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INTRODPUCTORY REVIEW TO TRITERPEROIDS
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INTRODUCTORY REVIgH OF TRITKRPENOIDS,

The name triterpone is spplied to a class of naturally
occurring hydrocarbons and oxygenated hydrocarbons containing
30 carbon atoms arranged in such e way that six isopentane
residues can be resognised as component units in the molecular
carbon skeleton, The more comprehensive term triterpenoid
has been adopted as & result of the discovery, in recent years,
of preoduects with obvious triterpene characteristics which are
in fact C3y compoundslx4.

Apart from the aliphatie hydrocarbon squalene, aell

triterpenocids are alycyelic and the majority ceontain hydroxyl,

carboxyl, or carbonyl functions. They fall iniO three main

(a) The sliphatic compound, agqualene, and the ftricyclie
gompound, ambrein.

{p) The tetraeyclic compounds such as lanosterol, agnosterol,
the olemic scids, the pelyporenic acids, eburicoic asid,
evphol, tirucallel and butyrospermol, ithe molecules of
which bear a sloss structural relationship to the steroids.

(¢) The pentacyelic triterpencids which form the largest class
and include such compounds as o - and [3 =amyrin, lupeol,
taraxasterol and taraxerol.

Ko mono- or diecyclic triterpenoids ers known. The resently

characterissd pentacyclic triterpenocids czcloartenolﬁ’ 6, and



-
ggglg}audenolB’ 4 Boar a close relationship to lanocsterol
ant are best classified with the tetracyclic group.
Similarly, the hexacyclic iriterpencid phylla.nthol5 which 18
closely related %0 X —amyrin, should be regarded as

1

pentacyelic, Onocoerin, a new triterpencid type is a
symmetrical tetracyclic diol.

This +theseis is concerned with {the pentacyclic
triterponoids, The majority of these are polyfunoticnal
compounds which can bg related to simpler monohydric alcobols

by standard msthodss“ll

and which fall into four main classss
baged on Of ~amyrin, [} -amyrin, lupeol and %araxasterol. The
saturated hydrocarbons from which these alcohols could
theoreticelly be derived are ursane (l), oleanene (II),
lupans (II1) and taraxastanc (IV) respectively. 4All
triﬁerpenoids'balonging to these clusses can be named
sysiemnticelly as derivatives of the basic hydrocarbons,

€08, O —amyrin is uraelzoenaaﬁ-ol (v), ﬁ-—amyrir_z ig
oleanaIZuenaagwol {VI), lupeol is lup—20(29)~en«%€=ol.(VII)
end iaraxerol i:a'tare.xasta’c?(){SO)men-,}/,?ool (VIII). This
rational nomenclature will be used wherevexr possible

throughout this thesis.
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In addition to a lerge number of interconversicns
which have been achisved wiihin each ¢lass, inter-
relavionships emong the ursane, oleanane, lupans and
taraxastane groupse have also been reporied.

Por comprehensive discuesions of the triterpenoids
a8 a whole, and for descriptions of the general methods
employed in structural elucidation, the reader’s atiention

is direeted to the reviews of Haworthlz, SpringIB, ﬁoller14,

16 17 and %o Elsevier's

Bnoyclopaedia of Organic Chemistryle.

Jeger®?, Birch ® and Barton
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The Structure and Stereochemistry of Friedelin and Cerin

This introduotion gives a summary of the evidence available at
the outset of the investigation, ftc be described in this thesis,
aimed at establishing ths structure and stereochemistry of two
crystalline %riterpenes, friedelin and cerin, isolated from

cork.

Introduction. - About one huadred and fifty ysars ago, the
19

diztinguishad French chemist, Chevreul™ , obtained by alcohol
extraction of cork a waxy compound which he designated "cerine".
Luter, ThomsC isolated and purified "gorine” {now contracted
to cerin) and described the preparation of acetyl and bénzoyl
derivatives, It was Thoms contention that cerin was a
phytosterol, since it gave typical sterol colour rsactions.
Friedelaa, suggested that cerin contained a carbonyl group and
drew the attention of lstratiZI to his own work and that of
Chevreul. 1Istrati and OSﬁTHSOViChel eatablished that "cérine”
was a mixture which could be sepsrated into two components
cerin and friedelin (so named in henour of Friedelzg)o From
enalyses and molecular weight determinations ILatrati Qi‘gioZl
propoged the empirical formulae, 02734402 for cerin and either
C21H340 or C43H7002 for friedelin.

3

In 1935 Draks and Jacobsen“" extracted cork with ethyl

acotate and by fractional crystallisation of the extract from
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chloroform effecteod a satisfactory separation of cerin and
friedelin, dnalyses of these compounds, sublimed in high
vacuum suggested the smpirical formule, 030H5002 for cerin
and 030H500 for friedelin. In addition to cerin and friedelin
a small quantity of impure material was obtained which gave
characteristic sterol colour tests {Lieberman-Burchard,
Salkowski and Lifshiitz) - and to whick Drake et al.>> attributed
“he claim by Thom820 that cerin is a phytosterol.

Drake and Jacobsanz3

showed that friedelin did not form
acetyl or benzoyl derivatives under normal conditions but that
under drastic conditions an acetate and a benzoats were isclated
from which pure friedelin could be regensrated. They suggestad
that the esters were formad through the enol form of a cardonyl
ETroup. In support of this view thay showed that friedelin does
not evolve eny methane on treatment with metbhyl megnesium halide.
Drake and Sshrader24 later confirmed the presence of a carbonyl
group in friedelin by {he preparaticn of ketonic derivatives
6.8 an oxime and a 2:4 dinitrophenylhydrazone. Friedelin

also showed & faint yellow colour with tetranitromethane but

it wae not ocasily brominated nor could it be hydrogenated undex
norazl conditions. Coerin and friedelin gave the came

hydrocarbon C an on reduction with amalgamated zinc and

30
hydrochleric eceids this hydrocarbon could not be hydrogenated
23

or brominated. On the basiz of this evidence Drake™~ suggested
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that friedelin was e tetracyclic ketone which contained a
centre of unsaturation not in conjugation with the carbonyl
group.

In an examination of cerin Drake 23“91.24 showed that it
contained a hydroxyl group by the preparation of a monomethyl
ether and & monoacetata. Reducticn of cerin with sodium
amyloxide in amyl alcoh0124 gave g diol which yielded a
diacetate, Hence cerin contains both a hydroxyl group and
a carbonyl group, which is in esccord with the empirical
foramula proposed by Drake and Jacobaen23. Reduction of
friedelin with sodium amyloxide in amyl alcohol yielded the
related alcohol friedelanol.

Impertent evidenca wes forthcoming from the selenium
dehydrogenaticn of friedelanol by Drake and Haakinazs.

Five producis, lsB-dimethylpicene (I), 1:2:7-trimethylnapthalens
(1), 1:2:536~tetramethylnapthalene (1II), 1:2:5-trimethyl-
napthalene (IV) and 1:12:8-trimethylphenanthrene (V) were
isolated. Since 1l:8-dimethylpicene is commonly obtained by
dehydrogenation of pentacyclic triterpenes (e.g.oX~ or(?-amyrin)
this was sitrong evidence that friedelin is a pentacyclic

triterpenoid.
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A% this junciure ths olaim that friedslin is unsaturated

was withdeawn and a siructure (VI) tentatively proposed for

Cleavage by dshydrogenation across za+e++a could yield %he
phananthrene produci, and bese+b rupture, the napthalene
producis,
: %123 . : " 26

Pyrolysis of the benzoyl derivative of friedelanol

~0
at 200" gave an unsaturated hydrocambon, CagHgy, which was
termed friedelene, lopethexr with benzoic acid. This reaction
established the presence of at legst one hydrogen atom & with

respect to the garbouyl group in friedelin. Further support

for tuis decision was afforded by the reaction of friedelin
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with phenyl magnesium bromide which yielded phenylfriedelene

directly, viz:
0 ) Ph C
l LA
"‘-C""(l)"' +  PheiigeBr —P ?"‘(‘J""‘*
i
H

H h

P
I
¢
| |

I
=C
|
H
Drake and Campb91126 cxidised the unsaturated hydrocarbon,
C3pisg, Iriedelens with chromic anhydrids and obtained a
neutral product C3,H,q0 and an acidic fraction A (ses below),

The neutrel compound; C3pH4g0 did not yield methane on
Zervewitinoff deteramination of active bhydrogen and was formulated
as anu{l -unsaturated ketone. The formation of theo(/? -unsaturated
ketone, 030“480: was attributed to the activation of the

hydrogen etoms on the carbon atom adjacent to the double bondj
hence tho environment of the ketone could be depicted by the
pertial Formula (VII) or (VIII)

CH-CO-CHy— —CH,,-CH-CO~

l
VII VIiII
Oxidation of friedelin with chromic anhydride gave friedonic

acid, C3gHrn03, shown to be a keto=-acid by reduction with
sodiuvm amyloxide in amyl alcohol which yieldsd a neutral
campound, C}Oﬂﬁooj and which was designated friedololuactona.
Purification of this lactone led to the isolation of a second

product CpogHyp0g, noririedololactone which was also obitained

by the sodium and slachol reduction of the acid fraction A

mentioned above. The isolation of this norlacione showad that
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a norfrisdonic acid ie formed in both the oxidation of
friedelene and friedeiin. The authors represented the

" oxidation of friedelin as followss-

7 o
G CH, HOLC
i Cr03> ‘
0=C. H HO5C
FRIEDELIH FRIEDONIC ACID NORFRIEDONIC ACID

and the oxidation of {viedelene as shown below.

2 7 7
CH 0=g HO2C
! 0 v
~C 0=C 0=C
Ot | !
FRISDELERE T NORFRIEDONIC ACID
o
0=
e
Cch//
n
SPIEDELENONE

Drake and Wolfe27

showed moresover that the carbonyl
group in friedonic acid, 03035003,18 storically hindered
in that it will not form normal ketonic derivatives.
Pyrolysis of friedania a@id27 in an inexrt atmosphere at
250° gave an unsaturated hyérocarbon, 029348,‘gg£friedelene

which was readily hydrogenated to the saturated hydrocarbon,

Cpofgn, norfriedelans. Treaiment of noxfriedeleme with

potassiun permanganate ylelded the keto-acid, 029H4803’
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norfrisdonic acid (pariially formulated sbove), in which the
carbonyl group was no longer hindered and which on reduction
with sodium propoxlde in propyl alcohol gave ndrfriedololaotone%.

These recctions were formulated as followsi-

\ 7/ g N
‘CH/C\" A \C/ \c/ \/\C
e R e E AT

HO2C C8  ©250 7 HOpC+G ====Cx, ==
/
b/
YRIEDONIC ACID NORFRIEDELENE
\ e ‘\ &
\/\ . ~ / \ /
KiinOy f’? ?\ ——:1§ /?
' Y HO.C G=0  PrOH 0=C /c<
RORFRIBEDONIC ACID EQ&FRILDOLOLACTONB

A study of surface film measurements for cerin was
carried cut by Drake and s‘lc:i!.fez;3 from which they concluded
thet the funotional groupa were situated closse 0 each other.
They claimed, further that the hydroxyl groups were probably.
in a Yerminal ring. From the above facts concerning the
dehydrogenation products of frisdelin and the releaitionship
of ‘the dehydrogenation products of oleansne and lupane %o
the dehydrogenation predunta of Friedelin, Drake and WOlfeaa

suggested a structurs (IX) for friedelane, 23 a modified

oleanense molecule in which the angular methyl group at carbon
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atom 017 is displaced %o carbon atom Cyg.

Thay28

also showed thet the keto-acid, friedonic acid does not
give a haloform test; i.e. that the carbonyl group is not a
methyl ketone, which led them to suggest that the carbonyl
group in friedelin is {to be located on carbon atom C22.

The problem wae then taken up by Ruzicks, Jeger and
Ringnos%gwho reinvestigated the oxidative degradation of
friedelin, By altering the conditions of the chromic acid
oxidation of friedelin they were able to isolate two products

{a) friedonie acid26’29

and {b) & dicarboxylic acid, C3of500,
which they designated friedelin dicarboxylic acid and which was
characierised as the dimethyl ester. Troatment of friedelin
dicarboxylic acid with acetic anhydride gave a neutral compound,
C3OH48033 friedelin dicarboxylic acid anhydride. Pyrolysis of
this anhydride in an inert atmosphere gave a saturated ketone

by the loss of one mols of carbon dioxide per mole of anhydrids.

These resctions wers partially formulated®? vizse



0 H H
-c—-cag-—8—~é--—4i3- — é"""’COg‘I BOaC-—Q 7 ¢~ —
| FRIEDELIHi | FR:'[EDLLIN DICARBOXYLIC ACID
NIRRT R
;#\/\ I R
FRIEDELIN DICARBOXYLIC ACID NORFRIEDELANONE
ANHYDRIDS

Mild oxidation of norfrisdelanonse with selenium dloxide gave
a compound, 0295460’ the absorption spectrum of which showed
an intense mazimum et 2530 & (£,16,000) and whick on Clemmensen
reduction gave the parent norfriedelanone. Ruzicka‘gglgl°29
formulated this compound as anxﬁ ~unsaturated ketone,
norfrisdelenone. HMore drastic oxidation of norfriedelanons
in dioxan at 200° yielded two preoducts; norfriedelenons,
described above, and & yellow oraige coloured compound,
CogHps 0o, which did not give a colour with tetranitromethane
or a positive fexrric chlorids tost. The ultraviolet
absorption epectzrum of thls compound showed a maximum at
2800 2(5,11,000) and it gave a quinoxaline derivetive with
o=phenylsnediaming, This compound was therefore formulated

29

by Ruzicka™ as en unsaturatedcA-diketone norfriedelenedione.
This dlone was also ohitained by drastic oxidation of friedelin

anol banzoate snd noyxfiriedelenons with solenium diexide.

HORFRIEDELANONE HORFRIEDELENONS NCRFRIEDELENEDIONE
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29

On the hasis of these reactions Ruzicke “ suggestsd that
the immediate enviroument of the ketone group in friedelin l1s

represented by the partial structurs

| .
=—CHy — CHy— C — CH=——CH~—

Bromination of noxfriedelenone in acetic acid led to the
isolation of a compound, C29Hy40 Brp, nordibremofriedelencns,
the ultyrs violet zsbzorption spactrum of which showed a principal
maximum at 2560 %(6,8,900). Alkaline hydrolysis of the @ibromo
product gave a bromine-free compound, C2934402 s isomeric with
norfriedeiensdicns and which gives a blus~green colouration with
ferric chloride and shows an absorption maximum at 2650 3,
(E,14,500), The bromine~free product was sasily acetylated to
give a moncacetate which did not give a ferric chloride colour
reaction. Ruzickaag degignated the compouad, 029H4402, encl-
aoririedslenediona.

Drake and Ja@obsen23 hed slready demonstrated that cerin
is a hydroxy ketone, Clemmensen reduction of which gives
friedelans, thus proving a common carbon skeleton for friedelin
and cerin. By t?a oridation of friedelin enol btenzcate with

29

chromic anhydride, Ruzicka 8t al.”
26,29

igolated two products,
friedonic aoid and an enol-bsnzoate, C37H5,03, which on
hydrolyaie gave Irisdelanediona. Oxidation of cerin also gave

two products, friedelin dicarbozylic acid and a neutral compound,
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C3pHyg02s identical with friedelansdione dssc:;baé above.
This dione gave a browa colour with ferrie chloride end showed
an absorption maximum in the ultraviolet region at 2750 it
(€,11,400), Tresiment of friedelanedione with o-phenylene-
diamino yielded a guinzozaline derivative and on acetylation
2 meonoscetate which no longer gave a positive ferric chloride
tent and showed absorption in the uwltraviolet region at 2470 s
(€,11,000). The hypscchromic shift in wavelength of 28 mu
botween tho dione and its acetate is comparable with the shift
in wavelength beiween 11l112-dioxo-olean-3fi-yl-acetate and its
diacstatssoo Friedelenedione was therefore formulated by
Ruzicl’::.e.as’ as an & =diketons and hence cexrin is ¢k =hydroxy
friedelin, vizi-

R %11 i

Jeap
cu7~cﬁ~c-0ﬂ—ca-=h-cu;-c-c=cnmgﬂ + CHzC0»1  HO,C~CH~CH=
Tt ' = : >

CERIN FRIGDELANMEDIONE FRI®DWLIN DICARBOXRYLIC ACID
OBz 00
'I i ™. -51 Al r!‘s ll. ;! u’ | | 4 || ".‘ ™ 1 " T '
Vg p-Og-Cegecl e cug-c-c-cn-%m~# CHp=CHowCUpE  O=0=CH=
FRILDELIN ENOL PRIBDONIC ACID
BENZOA'PY
k5 §

