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INTRODUCTIOÎT
The trlterpenolds were originally defined as a group 

of naturally occurring compounds containing thirty carbon atoms, 
the molecules of which may be considered to be formed from six 
isoprene units linked in a regular or irregular arrangement« The
triterpenoid class of compounds may conveniently be divided into 
groups according to the number of rings contained in thoir 
oarbocyclic structures.
(l) The pentacyclic triterpenoid group, comprising over 
fifty compounds all of which are of vegetable origin, is by far 
the largest of the groups. Five sub-groups, represented by 
a-amyrin (l), P-amyrin (ll), lupeol (ill), taraxasterol (IV) and 
hydroiyhopanone (v), accommodate the members of this class which 
confoim to the classical isoprene rule. Phyllanthol (Vl), a

HOHO

(I) (II)

HO

(III)

(17) (▼)

OH

HO

(VI)



hexacyclic. triterpenoid containing a cyclopropane ring, can be 
classified as a member of the a-amyrin sub-group» Further 
sub-groups which include members clearly related in a biogenetic 
sense to the p-amyrin sub-group are exemplified by taraxerol 
(VIl), glutinone (alnusenone) (Vlll)and friedelin (DC).

HO

(n)(VII) (VIII)

(2) Kembere of the smaller tetracyclic group of triterpenoids 
are found in plants, wood-rotting fungi and in sheep wool-wax, 
the only known animal source* The tetracyclic triterpenoids 
possess the perhydro-1:2-cyclopentenophenanthrene ring system of 
the steroids and may be regarded as tri- or tetramethyl steroids* 
Members of this group can be further classified into two sub-groups 
typified by lanosterol (x) and euphol (XI). Although the 
compounds in this group do not obey the isoprene rule, it is now 
known that they obey the "biogenetic isoprene rule*®^.

HO HO

(X) (XI)



cycloArtenol, cyololaiidenola cycloprysterol and oyc.loenoaleno 1,
pentacyclic triterpcnoids containing a cyclopropane ring, may

also b# included in the lanosterol sub-group,
()) Ambrein, a tricyclic alcohol, squalene, an acyclic
hydrocarbon, and the diol, onocerin, can be included in the
"squalenoid*' group of triterpenoids.

The triterpenoids and steroids are now believed to
originate by cyclisation processes from squalene (XIl) which has
been shown* to possess the fully transoid arrangement necessary
for the biosynthesis of the steroids and triterpenoids with their

4-eparticular stereochemistry* It was first shown that acetic
acid is the precursor of squalene and hence of lanosterol and
cholesterol (XIII). In I956, Skeggs, et al* isolated the lactone
of mevalonic acid (XI7) from the incubation mixture for the growth
of Lactobacillus acidophilus and showed that this lactone could

i#(b)replace acetic acid as a growth factor, Tavormina, at al.
12(a)and Comforth, ^  al. subsequently found that DL-mevalonlc

acid was a precursor in the biogenesis of squalene, lanosterol and 
cholesterol and by using DL-mevalonic acid labelled with at 
position they found that 42^ of the isotopic carbon was
incorporated into the squalene and the cholesterol. By means

12(c) 12(d)of degradation experiments on cholesterol  ̂ and squalene ^
blosynthetically prepared from i*0-labelled mevalonic acid, six
140-carbon atoms were detected (at the positions marked in



squalene (XII)], so that six mevalonic acid units must be 
utilisted in the biosynthesis of one molecule of squalene.
The six-carbon molecule of mevalonic Acid must therefore in the 
process of its self condensation, lose one carbon atom to give 
an intermediate isoprenoid unit. The high efficiency of the 
conversion of DL-mevalonic acid to squalene (42^) and the observa
tion that about 10^ carbon dioxide originally present as the 
C(^)-carboxyl group, is liberated during the process, support tho 
intermediation of an isoprenoid unit.

The cyclisation of squalene takes place by a synchronous 
9 * 1 0process which is considered to be motivated by the attack of

. 9 * 1 0a cation, for example OH , derived from molecular oxygen , at
1*0*10 »ii a-dposition . Two different paths are then followed.

In the first, the carbonium icn (XV), which is considered to be
the precursor of the pentacyclic triterpenoids and of tho euphol-
-tirucallol group at tetracyclic triterpenoids, is formed, while
in the second, the isomeric carbonium ion (XVl) which leads to
the formation of members of the steroid and lanosterol groups, is
produced. These reactions ara formulated below and they
illustrate the biogenesis of lanosterol (x) cholesterol (XIII),
tirucallol (XVIl) and lupeol (ill) from acetic acid,

Tho additional carbon atom at in oburicoic acid^*
16and in orgosterol has been shown to be derived from formate.

Since this work is concerned only with compounds of the 
tetracyclic group of triterpenoids, a historical review of the
pentacyclic triterpenoids is excluded.
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THE CLASSIFICATION OF THE TETHACYCLIC TRITERPENOIDS>
The memhers of the tetracyclic group of triterpenoids may

be sub-divided into two series typified by lanosterol (X) and
euphol (XI)^\ Members of each of these series undergo reactions
characteristic of their particular sub-group. Thus, in the

.7 :9(11)euphol series, the formation of the conjugated A  -diene
(XVIII) from aA^-ene parent is accompanied by a very large 
negative change in molecular rotation, while in the lanosterol 
series the same conversion results in a positive change. The

7 29 (X1 ̂conjugated A  '  ̂ ^-dienes of the two series also exhibit
differences in their light absorption. In the euphol group ,
the heteroannular dienes have typical maxima at ca. 2)20, 2)90 

#and 2470 A., whereas in the lanosterol sories these maxima are
' #at ca. 2)70, 2440 and 2)10 A. The influence of mineral acid

f/O HO

(XVIII) (XIX)
A ®on the A  -double bond is equally characteristic for each series. 

Acid isomérisation of euph-8-enol results in a molecular
rearrangement in which the double bond migrates to theA^®t^*^J*■ >
position, whereas similar treatment of lanost-6-enol produces an

7 6equilibrium mixture of theA - and A  -isomers.



THE LANOSTEROL GROUP.

The following naturally occurring compounds are members

of the lanosterol series: lanosterol, lanostenol, agnosterol,

dihydroagnosterol, ©buricoic acid, polyporenic acids A and C,

tumulosic acid, pinicolic acid A, cycloartenol, cyclolaudenol,

cycloorysterol, oycloeucalenol and parkeol.

Lanosterol [Lanosta-8;24-dien-)p-ol, (X)] and agnosterol

[lanoota-7;9(ll):24-trlen-)p-ol, (XIX)] were first isolated by
16Windaus and Tschesche from the " isocholesterol**mixture

obtained from sheep wool wax» The corresponding dihydro

derivatives, lanostenol and dihydroagnosterol (X and XIX with

the side-chain double bond reduced) were subsequently obtained
17from tli0 same source by Ruzicka. Lanosterol itself has also
10 1 © been isolated from yeast sterols and from ono plant source*

The acid members of this group are produced by the

metabolism of wood-rotting fungi, in particular those of the

Bagidiomycetes and Polyporua classes* The structures of those

fungal acids which havo been fully elucidated arc formulated

below* Tumulosic acid and ©buricoic acid occurs in certain

Instances together with their corresponding dehydroderivatives

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

lanosterol*
HOX

■n 1 . ,, ^22 *26*87Polyporonic acid C

O

Pinicolic acid A
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CH,CH,

HOHOHO

***** 22 *23 22 *24*21Eburicoic acid Polyporenic acid A Tumulosic acid

Parkeol» a minor constituent of the non-saponifiable
29a' 3matter of shea-nut fat from the tree Butyrosparmum parkii

30has been identified as lanosta-9(ll):24~dlen-)p~ol (XX)
The remaining members of this series have all been shown 

to poeeesa a 9:19-cyolopropane ring on the basis of chemical 
and spectroscopic evidence*

cyoloArtenol (XXI)» and tho corresponding ketone, cyclo- 
artenone, can be isolated from the fruits of Artocarpus

3 1 The alcohol has subsequently been obtained from^Integrifolia
5 8  33Euphorbia balsamifera , Ŝ* nux vomica seed fat , and as its

ferulic acid ester from Japanese rice-bran oil3 4 Eandianol,30

an alcohol isolated from Euphorbia handiensis is identical with
31cycloartenol. Barton demonstrated the presence of a cyclo

propane ring and an isppropylidene group in cycloartenol»
Spring found that lanost~9(ll)=eoyl acetate (XXV) is the main 
product of the acid isomérisation of cycloartanyl acetate and

3 *later concluded, on the basis of experimsnts in which deuterium
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chloride was employed, that the cyclopropane bridge extends from 

to Structure (IXI) was confirmed by the preparation

of the conjugated cyoloart-l»en-3-one (X2CVI) , the ultraviolet
*absorption of which ( A • 2060 and 2690 A) is characteristic of

Ho Ho HO

(XXII)(XI)(XII)

(XXVI)

V

the chromophore. The same conclusion as to the structure of
57cycloartenol was reached by Barton

(jycloOiysterol (XXIl), originally named p-tritisterol and

jS-orysterol, has been isolated as its ferulate from rice-bran
34*38oil by Japanese workers and shown to be 9s19"syclolanost-25-

-en-5p-ol (XXII), a double bond isomer of cycioartsnolo



cyçloLaudenol (XXIII) was isolated by Spring and his 
9 9co-workers in 1955 from opium maro. It was shown to differ 

from cycloartenol only in the constitution of the side-chain 

which possessed an extra carbon atom in a methyl group at 

From a study of molecular rotation data this methyl group was 
shown to have the same configuration as that found in ergostane 

and eburicane, and cyclolaudenol was thus formulated as 24^-methyl 

-9%19-cyclolanQst-23-on-3p-cl (XXIIl)•
cycloEucalenol was isolated by King from tallow wood,

€0Eucalyptus microcorys, and has subsequently been isolated in 

those laboratorisE from the timber known as Borneo Whito Sersya. 

King*^ has shown that cyclot ucalenol has the structure (XXI7).

THE EUPHOL GROUP

Tho following natural products are members of this groups 

Euphol, tirucallolp euphorbtl, butyrospermol, elemadienolic acid, 

elenadienonic acidj, masticac ienonic acid and the dammar resin 

triterponoids.

Euphol (Eupha-Oe24“difn-3p-ol, XI) was isolated by 

Newbold and Spring from a Euphorbia resin and has since been 

found to occur in maẑ r plants of this species* The complete 

structure end stereoohemistiy of euphol was shown by Barton and
4 S yhie colleagues to be es represented by (XI).

Tirucallol was isolated from Euphorbia tirucalli L* by
VT 44Haines and Warren , and har. subsequently been obtained from

4 3 '46Eo triangularis and gum mestic * Various oxidative and
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dégradatlve reactions have shown that it is 2Q«isoeuphol 
4 7 - 8 4 *  1 0 4( m i )

Ho

(XI) (XVII) (XXVII)

Euphorbol (XXVIl), a C-Jl triterpenoid occurring in rsrious 
42Euphorhaciae $ was related to dihydrotirucallol hy elimination of

9 0 * 0 1 * 9 &the additional methylene group at
Elemadienolic acid (XXVIII) and it3 corresponding )-ketone

56Elemadlenonic acid* occur together in Manila eleml resin .
8 0The conversion of both these acids into tirucallenol led to the 

formulation of.elemadienolic acid as (XXVIII) *
46Mastlcadienonic acid was.isolated by Barton from gum 

mastic and by virtue of its relationship to tirucallol, 
formulated as (XXIX). The C/@\ hydrogen atom is shown, from a

5 7study of molecular rotation data, to have the same configuration
5 0(o) as in butyrospermol (XXX). isoMasticadiononic acid, also

0occurring in gum mastic, has been identified as the A  -isomer of
. .09(XXIX) ^

Butyrospermol a minor constituent of shea-nut fat, has 
been identified by the author as 9<x-eupha-7j 24-dien-3prol (XXX).

An account of this, and earlier work, is given in the theoretical 
section.
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(XXX)(XXIX)(XXVIII)

Danmadlenol (XXXl) and the corresponding 3-ketone, 

damaadlenona, the dammarenediols I and II (XXXIl), which differ 

only ia the configuration of the hydroxyl group, and their

3-ketoaôSÿ dammarenones I and II, have been ieol&ted from dammar

realm by Hills and Werner60

Ho Ho

(XXXI) (XXXII)

It is of interest to note that thece compounds possess the 

same carhon skeleton configuration as the carhoniuD ion (XV) 

postulated as an intermediate in the biosynthesis of lupeol 

and euahol from squalene.

TEE CONSTITUTION OF LANOSTEROL.

Early work established that lanosterol* is a tetra*

cyclic^ diethenold, serbondary alcohol the readily reducible bond 

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

was shown to undergo a retropinacoline rearrangement on treatment 

with phosphorus pentachlorids to yield the product (XXXIV),

(XXXIII) (XXXIV) (XXXV)
oxidation of which wj.th osmi im tetroxide followed by treatment

with lead tetra-acetate gave the trisnorketone (XXXV). This
#8 *66ketone was also obtained by )zonolysia of the diene (XXXIV)

In the other series, lanoste lone (XXXVl) was converted into the 

hydroxynothylene derivative ,'XXXVIl) which on oxidation with 

alkaline hydrogen peroxide a forded the dicarboxylic acid 

(XXXVIIl). Pyrolysis of this dicarboxylic acid gave the 

norlanostenon© (.iXXIX). Thase sequences of reactions show

NO.C.
)

(XXXVI) (XXXVII) (XXXVIII) (XXXIX)

that the terminal» hydroxyl-bearing ring is at least six- 

memberod. Thus by comparison with earlier studios of the same 

naturo in the pentacyclic tories, ring A of lanosterol can b® 

provisionally formulated ar in (XXXIIl).

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

environment of the loss reactive double bond in lanostenol,



were deduced from the results of oxidatiTe and dégradaiire
expérimenta. The tetrasuhatituted nature of this double bond

6 8  ,  6 7was indicated on the basis of the infrared and ultraviolet
absorption of lanosteno. Mild chromic acid oxidation of
lanostenyl acetate (XL) or dihydroagncsteryl acetate (lanosta*
-7:9(ll)-dienyl acetate) (XLI)^ which is formed by dehydrogen»

. @ 9 -7 1ation of (XL) with selenium dioxide in acetic acid # yielded
the ap-unsaturated ketone (XLIl). Further oxidation of (XLII)»
or more vigorous oxidation of (XL) or (XLl) with chromic

,  . 1 7 * 7 0 » 7 3acid gave a yellow, unsaturated diketono (XLIII) the

FScO

(XLI) (XLII)
17*78light absorption of which showed it to possess a fully

transoid structuro. The double bond in laaostenyl acetate
. ■ 17(XL^ is therefore flanked by two me thy lone groupe «. Reduction
of th© sno-dione (XLIIl) with zinc in acotic acid, hydrogen and
platinum or by the method of Glemmenson^ gave the saturated
dikctoae (XLI?, R «■ Ac), the infrared s|>9ctruia of which showed

75that the carbonyl groups are each prpsont in eix».membered rings * 
These deductions were confirmed by the preparation of further 

oxidation products. Treatment of the ®né-dion© (XLIII) with



selenium dioxide in acetic acid gave the compound (XLV) which
70 >75possesses the extended diene-dione chromophore and which on

further treatment with the sr.me reagent yielded the diene-trion©

(XLVI, R » Ac). The diene-trione is also formed by chromic acid
70 , .oxidation of the conjugated trieno-one (XLVII), which is itself

prepared by selenium dioxide oxidation of 7-oxolanost-8-enyl 
70*73 »70acetate (XLII) » The position of the nuclear double bond

of lanostwrol was related to that of the hydroxyl group by tho

conversion of the diene-trioî e (XLVI, R « H) by means of a

retropi/.acoline earrangemen , into 7: Us 12-trioxoisolano3ta-

-5* 5-6 -triene (XLVIIl) in wh: ch tho conjugated system has been
6 7extended to ring A. This relationship Is confirmed by the 

conv-rsion of (XIVIIl), by treatment with alkaline hydrogen 

peroxide, into the dicarboxy ic acid (ILj and this shows that tho 

x-rUketono grouping is In ring C. The fact that further 

07-dation produc* e of the dic.ne-trione (XLVI, R » Ac) could not 

bo obtained indicated that a 1 the carbon ato; s adjacent to the 

cirornophorQ were fully subst tutedg and supported the view that

-he nuclear double bond is b tween and

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

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

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

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

This difference is explained by Barton's suggestion that tho

attachment of angular m.ethyl groups at and C,«.\ in('*) (**)
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lanosterol effectively block those positions* This was 
confirmed by the isolation of Ii2s8-trimethylphenanthrene (L) 
from the complex mixture obtained on selenium dehydrogenation 

At this stage, lanosterol could be represented by the 
partial formula (LX).

17**3

FkÛFkoftcO'

(XLIII) (XLV) (XLVI)

(XLIV) (IL) (XLV III)

ffco

(XLVIX) (1)

no

(II)
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RING D AND THE SIDE-CEAIN. The presence of an Isopropylldene 
group in the eide-chaln was ascertained by the isolation of acetone

7 tfrom lanosteryl acetate by vigorous chromic acid oxidation or on
treatment with osmic acid followed by reaction of the product

61with lead tetra-acetate. The side-chain was shown to be iso- 
octenyl in nature by the» isolation of 6-me thy Ihep tan-2-one on

7 #  #60vigorous chromic acid treatment of lanost-6-enyl acetate.
This was confirmed by a step-wise degradation of the side-chain 
by RuzickàV which led to the dioxoalcohol (LIl). The presence 
of a five-membered ring carbonyl group in this dioxo-alcohol
followed from its infrared absorption spectrum.82 It was also

Vf\

(MI) (MIÏ)

HO

(X)
shown that the carbonyl group in the related degradation product
(l u x ) has but one a-methylene groupé • It follows that the
point of attachment of the side-chain must be either 0^%*^ or 

BéHuzicka showed by a series of oxidative reactions that the side- 
chain must be attached to the carbon atom p- to hence the
side-chain is attached to Thus apart from Its stereo
chemistry» lanosterol must be represented by formula (X). 
STEREOCHEMISTRY OF lANOSTEROL

Thé stereochemistry of lanosterol (x) was revealed by a study 
of the X-ray diffraction spectra of lanostenyl iodoacetate* and
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8 4 * 8 7 . 8 9  ,  ^ \wae confirmed ty chemical means . The p-(equatorial;
nature of the C 3̂ j-hydroxyl group was deduced from its stability

18towards sodium alkoxide and from the fact that it is regenerated
by reduction of the corresponding 3-ketone with sodium in 

77alcohol • This view was confirmed by the observation that on
6 4  *68dehydration with phosphorus pentachloride , ring A undergoes

a retropinacoline rearrangement, a reaction which is known to be
specific for 3P-(equatorial) hydroxyl groups where rings A and B

9 0are trans-fused. The trans-fusion of rings A and B# where the
hydrogen is was established from a study of molecular

91rotation data and from the fact that the same, known degradation
9 8product (LI7) was obtained from both lanosterol and manool.

(LI7)
To account for the hindered nature of the -carbonyl

group in 11-oxo derivatives of lanosterol, the j- methyl
6 7group was assigned the p-configurâtion as in the steroidso

Molecular rotation evidence showed that rings C and D were 
8 9 * 9 1trana-fused and that the configurations of the j-side-chain

8 9and the C^^Qj-methyl group were the same as in cholesterol ,
Further confirmation that the stereochemistry of lanosterol is as

9ttformulated in (X) was obtained from biogenetic evidence •
The stability of 7*ll-dioxolanostenol (XLIV, R ■ H) to

8 9strong alkali treatment led Barton to conclude that the and

i
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hydrogen atoms have the thermodynamically more stable

configurations, being mutually trans-relative and anti-relative

to the and methyl groups»

Conformation of the stereochemistry of lanosterol as

outlined above, was obtained by the preparation, from lanostanol

(LV) of 1 4Gt-m0 thylcholeatanol (LVI) which has subsequently been 
@4prepared from cholesterol* A total synthesis of lanost-8-enol

9ft #96and lanosterol has been described which confirms the

constitution and stereochemistry already proposed for these 

compounds•

HO

(LV)

HO

(LVI)

THE CONSTITUTION OF EUPHOL

Euphol, GgqHgQO, vas first isolated in a puro state,
42together with euphorbol, by Newbold and Spring * These workers

showed that euphol is a tetracyclic triterpenoid containing a

secondary hydroxyl group and two isolated double bonds, one of

which Is readily reducible and was later shown to bo present
9 7 * 9 0in an iaapropylldone group, which terminates a lanosterol or

cholesterol type of side-chain. 99



20

The elucidation of the structure of euphol was based on
experiments similar to those employed in connection with lanosterol
which established that the hydroxyl group is at and has the
p-(equatorial) configuration**^. Dehydrogenation of euphol with

100selenium gave l%2*8-trimethylphenanthrene and euphenyl acetate
was shown to undergo oxidation reactions very similar to those of

44  * 6 8  * 9 8 * 1 0 0lanostenyl acetate • These observations led Jeger to
propose that rings A# B and C of euphol are the same as those of
lanosterol and that they can be represented by the same partial
formula (Ll). Ring D was shown to be five-membered by Barton
from a study of the infrared absorption spectra of euph-8-ene and
lanost-8-ene which indicated that both these compounds have the
same number of methyl groupso Allowing for the isooctenyl
side-chain and rings A, B and Cy only three carbon atoms were
available so that ring D must be five-membered.

In contrast with the analogous reaction of lanost-8-enyl 
1 01acetate, Vilkas showed that treatment of euph-8-enyl acetate 

(LYII) with mineral acid moves the double bond from the A p 
position to another fully substituted position, the product being
isoeuphenyl acetate. Since isoeuphenyl acetate is oxidised to a

. . 100diketone, then formulated as (LYIXIĴ  Joger proposed the structures 
(LIX) and (LX) for euphol and isoeuphol respectively. Since 
structure (LIX) did not account for the formation of ls2:8- 
-trimethylphenanthrene from euphol Ruzicka suggested that fuphol 
might ba (LXI) (isolanosterol) in which rings C and D are cis-fused. 
The formation of l;2;5-trimethylnaphthalen@ by selenium
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45debydrogenation of Isoeuphadiene led Barton to conclude that 
the latter compound must possess a methyl group at which was
originally at in euphadiene. isoEuphenol was thus
formulated as (LXII) or (LXIIl)» the corresponding diketone heing 
then represented as (LXIV) or (UCV) rather than (LYIIl). Since

(LVII) (LVIII)

CHi

0 o R

(LX)

Ho

(LXI)

R
Ho

(LIX)
it was found that this diketone absorbed five moles of bromine,

43Barton concluded that its structure can only be represented by 
(LXIV) and hence i,soeUphenol must be (LXII) and euphol must be (Xl).

