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Iptroduction.

The triterpenoids are a group of naturally oeeurring
compounds containing thirty ecarbon atoms, the molecular
structures of which are divisille into six isoprene units.
The majorlty of these compeunds have a five-ring carbo-
eyelic skeleton but the alipghatic squalene and the tri-
eyelic ambrein are alse known. There are no known
mono- or dieyclie triterpenoids.

The structures of the tetraeyeclic group of
triterpenoids, however, do not conform to the isoprene rule,
and in addition some members of this group have recently
been shown to contain, not thirty, but thirty-one carbon
atoms. This fallure to conform to the icsoprene rule
suggests that it may be more correet to regard the tetra-
eyellie compounds as trimethyl and tetramethyl sterolds
rather than as triterpenoids.

As the work deseribved in this thesis 1s concerned
solely with the chemistry of tetracyclie triterpenoids,
it is not proposed to include in this historieal review
a summary of the chemistry of the large group of penta~
eyelic triterpenoids, comprising the a-amyrin, the

g=anyrin and the lupeol series.



The tetracyclic triterpenoids which have hitherto
been examined in detail have been shown to have the
perhydrocyelopentenophenanthrene ring system of the
steroids. Aceording to Dawson, Halsall and Swayne (1),
menbers of the tetracyclic group may be subdivided into
two series, typified by lanosterol and euphol respectively.
The change in molecular rotation associated with the
conversion of an 3:9-ene into the corresponding 7:9(11)-
-diene indicates the series to which i1t belongs. Thus
with lanosterol and related compounds, the formation of
the diene causes a positive change in rotation, while in
the euphol series, a large negative change results. The
ultra-violet absorption spectra of the dienes of the two
series are distinct. Again, the behaviour of the
nuclear (3:19)=-double bond when treated with aecid, is

characteristic for each group.

Classification of the Tetracvcilc Triterpenoids.

(1) Ihe lancsterol group consists of lanosterol, dihydro-
lanosterol, agnosterol, dihydroagnosterol, eburicoic acid,
the polyporenic acids Ay B and C and pinicolic acid A.
Eburicolc aeld and the polyporenic acids each contain

thirty-one carbon atomsj the remaining members of the



series each have thirty carbon atoms.

ianostaro? (lancsta-B18d=dien-ij-ol) was Tirst
isolated by YWindaus (2) from “igoeholesterol™, obtained
from the neutral fraction of sheep wool wax. The
constitution (I) of lanosterol has been established.
The chemistry of lsnosterol is discusseé in a later
part of this sectiocn.

Agnosterol was also isclated from "jgocholesterol"

by Windaus (2). Formula (71) represents tihe structure

of agnosterol.

Dihvdrolanosterol and dilvdropgrosterol were both
obtained from wool wax by Rugzicka (3) and may be prepared
by hyérogenatior of the side-chain double bond of lanostero]l
and agnosterol respectively. Ruzieka (3) also showed

that lanosterol and dihydrolanosterol constitute 504 of

S —

A dotted nond between C(gg) and Cigy), ;

denotes the saze econfiguration at C(.g) as ' in cholesterol,




"igorholasterol”, dihydroagnosterol 203, while agnostereol
is only present in small amounts.

Eburicoic acld was first isolated by Japenese workers (4)
from the mycellum of the fungus Fuomes officinalis Fr.
Robertson and his co-vorkers (&) subsequently showed that
this acid could be isolated from five species of fungl eof
the Basidiomycetes class and that in two of these species,
lentinus dactvioddes Clel. and [omes offieinalls Fr.,
eburieole &eld ccecurred together with dehydroeburicoic aeid,
which is related to the former as agnosterol is te lanosterol.
The strueture of eburiceic acid, a C(gi)~ triterpenoid,
has been established by the elegant work of Robertson (5)
and 1s as represented in (III). In numbering the carbon
atoms of this acld and its derivatives, the C(ze¢) has been
reserved for use in the, at present unknown, compounds

having the stigmasterol type of side chain. Final proof




of the ecorrectness of formula (III) was provided by the

conversion (8) of eburicoic ascid into lanost-3-ene (IV),

using metiiods unlikely to cause stereochemical rearrange-

ment in the molecule. The sterecchemistry of eburicane

is thas considered to be identical with that of lanostane.
Ihe polyporenic acids A, B and C were first isolated

from the widely oceurring bireh fungus,

Fr. by Cross, Elliott, Heilbron and Jones (G).
Polyvorerde acid A, CgiHge0sy has been characterised

as a diethenold, dihydroxy-monoearboxyliec aeid, and was

assigned the struecture (V) by Jones and nis collaborators as

a result of extensive degradative studies (3-11). Jeger (12)

toay

(Y).
has sinee confirmed this structure by degradation of poly-

porenie acid A and lanosterol to a common derivative, and
more recently Halsall anc Hodges (13) have converted poly-
porenic acid A and lanosterel to a different common
intermediate.

Polyporenic acid B, has recently been shown by Jones (14)
to consist of a difficultly separable mixture of 3jtléa~



-dinhydroxyeburie-3t24(28)~ilen-2l-0ic acld (VI) and
smaller amounts of the corresponding dehydro-derivative
(VII). Jones did not resolve this mixture, but
converted the dihydro methyl ester into the dehydro-
material which was found to be identieal with methyl
33118a-dihydroxyeburie-7:9(11)-dien~21~oate (VIII)
previously obtained from polyporenic acid C (IX) (185).

(W) (Vi) (Vi ).
Robertson and his co-workers (16) have recently

deseribed the isoclation of (V!) which they term

tumulosle aeid, from the fungus Pplvporus lusulosus

Cooke. As the acid in this case was eventually

separated from its dehydro~derivative, Robertson proposes

the retention of the name tumalosic acid for (VI),
eolyporenic acld C, Cg,.:l804, has been characterised

as a triethenoid hydroxy-keto-carboxylie acid (IX).

Apart from the configuration of tae hydroxyl group at Cris)



which was incorreetly assigned the j-configuration,
Jones (16) established this structure by the conversion
of polyporenic aecid C inte a derivative of eburicole
acid. In a more recent communication, Bowers, Halsall
and Sayer (17) have shown, from a study of molecular
rotation data, that the C(,¢) hydroxyl group has the
a~-configuration. They have alsc submitted convineing
evidence that the parent hydrocarbon of polyporenie acid C
is eburicane, which, as indicated above, has the same

stereochemistry as lanostane.

HGQC

!
() X)

Elplgolic acld A, Csoligels, 8 keto~carboxylic aecid

has recently been 1solated from the pine-rotting fungus

Polywvorus pinicola Fr. by Jones and nis co-workers (18),

and the structure established as (X) by conversion into

a known derivative of eburicolc acid. rinicoliec aecid A
is the first example of a fungal acid having the

lanostane carbon skeleton.



(14) The euphiol group of naturally oecurring compounds
consiste of euphol, euphorbeoli, elemadlenolic acld,
elemadiencniec acld, tirueallol and butyrospernol.
Buphol (euphadienol)y Cgoliy 0, is found in the
Euphorblaceae and was first isolated by Newbold and
Spring (19). The structure has now been sstablished as
(XI), although the configuration at C¢ap) has recently
been questioned by Barton. The chemistry of euphol 1is

discussed in a later part of this section.

Ho $
H

(Xi) .

Tirueallel, Cgplig o0, was first obtalned from
Zuphorbia tirucalli L. by Haines and Warpen (20) and

characterised as a diethenoid secondary alcohol (21).

In a recent communication (22) Arigoni, Jeger and
Rugicka have established the structure as (XII),
20-1ggesuphol, following a series of degradative reactions
which produced two acld fragments, isolated as the methyl

egters. The first, L-(+)-2 :G-~dimethyl-oenanthiec acid



methyl ester (XIII), {(a]p + 18°, is the optically active
enantiomorph of D-{(=)=& : 6-~dimethyl-oenanthlc acid methyl
ester (XIV), [aly - 17° previously isolated from
euphacdienol in a similar secries of reactions (83). The
second product proved to be identical with the trieylie
acetoxy-mothyl oster (XV), also obtained from euphadienol
(28)e

Me02C Me MeogC H
AcO

Ry () )

Luphorbal, Caalige0, occurs together with euphol in
the Buphorbiaceane (19) and was recently related to

tirucallol by elimination of the extra methylene group
located in the side chain (24). Followling the elucidation
of the structure of tirucallol, Arigoni, Jeger and Ruzicka
(22) formulated euphorbol as (iVI).

Alemadlenclic and elemadlienondc aclds were isolated
from Manila eleml resin by Rugzicka (26), who characterised
the former as a doubly unsaturated, monohydroxy acid,
C3ollan03, and the latter as the corresponding ketone.

Ruiicka and ‘ausermann (Z6) converted both to gpielemenol,
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which was later identified as being identical with
tirucallenol (dihydrotirucallol) (24). Elemadienolic
acid is now therefore formulated as (AVII) and elema-

dienonic aecid as (XVIII) (22).

Qe e

(%) (X ) (X
Butyrospermol, a tetracyeclic triterpencid from shea

nut fat is established as a member of the euphol series

by experiments described in this thesisj results of
earlier investigations are discussed in the Theoretical
Section.

Lehydrogenation Reactions.

The tetracyclie triterpenoids undergo dehydrogenation
on pyrolysis with selenium. The main product from the
dehydrogenation of lanostadienol was first identified by
Schulze in 1986 (27) as l:213-trimethylphenanthrene (XIX).
Three rings in the lanosterol molecule were thus aceounted
for. Ruzicka (28) also obtailned (XIX) from "iggpholeaterol",
together with other unidentified products.



Barton (30) has dehydrogenated "lanostene” (contain-
ing lanost-8-aene and lanost-9(11)-diene) and "lanosterel™
(containing lanost-8-enol and lanost-719(11)-dienol),
both of which were obtained from "jigpcholesterol”.
1:1213-Trimethylphenanthrene was obtained from both sourees
but in considerably better yield from "lanostene The
two adjacent methyl groups in (XIX) cannot therefore be
derived from the gem~dimecthyl groups at C(.) by a
retropinacoline rearrangement as was postulated by
Ruzicka (29)3 they must correspond to the methyl groups
at c(‘., and c(.., in the original moleculae.

|

(3x1)

In the euphol series, Warren (38l) dehydrogenated
eupha-3124~dienol and identified the main product as li1giz-
-trimethylphenanthrene (XIX). Jeger (32) later dehydro-
genated cupha-8124~diene and isolated 1lt2:3-trimethyl-,
lr7-dlenthyl- (XX) and ls3=-dimethylphenanthrene (Xx1I).



The majority of the tetracyelic triterpencids have
a fully substituted nuelear double bond and on oxidation
with chromic acid give characteristic irangoid 1i4-dione-
-enes, typified by (XXV). The first oxidations in the
lanosterol nucleus were carried out by Ruzicka (23), whe
found that oxidation of lanost-3-enyl acetate (XXIT) with
chromic acid gave two products, 7tll-dioxolanost-3-enyl
acotate (XXV) and 7-oxolanost-8-enyl acetate (X3IV),
It was subsequently shown (33-36) that under more drastie
conditions, (XXV) is the major product produced and that
(XXIV) is readily converted to (XiV) on further oxidation
(33).

(X)) (XX ) (L ) (¥xv)

Lanost-8-enyl acetate when treated with minepral aeld,
forms an equilibrium mixture containing equal proportions
of lanost-3-enyl acetate (XXII) and lanost-7-enyl acetats
(XXIII) (30, 87, 88). Marker, Wittle and Mixzon (37)
showed that when this mixture is treated with chromic aecid



under mild conditions, the A® 1somer 1s preferentially
oxidised. [lLanost-7-enyl acetate, however, may be oxldised
using stronger conditions when (XXV) is formed (38).

(), (Xxvm). (Xxvi ). (XXX ).
Oxication of (XXV) with selenium dioxide gives 7:ll-

-dioxolanosta=5t3-dienyl acetate (XXVI) (29, 33), which
on further, more drastic, selenium dioxide oxidation
gives 71ll:le-trioxolanost-H13-dienyl acetate (XXVII,

R = Ac) (29). The latter compound may also be prepared
by oxidation of 7-oxolanost-533tll-trienyl acetate (XXVIII)
with chromic acid (33). barton (30) found that (XXVII,
R = H), on dehydration with phospherus pentachloride,
underwent a retropinacoline rearrangement to form 7:l1l1lg-
-trioxoisolanogt-315¢3=-triene (XXIX), in which the econ-
jugated system has been extended to ring A. The position
of the hydroxyl group°1n lanosterol was thus related to
that of thé nuclear double bond.

Jeger (39) recently degraded the ene-trione (XiX) to
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the ester (XXXI) which was also obtained from the
diterpene manool (XXXII). Since mancol had previously
been related to abietic acid (XXXTII) (40), ambrein
(XXXIV) (41) and oleanolic acid (XXXV) (42), it was
concluded that lanosterol has the same congtitution and
configuration in rings A and B as & great many other

raturally ocecurring tervenoids.

CoaMe
E;EQ—‘
( Xxxin ) (XX )

As early as 1933 (43) and 1937 (37), 1t was notieed
that when lanost~-3-enyl acetate was subjected to vigorous
oxidation with chromic acid, small amounts of a sweet

smelling, steam volatile substance were produced. More



recently, Barton, MeCGhie and co-workers (44, 45) have
isolated this material in higher yield and by eareful
chromatography of the derived 2i4-dinitrophenylhydrazones,
showed that it s 2 mixture of acetone and G-methylheptan-
-2-one (XXXVI)s As the reactive double bond of lanostadieno}
hed previously beern shown to be present in an fgopropylidene
groap (88), it was concluded that the side chain of the
lanosterol molecule 1s jgooctenyl in nature, as represented

in (XXXVII).

AT (T
(o) (XXX

Rugicka and his collaborators (45) independently reached
the same conclusion by stepy-wise degradation of the side
chain. Oxidation of lanosta~3124~diene with chromic aeid
gave trisnor-7:ll-dioxolanost-3-enoiec acid (XXXVIII) whadeh
was converted in seven stages to the diketo-alecohol (XXXIX),
the infra-red speetrum of which indicated the presence of a

carbonyl group in a five-uemvered ring. From the infra-red

(o)
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spectrum of a similar degradation produet (XL), Barton (43)
was able to show that only one methylene group 1is ;éjaggnt
to the carbonyl function. The point of attachment of the
side chaln must therefore be elther C.5)0r c(,,,.

That the side chain 1s in fact attached at C(i9) was
proved by Rugiecka (49) from the series of reactions outlined
below. The degradation produect (XLI) was converted in
several stages to the dihydroxy-keto-acid (XLII). On
mild oxidation with chromic acid, this underwent spontaneous
decarboxylation, giving the triketone (XLIV);  (XLII) must
therefore be & J-hydroxy-scid, vhich on oxidation fornms

the intermediate p-keto-aeid (XLIII). This evidence

ofc
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requires that the hydroxyl group in (XLII1), and henece
the side chain of lanosterol, be loeated at c(;,i.

The configuration at each asyumetrie centre in the
lanosterol molecule was established in 1362 by Curtis,
Fridrichsons and HMathieson (§0), from an X-ray analysis
of lanosterol ilodoacetate. In 18583, Barton (51)
confirmed these findings by chemical means, using
generalised conformational and molecular rotation
arguments. These arguments are outlined in this seetion,

The hydroxyl group at C(g) 1s considered to have
the p-confizuration hecause of its stabllity towards
attempted epimerisation (62) and its regeneration on
reduction of the derived ketone with sodium and aleoho)
(87). On dehydration with phosphorus pentaehloride,
ring A undergces a retropinacoline rearrangement, a
reaction again lmown to be characteristic of a Sj=aleohol
(63454).

Klyne (6&) first shoved that rings A and B wepre
trang-fused from a study of molecular rotation data.
This was confirmed by Jeger (39) who, as explained above,
isolated the f{ragment corresponding to rings A and B
from both lancsterol and manool. Lancsterol was thus
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related to oleanolle acid, in waich rings A and B had
previously been shown to be itrans-fused (56)

In an earlier communication (80), Barton postulated
that the methyl group at C(.3) was on the same side of
the molecule as that at C(40), to explain the difference
in sterle hindrance of the keto-groups in 711l-dioxo-
lanos tanol. The C(ga)~methy1 group on this basis must
have the J-configuration.

The two possible configurations for the C( 4 )-methyl
group are as shown in the part formulae (XLV) ard (XLVI)
for 317p11la~-iriacetoxylanostan-17-one (ALVII) (57). On
Wolff-Kishner reduction of the 17-keto grouping, 1t 1s

0
P . Aﬁo
(X&) (xevi) (Xevi)
calculated (££) that the change in molecular rotation for

structure (ALV) would be approximately + 500° and for
(XLVI), + 260¢  The actual rotation diiference is + 110°
and therefore the C(i4)~methyl group 1s consldered to be
fused ay as in (XLVI).

The nuelear double bond between rings B and C may be
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seturated through Intermediates having the 7:ll-diketo-
~orouping. The stabllity of 7tll-dioxolanostan=3-0l
(XLYTII) to vigorous treatment with alkall, indicates
thet the hydrogens attached to carbon atoms C(g) and C(g)
have the thermodynanically more stable configurations.
On the basis of conformational arguments previously
advanced by Berton (53), the configurations at C(s) =nd
C(9) are shown to be trans relative to each other, but
anti relative to C( 1s) and C(;g)o

The stereochemistry at C(i7)y the polnt of attach-
ment of the side chain, is determined from a study of
molecular rotation data. In the lanosterol series,
the molecular rotation differences between compounds
with the ipooetyl type of side chain and those in which
the side chain 18 replaced by -COMe, are in good agree=
nent with those for corresponding steroid ccmpounds.
Therefore in lanosterol as in cholesterol, the side chain
18 consicdered to have the 17}-coniiguration.

The configuration of the saturated lanosterol
moleculs, lanostanol 1s therefore as in (XLIX).



x
Z
=
S

Ix

Rigorous confirmation of the structure and stereo-
chemistry of lanosterol, as established from the
degradative and deductive studles outlined above, has
now Leen provided in the e/nthesis of lanostenol
{(dihydrclanocsterol) from cholestereol, recently reported
by Barton, Woodward and co-workers (63). The first
¢ireet inter-reolationship between lanosterol and
cholestercl was established by Barton (68), who converted
lanosterol into l4-methylcholestanol (L). More recently,
Barton and Woodward (680) have also obtained (L) from
cholesterol. The synthesis of lanostenol 1s ontlined
belowv.

Methylation of cholest-i=en=-3-~one with methyl iodide
and potassium tert.-butoxide gave 4t4~dimethyleholest~H-en-~
-3-one (LI) which was converted by the steps shown to
the diene (LII). On oxidation of (LII) with peracid,



foiloved by hydrolysis, a triol probably (LIII) was

obtained. ihis tricl on treatment with mineral acid

gave an aj-unsaturated etone (LIV), the benzoate of
which was methylated, as above, to give (LV). By
rediuction under drastiec Welff-Kishner eonditions, (LV)

was converted into (IVI), which proved to be idertical
wvith lancst-7-enol. Treatment of the benzoate with
hydrcgen chloride and eareful chromatography of the
regulting mixture, gave lanost-3-enyl benzoate, hydrolysis
of whieh vielded lznestenol (LVII). The above work
gonagtitutes the first total synthesis of a tetraeyelie

triterpencid.



|

CgHi7

* i)

The close structural relationship between rings A,
B and C of euphol and ringsd, B and C of lanosterol, is
established by the exactly analogous behaviour of
derivatives of both compounds in reactions involving
these rings. Buphol and 1its derivatives readily undergo
the same dehydration and oxidation reactions (32) as
those already described for the lznosterol nuecleus, thus

allowing rings A, B and C to be formulated as in (LVIII).

Ho
=)



From a study of infra-red absorption data, Harten
(61) has recantly established that ring D of the euphol
molecule is five-membered, as was first suggested by
Rugicka (62)s The presence of a methyl group at 0(5,)
and at C(ae) follows from the dehydrogenation experiments
already described.

The nature of the isomerisation of eujhsnol te
isoeuphencl has now been fully explained by Barton (61)
and the point of attachment of the side chain shown to be
C(;g). This reerrangement was first described by Vilkas
(63) who found that, the A® double bond in euphenyl
acetate moves to another fully substituted position
when euphenyl acetate is treated with mineral acid.

From selenium dehydrogenation of jsopeuphadiene, Barton
established that this isomerisation involves methyl group
migrations. The isolation of lifi1S-trimethylnaphthaleno
(LIX) as the sole reaction product was attributed to
migration of the C(.q)-methyl group to C(s), and allowed
isoeuphenyl acetate to be formulated as (IX) or (LXI).



CeHit

N
/

CgHi7

(5%) (LX) (LxX1)

i (Dxii)

Structure (LX) is favoured from the following
congiderations. Yirst, the dikotcone formed on ogzonolysis
of iggeuphenyl acetate (32) must have the structure (LXII)
and be derived from (LX) as the infra-red absorption
spectrum shows the praesence of two -CHgCO groups. There
is also chemieal evidence that (LX) is correct. Secondly,
the dehydro-derivative, iggeuphadienyl acetate (85) 1is
very similar to oleana-11:13(18)=dienyl acetate (LXIII)
in echemical reactivity and ultra=-violet and infra-red

absorption spectra, and must be formulated as (LXIV).

