm.” %, 7 (4m a(, o) F5YT eme*

MaRoe
Atbempibed di@n@m@mmh@m@;?xQaggggggmem@ @f @,1@§*z

dibydroxyergosta-5,8,8(9) 22-tetraon7-0ne (mVIm,uﬁ_R = H) oo

o @ Sugpenai@n of 3,14% —dihydroxyergosta=5,5,8(9)22-
tetracn-"-one (6ﬂ mZo ) in ehloroform (1 ml.) and acetic
anhydride (2 ml, ) was added wiith sbhaldng 0.5 ml. of &
mizture of acetic anhydride (10 ml.) snd concentrated

sulphuric acid {1 ml.)o. The sterold dissolved lmmediately
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0 give & doxl brown solution, which quiekly turmed dark
blue end finally derk greem. The solution wes kept at
room Lemperature Lor 6 hours, then lee-water was a2dded
with stirving and the solution neutralissd by the dropwise
addicion of sodlum carbonate solution, under chilling.
This wes sallowed 4o gtand overnlght at 0°, then it was
extracted twice with ether. The combined ether ernitrects
were washed with water, drled over sodium sulphete and
evaperated to drynegs H0o gilve v trace of red oll,
Re-extraction was no more swecessful, when the solubtion

was alkaline or aslidic,
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Troatmant of I-u0050n7=00,8¢-cpldlozyversonita=-3,.8,28R8=trlena

with godlum borehydride.

(&) Q tment of J-geotony=50,8¢-epidioxvergonta=>5,6,22-

trdens (XXXVIT) in ether-methanol wiith sodiwa borohviride

in _gthanol. = To @ stirred solutlion of 3J-acetory-5a,80-
spidioxyergosta-3,6,22-triene (500 mg.) in dry ether

(20 ml.) and dry methanol (60 ml.), cooled in an ice=bath
was added over a period of helf-an-hour, a soluition of
godinm borohydride (0,96 g.) in dwry ethanol (30 ml.).

The solution was gtivved at lce<bath bteapersture for s
further hali-hour, thexn allowed to stand at room temper-
ature for four hours. The seolution wes diluted with
ether and washed four times wilth water. The dried
ethereal solution was eveporated to dryness to give

colourless, crystalllae material (390 mg. )y Mepo LOB=LE W@
19
max, ~0% and 213 mr. (Elum 118 and

laly + 78° (g 0.66), A
76)y N oy, (1w NeOH) 217, 226 and 246 mp. {E‘“-f” 974,
705 end 275), 2 — B3390, 1453 and 1374 cm. *

A sampie of the colourless product (25 mg.),
MoPo LO3=137° after two recrystallisations from

petroleum ether had mop. 123-150%, The remalnder of

the materilal was dissolved in petroleun e@vher and
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shyromstographed on desctivated alumina (20 g.).

Blution with petroleum ethey gave a yellow,
cxrystalline so0lid (105 mg.), which aftexr two recrystall-
isatlons from methylene chloride-methancl gave Kebone IIX
es bright yellow plates (54 mg.), m.p. 152-165°, [al, + 2,17
(¢ 0.85)(Pounds €,83.55 H,10.0), )\
379 mp. (E%ﬁmc AR o

1459, 1368, 1352, 1143 end 966 cm. &, maxo(in GOL, )

3021 cm. 2 The combined mother liguors gave a ascond

m&KOQOSQ 240 and

207, 311 end 622), 9 1872, 1637, 1842,

erop of bright yellow plates (32 mg.), Mepo LB0=154°,
Further elution gave only small quantities of
material, mostly non-crystalline.

Atbempted scetylation of Ketone IIls = Ketone IIX

(32 mg.) was dissolved im pyridine (0.4 ml.) and acetis
anhydride (0.2 ml.) and allowsd v stend overnight =%
Toowm tomperature. Water wag added and the solution
ertracted with ether. The ether exlracty was weshed with
dilute hydrochlorie acld, potassiun bilcarbonate solution
gnd water, dried over sodium sulphate and evaporated o
dryness to give a yellow, crystalline solid (30 mg.),
RoPo LO0=1852°, Two xecrysitalllsations from methylene

ehloride-methancl gave wnchanged starting material as




yelliow plates (10 @mge.), MepP. 143-154°, mﬁxea BoPo
l%o ‘-‘-’1530099 ./\ NRE o
and B98), 9 <, L67L, 1640 and 1545 em,™

205, 240 amﬁ 380 3o (E 188, 282

Lem

Atrcmpteﬁ,p?emarabien of the methyl wfheﬁ o?

denylroxyergosto=4.6,8(14) ,22-48traene=3-0ne (xLTQ Rz Hlow

4-Hylroxyergosta=4,6,8(14),22-tetrasn=-3-0ne (80 mg.)
was gsuspended in methenol (9 ml.) and treated with a
saturated solution of hydrogen chloride in methanol

{1 ml.)s The mixture was allowsd to stand st roowm
tenperature for wwo hours, wiith occasilonal swirling.
Water was Tthen added and the product sxirecited twice
with ethex. The couwbined ether exitracts wers washed
wlith water, derled over sodiuva sulphate and eveporsted
to drynems o give unchanged gtarting material as a
deep yellow, crysitalline solid (74 mg.), Mopo. 1I82=197¢,
N max°3401 {=0H), 2650 (3-Ketone), 1592 and 1370 em. %,
identical with the infrared egpectrum of pure hydroxy-
ketone.

(b) Zroatment of I-acetoxy-du,8u-elpdloxyernosta-3.6.20=

Lri@ne (XXXVTJ} in ether-methanol wiith sodium borohvdride

&gﬁg@&@g@g%% - This was carried oul exectly as described

above, but the sodlum borohyldride wam dissolved in




mashanol, instead 0F ethanol. The oruds product wag
obtalned as a yellow, crystallivie solid (458 mg.), which
was chromatographed on silica gel (20 g.). Elutiom with
bensone gave yellow, crystalline material, which on
vecryetallisation Lrom methylene chloride=isopropyl ether
8ave 4-hydroxyergosto=sd,8,8(14),22-tetrasn-3-one (AL,

R = H) (37 mgo), MoPo 195=198,8¢, [@]D + 619° (& 0.62),
N max, 206, 256 and 369 mpu. (€ 9,400, 3,400 and 15,300},
Y max., 3480 (=0H), 1653 (3=-ketone) snd 1595 em. ¥,
identicel with the dnfrared gpectrum of pure hydroxy-
ketone.

