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SUMMARY

An Fxamination of the Steroids of Sigal Juice

An examinatlon of the steroldal sapogenin content of sisal
Juice resulted in the isolation of three known sepogenins,
neotigogenin, neohecogenin (sisslagenin) and hecogenin, snd a
compound of unknown structurs, compound S acetaie.

Compound S acetate on WolffKishner reduction gave tigogenin
acetate, indicating that compound S acetate is a ketotigogenin
acetate. Unsuccessful attelipts were mede to determine the position
of the carbonyl grow

L=Bromo= snd /-Chlorocholegi-4i-en-3=-one

An unambiguous method of preparation of 4-bromo-and 4-chloro-
cholest~4~cn-3=-one has been found. This comprised in treatment
of A;&:’j«epowcoprostan—}-one with hydrobromic or hydrochloric
acid. The ultre=violst ebsorption characteristics of thsse
coupounds and derivatives were exenined.

O ~Amyrin

Bxperiments lesding to a nsw stereoformula for ®k-amyrin
are described, inclnding the conversion of a simple ursane

derivetive to an olesrane derivative. With the nature of ring E



stil1l in doubt, experiments with the object of introducing-
reactive groupings in ring E were carried out in order to
obtain some direct evidence to the nature of this ring.

A thorough examination of the oxidetion of ursa~9(11):
12-dien-3f-y1 acetate was made, four neutral compounds being

isolated and identified.

The first recorded preparation of an urgane derivative with
&8 double bond in ring E is described. Four compounds with an
18-19 double bond were obtained, these are, ursa=9(1l):12:18~
trien-3p-yl acetate, 3p:12-diacetoxyursa=9(11):12:18-triene,
12-oxoursar9(11):18-dien-3p-yl acetate, and 12-oxourg-18-en—
BF’yl acetate,

A discussion of the merits of the two principal stereoformuilae
for dh~emyrin (i.e. the gix-membered ring E, and the five-

membered ring E) is given.



All EXAMINATION OF THE STEROIDS
OF
SISAL JUICE,
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INTRODUCTION

Steroidal sapogenins ere valuable startiné materiels
for the synthesis of steroid hormones (e.g. progaateroné,
androsterone and cortlsone, 4,5,6 ). Of particular
inportence are the esapogening which are oxygenated at Ciq, since
methods are evailable for the introduction of oxygen functions
at Cy4, starting from Gy, oxygenated gteroids. Steroid
sapogenins may be igclated from Digitalils plents, Mexican
garsasparilla root, Mexican plants of the lily species and
verious Agaves or sisal plants, occurring in Mexico, southern
United Stetes, and Kenye.

Sisal wapte hes been examined by Callow, Cornforth and
Spensley (J.,2) who showed it to be a good source of hecogenin (I);
fhey also isolétad small amounts of anafiunsaturated ketone,
probebly S-dehydrohecogenin (II). Recently Callow and Jaﬁea (3)
isolated a number of other steroidal sapogenins from this source.
This latisr publication (3) eppeared gome time after the-

completion of the work described in this thesis.
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Through the kindness of T. and H. Smith, Ltd., Edinburgh,
gisal juice residues from which the bulk of hecogenin (I)
had besn removed were made aveilable, and an examination of
thelr sgteroldel content was poassible,

Steroidal sapogenins are the aglyconeas resulting on
hydrolysia'of glycoaidic'saponins, Their chenistry hés been
sumrarised by Fiesor and Fieser, (7) and Merker from 193%3-1947,
in perticuler (4)° The earliegt kunoun steroid gapogenins are
digitogenin (III), (8 = 11), garsesapogenin (IV), (12 - 14),

and tigogenin (V), (11, 15).

-

Ho
Ho

(<t

o‘
v

The importent discovery by Jacobs and Fleek, (16, 17),
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thet Dieis' hydrocarbon is obtained on dehydrogenation of the
sapogening suggested that the sapogenins possess the steroid
ving system. Precision analysis of several sspogenins established
thelyr C-27 cheracter (18, 19). The spiroketel formulation was
proposed by Marker (20)» The various sapogenins are related,
numerous interconversions end correlatlons have been achieved,
particulerly by Marker and his co~workera. The structures of

some gapogenins are shown in the formulae (I) to (VII).

‘i’_‘ Vo
Ho Y < J
R é)H CHLOROGENIN HO DIOSGENIN

The stereochenistry of the spiroketal side chain of these
substances has until recehtly remained obscurs. The sapogenin

spiroketal side chain containsg three asymmetric centres as shown:-
23

When sapogenins are heated with acetlic anhydride at 200° in a

sealed tube (R1), rupture of ring F occurs with the formation



A
of isomeric pgeudosapogeninsg of gtructure:=
22 . (CH )
20 CH, (W, CRLCH3) GiyOM.
TZ- 2 2 . 2

;lbl
(

Oxidetion of e pggudosapogenin with chromic trioxide gives a

A=l6=pregnen~3-one derivative, and of-mothyl glutaric acid, which
gtill conteins an zsymmetric centre derived from the original
Bapogenin, It has besen found that D- and L-X-methyl glutaric
ecids heve been obbtsined, depsnding on the naturs of the gtarting

sapogonin (22). A pgeudosspogenin on treatment with ethanolic

hydrochleric acid at reflux reverts to the original sspogenin.
However, if yeak acid conditions(1l:l acetic acid : ethanol) are
used at room vempsrature, the pgeudosapogenin is converted into
an isomer, differing from the original sapogenin only in
configuration at C,o. This isomer is known as a 20-igosapogenin.
Treatnent of the Z0-igosapogenin with ecotic enhydride regenerates
the parent pgendosapogenin, Refluxing the 20-igosapogenin in
ethanolic hydrochloric scid results in rapid formation of the
sapogenin (23).

Catalytic hydrogenation of sarsasapogenin (IV), and of
gmilegenin (025 igomers) results in the formation of the
correaponding dihydrosapogenin, (VIII), which were shown by Scheer
ot al. (22) to differ only ot Cys. This follows from the conversicn
of each into the same 16:22~epoxycoprostan-%s-ol, and into D= and

Le=mathyl gluteric scid, respectively. Similar hydrogenation of 20



igesareneapogenin  and of 20-igosmilapenin gives dihydro=20«
ipouarsasapogenia (IX) and dihydro-20-igosmilagenin which again

differ only in configuration at Cis.

A, i, G (Gaty). G0N

13!

Tgi

Hydirogonation of pssudosasrsssapogenin and pseudosmilegenin, as
L~ € LT Sdeasie (=] 9

the 3:26-dlscetates, followed by alkaline hydrolysis, yleld the
corresponding dihydropgssudesapogening (IX). These are identical
vith the dihydro~20-igosapogeninsg (IX) obtained s described
above, The conversion of 20-~igosapogenins to pgeudosspogenins
end 4ihydro-20-iscsspogsning is analagous to the reactions of
normal sapcgenins, From this data it was concluded that the
20-ige3apogening gust have the spircketel side chain similsr to
that of their naturally occuring analogues (23). Oxidation of
20~igosanogening pive A=lé-pregnen~33:20-dione, and either D= or
L-msthyl glutaric acid.

Confipurations ob Cag == Steroidal sapogening (natural)

and their 20-igc enzloguee must have one of the configurations A
and B, Examinaticn of models indicates that ths less stable
20«igosapogenin shovuld be formulsted as B. Accordingly, naturally

occurring iapogsnirg have the configuration shown in 4.

f\’l lr‘ez }
A_, natural Sepogenms, “"""“I/\[ B, 1303@pogening,
O "’. H C“S ,' e; < .".

«‘=}§ ,' E;_-'. c"!}.



e

This ig tho pamno ebsolute configuration as the side chain of
cholesteroly which hes been established es (X) by Jeger (24)
and Coraforth (25),

| Configuretions at 02 - s.8nd Cs === Ring F in steroldal
papogening can theoretlcally have two configurationa at Cyp
end Gy5. 7The various possibilities of rix‘xga E and F may be

constituted with ringF in a variety of planer chair formsse

e e
)

F a
Chy Gty
\ \
1
\ K L .20
o -—<<:\\T/////o
lo. Sarsasaepegenis, G=4; €= CHy. 3o Sarsasapogenia @ ldy; @z H.
Ib. Svn'dagen:n, QzCHy; B H. 3. Sm'cldgCn'in, Q= i; €: Cuy.

na. Saesa Sarvgenin, 2208y ez H. 4a., Sarsasa |’°95":"f 4« Hl e‘CﬂS-
2b. Smilagrnin 22 ,@ v Caty. 4b. Swilasenin, A=Ciy: e H.

4 a

[#N
— e

\ |

o f
\
O —<

Fron & gtudy of molecular models and conformatioml evidence (23,

o p <t e
- ©]

26, 27, 28), La, is the preferred formulation for sarsasapogenin
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(1v), and sccordingly smilagenin is formulated as 2b. The same
conclugions have besn reached by Shoppee (29) who algo stetes
thal abzolute configuration at C;5 1s still undetermined.

Zhe prefix pepo- in the following text does not refer to
the 20-jsopapogening. but to the Cys iaomer of a normael eapogenin
e.g. peghecogenin (now given the trivial name of aisalegenin (3) )
which is converted into hecogenin by mineral acld end peotigogenin

which is converted into tigogenin by mineral acid.



THEORETTCAL

. The é@urce of the sieel juice was the cultivated sisal
pleat Araye sisalana Perrine growm in Kenya. After the fibre
is removed from the sisal plant, the residue is compréased-
and the juice collscied, Thig Juice contains the sapogenins -
e8 thelr glycosides, and is & commerclal source'of hecogenin,
(3): (), (5d:22{:25D)-Bpirqetan~l2—one—3f-ol; nomenclature by
N.R.C. sub~commlttes on steroid nomenclature = G. lieuller and
B, Hiegel). The glycomides are hydrolysed by minerel acld, and
the crude sapogenins extracted with igoprepyl ether. Tho ether
18 concentrated and the crude sapogening removed by filtration,
Acetylation of the cruds sapogening is carried out by refluxing
with acetlc snhydride. The reaction solution ie-theﬁ diluted
with methanol, From this solution crude hecogenin acetate (I)
separates. The éother ligquor from this crﬁde hecogenin acetate
(I) wae the starting material for the present invesbtigation.

The mother liguor (75 3. ) was evaporated to dryness, and
e portion of the golid residue chrometographed on alumina.
Three known compounds were ipolated end identified. The most
eagily eluted compound was negtigogenin acetate (X), previously
degcribed by Goodson and Noller (30). Hydrolysis of the acetate
gave peotigogenin (X), the physical constants of which were

in good egreement with those previously reported., Further
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elution of ths alumina column gave a crystalline mixture, repeated
recrystallisation of whiéh gave a less soluble component
identified as hecogenin acetate (I) by direct comparison with

an authentic gemple. The more goluble component from the
frectional crystallisation is considered to be neghecogenin
acetate (XI), firat described by Marker, and isomerised by him
to hecdgehin acetate (I) (4). Hydrolysis of the acetate ga%e
neohecogenin (XI), the constants of which were in good agreement
with those reported in the literature (4). As stated earlier
neghecogenin has been renamed sisalagenin to avoid confusion
with the 20~igosepogenine. Callow and Jemes (3) slso obtained
thege three compounds in an examination of sisal juice. Their

constants and those found in this work are tabulated:-

Compound Galloy and James g Found
mopc @}J mopo E‘]h
neoTigogenin acetate 175-181° =79 175-178°  -86°
neoligogenin 197-203° =75 198=-202° 73°
Hecogenin acstate 237-2L3° + 4 RAL=RL5° = =2.,59

nécHeogenin (Sisalazenin) 228-232°  ~12° 220-222°  .14°
acetote

necHecogenin (Sisalagenin) R2LAeRH6°  =L5O 2382400 = 4°
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?The nogt strongly sdsorbed fraction from the column was
ro-geetylated, as a precavtion egaingt hydrolysis having taken
plece on the alumine column. In the process of working up the
acetylation mixbure through ether, an insoluble fraction, was
obbteinad. After chrometogrephy of this insolnble fraction, end
oxtensive crystelllsstion of the eluted solid, a pure compound
vas obtained. This compound will bs referred to as eompound
S acetate. Crude compound S acetate i.e. as oblained from the
column, and beforc a mumber of crystallisations showsd light
absorption (238 wmu, £=1,200), indicative of the presence of
approximately 10% of auoﬁsaunsaturated ketone, such as
9 <dechydrohscogenin (¥I)., Small amounts of the dshydro compound
do not eppeer to depress the nmeliing point of the parent
saturated compound} a gimiler behaviour is shown by 9-dehydro-
hocozenin {II) wbich doos nci depress the melting point of
hecogenin, (I), (31).

A mothod for the separation of saturated ketones from
qu-unsaﬁurated ketones, by epplication of Girerd P reagent, has
been developed by Meuller, (32). The separstion depends upon
the rapidity with which saturated ketones form the Girerd addend
in comparison‘with the time telten by the déﬁunsaturated ketcnes,
When crude compound 5 acetate was treated by this method, pure
compound S scobate vas obtained, and a small quantity of en
unidantifiac’;d;& ~unsaturated ketons (238 U $= 11,200) wag also

isolated.
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f =t

Analysis of compound S acetate agrees with the molecular
formula CoHeaOs. Hydrolysis of the acetate yielded the
corregponding compound S alcohol CyqHanOs. Assuming that compound
S alcohol is a steroid sapogenin, two of the four oxygen aioms
.will be preSent in the spiréketal side chain, and one as @ hydroxyl
function. The nature of the fourth oxygen atom was established
by the ready formation of é crystalline 2:4-dinitrophenylhydrazone
from compound S acebate. Compound S aceltate glves no colouxr
with tetrenitromethens in chloroform, end doeg not show high
inteneity ultra-viciet light absorption.

Wolfanishner reduction of compound S ecetate, followed,
by ecetylation, gave tigogenin acetate (V), characterised both
by its ecetate and alcohol, the constants of which were in good
agreement with those published (11, 15). The identification was
confirﬁed by comparison with an authentic sample of tigogenin
acotate(V), obtained by isomerising neotigogenin acetate (X) by
the standard procedure using othenolic hydrochloric acid, (4).

The reduction of compound S acetate to t;gogenin acetate (Y)

shows that compound S acetate is a keto-tigogenin ecetate.

The ultra-violet spectra of the 2:A-dinitrcphenyihydrézone of
compound S acetate (370 ma, €= 26,000) shows that the carbonyl

is a ketone, rather than en aldehyde group. Aldehyde Ri4~dinitro-
phenylhydrazones ebsorb from 358 - 361 VL while ketone 23/ ~dinitro-

phenylhydrazones sbsorb from 365 - 368 L (33).



Attempts were made to determine the -positlon of the
carbonyl group. Compound S alcohol was oxidised to a diketone
Cy7Hao s ﬁhich‘ does not give a colour with ferric chloride
solution; consequently, the ketone group in compound S acetsate
cannot bs at G, C 5, or at C, The ease of formation of the
2:/-dinitrophenylhydrazone excludes the C;4 position, and
furthermore, the crystselline form and other physical properties
show that compound S acetate differsfrom ll-ketotigogenin
acotate (XII), (supplied by Glexo, Ltd.,). 12-Ketotigogenin
is hecogenin (i), end compound S acotate gives a large depression in
melting point when mixed with hecogenin acetate (I).

7-Ketotigogenin scetate (XIII) was prepared by éatalytic
hydrogenation of 7-ketodiosgenin acetete, (supplied by
Dr. G.T. Hewbold, R.T.C.), (XIV). The more stable configuration
of the hydrogen at Cs, i.e. () forms during the hydrogenation
of 7-ketodiosgenin acctate (x1v) (4, 7). The constants of
7-ketotigogenin acetate (XIII) were again found to be different
from those of compound S acetate.

§—Ketotigogenin acetate (XV) could not be readily.obtained,
but, 6-ketotigogenone (XVI) (chlorogencne) was prepared. Mild
oxidation of dioszenin (VII) with chromic acid at room temperature
gave 3:6udikotodipsgenq4—ene (XVII), which on reduction by zinc
fn acetic acld gave 6—keto§igogen¢ne (xv1), the hydrogen again
agsuming the more stable A-configuration at Gs. The diketone

obtained by oxidising compound S alcchol differed in properties



from 6-ketotigogenvne (XVI).

fit

The constants of compound S alcohol and its derivatives and

other ketotigogenin acetates are tabulated:-

Compound. S alcohol
Compound S acetéte

Compound » 3-Ketone

12-Ketotigogenin acetate
ll-Ketotigogenin acetate
7-Ketobigogenin acetate (4)

6-Ketotigogenone (34)

MePe

240-242°

238-241°
236°

RLL=245°
R22=~22/°
296°
233-235°

s

6,00

+1.0

+22.0

Depregsion
in m.p.

=2.5° 40°
=40°

-107° 20°
.75.4@ 7o

The Infra-red absorption spectra of compound S alcohol shows a

gtrong carbonyl band at 1706 cm.fi, from which it is concluded that

the carbonyl group is not_at G15?

Pogitions 1, 2, 4, 6, 7, 11, 12 and 15 have becn eliminated

ag the posgible location of the carbonyl group, but a re-examinution

of pogitions 6 and 7 would be desirable as inversion atv C; may heve

occurred during the Wblff»Kishner reduction of compound S acetate.

Positions 23 and 24 have not hegn examined but the infra-red

spectrun of the psgeudosapogenin, prepared by acetolysis of compound

S acetete, would indicate the presence of a carbonyl in such

positicons,
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EXPERIMENTAL

M.ps. are uncorrected. Specific rotations were measured in
chloroform solution at room temperature with a 1 dm. tube.
Ultra~violet abgorption spectra were meagured in ethanol solution
unlegs otherwise stated, with an Unicam S.P. 500, and a Hilger

H 700,307 gpactrophotometer. Gradell alumina and a light

pebroleun fraction, (b.p, 60-80°) were used for chromatography.