No

(LXII)

E • isooctyl

(LXIV)
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Ho

(IXIII)

b  o -

(IIV)

R

Confirmation of this view was obtained from a study of the 
infrared absorption of isoeuphenol and from the observation that 
the light absorption of the conjugated dienjl acetate (LXVII), 
formed by oxidation of isoeuphenyl acetate (LXYl) with selenium 
dioxide, is very similar to that of oleana-11:13(18)-dienyl
acetate (LXVIII).48

Ho

(XI) (LX7II)

fto

(LXVlil)
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The same conclusions as to the nature of ring D, the
position of attachment of the side-chain emd the acid-induced
isomérisation of euphenol to Isoeunhenol were reached Independently

1 0 8by Jeger and Ruzicka
THE STEREOCHEMISTRY OF EUPHOL.

On the evidence of molecular rotation data, the configuration 
of the groups at C^*^ and ^^lo) deduced to be as in a
normal triterpenoid ring A. The angular methyl groups at  ̂

and 0 1̂4  ̂were assigned the a- and p- configurations respectively
43since Barton claimed that, in this configuration, these groups

cause the molecule to assume an unfavourable conformation which
provides the driving force necessary for the double methyl group
migration involved in the eupheno1-Isoeupheno1 rearrangement, the
latter compound adopting the more stable, all-chair conformâtiono
In addition, if this rearrangement can be considered to be fully
synchronous, then the side-chain at must have the same
configuration (*-) as the C^^g ̂ -methyl group. From a comparison
of molecular rotations in the euphol and lanosterol series. Barton
concluded that the configurations at and 0^2o) **2* the
opposite from those in lanosterol. More positive chemical
evidence from which it was concluded that the configuration at

in euphol is the same (a-) as in lanosterol, was shortly
103afterwards obtained by the Swiss workers.

Final confirmation of the configuration at 0^%?^ and C^go)
83in euphol was obtained when it was shown that euphol and tirucall- 

ol differ only in configuration at and that lanosterol is
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opimeric with tirucallol at C^ao)* Warren
arrived at the same conclusion hy the preparation of a degradation 
product common to both euphol and tirucallol and in which the
asymmetry at removed. Conclusive proof that euphol is
correctly represented by (Xl) came by the correlation of 
tirucallol with lanosterol* epiTirucallenol (tirucall-8-en-2a-ol, 
LXIX) was converted via the dicarboxylic acid (LXX) into the acetozy 
-phenol lactone (LXXI) which was found to be the optical enantiomer 
of the corresponding compound (LXXIII) prepared from lanost-6-enol
(LXXII). Thus euphol may be formulated as l)-i80:14-iso:17-iso-

/ \ 104lanosterol (XI). A recent communication by Warren and Watling
confirms that euphol is 20-isotirucallol*

HCfi

(LXX) (LXXI)(IXIX)

Ho

(IXXII) (XI)
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CHAPTER I

Attempts to introduce a ^t19-cyclopropane bridge 
into a lanosterol derivative

Starting from various derivatives of lanosterol, reactions 
are described which it was considered would result in the 
formation of a cyclopropane bridge between C^g^ and ^(1») In 
the tetracyclic nucleus. In the course of this work, the 
stereochemistry at position C/g^ and C^*^ in saturated lanostane 
derivatives was investigated.
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In recent years, phyllanthol (VI, R - H), a hexacyclic 
triterpenoid from the root hark of Phyllanthus angleri (Pax), has
been partially synthesised from the pentacyclic triterpenoids

100®’ , 109^quinoTic acid (LXXIV) and a-amyrin (I) . These
conversions represent the first, and so far the only, instances of
the preparation of a naturally occurring triterpenoid containing
a cyclopropane ring. The method employed in the latter case

HO

(LXXIV) (I)
involved the oxidation of 12»oxolsour8*9(11)*enyl acetate (LXXV) 
with selenium dioxide in acetic acid to give the doubly unsaturated 
ketone, 12-oxoi80ursa-9(ll);14-dlenyl acetate (LXXVI) which on 
reduction With lithium in liquid ammonia yielded 12-oxoi80urs-l4~

109^-enyl acetate (LXXVII). This non-conjugated unsaturated
ketone was found to be isomerised by mineral acid at room temper
ature to^the 12-0X0-15f27-cyclopropane derivative (LXXVIII) which 
on reduction with lithium aluminium hydride followed by acétylation 
of the product yielded 13:27-ovclours-ll-envl acetate (LXXIX). 
Catalytic hydrogenation of this acetate gave phyllanthyl acetate 
(VI, R ■ Ac).

The formation of a cyclopropaneid compound in the 
tetracyclic series has not so far been achieved although there
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are four naturally occurring tetracyclic triterpenoids at 
present known, which contain in addition a cyclopropane ring

(LXXV) (LXXVI) (LXXl'li)

(IXXIX) (LXXI'III)
bridging: carbon atoms and Those compounds aro

3 3^S0 ' -3»oycloagi enol (XXI) , cyclolaudenol (XXIII), eyeloorystero1
, - 5 1  , - 4 1(XXII) and cysloeucalenol (XXIV) , all of which are members
of the lanosterol eerie3# On treatment with mineral acid the
cyclopropane bridge is broken to give a misture of double bond
isomerBc Thus for example, cycloartanyl acetate (LXXX) yields

*  ea mixture of A  . A  and ' lanostenyl acetates.9(11)..

Lano 81-5(11)-enyl ace sate (XXV)  ̂ the most stable component, can
be separated from the mixture by selective oxidation of the 

andA isomers
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//Ê

HoH o

(XXII) (XXIII) (xxi)

cn,

Ho

(LXXX)

The present investigation is concerned with possible 
methods for the introduction of a cyclopropane ring into the 
tetracyclic nucleus and the partial synthesis of a cycloartanyl 
derivative from lanosterol was attempted.

lano8t-9(ll)"enyl acetate (XXV) was the starting 
material for the first series of reactions# the proposed method 
being based on a rearrangement encountered earlier in this 
laboratory during studies on the structure of butyrospermol# 
the chemistry of which is discussed in a later section. Mild 
oxidation of dihydrobutyrospermyl acetate (LXXXI) with chromio- 
-acetic acid gives a new pV -unsaturated ketone# 7-oxoapoeuph-l4' 
-enyl acetate (UCXXIl). In the course of this reaction# the
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group migrates to and the reaction terminates
in the loss of a proton from with the formation of a double
bond. By analogy, it was considered possible that similar 
oxidation of lanost-9(ll)-enyl acetate (XXV) might give rise to 
the p]f -unsaturated ketone (LXXXIII) which under acid isomérisation 
conditions as in the partial synthesis of phyllanthol,may yield 
the cyclopropanoid ketone (LXXXIV).

(LXXXII)(LXXXI)

fLo

(LXXXIII) (LXXXIV)
The starting material, lanost-9(ll)*ebyl acetate, was

prepared from ” isoch o l o s t e r o l acétylation and catalytic 
hydrogenation of which gave a mixture of lanost-8-enyl acetate
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(XL) and lanosta-7:9( 11 )'-dlenyl acetate (XLI)* Oxidation of 
this mixture with chromic-acetic acid and chromatography of tho 
resulting crude product yielded 7;ll-dioiolano5t-8-enyl acetate 
(XLIIl), reduction of which with zinc in acetic acid followed by 
extensive crystallisation from chloroform-methanol gave ?*11-
-dloxol&nostanyl acetate (XLIV» R ■ Ac), m.p, 223-225.5»

74 70+ 62*. Dorea, et al. and Cavalla and McGhie have reported
values of + 55* for the specific rotation of this compound and
it is believed that they were dealing with an impure sample since

102a recent communication by Milburn, e_t al, records a value for the 
specific rotation in agreement with that found by the present 
author.

‘•isoChoIesterol **

/

+

(XLI7) (XLIIl)
[t was cbsoxved also, the t in both the lanosterol and tho

euphol fjoï-les, tho saturated 7;ll-dlozoacetatés (XLIV) and (LXXXVI)
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can be formed from their corresponding 7%ll-dioxo-8-enyl acétates
(XLIIl) and (LXXXV), by reduction with zinc in boiling methanol*
This reduction has only previously been accomplished in the

74lanosterol series by hydrogenation over platinum* by treatment
with zinc in acetic acid and by the Clemmenson method. Doree, et 

74al, also claim that the saturated diketone (XLIV) is obtained 
from 7*ll-diozolanost-8-enyl acetate (XLIIl) by reduction with 
sodium in propanol, but this is remarkable in view of experience

fIcOUcO

(LXXX7)

to be described later,
Wolff-Klshner reduction of H-dioxolanostanyl acetate

(XLIV, R « Ac) gave a mixture which after acétylation at 100" and
chromatography yielded lanostanyl acetate (IXXXVII), 11-oxo-
lanostenyl acetate (LXXX7III) and a white crystalline matériel
later identified by means of mixed melting point determination,
specific rotation and infrared absorption, as lip-hydroxylanostanyl

107acetate (XXXXIX, R - Ac, R* * E), Barnes and Palmer hâve 
reported the isolation of lanostanyl acetate, 5pt7p- and )P$7a- 

-diacetoxylanostanes, and 5pt7-diacotoxylanostan-ll-ol from a 

similar reaction mixture. This is the first report howeveri of
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the isolation of lip-hydroxylanostan-^p-yl acetate (LXXIII, R - Ao, 
R* - E) from this source.

(XLIV)
Ro

(LXXXVIII) (IXXXIX) (IXXXVII)
Reduction of 11-oxolanostanyl acetate (LXXXVIII) with

lithium aluminium hydride in ether according to the method of
Voser, e^ , gave a diol, , the specific rotation of
which (+54") was considerably greater than that observed by the

79 *110previous workers (+29*, + 28.4") for lanostane-diol*
although the melting point (193-194*) was in good agreement 
(190-191")» The specific rotation was unchanged by repeated 
crystallisation and by acétylation followed by hydrolysis. 
Acétylation of the diol (+54") with acetic anhydride and pyridine 
either at room temperature for 24 hours or at 100* for 2 hours, 
gave a diol monoacetate, OggH^gOg , which differed markedly in
specific rotation from the lanostane-diol monoacetate (acetozy-

. 73 110lanoetanol; described by Yoser, et al, and by McGhie, et al.
A comparison of the physical constants of the diol and monoacetate 
is shown in Table I»
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TABIÆ I
Lanoètanedlol Acetozylanostanol

(llp-Hydroxylanostanol) (11p-Hydroxylanostanyl acetate)

m.p, m.p. [a]jj
This work 195-194* + 54" 210-211" + 62.8"

79 #86Voser, ^  al. 190-191" + 29" 219-220" + 2)"
McGhi©, et 190-191" + 28.4" 215-216" + 22.8"

These discrepancies were disturbing and it was at first 
considered that they wero duo to differences in configuration at 
^(®)* G^p^or Sine© it was believed that the introduction
of the 9»19-cyclopropane brid^ e might be dependant upon the 
stereochemistry, particularly of the C^pj-hydrogen atom, it was 
decided at this stago to establish beyond doubt that the generally 
accepted configurations at and C in the lanostane series
are in fact correct.

Th® hydrogen atoms attached to and C^pjin 7*ll-diozo-
-lanoetanyl acetate (XLIY, H »- Ac) have been assigned the P- and
C2- configurations rospactirol^ on the basis of experiments carriod

43 #89 #106 *108 #119out by Barton and his colleagues and by McGhie
121and Knight . Those workers have observed that in the euphol

oories, treatment of Ysll-dioroeuphanyl acetate (LXXXVl) with
alkali followed by acetylatior gives 7*H-dioxoeuph-8-enyl acetate
(LXXXT), whereas In the lanostorol series, 7*H-dioxolanostanyl
acetate (XLI7, R ^ Ac) even uidor vigorous conditions is simply
hydrolysed to the corresponding saturated dioxo-alcohol (XLIV, R • H)
the and the hydrogen atoms remaining intact. Furthermore,

they have stated that selenium dioxide oxidation of 7*H-dioxo- 
euphanyl acetate also gives tho corresponding 7:ll-dioxoeuph-8-enyl
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ae#tat# while ll^dioiolanostanyl acetate gives 7%ll-dio%olaii ost- 
-3*enyl acetate (XC» R -Ac). From these observations Barton 
has concluded that in the euphanyl series the hydrogen atoms at 
C 0̂ y and are mutually els relative, having either the a* or
the P- configuration, while in 7*ll-dio%olanostanyl acetate these 
hydrogen atoms are mutually trana relative but anti relative to 

and ^^14  ̂ so that the molecule has the thermodynamically 
more stable all-chair conformation.

(XLVI)(XC)

O

(XCI)
These experiments have been repeated by the author* In 

the first case, contrary to the observations of Barton, it was 
found that prolonged treatment of 713.1-dioxolanostanyl acetate 
(XLI7; H m Ac) with methanolic potassium hydroxide and acétylation 
of the product yielded 7»H-<lioxolanost-8-enyl acetate (XLIll).

It was further noted that in addition to alkali treatment, 

treatment with mineral acid.also converted 7t11-dioxoeuphanyl



acetate into the corresponding 7ill-dioxoeuphr8-enyl acetate 
(LXXX7).

Cn repeating the second experiment on which Barton’s 
argmnent regarding the stereochemistry of the hydrogen atoms at 
Cjgj and is based, oxidation of 7sll-dioxolanostanyl acetate
(XLI7, R « Ac) with selenium dioxide in acetic acid gave a mixture 
from which 7:ll-dioxolano8t-5-enyl acetate (XC, R * Ac) and 7*11*12 
trioxolano8ta-5*8-dienyl acetate (XLYI) were isolated by chromato
graphy. The formation of the former but not of the latter
compound is in agreement with th^ work of Barton. The earlier

74 »76 *®g , .workers have also stated that the acetate (XC, R - Ao) is
rosistant to hydrolysis with either 15^ methanolic potassium
hydroxide or ethanolic hydrogen chloride. If this unsaturated
dioxo-acetato does have the structure (XC, R « Ac) assigned to it,
there is no apparent reason for its failure to hydrolyse. A
further attempt was therefore made by the author to effect
hydrolysis by boiling the unsaturated dioxo-acetate (XC, R * Ac)
under reflux for tr/o hours with f̂o methanolic potassium hydroxide.
On crystallisation of the product from methanol, a compound, m.po
178-179*, [sjp + 6eO^, unchanged by further purification, was
obtained. On admixture with starting material (mop. 178-179*,
[cî]ĵ  + 5.1*) a depression of 20® in melting point was observed.
Tho infrared absorption spectrum of this compound, in contrast to
that of the starting material, did not possess bands at 1759 and 

-11245 cm. characteristic of an acetate grouping, but did exhibit
•"1a hydroxyl band in the 3500-5600 cm. region, Tho infrared
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absorption spectra were identical in all other respects. The

analysis supported the molecular formula which is that

required by the corresponding -alcohol. It is therefore
74 >76 >82concluded that the earlier reports of the inability of

7 *ll-dioxolanost-5-ê ’̂yl acatate (XC, R «Ac) to undergo hydrolysis 
are in error and that the hydroIrais product is in fact 7 *11- 

-dioxolanoi:jt-5-®ïi-5P"Ol (XG, R « H). Reacetylation of this alcohol 
regenerated the original acotate (XC, R « Ac) while oxidation with 
tho kiliani reagent yielded the corresponding triketone, )*7 *11- 

triozolanoot«5-G%G (JZCI)@ m.po 1 S7 -160®, [a]^ + 58.8 *. Further 

oxidation of 7 :H-dlo%olanoot-5-?hyl acotato (XC, R ® Ac) with 
solenium dioxide in boiling acetic acid gave the fully conjugated 

trioxodienyl acetate (XLVl) obtained as described above by similar 

oxidation of 7 *H-dioxolancstanyl acetate (XLlV, R * Ac), thus 
confirming that the ^.ouble bond in (XC) is between and

In vlow of tbi differences encountered above, it was 

considered desirable at thio to re-oxamin® sovoral other

lanostane derivativ©;jc
74As previously mentioned^ Doree, et al. havo reported that

reduction of 7 *H “di>zolaEost-8 -jnyl acetate (XLIIl) with sodium

in boiling propanol followed by acétylation, gives the saturated

dioxo-scetato (XLB^, R =« Ac). This is unlikely, however, sinco

similar treatment of this caturatod acetate (XLIY, R » Ac) results
in the reduction of tho carbonari groups and gives a triol, n.po 

_  ̂ 1 08
207-2 00®, + 5 * • The author has repeated this reduction
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and obtained a trio! having m.p, 215-216* and [a]^ + 26.)*, using 
the same method. Acétylation of the triol, m.p. 215-216*, [a]^
+ 26.)*, under normal conditions gave a triacetate, m.p. 153-156*, 
[a]g + )0*, the constants of which are in excellent agreement 
with those reported by Barnes, et alt°  ̂ (m.p. 156*, [«]p ^ 29*)
for the triacetate prepared from the triol, m.p. 207-200*, [a]g
+ 3*. The author believes that the constants of the triol
reported by Barnes et al. are in error.

Alkaline hydrolysis of the triacetate (m.p. 153-136*,
+ 30®) regenerated the original triol, m.po 213-216*, [a]g + 26*.
The triacetate was shown to have the thermodynamically more stable 
conformation when it was recovered unchanged after treatment under 
equilibrating conditions with sodium propoxid®, followed by 
reacetylation. That is, the triol is 3Ps7PsllcS“trihydro2ylanostano 
(XCII, H  ̂H) and tho triacetate? 3P:7P:llG-trlacetoxylanostan@ 
(XCII, R Ac) in which the hydrogen atoms at 0^%^ and have
the p- ani a- configurations respectively, giving the stable trans- 
anti- tram -arrangement throughout.

Oxidation of the triol (Xdll, R « II) with tho kiliani 
reagent gave tho corresponding trions, 3*7-11-triosolanostane 
(XCIIl) wiich must also have 8p-, 9®-substituents by virtue of 
its preparation from tho triol of established stereochemistry and 
by the observation tliat It is recovered unchanged after prolonged 
treatment with hydrochloric-acetic acid at 100*. The trione 
(XCIIl) hid m.p. 167-168", - 49*» whereas that prepared by
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Ro

(iLIf) (XCII)

Ro
(XCIIl)(ICIV)

O R cfUo
(XCY)

OAc
(XCVI)

74Doree, et al. by oxidation of 7;ll-dioxolanostanol (XLIY, R « H) 
had m.p. 166-16?*, + 121.1*. The large difference in specific
rotation suggested that the two compounds were again distinct and 
to establish if this was in fact the case, the experiment of Doree 
was repeated. It was found that similar oxidation of 7:ll-dioxo- 
lanostanol (XLIV’, R « H) obtained by mild alkaline hydrolysis of the 
corresponding acetate, gave the trione (xdill) ra;p; i66*i67*, [aj
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+ 48*5*, as obtained above by the author, and it is concluded that 
the specific rotation given by Doree for this compound is incorrect* 
That no inversion of configuration had occurred during hydrolysis 
or oxidation was demonstrated when ftll-dioxolanostanyl acetate 
(XLX7, H • Ac) was regenerated by acétylation of the dioxo alcohol 
(XLI\T, R •> H) and by the fact that the dioxo acetate was recovered 
unchanged after similar treatment with the kiliani reagent.

This evidence proves that the and hydrogen atoms
in 7%11-dioxolanostanyl acetate (XLIV, R « Ac) have the same 
configurations as those in 3>7<H*trioxolanostane (XCIIl) which has 
been shown to have the stable 8p-, arrangement. 'fhus, although 
7;ll-dioxolanost&nol (XLIV, R • H) is not in fact stable to vigorous 
treatment with alkali but is thereby converted into 7tll-dioxolanost*» 
-6*enol, the final conclusion of Barnes and Barton regarding the 
orientation of these hydrogen atoms is correct.

The diol obtained by reduction of 11-oxolanostanyl acetate 
with lithium aluminium hydride in ether was next considered. It 
has already been noted that the physical constants of this diol emd 
of its monoacetate differ very markedly from the previously recorded

73 *110values (Table I). Similar reduction of the saturated dioxo
acetate (XLIV, R * Ac) gave an uncrystallisable triol which on 
acétylation with acetic anhydride in pyridine at 100* gave 3Pt7P* 
diaceto^lanostan-lip-ol (XCIV, R ■ Ac), m.p. 2)9.5-240*, + 59*.

79 70Both Voser, ado and Cavalla and McGhie give m.p* 2)9*, [a]^
+ 70*, + 73* for this compound. Later, Bentley, et al^  ̂ recorded 
the value + 58* for its: specific rotation, in good agreement with that



found by the present author. Since this section of the work
107was completed, Barnes and Palmer have drawn attention to the 

discrepancy between the value for the specific rotation found by 
them (+ 57*) for the triol-diacetate, and those previously observed

75 70by Voser, et al. and Cavalla and McGhie. Bames and Palmer have
S3apparently overlooked tho work of Bentley, ot al# That the

compounds are the same was demonstrated when oxidation of the
triol-diacetate (+ 58*) gave 3p:7P-diacetoxylanostan-ll-one (XCVI),
m.p. 171*, [c]jj + 58*, these values being in agreement with those

70reported by Cavalla and McGhie and subsequently by Barnes and 
107Palmer# On dehydration with phosphorus oxychloride, the triol- 

-diacetate (XCIV, R » Ac) gave an olefin, 3Pi7P-diacetoxyl6uiost- 
-9(ll)-ene (XCV), m.p, 213.21)o5*, [a]^ + 77.4*. Cavalla and McGhie 
reported + 8)* to 84* for the specific rotation of this compound and 
Barnes and Palmer have subsequently quoted + 58*. This dehydration 
reaction shows that the 11-hydroxyl group and the C^^j-hydrogen atom 
must be axial and antiparallel. Hydrolysis with lithium aluminium 
hydride in ether eind subsequent oxidation of the triol-diacotato 
(XCIV, R * Ac) gave the corresponding trione identical with 3%7;11- 
trioxolanostane (XCIIl) prepared by the two methods outlined above. 

