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INTRODUCTION

The triterpenoids were originally defined as a group
of naturally occurring compounds containing thirty carbon atoms,
tho molecules of which may be considered to be formed from six
isoprene units linked in a regular or irregular arrangement. The
triterpenoid class of compoﬁnda may conveniently be divided into
groups according to the number of rings contained in thoir
oarbocyclic structures.
(1) The pentacyclic triterpenoid group, comprising over
fifty :ombounds all of which are of vegetable origin, is by far
the largest of the groups. Five sub~groups, represented by
a-anyrin (I), B~amyrin (II), lupeol (III), taraxasterol (IV) and

hydrosyhopanone (V), accommodate the members of this class which

conform to the classical isoprene rule. Phyllanthol (VI), &




hexacyclic,triterpenoid.containing a gxg;gpropana ring, can be
classified as a member of the a-amyrin sub-group, Fufthar |
sub-groups which include membera clearly relatnd in a biogenetic
sense to the f-amyrin aub-group are exemplified by taraxerol

(V1I), glutinone (alnusenone) (VIII)and friedelin (1x).

(V1I) (VIII) : (Ix)

(2) llembere of the smaller tetracyclic group of triterpenoids
are found in plants, wood-rotting fungi and in sheep wool-wax,

the only known animal source. The tetracyclic triterpenoids
possess the perhydro-l:2-czclopentenoph;nanthrena ring system of
the steroids and may be regarded as tri- orntgtramethyl steroids.
Members of this group can be further classified into two sub-groups
typified by lanosterol (X) and euphol (XI). Although the
compounds in this group do not obey the isoprene rule, it is now

known thet they obey the "biogenetic isoprene rule' i




cycloArtenol, cyclolandenol, cyclocrysterol and gycloeuncalenol,
pentacyclic triterpenoids containing a cyclopropane ring, may
also be inéluded in the lanosterol sub-group.

(3) Ambrein, a tricyclic alcohol, squalene, an acyclic
hydrocarﬁon, and the diol, onqcerin, can be included in the
"squ&lenbid" group of triterpenoids.

.The tritorpenoid; and steroids are now believed to
originate by cyclisation processes from squalene (XII) which has
been shovn? to possess the fully transoid arrangsment necessary
for the biosynthesis of the steroids and tritegpenoida with their
particular stereochemistry. It was first‘qhownf- that aqgtic
acid 1s the precursor of squalene and hence og:lanosterol and
cholesterQI (X1II). 1Im 1956, Skeggs, gﬁ_ggi isolated the lactone

of mevalonic acid (XIV) from the incubation mixture for the growth

of lactobacillus acidophilus and showed that this lactone could

. e 12(d
replace acetic acid as a growth factor. Tavormina, et al. (®)
_ ’ 12(a)
and Cornforth, et al. ,( ) subsequently found that DL-mevaloniec

acid was a precursor ihtthe biogenesis of squalene, lanosterol and
cholesterol.gnd by uéihg DL-mevalonic acid labelled with 14(C at
position C(g), they f&uhd‘gpat 42% of the igoto?ic carbon was
1ncorporé£ed into the Qqualene and the chéiasferol. By means

t2(c - ig(d
(¢) and squalene ( ),

of degradation experiments on cholesterol
Bibsynthetically prepared from 14C-labelled mevalonic acid, six

14C-carbon atoms were detected (at the positions marked + in



squalene (XII)], 8o that six mevalonic acid units must de
utilisfe§ in the biosynthesis of one molecule of squalene.

The sii-carbon moleculé of mevalonic acid must therefore in the
jroceaﬁ'of its self condensation, lose one carbon atom to‘give

an intermediate isoprenbid unit. The high effiéiency of the
conversion of DL-mevalonic acid to squalene (42%) and the observa-
tion that about 10% carbon dicxide originaily present as the

C(i)-carboxyl group, is-libereted during the process, support the

intermediation of an isoprenoid unit.
The cyclisation of squelene takes place by a synchronous

9910
process which is considered to be motivated by the attack of

_ 970
a cation, for example OH+, derived from molecular oxygen , at

position 0(3)1'9’10'1xa-d. Tso different paths are then followed.
In the first, the carbonium ioa (XV), which is considered to de
the precursor of the pentacyclié triterpenoids and of the éuphol-
~tirucallol group at tetracyclic triterpenoids, is formed, while
in the sacond, the isomeric carbonium ion (XVI) which leads to
the formation of members of tke steroid and lanosterol groups, is
produced. These reactions ars formulated below and they
illustrate the biogenesis of lanosterol (X) cholesterol (XIII),
tirucallol (XVII) and lupeol (IXIX) from acetic acid.

The edditional carbon atom at 0(24) in eburicoic acid‘g
and in argosteroliﬁ has been shown to be derived from formate.

Since this work is concerned only with compounds of the
tetracyclic group of triterpenoids, a histbrical review of the

pentacyclic triterpenoids is excluded.



+
—_— N
l t
Cly \
e COOH
o .CO
#0.CE, .
B ——»
«C00
cEy

(x1v)




THE CLASSIFICATION OF THE TETRACYCLIC TRITERPENOIDS.

The members of the tetracyclic group of triterpenoids may
be sub-divided into two series typified by lanosterol (X) end
euphol (XI)u. Members of each of these series undargo reactions
characteristic of their particﬁlar sub~group. Thus, in the

, ‘ 7:9(11)
euphol series, the formation of the conjugated A -disne

8
(XVIII) from al\ ~ene parent is accompanied by a very large
negative change in molecular rotation, while in the lanosterol
series the same conversion results in a positive change. The
7:9(11)

conjugated A -dienes of the two series also exhibit
differences in their light absorption. In the euphol group,
the heterocannular dienes have typical maxima at ca. 2320, 2390

. : '
and 2470 A., whereas in the lanosterol series these maxima are

. ‘.
at ca. 2370, 2440 and 2510 A. The influence of mineral acid
: T/N\Lq<
H

(xvIII) (x1x)

]
on the/\ -double bond is equally characteristic Ffor each series.

Ho

Acid isomerisation of .euph-B-enol results in a molecular
rearrangement in which the ‘double bond migrates to the A!d (17)-

position, whereas similar treatment of lanost-8-enol produces an

, ” ®
equilidbrium mixture of theA - and A -isomers.



THE LANOSTEROL GROUP.

The following naturally occurring compounds are members
of the lanosterol series: . lanosterol, lanostenol, agnosterol,
dihydroagnosterol, sburicoic acid, polyporenié acids A apd Cs
tunulosic acid, pinicolic ecid A, gzg;gpftenol, cyclolaudenol,
cycloorysterol, cycloeucalenol and parkedl.

Lanosterol [Lanosta-8:24-dien-3B-ol, (Xx)] and agnosterol

[lenosta-7:9(11):24-trien-3p-0l, (XIX)] were first isolated by
186

Windaus and Tschesche from the ' isocholesterol' mixture

obtained from cheep wool wax, The corresponding dihydro

derivatives, lanostsnol and dihvdroagnosterol (X and XIX with

the eside-chain double bond reduced) were subsequently obtained
17

from the sama source by Ruzicka. Lanosterol itself hes also
10 C : 19

been isolated fromyeast sterols and from ons plant source.

“he acid members of this group are préduced Dy the

métabolism of wood=rotting fungi, in particular those of the

Besidiomycetes and Polyporus classes. - The structures of those
fungal acids which have been fully elucidated are formulated

below.  Tumulosic acid and eburicoic acid ceccurs in certain

instances together with their correspoﬁdihg dehydroderivatives

yhibh nre related to them in the same way as agnosterol is to

laﬁésturol.

2926927

. . 7
Polyporanic acid G Pinicolic acid &?8



20021
22
Eburicoic acid Polyporenic acid A Tumulosic acid

”es 22 924728

A}

Parkesol, a minor constituent of the non-saponifiable

. 290g? 29y
matter of shea-nut fat frog the tree Butyrosparmum parkii ’

has been identified as lanosta-9(11)sé4-dien-33-ol (xx)ao.
The'rgmaining members of this series have all been shown

to possess & 9:19fg¥g;2propan§ ring on the basis of chemical

and speétfoscopie evi&ence. |
cycloArtenol (XXI), and the corresponding ketone, cyclo-

artenore, can be isolated from the fruits of Artocarpus

31
-uﬁ}ntegrifolia . The alcohol has subsequently been obtained from

s s3
Euphortia balsamifera g, S. nux vomica seed fat , and as its

sS4 38
ferulic acid ester from Japanese rice=bran oil . Handisnol,

an slcchol isolated from Euphorbia handiensis is identical with

cycloartenol. Barton?1 demonstrated the presence of a cyclo-
propane‘ring and an isopropylidene group in cycloartenol,
Spr:lng83 found that lanost-9(1l)-enyl acetate (XXV) is the main
product of the acid isomerisation of cycloartanyl acetate an&

ss
later concluded, on the basis of experimsnts in which deuterium



chloride was employed, that the cyclopropane bridge extends from
Cro) t0 C(y5). Structure (XXI) was confirmed by the preparation

. se
of the conjugated gycloarteleen-3-one (XXVI) , the ultraviolet

® B
absorption of which ( A\ = 2060 and 2690 A) is characteristic of

(xxvi)

the chromophore. The same conclusion &s to the structure of
gzglggrtéhol was;reached by Barton .
¢ycloOrysterol (XXII), originally nemed f-tritisterol and
B-orystaiol, has bé;n isolated as its ferulate from rice-bran
54138

cil by jépanese workers and shown to be 9519ﬁ£¥01013n09t-25-

-enfﬁp-él (XKII);?a double bond isomer of ggglgartenolo



eycloLaudenol (XXIII) was isolated by Spring and his
co-workerasg iﬁ 1955 from opium marc. It was showﬁ to differ
from cycloartencl only in the constitution of the side-chain
which possessed an ext-a carbon atom in a methyl group at c(z‘).
From a study of molecular rotation data this methyl group was
shown to have the same configuration as that found in ergostans
and eburicane, &nd cyclolaucenol waé thus formulated as 24b-methyl
-9119-gyclolanost-25-en-3p-cl (XXIII).

cycloRucalenol was isclated by King from tallow wood,

¢o
Eucalvyptus micrcsorys, and has subsequently been isolated in

those lecboratorizs frem the timber known as Borneo White Seraya.
41
King = has shown that gyclocucalenol has the structure (XXIV).

TJdE EUPHOL GROUP

The following natural products are members of this group:
Euphol, tirucallol, euphorbcl, butyrospermol, elemadienolic acid,
elemadienonic acid, masticadienonic acid and the dammar resin
triterpenoids.

Euphol (Eupha-8:24-dic¢n-3p-ol, XI) was isolated by
Hewbold and Spring§2 fron 3 Euphorbia resin and has since been
found to occur in many plants of this species. The complete
structure end siercochemistry of euphol was shown by Barton and

ez :
hic collesgues %o be as rcpresented by (XI).

Tirucallol was isolated from Fuphorbia tirucalli L. by

44
Hairee end Werrea , cad hat subsequently been obtainsd from

€3 ' ‘ 46
E, trisngularis end gum nostic . Various oxidative and
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degradative reactions have shown that it is 20-isoeuphol

47-84" 104
(xvi1) . .

(x1) (XXVII)

gughorﬁol‘(XXVII), a C-31 triterpenoid occurring in various

. '} . :
Euphorbaciae , was related to dihydrotirucallol by elimination of

. 30?61 980
the additional methylene group at c(zc) .

Elemadienolic acid (XXVIII) and its corresponding 3-ketone

. , ' LY
Elemd@ébnonic acid, occur together in Manila elemi resin .

. . ' 80

The conversion of both these acids into tirucallenol led to the
. 81

formulation of elemadienolic acid as (XXVIII) .

Qe
Yasticadienonic acid was isolated by Barton from gum

mastic and by virtue of its relationship to tirucellol,

fornuleted as (XXIX). The 0(9) hydrogea atom is shown, from a
87
study ¢f molecular rotation data, to have the same configuration

se
(x) as in butyrospermol (XXX). isoMasticsdiononic acid, also

8 .
occurring in gum mastic, has been identified as the A ~isomer of
89 '
(xx1x) .

Butyrospermdl a minor constituent of shea-nut fat,»has

been identified by the author asv9a-euph3-?:24adien—3psol (xxx).

An account of this, and earlier ﬁérk, is given in the theoretical

section.
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(XXVIII) (XX1X)

Danmadienol (XXXI) and the corresponding 3-ketone,

danmad lenone, the dammarenediols I and II (XXXII), which differ

only in the configuration of the C(aé) nydroxyl group, and their

Baketonéi, dammarenones I and II, have been isolziad from dammer

60
reasin by Lille and Werner .

~

(Xxx1) (X%X11)
I: is of interest to note that thece cbmpounds possess the
same carbon skeleton configurztion &s the c&rﬁonium ion (XV)
postulated as an intermediate in the blosyntpesis of lupeol
and euphol from sgualens.

TEE COISTITUTION OF LANOSTEROL.

Barly work established that l&host&rolg C30E500s is a tetra-

cyclic, diethenoid, aéﬁéndary alcohol tke readily reducible bond

B 18757983143
being incorporated in an isgopropylidens group. -
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RING A Th« nature of ring A in lanosterol was determined
64 » 68
from two series of reactions. In one lanosterol (XXXIII)

was shown to undergo a retropinacoline rearrangement on treatment

with phosphorus pentachlorids to yield the product KXXIV),

(XXXITIT) (XXXIV) (XXXV)

oxidation of which wj.th osmi im tetroxide followed by treatment

with lead tetra-acetate gave the trisnorketone (XXXV). This

) , , #8 *66
ketone was also obtained by )zonolysia of the diene (XXXIV)
In the other series, lanoste lone (XXXV1) was converted into the

hydroxynothylene derivative ,'XXXVI1) which on oxidation with

alkaline hydrogen peroxide a forded the dicarboxylic acid

(XXXVII1). Pyrolysis of this dicarboxylic acid gave the
norlanostenon® (.iXXIX). Thase sequences of reactions show
)
NO.C
(XXXVTI) (XXXVITI) (XXXVIII) (XXXIX)

that the terminal» hydroxyl-bearing ring is at least six-
memberod. Thus by comparison with earlier studios of the same
naturo in the pentacyclic tories, ring A of lanosterol can b®
provisionally formulated ar in (XXXII1).

RINGS B and 0. Tho structura of rings B and C and the

environment of the loss reactive double bond in lanostenol,



-were deduced from the results of oxidative and degradative
experizsnts. Ths tetrasubstituted nature-of this double bond
was indicated on the basis of the 1.nf:r:a.w:.'ﬂuis'e and ultraviolot‘v
absorption of lanosteno. Hild chromic acid oxidation of
lanoatenyl acetats (XL) or dihydroagnosteryl acetete (lanosta-
~7:9(11)-dienyl acetate) (XLI); which is formed by dehydrogen-
ation of (XL) with selenium dioxide in acotic acidég‘?iy yielded
the ap-unsaturated ketone (XLII). Further oxidation of (XLII),
or mor2 vigorous oxidation of (XL) or (XLI) with chromic

. 1797072
acid gave a yellow, unsaturated diketono (XLIII) the

LAk

: 17
light sbsorption of which showed i% to posssss a fully

traﬁé§id structuro. The double bond in lamostenyl acetate

(XL) i3 therefore flanked by itwo methylene gzaupaiv, Reduction
of the sno-dions (XLIII) with zinc ia acetic acid, hydrogen and
platinum or by the method of Clemmensoii, gaveM the saturated
diketone (XLIV, R = Ac), the infrared spectium of which showed

K 73
that the carbonyl groups are cach present in six-membered rings .

These deductioﬁs wero'gonfirmed by the preparation of further

exidation products. Treatment of the tno-dione (XLIII) with



selenium dioxide in acetic acid gave the compound (XLV) which

70 >75
possesses the extended diene-dione chromophore and which on
further treatment with the sr.me reagent yielded the diene-trion®
(XLVI, R » Ac). The diene-trione is also formed by chromic acid
7
(

oxidation of the conjugated trieno-one XLVID; which is itself

prepared by selenium dioxide oxidation of 7-oxolanost-8-enyl
70*%73 »70
acetate (XLII) » The position of the nuclear double bond
of lanostwrol was related to that of the hydroxyl group by tho
conversion of the diene-triol e (XLVI, R« H) by means of a
retropi/.acoline earrangemen , into 7:Us 12-trioxoisolano3ta-
-5* 5-6 -triene (XLVII1l) in wh: ch tho conjugated system has been
extended to ring A.67 This relationship Is confirmed by the
conv-rsion of (XIVII1l), by treatment with alkaline hydrogen
peroxide, into the dicarboxy ic acid (ILj and this shows that tho
x-rUketono grouping is In ring C. The fact that further
07-dation produc* e of the dic.ne-trione (XLVI, R » Ac) could not
bo obtained indicated that a 1 the carbon ato; s adjacent to the
cirornophorQ were fully subst tutedg and supported the wview that

-he nuclear double bond is b tween and

An equilibrium mixtur BMof lanoGt*-8-enyl acetate (XL) and

its A —-isomer is obtained when either is treated with mineral
71*75-77

acid . In the analogous £i®“s:.eroid compounds, acid

isomérisation moves tho double bond to vhe A ~-position.

This difference is explained by Barton's suggestion that tho

attachment of angular m.ethyl groups at and C,«.\ 1in

("*) (**)
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lanosterol effectively block those positions. This was

confirmed by the isolation of 131238-trimethylphenanthrene (L)
1763

from the complex mixture obitained on selenium dehydrogenation.

At this stage, lanosterol could be represented by the

partial formula (LI).

(XLIII) (xLv) (XLvI)

(XLIv) | - (1) - (XIVIII)
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RING D AND THE SIDE-CHAIN; The presence of an isopropylidene
group in the side-chain was ascertained by the isolation of acetone
from lanosteryl acetate by vigorous chromic acid oxidation?‘ or on
treatment with osmic acid followed by reaction of the product:

with lead tetra—acetate‘:1 The aside~-chain was shown to be iso-
octenyl in nature by the isolation of G;methylheptan-Z—ona on
vigorous chromic acid treatment of lanost-8-enyl acotatoZ"no

This was confirmed by a step-wise degradation of the side-chain

by Ruzickaf:1 which led to the dioxoalcohol (LII). The presence
of a five-membered ring carbonyl group in this dioxo-alcohol

. 82
followed from its infrared absorption spectrum. It was also

(LII) (LIIX) (x)

shown that the carbonyl group in the related degradation product
(LIII) has but one a-methylene groupaa. It follows that the

point of attachment of the side-chain must be either C(as) oF C(yq)-

Ruzickaae showed by a series of oxidative reactions that the side-
chain must be attached to the carbon atom f- to C(143 herice the
aidefghain is attached to C(i,). Thus apart from its stereo-

chemistry, lanosterol must be represented by formula (X).

STEREOCHEMISTRY OF LANOSTEROL

Thé stereochemistry of lanosterol (X) was revealed By & study

o ar - e i , - : .88
of the X-ray diffraction spectra of lanostenyl iodoacetato“ o8 and
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- 84'87-89
was confirmed by chemical means . The B-(equatorial)

nature of the 0(3)-hydroxy1 group was deduced from its stability
towards sodium alkoxide18 and from the fact that it is regenerated
by reduction of the corresponding 3-ketone with sodium in
alcoholvv. This view was confirmed by the observation that on
dehydration with phosphorus pentachloridee‘,q‘, ring A undergoes
a retropinacoline rearrangement, a reaction which is known to be
specific for 3B-(equatorial) hydroxyl groups where rings A and B
are gggggrfusedgo The trans-fusion of rings A and B, where the
c(,)vhydrogen is ¢, was established from a study of molecular

91
rotation data and from the fact that the same, known degradation

. 9
product (LIV) was obtained from both lanosterol and manool.

g Me

H
(LIv)

To account for the hindered nature of the C(ig-carbonyl
group in ll-oxo derivatives of lanosterol, the 0(13 )" methyl
group was assignedev the B-configuration as in the steroids.
Molecular rotation evidence showed that rings C and D were
gggggcfused°”91 and that the configurations of the 0(1,)-side-chain

‘ 89
and the G(‘o)-methyl group were the same as in cholesterol .,

Further confirmation that the stereochemistry «f lanosterol is as

formulated in (X) was obtained from biogenetic evidence
The stability of T7:1l-dioxolanostanol (XLIV, R = H) to

, | 1) ~
strong alkali treatment led Barton to conclude that the C(é) and
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c(,) hydrogen atoms have the thermodynamically more stable
configurations, being mutually trans-relative and anti-relative
to the 0(10) and C(l.) mathyi groups.

Conformation of the stereochemistry of lapoaterol as

outlined above, was obtained by the preparation, from lanostanol

(I¥) of l4a-methylcholestanol (LVI) which has subsequently been

24
prepared from cholesterol. A total synthesis of lanost~8-enol
96 196
and lanosterol has been described which confirms the
constitution and stereochemistry already proposed for these

compounda.

THE CONS7ITUTION OF EUPHOL

Eﬁphol, CyoHs00» was first isolated in a pure state,
togather with euphérbol, by Newbold and Springfz. These workers
showed that euphol is a tetracyclic triterpencid containing a
secorndary hydroxyl group and twe isolated double bonds, one of

which is readily reducible and was later shown to bo present

297198

' 4in an isopropylidene group, which terminatés a lanosterol or

99
cholesterol type of side-=chain.
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The elucidation of the structure of euphol was bagad on
oiperihen%s similar to those employed in connection with lanosterol
which established that the hydroxyl group is at €(s) and has the
B-(equatorial) configurationloo. Dohydrogenation of euphol with
seleniun gave 1:2:8-trimethy1phenanthreneloo and euphenyl hcetats
was shown to undergo oxidation reactions'very‘similér to those of
lanostenyl acetate“’sa”e,ioo. These obseffétions led Jeger to
propose that rings A, B and C of euphol afe the sama as those of
lanostexrol and that they can be represented by the same partial
formula (LI). Ring D was shown to be fivé-membered by Bartonfs
from a study of the infrared absorption spectia of euph-8-ene and
lanoat-8-ene which indicated that both these comﬁounds have the
same number of methyl groups; Allowing for the isooctenyl
side-chain and rings A, B and C, oniy three carbon atoms were
availablé so that ring D must be five-memberedo'

In contrast with the analogous réaction of lanost-8~enyl
acetate, Vilkaslo1 showed that treatment éf euph-8~enyl acetate
(LVII) with mineral acid moves the double bond fi‘om the Ae-»
position to anofher fully substituted poéitidn,~the product being
isoeuphenyl acetate. 'Since isoeuphenyl acetﬁ%e 18 oxidised to a
diketoﬁé;_fhén formulaf;d as (BWU]} Jegtgp propcsed the structures
(LIX) and (LX) for euphol and iggpupho; réspectively. Since
structure (LIX) did not account for the formation of 1:2:8-
~-trimethylphenanthrene from euphol Ruzicka suggested that euphol

might bs (ILXI) (isolanosterocl) in which rings C and D are cis~fused.