Repitition of this experiment gave the same crude
product (430 mg.y but this was chrowmatographed onm
deactivated aluming ingiead of slilca gel. Blution
gave only mixtures however, none of which could be

cryshellised.

(c).Treatm@nt 0f J=nC8t0XY=00 ,80-00ld]l0XVergostne=3,0,L2-

triene (¥XAVII) in ether—ethanol with sodium berobydride

in gthanol. - The epidioxide (500 mg.) in dry ether (20 mi.)

and dry ethamol (60 wl.) was itreaited with sodium borohydvids

(0.96 go) im dry etvhanol (30 ml.) exaectly as demeribed
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previously. The erxude product was obtained as a white,

crystalline s03id (468 mg.), mMep. <1432, .

327 mp. (ELe 220 ond 194), \ . (iw NeOH) 220, 246 end
376 o (E%émo439 53 and 43), v maxg@@ﬁﬁg 1460 and

1387 cmo. * This was chromatographed onm deactivathed aluminag
(20 8o )a Tilution with 931‘§@%r01®um ether-hensene gave

o s8lightly brown solid (1287 mg.), which afiter three
recxyesvellisatlions from mevhylene chiloride-ne thanol gave
plightly brownish needles (30 mgo), MoPo 90.,H-1039,

[e], + 284° (g 0.45). (Pownd: C,88.8; H,10.5;
0B5,8808o Cgplze 0y Pequires C,882.53 Hol0.85 =08%,19.3%),

af
Dz 210 @nd 319 wme (B3 321 and 400}, N . (in WeOH)
o G [ by . (b o 5 # D
219, 251 end 307 wp. (*%émoﬁéag 262 and 259), 9 mevi, S080

{<0Bt), 1460, 1377 gnd 1047 ome *

Repetition of this experimont appavently gave the
pame crude product (441 meg.), but when this was
ehromatograph@d on deactivated alumina (20 g.), no
material came off the column, uwntll elutlon with 9:1
benzenz—adther and thlg material could not ke crystallised.

A second wepetliition of the experiment pgain gave
the same oxude product (443 mg.), which was chromatographed

on @ilica gel (20 g.). Blution with 9sl benzene-ether gave

en 11 which could not be erystallised.
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Aerial oxidation of ergostac-d 6,22-tllen-3-0ne aund

TSN D T R AT

erzogta=t.6 ,8(14) , 22-t0 traen-5=-0018.

26 .
Brgosto-4,6,22-trien-3-one (LX), - Lrgosta-

4,7, 22-trien=3=-0ons (XXATIV) (20.0 g.) in mothanol (585 ml.)
was heated uader reflux with stirring unitil the sterold
had completely dimsolved. Heating wes dliscontinued snd
when boiling had ceased, concentrated hydrochloric acid
{(approx. F-4 drops) was added, giving a heavy, white
preciplitate of J-methoxyergosta=3,9,7,28=tetracne,

Heating was resumed and concenitrated bydrochloric acid

(25 ml.) =2dded over a period of 25 minutes. Stirring

and wvefluxing were then continued for a further 1.5 hours,
by which time, the solid had beoen completely redissolved
for about 30 minuntes. Sodiun bloavbonate (25 g.) was
added to the stirred solution, thea the sodium chlorido
was filtered off and the solutlon concenirated as Far as
posslble, before bumping started. Weter was added snd
the product extracted three times with petrolesum ether.
The combined extracts were washed with water, dried over
sodivm sulphate and eveporated to a smell wvolume. The
polution was allowed to cool, then stored overnight at

g°, PFlliration gave ergosta—t,6,22-trien=3-one (ILXI) ao
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pele yellow needles (3.45 go), MoPo 95.H-1079,
Recwystallisstion Jrom m@thanelﬁgave pale yellow needlen
(2,85 go)p Moo LOG.5-108°, [sx]D = 10,7 (g 0.72),

N max, ox0 and 283 mp. (€ 12,600 and 24,300}, 9 —
1669, 1613 and 1582 cm. * (unsosurated ketone), Iit.2¢
gives mep. 107-L08°, chz]]) = R5%, A ... 286mp. (€ 26,900).

The inltial mother ligquor (petroleum ether) wes

taken to dryness and the resultaut gum treated wilth
methanol to give a second crop of yellow meedles (2.51 o).
Recwryatallisatlion Lfrom methanol again gave yellow needlew
(R.16 go), mopo 103-106°, [a], - 16.86° (g 1.02),

The combined mother liguors gave a third erop of yellow
needles (501 mgo), MePo Y7=L0B®,

ﬁxldatlon of erg0818-%,06,22-4rlen-3-00n8 (&XI) i

alkaline golutiom. - Potessive (468 ng. ) was dissolved

in tert.-butanol (15 ml.), then ergoste-4,6,20-trlen=3-0n6
(L g.) was 2dded and dissolved by warmlng the nixture
glightly. The resulting solutlion quickly becems yellow
and aflter 1 bouvr so0lid come down, but the solution was
allowed o stand at voom temperaiure Lfor 24 hours, in an
open flask. Water was added, the solution acldified and

the product extracted twice with ether. The ether




126

extracts wers washed Well with water and evaporaﬁaﬂ %O
dryness to glvs yellow, ¢ rystalline material (1.03 go),
which melted up to 8%, This wsterial woas diaéglvad in
benzone and chromgtographed on silica gel (LO g.).
Flution with benzene gave yellow, crystalline
maserial (8L mg.), which after two reerysiallisations

from methylene chloride-methanol gave lW-hydroxvergosia

b, 6,22=hwien~3-one (IXIT, R = H) as pale yellow needles
(120 mg.) s MoPo 156=159°, [MD = 151° (& 0,66) (Pound:
‘Cga:ﬂ.ah.% 399;90 Ca@HQ&)O@ 1‘@(11.15_&’6&33 0981095 }591003%) 9
)\mﬁhazfza and 200 mp. (8 16,900 and 1h,300), A -

WaOH) 220, 257 and 300 mp. (e 7,500, 17,500 and 10;000),

(in

9m&K°33?& (hydrogen bonded hydroxyl), 1661, 1639, 1616
and 1577 cm. * (hydrogen bonded umssturated ketone),
Qmmg(fm CCL,) 3401 (hydrogen bonded hydroxyl), 1672,
1656, 1618 and 1575 em. * (hydrogen bonded umsaiuratod
ketone) o The mother liguor geve 2 socond crop of pale
yellow needles (7h mg.), mop. 1h8=156°%,

