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SUMMARY .

Forty-seven pure triterpenoidal ketones and ten
steroidal ketones have been synthesized in whioch the
structure of ring A and part of ring B has been kept
oconstant throughout both series. Kinetic measurements
have been made of their rates of condensation, at 25°C,
with benzaldehyde in O.1N-ethanolic potassium hydroxide.

Comparison of the condensation rates with lanost-
8-en-~3-one, which has been taken as the standard through-
out, shows a variation in rate over a factor of 43.

It is shown that these rate differences cannot be
explained by classical steric effecots, by eleotrostatioc
effeots through space or by bond induction.

The experimentally obtained results are disocussed
in the light of oconformational effects and a new effeot
desoribved as "oonformational transmission" is postulated
in order to explain the rate anomalies. It is suggested
that the distortion of valence angles produced by the
introduction of unsaturation into a molecule may be
transmitted to the reaction site in ring A by two possible
paths. Either by a flexing of valence angles resulting
in a change of atomic coordinates of the whole carbooyolic
system, or, by a series of 41:3-diaxial interactions of
sultably disposed methyl groups. Arguments deduced show
that whilst the former path is, unexpectedly, the more



probable, the axiality of the substituents does, in
certain circumstances, play an important role.

With the exception of a few of the very slowly
reacting ketones there is no correlation with moleocular
rotation differences for the change 3f-alcohol teo 3-ketone.

{16~Benzylidene androst—4-ene-~3:17-dione has been
shown t0 possess an anomalous ultra-violet absorption

. speotrum.
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ELECTRONIC AND STERIC INTERACTIONS.

Electronioc Interactions.

In the latter part of this work arguments will be
developed regarding the relative unimportance of &leo—
tronic interactions in explaining the experimentally
obtained data. Prior to the presentation of these
arguments, therefore, it is advisable to give a brief
summary of these effeots and the main mechanlisms whereby
they function.

During the past few decades electronic interaotions
have been extensively investigated with the result that
today these comparitively short range effects are quite
well undexrstood. There are three mechanisms by whioch
interaotions between non-reacting molecules may ocour.

1. Electrostatic Interactions.

'Lleotrostatic interactions will be dependent
upon the external electrostatlic field oreated by polar-
ization of atoms or groups in a molecule. The effeot
w;ll obviously be the greatest and most far-reaching when
the degree of polarizatien ls at its maximum. This will
oocur when integral chadges are present as, for example,
in a carboxylate anion, and the electrostatic potential
created by sﬁoh a unit charge will be non-direoctional
and will vary with distance as an inverse first-power.

Polarization resulting from dipoles will result in fields
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of lesser strength and these will diminish more rapidly
with distanoce according to an inverse second-power. They
will be directional, Even more loocal directional fields
varying aocording to an inverse third-power will arise
from quadrupole polarization.

2. Eleoctro-kinetic Interaotions (Dispersion Forces).

As an outcome of the Heilsenberg Uncertainty
Prinoiple molecules, even in their lowest state, must
possess a zero-point energy. Thus even in monatomio
molecules the electrons and nuclei will be vibrating with
regspeot to one another, As a result there will be oreated
a series of fluotuating dipole-induced dipoles giving rise
to short range attractive forces which will vary with
distance as an inverse seventh-power. These foroees,

first recognized by London1

y are known as dispersion
foroes for they may be oaloculated from optical dispersion
data. They are frequently the strongest attraoctive
forces and are the cause of condensation. They are non-
saturative.

3. Exchange Interactions.

These are very short range forces but at small
distances they become all-important. Where possible
they lead to covalent bond formation, but, when this is
not possible strong repulsive foroes oome 1nt9 play due

t0 the interpenetration of electronlc sheaths.
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Caloulation of the magnitude of these forces is diffiocult
but several functions have been proposed. Hillasuggested
that they should vary as an inverse twelfth-power of the
distance whilst on the basis of quantal calculations
SIatebsiindieates.that the variation of energy, E, with
distance, r, should be represented by an exponential law

of the type E K er/a

sy where a 1s a constant. This
exponential form was shown to be satisfactory by Born and
Mayer4 for a series of alkyl halides where the value of
the constant a was found to be the same for all the alkyl
halldes studied. An exponential function was used in
caloulations relating to the theory of racemization of
optically aoctive biphenyls5 and also by Ingold gﬁ_g}é in
developing a semi-quantitative theoxry of sterioc hindranoe
in bimolecular nucleophilic substitution. Evans, however,

used both an exponential7 and power7

vr~? ), whilst Aston et al® found that an inverse f£ifth-

funotion (of the type

power law takes into account both the attractive forces
(due to the dispersion energy) and the repulsive foroes.
It 1s these foroes which are the cause of most forms
of sterio strain and steric hindrance and give rise to
the greater stability of the chalr conformation of gyolo-
hexane over the boat form.
The above interactions between non-reacting molecules

are also applicable to suitably disposed parts of the same
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moleoule; but, in addition to these, there are other
oharacteristiocally internal types of interaotion whioch

‘are dependant upon the mode of binding. If this were not

80 then it would be expected that a particular grouping
would earry with it into a molecule its own specific
physical and chemical properties, and that these would
not be modifled by the presence of other groups already
present in that molecule. As evidence for this? we may
quote the non-additivity of dipole moments and the faillure
of, for example, the sum of the ultra-violet absorption
spectrum of a simple ketone and simple olefin to equal that
of an «f-unsaturated ketone.

Thus complementary to the above direct interactions
there is also a series of transmitted interactions
dependant upon electron displacements. A condition of
any eleotron displacement theory of this type is that it
shall preserve the stable duplet and octet groupings of
the electrons. There are two ways of achieving this1° $—-

a) The bonding duplets may remain attached to their
original atomic octets resulting in unequal sharing; the
more electronegative atoms possessing a greater share of
the eleotrons. This effect may be propagated along a
chain of atoms by a series of dipole-~induced dipoles
(the force varying as an inverse fourth-power), and thus

very rapldly diminishes. This 1is the induoctive effeot
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and it 1s considered to be negligible after transmission
through two or more saturatdd carbon atoms, The strength
of the effeot will be proportional to the initiating
dipole and this will be greatest of all when the dipole
1s replaced by an integral charge. Thus the greatest
magnitude of the inductive effect observable will be of
the ordex shown in the example below - that is assumning
that electron withdrawal from an aromatic ring favours
meta-substitution. The percentage of meta-isomer formed
in the nitration of compounds of type (I) is shown as a
function of n, the number of saturated carbon atoms
- through whioch the inductive effect (originating from the

positive charge on the nitrogen) passes.

. n % m~isomer l
0 10011
1 sg12
2 1912
3 513

The induoctive effeot may be one of eleotron with-
drawal (~I) or one of sleotron release (+I).

b) One duplet may be substituted for another in the
same atomioc oétet. This effeot 1s typiecal of conjugated



(1
unéatu:ated systems and is known as the mesomeric (M)
effeot. ILike the induotive effeot a substituent may
funotion by accepting (~M) or releasing (+M) eleofrona.
When carried to an extreme form it results in the produotion
of a dipolar molecule:-

'nﬁ/}-c(c\-c:anc‘) ~3 EN=C~C=C~20

The aotual state of the molecule is in between the polar
and nop~polar forms, the electrons being displasced to an
extent which results in the moleocule having a minimum of
internal energy. The electron displacement will proceed
until the resonance energy of the system is just balanced
by the opposing electrostatic forces oreated by the
eleotron displacement.
Both of the above effeots exist in the normal state

of the molecule and, as such, are to be regarded as

permanent polarizations. Corresponding to these is the
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polarizability of the system under the influence of an
external reagent. The polarizability corresponding to
the induotive polarization is known as the induotomeric
effeot and that ocorresponding to mesomerism is the eleotro-
meric effect. In as much as both these latter effeots
are ones of polarizability their direction is always

such as to facilitate the reaction.

Hyperconjugation.

Carbon-hydrogen hyperconjugation was first cbserved

by Baker and Nathan14

who found that the electrons of a
C~H bond in an alkyl group could oconjugate with an
unsaturated system in a manner similar to that of

unshared eleotron palrs.

Hyperconjugation acts in the same direotion as
the induotive effect and, being dependant upon the number
of suitably situated carbon-hydrogen bonds, decreases in
the order methyl, ethyl, iso-propyl, tert-butyl.

In order to explain the difference in rates of
bromination of tert-butyl benzene as compared to benzene
a differsnce whiohAcould not be acocounted for by an
induotive mechanism alone, Berliner and Bondhua15

invoked ocarbon-~carbon hyperconjugation.
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Byperoonjugation of carbon~halogen bonds has also been
peatulated16
Stexic Effects.
 The first indication of the importance of sterie

effeots upon the ocourse of chemical reactions was observed

17, Claus18, Kehrmann19
In subsequent years further information
21

during the oclassical work of Hofman

and Meyerzo

gradually acocumulated However, a knowledge of steric
effects depends upon a knowledge of steric orientation
of reaction, and this, in turn, depends upon a knowledge
of reaotion mechanism, and thus no great understanding of
stexrio effects was possible until the last one oxr two
decades when the general mechanisms of organic reactions
had been established.

These mechanisms fall into two general olasses,

unimolecular and bimolecular22’23.

In a bimoleoular
nuoleophilic substitution reaction (SNZ) the reagent, Y,
attacks the molecule displacing a group X in a synchronous
or oonoerted process in which the C~Y bond is being A
formed at the same time as the C-X bond is being broken.

A nuocleophilic unimolecular substitution reaoction (SN1)
ocours in two steps, the first, whioh is rate determining,
is a slow heterolytic fission of the C~X bond, and ths
second, rapid reaction of the resulting carbonium ion

with the substituting anion.
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Based upon experimental evidenoce of symmetriocal
exchange reaotionaa4 SHZ reactions are considexed teo
proceed with stereochemical inversion of configuratien
and thus the ldealized transition state may be represented

i

x...o.c:...-y

/\
R By

where Xese«eCoseseY are linear and perpendicular to R‘,
Rz and Rg which are coplanar. Thus, in the transition
state five groups, or atoms, are to be found bemded or
partially bonded to the carbon atom undergoing substitution.
When the groups are large the compressional energy in the
transition state will be greater than that in the initial
state and steric retardation of reactlion rate will be
obsexrved.

Conversely, in SN1 reaoctions there is a deorease in
the number of bonded groups attached to the relevent
oarbon atom and hence a decrease in the compressional
energy25 will ocour in the initial rate controlling step
resulting in a possible sterio acceleration of reaotion
rate,

Dostrovaky, Hughes and Ingold26 have thoroughly

examined the SNZ Finkelstein reaction for a series of
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eight alkyl halides and have also provided a theoretical
treatment of these aystemsZG. The halides studied may
be divided into two classes a) methyl, ethyl, iso-propyl
and tert-butyl representing inoreasing.{—branahiﬂg, and
b) ethyi, n-propyl, iso-butyl and neo-pentyl representing
inoreasing B~branching with respect to the carbon stom
undergoing substitution. Caloulations showed that
whereas there was a regular inorease in the sterlio energies
in the o-series, the (B-geries exhibited a greatly
aooelerated growth of sterlc energies. Whitmore gg_§l27
had previously drawn attention to the lack of reaotivity
of neo-pentyl halides, a faot whioh had remained
uneibiained under the classiocal views of sterio hindranoce.
Thus knowledge of reaction mechanism and in partioular
an understanding of the transition state involved
enabled this apparent anomaly to be correctly explained.

That relief of compression energy might acoelarate
reactions was first recognized by Brown in 194628’29
and, because 1t arises from the baok of the moleoule, has
been termed B-strain.

Whilst other factors undoubtedly play a part, the
rapid inorease in solvolytic rate of alkyl halides
aoccompanying inoreased P-branching must be due to a

certain extent to relief of strain during the 4initial
rate determining ionization, resulting in carbenium ion
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formation, Thus if the rate of solvolysis of tert-
butyl chloride be taken as unity the rates for tri-iso-
propyl earxbinyl chloride and di-tert-butyl lggrpropji‘
carbinyl ohloride are 23C and 40;006 respecfiﬁely’o.
With less highly branched halides the rates are,of
course, less; tert-butyl dimethyl carbinyl chloride
solvolyses only 20 percent faster than tert-butyl chloride
and the view that this small increase méy well be due to

31,32.

polar causes has been proposed Eleotronic

explanations appear to be elinlneted, however, by the

evidenoe33

that (tert-butyl ethynyl) dimethyl oarbinyl
chloride and (ggzgébutyl vinyl) dimethyl carbinyl ohloride
solvolyse more-siéwly than the howologous metbyl compounda
MelmC~CMe,Cl and IleCH=CE-CMe,Cl where polar effeots,
uniike sterlc effeots, may be transmitted across the
unsaturated system.

In the case of the more highly branched alkyl
halides an explanation based upon hyperconjugation has
been pr0posed52 and critioised34. The complexity of
the situation is increaged by virtue of the rearrange-
ments whioh frequently occur during, or subsequent to,
sclvolysis and also, in some cases, the homogeneity of
the starting materials has been doubtful.

Evidence has also been supplied35 that tertiary

a&lkyl iodides undergo SH1 solvolysis more rapidly than
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the bromiﬁes and the bromides more rapidly than the
chlorides. Stexic effeots have been proposed as a
contributing faotor in this caae’a. '

Steric effects may have thelr origin in either the
compression of groups or atoms into spaces less than
that diotated by their normal van der Waals radii, or
the distortion of bond angles. Brown has classified
the effeots as F-strain, B-strain and I-strain aocording
to their mode of operation.

- The simplest of these 1s F-strain. It is, as
envisaged by Kehrmann and Meyer, a simple bulk effeot
preventing free access of the attacking specles to the
reaction site. Thus, whilst it is possible to ochloxrinate
oAslsels A? s ~pentafluoro~o~xylene by a free radiocal process
to the hsxahalogeno-deriﬁative it is not possible to
introduce a sixth chlorine atom into the equivalent penta-
chloro-o-xylene. The greater steric requirements of the
large chlorine atoms already present are such that the
sixth atom cannot approach sufficlently close to oconsumate
the feaction.,

Studies in the heats of dissoolation of moleoular

addition compounds formed from amines and trimethyl

boron57

provides more information about F-strain and the
difference in basicity between triethylamine and

quinuclidine’! also 1llustrates nicely this effect.
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Examination of the ortho-meta and para-meta ratios of

nitration products in mono-alkyl benzenes providea

evidence of the importanse of steric factors in oxthe-

aubstitntion’s """"
The position of equilibrium in oompounds of the

type OH
)
CO0CO,H : R ¢~C0,H
\ s 2 S N 0’ 2

which show ring-chain tautomerism has been found to be
dependant upon the size of the substituents R and R,BQ‘
Increasing the bulk of the substituents increases the
amount of the oyclic tautomer. The reason may well be
that the oyclic tautomer, with its ring angles of 60;
allows the R~C-~R' angle to inorease and hence relieves
any steric compression resulting from the presenoce of

large groups. This effect was predloted by Ingold4°
many years ago.

The meochanism of the Hofmann rule? relating to the
decomposition of gquaternary ammonium hydroxides has been
subjeot to extensive investigation by Ingold and Hughes42
who concluded that an electronic mechanism, largely
inductive, was responsible for the direction of elimination.
More recently Brown g£_§l54 4% nave provided evidence
which they interpret as pointing to steric controel in
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Hofmann eliminations. | |

Brom?* has defined a further sterio effect, I-strain,
a8 "the ohange in internal strain whioh results frua
change in the coordination number of a ring atom involved
in a ohemiocal reactiont®, The normal bond angle for a
tetrahedral carbon atom is 109° 28", whilst in the case
of a trigonal carbon atomy; carbonium ion or the three
fixed groups in the transition state of an SNZ reaotion,
the angle is 120°. In gyolopropane and gyclobutane ring
angle for a given carbon atom must be deformed
approximately 50° and 20° when the ring atom 1s tetra~
hedral and 60° and 30° respectively when it is trigonal.
There must thus be more strain in theses ring systems _
when one, or more, atoms is in an sp2 hybridized state.
Hence carbonium ion formation and SNZ reactions will be
resisted, whilst addition to exooyclic double bonds will
be favoured.

In five and seven to twelve membered rings angle
strain is outweighed by conformational oonsiderations

3 2

and the change sp” to sp”™ hybridization is favoured.

Similarly, conformational effects 1esult in sp3

2

states
being more favoured than sp™ in cyolohexane ring systems.

Buttressinz Effecta.

Calculations45 based upon bond bending and stretching
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force oonstants ohtained from infra-xved and raman speotra
data show that whilst an energy of 2.9koal/mole 1is
required to alter the normal carbon-garbon single band
lenzth by 0.1A only 0.,7keal/mole 1s necessary to change
the normal tetrahedral valency anszle by 10°. The
importance of thls resulting easy deformation of wvalenoce
bond angles 1s particularly well illustrated in the
ragemization of optically active biphenyls46 whoXe
substituents in the 2:2':6:6' positions can, by |
interference, restrict the rotation of the two nuolei
around their common axis. A

Adams et al measured the rates of racemization of
biphenyls of typs (II).

Whilst substitution with -OMe, -Me, -Cl, ~B», ~HO,
in the 5' position resulted in a slow decrease in
raeeuisation rate (over a faotor of less than four)
substitution at 3' caused a 200-fold decreass.

Even more striking are the results of Westheimer
et a2l who measured racemization rafes for the dilodo-~

ahd'tetraiodo—biphenyls (III) and (IV). (III) racemizing
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)

HO\C

(111)

30,000 times as fast as (IV),

For racemization to ooccur the 2 and 2' iodine atoms
must be pushed out of the path of the 6' and 6 hydrogen
atoms., In the case of the di-iodo- compound (III) this
is relatively easy, whilst insertion of further iodine
atoms at 3 and 3' provides a buttress for the i1edline
atoms already present, increasing thereby, the enexrgy
required to bend them out of the path of the passing

hydrogen atoms.
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THE PRINCIPIES OF CONFORMATIONAL ANATYSIS.

The conformations of a moleoule axe defined as thosge
non-superposable arrangements in space of the atoms of
the molecule produced by the rotation or twisting of
bonds. For most moleoules this leads, theoretlieally,
to an infinite number of conformations, but, in praotice,
energy oonsiderations greatly restrioct the number of
preferred arrangements.

Discussion here willl be limited to conformational
effeots in six-membexed carbocyolic gystens.

Cyclohexane, an cnergetlcally favoured strueture

1

as ooﬁédiéd to other oyollc systems ocan exist in only

two conformations, the boat and the ohair, whioh are free

from angle strainz. Of these the chair is the more

stable as shown by infra~red3 and raman4

speotrosoopy,
electron diffraction5 thermodynamica16 and theoretioal7
oconsiderations. Consequently, on the assumption that
the ohair conformation is more stable than the boat there
will be ome unique conformation for trans-deoalin (1)

and two for ois-decalin (II4 and IIB), the two eia—formn

being !reely 1nterconvert1ble .

/4:::22::::77 (1)
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(114) (11B)

As a modification of the semi-quantitative
theoretiocal treatment of steric hindrance in bimolecular
nuoleophilic substitution developed by Ingold gg_gig
Barton’ was able to show that trans-decalin is more
stable than gis-decalin and that the two-chair form of
¢ig-decalin is more stable than the two-boat eonformation.
That this is so is borne out by eleotron diffraction

5440

studies of ols-decalin in the vapour state and

14,12,13

ochemiocal evidence of substituted ois—-deocalins.

The C-H bonds of the chalr conformation of gyolo-
hexane are of two distinoct types. Six are arranged
parallel to the three-fold axis of symmetxry of the
molecule, these are the axial (a) bonds, and six lie
roughly in the plane of the moleocule, these are the
equatorial (e) bonds?4., 4 given equatorial hydrogen
atom is equidistant, approwimately 2.54, and skew to its
four neighbouring hydrogen atoms (41:2-H:H-interactions);
also, a given axial hydrogen atom is equidistant from,
approx. 2.54, and parallel to the other two axial hydrogen
atoms on the same side of the molecule (1:3-H:H-inter-

aoctions). With an axial substipuent larger than
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hydrogen the 41:3-diaxial distances become shorter
than 4:2~diequatorial or equatorial-axial distances
(owing to the parallel alignment of axial bonds) and
thus the 1:3-repulsive interactions become all important.
A gilven substituent will, therefore, if possible, adopt
the more stable equatorial conformation. This is readily
achieved in simple oyclohexane derivatives by passing the
ring through a planar, or equivalent, conformation, a
process restrioted to the extent of a few k.cal/mole
only. In condensed systems, however, this is generally
not possible (sls-decalin is an exception), and
epimerization must be carried out chemiocally. Thus
equilibration of secondary alcohols with alkalil?
(involving an oxidation-reduction system15) results in
an equatorial rich mixture the composition of which is
roughly the same as that resulting from sodium-alocohol
reductions of ketones16.

