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Intxroduction

The triterpenes were originally defined as & series
of naturally cccurring compounds, the molecules of which contain
thirty oarbon atoms arranged so that slxz isopreno units linked
together regularly oy irregularly could be recognised as
components of the structure, However, the more comprehensivs
term triterpenoid hac now been adopted to descride members of
this clasa aince it is now known thiat a number of compounds
exlist which are clearly related to the triterpenes propex and
which contein not thirty but thirty-one carbon atons.

The triterpenoids may be initially claszified in three
main groupo acceording to the nature of their carbon skeleions:
(1) The lergest end most abundant group consists of the
pentecyclic triterpenoids all of which are of vegetabls arigin.
Although there are over fifty compounds of known constitution
in this group, their structurss all contain one of the five
earbon skeletons typified by those of a-amyrin, Buamyrié,
~lupeol, tarazasterol, and tarazerol and conform to the classiscal
isoprsne rule, The hexacyclic triterpenoid, phyllanthol, which
contains a cyclopropane ring and is closely related to a-anyrin,
may alse ke ineluded in this group.

(1i) The tetracyclic group of triterpenoids is rmaller but
members of this group are fairly widely distributed in.naturev

being found in plants, irn fungi, and in one animal source, sheep



wool=fat, from which lanceterol, oné of the most lmportant
menbere of the group, is obtained in quantity. The compounds
of this group pcsseas %the ﬁetragyclic nucleus typical of the
stexroids and irom a struetural point of view are at pregent
congidered to occupy an intermediste position between the
triterpencids and the steroids., The group also includes the
pentacyclic compounds, gcycloarienol and cyclolaudenol, both of
wnioh are clopely related to lanosierol.

(1i4) The tricyclic alcohol, ambrein and the acyclic hydro-~
cerbonr, squalene, both of which are of animal origin, are bast
classified togather as menbers of the '"squalenoid® group of
triterpenoids along with the diol onocerin which is of
vegetable origin and which has reoently been shown to possess
a new type of tetracyclic struciure.

Unlike the other triterpenoids, those of the teiracyclic
group do not conform to the classical isoprene rule and it has
been suggosted that it may be mors correct te regard them as
trimethyl-gteroids, This non-conformity with the isoprehe rule
does not, however, disprove thair origin fromiisoyrene nnits
since it is now considéred that the tetrncyciic triterpenoids
obey the *biogenetic isoprens x-ule"1 and that their struetures
are produced biogenstically from & conforming intexrmediate by
noleculayr reserrangesent involving Wagner-MHeerwein type migrations

of engular methyl groupa,



The theory of steroid and triterpencid biogeneais has
advanced considarably in rcoent yesrs. Blooh“.gas shown
experimentelly thet squalens (I) ic an intermediats in the
biceynthosis of lencsterol and thence cholesterol from aeetic
acid and at the present time it is consldered to be the
precursor from which; by slight variations in its cyclisation,
all the triterpanocids and steroids ars derived. Phe molecule
of patveyal squalsne is now kuown to have 8 fully transoid
arrangsmnont throughoutao This is of considerable impcriance
since, if the cyclisation is fully concertad, only this
conformation cen give rise to the siereochamisitxry found in the
triterpenocide and steroidsg’a. Evidence that the cyclisation
of sgualene doea in fact take plece by_a synchronous, non-stop
process, without the formation of any stabilised intermedistes
hes recently been obtained by Bloch."? In the case of the
cyclic triterpsanoids of the"sgualenoid! group, this cyclisation
pust start simultaneously at both ends of the squalsne molecule,
vwhile in the biocsyntheeis of the tetracyclise and psntacyolic
triterpenoids, the cyclisstion is considered to be motivated

by the attack of & cation, Yor exemple O  derived from

e
molacular oxygen, at the double bond at one end only of the
1%4-8
squalone chain {I) + The cyclisetion then proceeds

gynchronously by iwe dif'ferent pathss In the first, tha

concerted closure of four rings leads to ths formation of tke
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sarbonium ion (II) which is concidered to be the precursor of
the pentacyclic tritevpewncids and of the euphol-t{ruoallol
group of teitracyclic urilterpencids. The seconi peth lesds %o
tha formation of the isomeric ion (iv), the precuwsor of the
lenosteorol gwoup end thence of the stereids. It has been
Huggaatadaa that the ion (I¥) is produced from sgualens (X)
by the cencexbed formation of the first two rings (III)
immediately followed by the concerted c¢losure of the lasé two.
Phe formetion of lupecl (V) and tirucallol (VI) from the
carbonium jon (IX) and of lenosterol (VII) and cholasterol
{(vII1) from ths 3jon (IV) is illustrated below. It is now
known thet in the formation of cholesterol (VIII) frem
lsnosterol (V;I). the methyl groups at 0(.) end 0(14) in the
lanocsterol molecule are elimlnated as caxbon dioxide,

These wmechanisms account for the formation of
triterponcids and steroids coataining up to thirty carbom atoas
all of which are known to have beea derived from aoetstdi
They do not, however, sxplain why a number of tetracyclic
triterpsnoides and stevoids contein an additional carbon atom
agttechsd $o the side chain et 0(24). Previously the source
of this garbon atom was glzo corsidersd %o e acetate but
racently it has been shown that formats is in Tact the
precyraor of the carbon atom attached %o 0(34) in gburicoic

224a>? and in ergoetsrolllo






As the work described in the theoretical sections of
thie thesie is concernsd only with compounds of tha tetracyclic
group which ave shown gxperlmentally to be rceclated to lanostarol
or e¢uchol, it ig not proposed 4o include in thies historicszl
veview 2 sumnuyy of the chemisbry of the psntacyclic |

vriterpencids.

Classification of the Tetracyclic Triterpsnoids,.

All. members of the tetracyclic group of triterpenoids,
whose basic siructures sre known, are a2t present gonsvally
claseifiad in two principal sub-groups, typified by lancsterol

12
(7II) and euphol (IX) . ¥or compounds of the lanosterol

series, comversion into the conjugated 7@ (11 ) .aiense (x)
resnlis in z uwoderste positive change in moleculay rotation,
wheress o slmilar eonversion in tha euphol series produces &
vary large negative change. In addition, the [&9:9(11),
=dienee of the %two sexies chow charagteristic divferences in
theiz witryeviolet apeciva: In the lsnostercl series, a&s iun

the siteroids, bhe bateroveanmilar diens3 exhibit three
f



characteristic mexime at ca., 2370, 2440, and 2510 Z. while in
the euphol gseries these¢ maxime occur at disatiunctly shorter
wavelengths (cgs., 2320, 2390, and 2476 Z.). The effect of
minaral mcid on the A® -double bond is also & distinguishing
feature in each series. Acid isomerisation of lanos t=8-exnocl
gives an eguilibriun mixturs of A’- and Ao «isomexrs, wheisas
similay tyxeaiment of suph-8<anol causes moveomenti of the double
bond from thel\® - to the Aw(”) ~position, & rearrengement
involving s concerted double meihyl group migration. These
cheractevistic differences hetween compounds of the twe serias
arise from a differencs im the orientetion of ceriain methyl
groupa in the nuclei, the sterzochemisiry in the lancstsrol
Beries corresponding in general with that of the steroids
while in compounds helonging to the euphol ssries, the
configuration of the methyl groups attached to 0(,.) and 0(“)

gnd of the side chain attached to 0(17) is reversed.

The Lanosterol Serdies.

The following naturslly cocurring compounds are members
of the lanosterol series: lanosterocl, dihydrolanosterol,
aggoatarol, dihydroagnosterol, eburiceoic acid, the pélyporenic
acids A, end ¢, tumuleszic acid, pinicelic aei& 4, gycloartenol,
cycloleudenol, cyclosucalenol, ggglg;orysteroi, and parkeoi.

Lanestorol {lanoste-8324-dien-38-0l1, VII) and sgnosterci

{lanosta-T7:9(11):24-trien-3B=-0l, X) were firat resognisod by
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Windaus and Tschesche in 193035 as comnponenis of "isocholeaterol?
& fraction obtained from the non-sapcnifiable matter of sheep
wool wex and which, until that time was uvelieved to be a pure
conpound ., The corresponding dihydro-compounds (VII end X with
the side~chain double bord reduced) were later obtained from theo
game source by Ruzickazi Lanosterol also occurs in the minox
sterols of yesst = and in only one plant aourcem° The
chenistry of lamosierol is briefly discussed in a later pari of
this seotion,

Tho acide 1lisied sbova ave generally classified together

as mambers of the Fungal acid sub-group of the lanosterol series

being produced by the metzbolism of various wood-rotting fungd,

aotebly those of the Palyporus and Basidiomycetes classes. In

certain fungi, sburicolc acid and tumulogic acid occur along with
their corresponding dehydro-coupounds and the difficultly
separabls mixture of the latter with its dehydro-compound was,
for e time, known &8 polyporenic acid B, The structures of the
fungal acids have bsen elucidated mainly by the work of Halsall
and Jonos s3nd are formalated below, It will be noted that &ll
axcept pinicolic egid A contain thirty-one carbon atoms.

cyclodrtencl (XI) was first isolated by Barton, along with
ths corresponding ketone, cycloarienona, from the fruits of

se 36
Artocarpus integrifolia . Handiancl , an alcohel isolated

earlier from Euphorbia handiensisz has besn shown teo be identical
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22 A8 °33 M1 982

17 83730
Eburicoic Acid Polyporenic Acid A Tumnlosic Aecid

2934 P83 84
Polyporenic dcid C .  Pinicolic hcid A.

with cycloartenol whioh hes also been obtained from Euphorbis

3% 34
balsamifora , from the sesed fat of Sirychmos nux-vomica L.,

and more vecently, as its ferulic acid ester from Japanese
rice-bran 011?9. The presence of a cyclopropane ring and an
isolated double bond in an isopropylidens group in.gzé;gprtanol
were first revognised bj Bartom?s from both spectroscopio and
chamical studies., Its relationschip with lanosterol was
diggoversd by Spring?s who found that; when cyclosrtanyl acatate
is trasted with mimoral acid, the cyclopropans »ing is opensd
pnd the main product is lenost-9(11)-enyl acetate (XIX)., From

& study of the infrared speetrum of cycloertenol, Cole'? dedused
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that the eyclopropane ring contains a methylene group and as

o result of experiments in which deuterilum chloride was used,
Springﬂz was able to conclude that it extends from c(,) to c(,o)
and that cygloartenol is, therefore, 9:l19-cyclolanost=24«en~
~3p-0l (XI), the configuratién at c(s) being P as in lanost-
=9{(11)-enyl acetate (XII). The structure (XI) was confirmed
by the preparation of gycloart-l-on-3-one (XIII) which showed
the ultraviolet absorption characteristica of an af-ungsaturated
ketone in eonjagetion with the cyclopropane ring‘: Independent
avidence for the siruciure (XI) was published eimultaneously

a2
by Barten .

(x1) (XI11) (XI1I)

eycloleudenol (XIV): Shortly after the slucidation of
the structure of gycloartenol, Spring and his associates
isolated a similax compound, which also gontainad & gyclepropene
ring , from opium marc.48. The compound which was named
gig;g}audenolq containad thirty-one carbon atoms and was shown

to differ from cycloarfenol only in the constitution of ths

slde-chain. cyclolaudenol was eveniually relaied to



cycloartenol by the partial degradation of the side-chains af
both compounds to a conmon derivative‘é. This allowed the
former to be formulated os 24b-mothyl-9:19-cyclelanost-25-6n-
-58=01 (XIV); the configuration of the methyl group attached %o
0(24) roing shown, by nolecular ryotetion differences, %o Ye the

gane ae that in eburicane and srgostane.

(x1v ) (xvi)
cyeloOrysterol {XV), « simple double bond isomer of
cycloartenol (XI), was originally called f-orysterol and
Betritisterol Tbefore the presence of the gyclopropane ring
wes vacognised. It wae recently obtained es 1ts feorulate

(orizanol B) Zrom rice bran oil by two groups of Japanesa

r
workeresg A and idéntified as 9:19-gyclolanost=-25~-en-3f~o0l

48
(XV) by direat ecomparison with cycloartanol derivatives .
cyclofucalenol, a new triterponoid containing a
(14
cyclopropane ring has mecently been isolated by King ZLyom the

heartwood of Bugcalypstus microcorys. It has also been obteined




in this laboratory by Dr. J. Mclean from the commarcial timber
known ns white seraya imported from Bornea.

Parkeol, & minor constituent of the non-saponifiasble
{raction of shoaenut fet fyom the West Africen tree

2

47248
Butyrospernum parkii, has been idantified as lanosta-9(11)

s24=dion-38-0l (X¥I) by the author. The earlier investigations
and details of ites characterisvation are discunesed in the

thooretical eection.

The Euphol Series.

The following tetracyclic triterpenoids are members

of the euphol series: euphol, %irucallol, euphorbol,
elemadicnolic acid, elemedienonic acid, masticadienonic mecid,
butyrospermol, and the triterpenoids of damnar resin,

Euphol (eupha=8:24-dien-3f-ol, IX) wae first isolated
in & purs state from an unidentified Euphorbias resin dy
Rewbold and Spring in 1944‘.9 It has since been found in the
latex of meny other plants of the Euphorbia spescies. After
a periocd of intensive reaaﬁrch, partieularly by the schools of
Berton and Ruzicke, its structure and stersochemisiry waﬁ
shown to be as im (IX). A brief review of the chemistry of
eupkol is included in this section.

Tirucallol was Tirst obtaired along with suphol and

50
terarasterol i'rom Euphorbia tirucalll L. by Haines and Warren.

8
It has since besn found in E. triangularis 1and more recently

12



ag
in gum mastic. + wes shown to be 20-isceuphol (XVII) by

verious oxidative and degrsdative studies in which it was

B3~60
related to both lanosterol_ and euphol .

Buphorbel, & €3 j~triterpenoid which often occurs
elong with euphol in the rssins of the Euphorbis speciés:9
was related to dihydrolirucalloel by the slimination of the
additional methylene group located in the side~chain at 0(3‘31

B4 BB-61
so that it may be formulated se (XVIIX).

HO

: i
(1x) (XvIZ) (Xv1II)

Elemadienolic aaid (XIX), a 3c~hydroxy-acid and elemadien~

onic acid, the corresponding %I-ketons; are constituents of
Manila elemi resin?% The conversion of elemadienolic acid
into ggg_alemenolGa which was evonftually recognised as being
identical with tirucallenola.6 led to dits structure.bcing
formuleted o8 (XIX)?v This wos confirmed by its partial
conversion into eupbeaeenol.ao The stereochenistry assigned
to positions 3, 13, 14, 17, and 20 was fuzther confirmed by

the degradation of elemadienclic scid and lanosterol o
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ensntiomeric derivetives in which the asymmetxy at G(,) and

59
0(10) had been destroyad.

HOL

Masticadienonic Acid, a new tetracyclic triterpemnoid,

53
was rTecently isolated from gum mastic by Barton, who has
related it to tirucallol and formulated its structure as (XX).
A study of molecular rotation dats reveals that the configuretion
of the 9-hydrogen atom, which is not spocified in the original
58 ce 66
paper, is « a8 in batyrospermol (XXI). . Another component
of gum mastic, ieomsstlcadisnonic acid, has becn identified

6 68
as the corresponding A«isomor of (XX).

Butyrospermol, like parkeocl, ie a mimor constitueat of

shea-nut fat. A8 & resuli of oxpariments described in this
thesisz, it has been ideatifiecd es 9az-eupha«T:124-dien«3f«o0l
(XXI). Details of the earlier investigationa are discussed
in the thecretleal section,

There remains to be mentioned the small group of
tetracyclic tritorpenoids whiech have recently been isoclated

&7
from Dammar resin, They ave dammadienocl (XXII) and the

corresponding 3-ketone, demmadisnone, the dammarenediols I and
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IX (%XIII), shich differ only in the configuration at C(z0)s

and the corresponding 3-ketones, hydroxydammarenones I and II.

(XX11) . (Xx111)

The dammar triterponolds were identified as members of the
oeuphol geriea when scid-catalysed dehydration of dihydro-
dammarenadiols I and IX gave a mixture of isceuphenol and
Eggtiruoallenol.sa Thé compounds are of interest because

they all have the same carbon skeleton as the first tetracyolic
carbonivma lon (II) postulated in the cyclisation of squalene

to euphol end to lupsol.

The Conetitution of lLenostercl.

The initial investigations estebliched that lanosterol,
G0l 0 i8 a tetracyclic secondary alcohol containing two
double bonds ons of which is preseat in an iaopropylidene group and

13%14%39%70°72
and is reodily reducsd.
Ring A: The constitution of the ring carrying the hydroxyl
group in lancsterol was deduced from two separate series of

14
dagradations, In the first, laenostenone (XXIV) was converted

into the hydroxymethylene derivative (XXV) which on oxidation




with alkaline nydrogen peroxide gave the dicardoxylie asid

(XXVI). Pyxolysis of (XXVI) yielded a nor-ketone (XXVII)

indicating that the hydroxyl group is adjacent to an

unavbstituted methylene group in a terminsl ring which is
7273

8t loast six-membered. In the saeccnd series, lanostenol

(XXVIII) was chown to undergo a retropinacoline rearrengement

} s
(xxv ) (xxv1) (xxv1x)

on.treatment with phosphorne pentachloride, Treatment of
the product (XXIX) with osmium tetroxide followed by lead
tetra-acetate led to the five-memberad ring ketome (XXX).
Thie reaction seguencz had previounly been applisd with
similar results to a number of pentacyclic triterpenoida?a

and enabled ring A of lancstercl to be formulasted as (XXVIII).

(XxXm) (XxX)

16
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Rings B and C: The structures of rings B and C and the

anvironment of the nuclasar double bond, which was shown to be
tabraaubatitutadques ware largely deduced from a study of ths
physical apd chemical properties of & seoxies of oxidation
producte: Treatment of lanostenyl acetate (XXXI) with
selenium dioxide in boiling acetic acid gave dihydroagnosteryl
ecetate (lanocsta=7:9(11l)-dlenyl acetate, XXXII) in which the

78
double bonds were deducad to bs trisubstituted. The diene

79980
(XXXII) was also obtained from (XXXI) using other reagente.

Mild chromic acid oxidation of sither (XXXI) or (XXXIJI) yieldsd

(XXX1) (xxx111)

the af-unsatursted ketome (XXXIII) which, on further oxidation,
1427788 14
gave & yelliow umsatursted diketene. From 1its ultraviolet
o1
and infraved spectra it was shown to have the fully transoid
structure (XXXIV), vhich indicated that the dounble bond in

lanost-B~enyl acstote (XXXI) is flanked by iwo methylense groupe.



The diketene (XXXIV) was also obtained direot from either
{XXXI) or (XXXII) by more vigorous treatment with echromie’
doidy O and, Svow CIANEY. by veantaenb ith hydreaen
peroxide in acetic acide.1 Of ths two ketone groups in
{(XXXIV), that at C(,) is the more reactive and ie removed by
Volff-Kishner reduction, the product baingAll-oxolannatwen
~onyl acsiate (KXXV)B.8 Reduction of (XXXIV) with zinc in
acetic eoid or with hydrogen over platinum gave the saturated
dike tone (xxml)fe the infrered abaorption of which indicated

83
that the carbonyl groups are present in six-membered rings.

(xxxav) (xxxv) (Xxxv1)

Oxidation of the ems-dione (XXXI¥) with selentunm dioxide
introduced 8 trisubstituted double bond in conjugation with
the. systom and gave the doubly-unsaturated diketome (XXXVII)TV"‘
Forther treatment of the latter with selenium dioxide yielded
the diena~trione (MXAVIII, R = 4c), the a-diketone systom of
whick was rgadily split with alkaline hydrogen peroxide to give

78 Y77 179 81
the dicarbozylic acid (XXXIX) without loss of carbom.
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The diens=trione (XXXVIXI, R = Ac) was also obtaimed by chromio
acid oxidation of T-oxolanosta-5:8:1l-trienyl acetate (XL) which
‘18 iteslf formed by oxidetion of lenost-8-enyl acetate (XXXI) or
77780981
T-oxolanost=8«onyl acetate (XXXIII) with selenium dioxide.
Debydration of (XXXVIII, R = H) with phosphoxrus pontechloride

cousad a retropinacoling rearrangement with the formation of

(ZXZVIX) (XZXXVIIL) (xxx1x)

7T:11:12-trioxoisclanceta=3315:8-triono (XLI) im which the
conjugated system has been éxtanded to »ing A and the posiltion of the
hydroxyl group related to thet of the double bond.vs Also, the
Tormation of the dicarboxylic acid (XLII) by the actionm of
alkeline hydrogen peroxide on (XLI) eatablished thaet the

a~diketone grouping is in ring C since an extended conjugated

syatem is still present, Further the non-enolisation of the




a-dikstone system in (XXXVIII) and the inability to form more
conplex oxidation products indicated that all the carbon atoms
ed jacent to the diene-trione and trisne-ketone systeme in
(XXXVIXI) and (XL) wers fully substituted and confirmed the
view that the muclear double bond of }anoaterol is in the fully
subsiituted position between wvinga L and ¢ rather than betwsen
ringe C and D. |
On trgetment with mineral acid, lanost-8-enyl acetaie

(XEXT): io pareiaiiy inomorisad fute the A ~dsoder (XGTIEL . i
Thie is in conirast to the behaviour of the analogous steroid
compounds in which the double bhond moves from the [?@ to tho

Afu4,»poaition on acid iscmarisation. To oxplain this,
Barton suggested that both the 0(13)- and the 0(14)-poaitione
in lencsterol are blocked by the attachment of methyl groups,
This is supported by the oxidation reoactioms described above
and confirmed by the foxmation of 1:2:38-trimethylphenanthrene

16 971 78 %86

(XLIV) on dehydrogenation with celenium. The

partial gstructurs (XLV) was therefore, at this stage, assigned

3o lgncaiteroi.

Ho

(xtw)



The Side-Chain and Ring D: By the isolation of aceione

and &-methylheptan-2-one from the vigorous chromic acid
oxidation of lanoste-8-enyl acetate (XXXI), Bartonsv’ae was
able toc deduce that the lanosterol side-chain is isgoctanyl in
nature. The same conclusion was reached independently by

&6
Ruzicka from & step-wise degradation of the side-chain,

This degradation also led to the diketo-alcohol (XI¥I), the

1nfrared apectrum of which showed that one of the carbonyl grouvs

e 2

ans

Ae H
(xIv1) (XIWII)

was pregent in & five-membered ring.89 From a study of the
infraved spectrum of a similar degradation product (XIVII),
Barton?o showsd that only ona methylene group is adjacent to
the carhopyl group s¢ that the side-=chain must be attached st
either~0{15) or c(,,). The lattor poeeibility was finally
provad corxect hy Ruzick&g1 after an ingenious series of
reootions involving oxidative fission of ring C.  These
indicated that the carbon atom to which the side chein is

attached, must be 8 to 0(23).