Parcld, Meyerhuns, Jeger and Rudicka®", continued tne
study of the degfadation’produgts of friedélin and they were
able to degrads friedelin via norfriedelenedione to a saturated
tetracyclic ketone 0253420, Treatment of norfriedelenedione

with lead tetracetate or bhydrogen peroxidse gave a neutral

product CpgHy,03 which absorbed at 2220 8(£,10,000) in ths
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ul traviolet region and which gave & dimethyl ester on
troatment with alksline dimethyl sulphate, Alkaline
hydrolyzis {2 equivalents) of the ester rogensrated the
neutral oxidation product 029H4403° This compound was
therefore formulated " as an®f} —unsaturated anhydride,
norfriedelendioic acid anhydride. Ozonolysis of the

anhydride gave with the loss of four carbon atoms, a neutral

b Pb(OAc)4 \\I\f/ {  HepSOy -
? Ce=C =G~ -ﬁ ~(COgMe HeQpC=C=C-

DIOIC AWHYDRIDE
product which sheowed the characteristic absorption speatzum
of a carbonyl group et 2800 Z €,90). The eompound 025H420
would net xenct with perbenzois acid or chyomic acld at room
temperature but was roduced o an alcchol, C25Hg,0, with sodium
othoxide in ethanol, ithe molecular weight of which was confirmed
by the preparation of the eorresponding tribromacetate,
Treatment of norfriedelensdioic acid anhydride with osmium
totroxide ylelded a noutral product, norfriedelandiecldioic
anhydridae, 02954605, which did not show an absoxption mazimum
above 2200 £, Treatment of noxfriedelandicldioic anhydride
with lead tetracetate gave the tetrscyclic ketone, Caslgp0

described above. These reactions were periially formulated

a8 followsi-



i ' Na/EtOH
R ¢ o 0

\\\\\zmﬂg\‘k
i

31 tc be stable to

Norfrisdolenedioic acid anhydride was shown
alcoholic potassium hydroxide. However, similar treaimeni of
norfriedelenedione caussed a profound change which led to the

a2 that the

isolation of an acid, CogH;zp0p. It was established
carvoxyl group in the aoid, 026H4202' was unhindered and readily
yiclded esters which were quantitatively hydrolysed with mild
alkali., The acid gave a colour with tetranitromethane
indicating the presence of a double bond which is not3q3 to the
carbozyl group since the acid did not show absorption in the
ultravieclet ragion near 2200 2. Treatment of the methyl eater
with osmic acid gives o saturated oxylactone whiéh Ruzicka

al.?} suggested, fixed the position of the double bond as

2

Uor¥8 , to the carbozyl group., They further showed > that
hoating the acid, CQ6H4202, above its melting point resulted in
decarboxylation and the formation of a mixture of hydrocarbons
which on treatment with alcoholic sulphuric acid gave a pure
hydrocarbon CpgHp, the molecular formula of which indicated

the tetracyclic nature of the acid, CygH,505.
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The major points arising out of the work of Drake23-28,

and Rusickac 1~

and their collaborators may be summarised.
Friedelin and cerin are pentacyclic triterpenoids. Friedelin
is a saturated ketone in which the carbonyl group is to be
located in ona of the terminal rings, i.e. Ring A or Es The

environment of the ketone may be represented by the partial

formule

|
= CHp——CHy —CQ — CH—CH—
The reachtions deseoribed in this Introduction are summarised

below.
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!
~ CHs CH CH— CH-CH—

2 -3
‘rladelane
OH | ‘i‘ ~ 0H
b ) i I | .
~Cli=—CHx~ CH~CE-CH <— CHs- CH= CO-CH-CH CH= CH-CO-CH- CH—
T , 500 . 2
Friedelanocl Friedelin Cerin
PR —T | T | f E o)
CE—~CHE-—-CO.H 0C~CH CH= CO.H1 HO.C-CH-CH -3 CH=~ C-CH~CH-
Z "% P b 2 : 2
Friedelin
Friedonic Aeid Dicarboxylic Acid Norfriedelanone
» bel
- Cﬂr)— CO0-CO-CH-CH— -‘Cﬂ‘é‘ C—C=C~
Friedelanedicne Horfriedelenone
& o |
TR [ 4
=l OO G- Divromonoxrfrisdelenone
i Sy
Horfriedolenedions '
- v
Cp6ily00; - ~!, Enol-Norfriedelencdione
’
Acid -G G C=C-
0/ N o AN 0

Eggiriedazanedieio 43id Anhydride

A’T’d’f’fr \N\\Nnhu“‘“-a>

i T o C..H O
0& \ /0 'gd gﬂ -y
o Tetracyolic
Ketone

Norfriedelansdieldioi¢ Anydride
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The Relationship of Friedelin with the Olesnane Series of

Triterpenoida.

The formation of 1:8-dimethylplcene (1) by the
dehydrogenation of friedelanol®? indicates that friedelin
iway bs related to the oleanane or ursane group of triierpenoids
of which®{-amyrin (I1) and-n.,G ~amyrin (III) are the parent
alcohols, since this aromatic hydrocarbon is also obtained

by similax dehydrogenation of members of’eaeh of thaese two

groups.

/ ¥
i
\\\ i /
r‘l -~ ’C; } L0 - 31 & 3 -y o1
Clemmenegen - or wolff-Kishner™ reduction of friedelin gives

the saturated hydrocerbon, friedsiane, which is isomeric, but
not identical with either cleanane or ursenc. These rcaoctions
wero repeated and the xesults confizrmed. 4 similar situation
areose in the elucidation of the structure of taraxerol. It
wes found that Wolff-Kishner reduction of taraxerone32 gave en

unsaturated hydvocarbon, isomerie, buit not identical with,

Olean=12<gne or urs=—iZ-ona. In these laboratoriee it was
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demonstrated by Beaton, Spring, Stevenson and Steuart33 that
treatment of taraxzeryl acetate (IV;, ReAc) with mineral acid
givon olean—lZ-an—Eﬁ-yl acetate (V; RnAo)(ﬁ -;-amyr:ln acetate)
which thus releted taraxerol (1V; R=H) %o the oleanane series
of triterpenocids. From this, and other evidence it was
concludedlB that taraxexrol has a wodified oleanane skeleton
in which the methyl group normally attached %o carbon atom

Cy14 is attached %o carbon atom Cj3.

33

In view of the success of this mothod””, it was hoped that
treatment of the unsaturated hydrocgrbon, friedelene, would
give s product which might be identified as a member of one

of the major triterpenoid sexies. Consequently the preparaiion
of this hydrocarbon was undertaken. Treatment of friedslin
with lithivm aluminium hydride gives gpifriedelanol previously

34,36

isolated from a licken and from Ceratopatalum apetalum

D. Don,3?*3%,  gpiFriedelancl has also been obtained by
catalytic reduction of friedelin35 and 1% was probebly

prepared by Drake37. Treatment of epifriedelanol with



phosphorous oxychloride in pyridine gives, in godd yielid, an
unsaturated hyrdocarbon, C3OH50, which waa testeﬁ for
homogeniety by the usual methods, and the conatantis of which
ware in agreeoment with those of the friedelene prepared by
Drake ﬂ312£°26 by the pyrolysis of friedelanyl benzoate., A
gimilar dehydration of epifriedolanocl was described by Bruun34
hut the produst was not characterised. Hydrogenation of
friedelene gives friedolane, identical with the hydrocarbon
obtainad by Wolff-Kishner or Clemmensen reduoction of friedelin
from which it follows that friedelene is formed from friedelin
without moleounler rearrangemente Treatment of friedelene with
concentrated hydrochleric acid in acetic a2cid at reflux over
seventasen hours, gives a crystalline hydrosarbon which was
identified)a {see Ssetion B) as an equjiibrium mixture of

olean=13{18)-ene (XIII) and 180, -olean-12-ene (XIV).

X1IT X1V

Thue for the fivet time. friedelin has been related to a
derivative of one of tha major trilterpenold series and hence

friedelans must he veprssented as a modified oleanane molecule.
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IIT The Stiructurs of Friedelin

The acid iscmerisation of friedelene to oleen<13(18)-cne
(XIII) is compatible with the structure (VI) proposed by
Drakeaa for friedelane since olean=13(18)-sne could be formed
by acid isomerieation of the hydrocarbon (VII)., However, the

isolation of 1:2:8—trimethylphenanthrenez5 from the

dehydroganation of fricdelencl suggests that in friedelane,
mathyl groups are aittached to carbon stoms (3 and G4 thus
leading tc tho development of partial formula A for friedelane,

and in conseguence the rejection of (VI).

b

28

Tho demonsiration by Drake end Welfe  that the carbenyl group

in friedelin is locaisd in a terminal ring regquires that this
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is ring A end not ring & since the latter alternative does
not offer an acceptable mechanism for the friedelene —>
olean-13{18)~-ene change. Furthermore, the location of the
carbonyl group in ring A indicates that the friedelene—>
olean=13(18)~ene change involves the migration of a double
bond from ring 4 to ring D. Such double bond movement is
not without precedent. The most spectacular reactions of
this typs wers described by Fayez, Grigor, Spring and

39

Stevonson™” and Allen, Fayez, Spring and Stevenson40 in which

acid induced dehydrations ofol{-amyrin (VIII) to "l-c{-amyradiens”
(IX), of/}-e.myranonol (X) to the o([j -unsaturated ketone (XI)
and ofX—amyranonol to the ursane analogue of (XI)41 were shown

to involve a series of 132 tertiary group shifta in which each

migrating group or atom retains its axial configuration.
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Agsuming partial formula A and, in analogy with the dehydration

39’40’41, the conversion

isomerisation reactions described abhove
of friedelene to olean-13(18)-ene must involve the cation (XII)

or its equivalent. A mechenism for this conversion is shown

belows-

The friedelens —> olean-=13(18)-ene change esteblishes the
stereochemisiry of rings B, C; D and £ in friedelin with the
exception of the Lydrogen atom atiached Yo carbon atom C;g.

This is considered to have ﬁhe/? -configuration since the
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gis=locking of rings Dand E is believed to be necessary for
39,40,41

the dehydration isomsrisation reactions y Teferred to

above.

The Nature of the Double Bond in Friedelene

Treatment of friedelens with osmium tetroxide in cyclohexane
yields a saturated glycol, C3gH5205, which forms a monoacetate,
C3Hg403, only, and this is atable to a chromic-acetic acid
mixture at room temperature and treatment with phosphorous
oxychloride at 100°. The isolation of tho diol monoacetate

is proof, thersfore, that the double bond in friedelene is
trisubstituted, since isolation of a diacetate would indicate
disubstitution, and a non-scylable glycol,; a totrasubstituted
double bond. Drake26 obtained an unsaturated hydrocarbkon
which he designated {riedelesne, by the pyrolysis of friedelanyl
benzoate. This reaciion was repeated several times using
carefully purified friedelanyl bsnzoats, pyrolysis of which,

in an inert atmoéphera, gives a hydrocarbon, the physical
propertieos (meliing point, mixed melting point, speoific
rotation and infrared spectrum) of which are indistinguishable
from those of the hydrocarbon obtained by dehydration of
epifriedelanol, Tho hydrocarbon obtained by pyrolytic methods

gives on treatment with osmium tetroxide and acetylation of the

product; two compounds, the major portion being the diolmono-
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acetate, 03235403, described above and a small amount of a
dioldiacetate 034H5604, Thus, the hydrocarbon obtained by
Drake gﬁ_gl?é is a mixture which consisis essentially of
friedelens (as obtained by dehydration of gpifriedelancl)
contaminated with a small proportion of an isomer in which
the double bond is disubstituted.

Tho cationic intermediate (XII), from which the
equilibrium mixture of oleanene isomers is obtained; may now
be expsnded, since only two positions, as shown by (XV) and
(XVI), are available in which a trisubstituted double bond,
can be amccommodated in ring A. If structure (XV) represents

friedolens, formation of the cation (XII) is accomplished by

XI1 XV AVI

gimple protonation of the double bhond; if however, the
unsatvratad hydrocarbon is to be portrayed by (XVI) then
the cation (XII) is developed by protonation of the double

bond from the rear (L) side with movement of the axisl
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S=methyl group to carbon atom C, and the axial 10-hydrogen

4
atom %o carbon atom 05. These structures (AV) and (XVI)

correspond with structures (XVII) and (XVIII) for frisdelin.

XVII XVILI

Consideration of the alternative formulae (XVIL) and (XVIII)
for friedelin shows that tho former (AVIL1) satisfies the
postulate that {the cnvironment of {the ketone is given by the

partial strueturs;
~CHg— Clip —00 (l,H — c'm-—-
A A p
the latier (XVIILI) only does eo if the P' carbon atom is s
methyl group. Further, (XVIII) on oxidation‘would e expocted

to yield two products, a dicarboxylic acid and a keto-acid which

would require to be formulated as & methyl keione {XIX) which is
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contrary to the evidence advenced by Drakeza, and

Meyerhans*?, who showed that the kebo-acid, friedonic acid,
obtained by oxidation of friedelin, is not a methyl ketone.
On this evidence, structure (XX)reasonably represents friedonic
acid from which it follows that (XV) and (XVII) depict
friedelene and friedelin respectively.

liore evidence was forthcoming, from a contemporary
investigation on the degradation products of friedslin by
Qurisson and Takahaahi43. From the ewvidence obtained during

thess studies they postulated a structure (AXI) for friedelin.

XAT AXIX

The location of a methyl group of to the ketone was justified

by Ouriagon§3 by the reaction of friedonic acid, 030H5003,

with sodium hypobromite which gave a noxdicarboxylic acid,

C,.H,,0, which they formulated as (XXII). Hence, in spite
2974874 28, 42

of garlier reporis to tho contrary frisdonic acid is a msthyl

kKegtons which invalidates the formulation of friedonic acid as

(XX) and which in consegquence renders etructure (XVII) for
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friedelin incorrsect. Equally, however, the conversion of
friedeleno t0o the equilibrium mixture of oleanene isomexrs
necesaitates the rejection of Ourisscns's formule (XXI) for
friedelin, since the uneaiurated hydrocarbon derived from
(XXI) could not yield an oleanane derivative on treatment
with mineral acid, These results led to a reconsideration
of ths structure (XVIII) for friedelin and a conseguent
reconsideration of the evidence leading to the view that

the environment of the ketone is represented by the partial

| i
structure Cﬂao CHzm CO « CH = ?H. As steted earlier

oxidation of friedolin (XXIII) gives friedelin dicarboxylic

acid. C (X%1IV), the anhydride of which on pyrolysis

30 50 4

gives porfriedelanone, 0, (XXV). Relatively mild

Cagtlyg®
oxidaticn of porfriedolancne with selenium dioxide gives an
<ﬁ3~unaaturated ketons, noxfrisdelenone, C,H, (0, (XavI),

i | i i
—Cll;=~CHy—C =CH—~CH— ~—3 ~CHp~COpH HO,C —CH—CH—

i » ”
0 o 3
XX11T XXIV
| | E oo
~CHr =~ —CH—CH ~ Jo——— ~CHp = (= (C==C— =
S Ay 2 il
0 0
\l XXVI
i | ! |
m% ‘ﬁ Cm=(——  —— —/—c /ci-—c==c- —r
H ! / ) 1
o o * f 7N ¥ B

KAXVIT AXVIII
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XAIX
reduation of which regenerates the satuvated norketone (XXV).
Oxidation of norfriedelenons with selenium dioxide at 170-180°
¥alds an unsaturated &X -diketone, norfriedelenedione, Czgilgs0;
(XXVI1), and this is also obtained by the same treatment of
norfricdelanons (XX7)., Hydrogen peroxids converis
norfricdelensdions into an unsaturated dicarboxylic soid
anhydride (JV1II); a compsrison of the ultraviolet absarption
epoctra of (AXVILI) and (XXVI1) confirms the relationship
implied by the partial formulas. Oxidation of the unsaturuted
anhydride (XAVIII) with osmic ecid gives a saturated glycol
(AXIX). ‘Treaiment of the glycol (XRIX) with lcad tetra-acetate
or czonisation of %he unsaturated anhydride (AXVIII} gives the
totraoyelic ketone, Cogisn0 .

In the pariiel formulae (XXIII)=-(XXIZ) used by Ruzicks,
doger and Ringnesz9, tha/3'oarbon atom in (XXIX) is identified
wi%th the!S'carbon in (XXVII) end it is therefore identified
with the,?‘C&rbon atom in (XXIXI). Henco the cenversion of

1

tho vnoaturated anhydride inte the tetracyclio ketone shows
thet the partial formula (XXVIII) for the former compound must
be expanded o (KXVIIIa) and that the formation of the

saturated ketono (AXX) from (XXVIils) and from the glyocol
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(XXIXa) is %o ba represonted as follows, =

/\ G o !
C— s —
e 7E> / //,//;7’

ﬁ KN

XXVilla g JXiXa

The carbenyl carbon atom in the tetracyslic ketone>> (XXX)

i8 dexived from the ﬁ'carbon atom in friedelin (XXIII) and
conseguently this atom carries only one hydrogen atom. It
the pertial formules for friedelin (XXIIL) and for the enedions
(XAV1I) ere cowrrect relative %o each other, the former must be
expended to (XLXI), Since this fragment is not present in

{XVIII), either tho latter does not cofrectly reprosent the
C-—
~
~Cllp —CHp —§ —CH—OK_ |
4] ) swe

XXKI '
constitution of frisdelin, or, the partial formulae (XXIII)

and (XXVIX) do not correcily represent the relationship
hetween friedelin and the enedione, A degision in favour
of ths latter alternative wes made as do9scribec below.

