VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

THES IS

SUBMITTED TO

THE UNIVERSITY OF GLASGOW

in fulfilment of the

requirements for the

DEGREE OF  DOCTOR OF  PHILOSOPHY

by

JAMES L. STEWART.

September, 1956,



ProQuest Numler: 10656320

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10656320

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



ACKNOYLEDGMENTS.

The suthor wishes to rec¢ord his sincere thanks
to Professor P, S. Spring, F.R.S., for his guidance
and supervision duving this period of resesrch, He
also wishes to express his gratitude to Dr. R.
Stevenson for much valuable advice and discussion.

This work was carried out with the aid of a
Meintenence Grant from the Colonial Producis Research

Council.



£ TRITERPENOIDS FROM AIDER BARK

LX STUDIES OF a-AMYRIN.
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The namo triterpene 1g applied to a cless of
naturally occurring hydrocarbons and oxyconated hydrocarbons
containing 30 carbon atoms. The molecular carbon skeleton is
erranged in such a monner that six igsopentane residues cén be
recognized as component units. Due to the fact that certain
products have been isolatedi’zgs" which have obvious triterpens
characteristics and which contain 31 carbon atoms, the more
comprehonsive term tritexrpenoid hes been adopnted.

tith the exception of the aliphatic hydrocarbon
squaleno, all tritexpenoids are alicyclic, and the greater
majority contain hydroxyl, carboxyl or carbonyl oxygen functions,
The triterpenoids can be divided intoe thres main classes:

(i) The aliphatic compound squalene, and the
tricyclic ambrein.
(ii) Tetracyclic conpounds such as lanosterol,

egnosterol, the elemic scids, the polyporsniec

acido, eburicoic acid, euphol, tirucallol and

butyrospermol, the nolecules of which bear a

cloge structural relationship to the steroids.

(iii)  ©Pentacyclic %witerpsnoids, vhich form the
larzest group, and incilude such compounds as

= and B-c2nyrin, lupeol, taraxasterol, etc.
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The pentacyclic triterpenoids gycloartenol and

gzg;g}aﬁdenol§" bear a close relationship to lanosterol,
end are best classified as tetracyclic. The hexacyclic
tritorpenoid phyllanthol, which 1s closely related to
.amamy:in; chould be included in éroup (iii). Onogerin, a
new tetrasyclic triterpencid typev, bears & resemblance to
the tricyclic embrein,

The mejority of the pentacyclic triterpenoids are
polyfunctional compoundé which cen be related to simpler
monohydric alcohols by faiélﬁ standard methodsa.li,‘and
which fall into four main claesses based on «u-amyrin,
Beanyrin, lupeol and taraxasterol, The saturated hydroe
carbons from which these alcohois could theorstically be
derived are ursane (I), olednane (II), lupane (III) and
taraxzastane (IV) respectively. A nmember of any grouﬁ'can
be nemed as a derivetive of the corresponding basic hydyro-
carbon, e.g. Geamyrin is urs-12-en-3f-0l (V)

Conprehensive discussions‘of the triterpenoids, and
deacripltions of the general methods used in stzructural
elucidations, can be found in the reviews of anorth?s,

o
o

.48 14 18 is 17
Spring , Noller , Jeger , Birch , and Barton , and in

" 18
Elgevier’s Encyc¢lopaedia of Organic Chemictry .
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1. The Constitution of Taraxerol.

The constitution of the pentacyclic
triterpenoid terexerol has been shown to be
(XXIIIs R = H) by e partial synthesis of (XXIII)
fron Beamyrin (VI3 R = H). The epoxide ring in
taraxeryl acetete oxide has been shown to have
the a«~confipguration, and the hydroxyl group in
the diol monoacetate formed by acid treatment of

the oxide to be equatorially (a) bound.

19
In 1923, Zellner and Roglsperger isolated an alcohol,

alnulin, from the bark of the grey alder (Alnus incans IL.),

20
[cf. Froschl and Zellner ], and it was later obtaimed from

the bark of the black alder (Alnus glutinosa L.) by Zellner

21 22
end Weiss .,  Burrows and Simpson  isolated en alcohol,
which they named taraxerol, from desndelion root (Qaraxacum
officinale). Taraxoerol has also been isolated from the bark

28
of Litsea dealbata (Lauraceae) by Dunstan, Hughes and Smithson 3

f£rom the bark of the red alder (g;nus rubra) by Kurth and

R4
Becker 3 and from Euphorbie resginifera by Dupont, Julia and

25

28
Wrageg Jeger and his collaborators established the
identity of almulin and taraxerol.
. ) 27¢28°89?80
foanwhile,; Takeda isolated an alcohol;

skimmiol, from Skimmia (Rutaceae) species, and suggested that




it was identical with tarexerol. The identity waé
established conclusively by Brooksal.' Beaton, Spring,
Stevenson and Stewartae have suggested that the names alnulin
and skimmiol be abandoned, and that these alcohols should in
future be called taraxerol. It is probable that the alcohol

35
tiliadin, isoleted from Tilia gordata and Tilils platyphyllos .

is also identical with tearaxerol. The related unsgaturated
hydrocarbon, taraxerene, has bean isolated from a lichen

34
(Cladonis deformis Hoffm.) by Bruun .

When this study of taraxexol started, consldersble

contributions to the chemistry of the alcchol had been made

2726129030 28
by Takeda s Jogey and his collaborators , and
81 '
Brooks By ether extraction of Skimmis japonica Thunb.,

followed by chromatography of the exiract, Takeda?? isolated
taraxerol (skimmiol) end the related ketone teraxerone
(skimmione). Takeda showed thaet taraxerol has the molecular
formule Gg H; 0, and that it contains 1 hydroxyl group end

L double bond. The hydroxyl group is acyleble and taraxerol
forms en acetate, & benzoate and & formate. The double bond
in tarazerol slowly absorbs 1 mol. of hydrogen to givé the
saturated alcohol taraxeranol. Dry distillatién of taraxerol
with selonium at 340° for 36 hours givesae 1:233:14~t0tvanethyl-
benzene (I), 112s5:6-tetransthylnaphthalene (II), 1:2:7-

=trimethylnaphthalene (III), 2:7-dimethylnaphthalene (IV),



1:8~dimethylpicene (V) and a hydrocarbon, m.p. 68.5%

Takeda concluded that taraxerol is a pentacyclic triterpencid,

probably heving the same bacic skeloton as Begmyrin (VI R = H),

& oo

4
o5

! @

Takeda?o noted the resemblance between the constants
of a hydrocarbon, obtained by prolonged Clcmmensen reduction
of taraxorone, and oleanfl3(18)-ene (VII), obtained by
Winterstein and Staina5 from olean-12-gn~3-one (VIII).
Takeda showed that these two products are identical, thus
establishing e direct relationship betwesen taraxerol and the

oleenang group of tritarpenoidsoE This was leter confirmed

It has been shown recently by Brownlie et al.5% that the
olean~135{18)-ene ("P-amyrenc-IIT ") obtained by Winterstein and
Stein®S is in fact a mixed crystal of olean-13(18)-ene and
l8a=o0lean=12-cne. (For fuller detells, ssee Alnusenons section).
This does not affect the validity of Takeda's relationship of
taraxercl and the olesanane proup of triterpenoids. Throughout
this section, therefore, when reference is made %0 olean-13(18)-
ene obtained by other workewrs, the product is the mixture of
oiean«13{18)-ene and lBa~olean=l2-ene.



by EKoller gj_g&,as Takeda concluded that taraxcrol is
slesnwlifi-en=3f-0l (IX; R = H). This formulation had to be
rejected when germanicol, which differs from taraxerol, was
shown %0 heve the struecture (IX; R = H) by Barton and Brooksiia
Koller gﬁ_g},ze confirmed the noleculsr formule
C50F500 fox taraxerol. An exaniration of the infra-red
gpactrum of the slcohol showed that the double bond is of the
type =0:GH-. It was also demomstrated by Koller gﬁ.g}pge
that the hydroxyl group is present in a six-membered, or
larger ring,. They did not conclude that the formation of
olean»13(138)«sne (VII} €ron tarazerona is »roof that the
latter is an oleenane dewrivetive. They did report, however,
that taraxerone is not reduced by the VWolff-Kishner nethod,

and euggested that the oxysen function mey not be in the

J=positione.




Brooks = made &n important contribution to the
chenmistry of taraxerol by showing that on treatment with
selenium dioxide, taraxeryl acetate yields oleansa=11:13(18)-
~dien~3B-yl acetate (x)n end 12:19-dioxo-oleana-9(11):13(18)~
dien«3B-yl acetate (XI). This proves that the hydroxyl group
iz attached to'c8 in taraxerol, and that it has the PB-configura-
tion. The contraxry suggestion by Koller gg.g;,ze is disproved,
since Brooke found that WolffeKishner meduction of taraxeronse
procceds smoothly to give taraxerene in good yield. On this
basis, Biooks suggested that tar&xezol is l3degermenicol -
(XIT; R = H), with the provioo that no rearrangemeni of the
corbon skeleton has teaken place during the selenium dioxide
oxidation,

Several disadvanteges in structure (XII; R = H) for
taraxzerol become apparent in the light of some of the excellent
work of Takeda, Takada?g prepared taraxeryl acetate oxide by
pexbenzoic acid oxidation of taraxeryl acetate. Treatment
of the oxide with nineral acid yielded an unsaturated diol
nonoacetate, which on oxildation with chromium trioxide fave on
unsaturated katoe-acetate. The diol moncacetate gave &
discetate on Hrentment with acetic anhydride. if taraxeryl

scetate iz %0 be represented by (XII), the oxide is (XIII),

in the formulae (X) - (XI¥VI), R = Ac unless otherwise stated.



the diol monoacetate is (XIV) and the keto-acetate ie (XV)
[19~0x0=0leanel3(18)=en=3f~yl acetate]. It has been shown
by Bilham, Kon and Ro:mss and by Ruzicka, Groh, Egli and
Jegez§? that methyl 3B-acetoxy-19-oxo-olean-13(18)-senoate
{(¥vII) is strongly laevorotatory ([a]D - 203°), as are its
derivatives, By analogy, 1t is reasonable to assume that
19-¢xro~0loan=-13(18)«en=3B=y) acetate (XV) will slso be
séronzly lasvorotatorye. Takeda found that the unsaturated
keoto-acetate from teraxeryl scetate is dextrovotatory ([a}D

+ 4°)s In addition, the reaction sequence (XII)— (XIV) is
not satisfactory for the counversion of %arazeryl acetate imfto
the diol monoscetate, since (XIV) is formmlated as an allylio

aleohol, which would be unlikely to survive the scid condition

used in its preparation from the oxide.




Alternative formuloe [o.g.(XVI)] for the diol
monoacoteto can be devised which overcome the eriticisms
nmentioned above Several other facts, however; arxe
2ifficult o weconcile with the sbructure (XIT3 R = H) for
taraxerol.

Takeda?o reported that pyrolysis of taraxzeryl
benzoate gives & small yield of oleana-2:l2-diene (XVIII).
Also, Clemmensen reduction?o of %araxerons foxr 24 hours
gives olean-13(18)~sne (¥II), wheress similer reduction for
8 hours gives & hydzocarbon, the constants of which (mopo
164-165° [a}, + 25°) are in close ogreement with. those of
a miziture of olean-12-ene (XI¥) and oleen-13(18)-sne (VII)

30
desexribed by Davy, Halsall and Jones .

¥ii)

( Xvit

- e

If the hydwocarbon (m.p. 164-165°) isolated by
23
Eollex ot el, i a mizture of olesun-l2sene (XIX) and
olean=13(18)~cne (VII), ite conversion into pure olean=

«13{18)=ene by continued scid treatment is in accordance

10




il

B
with the known facts. Of greator importence, during the

Clsmmensgsen reduction, the double bond originally nresent in

taraxerone is moving to the 13(18)-position via the 12:13=-

«position.

32
This hypothesis was confirmed by the conversion  of

taraxeryl eceitate into P-amyrin acetate (VI) by mild treatment
with mineral acid, Thus it has been shown conclusively tha%t
taraxzerol cammot be (XII; R = H), since conversion of (XII)
into P-amyrin acetate (VI) would require the conversion of the
intermediate olean-13(18)=-en=3p=yl acetate (XX) into the

thermodynamnically less steble P-amyrin acetate (VI).

If it is assuned that the coaversion of taraxeryl
acetate into feanyrin acetate consists of a simple double

Pond movement (without molecular rearrangement), then, by

The mixture must consist of olean-l2-ene, olean-13(18)-ene
and l8c-olean-l2~one, and the "pure® olean-13(18)-ene’
obtained by continued acid treatment is the mixed crystal
of oleen=13(18)-sne end l8u-olean-l2-ene weferred to
previously.
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elimination of the known double bond isomers of B-ahyrin
acetate, taraxeryl acetate must be 130=0lean=9(11 )=en=38~y1
ecetote (XXI), the conversion of which into B-amyrin acetate
mest be dve to the abnormal configuration at C,z. It has
been showns9 that the 13B-isomer of (XXI), olean=9(1l)-sn-

«3B=yl acetate (XXII) is stable to mineral acid.

(%x7)

Takedats oxide, unsaturated diol monoacetate and
wssburated keto~acetate have been re-examined in an attempt
to obtein fresh evidence as to their constitutions, It has
besn found that the keto-acetats does not coniain an afe
~ungaturated ketone chromophore, (it shows no high intensity
absorption above 2100 2. in the ulitra-violet), end therefore
the fissgion of tarazeryl acetéte oxide nust involve a
molecular rearrvengement. Dehydration of the diol monoaﬁetate
with phosphorus oxychloride in pyridine gives an unconjugated
diene, caltalytic hydrozenation of which yields feanmyria
acetaﬁaag. Heﬁce@ au oleanane derivative has been produced es

a resuliy of the molecular rearrangement, and taraxerol itself
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cannot be anoleanene derivative. It cannot, therefore, have
the structure represented dby (XXI; R = H). The diol
nonoacetate is & hydroxy-f-amyrin acstate; in which the
positioﬁ of the hydroxyl group marks the position of the

deuble bond in taraxeryl acetats. Similarij, the keto-zcedate
is an oxygenated-f-amyrin acetate. Removal of the ketone
grdué should give Beamyrin acotate. The keto-acetate was,
however, vecovered unchanged after being exposed to normal
Wolff-Kighner reduction, followed by acetylation. Thig
suggests that the carbonyl group is sterically hindeved.