The Stercochemisiry of lamcaterol: From an X-ray diffraction

analysis of lanostenyl iodoacetate, a complete descyription
(XIVIII) of the struscture and sterecchemistry of lanostercl was
obtained.sz'gs This was quickly confirmed by chemical lnans‘:“g4
Prom its stability towards epimerisation.’5 and the fact that it
s reagenexated from the derived ketone on reduction with sodium
in alcohol,ec the 3-hydroxyl group was deduced to have the
B=configuration. This was emphasised by the observation that
ring A undergoes a rotropimecoline rearrangement on dehydration
with phosphorus pentachloride;7$,75 a reaction now known to be
characteriatic of a 3f-(equatorial )-hydroxyl group in a system
having ringe A and B Eggggrfuaadfu That zings A and B of
lanosterol are in fact trans-fussd was established by Klyne..
from a study of molecular rotation data which showed that% the
methyl group at c(zo) and the hydrogen atom at c(,) have the
sane aboolute configurations as the Sx-steroids. Confirmation
was obtained by Jeger who isolated the dicyclic ester (IL)
corresponding to rings A and B from both lanostérol and manoel
()

Shortly before the &ppearance of the X-ray studies,
Barton,vo %o oxplain the hindered natuxe of the carbonyl group
in ll-oxo derivatives of lanostercl, nuggested that as in the

steroids, the C(xa)=methy1 group is on the same side of the

molecule e3 the 0(10)=msthy1 ZT0Up. The former was therefors
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assigned the Beconfiguration. The trans-fusion of rings

C and D and consequently the a=configuration of the 0(1‘)=
-methyl group war deduced from a study of the molecular
rotation change which accompanies the removal of the 1l7-oxe
group from 36:%3:llantriacatoxylanostanmlTooﬁe ('Lfl'.)‘z“96

The configurations of the side~chain attached to c(1ﬂ and thoe

methyl gxoup at G(ao) were also determined using moleculer

(XIVizI) (1L) (L)

LX)

rotation »elations end shown to be as in cholestarol?‘ In
the laﬁosterol seriez, the moleculayr rotaiion differences
between compounds heving the saturated iscociyl side-chain and
those in which this hes been replaced by =C0.CH; were observed
to be in good sgraemant with the differences given by the
analogous l17B-steroid compounds. Further confirmation that
the stereochemistry of lanosterol is the same as that in the
Sa-gtercids was cbtainad from biochemical considerationat’gv
The hydrogen atoms attached to C(a) and 0(9) in 7:11-
~dioxolancstanyl acetate (XXXVI) end hence in lanostanol (LIX),

partly because of their stebility to alkali?6 are congiderad o



heve the more sisble trans-configuration with respset Vo esch
ether and anti-~realative to C(lo)and G(io)giving an alleghair

¢
conformation throvghout the moleculs.

(LIIX)

Confirmation of the constitution snd siareochemistzy
(XI¥111) of lancsteroel, deduced as outlined sbove, was
cbteined im 1954 when lancstanol (LII) was convertsd into
14-me thyleholeatanol (LIII)99 which was later prepared from
chulestarolﬁoo Final proof was obiained the sams year when

the toital synthesis of lanost-8-enol was achieved by Barton,

£4

102
VWoodward and co=-workera. A fuller account of these resaesrches

102
has racently appeared. This paper alsc fescribes ths total

syathesis of the three remaining wvool-fat triterpenoids,

Ths Conastitution of Fuphol,

Buphol, C3,H,40, was first isolated im & pure stete
by Nevbold and Springﬁa who showed that it contains a
sscoxdary hydrvoxyl group snd two lsoleisd double bonds, I%
22 thersfoxe tetracyclic. Of the $wo double bonds, one is

Teadily reduced and was later shown t0 bs present in am
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isopropylidens group which ferminates a side-chain

identical in comnstitution with that of lanosterola.o5

Application of the standard procsdures, already
mentloned in connection with lanosterol; established that the
hydroxyl group has the Beaonfiguration end is present in e
normal tricterpeuncid ring Aios The close sbtruciural
relatlonship hotween euphol and lanosterol heeame apparent
when euphenyl acetaté (dihydroeuphyl scetate) was shown to
underge axactly anslogous oxidation reactions with the
formation ef dervivatives closely resembling those from
lanostenyl acetatZ?’?c’lodplos This, fogethar with the earliax
evidence that esuphol, like lanosterol, gives l1l:2:8-trimethyl-
phenanthrene on pyrolysis with selaniuma,oé led Jeger to suggest
that the strucéure of rings A, B, and C and the loocation of the
leas resctive double bond in éuphol is the same as in lanosteroli.OG
The dehydxogeaation experimonts also indicated the presence of
a8 methyl group at both 0(18) and 0(14) in the suphol molecgla.

The five-membered nature of ring D suggested by Jegax
and Ruzicka&paoswas eventually established by Bartontav From &
study of the imfrzred spevtre of lanos t~8-one and euph-B8~-ans,
it was deduced that both compounds have the sama number of
mebhyl groupse 41lowing Tor the Cg-mide~chain and rings 4, B,

and G, cnly thyes cerbon atoms were unaccounted for so that

ring D could not be more then five-umembered.
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The nature of the acid catalysed isomerisation of
euphenol to isceuphenol, whioh was first described by Filkasioa
and later studied in detail by Jegerioswaa finally elucidated by
Borton . who showed thet it involved a concerted dowble methyl
group migration. Vilkas had 2hown that shen euphonyl acaetate
(LIV) is treated with mineral acid, the double bond moves fzom
R ~position to smother fully substituted position, %he
product being isoeuphenyl aceiate, and after 2 series of
degradation reactions in which the double bond of the latter
was split to give & diketono formulated es (IV), Jeg@r}os
proposed the structurss (IVI) and (IVII) for ouphol and
isoeuphenol. The structure (IVI) for euphol did not, howaver,
satisfactorily explain the formation of 1l:238-trimethyl-
phenanthrene on dehydroganutioufogand Ruzicka1 from biosynthetical
consideretions suggested that zuphol might be reprssented by
(IWVIII) or be isolenosterol with vings C and D gis~-fused.

In 1954, Barton isolated 1:2:5-trimethylnaphthalene (LIX)
8s the solé product of seleniuvm dehydrogenation of 1ggpnphadient??
This indicated that the latier has & methyi gioup at 0(8) which
must hava been &t G(se) in its precursor, euphadiens.
leoFuphenol was thersefore formulatsd as either (IX, R = H) or
{1X%) depending on the position of the side-~chain and on whether
both oy only ome of the methyl groups migrate during the acid

rearrangenent. This led to the alternative structures (IXI1I)



and (IXIII) for the diketone obtained by ozonolysis of

isoeuphenyl acetate and proviously formulated as (LV) by

£CHa

A
gty

alat e

(i)
“Cilg

CoHis

‘ NO H
(L1x) (wxx1) (v1)

Joger. . From the obscrvation that this diketons sbsorbe up

%0 five moles of bromine and that both the carbonyl groups &8s
relatively unhindersd, Bartonaov concluded that its structure
can only be represeated b&(EXII) so that euphol is (LKI#) and
352puphenoi i3 (IX, R = H)., 7This view was confirmed by a
study of the infrared absorption of isoeuphenol and by the
observation that the vliraviolet and infrared specira of the
conjugated diene (IXV), produced by selenium dioxide oxidaiion
of isgeuphenyl aceinte, (IX; R = Ac) closely rcsemble those of

507
oleana~11313(18)-dienyl acetete (IXVI).



(Lxv)

Tho pawe conclusions regarding the size of ring D,
the position of ettaclment of the side-chain and the rature
of the euphenol - iaccuphenol rearrangemsnt wera xrsached

109
independently by Jeger amnd Ruzicka.

28



23

Tha Stereochemistxy of Euphol: The configurations at C(a).

c(a), and c(io) vere deduced from ths chemiecal evidence ?nﬂ
molecular rotation deta %o be as in & normal triterpenoid

ring A.so? The wethyl grours 2% 0(13) and 0(14) wsre

apsigned the @« ané fegonfigurations respectively eince with this
atersochenistry the moleoule is forced to adopt & strained
conformation which, according to Bartontowprovidéa the driving
foree for the concerted migration of thess groups to give the
more favourable ell-chair conformation fomnd in isceuphenol
(1x, R = H). Also, if the euphenol - éggpuphenol'rearrangemanﬁ
takes pleco by & fully synchronous mechanism, the side chain %
0(1,) nuet have the same configuvation (g) ss the 0(13)-methyl
groupl.o9 Yn supporé of this, Barton, from a comparison of
rolecular ryotation diffeverces in the lanosterol and suphol
serise, concluded that the configurations at 0(1,) and 0(30) in
euphol are the oppositse of those in lanoaterol.lova Shortly
afterverds, Jeger and Ruzickaw9 described the degradation of
iscsuphenyl acetate (IX, R = Ac) to the tricyclic ecid (LXVII)
aad 2:6-dimethylheptancic acid (IXVIII). This work confirmsd
“hat the sido~chain is at 0(1,) and showed that the configura-
tion at C(ao) in euphol 1s the seme as that at c(,o) in
lanosterol. Bartonlovb then ssserted that, if the molscular
rotation data ars inapplicable, no definite configuration can

be assigned on this begie to ths side-chain at 0(17)_
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{(ixviI) (LXVIIX)

Chemical proof that the counfiguration at 0(1,) is in
fact @ was obtained when it was shown by Jeger and Ruzioks.°9
thet suphol end tirucallel differ only in configuration at
0(20) while lanosterol ie epimexric with tirucallol at
pesitions 13, 14, 17, and 20, The correlation of euphol
with tiruvcallol was achieved by ths conversion of elemadisnclic
acid (3e-hydroxytirucalla-8:24-dien=21-0ic acid, XIX) into the
3p-scatory-2l-oxc compound (IXIX)} which on Wolff-Kishner
reduction gave both tirucalleB-smyl acetate (IXX) and euph-8=

-enyl ecetete (I1IV). Buphol end tirucallol therefors have

PO Uy

(R1x) (1XIR%) (1XX) (L1v)
tke pame configuration at G(nﬂ and the oppoaite configuration

eo
at c(no)o Thies wes confirmed by Warren who converted

oupha-8324=diene and tirucalia-B:24-disne to the same product
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by eliminating the asynmetry at 0(30).

The correlation of tirucallol with lanosterol was
achieved by the application?g to both aeries of e sequence of
reactionas which had prhviously.been carried out in the latter
serise by Bartoﬁ?g epifiracallencl (tirucall-8egn-3a~-ol, LEKXI)
obtained from elemadienolic acid (XIX), wan converted via the
T:1l-dioxo-8«ene and 7T:ll:lZe-trioxo-5:8=~dicne derivatives inteo

the dicerboxylic scid (LXXIT). H#ild heet itreaiment of the

latter gsvs the acetoxyphenol lactone (IXXIII) in which the




asymnetry abt positions 5 and 10 has beer desiroyed in the
arometisation of ring B, This cempound proved to be the
optical ensnilomexy of the énalogous derivative (LXXIV) obtsined
by the same route from lenost-8-enol (LXXV) showing thst
tirvcallol has the opposite gonfizuration from larnosterol

at the four remaining aaymnmeiric centras. Euphol has thus
been indirectly vrelated to lancstercl and can he formulated

as 13-isos l4-iso: 17-1solancaterol (IXIV),
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The Constitutilon and Stercochemistry of Dutyrospermol.

Putyrospsrmol, a tetraeyclic iriterpencid from the
non=-naponifiable fraotion of shea-nut fat, is shown to be
St~eunpha-T3124«dien-38=01, Fxperiments whioh have led to the
complete elucidetion of the sitruciure and stereochemistrs; of

butyrospernol ave descrihed.
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In 1954, Heilbyon, ¥Molfet and Spring deseribed thoe
111
isolation of & new triterpencid alcohol, later named bagseol,
of approximate molecular formula C; i 0 from shes-nut fat from

the Weat African tree Bulyrospermum parkii. This alcohol was

tasolated together with the hydrocarbom illipens and the
pentacyclic tritarpencids o= and f-gmyrin and lvpeol. Anothsy
consulituent, parkeol, the ochemistry of which is discussed in &
later section, was isolated in & cubsaquent examination of
shea=-nut fat by Baver and Mollﬂ? Passaol acetate, obiained by
aoatylation eand fractionsl cyystelllsation of the non-saponifieble
matter, hed m,p. 141°% [a}D + 2204° and on alkeline hydrolysie
geve bemzeol m.p. 109.5°%; [o:]ﬁ = 11,2°, - The tetracyclie
naturs of hassecl was deduvced when treaitmeat of the acsiate with
perbenzolic acid indicated the presonce of two double bonda.
later, Boynon, Heilbron end S]:n':l.zzzgmg raported that the
double bonds iu basseol wexe not in conjugation arnd that only
oene wes suvacepbible %o catalytic hydrogenation., The reactive
dowble boni was deducsd to be prement im a vinylidene group
when ozonelysla of bassool acotate gave & 20% yield of
Lormaldehyds. It was also cleimed that trediment of basseol
acetate with varicus acidic reagents gave the acetate of the
pentacycliic triterpenoid Peamyrin in yielde ranging from 13%

to 90%. This epparcn’ isemerisation of & tetracyclic to a
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pontacyclic triterpenoid asroused considerable interest and

would have beem of grest importance. later experimentaoa'iiﬂ'laﬂ
were %o prove, however, that hasseol agetate wes in fact e mixture
one companent of which wag f-amyrin. acetate.

In 1949, Heilbron,; Jones end Robinaxisreaexamined tho
acetyletod nonesaponifishle fraction of shea-nut fat and obbtainsd
an ecetate, the physical constanisof whieh (m.p. 139-141°, [a]n
+ 23°) ngreed with those quotsd eerlier for baesecl acetate.

This was, howsver, shown (¢ be Iimpure, when on repsated
roorystaellisation it gave an ester; me.po 146.5-147.5%, [a]D

+ 11%, lscmeric with basseol acetaise, and which wae named
butyrespexnyl acetate. The latter on hydrolysis with alkali
gave & new triterponoid alcchol, butyrospsrmol,; m.,p. 111l=113%°,
[a]D » 12°, Of wore importance, it was shown that the chemical
propertiee of butyrospermyl acetate were wsrkedly different frou
thoso reported by Besynon, Heilbron end Spring112 for basseol
acetate; in pavticuler, go feanyrin acetate was detected in any
reoaction produet fiom pure bubtyrospermyl ascetate, while on
ozonolyais, the latter gave ecetons and not formaldehyde.

It is now escceptsd thet the criginal besseol ecetele wag
an impurs sample of butyrospermyl acetate coataining approzi-
mately 16% of P-amyrin acetata%sgaia,iie The orizinal basssdl
RoPo 10%.5%, [m]D = 11,9°%, on the other hond is considered %o

118
have been a homogeneous compound siance it has baen shown that

alkaline hydrolysis of crudes butyrospermyl acetate hesving [a]D
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+ 22° ("bessool acetete") end cryotellisation of tha product
gives pure butyrospermol, m.p. 109-110°, [a]D o 12,5°, identical
with a specimen prepared by hydvolysie of pure butyroasperayl
aceotate,

Butyrospermol also cccurs in the fruits of Artocaxpus

55
integrsefolia and has rocently bear iscolated from horyse-chestnut

fat in this leboratoxy.

Hellbr¥on, Jones and Robino115 cheracterised butyrospsrmol
as & tetracyclic sacondery elcohol; of approximate molacular
formula 05,H;,0, which contains one veadily rsducible double
bond, present in en isopropylidens gmoup end o second, less
roeactive, double bond which is not wreduced by hydrogen-platinunm
but which vescts with perbemzoic ascid. These Pindings were
confirmed by Seitz and Jeger?ls who, in additlon, mads & study
of the inf¥yared absorption spectzum of butyrospsrmens, the
mono-vnsaturated hydrocarbon derived from dihydrobutyrospermol;
and concluded thait the lsse reactive (nuclser) double bond of
batyxoepermol is tetrasubstituted. A consideration of the
ultraviolet absorption of dihydrobutyrospermol led Halsallfa'zi?
to the same conclusion with the further limitation that the
doubls Dond 1le endocyclic and probably in a similar cyclic
position to that in lanoat-B-~enol, Bxperiments will shorily

bs desoribed, however, which establish that the less veactive

double vond im bubtyrospermol 18 tri- and not tetra-substituied.
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Davson, Lalsall, Jones end Robinsma studied the effect
of minersl acid on butyrospermol and showed thet, when the zcstais
of the latter is treeted in chlorvoform soluticn at 0° for a
short peried with dyy hydrogen chloride, addition to the side
chain doubls bond tskes place while the less reactive dovble
bond is simultansqusly isomerisad. Dshydrochlorinaticn of the
product yields iscbutyrospermyl acetatec'f‘iicghich contains a
vinylideas group in placs of the original isopropylidene group.
Catelytic hydrogemation of the laiter gives dihydroischuiyro-
spernyl acetate which is also obtainad by treating dihydyo-~
butyrospermyl ecetate with dry hydrogen chloride., A consideration
of the reactions of this isomer, particularly of its apperani
stability sowards perbenzoilc escid, eund = ceyeZul examinaticn
of its ultraviole’ absorption apectrum led to the suggeation
that the couversion of dihydrobutyrospermyl acetate into
dihydroisobuityrospormyl acetate is analogous to the isomerisation
of lanost-B8egnyl acetete to lanost-T-anyl acetate and it was
coacluded thet the doudble bond in dihydroiscbuiyrospermyl acetale
is trisubstitutodfu ¥4 will be shown, huvwever, that the latter
compound ia in Tact identioml with euph-8-enyl aostate (%3%%%3,100

in which the dcocuble bond is tetrssubstitubed.

Butyrospermol has again been isolated from shsa-nul fat
by tho author and it hae been identified ss 9@-ouphaTs2f-tilan-

ﬂjﬁHOlo



W
=3

Eydrolyeis of shaa-nut fal with sdcoholic potasaium
hydroxide and ezitraction of the resulting diluted solutien with
cther geve the non-spponifieble {raction &3 an amber-coloursd
rosin in 3% yield. 4 soludion of this resin in acetic
anhydride was boiled under rzeflux for 3 hours and left overnight
8t room tempsrature. The semi-crystelline s0lid mass which
separated was yemoved and the filtrals was kept at 0° forx
2 days. During this intsrval & second e¢rop of solid was
depcaited. This meterial wes collected and cryatallised from
ethonol-ethyl acetate o give long stout needlea the physical
sonstauts of which, (m.p. 138-139° with s0lid persisting in the
melt above 180°, [a]D + 22°), corvesponded with those quoted for
"hassool acetsto'é{o Repeaied rscyystellisation from falyly
councontrated solutione in ethanol-ethyl acefate did not merkedly
elter the melting point or the spascifie roitetion of the crystalec
and pere butyrospermyl acetate (m.p. 145°, [a]D + 11°) was only
obteined, in very low yield, alter nany reerystallisations of
the material from rolatively dilute sclutionz in the same polvent®
mixture.

Dihydrobutyrosparnyl acetate, the stariing materisl usad
in the majorily of tha following experiments, was obtained
initially by hydrogenation of purs butyrospermyl ccetate in s
neutral solvent (ethyl acetate) over & platinum catalyst, A
more efficient method wheroby purs dihydrobutyrospermyl ecetate

was obteined divect from the crude Yhasseol acstate! mizture,
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was discovered during the course of ths subesqusnt invoatigationﬁa
Catalytio hydrogenation of ths acetate mixturs, m.p. 138-139°,
[a]D + 22°, in ethyl acetate solution and filitration ?f the
preduct, in light petroleum, through & long column of activated
alogina, gave puve dihydrobuiyrospsrmyl acetate m.p. 135-136°,
[a]D + 10.8° in almost quantitative yield in the initial
frections. Iater frections consisted mainly of f-amyrenyl
acetate. This technique wae aleso discoversd independently
and has beer recsntly describad by Jones.iieb

Working on the esaumption thet the nuclsar double bond
in butyrospermol is Fully subetitutons#llaplle and in &
pimilar environment %o that in lenogt-8-enyl acotats, a small
guantity of dihydvobutyrospermyl acetets was axidised with
chromic acid, undex the condltions degoribsd by McDonald,
Warren and Williamsaoq for the oxidetion of euphw8~9ny1 eceteta,
in an attempt to prepare 3 l:f~dione-ene which might be ralated
t0 8 tetrocyclic triterpenoié of knoan siructura. Tha product
¥ag an uncryétallisable gam heving the ultezaviolet sbsorphion
characteristice of en uB-uneaturated ketcne, The reactlion wes
not further invesiigeted at this siege but as will be seen, e
glight modificetion was to prove importent later. Instead ths
comparable oxidstion of dibhydrolisobubtyrospsrmyl acetato,

obtained Jrom dihydrobutyrospormyl acetate by mild itresrtmeat with

mineral scid es descyibed by Dewson, Halsall, Joass and Robins,9®



and which was faputed %0 contain trisubstituted dounle bond,

wves carzied ocut. Purification of the product by chromatography
and erystallisation from methanol gave yellow needles; m.p.
110=112°, [a]D + 20°, having the characterisiic uliraviolet
ppoctyum, with & maximum &t 2710 Eo (€:8,100), of a fully

transodd l:4-dionc-~ene. Thise conpound wen foumd to be

tdentical with Ti:ll-dioxoeuph~8~enyl aceiaie (LXXV'II)%OHMMOS,Na
The identity of the starting material, dihydreisobutyrospermyl
acvtote with ouph-Beenyl acetate (IXXVI), pravioualﬁ ehtainsd

by catalytic hydrogenation of euphyl acetate (LXZX):’ WO
quioklylostablished, o mizturs of the %wo spscilmens showing no
depreseion in melitimg point. This iﬁentiﬁy was at first consid-
exgd vemarkabls since suph-8-onyl acetate (IXAVI) is itaslf
isomerised by mineval acid to igoeuph-13(17)-enyl acetate ,
(LKKVIII)iOE 4 moGel experiment showed,bhowaver, that the |

conditions,; (dzy hydvegen chlorids in chloroform for 2 houwe ), 1

which coanvert dihydrobatyrospermyl acetete iato dihyéroiso-

butyrosporuyl scetete, leave ouph-3-cnyl seetate unchanged,
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The ideniity of dihydroisobutyrospermyl acetate with
euph-8=-anyl acetato was further confirmsd by the comversioca
of betk eompoumds into iggeuph-13(17)~enyl ascetate (LAXVIII)
uwesing more vigorous acid conditions, and alse into 8§:9f{-oepoxy-
euphanyl. acetate (LXXIX) by sreatment with porbenzoic acid in
chloz‘ofo:‘m.smmB The formation of the epoxide (IXXIX) from
dihydrolsobutyrospermyl acetstie was, at this stagse, in dirsct
contrast to the evidence of Jones and his oo-workors“ who
reported thet the lattar compound is extrsmely inert towarde
perbenzoi¢ acid end who, vartly Trom this obssrvation,
concluded that its double bond is trisubstituted. These sunthors
have since state, howover, that the original report was
erronaona.“cs

Final coniirmetion of the close relationship between
butyrospexrmol end eupbol was obtained when butyrospermyl
scetate wag converted into suphyl scetate (ILXXX). Addition
of one molecular properiicn of bromine to the former in
chloroform and treatment of thio aolution at 0° with dry
hydrogen chloride, followed by regeneyation of thé sido-qhain
double bond by rcaction with zinc in acetic acid gave a
compound m.p. 107°, [m]D + 40° identical with euphyl scetats
(raxxx)s’

The acid induced iscmerisation of butyrospermol to

euphol and of dihydrobubtyrospermyl acetata to suph-8-snyl



(1Xx1X) (1XXX)

acetste indicatex that the isomers differ only in ths position
of the nvelasr double bond and at this stage in the investigation
il was arguod thet, 1f this less reactive doubls bond in

butyroepermol is tetrmsubstituted, the alcohol must be (IXIXI).