The and the hydrogen atoms in the triol-diacetate
(XCIV, R - Ac) therefore have the P- and a- configurations respective
ly and hence the 11-hydroxyl group must be P-(axial). Thus, by 
analogy, the 5:ll-diol and the corresponding monoacetate prepared by 
reduction of 11-0x0lanostanyl acetate with lithium aluminium hydride
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in ether, should similarly have the 11-hydroxyl group in the 
P-(axial) configuration, the hydrogen atoms heing 6p and Sa .
The following considerations show that this is the case and that

78 *S8those compounds aro identical with those obtained by Voser, ^  al,
110and by McGhie, et al. , the discrepancies in the physical constants 

being due to error either in the recording or in the reporting 
of the earlier values.

Voser and his colleagues deduced from the inability of 
the lanostane-3:ll-diol to undergo complete acétylation at room 
temperature, that the 11-hydroxyl group is stericilly hindered and 
6,3signed to this compound the structure repreeentad by (LXXXIX,
R » Ac; H* « H) in which this group has the p-(axial) configuration. 
By analogy, since acétylation of the diol obtained in this work gives 
only a monoacotate ©von at 100*, the 11-hydroxyl group in this 
compound must also be sterically hindered and provided that the 
molecule retains its all-chair conformation as in the saturated 
dioxo-acetata (XLI?), the hindered 11-hydroxyl group must also b% 
assigned the P-(axial) configuration. Oxidation of the diol- 
-monoacetate (+62*) by the kiliani method at room temperature gave 
ll-ozolanostanyl acetate (LXXXVIII) identical in all respects with 
tho original ketone. Thus both the diol and its monoacetate have the 
samo basic stereochemistry as 11-oxolanostanyl acetate* that is, 
th© j-Iiydrogen aton is in each case a-(axial) and they can be 
represented by the structure (LXXICIX).

Similar oxidation of the diol (+ 54*) gave 5*ll-dioxolanost8n@
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(XCVII) having physical constants in close agreement with those
73 #88reported hy Voser, et al@ for the dione they obtained by chromic

73 ,acid oxidation of ll-oxolanostanol , of the 3B;lip-diol (IXXXIX,
.80 88R m R# « H) and of the )p*lla-diol • It is evident therefore

(LXXXVIII)

(XCVIII) (XCVII) (XXV)

that the diol (+ 29*) obtained by Voser has the ^-hydrogen atom 
in the sama configuration (a) as the diol (+ 94*) obtained in this 
work* Th^ compounds are thus identical and it appears that the 
earlier values for, the specific rotation of both the diol (LXXXIX,
R " R* « H) and of its monoacetate (LXXXIX, R » Ac, R* * E) are in 
error.

During the course of the above investigation, tho hitherto 
unknown 5pi110-diacetoxylanostane (LXXXIX, R «H* -Ac) was prepared
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by treatment of the diol-monoacetate (LXXXIXi R » Ac, R* » E) under
111reflux in chloroform solution with acetyl chloride and dimethylaniline« 

The product, , mip® 182*, [a]^ + 71*# which from the absenc®
of a band in the ))00-)600 cm6 region of its infrared absorption 
spectrum^ did not contain a hydroxyl group, is the required 3P*HP* 
-diacetate (LXXXIX, R - R* - Ac). It is distinct from the isomeric 
3Pt11a-diacetate (XCVIII) which was prepared in this instance by 
acétylation at room temperature cf the diol Obtained by reduction of
11-oxolanoetanyl acetate with sodium in propanol® 3P;lla-Diacetory-

êè -lanostane ( XCV III) was first prepared by MijoviC, et al® from the 
enol-diaqetate (IC) via the 9^tlla-epOxide (C), A summary of the

(IC) (c) (XCVIII)
discrepancies in the physical constants of compounds encountered in 
this section is given in table II.

TABLE 11.
Compound
7tIl-Dio3:olanostan-3l3^yl acetate
This work 
Voser. ©t t1 7S *8*

McGhiOp ot al.210

Milburn* ot al.102

m.pe

225 - 22 4 *

222 - 2 2 4 *

222 - 2 2 4 *

223®

[*]»

+ 62* 
+ 55* 
+ $5* 
+ 65»



Compound mi* Pi I « 3 d

3PI llB^Dihydroxylanostane.
This work

73 ’86Voser, et al.
^  110 MôGhie, et al.

110«Hydroxylanosten»3P*yl acetate 
This work

73 ’88 
110

108

Voser, e^ al.
ItcGhie, al.
3P17P * llg-Trihydroxylanofltane 
This work 
Barnes, e^ al.
317tll-Trioxolanostane 
This work 74Doree, al.
3P:7P-Diaceto%ylanostan-llp-ol 
This work ,73Voser, et al.

70Cavalla, ^  al.
Bentley, al.°^
Barnes, et al.^^^
3P17P*Diacetoxylanoat-‘9 ( 11 ) -ene. 
This work 
Cavalla, et al.^^
Barnes, at al.̂ *̂̂
3P%llg-Diacetoxylanostane 
This work 
Mijovic, et al.®®

192-193®
190-191®
190-191®

219- 220*

238-239®
239®
239®
236-237*
234-236*

+ 53.3® 
+ 29®
+ 28o2*

210-212* + 62*
219-220* + 23*

+ 22.8

215-216* + 26.3*
207-208* + 3®

167-166* + 48.2*
165-167* + 121.1*

+ 58.6*
+ 73®
+ 70*
+ 58*
+ 56*

213-213.3® + 77o4®
213-214* + 83, + 84®
212-214* 4. 58*

120-122* + 24.1*
127-128* + 13®

Hawing thus confirmed the absolute configurations of the 
intermediate compounds, the attempted synthesis of a 9il9-oyclo- 
propanoid derivative of lanostanol was continued. Dehydration of
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llp-hydroxylanost€ûiyl acetate (LXXXIXÿ R « Ac» R* « H) with 
phosphorus oxychloride in pyridine at 100* for three hours gave 
lanost-9(11)-enyl acetate (XXV)» m«po 173-174*» + 90*» in
good yield.

The first attempt involved the oxidation of lanost-9(ll)* 
enyl acetate (XXV) under conditions identical with those used in 
the preparation of 7*"OxoapoeuT:h»14-enyl acetate (iXXAIl) from 
dihydrobutyrospermyl acetate (IXXXI). Purification of the 
resulting mixture by chromatography yielded unchanged lanost- 
-9(ll)-enyl acetate (75^)» 9}dl-epoxy-lanostanyl acetate (CI) 
and 12-oxolanost-9(ll)-enyl acetate Further oxidation of
the 9%11-opoxide (CI) gave only unchanged starting material.

a

(on)(CI)(XXV)

When lanost-9(ll)-enyl acetate uas treated under more vigorous 
conditions with chromium trioxide in acetic acid under reflux for 
1 hour» 12-0X0lanost-9(11)-enyl acetate (CII) was isolated in 
good yield as the sole product. No cyclopropanoid derivative 
or intermediate compound» could be detected among the products in 
any of these oxidation reactions.

35•‘fc al. have shown that bromination of eyeloartanone
(cm) with N-bronosuccinimide in carbon tetrachloride» followed 
by d^hydrobronination with collidine» gives the fully conjugated
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cycloart«I-en-3*one (CIV)* It was therefore considered 
possible that a similar series of reactions on lano8t-9(ll)*on* 
-3-one (CV) would lead to the introduction of a double bond 
between 0^^ ̂ and . Treatment of the product with mineral 
acid might be expected to bring the 9(ll)-double bond into 
conjugation with the a:p<»unsaturated carbonyl system as a 
9*19•cyclopropane ring to give cycloart-l-en-)-one (CIV).

(cm)
O

(CIV)

RcO

(XXV)

0

(CV)

Lanost-9(11)-enyl acetat) (XXV) was hydrolysed with 
lithium aluminium hydride in ether and the corresponding 
3P*alcohol oxidised with the chromium trioxide-pyridine complex 
to give lanost-9(ll)-en-3-one» (CV), m.p. 113^5-114*» [a]^ + 66o4 

Photobromination of lanost-9(ll)*en-3**cne under conditions
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identical with those employed in the preparation of the
36conjugated cycloartenone (CIV)* gave an uncrystallisable gum 

the ultraviolet absorption of which exhibited high intensity bands 
at 2060* 2500 and 240O A** suggestive of a highly conjugated 
aromatic system. No trace of the expected
or of cycloart-l-en-3-one (A" 26gO A.) was detected even after
dehydrobrominationo It was found that a side reaction due to
the effect of bromine on the 9(11)-double bond occurs since
bromination of lanost-9(ll)*anyl acetate itself gives a gum with
the came light absorption characteristics,

Since in a test experiment it was shown that lGLnost-9(ll)**
enyl acetate (XXV) is recovered unchanged after prolonged
treatment with selenium dioxide in boiling glacial acetic acid*
lanost-9(ll)-en-3-one (CV) was refluxed with this reagent for
periods up to 2 days in an attempt to introduce a double bond
between C(^ ̂ and C(gV* but again only unchanged starting material
was recovered in quantitative yield.

The failure of these methods to form a 9:l9*cyclopropanold
derivative led us to employ the technique used in the phyllanthol 

1oeb,11ssynthesis and which was discussed earlier. The comparable
starting material in this instance is 11-oxolanostanyl acetate 
(LXXXVIIl) which on treatment with selenium dioxide under the 
same conditions^might be expected to give rise to the inter
mediate unsaturated ketone (CVI). With this object in view* a 
solution of 11-oxolanostanyl acetate in glacial acetic acid was



boiled under reflux for 24 hours with dry selenium dioxide and 
the neutral fraction separated by chromatography to give 
unchanged ll«>oxo acetate (UÜCXVIIZ) and a colourless crystalline 
compoundt m#po 2 0 0 - 2 0 2 [a]^ - 16#5*# -17* in 50^ yield# In 
subsequent experiments the same yield of this compound was 
obtained after only 3-6 hours reaction time» The analysis 
corresponded to an emperical formula CgH^g 0, and a molecular 
weight estimation showed that the molecular formula is #
Its ultraviolet spectrum shows peaks at 2l60 A. (£; 29#400)#
2600 A. (12,000) and )120 A. (1,9$0)» By analogy with that of
12-0X0-13»27-cycloursany 1 acetate (IXXVIII) ( X  » 2I40 A.,&) 5*500)

RcO RcÛ

(CVI)(LXXXVIII)
this compound does not contain the expected cyclopronano id
chromophore» Its infrared absorption spectrum showed the

-A «Apresence of aoetoxy (1739 and 1243 cm. ), hydroxyl (3584 cm» )
and carbonyl (I724 cm."^ ) functional groups, while bands at

«1I58O, 1460 and 667 cm. suggested the presence of a benzene ring. 
The compound is recovered unchanged after treatment with dry 
hydrogen chloride in aoetio acid at room temperature for 3 days, 
conditions which isomerise 12-oxoisours-14-enyl acetate (l^CXVIl)
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to the eyclopropanold derivative* 1 2 * 2 ? -çjrçloureanÿl 
acetate (12X7111).

the ohemistry of this new aromatio derivative from 
ll)»oxolanostanjrl àoetate will he discussed in detail later.

A final attempt was made to form a 9:19-cvcloproi^e 
derivative using as starting material in this instance* 
gc-hydrory-ll-oiolanostanyl acetate (CVIX). It was hoped that 
under acid conditions this compound would detqrdrate to give 
ll-oxocycloartanyl acetate (121X17).

f\eO(Uo

(IXXXI7) (C7III)(12XX7IIZ)

Ac»

RcO

(OX) (C7II) (cix)
-

Il-0xolano8tany1 acetate (UCXXVIII) was heated under reflux
with p-toluene eulphonic acid in acetic anhydride for 5 hours«

Chromatography of the resultant product gave unchanged starting

material and a compound, Cs4^oa 4̂ which crystallised as
ntout needles a met)® lld-115*# + 6)* 5* # fjromt. methane Ip Its



infrared speotrum shows bands at 1739 and I240 cm# (acetate) and
1764 and 1220 cm* (end acetate)$ and it is considered that this
is the required );ll-diaceto%ylano8t-9(H)-ene (CTIIl) * In the

146steroid field epoxidation of the e n d  acetate is carried out 
with ethereal monoperphthalic acid and the resultant ^pdip-* 
-diacetoxy-9atlla-epoxide then converted to the hydroxy ketone by 
treatment with ziethanolic potassium hydroxide followed by 
reacotylation* In the present instance, epoxidation of the 
e n d  acetate (CVIII) was carried out with hydrogen peroxide in 
acetic acid at 100^. The product crystallised from methanol to 
give, in 70^ yield, a compound m*p* 183-184* 1 [«]jj + 66** Its 
infrared spectrum shows bands at 3520 cm* (hydroxyl), 1739 &nd 
1243 cm*~^ (acetate) and 1720 cm**^ (carbonyl) and thus it cannot 
be the expected epoxide (CIX). The analysis supports the 
formula Cgg 0̂  which is that required for ll-oxo^9<%-hydroxy-
-lanostanyl acetate (CYIl). The mother liquors of this compound 
failed to crystallise and were given a brief treatment with meth- 
anolic potassium hydroxide and reacetylated at 100*. The 

product readily crystallised from methanol as small prisms, m*p* 
182-184*, + 68*, undepressed in mixed melting point determine*
tion with the above compound* Moreover, their infrared spectra 
were identical and it is concluded that the compound is 9a- 
-hydroxy-ll-oxolanostanyl acetate. It appears that the 
opoxidation conditions used in the present work (hydrogen peroxide 
-acetic acid) are sufficient not only to form the epoxide (CIX) 
but to cause in the main, its fission to the hydroxyketone (CVIX).
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The uncrystallisable gum from the mother liquors, since it yields 
the hydroxy ketone on treatment with alkali, must consist mainly 
of the intermediate epoxide» When perbenzoic acid was used for 
the epoxidation, the product was a gum which also yielded the 
hydroxyketone (CVII) when treated as above.

9a-Bydroxy-ll-oxolanostanyl acetate (CVIl) was treated 
with hydrochloric-acetic acid (lt20) for 4 hours at 100*. 
Chromatography of the product gave a compound which crystallised 
from methanol as needles, m.p. 169-167*, [a]^ + 27»9̂  It is 
transparent to ultraviolet light and its infrared spectrum shows 
bands corresponding to acetate (1739 and 1243 cm«*^) and carbonyl 
(1714 cm«*^) groups. A Beilstein test is positive for halogen 
and its analysis supports the formula CggB^^C^Cl. It is 
tentatively suggested that this compound is 9a-chloro-ll-oxolanost 
anyl acetate (CX).



CHAPTER II

Tho Conversion of Lanosterol Into an Aromatic Derivative.

The reaction of 11-oxolanostanyl acetate with selonium 
dioxide is shown to givo rise to a new compound having aromatio 
properties» This compound has been examined in some detail 
and is considered to be 9P-methyl-10j-hydroxy-ll-oxo-C-nor-D- 
-homolanosta-12%I4*l6-trien-)p-yl acetate.
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P^T
The aromatic acetate (m.p. 200-202*, [<%]̂  - 17*)» obtained 

by selenium dioxide oxidation of 11-oxolanostanyl acetate in 
acetic acid solution was examined in more detail with a view to 
ascertaining its structure.

Hydrolysis of this compound with 3^ methanolic potassium 
hydroxide gave an amorphous white solid acétylation of which at 100* 
regenerates the parent acetate. The ultraviolet absorption 
spectrum of the amorphous solid is similar to that of the parent 
acetate with maxima at A « 2160, 2600 and 3100 Â. The infrared 
spectrum of the amorphous solid is also identical with that of the 
parent acetate in all points except for the absence of the character*

jiistic acetate bands at 1739 and 1243 cm. , and it is concluded 
that the amorphous solid is the corresponding oxodiol. For the 
purpose of illustration, this oxodiol is represented by the partial 
formula (OXIl) and the parent acetate, m.p. 200-202*, by (CXi).

rOH

(CXI)

-OH

44

-OH
- 0
- (M

(CXII)

3̂ 0^48

(CXXXII) (GXXX) (CXI7)
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The acetate (CXl) is recovered unchanged after shaking with 
hydrogen over platinum in either ethyl acetate or acetic acid at 
room temperature* If the compound is still tetracyclic# it can
be seen from its molecular formula that it must possess three 
double bonds* This observation together with the fact that it 
gives a yellow colour with tetranitromethane in chloroform yet is 
resistant to isomérisation or catalytic hydrogenation# further 
suggests the presence of an aromatic ring.

The only known aromatic compound in the lanosterol series is 
the phenol-lactone (LXXIII)first prepared by Barton and subsequently 
by Menard# et al*^ A comparison of physical constants and light
absorption characteristics# shows that the aromatic acetate# m.p. 
200-202* is not identical with the phenol-lactone (LXXIIl)*

flcO
(LXXIII)

Treatment of 11-ozolanostanyl acetate (LXXXVIII) with 
selenium dioxide has been described by Jeger and his colleagues 
who used the non-polar diozan as solvent in a sealed tube at 180*. 
On chromatography of the reaction product they obtained a yellow# 
crystalline compound# m.p. 211-212*, [«Jp + I40*# to which they 
assigned the structure represented by (CXIII). This compound# 
ll:12-dioxO-9ot-hydroxylanostanyl acetate has again been prepared by
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84the author using the method of Jeger . Since selenium dioxide 
oxidation of 11-oxolanostanyl acetate under acid conditions gives 
rise to the aromatic compound (CXl)t it vas thought possible that the 
hydroxydione (CXIIl) was an intermediate in the formation of (CXi).

fIcO

(CXIII)

This was disproved however, since treatment of the hydroxydione 
(CXIII) with selenium dioxide in acetic acid resulted in the 
recovery of only unchanged starting material in almost quantitative 
yield.

The chemistry of this aromatic acetate (CXi) was studied
in more detail with a view to determining (i) the position of the
benzene ring and (ii) the position and nature of the hydroxyl group.

Oxidation with the chromium trioxide-pyridine complex of the
oxodiol (CXIl) gave a crystalline product, Its ultra-

#
violet al^sorption spectrum (maxima at X  = 2160, 2620 ani 314Ô A) is 
almost identical with that of the acetate (CXi). and with that of the 
corresponding oxodiol (CXIl). The infrared spectrum still shows 
a band at 3585 cm. indicating that the hydroxyl group present in 
the acetate m.p. 200-202* (CXI) has not been oxidised. That is, 

only the hydroxyl group in the oxodiol (CXIl) corresponding to the
3-acetoxy group in the parent acetate (CXI) has been attacked and 
the compound can be represented by the partial formula (CXIV).



From the close similajîlty of the ultraviolet absorption spectra of
(CXi) and (CXIV), it is concluded that this new oxo-group is not
in conjugation with the original chromophore* It then follows
that since this oxo-group is derived from the acetoxy group at
the original ring A has not been aromatised* Furthermore, if we
concede that the carbonyl group in the aromatic acetate (CXl) is
derived from the ^-carbonyl group of 11-oxolanostanyl acetate»
the original ring C has not been aromatised*

The possibility of aromatisation of ring B was then considered*
In the steroids» aromatisation of ring B can be brought about by
means of the •* anthraateroid** rearrangement. The A  ^-trienes
(CXV) on treatment with mineral acid yield the fully conjugated

11»tetraenes (CXVI). If a comparable reaction has occurred in the reaction

^0

(cxv) (cxyi)

under discussion» then the A  triene system is a necessary
intermediat8* At an early stage it was thought that this may be 
the cess since a product (CXVII) ctjntaining an aromatic ring» an 
acetoxy» a hydroxyl and a carbonyl groupg, could be obtained from 
ll-oxolancstanyl acetate.

The first step in the oxidation was considered to be the 
introduction of a carbonyl group at  ̂followed by the formation
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of t h e a n d  then the A * *  double bonds to give lit 12-dlo%olanost- 
^8-enyl acetate (CXVIIl) and the dloxodlenyl acetate (CXIZ) 
respectively, this series of reactions being comparable with the

fUO

(CXXII)(CXXI)
selenium dioxide oxidation of 7-oxolanosta-$:8'"dienyl acetate (CXXl)
to 7-oxolanosta-518%ll^trieny 1 acetate (CXXll}.' Enolisation of

S >7 *0(11 \compound (CXIX) would lead to the formation of the required A  *
triene system in (CXX) which by means of the anthrasteroid rearrange
ment could yield the ring B aromatic compound (CXVII)«

flcOflcO

(CXIX)(GXVIII)

No

fIcO

(CX7II) (CXX)



In order to test this hypothesis# the preparation of the 
postulated intermediate# 11*12-dio%olanost-8*ehyl acetate (CIVIIl}# 
was undertaken. Dehydration of 9a-hydrozy-ll% 12*diozolanostanyl 
acetate (CXIII) was not effected by boiling acetic acid or 
phosphorus ozychloride in pyridine at 100*. Under Vigorous 
conditions however# using thionyl chloride in pyridine at room 
temperature# a yellow# cxystalline product# # was obtained#
The ultraviolet absorption spectrum of this compound has maxima at 
A  - 2100 1. and 2600 A. (£; )#900* $#500) which together with a 
band at 1675 cm.^ in its infrared absorption spectrum# is attributed 
to a )*4*unsaturated-l*2-diketone chromophore. This compound is 
therefore 11*12-dio%olanost*8-enyl acetate (CXVIIl). Treatment

fto

(XLVI)(CI7III)(CXXll)

Of this usaoturatod diketone (CXVlll) vitb selenium dioxide in 
acetic acid and chromatography of the crude product gave 7*11*12- 
-trioxolano3ta-5*8-dienyl acetate (XL7l) identified by its optical 
and physical characteristics euid by direct comparison with an 
authentic specimen? ^Uo trace of the aromatic acetate was detected. 
The isolatlch of the triozodienyl aicetate (XLVl) shows that not only

is ll*12-di6±blanost-8-enyl (CXVIIl) excluded as a possible inter
mediate# but also that the A   ̂^ ^ )-triene system necessary for
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aromatisation of ring B by means of the anthrasteroid rearrangement# 
is not formed.