The mothods by which the saturated tetraoyclic ketone
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0253420, is obtained from friedelin establish that it is a
substituted perhydrochrysene derived from rings B, C, D and
B of friedelin end that its carbonyl group marks one of the
A/B ping junctions. The exact molecular formuls of the
tetracyclic keton99025H420, waz established by Ruaziocka,
Jeger, and their oollaboratorsBl By analysis of the
tribromoacetate of the derived alcokol, Now the structure
and stercochemistry of rings B, C, D and £ in friedelin
(apart from the nature of the substituent at carbon atom 05)
follow from those of the cation (XII) and consequently only
two formulae (XXXII) and (XXXIII) ave to be considered for

43

have shown

the tetracyclio ketone. Ourisson end Takahashi
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that bromination of the saturated tetracyclic ketcne, -02511420 s
gives an OX --bromcketone, 025341033, thus proving the presancse
of only ons & =hydrogen atom. Togather with the considerations
discussed above, thia imporiant obsexrvation proves that the

tetracyclic ketone is (XXXIII), The unsaturated dicarboxylic

anhydride is consequently (XXXIV) 028114203 or (XXxV) 029H4403o
Although the majority of the anslytical date given by Ruzicke,
31

Jeger and their collaborators™™ for the anhydride and it¢s
devivaiives is in excellent agreement with either of these
formulee, the equivalent weight of the anhydride (Founds 214°1,
CpgHaaQy roquires 220:35 Cpgiy,Q requires 213+3) and the
elemental analysis of the derived glycol ({XIXa) favour the
molecular formula 028H4203' At a conssrvative evaluation
these data do not exclude the lower moleoular formula (XXXIV)
for the anhydride and which is a mors acceptable formula than
(XXXV), In order to test the accuracy of this formula (XXAIV)
Hlle, Stsrnbarg44 kindly undertook a detsrmination of its
molecular weight by the crystsllographic method (Found:

41910, 029H4403 requires 44046, 028H4203 requires 426+6)which
has unequivocally confirmed the lower formula CpgHyp03.
"Norfriedelenedione"” iz therefore identified as  bisnor-

friedalenadione (XXXVL) and its formation from

norfriedelancne {AXAVII) involves the extrusion of +the
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methyl group pivached to carbon atom Cy. Oxidefion of
wisnorfriedalsnedions with alkaline hydrogen peroxids
Fields u,f5 —tmnasturated acid which mey b9 repressnted by
gither (XUAVLLL)} or (AXXIX). Bromination of nownfriedelenone

and trestmsnt of the product with alkeli yields a

] :
N T N HOC
HEL § _m\ﬁ
| B
{f‘\\'/
AXXTILL XXXIX X

noniriedeleonsdione vhich gives a colour with forric chloride

and forms an enol-pestato. This can be formuleted ez (XRL),

snoi-nozfriedelancdione, A4 mechenisn for the coaversion of

sl & g o a\
Bisnorfifisdalanedions (XXXVI) 4o %ha/gif-unaaturated acid

Oaplyay widh alkeline bydwogen poroxide by Ourisson gt al 43

ie shown.=
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Similarly the conversion of the unsaturated dicarbozylioc

acid enhydride (XXXIV) to the saturated kotone (XXXIII), with
ozoneg, mey be envisaged as rupiure of the double bond Lo yisld
a[}»keto acid with the loss of iwo carbon atoms, which then

decarbozylates fo give the ketone, 625H420, viz, -

O~

Hence the complex roaotions of friedelin including its
conversion %o the equilibrium mixture of olean-13(18)-sne
and 180{~olean~1Z~cne may be adeguately accomodsted by the

ateric formula (XVIII). A summary of these reactions is

shown belows-

:}{3 -
FRIBEDONIC NORFRIEDELANONE
ACID
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TETRACYCLIC KETONEW.~

N ORFRTEDILENONE
T 0 \%&&a/m
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0% 640'/ ’ Y :
\Qiomh }C5  BISHORFRIEDELEREDIONE
N Hoge

025H420

™

The work of Corey end Ursprung45 has recently supplied
evidence which strongly favours the formulation (XvIil) for
friedelin. Briefly, ths evidence they put forward is as
follows. Firetly, a three siags ozidation of friedelin
gives a Cpg, 6 memboxed lactone formulated as (XLI).
seeondly, bromination of friesdel-2-esne followed by
dehydrobromination gives an exomethylenic diene which they

formulate as (XLII).

f
O ™0
XLY ALII XLIIT

Also, 4-bromofriedelin, obtained by bromination of friedelin

enocl bonzoate is readily dehydrobrominated to give an
unzaturated weonjugated ketone which cannot be isomerised

%0 a conjugated structure. This product they formulate as
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(XLIII), assuming thet migration of the methyl group attached
to carbon ston 05 to G, has cccurred during dehydrobromination.
Coray end Ursprung45 also preser evidence for itrans-fusion of
rings A and B {more veadily shown in this thesis by the acid
isomerisaticn of friedel-3-one) and were able to show that
the saturated tetracyclic koton931’43, Co25H,20, (XXXIII) has
only one A -hydrogen atom, thus confirming the conclusion
reached by Ourisaon43, and which establishes the presence of
a methyl group at carbon atoms Cg and 050 Thoy45 also
demonstyrated by further degradstion of thoﬁd -~ungaturated
acid (XEXIX) to a saturated totracyelic keitone formulsted as
(ALIV) that there is a hydrogen atom at earbon atom Cg (which

would kold a methyl group in the oleanans sories) oy Hwo

methods. Firstly, by deuterium exchange of (XLIV) with

deuterivs bromide (29 desuterium atoms/molecula) and secondly,
by oxidation of the ketone (XLIV) 40 a keto-acid (ZLV).
Finally, they converted friedelan»3f3wul (epifriedelanocl) to
cleen=13(18)}-ene with hygrogen chleoride in phenol., These

roactions confirm the formula proposed in this thesis and by



Corey for friedelin.
Howevaex, Corey45(°f° 43 formulates norfriedelenone

&s encif} —vnsaturated kelone in which the double bond is

exomethylenic (XLVII). The ultraviolet absorpiion spectrum

29

ahows an

]

of this compound as described by Ruzicke et sl.

absorpiion maximum at 2540 & (€,16,000).

S .? (8] H/
6] \\r/l:: 0)\7;:|‘* 0: ;;:“

o
ALV ALVIY - RLVIII XXXVI
This is more in fevour of a transcidch ﬁ-»unaaturated

ketone (XLVI) {han the gisoid type proposed by Corayaﬁ.

9

; e s - 4 " e
Furthey; the enedicna first isolated by Ruzicka et al.

by drastic oxidation of norfriedelanone (XLXVIL) and
designated by them norfrisdelencdione is foraulated by
Corey4§ as (XLVIZI). This Formuletion nmust be rejecied
gince Vhia compound has bssn shown to be bisporxfriedelensdiona

(XXXVI) (aoe page 34). However, on purely mechanistic

grounde the coaversion of norfrisdelenone to

(-2
0
O
-l
3
iy

riedelenedions is detter represented if the formov

has the ecisoid structure (XLVII) vizge -

———
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i
XLVII .S_Q.% AXXVI
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The suthor bas again examined the oxidation of
norfricdelanone with selenium dioxids.

Oxidation of cerin or friedelin with chromic anhydride
gives Iriedelin dicarboxylic acide. Pyrolysis of friedelin
dicarboxylic acid enhydride gives norfriedelanocns the physical
conatanta of which are in good agrecment with those guotsd by
Ruzicka_gg_gk.29. Seleoniun dioxide oxidation of norfrisde~

lanono wndex mild conditions gives a compound, 029H450, woich
agrees in melting point and specific rotation with the

. sompound, GpgH,e0, designated porfrisdelencne by Ruzickazgo
Howevar, the product obiained shows an shscrpiion maximum at
2200 R (€,5,500) which is very different from the absorpiion
mexinun at 2540 & (E,16,000) reporied by the Swiss workerszgo
This reaction was repeated several times under a variety of
conditions and also exacily according {0 the exzperimental
procedure adopied by Ruzickazg, but in all cases the produck
had A =) 2290 £ and not et 2540 g, even after carsful
chromatography of the preduct. A asserch of the litepature46

rovealed that the ultravieclet absorption spectrum of 17-0%x0-

androst-ﬁ:lé(zo)ndien=3/3«yl scotate (XLIX) shows & mazimum
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at 2290 Z (€,8,000), This is thsrefore convinoing
evidence that norfriedelenone is to be formulated as a
cigoid off -unsaturated ketone (XLVII) in which the double
bond is exomethylenic. Further proof of this was afforded
by reduotion of nerfriedelenone with lithium aluminium

hydride which gives a compound, C29Hg80, which does not

XLX

show a colour with tetranitromethane. The uvliraviolet
absorption spestrun of this alcohol shows a meximum at 2040 '
the intcnsity of which (€,1,100) is considerably lower thau
would be expevied if norfriedelenone is %o be formulated as a
Fransoid Of P~unsaturated ketone (XLVI) in which the double

i
bond is trisubstitutad. dence, ¥the norfriedelenons A —
2290 &£ is formulated as (XLVIIL),

The re~formuletion of norfriodelsnons may throw some
light on onc of the mos+t poculiar reastions in the chemisiry
of friedelin in which 1% was claimed by Ruzick&gg thet
Clemmenson raduction of norfriedelenone yields +the parent

eafurated ketone noririedelancne. However, if {the first
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step in the reaction is the reduction of theoqg ~unsaturated
ketone (XLVII) to the allylic elcohol (L) the acid condition
of ths reaction medium ocould ceuss rearrangement of the double
bond %o form the encl (LI) which would then ketonise %o give

norfricdelanone {(XXXVII),

M H
b 4 : .
— ]
0 : Q7
HO :
ALVII L XXAVII

The investigation of the degradatiocn products of friedelin
was continusd by the drestic oxidastion of norfriedelencne
(XLVIL) with selenium dioxide. This resction resulted in
the isolation of two products; & yellow orange coloured
compound, 029H4202, bisnorfriedelenedions, and, in low yield,

a colourless ccmpound, 029H440, which does not give a colour
with ferric chloxrlde or tetranitromethane and which shows a
maximum at 2520 £ (&,13,500) in tho ultraviolet. On the
basis of this evidonce and its mods of formation, the sompound,
C2o9Hp40;, must be formuleted as a conjugaied dienone, for which,
(if noxfriedelenone (XLVII) and bisnorfriedelenedione (XXXVI)
are correctly formulated), only cne structure (LII) is
possible, The compound, 029H440, is therefore designated

noririedeladienone.
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The isolabion by Rusicks et al.2’ from the oxidation
of norfriedelenons (XXXVII) of & compound which shows the
melting point and specific rotation of norfriedelenons
(XLVI1I) end the vitraviolet absorption spectrum of
norfriedelsdienone (LII) cannot be explained.

The ozidation of norfriedelancne with sslonium dioxide

is now considered to proceed as followe:-

: :
—3e —_— —
07 o MY\ OJ'Y\
ALVII

XXXVIT LII vz

The strusture of friedelin having been established

(apart from stersochemisiry), attompts were made to effect

a partiel synthesie of friedelin from an oleanane derivative.
Similerly, atiempts wore made to converi friedelin into a
J-oxygenated olesnene derivative. 12-Oxotaraxera =9(11):
14 -dienyl scetate (12-oxc-13-iso-oleans-9(11):l4-dienyl
acetate ){LIII) is recovered unchenged on treatment with
mineral acid48 1.0, it 18 not isomerised to the fully
conjugated 12-oxo-oleosna~9(11):13{18)~dienyl acetats.
Reduction of l2~oxotarazera~9{11):ld-dienyl acetate with
lithiun in liguid ammonia15 gives 12—0xotar&xer—14oen93ﬁ—ol

(LIV), which it was hoped would yield 3:l12~dioxofriedelans
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(LV) on treatment with mineral acid. Howsver, treatment

LIII LIV Ly

of 12—ozotaraxer~14»enuyﬂnol (LIV) with hydrochloric acid
gives a gum which after acetylation and chromatography doas
not give a homogeneous crystalline solid, at which point
the projeot was sbandonned.

The conversion of friedelin (XVIII)to a ﬂ-amyrin
derivative was ajttempted via 4-bromofriedelin (LVI) which
was prepared by bromination of friedelin enol besnzoate
(LVYII)., 4~Bromofriedelin is unaffected by refluxing in
a solution of pyridine or stabilised glacial acetic acid
{over short perioda)° Treatment of 4-bromofriedelin with
hydrochloric acid glves a mixture from which a homogeneous
product gould not be isolated. Volff-Kishner reduction
of this mixture did not give the isomeric mixture of olean-
13(18)-ene end 180K=olean-12-ane?7 Corey and Ureprung45
claim that debydrobromination of (LVI) gives an

unconjugated unsaturated ketone (see page 37) which could
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not be iszomerised to a conjugated structure. An attenpt

AVIT] LVII LVl

to dehydrobrominate {LVI) with silver acetate in pyridine
glves a compound, the physical constonts of which are in good
agreemant with those quoted for cerin acetatey; and which doas
not dspress the melting point of that compound.

Finally, 4~bromofriedelin (LVI) was successfully dehydro-
brominated by refluxing with unstabilised acetic acid (under
vacuum) to yield a compound C30Hpg0, which does not give a
colour with tetranitromethans and which shows a maximum at
2270 R (€,4,500) in the ultraviolet. Heduction of this
compound with lithium aluminium hydride gives a mixture of
isomeric alcohols which does not give & homogensous product
on treatment with hydrochleric acid, Treatment of tha
compound, 030H480’ with hydrochloric acid gives a compound
C3pHyg0 which shows a maximum at 2060 A (€, 6,600) in the
ultraviolet region. I% gives a yellow colour with tetra-

nitromethane but is is not identical with any known



v

- 46 =

/3~amyrenone isomors or with the unoonjugafod unsaturated

kotone isolated by Garey‘gj,g;.27

Stersochenisiry of Friedelin

The cnly asymestric contrs in friedelin which is not
completely dofined by the seid isomerisation of friedelens
is thet atcarbon aion 04. Since friedelin is rscovered
unchanged after treaiment with alkali or acid the orientation
of the motgyl group atlached %o carbon atom Cy is the more
atable of the two possible arrangements. Now friedslanol
and gpifriedelanol ave Cy-epimers since ocach may be re-
ozidised to fricdelin (XAVIII); friscdelenol is the equatoriel
(X-)alecohol (LVIII; R=H) bscause it 1s formed from friedelin
when equilibrating conditicns are used and it is also formed
when gpifrisdelancl is heated with sodium pentyloxide in air.

P ]

Ths axial (ﬁ‘~) alcohol, eopifriedelansl (LIX), is readily

i

I

LVIIL XVIIT

et Lew i

debydrated undexr lonic gonditions %o give friedel-3-sne (XVI)
in high yield, from which it must bo conecluded that this 3i14-
ionic elimination is trang-diszial, i.e., that tho 4-methyl

group is (3 —orienteted. This deeision is supportsd by the
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formation of friedel-3-sne (cis-elimination) by pyrolysis of
friedelanyl benzoate (LVIII, R=Bz).

Friedelin containg an unhindered ketone group in that it
reacts with the usual carbonyl reagenis and is reduced to
friedelane by the Clammenszn and Wolff-Kishner methods under
normal (non~-forcing) conditionas. It is somewhat surprising,
therefore, to find that rsduction of friedelin with lithium
aluminium hydride gives the axial alcohol epifriedelanol in
high yield. It is suggestsd that this is due to the directive
effect of the 5{3~axia1 methyl group which shields the carbonyl
from frontal attacks The terminal position of the carbonyl
group, however, venders it fully expesed to attack from the
rear; Lor this reason the product obtained by oxidation of
friedel=3=ene (XVI) with osmic acid is represented as the
314 A ~diol. This behaviour of friedelin is comparable
with that of cholestu4wone49. Another example of the
direciive effect exeried by the 5-axial methyl group is the
hydrogenation of friedel-3-ene which gives friedelane in high
yield.

Theo constitution of cexrin, which occurs together with
frisdelin in cork wax, follows from that of friedelin (XVIIL).
Cerin is a saturated & -hydroxy ketone since on oxidation with
chromic acid it gives s saturated C{-diketone and friedelin-

dicarboxylic acid 0303500429 « The infrared and ultraviolet
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absorption spocirum of cerin show that the{ ~hydroxyl group
is equatorial”. Cerin is thersfore sither 2‘3 =hyAroxy -

frisdelan-3-one (LX)(2(} ~hbydroxyfriedelin) or

3 ~hydrozyfriadelan~2=-cn0,

LX iy LXL
Troatment of cerin acotate with zinec dust in acetic acid5°
gives friedelin from which it is concluded that cerin is (LX),

The elucidaticn of the structure and stereochemistry of
friedelin and its conversion into s mizture of olean-13(18)-ene
and 180{ =olean=12~ene support the initial postulate that
ﬁ-emz;y"rin and friocdelin (XVII) are genetically related and it
is not unreasonable to assume thas, eince taraxerol (IVjR=H)
is considered to be an intermediate in the biogenetic
degenerstion of {3 -omyring, naturally occcurring psntacyclic
triterpenoids will be discovered, such as the euphol type {LXI)
which will represont subsequent siages in the degeneration of

taraxsrol to friedelin.



¥
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Oleun=13(16)=-ene

Treatment of friedelene m.p. 250»2580, [oc],,+ 530, with a
hydrochloric-acetic acid mixture at reflux over seventeen hours
gives & hydrocarbon which after repeated crystallisation has
Mo Po 186-187° end [o' 36° &2 (see page 22). An exsmination
of the litoerature revealed that this hydrocarbon may be olean-
13(18)-sne, for which howevar, a diversity of constants was
reported. Lt seened desirable, therefore, to investigate these
differsnces with a view to the identification of the ecid

isomerisation product from friedelene.