Whilst the greater stability, on the basis of sterie
requirements, of the equatorial substituent cannot be
overemphasized it is to be appreoiated that eleotronic
requirements ocan invert the normal stability order.

This 1is the case with trans-cyclohexane-1:2-dicarboxylioc

acid whioh in solution adOpté the diaxial configuration

owing to the large eleotrostatio repulsion of the

carboxylate anions17. - That an integral charge 1s not
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neoessary to achieve this and that dipole interaction may
be sufficient is exemplified by 2-bromo-gyclohexanone
where the bromine atom prefers to be axial. Here the
repulsion of the C=0 and C-Br dipoles is reinforced by
the non~bonded interaction arising from the eclipsed
relationship of the groups (see below)18.

Cls—-ocyolohexane-4:3~diol prefers to adopt an axial

oonformation’’

for, in this form, hydrogen bonding of
the hydroxyls is possible.

It follows from the close proximity of the 4:3-
axlal substituents that these will be more hindexed
sterloally than equatorial substituents; oonsequently,
axial hydroxyl groups will be harder to esterify and
hydroly:seﬁ'z’20’2'i and will be more easily eluted from
adsorbents22 than will the epimeric equatorial alcohols.
Conversely, an axial hydroxyl will be the more readily
oxidized by chromic or hypobromous aoid823 (the rate
determining step being the attack of nucleophilic reagent
upon the equatorial hydrogen atom24. Chromic aoid
oxidations of axial hydroxyl groups have been shown to be
susoeptible to sterios aooeleration25. Also, as might
be expeoted, axial esters solvolyse mare rapidly than
their equatorial isomerszs.

The most stable oondensed oysclohexane systems will

be those with the greatest number of rings in the ohasr
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form, although under ocertain oconditions a gyolohexanse
ring in a polycyoclic system* may be forced to adopt a
boat conformation. This is the case in trans-ayn-trans-
perhydrophenanthrene (III) whioh is less atable»than_thh

trang-syn~cis~isomer (IV)

H

(Iv)

The low stability of the boat conformation as
compared to that of a ohair is due a) to the eolipsed
relation (resulting in non-bonded repulsive interactions)
of the four pairs of hydrogen atoms on the 'sidea' of the
boat and the 41:4-carbon atoms and b) to the large non-
bonded 4:4~H;H~interactions. The energy barrier between
the obair and the boat conformations has been assessed
at values varying from 5.6koal/mole (a value which does
not take into account the considerable 1:4-H:H-inter-
actions) to 9-10kcal/m01927.

The considerable compulsion for the boat conformation

to revert to the chair conformation is well illustrated

* 4:2:2- and 2:2:2-bigyolo-type systems where a beat is
stucturally necessary will not be disoussed here.
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by the ease with whiech taraxerol acetate (V) rearranges

under mildly aoidic conditions to (-amyrin aoetatezs.

P-Amyrin acetate.

However, undexr favourable oicumstances the reverse
conformational change may be induced. This is so in
the case 0f 3«:9«~epoxide formation in ois-A/B fused
steroidszg. '

Conformational effects are particularly apparent
amongst spectroscopic properties. Infra-red speotroscopy
shows that in general C-X stretohing frequencles are |
higher for equatorial substituents than for axial ones.
This has been found so for the C~0 stretching frequencies

of secondary aloohols30

31

and acetoxy- and methqu—
groupings”  in steroids and simpler compounds. Further,
a carbonyl stretching frequency is increased by the
presence of an A-equatorial halogen substituent but un-
altered by d~axial substituents. These shifts have been

explained32

as the result of the stretching motion of the
equatorial substituent inducing expansion and contraotion
of the ring system. The axially substituted isomer will
not experience this effect to such a marked extent and thus

the restoring force, and hence frequency, will be less.
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However, a recent study33 of 34(a)- and 3f(e)-hydroxy-
triterpenoids has shown that both the O~H and C~0
stretohing frequencies are higher for the axial than the
equatorial hydroxyl. It is suggested > that this is
due to the presence of the gem-dimethyl grouping at C<4)3

The ultra-violet carbonyl absorption band of
d-halogeno ketones is also susceptible to the conformation
of the halogen substituent, equatorial halogen causing
hypsochromic shifts and axial halogen bathochromic

shifts34. o« ~Ketols and their acetates behave similarly35.

It has been demonstrated11’20’56

that ilonie E2
reactions proceed most readily when all four centres are
c¢oplanar and anti-parallel; that i1s, 1:2-diaxial in
rigid gyolohexane systems (Bordwell et al have provided

37).

an interesting exception This is to be compared to

unimolecular pyrolytic eliminations of esters whioch
require a gis—-configuration for the eliminating group538
(see below).

As an extension of preferred diaxial elimination it
has been established that addition to double bonds
preferentially follows a trans—diaxial path®’, that
eleotrophilic and nucleophilic opening of steroidal
epoxides results in the formation of diaxial produet839

40)’

(see Cookson and Hudee and ring closure of halogeno-

hydrins proceeds faster in the case of the trans-diaxial
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isomer than with the trans—diequatoria139’41.

The aotion of nitrous acid upon the epimerioc 47a—d-
and 17a—@-hydroxy~17ﬁ—amino~17a—methy1~D—ggggfsteroida42
resulting in 17ad-17{~epoxide formation in the one oase
and methyl group migration to give 417a-ketone-417d-methyl
compound in the other is an excellent example of
conformational control of reaction path. The somewhat
analagous reaction of dehydrating agents (in partioular
phosphorus pentachloride) upon the epimeric 3d- and 3f-
hydroxy triterpenoids to give A-nor-hydrocarbons and
A?-unsaturated compounds 1s mentioned in the next section.

In oonnection with 1:2-pyrolytic eliminations it
should be noted that although both the projected valenoy
angles and distances between trans-1:2-diequatorial and
gis—-equatorial-axial substituents are identical it is
easier to bring an axial and equatorial bond coplanar
(this tends to flatten the ring and reduce the non-
bonded interactions) than two equatorial bonds (whioh
tends to increase the ring puckering, and hence non-
bonded interactions). Thus 1:2-pyrolytic eliminations
involve gls-substituents as does the formation of iso-
propylidene derivatives of oyclohexane 1:2—diols43.

Exchange of one sp3 hybridized ocarbon atom for an
sp2 hybridized atom as in oyclohexanone does not involve

44

distortion of the ring valency angles”  but it does
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result in the eclipsing of the carbonyl group and its

two J~equatorial substituents. Introduction of two
adjacent ap2 hybridized atoms into a six-membered xring,
as in oyoclohexene, necessitates the coplanarity of four
carbon atoms; the remaining two having the cholce of
being both on the same side of the plane produced by the
coplanar atoms resulting in a half boat conformation, or,
of being one on either side of the plane giving a half
chair oconformation. An enexrgy difference of 2.7koal/molo
in favour of the half chair has been estimated45.




1.
2.

3e
4.

Je
6.
7.
8.
9,
10.
1.
12.

13,

14,

15.
16,

17.

30
REFERENCES .

Spitzer and Huffman, J.A.C.S., 1947, 69, 211,

Sechse, Ber., 1890, 23, 1363; Z.phys. Chem., 1892,

10, 203; Mohr, J, prakt. Chem., 1918, 98, 315.

Rasmussen, J. Chem. Phys., 1943, 11, 249.

Kohlrausch and Wittek, Z. phys. Chem., 1941, 48, B,

1773 Gerding, Smit and Westrik, Rec. Trav. Chim.,
1942, 61, 561.
Hassel and Viervoll, Acta Chem. Scand., 1947, 4,149,

Beokett, Pitzer and Spitzer, J.A.C.S., 1947, 69, 2488,
Barton, J.C.S., 1948, 340.

Mills, ibid., 1953, 260,

Dostrovsky, Hughes and Ingold, ibid., 1946, 173.
Bastliansen and Hassel, Nature, 1946, 157, 765.
Barton and Miller, J.A.C.S., 1950, 72, 1066.

Barton, Experientia, 1950, 6, 316; J.C.S., 1953,
1027,

Beyler and Sarett, J.A.C.S., 1952, 74, 1046; Dauben,
Tweit and Mannemskantz, ibid., 1954,76, 4420,

Barton, Hassel, Pitzer and Spitzer, Nature, 1953,
172, 1096.

Doeriﬁg and Aschner, J.A.C.S., 1949, 71, 838,

Vavon, Bull. Soc. chim. France, 1931, 49, 937;
Huckel, Ann., 1937, 333, 1.

Speakman, J.C.S., 1941, 490; Barton and




18.

19.

20,
21.

22,
23.

24,

25,

26.
27.

31 |
Sohmeidler, ibid., 1948, 1197.
Corey, J.A.C.S., 1953, 75, 2301, 3297; 4954, 16,
175. | | -
Kuhn, ibid., 1952, 74, 2492; 41954, 76, 4323,
Barton and Rosenfelder, J.C.S., 1951, 1048,
Ruzicka, Furter and Goldberg, Helv., 1938, 21, 498;
Heusler and Wettstein, ibid., 1952, 35, 284;
Hirschmann, Snoddy and Wendler, J.A.C.S., 1952, 74,
2694; Romo, Stork, Rosenkranz and Djerassi, ibid.,
1952, 74, 2918; Heusser, Elchenberger, Kurath,
Dallenbach and Jeger, Helv., 1951, 34, 21063
Budziarek, Newbold, Stevenson and Spring, J.C.S.,
1952, 2892; Fieser, Herz, Klohs, Romero and Utne,
J.A.C.S.y 1952, 74, 3309,
Savard, J.Biol. Chem., 1953, 202, 457.

Vavon and Jacubowicz, Bull. Soc. chim. France, 1933,
33, 581,
Westheimer and Nioholaides, J.A.C.S., 1949,71, 25;

Holloway, Cohen and Westheimer, ibid.,1951, 73, 65;
leo and Westheimer, ibid., 1958, 74, 4383; Cohen
and Westhdimer, ibid., 1952, 74, 4378.

Sohreiber and Eschenmoser, Angew. Chem., 1955, 67,
2783 Helv., 1955, 38, 1529.

Winstein and Holness, J.A.C.S., 1955, 77, 5562,

Pitzer, Soience, 1945, 101, 672; Kumler, J.A.C.S.,



28,
29.
30.
3.
32,
33.
34.
35,

36.

37.

J8.

39.
40,

32
1945, 67, 1901; Shoppee, J.C.3., 1946, 1138.
Beaton, Spring, Stevenson and Stewart, Chem. and
Ind., 1954, 1454; J.C.S., 1955, 2434.
Mattox, Turner, Engei; MoKenzie, MeGuckin and
Kendall, J.Biol. Chem., 1946, 164 569.

Jones, Humphries, Herling and Doﬁriner, J.A.C.S.
1954, 73, 3215; Furst, Kuhn, Scotoni,and Gunthard,
Helv.,1952, 35, 951.

Page, J.C.S. 1955, 2017.

Cole, Jones and Dobriner, J.A.C.S5., 1952, 74,5571.
Allsop, Cole, White and Willix, J.C.S., 1956, 4868.
Cookson, ibid., 1954, 282,

Cookson and Dandegaonker, ibid., 1955, 352.

Dhar, Hughes, Ingold, Mandoui; Maw and Woolf,
ibid., 1948, 2117.

Wéiﬁétook, Pearson, and Bordwell, J.A.C.S. 1954,
76, 4748; Bordwell and Kern, ibid., 1955, 77,
14441; Bordwell and Peterson, ;g;g;, 1935, ZZ,
1145, | |
Barton, Head and Williams, J.C.S5., 1953, 1715}

O'Connor and Nace, g;géqiéé,‘1952, 74, 5454;
Bailey and King, ibid., 1955, 77, 75 and later
papers.

Alt and Barton, J.C.S., 1954, 4284.

Cookson and Hudeo,'Préo. Chem. Soc., 1957, 24.




41,

42,

43,
44.
43,

33

Beereboom, Djerassl, Ginsburg and Fieser, J.A.C.S.,

.+ 1953, 73, 3500; Fieser and Huang, ibld., 1953;v'

75, 4837; Corey, ibid., 1953, 75, 4833; Barton,
Lewls and MoGhie, J.C.S., 1957, 2907.
Kiyne and Shoppee, Chem. and Ind., 1952, 470;

Cremlyn, Garmelse and ShOppee, JsCeS.y 1953, 1847.
Angyal and Maocdonald, ibid, 1952, 686.

Corey and Sneen, J.A.C.5., 1953, 17, 2505,
Beokett, Freeman aﬁd'Piﬁzer, ;g;gﬁ; 1948, 70, 4227,

A

° N . N N . . . 4 .
el B g Sy e By R T TR x4 BT remy gt o R M Lge Lombee o Rk 6.
‘***J}‘ﬁfki“’?ﬁ‘ R R AR NI Neatc SR 54 SU AN S S s R S A AR SRR

s ¥ Y'»
e g By Httiema i el
L 4 s "
IR i o
s NP .
B 80



34

REVIEW OF THE CHSMISTRY OF THE TRITERPENOIDS.

The very nature of the work presented in this thesis
dictated to a large extent the type of structure required
by the compounds under investigation. It is obviously
neoessary to have a large molecule of rigid structure and
known configuration and conformation in order to0 minimise,
in so far as this is possible, the errors attending any
attempt to fix the spatial position of the constituent
atoms. The natural product field of tetra- and penta-
oyclic triterpenoids and steroids presented 3uoh compounds
and in the followingz scction a brief review is presented
of the triterpenoids and how the structures of the various
parent compounds used in this investigation have been
established.

The triterpenolds which are found largely in the
plant kingdom as esters, glycosides or in the free state
are 0(30) or 0(31) compounds. They are either divisible
into six isoprene units (empirical isoprene rule) or,
more generally, may be recgarded as being derived or built
up from actual cr hypothetical precursors, whioh obey
the empirical isoprene rule, of the squalene, farnesol

and geraniol type by accepted recaction paths (blogenetic

isoprene rule). They are best classified according to
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the number of carbocyclioc ring systems present when they
fall intoe three groups:- the tetra- and penta-ayolic
groups and the squalene group which 1s based upon
struoture rather than the number of rings present.

Selenium or palladium~charcoal dehydrogenations have
played a large part in the establishment of carbon
skeletons, and, although the pentacyclic triterpenolds
tend to rupture into two main naphthalenioc fraotions,
larger pentacyolic hydrocarbons (I; R=H and R=0H)
charscteristic of the whole carbooyclic structure have
been lsolated. Partioularly noteworthy is the hydro-

carbon (II) which has been obtained from gypsogenin1’2

3

and aesoigenin”, and was subsequently synthesized4, in

which all but four of the original carbon atoms remain

intaoct. ‘ / O
P e

(1) (11)

The main aromatic product from the dehydrogenation
of tetracyoclic triterpenoids e.g. lanastarols, dihydro-
euph016 and elemadienoclioc acid7 is 1:2:8~trimethyl-~
phenanthrene.

An important reaction sequence which shows the
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presence of a gem-dimethyl group at G(4> adjacent to an
equatorial (f) hydroxyl group situated in a six-membered
ring is as follows. Treatment of the alcohol with
phosphorus pentachleoride gives a ring A-contracted
product which with osmium tetroxide ylelds a dihydroxy
compound; o¢leavage 0f thils wlith periodic acid or lead ,
tetra—acetate glves acetone and a five-memdexred ketonea’g.

The rare 34-(axial) hydroxy compounds undergo straight-
forward elimination to A%-compounds in the initial step.

LN — 5 —
— [} —

OH

Many of the important inter-relationships of
members within a group have been achleved dy reaction
sequences designed to convert ocarboxyl groups t{o primary

aleohols or methyl groupe1o’11.

THE _SQUAIENE _GROUP.

This group eoﬁéiéié;of'oﬁifvéhﬁéé members - eaoh in
its own way'being unique.
Squalene itself (III) is acyclie. Its struoture
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deduced by Heilbron and his ooworkers12

was rapldly
followed by a synthesis13 from condensation of two moles
of farnesyl bromide with potassium or magnesium. This
synthesis, like most of the subsequent ones14’15,
resulted in the formation of an inseparable mixture of
squalene and its many isomers. Reoently however, the
preparation of geometrically and stereochemically
homogeneous squalene, identical with the naturally
ocouring compound, has been reported16. That the double
bonds are arranged fully transoid throughout the moleocule
was shown by Nicolaides and Iaves'’,

It is perhaps worthy of mention here that the tetra-
eyclic triterpenoids recently isolated from dammar raain18
have oarbon skeletons whioh are squalenoid, e.g. dammar—

enediol (IV).

(1I11) (Iv)

$) (v
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The structure of the trioyoclic ambrein (V) is due

to Ruziocka and Lardon19 and Iederer and his oolleaguasao.

Barton and Overton®)

have shown that the atruoture
of the only other member of this group, L-onocerin, is
correctly represented by (VI). Proof of this structure
is based upon a) dehydrogenation evidence, b) proof of
the presence of two ~CH2.CH2.CH(OH).C.M92- groupings
(rings A and A') and two -CHZ.C(:CHZ).CH groupings

(rings B and B'), ¢) proof of the equivalence of the two
hydroxyl groups and the complete symmetry of the moleoule.
The stereochemistry was deduced f£from conformational and

molecular rotation evidence and the absolute oonfiguration

at c(5)’ C(51)s Crq0) and Crqon) has been established??,

THE TETRACYCLIC TRITERPENOIDS.

The tetraocyclic triterpenoids may be sub-divided
into the lanosterol and euphol groups; the latter
having the same carbon skeleton but beilng stereoisomexric
at 0(13>, 0(14) and 0(17). Variations in these groups
are apparent e.g. the fungal acids which are 0(31>
compounds where the extra carbon atom, in every ocase, is
attached in the side ochain at C(24), and oompounds

containing oyclopropane rings, (these strictly being
pentacyolic);
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The Lanosterol Group.

' The lanosterol group proper consists of four
naturally oocuring members, lanosterol (VII), dihydro-
lanosterol (VIII), agnosterol (IX) and dihydro-agnosterol
(X) all of which are found in the non-saponifiable mattex
of woolfata3 and have been inter-related.

(ViI) (VIII)

(IX) (x)

Like the other tetraoyoclic triterpenocids they do
not obey the empirical lsoprene rule although they do
oonform to the biogenetié isoprene ru1324.

Ianostexrol.

N Ianoéterol posses two double bonds; one inert and
ik

tetra—subs%pted25’26,‘the other as an easily hydrogenable

isopropylidene groups. The phosphorus pentachloride
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reaction sequence mentioned above established the nature
of ring 422, Further confirmation of the six-membered
nature of ring A and the presence of a free methylene
vgreup adjacent to the hydroxyl was provided by Ruzicka
et al’.

Chromic acid oxidation of lanostenyl acetate gives

a fully transold enedione (XI)26’28'29

the double bond
of which is easily reduced by zlno dust and acetic aold.
Further oxidation with selenium dioxide affords a diene-
dione (XII) and a dienetrione (XIII) whose struotures
were assigned largely on spectroscoplec evidence.

o]
o &)

(I L L

(x1) (X11) (X1I11)

The presence of an d-—diketone system in (XIII) was
shown by oxidation to a dicarboxylioc acid without loss
of oarbon30’31.

Evidence foxr the 0(13> and 0(14) angular methyl
groups has been provided by ilsomerization experimont530
and by dehydrogenation5’32’33.

Oxidation of a lanosterol derlvative has given a
ring D ketone which on infra-red spectroscopic evidence

is shown to be five-membered34’35. Further, bromination
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experiments revealed the presence of only one adjacent

methylene group34’35

indicating that the side ¢hain must
be attached at either 6(15) or 0(17). That 0(17) is
correct was shown by oxidative degradation” and by X-

37 whioh confirmed

ray analysis of lanosteryl lodo-acetate
independently in every detaill the structure (and stereo-
chemistry) of lanosterol.