The moleculey resyrangement evidence pressnied sbove
lssds %o the consideration of (XXIII; R = H) and (XXIV; R = H)
for taraxerol., The rearrangement of (XXIV) into feamyrin
ascetote (VI) by treatment with mineral acid can be represented
as initiated by the approach of & proton to the T:8-=double
bond with synchrcnous movenent of the methyl groups from cié(s)
and C,g5(a) to Cy end C,, vespectively, with final stebilisation
by the elinination of a proton from C 5.

The mechanism described above is similar to that
responsible for the conversionéo of euphenyl acetate (XXV) to
igoeuphenyl acetate (XXVI).

The alternative structure (XXIII) for taraxeryl acetato

iz more satisfectory because of & close analogy between the
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a1
reactions of this acetate and those of isooleana-9(1l):l4-
~dien=3f-yl acetate (XXVII). Oxidetion of l2-oxo-olecan~

~9(11)=-sn=3p=yl acetate (XXVIII) with selenium dioxide or

Ro/ Q:CSHx_

bromine gives 12uoxqgggpleanaa9(ll):14=dienn36wyl acetate

. . ) . 39?43
(XXIX), which on Wolff-Kishner» reduction gives (XXVII) .
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Treatment of the acetate (XXVII) with ninersel scid gives
oleana-9(11):12=dien=3p=yl acetate (XXX; R! = H)." . This
raaction bears a striking resemblance to the converéion of
taraxeryl acetate into feanyrin acetate (VI). On tresiment
of the acetate (XAVII) with selenium dioxzide, oxidation is
accompanied by moleculay rearrengement to give 12:19-dioxo-
«0leana=9(11)113(18 )=dien=-3p=yl acetate (XI), behaviour which
egain closely wesembles that of taraxeryl acetateﬁi. Oxida-
tion of the acetete (XXVII) with perbenzoic acid yields
15=hydrozyoloana-9{1l)s12=dien-3p-yl acetate (XXX; R' = OH),
presumebly by yesrrangement of an unstable oxide, & reaction
comparable with the conversion of taraxcryl acetate via tHe
oxlde inte the unsaturated diol monoacetate,

A partial synthesis of isoolean-l{-en-5fe-yl aqetate
(XXIIX) from 12-0x0iscolsana-~9(1l):1l4-dien-3f=yl acetate
(XXIX) waes abt £irst unsuccessful. Reduction of the acetate
(XXIX) with lithium in liquid ommonia yields 12-oxoisoolean-
=l4eon=38-yl scetate (XXXI), which will give ;ggplean=14;ena
-3B«yl acotate (XXITI) on removal of the carbonyl group.
The ketons (XXXI) was, however, recovered unchanged efter
beinz expesed to normal Wolff-Kishner reduction, followed by

acetylation,
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(=) ( zxww) (%) (%)

An ealtornative synthesis wap aitempted which is
baged on the fact that the ketome group at C,, is less
sterically hindexsd when there is no double bond in the
14s)5-position, Lithiun aluminium hydride reduction of
14:15=0poxy~12-0x0igoolean~9(11)-en~3p-yl acetate (XXXII),
prepared by oxidation 5£ 12»oxogggpleana-9(ll):14~dienn33ayl
acetate (XXIX) with potassium permanganateﬁa, was expected
to give isooleen=9(11)-enc-3fs:12as15-triol (XXXIII; R = H).
Oxidation of (XXXIIIj R = H) with mangenese dioxide should
give 12-oxoiscolean~9(1ll)-ene=3p:15-diol (XXXIV; R = H).

Lithiun in ammonia raduction to l2-0x0isooleana-3033:15-diol
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(XXXV; R = H) would have presented a possibility of attack

on the 12-ketone by normel w&lff-Kishnar methods. Reduction
of (ZXXII) with lithium eluniniun hydride gives, as éxpocted,
a product showimg no high intensity absorption in the‘ultra-
~violet above 2100 E. Shaking a solution of the crude
product in acetone with manganese dioxide gives, after
ecetylation, 14:1Snepoxy=12noxo;ggplean»9(ll)-eno3ﬁ-yi acetate
(XXXIT). Thus the 14:15-cpoxide ring has not been affected
on treatment oif (XXXII) with lithium eluminiunm hydride, the
product heing 14:15mepoxyiggolean-9(1})ueneuBBx12a-diol

(XXXVI; R = H),
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By using a. modified (forcing) variant of the
Wolff-Kishner technique , the details of which vere kindly
supplied before publication by Professor D. H. R. Barton,
P.R.S,, a smooth reduction of 12=~oxoisoolean-l4=-en-3p=-yl
acotate (XXNI) was effected to give, after acetylation,
isoolean=li-en=38=yl acetate (XAIII), which was found to be
identical with taraxsryl acetate obtained from natural sources.
Since the ketone (XXIX) is prepared from Pe-amyrin (VI; R = H),
these reactions constitute & partial synthesis of taraxerocl from
Beamyrin, It has been suggeated?a that the name taraxerane
be substituted for igooleanane in the nomenclature of this
serieé, (the orientation of the hydrogen atbtached to C; 4 belng
arbitrarily defined as ¢), since the use of the prefix iso is
confusing end no longer necessary in a sevries which has been
provaed to be naturally-occurring. The derivatives described
- in the experimental section have been named accordingly. Thus
tarexeryl acetate becomes taraxer-lieen-%B-yl acetate (XXIII).
The saturated hydrocarbon obtained from dihydroteraxerone by
Clemmenaen reduction?w is almost certeinly 14é-tagaxerane.

Tarexeryl scetate oxide is (XXXVII), the diol mono=
ecetate is olean-l2-ene-3B:15c-diol 3-acetate (XXXVIII) énd
the keto-acetate iz 15-0x0-0lsan-l2-en=-3f-yl acetate (XXXIX).

The noneconjugated dienyl acetate obtained by treatment of the



32
dicl monoacetate with phosphorus oxychloride is oleaaa~

«12115~dien~-3B-yl acetate (XL).

19
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The confipuration of the 15-hydroxyl group in
(XXXVIII) hes been shown to be equatorial (@) by a comparison
of (XXXVIII) with olean-l2-en-3B:158-diol 3-acetate (XLI),
obtained by lithium sluminium hydride reduction of l1l5-oxo-oclean-
~12«en-3B-yl acetate (XXXIX) with acetylation of the product.
The two diol monoacetates are different. The diol (XLI;

R = H) gives a monoacetate (XLI) only, and in this respect it
differs from ite iscmer (XXXVIII; R = H), which under the same
conditions gives e diacetate (XLII). The relation of the
diol monoacetates (XXXVIII) and (XLI) as epimers at C,5 was
confirped by oxidation of (XLI) to l5-oxo-olecan=12-en<3fe«yl
acetate (XXXIX). It follows that the hydroxyl group in the
diol monoacetate obtained by acid fission of taraxeryl acetate
exide is equatorially (a) bound. This is supported by the
fact that reduction of 1l5-cx0=0lean<l2-en-3f=-yl acetate
(XXXIX) with sedium in isoamyl alcohol gives89 a diol
(B~hydroxy-skimmiol) which is identical with that obtained by
alkaline hydrolysis of (XLII). The isomeric diol monoacetate
(XLI), prepared as described sbove, is the axial (158) epimer.
‘"he formaition of the axial alcohol {(XLIs R = ) conforms to
the rule thet reduction of e heavily hindered ketone with

4448
Lithium aluminium hydride gives an axial aslcohol . The
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hindered nature of the carbonyl group has already been

deduced fwxom the fact vhat the ketone (XXXIX) is recovered
unchanged after normal Wolff—Kishner reduction, followed by
acetylation,

It seems reasonable to assume that, since the hydroxyl
group in (XXXVIII) has the a-configuration, the epoxide ring in
tarezeryl acetate oxide also has the a-configuration. The
gonversion.of the epoxide (XXXVII) into the diol monoacaetate

(XXXVIII) can be represented ss follows:

¢

W«

( T

¥

Fission of the epoxide ring appears to follow the
éB '
rule of axial opening . This can be seen more readily if
it is essumed thai sn intermediate (irans~) glycol (XLIII)

is formed, in which both hydroxyl groups ave axielly bound
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with requot to ring Do The degeneration of the cation
(XLIV) consists inthe movement of the methyl group from

C;s to Cié; and the elimination of a protﬁn from C,, with
formation of the 12:13-double bonds these pperations azre
probably synchroncus. The change from & taraxeran-l5u-ol
derivative (XLIII), in which the 15;11ydroxy1 groun is :_g_:vg_i_e-.}.,
to on olean-l5e~-ol dervivative (XXXVIII), in which the

i5«hydroxyi group is eguatorial, is accompanied by & change

in the conformation of ring D.

The aeid-catalysed isomerisation of taraxeryl acetate
(XXIIL) to B-emyrin acetate (VI) can be reprosented in &
similar manney to that outlined above for the fission of the
spoxldes approach of a proton to Gy, is accompanied by
synchronsus transference of the methyl group from C;5 %o C,4,
and eliminbtion of a proton from Cup It is surprising that
in both cases the proton elimination takes place from C,,,

and not from Gya, to give the thermodynamically lecs siable

Aw-compoumd rother than the more stable A3 (18).isomer.
The resson for this can possibly be found in the geometry of
the molecule.

The ease of isomorisaition of taraxerol derivatives is
remarkanle. The oxidation of toraxeryl acetate with selenium
dioxide in boiling acetic acid ylelds the derivetives %o be

expected by similay treatment of B-anyrin acetate, showing
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that these reagents are sufficiently acidic to brinz about
reavrangement. In the preparation of the epoxide (XXXVII)

by oxidetion of taraxeryl acetate with perbenzoic acid,

great care must be takon in the preparation of the reagent.

If the pere-scid solution is not freshlyeprepared, isomerisation
takes place to give directly the diol monoacetate (XXXVIII).
The constants given by Koller Qﬁ_gépas for "taraxeryl acetate
oxide" show that their product is in fact the diol monoacetate
{XXXVIIT), (see Experimental section).

Oxidation of l2~oxotaraxer=ld-en-3f-yl acetate (XXXI)
with potassium permenganate gives 1l47:15%-epoxy-l2-oxotaraxerans
-3p=yl acetate (XIV), which wes treated with nineral acid in
an attempt to carzy out an oxide fission analogous to that.
found in the preparvetion of the diol monocacetate (XXXVIII)
from the epoxide (XXXVII). In this cese, no orystalline
material was isolated,

A comparison of the satureted alcohol, taraxeran-=3f-0l
(XIVI; R = H) with alnusanol, the ssturated alcohol obtained
from alnusenol, (see Alnusenones section), has'shown that these

two alcohols are different:

Teraxeran- Alnusan-
MePo [“]D mixed moPo MoPo [G]D
=0l 259=261° +22° 220~225° 255=256° +28°

=yl scetate 248-250° 4+34° 264=-265° +11°
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(F%)

Taraxerocl is the first naturallyeoccurring isocleanane
derivative %o be identified. The carbon skeleton of taraxevrane
(XIVII) cen be regavded as mede up of six isopentane residues
symetrically linked head to tail es shown in (XIVIII)., When
this fact was £ired obsexved, it was suggested.s2 that tarexerol
may e the precursor of the oleanane (XLIX) group of triter-
penoids, in & racent paper, Eschenmoser, Ruzicka, Jegser and
A:‘:':i.,gca:a:fW have suggested possible mechanisms for the derivation
of the comnstitutional formuiae of tho known triterpenoids from
the formula of squalene (L). Eschenmosex gﬁ_g&ﬁv suggest that
the tarvaxerane and olesnane groups of triterpenoids are formed
independently f£rom squalene by slightly different biogenetic

TouLeEs.
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The igoursane analogue of taraxerol, isours~l4-en-3B=o0l

48
(Ll)has been prepared by lLaird .
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2. The Constitution of Alnusenone (Glutinone).

An examination of alnuscnone, a pentacyclic

49981
triterpenoid ketone isolated from the bark of

the bleck alder (Alnus glutinoss L.), has shown that
its constitution is represénted by (XIV). An
isomeric ketone, obtained from slnusenone by treatmeant
with mineral acid, has been shown to have the
constitution (XXIII). A vartial synthesis of
alnugsenone (XIV) from friedelin (XXXIX) has been

aecomplished.

In Part 1 of %this thesis, exzperiments are described
which lead %o the elucidation of the constitution (I3 R = H)
for taraxerol, a pentacyclic triterpenoid elcohel, which
is readily isolatedzi, together with the rolated keton’é,
taraxerone (II), from the bark of the black alder (Alnus
qlutiubsa Lo). During an exanmination of %wo samples of the
bark, Chapon and David49 found that one ssample; collested
in November, yielded taraxerol and taraxercne in agreemént
with the experience of Koller gﬁ.ggfae From the corrgge
ponding fraction of a second sample, collagtéd in February,
Chepon and David = isolated & ketone CyoH,,0, which is mot
identical.with taraxerone, and which they laterﬁob naned

glutinone,
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" (m)

(D)

The isolation was repeated by Beaton, Spring and

Stevenson?i, who, unaware that the éompound had beon named
by Chapon end Davidggh, called the ketone alnusenone, and
confirmed the molecular formula Cg,H,30. Beaton gg_gi,si
demonstrated the honogeneiity of alnusenone by conversion

to the corresponding alcohol, alnusenol, which forms an
acetate, a bonzoate, & tribromoacetate, etc. Oxidation of
alnusenol with chromic acid regenerates alnusenone. The
nolecular formule of alnusenone, and its close association
with teraxerone, led these suthors to the view that alnusenone
is a pentacyclic triterpenoid kectone. Alnusenone has been
shown to contain & reactive carbonyl group and a reactive
double bond by means of the following experiments, which were
caerried out independently by Beaton 33_5;21 and by Chapon and
Davidso. VWolff-Kishner reduction of alnusenone gives the

unsaturated hydrocarbon alnusene, which is catalytically

raduced to the parent, saturated hydrocarbon alnusane,
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Catalytic hydrogenation of alnusenol gives the saturated
elcohol alnusanol, oxidised by chromic acid ¢to alnusanone.
Wolff=Kishneyr reduction of alnusanone gives alnusane.
Beaton =~ moted a difference in the breadth of the
ethylenic absorption bands of alnusenone and alnusenyl

acaetate, and suggested that this can be explained if the

carbonyl group and the double bond in alnusenone are in close
proiimetry. Beaton also deduced that the carbonyl group
must oceupy & reletively nonehindersd position in the
molecule, firstly because alnusenone readily forms an oxime,
end sscondly becauee it yields the same alcoholy; alnusenol,
on Feduotion with either sodium and ethanol or with lithium
eluminiup hydride. Hindered anéd non=hindered kctones are
both reduced by sodiuvm and alcohol to give an equilibrium
nixture in which the more stable, equatorial alcohol largely
predominates. On reduction with lithium aluminium hydride,
non=hindred ketones give the same equilibrium mixture, but
strongly hindered ketones glive the axial alcohol‘e. I
followe that the hydroxyl group in alnusenol has the equatorial
configuration?go

The ultra-viclet absorption spectrum of alnusenyl
agcetate indicates that the double bond is probebly trisube

B4
stituted. Ths infra-red absorption spectra  of alnusenone
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and alnusanone both include a band at 1702 c:xno‘f'1 typical of a
ketone in a six-membered carbocyclic ring. Alnusenone gives
a negative reaction in the Zimmermann testal, and in this
respect it differs from terazerone (II), and from other

known 3-oxo=derivatives of the pentacyclic triterpenoidsas.
Also, the molecular rotation differences between alnusenol

derivatives show some marked deviations from those between
corresponding derivatives of 3=hydroxy-triterpenoids. These
facts led Beaton?g %o suggest that the ozygen function in
alnusenone may not be situated at Cz.

