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'I. PENTACYCLIC TRITERPENOIDS: s CLASSIFICATION AND INTER-~RELATIOHN

Trit;rponas are a class of naturally-occuiring co@ponnda,
the molecules of which gdntain 30 carbon atoms arranged in a
regular or irregular combinationAot six isopreéne unifas
Recently, the more comprehensive term triterpenoid has been
adopted to include related compounds with 31 carbonratoms in the
molecule. Tritorpehoida may be classified into three mainvgroups.
(I) The Squalenoid Group, containing the aliphatic
hydrocarbon sqnal?ne. the tricyclic alcohol ambrein, and the
symanetrical diol onocerin.
| (II) The Tetracyclic Group, which are structurally
ralated to the steroids, and include such compounda as egnostserol,
butyrospermol, eburicoic acid, euphol, lanosterol and tirucallol.
(III) The Pentacyclic Group, which are the most abundant,
and include such compounda as a- and f-amyrin, lupeol,
taraxasterol and taraxerol. The chemistry of members of this
group is adequately summarised in & number of excellent reviews
which cover work done up to 1.9531._.a Since this theqis is‘
concernsd with a group of pentacyclic triterpenoids which occur

in nature as saponins, a brief review is given below of the

chemistry of pentacyclic triterpenoid sapogenocls.

The Lupane Series.

All five’membora of this group have structures based on

that of Lupane (I), and may be considered as hydroxyl and carboxyl



derivatives of lupeol (II), the first member of the series.

ILupeol is widely diatf%buted in nétufe, but occurs as the
saponin only in the ginnt,éaetus Lpg§cproug achottiiﬁ
Elucidation of the structure is due mainly to Jones and hie

~ associates, who have inter-related lupeol with olean-l}(lﬁ)-ens,
and with germanicol , Betulin is the 28-hydroxyl derivative
of lupeol and hasAbecn'converted into q-lupeno’ and moradioi?
Dsﬁrassi has recently isolated betulin from the saponin of

11
Ilemaireocereus griseus, but it normally occurs as the free

8
alcohol in birch bark. Three other members of this group are

- present as saponins in lemaireocereus stellatus. ‘Betulinic acid,

the 28-carboxy-derivatitq.§f Lupeol, has been characterised by
Robertson, who‘carried out a partial syntliesis froﬁ betulin.‘.a
Thuxberoganin (III), a. triterpenoid lactons, was identified by
Djerassi and his collsborators, who reduced the 30-nor-20-ketone
with calcium in 1liquid ammonia to give a known betulinic acid

13
derivative,



Stellatoganin is the last member of the series, and

has been shown to be 20-hydroxy-dihydro-thurbercgenin, by mild

: 14
dehydration of the 3-monoacetate to give thurberogenin acetate.

The Ursane Series.

The parent hydrocarbon of this group is ursane (IV).
Although a-Amyrin (V) has not been isolated from a naturally-
occurring saponin, it is included in this section since the two
known ursane sapogenins are hydroxy- and carboxy—derivat;ves of
this compound. 1Its structure has been largeiy established by the
eluc;dation of pyrolytic fission productsi,s and also by its

16
partial synthesis from glycyrrhetic acid.




Asiatic acid, from the saponin of Hydrocotyle asiatica,
is 2:24-dihydroxy-28-carboxy~c-amyrin. Structural elucidation
is due to Mme. Polonsky, who has degraded fha.acid into the
unsaturated hydrocarbdon, 23fgggprs-12-§net7 uinovic acid or
27:28-d1icarboxy-a~amyrin, is obtainad from cinchona barktnbut
it has not been directly related toAuraane. The two carboxyl
groupings have, however, been located at positions 27 and 28

19
by a sories of extensive degradations.

The Oileanane Series

This group is by far the largest, with some 26 members,

all structurally related to the oleanane molecule (VI)




For simplicity, menmbers of this serice may be sub-divided

into thrse subegroups, based on the structurse of ﬁ,ggé;gg (v1i1),

olecnolic acid (VIII) and goxmenicol

(Ix).

Teble I ¢ Tho P-Amyrin Sepcgenins,

glebre

{ Fome ‘Plaat Source Additional = | Inter-relation with
. , . - Functional Groups | other triterpsnoids
' Hydroxyl { Otheras
. - 80723
Erythrodiol Ilemaireocereus 28 Oleanolic acid
. longispinus atc.
Gunmosogenin Nachaereoceraug 16p 28-CHO Maniladiol and 4
' gummosus : Longispinogenin
laniladiol Escontria 168 B~Amyrin and 24
chiotilla echinocystic acid
L 28
Gonin A Primula offinalis 16x:28 Echinoeystic acid
longispinogenin L.longispinus etc. 16£:28 Echinocystic acid,
gummosogenin.?8
' : : : 26
Myrtilloganic ¥yrtillocactus 16B8:28 30-COOE Longispinogenin
acid cochal
' 2%
Aescigenin Aesculus 22B124128 16:2{)5 Olean~1l2-ena
hippocastanum ' ‘
' g . 23
Barringtogenol Barringtonia 2008235328 Arjunolic acid
racemosa
- : | 286
Chichipsgenin L.chichipe 16B:21as28 Longispinogenin
Glycyrrhatic gixgyrrhiza - aCnao, B=Amyrin,  zgozs
acid gquerstaroic ecid




Table II

The Oleanolic Acid Sapogenins

Yome

Plant Source

Additional

Functional Groups

Inter-relation with
other triterpenoids

Hydroxyl

Others

Oleanolic acid

Barringtogenic
acid

Cochalic acid
Echinocystic
acid

Hederagenin

MHachaerinic acid

Medicagenic acid

Queretaroic acid

Quillaic acid

Baésic acid

Dumortierigenin

Treleasegenic
acid

Cypsogonin

Hachaeric acid

Lemalreoce2reusn
longispinus etec

Barringtonia
racemossa

gyrtillocactué
cochal

Echinocystis
fabacea

Hedera holix

Hachaereosereus

gummosus

Medicagd aativs

_E.queretaroensis

2a  23-COOH
168

l6a

21

28 23-C00H
30

Quillaja hark

Bassii Parkii

L.Dumortieri

“ L.Treleasai

Gypsophila
peniculata

¥aochaereocereus

gunmosus

168 23-CHO

1:24

15:218 15> 28
lactone

218:30

2138

BeAnyrin
Arjunolic acid,
barringtogenol2®

Echinocystic acid,
longispinogenind?

33
Oleanolic acid
Gypsogenin,
B-amyrin, sa
a-boswellic acid
Oleanolic,
rehmannic and
machaeric acids®8
X 38
Arjunolic acid
31
0Oleanolic acid

Echinocystic acid,
hederagenin 37738

s9
Erythrodiol
Machaeric,
queretaroic acids

Oleanolic acid,
hederageninét

Oleanolic,
rehmannic acids




Morolic acid, the q?gfacid derived from germanicol (IX),

is the only member of the third Sub-Group. It is present as the
saponin in‘the heart-wood of More excelsa, has been.convart@d
42 '
into germenicyl scetate, and synthesised from siaresinolic
43 ' -
acid.

Triterpenoid Sapogenins of Unknown Structure

' F'~Mény of these have been reported in the literaturét
The more prominent are iisted in the accompanying Table. Several
of the molecular formulae quoted &ars possibly inaccurate, and
future investigation into the chemistry of this group may well

prove rewarding.

Table JIX ¢ Unknown Triterpenoid Sapogenins

Name : Plant Source Formula Functional
: Groups

Aralidin Aralia japonica

Arasapogenin | | &.bipinnatifadsa Coolea &

Adzukisapogenin Phaseolus radiatus | C;oH,a05 | 2(0H), CO

Camellia sapogenol Camsllia jJaponica | C,oH,Og 2(0H), >00

Ceulosapogenin | Caullophyllum 2(0H)
thalictroides

Caulophyllosapogenin C.thalictroides 6(0E)

‘Caryocarsapogenin Caryocar glabrum | C,aH,,0, ! OH, COCH

Castanogenin _ Castanospermum CsoHae Os [2(0H),2(C0O0CH),
australe F.

Chenopodium sapogenin | Chenopodium C3oHea Qg j2(0H), C 00H

. ambrosioides :




Table [IXI (continued)

Namo

Plant Source Formula |Functional
Groups.
Cyclamiretin Gyclemen europseum |CjoH,q 05 |2(0H), 60, 0
Equisetogenin Equisetum arvense CQ;H‘UOQ'
Githagenin Agroatemma githago csoﬂi664 0oH,C00H, )00
Gratiogenin Gratiola officinalis |CyoHyg 0 | 3(0R),2CO, F.
Japoaescigenol fesculus turbinata [C5,Hy, Os [4(CH), 0,
Jegosapogenol | Styrax japonicum CsoHs 005 | 5(0H)
Phillyrigenin Pittosporun CsoHep0{2(0H),lactons
‘ phillyrazoides
.Pittosapogenin P.undulatum CyoHs 00y | 2(0H)
Platycodigenin Platycodon C3oHee 07 | 4(0H), =,
|grondiflorum _ :
Polysciassapogenin | Polyscias nodosa 0;63,40; Lactone
| sanguisorbigenin Sanguisorba CsoHee O3 | OH,COOH, F.
cfficinalis
' Sapindus sapogenin | Sapindus makurosi
Senegenin Polygala senega CsoHee Op |2(0H)$2(CO0H),
€=91actone
Spinach sapogenin Spinacia oleracea CsoHy e Os [2(0H), COOH
Sasanqua sapogenin | Camellia sasanmua |0, ,H,, 0 |3(0H), >co. -
Theasapogenin Thea sinensis CpoHyp Og OH,
| Yangusrigenin Yanguera edulis C30H,e0s | OH,COOH, f.




