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PART 1.



b

INTRODUCT ZON.
The triterpenoié group of haturally.bccurring compounds
mey be classified accor&ing to the numbér of rings contained in
their carbocyclic structures..- Qﬁerenafe no known sono- or
diecyclic triterpenoide, but acyclic.and,tricyclic tritcfpsnoida
are represented by squalene (I) and ambrein (II) respeetively.
fhe_pentacyclio triterpenoids include the a-amyrin, ﬁ-emyfin,
lupeol, teraxaesterol and taraxerol series, aﬁd form the largest
£T0up. Indiviﬂual membexrs of thia-gfoup éossess e%ructures
which are divisible into six iggpanéanevunits and thusAthey
conform to the "isoprens rxrule", In contrast, members of ¢he
smaller tetracyclic group of triterpenoids do not Tormally
conform to the empirical isoprene rule ond moreover, some
members of this group have receﬁtly baen shown to gontain thixty
one carbon stoms. Conssquently the teiracyclic triterpancide
can be regurdsd as tri- or tetxamethyl steroids.

The widely'occurringAetorol, cholesterol (I1I), is
synthesisged in vivo from acetic acid thréugh the intermedistiocn
of sgualene (I)l. Pho hiosynthesis of ths tatracyclic
trite'rpenoids2 maﬁ be considered to involve. the'cyclisation ef
squalenaq, motivated hy attack of the ocation OH st positxon HE
and proceoding aynchronouely by the formatzon of the 1ntero
medtates (Iaj, (Iv) 'and (Je)}. Lanosterol (IV R = H) is

" obtained from (Ic) by movement of %he 0(13)-hydr0gen aton to



C(;o)s accompanied by the sinmultanecus migrations of ths
p-methyl group at C(,,) 50 position C(,5), and of the «-methyl
group at C(e) to position 0(14). . Cholesterol is formed
biogehetically fron lgnosterol by loss éf thres carbon aboms,
Other ionic mechanisms have béen proposed2 for the blosyntheanils
of the pentacyclic group of triterpenoids from squalene.

The work described in Part I of this thesis is

congerned solely with the tetracyclic group of triterpencids.
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CLASSIFICATION OF. T ACYCLIC TRITEREE

o

With one exception, those tetracyclic iriterpenoids which
have been fully formulated possess the perhydro-l:2-cyclopentenc-
phunanthrene ring system of vhe steroids, and they may be

subdivided into iwo series represented by lanostsrol and



euphol respectivelf° Meﬁberé of each series undergo reactions
which are characteristic of their sub=-group, Thus with |
ianostarol and related compounds, the formation of a coﬁjugatad
‘7:9(11)-diene'from_the‘8(9)-en§ is accompanied by a positive
change in ﬁolecular rotation, while in the euphol series, the
same conversion results in a large negative chgnge. The
conjugated 7:9(11)-dienes of ths lanosterol and euphol series
- also exhibit slightly different ultra-violet light ebsorpiion
spectra, The influence of acid on the nuclear A° doublis bond
is equelly charactéristic of both series. In the 1anoaterol
group, acid isomerisation of the 8:9=double bond produces an
equilibriun mixture of the [l" and A’ isomers. Acid isomerisation
of the 8:9-double bond in the suphol group, however, efifscin a
molecular réarrangement in which the 8:9-double bond nmoves to the
15:17-position with simultaneous methyl group migrations.
Recently a new type -of tetracyclic structure has been
discovered in the diol onocerin (V)s which may be included in
the squalene (I) group of triterpencids.

(1) The lanosterol group includes lanosterol, dihydrolanocostero

agnosterol, dihydroagnosterocl, cycloartenol, cyclolaudenol,
eburicoic acid, the polyporenic acids A, B and C, and pinicolic

acid A.

Lanosterol (lanosta-8:24-dien-38-01) (IV, R = H) and

agnosterol (lanoeta=7:9(ll)§24=triene36=ol) (VI, R = H) were first




isolated by Windausa from the '""isocholesterol! mixtura obtained
from sheep wool wax., Dihydrolanosterol and dihydroagnosterol
wore both obtained from the sams source by Ruzickav, and may be
prepared by hydrogenation of the side chain double bond bf
(I¥, R = H) and (VI, R = H) respectively.

cycloArtencl (handianol), isolated from the fruit of

8 ®
Artocarpus intezrefolia , Strychnos nux-vomica L., and various

10%114
Euphorbiaceae s wags the first triferpencid found to contain
8 cyclopropane ring, and it was identified as 9:19-cyclolancsi=
8212 915
=24-en-38~01 (VII) by Barton and Spring .
The closely related C-j1 triterpenoid, cyclolsudencl,
occurring in opium marc, was shown to be 24b-nethyl-9:19-cyclo-

14
lanoste25-gn-3B-01 (VIII) .

(W) (V) (Vi)

The remaining members of the lanosterol grou§ are
produced by the metabolism of various wood rotting fungil ., in
particulér those of thebBaaidiomycetes and Polyporous classes .
The structurse of these closely rslated fungal acids which have

been fully elucidated are shown in table A. Both eburiceic acid



and tusulosic acid oeccur together with their correspording
dehydro-compounds which are related %o thom in the same way as

egunosterol is to lancstexcl.

TABIE A.

718 7?20 17221222

15 1
Eburicoic Acid Polyporenic Acid Tumulosic Acid

o™y é
17728 123 28
Polyporenic Acid € Pinicolic Acid A

(11) The suphol group of tetracyclic triterpenoids includes

euphol, %irucallol, euphorbol, elemadienclic acid and
@lemadiencic acid,

Euéhol {eupha-B8124-dsen-3p-ol), C3oH5 00y OQccurs im the
letex of several Buphorbilsceere, end wes first ipolatsd by

28 '
swbhold and Spring . I{s siructurs hag finanlly boen



-

27
esteblished as shown in (IX, R = H) , and the imporiant
aspects of its chemistry are described in a later section.
girucallol was originally icolated from Euphorbia

2@ 29930
tirucalli L. and shown t0 be 20-isoeuphol (X) . The

configurations at c(,,) and c(zo) were confirmed by side chain

51982
degradation studies o

Euphorbol (XI), a C-3) triterpenoid occurring together

26
with euphol in various Euphorbiaceae , was related to tirancallol

- 50953
by elimination of the side chain methylene group .

The elemadienolic (Cy,ll,50s ) 2nd elemedienoic acids,

cbtained from the resin of Manils elemi, wers isolated and

34
inter-related by Ruzicka . The conversion of both aclds into

(X) (X) (X1)

38 33
epielemenol and its identity with dihydrotirucallol lad to
the formulation of elemadienolic acid and e¢lemadienoic acid as

50
(XII) and (XIII) respectively .
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FHE CONSTITUTIOR OF LANOSTEROL.

7928736
Farly studies showed lanosterol, C;,H;,0, %o be

a diethenoid, mscondary, 3B-alcohol and comseguently tetraeyelic,
One of the double honds 1s present as an ;ggpropylidiﬁe groupﬁ7
which can bs catalytically reduced toc give dihydroldnostercl
(lanocstonol). Dihydrolanosterol contains the less reactive

nuelsar double hond.

The lanosterol nucleus, The skeletal structure of

lanosterol was partly vevealed by dehydrozenation expsrimenia.
Pyrolysis of lancatadicnol with selenium gives 1:2i8-trimethyl-
phenanthrone (XIV)7’38. Lator,Barton?g showsd that dehydro- .
genntion of the 'lanostene' (lanoétuaaene and lanocata=T:9(11)-
-diene) and "lanostenolt (lancgt~B-cn-38-0l and lanostas=7:9(11l)-
~dien-3B~01) miztures alsc gave (XIV), bt in hizher yield fyem
the former, so that the two sdjacent methyl groups im (XIV) are

not derived from the gemedimethyl groups at c(a) by &



retropinacoline raarrangementdo, ond must correspond to thoss
at 0(13) and 0(14) in the original molecule.

The tetrasubstituted nature of the less reactive double
bond of lanoasterol was shown from infra-red absorption
measurementsei, and confirmsd by an ulira-violet exumination
of lanost-S-enesgg its environment was largely deduced from o
study of the products arising from a variety of cxidation
reactions. Mild chromic acid oxidation of lanost-8-enyl amcetate

(XV, R = Ac) gives both ths af-unsaturated ketons (XVI, R = Ac) and

7940
the characteristic yellow, transoid l:g4-dion-2-ene (XVII) 3

)

Undexr more drastic conditions, Titll-dioxolanost-8-enyl acetate

(XVII) is the major product f:oﬁ this reaction, and it is also

obtained from T-oxolanocst-8-enyl acetate (XVI, R = 2c) by

B

44

further oxidation . In the presence of mineral acid,

lanost-8-enyl acetate (XV, R = Ac) forms an equilibrium mixture
- 3945 %46

with lanost=T-enyl acetate (XVIII, R = Ac) "o mud 1% 2o

preferentially oxidised when the mixture is treated with chromic



1C

acid under mild eonditipnsés. Stronger oxidant mixtures,
however, convert lanost-T-enyl acetate into theAdionenyl acetate
(xvn)‘s .

0f the two carbonyl groups in 7:ll-dioxolanost-8-enyl
acetatel(XVII), that at position 0(7) ie much more reactive, and
is selectively reduced by the Wolff-Kishner method to give the

A® -c(“)-ketone (X1x).

(Xt )

Treatment of the dionenyl acetate (XVII) with zinc dust in

acetic acid saturates the ethylenic bond to give 7:ll=-dioxo-
lanostanyl acetate (XX, R = Ac)de. The formation of Ti1lle
~dioxolanost-Beenyl acetate (XVII) from lanost-8-enyl acetate
(XV) suggested that the nuclear double bdnd of lanostenyl acetate
was flanked by two methylohe groupsv. From an infra-red
examihation of the anedions (XX, R = Ac), it could.bg inferred
that the carbonyl groups in this acetats were both préeent in
'aix membered ringado." These deductions were confirmed by the

formation of further oxidation products. Treatment of
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7:ll-dioxolanost-B-enyl acetate (XVII) with selonium dioxide gives
7i1ll-dioxolanosta~-5:18-dienyl acetate (xx;)‘o"‘. 7:11:12-
»Triéxolanoetaosa8—dianyl'aéétate (XXII, R = Ac) is obtained by
the pelenium dioxide oxidation of (xxI)‘o, or by treatment of
7-0x0lanosta-5:8:11l-trienyl acetate (XXIII) with chromium

a4
trioxide .

(1411}

The position of the nuclear double bond of lanostercl was
zelated o thet of the hydroxyl group by the conversion of the
dienetrione {XXII, R = H) into 7:1l:12-trioxoizolanosta~3:5:8«-
-triene (XXIV) in which the conjugated system has been extended to
ring A?g. | This relationship was also confiimed by the conversion

of (XXIV) into the dicarboxyketone (AXV).




The constitution and coafiguration of vings A and I of
lénoaterol uaro-govoaled By the dsgreadation of the énetrione
(XX¥I) to the biayclic ester (XXVII)48 wvhich was also obtained
from the diterpene mancol (XXVIII), pfeviously related to
triterpenoids of established structure .

The reactions described above allowed the partial

formulation of the lanosterol nmucleus as shown in (XXIX).

CoOMe

( XXVT ) [ XX )

Thie side chain of lanosterol. The presence of an

isooctenyl side chain {XXX) in lanosterol was shown by the

formation of acetone and 6-methylheptan-2-one (XXXI) from the
‘ 48950961
~ vigowous oxidation of lanost-Beenyl acetate (XV, R = ac) .

Horeover, lanostadienol was shown to contain an isopropylidins

. 37
group .

(XK (XX ) (%% )

lanoste-8:24~-dicne was éonverted in eizht atages teo the diketo-



13

-alcohol (XXXII), the infra-red absorption speotrum of which
indicated the presence of a carboayl group locﬁted in a five
memberad ringsz. From & similar degradation product (XXXI11),
Barton.ﬁ8 showed that only one methylens group is adjacent %o

the carbonyl function so that the point of atsachment of the
side chain of lanosterol must be at c(i7). The same conclusion

54
was also reachad by Ruzicka .

( XXXil)

The gtcreochemistzy of lancstercl. The stereochemisbxy
of the lanosterol molecule was established to be as is shown
in (IV, R = H) from an X-ray analysis of its”iodoacetateﬁs and
was confirmed by chemical meanses. " ‘Phe B«(eguatorial)
configuration of the 0(3)-hydroxy1 group vas deduced from its
stability tovards epimerisation?v, its regeneration from %he
3-ketone by reduction with sodium and alcohol‘ﬁ, and by
dehydration when ring 4 underwent & retropinacoline rearrangement:

u reaction wvhich requires the hydroxyl group to have the

B-(equatorial) configurationfe. The a-configuration of %he



hydrogen atom at c(s) was egtablidhed from a study of melaeculsx
rotation databs, and by the degradation of the enetrione (XXVI)
to & pro&uct common %o mancol. .

To account for the hindered nature of the 6(1,)-carbonyl
group in 7T:ll-dioxoclancstanol (XX, R = H), the C(is)emethyl.group
was allocated the.B=configuration?9, and molocular rotation
considerations favoured the a-configuration for the C(1a)~methyl
groupag. The stereochemistry at position 6(17) was also
determined from a study of molecular rotation data. It was
found that molecular yrotation differences betwesn compounds in
the lamosterol series having vhe isocctenyl type side chain end
those in which it is peplaced by & 3-COHe group, were in
agreement with similar differences for the correséonding aterodd
compounds., The side chain of lanosterol is therefore considexad
to have the l7B-configuration as in cholestercl (III).

The stability of 7:ll-dioxolancostancl (XX, R = i) to
vigorous treatment with alkali shows that the hydrogen atoms
av c(e) and 0(9) have the more thermodynamically stable |
configurations which are mutually trans-relative dut snti-relative
to c(,‘j and 0(10) reapoctivelypoe

The synthesis of lanostenol. The constitution and
stereochenistry of lanosterol have now been rigorously confirmed

by the synthesis of lanostenol from cholesterol by Barton,
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fioodwardgand co-workers. This achievement constitutes the firs?
total synthesis of a tetracyclic triterpesnoid. The synthesie,
which is outlined bolow,{follovod from'the conversion of
lanosterol into l4a-methylcholestanol (XXXIV)ez; l4a-Mothyl~
cholestanol has.also been prepared from cholesteroléé. ¥ethyla-
tion of cholest=5=en=3=one with methyl ilodide end potassiunm
tert-butoxide, followed by hydride reduction and dcetylation of
the product, gave 4:4'-dimcthylcholest-5-enyl acetate (XXXV)
which was converted by the steps shown ¢o the dionyl acetate
(XXX¥I). On oxidation of (XXXVI) with per-acid and subsequent
hydrolysis of the product, a triol, probsbly (XXXVII) was
obtained, #ith mineral acid; the triol dehydrated to give

the af-unsaturated ketone (XXXVIII), the benzoate of which was
methylated as before to give (XXXIX). By reduction under
drastic Wolff-Kishner conditions,(XXXIX) was converted into
(XVIII, R = H) which proved tec be identical with lanost-T-en-
=3f=0l, ‘Treoatment of the benzoate (XVIII, R = Bz) with
hydrogen chloride end careful chromatography of ths reaulting
mixture gave lanosi-8-enyl benzoate (XV, R = Bz), hydrolysis

of which gave lanost-B8een-3f-0l (XV, R = H).






THE CONSRITUTRION OF EUPIOL.

'Newbold énd Spring26 first characterised euphol as e
tetracyclic triterpenoid alcohol, Cy,H;,0, containing two double
bonds, one of which is readily reduced by platinum and hydrogen.
This ethylenic linkage was later found to be present as an
isopropylidine groupe““° The structural elucidation of esuphol
followed on closely similar lines %o those described forx

lanosaterol.

The nucleus and side chain of euphol. Dshydrogenation

86
of euphadienol gives 1l:2:8-trimethyiphenanthrane (x1Iv) , while
euphadiene yields both l:7-dimethyl-(XL) and l:8-dimethyl-
66 !
phenanthrens (XLI) as well , so that euphol must contain a

methjl4group at 0(13) and 0(14).

The structures of rings A, B and C, and the location
of the less rovactive double bond of euphol were shown to bs the
same (XXIX) as that in 1anostgrol by Jeger and his'co»uorkerssf,av
They found that euphol and its derivatives underﬁont the same

dehydration and oxidation reactions to yield analogous compounds
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to those cobtained in the lancsterol series. Ring D of euphol
was éhoun to be five membered60 by Bartone7 from & study of the
infra-red spectra of the hydrocarbons euph~B-ene and lanosi-8=ens,
from which it follows that both have the same number of methyl
groups. The side chain structure was also elucidated by a
series of degradation reactions similar to those reported forx
lanosterolev’co-VI.

The major difference in structurs between euphol and
lanceterol therefore bhecams confined to the region of ring D,
and its nature, as well as the position of attachment of the
side chainéw’?g, followed from & study of the acid iasomerisation
of euphol which was firset deacribedtm'Vilka:i When treated
with mineral ecid, the 8:9-double bond of eupkol was Ffound to

move t0 & second fully substituted position (isceuphenol).
7

3]

From the selenium dehydrogenation of isoeuphadiene,; Barton
attributed the isolation of 1:12:5-%rimethylnaphthalene (XLIIIL)
%o the migration of the C(;,)-methyl group to position C(4),
which pernmitted isoeuphenyl acetate to be formulated as either
(XLIV, R = CyH,,) or (XI¥, R = CgH,,). Formula (XLV,

R = CgH,,) for isceuphenyl acetate was excluded when the
diketone formed by ﬁhe ozonolysis of this acetate was shown to
be (XILVI, R = CgH,,) from its infra-red absorption spectrum,
from the unhindered nature of the carbomyl groups, and by its

66
absorption of five mols. of bromine .



