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GENEEAL__INTRODUCTION.
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The name tyiterpene is applied to & group of
naiurally occurring compounds containing thirty carboa
atoms the structures of which are divisible into six
igoprene units. In recent years, as a result of the
dilscovery that certain products with obvious triterpene

. L 19213924
charvacteristics are in foct Gy, compounds s the more
comprebhensive ternm triterpenold hag been adopied.

Apart from the aliphaitiec hydrocarbon squalens, all

onolda gre alicyclic and fell into one of threc main

(2) The aliphetic compound sgualene and the

tricyclic enbrein.

(b) The tetracyclic compounds such as lanosterol,
ognosterol, the elemic acids, the polyporenic
acids, cburicoic acid, euphol, tirucallol and

" butyrcspermol; bearing certain structural

relationships to the steroids,

~~
e}
L

The pentacyclic triterpenoids which form the
largest class and include such compounds &s
¢- and Pfe amyrin, lupeol and taraxasterol.
The receantly characterised pentacyclic triterpenoids
596 ' 394 o
cycloartenol enl cycloleundsnol bear a close relationship
to lanosterol and ars best clsseified with the tetracyclic

triterpenoids. Similasrly the hezacyclic triterpsnoid

5
phyllanthol , which is ¢losely related to o=amyrin, should be
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classified with ths pentacyclic group. Onocerin, a
totracyclic terpenoid7, bears @ resemblance to ths t:icyélic
ambrein,

This thesies ip corcerned with naturally occurring
pantaégclic tritér?anoidsa The majority“of these ars
polyfurictional compounds which canrba'reléted fo"simpler
monchydric alcchols by standard mathoggﬁmugo They fall
into Four mein clesses based on mcaryrin; 5=amyrin9‘1u§eol
end terazasterol. Th; setureted hydrocarbons from which
thezo alcchols could thooretically be darived are uroane
(In or Ib), oleansne (11), lupane (III) and taraxastans (Iv)
resgpeatively. £11 triterpsnoids belonging to thééeAclaaae;
can be named systematically as derivetives of the basic
hydrocarbons, €.g. Geanyrin is uraul2oeﬁ=3ﬁnol (Ve or Vb),
Bamyrin iz olean-l2-en-~3B-cl (VI), lupeol is lup=20(29)-on-~
=38=01 (VII) and tarszasterol is taraxest-20(30)=-en-3B-ol (VIII).
This rational nomenclature will be used wherever possible
throuzhout this thesis.

-In addition to the largs number of interconversions
which have been achieved within sach clgsa, inter-relationzships
emong the oleanane, lupanc and teraxestane groups have alsc
been e3teblished ené more recently befween the ursane and

ocleanana groups.






For comprehonsive discussions of the chemistry of

~ the triterpenoids, attention is directed to the reviews of

<

iz i3 14 15 16 17
Haworth , Spring , Noller , Jeger , Bireh , Barton

186
to Elsevier's Encyclopeedia of Orgenlic Chemistry .

and
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The Urnane Group of Triterpenoids.

Chemicsl studies of the ursane group of triterpenoids
and of geamyrin in particular have failed to evolve a uni@ue
formnlaticn which satisfactorily explains all the known |
reactions of c¢~amyrin and its relatives. At present the
struciture and stereochenisiry of aaamyrin'can be represented

1992021 82923 224

vy (I) or (II) ond for the purpose of this

thesis structure (I) will be used.

The ursane group of triterpesncids comprises of
émamyrin, uvaol, brein, fB-boswellic acid, ursolic acid,
gquinovic acid and phyllanthol, all of which have been
inter-related with c-amyrin by the transformations

indicated in table I.



TABIE I.

BREIZ

EPI=-c-ANMYRIN
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P-BOSWELLIC ACID X=ANTRIH
ﬁ B

TRSOLIC ACID

PRYLLANTHOL

31
34

QUINOVIC ACID
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Investigations in the ursane group of the triterpenoids,
by th@‘author, havo centred on certain structurél aspects of
ursclic acid and brein (see page55).

Urcolic acid occurs widely in the waz-like coating on
the skins of fruit. The conversion of ﬁrsolic acid.into
a-agyriﬁ, achieved by Gdodsonﬁs? demonstrated their close
relaiicnship, Jecobs and Fleck?absuggésted that the carboxyl
group 4in ursolic acid is. tertiary because of the extfemé'
difficulty encountered in hydrolysing its eétérso ,Thia>
resuly was later confirmed by Manson and Springaa, using the
Berbier-Wieland degradation method. The carboxyl group was
shown by Ewen and Spring??‘to be in the vicinity cof ther

double bond since oxidation of ursolic acid acetate with

chromic acid gives an acetoxy-diketo-lactone, Cg,H, 40 -

15
Jeger described the degradation of ursolic acid benzoate to

a hydroxy-ketons, C,,H,,Q,, (III) which had previously been

: : .. 38 ' :
obtained from d-amyrin . He concludes that the carboxyi



group of urcolic acid is attached to either carbomn etoms
14 or 17 since the hydroxy-ketone (III) contains the methyl

groups 23,24,25 and 26 of a-amyrin and dehydrogenation of

urgolic acid with selenium gives 2:T-dimethylnaphthalene

(I¥),1:2: T-trinethylnaphthalenc (v), and“1¥2:5:6=tetra@ethy1=

naphthans (VI).

)

HO
| 111 v

v | VI

Rscently, ursolic acid has beén intefaralatéd with
qgiﬁovic acid by Zl'ircher9 Jeger and Ruzicka?ﬁ._ 'Quinovatriol
(VII)35‘was converted into its dimesylate (VIII), dehydration
of which gave 15:27e§1212736:28=dimesyloxyours-llaene (IX)a
Treatment of (I%) witn,lithium alvminivm hydride followed by
acetylation gave the 35:28=¢iacetate which-on,hydrogenati§n
gave 13:27-cyelo-3B:28-diacetoxyursane (X)s Partisl hydrolysis

of (X) gave ths 3-monoacetete vhich on chromic acid oxidatioa



C“as"f’ ~

' | 51
followed by Wolff-Kishner reduction gave phyllanthol (XI) .

BN

Zircher gﬁ;glﬁ elso treated the diacetate (X) with hydro=-
chloric ecid and obtained the naturally occurring triterpenoid
diol, uvaol-(XII)aG. The relationship between uvaol and
ursoli¢ acid has been eotablished since reduction of méthyl
ursolate with sodium and alcohol gives uvaol§7. Since ‘the
carboxyl groups in quinovic acid are attached to G, andiqazfegse
it follows that the hydroxymethyl group in uvaol anﬁ tha

carboxyl group in ursolic acid are attached to C,,. Thus

ursolic acid is represented by the structure (XIII).
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The Ozidation of Ursolle Acid with Hydrogen Peroxids.

The following section describes the products
obtained by the oxidation of ursdolic acid acetate
h hydrogan peroxide. Thsse are shown to be
Ajencoboxy-i2f-hydrozryurssns=26(13)=-lacione (¥VI),
113 12eeporyarsanc-28{13j-lactone acetate (XV) and

%B=acetouy-12=cxe=13g-ursen=29=0ic neid (AXX).

_ . <0 .
Jager, Porta and Rusicko have rsported that oxidatlion

of urcolic ccid eeatate (I) with hydreogen poroxide gives two
lzstore acelatsso; ecelste-losieone &, (0;,%,59;) end scotate-

’“'1{‘&(‘: [ ¢k L] B-,‘ ((IT-‘,‘?I;‘*;»O. ) &-11 ar. (Cid C;; (C:;g E;‘_O‘DS )n The’ ‘*&’EO
lzctones are rzadily separated by chromatogreshye

L s T‘
Acetate=lectone B.

The nore strongly adsorbed acetete-lactone B does not
zive © colour with tetrenistrconethane and it does not show
(-]
selective abscrpticn in tha wlirasvieclet above 2000 A, Jegeyr
L0 '

at al.

[ SR

»eporicd that the acotato=lsctons was recovered

anchangsd after traetnent with aseiic anhydride-pyridine and
with an ethnreel golution of diazomsihanos, Iater, however,
Parqukar prepaved o discotels by treatmeny of the acetates

~laotense B uwlth eceatic anhydride-pyridine thus showing

ztato-lactbone B ose be o dicl monocacctate=lactone, and thus



accounting for all five ozygen functioms.. Farquhar oxidised
acetéﬁemlactone B to an oxo-lactone acetate, Gy, Hyg05, which
readily formed o bromo-deozivative. The latter could not
ke dehydrohrominated‘&yan ¢R-unsaturated kefoneo Farquhar
céncluiad that acevato=lactons B ie 36=acetozyc125=hydroxyursanou
=28(13)~lactone (II), that ths cxidation product is 3R-acetoxzy-
=12~0xouraano=28(13)-lactcne (III) and that the bromo-derivative
is (iv). Tho corresponding bromo-ketona in the oléanolic acid
seriea, 3B-ncatoxy-1llebromo-12-0xo-oleanolic acid laetcne (V)

' 4
is knom to rsosist dehydrobromination .

1)

I Toiaveotigation of acetate-lactone B was undsriaken

in exder to confirm its structure (II) and to esteblish the

configuration of the 1li-hydroxyl group.
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Ae a first comsideration, if the lactone group is
linked hoetween positions 13 and 28 then acetato-lactone B
should show the light ebsorption propertiies of a X -lactone.
This was confirmed, the infra-red a2bsorption spectruvm of
acetate=lactone B, in carbon tetrachloride, including bands
ot 173C cmoﬁi(acetata), 3550 cmo°1(hydroxyl) and 1772 emo™
( X =lactone). “

When the oxo-lactone acetste (III),‘aerived from
ecotato=lactone B by chromic acid cxidation, was treated with
sodiva borochydride st rcom temperature, ¢ compound iscmsric
with acetate<lactons B was obtained in good yield. It was
recoverad unchanged when heated with acetic anhydri&e and
pyridine., This compound must differ from acetate-lectone B
only in the configufation of the l2«hydroxyl group, sinoe'it
was readily converted to the oxo-lactone (III) on chromic
acld oxidstion. A distinction, with regard to the configura-
tion of the l2-hydroxyl groups in the two epimers, was ﬁade
in tho following way.

It is well establishedéQ,ég tha;\gn equatorial
hydroxyl group is more essily acetylated end less readily
oxidised then the exial epimer. It is;'in.fact, found that
acetate-lactons § forms a diacetate and ié'oxidised at

tomperatures greeter then 35° to the oxo-lactons (III) while



3=

its epimer is resistant to further ecetylation but is readily

oxidised to (III) at room temperature. It follows, therefore,

that gcetate=lactoaa B contains a 12=equ&£orial hydroxyl group
end i%ts epimer & 12-axiel hydroxyl group. Acetate=-lactone B
is fully described es 3B-scetoxy-12P=hydrozyursano-28(13)-
~lsctons (VI) and its epimer as 3§=acétoxyol2=achydroxyurs&nou

«28(1%)=lactons (VIiI).

VI

In view of the conclusicns regarding the storsochenistry
of thsge 12-substituted ursolic acid derivetives it was of

interast to compere similar derivatives derived from oleanolics
48
ecid. Barton ani Holness have formuleted the produet of
oxidation of oleamolic aclid azestate (VIII) with hydrogen
48 .46 ' 47
perczide  poerbenzoic acid and potassiuvm permangenate
a3 3PB-aceioxy-l2a-hydroxyoleanano-28{13)-lectone (IX), 1.0,

the 1l2-axial epimer, because of its method of formation.
G

Barton gt 8l. Toport & double melting point, 294-295° and




225-320° (deccmp.) for thig congpound; in this work the

cenpound was Found He have & gingle meltirng point 324-326°.

jjf E

a@/\f

Cxidetion of the hydroxylactons acetate from olesnolic
ceid acetato with chromic-acetic acid gives the;oxdélactone
acotate (X) which c¢n reduction with sodium‘boréhydrida gives
the original hydroxylacione ecatate. If the ketonic function
in the oxo-lactons (X) is regarded as unhindersd, since it
forms an oxime M.p. 22O=221°%9 then by a gaﬁeral rule
propounded by Bartanﬁg that reduction of en unhindsred ketone

with sedium borohydride should afford the equatorial epimors
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the 12-hydrozyl group in the hydroxylactone acetate is likely

to have the Beconfiguration (equatorial) and can be Fformulated

a3 3p-scetoxy-12p-hydroxyolsanano~28(13)=lactone (XI). It

rust e borne in mind, howsver, that there are many known—
excapticﬁs %0 this iule and it is also reasonable to assume

that the ldc-methyl group {(1:3 to the ketons) is the controlling
hanca et@ack'frcm the Befecs would give the l2d¢-iscrer

.43
in agrseaznt with the configurstion chosen by Earion ot al.

Acetonc-lostone A.

Avetnte~lactone A, C;,1,;,0;, was examined in some de il
40

by Jeger el al.  who propescd the partiel formules ghown belew
io illnwgtrate the rsacticns of this compound. It was sheown

thaet anetate-lecicony L (R = Ac) ohiained by'oxidatioﬁ of ursolic
acid acetate {D) with hydregen peroxide; is hydrelysed by

nineral scid o the hydrozry-loctone cxide (A3 R = H), acetylation
of which regsnerates the scetate-lactone 4 (R = &e). - Treatmont
of acetaite<lactons A with 2lkali gives & mixturs {rom which

en vnasiuraied acid, C;,H,;0; () and on isomsric saturated
tribydroxzy-lactons (F3; R = H) were isolated, . The trihydroxy-
-lactonz forms a dizcetate (F; R = Ac) which is also obteined

by treaﬁmen% of ths umnsaturated acid (E) with acetic annydride
arnd pyridin@, Tha presence of sn ceglycol group in the tr

hydroxy-lactione (F; R = H) was establiched by its oxidation with

.lead totra~acctate to a dicarbonyl compound (G; R = H) which

forms o mono-ccatets (G3; R = 4Ac).  Theso partial formulse
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have been translated into full structural formulae (A') - (G1)
based on the structure (D') for ursolio a,cz:l.d.i,‘B éenefally

) accept_ed at that tim‘.éo' A reinvestigation of the aceté.te-
-lectone A has now shown that the partial formulae (4) '-A (@)
and (') - (G') do not correétly represent the relationship
between ursolic ecid acetate and acetate-lactone A and its

derivatives.