Molecular rotation data showed that the A/B ring
junction is trams, that the C,qymethyl is f-oriented
as in the steroids and penta-cyolig triterpenoids’a,
that the C<14> methyl is oA-oriented and that the
configuration at C(zo) is as shown in (VII). The C<3)
hydroxyl is in the more stable (P) configuration on
physioal and chemical evidence. The high degree of
steric hindrance observed with 41-oxo- and 11f-(axial)
hydroxy oompounds requires that the C(13) methyl group
be on the same side of the molecule as the C<10> methyl,
whilst oonformational arguments based upon the method of
preparation of the saturated parent compound, lanostancl,
dictates that the B/C Junoction is trans and in the same
sense as the cholestane derivatives. The side chain is
attached in the more stable configuration.

Further oonfirmation of the stereochemistry comes

from the high biological activity of 14-methyl 11-0xo-

progesterone synthesized from 1anosterol39. The
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physiological activity of the progestatlonal hormones
being highly dependent upon both struocture and
configuration,

Pinally, complete proof of structure and stereo-
chemlstry has been provided by the total synthesis of
lanosterol, dihydro-lanostexrol and agnosterol from
cholesterol?®.  This, together with the already known
conversion of lanosterol into dihydro-agnosterol
repregents the first total synthesis of all four weol-
fat triterpenoids, and the first total synthesis of
any oyclic triterpenoid.

The structure of two lanosterol type texpenolds
containing cyclopropane rings have recently been

established, cyocloartenol (XIV)41’42’43’44’45

and goyolo-
laudenol (xv)4®. It should be noted that both these

compounds have their B/C ring junction cis.

xv)

EuEhOl-
| The inert double bond, the isopropylidene group and
the similarity of rings A, B and C to lanosterol have been



43

established by standard proceedures and'by experiments
comparable to those carried out on lanosterola5’47’48.
The nature ofﬁthe side chaln was also established by
nmethods similar to those used for lanosterol49. The
size of ring D was deduced by an ingenious indirect route
dependant upon infra-red spectroscopic data45’50’51.
Treatment of dihydro-euphol (euphenol) (XVI) with

)52,53.

aold gives isoeuphenol (XVII Oxidation of iso-

euphenol gave a diketone (XVIII)52 whose struocture was

505510 the basis of the hindered nature of both

assigned
carbonyls, the consumption of five moles of bromine and
speotroscopic evidence for the presence of two -CHZ.CO—
groups. From this the structure of isoeuphenol was
deduoed as (XVII). The rearrangement of (XVI) to (XVII)
is explained51 as a concerted double methyl group
migration initiated by a2 conformational driving foroe
provided by the greater degree of steric strain present
in euphenol as compared to isoeuphenol. This also
provides evidence for the stereochemistry of the c/D
Junoction. The configuration of the side ohain of
euphenol was established by Ruzicka 33_5154 and the
isolation of D-(-)-2:6-dimethyl heptanoic acid”’? from
degradational experiments established the configuration
at 0(20). Moleocular rotation arguments have established

the configuration at 0(3), C<5> and 0(10)51’52.
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Tirucallel.

- The ohemistry of tiruecallol (XIX) and its dihydro-
compound, tiruocallenol, runs completely parallel to that
of euphol and euphenol. The same degradational methods
have been applied55.

Oxidation of isotirucallenol gave an «}-unsaturated
ketone, which, on ozonolysis gave the keto-acid (XX)
identical with the corresponding isceuphenol oxidation
product, and I-(%)-2:6~dimethyl heptanoic acid. Thus
isotirucallenol differs only from isoeuphenol in being

stereolsomeric at 0(20)’
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(XIX) (xx)

Masticadienonic Acid.

The struocture of a new tiruocallol type triterpenoid,
mastioadiéhonia acld (XXI), has recently been established
by Barton and Seoane56.

Masticadienonic acid differs from tirueallol only in
possessing an «f-unsaturated aocld function instead of the
terminal isopropylidene grouping and in the position of
the nuclear double bond. Whilst ocatalytic hydrogenation
over palladium~charcoal readily reduces the side-ohain
double bond, attempted hydrogenation of the nuoclear
double bond with platinum in acetic acid results only in
the formation of dihydro-isomasticadienonic aeild (XXII).

Iithium aluminium hydride reduotion of dihydro-

:\{/\L=( ;7/A\1_<
' COH COLH

(Xx1) (xXx11)
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masticadienonic acid gave dihydro-masticadienediol;
further reduotion with lithium aluminium hydride of tha
ditoluene-p-sulphonate followed by acetylation and
rearrangemént of the acetate over platinum in acetio
acid gave tirucallenol acetate.

The rearrangement of masticadienonio acid, its
anomg lous molecular rotation values and its negative
reaotion towards the Zimmermann reagent57 (m-dinitro-
benzene -~ usually indicative of a carbonyl gronp with a
sterically unhindered A-methylene) are exactly paralleled
in butyrospermol (XXIII), whose structure has also
reoently been established58.

Ho

(Xx111)

THE PENTACYCLIC TRITEBFENOGIDS.

The pentacyclio triterpencids may be éuhdividod
into three groups.

The (-Amyrin Group.

The pentacyclic aloohol (-amyrin (XXIV; R=H) has
been subjeoted to the usual dehydrogenation prooedures

(indiocating the nature of the carbooyoclio system) and to
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59 indicating the general

ring A-contraoted experiments
struoture of that ring. The non-hydrogenable deuble
bond at 0(12)-0(13) readlly laotonizes when a earboxyl
group 1s present at 0(17) as in oleanolic aold (XXIV;
RﬁCOZH). Further information about rings A and B has
been obtained by oxidative degradations after proteotion

of the double bond by laotonization’ 960,

(XXIV)

By oxldative and pyrolytic proceedures oleanolio
aoid has been split into two identifiable bicyolio systems,
and the relationship of the double bond to the earboxyl
group has been established by pyrolytic experiments on
the 9(41):13(18)~diene-12:19-dione obtained by selenium
dioxide oxidation.

Conformational, mechanistio and molecular rotation
arguments as well as physical and chemical properties
have been used in establishing the oomplete stereo-
chemistry of (-amyrin type triterpenoids11’38’61'62.
Complete confirmation of the assigned struoture

comes from the X-ray analysis of methyl oleanolate iodo-
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aoetatesB.

The struoture of morelic acid (XXV) has been
established by Barton and Brooks11. It was shown to be
a double bond isomer of oleanolic acid by a) treatment of
methyl morolate acetate oxide with mild acld, ylelding
methyl isodehydro-oleanolate (XXVI) isomerized by strong

64

aoid to the kmown methyl dehydro~oleanolate ', whioh was

recognized by Barton and Brooks as (XXVII) and b) the
facility with which moxolio acid could be decarboxylated.

COgH CO3Me

(Xxv)

CoyMe

Ho

(XXVII) (XXVIII)

Starting from siaresinolic aoid (XXVIII) Bartonm,

65

Brooks and Holness - have synthesized morolio acid.

The struoture of siaresinolio acid has been assigned

66

largely on the work of Bilham, Kon and Ross =~ and Ruziocka
67

and his oolleagues '. Proof of the stereochemistxy at
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0(18) was provided by Barton and Holnesssz.

The A-Amyxrin Group.

Some of the finer details of the stereochemistry of
A-amyrin have not yet been proven unambiguously but there
is suffioient evidence to warrant the use of structure
(XXIX; R=¢ly., Many of the reaotions of L—amyrin
parallel those of (=—amyrin although the double bond is
even more sterically hindered.

_ Molecular rotation differences suggest that rings
A and B are similar to [-amyrin and this has been
confirmed by Ruzicka 33_9568 who have also provided

evidence for rings D and E.

(XXIX)

By oxidative and pyrolytio proceedures similar to
those employed on f-amyrin the whole molecule has been
8plit into two identifiable biocyclio systems comprising
rings A and B, and D and E.

In the light of the stereochemistry of oleanolio
acid the configuration of all asymmetric oentres, other

than 0(17), 0(18) and 0(19) can be regarded as having
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68’69. The conversion of an A -amyrin

been elucidated
compound into a f-amyrin derivative7° shows that the
configuration at C<17) is the same in both series.
Corey and UrSprung71 have reviewed the oL-amyrin stereo-—
ochemistry.

Ursolio acid (XXIX; R=COZH) bears the same
relationship to d-amyrin, into which it has been

d72, as does oleanolic aocid to G-amyrin., 1Its

converte
struocture was largely elucidated by the Japanese workers
Huzii and Osumi73. Related to ursolic aold is quinovioe
aoid whose struoture was first proposed by Ruzioka and

his oolleagues74

and later confirmed by Barton and de
Mayo75 and the original workers, who oonverted 1t76 by

unambiguous methods into phyllanthol (XXXI).

H

CoyH
]
ICO;H
Ho Ho

(Xxx) (XXX1)

The Lupeol — Betulin Group.

The ethylenlisc linkage of betulin (XXXII; X=H,
(#)-OH; R=CH,0H), betulinioc acid (XXXII; X=H, (()-OH;
R=CO,H) and lupeol (XXXIIj X=H, (#)~OH; R=CH,) is

easily hydrogenated77 and 1s present as an isopropenyl
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group78. It 1s not attached to a quaternary ocarbon

atom79.

The constitution of lupeol (XXXII; X=H, (f)-OH;
R=CH3) was established by aocid isomerization of L-lupene
(XXII; X=H,j R=CH3) and lupenone (XXXII; X=0; R=CH3)
to what was regarded as olean-13(18)-ene (XXXIII; XaHa)
and olean-13(18)-en-3-one (XXXIII; X=0) respeotivelyao,
although these compounds have subsequently been showns1
to be mixtures of the 13(18)-ene and 18-iso-12-ene.
Betulin and betulinic aoid have been similarly treatedaz.
Betulonio acid (XXXII; X=03 R=C02H) has been direotly
related to morolic acid (XXV).

The stereochemistry of ring E has been established
by Jones gg_glss and Barton and Holness62.

Treatment of betulin with acid oauses isomerization

to allobetulin (XXXIV).

e~ +
— — —
ST cron ST craon N I NCT N

(XXXIV)

(XXXIII)
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REACTION SEQUENCES USED IN THE PREPARATION OF THE
TRITERPENOID KETONES.

It is oonvenient, at this point, to summarize the
various routes taken in obtaining the compounds used in
this investigation.

In the preparation of the ketone samples used for
kinetic measurements speolal precautions were taken to
ensure complete purity. £11 ketones were orystallized
to constant melting point and rotation, and, where |
applicable, to constant ultra-violet absorption.

Lanosterol Derivatives.

Acetylation of 'technical! lanosterol and hydrog-
enation gave lanostenyl acetate (1), from whioh all the
lanosterel type ketones were synthesized.

Isomerization of (I) with hydrogen chloride in
chloroform gave an equilibrium mixture of the A?— and

A?

-aoetates1, separated by chromatography after brief
but vigorous treatment with chromium trioxide in aocetic
acid. Hydrolysis and oxidation of the A7~lanosteny1

acetate (II; X=H, OAc) gave A7-1anostenone (113 x=0).

Selenium dioxide oxidation of lanostenyl aocetate
(I) afforded dihydroagnostenyl agetate? (I1I; X=H,
OAo); hydrolysis and oxidation provided dihydroagnosten-

one (III; X=0).
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AgeLanostenone (IV) was obtained from lancstenyl

aocetate.

Chromic acid oxidation of (I) gave lanost-8-gne-—
7:44-dionyl acetate- (V) whioh was smoothly reduced by
zine and acetioc acid te the saturated lanostanedionyl
acetate (VI; X=E, CAc)., Hydrolysis and oxidation
yielded lanostane~3:7:14-trione (VI; X=0).

Wolff~Kishner reductlion of lanostane~7:4141-dionyl
acetate (VI; X=H, OAc) provided, according to ths
conditione employed, lanostan-11-onyl acetate4‘(VII;
XsH, OAc) or lanostanyl acetate??® (VIII; X=H, Odo).

Hydrolysis and oxidation gave 1anostane~3:11~dione

(VII; X=0) and lanostan-3-one (VIII; X=0) respectively.

Lanostane-3:41=-dione (VII; X=0), using the
conventional method, was converted into the J-ethylene-
dioxy derivative (IX), reducticn with sodium in p~
propyl alcobhol and with lithium aluminium hydridé
furnished the epimeric alcohols 3~ethylenediloxy-lanostan-
11d-0l (X) and 3-ethylenedioxy-lanostan-11f-ol (XII)
respectively. Removal of the ketal grouping with hot
dilute acetic acid afforded 4i-hydroxy-lanostan—-3-one

(XI) and 11p~-hydroxy-lanostan~3-one (XIII). Brief

treatment of 3-ethylenedioxy-lanostan-14f-ol (XII)
with perchbloric - acetic aclds gave, gquantitatively,
lanost-9(11)-en-3-one (XIV).
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Mastiocadienonic acld (XV; R=H) and isomastioca~-

dienonic aoid (XVI) were obtained from gum maStio7c

Methylation'of the former with ethereal diamomethane
afforded methyl masticadienonate (XV; R=Me).
Hydrogenation of isomasticadienonic aoid with palladium-
charcoal provided'digxdro~isomastioadienonio aoid (XVII).

CogH

(xv) (XvI)

CorH -

(XviI)

d+-Amyxrin Derivatives. .
' Ozoﬁdlysis of -amyrin benzoate (XVIII; X=H, OBz)

followed by treatment with acid®

furnished «-amyran-42-
onyl benzoate (XIX; X=H, OBz). Bromination® afforded
11-bromo~d-amyranonyl benzoate which on dehydrobromin-
ation in acetic acig’ provided w-amyr-9(11)-en-42-onyl
benzoate (XX; X=H, OBz). Hydrolysis and oxidation gave

%—amyr-9(11)—ene-3:42~dione (XX; X=0).
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h=-Amyrone (XVIII; X=0) was obtained by oxidation
of the corresponding alcohol (XVIII; X=H, OH).
Oxidation, with chromic - acetlc ackds, of L-amyrin

10

benzoate furnished the corresponding 411-oxo- compound.

Oxidation of the derived alcohol yielded A—amyr-12-ene-

3341-dione (XXI; X=0).

Reduotion of L-amyr-12-en-11-onyl acetate (XXI;
X=H, OAc) with lithium aluminium hydride gave a mixture
of epimexric 0(11) alocohols which, without separation,
were dehydrated with acetic anhydride and toluene-p-
sulphonic acid in pyridine to afford & —amyra-~9(14):12-
dienyl acetate (XXII; X=H, OAc), hydrolysed and
oxidized to X —amyra-9(11):12-dien-3~one (XXII; X=0).

Treatment of X-amyr-12-en~41-onyl acetate with

methyl magnesium iodide11

in boiling benzene gave, on
working up the reaction mkxture (without aocidification),
a mixture of two dienes, which, on careful extensive
chromatography over alumina, were separated to give
11-methylene A-amyr-12-enyl acetate (XXIII; X=H, OAc)
and 141~-methyl ®-amyra-9(11):12~dienyl acetate (XXIV;
X=H, OAc). Oxidation of the derived alcohols afforded

11-methylene *~amyr-12~-en-3~one (XXIII; X=0) and

11-methyl &—amyra-9(11):12-dien~-3-one (XXIV; X=0)

respectively. Structures were based upon method of

formation, analysis and spectroscopic properties.
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Extraotion of finely powdered uva-ursi leaves with

12 and acidification of the

alooholic potassium hydroxide
extract ylelded, after purification, ursolic aoid (XXV;
X=H, OH; R=H). Methylation with ethereal diazomethane

followed by oxidation gave methyl ursonate (XXV; X=0;

R=Me), whilst oxldation of the acid gave ursonioc aocid
(Xxv; X=0; R=H).

Similarly, oxidation of quinovic acid afforded
quinovenonediolic acid (XXVI; R=H), whilst methylation

and oxidation gave guinovenonedioic acid dimethyl ester
(XXVI; R=lie). '
f—Amyrin Derivatives.

Oxidation of P-amyrin acetate (XXVII; X=H, OAc)
with selenium dioxide in boiling acetic aoidl gave
dehydro-f-amyrin acetate (XXVIII; X=H, OAc). Hydrolysis
and oxidation afforded dehydro-f-amyrone (XXVIII; X=0).

More vigorous oxidation of P-amyrin acetate with selenium
dioxide in a sealed tube furnished f-amyra-9(11):13(418)-
diene-12:19~dionyl acetate (XXIX; X=H, OAc); oxidation
of the algohol gave $-amyra-9(44):13(18)~diene~3:12:19~

trione (XXIX; X=0).

p-Amyrone (XXVII; X=0) was obtained by oxidation
of F-amyrin with chromic aold at room temperature, whilst
oxidation at 100°11 of the acetate afforded {-amyr-—12-
en-11-onyl acetate (XXX; X=H, OAc) converted into
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b-amyr-12-ene—3:11-dione (XXX; X=0). Brominatien of

the benzoate (XXX; X=H, 0Bz) with concurrent dehydro-
bromination13 gave (-amyra-12:18-~dien-141-onyl benzoate
(XxXI; X=H, OBz)., Oxidation of the derived alecohol
yielded P-amyra-12:18-diene-3:11-dione (XXXI; X=0).

Oxidation of f—amyrin acetate with hydrogen peroxide
in acetio aold'® afforded the saturated (-amyran-12-
onyl aotate (XXXII; X=H, OAc), whioh by hydrolysis and

oxidation was converted to $-amyrane-3:12-dione (XXXII;
X=0). | |

Selective ketalization15 of the 0(3) ket o~group
with ethylene glyocol afforded 3-ethylenedioxy-f-amyran-
12-one (XXXII; X=0CH,.CH,.0) which was reduced with godium
in n-propyl alcohol and lithium aluminium hydride to
12¢~hydroxy- (¥XXV;%=0.CH, . CH,. 0) and 12«-hydroxy~
(XXXVI; X=0.CH,.CH,.0) (~amyran-3-one 3-ethylene ketal.
Removal of the ketal grouping by treatment with warm
aqueous acetic acid furnished 12f~hydroxy-f-amyran—3-one

(XXXV; X=0) and 124-hydroxy-(f-amyran-3-one (XXXVI; X=0Q)
respectively.

Bromination and dehydrobromination®?1® of (-amyran—
12-onyl acetate (XXXII; X=H, OAc) gave (-amyr-9(11)-en~-
12-onyl acetate (XXXIII; X=H, OAc) which afforded
f-amyr-9(41)~ene-3:42-dione (XXXIII; X=0) on oxidation
of the derived aloohol,
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Wolff-Kishner reduction using the foroing conditions
of Barton et al® of (-amyr-12-onyl acetate (XXXII; X=H,
OAo) gave, on acetylation, fP-amyranyl acetate (XXXIV;
X=H, OAc). Hydrolysis and oxidation gave (-—amyranone
(XXXIV; X=0).

Morolic acid (XXXVII; X=H, OH; R=H) obtained from

17

mora saponin'’ and methyl morolate (XXXVII; X=H, OH;

R=Me) were oxidized to give moronic acid (XXXVII; X=0;

R=H) and methyl moronate (XXXVII; X=0; R=Me).

Morolic acid was smoothly decarboxylated17 at its
melting point to afford oleanol (XXXVIII; X=H, OH) which
with chromium trioxide and pyridine furnished oleanone
(XXXVIII; X=0). ©Epoxidation with perphthalic acid gave
the 418:19-epoxide (XXXIX; X=0) and treatment of this
with dilute sulphuric acid - methanol provided norolean-
16:18-dienone (XL; X=0) which was rearranged with

hydrogen chloride in chloroform to the more stable
norolean-412:17-dienone (XLI; X=0).

Methyl morolate acetate oxide (XLII; X=H, OAc)
prepared by epoxidation of methyl morolate acetate with
hydrogen peroxide17 was treated with a) methanolio
sulphuric acid to give methyl isodehydro-oleanolate
(XLIII; X=H, OH) converted by oxidation to methyl

isodehydro-oleanonate (XLIII; X=0) and b) hydrogen

chloride in chloroform to give the rearranged methyl
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dehydro-oleanolate acetate (XLIV; X=H, OAc) which on

subsequent hydrolysis and oxidation afforded methyl
dehydro-oleanonate (XTIV; X=0).

Oxidation of methyl oleanolate (XLV; X=H, OH; R=Me)
kindly supplied by Dr. X. H. Overton, afforded methyl
oleanonate (XLV; X=0; R=Me).