[ XL )

Evidence supyporting the formulation of isosuphenyl acetate as
{XLIV, R = (G, H,,) was obtained from the close similarity in
ultra-violet light absorption spectra befﬁeeﬁ the conjugated
diens, iscouphadienyl acetate (XLVII, R = 0931?)’ and the
well known pentacyclic diene, oleana-=11:13{18)-dienyl aceiate

(XIvIII). The sems conclusion a&s to the nature of zing D ond

i
(XL ) (X )

the isomerisation of euphenol to 1soéuphénol was reached by
78 _ - -

Jeger and Ruzicka <from & series of extensive degradation

reactions,

The stergochemistry of euphol. The stersochemistry at

each asymmetyric centre in the euphel molecule has now been

established as is shown in (IX, R = H), Berton = has allocated



the configurations at C(5), C(5) end C(y,) since the hydroxyi
group is equatorial and has the ﬁblecular rotation propertiss
of a noymal 38-alcohol. The a¢- and B-= configurations of the
methyl gfpups at pesitions 0(13) and 0(14) respectively were
assigned on the basis of a conformational interpretation of the
euphenol to isoceuphenol iaomerieationfv,vs. According to
Barton?v, the euphol molecule (IX, R = H) has rings B and ¢

in an unfavourable conformation of two ‘half-boats', and the

result ing steric straein provides a conformational driving fovce

"X
for the subsequent migration of the C(;5 )~ and C(,, )-methyl
groups to form the isoeuphenol system in which rings A4, ¥ and

C are in the more steble ‘'all=chair' conformation. A critical
exanination of molecular ﬁodels, however, shows that (IX) may
exist in a 'haifuchair' conformation. The isoeuphencl
rearrangement, when based on a totally concerted mechanism as
represented by the synchronous stages shown below, (R = Cgll, ).
establishes the x-configuration of the side chain at position
0(17) and of the 0(18)-methyl group, while the mefhyl group at

C(14) must have the P-configuration.



After controversial evidence baseld on comparisons of

molecular rotation differanceg in the lanosterol and suphol
serieszv, Ruzieka?a showaed from degradetive siudies thet the
configuration at C(ao) in euphol is the same {«) as tﬁat in

- lancsterol. Confirmation of the configurations at 0(17> and
C(go) in the euphol molecule was obtained by the establishment
of the a-configuration of the side chain of tirucallel
(20-igsceuphel ) (x)ax. Warren also-showed that euphol is
20-igotirucallol by degredation of the side chain of tirucallol
and euphol %o dorreaponding derivatives iﬁ which ths symmetzy at
C(2q>ia destroyed. These dagradative products from aﬁphul and
tirucallol proved to be identical.

Buphol derivatives im which rings B and C arxe saturated
may be prepared by treatment of the dionene (XLIX) with zine
dust and acetic aoidf. The hydrogen atoms 8t G(B) and 0(9) in
7:1l-dioxoeuphunyl acetate (L) are considered to be mutually
gggfrelativavz since treatment of (L) with selenium dioxide
or with strong alkalj?eragenerates Ti1ll-dioxccuph=-8«enyl ccetate
(XLIX). 'Phe saturated alcohol, euphanol (LI, R = H), is at

present unknown,



( XLiX)

Recent extensive reviews of the tetracyclic grdup of

: v8
triterpenoids are given by Gescoigne and Simes

77
and Jones .

’ and Halgall

22
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PEADCTERI MM mRMIEB IS

SECTION I, The Comstitution of Butyrospermol.

Experiments designed %o elwcidate the
constitution and sitereochemistry of
butyrespermol are.¢esaribed. These and
roiated reactians show that buityrespormel

is 9a-eupha--7:24-dien=3f<6l.



INTRODUCT TON.

' 78
In 19%4, Heilbron, Moffot and Spring  irolated the
scetute of an alcohol of approximate molecular formula O; H;,0;

and which they named besseol, froa the noﬁesdponifiable fraction

of shea nut fa% (Butyrosngrmum parkil). Basaeoi wos charagtore
ised as a tetracyelic diethenoid secondary alcohol centaining a
vinylidine groué, and its acetate was converted into'ﬂcgmyrin
acetate by a wvariety of acidic raagentsvgc

4 subzequent re-examination of shea anut fat by Heilbron,
Jones and Robinseo ;ed to the isolation of an aleohol,;
butyrospermol the chemical properties of whieh differed markedly
from those reported for basseol. in particular, bufyrosgermyl
acetate could not be converted into paﬁmyrin acetatag'and ih
contuined an iggpropylidine group and not & vinylidine group.
Other investigationsel’ea failed to reveal the presence of
basseol in shea nut fat, and-it is now accepted that basseol
acetate was butyrospermyl acetate contaminated with ga, 165 of
B-amyrin acetuteaz°aao The physical constants of butyrosvermol,
however, are in excellent agreement with those reported for
basseol, which in gontrast to basseol acetate; is considered to

8¢ '
have been a pure compound . Butyrcspermol has also becn found

.
in thq fyuit of Artocarnus integrefolia .

8082
Eerly studits shoved that butyrosnermol is a
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diethenoid, secondarxy alcohol, C;,H;,0 (or & near homologuc),
and it is consequently tétracyciico One of the double bonds is
prasent as an_iggpropylidine group and is reéadily reduced %o give
dihydrobutyrosgpeznold. ‘The second (less reactive) double bond
is not reduced by platinum and hydropens and Cren spectroscopic
evidence it was concluded to be tetrasuhstitutedsi'es.
Dawson gﬁ_g&,ae showed that tyeatment of dihydrobutyrospermyl
acetate with dry hydrogen chloride at 0° gives dihydroisobutyro=
spermyl acetate. A considevation of the reactions of this
isemer led them to suggest that its double bond was trisubstitubed.
The principal featuyes of the constitution of butyrospezmc
were elucidsted by Spring and his co-workarsad,as'who found that
dihydroisobutyrospermyl acetate is identical with euph=Beenyl
acetate (LII; R = Ac). The identity wes confirmed by the-
conversion of dihydroisobutyroopermyl acetate into 7:il=dioxoceuph
~8-enyl acetate (XLIX) by chromic acid oxidation; into isoeuphe
=13{17)-enyl acetate (LIII) by isomerisation with hydrochlevic-

-geetic acid,; and into Bf:9f-epoxyeuphanyl acetate (LIV) by

treatment with perbenzoic acid.




The ywelation between butyrospermol and euphol was
confirmed By the conversioen of the formezr into the latter.
Addition of one mol. of bromine %o butyrospermyl acetate in
chlovoforn and treatment of the solubion with hydrogen chloxride,
followed by debromination of the product with zine,; gave euphyl
acetate (IX, R = Ac). The isomerisation of dihydrobutyrospermyl
acetate into euph-B-enyl acetate (LII; R « Ac) is aleo effected
by shaking it with platinum and hydrogen in acetic acid; a
reactlon which suggested that the legs reactive double band of
butyrospermol is not tetrasubstitutedaisea’ee as represented by

(v ).

Troatment of dihydrobutyrospernyl acetate with osmic ésid;
followed by acetylation, gives & satuiated triol diacetats,; fron
which it can be concldded that the less reactive double bond of
butyrosparﬁol is tri- and not tetrasubstituted. The tricl
discetate is reédily converted into cupha=T7:9(1l)-dienyl acetate
(B?I) under a variety of conditions, -Dihydrobutyroepermyl
acetate is thorefore a double hond isomer of euph-8«cnyl acetete

(LII, R = Ac) in which the unsaturated centre is either between



C(W) and G(e) or between C(o) and C(li)c Accordingly,
butyrospermol was identiflied by these workevs as either
9f ~eupha«7:24-dien=3p=0) (IWII; R = H) or Bf~eupha=9(1l):24~

dien=3f-01 (IVIII, R = H).

A sinmilar conclusion was reached by Jones and his

77283 .
collaborators who converted dihydrobutyrospermyl aceiate

into T-oxoeouph=8eenyl acetate (LIX; R = iAc) by treating it with
an excess of perbenzoic acid. A detailed examination eof the
infra-red spectra of dihydrobutyrospermyl acetate and velated
compounds also led these authors %o the view that the less
rouctive double bond of butyrospermol is tyxie ond not tetra-
substituted. No conclusive'avidence was aveilable which.
indicated whether this ethylenic linkege is located at the 7:8e
or the 9:lle-position. 4 comparison of the behaviour of
dihydrobutyrospermyl acetate with lanost-T-ene and lanost-9(11)-
-¢ne derivatives in corrssponding rsactions did not allow a
satisfactory choice to be made beiween structureé (IVII, R = H)
(I¥IIX, ® = H) for butyrospermol. In the cueé of lanost=7=enyl

acetate (XVIII, R = A¢), the double bond is inert towards



hydrogenstion and it is partly isomerised to the 8:9-positien on
treatment with mineral acid?7’48946. Lanost=9(ll);enyl acetato
(iX, R =« Ac) is stable towards treaﬁment with ninsrsl agid andé

can be catalytically reduced to lanostanyl acetatearo Theso
¢onsiderstions favoured structure (IWII, R = H) for dbutyrospermol,
for which there are two possible isomeric structurss depending

on whether the hydrogen atom &t 0(9) hes the o« or P=configuration.
Barton?v has recently described the prepavation of the dihydroe
=acetata Qf (IVII, R = H) which is not identical with dihydro-

77
butyrospermyl acetate and which Halsall and Jones  assume %o have

the e-configuration at'c(g)ﬁ To explein the unusual, but sinilar,

molecular rotation differsnces observed when butyrospermol and
eycloertenol (VII); which has a 9B-methylene group, are oxidised
to tﬁé‘corresponding kétoncs, these workers expressed & tentative
preference for the 9B-form of (IVII, R = H) for butyrospernol.
The following, and related oxperiments, show that butyros permol
ie 9gecupha=T:24-dien=3f-0l and that the euph«T-enyl acetote

27
described by Barton is 9Beeuph-T=cnyl acctate .
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o § = rna s

As elready mentioned, basseol acetate, m.p. 141°, [a]n
4 2204°78, is now considered to be builyrospermol acetate
contaninated with ¢a. 16% of B-amyrin acetateaé. The isolatien
of pure butyrospermyl acetate from thisc mixbure by crystallisation
procedures is attended by large losses. These observations have
been confirmed by the author and an improved method for the |
saparation of the basseol acetate mixture is reported.

Hydrolyais‘of shea nut fat using alcoholic potassiﬁm
hydyroxide solution gave the non-saponifisble fraction as & yellow
low melting solid in 3% yield. This madteriel was refluxed with
acotic anhydride and the solution left overnight at roonm
tenperature. The semiecrystalline mass which separated duving
this interval was renmoved; and the filtrote kopt at 0° fow
several days when a socond crop of solid cseparated. The lattex
product was crystallised repoatedly from an ethanoleethyl acetate
mixture %0 give stout necdles which had physical congtante
similar to those reported for basseol acetate, viz. moﬁ; 135=1%6°
[a]n + 252,  Although the bulk of these crystals melted sharply
et 135=136°, solid persisted in the melt until above 180°, as had
'already been observed by Joneaso. Pure butyrospermyl ecetate,
M.p. 144°, [ﬁ]D + 12°, wan obtained from the mixture only after
many'crysfallisations'from relativoly dilute solutions of the
sane polvent nixture.

Dihydrobutyrospermyl acetate was obtained by the reduction



of bhutyrcospexmyl ucetate using olatinum and hydrogen in neubzal
solvent. The ovwservation that euphenyl acectate is easily
separated from~3aamyrin agetate by chrometography of the mixtureea
suggented that the separation of a mixtuve comteining tho acetates
of dihydrovutyrospermel and Beapyrin in this way maey be equally
effactive. "Busgeol acetate" was shaken foy nine hours with
platinun énd hydrogon, in ethyl acetate solution, and the
vesulting product chromatographed. The initial fractions

eluted from the column vexs found to consist of pure dihydro-
butyrospernmyl acetate, m.p. 135-136°, [a]D + 10,8°, The yield

of dihydrobutyrosperoyl acebate obtained from basscol aceiate

by this method is almost quantitative, and is three times greate:z
than the yield of pure butyrospermel ohtained by the repesisd
crystallisation of besseol acetate .

I% has alveady been.shown that dihydr&butyrospermyl'
acetato is iaomerisea to euph-B-enyl acetate (LIY, R = Ac) by ils
brief tyeatment with dfy hydrogen chloride at 0° 84,86. tnder
stronger acid conditions, vi&. hydrochloric-acetic acid mi#turaﬂ
et 100°, euph-B-enyl acetate is converted into iggpuph-l}(l?)aanyl
acetate (5111)27-' However no direot conversion of dihydrobutyro-
spernyl acetate into igosuphel3(17)-enyl acetate by the lather
regetion has been reported. The result of %this reaction wap
- required fér comparison with the baﬁaviour of 9f ~euph=Foonyl
acetete (IXI, R = Ac) under the same conditions, It was found
that.gggguphml5(l7)-enyl acetate is isolated as the gole rsaction

oroduct when dihydrobutyrosvermyl acetate is treated vith an



bydrochloric=acetic acid miziure at 100%  The theoreticel
iﬁplications of this oonversion oxe discussed in the following
gection. ' -

95~Eunho7;gggé Acggatg,

The possible sﬁoréocheqical relntionship which could
exint between 9fecuphefenyl acetate (iXI, R = Ac)27 and
dihydrobutyroSperpyi acetate, and the considerations whiech led
Halsall and Jones77 éo express a tentative ﬁrefcreneé'for She
9B-form of structure (IVII, R = H} for butyrospermol,; have
already been discussed. It wocs hoped that =a critical examinatbion
of the euph-T-enyl acetate would- reveal its relationship to
dihydrobutyroépermyl adetate, and s0. establisk, or othevwise,
the constitution of butyrospermol as Qlecupha«T:24-dien-3fwvol
(i¥XX, R = H),

Barton g§~54327 have described the formation of
ouph=Fe-enyl acetate from T-oxoguph-Beecnyl ccotate (LIX, R = a¢)
by Wolif-Kishner veduction, followed by acetylation of ther‘
product. Preatment of.euﬁh-7-enyl acetate with seleniun
dioxide gives'euphgo7:9(11)-dicny1 acetote (IVI), a conversion
which,uﬁbwed éhat the formey is o simple double bond isomer of
euphsanenyl aqetéte (LII, R = Ac). The configuration of the
hydrogen atom ab c'(g) in euph-7-enyl avetate (IXI, R = iAc) was
rot established by these workers. 9§ ~Euph-T=enyl acetate
(LXI, R = Ac) was prepared from suphol (IX, R = H) in five

: 2%
stepsy resulés differiiig from those_raported by Barton gt al.
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are described.

Bxtraction. of Euphorbia resin with boiling acetone gave
the well known “euphorbone! mixture (8,3%) as a yellow wax
which was extracted with boiling light pestroleum. The purifiad

- paterial obteined by this method was chrenategraphed on aluming

(2x1)

which had previously been deactivated by prolonged exposura to
the air. These modifications of the method desczribed by
Fowbold and Spring:a6 1ed to improved yields (10%) of pure

euphol (1X, R = H), and its zeady scparation from euphorbol (XI).
After acetylation, the side chain double bond of euzhol wag
reduced using platinum'&nd hydrogen in ethyl acetate solution

tc give euph-8=enyl acetate (LII, R = Ac).

The .Ozonolysis of Euph-8-gnyl icetate.