II. THE BIOGENESIS OF STEROIDS AMD TRITERPEKROIDS

In 19534, Robinson observed thaf the unsaturated
hydrocarbon squalene contains the intact molecular skeleton of
cholesterol with th;ee additional carbon atomst‘ On the basis
of earlier work by H. J. Ghannonzsinvolving the feeding of
squalene to rats, Robinson postulated that squalens might_wgll
be the YPiogenetic precursor of cholesterol. Recent work in
Britain and America has confirmed thierview, and shown that the
biogenetic pathway involves triterpenoids as 1ntermediatosis"7
Using isotopic tracer techniques, and working with rat, mouse,
and hog liver tissue, aquelene (X) has been synthesiscd from
both carbon atoms of labelled acetic acid (XI) and subsequently
converted into lanosterol (XII) and thence chq;ééterol (X_I-I'I):s
- Degradative tracer studies have firmly established the cyclisatioi

pattern to be as shown, and have located individual atoms in the

42
molecule as arising from "methyl' (e) or "acetate' (o) carbons,

|

>




With thé knowledge that tho squaléne molecule possesses
a fully transoid structurot’ it is now possible to set out a
rational biogenetic pathway to triterpénoids and steroid:? This
pathway assumes a fully concerted cyclisation for squalene, rather
than a discrete stepwise mechanism involving individual rings,
and leading to a non-natura1<cis-etereochemiatryfi"g The process
is known to be aerobic, requiring the presence of reduced pyridins
nuclootide; and the divalent manganese or other metal 1on:7

If cyclisation occurs at both ends of the squalene
molecule, the squalenoid group of triterpenoids is produced. A

typical example of the group is the symmetrical diol, a-onocerin

(xIv).

The dbiogenesis of steroids and of the pentacyclic ‘5>

triterpenoids is considered to involve an 1nitialvcyclisation
'at one of the terminal double bonds, motivated by electrophilic
attack from gnloﬁe'cation derivéd from molecular oxyéen,

Synchronous cyclisation may now proceed by one of two routss.



44

(1) Concerted formation of rings A and B, immediately
followed by concerted closure of rings C and D, gives the

carbonium ion (Xa), precursor of lanosterol (XII) and cholesterol

(xz11)s*

(2) Concerted closure of all four rings, giving the carboniun

ion (Xb), which is the precursor of tetracyclic and pentacyclic

triterpenoids such as tirucallol (XV), lupeol (I1), and p-amyrin

(vin)°



Current work in this field now centres around the use
of mevalonolactone, (3-hydroxy-3-methyl-pentano-5-lactone,XVI),
first isolated by Folkers and his collaborators in 1956 from

83
distillers soluble residues.




13

This compound is now considered to be the direct and
irreversible precursor of squalene, since on incubation with
rat liver homogenate, both squalene and cholesterol can be
isolated in high yieldﬁ‘ Condensation of the laectone is known to
~ take place by the linking of c(,) from one residue onto 0(9 of
the nazt, as evidenced by the skeletal distribution in squalene
(X) and cholesterol (XIII) synthesised in vivo from the [2 2 cl-

~isotope (XVII)te..v

@%___..

(XVil)

18
Also by means of the [3':4- CJ]-isotope (XVIII),
Cornforth and his associates have confirmed the postulated
14->13 methyl group migration in the biosynthesis of lanosterol

Y
(XII) from squalenc.




A6

Montion must also ba made of the elegant work of
Arigoni in Zurich, who has now extended biogenetic study to the
pentacyclic triterpenoids{’ Degradative experiments with
soyasapogenol A, biosynthesised in soyabeans from labelled
mevalanolsctone, enable the [2 -1‘0]-atoms to be iocated in the
molecule, in full agreement with the general mechanism discussed

above.




Phis thesis is concerned with the elucidation of
the structures of four triterpenoid sapogenols isolated
from soya beans. Sinco soyasapogenols A, B, C and D
ars closely related to P-amyrin, it is pertinent at this
Juncture to outline the chemistry of this important
triterpenoid alcohol

III. ASPECTS OF THE CEEMISTRY OF B-AMYRIN.

The structure (VII) for P-amyrin, first suggested in
1937 by Haworthzo kas since been confirmed by the work of
Ruzioka, Spring, and their associatea‘;1 Elaboration of the
stercochenistry is due to the elegant researches of Barton:2
supported by optical rotation evidence by Klyna,‘a and

: 64
crystallographic studiss by Carlisle,

(VII)

The Oxidation of B-Amyrin Acetate.
The 12:13 double bond in B-amyrin is unaffected by

catalytic hydrogenation, but readily attacked by oxidiaing

15




16

agents. For example, treatment of B-amyrin acetate with
hydrogen peroxide in acetic or formic acids ylelds the saturatod

12-ketone, fe-amyranonyl acetate, or 3f-acetoxy-12-oxo-oleanane

(xmx)%®

Troatment of the 12-ketone with hydrodbromic and acetic
acids gives an unstable a-bromoketone, which readily dehydro-
brominates'to the aﬁ-uneaturated ketone, iso-f-amyrenonyl acetats
(xx)f‘ Cxidation of (XX) with selenium dioxide in acetic acid
effects a retro~-pinacolic a-methyl migration from c(i!) to c(xa)'
with the formation of the taraxerane derivative, iso-f-amyradien-
onyl acotate. (XXI). More vigorous seleniym dioxide oxidation
attabks_tha c(is)-methylene gfoup_and giyes tho dioxo-dienyl

derivative, iso-f-amyradienedionyl acetate (XXII).




17

Clemmensen reduction of iso~-B-amyradienonyl acetate
eliminates the 12-oxygon function, and reverses the earlier
14->-13 methyl group migration, affording the heteroannular
11:13(18)-d1iene, B-smyradienyl-II-acetate (XXIII)tv The latter
compound can also be c¢btained direotly from f-amyrin aéetate by
selenium dioxide oxidztion in acetio acidie Catalytic
hydrogonation of (XXIII) effects the saturation of the 1lls:l2
doudle bond, and giver 3P-acetoxyolean-13(18)-ene, or & -amyrin
acetate (XXIV)€° When heated with hydrogen psroxide in acetie
acid, S-omyrin forms the saturated 13(18)-epoxide (XXV). Brief
mineral acid treatment of the epoxide regenerates the 11:13(16)-

diene (XXIV)

Reduction of Dioxo-f-emyradienyl Acetate,

On vigorous sdlenium dioxide oxidation in dioxan at
200°, f-amyrin acetate forms a dioxodienyl derivative, 3p-acetoxy-

-12:19-dioxo-oleana-9(11):15(18)-diene,(XXVI).:°



bl

(xva

The dioxodiene has also been prepared by selenium

dioxide oxidation cf S-anwfin acetate (XXIV), € -amyrin acetate

(XXV1I), B-amyradienyl-I-acetate (XXVIII), B-amyradienyl-Ile

686971
-acetate (XXIII) and B-amyratrienyl acetate (XXIX).

Reduction of the dioxodiene (XXVI) affords a number
of products, according to the nature of the reagent uao«l'.’,3
Catalytic hydrogenation, for example, yields a mixture of the
non-conjugated 9(11):13(18)-dienyl acetate (XXX), and the
19-0x0-9(11)-enyl scetate (XXXI)-. |




Mineral acid treatment of (XXX) isomerises the 9(11)-doudblo
bond to tho stable 1llsli2-position, with the formation of Be-anyra-
dienyl-II-acetate in high yield. |

Reduction with lithiuvm aluminium hydride is somewhat
anomalous. Of tho two carbonyl groups in tho dioxodiene (XXVI),
the one at c(zz) is reduced to methylene, whilst the other, at 0(19}9
iz converted to the ex»sected alcohol, On subsequent acetylationx

3f-acetoxy-19-hydroxy~oleana~9(11):13(18)~-diene (XXXII) is obtained,

Reduction of the dioxodisnc with zinc and acetic acid
gives a mixture of the 13p:13p~-dihydro-derivative (XXXIII), eond
the 12-0x0-9(11):13(18)~dienyl acetate.(xxXIV). The former can
bast de prepgred from the dioxodieno by reduction with siqc and

boiling ethanol.

@aCVfZ]Wféu '”kX>¢KI\/)
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Treatment of the dihydro-derivative with alkali or
ecld effects epimsrisation et c(t,). After acetyletion, the
stable 13P:18a-dihydro-derivative (XXXV) is obtained.

BEydrogenolysis of the dihydro-dioxodienes (XXXIII) and (XXXV)

attacks the activated l2-carbonyl in both compounds to give the
unsuturated ketones (XXXVI) and (XXXVII) respectively. 4cid or
base-induced epimerisation of (XXXVI) affords (XXXVII) in high
yisld. Reduction of (XXXVII) with lithium eluminium hydride,
followed by particl acaetylation of the product, gives 3p-acotoxy-
-19f-hydroxy-16a~olean-9(11)-ene (XXXVIII). Dehydration of the

latter compound with phosphorus oxychloride in pyridine procecdc

i smoothly to the non~conjugated 9(11):18-dienyl acetate (XXXIX),

; which isomerises with minersl acid to tho hetercannular diene

(xx1II).




ad

I7. EBISTORICAL SECTION.

Cver the pzut 50 years, many ccmpounds havo been
izoleted Lrom sgy&beans?3 They include the snsyme ureeses,
palritic, stearic, oleic, linocleic, linolenic and palmitic
acidsf& flavanic gly;oai@es such as genistin and d&idzinzathe

v3
unsaturated hydrocarion squalene, the plant astercls stigmasterol

7

end aitocterolz and the sugars arabinose, galactose, sucrosc,
raffinose and ataehycsa?e In 1923, Hurumatsu investigated the
defatted been meal, e¢nd isoliated a substance, m.Dpo 2245, which

he naped ﬁispidic acidig Izter workers showad that Murumatg&h
facid' was in fsct a crystalline saponin mixturo with typical
haemolytic ection, giving on acid hydrolysis rhamnose, galactoce,
glucuronic azid, and a sapogenin mixture resolvable by crystallisc~
tion into gevcrnl dietinct fractions?o These fractions were
difficult to purify?l and merked divergencies in melting point

and specific rotatior are recorded in tho literature of this
poried. Reverthcless, in 1937 Ochiai and his Japanese co-workers
succoeded in purifying the calcium salt of the saponin, hydrolyszing
with acid, and esparating the mixzture of sapogenins by chromato-
graphy?s.aa The four produects obtained in this way were termeé

the soyasapogenols A, B, C and D, Thoir characteristicas ars

shorn in Table IV.