Farther elution with benzene geve less pure maberial
(17 mgo), which waé recrystallised from wmethylene chloride-=
ﬁeﬁh&nml_to give h=hydroxyergosta=l,b,22=trien=3-one as

yellow needles (153 mgo), Mopo 155=158°%,
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Acetylation with acetic anhydride and pyridine
at room temperature gave h-pgetoxyersosha-l,6,22-hxlen-
3=ona (IXIT, R = Ac) as almost colourless needles, Mopo
161=263° (from methylene chloride-metheaol), Laly, = 72.,0°
(o 0.18) (Pounds C,79.b H,9.6. Czofae0s requires
Gy 7963 Hp9.8%), N m&xoalhg 267 and 307 mm. (& 1h,300,
9,700 ead 11,100), ) .. (in NaOH) 260 end 302 mp.E 15,200
end 10,300), -Qm&xol?él (enrol acotate), 1658, 16Lh5, 1610
o (40 CC4)

1779 (enol acetate), 1678, 1623 snd 1585 om. * (unsaturated

end 1575 (unsaturated ketone) cm. *,

ketone) .

DG
Brgosta~l.6,0 (k) . 22=-tetraen=3=0ne _ (FLIT), -

A golution of ergosterol (50 g.) and p-benzoquinone

(100 g.) in toluenme (1100 ml.) wes distilled until no more
moisbure was entrained in the distillate, then aluminium
tert.~butoxide (50 ga) was added and the solution reflured
for 1 hour, The solution was cooled and a strebm of
sulphur dioxide was passed thirough for 1 hour. The
reaction mixture was filtered and the solid washed with
gther and dilube sulphuric acid. The combined Liltrate

and washings were transferred t0 a separating funnel and




the organic layer washed six times with dilute sulphurie
acid, twice with dilute sodiuvm hydroxide solution and
finally with water, The alkali washings were re-extracted
with ethe?; the combined extrects dried over sodium
sulphate and evaporated to dryness to give a gum, which
wes dissolved in benzene and chromatographed on
desctivated alumina (500 g.).

Receysballisation of the materiel eluted by lel
bensene~ether from methsnol gave brown, crysitalline
material (8.06 g.), m.po. 113=116°. This material waes
disgolved in methylene chloride and the solution passed
guickly through a short column of deactivated alumins
(L0 g.)« The soclubtlon was evaporated to dryness and the
regidue recrystallised Lfrom nethenol to glve esrgosta-
ho6,8(1h) ,22=%etreen-3=one (XILII) as orange platelets
(6026 go)y Mopo AAU=116"; {aly + 590° (g 0.U6) A
283 end 351 ma. (€ 5,900, 9,300 aod 33,400), ¥ .
(3-ketone) , 1637 and 1587 cm. * Elkm@ﬁ gives MmoPo
213-214°%, [e], + 588%, N ——
1666, 164l and 1588 cm. *

m&x08359
1661,

350 mpo (€ 27,1000, 3 i




The motber liowor geve & second crop of orengo
platelets (B4O mg.), m.p. 112-116°,

Oxidation of ersostasi6.8(1h).22=-tetraen=1=008e

{XLTT)_ip alkeline medlum. = Potassiuvm (WO mg.) wad
dissolved in tert.=butenol, then ergosta-l,6,8(1l),22=
tovraen=3-one (XLIT) (L g.) was added with stirring Ho
give a deep red solubion, which gradually became darker
on gtanding. The mixture was allowed 4o stand et room
temperature for 2h hours in an open Fflask, with occasionsl
swirling. Water was added, the soluvtion acidified and
whe product extracted with ether. The ether extract was
waghed well with water, dried over sodium sulphate and
evaporated to dryness to give a dark wed froth (1.07 g.),
which was dissolved in petroleum etheyxr and chromatographed
on silica gel (L0 g.)s

Blwution with benzene gave crystalliine material
(175 mg.), which after three recrystallisations from
methylene chloride-methanol gave h-hydroxversoste-l,5,0(9),
L, 22=penteen~3-one (IXITI, R = H) es green needlesn
(51 mgo), Mopo 165=168°, i@]D + 1419° (g 0.27) (Pound:
;82,95 Hy9.55. Cagluels reauires ¢,82.75 H,9.4%),

Kmmﬁom 270, 371 end 623 mp. (€ 13,200, 19,900, 9,300
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and 5o1)5 N po,. (30 WaOH) 229, 207 snd 3L8 mp. (€ 12,300
16,500 and 13,000), 9 nax. 3370 (bydrogen bonded hydroxyl)d
166h, 1629 aud 1590 cm. * (hydrogen bonded unsaturated kebons)
9 mes. . (dn GCLlg) 3425 (hydrogén band@d hydvoxyl), 1678,
1@&39 1637 and 1590 cm. * (hydrogen bonded, unsaturated
ketone) o

The combined mother liguows Q@W@ o second crop of
green needles (27 mg.), mop. 164~167° ond & third crop
(21 mg.), Mop. 163-167° '

A second experiment wes carvied out on the same
seale &8 above, bub the reactlon was stopped after three
hours. The erude product (1L.08 g.) was dissolved in
benzene and chromatographed on silica gel (MO g.).

Blution with benzene gave c¢rystalline wmaterial
(132 mg.), which was recrystellised from methylene chloride-
methenol to give L-hydroxyergosta=l.,6,8(9) 1k,22-pentacn=-
3=one (LXIXI, R = H) es green needles (118 mg.), mopo
1@3@169@% A mecond recrystallisation of a sample (LE mg.)
@

agein gave groen needles (28 mg.), mep. 161~-168°, tal, + koS
(g 0.U43) -
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Blution with 19:1L bensene-ether gave e red gum
(35h mgo), which was exystallised from methylene chlorids—
methenol o give exrgostea-h,6,8(1h),22-tetraen~3-one (XLIT).

a8 brown crystals (200 mg.), mep. 111=115°, ¢ 1667,

MEAK o
1639 and 1587 cm. %, ldentical with the infrared spectrum
of gtarting material.