Barton and hie cdcwcrkersav have reported that the
oéonolysis of euph-8=enyl acetate gives Te-oxoocuphe8-enyl acetate
(LIX, R = Ac) as the sole isolated product in 25% yield, This
reeotion ;as repested under various conditione and wae found-to
be of a2 complex maturs., Treatment of euph-8~enyl acetate with
- oz0one at between ~5° and -10"” afforded & mixture, the constitu-

ents of which were separated by careful chromatogyraphy.
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T: Li=Dioxosuph-8-enyl acetate (XLIK), 1lméxceupﬁu8aeny1 agevate
{1LXII) ang 7-oxocuph-B8=enyl acetatse (LIX, R = Ac) were eluied

from the column in that order and in yields of 5, 5, and 10%

wegpectivaly,

AcO

A
p . : w0
¢
(

At lovwer tempersiures (caz. = 40°), tus ozonelysis of euph-<Beonyl
scotate geve starting moterial (30%) together with equal
quantitiss of T-oxoeupheBeeonyl acetate {(LIX, R = A¢c) and a
orystailine product m.p. 96-98°, The lattef natorial wes
exenpined in some detail, Its ultra=viclet absoypiion spoctrgm
showed the presonce of both the af-unsaturated carbonyl sysien
(€,5¢ = 4:300) and on isolated ethylenic bond (€,. = 4,700).
Moreover, the absorption wavelength (256 mu) of fhe af-unsaturaioed
ketome corresponds ta ll-oxoouph-8-cnyl acetate (IXIX) rather than
7~oxceuph-8-enyl acetate (LIX, R = Ac) vhich was found to absowxh
at 252 mu. Treatment of the acetate mizturo; m.p. 96-98°, with
a sulphuric-acetic acid ﬁixture increased the proportion of
af-unsaturated ketone by 50%, and.subsequent chromatography of the
product gave both (LIX, R = Ac) and (IXII). Comsequently tho

cryatals, m.p. 96-98’, congist of a mixture of ll-oxoeuph-8-snyl
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gcetate (IXIT) and an acetate shich is either s non-conjuiated
ketone (ILXIII) or am umsstureted oxidse (LKIV). Barfon?v hag
abtained such an intermediate (ILXIII or IXIV) by the treatment
of eupha=7:9(1l)-dienyl acetate (IVI) wiith tonoperphthalic acid,
and has shown that it is reedily converted into Feoxoeuph-Beenyl
acetate (LIX, R = Ac) by its brief treatment with minerai acid.
Theoe obsorvations suggest that the oxidation of euph<B8e-cnyl
acotate (LII, R = Ac) by ozonolysis prcceeds through the mediation
of eupha~7:9(11)-dienyl acetate (IVI) which is formed f£rom %the

initial opoxide, 8(:98«0poxyeuphahyl acotate (LIV) by the

presence of ocmall amounts of scid in the solvents

9% ~Euph-T-anyl Acetete.

The position of the nuclear double bond of 9¢ ~eurh-T=enyl
acetate (IXI, R = Ao)zq followed from its mode of formation, by
which the elinination of the c(,)Lcarbonyl group of Fwoxosuph=B-
-onyl acetnte (LIX, R = Ac) is accompanied by movement of the
doubl§ bond from the 8:9- to the 7:8eposition (cf. 9¢=lancst=T=

~enyl acatate )”. This accepted mechanism was confirmed when theo



double bond of the alf-unoaturated ketonme (LIN, R = fe¢) was found
to be stable under strong alkéline conditions, T=Oxoeuph-8=anyl
acetate was recovered unchanged aftver prolonged treatmanf with
107 alkali.

7-0xgeuph-8-enyl acetate (LIX, R = A¢) was redueed
acgording to the method described by Barton ed alcav, vwho -obtained
9§ ~euph-T-enyl acetete (LXI, B = Ac); meps 92-94°, fa}D = 60%,
The acetylated reastion produst; after a preliminary filtration
through alumina, crystallised as ncedles; mep. 92-95°, [a], - 28°,
end was shown to be a mixbure when a homogeneous sompound.
9¢=euph-T-enyl acetate, separated from the Filitrpte as blades;
RoDo 78-79°, [a}D - 98°, -That the initial reaction product is
a mixture was confirmed by its carefnl chromatogzravhy. Aftex
the elution of 9f-euph-T-enyl acetale, m.p. 78-79°, [a], - 98°,
fractions weve obtained which ranged in melting point fyom 90° to
105°, and which failed to yield & pure acetate on subseguent
erystallisation. The lower spseific rotation of the mixture,
when gompared with that of 9¢{-euph-T7-enyl acetate (LXI, R = Ac),
is best explained by:the precsense of euph-8-ecnyl acetate (LII,
R = Ae); [a]D‘+ 35°, as the second oonstifuanto

The homogéneity of the 9f-euph-T-enyl acetate (LXI, R = Ac
obtained as described above was establishked by its hydrolysis
to the aloohol (IXI, R = H), mep. 62-64°, {a] - 110°, using

" lithium aluminiﬁm hydride; reaéetylation of this alcohol gave
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the sarie mcetate, Y§=BupheTeen=%-onu (IXV), m.p. 121-122°%
[aln = 268°, and 9§~suph=F-onyl benzoate {IXI, R = Phe0}; m-p.
118=319°, [a]D - 61°, were propared from %€-cuph-f=en=3f<0l .
(IXI, R = H) by oxidation with the pyridine-ohromium itrioxide
conplex; and by treatment with henzoyl oﬁloride in pyridinc,

respoctively.

N
S0
() (3% )

Tho Configuration at 0(9) in 9f-euph-7-guyl scetate and

dihydrobutyrospermyl acetate.

The evidence which shows that the 9f-euph-Teenyl scetabe;
prepared by the above method, is the 90-epimey of (IXI, R = Ag)
- is dependent upon the weactions which show that dihydrobutyros-
permyl acetate is Su-euph-T-enyl acetate (ZKVI. R e 4c¢) and

vigg=versa, Such evidence wes obtained fron molecular rotation

considerations and by a comparison of the acid-induced isomerisa-
tions of YB-suph-T-enyl aeetate (IXVII, R = Ac) with those of
dihydrobutyrospernyl acesate uhder the same conditions. 8f«Buph-
=9(11)-onyl scetate (IXVIII) hos aloo bsan prevared and is found



%o differ.from both 9f-euph-T=enyl acetate (IXVII, R =« Ac) and
dihydrebutyrospernyl acetate, Rigorous preof of the etruciurs
of dihydrobutyrospermyl acetate was obtained simunitaneously by

88 :
We Iawrie , the principal features of which are also described.

{Exvi) ( Txvil)

8
(1) Moleculaxr rotation gconsiderations, Barton has observaed

that the chenge in moleculax rotation (A, ) on oxidation of
butyrospermol and gycleartenol to the corresponding ketones is

in each cage negative, an unusual feature in triterpencid
compounds, and for th%e reason he suggested thai the two alcohels
may be velated. The establishment of the eonstitution and

| 912913
stereochenistyry of cydloartenol as (VII) : led Jonss and

his collaborators i ™ suggest that the similarity in the O,
values is based on e comacn configuration at 0(9) and they
tentatively formulated butyrospo:mol as 9B8~-supha=Ti124-dien=38-0l
(IXIX, R = B}. This argument 3o invelidated Py & clossy study

of tho general and widely accepted guiding principles used in the
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application of molecular rotation relationships to structural
enalyein, Terminel ringe of the same type meke contributions
to the molecular-rotation which aye vaery approximately
independent of the rast of the molecule, provided that the
adjacent ring is & saturated unsubstituted cyclohexane ring§9’ego
It is also recognised that noneangular methyl groups have 1ittle
effect on the contribution of & terminal ring to the molscular-
rotation, These principleos heve been iliustrated by Klyn959°
Thus, in general, the change in molecular-rotation (B anl
produced by the introduction of a §=carbony1.oxygen atom into
nany Sa-steroid and Sa-tritcrpenocid hydrocarbons is positive,

and the moleculare-votation change (Aqs> accompanying the
oxidation of e 3f=hydroxy-So-steroid oxr corresponding tritsrpencid
to the corresponding ketone is also positbive. Howaver, two
exceptions to this rule are found in lanostanol (IXX, R = HNe)

and laudanol (IXXI, B « Me) since the change in rotation when
these alcohols are oxidised to the corrasponding ketonse is in
each case negative, as is the change accompanying the cbnvarsion
of lanostane and landane into the corresponding 3-ketones, in
table B, molscular zotetion changss for lanostanol (IXXy R = Ma)
and laudenol (ILXXI, R = #e) are comparsd with corresponding
¢hangee for cholestenol (IXX, R =« H) and ergostanol (LXXI, R'= H},
It is seen that the introduction of methyl groups at C(q) and

C(34) hos & substantial effeal upon the molscular-rotation



centributiion of the terminal »ings in Loth cholestanol and

ergostanol,

38

TABIE B.

o
: 1
r}ﬁoalobhgl Hydrocarbon 3=ketone

Lanostansl 40

{(IXX, R = Ma) +150 +149 +116
Laudanol

(IXXI, R = Mo) 493 - +107 +62
Cholestanel o,

(1XX, R = H} +93 +91 +159
B tonol

SEoSens +64 +66 +140

{(1XXI, R = 11)"1

+66

+76



fhe recognition of thie effect led %0 a comparisen of
the molecular-rotation changes associated with the reéotions of
dihydrebutyrospermol with corresponding chgnges for écalmnostu
Puen=38=01 {(XVIIZ, R = H), and 9f-cuph-Teen-3f=o0l (IXI, K = H),
This comparison (Table C) showed that the changs in molecular
rotation oceurring when 9u=lonost-Teen-3p-01 is axidiced to
Je~lanost=T=en=j=-one is nepative and almost identical with thsat
agsocioted with the oxidation of dihydrobutyrospermol ond
butyrospermel ¢o the corresponding 3-ketones, Horsovey, the

A , (acetylation) end Ag(bonzoylation) values for %ue-lanost-T7-

=an=38=-01 are nearly identical with the related valuss for dihydrs-

butyrospernol.
Lapls G,
& 8~
_ém

" Bloohol. Acetate, Benzoate, Ketone! Qs. é}

9a-hanost-T-en-3p-0l

(XVIII, R = H)o8 +45  +156 4266 =85 4111 4221 <130
60

Dibydrobutyrosparmol =60 +56 +163 =182 +116 4224 <122

9¢ ~Euphef-en=38=0l

(IXI, R » H)8s =471 =460 =525 =716 +11 4146 245

In contrast, the cerresponding velues for 9{-suph-T-on-3p-
+0l are widely divergent from both those of Ja=lanost-T-en-3f~0l
and of'dihyd&obuterSparmolo Theae rasults oonstitute the first

substantial evidence whiech indicetes that dihydrobutyrospsrmol
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is 9aeonph~Teen=3p-01 (IXVI, R = H) end 9(-eupho7-en-33ooi is
its 9Bespimer (IXVII, R = H). ~ The large négative change in
molaculsy robmtion accompanying the conversion of 9f-euph-f-cne
<3f~0l (IXVII, R = H) into the corresponding j=-ketone was at
fivst & surprising result. However, Jones and his co«wérkaragg
have pointed out that in the case of substituted 3-alkyl
cyclohaxelesnes, the one having the c(s)ohydrOgen atom in the
feconfiguvation {IXXII) has & much more nsegative rotation than
its Ju-epimer (LXXIII)GS, and for this roason they suggested thet
the specific rotation relatiomship beiween 9B-cuph-T-onyl acetate
(IXVII, R = Ac) and dihydrobubtyrospermyl acetate is sxplasined if

these acetates can be vrepgarded as & pair of subetituted gycishax.

elegnes .,
‘E‘ R
Q 3]
( IXXiL) ( =X )

(i1) The yeactions of 9f{-suph-7-anyl seetate. The method used

in the prepération of 9£eéuph—7-eny1.acotate (1x1, R = Ac) strongl
suggeeted that thie scetale has the move atablo‘coafiguration ét
O(,). Frem an inspactioh.of moleoular médel#, the more staoble
configurabion at this asymmetrie centre is B=-, aino§ the

storeochomistiry of Ju-suph-Teenyl acetate (ILXVI, R = Ac)
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constraineg the molecule to adopt 4 conformation which includ@s a
boat (oy hslf-boat); whereas 9Pe-suph-T-esnyl acetate (LXVIL,

R a.Ac) can essume o more stable 'all~cﬁair' (or half-chair)
conformation. Accordingly, dihydrobutyrospermyi acetate should
be Yo~cuphefe-enyl acetate and 9f-euph=T-enyl acetate shoﬁld be
itos Beeplmer; o conclusion which was estoblished experimentally
by comparing the chemical stability of these two acetates.

The behaviour oi dihydrobuiyrospermyl acetate towards
varying ncidic conditions has been described in a previous
section. 9f-Euph-7-enyl acetats (LXI, R = ic) was recovered
unchenged after treatment with dry hydrogen chloride at 0° for
2 hours, conditions which convert dihydrobut&rospermyl acatate
into eupheB-enyl acetate (LII, R = Ac}. As alrcady descyibed,
dlihydrobutyrospermyl acetete was quantitatively isomorised to
isoeuph=13(17 )-enyl acetate (LIII) in the presence of an
hydrochloric-acetic acid mixture at 10Q° for 3 hours. Application
of this reaction to 9f-cuph-T-enyl acetate effected & partial
change; starting material, a mixture, and isocuph=13(17)-enyl
acetate were isoleted from the reaction product. This result
shows in faot that 9f ~euph~7-cnyl acetate is only partly
isomerigsed to suph-8«enyl acetate (LII, R = Ac) by strongey
acidic conditions than those reguired for the total conversion

of dihydrobutyrospermyl acetate into the sane acetate (LII, R = As)

the formation of isoeuph~13(17)-enyl acetate (LIII) from 9f-euphe
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~T-enyl acetato is interpreted as a carbonium ion induced,
partial'movement of the T:8-fdouble bond to the 8;9-pouifion

to give an equilibrium mixture of;the corresponding iapmers.

of which cuph-8-enyl acetate is converted into -isceuph=13(17)-
~enyl acetate (LIII) by the ‘*isoeuphenol!’ rearrangemeutzv. The
hehaviour of 9£=eupho7aenyl acetate in this rcaction clocely
resemblos thot of 9a-lonost-T-enyl ocetate (XVIII, R = Ac) which
equilibrates with its AF—isomer when it is treated with
chloxoformic hydrogen ohloridesv,gﬁ’dq; Ié an attempt to
prepare the unknown saturated euphanyl acetate (LI, R = Ac),
9f~euph=T-enyl acetate was shaken with hydrogen and platinum in
acetic acid over a prolonged pericd. The ascetate, however, was
recoveraed unchanged., Tnder similar conditions, dihydrobutyro-
spermyl acetate is isbmerised te euph=8-enyl aqetate (LTI,

88 *84
R = .ﬁ.C) a

The exporiments described above illustrate the relatively
greater ease with which dihydrobutyroapermyl'acgtate is converted

into euph-8=enyl acetate when compured with 9f -euph-T-enyl
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acetate (IXI, R = Ac). Consequently the strained conformation
of the dibydrobutyrospermyl scetate molacule constitutes-the driv-
ing force motivating its irreversible conversion into suph-G-enyl
scetate. Dihydrobutyrospermyl acetate and 9¢-eupheTweanyl

acetate are therefore 9«»euph»7-en3i acetate {IXVI, R = Ac) and
9B-euph-T-enyl acetate (ILXVII, R = Ac) respectively, and it
follows that butyrospermol is 9u-euphaeT:24-dien~3f-01 (ILXXIV,

R =H).

(244) Oxospoeuphenyl scetate. The above conclusions are in

agreemsnt with the direct evidence obtained from a study of the
oxidation product of dihydrobutyrospesrmyl acetate. W, L&wrieaa
showed that oxidation of this acstate with chromiuvm trioxide gave.
as the major produdt,; 8 non-conjugated, unsaturated oxo-acetiate
whioch he named oxoapoeuphenyl acetate, Treastment of oxoapo-
ouphonyl acetate with hydrochloric-scetic acid yields an oxoigo-
euph-13(17)e~enyl ascetate, which was identified by its Wolff-Kishnswe
reduction, followed by acetylation, to ;ggpuph~13(17)«ényi acetate

(LIII). The carbonyl group of oxoigoeuph=-13(17)-enyl acetste;
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and of oxocapbeuphsnyl acetate, was shown to be at pesitions
C(G)‘or C(?) s1nce-oxqiggguphil3(l7)-enyl acetate is not an
eff-unsaturated ketone, and it is converted into an 6xqgggpupha~
=11:13(17)~dienyl acetate (LXXV) by oxidation with seleniun
dioxids. The formation of oxoapocuphenyl acetate from
dihydrobutyrospermyl'aoeﬁate-involves'a moleculér YOATTINLOMINAT
“otheywise oxoapoecuphenyl acetate is raprssented by (IXIII) or

(IXXVI).

B§~7-0xoeuph~9(1l)-anyl acotate (IXITI) can only be

obtained from a euph~Teenyl agetete or a euph~-9{(1l)eenyl ccetate
via eupho-719(11)-dlenyl) acetate (IVI), since a double bond will

not move out of conjugation with a carbonyl group under the

27 %65 294
conditions in which oxogposuphenyl acetate is formed 9
and Te-oxoeuph-B-onyl agetate {LIX, R = Ac) is stable to nmineval

29 ' '

acid . . Structure (IXIILI) for oxoaposcuphenyl agetate wus
thevefore excluded when oxidation of oupha-7:9(11)-dienyl acetate
(I¥1) under the conditions used for the oxidation of dibydro-

butyrospermyl acetaie into oxosposuphenyl acetate failed to
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produce & non-gonjugated, unsatuvreted ketons. Formula (LIXVI)
oould not represent exogggguphenyl ascatate since an infracred
examination of this scetate indicated the presence of o aea=fully
substituted double bond, and reduction of oxogposuphenyl acetate
by the Wolffuxishner methoéd; fgllowed by acetylation, gave a new
isonaey, apoeuphenyl ageiste, fhe deoicion &hat txosposuphsayl
acotate s nerther (IXIIN)er (ILXXVI) s supported by she
observation that oxoapoeuphenyl acetate 1s not isomerissed o an
afi-unsaturated Eetonﬁ by trestment with oither alkali or mineral
agide Gonseguently the carbonyl group of oxosapgsuphenyl acetate

is located atb C(?) and dibydrobutyrospermyl acetate is 9f-sunk-

-7-enyl acetate (IXI, B = An)

(Lvi)

Support for the view that a.molegular rearrangenent is
included wn the oxidatlon of dihydrobutyrospersyl acetate to
T-oxoaposuphenyl acetate was obtained when trestnant of spoeuph-
enyl acetate vith hydérogen chloride at 0° for two hours gave
isoeuph-13(17)-enyl acetate (LIIY). - After the same twveatment
ouph=8<enyl scetate (LII, R = Ac) is unchanged and dihydro-

butyrosperuyl ‘acetate 1o simply converted inte suph-B=enyl
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84288
asetate 0 The formation of F-oxoapoeuphenyl acetate from

dihydrobutyrospermyl acetate is represented as a synchroncus
reaction in which oxidation at the 7:8=double bond is
agscompsnied by mévcment of the G(id)amethyl group to C(a).