The conclusion that the aromatic centre is not situated in 
rings A# B« or C# suggested that the formation of the acetate# m.p. 
200-202*# from 11-oxolanostanyl acetate involves aromatisation of 
ring Do This was supported when it was discovered that oxidation of 
24s24-diphenyltrisnor-ll-oxolanosta-20(22)t25*dienyl aCetaie (CXXIÏI) 
with selenium dioxide In acetic acid yielded a yellow# amorphous 
solid the ultraviolet absorption spectrum of which (A * 2070# 24OO#
2650 and 5750 a) showed that the diphenyIbutadiene chromophore of 
(CXXIII) had been extended through another aromatic centre.

The diphenyIbutadiene derivative (CXXIIl) was prepared from
St"Isocholesteryl** acetate using# in part# the methods of Huzlcka et al. 

Oxidation of *̂ socholestoryl** acotato with chromium trioxide in 
acetic acid at 95* and crystallisation of the acid fraction from 
methanol gave trisnor-7*ll-dioxo-3-acetoxylanost-8-en-24-oic acid 
(CXXIV) as yellow needles* Reduction of this dioxo-acid with zinc 
in acetic acid gave the saturated dioso acid (CXX7) which on 
Wolff-Kishnor reduction followed by estérification with ethereal 
diasomethane and acétylation# gave# after chromatography# trisnor- 
-ll-oxo-5-acetoxylanostan-24-olc acid methyl ester (CXXVI# R -Ac)*

Treatment of the corresponding alcohol (CIXVI# R - H) with 
phenyImagnesium bromide in benzene-ether solution followed by 
dehydration and acétylation of the resultant product with acetic 
anhydride and potassium acetate# gave the diphenylethylene derivative



(CXXVIl). Photobromination of this compound with B-bromosuecinimido 
in dry carbon tatrachlorido followod by dehydrobromination with 
acetic acid and acetic anhydride in boiling carbon tetrachloridet 
gave the required diphenyIbutadiene derivative (CXXIIl)» (Amai.
- 3080 L i  g ; 27,800).

With a view to obtaining a crystalline compound exhibiting 
conjugation between the side chain and the aromatic ring Di thé

••jlsoCholès teryl ••
•>acetate

(CXXV)(CXXIV)

(CXXIII) (CXXVI::) (cxxvi)
diphenyIbutadiene (CXXIII) was oxidised with chromic-acetic acid at
0*-18® to yield the 17-acetyl derivative (CXXVIII)* Treatment of 
this diketone with selenium dioxide in acetic acid gave an unciystall- 
isablo gum which did not exhibit aiiy significant light absorption* 

Reduction of the 1?-acetyl derivative (CXXVIII) with lithium 
aluminium hydride in ether followed by acétylation at 100® gave the 
3t20-diacetoxy-ll-hydroxy derivative (not isolated) which on oxidation 
with the kiliani reagent gave the hitherto unknown 3i20-diacetoxy-11- 
-oxo-derivativ© (CXXIX), m.p« 213-21$», [a]^ 4- 54oT®. Similar
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oxidation of this oxodiacetate (CXIIX) with selenium dioxide in 
acetic acid failed to yield any trace of an aromatic derivative

(CXXIII) »

(CXX?Ill) ( c x x i x )

and 80 further oonjugatlon with the side^chain and ring D could 
not he effectede It is concluded that the elde-chain in 
compounds (CXX7III) and (CXJIX)are susceptible to attack by 
selenium dioxide, hence their failure to yield any of the 
expected aromatic products.

Further evidence for the expansion and aromatisation of 
ring D was obtained when it was demonstrated that the 
-carbonyl group in the aromatic acetate (CXi) is in conjugation 
with the benzene ring» Reduction of the acetate (CXi) with 
lithium aluminium hydride in ether followed by acétylation of 
the product at room temperature for 18 hours, gave a triol- 
-monoacetate (CXXX), Cgg Hg^0^, the ultraviolet spectrum of which

( &30C0 “ $0,000; ■ 12,000) ^2260 ” llfOOO) &2 72 o **^8800
« 667) is markedly distinct from that of the parent compound 
(CXi) and typical of a non-conjugated, substituted benzene ring 
The infrared spectrum of the triol monoacetate (CXXX) shows in 
addition to acetate bands (17)9 and 124) cm." ), bands due to
hydroxyl ()6lO and 5500 cm» ) and benzene ring (868 and I48O cm®*^) 
absorption.
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JLIt is significant that the hand at 1580 cm. , which is
116characteristic of a conjugated phenyl group such as Ph.Co.R 

and which is present in the infrared spectra of all the other 
derivatives of this aromatio acetate (CXi), is not present in the 
spectrum of the triol monoacetate. The triol monoacetate (CXXX) 
is inert to the li2-glycol-Eplitting reagent, lead totra-acotato, 
starting material being recovered almost quantitatively.

The position of the carbonyl band in the infrared spectrum 
of the aromatic acetate (CXl), 1?24 cm. , is indicative of a 
fiv©~mombered ring ketone in conjugation with a benzene ring 
(which point will bo dealt with fully in the subsequent discussion) 
and it is considered that the aromatisation of ring D is coincident 
with the contraction of ring C to give a C-nor-P-homo system as 
in (CXXXI).

\ J
(CXXXI)

The nature and the probable position of the hydroxyl group 
in the aromatic acotato (CXi) wore next considered» Since this 
compound is non-aoidic and does not colour ferric trichloride 
solution, the hydroxyl group cannot bo phenolic in nature. 
Attemptc^d oxidation of this compound (CXi) with the chromium 
trioxide-pyridine complex, îCiliani solution or chromic-acetic 
acid at room temperature or at )5*» reagents which would convert a

primary or a secondary hydroxyl group to an aldehyde or a kotono 
respectively, was unsuccessful, unchanged starting material being



recovered in good yield. More vigorous oxidation of (CXi) 

using chromic-acetic acid at however, gave an acidic product

which could not be crystallised* It is thus concluded that the 

hydroxyl group is tertiary and 5 since the hydroxyl (35®5 cm®"^) 

and carbonyl (1724 c m . ) bandi in its infrared spectrum are 

indicative of hydrogen bonding, that it is positioned a- or 

p« to th® j-carbonyl groupa The tertiary nature of the

hydroxyl group was confirmed by the fact that it did not 

acetylatft under tho normal conditions of heating with acetic 

anhydride and pyridine at lOC* for 2-3 hours, but did acetylato 

under vigorous conditions usin^ acetyl chloride and dimethylaniline 

in boiling chloroform solution for 20 hours, to give the corres

pond in g oxodiacetate (CXXXII), C3 4 %  g 0^, m.p* 165-166*, [a]^ - 49*»
The absence.' of a b?.nd at 1770 cm*" in its infrared spectrum

116which is typical of phenolic e iters , confirms that the hydroxyl 

group is not directly attached to the benzene ring. This evidence 

oxcludse the possibility of th aromatisation occurring by means 

of the dlenono-phenol rearranp mant since the product would in 

that ciiLG necessarily bo pheno'.ic.

The only position for this tertiary hydroxyl group a- or 

P- to th© j-carbony‘. group is ^ çq y  ^(9 ) ^(10)* the lattor
being permissible only if tho ^-methyl group has migrated to,

aay, C /g ,. That is, formula (( XI) can be extended to (CXIa),\ /
(CXrb) or (CXIc).

Formula (CXIa) is excluded on the following considerations* 

Firstly, the corresponding triol monoacetate (CXXX) does not appear
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to poBsesa a ls2*glycol system^ sinca it 1b Btatle to treatment 
with lead tetra*aoetate« Secondly# if (CXIa) is correct# 
ll-oxo»9-bydroxylanostanyl acetate (CVIl) would he an intermediate

I

(CXIe)

In Its formation from ll^dxolanoetax^l acetate.
To test this poeelhility^ll*oxo*9*hydroxylanostanyl 

acetate (CVÏI) was treated with selenium dioxide in acetic acid 
and the neutral fraction chromatographed over alumina to give aa 
the sole product, lit12•dioxo-^^-hydroxylanostanyl acetate (CXIII), 
identical in all respects with an authentic specimen. No tracé 
of the aromatic derivative (CXi) was detected; The possibility 
that the hydroxyl group is introduced at C^g ̂ after aromatisation 
has taken place is discounted on the basis of the following 
consideration.

Mo
FItO

(CXIII)(CVII)



Dehydration of the aromatic acetate (CXi) with phOLsphorus 
oxychloride in pyridine at 100* for 3 hours gave an uncrystallis
able gum* The ultraviolet spectrum of this gum differed only from 
that of the parent compound (CXi) in that it had a shoulder at 
2080-2100 A* typical of an isolated double bond* The presence of 
an isolated double bond is also inferred from its infrared spectrum 
which includes sharp bands at I630 and 890 cm* but does not 
include hydroxyl absorption in the 3500-3600 cm**^ region. The 
Ph.CO^H system absorbs at 673» 1460 and I38O cm."^, and the carbonyl

.iabsorption# now free of hydrogen bonding, has decreased to I7IO cm*
lieas in the u-indanones* These considerations indicate that 

dehydration of compound (CXi) has occurred to yield a compound 
containing a non-conjugated double bond* This evidence eliminates 
formula (CXIa) which would give rise to the conjugated double
bond, and formula (CXXb) which would give either a or a A  "
double bond# both of which would be conjugated with the original 
chromophore* This allows only formula (CXIc) in which the 
hydroxyl group at ^^10  ̂ is separated from the C  ̂̂ -carbonyl group 
by the fully substituted carbon atom, y  The dehydration 
product is thus either (CXXXIII) or (3XXXI7).

AUO

(CXXXIII)
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Although a docision betii3en formulae (CXXXIIl) and (CXXXIV) 
le not p@ruinant to th© argumor‘s, tho latter is preferred on 

account of the position cf tho oands at 16)0 and 690 cm* in its 

infrared spectrum w:iich suggeet the presence of a trisubstituted or 

a disubstitutod douole bond in preference to a tetrasubatitutod 

double bondo In any casep tho iydroxy group must be attached to 

?hl.3 la suplortad by tt 3 fact that the two hydroxyl bands 

3,t 5610 and 3500 cm in the i ifrared speotrum of the triol 

n.cnoacetat'S (CXXX) are in siLllar position to the bands exhibited

by cyc1ohexano-1%3-diol ()620 tad )540 cm*" ) where the hydroxyl
liegroups 'JLT9 both ois« and axiale They are quite distinct from 

those of the other possible eyelohexane-diol isomers, and it is 

concluded that the lydrozyl grcaps in the triol monoacetate 

(C?XI) are attached to  ̂\ aid C ^  ̂ , being cis- and axial.

The 310 chan is a proposed lor th© formation of tho aromatic 

scdtatc (CXi) and ( JXIc) from } 1-oxolar.ostanyl acetate (LXXXVIII)

1b fcrnulat®d beloi? tho so pari ial formula© being thus extended 

to (OXifX'̂ 0 • This compouTid is r amed 9P-’Ei8thyl“10|~hydroxy-ll-oxo- 
C«;!ior-L»homolanoste -12sldsl6-t: ienyl acetate.

In the cours ) of the ro£ction, tha configuration of the 

h y d r o atom attached to can be inverted and If this is the

wa?ie tl is In^orsion to icb.o 8x— form may prcvid® the driving fore® 

for mstiiyl group migration from to ^

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

can thus bo extended to (CXXXVl), (CXXXVIl), (CXXXVIIl) and 

(C1XX.7X) rocpectiv®ly.



(UJOCVIII)
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The following points already referred to briefly in the text 9 
require further elaboration and discussion.

The infrared absorption spectra of the aromatic acetate 
(CXXXV) and of the corresponding alcohol (CIXXVl) exhibit

Wp

(CXXXVI)

tlo

O

(CXXXVIl)

(c x x r a ii ) (cxxxix)

Considering compoundscarbonyl absorption at I722-I724 cm. 
represented by (CXL), when n » X as in the a-indanoneSf the

mmlwave nuiber of its carbonyl absorption is 1709 cm. , In the 
a-tetrflones (n - 2) the averago value^^^ is I703 cml^, and as 
n increases the wavo number of Its carbonyl absorption decreases 
to %j60-l680 cm. . In the cane of the simple Ph.Co.R type9 
the value is in the I69O cmT^ region. Thus, the greater the 
strain imposed on the carbonyl group by virtue of ring contraction, 
the greater is tho wavenumber of its absorption, and it is this 

effect which is in part responsible for the large value of
1724 cm. encountered in this instance.
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(CXLIX)(CXL)
A second determining factor is the effect of substitution* 

The 2;)-eyclop*ntanotetralone (CXLl) shows absorption at 1680*1666 
cm® , whereas the corresponding indanone derivative (CXLII)
absorbs at 1?15 cm< In the former case where the carbonyl-
-bearing ring is six-membered, increased substitution has led to
a*decrease in tho wavonumber from 1?05 om®*^ as in Œ-tetralono
(CXL, n - 2). In the latter case, the value has increasod from
1709 cm®* to 1715 cm.**. This observation lands further support
for tho C-nor-D-homo system of th© aromatic acétate (CXXX7). It is
also noted that the same relationship between ring size and
wavenumber as already observed for the compounds (CXL), is also
evident in the case of the corresponding substituted derivatives
(CXLI, 1600»6 cmo**) and (CXLII, 1715 cmT )«

A further factor to b® considered is tho effect of th©
hydrolyl group on the carbonyl absorption* Present data for

116a-hydroxy-ketone8 shows that the wavonumber in the case of the
latter compounds is somewhat lower than for the free, non-bonded 
ketone® It is observed by the author, however, that while
11-oxolancstanyl acetate exhibits carbonyl absorption at 

1707-1710 cm* , 9û-hydrosy-ll-oxolanostanyl acétate shows



wliabsorption at 1715-I720 cm* 9 an increase of ca* 7-10 mu* It
is thus concluded that the value of 1724 cm* observed for 
compounds (CXXXV) and (CXXXVl) is due also in part to this 
hydrogen bonding effect and in part to the effect of ring size and 
substitution*

As uould be expected if the above argument is valid, the
hydrogen bonding effect is partly removed in the case of the
oxodiacetate (CXXXIX) (1718 cm*"^) and completely in the case of
the dehydration product (CIXXIV) (I7II cm*** ).

The structure (CXXXV) proposed for the aromatic acetate is
similar in many respects to ll~oxotriac@tylveratramine (CXLIII)

120which structure was assigned to it by Tamm and Winterateiner •
This compound is identical with the dihydroderivative of the
product of acetolysis of 0,N-diacetyljervlne (CXLIV)122 The

(CXLIII)
ultraviolet absorption spectrum of the aromatic ketone(CXLIII)
shows maxima at A  - 25IO A* (10,700) and jpoo A* (2,000) similar
to that of the a-tetralones and a-indanones. In the present case,
the aromatic acetate (CXXXV) has maxima at A- 2600 Ao (ll,000)
and 3I00 A* (2,000)* The bathochromic displacement from the 

#' #expected 2500 A* to 2600 A* is believed to bo due in part to tho 
effect of the 9P-methyl and lof-hydroxy substituents in the close
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proximity of tho -carbonyl# The value of 2650 A* observed
117in an 11-oxoTeratramin© derivative is explained by Winterateiner 

as being du© to a hydrogen bondi ig effect®
The ultraviolot absorption of the triol monoacetate 

(CXXXVIII) with po&kB at X  •> 2720 A. and 2800 A (g;6?8:678) 
corrosponde with that of the 11- ydroiyvoratramino derivative

o o
( A “ 2660 A# and 2770 A#) formed by reduction of ketoveratramine
(CXLXI2) with cinc in acetic acid#

It is of interest to note that the C-D ring system of 
0,H-diac3tyljervlne (CXLI7) and hioh so readily aromatises on 
acetolysis to that ir kotovcr&tr^mine (CXLIIl), has been postulated 
as being intermediate in the formation of tha aromatic acetate 
(CXXX7) from ll-oxolcnostanyl acotatOo



CHAPTER III

The Constitution of Butyroanermol

ButyTOspermol, a tetracyclic triterpenoid from the 
non-saponiftable fraction of shea-nut fat, is shown to be 
9a-eupha-7*24~dien-3P-ol. Experiments which led to the 
complete elucidation of the structure and stereochemistry of 
butyroeperraol are described.
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189Eeilbron* Moffat and Spring isolated in 19341 & new 
triterpenoid alcohol which they named basseol, of approximate 
molecular formula from the non-eaponifiable material of
ehea-nut fat (Butyroapermum parkii). Basseol was shown to be 
tetracyclic when treatment with perbenzoic acid revealed the 
presence of two non-conjugated double bonds, one of which was

184resistant to catalytic hydrogenation. The same workers also
deduced that the reactive double bond was present in a vinylidene
group since ozonolysis of basseol acetate gave formaldehyde in
20^ yield, and they claimed that on treatment with various acidic
reagents it was converted to p-amyrin acetate.

In a subsequent re-examination of shea-nut fat, Heilbron,
189Jones and Bobine again isolated an acetate, the physical constants 

of which (m.p. 139-141*, + 23*) were in agreement with those
previously recorded for basseol acetate. However, this was shown 
to be a mixture since on repeated recrystallisation it yielded an 
acetate, m.p. l46o5-147»5*, [@]^ + 11* which was named butyrospermyl 
acetate, alkaline hydrolysis of which gave butyrospeimol, m.p.
III-II3*, [aJjj - 12". This new acetate differed markedly from 
basseol acetate as it was shown to possess an isopropylidene group 
and not a vinylidene group and failed to give any trace of p-amyrin 
acetate on treatment with mineral acid. Basseol acetate is now
considered to be a mixture of butyrospermyl acetate together with

, 9 0 *126*187approximately l6)b of p-amyrin acetate • Basseol Itself,
however, is a pure compound identical with butyrospermol, the



product of alkaline hydrolysis of butyrospermyl acetate.
Butyrospermol has also been isolated from the fruits of

31Artocarpus Integrifolia and has recently been obtained in these 
laboratories from horse-chestnut fat.

128Butyrospermol was characterised as a tetracyclic,
diethenoid alcohol, the reactive double bond being
present in an isopropylidene group. The less reactive double
bond which is not catalytically reduced but which does react
with perbansoic acid, was deduced, on the basis of the Infrared

128spectrum of butyrospermene, to be tetrasubstituted. Later,
128Halsall stated that in addition, this double bond is endocyclic

and probably in a similar position to that in lanost-8-enol.
80Dawson al., showed that on treatment with mineral acid, 

dihydrobutyrospermyl acetate is converted to the isomeric 
dihydroispbutyrospermyl acetate the double bond of which was now 
considered to be tri-substituted. This isomérisation was 
thought to bo analogous to tho conversion of lanost-0-enyl acetate
to its A^^isomer. This conclusion was disproved however, by

120Spring and his co-workers who showed conclusively that 
dihydroIsobutyroapermyl acetate is identical with euph-8-enyl 
acetate by its conversion into ?;ll-dioioeuph-8-enyl acetate 
(LXXXY) on chromic-acotic acid oxidation; into lsoeuph-13(17)- 
-onyl acetate (LX7I) on isomérisation with hydrochloric-acetic 
acid and into 8%9-epoxyeuphanyl acetate (CXLV) on treatment with 
perbonsoic acid.
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The close relationship between butyrospermol and euphol
uas confirmed by the conversion of the former into the latter.186

H
(Km) ( m i )  (cxEir)

Addition Of bromine to the side-chain double bond in butyrospermyl
■■■ ■acetate followed by isomérisation of the nuclear double bond with

hydrogen chloride in chloroform at 0* and then regeneration of th©
aide-chaln double bond with zinc in acetic acid, gave eupha-8%24-
dienyl acetate (euphyl acetate). Treatment of dihydrobutyrosperxoyl
acetate with osmic acid, followed by acétylation gave a saturated
triol-diacetate thus indicating that the nuclear double bond of
butyrospermol is tri- and not tetrasubstituted. This fact,
together with the observation that the triol-dlacetate is
converted into eupha-7;9(ll)-dienyl acetate by mild heat treatment
led these workers to conclude that butyrospermol is either 9/-
eupha-7s24-dien-3P-ol (CXLVl) or 8^-euph&-9(ll)*24-dien-3P-ol
(CXLYIl). A similar conclusion was reached simultaneously by

187Jones and his colleagues who stated a preference for the 
9P-formulation of (CXLTI).

.ii5?J<vn®s obtained 7-oxoeuph-8-enyl acetate (CXLITIIl) on 
treatment of dihydrobutyrospemyl acetate with czcoos perbenzoic 
aoido From this and other reactions b® deduced that butyrospermol
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differs from euphol only in the position of the nuclear double 
bond vhioh could be between 0^?^ and or between G y and 
since both those isomaro could giro rise to the aP^unsaturated

fto/fo

(CXL7II) (CXLYIII)

ketono (GZDVIII) if eupha*7*9(ll)-dienyl acetate (X7XII) is an 
intermediate. Furthermore» a comparison of the bohaTiour of 
dlhydrobutyrpspenoyl acetate with that of lanost-T-ene and 
lanost-8-eno derivatives on mineral acid treatment led Jones 
to suggest that dihydrobutyrospermyl acetate is a euph-7-enyl 
acetate (OIL) since, as with dihydrobutyrospermyl acetate, in 
lanost-^7»enyl acetate the double bond is inert towards hydrogena- 
tlon and is partially isomerised to the 8:9-position on treatment 
with mineral acid. If such is the case, there arc two possible 
structures for butyrospermol depending on the configuration of
the hydrogen atom attached to C

lot
(»)• The euph-7-enyl acetate

prepared by Barton by Wolff-Kishner reduction of 7-oxoeuph-8- 
-onyl acetate (CXLVIIl) and which differs from dihydrobutyrospermyl

1*7acetate, is assumed by Jones to have the ^-hydrogen atom in
the ^-configuration. Also, in order to explain the large

.1
negative change in molecular rotation when butyrospermol



cycloarteaol (XXI) are oxidised to the corresponding )-ketones, 
Jones suggested that like cycloartenol, butyrospermol has a 
9P-3ubstituent. The experiments described below, however, show 
that butyrospermol has the ^^-configuration and is 9@-eupha-7%24~ 
-dien-3P-ol (XXX).