L XL bk

In 1933, Wintexsisin end Stein52 reported that treatment
of oleen-l2-ense (ﬁnamyrene-l;{) {(I) with hydrochloric acid and
amalgsmated ginc yields a hydrocarbon,p-amyrene—lll, m.p. 187=
1890,[o<]ba.320, and this hydrocarbon is also obtained by similar
treatment of 3-oxo~olean-l2-ene (III). These workers aleo

described a hydrocarbon named ,@ —amyrene=1V, m.p. 162-163°,

[o(]-p + 510 and formed by treatment of (3 —gmyrene-l1l, with zinc
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ané hydrochloric aoid. Trestment of ﬁ -amyfene-IV with
amalgamoted zine in hydrechloric acid convertis it into
ﬁeamy::ﬁrzealllszu Ruzicka, Schelleaberg and Goldbergs3

claimnd that wolif-Xishner reduction of 3-oxo-clecan-l2-sne

(I1I1) gives {3 ~amyrane-LV,
Zn/Hg- ECL

ﬁ ~gmyreno~11 <€ {5- amy»enone
an/ HCE, T 2nfrce
Zn /Hg—- g1 'G-wyrmm-lv S 7n ﬁig~ HC1

!
\,__«-\ Zn/l {go‘&ﬂ(}l /
T f ~acyrone=~111

Ts\kedaﬁz’ showed that Clemmensen reduction of ftarazerone
( skivmione J~0xc=-13-iso~0loan-1l4=ens) gives an unszsturaied
hydrogerbon GagHey, w.pe 189-1907, lor] = 2005% which i
v i Sord U3 J30 50’ L.opo W=l 9 D". = 5 wWhaig 18
identioal with ,G ~amyrene=iil. According to Tal‘:ad354,
ﬂ»amyrcne.-lII is olean~13{18)-sno (11}, a view which was
gupporied by Jonsc und his coll&bura‘tcraﬁs’%, who showed
that the isomerisation of //3 ~onyreno~-Ll {olean-lZ-ene) (I)
with a Lydrochloric--acetic acid mixture in the presence or
absence of zinc or meroury gives ﬁ, ~amyrene-iIl, The
; : 56 .. - o

rotation guoted by Jones g% sl.” for ﬁmam:,rrene-lll ([c(]l;a <
ie oppreciably more iaevorotatory than the value obtained by

. e ” 52 4 56 ; :
Wintersiein and Stein” . Jones 2% al.” attributed this

difference in specifis rotaticn to tha higher purity of theiu
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hydrocaxrbon. Forther investigation by Jones and his

56

collaboratora” showed that if the isomerisation is not
carried t.o completion,products of wvariahle rotation are
obtained which correspond with the wvalues reported for
fg-amyreneslif; they showed that this hydrocarbon is a
mixture of ﬂ«-amyrene-ll and ﬁ-amyranemlllo sccording
to ﬁeatdn, Spring, Stevenson, Strachen and Stewart”, a
hydrocaxbon obtained by brief Clemmensen reduction of
taraxerone, as described by Koller et al. 21 is a similar
mixiure. Finally, Jones et 9_]36 demonstrated that the
product obiained by Violff-Kishner reduction of 3-oxo=olean-
12-ene is f3 ~amyrone=1I (olean-12-ene) (1) and noi 3 -amyrene-
IV as vsported by Ruzicka,; Schollenberg and Goldberg53 o
Jones and his co«-wurkersf’%oncluded that treatment of olean-
12-gne {1) with mineoral acid results in dcuble bond
izomerisation and that when ths reaction is carried to

completion the product is olean=13(18)~ene, m.p. 190«1910,

[=lo= 33° vig. -
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The melting point and specific rotation given in the
literature for preparations of olean-13(18)-ene(II) in
which the reaction mixture had been expesed for a long

time to uineral acid are given below.

[

KHethod Mo Do CHC13 Refo
Clemmensen red " of 2 5 ‘
013&n~12-en~3-8ne 187-189.5 =22 52
Clemmensen red ° of E B
Qlean=12-gn=3=one 191:5=162:5 ~32+5 55

N.
Clemmensen red of

Tarazerone & 189—1900 -20-‘}0 54
Clemmensen red = of n o a
Tarazerone 184(183-184") =21 (=24") 57

Qlosn=12~enoc + HCL

+ agetic acid 190-161° =33° 56
Olean-=12-egne + HCL & =
+ soetic acid 186=187 =20 AT
Acid catalysed isomer 5 5
of olsan=l2-enec 186=167 =13+Q 45
Fricdelene + HC1 186-187° -20° 47
Friedalanol + Phenol 5 -
+ HOL 186187 ~125 45
Friedelene + ZnCl,y + 3 .
Aceiic Acid 183-184 -13 58

In order to establish whethsr the product obtained from the
acid isomerisation of friedelens is identical with olean~13(18)=

ene ({3—amyrene-lil} (1I), the hydrocarbon, olean-l2-ene (I)
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was propared by volff-Kishner reduction of 3-oxo-olean-lZ2-one

(L11).

111 I

Preatment of olean-12-ene (I) with a hydroshloric—scetic scid

mizture at refluz temperature for 17 hours gives a prcduct
%*]D +10°% = 203 repeatod crysitallisation of which yields e
kydrocarbon [der 20° = 2%, The specific rotation and

mel ting point of this hydrocarbon are not changed by repeated
crys%aellisation or by careful chromatography and the product
doss no% depresa the melting point of the material obtained
by ecid isomerisation of friedelene. The rotation of this
product is not in good agreemsnt with that quoted by Jones
_;3_@1055 who give Exlp- 33% for olsan-13(18)-ene (1L).

Yhe difficulty atternding the isolation of the hydrocarbon
[ode 20° suggested that the initial reamction product

fec]p ca = 10°, is an equilibrium mixture of isomers. This
view was confirmed by the obssrvation that treatment of the

hydrocaxbon,ﬁ’ﬂpa 20° 2°, with hydrochloric-acetic acid
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. o + ,0
mixture regenorates the wixturs L“JDP 10" = 27,  Hence,

1T the product ﬁ#]p - 20° * 2%

is pure olean-13(18)-ene then
olean-13{18)-sne is unstable to mineral acid.
0Olean-13{18)-ene was therefore prepared by methods which
did net invelwve the uvee of mineral acid. Brief oxidation of
olean«lZ«on«}F—yl acetate {fJ-amyrin acetate) (V) with
selenium dioxide in acetic acid gives oleana-113:13(18)-dien~
3ﬁ-yl acetate (VI), Bydeolysis of ths heteroannular dienyl
acetate gives oleana-ll:13(18)adienw%ﬂ~ol60, which is
converted to the unsaturuted hydrooarbon olean—l}(lB)-enajﬁ-
0155’6l {V1L) by hydrogenation over a platinum catalyst
preparad frem platinum oxide from which traces of water-~

soluble pletinum sslits had been removed by csereful washing

with distilled waier, The product is oxidised by the chromic

seid-pyridine complex to 3-oxo-olean=-13(18)=sns (VIII),




Wolff-Kishner reduvcticn of 3~ozo-olean-13(18)-ene (VIII)
gives a bhydrocarbon moDe 187~1880&X}p-48°. In contrast
with the preduct obtained by methceds in which minseral acid
18 employed, this hydrocarben attains a constant apecific
rotation afier one crystallisation. it is noteworthy that
the compound me.p. 187-1880,[5313~ 480, doss ncot depress the
nalting point of the preduct &xﬂbn 20° * 2° obtained by the
action cf mineral acid on friedslene or c¢lean-l2-ene.
Olean-13(18)-cne (11} was also prepared by oxidation
of oleazza-ll:l}(18)~dienojpuol (IX} with chromic acid to
3—oxb~oleana-11213(lB)»diene62(X), Wolff-Kishner reduction
of which givec the conjugated heterxocannular diene, oleana-
11:13{18)~diene (X1); +this hydrvocerbon was also prepared
by the oxidation of olean-l2-ene with selenium dioxide6o.
Hydxcegenation of oleana=11:13(18)=diene over a platinum
catalyst (from purified platinum oxide) gives oleon-13(18)-

ane, Msp. 186-1880,&M}D-48°, identical with the specimen
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obtainsd as deeci‘ibed above.

>

wiied II

The hydrogenation of oleana-11:13(18)-disne at 70-80°
over platinum described by Koller and his collaborator857
gave u hydrocarbon [o(]u- 27°.  The low rotation of their
preduct may have been due to the pressnce of iraces of

mineral acid, derived from the catalyst, in the reaction

2oliuntion.

Preatment of olean-13{18)-ene ( [ef)p- 48°) with mineral
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acid gives a product BXI>QQ. 307, Repeated crystallisation
of this hydrocarbon was accompanied by a gradual changs in
specific rotation which finally had m.p. 186-187°, [¢] . 20°
% 29 identical with the product obtained by troatment of
olean-12-ene and friedelene with mineral aocid described abovs.

With the object of identifying the hydrocarbon [et]s 20°,
18e{ =oloan-12-cne (XII) and olean<18-ene (germanicene) (XILI)
wers prepared, The preparation of 18¥-olean-12-9ne was
carried out in these laboratories by Dr. M.B.E. Fayez.
0Olean-18-ene (XIII) was prepared from lupeol by the method
described by Ealsall, Jones and Meakin859, Treatment of
lupeol (XIV) with dry bydrochloric acid yields 19-chlor-
olean=3f-ol (XV)o. Debydrochlorination is amccomplished by
rofluxing with acetic anhydride to yield olean~18—en~3p-yl
acotate (XVi). FHydrolysis of this compound with alkald,
followed by oxzidation with the chromic acid-pyridine complex
gives 3-ozo=-olean=18-ene (XVII), Wolff-Kishner reduction of
vhich gives olean-l8-ene (germanicene) (XIII) m.p. 173-1750,

Edﬂj+ 50 ViZo =
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AVIT X111

Treatmsnt of olean-l8-gne (X1II) 2nd 18%~olean-l2-ene (XII)
under the agid conditions employed in the aslid isomerisation
of olesn-l2-suno (I), olean-13{18)-ene (II) and friedelens,
yislds a producﬁ[ﬁ]p Ca. = 10° % 2° which on rzpeated
crystallisstion gives the hydrocarbon[‘:"]pa go” & 2%, Thusz,
olean-i2-ens (1), olean-13{(18)-ene (Il) 18%X-olean-12-ene (XL1I)
and olean=18-ene (XIII) are unsiable to mineral acid and asach
gives the cguilibriua mizture of isomorslet]) ca. - 1d and

after crystellisaticn the hydrocarbonletly - 20° £ 2°,
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lamrolsannlzuene,[C*]p+ 370, hag o pe 186-188° and
olean-l3(18)-sne,&xqp-480, has mep. 187-188° and random
mixtuzes of the two hydrocarbons do not show greatly
depreesad nmeliing pointse. This suggested that the hydro~
carbon [0'5]9- 20° £ 2° is an insepareble (or difficultly
separable) mixed crystal of olean-13(18)-sne (2 parts) and
18%~olcan~12-cne (1 part). This view was confirmed by the
preparaticn of a synthetic mnixturs of these two hydrocarbons
in these proportions, a single cryatallieation of whigh gave
ths hydrocarbon, m.p. 186-187°,I%] = 20% £ 2%, identisal with
the product isolated from the mixtures obtained by treaitment
of the hydrocaxbons (1), (II), (XII), (XIII) with a hydro-
chloric~-acstic acid mixture. Farthormore a synthetic
mixiure of olean«13(18)-ecne and 18c-olean~12-ene in the ratio
433 given, after cne crystallisation, a product Bx&n? 100,
which is indistinguiahable from the squilibrium mixdure in
its bohaviour on cyystallisation when the mixsd crystal
ledl~ 20° % 2° 35 obtained.

' Hixtures of pairs of the four homogenoous hydrocarbens
weze prepared, which, when they confained either olean-l2-8ne
or olegan~-18-cne, Gid not give & product which couléd be
characierised, furithermore a mizture of equal parts of

geraanicens, 180-olean-l2-ene and olean<13(18)-ene differs fram
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the equibilbrium wixziure in that it forms orysials, the

specific rotation of which (fo‘lpi 0°) does not change after

AITT XIT

five crysiallisationa, Al though tho mixed crystal of

0

oleen~13{18)-ons end 18¢~clean=12-ene [Cilgw 20° % 2° could

not be isolated from the thrse component mixture by crysial-
lisation, frcatment of the mixiuvre ([c:_jp:h Oo) with &
hydxochleric=acetic acid mixture gives the equilibrium

mizbure (o] oo - 10°, from which the mized orystal [ot]; ~ 20°

0 : : : 2
L 2Ysas obtained by crystallisation, In view of these facts

the behnwviour of tho unseturated bydrocarbons (I), (I1I), (XII)
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and {£I1I) with mineral acid is representsd as shown above.

The reletively low lasvorotations of the hydrocarbons
obtained by Corey and Urapmmg45 are not difficult to explein,
since the isolation of a hydrocarbon of constant speocific
rotation from the mixture obtesined by acid isomerisation of
olean-l2-ene requires many crystallisations during which the
rotsticn incresses alowly from ga. ~ 10° to ca. -20°  The
high lacvorotatlons observad by Jonea gt al. 95536 are
howaver anemoloud.

This investigztion has shown thatp «amyrene-—IIISa oz
akim.niene-lll)57 ig not olean=13(18)-ane but is in fact a
mixed crystal of ocloan-13(18)-ene and 18k-olean-l2-cne and
that noither 2inc nor mevoury 1s essential for the acid
induced iscmerisation of olean-12-cne (p--am;frene-ll) to
ﬁ=em;y‘1~ezwmlilo A more important conclusion ig that troatment
of olcan012n0n=3ﬁ~ol (Pnamyrin) (KX11) with mineral acid will

result in & mixture o:l’d' —amyrin (ole&nr-l}(lB)-snn-}/}—ol} (Vii)

and 18q»o1ean;12«sn~3ﬁwol (XX11I).
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The Siructure of the fcetato C33H;g0plerived from

Glycyrrhetic Acid.

It hes been known for a number of years that oxidation of
oleena=11:13(18)~dieny)l ecotate (I; R=Me) with chrcmic aoid66
gives, in high yield, sn acetate, C3pHsc0s, (05 acetats).

The 05 acoiate is alsoc obiained as a major product of the
oxidation of ll-oxo~olean—12aen-3ﬁny1 acetate (II; Rnﬂe)67 or
of ll~ozo-olesna=~12:18-dienyl acstato (IXI; R = Me), with

67

selenium dioxide 'and of olean-13(18)°en-3ﬁ-yl sostate (IV;
R =Me) with chromic acid68o Compounda direotly related %o
the 05 acetate aro obtained by the same wmsthods from

correspending depivatives of oleanolic acid and glycyrrhetic

acid:

R

11 pa



HcKean and Spr1n569 sugzested that the constitution of the 05
acetate is ropresentsd by (V). This proposal is supported by

the behaviour of the 0. acctate with methanclic potassium

5
hydroxide when an(f} -unseturated lactone ester, C3;Hyg0s,
formulated as (VI) is obtained, vigorous alkaline hydrolysie
of which givesa an amorphous mcid characterised as the

crystalline saiuraisd dimethyl-oxo-esier, 03255206! reprpsented

by (ViI). The expression (V) affords a satisfactory

A

interpretation of the conversicn of the O5 acotate inio a
hydrozy kotonse, 03954603,§VIII), ths formation of which ig
attributed to hydrolysis of the 3-acetate and -ths(i g -
unsaturated lactone groups with epontaneous decarboxylation
of %he resul¥ing [3 -oxo-acid (VIilla). The evidence now
presented supports the formula (V) proposed by EcKean and

Spring°9, by a study of the analogous euler, C33H;607 (IX)

obtained from glycyrrhetic acid.
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Ozidation of methyl glycyrrhotate acetate (II3 R =
COpile) with selsnium dioxide gives an ester, C33H;z¢07 ,
previously prepared by Jegor, Neorymberski and Ruzicka68 by
oxidation with chromis acid of methyl Sﬁ-aoetoxyoleana-llz
13(18)-dien=30-cate {I; R = CO,He) and methyl
3f-acetoxyoleun-13(18)~en-30~cate (IVy R = COzHa) and by
oxidation of metbyl-3f-acetoxy-11-0xo~oleana-12:18~dien~
30-on%s (II1I; R = CO,Me) with selenium dioxide. The ester,
0333ﬁ6079 resgmbles the 05 acetats in giving a feint yellow
colour with tetranitromethans and in its uliraviolet
ebsorpiion spectrum which shows a broad band near 2300 2
(€, 4,400). These properties, its molecular formula, and
tho motheds by which it is prepared support the view that it
bhas a struciure anzlogous to that of the 05 acotais and this
view iec confirmsd by +he rsacticns below. If the 05 acetats

i correotly represonted by (V), the ester C33H,07 from
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glyeyrrhatic acid is (IX). Treaiment of ths ester (IX)

>
=
>4
o

with methanolic potassium hydroxide or with methanolic
sodivm methoxide, gives, in good yield, a crystalline acid,

M

“’31H460’{° In addition to e carboxyl group, this compound
contains a methoxycarbonyl and a hydroxyl group and it was
characterised by the preparaticn of an acetato dimethyl estexr,
Ci4Hs008.  Furihecwore, the acid, C331H;07, coatains an
c(fj;munsaturated lactone group as shown by the absorption

apectrun (A 2240 8 € 11,000) and by a positive

MaX.
Legul test, Thesze properties and its mothed of formation
show that ii is en analogue of theoip -mmsaturated lactone
eater (VI) and that its formule is to be derived from that
of {VI) by the replacement of the 30-methyl by a carboxyl

group., The formula (X) is %o be prefervred to that of the
isomer in which carbon atom CBO is a methoxycarbonyl group,

and carbon atom Cq5, a carvoxyl group becauss the mathyl

aster {VI) iz %the mejor product obiained by treatment of



the Og acatate with methanolic potassium hydroxide. On

the assumption that ring B in the derived acetate dimethyl

RcO

ester (Xa) hes the chair conformation, ths

30-methoxycarbonyl group 1s equatorial and; in analogy with

the behaviour of methyl 1804-g1ycyrrhatat870

s Telatively
casy hydrolysis of this group is expected; itreatment of
the acetate dimethyl ester (Xa) with 45 alcoholic potassium
hydroxids regenarctee the mcnomsthyl ester. The stability
4o alkell of the methoxycarbaonyl group in both (VI) and (X
shows that it is axially bound and that this is the more
stable of the two possible arrengements at carbon atom 09o
The Cg axial sster (XI) derivsd from oleanolic ecid is
known %o be more siable than its Cg epimer7l’?2.