(Ixxx1)

Dowbt arose whebher the less reactiva double bond in
butyrospsrmol is tetrasubstituted when it was found that
hydrogenation of butyrosperayl acetate over platinum in
acetic acid at 80° gove euph-8eenyl agetate (IXXVI), a
vesrrangensnt independsntly observed ent ryecently reported
by Jones and his collaborators{!GaA.detailed examination of
the infrayed specize of dihydrobutyrospermyl acetate and
raelated compounds also lsd these authors to the view that the
less reaciive double Lornd in butyrospermol is tri- and not

) "= 4891160339
totra-substituted as oxiginally inferred. The
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relative case with which dihydrobutyrospsrmyl acetats is
convorted into euph~B-enyl acetate and the conflicting
interpretations of the spectroscopic data now led us %0
seek a chemical proof of the extent of subatitution of this
lese reective double bond of butyroepermol,

Treatment of dihydrobutyrocspermyl acetate with osmic
acid and acetylation of the product either at 20° or at 100°
gave 2 orystalline compound m.p. 181=-182°, which gave no
colouration with tetranitromethanme and which was tramsparent to
ultraviolet light. Anslysis of the compound showed it to be a
triol-diecetate. From this it was consluded that the nuclear
double bond is tri- and not tetrasubstituted and that dihydro-
butyrospermol is either (IXXXII, R = H) or (IXXXIII, R = H).

This was confirmed when, in an attempt to remove the tertiary

Yo¥

odl 1

(IXXXIT) (IXXXIXX)

hydroxyl group by simple dehydretion with the imtroduction of &

double bond between C(o) and C(,), the triol-diacetate was tresated
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with potassium acetate in acctiic anhydride under refluz. The
product was obtained sas a white crystalline sclid m.p. }11-112“.
which gave & deep red colour with tetranitromethane end which
showed the characteristic ultraviolst abmorption, with mazime
ab 2320, 2400 snd 2470 A. (& 15,000, 17,000 and 10,500
vespsctively), of a hetercannular diens. This compound was
quickly shown to be identical with euphe-7:9(1l1)-disnyl scetese
(LKKIIV)tg’aﬁ ths welting point being undepressed on mixing
with an authentic specimen of the latter, preparsd by treating
8% 19k ~epoxysuphanyl acetate (ILXXIX) with sulphuric acid in

83
acetic acid, The triol-discetate woe also very readily

(1¥XXIV)

convarted into eupha~T:9(11)-dienyl aceiate (IXXXIV) by heating
it at 100° for 2 dmys, by sublimation in vacuo, by treating it
with zinc in acetic acid at 100°;, with chromic-acetlic acid a%
20°,; or with hydrcchlorice-acetic aecid at 20°. Treatmsat with
acetic acid alone had no efiect ever at 100° end ths powerful
dshydreting conditions of phosphorus axychloride in pyridine

undery reflux slso left the triol-diacetate unchanged.
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The close relationship bstween dihydrobutyrospermyl
acetate and euph-8-enyl scetate (LAXVI) was further emphesised
when it was found that short treatment of the former in sthyl
acetnte at «25° with ozonised oxygen yielded an epoxide which
with mineral acid was guantitatively converted into cupha-
~7:9(11)~dienyl ocetete (ILXXXIV). The latter was also
obtained direﬁtly frow dihydrobuiyrospsrryl asotate by freatment
with selenium dioxide in bdoiling acetic acild, & reaction which,
if analogy can be nede with the corresponding compounds in thse
lanostexol series, favoured at this stage, the A?-formula (IXXXIIT,
R=H) for dihwmixobutyrospexrmol, since under these conditions
lanost-7-onyl acetate is readily converted into the -~7:9(11)-
~Gienyl acatatgc’vv whereas lanost-9{1l)-enyl acetate is not
affected,

The behaviocur of dihydrobutyrospermyl acetate and its
derivatives in the reactions so far described proves thet it is a
simpls doubls bond %isomer of euph=B-enyl acetate having its
unsaturated centre either between 0(7) and C(a) or between
Cioy end Cryq )+ AY this stage, therefore, butyrospermol may be
formulated as aither 9f-eupha-T:24-dien-3f-ci (IXXXV) or 8f-
~cupha-9{11):24-dien~3B=0l (IXXXVI). The same conclusion was
reached end roporited almost simultaneouvsly by Professor Jjones
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and his colleborators. = In an atiempt to prepare the

corresponding hetaroannular diens, these aunthora treated



A
A

(IXXXV)

dihydrobutyrospermyl acetate with an excess of perbenzole acid
in chleoroform and found that the main product was not the
expocted epoxide but an af-unsaturated ketone which they
identified as T-oxveupn-B-enyl aceitate (IXXAXVII). From this
and earlier reactions they daduced that butyrospermol has a
euphol=typs carbon skeleton and differs from gpphol only in the
position of the muclear dowble bond which must be either between
Cg) and C(u) or betwean C (o and c(u) since both isomers can
give vise to Teoxoecuph~B-eny) acetate if ouphe-7:9(11)-dienyl
acetate (IXXXIV) is first formed as an intermodiate. [Further,
from a cumparison of the behaviour of dihydrobutyrospermyl
acetate with that of lanos t~7-ene and lanost-9(11)-ene

1144
derivatives on treatment with mineral scid, Jones suggested

that dihydrobutyrospermyl acetate is a suph-T-enyl acetate(lIXXIIZ,

R = A¢c) since only the double bond of lanost-T-enyl acetate

and not of the A’(il)-darivative con be isomerised to the



(LXXRIIX) ( LXXX7IT)

683 9=position.

E&xsupport of this, if the argument is valid and the
behaviour of corresponding compounds in the lenosterol amd
euphol seriss can be compared, it may be added that, as in the
cose of dihydrobutyrospermyl acetate, the doukle bhond of
lanost=T-enyl acetats is inert to catalytic hydrogenation
wherees that of lanost-9(11)-enyl acetate is readily saturated?
The offect of selenium dioxide in acetic acid on theso compounds
has already been refsrred to.}

Thus, if dihydrobutyrcepermyl acetate is & euph-T-enyl
acotate there sre still itwo possible structures depsnding on
whether the C(B)-hydrogen atom has the «- or the f-configuration.

07y

1
The suph-T-enyl acetais, preparsd by Barton by Wolff=Kishner

reduction of 7-oxceuph-B8-enyl acetsts (IXXXVII), is assumed by



Jones‘iaa %o have the hydrogen aiom ab 6(9) in the a~configuration
and %o explain the unusuel negative molecular rotation changes
obcerved when both butyrospermol aud aysleartenol (IXXXVIIX),
which has o 9f-substituent, ere oxidised %o ths corresponding
j=ketonee, he further btentaetively suggeste that butyrospermol

also hags & 9B-substitusnt and that dihydrobutyrospermyl acetate
ia, therefore, 9f-suph-T-enyl acetate. The experiments

described below, however; show that the ccafiguretion of the
hydrogen atom at 0(9) in dihydrobutyrospermyl acetate is e« and

that butyrospermol is; therxefore, Sa-guphe-7:124-dien=3f-0l.

{IXXXVIII)

Oae of the first expsriments carried out on dihydro-
butyrospermyl ageiete in the prescnt investigation was its
reaction with chromle acid, As has already been mentioned,
the product om theal occasion was an intractable gum,; the
vlirgviolet absorption specirum of which, with a maxinum a¥$
2480 Eo; showad it fto oontein & asmell amount of an af-unsaturaied
ketone. This reection wes now re-examined in some detail using

lesn wigorous conditions. Dihydrobutyrospernyl acetate wasn
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ozidissd with a alight excess of chromium iricxide (equivalent
to 3 atoms of oxygen) in acetlid acid st 16-20° for 24 hours.

The yellow wresinous product, which was obtaiﬁed, showed selsctive
pbegovrpbion in the ultraviolei regiocn at 2060 Lo (€:4,600) and
between 2450 and 2700 E. (€: 1,500). Caxefwl chromatography of
this product gave first, & relatively large proportion (2¢#) of
pvre starting materisl identified by mized melting point aund
specific rotations A pale yellow semi-crystalline fraction
(40%), Bhowing A max, 2530 E. (E: T7,200) was then obleined,; and
finally, e white crystaliine solid im 17% yisld., The pale
yellow fyaction was identified as & mizture consisting mainly
of 7-oxceuph-8-enyl scetate (IXXXVII) with a émaller proportion
of 7:11-diozoeuph-8e-enyl acetete (ILXX¥II). The final fraction,
which exrystallised from methanol as fine weesdles m.p. 119-120°,

was at first thought to be suph-B-enyl acetate (IXXVI), formed

(IXXXVII) (1xxvii) - (IXxxIx)

fyon dikydrobutyrospermyl acstate by isomerisaiion of the double
bond in the acidic conditions. A mixed melting point with

ouphenyl acetate, howevsr, showed & large depression and when
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the specific wvotation of the new compound was determined it
proved to ba very sitrongly negative. The compouﬁd gave &
bright yellow colour with teiranitromethene and its ultra-
violet absorﬁtion spectrum showed a single mazimum at 20860 E.
(€:4,200), indieating the prosence of ons isolated double bond.
hnelyais af the compound showed it to coateian 3 oxygen atons

$.8,, one more than atartisng materisl) and indicated a
moleculay formuls of CyaHya ag0s.

The poseibility wes now comnsidered that it contained &
hydroxyl group and was the product of incomplete ozidation. The
compound was, however, regoversd guantitstively nnchanged efterxr
treatment with ecetic anbydride in pyridine and was also
compiefely stable to further treetment with chromic-acetic agid
at yvoom btasmparature for 24 hours.

A% this gtege, the results of an infrared examination
of the compound (in cardom tetrachloride) were received. The
spoectrux showaed & strong band at 1710 cm:1, indicative of =
carboayl group in a sixemsmbeved ring, in addition to oné a¥
1735 om.-g due to vthe scotafte groupe. The presence of am
isoleted double bond {bend at 1640 cmr-a) wag also confirmed
but omly temtative conclusions ag to its envirvonmsent could bhe
rada. The compound, the moleculay formulz of which is now
established as 0y, Hy, (4 and which will be called oxogpoeuphenyl
ecoteats, is therofora a non=gonjugated uasaturated ketonsy The

prosence of the ketone grcup is coafirmed by reactions described
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lstsr. Bartonﬁovgad, et this time, recently preparsd &
ginllar compound by the action of perphthalic acid on eupha-
~7:9{11)~-ddenyl acetate (IXXXIV) and concluded thet it was
probably the S¥-unsaturated ketone (IXXXIZ) since on short
treatment with mineral ecid it wes smoothly ilsomerised to
Teoxosuph-8eanyl ascetate (IXXXVII). Such a8 BY¥-uusaturated
ketona could also have been Formed Lrom dihydrobutyroapermyl
ecotate in the present reactlon provided that the diene (LXXXIV)
is an intormediats. Ozxogpoeuphenyl aeceiete wae not, however,
identical with the compound described by Bariton, nor was it
isomericed to an af-vnsetursled ketone by oither mineral acid
or alkeli,

[The poseibility of oxospeoeuphenyl ecetate having one of
the structures represented by (IXXXIX) and (XC) will be discuesed
in more detail at a later stage;]

After $reatment with dry hydrogen chloride im chloxoform
at 0° or with sulphurice-acetic acid at room btemperature,
oxoapoesuphenyl acetate was recoversd unchanged and treatment
with methanolie poiessivm bydroxids solution under reflux
followed by reacetylstion of tha product elso failled to have
any effect. qugpgpuphenyl ecetate waes next subjected to the
mora vigovous eacid confitions {(hydrochloric-acetic ascid at 1007)
which briag about the isomerisailon of euph~8-anyl ecciate

(IXXVI) to 1goeuph-13{17)-enyl acetate (IXAVIII). The product
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proved to he an iscmeric noan-gonjugeted unaatuxrated katone

raducvion of which by the forcing veriation of ths Wolff-Kishner

(IXZVIIT)

reaction118 and reacetylation gave isgeuph-13(17)-enyl acetate
(LEXVII1) idemticel with an authentic specimen preparsed from
euph-8~cnyl acetats as indicated sbove,. The isomexic
non-conjugated unsaturated kstome ie therefore an oxoisoeuph-
-13(17 )=enyl acetate in which the carbonyl oxygen is not
atteched 0 Gygq since the compound does not show the
ultraviolet absorption characteristics of an uf-unsaturated
ketona, This was confirmed whea oxidation of oxoisoeuph-
~13(17)-snyl acetate with seleniuvm dioxide gave an oxoilsgeupha-
=12:13(17)-dienyl acetate which showed the same characteristic
ultraviolet absorption speotrum, with mxima et 2470, 2550, and
2640 z., (£:19,000, 21,000 and 14,600), as igooupha-11313(17)-
~dienyl acetate (ACI) obtained by gimilar treatment of isoeuph-
~13(17)-onyl acetate (IXXVIII) with selenium dioxide{°75 The

formation of oxoisgsuphe-~11:13(17)-dienyl acetate shows that ths



keto=group in oxqiggpuph«l}(l?)nenyl scetate; and therefors
in oxoaposuphenyl aceiate, doss not include 0(11) or 0(13);
congequently this group must be at either c(s) oy at G(,).

If oxogpoouphenyl acetate has been formed from dihydroe
butyrospermyl acetate without molecular rearrangement only the
structures rveprescnted by (IXXXIX) and (XC) qualify for
coneilderation. To obtain a ketone {IXXXIX) from dihydrobutyro-

spermyl acetate {a euph-7- or suph-9(1l)-enyl ecetate], the

(LXXX1X) (xc)

reaction would require to proceed aither tﬁrough suphs«7:9(11 )=
-dienyl acetate (IXAXIV), a&s already stated, or vis euph-8-enyl
acetases (IXXVi). Ozxidetion of supha-T7:9(1l)-dienyl acetate
with chromlic aeid under the conditions uvssd for the preparation
of oxoapoeuphenyl scetate from dihydrobutyrcspermyl acetato

and careful chromatogréphy of the resuliting mixturse did not,
however, yleld any trace of oxoaposcuphenyl acetatej only
7:1l-dioxsouph-B-enyl acetate (IXXVII) end & littls T-oxoeuph-
~Be-enyl acetate (IXXXVII) were obtained in poor yield in

addition to somey gtarting maltexrial. The pessiblility of suph-



~8-onyl scotate {LXXVI) being an intermediate in this reaction was
considered Jess likely since & doubls bond will not move out of
conjugation with a oeaxbonyl group under such conditions, and,
morse particularly 7e~oxosuph-8-enyl acetate (LXXXVII) is stabls
%0 mineral acid’io76 Unier the conditions used for the oxidation
of dihydrobutyroepermyl acetats to oxogpgeuphenyl scctate,
euph~B-enyl acetate (IXXVI) elso gave & mixture from whieh
7~-oxoeuph-8-enyl acetate and Till-dicxzocuph-8-enyl acetate

were obtained as the only identifisble products, no trace of
oxoapoeuphenyl ecetate was found. Thege experiments establich
that neither supha~T:9(11)-dienyl acetate (LXXXIV) nor suph-8-
-enyl acetete (IXXVI) ara intermediates in the formation of
oxoapacuphenyl acetate end that the latter is not 8 7-oxoeuph-
=9(11)-enyl acetate (LXXXIX). This decision, togethsr with
the exclusion of Fformulae for oxoapoesuphenyl acetate in which
ths cazxbonyl oxygen is at 0(11) or 0(13), shows that the double
bond in dihydrobutyrogpermyl acetate cannot be hetween c(,)and
and 0(11), Conssquently, butyrospermol is & eupha=7i124«dlen-
~3g-01 (IXXXV) in whichk only the configuration of the hydrogen
atom attached %o 0(9) remaing o be determined,

Formula (XG) for ozospocuphenyl scetste is also excluded
for the following Teasons. Reduction of oxoaposuphenyl acetnte,
using the Wolff-Xilshner techniqueila followed by scetylation of
the product, does noiv give euph-8-ecnyl acotate (LXXVI} but

yields & new ilpomeric unsaturated acstats which .will be called
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{ LXXxv)

apoeuphenyl acetate. apoFuphenyl acstate aloo differs from
dihyérobutyrospernyl acetiate and irom the euph-T-enyl sceiate
dvecribed by Bartoniov& The infrarsd absorption spectrum of
oznapoeuphanyl acetate inclvdes & band at 1640 omri attributed
to » double bond which is not fully subatituted, while the
ultraviclet absoxption of aposuphenyl acetate indicstes that the
doubla bord is et least trisubstituted., The fact thet oxospo-
ovphenyl aocstate cannot be converted into an afsunsaturated
ketone by treatment with either slkali or mineral acid aleo
supports the decilsion that its siructure cannot be represented
by (WIXXIX) or (XC) and further indicates that the carbonyl
oxygen, which is now established ap being at c(,), ie insulsated
from the unsaturated centre b& a fully substituted cerbon etom,
Thet la, there is a methyl group attached to c(,) and,
congequently, the formation of oxogaposuphsnyl acetate from
dihydrobutyrospermyl ecetatc has included & nmolecular
Fearrangensnt,

Further evidancs supporting this decision was obitainad

from & oloser study of aposuphenyl acetate. DBrief treatmeat



of the latter in chloroform solution at 0° with &ry hydrogen
chloxride gave & product ideniifisd as isocuph=13(17)-enyl
scetate (ILXXVIII). Under ths same conditions, euph-8~enyl
acetate (IXXVI) is recovered unchangsd wshile dihydrobutyrosperuyl
acetate is simply converted into euph-8-enyl ascetate (LXXVI).
apoFuphenyl acetate thorefore represents & stabilised inter
mediate stage in the rearrangement of euph-B-enyl acetate to
isoeuph=13(17)=-enyl acetate and it may now be formulated as
either euph-l4-enyl ascetate (XCIX) or auph-12-enyl acetats
(X¢IIT). Consequently, oxoapoeuphenyl acetate ie either
Teoxoapoeuph-14-enyl acetate (NCIV) or T-oxcapoeuph-12-enyl
gcotate {JCV) and its formation from dihydrobutyrosperamyl
acetste (XCVI) 3s reprasented as a fully synchronous resction
in which attack by the oxidising agent at the>dcuble bond, 0(,)’
from the rear (a) side of the molecule is accompanied by the

sinultencous movement of, in the first case, the 1l4B8-methyl group
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%0 G(e) with the loss of e proton from 0(15) to give (XCIV), or
in the second case, the l4f-methyl group to C(o) and the l3a-
mathyl group to c(l,), the 12f-hydrogen atom being lost as o

proton to give (XCV). Thus, vwhichever path is followed, the

(xc1v) (xcv) {xcvi)

oerbonyl group in oxoaposuphenyl acatate is at 0(7), and,
according to the first mechanism 7-oxo@posuphenyl acetate is
(XCIV) and its acid induced isomerisation into 7-oxoigoeuph-
«13(17 )-onyl acetate {XCVII) involves protonation of the
14:15~-double bond with the simultaneous migration of the
lﬁd»methyl group to c(ia) and the loss of the 17B~hydrogen
atom as a proton, If the second path is followed, T-oxoapo-
euphenyl acetate is (XCV) and its oonverﬁion into 7-oxoiso-
ecuphenyl scetato (JXCVIL) is a aimple carbonium-jon induced move-
ment of the double bond from the 12- %o the 13(17 )=position.
The ozoisodienyl szsetate obtained by oxidetion of T-~oxoisoeuph-
~15(17 Jeenyl acetate (XCVII) with selenium dioxide must then be

T~oxoisoeupha~11:13(17)~dienyl acetate (XCVIII).



(XCViI1) (XCvIiI)

Iv w8ll be noted that, in the formetion of 7-oxoaposuph~
enyl acebate by theo above mechanisms, the 0(9}-hydrogen atom in
dihydrobutyrospermyl ecetate is not involved. X% 1is concluded,
thearefore, that the orientation of the C(g)mhydrogon atom in
dihydrcbutyrosperuyl acetate is the same (@) ez that in
7woxoiggeuph=13(17)-enyl scetate (XCVII). Consequently
dihydrobutyrospermyl acetate is Qa~euph-T~enyl acstats (XCVI)
end bubtyrospermol is FSx-eupha-7:24-dien=3f-0l (IC). The
strained conformation of dihydrobuiyrospermyl acetate (XGVI)
which must include a boat (or half-boat) is considered to be
the "driving force" respongible for its ready irreversibla
conversion into euph-8-enyl acetate (IXXVI) which is free to
adopt an uvll-chaiy (or half-chair) conformation.

It bas been shown sbove that T-oxoazpoeuphenyl acetat;
is eithor (XCIV) or (XCV) ang although a decision betwesn theco
formulae is wnot pertinent to the argument concerning the

ztructure and stercochemistry of butyrospermol, evidence im
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{Xcv1) (ig)

favour ¢f the fovmey hes been obtained and is deseribed bolow:
Treatment of T-oxoaposuphenyl acetaie with selsnium dioxide in
boiling scetic asid end purification of the product by
chromatograephy gave, in almost quantitative yicld a compound
MePo 104°%, analysis of which indicated the foruula Cy,Hs,G; -

The compound zave a bright yellow colouvr with tetrenitromethans
and showsd the ultraviolet absorption characteristios of both
an isolated  double bond and of an af-unsaturatsd kotono with
maxima at 2080 A. end 2350 4. {E: 9,000 and 14,000 respeatively).
The presence of both systems was confirmed by an examination of
the infrared ebsorption spedtrum of the compound (in nujol),
This showed a strong band at 1735 and one at 1240 cm:‘ both dus
to the acetate group, st 1660 cme'z due to the af-unsstureted
kostons system and at 1634 om.” due to tha lzolated double bowvd.
The oxidetion of 7-oxesposupheayl ecetate with selsnium dioxide
has therefors resulted in the introduction of a double bond in
the S5:6-position and the product must be either (C) or (CI), the

reaction being anaiogous to the conversion of T-oxolanostanyl
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acatate (CII) into J-nxolanost-5-enyl scetate (CIII) under

119
pinmilar conditions,

Treatment of the above compound, Cy,H;,0;, with
minsral acid converts it into an isomeric af-uansaturated
kotone whioch also confains an laocleted double bond since it
shows light ebsorption mazims et 2080 and 2380 f\. (€ : 10,400
and 13,500 respectively), This iscmer is formulated as 7-oxq3§27
eupha=5: 13{17)-dienyl acetate (CIV) being formed from the
ef-unsaturated ketons {(€) or {(CI) by & similar mechanism

to that by which 7-oxoisceuphenyl scetate (XCYII) is formed

from 7-oxoapoeuphenyl acetate (XCIV) or (XCV).
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Ii f-oxoapoeuphenyl acetats wevre (XCV), the product
of selenium dioxids oxidation should contain a2 heteroannular dienc
system. Since, however, the double bond of 7-oxoapoeuphenyl
acotate has not bsen aitacked by selenium dioxide, it is
concluded that the latter is (XCIV) eud not (XCV). This
decision is supported by the obsexvaiion, alveady mentioned, that
T-oxogpeeuphonyl acetate is stable Vo treatment with ghzomice
-acetiec acid at 25°, which is to be expected if tha double bond
is in the 14:15-position (XCIV) but not if it is betwean 0(12)
and 0(13),(XCV),ainca the analogously constituted a« and {i-amyrin
acetates are readily oxidised by this resagent. The formula
(X¢I¥) is therefore preferred for T-oxoapoeuphenyl acetete and

its mechaniem of formation from dilhydrobtutyroepsrxyl scetato (XCV1)

may be vepresented as followe:

.
.