Oleanonic acid was supplied by Dr. E. Seoane.
Extraction of Siamese gum benzoin18 gave
siaresinolic acid (XLVI; X=H, OH; R=H); oxidation of
the methyl ester afforded the unstable methyl 3:19-diketo-
olean-42-enoate (XLVII; X=0), rearranged by strong base

to give, after remethylation, methyl 3:19-diketo-olean~-

13(48)=enoate (XLVIII; X=0).

Lupeol, Betulin and Onocerin Derivatives.

By the action of formic acid, betulin (XLIX; X=H,
OH; R=CH,0H), obtained by ohloroform extraction of
birch bvark, was converted to allobetulin formate (IL;

X=H, HCO,). Hydrolysis and oxidation gave the desired
allobetulone (L; X=0).

Oxtdation of lupeol (XLIX; X=H, OH; R=Me) afforded
lupenone (XLIX; X=0; R=Me) whilst lupanone (LI; X=0)
was obtained by catalytic hydrogenation of lupenyl
acetate (XLIX; X=H, OAo; R=Me) and subsequent oxidation
of the derived alcohol.

o« ~Onoceradienedione (LII) was donated by Dr.K.Overton.
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LONG-RANGE EFFECTS IN TRITSRPENOIDS AND STLROIDS.

Introduction. AS indicated in earlier seotiomns,

intra-molecular interactions over short distances have
been subjected to thorough and intensive investigation,
and, as a result are guite well understood. Longer
range effects, however, have not been so treated,
Indeed, little work has been done with the purpose of
demonstrating thelr exlstence and none with the intent
of elucidating the nature of theilr mechanism.

Bjerrum1

predicted the effect of an electrostatioc
field acting upon an acid-base centre through space, as
distinot from an inductive or conjugative mechanism.
This was later shown to be so, in the case of aliphatic
dicarboxylic acids involving unit charges, by Gane and
Ingoldz.

Rothen3’4 found evidence of a long-range effeot in
enzyme~-substrate systems. Monolayers of bovine albumin
were coated with monolayers of inert blanket material
consisting of formvar, P.V.C., barium stearate or octa-
deoylamine. In general, it was found that the number
of layers of blanket material required to afford
protection of the albumin substrate from trypsin deposited
on top of the inert material was a function of the

number of layers of underlying substrate. Thus the

blanket thickness required to protect three double
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layers of albumin was nearly three times that required
for one double layer. With six monolayers of substrate
(total thickness 48 A) a formvar blanket 600 A thick
afforded no appreciable protection to trypsin.

Rothen's suggested explanation4

of a long range
effect involving a resonance phenomenon has been
oriticized by Trurn1t5 who suggzests that the blankets
are permeable to the enzyme although the original

6

author™ has presented evidence that simple diffusion

cannot account for the known faocts.

7 has shown that the rate of certain reasctions

Newman
involving addition to double bonds is greatly reduced
as the aigze of substituents attached to the ¥~carbon
atom is increased; an effect which he summarizes in his
'rule of six', Atoms are numbered consecutively along
the oarbon chain, as shown, and the greater the size of
the groups in the six-position the greater the degree of

steric hindrance to be expected at the reaction ocentre.

HO
N,
C=0
/
C\\ /,H
C'—C\—-c
H

This is partiocularly well illustrated by the acid
catalysed esterification rates of aliphatic carboxylic



acidsa.

Anomalous rates of halogen exchange have been
reported by Conant g&_glg during a kinetic investigation
0of the Finkelstein reaction. Unexpectedly fast rates
were observed when n=3 in the series Ph.(CH,)Cl,
Ph.CO.(CHZ)nCl and CH3.CO.(CH2)nCl and when n=4 in the
series CH5.(CH2)n01 on displacement of chlorine with
lodide ilons.

Anomalous ultra-violet absorptlon spectra are
typified by the following examples,

The ene~dione system of & AA—B:é-diketo—steroid
exhibits an absorption maximum at 250mp. Introduction
of a further (unconjugated) ketone at C<11) causes a
hypsoohromic shift of 5mp of the band due to the ene~
dione aystem1o.

A similar hypsochromic shift is observed in the
introduction of the 411~keto group into 3~keto-A*il_

1
unsaturated stexroids (Amax284mp).

An interesting varliation of these shifts has been
observed by Fried et all?

and Antonucci et al.13 who

measured the position of maximum absorption of the

en-one system in steroids of the type (4)

KOS
o Ill!!l"' (4)
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when X is successively Br, Cl and F. The respeotive
Mpax Yalues are 243, 240 and 238mpm. Oxidation of the
11p-hydroxyl was also found to cause a hypsochromic shift
of 4mme  These systems have also been examined by the

method of optical rotatory dispersion14

when it was
found that the principal maximun again underwent regular
shifts,

By an examination of the optloal rotatory dispersion
data of epi-dA-oyperone and 8-isotestosterone Djerassi

et a1l4

ct———

have concluded that sterio interaction of the
0(4) and 0(7) -alkyl groups rssult in ring B of epi-d-
cyperone assuming a boat conformation (either wholly or
partially).

A recent paper by Barton, McGhie and Lewis15

reports
a conformational anomaly 1in lanosterol derivatives.
Equilibration of either 2«&- or 2f-bromo-lanostanone
results in the quantitative formation of the 2« --brorno~
isomer; but equilibration of 24~ or 2f-bromo-lanost—8-en—
one affords a mixture of the two isomers in the ratia
24220 of 95:5. The difference in position of the
equilibrium in the latter case must be a result of the
presence of unsaturatlion at the B/C ring junction,
Remarkable also, is the fact that ring A of both 2f-

bromo-~ketones exists in the boat conformation.

In order to investigate long-range effeots ovetter
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and to overcome the conformational ambiguities inherent
in agycllic systems Barton and Head16 chose the steroid
field where large numbers of compounds are readily
avallable of rigld structure and known conformation.

Bromination of A5-unsaturated steroids affords
meta-stable 5d:6b-dibromides, which, in solution,
undergo mutarotation to produce the stable 5f:6d-
dibromides. The rates of mutarotation of four such
asystems (I-IV) were thoroughly studlied by these authors
and their results are giliven in the table below.
(Rates are quoted as a percentage of the rate for

5¢{ ¢ 6p-dibromo~cholestane,)

Compound ! Rate b
54 s 6¢ =Dibromo~cholestane (I) 100
54 s 64-Dibromo—-stigmastane (II) 100
5 s 6(3228 :235-t et rabromo~stigmastane (III) 75
S s 6F -Dibromo-deoxytigogenin (IV) 69

?uc

(D (11
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R

B\' B+ :
By A~
(I11) (v)

It is shown that the anomalous results obtained
with the tetrabromo-stigmastane (III) can only be due to
the presence of the two side-chain bromine atoms and,
likewlse, the slow rate of mutaretation for the dibromo-
deoxytigogenin (IV) is a result of the modified form of
the side-~chain,

The present work was undertaken 1in an attempt to
investigate further the nature of long-range effeots in
conformatlionally unambiguous systems and in the hope that
it would shed light upon the mechanism of suoh effeots.

Results and discussion. All tetra- and penta-

¢yolic triterpenes of known oconstitution possess an
oxygen function at C(3>. This is usually an hydroxyl
whioch oan readily be oxidimzed to a ketome funotion,

This achieved, the molecule c¢an be made to undergo
condensation reactions at the activated 0(2) position.

In partiscular, 0(3) ketones (V) will condense, in a base
catalysed reaction, with benzaldehyde to give benzylidene

derivatives (VI).
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PhcH
LI LI
) (VI)

The resulting benzal-ketone system shows a strong, broad
absorption band in the ultra-violet region at 292m/u with
¢ 18,000 and thus the reaction can be conveniently
followed spectrophotometrically.

The kinetics of such reactions have been investigated
17518519 414 1t 1is established that the rate is first-—
order with respect to ketone and aldehyde and almost
oertainly17’18 with respeot to base.

The rate law is thus?O:-

Rate & [Ketone}[ Aldehyde] [Basa] .

and the accepted meohanism20 involves the following steps:-

-CH2~C0~ + OH™ ‘“:;“ ~CH‘8— + H20

-CH-CO- + PhCHO — 2y PR-CH( OH)~CH-C O-

slow

Ph-CH(OH)~CH-CO~ -~z Ph~CH=CH~CO- + H,0
Classical steric hindrance must be constant for all
the terpenolid ketones and for all the steroid ketones
(ring A and part of ring B is kept constant throughout
both series) and thus k, must be substantially constant
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in each series of ketones. If this 1is so then the rate
differences must be due to a variation of the ratio of

k1:k2. That 1is, the k :k? ratio must be greater for

4
compounds with fast rates than those with slow rates.
Thus the position of effective equilibrium ot the ketone-—
enol system must differ and the observed rate must be
dependent upon the enol concentration, for the concentration
of base 1s constant and the concentration of aldehyde
(in approximately ten molar excess) is corrected for.
That k3 should be dlfferent in both series of compounds
by a constant ratio is expected and is found to be so.

The actual kinetic orders of the reactants are
relatively unimportant here in as much as all kinetic
runs were ocarried out under exactly the same conditionms.
A O.1N-solution of ethanolic potassium hydroxide was
employed throughout using 99% v/v aqueous ethanol in 1its
preparation, and a known excess of benzaldehyde (about 410
moles). Thus the actual kinetics, with respect to the
appearance of the 292mm band were of the first order.
A serles of experiments in which the benzaldehyde
ooncentration was varied over a factor of three showed
the expected first—-order relation in benzaldehyde.

All kinetic runs were carried out in pairs, a

standard ketone (lanost-8-en-3-one) being run at the same

time and under the same conditions as the test compound,
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This ensured the ocancellation of unforseen daily errors
and that the rates were striotly comparable. An
appropriate blank (without the ketone) was run with every
experiment.

The results are summarized in the tables.

All compounds have a rigid, fully extended
conformation and partial structure (V) is common to all
triterpenoid ketones. Hence classical steric hindrance
at C(2> must be constant throughout.

Rate differences whioch vary over a factor of 43-fold
(i.e. masticadienonic acid (XXXIV; R=H) and (-amyra-
9(11):13(48)~diene~-3:12:19-trione (XXXIII) have rates of
8 and 344 respectively as compared to the standard
lanost-8-enone (XLV), whose rate is taken to be 400)
cannot therefore be due to straightforward steric effeots.

Polar effeots can be sub-divided into electrostatic
effeots through space and bond induction. That rate
variations are not due to either is shown by the following
arguments.,

If electrostatic effects through space were the
cause, then the greatest rate variations would be expected
between molecules containing unit charges and those
lacking them. In the penta-cyclioc triterpeoids
oleanonic acid (XVIII; R=H) with a rate of 97 is
substantially the same as methyl oleanonate (XVIII; R=lMe)
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CONDENSATION RATES EXPRESSED AS % OF LANOST-8-ENONE

Penta-cyclic Triterpenoids. 5;. Rate Limiting
Runs Values
Quinovenonedioic acid (VII; R=H) 2 33 31.8-33.2
124 ~Hydroxy-f-amyranone (VIII) .. 2 53  51.7-53.6
11-Methylene d—amyrone (IX; R=CH,) 2 66 44,8-67.0
Ad=Amyr=-12-ene-3:14~dione (IX; R=0) 2 75 72.8=77.5
b —imyr—-12-ene-3:11-dione (X) .o 3 75 T74.5=76.6
p-Amyra-12:18-diene-
3:41-dione (XI).. 3 75  T041=77.5
Moronic acid (XII) .. .. .. 2 78 77.2-78.5
Oleanone (XIII) .. e ee  ee 2 88 85%,8-90.0
G -Amyranone (XIV) e e e 2 88 88.,2-88.5
12¢ -Hydroxy-f-amyranone (XV) ., 2 89 8648-92.0
Norolean-16:18-dienone (XVI) .. 4 91  85.,2+96.4
Ursonio acid (XVII; R=H) .. e 2 91  90.4-91.2
Lupenone (XLIII; R=C(:CH2)CH3 ),_ 2 95 94,3-95.0
Oleanonic acid (XVIII; R=H) .e 2 97 9%,9-98,5
Lupanone (XLIII; R=CHMe,) .. ., 2 98 97.6-98.1
11-Methyl L-Amyra- :
9(11):12-dienone(XIX)- 2 400 99.2-100
A-Amyrone (XX) .. oo e .o 3 400 98,2~103
alloBetulone (XXI) .. .. .. 2 100 99;3~101
b-Amyrone (XXII)e:e o0  o. .. 4 108 103.3-111
Methyl moronate (XII; B=Me). .. 2 108 407-109

Methyl 3:419-diketo~-olean-
13(48)-encate (YXIII)..

N

111 107-114
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No. Limiting

of Rate

Runs Values
Methyl ursonate (XVII; R=Me) .. 2 111 110-442
Methyl oleanonate (XVIII; R=Me).. 3 413 112-114
oL =Amyra-9(11):12-dienone (XXIV).. 2 115 145-115
Noroleana-12:17-dienone (XXV) .. 2 146 115-1418
K~-0Onoceradienedione (XXVI).. .. 2 117 147-118
¢-imyra-11:13(18)~dienone (XXVII) 3 124 117-132

Methyl isodehydro-

oleanonate (XXVIII).. 5 428 125-132
Methyl dehydro-oleanonate (XXIX). 2 129 -.429-130
Quinovenonediolc acid
dimethyl ester (VII; R=Me).. 2 154 152-155
§ ~Amyrane-3:12-dione (XXX).. .o 2 170 166-174
A —Amyra-9(11)-ene- '
3:12-dione (XXXI).. 3 266 263-269
¢ —Amyra-9(11)-ene-
3:12-dione (XXXII).. 2 288 282-294
?-Amyra—9(11).13(18)~diene-
3:42:19~trione (XXAIII).. 2 344 344-344

Tetra—-cyclic Triterpenoids.
Masticadienonic aocid (XXXIV; R=H) 2 8 6.3-9.8

Methyl mastica-
dienonate (XXXIV, R"M@)oo

8 8.1-8.4
17 16.4-16.9
17 16.9-17.9
35 34.7-35.0
43 43.0-43.0

A —1anostenone (XXXV) oo e .o
110—Hydroxy-lanostanone (XXXVI)..
11 ~Hydroxy-lanostanone (XXXVII).

AT A CEE \C N \C I

Lanostane-3:11-dione (XXXVIII) ..




85

Lanosta-7:9(11)-dlenone (XXXIX)..
lanostanone (XL)ee oo oo «a
A9(11)-Lanostenone(XLI) ve e
lanostane-3:7:414-trione (XLII) ..
isoMasticadienonio aoid (XLIV) ..
A8-Lanostanone X)) o0 oo .

Dihydro-~isomastica-
T dienonic acid (XILVI)..

Steroids.
Cholestanone (XLVII) «¢ o0 oo
Stigmastanone (XIVIII): +s oo
Ergost-22-ene-3:11-dione (XLIX)..
1™ ~Hydroxy-ergost—22-enone (L)..
14f-Hydroxy-ergost-22—enone (LI).
Ergost-aa-ene~3:7:11—trione‘(LII)
Ergosta-7:22-dienone (LIII). ..
Ergost-8(14)-enone (LIV) .. ...
Tigogenone (LV) .. s ee e

3:44-Disxo-bisnorallocholanioc
T acid (IVI)..

No.

of Rate

Runs

3

DN

PR RN NN NN AN

44
125
73
92
94
100

108

182
180
440
125
68
360
43
94
175

103

Limiting
Values
43.,4~45.3
54,7-56,1
7245~73.2
90.7-94.1
9%.8-94.4

L

107~108

184-183
176-184
109~110
123-426

67.2~68.8
348~374

42.5-43.8
93,8-94.2
173-176

102-103
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whioh bas a rate of 113. Mastiocadienonic acid (XXXIV;
ReH) and its methyl ester (XXXIV; R=Me), representitive
of the tetra—-cyclic triterpenoids, have identical rates
and amongst the sterolds ergost-22-ene~3:11-dione (XLIX)
with a rate of 110 is virtually identical with 3:14-
dioxo-bisnorallocholanic acid (LVI) whose rate is 103,
In the oase of quinovenonedioic acid (VII; RsH) and its
dimethyl ester (VII; R=Me) the large rate difference
may well be due to some extent to the presence of two
integral charges on the dianion, but also, in view of
arguments deduced below, must be due to a large degree
to the increase in size acoompanying the change C<14)~
methyl to Ceq 4)-002".

The presence of an integral charge in the molecule
has, therefore, no appreciable effect upon the rate.
In the light of this it is unlikely that the elestro-
statio effeot of a dipolar grouping should be the faotor
leading to rate variations. This is borne out by the
results. Applying arguments similar to those above it
would be expected that larger variations would occur
between molecules containing dipoles and those which do
not, on the one hand, and those having only ethylenio
linkages, on the other. This is not so. Lanost~7-
enone (XXXV), lanosta~7:9(11)-dienone (XXXIX),
lanostanone (XL) and lanost-9(11)-enone (XLI) all react
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much more slowly, oleanone (XIII) and norolean-16:18-
dienone (XVI) react significantly more slowly, whilst
A-~amyra-9(14):12~-dienone (XXIV), norolean-12:17-dienone
(XXV), od-onoceradienedione (XXVI) and (-amyra-14:43(18)-
dienone (XXVII) react significantly faster than lanost-
8~-enone, Apart from the C<5>-keto group these gompounds
possese no polar linkages and the difference must be a
result of the presence of umsaturation., «- (IX; R=0)
and @-amyr—12~ene~3:11—dione (X) and F—amyra—12:18—diene-
3:44~dione (XI) have slow rates whilst methyl 3:19-dioxo-
olean~-13(48)~enocate (XXIII) is fast and all 0(12)-
ketones, (-amyrane-3:12-dione (XXX), «- (XXXI) and
B-amyr-9(11)~ene~3:42~diones (XXXII) and P-amyra—
9(11):413(18)-diene-3:42:19-trione (XXXIII) are very fast.
Conclusive evidence comes from the similarity in rate for
41-oxo-d-amyrone (IX; R=0) and 11-methylene L-amyrone
(1x3 R=CH,); both compounds have the same geometry

and differ only in the polarity of their conjugated
unsaturated functions. The slight difference in these
two rates is readily attributable to the difference in
gize of the exocyclic methylene group and the doubly
bonded oxygen at 0(11). In confirmation of this it may
be pointed out that exactly the same percentage

difference exists between the rates for L-amyra~9(41):42-

dienone (XXIV) and 11-methyl L-amyra~9(11):412-dienone
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(XIX). More evidence comes from the rates for (-amyr-
41:13(18)~dienone (XXVII) and methyl dehydro-oleanonate
(XXIX) where the extra dipole in the latter ketone has
no effect upon the rate. It follows from this and the
fact that lupenone (XLIII; R=C(:CH2)CH3), lupanone
(XLIII; R=CHMe,), «-(XX) and f-amyrone (XXII),
allobetulone (XXI) and methyl moronate (XII; R=Me)
have substantially normal rate constants, that the dlene
system of methyl isodehydro-oleanonate (XXVIII) also
causes a change in rate. Thus in the absence of any
disturbing unsaturation the partial system (V) must
confer the same rate constant on a compound as does the
system in lanost-8-enone (XLV).

That a bond inductive mechanism is responsible for
the rate differences may be disposed of on the following
grounds. In the - (IX; R=0) and - A°-3:11~diketones
(X) the slow rate would be due to the presence of a small
positive charge on the 0(11)—oarbon atom., Consequently,
if bond induction were important then in compounds where
the positive charge is greater and closer to 0(2) the
rate should be even slower. However, in (XXXI), (XXXII)
and (XXXIII) where we have such a charge distribution
the rate ia in faot faster than the standard.
Furthermore, the saturated f- amyrane-3:12-dione (XXX)

where the positive charge is two saturated carbon atoms
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further away from 0(2) also has the same enhanoced rate as
the latter three compounds. This is not consistent with
normal inductive effects where the extra carbon atoms
should greatly reduce the effect. Placing the charge
only one carbon atom further away as in methyl 3319~
diketo-olean-413(48)-enocate (XXIII) results in a rate only
s8lightly greater than that of the standard.

Hyperconjugative effects are not operative for these,
by definition, would produce alternating fast and slow
rates. The three dilene systems (XXIV), (XXVII) and
(XXVIII) show no such alternation.