An attempt was made ‘o confirm the formula (X) for
the acid, C33Hsg07, by alkaline hydrolysis using forcing

conditions in the hope that the saturated oxe-dicarboxylioc

acid (XIIL) would be formed via the unstable
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oxo-tricarbozylic acid (XLI). The attempt was not
conclusive because the acid product is not crystalline
and deoes not give crystalline derivatives. Proof of
the proximity of the enol lactone and the methoxycarbonyl
in the 07 ester was obtained by hydrolysis of this compound.
with aqueous alcoholic alkali, a crystalline hydroxy-
diketone, CpgHs403 being isolated in goed yield. The
infrared absorption of the hydroxy diketone {XV) which was

COoyMe

HO HO

X1V XV

charactericed as iis acetate, C3ql 604, contains bands at
1720 (5-ring ketone) and at 1720 o (6-ring ketons),
values in good agreement with those observed  for the
higher homologu669 (Vviii). In ocach case the S5-ring
carbeonyl band is at a lower frequency than usual,

The lactone=carbonyl group in the 05 acotate is
ex-oriontated because only this arrangement will allow the
Junction of the two fragmenis A/B and D/E/F through a
methylene group bridging Cg and C;3 with either ¢4 - or(? -

configuration at carbon atom 09. The configuration at
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carbon atom C9 in the 05 acetate is the more stable
arrangement becauss the compound is recovered unchanged
after prolonged treatment with minseral aci&7:. Al though
the reasons given above indicate that the 9-methoxycarbonyl
groups in (VI) and (X) are cf ~orientated it does not follow
that the 9~hydrogen atoms in the parents (V) and (1X)69 are
{3=orientated, since inversion at carbon 09 may acgompany,
precede,; or follow, methanolysis of the 11313 bond. As
stated sbove, if ring'E in the laoctone (X) has the chair
conformation, the carboxyl group (ﬁ) is equatorial, e
conclusion supported by the eass of hydrolysis of the
correspending ester; 1t follows that the 19-hydrogen atom
in the lactones (VI) ana (x) are{g —-orientated since the
equatorial C19-bond must be part of the unsaturated lactone
ring. Tho 18-hydrogen atom in (XV) and (VILI) is
provisionally represented as &{ ~orientated bscause of the
relative ease with which ﬁhe'SO—methoxycarbonyl grovp in
(%) is hydrolysed by agqueous alksli, a property which
suggeste that in the intermediets (XIV) the methoxzycarbonyl
group is equatorial. This can only ba a-provisional
allocation because hydrolysis of the methoxycarbonyl group

may be facilitated by the neighbouring carbonyl group.
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Thus, the structure for the Oy acetate (V) postulated
by HMcKeen and Spring69 is confirmed and the stersochemistizy
of the 05 ester and its glyoyrrhetic analogus deduced by

a comparison of their behaviour under similar conditions.
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EAPERINENTAL

Rotations were measured in CHCl; and ultraviolet absorption

gpectra in i5t0l, Grade 11 alumina and light petroleum b.p.

60—800, were used for chromatography.

Friedelin (friedelan~3-ons) (Friedelanone). = Cork ( 2 1b.,

16-32 mesh) was extracted with ethyl acetate (12€) or with
boiling benzene (12f) for 7 hr. The extracted matter was
boiled with chloroform (800 c.c.), the mixture concentrated to
300 c.c., and, after cooling, the solid {(4°3 g.) was collected.
The filtrate was evaporated to dryness and a solution of the
residue in benzene was chromatographed on alumina (12 x 1%").
tlution with benzene (2f) followed by crystallisation of the
eluate (3-5 g.) from chloroform-ucetone gave friedelanone as
Lsedles, m.D. 255«2630, e Po 264n266° (vac), &*ap-QZO, 21"
{c, 2-3, 2-1). Drake and Jacobs&n23 give m.p. 255a261°,

29

[}, - 29°, Ruzicka, Jegor and Ringnes®® give m.p. 264-265° (vac),

L¥10~ 28° and Bruun34 £ives Mo D. 262-2630 (vaco), LN]p- 21°°

Hydrogenation of Friesdelenong. - 4 solution of friedelanone
(500 mg.) in stabilised scetic acid (200 c.c.) was treated with
a solution of hydrobromic acid {48%; 0-1 c.c.) in acetic acid
(10 c.c.)o Thé reaction solution was shaken for 1 hy. st 90u

with freshly reduced platinum catalyst (250 mg. PtOQ) in an



- Tl =

atmosphers of hydrogen. The catalyst was removed and the
solution reduced to dryaness under reduced gressure. A

solution of the solid in benzene was chromatographed on

alumina. Zlution with benzene gave a fraction, crystallisation
of which from chloroform-methanol yielded needles, m.p. 255»2602
263m265° (vace.) B*}Do 23° (c, 1°5), which was undepressed in

admixture with an auvtheniic specimen of friedelanone.

Stability of Friedelanone o llineral dcid. - A solution of

friedelenons (180 mg.) in stabilised acetic acid (40 c.c.) was
treated with concentreted hydrochloric acid (6 c.c.) and the
reaction mixiure heated on the steam bath for 24 hr. The
solution was reduced fo dryness under rsduced pressure to give
a solid which was dissolved in benzene and chromatographed cn
a columm of alumina. Crystallisation of the benzene eluate
from chloroform-methanol gave unchanged friedelancne as

needles, m.p. and mixed m.p. 255-260°, [l ~ 21° (g, 1-1).

Friedelan~3f-ol (epiFriedelancl).- Lithium aluminium

hydride (500 mg.) was added %o a solution of friedelanone

(500 mg.) in dry ether {250 c.c.) and the mixturs kept at + 4°
for 16 bx, Bxcess lithium aluminium hydride was destroyed
by the addition of iced water. The ether layer was decantsd

and the product worked up in the usual way and crystallised
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from chloroform or chloroform-methanol to give friedelan-}ﬁnol
as blades,m.p. 279~283%, m.p. 287-288°(vacu),kx1§-22° (e, 043}
(Founds €,83.95 H, 12-2. Calc. for C3gH5p08 C, 8403 H 12:25)

= =30 , o ., o
Bruun and Jefferies” give m.p. 272-275 , 280-281" (wvac.),
loc] + 20°,
b

Friedelan~3pmol (170 mg.) was dissolved in pyridine
(25 c.c.) and ecetic anhydride (5 c.c.) and the mixture heated
on thse steam bath for 1 hr. Crystallisation of the rescticn
product from chloroform—-methanol gave friedelanm3ﬂﬂxgﬁgpetaﬁg
a8 plates,m.p. 288-290°,[e<ly +34° (g, 0:75),  Bruun and

36 give m.p. 282»2850, &x}p+ 35°°

Jefferies
A soiution of friedelana3ﬁ=y1 acetate (120 mg.) in ether
(200 coc.) was allowed %o stand overnight at room temperaturs
with lithium aluvminium hydride (120 mg. ). LAfter the addition
of iced wator the product was isolated in the usual way and
crystallised from chloroform-methanol to give friedelan—3ﬂ-01
as bladseym.p. and mixed m.p. 288-29QfDK]» + 2% (¢, 0°3).
A solution of friedalan—%ﬂuol (200 mg.) in hot pyridine
(30 c.c.) and was treated with benzoyl chloride (10 c.c.) and
the mixture heated on the steam bath for 5 hr, Ethanol
(30 c.c.,) was added to the cold solution and the product

isolated in the usuwal way. The benzoate was purified by

chrematography on alumina and by crysiallisation from
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chloroform-me thanol from which it separates as plates,
mep. 253-256°,0¢3) + 33° + 34° (g, 1.0, 1+1).  Bruun and
g ef‘fm:'fl.ea'36 give mopo 246-248°,t0‘]p+ 34°.

Lithium aluminium hydride (100 mg.) was added %0 a
solution of friedelan-}F-yl benzoate (100 m. g ) in dry ether
{50 c.c.) and the mixture refluxed for 1 hr, The product
was worked up in the usual way %o give friedelana3p-ol (plades,
from chloroform-methanol) m.p. 279—283°,Eaﬂo+ 22° (g, 0-3).

A solution of friedelan=3f-ol (100 mg.) in pyridine
(15 c.0,) was added %o a mixture of the complex preparsd from
chromiuvm trioxide (1 g.) and pyridine (10 c.c.) and tke
mixture kept for 16 hr, with occesional shaking.. Ths
frodact was isolated in the usual way and crystallised from
chleroforn-methanol to give frisdselanone as needles, m.p. and
mixed mop. 255=260?i§ag = 20° (cy 1:2).

Friedelun=-3K-o0l {(Friedelsnol). -

Sodium {3 g.) was added %o a boiling solution of
friedelancne (1-19 g.) in g?amyi alcohol {120 c.c.) and the
mixture refluxed for 17 hr, The product was isolated in
the usual way and its solution in benzene chromatographed on
alumina. llution with benzene (650 c.c.) yislded gummy
solids (450 mg. ). Elution with benzene-other (131, 450 c.c.)

gave fractions (610 mg.) which crystallised from chlorofora-
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mothanol to give frisdelan-3cX=ol as small plates,m.p. 299=
302°,E“ﬂy4-18° {(cy 0+3)e In snother experiment in which
the reflux time was 45 minutes chromatography of the reaction
mixture yielded successively friedslanone, m.p. 255—2580,
Ebdp » 24° (g, 1+5) eluted by benzens, friedelann3p=ol,
m.pe 277-280° (no depression), B*Ip1-23° (¢, 046) eluted by
benzene-ether (1:1), and frisdelan-3ci-ol, m.p. 300-305° (no
depresaion),ﬁdﬂm > 17 (g, 0°3) eluted by ether. Drake and
Campbel1Z® give meps 250-251° for friedelancl.

A solution of friedelan=3e{~ol (220 mg.) in pyridine
(50 ¢.c.) was treated with acetic anhydride (10 c.c.) and the
reaction heated for 1 hr. at 100°. The reaction product
wzs worked up in the usual way and crystallised {rem chlorofoim-
methanol to give friedelan-id =yl acelate as ?lates,m.p. 316~
31890at], - 12° (g, 1:0).  Drake and Campbellagivo Mopo 315~
316°. In admixture with a specimen of friedelan-3ﬂ =y
acetato mped8-290° the mixture had m.p. 271-290°.  Hydrolysis
of friedelan-3ck =yl acetate {90 mg.) was effected by lithium
aluminivm hydride (90 mg.) in ether (100 c.c.). The product
was woriked up in the usual way and crystallised from
chloroform-mathanol %o give friedelan-3el-o0l as plates, m.p-
and mized mop. 303-3053ledlp + 18° (o, 2:3).

A solution of Iriedelan-3cX-ol {1 g.) in pyridine (40 c.c.)
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was treated with benzoyl chloride (11 c.c.) and the reaction
mixture heated on ths steam bath for 2 hr, Bthanol

(100 c.c.) ﬁas added to the cooled solution and the product
isolated in the usual way. Crystallisation from chloroform
methanol geve friedelan-3of =yl benzoate as plates,mep.249-2503
B:ﬂ;-— 160, - 170, (g, 0.9, 1'0). Drake and Campb91126 give
@o Po 250~251°. A mixed m.p. with friodolan-yg-yl benzoate
mep. 253-256° had m.p. 215-230°,

Hydrolysis of friedelen=3ci=yl benzoate (100 mg.) was effected
by refluzing for 1 hr. with lithium aluminium hydride (100 mg.)
in ether (50 c.c.). The product was worked up in the ususl
way and crystallised from chloroformemethanol to give
friedelan-3l=0ol, m.p. and mixed m.p. 299»3040, kx],4-17°

(29 0°4).

Conversion of Friedelan-38-ol to Friedslasn-3ek=-ol. - A

solution of friedelan—jp-ol (200 mg.) in n-smyl alcbhol (30 c.c)
containing sodium n-amyloxide (1 g. Naj; 20 c.c. AmOH) was
refluzed for 17 hr. The reaction product was worked up in

the usual way to give friedelan-3o{-ol as platéa,(llo B )

mep, 298-3009 [e<]p + 17° (o, 0+3) which did not depress the

m.ps Of an authentic specimen of the aslcohol.



Fricdolene (Friedel-3-ene), - Phosphorous oxychloride

3 Aﬂls c.c. ) was edded dropwiss to a sclution of friedelan-3f-ol
t www.(..'z"'jO mg.) in pyridine (120 c.c.) wnd the mixture kept for 16
hr, at room teamperaturs then heated oa the steam bath for 30
min, The cold solution was poured slowly on to crushed ice.
The product was isolated by exftractioc. with light petroleum
and the dried extract filtered through alumina. Evaporation
of tha petroleum eluate and crystallisation of the product from
chloroforn-methanol gave friedel-3-ene =g bladea, m.p.
250-258°, m.p. 261-264° (vac.), [ty + 53° (g, 0-3),

Amaz. 2040 %, (€, 4,600). (Founds €, 87:9; C, 12+5.
Cypil5p roquires C, 87-73 H, 12+3%.) The compound gives

& pale yellow colour with tetranitromethane.

Pyrolysis of Friedelun-3o-yl Benzoate, ~ Frisdelan~-lo{-yl

beasoate (250 mg.) was heated at 310° for 3 hr. in an
atmosphers of nitrogen. A golution of thse product in light
petroleun was chromaiographed on alumina. Light petroleum
(30 c.c.) eluted a Praction (180 mg.), which crysiallised
from chloroform-methanol to give the hydrocarbon as elongated
blades, m.p. 256-258° (vac.), Bulp*‘53° (cy 0-5), A mixzture
with friedel-3-ene (described above) from the dehydration of

epifriedslanol m.p. 261-264° (vac.) had m.p. 258-263° {vac. ).
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Drake and Campb31126 give m.p. 257—258° for a hydrocarbon
prepared by this method. Further elution with benzene-light
vetroieum {131) gave a fraction (30 mg.) which crystallised
from chloroform-methanol yielding friedelan-3c| -yl benzoate

us plates,mgp. and mixed mep. 249-2500.

Pyrolysis of Friadolan—3ﬂf1; Donzoate. - Frisdelan-3fi~yl
benzoate (200 mg.) was pyrolysed in an atmosphere of nitrogen
over 3 hr. The pyrolygaies and sublimate were worked up in
the woy described above. A solution of the product in light
pstroleun was chromatographed on a column of alumina. Blution
with light petrcloum (30 c.c.) gave a fraction (120 wmg.) which
after crystallisation from chloroform=msthanol hed m.p. 247-
250(; [“]p + 530 {c, 0-3), A mixture with the hydrocarbon
obtained by the pyrolysis of the 3 =yl benzoate was
undeprassed in m.p. Further elution with light petroleum-
benzene {1:1) gave a fraction (30 mg.) which after
crystallisation from chloroform-methancl gave friedelan—3ﬂ-yl

benzoate m.p. and mixed m.po 253-256°,Lxlp4-33° (c, 0-8).

Friedelsne. - A solution of friedel-3~ene (150 mg.) in
cyclohoxane (50 c.c.) and acetic acid {100 c.c.) was shaken
with platinua {from 100 mg. Pi05) Zor 6 kr. at 60° in an

atzmosphere of hydrogen, Tho catalyel was removed and the
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product worked up in the usual way and crystallised from
chloroform-methanol to give friedelane as plates,
M. Po 248-2500, [d]p+ 22° (g, 0-9) which was undepressed in
m.p. whon mixed with a specimon, m.p. 248—-2500, [°‘]p + 22°
prepared by Wolff-Kishner reduction of friedelanone.
Ruzicka, Jeger and Ringnes29 give mepo 243=244°, [Nl-, + 42°,
Huaug—ﬁinlonsl gives m. e 244-2450, [°‘]D+ 42-5° and Bruun34

gives Mepo 245=246°, [“]D-r 2i°

Friedelane=3of 14 ~diol, - A solution of oxmium tetroxide

(370 mg.) in gyclohexane (20 c.c.) was added to a solution of
friedel-3-one (prepared by tho dehydration of epifriedelanol)
(500 mg.) in oyclohexane (200 c.c.) and the mizture set aside
at room teamperature for 14 days. Lithium aluminium hydride
(500 mg.) in ether (100 c.c.) was added to the mixiture and
the solution allowed to stand at room temperature overnight.
Excess ilithium aluminium hydride was deatroyed by the addition
of iced water and the reaction worked up in the usual way.
Crystallisation of the product from methanol gave

friodolane-3 ot 14 ok-diol as plates, m.p. 243-245°%, [l + 7°

(¢y 0°8)o  (Found: C, 80°93 H, 11*7. C3pH5202 requires
Cy, 8103 H, 11.8h). It does not give a colour with

tetranitromethane in chlorofora.



ot-Acetoxyfrisdelan-4«-ol. - Acetic anhydride (5 c.c) was

edded to a solution of friedelans-3utde-diol {250 mg.) in
oyridine (10 c.c.) and the mixture heated at 100o for 2% hr. or
alternatively allowed to stand at room temperature overnilhht.
The product, isolated in the usual way, was crystallised from
chloroform-methanol to give 3ol-acetoxyfriedelan-4c(-ol, as
needles, m.p. 232-254°, [+ 2°, + 2°, (g, 2-0, 3°0.) (Found:
C, 78.9; Hy 11.3. C3pH5,403 requires C, 79.0; H, 11.2%.)