(Xc1v)

To obtain further confirmation of the structure of
7-oxoigsoeupha=5:13{17)-dienyl acetate (CIV), the latter wes

treated with selenium dioxide in acetic geid in an attempt to




compound which would contain both the xp-unsaturated ketone and
the conjugated isceuphadienyl systems, Only acidic none-
-crystalline produats were, howerer, obisined probably because
the molscule is unable to maintein the extremely strained
coaformation regquirsd by the introduction of another double

61
propare 7-oxoisoecupha-5311313(17)-trienyl acetate (CY7), a
bond in conjugetion aith the original isolated double dond,
I
|

Lttenpts were elso made to prepare T-oxoapoeuph-l4-

~enyl acetate (XCIV) by mild chromic acid oxidation of
dihydrobutyroapermyl acetate oxide (CVI) and of the $riol-
~dincctate (GVII), the preparations of which have already been
described. In both exparimanic, & mixture was obtained,
careful chromatography of which, failed to reveal any trace

of (XC1V); the only identifiable product, in each cese, was

eupha-7:t9(11)-dienyl acetate (IXXXIV).

Molegulayr Rotation Conelderaticns.

Confirmation, that the hydrogen atom attachsd fo 0(9)
in butyrospermol hes the c-configuratlon, was obtained from &

study of molecular rotetion data.



Ae early as 1953, Barton = cboerved thet when gycloarienol
and butyrospermol are oxidised to the correspounding I-ketomes;
the change in molecular rotation (s ) accompenying the
conversion is, in ecach case, negative (Table III) wherecas, for
the majority of 3P-hydroxy-Sa-sieroids and 3If-hydroxyiriterpsnoids,
this change is positive. He considered that this pimilarity
wag gignificant and suggested thet the two alcohols may be
related., Following the elucidation of the constitution and

30 %41 048
stereochenistry of oycloartenocl as (IXXXVIII), Jonas andé

114g,120
his collaborators,

to explain these unusual N\g-values,
suggested that bubtyrospermol, like gycloartenocl, has a 9fi~
-subsvitnent and thay tentatively formulated the former as
98 -supha=T7324~dian=38=-01, Tﬁe obaervations recorded bslow,

howevex, show that butyrospermol has the seme configuration

101
(o) at c{a) 2z lanost-T=-cn=3f-01 (CVIII).

(LXXXYTII) (ceIII)

When applying the method of moleculer rotation relations
to the determination of stiructure and stersochemistry, partieular-

ly of stezoid and Uriterpencid molecules,; it has been gensyally



aocopted that termingl ring units of the same type uake
contzributions towaxrds the molecular rotation which ere very
approximately independent of the nature of the rest of the
molecule provided that the adjecent ring is a saturated,
unsubstituted gyclohexane ringg.G In addition, it has been
ohserved, that, for moat types of compounds, the introduction
of mothyl groups to & terminal ring makes litile difference

te the melecular rotations of hydrccarbons and katones

86
provided that fthe substlitutiorn is not made at a ring Junctlon.

Thus, the introlductilon of a carbonyl group at the jeposition
in most Sa~staroid and Ho-triterpanoid hydrocarbens resulis

in a positive change in molecunlayr wrotatiorn while the moleculay
rotetion change which aocompanies the oxidation of most 3f-
~hydroxy-Sa-ateroide sad 3IB-hydroxytriterpenoids to the

corresponding 3~ketones is alsco positive, It will be noted,

however, that while ths changes given by the steroids cholestancl

(CTX, R = H) end ergostanol {CX, R = H) ara in pgood agreemeat

with the above generalisations, those given by their tritespancid

annloguss lanostanol (CIX; R = Me) and laudanol (CX, R = He) ere

gxcepticns to the rulss., Thus, when lanocstanol and lavdsanol

are oxidised %o the corvesponding 3-ketonss, the change in

molecular rotation (g ) is, in each case, negative as i% also is

when the bhydrocarihons lanostense and landans are converited into the

corrasponding 3-ketones. In Table I, the molscular rotation

changes Tor lancstenol {CIX, R = ¥e) end laudanol (CX, R = Ha)



aye comparad with ths corresponding changes for cholestanol

(CiX, R = #) and ergostanol (CX, R = H), The figures show

TABIE I

.

" 33-Alcohol fydrocarbon jeKetone £L§ Aae
Lamstanola1
(CIX.R = He) + 150° + 149° + 116° = 34° = 3%°
a3
Iaudanol
{CX,R « He) + 93° + 107° + 62° = 31° = 45°
183
Cholentanol
(CIX,R =« ¥) + 93¢ + 91° + 159° + 66° 4+ GB®
Ergoutanoltga
(CX,R = K) + 84° + 66° + 140° + T6° 4 T4°

that the introduwotion of methyl groups jnto the moleculss of
cholestano) snd ergostenoel at positions 4 end 14, has a

profound effect upen the contribution of their terminal rings



towards the moleoular rTotation, The recognition of thia
oifect led us now to compare the molsculax rotation changes
aspociated with the veactions of dihydrobutyrospermol (CXI),
which also showe a megativs Abavnluep with ths correspoanding
chengea for Ya-lanoceit-Tesm-38-0l (CVIII). The relevant date

axre shown in Tabdle Ii? it was found that the molecular

TABIE 1T

b

"Aloche). iestate Bawcate Wotone Dy fe gii

B
9a—Lancst~Tnen~33—ol§ + 45° 4156° 4266° = B5° +111° +221° =130

(cviIiz)

118
Dihydrobutyrospermol ~ 60° 4 56° +164° =182° +116° +224° =122

(CXX)

*

The 9a-lanosi-T-en-3-cne was prepared in this laboratory by
Er. Willism Hamilton who algo confirmed the constanta of the
otheyr lemczt-T-enol derivativer and essisted in assembling
ths date reeoxrded in Tables X, II, and ITI.
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rotation change (Ag) oceurring when lanost-7-sn=3P=-ol is
convexvied into lanosi~7=en-jeone is negative and aimost
identical with that associated with the oxidation of dihydro=
butyrospermol arnd butyrospermol to tﬁe corresponding 3-ketanas,
In addition, it will be notoed that the changes eccompanying
the acetylation Qﬁl) and benzoylation OAS) of lanost=T-en=3f-o0l
are positive.snd nearly identical with the relsted values for
dihydrobutyroepermel. This very cluse corrsspondence with
lanogt<7-en=3f-0l confirms the steric formule (XC) propoasd
above for butyrospsrmol.

The nmolecular rotation chaﬁgea for cycloartenol (IXXXVIIL)

and ity Cy, ~enclogue gyclolaudenol (XIV) ave shown in Table III.

b

“slcohol Acetats Benzoate Ketoné‘ Al !,\, Q.,

%0
cyeloArtanol +230° +280°  +400° + 93° 450° +170° -137]
(ILXXXVITI;
48
cyclolaudeonol +206° +265° +343° + 83° +59°¢  41i37° -al?.'j4

(Xv)

118
Butyrospermol « 51° 4 48° +159° &170° +99° 4210° -118°

(1¢)
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The resson why these alcohols eclso show negative A;-values of
the sepe ordey &8s butyrospeormol probably finde an explanation
in the fact that, in these compounds, the substituents at c(e).
0(9) and 0(10) all have the B-configuration, Thie will cause
sone distortion of the framework ef ithe molsoules and, in
particular; will coustrain ring B to sdopt & helf-chair
conformation vozy similer to that found in lanost~T-emol 4n
#hich this 1is brought sheut by the dovble bond Letween 0(,) sad
c(e) and ths hydrogen atom st 0(9) in the a-configuration.

In dihydyobutyroeparmol, which has the same stereochemistyy in
rings A and B ao lancat-T-enol, ving B is also constrained to
sdopy this half~chair eonformation, Also, in the dihydro-
butyrosperaol molecule, tho sisreschemistry in riﬁgs Cand D 1o
the sams se %that in euphol and ths opposite of that found in
lenost~T-enol, Hing C in the latter must therofore be a host
(or helf-boat) and this, although it doss not appear to affsct
the molecular rotation changes, provides the driving foree for
ita irreversible isomerisation into esuph-8-snyl scetate whick
can adeopt an all chair (or half-cheix) conformation throughout
the moleculs.

9B-Euph-T-enyl Acointe.

With ths identification of dihydrobutyrospermyl acetete
as 9s-cuph-T-enyl acetate (XCVI), the iscmeric compound obtained

by Wolff-Kishner rsduction of T-oxoecuph-B-gnyl acetate followsd
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by agatylation of the product, may now be formulated &3 9p-euph-
«7-onyl acetate {CXII). This is supported by the faot thet

its mothod of preparation requires it to adopt the more stahle
cenformation, The sonfiguration at c(,) nust thorefo?a be

f since, as stated above, the gtereochemistry of the 9a~isemsr
{dinydrobutyrospermyl acetate) constrains the molecule to adopt

a conformation which includes s hoat (in ring C), whereas 9f~suph-
-7T-enyl acetate can ascume sn allechailr (or halfechair)

conformaticn.

Chemical evidence mupporting this structuro has receuily
been obtained in this laboratory dy Dr H. S. Watson who has
again prepered 9B-euph-T-enyl acetaie, using the original
method, and ezamined in detail the relevant aspects of its
chemistry. Watson found that, in its reactions, 98-euph-T-enyl
acetate resembles lanost-T-onyl acetats (CVIII, R = Ac) rather
than dihydrobutyrospermyl acetate, and ip particular that 1%
is wnchanged after treetmeni with hydrogen chloride undor

conditions which readily convert dihydrobutyrospermyl acetate
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(XevI) into euph-B8-enyl acetate (LXXVI) so thet 9f-suph-T=-

-enyl acetate is tho mors stable isomer. Prolonged treatment
with strong mineral ecid, however, convarts it partially into
thGIAP-isomer. a beshaviour anclogous to that of lanost-7T-enyl
scetate under asimilar conditions, and this A?-dcomer 18, of
course, itself partially converitsd into igoeuvph-13(17)~enyl
acetate (LXXVIII) so that the resulting product 1s a difficultly

separable mizxture of all three compounds,.

8a=Buph~-9(11)-enyl Acetate.

During the course of the investigations into tho atructure
of butyrospermcl, when it became appsrent that the latter was
a member of the euphol series with its nuclear doubla bond
eithor between 0(.,) and c(a) oy hetwesn 0‘9) and C(") s the
aynthesis of the hitherto unknown euph-9(11)-enyl scetate (CXIII)
wvas undartaken for dirsct comparison with dibhydrobutyrospermyl
adatata. The new isomer was obftained im relatively poor yield
by Wolff-Kishner reduction of lleoxoeuph-8-enyl acetate (CXIV),
using aahydrous conditionstia and ascetylation of the produci.
Exztensive purification gave suph-9(11)-enyl acotate, m.p.
99-100°, [a], < 59°, which differed markedly both from dihydro-
butyrospernyl acetate (m.p. 135-136°, [a]D + 10°) and from the
9p-suph-T~onyl acetate {(m.p. 78-79°, [a]D = 98°) preparcd by
H. 5. Watson, It is of interest to note, however, that its

constante are in romarkable agrsement with those quoted earlier
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107
for euph-~T~enyl acetate by Barton (m.p. 92-94°, [c]D « 60°) »

Re é

(CXI11)

The new imomer ie conoidered to be Baesuph-9(1l)-snyl
acetate (CXIII) since it has been formed from ll~oxocuph-8-enyl
asootete (CXIV) by e method which yequires that the substituent
at the nsw agymmetric contre should have the more stable
confignration. The hydrogen atom attached to 0(8) in euph-9(1l)-
-enyl aceatate must, thersfore, have the G-configuration sinoce,
with this stersochemistry, the molecule can assume an allechair
(or half-chair) conformation. The reections of euph«9{1l)-
=gnyl acetato which have, so far, been studied support this view.
Like 9B-suph=-T=enyl acetste, the mora stable ﬁ?»iaomer, euph-
-9(11)-enyl acetate is rscoversd unchanged after treatment in
chlorgform at 0° with dry hydrogen chloride, conditions which,
it is considered, would convert an 8f-isomer to euph-S=-anyl
acetete. Hore vigorous trsatment with hydrochlericeacetic acid
at 100°, however, converts euph-9(1l)=-enyl scetate directly into

isocuph-13(17 )~enyl acotate, e rsarrvengement which was at first
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surprising but which is only to be ezpectod when it is comsidered
that the same conditions cause the equully stable molecule of
suph-8-enyl acetete (allechair or helf-chair) to undergo ths
sate rearrangoment, brought about by the conformetional driving
force due to the unfevourable configurations at O(t,), O(i‘)
and 0(1,){O7

Oxidation of euph-9(1l)~enyl acetateo with selenium dioxide
in scetic acid and filtration of the pryecduct in ether asclution
through alumins geve eupha«7:9(11)-dienyl acetate (IXXXIV) in
good yield., Dihydrohutyroepermyl acetats and 9p=svuph-T-anyl
acetate are elso ozxidised to the disne (IXAXIV) uwnder these
conditions, The analogously constituted lamost~9(1l)e-enyl
acatate (CXV) is, however, anchanged sven after prolonged
treatment with seleniun dioxide, & fact which sugzests that ths
hydrogen atom st c(a) in euph~9(11)-enyl ecetate has the

oppozite configurstion (¢) to that in lanost-9(11)-enyl acetate
(8),

-
.
.
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Treatment of euph-~9(1l)cenyl acotate with chromic-acetic
aeid at 100° end puvyification of the product dy ohromatography
gave, in addition to starting material a cryetalline fraction
fMep. 166-167° in 30% yield, This compound gave no colour
with tetranitromethane and showcd the ultreviolet absorption
characteristics with a2 maximum at 2400 & (€:211,000) of a
PB-disubsiituted, cpf-unsaturated ketone. In this one reaction,
therefore, euph-2(1l)-enyl acotate resembles lanost-9(11)-enyl
acetate (CXV) which is oxidised by chromic 20id to give 12-oxo-~
lanost-2(11 )-onyl acetete (CXVI), showing light absorption
waximum at 2420 Z., (6:10,000)8:8 By ernelogzy the above product

is formulated as l2-oxceuph~9(ll)-enyl acetate (cxvii).



SECTION__II.

The Constitution of Parkeol.

Parkeol, a minor constituent of the non-szponifieble
fraetion from shea-nut fat, has boen identified as

lanosta-9(11)224-dien-%8-01.



Ae ptated in the preceding section, the non-saponifiasble
fraction of shea-mut fat oontains the triterpsnoid elcohols
¢-amyrin; PB-enyrin, 1up90111° and butyroaparmoliza. Another
componant was discovered by Bauver and Moll‘v in 2939. ®he
new compound, which was also an alecohol (m.p. 164°) having the
approximate molecular formula C  H,,0, was named parkeol,

(from Butyrospermum parkii) and was characterised by the

fornation of an acetats (m.p. 154°) and a benzoate {m.p. 197°).
Sevaeral years later, Dawson, Haleall, Jones, and Robim:‘8
isolated a small amount of an acetate which they considersd to
be parkeyl acatate, from the acetylated non-saponifiable fracotion
of shea-nut fat, After purification, this acetafq had melting
point 154-157°, [a]D + 95° and on alkaline hydrolysis yielded
parkeol,; m.p. 162-165°, [o:]D + 65°, No attempt to elucidate
the structure of parkeol was desoribed and no subsequent
investigations on the subject have been reported in ths
literature.

Parkeol has again been isolated.-by the author and it has

nov been identifisd as lanosta-9(11):24-dien-3B-01*?%, -

The non-gaponifiable fraction of shea-nut fat was amcetylated
by boiling with acotic anhydride. The resulting pale yellow
aolntion was allowed %o cool to 20° and kept at this temperature

for 18 houre., During this time & white semicrystalline solid,



conndsting mainly of the acetates of the higher melting ??nta-
cyelie triterpencids was deposited and was yemoved. During the
filtrati;n, a2 fins g:;nular solid (fraction 4, ﬁ:pa 130-1452)
slowly sevparated from the filtrate and after a short peried was
collecied. The cleay filiraie was kept at room temperature foi
2 days when a third cxop {fraction B, mop. 112-150°) of small
white erystals was obtained. Fractions A and B wore gombined
and their solution in light petroloum was chromstographed on
alumina., Aftex the removal of o numher of fractions which
congisted mainly of crude butyrospermyl acetate (' basseol
soetate ), a fraction was obtainod which, after several
c;ystallisntions from chloroform-methanol, had the constants,
mepo 157=158°%, [a]n + 87°  This ccetate, which amownted to
only 0,25% of the non-saponifiable mntte; and to 0.008% of the
shae~-nut fat itself, corresponded closely in melting point to
the parkeyl acetate obtained by Bauer and M01147 {m.po 154°)
and by Jones and his colleaguaaaa (mopo 154~157°) although the
apecific roﬁation is somewhat lower than that recorded by thg
latter authars, (+ 95¢). - |

HBydrolysis of the acetate M. Do 157»158o [Q}D + 87 A using
cither potessium hydroxide in methernol or lithium aluminium

hydride in ethey, and crystellisation of the product gove the

. parent alcohol, fthe melting point of whieh (161-163°) was in



agreement with that zeported for parkeol by Baner (164°) and -
by Jones (162-16%°). The specifio rotation of the alechol
(+75°) was, however, higher thenm that found by Jones (+65°).
Peacotylation of the aleohol gave an acetate having the same
constants as the original specimen. PRenzoylation of the
alceohol fellowed by chromatography and yepeated fraetional
cryatallisation of the preoduct gave parkeyl benzoate, m.p-
202°, [a]D + 95°. Treetment of the benzecate with lithiun
alusiniun hydfide in ether gave an alsshol the melting point
(162-163°) and‘epecific rotation (+76.5°) of which wers in
agreenment with the values obtained above for parkeel.
Repeated raorystallisation of this materisl, however, resulted
in a gradval lowering of the melting peint umtil this finally
renained constent at 159.5-160°. The specifis rotation at
this stage was + 76.8°% The conatants thus obtained ars
considered to be thoss of pure perkeol., Pure parkeyl
acetate, m.p. 160-161°, [a]D + 86°, was obtained by acetylation
of this material. %53

The phyziecal properties of perkeol and its derivatives wers
compared with those of all the known tetracyclic and pentaoyclic

triterpcnoids, Fo similarity with any was, however, apparent.
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Analyases of perkeol and its derivetives were in agreement
with the molecular formula G, H,,0, first assigned by Bauer,
for the parent alcohol although the formula Cy, H;,0 ceuld no%
be excluded at thia stage.

The hydroxyl group in parkeol was shown to bo socondary
whon oxidation using the pyridine-chromium triexide complax
gave a katone, parkeone, m.p. 126°, [a]D + 66°. The infraved
spectrum of the latter (in nujol) contained & strong dand
et 1708 om.'1 characteristic of a ketone group at pqstion-}
in a normal ¥riterpens ring A, Reduction of parkeone with
lithium aluminium hydride in ether regenerated tho parent
alcohol and, if it can be assumed that parkeol ﬁna a normal
triterpone ring A, this indicated that ths hydroxyl group
attached to C(a) has the more stable equato?ial conformation.
This conclusion was supported by a study of the molecular
rointion changes whioh eccompany the acylation of parkeol,
Halsell, Heakins and Swaynelz. heve observed that in tritere
penoids conteining a 3f-hydroxyl group, the changes in moloculsy
rotation on acetylation and on benzoylation, salthough variable
in slze, are positive whereas compounds having a c(o)ohydroxyl
group in the «e-configuration show 2 large negative change. The
change in molecular rotation Z&l, following the acetylation of

parkeol is + 74° and the change A,, on benzoylation is + 175%
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Theae Tigures are thorefore in agroement with those expacted from
e 3p=(equatorial)-hydroxyl group in & triterpenoid (or steroid)
nucleus having s normﬁl frans-fused A:B ring system. The
infrared spectrum of parkeol measured in nujol and in chlorofovm
included a band at 1041 c::l.-'1 which is considersd to he a
characteristic of an equatorial hydroxyl group.

In the Liebermann-Burchard reaction, parkecl gave an
initial reddisheyellov colouw which slowly darkenzd to o deep
blood=red colouxr having a blusegrean fluorescence. This
behaviour, which is distinct from that of either the pemtsoyclic
tritorpenoids or the steroids, and fthe fact that parkeocl and
its defivatives all have relatively low melting poinis, geve
tho first indication that perkeol might bs & member of the
tetracyelic group of triterpencids. This was confirmed
when parkeol was shown to contain iwo double bonds.

The alcohol and its derivatives pgave a strong ycllow
colouration with tetranitromethans in chloroform-solution and
readily absorbed bromine from acetic acid solution. The
uliraviolet spectra showed rolatively strong absorption at
2040 ;. (e, 9000 - 10;000) suggosting that two ethyleonic
linkoges are present, These are not conjugated, however, since
parkeol does not show selective absorption above 2200 R. On
hydrogenation at 20° over & platinum catalyst in edither ethyl

acotate or scetia acid, parkeyl acetate readily sbsorbed one
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rolecular proportion of hydrogen. The product, a dihydro-
acotate, Gy Byq Gy mep. 172-173° [al) + 87°, still contains
one double bond evidenced by a persistent yellow colour with
tetrenitromethane and by its ultraviolet absorption (€ 53%6;.
= 4,900).

The nature of the rsadily rsducible double bond in parkecl
was diselosed when treatment of paxrkeyl ecetate with osmic acid
gava & diol,oxidation of which with lead tetra-acetute gave &
50% yield of acotone isolated as 1ts 2:4edinitrophenylhydrazona.

From the expsriments so far describsd it was concludad that
parkeol is a Petracyclic, secondary aloohol conftaining two
doubla bonds one of which is not reduced st room temperature by
hydrogen and platinum, and which prasumably ie in the nucleus.
The natuvre of tho ultyaviolet absorption curve indicated that it
| may ba'triaubatituted. The reactive double bond rust be
present in an Eggpropylidene group which possibly terminates a
pids~chain as in lanosterol or euphol,

The chemiocal properties of dihydroparkeyl acetato were now
investigated in an attempt %o oxamine the environment of the
doukls bond, Dihydroparkeyl acetate was treated with mineral
acid, first under the relatively mild conditions, using dry
hydrogen chloride in chloroform at 0°, which bdbring about the
iconerisation of dihydrobutyrospermyl acetate to suph-8«enyl

48
aostate and which partially convert lanost-8-anyl acetate in%s



lanoet-T-enyl m@dah;? Ho xeaction was observed, however, and
dihydreoparkeyl acetats was recovered quantitatively unchanged

88 was the case when the more vigorous conditions (concentrated
hydrochlori¢ acid in acetic acid at 100°) which are regquired for
the euph-8-6nyl acetate to igceuphenyl acetate rearrangamant,w8
were amployed.