=0Ac ' -0R

Ceaflzo  ~00CK ———}Hzcz CagHgz{ =CO - 0\ |

| | r
)c-=cnucn-<lm - |~¢ - cH - CH ~ CH
, . . . |
(@) | (a)
-CH =0R
-COCH -0 = O
CogHys Vo CogHyp . |
M -CH-C=C - ;c.-cn-cn-cfu
OH OH ' "OH OR
(B) ‘ (F)
=OR
-C0 - o\
Cor Hao |
26742 > EC - CH - CH
f 1 |
0 0
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It is convenient at this stage to discuss the structure

of an unsaturated lactone which is converted into gcetateolactone
A by hydrogen peroxide oxidation, - Oxidation Qf‘ﬁréolic acid
écetate (I) with potassiunm perménganate'gives’an acid and s
peuﬁral fraction, From the former, ll-oxoursolic acid acetate
(XII) was iaolatedﬁl. Ghromatography,éf,the neutral oxidation
product gave two homc¢geneous pfoducts, the‘etiucture.of_tha less
readily eluted component of this mixture is diecuésed lafefo

The more easily eluted neutral product is an'unsaturateé lactone
acetate, Cg,H,50,. HMeasurement of its infranred spéctfﬁm

=1 .
includea_a strong band at 1770 cm, in carbon disulphide &and et
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ol : '
1753 cm, in Fujol end consequently the compound is
41760

vcharacterised es a X =lactone. Other authors have’

~reported that this compound gives a positive test with

tetranitromethane but this could not be confirmed during
this investigation. The presencé, however; of an isolated
double bond was established by ite typicel ultra-violet
absorption spectra. The unsaturaied lactona acetate can
be represented as urs-ll-eno-28(13)-lactonc acetate (XIiI)
and the negaetive tetranitromethane test may be attributéd to
the fact that it is an ellylic ester. In an effort to

confirm the position of the lactone bridgé in (XIII), it was

- proposed to reduce the/\ " double bond with platinum and

hydrogen and to show that the product was identical with
ursolic lactone acetate (XIV) prepared in 9% yield by
isomerisation of ursolic acid acetate. (I) with dry hydrochloric
éciﬁ‘gés in chloroformfs. When the reduétion_waa carried out
gifher in acetic acid oi ethyl acetate thelféaction.pfoduet
was identified as ursolic acid acetate (I). Under the same
con@itiops of hydrogenation, ursolic lactone,agetate (XIV)'was
recovered unchanged and it is therofore conc;udeé that the
unsatuiated lactona"(XiII) suffers-hydrogenolysis with
simultaneous movenent cf.the cis=ethylenic ﬁond to the
12=position. The unsaturated laofone can also be prepared by

reduction of ll-oxoursolic acid acetate (XII) with sodium
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o | 50
and alcchol followed by acetylation .

XIZ XIII X1

As mentioned earlier, coxidation of the unsaturated

le,cﬁox;e (XII1I) with hydrogen peroxide in acetic acid gives

& lectone which is identic-al with the product obtained by
ozxidation of ursolic acid acetate (I) with hydrogen peroiide,
as described by Jeger g_@_gﬁ,o; and this compound, acetate-
ala,ct._;;jne‘A is consequently formulated as 11:12«»epomrsano=

-28(13)-1lactons acetate (XV).

When acetato-lactone A (XV) is treated wi'th alkall

and the reaction mixture ecidified with mineral acid, the

saturated trihydroxy-lactone, C5,H,40; and the isomeric

_ 40
unsaturated ftrihydroxy-acid, described by Jeger et al.



‘and the dicarbonyl compound obtained by oxidation of the

(XVIII).

21

wereisolated if the critical conditions described in
thé.experimental section were rigidly applied. Slight
dev;ations from this procedure resulted in the formation of
the trihydrozy-lactone as sole product. |

Treatment of the trihydroxy-lactone with acetic

aﬁhydride and pyridine at room temperature gives the

. 40 ) '
proviously described diacetate .  Acetylation of the

_trihydroxyalactone at 100°, hovever, gives a triacetate which
is also obtained frbm the diacetate by treatment with acetic
anhydride and pyridine &t 100°. Oxidation of the trihydroxy-
=lactone with chromic acid gives a triketolactone, which, in
addition to the 3~carbonyl group, contains an a-diketone group
since it gives & positive enol test with ferric chloridé and
shows an abscrpiion maximum at 3100 A. (€ = 8,200). The
infra-red absorption spectrum of the trihydroxy-lactone
includes & strong band at 1778 cm.Ei which is pharacteristic
of a X -lactone group, It follows that the trihydroxy;lactone
must have three secondary hydroxyl groups and is 3:111:12-
~-trihydroxyursano-28(13)-lactone (XVI)j consequenfly, ths

triketolactone is 3:11:12-triketoursano-28(13)-lactone (XVII)

trihydroxy-lsactone with lead tetra-acetato is identified as
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As stated above (page 18), oxidetion of ursolic acid

ncetate with potassiun permangauﬂelgives a neutral product,

'Achrdm&tOgr&phy of which gives, as the,ﬁore_eééily elutéd

copponent urg-lle-eno-28(13)-lactone acetate (XIII). The

more'Strpngly edsorbed component is beliéved to be 11:12-

'édioxouraanoc28(13)wlaqtone\acetate (XIX)7since it was -

chayacterised gs the e@bl form of en a-diketone by its

ultra-violet ébsorption”spéctrum (ésigo ;'9,000) anﬁ by its

positive ferric chloride test. Confirmation of.thia structure
‘was obtained by hydrolysis of (XIX) and oxidation of the
Vpi6dﬁct with chromic-acetic acid to give the triketo-lactone

"(XVII).. The diketone (XIX) has also been isolated, in small

yield, frbm the chromiC=épatic ecid oxidation of ufsblic acid

287
acetate (I) .
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 Having essigned a structure to the trihydroxy-laotona
(XVI),_it becomes necessary to cdnsidei possible formulations
for th¢ isomeric unsaturated acid, mentioned above, which was
partially forrulated by Jeger‘gg_gg,do as (E). Acdbrding to
these workers, this acid was converted into the diacetate of
the trihydroxy-lactone (XVI) by treatment with acetic anhydride
end pyridine at room temperafure, and cgnsequently a possible
-strucfure would appear to be (XX).  Doubt concerning éha

correctness of this formula was aroused by measurement of its

- ultra-violet absorption spectrum which did notﬁcorrespond with

the présénce'of a tetrasubstituted double bond but was more in
agreement with a trisubstituted double bond.

Acetylation of the unsaturated acid was repeated, and in
our hands, en ecid was obtained which could not ve orystallised,
Esterification of this product with diazomethane, howéver, gave
the same diacetate-methyl ester as was obtained by cold
acotylation of the methyl ester of the unqatprgted acid.

Futher evidence was forthcoming to support the view that the
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double bond in the unsaturated acid was nof in the 15:16
poéition. Oxidation of the methyl ester of the unsétu:ated
acid with chromium trioxide-pyridine complex gave a yellow
product, C;,H, 0. This product contains an isolated double
bond and its infra-red spectrum shows that 1t does not contain
a hjdroxyl group. Although the product does not givé e
colour with ferric chloride, after being ;efluxedlfor 1 hour
with 10% potassium hydroxide a positive ferric test is

obtained. The product, Cy,H,,0;, is therefore formulated

" as methyl 3:1l;12-trioxoisours=-l4-en-28-oate (XXII) and the

unsaturated acid ss 3:1ll2-trihydroxyisours-14-en-28-oic
acid (XXI), in which a methyl group migrdtion from Clas) to

0(14) has taken place.

It is now possible to suggest a mechaniem for the

alkaline hydrolysis of acetate-lactone A (XV) to the

trihydroxy-lactone (XVI) and the trihydroxy-acid (XXI). It
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has beon established that acotato-lactono A (XV) is recovercd

.unchanged when treated with mineral acid followed by gcetylaa

40re1 ' _
tion s therafore the opening of the oxide linkage may bo

base catalysed i.e. attack is by a nuoleophilic reagent (Oﬂ().
The reaction can be envisaged as proceeding dy hydrolysis to

give the unstable intermediate (XXIII). When the reaction

mixture is acidified with mineral acid, there are two

pﬁssibls means of stabilisation: "either direct lactonisation
can occur with,fhé elimination of the eléments of water to

give (XVI) or the 0(1;) methyl group can migrate to C(y3)

under the influence of H' followed by loss of a.protbn to give
(XXI). HMethyl group migration of this type is well established

in the ursane aeriés; oxidation of l2-oxours=9(1ll)=en<3f=yl
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acetate (XXIV) with selenium dioxide gives 12~-0xoisoursa=9(11)
51

114-dien=-3P-yl acetate (XXV) = and the conditions of the reaction

are such that the methyl group migration is mcid (EY) catelysed.

Similar results have been reported in the oleanane series .

The configurations of the 11 and 12-hydroxyl groups in
the lactone (XVI) and the acid (XXI) can be deduced since
hydrolytic opening of oxides generally affords thevdia?ial
productda’do’ss. Thus the trihydroxy-lactone (XVI) can be
fully formulated as 3B:11ps12a-trihydroxyursano~26(13)-lactone
(XXVI) and the trihydroxy-acid as 3f:llP:l2a-trihydroxyisours-
-14-en-28-oic acid;(xxv11)? _ The diacetates. of (XXVI) and
(XXVII) are formulated as the 3:1l-diacetates since it has
been shown that the 12a-hydroxylactone (VII) is non-acylable

at room temperature.

It is sppreciated that the opening of the oxide linkage in
acetate=lactone A, with alkali, must be more complex than
has been outlined. The configurations for the 11 and
12-hydroxyl groups in (XXVI) and (XXVII) are, therefore,
proposed with considerable reservation.
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XXvI

Acid C,

The ecid, C3,H;,0;, resulting from the oxidation of
ursolic acid acetate (I) with hydrogen peroxide has been
investigated by Jegerlgz_ggpdo and as a result of an
examinetion of the ultra-violet absorption sﬁectrum of the

compound, they suggested that the acid contained an isolated

: 55
- keto group. Later Manson and Spring , working with the

methyl ester of the acid, converted it to an isomeric methyl

‘ester and proposed that both these aclids contained saturated

ketonic functions and that they were epimers. This éonclusion
they based on two facts. Firstly, oxidation of a-amyrin
acotate with hydrogen peroxide givgs 12:13<epoxyurasanyl acetete
(xxvrzr)([e]; + 114°) end this compound on treatment with

mineral acid isomerises to l2-oxoursanyl acetate (XXIX)



i
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([a]D + 11°)B§. The corresponding reactions on methyl
acetyl ursolate,‘however, gives isomeric esters with apeqific
rotations of + 27° and + 32° respectively and from thia_if
was suggested that the reactions were not analogous.

Secondly, each of the isomeric oxo-ursolic esters when treated

XXVIII

- with bromine in the presence of hydrogen bromide gavé the

same aB«unsaturafed-ketone. Farquhar’t later proposed that
the conversion of the acid C into its isomer was analogous
to the corresponding change of (kXVIII) into (XXIX) and that
the molecular rotation change evidence was invalid bécaﬁse of
vicinal action with the carboxyl group with the'c(ia) sub=

56
stituent. It has recently been shown , however, that the

- oxidation product of a-amyrin acetate,-formerly formulated as

the epoxide (XXVIII) is in fact 12-oxo-13a-ursan-3p-yl acetate

(XXXI) and thet on isomorisation with mineral acid it gives
.. . - 87

12-oxoursan-3p-yl acetate (XXIX). Kaye, Fieser and Fieser

have since prepared 12:13-epozyursan-53—ylvacetate (XXVIII) by



zonolysis of,a=amyrin acetate and.found it to be readily
isoﬁérised under very mild acid treatmeﬁt,to 12-0x0=13a-ursan-
-3B-yl acatate (XXXI).

A reinveséigation of acid C and measurement of its
iﬁfré;red spectrum (peak at 1686 cmo-i) has shown it to corn%ain
an isolated ketone groups Thus, this acid, can be formulated
as'39~acetoxy-12~ox0b13a=ursan=28=oic acid (xxk} and its

isomer as 3f-acetoxy-l2-oxoursan«28-oic acid (XxXX1II1).

Ac0”

XXX © XXXI XXXIX

ﬂrsanyl Lectone Acetate.

43
Barton and Holness , in their investigations o6f the
stercochemistry of Peamyrin, prepared oleanolic lactonc acetato

by treating a soluticn of oleanolic acid acetate (VIII) in



chloroforn with a stream of dry hydrcgen chloride and they
proposed that the lactone had the structure (XXXIII).