Ae.o

(LxiY)



Jeger, Rugicka and co-workers (28) independently
determined the size of ring I and the nature of the
isomerisaticn of suphenol to Jagceuphencl from a series
of degradative reactions.

Ihe $terpochemistry of Buphol.

The stereochemistry at each centre of asymmetry in
the suphol moleecule has row Leen established, with the
possible exception of that at c(;,,.

The eonfigurations at c(,), C(.’ and C{;?) are
stated by Barton (84) to be as in (LXV) from the facts
that the hydroxyl group at C(g) 1s equatorial and has

the molecular rotation properties eof a normal 33-aleohol.

1
=
Exv
Cn the basics of conformational arguments outlined
below, Barton (81,64) and Pugicka (23) consider the
methyl group at C(;s) to have the a=configuration and
that at C(44)s the f-configuration. With this stereo-~
chemistry, rings B and C are forced to assume the
unfavourable conformation of two half-boats'. This

sterie strain provides a 'conformational driving foroe'



for migration of the methyl groups at Crag) and Craeyy
whereby the molecule ean adopt the Jsoeuphenol type of
stracture in whieh rings A, B and C are in the more
favourable 'all-chair'’ conformation. In the lanosterol
series, the methyl groups do not migrate when a carbenium
ion 1s formed at C(g) as all three six-membered rings are
already in the "all-cimir' conformation and the molecule
is not subjected to a conformational driving foree, Oon
the basis of a totally coneceorted mechanism for the
Jageuphenol rearrangement, the slde chain at C(g9) and the
nethyl group at Cris) must both have the a-configuration
and the methyl group at C(;.) the P-configuration. The
mechanism may then be represented by the following

synchronous stages.

From a comparison of molecular rotation data in the

lanosternl and euphol geries, Barton (64) confirmed that
the side chain at Cii7) has the a-eonfiguration. On the
same basis, the configuration at C(so) was elaimed to be

opposite to that at C(ng) in lanosterol. Jeger and



Ruzicka (23), however, have shown from degradative
studles that the configuration at C(ao) 1s the same as
that in lanostercl. In a more reooné communieation (@1),
Jarton nov asserts that 1f the method of moleeular
rotation differences cannot be applied, then no definite
confisurntion can ne assigned to C‘;Q). The Swiss
group (23), however, regard the side chain as being fused
a on the basis of a completely concerted meechanism for
the jggeuphenol rearrangement, and it is with this
eonfizuration at € (39 ) that the formulae given in this
thesis are writtem.

Compounds having rings B and ¢ saturated may be
prepered yia intermediates having the 71ll-diketo-grouping.
7:11-Dioxoeuphanyl ncetate, however, on treatment with
selenium dioxide (32) or with alkali (32) regenerates
7:11-dioxoeuph-3-enyl acetatey the two hydrogen atoms
at C(g)and C(g)are therefore considered toc be gls relutive
to eaeh other (87), and are probably in the a-configura-
tion as in (LXVI).







Seetion I.

The non-saponiiiable fraction from the seed
fat of Jiryechnos nux-yomica L. has been shown to
contain the triterpenoids a-amyrin and gycloartenol.
cyeloArtenol has been identifled as 9:ld-gyglolanoste
~4d=on=33=0l.
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The seeds of Stryghnos n L. are processed

commercially for the alkaloid poisons stryechnine and

brucine, wiich were first 1solated by FPelletlier and
Caventou over a humdred years ago. Se. pux~vonics &lso
contains one to two percent of a fat, which in 1318 was
shown by Meyer (88) to consist largely of the glycerides
of caprie, caprylie, caprolc, butyrie and palmitic acids.
In 1912 and 1915, Heiduschka and Wallenreuter (39, 70)
made a detailed exanination of the non-saponifiable
fraction, which constitutes approximately twenty per cemnt
of the fat. The fraction was acetylated, using acetie
arnhydride, and by fractional crystallisation from the
same solvent, three crystalline acetates were isolated
ané¢ characterised as the aleohols. The first was
described as a phytosterol, m.p. 158°, analysis of which
corresyonded to the formula CgaqHgeaOyHaO. The second
aleohol, m.p. 116° (99° solvatedj acetate m.ps 123-124°)
wos formulated as Cggllga0 and the third, m.p. 1836°
(acetate m.p. &21°) as Cyplisg-e00. The aleohol,

me ps 13C° was characterised by the preparation of
several esters wid it was reported that the acetate,

me ps 2E1° on oxidation with chromic aeid, gave & product

roseubling “oxy-amyrin acetate".



Through the courtesy of the Directeors of MHessrs.
T. and He Smith Ltd., Bdinburgh, supplles of 8. pux-vomios

geed fatl were made avallable for further investipgation.
In the commerclal extraction of strychnine and brucine,
the crushed seeds are extracted with beiling bengene and
the allkaloid bases isclnoted by extraction of the bensgene
golution with hydroenloric acid. The fat, obtained as

a dark brown gum on evaporaticn of the benzens, was
refluxed for 4 hours in § per cent methanolie sodium
hydroxide ami the non-saponiflable fraction 1seolated by
dilution with watsr and 2xtraction with ather. The
resulting orange, waxy sclid was acetylated and the
product dissolved in light petroleuwm and chromatographed,
to give four well-deflned fractions. Tho first, 2
sweet-smelling, cclourleas oil, has not been examined
further. The second was crystalliised several tiiﬂa
fromz chloroform-methanol to give plates, mepe 2R3-225%
and on hydrolysis these gave an aleohol which separated
from aqueous methanol as necdles, me.p. 135% The
alcohol ané acetate, which gave a strong yellow colour
vith tetranitromethane and a pink colour in the

Liebermann -Burchardt test, were shown to be identical with
a=anyrin (LXVII) and a=-amyrin acetate respsctively. They
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must correspond Lo the aleochel m.p. 186° and the acetate
M. pe £81°, originally deseribed by Helduschia and
Wallenreuter. The final fraction was purified by M.B.S.
Fayez (71) who obtained an acetate, Mmspes 142.5-143°,
which on hydrolysis gave an alcohol, msps 185:6~1067.5°
shovm, by direet comparison, to be identiecal with
stigmasterol (ILXVIII). The phytosteroly m.p. 153°,
described by Helduschka and Wallenreuter was, in all
probabllity, an impure sample of stigmasterol.

(EXvi ).

HO (va" ). Ho

The third fraction was examined in detall by the
author. After nmany crystallisations from chloreform-
~-methanol plates, m.p. 122-124° were obtained, analysis
of whleh indleated the formula CgslseOge The yield of
this acetate amounted to 12 per cent of the total
acetylnted non-saponifiamile fraction. With the
Liebermam~lurchardt reagent, the acetate gave a blood red
aolution having a strong green fluorescence. The pressnce

of an unsaturated centre was indicated by tile strong yellow



colour glven with tetranitromethane and by the ultra-~
~violet 1light absorption which showed a maxirum at

2090 K. (€, 1500)s The parent aleoholy CpoHe @ (mepe
116°; 099° when solvated), is almost certainly identical
with one of the components originally deseribed by
Heiduschka and Wallenreyter,

The acetate Cygligglzy Reps 128-184°, on hydrogenation
at room temperature in the presence of platinum catalyst,
absorbed one molecular proportion of hydrogen to give a
dihydro-acetatey C3aHpe0ny Mmepe 130-132°, hydrolysis of
whiech gave a dihydro-~alcohol, Cga lg Qe The presence of
a secondary aleohol group in the dihydro-alcohol (and
eonsequently in the parent alcohol)} was established by
oxidation to a ketone Ca¢ig O+ All the dihydro-
-derivatives gave a faint but distinet yellow colour with
tetranitromethane in chloroform but showed no selective
light ahsorption in the ethylenic region.

The double bond was shown to be present in an
Jsopropylidene grouping by ozonolysis of the acetate
CasHagaOgy meps 122-124°, to give acetone, 1solated as the
2t4=dinitrophenylhydragone. The non-volatile fragment
was obtained as a trisnor-aldehyde acetate Cgzelgia0sy mep.
166=-167°, which on mild oxidation with ehromic aeid, gave a



trisnor-acid acetate CyoligeQqy meps 221.5-83°  This
acld was also obtained by chromie acld oxidation of the
acetate mepe. 122-124°, and on hydrolysis gave the parent
hydroxy~trisnor-acid CgeilgaCay Meps E218-220°,

From the results described above; some general
features of the structure of the parent aleohol were
established. Analysis of derivatives indiecated the
formula Cgplige0 for the mlcohol. A pentacyeclie structure
of the amyrin or luyeol type vas considered unlikely from
the low melting points of the alcohol and 1ts derivatives
and also from the ozonolysis and oxidation reaetions whieh
supported a tetracyclic structure having a side chain
terminating in an jsopropylidene group, as in lanosterol
and euphol. The Lietermann-Burchardt test was also
markedly differont from that given by the pentacyeclie
triterpenoids. The formuala Capligeg0 for tihe parent
aleohol, however, requires that the molecule be doubly
unsaturated, if it is tetracyeclic. The only evidancb
of further unsaturation in the dihydro- series was the
faint but distinet yellow colour given wltih tetranitro-
methanej no light absorption in the range 1380 to 220C £.
was apperent.

Treatment of the dihydro-acetate in chloroforn with



Hydrogen chloride at low temperature gave a product,
mepe 137-157°, which unlike the dihydro-acetate gave a
strong yellow colour with tetranitromethane and showed
abgsorption maximum at 2030 £. (€, 3800). At this
point in the investigation, the presence of a gyelp-
propane ring was suspected and suggested a comparison
of the aleohol from §. pnuwc-vomica with gycloartenol,
which Barton (73) had reecently isolated from the fruit
of Artocarpus integrifolia and which contains a gyglo-
propane ring. A comparison of the physical constants
of the §. nux-vomica alcohol and its derivatives with
those of the corresponding derivatives of gycloartenol
was made, and this strongly suggested their identity.
The identities of the alecohol from S, nu

cyelpartenol wore established by mixed melting point

determinations, carried out by Professor D. He Re

Barton (Table A.).

IABLE A
From From

8 Dw=yonica Artocarpus intecrifollia
M. ps [al;  M.p. [ely  Mixead M.p,

eyaloArtenol 116¢ +54° 36-90° +43 @ 118-

(99°s0lvated) 113.5¢

(sinters 110¢)

Acotate 129=-131° +680° 122,5=183.5°+58° 12).56~

122.6°



cycloArtenol has since been isolated from LEuphorbia
bhalsamifera by Chapon and David (74) and has recently
been shown to be identical with handianol, isolated from
3y by Gonzalez and co~workers (75).

Darton (73) found that Artocerous in

contained mainly the ketone, gycloartenone, together with
smaller amounts of gyglpartenol and butyrospermol. The
conelusions reached concerning the structure of gyclo~-
artenol were very similar to those outlined above.

Barton also observed that derivatives of the dihydro-
-alcohol, gyeloartanol, gave a pale yellow colour with
tetranitromethaney ecarefully purified i-cholestane
(LXIX),was also found to give a similar colour with
tetranitromethane and to be transparent to ultra-violet

light in the range 1960 to 2100 K. from which 1t is

concluded that the pale yellow colour with tetranitro-
methane is a characteristic of the gvelgpropane ring.
The resistance of gyglpartanyl acetate to oxidation

was demonstrated by Bartong the acetate was recovered
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unchanged on treatment with selenium dioxide and with
hot peracetic aeid under conditions known to attack the
very unreactive double bond of a-amyrin (78). The
presence of a gvelopropane ring was further evidenced
by the infra-red absorption spectra of gycloartencne
and gyvglonrtenyl acetate, both of which showed absorption
near 1000 cm?‘, although somewhat masked by neighbouring
bunds of high intensity. J~Cholestane also showed
absorption at 1010 cm?‘, and Derfer, Pickett and Loord
(77) had previously demonstrated that alkyl-substituted
gvelopropanoid compounds are characterised by intense
absorption in the region 1020-1000 em-‘.

Barton treated gyecloartanyl benzoate with hydrogen
ciloride and obtained a constant melting isomer, artenyl
benzoate, mep. 137-198°  The derived alecohol, artenol,
also melted sharply m.p. 152-154° but the corresponding
acetate required many cerystallisations before artenyl
acetate, m.p. 185-167° was obtained. All these products
showed characteristics of ethylenic unsaturation and
although they were presumably claimed to be homogeneous,
Barton added that artenol and its bengoate might posssibly
be mixtures of double~bond isomers, very déifficult to
separate on crystallisation.

As mentioned above treatment of gygloartanyl
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acetate with hydrogen chloride zave a product, m.pe
137-167° having the characteristics of ethylenie
unsaturation and which proved to be extremely diffieult
to purify. Similar treatment of gvcloartenyl acetate
also gave a product which melted over a range, m.pe
144-184°. This material gave a strong yellow eolour
with tetranitromethane in chloroform and was shown by the
Beilstein test to contain halogen, nc doubt due to the
addition of hydrogen chloride to the jggpropylidene group.
Continued recrystallisation resulted in a gradual inerease
in melting point with considerable loss of material. It
was coneluded from these results that fission of the gyelo~
propane ring of gycloartenol and its derivatives with aeid
gives a difficultly separable mixture of double~bond
isomers.

A solution of the acetate mixture m.p. 1l37-157° in
acetic acid wvas shaken with hydrogen and platinum eatalyst
at 30° for 2 hours, by which time absorption of hydrogen
had ceased. The product, m.p. 137-154° still gave @
yellow colour with tetranitromethane and showed selective
absorption in the ultra-violet region of reduced intensity:
maxinmum at 2080 X. (€4 2000). Complete hydrogenation of
the acetate mixture, m.p. 137-157°, was attempted using more
foreing hydrogenation conditions, but in each ease the

partially reduced product was obtained. It was coneluded



that apyroximately S0 per cent of the acld isomerisa-
tion product of gycloartanyl acetate is inert to
hydrogenation. Careful chromatography of the partly
reduced acetate mixture and of the derived alcohol and
bengoate mixtures, falled to give a homogeneous product.
The partly saturated product was oxidised with chromie
acid in acetic acid using vigorous conditions, and the
produet chromatographed. The first fraction on
erystallisation gave, in 60 per cent yield, a saturated
acetatey Cyailsalpy mepe 155-156° which gave no colour
with tetranitromethane and showed no selective light
absorption. Hydrolysis gave a saturated alcohol,
CaolgeOy mep. 130~-131°,  On further elution, a second
fr;ction was obtainred which gave in 10 per cent yleld,

a pale yellow compound c;gﬂ,oo., M. Pe 156-1668° which
shoved no tetranitromethane eolour and showed absorption
maximum at 2700 A. (€, 3700). This 1ight absorption is
characteristic of a fully Lrangold l:4-dione-ene grouping,
as in 71l1l-dioxolanost-8~enyl acetate (LXXII). In a
subsequent experiment in which hydrogenation was carried
out at room temperature for 3 hours, the two products
described above were accompanied by smaller amounts of a
third compound Cyzliz 305, mepe 134-185°. This material,

which gave no colour with tetranitromethane and had an
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absorption maximum at 2420 A (€, 2000), was Tound to
be identical with a 3,§~disubst1tuted ag-unsaturated
ketone derived from one of the constituents of the
original acetate mixture as outlined below.

J. A« Henry {(71) isolated a homogencous product
from the acetate mixture by a2 procedure analogous to
that used by Marker, Wittle and Mixon (37) in the
isolation of larost=7~enyl acetate from the mixture
obtained on acid rearrangement of lanost-3-enyl acetate.
The mixture m.p. 137-157° was oxidised with chromie
acid in acotic acld under very mild conditions and the
product chiromatographed. [EHarly fractions contained
the component which largely escaped oxidation, and on
erystallisation ylelded a well-defined product Cgalpe0a,
Ms Pe 170-172°, in 50 per cent yleld. The compound
gave a strong yellow colour vith tetranitromethane and
shoved selective absorption in the ultra-violet region
with a maximum at 2080 Ae(€, 4300). Further elution
gave a small amount of material having the ultra-violet
absorption characteristics of a li4-dione-ene, but whiech
could not be obtained pure. A third product m.p.
134~-186° was also obtained in low yleld; 1t showed
ultra-violet absorption at 2420 f£. (e, 9200), eharac-

teristie of an aj-unsaturated ketone, and was prepared



&

in high yield by more vigorous oxidation of the acetate
nepe 170~172° with chromie acid.

The physieal constants and properties of the
homogeneous compounds obtained from the mixture resulting
on aeid fission of the gyclopropane ring in gyscleartanyl
acetate were compared with those of possibly correspond-
ing derivatives in the lanosterol and euphol series.
This comparison strongly suggested a relatlionship with

the lanosterol derivatives; the unsaturated acetate
nePe 170=172° appeared to be identical with lanost-2(11l)-
-anyl acetate (LXX), the saturated acetate m.p. 155-156°
with lanostanyl acetate (LXXly R = Ac), the saturated
alecohol mepe 180-181° with lanostanol (LXXI, R = H) and
the dicne-ene with 7tll-djioxolanogt-3-enyl acetate
(LXXII).

(Lxx) | (Txxi) (&xxn)
 Comparison of the physical constants is set out
in Table B.



TALLE Ba.
M.pe [a]n A DaxX. €.

Lapcst-9(11)-enyl Acetate

From gyeloartaryl acetate 170-172° +85° 2080 :. 4300

Rugiecka gt agl. (29) 170-171 +31 - -

MeChie ot als (1) 177-178 +83 - -
7111-ploxolanost=3-gnyl
Lcelate.

From greloartanyl acetate 155-1568 +91 2700 3700

Rugicka gt ale (3) 168-163 #2086 - -

MeGhie et al. (84) 153=168 +91.8 2760 3710
lanostanyl Acetate

From gycloartanyl acetate 155-156 +41 - -

Ruzicka gt als (29) 150-181 +41 - -

MeGhie at al. (78) 165«157 +46 - -
Lenaatanol '

From groloartanyl acetate 130-131 +33 - -

Ruzicika et ale (29) 170-172 3¢ - -

I order to confirm identity Ly direet comparison, the
lanosterol derivatives desceribed above were prepared {rom
a sample of "jgoeholesteryl acetate™ kindly supplied by



Dr. C. L. Hewitt of Organon laboratories Ltd.
"iaoCholestern)" has been showm (3) to be a mixture
composed of lanosterol, dihydrolanogterol, agnostera)
and dihydroagnostsrol, The acetate mixture was
hydrogenated in acetic acid using platinum catalyst
to give a mixture of dlhydrolanosteryl and dihydro-
agnostoryl acetates. It 18 znown thet oxidation
of bo'h dihydrolanosteryl and dihydroagnosteryl
acetates with chromic acid gives 7:ll-dioxolanost=
-3=anyl acetate (33). Accordingly, the mixture of
dihydro-acetates was treated with chromic acid in
acatic acid following the procedure used by Cavalla
and MeGhie (84) in the oxidation of lanost-8-enyl
acetate. A homogengous product, 73ll-dioxolancst-
-3-anyl acetate (LXXII) was obtained in good yield
and siiown to be identical with the dionefyl acetate
derived {rom cycloartanyl acetate. Treatuent of the
dionenyl acetate (LiAXII) with zinc dust in acetie
acid (38) gave 7til-dioxolanostanyl acetate (LXXIII),
which vas reduced to ll-oxolanostanyl acetate (LXXIV)
using the Huang Minlon modifieation of the Wolff-Kismne,
reaction as deseribed by McCGhie, Pradhan and Cavalla
(73). Reduetion of (LXXIV) with lithium aluminium
hydride and monoacetylation of the produet according ¢,



Ruzicka and co-~vorkers (29), rave ll-hydroxylanostanyl
acetate (LiXV). The conversion of (LXXV) into lanost-
-3(11)-enyl acetate (LXX) was effacted by treatment

with phosphorus oxychloride in pyridire solution, under
conditions more vigorous than those deseribed by
Pugicka (23). The unsatura‘ted acetate m.p, 170-172°
derived from gvelgartanyl acetate proved to be identical
with lanost-~9(11)-enyl acetate. = Hydrogenation of the
9(11)-enyl acetate at 30° for 24 hours (29) gave lanost-
anyl acetate (LXXI, R = Ac), hydrclysis of wvhieh
furnished lanostanol (LXXI; R = H). The saturated
acetate m.p. 165-168° obtalned from gyeloartanol as
described above and the derived alcohol, m.pe. 18C-181°,

were found to be identiesal with lanostanyl acetate and

lanostanocl respectively.




It is probable that the artenyl acetate and the
di{hydro=-derivative, artanyl acetate, described by
Barton, were largely composed of lanost=-9(11)~enyl
ancetate and lanostanyl acetate respectively. The
comparison of physical constants quoted by Barton (73)
with those obtained in this work is given in Table C.