In an attsmpt to convert dihydroperkeyl acetate into the
oorresponding heteroannular diens te determins from its ultra-
violet spectrum whether it belenged to the euphol er the
lanosterel oeriee, ths acetate was treated with selenium dioxilde
in agetic acid, Even after 30 hours under reflux, however,
dihydroparkeyl acetate was recoversed im good yield although the
ultraviolet gpsctrun of the crude product, which showed a very
woak band at 2440 K, (€, 900) in addition to one at 2040 E.

(€, 4,800) due to the double bond, did indicate that a very smell
amount of diene had besn formed. The position of the former
band (2440 Zo) suggosted that tha diene belonged to the
langstarol series rather tham to the suphol series.

The affect of chromic aoid on dihydroparkeyl acetate was
next examined, The najority of naturally occurring tetracyclic
triterpenoids contain & nuclear double bond, oxidation of whioh

with chromie¢ agid in acatic acld results in the formation of

characteristic lsidedione-enes. Treatment of dihydroparkeyl
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agetate with this reagent at 100° and then undexy vreflux gave a
produ¢t,; careful chromstography of which feiled to reveal any
trace of yellow dione-=ens., Instéad a colourless compound
containing one a&ddlitional oxygen atom and with probable molscular
formula €g,H;, 0, was obtained in 30% yield together with some
unchanged starting material, This compound, which vas namsd
oxodihydroparkeyl acetate, showad the chayacieristic unltraviocled
absorption apectrum, with a maximum at 2420 Z. (E. 12,000), of
& PBedipubstituted - xB-unsaturated ketone. In the tetracyclie
group; this type of afi-unsaturetod ketons hee been prsviouasly
obtained only by oxidation of compounds whish have a doubis
bond batween c(,) and chx), the produect being the sovresponding
12—010«u£f(11}-derivative with light absorption maximum at

~ ‘
2420 A.(E, 10,000). The physital properties of dihydroparkeyl

TABIE _A.
MePo fal, Amex, €
-]
Dihydroparkeyl 172<173° + B87° 2060 A. 4,900
Acetate °
Oxodihyroparkeyl 181-183° + 20° 2420 A, 12,000
Acetate
o
Iancst-2(11)-snyl 173=174° + B4° 2060 4. 4,300
" Acetate (CXV)3® o
12-0xclancet-2(11)- iB84-185° + 91° 2420 A, 9,800
-enyl Acetate (CXVI)se
o
Laud-9(11)-enyl 173=174° + B1° 2060 A, 3,100
Acetate (CXVIII)43 >
12-0x0leud-9(11)=-ecayl 194° + 87° 2410 4. 10,300
Aeestate {(CXIX)4®
suph=9 (11 )~venyl 99-100° - 59° 2030 &,  §4,000.
Acstate (CXIII)
12-0x00uph=9{11)-enyl 166-167° - 66° 2400 2. 11,600.

Acetate (CXVII)



acetate and of its oxidation product were therefore comparsd with
those of the only known compounds of this type. Threo exenmples
wors found a8 indicated in Table A.

From this comparison, it appeared that dihydroparkeyl acetats
could be identical with either lanobt«9(11)-enyl acetate (CXV)
or with laud-9(11)-enyl scetate (CXVIII). The conatante of the

oxo-derivabives, however, fevoursd the identity with the former .

i
) i
(Cxv1in) (cX1I1)
0
H
(cxvI) (cX1x) (CXVII)

Az no lanost=9{11)-enyl acetats wes svallable and in order
to establish identity with dihydroparkeyl mcetaie by direct
comparison, a2 sampls was prepered Ifrom "isocholesteryl acetate
vhich is obtained by ecetylation of the neutral fraction from

sheep wool fat after the ramoval of cholesterol. isoCholeateryl
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acstate is a crude mixture composed of the acetates of
lanosterol (CXX, R = CgH,,), dihydrolanosterol (CXX, R « CgH,,),
agnosterol (CKXI, R « CyH,,) end dihydroagnosterol (CXXI,

R & CGHI,)“. By hydrogenation in acetic acid over platinum
catalyst, the number of compomnsnts was rsduced to two and a
nixture consisting of dihydrolanosteryl acetate and dihydro-

agnostaryl acetate was obtailned. Since oxidation of both thsae
R

TR
(cxx) (CXxI1I) (Cxx1)

compounds with chromic acld is known to yield Till-dioxzolanost-8-

7%
~enyl acotate (CXXIX) a’ the mizture wes traated with a solution
of chvomium trioxide in acetic acid et 100° according to the

7%
mathod of Cavalla end HcGhis -

for the ozidation of lanoat-8-
-enyl acetate, From the neutral product, which was purified by
faltration, in benzene solution, througk & short column of
astivated alumine, T:ll-dioxolenost-8-enyl acetate (CXXII) wae
obtained in good yield. Treatment of the latter with zinoc in
boiling scetic acid gave the saturated diketone (CXXIII)x’o which
was redueed using the Huang-Minlon modification of the quffu

53
Kishner reaction o @ mixture from which, after acetylaiion,

both lancetanyl agetate (CXXIV) and 1ll-oxolanostenyl acetate



(CxxXv) were separated by chromatography. In view of the

(CXXIII) (CXxX1v) (cxxv)

differences, referred %o below, between certain compounds
derived from this ll-ozolanostanyl acetate and the corresponding
compounds previously described by Voser, Montavon, Ginthard,
Jegar and Ruz:u:ke‘,a1 and by McGhie, Pradhan and Gavalla?a. it

is of significance to point out at this stage that tho ll-oxo-
lanostanyl acetafe obtained in this work was identical both in
melting point characteristics and in aspecifilc rotation with thav
dpscribed by Voser. The ll-oxolanostanyl acetate prepared as
outlined above had a melting point of 144-146° after drying
under vacuum at 100°. After sublimation at 130-140° ia high
vacuum, however, the mslting point was 156-157°, The specific
rotation, both before and after sublimation, was + 63° and when
the sublimed material was crystalliéed from chloroform-methanol
ll-oxolanostanyl acetate of melting point 143-145° was egain
obtoatned. For "acetoxylanostanone", ’«"t:ua:eu:'81 gives m.po. 142-=144°
rising after sublimation to 156~158° and veverting to 139-141°

on recrysiallisation of the sublimed materialj [a]n + 60 to
+ 63°,
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Reduotion of the ll-oxolanostanyl acetate m.p. 144-146°,
[r.z]D 4+ 63° with lithium aluminium hydride in eiher exactly
according to the method given by Voser and his aolloaguas81
gave e diol C3,H;,0,; the specific rotation of whioh was Tound
to be comsiderably grveater then that rscorded by thsse authors
for lanostanediol, although the melting point was in fairly
gocd agreement, The diol cobtained in the presen? work hed the
constante me.p. 1935=194°, [a]D + 54° unchanged either by
repeated recrystallisation or by acetylation followed by
hydrolysis whereas the lenostenodiol described by VOBB!Pl had
m;p. 190=191°, [a]D + 29°, MeGhie, Pradhan and Oavslla.e3
have also yeported the preparation of a lanostanediol by the
method of Voser and give m.p. 190-191°, [a]D + 28.4° for this
compound. The preparation of this 3sll-dihydroxylanostans
has been repeated in this laboratory, twice by the author and
onae, independently, by Mr. W. Hamilton, B.Sc., starting from
& fresh sample of "isocholesterol® , In all three experi-
ments the diol obtained had the constanis: m.p. 193-194°, [oz]D
+ 54° &+ 1° .

Prastment of the diol ([a]D + 54°) with agetic anhydride
in pyridine eithor at 18° for 20 hours or at 100° for 3 hours
gave & di¢l-monoacetate, Cg,H;40;, which differed slightly in
melting point and very merkedly in specific rotation from the

lancetanediol-monoacstate (acetoxylanontanel) deseribed first
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81 83
by Voeer sand shortly aftorwerds by McGhis . The conatanis
of this acetate and of the parent dicl are compared with thoee

of the corresponding compounde of Voser and of MoGhia imn

Tabls B,
TABIE B.
Lanoatanediol. lenostanediol -
(11p-hydroxylanosianol ) Monoacetats. {118~
Hydroxylanostenyl Acsietc
Mm.pe [a]D ma.ps [c]D
6
Yoser ot al. 190-191°  + 29° 219-220° 4+ 23°
89
McGhie o8 al, 190-191° 4 28,4°  215-216° + 22,8°
This %oyi. 193-194° 4+ 54° 210,5-211° & 62.5°

The fact that the constants of the diol and of the
noncacetats obtained in the present investigation differed frem
thoss of the corresponding comgpunﬁs described by Voser and by
HoGhie is surprising since the same starting material and the sams
preparative methods have been used in all three casss. It waa
at first considered possible that the differences might be due
to an inversion iy the confijguration of either the 0(‘1)-
hydroxyl group or of the hydrogen aton attached to 0(9). The
chemical properties of the diol ([m]D + 54°) were therefore
exsmined in more detail, & comparison being meade with the

62 794
properties described by Voser and his colleagues £ for the
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diol having [a]n + 29°. From the inability of the lattar to
undergo complete acetylation when treated with acetic anhydride

o1
b have

ir pyridins st room temperaturs; the Swiss workers
deduced that the bydroxyl group attached to 0(11) is sterically
hirderved and, by anslogy with the corxrresponding 1llB-hydroxy-
-~gtercids, have sssisned to this compound the atructure (CXXVI,

R, = R, = H) in vhich the 1l-hydroxyl group has the f~(axisl)-
-configuration. Similarly, since the diol ([a]D + 54°) obtained
in this work gives only & monoscetate on acetylation at 100°,

it must be concluded that the c(lt)ahydroxyl group in this
compound is eterically hindered. Thus, provided the molecule

has maintained its originel all-chair conformation, the c(,)-
hydrogen atom being « (axial) as in the precursor ll-oxolanostanyil
acetate (CIXV), this hindered ll-hydroxyl group must also hava

the B=(axial)-configuration. That the molecule still has in

fact the msame basic stersochemistry as lanostane (CXXVII) is

shown by the experiments described below,

#
(cauvi) (CXXVIII)




Troatment of tha diol-monocacetate ([cx]D + 62,5°) with ehromic
acid et room temperature gave, in almosi quantitative yield,
1l-oxolanostanyl acetate (CXXV) identical in melting point
charscteristica and in specific rotation with the originsl
starting material. The diol-moncacetate and the diol iteself,
therefore have the same siersochemisiry at 0(9) and throughonut
the nolscule as ll-oxolanostenyl acetate,

Similar oxidation of the diol ([a]D + 54°) readily gave
331i-dioxolancstans (CXXVIILI), the constents of which (m.p-
120-121°, [a]D + 66.5°) were in good agreament with thoss guoted

81 791}

by Voser g% sl. for the lanosianedione which they obtained

81
by chromic acid oxidation of ll-oxolanostanol , of the 3P:lif-

o
Y0 ani of the 38:llesdivd

~di01 (CXXVI, R, = R, = Hy [a]D + 29°
(CXXIX, R = B)'P, It follows that &he C(s)-hydrogen aton of
the diol ([a]D + 29°) prepared by Vossr has the saws econfigurs-
tion (&) @s that of the diol obtained in this work, The
compounds are thereforse identical chemically end stersochemlcally
and it would appear that there has heen &an erroy either in
measuring or im reporting the sarlier values of the specifio
rotation of this diol (CXXVI, R, = R, = H) and of its monoacetate
(CXXVI, R, = Ao, Ry = H).

Ae 2 matier of intersst an attempt was meds, during ths

coursas of tho above investigetion, to prepars ithe dlacetate of
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the diol (CXXVI, R, = R, = H) since it is well known that a
hindered llf<hydroxyl group can be acetylated under certain
conditions, In this exzperiment the diol-monocacetate (CXXVI,

R, = Ac, R, = H) in chloroform solution was boiled under reflux
with a mixiure of acetyl chloride and dimsthylaniline for 20 héfc
The product was a ssiurated compound Cj H;,0,, m.p. 182°, [a]D

+ 71°, which did not contein s hydroxzyl group and which must bLe
the raquirsd 3f:lip-diacetate (CXXVI, R, = R, = Ac). It is

qulte digtinct fron the starting materiel snd from the correspond.

ing 3P2llc-discetate (CXXIX, R = Ac) first prepared by Mijovic,

01
Voser, Heusser and Jeger ® from the enol discetate (CXxXX) of

fleo

(Cxxx) (oxxx1) (CXXX1IX)

7-oxolanont-B-enyl acetate vie the 9u:llu-epoxide (CXXXI),
although its infrared spectrum (in nujol) whick showsd strong
bends at 1739 cmo'g and betwean 1238 and 1253 cmoua'dne to.thn
acetate groups, closely resembled that of the latter. For the
presant work the 3f:lla=-diacetate (CXXIX, R « Ac) was resdily
obteined from ll-oxolanostanyl acetmte (CXXV) by reduction with

sodium ir a-propyl slcechel Followsd by acetylation of the produci



at room temparature.

Support for the decision that the diocl and the monvacstate
praepayed in this work are identical with those describsd by
Vosar was obtainsd when treatment of the moncacetate (CXXVI,

R, = Ao, Ry = H) with pkosphorus oxychloride in pyridine a%
100° for 3 hr. gave lanost-9(11)-enyl acetate (CXV) m.p.
173-174°, [a]D + 89°® in high yield. The identity of thie
matarial with dihydroparkeyl acotate m.p. 172-173°, [ot]D + 87°
was gquickly established by mixed melting point Qetermination
(172-174°) and dy the coincidence of their infrared spectra.
Confirmation of this was obtained in & number of ways.

Oxidetion of lencst-9(1ll)-enyl acetate (CXV) with chromic
acid as described dy Bentley, Heanry, Jrvine and SpringPa gave
12-0x0lanost-9(11)-enyl acetate (CXVI) which proved %o be
identical with the af-unsaturated ketone obtained by the similar

oxidation of dihydropavkeyl acstate.

; H B}
(cxv) (CXXXIT)

Czidation of dihydroparkeyl acetato with bydrogen peroxids

in ncotio acid gave & saturated epoxilde identifisd as lenost-
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«2(11)-enyl acetate oxide (CXIXIII).a by direct comparison with
an authentic spetimen amd by its ready conversion into lanosta-
=T19(11)~dienyl acetais (CXXI, R = c,n,,)7° oz mild treaimant
with sulphurio acid.

It had previocusly béon found that prolonged hydrogenation
of dihydroparkeyl acetate in acetic acid at 80° over & pletinum
csatalyst gave tetrahydroparkeyl acetate, CgpoHygQy Mope
160-161.5°, [a]D + 40.5° I% showed no colouration when
treated with tetranitromethane in chleroform and no sslective
light absorption in the ultraviolet. Tho wmelting point of this
compound, which iz unchenged either by repeated recrystallisation
or by carsful chromstography, le somevwhat higher then that
recorded in the literagturo (sees Tabls C) for lanostanyl acetats
LACXXIv) although the specific rxotation is im good agrssment.
For dirsct comparison, therafores, & sample of lanost-9{(11)-enyl
acstate (CXV) was hydropenated a2t 80° for 20 hro'. The
lgnostanyl acetate obtained bad m.p. 156-157° in agreemsnt with
the highes? value guoted by previous workera'a"‘..for this
compound; ite specific rotation was + 40.4°., Ezxtensivs
attenpts to purify further both tetrahydroparkeyl acatate and
this lancstanyl) acetato and thereby reduoe the 4° - difference
betwesn their malting points were without sucoesz. Howaver, &

mixture of the two specimsens showed no depression on melting

(mip. 157=160°) &snd their infrared abaorption spectra wers



identical,
In Table C, the coustents of dihydroparkeyl acetats and of
its oxidaiion and reduction products ars compared with those of

synthetis lanost-9(1l)~-enyl scetate and its corresponding

derivatives.
TABIE 0.

MoPo {G]D Xmﬂx- E,
Rinydroparkeyl acetate 172=1TF3° +B87° 2060 E. 4,200
Lenost~9(11)-enyl acetate

(cxv)
This Work 173=174 +89 2060 4,300
Voser 8t al.®% 170=171 +81
licGhis ot 818® 177-178 +83
Bentley et 8l.39 173 +84 2060 4,300
Ozodihydroparkeyl acetate 181-183 +90 2420 12,000
12-0xoianost-9(11 g-enyl
acetate (CXVI
This Work 183-184 +94 2420 10,100
Bontley ot 51.58 184-185 +91 2420 9,800
Dihydrogarkeyl acetate 181-183 +27 - -
Lanost-9(11)-enyl acetate 181182 %29 - =
oxide88, (CXXXII)

Dehydroparkenyl acetate 164~165 +89 2450 22,700
lencsta=-7:9(11)-dienyl 165-166 +89 2430 17,400
Tatrahydroparkeyl scstate 160-161.5 +40.5 - =
lanostenyl acotate(CXXIV)
This Vork 156-157 +40.4 - -
Voser gt al,.51 150-151 +41 ” %
McGhie ot 81.83 156-157 +45 > 2
Bantley e 8% al 3 155-156 +41 - -
Barton bt al,gga 156-157 +40 - -
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The foregoling ezperiments have esfablished that dihydyece
parkeyl acetate 1s identical with lunost-9(1l1)-enyl asetese
(cxv). Parkeol, which ocontains an isopropylidine group must
thersfors be lanosta-9(1l)s24~dien-38-01 (CXXXIII; R = H).

Finzl confivmation of the structure (CXXXIII, R = H) for
parkecl was obtained when the letter was synthesised from
lanosterol by H. 5. Wetaon in these laboratories.

Lanosterol (CAXXIV) wes converted yia the dibromo-derivative
{CXXXV) into Tilledloxolanost-24-enyl acotate (CAXXVI) by the
mathod deecribed by Voussr, Joger and Ruzicka’ab. Reduction of
this diketone (CXXXVI) using the Huang-Minlon modificetion of the
Holff-Kishner method followed by aceiylation gave ll-oxolanost-~
-24-enyl acotate (GXXXVII), treatment of which with lithium
aluminium hydride In ethar followed by acetylation of the crude
product at room tempernture gave llB-hydroxylancet-24-enyl $
acetate {CXYXVIII). Dehydration of the latiter was then effecisd
by vigorous treatment with phosphorus oxychloride in pyridins.
The product, lanosta=9(1l):24-dienyl acetate (CXXXIII, R = Ac)
hed the same melting point and specific rotation as parkeyl
acetats and o mixture of the two speocimens showed no depression
on melting. Identity wan confirmed by comparison of their
infrared spactre.

Hydrolysis of the eynthetic parkeyl acetste (CXAXIXII, R = Ac)

geva lanosta-9(1l)s24-dien-3f-0l (CXIXIXII, R = BE) identical with



parkeol. Benzoylation them yielded lanosta<9(11):24-dienyl

benzoate (CXXXIII, R = Ph.CO) identieal with parkeyl bensoate.

(CHEXV) (CXXXVI) (CXXXvII)

A comparison o0f the physical conelants of natural and
synthetic parkecl and of theiy correaponding derivatives s

given in Table D below.

TARIE D.
BoPo [m]D

Pazkeol 159,5-160°  +76.0
Lanosta=9(11)s24-dien-3f-0l (CYXXIII, R « H) 157-158 <76
Parkerl Acetats 160-161 +85
Lenosta<9{11):24-dienyl acatate(CXXXIII; R o Ac) 161-162 +86

Parkeyl benzoate 201,5-202 95,4

lanosta-9(11):24-dienyl benzoate (CXXXIII,R=Ph.CO)199 =200  +94

Phia work further confirms the strusiture (CXAXIII, R = H) for

Parkeol.
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The melting points are uncorrsected. Specific
rotations were measured at room tempsrature in & 1 dm.
tube using chloroform a3 sclvent unless otherwise
specified. Jltraviclet absorption spectra wore
neasursd in absolute ethenol solution using a Unicam
$.P,500 and a Hilger HT700,307 spectrophotometer.
Infraxed abasorption spsctre were measursd by Dr. G,

To. Howbold and Miss K. Ceramasndoc. Grade II alumina
was uwesd Lor chromatography and light petroleunm refers
to the fraction of b.po. 60=-80°., The analysts were
Dz, Ae¢ C. Syme and Mr, Wm. McCorkindele of the Royal

Collepge of Science and Technology, Glssgow. C.1l,

I. Butyrospermol.

saponification of Shea-nut Fat. - A solution of shea-nut

fat (5.5 kgo) in athenelic potassium hydroxide (10%, 15 1,) wes
boiled under reflux for $ hours. To avoid the formation of
emulaioné during the isoletion of the non-saponifiable ﬁatter,
the followinz procedure was adopied. Portions of the hot
solution {3~4 1,) wore trensferzed to lsrgze espirator bottles
esch contsining warm veter (8 1l.). The resulting mixture was
rlloved %o cool %o 25° before each portion was extracted with
ether {2 x 6 1,). "Tho combined ether extracts wers then
weduced in bulk %o about & lityres by distillation under reducsd

pressure, washed once with asqueous alcohol (30%) and finally

94



gix timwes with water to remove soaps, The resulting golden
yellow aethereal solution was dried over anhydrous sodium

sulphate and evaeporated to give the non-saponifisble fraction

as & pale brown gum (180 g.). An attempt to isclete butyros permol
by chromatography of this material failed %o yleld any crystallinec
fractions.

Butyrospermyl Acetate. = The nonesaponifiable fraetion

(180 g.) was boiled under reflux with acetic arhydride (850 c.c.)
for 3 hours end the solution sllowed %o etand overnight &t room
tempesrature. ‘Thoe white semi-orystalline solid which sepearated
(fraction A, 170 g.) wes colleoted and the filtrate kept &t 0°
for 2 deaya, when & seccnd crop of emall cxystals (frection B,

11 g.) was depoeited, Praction A (170 g.) was boiled under
reflux with acetic anhydride (580 c.c¢.) for 1 hour and left
overaight at room temperature. The solld which seperated was
renoved by filtration sand rejected. During the filtration a
crop of 7ine granulsr solid deposited and, after 12 hours at
room temperature, was collected (fraction Gy 5.3 g.). 'Two
crystallisntions of fraction B from ethanoleethyl acetate (10:3)
geve raterisl, corresponding to "basseol acetate", as stout
neadles (6.9 Z.)y W.po 133-135°, [G]D + 24° (c42,2), while one
cryatallisation of fraction C from the same solvent mixture also
gave “hasseol acetate” &8 ngedles (3.5 g.)e¢ ReDo 134-136°, [a]D
+ 23° (c,1.5}. The two frastions were combined end reerystall-

ieed 2 tobtal of nine times from ethanol-athyl acstate to give
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pure butyrospermyl scotate as fine nsedles (2.1 o)y MePo
143=-145%, [a]D + 11.5° (¢,2.9), unchenged by further
crystallisation.

[Founds ©,81.7s H,11.4. Oalc. for Cy,H;, O, 2 C,62,0; H,21,2%].