Masticadlenonic acid (XXXIV; R=H) (and its methyl
ester) have a structure similar to that of lanost-8-
enone, the difference being in the position of the
nuclear double-bond, the epimeric configuration at 0(13>,
C(qq) and C(47) and the presence of an Wf-unsaturated
aclid funotion in the side-chain. There is however a
large difference in their reaction rates. That this
rate difference is entirely due to the position of the
nuclear double-~bond is shown by consideration of the rates
of isomasticadienonic acid (XLIV) and dihydro-isomastioca-
dienonic acid (XLVI) whioh are quite normal. As
further, and conclusive, evidence that the position of
nuclear unsaturation is all important 47—lanostenone

(XXXV) was synthesized and found to condense at a slow
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rate similar to that of masticadienonio acid.

Having then eliminated the known possible mechanisms
which might have been responsible for the rate variations
we must admit the existence of a new effect, The rate
differences probably arise from conformational distortion
produced by unsaturated substituents; these substituents
must oreate a certain distortion which may well be
transmitted through saturated carbon atoms over the whole
structure. On this basis then, we may call the effeot

one of 'conformational transmission', The distortion

may be regarded as beilng transmitted by either oxr both

of the following paths. In the penta-cyclic
triterpenoids angular methyl groups are present on the
same side of the molecule at C(4>, 0(10) and C(B)’ il.e.
1:3 and diaxial with respect to each other. The
distance between these 1:3— methyl groups in a oompletely
strain-free system would be 2.54 A, but, as the van der
Waals radius of a methyl group is 2.0 A, there must be

a oonsiderable amount of interaction. Thus at first
sight this would present a plausible mechanism for strain,
set up In one portion of the molecule, to be transmitted
through the rigid carbooyolic system. The other method
by whioch the strain could be transmitted - and this
surely i1s the only path open to steroidal type molecules
whioh do not bear angular methyl groups in the 433-
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position - is through the carbocyclic system itself,

It would be reasonable to assume that 1f these two
mechanisms are operable then variations in stercidal
compounds would be less marked, for the strain, in being
transmitted via the ocarbocyclic system 1ltself, becomes
distibuted over far more atoms than when it is simply
transmitted across the rings by suitably disposed methyl
groups. This is seen not to be the case in a comparison
of the rates of condensation of the tetra-cyoclic
triterpenoids and steroids. In every case the rate for
a specific steroid is approximately three times that for
the corresponding lanosterecl type ketone. The faot that
the steroids are all faster than their analogous terpenes
is in accordance with prediotion (i.e. k3 differs, in the
two series, by a constant ratio). Thus cholestanone
(XIVII), stigmastanone (XLVIII) and tigogenone (IV) all
have identiocal rates which are three times that of
lanostanone. Bearing in mind that compounds containing
a carboxyl group are slightly slower than those with a
methyl group, then 3:11-dloxo-bisnorallocholanic acid
(LVI) and ergost-22-ene-3:11-dicne (XLIX) are, within
experimental error, three times as fast as lanostane-
3:11-dione (XXXVIII). Ergosta-7:22-dienone (LIII) 1s
exactly three times as fast as lanost-7-enone (XXXV) and
ergost-22-ene-3:7:11~trione (LII) is four times as fast
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as lanostane-3:7:11-trione (XLII). Now, if 4:J=inter-
aotions are important, it is permissable to assume that
where compounds have a slower rate than lanostanone (this
being the parent saturated compound it is only propexr to
regard this as the standard) there is an increase in the
non-bonded interactions of the methyl groups on going
from the ketone to the enollc intermedilate. Similarly,
with oompounds reacting faster than lanostanone one must
assume a decrease in the interaction of the C(4> and
0(10) diaxial methyl groups.

The steroids, however, have no angular methyl at
0(4) and thus it is reasonable that there should be a
fairly constant ratio for comparable derivatives in the
sterold and tetra-oyclic triterpenoid éeries when the
rates are faster than the parent saturated hydroearbon
and when they are slower. But it is not reasonable (if
1:3-interactions are important) for these two ratios to
be the same - as in fact they are. Thus this argument,
at least, shows the relative unimportance of the
interaotlions between the non-~bonded axial methyl groups.

There 1s however an equally valid argument based
upon the experimental results whioch conclusively shows
that in at least some circumstances the axiality of the
substituents must be of considerable importanca;

The hydroxyl group of 44¥-hydroxy-lanostanone
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(XXXVII) is equatorial and.is not subject to great non-
bonded interaotions and consequently has a rate only
slightly slower than lanostanone., The epimeric aleohol
(XXXVI) bearing its hydroxyl in an axial conformation
and thus suitably placed to interact strongly with the
axial, and (, methyl groups at C(10) and C(43) condenses
at exactly half the rate of its epimer. Similarly there
is an identical ratio between the two other pairs of
epimeric alcohols to be found amongst the experimental
results., 11p~-Hydroxy-ergost—22-enone (LI) with a rate
of 66 i3 just half that of the epimeric 44-hydroxy~
compound (I) whose rate is 125, and the epimerioc 12~
hydroxy-f-amyranones (VIII) and (XV) bave a similar rate
ratio, Clearly then, these results, in which the
structural obanges do not of themselves involve distortion
of the cyolic system, indicate that non-~bonded inter-
actions ecan play an important role. It must however be
borne in mind that even in this case the effeet may not
be transmitted across the molecule entirely by 1:3-
compressions., In view of the results it is most
probable that the effective 4:3--interactions are those
between the axial groups at 0(10), 0(11) and 0(13) in
the epimerio lanostanone and ergostenone alsoohols. The
two methyl groups causing distortion of the 0~C(11) bond
and the resulting deformation then being transmitted
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through the carbocycllic system. In the oase of the
epimerio hydroxy~@-amyranones the reason probably lies
in the fact that whilst the 42@(equatorial)-hydrexyl is
not subject to any severe non-bonded interactions the
12+(axlal)-hydroxyl is particularly close (owing to the
D/E junotion being cis) to both the 0(14)—axial methyl
and to the 0(19) methylene group.

Measurements made on aocurate moleoular models as

desoribed by Barton?‘1

show that the 0(14) methyl 1is
only about 1.2 A from the axial hydrogen attached to
C(i9) and that the oxygen of the 41d~hydroxyl 1is
approximately 41.45 and 2.25 A from the equatorial
hydrogen attached to 6(19) and the 0(49) carbon atom
respeotively., There must be considerable compulsion
for the resulting overcrowding, and the consequent sterio
oompression, to be reduced. This cannot be overcome by
a twisting of the molecule about the D/E ring Junotion
for twisting in order to relieve the hydroxyl - C(iQ)
methylene interaction increases the compression between
the 0(14) methyl and the axial hydrogen at 0(19), and
vice versa. One possible way in which a large
proportion of this strain could be relieved is for the
molecule to flex upwards out of the plane of the rings
Ay B, C and D, and in particular for ring E (which owing
to the ¢is fusion is bent beneath the plane of the rest
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of the molecule) to flex upwards. This would result in
an inorease of the orowding of (-methyl groups at 0(4),
0(10) and 0(8).

It is to be expected that more light would be shed
upon the mechanism of long-range effeots by measuring
the rates of enolization by a bromometric method such as
that developed by Schwartzenbach and Wittwerza. By
this method enol oontents as low as 10™° percent., have
been acourately determined.

In order that distances between angular methyl
groups could be assessed with a falr degree of acouraocy
an attempt was made to improve upon the molecular models
firast made by Barton21. The main error attending the
use of the Barton models was that the C~C bonds were not
suffiociently strong to support the weight of a penta-
oyolic model without distorting under thelr own welght.
Also 1% was hoped to minimize errors introduced in these
models by lateral movement of the bonds in their sockets.,
To thls end more rooust models were designed although the
same scale was used i,e. 10cm equalled 1 A.(see
Experimental).. Increasing the size of the tetrahedral
and trigonal type atoms ensured that the bonds ocould be
inserted further and thus restricy to a minimum any
adventitious sideways movement, Thils increase in the

Size of the atoms, and henoe increase in weight,
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necessitated an increase in the thickness of the stainless
steel bonds.

Using these more rigid models, distances betwesen
the 0(4) and 0(10) axial methyl groups were measured for
lanostanone, A’- and AS-lanostenones and (-amyr-9(14)-
ene-3342~dione in both the keto and enolic forms. The
distances, however, were found to be 2.55 £ 0.05 A for
all elght models.

Finally, it should be stated that there was no
correlation between molecular rotation differences
([M]g"OH - [M]gao ) and rates of condensation, exoept
that the ketones with very slow rates (masticadienonlo
acid, lanostanone, lanost-7-enone and dihydroagnostenone)
were anomalous in that they had negative A[M]D values.
Also for these four compounds there is roughly a linear
relationship between rate and A{M],. The slower the

rate the more negative (and anomalous) is the A[M]D value.

C-0OH C=0
Ketone 5% | ()57 | A[M], | Bate |
Mastloadienonic aocid ~-200 -350 -150 8
Lanost-7-enone +64 -64 -128 17
Dihydro-agnostenone +290 +204 ~-86 44
Lanostanone +138 +99 -39 55
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d-Onoceradienedione whose rate was slightly faster
(147) than the standard also had a negative A[M];
value (-88).

Attention has previously be drawn to anomalous
molecular rotation differenc9823 in the mastiocadienonioc
acid series and also in gygloartenol and butyrospermol.

The four ketones masticadienonic acid, lanost-7-
enone, dihydro-agnostenone and lanostanone were also
anomalous in that they glve only very weakly positive
colour reactions with ethanolic solutions of m—dinitro-
benzene (the Zimmermann test24). The sucoess of this
testy, which is usually positive for triterpenoid and
steroid ketones which have a sterically unhindered
methylene group adjacent to a keto-group, is presumably
dependant upon reaction of the enolioc intermediate with
the m-dinitro-benzene. Hence it is not unexpeoted that
only weak results are produced with the above ketones.
All these weakly positive ketones are A?-unsaturated.
Butyrospermone whose double bond is similarly plaoced also
glves only a weakly positive Zimmermann test25.

Anomalous molecular rotation differences were

observed during the preparation of the 3-ethylene dioxy-

compounds. The results are summarized in the table

below. No significance 1s attached to these anomalies
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for such systems are known to givé anomalous resultsaé.
Ketone| Ketal

(-Amyrane~3:12-dione ~53 ~-218 ~165
124 ~Hy d roxy-{(-amy ran~3-one +359 +78 ~284
128 ~Hy dzoxy—{-amyran-3-one +173 ~-68 -244
Ilanostane~3:411~-dione +293 +151 ~142
11k~-Hydroxy-lanostan—J-one -27 X0 +27
14 ~lydroxy~lanostan—3-one +425 +147 +22
Ergost-~22—-ene~-3:11-dione +248 +82 ~166
114 ~lydroxy—ergost—22-en~3-one -79 -406 -27
11f ~Hyd roxy-ergost—22-en—-3-one +50 *o -50

adunl, Biniker amd RJ§¢’EE5 g;@ ‘el ; i
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EXPERIMENTAL.

Melting points are unoorreoted. Unless speelfied
to the contrary, rotations were determined in chleroform
solution at room temperature. Ultra-violét absorption
speotra were determined with a Unlcam S.P.500 speoctro-
photometer. Absolute ethanol was used except for kinetilo
runs (see below). Light petroleum refers to the
fraotion of boiling point 40-60°. Rate measurements
were made at 25°C, in a thermostat (* 0.03%), flasks
being tightly covered with tin-foill. All ketones were
thoroughly dried in vacuo before being weighed for rate
measurenments. Alkaline hydrolyses were effeoted by
using several equivalents of potassium hydroxide and
refluxing the reactants for 30-60 minutes in methanolic,
ethanolic or dioxan - methanol solution depending on
the solubillity requirements of the ester. 'Working up
in the usual way' signifies dilution of the reaction
mixture with water, extraction with ether or sultable
organic solvent, and washing with dilute sodium hydroxide
(5%), 2N-hydrochloris acid (except where acid sensitive
groups are present) and watexr and evaporation of the
golvent in vacuo.

Final oxidation of the BP-hydroxyl to ketone was
achieved by the method of Sarett et all. 4 10% (w/¥y)
suspension of AnalaR chromium triéxide in AnalaR
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pyridine was prepared by cautious addition of' the
trioxide to the pyridine with cooling, To this was
added a 10% (w/v) solution of the alecohol in AnalaR
pyridine. About six times the theoretical amount of
ohromium trioxide was employed. For working up, the
mixture was diluted with water, the excess of oxidant
destroyed with sulphur dioxide; and the ketone extraoted
in the usual way.

Materials. 1) Ethanol. A large reservoir of
ethanol was prepared'by diiuting absolute ethanpl with
water to 99% by volume. This solvent was used for all
kinetic measurements. The addition of water minimises
possible errors due to variable traces of waterx.

2) Benzaldehyde. The aldehyde was washed with 10%
aqueous sodium ocarbonate solution, dried over calolum
chloride and fractionated under reduced pressure in
oxygen free nitrogen. The pure benszaldehyde was stored
in sealed ampoules under oxygen free nitrogen. For
each determination a fresh ampoule of benzaldehyde was
employed.

3) Standard alkali. The following proceedure was

adopted for the storagé of aleooholic potassium hydroxide.
‘Approximately O0.415N-alcoholic potassium hydroxide was
prepared by dissolving the requisite amount of the
AnalaR reagent in freshly boiled-out 99% ethanol. The
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golution was filtered through a sintered glass into a
storage vessel in which the reagent could be kept under
oxygen~free nitrogen, and from which it could be
delivered by apvplying an external pressure of the same
ga8. In spite of these precautions to exolude carbon
dioxide during the f£illing of the storage vessel, a
little potassium carbonate was always deposited during the
first two days storage; this did not, however, pass
over with the alkali delivered from the storage vessel
through the sintered glass disc. The alkall was stored
ir the dark. It was standardized acainst potassium
hydrogen phtbalate in the usual way. Tor a rate
determination exaotly O.41N-reagent was prepared by
measuring the reguisite amount of freshly boiled-out
99% ethanol into a volumetric flask and diluting it to
the mark with standard alkali from the storage vessel.
A fresh supply of standard alkall was prepared for every
days kinetio measurements, From Caldin and Longs
rasultsz it would not be expeoted that the addition of
1-2% water to the 99% ethanolic solution would affeoct
the ooncentration of ethoxide 1on appreciably. This
was confirmed by rate measurements, although any
possible advertitious contamination with water is very
much less than 1%,

4) Benzylidene derivatives. The following
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procesdure was employed., The ketone (1 mole) in 0.1H-
potassium hydroxide in ethaneol or dioxan - ethanol was
treated with redistilled benzaldehyde (10 moles) in a
stoppered flask overnight at room temperature, The
mixture was worked up in the usual way, the ethereal
extract belng washed, first, with saturated sodium
metabisulphite solution to remove the excess of bvenz-
aldehyde. Removal of the solvent and reorystallization
of the reslidue, care belng taken to avold undue
exposure to the light, gave the required benzylidene
derivatives.

The lizht induced isomerization of the normal
benzylidene derivatives 1n ethanol was aohleved by
irradiation with ultra~violet lizht in a quartz flask.
At sultable intervals aliquots were withdrawn and the
absorption at 276 and 292mp measured, #hen neither
band no longer changed in intensity the aloohol was
removed in vacuo and the residue recrystallized from
the apprépriate solvent. The isobenzylldene compounds
were, in general, more insoluble and more easily
orystallized than the normal derivatives.

5) Ketones. The ketones were all carefully purified
to constant melting point and rotation and, where
applicable to constant ultrafviolet absorption,

Absorption measurements, In order to correot
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for any day-to-day variation in the behavicur of the

Unioam S.P.5OO'speotrOPhotometer an abgorption standard
was prepared, comsisting of pure naphthalene in ethaneol
(96%) measured against a blank of the same solvent.

The intensities of the ninimum at 284mp and the maximum
at 286mp were determined with the same pair of stoppered
1om oells on eaochH0ccassion. No variation in the
position of the maximum or minimum was ever observed
(cheok on the wavelength scale). When variations in
intensity were noted, both the maximum and the minimum
changed simultaneously. Such changes were gemnerally
less than 4%, but occassilonally larger discrepancles
were noted which must be attributed to variation in

the instrument, Measurements of the naphthalene
solution on a partioular day were taken as a standard
value. The instrunent was checked agalnst this
standard before each series of kinetic runs arnd, if
instrumert variation was detected, a proportional
gorrection was‘applied to all measurements.

Teohnigue. Firetic runs were made as follows,
10-20mg of the ketone were weiched (semi-micro balance)
into 2 40nl gradueted flask. About 4ml of freshly
prepered exactly O.4N-—ethanollo notassium hydroxide
(see above) were added and the ketone was dissolved (if

nesessary with gentle warming). An ampoule of beng-
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aldehyde (see above) was openmed and about 300mg (approx.
10 moles) weighed into a 25ml volumetrioc flask and made
up to the mark with ethanolic O.1N-potassium hydroxide.
- A portion (5ml) was pipetted into the ketone solution,
and the mixture rapidly made up to the mark with ethanolio
potassium hydroxide, the time being noted. All solutions
were kept at thermostat temperature (25°) until thermally
equilibrated before being mixed. An identiocal control
was prepared (without the ketone).

At suitable intervals aliquot parts of both control
and test solution were withdrawn and diluted at onoce to
10ml (volumetric flask) with 96% ethanol. The absorption
of the test solution was measured at 292mm against the
blank solution, 4mm quartz cells being used. It was
established by prior experiment that this dilution
technique effectively quenched the reaction during the
time required to make measurements. Measurements were
made at the benzylidene maximum of 292mp (for triterp-
enoids) and 294mm (for steroilds).

The stability of the control solution was examined
and shown to vary only slightly with time (at 292mm ,
at zero time, € 945, after 3hours, € 965 and after 70
hours € 1134). The ooncentration of benzaldehyde
diminishes by one molar proportion as the reaotion

proceeds and by measurement of the absorption spectrum
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of benzaldehyde at 292mm the observed intensities were
correoted for this diminution.

The absorption of all compounds at 292mp (0r294mmu)
was determined separately and, if significant, an
appropriate correction to the observed extinetion
coefficient at this wavelength was made for eaoh kinetiec
observation. Caloulations were refered to a maximum
absorption at 292mp of € 18,100 for triterpenoids, a
value whioch was established by ocareful measurements on
the benzylidene derivative of lanost-8-enone and shown
to apply to several analogous benzylidene compounds (see
above). Similarly a value of € 17,000 at 294mm was used
in the case of steroldal benzylidene derivatives. The
observations gave first-order plots from which the
appropriate values of knwere calculated and corrected
for any slight variation in the 10:4 ratio of benzaldehyde
to ketone. As emphasized in the text all experiments
were run in pairs, one flask containing the standard
lanost-8-enone and the other the ketone under examination.
Expressing the results as the ratio of the two results
cancelled any variation in unforseen factors, For
ethanolioc O.1N-potassium hydroxide the mean rate oconstant

4 1

for lanost-8-enone (106 runs) was 7.78 10 mole 11.seoT

at 25° with error limits (calculated from the formula
b
T A

n(n-1)
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where the symbols have their usual significance) of X0.05.
In preliminary experiments it was shown that three-
fold variation in the benzaldehyde concentration had
little effeot (see table) on the rate oonstant ocaloulated
as above.

Since the variation in the benzaldehydetketone

ratio were, in fact, minor, the small correction applied

(second order kinetics being assumed) are justified.

lanost-8-en— |Benzaldehyde |10%k (seo.”1)|10%k/ PhcHO
one. (mole 1.-1) (mole~1l.
(mole 1.”hH seo.—1)
0.00258 0.0306 2,43 7.94
0.00248 0.0521 4,36 8.36
0.00237 0.0994 8.04 8,07
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TRITERPENOID DERIVATIVES.

lanost-8~-en-3fh-yl acetate. Technical lanosterol

(75g.) was acetylated with acetic anhydride in pyridine
overnight at room temperature. Working up in the usual
manner afforded the acetate which, without purification,
was hydrogenated in acetic acid ~ ether over Adams
catalyst until there was no further uptake of hydrogen
(approximately O.5moles). Working up in the normal way
gave lanost-8-enyl acetate (69g.) (from chloroform -
methanol) m.p. 118.5 - 420.5. (Lit., m.p. 120=124°),

Lanogt-8~en~3-one.  Hydrolysis of lanostenyl

acetate gave lanost-8-enol (from chloroform-methanol)

mepe 142-144. (Iit., m.p. 145-146°). Oxidation
yielded, as plates from methanol; lanost-8-enone me.p.
118-119, [ +77.6 (¢ 2.1); +75.5 (g2.34). At 292mp
e 36. (Iit.] m.p. 119.5-120, [, +77).