The h-pcetate (IXIII, R = Ac), prepared with
acetle snhydride-pyridine, was obtaivned as pale yellow
needles (from methenol), m.p. 1L15-119°, &@]D + 170
(o 0.h5) (Pound: C,80.13 ¥H,9.0. Cgolaals requires
¢;80:35 Hp900%), N o 222, 261 and 37l wp. (€ 8,600,
22,400 and 12,800), )\ . (in WaOH) 221, 269 and 356 wp.
(€ 15,700, 20,800 and U4,000), < 1773 {enol scetate),

WX o

1669, 16L7 end 1590 cm. * (3-ketone), 9 maxo(in CCle)

1773 (enol acetate), 1669, 1653 and 1590 cm. > (3~ketone).
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Photo=oxyeenation of S-scetoxvergosta=>3,5,7,92(31), 28~

PR oo~ 3-0Ne

8
9(11) =Bashydraergostere) (IV, R = Hl. = A bolling

solutlion of mercuric acedate (116 g.) in ethanol (600 ml.)
and glacial acetic acid (25 ml.) was added with stlrring
$0 a boiling solution of ergosterol (50 g.) in ethanol
(2500 mi.) and the mixture refluxed for 25 hours.

The mixture was c¢ooled and left in the velfrigerator
overnight, then flltered and the regidue washed with

hot ethanol. The combined filtrate and weshings were
evaporated to about 200 ml. and on cooling gave a yellow,
crystalline solid. Recrystallisation from ¢hlorofoxme
methanol gave 9(1l)-dehydroergosterol (IV, R = H) as pale
yellow needles (18.5 go), Mep. 136-145°; [a], + 120°

(g 0.67)5 A maxe

6,100, 6,800 and 4,700), 2 maK03448 (0H), 1456 and

a
1370 cm, * Windaus and Linsert give m.p. 1469,

208, 314, 388 and 343 Mo (€ 6,300,

[aly + 2492,
The mother liguor gave a gecond crop (2.0 go),

MoPo 135=143¢9,
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24

Ereonto=4,7,9(11) 22-tetracn=3=0na_ (IXV), -

9(11) =Dehydroergosterol (IV, R = H) (46 g.) was dissolved
in benzene (960 ml.) and the solutlion distilled until no
more water was entwained in the distillate (approx. 50 mle o
Aluminium tert.-butoxide (50 g.) and acetone (400 mi.)

were added and the mixture refluxed for 7 hours with
gtirring and allowed to stand overnight. The bengene
goluition was washed with diluite sulphuric gcld and water,
then with potassium bBleearbonate aclution snd {inally with
Watexr . The combined washings were extracted twice with
ethor snd the e¢xiracts washed well with water. The
benzene and ether solutions were combined, dried over
godium sulphate and evaporvated to dryness under reduced
presgure to give a red gum, which was redissolved in

xylene and taken to dryness several {imes 0 remove

megltyl oxide, The product was obtained as a red gum,
which erystallised on cooling. Recrystallisation from
acetone gave ergosta-4,7,9(11),82-tetracn=>3-0na {LLV) as
yellow plates (13.8 g.), Mopo 124-149°, {m]D 4 214°

{ec 0.58), 244 1o (€ 25,100}, 9 1709, L6%H

MnaXo naxo
24

(zB-vmsaturated ketons) and L1626 cm. *  Hellbron el al

give mopo. 140-142°, [m]D + 390°, N 242 mpo (£ 31,600),

maRe
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Thig material was used for enol scetylation without
fum%he? purification.

Attemplts H0 chromatograph the product gave red
gums, which gave only a small amount of erystalline
material, The use of oluminium isepropoxide, ianstead
ox tertomﬁuﬁoxid@ resulted in incomplete oxldation of
the sterol.

24
S=Acetoxyereonta=3,5,7,9(11) 22-pantaene  (XXXVI),-

A solution of ergosta-4,7,9(1ll),22-tetracn=3=0ne (LXV)
(13,6 go) in pyridine (35 ml.} and acetic anhydride

(35 ml.) was heated under reflux for 3 hours. Yellow
plates (11,9 g.), Mopo LB1-162° separated on cooling

and weye wecrystallised fyom ethyl acetate-methanol o
give F-acetoxyergosta=3,5,7,9(11),28-pentaene (XXAVI),

as £lat yellow needles (10.8 g.), Mop. 1L50-162° (1E8-181°

in vacuo), [aly - 242° (g 0.77), A\ 200, 237, 340,

maxo
387 and 376 ma. (& 9,100, 16,000, 13,700, 17,900 and

13,100), 9 1764 (enol acetate), 1658, 1229, 1208,

MaXKo
- 24
1199 and 1114 cm, * Hellbrom @% 21  give mo.p. 1619,
[e]y = 2320, ) nax, 506 mp. (€ 17,400),
The foregolng preparatlons arve typical of several

which were carried out.
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Oxygenation and irradistion of J-acetoxyersopio-

B:5.7,9(11) (22=pentoene (XXAVI), - B-acetoxyergosia-
BeD,7,9(11) ,22-pentaene (XAXVI) (10,0 g.) was dissolved

in benzene (645 ml.) and sthanol (650 ml.), Eosin

(100 ml. of a filtered solution of 1 g. of the dye in

100 ml. of ethanol) and pyridine (5 ml.) were added and

the solution oxygenated and irradiated by method (B).
Spectroscopic analysls showed that the veaction was

complete in 5.5 houvrs. The solution was taken fo

dryness to give a wed gum (11.8 g.), which in the first
experiment was dissolved in 1:1 petroleum ethev-benzena

and chromatographed on silics gel. This led to the
formation of merystallisable oils, 80 in a second
experiment, the crude red gum (11.8 g.) was dissolved

in ehloroform and passed guickly through a column of
desctivated alumina (100 g.), This removed most of the
eosln and evaporation of the eluate gave a red gum, which
was crystallised Lrom ether-methanol to gilve pink,
erygstelline material (6.32 go)py MePo 129=155°, The

mother liguor gave a second crop of yellow needles (BT7H mg. )
MoPo LB50=154° and a third crop of pink, crystalline

material (326 mgo), mopo 120=14%°.  The mother Liquor
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was then taken to dryness and chromatographed on sllica
gl (see below).
Two recrystallisations of the First crop (6.32 go)

from ether-methanol gave 3=208t0Xy-00,80=epidioxyergosta-

3,6,9(1L),22-tetraene (LAVI) as pale orange needles
(4.62 2.)y Mopo 1H2~155°, [m]:D + 113° (¢ 0.52)(Founds
09?§03§ Ho9:00 CgoH,yp0, requires C,77.25 H,9.1%),
Y e, k761 (enol acetate), 1681 and 1212 om,”

The recrystallisatlon mother liguoys gave pink,
crystalline material (1.35 go), M.po. 110=150°,

The inltial mothexr liquors on evaporation gave a
red gum (2.38 g.), which was dissolved in benzene and
chromatographed on silica gel (100 g.). The only
crystalline material which was oblained however, was s
further small guantity of epidiomide (LXVI). The othexr
fractions were xed oils, which would give no crystalline
material.