Previocusly a differont oleanolic lactone acetate hed beon

88 :
preparcd by treating (VIII) with hydrochloric-acetic acid

under reflux and Barton gﬁ_g&ja formulated this compound as
18a-o0leanolic lactone ecetate (XXXIV). They élso propared
the enalogous ursolic lactone acetate from ursolic ecid
ecotate (I) ueing the sams method and proposed the structure
(XXXv) for the lactone., It is possible, however, that under
the influence of protons, methyl group migration has occurred
to give & 6 lactono systen (XXXVI) in both oleanolic and

urgeclic lactoans acetates.
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Reduction of oleanoliec lactons ecetate with lithiuvm
eluniniua hydride gives a saturated triol which can be
formulated a&s either 3:13:28-trihydroxyoleanane (XXXVII) or
3314:28-trihydroxyiscoleanane (XXXVIII), Treatment of the
triol with acetic anhydride ard sodium acetato resulted in
smooth dehydration to give erythrodiol diacetate (XXXiX);
identity being confirmed by direct compariéoﬁ with an authsntic
specinen. The non-acid conditions used in the dehydration
excluces the possibility of methyl group migration and it is

concluded that oleanolic lactone acetate is correctly reprééentcd

by (XXXIII) and ursolic lactone acetate as (XXXV).

Nen,o8s

Ursa-11:13(18)-Diene=28~0ic Acid Derivatives.,

19 : '
Recently , derivatives of a-amyrin have been converted
to derivatives of B-amyrin by isomerisation with hydrochlorigc

acid and it was of interest to attempt similar isoaeriéﬁtions
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of ursolic acid derivatives to oleanolic acid derivatives,
Methyl 3B-acetoxyursa-9(11):l2-dien-28-0ate (XL),
prepared by the treatment of methyl acetylursolate with
N-bromoauccinimidesg, was heated af 100° for 20 hours with
hydrochloric-acetic acid. Removal of the solvent, followed
by chromatography, gave in small yield two products. The
first,<CaiEgGG% was characterised as & conjugated triene
(€,970 = 32,400) and from the analysis and the eppearance of
a third ethylenic bond it is obvious thet acetic acid;has been
eliminated. The compound, Cy,H,sQ,, is conseqiently formu-

_ lated as mmethyl 5:8B:1l4e=-trimethylnovursa=9:11:13(18)-trien-
-28-0ate (XLI). The second product, CyzH;,0,, has tho
characteristic absorption spectrum of a conjugated hetero-
annular dicne which is similar to that of ursa-11:13(18)-dienes,
The compound Cy3Hz,0;, is therefors identified as methyl
3B-acetoxyursa-11:13(18)-dien-28-0ate (XLII). The corresponding
compound in the oleanane series, 3B-acetoxyoleana-11=13(18)=
~dien=~28-vate has m.p. 225°, [a]D - 133° 60?61, as compared
with m:p, 186-188°; '[a]D = 77° for the diene (XLII). The
following graphs shows the ultra-violet absorption spectra

of a typical ursa-11:13(18)~diene and an oleana=11:13(18)=-

=diene,

3 The nomenclature for the hydrocarbon novursane has recently
- ‘been proposed by Allen, Spring, Stevenson and Strachans®,
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The action of hydrochloric aoid on methyl 5”Oxoursa«
“9(11l)212-dien«28«oato (XLII1l) was next investigated since
Shaw5 Spring and Stevenson63 have reported that isomérisation
of urBa=9(ll) :12=diene=2™o0&e to oleana*»11;15(18)-dien-5"“Ono
is effected in high yieldo V/hen this reaction was carried
out for a period of 70 hours @ the resulting gum showed no
selective absorption in tho ultra-violet above 2200 ii; for
a shorter period of 50 hours a compound Cg® g% was isolated,
which showed tho characteristic absorption spectrum of ursa«

“11s15(18)«dienes and it is therefore formulated as methyl

5-oxoursa-11s15(18) "dien-28-ocate (XLIV)¥*



XL XLl ' XLII

XLIII XLIV

The feilure ol these ursolic acid derivatives to
isomerise to olecanolic acid derivatives can only be

ascountaed for by the presence in the molecule of the

cerboxyl group.
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‘Melting points were determined using a standard

B.PoL. thermometer.

Specific rotations were measured in chloroform

solution in a 1 dm, tube at approximately 15°.

Ultra violet absorption spectra were determined
in etharol solution (unless otherwise stated) with a
Unicam SP. 500. Spectrophotometer and (E-) denotes

intensity of sbsorption.

Colour reactions with tetranitromethane were

done in chloroform soluticn (unless otherwise stated).

.The phrese 'in the usual way' implies, in general,
dilution with water, extraction with ether,'washing
consécutively with aqueous sodium hydroxide, water,
aqueous hydrochloric acid and aqueoﬁs godium bicarbonate,
followed by drying of the ethereal extract over anhydrous
sodium sulphate, filtration and evaporation to dryness

under reduced pressure.

For chromatography, Brockman Grade II alumina and

a light petroleum fraction b.p. 60-80° were used.

35
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Isolation gg'Uréolic end Oleanolic Acids from

Apple Pesl. - Dry apple peel (1.5 kg.) was continuously

extracted with light petroleum (15 1l.) for 3 days and then

with ether for 3 days. ¥rom the ether extract, ursolié

acid acetate, m.p. 285-286°, [a]D + 63° (cy1.2) was |

isolated and purified using the method of Drake and Duv‘alle‘.
After concentrating the light petrbieum extract

to half bulk a solid (55 g.) separated, from which a

crystalline acid (12 g.) was obtained. Acétylation of

this acid and crystallisation of the produét from methanoi

gave oleanolic acid acetate as needles m.p. and mixed me.ps.

263-265°, [aly + 76° (es1.4).

Oxidation of Ursolic Acid Acetate with Hydrogsn

Peroxide. - Ursolic acid acetate was oxidised with hydrogen
peroxide and the reaction mixture separated into acid gnd
geutral fractions as described by Jeger, Borth and Ruzickaéo.

' The acid fraction was methylated using diazomethane,
the product was isolated by means of ether and purified by
crystallisation from chloroform-methanol to give methyl
3p-acetoxy~l2-0x0=-13a=ursan-28-oate as needies, mepo253-255°.
[a]D + 27° (c,1.2).

(Found: C,78.83 H,10.2. Calc. for Cs,Hyo05. C479.03 H,9.9%).



The ester gives no colour with tetranitromethane and

shows no selective absorption of high intensity above

: L]
2000 A. in the ultra-violet.

The meutral fraction was chromatographed on

alumina. The less strongly adsorbed lactone, 1ll:12=

‘-edeyursano-ZG(l})-lgctone acetate separated from ethanol

as needles, m.p. 283-285°, [a]D + 49° (¢y1.1).  The
literature gives m.p. 280-282°, [a]D + 51° for this

compound.

(Found: C;74-T73; Hy905. CsoHypOs Tequires 0;75.0; H,9.¢%).

It}was recovered unchanged after heating for 2 hr, with

pyridine end acetic anhydride.

The more strongly adsorbed lactone was crystallised

from efhanol to. give BBcacetozz-IZBuhydrquprsano-zs(13)-

lactone as plates, m.p. 283-285°, [a]D + 30° (c,1.0). The
- 40
- litevature gives m.p. 279°, [a]D + 30° for this lactone.

(Found: C,74.45 H,9.5. C3pH500; requires C,74.7y H,9.8%).

37

~

-33:123-Diacetoxyursano-28(13)=lactone. = 3B-Acetoxy=

-12B—hydroxyursano-28(13)nlactone wa9~heéted with acetic

of the product from ethanol gave 3f:12B-diacetoxyursano=28

-1gctone as needles, m.p. 318-319°, [a]D + 37° (2,193)0
(Found: C,73.1j Hy9.6. Cg4H;, 05 requires C,73.33 H,9.4%).
The compound does not give a colour with tetranitromethane

in chloroform,

| anhjdridé and pyridine at 1G0° for 2 hours. Crystallisation
(13)-
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'3B-Acétoxz-12=oxoursano-28(13)—lactone. - A solution
of 3B-acetoxy-128-hydroxyursano-28(13)-lactone (1.5 g.) in
glacial acetic acld (100 c.c.) was treated at 30-35° with
chromic anhydride (400 mg.) in acetic acid (10 c.c¢.) over
2 hr. The nmixture was kopt at 35° for 7 hr. and the neutral
product isolated in the usual wayy it was purified by.
chromatography on alumina and by crystallisétion from ethanol
from which 3p-acetoxy~12-oxoursano-28(13)-lactone (1.2 gs)
separated as plates, m.p. 281-283°, [a]D - 5° (¢s1.2). The
literature. - gives m.p. 287-288°, [a]D - 2° for this compound.
Light absorption:€,gq, = 160. |
(Founds C,75.23 H,9.7. Calc. for Cy,Ha05 C375.05 H,9.4%).
This.oxidation was ettempted at room temperature unsuccessfully.
In Kujol mull, the oxolactone acetate shows bands at 1774‘cm.‘1

-1
(X -lactone) and at 1722 cm.  (six-ring ketone and acetate).

3B-Acetoxy-12a-hydroxyursano-28(13)-lactone. = 4

solution of 3B-acetoxy-12-oxoursano-28(13)-lactone (200 mg.)
in ethanol (40 ¢.c.) containing sodium borohydride_(Zl mg. )
wvas kept at room temperature for 4 hr. The product was
isolated by means of ether and crystallised‘from methanol to

vield 3pescetoxy-l2a-hydroxyursano-28(13)-lactone (120 mg.)

ae needles, m.p. 299-301°, (323-325° in vac.), [aly + 32°

(9_91«4)0
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(Founds C,75.05 H,9.8. Cz,Hg,0; requireé-c,‘]%?g Hy9.8%).
A nixture with the129»hyéroxyisomer$(m.p.,283-285°) had
m.p. 268-274°., It does not give a colou; with tetranitro-
methans and 1t was recovered unchanged aftef hsating at 100°
for 1 hr. with acetié enhydride and pyridiné.

A solution of the l2a-hydroxylactone acetate (66 nz.)
in acetic acid (20 c.c.) was treated with dhromium tridxide
(8.5 mg,) and the mixture kept at room temperature for 18 hr.
The prdduét was isolated by means of ether ;n the usual
manner and crystallised from ethanol to give BB-acetoxyalz;
oxoursano—ZB(lS)-laetone as platesy, m.p. and mixed m.p.

279-280°, [aly = 5° (e,1.7).

 3p-Acetoxy-12B-hydroxyole anano=-28(13)=-lactone. - (a)

A solution of oleanclic acid acetate (3 g.) in acetic acid
(120 c.c.) was treated with & solution of hydrogen peroxide
(36 co.c.) in acetic acid (36 c.c.) for 1 hr. when hot water
(€0 coco) was odézd. 'Tho product crystallised from
chloroform-methanol as ﬁeedles, m.pe 324=326° and 341-343%°

in vac., [cx]D + 470(g,l.1). The literature45 gives m.ps
292-294° for this lactone. _

. {Pounds €,T4.45 ¥,9.9. Calc. for Cz,H5o05. C,74.Ts H,9.6%).
(b) A solution of oleanolic eccid acetate (3 g.) in chloroform

(20 c.c.) was kept at 0° for 14 days with a solution of
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perbenzoic acid in chloroform (84 c.c.y 0.38). The product
wen isolatod in the usual manner by means of chloroform end
the residue cxyétallised drom chloroform-methanol to give
3p-acetoxy~12f-hydroxyoleanano~28(13)=-lactons as needles,
m.p. and mixed m.p. 324-326°, [a]D + 48° (2;1.7)0 The

46
literature gives m.p. 333°® for this lactone.

3ﬂ~Acetoxy-l2~oxoacleanano-28(13)olégtone. - A

' solution of 3Beécatoxy5125~hydroxyoleanan0928(13)nlactone
(10.0 g.) in glacialracetic acid (400 c.c.) was treated
at room temperature with a solution of chromic anhy&ride
(2.6 g.) in ecetic acid (100 c.c.) over a period of 3 hi.
The solution was &llowed to stand overnight, after which
the product was isolated in the usual manner. Crystallisation
frbﬁ chloroform-methanol gave 3f-acetoxy-l2~oxo-oleanano-
-28(1%)-lactone as needles, m.p. 283-286°9, [a]D + 9° (cy2.5)
The literature = gives m.p, 286-288°, [a]D‘+ 9° to + 12° for
this lactone.

(Found: C€,75.03 Hy9.7. Celc. for C5uH 05+ €,75.05 H,9.4%).

Reduction of 36=Acetoxy-12-oxo=oleanapo=28(15)wlactone

with Scdiunm Bérchydride. - & solution of 3f-acetoxy-12-oxo-

=0leanano~-28(13)=-lactone (1.0 g.) in ethanol (175 c.c.)
containing sodium borohydride (100 mg.) was kept at room

- temperature for 1 hr. The product was isolated by means of
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ethar and acetylated on the stean baﬁh for 1 hr. Isoclation.
qf the diacetete by means of ethor was followed by chromato-
graphy on a column of alumina (35 £.). Elution of the column
with benzene (2 x 100 c.c.) gave 38:12B-diacetoxyoleanc-28(13)-
-lactone (700 mg.) from chloroform-methanol as needles, m.Do
and mixed m.p. 294-295°, [a], + 58° (g,1.5).
| Further elution of the column with ether gave 38«
~acetoxy-12f-hydroxyoleanano-28(13)-lactone (150 mg.)
crystallising from chloroform-methanol as needles, m.p. &nd

mixed m.p. 317-321°, [a]; + 45° (g,1.0).

Oxidation of Ursolic Acid Acetate with Potassium

Permanganate. - A solution of ursolic acid acetate (5 gf) in
acetic acid (500 c.c.) at 90° was treated over 10 min. with &
solution of potassium permanganate (3.3 g.):in water (100 c.c.)
with stirring. After stirring at 90° for 2 hr. the_qzcess
oxidising sgent was reduced with sodium metabisulphi#g. The
p:qdngt was isolated by means of ether, the;ethereal solution
shaken @with aqueous sodium hydroxide and the insqlubq sodium
salt separated. A solution of the sodium salt in ethanol
(10 c.c.) was acidified (Congo Red) with dilute hydrochloric
acid, the precipitated acid isolated in the usual manner and
crystallised from ethanol to give ll-oxours-l2-en-28-oic

acid acetate (2.6 g.), m.p. 325=326°, [a]D + 92° (¢,1.0).