A comparison?i of alnusane with teraxastans (III),
lupene~I {(IV) and friedelans (V) has shown that alnusane is
not identical with any of these saturated hydrocarbons. 1%
wag also shown in Part 1, of this thesis that alnusanol is

not identical with taraxeranol,

i
(=

An attenpt by the suthor to relate almusenone and its

derivatives to & known group of triferpenocids has been
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successful. Treatment of the umsaturated hydrocarbon
alnusene with hydrochloric-acetic acid mixture gives a
compound (m.p. 185-186°, [a]n - 19°) identical with that
obtained by Winterstein and Steinaa by Clemmensen reduction
of clean-l2-gn<3~one (VI), and by Takeda?o by similar
reduction of teraxer-li~en-3-one (II). This compound
(no.p. 185=186°, [a]n = 20°) was also obtained by Brownlie,
Spring, Stevenson and Strachans4 by treatment of friedelsne
(Vii) with hydrochloric-acetic seid mixture, and by similar
treatmont of olean-12-sne (VIII). It has been shown by
Brownlie, Fayez, Spring, Stevenson and Strachzm.a5 that this
material is a mixed oxystal containing olean-13(18)=-ene (IX)
end 18c-0lganel2-ecne (X) in the ratio 2:1. The seme mixturs
has bsen o'b‘haiuedsB from e variety of double hond isomers of
olean=12-gae by treatment with hydrochloric=-acetic acid
nixture.

The formetion of (IX) and (X) from alnusene esteblishes
a specific relationship between alnusenone and the oleanane
group of tritewpenoids. The author has interpreted this to
mean that the constitutions of alnusance end oleansne (XI)
differ only in the position of one or move tertiery methyl

groupse
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Beaton report@déa that treatment of alunusenone with
hydrochlowic-acotic aoid mizxture, uvnder milder conditions
than those ugsed in the isomerisation described above, gives
en isomsric unsabuvated ketone (ainusenone~II) {(m.po 250-252°
[a]D = 90°), in which the double bond is tetrasubstituted,
and not in conjugation with the ketone group. Since
alnusenone is recovered unchanged after treatment with alkaliag,
it is probable that alnusenong«IIl differs from alnusenone
oﬁly in the position of the double bond, and not in the
orientation at an uustable coentre. Alnusenone=II was also
obtained by Chapon?oa, who exemined the infra-red epectrum of
the corresponding hydrocarbon, sluusene-~II, and coﬁcludedsob

that the double bond is telrasubstituted.
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During the acld-catalysed isomerisation of alnusene
to the mized crystal of olean=-13(18)=ene (IX) and 18c-olean-
-12-ane(X), the double bond may have & transient existence in
the position occcupied by the douvble bond in alnusene~II,

Thie can be deduced from the following evidence. Firstly,
alnugenone-II is formed by milder aoid treatment of alnusenons,
and gecondly, treatment of alnusene-IT under the more stringent
acid conditions gives the some mixture of (IX) and (X) as
obtained from alnusens. Alnusenone~I11 was also preopared by
Chapon?oa by an sttenplted Clemmengen yeduction of elnusenone.

Attenpts Yo obtain oxygenated-oleanane derivatives by
trsatment of slnusenone and alnusenol with mineral acid have
been unsuccessfuly the produvct in each case could not be
obtained pure.

The double bond in alnusenyl acetate has been showa to
bs of the type -?zCH- as follows: oxidation of sinusenyl
zcetate with osmium tetroxide, followed by treatment with
lithium aluminiuvm hydride and room temperature acetylation
of the product, gives, in 51% yield, & triol diacetate
CsgHy0, 0 [infre-ved absorption in Nujol: bands at 1730,
1250 {(acetate), and 3570 cmzl(hydroxyl)]; n this conpound
the hydroxyl group aund one of the acetﬁte groups mark the

position of the double bond in alnusenyl acetate. The
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non-acylable hydroxyl group is stable to chromic acid at room
temperature, and is therefore tertiary. The formation of
the triol diacetate from alnusenyl acetate can be represented

by the reaction sequence (XII) —=> (XIII).

i QR

(Xil) ) .o M Bac b-(_lj)

Unchanged alnusenyl acetate (17%) was also recovered
from this resction.
Treatment of alnusenyl acetate with osmium tetroxide to
5
give tarareryl acetate (I) in 7% yield was described by
) 4966 : 49} %566
Chapon o Also, similar treatment of alnusenone is
claimed %o give tarazerone (II) in yields varying from 22 %o
91%. The author has not been able to confirm these resulis.
Oxidation of alnusenyl acetate with monperphthalic
acid gives an epoxide, which is stable to {(a) lithium aluminium
hydride and (b) hydrogen and platinum at room temperature.
Consideration will now be given to some possible
atructurses for alnusenone, hased on the evidence so far
presented. An initial assumption that the ketone group in
alnusenone is at Cgy in the triterpenoid nucleus is reasonable,

gince all known naturally-occurring triterpenoid alcohols and

ketones contain an oxygen function in this positicn, The

% In the formulae (I)=(XLI), R = Ac unless otherwise stated.
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structures which will be exanmined ave (XIV), (XV) and (XVI).
Structure (XVII) for alnusenone is not satisfactory, becauce
the double bond and the ketone group are not in close
proximetry, and there is therefore no spparent explanation
for the difference in behaviour of alnusene and alnuscnone to
mineral acid, Sinceit has been shown that the double bordin
alnussnyl acetate is trisubstituted, it cannot occupy
positions 5:10, 6:7 or 8:9 in the molcoule. The recasons for

choosing the configurations shown ab g, Oy, Cggs G5 and G,

will be discussed later.

| ") ¥ (an)
Structure {(XV) for slnusenonse has been eliminated by

maans of two simple experiments. Pyrolysis of alnusenyl

benzoate yields an unconjugated diene [}hax.2110 X.(En 6,500) 1,

and since vemoval of the elements of benzoic acid fron a

C; ~benzoylated triterpenoid containing a gem-dimethyl group

at G, can only lsad to the introduction of a double bond in

the 2:3-position, slnusenone cannot be (XV), because pyrolysis

of the benzeate (XVa) would give the conjugated diene (XVIII).
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In eddition, the enol acetate of aslnussnone does not
contain a coajugated dienme system ixm&xo2060 i (€ = 5,850)],
and therefore structure (XV) can be eliminated for reesons
gimilay to those ouitlined above, Tha formation of these
aon=conjugated dienes from alnusenyl benzoate end alnusenone
is in agroenent with (XIV) end (XVI) for alnuseonone.

A choice between formulse (XIV) and (XVI) for alnusenonse
hae beer made in favour of the former for the following
regsons, Firetly, elnusenyl ecetate is readily re&uéedﬁ1
with hydrogen end platinum to give alnusanyl acetate. The
caso with which this reduction tekes place is not in agreement
with the known properities of a double bond in the T:8-position;

8788
€.8- on giniler treatment of dihydrobutyrospermyl acetate,

5718889
the comstitution of which has been shown with almoss$
complete certainty %o be (XIX), isomerisation withoutb
reduction tekes place $o give cuph-8-onyl acetate (XX), and

lenos $-T-enyl acetate is not reduweed by hydrogen and pletinum,
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It follows that the ease of hydrogenation of alnusenyl
ecetate is in agreement with (XIV) rother than (XVI) for
alausenons.

Secondly, Beaton has ahown?o that treatment of
elnusenono-1T with bromine, followed by dehydrobromination of
the product, gives a fully conjugated dienone, U3 Hze0. It
ig impossiblo to formulate such a dienone on the basis of
(XV1) valosa, during the conversion of alnusenons to
alnusenons~-If, the double bond has migrated from the
7eB=position towerds the 5:1l0-position,

The constitution and stereochenistry of alnusenone are;
therefore, vepresented by (XIV), and the reactions already
dosoribed 2an be adequately explained on this foxmulation,
Alnusenyl acetate is (XXI), alnusene is (XXII), slnusenone«II
is (XXITI), and alnusene~II is (XXIV). The conjugated dienons

obtained from aluussnone-II by Beaton®® is (XAV). The



vnconjugated diene obtained by pyrolysis of alausenyl benzoate
is (XXVI). Alnusenone encl acetate is (XXVII)., - The triol

diacetate prepared from a2lnusenyl acetate by treatment with

osmium tetroxide is (XXVIII)., Alnusenyl acetate oxide is
(xx1x).




Oxidation of alnusenyl acetate with selenivm dioxide
gives  ® " g conjugated dienyl acotate Oy,Hge0s  The
ultra-violet abgsorption spectrum of this compound [lmax°2500
and 2380 Xo {¢= 16,000 and 18,000)s point of inflection at
2480 E. (6= 11,000)] indicates that the dione srstem is of
the fully transoid type. Alnusadienyl scetate has been
sgsigned the structure (XXX). Oxidotion of alnusadienol
(XXXs R = ¥) with chromiun trioxide-pyridine complex pives a

,’{ o, 2180 and 3190 £.{% = 11,000 and 8,300)] which
was initially formulated as the dienone CgoH,,0 (XXV)e. An
gnalysis of this product has shown, however, that it has thse
molecular formule Gz H,4Q, .. that it 1s a dicnedione,
[Founds €,82,5; H,10,09. C5oHye0, requires C,82.5; H,10.16%.
An oxypon analysis of another somple supports this view,
Found: 0,7.1e C3,H,,0, requires 0s7-3%]s The compound does
not contain o cis-diketons group, since it is recovered
unchanged sftor treatment with ¢-phenylenedismine, and hag
beon tentatively formulated as (XXXI). 'The introduction of
the socond ketone group Quring the oxidation is dependent on
the presence of the original ketone group in alnusenone,

because alnusadisnyl acetate is recoversd unchanged aftex

tesatment with chromium trioxide-pyridine complex.
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Reduction of alnusadienyl acetate (¥XX) by shaking its
solution in cyclohexane-acetic acid mixture with hydrogen in
the presence of pletinum at voom temporature gives alnusenyl
acotate (XXI). This is surprising in view of the ease with
which clnusenyl acetste is itself reduced %o elnusanyl acetate
(XX%1I1) under similawr conditiona51 uging acetic acid as solvent.
Reduction of alnusadienyl scetate in ocetic ecid gives alnusanyl
ascevate (XXAII). The isolation of alnusenyl scotate by partiasl
veduction of alnusadienyl acetate is proof that no rearrange-
ment of %he carbon sksleton has taken place during the seleniun
dioxide oxidetion of the former %o give the latter, Chapon.s6
raported that redustion of alnugsedienyl acetate gives &
saturated acetate, nod identical with alnusanyl acetate. This

is not in agreement with the experience of the author.
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The acideinduced isomerisation of alnusene (XXII) to
a mixtuve of olean<13(18)-ene (IX) and 18@=olean-l2eene (X)
is represented as a "backbono reaction, in which the double
bond attains the 13:18-position as a result of a series of
tertiary group migrations through the molecular saine [ef,
the conver:-zionfd of friedelene (VII) %o this mixture]. The
reaction is induced by the approasch of a proton to C;, and

final stobilisation takes place by the elimination of a proton

Lron Clao
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It will be noted that the configorations at Cg, Cg,
Cyge Oy end O, in (XXII) have been chosen so that the moxe

steble anti-trans-anti arrangement has been preserved throughout.

The hydroxyl group in alnusencl (XXIs R = H) has been shown?a
%0 be equatorial. This has been confirmed by treaitment of
ainugenyl acetate with sodium and amyl alcohol, undew
equilibrating.conﬂiﬁionsa4, which pgives, on acetylation of the
product, unchanged alnusenyl acetate., The hydroxyl group inm
alnusenol has, thevefore, the w-configuration., The formation
of alnuscnone=II (XXIII) dy mild acid treatment of alnusenone
(XIV) can be expleined by the elimination of a proiton from

G, in the cation (XXXIII), with formetion of a 5:10-double
bond.

Aun attenpt has been made to provide conclusive proof that
the constitution of alnusenone is correctly represanted by
(xiv). Tho prepavation from alnusanpnc of the conjugated
tvieno (XXXIV) would unequivocally eliminate (XVI) for
alnugenone, As o first step, the preparation of the diencne
{XXXv) hos boen attempted. The susceptidbility of alnusadisnol
to oxidation with introduction of & mecond oxygen atom hes
alveady beon described, ond an oxidation procedure hes therefore
been sought which will specifically convert the hydroxyl group

%0 a ketone group. Oxidation under the coanditions of
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0ppenauer91 was chosen. In order to determine the best
conditions for the reaction, three trial oxidations have
besn carried out on ¢-anmyrin using, as hydrogen acceptors
(1) p~benzoguinones (2) acetone; and (3) oyclohoxanone.

By using p-benzoquinone and aluminium t-butoxide in benzens
golution; oxidation of ¢~anmyrin proceeds smoothly to give
urgel2een=3=-0ne.

Oppenaver oxidation?a of ergosta=5:7s20=trien-38<=01
(XXX¥T3 R = H) is sccompanied by movemeni of the 5:6-double
bond %o give ergosta=4:T:20-trien<3-ons (XXXVII). The
possibility that similar oxidation of alnusadienol might be

accompaniad by double bond movement to give (XXXVIII) was

therofore considored,
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Oppenaver oxidetion of alnusadienol gives & product
CypHae0s the infra-red spectrum of which does not contain a
band attributable to en af-unsaturated ketone group. The
product is therefore & dienone of the type (XAIXV) and not
(XXXVIIX). Although a satisfoctory analysis has been
obteined for this compound, several facts suggest that it is
not a homogensous material, The ultzra=violet sbsorption
spectrun includes a2 meximun at 2340 Eo of lower intensity
(€= 8,300) than that of slnusadienyl acetate (€,545, = 18,000).
Also, the secondsyy maximum and the point of inflection to be
expected in a diene system of this type sre less well defined
than in alnusadienyl acetate. Furthermore, although the
molbing point (211-213°) remains constant on repeated
crystallisation from 2 nunmber of solvents, the specific
rotation ([a]D) varies between 122°¢ and 137°, Chromatography
on 2lunina of a solution of this meterial in light petroleum
fails to effect a separation.