4-Hydroxvergosta-~4,6,8(14) 9(11 ), 228-pentaon=>5=

one (LXVIL, B = H), - 3-Acetory-5a,8u-epidioxyergosita—

3,6,2(11),22-tetracne (1 g.) was digsolved in ethanol
(28 ml.) and a solutlon of potassium hydroxide (1.4 g.)

in water (7 wl.) added. The solution was vrefluxed for
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5 minutes, during which +time it qulickly became deep roed
Tue solution was cooled, acidified with concentrated
hydwrochloric acid and extracted twice with ether.
The ether extracts were washed three times with water,
dried over modium sulphate and evaporated to dryness to
give a deep yellow, crystalline solid (868 mg.), which was
dismsolved in benzense and chromatographed om sllica gel
(40 go)o

Blutlon with benzene gave a yellow, crystalline
soldd (552 mg.), which was vecrystallised from methylene

chloride-igsopropyl ether to give 4-hydroxyvergosta~4,6,8(14),

9(11) yR2-pentacn~3=pne (LAVIL, B = H) as bright yellow
needles (391 wg.), Mopo. 1LB87=198¢ (decomp.). A mample

(94 mg.) wes glven a second wecrystallimsatlon firom
methylene chloride-igopropyl sther to give bright yellow
needles (#9 MmZo)y MoPo AB9=-201° (decomp.), (1L93-200° with
decomp., Am wacua), [m]D + 280° (¢ 0.57)(Poumnd: €,82,0,
8LoB5 H,9.5, 9.6o Cgglyy 0,00 26CH, OH requires C,81.93

Hy2.8) A 202, 281 and 400 mp, (€ 9,600, 8,400 aud

MaX o
11,900), A S (im NaOH) 221 and 310 mp. (€ 17,600 and

11,700), ¥ 3378 (hydrogen bonded hydroxyl), 1656,

Mo
1642, 1610 sad 15882 (hydrogen bonded umsaturated ketone)
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ond 1587 om. 4, P (im GCGl,) 8442 cn. * (hydrogen

MEX
bonded hydroxyl).

The combined mother liquors gave a second crop
of yellow needles (70 mg.), Mop. 185=197° (decomp.) and
a third crop (36 mgo.), mepe. 173=196°,

Acetylation with acetlec snhydride and pyridine
at room temperature gave the 4-gcetate (LXVII, R = Ac)
as yellow prisms (from methylene chloride-methenol),
mepo 199-209° (205-209° with decomp, Ao vacue) [aly + 62°
(g @05;?) (FPoumds C,80.835 H,9:1. UguH,,05 reguires
Co80.35 Ho9.0%), N .. 207, 27L and 405 mp. (€ 11,200,

8,600 and 12,100}, © (in NaOH) 221, 270 and 407 mp.

MnaxXe
(€ 16,100, 10,800 and 10,500), v 1764 (enol acetate)l,

MK

16563, 1823 snd 15885 (unsaturated ketone) snd 1534 cm. *

The 4-bengopie (LXVIL, R = Bz), prepared from
benzoyl chloride eand pyrldine, formed pale yellow,
feathery needles, m.po L97-213° (212-215 in vacuo),
[oz]D + 123° (¢ 0,56) from methylene chloride-scetone
(Founds C,82.35 H;8.2, OggH,,0; requires €,82,33
Hy803)5 A
10,9200}, A

- 235, 271 and 404 o (€ 18,800, 7,600 and

e, (30 WeOH) 285, 280 and 400 mp. (€ 16,400,

12,000 and 7,600), ¥ 1732 {enol bensmoate), 1667 and

Walo
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1626 (unsaturated ketone) end 1543 cm. *

Chromivm irioxide-pyriding oxidation of

dehyiroergosterol peroxide (V, R = H), - The dehydro-

ergoaterol peroxidaﬂog was obtained by alkaline hydrolysis
of a sample (5 g.) of dehydroergosteryl acetate peroxide
(V, R = Ac)o The product was vrecrysitallised from
methylene chloride-methanol to give dehydroergosterol
peroxide (V, R = H) as colourless plates (4,04 g.),

mePo 1B5-165.5°, [aly + 72.5 (g 0.52), 9 max, Y408, 1370,
1071, 1031 and 976 om.™  Bladon ef sl give Mop.l6l-L65,5°
[er.}.D + 80°,

Dehydroergosterol peroxide (V, R = H) (1 g.) in
pyridine (15 ml.) waes added to a slurry of chromium
trioxide (1 g.) in pyridine (10 nl.) and the mixturs
allowed to gtand overnight at room temperature. Water
was added and the mixture extracted three times with
ather, centrifuging each time to get the layera to
peparaie. The combined ether extracts were washed well
with water, dried over sodium sulphate and evaporated Ho
dryness to give a reddish-brown gum (912 mg.), which was
erystalllised from methanol to glve slightly brown plates

(142 mgo )y Mopo L47-165%, The mother liguor gave a

2
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pecond cxop of yellowlish plates (197 mg.), Mep. 146-1865°,
The two crops were combined and recwystallised fvom
methanol to give dehydroergosterel peroxide (V, R = H)

a9 slightly brown needles (240 mg.), MoPo 148=166,5°
(161-1.63° in vacwo), [ely + 78.1° (g 0.60), 9 naz. Y455,
1370, 1070, 1LO3L and 976 csmcm’lg identical with the

Infrared specitrum of the starting material.




Pooto-oxyeenation of 3-800t0xylunleto-3,5,7,228-6etraene.

Ixtraction of lumisiteryl J3,5-dinlitrovengosie from

i
crude Viiemin D residues = The ecrude residues (approx.