Isolation of neoTigozenin Acsbate, Hecogenin Acetate, nediecogenin

Acetate and Compound & Acotgte.

The mother liquor (75 1.) from crude hecogenin acetate
wes ovaporated Lo dryness, under reduced pressurs. The dry
solid (3 kg.) wen collected, and a portion (100 g.) acetylated
using pyridine (100 c.c.) and acstic anhydride (100 c.c.) &bt
room tempersture for 15 hours. The mixture was poured into
wator (1 1.), and the solid extrscted with ether (3 x 500 c.0.)
The eother extract was washed with watern hydrochloric acid and
gaturated sodiuﬁ bicarbonate solution. The exbract was dried
(Nay 80, ), and evaporated yielding a @erk-~brown solid. The
solid was dissolved in a mixture of light petroleum (b.p. 60-80°)
and benzene (3:1, 1500 ¢.c.), and chromatographed on alumina

(2.5 kg.). Elution with benzene (1 1.) gave fraction a) (2.5 g.,
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R.pPo 165<170°), Benzene (17 1l.) and benzene/5% ether mixzture
(11 1.) geve fraction b) (45 g., m.p. 190~220°), Benzene/50%
other mixture (5 1.) gave uncrystallisable gums (5 g.). Ether
(5 1.) end ether/10% methanol (7 1.) gave a golid residue (46 g.)

Fraction a) ecrystallised from chloroform-methanol as
la:go plates (1 go),vand further crystalligation from acetone
gave pegbigogenin acatate (0.6 g.), m.p. 175-178°, B, ~g6°,

(C, 2.03). Analysis. Found: G, 75.7; H, lu.3. Calc. for
CaoHag Ot C, 75.93 H, 10.1%. It gives no colour with
totranitromethena in chloroform, end doss not show high intensity
ultre-violet liéht gbaorption.

Frection b) on crystallisation from chloroform-methanol
gave a Tirst crop, whiqh on repsated crystallisation from
chloroform-methancl gave heccgenin acatatg as long needles M.pPs
and mixed m.p. 244-45°, BJ3=2.45°, (G, 3.9). Anelysis, Found:
C, 73.5; K, 9.4. OCale. for CyolleOs: €, 73.7; H, 9.4%.

It ghows no high intensity ulira~violet light absorption. The
combined mother ligquors on concentration gave a crystallipe
solid repeated recrystellisation of which from chloroform-
methenol yielded neohecogenin acetate as plates, MeDo 220—222°,
{<dy <140, (g, 1.1). Anelygis. Found: ©, 73.4; H, 9.6.
Cale. for CyoHaeOss G, 73.73 H, 9.4%. Tt does not show
gelective egbgorption of high intensity in the ultre-violet.

The residue from the column (46 g.) was reacetylated using

pyridine and acetic snhydride st 100° for 2 hours. In the process
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of working up through ether an insoluble portion was obtained
(Go5 g.). This portion wos dissolved in o mixture of light
patroleun (b.p. 60~80°) and benzene (1:1, 200 c.c.), and
chromatographed on elumine (190 g.); 1light petroleum/75% benzene,
benzene and benzens/50i ether all elubed fractions m.p. 230-240°,
light absorption Amax. 2380 Z, i.=1,200, (5 g.). After seven
recrysbellisationas from chloroform-methanol. compound 3 Acetate
wasg obtained es large leaflets m.p. 238-241°, no high intensity
light abgorpiion. The m.p. of & mixture with hecogenin zcetate
(Bap. 244-245°) was 205-211°3 [«]y #19,(C 1.7), it gives no colour
with tetranitromethans in chloroform. Analysis. Found:

C, 73.65 H, 9.7. GCyoH.20s requires: G, 73.7; H, 9.4%

nooTigogenin: - & golution of neotigogenin acetate (135 mg.)
ir ethanolie potassium hydroxide solution (3%, 7 c.c.) was
refluxed for 2 hours. The reaction mixture was poured into water
end extracted with ether. The ether was washed with water, dried
(He, 80 ), end eveporated to yield a solid (100 mg.), which on |

erystallisation from methanol gave pagtigegenin as needles m.p.

198-2029, [»:4; ~73°, (C, 1.1). Analysis. Found: ©, 77.8; H, 10.8.

Calo. for CyoHeaOs: C, 77.8; H, 10.75%
negoecozenin: - nacHecogenin acetate (145mg.) wes hydrolysed

ag dapcribed above. ngoHecegenin geparated from squecus acetons

as fino nesdles (70 mg.), m.p. 238-240°, [*y=4°, (G, 1.1.)



Analysis, Founds C, 75.6; H, 10,0. Celc. for Oy7HigOq:
C’ 7503; H’ 908%0

Compound S alcohol:= Alkelline hydrolysis of compound S

acetate (30 mg.) ylelded compound S alcohol as square prisms
fron methanol (17 mg.), m.p. 240-242°,f\']) 62, (C, 1.0).
Analysis. Feunds G, 75.2; H; 94e CooHinQs reguires:

C;.75.3; H, 9.8%,

Ketons from Compound S Alcohol:= Compound S alcohol (200 mg.)

in glaciael acetic acid solution (50 c.¢.) was treated with a
golution of chfomium trioxide (45 mg.) in acetic acid (95%, 100 c.c.)
at room temperature for 16 hours. 'The product isolated through
ether, crystellised from acetone to give the ketone as long fine
needles (75 mg.), m.p. 236°,(I3+22°, (G, 1.0). Analysis. Found:

C, 7591; H, 9-5. CQ'?HQ.QOQ_. requiras: C’ 75@6; H’ 9.4%.

2:4-Dinitrophenylhydrazone of Compound S Acetste:- A solgtion
of compound S acetate (100 mg.) in ethanol (40 COCa) was troated
with Brady‘s reagent (acidified ethanolic solution of‘2=4-dinitro~
phenylhydrazine). The hxﬂ:azone wes collected, dried,_dissolved
in benzene end filtered through an alumina column, fhe filtrate
was evaporated end the product erstallised from chloroform=-

0
othanol as plates, m.p. 250° (d.), light sbsorption )\maxo 3700 A,
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£= 26,000, Analysis, Found: C, 63.3; H, Tek.
CssHaaNeQs requires: C; 64443 H; 7.4%

Wolf{-Kishner Reduction of Cmggmnd S5 Acetatgs~

Compound S acstate (500 mg.) was heated with sodium methoxide
(1 g of sodium in 10 c.c. methanol) and hydrazine hydrate
(1003, 5 c.c.) for 17 hours at 200° The resction mixture was
poured into webtor and extracted with ether. The ether was
washed with hydrochloric acid and water, dried (Ne,SOp) and
a#aporatod to drynass, The residue was dissolved 1n pyridine
(2 ecc.) and scotic anhydride (2 c.c.) and heated for 2 hours
at 100°, The product (480 mg.) isolated through ether crystallise
from methanol to give tigogenin acetate, as loag needles m.p.
203-205°, [y ~68.5%, (8, 1.2), no high intensity light
abgorption. Analysis. Found: ©C, 75.8; H, 10.3. Calc.

for C,9HasQs: C; 75.9; H, 10.1%

Pigogenins - Tigogenin acetate (100 mg.) was hydrolysed
by ethanclic potassium hydroxide in the usuel way. Tigogenin
crystallised as plates from methanol,; m.p. 203-205°, @}3,_ =75%,
(Gy 1:2)c Anelysis. Found: C, 74.9; H, 10.6. Calec.

for Cy7HnaC3.CHs0H C, 74.9; H, 10.8%.

Jsomerisation of nsofigogenin Acetates- with H.S. Watson

B.Sc.

4 solution of negtigogenin ecetate (1 g.) in ethanol (100 c.c.)
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and concentrated hydrochloric acid (20 coco) woo refluxed
fex 20 hours. Water wos added to the reaction mixture, and the
gelid collscted, dried, end heated with scetic anhydride (15 c.c.)
for 30 mimtes. The product separated on cooling end was crystallised
from scebone to yield tigogenin acetate us long needles {300 mg.),
NeP. 203-205%, Gf‘]}—SS", {C, 1.2). A mixture with tigogenin ecetute
prepeved a3 described above from compound £ acetate, was undepressed

in n.po

Girard 'P' Sepevetion of Cruds Compound 5 Acetates-

Crude cempound £ acetebe (m.p. 230-240°,%,.¢=1,200) {500 mg.)

was yrofluxed for 30 mimtes with Girard 'F' veagent (pyridinium
-acsbo=-hydrazide chloride) (1.2 g.) in ethenol (20 c.co) end glacial
acotic acid (2 c.c.). The cooled reaction mizture wes poured into
ico~cold metursted sodium cerbonato golution (500 esc.), and the
white precipitate of unsaturated ketone extracted with ether. The
other wes weshed with sodiuu cér’bonate golution, the washingsa

veing rotained. The ether wes washed with water, dried (Ne,S0.)

and evaporated to yield a yallow selid (lO'mgn-), which after two
erystallisation from methanol hed m.p., 228-235%, ultra-violet

ligh% ebsorpticn, )\m-;;;r.; 23803, £= 11,200. ‘The alkaline solution
of the Girard 'P’ addend wag ecidified with glecial acetic acid

(75 c.co); and then extracted with ether. The ether was washed frao
of acid, dried (Wa,S0.), and eveporated to yield a white solid,

(400 mg.}. This solid crystellised from methenol as lerge lesflets
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of compound S acotate, m.p. 238w241°,i2]3¢098°, (g, 1:2),
mixad m.p. with hacogenin acetate (244-245°) was 205-214°.
fnalyeis. Found: G, 73.93 Hy, 9.7. Required for CooHyeOs?
Gy 73.75 H, 9.4% .

7=-Xototigogenin Acotates~ &L solution of 7-ketodiosgenin acetstoe
(1 g.) in ether (150 c.c.) was shaken with palledium-strontium
corbonate catalyst (2 g.) end hydrogen et 3 etmospheres pressure
for 2 hours. The catalysl was removed and the solvent eveporated
to drymess ylelding a residue, which crystellised from acetone,

to give 7-ketotigogenin acetate ss long flat needles m.p. 206°,
mixed m.p. With compound S acetate (238-241°) was 185-206°.

75

iy =207°, (G, 1.7). Marker gives m.p. 216-218°, (4),

6=Ketotizogenone, (Chlorogencne):- Diosgenin (2 g.) in

glaciel acetic ecid solution (200c.c.) was treated with a
solution of chromic trioxids (2 g.) in acetic acid (95%, 40 c.c.)
et room temperature for 1 hour. Methanol was added and the
reaction mixture poured into water and ether extracied. The
ether was weshed, dried (We,SQ.), and evsporated to yield
3s3é6-diketediosgen=-/~en3 as & pale yollow solid, The crude
ene~dicne wes digsolved in glacial acetic acid (160 c.c.),

end zinc dust (4 g.) edded. Tho mixture was refluxed for

., hourg, end then filtered. The filtrete wes diluted with

vater, and ether sxtracted. The ether was washed with weter,
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dried (Ne,SQ.), end evaporated to give a white solid (800 mg.),
which on crystellisation from acetone gave 6-ketotigogenone as
plates, m.p. 233-235°, («},=75.4°, (C, 1.8), & mixture with the
ketone from compeound S alcohol had me.p., 229=233°.

Literature constants, m.p. softens 236°, 247-248°,/:),-69.6°,

and -81l.4° in diozan, (35).
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INTRODUCTION

The chavacberistis ultra-viclet ebscrption gpectra of
gteroids containing unsaturated groups are of considersble value
as & guide to structure.

The extinction curve, relating wavelength of light ( A ) and
the intonsity of ebsorption at these weavelenghhs as expressed by
the molecular extinction coefficient (£ ), consiste of groups of
narrow absorption bandg each representing a trangition from a
particular combingilon of vibrational and rotational lesvels in the
alactronic ground stete to the corresponding combination in an
excited clectron stata.

Lbaorphiicn of ulira-wioled light by organic compounds, such
as mqsnunsaturatad ketones, invdlve the valency electronsf In
Af ~unsaturated kebones the electrons lnvolved are, the W =alectrons
forming the double bonds, end the Pmelectrons which are the
unghored electron pair cn the oxygen etom. The gpectre due to
individuel groups erve medified by interaction with the other
groups present. Klectronic inbteraction occurs in:!f-unmaturated
ketones; and is particularly stronz as the grouping contains
highly poleriseble ¥ -and f-’eloc’oronso The classicel iterm for the
gloctronic interaction, where thers is an arrangsment of multiple
bends in adjscent pesitions i.e. ssparated by one single bond is

conjugation. With a few exceptions ezch type of conjugation
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roegsulis In a cloging up of ground and excited levels i.e. decrease
in transition energy end consequent band displacement to longer
wavelengths, (bathochromic shift).

In modern usage chromophors designates @ -slectron groups,
and auxochrome, F-elactron groups. Two chromophores in
conjugation produce intense bands from 230 mpupwards,‘Mf-unaaturated
" ketones produce intense bands from 230m1 to 260m1, dependent upon
environment. This intense band is due to the interaction of
the # -glectrons of the C =C group, end the C =0 group.

A band of low intensity exists from 315mp to 320 mp, which is

dependent on the interaction of the -electrons of the chromophore
C =0, and the k—electrons of the esuxochrome = 0:. The formsr

band, i.e. 230 mto 260 mp, is used for characterisation purpoges

of«*F-unsaturated ketones. The latter band has not so far been

go widely used for structursl determination purposes.

Most subsiituents which pogsesg no unshered electrons have
wall defined betbhochromic.effects when directly atieched to the
chromophoric system., Relatively few substituents in the same
positlon csuse a hypsochromic effect (ioe. band displacsment o
lower wavelengths). (See reviews e.g. 1, 2).

Congidereble interest hes bsen shown in the effect on tha
ultra~violet gpectra of /g -unsaturated ketones by halogen
gsubstituted on the ethylenic linkage of the-quunsaturated ketones,

especially in the steroid series (3,4,5,6). The data available
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are not very exveansive, and the bathochromiec shiits obserfed have
mede gome of the stiuctures postulated for halogen substituted
JF-uneaturated gteroldal ketones open to doubt, The hypsochromic
ghifts are also of value as proof of structure e.g. in the halogen
substitutednvf -unsaturated ketones and the hydrazones of these
ketonsa,

A discussion of the preparation, chemistry, and the ultra-
violet absorption characteristics of 4<bromo- and 4-chlorocholest-

f=on=3-cne (I) end derivatives is presented.

Qv
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THEQORETICAL.

A study of the ultra=violet spectrum of a series of
d-brcmo-df-unsaturated ketones has shown that the {-bromine
substitution results in a bathochromic ghift of cg 25 mp,

(5-12), rather than ga 10 mp as stated earlier (1, 13-15).

A gtudy of 2-bromo-QAl-3-ketostercids was made by Djerassi,
(6), who statea that the structures of these compounds eppear to
be conclugively established by their mode of syntheses, and
their reactions. 2-Bromo-A l-3-kotosteroids were prepared
either by dehydrobromlnation of a 2:2~dibromo-3-ketons, or by
direct bromination of a Al-3-ketosteroid. Debrominetion of
the 2 bromo—[&l—B-kotosteroid by meens of zinc in ethenol gives
the corresponding Al-3-ketosteroid. Djerassi found that 2-bromo-
l\]wﬁ-ketosteroids exhibit o maximum at cg 255 mp, to be compared
with a maximum at 230 mp for Al-3-ketosteroids, 1.e. 0 ~bromine
substituent causes & bathochromic shift of ca 25 mp. This
observation in turn made untenable the gtructures given_to a
series of bromination products of A4-3-ketosteroids (1), which
have subsequently been revised (6).

In a review of congtitution and ultre-violet spectra, Fieser
and Fieser (1), refer %o three halogen=-substituted unsaturated

ketones, the structures of which are certainly incorrect. Of the

three compounds, 4-bromocholest—4-en~3-one (I) is the most



o
2=
NN

important. This oromo=- compound was described by Barkov (16)
who prenared it by tetra~ or hexa=-brominating cholegt-/=en-3-one
(II) for 24 hours, end refluxing the solution to complete
gpontansous dehydrobronination. The polyunsaturated dibromo-
derivative was then refluxed with pelladium=-barium sulphate
catelyst in amyl alcohol in an atmosphere of hydrogen for 8 hours,
to give a product in small yleld,; characterised by o bromine
analysis (R.4% too high for C,,Hys0Br), and by its ultra-violet
maximum at 250 mp, On the basis of the light absorption, the
structure L-~bromocholegt=i-on~3-ono (I) was assigned to this
compound. Djerassl predicted an ulira-violet sbsorption maximum
of gg 265 mp for 4-~bromocholest~4~en=3-one (I), (6).

A simple unambiguoug method has been discovered for the
preperabion of 4-bromocholestwi~en~3~ome (I). This consists in
treatment of 4:5~spoxycoprosten-3-one (III) with hydrobromic
acid, end involves diaxial opening of the epoxide, and
sponteneous dehydration of the intermediatefz-hydroxy ketone
(IV) to yisld the bromoketons (I). 4F=5-Epoxycoprostan-3-one
(1I1) was prepared by the astion of elkaline hydrogen peroxide
on cholest=i~on=3~ons (II), (17). Cholest-4=-an=3-one (II) was

itself prepared by en improved method developed by Fieser (18).
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L=Bromocholegt-i-en=3-cne (I) exhibits en ultra=violet
meximum at 260 mp (€= 11, 500), and not at 250 mn as in Barkov's
compound. In comparison with a bathochromic shift of 25 mn
obgorved on substitution of a bromine atom at C; in cholegt=l-
en-3=ong, (V), (12), the bromcketone (I) exhibite a shift of 20 mp
with respect to cholest-4-on-3-one{II).In the author's opinion
Barkov's compound was not 4-bromocholeste=j-en-3-one (I).