TABLE _C
Mo pe lalp Amax. €
Artenyl Acetate (73) 185=167° +73° 1905 x, 3600

Lanost-9(11 )~enyl Acetate 170-178 +86 2030 4300
(this work)

Artanyl Acetate (73) 143-149 v - -
Lanostanyl Acetate 156-166 41 - -
(thiis work)

Reduction of 7:l1l-dloxolanostanyl acetate (LXAIII)
using the Huang Minlon modifieation of the Wolff-Kishner
reaction, gave ll-oxolanostanyl acetate (LXXIV), as
described above; wihen the normal Wolff-Kishner reaction
was used, however, the reaction proeceeded in a different
direction. The product proved to be identical with
J1?7~dlacetoxylancstan-11-ol (LAXVI), and was undepressed
in melting point when mixed with an authentic sample
prepared by reduction of 7r:ll-dioxoclancstanyl acetate with
11thiunm aluminium hydride (29)



Identification of the unsaturated acetate, m.pe.

170-172% as lanost-2(11)-enyl acetate requires that the
Jys~disubstituted a,p-unsaturated ketone me.p. 134-136¢
formed from it on oxidation with chromie acid, must be
l2~oxolanogt=3(11)=-enyl acetate (LXXVII). J, A. Henry
(72) found that vigorous hydrogenation of (LXAVII) gave
lanostanyl acetates when the yoeduction was stopped
after the absorption of two molecular proportions of
hydrogen, lanost-2(11)-enyl acetate was obtained.

The nature of the aeid rearrangement product from
cveloartanyl acetate was established from the following
considerations. The isolation of lanost-8(1ll)-enyl
acetate in 50,5 yleld plus small amounts of l2-oxolanost-
-2{11)~enyl acetate by partial oxidation of the acetate
mixture, together with the 1solation of lanostanyl
acetate in 805 yleld and 7:ll-dioxolanost-3-enyl acetate
in approximately 1045 yleld by oxidation of the hydro-
genated mixture, indicates that lanost-9(ll)-enyl acetate

is the major product of the rearrangement.



As already mentioned, oxidation of lanost-9(1ll)-enyl
acetate with chromie acid gives l2-oxolanost-9(1l)~enyl
acetate. Careful chromatography of the product falled
to reveanl any trace of 7:1l-dioxolancst-3-enyl acetate
which is, however, produced in good yield by oxidation
of both lanost-7-enyl acetate (IL:XXVIII) and lanogt-3-
-enyl acetate (LXXIX). Again lanost-92(11)-enyl acetate
can he readlly hydrogenated giving lanostanyl acetate,
whereas lanost-=7- and -8-enyl acetates cannot be
hydro-enated. In the reaction described above, in whiech
lanogtanyl acetate and 7tll-dioxolanost-3-enyl acetate
wvere isolated, it would appear that the former was formed
by hydrogenation of lanost-9(11)-enyl acetate and the
latter by oxidation of lanost-7- or =-3-enyl acetate.
Since, however, treatment of either the A7 or the A®
isomer with hydrogen chloride under econditions exactly
analogous to those used in the rearrangement of cyclo-
artenyl acetate, gives an equilibrium mixture of both
isomers, the rearrangement procuct of gyglgartanyl
acetate nmust be a mixture of the A""‘), A% ana o?
isomers. Although only approximately 70% of the acetate
mixture has been accounted for as lesnost-3(1l)-enyl
ancetate {605) and lanost-7- and -3-enyl acetates
(approximately 10/), the rearrangement product is

considered to contain only these three components.



@&r

A synthetic mixture of lanost-9(11)-enyl acetate (80)3)
and the equilibrium mixture of lanost-7- and ~8-enyl
acetates (407) was prepared to confirm this views the
product closely resembled the original acetate mixture,
Mepe 137-157°.

It has been shown (71) that lanost=2(1ll)-enyl
acetate is unchanged after treatment with hydrogen
chiloride in chloroformj this isomer was not obtained
on zimilar treatment of lanost-7- or -8-enyl acetate.
It would therefore appear that lanost-9(11)-enyl
acetate anc lanost-8-anyl acetate are formed simultane-
ously by the loss of a proton from the ecarbonium 4don
formed on breaking the gyclopropane ring, and that the
- j=enyl acetate subsequently euuilibrates to a mixture
with the -7-enyl acetate. The simplest explanation
of these reactions is that the initial product formed

is the carbonium intermediate (LXiX), the subsequent

fate of which 1s depicted lPelow:?




The considerations outlired above elimirate
structures from which the ecarbonium ion (LXXX) is
derived by rearrangement of intermediates in which
C(ay or C(;;) is the electron deficient centre and,
unless modifications of the lanostane carbon skeleton
are to be considered, establish that one end of the
cyclopropane bridge 1s located at C(g9)e The evidence
available at this stage, however, did not allow a
satisfactory choice to be made from the five struectures
(LXXXI)-(LXXXV), all of which were considered possible
for cyeloartenol, Structure (LXXXYITI) appeared
improbable since the acetate mixtureym.p. 137-167¢ did

not contain any appreciable amount of rearrangement

products derived from the carbonium fon (LXXXVI).
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Havins established that the gygclopropane ring
includes C(g), it was hoped that by treatment of
cycloartanyl acetate with a cation other than H’, the
other end of the bridge would be loeceted. Attempted
chlorination and bromination of gyecloartanyl acetate
wvas, however, unsuccessfulj using a moderate excess
of haloger, the starting material only was recovered,
while more vigorous treatment ylelded intractable gums.
J. Ae Henry (72) attempted to rearrange gycloartanyl
acetate using the pyridine stabllised lodine salt of
stearic acld and f~butyl hypochlorite, but recovered
starting material in both cases.

A further limitation to the number of possible
structures for eycloartenol was Imposed in September,
19638, when, in a valuable contribution to the chemistyy
of cvglopropane compounds, Cole (79) showed that an
infre-red absorption band at 3042 em. * is characteristic
of an unsubstituted methylene group included in a gyeclo-
propane rings such a band was shown to be present in
the spectrum of gycloartenol and in that of cygloartanol,
thus redueing the five possible structures to two, i.e.
(IX¥XI) and (LXXXV).

Ify hovever, simple modifications of the lanostane

carbon skeleton are not %o be excluded, three additional




50

formulee (LXJXVIT)~(IXC) cualify for consideration as
representing gycleartencls The path to the earbonium
ion {LXXX) by proton induced rearrangement of gvglo-
artanyl acetate is shown below for each of these

additionnl structures [(IXXXVIIa), (LXXXVIIIa) and (IXCa)ls

(M, K’Hiel'c“ﬂ‘-[mllx'cll’Cms.) (LXXXVI“ 3 f:ﬂ; R+ Cg#:!,)
(__L_!_L\’"A; (: AC; (I : € § H 7 -) (Lxqul“ oy (s&; K'r cgﬂ.‘,)

(T_X-E_, €=H,' ' CiHcs.)
UX_CQ K:hc; R CeHit.)




61

Formulee (LYXXVII) and (IXC) were eliminated for
two reasons:  First, the ultra-~violet absorption
spectrum of gycloartanone 1s characteristic of a
compound containing en isolnted cerbonyl function and
shows nc exaltation attributable to conjugation between
such a grouping and a gyclopropane ring (81). Secondly,
J. A. Henry (30) showed that gyclpartanone readily forms
an enol acetate, the ultra-violet absorption of which is
that of a normal enol acetate; no exaltation attributable
to conjugation between a gyclovropane ring and an ethy-
lenie linkage (81) was observed.

J. Ae. Henry (80) tested the valildity of structure
(ILXXXI) using a method based on that recently deseribed
by Barton and de Mayo (32) in the treatment of a similar
structural problem, namely the position of the gyelo-
propane ring in phyllanthol, a triterpenoid which has a
syeclopropane ring and which is related to a-amyrin as
gyeloartancl is related to lanost-9(11)-enol. Treatment
of gyeloartanyl acetate with deuterium chloride and a
trace of deuteriur oxide gave a mixture of deuterated
double-bond isomers, from which an x~deuterolanost-9(11)-
-anyl acetate vas isolated by application of the partial
oxidation technique previously used in the preparation of

the undeuterated isomer. Analysis of the produet
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indicated the presence of 0.3 gram—-atom denterium per
mole. If gveloprtenol 1is correetly represented by
(LXXX1)y the denterated compound must be l2-deuterc-
lanost-2(11)-enyl acetate, oxidation of which should
eliminate deuterium to give lZ-oxolanost-3(1l1)-enyl

acatate?

Oxidation of cetterated lanost-2(1l)-enyl acetate,
howsver, gave a product, the physical econstants of
wihich were identical with those of lE2=oxolanost-~3(11)=-
-enyl acetate, but which still contained 0.8 gram-atom
desuterium per mole.

Sycloirtenol earnct therefore have the structure
(LXZXI) and can only be adeguately represented by
(LXXXV) or (LXXXVIII).

At this stage, Harton, Warnhoff and Page (84)
reported an infra-red examination of the mixture of
deuterated lanostenes obtained on treatment of gyclo-
artane with deuterium chloride. Comparison of the
intensity of absorption at 1378 cu.! with that given

by undeuterated lancst-3(il)-ene, indicated that the



deuterated carbon atom cbtalned on fission of the
syelopropane ring 1s present as a deuteromethyl group,
other than one of the gem-methyl groups. The only
structure compatible with this observation 1s (LXXXV),
which Barton and his colleagues concluded was the
true representation of gvgloartenol.

A proof that gygloartencl 1s (LXXXV) was obtained
by the author in the following mamner. Treatment of
cycloprtanone (XC) in carbon tetrachloride with
N-bromosuccininide in the presence of a fine suspension
of calecium carbonate, gave 2-bromogyglasrtenone (XCI).
On refluxing with collicdine, (XCI) was dehydrobrominated
tc give gyecloart-l-en-3-one (XCII)s The wltra-violat
ebsorption spectrum of (XCII) shows a well-defined
maximum at 2690 Re (£, 3700), which 18 located at a
considerably higher wavelength than the absorption
maximum of a simple el-unsaturated ketone. This
exaltation 1s considered to be adequate proof that the
ap-unsaturated carbonyl group in gyaloart-l-en-8-one
1s directly conjugated with the gyglppropene ring, as in
(XCIT)e That these resctions hed left tho gyeloovrop:
ring intact wes established by hydrogemation of the
unsaturated ketone (XCYI¥); this treatment not only
saturated the etiylenie linkage but also reduced the
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carbonyl group to a nixture of the 3a- and 3p=-aleohols
(XCIIX). Mild oxicdation of the mixture with chromie
acid in acetic acid regenerated gyglosrtanone.

These experiments elininate formula (ILXXXVIII)and
prove conclusively that gygloartenol is correctly
represented as 0:19-¢cyglolenogt-4-an-33-ol (LXiXV).
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ection II.

e

A new triterpenoid alcohol, gyvelolaudenol,
and (+)-p-nonacosan-10-0l have been isolated from
the non-saponifiable fraction of a chloroform
extract of opium marce. cveloleudenol has been

shown to be 24b-methyl-9:19-¢yclolanost-25-en~-3p-ol.



Opiun is the product cbtained by cutting the
unripe capsules of certain varioties of popples and
alloving the sap which exudes to dry spontaneously.
Since early in the eirhtoenti century, opium has Leen
the subject of detalled chemlcal exasinstion and from
it, about thirty different alkaloids have Leen isolated
and their structures clucidatedes A high level of
efficiency has nov been achieved in the coomercial
oxtraction of these alkaloldss although the method
at present used 1s escentianlly thaet ceseribed by
Cregory in 1883 (36, ofs 76, 37). In this, the opium
i stirred with water, treated with a hot, concentrated
solution of ecalcium chloride and filtereds The jpress-
-cake or opium mare is washed with watery the washings
and filirate combined and processed for alkaloids. The
mare wileh constitutes apgproxivately 80 per cent of the
original oplumy has been shoun to contain the caleium
salts of lactie, meconie and sulphuric eeldsy ut apart
from tids obsorvationy no other exastnation of the
non=-glkaloldal constituents of oplum has been reported.

Tharough the courtezy of Lhe Directors of Mecsrs.
Te and He Smith Ltc., Cdinbuarghy suppliec of oplunm
mare vere made available for further exanination.
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Chloroform extracts of the marc were freed of residual
alkaloids, which consisted mainly of narcotine, and
evaporated to give a brown gumy corresponding in
guantity to 18 per cent of the dried mare. Hydrolysis
of this fat with potassium hydroxide gave the non-
-saponifiable fraction in 234 per cent yleld, which, when
chromatographed over activated alumina, gave only
inseparable mixtures. The non-saponifiable fraetion,
however, separated from concentrated acetone sclution
as a partly crystalline solid, a solution of whieh in
light petroleum was chromatographed into two well-
~defined fractions, m.«pe 31-8£° and m.p. 128=~186°
respectively,

The first fraction on erystallisation gave an
optiecally inactive aleohol Cgalig Oy mepe 81-82° which
gave no colour with tetranitromcthane and showed no
selective light absorption 1ﬁ the ultra-violet region.
The Liebermann-burchardt test was also negative. This
alcohol was characterised by the preparation of an
acetate Cy,lgglpy Nelie 42:.5-45.55 and was shown to
contain a seeondary hydroxyl group (72) by oxidation to
a ketone Czoliggly Mape 74.5~75.5° reduction of which
under Wolff-Kishner conditions gave a hydrocarbon Cgpllg ¢y
Mepe B3=-04°. The physical constants of the alecohol and
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ite derivatives were very similar to those of correspond-
ing derivatives of (+)-p-nonacosan-l10-cl, an aliphatiec
aleohol first isclated from apple cuticle wax by Chibnall
and co=-vorkers (88). Although (+)=p-nonacosan=10-0l
itself does not show any appreciable optical rotation,

it has been reported that the hydrogen phthalate in
concentrated solution (204 in chloroform) has a very
slight dextrorotations [a]uu, + 0.62° (+)-p~Nonacosan-
-10-01 has also been 1isolated from the fruit of Ginkeco
lilboa (89, 90). A comparison of the melting points

of the alcohol and its derivatives obtained from the
three sources, is given in Table D,

ZABLE . D.
Opium  Apple Cutiele Ginlgzo bBilboa.
M.pe Mo po MepPs
(#)~p=-Nonacosan= 31-82° 31, 9~B2.2° 82+6°
-10=01
(+)=-n~Nonacosan- 44.5=456.6 44.E-45 43-435.8
~10-y1 acetate
L-onacosan=10-one 746755 T4+7=74:9 74
n-llonaccsane. 83-64 62, 7-63 -

The melting points of the alechol from opium and its
acetate were undepressed when mixed with samples of the

corresyonding compouncs derived from apple cuticle wax,
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supplied by Professor A. C. Chibtnall F.R.S8. Identity
of the two alcohols was further confirmed by their
infra-red absorption spectra, which were identical.

The second fraction from the chromatogram wvas
crystallised from methanel te give long needles, Mepe.
13-124°, in quantity corresponding to 3 per cent of
the solid chromatographed. This compound was named
gvelolaudenol for reasona which will Lecome apparent
in the sequel. In the Liebermann-Burchardt test,
cyelolrudencl gave a blood red solution with a strong
green fluorescence, exactly as for gyaloartenol.
Unsaturation in the alcohol was evidenced by a yellow
tetranitromethane colour and by the ultra-violet
absorption gpeetrum wvhich showed an apparent maximum at
2080 Ae (€ 1,600). Analyses of gyelelaudenol and 1ts
derivatives did not allow a satisfactory choice to be
made from the formulae Cg Jis Oy CpiHpe0 and Cgglige0 for
the parent alcchol. It wvas later established from
degradative experiments, hovever, that gyglplaudenol
has the empirical formula CgiHgp0y and therefore in this
discussion, formulase based on this will be quoted,
although much of the work wes carried out without prior
Inowledge of the exact molecular weight.

eyclolaudenol was characterised by the preparaticn



of an acetate, gyclolaudenyl acetate CyalipeOgy Bepe
120-121° and was shown to be a secondary aleohol (91)

by oxidation to a ketone, gyglplaudenoney CgiHg Oe

Je Ae Henry (91) established that gyclglaudenol contains
one reactive double bond fron the following observations.
sygclolandenyl acetate when shaken with hydrogen over a
platinum catalyst, readily forms a dihydro~derivative,
cyvelolaudanyl acetate. The first-named acetate also
absorbs one mole of bromine to give a dibromide, and

on treatment with perbenzolc acld forms a monoxide,
cyalolandenyl acetate oxide. gyglolaudanyl acetate
and gveclolaudenyl acetate oxide did not show any
appreciable light absorption in the ethylenic region
but, in contrast to their appaerently saturated nature,
both gave a faint but distinet yellow colour with
tetranitromethane.

At this stage, a slose structural relationship
with gyclonrtenol was suggested by a number of considera-
tions, which indicated that gycleolaudencl might also
have a tetracyclic triterpenoid nucleus containing a
gyeclopropane ring and a reactive double bond in the
side chain. Firsty, the dihydro-derivatives of both
Lyclolaucdenol and gycloartenol give a distinet pale
yelleow colour with tetranitromethane, but do not show
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selective absorption in the ultra~violet region.
Secondly, molecular rotation differences between
corresponding derivatives of both series are very

similar, as shown in Table E.

JALLER L.
pa,
Alcohol Aceate Benzoete Ketone A, Ag A
cyeloLaudenol +206° +265° +343° +83° +59° +187° -123°¢

sycloArtenod +230 +280 +400 +93 +50 - -137
evelolLaudanol +190 +242 - - +52 - -

cygloArtanol +214 +277 - 102 +83 ¢ - =112

The change in molecular rotation accompanying oxida-
tion of gygclolaudenol to grglolaudenone 1s strongly
negative, as is found in the formation of gygloartenone
from gycloartenol. Berton (73) first pointed out that
cyeloartenol 1s, in this respect, markedly different from
the majority of the naturally occurring triterpencid
alcohols, oxidation of which normally gives rise to a
positive change in molecular rotation. The only other
compounds which share this anomaly are butyrospermol and
egnosterol. Darton and Jones (92, 93) have shown that
members of the tetracyclic group of triterpenoids which
contain a reactive double bond, show 1ittle change in




molecular rotation on hydrogenation. On this evidence,
evelolaudenol, like gycloartenol, can be econsidered as a
member of this group. Agéin, it has been observed (94)
that acetylation of a 3p3-hydroxy-triterpenoid 1s accom-
panied by a positive change in molecular rotationj the
eorresponding change for a 3a-hydroxy-triterpencid is,
on the other hand, strongly negative. As can be seen
from Table E, acetylation of the hydroxyl group in
gyeclplaudencl ané in cyglolaundancl 18 accompanied by a
positive change in rotation, from vhieh 1t is coneluded
that 1f gyglplandenol resembles gycloartenol in being a
3=hydroxy=-triterpenocid, the hydroxyl group has the
J~configuration.

J. A« Henry (91) showed that gyclglaudenol doces
contain a gyclopropane ring by treatment of gyvelglaudanyl
acetate with hydrogen chloride. The product melted
over a range, M.p. 1l45-156° and, in contrast to gyclo-
laudanyl acetate, gave a strong yellow tetranitromethane
colour and showed ethylenic absorption in the ultra-
-violet region with a maximum at 2030 K. (€ 3,100). The
presence of a cyglopropane ring in gyglolaudencl was
confirmed by an exanination of the infra-red absorption
speetra of this alcohol and 1ts derivatives, carried out

by Dr. A« Re He Cole of the University of Western Australia.



In carbon tetrachloride solution, gyeclglaudenol, its
acetate and cvelolaudanyl acetate showed absorption at
3040 cme * as had previously been observed for gyglo-
artenol, gycloartancl and l-cholestane (Theereticai,
Part I) and wihich is known to be characteristic of an
unsubstituted methylene group included in a gyglopropane
ring (79).

J. A. Henry (01) found that the following reactions
involving the nucleus of cyclolaudenol are exactly
gimilar to those of cycloartenol., Mild oxidation of the

acetate mixture m.p. 145-155°, obtained on treatment of
eyclolaudanyl acetate with mineral acid, gave three
distinet products. The first, laudenyl acetate, Cy3Hss0jz,
showed characteristics of ethylen{y unsaturation and 1s
the analogue of lanost-9(1ll)-enyl acetate (XCVI). The
second produet, dioxolaudenyl acetate, Cgglgg04y was
yellow in colour and showed absorytion in the ultra-violet
region with & maximum at 2700 A (€ 7,400), characteristic
of a fully transoid li4-clcone~-ene. It 1s an analogue of
7t11-dioxolanost-~3-anyl acetate (XCVII) and 1ike it, is
reduced to a colourless diketone on treatmemnt vith zine

in acetic acild. The third product, oxolaudenyl acetate
CasligaOgy was isolated only in low yield and had the
ultra-violet abscrption characteristies of a },p~disubsti-

tuted aj-unsaturated ketone. It 18 an analogue of



l2=oxolanost-2(11)-enyl acetate (XCVIII) and i3 formed
in high yield by oxidetion of laudenyl acetate with
echromic acid. Again, catalytic hydrogenation of the
acetate mixzture m.p. 145-165°, and oxidation of the
product with chromic acld, gave a saturated acetate,

landanyl acetate CasHgg0y, together with smaller amounts

CgHn ot Cethy

( X<¥i) (¥ ) (xewm )
of dioxolaudenyl acetate. From laudanyl acetate,
laudanol,leaudenone and laudane were prepared. This
striking similarity between gyclelaudenol and gxelo-
artenol extends to molecular rotation relations between
corresponding compounds in both series.