8 Eg.) were dissolved 1ln hot benzene (approxo 9 1.) in a
large drum, and methanol added to the hot soluitlon until
1t just became turbid (approx. 10 1.). The solution was
allowed to mband at about 0°C, for three days, by which
time yellow crystals had formed on the mides of the drum
and o semi-crystalline sludge had been deposited on the
bottom. After the supernatant llguor had been syphoned
off, the yellow @Tystalg from the sides were scooped off
and recrystallilised from the minimum quentity of ethyl
acetate to give @ale1fery1 3y,6-dinitrobenzoate (Crop 1)
as bright yellow needles (82.6 go)y Mopo 138-141°
(recrystallises at about 90°), [w]D + 12.4° (g 0.49),
Y . -124 (3,5=-dinitrobensoate), 163L, 1548, 1342, 1279
and 685 (=0H,)ome™ Tite. = glves m.p. 148-149°,
The sludge from the bottom of the drum was

divided iunto two portions and filtered.
= fhe vesidues were a gift from Glaxo lLaboratories Litd.

The procedure is based on a method outlined by

Professor T, H. H. Jonesa imn o personal communicstion
t0 Dr. P, Bladon.
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The first portion of mluﬁg@b'cm crystallisation
from the minimun gueanitiity of othyl scetate gave calcifewryl
B,8-NoWoBo (Crop 2) as bright yellow needles (250.9 g.),
Moo L38-141° (wrecrystallises at about 90°), ¥ o, 724
(B, 6=DoNoBo), 1634, 1550, 1342, 1874 and 685 (=CH,) cm. ?
The mother liquor of this material was concentrated and
ethanol eodded, and on standing overnight geve lumisteryl
3,6=-dinitrobenzoate (Crop 2a) as brownish, crystalline

material (8.5 go)p WoPolBB=140°, ¥V i, 1724 (3,5=-DWoBo),

na,
L629, 1548, 1340 and 1274 cm,. ? On reduction to wvery
small volume, the mother liguor gave brown, seml-
erystalline materisl, which was recrystallised from the
mininum volume of ethyl acetate o give lumisteryl 3,5
D.NoB. (CGrop 2b) aa.y@llow prismg (7.2 8. ), MoPo 128-341°,
v maxoléz% (3,5<DeWoBo), 1686, 1534, 1540 and 1276 cm. *
Tite. = gives Mopo 159=1419,

The second portion of sludge was g%ystalliﬁad
from the minimum volwns of ethyl acetate %a give
caleiferyl 3,5-D.N.B. (Crop 3) as stout, yellow needles
(56,6 go)y Mop. 13B=141° (recrystallises at about 909),
9 max, 2724 (3,5-DeN.Bo}, 1637, 1548, 1342, 1273 end
685 (=CH,) om,”* Concentration of the mother liguor and
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addition of ethanol gave lumisteryl 3,5-D.N.B. (Twrop 9a)

e8 v hawrd, brown, orystalline solid, which was ground up
1755 (BoB-DoNoB, ), 1688, 1548, 1340 and 1297 emoh
1733 (3,5-DeFoBo}, 16568, 1548, 1340 and 1277 cm. *
The mother ligquor was then talen (o diyness Gto give a
red gum, which was dissolved in the minimun quantity of
hot ethyl aceitate and the solution was allowed to stond
for two days. This gove Jumigteryl 3,5=dinitrobenzoatie
(CGrop 3b) as yellow prisme (16.0 go)p MoPo 122-1359,
Y me. L 7R7 (B,5-DWoBs ), 1658, 1548, 1340 end L1297 om. *
The four cyops of lumisteryl 3,5-D.N.B. (2a, 2b,
3z and 3b) were combined, dlssolved in ethyl acetate snd
passed through a short column of charcoal and celite,
The solution was taken 40 emall welume and ethanol
added. On cooling, lumisteryl 3,b-dinitrobenzoate
separated as tiny, yellow needles (44.1 go), Mop. 13L=141°,
[a]D + 18.8° (g 0,54), 9 ... 1730 (5,5-DeW.B.), 16829,

1548, 1340 and 1279 cum. The mother iiguor waog
concentrated and cooled to give a second crop of yellow

needles (3.5 fol, Mops 130=-341°,
A sacond bateh of wesidues (1200 g.), proved

rather better and gave Iumisteryl 3,06=dinitrobenzoate
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(26,5 g0), Mopo 1411440, together with a little “
caleiferyl 3,5-dinlitrobenszoate (5.5 £o), MePo 148-144°,

a9
Ivmdsterol  (XILL, R = Hl. - Alkeline hydrolysis

of lunlateryl 3,5-dinitrobengnate gave lumisterol
(X11I, B = H) as. a white, orystalline solid, which was
recrystallised from éeetonewmethanal t0 give colourless
needles, mop. 103:118.5°, [al, - 182° (2. 0:50), )
207, 276 and 282 mpo (€ 6,100, 9,200 and 9,600), ¥

mae

MK
340L (OH), 1458, L1368 and 1022 om.”® Lit.  gives M.p.

118°, [e], + 191°.  The mother Liguor gave a second
crop of almost colourless needles (1.40 go), Mep. LOB=119°,

24} ] » (2]
Lumista=4,7.28-trlen=3-one (LXVITI}. - Lumisterol

(14.7 go) in benzene (350 ml.) was trested with aluminium
teri.~butoxide (18 g.) and acetone (150 ml.), exsctly ae
deseribed in the preparation of evgosta—4,7,9(11),22-
tetraen-3-one (sBee p.133). The crude product was
obtained as a deep yellow gum (14.2 g.), which was
dissolved in benzene and chromatographed on deactivated
alumina (560 g.J,

Flution with benzene gove yellow, crysitalline

materisl (3.34 g.), which waes wecrystellised from ethyl
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acetate~nethonol to give lumlsta-d,?,22-trien-3-one
(LXVITT) a8 yellow needles (2:.56 go), MePo 1351397,
[a)y + 18B:6° (g 0.89), N
and 13,600),

e, 207 and 242 mp. (& 10,300

- 1678 and 1610 cm. * {uB-unssiurated
- 24
ketone). Heildron el al

N 229 mp. (€ 17,000).