TABIE IV: The Soyasapogenols.

EFormula meP Lalp
A |05oH,4(0H), 321° +102°
B C30Haq (0H); 260° + 92°
C [C3oHgs (0H), 239°¢ + T1°

It wes initially assumed by Oohiai that the four
gapogenols werc triierpénoid, cn the basis of their mclacular
formulae, and the fsot that sach gave a purple colour with
the Lisbermanne3urchard reagentig This viow vas confirmed
by tho selcniun dehydrogenction of sapogenol B, which gave
three typically triterponoid products, vigs 1:8-dimethy1?100no
(x1), 1:2:7-trimethy1naphthaleno (XLI), and 1:2s5¢6-tetranathyl-
" naphtkalena (XI.II)%6




Tsuda and Kitagawa showed that catdi&tic reductioﬁ of
sapogenol C gave a dihydro-derivative, m.D. élﬁ'; diacetate ﬁsfs
188°. They also examined the action of varidus oxidising ﬁgénts
on the soyasapogenols. For exsmple, mild oxidation of éaﬁogenol
B with potéasium permangansate converfs it into a dihydroxzy-carbonyl
derivative, CgoHeg0yy m.p. 218° (decomp.); oxime, m.p. 254',
diacétate n.p. 144°, presumably by prefersntial attack of e
primary hydroxyl group. Treatment of sapogenol B triacetate
with perbenzoic acid givés & saturated oxide, c,#ng,o,, mePo213°
(decomp.); ' Eydrogen peroxide oxidation, however, yields &

a différent ozide, m.p. 258°, isomeric with the last compound, and
giving on alkaline hydrolysis a triol, Cy,Hy;,04» meP. 254°. By
analogy withfihé chemistry of methyl acetyl oleanolate (XLiv)?7
Teuda and Kitagawé concludéd that the oxide, m.p. 258°%, is in

fact & §gtﬁrated ketons (XLV).

.-
oL

Confirmation of this view was soon obtained by treatmsnt

of thé oxide, m.p. 256°, with nitric acid, which effects ring

cleavage of the saturated ketone to & dicarboxylic acid,



C36H380y00 MePo 293° (decomp.) (XILVI). Heating the acid at
150° forms the anhydride, CscHs40p» mop. 283° (XLVII), the

sequence of reactions being represented s shown.

If, however, oxidation of sapogenol B is carried out
with chromic ecid, & product, C,5H,, 0, mepo 256° can be
obtained. This product is formulsted as a nordiketone, sinca it
forms a dioxime, m.p, 266°, and a dihydrazone, m.p. 205° (decomp.)
By analogy with the similar oxidation of methyl hederagenate
(XBVIII)e' it was suggasted that this oxidation of sapogenol B

can be represented by the partial formulae (XLIX) to (L).




(\CHOH X =0 T =0

' GHOH - ¢ =0 —co, ¢ =0
CeeHys 1o e Cp g Hy5 ';\& ———'@"czeﬂaa—}‘;
g:nzon éozn .é
L . L
(XLIX) (L) (L1)

(_Jonﬁrmation of thia.view was obtained by the usé 6!
high temparature copper dehydrﬁgenation, which is known to oxidise
primary and aecqnda:y elcohols to the corresponding carbéxylic
acids and ketonese9 Tvo preducts were iaolat;d from the
dehydrOgénation of sapogencl B:formaldehyde; and a diketono, mo.p.
256, identical with the nordiketone preyiously obtained by
chromic ﬁcid exidation; Although data for sapogenol A 15 not
reoor&ea._dehydrogenation of sapogenol C, egppgonol D and
dihydrosapogenol C gave in each case, formaldehyde andaco;:rospond—-
ing pordiketone. It is thus probable that fhe aoyasapogénola
may contain a ring system similar to that in hedefagenin (LII)

' : 34
with hydroxylation in ¥ing A at positions 3 and 23 (or 24).

In 1950, Meyer, Joger and Rusicka reported on a detailed

investigation of soyasapogsnols A, B, C and D, which they

' 2061 20
fornulated as (LIII), (LIV), (LV) and (LVI) respectively. 17es




Tha sapogonols wero ﬁdent;ficd &8 menbers of the
oloanane group of triterpenoids. Thus, chromic acid oxidation
of mcthyl-a-boswellate (LVII) gives o ketonic ester (LVIII)
vhich yields epi-u~boswallene diol (LIX) on 11tﬁium aluminiun
hydride reduction, Diréot comparison of the dicl with
dihydrosapogenol C, previously prepared by Ochiaie,2 showcd thsat
tho two compounds were identicsal. On this ofidenco. sapogénol C
sen bo foriulated as 3p124-dihydrozyolsann-121%(y)ediens, ¥hors
x and y designate the location of the reactive double bond,

Osmiun tetroxids oxidation of sapogenol C didcatate (IX) gives,

after abetylation. e nizturo vhich osn be soparated by



chromatography into sapogenol A tetra-acetate (1x1), and a

stereoisomeric sapogenol A tetra-acetate (LXII).

Hence, sapogenol A can be formulated as 38:24s1xsy~
tetrahydroxyolean-12-ene.

The location of x and y 4s limited to three possible
sites in the molecule. Since lead tetra-acetate oxidation of
sapogenol A utilises oniy one mole of reagent, x and y cannot

be in ring A. Moreover, vigorous selenium dioxide oxidation



of sapogenol A tetrabenzoate, followed by alkaline'hydrolysis
and aéetylatioh, gives a tetra-acetoxy-12319-diox0-9(11)113(18)~
~diene (IXIII), the formation of which excludes positions 9,11,
12,13,18, and 19 fror further consideration, Accérdingly,

x and y can only be st positions 637, 21i22, or 15:16.

Sapoganol D wae shown by Meyer et s8l. to be a totracyclic
' o102
oxide, C5,E;,05 -

two are present as hydroxyls, and a diacetate, m.p. 194°, can

Of the three oxygen atoms in the molecule,

be prepared. The third oxygen, howsver, is present in an
oxide ring, which is related to a strong absorption band at
9.1 y in the infrared. Furtﬁérmore, a close structural
relationship exists with the other three sapogenols, since
fiesion of the oxide link with normal ether-splitting reagents
gives a variety of olean~-13(18)-ene derivatives. For exaaple,
mild treatment of the diacetate (LXIV) with hydrochloric and
acotic acide gives 3B:24-diacetoxy-x-chloro-olean-13(18)-ene

(1X?7), characterised by 1ts conversion inte 3B:24-diacotory-olesn-



-13(18)-ene (LXVI) by treatment with Raney nickel and hydrogen.
The latter compound is prepared more directly from dihydro-
sapogenol C diacetate (IXVII) by mild oxidation with selenium
dioxide to the heterocannular diene (LXVIII), followed by

catalytic reduction to the required diacetoxy-oleanene (LXVI)

freatment of sapogenol D diacetate (IXIV) with boron
trifluoride amiacetic anhydride affords & triacetate, CygBse 05«

This was formulated as the 13:18-double bond isomer of sapogenol



Pa

B triacotate (IXIX), since both give a common dioxodiens

derivative (IXX) on vigorous selenium dioxide oxidation.

Alkaline hydrolysis of the isomeric triacetate (IXXI), followed

by treatment with acetone and sulphuric acid gives a
hydroxy-;ggprdpylidene derivative (LXXII) which could bde
oxidiaed~with chromic acid to the corresponding ketone (LXXIII).
Brief treatment of the latter with mineral acid gave the
dihydroxyketone (LXXIV) which was Teduced by the Wolff-Kishner
method, and acetylated to the diacetoxy-oléanene derivative
(LXVI), previously obtained from both the diacetoxy chloro-
compound (IXV), and from dihydrosapogencl C diacetate (thII).
Treatment of the chloro~compound (ILXV) with sodium icdide
in acetone affords a noh-cohaugatod diene, formulated as
(xxv)’®  Oxidation of the diens with pelonium dioxide in

secetic acid gives a diacetoxy~triene, which is also obtainsd

by the similar oxidation of sapogenol C diacetats. On this



evidence‘tha trienc is formulated as 3@324~diacetoxy-oleana~

-11:13(18):x(y)-triene (LXXVI},




wméyér et al. wore able to throw additional light on the
location of the oxide fing in sapogenol D, by selenium dioxide
oxidation of the diacetats to & dioxodiqne dcrivativa_(LfoIISt
Infrafed and ultraviolet absorption spectra showed that the
last compound is a typical 12:19-dioxo~9(11):13(18)-d;@n@, and
that the oxide ring is still intact., On the basis of this and
eérlier reactions, it was deduced that one end_of tha\qxido
ring was attached to position x in the molecule, wi?h.tho other

end located at some nearby carbon atom such as C,.







Our interest in the soyasapogenols was aroused by the

remarkable constitution ascribed by Ruzicka to sapogenol D (If”’

| Hy
HO HO
HOH, M HO-HL! 9

Reocently, in a review of the chemistry of the soyasapogenols, a
modified structure (II) for sapogenol D is proposed in which the
oxide ring is attached to carbon atoms 16 and 2633 Although

this structure is perhaps more feasible than that of Ruzicka,

it still retains several unaftractive features. It was tharéfore
decided to reinvestigate the chemistry of the soyasapogenols,

with a view to establishing the true nature of the oxide ring

in sapogenol D, An account of this work will now be given.