Oxidation of alnuscnone with selenium dioxide gives &
material (m.p. 208-210°, [a]D + 140°), the m.p. of which is
not depressed on nixing with e sample of the Oppenauer
oxidetion product (m.p. 211-213°) described sbove.

Treostment of the Oppenasuer oxidation produet with

inopropenyl acotals gives a material, the wltre-violet

s o
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sbeorption spectrum of which contains a maximum at 3160 Z.
(6= 6,600). The intensity of this maximum is lower than
might be expected of e triene system such as (XXXIV), and
suggests that the enol acetate is not homogensous,; presumebly
containing an impuvity derived from that present in the
Oppenauver oxidation product. Chromatography fails to effect
e soparetion. The formation of the conjugated triene (XXXIV)
cennot be explained on the basis of (XVI) for alnusenone, end
although the latter experiments are not completelyosatisfactoryg
it is the opinion of the author that sufficient indications ef
the presence of a conjugated triene system in the enol acetate
heve been obtained to eliminate (XVI).

Final proof that alnusenons is corvectly represanted by
(XIV) has been cbtained by the conversion of friedelin to
elnusenyl scetato. The constitution of friedelin has been
ﬂhown§4’ e with almost complete certainty to be
(XXXI%). During 2 study of the degradation products of
fricdelin, Corey and 'Urs;pz'vmg'M prepared 4-bromofriedelin (XL),
treatment of which with silver acetate gave a product Gy Hy;q0
(mepo 247-248°, [a]D - 48,6°), which they formulated as (XIV).
A re-ezenination of this product by the author has shown that
it is not homogencous; it ie a mixed crystal of alnusenone

(X1v), (m.p. 245-246°, [a]D + 31°), and alnusenone«II (XXIIT)
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(mopo 250-252°, [a]D « 90°) in the ratio l:2.

go” N
(&)
Troatuent of A-bromofriedslin (XL) with silvor acetate

in acotic acid gives a compound (m.p. 247-249°, [a]D = 50°)
which is identiocal (m.p. and mixed m.p., [#], and infra-red)
with a synthatic mixture (m.». 247-249°, [a]D = 51°) of
alnusenone and alnusenone~II in the ratio 1l:2. Chromatography
on alumina of & light petroleum solution of the mixed crystal
obtained from friedelin yields fractions (m.p. 247-249°), the
specific rotations ([a]D) of which lie between ~ 65° and =32°,
Reduction of the mixture with lithium aluminiuvm hydride, and
acetylation of the product, gives a material from which alnusenyl
acetate (XXI) (m.p. and nixed m.p. 233-236°, [a]D}- 44°) and
alnugenyl-Il acetate (XLI) (m.p. and mixed mepo 290-292°, [a]D

- 25°) are readily obtained by fractional crystallisation from
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chioroforn-methanol,

The reactions described above constitute a partial
synthesis of alnusenone from friedelin (XXXIX), since
alnusenyl acetate has been converted into alnusonone, and
they confirm that the constitution of the latier is

ropresented by (XIV).
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Be O »in.

The constitultion and sterecochemistry of a-amyrin
(arsel2ecn=3p~01) 1s discussed in the light of some
recent observetions. The constitution of the acetate
C50H300,» obtoined ag one product by chromic acid
oxidetion of ursa=9(11):l2-dien~38-yl ccetats, has
been established as (XXXII). The psaturated alcohol
of the ursane series, ursan-5-0l, has been prepared
and characterised a=z its acetate, and as the correspond-
ing ketone ursan-5n6ne. The parent hydrocarbon of the

acries, ursang, has also been prepared,
¢’ & t

The oconstitution (I) for weamyrin (urs-l2-en-3g-ol) was
propeaed in 1949 by Heilsels, Jeger and Ruzickage, and until
receontly was generally accepted. The configurations at Cs,
Cg 9 de and 0, , were established by the conversion of «-amyrin
into two enol ethers, derived from the dikectone (II), which
were algo obtained fyom B-amyrin (ITL) by a parallel series
of rsactions, Iy follows that the configurations al Oy, Cg,
Cg and €, 5 in both &« and feanyrin are identical, and since
the constifution snd stersochemistiry of Beamyrin (III) have

18745768

bean established with almost completc certainty,

these configurations are as shown in (I). Alpo, there wes
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8628%
some ‘evidence X that the configurations at Cy and (,, are

the same in both series, although an abaolute proof was lacking
At this time, the configurationé at Cywy C3g9¢ Cyp and Gy hed
not been determined., The stergochemistyy of the interlocking
of winzs D and E has since been extensively studieds; and each
of the four theorstically possible arrangements has been

suggeated as the true structure.

HO

"@ " ()

Barton and Holnessse found that treetmeat of methyl
3egcotoxy~ll-oxoursel2<enoate (IV) with either acid ox
aikeli does not couse isomerisation et C,4 (or at Cg). In
this respect, (IV) diffors from the ceorvesponding ocleanane
dorivative (V), which does isomerise to give umethyl 3B-acetoxy-
=lleoxo-lBa=0lean=12«enoate (VI). On the basis of this
evidence, Ruzickaég proposed that c-omyrin is to be repnresented
by (VII), in which the hydrogen aitached to C,5 has been

assigned the a¢-conflguration.
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Jeger carried out a series of degredsations of d- and
feamyrin to give two tricarboxylic estoers, which contain the
oviginal C,, of the smyrins as the only esymetric centire.

Jeger atated that thaese two compounds are enantiomorphs, and
since the configurstion at C,, in B-anyrin has been established
as $, ho concluded that in ceanyrin the configuration at C,,
auat be d. Zurcher, Jeger and Ruzicka.?1 subsequently stated
that winga D and E in «¢-amyrin may be cigs-=o-fused as shown in
(VIIT), but their evidence for this assumption waé not |

disclosed,
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The third possible arrangement for the interlocking
of rings D and & (IX) was suggested by Corey and Ursprung?z.
These authors concluded thet since the confipurations at
Css Cg» Cg and C,;, are as shown in (VII), and since the
hydrogen atitached to Cg is not epimerisable when adjacent
%o an ll-carbonyl functionge, then this hydrogen must have
the more steble () configuration as in Baémyrin. Assuning
this to be correst,; there are now oight possible formulae'
for a-anyzrin which differ in the orientations of the three
remaining asymetric centres involved in zing fusion (viz.
Cigs Cpp and C,5). Corey and Ursprung rejected six of
these forymulae as being unlikely for reasons of stercochemistry,
leaving the two structures (VII) and (IX). The strueture
(VviI) is anslogous to l8c-f-amyrin, and (IX) to P-amyrin,

By a étudy of the stabilities of lactones derived from ursolic
acid, oleanolic acid and l8c¢=oleanoli¢ acid; and by molecular

rotation considevations, Corey and Ursprung proposed (IX) for

aaamyfin. By 2ssigning the equetorial configurations to the

methyl groups attached to Cyg (B) and Cp, (2), they suggested

an explenation for the stability of the gis-fusion of rinés

D and E. Under these conditions,; epimerisation at Cgjgz would

be difficuls since the methyl groups would be forced into the

axial conformations.
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The final arrangement (X) of the interlodking of rings
D and E was proposed by Beton and Kalsall?s. This suggestioen
vas baged on assumptions which have since proved to be
erroneong; and for this reason the arguments which led to
the adeption of (X) for c-amyrin by Beton and Helsall will

not bo discussed.

Considoxation will now be given to evidence wpon
which & new stereo-formule for cde-anyrin is based. As stated
earlier, the conversion of d¢- and P-enyzrin into common
degradation products indicates that the asymetric centrses
at O3, Og, Cg and 0, , have the seme configurations in both
compounds., Also it seems likely that the confizuration at
Cy is the more sitable arrangement. This was shown to be

745?78
corvesty by an examination s of the enol acetato of

B
ll-oxours-i2-en-58=-y1 acetate (XI). The latter compound is

G

: L]
prepaved by oxidation of g-amyrin with chromic asdd . It

77
is weduced to c-anmyrin acetate on catalytic hydrogeanolysis .
The enol acetato obtained from (XI) is strongly dextro-

-votasory ([a]n + 275°), and shows a single absorption

——

In the formulae (XI)w-(XXXVIII), R = Ac unless otherwise
stated.
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neximum at 2760 A,(€ = 8,000). This is similar to known
9(11):12«dienes derived from oleanane and ursene, and in
contrast to the isomeric 11:15(18)-dienéa. which are
laevoerotatory, and show an intense triplet sbsorption
maximum, the major pesk of which is at approximately
2500 A. (£ = 30,000), These facts chow that the enol
acetate is 3B:ll-discetoxyursa=9(11)sil2-diene (XII), and
not the 11:13(18)~isomer (XIII).

CelHya

ei;

()

Hydrolysis of the enol aceiate (XII) with either
> 785°78 . X

acid or alkali » followed by scetyletion of the
product, regenerates lleoxours-l2-en-3f-yl acetete (XI),
e proving thet the hydrogen attached %o Cy in c-amyrin
has the more stable (@) configuration.

The hydrogen attached to 0,y in e-amyrin wes shown

75

to have the more steble (B) configuration by the conversion

of ure=13(18)«on-3f~yl acetate (XIV) into c-amyrin acetate

by treatment with sulphuric-acetiec acid mixture. The
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observation that thetsiz-oompound in the a-amyrin series

is more stable than +1e*® *°)_ssomer 18 in direct
contrast to the situation in the B-amyrin seriesve. .Thus.
treatment of olean~12-ene with mineral aeid gi.ves85 thé
nixture of olean-13(18)-ene (XV) and 1l8a-olean~l2-ene (XVI)
described in Part 2.

The configurations at the two remaining asymetric
contres involved in ring fusion (014 and 01,) wvere deduced
by Beaton, Spring, Stevenson and Straoha,n.?8 as follows,
Treetment of ursa-9(11):13(18)~dien-3p-yl acetate (XVII)
with hydrochloric-acetic scid mixture gives oleana-11:13(18)-
~dien=3B~yl acetate (XVIII). On similar trestment, ursa-
~11:13(18)=dien=3p-yl acetate(XIX) end ursa-9(11l):l2-dien-
~3B=yl acetate (XX) also give (XVIII)s This indicates
that the configurations et Gy, Cz, Cps Oy, Cy9s Cy, and Gy
in geamyrin are the same as those in Peamyrin (III), and
e-anyrin ig represented by partial formula (XXI; R = H).

The stability of the gig~fusion of rings D and E in
a-amyrin must be due to some conformational factor in ring E,
Thieg factor must elso account for the greater stability of
urs-l2e-gne3f-yl acetate compared with the 13(18)-isemer, and
for the profound hindering effect on the double bond in

teamyrin, and on the keione group in l2-oxoursan3B«yl acetate.
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Alego, ying E of the ursane group, although different from

ring E of thec oleanane gwoup, must be so conmstituted that
it can reavvrange o the latter under suitable conditions.

These reguirements can be satisfied if ring E is considered



to be 5-membered, with an isopropyl group atiached to Cyq.
The Beconfiguration of the isopropyl group is more likely
than the a-conflguration, since the latier would cause
severe interaction between the side-chain and the C,,(a)-
-nethyl group. In addition, a Beorientated side-chain
protects the double bond in cezmyrin and the carbonyl

group in l2-oxoursan<38.yl acetate, thus offering an
explanation of the inertness of these two functional groups.
w-Amyrin can thus be represented by (XXIX), and this
formulation will be used throughout the remainder of this

section,

Meakin979 has produced additional evidence in favour
of (X%IT) for ae-amyrin by a study of the infraered absorption
spectra of Ceanmyrin and its dexivatives. Since the MeyC-
grouping produces o characteristic maximum at ca. 1367 cmzl,
the number of these groups in a2 compound can be estimated.

Meakins prepared the trisnor-hydrocarbons (XXIII) from

a-anyrin (Ia) or (XXII), Beamyrin (III) and lupaenol (XXIV),
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This procedure removes the gem~dimethyl group from ring A,
leaving one such group in the case of the hydrocarbons derived
from (XXII), (III) and (XXIV). The h&drocarbon derived

fron (Ia) will contain no gem~dimethyl group. Heakin's
recults indicated that the hydrocarbon (XXIII) prepared

from o~amyrin does contain a gem-dimethyl group, and thus
ce-amyrin itself must contain two such groups. This is in
egreement with formula (XXII) for c~amyrin, and not with

formuie (Ta). Meakins did not, however, exclude alternative

formulae, such as (XIV), for a-amyrin.

Further evidence in gupport of the comstitution (XXII)
80
for c-omyrin was reported by Phillips and Tuites . These

authors drew attention to & discrepancy in structure (I2),

18
previously noted by Jeger 3 wviz. that the dehydrogenation
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products from a-amyrin are the same as those from f-amyrin,
and seem to include l:B-dimethylpicene (XXVI; R®' = H),
instead of the expected l:7:8-trimethylpicens (XXVIs R! = Meo)

()
Phillips and Tuiteseo eliminate a suggestion by
Joger}s that the hydrocarbon (m.p. 306°) of unknown
constitubtion, obtained by Spring and Vickerstaff7e and by
Auzicke and Horgelioz, is the trimethyl derivative (XXVI;
R = Me), Phillips and Tuites synthesised l31T:B8etrimethyl-
picene., and althouvgh no direct comparison with the hydrocarbon
{(mops 306°) has been made, the meliting point {252-254°) of
-their product makes the identity of these two compounds
unlikely.
The constiitution (Ia) for ce-amyrin, in which ring E
is shown ap sizx-membered, is still preferred by Corey and
Ursprung?gb, Melsels, Rueggs Joger and Ruzickaég, engd
Helers., Arigoni, Eschenmoser, Jeger and Ruzicka?a.

Velera gﬁ_g}is trested 3:l2-dioxoisoursa-9(11):14-diene
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(XXVII) at 320-340° for a half-houi, and isolated from the
products a volatile fraction, containing itwo compounds,
Treatment of this mixture with perbenzoic acid gave a
mixture of two epoxides which on treatment with boron
trifivoride-ether complex gave.a homogeneous ketone.
Melers gﬁ_gl,ea identified the ketone as (=)«2313:16-
<trimethylecyclohexanone-1 (XXVIII) by a synthesis of this
compound from D-(+)-pulegone (XXIX), and concluded that
geanyrin is represented by formula (Ib), in which the

methyl group attached to C,, has the equatorial («)

gonfiguration,

The deduction from the evidence outlined above that
ring E in e-anyrin is six-membered is hased on the assumption
that no molecular rearrengement has taken place under the
conditions of the reaction. It will be necessary to carry
out move significant and specific reactions(degradative orx

othervise) on @-amyrin and its derivatives before a definite



choice can bhe mede between formulae (Ib) and (XXII) as
vepresenting the true eGonstitution of this series.