Dihydrobutyrospormyl Acetete. - (a) Butyrospermyl scetets

(1.5 g.) in ethyl acetete {200 c.c.) wes shaken with hydrogen
over acid-free platinum cetalyst (from 500 mg. platinum oxide)
for 6 hours at room temperature. The Liltered solution wese
svaporated and the residue crystallised twice from chloroform.
methanol %e give dihydrobutyrospermyl acetate as prismatic
needles (1.2 g.), mep. 135-136°, [a]; + 11° (g,2.0).

(b) Grude butyrospermyl acetats {m.p. 134-136°, [a]D + 23°,

5 g.) in ethyl acetate (250 c.c.) was shaken with hydrogen over
& platinum catalyst (500 mg.) at 20° for 9 hours. Evaporation
of the filterad solution gave e semi-crystalline solid which was
dissolved in light petroleum and chromatographed on a long
column of alumina {220 g.). Elution with the seme solvent
(2.5 1.) gave a fraction (3.0 g.) which crystallised from
chloroform-methanol as prismatic needles (2.74 g.)s; m.p. and

mixed mnpo 154-1360’ [G]D + 10080. (‘0_’206)-

Treatment of Dihydrobutlyrospermyl Acetate with Chromioc

Acid. - Dihydrobutyrospeymyl acetate (100 mg.) irn benszens
(5 coce) and acetic ncid (30 c.c.) was treated dropwise with

stirring at room temperature with a solution of chromium
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triexide in acetic acid (7.1l mg./c.c.; =5 atoms oxygen),

added during 50 minutes, After standing overnight, methanol

wes added and the green solution poured into water and

extracted with ether. The neutral product was obtained as

a pale yellow gum (9% mg.) which failed %o crystallise., Its
ultraviolet absorption spectrum showed mazima of aequal intensity
at 2080 and 2480 Ko The gum wag re-treatad with chromic acid

as described above and the precduct was chromatographed. Ho
crystalline fractions wexrs obtained.

Dihydroisobutyrosperayl Acetate, « Dihydrobutyrosperanyl

Acetate (150 mg.) in dxy chloroform (25 c¢.c.) was cooled %o 0°
in an ico-bath snd troated with a ptrsem of dry hydrogen
chloride for 2 hours. Tha solution was diluted with chloroform
(50 c.c.), washed with weter till nouitral, dried over amhydrous
podium sulphate and evaporated. Crystallisation of the

residue (145 mg.) from chloroform-methsnol gave dihydroiso-
butyres permyl acetate as noedles (107 mg.). Rep. 1240.5-125.5°,
[a]D + 33.6°, (c,1.6). The melting point wes undepressed on

pizxing with en authentic specimen of suph-B8-enyl acetats.

Oxidation of Dihydroiscbutyrospermyl Acetats with Chromic

Acid. = Dihydrciscbutyrosperuyl scstate (137 mg.) in stabilised
acetic acid (B0 c.¢.) was heated on the sisam bath, A solution
of chromium trioxide in eecetic acid (B mg.,/c._c.g 10 c.e0 = 4.2

atome oxygen) was added dropwise with stirring during 30 minutes
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and heating was continued for a further 90 minutes. The
neutral prcliuvet (140 mg.) isolated by means of ether, was
dissolved in light petroleum (15 c.c.) and filtered through

& column of elumina (5 go). Elution with light pesiroieums
benzene (4:1, 300 c.c.) gave a pale yellow fraction (40 mg.)
which after three crystellisationn from methanol gave Tille-dioxo-
euph-8~enyl acetate as yellow needise (19 mg.), m.p. 110-111°,
[a]D + 19.7° (ey1.0}). Ths melting point was.undepreased on
mixing with an authentic specimen prepared by similar oxidstion

[+
12710 A., {E: 8,100).

£ ouph-8 11;”6)\
of ouph-8-enyl ecetate. SaE

Stebility of Euph-S-pnyl Acetatae to Treatment with

Hydzrogsn Chloride at 0°. - BEuph-8esnyl acetate (200 mg.) in dry

chloroform (30 c.c.) wes cooled to 0° and treated with a vigorous
strean of dry hydrcgen chlorids forxr 2 hours. The product,
isolated as desoribed above for dihydroisobutyrospermyl scetate,
crystsllised f£rom chloroformemethanol as noedles (182 mg. ), [a]n
+ 33° {gy3.2), mops 124-125° alone or mixzed with sterting

masterial.

Conveysion cf Dibydroisobutyrospermyl Acetate into iso-

Euphenyl Acetats. = 4 solutior of dihydroisobubtyrospexzyl

acotate (82 mg.) in & mixbturse of acetla acid end consentyated
hydrochloric aeid (20311, 3 c.c.) wes kept &t 100° for 3 hours.
The product wae isolated by means of ether and corystellised from

chloroform=methancl to give isceuphsnyl acetate as wplates (58 nz. ),



[a]D - 10° (gy1.6), m.po 111° alone or mixed with an authentic
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gpecimen prepared from suph-8-enyl ecetate in 2 similar manner.

Treatment of Pihydroisobutyrospermyl acetnte with

Perbengoic Acid. - Dihydrcisobutyrospermyl zecetate (100 mg.) wes
diseolved in & chloroform sclution of psrbenzoic acid (118 mg./
GoCoy 4 Ce,) @and the solution kept at 0° for 2 days then at
room temperatura for a further 2 days. The solution was
diluted with chloroform (100 G.c. ), veshed with potassium
oarbonats solution (10%), weter and dried cver anhydrous soditm
sulphate. Removal of the solvent gave a gum (95 mg,) which
crystalliced f£rom chloroform-methanol as oclourless needles,
R,po 159=169°. Thraee further crystallisationa from methanol
gave 8f:9f~epoxyeuphanyl scetats as needles (64 mg.), m.p. and
mized m.p. 175-177°, [a]D + 62° (£,0.9). The groduot gava no
colour with tetranitromethans in chlorcfoxm and was tranesparont

to ultraviolet light.

Conversion of Butyrospermyl Acetsts into Euphyl Acetate

(Euppa-8:24-dienyl Acetate). - Bubtyrpepermyl acetaste (200 mg.)
in chloroform (25 c.c.) wes treated et 0° with a 1% solution of
bromine in ohloroform (6082 c.c. = 1 mol.). Dry hydrogen
cbloride wap passed through the colourless solution for lj hours
at 0°. The mixture was diluted with chloxoform (100 c.0s),
washed with sodium hydrogen carbonate sclution, weter, and dried

over anhydrouws sodiuvm sulphate. Evaporation of ths chloxofornm



109

under reduced presguza gave & colourless gum which failed to
crystellise when sprinkled witd methenol. A solution of this
pgum in ecetic scid (27 c.c.) was boiled under reflux with zinc
dust (2 g.) for 2 hours. The filtersd sciution vas diluted
with water and the product isolated &s a pale yellow gum by
maeng of ether, After four coryetsllisations from chloroform-
methanol, euphyl acetats was obtained as needles (40 mg.), m.D.

end mixed mo.p. 106,5-107.5°, [rx]D + 40° (c,0.8).

Hydrogenation of Butyroapermyl Acetate in Acetic dcid. -~

Dutyrospermyl scetata (20 mg.) in glecial acetio ecid (100 o¢.c.)
wee shaken with hydrogen over a platinum caialyst (from 200 mg.
platinum oxide) for 30 hours, the temperaturs being maintsined
at 60° throughout. fhe filtersd solution was evaporated under
reduced pressure and the residus (20 mg.) srystallised from
chloroform-methanol as needles, m.p. 115=-116°. Two further
crystellisations gave euph-B-enyl acetate as needles, m.p. and

nixed m.p. 120-122°, [a]n + 25° (g.0.6).

Treatment of Dihydrcbutyrosperuyl Acetate with Osmium

Tetrozide. -~ Dihydrobutyrosperamyl acetate {1.0 z.) in dry
py=idine (10 c.c.) was treated with a solution of osmium
tetroxide in dry ether (1.0 go: 12.4 6.803 10 6,6, 1,5 mol.),
and the miziure kept in ecmplete davkness mnt room temperatﬁre
for 14 days. The resulting gresaish-brosm euspension was

diluted with dry ether (50 ©.0.) and heated undsr gentle raflux
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while a solution of lithium aluminium hydride (2.25 g.) in

ether was added dropwise during 30 minutes. Heéting ves
oontinued for a further hour before excess lithium alvminium
hydride was destroyed by the cautious addition of ethyl

aostate and water, The mizture was finally poured into water
and the resulting dark brown suspension was exiracted with
ether, The aztract was washed with water, dried and

evaporated undar reduced pressure fto yield & dark bromwn gum
which was acetylated using pyridine (15 c.c.) and acetic
aphydride (315 c.c.) at 100° for 2 hours. 4 solution of ths

dry acetylsted product (950 mg.) in light petroleum (100 co.c.)
was chromatographed on slumine (27 g.). The fraction (300 mg.)
eluted with light petroleum (400 c.c.) gave dihydrobutyrospermyl
acetats as prismatic needles m.p. and mized m.p. 13%4-135°, [a]n
+ 10° (cy1.5). Blution with 1ight petroleum-benzene (411,

300 €.G.3 1l3l, 250 c.0.) and finally with pure benzene (150 co.c.)
gave a fraction (462 mg.) crysiallisation of which from

chloreform-methanol gave the iziol diacetate as prismatic

needles, m.é. 181-182°, [tx]D - 82° (c,1.2). The prodnét gave
no colour with tetranitromethane in chloroform and was trans-
parant to ultraviolet light.

[Found: ¢,74.9s H,10.9. Cs4l3g 0y Tequirec C,74.7T3 He10.T7%]

Hydrolysia of the tyiol discctate with sither methanolic



potassium hydroxide solution (10%) or with lithium aluminium
hydride in ether gave the triol as a colourless gum, acetylation
of which (either at 20° or at 100°) regenerat@d the %riol

diacetate.

Bupha-T:9(11)-dienyl Acetate from the Triol Diamcetate. ~

(a) & mixture of the tricl discetate {200 mg.), acatic

anhydride (25 c.0.), and freshly fused potassium acetate (300 mg.)
was boiled under reflux for 4 hours, and left overnight at room
temperature. The product, isolafed by means of ether, was
dissolved in light petroleum (50 e.c,) end chromatograpbed on
alumine (6 g.)s Elution with light petroleum (75 c.c.) gave

a fraction (97 mg.) which crystallised f£rom methanol to give
eupha~7:9(11)-dienyl acetate as neesdles (60 mg.), m.p. snd

mirxed m.p. 111-112°, [a]D - 78° (c,1,0). [The suthentic

epecimen used for the comparison was preparsd by treating
83:9%-cpoxyeuphanyl acetaio with mineral acid as described by
Rarbour; Bennett; and Warrenﬁs]. The compound gave & reddish
brown colour with tetranitromsthans in chloroform and showed

light absorption mexima at 2320, 2400, and 2470 Za. {€:15,000
17,000, ané 10,500).

{v) The triecl diacetate (125 mg.) was kept at L00° under

vacoum for 41 houwxs. The solid, although unchanged in appzarance,
had m.p. 120-155° and showed light sbsorption mnaxima et 2320,

(-]
2400, end 2470 A., (£:5,900, 6,500, and 4,200). The material
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in light petroleum (25 c.0.) was chromatographed on slumine

(4 g.). The fraction (40 mg.), eluted with light petroleunm,
eryctaliised from methanol to give eupha-7:9(11)-dienyl acetate
as needles m.p, and mixed m.po, 111=112°, Lighf petroloum-~
btenzene mixturee eluted fractions; ecrystallisation ol vhich
from chloroform-methanol gave the triol diacetats (60 mg.) &=
neadles m.p. and mixed a.p. 177-178°.

(c) Sublimation of the tricl diascetate (100 mz.) under high
vacuum (0,001=0,005 mm) &% 135-165° gave a product, [m.p. 70~90°%,
A max, 2060, 2320, 2400, end 2470 A. (£:2,100, 4,600, 5,000, and
3,200) | which was dissolved in 1ight petroleum (25 c.c.) and
ohromatographéd on aluming (3 g.). The fraction (47 mg.)
eluted with light petroleum (150 c.c.) gave eupha-7:19(11)-dienyl
eceteteo as needles from methanol, m.p. and mixed m.p. 109-110°%.
Elution with light petrolesum-benzene (4:1, 150 c.c.) gave a
fraction which failed %to crystallise and which showed low
intensity light ebsorption at 2060 Xo Elution with henzena
(150 c.c.) gave a fraction (30 mg.) which crystallised from
chloroform-methanol to give the triol-diascetate m.ps and

mixed m.p. 177=178°

{(d) 2 solution of the triol diascetate (100 mg.) in acetic

acid (10 c.c.) was kept at 100° with zinc dust (600 ng.) for

2 houre. The filtered solution was poured into water and the

product, isolated dy means of ether, crystallised from methanol
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to give the 7:9(11)-8ienyl acetate (B0 mg.) 28 needles, m.p.
and mixed m.p. 109-111°, [c',]]J ~ T7° (051.2).

(e) The triol diacotate (50 mg.) in stabilised acetic acid
(20 c.c.) wan treated dropmiss with a solution of chromium
trioxide in acetic acid (5 NGQ/OoCO' 1.2 6.¢. & 1 utom oxygen)
and the mixture kept at room temperature for 18 hours. The
produoct, isolatsd in the usval way, was dissolved in light
petroleum (25 c.c.) and chromatographed on alumina (3 g.). The
fraction (11.5 mg.) eluted with light petrolsum (100 c.c.)
orystallised from methenol %c give the T7:9(11)-dienyl acetate
a8 needles,; m.p. and mixed m.p. 110-111®, No other crystelline
fraction was obtained.

{(£) The triol diacetate (50 mg.) in acetic acid (15c.c.) was
treated with a mixture of concentrated hydrochloric acid and
acetic acid (1:5, 6 c.c.) and the solution allowed to stasd at
room temperatuxe for 3 hours. The product, isolated by means
of ether, was dissolved inm light petroleum (25 c.c.) and
filtered through a column of alumina (4 g.). Light petroleum
(100 c.c.) eluted a fraction {24 mg.) which crystallised from
methanol %o givo‘eupha=1=9(11)ndieny1 acetate as neadles m.p.
111-112° {no depresasion) (The triol-diacetete was recovered
quentitatively after trcatment with glecial acetic acid at 20°

for 18 hours. ).



105

Treatment of the Triol Diacetate mith Phosphorus

Ozychloride. - The triol diacetate (100 mg.) in pyridine

(5 c.c.) was treated with a mixture of phoesphorus oxychloride
(1 c.c.) and pyridine (5 ¢.c.) and the solaution was allowed to
stand at room temporature overnight. The product (100 mg.),
isclated by means of ether, crystallised from methanol to give
the triol diacetats (BO mg.) as needlss,; m.p. and mixed m.p.
177-178°, [«]D ~ 80°, The experiment was vepsated under
reflux for 2 houra., Again a guantitative yileld of starting
mataerial wvas obtained.

Dihydrobutyrospermyl Acetate Oxide. - Dihydrobutyroapermyl

acatate (250 mg.) in othyl acetate (60 G.c.) was troated at
=30° with a moderate siream of ozonised oxygen far 1 hour.

The solution was diluted with ethyl acetate (100 c.c.), washed
with vater and dried (Ne,SO,). Evaporation of the solvent
under reduced pressure gave 2 white solid which crystallised

from methanol to give dihydrobutyrospermyl acetate oxide as plates

(160 ng. }, m.p. 154=155°, [u]n.- 21,5° {(c,1.0 in benzens)}. The
oxide did not show seleotive ebaorption hetwsen 2000 and 3000 i.
It gave no colour with tetranitromethane in ethyl acetate, but
its solution in chloroform containing this reagent gradually
developed a deep yellow colouration.

[Found: ©,78.8; H,11.2. Cy,Hs,Q requires C,79.0; H,11,2%]
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Eupha~719(11)-dienyl Acetate from Dihydrobuiyrospermyl

fcetate Oxide. -~ The oxide (35 mg.) in chloroform (5 c.c.) was

treated at 0° with dry hydrogen chlorxide for & wminutes, then
kept at% roor temperature feor 2 hours. The xesulting yellow
solution wes diluted-uith chloroform (50 c.c.), washed with
10% nodium carbonate solution, water, and dried (Ha,S0,).
Evaporation of the solvent geve the product as & yellow gum
which was dissolved in light petroleum (25 c.c.) and chromato-
graphed on alumine (3% g.). Elution with light potroleum

(50 e.c.) gave a fraction (23 mg.) whichk crysisllisced from
methanol to give enpha-T7:9{1l)-disnyl acotate as necdles m.p.
110-111°, (no dopression), Amax. 2320; 2400, and 2470 Xo,

(£:16,000, 18,000, and 11,000).

- meeamms )

Dioxide. - Dihydrobutyrospermyl scaetate (100 mg.) in acetic

acid (15 c.c.) wac boiled umder reflux with selenium dioxide

{60 nz.) for 3 hours, The davk yellow solution was filtered,
poured into water spe extracted with ether. The exiract was
washed with 10% sodium caxbonate solution, water; and dried
(¥2,50, ). Evaporation undsr rsdaced pressure geve a pale

yellow gum which orysitallised from methanol to give ouph&-7:9(11)o
~dienyi acetato es needles identified by m.p., nixed n.p.,

specific rotation, and alitraviolet abaorption.
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7-0xo0aposuph-ld-enyl Acetaie. = Dihydrobutyrospermyl

egcetate (2 g.) in msthylene chloride (20 c.c.) and acetic acid
(250 c.c.) wes treated dropwise during 30 minutes at voom
temperature with a solution of chromiuvm trioxide in acetic

avid {12 mgc/coc,, 70.3 c.co= % atorns oxygen). The mixture

was kept 8t room tempersture forxr 16 houxs; a 1ittle methanol
wos then odded, and the nixture evaporatsd to dryness urder
reduced pressure. The product, isclated 83 & gum by meana of
ather,; was dlssolved in light petroleum {100 c.c.) andi chromato-
graphad on alumina (60 g.). Elution with light petxoleum

(1200 ¢.c.) gave fractions (total 442 mg.) which yislded
dihydrobuiyroepermyl ecetate a2s prismatic needles m.p. and

nixed m.p. 134-135°, on crystallisation from chloroform-nethanol.
Elution with light petroleum-benzene (9:1, 1350 c.c.3 themn 4:1,
750 c.c.) pgave fractions (450 mg.) sech of which showed sslective
absorption hetwesen 2500 and 2700 Xo Fractlonal orystallisetion
of these fractions gave Till-dioxocsuph ~8-enyl acetate,
identified by ultraviolet absorption; and 7-oxpeuph-8-snyl
acotate as nsedlen, m.p. and mixed m.p. 162-163°, [cln + 40° +
5° {¢,0.4). Continued eluiion with light petzoleum-benzenas
(i:1, 1500 ¢.c.) gave fractions (335 mg.), which crystallised
from methanol %o give T-oxoanosuphe-lf-snyl acetate as siout
needles, m.p. 113-120°, [a]D - 85° {e,1.0). Light sbsoxrption:

Max. at 2060 A., (£:6,500); Infraved absorption (in carbon
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tetrachleride): bdandp et 1640 cnouz (isolated double bond),
1710 g (six-momberad ring-ketons), and 1735 - (acetate).
The compound gave a bright yellow colour with tetranitromethane
[Pounds C,79025 B,1ll.l. GCy,H,,0; zequirees C,79.33 H,10.8%].
The compound was unochanged after treatment with acetic anhydride
and pyridine at 100° for 1 hour.

Treatment of 7-Oxoapoeuph-l4-enyl Acetate with Chromic

Agid. - 7-Oxoapoeuph-l4-snyl acetate (100 mg.) in methylene
chloride (1 ¢.0.) and aceotic acid (30 c.c.) was treated dropwise
during 15 minutes with chronium trioxide in acetic acid (5 ng%/
CeCsy 3 0.0. = 1.1 atome oxygen), and the orange coloured mixture
kept at 20-25° for 24 hours., The chromium trioxide was not
reduoced and T-oxoaposuph-l4-enyl acetate m.p. and mixed m.p.

118-120° was recoverad quantitatively from the solution.

Attempts to Bring the Double Bond in 7-Ozxoaposuph-l4-gnyl

Acetate into Conjugation with the Carbonyl Group. -

(a) 7-Oxoapoeuph-14~enyl acetete (30 mg.) was dissolved in a
mixture of acetic acid and concentrated sulphuric acid (75 ¢.c.:

6 dropey 1.7 c.0.) and the solution kept st 20° for 24 hours. The
product (30 mz.), isolated im the usual way, orystallised from
methanol as needles, @m.p. 119-120" alone or mixed with atarting
natericsl, ‘The same result was obtained uasing dry hydrogen chloride
-chloroform at 0° for 2 howrs.

(b) & solution of 7-oxoapoeuph-l4-enyl acetate (30 mg.) in 3%
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for 2 hours., The hydrolysis product was isolated in the usual
way and scetylated with acetic anhydride and pyvridine for 1

hour at 100°. The acetate was crystallised from methanol, yield-
-ing Teoxospoeuph~li-snyl acetate (28 mg.) an ncedles, m.p. and
miged 119-)20°,

(e) 7T-Oxoapoouph-lij-enyl acetate (20 mg.) in e mixture of
concentrated hydrochloric acid and acetic acid (1:20; 2 cuo,)
was kept at 106° for 3 hours. Tho solution was poured into
water and the produet (20 mg.), isolated by means of ether,

was crystallised from msthanol to yisld T-oxoisosuph-13(17)-
-enyl acetate as plates, m.p. 112-113°, [a]) = 50° (g,1.3).

A mixture with T-oxoapoeuph-l4-enyl acetats {(m.p. 118-120°)

baed m.p, 93-105°, It gave & ycllow colour with tetranitro-
methans in chloroform and showed a light absorption maximam

&t 2060 X., (€ » 7,600).

[Founds €,79.63 H,11.,0. C3,H;,0; requires C,79.3; H,10.8%].

Wolff-Zishner Reduction of 7-0Oxoisoguph-13(17)-snyl

Acstate. - 7-Oxoisosuph-13(17)-anyl acetate (90 mg.) in
diethylena glycol (10 c.c.) was mixed with a solution obtsined
by reaction of acdium (250 mg.) with diethylene glycol (15 G.co)
and the mixture hested %o 200°. Anhydrous hydrazine, prepared
by vefluxing hydrazine hydrate {100%) over an equal weight of

scdium hydroxide in an atmosphere of nitrogen for 3 hours, was
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distilled into the rcaction mixturs until it refluxed gently

at 180°. After boiling for 18 hours at 180°, the mixture

was distilled until the temperature reached 210°, and refluxing
wae then continued For 24 hours, The polutigon was cooled,
poured into water and e¢xtracted with ether. The ether extract
nas washed with dilute hydrochloric ascid (3N), with waeter till
neutrel, and drisd over anhydrous scdium sulphate. Evaporxation
of the extract under reduced pressure gave the product as a pale
brown gum (87 mg.) which wee acetylated with acetic anhydride
and pyridine at 100°. A solution of the dry acetylated

product in light pstroleum (25 c.c.) was chromatogzraphed on
alomina (5 g.). Elubtion with light petroloum (175 c.c.) gave

& evryetalline fraction (37 mg.) recrystallisation of which from
methanol geve isoeuph-13(17)-snyl acetate es hexagonal platea,
m.p. snd mixed m.p. 110%, [a]D « 9° (¢,2.0).