Light abeorpﬁion:,x maxoésoo A. (€ =.13,000).

(Found: €,74.9; H,9.5. Calc for Cy,Hya05: - C,75.05 H,9.4%).
The methyl esfer acetate separzted as needles from aqueousn
methenol; m.p. 241-243° (no depression).

A solution of the dzj neutral oxidation product (1.2 g.)
in benzene-light petroleum (1l:13 100 c.c.) was filtered through
elumina (16 x 1.2 cm.). The same solvent mixture (250 CeCs)
eluted e crystalline frection A (240 me.) and benzene eluted
e fraction B (470 mg.) which is described later (page 48).
Recrystallisation of fraction A from ethano; gave urselleenc-
-28(13)~lactone acetate (250 mg.) as fine necedles, m.p. 276-278°,
[e]y + 47° (2,1.0).

(Found: C,77.25 Hy9.7. CgpH,50, Tequires C,7T.4; H,9.T%).

Hydrolysis of the lactone acetate (500 mg.); by refluxing
with 5% ethanolic potassium hydroxide for 2 hr., gave a neutral
product,,crystallisation of which gave 3B-hydroxy-urs-ll-enc-
-28(13)-lactone (380 mg.) as ncedles, m.p. 275=277°, [a]D + 43°

(c40.9).

Ursanyl lactone Acetate. - Dry hydrochloric acid gag

was passed into a solution of acetyl ursolic acid (3 g.) in
chloroform (150 c.c.) for 1 hour., The solution was evaporated
to dryness, dissolved in ether and -separated into acidic and

neutral fractions by means of aqueous sodium hydroxide (10%).



The acidjclfraction'cfystallised from methanol to givé
acetyl'ursoliq acid,

 The neutral fraétion orystallised from methanol to
give ursanyl lactone acetate (340 mg.), m.p. 252-254°, [a]D
+ 13° (c,2.4). Thelliterature48 gives m.p. 252-254 ’ [a]D
+ 14° for this lactone.

(Fﬂundz 0’7606’ H,1003l calco fOI‘ 082350060 c'??ﬁl; H,IOQI%)-

The lactons shows no selective absorption im the ultra-violet

o
above 2000 A, and gives no colour with tetranitromethane.

Oxidation of Ursolic Acid Acetate with Chromic Acid. =

To a refluxing solution of acetyl ursolic acid (5 g.) in
acetic acid (125 c.c.) wés added a solution of chromium
trioxide (4 g.) in acetic acid (30 c.c.) over a reriod of

15 min. Refluxing was continued for a further 2 hr. when
the solution was cooled, diluted with wate:; extracted_with
ether and separated into neutral and acid fractions. The
sodium salt of the acld fraction was insqluble-in water and
was isolated by filtration. Regeneration of ﬁhe free acid
and crystallisatlon from methanol gave 11=oxonrs=12-en-28-01c
acid acetate (2.4 5. ) as stout needles, mopc 323- 325o [alD
+ 87° (¢,1.1).

Light absorption: /\

©
nax., 2900 A. (€ = 12'2_00)'




(Founds C,74.Ts H,9.5. Cale. for Cy,Hyo05+ C,74-Ty Hy906%)
The cohpound'givea no coluur with tetranitromethaneo.

The neutral fraction (270 mg.) was filtered through
a column of alumina in benzene (200 c.c.) and benzanacefher
(1:1; 300 CoC.)o The latter fraotion was crystallised
from mefhanol to give 11:12=dioxour9ano-28(}5)-lactone écetato
(60 mg;) as colourless needles, m.p. 325-327°, [a]D + li7°
A(.?..’ 0°7)°

Light absorption: )\ ag.3120 Ao (€ = 7,800).

(Found: €,72.9s H,8.9. Calc, for Cy,H;q05s C,73.05 HyB8.8%)

Urs-1l-eno=-28(13)-lactone acetate. - Sodium (5 g.)

vas added in portions -to & boiling solution of ll-oxours-12-
~en-28-o0ic ecid acetate (1 g.) in ethanol (100 c.c.) and the
nixture was refluxed for 30 minutes. The mixture was

acidified with dilute hydrochloric acid and the product

extracted with ether. The ethereal solution was washed

with 5% sodium hydroxide solution and the neutral product
a;etylaﬁeé on the steam bath with acetic{anhydride:énd_

pyridine. The acetylated material was 1g91atéd by means
of etﬁer'and crystallisation from ethanol'éave_ﬁrs-li-eno-ze(li)a

=lactone ccetate (600 mg.) m.p. 268-263°, [a]D + 46° (c51.3),
Light absorption: é apgo = 6,200 '

(Found: 0377065 H’lIOOOO Calcq for 03236804. 0777045 H’9o7%}a
The compound gives no colour with tetranitromethane in

chloroform. °
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Hydrogenolysis of ﬁrg-lleggggéa(lj)uiactone acetate., =
A golution of the léctoﬁa acotate (100 ng.) in acetic acid
(75 CoCs) wés shaken with platinum (100 mg.) end hydrogen
for 2 hours, Tho filtered solution was evaporated under
reduc@d pressure and the residue crystallised from ethanol
to give ursolic acid acetate, m.p. and mixed m.p. 286-287°,
[a]D + 68° (£,1.0).
Light ’absorptionz_ € 2089 = 31800,
The sene result was obteined using othyl acetate as solvent.
-Ursanyi lactone ecotete was recovered unchanged when treatsd

unider the same conditions.

"113:12-Epoxyursano-28(13)-lectone acetate, -~ A solution

of urs-lleeno=-28(13)-lactone acetate (1.2 g.) in glacial

acotic acid (80 c.c.) was treated at 100° with a solution

of hydrogen peroxide (100 vol.; 25 c.c.) in acetic acid

(25 c.c.) added over 30 min., with etirringo‘ " The mixfu:@ wag
kept at 100° for 2 hr. and the reaction product isolated by

tha aéd;tion of water end extraction Wifh ether. Crystsllisa-
tion of the producf from ethanol gave 1l:l2-spoxyursano-28(13)-
-1&0@035 (800 mg.) es needles, m.p. 266-287°, [&]D + 51° {g,0.8)
undeproseed in m.p. when mixzed with & specimen, m.p. 283«285°,
[a]D + 49° (cy1.1) obtained by oxidgtioﬁ of ursolic acid
acatata with peracetic acid followed by chfomatographyvof the

nentral product as described on page 37 .
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. Hydrolysis gg_11:12-Epoxyursano-28(13)-laétone acetato

with 10% Ethanolic Potassiun Hydroxide. - A solution of the

epoxylactone acetate (1 g.) in ethanol (40 c.c.) containing
potassium hydroxide (4 g.) and water (5 c.0.) was refluxed for
5 hours. The solution was cooled to 0° and acidified (Congo
Red) by adding a solution of concentrated hydrochloric acid
(3.3 coce) in ethanol (6.6 coC.). Tho mixture was kept at
room temperature overnight and then separated into acid and
peutral fractions in the usual way., The neutral fraction

was crystallised from chloroformemethanol to give 3311:112-

-trihydroxyursano;28(13)elactone as large prisms, m.pe. 528-330°,

[a]D + 24° (230.8),-_’The 1iterature4o gives m.p. 316-316°,
[a]D +.25° for this lactone. |
(Found: C,73.93 H,10.1. C5,H,40; requires C,73.73 Hy9.9%).
It does not give a colour with tetranitromethane .in chloroform
end it does not show selective absorption of high intensity
in the ul#ra=violet region.

The acidic fraction was crystallised from agueous

methanol to give 33 llx12-trih¥_govxjsoura-14-en-28-oic gcid

as needles, mepo 281-284°, [a]D - 36° (c,l 2)(in methanol)

40
The literature gives m.p. 281-285°, [o:]D - 37° for this acid.
Light absorptions € 5550 = 45100, € 4,00 = 2,800 €54,

= 1250, €,,,, = 140.




(Founde Gy73+95 M,1001s C3,H,,0; requires §,73.73 Hy9.9%).
It gives o yellow colour with tetranitromethanse in methenol

and a negativs reaction with this reagent in chloroforﬁ.

Acetriation of 3111:l2-Trihydroxyursano=28(13)=-1agtong. =

(a) A eolution of the fﬁihydroxyl&ctono (270 ng.) in pyridine
(2 cac;) snd acetio enhydride (2 c;coj was kept at room
:températuée for 3 hours. The product was isolated by means

:of étﬁer and crystallised from aqusous methaneol to give 3:11:12-

~trikvdroxzyursano=28(13)=lacions discetato as needles, MoPo

305-307°, [a]D + 60° (g,lol)e Tho literatuiaso £ives meDo
296-258°, [Q}D'{ 61° for this lactonc. |
(Found: C,71.43 H,9.4. 03435307‘requirés CyTlo33 H;9.2%)s

It doos not oxhibit ebsorption of high intenéity in the
ulire~violst region. |

(b) %he trihydrexyaladfone {éoo mge) in pyridine (2 c.ce) and
‘ dcatic‘anhydride (2 coc.) wasvheated at 100° for 3 hr., The
product wes isgoleted in the usual manner and erystallised

from etharol %o give 5:llslthriacetoxyursano-ZB(13)-lédtcn9

(155 mg.) e2 necedlos, me.p. 318-320°, [a]D + 55° {cy1.2).
(Pounds €,70.33 H;8,9. CgqH;,0, requires C,70.4; H,8.8%).
Acetylation of the trihydroxy-lactons-diccetiate using these
conditicns gave the triacetoxys-lactone m.p. and mixed :.p.

- 318-320°, [a]D + 55° (€y1.2).

33113:12~Trioxcursans=-28{13)=lactone. - (a) A solution

of tks trihydroxy-lsctone (2Q0 mg.) in gmlecial ecetic acid
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(25 c.c.) was treated‘with & solution of chromic.anhydride
00 ng.) in acetic acid (8 c.c.) added over 10 min. When
the addition was complete, the mixture was gradually heated
to 100°. Tha neutral product was isolated in the usual
menner by chromatography on alumina, crystallisation-fnoﬁ

acetons-light petroloum giving 3:11312-triozoursane~26(13)-

~lactons &3 needles; me.p. 292=294°, [G]D + 81° (¢,0.9). |
Light absorptions A . 3100 (€= 8,200)

(Founds CoT74045 H,08:9. C5,H;, 05 Tequires C,74.73 Hy8.6%).
Its scluticn in C¢ioxen gives & green colour with aqueous
ferric chloride.

{b) The fraction B obtained as descrided previously (page 42)

'ty chromatograpky of ths neutral preduct from tho ozidation

of ursolic acid acetate with potassium permanganate separated
froxz methanocl as needles which, after repoated crystallisation

fron the same sclivent yiélded 11:12-dicxoursano=28(13)-lactons

acetate (55 mgo), mop. 328-330°, [a]D + 120° (¢,0.5).

Light absorptions \ ___ 3120 A. (€= 9000).

frounds C;73.1y E,9.0. Cy,Hyq0, roquizes C,73.05 H,8.6%).

Itz solution in éicxzen gives & green colqur with aqueous

forric c¢hloride. |
The 11l:1Z-dioxolactone acetato %&3 hydrolysed by

refluxing its solution iu 5% equeous ethamnolic potassiunm
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hydroxide for 1 hour. The crude product (31 mg.) was

isolated in the usual way and its solution in aceﬁic acid

(20 c.c.) treated with a solution of chromium trioxide

(4.9 mg.) in acetic acid (5 c.c.) added dropwise with

etirring,. The nixture was gradually heated to 100° and the
product isclated in the usual manner and crystallised from
acetone~light petroleum to yield 3:11:l2-trioxoursano-~28(13)-
=lactone (12 mg.) as needles, m.p. and mixed m.p. 293-294°, [a]D
+ 80° (c,0.6).

Hethyl 3:11:12-Trihydroxyisourg-l4-en-28-o0ate. = A

solution of the acid (200 mg.) in ether (60 c.c.) was treated
with a solution of diazomethane in ether. Crystallisation

of the product from acetonoc=petrol gave methyl 3:1l:12-trihydroxy-

isours-l4-en-268-0ate as prisms, m.p. 161=163°, [a]D - 34°
(cy0.6). Ths literature gives m.p. 154-158°, [a]D - 35°
for this compound,

Light ebeorpbions €050 = 55750y € 500 = 49400, € 5,50 = 1830

63330 = 120.

(Pound: C,74.43 H,10.0. Gy Hy,Qs requires C,74.1l; H,10,0%).

Methyl 3:11:12~Trioxoisours-l4-en-28-cate, - A solution

of methyl 3:11:12-trihydroxyiscurs=-l4-en-28=o0ate (250 mg.) in
pyridine (10 c.c.) was allowed to stand at room temperature for
3 hr, with a solution of chromium trioxide (1 g.) in pyridine

(10 coc.). Tho product was isolated in the usual menner by
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moans of ether, dissolved in benzene (300 c.c.) and filtered
through a column of alumina (10 g.). Eveporation of the
filtrate gave & yellow gum (150 mg.) which crystallised

from patr@leum ether as yellow needles giving methyl 3:11:12-

~-trioxoisours=l4-en-28-0ate as yellow needles (80 mz.), m.po

187-169°, [a], = 82° (g,1.6).
Light absorption: € ,4,, = 4,300.

(Found: C,75.03 H,9.0 Cy,H,,O; roquires C,75.05 H,9.35%).