I. Isolation of the Soyasapogenols.

Two additional sources of the soyasapogenols have recently
boen reported. From the saponin of ladino clover (Trifolium
repens), Djerassi has isolated sspogenols B, C, and poesibly A:‘
while Mclean and Thomson have shown sapogenol C to be a
constituent of comhon whin (g}g;,eurogaens)t. Since sapogenol D
is apparently absent from both these sources, it was decided to
isolate all four sapogenols from soyabean meal. Two different
methods for this are available., The first metﬁod, used by Ochiai
and his co-workers, involves preparation of the calcium salt of the
saponin, which is then subjected to acid hydrolysis and subsequent
chromatography‘.3 In our hands, this method failed to gave a
satisfactorily orystalline calcium salt. The second method,
employed by Ruzicka, involves acid and alkaline hydrolyses of
the crude saponin, followed by benzene extraction and chromato~
graphy’o It was decided to adopt the latter procedure with
sevoral modificationo, to minimise time spent in isolating the
sapogenols., Accordingly, the orude sapogenin mixture obtained
was fractionally crystallised prior to acetylation and chromato-
graphy. In this way, appreciable amounts of sﬁpogenola A, B, C,
and D were obtained and purified by corystallisation, Without
exception, the physical constants of all four sapogenols and their
acefates wore found to be in close agreement with the values

recorded in thellitorature.



In addition to the sapogenols, a fifth compound was
isolated during chrcmatography of thé acetylated sapdgenin
mixture. This was identified as the acetate of the well-known
phytosterol, pf-sitosterol, by direct comparison with authentic

specimens of the alcohol and derived acetate.
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I1. Structural Inter-relationships.

Ruzicka was able to inter-relate sapogenols A and C by
osmium tetroxide oxidationfo He also obtained a common dioxediers
derivative from sapogenols B and D, and concluded that the
triacetate prodnced'by'treatment of sapogenol D diacetate with
boron trifluoride and acetic anhydride, is the 13(18)~-double bonid
isomer of sapogenol B triaoetato’.1 This view has been confirmed
by direct conversion of sapogenol B triacetate into its 13(18)-

double dbond isomer. Oxidation of sapogenol B'triaco?ato (III)
with selenium dioxide in acetic acid gives tho»hoteroannulgr
11:13(18)-aiene (IV), which on catalytic hydrogenation affords
the required isomeric sapogsnol B triacetate (V). The latter is

further characterised by hydrolysis to the corresponding triol.

A third¢ inter-relationship has been achioiod in the direct

conversion of sapogenol B (VI) into sapogenol C. Treatment of

the former with acetone and sulphuric acid yields the 3f:24-

~-isopropylidenc derivative (VII), which is dehydrated by
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phosphorus oxychloride in pyridine. Brief mineral acid

hydrolysis furnishes sapogenol C, identified as the diacetate

(vIII).

On the basis of established relationships, ?nd the
assignment of the unlocated double bond in sapogenol C to
positions x and y, partial structures can be given for the other
sapogenols. Thus, sapogenol A is 5ﬂs24:x:y-tetrahydfoxyoleah-
-12-ene, sapogenol B is 3B:24:x(or y)-trihydroxyolean-l2-ene,
and one termiﬁal of the oxide ring in sapogenol D is attached

to position x(or y).




III. The Olesnane - Taraxerane Rearrangemant.

Having isolated sapogenols A, B, C and D, our immediate

aim was to test the structures {IX, VI, X, and I) postulated

90
by Ruzicka.

Accordingly, it was decided to apply to sapogenol A tetra-acetate
a series of reactions first carried out on B~amyrin acetate (XI),
" involving the preparation of the taraxerane derivative, iso-~fi-

-amyradienonyl acetate (3B-acetoxy-l2-oxotaraxera-9(11):14-diene,
66268
XII)



Oxidation of seapogencvl A tetra-acetate (XIII) with performic
ecid gave the saturated 12-ketone, 3B:24:x3y-tetra-acetoxy-l2-
-oxo-oleanane (XIV). Treatment of the latter with bromine
furnished the cf-unsaturated ketone, 3Bs124:x:1y-tetra-acetoxy-
«12-0x0=0lean-9(11)-ene (XV), which rearrangcd as anticipated
during selenium dioxide oxidation to yield the isodienonyl-

derivative, 3B:124:xsy-tetra-acetoxy-l2~oxo-taraxera-9(11):14-

diene (XVI).




Proof that the two reaction series ara structurally

analogous is bost demonutrated by the method of molecular
83
rotation differences, and by comparison of the correspornding

ultraviolet sbaorption spectra, &8 shown in Tables I and II.

Table I: f-Amyrin Series.

Compound Amaxn . £ B A

3B-acetoxyolean-12-ene [XI) End absorption | +374°
g ~ f -447°
BB-aqgtoxy-IZ-oxo-oleanane - - -~ T3°
- . . +367°
3p-acetoxy~-12-oxo-0lean- 2470 A 12,000 | +294°
Qﬂll)-ene. | -486°
e |
3p-acetoxy~l2-oxotaraxzecra= | 2080 A4 8,400 | ~192°
9(11):14-diene (XII) 2, 50 3”‘ 1_1'200
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Table II ¢ Sapogenol A Series.

Compound E\EQXo e MD Z&

33324sx:y-tetra-acetoxyoleen- | End absorption +546°
-12-ene (XIII) ;

-417°
3B124:x1y-tetra=-acetoxy=~12-
-0x0-oleanane (XIV) - -{- - | +12¢°
. +347°
3p124:x1y-tetra-acetoxy-12- }2470 A.}11,000 +476°
-0xo-0lean-9(11)-ene (XV)
-487°

383241 xsy~tetra~acetoxy~12-~ 2080 A. 1 8,000 =11
-oxotaraxers-9(11):14- 2440 K_-II,ZOO
-diene (XVI) ‘

If Ruzicka's structure fo: sapogenol A (IX) is assumed,
with the xsy-glycol group located at positions 15 and 16, the
structure assigned to the isodienonyl derivativs (XVI) musﬁ
include an anol-écetata grouping at the former position, The
presence of such a group can be readily established. Hydrolysis

with alkali furnishes the tetrol (XVII) which would reacetylate

under standard conditions to the triacetoxy~ketone (XVIII).




However, when these reactions were carried out on the isodienonyl-
-tetra-acetate, a cryctalline tetrol, CgoH,qQ; was obtained which
did not give a colour with ferric chloride solution, and on cold
scetylation regeneratod the parent tetra-acetate in excellent
yield, This shows conclusively that the x and y hydroxyl groups
in sapogenol A cannot be at positions 15 and 16, and that the

four structures (IX, [V, X and I) assigned to the sapogenols by

60
Ruzicks, are erroncous.
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IVv. Preliminary Studies in Structural Elucidation.

With the rejection of the provisional structures for the
soyasapogenols. attention could now be turned to the more exacting
task of locating the x3y=-glycol grouping in sapogenol A, -
Possible sites are in ring B, at positions 6 and 7 (XIX), and in

ring E, at positions 21 and 22 (XX).

" OH, (x X)

Sumaresinolic. acid (XXI), the 6B-hydroxy-derivative of
oleanolic acid, is the only kﬁown oleanane triterpenocid
oxygenated in ring B, The 6Bf-hydroxyl substitusnt is
unaffected by standard acetylation procedures- Its location
was established by dehydration of the derived 6-ketone, which

98
yielded the apf-unsaturated ketone (XXII).

—>C=0

X X1




Such a method would have obvious complications if applied
to the sapogenols, because of the.additional hydroxyl group at
position 24. | Consequently, attention was tﬁfned to the
possibility of partially acetylating sapogenols A agd B. Since
Ruzicka reports that all four hydroxyl groups in the former are
acylable at room temperaturo:o it was decided to investigate
the acetylation of the two sapogenols under milder conditions.
Parallel reactions were carried out using pyridine and acetic
anhydride at 5°. In the case of sapogenol B, it was found that
all three hydroxyl groups had esterified, whereas chromatographj
of the product from sapogenol A gave a triacetate, m.p. 261°, and
the expected tetra-scetate, m.p. 228°, HOt acetylation eof the
triacetate furnished ths tet:a-aéetate in high yield. Furthermorec
the latter was found fo'be stable to the conditions employed for
the chromatographic separation, thus showing that the triacetato
hed not originated by partial hydrolysis of the tetra-acetatas.

A consideration of the non-bonded interactions prevailing
in ring B of the oleanane molecule (XXIII) reveals that ateric
hindrance of substituents at positions 6 and 7 diminishes in the
order 6> 7a > 6a > 7B, as shown in Table III.

Assuming x and y %o be in ring B; the most attractive of
the possible structures fqr sapogenol B is therefore}BeTB:24-
-trihydfoxyolean-lz-eno (XXIV). Similarly sapogenol A ¢An be

tentatively formulated as 3Bsb6asTas24-tetrahydroxyolean-l2-ene




w

(xx 1)

Tsble IITX

Substituent |[Heighbouring Groups for l:3-Interference

68 24, 25, 26
12 27, 9a, 5a
6a 23
78 -

(XX¥). This latter structure is however, open to criticism,

since the possibility cannot be excluded of eater interchange

from the 7B~ to the hindered 68~ position during acetylation.
In an attempt to best the structure (XXIV) for sapogenol B,

it was decided to carry out an oxidative procedure successfully
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employed in the tetracyclic triterpenoid series. Oxidation of
T-oxoapoeuphenyl acetate (XXVI) with selenium dioxide in acetic
acid, gives in high yield, the apf-unsaturated ketone, 7-oxoapo-

eupha-5114-dienyl acetate (XXVII).

AcO 0 A O
(xXV 1) (XXV11)
It was anticipated that similar treatment of the diacetoxy-ketone
derived from sapogenol B (XXVIII) would introduce a 5:6-double
bond into the molecule, and ﬁield the af-unsaturated ketone
(XXIX). Since the 12:13-oleanene double bond is itself readily
oxidised, it was decided to prepare the heteroannular 11:13(18)-

-diene prior to oxidation, as this system is stable to mild



treafment with selenium dioxide. Accordingly, the xe-oxo-dienyl
diacetate (XXVIII) was prepared in the following way. ‘Oxidqtion
of sapogenol B triacetate with selenium dioxide in acetic acid
gave the 11:13(18)-dienyl-derivative (XXX) in high yield. This
was hydrolysed with lithium aluminium hydride and treated with
-acetone and sulphuric acid to produce the 3Bs3s24-isopropylidense
derivative (XXXI), which on oxidation with the chromium trioxide-
-pyridine complex gave the x-oxodienyl acetonide (XXXII). Brief
acid hydrolysis of the latter and subsequent acetylation yielded

the required diacetoxy-oxodiene (XXVIII).