An examination by the aunthor of the chromic acid
oxidation products of ursa-9(1l):l2-dien-3f~yl acetate
(XX) will now be described. The dienyl acetate (XX)
is obtained from w-amyrin acetate by oxidation with
H«brOmoauecinimideeg. ‘Oxidation of (XX) with chromic
acld gives an acetate C;,H;,0,, in which the presence of an
cf-unsaturated ketone group and & tertisxy hydroxyl grdup
hes been establishad, and which was formulated by Beynon,
Sharples and Spring88 es (XXX) or (XXXI). Ruzicks, Jeger,
Redel and Volli86 ropeated this reaction and isolated, in
sddition to the acetate Cy,H; 0, @ second acetate CzoH,g0,,
which they suggested contains the group =(0.03C.C0-. In
torms of either formula (Ib) or (XXII) for w-amyrin, it is
impossible to formulate such an enedione unless molecular
rearrangenent is assumed to have taken place du:ing the
oxidation,

A ve-examination of the oxidation products has
confirmed the formation of the two acetates, which differ
appreciably in theiyr solubilities in ether and in
chloroform—~methanol. The less soluble product, Cz,H;,0,,

o
which shows en absorption maximum at 2500 A.(€ = 13,500),
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indicafive of an af-unsaturated ketone group, has been
identified as (XXX). Reduction of (XXX) with zinc dust

and acetic acidv‘ gives 11-0xours-12=ena3ﬁ-y1 acetate (IV).
The more soluble product, C3,Hy50,, which shows an absorption
maximun at 2570 A.(2= 13,000), has been identified as 13§:18%
opoxy~l2-oxours=9(11)-en=3-yl acetate (XXXII). When reduced
with zinc dust and ethanol, (XXXII) gives 1l2-oxoursa-9(11)

:1%3{18 )=dien-38=-yl acetate (XXXTII).

(zm)

The oxygen atom removed from the acetate Cz,H,,0, by

treatment with zinc dust end ethanol haes been shown to be
an oxidic funotion, since the infra-red absorption spsctrum
of the acetate includes bands ettributable to the scetoxyl

group and the af-unsaturated ketone group, but does not
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include bands due to either a hydroxyl or an isolated

ketone group. These facts do not exclude formula (XXXIV)

for the acetate Cz,H,50,, but the alternative formula (XXXII)
is preferred for the following reasons. The acetate is
recovered unchanged aftex treatment with hydrochloric-acetic
acid mixbure, and the secondary-~tertiary oxide group in
(XXXIV) would not be expected to survive this treatment.

Also, the intensi’y (€= 13,000) of the ultra-violet absorption
band of this acetate is not in agreement with the presence of
6 cigoid GB-unsaturated ketone as in (XXXIV).

,The reduction of (XXXII) to (XXXIII) by zinc dust and
ethanol is, surprisingly, peralleled by treatment of (XXXII)
with lithium and ammonia, Also isolated from this reaction
in smell yisld (cs. 5%), is a product {m.p. 170-172°, [a]n
+ 156°; no selective absorption above 2,000 Xo) of unknown
consbitution, Treatment of the dienone (XXXIII) with lithiuvm
in smmonia gives principally unchanged material, together
with a small amount of the compound (mep. 170-172°) menticned
above. The dicnone (XXXIII) is recovered unchanged sfter
trentment with (&) sodium borohydride in methanol and (b)
hydrochloric-agetic acid nmixbure.

The saturated alcohol of the c-anyrin series, ursan-
=3B-01 (XXXVs R = H) has been prepared, end characterised by

conversion to the scetate (XXXV) and to the corresponding



ketone, ursan=3-one (XAXVI). Volff-Kishner reduction of

(XXXVI) gives the parent hydrocarbon of the series, ursane

(XXXVIX).

()

Treatment of ce-amyrin acetate (XXIT) with chromic acid
gives lleoxzours-i2e-en«3g-yl acetate (IV). This zeaction
has previously bsen carried ou'{:?6 under reflux, when the
yield of (IV) obtainod was of the order of 30-35%. By
carrying out tho reaction at room temperature, however, the

yield has been inereased $o ©a.90%. ° Reduction of (IV) with



lithium in ammonia, followed by -acetylation, gives a poor
yield of ll-oxoursan~3Beyl acetate (XXXVIII), which en
- Wolff=Kishner reduction, using the forcing conditions
devised by Barton, Ives and Thomaegs, followed by aecetylation,
gives ursan-3B-yl acetate (XXXV). Oxidation of the aloohol
(XXXV3 R = H) with chromic acid yields ursan-3-one (XXXVI).
The parent hydrocarbon of the series, ursane (XXXVII) is
obteinsd from ursan-3=one (XXXVI) by normal Wolf f-Kishner
reduotion. WolfZ-Kishner reduction of ll-oxours-l2-gn-3f-yl
acetate (IV) uvnder the forcing conditions46 gives o=amyrin
acetate (XXII).

The preparstion of lleoxoursan-3f«yl aecetate (XIAVIII),
uraene3B-yl ascetate (XXV) and ursene (XXXVII) was cazried
out independently by Lyssy and Jegerﬁa, by & slightly
modified voute. Oxidation of (XXXVIII3; R = H) with chromic
acid gave 3:lledioxoursane (XXXIX), which on Wolff-Kishner
reduction gave ursane (XXXVII). The constants reported by
these authors differ in some respects from those found in

this works; these are tabulated below:

-

Lyssy and Jeger This work

HoDo [Ct]n HePo [a]D
ll-oxoursan~38- 337=336° «5°,=4° 326-329° =8.9°, =8.5°
-yl ecatate
ursan=3f-yl 247-249° +42° 249-251°  +26°, 425°
acoatato

ursane 139-140° 418° 124-128° +50°, +53°
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Mep'se are uncorrected. Specific‘rotations
were measured in chleroform solution at room temperature,
with & 1 dm. tube. Ultra=violet absorption speetra
wore measured in ethanol solution (unless otherwise
stated), with a Unicam SP.500 end & Hilger H700.307
spectrophotometer. Grade II alumina and & light
petroleun fraction, b.p.60-80°, werc used for

chromatography .

1. Taraxerol Derivatives:

Isolation of Taraxerone-Alnusenone Mixture from

the Bark of Alnus glutinosa L. - Chopped bark (3.85 kg.)

was extracted with light petroleum (b.p. 60-80° 3 x 12,5 1.),
each extraction being for 6 hr. at boiling point, then overnight
at room temperature. Evaporation of the solvent gave a dark
resin (125 g.)s A solution of the combined resin (480 g.)
Prom ‘four batches of bark (15.9 kg.) in benzene (1 1.) and
methanolic potassium hydroxide (5%3 5 1.) was refluxed for

5 hr,. The solution was reduced in volume and extracted with
other (4 x 1) after the addition of water. Filtration of
the ether layer gave an insoluble fraction (50 g.), which

was dissolved in benzene (1.5 l.) and the solution passed down

a column of alumine (1.5 kg.). Elution with the same



solvent (12 1.) gave a white crystalline solid (32 g.), m.p-
222-234°, [a]; + 27° (g,1.75).

This material consists essentlally of a mixture of
taraxerone and alnusenone in the approximate ratio of

1 to 3 respsctively.

Reduction of the Ketone Mixture with Lithium Aluminium

Hydride: Separaticn of Tarazeryl and Alnusenyl Acetates. -

A solution of the ketone mixture (10.%5 g.) in benzene (350 c.co)
and sther (350 c.c.) was refluxed with lithium aluminium
hydride (10 g.) for 14 hr., then allowed to stand at room
temperature overnight. The combined produet (31 g.) from
threes such reactions was treated with pyridine and acetic
anhydiride on the steam bath for 2 hr. Crystallisation of

the product from chloroform-methanol gave a mixture of needles
and plates which was washed on the filter with chloroform-
-methanol (1:1) until only plates remained, and the washings
concentrated to give again a mixture of plates and needles.
This procedure was repeated until concentration of the
washings gave alnusenyl acetate as needles (10 g.), m.p. and
nixed M.po 233=235°, [u]D + 46° (c,1.0). Concentration of
the mother liguors gave & second crop of needles (10 g.),
vhich crystallised from chloroform-methanol to give alnusenyl

scetate (6 g m.p. and mixed m.p. 233=23%5°, [a]D + 45° (c91.2)0
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Recrystallisation of the plates (from the washing
procedure above) from chloroform-methanol gave taraxeryl
acetate as plates (6 g.), Meps 302-304°, [“]n + 10.5° (¢40.8).
Koller g_t__q._.ﬁs give mepo 304-305°, [a]D + 9°, and Takede: |

gives m.p. 298-299°, [az]:D + 13.8° for this material.

Taraxerol. - A solution of taraxeryl acetate (300 mg.)
in beagene (20 c.c.) and methaenolic potassium hydroxide
(3%s 100 coc.) was vefluxed for 14 hr. The product crystellised
from chloroform-ncthanol %o give taraxerol as small plates
(210 ng.), m.p. 283-285°, [a]D-i 0° (¢;0.42). Koller gﬁ_g&is
give m.p, 282-283°, [a]D + 0°, and Takeda | give m.p. 279-281°,
[a]D + 3°,

In the later stages of this work, taraxerol isolated
from Skimmie by Dr. K. Takeda wae used; the author is indebted

to Dre C. J. We Brooks for a generous gift of this material.

140z l5c-Bpoxybtaraxeran=-38-y} Acetate. = A solution of

taraxeryl acetate (150 mg.) in chloroform (50 c.c.) ves

treated at 0° with e freshly prepared solution of psrbenzoic
acid (1.2 mol,) in chloroform, and the solution kept at 0° for
18 hy. The solution was washed with sodium hydrogen carbonate
solution, dried (Wa,S0,), and the solvent removed below 15°,

Grystellisation of the residue from chloroform-methanol gave
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140:150-0poxytaraxeran=-3f-yl acetate as plates (110 mg.),
BoDo 257-260°, [a]D + 43° (cy1.0)3 no selective light
absorption above 2,000 Z. The oxide does not give a
colour with tetranitromethene. Found: C,78.9; H,11.0,
Gale. £or GyuHyy Oy« Cp79035 Hy10.8%. Tekeda = gives
mepo 257=260°, [a]D + 47°.

It is essential that the per-acid solution should be
freshly prepared. Thus, part of a freshly made solution
of perbenzoic acid in chloroform wes successfully used for
the preparation of the epozxide as deseribed above. Use
of the vremaining part of the same solution after storage
at 0% in the derk for 2 days geve olsan-=12~gne-3f:15ax-diol
3-acetate end not the epoxide. The constants (m.p.287°,
[a]D + 73°) given by Koller gﬁ_ggpgﬁ show that their

product is the diol moncacetate.

Olean-12-ene-3f:15c=-diol 3-dcetate. = (&) 2H-Sulphuris

ecid (5 e.c.) was added to a solution of 1l4u:lS5c-epoxytaraxeran-
=3Byl acetate (80 mg.) in acetic acid (100 c.c.)s end the
mixture heated on the steam bath for 1 hr. A solution of ths
product in benzene-light petroleum (2:1; 25 c.c.) was chrome
atographsd on alumina, Elution of the column with bemzenc

gave a2 solid (3% mg.) which, after crystallisation from

chlorcform-methanol, gave oleen-l2<gne-3fB:15a=diol 3e-acetate
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as needles, m.p. 284-268°, [a]D +73° + 72° (c,0.9 and 1.5),
}maxozoéo A (€ = 4,500). It gives a pale yallow colour
with tetranitromethene. Found: C,79.13 H,10.6. Calc. for
CspBpp 05t C,79.35 H,y10.8%. Takeds gives m.p. 283-286°,
[a]D * 787,

{(b) Concentrated hydrochloric acid (4 c.c.) and water
(4 coco) was added to & solution of l4asl5a-epoxytaraxercn-3f-
-yl acetate (135 mg.) in methanol (100 c.c.) and chloroform
(25 €cco). The mixture was kept at room temperature for
i8 hr. Crystalligation of the produet from chloroform-
-methanol gave olean=12-gne~3f3:15a=-diol 3-acetate as needles

(80 mge)s mopo and mixed m.p. 284-288°, ga]n + 74° (cy1.3)s

15=-0x0-0lean-12-en=3f-y1 Acetate. - A solution of
olean-12-¢ne-3f:15¢-diol 3-acetate (100 mg.) in benzene
(10 c.c.) and acatic acid (100 c.c.) was treated at room
temperature with an acetic acid solution of chromium trioxide
(1.1 mol,), added with stirring during 15 min. The mixture
was alléwed to stand at yoom temperature overnight, then
worked up in the usual way. Crystellisation of the product®
fron chloreform-methanol gave l5-0x0-=0lean=l2-en=3f=yl
acotate as needles (70 mg.), mopo 278-280°, [a]D % 27*
(e;1.2 and 1,0). A max, 2040 Ao (& = 4,800), with no high



69

[
intensity selective absorption above 2200 A. It gives a
pale yellow colour with tetranitromethane. Found: C,79.7s
29
H,10.4. Calc. for CypHyo0s. Cp79.63 Hy10.4%.  Takeda

gives mop. 278-279°, [o:]D 4 A2 %

Attempted Wolff-Kishner Reduction of 1l5-0Oxo-olean-l2-

~en-3f=yl Agetste. = 15=0xo-olean-12-en-3B-yl acetate (50 mg.)
wae edded to & solution of sodium methoxide (from 500 mg.
sodium and 25 Cc.C. dry methanocl) and hydrazine hydrate

(100%; lc.c.), and the mixture heated in an auntoclave at 200°
for 18 hr. The product was treated with pyridine and acetic
enhydride on the steam bath for 20 min, Crystallisation from
chloroformemethanol geve the unchanged ketone as needles

(35 mc—;o), MoPe and mixed MoPo 278“2800;; [a]D + 26° (_c_’lol)o

12-0xotaraxer-14=en-3f-yl Acetate. - A solution of

l2uoxotaraxera=9(ll);14=dien933«y1 acetate (2 go) in ether
(75 c.c.) was added during 2 min. with stirring to & solution
of lithium (600 mg.) in liquid ammonie (400 c.c.). After

3 min, stirring, acoetone was added, and the emmonia sllowed
to evaporate. The product was heated for 1 hr, with acetic
anhydride and pyvridine, and the acetylated material purified
by chromatography of its solution in light petroleum<benzene
(5:1) on alumine (60 g.). Elution of the column with light

petrolsun-bsnzene (1:l) yielded a solid which crystallised
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from chloroform-methanol to give 12-pxotaraxer-l4~-en=-3=y1

acetate as needles (700 mg.), m.p. 298-300°, [a]D - 30°, « 29°
(¢y1.2 and 1,1), ‘) nax. 2060 Ko (€ = 4,300); Ag:g}'» 2850 A.
{(€=50). It gives a pale yellow colour with tetranitromethane.
Founds €379:93 Hy1l0:45. C3,H;,0; requires €,79.65 H,10.4%.
Hydrolysis of the acetate for 1 hr. by refluxing 5%
methenolic potassium hydroxide solution and working up in the

usual way gave l2-oxotaraxer-l4-en-3B-0l as needles (from

methanol), mop. 276-278°, [a]D = 45° = 43° (c,1.1. and 0.9).
Found: C,80,953 H,10.9. C3,Heg0,» #CH; OH requires C,81,04

H,10.9%.