‘Hathyl 3:11l:12-Trihydrozyisours=14-on-28-0ate discatatc.~

(2) & solution of the trihydroxy unsaturated acid (200 mg.) in
pyridine (3 c.c.) end acetic anhydride (3 c.c.) wes kept at
room temperasture for 3 hr, The product was isolatsd &s en
acid fraction by meens of ether and sodium hydroxide (10%).

The resulting gun feiled o crystallise and wes msthylated witlh

diazcomsthane. Ths mothylated product crystallised from

agueous msthanol a&s plates to give metgxl‘3:11:12-trihydroxyiso-

urs-l4-gn=-26-gate diacetats (130 mg.) m.p. 231-233°, [e]) - 6°
(250.7)0

Light absorption: £,o40 = 45700.

(Found: C,71l.43 H;9.3. CygH;,0, Tequires C,71.6} H,9.3%).

(v) A solution of tha trihydroxy unesaturated ascid methyl ester
(100 mg.) in pyridins {2 c.c.) and scetic anbydride (2 c¢.c.)

w23 ellowed to stand et room temperature for 3 hr. The
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product wvas isolataﬁ by means of ethcr and crystallised fron
~ egqueous nothanol to give methyl 3:ll:l2-tribydroxyisours-14-
. ~en=28=pate discetate (70 mz.), m.p. and mixed m.po. 229~231°,
,(a]D = 7° (¢s1.4)s The litersture £ives nm.p. 231°, [a]D

= 3° for this compound.

Bxrythrodiol dilacetate. -~ A solution of lBB-oloananeu

~3p:130:20-tri0l (200 mz.), m.p. 245-247°, [a]y + 12° (g,1.2),
prepered according toleerassi et gl.ee, in acetic anhydride
{25 ¢coc.) ené sodiun acetate (250 mg.) was refluxed for 18 hr.
The ircduct %as isolatsd by mecns of ether and crystgllised
from metharol to give erythrodiel diacetate as néedles, MoPe

| and mixed FePo 167"1690’ [G]D * 580 (9_,10‘2)0 ‘

o - 4 .
Iigh% ebscrption: ¢ 2060 ° 2 700o

Preatment of Wethyl 3B~Acetoxyursa=-9{(11): 12-dien-28-

-oatn rlth hvdrochlcri" Acid. = A colution of the methyl estexr

(100 e ) in acetic acid (180 c.c.) was heated &t 100° for
2 hr. with concentrated hjdrochlorzc acid (15 coc.) after
which & further quantity of concentratsd hydrochloric acid
(5 cs0.) was sdded.  The solution was then éllowed to
stand at 100° overnight. The product was isolaied in the
ususl ranner by neang of ether, dlesoived in light petroleum
(5 éoco) and chromatographed on alumina, to give the

following fractions..
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1. Petrol (400 c.c.) 64 mg. yellow gum
2. Petrol-benzenme (9:13 400 c.c.) = 122 mg. aemi-éolid
3. Petrol-benzene (4:1y 400 c.c.) - 100 mg. yellow gum.
4. Petrol=benzene (7133 500 c.c.) =~ 124 mg. yellow gumo

5. Petrol-benzene (2:13 400 c.c.) - 186 mg. yellow gum.

Further elution of the column gave dark brown uncrystallisable
Fravi1its B
Fraction 2 crystallised from methanol to give methyl 5:8pB:

14c=-trimethylnovurega-~9:11:13(18)-trien-28-oate (35 mg,)

es plates m.p. 151-152°, [a]D - 546° (c,1.0).
Light absorption: A\ £, 2970 A (€= 32,400)

(Founds €,82,.2; H,10.0. C5,H,50, requires C,82.63 H,10.3%).

na

Fraction 3 crystallised from methanol to give starting
material (60 mg.), m.p. and mixed m.p. 227-228°, [a]D
+ 245° (g51.2).

Fraction 5 crystallised from methanol as needles of methyl

3p-acetoxyursa~11:13(18)-dien-28-ocate (55 mg.), m.p. 186-188°,
[a]D = 77° (e51e4)e A\ max, 2430 and 2510 A ('é = 25,100 and
27,800).

(Found: C,77.7s H,10.1 Cy5Hso0, Tequires C,77.63; H,9.9%).
The compcund gives & red brown colour with tetranitromethansz.

Methyl 3B-hydroxyursa=-9(11):12-dien-28-oate. - Methyl

3p-Acetoxyursa-9(11):12-dien-28-o0ate (1.2 g ) was hydrolysed

with methanolic potassium hydroxide (135 ce.c.j 3%). The
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product crystallised from aqueous methanol to give the

hydroxy-ester (1.05 g. ) as needles, me.p. 192-—194“,'[:::]:D
+ 306° (g,0.6).

[~
Light absorption: A\ 2820 A. (€ = 8,300).

max
(Founds C,79.43 H,10.3. Cy,H;50; Tequires C,79.4s H,10.3%).

Methyl 3-oxoursa-9{11):12-dien-28-oate. - A solution

of methyl 3B-hydroxyursa-9(11):12-dien-28-oate (950 mg.)
in pyridine (20 c.c.) was allowed to stand at room
temperature overnight with chromic anhydride-pyridine
complex (950 mg.; 20 c.c.). The product was isolated
in the usual manner and crystallisation from aquéous

nethanol gave nothyl 3-oxoursa-9(1l):12-dien-28-oate as

as needles, m.p. 16}-164°, [a]D + 334° (230.9)
light absorptions )\mx 2840 L. (€ = 9,200)

(Found: €,79.5; H,10.1. C;,H,40; Tequires C,79.83 H,9.9%).

Treatment of methyl 3-oxoursa-9(11):12-dien-28=-oate

with hydrochloric acid. = A solution of the methyl ester

(400 ﬁg.) in ecetic acid (50 c.c.) was heated on the steam
bath for 30 hr. with concentrated hydrochloric acid (5 CoCs)e
The producit, isolated in the usual mannsr by means of ether,
was diassolved ir light petrol (50 c.c.) and adsorbed on &
column of alumina (12 g. ). Elution of the column with

petrol-benzens (4:13 400 c.c.) and crystallisation of the
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residue from aqueous methanol gave methyl 3-oxoursa-ll: 13(18)-
-dien-28-~0ate {20 mg.) a3 needles, m.p. 163-164°, [GJD - 126°
(¢,0.5).

Light zbsorption: A max'~244d snd 2510 A. (€ = 19,000 exd
21,200),

(Found: C,79eT3 Hy9oT. O H,q05 requires C,79.83 Hy 9.5%).
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The triterpenoid brein occurs in close association

with manilsdicl in Manils-elemi resin, A possible

relationehip between brein and the amyrins was recognised,
on biogenetic grounds, by Vesterberg§?, who characterised
thi.:: compound as & dihydric alcohol, C3,H;,C;, & formule
confirmed by Rclletsa. Oxidation of brein with chromic
‘dciﬂsa’sg gives a dicarbonyl compound, breindione, thus(
indicating that both hydroxyl groups are either primary

or sgcondery. Ilforice and Simpson.ﬁ9 showed that brein
contains & doubls bond which resembles the double bond in
d=amyrin; in co far as it does not react with perbenzoic
acid. They also showsd thst this is ths only ethenoid
linkago in brein (of the type >>C = CH - CHy) since oxida-
tion of brein diacetato with chromic acid gives, in good
yield, en af-unsaturated ketone which gives no colour with
tetranitromethans. Bﬁchi, Jeger and Ruzicka.so confirmed
the results of Morice and Simpso?x9 by converting & brein

derivative to gpi-a-amyrin. On this basis, brein mey be

formulated as 3aix-dihydroxyurs-12-ene (I)®

——

= As is shown leter in this section, the conclusion reached
by Buchi gg_ggﬁscragarding the configuration of the
3=hydroxyl grcup is erroneousy brein has a 3B-hydroxyl group
end is shown as such in all formules.



+ 1 hydroxyl group

Table II gives a brief outline of the principle
reactions of brein and ite derivetives known at the
outset of these investigations. The normenclature

used is that sxistent in ths literature.
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BREIN 69 BREINDIONE

L\ '3

222-223°, [alp + 66° 159-160°, [a]p + 67°

Diacetate

200-201°, [alp *+ 74° 30 |6°

o .
Monocacetate=1

208-209°, [alp + 67°

les & /

BREINDIOLONE BREINONOL-B BREINONOL-=2

24.7=249°,[a]D +82° 226-227%[a]p +43° 208-209%[aly +37¢

Discetatos Acetatsas | Acetates
222-223° [a] +80°  212-213°,[a], +46° 133-135°%[a]p-13*
| W
a-Diketo=Acetate epi-a-Amyrin
240-241°,[a]y +181°

Breiln monoacaetate, prepared by treatment of brein with
acetyl chloride (30) will hereafter be designated as
brein monoacetato-I, as opposed to an isomerie brein
monoacetate-II, ths formation and atructure of which
will be discuased later.
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UHE AND STSEDOCFEIISTRY OF BREIN.

This coction describes experiments designed
to estgblish tvhe structﬁrelof the triterpenoid
diol, brzin,. Evidanece is produced to show
that brein is Eﬁ:léﬁudihydroxyur8a12~ene (XX1)
(the conformation of both hydroxyl groups.being
céuaterial}a An attempéed partial syﬁtheéis of
e breiﬁ derivative, froa d¢-amyrin is also described,
togrther with tho oynthssis of igoursenol (XXX) the

trorne anelogue of taraxerol,

" Tho Pesition of ths x-hydroxyl group in brein.

The poesible positions for the x-hydroxyl group with
refercnac o the a-amyrin molecule (II) are 1, 2, 6, Ty 11, 15,
16, 21 ard 22, Fogitions 1, 2 and 11 can be eliminated since
broin is not an a-gziycol and breindione is nseithera f-diketons

. ' 6P o, 307G
nox en af-uzsaturated ketons . Buchi, Jeger and Ruzicka
havs prepercd en c-diketone by selenivm dioxide oxidation of

broincnosi-B aceiste (x-oxours-l12-en-3-acetate), which only gives

a farric chloride tost on standing for gseveral months. These

cuthors, on this evidence, decided that the x-oxygen function
could nzt be at pozition 1% or 16, sinco there arve no adjacent

hydrogen ctoma t¢ produce enolisation. (The formation of this
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a-3iketone, alco cxcludes the possibility of the xz-hydroxyl
£ L . 13
grvoup ia braein being primary). Further, Jeger has suggested
. 71
that since the 6:7-diketone derived from sumaresinolic acid
enolises very roadily, then the z-hydroxyl group is not at
position 6 or 73 consequently, he proposes that it 1is situated
in »ing 11 2% posiiicn 21 ox 22.
. 19
Recently, a proposed constitution for c-amyrin (II)
inclvdes o five-mombered rings examination of the infra-rsd
abgorrtion spectrvm of breindione czcludes the possibility of
ths presoncen of & katone group in a five-nembered ring. The
propozed lecation, therefore, of a hydroxyl group in ring B
et pozitioms 2L cr 22 is incorrect if a-amyrin has structure
(1I). A>though thers is ne cefinite proof regarding the

nature o7 ring E {see alago 20-24), it now appears probable

that c-anyrin is rspresented constitutionally end stereochemically

as (II) or {JII)s In this thesis it is formulated as II.

II1I
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Maniladiol which occurs with brein in Manila elimi

resin has besn shown to be 3Bz168-dihydroxyolean-lZ-ene (IV)72
and it has been suggestedég that the two triferpsnoids wére
closely related since their physical constants are strikingly
similar. These facts would suggest that the xfhydroxyljgroup
in brein is also situated at position_16 of~the”ursane 9k§1eton.
A comparison of brein derivatives with 15 and 1l6~-hydroxyoleanan=-

=3B=0l derivatives does net exclude either possibilitye “

Brein 5:16-Dihydroxyoleanane 3315-Bihydroxyoleanane
diol +64° 16p-0H + 68° 158~0F + 66°
16a-0H - 15a-0H + 82°
diketone + 66° ' + 48° , -
diolmonoacetate + 67° | 16p-0H + 84° 15B-QH + 64°
| 16a-0H - 15¢-04 + T3°
diacetato + 70° 168-08 + 80° 158-08 -
| 16a-0H - 15a-0E + 50°

" "8irce the presence of the x-hydroxyl group at position
15 or 16 scemed probable, exporimental evidence in support
of this postulate was sought. As a working hypothesis brein

was assumed to be 38:16-dihydroxyurs-12-enefV),
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Recently, Shaw, Spring and Sfevensoh.s3 have isoﬁerised
ursa-S(il):lZ-dien=3uone (VI) with hydrochloric acid to
oleana-11:13(18)-dien~3-one (VII). As a first approach to
the preblem, it was proposed to subject the diketo-hmmoannﬁlar
diene (VIII) (3:16-dioxoursa-9(1l1):12-diene, synthesised from
brein,to sinmilar tzeatment. It was hoped ‘that the product
might bs identified as 3:16=dioxo-oleana=1i; 13(18)-diens (IX),
obtainable fronm ma;iladiol, and thus est&bligh the oxygen

function uvnequivocally at c(zs)'
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Oxidation of brein diacetate (X) with N-bromosuccinimide
yields a homoannular diere, which in analogy with a-amyrin has
the structure 3t16-diacetoxyursa=-9(11):12-diene (XI; R = Ac),
hydrolysis of which gives the corresponding diol (XIs R = H);
Oxid&tion'of the dioi (XIy R = B) with qﬁromium trioxide in
pyridine gives the diketone, 3:l6-dioxoursa-9(11):12-diene (VIII).
The diketone (VIII} has a slight jellow colour which‘GOuld not
be removed by crystellisation or chromatography - this calour
may be of structuralzsignificanceo Treatment of the diketons
(VIII) with hydrochloric-acetic acid under various conditions.
however, gave only impure starting material or uncrystailisable

guns which showed no light abtsorption properties of a hetero-

annular diens system.