Isolation of pure butyrospermol or butyrospermyl acetate 
by extensive crystallisation of basseol or basseol acetate results

FIcO
flcO

(OIL) (X7III)

Wo
(IX%)(XXI)

in very large losses of material. The starting material used 
in many of the following experiments, dihydrobutyrospermyl acetate, 
is readily separable from P-amyrin acetate by chromatography 

and this technique was employed by the author^
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Hydrolysis of shea-nut fat with alcoholic potassium 
hydroxide solution gave the non-saponifiable material as a yellow 
resin in yfo yield. This material was refluxed in acetic anhydride 
for 5 hours and allowed to stand at room temperature overnight.
The semi-crystalline mass which separated was removed and the 
filtrate kept at 0* for a further 2 days when a second crop of 
material separated. This product on crystallisation from 
ethauiol-ethyl acetate gave bassf ol acetate as stout needles, m.p* 
136-158®, [®]j) + 23®- Catalytic hydrogenation of this material 
in ethyl acetate solution and filtration of the product in light 
petroleum through alumina, gave fractions which consisted of pure 
dihydrobutyrospermyl acetate, m.p. 1)5-1)6®, [®Jjj + 10*8®.
Subsequent fractions were found to be mainly p-amyrenyl acetate 
and lupanyl acetate.

During the present investigation, it was found in these 
laboratories by Dr* W* Lawrie that mild chromic acid oxidation 
of dihydrobutyrospermyl acetate^ followed by careful chromatography 
of the product, gave a new compcimd Cgg Hgg Og , From a study of 
its light absorption spectra, tils acetate was shown to possess 
a carbonyl group in a six-?jembei ed ring and an isolated double 
bond, and was named oxoapoauphei y1 acetate, a non-conjugated, 
unsaturated ketone* After treatment with dry hydrogen chloride 
in chloroform at 0®, conditions which isomerise dihydrobutyrospermyl 
acetate to ©uph-O-enyl acetate, oxoapoeuphenyl acetate was recovered 
unchanged* However, by using hydrochloric acid in acetic acid at 
100“ conditions which convert ovph-8-onyl acetate into isoeuph—



•15(l7)-enyl acetate (LXVI), oxoapoeuphenyl acetate is converted 
Into an Isomeric nbn-conjugated unsaturated ketone which Oh

131reduction by the forcing method of the Wolff-Kishner reaction 
and roacetylation, gave isoeuPh~l5(17)-envl acetate, identical 
with an authentic specimen prepared from euph-8-enyl acetatoo 
This isomeric ketone is thus an oxoisoeuph-13(17)-enyl acetate in 
which the carbonyl group is not at ^^is) since the compound does 
not exhibit the ultraviolet absorption typical of an a;P-uhsaturat« 
ed ketone* That the carbonyl group in oxolsoeuph-l)(l7)-enyl 
acetate does not include  ̂was shown by the preparation of an 
oxoJLsoeupha-lli15(l7)*4ienyl acetate by selenium dioxide oxidation 
of oxoisoeuph-l)(l7)- enyl acetate. Hence since the carbonyl 
group in oxoisoeuph-13(17)-enyl acetate and therefore in oxoapo- 
euphenyl acetate is neither at or it must be at
either C ^  or (̂̂ 7 y

(CL)

fJcO

(CLI)

If oxoapoeuphenyl acetate has been formed from dihydro
butyrospermyl acetate without any molecular rearrangement, then 
it must be represented by structures (CL) or (CLi), and the



reaction would have to proceed via eupha-7*9(ll)-dienyl acetate 
(X7III) since a double bond will not move out of conjugation with 
a carbonyl group under the reaction conditions. In order to 
prove or disprove this hypothesis, the diene (XVIIl) was oxidised 
with chromic-acetic acid under conditions identical with those 
used in the preparation of oxoapoeuphenyl acetate from dihydro

butyrospermyl acetate. Careful chromatography of the resultant 
product did not howcvor, rovoel any trace of oxoapoeuphenyl 
acetate* only 7’*oxoeuph-6-enyl acetate (CXLVIIl) and 7%11-dioxo- 
ouph-8-onyl acetate (LXXXV) were obtained in low yield together 
with starting material. Thus since eupha-7:9(11)-dienyl acetato 
is not an intermediate in tho formation of oxoapoeuphenyl acetate 
from dihydrobutyrospermyl acstate, oxoapoeuphenyl acetato cannot be 
represented by formula (CL), This decision, together with the 
exclusion of formulae for oxo^oeuphenyl acetate in which the 
carbonyl group is at or C ^g^, shows that butyrospermol is
not a eupha-9(ll)j24-dienol (CXLVIl) and is thus a eupha-7i24- 
-dienol (CXLYl) in which only the configuration of the ^-hydrogen 
atom remains to be determined. Similar oxidation of euph»8-enyl 
acetate gave a mixture which failed to disclose any trace of 
oxoapoeuphenyl acetate, showing that the latter compound is not 
formed from diîiydrobutyrospermyl acetate via euph-8-enyl acetate o 

The alternative formula (CLi) for oxoapoeuphenyl acotate 
was also ©xcludod since on reduction with the forcing conditions 
of the Wolff-Kishner reaction it gives c^oeuphonyl acetate which
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is not identical with euph-8*enyl acetate. From a consideration 
of its light absorption spectra, the double bond in oxoapoeuphenyl 
acetato is deduced to be trisubstituted. The decision that 
oxoapoeuphenyl acetato is neither (CL) nor (CLi) is supported by 
tho observation mentioned earlier, that it is not isomerised by 

troatmont with acid or alkali to an czp-unsaturated ketone.

These considerations show that the formation of oxoapoeuph

enyl acetate from dihydrobutyrospermyl acetate has involved a 

molecular rearrangement, tho carbonyl group boing insulated from 

tho double bond by a fully substituted carbon atom. A further 

study of apoeuphenyl acetato supported this decision. Treatment 

of this acetate with dry hydrogen chloride in chlorofornr at 0* 

converts it into isoeuph-13(17)-enyl acetato (UCVl). Under the 

same condition euph-8-enyl acotate is unchanged and dihydro

butyrospermyl acetate io isomerised to euph-8-enyl acetate*

Thus the formation of oxoapoeuphenyl acetate from

dihydrobutyrospermyl acetate (a ouph-7-enyl acetate) involves a
7synchronous reaction in which oxidation of the A  -double bond is 

accompanied by the migration of tho l4P-methyl group to 

thereafter ono of two possible paths being followed. In th© 

first, the reaction terminates in the loss of a proton from 

In the socond, the movement of th© 14P-ci®thyl group to is

accompanied by the migration of the 13a-nethyl group to 

and the loss of a proton from In either case, th©

carbonyl group is at and 7-oxoapoeuphenyl acetate is thus
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(CLII) OP (CLIV), and apoeuphenyl is consequently (CLIIl) or 
(CLV).

(CLXl) (CLIII)

(CLI7)

flcO

(0L7)

It Is a fuTidament of these mechanisms that the 
hydrogen atom in dihydrobutyrospermyl acetate is not involved in 
its oxidation to 7-oxoapoeuphenyl acetate, and this is substanti
ated by the observation recorded above that neither eupha-?*9(ll)« 
dienyl acetate nor euph-8-enyl acetate are intermediates in the 
formation of this oxo-acetate. Consequently, the configuration 
of the ^-hydrogen atom in dihydrobutyrospermyl acetate must be 

the same (a) as that in isoeuph-13(17)-enyl acetate (LX?l)# It
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is concluded then that butyrospermol is 9a-euph&/p24-dien-5P-ol 
(OIL).

Although a decision between formulae (CLII) and (CLI7) 
for 7-oxoapoeuphenyl acetate is not pertinent to the argument 
regarding tho structure and stereochemistry of butyrospermol, the 
former structure is preferred for the following reasons* Firstly, 
Lawrie has shown that selenium dioxide oxidation of 7-oxoapoeuph- 
enyl acetato gives an ap-unsaturated kstone, , which on
the basis of itfi light absorption characteristics has this 
additional conjugated double bond in the 5>6-position, and. is 
either (CLYl) or (CLVII). The fact that the double bond in

(CLVI)

FtcO

(CLVII)

7-oxoapoeuphenyl acetate is unattacked by selenium dioxide supports 
the fiew that this compound is (CLII) and not (CLIV)» apoEuphenyl 
pjetate is thus correctly represented by formula (CLIIl), The 
formation of 7-oxoapoeuph-14-eny 1 acetate from dihydrobutyrospermyl 
acetate is represented as attack at the A  -double bond from the 
rear (a) side as shown*
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( l o c x x i )  ( c m )

The fact that apoeuphenyl acetate (CLIIl)* a compound 
containing a relatively stable double bond in a position 
intermediate between euph-8-enyl acetate and Igoeuph-l)(17)-enyl 
acetate has been obtained as outlined above» suggested that it 
may also be a stable intermediate in this isomérisation. In 
attempts to isolate this possible intermediate, euph-8-enyl acetate 
in acetic acid was treated with trichloracetic acid at room 
temperature overnight, at 100* for 3 hours and under reflux for 
3 hours. In each case starting material was recovered in quantita
tive yield, the iso derivative only being obtained when the normal 
method of treatment with hydrochloric-acetic acid at 100* was 
employed. The isomérisation was then followed polarimetrically 
for 400 hours using a solution of dry hydrogen chloride in 
chloroform, A plot of the rotation against time was a straight 
line indicating that the reaction is indeed fully synchronous,
Ifhen formula (CLV) was still under consideration for apoeuphenyl 
acetate, it was thought that it might be identical with the

V -euphenyl acetate reported by Vilkas, et alt^^ and Christen.@t al.
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who obtained it by hydrogenation of isoeupha-lltl3(l7)-dienyl 
acetate. This experiment was repeated and the product which 
was isolated in almost quantitative yield was identical with 
isoeuph-13(17)-enyl acetate. Barton^^had also previously failed
to obtain k-euphenyl acetate.

Secondly, it will be noted that in the conversion of
/ \ .13 fi?)7-ozoapoeuph-14-enyl acetate (CLII) to the corresponding A

isomer, the reaction only proceeds when the compound is refluxed
with hydrochloric-acetic acid, whereas, in contrast, apoeuph-14-
enyl acetate (CLIII) is readily isomerised to isoeùph-13(17)*enyl
acetate using the less vigorous conditions of dry hydrogen chloride
in chloroform at 0*. Hence, the ketone group at C^?^ must to
somo extent stabilise the double bond which in that instance
requires the more vigorous isomérisation conditions. This fact
indicates that the double bond must not be far removed from the
7-carbonyl group and supports the decision that 7-oxoapoeuphenyl
acetate is (CLII) and not (CLIV)c

It follows that since the euph-8-enyl - i3oeuph-13(l7)-enyl 
acetate rearrangement requires more vigorous conditions than the 
parallel isomérisation of apoeupIi-14-enyl acetate, the movement 
of the C(i*)-%ethyl group to C^@^ must require more energy than 
the migration of the 13a-methyl group to This explains
the synchronous nature of the euphenyl - isoeuphenyl rearrangement 
and accounts for the ease of conversion of apoeuphenyl acetate to 
isoeuphenyl acetate.
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Final confirmation that the hydrogen atom attached to 
in hutyroapermol has the ct-configuration, was obtained from a

31consideration of molecular rotation data. Barton had 
previously observed that the change in molecular rotation ( )
on converting butyrospermol and cycloartenol to the corresponding 
3-ketones, is in each case negative (Table VI). This is in 
contrast to the majority of 3P-hydroiy-3G-8ter6ids and 3P-hydroxy- 
triterpenoids in which this change is positive; From this 
observation he suggested that the two alcohols may be related and
following the structural and stereochemical elucidation of teyclo-

.53 »5 6 »3 7 127*132artenol (XXI) , Jones and his colleagues deduced that
butyrospermol, like cycloartenol, has a pp-substituent and
tentatively suggested that the former was 9P-euph&M^24-dieh-3P-olo
This argument is believed to be invalid.

A generally accepted principle in applying molecular
relations to structural and stereochemical analysis is that
terminal rings of the same type make contributions to the molecular
rotation which are very approximately independent of the nature of
the rest of thé molecule,provided that the adjacent ring is a

91saturated unsUbstituted cyclohexane ring « Another widely accept
ed principle is that non-angular methyl groups have little effect 
on the contribution of a terminal ring to the molecular rotation o
Thus the molecular rotation change (A ) accompanying the intro- 
duction of a 3-carbonyl group into most 5a-stéfôlds and 3a-triter- 

ponolds is t)6Bltlv. while that (A ) «ccaspaswine tho oxidation of a,. - . 9
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^P-hydroxy-trlterpenold or )p-hydrozy-sterold to tho corresponding 
)-ketone is also positive. However it is noted (Table III) 
that lanostanol (CLVIII^ R « B* • Me) and laudanol (CLIX» R « Me) 
are exceptions to the above rule, whereas their steroid analogues, 
cholestanol (CLVIIX, R • R* « E) and ergostanol (CLXX, R « H)

Ho Ho

(CLVÎII) (CLU)

HOHo

(XXIII) (CLX)

together with the methyl steroid, 14-methyl cholestanol (CLVIII,
R " E, R' " Me) conform to the rule.

These figures show that the introduction of a methyl group 
into position I4 in cholestanol has little effect on the contribu 
tion of the terminal ring towards molecular rotation, but the

introduction of two further methyl groups at in cholestanol
and ergostanol has a profound effect.
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TAB IE III

30
5P*alcohol Qydrocaiboa )*keto%m"

Lanostanol
(CLVIII, R - E* - He)

♦150 4149 4II6 -34 33

Laudfmol 39 
(CLII, R - Be)

+ 93 4107 4 62 -31 -45

Cholestanol igg 
(CliTlII, E - n* - H) + 93 4 91 4I59 466 +66

Eriroatanol 
(CLII, R - a) 4 £4 4 66 4I40 476 +74

l^-Bethylcholeotonol 
(CLVIII. R - H, R' - Ha)

4157 - 4244 +87

Furthermore, from a comparison of molecular rotation 
d^.fforencoB of double bond isomers of choiesteiiol and ergostanol,
ii is possible to differentiate between compounds containing a

3 * 7 ̂double bond and those containing a ^  "double bond (Table 17).
C)Lol6£it»7-enol and ergost-r7-enol show a small negative change in
njlecular rotation on acétylation ( A . ), whereas the corresponding

isomers exhibit a much Icrger negative chango.
TABLE 17.

%» A , A  g
'Alcohol Acetato lonsoate KstoS^

. ' _ . .18« CholesUB-enol +193 +144 +201 +227 -47 + 8 +34
1. 156Ergo 81-8-end +156 +110 +171 - —46 +15 -

Cholast-7-ôhol^*’+ 15 + e + 34 +95 - 7 +19 +84
,13 8Ergost-7-onol - 8 - 18 + 10 +88 -10 +18 +96

Tho recognition of these features led us to compare the 

molecular rotation changes associated with reactions of dihydro-
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butyrospermol with the corresponding changes for lanost-7*en-3p-ol
7T>(CLX). Although lano8t-7-en-)-one had previously been prepar;iid, its 

specific rotation was not recorded and its preparation was 
undertaken*

Lanost-8-enyl acetate was isomerised with dry hydrogen 
chloride in chloroform at 0* to a mixture consisting mainly of the 
A  isomer together with some starting material. The latter was 
selectively oxidised with chromic-acetic acid and pure lanost-7- 
-enyl acetate obtained by chromatography of the resultant product. 
Reduction of this acetate with lithium aluminium hydride in ether 
gave lanost-7-en-)p-ol (CLX), benzoylation of which gave lanost-7- 
-enyl benzoate. The constants of these three compounds were in

96good agreement with the literature values. Lanost-7-en-3-one m.po 
146-147*, [®]j) • 20® was prepared by oxidation of the alcohol 
(CLX) with the chromium trioxido-pyrldine complex at room 
temperature. The molecular rotation comparison is shown in 
table Y .

TABLE 7

-3l
ALcchcl Bex̂ ?oate Xbtom

Lano8t-7-0n-3P-ol +45 +15& +266 - 85 +111 +221 -I30
(CLX)

126Dihydrobutyrospermol -60 + 56 +I64 -182 +116 +224 -122
It Was found that the change in molecular rotation when 

lanost-7‘’©h-3P-ol is oxidised to lanost-7-en-3-one is negative and
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almost identical with the change associated with the conversion 
of dihydrobutyrospermol to the corresponding )-ketone. Further, 
the (acétylation) and (benzoylation)values for lanost- 
-7-en-)P-ol are nearly identical with the related values for 
dihydrobutyrospermol. The close correspondence of these values 
indicates that the structure and stereochemistry of rings A and B 
is the same in both compounds* That is, dihydrobutyrospermol 
must possess a double bond between and and have the
C(e^“hydrogen atom in the a-configuration and is thus 9@-euph-7- 
-en-)P-ol (LXXXI).

"ioH
fIcO

(l£XXZ) (CUCI)

The molecular changes for butyrospermol, cycloartenol 

(XXI) and cyc^laudenol (XXIII) are compared in Table VI.

TABLE VI.

120Butyrospermol
33cycloArtenol

eyeloLaudehb139

Alcohol Acetate ■Isnzoat® Kotom' A . A . A ,

- 51 + 48 +159 -170 +99 +210 -119
+2)0 +280 +400 + 95 +50 +1?0 -157
+206 +265 +545 + 85 +59 +157 -125
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49The euph*7*enyX acetate prepared by Barton by Wolff-
-Klehner reduction of 7-ozoeuph~8-Gnyl acetato followed by
reacetylation of the product can now be formulated as 9p~euph~7~
enyl acetate (CUCi) and cannot be the pa-isomer as proposed by 

187Jones* This was confirmed in these laboratories by Dr* H* S«
Watson who again prepared 9P-euph-7-enyl acetate using the

49original method. Ho found that this acetate was unchanged after 
treatment with hydrogen chloride under conditions which readily 
isomerise dihydrobutyrospermyl acetate to euph-8-enyl acetate* 
9P-Euph~7-e&yl acetate must therefore be the more stable isomer*
This stereochemistry allows the molecule to adopt an all chair 
(or half-chair) conformation in contrast to the less stable boat 
(or half-boat) arrangement present in its 9a-isomer, dihydro
butyrospermyl acetate and which conformation is considered to be the 
driving force for its irreversible conversion into euph-8-enyl 
acetate which can adopt an all-chair (or half-chair)conformation 
throughout the molecule.
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Melting points are uncorrected. Specific rotations were 
measured at room temperature in a 1 dm* tube using chloroform 
as solvent. Ultraviolet absorption spectra were measured in 
absolute alcohol solution using a Unicam S*P.)00 and a Hilger 
H700.507 spectrophotometer* Infrared absorption spectra were 
measured by Dr* G, T* Newbold and Miss N* Caramando* Grade II 
alumina was used for chromatography and light petroleum refers 
to the fraction of b.p* 60-80** The analyses were carried 
out by Dr* A* C* Syme and Hr* W. McCorkindale of the Royal 
College of Science and Technology, Glasgow, C.l.

Acétylation of "isoCholesterol"* isoCholesterol* (100 g.) 
was dissolved in a mixture of acetic anhydride (100 ml.) and 
pyridine (100 ml*) and the solution heated at 100* for 1 hour*
The product, isolated by means of ether crystallised from 
chloroform-methano1 as needles, m*p* 125-126* (94 g.)

Hydro prenation of " isoCholes teryl Acetate" • - The above 
acetate (94 g#) in glacial acetic acid (600 ml*) was shaken with 
hydrogen for 6 hours at 70* in the presence of platinum catalyst 
(fr. 5 g. Platinum oxide)» The filtered solution was evaporated 
to dzyness and the product used as such for the following 
oxidation*

70*747:ll-Dioxolanost-8-enyl Acetate * - The hydrogenation
product (94 g.) in stabilised acetic acid (2 1*) was treated at 
100* with a solution of chromium trioxide (70 g* ̂  5#2[o]) in 
water (1)0 ml*) added with stirring during )0 minutes* After 
heating at 100* for a further lo) hours, the excess reagent was 

destroyed by the addition of methanol and the solution evaporated
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to near drynesa under reduced pressure. The productt Isolated 
by means of ether» was dissolved in benzene and filtered throu(;h 
a short column of alumina (600 &,). Crystallisation of the 
benzene-eluted material from methanol» gave 7*ll-dio%olanost-6-enyl 
acetate (60 g,} as yellow plates» m,p,» I56-I58*» [aĵ  + 91.5*

74Dorse» et al. quote m.p. I56-I58*» for this compound.
747$ll-Dioxolanoetanyl Acetate. - (a) Zinc dust ()0 g.)

was added portionwise to a solution of 7ill-dioxolanost-8-enyX 
acetate (2) g.) in glacial acetic acid (500 ml.) at 110* and the 
heating continued for 1 hour. After filtration, the solution was 
reduced to ca. 100 ml.» poured into water and the product» isolated 
by means of ether, crystallised from chloroform-methanol as plates 
(22 g.) m.p. 221-222*, [a]p + 58* (q»l,5). Five recrystallisations 
from the same solvent mixture gave pure 7:ll-dioxolanostanyl acetate,
m.p. 223 2̂23.5*, [*]p + 62,0* (o»1.9).