The formation of 1:2:5-trimethylnaphthalens by selonium
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dehydrogenation of iggguphadiene led Barton‘3 to conclude that
the latter compound must possoss a methyl group at c(,) which was
originally gt Q(i.) in euphadiens. isoEuphenol was thus
formulated as (IXII) or (LXIII), the coiresponding diketons being

then represented as (LXIV) or (IXV) rather than (LVIII). Since

it was found that thie diketone absorbed five moles of bromine,
. 43 .
Barton concluded that its structure can only be represented by

(LXIV) end hence isoeuphenol must be (LXII) and euphol must be (XI).

(ILxI1I)

R = isooctyl
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(IX1II1) ' ' (1xv)
Confirmation of this view was obtained from a study of the
infrared absorption of isceuphenol and from the observation that
the 1light absorption bf the conjugated dienyl acetate (LXVII),
formed by oxidation of isoceuphenyl acetate (LXVI) with selenium
dioxide, is very similar to that of olean5511:13(18)-dienyl

. 43
acetate (LXVIII).
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The same conclusions as to the nature of ring D, the
position of attachment of the side-chain and the acide~induced
isomerisation of euphenol to 1§geuphenol were reached independently

103
by Jeger and Ruzicka .

THE STEREOCHEMISTRY OF EUPHOL. |
’ On the evidence of molecular rotation data, the configuratim

of the groups at c(,), C(,) and c(:o) were deduced to be as in a
normal triterpencid ring A. The angular methyl groups at.é(ia)
and C(l‘) were assigned the a- and B~ configurations rospaotively
since Barton.‘s claimed that, in this configuration, these groups
cause the molecule to assume an unfavourable conformation which
érovides the driving force necessary fo; the double methyl group
migration involved in the euphenol-isoeuphencl rearrangement, the
latter compound adopting the more stable, all-=chair conformation.
In addition, if this rearrangement can be conoidored to be fully
synchronous, then the side-chain at 0(1,) must have the same
configuration (a~) as the 0(13)-methy1 group. From a comparison
of molecular rotations in the euphol and lanosterol series, Barton
concluded’that the configurations at C(iz) aod c(zq) were the
oppoaito from those in lanosterol. More positive chemical
evidence from which it was concluded that tharconfiguratioh at
c(,o) in euphol is the same (a~) as in lanosterol, was shortly
afterwafds obtained by the Swiss workersi.oa

Fioal confirmation of fhe configuration at c(,,) and c(zo)

' , : - 88 _
in euphol was obtained when it was shown that euphol and tirucalle

ol differ only in configuration at c(zo) and that lanosterol is
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epimeric with tirucallol &t Cyz)» C(says C(1z) 80d C(agy. Warren
arrived at the same conclusion by the preparation of a degradation
product common to both euphol and tirucallol and in which the
asymmetry at c(zo) was removed. Conclusive proof that euphol is
correctly represented by (XI) came by the correlation of

tirucallol with lanosterol., epiTirucallenol (tirucall-8-en-3a-ol,
IXIX) was converted via the dicarboxylic acid (LXX) into the acetoxy
-phenol lactone (LXXI) which was found to be the optical enantiomer
of ths corresponding compound (LXXIII) prepared from lanost-8-enol
(LKXII)%g Thus euphol may be formulated as 13-180314-150317f££2;

104
lanosterol (XI). A recent communication by Warren and Watling

confirms that euphol is 20~isotirucallol,
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CHAPTER I

Attempts to introduce a 9:19-cyclopropane bridge

into a lanosterol derivative

Starting from various derivatives of lanosterol, reactions
are descrited which it was considered would result in the

formation of a cyclopropane bridge between 0(9) and 0(1,) in

the tetracyclic nucleus. In the course of this work, the

stereochemistry at position c,a) and c(,) in saturated lanostane
A
derivatives was investigated.
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In recent years, phyllanthol (VI, R = H), a hexacyclic

triterpenoid from the root bark of Phyllanthus anglgri (Pax), has

been partially synthesised from the pentgcyclic triterpenoids
a : 1090
and a-amyrin (I) . These

109
quinovic acid (LXXIV)
conversions represent the first, and so far the only, instances of
the preparatidn of a naturally occurring triterpenoid containing

a cxclopfopane ring. The method employed in the latter case

involved the oxidation of 12-oxoisours~3(11)-enyl acetate (LxxV)
with selenium dioxide in acetic acid to give tha doubly unsaturated
ketone, 12-oxoiggprsa-9(11)s14-dieny1 acetate (LXXVI) which on
reduction with lithium in liquid ammonia yielded 12-oxoisours-14-
-enyl acetate (I.J{K\VII)l.o’b This nén—conjugated unsaturated
ketone was found to be isomerised by mineral aqid at room temper-
ature to,the 12-o0xo0-13:27-cyclopropane derivétive {1XXVIII) which
on reduction with lithium éluminium hydride follOWBd by acetylation
of the product yielded 1}{27-g;g;gprs-ll~enyl acetate (LXXIX).
Catalytic hydrogenation of this acetate gave phyllanthyl acetate
(VI, R = ac).,

The formation-9f a'ggglgpfbpanoid compound in the

tetracyclic series has not so fér,been achieved although there
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are four naturally occurring tetracyclic triterpenoids at’

preéent kndwn, which contain in addition a ciclgpropane‘ring

(vI) (IXXIX) (IXXVIII)
bridging‘éarﬁon atcas C(g) and C(ao)' These compcunds are

cycloarienol (XXI)asraé’ cyclolaudenol (XXIII)S,ﬁi cycloorysterol
(XKII);E and cycloeucalenol (XXIV)GL, all of which are members
of the lanostercl sarlés. On tregtment with mineral acid the
gxglgpropanq bridge is broken to give a mixture of double bond
isomers. Thus for example, cycloartanyl acetate (LXXX) yields
a mixtﬁﬁe;of'lﬁv'} Z§&°V and 1&;9(11)'lanosteny1 acotatga;
Lanoat-?(llj-enyl aceiate (XXV), the most stable component, ecan

be separated from the mixture by selective oxidation of the

7 8. 83
A ardA isomers .
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(XX1v) (1xxxX)

The present investigation is concerned with possible
methods for the 1ntrqduc£ion of a cyclopropane ring into the
tetracyclic nucleus and the partial synthesis of a cycloartanyl
derivative from lanosterol was attempted. | ‘

Lanost-9(11)-enyl acetate (XXV) was the starting
material for the first series of reactionas, the proposed method
being based on a rearrangement sncountered earlier in this
laboratory during studies on the‘structure of butyrospermol,
the chémistry of which 1s digcussed in a later section. Mild
oxidation of dihydrobutyrospermyl acetate (LXiXI) with chromic-
-acetic acid gives a new BY -unsaturated ketoho, T-cxoapoeuph-14-

-enyl acetate (LXXXII). In the course of this reaction, the
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C(l‘)-metnyl'group migrates to C(a) and‘the réaction terminatea

in the loss of a proton from 0(15) with the formation of & double
bond. By analogy, it was considered possible that s1milar
oxidation of lanost-9(11)-enyl acetate (XXV) might give—éi;a to

the p¥ -unsaturated ketone (LXXXIII) which under acid isomerisation
conditions as in the partial synthesis of phyllanthoi,may yiela

the cyclopropanoid ketone (IXXXIV),

( LXXXIIT) (LXXXIV)

The starting material, lanost-9(1ll)-enyl acetate, was
prepared from "isocthésterol'% ascetylation and catalyt{é

hydrogsration of which geve a mixture of lanost-8-enyl acetate
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(XL) and 1anosta-7:9(11)hd1eny1 acetate (XLI). Oxidation of

thie mixture with chromiceacetic acid and chromatography of tho
resulting crude product yielded 7:11-dioxoianost-8-enyl acetate
(XLIIX), reduction of which with zinc in acetic écid followed by
extensive crystallisation from chloroform-methanol gave T3ll-
~-dioxolenostanyl acetate (XLIV, R = Ac), m.p., 223-223,5, [G]D

+ 62°.  Dores, gﬁ_g&,va and Cavalla and l'.'[c(‘,hie'é.o have reported
values of + 55° for the specific rotation of this compound and

it is beolieved that they were dealing with an impure sample since
a recent communication by Milburn, gﬁ_g}ioz records a value for the

specific rotation in agreement with that found by the present

author.

"isoCholesterol®™ __ . |
A.07

_(XLIV) (XLIII)
[t wes cbserved also,thet in both the lenosterol and the

cuphol se¥ies, ths saturated 7:ll-dioxoncetatés (XLIV) and (LXXXVI)
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can be formed from their corresponding T7:ll-dioxo-8-enyl acetates
(XLIII) and (LXXXV), by reduction with zinc in boiling methanol.
This reduction has only previously been accomplished in the
lanosterol seriesv‘ by hydrogenation over platinﬁm, by treatment
with zinc in acetic acid and by the Clemmenson method. Doree, et
35,?‘ also claim that the saturated diketone (XLI&) is cbtained
from Till-dioxolanost-8-snyl acetate (XLIII) by reduction with

sodium in propanol, but this is remarkable in view of experience

(LXXXV) (LXXXVI)

to be described later,

Wolff-Kishner reduction of 7:ll-dioxolanostanyl acetate
(ILIV, R = Ac) gave a mixture which after acetylation at 100® and
chromatography yielded lanostanyl acetate (IXXXVII), 1ll-oxo-
lanostanyl acetate (LXXXVIII) and a white crystalline material
later identified by means of mixed melting point determination,
specific rotation and infrared absorption, as llB-hydroxylanostanyl
acetate (LXXXIX, R = Ac, R'.= H). Barnes and Palmer = have
reported the isolation of lanostanyl acetate, 381 7B= and 3B:7a-

-diacetoxylanostanes, and BB:7-d1acetoxy1anosfan-ll-ol from a

similar reaction mixture. This is the first report howvever, of
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the isolation of liﬁ-hydroxylanostan-}B-yl acetate (IXXXIX, R = Ac,

R' = H) from this source.

Reduction of ll-oxolanostanyl acetate (LXXXVIII) with

lithiun aluminium hydride in ether according to the method of .
Voser, gj.g;,vs, gave a diol, C3oHy 0,y the specific rotation of
which (+54°) was considerably greater than that observed by the
previous workersva’ilo (+29‘, + 28.4°) for lanostans-dicl,
although the melting point (193-194°) igs in good agreement
(190-191°). The specific rotation was unchanged by repeated
crystallisation and by acetylation followed by hydrolysis.,
Acetylation of the diol (+54°) with acetic anhydride and pyridine
either at room temperature for 24 hours or at 100°® for 2 hours,
gave a diol monoacetate, Cy,Hga05, which differed markedly in
specific rotation from the lanostane-diol monoacetate (acetoxy-
lanostanol) degcribed by Voser, gj_g},va and by McGhie,‘ggugliio

A comparison of the physical constants of the diol and monoacetate

is shown in Table I.
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TABLE I

- Lanostanediol Acetoxylanostanol
(118-Hydroxylanostenol) (llp-Hydroxylanostanyl acetats)

meDo [«lp MeDe [a]y
This work 193-194° + 54° 210-211* + 62.8°
' 73 188
. Voser, et al. 190-191* + 29° 219-220° + 23°
i10
McGhie, et sl. 190-191° + 28.4° 215-216°* + 22.8°

These discrepancies were disturbing and it was at first
considered that they were dus to differences invconfiguration at
h(a)' C<,)or 0(11). Since it was believed that the intrdductioh
of the 9:19-cyclopropane bridge might be dependant upon the
stereochemistry, particularly of the C(,)-hydrogen atom, it was
docided at thie stage to estatlish beyond doubt that the gencrally
eccepted configurastions at C(ﬁ) and G(q) in the ianostane series
are ir fact correct,

The hydrogen atons atteched to C(s) and 0(9)1n 7:1l-dioxo~
-lanoetanyl acetate (XLIV, R :: Ac) have been assigned the 8- and
e~ configuraticns respectivel; on the basis of experiments carricd
out by Rarton end his colleagteaes'89’106’108'119 and by McGhie
and Knightza o These worker: have observed that in the euphol
series, treatment of Tsll-diozoeuphanyl acetate (LXXXVI) with
elkali Followed by.acetylatior.gives 7:1i-dioxoeuph-8-enyl acetate
(IXXXV ), wherseas in tha lanostarol se:ies, 7sll-dioxolanostanyl
acetate (XLIV, R = Ac) even undgrAvigorous conditions is Simply
hydrolysed to the corresponding saturated dioxo-alcohol (XLIV, R =H)

the Cgs) and the C(Q) hydroger: atoms remaining intact. Furthermorz,

they heave stated that selenium ﬁioxide oxidation of T:ll-dioxo~

euphanyl acetate also gives the corresponding77:11-dioxoeuph-8-enyl
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acetate while Tslledioxolanostanyl acetate gives T:ll-dioxolanost-
~5-enyl ébotato (XC, R = Ac). From these observations Barton
has conclgdod that in the éuphanyl series the hydrogen atoms at
Ci.}xan¢ Q(,) are mutually cis relative, having either the a- or
the B- coﬁfiguration, while in T:ll-dioxolanostanyl acetate these
hydrogen atoms are mutually trans relative but anti relative to
0(103 and C(i.) 80 thaﬁ the molecule has the thermodynamically

more stable alle-chair conformation.

(xc1)

These experiments have boen repeated by the author. 1In

the first case, contrary to the observations of Barton, it was
found that prolonged treatment of 7:lledioxolanostanyl acetate
(XLIV, R = Ac) with methanolic potassium hydroxide and acetylation

of the product yielded 7:ll-dioxolanost-8-enyl acetate (XLIII).

It wes further noted that in addition to alkali treatment,

)}

treatment with mineral acid also converted 7:1l-dioxoeuphanyl
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acetate into the corresponding 7:11-dioxoguphr8-eny1 acetate
(1XxxV).

Cn repeating the second experiment on which Barton's
argument regarding the stersochenistry of the hydrogen étoms at
C(g) and C(g) is basad, oxidatica of 7:11-d;oxolanostaiyl acetate
(XLIV, R = Ac) with selenium dioxide in acetic acid gave a mixture
from which 7:ll-dioxolanost-5-enyl acetate (XC, R = Ac) and 7:1ll:l2-
trioxolanosta=5:8=-dienyl acetate (XLVI) were isolated by chromato-
graphy. The formation of the former but not of the latter
compound is in agreement with ths work of Barton. The ecarlier
workarsvéova,@g havs elso stated that the acetate (XO, R = Ac) is
rosistant to hydrolysis with either 15% methanolic potassium
hydroxide oxr ethanolic hydrogen chloride. If this unsaturated
dioxo~-acetate doss have the strusture (XC, R = Ac) assigned to it,
there is no apparsnt reazon for its failure to hydrolyse. A
further attonpt was therefore maile by the author to effect
hydrolysis by boiling the unsaturated dioxo-acetate (XC, R = Ac)
under reflux for %we hours with 5% methanolic potassium hydroxids.
On crystallisation o7 the producs from methanol, a compound, m.po
178-179°, [a]D + 6,0”, unchanged by further purification, was
ebtsined. On admixture with starting material (m.p. 178-179°,
[cz]D + 5,1%) a depression of 20° in melting point was observed.
The infrared absorption spoctrum of this compound, in contrast to

that of the ztarting material, did not possess bands at 1739 and

-1
1243 cn, characteristic of an acetate grouping, but did exhibit

a hydroxyl band in the 3500-3600 cm. © region. Tho infrared



absorption spectra were identical in all other respects. The
analysis su?ported the molecular formula Cg,H,50; which is that
required by the corrgsponding 38-aleochol, It is therefore
concluded that the earlier reporfzs'u’m’92 of the inability of
7=lll-dioxolanost-5-enyl acatate {XC, R = Ac) to undergo hydrolysis
are in error end that the hydrbljsis product is iq fact 7:ll=
-dioxolanesi-5-en-3f-0l (XC, R = H). Reacetylation of this alcohol
rogenerated the original acetate (XC, R = Ac) while oxidation with
the kiliani reagont rislded the zorresponding triketone, 337:11l=-
trioxzolancnt=S=ane (5CI), mepo 137=168°, [a]D + 58,8°, Further
oxidation of 7:ll-dioxclancot-5--nyl acetato (XC, R = Ac) with
soleniun dioxzlide im Toiling acetic acid gavse the fully conjugeted
trioxodienyl acetate (XIVI) obtained as described above by similar
oxidation of Till-dicxolancstanyl ecatate (XLIV, R = Ac), thus
confirming that the {ouble bond in (XC) is between 0(3) and c(‘, ye

In view of th» differences encountered above, it was
considsrod dosirableo at %hio staze to re-cxamine soveral othesr
lanostang derivativeo.

As proviously mcniioned, Doree, g}_gg:‘ ﬁave reported that
roduetion of T:ll=divzolaonoot-fi-2nyl ecetats (XLIII) with sodiunm
in boiling propanol Zollowod by acetylation, gives the saturated
dioczo=-acetats (XLIV, K = L¢). This is unlikely, however, sinco
similar treatment of this saturciod acetats (XLIV, R = Ac) results

in the reduction of tho cerbenyl groups esnd gives a $riol, m.p.

108 "
207-208°, [&]D + 3® . The avthor has repeatcd this reduction
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and obtained a triol having m.p. 215-216° and [a]D + 26.3°, using
the same method. Acetylation of the triol, m.p. 215-216°, [a]y
+ 26.3°, under normal conditions gave a triacetate, m.p. 155-156°,
[a]D + 30°, the constants of which are in excellent agreement
with those reported by Barnes,gﬁ_gliov’loa (m.p. 156°, [a]D + 29°)
for the triacctate prepared from the triol, m.p. 207-208°, [a]D
+ 3°. The author believes that the conetants of the triol
réported by Barnes et al. are in error. |

" Alkaline hydrolysis of the triacetate (m.p. 155-156°, [a]D
+ 30°) regenerated the original iriol, m.p. 215-216°, [a]D + 26°.
Ths triacotate was shown to have the thermodynamically more stable
conformation when it was recovercd uncharnged after treatment under
equilibrating conditions with sodium propoxides, followed by
reacetylation, That is, the triol is 3B:7B:lla-trihydroxylanostens
(XCIZ, R = H) and the triascetate, 3P:7P:lla-triacetoxylanostane
(XCII, R = Ac) in which 3the hydrogen atoms at C(g) and C(g) have
the f- anl a- configurations respectively, giving the stable trans-

enti-tranj-arrarngement throughousi,

Oxidation of ithe ¢riol (X(II, R = H) with thoe kiliani
rcagont gave the corresponding t:iricne, 3:7:1l-trioxclancstane
(XCIXI) which must also have 8Be, Sa-substituents by virtue of
itas preparation frrem tho triol o' establivhed stersechemistry and
by the obuyervation that it is recoversd unchange¢ aiter prolonged

treatment with hydrochloric-acet:c acic at 100°. The trione

(XCIII) hid m.p. 167-168°, [a]D ~ 48%, whevreas that preparel by
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(Xcv)
Doree, 6t g_l:f‘ by oxidation of 7:ll-dioxolanostanol (XLIV, R = H)
had m.p. 166;167°, [a]n + 121.1°. The large difference in specific
rotation suggested that the two compounds were again distinct and

to establish if this was in fact the case, the experiment of Doree
was repeated. It was found that similar oxidation of 7:11-&1010-
lanostanol (XLIV, R = H) obtained by mild alkaline hydrolysis of the

corresponding acotate, gave the trione (XCI1I) mips 166<167%, tajn
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+ 48.5°, as.obtained above by the author, and it is concluded that
the specific rotation given by Doree for this compound 1is 1qcorrect.
That no inversion of configuration had occurréd during hydrolysis
or‘oxidgtion was demonstrated when 7:ll-dioxolanostanyl acetate
(XLIV, R = Ac) was regenerated by acetylatioﬂ of the dioxo alcohol
(XLIV, R = H) and by the fact that the dioxo acetate was recovered
unchanged after similar treatment with tho kiliani reagent.

This evidence proves that the C(a)-.and c(,)- hydrogen atoms
in T:ll-dioxolanostanyl acetate (XLIV, R = Ac) have the same
configurations as those in. 3:7:ll-trioxolanostane (XCIII) which has
been shown to have the stable 8B-, 9a- arrangement. Thus, although
T:11-dioxolanostanol (XLIV, R = H) is not in fact stable to vigorous
treatmant with alkali dbut is theredy converted into 7i1ll-dioxolanoste
-8-enol, the final conclusion of Barnes and Barton regarding the
orientation of these hy&rogen atoms 15 correct;

The diol obtained by reduction éf ll-oxolanostanyl acetate
with lithium aluminium hydride in ether was next considered. It
has alregdr been noted fhat the physical constﬁnts of this diol and
of its monogcetate differ very markedly from the previously recorded
valueavffazo (Table I). Similar reduction of the saturited dioxo
acetate (XLIV, R = Ac) gave an uncrystallisable triol which on
acetylation with acetic anhydride in pyridine at 100° gave 38:78-
diaootoiylapostan-llﬂ-ol.(chﬁ. R = Ac), m.p..259.5-240‘,-[a]D + 59°.
Both Voser, et al,”’ and Cavella and McGhie = give m.p. 239°, [a],

: s3
+ 70°, + 73°® for this compound., Later, Bentley, et al. recorded

thalValue + 58° for its sfecific rotation, in good agreement with that



found by the present author. Since this gection of the work
was completed, Barnes and Paimer?ov have drawn attention to the
discrepancy between the value for the 9peci£iq rotation found by
them (+ 57°) for the triol-diacetate, and those rreviously observed
by Voser, g}_gl,va and Cavalla and McGhieto Barnes and Palmer have
epparently overlooked the work of Bentley, gﬁ_g}ia That the
compounds are the same was demonstirated when oxidation of the
triol-diacetate (+ 58°) gave 3B:78-diacetoxylanostan-ll-one (XCVI),
mePe. 171°, [cz]D + 58°, these values being in agreement with those
reported by Cavalla and I«Ic(}h:l.e.’o and subsequently by Barnes and
Palmeriov On dehydration with phosphorus oxychloride, the tricl-
-diacetate (XCIV, R = Ac) gave an olefin, 3B:T7B-diacetoxylanost-
-9(11)-ene (XCV), m.p. 213-213.5°, [a]D + 77.4°. Cavalla and McGhie
reported + 83° to 84° for the specific rotation of this compqund and
Barnes and Palmer have subsequently quoted + 58°., This dehydration
reaction shows that the ll-hydroxyl group and the C(,)-hydrogon 2ton
nust be axial and antiparallel, Hydrolysis with lithium aluminium
hydride in ether and subsequent oxidation of the triol-diacetate
(XCIV, R = Ac) gave the corresponding trione identical with 3:17:11-
trioxolanostane (XCIII) prepared by the two methods outlined above.
The c(e)- and the 0(9)- hydrogen atoms in the friol-diacetate
(XCIV, R = Ac) therefore have the P~ and a= configurations respective~
ly and hence the ll-hydroxyl group muét be f~(axial). Thus, dy
analogy, the 3:11-djol and the corresponding monoacetate prepared by

reduction of ll-oxolanostanyl acetate with lithium aluminium hydride
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in ether, should similarly have the ll;hydroxyl group in the
ﬂ-(axial).configuration, the hydrogen atons being 88 and 9a .
The follewing considerﬁtions show that thius is the case and that
these compounds aro idontical with thossobtained by Voser, 33.5318"3
and by McGhie, gﬁg}_.uo. the diccrepancies in the physical constants
being dus to error either in the recording or in the reporting
of the earlier values.