The saturated alcohol laudanol, however, was not
ldentical with lznostenoly nor was dioxolaundenyl acetate
identical with either of the corresponding derivatives
in the lanosterol or euphol series. From these results,
it was concluded that gyclplaudencl and gycloartencl
have the same pentacyclic nuclear structure and that the

difference between the two aleohols lies solely in the



nature of the side chain.

The side chain of gyelolaudenol has been examined
in detail by the autihor and its constitution anéd configu-
ration established. Ogonolysis of gyclolaudenyl acetate
in chloroform solution at low temperature gave
formaldehyde, which was isolated as the dimedone
derivative, and a ketone, oxonorgyglglaudanyl acetate
CanligeOay mMeps 140-141°, which resisted further oxidation
with chromic acid. Thus in contrast to gyelgartenol,
which eontains an jgopropylidene group >C = C (Me)g,
srglolaudenol contains a vinylidene group > C = CHg.

Dr. Cole's infra-red measurements confirmed the presence
of a vinylidene group in gyelolaudenoly the infra-red
spectra of cyclolauderol and its acetate showed absorption
bands at 3071 ems * in carbon tetrachloride solution and
at 8387 cme * in carbon disulphide, which bands are
characteristic of the group >C = CHg. These bands wepre
absent from the spectrum of gyglolaudanol.

At this stage, the possibility thet gyclplaudencl
differs from eycloaurtencl solely in the position of the
double Lond in the side chain, was considered. The two
possible structures for gcyclolaudenol then become (XCIV)
and (XCV). If however, (XCIV) represents gyclolaudenol,
then gyglolaudanyl acetate should be identical with



cveloartanyl acetate, whereas the two are distinet.

If gyglolaudenol is (XCV), the non-identity of gyplo-
laudanyl scetate and gyclpartanyl acetate requires that
hydrogenation of the double vond in (XCV) has proceeded
guantitatively to give the unnatural configuration at
C(zc)» This was considered to bDe extremely unlikely,
and was finally dlisproved by experiments deseribed in the
sequels Derivatives of polyporeniec aeid C, which 4is

(%Y ) (xev)
related to lanosterol, have recently been described (17)

in which the unnatureal configuration at C(ag¢) can be
stabilised by hydrogen bonding between g.g. an a-~hydroxyl
group at Crse) and a methoxy-carbonyl group at C(gzs) 3§
these lso-comjounds cammot, however, be formed when no
hydrogen bonding is possible between C{ie) and 0(;;,.

It was considered possible that gyelolsudenol might
be related to a higher homologue of gyglgartencl in that
it 1s a Cgy~ or Cgp-triterpenoid. Eburicoic acid (5)
and the polyporenic aelds A (8-11), B (14) and C (15, 17)
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have recently been shown to be Cii~triterpenocids of the
lanostane series, the fundamental struetural differences
between which and lanosterol lis, not in the nacleus,

but in the side chain. The Cy~ side chains of eburicoie
acid and the polyporenic acids B and C are as represented
in {IC) and that of the related polyprorenic acid A in
(C). Triterpenoids having the side chain found in
stigmasterol (CI) had not previously been deseribed, but

nevertheless, this type of structure was also considered

for gycloleudenol.

HOJ.C‘. ﬁ“z Me Clis "c Calis
. L ] ‘. :
C'H. CHa.eH2.C- CHMe, (.'..H.C.Hz.c&h- C. CHMe. Coapt (_",H, Cuz_c“z'c'he“m’
(ic) (S) (i)

An attractive hypothesis to explain the non-identity
of gyelpolaudanyl acetate and gycloartanyl acetate
presented itself in the possibility that gyelolaudenol is
a Cgi~triterpenoid whieh, in common with the other (g4~
triterpenoids mentioned above, has a side-chain double-
bond located between C(gqe) and C(agyy as in (CII, R = H)
The following experiments, however, showed that the
latter part of this hypothesis is incorrect. Oxonop-
gyclolandanyl acetate, the keto-acetate obtained on
ozonolysls of cyelolaundenyl acetate, was reduced by the
Wolff-Kishner method to norcyvclolaudanyl acetate CygHye0g,




wvhich was converted Ly standard methods into the
derived aleohol, norgyclolandanol, and the letone,
noreyeiglaudanane. I eyglolandenol is correctly
represented by (CII, R = H), then oxonorgyclolsudanyl
acetate will be (CIII, R = Ac) and norgyglolaudanyl
acetate should be 1dentical with gygloartanyl acetate
(CIV, R = Ac), vwhereas the two are dlstinet, as are
the corresponding aleochols. The possibility that
norgyclolandanol differs from gyglgesrtancl simply in
configuration at C(z) was conaidered unlikely fyom
molecular rotation considerations, and was shown to be
untenable by the non-identity of norgyglplaudanone and
cigloartanone.

Me
Mf; CI-H:. M% \C
. ! \
CH.CH.CH2.C.CHMe 2 CH.CHy i CO.CHMes OCH AN,
{ ; :
— /
(ew) (ew)

Ko

Oxonorgyelolandenyl acetate was next examined in
greater detail. Oxidation of this acetate with
potassium hyjobromite gave an aecid, 3p-acetoxybisnor-
cyclolandancie a2cid, whieh eould not be obtained
erystalline but which was isclated as the methyl ester.




Oxonorevelolaudanyl acetate must, therefore, be a
methyl ketone from which it follows that the side

chain of gyclgleudencl terminates in an jgopropenyl
group. The transformation of gyglplaudenyl acetate
into oxonozgxn;glaudényl ecotate and thence to methyl
33~acetoxybisnorgyciplandanoate can then be represanted
by the following partial formulaet

CHz ll'1¢.

—C —_— —CO0 —— % —COz2Me

It had been plamnmed to degrade the side chain of gygle -
laudenol further, by subjecting the methyl ester of
this bisnor acid to a Barbier-iieland type degradation.
The hypobromite oxidation of the methyl ketone was,
however, very slow, the aecid produet could not be
obtained crystalline and the ester was isclated in low
yield only after a tedious purifiecation process.

This proposed route was therefore abandoned and,
as an alternative, an attempt was made to lsomerise
the side-chain double bond of gyelolaudenocl by the
addition and elimination of hydrogen chloride in the
hope that 1t would be converted into the isopropylidene
isonmer. Tt was remlised that this lisomerisation would

also result in fission of the grclopropane ring with the
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formation of & mixture of double-bond isomersg
however, it was hoped that ogonolysis of the product
would result in preferential attack of the side-chain
double bond. Treatuent of gyglglaundenyl acetate with
hydrogen chloride in chloroform gave "laudenyl acetate
hydrochloride” Czpliss0gCl which melted sharply, mepe
186-170° and which was dehydrochlorinated by refluxing
with acetiec anhydride. Ozonolysis of the product,
wvhich also melted sharply, m.p. 152-158¢, gave formal-
dehyde as the sole volatile producty no tpace of
acatone could be detecteds As far as the side chain
is concerned, the reactions descriied above have followed

the course deplcted below:

$ i Heo f

-—C-—-C/ T -—C-—CCl-(nb)z
| \ pra e L, |
H MC —'Hu H

A homogeneous product could not be isolated from the
non-volatile fragment of the reaction product, no doubt
due to simultanecus attack by the oxlidising agent on
the side-chain double bond and the mixture of nuclear
double-bond 1scmers.

Further examination of the methyl ketone, oxonor-
cyglolaudanyl acetate established that C(ae) in gyglo-

laudenol (numbering as for lanosterol) carries an alkyl



group sutstituent. Using two different methods,
attempts were made to form an enol-acetate of oxonor-
sygclolaudanyl acetate, which could then be used as
starting material for further degradation of the side
chain, Neither method, however, gave the expected
producty in each case a keto-acetate (m.p. 123-125¢,
(alp + 52°) was obtained which vas isomeriec with, but
different from oxonorgyglolaudanyl acetate (mep.
140-141°, [a], + 61°). Hydrolysis of oxonorgyglo-
laudanyl acetate and acetylation of the iroduet, again
gave this isomer m.p. 183-136¢°, whiech wae alsoc formed
on treatment of oxonorgygloliaudanyl acetate with chromic
acid at room temperature. These reactions can only be
explained 1f there i8 a centre of asymmetry adjacent to
the carbonyl function in oxonorgyelolaudanyl acetatej
C(ae) in this keto-acotate, and consequently in
gyclolaudencl, must therefore carry a methyl or ethyl
group substituent. Assuming the designation 5! for
the configuration of the substituent at C(ag) in gyolo-
laudencl, the isomer me.p. 123~-126° was named oxonorgyplo-
~24ab-laundanyl acetate, since experiments deseribed in
the sequel indicate that 1t is a difficultly separable

This eonfiguration is established from considerations
discussed in a later part of this seection.
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mixture of the &84a- and 24b- isomera,
Oxonoreyelolaudanyl acetate (CV) on treatment
with six molecular proportions of phenylmagnesium
bromide and acetylation of the product, gave a phenyl
methyl earbinel, EZ5-hydroxy-if-phenylnorgyelolaudanyl
acetate (CVI), which on dehydration with acetie
anhydride and potassium acetate, gave the styryl
compound R6-phenylnorgyelolaud=-25(27)-enyl aeetate (CVII),
The absorption spectrum showed maxima at 2030 and 2360 £.
(E 12,200 and 8,100), This is belleved to be the
steriecally pure 24b-isomer, since the reactions involved
in its formation are considered unliltely to have brought
about any change in configuration at C(ge)s That
dehydration had proceeded in the direction indieated was
established by ozonolysis of the styryl compound to give
iormaldehyde, isolated in high yleld as the dinedone
derivative, and the 24b-phenyl ketone, £S-0xc=2E-phenyl=-
biasnorgyelolaudanyl acetate (CVIII), which gave but a
prle yellow tetranltromethane colour and showed ultra-
-violet absorption maxima at 2050 and 2420 K, (e 13,000
and 11,760)« This last compound is also considered to
be sterically homogeneous. It wvas expected that
dehydration would result in elimination of the hydrogen
atom at C(.qp fallure to do so may be attribntoi to the



73

proximity of the allyl substituent at C(ae) and the
phenyl group at C(aa)o

Oxonorgyclo-idab-landanyl acetate (CIX) was troated
in a similar manner with phenyimagnesium bromide and
the rasulﬁing phenyl methyl carbirol dehydrated without
further purification. The product proved te be a
difficultly separable mixture of the 24e-and 84b- styryl
compounds and was designated 25~phenylnorgyclo-adab-
-laud-25(27 )=anyl acetate (CX). The ultra-violet
absorption spectrum wvas identical with that of the
24b-1soner. Extensive recrystallisation of this
material ylelded the pure 24a-isomer, eS-phenylnorgyglo-
-24an~laud-25( 27 )-enyl acetate (CXI) which also shoved
absorption maxima at 2080 and 2380 £ (€ 13,000 and
3,700). Ogonolysis of the Z4ab-styryl compound again
gave a high yleld of formaldehyde and a ketone (CXII),
vhich showed ultra=-viclet absorption characteristics of
a phenyl ketone with maxima at 2050 and 2420 L. (¢ 183,000
and 11,860}, This must be a mixture of the S4a~ and
24b- phenyl ketones, designated Z6-oxo=-25-phenylbisnor-
oyclo-gaab-laudanyl acetate (CXII). After many
erystallisations, this gave the pure Zda-isomer, 265-oxo-
-gb=-phenylbianorgyelo-dda~-laudanyl acetate (CAIII) which
had the same absorption spectrum as the 24b-iponmer.



Treatment of either the o4a-phenyl keotone or ite

24b-isomer with alicall, and reacetylation of the product,
gave irn each case the 84ab-phenyl ketone (CXII) identical
with that originally obtained from the 24ab-methyl ketone,
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The physical constants of the various members of the
24a-y 24b- and Z4ab~ series are given in Table F.



JADIE _F.
Meps La]p Hepe Lalp Hape  [aly
Norketome. (CV) 140- +61° (CIX) 123~ +&2° -
141° 125¢
Fhenyl (CVI) 188- +37 - -
methyl 154

carbinol.
Styryl (CVII) 101- +56 (CX) 99= +5B0 (CXI) 188~ +a4¢
conmpound. 108 114 139°

Pheryl (CVIII) 112~ +58 (CXII) 99- +49 (CXIII)1l0~ +44
ketone. 114 102 111

Attempts to isolate the 2Aa-isomer from oxonorgyglo-
-24ab-laudanyl acetate (CIX) by ecareful chromatography
and by erystallisation were unsuccessful. From a study
of the molecular rotatlion data given in Table F, it
follows that members of the 24ab-series are composed of
approximately equal proportions of the 24a- and 24b-1somers.
Oxonorgyclo-24ab-landanyl acetate was retreated with 37
alkali for 8 hours and the product acetylated in an
attempt to convert the 24b-component into its 24a-isomer.
The product, however, had the sane physical constants as
the original 24ab-ketone (CIX). On treactment under more
foreing conditions, namely heating at 170° with 20%
potassiun hydroxide and at 200° with sodium ethoxide,
intractable gums were cbtained.



Baving established that C(ze) in gyglpolaudenol
carries an alkyl group substituent, identification of
this attachment was attempted by further degradation
of the 24ab-phenyl ketone (CXII). Reaction of the
last named compound with phenylmagnesium bromide gave
a diphenyl carbinol (CXIV) which was treated, without
purification, with potassium aeetate and acetie
anhydride to give a homogenecus produet, the diphenyl-
ethylene (CXV), in vhirsh the asymmetric centre at C(“)
has been destroyed. The diphenylethylene gave a strong
yellov tetranitromethane colour and showed absorption
maxime at 2050 and 2430 f. (€& 29,300 and 13,400).
Ozonolysis of the diphenylethylene at low temperature
gave a steam-volatile fraction, which was identified as
bengzophenone and characterised as its 24~-dinitrophenyl-
hydragonej the non-volatile fraction of the reaction
produet erystallised from methanol to give a ketone (CXVI),
whick was characterised as its oxime. The ketone gave
a pale yellow colour with tetranitromethane and was
transparent to ultra-violet light. It follows from 1its

—CHR. CO.Ph —> —CHR. CPh 2.0 — —CR = CPh; — = —Co:R

(s) (&) () )



method of preparation that this ketone is 24-oxotris-
norgyglolaudanyl acetate and its relationship to gyvglp-

laudenyl acetate is represented by the partial formulae
shown below, in which R = CHg or CzHy.

CH2 &

« |
/

_—C ——c/ — —-C0O
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Two mathodz were avallable at this stage in the
investigation for the identification of the group
attached to C(pse). The first is a further Barbier-

~Weilend degredation and the secondis an attempted
conversion of gygcloartenol intc the degradation product,
24=-oxotrisnorgyplolaudanyl acetate (CXVI)e It was
gvident that the success of the second method would
depend on the correctness of the hypothesis that
syglolandenol and cyeloartencl differ only in the nature
of the side chain, but since supplies of gyglplaudenol
were very limited, it vas decided to examine this method.
In the degradation of gyglglaudenol to 24-oxotrisnor-
cyglplandanyl acetate, the reactions employed were chosen
to ensure that the labile gyglopropane ring remained
intacty @ similar requirement was necessary for

reactions euployed in the degradation of gygloartencl.



Since 1t was believed that the C(z4)-attachment
was elther a methyl or ethyl group, 1t was necessary

Me, Me Me

\

"cu.cu,cu,.cno ‘CH.cHz.CHz.CO.EL “cu.cug.cua-CoMc

to convert gyglpartenol into the metiyl ketone (CXIX)
and the ethyl ketone (CAVIII), in order to compare

these with E4~ozotrisnorgyglolaudanyl acetate.
Ozonolysis of gygloprtenyl acetate gives the tris-nor
aldehyde; 3p-mcetoxytrisnorgyglonrtan-24-61 (CXVII)

(see Theoretical, Part I). On treatment of the
aldehyde with diazoethane, the ethyl ketone (CVIII),
24-oxonorgygloprtanyl acetate was formed (72), but
which wos different from 24-oxotrisnorgyglolaudanyl
acetate. Similar reaction of the tris-nor aldehyde
(CXVII)with diagzomethane gave the methyl ketone (CXIX),
24-oxoblsnorgygloertanyl acetate, which was characterised
by 1ts oxime and by its stability to chromic acid at
room temperature. The physical constants of the
methyl ketone (CiIX) were icdentieal with those of
24-oxonorgycleolaudanyl acetate and its oximey ddentity



was established by mixed melting point determinations.
Thanks to the co-operation of rrofessor E. R. H. Jones,
FeRe8., and Dr, G. D. Meakins of Manchester University,
the infra-red absorption spectra of Z4-oxotrisnorgyglo-
landanyl acetate and 84-oxobisnorgyglgartanyl acetate

wore compared and siwown to be identical.

must therefore have a methyl group substituent at C(aq)
and have the constitution represented by (CXX).

The stereochemistry of gyelolaudenol can also be
deduced. The conversion of gyglglaudenol and gvglo-
artenol into the same degradation produet (CXIX),
establishes the structural and steric identity of the
penteeyclic nucleus and the side chain up to and inelud-
ing C(as) of the two alcoholss The only feature of the
stereochemiatyry of cyelolaudenol which remains to be
defined, namely the configuration at C(ae)y was
established from molecular rotation considerations. The
two possible eonfigurations at C(se) are as shown in
(CXXI) and (CXXII) which represent the terminal carbon
atoms in the side chain of cyclolaudenoly using the
accepted nomenelature, these are designated 24b (CXXI)



and 24c (CXXII) respectively.
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Dergmann snd Low (96) have shown that the intro-
duction of a 24a-methyl group into cholestanol,
cholestercl and their esters, results in a positive
change in molecular rotation (4= + 22°), vhereas a
negative change (4= =29°) is produced by the intro-
duction of a Z4b-methyl group. The nomenclature at
present in use requires that the configurational
indices used by Dargumann and Low should be interchanged.
Table G shows a comparison of the molecular rotations
of derivatives of the lanostane series (98) and gygle-
artencl series with those of derivatives of the laudane
series (91). In each case, the moleculrr rotation
difference ((M]p laudane— [M]p lanostane derivative) is
negative, from vwhich 1t is concluded that the C(gq)~
-nethyl group in gyelplaudenol has the b-configuration.
cyelolaudenol is therefore correetly deseribed as 24b-
~nothyl-9119-gyelol anost-2i=-en-33-01 (CXXI; ef. CXX).



ZANLE Q.

(el l, A
Lancstane +145° laudane +107¢ -33°
Lanostanol +150  Laudanol +03 =87
Lanostanyl acetate +183 Laudanyl acetate +166 -38
Lanostanone +118 Laudanone +82 -b4
grcloArtanol +214 gyglolaudanol +191 =23
sveloArtanyl acetats +877 gyglolaudanyl acetate +248 35

The configuration of the C(a¢)-metiyl group in
eburicane, the saturated perent of the eburiceic acid
series (5), vhich as yet has not beenprepared from this
source, cen elso be deduced by similar reasoning.

Table H shows a comparison of the molecular rotations of
lenogt=3-cnol (98) end eburic-S-ecnol derivatives (97, 98).

JABLE H.
(1p 11 PTAN
Lonost=-8-encl +281°¢ Eburic-8-enol +208° -23°

Lanost-3-anyl acetate +275 Eburic-S-enyl acotate +871 =4
Lanost~-3-ane +272 Eburic-i~-gne I +084 =38
Ebhurlie~S-ene II +218 -64

Once again the differences in molecular rotation are
negative, and, although the data is more limited in this



case than in the laudane series, it is concluded that
eburic-3-enol is £4b-nethyl lanost-8-enol. Eburicane
musgt, therefore, have the same constitution and

configuration as laudane,



SECTICN  I1X.

The principal features of the
constitution and configuration of butyrospermol,
a tetracyclic triterpencid from shea nut fat,
have been determined, and a close structural
relationship to euphol established.



In 1984, Heilbron, Moffet and Spring (99) reported
the isolation of a nev tetracyelic diethenold secondary
aleohol, Cgls 0, from the non-saponifiable fraetion of
shea nut fat. Zhis alcohol, which was subsequently
named basseol (100), occurrod together with the hydro-
carbon 1llipene (101) and the pentaeyelic triterpenoide
J=amyrin and lupeol, and was initially isolated as the
acetate. In a later communication, Hellbron, Seynon
and Spring (102) showed that basseol contained one
reagtive double bond, which wvas jresent as a vinylidene
groupe The conversion of basseol into J-amyrin on
treatment with a variety of acidic reagents was also
reported. In 1949, Heilbron, Jones and Robins (103)
re-examined shea nut fat and in addition to illipene,
J-amyrin and lupeol, isoclated a new tetracyeclie,
diethenold secondary alecoheol, named butyrospermol, whiech
was isomeric with, but different from, Lasseoljy no
trace of the latter alcohol was found. Bautyrospermol,
which was shown to contain an jgopropylidene group and
an unreactive double bond, differed markedly from bassecl
in that 1t was not isomerised to j-amyrin on treatment
with mineral acid. In the same year, Seitz and Jeger
(104) also isolated butyrospermol from shea nut fat and
deduced that the unreasctive nuclear bond was fully



substituted from a study of the infra-red absorption
spectrum of the hydroearbon, dihydrobutyrospermadiene.
Butyrospermol has also been found in the fruit of
Artocarpus Integrifolia (73).