It does not give a colour with tetranitromethane in chloroform.
Infrared spectrum (Hujol); bands at 1735, 1246, 1026 and

952 ca. 2 {(acetate) and 3600 S > (hydroxyl).

A solution of chromium trioxids (16:5 mg.) in stabilised
acetic acid (21 c.c.) was added to a solution of 3cut-acetoxy-
friedelan-4et=0l (120 mg.) in acetic acid (50 c.c.). The
mizxture was kept at room tempsrature overnight. Excess
oxidant was desiroyed by the addition of methanol and the
product worked up in ths usual way to give unchanged
3e~acotoxyfriedelan~4u=0) as needles, (114 mg.) from methanol,
mepe and mixed m.p, 252-254°, [«]i;- 2° (g, 2.0). Hydrolysis of
the diol monoecetats with 3% methan.lic potassium hydroxide

gave friedelane-3ofsds/-diol as plates,from methanol m.p. and

mixed m.p. 243-2450, &¥]p+ 70 (g, 1-0).

Troatment of Jo=Acotoxyfriedelan-iu~ol with Phosphorous

Ozychloride. - A solution of the diol monoacetate (50 ng. )

in oyridine (5 c.c.) was treated with phosphorous oxychloride
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(5 ccc.) and heated on the steam bath for & hr. The product
-wag isolated by pouring the reaction mixture cautiously into
iced water and extraction of ths precipitated solid with ether-
chloroform. 4 solution of the product in benzene was filtsred
through alumina to give 3 -acetoxyfriedelan~4¢{-o0l, m.p. and

mixed meps 252-2535[atlp+ 2% (g, 1+2),

Friedelano-2§ :3% ~diol Diacetate ( 2§ 33§ -Diacetoxyfriedelsns)

The unsaturatsd hydrocarbon (560 mg.) obtained by the pyrolysis
of friedelan-3c{~yl henzoate was dissolved in gyoclohexane

(50 c.c.) and added to a solution of ocsmium tetroxide (415 mg.)
in gyclohexsne (5 ¢.0.). The reamction mixture was kept for
14 daye and after the addition of lithium aluminium hydride
(600 mg.) in etker (100 c.c.) the product was worked up in the
usual way. The crude product which was not purified was
acetylated with acetic anhydrids (10 c.c.) in pyridine (10 c.cy
and worked up in the usual way. A solution of the acetiylated
product in light petroleum was chromatographed on alumina.
Elution with light petroleum-benzene (4:l1) gave a fraction
(250 mg.) which orystallieed from methanol as needles,

mops 252-254° undeprossed in admixture with en authentio
specimen of 3c{-acetoxyfriedelan-4<{~0l m.pP. 252—254°.

Further elution with light petroleum-benzene (1:l) yielded

a fraction (80 mg.) which on crystallisation from chloroform-

mothanol geve needles, m.p. 262—264°,ﬁﬁ] 407 (e, 1-3),
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A mixture with 3o{~acetoxyfriedslaen=4o¢ =0l mop. 252—254° had
m.p. 225-240°.  (Pounds C, T7:03 H, 10:7. C3Hxc0,
requires C, 77°2; H, 10°7%). The compound does not give

a colour with tetranitromothanse in chlorxoform.

Converzion of Friedel-3-ene to a Mixturs of Olean-13(18)-ene

and 18« -Clezgn-l2-eng. = A refluxing solution of

friedel-3-ene (350 mg.) in acetic ecid {450 o0.c.) was treated
with concentrated hydrochloric acid (100 €.c.) over 15 min,
and refluxing continued for 18 hr, The reaction mixture was
reduced to dryness under reduced prescure and a solution of
the product in light petroleum was filtered through aluminaj
%ho eluate (290 mg.) orystallised from chloroform-mothanol es
blades mep. 184-185, [y~ 9:4° (g, 0-8) which after four
recrystallisations from the same solveni gave the mixed

36 of olean-13(18)-ene and 18c{-oclean-1l2-ene as blades,

orystal
m.p. 186-187°, el < 20°, (g, 1-0), Further recrystallisatim
did not alter the melting point or apecific rotaticn of the

product which was undepressed in m.p. when mixed with-specimenc

obtained from the acid induced isomerisation of olean-l2-ens,

clean=-13(18)-sne, 18« =0lean-12-gns and germanioene.

Bromination of the Hydrocarbon from tho pyrolysis of
epiliriedelanyl Bonzoate . - A solution of {the hydrocarbon

(100 mg. ) in warm chlorofora (40 c.c.) was allowed to cool to
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room tomperature. Bromine (39 mg.) in acetic acid (186 c.c)
was added with shaking over 2 hr. and the reaction mixture
allowed {to stand overnight. The product was isolated in the
usual way. Crystallisation from chloroform-methancl gave
needles, (10 mg.) m.p. 215-2179 [y =~ 203°, =3.0° (e, 043, 03).
(Found:s ©, 60+4; H, 9:09, G3ptygBr. requires C, 73-8; H 9-8.
C3ol5pirp reyuires C, 63-2; H,8:76%) Hydrolysic of the
reconstituted mother liquors (80 mg.) in 3% methanolic
potassium hydroxide gave after chromatography a mixture of
low melting 80lids m.ps 140-1450 unchanged by further

cryatallisation,

Friedelin Dicarboxylic Acid, - 4 solution of friedelanons

(2 g.) in ceetic acid (300 c.c.) st 110° was treated with a
solution of chromium trioxide (2 g.) in stabiliged acectic acid
(100 ocsc.) end added to the solution cover 10 min. with
mechanioal stirring. The mixture was stirred for 2 hr., at
100-110°. fiater was added to the cold solution and the
acldic reaction product isolated by extraction with aqueous
sodivm hydroxide to give a clear gum (195 g.) which could

not be crystallised. A solution of the acid product (1-95 g.)
in ether (200 c.c.) was treated with an excess of othersal
diezomethene and the mixture allowed to stand overnight.

The product was worked up in the usual way and its solution
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in light petvoloum-benzene (10:1) chromatographed on a column
of alumina, Blution with light potroleum-benzene {(1312) gave
a fraction (167 mg.) which on crystallisation from chloroforme
methanol gave plates,m.p. 175-177°%, [1, + 2°5° (cy 144).
Ruzicka, Jeger and Ringne929 give m.p. 174—1760,'5*3)‘+ 9;8o
for friedelin dicerboxylic acid dimethyl ester. Elution of
the column with increasingly polar solvenis gave gums which
could not be crystallised, flydrolysis of friedelin
dicarboxylic acid dimethyl esier (50 mg,) was effected by
rofluxing with 5% methanolic potash for 3 hr. The acid
product was worked up in the usual way and crystalliised from
methanol (insoiuble in ohloroform) 28 prisme me.pD. 287-288°
(decomp. )«  Rusicka g@_g}".29 give m.p. 2885 ey + 21.4°

for friedelin dicerboxylioc acid.

Friedonic Acid iothyl Eeter (Moihyl Friesdonste)s - A

suspension of friedelanone (2 g.) in stabilised acetic acid
(450 c¢sc.) was titrated with a solution of chromium itrioxide
(2 g.) in acetic asid (50 c.c.) over 10 min. and the reaction
mixture heeted on the steam bath for 1 hr. The reaction
product was separaied into acid and neutral frections in the
usual way. The acid product (19 g ) was crystallised from
methanol Yo give a small quantity of zn amorphous material

Me Ds 244—2500, A solution of the ecid frection in ether
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wes esterified with ethoreal diazomethene and the neutral
product worked up in the usual way. & solution of the
methylated watorial in light petroleum-benzene (10:1) was
chromatographed on a column of alumina. Blution with

1ight petroleum-benzene (2:11) gave friedelin dicarboxylic
acid dimethyl estor (140 mg.) m.p. 174«1760, [d]b-i- 3°(£, 1+2)
after crystellisation from chloroform-methanol. Elution
with bsnzene and crystallisation of the eluate from methanol
gave friedonic acid methyl ester as needles (220 mg.)

De Do 152—1543 &*]Df-IBO (e, 1:2). Rusdakas” gives

meype 153-154", [e), + 11-8°.

Oxidation of Cerin., - Crude cerin (m,po 248—2530,

Ex]pn 5O°p 1 g.) wos suspended in a mixture of carbon
tetrachloride (38 c.c.) and stabilised acetic acid €85 c.c.).
Chromium %trioxide (212 mg.) dissolved in a trace of water and
acetic acid (5 c.c.) was added to the cerin suspension and
the reaction shaken for 3 hr. at room tcumperature.  Hore
chromium trioxide (170 mg.) in acetic acid was added and the
solution shaken for 18 hr, The reaction product in oether
was shaken with aqueous sodium hydrozide to glve an acid
fraction (500 mg.). Crystallisation of the acid fracticn
from methenol gave friedelin dicarboxylic acid (480 mg.) as

prisme @.p. 287~288° (decomp. ) undepressed when mixed with
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a specimen obtained from the oxidation of Triedelanone

described ebove.

Friedolin Vicarboxylic Acid Aphydride. - A solution of

friedelin dicarboxylic acid (200 mg.) in boiling acetic
enhydride (10 c.c.) was refluxed for 30 min. The reaction
mixture was cooled, when the product separated as needles.
Recrystallisation from acetic anhydride gave friedelin
dicarboxylic acid anhydride, m.p. 264—2660, [0‘];-0- 75-50

(c, 0¢9). Ruzicka, Jeger and Ringnes29 give m.p. 264-265°,

[d]p * 740-

Noxfriedelanone. - : Friedelin dicarboxylic acid anhydride

(1 x.) was heated %o 280° (bath ttémperature) at atmospheric
pressure for 1 min, The mixture was then sublimed at 14 m.m.
(water pump). The sublimate and the residue in the still
were dissolved in light petroleum and chromatographed ou
alrmina, Elution with benzeno and crystallisation of the
elvate from chloroform-methanol gave norfriedelanone (600 mg.)
as glistening plates m.pe. 232—235°,ENGD-+ 84° (cy 1e2)

(Found: C, 84°1; H, 1185, Calo. for CpgH,g0, C 84+ 4

Hy 11+73%). Ruzicka 21_&_}2_? give m.p: 231-2320, [“]p— 83-70.
The compound does not give & colour Witg tetranitromethane

in chloroform and it does not show sslective absorption above
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2200 &, Infrared absorption (Nujol); band at 1730 cm.‘l

(katone, H-wowbered ring).

Norfrisdelencntcs = A solution of acrfriedeleanone

{100 mg. ) in scetic acid (10 c.c.) was refluxed with

3slenium dioxide (220 mg.) for 30 min., The sclubion was
filbered anl the yollow filirate worked up in the usual way.
Crystallisution of the product (70 mg.) from chloroform-
me’thanol gave bl:ades, e Ps 259-2610, [c::]bu 950, - 970

(ep 241y 2-2), A 2250 R (€, 5,300). Infrared absorption
(Hujol)s Dbands at 1736 cmaml, 1724 cmo'l (conjugated ketcne,
S-membored ring); 1639 gy (vinylideno)s; 1608 i
(conjugated double bend). {Founds C, 84.85; H, 11.61,
029346: requires C, 84.813 H, 11.29%) Ruzicke.gi_gl.zg
give m.p. 260-261°, 05~ 208° A 2530 & (€, 14,300).
To remove a slight yellow coleouretion, the product was

dissolved in light petroleum and chromatographad on alumina,

&

Elution with light potroloum-benzene (3:1) gave .
norfriedelonone which a¥ier crystsllisation from chloroforne-
mothanol bad mep. 2612637, [y~ 104°%, ~ 104°, (e, 11, 21-1);
)xmx. 2290 % (€, 5,500). Blution with benzene gave a small
fraction {10 mg.) whick could not be crystalliced and which
showed wselective sbsorption ai 2440 K. Repetition of this

reacticn under & variety of conditions end aleo exactl
» 4
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eccording to the method of Ruzicka et al,>? failed to yicld
a compound having the ultraviolet absorption spectrum observed
by these authors. The compound described above does not give

o colour with tetranitromethane in chloroform.

Reduction of Norfriedolencne, = A sclution of

norfriedelenone (50 mg.) in ether (20 c.c.) wes treated with
lithium aluminium hydride (50 mg.) and allowed to stand
ovarnight. The product was worked up in the uysual way but
avoilding the use of mineral acid. Crystallisntion of the
product from chloroform-methancl gave small plates,

m.p. 250-253°, [otlp + 41° (e, 0-5) (Found: G, 84.03

Hy, 11-45 OpgH,g0 requires, C, 84-4; H, 11.73%). Light

absorpiion , 2040 S (E, 1,150). Th2 alcohol does not

‘BaxX.
show a colour with t3tranitromethane in chloroform.

The allylic alcohol (17 mg.) was kept overnight with
acetic anhydride (1 c.0.) and pyridine (I c.o.).
Crystallisation of the product from chloyoform-methanol gave
plates, mop. 254-2560,[uﬂp-+ 43° Qg, 0¢°4). The product was
reconstituted and ecetylated on the steam bath for & hz.
Crystallisation of the acetylated material from chloroform-

methanol gave plaias; m.p. 253-255° undepressed with the

produot of the ocold acetylaticn. In admixzture with the parent



- 88 -

allylic aleshol (mep. 250-253°) tho mixture hed m.p. 220-235°,
Amax 2040 & (&, 1,200). The compound gives no colour with

tetranitzonethane in chloroform.

Oxidation of Hoxrfricdelenore. - 4 solution of

norfriedelenone (280 mg.) in dioxan (12 c.c.) was heated with
a soluticn of 580, (1 gm) in dioxen (3 c.c.) in a sealed tube
2t 1900 overnight. The yeaoction mixture was cooled, filtered
and worked up in ike uvsual way. The product, & red gum, was
digsolved in light potroleum~benzens (2:1) arnd chromatographed
on alumina., Blution with benzens gave a solid (50 mg.)
which crystalliced from chloroform-motkanol &s blades,

@ep. 253-255°, (ol + 190°, + 191°, (e, 0:75, 0-8) (Found:

C, 85°5; E, 11+2; CpgH,,0 requires C, 85-25 H, 10:9%)

2520 & (€, 13,500).
1 -

Ultraviolot absorpticon epeotrunm }\max.
Infrared absorpiion (Nujol); bands at 1695 omo
foonjugated kotene ia S-~msmhered »ingl; 1646 @moal
(vinylidene)s 1587 ome (cénjugated double bond);

944 om."" (vinylidens); 875 ome "t {conjugated double hond).
Elution with benzene-ethexr (1:1) gave a product (30 mg.)
which eryatallised from mathanol as orange neecdloes,

mep. 266-266°, [odlp+ 235°%, (g, 200) A___ 2800 R (g, 7,500),

Infrarved absorption (chloroform); bands at 1764 om,
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(e -dikotone in S-membered ring); 1705 om.-l, (conjugated
ketono in S5-membered ring); 1647 cm, ™t (vinylidene);
1575 om. i (conjugated double bond). Ruzicka et &}-029

give m.p. 269-270° (vac. ),[ct]) + 241o ; '\ma.x. 2800 %

(€,10,000) and Ourisson 23”2L043 give m.p. 269-270°,

Eﬁ3ﬁ+ 2310, for bisnorfriedslenedione. Infrared absorxrption
(Hujol)?3 banda at 1765 o (ketone in S5-mombered ring);
1708 om. ™t (conjugateod ketone in S-membered ring); 1575 P

(eonjugeted double bond).

Friedelin enol Beanzoatae. - A mixture of friedelin (5 g.)

and benzoyl cohlorids (25 c.cc) was heated for 1 hr. at
190=19§° (reaction nixture temperature ). Tho brown sclution,
after oooling, was poured into watexr and excess benzoyl
chlorxide destroyed by the addition of sodium carbonate %o the
heated mizture. The brown solid thus obtained was extractaed
with a chloroform—-e%her mixturse and the product worked up in
ths usual way, Crystallisation from chloroform-mothanol gave
friedelin enol benzoate (4°8 g.) as plates, m.p. 257-261°
mepe 265+267° (vac.), ody+ 62°, + 63° (c, 0°6, 1+6). Drake
et 5;.23 give m.p. 255-262°. Ruszicka 9_3_@_1029 give '

mepe 265-266° (vas.), (oy+ 64°.
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4-Bromofriedaiin, - A golution of friedelin enol

benzoate (5 g.) in caloroform (275 0.00) was treated with
a solution of bromine (1:65 g.= 11 mole.) in chloroform
over 10 min, at =20°%, The resction mixture was kept at
-20% for a further 5 min. then quickly washed with a saturated
selution of sodium bicarbonate, and the chloroform extract
reduced %o dryness at room temperature. Treaiment of the
residue with aqueous sodium carbonate at 1000, followed by
extraction with chleroform gave a2 product which orystallised
from 1ight psticleum as noedles, m.p. 198-199° (decomp.)
EK]D+ 88° (¢, 3-8). Corey and Ursprung 45 give
mop. 196-297°, 1, + 90° for 4-bromofriedelin,
d=Eromofricdelin was rocovered unchanged after treoatment

with boiling pyridine for 3 hr., end stabilised agetic acid for

Z%' hy,
Action of Silver Acstate on 4-Bromofriedelin. = A solution

of 4<bromofriedelin (100 mg.) in pyridine (20 c.c.) wes
refluzed with freshly crystallised silver acetate (200 mg.)
for 30 wmin, The reaction mixture was allowed to cool, water
added, and extracted with ether. The ether extract was
washed exhaustively with water end worked up in the usual way,

but avoiding the use of mineral acid. A golution of the
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product in benzene-ether (131) was filtered through alumina.
Crystallisation of the eluate from acetone gave needles,

(20 mg.) m.pe 248-25O°,Emﬂ5- 34° (g, 0-75)» The compound
does not give a oolour with tetranitromethane. Repetition

of this reaction for 1§ hr. gave a higher yield of the product
described above m.p. 250-252°,Bx]0.- 360, - 37°5° (c, 1.0, 0-8)
M yax, 2050 8 (g, 2,700) (Found: C, 797; H, 10+8.