Voeer and his colleaguesac deduced from the inability of
the lenoetane-3:1l=diol to undergo complete acetylation at room
temperatura, that the ll-aydroxyl group is sterically hindered and
essigned to this compound the structure representad by (LXXXIX,
R = Acy R' = H) 4n which this group has the P-(axia’) configuration.
By analogy, since acetylation of the diol obtained in ihis work gives
only a noncacotate evon at 100°, the ll-hydroxyl group in this
‘compound must also be sterically aindered and provided that <he
molecule retains its allechair coanformation as in the saturate?
dioxc~-acetate (XLIV), the hindered ll-hydroxyl group must also by
assigned the P-(axial) configuration. Oxidation of the dlol=-
~noncacetate (+62°) by the kiliani method at room temperature gave
1l-oxolanostanyl acetante (LXXXVIII) identical in all respects with
the original ketona, Thus both the diol and its monoacetate have the
san@ basic stereochemistry as ll-oxolanostanyl acetate; that is,
the C(g)ehydrogen aton is in each case a-(exial) and they can be

representod by the structure (ILXXIIX).

Sinilar oxidation of the diel (+ 54°) geve 3:1l-dioxolanostanc
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(XCVII) having physical constants in close agreement with those

73 186 ,
reported by Voser, et al. for the dione they obtained by chromic

. 73 .
acid oxidation of ll-oxolanostanol , of the 3B:11B-diol (LXXXIX,

(1] a8 . -
R = Rt = H) and of the 3f:lla-diol . It i evident therefore

“(XevIII) . (xcviI) (Xxv)

that the diol (+ 29°) obtained by Voser has the C(Q)~hydrogen atom
in the sams configuration («) as the diol (+ 54') obtained in this
work, Tha compounds are thus identical and it Appears that the

earlisr values for the specific rotation of both the diol (ILXXXIX,

R = R* = H) and of its monoacetate (LXXXIX, R = Aé, R' = H) are in

(3] 46 oz ) o .

During the course of the atove investigation, tho hitherto

unknown 3B:lif-diacetoxylanostane (LXXXIX, R = R' = Ac) was prepersd
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by treatment of the diol-monoacetate (LXXXIX, R = Ac, R' = H) under |
reflui in chloroform solution with acetyl chlorids and dimethylaniliﬁit
The product, Cg,HzeO4» mape 182;; [a]D N 71°, which from the absence
of a band in the 3300-5600 cm;1 regidn of its infrared aﬁqorption
spectrum, c¢id not eontaip_avhydroxyl group, is the requiréd'3B:116-
-diacetate (LXXXIX, R = R! = Ac). It ie distinct from the isomeric
3ptlla-diacetate (XCVIII) which was prepared in this instance by
acetylation at room temperatire of the diol obtained by reduction of
ll-oxolancetanyl acetate with sodium in propanol, 5ﬂ=11¢sniacofoxy~
lanostane (XCVIII) was first prepared by Mijovic, gﬁ_glyaa from the

enol-diacetate (IC) via the 9aslla=-epoxide (C). A summary of the

(Xcviii)

discrepancies in the physical constants of compounds encountered in

this section is given in table II.

TABIE _II. | |

Compound mepo [“]h
7111-Dioxolanostan-38-yl acetate

This work 223-224° + 62°

‘ _ 7308 -
Voser, 8% &l. 222-224"° + 55°¢
110 - .

McGhie, o% el. | 222-224° + 55°

Milburn, ot als 223° % 65°



Compound

38:118-Dihydroxylanostane.
This work

73 %88
Voser,gﬁ_gl,
1120

WcGhie, gE_EAy

11p-Hydroxylanostan-~3p-yl acetate

This work
73 *86
Voser, et al.

110
McGhie, et al.

3p:T8s1lla~-Trihydroxylanostane

This work
108

Barnes, et al.

3:T7:11-Trioxolanostane
This work

74
Doree, et al.

38:7B8-Diacetoxylanostan-11f-0l1
This work
73

Voser, et al.

70
Cavalla, et al.

Bentleyg _e_s_ .e_]:_laa

Barnes, et g_];.i o7

3837B-Diacetoxylanost-9(11)-ene.
This work '

Cavalla, et al,”°’"®
Barnes, et al.197

383:l1la-Diacotoxylanostane
This work
Hijovic, 23.3Q,'.'

m.p.

192-195°
190-191°
150-191°

210-212°
219-220°
219-220°

215-216°
207-208°

167-168°
165-167°

238-239°
239°
239°
236-237°
234-236°

213-213%.5*

213-214°
212-214°

120-122°*
127-128°

43

[“]D

+ 53e3°
+ 29°
+ 28.2°

+ 62°
+ 23°
+ 22.8°

+ 26.3.
+ 3°

+ 48,.2°
+ 121.1°

+ 58,6°
+ T3¢
+ T0°
+ 58°
+ 56°

+ 77-.4°

+ 83, + 84°

+ 58°

+ 24.1°
+ 13°

Having thus confirmed the absolute configurations of the

intermediate compounds, the attempted synthesis of a 9:19-cyclo-

propanoid derivative of lanostanol was continued.

Dehydration of
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118-hydroxylanostanyl acetate (LXXXIX, R = Ac, R' = H) with
phosphorus oxychlofide in pyridine at 100° for three hours gave
1anost-9(11)-enyi acetate (XXV), m.p. 173-174°, [c]D + 90%, in
good yield. |

‘The first attempt imvolved the oxidation of lanost-9(1l)-
enyl acetate (XXV) under conditions identical with those used in
the preparation of 7-oxoaposurh-l4-enyl acetate (LXXXII) from
dihydrobutyrospe rmyl acetafo (LXXXI). Purification of the
resulting mixture by chromatograpﬁy yielded unchanged lanoste
-9(11)-enyl acetate (75%), 9] :ll-epoxy-lanostanyl acetate (C_I)’3
and 12-oxclanost-9(11)-enyl acetate (CIf3{‘ Further oxidation of

the 9:1l-cpoxide (CI) gave only unchanged starting material.

(c11)

#hen lanost79(11)-eny1 acetate was treated under more vigorous
conditions with chromium trioxide in acetic acid under reflux for
1 hour, l2-oxolanost-9(1l)-enyl acetate (CII) was isolated in
good yield as the sole product. Ko cyclopropanoid derivative
or intermediate compound, could be detected among the products in
any of these oxidation reaqtiqn:s.~

Honry, 33_51,56 have shown that bromination of cycloartanone

(CIII) with H-bromosuccinimide in earbon tetrachloride, followed
by dehydrobronmination with collidine, gives the fully conjugated
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cycloart<l-en=-3~-one (c1v). It was therefore considered
possible that a similar series of reactions on lanost-9(11)-en=
~3-one (CV) would lead to the introduction of a double bond
between 0(1) and C(z). Treatment of the product with mineral
acid might be expected to bring the 9(11)=-double bond into
conjugation with the a:pf-unsaturated carbonyl system as a

9:19-cyclopropane ring to give cycloart-l-en-3-one (CIV).

(xxv) (cv)

Lanost-9(11)-enyl acetat: (XXV) was hydrolysed with
lithium aluminium hydride in etaer and the corresponding
3B-alcohol oxi@iaed with the chromium trioxide-pyridine complex
to give lanost-9(11)-en-3-pno, (cv), m.p. 113.5-114°, [a]D + 66.4°.

Photobromination of lanost-9(1l)-en-3-one under conditions
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identical with those employed in the preparation of the

conjugated gxg;ggrtenqﬁe (CIV):iG gave an uncrystallisable gum

the u}traviolet abgorption of which exhibiied high intensity bands
at 2060, 2300 and 2400 A., suggestive of & highly conjugated
aromatic system. No trace of the expeoted~[§1’9(11)' ketone

or of gxglgprt-l-en-3-onq'(.K- 2690 2.) was detected even after
dehydrobromination. It waqrfound thet & side reaction due to

the offeqt of brémine on the 9(11)-doublo bond‘occurs since
bromination of lanost-9(11)-enyl acetate itself gives a gum with
the same light absorption characteristics.

Since in a test experiment it was shown that lanost-9(11)-
enyl acetate ‘XXV) is recovered unchanged aftor prolonged
treatmgnt_with selenium dioxide in boil;ng gl@cial gpetic acid,
lanost-9(11)-en-3-one (CV) was refluxed-witﬁﬂfhis reagent for
periods gp?tov2 days in an attempt to introduce a double bond
betwgeqvcil).and 0423, but 2gain only upqhangad starting matoriel
was recovered in quantitative yield.

The failure of these methods to férm a 9:19-cyclopropanoid
derivative led us to employ the technique used in the phyllanthol

9b,112 "
and which was discussed earlier. The comparable

synthosislo
starting material in this instance is ll-oxolaﬁostanyl acstate
(LXXXVIII) which on treatment with selenium dioxide under the
same cpnditionaixz might be expacted to.éivo rise to the inter-~
mediate unsaturated ketone (CVI). With this object in view, &

solution.of ll-oxolancstanyl acetate in glacial acetic’ acid was

o
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boiled under reflux for 24 hours w;th dry selenium dioxide and
the neutral fraction separated by éhrométography to give
unchanged 1ll-oxo acetate (LXXXVIII) and a colourleass crystalline
compound, m.po 200-202°, [a]D - 16.5°, =17° in 50% yuid. In |
subsequent experiﬁente the same yield of this compound was
obtained after only 3-6 hours reaction time. The analysis
corresponded to an smperical formuia CqH,;, 0, and & moliecular
weight estimation showed that the molecular formula is CygoHyg 04
Its ultreviolet spectrum shows peaks at 2160 i. (€; 29,400),
2600 4. (12,000) and 3120 4. (1,950). By analogy with that of

12-0x0-13:27-cycloursanyl acetate (LXXVIII) (A « 2140 A.,E;5,500)

(LXXXVIII) (cvl)

this compound does not contain the expected cyclopropanoid
ohromoﬁhore. Its infrared absorption'spectrum showed the
presence of mcetoxy (1739 and 1243 cm.” ), hydroxyl (3584 cm.™ )
and carbonyl (1724 cm.") functional groups, while bands at

1580, 1480 and 867 cm.-i.suggeated th§ presence of a benzene ring.
The compound is recovered unchanged #fter treatment with dry

hydrogen chloride in acetic acid at room temperature for 3 days,

conditions which isomerise 12-oxojisours-14-enyl acetate (1XxvII)
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to the cyclopropanoid derivative, 12-0:0-13:?ﬁ-gxg;gpréanjl
acetate (IXXVIII).

Yhe chemistry of this new aromatic derivative £rom
1l=-ox0lanostanyl acetate will b; discussed in detail later.

A final attempt was made to form a 9:19;gzg;gproihho
derivative using as starting material in this inétancd,
9a-hydroxy~1l-oxolanostanyl acetate (CVII). - It was hoped that
under acid conditions this compound would dehydrate to give
11-oxocycloartanyl acetate (LXXXIV).

(cx) (cviI) (cIx)
llébxolanostanyl acetate (LXXXVIII) was heated under reflux

with p-tolusne sulphonic acid in acetic anhydfide for 5 hours.
Chromatogiaphy of the resultant product gave unchanged starting

naterial and a compound, c,,n,,oh.;cnbom3 which crystalli%%d as
atout needleés. m.p., 114-115°, {a + 83.5% from.methanol. Its




infrared spectrum shows bands at 1739 and 1240 cm.'x(acetatc) and
1764 and 1220 cm.” (enol acetate), and it is considered that this
is the required 3:ll-diacetoxylanost-9(11)=-ene (cviii). In the
steroid fieldi‘e epoxidation of the enol acetate is carried out
with ethereal monoperphthalic acid and the resultant 3f:11f~
-diacetoxy~9aslla~epoxide then converted to the hydroxy ketone by
treatment with mothanolic potassium hydroxide followed ﬁj
reacetylation, In the present instance, epoxidation of the
enol acetate (CVIII) was carried out with hydrogen peroxide in
acetic acid at 100°. The product crystallised from methanol to
give, in T0% yield, a compound~m.p. 183-184"°, [¢]D + 66°, Its
infrared spectrum shows bands at 3520 cm. ™ (hydroxyl); 1739 and
1243 cmo (acotate) and 1720 cm.,"1 (carbonyl) and thus it cannot
be the oxpected epoxide (CIX). The analysis supports the
formula Cy,Hy, O, which is that required for ll-oxo-9a=-hydroxy-
-lanostanyl acetate (CVII). The mother liquors of this compound
failed to crystallise and were given & brief treatment with meth-
anolic potassium hydroxide and reacetylated at 100°. The
product readily crystellised from methanol as small prisms, m.p.
182-184°, [a]D + 68°, undepressed in mixed melting point determina-
tion with the above compound, Horeovér, their infrared spectra
werc identical and it is concluded th#t the compound is 9a-
-hydroxy-ll-oxolénostanyl a;etéte. -It appears that the
. epoxidation cqnditions used in tﬁe presoﬁt-torﬁ (hydrogen peroxide

-acetic acid) are sufficient not only to form the epoxide (CIX)

but to cause in the main, its fission to the hydroxyketone (CVII).
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The uncrystallisable gum from the mother liguors, since it yiolds
the hydroxy ketone on treafment with alkali,.ﬁuét consist mainli
of the 1ntermediate.epoiide. When p?rbenzoic acid was used for
the epoxidation, the product was é gun which also yielded the
hydroxyketons (CVII) when treated as above.
9a-Hydroxy-1ll-oxolancstanyl acetate (CVII) was treated
with hydrochloric-acetic acid (1:20) for 4 hours at 100°. |
Chromatography of the product gave a compound which crystallised
from methenol as needles, m.p. 165-167°, [a]D + 27.9% It 1s
transparent to ultraviolet light and its 1nfra£ed spectrum shows
bands corresponding to acetate (1739 and 1243 cm.’i) and éarﬁonyl
(1714 c‘m.'i) groups. A Beilstein test is positive forrhalo.gen
and its analysis supports the formula C5,H0,Cl. It is
tentatively suggested that this compound is 9a-chloro-ll-oxolanost-

anyl acetate (CX).



CHAPTER  II

The Conversion of Lanostercl into an Aromatic Derivative.

The reaction of ll-oxolanostanyl acetate with selenium
dioxide is shown to givo rise to a new compound having aromatic
properties, This compound has been examined in some detail
and is considersd to be 9f-methyl-l0f ~hydroxy-ll-oxo<C-nor-D~-
~-homolanosta~12:114:116-trien-38-y1l acetate.



' P&T
The aromatic acetate (m.p. 200-202°, [a]D ~ 17°), obtained

by selenium dioxide oxidatioh of ll-oxolanostanyl acetate in
acetic acid solution was examined in more detail with a view to
ascertaining its structure.

Hydrolysis of this compound with 5% methanolic potassium
hydroxide gave an amorphous white solid acetylation of which at 100;
regenerates the parent acetate. Theiultraiiolet absorption
spectrum of the amorphous solid is similar to that of the parent
acetate with maxima at A = 2160, 2600 and 3100 ;o The infrared
spectrum of the amorphous solid is also identical with that of the
parent acetate in all points except for the ebsence of the character=-
istic acetate bands at 1739 and 1243 cm.™ , and it is concluded
that the amorphous solid is the corresponding oxodiol. For the
purpose of illustration, this 6xodiol is represented by the partial

formula (CXII) and the parent acetate, m.p. 200-202°, by (CXI).

-OH ~OH

——>- C5plge) = O w——  C3oHgq =0

‘O.COoCHz - OH

A0 / {cx1) (ci:n)
"OQCOQCHS "‘OE -OH
' nE - -

CsoBse P CsoHe e OH CsoHqs 0
A'.OOCOOG% -OO‘CODCE - 0

(CXXXII) (CXXX) (ex1v)
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The acetate (CXI) is recovered unchanged after shaking with
hydrogen over platinuﬁ in either ethyl acetate or acotic‘acid at
roon tempef@ture. If the compound ié sti;lhtptracyclic. it can
be seen from its molecular formula that it must possess thre§
double bonds. This observation together with the fact that it
gives a yellow colour with tetranitromethane in chloroform yet is
resistant to isomerisation or catalytic hydrogenatiop, further
auggosté the presence of an aromatic ring. |

The only known aromatic compound'in the lanosterol series is
the phenol-lactone (IXXIII)first prepared by Bartonu; and éuﬁéaquantly
by Honar&, gﬁ_ggii‘ A comparison of‘physical constantsand light
absorption characteristicé, shows thaf the aromatic acetate, m.p.

200~202° is not identical with the phenol-lactone (1XXIII).

Treatmsnt of ll-oquanostanyl acetate (LXXXVIII) with
selenium dioxide has been described py_Jeger and his colloaguesa‘
who used the nonepolar didxan as solvent in a sealed tube at 180°.
On chromatography of the reaction product they obtained a yellow,
crystalline compound, m.p. 211-212°, [a], + 140°, to which they
assigned the structure iopreeented by (CXIII). This compound,

11:12-dioxo-Qa-hydroxylanostanyl acetate has again been prepared by
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' . 84
the author using the method of Jeger . Since selenium dioxide
oxidation of 11-oiolanostany1 acatgta under acid conditidnq gives
riss to the aromatic compound (CXI), it was thought possible that the

hydroxydione (CXIII) was an intermediate in the formation of (CXI).

(cxI1I1I)

This was disproved however, since treatment of the hydroxydione
(CXIII) with selenium dioxide in acetic acid resulted iﬁ the
Trecovery of'only unchanged startiﬁg material in almost quantitative
yield,
The chemistry of this aromatic acetate (CXI) was studied
in more detail with a view to determining (i) the position of the
benzene ring and (ii) the position and nature of the hydroxyl group.
Oxicdation with thé chromium trioxide-pyridine complex of the
oxodiol (CXII) gave a crystalline product, C;oH,,0;. Its ultra-
violet absorption spectrun (maxima at A = 2160, 2620 ard 3140 E) is .
almost identical with that of the acetate (CXI) and with that of the ‘
corresponding oxodiol (cx11). The infrared spectrum still shows
a band at 3585 cm..1 indicating that the hydroxyl group present in

the acetate m.p. 200-202° (CXI) has not been oxidised. That is,
only the hydroxyl group in the oxodiol (CXII) corresponding to the

3-acetoxy gfoup in the parent acetate (CXI) has been attacked and
the compouni can be represented by the partial formula (CXIV).
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From the close similarity of the ultraviolet absorption spectra of
(CXI) and (CXIV), it is concluded that this new oxo-group is not
in conjugation with the original chromophore. It then follows
that since this oxo=-group is derived from ths acetoxy group at 0(3),
the originel ring A has not been eromatised. Furthermore, if we
concaede thet the carbonyl group in the aromatic acetate (CXI) is
derived from the 0(11)-carbony1 group of 11-oxblanostany1 acetate,
the originel ring C has not been aromatised. -

The possibility of aromatisation of ring B-waa then considered.
In the steroids, aromatisation of ring B can be brought about by

' 8279 (21
means of the ' anthrasteroid resrrangement. Thel (22)

-triencs
(CXV) on ¢reatment with mineral acid yield the fully conjugsated

. 118 :
tetrasnses (CXVI). If a comparable reaction has occurred in the reaction

(CXV) | (cxvI)

722 (r. b § )-

‘ 5
under discussion, then the/N triere systen is & necessary

internediata. At an carly stage it was thought that this rzay be
the cessz since a produst (SXVII) containing an sromatic ring, an
acetoxy, & hydroxyl ani a.carbonyl group, could be obtained from

ll-oxolaneatanyl acetate.

The first step in the oxidation was considered to be theé

introduction of a carbonyl group at c(zz) followsd by the formation
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P - 6.
of the A ” and then the A ~ double bonds to give 1ll:l2-~dioxclanost-
~8-enyl acetate (CXVIII) and the dioxodienyl acetate (CXIX)

respectively, this series of reactions being comparable with the

(cxxI) (cxxII)
seleniun dioxide oxidetion of 7-oxolanosta-5:8-dienyl acetate (CXXI)
to 7-oxolanosta-5:8:11l-trienyl acetate (CXXII): Enolisation of
i ' 85709 (11)
compound (CXIX) would lead to the formation of the required A

triene system in (CXX) which by means of the anthrasteroid rearrange-

ment could yield the ring B aromatic compound (CXVII).
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In order to test this hypothesis, the preparation of the
postulated intermediate, 11:12-dioxolanost-8-enyl acetate (CXVIII),
taéAnndertakenJ" Dehydration of 9dQﬁydroxy-11:12-dioxolanpstany1
acetate (CXIII) was not effected by boiling acetic acid or
phosphorus oxychloride in pyridine at 100°., Under vigorous -
conditions*hpﬁever, using thionyl chloride in pyridine at room
tomperatﬁréa & yellow, crystalline product, Cy,H;,0s, Was odbtained,
The ultravioleéet absorption spectrum of this compound has maxima at |

A\ = 2100 A. ‘and 2600 A. (E; 3,900; 5,500) which together with a
band at ]:6']5""cin.."1 in its infrared absorption spéctrum, is attributed
to a }:4-unsatuiated-1a2-d1ketone chromophore; ' This cdmpbund is

therefore 11:12-dioxolanost-8-enyl acetate (CXVIII). Treatment

VAN

"(CXIII) (CXVIII) (XIVI)

-

of thic uzsaturatod diketone (CXVIII) with selenium dioxide in
acetic acid‘and'chromamography of the cruﬁe'produot gave Ti1llsl2-
-trioxolanoata-5:8-dienyl acetate (XLVI) identified by its optical

‘and physical characteristics and by direct comparison with an

authentic apecimeng‘ ‘Hb trace of the aromatic acetate was detected.