The initiated reaction may proceed via two paths. Firstly, the
movement of the 0(19-methy} group to c(e) is accompanied by, and
the path terminates in, the loss of a proton from c(1o)'
Following the aliernative route; the migration of the l4p-mathyl
group to c(s) is qccompqnied.by the movement of the l3a-methyl
group to C(m) and loss of the 128-hydrogen atom as a proten
Yhichever path is followed; the carbonyl group in oxoapoeuphenyl
acetate is at C{,)g and according to the firss méohanism,.?aoan
apgeuphenyl acetate is (IXXVIXI), and its conversion into 7-exoisc-
euph-15(17 )-enyl acetate (LXXVIII), by treatment with mineral
acid, involves the protonation of the 14:15-double bond,

sinaltansons movement of the 13a-methyl group to 0(14) and loass

of the 17B-hydrogen atom as a proton:.-

( Dodvin )



If the second path is followed, 7ooxoa§oeuphenyi acetate is
(LXXIX) and its subgsequent isomerisation %o T-oxoisceuph-13{17)-
-enyl acetate (ILXXVIII) is a simple carbonium iom induced movement

of the douwble bond from the C o the 13:17-=position.

509
W Law:rie88 also obtained evidence which févoured structues
(LXKVI) for T-oxocapoeuphenyl acetate although a decision between
this structure and (LXXIX) is not pertinent to the argument,

which is thgt these mechanisms8 require that the gég)chydrogen

atom in dihydrobutyrospermyl acetate is mot involved in the
oxidetion of this acetate to T-oxoapoeuphenyl acetate. The
configuration of the hydrogen atom af 0(9) of dihydrobutyrospeiiyl
acetate ies therefore the same (@) as that in 7-oxo§§gpuphm15(17)w
-enyl acetate (LXXVIII). Accordingly dihydrobutyrospexmyl
ecetate is Ya-euph-T-enyl acetate (LXVI, R = Ac) and butyvrospermol

is 9aeeupha-7:24-dien=38-0) (LXXIV, R = H).

8f -Buph-9(11)=enyl acetate.

83 'B4 486
As previously deseribed; earlier studies identified

butyrospermol as either 9f-eupha=7:24-dien-38-01 {IVII, R = H) ox
8f -eupha=9(11):24-dien=3p=0d (IWIII; R = H), The synthesis of
8$-euph=9(11)-enyl atetate (LXXX) was therofore undertaken in the
hope of proving its identity, or otherwise, with dihydrobutyrc-

- spernyl acetate,
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7:ll-Dioxoeuph-8-enyl acetate (XLIX) was obiained by

the oxidation of euph-8-emyl acetate (LII, R = Ae) with chromium

. 68
t al. .

trioxide according to the method reported by Christen
Using the Huang=Minlon modification of the Wolff-Kishner reuctiong
followed by acetylation, the more reactive carbonyl group at C(?)
in 7s:ll-dioxoeuph-8-e¢nyl acetate was feduced to give ll-oxceunph-
~d-enyl acetate (LXII)zvo The C{ii)acarbonyl group of ihese
acetates is stericallyvhindered by ths close proximity of the
f-methyl group at C(la)n However, it was found that application
of the forcing varient of the Wolff-Kishner rea.ction_95 to ll-oxo-
euph-8-enyl acetate (LXIX), and acetylation of the groduct, .
ceffeeted o reduction of the carbonyl group accompanied by the
sinultaneons movement of the double bond frow %he 8:9-pesition to
the 9:1l-position to give Bf-euph-9(11)-enyl acetate (LXXl), mop-
100-101°, [a]D = 58,6°, The acotate (LXXX) was only obtained

after extensive purification of the crude product which hed a

specific rotation of - 27°, It is prohable, therefore; that
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(XXX )

some euph-B-onyl scetate (LII, R = Acy, [a]D +35°, is. also

formed during the reduction of ll-oxoeuph-B-enyl acetate (IXII):
an observation already recorded'in the formation of 9f-euph=T-
~enyl acetate (LXVII, R = Ac) from 7-oxoeuph-8-enyl acetats

(LIX, R = Ac) by the same method., 6f-Euph-~3(1ll)-enyl acetate
.(Lxxx) shows the charactexistic ultra-violet light absorption
maximum of an isolated double bond ((204 = %,830) and givés &
yellow colour with teitranitromethane. The melting point of the
acetate is largely depressed by 9B-euph-7-enyl acetate ani the
physical constants of.aieeuphe9(11)=enjl acetate diffexr widely
from those found for dihydrobutyfosPQrmyl acetate, 6f<-Fuph=8(11)-
~gnyl acetato was shown to be & simple double bond iscomer of
eunh=8-cnyl acetate by its oxidation with seieniuﬁ d ioxide,

An ultra-violet examination of the resulting product revesnled the
presence of eupha-7:9(1l)-dienyl acetate (LVI). The configuratic:

of the hydrogsn aton a% C(e)of 8f ~euph~9(1l)-enyl acetate hss
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not been established. However it has been shown that the

Wolff-Kishner reduction of 7-=oxosuph-8-enyl acetate (LIX, R = 4c)

(L) (Ex) ( o= )

leads to the formation of the more stable epimer which is
9B-euph-7-enyl acetate (LXVII, R = ac). The C(e)-hydrogen atom
of 8f-euph-9(11)-enyl acetate is thereforse tentatively assigned
the a-configuration on the basis that with such a sterecchemistry
the meolecule can adopt a stable 'all-chair! conformation, The
synthesis of this acetate, and its noneidentity with dihydrobutyro-
spermyl acetate or with 9p-euph-T-enyl acetate, gave support to
the view that the nuclear double bond of dihydrobutyrospermyl
acetate is located at the 7:8-position rather than the 91ll-
=position.
7=0xoeunh=8-g¥?5fgggf

7=Oxoeuph«8;eny1 acetate (LIX, R = Ac) has been prepared
by the low temperature ozonolysis of euph-8-enyl acetate (LII,
R = 4¢)®7.  in alternative method for the introduction of the

8.9 g
[& -ungaturated, 7T-oxo-system was encountered during exnve riments



531

designod to prepave eupheB-snc3-one (LXXXI). Luph-B8-en=38=0l
(LII, R = H), obtained by the catalytie reduction of eunhol

(IX, R = H) in neutral solvent, was treated with the chromium
trioxide~pyridine complex described by Poos gﬁ_g&;?s. and vhich
is generally consideved to be a specific reagent for the
conyersion of an hydroxyl group into a carbenyl group. The
resulting mixture was readily separated by chromatography when
light petroleum eluted the desired ketone, eupﬁeauen»3uonc

{ LXXXI). Elution of the column with benzene gave yellew
exystals (14%) which aftor purification afforded a second
colourless compound, C3,H;,0,. It gives no colour with
tetranitromethéﬁe and shows the characteristic ultra=vicle?
light ebsorption maximum (§ ,5, = 10,200) of an af-unsaturated
ketone, It has been observed during the course of this work
that in the euphol series, the sbsorption maxima and intens{ties
of the two [&8:9, a-unsaturated ketones are distinctly different.
7-0xoeuph-8-enyl acetate (LIX, R = Ac) shows maximum absorption
botﬁeen 252 mu and 254 mu ({ = 10,000), while ll-oxoeuph-8=cnyl
acetate (LXII) absorbs at 256-257 mu (§ % 8,000). Accordingly,
qnd since pdsition-c(v) is more reactive than the sterically
hindered C(il)uposition, the oxidation product, CgoH;,0,, is

formulated as T-oxoeuph-8een-3-cne. ( LXXXII).
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( EXRXT ) ( TXXXT)

This counclueion was vonfirmed by the preparation of T-oxoeuph-
~8-en-3-one from 7-oxoeuph-8-enyl acetate (LIX, R = Ac).
Alkaline hydrolysis of (LIX, R = Ac) and subsequent oxidation
of %he product gave 7—oxoeuph-8uen-3-oﬁe (IXXXII), which was
found to be identical with the diketone, €;,H,;,0,, obtained

from euph-8-en-3B~0l (LII, R = H).



SECTION II.

SOOI U NSRS I

A Partial Synthesis of Parkeol : lLanosta-9(11):24-dien-3p-ocl.

: Parkool, a tetracyeclic triterpenoid isolated from shea
nut fat, hes been identified as lanosta-9(11):24~dien-38-ol

by its synthesis from ‘'isccholesteroi’,
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A

IFTRODUCTION.

In 1954, Bauwer and Mollgq réported the isolation Ivom
sheﬁ nut fat, of a new alpgohol; C;4H;,0 {oxr & near homologus),
which they named parkeol, The alcohol, m.p. 164°, was.charactern
ised by the preparation of its acetate; m.p. 154°; and benzoate.
MePo 1§?°. Later, Dawaon.g&_ggﬁqz obtained an acetats, mop.
154+157°, [a]D + 95°, together with butyrospermyl acetata;from
the acetylated non-saponifiable fraction of shea nut fat. Thay
concluded that this compound is identical with parkeyl acetatle
and they prepared the parent aleohol; m.p. 162-165°, [a]D + 65°,
Ho subsequent investigation of parkeol has been reported.

A further examiration of parkeol was undevtaken in thess
labo:atorioa by W, Lawrieee, who obtained parkeyl acetate, m.p.
159-160°, [a]D + 86°, by chromatography of the acetylated
non-saponifiable fraction of shea nut fat, Parkeol, m.p.159=160%
[a]D + T76.8°, and parkeyl benzoate, m.p. 200-20L°, [a]D + 95,49,
‘were also prepared, Parkeyl acetate gives a strong yellow
colour with tetranitromethane and shows ethylenie abasorption
in the ultra-violet region (€554 = 5,100). On catalytie
hydrogenation under neutral conditions, parkeyl acetate was found
to ebsorb one mol. of hydrogen to give dihydroparkeyl acetate
which is unsaturated (faos - 4,900). Parkeol is therefore a
diethenoid alcohol, COntainingla readily_reducible double bond,

and conssgquently is tetracyclic. Dihydroparkeyl aceiate was
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found to be stable to mineral acid and to treatment with

selenium dioxide. Oxidation of dihydroparkeyl acetate with
chromium trioxide'gave oxodihydroparkeyl acetate which was
identified as an af-unsaturated ketvone from i1ts ultra-violet
light absorption spectrum. Dihydroparkeyl acgtate was

reduced to a saturated acetate, tetrahydroparkeyl acetate, by
catalytic hydrogemation at 80°, These results are analagous

to the behaviour of lanost-9(1l)-enyl acetate (IX, R = Ac), and
strongly suggested that the less reactive double bond of parkeol
is located at the 9:1ll-position. A direct comparison betwesn
dihydroparkeyl acetete and lanost-9(1l)-enyl acetate showed mno
depression in melting point. Moreover, oxodihydroparkeyl

acetate and tetrahydroparkeyl acetate did not depress the melting
pointe of 12-oxolunost-9(1ll)-enyl acetate (IXXXIII) and lanostanyl
écetaté ( LXXXIV) respectively. A comparison between the physicai

constants of corresponding derivatives in the dihydroparkeol and

lanost=9(1l)-enol series is given in table D.
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TABIE D.
Acetate MePo ° [“];
Dihydroparkeyl acetate 171-172 +87
Lenost-9(11)-enyl acetate (LX, R = Ac) 171-172 +89
Oxodihydroparkeyl acetate 181-183 +90
12-0xolanost-9(11)~enyl acetate (LXXXIII) 180-182 +94
Tetrahydroparkeyl acetate 161.5-162.5 +40.5

a7

Lanostanyl acetate (LXXXIV) 156157 +45

It followed from these results that dihydroparkeyl acetate is
lanost-9(11)-enyl acetate (X, R = Ac). The synthesis of
lanosta=-9(11):24-dien=3B-0l (IXXXV, R = H) was undertaken to
establish the location of the more reactive éouble bond of
parkeol,

Lanosta-9(11): 24~dien-38-0l.

The starting material used for the synthesis of
lanosta=9(11):24-dien=3B-0l (LXXXV, R = H) was the 'igocholesterol'
mixture obtained from the neutral fraction of sheep wool waxs.
tisoCholesterol' has been shown to contain lanosterol (Iv, R = H)
(20%), dihydrolanosterol (XV, R = H) (20%), agnosterol (VI, R = H)
(20%), and a small proportion of dihydroagnosterol (LXXXVI,

29?100
R = H) - Reeently the isolation of pure lanosterol from

101 %102
this mixture hes been reported « Voser, Jeger and
108 ;
Ruzicka have dasscribed the preparation of T:ll-dioxolanoste24-

-enyl acetate (LXXAVII) Zrom 'isocholesterol' and this conversion
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constitutes the preliminary steps in the synthesis of

lonesta-9(11):24-dien-3p-ol (LXXXV, R = H).

—

EXXXV ) (W) (V1)

A sample of ‘isocholesterolf, kindly given to us by
Pr, G, L. Hewitt of Organon Laboratofies Ltd., was purified by
acetylation, and from the ulira-violet light absorption spactrum
of the product, was found to contain less than X% of the
heteroannular dienes (VI, R = Ac) and (IXXXVI, R = Ac).
Treatment of the 'isccholesteryl acetate! miiéire with bromine
in acetic acid at voom temperature gdve the corresponding
mixture of 24§:25¢-dibromo-acetates, which had m.p. 129-134°.
A pure dibromide, Cj,Hg, 0BT, , séparated from the filtrate after
collection of the dibromoéacetate mixture. It gave a positive
Beilstein test, a strong yellow colonr with tetranitromethane,
and showed only ethylenic gbsorption in the ultrasviolet region.
Comsequéntly it is formulaled as a 24§:25f-dibromolanost-S=enyl
ecetate (LXXXVIII) and it is probebly identical with the
stereoisomeric dibromide (*'B') recently isolated by lewis and

MeCGhia from & similar bromination of 'isochclesteroltsoR



57

Lanost-8~enyl acetate (X¥, R = Ac) and lanosta=7:9(11)-dienyl

acetate (IXXXVI, R = Ac) are both converted into Till-dioxolanost-
. 44

-8-enyl acetate (XVII) by treatment with chromium trioxide .

The mixture of dibroma-acetates, m.p. 129-134°, was therefors

(RT)

oxidised in this way without further purification, and both
24%125¢~dibromo~Tr1l-dioxolanogt-8-enyl acetate (LXXXIX) and
7:i1=dioxolanosta8-enyl acetate (XVII) were isolated from the
neutral fraction of the reaction product. The formation of
(XVII) by oxidation of the dib#omide mixture shows that this
prodnot also contains lanost-8-enyl acetate (XV, R = aAc).
Reduction of the dibromodionenyl acetate (LXXXIX) with zimc dust
in acetic acid gave 7:11—dioxolanbst=24—enyl avetate (LXKXVII)
by simultaneous debromination and saturation of the nucleax

103
double bond o
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7sllaDioxolanost=24=enyi acetate (IXXVII) was converted
into ll-oxolanost-24-enyl acetate (XC) using the Huang-¥inlon
medification of the Wolff-Kishner reaction94, followed by
acetylation of ¢he vesulting product. The infra-red ebsorption
spectrum of (XC) showed the presencé of a six-ring carbonyl
group, Reduction of ll-oxolancst-24-enyl acetate §XC) with
Eetnion-sdanthiun nyieide in other, falicked by acetFletion of
the crude diol at roum tempsrature; gave llf-hydroxylancai-24-eny’
acetate (XCI). The conversion of (XCI) inte lanosta-9(Lll):24-
-dienyl acetate (IXXXV, R = Ac) was effected by its vigoarous
treatment with phosphoroas oxychloride in pyridine. Landétan
«9{11):24-dien-38-01 (LXXXV, R = H) was prepared by hydrqiysis
of the acetate (LXXXVy R = Ao} uging lithinﬁ aluminium hydride;
the benzoate (LXXXV; R = PhCo) was obtained from the alcchol by

treatmont with benzoyl chloride im pyridine.
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The physical constants of parkeol and lanosta-9(1i):24-

-dien=3f-0l; and their corresponding derivatives ave shown in
Table E. It was found that parkecl and lanosta-9(11):24-dien-
=3B8=0l1 exhibit the same specific rotation and a mixture of

these aleohols shows no depression in melting point. The same

- relationship exists between parkeyl acetate and lanosta~9{11)}:24-
-dienyl acetate (LXXXV, R = Ac), and between parkeyl benzosie
end lanosta-9(1ll):24-dienyl benzoate (LkXXV, R = PhCo).
Consequently parkeol is identified as lanoataog(ll):24~dien053m01

(L.KXXV, R = H)u

TABIE K.
Compound . W Po® EEJ%
. Parkeol 159-160 +76,8
lanesta-9(11): 24-dlen38-01 (IXXXV, R = H) 157-158 +76
Parkeyl acetate | 159-160 86
Ianosta=93(11)124«dieny) acetate (IXXXV,R=Ac) 161-162 +86
Parkeyl benzoate 200201 +95.4

lanoste~9(11):24~dienyl benzoate (IXXXV,R=PhiC0) 199-200 = 494
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The same conclusion was also reached by #. Lawrie who

found thet treatment of parkeyl acetate with ogmium tetroxide
followed by oxidation of the resulting produwct with lead
tetra-acetate gave acetons,; which wags isolated ns its 2:4-
=dinitrophenylhydrazone. In this way he showed thai parkeol
céntains an isopropylidine group and not & vinylidine group.
The formulation of parkeol as lanosta-=-9(11):24-dien-38-01 has
slse been confirmed by infra-red studies. The infra-red
spectra of parkeol and lanosta-9(11):24-dien-3f-ol; and their
corresponding derivatives, measured in Rujol or carbon

tetrachloride, were found to be identical.
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All melting points are uncorrected. Speeific
rotations were measured in chloroform solution in 2 1 dm,
tube at room temperature and ultra-violet light absorption
spectra were measured in an absolute ethanol solution using
a Unicam S.P. 500 spectrophotometer, Grade II alumina .
and a light petroleum fraction of b.p., 60-80° were used
for chromatography; unless otherwise specified. Colour
reactions with tetranitromethane were observed in chloroform
solutions. Infra-red absorption spectra were measured by
Dr. G. T. Newbold and the analyst was Mr, W, McCorkindale

of the Chemistry Deparitment of the Royal College of Science
and Technology, Glasgow. C.1.