The derived benzylidene compound (needles from
methanol) had m.p. 104-106, [ p~22 (g 1.75), =19 (g 2.07),
) ax 292mpn € 18120. (Found: C, 86.45; H, 10,55

m
CpHg,0 requires C, 86.3; H, 10.55). Irradiation

with light produced the isobenzylidene compound (from

methanol) m,p. 110-111, d p t42 (e 1.87),Xmax 276mm
€ 8900 (Found: C, 86.2; H, 10.4)
Lanost-7-en-3-one. ILanost-8-enyl acetate (5g.)

was tteated with dry hydrogen chloride in chloroform
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(80ml) for two hours. Evaporation of the solvent gave
an oll whioh was oxidized with chromium trioxide in
acetlc acld by the method of Marker‘gg_§l4. The orude
oxidation product on ochromatography and crystallization
from chloroform-methanol of the fraotions eluted with

light petroleum afforded lanost-7-—enyl acetate (600mg.)

a3 plates or needles, m.p. 141-144, E{]D +32.2 (8 2.89)
(Lit.f m.p. 149). Hydrolysis zave lanost-7-enol (from
ohloroform-methanol) m.p. 157-158, {«] +14.9 (g 2.08)

(Lit.4, m.p. 162), Oxidation gave, on ohromatégraphy,
lanost-7-enone as colourless plates from ochloroform-

methanol) m.p. 144-146, YJ]D -15 (o 2.04) (Lit.’, MeDs

146=147, {«] S -20), The ketone gave a weakly positive

Z4imme rmann reaotion6.

Lanosta=~7:9(41)~dien~-3-one. Lanost-8~enyl

acetate (9g.) in acetic acid (500ml) and selenium
dioxide (10g.) in water (20ml) wers refluxed for 5 nours’ .
Filtration of the ocrude product, obtained by normal

work-up proceedure, through alumina in benzene furnished

lanosta-7:9(11)-dlenyl acetate whioh from chloroform-
methanol had m.p. 165-167, (11t.%, m.p. 165-166).
Hydrolysis gave lanosta-7:9(11)-dienocl m.p. 155=157 (Lit.9

Mmepe 157-158). Oxidation and chromatography over
alumina furnished lanosta-7:9(11)-dienone (thick

colourless plates from methanol) m.p. 129-134,
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[, +48.4 (g 1.45), A_,.236, 243.5 and 252mp, € 16250,

18700 and 412700 respectively. At 292mp € 18, V(Lit.8’10
mepe 131-132, {4 , +47.7 Amax 234, 243 and 252mn, € 15000,

17500 and 11500 respeotively).

The derived benzylidene compound (needles from

methanol) had m.p. 107-109, [&}D +3 (¢ 1.74), Amax 236,
+291m
244 and 252m&e ¢ 18500, 20800, 16100 and 16600 respeotively

(Found: C, 86.25; H, 9.85. 0 requires C, 86.653

Ca7tsa
Hy 10.2). Isomerization by light gave the isobenzylidene

compound (fine needles from methanol) m.p. 120-121,
gql,-71.5 (g 1.6)y N, 236, 244, 252 and 274mp,
€ 24000, 24500, 418200 and 8900 respectively (Found:
C, 86,85; H, 9.8).

Lanost-8~ene-7:11-dion-3f-yl acetate. Chromium
trioxide (42g.) in water (12ml) and acetic aoid (10ml)

was added dropwlse with good stirring to a solution of
lanost-8-enyl acetate (10g.) in acetic acid (20ml), the
temperature not being allowed to exoeed 90° 11, After

the addition had been completed the temperature wma was
maintained at 90° for 1.5 hours, by which time the

reaction mixture was homogeneous. After cooling the
solution was worked up in the normal way. Crystallization
from methanol afforded yellow plates of lanost—8-ene-
7:14-dionyl acetate (4.9g.) mep. 154=157 (Lit.'? m.p.

155-156).
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Lanostane-7:14-dionyl acetate. Zinc dust (4g.)
was added portionwise to a gently refuxing solution of
lanost—-8-ene-7:14-dionyl acetate (1g.) ir acetic aocid
(35ml). After 415mins, reflux the mixture was cooled
and freed from excess zinc and zino acetate by filtration.

Normal workup proceedure afforded lanostane-7:41-dionyl

acetate as white lustrous plates from chloroform-—

3

methenol, m.p. 220-221, (1it.'° m.p. 222-224).

Lanostane-3:7:11-trione. Alkalire hydrolysis of

lanostane-7:11-dionyl acetate furnished lanostane-7:41-
13

dionel (needles from methanol) m.p. 182-184 (ILit.
mepe 483-184). COxidation followed by chromotography

over alumina affcrded lanostane-3:7:11-trione as plates

from methanol m.p. 164-166, Bﬂn +46.3 (8 2.31), +47.2
(e 2.16). At 292mp, €100  (1it.'* m.p. 166-168,

4, +121).
lanostan-3(*—yl acetate. ILancstane-7:11~dioneol

(250mg) and anhydrous hydrazine (0.5ml) were heated
under nitrogen at 200° for 1hr. in redistilled diethylene
glycol (10ml). After cocoling, sodium (300mg) in di-
ethylene glycol (3ml) was added and the mixture refluxed,
first at 220° for 2hrs. then at 230°' for 4hrs. After
normal work-up the orude product was acetylated with
agcetic anhydride in pyridine at room temperature over-

night and ohromatographed over alumina. The fractions
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eluted by light petroleum afforded, on orystallizatian
from obloroform-methancl, lanostanyl acetate m.p. 146
and remelts at 153-154, SQBD +40.3 (g2.0) (Litq15 MeDe
150151, [ +41). |

lanostan—-3-one. Hydrolysis of lanostanyl acetate

gave lanostanol m.p. 176=177(e.0.), E@KD +3243 (8 2.05)
(uat.%? mop. 471-172(e.0.), [, +35).  Oxidation with

chromium trioxide in pyridine at room temperature

afforded lanostanone (plates from methylene ohloride-

methanol) m.p. 129-130, [l +23.4 (g 2.27), +23.4 (g 1.8)
(11t.1? m.p. 127-128, (4], +27).
lanostane-3:41-dione. Ianostane-7:11-dionol (4g.)

and hydrazine hydrate (100%, 2ml) in redistilled di-
ethylene glyocol (150ml) were refluxed for two hours.
After cooling, sodium (4g.) in ethylene glycol (50ml),
was added and the mixture refluxed at 220-230" for 6hrs.
The semi-solid (4g.) obtained on working up was acetylated
with acetic anhydride in pyridine on the steam-bath for
1.25hrs., Chromatography of the orude acetate afforded
lanostan—11-onyl acetate (41.5g.) (from chloroform-
methanol) m.p. 144-145, (] ) +63.0 (g 1.7) (11t."? m.p.
143-144, 3 +60).  (CEZ. MoGhie et a1'®). nHydrolysis
furnished lanostan—11-onol m.p. 161-162, G{]D +59,.8

(o 1.69) (1it.'® m.p. 164-162, [«], +60). Oxidation

with Saretts reagent provided lanostane-~3:11-dione as
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plates from methanol, m.p. 118-120, E{SD +60,9 (¢ 3.24)
(1t 2 mop. 120-123, [ +69).

lanostane~3:14~dione 3-ethylene ketal. Lanostane-

3141-dione (4.16g.), ethylene glyool (0.22ml), toluene=
p-sulphonic acid {10mg) and dry banzene (50ml) were
fefluxed in a Dean and Stark apparatus for 18hrs. On
0ooling, the reaotion mixture was doured into saturated
sodium ocarbonate solution and the organic layer separated
and washed with water. Evaporation of the solvent and
reorystallization of the residue from bhenzene-methanol

afforded lanostane-3:11-dione 3-ethylenc ketal (1.13g.)

MeDa 140"141’ [P‘]D +:§1o4, (9_ 1037) (Fow.’ld: C, 79015;
Hy 11,2, Cgplg,0,
14{-Jydroxy-lanostan-3-one. To the ketal (150mg)

requlres C; 78.95; H, 11.2).

in gently refluxing n-propyl alcohol (10ml) was added,
over a period of 1hr., diced sodium (1g.), heating being
adjusted to maintain gentle reflux, After the addition
of the sodium was complete n-propyl alcohol (7ml) was
added to destroy unreacted sodium, the mixture cooled
and worked up in the usual fashion to give ii-hydroxy-
lanostan~-3~one ethylene ketal (131mg) as large prisms
from methanol, m.p. 165.5-166.5¢K), E{ID £).0 (o 1.88)
(Found: C, 78.9; Hy 11.75. CsyHgc05 Tequires C, 78.65;
Hy, 141,55). ;

The hydroxy-ketal (180mg) in acetic acid (12ml)
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and water (3.5ml) was heated for 10 min. on the steam-

bath. Working up as usual provided jiA-hydroxy-lanostan-—

one (150mg) as prisms from aqueous methanol, m.p. 4154~

154.5, (3 ~6.0 (g 1.66) (Found: C, 81.1; H, 11.5

C3OH5202 requires C, 81.0; H, 11.8).
14b-Hydroxy-lanostan-3-one. Lanostane-3:141-dione

3-ethylene ketal (200mg) and lithium aluminium hydride
(220mg) were refluxed in dry ether (50ml) for 16hrs.

Excess hydride was destroyed by addition of ethyl acetate-
benzene and working-up in the usual way afforded 11ﬁ-gxdro§zr
lanostan-3-one 3-ethylene ketal (165mg) m.p.143-144,

QggD +29.5 (¢ 2.0) (Found: C, 78.8; H, 11.4.

C32H560%5
requires C, 78.65; H, 11.55).

The hydroxy-ketal (270mg) in acetic acid (35ml)
and water (5ml) were heated on the steam-bath for 10min.
to give 11Q-hydroxy-lanostanone (157mg) (plates from
1ight petroleum) m.p. 188.5-189, [ p +28.2 (g 1.49)
(Found: C, 81.05; H, 12,0,  CyoHg,0, Tequires C, 81.0;

H, 11.8).

Lanost-9(411)-en-3-one. Reduction of lanostane-

3:441-dione 3-ethylene ketal (276mg) with lithium
aluminium hydride as above gave orude 44f-hydroxy-
compound (279mg) which was treated with perechloric acid
(12 drops) in acetioc acid (45ml) at room temperature for
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15mins. Careful dilution of the reaction mixture with
water gave lanost=-9(41)-en-3-one (2411mg) as plates from
chloroform-methanol, m.p. 143=113.5(K), («] p t65.2
(o 2.67), +68.2 (o 1.7) (Found: C, 84.3; H, 14.6.
CBOHBOO requires C, 84.45; H, 11.8)

Methyl masticadienonate, Masticadienonic aocid was
methylated with ethereal diazomethane to give methyl

masticadienonate (from aqueous methanol), m.p. 124,
[ [ =77.0 (o 2.24), =76.8 (g 1.38) (1at."7 m.p, 125,

&= and(-amyrin were extracted from manila elemi by

the method of Vesterberg and Westerlind18 and separated
as their benzoates according to the method of Ruzicka
et al19.
A =AMy rone. Hydrolysis of £-amyrin benzoate yielded
o =amyrin (from chloroform-methanol), m.p. 183, [ p +84.0
(e 1.87) (Lit.20 m.p. 186, [ D +83), Oxidation gave
& —amyrone m.p. 125-127, [ ) +112.8 (g 2.51) [ 118,21
m.p. 125-126, 4 5 +119 (2y)].
d—Amyr-9(11)-ene-3:12-dione. K&~-Amyrin benzoate (4g.)

in dry chloroform (80ml) was treated with ozone at

room temperature until the solution was negative to
tetra-nitromethane. Partial evaporation of the solvent
and addition of methanol gave needles (2.8g.). After

filtration and drying these crystals were dissolved in
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ochloroform (15ml), acetic aoid (60ml) and hydrochloric
aold (3ml) and heated to 40° for 30min.2?  Working up
as usual and many orystallizations from chloroform-

methanol afforded  ~amyran-12-onyl acetate (1.36g.)

m.p. 225-229, [ +22.9 (g 2.54) (11t.% m.p. 227-
229, [ *24.7).

K =Amyranonyl acetate (250mg) in acetio aoid (12ml)
was treated dropwise with bromine in acetic aocid (4ml;
4%), oontaining a trace of hydrogen bromide, at 60°
with good stirring*.  On cooling the mixture 11-bromo-
o —amyran—-12-onyl acetate separated (183mg) m.p. 178
decomp., [} ; +25.1 (g 2.12) (1at.** m.p. 177-178
deoomp, , [o(]D +2245)

Treatment of the bromo-compound (887mg) with acetio

acld (25ml) containing hydrogen bromide-acetic aoid
(4 drop; 50%) at 100 afforded L—amyr-3(11)-en-42-onyl

acetate as octahedra from acetone-methanol, m.p. 206-208
(14t.24 m.p. 241-212). Hydrolysis furnished o{=amyr—
9(41)-en-12-onol (fine needles from light petroleum),
mep. 238-240, [ | +72.6 (g 1.46), A .. 250mp € 11700
(14t.2% w.p. 236-238, [ , +72.1, } .. 250mp log€ 4.015).

Oxidation afforded € —amyr-9(11)-ene-3:412-dione (from
methanol) m.p. 192-194, [] 5 +91.4 (¢ 1.8), +91.7 (g 2.5),

Amax 248mpm € 11000 (Found: C, 82.3; Hy 10.25.  CgoH, 0,
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requires C, 82.15; H, 10.55). At 292mm € 86.
A~Amyr-42-en-14-onyl benzoate. Chromium trioxide
(5g.) in water (5ml) and acetic acid (300ml) was added

dropwise (30min.) with good stiring to «-amyrin bensoate

(10g.) in acetic acid (300ml) at 100°26,

The solution
was heated for a further 30min., carefully diluted

with water, oooled and filtered. The orude product

was filtered through alumina in benzene and reorystallized
from chloroform-methanol to give {—-amyr-12-en=44-onyl
benzoate (6.9g.) m.p. 268-270 (Lit.26 mep. 266),

o ~-Amyr-12-ene~3:441~dione. Hydrolysis of £ —amyren-

onyl benzoate gave d—-amyr-12-en-11-onol (from light
26

petroleum) m.p. 202-206 (Lit.“" m.p. 208), Oxidation
afforded « —amyr-12-ene~-3:14-dione (from methanol) m.p.
195-196, [o ) +138.8 (¢ 2.6), A . 249-250mp € 42700,

max

The derived benzylidene compound (needles from
methanol) had m.pe 212-215, [J_\D +51 (g 1.73)y M [, 232,
255 and 293me€ 12400, 417000 and 18300 respeotively

(Found: C, 84.35; H, 9.15. CsoHg,0 requires C, 84.35;
Hy 9.55). This compound was also obtained by acid
oatalysed condensation as follows. o -Amyrenedione (160mg)
in ethanolic hydrogen chloride (40ml; 34%w/w) was

treated with redistilled benzaldehyde (0.57ml) at room

temperature overnight. Working up in the usual way
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gave material ldentical with that desoribed above.

A-Amyr-9(41):12-dien-3-one, «-Amyrenonyl benzoate
(649g.) and lithium aluminium hydride (4.2g.) were

refluxed in ether (300ml) for 5hr., The excess .hydride
was destroyed with ethyl acetate-benzene and working up
in the usual manner gave the orude dicl as a semi-solid.
This was refluxed for 3hr. in‘acetic anhydride (30ml)
with toluene p-sulphonio acid (20mg). Working up as
usual folloed by filtration through alumina in benzene
and crystallization from acetone-methanol afforded

o{~amyra-9(11):12-dienyl acetate (5.21g.) as needles,

meps 168-169 (Iit.?/ m.p.166-167). Hydrolysis gave
o« ~amyra=9(11):12~dienol m.p. 164-165 (Lit.27 MePe157-
158). Oxidation of the aleohol (2g.) furnished, after

chromatography, X -amyra-9(41):12-dienone (1.62g.) as

needles from methanol, m.p. 145-148, fod [ +441 (g 2.22
€ 8000 (11t.%® m.p. 164-166, (] [, +414, A 282mpu

€ 40200, but cf., Jacobs and Fleok29

max
and Spring and

Viokerstaff2®).
A—Amyr-42-en-i1-onyl acetate. Prepared exactly

as for the benzoate (see above), had m.p. 208-210,
M ey 250mpm € 11300,

11-llethylene K ~amyr-12-en-3f-yl acetate and 11-methyl
AL=amyra-9(11):12-dien-3P-yl acetate. L —Amyr-12-en—11-
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onol (1.5g.) in benzene was added dropwise with good
stirring to an ethereal solution of methyl magnesium
iodide (6.5g. magnesium and 8ml methyl iodide)>C,

After the addition was complete the ether was boiled off
and the benzene solution refluxed for 55hr, Saturated
ammonium chloride solution was added ocarefully and the
organic layer separated, washed with water and evaporated.
The crude reaction mixture was acetylated with aocetio
anhydride in pyridine at room temperature for 24hr, and
the mixture of acetates obtained on working up
extensively chromatographed over alumina (4100 parts;
aotivity 1). Elution with benzene:light petroleum

(1:99) slowly removed all material., The latter fraoctions

afforded 11-methylene £ —anyr-12-enyl acetate (752mg)

whioh on orystallization from chloroform-methanol had
meps 229-232, [ofJ j +142.5 (¢ 1.95), M . 246mp € 19700
(1at.%0 m.p. 228-230, (3 ) +144). Treatment of this
acetate, in chloroform, with dry hydrogen chloride for

30min. at room temperature afforded 11-methyl ol ~amyra-

9(11):12~dlenyl acetate (from chloroform-methanol) m.p.
164-166, 1] p 328.4 (g 2.32) (Found: C, 82.7; H, 40.5.
C34H550, Tequires C, 82,8; H, 10.55). This material

was identical with that obtained from the early

chromatographic fractions.
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1i-Methylene o-amyr-12-en-3-one., Hydrolysis of

the acetate gave 11-methylene «L—amyr-12-enol as fine

needles from methanol, m.p, 153-154,M . 246mm € 19300

(Lit.So. mePe 155-158, ) . 245mp log€ 4.3).  Oxidation

furnished 141-methylened—amyr-12-enone as needles from

aqueous methanol, m.p. 146-147, {¥JD +207.6 (g 1.2),
Amax 24Tmp. € 19700 (Found: C,85.5; H, 11.3.  CugyH,g0
requires C, 85.25; H, 11.1).

14~-Methyl L ~amyra-9(11):12-dien-3-one, Hydrolysis

of the acetate gave i1-inethyl oLamyradienol as an un-—

orystallizable gel. Oxidatlon of thls and ohromatography
gave 411-methyl L-amyra-9(441):12-dienone (needles from
methanol) m.p. 146-147; (o ., +402.3 (g 1.34), +406,0

(e 1.0), )max 284mu € 9900 (Found: €, 85.05; H, 10.8,
C5qH,g0 requires C, 85.25; H, 11.1).

Ursolic aoid. Extraction of powdered uva-ursi

leaves (700z.) with ethanolic potassium hydroxide solution
according to the method of Bilham, Kon and 308831
afforded, on crystallization from ethanol, ursolioc acid
(58.) mep. 286-287 (c.0.) (Lit.”! m.p. 291-292),

Ursonic acld. Oxidation of ursoliq acid affoxrded

ursonic acid (from agueous methanol) m,p. 290-292 (e.c.),
[dp +95.8 (g 1.7), +93.7 (g 147) (Found: C, 79.25;
Hy 10.6.  Csgliyg05 Tequires C, 79.25; H, 10,2) (118,72

MeDe 284’-285) .
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Methyl ursonate. Methylation of ursolic acid with

ethereal diazomethane gave methyl ursolate whioh was
oxldized without purifiocation te afford methyl urscnate
a8 needles from methanol, m.p. 196-197, E@]D +88,7
(e 1.95), +88.5 (g 2.0) [11t.”2 m.p. 192-193, [ |, +84
(eya)]-

Q@novenonedioio acid. Quinovic aocld was oxidized

in the usual fashlon and purified via its sodium salt
to affoxa éinovenonedioic acid (from methanol) MePe 293
decomp. , E{[D +130.8 (¢ 1.3 Py.) (Found: C, 74.4; H, 9.8.