[Pound: €,81.7; B,11.7. Calc. for CgoH,, 03 C,81.6; H,11.6%].

180Bupha«11:13(17 )-dienyl Acetate. . - isoEuph-13(17)-enyl
acotate (70 mg.) in acetic acid (6.5 c.co) som wixed with a
solution of sslenium dioxide (35 mg.) in‘tha minimum of water
and the solution boiled undar raflux for 3 hours. The product,
isolated in the usual way, was dissolved in light petroleunm
(50 es.c.) and ehromatographed on alumina (4 g.). The fraetion
(30 mg, ) eluted with light petroleum, crystallised from

methanol to give jpoeuphe-11:13(17)-dienyl acetate (20 mg.) as
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needles m.po 93-94°, [a]y + 16° (g,0.8)s ) .. 2470, 2550, and

Q
2640 &, (£:18,000, 19,500, and 14,000).

7-0Oxoisoeupha=-11s13(17)-dienyl Acetate. - To a solution

of T-oxoisceuph-13(17)-enyl ascetate (140 ng.) in acetic acid

(14 c.c.) was added selenium dioxids (80 ng.) dissolved in the
minimum of water, and the mixture was refluxed for 3 hours.

The product was isolefted by means of ether and its solution in
light petroleum (300 c.c.) was chromatographed on alumina (6 g.).
Elotion with light petroleum-benzene (4:¢ls; 350 C.c.) gave a
fraction (32 mg.) which was crystallised twioce from methanol

to give 7-oxoiaoeuphaollz15(17)=diegxl_acatate as plates; m.p.

107+109°, [a]D = 44.5% + 5° (8,0.2), Nmax, 2470: 2550, and 2640 4.
(€:19,000, 21,000, and 14,500). The compound gave & daep

reddiszh=-hrown colour with tetranitromethane in chloroform,

[Found: €,79.43 H,10.45. CsaHxo 0 requires C,79.63 H,10.4%].

Wolff-Kishner Reéuction of T-Oxcapoguph-li-enyl Acetate, =

7-Oxogpocuph-l4-enyl acetate (125 mg.) was reduced as described
abova for 7-oxogggpuph=13(17)manyl.acetateo The product was
isolated by meane of ether and acetylated to give a pale yellow
gun {130 ng,) which was dissolved in light petroleum (50 c.c.)
snd chromatographed oan alumina (4 g.). Elution with light
petroleun (150 c.c.) gave & fraction (74 mg.) which; when

crystallised twice from methanol, gave apoeuph-ld4-enyl acetate
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a8 needlss, m.p. 114-115°%, [a]D - 12° (g,1.1). A nixture with
igoeuph~13(17)=-enyl acetate had m.p. 85-90°. The compound gave
& yellow colour with tetranitromsthane in chloroform and showed
a light sbsorption maximum at 2060 X., (£:6,400).

[Found: ©€,81.5; H,11.7. Cs,H,,0, Teguires C,81.6; K,11.6%]

Conversion of apoRuph-l4-~enyl Acetate into isoEuph~13(17)-

onyl Aoetate. - apoBuph-l4-enyl acetate (14 mg.) in dry
chloroform (3 co.c.) was treated at 0° with a etream of dry
hydrogen chloride for 2 hours. The product was isolated in
the usual way and its solution in 1light petroleum (20 c.s.)
filtered #hrough alumina (3 go.). Light petroleum (200 c.c.)
sluted a fraction (11.6 mg.) which orystallised from methanol
to yield isosuph-13(17)-enyl acetate as plates, m.p. and mixed
m.p. 109-110°, [a]D = 10° (g¢;0.4). A mixture with apoeuph-

«l4-onyl acetate (m.p. 114-115°) had m.p.88-302°.

Oxidation of 7-Oxoaposuph-l4-enyl Acetate with Selenium

Dioxide. -~ A boiling solution of 7-oxoaposuph-l4-enyl acetate
(118 mg.) in acetic asid (4.8 c.c.) was treated dropwise with a
solution of seclenium dioxide (60 mg.) in the minimum of watew
and acetio acid (2 cec.). The mixture wan yefluxed for 2 hours,
filtered, diluted with wator and extracted with ether, The
extract wes washed with saturated sodium hydrogen carbonate

sclution, water and drisd (Ns,S80,). Evaporation of the ether
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under reéduved prescure gave the product as a pale yellow gun
wvhich was dissolved in light petrolesum (25 c.c.) and chromato-
graphed on slumina (4 g. ). The fractions (102 mg.) eluted with
light pstroleum (450 c.c.) and light petroleum-banzene (4:1;

200 c.c.) oryatallised from methanol $o give T-oxoaposupha-

~5t14-dlenyl sgstate as prisms, m.p. 103-104°, [a], - 126°
(¢¢1:2). The compound geve a yellow colour with tetranitro-
methane in chloroform end showed light absorption maxima at
2080 end 2350 A,, (E:9,000 and 14,100).

[Found: ©,79.43 H,10.4. O0g,H;,0, requires C,79.65 H,10.4%].

Converasion of T-Oxosposuphs-5:14~dienyl Acetate into

7-Oxoiaopupha-5:15(1?)-diggg;_Acctata. =~ 7-Uxoapoesupha=5z14-

-disnyl scetate (217 mg.) in a mixture of cohcsntrated hydro-
c¢hloric acid and scetic acid (1:203 10 c.c.) was kept at 100°
for 2 hours. The product (212 mg.). izolated by meaus of
ether, was dissolved in light petroleum (25 €.Co) and chromato=
graphod on slumine (4 g.). Elution with light petroleum and
mixtures of light petroleum with up %o 50% of bengene gave
Iresctions (158 mg.) which crystallised from methanol to givs

T-oxoisosupha=5113(17)-dienyl scetate (105 mg.) as prisms, m.p.

119-120°, [a]D - 52° (g,2.1). The compound gave a bright

yellow colour with tetranitromethane in chloroform and showed
o

light abvsorption maxima at 2080 snd 2380 A,, (£:10,400 and

15,500).



Lig

{Pound: €,79.33- H,10.3. C3,B;,0; requires 0,79.6; H,10.4%].

Trestment of 7-Oxoisosupha-5:13(17)-dienyl Acetate mith

Seleniun Diocxide. -~ 7-Oxoisoeupha=5113(17)-dienyl acctate (90 mg.)

im acetic soid (4 c.c.) wes heated to the boiling point and
treated dropwise with & solution of selenium dioxide (90 mg.) in
the minimum of water and acetic acid (1.5 c.cs). The mixturs
wee boiled under veflux for 2 hours and the produot (95 mg.)
isolated in the upual way as a dark brown gum. This was
dissclved in light petroleum-benzene (4:1; 300 c.c.) and
chromatographed on alumina (8 g.). Development of the column
in the usual manner failed %o ylield any crystalline fractiona.
The fraction (39 mg.) eluted with mathanol (600 c.c.) was a

brown gum with acddic charsciteristics.

Lenost-T~enyl Acetate (with W. Hamiltom, B.Sc.). - This
was propared using ths original method of Marker, Wittle, and
Mixonz‘ It was obtsined as plates, from methanocl-othyl acetate,
m.p. 144-145°, [oz]n + 33.2° {c,2.6), Bariton, Fawcett, and
Thomaava give m.p. 145°, [u]D + 32°, Treatmsnt of the acetats
with lithinm aluminium hydride in ether gave lenost«T-one3ifi-ol
which crystalliead from methanol-ethyl acetate ss nesedlas, @b,
157-158°, [a]D + 30:4° {(0,1.5). VWocdward, Patohett, Barion,
Ives, and xeuy“i give m.p. 162-163°, [o:]D + 10° for this

compoind. Traatment of the alcohol with benzoyl shloride aand
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pyridine gave lapost-~T-emyl benzoate as nesedles (from methanol),
m.po 207-209°, [a]D + 50° (e,1:9). Woodwardlotgivas B.Do

207-208*, [}, « 51°

Lanost~7-gn-3~ons, (with W, Hemilton, B.Sc.). = A
solution of lanost-T-en=3f-0l (2 g.) in pyridine (40 c.c,) was
kept for 24 hours at 16° with the complex prepared from chromium
trioxide (2 g,) and pyridine {20 c.c.). The product, isolated
by means of ether, was crystellised from methancl-ether to give
lanost-7-on-j-one as blades, m.p. 146-147°, [rz]D = 20° (c,2.8).
Harkerp‘ gives mep. 149° and recently Barton.s6 has quoted m.p.
144-146°, [m]D = 15° (08,2.04), for this compound,

[Founds C,84.7; H,12,0. Cale. for Cy,ls,0. C,84,43 H,11.8%].

Euphol Derivatives. - All the authentie vuphol dexivatives

describhed in this nmection wexe prepared from euphol isolated Lrom

“he commercisl latex kpown as Gum Euphorbis, by the method of

Newbold and Springig Euphol, (eupha-8:24-dion-38-0l) crystall.
ised from soetone as needles, m.p. 11l4-116°, [a]D + 33° (251.7).
Nowbold and Spring”give m.po 116°, [a]D +-32'. Treatnent of
euphol with acetic anhydride and pyridine at 100° and crystall-
isation of tho product from chloxoform-methanol gave euphyl
acotate as needles, m.p. 106-108°%, [a]D + 40° (cg1.2). Newbold
and pringﬁo give m.p. 109°%, [a]D + 41°. Hydrogenation of

euphyl acetate either in ethyl scetate-acetic acid (1s:l) or in
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ethyl acetate alone, over a platinuu catalyst gave euph-8-enyl

acetate which orystallised from chloroeform-methanol as needles
a9

m.p. 124-126°, [a]D + 34° (g,1.1). FHewbold and Spring give

Repo 124°, [“]D + 34.5%

7:11-Dioxosuph-6-gnyl Acetate.- Euph-Bsnyl acetate (11 g.)
in methylene ohloride (56 c.c.) and ecetic scid (225 c.c.) was
treatad dropwise at xroom temperature during 30 minutes with a
solution of chromium trioxide (11 g.) in acetic acid (90%; 170
0.0 ). The mixture was kept at 50° for 4 hours and the neutral
product (11,1 g.) isolated in the usual way by means of ether.

A solution of this material in light petroleum (150 c.c.) was
chromatographed on alumira (300 g.). Blution with light
petrolsum-benzene (4:ly 1600 c.c. and 131, 600 c.c.) gave
fractions {total 7.2 g.) which crystallised from methanol to
give 7i1ll=dicxzosuph-8-enyl acetate as yellow needles, n.p.
111-112°, [a]) + 22° (g,1.0).  Light absorptions N maz, &%
2720 E., (€:8,750). Christen g!_gli?s give nm.p. 113-114°,

[a]D + 20°

11ﬁggggggggefggzghgggggjgiozb T:ll-diozosuph-8-anyl
acetate (1.5 g.) in redistilled disthylene glycol (75 c.0.) and
hydrazine hydrate {100%; 1.5 c.0.) was heated at 185-190° for
1 hour, cooled to 70°, and & solution of scdium (1.5 g.) im

diothylenae glycol (25 c.c.) added. The mixturo was then boiled
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unde» veflux at 220°for & further 6 hours. The produot, isclated
by means of ether, was treatsé with acetic anhydride and pyridine
at 100° and & solution of the dry acetylated matexial (1.5 g.)

in light petroloum-benzene (9:l; 100 c.c.) was chromstographed

on slumina (45 g.). Elution with light pstroleum-benzene (9:1,
900 c.€.5 411, 70O 0.Cos 332, 200 c.C.) gave fractions (1.2 g.)
which crysiallised from methanol to give ll-oxoenph-Be-snyl acotate
a8 stout blades (939 mg.)s; mop. 127=129°, [a]D + 26° (,2.0).
Light absorption: max., at 2570 Z.. (€ : 8,500). Barton 0

gives m.p. 130+131°, [u]D + 28°,

Euph-9(11)~enyl Acstate. - 1l-oxoeuph-8-enyl acetete (2.5 g.)
in diethylene glycol (100 c.c.) vas mized with a solution
obtained by veaction of sodium (7.2 g.) with diethylene glycol
(300 c.c,) and the mixture heated to 200°. Anhydrous hydrazine
was distilled in until the mixture refiuxed gently at 180°,

After boiling for 18 hours at this temperature, the mixture was
distilled uvntil the temperaturs roached 216°, and refluxing wes
then continued for 24 hours, The product, 8 brown gum isolatsd
by neens of ether, was acetylated ian the usual way and a soluticn
of the dry acetylated material (2.4 g.) in light petroleum

(100 cec,) was chromatographad on alumina (75 g.). Elution
with light pstroleum (400 c.c.) gave a fraction (350 mg.) which
was orystallised four times from aceione-methanol %o yield euph-

«9(11)-enyl scetate as needlos, m.p. 99-100°, [a]D - 59° (6,1.7)
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Light absorptions max. at 2030 E.. (€:4,000). The compound
gave a yellow colour with tetranitromethane in chloroform,
[Found: ©,81.55 H,y11.6. Cg,Hy,0, raquires, C,81.6; ¥,11.6%].
Continued elution of the column with 1ight petreleum (600 c.0.)
and light petroleum-bensene (Yi1ly 1600 c.c.) gave fractions
(769 mg.) which crystallised from mathanol to zive unchanged

1ll-oxoeuph=-B-enyl acetate as blades, m.p. and mixed m.p. 126-127°.

Preatment of Euph-9(1l)-snyl Acetate with Hineral Aoid., «

(a) Buph-9(11)-enyl ecetate (S50 mg.) in dry ohloroform (10 0.0.)
was treated at 0° with a gtream 0f dry hydrogen chloride for

2 hours, The solution was diluted with ether (100 c.c.),

washed with saturated sodium hydrogen carbonate solution, water,
end drigd (Na, S0, ). Evaporation of the ether gave a pale yellow
gun (50 ug.) which was dissolved in 1light petroleum (20 c.c.)

and chrometographed on alumina (4 g.). Elution with light
petroleum (100 c.c.) gave fractions (44 mg.) which, after two
erystallisations from acetone-methanol, gave unchanged euph-9(11)-
-gnyl acetate me needles, m.p. 8nd mixed m.p. 98-100;.

(b) Euph-9{11)-enyl acetate (55 mg.) in a mixture of acetic acid
and concentreted hydrochloric aeid (20:1s 10 o.c.) was kept at
100° for 3 hours. The solution gradually developed & greenish
yellow colour which faded to pale yelliow after two hours. The

product,; isolated in the usual way, was diss¢lved in light
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petroleum {20 Coc.) and filtered through s column of alumina

(4 go)s Elution with the sawme solvent (120 c.c.) geve &
fraction (36 mg.) which orystallised £rom acetone-methenol %o
give isoeuph-13(17)-enyl ecetate as plates, m.p. 111-112°,

[m]n = 9.2° {¢,1.05). A mizture with authentic isoeuph-13(17)-
-anyl acevate showed no depression in melting point but & mixture

with euph=9(11)-enyl acetats (m.p. 99-100°) had m.p. 82-95%°,

Proatment of Buph-9(1l)-enyl Acotats with Selenium
Dioxide. = Buph-9(1l)-enyl acetate (5% mg.) ir boiling acetioc
acid (10 c¢.c.) was treated with a solution of selenium dioxide
(50 mg.) in the minimum of water, and acetic socid (2 c.c.) and
the mixture refluxed for 10 hours. The product, a ;;ale yellow
gun, was dissolved in ether (25 c.c.) and filtered through a
short column of alunina {4 g.). Elution with the same
solvent gave a fraotion (52 mg.) which was crystallised three
times from methanol %o yield supha-7:9(1l)-dienyl acetate as
needles, m.p. 108.5-109°, (no depression). Light absorption:

max. at 2320, 2390, and 2460 A., (€:14,600, 16,100, and 10,500).

Oxidation of Euph=9(11)-enyl Acetute with Chromie Acid.

Buph=9(11)-enyl acctate (89 mg.) in stabilised acetic acid
{9 c.0.) was treated dropwise at 100° during 10 minutes with a
sclution of chromium trioxide in acetsc acid (4.4 mg./coco;

12 c.c.= 4 atons oxygen). The mixture was then boiled under
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veflux for 1 hour and allowed to stand overnight at room
temperature. A little methanol was &ddedi the mixiure was
evaporated to dryness under reduced pressure and the product,

a pale yellow gum, wss {ecolated by neame of ether., A solution
of the gum in iight petrolsum (20 c.c.) was chromatographed on
alumine (5 g.). Elution with light petroleum (200 o.c.) and light
petrolsum-tenzene (9313 100 c,0.) gave fractions (10 mg.) which
on crystallisaetion from acetous-methanol yielded unchanged
euph-9(11 )~-onyl ncatate as f£ine mesdiles m.p. and mixed m.p.
96-98°, Elution with light petroloum-benzene (4sly 230 G.C.}
131, 180 c.c.) gave fractions (30 mg.) which crystallised from
methanol ams needles, m,p. 162-163°, Two recrystallisations of
the material from methanol gave 12-oxosuph-9(11)-enyl acetate
as needles, m.p. 166~167°, [a]n = 66.4° (8,0.9). The compound
gave no colour with tetranitromethane, Light absorption:

max, at 2400 K.. (€: 10,700)

[Founds €,79.05 B,10.9. CypHy,0; vequires €,79.3y H,10.56%].

I1 PARKEOL.

The Jsolation of Parkeyl Acetate from Shes-nut Fet. - The

non-saponifisble fraction of shes-nut fat (182 g.), obtained as
described above (p. 94), was boiled under reflux for 1 hr, with
redistilled agetic anhydride (875 ¢.c.) and the resulting solu-

tion kept at 20-25° for 18 hr. The semi-crystalline selid
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During this

filtration, & eocond crop of solid separated from the filtrats

and, after one hour; was ccllected, washed with cold methanol

(25 c.c.) and dried to give & fina, granular solid (fraction A,

4.96 g.)s m.po 130-145°.

The filtxate was then kept at 16°

for 46 hr. when a further oxop of solid, (fractiom B, 5.3 g.),

MePo 112-150°, was obtsined,

Fraotiona A and B were combined,

dried by co-distillation with bansene, and dissolved in light

petroleum (150 ¢.c.).

a ooluan (3.25 x 67 om.) of alumina (500 g.) amd the

grams developed as indicated im the summary below.

FPractior :Eluent

1-5
6=17

18-25
26-27
28-35
36-40
41-46

47-52
53-67

68

Light petzoleunm

Light petroleum
~benzene (9:1)

Light petroleus
~benzens (3:1)

Light petroleun
~benzene (312)

Light petroleum
~benzene (3:12)

Light petroleun
~bensens (2:13)

Iight petrolsum
~bsnsens (1:34)

HRengenae

Benzenae-ather
aixtures

Hethanol

+7ol,

CoCoe

2250
5400

3600

400
1600
1000
1000

1400
3000

400

Wt.

&Ev
0,140
4-495

2,005
0.458
0.763
0.152
0,150

0.114
0.234

1.642

‘Description

Gum

Crystalline
nixtures

Crystalline
mixtures

Crystalline
anixtures

Plates from
@ther-methanol

Plates from
ether-mothanol

Plates from
ether-methanol

¥hite solid
Gum

Crystals from
aethanol

This solution was psrcolated through

chromato-

BsPo

130-145°
130-150"
130-155°
145-153°
147-152°
146-152°

above 160°

150-154°
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Parkey) Acetate. - Fractions (28-46) were combined and
orystallised sevoral times from ether-msthanol to give almost

pure parkeyl acetate (450 mg.) as lustrous plates, n;po 157=-158°¢,

[a]n + 87° (0y2.8). Purs material was obtained by hydrolysis of
the derived bensocate and acetyletion as desoribed delow,
Parkeol. = (i) Fraotion (68) after many reerystallisatione
from wethanol gave parkeol as felted ncedles, m.p. 159-161°,
[“]D + 77° (8s1e7).
(i) Parkeyl acetate (m.p. 157-158°; 100 mg.) in benseno (1 0.0.)
wﬁa boiled under reflux with a methanolic solution of potassium
hydroxide (3% 20 c.cs) for 3 hr. The product, isolated in the
asual way, corystallised from methancl to give parkeol s felted
needles (60 mg.) m.p. 161-163°, [¢]D + 74.8° (cy1.5).
(111) Parkeyl acetate (m.p. 157-158°, 430 mg.) in dry ether (20
000.) was added to a suspension of lithium aluminium'hydrida
(500 mg.) in 4ry ether (40 c.c.) and the mixture refluxed gently
for 45 minutes. Ether (100 c.c.) was added and the excese
reagent decomposed by the cautious addition of ice-water. The
ethereal solution was washed with dilute sulphuric acid (5K),
vater, and dried (Na,SO,). Evaporation of the ether under
rednoed pressure gave parkeol which crystallised from methenol
as needlss, (360 mg.), @m.p. 161-163°, [a]n + 75° (cp1.6). The
parkeol thus obtained was further puvrified by hydrolysis of the

derived benzoate as described below.
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Parkeyl Benzoaste. -~ Parkeol (m.p. 161-163°, 400 mg.) was

treated at 100° foi 2 hours with a nixture of benzoyl chloride
(1 s.0.) and pyridine (7 €:Cs). The crude benzoate was
isolated by means of eiher as a pals yellow solid (502 mg.)
which was dissolved in light petroleum (2% c.c.) and ohromato-
graphed on alumina (15 g.). Elution with light petroleun
(700 coc.) gave a fraction (400 mg.) which orystallised fronm
chloroform-methanol &s needles, m.p. 198-199°, [a]n + 94°
(cs2.3). Pive recrystallisations of this material from
chloroform-msethanol gave pure parkeyl benzoate as nesdlee, m.p.
201.5-202° [a], + 95.4° (£,2.0).

[Found: €,83.7y H,10.3. Calc. for C5,Hz 0. C,83.75 H,10,25%]

7
Bauer and Moll give m.p. 197° for parkeyl benzoate.

Hydrolyuis of Perkeyl Benzoate. -~ Treatment of the benszoate

®.po 201.5=202°, [a]D + 95.4°; 270 mg,) with lithium alnﬁininm
hydride {400 mg.) in dry ether (40 c.c.) as described for the
acetate sbove gave a product which orystallised from chleroforme-
methanol as needles (186 ng.), m.p. 162-165',,[«]D + 76.5°
{051.3). . Pour recrystallisations of this material from
chloroform-methanol gsve pure parkeol as needles, m.p. 159.5-160°,
[a]D + T76.8° (c51.T). Light absorption: max. at 2040 ;.,

(€ s 8300).

[Founds C,84.23 H,11.6. Cale, for Cz,H;,0. C,84.43 H,11.8%]

It gave & yollow colour with tetranitromethane in chloroform
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and with the lLiebermann-Burchard reagent it showed am initial
reddish-yellow colour which slowly became desp red with &
blus-~-green fluorescence.

.Aoetylation of pariaol (R.p. 159.5-160°, [u]D + 76.8°) gave
3 produst whiok orystallised as plates frox chlorofozrm-msthanol,
B.p. 156-158°, [a]D + B7° (¢,2.1), Six recrystallications

gave pure parkevl acetats, m.p. 160-161°, [a]D + 86° (g,2.2).

Light absorption: mex. at 2040 A. (€% 10,000).

(Founds C,82.1p E,11.15. Caloc.for CgoByp0,. C,82.05 H,11.2%].