4=Calorocholest-4=3n=3=one (I) was obtained by brief
treatment of the epoxids (III) with hydrogen chloride. The
chloroketonse exhiblts an ultra=violet meximum at 256 mp (=
11,000)° Introduction of ena =chlorine atom into cholegt=4-en=3-cno
(II), thus censes a bathochromic shift of 16 mi, in excellent
aegreement with the shift of 15 mp found for the change from

cholest=l=en=3=-one (V) to 2«chlorocholegt-l-en-3~one(VI), (19, 20).
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Treatment of the bromoketone (I) with zine in acetic acid
gave cholegt-4=en=3~one (II), but under the seme conditions the
chloroketone (I) was recovered unchanged. The chloroketone (I)
was also recovered unchanged after refluxing in ethanol solution
with Raney nickel. The bromoketone (I) was recovered unchanged after
refluxing in collidine solution.

The action of hydriodic scid on AP:S-epoxycoprostan-B-one
(III) did not produce the desired 4-iodocholest-,-en=3-one,
the reaction leading to cholest-4-sn-3-one (II).

204 = ,60t=, snd 6p~Bromo~ end chloro- derivatives of cholest-/-
en-3-one (II) on treatment with 2:4-dinitrophenylhydrazine in hot
acetic acid yleld cholesta-4:6-dien=3-one 2:4-dinitrophenylhydrazone

(vir) (21, 22, 23),

(g

(Mo, ) .G N HN
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4=Bromo- and j=-chlorocholest-4=en=3-one (I) give 24~
dinitrophenylhydrezones with retantion of the halogen atom.

This parallels the behaviour of 2~bromo= and 2-chlorocholest=l=
en~-3-one (VI) (21, 22, 23).

The 234-dinitrophenylhydrazones provide further examples of
the hypsochromic effect of halogen substitution on the ethylénic
double bond ofth~unsaturated ketone 2:4-dinitrophenylhydrazones.
Cholest~/-en~3-one 2:AQdinitrophenylhydrazone has an ultra-
violet maximum at 390 mpy whereas the bromo- and chloro=- compounds
have maxime at 385 mp and 384 mp respectively, giving hypsochromic
effects of 5 w1, and & mp respectively. These velues are in
good agreement with those found for the 2:4~-dinitrophenylhydrazones
of cholegt~l-en=3=one, and 2~bromo- and 2-chlorocholest=l-en=3=one,
1.0, the unsubstituted hydrazone hes an ultra-violet maximum at
382 mu, and the two substituted hydrazones have mexima at 375 mp
and 374 mi respectively, givinge hypsothromic effect of 7 mu and
8 mp respactively.

These effects are in agreement with values given by Djerassi
vizo
Al-3-keto-allogteroids hydrazonesz - 38238/, 1, 2~bromo=-Al=3-keto-
ellosteroids hydrazones-375-376 m (24).

After publication of these results (25), Petrov and his
co~workers (26, 27) described alternative preparations of the

haloketones,described above, and reported their ultra-violet
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characteristics and other constants:-

Bromoketone Chloroketone

Author's Petrov's Author's Petrov's
114-115° 113° MePo 12/~125° 126~127°
¥107° +1100  [ol, +106° +106°
2600 A 2610-26208 )mex. 2560 & 2560 &
11,500 12,000 & 11,000 14,,000(propan-

2~0l).
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EXPERIMENTAT,

Cholegt=Ai=en=3~ong:=-
a) Cholesterol Dibromide:- A golution of chalesterol

(150 g.) in sbsolute ether (1 1.) was treated at 25° with a
solution of enhydrous sodium acetate (5 g.) and bromine (68 g.)
in glaciel acetic avid (600 c.c.). The mixture was cooled to
15-20°, end the separated dibromide collected and washed with
glacial acetic acid (3 1.) until the filtrate was colourless.

b) _5«:6$-D;Q;omocholestan33-ong:- The moist dibromide

from 150 g. of cholesterol was suspended in glacial acetic acid
(2 1,) and the suspension stirred. A solution of sodium
dichromate (80 g.) in glacial acetic acid (2 1l.) prehsated to
90°? was poured into the stirred suspension. Stirring wes
contimued for 30 mimates, and the solution then cooled to 20°.
The product was collected, and washed with methenol (3 1.) until
the filtrate weas colourless.

¢) Cholest-5-en=3=ones- The methanol-moist 5&:6Fdibronbv

cholestan-3-one from 150 g. of cholesterol was covered with ether
(2 1.), acetic acid was added (25 c.c.), and the suspension
stirred. Zinc dust (40 g.) was edded over 5 mimites, the temperature
being maintained at 15° by cooling. Pyridine (70 c.c.) was added
end the stirred mixture was filtered to remove the zinc complex.

The filtrate was washed with water (3 x 1 1.), sodium bicarbonate



solution (5% = 600 c.c.), dried (Ne,S0s), and concentrated

to & volume of 1 litre. After addition of methanol (500 c.c.)
concentration was contimued until solid started to separate as
white needles. The solution was then allowed to cool and
cholest-5-en~3~one (96 g.) was collected, m.p. 127-129°,
(1,-2.5°, (C, 1.7). Light absorption Amax. 2060 &, € =4,000.

Choleat=f=en=3-0ng} = A golution of cholest-5-en-3~one (20 g.)

and anhydrous oxaiic ecid (2 g.) in ethanol (95%, 160 c.c.)

was concentreted to 100 c.c., cooled and seeded. Cholest=i-en-
3-one (19 g.) separated as long needles, m.p. 81-82° [, +920,
(C, 1.3). Light absorption.)nurz. 24,00 K,‘i =17,000.
Literature constants (18), m.p. 81-82°, [°d)+92° ,Ama.x. 2,05 %,

£ = 18,000,

4P:ﬁ-Egomcop;ostgnaB»oneam To & solution of cholest-4{~en-
3-one (5 g.) in methanol (500 c.co), & solution of sodium
hydroxide (20 c.c., 411), and hydrogen peroiide (20 c.c., 30%)
wore added dropwise simultaneously, with stirring. The mixture
was kept at 4° for A8 hours, when the large white needles of
4f>:5-apo:grcoprostan~3-one were filtered off, and recrystallised
from aqueous methenol, (2.5 g.); it has m.p. 118-119°, s +128°,
(C, 2.5), and no high intensity ultra-violet light absorption.
Literature constants, (17), m.p. 116-117°, {d}b +134°,

4=Bromocholegt=i—cn=3~0ngs~ Aqueous 40% hydrobromic acid (2 c.c.

wes edded to a solution of 4p:5-epoxycoprostan=3~one (200 mg.)



in chloroform (20 c.c.) and glacial acetic acid (2 coco).

After 16 hours at room temperature, the mixture was diluted
with water and extracted with chloroform. The éhloroform

wes washed with water, dried (Na,SQ.), and evaporated to give an
oil which crystallised from aqueous methanol or agueous acetonse
to give f-bpomecholest~i-en-3-one, es long needles (120 mg.)
mePo 114-115° [of , +107°, (G, 1.4). Analysis. Found: C, 70.2;
Hy 9.7. Required for Cy,Haz0Br: C, 69.9; H, 9.4%. Light
absorption: Amax. 2600 &, &= 11,500,

Literature constants (26), m.p. 113°, [),+110°, \max. 2610~
2620 &, €= 12,000

Q-Brombcholeat-g—ené-one 2:4~dinitrophenylhydrazongs-

A solution of 4=bromocholest=4=-en=3=one (500 mg.) and 234-
dinitrophenylhydrazine (250 mg.) in acetic acid (15 c.c.)

wasg heated at 100° for 15 mimutes. The solution was cooled

and the product collected end recrystallised from chloroform-
ethanol to yleld j-bromocholest-i-en-3-one 2:/4-dinitrophenylhydra-
zone as red blades;,m.p. 217°(d.), light absorption (GHCls)

Amax. 2620 %, £ =17,000, 3850 A, % =26 ,600. Analysis. Found:

C, 61.9; Hy, 7.4. Required for CszHipQulsBr: C, 61.6; H, 7.4%
Action of Zinc Dust on A=Bromocholegt=i-en=3-ones-

Zine dust (250 mg.) wes added to a solution of A-bromocholegt-—4=
en-3-one (50 mg.) in glacial acetlc acid (30 c.c.) and the mixture

refluxed for 4 hourg. The zinc was removed, and the filtrate



diluted with water, and extracted with ether.
» The ether was washed free of acid with watex;

diied (NeySQ:), and evaporated to yleld cholest-j-en-3-one es
needles (20 mg.), from aqueous methanol; m.p. and mixed m.p.
81-82¢, [«]y +91°, (G, 1.7); light ebsorption, Mmax 2400 A, Z=17,000,
ction of Collidine on 4=~Bromocholest=—4i-on=- $e A golutinn:
or 4~bromocholest=/=en=3-one (100 mg.) in collidine (2 c.c.) was
refluxed for 1 hour. The reaction solution was diluted with
ether, filtered, and the filtrate washed with hydrochloric acid

(3 x40 cec., 3N), water, and saturated sodium bicarbonate
solution. After drying (Na,SQ.), end evaporating to drynmess,

e red gun was obtained, which was dissolved in 1light petroleum
(bop. 60-80°) end chromatographed on alumina (3 g.). Elution
with petrol/benzene (6:1) gave a vhite gum crystallising from
aqueous acetone to give 4~bromocholest-4-en-3~ore (80 mg,) as
needleg, m.p. and mixed m.p. 114-115°; light absorption, Amax.
2600 3, £ = 11,000.

4=Chlorocholest=j~€ll -3-0ne— A streaum of hydrogen chloride gas

was passed through a solution of Apz5-epoxycoprostan-3-one
(500 mg.) in chloroform (20 c.c.) for 2 mimutes. The golution
was washed free from acid with water, dried (Na,SQ.), and
evaporated to yield an oil which crystallised from aquecus

mothanol to give 4=chlorocholegt=imen=3-one es needles (420 mg.),

m.p. 124-125°, [¢f,+106°, (G, 1.5). Analysis, Found: C, 77.65;
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H, 10.6. Required for Cy7Ha30Cl: C, 77.43 H, 10.3%. Light
(o]
abgorption, )tmax, 2560 A,£ =11,000,
Literature constants (27), m.p. 126-127°, [y +106° & max. 2560 4,
€ =14000 (in propen-2-ol).

4=Chlorocholegt=4-en~-3-one 2:/-dinitrophenyl 870N s~

2:4~Dinitrophenylhydrazine (250 mg.) was added to a solution

of A-chlorocholest-4-on-3-ons (500 mgo) in glacial acetic acid
(15 c.c.)s The mixture was heated at 100° for 15 minutes, cooled
and the product collected and recrystallised from chloroform-

ethanol to give 4~-chiorocholegt-i-en-3-one 2:4-dinitrophenylh zone

as red blades, m.p. 255° (d.), light absorption, Amax. 2630 L.
€= 13,700, 3840 &, £= 27,300 (in CHClz). Analysis., Found:
C, 66.5; H, 7.8. Required for C;zHu7ClNp0z: C, 66.3; H, 7.8%.

L~Chlorocholest—4-on-3—-one Semicarbgzone:- A solution of

somicarbazide hydrochloride (200 mg.) and sodium acetate (300 mg.)
in water (1 c.c.) was added to a solution of 4=-chlorocholest-
4~en-3=-one (200 mg.) in ethanol (50 c.c.), and the mixture
roefluxed for 1 hour. Water was added, and on cooling the

product separated. Crystallisation from chloroform-methanol

gave 4-chlorocholest-4i-on-3-one gemivarbazone, as'needles MePo
165 (d.), light ebsorption, ) max. 2700 %, €= 21,000. '
Analysis. Found: OC, 70.9; H, 9.3 Required for CyglusON;Cl :
C, 70.7; H, 9.7%.
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&qbion of Hydplddlc foid on 4p:d-Finoxycoprostan-3-ong:~
A goiution of 1,9:5«epo:qrcoprosﬁan‘-jmone (500.mg, ) in chloroform
(25 c.c.) was refluxed with freshly distilled 48% hydriodic
acid (6 c.c.), for 1 hour. The solution was washed with waber,
sodium thiosulphate solution (10%) and weter, dried (Ne,SOs),
and eveporated. Cryptallisation of the residue from aqueous
methanol gave cholagt—4~en-3-one (450 mg.) m.p. and mized m.p.
81-82°, [€},491°, (C, 1.4); light absorption, jmex. 2400 £,

£ = 17,100,
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INTRODUGTION: -

The neme triterpene is gpplied to a cless of naturslly
oceurring hydrocavrbons end oxygensted hydrocarbons, containing
30 carbon stoms arranged is such & manner that six igsopsnitene
units can be recognised in the molacular skeleton. In recent
years, as & result of the discovery that certain natural products
with obvious triterpens characteristics sre in fact Gz, compounds
(L - 4), tho more comprehensivs term triterpenoid has been adopted.
Apert frou the aliphetic hydrocarbon sgualene, the triterpenolds
are alicyclic end the wejority contain hydroxyl, carboXyl or
carbonyl oxygen functions. They can be conveniently subdivided
into thrae main clasgos:-
a) The aliphatic coumpound squelens, end the tricyclic compound,
ambrein.
b) The tetracyclic compounds such ags lanosterol, agnosterol,
the slemic acids, the polyporenic ecids,eburicoic acid,
suphol, tirucalloel, and butyrospermol, which all bear a
structural relaiionship to the steroids.
c) The pentacyclic triterpencids which form the lergest class,
and include such compounds a&s o/= end F—amyrin, lupeol,

varaxasterol, and teraxerol.
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Ho mono=~ or di-cyclic triterpenolds are known. The recently
characterised pentacyclic tritaréenoids-gzglgartenol, (5, 6),
and gﬁgigl&udenol (3,4), are closely rel#téd to ldﬂostarol, end
ere begl claszified with the tetracyclic triterpenoids.Similarly,
the hexecyclic triterpenoid phyllanthol, (5) which is closely
related to ot=amyrin is besht cleesified with the pentacyclic
tritsrpanoidé° More recenily, the triterpenold onqcerin has been
shown to be tetracyclicafil

This section of the thesis is concermed with the pentacyclic
triterpencids. The majority of thege are polyfunciional compounds,
which can be related to simpler monohydric alcohota py fairly
standerd methods(g, - 11), and can be considered to be members
of four main clagses baged on «=-amyrin, penyrin, lupeol, and
tarazesterocl. Ths saturated hydrocarbons from which these alcohols
could theoretically be derived ars ursane (Ja or Ib), oleanane
(IT), lupane (III), and tarazastene (IV) respectively. All
triterpenoids belonging to these clesses can be nemed systematicelly
as derivativez of the bazgic hydrocarbong, e.ge t{~amyrin is
urg~12-ea-3¢-ol (Va or Vb),i*»amyrin is olean~l2~sn-3g~ol (VI),
lupeol is lup=20(29)“enm3ﬁnal (VII), and taraxssterol is taraxast-
20(30)=on=3a=0l (VIII). This rationzl nomenclature will be used

whonever possihle throughout this ssction.






it
oa

In addition to a large number of interconversions which have been
achieved within eech clags, interconversions esmong the oleanans,
lupane and tarexsstane groups hsve also been effected. The
firet recorded instance of the conversion of an ursene derivative
into & derivative of another triterpenoid group was carried out
by co-workers in this laboratory, during the course of this work,
and wes verified by the author as reported in this sectlon.

For comprehangive discussions of the triterpencids as a
whole and for descriptions of the general methods employed in
their structural slucidation, attention is drawn to the reviews
of Haworth, (12) Spring, (13), Noller (14), Jeger (15), Birch (16),
and Baxton (17), and to Elssviert Encyclopaedia of Organic

Chemistry (18).



Dogradation of X =Amyrip.

A=imyrin is the parent alcohol of the ursane group of
triterpenoids, e.ndF ~gunyrin 1s the pgrent alcohol of the
oleanene group. The present secition summerises the principal
degredative evidence regerding the structure of «-amyrin at the
time the work described in this thesis commenced. The extensive
rogearches of Ruzicke, Jeger at al., in Zurich led them to propose
structure (I) es an adequate reprosentation of the constitution
of & ~amyrin. (19).

Tho constitution and stereochemistry of gwsmyrin (II, are

supported by a wealth of experimental evidence,
~
\5\
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and are esbablished with glmost complete certainty, although a

totel syntheplis has not been achieved (15, 20, 21).

Ingpection of formulse (I) end (II) shows thet the only
congtitutional difference betweon «- and @ -amyrin is in ring E, i.e.
in the position of two methyl groups. Jeger (15), states that
both o «and F—amyrin on dehydrogenstion give the same hydrccarbons,
an sppavent digcrepency which he did not overlook. The

hydrocarbons obtained from ¢{-amyrin (I), end related acids
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incinded 1l:8-dimethyipicene (III, R = H), rather than 1:2:8-

trimethylpicene (III, R = CHz) 28 would be expectad.
&

\

i
Joger (15) has suggested that an unidentified hydrocarbon,

m,p. 306° obteined in the dehydrogenation of o—amyrin (22, 23)
ney ba 1:2:8-trimethyiplcene (IIT, R = CHs).