As an alternative epproach to confirm the postuiated
structure of brein &s 3:16-dihydrozyurs~-l2-ene, the synthetic
scheme, shown below, (which had previously been successfully
applied to d-amyrin) was envisaged, Oxidation of brein

diacetate (X) with peracetic acid should give 12-oxo-l3@-ursans
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-3316~diol diacetate (XII), which on bromination and dehydro-
bromination was expected to yield l2-oxours-9(1ll)-en-3:16-diol
aiacotate (XIII)» Oxidation of (XIII) with selenium dioxide
should yield 12-oxoisoursa-9(11):14-dien-3:16-diol diacetate
(XIV) which on hydrolysis and oxidation woul& give a triketons
(X¥) which is also obtainable from $he known igo-a-amyradien-
dionyl acetate (XVI)?a. This wouid prove the presenée of &

c (16) hydroxyl group in brein o

XIv Xv Xvi



£aio approach failed et the first stege since
repoated atbenpts to oridise hrein diccetate (X) with
aydirogen peroxido in ecetic acid were vnsuccassful, Sinilax

exidaticas of brein, broindionce and brein monoacetate-IT werec

1

£
m

o ungascessful, In ¢ conmparative experiment, d-anyrin

ace tatic and brein diecetete waro subjected simultaneously to

vv

idenbicsl exzidioing conditions: x=amyrin acetste wes smoothly
¢xidioed while Drada diacetatg &3 reccvered unchanged. An
attezp’ w30 elpo made o ontain the ssturated ketone (XII) by
omcnaiyais of broin diccesate {XI) dut enly o very enall neutral
nonesnystalliscbly fraction was obiained (ef. T4). Tho
inference o he drevn from this lask of recchivity of the doubls
bend is that iho zm-hydroxyl group in brein cxercices a
Lindering offzcty ebsent dn a-anyrin, Examination of
rolacnlier rodels with tho hydreoxyl grovp sitnated at carbon
steas 6, T, 15, 15, 21 or 22 »f the ursane sxeloton doses not
provids & sstisfyiry explanetion for this lack of reactivity.

& third approach > the prodblen wz=s dased on the fac?
that She sitrusturs of Yl-a~cmyradiene’;, a dohydratioan product
of o=anyrin, h&s recently ¢ benn shown to bs (XVII). If brein

koo & hydroxyl grovp at C(ae)ﬁ then ring contraction of the
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hydroxy-ketone, breinonol-B (XVIII) should yield a conjugated
dienone'(XIﬁ)e Dehydrations of brein ifaelf,'usingzyhosphorus
pentachloride and phosphoric oxide have already been-ﬁttempted

. 74
witliout success .

Dehydration of breinonol-B (XVIII) with hydriodic-acetic
acid mixture gave &n uncrystallisable gum with no characteristic

78
light ebsorption properties, It has been observed  that

% The nomenclature breinonoléB, first used by llorice and Simpson69
is mlsleading since it might indicate a trihydroxy=ketone, This
is erroneous and any reference made to either breinonol-A or B
is meant to represent an unsaturated ‘compound containing a

3=hydroxyl group and an x~ketone group.
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bydriodic acid can act as a reducing agent undsr ring
contraction cox’zdition-s. Dehydretion of breinonol-E (XVIII)
with.phognhoric.oxide also gave an uncrystallisaeble gum which,
however, showed low intensity ebsorption at 2400 Z. and 2920 Ec
Repeated chromatographioc purification of this gum, gave finally,
in 6%, yield, é.fraction showing high intensity absorption at
2400 A, and 2930 A. (€ 5400 = 419505 € g5 = 95200).  Tho
ebsorption spectrum of 3g-hydroxy-12-keto=T:9(11)-choladienic
acid (XX) which contains the seme diencne chromaphora aa that
formulated in (XIX), also shows maxima at 2400 A, and 2930 A,
(€ 2600 ™ 317003 € 2050 = 12,900) .  Although this frection
could not be obtained crystalline, it is our conteﬁtian that
the conjugated dienone was formed as expected, thus indicating

that the x-hydroxyl grouvp in brein is situated at position 16,

The Confipuration of fhe hydrozyl grouns in broin.

At the outset of these investigations thero wes song
confusion rega;ding the configuration of the C(s) hydroxyl
group in brein. Two epimeric hydroxy-x-ketones (breinonol-a
-and B)69 haé been obtained by Heerwein-Ponndorf reduction of
tﬁé 3=z~dioﬁe, breindione, 0f these epinsrs breinonol-3B
must have %hg same configuration &t 0(3) as brein, because it
can clso bo obtaineéd by oxidation of broin-3-monoacetete with

50 50
chromic scid . Buchi ot al. have reported, however,; that



toth broinonol=A snd B acetates on Tolff-Kishnor roduction

geve opledeamyrin (ﬁré-lzeen=3a=ol), in poor yleld, and
consaguently infer that Erein has o 3a-hydroxyl group. An
apperent anomaly is that ca%glytic reduction of broindione

with platinum oxide in glaciel ascetic acid yields breinonol~B3o,
whoroas urs=l2-en-3-one in sinilsar circumstances gives the

- 3@-hydroxy compound,

Eilyneo and Stekes?a, woing the mathed of molscular
rotation differsnces, have questionod she assignmcnt cf the
3u=configuration to broin and prefor & 3B=configuration.

As & Tirst consideration, it appsared that the
Wolff-Kishnexr reduction of bLreinonole=B-to give epi-u-azmyrin,
g3 reported by Buchi gj_g&,so nerited further exaninstion,
éinca this is ths only ovidenco conirary to the assisnment of
& 3B-(equatorial)-configuration to the 3-hydroxyl grouvp in
broin. This reastiocn was therefore repeated and in merked
.contrasﬁ, c¢eanyrin (urae-l2-cn-38-0l1) was cbtained in good
- yield., Since Buchi gj_g&io obtained gpi-awamyrin as the only
isolated reductioen preduct, it wonld appear that their starting
naterisl was highly impure., Thus, it ie now evident that
brein contains a 3f-(equatorial) group; further cvidenco wos

forthceming in support of this.



68

The 31x-dions, breindions,has an urhindered ketone
group at position 3 and & hindered ketone group at position =z,
since treirndione forms only 3-monocarbonyl derivativessa'e?c
The roduction of hindered and unhindered ketoneg with lithium
aluninivm hydride and sodium borohydride hae been extensively
investigatcd and o generalisation, that unhindersd ketones
are vedveed to the equatorial isomer and hindexed ketones to
the axial iscmer; has besn propoundedég. Conéequently,
reduction of breindions with sodlum borohydride or lithium
aluminium hydride would be expected to give & 38 (equatorial)
1x{axicl)-diol.

Reduction of breindione with sodium borohydride,
followed by rocﬁ tonperature acetylation, gave itwo producta
readily separnted by chromatography. The least strongly
adsorbed compound, Cz;,H;,Q;, was identified as breinonol-B
acetato Ly dirsct comparison with an authentic specimon
propared by ceitalytic hydrogenation of breindioneao. The more
strongly edsorbed compound, Cy,H;,05, Wwas identified os o diol
nonoacetate (brein monoacotate-II) since it was oxidised by
chromium trioxide in ecetic acid to breinonol-B acetate.

The other known brein monoacstats<l, propared in very poor

3o
yield by trsatment of brein with acetyl chloride  is also

roedily oxidised to breinonol-B acotate. These two diol




. monoacctates must therefore differ in tho configuration of

the thyarézyl groups Since brein monoacetate-l is readily

: acétylated at roem temperature to brein diacetate, whareas
broin nonoacetate~II is recovered unchanged when heated on the
steam bath with acetic anhydride and pyridine, then ths
z=hydroxyl group in the monoscetats-I can bs essigned the
cquatorial conformation and tho x-hydrozyl group in ths mono-
acegtate=1IT tﬁe axisl cdnfarmaﬁion?go Since brein moncacetate-I
centalinz an xecguatorial hydroxyl group then'brein itself must
also countzin an x-eggquatorisl hydroxyl group. Thus the formation
of thé 3(eqg. )sx(ax.)=-diol and the 3(eqg.)=-hydroxylixz-ketone
conforms to the above gencralication concesrning the reduction

of kstonss, Similarly, reduction of bréindione with lithium
glﬁminium hydride, followcd by room iemporature acetylation
.also gives the diol monoacetate-II.

Fyrom the &bove evidence it is proposed that bréin has
the structure 38:1€f-dihydroxyurs=l2-sne (XXI). Accordingly,
brceindions is described &as 3:16édiéxoura-l2-ena (XX11), drein
uonocacotate~I &3 30:168~dihydroxyurs-12-en=-3 acetate (XXIII),
brein monoacetate~II ca 3f:léu-dihydroxyurs-12-cn-3 acetats
(Xx17), breinonol-A acetate ss l6=oxcurs=12-sn-3a-yl acsetate
(XXV) end breincnol-3 acetats 23 l6-oxours-12-cn-3p=yl acetate

(XxvI).
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To obtain further confirmation for the strhcﬁure (xx1)
fof brein, aﬁ atteﬁpﬁ to synthesise 15:16-dioxour§;12-en-33-yl
acetate (XXVII), ffoﬁ c-amyrin acetate, was attempted. This
compound should be identical with & dioxo-acetate preparod by

. 50270
the action of selenium dioxide on breinonol-B azcetate (XXVI) °
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The initial steges of this project ware conecgrnad
with the synthesis of en alcohol, for which the name
. isoursenol is proposed and which is the ursane analogua of
tarazerol (XXVIII), & nasturally occurring triterppnoid.
raolated to the olsanane group. Re&ently,,the synthesis of
_tar&xerbl (XXViII), from B-gmyrin (XXIX), has beeﬁ describad?g

end cn analogous synthgsis of isoursenol (XXX), from a-amyrin

(XXXI), was desired ond has been achieved.




51 ao
12-0z0isoursa-9(11):14-dien=-3p=y1l acotats (XXXIII)

the étarting point in the synthesis, wvas obteined by selenium
dioxide oxidation of l2-oxours=9(11)-on=38-yl acetate (XXxX11)
in improved yiold by curteiling the time of reaction from

24 to 2 hours. he conversion of (XXXI1I) to 12-oiq;§gpra=

~14won=38wo0l (XXXIV) by reduction with lithium in liquid

&1 ‘ ;
emnonie  has elso been considerably inproved by reducing the

~

total reagtion time from 17 to 5 minutes, Reduction of

82 :
(XXXI¥) by the Barion modification  of the Huanrg-Hinlon

..

reaction, Zollowed by acetylation and chromatography, gave in
25% yicld, ispureanyl acetate (XXXYs R = Ac). Tra&tmont of
this acetate with mineral scid gw”e aaamyrin acetate (XXX7II)
in anelegy with the known canversion of taraxeryl acetate

%o 3uamyfin acefgt@7ao The corresponding elcohol (XXX¥; R a H)
and benzcate (¥XX73 R = Bg) vioro prapa:ad in the usual wayo

The conversion of igoursenyl acetate (XXXVs R = Ac) to

zeazyrin acotate (XXXVII), with mineral acid involves movenont
of the C(iq) methyl group to 0(1,) and en obvious intermediate
.'1n this reaction may be pthlanthyl acetate (XXXVI) vhiek
contains o cyolopropane bridge atfached %o C(m) and € (“) and
which hag aleso becn converted to d=cmyrin acetaﬁe_(XXXVII).with

rineral acld,
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XXV XXXVI XIXVII

Troatmsnt of iggpréenyl acétata (XXXV; R = Ac) with
perbenzoic acld yislded two isomeric acetates, Cj,H;o0;, which
wero rsedlly separated by chromatography. Tha lass adsorbsd
product shows no high intensity ebsorption in the ultra-violet
region and is saturated o tetranitromethane. It is consequently
considerad to be 14?15repoxy3§gpraanosﬁ-yl acetate (XXXVIII).

The sceond pfo&uct, hovever, possessed & double bond (unsaturated
to tetranitromethens; double bond ebsorption in the ultra-violet
beloﬁ{2200 Ea) and a bydroxyl group (sinée it was oxidised to o

kotone with the chromium trioxide-pyridine reagent). In analogy



with tho behaviour of taraxeryl acetate, for which the
structures of the poracid oxidation products were rigorously
establiehedvg, the sscond product . can be assigned the struecture,
urs~12-ana35315%~d101-3 aoétato (XXXIX) and the derived ketonso

is l5-0xours=-l2-cn-3f-yl acetate (XL). The direct rearrangement

Qe

XXXVIII XXXIX XL

of (XXXVIII) $o (Xxxix) by mineral scid followed the analogous
tarazoryl ceatate oxide to olean-l2e-on-=3f:l5c-dlol-3 acotate
rearrangenent i.e. methyl group migretion with synchronous
elinination of a proten fronm 0(12), ags shown below, but
differsd in that the productl(XXXIX) failed %o yield a diacetato
under.normai acetylating conditions. For this reason, no

configuration is assigned to the hydroxy group in (XXxX1X).




The final stage in the synthesis, the oxidation of
tha ke#o«acatate (XL) with se;eniug dioxide, was carried
cut usiﬁg the ccnditions.deacribad by Buchi gj_g},so for
tho cxidation of brezinoncl-B acetate. A yellow product wes
cbtained, in low yield, vaich m§lted at 150-240° (in vacuo)
end which resisted further purification. Heasuremont of the
infroe-rcd absorption spectra of this product showed a band
a$ 1712 cmo"‘, thus indicating that the oxidation of (xr_.) had
been incomplste. Lack of material prevented further oxidation
attemptis.