AcO OAc
AOHC  (XXX)

A0




When the latter was oxidised with selenium dioxide in acetic acid,
the product was obtained as an intractable gum. The ultraviolet
abhofption spectrum indicated the presence of unchanged starting
material, but carefulckromatozraphy did not give a homogeneous
product. ‘

Atrthis stago it was decided to prepare the lBaz-igomer of
sapogenol B {XXXIII). sbubg equatorially bonded substitﬁents in
ring E in an oleanane derivative become axially bonded in the
18a-oleanans isomer, and similarly ring E eufatituents_axially
bonded in an oleanane derivative become equatofially bonded in
the derived l8a-oleanane isomer, This effect has been used to
establish the sxial conformation of the C(,o)-carboxyl group in
glycyrrhetic acid (XXXIv), since methyl glycyrrhetate (xxxv) 1s

much more resistant towards hydrolysis than methyl-l8a-glycyrrhetate

(xxxvx).“

om)
(xxXx111)




(X XV)

It was anticipated thatqacetylation of l8a-sapogenol B might
reveal a change in its ecase of esterification attributable to a
hydroxyl group present at positions 21 or 22. Using the
procedure for the conversion of Pe-amyrin acetate into its
18a-1somer‘:9 sapogenol B triacetate was oxidised with chromium
trioxide in acetic acid. The product was a mixture, m.p.242-248°,
from which pure BBc24:x-triacotoxy-ll-oxo-olean-12-enq (XXxVII)
could not be éeparated. Its ultraviolet absorption spectrum,
>\max° 2480 A., & = 6000, showed that the mixture.ccntainod an
appreciable amount of the required aB-unsaturated‘ketone, but
chromatography and fractional crystallisation failed to purify
this component. The nixture was treated with strong alkali in

the hope that the af-unsaturated ketone would be inverted at
0(18). "~ Surprisingly, the pfoduct did not show any appreciable
absorption in the neighbourhood of 2480 ;., but it did show strong
absorption in the ethylenic region of the spectrum, from which it
i3 concluded that the aB-unsaturated ketone component (XXXVII)

had been converted into the non-conjugated unsaturated ketone

(XXXVIII).



Acetylation of this product and chromatography of the acetate

mixture yielded a saturated ketone as the only crystallina
fraction. This ketone is 38:24:x-triacetoxy~l2-oxo-oleanane
(XXXII), the reference specimen of which was prepared by
oxidation of sapogenol B triacetate with performic acids this
seturated ketone has been obtained by Tsuda and Kitagawe.,ss by
oxidation of sapogenol B triacetate with either chromium
tricxide ér hydrogen peroxide in acetic acid. Finally, the
mixture, m.p. 242-248°, was treated with hydrochloric and acetic
acids, The product, m.p. 285-500', showed an absorption
maximun at 2420 A. The shift in the position of the absorption
maximum indicated that the af-unsaturated ketone component had
been cquﬁgrtad into its l8a~isomer. The latter compound,
however, could not be separated from the mixture either bj

fractional crystallisation or by chromatography.




In view of these difficulties, it was decided to suspend
work on the preparatién of 18a-sapogenol B, in favour of the
more accessible 11:13(18)-diene, to determine whethef the
consequential change in the conformation of ring E is reflected
in a chango in the easa of esterification of the x and j hydroxyl
groups. The triacetoxy-11:13(18)~diene (XL) was preparsd as
before, and hydrolysed with lithium sluminium hydride to ths
correcsponding tricl. Acetylaticn of the latter at 5° overnight
regonerated the paraont triacetate in high yield. Similar treatmant,
however, of the tetrol prepared from the analogous sapogenol A
tetra-acetoxy-diens (XLI) gave a mixture of a triacetate, m.p.
256° and a tetra-acetats, m.p. 241°. The tetra-acetate was also

obtained by hot acetylation of the triacetate, this behaviour

corresponding to that of sapogenol A triacetates.

Ac O HC
Proof that the same hydroxyl group in both triacetates is
resistant to acetylation at 5%, was eatablished by the conversion

of sapogenol A triecetate 1nfo the diene triacetate by mild




seleniun dioxide oxidation. Conseguently, if the x and ¥
hydroiyl groups of sapogenol A are locatoﬁ(c(,i) and C(zg),it is
‘evident~that the above method is not sufficiently deliq;té to
detect the conformationel change in ring E associated with the
conversion of an olean-l2-ene derivative into the related
11:13(18)=-diena.

The last series of reactions discussed in this scction were
attempts to establish that the third hydroxyl group in sapogenol I
is.at position 21. Inspection of molecular modéla of the sapogenol
suggested that, if a fourth hydroxyl group were introduced at

c(,,), a 19:21-isopropylidens derivative could be prepared in

both the oleanane (XLII) and 1l8z-oleanane series (XLIII).

A necessary condition for the formation of this isopropylidene
dorivative is that the participating hydroxyl groups at c(l,) and
0(81) must be axially bonded, as in structures (XLIV) and (XL¥).

To test th}g postulate, a number of reactions which had previously
been perforﬁed on Beamyrin acQtafo were carried-ouzf Sapogenol B

triacetate was oxidised with selenium dioxide in benzyl acetate



to give the 12:19-d16x0-9(11):13(18)-diene (XILVI). Reduction

of the latter with zinc in boiling ethanol gave the 138:18(3~
-dihydro-derivative (XLVII) which was hydrogenolysed over
platinum in acetic acid to yield the 19-0x0-9(1l)=-enyl-derivative

(XLvIII). . Treatment of this product with mineral acid afforded

the 18a-isomer, 3P:24:1x~triacetoxy-l19-oxo-l8a=-o0lean=9(11)-ene
(XLIX),

Aco” >
AcO 'Hz )

Lithium aluminium hydride reduction of the isomeric 19-o0x0+9(11)-

-enyl-triacetates (XLVIII and XLIX) gave the corresponding 38:19:

24 x~tetrols. If x is at C(M) s one of thesa tetrols must possess



the required 19s2l-diaxial glycol structure, aa in (XLIV) or
(X1¥). However, treatment of both compounds with acetons and

sulphuric acid gave only the 3B324-isopropylidene derivatives (L)
and (LI) respectively.

It ie tho suthor’'s opinioﬂ that this lack of reactivity of the
ring E hydroxyl groups is the result of steric blocking by tho
carbon étoms in ring D, and by the gem.-dimethyl group at c(zo)v
since s&pogenoi A forms a bis-isopropylidene derivative (LII)

under analogous conditions.
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V. The Structures of Sapogenols A and C.

In an attoempt to locate the x:y~glycol group inlaapogenol 4,
attontion was turned to the preparation of the tetra-acetoxy-
-12:19-dioxo-oleana=9(11):13(18)-diens (LIII). This compound,
according to Ruzicka, has m.p. 323-324°, [a]D - 48‘,/\naxe
2780 i.. and is prepared from sapogenol A tetrabenzoate (LIV)

by vigorous selenium dioxide oxidation, followed by alkaline

$0
hydrolysis and acetylation. , \

Since the dioxodiene tetrabenzoate (LIV) obtainad by
Ruzicka waé stated to be amorphous, it was decided to repeat
the oxidation of sapogenol A.in 8 mofa direct manner, using
the tetra-acetate. Surprisingly, when the latter was
oxidised with seleniun dioxide in benzyl acetate, a tetra-
acetoxydioxo@ieno was obtained, the constants of which did not
aegree with the product obtained dy Ruzicka. It appeared to be
an isomer, and had m.p. 265-266°, [a]D - 42°, >\max., 2780 i;
Furthermore, when hydrolysed with alkali and rcacetylated, the

previously expected tetra-acetoxydioxodiene (m.po 330-332°, [a]D



-48‘.)\ 2780 i.) was obtained. A mixtura of tho two

rax,
compounds had m.p. 254°, thus confirming their non-identity.
From these results it would appear that the two dioxo-
dianco are stersoisomers, and that their interconversion
involves an intramolesular roarrangement. The infrared and
ultraviolet absorption spectra of the compounds indicate that
both are true 12:19-dioxo-oleana-9(11):13(18)=-dienes.
Rearrangement can therefore only have affected the xiy-glycol
diacetate group and must have included the formation of an
equatorial from an axial bond., Also, epimerisation must
have occurred during the original preparation of the higher
melting dioxodiene, when the dioxodiene tetrabenzoate (LIV) was
treated with slkali before acetylation. A third, isomeric
tetra-acetoxydioxodiene was now prepared. Sapogenol C diacetate
was oxidised with oxmium tetroxide according to the method of
Ruzicka, and gave, after acetylation and chromatography,
sapogenol A tetra-acetate and a stereoisomeric sapogenol A
tetra-acetate., The latter, on vigorous selenium dioxide
oxidation, afforded a third isomeric tetra-acetoxydioxcdieno,
m.po 212-214°, [al) - 95° )\ ,, 2780 A. As anticipated,
treatment of this dioxodiene with alkali and subsequent
acetylation gave the stable higher melting isomer, m.p. 330-332°,
Since sapogenol A tetra-acetate is recovered unchangad

after alkaline hydrolyais and acetylation of the product, it ic



evident that the interconversion of the three tetra-acetoxy-
dioxodienes is supported by tho 12:19-dioxo-9(11)sl)(ls)-digne
system, or by part of this system, and is to be represented cs
a base-induced epimar;gation of the groups attached to C(x)
and/or C(y)- Although the 12:19-d40x0-9(11):13(18)-d4enc
system is normally regarded as & stable grouping, it can
exhibit electrophilic character, as in the decarboxylation of

the dioxodiene from glycyrrhetic acid acetate (IVI) to the

_ 100
nordioxodienyl-derivative (ILVIIX).