Reduction of 12-0Oxotarsxer-id-en<3f-y1 Acetate to

Tarexeryl Acetates - 12-0Oxotaraxer-li-en=3p-yl acetate (200 mg.)

vas sdded %o a solution obtained by the addition of sodium
(500 mg.) to freshly distilled diethyleme glycol (25 c.c.),
and the mixture heated to 180°. Anhydrous hydrszine
(proparsed by refluxing 100% hydrezine hydrate with sodium
hydroxide for 3 hr.) was distilled inte the mixture until the
solution refluxed gently at 180°  After refluxing &t this
tenperature for 18 hr., the mixture wes distilled until the
temperature rose to 210°, whereafter refluxing was coantinued

for 24 hr, The produot, isclated by means of benzene, waes

The ketone was recovered unchanged after being exposed to
noxmal Wolff-Kishner reduction, followed by acetylation,
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hoated on the steam bath with pyridine and acetic anhydride,
Crystallisation from chloroformemethanol gave taraxerl4-en-
~3f-yl acetate as plates (110 mog.),; Mop. 302=304°, [z:t]:D

+ 10,5° (gy1.8), undepressed in m.p. on mixing with an
authentic specimen of taraxeryl acetate, m.p. 302-305°,

isclated fyom alder bark.

14115 «Epoxy~12=0x0taraxer=-9(1l)=-en=3p=yl Acetate. -

A solution of 12~oxotargxera~9(ll)c14-dien-33—yl acetate (3 g.)
in acetic acid (450 c.c.) was treated with & solution of
potassium permanganate (2.25 g.) in water (225 c.c.), added
with stirring at room temperature during 30 min, Affer
gtirring for 1 hr., the solution was treated with aqueous
sodiun metebisulphite (10%), and water {1 1l.), and filtered.
The dried solid crystallised from chloroformemethanol to give
14%:15§~opoxy-l2=oxotaraxer-9(1l)-en=3p=yl acetate as plates

(2.8 go)s Mopo 280-282°, [a]D = 12.5° (Cyle7)s

Reduction of 1l4g:158- Epoxy-i2-oxotaraxer-9(1l)=-en=3f-yl

Acetate with Tithium Aluminium Hydride. - A solution of 1481157

g0y -12=0x0taraxer~9(1l)~en=38-yl acetate (1 g.) in ether
(300 cecs) was rvefluxed for 4 hr. with lithium aluminium
hydride (1 go), and the mixture allowed %o stand overnight at

room temperature. Light absorptlon of crude productj amaxo
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5 (] s
2080 and 2420 Ao (& = 4,500 and 300)e It gives no colour
with tetranitromethane. This material was not purified

furthorQ

Manganese Dioxide Oxidation of the Crude Product, - A

solution of the above product (940 mg.) in acetone (70 G.c.)
was shaken with freshly prepared mangenese dioxide™ (20 g.)
for %6 hr, at room temperature. The product wes treated
with pyridine and acetic anhydride at room temperature for
24 hr, Crystallisation fwom chloroforme-methenol gave

14%1 158 ~epoxy~1l2=oxotaraxer«9(1l )~en=3p-yl acetate as plates

(600 mge)s Mmoo and mixed m.po 279=281°, [a]D - 13° (c,1.2).

OleanelZweene«3p:15p~diol. « A solution of 1l5-oxo=-oleane

«12-¢ne3B8«y) acetate (207 mg.) in ether (130 c.c.) was refluxed
for 1 br, with lithium aluminium hydride (210 mg.), and the
nrizture alloved to stand overnight at room temperature. The
produst, isolated in the usual way, crystallised from aqueous

scetone to give olesnwl2-ene«3f:15B-diol as needles (150 mg.),

MePo 194~196°, [a]D + 68° (c,1.1 and 0.9). It gives a pale
yellow celour with tetranitvomethans., Tounds C,81.353 H,11.3.

CyoH;o0, Tequires C,81.43 H,11l.4%.

2 See Attenbnrrow eb aley, J.y 1952, 1104



Olean-12-ene=3p1158-diol 3=-Aceiats. = (a) A solution

of olcanel2-cne=38:15B=diol (100 mg.) in pyridine asnd acetic
sahydride wae kept ot room temperature overnighte The product,
obtained in the usual way, crystallised from ohioeroforme

-mathanol to give olean=1l2-gne-3B:115pf-diocl 3-acetate as plates

(70 mzgo)s mopo 273=276°, [a]D + 65°, + 64° (c,0.9 and 1.1),
It gives & pale yellow colour with tetranitromethane. Found:
C,79-255 Hy11l.0. C3,Hyp 05 Tequires C,79.33 H,10,8%.

(6) The diol (45 mg.) was treated with pyridine and
acetic anhydride at 100° for 1 hr. Crystallisation of the
product from chloroforn-methanol gave the diol moncacetate as
plates (20 mg.), mcpo and mixed m.po273=276°, [a]D + 64°
(€:0.45). A mixture of the 3B:158-diol 3-acetate with the

3B:150-diol F-acotate (mopo. 284-288°) had m.p. 277-282°,

Chvomic Acid Oxidation of Olean-l2-eng-3ft158=diol

j-hcetate. = A solution of olean<l2-ene=3f:15f=diol 3-acetate
(75 mge) in escetic acid (60 co.c.) was treated with an acetic
20id solution of chromium trioxide (1.2 mol.), added with
atirring dvuring 15 min., end the mixture allowed to stand at
room tenmperature overnight. The product, iaolate& in the
usual way, crystallised from chloroform-methanol to give

15-0x0=0lean=12<en-3B=yl acetate as ncedles (30 mg.), M.p. and

mixed m.po 277-279°, [a]D + 25° (e,1.0)..
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3f:15a=~Diacetoxyolean~12-ene. - Qlean-l2-ene-3f:1l5a=

-dicl 3-acetate (70 mg) was treated at 100° with pyridine and
acetic anhydyride for 1 hr, Crystallisation of the product fronm
chloroform-methanol gave 3Bi1l5a-dimcetoxyolean~l2-ene as
ncedles (40 mg.), mop. 203-205°, [a]D + 51°, +50° (c,0.8 and
2a3 )4 ’)\ max, 2060 i (€ = 5,000). It gives a pale yellow
colour with tetranitromethane. Found: C,7T7.3; H,9.85.
Cale. for CgHgaOpe C,77+58 Hy10.3%, Takede = gives m.p.
207-208.5°,

Preatment of olean-l2-ene-3f:15a-diol 3-scetate (70 mng.)
with pyridine and ecetic anhydride at room temperature for
18 hr. gave, on chromatography of the product, a small yield
{ca.10%) of the diacetate. The remainder of the diol

wonoacetate was recovered unchanged.

Olean=12-ene-3f:15¢=diol, = A solution of 3f:1l5a=

—~diacetoxyolean-12-ens (80 mg.) in methanolic potassiun
hydroxide (5% 25 c.c.) was zefluxed for 1 hr. The product
cyystallised from aqueous acetone to give clean-l2=ene=3f11l5a=
«~di0l a8 necdles (55 mg.)s M.p. 244-246°, [a]D + 82°, + 83°
(c»0.95 and 1.0). It gives a pale yallow colour with
tetranitromethane. Found: C,81l.1l; Hy,11l.4. Calc. for

o

28
CSOHSOO&. 0.81045 H’llo4%o Takeda gives Mo Vo 246—2470,

[C‘]D “+ 85°0
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14%115% -Epoxy-12-oxoteraxeran=3f-yl Agetate., - A
solution of l2-oxotaraxer-li-en-3f-yl acetate (100 mg.) in
acetic acid (50 c.c.) was treated at room temperature with a
golution of potassium permanganate (75 mg.) in water (8 c.c.),
added with stirring during 15 min, After 1 hr. etirring,
aqueous sodiunm mefabisulphite (L0%) and water were added, and
the solution filtered., Crystallisation of the dried solid

fzom chioroform-methanol gave 141158 ~epoxy~l2-oxotaraxeran=-

~3B-yl acetate as plates (75 mg.), m.p. 281-283°, [a]n + 15°
(¢yle3 and 1.5). It shows no hizh intensity specifiec
ebsorption in the range 2,000-2800 Xo’ and gives no colour
with tetranitromethane. Found: C,77.163 H,10.07. C5,H;40,

roquires (,77.063 H,10,11%.

Trectnment of 14g:l5§-Epoxy-l2-oxotaraxeran-3f-yl Acetate

with Mineral Acid. - Concentrated hydrochloric acid (1 c.c.)

was added to a solution of 14§:15f -epoxy-l2-oxotaraxeran<3f=yl
acetete (100 mg.) in ecetic acid (30 c.c.), and the mixture
heated on the steam bath for 3 hr, A solution of the

product in light petroleum (20 c.c.) was chromatographed on

alunina, Fo crystalline meterial was obtained.

Taraxeran=3p=0l, ~ A solution of taraxerol (taraxerl4-
-~en=38~01) (250 ng.) in cyclohexane (100 c.c.) and acetic acid

(100 ¢.c.) was shaken with hydrogen in the presence of platinum
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(from 150 mg. P40, ), until ebsorption wes complete. The
product crystallised from chloroform-methanol to give
taraxeran=3f=0l as needles (190 mg.)s mepo 259=261°, [a]D
+ 22° (g,1.3 and 1,2), It shows no specific absorption in
-]
the range 2,000-2,800 A., and gives no colour with tetranitro-~
27

methane. Takeda gives m.p. 261-262°, [o:]D + 24.3°,

Tarazeran-3f-yl acetate crystallised from chloroform-

-methanol as needles, m.p. 248-250°, [a]D + 34° (cp1.1),

=3

27
akeds  gives m.p. 248-250°, [oc]D + 35.9°,
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2. Alnusenone Derivatives.

For isolation of alnusenone and purification via
alnusenyl acetate, see part 1.
Alnusenol crystallised from methenol as needles,; m.p. 203-205°,
[a], + 62° (g,1.1).
Alnusenone crystallised from chloroform-methanol as plates,

mepo 245-246°, [a]) + 30° (g,1.5)

Alnusens., - Alnusenons (1 g.) was added to & solution of
sodium methoxide (from 700 mg. sodium and 40 c.c. dry methanol)
aend hydrazine hydrate (100%; 5 c.c.), end the mixture heated
in an autoclave at 200° for 18 hr. A golution of the product
in benzene (70 c.c.) wes chromatographed on alumina (30 g.).
Benzens (300 c.c.) eluted fractions which crystellised from
chlorvoform-methanol as blades (675 mg.)s m.p. 180-182°, [a]D

+ 56° (c31.0).

Conversion of Alnusene into Olean-13(18)-ecne and 18¢-

-0lean-12-gne. - A solution of alnusene (205 mg.) in acetic

acid (250 c.c.) end concentrated hydrochloric acid (60 c.c.)
was refluxed for 20 hr. Several recrystallisations of the
product from‘chloroform-methanol gave the mixed crystal of
olean~15(18)-ene and 1l8u-olean-12-aene as blades (100 mg.),

mop. 185-186°, [¢] =~ 19°, - 18,5° (cy1.0 and 1.3), undepressed
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in m.p. when mixed with olean~13(18)-ene, m.p. 185-186°, [a]D

- 48°,

Alnusenone-IX. - Concentrated hydrochloric acid (3 c.c.)

was added to a solution of alnusenone (300 mg.) in acetic acid
(150 c.c. ), @nd the mixture heated on the steam bath for 19 hr.
The product crystellised from chloroform-methanol to give
elnusenone~II as plates (220 mg.), m.Do 249-251°, [a]D - 89°
{ealid)s BeatonBg gives m.p. 249-251°, [a]D - 90°, and

50
Chapon = gives m.p. 248°, [a]D - 84° for this material.

Alnusene=II. = Alnusenone-II (180 mg.) was added to a
solution of sodium methoxide (from 300 mg. sodium and 25 c.c.
dry methanol) and hydreszine hydrate (100%; 2 c.c.), and the
nizture heated in an autoclave at 180° for 18 hr, The
product crystaliised from chloroform-methanol to give
alnusene-II as blades (110 mg.), Mm.p.224-226°, [a]D - 40°
{eylo3 and 1l.1). Ghapon.soa gives m.p. 225°, [a]D - 38° for

this material.

Conversion of Alnusene-II into Olean~13(18)-ene and

18a-0lean-12-ene. - A solution of alnusene-II (110 mg.) in
acetic acid (125 c.c.) and concentrated hydrochloric acid
{30 c.c.) was refluxed for 18 hr. Several recrystallisations

of the product from chloroform-methancol gave the mixed crystal
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of olean-13(18)-ene and 1Ba-olean-12-ene as blades (50 mg.),
m'po and mixed mopo 185"1860' [d]n =4 1905‘ (9_’102)0
No homogeneous material could be obtained after similar

treatment of (a) alnusenone {203 mg.) and (b) alnusenol (200 mg. )

Treatment of Alnusenyl Acetete with Osmium Tetroxide. =

Osmium tetroxide (350 mg.) in ether (5 c.c.) was added to
alnusenyl acetate (507 mg.) in pyridine (50 c.c.), and the
mizxture kept in the dark for 21 days et room temperature,

After dilution with ether (100 c.c.), the mixture was refluxed
for 1 hre. with lithium eluminium hydride (750 mg.). The
product was isolated in the usual manner and treated with
acetic enhydride and pyridine for 18 hr. at room temperature.