E£ive MoPo L39=140°, [m]n¢48°?®9

mnexo
Blution with 9:1 bemzene~ether gove lumisterol,

enother prepavation. The +otal material (6,35 g, )was

recrystallised twlce from acetone-methanol to glive

lumisterol as yellow erystals (3.83 8o), MePo LO7=118°,
This is typlcel of several preparations, which

waere carried out.

BoAcetoxylunietoes,5,7, 28-tetraene. . (LXLX) .-
Lumiatamég#szm%riantmon@ (LXVITEN (3.0 go) was dissolved
in pyridine (7.5 ml.) and acetic anhydride (7.5 ml.} and
the golution wefluxed for 3 hours. The excess reagents
were removed under reduced pressure and the residue taken
up in ether. The ether solution was washed with diluie
hydrochloric acld, potassium bicarbonate solution and
water, dried over sodium sulphate and evaporated to

dryness to give a red gum (3.48 go)o Recrygtallisation
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from ethyl acetaite-methanol gave J-peetoxylumlsita-
B,8,7,28=betraene (LXIX) as yellow needles (L.73 o),

MoPo 92-99° (94-98° in vacuo), [m]n 4+ 3Lee (g 0.B7),

M . 210 305, B17 end 330 mp.- (€ 8,200, 16,400, 18,600
and 12,500}, ¥ . 1754 (enol acetabe), 1650 and 1221 om. *
24

Heilbron @t al gave M.po 98°, [m]D b+ 2940, N
(€ 1.9,200),

ZTTE vy

g o-0 Mo

This preparatlon is typlical of several which were
prejg &

carried out.

Oxveenation and irradiation of J-acetoxyiumista-

I VY

3,0, 7,22=-betraene (LXIL)o = B-fcebtoxylumlsta=3,5,7,20«

tetraene (3 g.) was dimsolved in bengene (333 ml.) and
ethanol (335 nml.)o Bosin (30 ml. of a filtered solution

of 1 g, of the dye in 100 ml. of ethanol) and pyridine

(2 ml.) were added and the soluition oxygenated and
irradiated by method (B). Spectrosceple analysin showed thab
the veaction was 85% complete after 16 hours. The

reactlon was stopped and the solution taken to dryness

to give a red gum, which could not be crystallised, so

1% wasg dissolved in petroleum ether and chromatographed

on silica gel (100 g.)-




L Pfﬁ?

Bluntion with 1:9 petrolowan sther=bgnzens gave
y@ilowg crysballine material (282 mg.), which was
recwystaliised twice from methylene chloride-methanol

to give 3=gcetoxviumista~3,5,7,92(11),22-pentaene (LXX)

as yellow needles (154 mg.), Mepo 119.5-1289° (126-129°

in vacuo), [aly, + 839° (g 0.55)(Founds €,82.8 ;

Hp 9.5 o goHap0p Tequires C,82.9; H,9.%5), A maxnagég
320, 334 and 353 mp. (& 10,500, 12,200, 12,400 and 9,800),
v e, 1757 (enol acetate), 1661, 1H62, 1224 and 1124 cwm.

EBlution with 4l bengenem@thef'gave an oranige,
poni-crystalline solid (1.59 g.) Whieg could not be
vecrystallised, but which was thought to consist of
partially decomposed epidioxide. This material was
treated with ethanolic potasgiun hydroxide soluition
(see below).

Flution with Xlsl benzene—ether gave slightly pink,
orystalline material (445 mg.), which was recrystallised
twice from methylene c¢hloride-isopropyl ether to give an
R-unsaturated ketone -gg almest colouriess needles
(77 mgo)y Mopo LEB=LT7°, [a].ﬂ + 59° (g 0.58)(Founds

240 mu. (E27  =382), 9 3BYS

CoT8.73 Hp9.25), A oM. —

unage
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{hydrogen bonded hydroxyl) and 1669 (cR-unsaturated

ketone) cmo *, 9 (in €C1l,) 3590 (free hydroxyl), and

Max.
3478 cmo * (intermolecular hydrogen bonded hydroxyl).
This material was not examined further,

Other fractions from the chromatogréphy gave
traces of poorly cyxystalline material, which were not
examined.,

In & second @xpérimentg j=acetoxylumiste~3,5,7,22~
tetrasne (2,26 g.) was dissolved in benzene (122,5 ml.)
and ethenol (125 ml.). FEosin (50 ml. of a filtered
solution of 1 g. of the dye im 100 ml. of ethanol) and pyri-
dine (2.5 wl.) wore added mnd the molutiom oxygenated mm@
irradiated by method (A4). Sveciroscopic énalysia
showed that only 18% of the starting material was left
after 24 hours. The scolution was then evaporated and
the residue chromatographed om silica gel (100 g.)o

Elution with benzene gave yellow, crystalline
material (2281 mg.), which was recvystallised twice from
methylene chloride-methanol 1o glve 3-=acetoxylumista-
3,5,7,9(11),22-pentaene (LXX) as yellow mneedles (78 mg.},
Mepo 118-127°, [o;]D + B77° (g 0.45), A .. 229, 315, 35k




eud 549 mp. (& 12,200, 16,300, 15,500 and 10,800},

2 1757 (enol acetate), 1653, 1225 and 1122 cm. *

MaxKs
No other significant fraciiouns were obtalned from
the column.

Treatment of semi-crygstalline product (431 benzene-

ether) with ethanolic potassivm hydroxide solution. -

The crude material (1.59 g.) was dissolved in ethanol
to glve an ovange solution. To this was added a soluiion
of potassium hydroxide (3.2 g.) in water (8 ml.), giving
a dark red solution, with green fluoreszcence. This was
refluxed for 5 minutes, cooled, acidified with
congcentraited hydrochloric acid and the product extracted
twice with ether, The comblned ether extracts were
waghed with water, dried over sodium sulphate and
evoporated to dryness to give a brown gum (1.22 g.),
which wag dissolved in benzene and chromatographed on
silica gel (60 g.), but no crystalline material was
obtalned.