Buzicke (25, 26) and his co-workers have shown by the

following geries of reactions that rings A, B, and C in &~

and Fwamyrin are similarly constituted and that the configurations
at G5, Cs, Cg, and Cyp are the same, FPeracid oxidation of
d~smyrin acstate to 12-cxonrsen-38-yl acetete (IV);followed

by bramination at C;; and subsequent dehydrobromination gives
12«0xours=9(ll)-en~3pn71 acetete (V). Thie compound (V) was
oxidised to 12~oxoi§gure&»9ﬁl):lA—diennB?nyl acotate (VI)

with gelenjum dioxide. Osmium tetroxide oxidation of (VI) geve
the 14:15-diol which on clesvage gave a diketo-monocarboxylic

acld (VII). Pyrolysis at 300° of (VII) gave two fractions. The
volatile frection was a monobagie scid (VIII) considered to arise
*

Footnote  1:2:8-Trimethylpicene (III, R = CH;) has recently

been propared (24); and although no direct comparison has been
made, it8 M.P. R52-254° is so different from thalt of the hydro-

cerbon (m.p. 306°) obbteined from ol-amyrin that it is highly
unlikely that the two compounds are identical.
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£rom ring B in K-amyrin, Further oxidation of (VIII) gave p-
methyltricerballylic acid IX). The non~volatile fraction, a
diketone (X), was converted by diazomethane into two enol ethers
(XTI, XII); considered to originate in rings A, B, and C of
of=amyrin (I). A series of parallel reactions on p ~fmyrin (11)

gave the game two enol ethers (XI, XII).
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The Structure snd Stereochemistry of’ﬁﬁégxg;n.

As outlinsd earlier (p.49), the configurations at Gz, Cs,
Gg; end Cig in Heamyrin were esteblished by degradation into
two enol ethers,obtained by a parallel series of reactions
from.Fmamyrin whoge stersochemistry has been fully elucidated.
In addition comparstive studies on urgane and oleanane derivatives
guggegtad thet configurahious et O and Cis in both groups are
ldentical (19, 26) elthough,these did not constitute an
ebsolute proof. Later gtudies (27, 28) proved the correctness
of these latiter configurational essignments. '

Lpart from the configuration of alkyl substituents in ring E,
the remeining asymmetric centres to be congidered arz at C;o,
and Cyg. During the last three years, sach of the four
theoretically possible arrengements for the locking of rings L
and E have been included in representations of the stereochemistry
of ¢{~amyrin (27, 29, 30, 31, 32, 33).

An carly obssrvation of importance with regard to the
gtereochamigtry at these positions was made by Barton and Holness
(20) who observed that methyl ll-oxoursolate acetate (XIII) wae
not isomerised on treatment with acid or base in contragt to
mothyl 1ll-ozo-oleanate ncetate (XIV) which was iscmerised to

its 18p~isomer (XV). This clearly indicated that the hydrogen
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aton at G4g in theg-amyrin serles has the more sgtable configuration,
or that no hydrogen is present at this positlon.
In 1951, Jeger (30) cutlined a series of degradations on
of~ end Fnamyrin leeding to two tricarboxylic esters containing
the original G, of the isomeric amyrins as the only asymmetric
cantra. It wae claimed thet these esters were enantiomorphs,
and thet the methyl group sttached to Ci7 in ~amyrin must
have the opposite configuration to that ixlp-emwrin, l.e.
K ~amyrin hag a 17x~-methyl group, Experimentel details of these
degredations have not been revealed. In apparant agreement ,
but agein lacking eny theoretical discussion or experimental,
Jeger and Ruzicka (33) more recently stated that rings D and E
in ol=omyrin ere cls-p-fused. {Structure Ia).
It hes slso been suggssted by Ruzicka (29), on consideraticn
of the biogenesis of triterpenoids that «-amyrin should be

repressnted &s Ib.




Corey and Urgprung (27, 31) present reasons favouring a third
formule (Ic) for pl-emyrin. They state that the hydrogen attached
to Gg, which will not eplmsrige when adjacent to an ll-carbonyl
function (20),must have the gtable ~configuration as in f:-amyrin )
and thig conclusion is supported by a comparison of the
dehydrchalogenation of ll«bromo-l2-ketones derived from both
ursane snd oleanane seriles (20, 3L3.With the configurations at
O3y Gss Ggy G, and G determined, there are eight posagible
formulae for ¢-amyrin which differ et the three remalning
agymmetric centres i.0. Cya, Ciq, and Cig. Corey and Ursprung
reject gix of these formulse on steric counsiderations, leaving
two gtructures (Ib) and (Iec) which correspond to 18%~oleen=12-
en‘-'j?’a—ol and olee.n«-lZ-en—-B?-ol regpectivaly. A consideration
of the gtabilitiee of lactones derived from ursolic acid (XVI),
oleanolic acid (AVII), end 1€on-oleanolic acid (XVIII), end of
molecular rotatlon reletlone end conformstionsl theory led these

guthors to the view thet ®K-amyrin has the structure (Ic).




EE

Sl o

Thr fourth D/E »ing locking for o-amyrin, shown in (Id)
wes proposed by Beton and Halsell (32). Dehydration of o=amyrin
with phosphorus pentoxide in benzene gives the hydrocarbon
1-t-amyradiene. This compound contsins & heterocennuler
conjugated system, and a spatisfactory mechanism for the formation
of such a diene was hitherto difficult to devise. A particuler
difficulty was the reaszon for thie reaction being characteristic
of o{~amyrin, but not of '5-am;yrin, According to Beton and Halsall
(32), this differencs is sscribed to a conformational driving
foree supplied by the specific nature of the locking of rings
D and E in o~emyrin ec represented in (Id); a driving force not
gsupplied by the D/E fusion in p-emyrin. The structure (XIX) wes
proposod by Beton end Halgall for 1-0~ amyradiene, but this
structure (XIX) has since been showa to be unacceptable (35,36).
Tho trus gtyucture of l=g~amyradiene is showm in (XX). It hase

glao beeon found



thatfv-amyrin derivatives undergo a change compsrable with the
of-amyrin -—— l=-y{~emyradiene reaction. For these reasonsgiructure
(Id) for W~amyrin is untensbie.

Recently, a new storeoformula for o{~amyrin hes been proposed
(28, 37), and a short description of the arguments which led
to this proposal will now be given. As stated earlier (pot9)
the configurations at C3, Cs, (g, and Cip in of~amyrin have been
egtablished.

Evidence that the configuration at G in X-amyrin is the
more steble errengement hag elresdy been indicated (pb52, 54)
A proof thet this view is correct was obtained in the following
way. 1l=Oxourg-iR-en-3p-yl acetate (XXV), which 1s obtained
by oxidation of a-amyrin acotate (I) with chromic acid (22),
and which 13 reduced to g-amyrin acetate (I) by eatalytic
hydrogenolysis (38), forms an enol acetate, which 1s strongly
dextrorotatory (E‘(}D +275°), and which shows an absorption
meximz et 2760 A (§ 8,000). A1l known 9(11):12-dienes derived
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from ursane and olsansne show e similarly strong dextro-rotation,
and en agbsorption nmaximum at ca 2800 K. In contrast, the isomeric
11.:13(18)~dienes are lacvorotatory, and are characterised by an
intense triplet absorption curve, the major peak of which is at
ca. 2500 2 (2= 30,000). These facts show that the enol ecetate
is 3P:ll~diacetoxyursa~9(ll):12-diene (XXI) and not the hetero-

annuler igomer (¥XIIL). The observation that hydrolysis of the
Zud XK e
A
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enol acetate (XXI), with either acid or slkeli, followed by

reacetylation, regenerates ll-oxoure~12-en-33-yl acetate (XxV) in
excellent yield established that the hydrogen at Cy inplemyrin has
the more stable configuration (37), and consequently has a 9x-
hydrogen abtom,

The configuration at C;g will now be considered. Vigorous
oxidation of g~smyrin acetate (1) with selenium dioxide gives ursa-
11:13(3.8)-dien—3‘%~-y1 acetate (XXIII) (39), catalytic hydrogenation
of which yields urs»lB(lS)-en~3§~yl acotate (XXIV). This latter
compound (XXIV) on treatment with minersl acid isomerises to

panyrin ecetate (I) (39), from which it follows thet the hydrogen

atom gittached to Cig has the more stable configuration.
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Oxidaticn of lZ-oxwrs-?(ll)—en—BP—yl acetate (V) with
gselenium dioxide gives l2-oxolsoursa=~9(11):l4-dien~3 fs =yl
acetate (VI) (40), and similar oxidation of the corresponding
12=ox0~0lean=~9( ll)-an-Bfa-yl acetate (XXVI) gives l2~oxoigodleana~
9(11):14-dien-3p-yl acetate (XAVII) (25). It has been noted (41),
that the same treatment of 12-oxo—18o(-olean—9(ll)-en-BF-yl acetate

(XXVIII) does not yield an analogously constituted dienonse.

N N gl
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This suggests that the hydrogen atom attached to Cig in
-emyrin and in B-enyrin have the same (i,e,P) configuration.

Treatment c;f the saturated 12-kotones derived from gleamyrin,
Bamyrin, and 18b<~?~amyrin with hydroiodicacid in acetic acid
(35, 36), under the same conditions, causes dehydration to give
different products in sach case. The unseturated ketoneg obtained
from¥- and f~ amyrin heve the partial structure shown in (xx1X),
wvhereas a gimilar product is not obtained from the 18 wt-isomer.
This experiment also provides strong support for the view that
the hydrogen atom a3 Cya hae the same configuration (i ,e,ﬁ ) in

both t{~ and i&- amyrin.



Three ursadien»Bqul acetates are known. These are the
homoenmler ursa~9(11):12-dien~3g-y1 acetate (XKX) (42), the
heteroanmlar ursa~ll=13(18)-dien-3f-y1 acetate (XXIII) (see p. 57;
(39), and the nonconjugated ursa-9(ll)313(18)-diene%5ﬁyl
acetate (XXXI) (37). The three corresponding oleanadien-3p:=yl
acotates ars known, and, of these the 11813(18)-dien-3ﬁ-71
ecetate ig thermodynamically the mogt stable since it is
obtained from the izomeric 9(11):13(18)- end 9(11):12—dien~3F~y1
acetates by trestment with mineral acid (43, 44). 4 study of
the sction of mineral acid (37) on the three ursadien-38-yl
acotates has recently revealed that ursa-9(11):13(18)-dien=38-yl
acetate (XXXI) ig isomerised to oleana-ll:lB(18)—dien~3§~y1
scsbate (XXXIT) in 10% pure yield with hydrochloric-acetic ecid.

This conversion of ursa—9(ll):lB(lB)-dien-BP-yl acetate (XXAI)
into oleananllt13(18)-dien-§ﬁuyl scotate (XXXII) proceeds through
urge-11:13(18)~dien-3s~yl acetate (XXIII) since the latter
compound (XXIII) is obtained from (XXXI) under milder conditions,
end treetment of (XXIII) with hydrochlowic-acetic acid also

gives oleana—ll:lB(lS)—dien-%F-yl acebate (XXXII) in 10% pure



yield. Again, the same treatmont of the homoanmler ursa-
9(11) s12-dien-3p-yl ecetate (XXX) gives oleana-11:13(18)-dien-3e-yl

scetate (XXXII) in similar yield (37).

These experiments are the first recocded instances of the conversion
of & siumple vrsane derivative into an isomer belonging to another
triterpenoid group, and proves that the sitersochemistry of y=amyrin

at C35 G35 Cg, Goy Cio; Ciq and Ci7 is identical with that inF-axmyrin.
As stated earlier (p. 57 ) the hydrogen atom at Cjg iz g{~amyrin has
almost certainly the rwconfiguration, and {-anyrin mst be represented
by the partial formula (XXXIII). Any complete representation of the
congtitution and sferac'chemistry of K=emyrin must include this partiel

formula (3XXIII), end again, in the opinion of
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the enthor, proposels thait the methyl group attached to Gy is
ol-orienteted (30, 32, 33,) are invalidated.

In view of the importance of the conclusions drawn from this
conversion of ursa»?(ll):lZudien-Be«yl acetate (XXX) to
olea.na-ll:13(18)-dien-3'8—y1 ecotate (XXXIX), which was in
very low yield (10%), it was considered necessary to verify this
important ursane —s- oleanane conversion, In the suthor's
opinion, thig low yleld was probably due to the instability of
the .BF-acetoxy group under strongly scid conditions, where secondary
reactions such as8 contraction of ring A may occur.

To overcome this difficulty urse~9(11):12-dien-3-one (XXXIV)
wag chosen ag sterting material, since ring A contraction would
then be avoided.

Urae~9(11) :12~dien=3-one (XXXIV) wes prepared, by an improved
nethod, by oxidation of twsa~9(ll):12-dien-3!s-ol with
chromic trioxide-pyridine complex (45), thus preventing oxidation of

ths conjugeted diens systen. As anticipated treetmsnt of ursa-



62

9(11)s1R-dien-3-one (XIXIV) with hydrochloric~acetic acid gave
oleana~11213(18)~dien~-3-ane (¥XIV) in a crude yield of 65%,

and o pure yield of 30%. An anthentic ssmple of olean-11:13(18)-
dlen=3-ons (XXXV) was prepared by oxidation of the corresponding
alcohel with chromic trioxide in acetic acid. |

4 \]: \
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Since, 23 has been shown, ¢f~ and anwnyrin are ldentical in

rings A,B,0, end D, the conformational and structural nature

of ring E must be respongsible for the stability of the cig-fusion
of thig ying with ring D. The nature of ring B must also explain
the greater stability of urg~l2-en-3p-yl acetate (XX{I1L)
relative to urs—-lB(lS)w-ent{a-yl acetate (XXIV), and the
gpubgbantial hinderance upon the double bond in X-amyrin, and
upon the kebtone group in l2-oxoursan—3 f‘a -yl ecetate (IV). Agein
ring B of the ursenc group mst be so congtituted that it can
rearrangs, under suitable conditions, to the oleanans system.
These considerations are best reflected and explained, in the

author's opinion, if rirg B of ®~amyrin is 5~ membered with an

igopropyl group attached to Gg. The constitution and

sterecchemistry of sl-anyrin is therefore represented by (ITUVI).
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The igopropyl group is given the F— configuration for two
reasons. Firstly, an (~isopropyl group gives a mcleculue Structure
in which severe interaction between this group and the Cys methyl
group tekes place. Secondly, the chosen configuration leads to &
conformation in which the igopropyl group protects the double
bond inskamyrin, and the carbonyl group in 12-oxoursen-3p~yl
acetate (IV), thus affording a ssbisfying explanation, of the
inert character of these two functions. The acid catalysed
rearrangement of the ursadien—BFyl acotates probably includes,
as a first phase, isomerisation to ursa~ll:13(18)—dien-3ﬁ-yl
acetate (XXIII) protonation of which gives the ion (XXXVII).

The proximity of the Gyo hydrogen ard Ci, carbonium ion permits
a transennular hydride exchange with synchronous ring enlargenent,
thus lesding to the ion (XXXVIII), which rearranges to oleana -

ll:lB(lS)-dien—Bg»yl acetate (XXXII).
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With a view to obtaining more conclusive evidence regarding
the structure of ring E in &-guyrin, wherein liee the reasons
for the difference in reactivity as compared to @gw~amyrin
(pee 27, 46, 47), the oxidation of the reedily available
ursao9(ll)=12-dienn3pwyl acotate (XXX) was underteken with the

hope of introducing functional groups in ring E.
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dation of Urgs~9(11):12~dion-38=yl Acotate

Methods available for the preparation of ursa=-9(11):l2-
dienraf-yl acetate (XXX) from of-amyrin acetate, include
dehydrogenation by sulphur at 210° (48), oxidation of K=amyrin
acetate by chromic trioxide to ll-oxoura-lZ-enqﬁﬂﬁyl acetate (XXV),
followed by reduction of the ketone by sodium in amyl alcohol,
end subsequent dehydretion to the homoanmular diene (XXX) (22).
The easiest method and the one giving the best yileld is oxidation
of o{-amyrin acetate or benzoate with N-bromosuccinimide to give
ursa—9(11):12-dien-3ﬁ-yl acetate or benzoate (XXX) (49).

The oxidation of ursa~9(ll)=12—dian-%qul acetate (XXX) by
chromic trioxide in acetic acid was first exemined by Spring
et al., (50), who isolated an acetate, CsoHs0Oz, in which the
presence of an¢?~unsaturated ketone and a tertiaery hydroxyl
was established. This acetate, was formulated as (XXXIX) or

(XL.).

The oxidation of the diene was repeated by Jeger, Ruzicka,

ot 1.y (51) who obtained, in addition to the acetate (CzsHsoOs)

r
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(OXIX or XL), a second acetate Cs5Hsale , which they suggested
containg the group «C -~ C =C « C -, In terms of the generally
accepted formula or tge new Bteregformula for yeamyrin acetate,

it is impossible o formulate such an ene-=dione system unlegs mol-
eculer rearrangement is assumed during the oxidation of the
homoanmular disne (XXX).

Rapetition of the oxidation showed that no less than four
nanbral oxidation products ere formed. In addition to the acetates
CagHsg U (Acetate A) end CzpHigOs (Acetate B) previcusly described,
two new oxidation products were isolated (Acetates C, and D).

An ezsminablon of the structure of these four products wes

therefore undertaken.

Structure of Acstate A

Reduction of Acetete A (XXXIX or XL) with zine in acetic acid

gave lleXGurﬂ~12"3n~BF~y1 acetate (XXV)

Y|
@ /"\4./( {
L
in excellent yield, from which it follows that the parent
acatete s ll-ormrs-i2-ene-3p:9; -diol 3-acotate (XXKIX),

Rozicke gl gl., (51) found that treatment of Acetate A (XXXIX)
with atrong alksli at 200° followed by acetylation gave a

wixture of two compoundas, one of which was formlated as CssHegOs



i.e. as a dehydratlon product of the Acetate &, C35Hs00e. The
author noted that the properties of this compound (m.p. 285~
2860, (1, +93°5 Jmex. 2480 & (10g.£4005); no colour with
tetranitronethane in chloroform) are very similar to those of
1—0xours-12-en—3F-yl acetate (XXV) (m.p. 284-285°;?]§98°3
}maxo 22,80 K (log.i4.08); no colour with tetranitromethene
in chloroform)., Repetition of the experiment showed that thie
product, which 1s obtained as the more soluble component of the
reaction mixture, is indeed llnoxours-lz—en-afdyl acetate (XXV),
and ite formation is to be ascribed to reduction and not %o a
dehydration of Acatate A.