Thé_isblatidﬁ“bf'tho trioxodienyl acetate (XDVI) shows that not only

13-11:124di6£dlanost-8fany1 (CXVIII) excluded as a possible inter-

e , . 827y \ .
mediate, but alse that the A 7 9(11)-triono gystem necessary for
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aromatisatién"of ring B by mezans of the anthré;téroid rearrangenment,
is not formed.

The concluaion that the aromatic centre is not situated in
rings A, B, or C, suggested that the fdrmatioh df_the ac@tatog Mo Do
200-202‘;'from'll-oxolénbstanyl aqotate involves aromatisation of
ring D, This was supported whenrit was discovered that oxidation of
24:24-d1phenyltrisnor-il-oxolanosta-20(22)ijddienyi acetate (CXXIII)
with seleniun dioxide in acetic acid yielded a yellow, amorphous
801id the ultraviolet absorption spectrum of which (,\- 2070, 2400,
2650 and 3750 i) showed that the diphenylbutadiene chromophoré of
(CXXIII) had been extended through another aromatic centrs,

The diphenylbutadiene derivative (CXXIII) was prepared from
*isocholesteryl! acetate using, in part, the methods of Ruzicka gg_gi:
Oxidation of 'isocholestsryl' acetato with chromiun trioxide in
acetic acid at 95° and crystallisation of the acid fraction from
methanol gave trisnor-7:ll-dioxo-3-acetoxylanost«8-en-24-0ic acid
(CXXIV)-as yellow néedles. Reduction of this dioxo—acid with zinc
in acetic aci& gave the saturated dioxo acid (CXXV) which on
Wolff-Kishner reduction followed by esterification with ethereal
diazomethane and acetyletion, gave, after chromatography, trisnor-
-1l-oxo-3-acetoxylanostan-24-oic acid methyl ester (CXXVI, R = Ac).

Treatment of tho corresponding alcohol (CXXVI, R = H) with
phenjlmagnesium bromide in bengenes~ether solution followed by |
dohydratiop and acetylation of the resultant product with acetic

enhydride and potassium acetate, gave the diphenylethylene derivative
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(CXXVII). Photobromination of this compound with N-bromosuccinimide
in dry carbon taetrachloride followsd by dehydrobromination with
acetic acid and acetic anhydride in boiling carbon tetrachloride,
gave the required diphenylbﬁtadiene derivative (CXXIII), ( Amax.
= 3080 4.3 & ; 27,800).

%ith & view to obtaining a crystalline compound exhibiﬁ;ng

conjugation between the side chain and the aromatic ring D, the

"isoCholéesteryl"t

cestets

éiphanylbﬂtadiena (CXXIII) was oxidised with chromic-acetic acid at

0°=~18° to yield the 17-acetyl derirative (CXXViII). ~ Treatment of
this diketone with selsnium dioxido in acetic acid gave an uncrystasll-
isable gum which did not exhibit any significant light absorption.
Redustion of tho 17~-acetyl derivative (CXXVIII) with lithium
aluminium hydride in ether followed by acutyl&tioﬁ»at 100°® gave the
3:Zocdiacetoxyoll-hydroxy derivative (not isolated) which on oxidation
with the kiliani reagent gave the hitherto unknown 5;20-diacetoxy-11-

~oxo-derivastive (CXXIX), m.p. 213-215°, [a]n + .54,7°. Similap
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oxidation of this oxodiacetate (CXXIX) with selenium dioxide in

acetic acid failed to yigld any trace of an aromatic derivative

(Cxx1IX)

and so further oonjugation with the side-chain and ring D could

not be cffécted. It is concluded that the side-chain in
compounds (CXXVIII) and (CXXIX)are susceptible to attack by
selenium dioxide, hence their failure to yield any of the
expected aromatic products.

Futther evidence for the expansion and aromatisation of
ring p va; obtained when it was demonstrated that the 0(11)-
-carbonyl group in the aromatic acetate (CXI) is in conjug&tion
with the benzene ring. Reduction of the acetate (CXI) with
lithiumlainminium hydride in ether followed by acetylation of
the ﬁroduqt at roonm femperature for 18 hours, gave a triol-
-monoacetate (CXXX), Cy,Hgo0,s the ultreviolet spéctrum of éhich
(Ea0e0 = 5000003 Egp00 = 1200003 €554 = 11,0004 €950 = Egpao
= 687) is markedly distinct from that of the parent compouﬁd
(CXI) end fypical of a non-conjugated, substituted benzene ringfle.
The 1n£ra£é& spectrum of the triol mdnoacetaté'(cxxx) show; in
addition to acetate bands (1739 and 1243 cmtfi), bands due: to
hydroxyl (3610 and 3500 cm?d) and benzene ring (868 and 1480 cm,"‘)‘

absorption.
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It 18 significant that the band at 1580 cm.", which is
characteristic of a conjugated phenyl group such as Ph.CO.Ru
end which is present in the infrared spectra of all the other
derivatives of this aromatic acetate (CXI), is not present in the
ppectrun of the triol monoacetate. The triol monoacetate (CXXX)
is inert to the li2-glycol-splitting recgsnt, leag tetra-acotate,
starting material being recovered almost quantitatively.

The position of the carbonyl band in the infrared spsctrum
of the aromatic acetate (CXI), 1724 cmo'l,‘is indicative of a
five-msmbered ring ketone in conjugation with a benzene ring
(vhich point will bo declt with fully in the subscquent discussion)
and it is considered that the eromatisation of ring D is coinciden?

with the contraction of ring C to give a C-nor-D-homo system as

J:“ M’
C@ i

(cxxxx)»

in (CXXXI).

The nature end the probesble position of the hydroxyl group
in the aromatic acotate (CXI) ware next considered. Since this
compound is non-acidic and does not colour ferric triéhloride
solution, the hydroxyl group cannot bz phenolic in nsasture.
Attempted oxidation of this compound (CXI) with the chromium
trioxide-pyridines complex, Xilianj soluiion or chromic-acetic
acid at room temperature orlat 35®, reagents which would convert a-

primary or & secondary hydroxyl group to an aldshyde or a ketonc

respectively, was unsuccessful, unchanged starting materisl beinz



recovered in good yield. More vigorous oxidation of (CXi)
using chromic-acetic acid at however, gave an acidic product
which could not be crystallised* It is thus concluded that the
hydroxyl group is tertiary and 5 since the hydroxyl (35®5 cm®"")
and carbonyl (1724 cm . ) bandi in its infrared spectrum are
indicative of hydrogen bonding, that it is positioned a- or
P« to th® j-carbonyl groupa The tertiary nature of the
hydroxyl group was confirmed by the fact that it did not
acetylatft under tho normal conditions of heating with acetic
anhydride and pyridine at 10C* for 2-3 hours, but did acetylato
under vigorous conditions usin” acetyl chloride and dimethylaniline
in boiling chloroform solution for 20 hours, to give the corres-
ponding oxodiacetate (CXXXII), C34% g0”, m.p* 165-166*, [a]” - 49*»
The absence.' of a b?.nd at 1770 cm*" in its infrared spectrum
116

which is typical of phenolic e iters , confirms that the hydroxyl
group is not directly attached to the benzene ring. This evidence
oxcludse the possibility of th aromatisation occurring by means
of the dlenono-phenol rearranp mant since the product would in
that ciiIlG necessarily bo pheno'.ic.

The only position for this tertiary hydroxyl group a- or
P- to tho j-carbony ! group is “coy *(9) “(10)* the lattor
being permissible only if tho ~-methyl group has migrated to,
aay, C<gi. That is, formula ((XI) can be extended to (CXIa),
(CXrb) or (CXIc).

Formula (CXIa) is excluded on the following considerations*

Firstly, the corresponding triol monoacetate (CXXX) does not appear
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to possess a l32-glycol system, since it is stable to treatment
with lead tetra-acetate, Secondly, if (CXIa) is cofreci,

1l-ox0-9-hydroxylanostanyl acetate (CVII) wéuld be an intermediate

in ;tsAtﬁrlafion from ll-oxolanostanyl écptafﬁ}‘

To test this poesibility,ll-oxo-9-hydroxylanostanyl
acetate (CVII) was treated with selenium dioxido in acetic acid
and the neutral fraction chromatographed over alumina to give as
the sole produot, 11i12-dioxo-9a-hydroxyianogtépyl acetate (CXIII),
identical in all respects with an authentic specimen. No trace
of the aromatic derivative (CXI) was detected: The possibdility
that the hydroxyl group is introduced at c(,) ggggg_aromafisation
has taken place is discounted on the basis of the following

consideration.
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Dehydration of the aromatic acetate (CXI) with phosphorus
oxychloride in pyridine at 100°® for 3 hours gave an uncrystallis-

able gum. The ultraviolet spectrum of this gum differed only from

that of the parent compound (CXI) in that it had a shoulder at

2080-2100 i. typical of an isolated double bond. The presence of
an isolated double bond is also inferred from its infrared spectrum
whick includes sharp bands at 1630 and 890 cmi but does not
include hydroxyl absorption in the 3300-3600 cm.,.1 region. The
Ph.CO-R system absorbs at 875, 1480 and 1580 cm.'i. and the carbonyl
absorptibn, now free of hydrogen bonding, has decreased to 1710 cm:1
as in the a-indanonestic These consﬂieratipns indicate that
dehydration of compound (CXI) has occurred to yield a compound
containing a non-conjugated double bond. This evidence eliminates
formula (CXIa) which would give rise to the conjugated A 8- double
bond, and formula (CXIb) which would give either a Aa- or e.A?-
double dbond, both of which would be conjugated with the original
chromophore. This allows only formula (CXIc) in which the
hydroxyl group at c(:o) is separated from the 0(11)-earbqn31 group
by the fully substituted carbon atonm, C(,). The dehydration

product is thus either (CXXXIII) or CXXXIV).
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Although a docision betii3en formulae (CXXXIIl) and (CXXXIV)
le not pRruinant to th® argumors, tho latter is preferred on
account of the position cf tho oands at 16)0 and 690 cm* in its
infrared spectrum w:iich suggeet the presence of a trisubstituted or
a disubstitutod douole bond in preference to a tetrasubatitutod
double bondo In any casep tho iydroxy group must be attached to

?hl.3 la suplortad by tt3 fact that the two hydroxyl bands
3,t 5610 and 3500 cm in the iifrared speotrum of the triol
n.cnoacetat'S (CXXX) are in siLllar position to the bands exhibited
by cyclohexano-1%3-diol ()620 tad )540 cm*" ) where the hydroxyl

lie
groups 'I'D both ois« and axiale They are quite distinct from
those of the other possible eyelohexane-diol isomers, and it is
concluded that the 1lydrozyl grcaps in the triol monoacetate
(C?XI) are attached to ~\ aid ¢ ~ *, being cis- and axial.

The 310chanis a proposed lor th® formation of tho aromatic
scdtatec (CXi) and (JXIc) from }1l-oxolar.ostanyl acetate (LXXXVIIT)
1B fcrnulat®d beloi? thoso pari ial formula® being thus extended
to (OXifX'“0 ¢ This compouTid is ramed 9P-'Ei8thyl“10|~hydroxy-ll-oxo-
C«;'ior-L»homolanoste -12sldsl6-t: ienyl acetate.

In the cours ) of the rofction, tha configuration of the
hydroatom attached to can be inverted and If this is the
wa?ie tl is In“orsion to id.o 8x— form may prcvid® the driving fore®
for mstiiyl group migration from to ~

Tho partial formulae (CXIl), (CXIV), (CXXX) and (CXXXI1)

can thus bo extended to (CXXXV1l), (CXXXVI1l), (CXXXVII1l) and

(C1XX.7X) rocpectiv®ly.
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The following points already referred to briefly in the text,
require further eladoration and discussion.
The infrared absorption spectra of the aromatic acetsate

(CXXXV) and of the corresponding slcohol (CXXXVI) exhibit

Cg”n

Ao ;1,\’
(CXXX7III) (CXXXIX)

carbonyl abaorpfion at 1722-1724 cm.“‘. Considering compounds
represented by (CXL), when n = 1 as in the a-indanones, the

weve nuiber of its carbonyl absofption is 1709 cm.", In the
a-tetrslones (n = 2) the average valu0116 is 1703 cmzi, and as

n incweasés the wavo nunber of its carbonyl absorption decreases

to 1,60-1680 cm.". In the cate of the simple Ph.Co.R type,

the valuo *° is in the 1690 cn>' roglon. Thus, the greater the
strain imposed on the carbonyl group by v;rtuo of ring contraction,
7he greater is.the wavenumber of its absorption, and it is this

nffect which is in part responsible for the large value of

'y
1724 enm, encountered in this instence.
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(cx1) (cxLI) (cxLII)
A second detefmining factor is the @fféct of subatitution.

Thse 2:3-cyclopentanotetralone (CXLI) shows absorption at 1680-1686
cm.-x, whereas the corrasponding indanone derivative (CXLII)
absgorbs at 1715 cmo’a. In the former case whera the carbonyl-
'-bearing ring is six-membered, increased substitution has led to
a'decrease in the wavenumber from 1703 cm,°1 s in ac-totralonse
(CXL, n = 2). In the latter case, the volue has increascd from
1709 cm:1 to 1715 cm..a. This observation lg¢nds further support
for tho Cenor-D-homo system of the aromatic ecétate (CXXxV). It is
also noted that the same relationship betwoen ring sizs and
wavenumber &s already observed for the compounds (CXL), is also
ovident in the casc of the corresponding substituted derivatives
(CXLI, 1680-6 cmo'i) and (CXLII, 1715 cm':’).

A further factor to bs considersd is the effect of the
hydroxyl group on the cérbonyl absorption, Present data for
a-hydroxy»ketonosuo shows that the wavenumber in the case of tha
latter compounds is somewhat lower fhan for the free, non-bonded
ketone. It is observed by the &u£hor. however, that while

ll-oxolancstanyl acetate exhibits carbonyl absorption at

S | :
1707-1710 cms. , 9a=hydroxy-ll-oxolanostanyl acetate shows
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ebsorption at 1715-1720 cm.’i, an increase of ca. 7-10 mdj It
is thus concluded that the value of 1724 cm." observed for
compounds (CXXXV) and (CXXXVI) is due also in part to this
hydrogen bonding effect and in part to the effect of ring size and
aubsfitution. |

As would be expected if the above argument is valid, the
hydrogen bonding effect is partly removed in the case of the
oxodiacetate (CXXXIX) (1718 cm.'i) and completely in the case of
the dehydration product (CXXXIV) (1711 cm.'t).

The structure (CXXXV) proposed for the aromatic acetate is
similar in many respects to ll-oxotriacetylvaratramine (CXLIII)
which structure was assigned to it by Tamm and Wintersteiner}zo.

This compound is identical with the dihydroderivative of the

- - 122 .
product of acetolysis of O,N-diacetyljervine (CXLIV) . The

Ao

(CXLIII) . (cxLIVv)
ultraviolet absorption spectrum of the aromatic ketone(CXLIII)

shows maxima at A\ = 2510 A. (10,700) ana 3000 I (2,000) similar
to that of the a-tetralones and a-indanones. In the present case,
the aromatic acetate (CXXXV) has maxima at A= 2600 ;o (11,000)
and 3100 4. (2,000), The bathochromic displacement from the
expected 2500 3; to 2600 i. is bslieved to be due in part to tho

effect of the SBQmethyl and 10 ~hydroxy substituents in the close
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proximity of tho -carbonyl# The value of 2650 A* observed
in an 1ll-oxoTeratramin® derivative is explained by Winterateiner117
as being du® to a hydrogen bondi ig effect®

The ultraviolot absorption of the triol monoacetate
(CXXXVIII) with po&kB at X © 2720 A. and 2800 A (g,;6?8:678)
corrosponde with that of the ll-ydroiyvoratramino derivative
(A™ 2660 ;} and2770<> A#) formedby reduction of ketoveratramine
(CXLXI2) with cinc in acetic acid#

It is of interest to note that the C-D ring system of
0 ,H-diac3tyljervlne (CXLI7) and hioh so readily aromatises on
acetolysis to that ir kotovcr&tr”mine (CXLII1l), has been postulated

as being intermediate in the formation of tha aromatic acetate

(CXXX7) from ll-oxolcnostanyl acotatOo



CEAPTER _ IIX

The Constitution of Butyrospermol

Butyrospermol, & tetracyclic triterpenoid from the
non-gaponifiable fraction of shea-nut fat, is shown to be
9a~-eupha~7124=~dien-38~0l. Experiments which led to the
complete elucidation of the structure and stereochemistry of
butyrospermol are described.
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Heilbron, Moffat and Spring‘as isolated in 1934, a now
triterpsnoid alcohol which they named basseol, of approximaty
molecular formula Cy,Hy,0, from the non-saponifiable materiesl of
shea-nut fat (Butyrospermum parkii). Bassecl was shown to be
tetracyclic when treatmeﬁt with perbenzoic aéid revealed the
presence of two non-conjugated cdouble bonds, one of which was
resistant to catalytic hydrogenationfz‘ The same workers also
deduced that the reactive double bond was present in a vinylidens
group since ozonolysis of basseocl acetate gave tormaldehyde in
20% yield, and they claimed that on treatment with various acidic
reagents it was converted to B-amyrin acetate.

In a subsequent re-examination of shea-nut fat, Heilbron,
Jones and Robins185 again isolated an acetate, the physical constants
of which (m.p. 139-141°, [a]D + 23°) were in agreement with fhose
previously recorded for basseol acetate. However, this was shown
to be a mixture'since on repeated recrystallisation it yielded an
acetate, m.p, 146,5-147.5°, [a]D + 11° which was named butyrospermyl
acotats, alkaline hydrolysis of which gave butyrospermol, m.p.
111-113°, [a]D - 12°, This new acetate differed markedly from
basseol acetate as it was shown to possess an ;ggprppylidéno gyoup
and not & vinylidene group and failed to give any trace of f-amyrin
acetate on treatment with minersl acid; Basseol acetate is now
considered to be a mixture of butyrospermyl acetate together with
approximately 16% of B-amyrin aeetateao’?z"igv. Basseol itself,

however, is a purs compound identical with butyrospermol, the



product of élkaline hydrolysis of butyrospermyl acetate.

Butyrospermol has also been isolated from the fruits of

Artocarpus :lntégrifolia.s1 and has recently been obtained in these
laboratories from horse-chestnut fat.

Butyrospermol was characterisod125 as a tetracycliec,
diethenoid alcohol, Cy,Hs,0, ths reactive double bond being
present in an isopropylidene group. The less reactive double
bond which 1is not cataiytically reduced but which does react
with perbenzoic acid, was deduced, on the bﬁsis of the infrared
spectrum of bntyrospormenetsato be tctraaubetifuted. Later,
'Ha'lsafllm;9 stated that in sddition, thias double bond is endocyclic
and probably in a similar position té that inllanost-e-enolé
Dawson gﬁbggr;ao showod that on treatmont with mineral acid,
dihydroﬁutyroepermyl acetate ic converted to the isomeric
dihydréisobutyrospermyl acetate the double bond of which was now
considered to be tri-substituted. This isomerisation was: .
thougﬁt to be analogous to the conversiop of lanostéaséhyi acetate
ﬁo its [S?'isomer. This conciusion was disproved hdwévét.‘by
Spring and his cOonorkers126 who showed conclusively that
dihydroiggputyroap@rmyl acotatc is identical with euph-8-enyl
ééetatm by ite conversion into 7:11-dioxoeﬁph-a-eny1 acetate
(LXXXV) on chromic-acetic acid oxidation; into isoeuph-13(17)-
-enyl acetete (LXVI) on isomerisation with hydrochloric-acetic
acid and into 8:9~epoxyeuphanyl acetate (CXLV) on treatment with

perbenzoic acid.
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The close ralationéhip between butyrospermol and euphol

. , . N 1
waa confirmesd by the conversion of the former into the latter.

Yoot
R0~ A 0" X,

(LXXXV) (IxvI) (cx1Iv)
Addition of bromine to the side-chain double ﬁénd in bﬁtﬁrospormyl

acetate foiloned by isomefiéation of the nﬁciéar doublé bond with
hydrogz:n chloride in chloroforr at 0°® and then régeneration of the
side-chein double bond with zinc in acetic acid, gave eupha-8:24-
dienyl acetate (euphyl acetate). Treaiment of dihydrobufyroapermyl
acotato with ozsmic acid, followzd by acetylation gave a saturated
triol-diacetate thus indicating that the huclear double bond of
butyroapsrnol is tri- &end not tetrasubstituted. This fact,
togethexr with the cbservation that the triolediacetate is
converted into eupha-7:9(1ll)-dienyl acetate by mild heat treatment
led these workers to ccnclude that butyrospermol i3 either 9f—
eupha-7;24-dien-3p-ol (CXLVI) cr 8j-eupha-9(11):24~dien-3p-ol
(CXLVvII). A similar conelusicn was resched eimultanéously by
Joncs and lLis colleagueals? whc stated & preference for the
9p-formulation of (CXIVI).