More recently, Dawson, llalsall, Jones and Robins
{105) reported that rigorous examination of samples of
fat from different varieties of shea nuts had failed to
reveal any trace of basseol. Jones further pointed
out that impure samples of butyrospermyl acetate (m.p.
140-143°, cas 3° low, [a]p + ca. 20°), containing 15-20
per cent of j-amyrin acetate, only give pure butyrospermyl
acetate (m.p. 146-147°, [a]p + 11°) after continued
recrystallisation,and suggested that the bassecl acetate
(mepe 141° [a]p + 22.4°) originelly deseribed by Heilbron,
Moffet and Spring (938), was in faect, an impure sample of
butyrospernyl acetate containing approximately 16 per cent
s=amyrin acetate.

Jones and co-workers (105) also examined the action
of mineral acid om butyrospermol. Treatment of butyros-
permyl acetate with hydrogen chloride in chloroform at 0°,
gave a "hydrochloride", dehydrochlorination of which gave
isobutyrospermyl acetate, in which the original jfsopropyli-
dene group has been replaced by an jgppropenyl group. The
dihydro-derivative, however, dihydrojlgsgobutyrospermyl



acetate was not identiecal with dihydrobutyrospermyl
acetate, indicating that the nuclear double bond of
butyrospermol also rearranges on treatment with mineral
acid. Dihydroisobutyrospernyl acetate was also formed
in high yield by treatment of dihydrobutyrospermyl
acetate with hydrogen chloride. Janes deduced that
the nuclear double bond in these jgg-compounds 1s
trisubstituted from a study of their ultra-violet
absorption spectra and from the results of perbenzoic
acid titrations, and concluded that it occupies a
similar cyelic position to that of "igp-lanosteryl
acetate” (lanost-7-enyl acetate)s

Butyrospermol has again been isclated from shea
nut fat by the author and has been shown to be a
tetracyclic triterpenoid, closely related to euphol.

Hydrolysis of shea nut fat with alecholic potassium
hydroxide gave the non-saponifiable fraction as a dark
yellow gum in 3 per cent yield. A solution of this
gum in acetic anhydride was refluxed for 3 hours and
left overnight at room temperature. The semi-crystalling
mass which separated was removed and the filtrate kept
at O° for 2 days, vhen a second crop of solid separated.
This material was crystallised twice from ethanol-ethyl



acetate to give stout needles which had the same
physieal constants as those quoted for basseol acetate
(meps 138-139°, [a]lp + 22°). Although the bulk of the
material melted at 133-1359°, some s0lid persisted in the
melt until above 180°, as had already been observed by
Jones (103). Only after many erystallisations was
butyrospermyl acetate (me.p. 148.5-1465°, [a]B + 11°%)
obtained.

The constants quoted by Heilbron, Moffet and S8pring
(98) for the aleohol basseol (m.p. 109.5% [a]p - 11.9¢)
vere observed to be very similar to those given by Jones
(103) for butyrospermol (m.p. 111-113°, {a]p - 12°)3
this similarity suggested that impure samples of
butyrospermyl acetate might be more readily purified by
erystallisation of the derived alcohol. On hydrolysis
of material of m.pe. 130-135° (&]p + 30° and + 26°, the
higher melting component of the mixture readily separated
as the least soluble fraction on erystallisation from
aqueous acetonej pure butyrospermol (m.ps 109-110°, [a]p
-12.5*°) was then obtained on concentration of the mother
liquors. Furthermore, hydrolyeis of impure butyrospermyl
acetate (mep. 138-139°, [al, + 22°) i.e. "basseol acetate",
and crystallisation of the produet from aqueous acetone,

readily gave butyrospermol as the least soluble fraetion,



the high melting component remaining in the mother
liquor. The derived acetate was identical with
butyrospernyl acetate (m.ps. 143-146°¢, [IJD + 11°)
originally obtained by the tedious recrystallisation
process. From these results it is concluded that
basseol was in fact a homogeneous compound, being
identical with butyrospermol.

As was mentioned in the Historical Section, the
vast majority of the tetracyclic triterpenoids eontain
a nuclear double bond, oxidation of which results in
the formation of characteristic ltd4-dicne-enes. The
behaviour of the nuclear double bend in dihydrobuty-
rospernyl and dihydrojgobutyrospermyl acetates on
oxidation was examined in the hope that a lt4-dione-
-ene would be formed whieh would enable a relationship
to the other tetraeyclic triterpenoids to be established.

Dihydrobutyrospersyl acetate when oxidised with
chromic acid gave an unerystallisable gum, having the
ultra-violet absorption characteristics of an ap-
-unsaturated ketone. Comparable oxidation of dihydro-
-lggbutyrospernyl acetate, however, gave a pale yellow
producty m.p. 110=111¢, whiech showed absorption in the
ultra-violet region with a maximum at 2710 K. (¢ 8,100),
characteristic of a fully trangcid lt4-~dicne-ene. This
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compound proved to be identieal with 7tll-dioxoeuph=8-
~enyl acetate (CXXIV), and was undepressed in melting
point vhen mixed with an autlientie sample prepared by
oxidation of euph-3-cnyl acetate. Dihydroiggbutyros-
permyl acetate was qulckly showvn to be identieal with
euph=-8-enyl acetate (CXiIII), a mixture of both prepara-
ticns showing no depresslon in melting point. The

(o ) (exav) (&)

formation of euph-3-enyl acetate from dihyérobutyroge
pormyl acetate by trestment with hydrogen chloride was
rather surprising in view of the fact that euph-8~enyl
acetate is itself isomerised to jgoeuphenyl acetate
(CXXV)in the presence of mineral acids 4 model
experiment showed, however, that euph-S-enyl acetate
is recovered unchanged on treatment with hydrogen
chloride under the conditions cucted for the isomerisa~
tion of dihydrobutyrospermyl acetate to dihydrojigo-
butyrospermyl acetate (105). The identity of




dihydroigobutyrospermyl acetate and suph-3-enyl acetate
vas further confirmed by the conversion of both teo
Jsoeuphenyl acetate (CiXV), under more drastic aeid
conditions.

One of the factors iniluencing Jones and eco
(105) in their decision that dilhydrolggbutyrospermyl
acetate contains a trisubstituted double bond, was the

alleged unreactivity of this acetate to perbenzoie acid
titration. Dihydroisgbutyrospermyl acetate has been
shown, however, to consume one mo}ecular proportion of per-
benzole acid, giving 319-epoxyeuphanyl acetate (CXXVII),
identical with a sample prepared from euph-3-enyl acetate
in a similar manner.

Rigorous confirmastion of the identity of dihydrojso-
vatyrospermyl ecetate and euph-3-enyl acetate, was
obtained in the conversion of butyrospernmyl acetate into
the acetate of euphol (euphadienyl acetate) (CXAVI).
Reaction of butyrospermyl acetate with 1 mol. of bromine
in acetic acid gave butyrospermyl acetate dibromide
which was treated, without purification, with hydrogen
chloride in chloroform under mild conditions. The
product was debrominated with gzine in acetic acid to
glve euphadienyl acetate in high yleld.
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According to Seitz and Jeger (104) the nuclear
double tond of butyrospermol is tetrasubstituted. If
this 1s corrzecty the only possible structure for
butyrospermol, compatible with the ready isomerisation
of dihydrobutyrospermyl acetate to euph-3-anyl acetate
1s (CXXVIII). The conversion of (CXXVIII) into euph=
-3=-cnyl acetate (CXXITI) would then be represented as

F‘“ﬂ ?‘“'1

(i) (e )

saturation of the side-chain double bond in (CXXVIII)
with hydrogen to give dihydrobutyrospermyl acetate,
followed by approach of a proton to the reer (a) side
of the nuclear double bond with synchronous movement of

the methyl group attached to C(.) () to C(;y) and



elimination (frang) of a proton from C(g)(a) to give
euph-2=-enyl secetate (CXXIXX)., A similar mechanism
wvould operate the conversion of butyrospermyl acetate
into euphadienyl acetate.

The oxidation of butyrosperamol to the ketone
butyrospermone is accompanied by a large negative
change in molecular rotation (103, 73). gveloArtenol
and gyelolaudenol (Theoretieal, Parts I and II
respectively) behave similarly on oxidation, in contrast
to all other naturally oceurring triterpenoids (with the
excoption of agnosterol) oxidation of which gives rise
to a positive change irn rotation. This may be due to
the proximity of the oxygen function at c(., to an
unsaturated centre, or to the presence of a substituent
at C(g9) in the umnatural p-eonfiguration.

Dihydrobutyrospermyl acetate in acetic acid wvas
shaken with hydrogen over a platinum catalyst at 30° for
30 hours in an attempt to hydrogenate the nuclear double
bond. The acetate did not absorb hydrogen but was
converted into euph-8-cnyl acetate. This ecase of
isomerisation did not in itself invalidate structure
(CXXVIII) for butyrespermol, but it did suggest strongly
that two other structures (CXXIX) and (CXXX)qualified
for consideration as representing butyrospermol in that
the acetyl dihydro-derivatives of both could readily



fors euph-3-enyl acetate on isomerisation under mild

eonditions. A compound corresponding to the acetyl

SO

(M) (Sxxx)

dihydro=-derivative of (CiXIX), euph-7-enyl acetate, in
which the hydrogen at C(g) is prodably in the a-configura-
f.ion, has recently been described by Barton (61), but it
is not identical with dihydrobutyrospermyl gceta“, It
is possible, however, that butyrospermol 1s (CXAIX) 4in
which the hydrogen at C(9) has the j-conf'iguration.

Formula (CAXVIII) for butyrospermol has been shown
to be untenable from the considerations outlined below,
which indieate that the nuclear double bond is not
tetra- but trisubstituted, and must be in the A?-(CXxIX)
or 4942s) -pogition (CixX). Treatment of dihydro-

butyrospermyl scetate with osmium tetroxide, followed by
acotylation at room temperature, gave a product m.p,
181-182¢, analysis of which indicated it to be a triol-

-dlacetate. The compound gave no tetranitromethane




colour and was trangparent to ultra-viclet light. on
refluxing vith acetic anhydride and potassium acetate,
this triol-diacetate was converted into a produst, m.p.
111-112°, which gave a red-brown colour with tetranitro-
methane and showed ultra-violet absorption maxima at
2320, 2400 and 2470 KF. (€ 15,000, 17,000 and 10,8C0).
Tris product was shown to be identical with the
hetercannular diene, eupha=7t9(11)-dienyl acetate (CXXXI)
and was undepressed in melting point on mixing with an
anthentie sample{ prepared from 313-epoxyeuphanyl acetate
(CXXVII) by treatment with sulphuric acid in acetic

acid (85). Bupha-719(11)-dienyl acetate was also
obtained from the triol~liacetate, m.p. 181-182°¢ by
heating at 1C0° for 2 days, by sublimation and by treat-
ment with zine dust in aestic acid.

Aco

(Exxxt )
The conversion of dihydrobutyrospermyl acetate into
eupha-7:9(11)~dienyl acetate carnot be explained by
formmla (CIXVIII) for butyrespermol; 4n addition the
formation of a triol-diacetate indicates that the nuclear



double bond %o trisubstituted, not teotrasubstituted.
The possible stricturee for butyrospermol then becane
(CXXIX) and (CXXX)., It 4s not considered possible
to differentiate between (CXiIX) and (CXXX) by compari-
sor: of the chamieal reactiviiy of dihydrobutyrospermyl
ancetate with that of two possibly corresponding
derivatives in the lanosterol sories, lanost-9(1l1)-enyl
acetate and lanost-7-enyl acetate on account of the
differences in conliguration at C(sg) and Crye)e Thus
the nuclear double bond of dihydrobutyrospermyl acetate
is inert to hydrogeration, gives an aj-unsaturated
ketone on eoxidaticn with chromic acid and is ilsomerised
to the 310=p0sition on treatment with mineral ecid.
The nuelsar double bond of lanost-3(ll)-enyl acetate,
although giving an gi-ansaturated ketone on oxidation.
ean bo readily hydrogenated and is unchanged after
treatment vith minerel acid, while that of lanogt~7=-
-anyl acetote cannot be hydrogenated but gives a
transgid led~dione-one on oxidation and, with mineral
aeid, forms an eqnilibrium nixture of the A’ and®=
1s0u0rs.

Tho evidence at present avallable, therefore, does
not allow a satisfactory choice to be made betweon the
formulae (CAXIX) and (CXXX) for butyrospermol.






Melting points are uncorrected exeept in the
gsection eoncerning butyrospermol. Specific rotations
were measured in chloroform solution in a 1 dm. tube at
room temperature and ultra-violet absorption speectra were
measured in absolute etihanol soclution using a Unicam
SF.600 spectrophotometer. Grade II alumina and a light
petroleum fraction of be.p. 680-80° were used for chroma-
tography unless otherwvise specified. The analysts were
Dr. Ae Co Syme and Mr. Wm. MeCorkindale of The Royal
Technical College, Glasgow.

Hydrolysis of 8. Nux-vomica S¢ed Fet. - A solution
of sodium hydroxide (160 g.) in water (200 ml.) was

added to a bolling solution of the dark brown fat (1 kg.)
in ethanol (3 l.) and the mixture refluxed for 4 hours,
concentrated to half bulk and mixed with warm water (12 1.).
The resulting susgpension was extracted with ether (3 x
2¢6 1.), the extracts combined, washed with water and
evaporated. Removal of water from the product by
co-distillation using benzene, gave the dry, non-saponifi-
able fraction as an orange, gummy solid (126 g.)
Chromatograpvhy of Acetylated Non-saponifiable
Fraction. - The non-saponifiable matter (90 g.) in dry
pyridine (250 ml.) and acetic anhydride (100 ml,.) was




kept at rcom temperature for 24 hours. The mixture was
diluted with water, the product extracted with ether and
the extract washed with N hydrochlorie acid, water and
dried (Nag80q). The acetylated product was obtained as
an orange-coloured solid (98 g.), a solution of which in
light petroleunm (1 l.) was percolated through a column
(6.5 x 132 em.) of alumina (3 kge). Fractions of

1 litre vere collected, and the chromatogram developed

as chown.
Fraction Height Description M. e
3 Light pé%roleum - - -
P " Trace Colourless oil
3 ” 0:.74 go .
4 . l.41 »
8 < 3e21 -
6 idght petroleumt -
bengene (111) 1e16 &
7 . Trace Colourless gum
3 ” 13,06 White solid 217-219°
) o 12.18 " 218~217°
10 o 7.09 . 2le~-214°
1l " 4e17 White solid and

colourless gum ,

12 » £e49 Colourless gun




Fraction
13
14
15

18
17

i3

19

Eluant
Bengene

engene:?
(Bther (911)

"

"

Yeight
2600
1.50

3. 00
£.00
2452

168415

cedE

0.8

Trace

Dgseription
Colourless gum

Yellow gum
"
Yellow gum and
erystals

rfale yellow
solid

Yellow gum and
erystals

Yellow gum

"

110~112"
110-111¢

116-118¢
113-119¢

97-109¢

Final elution of the column with acetone (6 1.)

gave a brown, viscous oil (16.84 g.), which was rechromato-

graphed by HMe Be E. Fayez (71) and stigmasteryl acetate,

Mo pe 14245-143°, isolated.

Fraetions (2-8) were combined to give a colourless

oil having a faint lemon cdour but whieh has not been

examined further.

a-ARyrin Acelate. -

Fraetions (8-10) from the

foregoing chromatogram were combined, several crystallisa-

tions from chloroform=-methanol giving a-amyrin acetate




(30 g.) as blades, ms«p. 223-285°, alone or mixed with an
suthentic specimen, [a}b + 30° (cyle2), which gave a pink
Liebermann-Surchardt reaction and a strong yellow colour
vith tetranitromethane.
Found: C,31.33 H,11.2
Calc. for CgaligaOa?! C,32.0§ H,1l.2%.
Hydrolysis of thic acetate (C.6 ge«) by refluxing in
ethanolic potassium hydroxide solutiom (100 ml., 3%) and
isolanticn of the produet by means of ether, gave a-amyrin
which separated from aqueous methanol as needles (0«4 ge),
Me Pe 185°, alone or mixed with an authentic specimen,
[alp + 82° (cy240).
Founds C,84.5§ Hyell.9
Cale. for Cg il 0t C,34.4) Hy11,.8%.

cycloArtenyl Acetata. - Fractions (15-13)
(above) were combined and erystallised several times from
chloroform-methanol to give gygloartenyl acetate (12 ge)
as irregular plates, m.p.122-124° [al, * 60° (ey1.8),
showing a strong yellow colour with tetranitromethane.
Light absorption: Max. at 2090 L. (€, 1,500).

Found: C,31.8§ H,11.2

Calce for CggHsuOa? C,82.05 Helle®h

with the Liebermann-lurchardt reagent, the compound initially
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gave a pale yellow sclutiocn, which slowly developed to
a blood red eolour, having a strong green fluorescence.
Professor D He R. Barton found that a mixture with
gyglonrtenyl acetate, mepe 121.5-128.,5°, from ArLOCArpus
integrifolda had mepe 181.6-122.5°

eycloArtanryl Acetate., - gycloArtenyl acetate
(6 2+) in glacial acetic acid (350 ml.) was shaken, at
atmospheric pressure and room temperature, with hydrogen
in the presence of platinum catalyst (from 1 g. platinum
oxide) for 2 hours, by which time absorption had ceased.
The solution was filtered, evaporated under reduced
pressure and the residue erystallised from chloroform-
methanol to yield long needles, m.pe 127-130°  Further
erystallisation from chloroform-methanol gave gyglo-~
artanyl acetate as long needles, m.p. 131-132°, [a],
+ 59¢5° (eyle8). The compound gave a pale yellow colour
with tetranitromethane in chloroform and showed no
selective ultra~-violet light absorption.

Found: C,8l.75 lijll.9
Calo. for CyzHseOgt C,31.6§ Hy11.7%.

eycloiArtancl. - A solution of gygloartanyl
acetate (1 ge) in 3% methanolic potassium hydroxide

(200 ml.) was heated under reflux for & hours, cooled and
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diluted with water., The ether extraet wan washed
wvith water, dried (Hags80q) and evaporated. Crystallisa-
tion of the residue [rom methancl gave cygloartancl as
plates, m.p. 98° (solvated), [a]n + 50° (eylel)e
Founds C,33.7§ HyleE
Cale.for Cpoliga0t CyB34.0§ Hyl2.80%.

eyclojrtanong. - A solution of g
(1e3 ge¢) in stabilised acetic acid (150 ml.) was stirred
at room temperature and chromic zecid (250 mg.) in acetic
acid (20 ml,) added during 1 houre The solution wvas
kept overnight at room temperature, methanol (O ml.)
added and the mixture diluted with wvater. The product
was collected in other, washed with 10% aqueous potassium
carbonate, water and dried (Nagilq). The ether was
evaporated and the residue erystaliised fron methmol
to give gyslpartanone as plates, m.pe 110°, [a]p + £3¢
(cy0e0)e

Found: C,84.3§ Hyl2.1

Caclig o0 requires: C,34.4§ H,11.8%5

Cropolyals of cyclojrienyl icgtate. - Osonised
oxygen (2 mols. osone) was passed through a solution of
Avclgartenyl acetate (1.6 g.) in dry chloroform (160 ml.)
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at - 46°. The solution was allowed to attain room
temperature (1 hour), acetic acid (25 ml.) wvas added
and then zine dust (2 g.) during 80 minutes with stirring.
The filtered solution was wasihed with water and the
washings retained. The residue obtained on evaporation
of the ehloroform solution, crystallised from acetone-
~water to give 33-acetoxy~-85120t27=-3igporeyelogrian-a4-ol
as dense prisms (1 ge) meps 156-157° (decomp.), [aly + 509.6¢
(cy8e0)e

Foundt C,78.7§ Hy1046

Csolliga0s requires: C,78.7§ H,10.5%

The acueous washings were distilled, and to the distillate
(300 ml.) an agueous solution of 2i14-dinitrophenylhydrazine
hydrochloride was added. Acetone 234~-dinitrophenyl-
hydrazone (Oe.2lg., 26%) was isolated, which separated from
ethanol as golden needles, m.ps 127=128°, alone or mixed
with an anthentie speclimen.

Found: C,45.3) Hy4.2§ N,28.4

Calee for Colly (DeNe? Cy45.3§ Hyde2§ N,28.5%.