A solution of the dry acetylated material in light petroleun-
-benzene (9:13 70 c.c.) was chromatographed on alumina (15 g.).
Iight petroleum~benzene (9:1lz 300 c.c.) eluted fractions which
crystellised from chloroform-methanol to give alnusenyl acetate
as needles (85 mg.), m.p. and mixed m.p. 232-235°, [a]D + 43°
(cs1.25)s ILight petroleum-benzene (1l:1lj; 400 c.c.) and benzens
{400 c.c.) eluted fractions which crystallised from chloroform-

methanol to give the triol diacetate as needles (300 mg.),

Mmopo 266=268°, [a]D + 0° (gs2.% and 1.95). No specific
@
sbsorption in the range 2,000-2,800 A, Infra-red absorption

(in Wujol): bends at 1730, 1230 (acetate), 3570, 1033 and
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= |
970 cm, (hydroxyl). It gives no colour with tetranitromethane.

Founds §,75.13 H,10.5. Cy,Hz405 Tequizres C,74.95; H,10.36%.

Treatment of the Triol Diacetate Cg,Hgg0; with Chromic
Acid. - A solution of the triol diacetate (85 mg.) in acetic
peid (50 c.c.) was treated at room temperature with an acetic
acid solution of chromium trioxide (1:2 mol.), added with
stizring during 10 min., and the mixture allowed %o etand at
roon tempereture for 18 hw. Isolation in the usuval way, and
cryatellisation from chloroforﬁwmethanol gave the triol
dimcetate Cs,Hzq0; as needles (60 mg.), m-p. and mixed m.p.

255°2()q0, [C&']D + 1° (g,loS)o

Treatment of Alnusenyl Acetate with Monoperphthalic Acid. =

A eolution of alaveenyl acetate (250 mg.) in chloroform (25 c.c.)
was treated at 0° with an ether solution of moroperphthalie
ecid (1.2 mol,), eand the mixture kept at ¢° for 18 hr, The
prcaucml chtained in the usual way, crystallised from

chloxolomm-mathanol %o give the epoxlide aceétate as needles

(190 mz.), m.p. 225-227°. [Q]D #0% + 1.8% (csl.5 and 1:T)o
Ho spacific absorpticn in the raange 2,000-2,800 Zo Inira-red
shsorpiion (in HFujol)s bands at 1735, 1238 (acetate), 1026 and
974 umo”a {acetate and oxide); no ketone band. It gives no

colour with tetranlitromethane. Found: €,79.413 E,10.95.

CsqPzp Oy Tequires C,79.28; H,10.81%.
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Treatment of the Epoxide Acetate with Lithium Aluminium

Hydride. - A solution of the epoxide acetate (125 mg.) in
ether (25 c.c.) was refluxed with lithium aluminium hydride
(150 mg.) for 2 hr,, and the mixture allowed o stand at

room temperature for 2 hr. The product was treated with
acetic anhydride and pyridine at rcom tempereture for 18 hr.,
and crystvallised from chleroform-methanol %o give the uanchanged
acetate epoxide as needles (100 mg.), m.p. and mixed msp.

224-227°, [oz]D + 2° (c,1.0).

Treatment of the Epoxide Acetate with Hydrogen end

Platinum. - A solution of the epoxide acetate (165 mg,) in
acetic acid (150 c.c.) was shaken with hydrogen in the presence
of platinum (from 200 mg. Ptqa) at room temperature for 5 hr.
Crystalligation from chloroform-methanol gave thé unchanged
acetate epoxide as needles (130 mg.), m.p. and mixed m.p.

224-227°, [a]D + 0° (¢51.5).

Pyrolysis of Alnusenyl Benzoate. - Alnusenyl benzoate

(500 mg.) was hested at 290-300° for 3 hr. in an atmosphere
of nitrogen. A solution of the product in light petroleum
(30 coc.) wes chromatographed on alumina (15 g.). Light
petroleum (400 c.c.) oluted frections which crystallisud from

chloroform-methanol %o give alnusadiene as blades (110 mg.),
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m.p. 182-184°, [a)) + 53°, + 52° (g,1.0 and 1.5) ')‘ —

g b
2110 A, (€ = 6,500). It giveas a yellow colour with
tetranitromethane. Found: C,88.123 H,12.2. cgoﬂge requires
C,88.165 H,11.84%.

Alnusenone Enol Acetate. - Concentrated sulphuric

acid (1 drop) was added to a solution of alnuseﬁone (160 mg.)
in igopropenyl acetate (25 c.c¢.), and the mixture refluxed for
7 hr. in an atmosphere of nitrogen, with periodic removal of
the condenser. After the addition of sodium acetate, the
solvent was removed under vacuum. A solution of the product,
isointed by means of ether, in benzene-light petroleum (1:1;
30 c.Co) was ohromatographéa on alumine (5 g.). Benzene-light
petroleum (1lsl; 200 cec.) eluted fractions which srystallised
from' chloroform-methanol to give the enol scetate as plates
(120 mg.), mopo 254-257°, [e]) + 41° (g,1.3 end 2.0). g
2060 K. (€ = 5,850). It gives a yellow colour with tetra-
nitromethane. Tound: €,82.173 H,10.84. Cz,H; 40, ;v.'equires
C,82.34; H,10.8%.

A sclution of alnusenone enol acetate (115 mg.) in
benzene (5 ¢.c.) end methanolic potassium hydroxide (5%;
25 ¢.c.) was refluxed for 12 hr, The product crystallised
from chloroform-methanol to give alnusenone as plates (85 ngo )

M. p.. and nixed m') 243-245°, [a]D + 33%.(ay141).
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Alnusadienyl Acetate. - A solution of selenium di oxide

(1 g-) in water (1 ccc.) and acetic acid (25 c.c.) was added to
e solution of alnusenyl acetete (1 g.) in acetic acid (250 c.c.),
and the mixture kept at 60-70° for 1 hr. A solution of the
product isolated in the usual way, in light petroleum (60 c.c.)
was chromatographed on alumina (30 g.). Light petroleum

(600 coc,.) eluted fractions which crystallised from chloroform-
-methanol to give alnusadienyl acetate as ﬁeedles (650 mg.),
m.p. 164-166°, [oz]D + 35° (cy1.5 and 1.2). jx maxOZBOO'and
2380 A (&€ = 16,000 and 18,000); point of inflection at

2480 A (€ « 11,000). It gives a brown colour with tetra-
nitromethane. Found: C,82.17; H,10.99. Calc for Cg,Hs,0,:
C,82.34; H,10.8%. Heaton gives m.p. 164=-166°, [a]D + 22°,

80g
and Chapon gives m.p. 163°, [a]D + 33° for this material,

Alnugadienol. - A solution of alnusadienyl acetate

(250 nmg.) in ether (50 c.c.) was refluxed with lithium aluminium

hyéride (300 mg.) for 20 min. Alnusadienol crystallised from

chloroform-methenol as needles (210 mg.), me.p. 195-197°, [cz]D
' o
+ 83° (g,1.9 and 1.1). ﬁ e 2320 and 2390 A, (€ = 14,500 and
o
17,000); point of inflection at 2480 A. (€ = 11,000). It

gives s brown colour with tetranitromethane. Found: C,85.183

Hy1l.74. CyoH,q0 requires C,84.845 H,11.39%.

Oxidation of Alnusaedienol with Chromium Trioxide -

Pyridine Complex. -~ A solution of alnusadienol (180 mg.) in
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pyridine (10 c.c.) was added to e slurry of the chromium
trioxide-pyridine complex (prepared from 1 go Cr0, and

10 ¢.c. pyridine), and the mizture allowed %o stand at room
temperature for 17 hr. A solution of the product, isolated
by meens of ether, in light petroloum (30 c.c.) was chromato-
graphed on elumins (10 g.). Benzene-light petroleuﬁ (1224
100 e.¢.) eluted e fracition which crystallised from methanol

to give the diencdione as pale yellow blades (50 mg.), m.ps

253-255°, [t:z]D + 62°, + 63° (cy1.2 and 0,95). 9( ey 2180

end 3190 A, (& = 11,000 and 8,300). Found: C,82,53 H,10.09;

0,7:1. C5,8,,0, Tequires C,82.513 H,10.165 0,7.3%.

Treatment of the Compound C;,H,;,0, with o-Phenylene-

-
B e s v

dismine. - o-Phenylenedismine (200 mg.) and godium acetate

(300 mz.) were added %o a solution of the compound Cgoﬂh‘05

(100 mg.) in acetic acid (25 c.c.), and the mixture refluxed
for 2 hr, Tsoletion by addition of water and ether extraction,
followved by crystellisation from methanol gave the unchanged
compound Cg,H,,0, 28 pale yellow blades (80 mg.), m.p. and mixed

m.p. 252-255°, [a]. + 62° (8,1.0).

Treatmert of Alnusadienyl Acetate with Chromium

Trioxide-Pyridine (omplex. « A solution of alnusadienyl

e
v

acotate (120 mg.) in pyridine (10 c.c.) was added to a slurry

of the chromium trioxlde-pyridine complex (prepared £rom 1 g.
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Cr0; &nd 10 ¢.c. pyridine), and the mixture allowed to siand
at room temperature for 17 hr. Isolation in the ususal way,
and crystallisation from chloroform-methanol gave unchanged
elnusedienyl acetete as necedles (100 mge.)s m.p. and mixed
meD. 164-166°, [al) + 34° (es1.1.).

Catalytic Reduction of Alnusadienyl Acetate. - (a) A

solution of slnusadienyl acetste (205 mg.) in cyclohexane

(45 c.c.) and acstic mcid (20 c.c.) was shaken with hydrogen
end platinum (from 200 mg. PtQ,) for 6 hr. The product
crystallised from chloroform-methanol to give alnusenyl acetate
as needles (120 mg.)s; m.p. and mixed m.p. 232-235°, [a]D + 46°
(gjlod). It gives ; yellow colour with tetranitromethane.
(v) A solution of alnusadienyl acetate (208 mg.) in acetic
acid (150 c.c.) was shaken with hydrogen and platinum (from
200. mg. PtQ,) for 24 hr., The product crystallised from
chloroform-methanol to give alnusanyl acetate as small plates
(135 mg.), mep. and mized m.p. 261=-263°, [a]D + 10°, + 11°

(c,1.4 and 1.0). It gives no colour with tetranitromethane.

Treatment of Alnugsenyl Acetate with Sodium and Amyl

Alcohol. = Sodium (1.5 g.) was added to a solutiom of
alnusenyl scetate (500 mg.) in amyl alcohol (60 c.c.), and the
mixture refluxed for 17 hr,. The product, isolated in the

nsuwal way, was heated with acetic anhydride and pyridine at
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100° for 30 min., Crystallisation from chloroform-methanol
gave unchenged elnusenyl acetate as needles (420 mg.) m.p. and

mixed MePo 233"235°’ [a]D + 45° (2’0.9])a

Oppenaver Oxidation of Alnusadienol. - To a solution

of alnusadienol {1 g.) in benzene (30 c.c.) was added a solution
of p-benzoquinone (4 g.) in benzene (20 c.c.) and a solution

of aluminium t-butoxide (1 g.) in benzene (50 c¢.c.), and the
mizture refluxed for 18 hr., and then steam=distilled for 3 hr.
Filtration of the aqueous residue gave a black solid which was
extracted with ether. A solution of the product in benzene

was chromatographed on alumina. Benzene (400 c.c.) eluted

s material which crystallised from chloroform-methanol as pele
yellow blades (90 mg.), m.p. 209-212°, [aly + 121° (g,0.97).

It gives a yellow colour with tetranitromethane. A solution

of this meterial (55 mg.) in light petroleum (20 c.c.) was
chromatographed on alumina (1.5 g.)s. Light petroleum (200 c.c.)
eluted a material (43 mg.) which crystallised from chloroform-
-methanol as blades (35 mg.), m.ps 211-213°, [a]D + 122°
(¢,0.97). Amaxﬂzno A. (¢ = 8,300). It gives a ye;low

colouyr with tetranitromethane. Found: C,85.06; Hy11.35.
CgoHeg O Toquires C,85.243 H,10,97%. The material was
pubseguently recrystallised as follows to give: blades from

light petroleum, m.p. 211-213°, [a]D + 134° (¢,y1.5); blades
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from acetone, m.p. 211=213°, [tx]D + 137° (2,0.77)3 Dblades

from ethyl acetate, m.p. 211=213°, [a]n + 134° (c,0.8).

Treatment of the Oppenaver Oxidation Product with

isoPropenyl Acetate. ~ Concentrated sulphuric acid (i drop)

was edded to & solution of compound CSDHQ;O (220 nmg.) in
isopropenyl acetate (25 c.c.), and the mixture refluxed for

6 hr, in an atmosphere of nitrogen, with periodic removal of
the condenser. A solution of the product in bhenzene-light
petrolsun (1:1; 25 c.c.) was chromatographed on alumina (10 g.).
Bonzene-light petroleum (L:l; 300 c.c.) eluted fractions which
crystalliced from chloroform-methanol as blades (40 mg.),; m.po
209-215%, [a]D + 155, + 157° (g,1.5 and 1:0). ﬁ mnozoéo

and 3160 E. (& = 7,500 and 6,500). HWo satisfactory analysis

ocould be obitained for this material.

Selenium Dioxide Oxidation of Alnusenone. = Selenium

dioxide (200 mg.) in water (1 c.c.) and acetic acid (10 c.c.)
was added to & solution of alnusenone (200 mg.) in acetic acid
(90 c.c.), and the mixture kept at 60-70° for 1 hr. A
solution of the product, isolated in the usual way, in light
petroleum (30 c.c.) wae chromatographed on alumina., Light

petroleoum (200 c.c.) elutsd a clear gum (36 mg.) which

eryostalliged from chloroform-methanol hto give blades (20 mg.),

mspo 208=210°, [a]D + 140° (¢,0.9). 9. nax, 2340 Z.(ﬁ = 10,000).
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It gives & yellow colour with tetranitromethane. A mixture
of this material with the Oppenauer oxidation product (m.p.

211=213%°) had m.p. 208=-211°,

Conversion of 4-Bromofriedelin into Alnusenone and

Alnussnone=Il. - A solution of 4-bromofriedelin (m.p. 198-199%%

[a]D + 88° 375 mg.) in ether (150 c.c.) was edded to a

solution of silver acetate (375 mg.) in water (4 c.c.) and
acetic acid (190 c.c.), and the mixture boiled until the

vapour temperature was 110°, and then refluxed for 20 min,

The product crystellised from chloroform-methanol to give the
mixed crystal of alnusenone and alnusenone-II es plates (220 mg.)
m.p. 247-249°, [a]D = 52° (gy1.6). A solution of this material
in light petroleum (80 c.c¢.) was chromatographed on alumina

(10 go)» Light petroleum (800 c.c.) eluted fractions (m.p.
247-249°), the specific rotations ([a]D) of which lay between
-05° and =32°, The fractions were combined and crystallised
from chloroform-methanol to give plates (220 mg.), m.p.247-249°,
{a]D = 50° (gy1.2). A synthetic mizture of alnusenone (m.p.
245-246°, [a]D + 31°) and alnusenone~II (m.p. 250-252°, [a]D

- 90°) in the ratio 1:2 crystallised from chloroform-methanol

%o give the mized crystal as plates, m.p., &8nd mixed m.p.
247=249°, [a]D = 51°, Corey end Ursprung" give m.p.