J@n@éiz? obteined 7-oz;euph-8-eny1 acetats (CXLVIII) on
trsatment of dihydrabutyrospefmyl acotate with éxcoss perbenszoic

soid: Fron this and cther reactions be deduced that butyrosparmol
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differs from euphol only in tho‘position of the nuclear double

bnné which could be between c(,) and c(e) or between 0(,)nsnd c(l‘),

since both thosc isomers could give rise to tho gB-unsaturated

(cxzv1) (cxXL711) (CXLVIII)

ketons (CXBVIiI) it oupha-739(11)-dieny1 acetate (XVIII) is an
intermodiate. Furthermors, & comparison of the behaviour qf
dihydrobutyrospermyl acetate with that of 1an9§t-7-enb gpd<.
lenost-8~cno dorivatives on mineral acid treatment led Joﬁqa

to suggqat that dihydrobqtyroapermyl acotafa is a euph-?-onyl
acetate (CIL) since, as with dihydrobutyrospormyl acetate, in
lapogt-qunyl acetate fpo double bond 15'19ert towards hydrogena-
tion ag@ is partially i;omariacd to the 8:9-position onnkroatmont
with mingral acid, "If'guch is the case, there arec two pégsibla
ntrgcﬁnreé for butyrospermol depending on the configuration ;f

the yydr9gen.atom attached to c(,). The eﬁpﬁ-?-engl aootgto
prepared by Bsrton?O' by Wolff-Kiehnef‘rcduef}on of 7-oxooﬁph-8-
-onyl acotate (CXLVIII) and which differs from dihydrobﬁtyroapermyl
acptafa, is assumed byiJonoalzv.to have the c(;)-hydrogon étom in
the e-configuration. Also, in order to oxpiain the 1aré§

negative change in molocu}ar rotation when butyrospermol and
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gxg;gprtenol (XXI) are oxidised to the corresponding 3-ketones,
Jones suggested that like cycloartenol, butyrospermol has a
9B~substituent. The experiments- described below, however, show
that butyrospermol has tﬁe 9a-configgration and is 9a-éuphq-7:24o
-dien-3p-01 (XXX). |
Ysolation of pure buty;ospgrmol or butyrospermyl acetate

by extensive crystallisation of basseol or basssol acetate results

(
\

(xx1)

in very largs losses of material. The starting material used

- in many of the following experinents, dihydrobutyrospsrmyl acetate,
‘ . . 1879130

i1s readily separable from f-amyrin acztete by chromatography .

and this technigue was employed by the suthore
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Hydrolysis of shea-nut fut with alcoholic potassium
hydroxide solution gave the non-saponifiable material as a yellow
resin in 3% yield. This mater:ial was refluxed in acetic anhydride
for 3 hours and allewed to stani at room temperature 6vernight.

The semi-crystelline mass which separated was removed and the
filtrate kept at 0° for a furthor 2 days when a second crop of
material separated. This product on crystallisation from
ethanol-ethyl acetate gave basscol acetate as stout needles, m.po
136-138°, [a]D + 23°, Cataljtic hydrogenation of this material
in ethyl acetate solution and f:ltration of the product in light
petroleum through alumina, gave fractions which consisted of pure
dihydrobutyrospermyl acetate, m.p. 135-136°, [a]D + 10.8°.
Subsequent fractions were found to be mainly B-amyrenyl acetate
and lupanyl acetate.

During the present invesﬁigation, it was found in these
laboratories by Dr. W, Lawrie that mild chromic acid oxidation
of dihydrobutyrospermyl acetate,. followed by careful chromatography
of the product, gave a new compcund Cy, Hy, Oy, From a study of
its 1light absorption spectrs;,tris acetate was shown to possess
a8 carbonyl group in a six~nembeied ring and an isolated double
bond, and wes named oxoapoc2upheryl acetate, a non-conjugated,
unsaturated ketone, . After trectment with dry hydrogen chloride
in chloreform at 0°; condiiions which isomerise dihydrobutyrospermyl
acetate to suph-B=-enyl acutate, oxoapoeuphenyl acetate was recovered
unchanged, However, by using lydrochloric acid in acetic acid st

100° conditiong which convert evph-Beenyl acetate into isoeuph=-
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~

-13(17)-eny1 acetate (LXVI), oxoapoeuphenyl acetate is converted
into an 1someric non-conjugated unsaturated ketone which on
reduction by the forcing method of the Wolff-Kishner react:lon,l81
and r@acetylation, gave ;g,euph-IS(IT)-enyl acotato, identical
with an authentic specimen prepared from euph-B-enyl acetate.

This 1someric ketone is thus an oxoisoeuph-l}(l?)-enyl acetato in
which the carbonyl group is not at 0(12) sin??.tha compound doea
not exhibit the ultraviolét absorption typicaivof an a;:B-unisaturat-
ed ketono;vh That the carbonyl group in oxoisoeuph-l}(l?)-enyl
acetate doeé not include 0(11) was shown by tho preparation of an
oxqiggpupha-ll:15(17)~dienyl acetate by selon;um dioxide oxidation
of oxoiéoeup£;13(17)- 'enyl acetate. Hencsléince the cafbonyl
group in oxoisoeuph—13(17)-eny1 acetate and therefore in oxq_g_—
euphenyl acetate is neither at 0(11) or C(zg), it must be at

eithel‘ C(e) or C(i’)e

(cL) (cL1)

If oxoapoeuphenyl acetatz has been formed from dihydro-
butyrospermyl acetate without any molecular rearrangement, then

it must be reprcsented by structures (CL) or (CLI), and the



reaction would have to proceed gig.eupha-7:9(ll)-d1eny1 acatate
(XVvIII) since a double bond will not move out of conjugation with
@ carbonyl group under the reaction conditions. In order to
prove or disprove this hypothesis, the diene (XVIII) was oxidised
with chromic-acetic acid under conditions identical with those
used in the preparation of oxoapoeuphenyl acetate from dihydro-
butyrospermyl acetate. Carsful chromatography of the resultant
product did not howsver, rovsel any tféce of ozoapoeuphenyl
acetates only T-oxoeuph-E-enyl acetate (CXLVIII) and T:ll-dioxo-
cuph=8-snyl acetate (ILXXXV) wero obtained in low yield togother
vith starting materisl. Thus since euphe-7:9(11l)-dienyl acetates
is not an intermediate in the formation of oxoapocuphenyl acetate
from dihydrobutyrospermyl acetaie, oxoapoeuphenyl acetate cannot be
represented by formula (CL). ‘"his decision, together with the
oxclusion of formulee for oxozpreuphenyl acetate in which the
carbonyl group is af Ciyy) o7 C{iz)? shows that butyrospermol is
not a eupha-9(11):24-diencl (CXIVII) and is thus a eupha-T:124=
-diepel (CXLVI) in which only the configuration of the C(Q)-hy§rogmn
aton remains to be determined. Similar 6xidation of suph~8-enyl
scetate gave & mixture which failed to disclose any trace of
oxoapceuphenyl acetate, shewing that the lattor compound is not
formed from dihydrobutyrospermyi acetate vias euph-8-enyl acetate.
The altornative formula {CLI) for oxoapoeuphenyl scetate
was also @icludad since on reducﬁion with the forcing conditions

of the Volff-Kishner reaction it gives gggguphenyl acetate which
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is not 1dentica1 with euph-8~enyl acetate. From a consideration
of its light absorption spectrz, the double bond in oxoapoeuphenyl
acetete iz deduced to be trisubstituted. The decision that
oxoapoeuphenyl acetato is neither (CL) nor (CLI) is supported by
ths observation méntionaﬁ earlier, that it is not isomerised by
treatmont with acid or alkali %o an agf-unsaturated ketone.

Theee considerations show that the formation of oxoapoeuph-
enyl acetate from dibydrobutyrospermyl acetate has involved a
molecular recerrangecmzat, the carbonyl group being inaulated.from
the double bond by a fully suhstituted carbon atom. A further
study of apoeuphenyl acetate svpported this decision. Treatment
of this acetate with dry hydrogen chloride in chloroform at O°
converts it into isocuph-13(17}-enyl acetate (LXVI), Under the
same condition euph-8-enyl acotate is unchanged and dihydroe

butyrospermyl acetate is isomerised to euph-B8~enyl acetate,

Thus the formation of croapoeuphenyl acetate from
dihydrobutyrosperayl ccetate (¢ suph-T~enyl acetate) involves a
synchronous reactioa in vwhich ocxidation of th@l&v-double bond is
accompanied by the migration of the 14B-methyl group to C(a),
theroaftor onc of-two possible paths being followed, In the
first, the reaction terminates in the loss of a proton from 0(15).
In the socond, ths movement of the -14f-methyl group to C(e) is
accompanied by the nigration of the l3a-methyl group to 0(14)
and the loss of a proton from C(iz)o In either case, tho

carbonyl group is at c(v) ard 7-oxoapoeuphanyl acetate is thus
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(CLII) or (CLIV), and apoeuphenyl is consequently (CLIII) or

(cv).

(CLIV) (crv)

It is a fundament of these mechanisms that the Clo)=
hydrogen atom in dihydrobutyrospermyl acetate is not involved in
its oxidatidn to 7-oxoapoeuphenyl acetaté, and this is substanti-
ated by the obsorv#fion recorded above that neither eupha-7:9(11)-.
dienyl acetate nor‘euph—8~eny1 acetate are intermediates in the
formation of this oxo-acetaﬁe. Conséquently, the configuration
of the C(,)-hydrogon #tom'in ¢ih;drobutyrospermyl acetate must be

the same () as that in 1soeuph-13(17)-§ny1 acetate (ILXVI). It
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is concluded then that butyrospermol is 9a-euphz-p24-dien~-3f~-o0l
(c1L).

Although a decision bstween formulae (CLIX) and (CLIV)
for T-oxoaposuphenyl acetate is not pertinent to the argumsat
regariing tho structure and stereochemistry of dbutyrospermol,the
former structure is preferrcd for the following reasons. Firstly,
Lewrie hes shown that selenium dioxide oxidation of 7-oxoapoeuph-
enyl acelato gives an apf-unsaturated ketone, C;,H;,05, which on
the bazig of its light absorption éharacto:istics has this
additional conjugated double bond in the 5:6-position, and is

either (CIVI) or (CIVII). The fact that tha double bond in

(cLvII)

T-oxopzoeupinenyl acetate is unattacked by selenium dioxide supports
the view that this compound is (CLII) and not (CLIV). apoEuphenyl
p:etate is thus correctly represented by-formuia (cLIII). The
formation of 7-oxnapoeuph-l4-enyl acetate from dihydrobutyrospermyl
acetate is ropresented as attack at thel&v-doublo bond from the

rear (a) side as shown,
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(1xxx1) A (cLII)

The fact that apoeuphenyl acetate (CLIII), & compound
containing a relatively stable double bond in a position
intermediate between euph-8-enyl acetate and iggeuph-l}(l?)-enyl
acetate has been obtained -as outlined above, suggested that it
may 8&also be a stable intermediate in this isomerisation; In
attempts to isolate this possible iﬁtermediaté, euph-8-enyl acetate
in acetic acid was treated with trichloracetic acid at room
temperature overnight, at 100° for 3 hours and under reflux for
3 hours., In each case starting material was recovered in quantita-
tive yield, the iso derivative cnly being obtained when the normal
method of treatmsnt with hydrockloric-acetic acid a% 100° was |
employed. The isomerisation was then followed polarimetricelly
for 400 hours usiﬁg a solution of dry hydrogen chloride in
chlorofornm. A plot of the rotation against time was a straight
line indicating that the reaction is indeed fully synchronous.

oooooo

acetate, it was thought that it might bde identical with the

139 . 1
)1 -cuphenyl acetate reported dy Vilkasﬁgjugl. and Christen at aig



82

who obtained it by hydrogenation of gggpupha—11:15(11)-dienyl
acetats, This experimant was repeated and the product fhich

was isolated in almost quantitative yield was identical with
gggpuph-15(17)-eny1 acetate. Barton‘ahad also previously failed
to obtain ¥ -euphenyl acetate,

Secondly, it will be noted that in the conversion of
7-oxoapoeuph-l4-enyl acetate (CLII) to the corresponding A“ t7)
isomer, the reaction only proceeds when the compound is refluxed
with hydrochloric-acetic acid, whereas, in contrast, apoeuph-l4-
enyl acetate (CLIII) is readily isomerised to isoeuph-13(17)-enyl
acetate using the less vigorous conditions of dry hydrogen chloride
in chloroform at 0°., Hence, the ketone group at C(,) must to
somes extent stabilise the double bond which in that instance
requires the more vigorous isomerisation conditions. This fact
indicates that the double bond must not be far removed from the
T-carbonyl group and supports tha decision that 7-oxoapoeuphenyl
acetate is (CLII) and not (CLIV),

It follows that since the euph-8-enyl - isoeuph-13(17)-enyl
acetate rearrangement reguires more vigorous conditions than the
parallel isomerisation of apoeupa-l4-enyl acetate, the movement
of the 0(1‘)-methyl group to C(a) must require more energy than
the migration of the l3a-methyl zroup to C(i‘). This explains
the synckronous naturc of the euphenyl - isoeuphenyl roarrangemént
and accounts for the easea of conversion of apoeuphenyl acetate to

isoeuphenyl acetate,
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Final confirmation that the hydrogen atom attached'io C(,)
in butyﬁdSpQrmol'haa the d-configufation, was obtained fram a
consideration of molecular rotation data. Barton & had
previously obsorvod that the change in molecular rotation (13 )
on conworting.butyrospermol and cycloartenol to the cor;esponding
3-ketones, is in each éésq negative (Table VI). This is in
contrast to the majority of 3B-hydroxy-5z-steroids and 3f-hydroxy-
triterpenoids in which this change is positive. From thlﬁ{
obsgrv#tion he suggested that the tw6 alcohols méy be related and
following the structural and stereochemical elucidation of & _zglg:
artencl (XXI)aa ao’av’ Jones and his colleaguéﬁi?7’1az delucod that
butyrospormol. like gxglgprtenol, has a 9p-sudbstituent and ;
tentatively suggested that the former was 9B-_eupmp7324-dien-5b-olo
This argument is believed to be invalid. '

. A génqr&lly accepted principle in applying molpculéf_
relatipns tﬁiqtructural and stersochemical analysis is that
terminal rlngs of the same type make contribuflbns to the molecular
rotation which are very approximately independent of the naftu’:;e of
- the rest of tq& molecule, provided that the adjacqnt ring ié a
éaturqted,ungubstituted cyclohexane ringel. Apotherlwidely accept-
ed principlo:is that non-angular methyl groupé have little effect
on the dbhfribution of a'fefminal ring to the molecular fé%ﬁtién?io'
Thus the molecular rotation change (l& ) accompanying tho intro-

duction of a 5-carbony1 group into most Saustardida and Sa-triter-

penoids is pbsitivo while that (A ) eccorpanying the oxidation of a
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3B~hydroxy-triterpenoid or 3p-hydroxy-steroid to the corresponding
3-ketone is also positive. THowever it is noted (Table III)
that lanoatanol-(CEVIII, R=R'= le).and laudanol (CLIX, R = He)

are exceptions to the above rule, whereas their steroid analogues,

cholestanol (CLVIII, R = R* = H) and ergostanol (CLIX, R = H)

(c1x)

together with the methyl steroid, l4-methyi cholestanol (CLVIII,
R = H, B' = Me) conform to the rule.

These figuréa show that the introduction of a methyl group
into position 14 in choiestahollhas little effect on the contridu-

tion of the terminal ring towards molecular rotation, but the

introduction of two further methyl groups at C(‘) in cholestanol

and érgostanol has a piofound effect.
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TABIE III

M - Zga A
3B-alcohol Hydrocarbon 3-Ketord’

i‘g’l‘;‘;ﬁnO; R® I )73 +150 +149 "‘116 34 33
" ’ = A o He

Laudanol + 93 +107 + 62 -31 =45
(CLIXy R = .ﬂa) A : '

Cholestanol + 93 + 91 +159 +66 +58
(CIWIII, ReN! = H) ,
Ergostanol .., + €4 + 66 +140 +76 +74
(CLIX, R'= n) :

14-Jethy1choleatanol 134 +157 - +244 +87 -

(CLVIII. R = I, R! = Ma)

Fufthgrmorc. from & comparison of moleculdr rotgtion
difforenceé of double bond iscmers of cholgg?éﬁol and ergostenol,
it ie possible to differentiate between comboh;da containing &
A doublo bond end those containing o AT doublo bond (Teble IV).
choleat-7-enol and ergost~T-enol show a small negativo chango in
riylecular rotution on aqe@ylation (l\:), whc:ggs the corresponding

=
/A “iconers oxhibit & much lerger negative chango.

TABIE__ IV. |
‘Alcohol Acetata Tsn=oets Kator> '

g e 286 L '
Cholest-8-encl +193 +144 4201 4227 -47 + 8 +34
0 138 S
Ergost-8-6ri61 = +156  +110 +171 - -46 415 -

. O - 4 - .-
Cholest-']-’-’enol1 + 15 + 8 + 34 +95 -7 +19 +84
Eféoéf—f—enoi’°° - 8 -18 + 10 +88 -10 +18 +96

The recognition of these features led us to compare the

molecular rotation changes associated with reactions of dihydro=-
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butyrospermol with the corresponding changes for lanost-7-en-3ﬁool
(CIX). Although lanost-T-en-3-one had previously benm prepexcd. its
Specific rotation was not recorded and its preparation vas
undsrtaken,

Lanost-8-enyl acetate was isomerised with dry hydrogen
chloride in chloroform at 0° to a mixture consisting mainly of the
Z&? isomar together with some starting material, The latter was
selectively oxidised with chromic-acetic acid and pﬁro lanogt=7=~
-cnyl acetate obtained by chromatography of the resultant produdt,
Reduction ofAthie acetate with lithium aluminium hydride in ether
gave lanost-T-en-3p-o0l (CIX), benzoylation of which gave lsnosteT-
-anyl benzoate. The constants of these three compounds weére in
good agreement with the literature valuesf5 Lanost-7-en-3-one m.po
146-147°, [a]D - 20° was preparcd by oxidafion of the alcohol
(CLX) with the chromium trioxide-pyridine complex at room

temperature. The molecular rotation comparison is shown in

table V.
TABLE ¥
— &* Az Az Aﬁ
fledio) Acetite Benzoate Fotone
%ano;t-?»en-}ﬁ-ol +45 +156 +266 - 85 <4111 +221\ =130
CLX '

_ 128
Dihydrobutyrospermol -60 + 56 +164 =182 +116 +224 =122
It was found that the change in molecular rotation when

lanost- 7aen-36-ol is oxidised to lanost-?»on-}-ono is negativo arnd
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almost identical with the change associated with the conversion
of dihydrobutyrospermol to the corresponding 3-ketone. Further,
thelki (acetylation) and.[&z (benioylation)values for lanost-
-7-en-3f-0]l are nearly identical with the related values for
dihydrobutyrospermol. The closa correspondence of fhese values
indicates that the strﬁcture and stereochemistry of rings A and B
is fhe same in both compounds. That is, dihydrobutyrospermol
must poessess a doubls bond between C(,) and C(Q and have the

0(9)-hydrdgen atom in the a-configuration and is thus 9a;euph-7-
-en-3p-0l (LXXXI).

Aeo

(1LXxXI) (c1X1)

The molecular changes for butyrospermol, cxclgprténoi

(XXI) and cyclolaudenol (XXIII) are comparod in Table VI.

TABLE VI.
... Hp ,
‘Alcohol AcetAate Znzoats KﬂtoTx? &1 Aa As
Butyrospermol = - 51  + 48  +159 =170 99 4210 119
gzglgﬁrtenélas +230 +280 +400 + 93 +50 +170 =137

cyclolaudensl = +205  +265  +343  + 83 +59 +137 =123



The guph-Taenyl acetate prepared by Barton‘a by Wolff=
-Kishner reduction of 7-oxoeuph«8«cnyl acetate followed by
reacQtylation of the product can now be formulated as 9f-euph-7-
onyl acetato (CLXI) and cannot be the Sa-iéomer as proposed by
Jonestg, This was confirmed in these laboratories by Dr. H. S.
Wafson who again prepared 98~-euph-7-enyl acetate using fhe'

- originel method‘.s Ha found that this acetate was unchanged after
treatment with hjdrogen chloride under conditions which readily
isomerise dihydrobutyrospermyl acetate to euph-8eenyl acetate.
9p-Euph~T~enyl acetate must therefore be the moré stable 1aémer.
This stereochemistry allows the molecule to adopt an all chair

(or half-chair) conformation in contrast to the less stable boat

(or half-boat) arrangement present in its 9a-isomer, dihydro-
butyrospermyl acetate and which conformation is cqnsidered to be the
driving force for its irreversible conversion into euph~8-enyl
acetate whicﬁ can adopt an all-chair (or half-chair)conformation

throughout fhe molecule,

es
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Melting points are uncorrected. Specific rotations were
measured at room temperature in a 1 dm. tube using chloroform
as solvent. Ultraviolet absorption spectra were measured in
absolute alcohol solution using a Unicam S,P.500 and a Hilger
H700.307 spectrophotometer. Infrared absorption spectra were
measured by Dr. G. T. Newbold and Miss N. Caramando. Grade II
alumina was used for chromatography and light petroleum refers
to the fraction of b.p. 60-80°. The analyses were carried
out by Dr. A. C, Syme and Mr., W. McCorkindale of the Royal
College of Science and Technology, Glasgow, C.l.

Acetylation of "isoCholesterol'. -'isoCholesterol' (100 g.)

was dissolved in a mixture of acetic anhydride (100 ml.) and
pyridine (100 ml.) and the solution heated at 100°® for 1 hour.
The product, isolated by means of ether crystallised from
chloroform-methanol as needles, m.p. 123-126° (94 g.)

Hydrogenation of "isoCholesteryl Acetate". - The above

acetate (94 g.) in glacial acetic acid (800 ml.) was shaken with
hydrogen for 6 hours at 70° in the presence of platinum catalyst
(fr. 5 g. Platinum oxide). The filtered solution was svaporated

to dryness and the product used as such for the following

oxidetion.

‘ 70774
7:11-Dioxolanost-B-enyl icetate . = The hydrogenation

product (94 g.) in stabilised acetic ecid (2 1.,) was treated at
100° with a solution of chromiur trioxide (70 g. = 5.2[0]) in
water (130 ml.) added with stirring during 30 minutes. After

heating at 100® for a further 1.5 hours, the excess reagent was

destroyed by the additicn of methanol and the solution evaporated
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to near dryness under reduced pregsure. The product, isolated
by means of ether, was dissolved in benzene and filtered through
a short column of alumina (800 g.). Crystallisation of the
benzene-eluted material from methanol, gave T:ll-dioxolanost-8-enyl
acetate (60 g.) as yellow plates, m.p., 156-~158°, [a]D + 91.5°
(e43.1).

Doree, gﬁ_e},v‘quote m.p. 156=-158°, for this compound.

71ll-Dioxolancetanyl Acetate. - (a)v‘ Zinc dust (30 g.)
wvas added portionwise to a solution of 7:ll-dioxolanost-8-enyl
acetate (25 g.) in glacial acetic acid (500 ml.) at 110° and the
heating continued for 1l hour. After filtration, the solution was
reduced to ca. 100 ml., poured into water and the product, isolated
by means of ether, orystallised from chloroform-methanol as plates
(22 8e) mep. 221-222°, [a]n + 58° (0,1.3). PFive recrystallisations
from the same solvent mixture gave pure T:ll-dioxolanostanyl acetate,
m.p. 223-223.5°% [a], + 62.0° (g,1.9).