33-Acetoxy~-a5126:127-1pisnoreyclogrian-24~01g Agld. -
(1) 8j~Acetoxy-26123827-trisnorgygloartan=-g4~ol (356 mge)
in acetic acid (100 ml.) was treated with chromic aeid in
acetic aeid (10 ml., 6e4 mge/mle, 1e2 mols.) during S0

minutes and the solution left overnight at room temperature.



Methanol was addedy the solution mixed with water and
extracted with ether. The extrset was washed with
vater, dried (Na,50,) and the produect erystallised from
acetone-water as prismatic noedles (230 mge )y meps
£16-213°  Further erystallisation gave
Z7-trisnoreyologrian-oi-ole seld as short prissatie
needles, mepe 221.5-803% [aly + 62 (0y0.0).
Foundt C,78.8§ H,1C.3
Caolieal roquires: C,78.0§ Hy 10,18

(11) Chromie acld (2.8 g.) in water (3 ml.) and acetie
acid (35 mle) was addod dropvise during 90 minutes to a
boiling solution of gyglgsrtenyl acetate (2 g.) in acetis
aeild (100 mle.)e The mixture ves avaporated and the dry
residue shaken with sulphuric aeld (23§ @50 ml.) snd
ether. The etherasl solution was washed vwith water

(100 mls) and with sodium hydroxide solution (3%

3 x 100 mls )3 a sodiun salt seperated at the solvent
interfrce. The salt was collected, suszpended in water
(100 ml.), the mirture acidified with hydrochlorie aeid,
and the solld collected by means of ether. Jj-~Acetexy-
-2Ce Gt E7="risnorgyplonrtan~id-ole acid sejparsated from
equeous acotone as rismatic ncedles, m.pe SEl-233°,
alone or mixed with the sample descrided above, [a]y, + ez
(e3lel)e
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Methyl 33-Acetoxy-25128127-13
-i¥-onte. - P-Acetory-256126127~trisnorgygloartan—gL
aclid (70 mg.) in dry ether (20 ml.) was treated with
ethereal diazomethans until effervescence had ceased.

The solution was aeveporated and the residue erystallised
from methanol to give meinvl 3j-aceloxy-26120127-txisnor-
eyclogrtan~24-gpte as needles (44 mge )y Mepe l28-124°,
{alp + s6.6°.
Found: C,768.035 H,10.2
Cp JlanOq recuirvess C,76.2§ H,10.2%.

33~Lydroxy-£5 1 281 27=Lrisnoreye logrtan-4=glg
celd. - JP-dcotoxy-£0te5127-trisnorgygloartan~24-ole acid
(100 mge) was heated under reflux with 3% methanclie
potassium hydroxide (100 ml.) for 2 hours. The solution
was diluted with 3N hydroechloric acid and the product
isolated by means of other. 33-Hydroxy-26:28:27-trisnor-
eycloartan-Se-oic acid separated from aqueous acetone as
prisus (30 mge), mp. 23-220°, [alp + 54° (c,0.8 4n
pyridine).
Founds C,775§ 11410.7
Canilaals Pequirest C,77.83 H,10.7%

Irgatment of cyclojrtenyl Acetate with Hydrogen
Chloride. - cveloirtenyl acetate (500 mg.) in acetiec aeild
(100 ml.) and concentrated hydrochloric acid (3ml.) was
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heated at 96° for 8 hours. The solvent wags removed
under reduced pressure and the residue treated with
ascetic anhydride (10 mle.) and pyridine (6 ml.) on the
steanm bath for 8 hours. The produect erystallised
from chloroform-methanol as blades, Mepes ldG-164°,
After five crystallisatlons, blades me.pe 104-163°% [a]p

+ 72° (eylel) were obtained.

Irsatmept of cyelojrtanyl Acqtate with
Hydrozen Chloride. - A solution of gygloartanyl acetate
(1 g+) in dry ehloroform (3C mls.) at O0° was treated with
a vigorous stream of dry hydrogen chloride for 3 hours.
The solvent was evaporated under reduced pressure at
30° and the residue erystallised from chloroform-methanol
as blades (910 mge) mep. 137-157°, [a]p + ege (ey148).
The material gave a strong yellow ecolour with tetranitro-
mnethane in chloroforn.
Light absorptiont Max. at 2080 £, {e 8,600).

Lapostanyl Acetate. - (1) A solution of the
acetate mixture, m.pe 137-157°¢ (340 mge) in acetic acid
(180 mle) was sheken with hydrogen and platinum catalyst
(BOU mge) for 24 hours at 80  The solution was filtered
and evaporated to give a crystalline solid, m.pe 137-154°,
which gave a yellow colour with tetranitromethane and
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shoved light absorption at 2080 L. (¢ 2,000). Chromie
acid (320 mg.) in acetie acid (256 ml.) was added during
30 minutes with stirring to a solutlon of the hydrogenation
produet (840 mg.) in acetic acid (100 ml.) heated on the
steam bath, and heating was continued for 80 minutes.
The cooled solution was mixed with methanol (26 ml.) and
evaporated to dryness, and the residue diluted with vatep
(200 mle)e The neutral product (320 mg.), isolated by
means of ether, in light petroleum (50 ml.) was filtered
through a columm (€ x 12 em.) of alumina (25 ge)e
Elution with light petroleun-benzene (411, I75 ml.) gave
a solid (430 mg.), which on erystallisation from chloroform-
-methanol gave lanostanyl acotate as needles; meps 155-158°,
ICJD + 141° (ey1.8). The melting point was undepvressed eon
nixing with an authentic specinen, prepared from "iso-
cholesterol” as outlined below. Thke compound gave no
tetranitromethane colour and was transperent to ultra-
~-violet light.
Found: C,31.8§ Hy12.0

Calc. for CaaligeOst C,31.3; Hy11.9%.
Hydrolysis with 3% ethanclic potassium hydroxide undep
reflux for 3 hours and 1solation of the product by means
of ether, geve lanostanol, needles from chlorof orm-methanol,
mepe and mized m.p. 180-181°, [alp + 33° (eyled)s
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Found: C,;83.8§ H,12.7
Cales for Cg dlge0t C33.,73 H,12.8%.

Elution with light petroleum-bengene (194, 100 mle) and
with benzene (150 ml.) gave a partly erystalline product
(83 mge) which on erystallisation from methanol, gave
71ll-dioxolanost~2-enyl acetate as pale yellow plates,
mepe and mixed mep. 156-156°, [a], + 81° (24048)s  Lighg
absorptiont lMaxzime at 2080 snd 2700 L. (€ 8,800 and

7,800).
Found: C,77.23 H,10.4
Cale. for CggHg (Dq? C,77.15 HK,10.13.
(11) The acetate mixture, m.pe 137-167° (14 g+) was

shaken with hydrogen over e platinue catalyst (1.5 g.) fop
8 hours at room lLemperatures. The product in acetic actq
(260 mle) was treated with chromie acid (980 mg.) as
described mabove, and a solutlion of the produet in lizht
petroleun (50 mle) chromatographed on alumina (50 g. ).
Elution with 1ight petrolenm (750 mle) gave lanostanyl
acetate (needies from ciloroforu-methanol), mep. and
mixed m.pe 155-15G6°, [c]D + 41.5 (ey1¢8)s The fraction
(812 mgey Mepe 180-185¢) eluted with light petroleoum-
~benzene (213, 1200 ml.) could not be purified but showved
the ulira-viclet absorption characteristics of 7111-Cloxo-
lanost-3-enyl acetate with a meximum at 2700 £, (€ 545200),



Elution with bengene—ether (911, 525 ml.) gave a fraction
(280 mg. ) which erystnllized from methanol as needles,
HepPe 173-181°. [urther crystallisation from the same
solvent gave li-oxolanost-9(11)-enyl acetate as neodles,
meps and mixed m.ps 184~135° [al; + 91° (e,0.8). '

Light absorption: Max. at 2420 X. (€ 9,900).

A solution of "jgocholesteryl acetate (m.p. 1265°;, 30 g.)
in glaecial acetic neid (3380 ml.) was sheken with hydrogen
for 4 hours at 70° in the presence of platinum catalyst
{(previously reduced from 2 g. platinum oxide). The
anlution was filtered, evaporated under reduced pressure

and the produet crystallised from chloroform-methanol
as long blades (26 ge)y Mmepe 118-120°,

7111-Dioxolanoat-3~anyl Acetptg. -~ (ef. 94). -
The hydrogenated product (80 ge) Croit the preceding
exporiment woe dissclved in stabilised acetie acid (1 1.),
stirred on the stean bath snd a solution of chromic aeid
(18 go) in vater (30 mle.) added during 30 minutes. Heat-
ing was eontinueéd for l.5 hours, methanol (5 ml.) added
and the cooled solution diluted with ice water (4 1.).
The resulting suspension was coagulated by addition of
sodiunm chloride, filtered and washed with water. A
solution of this solid in ether (500 ml,) was washed with
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6% aqueous sodium hydroxide, water ancd dried (NagS0q).
The produect was dissolved in bengone (850 =ml.) and
percclated through a short column of alumina (200 g,)
wvhich was further eluted with hengens. Evaporation
yielded g8 yellow solid vhich readlly crystallised from
nethahol as yellow plates (12,5 ge )y mape 1E1=1540,
Further erystallisation from methanol yielded 7tll-
-dioxolanost-8~enyl acetate as yellow plates, maep,
156-166°, (a]lp + 92¢ (eyl.2). Light absorptions
Max. at 2700 K. (¢ 7,600).
Found: C,77.0; H,10.4.
Calce for CagHp Qet Co77.13 H,10.1%.

7:11-Rioxolanostanyl hcotate. - (38) Zine ‘dust
(G0 go) was added portionwise during 20 minutes to g
refluxing solution of 7tll-dioxolancst-3-enyl acetate (3.5 g
in acetic acid (460 ml.) and heating econtinued for 1 hoap,
The acetic acid was decanted and the gine further extracted
with boiling acetic acid (800 mle). The combined extriots
were concontrated (400 ml.), poured into water and the
solid product eollected, washed wilth wvater and dissolved
in ether. The ether solution was washed with 107% aquecus
sodiun carbonate, water and dried (Nap304). The product
erystallised from chloroform-methanol as plates (8.5 ey
m.pe £18-219°  Further crystallisation from the same
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solvent gave 7tll-dioxolanostanyl acetate as plstes,
mepe 220-2822° [a}y * 57° (04143)s The compound gave
no eolour vith tetranitromethane in ehloreform, and
showed no selective light absorption in the ultra-
-violet regilon.
Founds C,77.13 l,10.4
Colee for Cpalip3le? Cy76e83 H,10.4%.

11-0xolsnostapyl Acetgte. - (38). A solution
of 7tll-dioxclanostenyl acetate (7.5 ge) in redistilled

dlethylene glycol (250 mle) was heated with hydragzine
hydrate (1005 3.8 mle) at 200° for 1 hour. To the
cocled mixture was added o solution of sodium (7.5 g.)

in diethylene giyeol (70 mls) and the whole maintained

at 220-230° for @ hourse The nixture was cooled, poured
into water, acidified with hydroechloric acid and extracted
with ether. The ether solution was vashed with water,
driad (Nay504) and evaporated to give a yellow sclid

(70 g )y, a solution of which in pyridine (50 ml.) and
acetic anhydride (50 ml.) was heated on the steam bath for
3 hourse The product (3.5 ge), isolated by means of
ether, was dissolved in light petroleum~bengene (9t1,

100 mle) and percolated through a column (1.5 x 20 em.) of
aluwaina (30 ge)e Continued clution with the same solvent
(150 ml.) gave a fraction (5.5 ge)y Mepe 138-140°, which
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on recrystallisation from chloroform-methancl gave
ll-oxolanostanyl acetate as needles, Repe. 143-144°,
[a]D + 64° (c,l.l).
Found: C,79.2§ Hy1l.4
Calcs for CasHgeOat C,79.03 Hy11.2%.

11-lydroxvignostanyl Acetate. - (29). 11-Oxo-
lanostanyl acetate (2.4 g.) in dry ether (100 ml.) was
added to a suspension of lithium aluminium hydride (2.5 g.)
in dry ether (160 ml.) and the mixture refluxed for £.5
hours. The solution was cooledy diluted with ether and
excess hydride destroyed by the cautious addition of ice
water. The suspension was treated with SN sulphurie acid
and the ether sclution washed with water and dried (Nayz80,).
The product crystallised from chlorofora-methanol as
needles (1«5 ge¢), mepe 180-191° A solution of this
material in pyridine (20 ml.) and scetic anhydride (20 ml.)
was kept overnight at room temperature and the product,
isolated by means of ether, crystallised from chloroform-
-methancl, to give ll-hydroxylanostanyl acetate as needles,
mepe 216°, [a]y + 22° (e,2.0).

Foundt C,73.8§ Hyll.5
Celc. for Cgglisg0st C,78.6§ Hy1ll.2%.
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lanest~-9(11)-goyl Jcaiate. ~ A solution of
1l-hydroxylanostanyl acetate (850 mge) in dry pyridine
(40 ml.) was heated with phosphorus oxychloride (8 ml.) at
100¢ for 3 hours. The mixture vas mixed with water,
extracted with ether and the ether solution wvashed with
ar sulphurie acid, 107 agueous sodfum carbonate, water and
dried (Nag50¢)e A solution of the product (640 mg.) in
1ight petroleum (100 ml.) was filtered through a column
(1.6 x 16 om. ) of alumina (30 g.) and the fraction (500 mg. )
eluted with light pstroleum benzene (411, 450 ml,)
erystallised from chloroform~methanol to give lanost-9(1l)-
-enyl acetate which separated as regular, hexagonal plates,
meps 173-174% (8], + 84° (cy1.3). The compound gave a
strong yellow colour with tetranitromethane in ehloroform.
Light absorption: Max. at 2080 As (& 4,800).

Found: C,31.4§ Hylle3
Calee for CaalipeOas C,31.8§ Hylle7R.

Lanogtenyl Agetate. - (78). Lanost-9(11)-enyl
acetate (200 mg.) in acetic acid (150 ml.) was shaken with
hydrogen and platinum catalyst (previously reduced from
300 mg. platinum oxide) at 30° for 24 hours. The solution
vas filtered, evaporated under reduced pressure and the
residue ecrystallised from chloroforn-methanol as fine

needles (160 mg.), Mepe 1lH64-155°. Further erystallisation
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from the same sclvent ylelded lancstanyl acetate as
needles, m.p. 156-156° [a]p + 41° (e,1.2). The
compound gave no coleur with tetranitromethane in
chloroform and showed no selective lizht absorption in
the ultra-violet reglon.
Found! C,31.43 HU,12.1
Cale. for Cgullgels: ©C,81e33 H,11.98.

stanels -~ A solution of lanostanyl acetate
(100 mge ) in 35 methanolic potassium hydroxide (50 ml.)
was refluxed for 3 hoursy cooled and poured into water.
The ether extract vas washed with water, dried {NagS0,)
and evaporateds The residue crystallised from chloroform-
-methanol to give lanostancl as fine needles, m.p.
180-181°, [elb + 33° (eyl.l).
Founds C,33.7§ H,12.8
Calce for Caolisedt C,83.75 Hy12.6%.

¥olff-Fishner Nleduction of 7rll-Rioxolanogt-
anyl Acetate. - A mixture of 7sll-dioxolanostanyl acetate
(5 ge) and 1005 hydragine hydrate (11 ml.) in dry ethanol
(130 mle.) was bolled uncder reflux for £ hours, a solution
of sodium (12 g.) in ethanol (150 ml.) was added, and the
nixture kept at 20C° for 18 heours. The cooled mixture
was diluted with water, and the product (4.9 ge) collected
by means of ether and acetylated on the steam bath for
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45 minutes with acetiec anhydride (20 ml.) and pyridine
(30 mle)e A solution of the acetylated produet in
1ight petroleum-bengene (4:l, 200 ml.) was filtered
through a column (3.8 x 24 cm.) of alumina (210 g.).
The combined, partly crystalline fractions (4.l g.)
eluted by light petroleum=bengene (lt4, 1600 ml.),
bengene (1300 ml.) and benzene-ether (911, 1000 ml.),
when erystallised from methanol, yielded 317-discetoxy-
lanostan-11-0l as [ine needles, m.p. 286-237°, [a,’lD
+ 58° (e0y1.0). The melting point was undepressed
on mixing with an authentie sample, prepared by the
method of Voser (29), which had m.p. 238-237°, [c]D
+ 57° (e,0.96).
Foundt C,74.33 H,10.8
Calce for CgelissOs?t C,74.73 H,y10.,78.

Irentment of cyeloirtaonvl Agefate yMith Bromine. -
(1) gyeloArtanyl acetate (100 mg.) in earbon tetrachloride
(100 mle) vas treated at 0° with bromine (100 mg., 3 mols.)
in earbon tetrachlorice (3 ml.) and the solution left
overnight at 0°. The mixture was diluted with earbon
tetrachloride, washed with 105 podium thiosulphate solution,
water and dried (Nag8tg). The residue obtained on
removal of the sclvent was erystallised from acetone to give

needles, m.p. 130-131°, alone or nixed with starting
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material, {[al]y + 59° (e,1.1).

(11) syploirtanyl acetate (150 mge) in earbon
tetrachloride (86 ml.) was treated in a similar manner

with excess bromine (1 g.) in carbon tetrachloride (10 ml.).
No erystalline product was obtained.

2-pBromgeyvelogrtanone. ~ A sclution of
gigcloartanone (625 mg.) in carbon tetrachloride (20 ml,)
wvas treated with N-bromosuccinimide (314 mge, 1.2 mols.)
in the presence of suspended calcium carbonatej the
mixture was 1lluminated with a 250-w lamp. The nixture
wvas diluted with carbon tetrachloride, filtered, washed
with water, dried over NagS0q and evajporated. The
residue separated from methanol as a light brown solid,
mepe 170-11C°; and after several crystallisations from
the same selvent, gave - romocyecloartanopng as needles,
mepe 116°, [a]D + 48° (cyls8). The compound gave a pale
yellov tetranitromethane coloure.

Founds C,71.8; H 0.7
Cs Jig 90T requirest C,71.33 H,3.3%.

Lehwdrobromination of 2-romgeycloartanone. -
e2-bromogygloartanone (200 mg.) in collidine (38 mle) was
heated under reflux for 2 hours, left overnight at room
temperature and filtered. The solution was diluted with

water and a solution of the product, collected by means
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of ether, in light petroleum (15 ml.) jerecolated through
a column (1.85 x 78 cme) of alumina (6 ge)e The
fractions eluted by light petroleum (40 ml.) and light
potroleun~benzene (4:1§ 100 ml.) were combined and
erystallised from methanol to give cyeclogri~l-sn~5-gna
as prisas, m.p. 100°, [aJD - 40° (ey1e8)e Light
absorptiont maxims at 2080 and 2830 L. (€ 6,000 and
8,700 ).
Found: C,85,0§ Hy11.7
CaJleql requirest C,84.8; H,11.4%

Heduction of cyeloiri~l-gn-S-gne. = SYCLOATt-
~i=en=3=one (200 mg.) in acetic acid (186 ml.) was hhnkna
vith hydrogen and platinum (from 200 mg. platinum oxide)
for 3 hours, by wvhich time absorption of hydrogen had
ceasod. Tho solution was filtered and evaporated and
the residugl gum orystallised from methanol as blades,
Gepe 70~87° A solution of the erude mixture of 3a~ and
33~ aleohols (805 mg.) in meetic acid (1825 ml.) was
treated with chromiec acid in acetic acid (5.86 mle, 8.4
mge/Mley Lol mols,) and left overnight at room tamperature.
The neutral product was isolated in the normal manner
and on erystallisation from methanol gave g&J
as blades (14E€ mge)y Mmeps 110° alone or mixed with an
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authentic specimen, [al, + 23° (c,0.8).
Found: C,84.3§ H,18.1
Gelee. for Cgdlg Ot C,84.43 H,11.8%.
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Nop-gaonifiable Eraction of Oolus Mars. -
Opium mare (1 kge) was extracted with boiling chloroform
(2 x 4 1.), the extracts combined and evaporatedes The
residue was redissolved in ether (4 1.) and washed with
8N hydrochloric acid ( 2 x 3l.) and water (38 l.). The
brown gum (180 g.), obtained on removal of the solvent,
was extracted with a mixture of boiling benzene (300 ml.)
and ethanol (& l.), and the extract decanted from a
quantity (10 ge) of undissolved, rubber-like material.
A solution of potassium hydroxide (180 g.) in water
(200 mle) was added to the bolling extract and the mixture
refluxed for 3 hours. The hot solution was added to
wvater (10 1l.), the resulting suspension extracted with
ether (& l., € X 2.5 1.) and the combined extracts vashed
with water. The residue obtained on evaporation was
freed fron water by co=distillation using benzene, to give
an orange gum (43 ge)s Lhis non~-saponifiable fraction
was dissolved in waxm acetorne (100 ml.), the soclution kept
at rocom temperature for 4 hours and the crystalline solid
separating (18.5 g.) ccllected. A second crop of solid
(2.5 go) was obtained on leaving the mother liquor over-

night at room temperature.