I. BEUPHOL DERIVATIVES.

Saponification of 3hea Nut Fat. - A solution of shea

nut fot (5.5 kgo) in ethanolic potassium hydroxide solution
(10%, 15 1.) was heated under reflux for 5 hours, poured into
vater, and the mixture extracted with ether. The sthersal
extract was washed with aqueous ethancl (}0%), and water, and
dried (Naasoé), Eveporation in vacuo gave the non-saponifiable
fraction as & yellow, low melting solid (166 g., 3%).

Butyrospermyl Acetate. - The nonesaponifiable fraction

(166 g.) was refluxed with acetic anhydride (830 c.c.) for

4 hours and the solution kept at room temperature for 24 hmurs,



62

The semi-crystalline mass was collected and the filtrate kept

at 0° for 3 days, when & second crop (4, 11.1 g.) separated,
Acetic anhydride (520 co.c.) was added to the first cropy the
mixture heated under reflux for 4 hours, kept at 20° for 12 hours,
and filtered, The filtrate was kept &t room temperature for

3 days, and the separated solid (B, 8.2 go) collected. Three
erystallisations of the solid A from sthancl-ethyl acetate (10:3)
gave 'basseol acetate® as needles (3.8 go); mop. 135-136°, [a]D

+ 26° (cy1.4). Similarly three crystallisations of fraction B
from the same solvent mixture gave 'basseol acetate'! as néédles
(3.9 gc)p moDo 135-136°, [a]D + 24.5° (c32.5). These crystals
were combined and crystallised six times from the same solvent
mixture to give butyrospermyl acetate (1.l g.) as stout needles
m.p. 143-144°, [a]D + 12.5° (€,3.5)3 the meliing point and
specific rotation did not change after repeated crystallisation.

Dihydrobutyrospermyl Agcetate. - (1) Butyrospermyl

acetate (1.0l g.) in ethyl acetate (7% c.c.) was shaken with
hydrogen and a suspension of pre-reduced platinum catalyst

(300 mg.) in ethyl acetate (15 c.c.) at room temperature for

4 hours., [Evaporation of the filtered solution under reduced
‘pressure, and crystallisation of the residue from chloroform-
-methanol gave dihydrobutyrospermyl acetate (933 mg.) aes prismatic

needles, m.p. 133=134% [a]D + 11:5° (0,1.1).
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(2) ‘Basseol acetate (m.p. 135=136°, [G]D + 2595°, 409 g.)
in ethyl acetate (200 c.c.) was shaken with hydrogen and
platinum catalyst (300 mg.) at 20° for 9 hours. Removal of
the oafalyst and eveporation of the filtrate in vacuo gave a
gum (5.1 g.) which was purified by chromatography of its
solution in light petroleum on alumina (220 g.). The fraction
(3,74 g.) eluted with the same solvent (3.75 l.) crystallised
from chloroform-methanol to give dihydrobutyrospernyl acetate
(2:74 g.) as prismatic needles, m.p. and mized m.p. 134-135°,
[a], + 10° (2,4:5).

Treatment of Dihydrobutyrospermyl Acetate with

Hydrochloric-Acetic Acid. - Dihydrobuiyrospermyl acetate (65 mg.

was dissolved in a solution of hydrochloric acid in acetic acid
(1:20, 3 c.c.) and the nixture kept at 100° for 3 hours. The
product, isolated by mesns of ether, was crystallised twice from
chloroformaméthanol when iggauphel3(17)eepy1 acetate (33 mg.)
separated as leaflets, m.p. 110-111°, [a]D = 9.7° (c51.0). Its
melting point was undepressed by an authentie specimen prepared
by similar acid treatment of euph-B-enyl acetate.

Euphol (eupha-8:24-dien-3B-0l). ~ Finely ground

euphorbium resin (3.0 kg.) was extracted with boiling acetone
(6 1.) for 3 hours, the hot mixture filtered, and the filtrate
kept at room temperature for 2 days. The wax (250 g.) which

separated during this period was collected, and after dryiag,
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heated under reflux with light petroleum (2.5 1.) for 1 hour.
After cooling, the mixture was filtered and the filtrate
evaporated under reduced pressure. 'Euphorbone! was obtained
as a yellow, low melting solid (234 g., 8%). A solution of
this material (95 go) in light petroleum (4 1.) was percolated
through a column (71 x 705.cm°) of alumina (Grade III, 3 kgo).
Elution with this solvent (11 1.) and benzene-light petroleunm
{1:9, 6 1.) yielded a colourless wax (3.6 g.) which was not
examined., The fractions eluted by benzene-light petrolsum
(114, 19 1.) crystallised from acetone to give euphol (23.0 g.)
as long needles, m.p. 114=116°, [a]D + 33° {ey 1o7).

Newbold and Spring?s give m.p. 116°, [oz]D + 32° for

euphol. Continued elution of the column with the same solvent

mixture (10 1.) and crystallisation of the eluate from acetone
gave euphorbol (15,0 g.) as rosettes, m.p. and uixed m.p, 118-122°

Buphyl Acetate (eupha-8324-dienyl acetate). = Euphol

(22,0 g.) was heated on the steam bath with acetic anhydride

(20 coco) and pyridine (20 co.c,) for 2 hours, the solution poured
into water, and the mixture extracted with ether (2 1.). After
washing successively with water, dilute acid (3N HCl) and water,

the extract was dried (Ne,50,) and evaporated to dryncss. The

residue crystallised from chloroform-=methanol to give euphyl

acetate (20.0 g.) as long needles, m.po 107=-109°%, [a]D + 39°

26
(¢y2.1), Newbold and Spring give m.p. 109°, [a]D + 4L
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Euph-8-enyl Acetate. = A solution of suphyl acetate
(19,0 g.) in ethyl‘aoetate {250 coco) was shaken with hydrogen
and a suspension of pre-reduced platinum-oatalyst (1.0 g.) at
room temperature for 3 hours. Evapo?ation of the filtered
solution in vacuno and crystallisation of the residue from
chloroformemethanol gave euph-8-enyl acetate (15.0 g.) as long
needles, m.p. 124-125°, [q]D + 34.9° (¢y3.4). Newbold and
springegive n.p, 124°%, [a]D + 34.5°.

Ozonolysis of Euph-8-enyl Acetate. = (1) At =5° to =10°

(a) A solution of euph-8-enyl acetate (10.1 go) in ethyl
acetate (300 c.c.) was treated with a slow stream of ozonised
oxygen for 2 hours, during which the tempexature of the solution
was kept between ~5° and - 10° After washing éuccessively
with aqueous ferrous sulphate, saturated sodium bicarbonate
solutions, and water; evaporation of the dried (Nﬁzsﬂh)
solutioh gave the product as & yellow gum (10,6 g.) which was
adsorbed from light petroleum on alumina (330 go)o Elution of
the column with benzene-light petroleum (1:1, 3.2 1.) and
crystallisation of the fraction from methanol yielded yellow
needles (490 mg.), m.p. 93-103°, repeated crystallisation of
which gave ll-oxoeuph-8-enyl acetate (120 mg.) as blades, m.p.
127-128°, [a]D + 25° (¢y0.8). Light absorption: max. at

257 mu (& = 8,200). It does not give a colour with

tetranitromethans,
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27 :
Barton et al. give mop. 130-131°, [a]D + 28° for this

acotate.

Continued elution of the alumina with benzene;lighﬁ
petroleum (3:1, 4 1.) and benzene (4.8 1.), followed by thrse
crystallisations of the combined eluates fron metﬁanol, axforded
T-oxoeuph=8-enyl acetate (716 mg.) as small ncedles, m.p.
163=165°, [a]D + 35.3° (csled4). Light absorption: nmax., at
254 mu (£ = 10,010). It gives no colour with tetranitromethane.

Barton g_p_gf"give mepo 162=164°, 168-170°, [a]D + 35°,
(v) Euph-8-enyl acetate (1l.25 g.) was treated with ozone
under the conditions described above; and the product chromato-
graphed on alumina (30 g.). The gum (214 mg.) eluted with
benzene-light petroleum (1l:4, 200 c.c.) crystallised from methanol
to give T:ll-dioxoouph-8-enyl acetate (100 mg.) as yellow needles,
m.p. and mixed m.p. 107°. Light absorption: max. at 272 nu
(i = §,600). Continued elution with the same solvent mixiture
{500 coco) and benzene=light petroleum (1lsl, 400 c.c.) gave
7-oxoeuph-8-cnyl acetate (80 mg.) as needles from methanol, m.p.
end mixed m.p. 163-166°.

(2) At ~ 35°. Buph-B-enyl acetate (6.6 g.) in ethyl acetate

(300 c.c.) was ozonised at =35° for 2 hours. The produch,
isolated as described above, was obtained as a yellow gum (7.2 g-)
.which wés chromatographed on alumina (220 go). Crystallisation

of the combined fractions eluted with light petroleum (4.5 1.)



and benzene-light petroleum (l:d, 2:.25 1.) from chloroform-
~methanol gave euph-8-enyl acetate (2.25 g.) es stout needles,
Mm.po 125-126° (no deprsssion), [a]D + 34.6° (€53.0). Blution

of the column with benzens-light petroleum (1l:l, 1.25 1,) yielded
a fraction (520 mg.) which, afte: three crystallisations from
methanol, was obtained as pale yellow needles, m.p. 96-98°.

Light absorption: max. at 205 mu ($ = 4,680) and 256 mu (§=4,3%40).
This product was ireated with sulphuric acid as described below.
Benzene-~light petroleum (3:1l, 2.25 1.) and benzene (2 1l.) eluted
fractions which gave T-oxoeuph-8-enyl acetate (400 mg.) from
methanol as amall needles, m.p. 166-168°, {a]D +35.5° (2,0.8).
Light ebsorption: max. at 254 mu ({ = 10,000).

Treatment of the Fraction, m.p. 96-98°, with Sulphuric-

-Acetic acid. - A solution of the above fraction (500 mg.) in

acetic acid (17 c.c.) containing concentrated sulphuric acid

(2 drops) was heated under reflux for 10 minutes. The product,
isolated by means of ether as a brown gum, light absorption:

max. at 202 mu (§ = 3,440) and 256 mu (¢ = 6,800), was dissclved

in light petroleum and the solution filtered through'a‘column

of a2lumina (15 g.). Blution with the same solvent (600 c.c.)

and crystallisation of the fraction from methanol gave ll-oxoeuph-
=Beenyl acetate (143 mg.) as blades, m;po 127-128° (no derressiony,
[a], + 26.2° (¢,2.2). Iight absorption: nax. at 257 mu (§ =

8,400). Benzene-light petroleum (1:4, 200 c.c.) eluted & yellow
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gun (43 mg.) which did not crystallise. Continued eluticn

with the same solvent mixture (2%0 c.c.) and benzene-light
petroleum (1:1, 300 c.c.) yielded a fraction which was crystallisecd
twice from methanol. 7-0xoeuph=8=enyl acetate (52 mg.) separated
ac small needles, m.ps 162-164°, [oz]D +35.3° (cylod)e

Light absorption: max. at 254 mu (& = 10,000).

Treatment of 7-Oxoeuph-8-enyl Acetate with Alkali., -

The acetate (60 mg.) was heated under veflux with methanolic
potassium hydroxide solution (10%, 15 c.c.) for 24 hours and the
alcohol, isolated by ether extraction, was trested with acetic
anhydride (5 c.¢.) and pyridine (5 c.c.) at 100° for 1 hour.
The product was obtained as a yellow gum which crystallised from
methanol to give T-oxoeuph-8-enyl acetate (41 mg.) as rosettes,
m.p. 162° (no depression).

98-Euph-T-enyl Acstate. - A solution of T-oxoeuph-B-snyl
acetate (690 mg.) in redistilled diethylene glycol (30 c.c.)
containing hydrazine hydrate (100%, 1.0 c.c.) was kept at 185°
for 1 hour, then cooled to 70° and treated with a solution
prepared from sodium (700 mg.) and diethylene glycol (12 c.c.).
The reaction solution was distilled until it refluxed gently at
210-220° and maintained at this temperature for 5 hours. The
product (640 mg.) was isolated by means of ether and heatéd on
the steam bath with acétic anhydride (5 c.c.) and pyridine (5 c.c.)

for 2 hours,
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(1) A solution of the dry acetylated material, obtained

as a brown gum (712 mg.), in light petroleum was percolated
through a short column of alumina (22 g.). Crystallisation of
the combined fractions ocluted by the same solvent (650 c¢.c.)
from acetone-methanol gave 9B-euph-T-enyl acetate (210 mg.)

as thin blades, m.p. 78-79°, [a]D - 98° (c,0.4). Light
absorption: max. at 206 mu (¢ = 3,060). The acetate gives

& yellow colour with tetranitromethane.

(Found: C,81.33 H,11,5. Calc. for Cy,Hy,0,: C,81.65 H,11.6%).

Barton g§_31ﬁ7 give m.p. 92-94°, [a]D - 60° for this
acetata.

Continued elution of the column with light petrolsum
gave fractions which crystallised from acetone-nmethanol as stout
needles (75 mg. ), m.p. 91-93°, [u]D = 22° (g,1.1). Light |
absorption: max., at 205 mu (¢ = 5,810). A homogenecous acetate
could not be obtained by repeated crystallisation of the c¢rystals.
{2) Alternatively, a solution of the dry acetylated gum in
light petroleum was filtered through a column of alumina.
Evaporation of the solution and crystoellisation of the residue
from acetone-methanol gave en ecetate mixture as_needles, MsPe
92-95°, [a]D - 28° (c,1.1). 9B8-Euph-7-enyl acetate separated
from the filtrate as blades, m.p. 78=79°, [a]D - 97° (c50.9).

9B=§gg§?7-gg?3ﬂeglp - 9B-Euph-T-enyl acetate (202 mg.)

in dry ether (50 c¢c.c.) was heated under veflux with lithium
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aluninium hydride (500 mg.) for 30 minutes. Excess hydride
was destroyed by the addition of ice and the solution washed
suecessively with dilute acid (5N H,SQ,) and water; and dried
(¥e,80, ). Evaporation in vacuo gave the produst as a elear
gum which crystallised from.methanol to give 9f-euph=7=-en-38-0l
(140 mg,) as felted needles; m.p., 62-64°, [ot]D - 110° (2,007)0
Light absorption: max. at 206 mu (¢ = 3,200). It gives a
yellow colour with tetranitromethane.
(Found: (,83,93 H,12.0. C5,Hy, O requirves C,84.0; H,12.2%).
Acetylation of the alcohol (174 mgo) in the usual nmanner,
followed by crystallisation from acetone-methanol gave 9B-euph-
=T-enyl acetate (120 mg.) as long blades, m.p. 76-78° (no
depression), [a]D - 93° (¢,0.8).

98-Buph-T-enyl Benzoate. - A solution of 9B=euph=T-en=
=3B=0l (59 mg.) in pyridine (5 c.c.) containing benzoyl chloride
(2 coco) was kept at 100° for 3 hours. The product, isolated
by ether extraction es a yellow gum (91 mg,), was adsorbed from
light petroleum on a column of slumina (2.7 go). Crystallisation
of the combined fractlons eluted with this solvent (125 c.c.)
from acetone-methanol gave 9f-euph-7-enyl benzoate (50 mg.) as
leaflets, m.p. 118-119°, [oz]D = 61° (c,1.0).
(Fsund: Cy83.43 Hy10.5. Csvﬂgecb‘requires Cy83.43 H,10.6%).