74Dorse, quote m.p. 222-224*, [a]̂  + 54«6* for this
compound.
(b) A solution of 7ill-dioxolanost-8-enyX acetate (200 mg.) in 
methanol (igO ml.) was heated under reflux with a trace of zinc 
bromide and activated zinc dust (2 g.) was added portionwise 
over 3 hours. The colourless solution was filtered, poured into 
water and worked up in the usual manner using ether. On crystall
isation of the product from chloroform-methanol, 7*ll-dioxolanoet- 
anyl acetate (180 mg.) was obtained as plates, m.p* 222-223*»
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+ 62*0* (o>0*7$)» undepressed with the material prepared as above. 
Treatment of 7tll-Dioxolanoatanyl Acetate with Alkali. - 

A solution of 7#ll-dioxolanostanyl acetate (250 mg.) in methanolid 
potassium hydroxide (10?̂ , 125 ml.) was heated under reflux for 
16 hours. The product, isolated in the usual way, was acetylated 
with acetic anhydride (10 ml.) and pyridine (10 ml.) at 100* for 
1 hour.

Crystallisation of the product from methanol gave 7*11- 
-dioxolanost-8-enyl acetate, m.p. and mixed melting point, 162-16)*, 
[o]p + 92.1' (0,1.4).

Euphol Derivatives. - All the euphol derivatives wore
prepared from euphol isolated from the commercial latex known as

48Gum Kuphorbia, by the method of Rewbold and Spring. Euphol
was crystallised from acetone as needles, m.p. 114-116*,
+ ))* (c,1.7)« Treatment of euphol with acetic anhydride and
pyridine at 100* and crystallisation of the product from
methanol-ohloroform gave euphyl acetate, m.p. 106-106*, [a]̂
+ 40.5* (£.,1«4)« Hydrogenation of euphyl acetate in ethyl acetate
over a platinum catalyst gave euph-8-enyl acetate which crystallised
from methanol-ohloroform as needles, m.p. 124-126*, [a]̂  4 )4*
(2 ,1.1). Oxidation of euph-6-enyl acetate with chromic-acetic

100acid according to Christen et al. gave 7tll-diozoeuph-6-enyl
acetate as yellow needles from methanol, m.p. 111-112*, [a]̂  + 21*
(£,lo5). Light absorption: - 2720 I. (g: 8,7)0).

i 00Christen et give m.p. 113-114», [a] + 20*.
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/ vioo7tll-Dloxoeuphanyl Acetate, - (a; 7*ll-Dioxoeuph-G*enyl 
acetate (2 g») in acetic acid (I50 ml.) heated under reflux with 
sine dust (2.0 g.) added portionwise over ^ hour. The cooled 
solution was filtered, poured into water and the product isolated 
by means of ether. Crystallisation of the product from methanol 
gave 7«11-dioxoeuphanyl acetate, m.p. 155-156*, - 120* (2 # 1.1).
The compound was transparont to ultraviolet light. Christen 

Christen et alt^°quote m.p. 156-157*, [2]^ - 1)2* for 
this compound.
(b) A solution of 7*ll-diozoeuph-8-enyl acetate (lOO mg.) in 
methanol (75 ml.) was heated under reflux for 1 hour with activated 
sine dust (l.O g*) and a trace of sine bromide. The product, 
isolated in the usual manner, crystallised from methanol as 
colourless blades, m.p. 156-157*, [a]^ - 121* (2 ,0*6), identical 
with tho material obtained above.

Treatment of 7:ll-Dioxoeuphanyl acetate with Alkali and Acid.
i(a) A solution of 7*H-dioxoeuphanyl acetate (100 mg.) in 

methanolic potassiun hydroxide (105̂ , 70 ml.) was heated under reflux 
for 5 hours. The p.voduct, isolated in the usual way, was acetyl
ated with acetic anl*ydride (10 ml.) and pyridine (10 ml.) at 100* 
for 1 hour. Crystallisation of the product from methanol gave 
7tll-dioxoeuph-0-enyl acetate, m.p. and mixed m.p, 112-11)*, [@]g
4 21* (2 , 0. 5 ).

(b) A solutioK of 7*ll-dioxoeuphanyl acetate (110 mg.) in 
hydrochloric-aceiic acid (1*20, 10 ml.) was heated at 100* for 
) hours. The product, isolated in the usual manner, gave
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7ill-dioxoeuph-6-enyl acetate as yellow needles, m.p. and mixed 
m.p. 111-115", [a]p + 21" (£,1*5)» on crystallisation from methanol,

•7 *747%11-Dioxolanostanol. - 7*ll-DioxolanQstanyl acetate 
(goo mg.) was heated under reflux for 1 hour with ))( methanolic 
potassium hydroxide (75 ml.). The solution was poured into water, 
neutralised with dilute hydrochloric acid and the product extracted 
with ether and crystallised from methanol to give 7*ll-dioxolano8t- 
anol as needles, m.p. 189-191*# [®]d + 57*8* (c,1.25)« Literature 
values**^ for this compound are m.p. 185-164*, 190-191*,
4 58". Reacetylation of the alcohol gave 7sll-dioxolanostanyl 
acetate, m.p. and mixed m.p. 222-22)*, 4 62.1" (£,1.5)*

70*7533.70-Diacetoxylanostan-118-ol. - 7%11-Dioxolanostanyl
acetate (1.6 g.) in dry ether (120 ml.) was added to a suspension 
of lithium aluminium hydride (1.6 g.) in dry ether (200 ml.) and 
the mixture refluxed for 2^ hours. The product isolated in the 
usual manner failed to crystallise and was acetylated with acetic 
anhydride (15 ml.) and pyridine (15 ml.) at 100" for 2 hours. On
crystallisation of the product from methanol-ohloroform, 50,70- 
diacetoxylanostan-110-ol (1.5 €•) was obtained as needles, m.p. 
239.5-240% [a]jj + 58.6' (0,1.9).

74
f O R A T v  A t  -  i o r - i v A

70 74Cavalla and McOhie and Voser, al.. give m.p. 2)9", [a]
1074 70" to 4 75* for this compound. Barnes and Palmer have 

recently recorded m.p. 255-256", [a]p 4 56", 4 57".
50f70-Di&oeto%ylanost-9(ll)-ene. -70*107 53,73-piacetoxy- 

lenostan-113-ol (180 mg.) in dry pyridine (11 ml.) was treated with
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phosphorus oxychloride (1.5 ml.) and the solution heated at 100*
for 5 hours. The cooled solution was poured into water and the
product, isolated in the usual way, crystallised from methanol-
ohloroform to give )3:7P-diac0to%ylanost-9(ll)-ene as
stout needles, m.p. 215-213.5*, [a]p + 77*# + 77*4* (£,1*1, 1*5).
It gives a yellow colour with tetranitromethane in chloroform.

70Cavalla and McGhie give m.p. 215-214*, + 85* to + 84*
107 *for this compound. Barnes and Palmer have subsequently recorded 

m.p. 212-214*, [a]jj + 58*.
10633.70«llg-Trihydroxylanostane. - Sodium (2.0 g.) was

added portionwise over 2 hours to a refluxing solution of 7*11-
dioxolanoetanyl acetate (2.0 g.) in £-propanol (20 ml.). The
excess sodium was destroyed by the addition of ethanol-water and the
solution worked up in the usual way. Crystallisation of the product
from meth&nol-water gave 50,70~lla-trlhydroxylanostane as needles,

100m.p. 215-216*, [a]p + 26.5*, + 26.5* (£,1.6, 0.5)* Barton
quotes m.p. 207-208*, + 5* for this compound. Acétylation of
this triol with acetic anhydride (20 ml.) and pyridine (20 ml.) at
100* for IJ* hours gave 50,70,llo-triacetozylanostano, m.p. 155-156*,
[a]jj 4 50*4* (£,1*4)* Barton^os gives m.p« 1)6*, [a]g + 29*.
Hydrolysis of this triacetate with lithium aluminium hydride in
ether gave the corresponding triol with the same constants as
recorded above (m.p. 215-216*, [a]g 4 26.2* (£,1.1).

745,7,ll-Trioxolano3_tane. - (a) A solution of 7;ll-dioxo- 
lanoBtanol (400 mg.) in pyridine (lO ml.) was added to the complex 
formed from chromium trioxide (400 mg.) in pyridine (4 ml.) and tho



mixture allowed to stand overnight at 16*. The product, isolated 
in the usual manner, gave 3<7tll-trioxolanostane (350 mg.), m.p* 
166-167*, [a]g + 48.5* (£,1,1), on crystallisation from methanol.

74Doree, at quote m.p. I65-I67*, [<*]p + 121.1* for this 
compound•
(b) A solution of the uncrystallioable triol (obtained by 
treatment of 3P*7P-diaoetoxylanostan-llp-ol with lithium aluminium 
hydride in ether)(1.27 g#) in pyridine (60 ml.) was added to tho 
complex formed from chromium trioxide (3.3 g.) and pyridine ()0 ml*) 
and the mixture allowed to stand at 16* overnight. Crystallisation 
of the product from methanol gave );7*ll-trioxolano8tane, m.p. 
166-167*, [*]% + 48,2 (£,1.5).
(c) 53,73,llc-Trihydroxylanostan© (1*3 S») vas dissolved in 
pyridine (60 ml.) and treated as in (b) to give 3:7*ll-trioxolanostan@ 
m.po 167-168*, [a]^ + 47*6* (c,1.5)« The molting point was 
undepressed on admixture vith the samples prepared as described 
under (a) and (b). The infrared absorption spectrum showed a band
at 1715 cm.(carbonyl).

Treatment of 3:7:11-Trioxolanostane uith Mineral Acid. - 
The trione (270 mg.) was dissolved in hydrochloric-acetic acid 
(40 ml. It2) and tho solution kept at 100* for 3 hours. On 
crystallisation of the produck from methanol, unchanged starting 
material, m.p. and mixed m.p., 166-167*, + 46.0* (£,0*8), was
obtained in almost quantitative yield.



Treatment of Jj IX-dloxolanostanyl Acetate with Chromium 
Trioxldo in Pyridine. - 7:lI-DioxoIanostanyl acetate (100 mg.) in 
pyridine (5 ml.) was added to the complex formed from chromium 
trioxidc (100 mg.) in pyridine (1 ml.) and the solution was allowed 
to stand at 16* overnight. The product, isolated in the usual way 
was crystallised from chloroform-methanol to give unchanged starting 
material, m.p. 222-223*, [a]^ + 61.9* (c,0.55), in good yield.

Treatment of 30*70%llc-Triacetoxylanostane under Ecuilibratina 
Conditions. - 3,7,11-Triacetoxylanostano (135 mg#) in £-propanel
(10 ml.) was heated under reflux for 48 hours with sodium (2.Ô g.).
The product, isolated in the usual way, crystallised from methanol 
as needles, m.p. 215-216*, [c]p + 26.3* (£,0.4), undepressed in 
melting point with 30,70,ll®-trihydroxylfiuiostane. Acétylation
of the product gave 30,70,lla-triacetoxylanostane, m.p. and mixed
m.p. 155-157*. [«3j, + 50.1", (2 ,0.51)

110ll-Oxolanoetanyl Acetate. - A solution of 7%11-dioxolanostanyl 
acetate (22 g.) in redistilled diethylene glycol (730 ml.) wus 
heated with hydranino hydrate (100%, 11.2 ml.) at 200* for 1 hour. 
After cooling to 70*, the mixture was treated with a solution of 
sodium (22 g.) in diethylene glycol (210 mlo) and heating was 
continued at 220-2)0* for a further 6 hours. Tho cooled mixture 
wan poured into w&tor, acidified with hydrochloric acid and 
extracted with ether. The ethereal extract was washed, dried 
(HOgSO^) end evaporated to give a yellow gum (21 g«) which was 

treated with acetic anhydride in pyridine at 100* for 1^ hours. A



Bolutioa of the dry acetylated material in light petroleum (350 nl.)

uao chrome, to graphed on alumina (600 §•)• Elution with tho samo
Doivent ( 400 mlo) gsvo a fraction which after ocvoral cryotallicaticaa

froa chlcrofern-Eothanol gave lanostanyl acetate as needles, n.po

1 5 2-1 5 4®! + 4 1 ® (£#1®3)# Continued elution with light
potroloun (4 .4 !•) and pctrolcua-hcnsono (9:1, 3.6 1@; 3*1, I06 1.&

1:3, 1*6 1.) gave a fraction which on crystallisation from

methanol-chloroform yielded ll-orolanostnnyl acetate (3*2 g#) as

needleo, 3 .p. 144-146®» If the melted specimen was cooled until

it Just solidified and then remeltod, tho melting point wac 156-15?*,

+ 6 2 ,3 * (£,1*9)* Sublimation of tho acotato, m.p* 144-146®,
[c]jj + 6 2 .3 " umdor high vacuum (O.OOOl mm.) at I3 0-I4O" gave material
n.p* 1 5 6-1 5 7 *, [a]g + 6 2 ,2 ® (£,3 *3 ) which after recrystallisation

75from chloroform-methanol had m.p* 144-145*'— * • Infrared

absorption (in Hujol): hands at I242 and 1745 cm."^ (acetate) and

1702 cm*^(carbonyl). A further fraction (6 g.) olutcd with 
benseno (1*6 1.) and methanol (300 nl.) crystallised from methanol 

to give 1 1 3-hydroxylanoatanyl acetate as fine needles, m.p* 210-211®,

[a ] j j  + 62.4" (0 , 1. 7 ) .  -

33:110-Bihvdrozylanontanc. - A solution of 11-0x0lanoetany1
Gcetat© (8.0 g.) in dry ether (530 ml.) was added to a suspension

of lithium aluminium hydrido (8.2 g.) in dry ether (500 ml.). The
mixture naa refluxed for 2|> hours^ cooled, diluted with ether

(100 ml.) and the excess hydride deotroyod by tho addition of

crushed icc. The suspension was washed with dilute sulphuric acid
(5 1 ), water, and driod (iJOgSÔ  ). The product obtained by ov&pora- 
tton of the ether rpB cryet&llised from chlor©fo3sa-m©thanol to ^ivo



JPtllp-dihydroxylGhostane as fine needles, m.p, 193-194*#
•f 54® (£, 1.6), Unchanged by further crystallisation. The infrared 
spootrum showed hydroxyl bands at 3642 cm. and between )270 and 
3320 cm."^.
[Found: 0,80.9# H,12.4- Calc, for Cgo^^C^; 0,80.65; E,12.2)(]

75 - -Voser has quoted m.p. I9O-I9I*, [aj^ + 29* for this 
compound while McGhie records the constants,*** m.p. 190-191*, [a]g 
+ 28.4*.

110-Hydroxylanostan-3P-yl Acetate. - A solution of the diol 
(7.8 g.) in pyridine (50 ml.) and acetic anhydride (50 ml.) was kept 
at room temperature for I5 hours. The product was isolated by means 
of ether and crystallised from chloroform-methanol to give 110- 
-hydrozylanostan-3P-yl acetate as needles, m.p. 210-211®,
+ 62.5* (£?1o5). Its infrared spectrum (in Kujol) showed bands 
at 1725 and 1270 cm."*(acetate) and 36OO cm."*(hydroxyl).

When the experiment was repeated at 100* for 3 hours, the 
mono-acetate, m.p. 209-210®, [oj^ + 62® (£,2.0) was again isolated 
in high yiold.
[Pound: 0,78*4# H,ll*7. Calc, for : 0,78.6; H,11*55^]

75 _ _Vosor gives m.p. 219-220*, [ojp + 23® for this compound#
McGhie*** records m.p* 215-216®, + 22.8®.

33:110-Diacetoxylanostane. - A solution of 110-hydroxylanostan- 
-30-yl acetate (200 mg.) in dry chloroform (5 ml.) and redistilled 
dimethyl aniline (6 ml.) was treated with acetyl chloride (4 ml.) 
and the mixture gently refluxed for 20 hours. The product was



9 9

Isolated in the usual way hy means of ether and crystallised several 
times from methanol to give 501llg-diacotoxylanostane as needles 
m.po 182-182*5*, [a]jj + 70.8* (£,2.3). A mixture with starting 
material had m.p* 162-180*. The compound did not colour tetra- 
nitromethane and was transparent to ultraviolet light. Infrared 
absorption (in Nujol): bands at 1739 cm. and between 1238 and
1253 cm."*.
[Found; 0,77*2; H,11.23« Cg^EggO^ requires 0,76*9; H,lloOl^].

ll-Oxolanostanyl Acetate from 110-Hydroxylanostanyl Acetate. - 
A solution of 110-hydroxylano8tanyl acetate (200 mg.) in acetone 
(20 ml.) and benzene (2 ml.) was treated at room temperature during
3 minutes with the kiliani solution (0.176 g. sodium dlchromatey6.c.;

1480.30 ml.). The mixture was allowed to stand for 10 minutes before 
methanol () ml.) was added and tho product isolated by means of 
other. Crystallisation of the product from chloroform-methanol gave 
11-0X0lano3tanyl acetate (133 mg.) as needles, m.p. and mixed m.p. 
144-146* (remelting 156-157*), [«jj, + 62.6* (£,2.0).

3s11-Dioxolanostane. - A solution of 30%HP-dihydroxy- 
lanostano [170 mg.) in stabilised acetic acid (5 ml.) was treated 
dropwis© a; room temperature with a oolution of chromium trioxide 
(155 mg.) In acetic acid (30 ml.) and the solution kept in the cold 
for 16 hours. The product, isolated in the usual way, wao 
dissolved In light petroleum (20 ml.) and filtered through a column 
of alumina (4 g.). Elution with petroleum-bensens (4:1, 100 ml.) 
gave a fraction (110 mg.) which after two crystallisations from
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methanol yielded 3:ll-dlox61ano8tane as blades, m.p* 120-121®, [a]g 
+ 66.5® (£,2.2). Voser^* ** gives m.p. 120-123®, [a]p + 61®, + 69®
for this compound. Its infrared absorption (in Nujol) shoved a

! . .

strong band at 1710 cm. due to the oarboi^yl groups.
3011la-Diacetoxylanestane. - A solution of 11-oxolanostanyl 

acetate (300 mg.) in £-propanol (10 ml*) was aoiled gently under 
reflux. Sodium metal (300 mg.) was added in small portions to the
refluxing solution over 2 hours. Excess sodium was destroyed by

' ' ' "
the addition of ethanol and the product, isolated in the usual way, 
wao treated with acetic anhydride (10 ml.) and pyriiine (10 ml.) at 
room temperature for 10 hours. Three crystallisaticua of the product 
from methanol gave 30*lla-diacetoxylanostane (320 mg.) as needles, 
m.po 122-124®, [@]_ + 24® (o,3#l)» The infrared spectrum (in

- JL j|carbon tetrachloride) showed bands at 1737 cm. and 1249-1230 cm. •
Mijcvic, e£ a]L"̂  ̂ give m.p. 127-128®, [a]g + l3®, - 11® for

this compound.
73Lano81-9(11)-eny1 Acetate» - lip-Hydroxylanostaiyl acetate 

(7*5 g#) in dry pyridine (46O ml.) was treated with phoiphcrus 
oxychlorido (38 ml.) and the mixture kept at 100® for 3 hours, cooled
and poured into a large volume of water. The product (7«3 g.) 
isolated in the usual way, was dissolved in light petroleum and 
percolated through a column of activated alumina (230 g.). The 
fraction (6.91 go) eluted with light petroleum (1.4 le) ard light 
petroleum-bensene (9*1, 2.1 1.) gave lanost-9(H)-enyl acetate (6.7 g.) 

as plates m.p. 174-176®, [®]jj + 91* (£, 1.1) on crystallisation from
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methano1-chloroform. The compound shewed a yellow colour with
tetranitromethane in chloroform. Light absorption: Max. at
2060 A. (£; 4,500).
[Found; C,81.3# H,11.6. Calc# for Cg2 • C,81#6; Hfll.7^3*

Treatment of Lanost-9(ll)-enyl Acetate with Chromic-Acetic
1

Acid. - A solution of leuioat-9(ll)-enyl acetate (5.0 g.) in 
stabilised acetic acid (583 ml.) and methylene chloride ()0 ml.) was
treated at room temperature with a solution of chromium tricxide
(1.273 g.) in acetic acid (9<^f 93 ml.) over 1^ hours. The mixture 
was allowed to stand at 18® for 43 hours before the excess chromium 
trioxide was destroyed by the addition of methanol. The product, 
isolated by means of ether* was dissolved in light petroleum and 
chromatographed on alumina (500 g.). The fraction (800 mg.)
©luted with light petroleion (2.2 1.) and light petroleum-benzene
(9:1, 1 1.) 4%1, 1 1.) gave starting material, m.p. and mixed m.p.
172-174*, [uj^ + 91* (£, (*5)# Continued elution with light 
petroleum-benzene (1:4, 1 1.) and benzene (200 ml.) gave a second 
fraction (350 mg.) which crystallised from methanol-chloroform as 
plates m.p. 185-184®, [®]j + 50® (£,0.8). It was undepressed in 
melting point on admixture with an authentic specimen of 9;11- 
-epoxylancstanyl acetate [m.p, 182-185®, [a]g + 50.1® (£,0.9)].
A thiM fraction (350 mg.' eluted with benson© (l 1.) gave on 
crystallisation from methmol-chloroform a mixture m.p. I46-I3O® 
which couli not be purified by further crystallisation or

chromatography. Elutioi. with benzene-othar (4:1, 800 ml.) gave a 
final fraction (350 mg.) which on crystallisation from methanol
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yielded 12-oxolanost-9(ll)-enyl acetate, m.p« and mixed m«p«
180-181*, [a]p + 94® (£,1*5)# Light absorption* Max. at 2420 A.
(£: 10,600).

9tll-Epoxylanostanyl Acetate. - A solution of lanost-9(ll)- 
-enyl acetate (100 mg*) in acetic acid (10 ml.) was treated with 
perhjdrol (0,3 ml.) and the mixture heated at 100* for 2 hours. Tho 
cooled solution was diluted with water and the crystalline product 
collected* Recrystallisation of this material from mothanol 
gave 9:ll--poxylanostanyl acetate as plates m.p. 132-185®, [a]p 
+ 50.1* (£,0.9)-

Troutment of 9* 11-Epoxylanestany1 Acetate with Chromic Acetic 
Acid. - A solution of 9*H-^poxylanostanyl acetate (4O mg.) in 
methylene chloride (0.3 ml.) and stabilised acetic acid (6 ml.) was 
treated as above with chromium trioxide (17 mg.) in acetic acid 
(90^, 1.52 ml.). The product, isolated in the usual way, gave 
starting material m.p® and mixed m.p. 182-16)® in good yield on 
crystalliiation from methanol.