Cagly 405 Tequires C, 74.35;5 H; 9.15).
AL
Qinovenonedioic acid dimethyl ester. Methylation

of quinovic acid gave the dimethyl ester whioh was
oxidized without purification te furnish gquinovenonedioio

aclid dimethyl ester (plates from methanol) m.p, 152-154,
B p +149.0 (g 2.06), +149.1 (g 2.48) (L1t.”* m,p. 149-
150).
B-Amyrone. lydrolysis of (-amyrin benzoate gave
Q-amyrin which was oxidized to{f—ggxrong m.p. 182-183,
[ p +112.3 (¢ 2.08) (11t.772%® m.p. 478-180, [ , +105.6).
(;-Amyrin acetate. Obtained by acetylation of
20 n.p. 241).

(-amyrin this had m.p. 240-242 (Lit.
{-amyra-11:13(18)-dien-3-one., @—Amyrin acetate (4.5g.)

uuuuuu

and seleniun dioxide (4g.) in water (4ml) and acetioc acid

(70ml) were refluxed for 2hr. o0 Working up in the usual
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way ylelded P-amyra-11:13(48)-dienyl acetate m.p. 227-229,
[y =61.8 (g 2.46) (L1t.”° m.p. 228-229, (4 -62).
Hydrolysis gave | —amyra-11:13(18)-dienol m.p. 229-230,
I, =73.3 (o 2.32) (14t.%° m.p. 228-229, (] b =72)s
oxidized to G-amyra-11:13(18)-dienone m.p. 241-242, [ |
~54.3 (0 1.75), A .o
and 19600 respeotively. At 292mp € 42. (Found: C, 84.83;
Hy 11425,  CyH, 0 Tequires C, 85.25; H, 10.95) (1it.2®
mepe 236-240, [ ~49, A ___ 242, 250 and 260mp € 28200,
32400 and 24100 respectively).

242, 250 and 260mp € 26900, 30400

b—Amyra-9(11);13(18)~diene=3:12:19-trione.
Oxidation of P-amyrin acetate (500mg) by the method of

Ruzioka et al”! with selenium dioxide (800mg) in Te-
distilled dioxan (25ml) for 12hr. at 200-230" in a sealed
tube afforded, after chromatography, {-amyra-9(11):13(18)-

diene-12:19~dionyl acetate (263mz) (from aqueous methanol)
m.p. 236-238, [] ; -87.9 (e 1.9), A ..
(Lit.37 m.p. 239). Hydrolysis afforded V-amyra-9(1il3

278mp. € 12300

13(48)=diene-12:419-dionol as needles from chloroform-
light petroleum, m.p. 290-291, [J ) =124.3 (g 1.3) (11t.%®

Mmepe 290-291). Oxidation of the alcohol afforded

Y —amyra-9(11):13(18)~diene—3:12:19-trione (needles from
aqueous methanol) me.p. 289-291 decomp., 1] p ~95.9

(g 1.58), N, 277Tmu € 11600, At 292mu € 9900 (found:

Cy 80.35; H, 9.25. CsoH,,05 requires C, 79.95; H, 9.35).
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C-Amyr-12-en-3:11-dione. Oxidation of P-amyrin

acetate (7g.) with chromium trioxide (4g.) in acetic aoid
(300m1)30, exaotly as for the corresponding« —amyrin

derivative, yielded %ramyr—12-en~11-onyl acetate (4.63g.)
Meps 259=261 (Idt.-0

MePes 264-265)., Hydrolysis
afforded i—a@x;—12-en~11-onol MepPe 234-235 (Lit.30 MeDo

230-231). It has been shown® that epimerization to
the 18-1is0 derivative requires more drastic conditions
than those employed here.

Oxlidation of the alcohol gave E~amyr—12~ena-3:11-

dione (from chloroform-methanol) m.p. 240-242, {of ; +145
(e 2.27), +142 (c 2.74), Amax 251mp € 12750, At 292mx
€ 50,  (1it.?? m.p. 237, [ [ +143).

The derived benzylidene derivative (from methanol)
bad m.p. 152 decomp., 14 , +59 (g 2.05), A __ 231, 255
and 294mu. € 11400, 16300 and 18100 respeotively after

drying (Found: C, 82.0; H, 9.55.  CyoHy10,.CH,OH
requires C, 81'65; H, 9075)'
R —Amyra-12:18-diene~3:11-dione. (~Amy 2~12-en~-

14-onyl benzoate (m.p. 266-268), prepared as for the

acetate above, was brominated and dehydrobrominated in
acetic acid by the method of Pickard and Spring4° to
give ?-amyra—12:18-dien~11-on11 benzoate (plates from

chloroform-methanol) m.p. 251-252, [], +322.6 (g 2.39),
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) nax 231 and 282mum € 18600 and 14200 respectively.
(116,49 m.p. 251-252, N 283mu log € 4.08),
Hydrolysis furnished ?-a@yra—12:18-dien-11-onol (plates

from aqueous methanol) m.p. 237-238, [J]D +363 (0 1.98)
(21t.40 m.p. 239-240), whioh on oxidation afforded

P-amyra-12:18~diene-3:11-dione m.p. 214-216, {4} p +399.4
(e 1.71), +404.6 (g 1.12), ) .. 284mm € 12700, At 292mp
€ 14400 (Found: C, 82.4; H, 9.9. CagHy 40y Tequires
Cy 82.5; H, 10.15).

P-Anyran-12-on-3f-y1 acetate. Oxidation of [-amyrin
acetate (15g.) in acetic acid (1250ml) with hydrogen

peroxide (412ml; 100vol.) by the method of Spring gg~g;41
gave Q-amyran—12-ony1 acetate (8.1g.) (plates from
chloroform-methanol) m.p. 298-299, {ul ; =15.1 (@ 3.24)
(rat.*? m.p. 299-2309, [4 , -15).

(f-Am_Xrane-5:12—dione. Hydrolysis of (-amyr-12-

onyl acetate provided (-amyran-12-onol m.p. 249-220,
[, ~28.2 (g 2.98) (z1t.4? m.p. 205-206, [ -26).
Oxidation furnished g:a@yrane—3:12—dione (needles from
aqueous methanol) m.p. 223-224, ] p —11.5 (8 2,1)
(11t. 4% m.p. 216-217).

b—Amyrane- 3:12-dione 3-ethylene ketal. A mixtuve

of ?-amyrane—3:12-dione (1.7g.) and toluene p~sulphonioc
aold (60mg) in redistilled ethylene glycol (160ml) was

slowly distilled at 41.5mm pressure over a perlod of
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2nr.*’ until only 15-20ml of glycol remained. Addition
of dilute ethanolic potassium hydroxide solution and then
water gave, on filtration, Q—aqyrane-ﬁ:12~diona*§n9thz;-
ene ketal (41.59g.) which from benzene-methanol had m.p.
279-284, [} , ~44.5 (g 1.64) (Found: C, 79.55; H, 10.5.
C32H5203 requires C, 79.3; H, 410.8).

120 -Hydroxy—p~ amyran-3-one. The dione mono-

ketal (150mg) in refluxing n-propyl alcohol (10ml) was
treated over a period of one hour with diced sodium (41g.),
the temperature being gradually inoreased to maintain
gentle reflux (final temperature 170')44. Aftexr
addition of further n-propyl alcohol (5ul) to destroy
excess s80dium the mixture was cooled and worked up in

the usual way to afford 412p-~hydroxy-f-amyran-3-one

3-ethylene ketal (421mg) as plates from benzene-methanol,
m.pe 272-274, (4] ) -12.3 (¢ 2.28), =13.8 (g 1.59)

(Found: C, 78.7; H, 11.35. Cs,Hg,05 requires C, 78.95;
Hy 11.2). Brief treatment of the hydroxy-ketal (167mg)

with aqueous acetic acid at 100° for 5min. followed by
dilution with water and crystallization from aqgueous
methanol gave 12(-hydroxy-f~amyran-3—one (87mg) m.p.
210-213, [ | +39.0 (¢ 1.54) (Found: C, 81.45; H, 11.25.

C requires C, 81.4; H, 11.40).

3055092
12d~Hy droxy—p-amyran—3~one.  Reduction of the dione

mono-ketal (474mg) with lithium aluminium hydride (900mg)
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in refluxing ether (150ml) gave, on normal work-up,

orystalline material, (450mg). Chromatography over
alumina afforde, on elution with benzene:light petroleum
(1:1), and orystallization from benzene-methanol,

124 -hydroxy—{— amyran~3-one ethylene ketal (254mg) MePe
261-263, EQ:D +16 (¢ 2.13) (Found: C, 78.7; H, 11.2.

C3pH5,4 05 requires C, 78.95; H, 11.2), and on elution
with benzene, 4120-hydroxy-R-amyranone ethylene ketal
(423mg) m.p. 271-274. Treatment of the 12d~hydroxy-
ketal with warm agueous acetlo acld ylelded 124~-hydroxy-
{~amyranone (from chloroform-methanol) m.p. 252-255,
[g}D +81.1 (¢ 1.11) (Found: C, 81.7; H, 11.45.

Coll5n0, requires C, 81.4; H, 11.4).

B-Amyr-9(41)-ene-3:12-dione. (-Amyran-12-onyl

acetate (6g.) in acetic acid (550ml) at 40-50° was
treated dropwise with bromine (2.2g; 1.1 mole) in acetio
aoid (BOml) containing a trace of hydrogen bromide.

The orude product obtained from the usual woxk-up
proceedure was refluxed for 1hr. in acetic aocid
containing a little hydrogen bromide. Crystalliszation
from chloroform-methanol afforded colourless plates of
b-amyr-9(11)—en—-12~-onyl acetate (4.95g.), m.p. 288-299,
kygn +57.9 (8 2.23), 2 248mp € 10300(L¢t.§1 mep. 289-

290, D{]D +61).  Hydrolysis providedie-amyr~9(11)-snr

12~0nol m.p. 244-247, 4 p +46.4 (o 1.81) (Lit.41 m.Pe
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249-250, [d) +57.5 of. Piokard, Sharples and Spring*®).
Oxidatlon with chromium trioxide in pyridine gave P-amyr-
9(11)~ene~3:12—dione.(needles from methanol) m,p, 205-
206, [] , +51.5 (g 1.34), M oy 248mp € 9550 (Found: C,
82.2; Hy 10.45. CxH,.0, requires C, 82.15; H, 10.55).

b -Amyran-3-one. Wolff-Kiskner reduction of

%namyran~12-onyl acetate (1.9g.) under the foroing
conditions of Barton et al46

S rasc—————

gave, after acetylation

and chromatography, P-amyranyl acetate (1.24g.) m.p.
275-277, b | +21.5 (g 2.6) (14t.7 n.p. 285, [ [ +21).
Alkaline hydrolysis and chromatography afforded p—amyranol

(£ine needles from chloroform-methanol) m.p. 492-197,
[ p +14.2 (2 1.76) (Lt m.p. 186-186.5, [ | +18.4).
Oxidation yielded tramzxanone (from chloroform-methanol)
meps 200-201, fpd) [ +41.2 (g 0.97) (Found: C, 84,8; H,
11,9,  CyoHg 0 Tequives C, 84.45; H, 11.8) (11t.47
m.p. 194-195).

Moronio acid. Saponification of mora saponin (20g.)

with ethanol-concentrated hydrochloric acid acocording

to the directions of Baxton and Brooks48

gave morolio
aoid (3.8g.) as fine gotton-woolly needles from dioxan—
methanol, m.p. 265 decomp.; [«] p +33.3 (g 1.02) (14t.48
m.p. 273 decomp., [ [ +33).  Oxidation with chromium
trioxide in pyridine afforded on purification via tiae

sodium salt, moronic acid (needles from aqueous methanol),
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logses solvent 156~160" and melts 248°with decomp., after
drying at 4130° in vacuo for 42hr. had m.p. 216°deoemp.,
(o p*63+1 (¢ 2,09) (Found: C, 79.55; H, 10.6.
03034663 requires C, 79,25; H, 10.2).
Methyl moronate. Methylation of morolio acid

with ethereal diazometbane gave methyl morolate (from
ethyl acetate-methanol) m.p. 228-230, [« , +28.7 (g 2.37)
(Lit.48 MePe 228-229, E{ID +26) . Oxidation afforded
methyl moronate (from methanol) m.p. 167-168,B{ID +60.1
(¢ 2.4), +60.3 (g 1.91) (11t.%% m.p. 165, W} +59).

Oleanone. Heating morolic acid 1in vacuo for Smin.
at 280~300" gave, after corystallization from schloroform-
methanol, oleanol m.p. 224228, (] | +57.4 (g 2,2) (11t.48
m.pe 221-224, (4} p +96).  Oxidation afforded oleancne
m.p. 178-181, [odD +96.3 (g 2.18), + 96.6 (o 2.37)

(11t.4% mp. 168172, B, +95.8).

Norolean-16:18-dien-3—one. Oleancne (630mg) in

methylene chloride (10ml) was treated with O.,62N-mono-
perphthalic acid (20ml) in ether and the solution made
up to 50ml with ether. After 17hr. (1.04 mols uptake
of oxidant) the product was isolated, then taken up in
methanol (400ml) and aqueous 2N-sulphurio acid (415ml)
and refluxed for 30min. Filtration of the product
through alumina in benzene-light pet:oleum gave nor-

olean—16:18-dienone (from chloroform-methanol) m.p, 164-
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166, L, ~14.1 (g 2.27), =15.3 (g 2.16), Ny 240mM
€ 18400 (Found: C, 85.4; H, 10.55, CagHy 40 Tequires
Cy 85425; H, 10.85), This compound had € 50 at 292mp.

Norolean-12:417-dien~3-one, Isomerization of

norolean~-16:18-dienone (200mg) with hydrogen chloride in
chloroform (20ml) at room temperature according to the

general method of Barton and Brooks48

yielded, after
ohromatography and coxrystallization from methanol, f£ine
needles of norolean-12:17-dienons (112mg) m.p. 115-118,
[, +118.5 (g 1.33), \ . 236 and 243mpu € 19300 and
20900 respectively. At 292mp € 170 (Found: C, 84.85;

Hy 11.0.  C,gH,,0 requires C, 85.25; H, 10.85).

This ketone was found to become coloured on keeping
and was prepared immediately before use.

Methyl morolate acetate oxide. Acetylatiem of

methyl morolate with acetic anhydride in pyridine
afforded methyl morolate acetate m.p. 263-265, [«] ; +38.3
(e 2.14) (11t.*® m.p. 263-264, [{] ; +38). Treatment

of the methyl acetate (82mg) in acetic acid (100ml)

with hydrogen peroxide (0.5ml) at 100° for 2hr. gave
methyl morolate acetate oxide (50mg) m.p. 288-290,

[ [ +28.6 (g 1.85) (11t.*® m.p. 288, [4] [ +30).
Methyl isodehydro-oleanonate.  Reflux (22nr.) of

methyl morolate acetate oxide (500mg) in methanol
(250ml) and 2N-sulphuric acid (25ml) afforded as fine
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needles from aqueous acetone methyl isodehydro-olean-
olate (294mg) m.p. 186-191, L) [ +196.3 (g 2.47) (14t.*®
mep. 179-180, [J_;D +214).,  Oxidation of the aloohol

and ohromatography of the product ylelded methyl iso-
dehydro-oleanonate m.p. 153-154, [] ;) +236.7 (g 1.15),
)\max 2321&,& € 7500. At 292mr4 € 60 (FOU.Dd: C, 7909;3’ 9.7,

Cs4Hyg05 requires C, 79.8; H, 9.95).
Methyl dehydro—oleanonate. Treatment of methyl

morolate acetate oxide (750mg) in ohloroform (420ml)
with hydrogen chloride for 30min at room temperature
gave methyl dehydro-oleanolate acetate (435mg) (needles
from chloroform-methanol) m.p. 225-227, E{ID -130,6

(g 1.98) (11t.*3 m.p. 220-221, [d] | ~127). Hydrolyeis
afforded methyl dehydro-—oleanolate m.p. 170-172,

LA 5 =139 (g 2.34) (11t.4® m.p. 168, W] [ -139).
Oxidation gave methyl dehydro-oleanonate m.p. 186-187,
&413 -130 (o 1.44), kmax 243, 251 and 260mp. & 26100,
29,500 and 18500 respectively. At 292mu € 31 (Found:

C’ 79.95; H’ 9.7, 03'1H4603 req_uires C, 79085 H’ 9095).
Methyl oleanonate. Methyl oleanolate (mep. 198~

200) was oxidized to give methyl oleanonate (stout

needles from methanol) m.p. 185-187, [, +92.2 (g 2.48)

(11t.2° m.p. 184-185).
Methyl 3:19-dioxo-olsan-13(18)-encate. Siamese

gum benzoin was extracted51’52 to give siaresinolioc aocid-
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aocetic aold complex m.p. 264-~270 (Lit.52 MePe 268-270).

Methylation afforded methyl siaresinolate m.p, 171-1795,

(Lit.52 mePs 176), which on oxidation provided methyl
J349—-dioxo-olean~-42~enoate (needles from methanol) m.p.
240-213, [, +141.9 (o 1.79) (Lit.”” m.p. 242-243,
LG.D +442.6). Isomerization by refluxing foxr 4.25hr.

in methanolic potassium hydroxide (25%) and remethylation
afforded methyl 3:19-dioxo-olean-13(18)-encate (£rom
light petroleum) m.p. 194-195, fo] ;) =194.9 (g 1,36),
Npax 251mp € 7400 (14t.7” m.p. 193-194, [ | 189,
Mpax 253mm logé 3.85).

Lupenone. Oxidation of lupeol afforded lupenone
m.ep. 168-170, [ [ +60.9 (g 1.56) (Lit.”* m.p, 168-169,
[ p +57.6).

Iupanone., Hydrogenation of lupenyl acetate (1g.)

over Adams catalyst in aeetic acid (30ml) and ether (30ml)

yielded lupanyl acetate (873mg) as rectangular plates

from chloroform-methanol, m.p. 244-246 (L:Lt.55 MePe

245-246). Hydrolysis gave lupanol (fine needles from
ohloroform-methanol) m.p. 187-189 (Iit.’® m.p. 206).
Oxidation furnished lupanone (from chloroform~methanol)
mup. 207-209, (], +16.2 (¢ 1.73) (z1t.”7 m.p. 210).
Allobetulone. Powdered biroh bark (750g.) was
refluxed with chloroform (6 litres) for 2hr. Evaporation

of the solution to convenient bulk (750ml), filtration
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through alumina and further concentration of the eluate
gave orude betulin on cooling. Reorystallized from
ethanol to give betulin (415.6g.) as needles, m.p, 252-
255, A, +18.2 (g 2.53 py.) [11t.7%079 n,p. 264,
43, +20 (®y)].

Treatment of betulin (5g.) with boiling formioc acid
(45m1) for 15min. gave allobetulin (2.6g.) as small
plates from chloroform-methancl, m.p. 312-316 (e.0.),
B p +52.6 (2 2.11) (14t.7%07% mop. 322 (enol), B4
+51)., Hydrolysis gave allobetulin (triangular plates
from chloroform-methanol) m.p. 266~270 (e.0.), [ D
+47.3 (o 2.22) (14t.”%2%% mop. 279 (e.0.), [} p +48),
which, on oxidation, yielded allobetulone (needles
from absolute ethanol) m.p. 241-243 (e.c.), [¥] p +82.5
(e 2.0) (11t.777%0 n.p. 235-236, [ [ +84.4).

od-Onoceradienedione. Kindly supplied by Dr.K.H.
Overton this ketone had m.p. 184-187, [ p %040 (g 3.47)
- (12t.%1 n.p. 183-185, B4 | ~2).

The derived dibenzylidene compound (needles from
methanol) had m.p. 213-216, [, =37 (g 1.76 or 1.78),
Amax 225 and 292mm € 247600 and 2417900 respectively

(Found: ¢, 86.15; H, 8.6. C,,Hy,0, Trequires C, 85.95;
H, 8.85). Isomerization with light gave the 1so-

dibenzylidene compound (fine needles from chloroform-

methanol) m.p, 223-224, () [ =225 (@ 1.51), M ,,224 and
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274mm 2X14100 and 28700 respectively (Found: C, 85.75;
Hy 8.85. C,,Hg,0, requires C, 89.95; H, 8.,8%).