Doroe.,gj,gl.v‘ quote m.p. 222-224°, [a]D + 54.6° for this
compound.
(v) A solution of 7ill-dioxolanost-8-enyl acetate (200 mg.) in
methanol (150 ml.) was heated under reflux with a trace of zinc
bromide and activated zino dust (2 g.) was added portionwise
over 3 hours. The colourless eolntion was filtered, poured into
water and worked up in the usual manner using ether. On crystall-

isation of the produot from chloroform-methanol, 7:ll=dioxolanoat-

anyl acetate (180 mg.) was obtained as plates, m.p, 222-223°, [a]D
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+ 62.0° (0,0.75), undepressed with the matcrial prepared as above.

Treatment of 7:1lw-Dioxolanostenyl Acetate with Alkali. -

A solution of 7:1ll-dioxolanostanyl acetate (éso ng.) in methanolie
potassiun hydroxide (10%, 125 ml.) was heated under reflux for

18 hours. The product, isolated in the usual way, was gcetylétod
with acetic anhydride (10 mi.) and pyridine (10 m1,) at 100° for
1 hour,-

Crystallisation of the product from methanbl gave T3ll~
-dioxolanost-8-enyl acetate, m.p. and mixed melting point, 162-163°,
[aly + 92.1° (g,1.4). . |

Euphol Dsrivatives. = All the euphol derivatives were

prepared from euphol isolated from the commercial latex known as
Gum ruphorbia, by the method of Newbold and Springt2 EQphol

was crystallised from acetons as needles, m.p. 114-116°, [a]D

+ 33° (cy1.7). Treatment of euphol with acetic anhydride aand
pyridine at 100° and corystallisation of the product from
methanol-chloroform gave euphyl acetate, m.p. 106-108°, [a]D

+ 40.5° (2,1.4). Bydrogenation of euphyl acetate in ethyl acetats
over & platinum catalyst gave euph-8-enyl acetate which c:ystalliaad
from methanol-chloroform as needles, m.p. 124-126°, [u]D + 34°
(¢y1.1). Oxidation of euph-8-enyl acetate with chromic-acetis
scid according to Christen et als  gave 7:ll-dioxoeuph-8-enyl
acetate as yellow needles from methanol, m.p. 111;112'. [a]D + 21°
Qg,;oS). Light absorption: A\ = 2720 i. (€:8,750).

nax,
100
Christen et ol. give m.p. 113-114°, [a]) + 20°,
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7:11-Dioxoeuphanxi Acetate. - (a)1°°7sll-Dioxoeuph-e-enyl
acetete (2 g.) in acetic acid (150 ml,) heated umder reflux with
zinc dust (2.0 g.) added portionwise over # hour. The cooled
solution was filtered, poured into water and the product isolated
by means of ether. Crystallisation of the product from methamol
gave T:ll-dioxoeuphanyl acetate, m.p. 155-156°, [a]D - 120°* (c,1.1).
The compound was trensparent to ultraviolet light. Christen

Christen gﬁ_g;iooquote m.p. 156-157°, [a]D - 132° for
this compouné.
(v) A solution of T:ll~dioxceuph-8-enyl acetats (100 mg.) in
methanol (75 ml,) was heated under reflux for 1 hour with activated
zinc dust (1.0 g.) and a trace of zinc bromide. The product,
isolated in the usual manner, crystallised from methanol as
colourleas blades, m.p. 156-157°, [a]D - 121° (c,0.6), identical

7ith tho material obtainsed above.

Treatment of T:ll-Dioxecsuphanyl acetate with Alkali and Acid. -
(a.)”1 4 solution c¢f T:ll-dioxoeuphanyl acetate (100 mg.) in
methanolic potassiwy hydroxide (10%, 70 ml.) was heated under reflux
for 3 hours. The product, isolated in the usual way, was acetyl-
ated with acetic antydride (10 ml.) and pyridine (10 ml.) at 100°
for 1 hour, Crystillisation of the product from methenol gave
T:1l-dioxoeuph-B-enyl acetate, m.p. and mixed m.p, 112-113°, [a]D
+ 21° (c,0.5).
(b) A solution of 7:1l-dioxoeuphanyl acetate (110 mg.) in
hydrochlorie-acetic acid (1:20, 10 ml.) was heated at 100° for

3 hours. The sroduct, isolated in the usual manner, gave
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T:ll-dioxoeuph~B-enyl acetate as yeliow needles, m.p. and mixed
m.p. 111-113°, [a]D + 21° (c,1.3), on crystallisation from methanol.

877
7:11-Dioxolanostanol. 4‘ 7:11l-Dioxolanastanyl acetate

(500 mg.) was heated under reflux for 1 hour with 3% methanolic
potassium hydroxide (75 ml.). The solution was poured into water,
neutral ised with dilute hydrochloric acid and the product extracted
with ether and crystallised from methanol to give 7:ll-dioxolanost-
anol as needles, m.p. 189-191°, [a]D + 57.8° (c,1.25). Literature
values ' ° for this compound are m.p. 183-184°, 190-191‘.'[a]D

+ 58°, Roacetjlation of the alcohol gave Tslledioxolanostanyl
acetate, m.p., and mixed m.p. 222-223°, [a]D + 62.1° (cy1.5).

70973
38,TB~Diacetoxylanostan-11f-0l. - Tsll-Dioxolanostanyl

acetate (1.6 g.) in dry ether (120_m1.) was added to a suspension
of lithium aluninium hydride (1.6 g.) in dry ether (200 ml.,) and
the mixture refluxed for 24 hours. The product isolated in the
usual manner failed to crystallise and was acetylated with acetic
anhydride (15 ml.) and pyridine (15 ml.) at 100°® for 2 hours. On
crystallisation of the product from methanol-chloroform, 38,78~
diacetoxylanostan=11f-0l (1.5 g.) was obtained as needles, m.p.
239.5-240°, [a]D + 58.6° (c,1.9).

Cevalla and McGhie - and Voser, gﬁ_g;:‘ give m.p. 239°, [a]D
+ T70° to + 73° for this compound. Barnes and Pa.lmer107 have
recently recorded m.p. 235-236°, [a]D + 56°, + 57°.

3B, TB-Diccetoxylanost-9(11)-ens, -70°107 38, 7p-Diacetoxy~

lanosten-11-0l (180 mg.) in dry pyridine (11 ml.) was treated with
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phosphorus oxychloride (1.5 ml.) and the solution heated at 100°
for 5 hours. The cooled solution waa'pou;ed into water and the
proauct, isolated in the usual way, cryatailiséd from methanole-
chloroform to give 55:7ﬂ-diacetoxylanoat-9(li)-ene ac
stout needles, m.p. 213-213,5°, [a]n + 77% + T7.4° (cy1.1, 1.5).
It gives o yellow colour with tetranitromethane in chlorofdrm;
Cavalla and McGhigvo give m.p, 213-214°, fu]D_+ 83° to + 84°
for this compound. Barnes and Palmer}ov have sﬁbséquently recorded
Dep. 212-214°, [o:]D + 58°. ‘
38,78,11a-Trihydroxylanostane. -f“ Sodium (2.0 g.) was
added portionwise over 2 hours to a refluxing solution of 7:11-
dioxolanostanyl acetﬁte (2.0 g.) in n-propanol (20 ml.). The
excess sodium was destroyed by the addition of ethanol-water and the
solution worked up in the usual way, Crystallisation of the pioduct
from methanol-water gave 33,7B~11a;trihydroxy1anostane s needles,
m.p. 215-216°, [a]  + 26.3%, + 26.3° (g,1.6, 0.5). Bar'gon“'
quotes m.p. 207~208°, [cz]D + 3° for this compound. Acetylation of
this tricl with acetic anhydride (20 ml.) and pyridine (20 ml,.) at
100° for 14 hours gave SB.TB,lla-triécetozylanostaﬁo, ﬁ.p. 155=-156°,
[cz]D + 30.4° (cy1e4). 'Bafton4°° gives m.p, 156°, [a]D + 29°.
Hydrolysis of this triacetate with lithium aluminium hydride in
ether gave the corresponding triol with the same constants as
rocorded sbove (m.p. 215-216°, [a]D + 26.2° (c,1.1).
3,7s1leTrioxolanostans, = (a)ve‘A solution of 7:lledioxo=
lanostenol (400 mg.) in pyridine (10 ml.) was sdded to the cofiplex

formed from chromium trioxide (400 mg.) in pyridine (4 ml.) and ths
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mixture allowed to stand overnight at 16°. The préduct, isolated
in the usual manner, gave }:7:11-trioxolanostahe (350 mg.), mePo
166-167%, [a]; + 48.5° (,1.1), on crystallisation from methanol.
Dores, et sl.  quote m.p. 165-167°, [al) + 121.1° for this
compound.
(v) A solution of the uncrystallisable triol (obtained by
treatment of 39:7B-diacetoiylénostan-llp-ol with lithium aluminium
hydride in ether)(l.Z? ge) in pyridine (60 ml.,) was added to the
complex formed from chromium trioxide (3.3 g.) and pyridino'(so ml,)
end the nixturs allowed to stand at 16° overnight. Crystalliéation
of the product from methanol gave 33:7:ll-trioxolanostans, m.p.
166-167°, [x]D + 48,2 (c4145). |
(c) 33,75,lla-Trihydroxﬁlahostane (1.3 g.) was dissolved in
pyridine (60 ml,) and treated as in (b) to give 3:7ail—trioxolanoatan@
m.p. 167-1é8°, [a]D + 47.56° (cy1.5)s The mglting point was
undepressed on admixture vith the samples prepéred as deseribed
under (a) and (b). The infrared absorption spectrum showed a band
at 1715 cm,-i(carbonyl).

Tregtment of 3:T7:ll-Irioxolanostane with Minoral Acid. ~

The trione (270 mg.) was dissolved in hydrochloric-acetic acid
(40 m1. 2:2) and tho solution kept et 100® for 3 hours. On

crystalliration of tha produclt from methanol, unchanged starting

‘material, m.p. and mixed m.p., 166-167°, [a]D + 46,0° (c,0.8), was

obtained in almost guantitative yield.
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Treatment of 7sll-dioxolanostanyl Acetate with,gggomiuh

Trioxido in Pyridine. - 7T:ll-Dioxolanostanyl acetate (100 mg,) in
pyridine (5 ml,) wes added to the complex formed from chromium -
triozide (100 mg.) in pyridine (1 ml.) and the solution was allowed
to stand at 16° ovornight. The product, isolated in the usual way
was crystallised from chloroform-methanol to give unchanged storting
metericl, m.p. 222-223°, [a]D + 6X.9° (¢,0.55), in good yield.

Treatmant of 3P:7P:lle-Trincetoxylanostane under Equilidrating

Conditions. « 3,7,11-Triacetoxylanostane (155 mg.) in n-propanol

(10 ml.) vas heatcd under reflux for 48 hours with sodium (2.0 g.).
The product, isoletced in the usual way, crystallised from methanol
as needles, m.p. 215-216°, [a]D + 26,3° (c,0.4), undepressed in
melting point with 3B,7B8,1la=-trihydroxylanostane. Acetylation

of the product gave 38,78,lla-triancetoxylanostane, m.p. and mixed
m.p, 155-157¢, [a}D + 30.1°, (c,0.51)

110
11-Oxolanostanyl Acetate. - A solution of T:ll-dioxolanostanyl

acetate (22 g.) in redistilled disthylene glycol (730 ml.) was
heated with hydraszine hydrate (100%, 11.2 mi.) at 200° for 1 hour.
After cooling to 70°, the mixture was treeted with & solution of
sodium (22 g.) in diethylene glycol (210 ml.) and hezting was
continuved at 220-230° for a furthasr 6 hours, Tho ccoled mixture
wan poured into weter, acidified with hydrochloric acid and
extracted with ethe:. The ethercal extrac? was washed, dried
(Na,S0,) end evaporated to give a yellow gum (21 g.) which was

troated with acetic anhydride in pyridine at 100° for 14 hours. 4




eolufién of the dvy acotylatcd matsrial in light potroleta (350 nls)
sta chroﬁ:ﬁographeﬂ on aluaina (600 g.). Elution with tho same
aolvenﬁ (400 ml,) ave a2 fraction which ofter sevorcl erystcllicaticza
fron ﬁhlorefe:m-m:th:nol cave lanost&nyl ccetate as ncedlea, m.p.
152-154°, [a]D + 41° (841.3). Continued elution with 1light
petroloun (4.4 1.) an? petroloume~benzens (911, 3.6 lo3 311, 1.6 1.3
1:3, 1.6 1.) gava a fraction which on erystallisation from
methanolechloroforn yielded ll-orolanosteayl zeetates (8.2 g.) a3
needles, n.p. 144-146°, IZ the nolted specimen was coolsd until
it Just solidificd and then remeltcd, the melting point was 156=157°%,
[a]D + 62.3° (051.9). Sublimation of tho acotato, m.p. 144-146°,
[a]D + 62.3° v2der high vecuua (0.0001 mm.) at 130-140° gave material
Zepo 156-157°, [a]D + 62.2° (c,y3.3) which after recrystallisation
from chleroform-methanol had m.p. 144-145“22973. Infrarcd
absorption (in Nujol): bzndz at 1242 and 1743 cmo'1 (acetate) and
1702 cmo‘a(carbonyl). A further fraction (6 g.) cluted withk
be#z@n@ (1.6 1.) and methenol (800 ml.) erystzlliccd from methanol
%0 give llB-hydroxylenostanyl acetate as fine needles, m.p. 210-211°,
[e], + 62.4° (c,2.7). -
38311B-Dibydroxylanontana. - A solution of ll-oiolanoetanyl

acetate (8,0 g.) in dry ether (330 ml.) was added to & suspension
of lithium aluminium hydrid§ (8.2 g.) in dry ether (500 ml.).  The
niﬁture wvas rafluxed for 24 hours; cooled, diluted with ether
(100 ml.) ané the excess hydride destroyed by tha addition of

crushed icc, Tho suspension was washed with dilute eulphuric acid

| (5E), water, and driod (Ha,SO,). Ths produet obtained by oveporz-

tion of the ether wan ewretallised from chloreformemathanol to givo



98

38:11p-dihydroxylanostane as fine needles, m.p. 193-194°, [a]D

+ 54° (c,1.6), unchanged by further crystallisation. The infrared
speotrun showed hydroxyl bands at 3642 cm.'1 and between 3270 and
3320 cm.’i.

[Found: ¢,80.9; H,lé.4. Calc. for C3oHseG: C,80.653 H,12.2%]
Voser has quoted.'3 m.p. 190-191°, [a]D + 29° for this
compound while McGhie records the constants,uo m.p. 190-191°, [a]D

+ 28.4°.

11p-Hydroxylanostan-3p-yl fcetate. ~ A solution of the diol

(7.8 g.) in pyridine (50 ml.) and acetic anhydride (50 ml.) was kept
at room temperature for 15 hours. The product was isolated by means
of ether and crystallised from chloroform-methanol to give 1llp-
-hydroxylanostan-38~-yl acetate as needles, m.p. 210-211°, [alb

+ 62.5° (¢,1.5). Its infrared spectrum (in Nujol) showed bands

et 1725 and 1270 cm.'x(acetate) and 3600 cm.-i(hydroxyl).

When the experiment was repeated at 100° for 3 hours, the
mono-acetate, m.p. 209-210°, [a]D + 62° (0,2.0) was again isolated
in high yionld.

[Found: C,78.43 H,11,7. Calc. for Cy,HsgO5: C,78.65 H,11.55%]
v930173 gives m.p. 219-220°, [a]D + 23° for this compoundj
McGhia' *° vecords m.po 215-216°, [a]D + 22.8°,

38:i1B=-Diacetoxylanostane. = A solution of l1llf~hydroxylanostan-

-3f-yl aceiate (200 mg.) in dry ehloroform (5 ml.,) and redistilled
dimethyl aniline (6 ml.) was treated with acetyl chloride (4 ml.)

and the mixzture gently refluxed for 20 hours, Tha product was
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isolated in the usual way by means of ether and crystallised several

times from methanol to give 3p:llp-diaceotoxylanostane as needles

mep. 182-182.5°, [a]D + T70.8° (cy2.3). A mixture with starting

paterial had m.p. 162-180°. The compound did not colour tetra-

nitromethane and was transparent to ultraviolet-light° Infrared
absorption (in Nujol)s bands ét 1739 cm'1 and between 1238 and

1253 cm. .

[Founds C,77.23 H,11.23. C3,Hgq0, requires C,76.9; H,11.01%].

1ll1-Oxolarostanyl Acetate from 1llf-Hydroxylanostanyl Acetate. =

A solution of 11B-hydroxylanostanyl acetate (200 mg.) in acetone

(20 ml.) and benzene (2 ml.) was treated at room temperature during

3 minutes with the Kiliani solution (0.176 g. sodium dichromate/é.c.;
0.30 ml, fs The mixture was alloved to stand for 10 minutes defore
methanol (5 ml.) was added and the product isolated by means o?
other, Crystallisation of the product from chloroform-methanol gavo
ll-oxclenostanyl acetate (135 mg., as ncedles, m.p. &nd mixed m.p.
144<-146° (remelting 156-157°), [a}D + 62.6° (c,2.0).

33:1l-Dioxolanostane. - A solution of 33:118-dihydroxy-

lanostens (170 mg.) in stebilised acetic acid (5 ml,) was treated
dropwise a3 room tsmperaturo with a solution of chtrormium trioxide
(155 rg.) in acetic acid (30 ml.) and the sclution kept in the cold.
for 12 hours. The product, isolated in thre usual way, was
dissolved :in light petroleun (20 ml.) and filtered through & column

of alumina (4 g.). Elution with petroleur-bensene (4:1, 100 ml.)

geve & fraction (110 mg.) which after two crystallisstions from
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metﬁandi*}iélded 3:11;&ioxdlanostane as b;&dés. m.pov12o;i2i'. [a]D
+ 66.5° (8,242). vbébizs'.’ gives m.p. 120-123°, [a]D + 61°, + 69°
fbtnéﬂiQ'coipoundo Its ‘infrared absorptian (in Nujol) showed a
strong band at 1710 om. due to the oarbomyl groups. L

SB:lla-Diacetotylanoatane. - A soluiion of 11-oxolanoutany1

acetate (500 mg.) in n-propanol (10 ml,) was ro1led gontly under
refIﬁx; Sodium metal (500 mg.) was added in snall portions to the
refluxing golution over 2 hours. Excess sodium'waa deetroyod by
the addision of othanol and the product, isolated tn thc usual way,
was treated with acotio anhydride (10 ml.) and pyritine (10 ml.) at
room.temporatnre for 18 hours., Three crystallisaticua of the product
from methanol gave 36:ila-diaootoxylanoatane (320 mg.) as. needlea.
B.po 122-124°, [a]D + 24 (843.1)s The infrared spectrum (1n
carbon tetrachloride) ahowed bande at 1737 <:xn."z end 1240—1250 om.'l.
ﬁijovic. gﬁ.g;} give mop. 127-128'; [a]D + 13 y  11° for
tﬁié'ééﬁpound. |
I,anost-9(11)oiiil ég_o_g_e_x_i_:_gja - IIB-Hydrozylanostx\a;i: nwocetate
(é;5 g.) in dry pyridine (460 ml.) was ireated with phcoipherus
oxychloride (58 ml.) and the mixture kept at 100° for 3 hours, cooled
and pourod into a laerge volume of water. The product (7.5 g.)
isolated ia the usual way, was dissolved in light petroleim and
percolated through a column of activated aiumina (230 g.). The

fraction (6,91 go) sluted with light petroleum (1.4 1.) ard light

petroleum-benzens (9:1, 2.1 1,) gave lanost-9(11)-enyl acetate (6.7 z.)

as pletes m.p. 174-176°, [a]D + 91° (c,1.1) on orystallisation from
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methanol-chloroform. The compound shoved a yellow colour with
tetranitromethane in chloroform. Light absorptioné Max. at
2060 4. (& 4,300).

[Fovnd: C,81.33 H,11.6. Calc. for C5,Hg,0,: C481.6; H,11.7%].

Treatment of Lanost-9(11)-enyl Acetate with Chromic-Acetic

Acid. - A solution of lanost-9(ll)oény1 acetate (3.0 g.) in
stabilised acetic acid (385 ml.) and methylene chloride (30 ml,) was
treatod ot room temperature with a solution of chromium trioxide
(1.275 g.) in acetic acid (99%, 93 ml,) over 1L hours. The mixture
was allowad to stand at 18® for 43 hours before the excess chromium
trioxide was destroyed by tle addition of methanol. The product,
isolated by means of ether, was dissolved in light petroleum and
chromatographed on alumina (300 g.). The fraction (800 mg.)
eluted with light petrolewm (2.2 1.) and light petroleum-benzene
(9:1, 1 1.5 4:1, 1 1,) gare starting material, m.p, and mixed m.p.
172-174°, [a]D + 91° (c,1.3). Continued elution with light
petroleum-benzene (1:4, 1 1.) and benzene (200 ml.) gave a second
fraction (530 mg.) which »rystallised from methanol-chloroform as
plates m.p, 183-184°, [a}) + 30® (c,0.8). It was undepressed in
melting point on admixturas with an authentic specimen of 9:11l-
-epoxylancstanyl acetate [m.p, 182-183°, [é]D + 30.1° (¢,0.9)].

A thi»d fraction (350 mg.' eluted ¥ith benzene (1 1.) gave on
crystollisation from methinol-chloroforn a mixture m.p. 146-150°

which coull not be purifi:d by further cryztallisation or

chromztography. Elution. with berzene-othar (4:1, 800 ml.) gave a

final fraction (550 mg.) which on crysfallisation from methanol
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yiclded 12-oxolanost~9(11)-enyl acotate, m.p. and mixed mep.

®
180-181°, {a]D + 94° (c,1.3), Light absorption: Max. at 2420 A,
. (€:10,600).

- 9:11-Epoxylanostanyl Acetste. - A solution of lanost-9(11)-

-enyl acetate (100 mg.) in acetic acid (10 ml,) was treated with
perhydrol {0.5 ml.) end the mixture heated at 100° for 2 hqurs. The
cooled solution was diluted with water and the crystalline product
collected. Recrystellisction of this msterial from methanol

gave 9:1ll-cpoxylanosisnyl acetate as plates m.p. 182-183°, [a]n

+ 30.1° (¢,0,9).