Fow, 38:124:1xsy-tetra-acetoxy-12-oxo-olean-9(11)~ene (XV)
is recovered unchenged after hydrolysis with alkali and
acetylation of the product, thus showing that the 12-ox«9(11)-
-ene part of the dioxodiene system is not in itself sufficient
to support the base-induced epimerisation at c(x) and/br C(’).
That the 19-carbonyl is the activating group was shown as
follows.

Reduction of the isomeric dioxodienes, m.p. 265-266° and



n.Po 330-332°, with'zinc in ethanol gave the corrasponding
13p+18p-dihydro-derivatives (IVIII, m.p. 274-275% [a]; + 108°)
end (LIX, m.p. 239-241€. [a]D + 153°). Subgequent glkaiine
hydrolyaié and reacetylation of (LVIII) and (LIX) gave tho

same product, 32241 x: y -tetra-acetoxy-12:19~dioxo-l8a~olean-
9(11)~ene (IX).

Thus, the 19-carbon':fl group, and not the complete dioxodiene

system, is rasponsible for the base-induced epimerisations at
x and y, which must thersfore be situsted at c(,,) and C(” )*
It also follows that the structure of sapogenol C must be

‘3Bs24-dihydroxyolezna-12:21~dicza (IXI).




o

Sinse sapogenol £ is formed as minor produst in the
osniun tetroxide oxidetion ¢f sapogenol C, and the stersoisomeris
tetrol is the major product, the latter is probably forzcd by
ettack at tho less hirdercd P-face, and tho former by attack

st the more hindersd c-facs of ring E. Consoqusntly, sapegonol

A is provizionelly formulated as 3P:2las22ui24-tetrahydroxyoleen-
-12-¢ne (ILXII), cnd tlo stereoiaomeric'aapogénol A o3 3Bs21B:225

:24-tetrahydroxyolean~12-ens (LXIXI).

/e, (L-XI |} HO-H

Accordingly, the three isomeric dioxodienes, m.p. 265-266°,

f.Po 330332°, ond m.p. 212-214°, are ropresented as (LXIV),

(IXV) end (LXVI) respectively.

An ettempt wes pow made to prepare and intersonvert tho




19-030@9(11)-ony1-d@rivativea (LXVII) end (LXVIII) by

hydrogenolysis of the dihydro-dioxodienes (I¥III) and (LIX),
followed by acid-irduced equilibration of the C(aa)-hydrOgén
atom. Subsequent treatment of (LXVII) with alkali, followed

by roacetylation, would then limit econformaetional inversion to

the Claz) hydroxyl group, and give (LXVIII). Surprisingly,

when these reactions were attempted, it was found that, in
contrast to tho behaviour o: tho analogous ﬁ-amy:inge and
sapogenoer derivatives, hydrogenclysis of the dihydro-
-dioxodienes (IVIII) and (LIX) was slow, and inconmpleto evcn
after several woeks, Tha fesulting mizxture could not be
separated by crystallisation or by chromatography, ahd the

project was accordingly abandoned,




. ¥I. ZTho Roverssee-Aldol Condesnsation Reassction.

At this Juncturz, mcantion mﬁnt be madé of tﬁ@ wallfknown
Rcverse-or Retro-Aldol condensafion reaction, invcl?ing ﬁhz
rupturs of & seturated carbone-carbon bond., Hany examples of
the reaction are kncun in terponoid chonistry, o.g. the acid
or basse~induced deccmposition of pulegons (IXIX) into acetons

101
and 3~methylcyclohezancno (IXX).

MLXIK) T
Similarly, trestmeat of the keto-acid from rosencnolactonc

(ILXXI) with alkali,effects ficsion of the molecule into the

' 163
components (IXXII) &nd (IXXIIX).

" NCHa. COzM
coaH (Lxxi1)

The mechanism of ths Reveroco-Aldol razaction is welledefined.

(b XX111)

COH - (Lxex1)

The precess is essentislly a reversal of the Aldodl Condsnsation,

a typical czample ia the triterpereid seriocs being the formation

1¢3
of the pmorksione (LIXIV) from icterogenin (LXIV).




(LYo

S AN O
N5

+ HLHO

In common with other reported instances from terpenoid
chemistry, these throe examples of the Reverse Aldcl reaction
are bimolecular procceses, involving the formation of distinct
products, which do not rsoondense. Nevertheless, a considera-

tion of the implicailions o: this resction led us to the view
that it alone could provide a rational explanation for the
base-induced dioxodiene epimerisations mentioned above, The
epimerisations are viewed as proceeding by an intramolecular
Reverse Aldol reaction, followed by uubaeqﬁent aldol condensa-
tion to give the stable diequatorial isomer. Conversion of
the dioxodiene, m.p. 265-266° (LXIV) into the higher melting
isomer (1XV) is represented by the following reaction sequence,
which includes the formation of an anionic intermediate (ﬁXIVa),
fiuaiqn of ring E by reverse aldolisation, equilibration at
C(zs) Yit tho enolised aldol (LXIVb), and direot aldol

condensation to reform ring E.



In this sequence, the rate-~determining step is the

fornation of the anibn (1XIva), without which reverse aldolis-

..ation cannot take place. Since the c(ag“hygfotyl'groupzis
- already in the stable equatorial conformgtién, the anion -
ehould d¢ formed readily, and in cdnsequence, the.qverall

yield for the reaction is high (ca. 75%).

- Epimerisation of the dioxodiene, m.p. 212-214° (1XVI) ie
ropresented aimilarly, with inversion of configurétion chfined
to the 0(31)-hydroxy1 groupo

The rate-dotermining step in the reaction sequsnca.
is again the formation of an anionic intermediate (nyib)o
This time, however, its precursor (IXVIa) contains an axial
hydroxyl group at 0(53), and in eonsequenc§ the overall yield

for the roaction is only moderate (40%).



In both thess scquences, the reformation of the bond

betwoen c(,o) and 0(21) is dus to tho effective ' locking''

of the aldolic fragment by its attachment to tha romainder of
the molecule at 0(1,3. This locking ensures that the reactive
centres are maintained in close proximity throughout the
reaction sequence, and permits the necessary direct aldol
condensation to teks place,

In view of the importance of the conclusions drawn fronm
these epimerisations, it was decided to carry out parallel
studiens with other pentacyclic.tritorpenoidso Prelinminary
regults appear to indicate that epimerisations of tho above
type may have wider application in the rearrangement of

suitably 9locked" oyolic asaedisubstituted B-aldols and ketols,

of the type:
R-co-c}-cn(on)-

where the hydroxyl greup is in an unatable configuration. One

possible epplication of the reaction is now diseussed.



Entagenic acid is a triterpenoid derived from the giant
Sword Bean (Entada phaseoloides). Two possible structures
(LXXIV) end (IXXV) heve béen_proposod by Ba:uatqc In the
author'ﬁ‘opinion, it may be possible to distinguish ﬁetwoen

theso two structures in the foliowing manners

VOXXV)

First, the c(x,)-car%oxyl group nust be reduced by standard
procedures involving Rosenmund reduction of the triacetoxy-acid
chloride, followed by Wolff-Kishner reduction of the resultant
aldehyde. In this way, either 39a15:lé-tfiacaﬁoxyolean-lz-ene
(LXXVI) or 3ps2le22-triacetoxyolean-12-ene (IXXVII) will bo

formod.




AO

LXX1X)

Secondly, by carrying out the oleanane->taraxeranes
rearrangenent outlined in a previous section of this thesis,
the triacetate can be converted into its isodienonyl derivative
(IXXVIII) or (I.XXIX)G;3 e If the product is stable towards
alkali, and subsequent acetylation, the glycol grouping cannot
be in ring D, and must therefore be at c(,,) and 0(,2), as in
(IXXIX). Assuming the latter possibility to be the case,
assignment of configuration at 0(,1) and c(,,) can be made as
follows. Oxidation of the triacetate (IXXVII) with seleniunm
dioxide in benzyl acetate will yield the dioxodiene (LXXX),
which can be subjected to treatment with alkali and reacetylation,

under the same conditions as were used for the epimerisation of

tho sapogenol A dioxodienes.

- -OAc - -OfAc . OA¢ 0 0A
ORe \ - -Ofc- Ofc -Ofic

(LXX¥% Q) XXX b) (Lxxxc¢) - (EXXXd)
Quantitative recovery of unchanged dioxodiene is consistent

only with the stable, diequatorial 2la@:22B-conformation (LXXX&L



If'th@ ¢pizerigation is aﬁﬁcessfnl, the latter possibility cen
be ruled out, and tho cenfigurations of the 0(2‘) and c(zz)‘
~hydroxyl groups established by an evalunation pf'the ovorall
yield in the reaction. If the yield ie high (D60%), the
@ioxcdieno muot have the 2la:22c configuration, as in (LXZXb).
If tho yiold is modefat@ (30-50%), the dioxodiene hes tho
di-f-configuration {LiXXe). Finally, if the yield is legs then
50%, the dioxodierna probably has the ziﬁazza-structuro (1xxxa),
wvhich hae not so far Leen concountered. It is expectod, |
however, that such & structure would bs sterically hindered,

end slow to epicerice.




V1I. The Structure of Sapogenol B.

With the elucidetion of the structures of sapogenols A
and C, it follows that sapogenol B must be 59;21 or 22:24-
-trihydroxyolean~l12-ene, Tho presence of a hydroxyl group at
0(31) was first poatulated after the preparation of an unstabdls

diacetoxytrioxodiens from sapogenol B triacctate (LXXXI).

HO
(XXX HOHL (Lxxx11) (XXX 1Y)

Oxidation of the triacetate with selenium dioxide in denzyl
acetate gave the dioxodiene derivative, which was hydrolysed
with alkalli to yield 3f:21 or 22:24-trihydroxy~12319~dioxo~
-0leana=9(11)313(18)~-diene (LXXXII). Treatment of tho last

product with acetone and sulphuric acid furnished the 3f:24-

isopropylidene-derivative (LXXXIII) which was oxidised with
'tho chromium trioxide-pyridine complex to the corresponding
ketone (IXXXIV). Brief mineral acid treatment of the ketone.
furnished the 3p:124~diol, which was acetylated to give 3B:24~
~diacetoxy~12;19:21-trioxo-oleana~9(11)s13(18)~ddens (IXXXV).