The less soluble component obtained from the strong alkali
treatment of Acetate A differed considerably from the second
compound isolated by Ruzicka. In contrast to the cocmpound
described by Ruzicks, which had m.p. 190 -~ 191°, (] ~20°, imax,
3150 & (logfl.45) and empirical formila CsoHsoQu, the product
CzoHap 0z, Obtained in this work had m.p. 169 - l70°,!?jl~60°,
end exhibited end ebsorption ( § 9,800 at 2080 & ) in the
ultra-violet region. The infra-red spectrum of the product
1solated in this work includes bends altributable to a hydrogen-
bonded hydroxyl group, & hydrogen~bonded six=-ring carbonyl group,
and an acetabte group. The product gives & pale yellow colour with
totranitromethane in chloroform. The intensity of absorption
in the 2,000 = 2250 A region is compatible with the view

that the product containg a 13:18-double~bond (44).
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Eroduct CysHsoOs

€208 = 10,800

‘é:mmuﬁmm%o

A13-18 gggrf-amyrin Ao-11
£208 = 3200 €207

€210 = 10,000 £211 = 5900 €211 = 5000 €210 = 3000 £210

€215 = 6,800 €215 = 5100 €215 = 4500 €215

oy
N
N
(@
]

3,800 ¥220 = 3500 €220 = 3100 £220

Ay
N
N
il

1,800 €225 = 1800 €225 = 1800 £225

On the basgis of these physicel properties,

structure for the product CspHsoQs is (XLI)

1600 £215
500 €220
190 €233

A12-13

3100
2200
850
260
185

the mogt likely

Acetate A (XXXIX) contains an g{~ketol group.

Attempts made

to cleave this system using lead tetra-acetate or periodic acid

were unsuccegsful, Aceotate A being recovered unchanged.

Attempts were also made to form the enol acetate of Acetste A

(XXIX). 1l-Oxours-12-en-3p-~yl acetate (XXV) under acid

conditions forms llmacetoxyursa-9(ll):lz-dien-gp-yl acetate

(¥X1) (seo ps7). The enol acetate of Acetate A (XXXIX) was

not obteined. however, ll-oxours-l2-en-3g-yl acetate (XXv)

being the only product isclated from this reaction.
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Structure of Acetote B

The scetate,; Cs;oHiales obbtained by oxidetion of urga-9(11):
12-dien~3p-yl acetate (XXX) has been identified es 13:18¢-epoxy-
12-oxour6-9(11)=-en-3‘u-y1 acetate (XLI), This compound gives an
infra-red spectrum which includes bands attributable to the
ecetate group, and the «p-unsaturated ketone (ultrae~violet
light absorption }\maxo 2560 & (logfs.08), but it doeé not
include bands due to the pregence of either g hydroxyl or an
igolated ketone group.

Reduction of Acetate B with zinc in ethanol glves l2-oxoursa-
9(11):13(18)-dien-=3,3-y1 acetate (XLIII), o yellow coloured
compound which shows a highly charscteristic uitra-violet
ebsorption curve, similar to that of l2-oxo-oleana-9(11):13(18)-
dien—}fa-yl acetete (XLIV) (43.) The chavacteristic ebsorption
gpectirum of these two compounds ig attributed to the gisoid-
trangold geomelry of its € = C = % = C = C chromophore;in contrast,

compounds cuntainiag the same chromophore in a gix-
membered ring show an gbsorption at ca 2400 i, The cigoid -
transoid dienone, 12-OK0uraa-9(ll)=13(18)-dien-3F-yl ecatato
(X1.711), differs from its olesnane enalogue (XLIV) in possessing
a yellow colour, confirmation that thls colour was constitutional
was obtained by hywlrglysis to the corresponding almost colourless

alcohol, followed by reacetylation to the yellow acelate.
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Oxidation of the yellow dienone, 12-oxoursa~9(11):13(18)-
d)’.en—BF-yl acetate (XLIII) with chromic trioxide in acetic
acid regenerates Acstaete B. On thisg evidence and that from the
ultra-violet and infra-red specira, Acetate B must possess
an oxide ring. The oxygen atom removed from Acetete B by
zinc must be the oxidic function, and therefore two constitutions
are possible for the Acetate B, viz. (XLII) end (XLX).

Of the alternatives for Acetate B, the former (XLII) is
preferred for two reasons. Firstly, the epoxide is recovered
unchenged efter treatment with hydrochloric-acetic acid. In

the author's opinion, the sscondary-terbiary oxide in (XIV)
would not survive this treetment. Secondly, the intensity of



nltra-violet ebsorption maximum of Acetate B is not compatible
with the presence of a giggigjlfdunsaturated ketone as in (XLV)

In contrast to zinc-ethanol reduction, reduction of Acetatle
B (XLII) with zinc in acetic acid yielded & mixture which was
separated by chromatography into 12=-oxourse=~9(11):13(18)-dien-
BF—yl acetate (XLIII), and ursa~9(ll):13(18)-diensq?—yl scotate
(XXXI). Oxidation of ursa=9(11):13(18)-dien=38-yl acetate (XXXI)
with ozons gave 12foxour9a~9(ll):13(18)-dien—3fﬁyl acetate (XLIII).
12—0xoursa—9(ll):13(18)-dien-3'e-yl acetate (XLIII) can be hydrogens

P =
e

z ‘g

Xty XLui XxXxi

olysed to ursa~9(ll)213(18)=dien"3ﬁ“71 acetate (XXXI) (52).

Reduction of Acetate B (XLIL) with chromoug chloride also gives

12-oxcurga~9(11): L?(Lb)wdien«Br»yl ecetate (XLIII),

o =
OG"OC? o] “ih )
_+ L L
* = ST

" & oo

Other aspecte of the chemistry of Acetate B, 13:18g-cpoxy-

12-oxours—9(ll)~en~%ﬁ—y1 acetate (XLII) will be discussed later.
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Isolation of Acetatesgs C and D.

After removal of Acetates A and B from the mixture
obtained by oxidation of ursa-9(ll):12—dien-35-yl acetate (XXX),
the resgidues were combined and chromatographed on alumina.
Elution of the column with benzene gave a high melting compound,
Acotate C; C3pHusOu, with e characteristic ultra-violet light
ebsorption at 2360 A (log$s.04). It does not give a colour
with tetranitromethane in chloroform. Further elution of the
column with benzene gave successively, Acetate B (XLII), and
an Acetate D, readily identified by direct comparison as 12-oxours=—
9(ll)~en-%3ﬁyl acetate (V). Further elution with benzene~ether

gave Acotate A (XXXIX).

Structure of Acetate C.

A Fnamyrin derivetive is known which hes similar
physical characteristics to Acetate C. The f—a.myrin compound ;
CsoHus Oz, formulated ag (XLVI) or (XLVII), is obtained by vigorous
oxidetion of 12-oxoi_qgn-oleana-9(11):14-dien-3f.-y1 acetate (XXVII)
(53), and has an vltra-violet maximum at 2360 2 (logt 4.11)

and a high melting point (315°)
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Since lZ-oxours-9(ll)—en-3f~y1 acotate, (Acetate D) (V),
and Acetate C, C3,HinQy, wore obtained by the oxidation of
ursa—9(ll):12-—dien~3‘e-yl acetate (XXX), the probability that
Acetate C wae en oxidation product of Acetate D (V) was considered
likely, and verified experimentally. Although Acetate D (V) is
gstable to cold chromic acid, vigorous oxidation yielded Acetats C
in good yield (54). In order to account for the ultra-violet
spectrum of Acetate O, the possgitility of molecular re-arraggement
during its formation was considered. In this connection 12«
oxo;ggursa~9(ll):lA~dien~%F~yl acetate (VI) suggested itself
as e likely intermediats,; which under the influence of acid would
form a gecond intermediate , 12~oxophy11anth-9(11)—en—3p-y1 :
acetate (XLVIII) (55). In agreement with this postulate, 12-
oxoiggursan(ll):14«dien~3de1 acetate (VI), prepared by the
stendard method of selenium dioxide oxidation of lR-oxours-9(11l)-en-
3f~yl ecetate (V) (40), gave 12—ox0phy11anth~9(ll)-en-Bf-yi
acetate (XLVIII) on treatment with cold chromic acid. Moreover,
vigorous chromic scid oxidation of either intermediate (VI) _
or (XLVIII) gave Acetate C. On the basis of these syntheses,
the gtructure of Acotate C is considered to be 12:15-dioxcphyllanth-
9(11)~en—%§~y1 acetate (XLI%). The infra~red spectrum of Acetate
C (XLIX) exhibits bends at 1648 and 1686 cm = which may be attributec
to the cyclopropanediocne systenm.

The courss of the oxidetion of Acetate D (V), to Acetate C (XLIX)
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Acetateg A,B,C and D have therefore been Ilentified and

chargcterigod; although thelr structures gave no direct evidence
regarding the neture of ring B, Acetate B (XLII) with its 13:18
epoxids function proved to be a useful starting material for the
introduction of unseturation in ring E, as described later.

An attempbed oxidetion of ursaa9(ll):12—dien-%F~yl acetate
(XxX) with selenium dioxide was unsuccessful, the diene being
rocovered unchanged. Under similer conditions oleana=9(1l):l2-
dien~%?—yl scetate (L) gives 12:19-dioxo~oleana~9(11):13(18)~
dien~3?uyl scetate (LI) (56, 57). In the euthor's opinion,
thig difference is indicative of the presence of an alkyl group

O.t Cl:t.g €






Structure of Ring E in Q‘-m in.

Contsideration will now be given to experiments designed to
obtain more conclugive evidence regarding the nature of ring E
in o{~amyrin and to e discussicn of the relative meriits of the
ulternative formulae for «-amyrin, i.e. the structurses involving
the five-membered ring K, and the six~ membered ring E.

Reduction of Acetate B, 13:18§ -epoxy-lz-oxours—‘)(ll)wen-BF-'yl
acetate (XLII) with lithium eluminium hydride geve, 13:18-epoxyurs-
9(11)-ene°3r:12g =diol 3-gcetate (LII). The ultra-viclet spectrum
of (LII) showed double bond absorption orly (2080 R log.83.63)
and the infra-red spectrum confirmed the presence of a hydrogen-
bonded hydroxyl group. The compound (LII) gave a yellow colour
with tetrenitromethane in chloroform solution. On acetylation
it gave the diol monoacetate, 13:18i-epomlrs-‘?(ll)-aene'»stlZ{ -
diol 3-acetete (LII), the l2-hydroxyl group being sterically
hindered., The diol monoacetate (LII) was readily oxidised by
chromic trioxide-pyridine complex (45) to the 13:18g-epoxide
(XLII), indicating that no molecular rearrangement had occurred

during the reductlion stage.
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Treatment of the diolmonocacetate (LII) with mineral acid
gave a compound Cs.,Hs, Q. which glves a light yollow colour with
tetranitromethane in chloroform solution, end showed ultraw-
violet end ebgorption at 2040 Z (1o@§3»66). Its structure has
not been elucidetad. The infra-red spectrum of this compound
ghowed strong ebsorption atiributable to a six-ring carbonyl
group. The compound was recovered unchanged after treatment with
pyridine and acetic smhydride, zine dust in ethanol or acetic
acid, and chromous chloride reagent. Reduction of the compound
with lithium aluminium hydride followed by acetylation gave a
guie

Reduction of l2«oxour3a»9(ll):lB(lS)—dienu3F~yl acetate
(XLIII) with lithiuvm eluminium hydride geve the expected ursa-
9(11);13{1$)~dieueafalzzmdiol (LI1I), which on acetylation gave
a mixture of two products, readily separable by chromatography.
The more strongly aGzorbed compound, C;5Hs003, is the corresponding
diol monoacetate (LIII), BFuacetoxyursa«S(ll):13(18)-dien~12£~ol,
which was readily dehydsrated by treatment wilth acetic erhydride
ab 100° to yield a product; C35HigCy, identical with the second
(legs strongly edsorbed) compound isolated by chromatograply .
On the basis of its method of formation, the stiucture, ursa-9(11):
12:18-trien~3f-yl acetate (LIV) cen be attributed to this compound.
The conjugated triene gtructure is supported by the ultra-violet

meximinm at 3060 & (logfZ.15); thie slightiy lower absorption
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wevelength, as comparad to oleana-9(ll):12:18~triensaf-w1
acetate (LV) (3100 K&loé4w1)(43), which has one legs ellkyl substitue

on the triene system, is surprising, and may be attributable

to ths difference in size of ring E.

P o
o SRR e

This urgatriene (LIV) in which the perent ursane skeleton

has not undergone re-arrangement (see later) is the first example
of an urgaps derivative wlthen ethylenic linksge in ring E. It
denongtrates conclusively the existence of a hydrogen atom el

Cip in g-amyrin, and consequently excludes foraulae for K-amyrin

such as(IVI)} tenbtatively suggssted by Meekins (58).

The firat atbempt to esteblish that the triene (LIV) still
retained the ursane skeleton, congisted of catalytlc hydrogenation,
in the hops of isclating a known ursedienyl acetate or ursenyl
acetate. This wes unsuccegsful, however, since the only isolated
product heving high intensity ex” sbgorption in the ultra~viclet
region; ia possibly an unknown non-conjugated diene. The intensity

of the sbsorption in the 2000 - 2250 R region is compatible



with the view that the compound contains a 13:l18-double bond,

1.0.

Hydrogenation Produch Ugs-lﬁ(lB!-en—ggﬁzl gcétgte

210 = 8,400 210 = 4,000
215 = 7,200 215 = 5,100
220 = 4,900 222 = 2,800
225 = 3,000 23 = 1,100
230 = 1,100

This hydrogénation product was recoversd unchanged on mineral
ecld treatment, in marked comtrast to the trieme (LIV) from
which no crystalline products could be isolated on simller acid
treatment.

The converagion of uraau9(1l):12:18-trien~3fuyl acotate (LIV) to
a nown ursadienyl acetate was readily echisved however,by employing
lithivm metal in liquid ammonia s the reducing egent, ursa-~9(11):
13(18)ndien—qﬁny1 acetate (XXXI) was readily isolated and
identified.

A gecond ursatrienyl acetsate, 3{5 s12-diacetoxyurga-

9(11):12:i8-triepe (VII), was oblsined in excellent

yisld by subjecting 12-oxoursa-9(1l):lB(lS)-dien—Bdel acetate
(XLIII) to foreing cnol acetylating conditions. When hydrolysed
with methanolice hydrochloric acid, the enol acetate (ILVII) gave
12~oxoursa~9(ll)213(18)~dienn35-ol, characterised by formation
of its acetate (XLIII). In contrast, base hydrolysis of the enol

acetate (LVII), followed by acetylation, gave a mixture, from which



two igomeric compounds were isolated by crystallisation and

chromnatography.

The first compound, Cz5Heg0s, was en a?aunsaturatsd ketone

( Amax, 25004 Juhich gave a yellow colour with tetranltromethane

in chloroform solutlon, indicating the presence of an isolated
double bond. Accordingly the compound 1s formulated as l2-oxoursa-
9(11):18-dien—%?~yl acetate (LVIII), in sgreement with this
structural assignment, treatment of (LVIII) with mineral acid,
followed by acetylabion gave lE-oxoursa—‘)(ll):13(18)-dien—3‘6-y1
ecetate (XLIII).

The isolated A~18 bond in (IVIII) is not strongly hindered,
gince treatment with monoperphthelic apid yielded the mono-
epoxide etill possessing the typical ultra-~violet absorption
spectrum of an dfﬁunsaturated ketone. This epoxide is therofore
considersd to be 18:19{—epoxy-12~oxoura-9(11)«en—Bf—yl acetate
(LIX). Reduction of lZ-oxou.rse.—9(11):lS-—dien—Bf—yl acetate (LVIII,
with lithiun metel in liquid smmonia geve l2°oxours~18«en-3fnyl
acetate (T¥). An atbempt to convert the dienone (IVIII) to a
diens by catelytic hydrogenolysis falled, starting material

being recoversd.
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The gecond isomer isolated from base hydrolysis of the encl

acetate (LVII) exhibits the typical ultra-violet abserption
spectrun (mexime at 2050, 2620, and 2940 K) of a gigsoid-trangoid
"en-one-enc" gystem. Since it differs from 12-oxoursa=9(11):13(18)
-dicnu3§-y1 acetate (XLIII), the most likely formulation is that
of the 194 -alkyl isomer (LXI). This compound, unfortunately,

was extremely labile, simple recrystelllsations causing change

of melting point range and alteration of specific rotation,

An ettempt to gain experimental support for the supposition
that ecid hydrolysis of the enol acetete was giving the thermo-—A
dynemicelly more stable isomer with e l9f- alkyl grcup (¥LIII),
end alkaline hydrolysis ylelded the less stable isomer with the
19 -alkyl group (IXI), failed because no crystalline product could
be isolated from alksline hydrolysis of lZ-oxours—lB-en-Bf—yl
acetate (LX).

Reduction of the enol acetate (ILVII) with lithium metal in
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liguid emmonia, followed by reacetylation ylelded a substance,
CseHso0s, 6xhibiting en ultra~violet ebsorption maximum et 2620 A
(logg4.28), whose structure has not bsen elucidated.