C3pH5,03 roquires C, 79-3; H, 10.8%8). A mixture with a
specimen of cerin acetate, (m.p. 262—263°,L#J,-36°), had

Meps 252-256°,

Action of Hydrochloric Acid on 4-Bromofriedelin. - A soluticn

of 4-bromofricdelin {200 mg.) in glacial acetic acid (50 c.o.)
was refluxed for 18 hr. with concentrated hydrochloric acid
(14 co@s). The product was worked up in the usual way end a
golution in light{ petroloum chromatographed on a column of
aluming (8 g.). Elution with light petroleum end light
petroleun-benzens gave mixtures which could not be
characterisad, The reaction mixiture was reconstituted
(170 mg.) and reduced by the method of Wolff-Kishnor.
Chromatography of the resultant product and crystallisation
of the eluates gave mixtures which had m.pe. 130-1550, end

finally 162-180°.



° 92 -

Troatment of 4-Bromofriedelin with Acetic Acid. -

4-Bromofriedslin (1 g.) was suspended in stabilised glacial
acetic scid (500 0.0.); heated under vacuum until distillaticn
of acetic acid took place, and the precess coantinued for a
further 30 min, The solution was reduced to dryness and

the product orystecllised from chloroform-methanol to give
plates, m.po. 285a295°, Mo Po 308-310° (vac. ), &x]p‘ 11°,

@3’ 1-2), A MmaXo

Hy 11+5. C3gH,g0 requires C, 84:8; H, 11-4%).  The

2270 ] (&, 4,500) (Founds C, 84-7;

sompound dees not give a golour with tetranitromethans.
Reduction of tho eompound C3gH,g0 {100 mg.) was effaated

by lithium aluminium hydride (100 mg.) in ether (30 Ge.c. ).

The product was worked up in the usual way and exrystallised

from chloroform-methanol (eloudy solution) as plates,

mope 253=255°, finally 264-266°,[e] + 12°, (g, 0-3)

Aoy, 2040 £ (€, 1,450). The produot does not give a

colour with tranitromethane. The reaction product was

ragenadtituteod and treated with a solution of hydrechlorie

asid (1 e.c.) in acetie acid (50 c.c.) for 3 hr. at 100°,

The preodusct was worked up in the ususl way aﬁd chromatographed

on alunina but a homogeneous compound was not icolated from

the chrometogran.
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12-0xotaraxer~14-en~-3ff-yl Acotate. - A solution of

12-oxotaraxerac9(11)cl4-dien—3ﬂly1 acetate (2 g.)
hznoxo-ligggnoleana~9(11)al4~dien—ﬁ8=y1 acetate) in ether
(100 c.c.) was added over 2 min. to a solution of 1ithium
(900 mg.) in liquid ammonia (600 c.c.) with stirring. The
reaction was allowed %o continue for a further 3 min. then
halted by the addition of scstone (10 c.c.)s The ammonia
solution was allowed to evapor.:te at room temperature over-
night. The reod residus wez worked up in the usual way, and
e solution of the product in l1ight petroleum-benzene (5:1)
was chromatographed on & column of alumina, Elution with
light petroleum-bsnzone (2:11) gave a fraction (1+2 g.) and
e further fraction (600 mg.) was obisined by elution with
1light petroleum-benzene (1:1)., Crystallisation of the
eluates from chloroform-methanol gave neadles, m.p. 295,2970
[)) ~ 32°, (g, 1:3), A,
)\2850 2 (g, 50), The compound gave & pale yellow colour

5, 2060 % (€, 4,300); in ohleroform
with tetranitromethans in chlcroform. Beaton, Spring,
Stevenson and Stewart33 give 298=300°, [Odp - 30° for
l2«oxotaraxer-1409n-;ﬂLy1 acatate prepered by this moethod. A
soluiion of the ccetate in 5% methanolic potassium hydroxide
was refluxed for 3 hr, The product was worlked up in the

usual way to give l2~oxgtaraxar=14aena%ﬂ»ol, Ro Po 276=277°,
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(o) - 44° (g, 1-3). Boaton gt al.>> give m.p. 276-278°,
[G(]p = 4503 - 43°o

Treatment of 12;0xotaraxer~l4-gg=3pfgl with Hydrochlorig Acid.-

A solution of 12-oxotaraxer-14=en-3p—ol (200 mg.) in hot
scetic acid (50 ce.c.) was treated with concentrated
hydrochloric ecid (10 c.c.) over 5 min. and heated on the
atcam bath for a further 2ihr. The red solution was reduced
%o dryness and worked up in the usual way and the product
acatylated with acetic anhydride (5 c.c.) in pyridine (5 .c.c.)s
Chromatography of the acetylated product gave on elution with
iight petrecleum and light petroleum-benzene fractions which
could not be crystallised, Blution with benZene gave a
fraction (19 mg.) which separated as needles from chloroform-
methanol, m.p. 295-297° )‘%%’P(E’ 6,000) undepresssd in m.p.
when mized with an authentic specimen of l2-oxotaraxer-l4-en-

3§ay1 acetate (m.p. 295=297°).

3-0xc=0lean=-12-ang. = A solution of olean—12-9n~%ﬂ-ol

(10 g.) in stabilised acetic acid (1£ ) was treated with a
solution of chromium trioxide (1:73 g. = 1:1 mole) in acetic
acid (50 c.c.) added dropwise over 20 min. and the solution
allowed to astand at room temperature overnight. Excesas

chromic acid was destroyed by the addition of methanol and
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the reactien solution worked up in the usual way. A
solution of tho product in benzene was filtered through
alumina. COrystallisation of tho eluate from chloroform-
methanol gave 3J-oXo-olsan-12-ene as needles, m.p. 197-1990,

loc] + 120° (g, 1°3).

Olean=12-gng, = A mixture of 3-ozxo~olean-l2-ene (700 mg.),

mlcoholic sodium ethoxide (19 e.c. Et0H, 700 mg. Na) and
hydrazine Rydrate (5 c.c. 100%) was heated in a tube
autooclave at 180° for 12 hr. The product was isolated in
the usuel way snd crystallised from chloroform-methanol %o

give olean-l2-ene as bledes, m.p. 160-162°,[ et ]+ 94°,(g,1-0)

Aoid Reerrangement of Olean-12-gng. = & golution of
olean-=12-ano (pnamyrenaeli) (450 mg.) in acetic aecid

(200 e.0.) was ireated over 30 min, with consentrated
hydrochlorio acid (40 c.c.). A further addition of
hydrochloric aocid {40 c.o.) caused precipitetion of solid
and the mizture was refluxed for 18 bhr. The mixture was
reduced to dryness under reduced pressure and a soluvtion
of the preoduct in light petroleum was filtered through
alumina. Crycstallisation of the oluate from chloroform-
mathanol geve a mixturs, me.p. 168=1750,Bx]p-2'50 (cy 1:2)

continued orxryatallisation of which from the same solvent
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mixture gave blades, m.p. 186-—1870, [O(JD- 19° (e, 0-9).

The specifis rotation was not changed by repeated
crystallisation. In another experiment olean-l2-ene

(300 mg.) was diesolved in acetic acid (150 c.c.) at reflux
temperature. Concentrated hydroohlorié acid (37 coc.) was
added over 15 min. snd the solution refluxed for 18 hr,

The solution was reduced to dryness and the product dried.
Crystullisation from chloroform-methanol gava.blades

[O(ID- s it (g, 1:0) which aftsr continued crystallisation
from {the same solvent mixturs had m.p. 186-187°,[o(]D- 20°
{c, 1-1)s The product gave a deep yellow colour with

tetranitromethane,

Acid Rearrangement of the Hydrocarbon [c‘_]p- 20°%, -

Treatment of the hydrocarbon [o)y- 20° (100 mg.) with
hydrochlorie acid (13 6.0.) in acetic aecid (54 c.c.) at

reflux temperaturs over 18 hr., gave afiter crystallisation

from chloroform-methanol blades, m.p. 184-185%, [ty - 10-4°
(g’ 1'0)0
Oleans-11:13(18)-dien-3B-y) Acetate, - A solution of

olean-12-en-3f}-yl acetate (10 g.) in acetic ecid (800 c.o.)
was treated with & solution of selenium dioxide (10 &) in

water (4 c.co) and the mixture refluzed for 30 wmin., The
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hot solution was filtersd and the filtrats poursd into water.
The product was worked up in the usual way and purified by
chromatography and crystallised from chloroform-methanol %o
give oleana«ll:13(18)-dien—%ﬁ=y1 acetate as hexagonal plates,
Mo Po 226«227°,[c£]bw.61° (e, 2:0). It gives a red browm

celour with tetranitromesthans,

3-Dx0-0leana-11t13(18)=diene. A solution of

oleana-ll!13(18)-dien-3ﬁ-01 (800 mgo) in acetic =oid

(120 e.0,) was troated with chromium trioxids (140 mg.=

1-1 mole) in acotic asid (10 e.c.) added dropwiss at 30°

and the mixture allowed to stand at room temperature
overnight, Pxcess oxidant was destroyed by the addition
of methanol and the solution reduced to dryness, The product
was worked up in the usual way and crystallised froem
chloroforn-methanol 4o give 3-oxuv—oleana=11313(18)-diens as

needles, me.p. 231-2357, [°<]D-= 49:5°% (g, 1°2),

Qlegna~11:13(18)-disng. = A mixture of 3-oxo-oleana=
11:13(18)-diene (400 mg.) alcoholie sodium methoxide (40 c.c.
HeOH, 1 g. Fa), and hydrazine hydraté (5 coco 100%), was
heated overnight in a tube sutoclave at 180°,  The product
was isolated in thse usual way and its solution in light

petroleum chromatographed on alumina. Cryetallisation of
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the eluate from chloroform-methanol gave
oleana~11513(18)~diens as blades, m.p. 217-218°%, [x], - 66-2°
(c, 1°1). Ruzicka et _9_1_.60 give m.p. 218-219°, [et]y ~ 73°%;
Pakeda gives m.p. 422~224°,Ex]p - 67°  Ultraviolet

absorption _)\mu 2420, 2500, 2600 % (€, 27,000, 30,000 and

20,000).
0lean=13(18)eng. - A solution of oleana-11:13(18)-diene

(170 mg.) in cyoloheoxane (50 c.c.) and acétic acid (50 c.c.)
was shaken for 18 hr. at 60° in en atmosphere of hydrogen
over freshly reduced platinum catalyst {Pt02, 200 mg.).

The reaction was worked up in the usual way to give a produoct
which gives a strong yellow colour with tetranitromethanes
crystallisation from chloroform-mothanol gave olean<13(18)-gne
as blades, m.p. 186~187°,&X]p=’480: (ey 1e1)s VUltraviolet
absorption )‘max. 2100 % (&, 7,000). (Founds C, 68.03

Hy 12+3. CygHg, requirves €, 87-73 &, 12:3%).
O0lean-13(18)~cne showed no depression in m.ps in admixiture
with the product m.p» 186-187°,BX]D-=20° obtained from the
acid rearrangement of friedelens and olean~-l2-ene. The

reastion was repsated at room temperature with the same

result.
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Qleon=13(18)-en-3f-0l. - A @olution of
oleana-11513(18)-dien=3f~ol in gvelohexane {50 c.0.) and
acetic zcid (150 e.0.) wae shaken vigorously in an atmosph;re
of hydrogen over freshly reduced platinum catalyst (250 mg.m
P40p) for 16 hx. The zolution was filtered to remove the
catalyst and reduced to drynesa. Cryastallisation of the
rogidus from methencl and aguesus meothanol gave
olean-13{18)~on-3f-o1 as nosdles, m.p. 212-213°, [l = 52°
(o, 172)5 The woumpound gives a atrong rellow colour with
tetranitromethano in chloroform. Joncs_gg'ggfss give

= ﬁﬂ-ﬁo; Rnﬁickaul gives mops 213—213-§i

3-0xo~3lean<13{18}-cng. - Chromium trioxide (800 mg.)
was dissolved in portions in pyridine (30 g.2.) with sheking
a® roon fempsrature 4o give a Wright ygliow precipiiate of a
shromic acid=pyridine oomplex. A solution of
oleanmiﬂﬁlﬂjwsntﬂwol (800 mz.) in pyridine (20 c.c.) was
added tc the oxident and the mizture shaken at intervals
over 13 hr. then ullow2d to siand at room temperature
overnighte DLither was added to the reoastlon mixture and

tho ether oxtract worked up in the usual way bui avoiding

the use of mineral acild. The reaction product wass purified
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by ehromatography on alumina and crystallised from chloroform-—
methanol %o give 3-~oxo-olean-13(18)-ene as blades,
o Pe 199-2000,[“]D- 11:5° (g, 142). It gives a strong

yoellow colour with teiranitromethane.

0leen-13(18)=ene, - A mixture of 3-oxo-olean-13(18)-ene
(500 mg.) elecoholic sodium ethoxide (15 c.c. EtOH,

500 uwg. Na) end hydrazine hydrate (3 c.c. 100%) was heated

in a tube antoclave at 190° for 12 bhr. The contents of the
autoslave were pourad into waitor and worked up in the usual
waYo The product was purificd by chromatography on alumina
and crystellised frem chloroform-methanel to give
0lean=13(18)-ene as bledes, m.p. 186-187°,[«1, - 48° (g, 1-3),
identiocal with the produot [%],~ 48° obteined by

hydrogenation of olean-11:13(18)-dienc.

Acid Rearrangement of Olean-13{18)-enc. - A solution of

olean=13(18)=cne (150 mg.) in acetic acid (150 c.o.) at
roflux temperature was treated with concentraied hydrochloric
acid (37 c.e.) over 15 min, and refluxed overnight, The
solution was taken to dryness undexr reduced pressure and
dried. The product (ﬁx]p- 129 (e, 2°3)) was repeatedly
cxyotallised from chloroform-methanol to give blades,

Mo Po 187-188°,Px]p==19-5° (¢, 2:3), unchanged by further
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erystallisaticn or careful chromatography. A mixsd mop.
with the product, m.p. 186—18’!0,[e¢]p - 20° obtained by acid

icomerisation of olean-l2-ene had mop. 186-187°(undepressed).

0leana-11:13(18)-diens. - A solution of olean-l2-ene
(400 mg.) in acetic acid (150 c.c.) was treated with a
solution of selenium dixoide (400 mg.) in water (4.0.0.)

and acetic acid (50 c.co)} and rofluxed for 30 min. The hot
solution was filtered and the filtrate worked up in the usual
Vayo The product was purified by ohromatography and
crystallised from chlorofu;m-ma"ahanol to give
oleana=11:13(18)~diene as blades, m.p. 217-218°,ﬂx]9'- 66°

(c, 1°2). Ruzicka gives m.p. 218»2190, [&]Dﬂ 137,

Lupeol Hydrochloride (cf. Halgell, Jones and Meakin859). -

Dry hydrogen chloride was pussed for 6 hr. into "Grignard
dry" ethanol {800 c.ec.) cooled in an ice water bath.

A solution of lupeol (10 g.) in dry ethanol {500 c.c.) was
added to the saturated ethanol solution and the mixture set
aside at room tempsrature for 6 days. The reaction mixture
was poured ihto water and worked up in the usual way. The
product was crystallised from ethanol %0 give lupesl

0

hydrochloride as necdles, m.p. 203-205° (dsc.), [«] - 29

(¢y 1°3). Haleall ot al.”?’ give mep. 212-213°[ot]y - 31°
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Q}gggf18f93r3ﬁfll Acetate.- A solution of lupeol
hydrochloride (42 g.) in acetic anhydride (100 c.c.) was
refluxed overnight. The solution was allowed to cool to
room temperature and the crystalline material which ssparated
was filtered off, washed with methanol and recrystallised
from chloroform-methanol to give olaanela—enadﬂeyl acetate

as plates, mops 276-278", [od] + 18° (¢, 1°4). Balsall et 812°

give m.p. 276=271°, [0(391- 18-5°,

Olean-18-en-3f-o0l, (Cermanicol). - A solution of
i

oleana18-en=3ﬁ¢y1 acetate (1°4g.) in ether (250 c.c.) was
treated with lithium aluminium hydride (1 g.) and set aside
at room temperature overnight, Bxcess lithium aluminium
hydride was destroyed by the cantiocus addition of iced water
and the product worked up in the usual way to give, after
erystallisaticn from methanol, olean—leen-yB-ol ( zexmanicol)
as needles, m.p. 177=»178°,[o(]3,+ 6° (e, 23).