9B=Euph-~T-en=%=one. - The suspension prepaxred by

tresting chromium trioxide (120 mg.) with pyridine (2 c.c.) was
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added to a eolution of 9B-euph-T-en-3B-0l (117 mg.) in pyridine
(5 coco ), and the mixture allowed to stand at room temperature
for 12 hours with occasional sheking. Ether extraction in the
normal manner gave the produst as a gum which was chromatographed
on alumine (4 g.). Light petroleum (250 c.c.) eluted fractions
(75 mg.) which crystallised from methanol to give 9B-euph~T7-en-
-3-one (31 mg.) as bladeé, Mepo 121=122°, [a]D - 168° (,0.6).
Light absorption: max. at 205 mu (§ = 3,810)., The ketone gives
a yellow colour with tetranitromethane,

(Found: C€,84.435 H,11.8. C5,H;,0 requires C;84.43 H,11.8%).

Troatment of 9B-Euph-T-enyl Acetate with Hydrogen Chlorids.
- A solution of 9P-cuph-T-enyl acetate (113 mg.) in chloroform
(1% c.c.), and cooled to 0°, was treated with a stream of dry
hydrogen chloride for 2 hours. After washing with dilute
alkali and water, the solution was dried (Na,s0;), and the
solvent removed in vacuo. Two crystallisations of the residue
frbm acetone-methanol gave 9B-euph-T-enyl acetate (68 mg.) as
blades, m.p. 76-78° (no depression), [a]D - 95° (¢50.9).

Treatment of 9B-Euph-T-enyl Acetate with Hydrochlerige

~Acetic Acid. - The acetate (57 mg.) was dissolved in a mixituve

of hydrochloric and acetic acids (1:20, 3 c.¢.) and the solution
heated on the steam bath for 3 hours. The solution was poured
into water and the product, isolated ky means of ether, was

chromatographed on a short column of alumina (2.0 g.). Elution
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with light petroleum (25 c.c.) gave a fraction (ll.4 mg.) which
erystallised from acetone-methanol to yield 9YB-euph=T-enyl
acetate as blades, m.p. 76-78° (no depression). Continued
elution {25 ¢.c.) and crystallisation of the eluate (27 mg. )
from acetone-methanol gave a mixture as plates, m.p. 80-957

Crystallisation of the fraction (8 mg.) eluted with a further

50 c.e. of light petroleum from methanol afforded isoeuph=13(17)-
-enyl acetate as lcaflets, m.p. and mixed m.p. 110-111°,

Attempted Hydrogenation of 9B-Euph-T-enyl acetate. -

A solution of 9B-euph-T-enyl acetate (58 mg.) in stabilised
acetic acid (50 c.c.) was shaken with hydrogen and pre-reduced
platinum catalyst (100 mg.) for 18 hours at room temperature.
Evaporation of the filtered solution under reduced pressure
and crystallisation of the vesidue from acetone-methanol gawve
9B-euph-T-enyl acetate (38 mg.) as blades; mo.p, T76-78° (no
depression), [a]D = 97° (¢50-9)

T:1l-Dioxoeuph-8-enyl Acetste, - A solution of

chromium trioxide (15.0 g.) in acetic acid (95%, 220 c.c.) was
added dropwise, over 23 hours, to a stirred solution of euph-8-
-enyl acetate (15.1 g.) in a mixture of acetic acid (300 c.c.)
and methylene chloride (75 ¢coco). The reaction solution was

kept at 50° for 4 hours when exeess oxidant was destroyed by ths

addition of methanol, Ether extraction of the neutral product

in the usual manner yielded a2 brown gunm (15.0 g.); & solution of
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whick ia light petroleum (100 c.c.) was percolated through a
column of alumina (400 g.). The combined fractions (804 €o)
eluted with benzene=light petroleum mixtures (l:4, 3 1., 2:3,
009 1oy 131y 1.2 1o, 331, 0.9 1.) and benzene (1.2 1.) crystallised
from methanol to give T:ll-dioxoeuph-8-enyl acetate (6.0 g.) as
yellow needles, mo.p. 112-113°, [ot]D + 23.2° (c,1:7). Light
absorption: max. at 272 mu ({ = 8,650).
Christen gﬁ_glpss give m.p. 113=114°, [a]D + 20°,
1l1-Oxoeuph-8-enyl Acetate., = 7:ll=Dioxoeuph-8-enyl
acetate (4.8 g.) in redistilled diethylene glycol (245 coc.)
containing hydrazine hydrate (100%, 4.9 c.c.) was heated at
185-190° for 1 hour; then treated with a solution prepared by
reacting sodium (4.8 g.) with diethylene glycol (81 c.c.), and
the mixture vrefluxed at 220° for 6 hours. The product,
isolated by means of ether aes a yellow gum (4.2 ga),’was neated
on the steam bath with acetic anhydride (10 c.c.) and pyridine
(10 coco ) for 1.5 hours. A solution of the dry acetylated
material (4.6 g.) in light petroleum was chromatographed on
alumina (140 g. ). The fractions eluted with this solvent (1.8 1.)
benzene-light petroleum mixtures (1:3, 1.5 l., 131, 1.2 1., 3:1,
0.6 1,) and benzene (1.5 l.) were combined and crystallised twisze
from methanol. 1l=Oxoeuph-8-enyl acetate (2.6 g.) separated
as large blades, m.p. 128~129°, [a]D +27.9° (e31aT).
Lizht absorption: max. at 257 mn (En 8,400). It gives no colouxr

with tetranitromethans.
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: 27
Barton et alo

give m.p. 130-131°, [a]D + 28° for this
acetate.

8¢-Euph-9(11)-onyl Acetate. = ll-Oxoeuph-8-enyl acetate
(2,36 g.) in redistilled diethylene glycol (150 c.c.) was treated
with & solution obtained by reacting sodium (6.80 g.) with .
diethylene glycol (390 c.c.), and the mixture heated to 200°,
Anhydrous hydrazine was distilled (under nitrogen) into the
mnixture until it refluxed at 180°. After 18 hours at this
temperature, excess hydrazine was'removed by distillation until
the mixture refluxed at 212°; The mixture was maintained at
this temperature for a further 36 hours. The preoduct was
isolated by means of ether as a brown gum (2.16 g.) which was
treated with acetic anhydride (20 c.c.) and pyridine (20 c.c,)
at 100° for 2 hours. A solution of the dry acetylated material
(2.20 g.) in light petroleum (75 c.c.) was filtered through a
column (18 x 3 cm.) of alumina (75 2.)» Elution with light
petroleum (6C0 c.c.) gave fractions (200 mg.) which crystallised
from acetone-methanol to give 8f-euph-9(11)-enyl acetate as
necdles, m.p. 100-101°, [tx]n = 58.6° (c,1.2)., Light absorption:
max. at 204 mu (§ = 3,830), It gives a yellow colour with
tetranitromethans. A mixture with 9B-suph-T-enyl acetate (m.p.
78=79°) had m.p. T76-80°.
(Found: C,81.5; H,11.6. CaéHB4C5 requires C,81.63 H,11.6%).

Continued elution with the same solvent (1.8 1.) and benzene-light
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potroleum (1:9, 300 co.c.) yielded fractions (413 mg.), crystallise-
tion of whieh from acetone-methanol gave an acetate mixture as
blades, m.p. 91-95°, [a]D - 26° {¢,1.4). Recrystallisation of
this mixture gradually changed its melting point and specific

rotationy & homogencous product could not be obtained thereby.

Treatment of 8¢-Euph-9(11)-enyl Acetate with Selenium
Dioxide. - A solution of 8{-euph-9(1l)-enyl acetate (93 mg.) in
acetic acid (15 c.c.), containing selenium dioxide (60 mg.), was
heated under roflux for 9 hours, poured into water and the mixture
extracted vith ether in the usual way. The product was obtainad
as a yellow gum (B3 mg.). Light absorption: max at 232 mu
(= 8,700), 240 mu (£ = 9,110) and 247 mu (£ = 6,150).

Euph-8-en-33=0l, -~ BEupha-8:24-dien=3p=-0l (10.0 g.) ia
ethyl acetate (125 c.c.) was added to a suspension of preaieduced
platinum catalyat (1.0 g.) in ethyl acetate (25 c.c.), and the
mixture shaken with hydrogen at 20° for 2 hours. Bvaporation
of the filtered solution under reduced pressure and crystallisation
of the residue from chloroformemethanol gave euph-8een-3f<ol |
(8,7 g.) as long needles, m.p. 120-121°, [a]D + 31.5% 15,1.1)c

Newbold and Springa6 give m.po 120°% [u]D + 34° for this
alcohol.

Oxidation of Euph-8-en-3f-0l with Chromium Trioxide and

Pyridine. = A solution of the alcohol (26.8 g-) in pyridine
(270 c.c.) was added to the suspension obtained by treating

chromium trioxide (26.8 g.) with pyridine (270 c.c.)s; the mixturs

thoroughly shaken ovexr 3 hours, and allowed to stand at room
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temperature for 48 hours when it was poured into water and
extracted with ether. After washing with dilute acid (3N HC1)
and water, the extract was dried (Ra,50,) and evaporated undew
reduced pressure to give the reaction product as a brown oil
(25.7 g.)» A solution of the product in light petroleum
(500 c;co) was percolated through & column of alumina (300 g.).
The fractions (20,0 g.) eluted with this solvent (7.5 1.)
crystallised from acetone (at 0°) to give euph-8-en-5-ome (10,2 g.
as small needles, m.p. 65-66°, [a]D + 64° (cy1.2). Light
absorption: max. at 207 mu (f = 5,800). It gives & yellow
colour ﬁith tetranitromethane.

Roth and Jeger41 give m.p. 68° [a]D + 66° for this
ketone,

The fraction (4.3 g.) cluted with benzene (2.5 1.)
crystallised from methanol as yellow blades (2.0 go)y mopo
104-107°. Iour crystallisations from the same solvent gave

7-oxoeuph-8-en-3-one (1,0 g.) as colourless blades, m.p. 137-138°,

[a], + 7° (gs1.2). Light absorption: mex. at 252 mu (€= 10,200).
The compound gives no colour with tetranitromethane.
(Found: €,81.4; Hy11.2. GCy,H,50, requires C,81.8; Hy11.0%).

T=-0Oxoeuph-B-en-3-one from 7-0Oxoeuph-8-enyl Acetate. -

7T=-0Oxoeuph-8-enyl acetate (211 mg.) was heated under reflux with
methanolic potassium hydroxide solution (3%, 15 ¢.c.) for 3 hours.
The alcohol, isclated by means of ether as a yellow gum, separated

from light petroleum as en amorphous powder (116 mg.), mop. 92-947



8 solution of which in pyridine (10 c.c.) was treated with the
mixture prepared from chromium trioxide (100 mg.) and pyridine

(2 coc. ). ‘After occasional shakingg the mixture was kepit at

room temperature for 12 hourée Ether extraction in the usual
manner gave the product as a gum which crystallised from mathanol
to give 7T-oxoeuph-B-en-3-one (52 mg.) as blades; m.p. 136-=137°,
[a]D + 6° (cy0.9)s Light absorption: max. at 252 mu (§ = 10,000)
It gives no colour with tetranitromethane and & mixture with the
specimen obtained from euph-8-en-3f-0l as described above, had

m.p. 136-138° (no depression).

II. IANOSTEROL DERIVATIVES.

24%:25¢-Dibromolanocst-8-gnyl Acetate. - ‘isoCholesterol:

(50.0 g.) was acetylated by heeting on the steam bath with

acetic anhydride (50 ¢.Co) and pyridine (60 c.c.) for 3 hours.

A solution of the produect; obtained by ethey extraction; in
benzene (3 1l.) was filtered through a column of alumina {400 go)s
Evaporation of the filtrate 1n vacuo and crystallisation of the
residue from chloroform-methanol gave the acetate mixture (40.0 o
as large needles; m.p. 121=125°, [c]D + 60.5° (252.0), Light
absorption; max. at 207 mu (K= 65,750)9 235 mu (€ = 1,000), 243 mu
(€= 1,210), and 252 mu (€ = 740). A solution of bromine (5.7 g.)
in acetic acid (156 c.c.) was added dropwise to a stirred

solution of this acetate mixture (28.0 g.) in ether (120 c¢.e.).
Ether was distilled off under reduted pressure at 20° until

crystallisation commenced, when the reaction mixiture was allowed
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to stand at room temperature overnight. The mixture of
dibromo-acetates (19,1 g.), after washing with acetic acid,
was collectsd as colourless needles; m.p. 129-134°, and was
used for the next reaction without further purification.

Yoser, Jeger, and Ruzickaloagive Mopo 120=123° for this
mixture. A second crop (2.3 g.) separated from the filtrate as
needles, m.p. 154°, several crystallisations of which from
chloroform-methanol gave 24(:25£md1bromolanos€=8oenyl acetate
as large plates; m.p. 171=172°, [a]D'? 6.3° (c,1.8). Light
absorption: max. at 205 mu (§ = 6,200). It gives a strong
yellow colour with tetranitromethane.

(Found: €,61.1; H,8.8. Calc. for Cs,Hy, 0,Br, : C,61.1; H,8.4%).
lewis and McGhie102 give m.p. 176-177°, [a]D + 7° for
a 24 125 -dibromolanost-8-enyl acetate ('B*).

24% :25f =Dibromo-T:1ll-dioxolanost-B-cnyl Acetate. - Stabil-

ised ecetic acid (2.3 1l.) was added with stirring to a solution
of the dibromo-acetabte mixture (m.p. 129-134°, 102 g.) in
methylene chloride (120 c.co) and the suspension treated dropwise
with a solution of chromium trioxide (100 g.) in acetic acid

(90%, 500 coCs). The warm solution was allowed to remain at

20° for 18 hours, when excess oxident was destroyed by the addition

of methanol, and after eveporation to small bulk, the mixture was

poured into water (3 l.). Isolation of the neutral product by
means of ether yielded a yellow solid which crystallised from

¢hloroform-methanol as needles (38.0 g.), m.po. 168-175°,
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(1) Two crystallisations of this material from chloroforn-
methanol gave 24{:25£mdibrom0o7:1l=dioxolanostuémeny1 acetate
(14.0 g-) as deep yellow needles, m.p. 188-190° (dec.). Light
absorption: max. at 270 mu (= 8,620).
(2) A solution of the crystals, mop. 168-175°, (8.1 g.), in
benzene-light petroleum (1:4) was chromatographed on alumiuna
(240 8.). Elution of the column with the same mixture (2.1 1)
and benzene=light petroleum (1l:1, 0,6 1l.) yielded fractionms (1,13 z.
which crystallised from methanol to give 7:ll=dioxolanost=8-enyl
acetate (0.9 g.) as yellow leaflets; m.p. 158-159°, alone or
when mixed with an authentic specimen, [G]D + 94° (cp1.7)- Light
absorption: max. at 270 mu (E = 8,150). Continued elution of the
alumina with the latter solvent mixture (1.5 1.) and benzene-light
petroleum (4:1, 1.2 1.) eluted fractions (1.6 g.) which gave
24¢:25¢-dibromo=T:11-djoxolanost-B-enyl acetate (1.1 g.) as deep
yellow ncedles from chloroform-methanol, m.p. 185-185°, [a]D + 91°
(cs1.0). Light absorptioni max., at 270 mu (£ = 9,100).

Voser, Jeger, and Ruzickaiosgive Mme o 188-189°, [a]D
+ 100° for this compound.

T:11l-Dioxolanost-24=enyl Acetate. = Zinc dust (1.0 g.) was

added to a boiling solution of 24f:25f-dibromo-7:1l-dioxolanost-

-8-enyl acetate (1.0 g.) in acetic acid (150 c.c.) and the mixture
heated under reflux for 1 hour, The filtered solution was poured
into water and a solution of the precipitate in ether washed with

saturated sodium bicarbonate soclution and water. Evaporation of
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the dried (Na,S50,) ether solution gave the residue as a white

solid which erystallised from chloroformemethanol. T:1l1l-Dioxo-

lanost~24<-enyl acetate (660 mg.) separated as leaflets, mepo

199-202°, [a]D + 57.5° (€,1.0), Light absorption: max. at 203 mu

(¢ = 5,060). It gives a yellow colour with tetranitromethane.
Voser, Jeger, and Nusicks = give m.p. 203-204°, [a]D

+ 58°.

ll=0Oxolanost~24-enyl Acetate. ~ T:ll-Dioxolanost-24-enyl

acetate (3,75 g.) and hydrazine hydrate (100%, 1.9 c.c.) in
diethylene glycol (125 c.c.) was kept at 200° for 1 hour, then
treated with a solution prepared by reacting sodium (3.8 z.)

with diethylene glycol (35 c.c.). The reaction mixture was
maintained at 230° for § hours. The product (3.56 go),

isolated by means of ether in the usual way, was heated on the
steam bath with acetic enhydride (20 c.c.) and pyridine (20 c.c.)
for 3 hours. A solution of the dry, crude acetate (4.0 g.) in
light petroleum was percolated through a column of alumina (120 g. ).
Benzene-1light petroleum mixtures (1:9, 1 1., 1l:4, 1.2 1., 11, 1 1.}
eluted fractions (1.3 g.) which crystallised from methanol to give
ll-oxolanost-24-enyl acetate (1.0 g.) as needles, mo.p. 156-157°,
[aly + 62° (g42.7). Light absorption: max. at 203 ma (§ = 4,000);
infra-red (nu&ol): bsnds at 1739 ctnc"1 {3B~acetate) and 1695 cm."i
(1l-carbonyl), It gives a yellow colour with tetranitromethane.