Budzierik, Menson, and Spring (34) reported that vigorous
chromic acid oxidation of f-amyrin acatate yielded acetone;
under identical conditions, no acetone was igsolated from &=-amyrin
acetate. In view of the identity of rings A;B,C, and D in thesge
compounds; it seems likely that the acetone from ‘!-»a,myrin acetate,
ig derived from ring E. In view of the known eage of oxidative
atteck in ring E ofi3~amyrin (e.g. preparation of 12:19-dioxo-
oleana-9(11)313(18)udien~3f-yl acetate (LI) eee piL), the
acetone might well be derived from the geu=- dimethyl group at
Cooe The failure to isolate acetone from —amyrin acetate, migat
at first sight, appear to support the Ruzicka -~ Jeger formulation
(1), end be construed as evidence against the five-membered ring

E structure (XXXVI). It should

; N

be borne in mind, however, that the Ci5, Ciz, Cig and Cio region
inglanyrin is subject to severe hinderance, end prior to this

work, no urgene derlvatives wilth unsgaturation or oxygen functions
in ring E hed been synthesised. Accordingly, the non-sppearence

of acetone in the oxidation products of of-emyrin acetate could
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be attributed to the hindersnce 9 osidative atteck in the
environment of ring E. The availebility of an ursatriene with
unsaturation at G g permitted the testing‘of thls hypothesis.
Vigorous oxidation of Bizslz-diacetoxyurse.-‘)(ll):12:18-triene (W)
vielded acetone, isolated as its 2:4~dinitrophenylhydrazone.
Thege obgervationg may therefore be interpreted as evidence in
favour of the ¥~emyrin formulation (XXXVI) possessing an igopropyl
group.

vSummarising the state of knowledge concerning the structure
of K~amyrin two formulas (A) and (B) exist from which a definite

choice remains to be made.

The formilation (4) was proposed (28, 37) on the basis of experimenta

performed in these laboratories, some of which are the subject

matter of this thesis. The principel points of interest are:=

1. The gtersochemistry at 21l asymmetric centres hes been
elucideted on the basis of chemical evidence.

2, The stebility of the ring §/E cig~fused system is readily
explicable on the bzsls of a hydrindane system.

3. The gteric hinderance obgerved on reactions of the {-amyrin

double bond, or l2-keto- derivatives is explained by the
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protecting influence of the bulky iscoropyl group.

Lo A patiefacltory mechanism for the ursedienyl acetate —————o—
oleavadienyl acetate is given.

5. The differences in behaviour of c(u.and'ﬂ-amyrin acetates
on vigorcus oxidation have been rationalised°
After putlicetion of the new stersoformmle (A) several papers

have sppeared presenting new (and in some cases conflicting) evidence,

gome of which hag besn interpreted as favburing {A); and some
favouring (B), the structure proposed originally by Ruzicka,

Jeger and co-workers (19) and eleborated by Corey and Ursprung

(27, 31).

The objections to formule (A) mede by Corey and Ursprung (31)
ere 3=

1. The five membsred ring E ig in apparent disagreement with
several degiredetive gtudies carried out by Ruzicka et gl.
(gee p49and p53 ). It should be borne in mind, that these are
mogtly pyrolytic reactions in which the possibility of re-

errangement bas not boen exaluded, non-crystelline intermediates

cnly have been isolated and in gome instances full experimental
degcriptions have not been given.

2, It 18 unnecessary to adopt a five-membered ring E to explain
the urgane-soleansre interconversion,since this could be
expected on the basis of a six-membered ring E. They quote
(31) thet 4 ~taraxastene (LXII), taraxestene (IXIII), and

lupena=I (LXIV) isomsriges to olean~13(18)-en-%f—ol (LXV), which

involves the transforration of a 19:20 dimethyl group to a 20:20
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dipethyl group. Thelir statement that "this is completely analogous
A

to that which is required if (B) is the structure of yf-amyrin®

is somewhat superficiel. If, indeed, the mechanism involves

the migration of the unsaturated system into ring E to effect

the re-errangement, it must involve the diene gystem losing its

conjugation, Moreover no examples of conversion of an ursens

derivative to an oleanene derivative are knowm.

3. If p{-amyrin hes structure (4), ursolic lactone (trsng-pentalans)
would be more strained then oleanolic lzctone (trang-hydrindane),
contrary %o obeervation. Coroyeand Uersprung (31) formulate
the structure of «-amyrin as having a ?«-019 methyl group; and

ga ®-Cso methyl group ss shown in (LXVI).

:
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Thoy state that direct elucidation of the configurations at
C4e 5 and Cyp is not a simple matter, because of the difficulty
encountered in carrying out asbereochemically meaningful reactions
in ring E, However, many of the reactions in the accesgsible rings
C and D of the ~auyrins are strongly affected by the configurations
&b Cyo and Cyo. The configurations at Cje and C,p are
responsible for the gig-fusion, gince there is only one
orientation of the two methyl groups which is consistent with
these findings. This orientation, 19f-equatorial, and 20«
equatoriel, is such that the cig-locking of ring E is anchored
by the two methyl groups, which are equatorial only as long as
rings D and § are cis-locked. The methyl groups would be forced
into the unfevourable axial orientation 1f the ring junction
D/E was trang-fused. If the Cig-methyl group was axlel i.e.
had the K~configuration, severe interactlon would occur with
the (4s-methyl group, ceusing the glgjﬁ-fueion to be so0
degtabilised thal trang- fusion of rings D and E would be the
more stable. The inertness of the 12:13-double bond is due
to the hinderance by the l9ﬁ-methyl group.

Attempts have been made to distinguish between formulae (A)
end (B) by means of infre-red spectrcgraphic determinations.
Meeking (58) drew attention to the fact thet formula (A) has two

and formule (B) hes only one gem-dimethyl group. Since this

structurel system exhibits e characterigtic peek near 1367 cm—Yéz),



é physical method of distinguishing between the two formulae
vas available.
To accentuate the difference, ~amyrin was converted to the

trigrorhydrocarbon ¥iz.

thus removing the gem-dimethyl group from ring A. f—Amy’rin
and lupanol were likewise converted to the corresponding
trignorhydrocarbong. In all three derivatives, the intensity
at 1367 cm. - was the same, indicating that in all three
hydrocarbons therg was one gemw-dimethyl group present. It was
therefore concluded that X-amyrin possessed two gem-dimethyl
groups,thus excluding formuls (B). An alternative structure
for g~amyrin, other than (A), was proposéd by Meakins but this
is excluled by experimental evidence discussed in this thesis
(p.78 ).

Moeking conclugions have very recently been challenged, by
Cole, Thornmton, and White (63), who claim that the absorption at
1365 cm.” in I@-e.myrin and lupane is muich more intense than that
of E=emyrin,

Jeger and Co-workers (59) dismiss the formule (A) for
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f~emyrin in the light of recent degradetion reactions which they
have carried ocut. Pyrolysis of 3:l2-dioxoigoursa-9(11):l4-diene
(LXVII) at 320 - 340° yislded a hydrocarbon, CgHis, to which

structure (IXVIII) or (LXIX)ie assigned, treatment of which with
monoperphthalic acid gave un oxide (LXX) or (LXXI). Treatment of
this oxids ﬁith'Lewia acid yielded a ketons (=)=R:3:6~trimethyl-
cyelohexenons (LIXII), identified by synthesis from D(+)-pulegone

(L¥XIII). On thig evidence Jeger claims that the formation of ketone

s A

/.:cx l
L
L‘_x"f_t_l
Lx:u

(LXXII) cannob be interpreted on the basis of the five- membered
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ring B gtructure (2), and also that on their structure the methyl
group at Cyp possesges tha ¥-configuration.

It should be noted, however, that the possibility of molecular
re-srrvengenent; sither during the pyrolysis or ecid treatment stages,
has not been excluded.

~ Jeger (see Poss, 49 ) hes pointed out a diserepancy in hig
atructure for f{-amyrin (1), in that the dehydrogenation praducts
from o{-enyrin are the seme as thoss from F-—amyrin, and include
1:8-dimethylpicene (III ,R = H) rather than the expected 1:2:8.-
trimethylpicene (III R = CHs). Benonse of the difficulty in
naking compsrisons among the high-melting picene derivetives, Jegar
hea sugeeated that the hydrocsrbon m.p, 306°, obtained in the
dehydvogenation of Wf~amyrin (22, 23) night well be the expected
trinethylpicens, which was unknown alt vhe time.

L:2:8-Trimothylpicene hes recently been synthesised by
Phillips and Tuites (24), and differs from the 306° hydrocarbon.
Thopa euthorg state "Since therc seems to ba no well esieblished
example of the elinination of non~quelernary methyl groups during
dehydrogenation (60), we find it difficult to rationslise our
obgervations on the basisg of Jeger's structure for pl~asmyrin,

Moreover, well euthervicated examples of S-membered rings expanding to

G~memberad rings durins dGehvdrozenabion are on record (61), ec

thet there 1s some precedent for the formation of l:8-dimethylpicene

(III 8 = {), Tuis although move definiys degradations are
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highly desirable, our observations are compatible with (4)
as the structure of ¢l-amyrin and not with (B)".
At the present time, the formulae of the family of

compounds baaed on~amyrin smust be regarded as unsettled.
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For general ingtructlons see p.l5. Colour tests with tetranitro=-

methane were done in chloroform solution.

EXPE TAL

Ursa=9(11) ;12~dien-3-vne,

‘Chromium trioxide (2 g.) in pyridine (20 c.c.) was added to a
solution of ur5a~9‘(].l):12-dien~3fs-=ol (2 g) in pyridine (20 c.c.),
end the mixture kepl at room temperature for 18 hours with
occagional shaking. The suspension wes filtered through kleselguhr,
the filirate diluted with water and extracted with ether. The
ather exbract was washed with dilute hydrochloric acid, water,
sodium bicerbonate solution, dried (Na,SO.) and evaporated. A
solution of the product in benzene wes flltered through en alumina
colwnn, the filtrate evaporated, and the residue crystallised
from chloroform-methanol to give ursa-9(1l):l2-dien-3-ons es

fine needles (1.3 g.), m.p 164-166°, Bl,+411°, (C; 1.7), +414°
(C, 1.0); Amax. 2820 & ($10,200). Tt gives a red-brown colour
with tebranitremethanc. ASnelysis. Found: G, 85.1; H, 11l.15.
Calc. for CsudhsO: C, 85.2; H, 11.0 %,

Jacobs end Fleck, (48) give m.p. 133-134°,B]y +412° (pyridine).

Spring and Vickerstaff, (22) give m.p. 135-137°

Urca-5111) :12-Gien=3-one 0% e

A solution of urse-9{11):12-dien-3-cne(100 mg.) in ethanol (40 c.c.)
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vag refluxed with a mixture of hydroxylamine hydrochloride (100 mz.)
and crystalline sodium acetate (100 mg) diesolved in minimum of.
webter, for 90 mimteg. The golutlion was concentrated end ccoled.
The solid which separated was collected snd crystallised from
chlorofora-methancl to yiold ursa=9(11):l2-dien=3-ons oxime eg
neadles, M.pP. é¢9u250°(d.), /\maxo 2060, 28202 (£ 24,7003 9, 400)
Analysig, Faund: G, 82.5; H; 10.9. Calc. for CzoH.,NO:

C,82.3; H, 10.8%.

Jecobs end Fleck (4€), give m.p. 233-235°, and Spring end Vickeratasfi
(22) give m.p. 236°.

A

L s L

Qleana-11:13(18) 4_1@3:}'5;’y1 Acetrte,
solution of olesnmli%«sn-a‘)-y]. pcatate (15 g.) end geleniun dloxide
(15 2.) in escetic acid (1L 1.) was vefluxed for 3 hours. The
golution wag Tiltleswsd, and the filtrate concentrated until solid
begen to seperate. The solid was collected, dried, and s solution
in benzene was filtered through & columa of elumina (200 g.). The
eluates on evaporation gove the product which crystellised from
chlorof orm-methancl to glve oleana--ll:lB(lS)-dien-»B?uyl acetats

es plates (5 g.), mp. 225-226°. [oll~63° (g, 1.1) \max, 2,420,

o .
2500, 2600 A. (&26,500; 30,000; 19,300).

Oleans-11:13(18) -diq;;x:j?:;gi S

A sclution of olem).amllslfé(lﬁ)-dienw_'i?--yl acotate (5 g.) in
nethanolic potassinm hydroxide (3%, 600 c.c.) wes refluxed
for 3 hourg. The product., isolated by means of ether, was

cryatellised from ecetons or methanol to give oleana-11:13(18)-dien-
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3P-ol as plates (4.5 g.), m.p. 230-231°,
Olegna-11:13(18)=dion=3=0ng e
A golution of chromium trioxide (280 mg.) in acetic acid (5 c.c.)
wes added to & solubion of oleana»llslB(18)-dien-3r-ol (1 g.)
in acetic acid (600 c.c.) at 30°, and the mixture kept et room
temperature for 50 hourg. The product, igolated through ether,
end a golution of it in bengene filtered through a column of
alumina (20 g.), crystallised from chloroform-methanol to give
oleana~11:13(18)~dien=3-one as fine needles, m.p. 236-240°,E§]>-ﬁ8°5°,
(C;0.83) it zives e reddish-brown colour with tetranitromethene;
)\ma};. 2420, 2500, 2600 K, (€, 28,200; 32,4003 21,100).
Anglysis. Tounds C; 85.2; H, 10.8. C30HesO requires C, 85.2;
H, 11.0%.,

Oleans~11:13(18)-dien-3=-one Oxime.

A solution of oleene~11:13(18)-dien-3~one (100 mg.) in ethanol (40 c.c.)
was refluxed for 9C mimtes with a solution of hydroxylamine
hydrochloride (100 mg.) and crystellins sodium acetate (100 mg.)

in water (1 c.c.). Weter was added, and the golution cooled. The

golid was collected, dried, and crystallised from chloroform-methancl

to give oleans~11:13(18)-dien-3~-one oxime as needles, m.p.279-280 (d.)

Amaz. 2420, 2510, 2600 & ( £, 29,2005 32,0003 20,700).
Anelysis. Found C, 82.1; H, 10.9. CzpHe7NO requires C, 82.33
H, 10.8%.
Converaion of Uras=2(11):12-dien~3~one into Oleans~11:13(18)-dien-3-onga -
Uree9(11) s12-dien=3=one (360 mg.) was heated with concentrated

hydrochloric acid (5 c.c.) and acetic acid (30 c.c.) at 100°
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for 60 hours, with addition of hydrochloric acid (5 c.c.) efter
24 hours snd A8 hours. Concentration of the solution ylslded
needlss {340 mg.); o solution of vwhich in benzene was filteved
through & column of elumina (5 g.). The filtrate was eveporated,
and & solution of tho solid (280 mg.) in light petroleum filtered
through elumina {5 g.). The product (240 mg.) was crystallised

twlce from chlorofcrm-methancl to give olsans-11:13(18)-disn~3-one

Ay

as needlss (110 mz.), mop. and mized m.p. 236-238°, () -48°(C, 1.0);
° -
A mex. 2430, 2510, 2600 A { £, 25,400; 28,500; 18,400).

Ozidetion of Ursp-6(13;:12-disn-34-yl Acstate, ————

To a stirred solution of ursam‘?(ll):12udien-=3§>m;rl acetate (7.65 g.)
in scoebic acid (200 c.ce) was added, over 15 mimutes, & solution
of chromic trioxide (7.5 g») in scetic acid (90%, 80 c.c.). The
mixture was refluxed for 30 mimuites, diluted with water, cooled,
and ether added. A crystelline solid remeined undissolved in the
ather. This solid was collscted and crystalliged from chloroform-
methenol to give lln'cxxours~12-ene-3?:9£-diol 3-acatate (Acetate A)
a8 blades (1.5 go), m.p. 316-317° (high-vac.), §i)p+52°, (G, 1o4),
1ight ebsorption, Jmax: 2500 A ( & 13,500). The compound gives
an orange~red colour with concentrated sulphuric acid, but gives
no colour with tetranitromethane in chloroform solution. Analysis.
Found: C, 77.3; H, 10.3. Calec. for CsoHse0s ¢ C, 77.13 H; 10.1%
Beyuon, Sharples, end Spring, (50) give m.p. 312°, [ﬁ‘]fél%
Ruzicks, Jeger, Redsl, end Volli, (51) give m.p. 316° (high-vec.)

'E(]b+62°o Acetete £ was recovered unchanged after refluxing with

periodic aecid in atharalysr lsad fLetre-scotste in acetic acid solution.
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The ether extrect was eveporated and the residue crystallised
from chloroform-methenol to give 13:18s -epoxy-l2-oxourg=3(1l)-en-
QF;yl acetate (Acetate B) as plates (2.65 g.), mep. 269=271°,

[],e700 (g, 2.4)5 ) max. 2560 & ( £11,900). It does not give o
colour with tetranitromethane., Analysis. Found: G, 77.7; H, 9.6.
CsaHaa Qs requires C; 77.43 H, 9.7%. Infra-red absorption, 1250
and 1722 om.=t (geetate group), 1603 and 1652 cm.™ (d?wuneaturated
ketone).

Razicka, Jeger, Redel, and Volli, (51) give m.p. 258°, [W] +70°,
and \mex. 2590 & (log.£4.1).

The mother liquors, after removal of sbove two compounds,
were collected and evaporated to dryness yielding a yellow gum
(4 ge)o A solution of this gum in light petroleum/benzene (3:2)
wes chromaiogrephed on a column of slumina (120 g.). Elution of the
column with benzene gove e substance (400 mg.), crystallised from
chloroforn-methanol to give lzslﬁudioxoggxllanth-gs11z-en-ge-zl
acotete (Acetate C) eas needlea, m.p. 321-324°, 541>+99°. (S5 1.5)3
+100°{C, 0.7). The compound gives no colour with tetranitromethane;

A mox. 2360 & ( € 11,000), infra-red light sbsorption, 1255 and 1728 cm™
(acetats group), 1648 and 1686 cm. * (gyclopropane-dicne system)
Anelysis. Found: C, 77.8; 77.43 Hy, 955 9:6. G3oHag 0, roquires
Cy 77:.73 H, 9.4%.