A soluticn of the coubined acetone-crystaliised fractions
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(21 ge) in Lengene (500 ml,) was percolated through a
column (4.5 x 32 cme) of alumina (580 g.) and the
chromatogram developed as shown.

1 - 8 Benzene 4.0 1. 1l.17g. Gum

9 - 20 Benszenetether (19t1l) 6.0 3.81 White Solid
el - 26 . 2.8 0.92 Clear Gum
€6 - 43 ” (9:1) 9.0 7411 "
44 - B2 v (411} 4.6 2.85 ”
&3 ~ 58 " (1:1) 3.0 1.81 "
59 - @7 ” 4.5 1.16 ”
83 - 70 Benzenosﬂethan?%'l) 1.6 .72 Brown Gunm

Fractions {1 - 8) and (692 - 70) could not be
obtained crystalline and were not examined further.

( +)-n-Eonac

jan~10=gl. - Fractions (9 - 20)
wvere combined ané corystallised {rom chloroform as soft,
lustrous plates (le4 ge«); Mepe 30-82°  Further
erystallisation from ethyl acetate gave (+)-p-nonacosan-
~10-01 as prisms, me.pe 31-32°, [Q]D:_O" (¢y2.0)y showing
no colour with tetranitromethane in echloroform and no
selective ultra-viclet light absorption. llo eolour

was obtained in the Liebermann-Durchardt test.
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Found: Cy31.8§ Hyl4.8
Calce for Cgpoliglt ©,82,0f H,14.8%

(#+)-r-lgnacosan~-10-yl agetate. - (+)-n-
=lionacosan=10=01 (200 mg.) in pyricdine (10 ml.) and
acetic anhydride (& ml.) was heated on the steam bath
for 2 hours. The prcduet was isolated by means of
ether and on crystallization from ethyl acetate, gave
( +)-n-nonacosan-10-yl acetate as plates {130 mg.),

MePe 4AE=-45.6°.
Found: ©C,79.8) l,13.3

Cale. for C,;HQ.O.C CyT23) H,Rt‘fi

eyeleolgudenci. - Fractions (81 - 58) of the
above chromatogram were combined and crystalliised from
methanol as needles (7 ge), m.p. 122-123°, [a]; + 48
(cyle8). Further erystallisation from methanol gave
eyelolaudenol as stout needles, meps 123-126°9, [a]p
+ 48% (eyl.8)s The compound gave & pale yellow eolour
with tetranitromethane. Light absorption: Max. at

o
2080 Ae { € 1,800)

C;;H'go requirsst 0’8405’ Hgllogx

eyelolaudeny) Acetatg. - gyelolaudenol (6 g.)
in pyridine (25 ml.) and acetic anhydride (12 ml.) was



heated on the steam bath for 2 hours. The sclution was
cooled, mixed with water and extracted with ether. The
extract was washed with 3V hydrociilorie eseid, satureted
sodium bicaritonate solution, water and dried (NagSOg).
Evaporation of the ether gave a solild vhich erystallised
from ehloroform-methanel as blades (6.8 g¢)y m.pe 117-119°,
[a]ly + 62° (eyle7)e Further erystallisaticn from
methanol gave cyclolaudenyl agsatate, wihlch separated as
elongated plates, mep. 120-121°, [a], + 56° (cy0.8) and
gave & pale yellovw colour with tetranitromethanc.
Lignt absorption: Hax. at 2060 K. (€ 1,600).

Found: C,32,03 Hylle4

Csslipa0a requires: C,32.1§ H,11.3%.

Cxonolvals of cyelolaudenyl Acetatg. - A
solution of gyglolaudenyl acetate (3 g.) in dry chloroform
(150 mle.) was treated at - 46° with ozonised oxygen
(93 mle Og/min., 2 molss) for 3¢ minutes. After
attaining room temperature (1 hour), acetic meid (&5 ml.)
was added, and then gine dust (8 g.) portionwise during
30 minutes with stirring. Af'ter stirring for a further
hour, the filtered solution was washed with water (6 x
200 ml.). The agueous washings were combined, adjusted
to pH 7.0y and treated with a saturated aqueous sclution
of dimedone (200 mle)s After 24 hours at 0% the
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separated formaldehyde dimethone (0.84 go., 36%) was
"colleeted (mepe 138-139°) and erystallised from ethanol,
from which 1t separated as needles, m.p. 139~-190°, alone
or mixed with an anthentic sample.
Foundt Cy,680.85 HyOe4

Cale. for CaplgeOt C,80.8; H,3.8%.
Evaporation of the dried chloroforu solution (above) gave
a partly crystalline solid (2.98 g.) which was dissolved
in light petroleum (200 ml.) and percolated through a
column (2.75 x 18 cme ) of alumina (20 g«). Elution
with light petroleum (1,000ml.) and light petroloum=
-bengene (511, 1,400 mLl.) gave a fraction (& g.) which
erystallised {rom methanol as needles, 1l4C-14l1°. Further
erystallisation from methanol gave gxopnoreyelolaudanyl
acetate as needles, m.p. 140-141% [alp + 61° (cyled)s
The compound gave a pale yellow colour with tetranitro-
methane and shoved no selective abscrpticn in the ultra-
-violet region.

Foundt Cy79.23 Hy10.8

Caalls 505 requirest C,79%.33 H,10.8%.
To a refluxing sclution of oxonorgyelolaudanyl acetate
(100 mg. ) in methanol (25 ml.) was added hydroxylamine
hydrochloride (200 mg.) and sodium acetate (400 mg.) in
water (1 ml.) and methanol (10 ml.)s Refluxing was
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eontinued for & hours and the mixture diluted with watep
and extracted with ethers The ether solution was
washed with water, dried (NagSO4) and the product
erystalliced from methanol to give the gxing es needles,
Tepe 160-181°, [alp + 54° (0,0.3).
Foundt C,77.04 Hyel0.8
Caalflss0aF recuirest C,78.94 Hy10.75,

Aandanyd Aeainla. - A nixture of Z0-0x0-20-norgyg

lendanyl acetate (260 mge)y 1007 hydrasine hydrate (&6 my,)
and sodium ethoxide (from 31& mge. of sodium) in ethanc)

(156 ml.) was kept at 200° for 1lZ hourse The reaction
mixture wes cooled, diluted with wanter and extracted with
ethere The ether extract vae washed with 3N hydrochlopis
acid, water and dried (Nas80¢). The produst was treated
on the steam bath for 3 hours with acetie anhydride (& m),)
and pyridine (6 ml.)s A soluticn of the dried acetylateq
product (238 mg.), isclated in the normal manner, in light
petroleum (26 mls) was filtered through a eolumn (1 x 8 ey,)
of salumina (8 ge)s The fraction eluted with light

petroleum (12f ml.) was orystallised from methanol to giv,
needles (134 mge)y meps 118-113%  Furthor erystallisation
sG~noreyelolandanyl acetate as

needles, Mepe 113=120°, [c]n + £8° (0glel). A mixture wiip

from the same solvent gave
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gyeloprtanyl acetate had m.p. 117-128°,
Foundt C,81.3§ Hyll.8
Cszlips0p Tequirest C,31.8§ H,11.8%.

e6-Noreyclalgudanol. ~ 4 solution of Z28-norgyglo-
laudanyl acetate (200 mg.) in 35 metianoclic potassium
hydroxide (60 ml.) was refluxed for & hours, cooled,
diluted with water and extracted with ether. The
ether extract was washed with watery dried (NagSOq) and
evaporated. The product vas erystallised from methanol
to give 28-poreyelojiaudancl es needles (176 mge ), Mepes
114-115°, [a.]D + 49° (¢y1.8)s A mixture vith gyglg-~
artanol had m.p. 93-=110°.
Founds C,85.9§ HylzeZ
Cs ulig 0 recuires: C,34.05 Hyl2.808.

26=lioreyelolandan~-8-gne. ~ & selution of
28=-norgyclolaudanol (23€ mg.) irn stabilised acetiec acid

(70 ml.) and bengene (15 ml.) was stirred at room tempera-
ture and chromic acid in acetic acid (10 ml., 4¢3 mgs/mley
1.2 mols.) added during 80 minutes, and the solution left
overnight. lMethanol wes added, the mixture poured into
vater and extracted with ether. The product crystallised
from mothanol as blades (172 mge.), mepe 99=101°, and on
further erystallisation gave <G-poreyelolaiden~-S-oRe A8
bladesy meps 100-101°, depressed to 92~97° when mixed with
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gycloartanone, laly + 22° (ey2.2).
Founds C,84.0% H,}loQ
Cgllp © requirest C,34.4§ H,11.8%
26-Noreyelolaudanone (86 mg.) in methanol (15 ml.) was
refluxed with a solution of hydroxylamine hydrochloride
(200 mgs ) and sodium acetate (400 mg.) in water (1 ml.)
and methanol (10 ml.) for & hours. ZThe solution was
diluted with water and the produet colleeted with ether.
Crystallisation fram chloroform-methanol gave the Qximg
as needles, m.p. 203°, [aly - 9.3° (e,0.8).
Foundt C,31.7§ Hy1lle3
Cs Jig 10F requires: C,31.8§ H,11.8%,

Hethyl 33-agetoxy-28t27-hlanoreyelolaudan-26-
oake. - 85-Uxo-@6-norgyelelandanyl acetate (876 mg.) in
dioxan (15 mle) was Bhaken with bromine (1 ml.), potassium
hydroxide (15 g+), and water (20 ml.) at room temperature
for 14 days. The solution and solid which separated
during the reaction, were mixed with wvater and shaken with
ethery a potassium salt separated at the solvent interface.
The salt was collected, suspended in water (100 ml.), the
mixture acidified (methyl-red) with hydrochloriec acid, and
the solid collected by means of ether. The resulting gum
(284 mg.) was treasted on the steam bath for 2§ hours with
acetic anhydride (&6 ml.) and pyridine (5 ml.) The
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solutiocn was eooled, diluted with water and the product,
an unerystallisable gum, isolated by means of ether. A
solution of the mcetylated acid (318 mg.) in dry ether
(20 ml.) was treated with a dry ether solution (15 ml.) of
diazomethane (from l.5 g. N-nitrosomethyl urea)s. The
reaction mixture was kept overnight at room temperature
and then evaporated under reduced pressure to give a gum
which vas dissolved in light petroleoum (25 ml.) and
percolated through a column (1.76 x 6 em.) of alumina (9 g.).
Elution with light petroleum-bengzene (213, 126 mle.j 114,
75 mle.) gave a fraction (62 mg.) which, on erystallisation
from methanol, yielded mgthyl 30-acqetoxy-206:127-Liangrcyclo-
lpudpn-25-oate as needles, me«ps 115-118°, (&]p + 57° (e,1.1).
Founds C,78.8 § H,10.6
Caulls a0 Tequirest C,78.8§ H,10.5%.

Ireatment of eyelolaudenvl Acetate with Hydrogen
Chlorida. - gyslglaudenyl acetate (2 g.) in dry chloroform
(40 ml.) was treated with a stream of dry hydrogen chloride
at 0° for 38 hours. The solid obtained on removal of the
solvent, orystallised from methanol, giving a "k

(107 Ee) a8 noodlea‘, Me Pe 186=-170° (doeomy.), [&]D + B4°
(2y1e3). *he compound gave a strong yellow colour with
tetranitromethane,
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Foundt C,76.0§ 1i,10.8
C3sligs0aCl requirest C,76.3§ li,10.7%.
A solution of the "hydroculoride” in acetie arhydride
(18 mle) was refluxed for 15 hours, thenm diluted with
water. The product, isolated in the usual manner,
seperated from chloroform-methanol as needles (1.1 ge),
mepe 158-156°, [a]D + 61° (ecylel).
Foundt C,31.3§ H,11.0
Caslige0a requires: C,88.1j Hy11.8%.
Ozonised oxygen was then passed through a solution of
this product (1.3 g.) in acetic acid (170 ml.) at room
temperature for 1 hour. The solution was diluted with
vater (1 1l.), treated with 10/ ferrous sulphate sclution
(20 ml.), and steam distilled. From the distillate
(800 mle), formaldehyde (22%) was isolated as its dimethone,
needles (from ethanol), m.ps and mixed mepe 190=-191°.
Foundt C,69.,7§ H,8.8
Calcefor CyoHgeOq? C,69.8§ Hy8.3%.
The filtrate from the dimethone derivative was agaln steam
distilled, and the distillate (E250 ml.) treated with
aqueous 214-dinitrophenylhydragine hydrochlorideg no
hydrazone separated. The non=-volatile product was
treated with chromic acid by the method used for the
preparation of lanost-9(11)-enyl acetate from the mixture



obtained by treatment of gyglpartanyl acetate with
hydrogen chloride (see Theoretical, Part I), but no
erystalline product was isolated.

Zreatmept of 25-Oxo-=zG-poreyelolandanyl icetate
with Alkali. - 26-Oxo-26-norgyclolaudanyl acetate (mep.
140~141°*, [a]; + 81°, 200 mg.) was refluxed with 5%
methanolic potassium hydroxide (150 ml.) for 6 hours.

The solution wvas cooled, mixed with water and extracted
wvith ether. The product crystallised from aqueous
nethanol to yleld 25-gxp-£0-porecyclo-24ab-laudanol (140 mg.)
as short, thick needles, m.p. 139-141° ([e]p + 43° (cyl.4)
Found: C,81.03 Hyll.4

Cs g Oz requiress C,31.45 H,11.4%.
This aleohol (110 mg.) was treated for 12 hours at room
temperature with acetic anhydride (5 ml.) and pyridine
(6 mle)y and the product isolated in the normal manner.
Two erystallisations from methanol gave 25-gxo-26-noreyelo-
~24ab-lgudanyl agcatate as needles (60 mge ), mep., 128-1885°,
unshanged on further erystellisation, [alp + 82° (eyle5).
A mixture with 26-~oxo-ci-~norgyglglaudanyl acetate had

MePe 1EI~13E %
Foundt: C,79.3§ H,10.7

Cpaliga0s requirest C,79.33 H,10.3%



gb-0xo=2)-norgyclo-24ab-laudanyl acetate (150 mg.) in
methanol (23 ml.) was refluxed with a solution of
hydroxylanine hydrochloride (300 mg.) and sodium acetate
(800 mge.) in water (2 ml.) and methanol (16 ml.) for
24 hours. The product was isolated in the normal
marnner and on erystaliisation from methanol gave the
2xime as short needles, m.p. lE3~164°, [a]n + 50° (eyleb).
Founds C,78.8f H,10.,6
CsalingUaN requires: C,78.9§ Iiy10.7%.

Ireatment of e65-0x0-2@-poreyelolaudanyl Acetate
vith Chromic Acig. - 25~-Cxo-iG-norgyglolendanyl acetate
(100 mg.) in acetic acid (25 ml.) was stirred at room
temperature and treated with chromie aeid in acetic acid
(8 mley 2 mge/mle, 1e3 mols.) during 30 miruates. The
reaction was left overnight at room temperature and the
neutral product isolated with ether. Crystallisation
from methanol gave 25-oxo-z8-norgyglp-24ab-laudanyl acetate
as needles (72 mg.), m.p. 128~126° alone or mixed with
the sample deseribed above, (a]p + 53° (e,l.2).

Attemptad Enol-acoliviation of 25-Oxo-i8-poroyclo-
laudanyl Acetate. - (1) A mixture of 2f5-oxo-26-norgyclo-
landanyl acetate (100 mg.), acetic anhydride (2 ml.) and
freshly fused potassium acetate (1CO mge.) was kept at



182¢ for 10 hours. The product, isolated by means of
etler, gave 25~0xo-28-norgyclo-cdab-landanyl acetate,
whieh separated from methenol es needles (87 mg.),

mepe 120-125° (a], + 81° (eyle2).

(11) A solution of the same acetate (100 mge.) in
isopropenyl acetste (20 ml.) and one drop of concentrated
sulphuric acid, was kept at 100° for § hours. Fotassium
carbonate was sdded, the solvent evaporated under reduged
pressure, the residue mixed with water and the produect
collected with ether. After two eryctallisations from
methanol, 25-oxo=-Zd-norgyglo-24ab-laudanyl ecetate was
obtained as neecles (32 mg.), m.p. 123-126°, (a)p + 61

(c’lo 2.

Iresatpent of 25-Qxo-es-noreyelolaudanyl Acatate

¥ith rhenylmpgnesium Bromide. - The acetate (2 g., 1 mol.)
in ether (80 ml.) was added during 45 minutes to a

solution of phenylmagnesium bromide (4.8 gey 6 mols.) in
ether (100 ml.), and the mixture refluxed for 30 minutes.
The eooled solution wes poured inte 3N hydrochlorle acid
and the product 1solated by means of ether. The produet
was steam-distilled for 1 hour and a solution of the
non-volatile fraction (2.4 g.) in acetic anhydride (1& ml.)
refluxed with freshly fused potassium acetate (0.6 g.) for
1 hour. A solution of the produet in light petroleum (100
ml.) was percolated through a column (2.75 x 15 cm.) of
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alumina (75 ge) and the fraction (0.8 g.) eluted by
1light petroleum (900 mle.) erystallised from methanol
to give &b= -28-poreycloland-2s (27 )-gnyl acetate
as plates, m.p. 101-102°, {al; + s8¢ (ey1.2). The
styryl compound gave a strong yellow colour with
tetranitromethane. Light gbsorption: maxima at 2080
and 2860 A, (12,200 and 8,100)
Found: C,33.,9§ ,10.4

Cpallaals requires: C,33.8§ H,10.4%.
The fractions eluted by light petroleum~benzene (114,
1060 ml.§ 111, 135C ml.) were combined (1.5 gZ+) and
twice crystallised from acetone-water to give the
phenyl methyl carbinol, 25-hydroxy-af-phenyl-28-por-
eyeclolgudanyl acetate as small needles (0e7 ge )y Mmepe
152-164%, [a]p + 37° (cylel)s It gave a pale yellow
colour with tetranitromethane. Light absorption:
Max. at 2080 A. (€ 7250).

Found: C,31.0§ Hyl0.4

Caslis g0s recuires: C,31.1j H,10.4%.
A solution of the alecohol and freshly fused potassium
acetate (0.5 go.) in acetic anhydiride (15 ml.) was
heated under reflux for 4 hours and left overnight.
The produet in light petroleun (30 ml.) was chromato-
graphed on alumina (40 g.), and the fraetion eluted by
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light ﬁetroleum (330 ml.) crystallised from methanol
to give the styryl compound described above as needles
(0a7 go)y Meps and mixed mep. 101-102°, [a]y + 65.8°
(eylel).

olysls of “5-ihepyl-=6-poreyeloland-
-26(27)-gnyl Acatates - A solution of the styryl
conpound (1 g«) in dry chloroform (150 ml.) was treated
vith ozonised oxygen at - 45° (£ mols. ozone). The
solution was allowed to attain room temperature (1 hour),
acetic aeid (15 ml.) addedy and then zine dust (l.& go)
added during 30 minutes with stirring. After filtrationm,
the solution was washed with water and the wvashings
retained. The product obtained on removal of the solvent,
was steam-distilled, and a solution of the residue (0.9 g.)
in light petroleum (70 ml.) chrometographed on a column
(226 x 8 ems ) Of alumina (30 gs)e The fraction (0.8 g.)
eluted by light petroleum-bensene (411, 840 ml.) gave
26 -0x0-26=phenyl~231 27-bl snoreyelolgudanyl sgetate, which
separated from methanol as needles, m.p. 112-114°, (a]p
+ 54.5° (cyle2)s The phenyl ketone gave a pale yellow
colour with tetranitromethane. Light absorption?
maxima at 2050 and 2420 Ae. (€ 13,000 and 11,750)
Found: C,3l.13 H,10.0
Ca9pligals requirest C,81.8§ 1,10.00%
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To the aqueous washings, saturated agueous dimedone
(180 ml.) vas added and formaldehyde i1solated as itas
dimethone (240 mg., 44%) needles (from ethancl) m.p.
and nixed m.p. 190-101°,
Found: C,89.7§ H,8.4
Calcs for CyoHgeOqt C,09.3; HyB.8%
26-0x0~26-phenyl-26127-bisnorgyclolaudanyl acetate
(100 mge) in methanol (15 ml.) was refluxed for 2 hours
with a solution of hydroxylamine hydrochloride (200 mg.)
and sodium acetate (400 mg.) in water (1 ml.) and
methanol (10 ml,.). The produst was erystallised three
times from methanol to give the gxime as short, thick
needles, m.ps 177-179%, [a], + 56° (e,1.3).
Founds C,73.8§ H,9.7
CarligaOgl requires: C,79.1y H,9,9%.