It is of interest to note that & conmzarison of the
physical constants of isoursenol (XXX) and its derivatives
with thoee of an alcohol, Cg,H;,0, isolated by Kasprzyka§ fron

the dried flowers of Calendula Officinalis bear a remarkable

sinilarity.
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ZEASERZYK EXPERIMENTAL,
.Alcohol. needles m.p.193-194° needles, m.pP.195-197°
Acetats MePe216-217° | HeDe214=216°
Benzoate MePe240=241° D.p.237=233°.

Unfortunetely, the spezcific rotations of the naturally
occuyring eslcohol and its derivatives arc not reported, end &

direct eomparison of specimenes hasg not yet becn possible.

The suthor has presonted evidence to show that the
x-hydroxyl grovp in brein is at G(;c) but thera ars two further
factors eoncoyning ths chesaietry of brein vhich merit further
discussion,

The ultra-viclet absorption spectra of hreindione and
broinonosl-l acetots show normal maxima in thoe double bond
rogien, ag would be expectsd,but it_is Qf_intoreat to0 note
that tho shape of thess curves are sugzestive of thas close
proximity of the xz-ketone group to the double bond., Table III
shows the typlcal spoctra of breindions and breinonol=B acetate,
This shapg ¢f curve is not shown by lS5-oxcurs-lZ=gn=3f=yl

acetate,
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I - 15-Oxours=-12~-en-3B-yleacetate.
II - Breindione

“\

4 T 1

Zico - 2200 2300 2600 A

The Bocond peint of interest is that treatment of
brein nmoncazcotate-I1. (3Bs1l6e-dihydroxyurs-12-on=3 acotato)
on reflmﬁing with phoszphorus oxychloride and pyridine givsc
in low &ield a compound, Cz2H;50,, which gives a strong
yallew colour with tetranitromethane., This compound,
because of its method of formation; can be formulated as

: 70
ursa-=12:15=-dign-38=yl acetatec (XLI). B&chi at al.




have algo prepared an unconjuzated diene by the treatmsnt

of brein monoacetate-I with methane~sulphonyl chloride followed
by the treatnsnt of 4hs nmesylate with sodium iodide in acsetonoc,
Thesge dieass are unot identical. An exomination of the mothar
liquers'sf the phosphorus oxychloride experiment Lhas shown
them t¢ contein naterial vhich gives e red=brown colour with
tetranitronethans and whose ulira=violst abzsorption spectra
ghows mexima at 2050 E, ard 2460 E. (¢ = 6,300 and 6,900). This
is typical of a hotercannular dicne. Completo purification
end chearacterisation of this compound was not echicved, The
formation of this diene cannot be raconciled with brein

heving the ze=hydroxyl group at C(;s) unless methyi group

nigration has occurred during the roaciione
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lHelting points were determined using a standard

N.P.L. thormometer.

Specific rotations were measured in chloroform

solution in a 1 dm. tube at approximately 15°.

Ultra violet absorption spectra were determined
in ethenol solution (unless otherwise stated) with a
Unicam SP. 500. Spectrophotometer and (€ ) denctes

intensity of absorption.

Colour reactions with tetranitromethane wers

done in chloroform soluticn,

The phrase 'in the usual way' implies, in general,
dilution with water, extraction with ether, washing
‘consecutively with aqueous sodium hydroxide, water,
agqueous hydrochloric acid and aqueous godium bicarbonate,
followéd by drying of the ethersel extract over anhydrous
sodivm sulphate, filtration and evaporation to dryness

under reduced pressure,

For chromatography, Brockman Grade II alumina and

a light petroleum fraction b.p, 60-8Q° were used.
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The Isolotion of Brein fronm Manila Elemi Resin. = l‘anila

eleni rosin (14 1b.) vas steanm distilled for 12 hours, ihe
residunl solid extracted with ether (10 1.) and the ethersal
solution washed with sodium hydroxide (10%; 3 x 5 1.), water

(2 x 2 1.), hydrochloric acid (5% 2 x 2 1) and water (G x 2 1.).
Evaporation of the dried. (Ne,S0,) ethereal solution yislded a
sclid which was dissolved in ethanol (4 1l.) and the solution
concentrated to yield two crops of mixed'm and Be-amyrins

(1050 g5)¢ meps 135=155°. The mother liquors were taken

to drynzss, disselved im petrol (4 1.), end tha petrol soluticn
was weshed with agqueous ethanol (3 x 6 1.). Concentration of
the ethaviolic soluiion yielded & gummy solid isolated by meens
of ether.  Cryctallisation of ths gum from aqueous acstone

gave ths broineelemel complex (39.4 £.) as needles m.p. 169~170°,
[cz]D + 40° {245.0). The 1iteratu;z°gives m.po. 130-181°, [ct]D

+ AT®. | |

(Found: €,81.23 3,1106. Cale, for CugH 505+ C481034 Hy11,5%).

A solution of brein-slemol complex (4.7 g.) in adetic
anhydride (50 c.c.) was refluxed-for 2 hr. and the product
isolated in the usual manner by means of ether. Crystallisg=
tion from chloroforn-methanol gave brein diacetzte as prisms

. - 3
(3:.14 2.)s mopo 155-197°, [cu]D + 74° (¢y103). The literature °
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gives m.p. 200-201°, [a]D + 74°.

(Founds C,77.73 Hy10.5. Calc. for Cz,Hs0;. C,77.73 H,10,3%)
Hydrolysis of the diacetate with 5% methanolic potassium

hydroxide solution and crystallisation of the product f£roen

aqueous acetone gave brein as plates, m.p. 221-222°, [a]D

+ 64° (c,1.3). The literatur@ao gives m.p. 222-223°, [cz]D

+ 66°, '

Breindione. - (&) To e solution of brein (800 mg.) in

acetic acid (200 c.c.; 95%) wes added dropwise over 3 hr., a
solution of chromium trioxide (400 mg.) in acetic acid (39 CoCn)e
The sclution was allowed to stand at room temperature overnight,
diluted with water (ca. 750 c.c.) and filtered. The product
was dissolved in ether and the product isolated in the usual
wmanner, Crystallisation from aqueous methanol gave breindione
(360 Bge)y mepo 2and mixed m.p. 155-157°, [a]D + 63° (c,1.2),
(b) A solution of brein (3 g.) in pyridine (20 c.c.) was
allowed to stend at room temperature for 24 hr. with a solution
of the chromium trioxide (3 g.) - pyridine (30 c.c.) reagent.
the product was isolated in the usual manner by means of ether
and crystallisation from asqueous methanol gave breindions (1.9 go)}
mpe 159-160°, [al) + 65° (¢,1.7). The literature gives
DoPo 1592160° [a]D + 67°,
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3116-Diacotoxyursa=-9(11)sl2-diene. -~ A solution of brein

diacotate (2 g.) in carbon tetrachloride (200 c.c.) was
refluxed with N-bromosuccinimide (2 g.) for 2 hr. Isolation
of the product in the usual wqyandcrystallisatidn fron

mothanol gave 3:116-discetoxyursa-9(11)s12-diexe as prisms,

MePa 167“1680, [a]D + 314° (&,102)-
' ©
Light abcorption: )\max.zeoo A, (€ = 8,600)
(Founds C,77.83 Hy10.1, Og,H;,0, Tequires C,77.83 H,10,0%)
Hydrolysis of the diacetato with 5% methanolic potasaiun
hydroxids solution and crystallisation of the product from

mothanol gave 3:316-dihydroxyursa-9(11):12-diene as needles,

mepe 222-223°, [a]; + 320° (g,3.9).
(Found: Co61.5% le,].lolo 03034903 requires C,y81,.83 3'1000%).

3116=Dioxoursa=-9(11)s12-diene.- 4 solution of

3316-dihydroxyursa=9(11)s12-diene (1.39 g.) in pyridine (15 c.c.)
was treated with a solution of the chromium trioxide (2.8 g.) =

pyridiﬁa (20 c.c.) reagent and allowed to stand overnight at
roon temperature. The product was isoclated in the usual manner
by means of ether, dissolved in benzene (}OO ¢.C.) and filtered
through & column of alumina (20 g.). The column was washed
with benzons (500 c.c.) and the combined eluates evaporated

to dryness, The residue crystallised from methanol to give

3116=-dioxoursa~9(11):12-diene &s yellow plates (500 mg.)y MeDo
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133-134°, [a]D + 360% (cy1.5).
o
Light absorptions A ___ 2820 A, (€= 11,400).
(Founds €,82.7; H,10.3. CzoHye0, roguires C,82.5; H,10.2%).

Treatnent of 331l6=Dioxoursa-9(11):12-diene with

hydrochloric acid. = A solution of 3:l6-dioxoursa=-9(11):l2-diene

(400 mg.) in acetic acid (120 c.c.) was heated on the stecn
bath for 24 hr. with concentrated hydrochloric esoid (4 c.c.).
The product was isolated in the usual mannor &s e gun whioch

-
showed no selective absorption in the ultra-violet above 2200 A,

Treatment of Brein Diacetate with peracetic acid. - A

solution of brein diacetate (500 mg.) in ecetic acid (25 CoCo )
was treated at 100° with a mixture of hydrogen peroxide (5 coc.)
in acetic ecid (5 c.c.) and the solution stirred for 2 hr, eftor
which a further quantity of hydrogen peroxide (5 c.c.) im acetic
acid (5 c.c.) was edded end stirring continued for a further

2 hr, The precduct weas isolated in the usual manner and
orystallisation from methanol gave brein diacetate (320 ng.),
m.p. and mixed m.p. 196-1975. This expefimeﬁt was carried 6ut
3imu1fansously with a¢-amyrin acetate (500'mé;) under identical
éonditioﬁs when 12=oxo;13a;ursann36-y1 aéetéte (300 ng.) was

~ isolated, m.p. and mixed m.p. 210-212°, [a]D + 114°.

- 16=0xours=12-en-3p=-yl acetete (Breinonol-B scectate). =

A solution of breindione (420 mg.) in acetic acid (20 6.c.) was
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shakeon in en atmosphere of hydrogsn with prereduced platinunm
catalyst (50 ug.) in acetic scid (5 c.c.) for 3 hr. The |
solution was filtered, evaporated to drynsss and the residue
acetylated on the steam bath with acetic anhydride and
pyridine. Crystallisation of the product from aqueous
methanol gave l6=-oxours-l2-en-3f-yl acetate (220 mz.) as
plates, m.po 210-212°, [al + 47° (2,0.9)s The literature -
.givés m.p. 212-213°, [a]D + 46°,

Light absorptions € ,g.0 = 4,100,

(Found: C,79.2s H,10.4. Calc. for Cs,Hy 0o Cy79.63 H,10.4%).
Eydrolysis of the acetato with 5% ethanolic potassium |
hydroxide gave l6=-oxours~l2-en~3B-ol (breinonol-B) which
separates from methanol as pfisma, MePoe 226-227“,'[01]D + 49°

69
(p1.2). . The literaturo gives m.p. 226-227°, [q]D + 48°,

Treatment of 16-Oxours=l2-en=3p-o0l (breinonol-B) with

phosphoric oxide., - A solution of l6-oxours-l2een=3B=ol

(500 ng.) in dry bénzene'(so c.c.) was shaken with phasphoric
oxide (1.0 g.) for 20 hr. The product was isolated 1n~the
usual manner by means of ethor, The :esidual gun vas

digsolved in petrol (46 c.c.) and adsorbed on a column of
alumina (25 go). Elution of the column with petrol (400 co.c.)
petrol=benzena (600 coCoy 19:1), potrol<benzens (400 c.Cey 9:1)

gave a gun (385 mg.) which showed no high intensity abscrption



in tho ultra~violet above 2000 A.  Further elution of

the column with petrol-bonzene (100 co.c.3. 7:3) gave & gum

(43 mg.) which failed to crystallise from the mormal solvents,
even on further chromatographic purification, The light

©
abzorption properties of this gum wero, )\)\ 2400 A, cnd

naXe
2930 A. (& = 4,950 and 9,100).

Volff=Kishner reduction of 16=Oxouraaizoeno35ﬁzl

scotatc (BreinonolsB scotate). - l6-Oxours-l2-en=3g-=yl

acotate (250 mg.) was-added %o a solution of sodium methoxide
(fren 0.5 g. sodium) in mothenol (20 c.c.) snd the mixturs
heated at 260° for 3 hr. with hydrazine hydrate (5 c.coy 1007);
heating was-continued for a further 15 hr, at 180°. Icolation
of the product by means of ether and orystallisation of tho
product from methanol gave a-amyrin (urs-12-en-36-01)(155 nge )
2o folted nesdles, m.p. and mixed m.p. 177~-179°, [cc]D + 87°
(ep2a7)o

Reduction of Breindione with Sodium borohydride. - A

solution of breindione (500 mg.) in absoluto ethanol (15 co.c.)
containing sodium borohydride (250 mg.) was kept at room
tenperature for 2 hr. ‘vThe product was isclated by meens of
ether and acetylated overnight at room temperature with aceiioc

enhydride and pyridine, Tho acotylated material was dissolved
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in poetrol (50 c.c.,) and adsorbed on & column of alumina (15 go)
Elution of tho column with petrolebenzene (400 c.c.3 T33) yielded
a sun (330 mg.) vhich crystallised from agquecus methanol to give
16=0cxoursel2=en=3p=yl acetate (breinonol-B acetate) (153 mg.)
as blades, m.po 210-212°, [a]D + 44° (c,1.2).
Light ebsorptions € ,,4, = 34800,
(Founds C,79.25 H,10.5. Cale for Cs,H;q05« C,79.6y H,y10.4%).
The compound gives no depression on adnixture with & specimen
of lb6-oxours=12=-cn-3f«yl aocotate prapared by catalytio
'hydroéeﬁation of breindione

Eurtheé elution of the column with benzené-éthar(m()ooo.;lol)
yielded & gcum (160 ng. } which crystailised frbmlaéueoua

mothanol %o give 3B:l6a=-dihydroxyurs=l2-en<3 acetate

(breinmoncacetate=II) as needles (120 mg.), m.po 202=205°%, [ajD
+ 47° (2,0.9). | | |
Light absorptions € .55, = 3,900.
(Founda-c,m.z;'n,lo,e. Cz0Hzg Oy requires C,79.33 H,y10.8%).