Acetata € was recovered unchenged efter heating et 100° for 24 hours

wlth acetic scid and concentrated hydrochloric acid (3031).



28

Further elution of the alumina column with benzene gave 13:
183~ep0xyw12~oxoure-9(ll)-en»3f~y1 acetate (Acetate B) (700 mg.),
followed by lZ«oxours~9(ll)-en-3f-yl acetate (Acetate D) (150 mg.),
m.pe. 8nd mixed m.p. <86-289°, crystallising from chloroform-methenol
es nsedlos, [].+85°, (G, 1.4): Anax. 2:80 & (£ 12,000).

Continued elution with benzene/ether (9:1 to 1l:l) gave

ll-oxour3m12~ane~3f39{—&101 3-acetate (Acetate 4), (800 mg.).

Reduction of ll-oxours~12~eneu§?225-diol I~acetate with Zinc in
Acetic Acid,~——

Zinc dust (4.3 g.~ activated by warming in a 10% emmonium
chloride solution) wes added over 1 hour (cf. Barton and Robinson,
(64)) to e refluxing sclution of ll-oxours-lZ-ene-Bf:9g~diol
3-acetate (600 mg.) in acetic acid (50 c.c.). The zinc wes removed,
and the filtrate diluted with water. The product, isolated through
ether, crystallised from chloroform-methanol to give ll—oxourgwlZ-
en-B?-yl acatate as plates (520 mg.), m.p. and mixed m.p. 284-285°,
[l 980, (g 1.2); Amax, 290 & ( § 12,500).

Action of Methsuolic Potessium Hydroxide upon ll—Oxgura-12=ene-QF:

22 -diol 3=-acgtate,

A golution of lluoxcuraalz-enacjf:QL-diol 3~acotate (3 g.) and

potessium hydroxide (12 g.) in methanol (120 c.c.) was heated at
175° for 6 hours. Ths product isolated through ether, was acetylated
uging pyridine end ascetic anhydride at 100° for 2 hours. The

ecetylated product, again isolated through ether, crystellised from
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chloroform~methanol to yield a gubstance as noedles (900 mg.),
m.p. 169-170°, [i], -60°, (8, 1.1); jmax. 2080 & (£ 9,800); infra-
red light ebsgorption, 3430 cm.™ (hydrogen~bonded hydroxyl group),
1738 end 1245 cm. ™ (acetate group), 1662 cm. * (hydrogen-bonded
six-ring cerbonyl group), 1624 cm. *(double bond), 1035 snd 1005 cm, ™
(C = 0 stretch, hydroxyl group). The substance gives a pale=yellow
colour with tetranitromethane. Analysis. Found: C, 76.64; H, 10.36.
CsoHs0 Qs roquires C, 77.063 H, 10.11%.

Concentration of the mother liguor gave ll-oxoure»l2-en—3r-yl
acetate 23 plates (L.4 g.), m.p. and mized m.p. 285°, []y+98°,
(G, 0.9), Amax. 2480 & ($12,250), 1t gives no colour with tetra=
nitrowethane.

Ruzlcka, Jeger, Redel and Volli, (51) obtained a substance
mepo 190-191°, [«])-200, )\max. 3150 & (Log£1.45).

The substence, above, gave uncrystsllissble gums on treatment
with hydrochloric aecid in acetic acid. Reduction using zine dust in
acetic acid gave the same result.

Attempted Fnol Acetylation of ].lncxcurs«-l.?-ene-“# $9%: ~diol 2-Acetats——

A golution of the diol-monoacetate (5 g.) p~toluene

sulphonic ecid (2.5 g.), concentrated sulphuric acid (0.25 c.c.)

in acetic enhydride (300 c.c.) was refluxed for 100 hours. Potassium
acetate wag added, and the mixture eveporated to dryness. The
residue, in light petrolawm solution, was chromatographed on a
column of slumina (150 g.). Elution of the column with benzene gave

the only crystaelline materisl, recrystallised from. chloroform-—
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methanol to give ll-oxours-l»?-en-jf—yl acetate as plates (1.7 g.)
m.p. and mixed m.p. 286-288°, [41_‘-»99° (C, 0.9); )\max. 24.803

( € Ja2,000)

Redugtion of 13218 -Hpoxy-12-0x0 11 )=en-B -y1 Acetats

with Zinc Dust in Ethenol g~

A soiution of 13:18s —epo;gy‘-12-=oxours-9(ll)~en-? ~yl acetate
(500 mg.) in ethanol (150 c.c.) was refluxed with zine duet (10 g..
activated with a hot solution of 10% ammonium chloride) for 5 hours.
The mizture was filtered, and the filtrate evaporated to give a
yellow solid. The solid crystallised from methanol to give 12-
oxoursa-—9(ll):13(18)--dien~3ia-yl acetiute as yellow plates (340 mg.)
m.p. 202-204°, [y ~40°, (g, 0.8)5 Amax. 2080, 2630, 2950 &
(& 7,900; 9,1005 7,300). G

ot

Oxidation of .32"01'011T,Q@;i(ll)il:ﬁilﬁl:@i@ﬂﬁ@.&ﬁ@&ﬂ&"""""'
To & solubion of 12=oxcurse~9(11):13(18)~dien-38-yl acetate {75 mg.)

in gtabilised acetic acid (15 c.c.) was added a solution of chromic
trioxide {19 mg.) in stabilised acetic amecid (4 c.c.) at room

tempersture. The mixture wag allowed to stend abt room tempsrature

for 18 hours, then heated at 100° for 1 hour. The product, isolated
through ether, wag dissolved in light petroleum and chromatographed

on & coluua of alumins (3 g.). Elubion with benzene gave a product
crystellising from methanol to give 13:l8¢-epoxy-—12~oxoursv9(11)-811*3[’3“
vyl acetate at plates (35 mg.), m.p. and mixed m.p. 266-269°, [‘d.b

+69.5° (C, 0.7); }\max. 2580 & (£ 11,400).

Minerel Acid Treatmepnt of 13318 ~kpoxy=l2~oxourg=9(1l)=-en=38-yl Acotate.—

A golution of 13:19{J—epoxy-12-oxcurs-9(ll)-en-B?-;rl acetate (250 mz.)
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in acetic acid (30 c.c.) and concentrated hydrochloric ecid (L cec.)
was heated at 100° for 24 hours. The solvent was removed under
reduced pressure and tho resgidue sfter three crystallisations from
mothanol gave unchanged 13 :183_-epom-12-oxours-9(11)-en—3P-y1
acetate ap plates (150 mg.), m.pe. 267-270°, [“])+74° (c, 104),)m9.xe
2560 £ ( € 12, 200).
Reduetion of 13:18s ~Fnoxy=12=oxourg=9(11 “«en-z" -yl Acetate with
Zinc Dust in Acetic Acid.—*——

To a refluxing solution of 13:16g-epoxy-12-oxours-3(1l)-en-
3p-71 acetate (520 mg.) in Analar acetic acid (50 c.c.) was added
zinc dust (4.3 g.) over L hour. The zinc was removed, and the
filtrate diluted with water and extracted with ether. The resgildue
obtained crystallised from methanol as plates m.p. 208°, [“]3-#2307° ’
(g, i ; it geve a yellow colour with tetranitromethanej “Amaxa
2080, 2530, 2940 & ( & 8,500; 7,100; 4,500). The regidue was
dissolved in light petroleum (75 c.c.) and chromatographed on a
column of alumina (10 g.). BElution of the column with light
potroleun gave a product crystallising from metherol to give ursa-
9(11):13(1.8)»-dien-3§\ <yl acetate as plates (70 mg.), mePo 192=194°,
@};M“ (c, 1.0); ;Amo 2120 & ( &, 11,000). The compound gives a
deep=yellov colour with tetranitromethane. Elution of the column
with light petroleum/benzene (1:2) gave a product crystallising
from methanol to give l2-oxoursa-9(11):13(18)-dien-3?-yl acetate as
yellow plates, (30 mg.), map. 202-=204°,[=i]3-44°(g, 1.1)s Amaxo 2060,
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2600, 2950 £ ( € 8,300; 8,800; 6,900), Analysis. Found: C, 79.8;
H, 10.0. Calc. for Cs5Ha0s: C, 79.95; H, 10,.1%.

Ozonolysis of Urge-92 ll}:l}flﬂ):gien-ﬁﬁ-xl Acetate j——

A solution of uraa-9(11):13(18)-dien~3?-y1 acetate (150 mg.) in
chlovoform was cooled (ether -carbon dioxide bath), and a stream

of azone pesged through for 2 hours. The chloroform solution was
waghed with water, dried (Na,;S04), and eveporated to yielda yellow gum
erystellising from methanol to give 12-ox9urgar9(ll):13(18)—dien~3?-yl
scetate as yellow plates (135 mg.); m.pe 201,203o,ﬁ¥]),40o (c, 0:5);
Amex, 20705 2640, 2940 & ( £ 9,300; 9,500; 7,500),

Chromous Chlovidg --——

e’. Conant and Cutteor, (65); Cole and Julien, (66); and Organic
Reactions, Vol VII, p. 163

Zinc dust (100 g.) was activated to the mossy form by washing three
times with & hot hydrochloric acid solution (2 N). The mossy zinc,
mercuric chloride (10 g.), concentrated hydrochloric acid (5 c.c.)

and water {150 c.c.) were stirred together for 5 mimutes to
amalgamete the zinc. The aqueous solution was decanted, end the

zine amalgam covered with waber (75 c.c.) and concentrated hydrochloric
acid (100 c.e.). Chromic chloride hexshydrate (40 g:) was added

to the zinc amalgsm. The green golution soon turned to the reduced
blue chromous gtate. The solution was left for 4 hours to complste

reduction. Ths chromous chloride golution was stored over zinc

amelgem.



duction o 3165 =B =12=0 - =on=38 ~ cotete with
Chrom G i ;—--

A solution of 138lsznepoxyalz—oxnurs-9(11)-en—3?-yl acetate (100 mg. )
in atebilised acetic acid (25 c.c.) wes covered with carbon dioxide
ges, and a solution of chromous chloride (1 g. in 5 c.c. as from
provious experiment) added. The golution wes allowed to stand at
roon temperature for 30 mimutes, then poured into water. The product,
isolated through ether, crystalllsed from melthanol to give l2-oxourge-
9(11)213(18)~dien~3p~yl acetate as yellow pletes, (90 Ige) MoPo
end mized m.p. 201 -203°, [l, ~41° (G, 1.2); Amex. 2080, 2620,
2940?1 ( & 8,000; 8,9005 7,300).
in@gﬁ;gghggmlz-Ogourgzgj11)=en-3#-x; hcetate (Acotate D),—
A golution of chromic trioxids (1:5 g.) in acetic acid (30 c.c.)
wes edded, over 30 minutes, to a refluxing solution of l2-oxours-
9(11)»enm%§-yl acetate (1.5 g.) in acetic ecid (200 c.c.). The
mixturs wa; refluxed for a further 1 hour, diluted with water, end
extracted with ether. The preduct crystallised from chlpeoforn-
methenol to pive 12=15wdioxophyllanth-9(11)~en-af—w1 acetate
(Acetate C) as needles (1.1l g.), m.p. and mixed m.p. 321=324°,

[’c]_.&+103° (c, 1.0)3 >\ma:~:u 2360 i ( ¢ 10,800).

Oxidation of lZ-QJggiSoursa-B(ll):lla:d;_i_gz}:}aé:,Mcet 16 o e

a) A solution of m-noxogggursa-‘?(ll):14-—dian-=3f-yl acotate {E??GO“ :lgo}
in acetic acid (100 c.c.) was treated at room temperature)with
e solution of chromic trioxide (100 mg.) in acetic acid (90%,

2 c.Cs)o Isolabion oi' the product through ether gave a solid
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which crystallised from chloroform- mothanol to give 12-oxophyllanthe
9(11)-en«3?~y1 acatete ag nesdles, (300 mg.), m.p. and mixed m.p,
268-2720, [4]:‘+157° (c, 200),}\maxo 2360 & ( £9,200), it gives no
celour with tetranitreomethens.
with Dr. G.G. Allen.

b) 4 solution of 12ooxo;§guraa-9(ll)814-dien-3fmyl acetate (350 mg.)

in acetlic acid (100 c.c.) wes treated at room temperature

with e solution of chromic trioxide (350 mg.) in acetic acid

(90%, 7 c.c.) fer 16 hours, then heated et 100° for 3 hours.

The product, ilsclated through ether, crystallised from chloroform~

methanol to give 12=15-dioxophyllanth—9(ll)-en~3f-yl ecetate

a8 noedles (250 mg.) m.p. end mixed m.p. 320-323°, [#})+103°

(C, 1.8)e

Oxidation of 12-Oxopbhyllenth-9(1l1)-en-38 =yl Acetate - (with Dr. G.G.Allan

To a refluxing solution of 12~oxophy11antha9(ll)-en—B?-yl acetate
(480 mg.) in acetic acid (75 c.c.) was added a solution of chromic
trioxide (480 mg.) in acetic scid (90%, 40 c.c.) over 20 minutes.
Refluxing was contirmed for 1 hour, then the product,isolated through
ether, ecrystallised from chloroform-mothanol to give 12:15-
dioxvphyllanth»9(ll)wenajf—yl acetate as needles, (300 mg.),; m.po

and mixed m.p, 320~322°,(gﬂ]:2+1oo0, (G, 0.6).

Action of Selenium Dioxide on Ursa=9(11):]2-dien=38-yl Acetate, -~
A eolution of ursa~9(1l):126dien—3?ﬁyl ecotato (1 g.) in acetie
acid (P00 c.c¢.) was refluxed with a solution of selenium dioxide

(2 g.) in water (L c.c.) for 2 houra. The gelenium wes removed
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the {lltrate evaporated %o dryness, and the product crystallised from

mothenol to give unchsnged ursa=9(11) 312-dien~3§-yl ecetate as

ncedles m.p. end mized m.p. 165-166°, E"i)"‘334—° (Gy 0.91)3 )‘

nex. 2800 & ( £ 8,500).

Reduction of 13316 uEEogy;-—,}_Z»oxmrgﬁﬂglqenﬁ'&-ﬂ Acotate with
Lithiva Alupiptun Ir‘_Ld g

Lithinm zluminium hydride (500 mg.) was added to a solubion of

1322!.83.%"-;poxsr-lzv-oxozms-:(J(11)aan~3f§?.-yl scotate (550 mg.) in dry

ather (100 c.ce}s The mixture wzs ellowed to stand at room temporsiurs

for 20 honrs, Water was added, snd the product; ilsolated through

ethayr, crystalllged from chloroform-methanol %o give ;};L%,

epoxvira=9{11) ~one=31 212¢~dicl a3 plates, (420 mg.) m.p. 250-253°

';'1;1:3;;830 S ke ) ‘ wex, 2080 & { € 4,200)., The compound gives

e light=yellow colour with tetranitromethans. Analysis. Found:

C, 78:8L: H, 10.61. CsoHiel; requires G, 78.893 H, 10.59%.

.

132185 FpoxyuesH(:

1":330':.%&,125_;'1_.1 ¢l 3-acstabs.
A solubion of 3.3szﬁg‘mepoxﬂw&ﬁ(ll)-ene=-3!5312§_-$11'¢1 (125 mg.) in
pyridine (& c.c.) snd acetic anbydride (4 cic.) stood abt room
temperature for 46 hours, The product isolated by means of ether,
ex¥atatilsed frow mathanol o give 13818 ~spofsur = £ -ene»@és
A2s =il 3e-scetebe as blades, (103 mg.), m.p. 276-2799, [‘.(1»'*939
. o R e L .

{C, 0.8); ’.:\ maxe. 2060 A (2 5,000), Infra-red spectrum shows &
band at 3440 eme™ (Gwiol), 3455 cme™* (CHCL;) —internally-

borded hydroxyl grouvn. The compound gives a light yellow colour
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with tetranitromethane. Anelysis. Found: C, 76.63 77.6; 76,6,
H, 10.2; 10,3; 10.2. GC3,Hs00s+ requires C, 77.1; H, 10,1%.
Oxidation of 12:1§2' -Egom_x_:s-%lllﬂgg-};..euiﬁiol 3-acatats
A solution of 13:183 -epoxyurs-9(11)-ene-3f:32 §-diol 3-acetate
(100 ng:) in dry pyridine (10 c.c.) was added to chromic trioxide-
pyridine complex (100 mg. Cr0s in 10 c.c. dry pyridine) and the
mixture ellowed to stand at room temperature for 20 hours. The
mixture wag filtered through kigselguhr, and the filtrate poured
into water and extracted with ether. The ether extract was washed
with dilute hydrochloric acid solution, end water, dried (NeySOQ:),
and evaporated to drymess. The residue crystallised firom
chloroform=methanolto give 13:182~epoxy—l2-oxours-9(11)-en-BP-yl
ecotate as plates, (75 mg.) m.p. and mixed mep. 266-269°, [-fl_\ﬂl",
(g, 1OA);)\max. 2580 A ( ¢ 10,800).

Action of Mineral Acid on 13318¢ =Epoxyurs=9(1l)=ene=3p:12¢-dio

3-acetate, ——
A solution of 13:18¢ -epoxyurs~9(11l)-ene=3/3:12¢~diol 3-acetate
P, i

(1.4 g.) in ecetic acid (180 c.c.) end concentrated hydrochloric
acid (3 c.c.) steod at room temperature for 16 hours. Water

was added, and the product was isolated through ether. A solution
of the product in light petroleum wag chromatographed on a

colum of seluming (40 g.). Elution of the column with light
petroleun/benzene (43:1) to bonzene gave material crystallising from
chloroform-methanol to give a substence as prisms, (975 mg.),

m.p. 167-170°, [ef])+139° » (Cy, 0.85) 1ight absorption }\ max. 2040 £
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( € 4,600), Infra-red spectrum shows a very strong six-ring
carbonyl at 1703 cm.™ (myjol) and 1708 cm.™ (CHCls). The
compound gilves & light-yellow colour with tetrsnitromethane in
chloroform solution. Anclyesis. Found: C, 76.93 77.43 76.7.