Troatnent of 9:1l-Epoxylancstanyl Acetate with Chromic Acetic

Acid, - A solution of 9:ll-epoxylanostanyl acetats (40 mg.) in
methylena chloride (0.5 ml.) and stabilissd acetic acid (6 ml.) was
trected as ibove with chromium trioxide (17 mg.) in zcetic acid
(90%, 1.32 ml,). The product, isclated in the usual way, geve
starting :oterial m.p. and mixed m.p. 182-163° in good yleld on
crystzllisation from rathenol.

Linost-9(11)-gn-3-cne. - A solution ¢f lanost-9(11)-enyl
acetate |1 g.) in dry ether (50 ml.) wae adésd to & suspension of
lithivm lvniniun hydride ( 1 g.) in dry etker (50 ml,) and the
nixture honted urder roflux for 3C minutes. The prcduct, obtained
as & whkite solid by msans of ether, was dissolved in dry pyridiﬁé
(20 nl1,) znd added to the complex formed from chromiun trioxide (1 g.)
and pyridine (16 ml.). After standing at room temperature overnight,
the mixturo was joured into water and the product isolatad'in‘the

usazl woy. Crystallisation of this meterial from methanol-chloroform
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gave lanost-9(11)-gn-3-one as blades (780 mg.) m.p. 113.5-114°,

[a]D + 66.4° (c,1.0). Infrared spectrum: Dand at 1710 om. ™

(carbonyl). Max. at 2050 4. (€:4,100). | |

[Found: C,84.204 H,11.95%. Cy,Hy;o0 requires C,84.443 H,11,81%].
Bromination and Dehydrobromination of Lanost-9(1l)-en~3-one, =

A solution of the ketone (700 mg.) in dry carbontetrachloride (23 ml,)
was boiled gently under reflux over strong illumination for 1 hqur
with N-bromosuccininide (350 mg.3 1.2 moles). The solution was
filtered and evaporated to dryness to give a dark brown gum which
failed to crystallise from the usual solvents. The gum was treated
with collidine (12 nml.) under reflux for 2 hours and the product
(650 mg.) was chromatographed on alumina (17 g.). No crystalline
materiel was obtained,

Bromination of lenost-9(11)-enyl acetate as described above
alﬁo gave & gum with the same light absorption characteristics
(¥ox. et 2060, 2300, 2400 end 2800 i,). |

Treatment of Lanost-9(11)-en-3-one with Selenium Dioxide in

Acetic Acid. - Lanost-9(1l)-en-3-one (100 mg.) in acetic acid (15 ml.)
vas boiled under reflux with selenium dioxide (106 ng.) for 50 hours.
After working up in the usual way, the product was crystallised from
methancl-chloroforn to‘give unchanged starting material, m.p. and
mixed m.p, 113=114°, [a]n + 66,2° (c,0.6), in good yield.

Treatment of 11-Oxolanostanyl Acetats with Selenium Dioxide

£fe1091113 .
in Acetic Acid. (a) 11-Oxolanostanyl acetate (2.0 g:) in

glacial acetic aeid (65 ml.) was heated undsr reflux for 24 Hours

with dry solenium dioxide (3.0 g.). The solution vas filtered and
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the product, isolated in the usual way, was dissolved in light
petroleun (100 ml.) and chromatographed on a column of alumina

(60 g.). Elution with the same solvent (300 ml.) gave a fraction
(65 mg.) which crystallised from chloroform-methanol as needles,

m.p. 146~148°, undepressed in m.p. when mixed with starting material,
The fraction (630 mg.) eluted with light petroleunm~benzene (1:3,
1.05 1.) ani benzene (600 ml.) crystallised from methanol as plates,
m.ps 199-202°, [a]D - 16.5° (g,1.1). Further crystallisation fronm
the same solvent gave pure 9B-methyl-10f-hydroxy-11-0xo=C~nor=D=

-homolsiosta~12:14:16-trien-3p-yl acetate as plates, m.p. 201-202°

[a]D - 17.2° (¢,1.3). It gives a pale yellow colour with tetra-
nitrcmethane in chloroform. Light absorption: Max. at 2160 i.
(£:70,000), 2600 i. (£:11,500) and 3120 A.(£:1,950). Infrared
spectrums bands at 1243 aﬁd 1736 c:m."1 (acetate), 1724 cm.—‘
(carbonyl), 3584 cm. ™ (hydroxyl) and 867, 1480 and 1580 cm'.'x
foenzenold). It does not give any colour with ferric chloride.
[Found: €,77.54, 77.424 H,9.81, 9.90. Cs,H,q0, requires C,77.37;
H,9.74%].
(v) 11-0zolanostanyl acetate (500 mg.) in glacial acetic acid
(16 ml.) was refluxed for 3 hours with dry selenium dioxide (750 mg.).
Treatment as above gave 9f- metﬁyl-lof-hydroxy-ll-oxo-c-ndf-n-
-homolanosta~12:14:16-trien~3p-yl acetate as plates (300 mg.), meDs
201-203°, [a]D - 17.1° (¢,1.1).

Treasment of the Aromatic Acetate (CXXXV) with Mineral

cf., o
El-109 _
Acid. The acetato(m.p. 200-202°, 100 mg.) in acetic acid

(25 ml.) was treated with a stream of dry hydrogen chleride for
40 minutés and the mixture was kept in a sealéd flask for 3 days at
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room temperature. The product, isolated in the usual way, gave
starting material, m.p. and mixed am.p. 199-201°, [a]D - 16.5°

(c,0.5), on crystallisation from mathanol.

EXdrolxsia,andAggacgEI}ation of the Aromatic Acetate (CXXXV), =
The acatate (m.p. 200-202°, 100 mg.) was heated under reflux fof
2 hours with methanolic pctassium hydroxide (5%, 40 ml,), The
product, irolated in tha uwual way, ;as obtained as a white solid
which failed o crystallise from any of the usual solvehté.
Light absorption: Hax. at 7160 A. (£:30,200)3 2600 A. (£:11,100), _
3120 E. (£'2,200)s Infrared specirum: bands at 1722 cm.-i-(carbonyl),
3580 cms” (hydroxyl) and 68, 1482, 1580 em. (benzenoid).
Acetylation of this matserizl at 102° and crystallisation of the
product fren methanol gave the original aromatic acetate as blades,
m.p., ind mixed m.p., 200-201°, [a]D - 17.1° (¢,0.75).

146
3B:11-Diacetoxylanost-9(11)~ene. fss“ A solution of

ll-cxolanostanyl acetate (5 g.) und p-toluenasulphonic acid (1.9 g.)
in wcetic anhydride (350 ml.) was allowed to distil slowly during

5 leurs until the volume was ;educnd to ca, 50 ml. The product was
irolated in the usual way and chronatographed over alumina (150 g.).
Elution with light petroleum benze:ie (4:1, 400 ml,) gave & fraction
(C.7 g.) which crystallised from ciloroform~-nethanol to yield starting
naterial, Bopo &nd mixed m,p. 145-146°. Further elution with the
same jolvent mixture (4:1, 300 mly 3:2, 60O mly 2:3, 150 ml.) gave

a gur (3.9 g.) which crystallised “rom methanol to yicld the

raquired 3p:ll-diacotoxylanost-9(1L)-ene es atout noedles, mop.

®

113-114°, [m]D + 83,2°, Light sbsorption: Max. at 2050 A, {£:5,120).
i

Infrared spectrum: bands at 1745 and 1240 em, (3-acetate)s 1764
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and 1220 cm.'l (11-acetate)s 1635 cm.'1 ([sr(ll)'double bond).
[Founds C,76.144 H,10.43%. Cj Hyg0,.4CHy OH Tequires C,76.05s
H,10.7%].

9a-Hydruxy-ll-oxolanostanyl acetate. = A solution of the
enol-acetate (400 mg.) in glacial acetic acid (50 ml.) and hydrogen
peroxide (30%, 2 ml.,) was heated at 100° for'2 hours, Crystallis-

ation of the jroduct from methanol gave 9ua-hydroxy-lle-oxolanostanyl

eceatate as prisms (285.mg.), mePe 183-184°, [a]D + 66° (c,2.6).
The compound 's transparent to ultraviolet light, Infrared
spectrum:s bends at 3520 cm. ™ (hydroxyl); 1739 and 1242 eme™
{(acetato); 1715 cm.'1 (carbonyl).
[Found:s C,76.52; H,10.84%. C3p Hg4 O requires C,76.44; H,10.83%)
The uncrystallissble material (100 mz.) from the mothér
liquors ¢f th: above crystallisation was heated under reflux for
45 minvtas vith methanolic putassium hydroxide (5%, 10 ml.). The
produc/ was acetylated using acctic anhydride (5 ml.) and pyridine
(5 m1.) at 100° for 1 hour and crystallised from methanol to yield
9a-hy.roxy-ll-oxolanostanyl acetate, m.p, and mixed m.p. with
'abovtxmatarial, 182-184°, [a]n + 68° (c,.6).

§

Treatment of 9a-Hydroxy-ll-oxolanostanyl Acetate with Mineral

Acil. - A solution of the hydroxy ketone (500 mg.) in hydrochloric-
acefic acid mixture (1:20, 75 ml.) was heated at 100° for 4 hours
and the neutrel product, obtained in the usual way, wes chromato-

grazhed on a column of alumina (15 g.). Elution with light

petroleun (300 ml.) gave a fraction (230 mg.) which crystallised
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from methanol as needles, m.p. 166=167°, [G]D+27'9.(3'1"25)"-"' This
compound.iaAconaiﬁered to be 9f-chloro-ll-oxolanostanyl acetate,
It 1a,trgnaparent to ultraviclet light, 1Infrared spectrum: banﬁa
et 1739 and 1243 om.™> (acetate)s 1714 cm.~ (carbonyl).

[Found: C,74,20; H,11.,103 C1,7.20%. Cy,Hy305C1 requires C,73.84
H,10.80; C1,6.80%].

Attempted Hydrogenation of the Aromatic Acetate (CXXXV). -

(a) A solution of the acetate (100 mg.) in ethyl acetate’!55,ml.) was
shaken with hydrogen over a platinum catalyst _(-from 50 mg. PtQ,) at
room temperature for 30 hours. Oa crystallisation of thefproduct
from methanol, unchanged material was obtained as plates, m.p. and
mixed m.p. 200-202°, [a:]D - 16.9° (0,0.84).
(v) The experiment was repeated using glacial acetic acid as
solvent. = Starting material, m.p. and mixed m.p. 199-201‘,$yas
again‘obtained in good yield.

9a-Hydroxy-11l:12-~dioxolanostanyl Acetateét - A solutign,of
ll-oxo-lanostanyl acetate (2 g.) in dry dioxan (25 ml,) was heated
in a sealed tube at 180° for 4 hours with dry selenium dioxide
(3 g.). . The solution was filtered, and the prdduct. which was
isolated'bj means of ether, was dissolved in light petrolapm and
chromatographed on alumina (60 g.). The fraction (1.2 g.)
eluted with Benzene-ether (9:1, 450 ml.y 3;1, 300 ml.) gave 9a.
hydroxy-ll;lz-dioxolanqstanyl acetate as stout yellow needles,
m.p. 211-212°, [a]D + 141° (¢,0.5), on crystallisation from methanol,
Infrered.spectrum: bands at 1243 and 1739 cm."1 (acetats), 1724 cm."Jl
(carbonyl),énd 3425 em. (hydroxyl).

eaq ,
Voser gives m.p, 211-212°, [a]D + 140°, for this compound.
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Treatment of the Hydroxydione with Selenium Dioxide in Acetio

Aecid. - A solution of 9a-hydroxy-1llsl2-dioxolanostanyl acetate
(120 mg.) in acetic acid (5 ml.) was heated under reflux for 6 hours
with dry selenium dioxide (180 mg.). The filtered solution was
worked up in the usual way and the product was crystallised from
methanol to give unchanged starting material as yellow needles, m.p.
and mixed m.po 211-213°%, in good'yieldo

11:12-Dioxolanost-8-enyl Acetate. - A solution of 9a-hydroxy-
-11:12-dioxolanostanyl acetate (760 mg.) in dry pyridine (5 ml.) was
treatod with rédistilled thionyl chloride (5 ml.) and the mixture
vas allowed to stand at room temperature for 1} hours. The solution
was carefully poured into ice-water and‘the product, isolated by
means of ether, was crystallised from methanol to give yellow needles,
m.p. 176-180°, Several recrystallisations from the same solvent
gave pure ll:l2-dioxolanost-8-enyl acetate as yellow needles, m.p.
188-191°, [a]D + 86.5° (0,1.9). Light absorption: Max. at 2100 A.
(€:3,900) and 2800 3, (6:5,900). Infrared spectrum: bands at
1240 and 1739 cmo"1 (acetate) and 1675 cm.-l(unaaturated diketone),
[Found: C,77.42; H,10.39. Cz,Hy,0, requires C,77.103 H,10.10%] .

Treatment of 1l:l2-Dioxolancst-8-enyl Acetate with Selenium

Dioxide in Acetic Acid. - A solution of 1l:12-dioxolanost-8-enyl

acetate (80 mg.) in glacial acetic ascid (10 ml.) was heated under
reflux for 5 hours with dry selenium dioxide (200 mg.). The

filtered solution was worked up in the usual way and the produet,
in 1light petroleum, was chromatographed on alumina (9 g.). The

fraction eluted with light petroleum-benszene (3:1, 200 ml.) gave
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7:11:12 trioxolanost-SzB-dienyl acetate as orange-yellow needles,
Beps and mixed m.p. 167-169', [a] - 66° (_,0.85)

93-233_1;—10{ ~hyd 5:-3:11-dioxo-c-nor-D-homo;anosta-IZ:14
316f££;2&20 - The uncryatallisable alcohol (300 mg.), obtained by
hydrolysis of th: aromatic acetate (CXXXV) aa described above, was
dissolved in pyridine (6 ml ) end the eolution was added to tho
conmplex formad by reaotion of chromium trioxide (300 mg.} with
pyridine (5 ml ). The mixture was kept at room tomperaturo
overuight and woiked up in the usual 'ay by means of ether. _
crystallisation of the procuct from mothanol gave 9pf22251_ﬁ10f-

hydro 31;3:ll-dioxa-C-nor-Dqumolanosta-lz:14:16otrieno as fine

needles, m.p. 157-158°, [aly~ 46.2%, - 45.8° (2,0.6,0.7), unchanged

byrfugther_crystallisation., ight absorpyions Yax. at élﬁp 2.

(& 27.269), 2620 4. (& 1_1.350) ond 3140 A. (é'z.;eo) Infrared

spectrum: bands at 1714 em,” (ca:\onyl), )590 cm, (hydroxyl)

and 668, 1480 and 1580 cm. (benzonoxd) ,

[Found: C,79.58; 4,9 96. cwnuos r!q..irea C,79.601 H 9 907]
25;26:27-Trisnor-3ﬁ-aeeto§gy7sll di\zo-24-lanost-e-enio

RIXIT!
acld.cf - A solution of "isocholesteryl tretate" (150 g.) in

stabilised acetic ucid (2 1.) was treated at 95‘ vith & golution
of chronizn trioxide (200 g.) in acetic ecid (90%, 3\ ml!)>add°d
over 1 our with stirring. Heating was épntiﬁued for't’turthér
2 houis; the excess reagent was deatroyed.bﬁ the additiqdfgy

methanol and the acid fraction isolated in the normal way. , L.
crystaliisation of this fraction from methsmol the unsaturated

dioﬁo ncid was obtained as yellow needles, m.p. 191—19}‘, [a]D
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+ 95.1° (2,11075)'
VOBQer givees m.p. 192-194°, [a]D + 96°, for this compound.
25126127-Irisnor-3p-acetoxy-7:11-di0xo0=-24~-1anostanic

cf 847143

Acid- ——
(1 1.) was heated under reflux for 1 hour with zinoc dust (30 g.)

The above acid (55 g.) in glacial acetic acid

and the solution was filtered and poured into water. After
acidification with dilute hydrochloric acid, the acid fraction
was isolated in the usual way and crystalliéed from chloroform~
methanol to give the saturated dioxo-acid as fine blades m.p.
224-228°, [a]D + 57.2° (¢,1.4).

Voser - gives m.p. 223-230°, [a]D + 58° for this compound.

25$26127-Trisncr-3p-acetoxy~-11-0x0-24~1lanostanic Acid Methyl

Ester. - A solution of the dioxo-acid (40 g.) in redistilled di-
ethylens glycol (1.4 l.) was heated at 180° for 1 hour with
hydrazine hydrate (100%, 21 ml.). After‘COoiing to 70°, a |
solution of sodium (40 g.) in diethylene glycol (370 ml.) was
added and the mixture hested under roflux at 220-230° for 5 hours.
The cooled solution was pdﬁred into water, acidified with
hydrochloric acid and the acid fraction 1solated by means of
chloroform. The product was esterified with an ethecreal
solution of diszomethane (1.3 moles) overnight at room temperature.
The material obtained on evaporatiuﬁ of the ether was acetylated
using ccetic anhydride (150 ml.) ani pyridine (150 ml,) at 100°
for 14 hours. |

| , fha product, isolated in the usual way, was dissolved in

light petroleun and chromatographed ¢ver slumina (1,200 g.) .
The fraction (20 &.) eluted with lizht petroleimcbengene (143, 2 1.)
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bonzone (2 1.) and benzene-ether (4:1, 2 1.3 111, 2 1.),
orystallised from methanol to givé the acetate-methyl ester as
needles, m.p. 174-175°% [a]n + 44.6° (c,0.8).
Yoser gives n.p. 176-177°, [a]n + 45° for this compound.

| 25126127-Trisnor~24124-diphenyl-11-o0xolanost=23-enyl

e4
Acetatae ?f=

The acetate-methyl ester (12 g.) was hydrolysed by
refluxing @ith methanolic potassium hydroxide (5%, 250 ml.) for

3 hours., The aocid fraction, isolated by means of chloroform, was
treatol overnight with an ethereal solution of diazomethane (1.2
moles). The solution was evaporated to dryness énd'tha residue
was dissolved in dry benszene (240 ml.) and added during 15 minﬁtes
70 a solution of magnesium (12 g.) and bromobenzene (56 ml.) in dry
ether (180 ml.). Ether (ga. 140 ml,) was then distilled off and
the remaining solution was boiled under reflux for 7 hours before
bsing poured over a mixture of ice (550 g.) and ammonium chloride
(36 g.). The resultant liquor was steam distilled for 24 hours to
remove diphenyl and the solid remaining in the distillation flask
was extracted .with benzene (300 ml.) The extract was filtered
and evaporated to dryness. The reaidueAwas refluxed for 1 hénr
with acetic anhydride (70 ml.) and then refluxed for & further

3 hours after the addition of potassium acetate (2 g.). The
product, isolated in the usual ﬁay. crystallised from ohlorotorm-'
-methanol to give 25:26:27-tri-n6r-24:24-d1phény1-11-oxolanolt-23;
enyl acetéte as needles, m.p. 187-189°, [al) ¥ 73° (g,1.4)-

Light absorption: Max. at 2520 i. (€:14,500).

N-T
Voser = gives m.p. 190-191°, [c]D + T4° for this compound.
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25:26:27—Trisnof~24z24-d1ghenxl~11;oxolanosta-2o(22)32}-
ggggng_Acetatoge- A solution of the diphenylethyleﬁe derivative .
(1 g;) in dry carbontetrachloride (28 ml,) was refluxed over
strong illumination with N-bromosuccinimide (95%, ¢ g.) for
20 minutes during which tima 10 ml. of distillate weré collected.
The auaﬁension was cooled and filtered, and the resﬁléiﬁg éolid
was washed with dry cerbontetrachloride (10 ml.). The combined
filtrate and washings (28 ml.) were heated under reflux for .
5 hours with acetic acid (1.8 ml.) and acetic anhydride (0.2 ml,).
The product, isolated in the usual manner, crystalliaed from
methanol-~hexane to give tho required diphenyl butadiene derivative
as fine needles, m.p. 219-221°, [a]D + 54.3° (2,0.70); Light
absorption: Max. at 3080 A, (€:27,800).

82 : '
Voser records m.p. 222-223°, [a]D + 54° for this compound.

Treatment of the Diplenylbutadiens Derivative with

Selenium Dioxide in Acetic Acld. - The sbove compound (300 mg.)

was dissolved in acetic acid (10 ml.) and the solution heated
under raflux for 5 hours witl dry seleniun dioxide (450 mg.).@he
product, isolated in the usual way.'waé dissolved in light ’
petroleum and chromatographed on alumina (9 g.). The fraction
(90 mg.) éluted with light petroleum-benzene (1l:1, 300 ml.)
failed to ocrystallise but deﬁcaited a yellow, amorphous powder
from methiénol., Light absorptions Max, at 2070 I. (€:25,200)
2400 4. (£:9,500), 2650 4. (€:3,500) and 3750 4. (£:14,000).
Infrared gpectrums bands at 1735 and 1243 <':m'a;"'1 (acetéta), 1715

-1 - ob
cm.  (ca¥bonyl) ond 3450 cm.”  (hydroxyl).
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. 82
20 tg, 27-Qgtakisnor-1l~oxo=-17~-acetyl-lanostanyl Acetato. -

A solution of the diphenylbutadiene derivative (0 57 g.) 4n -
methylene chloride (15 ml.) and glacial acetic acid (15 al,) was
cooled to 0° = 3®* and treated with stirring over 1 hour, with a
aélu{idﬁ’df chromium trioxide (0.505 g.) in acetic acid (80%,

10 ml.). The mixture was kept at 0° for 2} hours. The
temperature was then raised over & period of 30 minutes to 18°
at which it was maintained for a further 23 hours. The excess
reagent was decomposed dy the addition of methanol and.fho
producf, isoiated in the usual way, was digested with light
petroleﬁm (2 x 10 ml.) to remove P:f-diphenylacrolein, The
semi-crystalline residue gave octakisnor-ll-oxo-l7-acetyl-
iﬁnbsfanyl écetate as leaflets, m.p. 231-233°, [a] + 107.6°
(c,l 95), on crystaliisation from ohloroform-methanol. Infrafed
apectrum: bands at 1735 and 1240 ecm. (acetate) and 1710 em. ™
'(carbonyl) . .

" Voser gives m.p. 232-233°, [a]y + 109° for this compound.