(Founﬁz C;79.03 H,10.9. Cy,Hg, 0y requires C,79.3 H,10.8%).
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11p-Hydroxylanost-24-enyl Acetate. = A solution of

1l-oxolanost=24-enyl acetate (840 mg,) in dry ether (150 c.c.)
was heated under reflux with lithium aluminium hydride (1.0 g.)
for 2,5 hours. Aftér dilution, the ethereal sclution was
washed successively with water, dilute acid (8N HéSQ4) and water,
and dried (Hazsoh). Evaporation under reduced pressure gave the
crude diol as a white 8olid, a solution of which in pyridine

(10 ccc.) wes treated with acetic anhydride (10 c.c.) at 20°
ecvernight. The solid product was isolated by ether extraction

and crystalliced from chloroform-methanol when 1llB<hydroxylenosi-

~24-enyl acetate (670 mg.) separated as needles; m.p. 189-190°,
[a]D + 63° (¢c,1.7). Light absorption: max, at 203 mu (§{ = 3,900):
infra-red (nujol): bands at 1709 cm,,"1 (3B-acetate) and 3440 cm-m:
(11B-hydroxyl). It gives 2 yellow colour with tetrenitromethane,
'(Foﬁnd: Cy79-.23 Hy11.4. Cy,H;,Q requires C,79.0s H,11.2%).

Lenosta-9(11):24-dienyl Acetate (parkeyl ecetate). -

Phosphorous oxychloride {3 c.c.) was added to & solution of
11B-hydroxylanost=-24-enyl acetate (450 mg.) in dry pyridine
(30 ¢.c.) and the mixture heated on the stecam bath for 3 hours,
then cooled and poured into ice-water. The product; isolated
by extraction with ether; crystallised from chloroform-methanol

to give lanosta-9(11):24-dienyl acetate (370 mg.) as plates,

m.p. 161-162°, [a]D + 86° (2,105). Light absorption: max, at
204 mu ( ﬁar79200) o It gives a strong yellow colour with

tetranitromethane. A mixture with parkeyl acetate, m.p. 159-1607,
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[a}D + 86°, had m.p. 160-162° (no depresaion).
(Pound: C,81.65 H,11.3. C5,H;,0, requires C,82,0; H,11.2%).

Lanosta=9(11):24-dien-3p-0l (parkeol). - lanosta-9(1ll):24-

~dienyl acetate (250 mg.) was hydrolysed by heating under reflux
for 30 minutes with a suspension of lithium cluminium hydride

(500 mg.) in dry ether (50 c.c.). The produet, obtained in the
usual manner, crystallised from methanol., Lanosta-9(11)}:24-dien-
~38-01 (194 mg.) separated as felted needles, m.p. 157-158°, [a}D
+ 76° (cy1.0). Light absorption: max. at 204 mu (§ = 9,450).

It gives a strong yellow colour with tetranitromethanse. A
mixture with parkeol, m.p., 159-160°, [a]D + 76.8°, had m.p.
158-160° (no depression).

(Found: C,84.63 H,12.0, CzoHs,0 reguires C,84.4; H,y11.8%).

Lanosta=-9{11):24-dienyl Benzoate (parkeyl benzoate,. = 4
gsolution of lanocsta-9(11):24-dien-3B-0l (84 mg.) in dry pyridine
(7 ccesn) containing benzoyl chloride (3 c.c.) was heated at 100°
for 3 hours,; then poured into water and the mixture allowed %o
stand overnight. Ether extraction of the product gave & brown
solid (144 ng.), a solution of which in benzene-light petroleum
(1:4) was chromatographed on alumina (4.0 z.). This solvent
nixture (160 ¢.Cc.) eluted fractions (88 mg.) which crystallised

from chloroform-methanol to give lanosta~9{1ll):24~-dienyl benzoaie

(65 mg.) as needles, m.p. 199=200°, [a]D + 94° (cp1.2). A mixtuwe
with parkeyl benzoate, m.p. 200-201°, [a]D + 95.4°, had m.po
199-201° (no depression).

(Founds C,83.63 Hy10.5. OCgyB5,0, requives ,83.Ts M,10.3%).
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THE STEROID SAPOCENINS.

-2 3£ 2 3 3-F 3 2 F X 2 5+ F XL B8



INTRODUCT ION.

The saponins, first detected by Schmiedeberg in 18751,
are a group of naturally occurring plant glycosides; which on
hydrolysis give a sapbgenin and a sugar, or mixture of sugars,
Steroid sapogenins are characterised by dehydrogenation to
Diels' hydrocarbon, and have the perhydro=l:2-cyclopentenophenan-
threne ring sjstem of the steroids. In contrast, the triterpenocid
group of sapogenins give mainly naphthalene and picene derivatives
under the same conditions,

This section describes the isolation of certain stevoid
sapogenins and no review of the triterpenoid group of sapogenins
is included, The term sapugenin,; therefore, infers steroid
sspogenin,

The sapogenin nucleus. A relationship between the

sapogenins and the sterols was first‘suggested by Ruzicka2 and
Jacobas, who showed thaf when sarsgsapogenin is submitted %o
dehydrogenation with selenium, a fragrent volatile ketone,
similar to that obtained from cholesterol, is produced. "his
observation also indicated the attachment of a C-8 side chain

to the sapogenin nucleus, and lateré, the non-volatlile residue
fror this reaction was shown to contain Diel's hydrocarbon(T) In

56 :
1935, Tschesche related tigogenin, gitogenin and digitogenin
by interconversion, and degraded tizogenin to etioallobilianic

acid (II). By a similar procedure, sarsasapogenin was converted
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into eticbilianic acid of the coprostane (53-)steroid geriea.
The nuclear hydroxyl group common to these sapogenins was

shown to be at positionec(a) by the dehydrogenation of the
methyl carbinol of sarsasapogenone %o T-methyl-l:2-gyclopentenc-

798
phenanthrene . During the period 1939-1947, Markeyr and his

cooworkersg’io isolated and elucidated the parent nuclear
structures of most of the sapogenins, The structure of the
ecarliest known sapogenin, digitogenin, has only recently been
established as is shown in (111)11'12“

Variations in the nuclear structure of tha sapogenins
arises Troms
(1) the number, position, and configuration of hydroxyl oxoups .
In addition to the usual 3p-hydroxyl group, positions~c(2), 0(6)2
G(ia)’ and C(zs) may be hydroxylated. Djera.ssi12 has shown the
exietence of both & cis-(2B:38) end trans-(2a:38) glycol serien.
A number of closely related alcohols have been 1solated9’;3 which
differ from the natural sapogenins in that they possess an open
ketal side chain, A 0(27)-hydroxysap0genin has recently been
describedla.,

(ii) the presence of a carbonyl group at the C -position, and

(1o
(i13) the mode of union, cis- or trans-, of rings A and B. All
natural unsaturated sapogenins have a double bond in the

5:6-pogition,
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The sapogenin side chain. The structure of the

sapogenin spiroketal side chain (IV) was established by the
stepwise degradation of sarsasapogencic acid (V) to 3B-hydroxy=-
etiobilianic acid (VI)iB. The complex problem of the
configuration at the asymmetric carbon atoms G(go), 0(22), and
0(25) has not been attacked until recently, and its partial
elucidation has followed mainly from a study of the sensitivity

of the aside chain towards acid.

Certain naturally occurring pairs of sapogenins existj

one member; the normal sapogenin, of each pair being isomerised

to the other, isosapogenin, by vigorous treatment with mineral

acid'® %',  Ring opening of the side chain in both the normal
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and iso-series is offected by tresiment of the sapogenin with
acetic anhydride at 200°, when the:&:sapogenin diacetate (VII)22
»ie formed with loss of symmetry at c(zo) and 0(2%0 The
K-sapogenin reverts to the original sapogenin by treatment with
strong mineral acid. Catalytic hydrogenation of & natural
sapogenin gives the corresponding dihydrogapogenin {(VIII),

17 :
Marker attributed the aclid isomerisation of the normal

HO

()

sapogénin into the isosapogenin to inversion at 0(22) in the
normal sapogenin, on the basis that the’Zg-and dihydro~-derivatives
obtained from both the normal and isosapogenins ave identical.
fiall and his oo-workere19 and Schee§ gg_ggrzs, however, found
that oxidation of thazsnsapogenine of the normal and iso-series
gave (+) and (-)-a-methyl glutaric acid respectively. The
conversion of a normal sapogenin into an isosapogenin, by
treatment with mineral acid, therefore involves inversion at
C(zu)' and Jamessm4 dedueed that the normal and isosapogenins have

the L- and D-configurations (relative to D-glyceraldehyde )



respoctively a% this centre.

Although the coafiguration of'the sapogenins at the
C(zs)oasymmetric carbon atom has thus been established, the
assignment of configurations at the remaining centres 0(30) and
0(22) rests on less secure evidence. A remarkable resurgence of
interest in this problem within the last few yearsig*gi’ e has
led to the descripiion of a new isomer, prepared by mild ascid
treatment of the ZmSapogenin, from both the normal and iso-serias
and vesulting in vecyclisation. ’This new class of isomers has
been variously called "gggsapogeninﬂzo’a ’ "20§3§2papogeninﬂig,
"gggpapOgenin"zs, and "gxg}grggsapogeninﬂza. and differs from the
original sapogenin only in configuration at q.zo)’ From a study
of the mechanism of formation of this isomer, its reactions, and
an examination of molecular models, it appears likely that both
series of the natural sapogenins have a C(zo)emethyl group in the
a=gonfiguration as in cholester0119’2 . #ith regard to the
configuration at c(zz)v thexye is the evidence23 that the
dihydrosapogenins of the normal and iso-series have the sane
configuration at C(aa)’ and that inversion at 0(25) in the
natural sapogenins takes place without opening of ring ng,
Consequently both series of natural sapogenins have the sanme
configuration at G(?z\, e conclusion recently established by

Callow and Massy-Beresford®9, They have prepared, from two

sapogenins diastersoisomeric at 6(25), compounds in which the
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centre of symmetry at c(za) has been destroyed by the introduction
of a double bond between 0(24) and 0(25). The complete identity
of these compounds indicates that the normal and isosapogenins
have identical configurations at all centres of symmetry except
0(25)0 The absolute configuration at c(zz) has not yet been
established. From a study of molecular models and conformational
analysis, these workers favour the assignment of structures (IX)

and (X) to the normal (25I)and iso-~(25D)-sapogenins respectively.

()

This formulation has been adopted in the following text. The
2028

prefix neo= does not refer to the 20-isosapogenins y but %o

the C(za)aisomer of a natural sapogenin.

The conversion of sapogenins into sex-hormones and

3%
ll-oxypenated steroids. - Since 1946 , a number of degradations

have been reported describing the conversion of sapogenins into
members of the pregnane and androstane series of sex-hormones,
using methods based on the side chain cleavage described by

32 \
Marker in the conversion of diosgenin (XI) into progestexrone (XII)
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As well as being important materials for the production of
sex-hormones, the sapogenins offered a potential solution to the
problem of introducing a carbonyl group at position -0(11) in the
steroid nucleus, and led to a more economic partial synthesis of
the clinically important compound, cortisone (l7a-hydroxy-1l-

~dehydrocorticosterone, XIII). Hecogenin (XIV, R = H), &

(Xui)

S3934
readily accessible material » was converted into n,oxddg@gehgm
56?56?37
(Xvy R = H) by a variety of methods - . The principal

method56 is based on the application of bromination procedures
which have been established for the replacement of a C(iz}“
-carbonyl group by onc at 0(11) in the steroid nucleus , and

has formed the basis of a partial 28 stage synthesis used 1an the
manufacture of cortisone from hecOgénin. At the time of the
author's investigation, hecogenin (XIV, R = H) was being
commercially extracted from the sisal plant Agave sisalana

33734 ;
Perrine and little was known of the other sapogenin comstitu-

ents, An examination of the hecogenin residues from this plant
was instigated, consequently, with the particular hope of isolating

a 0(10 -pxygenated sapogenin which would be invaluable as an
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intermediate in the synthesis of adrenocortical and sex-hormonos.




THE ORETIC A L.

The Steroid Constituents of Agave sisalana Perrine.

The sisal plant, Agave sisalana Perrine. has
been found to contain the steroid sapogenins, hecogenin,
neohecogenin, necotigegenin, and a2 new esapogenin,

isomerilc with hecogenin,



In an extensive examination of the steroid glycosidic
content of HMexican plant species, Marker and his co»workers9
have isolated and identified many mnaturally occurring sapogenins,
Hecogenin, the 3B-hydroxy-l2-0xo=sapogenin formulated as
(XIv, R = H), and later shown to belong to the iso-series (ZSD)QQ“
was obtained from American species of the plaent type Agave, the

genus which includes the sisal plant Asave sisalana Perrine which

is widely cultivated in East africa. Marker9 has also shown
that the sapogenin content of the plant may vary widely with its
species and age.

The commercial extraction of hecogenin from this plant
species was described in 19519525 ’34. The presence of g
non-ketonic sapogeain, C,,H,,0; , and an unsaturated sapogenin
was also reported, and it was suggested that these were jtigogenin
(XVI, R = H) and 9-dehydrohecogenin (XVII) respectively. 1In
the process of isolation, the fibre is removed from the sisal
plant and the residue is compressed to give a Juice which contains
the sapogenin glycosides, After acid hydrolysis of the juice,
the sapogenins are extracted from the mixture with isopropyl

ether, and separate on concentration of the extract. The

collected material is heated under reflux with acetic anhydride

and the addition of methanol to the resulting solution precipitatec

crude hegogepin acetate. Suépliea of the filtrate from the crude
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(%) (%)

hecogenin acetate were made available for furtheyr examinution
through the courtesy of the directors of T. and H. Smith Lid.,
Edinburgh.

The mother liquors were concentrated and a green
amorphous solid, fraction A, separated on cooling. This material
wes collected and total avaporation of the filirate gave a brown
gum, fraction B. Both of these Tractions were exomined .
ssparately.

FRACTION A.

A preliminary attempt to separate the ketonic and
non-ketonic acetates by treatment of fraction A with 'Girard P!
reagent (pyridinium acetohydrazide chloride) was unsuccessful,

A sample of fraction A was hydrolysed, but no effective separation
of constituent alcohols could be obtained by crystellisation
procedures., Fractional crystallisation of fraction A, fivstly

from acetic anhydride; then from ethanol,; yislded several

semi-crystalline products, from the final mother liquors of

which separated a mixture of a white amorphous powder and green
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octahedral crystals. After mechanical separation of the
crystals and purification by chromatography; a colourless
acetate, CogH 0,5 Mmeps 175-178°, [a]D - 86°, was obtained.

The acetate gave no colour with tetranitromethane, & red colour
in the Liebermann-Burchardt test, and was transparent %o
ultra-violet light, Alkaline hydrolysis of the acetate mave

the corresponding alcohol, C,,H,, 055 mep. 198-202°, [a]D - 73°,
The physical constants of the alecohol and acetate are in good
agreement with those reported for neotigogenin (XVIII, R = H) and
its acetate (XVIII, R = Ac) respectively. neoTigogenin was fivst

3e
isolatsd by Goodson and Noller from chlorogalum pomeridianum

together with its C(za)uapimer, tigogenin (XVI, R = H),
neoTigogenin has been shown to belong to the normal (25L) series
of sapogoninsgéand vse was made of this fast in confirming the
identity of the isolated alsohol, m.p. 198-202°, as such,
Prolonged refluxing of the isolated acetate, m.p. 175-178°, with
strong mineral acid, followed by acetylation, gave tigogenin
acotate (XVI, R = Ac) in good yieldsg, by inversion of the C(26)°
=methyl group from the axial fo the more stable equatorial
&enformationo Tigogenin (XVI, R = H), m.p. 203=205°, [a]D - T74°,

wag obtained by alkaline hydrolysis of the corresponding acetate.
Tigogenin acetate (XVI, R = Ac) has not been isolated from the

acetylated sisal resildues,
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The remeining semi-crystalline fractions obtained by
the crystallisation of fraction A were combined acqérding to
similarity in their melting point ranges. Chromatography of
these new fractions gave further quantities of the sapogenin

acetates also isolated from fraction B.