Hy, 10.2; 10.2; 10.1. C3,Hs0Q% requires, C, 77.1; H, 10,1%.
The subshbence was recovered unchanged a.i‘ﬁer treatment with
pyridine-acetic anhydride at 100° for 2 hours. The substance was
aloo recovered unchenged after attempted reduction with zine in
gthanol or ecetic acid, or chromous chloride (specific for epoxy-

W ~kotonsg).
Reduction of the substance with lithium gluminium hydride,

followad by acetylation, geve an intractable gum.

Reduciion of 12m0xour_§a--9(JJ.):lB(lS)-dien-B? -yl Acstate with
Lithinn Aluvminium Hydride,——

A solution of 3.‘2«03;0‘11*33.-’9(]_1):lB(lS)-dien—Bfnyl scetate (100 mg.)

in dry ether {50 c.c.) wes cooled to 0°, and lithium aluminiun

bydride (115 mg.) added. The mixture wag kept at 0° for 72 hours.

Wetor wes added end the product isolsted by means of ether.

The product crystelliged from aqueous methanol (1:1) to give

uree~9(11):15(18) ~dione~38:125 =dicl es needles, (70 mg.), n.p.

168-169°, [«], 1072, (G, 0.8)5 Amex. 20 60 & ( £ 12,600). Tho

compound gives a yellow colour with tetranitromethane, Analysis.

Found: C; 81.9;3 H, 11.0. CspH:pQ; requires C, 81.8; H, 11.0%.
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Acatylablon of Ug§§~2§11)tlzflglzgiene-ﬁﬁalgé-dig;;

A golution of ursa-9(ll)813(18)-diene-Bf:lZardiol(lOS g.) in

pyridine (20 c.c.) and acetic anhydride (20 c.c.) stood at room
temperature for 48 hourg. Weter was added, and the product was
isolated by means of ether. The product (1.7 g.) in a light

potroleun golubion wes chromatogrephed on & column of alumina (45 g.).
Elution with light petroleum/benzene (1:3) gave a compound crystellising
from chlovoform-methenol to give gggg—@(ll}:12:18—tgien»3€:y1

gcetate es prismatlc plates, (250 mg.),.mop.184-185°,E¥])¢784°

(C, 1.4); + 806° (G, 0.9); }\max. 3060 & (% 14,000), it gives a

dark red~brown colour wlth tetranitromethene. Analysis. Found:

C, 82.53 H, 10.4. CsoHya0y requires C, 82.7; H, 10.4%.

Elution of the column with benzene/ether (1l:l) gave a compound
crystellising from chloroformemethanol to give urga=9(11):13(18)-
dione=36:12¢-diol 3m=ncotate as long plates, (400 mg.), m.p. 190-193°,
B]b*r 1.369 ko, 1.1) ,},K’&Xo 2140 A (£ 9,000), it gives a yellow colour
with tetranitromethane. Analysis. Found: C, 79.33 H, 10.3.

Cs3Hs003 Tequires C, 79.63 H, 10.4 %.

Acetic Anhydride Dehydration of Urga-ggllzxl}{lﬁ):giene-ﬁﬁzggg-diol

3=acotate,
A solution of urea~9(ll):13(18)-diene~3f:12{7diol 3~acetate (80 mg.)

in ecetic enhydrids (8 c.c.) was heated at 100 © for 2 hours. The
solution was cooled end the crystalline g0lid collected and washed

with methanol. The product on recrystallisation from methanol gave
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urea~9(11):12: 18-trien~3p-y1 acetate as priems, (60 mg.), m.p.
and mized m.p. 183-184°, l',:]_,,+792° (C, 1.1); )\m 3060 & (%13,500).
Hydrogenstion of Urgg,-gﬁll}=;g=18~trign-;zpuxl Acetgte,—--
A golution of uraa—9(ll)=12318-trien-3r~yl acetate (85 mg.) in
glacisl ecetic acid (85 c.c.) was shaken with platimum catalyst
(fron 85 mz. Pt0,) over hydrogen at atmospheric pressure for 24
hourg. 7he platimm wes removed, and the filtrate eveporated to
dryness. The residua crystallised from methanol to give a gubstance
as blades, (75 mg.), mep. 231-233°, [#]#34° (¢ 0.9); \mex. 2100 X
( £9,000), it gives an orange-brown colour with tetrenitromethens,
Analysis. Found: C, 82,313 H, 10.73. GCsgHs500, requires C, 82.34;
H, 10.80%.
The subgtence was recovered unchanged after treatment with hydro-
chloric - scetic acid.

Reduction of Urse-9(11)312:18=trien=32-~v1l Acetate with Lithium in

Liguid Ammonig

A solution of ursga-9(1l) :12:18«trien—3f—yl acetate (400 mg.) in
dry ether (50 c.c.) was stirred with liquid emmonia (200 c.c.)-
Lithium nstal wes edded over 15 mimutes, and the resaction allowed
to continue for e further 30 minutes, with contimuous stirring.
Acetone was edded, end the smmonia was allowed to evaporate.

The regidue was extracted with ether, and the ether extract washed
with dilute hydrochloric acid and water, dried (NaySOQs), and
evaporated to drynees. The rosidue ()\maxo 2140 & (i11,600) was
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acotylated using pyridine and ecetlc anhydride for 2 hours at 1009
The product, isolatad by means of ether; orystallised from
chleroforn-methenol to give vwrea-9(11) :lB(lS)-dien—st-yl acetate
as plates (310 mg.), m.p. and mixed m.p. 192-193°, i_k])+72.4° (c,
0.97)3 )‘maxo 2100 A (§12,300), it gives & strong yellow colour
with tetranitromethans.

Attemptec Frol Acetylation of J.Zﬁourag—-ﬂ(ll)812‘18)-11192—3?-11

Acetete.

A solubion of 12-oxour8a-9(ll):13(18)-dien-3§-yl’ acetate (200 mg.)
end freshly fused sodium acetate (350 mg.) in acetic anhydride

(40 c.c.) was refluxed fcr 66 hours. Water was added, and the
product isolated by mseng of ether,crystelllsed from methenocl to
give unchanged 12-oxoursa~9(11) 813(18)-dien—3f =yl acetste as yellow
plates (160 ug.), m.p. and mixed m.p. 201 ~203°, [[,=41° (£, 1.6);
Amax, 2020, 2620, 2950 & (£ 8,500; 9,7005 8,300),

Enel Acetylation of 12-Oxoursa-9(11):13(18 )-dien-}# =yl Acetate,——-
A goluticn of l?.«o::;\-mrsam‘)(ll):13(18)-dien-3?-y1 a:cetate (500 mg.)
p~tolusne sulphonic acld (250 mg, ), concentrated sulpmric acid
(one drop) in acetic aahydride (80 c.c.) was refluxed for 100
hourg. Water was added, and the product was isolated by means of
ether. A solution of the product (a black gum) in light petrolsum
was filtered through a column of elumina (30 go)o A colourless
gum wag obtained which crystellised from methanol to give 2;{_;2.3

dlscetoxyirsa=9(311) :12:18-triene as long needles, (195 mg.), m.po
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R42-24,3° {;.quo, (G, 1.5); Lmax. 29,0 A ( £ 13,000), it gives a
brova colour with tetranitromethsne. Analysis. Found: C, 77.93
Hy 9.8, GCsaliso0Ox requires C, 78313 H, 9.6%.  Thig experiment was
repeated in order to improve the yield.

e lZ-Oxoursa-Q(ll):13(18)ndien-3fﬁyl acetate (250 mg.), p-toluene
sulphonic acid (125 mg.), acetic enhydride (40 c.c.) refluzed for
2, hours., Yield, 175 mg. - 70%.

1%, 3.2-~0:xouz-3a-9(11)slj(lS)-diennBF-yl acatate (250 mg.), p~toluene
sulphonic acid (10C mg,), concentrated sulphuric acid (one drop)
acetic snhydride (40 c.c.), heated at 100° for 24 hours. Yield,
195 mg, - 80%.

i3, 12~Oxourea«9(11)=13(18)-dien—ﬁf-yl acetate (250 mge),
p=toluene sulphonic ecid (125 mg.), acetic anhydride (40 coco)s
heated at 1002 for 24 hourg. Yield, 130 mg. = 50%.

In all these casesg the reaction solution was poured into a
mixture of pyridine end watser. This mixture decomposes the acetic
anbydride much more repidly than water. The products were
igolated by meens of ether, snd filtered through slumina, An
alterrative working up process was to add potassium ascetate, and
eveporate resction solution to dryness, followed by filtration

of a polution of the regidue in light potroleum through alumina.
Employing this method snd condition ii sbove, a yield of 80%

wag obtained 1.8, 5.55 g. enol acstate was obtained from 6.5 g

lzmoxnuraau9(ll):lj(lS)vdienujf-yl acetate.
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Acid Hydrolysis of 3,@:12—D1acétawursa—9(1l):12:13-triena.—-—-——
i |
A solution of 3P=R=diacetozyursa~9(ll) s12:18=triene (165 mg.) in

mothanol (150 c.c.) and conconbtrated hydrochloric acid (9c.c.)was refluxo:
for 2 hours. Waler was a&ded s end the product, isolated through
ether, crystellised from squeous mebthanol to give l2-oxourse~9(11):
13(18)«@1911._39«01 es faint yelliow blades (120 mg.) m.p. 220-222°,
[ =70° (g, 1.1); )na:::g 2060, 2630, 2940 i (29,3005 9,500 7,500).
Acetylation zave lzcan;coursav-‘;"(ll)313(18)-~dien«3€-y1 scstate, meps
200“'20”»["3-;"” (C, 1.3)3 )mm.. 2060, 2620, 2950 i, (€ 9,6003
9,500 7,900). ‘

Alkalizg Hydrolysis of 3#sle-Diacetommreer9(1l)s12s18xtrions
A golution of 3?:12-diacstoxyur5a~9(ll):12:18etriene (2.2 g.) in
mothanolic potassiunm hydroxlde (3% - 800 c.c.) was refluzed for

2% hours. Water wes added, and the solid extracted with ether.
The ether extract was washed with water, drled (Ne;SO.) and
evaporsted Lo drmuens. Ths residue was acetylsted using pyridine
and acetic enhydride for 16 hours at 18°, The produet isolated

by means of ether crretellised from chloroforme methanol to give
es a first erop 12-otourge~9(11) ,_gwlg;gj.ﬁnﬁ?—vl acetuts as plates
(400 mg.) map. 264-265°, [} +1220(g, 1.0); )\maxo 2040, 2500 1,

( 28,90 9,300), i% gives & yellow colour with tetranitromethene,
Analysis, Found:s C, 80,173 H, 10.18. CsoHag0s; requires C, 79.95;
H, 10.07%.

The nother liquorg wore eveporated to dryness, and a solution of
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the residue in benzene was filtered through elumina. The product

crystallised from aquecus acetone to give 19%=(isopropyl)l2-oxourss-
11):13(18 =3 -yl gcotate es needles, (950 mg.), m.p. 193~195°

[0 +6°, (g, 0.9)3 )max, 2050, 2620, 2940 & ( € 10,300; 9,300;
8,700). Analysis, Found: G, 79.5; 79.45; H, 10.2; 10.2.
CaoHagOs requires C; 79.95; H, 10.1%.

The more this latter compound was recrystallised the less pure it
gseemed to become, veriations in m.p. and rotation becoming marked.

Acid Hydrolygig of 12-O§our§g-2§;12:18-dien-%F-zl Acetate.

A golution of 12~oxcursa~9(11):18-dien=38-yl acetate (70 mg.) in

mothanol (50 c.c.) end concentrated hydrochloric acid (3 c.c.)
wves refluxed for 2 hours, then eveporated to dryness under reduced
preggure. The residue crystalliped from aqueous methanol to

give 12-oxouraa-9(l_1):lB(lB)-dien—'jf—ol as pale yellow blades,

(50 ng.), m.p. 220-222°, [u.-"j;-”/oo (Cy 1.2)3 Xmax 2050, 2620,
2940 &, (%10,500; 10,7005 8,300), Acetylation gave l2=-oxoursa~9(11)
:13(18)-—dien—3f-yl scetate m.p. 201-203°, {uL-—uo, (G, 0.73)3
)max:, 2040, 2630, 2940 & (£9,100; 9,400; 8,100).
Monoperphthalic Acid Oxidation of 12-Oxourse~9(11) :18-dien—3#-y_1

Acotata.

A solution of 12-0xouraa-9(ll):lS-dien-Bf, -yl acetate (500 mg.)
in dry ether (250 co.c.) was trested with en ethereal solution of
monoperphthalic acid (285 mg., = 1.5 molar) for 10 days at 20°,

The ethereoal solution was washed with saturated sodium bicarbonate
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golution, water, dried (NaySQs) and evaeporated to dryness. The
residue crysballised from methanol to give 18:122' _=6DOXY=12x=

oxourg=9(11)=on -%Pazl acotate as blades , (380 mg.), m.po 240~

241°of°‘l,+ll7°s (G, 0.96); ).max 2480 & ( £ 10,000), it gives
no colour with tetrenitromethane, Analysis. Found: C, 77.9;
Hy 9.7. OC3,Heg0r requires C, 77.43 H, 9.7%

Reduction of 12-Oxcurgs-9(11) :lS-dien-;# =yl Acetobe with Lithium in

Liquid onia.

To & stirred solution of lithium metal (150 mg.) in liquid ammonia

(100 c.c.) was edded over 1 minute a solutlon of 1l2-oxourse=
9(n)=13«dien-3p~y1 acotate (245 mg.) in dry ether (50 c.0.).

The reaction co;ntizzued for 2 minutes, then acetone was added.

The ammonla wes esllowed o evaporate and the product, isolated

through ether, acetylated using pyridine and scetic anhydride

at 100° for 2 howrg. The product, isolated through ether, erystallised
from methanol to give lznoxourg—li:g_g_-}éiagl acetate as blades,

(50 mg.), maps 2342370, [#].160°, (G, 1.1); )xmax 2040 & (£ 8,900),

it gives a yellow colour with tetrenitromethane. Analysis.

Found: G, 79.85 H, 10.6. GCs,Hs00s requires C, 79.6; H, 10.4%.

With alkeli (3% and 15% methanolic potessium hydroxide), l2-oxoursg-
18-en-3$§-ayl acetate gave intractable gums,

Attempted Hydrogenoivsie of 12-0xoures-9(11):l =3p=yl Acotato.
A solution of lRoxoursa=9(11) :lS-dien-Bf—y’l acetate (150 mg.)

in acetic acid (45 c¢.c.) wes shaken with platinum catalyst

(from 100 mg. Pt0,) over hydrogen at atmospheric pregsure for
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18 hours. The cavalyst wes removed, and the filtrate

eveporated to drynees yielding the product crystallising from

methanol as unchenged 12~oxourea—9(ll):18—dien~3F-yl acetate

a8 blades, (135 mg.), m.p. and mixed m.p. 263-2650,@];1229

(Cy 2.0).

Reduction of Q?:IQ»Diaceto;xgrag—lel2:12:18-triﬂng with Lithium in
Ligquid Ammonia.

A golution ofB?:12~diacetoxyursa»9(ll)312318mtr19ne (500 mg.) in

dry ether (100 e.c.) was dropped into a solution of lithiim metal
(150 nz.) in liquid emmonia (100 c.c.) over a period of 1 minuto.
The reaction continued for s further 2 mimtes then acetone was
gdded. The ammonic was allowed to evaporate, and the product,
igolabted through ether, wes refluxed for 3 hours in a solution

of methanolic potassium hydroxide({3% - 150 c.c.). The product,
lsolated through ether, was scetylated using pyridine and scetic
anhydride at 18° for 16 hours, The product, isolated by

meoans of ether; wesg dissolved in light pelroleum and chromatogrephed
on a column of elumina. Light petroleum/benzens eluted the

only crystalline materiel, which on recrystellisstion from
chloroform-nothanol gave the product es blades, (190 mg.), m.p.
248-249°, [} +159°(g, 1.0); ) mex. 2620 R (419,500), it gives

8 red-brown colour with tetrasnitromethane, Analysis. Found: (.80.2%

G, 80:98; II, 10000; lCeC’?o CPS.&I{SQO‘g :‘eq‘lirog G, 80058; H, 90%%6



Oxidation _c>_f_‘_3f‘, s12-Digcotoxyursg-9(11)d2:18-triene ——
A solution of 3§:l2-diacetoxyursa~9(11):12:18~triens (1.41g.)
in stsbilised é;etic acid (200 c.c.) was gently bolled to effect
glow digtillation of the solvent. A solution of chromic trioxide
(4.2 2., 15 moler excess) in stebilised acetic acid (80%, 50 c.c.)
wag added dropwlee. The distillate was collected in fractions
of spproximately 25 c.Coo The fractions were neutralized with
godiun hydroxide solution to phenolphthalein and the resulting
neutral fractions distilled. Distillates of about 10 c.c. were
collected and treeted with s hydrochloric acid solution of 234
dinitrophenylhydrazine. The fractions which gave a positive
carbonyl reaction were filtered and the producte recrystallised
from chloroform-msthanol to give acetone 234~dinitrophenyl-
hydrazone (105 mg.) as needles, m.p. and mixed m.p. 123-125°,

The resldue from distillatlon wes poured into water and
oxtracted with ethar. Ho insolible acid fraction was obtained.
The neutral fraction (a brown gum) wes chromatographed on a

column of slumina, but failed to produce any crystalline materlal.
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