Treatment of 25-Uxo-£6-noreyclo-24ab-=laug
Acetate with fhe Lromide. - 25-0x0=-26-
-norgyclp-e4ab-laudonyl acetate (3.7 g.) was treated with

phenylmugnesiunm bromide (3.2 g+§ 8 mols.) as deseribed
above. The ecrude alecohol was readily dehydrated by
refluxing with acetic anhydride (3C ml.)and freshly fused
potassium acetate (1 z.) for 4 hours, and the produet
igolated in the normal manner. A solution of the

product (4.4 g.) in 1ight petroleum (150 ml.) was filtered
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through a colum (4 x 12.5 ems.) of alumina (130 ge)e
The fractions (2.3 g.) eluted by light petroloum
(800 mls) and 1light petroleum-benzene (411, 3 le.) were
combined and crystallised from e thanol, from whieh
25-phenyl-28-norcvelo-24ab-laud=-g6 (27 )~enyl acetate
separated as fine noedles (2 ge)y Mepe 99=114°, chD
+ 49.8° (ey1.2), which gave a strong yellow colour with
tetranitromethane. Light absorptions maxima at 2030
and 2360 1. (€ 18,000 and 8,700). Nine crystallisations
from ethanel geve ES-phopyl~-26-jpreyelo-2d4a-laud-a6(27)-
snyl acetate as fine needles, m.pe 138-139°, {a], + 44°
(cylsel). Light absorptiont maxima at 2030 and 2360 i.
(€ 13,700 end 8,750).
Founds C,83.7§ Hy10.2
Csaliss0z requirest C,83.33 H,10.4%.

Gzonolysis of 25-Fhenyl-2s-poreyeclo~z4ab-laud-
~-25(27)-enyl acetete. - Ozonised oxygen (2 mols. ozone)
vas passed through a solution of the 24ab~styryl compound
(2 go§ mMmepe 99=114¢) in dry chloroform (150 mle.) at
- 45°, and the ozonide decomposed with gine dust and
acetic ancld as deseribed above. The product (1.9 ge)
wag isolated by means of chloroform and the agueous
washings retained. After removal of chloroform, the

residue was steam—-distilled for 1 hour. The non=volatile
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fraetion was dissolved in light petroleum (150 ml.) and
filtered through a column (2.75 x 11 cm.) of alumina
(80 ge). The fractions (1.1 ge) eluted by light
petroleum-benzene (1tl, 1800 mle.y 821, 500 ml.) and
benzene (400 ml.) were combined and crystallised from
methanol, to yield 26-oxo~£f-phenyl-238&7-bisnorgyglo-
-24ab~laudanyl scetate as needles (0.7 g.)y mepe 99-102°,
(alp + 49° (cy1.4)s  Light absorptions maxima at

2050 and 2420 K. (€ 13,000 and 11,250). GSeven
erystellisations from methanol gave Z5-gxp-86-phenv)-
acetate, m.pe 110-111°¢,
[a]D + 44° (ey1.7). A mixture with 25-oxo-26-phenyl-

£6127-hisnoreyvelo-2da=-Jlaudepny]

-26:27-bisnoreyelolaudanyl acetate (meps 112-114°) had
Tepe 98-108¢; l.0s aprroximately the same as the 24ab~
-mixture described above.
Found: C,81l.1§ 1,10.0
Caolig40s requires: C,31.33 H,10,0%.
From the agueous washings, formaldehyde (G67%) was
isolated as 1ts dimethone, needles (from ethanol), m.p.
and mixed me.pe 130-121°
Foundt C,69.6; H,38
Cale. for CyoligaOet C,80.8§ H,8.3%,
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The filtrate from the dimethone was again distilled and
the distillate treated with 214-dinitrophenylhydrazine;

no precipitate wns obtalned.

Treatment of the 24c- and 24b- Phenyl Ketonas
with Adkeld. - (1) Hydrolysis of the 24a-— phenyl kotone
(118 mg. ) with 3% metbanclic potassium hydroxide, and
treatment of the product with acetic anhydride ( 5 ml.)
and pyricine (6 ml.) at 96° for lg hours, ylelded the
24ab-phentyl ketone which separated from methanol as
needles (84 mg.)y [aly + 47° (e¢y1+2), mepe 96~101%, alone
or mixed with the speeimen of m.p. 99-102°,

(i1) The &4b-phenyl ketone (110 mge) was treated
with 5% methanolic potassium hydroxide under reflux for
6 hours and the produet reacetylated in the normal
manner. Crystallisation from methanol gave the 24ab-
~phenyl ketone (71 mgs)y lalj + 46° (e,2.0), mepe
D8-100°y alone or mixed with a specimen of m.p. £9=102°.

26 320-Diphepyl-c6t 27-11 snoreyelolaud-84-anyl
Acetate. = The Z4ab=-phenyl ketone {(le4 gej Mmepe 98-108°)
was treated with phenylmagnesium Lromide (2.7 g«) a8
desceribed abcves The aleohol was dehydrated (without
purification) by refluxing for 4 hours with acetie
anhydride (16 ml.) and potassium acetate (0«5 g¢)e A
solution of the product (le4 g.) in light petroleum
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(100 ml.) was chromatogropned on a column (3 x 3.5 ems)
of alunina (4€ ge)s The fraction eluted by light
petroleun-bengene (4tlj 580 ml.) erystallised from

chloroform-methancl, from which the g

separated as plates (0.4 g«)y m.pe 170°, (a)p + 53¢
(eyle4)s It gave a strong yellow eolour with tetra-
nitromethane. Light absorption:t maxima at 2050 and
2430 Ae (€ 29,300 and 13,400).
Foundr C,85.0§ Hy0.8
CesllsaCs requiress C,86.1§ H,0.6%.

24-0x0-261 202 27-tplianoreyelolandanyl Acatate. -
A solution of the diphenyletiylene (860 mg.) in dry
chloroform (100 ml.) was treated with ozonised oxygen
at =45° { 2 mols. ozone) and the ogonide treated with
zéne and acetic acid. The product (350 mg.) was
isolated by means of chloroform in the usual manner and
the water-vasnings were retained. The residue obtained
on removal of the solvent was steam-distilled, and a
solution of the non-volatile fraction in light petroleum-
-bengene (131, 3C ml.) percolated through a column
(1,76 x 8.76em.) of alumina (12 ge)e The fraction
(77mg.) eluted by light petroleum-bengene (133, 250 ml.)
erystallised frou methanol to give 24-oxo=-25120827-

-trisnoreyclolaudanyl acetate as plates, mep. 170° (a]p
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+ 53° (eyle2). The compound gave a pale yellow
tetranitromethane colour and showed no selective light
absorption.

Foundt C,73.7§ H,10.8

Cs HenOs recuiress C,73.9§ H,10.,8%

The acetate (45 mg.) in methanol (8 ml.) was refluxed
with a solution of hydroxylamine hyéroehloride {100 mg.)
and sodium acetate (200 mg.) in water (0.6 ml.) and
methanol (6 ml.) for 2 hourss The prodnet crystallised
from chloroform-methanol, ylelding the gxime as plates,
m.pe 219-220°, [a), + 50.2° (ey0.8).

Founds C,76.2§ H,10.2

Cs Jig 00N requirest C,76.4§ 1,10.5% .

Ether extraction of the aqueous washings from the
ogonolysls gave a clear gum (68 mg.) with a fragrant
odour. A solution in methanol (2 ml.) on treatment
with Zrady's reaéent, yielded benzophenona 214~dinitro-
phenylhydrazone, which separated from acetic acid as
orange plates (39 mg., 43%), m.ps and mixed m.p., £85-236°,
Light absorptiont maxima at 2060, 2240, 2500 and 3800 A.
(€ 37,300, 26,400, 18,500 and 80,000).

Found: C,83.1} H,3.9§ N,15.6

Cale. for Cyoliyq04Nyt C,83.0§ Hy8.9§ N,16.5%.
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@a-Qxo-28te7-bignoreycloarianyl Acgtate, -
33-Acetoxy-201£26127-trisnorgygloartan-2d4-0l1 (1 ge«) 4in
dry ether (20 ml.) and pure dioxan (10 ml.) was treated
with ethereal diazomethane (50 ml.§ from & g« of nitroso-
methylurea) at room temperature for 3 deys. The solvent
was svaporated under reduced pressure and a solution of
the produect in light petroleum-bengene (211, 90 ml.)
percolated through a column (Z.5 x 9 cm.) of alumina
(30 ge)e The fraction (360 mg.) eluted by light
petroleun~bengene (211, 800 mlej 131, 300ml,) erystallised
from methanol as platesy m.p. 186~167°, Further
crystallisation gave 2¢4-Qip0-208187~kisnoreyclogrianyl
acetate as plates, me.pe 170“ alone or mixed with 84-oxo-
-251 281 27-trisnor~gyelolandanyl acetate, (alp + 68° (ey1.2).

Foundt C,73.9§ H,10.8

Cs iga0s requirest C,78+9§ liy,10.6%.
24~-0x0-26127-bisnorgycloartanyl acetate (100 mgs) in
methanol (15 ml.) was refluxed for & hours with a
solution of hydroxylamine hydroechloride (200 mg.) and
sodium acetate (400 mg.) in water (1 ml.) and methanol
(10 mle ). Two erystallisations from chloroform-methanol
geve the gxime as necedles, m.ps 219=-220°, alone or mixed
with the oxime of £24-oxo-i5386127=-trisnorgyclolaudanyl
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acetate, la]p + 50° (ey0.9).

Founde 0’7808‘ H.IOOO
Ca g g0sN recuirest C,78.4§ H,10.5%.
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gaponification of Shes Mut Fag. - A colutiom of
shea nut fat (5.5 kge) in 104 ethanolic potassium hydroxide
(156 1.) was heated under reflux for & hours, the solution
mixed with water and extracted with ether. The ether
extract was washed with water, dried (Nay304) and evaporated
to give the non-saponifieble fraction as a yellow-brown gum

(183 g} 3%).

Butyrospermyl Acetates - The non-saponifiable
fraction (160 ge) was refluxed for 4 hours with acetic

anhydride (800 mle.) and the solution allowed to stand
overnight at room temperature. The semi-crystalline
mass (200 ge) which separated was colleeted and the
filtrate kept at C° for a further 2 days. A second crop
of solid (14 g.) vhich separated was collected and
erystallised from ethanol-ethyl acetate (1033) as stout
needles (6.2 ge)y Mepe 183-131°  One further erystallisa-
tion gave needles, m.pe 133-139° [a]p + 22° (ey2.1).
After a total of nine recerystallisations from ethancl-ethyl
acetate, butyrospermyl acetate (1«4 ge¢), mepe 145° ([a]p
+ 11° (ey2.0) was obtained.
Found: C,31.6§ H,1l.4
Cales for Csaiys0at C,31.95 H,11.8%
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Fractional erystallisation of the first erop of solid
obtained from the acetylation, gave a further small
guantity of butyrospermyl acetate.

ogpexnale - (1) Impure butyrospermyl
acetate (meps 138-139° ([a]) + 22°, 1 g.) vas hydrolysed
by refluxing with 3% methanolic potassium hydroxide for
2 hours. The product was crystallised three times from

aqueous acetone to give butyrospermol (40C mge )y mepe
109-110°, [a]p = 1246 (eylel)s  Acetylation with acetic
arhydride and pyridine refurnished butyrospermyl acetate,
mePe 148-145°% [alp + 11° (eyleB).

(11) lydrolysis of impure butyrospermyl acetate
(mepe 180-136° (@], + 26°) and erystallisation of the
product from agueous ccetone gave needles, m.p. 186-210°,
A seecond erop, mepe 107-109% ([aly =~ 7.8° (eyle4) vas
obtained from the mother liquor and on one further
crystallisation from aqueous acetone gave butyrospermol,
mepe 109-110°y [a]y = 12° (eyle2)e  Butyrospermol vas
alsc obtained by similar treatment of aecetote, m.p.
130-136° [a]p + 30°,

aosiernyl Acelatgs - Dutyrospermyl
acetate (1.4 g+) in ethyl acetate (200 ml.) was shaken with
hydrogen over an acid-free platinum catalyst (500 mge.) for
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12 hours at room temperature. The filtered solution
was evaporated and the residue crystallised from
chloroform-methancl ns prismatic needles, mepe 123¢5=
~131.6°  Further erystallisation from the same solvent
‘gave dihydrobutyrospernyl acetate as prismatic needles,
Mepe 135=138.5% (alp + 107 (cy2.0).

Rluvdroisoputyroguerpyl jcetatas = A solution
of dihydrobutyrospernyl acetate (200 mg.) in dry
ehiloroforn (265 nml.) was externally ice-cooled and treated
with a vigorous stream of dry hydrogen chloride for
2 hours. The solution was dilluted with chloreform
washed with 104 potassium earbonate, water and dried
(Nag80q)s The produet on erystallisation from
chloroform-methanol, gave éihydrojgpbutyrospermyl acetate
(euph=-8-enyl acetate) as needles (18E mg. )y MePe 1845~

-126.5° (a]lp + 33.8° (cy2.3). The melting point was
undepressed on mixing with an authentiec sample of euph-

-3=-enyl acetate.

Ireatient of Tuph-S-enyl Acetate yith Jvg
Chloride at 0° -~ Euph=-8-enyl acetate (200 mge.) was
treated with hydrogen chloride at 0® exactly as for

dihydrobutyrospermyl acetate. Gtarting materisl was
recovered in high yield (140 mg.) meps and mixed m.pe
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124-126°, [a]p + 33° (eyle2).

Ireatment of Dihvdroisoputyrosverpyl Acetate
with Hvdrochlorie Aci¢ in Acetie Acide. - Dihydroiso-
butyrospernyl acetate (82 mg.) was heated on the stean
bath for & hours with a seluticn of hydrocitloric acid
in acetic acid (1120, 3 ml.)s The product was
isolated by means of ether and on erystallisation from
chloroform-methanol, gave Jjaoeuphenyl acetate as plates
(53 mge)y Meps 111° alone or mixed with an authentiec
sample prepered from euph-3-enyl acetate in a similar

manner, [(alp =10° (e,1.6).

with Chromic Agid. - Dihydrobutyrospermyl acetate (100 mg.)
in bengene (& ml.) and acetic acid (30 ml.) was treated
with chromic aeid in acetic acid (10.1 mls, 7.1 mge/ml.,

4 mols.) during 30 minutes and the solution left overnight
at room temperature. The neutral product was obtained

as & pale yellow gum which failled to crystallise, and

which showed ultra~-violet absorption with g maximum at

2480 X. This gum was again treated with chromic acid

(5 molse.) and the produet chromatographed but no
erystalline produet was obtained.
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Oxddation of Dihwrodsobutyrosvermvl Acetals
itk Chropic Agld.e - Dihydrojgpbutyrospermyl acetate
(L97 mge) in acetic acid (80 ml.) was stirred on the
steam bath and treatec with a solution of chromiec acid
in acotic acid (10 ml., 8 mg. Ml., 4+2 mols.) during
30 minutesj heating was continued for 1l hours. The
neatral product (140 mge.) was dissolved in light
petroleum (15 ml.) and filtered through a column
(1.26 x 6 cms) of alumina (5 geo)e The fraction (40 mg.)
eluted by light pstroleum-bensene (4:1, 300 ml.) was
erystallised three times Irom methanol to give 731l-
~dioxoeuph-3-enyl acetate as yellow needles, m.p. 110=111°,
alone or mixed with an authentic sample (32), [a]p + 19.7°
(cyleO)e Light mbsorption: Maxe at 2710 £. (& 8,100).

Ireatment of Dihvdrolsobutyrospermyl pcatate
wvith rerbengolic Aclid. - Dihydrojggbutyrospermyl acetate

(100 mge) in a chloroform solution of perbengoic acid

(113 mge/ml., 4 ml.) was kept at 0° for 2 days and at
room temperature for Z days. The solution was diluted
with chloroform, washed with 10% potassium carbonate
solution, water and dried (NagS04)e. Three erystallisa-
tions of the product from wmethanol gave 519-epoxyeuphanyl
acetate as needles (84 mg, )y meps and mixed mepe 175-177°,
[u]D + 62° (ey0e9)e The product gave no colour with
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tetranitromethane and wags transparent to ultra-violet

lizht.

Zuphadienyl Acetpte. - Butyrospermyl acetate (200 mg.)
in chloroform (25 ml.) was treated at 0° with a 153
solution of bromine in chloroform (8,32 ml., 1 mol.).
The colourless solation was treated with a vigorous
styean of dry hydrogen chloride at 0¢ for 1§ hours and
the product isolated in the normal manners The result-
ing clear gum felled to crystallise and was heated under
reflux with acetic acid (27 ml.) and zinc dust (£ g.)
for 2 hourss The fliitered solution was diluted with
water and the product i1solated by means of ether. After
four erystallisations from chloroform-methanol, eupha-
dienyl acetate was obtained as needles, m.p. and mixed
Mepe 108:5=107.5%, La]D + 40¢ (cy048)e

Acide =~ Butyrospermyl acetate (20 mg.) in acetie
acid (10C ml.) was shaken with hydrogen over a
platinum catalyst (200 mg.) for 30 hours at 60°  The
flltered solution was evaporated and the residue
erystallised from chloroform-methanol as needlas, M.p.

115-116°. Two further erystallisations gave euph-8-enyl
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scetate as needles, m.ps and mixed m.pe 120-122° [a]y
+ BE° (cy048).

¥ith Ssadum Tetroxide. - Osmium tetroxide (1.82 ge,

1¢S5 molas) in dry ether (20 mls) was added to a

solution of dihydrobutyrospermyl acetate (2 ge) in pure
pyridine (20 ml.), and the mixture kept in the dark for
l2 days at room temperature. The resulting brown-green,
neadlo-like complex and solution were diluted with ether
(10C mle.) and treated under reflux with lithium aluminium
hydride (4.5 ge) added during 30 ninutes. Heating was
continued for 1 hour, excess lithium aluminium hydride
deatroyed by the addition of ethyl acetate and water and
the mixture finally mixed with wuter. The dark brown
suspension vhich resulted was sextracted with ether and
the extract washed with water and dried (Napb04)e The
product was treated with acetic anhydride (26 ml.) and
pyridine (25 ml.), and a solution of the dry acetylated
product in light petroleum (150 ml.) percolated through
a column (847 X 1C om. ) of alumina (80 ge)s» The
fraction (810 mge.) eluted by light petroleum (900 mls)
gave dihydrobutyrospermyl acetate as prismatic needles,
m.ps and mixed meps 134~135° [a]p + 10° (cyled).
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Elution with light petroleum-bengene (4:1, 900ml.j§ 111,
750 mle) gave a Traction (l.l12 g«) which erystallised
fron chloroform=methanol as prismatic needles, mePs»
177-178°  Further crystallisation gave & fxigl-Glacetate
as prismatic needles, m.p. 131-182°% (alp - 82° (e,l.2).
The produet gave no tetranitromethane colour and was
trensperent to ultra-vioclet light.
Foundt C,76.8; 1,10.9
CaellssOy requirest C,74.7§ H,10.7%.

Bupba~7t9(11)~gienyl scetate. - (1) The
triol=dincetete,; m.ps 131-132°¢ (200 mge.) wes refluxed

for 4 hours with acetic anhydride and fresnly fused
potassium acetate (300 mg.) and the solution left
overnight at room temperatures The product, isolated

by means of ether, was dissolved in iight petreleum

(50 mle) and filtered through o column (1l.86 x 9 oms) of
alunine (6 ge). DRlution with light petroleum (78 ml.)
gave eupha=7t9(11)-dienyl acetate, which separated f{rom
methanol as needles (60 mge )y Mepe 11l1-112°, alone or
mixed with an puthentic specimen (65), [alp - 78° (e,l1.0).

The product gave a red-brown colour with tetranitromethane,

Light absorption: Maxima at 2320, 2400 and 2470 1.
(¢ 15,000, 17,000 and 10,500).
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(11) The iriol-discetete, m,p. 1381-182° (186 mg.)
wvas heated under vacuum for 2 days at 100°%, The
naterial then had m.pe. 120-158° and light absorption?
maxima at 2380, 240C and 2470 £. (e 6,800, 6500 and
44200). A solution of %the produet in light petroleum
(25 ml.) was chromptographed on alumina (4 g.) and the
fraction (40 mge) eluted with 1ight petroleum (75 ml.)
erystallised from methanol to give eupha=719(11)-
-dienyl acetate as needles, M.je and mixed m.pe. 1ll-112°.
Elution with light petroleum=bengene (4tl, 50 ml.§ 13,
100 mle.) and bengene (25 ml.) gave unchanged starting
material (50 mge) m.pe. and mixed mepe. 177-178¢.

(111) The tricl-diacetate, m.ps. 131=182% (100 mge)
was eublimed in high vacuum at 18C-130° and the product
(mepe 70-90°) chromatographed on alumina (8 ge) « The
fraction (47 mg.) eluted by light petroleum gave eunpha-
-719(11 )=dlenyl acetate, m.p. and mixed mepPes 111l-1128°,
Further elution with bengene (150 ml.) gave starting
material, m.p, and mixed m.p. 177-178%

(iv) Zine dust (800 mg.) was added to a solution of
triol=diacetate (100 mg.) in acetiec aecid (10 ml.) and
the mixture heated on the steam bath for 2 hourss The

filtered solutlon was dlluted with water and the produst



isolated by means of ethers Crystallisation from
methanol gave eupha-7-9(11)-dienyl acetate as
needles, M.pe and mixed mep. 109=111%,
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