24T-248°, [a]D - 48.6° for this material,
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Reductison of the Ketoné Mixture with Lithius Aluminium

Hydride: Separation of Alnusenyl and Alnusenyl-II Acetates. -«

A solution of the mixed crystal (220 mg.) in ether (30 c.c.) and
benzene (25 c.c.) was refluxed with lithium aluminium hydride
(220 mg.) for 20 min., The product was treated with acetic
anhydride and pyridine on the steam bath for 1 hr., Crystallisce-
tion of the acetylafted material from chloroform-methanol gave
alnusenyl-II acetate as plates (80 mg.), m.p. and mixed m.p.
290-292°, [oz]D = 25° (041.5). Concentration of the mother
liguors gave a mixture of plates and needles, which was washed
on thevfilter with 1l:1 chloroform-methanol until only plates
romalned. Concentrqtion of the washings gave needles (50 mg. ),
which crystallised from chioroform-methanol to give alnusenyl
acetete as needles, (30 mg.), m.p. and mixed m.p. 233=236°,

[a]b + 44° (g,0.85). The infra-red absorption spectrum of

this meterial was identical with that of alnusenyl acetate

obtained from natural sourcss.
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3. e«=-Amyrin Darivatives.

Oxidetion of Ursa-9(11):12-dien-3B-yl Acetate with

Chromic Acid. = A solution of chromium trioxide (8 g-.) in

water (8 c.c.) and acetic acid (80 c.c.) was added during
20 min, with vigorous stirring to a solution of ursa=-9(11):12-
edien-3p-y1 acetato (8 go) in acetic acid (300 c.c.)s The
mixture wes refluxed for 2 hr., treated with methanol, concen=
trated under reduced pressure, and diluted with water.
During the ether extraction of the mixture, & solid remained
sugpended in the ether layer. This was collected and
crystallised from chloroform-methanol to give 3B-acetoxy-
~9% «hydroxyurs-12-on-ll-one as blades (1.3 g.), m.p. 315-317°,
[a]D + 55° (g,2.2). A nex, 2#500 A. (&€ = 13,500), It does
not giveo a colour with tetranitromethane, Tound: Cy7T7.33
H,10.3. Cale. for Cyo,Hgy0p+ C77.13 H,10.1%. Beynon;
Sharples and Sprj.ng85 give m.p. 312°, [a]D + 61°3 Ruzicka,
Jeger, Redel and Voili' " give m.p. 316° (high vac.)., [a]D
4+ 62° for this compound. |

The ether extract was evaporated and the residue
cryectallised from chloroform-methenol to give the diol mono-
acetate (200 mg.), m.p. and mized m.p. 315-317°. Concentration
of the chloroforme-methanol mother liguors yielded 133:188-

-9poxy=12=0xours~9(11)~an-38~-y1 acetate which, after recrystall-

isation from the same solvent mixture, separated as plates
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(500 mg.), m.p. 269-271°, [a]D + T1* {gsYel)e ’meo 2570 A.
(€= 13,000). Infra-red absorption (in Nujol): bands at
1250, 1722 (ecetate),’ 1603 and 1652 cmo-1 (aB-unsaturated
ketone): no hydroxyl band. It does not give & colour with
tetranitromethanse. Found: C,77.73; Hs9.6. Cg,H,50, requires
CsTTods Hy9.7%. Ruzicka gg_ggﬁs give m.p. 258°, [aly + 70°%
M oy, 2590 A, (log = 4.1) for & compound Gy, Hyq0, obtained

by the same method.

Treatment of 13%:18}-Epoxy~i2~-oxours-9(1l)-en-3p=-y1

Acetote with Mineral Acid. - Concentrated hydrochloric acid
(0.5 c.c.) was eadded to a solution of 13F:18% —epoxy-12-o0xours-
-9(11)=on~3p~yl acetate (120 mg.) in ascetic acid (15 c.c.), . and
the mixture heated on the steam bath for 1 hr. Crystellisa-
tion from chloroform-methanol gave the unchanged acetate
epoxide as plates (70 mg.); m.p. and mixed m.p. 269-271°,
[a]D + 70° (¢,1.0). A vepetition of this reaction by Shaw
using etronger conditions also gave unchanged material,
12-Oxoursa=9(11):13(18)-dien-38=yl Acetate. - (&) Zinec
dnegt (10 goj eactivated by warm 10% ammonium chloride solution)

was added to a solution of 13§:lag-epoxy-l2-oxours~9(11)-en~38-

-yl scetate (500 mg.) in ethanol (250 c¢.c.), &nd the mixture

vefluxed for 5 hr, Evaporation of the filtered solutlon gave
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a yellow soiid; which crystallised from methanol as pale

yellow plates, m.p. 202-204°, [a]D = 42° (cy1.8). Reorystelli-
setion from the same solvent yielded l2-oxoursa-9(11):13(18)-
-dien-3B-y1 acetate as bale yellow plates (430 mg.), m.p.
203-205° [l = 43° (2,2.0). Amaxc 2080, 2620 and 2940 A.
(€ = 7,900, 95500 end 7:700). Found: C,79.83 H,10,0.

C35H,00; requires €,79.95; H,10,1%. A mixture with 12-0x0-
oleana-9(11):13(18)=-dien~3p=y1 acetate (m.p. 205-207°) had

mMePs 172=1T79°.

(b) A solution of 13%:18§-epoxy~l2-oxours=9(1l)-en=3p-yl
acetate (500 mg.) in ether (15 c.c.) and dioxan (10 c.c.) was
added with vigorous gtirring during 2 min. to & solution of
lithivm (150 mg.) ip liguid ammonis (100 c.c.). After 3 min.
etirring, acetone vas added, end the ammonia allowed to
evaporate. The residue was treated with pyridine and acetic
anhydride at room temperature for 15 hr., and ths acetylated
product chromatographed on alumina, Bensgene-light petroleum
{1:95 100 c.c.) eluted e frection which crystallised from
chloroforn-methanol as needles (20 mg.), mep. 170-172°, [a]D

+ 156° (g,0.7)o Tt shows no selective light sbsorpiion

above 2,000 Z. and dces not give a colour with tetranitromethene.
Founds C,74.13 H,10.,2%. The fractions eluted by benzenms-light

petroleum (12135 400 c.c.) crystallised from agusous methanol to
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give 12-oxourse<9(11):13(18)-dien-3B-yl acetate as pale yellow
plates (210 mg.), m.p. and mixed m.p. 203~205°, [a]D - 44°

% o
(c,0.8). ﬁmax. 2080, 2620 and 2940 A.(€ = 9,600, 10,000 and

8,100).

Treatment of 12-0xourse-9(11):13(18)-dien-3p-yl Acetate

with Lithium in Ammonie. - 4 solution of the dienone (400 mg.)

in ether (25 c.c.) was added with stirring during 2 min., to a
solution of lithium (150 mg.) in liguid ammonia (100 G.c.).
After % min., stirring, ecetone was added, and the ammonia
allowed to evaporata. The product was heated for 1 hr. on
the steam bath with pyridine and acetic anhydride. The
scetylated material crystallised from chloroform-methanol to
give needles (70 mg.), m.ps 170-172, [a]D + 157° (e,0.89),
undepressed in m.p, on mixing with the compourd (m.p. 170-172°)
desoribed sabove. The mother liguors were evaporated and a
solution of the residue (300 mg.) in light petroleum (50 c.c.)
wae chromatographed on alumine (10 g.). . Benzene-light
petroleum (1233 300 c.c.) eluted fractions which crystallised
from agqueous methanol to give the unchanged dienone as pale
yollow plates (110 mg.), m.p. and mixed m.p. 203=205°, [a]D

-=d2° (2,099).

Treatment of 12-Oxcursa-9{11):13(18)-dlen-3B-yl Acetato

with Sodium Borohvdride. = A solution of the dienone (400 mg.)

in methanol (200 c.c.) was edded to a solution of sodium
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borohydride (1 g.) in water (8 c.c.), and the mixture allowed
to stand at room temperature for 72 hr. The product was
treated with acetic anhydride and pyridine at room temperature

for 15 hr., and crystallised from aqueouns methanol to give
the unchenged dienone as pale yellow plates (290 mg. )y Mepo
and mized me.p. 203-205°, [cx]D - 41° (c,0.96).

Treetment of 12-0xoursa=9(11):13(18)-dien-3f-yl Acetate

with Hyvdroghlowic-Acetic Acid. -~ Concentratsed hydrochloric

ecid (3 c.c.) wes added to a solution of the dienons (190 ng.)
in acetic acid (25 c.c.), and the mixiture heated on the steam
bath for 18 hr. The residue on evaporation of the solvent
wag heated on the steam bath for 30 min. with acetic anhydride
and pyridine. The acetylated meterial crystcllised fron
aqueous methenol to give the unchenged dienone as pale yellow
plates (110 mge.)s; m«p. and mixed m.p. 202-204°, [:x]]J - 42°

(_9_:0-8)0

ll=0xourg=i2-en=3f-yl Acetate. - A solution of chromium
trdoxide (7.5 g.) in water (7 c¢.c.) end acetic acid (75 coc.)
was added during 20 min, with stirring to a solution of
a-amyzin scetate (10 g.) in acetic acid (500 c.c.), and the

nixture allowed to stand at room temperature for 18 hw,
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Crystallisation of the product, isolated in the usual way,

from chloroform-nethanol gave 11-0xours-12-en=36-y1 acetate

a8 plates (8.2 go)s mepo 284-286°, [a]) + 100° (g,2.8).
Amuozmo and 2500 Ao (€ = 5,800 and 11,800) It gives no
colour with tetranitromethans., Concentration of the mother
ligquors yielded a second crop (1.1 go) which, after two
vgerystallisations from chloroform-methanol, geve li-oxours=1i2-
-en=3f-yl acetate as plates (700 mg.), m.p. and mixed Mm.po

284-286°,

11ﬁ2§22£2i9°3ﬁfz; Acetate, = A solution of ll-oxours-
12~en=3P=-y1 acetate (2 g.) in ether (70 c.c.) and dioxan
(30 c.c,) was added during 3 min, with gtirring o & solution
of lithiom {600 mg.) in liquid ammonia (400 c.c.). After
4 nin, stirring, acetone was added,; and the ammenia azllowed
to evaporata, The product was heated on the stean bath for
1 hx, with ecetic anhydride and pyridine, and the acetylated
material purified by chromatography of its solution in light
petroleum on alumina, Elution of the column with benzene-
wlight petroleum (L¢3 300 c.c.) yielded a solid which
erystelliged from chloroformamethanol to give lli-oxoursan-

=3f=yl acotate as plates (150 ngo.); mepo 326-329°, [a]D - 8.9°,

- 8.5° (¢41.7 and 1.75). It shows no high intensity
0
ebsorption above 2,000 A., and gives no colour with tetranitro-

methane, Tound: €,78.925 Hyllo2, Cz,H;, 05 requires C,79.28;
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#,10.8%., Iyssy and Jegeo:x"aa give m.p. 337-338°, [a]n =59,

=4° for this compound,

Ursan-3B-yl Agetate. - Hydrazine (prepared by refluxing
100% hydrezine hydrate with sodium hydroxide) was distilled
into 2 solution, ohbtsined by the addition of sodium (700 mg.)
to diethylewe glycol (35 coco)s until the mixture vefluxed
gently at 180°, 1l=Oxoursan<3f=-yl acetate (500 mg.) was
added o the cooled solution; and wefluxing continued for 18 hw,
The mixtuve was Chen distilled until the temperature rose to
210°, and refluxing continued for 7 hr. The nroduct, isolated
by meens of ethor, waa heated oa the stsam bath for 1 hr. with
acetic anhydride and pyridine, Cxrystallisation from
chloroform-methanol gave ursan-3f-yl acetate as nsedles (170 mg.)
Mm-po 249=251°, [a]n + 26, + 25° (6,0.95 and 1.65). It ehows
no specific abscypiion ebove 2,000 E., and gives no colour
with tetranitromethane. Founds C,81l.93 H,11.6. C3,H;, 0,
roquires C,81.63 H,11.5%. Lyssy and .J‘eg;e:c"88 £ive M.Po

247-249°, [a]; + 42°.

Ursan-38-0l crystallised from aqgueous acetone as needles
MePo 183=185°, [a]D + 32° + 31° (cyl.3). Tound:s C,84.3

Hy12,2. Cg,Hzs O requires €,84.03 H,lZoZ%.

Ursane3-one. - A solution of ursan=38<0l (85 mg.) in

agetic acid (40 c.c.) wes treated at roon temperature with

an acebic acid solution of chromium trioxide (1.2 mol.),
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added with stirring during 10 min., and the mixture allowed
to stend at room temperature overnight., Crystallisation of
the product from aqueous acetone gave ursan-=3-gne as needles
(50 mgo )y mopo 109=111°, [a]D + 55°, + 56° (¢,1.6 and 1,2),

Tounds: C,84.84 H,12.0. C;,Hs,0 Tequires C,84.4p ¥,11.8%,

Ursanc. = Ursan-3-one (35 mg.) was added to a soluticn
of sodium methoxide (from 500 mg. sodium and 25 c.c. dry
methenol) and hydresine hydrate (100%; 1 c.c.); and the
nixture hoated at 200° in an sutoclave for 16 hr., The product
crystallised fron agueous acetons to give urssne as plates
(10 mg. ), mopo 124-128°, [oz]D + 509, + 53° (¢,0.76 and 0.,31).
It shows no specific absorption above 2,00030, and gives no
colouw with tetranitromethana. Lyasy and Jege:cﬁB give m.po

139-140°, [a]D + 18°,

Modified Wolff-Kishner Reduction of ll-Oxours-12-en-

=3p=yl Acetate. = Ll-Oxours-l2-sn-3B=yl acetate (500 mg.) was
added to & golution of sodium (700 ng.) in diethyleme glycol
(35 cec.) containing hydrazine (see previous mathod)., The
mixture was refluxed at (a) 180° for 18 hr., and (b) 210° for
24 hx. The product, after acetylation, crystallised fron
c¢hloroforn-nethancl to give d-asnyrin acetate as blades

(350 mge), mepo ond mixed mep. 224-226°, [a]D + 70° (cy2.2)
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