Perkeons. - Parkeol (95 mg.) in pyridire (5 c.c.) was mix-
ed e3th the complex obteined by reacting chromium trioxide
(95 mg.) with vedistilied pyridine (5 c.c.). The dark brown
suspeneion which resulted was ehaken a$ intexrvals for 3 bours
and left overnight at room temperaturs. The amixture was
d4luted with water, oxt¥scted with ether and the athereal
solution washed with dilute hydroshloriec acid (3K), scdium
hydroxide eolmtion (2%), water, and dried (Na,S0,). Evapora-
tion of the ether gave the product ae & clear gum which was
dissolved in light potroleum (50 c.c.) and chromatographed on
almnias (4 g.). Blution with light petroleua (520 C.C.) gave
& fraction (75 mg.) which crystallised from methanol as nsedles,
m.po 111=114°. Pive recrystallisations of this material from

rmethanol gave parkeone as needles, m.p. 125-126°, [¢]n + 66.5°
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(cs2.2). Infrared sbmorption: Strong band at 1708 P e
(earbonyl group in siz-membered ring).

[Pounde C,84.65 H,11.8. Cy,H,q0 requires C,84.85 H,11.4%]
Reduction of parkeone (30 mg.) in ether (25 e.c.) with
lithiom aluminiue hydride (100 mg.) and crystallisation of the
produst from ohloroform-msethanol gave parkeol as needles,

®.p. 158-159° (no dopression).

Dihydroparkeyl Acetate. - Parkeyl acetate (120 mg.) in

ethyl acetate (100 6.0.) was ehaken with hydrogen over a platinum
catalyst (from 60 mg. platinum oxide), at room temperature for
18 houre. KEvaporetion of the filtered solution and five

cryantallisations of the product from ether-methancl gave

dihydroparkevl acetate as plates (50 mg.), m.p. 172-173°, [u]D
« 87° (,2.0). Light sbeorption: Max. at 2060 A., (£:4,900).
The compound gave & bright yellow ocolour with tetranitromethane
in chleroform but did not absoxd bromine. In another experiment,
aceti® acid wae used &s solvent and the product was purified
by chromatography to give dihydroparkeyl acetate m.p. 172°%
[u]D + 86° (c,2.7)-
{Found: C,81.8; E,11.5. OgoH;,Q, requires C,81,6; H,1l1.6%].

At a later ptage dihydroparkeyl acetate was shown t0 be

identiocal with lenocat-9(11)-snyl asetate (see below).

Treatment of Parkeyl Acetate with Osmium Tetroxide. =

Parkeyl acetate (270 mg.) in dry pyridime (5.4 c.c.) was mixed



226

with & solution of cemium tetroxide in dry ether (20 mg./c.c.}
18 0.cc = 2.2 mols.) and the mixture kept in the dark for

7 days. The dark brown suspension was diluted with ether
(100 c.0.) and treated under reflux with lithium aluminium
hydride (1.2 g.) added during 20 minutes. Reflmxing was
continued for a further hour; excees reagent was decomposad
by the addition of crmshed ice and the mixture diluted with
water and ether. The ethereaz)l solutien was weshed with dilute
hydrochloric seid solution (3W), water and dried (Na,80,).
Evaporation of the ether gave a pale yellow reeinous solid (250
®g.) which was treated with leead tetra-acetate as described
below,

The product (250 mg.) in chloroform (3 c.c.) and acetic
acdd (23 c.¢.) was treated with lead tetra-acetate (500 mg.)
end the mixture was shaken until all the solid hed dissolved.
The resulting pale yellow solution was kept in the dark at
room temperature for 20 hr.; water (10 c.c.) was added and
the mixture was alowly diasftilled. Three fractions of 3 s.c.
wers collected. To each fraction a solution (2 c.6.),
prepared by dissolving 2t4-dinitrophenylhydrazine {540 mg.) in
ethanol (7 o.c¢.) apd concentrated sulphurie acid (1.8 c¢.0.),
was added and the mixtures sllowed to stand fof 1 hour,

During this time orange needles (34 mg.), m.p. 120-123°

separated from the second fraction., Two recrystallisations
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of this material from ethanol gave acetone 2i14-dinitrophenyl-
hydrazone as long orange-yellow blades, m.p. 124-126°, alons

or mixed with an authsentic apecimen. Fraction- 1, from

which no crystals separated, was diluted with ether (50 c.c.),
washed guickly with dilute hydrochleorio acid, water, and dried
over anhydyous sodium sulphate. Evaporation of the ether
under redused pressurs gave an oyange residue which crystallised
from ethanol to give acetone 2i¢4~dinitrophenylhydrasone as
needles (24.6 mg.); m.p. 120-123°, Recorystallisation fronm
ethanol gave small needles, m.p. 124-126°, (no depression).

Treatment of Dihvdroparkeyl Acetate with Hineral Acid. -

(a) Dihydroparkeyl acetate (54 mg.) in ohloroform (10 ©.c.)

was treated at 0° with a stream of dry hydrogen shloride for

2 hours, The product, isolated in the usual way, orystallised
from chloroform-meathanol as plates (38 mg.), m.p. 166-167°,
alone and mixed with starting meterisl.

(b) Dihydroparkeyl mcetate (50 mg.) in a mixturs of ooncentrated
hydrochloric acid and scetic scid (11203 7 o.c.) was kept at
100°® for 3 hx. The product, isoleted by means of ether,
orystallised from chloroform-methanol as plates (32 mg.),

m.p. 166.5-167° alons and mixed with starting material, [a]D

+ 87° (g,1.2).

Treoatment of Dihydroparkeyl Acetate with Selonium Dioxide. -

Dihydroparkeyl acetate (50 mg.) in beilimg seetic aeid (5 o.o.)
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was treated dropwise with & soluntion of selenium dioxide

(50 mg.) in the minimum of water and acetic acid (5 c.c.).
Refluxing was continued for 3 hours and the product isclated
by means of ether s a white solid, oryastallisation of which
from ohloroform-methanol gave plates, m.p. 169-171°, [a]D

+ 86° (c,1.1). The material gave @ pale yellow colour with
tetranitromethans in chloroform and showed no depreseion in
melting point when mixed with starting material, Light
absorption: Max. at 2050 and 2440 I.,(a:5.53o and 380). Tt
reaction was repeated for a further 27 hr.y agsin starting
material, m.p. and mixed m.p. 167-169°, wae recovered. Light

absorption: Max. at 2050 and 2400 Z., (£:4,800 and 910).

Oxidetion of Dihydroparkeyl Acetate with Chromic Acid. -

Dihydroparkeyl acetate (60 mg.) in stabilised acetic acid

(10 ¢.0.) at 200° was treated dropwise during 10 mninutes with

a solution of chromium trioxide in acetic acid (4.4 mg./o.co;

6 6.6.). The groen mixture was refluxed for 1 hr. amd -
allowed to stand overnight at room temperature. The product
isolated by means of sther, was dissolved in light petroleum

(15 c.c.) and chromatographed on alumina (3 g.). Elution

with light petroleum (350 c¢.c.) and light petroleum-benzene
(1113 250 ¢.c.) gave fractione (21 mg.) which on cxrystallisetion
fron chloroform-methanol yielded dihydroparkeyl acetate as

plates, m.p. and mixed m.p. 168-1T70°., Elution with bensens
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(200 ¢.0.) gave a fraction (20 mg.) whieh oryotallised froa

mothanol to give oxodihydroparkeyl scetate as needles, m.p.

181-18%°, [a]n + 90° (0,0.4). The compound gave no eolour

with tetranitromethane. Light absorption: Max. at 2420 2.,

(£:12,000).

[Powrd: ©€,79.5s H,10.6. CygHyeO; requires C,79.3; H,10.8%].
Oxodihydroparkeyl acetate was shown to be identical with

12~o0x0lanost~9(11)-enyl scetate, (see below).

Hydrogenation of Dihvdroparkeyl Acetate at 80°. - A

solution of dihydroparkeyl acetate (60 mg.) in glacial acetic
acid (60 c.c.) was shaken with hydrogen over a platinum catalyst
(from 100 mg. platinum oxide), for 27 hr. at 80°. The filtsred
sclution was eévaporated to dryness under reduced pressure and
the product crystallised twice from chloroform-methanol to give

tatrahydroparkeyl acetate (35 mg.) as needles, m.p. 160—161.5:

[a]n + 40.5° (0,1.2), unchanged by further crystallisation or
chromatography. It gave no colour with tetranitromethane and
showed no selective light absorption in the ultraviolet region.
[Found: ©,81.65 Hy11.7. CyoHza0Q, requires 0,81.3y H,11.9%].
Tetrahydroparkeyl acetete was shown to be idemtiecal with

lanostanyl acetate (see below).

Authentic Lanosterol Derivatives.

»

v
T:1ll-Dioxolanost-B-enyl Acetate. ‘isoCholestaryl

sostate' (30 g.) in glacial scetic acid (400 c.c.) was shsken
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with hydrogen over & platinum catelyst (from 2 g. platinum
oxide) for 6 hours at 70°. The product, obtained by
evaporation of the filtered solution, was dissolved in stabilised
acetio acid (1500 c.c.) and atirred at 100° while a solution of
chromium triexide (20 g.) in water (45 c.c.) was added during
30 minutes. The green solution was stirred for a further

i} hr., at 100°; & little methanol (10 c.¢.) was added and the
cooled solution poured into ice-water (5 1.). The resulting
suspension was coagulated by the addition of sodium chloride,
filtered and washed with water. The solid was dissolved in
ethsr (1 1.), washed twice with agueous sodinm hydroxide
solution, water and dried (¥a,80,). Evaporation of the ether
under reduced pressure gave & pale yellow solid (24 g.) which
was dissolved in benzene (300 o.c.) and chromstographed on
elumina (500 8')7 Elution with bensene (1.5 1.) gave a
fraoction (15.6 g.) whioh was oryatalli;ed from methanol to give
7T:1l-dioxolanost~-8~enyl acetate as yellow blades.(li.s €e)s
M.DPo 156-158°, [a]D + 91° (¢,2.0). lLight absorption: Max.

at 2700 4., (E:7,500).

138
7s11-Dioxolancstanyl Acetate. - Till-Diozolanost-B8-enyl

asotate (13 g.) in boiling acetic acid (700 c.c.) was treated
with zino dust (93 g.) added portiouwise during 30 minutes.
The mixture was refluxed for a further hoar, filtered, reduced

in bulk to 350 e¢.co. by distillation and poured inte wosexr. The
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so0lid which was deposited was wached with water and dissolved in
ether, The ethersal solution was washed with saturated sodium
hydrogen carbonate colution, water, and dried (Ha,S0,).
Evaporation of the ether gave a white solid, two orystallisations
of which from ohloreform-methanol gave Tsll-dioxolanontanyl

acetate as plates m.p. 220-222°, [c]D + 59° (g,1:6).

83
11-Oxolanostanyl ACetate. = A solutien of Till-dioxolanost-

any) acetate (5 g.) in redistilled diethylene glycel (167 c.c.)
vas heated with hydrazine hydrate (100%; 2.6 c.c.) at 200° for 1 hr,
The mixture was cooled to 70° smd a solution of sodium (5 g.) in
dietbylene glycol (50 0.0.) was added before heating was

continued at 220-230° for a further 6 hr. The mixture was
cooled, poured into water, acidified with hydrochloric¢ acid and
extracted vith ether. The ether solution was washed with water,
dried over anhydrous sodium sulphate and eveporated to give a
pale brown solid. This was treated with acetic anhydride in
pyridine at 100° and 2 solutjon of the dry acetylated product

(5 &) in light petroleum (100 c.c.) was chromatographed on
alumina (150 g.). Elution with the same solvent (100 ¢.0.)

gave & fraction which after three gryatalliesations from
chloroform-msthanol gave lanostanyl acetate as needles, m.p.
152-154°, [u]D + 41° (941.75). Continued elution with light
petroleum (500 c.c.) gave fractions (1.05 g.) which were combined

and orystallised twice from chloroform-methanol teo give ll-oxo-
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-lanontanyl acetate as needles m.p. 144-146°., If the melted
speoimen was cooled until it just solidified eand then reheated,
the melting point was 156-157°, [c]n + 62.8 (c,2.85).
Sublimation of the acetate, m.p. 144-146°, [¢]D + 62.8° under
high veouwum (0,000l m.m.) at 130-140° gave material m.p.
156=15T°, [a]n + 62.2° (0,3.3) which after recrystallisation
from chloroform-methanol had m.p. 143-145° cf .02 Infrared
absorption (in nujol ):bands at 1242 and 1743 cn..l (acetate) and

1702 om. * (carhonyl group).

38311p-Dihvdroxylanostane. - A solution of ll-oxolanostanyl

acetate (900 mg.) in dry ether (50 g.c.) was added dropwise to
a suspension of lithium aluminium hydride (1.2 g.) in dry ether
(40 c.c.) and the mixture was boiled gently under reflux for

24 hr, and then kept overnight at room temperature. Ether

(15 c.c.) was added and the excess hydride was decomposed Dy
the cautious addition of crushed iee. The suspension was
washed with dilute sulphuric acid (5N), water, and dried
(Fa;80,). The residue remaining after evaporation of the ether
was orystallised from chloroform-methanol to give 38:11B-
~dihydroxylanostane as fine needles (590 mg.) m.p. 19%3-194°,
[a]D + 54° (e,2.4), unchanged by further crystallisation. The
compound gave no colour with tetranitromethans in ohloroform
and was traneparent to ultraviolet light. The infrared

spectzrun showed absorption due to0 the hydroxyl groups at
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3642 en.” and between 3270 and 3320 om.” .

[Found: €,80.9; H,12.4. Calc. for Cz,Hy,0¢ C,80.65; H,12.2%].
Yoser has quoted m.p. 190-191°, [a]D + 29° for this compound
while McGhie gives the constants m.p.190-191°, [a]n + 28.4°.

11g-Bydroxylanostan-3p-y1 Acetate. - A solution of the
diol (390 mg.) in pyridine (10 c.c.) and acetio anhydride (10
G.Co ) was kept at room temperaturs for 17 hr. by whiech time long
needles had separated from the mizture. The product was
isclated by means of ether and crystallised from ochloroform-
-mothanol to give 1llp-hydroxylanostan-3f-yl acetate (350 mg.) as
needles m.p. 210.5-211°, [a]D + 6205'(2,203) unchanged dy further
erystallieation. The compound gave no colour with tetranitro-
methane in shloroform and ite infrared speotrum (in nujol)
showed bands at 1725 and 1270 cuo°1(aoetate) and 3600 on."
(hydroxyl).

When the experiment was repeated at 100° for 3 hr., the
monoacatate m.p. 209-210°, [a]D + 62° (0,2.02) was again
isclated in high yleld.

[Found: C,78.45 B,11.7. Calo. for CyaHse0Oys C,78.65 H,11.55%].
\Vcaaer.1 gives m.p. 219-220°, [u]D + 2}‘-and HcGhie" M.Po
215-216°, [a]D + 22.8° for this compound.

38t 118-Diacetoxylanostens., -~ A solution of 11f-hydroxy-

lanostan-38-yl acetate (200 mg.) in dry chloreform (5 o.c.) and

radietilled dimethylaniline (6 c.c.) was treated with acetyl
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chloride (4 c.c.) and the mixture boiled gently under reflux
for 20 hr. The product was isclated in the usual way by
aeans of other and crystallised four times from chloroform-

methanol to give 3f:1llp~diacetoxylancstans as needles @.po

182-182.5°, [a]D + 70.8° (6,2.3). A aixture with starting
material had m.p. 162-180°. The compound did not colour
tetranitromethane and wvas transparent te ultraviolet light.
Infrared absorption (in mujol): bands at 1739 cm.™ and between
1238 and 1253 om,'i.

[Founds C,77.25 H,11.23, Cy,Hz40, Teguires C,76.93 H,11.01%].

11-0xolanostanyl Acetate from lilf-Hydroxylanostanyl

Acetate. - A solution of 11f-hydroxylanostanyl acetate (200 mg.)

in acetone (20 c.c.) and bensene (2 c.c.) was treated at room
tempersture during 3 mimutes with Kiliani solution (0.176 g.
asodium diohro-nte/c.c.; 0.3 ¢.¢.). The mixture was allowed to
stand for 10 minutes before methanol (5 ¢.c.) was added and

the product was isolated by mecans of ether, Evaporation of
the ethereal solution gave a white solid which after two
crystallisations from ohloroform-methancl gave ll-oxolanostanyl
acetate (135 mg.) as needles n.p., and mixed m.p. 144-146°
(romelting 156=15T7°), [a]D + 62.6° (¢,2.04),

5:1l1-Dioxglanostane from 3P:1l@-Dihydroxylancstane. - A

solution of the diol (170 mg.) in stebilised acetic acid (5 c.o.)
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was ireatsd dropwise at room temperature with a solution of
chroaiua trioxide (155 mg.) in stabilised acetic ascid (30 c.c.)
and the mixture kept in the cold for 18 hr. The product
isolated in tho usual way was dissolved im light petroleum
(20 c.0.) and filtered through a columm of alumina (4 g.).
Elution with light petroleum-bensens (4113 100 ¢.c.) gave a
fraction (110 mg,) which after two eryetallisations from
methanol yielded 3:ll-dioxolancstane as blades, m.p. 120=-121°¢,
[c]D + 66.5° (8,2.2). Yoser = 0 gives m.p. 120-123°, [a]n
+ 61, + 69° for this compound. Its infrared absorption (in
nnjol) showed a strong band at 1710 cm.,"1 due to the carbonyl
groups. .
38s:1la=Diacetoxylancstans. ~ A sclution of ll-oxolanostanyl
scotate (500 mg.) in n-propyl eleshol (10 c.0.) was boiled
gently uander reflux. Sodium metal (500 mg.) wae added in
small portions to the refluxing solution over 2 hr. Excess
sodium was destroyed by the additiom of ethanol and the product,
isolated in the usual way, was treated with acetic anhydride
(10 ¢.0.) and pyridine (10 c.c.) at room temperature for 18
hz. Three oryetallisetions of the acetylated material from
mothanol gave 3f:lla-diacetoxylancetans (320 mg.) as needles,
B.p. 122-124°, [a]n + 24° (e,3.1). 1Ite infrared sbsorpiioa
(messured in caxbon tetrachloride; showed bands at 1737 and
1240-1250 cm.” .  Hijovic et al.” © give m.p. 127-128°, [a]

-+ 13°, + 11° for this compound.
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Lanoet-9(11)-enyl Acetate. -~ 11f-Hydroxylanostanyl
acetate (700 mg.) in dry pyridins (40 c.c.) was treated with
phosphorue oxychloride (5 0.c.) and the mixture kept for
3 hr, at 100°, The mixture was cooled, poursd on $0 orushed
ice and extraoted with ether. The extract was washed with
dilute hydrochlorie acid (3N), saturated sedium hydrogen
oarbonate solution, water and dried (Na,S0,). Evaporation
of the other gave a pale yellow solid (692 mg.) which was
dissolved in light petrolemm (60 c.c.) and chromatographed on
alumina (20 gm.). Elution with light petroleum (900 c.c.)
gave fractions (580 mg.) which after four orystallisations
from chloroform-methaenol yielded pure lanost-9(11)-enyl asetate
as plates m.p. 173-1T4°, [c]D + 89° (¢,2.90). The compound
showed a bright yellow colour with tetranitromethane in
chloroform. light absorption: HMax., at 2060 Z.,(£:4-300).
[Found: €,81.33 H,11.6. Cslc. for CyaHy,0,¢ C,81.6y H,11.7%].

The identity of dihydroparkeyl acetate, m.p. 172-173°, [u]n
+ 87°, with lanost-9{11)-enyl acetate was eatablished by mixed
nelting point determination (m.p. 172-174°) and by the

coincidence of their infrared absorption spectra.

Lcnostaggl_Aootaézz -~ A solution of lanost-9(11)-enyl

ascatate (200 mg.) in etabilised acetic acid (40 c.0,) was
shaken with hydrogen over platinum (from 190 mg. platimum oxide

not greviously reduced) at 87° for 20 hr. Two orystallisations
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of the produst from chloroform-methanol gave lenocatanyl acetate
as needles m.p. 156-157°, {a], + 40:4° (c,1.83). These
constante remained unaltered after three further recryatallisa-
tions and also after careful chromatography. The identity of
tetrahydroparkeyl acetate m.p. 160-161.5%[a]n + 40.5° with
lanostanyl acetate was established by mixed melting point
detersination (m.p. 157+160°) and by comparison of their infra-

red spectra,

12-0x0lenost-9(11)-enyl Acetate. = Lanost-9(11)-enyl
acetate (60 mg.) in stabilised acetie acid (20 c.c.) was
oxidised with chromic msecid according to the method of Bentley
gjngl,‘. The orude product was dissolved in light petroleun
(20 c¢.c.) and chromatographed on alumina (3 g.). Elution
with the same solvent (200 c.c.) gave unchanged lanost-9(11)-
~onyl acetato (10 mg.) as plates from chloroform-methanol,
m.p. and mixed m.p. 172-173°. The fraction(29 mg.) eluted
with light petroloum-bcnzon; (1s13y 100 c.c.) crystallised
from methanol to give 12-oxolancst-9(1l1l)-enyl acetato as
needles, m.p. 183-184°, [x], + 94° (g,0.75). Light absorption:
Max. at 2420 A., (£ : 10,100). A mixturs with oxedihydroparkeyl

scetate had m.p. 181-183° (no depression).

lanosta-7:19(11)-dienyl Acetate fxom Dihydroparkeyl Acatate. -

A solution of dihydroparkeyl acetate (90 mg.) in acetic acid

(15 c.c.) oontaining hydrogen peroxide (30%; 0.5 c.c.) was
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heated at 100° for 2 hr., coocled, poured into vater and
extracted with ether. The ether solution was washed with
ferrous sulphete solution, sodium carbonate solution (10%),
water, end dried (Na,SO,). The preduct obtalned dy ewapora-
'tion of the ethsr crystallised from acetons-methancol as
plates (%5 mg.), m.p. 181-183°, [a]D + 27° (co1.6). 4
mixture of this material with authentic lanost-9(11)-enyl
acatate oxida?. (m.p. 181-182: [c]n + 29°) had m.p. 181-183°
(ne depressioan).

The asbove product (60 mg.) was discolved in & mixture
of acetiec acid and econcentrated sulphuric acid (75 c¢.cos
12 dropsy 10 c.6.) and kept for 48 hours at room temperaturs,
The product, isolated by means of ether, was dissolved in
light petroleum {20 c.c,) and filtered shrougk = eolumn of
slumina (4 g.). Elption with lisht petroleum (50 c.0.) gave
s fractioa (22 mg.) which was crystallised twice from
chlorof orm-methanol to give lencata-7:9(11l)-dienyl acotate as
plates, m.p. 164-165°, [a}n + 89° (0,0.81). A mixture with
an autheatic specimen of lancsta-7:9(11)-dienyl acetate (m.p-
165-166°, [c]D + 89°) preparsd from lanost-B-enyl acetate by
oxidation with selenium dioxide in acetie &cidos, had a.p-
164-~165°. Light absorption: Max. et 2360, 2450, and 2%20 :..

(E:14,500, 22,700, and 11,400).
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