Oleanonio acid m.p. 165-167 slight decomp., [ ;
+94.4 (g 2.16) (14t.%% m.p. 166 deoomp., (] [ +102.6);
masticadienonic acid m.p. 178-1841, [} p =77.5 (g 2.0),
Mpax 209m= € 11800 (11t.%% m.p. 178, [} ~76);  dihydro-
masticadienonic acid m.p. 156, EQ.D =80 (& 1.13) (Lit.63
m.p. 156, p —80); and dihydro-isomasticadienonio acid
m.ps 155-157, B | +27 (g 1.01) (L1t.%* m.p. 135-157,
BG;D +27) were all kindly supplied by Dr.E.Seoane.

Stability of methyl esters to base. That the

results of kinetic measurements on methyl esters were
not invalidated by a reduction in base strength of the
medium due to hydrolysis was established as follows.
Methyl masticadienonate (18.7mg) in ethanolie 0,1N=-
potassium hydroxide (10ml) was kept at 25° for Thr. The
solution was just acidified and extracted with ether.
The dried (Na2804) ethereal solutiocn was evaporated to
dryness and the residue analysed (Found: OMe, 5.5,
calculated for 030H4603; 1 OMe, 6.6).

That the tertiary ocarboxyl esters are not hydrolysed
easily, even by 190hr. refluxing in ethanolic potassium

hydroxide has already been demonstrated65.
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STEROID DERIVATIVES.

Ghnlestanune, prepared by oxldation of oholestanol,
bad m.p. 129130, [} , +42 (o 2.06) (11t.%6 m.p, 128129,
[4] D +43)., |

Stigmastanone, obtained by oxidation of the alcohol,
bad meps 157-158, [ +42 (o 1.4) (11t.%7 m.p. 197,
W], +40.5).

The derived benzylidene compound (from benzene-

ethanol) had m.p. 151-152, W] [ -108 (o 1.46), ) .

234mp € 16500 (Found: C, 86.2; H, 10.5. 036H54‘G
requires C, 86.0; H, 410.85).

Tigogenone,from oxidation of the parent aloohol,

had m.p. 204-206, G [ =53 (¢ 2.3) (L1t.%% m.p, 201-203,
Exrgost—8(14)-en~3-one ({-Zrgostenone), had m.p.

129-131, [,(]D +28.5 (¢ 4.32) (Lit.69 Meps 129-130,

(4, +30).

The derived oenzylidene compound (needles from
benzene-methanol) had m.p. 162-163, [ol] D ~17+5 (6 2.4),
70 v
i & . e De 1=4162 ).
Mpax 294mm € 47000 (Lit.'" m.p. 161-162)
Ergosta-7:22~-dien—-3-0ne. Obtained by oxidation

of the parent alcohol this ketone had m.p. 178-180,
[J}D +1 (g 2.14) (Lit.‘r1 m.p. 184, E‘]D +2)
Ergost—22-ene-3:11-dione (blades from methanol) had
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m.ps 162-163, [o), +52.8 (11t.72 m.p. 162-163, [od ; +51)s
The derived benzylidene oompound (needles from
methanol) had m.pe 191-492, [e] [ =742 (g 145), Mpax 294mpm
€ 17000 (Found: C, 83.7; H, 9.6. Co5H,g0, Tequires
Cy 83.95; H 9.65).

Brgost-22-ene~3:7:11~trione. Oxidation of ergogt-
22-ene~7:14-dione of m.p. 196-198, E{]D =32 (o 2.32)
(1it.7% mop. 197-200, [4] |, -30) afforded as plates from
methanol, ergost=22-e¢ne-3:7:44~trione m.p, 194-195,

4 p 8.8 (g 2.28) (Found: C, 78.75; H, 9.85. C,gH,,0,
requires C, 78.8; H 9.9).

Ss441~Dioxo-visnorallocholanic acid. Oxidation of

the parent alcohol gave 3:11-dioxo-bisnorallocholanic acid

(plates from ethanol) m.p. 258-264, E@}D +52 (¢ 2.54)
(Found: C, 73.5; H, 9.05. CypH3,0, requires C, 73.35;
H, 8.95).

The derived benzylidene compound had m.p. 268-270,
[o(]D ~24 (g 2.28), A, 294mp € 16500 (Found : C, 77.6;
Hy 7.95. CooHxg0y requires C, 77.65; H, 8.1),

Brgost—22-ene~-3:11-dione 3-ethylene ketal. The

3:44-dione (1g.) was treated with ethylene glycol (300ml)

and toluene-p-sulphonic acid (90mg) as desoribed by
Bernsteln et al.43 Crystallization from methanol ylelded

ergost-22—ene~3:11-dione 3-ethylene ketal as plates m.p.
153=-154, E{]D +18.8 (g 2.02) (Found: C, 78,9; H, 10.7.
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830H4805 requires Cy 73&9; H, 1006).
11§~&ydroxxgergost-22~en—3~one. Reduotion of the
ketal (150mg) with lithium aluminium hydride (100mg) in

refluxing ether (25ml) afforded, after chromatography

and orystallization from methanol, 11f-bydroxy-ergost-

22-enone ethylene ketal (100mg) mep. 155-156, EQ‘D 0

(s 1.6) (Found: C, 78.8; H, 10,6, C5Hgn05 Tequires

C, 78.55; H, 14.0). The ketal (100mg) in aqueous acetic
acid (10ml) was heated to 100° for 415min. to affoxd

11p ~hydroxy-~ergost—22-en~3-one (from methanol) m.p.
170-172, [} ; +11.5 (g 2.0) (Found: C, 81.15; H, 11.1,
CogHy60, requires C, 84.15 I, 11.2).

1 ~-Hydroxy-ergost—-22—-en->—-one. Reduotion of the

ketal (200mg) with sodium (1.5g.) in refluxing n-propyl

aloohol (15ml) by the method of Barton and Holness*4

afforded 11-hydroxy—ergost-22-en-3-one ethylene ketal

(150mg) as needles from methanol m.p. 186,$}ﬂ D -22,6
(g 1.5) (Found: C, 78.55; B, 10.95. C5,H;,0, requires
Cy 78.55; H, 41.0), Removal of the ethylene-dioxy

grouping, as for the epimeric 11P-hydroxy-isomer above,

furnished 14X-hydroxy-ergost—22-en=3-one (126mg) as
needles from light petroleum, m.p. 142-144, o<} p =19
(¢ 1.58) (Found: C, 81.25; H, 11e2, C,gH, .0 Tequires

C, 81.1; H’ 11.2)0
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The non-reactivity to henzaldehyde of the C(4>

position of steroidal ketones. The 0(2) benzylidene

derivatives of 3:14-dioxo-bisnorallocholanic aold, exrgost-
22-ene-3311~dione and stigmastan-3-one were treated with
benzaldehyde in O.41N-ethanolic notassium hydroxide under
exadtly the same oonditions as employed in Xxinetic runs,
No inorease was observed in the value of the extinction

goeffiolent at 294mu over a period of three days.

Benzylidene compound €at 294mp | € at 294mu
after 24hr | after 24hr
Ergost—-22-ene-3:11-dione 15,800 15,370
Stigmastanone 15,300 15,000

3s11-Dioxo-bisnorallocholanio
acld 15,900 15,600

The appropriate blank was used for all gompariscns.
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Construstion of the new molecular models. The new

models were identiocal in form and shape to the Barton
models, the size only (but not soale) being inoreased.
They were oonstruoted as follows,

Solid duralumin was acourately machined to give a
regular tetrahedron such that the vertical height was
3.50m. and each side 4.25cm. Each apex was removed
parallel to the corresponding base to give a truncated
tetrahedron of vertical height 2.69cm. and side 2.250m.
Holes were drilled vertically from each truncated apex
to a depth of 41.1om. The diameter of the holes was
such that it gave a good fit to the bonds and yet allowed
completely free rotation. Holes were drilled, tapped
and provided with scorews in eaoh faoce so that the sorews
engaged in the grooves in the bonds.

The trigonal ocarbon atoms were constructed of %"
brass sheeting, from which were out equilateral triangles
of side 4cm. The corners were truncated to 4.05¢m. down
each side and the truncated faces drilled to a depth of
1.20m, i.e., 0.20m. from the centre of the atom. Tapped
holes with sorews were made as for the Barton models,

Carbon-carbon single bonds were construoted from %"
stainless steel wire. The single bonds were 13.950m.
long, each one bearing two cirecular grooves 3Jmm. wide

and approximately 4mm. deep situated with their centres
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6mm, from elther end of the bond.

Double bonds of length 12.9em. were construsted
from the same material. The ends of the bonds were
ground fiat and parallel to each other, by removing
half the bond, for & distance of 1om,

v, BT
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NEW COMPOUNDS

Compound

2-Benzylidene lanost-~8-en-3-one

2~igsoBenzylidene lanost-8-en-3-one

2-Benzylidene lanosta~7:9(14)-
dien~-3-one

2-igoBeanzylidene lanosta-7:9(11)-
dien-3-one

Lanostane-3:41-dione 3-~ethylene

ketal

11d-Hydroxy—lanostan-3-one
3-ethylene ketal

14K ~Hydroxy-lanostan=3-one .

11@-Hydroxy-lanostan-3—0ne
3-ethylene ketal.

110 ~Hydroxy-lanostan~3-one .
Lanost=-9(11)=en=3-one +e¢
o=Amyr~9(11)-ene-3:42~-dione .

2-Benzylidene A—-amyr-12-ene-
3:41-dione .

414-Methyl #—amyra-9(11):12-
dien-30-yl acetate .

14-Methyl «-amyra-9(11):12~dien-

J=-0ne .

11-Methylene ¥ -amyr-1{2-en-3-one

Quinovenonedioic acid . .

(¢-Amyra-12:18-diene-3:11-dione

.

*

BePo
104-106
140-411
107-109.
120-424
140-444

16505“166?5
151-151.5%

143~144
188, 5-189

113-143.5

192-194

212~215
164~165

146-147
146~147
295 deocomp.
214-216

1,
-22
+42

+9
"71 05
+31 Y

-6

+29,3
+28,2
+65.2
+91.1

+51

+402,.3
+207.6
+130,.8
+399.4
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R-Amyra~-9(11):13(18)-diene~

3:12:49~trione .. 289-291 «9%.9
2-Benzylidene (-amyr-12-enc-
3:44~dione .. 152 dedomp., +59
$-Amyrane-3:12~dione 3-ethylene :
ketal .. 279284 -44,5%
12@~Hydroxy—?—amyran—3~one
3-ethylene ketal .. 272-274 -12.3
12Q-Hydroxy-P-amyran-3-one .. 240-2413 +39
12&-Hydroxy«@kamyrana3-one
3-ethylene ketal .. 261-263 +16
122~Hydroxy-{-amyran-3-one .. 253255 +84,.1
B-Amyr-9(11)-ene-3:12-dione .. 205-206 +51.5
Moronic acid .. .o .o . 218-2241 deo. +65.1
Norolean—16:418-dien~-3-one .o 164-166 -14.4
Norolean-12:17-dien-~3-one .o 115-148 +118.5
Methyl isodehydro-olean-3-onate 153-154 +236.7
Methyl dehydro-olean-3-onate .. 186-187 =430
2:20~Dibenzylidene A-onocera—
dienedione .. 213-216 -37
2:20-Di~isobenzylidene X-onocera
dienedione .. 223~224 -225
2-Benzylidene stigmastan-3-one 154-152 -108
2-Benzylidene ergost-8(14)-en-3-one 162~-163 =17 45
2-Benzylidene ergost-22-ene-
3:141—~dione oo 191-192 ""702
Ergost-22-ene-3:7:11—-trione .. 194-193 -8,.8
3:11-Dioxo-bisnorallocholanic acid 258-261 +52

2=-Benzylidene 3:11-dioxo~bisnor-
7 allocholanic acid .. 268-270 -24
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Ergost-22-ene~3:11~-dione 3-ethylene
ketal PO

11Q-Hydroxynergost-zz-en-B-one
3=-ethylene ketal .o

11%-ﬁydroxymergost~azeen~3~one

11K ~Hydroxy—~ergost-22~en-3-one
J~ethylene ketal ..

11l~-Hydroxy—ergost—-22-en—~I3~0one

153-454

155-156
170-472

186
142-444

+18.8

0
1149

~22.6
-19
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THE ANOMALOUS ULTRA-VIOLET ABSORPTION SPECTRUM OF

16~BENZYLIDENE ANDROST~4~ENE~3317~DIONE.

Many anomalous ultra-violet absorption speotra have
been reported (see previous section for examples and
references). Another such anomaly in a steroidal
compound has been found in the case of 16-benzylidene
androst-4-ene-3:17-dione (I).

The absorption spectra of (I), 16-benzylidene
A’-dehydro-androsterone (II) and androst-4-ene-3:17-dione
(III) have been measured at intervals of imm from 220-
510mpn . On the assumption that chromophores separated
by a number of saturated ocarbon atoms do not interact,
summation of the speotra of the two latter compounds
should give a resultant spectrum identical with that
obtained from (I).

],: I to rcR-Pk C&&ﬁ:ﬂ&k
o "o
(D

(1)

(111)
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Inspeoction of the results, summarized above, shows

that there is good agreement between the observed speotrum
of 16-benzylidene A%-androst—3:17-dione (I) and that
caloulated by summation of the spectra of 16~benzylidene
A5~&ehydro~androsterone (II) and androst-4-ene-3:47-dione
(III) in the reglon 220-260mn, At the maximum of 230mpm

( € 21000) the discrepancy is only 2% based upon the
caloulated value of € 20900. Above 260mpm the deviation
between the calculated and observed curves gradually
inoreases until at the maximum (294mﬁ) the difference
amounts to an € value of 2400, 1.e. 10% of the calculated.

This disorepancy, which, in view of the precautions
(see below) must surely be real, represents an inter-
aotion between two chromophores separated by five
saturated carbon atoms in a rigid cyclic system.

The oompounds were all dried for 24 hr, in vaocuo
at 90° prior to determination of speotra.

All speotra (determined on a Unicam S.P. 500
speotrophotometer) were measured at 1mm intervals from
220-310mu, oell corrections being applied to every
reading. The same ethanol was used for each determination.

In order to show that Beer's Law was obeyed over
the critical region the spectra of the two benzylidene
compounds (I) and (II) were determined between 288 and
304mp (at 4mpm intervals) at four different concentragions
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varying over a factor of four. Within experimental
error Beer's law was found to be obeyed exaoctly (see
Experimental). Cell corrections were, of course,
applied to every reading.

As a further check that the anomaly was in faot
real, the spectra were redetermined using samples which
had been independantly prepared by Professor D.H.R.
Barton, F.R.5., the physical oonstants of whioh were in
good agreement with those of the original samples.
Similar agreement between the caloulated and observed
curves was found between 220~260mp, whilst a difference

of 14% in the € values was found at 294mu.
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Experimental.

16-Benzylidene As-degzdro-androsterone. Treatment
of dehydro-androsterone (411mg) in ethanolic potassium
hydroxide (0.1M, 50ml) with benzaldehyde (1.56g.) over-

night at room temperature gave, on working up in the

usual way, the orude benzylidene derivative. Acetylation
with acetic anhydride in pyridine at room temperature
overnight and filtration of the product through alumina

in benzene, followed by crystallization from ethyl

acetate and ethyl acetate-methanol, yielded pure
16~benzylidene A5~dehydro-androsterone acetate (357mg)

mepe 251-252, (] -55.7 (o 1.62) (Lit! m.p. 255-256).
Alkaline hydrolysis of the acetate, followed by

orystallization from ethyl acetate, gave 16-benzylidene

A’-dehydro-androsterone m.p. 199-203, (] ;~26.3 (g 1.86),

A max223s 229 and 294mp € 8570, 7970 and 24200 respectively.
A sample of 16~benzylidene dehydro-andxrosterone

acetate prepared independantly by Professor Barton had

m.pe 256-257, (o] j=55. The derived aloohol had m.p. 199-

204, [} ;~22.3 (g 2.02), ), 223, 229 and 293-294mm

€ 8160, 7550 and 22600 respectively. (Iit.' m.p. 209-210,

["3 D"2605)o
16~3enzylidene androst-4-ene-3317~-dione. A mixture

of 16-benzylidene A’-dehydro-androsterone (426mg), dry
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benzene (60ml, AnalaR), acetons (10ml, AnalaR) and
aluminium tert-butoxide (430mg) were refluxed for 5hr.
- After cooling and washing the benzene solution with dilute
sulphuric acid and water the solvent was evaporated in
vacuo and the residue chromatographed over alumina.
Recrystallization from n-~hexane of the fractions eluted
with ether-benzene (5%) gave 16-benzylidene androst-—i4-
ene-3:417—-dione m.p. 188-189, &qu -19.8 (o 1'52)’Axmxx
230, 238-9 (inflexion) and ZQMy*G 24350, 418600 and 26800

respectively.

A sample prepared by Professor Barton had m.p. 188~
189, ] | -16.0 (g 1.19) A .. 230, 237-8 (inflexion) and
294mu € 20400, 17850 and 26070 respectively. (Lit.! m.p.
188-189, [«I 5 =20).

Androst-4-ene-3:17-dione. Prepared by oxidation

of dehydro-androsterone with chromium trioxide in pyridine
by the usual method, had, after chromatography and
orystellization from n—hexane, m.p. 172-173, [«] p t203.7
(e 1.35), +202.8 (g 1.52), M . 239mm € 16700,

A specimen prepared by Professor Ba;ton had mepe 172-
173, [d] ; +203.5 (@ 1.15), A 1, 239mu € 15210 (1it.293
Mep. 172, (4] p *201: A oo 239 € 45100).

Determination of spectra. The spectra were all

determined in absolute ethanol. Concentrations of

0.000835M were used for the two benzylldene compounds
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and 0.00119i for the androstenedi¢ne.
Optioal density readings were taken at 1mu intervals
over the whole range examined (220-310mu) and sell
corrections were applied to all values.

Verification of Beer's Iaw. Aliquots of 2, 4, 6

and 8ml of a solution (0.00137M) of the two benzylidene
compounds were diluted to 10ml with absolute ethanol.
Optical density readings were taken at 41mu intervals,
and cell corrections applied, between 288 and 304mﬁ.
Examination of the results given overleaf shows
that, within experimental error, the law holds exaotly

over this four-fold »ange of concentration,
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16-Benzylidene A’-de hydro-androsterone.

0.,000274M

0.000548M

0.,004096M

M ropa: 0.000822M
288 0.426 0.250 0.376 0.499
9 0.428 0.254 0.384 0.506
290 0.129 0.257 04386 c,513
1 0.434 0,259 0.390 0.518
2 0,131 0.260 0,391 0,520
3 0.432 0.264 0,393 0.522
4 0.434 0.261 0.394 0.522
5 6,131 0.260 04393 0.520
6 0,134 0.260 04391 6,519
7 0,430 04259 0, 388 0.515
8 0.429 0.255 0.383 0.514
9 0.128 0.252 0.379 0.503
300 0,425 0.248 0,373 0.49%
1 0.123 0.245 0. 367 0.488
2 05121 0.240 04360 0,478
3 0.148 0,235 04353 0.469
4 0.116 0.229 0,345 0.458
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16-Bengylidene androst-4-ene~3:17-dione.

| Nmy }0.000273K [0.000546M {0,000819M {0,004092M |
288 | 0,132 0.266 0.398 0,524
9 | 0,136 0.270 0.404 0,532
290 | 0.137 0,274 0.409 04539
1| o0.138 0.276 0,413 0.544
2| 04139 0,276 0.416 04547
3] 0.439 0.279 0,447 04549
4| 0.140 0.280 0.418 0.552
5 0.139 0.279 0,447 0.550
6| 0.139 0,279 0.416 0.548
7| o0.438 0.277 0.413 0. 545
8| 0.3 0.273 0.409 0.540
9 [ 0.435 0.270 0.403 0,534
300 | 0.133 0,265 0.398 0.525
1| o0.130 0,262 0391 0.518
2| o0.128 0.258 0386 0,540
3| o0.125 0.252 0.378 0.500
o] 0.123 0.248 0.370 0,488
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