Halsall et al.?’ give m.p. 180-181°, [«]p+ 7°

3-0xo-olgan-18-gne (Germenicone). - Chromium %rioxide

(1 g.) was dissolved in portions in pyridine {10 c.c.) with
shaking at rocm temperature to give a bright yellow
procipitate of a chromic acid-=pyridine complex. A solution

of oleana18=en~3ﬁmol (800 mg.) in pyridine was added %o the
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oxidant and the mixture shaken ai intervals over 2 hr. then
Allowed to stand overnight at room temperature. BEthsr was
added %o the reaction mixture and the ether extract worked
up in the usual way but avoiding the use of mineral acid.
The reacticn product was purified by chromatography on
alumina and crystallised from chloroform—methanol to give
J-oxo=0lean=18-ene as plates; m.p. 187-1880,[CX]D+'38°,

(co 3v3).  Halssall et al.”’ give 188-189°, [x1,+ 37°.

Olean-18-ene {Germanicene) {(cf. Simpeon63, David64). -

A mizture of 3-oxo-olean-18-ene (400 mg.) hydrazine hydrate
(3 cceo 100%) and alcoholic sodium methoxide (MeOH, 20 c.c.
Na 400 mg.) was haated in a tube autoclave at 200° for 18 br.
The contents of the autooclave were poured into water and
worked up in the usual way but avoiding the use of mineral
acid. Crystallisation of the reaction product from
chloroform—methanol gave olean-18-ene as plates,

63

m.po 173-175°, [etdy+ 6° {c, 4-5). Simpson ~° gives

mepo 171-172°, [#1p+ 3°.  Barton®” gives m.p. 111-172",

[0‘]9* %

Acid Rearrangemsnt of Olean-18-eng, = A solution of

olean-18-ene (150 mg.) in stabilised acetic moid (100 c.c.)

at refiux temperature was treated with hydrochloric acid
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(25 c.c.) over 10 min. and the solution refluxed for 18 hr.
Tho reaction mixzture was reduced to dryness and dried.
The produet [¢¢]p - 10% (g, 3:0) was crystallised from
chloroform=methanol to give blades, m.p. 186-187°,kx13=;18°,
(c, 1+3) identical with the produot obiained from the acid
igomerisation of friesdel-3-ene, olean~l2-ene, and
olean=13{18)-ene.

4 solution of 18(~olean-~l2-ene {prepared by Dr. M.B.E,
Fayez) (150 mg.) in stabilised acetic acid (120 c.c.) was
refiuzed for 18 hr. with concentrated hydrochloric acid
(20 c.co)e The product was isolated in the usual way %o
give blades, m.po 186-1870,[0‘]9- 180, (¢, 23 ) unchenged
by further reorystallisation und iden%ical with the produect

describsd ahove.

Synthetic Mixture of Olean-13{18)}=-ene and 18u=0lean-ll2=cne. =

A mixturo of olean=13(18)=ene (m.p. 186=187°,{d3;,n 489,
504 mg.) ond 18¢=o0lsan-12-ene (m.p. 186—188°,Lﬁdo;+ 370,
37°8 mg.) was dissolved in, and crystallised from
chloroform-methanol to give blades, m.p. 185~186°,E!]D- 30,
(g, 1+:5) which on further recrystallisation from the same

solvent mixture geve the mixed crystal (495 mg.) as blades,

@o Po 186=18?°,D*]p'~ 18°, unchanged by further crystallisation.
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Synthotlc Mizture of QOlean-13(18)-gne, 184-0lean-12-eng

and Cermanicene. - Germanicens (m.p. 173-175°,[e¢]y+ 69,

100 mg. ), olean=13(18)-ene (100 mg.) and 1L8d-olean=12-ene
(100 mg.) were mixed end the mixture crystallised from
chloroforu~metnancl to give needles, m.p. 17§~177°,
&*]DOO, (¢s 3+3) which for three recrystellisations had
mop. 176-178% [], 0°, 0°, (e, 2-7, 2-0).

The mixturs (260 mg.) was reocnstituted and disscived
in acetic ascid (150 c.¢.) at reflux temperaturs.
Conceniratsd hydrochloric ecid (37 c.c.) was added and the
solution refluxed overnight. The solution was reduced to
dryness and dried. The product [=]y - 20°%, (g, 2°6) was
crysiallised from chloroform-methenol to give blades,

Mo Do 186»18?°,ﬁxl;-18°, (e; 2+1) unchanged by further

crystallisation,

Acotyl Glycyrrhetic Acid. - "sxirectum Glycyrrhizae"

(3 kgo) was dissolved in hot water (6&.) and cooled.
Concentrated sulpburic acid (600 c.e.) was cautiously
added {0 the equeous solwtion with stirring and the black
visceus eludge which separated was isolated by decantation
and kneaded with water (li.). Treatment of the crude

product with aguecus sulphuric acid (3%. éfi) at 100° gop
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5 hr. gave a black brittle solid which was removed by
decantation of the liguor, and ths product dried, mixed with
ashestos fibre and extracted with chloroform (Soxhlet).
Removal of %he solvent under vacuum gave a residue (230 8- )
which was dissolved in pyridine {150 c.c.) and asetic
anhydride (150 c.c.) and heated on the steam bath for 2 hr.
The acstylated product was worked up in the usual way to give
acetyl glycyrrhetic aeid (59 g.) es plates from chloroform-
methanol, mep. 309-313°%,[ex]y + 144°%, (e, 1°1). A zecond
crop {5 g.) was obtained from the mother liquors,

mope 304-309% [«], + 133°%, (g, 1:1).

Glyeyrrhotic Acid. -~ Treatment of acetyl glycyrrhetic

ecid {250 mg.) with methanolic potassium hydroxide { 29 c.o.
3%) for 1 hr. at reflux gave, after work up of the reection
produgt in the usual way, glycyrrhetic asid, mop. 300~302°,

Lot T+ 2579, (o, 1°2), A 2480 8 (%, 11,200).

maXo

Lcotyl Clyeyrrhetic Acid Methyl Esier. - A solution of

glycyrrhetate acetete (220 mg.) in ether (100 c.c.) was

- treated with an ethereal solution of diezomethane and allowed
to otand overnight. Lxcess diszomethans was destroyed by the
cautious addigicn of acetic aecid. The product was worked up

in tho usuul way to yield, methyl glycyrrhetaie acetate, as



- 107 -

piates, from chloroform-methanol, m.p. 300~302°,[°l]3+-147°,

{c, 1°:2).
Bater, C3BH4607(IX), - A solution of methyl glycyrrhetate

acetate (15 g.) in glacial acetic acid (400 c.c.) was refluzed
with solenium dioxidse (15 g.) for 24 hr. After filtration,
the solution was again treated with selenium dioxide (15 g.)
and refluxed for 24 hw. The produot wes isolated in the
usunal way and crystallised from chloroform-methanol %o give the
ester {7:0 g.) ac nesdles, mo.p. 288-290°,|b*39+ 2.4°,

(25 3°5)s A, 2260 & (g, 4,400). (Foumd: C, T1:T;

H, 8°4, Calc. for C33Hpg07 C, 71°4; H 8-4%.)

3
Jeger et glﬁét give mopo 28§=286°,Bx]b+-4°, + 2-6° for this

gompound,

Acid, C33Hy0y (X)e - (a) A solution of the ester,
C33H4607 (25 g.) in 5/ methanolic potassium hydroxide was
refluxed for 3 hr. The product waa separated into neutral
and acid fractions in the usual way. Crystallisation of
the acid fraction from acetone=1ight petroleum gave the
acid, C3yHyc0p, m.p. 206-208°%,{ed)p - 2°, ~1.7°, (g, 2.0,
5°0), A
Olle, 6+1. C30pHz3050CH3 requires C, 7@ 2; H; 8-7;

nox. 2240 & (€, 11,000). (Found: C, T0-1; H, 9-0;

oMe, 5-85%.) The acid does not give a colour with
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tetranitromethane in chloroform. The neutral fraction is
described bslaw.
{b) A solution of the ester, C33Hy607 (1 g.), in methanolic
sodium methoxide (50 c.c. MeOH; 24. Na.) was refluxed for
55 hro The product was separated into acid and neutral
fractions in the usual way; the latter is described below.
Crystellisation of the acid fraction from acetone-light

petroleun gave the aocid 03134607 (730 mg.) as needles,
Repo and mixed m.po 206=208°,EX]p'= 2'20, (c, 4-0).

scotate Dimethyl Ester, C35Hs5008 (Xa). - The acid,

(250 mg.) in pyridine (5 c.e.) and scetic enhydride (5 coo.)
«28 kept at 100° for 2 hr. The acetylated product was
worked up in tho usual way and a solution of the produst

in ethor was trsated with an exceas of ethereal diazomethane
at 16° overnight, kxcess diazomethane was destroyed by the
addition of aceiic acid and the produst isolated in the usual
Waye Crystallisation of the neutral product from acetone-~
light peiroleoum gave  the gcetdtc dimethyl esiter as needles,
mopo 204-205, [otdy = 144°%, (g, 4-0), A 2230 R, (g,12,700).
{(found: C, 69°4; H, 873 O#e, 10.8. 032H4406(0C33)2
reguires C, 69-8; H, 8:6; OMo, 10°8j.) A mixed mo.p. with

HaXo

the soid C33H;607 had mep. 183-195°. 4 solution of the
acotate dimethyl esier (80O mg.) and potassium hydroxide (1 g.
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in 80 ecquecus methanol (2% c.c.) was heated under reflux
for 13 hr. The solution was diluted with water then
extracted with ether and the extract evaeporated. A
negligible amount of neutral fracticn was obfiained. The
~acid fraction was isclated in the usual way and crystallised
from ncetons-light petroleum to give the acid, C338,50¢ (x)
{750 mg.) as needles, m.p. and mixed mop. 206-2080, [otlb- 20,

(Eg 2‘0)0

Conversion of ths O; Ester (IX) info the Hydroxy-diketone (XV)
{2) Aqueous potsssium hydroxide (30 c.c., 33%) was added to
& solution of the 07 ester (2 g.) in methanol (170 c.c.) and
the solution refluxed foxr 8 hr, After dilution with water,
the neutral fraction was isolated by ether-extraction and
crystallised from msthanol, to give the hydroxy-diketone
(800 mg.) as neadles,&‘]p+-124°, (¢y 1-5)s (Found: C, 78-4,
76-35 1, 10-4, 10-°4. C28H4403 requires C, 78-:453
H, 10:35%.) 1t does not give a colour with
tetranitromsthans in chloroform. The bhydroxy-diketone
separeies ine solvated form, m.p. 125=130° from methanol.
On drying in a high vacuvum, or sublimation, the unsolvatsd
form has mepe 173-175".

The hydroxy-diketons (200 mg.) was hsated with scetic

anhydride (5 c.c.) in pyridine (5 c.c.) at 100° for 1i hr.
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The product waé worked up in the usual way and orystallisad
from methanol 28 needles, m.p. 171-173° {after sublimation
in a vacuum), [o]p + 119°%, (g, 1-0)e (Founds C, 76+8;

H, 985, C3gHug0, requires C, 76°553; H, 9+85%.)

(p) The neutral fraefions obtained during the preparation

of the scid, C31Hz407 (methods (a) and (b) above) were worked
up in the usual way and orystallisod from aqueous methanol to
give the hydroxy-diketone as needles, (a) (350 mg.)

Mo Do 12§n130° (170»1730 after drying in a vacuum),&!]n + 1260,
(e, 049), (b) meps 125-130° (171-173° after drying in a

vacuum)gﬁx]ne-125°, (g, 1a2).

Hydroiysis of Acetate Dimethyl Estex, C34H500g (Xa). -

A solution of tho ester (Xa) (500 wmz.) in ethanol (40 c.c.)
water {10 0.¢.) and potassium hydrozide (10 g.) was heated at
200° in & tube awtoclave for 11 hx. The contents of the
eutoghave wore cooled, pourad inio water and worked uwp for
neutral and acidic fractions in the usual way. Ho neutral
fraction was isolatod. Work up of the acld fraction gave

a whito resincus solid (256mg.), wepe 250~252°, )\max°2080 2
(€, 950), 'The product did not give a colour with
tetranitromethans nor would it orystallise from the normal
solventis,

The acid pﬁoduot (300 mg, ) was diszolved in pyridine
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(5 0.c.) and acetic snhydride (5 c.c.) and heated on the
steam bath for 1 hr. The acstylated product was worked
up in the usual way to give material (280 mg.) which could
not be crystallised. An sitempt fto prepare a heanzoyl
derivative was slso unsuccessful. Treatment of a solution
of %the esetylated acid product (200 mg.) in ether (50 c.c.)
with en excess of othereel diazomethanse failsd to yield a
crystvalline product after work up in the usual way.

Hothylation of the %@nzoyl derivative waes also unsuccesaful.

12:19~Dioxc=01aana~9{11):13(18)-diena%ﬁgzl_Aoetats. -

A solution of/} -amyrin acotate (10 g.) in hot benzoyl aceiate
{200 coes) was refluzed with selenium dioxide (12 g.) for 18
hio The cold solution was filtered from selenium and the
fildrate reduced to dryness under reduced pressure (oil bath).
A golutien of {ths product in benzene was filteored through a
solum of aluminasg corystallisation of the bsnzens eluate
from light peiroleuvm-sther gave bledes, me.p. 236-240° which
on recrystallisation from agueous methanol gave the

diendionyl, w.p. 241-243°, [etdy = 90°, (g, 0:9) A___ 2100 &,

BaXe

2760 R (&, 6,840, 11,800), The product dogs not give a

colour with tetranitromsthane in chloroform.
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The following experiments were carried out in an atiscmpt
to cbtain informeticn conserning the mechanism of the fFformation

of the 05 acetate from oleanane derivatives. The attempt was

unsuccessful,

12:l9=Dioxo-oleano9(11)fgg?}ﬂﬁ1; Acetate. - A solution of

12:19~dioxamoleanan9(11)113(18)-dion—3ﬂ~y1 acetate (10g.) in
hot eihanol (100 c.c.) was treatsd with activated zinc (60 g.)
in ethanol (900 e.e.). A fow orystals of zinc bromide wers
added o catalyse the reaction and the solution was refluzed
for 5 hr. The hot solution was filtered and reducad in volume
to give a product, which on reerystallisation from chloroform-
msthanol gave 12:19—diox0nolean-9(11)-en=%ﬂ-y1 acatate (8 g.)
es biadass o Po 288-291°,L¥]p + 1320, {es 2°3), A max°2460 2

(g, 13,000).

12319-Epoxy=cleana=9{11)122:18=-trien~-3f{-y1 Acetate. -
12:19-Dioxouolean=9(ll)-ene%ﬁeyl acetate (B g.) was refluxed
in a solution of isopropenyl acetate (90 c.s.) and concentrated
sulphuric acid (1 c.c.) for 3 hr. on the stoam bath. The
reaction mixiture wus pouresd into water and worked up through
ether in the usual way. Removal of ths solvent under vacuum
gave a product which wae crystallised from wmethanol to give
12819-9poxy«oleanan9(ll):12:18«trien-%6=y1 acotate as plates,

m. po 180-182°%, [ocdp+ 168%, (g, 1+3). Ultraviolet light
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Absorption showed maxzima at ’\maxo 2190, 3220 3, (g, 5,500,
13,400). McKoan!? gives m.p. 180-181°, [t + 170° for this

compound.

Oxidation of 12:19-mpoq-01eana=9(11)s12s18-trion=3p= 1 Agatate.

(a) A solution of 12:19-epoxy-oxeana-_9(n)s12:18-tr1en-3{§=y1
acetate (300 mg.) in stabilised acetio acid (50 6.0.) was
rofluxed overnight with selenium dioxide (300 mg.). The hot
solution was filtersd and reduced to dryness. A solution of
the produect was filtered through slumina and the eluate
crystallised from agueous mathanol as plates; mopo 238-2400,
D*]p-88°, (gy 1+1)s A mixed molting point determination
with 12:19mdioxcaoleana—9(11)xlB(lB)-dienejpeyl acetate

(mopo 242=243°) showed no depression,

(p) 12319-Epozy-olesna~9{11):12: 18=trien=—»3{$ -yl acetate

(800 mg.) was dissolved in stabilised glacial acetic acid

(75 ©.0.) to which was added, & solution of chromic anhydride
(800 mz.) in water (2 c.c.) and acetic acid (10 c.e.) over
15 min, The reaction mixture was refluxed for 2 hkxr, and
allowed to stand overnight. Excess oxidant was desiroyed
by the addition of methanol and the solution reduced %o
dryness and worked up in the usual way. Crystallisation

of the reasidus from agueous methanel gave plates,
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mop. 285-287°,[ec]5+ 69% (g, 2:0). (Pound: C, 71.7;
H, 8.4, Calc. for CypHcCs , Gy Tleds H; 8:4%.)
Aoz, 2550 R (g, 9,700). Ruzicka o% al. * give

Mo po 290-291° (cor.),[o(]y + 720, ,\m&x°25851&(€:, 11,750)
for 12:l9ndioxo~13(18)~epoxy-olean-9(11)-en-BP-yl acstate
obtained by chromic cxidation of 12:19-dioxo-clsana-

9(11):13(18)-dien-3f{=yl acotate.
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