Hydrolysis of the latter was attempted with alkali, but no
crystalline product could be isolated, even after acetylation
and esterification. Howaver, an unstable acid product, which
showed maximal absontion at 2040 and 2740 2., was extracted
from the reaction mixture. This reactivity of the trioxodiens
towards alkali is indicative of an as!-diketéno system in the
molecule., itAfollows therefore that there is a carbonyl group
at position,2i.

The diacetoxytrioxodiene (LXXXV) was treated with hydrogen

peroxide in methanolic potessium hydroxide solution according

to the method used for the degradation of the analogous ergosterol

' 103
derivative (IXxxvI).’
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An unstable acid product, which could not be purified, and
which rapidly decomposed, was again obtained. A parallel
resction on 5ﬁ-acetoxy-12:19-dioxo-oleana-9(11)s15(18)-diene
(LXXXVII) recovered only starting material, .This is further
evidence for the prescnce of & C(,, )~carbonyl group in the

diacetoxytrioxodiene,

AcO <
XXXV

Th; structure of sapogenol B was rigidlj egtablished by
- the préﬁ#ration of a second triacetoxydioxodiene, Oxidétion of
the 3&:241£ggpr0py11deno derivative (LKXXVIii) with the éhromium
trioxido-nyridine complex gave the 21-ketono (Lxxxzx) Lithium
aluninium hydride reduction of the katone furnished a mi:ture,
from vhich 21a-hydroxy-sp:24fgg_proyy11denodioxyolean-12-eno
(LXXXVIII) and its 21p-hydroxy epimer (XC) were obtsined by
chromatography. Acid hydrolysis and acotylation of the
21B-ep1mer gave a ltorooisomeric napogenol B triacetate (ch.
DePo 214-215‘, [a]D + 65°). Vigorous eeleniun dioxido oxidation
of tha latter furnished the dioxodiene dorivative, 36:21ﬂ:24-

tr1acetoxy-12:19-dioxo~oleana-9(11);15(18)-dieno (XC1I, m.p.



241-242°, [a]) = 57°, )\, 2800 A.). 4 mixture of the isomeric

sapogenol B dioxodienes (XCII) and (XIVI) had m.p. 231°,

confirming their non-identity.




Trestmént of the triacetoxydicxodiene; m.p. 241-242° (XCII),
with alkali, tollowgd by reacetylation, gave the higher-melting
isomer, (XCIII; m.p. 274-275°, [c]n - 52°). Hence, the
centormatiog of the hydro:yl group attached to c(z,) mugt have
been altgréd in (XCII) from the axial to the more stable
equatorial form during treatment of this compound with alkali.
Th§ process is agaiq considered to procesd yias a reverse
aldol-direct aldol condensation sequence, which involves the
opening and closing of ring E, and the formation of the stable

equatorial cpimer, as shown belows

H ¢
OHO \
N o@ .« -OH e« Dfe
e e = e
XLV

Sapogenol B must therefore have the atructure 5B:21qg24-
-trihydroxyolean~-12-eno (XCIII). Again, the rate-determining
step in the above reaction sequence iz the formation of the
anionic intermediate (XCIIa) from the 21P-épimer, In the
epimorisation, the oversll yield was found to be high (ca: T0%),
as 6pp8§éd to the moderate (40%) yield for the epimerisition of
the ocofrsspoading 21B1228-d10x0diene~derivative of sapbg?nol Y §

(1XvI):
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It i1s possible to oxplain this anomaly, if a zscondery

effocot operates during the epimorisation of the sapogocnol A
dioxodienes (ILXIV) and (L!Vi). which hinders formation of the
réquired enionic intercodiates (IXIVa) and (LXVIb), but 1s not .
present in the_epimerisation of the gapbgenol B dioxodieno
(XCII). This effect mey well be of the type shown above, and
is bouﬁa to retard the sffeotivo epening of ring B by .revorac
aldolisation in tho sapogenol A serieﬁ. Since, however,
sapogenol B does not contain a C (22 )-hydroxyl group, no

hirdoring offect is oboorved in the epimerisation of (XCII).




VIII. The Structure of Sapogenol D.

It was concluded by Meyer, Jeger and Ruzicka that sapogenol
D is a tetracerbocyclic oxide, isomeric with sapogenol B,
containing a 13(18)-double bond and a cyclic ether eyatemfo'gx
From the work described in the earlier sections of this thesis
it ias gvident that one end of the oxide ring muét be attached
to c(,s). with the other end at some suitably adjacent carbon
atom to facilitate acid rsarrangement to pentacyoclic oleanens
derivatives. A number of reactions were carried out on the
diacetate. These reactions served to demonstrate the stability
of the oxide ring to reduction. Thus, prolonged hydrogenolysis,
and reduction with zinc in ethanol or with sinc in acetic acid
has no effect, while treatment of the diacetate with lithium
aluminiun hydride affords the diol. Examination of the
infrared spectra of sapogenol D and its derivatives reveals a
wgll-defined abeorption band at 1100 cmo-i. indicative of a
five or higher-membered oxido ringtoe Structures such as
(XCIV) and (XCV), which contain a 3- or a 4-membered oxide ring

are therefore improbadle.

HO
HO-H,C: V)




Other possible rtructures are limited by the observation
that a 12:19-d1oxo-9(11):13(ie)~d1ene, which still contains
an oxide ring, is formed on vigorous selenium dioxide oxidation
of the diacetate. Tormulae such as (Xcv1) and (XCVII) cannot
therefore be considered, since it is impossible stericelly for

these to form a dioxodiene derivative without fission of the

oxide ring.

At this stage i was decided to edopt the provisional
structure (XCVIII) for sapogenol D, and to test it by rigid
chemical means. At’ention was first turned to the location
of the double bond, previously assigned to positibn 13(18) by
Meyer et al., on the basis of ultraviolet and infrared
absorption characteristics, and by the readj rearrangemcnt
of soyasapogenol D to olean-13(18)-ene derivatives. A SGries
of reacf_ions first performed on S-amyrin acetate (3p-acétoxy-
olean-13(18)-ene, XCIX) weras therefore carried out, These

reactiofis involve mild selenium dioxide oxidation to the

heteroannular-11:13(18)~diene (C). Subsequent hydrogsnation of
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(C) regonerates (XCIX).

Sapogenol D diacetate was oxidised with selenium dioxids in

benzyl acetate solution. Unexpoctedly, the sole product

obtained was the 12:19-diox0-9(11):13(18)-diene (CI). Milder
oxidation with selenium dioxide in acetic acid gave a mixtﬁra

of the required ilzl}(l&)-diene, dioxodiens, and starting
naterialy and this nmixturs could not de purified dy chromato-
graphy or by crystéllisation. Furthermore, prolonged oxidation
with selenium dioxide in aqueous acetic acid yielded a mixturs

of 3:2la:24~-triccetoxyoleans-11:13(18)-diene (CII) and 3fs2las24-
triacetoxy-l2:19~dioxo~oleana=9(11)s13(18)=diens (XIVI). Fiesion

of the oxide ring has thus taken placs during tho oxidation.




The location of the double bond botweon_c(ia) and c(,g)
in sapogenol D was finnlly established by means of two: further
oxidation reactions. In the first, mild chromic oxidation of
sapogenol D diacetate gave &an aﬁ-unaaturated‘ketono, CysHso 050
)\m.zsw i. (€ = 7000). This compound, which shows the same
ultraviolet absorption characteristics as methyl-l9-oxo-clean-
-13(18)~enolate acetate (CIII), is formulated as the 19-oxo-

-13(18)-eno (cIv).®’

CoOOMe

AcO Eon tg He € 1v)

Performic acid oxidation of sapogenol D diacetate affords
a eoéond préduct. C34H540s9 which gifaa no colour with tetra-
nitromgfhane; and does not contain an isolated carbohyl or
hydroxyl group, By analogy with the similar oxidation of
§ ~anmyrin acetate (XCIX)‘,“ the product is formulated as the
13(18)~epoxide (CV). In support of this view, there is good
agreement between the molecular rotation'ditferenGQs accompanying
the formation of the 13(18)~epoxides from §-amyrin ac@taté
(+ 200) and sépoganol D diacetate (+ 257)2a | ﬁoreover, on

treatment of sapogenol Ddiacetate epoxide with mineral acid,




both oxide rings are oPened, and a chlorine-containing

11:13(18)-diene is obtained. This product is considered to havae
the structure (CVI).

CL
- ; 5 AcD ~ ; f
AcoHc. (cv) ‘ AcOHE (cvi)

It has now been established that the double bond in sapogenol
D 1s situated between 0(1,) and 0(,.). A Btudy of the offect of
mineial acid on the oxide ring was undertaken. If sapogenol D
diacetate is assumed to have the structure (CVII), the formation

of 2l-chloro-3B:124~diacetoxyolean~13(18)~ene (CVIII) may be

formulated as follows:




Since the cisoid af-uncaturated ketons (CIV) is recovered
unchanged after treatment with mineral acid, 1t is concluded
that introduction of a 19-carbonyl function deaptiiates the
molecules to acid rearrengenment, by minimising the electron-
donating offect of the 13(18)-double bond towards the oxide ring,
The stability of the dioxodiens and its derivatives towards
acid was also examined. Vigorous selenium dioxide oxidation of
sapogenol D diacetatc geve the expected 12:19-d10x0~9(11)113(18)~
-diene (c3435°°7’;\hai02800 ., CI) which was reduced with sinc
in ethanol to the 133:lep-dihydro~darivativé-(CIX)Z‘ Hydro-
genolysis of the latte:r gave the 19-0x0-9(11)-ene (CX), and on
subsequent acid equilibration, the 18a-isomer (CXI) was obtained,
Lithium aluminium hydride reduction of (CXI), followed by partisl
acetylation afforded the non-conjugated diene, Cg, Hy(Os» (CXII),
which still contains the oxide ring. M11ld acid treatment of
the diene (CXII), in common with the other dérivatives, has no
effect on the oxide ring., However, when stronger acid
conditions were tried, in an attempt to conjugate the isolated
double bonds st positions 9(11) and 18, the oxide ring was broken,
end a chlorodione again obtainoed, It would thus appear that
an essential requirement for the opening of the oxide ring in
the sapogénol molecule is the presence of a tetrasubstituted

double bond allylic to the oxide ring. This is in agreement

with the known reactivity of allylic ethcrs towards mineral ascid.