Lsnost-9(ll)-©n-3-one. - A solution of lano3t-9(H)-©nyl 
acetate il g.) in dry ether (30 ml.) was added to a suspension of 
lithium ilrminiun hydride ( 1 g.) in dry ether (50 ml.) and the 
mixture heated urdor reflux for )0 minutes. The product, obtained 
as u whit© solid by moans of ether* was dissolved in dry pyridine 
(20 ml,) and added to the complex formed from chromium trioxide (1 g.) 
and pyridine (10 ml.). After standing at room temperature overnight, 
the mi::turn was poured into water and the product isolated in the 
usual way* Crystallisation of this material from methanol-chlorofora
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gave lanost-9(ll)-en-)-one as blades (780 mg*) m.p, 113*5-114"#
[*]g + 66.4* (£fl*0)« Infrared spectrum: band at 1710 om.

#
(carbonyl). Max. at 2050 A. (£:4«100).
[Found: C,84#20; H,11.95#« % Q % q O  requires C,84«44l H,11.61^].

Bromlnatlon and Behydrobrominatlon of Lanost-9(11)-en-)-one, -
A solution of the ketone (700 mg.) in dry carbontetrachloride (2) ml.)
was boiled gently under reflux over strong illumination for 1 hour
with H-bromosuecininide (350 mg.; 1.2 moles). The solution was
filtered and evaporated to dryness to give a dark brown gum which
failed to crystallise from the usual solvents. The gum vas treated
uith collidine (12 ml.) under reflux for 2 hours and the product
(650 mg.) was chromatographed on alumina (17 go). No crystalline
material was obtained.

Bromination of lano8t-9(ll)-enyl acetate as described above
also gave a gum with the same light absorption characteristics
(Max. at 2060, 2300, 2400 and 2800 A,).

Treatment of Lanost-9(ll)-en-3-one with Selenium Dioxide in
Acetic Acid. - Iano8t-9(ll)-en-3-one (100 mg.) in acetic acid (I5 ml,)
wao boiled under reflux with selenium dioxide (100 mg.) for 50 hours.
After working up in the usual way, the product was crystallised from
methanol-chloroform to give unchanged starting material, m.p, and
mixed m.p. II3-II4*, [®]j) + 66,2* (£,0.6), in good yield.

Treatment of ll-Oxolanostanyl Acetate with Selenium Dioxide 
5^*109 *118in Acetic Acid. (a) ll-Oxolanostanyl acetate (2.0 g.) in

glacial acetic acid (6) ml.) was heated undsr reflux for 24 hours 

with dry selenium dioxide (3.O g.). The solution was filtered and
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the product, isolated in the usual way, was dissolved in light 
petroleum (100 ml.) and chromatographed on a column of alumina 
(60 g.). Elution with the same solvent (300 ml.) gave a fraction 
(65 mg.) which crystallised from chloroform-methanol as needles, 
m.p. 146-148", undepressed in m.p. when mixed with starting material. 
The fraction (630 mg.) eluted with light petroleum-benzene (1*3,
1.05 1.) and benzene (600 ml.) crystallised from methanol as plates, 
m.p. 199-202", - 16.3" (£,1.1). Further crystallisation from
the same solvent gave pure 93-methyl-lO^-hydroxy-ll-oxo-C-nor-D- 
-homolaiO8ta-12tl48l6-trien-30-yl acetate as plates, m.p. 201-202"
[a]g - 17*2" (0,1.3). It gives a pale yellow colour with tetra- 
nitrcmethane in chloroform* Light absorptions Max. at 2l60 A.
(£:70,000), 2600 I. (£: 11,500) and 3120 A.(g:1,950). Infrared
speotrumt bands at 1243 &nd 1736 cm."^ (acetate), I724 cm."^ 
(carbonyl), 3584 cm.“̂  (hydroxyl) and 867, 1480 and I58O cm."* 
foenzenoid). It does not give any colour with ferric chloride*
(Found: 0,77*54, 77,42* H,9.81, 9,90. CggH^QO^ requires 0,77,37*

(b) ll-Oxolanostanyl acetate (500 mg.) in glacial acetic acid
(16 ml.) was refluxed for 3 hours with dry selenium dioxide (750 mg.). 
Treatment as above gave 90- methyl-lof-hydroxy-ll-oxo-C-nor-D- 
-homolanosta-12:14sl6-trien-30-yl acetate as plates (3Q0 mg.), m.p. 
201-203", [a]jj - 17.1* (c,l.l).

Treatment of the Aromatic Acetate (ÔXXX7) with Mineral
— •109 / .Acid. The acetaterm.p. 200-202", 100 mg.) in acetic acid

(25 ml.) was treated with a stream of dry hydrogen chloride for 
40 minutés and the mixture was kept in a sealed flask for 3 days at
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room temperature* The product, isolated in the usual way, gave 
starting material, m.p. and mixed m.p. 199-201*, [a]^ - 16.5*
(£*0.5)# on crystallisation from methanol.

Hydrolysis and Reaoetylation of the Aromatic Acetate (CXXXV). • 
The acetate (m.p, 200-202*, 100 mg.) was heated under reflux for 
2 hours with methanolic potassium hydroxide (5?̂ , 40 ml.). The 
product, icolatod in the uwual wayp was obtained as a white solid 
which failed to crystallise from any of the usual solvents.
Light absorption: Max. at 2160 I. (f:30,200); 2600 A. (£:il,lOO)|
3120 A. (£'2,200). Infrared spectrum; bands at 1722 cm.”* (carbonyl), 
3500 cm.”* (hydroxyl) and 368, I4ÔO, 1580 cm.”* (benzcnoid).
Acétylation of this material at 100* and crystallisation of the 
product from methanol gave the original aromatic acetate as blades, 
m.p. ind mixed m.p., 200-201*, [ü]^ - I7.I* (£,0.75),

30:ll-Diacetoxylanost-9(ll)-ene. A solution of
11-fxolanostanyl acetate (5 g.) and £-toluenosulphonic acid (1.9 g.)
in icetio anhydride (350 ml.) was allowed to distil slowly during
5 lours until the volume was reduced to ca. 50 ml. The product was
ifolatod in the usual way and chromatographed over alumina (I50 g.).
Elutioi with light petroleum benze.ne (4:1, 40O ml.) gave a fraction
(Ce? g^) which crystallised from c.iloroform-nethanol to yield starting
^aterdal; m.po end mixed m.p. 145-^46*. Further elution with the
same jolvent mixture (4*1, 300 ml; 3:2, 600 ml; 2:3, 1)0 ml.) gave
a gun ()o9 go) which crystallised from methanol to yield the
required 3P:ll-diacotoxylanost-9(11)-ene as atout noodles, m.p,

113-1X4*, -f- 83.2*. Light absorption: Max. at 20)0 A. (£:5,120).
Infrarod spectrum: bands at 1745 and 1240 cm. (5-acetate)i 176d_____
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and 1220 cm."* (11-acetate)| 1635 cm."* ( ^  *̂* ̂ "double bond). 
[Found: 0,76.14* E,10.45#. 00 requires 0,76.05;
0,10.7#].

9tt-Hydrozy-ll-oxolanostanyl Acetate. - A solution of the 
enol-acetato (400 mg.) in glacial acetic acid (50 ml.) and hydrogen 
peroxide (3t)#, 2 ml.) was heated at 100* for 2 hours. Crystallis
ation of the product from methanol gave 9g-hydroxy-ll-oxolanoatany1 
acetate as piisms (205 mg.), m.p. 183-184*, [a]^ + 66* (£,2.6).
The compound /.s transparent to ultraviolet light. Infrared 
spectrum: btnds at 3520 cm."* (hydroxyl); 1739 and 1242 cm."*
(acetate); 1715 cm."* (carbonyl).
[Found: C,f6.52; 0,10.84#. Cgg%gO^ requires 0,76.44; 0,10.83#]

The uncr/stallis&ble material (100 mg.) from the mother 
liquors cf th3 above crystallisation was heated under reflux for 
45 minut-as with methanolic potassium hydroxide (5#, 10 ml.). The 
produce was acetylated using acetic anhydride (5 ml.) and pyridine 
(5 mit) at 100* for 1 hour and crystallised from methanol to yield 
9<z-by rozy-ll-oiolanostanyl acetate, m.p. and mixed m.p. with 
above material, 102-184*, [®]p + 68* (£,1.6).

Treatment of 9c-Hydroxy-ll-oxolanostanyl Acetate with Mineral 
Acl I. - A solution of the hjrdroxy ketone (500 ag.) in hydrochloric 
acei Lc acid mixture (1:20, 75 ml.) was heated at lOO* for 4 hours 
and the neutral product, obtained in the usual way, wus chromato
graphed on a column of alumina (I5 g.). Elution with light 

petroleum (30C ml.) gave a fraction (23O mg.) which crystallised
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from methanol as needles, m.p. 166-167*, [@]^+27.9*(£#1.2g). This 
compound is considered to he 9f-chloro-ll-oxolanostsnyl acetate.
It is transparent to ultraviolet light# Infrared spectrum: bands

■I J.1at 1739 and 1243 cm# (acetate); I7I4 cm. (carbonyl).
[Found: 0,74.20; H,11.10; 01,7.20#. Ogg^gO^Ol requires 0,73.8;
0,10.80; 01,6.60#]. ^

Attempted Hydrogenation of the Aromatic Acetate (CXXXV). -
(a) A solution of the acetate (100 mg.) in ethyl acetate (55 ml.) was 
shaken with hydrogen over a platinum catalyst (from 50 mg. PtC^ ) at
room temperature for 30 hours. On crystallisation of the product
from methanol, unchanged material was obtained as plates, m.p. and 
mixed m.p*. 200-202*, [a]^ - 16.9* (£|0.64)«
(b) The experiment was repeated using glacial acetic acid, as 
solvent. Starting material, m.p. and mixed m.p. 199-201*, was 
again obtained in good yield.

849a-Hydroxy-ll«12-dioxolanoetanyl Acetate.. - A solution of 
ll-oxo-lanostanyl acetate (2 g.) in dry dioxan (25 ml.) was heated 
in a sealed tube at 160* for 4 hours with dry selenium dioxide 
(3 g.). The solution was filtered, and the product, which was 
isolated by means of ether, was dissolved in light petroleuin and 
chromatographed on alumina (60 g.). The fraction (1.2 g.) 
eluted with bensene-ether (9*1, 450 ml.; 3*1, 300 ml.) gave 9*- 
hydroxy-lX:12-dioxolanostanyl acetate as stout yellow needles, 
m.p. 211-212*, [a]jQ + I4I" (q,0.5), on crystallisation from, methanol. 
Infrared £3pectrum: bands at 1243 and 1739 cm.“* (acetate), I724 cm."*

(carbonyl) .and 3425 cm. (hydroxyl), 
ea

Vosor gives m.p. 211-212*, [a]_ + 140*, for this compound.
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Treatment of the Hydroxydlone with Selenium Dioxide in Acetic 
Acid, - A solution of 9a-hydroxy-lltl2-diozolanostanyl acetate 
(120 mg.) in acetic acid ($ ml.) was heated under reflux for 6 hours 
with dry selenium dioxide (180 mg.). The filtered solution was 
worked up in the usual way and the product was crystallised from 
methanol to give unchanged starting material as yellow needles, m.p* 
and mixed m.p. 211-21)*, in good yield.

lltl2-Dioxolanost-8-enyl Acetate. - A solution of ga-hydroxy- 
-11112-dlozolanostanyl acetate (?6o mg.) in dry pyridine (5 ml.) was 
treated with rëdistilled thionyl chloride () ml.) and the mixturo 
was allowed to stand at room temperature for hours. The solution 
was carefully poured into ice-water and the product, isolated by 
means of ether, was crystallised from methanol to give yellow needles, 
m.p. 176-180*. Several recrystallisations from the same solvent 
gave pure lltl2-dioxolanost-8-enyl acetate as yellow needles, m.p. 
168-191*, + 86.5* (£,lo9)* Light absorption* Max. at 2100 A.
(£•3,900) and 2800 A. (£.*• 5,900). Infrared spectrum* bands at 
1240 and 1739 cm."^ (acetate) and 1675 cm.”̂ (unsaturated diketone). 
[Found; C,77*42; H,10.39* Ogg^^O^ requires 0,77*10; 0,10.10#] .

Treatment of 11112-Dioxolanost-8-enyl Acetate with Selenium 
Dioxide in Acetic Acid. - A solution of lit12-dioxolanost-8-enyl 
acetate (80 mg.) in glacial acetic acid (10 ml.) was heated under 
reflux for 5 hours with dry selenium dioxide (200 mg»). The 
filtered solution was worked up in the usual way and the product, 
in light petroleum, was chromatographed on alumina (9 g.). The 

fraction eluted with light petroleum-benzene (31I, 200 ml.) gave
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7;ll:12-trloxolaro8t-5#8-dlënyl acetate as orange-yellow needles, 
m.p. and mixed m.p. 167-189*, [a]_ - 66* (c.0.83).

90-Methyl-lO|‘ -hydroxy-3111-dioxo-C-nor-D-homo lano star 12114 
;l6-triene. * The uncrystall!sable alcohol ()00 mg.), obtained by 
hydrolysis of th? aromatic cusetate (CXXXV) as described above, was 
dissolved in pyridine (6 ml.) and the solution was added to tho 
complex formed b*r reaction of chromium trioxidc ()00 mg.) with 
pyridine () ml.). The mixture was kept at room temperature 
overnight and worked up in the usual way by means of ether. 
Crystallisation of the product from methanol gave 90-methyl-lof-W' t . .. .
hydroxy-31 ll-Aiox'>-C-nor-D-h->molanosta-12 % 14; l6-triene as fine 
needles, m.p. 157-159*, [a]^- 46.2*, - 45*9* (£,0.6,0.7), unchanged

eby further crystallisation. Light absorption* Max. at 2160 A.
« *

(£; 27,200), 2620 A. (£:11,350) Jnd 3140 A. (f; 2,380). Infrared
spectrum; bands at I714 cm." (carbonyl), 3590 cm."* (hydroxyl) 
and 868, .1490 and 1|)60 cm. (benzenoid).
[Found: C,79#59; 8,9*96. rsquires 0,79°60; H,9*80#].

25*26*27-Trisnor-3P-aoetoxy-7*ll-dl^zo.24-lanost-8-enio
Qf 78acid.— * - A solution of "isooholesteryl tiatate»* (I50 g.) in

stabilised acetic acid (2 1.) was treated st 95* 'ith a solution 
of chromium trioxidc (200 g. ) in acetic acid (90#, 3*̂1 ml.) added 
over 1 h)ur with stirring. Heating was continued for L further 
2 hours} the excess reagent was destroyed by the addition 
methanol and the acid fraction isolated in thé normal way, , u

crystal.Msation of this fraction from methanol the unsaturatod 
dioso acid was obtained as yellow needles, m.p. 191-193*, E®]©
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+ 95.1" (0,1.75).
Voser gives m.p. 192-194*, + 96*, for this compound.

25i26t27-Trianor-3g-acetoxy-7tll-dioxo-24-lano8tsnlc 
Aoid. The above aoid (55 g.) in glacial acetic acid
(1 1.) was heated under reflux for 1 hour with zinc dust (30 g.) 
and the solution was filtered and poured into water. After 
acidification with dilute hydrochloric acid, the aoid fraction 
was isolated in the usual way and crystallised from chloroform- 
methanol to give the saturated dioxo-acid as fine blades m.p.
224-228%  [aJjj + 57.2" (0,1.4).

03Voser gives m.p. 223«230*, [@]g + 58* for this compound.
25i26i27-Tri8ncr-3g-acetoxy-ll-oxo-24-lano8tanlc Acid Methyl 

Ester. - A solution of the dioxo-aoid (40 g«) in redistilled di
ethylene glycol (i;4 1.) was heated at 180* for 1 hour with 
hydrazine hydrate (100#, 21 ml.}. After cooling to 70*, a 
solution of sodium (40 g,) in diethylene glycol (370 ml.) was 
added and the mixture heated under reflux at 220-230* for 5 hours. 
The cooled solution was poured into water, acidified with 
hydrochloric acid and the acid fraction isolated by means of 
chloroform. The product was esterified with an ethereal 
solution of diazomethane (I.3 molts) overnight at room temperature. 
The material obtained on evaporation of the ether was acetylated 
using acetic anhydride (I50 ml.) ani pyridine (I50 ml.) at 100* 
for 1^ hours.

Tho product isolated in the usual way, was dissolved in

light petroleum and chromatographed over alumina (1,200 go) •
The fraction (20 eluted with light Bètroîeüm^benzene (1*3. 2 1.)
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benzene (2 1.) and benzene-ether (4#1, 2 1.; 1#1, 2 1.), 
oxyatallised from methanol to give the acetate-methyl ester as 
needles, m.p* 174-175** [*]p + 44*6* (ou,0#8).
Voser** gives n.p* 176-177** [®]p + 45* for this compound*

25*26# 27*Trienor-24t24-diT>henyl-ll-oxolanost-23-enÿl 
Acetate The acetate-methyl ester (12 g.) was hydrolysed by
refluxing with methanolic potassium hydroxide (5#* 250 ml.) for 
3 hours* The aoid fraction, isolated by means of chloroform, was 
treatoi overnight with an ethereal solution of diazomethane (1.2 
molev). The solution was evaporated to dryness and the residue 
wâ > dissolved in dry benzene (240 ml.) and added during 15 minutes
to a solution of magnesium (12 g.) and bromobenzene (56 ml.) in dry
ether (160 ml.). Ether (oa. 140 ml.) was then distilled off and 
the remaining solution was boiled under reflux for 7 hours before 
being poured over a mixture of ice (550 g.) and ammonium chloride 
(36 g.). The resultant liquor was steam distilled for 2^ hours to 
remove diphenyl and the solid remaining in the distillation flask 
was extracted with benzene (300 ml.) The extract was filtered 
and evaporated to dryness. The residue was re fluxed for 1 hour 
with acetic anhydride (70 ml.) and then refluxed for a further 
3 hours after the addition of potassium acetate (2 g.). The 
product, isolated in the usual way, crystallised from chloroform- 
-methanol to give 25:26:27-trisnor-24#24-diphenyl-ll-oxolanost-23- 
enyl acethte as needles, m.p. 187-189*, + 73* (£,1.4).
Light absorption: Max. at 2520 A. (6:14,500).

Voser gives m.p. I90-I9I*, [«L + 74* for this compound.
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25126127-Trlanor*24# 24-dlphenyl-ll -oxoleu*osta-20(22 ) 12J-
02-dlenyl Acetate. - A solution of the diphenylethylene dérivâtivo 

(1 g.) in dry carbontetrachloride (28 ml.) was refluxed over 
strong illumination with N-hromosuccinimide (95#* é €•) for 
20 minutes during which time lO ml. of distillate were collected. 
The suspension was cooled and filtered, and the resulting solid 
wao washed with dry carbontetrachloride (10 ml.). The combined 
filtrate and washings (28 ml.) were heated under reflux for .
5 hours with acetic acid (1.8 ml.) and acetic anhydride (0,2 ml.). 
The product, isolated in the usual manner, crystallised from 
methanol-hexane to give the required diphenyl butadiene derivative 
as fine needles, m.p. 219-221*, [@]p + 54*3* (£*0.70). Light
absorption: Max. at 3080 A, (£:27,B00).

88 _ _Voser records m.p. 222-223*, [ajĵ  + 54* for this compound.
Treatment of the Dipl enyIbutadiene Derivative with

Selenium Dioxide in Acetic Ac.VI. - The above compound (300 mg.)
was dissolved in acetic acid (10 ml.) and the solution heated
under reflux for 5 hours with dry selenium dioxide (450 mg. ). The
product, isolated in the usual way, was dissolved in light
petroleum and chromatographed en alumina (9 g.). The fraction
(90 mg.) eluted with light petroleum-benzene (1:1, 300 ml.)
failed to crystallise but deposited a yellow, amorphous powder
from methanol. Light absorption: Max. at 2070 A. (6:25,200)
2400 A. (6:9,500), 2650 A. (a:3,500) and 3750 Â. (6:14,000).
Infrared spectrum: bands at 1735 and 1243 cm*" (acetate), 1715
cm,"^ (carbonyl) and 3450 cm.(hydroxyl).
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6220 Aft, 27-Û£AftkA&nftr-ll-oxo-17-acetyl-lano8tanyl Aoetate. - 
A solution of the diphenyIbutadiene derivative (0.57 g*) In 
methylene chloride (15 ml.) and glacial acetic acid (15 ml.) was
cooled to 0® - 3® and treated with stirring over 1 hour, with a

;
solution of chromium trioxide (0.505 g.) in acetic acid (60#,
10 ml.). The mixture was kept at 0® for 2j- hours. The 
temperature was then raised over a period of 30 minutes to 18® 
at which it was maintained for a further hours. The excess 
reagent was decomposed by the addition of methanol and the 
product, isolated in tho usual way, was digested with light 
petroleum (2 % 10 ml.) to remove p:p-diphenyla croie in. The
semi-crystalline residue gave octakisnor-ll-oxo-17-aoetyl- 
lanostanyl acetate as leaflets, m.p. 231-233*, + 107.6®
(£,1.95), on crystallisation from chloroform-methanol. Infrared 
spectrum: bsuida at 1733 and I240 cm." (acetate) and I710 cm.
(carbonyl)

Voser gives m.p. 232-233®, [@]g + I09* for this compound.
Treatment pf the Above D.ioxo Acetate with Selenium Dioxide 

in Acetic Acid. - The dioxo acetate (200 mg.) was heated under 
reflux for 5 hours %ith selenium dioxide (300 mg.) in glacial 
acetic acid (lO ml.). The product was isolated by means of ether, 
dissolved in light pt kroleum, and chromatographed over alumina 
(6 g«). Elution with methanol gave a fraction (50 mg.) which did 
not crystallise and hid no significant light absorption.
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22 t£ 27-Hexanor-ll~ozo-5t20"di&oetoxylanostane» - A 
solution of octakisnor-17-acetyl-ll-oxolano8tanyl acetate (650 mg.) 
In dry ©ther (200 ml.) was heated under reflux for 2^ hours with 
lithium aluminium hydride (l.g g.)» The product was acetylated 
with acîtic anhydride (10 ml.) and pyridine (lO ml.) at 100* for 
1 hour and oxidised by treatment in acetone (I5 ml.) at room 
temperature with Hiliani solution (0.17624 g. sodium dlchromato 
G.C.; O064 ml.) for I5 ininuteo. On crystallisation of the 
product from chloroform-methanol, 22 to 27-hezanor-ll-oxo-3#20- 
-diaoft<xylanostane was obtained as small needles, m.p. 210-211", 
[®]j) + 34 «7* (cj 1.2). The conpound is transparont to ultraviolet 
light. Infrared spectrum: bands at 1739 and 1240 cm.”*(acetate)
and 7710 cm.”* (carbonyl).
[Frrnd: 0,72.61# E,9»90. requires 0,73.00; H,9'6)#]*

Treatment of the Oxodiacetate wjUh Selenium Dioxide in 
^c^tic Acid. - A solution of the oxodiacetato (350 mg.) in 
fiacial acetic acid (I5 ml.) was heated under reflux with 
jeleniun dioxide (520 mg.) for 5 hours. The crude product,
isolated in the usual way, was hydrolysed with boiling methanolic 
potassium hydroxide (5#, 40 ml.). A solution of the hydrolysed 
material in acetone (15 ml.), was oxidised with the hiliani reagent 
(0.65 mlo s 2.05 [o]). Chromatography of the resulting product 
over aliimina (5 g.) failed to yield an aromatic dorivativo.