Treatment sf the Above Dioxo Acetate with Selenium Dioxide

gg.Acefié'Acid. - The dioxo acetate (200 mg.) was heated under
bﬁréflﬁx for 5 hours with selenium dioxide (300 mg.) in~g1acial
acetic scid (10 mi.). The product was isolated by means of ;ther,
dissolved in light'petroleum. and chromafogr#phed over alumiﬁa
(6"g.);— .Elution with methgnol gave a fraction (56 mg.)'which dia

not crystallise and hid no significant light absorption.
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22 to 27-Hexanor-1ll~oxo-3:20-discetoxylanostane. - 4
aolution of octékisnor*17~acetyl-ll-oxoianoatanyl acetate (650 mg.)
in dry ether (200 ml.) was heated under reflux for 2¢'hours with
lithiur eluminiunm hydride (1.5 g.)- The product was acetylated
with ac:tic anhydride (10 ml.) and pyridine (10 ml.) at 100°* for
1 hour and oxidised by treatment in acetohe (15 ml.) at room
temperaturs with ¥iliani solution (0.17624 g. sodium dichfomata
CueCej 0.6/, ml,) for 15 minutes. On orystallisation of the

product {rom chloroform~methancl, 22 to 27-hexanor-11-oxb-5320-

~diac¢toxylanostane was obtained as small needles, m.p. 210-211°,

[o:]D + 54.T7® (331.2). The compound 1is transparent to ultraviolet
1igtt. Infrared spectrums bands at 1739 end 1240 cm."(acotate)
and 710 cm. ™ (carbonyl).

[Fernds C,72.813 H,9.90. CpgH,40; Tequires C,73.003 H,9.63%].

Treatment of the Oxodiescetate with Selenium Dioxide in

Acitic Acid. -~ A solution of the oxodiacetata (350 ng.) in

¢lecial acetic acid (15 ml.)‘was heated under reflux with

seleniun dloxide (520 mg.) for 5 houfs. The cruda product,
isclateid in the usval way, was hydrolysed with boiling methanolic
potessium hydroxide (5%, 40 ml.). A solution of the hydrolysed
materiel in acetone (15 ml.), was oxidised with the Kiliani reagent
(0.63 mi, & 2,05 [0]). Chrometography of the resulting product

over alumine (5 g.) failed to yield an aromatic derivative.

9B-Hethv1-10:ll-dihgdroxx-c-noraD-homolancst&-12;14:16»

trisnyl Acetato. - A sclution cf the arcmatic acetate (m.p. 200-202¢,

90 mg.) in dry ether (22 ml.) vas addsd to a suspension of lithien
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ecluminium hydride (100 mg.) in dry ether (12 ml.) and the mizture
vas heatod under reflux for 2} hours. After dilution with ether,
the excess recagent wea desiroyed by the carefui addition of
crushed ice. The ethereal solution was washed with water, dried
(¥a,50,) ond eveporated to give the triol as a white solid,

Light absorption: Max, at 2080 4., 2230 4. and 2800 4. Infrered
spectrua: bands at 3620 cm."(hydroxyl) and 1480 and 863 om.,"1
(bensenoid). The orude triol was dissolved in pyridine (1 ml.)
end ncetic anhydride (1 ml,) and the solution kept at 16° for

18 lours, The product, isolated in the usual way, crystallised
fr.m methanol as blades, m.p. 165-166°, [a]D - 26.8* (c,0.40),
wichanged by further orystallisation. Light absorption: Max.
ot 2060 A. ( 49,600), 2200 A, (£:12,000), 2260 4. (£:11,000),
1720 L. (£:687) and 28CO A, (£:687). Infrared spectrun bands

at 1736 and 1245 cm."(aoetate), 3610 and 3450 cm;'i(hydroxyl)
and 1480 and 863 ems ™ (benzenoid). This compound is 9B-methyl-

-10:11-dshydroxy-C~nor-D-homolanosta~12:14:16~trienyl acetate
(CxxxvIII).

[Founds C,77.01y H,10,20. CyoHs,0, requires C,77.063 H,10.11%]

Oxidation of the Aromatic Acetate (CXXXV). - (a) A solution

¢f the aromtic acetate (m.p.200-202°, 500 mg.) in pyridine (10 ml.)
rag added to the complex forme& from chromiuvm trioxide (500 mg.)
and pyridine (5 ml.) and the mixture was allowed to stand at room
tempsrature for 18 hours. The product, on crystallisation from

methanol, gave unchanged starting material, m.p., and mixed m.p.

201-203°, in good yield.
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(%) A solution of the aromatic acetate (mep. 200-202°, 200 mg.)
in stabilised acetic acid (25 ml.) was treated with a solution

of chromiun trioxide (60 mg.) in acetic acid (5 ml.) and the
mixture was sllowed to stand at room tempesrature for 20 ﬁours.

The excess reagont was destroyed by the addition of méthanol and
the product, isolated in the usual way, crystallised from methanol
to give unchanged material, m.p. and mixed m.p., 200-202°. |

(e) When the last experiment (b) was repeated at 25° and 50°,
unchanged starting materinl was again recovered in éood yield.

(a) A solution of the aromatic acetate (m.p. 200-202°¢, 100 mg.)
in acetone (6 ml.) was treated with the Kiliani solution (0.176 g.
sodium dichromate c.c.3 0,13 ml) added during 2-3 minutes and the
mixture was allowed to stanl at room temperature for a further

10 ﬁinutes. Crystallisatiwn of the product from methanol again
gave starting material, m.p., and mixed m.p., 201-203°,

(e) The above experiment (b) was repeatod at 100° for 1 hour
using weight for weight proportions of the aromatic acetate and
chromium trioxide ( = 7.5 [0]). NFo crystalline material was

obtained from either the aciiic or the negtral fractions.

9B-Methyl=3ps10{ ~diacstoxy~11-0x0-C~no,~D-homolancsta~12:14s
l6-triere. -~ A zolution of tic aromatic acetate (m.p. 200~-202°,
100 mg.) in chloroform (2.5 ml., and dimethylaniline (3 ml.) was
heatod under reflux for 20 hours with acetyl chlsride (2 ml.),
The solution was cooled, poured into water and worked up in tho
usual way using other, Crystalllsation of the product from

methanol gava tlades, m.p. 160-161°, whizh on recrystallisation froz
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the same solvent yielded 9B-methxl-5ﬁzlofndiacetogx-ll-oxo-c-nor-D-

homolanosta~12:14:16~triene, as blades, m.p. 164-165°, [a]n - 49°
(cy0.35). Light ahsérptidn: Mex, at 2150 A. (&: 25.590), 2600 1-
(2:9,800) and 3100 A. (€:2,000). Infrared spectrums bands at 1240
and 1740 <':m.,'1 (acetate), 1718 <:m."1 (carbonyl) and 1580, 1480 and
868 cm.’i (benzsnoid).

[Fourd: C,75.54y H,9.60. Cg,Hy,Cy Tequires C,75.80y H,9.40%)

Ireatment of Ja-Hydroxy-ll-oxolanostanyl Acetate with

Selenium Dioxide in Acetic Acid. - A solution of the hydroxy ketone

(230 mg.) in acetic acid (10 ml.) was heated under reflux for 5 hours
with eelenium dioxide (300 mg.). Tho product was dissolved in
light petroleum and-chromatographed over alumina (6 g.’. The
fraction {100 mg.) eluted with light petroleum-benzene (3:2, 60 ml.j
1:3, 120 ul.) and benzene (60 ml.) crystallised from methanol to
give Sa-hydroxy-ll:l2-dioxolanostanyl acetete as yellow prisms,

m.p, and nixed m.p. 210-212°, [a_jD + 139,2¢ (8,0,75).

Dohydration of the Aromslic Acetate (CXXXV). - A solution

of the aromatic acetate (m.p. 200=202°, 40 mg.) in éry pyridina
(4 ml.) wos treated with phsophorus oxychloride (0.4 ml,) and the
solution vas kept at 100° for 3 lours. Tke product, isolated in
the usual way, was ottained as an uncrystallisable gum, Light
sbsorption: Kax. at 2170 Ea (€:10,600) with shoulder at 2100 f.;
2600 E. (£:10,500) and.5100 E. (i:2,400). Infrared spectrums
bands at 1243 and 1739 cm.'i(acetate), 1710 en, ™ (cazbonyl),
1630 .nd 690 cmo.i(double bond) and 1580, 1480 and 870 cm,'1

(bonzenoid).,
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Saponification of Shea~-nut Fat. - A solution of shea-nut

fat (5.5 Kg.) in ethanolic potassium hydroxide (10%, 15 1,) was
boiled under reflux for 5 hours, Portions of the hot solution

(3=4 1.) were transferred to large aspirator bottles each containing
warm water (8 1.). The resulting mixture was allowed to cool to

25° befors cach portion was extracted with ether (2 x 6 ;.). The
combined ether extracts were reduced in bulk to sbout 4 litres,
washed with aqueous alcohol (30%) and, finally, six times with water
to remove soaps, The resulting ethereal solution was dried (Na,S0,)
and evaporated to give the non-saponifiable fraction as a pale brown
gun (180 g.).

Dihydrobutyrospermyl Acetate. ~ The non-saponifiable

material (180 g.) was boiled under reflux with acetic anhydride
(850 ml.) for 3 hours and the solution allowed to stand overnight
st room temperature. The white semi-oryqtalline solid which
separated (fraction A, 170 g.) was collected and the filtrate kept
at 0° for 2 days, whea & second crop of small crystals (fraction B,
11 g.) was deposited. Fraction A (170 g.) was boiled under reflux
with acetic anhydride (580 ml.) for 1 hour and left at room
temperature overnight. The solid whibh separated was removed by
filtration and rejected. During the filtration a crop of fine
granular golid separated and, after 12 hours at room temperaturd,
was collected (fraction C, 5.3 g.). Two crystalliSations-ot
fraction B from ethanol-ethyl acetate (10:3) gave material,

corresponding to "basseol acetate'’, as stout needles (6.9 g.)»

m.po 133-135°, {a]D + 24° (c,2.2), while one crystallisation of
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fraction C from the same solvent mixture also gave "basseol acetate
as needles (3.5 g.)y m.p. 134+136°, [a]y + 23° (g,1.5). = These two
ffactione were combined, dissolved in ethyl acetate (500 ml.)and
shaken with hydrogen over a platinum catalyst (1 g.) at 20° for |

9 hours. Evaporation of the filtered solution gave a semi-crystalline
#01id which was dissolved in light petroleum and chromatographéd on

a long column of alumina (500 g.). Elution with the same solvent

(4 1.) gavo a fraotion (6 g.) which crystallised from chloroform-
-methanol %to give dihydrobutyrospermyl acetate as prismatic needles
(5.5 @¢)y mepo 134-136°, [a]D + 10.8° (g,2.3).

7-0xoapoeuph-14-enyl Acetate. - Dihydrobutyrospermyl acetate

(2 g.) in methylene chloride (20 ml.,) and acetic acid (250 ml,) was
treated dropwise during 30 minutes at foom temperature with a solution
of chromium trioxide in acetic acid (12 mg. rl., 70.3 ml, = 3 atoms
oxygen). The mixture was kept at room temperature for 16 hdﬁra.

A little methenol was then added and the mixture evaporated to
dryness under reduced pressure, The product, isolated as a gum

by means of ether, was dilssolved in light petroleum (100 ml.) and
chrometographed on alumina (60 g.). Elution with light petroleum
(1,2 1.) gnve fractions (442 mg.) which yieclded dihydrobutyrospermyl
acetate as prismatic needles m.p. and mixed m.p. 134-135°%, on
crystallisation from methanol. Elution with 1light petrolenﬁ-benzﬁn@
(9351, 1.35 1.3 41, 750 al,) gave fractions (450 mg.) which on

crystallisation gave 7ill-dioxoeuph-8-enyl acetate, identified by
ultraviolet absorption, and 7-oxoeuph-8-enyl acetate as ncedles,

m.p. and mixed m.p, 162-163°, [a]D + 40° + 5° (g,0.4). Continued
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elution with light petroleum~benzene (1:1, 1.5 1.) gave fractions
(335 mg.) vhich crystallised from methanol to give 7-oxospoeuph-
~14~enyl scotate as stout needles m.p. 119-120'. [a], - 85° (2,1.0).
Light absorption: Max. at 2060 Z.. (€:6,500); Infrared absorption
(in carbontetrachloride): bands at 1640 cm.'1 (isolated double dond),
1710 em. ™ (6-membered ring-ketone), and 1735 cm.'1 (acetate), The
compound gave & bright yellow colour with tetranitromsthane in
chloroform.

[Founds C,79.23 E,11,1. Cs,Bs, 05 requires C,79.33 K,10.6%]

The compound was unchanged after treatment with ecetic anhydride and
pyridine at 100° for 1 hour,

apoEuph-l4-enyl Acetate., - 7-Oxoapgeuph~-l4-enyl acetate

(125 mg.) in diethylens glycol (15 ml.) was mixed with a solution

of sodium (375 mg.) in diethylene glycol (23 ml.) and the mixturs

.heated to 200°. Anhydrous hydrazine, prepared by refluxing

hydrazine hydrate (100%) over sodium hydroxide in an atmosphere of
nitrogen for 3 hours, was distilleld into the reaction mixture until it
refluxed guntly at 180°, After boiling at 180° for 18 hours, the
mixture wac distilled until the teaperature reached 210°, and boiling
was continued at this temperature for a further 24 hbufs. The

cooled solution was poured into water and extracted with ether, The
product, icolated in the usual way, was acetylated with acetie
anhydride and pyridine at 100°®, A solution of the produet (130 mg.)
in 1light petroleum was chromatographed on alumina (4 g.) Elution
with light petroleum (150 ml.) gave a fraction (74 mg.) which,

after two crystallisations from methanol, gave apoeuph-l4-enyl acetate
as needles m.po 114-115°, [m]D -~ 12° (¢,1.1), The compound gave o
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yellow colour with tetranitromethane in chloroform and showed a
L J

light absorption maximun at 2060 A. (&:6,400).

[feund: C,81.5; Hy11,7. Cz,Hg,0Q, requires C,8l.63 H,11.6%]

Oxidation of eupha-739(11)-dienyl Acetate with Chromium

Trioxide in Acetic Acid. - Eupha-7:9(11)-dienyl (acetate (1 g.) was
treated with chromic acetic acid using the method and proportions
described in tho preparation of T-cxoapoeuph-l4-enyl sdetate (above).
Chromatography of the neutral product yielded three fractions, naﬁely
starting matdrial, 7:ll-dioxceuph-8-enyl acetate and T-oxoeuph~8-enyl
acetate. No trace of T7-oxoapoeuph-l4-enyl acetate was detected.

Oxidation of Euph-8-enyl Acetate with Chromium Trioxide in

Agetic Acid. - Euph-8-enyl acetate (1 g.) was oxidised with chromium

trioxide (426 mg. = 3 atoms oxygen)in acetic acid - methylene chloride
as described above. Chromatography of the neutral éroduct yielded
three crystslline fractions identified as euph-8-enyl acetate (m.p.
and mixed m.p, 123-124°); T:ll-dioxoeuph-8~enyl acetate (m.p. and
mixed m.p. 111~113°) and 7»oxoéuph—3-eny1 acetate (m.p. and mixed
m.p, 145°). Again no T-oxoapoeuph-l4-enyl acetate was detected.

7-0xoisoeuph~13(17)~-enyl Ac2tate. - A solution of 7-dxoapoeuph-

-14-enyl acetate (20 mg.) in a mixtare of concentrated hydrochloric

scid and agetic acid (1:20, 20 ml.) was kept at 100° for 3 hours. The
solution was poured into water and the product, isolated by means of

ether, was crystallised from methan>l to yield T-oxoisceuph-13(17)-

~enyl acetate as plates, m.p. 112-113°, [a]D- 50° (c,1.3). It gave
a yollow colour with tetranitromethane in chloroform and showed a

light absorption maxinmun at 2060 E. (£:7,600),
[Founds C,79,6s H,11.0- GC,, P, 0, raguires C.79.3; H,20.8%]
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_.Treatment of 7-oxoggépuph—14-eny1 acetate with concentrated
sulﬁhnrio acid ;ﬂ acetic acid af 20° for 1 day df with dry hjdrogen
chloride in chloroform at 0° for‘z hours iésulted'in ﬁhe recbfery
of starting material in good yield.

Teomerisation of apoEuph-l4-enyl Acetate to isoEuph-13(17)e

-enyl Acotatg. = apoEuph-l4-enyl acetate (14 mg.) in dry chloroform
(3 nl.) was treated at 0° with a streém of dry hydrogen chlbrido for
2 hours. The produot was isolated in the usual way and its eolution
in light petroleun (20 ml.) was filtered through alumins (3 g.).
Elution with the same solvent gavo s fraction (11.6 mg.) which
orystallised from methanol to yield isoeuph-13(17)-enyl ecetaste as
plates, n.p. and mixed m.p. 109-110°, [a]n - 10° (c,0.4).

Treatment of Euph-8-enyl Acetate with Mineral Acid. - (a) A

solution of euph-8-enyl acotate (500 ng.) in acetic acid (35 ml.) was
treated with trichloro-acetic acid (1.5 g.) and the mixture was kept
at roon temperature for 3 hours. The product was 1solat§d using
ether and crystallised from chloroform-methanol to give unchanged
euph-8-~enyl acetate as neédles m.p. and mized n.p. 124-125°,

(») The above experiment was repeated at 100® for 3 hours and

(¢) under reflux for 3 hours, In both cases starting naterial

was recovered imn good yield.

(d)101 Euph-8-enyl acetate (5 g.) was dissolved in a mixture of
concentrated hydrochloric acid and acetic acid (1:20, 150 ml.) and the

egolution was heated at 100° for 3 hours, The piroduct, isolated in
the usual way, crystallised from chloroform-metharol go give isoeuph-

~13(17)-enyl acetate as plates, m.p. 109-110°, [a]D =9.5° (2,1.0).
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(o) Euph-8-enyl acstate (0.5264 g.) was dissolved in
chloroform (40 ml.) which had been saturated with hydrogen
chloride. The solution was transferred to a 4 dm. polarimeter
fube and the reaction followedlpolarimétricaily. Readings were
taken initially every hour and as the,réaction slowed down,
every }ew hours, for a'total of 379 hours. The graph.of time
against reading was a straight line. The product was isolated
from the solution in the usual way and gave isceuph=13(17)-enyl
acetate, m.». and mixed m.p. 110-111%, on crystallisation from
chloroform-anethanocl.,

issEupha~11313(17)~dienvl Acetate. - A solution of iso-

euph-13(17,~enyl acetate (3 g.) in acetic acid (300 ml.) was

heated under reflux for 2 hours with selenium dioxide (1.5 g.).

The solution was filtered, poured into water and worked up in the
usual way, Chromatography of the product over alumina anﬁ

elution with light petroleum-bernzenc mixture and benzeng gave
fractions which yielded {ggeuphe-ll:13(17)-dieny1 acetate as plates,
MmeP. 93=34°, [a]D + 20° (c,0.4), on crystallisation from methanol.
Light absorption: Maxima at 2470 A (¢:15,200), 2550 X. (2:18,100)
and 2640 2. (&:12,400).

dydrogenation gﬁ_isoEuphgrllz13(17)6d1enxl.Acetate. -

A solution of isoeupha-11:13(17)-dienyl acetate (150 mg.) in

ethyl acetate {20 ml,) was added to a suspension of platinum

(from 50 mg. P10, ) in acetic acid (20 ml.) and ths nixturs was
shakon with hydrogen for 3 hours, The product on crystallisation
from methanol gave isoeuph-13(17)-enyl acetate, m.p. and mixed
m.p. 109-111°, [a]n,“ 9,1° (¢,0.5). The § ~euphenyl acatate

@ N " B
reported by Vilkan1a had m.p. 105-106°, [a]D + 14° and by Christeﬁag
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had m.p. 103-104°, [u]D - 6°, Barton.‘s isolated only isoeuph-
-13(17)~-enyl acetate, m.p. 110-111°, [a]D - 9° from this reaction.

Lanost-7qggzl.acetatezvn A solution of lanost-8-enyl
acetate (26 g.) in chloroform (260 ml.) was treated with a stream
of dry hydrogen chloride at 0® for 2 hours and kept at room
temperature for a further 2 hours. [Evaporation of thevsolvent
under reduced pressure gave a white solid. A solution of this
material in acetic acid (800 ml,) was heated at 80° and a solution
of chromium trioxide (7.8 g.) in acetic acid (90%, 50 ml.) was
addecd rapidly. The solution was kept et 80¢ for 10 minutes and
then poured into water (3 l.). The product, isolated in the
usual way, was dissolved in light petroleum and filtered through
a column of alumina (750 g.). Elution with light petroleum-
-benzene (4 :1, 5 1.) gave fraction (8.9 g.) which yielded
lanosf-7;eny1 acetate as plates; m.p. 143-145°, [a]D + 33° {c,2.9),
on cryst2llisation from ethyl acetate-methanocl. Bartonsv gives
‘mepo 145°, [e]D + 32°,

Lanost-7-en=3B=~0l. - A solution of lanost-T-enyl acetate
(5 g.) ia dary ether (200 ml.) was added to a suspension of
lithium aluminiuzm hydride (1 g.,) in ether (300 ml.,) and the
nixture was heated under reflux for 1 hour. The product,
isolated in the usual wey, gave lenost=7-en-3f-o0l &s needles,
m.po 157-158°, [a]D + 10.4® (g,3.5), on crystallisation from
nethenol-ethyl acetate. Woodward gj.g;,,ssgive me.po 162-163°,
[a]D + 10® for this compound. LKe-azotylation of this alcohol

gave lanosteTeenyl acetate, m.p. and mixed m.p. 143-145°, [a]D
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+ 33.2° (c,1.7). |
| Lanost-T-enyl Benzoate. = Benzoylohloride (5 ml.)
was added to a solution of lanoat-T-enol (200 mg.) in pyridine
(10 m1.) and the mixture was kept at 100° for 2 hours. On
crystallisation of the product from methanol, lanost=T~-enyl
benzoate was obtained as needles, m.p. 207-209°, [a]D + 50°
(cy1.9). Woodward af g;.,’;a givo nm.p. 207-208°, [a]D + 51°,
Lanost-?,ggyﬁfggg,'- A solution of lanost-7-en-3f8«0l
(2 g.) in pyridine (40 ml.) was kept at 16° for 24 hours with
the complex formed from chromiua trioxide (2 g.) and pyridina.
(20 ml.). The product, isolat:d by mesns of ether, was
crystallised from methanol-ethe- to give lanost-7-sn-3-one as
blades, mepo. 146-147°, [Q]D - 20° (c,2.8). Marker77 gives m.po
149°, (specific rotati>n not rucorded). Barton = has
subsequently quoted m.y. 144-145°, [a]D - 15* for this compound.

[Found: CyB4.T3y Hy12.0, CyyHy,0) requires C,84.43 H,IIOB%].
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