FRACTION B,

The residual gum (fraction B) was chromatographed
after acetylation and the first fraction gave pure neotigogeanin
acetate (XVIII; R = Ac). Subsequent fractions, though crystall-
ine, were mixtures which separated by extensive fractional

crystallisation. The more insoluble component of the mixtures
was identified as hecogenin acetate (XIV, R = Ac), the major

. 33
sapogenin constituent of Agave sisalana Perrine , by direct

comparison with an authentic specimen supplied by Messrs., T. and
H. Smith Ltd. A second acetate, C,gl,,0;, mop. 220-222°,
[a]D - 14°, isomeric with hecogenin acetate, and which gave an

alecohol, Cp,H,, 0y mepo 238-240°, [a]D - 4°, separated from the

mother liquors as the more soluble component of the acetate

mixtures. From a comparison of physical constants, the alcohol,
40

Wop. 238-240°, is 2dentified as neohccogenin (XIX, R = H) , the

C(zs)aopimar of hecogenin,
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( XVl ) (%X )

21
Callow and James have also made en examination of

gdeal juice, and have isolated a numbexr of sapogenins from this

source. They have adopted the neme sisalagenin for neohscoganin

to aveid confusion with the 20-isosapogenins. The physical

constants found for the isclated sapogenins and their acstates

are compared with those reported by Callow and James in the

following table:-

Compound This work Callow and Jumes21
m.po”® [2_]1)° 3‘-3-9-" . [a-—-]‘no
neoTigogenin 198-202 =73 197-203 o o
neoPigogenin acetate 175-=178 =86 175=181 =79
Hecogenin acetate 244-245 =255 - 237-243 + 4
neoHecogenin 2%8-240 =3,.8 244=246 - 465
neoBecogenin agetate 220-222  ~14 228232 =12

The footnote in this publication refers to the work
described in this seotion.
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The strongly adsorbed residue from fraction B, obiained
by elution of the above column with methanol, was rgacetylatedo
On working up in the usual manner with ether, a separation into
ether-soluble and ether-insoluble fractions was effected; both of
which weye chromatographed separately. The ether-soluble fraction
gave heecogenin acetate (XIV, R = Ac) as the only pure compound.
The ultra-violet 1light absorption spectra of subsequent fractions
showed maximum absorption at 238 mu (& = 3,000-13,000) and
consequently they contain an daf-unsaturated ketone. Thie
observation has already bsen made by Cornforth gg_glpsa who -
suggest the presence of 9-dehydrohecogenin (XVII, R = H), which
does not debrese the melting point of hecogenian. Attempts %o
purify the af-unsaturated ketone were unsuccessful,

The ether-ingeoluble fraction, on chromategraphy, gave 2
similar acetate mixture containing 10% of an aj-unsaturated
ketone. A pure acetate, C,gH,,0, meps 238-241°, [a]D + 1°, was
obtained from the mixturc by repeated crystallisation. Alkaline
hydrolysis of the acetate gave the alcohol; C,,H,, 0., mcPo240-242°,
[a]D = 63, which was converted into the corresponding diketone,
ConBgoOgs mepo 236°, [a]) + 22°, by mild oxidation with
chromium trioxide. The acetate readily formed a crystalline
2:4-dinitrophenylhydrazones; CygHyeN, 0p5 mopo 150°. The physical
constants of the alcohol and these derivatives do not agree with

those reported for any of the known sapogening and their corres-

ponding derivatives. The acetate gives no colour with



tetranitromethane and showse no selective absorption in the
ultra-violet region. The presence of a carbon&l group is
deduced from the formation of a 2:4-dinitrophenylhydrazone
acetate. These observations strongly suggested that the
CopHy, 0, alcohol is isomeric with hecogenin (XIV, R = H).
Wolff-Kishner reduction of the C,gH,,0; acetate, followed by
acetylation, gave tigogenin acetate (XVI, R = Ac), identical
with a specimen prepared from meotigogenin acetate (XVIII, R = Ac)
Consequently the C,gll,, 05 acetate is an oxotigogenin acetate.
The poaition of the carbonyl group in this new sapogenin
has not been established; but provided it has the same stereo-
chemistry as hecogenin, several locations can be excluded from
the following considerations. Oxidation of the sapogenin
gives the corresponding 3-ketone, C,,H,,0,, which must confain
two carbonyl groups, and since it does not give 2 colour with
ferric chloride in ethamol, the dicarbonyl system is not
situatéd in ring A. The ketone group in the original sapogenin
acetate cannot therefore be located at carbon atoms 0(1), C(z) oY
0(4). Posltion C(s) is also excluded since the dlketone is not
identical with 6-oxotigogenone (chlorogenone, XX). Similérly,
' the sapogenin acetate is not identical with 7-oxotigogenin acetate
(XXI) or 1l-oxotigogenin acetate (XV, R = A¢). The eese of
formation of a 2:4-dinitrophenylhydrazone from the C,gHg,0;
acetate also excludes position 0(11) for the carbonyl group.

6-Oxotigogenone and 7-oxotigogenin acetate were prepared for
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comparisons by #ir. J. I, Shaw of this Department,while ll-oxo-
tigogenin acetate was supplied by Messrs. Glaxo Lid. flecogenin
acetate (l2-oxotigogenin acetate, XIV, R = Ac) was found {o
depress the melting point of the sapogenin acetate, and

position C(;s)is excluded since the infra-red ehsorption speetrum
of the sapogenin shows the carbonyl group to be present in a
six-membered ring. Consequently it asppears that the carbonyl

group of the sapogenin is located at position 0(25) or 0(24)0

(%)

This conclusion may be criticised on the grounds that isomerisa-
tion may have occurred during the Wolff-Kishner reduction of the
sapogenin acetate to tigogenin acetate. An infra-red examination
of the correapondingjzfsapogenin diacetate; prepared from the
sapogenin by treatment with acetic anhydride at 200°, would
distinguish between a carbonyl group in the C(zs)-position and

ons at 0(24)9
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Notes given in Part{ 1 describing experimental procedures

also apply to this secticn.

Treatment of the Residues from Agave sisalana Perrine. -

The residual liquors (7% 1. ) were evaporated under reduced

pressure until solid separated, when the mixture was allowed to
cool and the green amovrphous mass (fraction A, 2.0 kg.) collecteqa
Complete evaporation of the filtrate gave a viscous gum (fraction

By, 1.35 kgo) which solidified on standing.

neoTigogenin Acetate. = Fraction A (35.0 g.) was
crystallised from acetic anhydride (1 1.) and gave three crops
of amorphous solid. The first crop (20.0 g.) was crystallissd
twice from ethanol (1.2 1., and 0.4 1.) o give a further three
erope which wers collected. The combined ethonolic filitrates,
cn reduction to low bulk (400 c.c.), crystallised as a mixzturs
of an amorphous powder (1.5 go)s MeP. 200-223°, and dense green
octehedra (1.0 go)p Mepo 167=-171°, After washing with hot
ethanol (20 c.c.), a solution of the crystals in light petroleum
was chromatographed on a short column of alumina (20 g,).
Elution with tﬁe same solvent (800 c¢.c.) and benzene-light
petroleun (1l:l, 700 c.c.), and two crystallisations of the
combined eluates from acetone gave neotigogenin acetate (400 mgo)
as small needles; m.p. 175-178°%, [a]D = 85.7° (€52:0). It doss
not give a colour with tetranitromethanse and shows no selective

light absorption in the ultra-violet region.
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(Found: C,75.7; H,103. Calc. For CpoH,q0: C,75.93 H,10.1%). Goodson

and Noller-38 give m.p. 174-176°, [a]D - 73° for this compound.
neoTigogenin, - The acetate (137 mg.) was hydrolysed by

heating under reflux with ethanolic potassium hydroxide colution

(3%, 7 coco) for 2 hours. The product, isolated by means of ether,

was crystallised three times from methanol %o give neotigogenin

(35 mg.) as needles, m.p. 198-202°, [a]D - 73° (691cl).

(Found: C,77.83 H,10.8. Calc. for ChynH, 05t C,77.83 H,10.7%).

Goodson and Nolley®® give m.p. 202-203%°, [a]D - 65° for the alcohol.

Timogenin Acetate. = A solution of necotigogenin acetate

(1.0 go; in ethanol (100 c.c.) containing hydrochloric acid
(LON, 20 c.c.) was heated under reflux for 20 hours, then poured into
water (B00 c.¢.). The solid was collected, and, after drying,
acetylated by boiling with acetic anhydride (5 c.c.) for 30 minutes.
The product; which separated on cooling, crystallised from acetone
to give tigogenin acetate (600 mg.) as long needles, m.p. 203-205°%,
[a]D = 68° (¢y1.2). It gives no colour with tetranitromethane and
is transparent to ultra-violet light,
(Founds C,75.83 H,10.3. Calc. for CygH,g0s: C575.95 H,10.1%).
Jacobs and Fleck42 give m.p. 200-202°, [a]D = 57° (in pyridine).
Tigogenin. - Tigogenin acetate (100 mg.) was heated under
reflux with etiaanonc alkali solution (3% XOH, 7 c.c.) for 2 hours
and the alcohol isclated by means of ether. Tigogenin separated
from methanol as plates, m.p. 203-205°, [a]y = 75° (g,1.2).

(Found: C,74.93 H,10.6. Calc. for C,,H,,05. CHyOH: C,74.93 H,10.8%).
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42
Jacobs and Fleck give m.p. 203=204°, [o:]D = 49° (in pyridine),

Chromatography of Fraction A. - The fractions obtained
by the crystallisation of fraction A, firstly from acetic
enhydride and then from ethanol, as described above, were combined
according to similarity in melting point ranges to give three
fractions I, II, and III, each of which was chromatographed on
alumina in the usual way. Light petroleum and benzene-light
petroleum (1:1) eluted neotigogenin acetate. Benzene eluted a
crystalline mixture of hecogenin acetate and neochecogenin acetate
which was separated by fractional orystallisation from chloroform-
-methanol, Pure hecogenin acetate was eluted with benzene-sther
(3:1). The yields of sapogenin acetates obtained from fractions

I, IZ, and IXII are shown below:

Fraction | ‘ Mm.po &nd

NOOI Wt MePo Sapogonin Acetate Wi mixed m.p.
]

I 595 go 200-240° neoliecogenin acetatie| 0.3 g.| 220-222°
Hecogenin acetate| 1.2 go| 244-245°

II | 365 go 165-185° neoTigogenin acetate| 1.6 g.| 175-178°
. Hecogenin acetate| 0.5 go| 243-245°
III| 11.0 g 150-170° ngoHecogenin acetate| 1.7 g.| 175-178°
Hecogenin acetate| 2.3 g.| 243=245%

Hecogenin Acetate and neoHecogenin Acetate. - A solution

of fraction B (100 g.) in pyridine (100 c.c.) was treated with
acetic anhydride (100 c.c.) overnight. BExtraction by means of
ether gave the produet as a brown solid, & solution of which in

benzene-light petroleum (it3, 1,5 1) was percolated through a



208

golumn (5.5 x 121 cm.) of alumina (2.5 kg.). Elution with
benzene (1 1l.) yielded & fraction (2.5 g.) which was crystallised
from c¢hloroform=methanol, then acetone. neoTigogenin acstate

(600 mg.) separated as plates, m.p. 175-178° (no depression).
Continued washing with the same solvent mixture (16 1.) gave

2 fraction (25.8 g.); m.po 190-210°, repeated crystallisation

of which from chloroform-methanol yieldeq hecogenin acetate

(5.2 g.) as needles, m.p. and mixed m.p. 244-245°, [a]D = 25"
(c:3.9).

(Pound: C,73.53 Hy9.4. Calc, for CoeB 052 C»T3.T3 H,9.4%).
Several crystallisations from the mother liquors gave neohecogenin
acetate (2.0 g.) as plates, m.p. 220-222°, [a]n = 18°% (8331 )0

It gives no colour with tetranitromethene and is transparent

to ultra-violet light.

(Found: C,73-4, 73.63 H,9.6, 9.4. Calc for CpgH, 0 C4T73.7; H,9.4%
Callow and James give m.p, 228=232°, [a]D - 12° for this asstate.
Blution of the column with benzene-ether (19:1) furnished a
fraction (13.7 go)s m.p. 190-208°, which was separated as described
above to give hecogenin acetate (1.6 go), mopo 243-245° (no
depression), [a]D - 2.5° (c,1.1), and ngohecogenin acetate (420 mg.)
m,po 218-222° (no depression), [a]D = 13° (¢,1.1). - Benzena-ether
(1:1, 6 1,) and ether (3 1l.) eluted intractable gums (3.6 g.)

which were not further examined,
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neoHacogenin, - A solution of nechecogenin acetate

(145 mgs) in dilute ethenolic alkali (3% KOH, 7 c.c.) was heated
undeyx rsflux.for 2 hours. The product, isolated by mcens of
ether, crystallised from agueous acetone when neotigogenin (70 mg. )
sepaiaied as fine needles, m.p. 238-240°, {a]D - 3.8° (c,1.1).
(Founds €,75.63 Hy10.0. Calc. for Cp,H,,0,: C,75.35 H,9.8%).
Callow and James give m.p. 244-246°, [a]D - 4.5° for neohecogenin.

Chromatography of the Adsorbed Residue. - (i) Elution of

the above column with ether-methanol (9:1, 3 1l.) gave a brown gun
(46.Q g.) which was heated on the steam bath with pyridine

(50 ¢c.c.) and acetic anhydride (25 c.c.) for 3 houxs. The
product was isolated by means of ether (2 1.) in the normal
menner, and on standing at 0°, a semi-crystalline mass {(20.0 g.)
separated from the extract. The filtrate from the collection of
this material was evaporated in vacuo to give 2 gum (25.5 g.), &
golution of which in light pstroleum (100 c.c.) was filtered
through a column (6 x 26 cm,) of alumina (1 kgo). Elution with
benzene-light petroleum (132, 15 1,) and six crystallisations

of the fraction from chloroform-methanol gave hecogenin acetate
(200 mgg.) as long ncedles, m.p. 243-245° (no depression), [a]D
2,6 (cs1.5)s An inseparable mixture (1.9 g.)s; m.p. 186-190°,
light absorption: mex, at 238 mu (§ = 3,000),vas obtained by
continued washing with the same solvent mixture. Bther (2 1.)
eluted a gum (400 mg.) which crystallised from chloroform-

-methanol as plates (160 mg.); Mopo 216-219°. Light ahsorption:
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nax. at 238 mu ({ = 13,100). A homogeneous acetate could not
be obtained by furthergcnyetalliaation of the crystals,
(i4) |[The C, H,,0; Acetate. (The following experiments axe
with lMr. J. I. Shaw)., = A solution of the ether-insoluble fraction
(6.5 g.), obtained from the adsorbed residue ss described above,
in benzene-light petroleum (1l:l, 200 c.c.) was chromatographed
on alumina (190 g.). Elution of the column with benzene-=light
petroleum (4:1), benzene, and benzene-cther (1l:1l) mixtures gave
fractions (5.0 g.) which crystallised from chloroform-methanol
as needles, m.p. 230=240°. Light absorption: max. at 258'mu
(i}=]4200). Repeated crystallisation of the crystals from the
same solvent mixture yielded an acetate (600 mg.) as plates,
m.po 238-241°, [a]n + 1° (cy1.7). Light absorption: it shows
no seloctive light absorption in the ulitra-violet regiony infra-
-red (nujol), band a% 1706 ™ (sixering ketons). It does
net give a colour with tétranitromethane,
(Found: C,73.63 H,9.7. CpgoH,,0; requires C,73.7; H,9.4%).
A mixture of the acetate with hecogenin acetate, m.p. 244-245°,
[a]D = 2,5°, had m.po 20‘5-211°°

The C,,H,,0, Alcohol. = A solution of the acetate (30 mg.)
m.p. 238~241°, in ethanolic potassium hydroxide solution (3%,
5 CoC,) wWas heato& under reflux for 2 hours. The alcohol,

isolated by means of ether, crystallised from methanol as prisms

(17 mg.), mop. 240-242°, [m]D = 6° (¢y1.0). It does not give



s colour with totranitromethane end is transparent to ultra-violet
light.
(Foumds €,75.23 H,9.4. CooH,,0, Tequires C,75.33 H,9.8%).

The C,,H,,0, Diketons. - A solution of chromium trioxide
(45 ng.) in acetic acid {95%, 100 c.c.) was added dropwise to
& stirred solution of the alcohol; m.p. 240-242°, (200 mg.)
in acetic acid (56 €.Co), and the mixture kept at 20° for 16
hours, The product, obtained by ether extraction, crystallised
from acetone to give the diketone (75 mg.)s m.p. 236°, [a]n + 22°
(9,1,0)6 It does not give & colour with ferxxic chioride in
ethanol and shows no selective ulira-violet light sbsorption.
(Found: €,75.13 H,9.5. C,,H,,0, Tegnives C,75.6p M,9.4%).
A mizture of the diketone with 6-oxotigogenone, m.p. 2%3=235°,
{a}D - T5°, had m.p. 229°.

The 2:4-Dinitrophsnylhydrazone Acetats. - The above

occetate, m.p, 238-241°, (100 mg.} im ethanol (40 c.c,) was
treated with an excess of Brady's reagent, end after heating,

the solution allowed %o crystalliss, 4 solution of the dried
product in benzene wes filtered through a short column of alumins
and the filtrate evaporated under reduced pressure. The regidue
crystollised from chloroform-methanol to give the 2:4-dinitro-

phenylhydrazone aceiate as ovange plates, m.p. 250° (dec.}.

Light ebsorption: mex. &t 370 mu (§ = 26,000).
(Pounds - C,63.33 HyTo4, OggH.gN,0p veguirves C,64.43 H,7.4%).
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Tigogenin Acetate from the Corollys Oy Acetate. - The above

acetate, m.p. 238-241°, {500 mg.) was treated with a solution
prepared by reacting sodium (1.0 g.) with methanol (10 c.c.) and
containing hydrazine hydrate (100%; 5 c.c.) at 200° for 17 hours.
The mixture was poured into water and the product isolated by
meane of ether in the usual way. A solution of the product ia
pyridine (2 c.c.) was heated'on the steam bath for 2 hours with
ecetic anhydride (2 c.c.). The acetylated moteriel (480 mz.)
crystallised from methanol to give %tigogenin acetate as nesdles,
m.pos &lone or with a specimen prepared from neotigogenin

acetatae, 20%3-205°, [a]D - 68.5° (g41.2),
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