9P-Methyl-10:11-dihydrcxy-C-nor-D-homolanos ta-12:14:16- 

trienyl Acetato. - A solution cf the aromatic acetate (m.p. 200-202 

90 Eg.) in dry other (12 ml.) traa added to a suspension of lithium
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ÊlUDinium hydride (100 mg.) in dry ether (12 ml.) and the mixture 
rae heatod under reflux for hours. After dilution with ether,
the excess reagent was destroyed by the careful addition of
crushed ice. The ethereal solution was washed with water, dried
(N@gSO^) ond evaporated to give the triol as a white solid.

• • #Light absorption* Max. at 2080 A#, 22)0 A. and 2600 A. Infrared
speotruA* bands at )620 cm."^ (hydroxyl) and 1480 and 66) om.~* 
(bensenold). The crude triol was dissolved in pyridine (l ml.) 
and noetic anhydride (1 ml.) and the solution kept at 16* for
16 ?.ours. The product, isolated in the usual way, crystallised
frjm methanol as blades, m.p. 16)-166*, [a]^ - 26.8* (ĉ fO.40), 
ujchanged by further crystallisation. Light absorption* Max. 
gt 2060 A. ( 49,600), 2200 I. (g:12,000), 2260 A. (£:11,000),
>720 A. (£;687) and 2ÔC0 A. (£:667). Infrared spectrum bands

i *1at 17)6 and 1245 om. (acetate), )610 and )4)0 cm. (hydroxyl)
and I48O and 86) cm."^ (benzenoid). This compound is 90-me thy I*»
-10*ll-dlhydroxy-C-ncr-D-homolanosta-12*l4:l6-trienyl acetate
(cmviii).
[pjund* 0,77*01$ E,10.20. Os2%o^4 requires 0,77*06$ H,10.11#]

Oxidation of the Aromatic Acetate (CXXXV). - (a) A solution 
cf the aromatic acetate (m*p.200-202", 50O mg.) in pyridine (10 ml.) 
/as added to the complex formed from chromium trioxide ()00 mg.)
and pyridine (5 ml.) and the mixture was allowed to stand at room
temperature for 18 hours. The product, on crystallisation from
methanol, gave unchanged starting material, m.p. and mixed m.p. 
201-20)", in good yield.
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(b) A solution of the aromatic acetate (m.p. 200-202", 200 mg.)
in stabilised acetic acid (2) ml.) was treated with a solution 
of chromium trioxide (60 mg.) in acetic acid (g ml.) and the 
mixture was allowed to stand at room temperature for 20 hours.
The excess reagent was destroyed by the addition of methanol and 
the product, isolated in the usual way, crystallised from methanol 
to give unchanged material, m.p. and mixed m.p., 200-2u2*.
(o) When the last experiment (b) was repeated at 25" and 50",
unchanged starting material was again recovered in good yield.
(d) A solution of the aromatic acetate (m.p. 200-202", 100 mg.) 
in acetone (6 ml.) was treated with the Killani solution (0.176 g. 
sodium dichroma te o.c.* 0.1)3 ml) added during 2-3 minutes and the 
mixture was allowed to stand at room temperature for a further
10 minutes. Crystallisation of the product from methanol again 
gave starting material, m.p. and mixed m.p, 201-20)".
(e) The above experiment (b) was repeated at 100" for 1 hour
using weight for weight propoztione of the aromatic acetate and 
chromium trioxide ( r 7*5 [o]). Ho crystalline material was 
obtained from either the acic.ic or the neutral fractions.

9P-Methyl-!fP 110 J -diao^toxy-ll-oxo-C-nor-D-homolanosta-12 % 14* 
16-trieRo. - A solution of the aromatic acetate (m.p. 200-202",
100 mg.) in chloroform (2.5 ml., and dimethylaniline () ml.) was 
heated under reflux for 20 hours with acetyl chloride (2 ml.).
The solution was cooled, poured into water and worked up in tho 

usual way using other. Crystallisation of the product from 
methanol gave blades, m.p. 160-162", which on recrystallisation from
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the same solvent yielded 90-methyl-3P » 10?-diaoetoxy-ll-oxo-C-nor-1)- 
homolanosta-121141l6-triene. as blades, m.p# 164-165*, [a]^ - 49* 
(c.,0.55)* Light absorption* Max. at 2150 A. (&: 25,500), 2600 A. 
(2:9,800) and 3100 A. (6:2,000). Infrared spectrum* bands at 1240 
and 1740 cm.~^ (acetate), 1718 cm.*^ (carbonyl) and 1580, 1480 and 
868 cm."^ (benzenoid).
[Found* 0975.54$ B,9.60. requires 0,75*80$ H,9.40^3

Treatment of 9«-Hydroxy-ll-oxolanostanyl Acetate with 
Selenium Dioxide in Acetic Acid. - A solution of the hydroxy ketone 
(230 mg.) in acetic acid (10 ml.) was heated under reflux for 5 hours 
with selenium dioxide (300 mg.). Tho product was dissolved in 
light petroleum and chromatographed over alumina (6 g.). The 
fraction (100 mg.) eluted with light petroleum-benzene (3%2, 60 ml.$ 
1*3, 120 ul.) and benzene (60 ml.) crystallised from methanol to 
give 9a-hjrdroxy-ll* 12-dioxolanoBtanyl acetate as yellow prisms, 
m.p. and nixed m.p* 210-212®, [cj^ + 1)9.2* (c^O.75)'

Dehydration of the Aroma l ie Acetate (CXXXY)i» - A solution 
of the aromatic acetate (m.p* 200202', 40 mg.) in dry pyridine 
(4 ml.) was treated with phsophoxus oxychloride (0«4 ml.) and the 
solution T7as kept at 100® for 3 lours. The product, isolated in 
the usual way, was obtained as an uncrystallisable gum* Light
absorption: Max. at 2170 A* (£;/□,6OO) with shoulder at 2100 1.$

• #
2600 A. (lino,500) and 3100 A. (6:2,400). Infrared spectrum*
bands at 1243 ®nd 1739 cm. (acetate), I7IO cmo (carbonyl),
1630 nd 090 cm* ^(double bond) and 1580, I48O and 870 cm."^
(bonsonoid).
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Saponification of Shea-nut Fat, - A solution of ehea-nut 
fat (5,5 Kg.) in ethanolio potassium hydroxide (10^, 15 1.) was 
boiled under reflux for 5 hours. Portions of the hot solution 
(3-4 1.) were transferred to large aspirator bottles each containing 
warm water (8 1.). The resulting mixture was allowed to cool to 
25* before each portion was extracted with ether (2 x 6 1.). The 
combined ether extracts were reduced in bulk to about 4 litres, 
washed with aqueous alcohol (30Ŝ ) and, finally, six times with water 
to remove soaps. The resulting ethereal solution was dried (Na^SO^) 
and evaporated to give the non-saponifiable fraction as a pale brown 
gum (180 g.)•

Dihydrobutyrospermyl Acetate. - The non-saponifiable 
material (160 g.) was boiled under reflux with acetic anhydride 
(850 mlo) for 3 hours and the solution allowed to stand overnight 
at room temperature. The white semi-crystalline solid which 
separated (fraction A, 170 g.) was collected and the filtrate kept 
at 0" for 2 days, when a second crop of small crystals (fraction B, 
11 go) was deposited. Fraction A (170 g.) was boiled under reflux 
with acetic anhydride (580 ml.) for 1 hour and left at room 
temperature overnight. The solid which separated was removed by 
filtration and rejected. During the filtration a crop of fine 
granular solid separated and, after 12 hours at room temperature, 
was collected (fraction C, 5*3 £«)• Two crystallisations of 
fraction 13 from cthanol-ethyl acetate (10:3) gave material, 
corresponding to "basseol acetate**, as stout needles (6.9 g«), 
m.p* 133-&35*, + 24® (c,2.2), while one crystallisation of
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fraction C from the same solvent mixture also gave "hasseol acetate** 
as needles (3.5 8#), m.p. 134-136*# [ajg + 23" (£#1.5)* These two 
fractions were combined, dissolved in ethyl acetate (300 ml.)and 
shaken with hydrogen over a platinum catalyst (1 g.) at 20" for 
9 hours. Evaporation of the filtered solution gave a semi-crystalUne 
solid which was dissolved in light petroleum and chromatographed on 
a long column of alumina (300 g.). Elution with the same solvent 
(4 1.) gavo a fraction (6 g.) which crystallised from chlorofona- 
-methanol to give dihydrobutyrospermyl acetate as prismatic needles 
(5.5 g.), m.p. 134-136*. [*]* + 10.8" (c.,2.3).

7-0xoapoeuph-14-enyl Acetate. - Dihydrobutyrospermyl acetate 
(2 g.) in methylene chloride (20 ml.) and acetic acid (230 ml.) was 
treated dropwise during 30 minutes at room temperature with a solution 
of chromium trioxide in acetic acid (12 mg. ml., 70.3 ml. « 3 atoms 
oxygen). The mixture was kept at room temperature for 16 hours.
A little methanol was then added and the mixture evaporated to 
dryness under reduced pressure. The product, isolated as a gum 
by means of ether, was dissolved in light petroleum (100 ml.) and 
chromatographed on alumina (60 go). Elution with light petroleum 
(1,2 1.) gave fractions (442 mg.) which yielded dihydrobutyrospermyl 
acetate as prismatic needles m.p. and mixed m.p. 134-135*, 
crystallisation from methanol. Elution with light petroleum-bensono 
(9*1, lo35 1*1 4*1, 750 al.) gave fractions (450 mg.) which on
crystallisation gave 7*ll-dioxoeuph-6-enyl acetate, identified by 
ultraviolet absorption, and 7-oxoeuph-0-enyl acetate as needles, 
n.p, end mix.d a.p. 162-163", [a]g + 40* 5" (0,0.4). Continued
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elution with light petroleum-henzene (1*1, 1.5 1.) gave fractions 
(335 mg.) which crystallised from methanol to give 7-oxoapoeuuh- 
-14-enyl acetate as stout needles m.p. 119-120*, [a]g - 05* (2 ,1*0). 
Light absorption* Max. at 2o60 A., (£:6,500)$ Infrared absorption 
(in carbontetrachlorido)X bands at I64O cm.*^ (isolated double bond), 
1710 cm.*^ (6-membered ring-ketone), and 1735 cm.*^ (acetate), The
compound gave a bright yellow colour with tetranitronethane in 
chloroform.
[pound* 0,79.2; H,ll.l. OggEggO^ requires 0,79*3$ H,l0.8^]
The compound was unchanged after treatment with acetic anhydride and 
pyridine at 100* for 1 hour.

spoEuph-14-enyl Acetate. - 7-Qxoapceunh-lA-enyl acetate
(125 mg.) in diethylene glycol (I5 ml.) was mixed with a solution 
of sodium (575 mg.) in diethylene glycol (23 ml.) and the mixture 
heated to 200". Anhydrous hydrazine, prepared by refluxing 
hydrazine hydrate (100^) over sodium hydroxide in an atmosphere of 
nitrogen for 3 hours, was distilled into the reaction mixture until it 
refluxed gently at 180". After boiling at 180" for 18 hours, the 
mixture nac distilled until the temperature reached 210", and boiling 
was continued at this temperature for a further 24 hours. The 
cooled solution was poured into water and extracted with ether. The 
product, isolated in the usual way, was acetylatod with acetic 
anhydride and pyridine at 100". A solution of the product (130 mg.) 
in light petroleum was chromatographed on alumina (4 g.) Elution 
with light petroleum (I50 m^.) gave a fraction (74 mg.) which,

after two crystallisations from methanol, gavo apoeuph-l4-enyl acetate 
as needles m.p. 114-115*, [®3jj - 12" (2,^*^)* Tho compound gave a



yellow colour with tetranitromethane In chloroform and showed a 
light absorption maximum at 2060 A. (2:6,400).
[Pound: 0,81.5; H,ll*7. requires 0,81.6; H,11.6?S]

Oxidation of eupha-7:9(11)-dieny1 Acetate with Ohromium 
Trioxide in Acetic Acid. - Eupha-7:9(ll)-dienyl (acetate (l g.) was 
treated with chromic acetic acid using the method and proportions 
described in tho preparation of 7-oxoapoeuph-14-enyl adotate (above). 
Ohromatography of the neutral product yielded three fractions, namely 
starting matdrial, 7*ll-dloxoeuph-8-enyl acetate and 7-oxoeuph-8-enyl 
acetate. No trace of 7-oxoapoeuph-14-enyl acetate was detected.

Oxidation of Euph-6-enyl Acetate with Chromium Trioxide in 
Acetic Acid. - Euph-8-enyl acetate (l g.) was oxidised with chromium 
trioxido (426 mg. * 3 atoms oxygen)-in acetic acid - methylene chloride 
as described above. Chromatography of the neutral product yielded 
three crystalline fractions identified as euph-8-enyl acetate (m.p. 
and mixed m.p. 123-124*); 7:ll~dioxoeuph-8^enyl acetate (m.p. and 
mixed m.p. III-II3®) and 7-oxoeuph-3-enyl acetate (m.p. and mixed 
m.p. 145“) ♦ Again no 7-oxoapoeuph»14-enyl acetate was detected.

7-Oxoisoeuph-13(17)-enyl Ac 3tate. - A solution of 7-ôxoapoeuph«
-14-enyl acetate (20 mg.) in a mixture of concentrated hydrochloric
acid and acetic acid (1:20, 20 ml.) was kept at 100* for 3 hours. Tho
solution was poured into water and the product, isolated by means of
ether, was crystallised from methanol to yield 7-oxoisoeuph-l3(17)-
-enyl acetate as plates, m.p. II2-II3®, [a]^- 50* (£,1<>3). It gave
a yellow colour with tetranitromethane in chloroform and showed a
light absorption maximum at 2060 A. (£:7,600).
[Foundf 0,79,6$ H,ll-0- raquiree C.79»)f H,1Q.6^]



122

Treatment of 7-oxoap6euph-14-onyl acetate with concentrated 
sulphuric acid In acetic acid at 20" for 1 day or with dry hydrogen 
chloride in chloroform at 0" for 2 hours resulted in the recovery 
of starting material in good yield.

leomerisation of apoEuph-14-enyl Acetate to lsoBuph-13(l7)- 
-enyl Acetate. - apoEuph-14-enyl acetate (14 mg.) in dry chloroform 
(3 ml.) was treated at 0" with a stream of dry hydrogen chloride for 
2 hours. The product was isolated in the usual way and its solution 
in light petroleum (20 ml.) was filtered through alumina (3 g.). 
Elution with the same solvent gavo a fraction (11*6 mg.) which 
crystallised from methanol to yield isoeuph-13(l7)-enyl acetate as 
plates, m.po and mixed m.p. 109-110", - 10" (ĉ ,0.4)«

Treatment of Euph-8-enyl Acetate with Mineral Acid. - (a) A
solution of euph-6-enyl acetate (300 mg.) in acetic acid (33 ml.) was 
treated with triohloro-acetic acid (1.3 g.) and the mixture was kept 
at room temperature for 3 hours. The product was isolated using 
ether and crystallised from chloroform-methanol to give unchanged 
euph-8-enyl acetate as needles m.p. and mixed m.p. 124-123".
(h) The above experiment was repeated at 100" for 3 hours and
(c) under reflux for 3 hours. In both cases starting material 
was recovorod In good yield.
(d) Euph-8-enyl acetate (5 g.) was dissolved in a mixture of 
concentrated hydrochloric acid and acetic acid (1*20, I50 ml.) and the 
solution was heated at 100" for 3 hours. The product, isolated in 

the usual way, crystallised from chloroform-methaiol go give isoeuph- 
-13(17)-enyl acetate as plates, m.p, IO9-IIO", [a]^ -9o5" (o_,lo0).
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(o) Euph-8-enyl acetate (0.5264 g*) was dissolved In 
ohloroform (40 ml.) which had been saturated with hydrogen 
chloride* The solution was transferred to a 4 dm. polarimeter 
tube and the reaction followed polarim&trically. Headings were 
taken initially every hour and as the. reaction slowed down, 
every few hours, for a total of 579 hours. The graph of time 
against reading was a straight line. The product was isolated 
from the solution in the usual way and gave isoeuuh-lSf17)-env1 
acetate, m.po and mixed m.p. 110-111*, on crystallisation from 
chloroform-methanol•

isoEupha-llt13(17)-dienyl Acetate. - A solution of Iso- 
euph-15(17>-enyl acetate (5 g.) in acetic acid (300 ml.) was 
heatfid under reflux for 2 hours with selenium dioxide (1.5 g.).
Tho solution was filtered, poured into water and worked up in the 
usual way. Chromatography of the product over alumina and 
elution with light petrolaum-berizeno mixture and benzene gave 
fractions which yielded isoeupha-llt13(17)-dienyl acetate as plates, 
m.p. 93-94*7 + 20" (jc,0.4)1, on crystallisation from methanol.

• oLight absorption: Maxima at 2470 A. (g: 15,200), 2550 A. (£: 18,100)
and 2640 A. (&: 12,400).

Hydrogenation of isoEupha-11:13(17)-dienyl Acetate. - 
A solution of Jnpeupha-11:13(17}-dienyl acetate (I50 mg.) in 
ethyl acotate (20 ml.) was added to a suspension of platinum 
(from 50 mg. PLOg ) in acetic acid (20 ml.) and the mixture was 
shaken with hydrogen for 3 hours. The product on crystallisation 
from methanol gave isoeuph-13(17)-enyl acetate, m.p. and mixed 
m.po 109-111®, - 9ol* (c,0o5)* The ^ -euphenyl acetate
reported by Vilkar/^^ had m.p. I05-I06*, + 14® and by Christen*
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49had m.p. 105-104*# [a]g - 6*. Barton isolated only isoeuph- 
-15(17)-enyl acetate, m.p. 110-111*, [a]p - 9* from this reaction.

77Lanost-7-enyl Acetate. - A solution of lanost-8-enyl
acetate (26 g.) in chloroform (260 ml.) was treated with a stream
of dry hydrogen chloride at 0* for 2 hours and kept at room
temperature for a further 2 hours. Evaporation of the solvent
under reduced pressure gave a white solid. A solution of this
material in acetic acid (600 mlo) was heated at 80* and a solution
of chromium trioxide (7.8 g.) in acetic acid (90^$ 58 ml.) was
added rapidly. The solution wso kept at 80* for 10 minutes and
then poured into water (5 1.). The product, isolated in the
usual way, was dissolved in light petroleum and filtered through
a column of alumina (750 g.). Elution with light petroleum-
-bensene (4 :1, 5 1®) gave fraction (8.9 g.) which yielded
lanost-7-enyl acetate as plates^ m.p® I45-I45*, + 55* (^i2o9)»

67on crystallisation from ethyl acetate-methanol. Barton gives 
m.p. 145% [e]j) + 52'.

Lanost-7-en-3P-ol. - A solution of lanest-7-Qnyl acetate 
(5 g.) in dry ether (200 ml.) was added to a suspension of 
lithium aluminium hydride (l g.) in ether (300 ml.) and the 
mixture was heated under reflux for 1 hour. The product, 
isolated in the usual way, gave lanost-7-en-3P-ol as needles, 
m.p. 157^158*# [ajg + 10.4* (^,1.5)f on crystallisation from 
methanol-ethyl acetate. Woodward et al..^*eive m.p. 162-165*,

+ 10* for this compound. Ea-aeotylation of this alcohol 
gave lanost-7-enyl acetate, m.p* and mixed m.p. 145-145*, [0]^
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+ 33.2* (ç,1.7).
Lanost-7-enyl Benzoate. - Benzoylohlorid* (5 ml*)

«as added to a solution of lano3t-7-enol (&00 mg. ) In pjrridlna 
(10 ml.) and the mixture was kept at 100* for 2 hours. On 
crystallisation of the product from methanol, lanost-7-onyl 
benzoate was obtained as needles, m.p. 207-209*, + $0*
(c_,1.9). Woodward ot al., givo m.p. 207-200*, + $1*.

Lano31-7-en-3-one. - A solution of lanost-7-en-3p-ol 
(2 go) in pyridine (40 ml.) was kept at 16* for 24 hours with 
the complex formod from chromiun trioxido (2 g.) and pyridine 
(20 ml.). The product, isolated by means of ether, was 
crystallised from methauol-ethec to give lanost-7-en-5-one as

77
blades, m.p. 146-147*# - 20* (2 ,2.6 ). Marker gives m.p,

14£149*5 (specific rotation not recorded). Barton has 
subsequently quoted m.p. 144-14 5*, [a]g - I5* for this compound, 
[Founds 0,84*7; H,12.0# CjqHçqO requires 0,84.4) H,lle8?S].
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