A solution of the monoasetate (200 mg.) in acetic acid
(25 0.0.) was treated with e solution of chromium trioxide
(30.4 mz.) in acetic acid (10 0.6.) end the mixture kept =zt
room temperature for 18 hr. The product was isolated in tho

usnal panner end crystallisztion fron equecous methanol gave
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16-oxours-12-en<3p-yl acetate (130 mg.) as plates, m.p and
mixed m.p. 209-211°, [c]D~+ 45° (o,1.2).

Light absorptions € 4,5, = 35700

: Réduétion gg_Bieindione with lithium aiuminium hydride. -
A solut;pn of breindione (500 mg.) in dry ether (30 c.c.)
containing lithium aluminium hydride (250 mg.) was kept at
room temperature for 30 min. The prodﬁct was isolated by
meéns 6fiethér and acetylated at room temperature overnight.
The pfodﬁgt was dissolved in petrol (50 c.c.) and adsorbed on
a column of alumina (15 go). Elution of ths column with
petrol-benzene (500 c.c.j 4:1) gave an uncrystallisable gum
(129 mg.); elution with petrol-benzene (600 c.c.; T:3) gave a
guﬁ (250 ng.) which éryatéllised from aqueous methanol to give
16-0xours-12-en=-3p-yl acetate (breinonol-B acetate) (140 mg.)
as plates m.p, and mixed m.p. 210-212°, [a]; + 46° (cy1.2).
Light ebsorption: € ;.40 = 3,700
Further elution of the column with benzene=ether (200 c.Goj; 1:1)
yielded a gum (130 ng.) which c:ystailised from aqueousmﬁe%hanol
to give 33&16a-dihydroxyurs-12-en-} acetate as needles (85 mg.),

m.p. and mized m.p. 202-205°, [al, + 48° (c,1.0)

12-0xoisoursa-9(11):14-dien-3p=yl acetate. - A solution

of 12-oxours=9(11)-en-3p-yl acetate (36 g-) in glacial acetic

acid (580 c.c.) was refluxed for 2 hr. with selenium dioxide
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(54 ge)e The cruﬁe product, isolaied in tha usual msanar, |
crystallised from metheanol to give needles (23 g.)s m.p. 220-221°,
[a]D + 14.5° (c,6,1). A solution of the solid in beunzenc=light
petroleun (1 l.s 1:14) wes adsorbed on a column of alumins

(1 kg.). Elubion of the column with petrol-bonzens (4 l.s

332), petrol-benzens (2.5 lo3 1lsl), and petrol-benzense (3.5 1.}
2:3) gave 12=oroisoursa=9(11):l4-dien-3p=yl .acetate (17.5 g.)

es needles from msthanol, m.p. and nixed m.ps 218-220°, [a]D

+ 805% {£4303)0 Literatureaogi7es Bepo 221=22°, [a]D + 7%

[ ]
Light sboorptiont AA ___ 2110 and 2370 A (€ = 8,400 end

nox

10,000).
12=-0xo0isours-l4-en=38=0l, = A solution of 1l2-oxoisoursa-

=9(11):14=dien~3p-y1 acetato (2.0 go) in dry ether (100 c.c.)

was odded over 2 min., with stirring, +o0 & solution obtsinsd

by adding lithivm (600 mg.) to liquid ammonis (400 ¢.c.) and tho

nixture stirred for 3 min, After the addition of aqatone,

the pzoéuct wag isolated in the usual manner by means of other,

Cryétallisation of the produst from nethanol gave l2-oxoiscurse

=l4=cn=3p-01l (0.8 g.) a3 folted needles, n.p. 230-231°, [a]D

= 39° (g5104).

Light cbsorptiont € 5550 = 5,500,

(Feund: €,81,03 H,10.9, Cale. for C;,H,,0,34CH; OH. C,81.13

Hy11,1%). | |

Tho "compound gives a yoellow colour with fetraenitromsthans.
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isoUrsenyl Acetate. = 12-0xoigsours-l4-en=3p-ol (1.0 g.)

was edded to a solution obtained by the addition of scdium
(2.5 g.) to freshly distilled diethylene glycol (125 c.c.)

and the mixture heated to 180°. Anhydrous hydrazine was
distilled into the mixture until the solution refluxed gently
at 180°. After refluxing at this temperature for 18 hr,, the
mixture was distilled until the'temperature rose to 210°,
whersafter refluxing was continued for 24 hr. The product,
isolated by msans of ether, wes acetylated on the steam bath
with acetic anhydride and pyridine for 1 hr. The acetylated
product was dissolved in petrol and adsorbed on & column of

alumine (40 g.). Elution with petrol gave a solid, whicn,

on crystallisation from methanol, gave isoursenyl acetate
(250 ng.) as plates, m.pe. 214-216°, [a]D + 36° (cy1.3).
Light absorption: € 5060 * 7,100.
(Found:s C,81.9; H,11.4. C5,Hy, O, requires C,82.0y H,11.2%).
The compound givés a yellow colour with tetranitromethans.
Elution of the column witﬁ petrol-benzene (200 c.co.j 9:1)
gave l2-oxoisours-l4-en-3p-yl acetate (300 mg.), m.p. and mixed
m.p. 227-228°, [a]D - 27° (c,0.8).
The column was stripped with methanol-=benzene and the
residuéﬁérﬁstallised from methanol to give & substance as felted

needlee-(ﬁso Nge)s MePe 245-24T7°, [a]D +19° (g,1:.2). -
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Light absorption: A\ nox, 2080 end 2380 (€ = 13,500 and 10,000).
Found: C,76.93 77.33 H,10.4; 10.1%).

The compound gives a yellow col&ur with tetranitromethano,
Infra-red shows bands at 1672 cm.™ (ap-ketone) and 1724 eme ™
(acetate).

This substance was recovered unchanged on refluxing with
lithium aluminium hydride followed by acetylation and also when
treated, overnight, with the chromium trioxide=-pyridine complex
at room temperaturs.  When the substance (250 mg.) was refluxed
with acetic anhydride (2 c.c.) for 2 hr. a compound was isolated,
crystallising from methanol as prisms, m.p., 201-202°, [c:c]:0 + 35°
(231;4)’

Light absorption: A\ oy, 2060 and 2380 (£ = 6,250 and 4,100)
(Found: €,75.65 H,10.1%).
Infra-red shows & band at 1712 cmo'1 (ketone in six-membered

ring) but no separate acetate band,

isoUrsenol. = A solution of isoursenyl acetate (250 mg.)
in ether (150 c.c.) was refluxed for 30 min, with lithium
aluminium hydride (250 mg.). The product was isolated in the
usual manner and crystallisation from methanol gave isoursenol
as needles, m.p. 195-197°, [a]D + 30° (c,1.6).
Light absorption: é 2060 ™ D»500.

(Found: C€,84.13 H,11.6. Cy H;,0 requires C,84.4; H,11.8%).



The conpound gives a yellow colour with tetianitromethanso
Reacetylation of isoursenol gave isoursenyl acetate as plates,
n.p. and mized m.p., 214-216°, [al, + 35° (g,1.1).

1soUrsenyl benzoate separates from chloroform-methanol

es small blades, m.p. 237-239°% [al; + 55° (c,2.0)

(Pound: €,83.33 H,1003: Cy,H;,0, requires C,83.7y H,10.3%),

‘Conversion of isoUrsenyl acetate into a=-Amyrin scetate. =

To & sugpension of gggprsenyllacetata (25 ngs) in glacial

ecetic acid (15 c.c.) at 100° was added concentrated hydrochlorigc
acid (2 coéa). After the mixture had been heated for a further
25 min., the»solvant.was rezoved under reduced preasure.
Crystallisation of the residue from methanol gave a-amyrin
ecatate as plates (12 mgo), m.p. and mixed m.p. 221-223‘,‘[@]D

+ 77.; (,9,,3007)0 |

- Treatment of isoUrsenyl acetets with perbenzoic acid, -

A soiution of isoursenyl acetate (750 mg.) in chloréform'
(10 c.c.) was treated with a freshly prepared solution of
psrbsnzoic acid (2.0 mol.) in ohloroform.an& the solution
kept et 0° for 18 hr. The edlution was washed with sodium
hydrogen carbonate solution, water, dried (Bazka) end tho
solvent removed below 15°, The residue éaa dissolved in

petrol-benzens (100 c.c.y 9:1) and adsorbed on a column of
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alumina (25 gm.). Elution with petrol-benzene (100 c.Co}

9:1) yieldsd & solid which crystallised from chloroform-methanol
to give 14?:lsgﬁgggggﬁsogggggrjﬂ-x;_acetate (320 mg.) as plates,
m.Po 249-251°, {a]D + 57° (c,1.0).

(Found: C,79.53 H,10.8, Cy,H;,0; requires C,79.3) H,10.8%).
The compound gives no colour with tetraﬁitromethane and showa

no selective absorption of high intensity above 2000 E.

Further elution of the column with benzene (300 c.c.) yielded

& solid which crystallised from aqueous methanol to give

ursul-12~9n0=3ﬂz15%=diol-3-acetate (270 mg.) a3 needles, m.p.
223-225°, [aly + 75° (es1.5)

Light absorption: & 040 = 65000

(Founds C;79.0y Hy1ll.l. Cy,H;,0; Tequires C,79.33 H,10.8%).
The compound gives a yellow colour with tetranitromethane, but
does not acetylate with ecetic anhydride-pyridine, either at

room temperature or on the steem bath,

Treatment of 14{:15?-epoxxjsoursan=5ﬁfx;_acetate with

mineral acid. - (a) Sulphuric acid (2N; 5 c.c.) was added to

a solution of 14?-15{epoxyisoursannBB-yl acetate (100 mg.) in
glacial acetic acid (100 c.c.) and the mixture heated on the
steam bath for 30 mins. A solution of the product in petrol

(10 coc;) was chromatographed on alumina (3 g. ). Elution
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with benzene-ether (93113 300 c.c.) gave a gum which crystallised
from aqueous methanol to give ursun=12-enom3ﬁ:15?=diol-3ﬂ-y1
acetate (45 mg.), m.p. and nixed m.p. 222-225°, [a]D + T3°
(39038).

(b) Concentrated hydrochloric ecid {4 c.c.) and water (4 c.c.)
wore added to a solution of 14:15-epoxyisoursan=3f-yl acetate
(200 mg.) in methanol (100 c.c.) and chloroform (30 c.c.). The
nixture was kept at room tempsrature for 18 hours and the
product isolated in the usual manner. Crystallisation of the
product from equeous methanol gave urssm-12-ene=3f:15=diol=38=yl
acetate (125 mg.), m.p. and mixed m.p. 222-225°, [a)y + 75°
(cy1cl)o |

15-Oxours:=12;en.a}Bagl_écetate. - AA solution of ursam-12-

-en «3f:15-diocl=38-y1 acetate (275 mg.) in pyridine (10 c.c.)
was added to a solution of chromium trioxide (1.0 g, ) in
pyridine (10 c.c.) and allowed to stand overnight at room
temperature. The product was isolated in ﬁhe usual-mannér by
rneansg of ether, Crystallisation from agueous methanoi gave
15-0x0urs =-12-en-38~yl acotate as needles, m.p. 220=222’,‘[6]D-
+ 128° (¢,008).
Light ebsorption: € 5450 = 5,000,

(Found: €,79.4s H,1004. Cg,Hg,0; requires C,79.6; H,10.4%).

The compound gives & yellow colour with tetranitromethane.



Treaiment of l5-oxourc~l2-en=3f-yl acetate with selenium

dioxids in dioxan., - A solution of l15«0x0urg=12«6n =3yl

acetate (175 mg.) in dioxan (30 c.c.) was heated at 200° for
16 hours with seleniun dioxide (450 mg.) in a sealed tube. Tho
product was isolated in the usual manner by means of ether as

& fun. The gum was dissolved in benzene end filtersd through
a column of alumina, The product crystallised as clusters of
yellow needles from agueous methanol, m.p. (in vacuo) 190-240°,
[a]D + 131°

Light absorption: £ 5,40 = 3800, € 5500 = 1,000, € 5000 = 950
€ 5600 = 400.

Treatmant of Brein llonoacetate=II with Phosnhorus

Oxychloride. = A_solutibn of brein monoacetate-II (340 mg.) in

pyridine (3 co.c¢.) was refluxed with phosphorus oxychloride
(3'0.0.) for 1 hr, The product was isolated in the usuel
ﬁanner by means of ether and filtration through a column ofl
elumina in petrolsbenzene (501503 100 c.c) gave & gum (250 mz.)
which crystallised from chloroform-methanol to give ursa-12:15-
~dien-3p=yl acetate as necdles (50 mz.), m.po 228-229°, [o:]D

+ 40° (c,0.7)

Light absorption: { ,040 = 3,760)

(Founds C48205; Hy17.9: Cz,H;,0, requires €382.3; H,10.8%).

This compound gives a strong yellow colour.with tetrenitromethans.



Crystallisation of the mother liguors gave an amornhous solid,
mepo 140-150°, [ely + 56° (g,1.5)
L]
Light absorptioms A\ nag, 2050 and 2460 Ao (€ = 6,300 and 6,900).
-4

This mterial gives o red=brown colour with tetranitromethans.
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