Dehydrolunisterol (XIV, R = H)o - Alkaline hydrolysis

of a sample (1.22 g.) of dehydrolumisteryl acetate

(XIV, R = Ac) gave colourless, crystalline material
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(L.06 g.), which was recrysiallised from methylene

chloride-methanol to gilve 9(11)-dehydrolumisterol

(XIV, R = H) az colourless needles (907 mg.) m.p. I359-142°,
[@]y + 169° (g 0.51)(Founds €83, 3 H;20.5 o GaoMlesOs

0.50F, 00 requirves C,03.hhs H,20,8%), A 212, 313 and

Moo

320 mp. (€ 8,800, 11,000 and 11,900), 3425 (ou),

max
1451, 1368, 1009 and 971 cm., 2 The wmother llguor gave
o second crop of slightly yellow needles (120 mg.),
HoPo 134=14¢1°,

Oppenauver oxidation of 9(11)-dehydrolumigterol

(XIV, R = H). ~ 92(1L1)~Dehydroluvmisterol (920 mg.) was

dissolved in dry benzene (15 ml.), then aluminium tert.-
butoxide (9 go.) and acetome (7.5 ml.) were added and the
mixture refluxed with stirring for € hours. The mixture
wag coolad, diluted with benzene and washed with dilute
sulphuric acid. The agueous layer was re=axtrscted

twice with ether aund the combined ether and benzene

layers washed with dilute ﬁulphprié aclid, potasgium biecarh-
onate golution and @atafg dried over sodivm sulphate and
gvaporated to dryness to give an Qr&ngevgum (1.3 8o

Treatment wlith acetone-methanol gave an orange, crysbtallive
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60110 (62 mg.), Mopo <LIO%, 1709, 1656 and

MHHKo
1587 cm. * The crystalline material and the mothew
liguor were recombined and taken to dryness. The
rvesulting gum was digsolved in benzene and chromato-
graphed on deactivated alumina (50 g. ).
Elution with benzene gave poor separation.

The first fractlon (295 mg.) ox treatment with ethyl
acetate~-methanol gave a small dmount of waxy solid,

This was recombined with the mother liguor, which was

taken to dryness, to give a ved gum, A o~ 238, 308
and 320 wu. (E%émDSS?Q 180 and 184). The second

fraction (157 mg.) was recrystallised from elthyl acetate-
methanol to give dehydrolumisterol (XI, R = X) as slightly
yellow needles (38 mg.), Mop. LIB=142°, e, 5567 (od),
1451, 1370, 1010 and 971 cm. ¥, identical with the
infrared gpectrum of the slariting meberial, None of
the other fractions (410} could be crystallised,

The resldue from fraction 1 was dissolved im
petroleum ether and rechrometographed on deactivated

alumina {20 g.)}. FElution with 4:1 petroleum ether—

benzene gave yellow crystalline material (65 mg,) which




was recrystalllised from ethyl acetate-methanol to give
dehydrolunisterol as yellow needles (21 mg.), MoPo
133=142°, ¥ nax. S006 (0"), 1453, 1368, LOLO and 971 cm, *,
identical with the infrared sypectrum of the starting
material. The column then had to be stripped with 9:sl
ether-methanol bvefore the rest of the material could be
racoverad. This materlel was combined with fractions
4-10 from the first chromatography amd the solution taken
to dryness 0 give a ved gum {340 mg.), A\

(E%g’mn 327)

4.9
m&xo2&2 2o
As the ultraviolet absgorption of this gum seemed
t0o indicste that 1t comsisted mainly of af-unsaturated
ketone, an attenpt was made b0 carry out enol scetylation.

Attenpted enol scetylation of non-crysiallineg

Oppenauer oxidation product. - The crude gum (340 mg.)

was dissolved in pyridine (2.5 ml.),and acetic eshydride
(2.5 ml.) and the solubtion vefluxed for thres hours.

The excess of reagents was removed under veduced pressure
and the residue taken up lun ether. The ethereal solutlion
was washed with dilute hydrechloric acid, potassium
bicarbonate solution and water, dried over sodium sulphate

and evaporated to dryness to glve a dark red gum (330 mg.),




) 174 1% .
- oo (Y7 . » 4
7\., AT o 215 and 237 1]1}??.:1 (Elﬁi'_i}o 220 and 2 _;:2) o

The ultraviolet absorpilon shows that the

dsgived enol seetvate was not obitained,

15




By-products from the photo—ogxvgenation of

By-products from the photo—oxvegenation of

BrEOS Q,“y. 2cetate.
CATFOMS CORZCaPILY Uk Brhus veryr soyvate peroxlde

mother iiquors. = The crude residues {(11.6 g.) from the

crystallisation of ergosteryl acetate pervoxide were
disgsolved in 131l petroleum ether=bensene and chiromato-
graphed on deactivated alumina (350 g.).

Flution with 13l petroleum ether-benzene gave
almost colourless, crystalline matewial (526 ng.),
which was wecrystallised twice from methylene chloride-
methanol 0 give 596ma1hydxaergost@ryl acetate (LXLI,

R = Ae) as colouriess plates (163 mg.), Mop. L75=187°,

[e]y = 287.6° (g 0.64), 9 1736 (3B-gpcetate), 1453,
D .

maste

1364, 1245 and 1030 em. *  Windaus exnd Bruﬂkanﬁ give
BePo IBO=181°, [m]D = 20°  The combined mother liquors
gave a second crop of colourless plates (106 mg.), Mep.
1691840,

Blution with benzene gave colourless crystalline
material (2,57 g.), whieh was recrystallised from
chlovoform-athanol to give @rgqaueryl acetate peroxide
(IIL, B = fe) as flat colourless needles (1.51 g.),

Mmop« 187-208° (reerystallises at 130°), ¥ 1753

mexX e
(3-nceatate), 1453, 1361 and L1239 cm. *




Flution with 231 benzeng-ether gave yellow,
erystalline material (680 mg.), which after three
recrystallisations from methylene chloride-—isopropyl
ather gave 3B-acetoxyeorgosta~b,8(9),28-trien-7-one (LIXII)
as elmost colourless nsedles (11 mg.}, m.p. 195-210°
(recrystellises 172-1920°}), [el, - 36.6° (g 0.56), %

MK
205 and 246 mu. (& 10,500 and 16,600), 7 1733

MO o
(3-acetate), 1664, 1626 and 1587 om. ¢ (cross-conjugated
59
aB-unsaturated ketons), ITit. gives m.pe. 199=-804°¢,
[oc]D = BR% N pow, 245 mp. (€ 11,800), ¥ . {in 08,)
1738 (3-acetate), 1658 and 1628 (eB-unsaturated ketona)
and 967 cm, * The combined mother liquors gave a

second crop of pale yellow needles (104 mg.) mep. <2069,
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Prodwneha from J-scetorvergoshacdah, {aacobebrasne.
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