As previously mentioned, mild acid treatment of the

dioxcdiene and its derivatives had no effect upon the oxide ring.
Howevor, brief treatment of the 13:18f-dihydro-derivative (cx)
with hydrochloric and acetic acids, gave a product which still
contained the oxide ring, but decomposed on crystallisation, and
could not bo purified. Initially, the product showed maximal
absorption at 2200 and 3200 i. (€ = 5000 and 12,400). This,
howover, was found ¢o change on treatment with acétic enhydride
and pyridino, the product showing absorption bands at 2030, 2280
and 2760 A. (€ = 9000, 6000 and 10;600)9 Investigation of tho

nature of this acid recrrangsmont was carried out with the

enalogous dihydro~derivative of dioxo-f-amyraedienyl acetate



'(CXIII), similar treatment of which gave, in good yield,
3g-acetoxy~12:19-epoxyoleana-9(11)=12:18~triene (CXIV'>‘maxo

2190, 3220 Xo,e = 5,500 and 13,400).

The last compound (CXIV) was originally prepared in low yield

from the dihydrodioxodigne (CXIII) by Dr. L. Cs Mcxeanf“' of
this Laboratory, by the~action of isopropenyl acetate and
sulphuric ac::l.d.x,,!:‘9 Furthermore, it was noted that when traces
of mineral acid are present during crystallisation of tha
triene-ether (CXIV), decomposition takes place to give the

dioxodiena (CXV), thus accounting for the instability of the

sapogenol D analogue, which is formulated as (CXVI).

ol



To accommodate the known facts, two main structures have
been considsred for sapogencl D, The first (XCVIII) has been
used throughout this seotlon, and is preferrcd by tho author,
A second structure (CXVII) is however also possible. In this
structurc, ¢tha bond batween Q(t?) and c(sa) is ébsent, and a
feether link is attached fromAc(zt) to Q(,,). A cummary of

ths ovidonce in favour of structure (XCVIII) will now be given.

1. Spectroscopic evidence: The high intensity ultravioléf end
sbsorption of sapogenol D (>\nax. 2080 i.; € = 10,000) is
indicativo of a typical totrasubstituted 13(18)-doub10 bondt‘o
Although little information io availpble concerning ths infrared
chsorption of oyclic aethers, it is known that li2-epoxides
ozhibit an ethereatrotchiang dand in thz region of $20 cm.’;. and
that as the ring sige giowe. & corresponding inorease caan bo
discorned in tho ethorectretching froquenayfas | Tho effect 1is

illustrated by the data in the asccompanying Table,



Table IV: Infrared Absorption of Cyclic Ethers.

[compound No.of Atoms in RiAg Ethor-stretching Bend
L'l'etrahydrofuran 5 1060_1099 cm,.."“‘
Pentemethyleno oxidc 6 1090-1100 c:z:r.v‘"1
Hexame thylene oxide 7 11051110 cm.'i
Aliphatic ethers oo 1080-1150 _c_m."

In acoordance with the G-membered oxide ring required by
structure (XCVIII), eapogonol D and its derivatives show a strong
ebsorption band in tha region 1090-1100 cm.'1 It is o: intercat,
hovever; to note th@ anomaly of aescigenin (CXVIII) which
contains ; five-meombered oxide ring, but does not absord between

1060 and 1090 om. ™ Instead a well-defined absorption band is

exhibited at 1112 cmo"~1

Accordingly, it appears that aescigenin béhavoa spectroscopically
as & nine-membored cyclic ether (CXIX). Structures (CXVII) and
(XCVIII) for napogenol'D are true five and six-membered cyclic
oxides, and cannot therefoie be expected to show this andomalous

affoct.



2. The Similarity of Sapogenol D and §=-

ring

This is shown by

comparison of the molecular rotation differences, listed in Table V.

Table V.
Compound Mb A)Eb L;Mb HD Compound
3p-Acetoxyolean-13(18)= | =154°1 -239° |38124~-Diacetoxy=
ane oleanoxer-13(18)~-ene
38-Acetoxy-12:19-dioxo0- «291 | «204 ) 3Bs24-Diacetoxy=-12
oleana~9(11):13(18)~ -445 | ‘ <443 {3119-dioxo~oleanoxeras
diene 9(11):13(18)-d10ng
3B=-Acetoxy-12319-dioxo~- +1115] +1298 3ps24-Diacetoxy~12
lolean=9(11)-ene +670 +855 |119-dioxo-0leanoxere
9(11)=-ene
3p-Acatoxy~19-0x0~0lean- ;106 =249 3Bs24-Diacetoxy~19-
«9(11)~ens +564 +606 |oxo-o0leanoxer-9(11)=
ene
3p~Acetoxy~19~0x0o=1l8a~ |+106 |- 86 3ps24~Diacotoxy~19=
-0lean-9(1l1)-ene +670 +520 |~oxo0-l8a~oloanoxere
_2(112-ene .
3f~Acetoxy~19f«hydroxy~ «128 |- T4 3B:124-Diacetoxy~19p«
-18a~0lean~9(1l)-ensc +542 +446 |hydroxy-l18a-olean-
oxer=9(11)-ena.
3B~Acetoxy-oleana~9(11) -T1 |- 173 3p124-Diacetoxy~
118-diene +471 +373 |-oleanoxera-9(11)
:18-diene

This evidence tends to favour the acceptance of formula (XCVIII) o

for sapogenol D.

The second structure {(CXVII) can only be

corract if closure of the bond between c(,,) and 0(1,) has teken

®Por the purposes of this thesis, the hypothetical
triterpenoid oleanoxerane (CXX) has been adopted

as a basis for the neming of sapogenol D

derivatives,

Thus, the diacetate 1is
3B124-diacetoxyoleanoxer-13(16)-ene.,

29 30




place during oxidation to the dioxodiene (CXXI).

A A
AcoH
Thet the dioxodiene has in fzct a bond botweon 0(1,) and c(:m) is
ovidenced dby the great similarity betwgen its infrared absorpiion
spactruxz ard that of BB-acatoxy-IZ319—dioxo-oleana-9(11)313(18)-.
diens. ( Both these dioxodicnes oxhibit cheraoterictic bands
at 1690, 1660, 1613 and 1597 cm. ™) |
Althongh enalyscs of tho dioxodiens and its derivatives do
not axclude a penteoarbocyclic struveturo such as (cxx1), the
tétracarbocyclio structure is preferred throughout, 2o shown in
Tablo VI.

Tabdble Vi: 4nalytical Data for Scvogenol D
“Dioxodiens Diacatate and Derivatives.

Pound Totracyeclio Pentacyclic

Structure Structurse.

fpompousa schr |gc lan | e |2p
Dioxodiena 71.7 8.7 | 71.8 |8.5 72.05 | 8.2
Dihydro-derivative 71°6§e,a 71.55|8.8 71.8 | 8.5
19-0x0~9(11)=en2 73.459.35ﬁ73°3 9.4 | 73.6 | 9.1
19~0z0-18z~9(11)=~cne, 7304} 905 | T3.3 19.4 | T3.6 9.1
19p-Bydroxy~-10a=9(11)~ene| 72.5| 9.5 { 73.1 |9.7 73.3 | 9.4
9(11)118=-d4eno 75.6]93.9 | 75.5 9.7 75.0 | 9.4




Until such time asievidence to the contrary is forthcoming,
the first structure (XCVIII) ie preferrcd for sapogenol D. The
author considezs that this sapogenol is derived 1@ fhe plant from
eapogenol B, In agrezment with the biosynthetic concepts outlin@&'
in &n ecrlier section, the formation of the soyasapogenols is
viewed @o proceeding by onzymatic hydroxylection of fe-emyrin to
give A and B. Subsequent dehydration of B afforde C, whils
rsaction of the 2l~hydroxyl group with either c(,,) or c(ga), and

subsequent bond fission at either 173122 or 17:18,gives sapogenol D.




IX. The Vigorous Oxidation of Sapogenol C Diacetate

Although leyer, Jeger and Ruzicka describe the oxidation of
sapogenol C éiaoatats (CXXII) with seloniunm dioxide in ecetic
acid to 3P:24-diacetoxyoleana~11:13(18):x(y)~-triens (cxxIII)s;a
they did not apparsntly sttempt the oxidation under more drastic
conditions., It was therefore decided to prepare the dioxodiene

dorivative (CXXIV), end make a study of its properties.

A:0

\c
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Accordingly, sapogenol C diacetats was refluxsd for 18 hr? with
selonium dioxide in benzyl acetate. The 12:19-dioxo-9(11):113(18)~
diena cbtained, m.p. 217-218°, [a]D - T8,5% gave on reduction
with zino in ethanol tho 13Ps18fedihydro-derivetive, m.p.266+268°,
[a]D + 106°. Surpriaingly, both compounds failed to give the
expected yellow colour with tetranitromethane in echloroform,
attributable to the cis-disubstituted double bond . botween Cp,
and C,,. Furthermore, ethylenic absorption was absent from
their ultraviolet spectra.

One explanation of thesce anomalies 1s'that saturation of
the 21:22-double bond has taken place during tﬁe formation of

the dioxodiene from sapoganol C discetate. This possibility was



elininated by means of a parallel series of reactions carried out
on dihydrosapogenol C diacetate (CXXV), which was oxidised with
_selenium dioxide in bensyl acetate to give 3fs24-diacetoxy-12:19-
=dioxo=-0leana«9(11)s13(18)=-diene (CXXVI, me.p. 247=248°, [a]n - T7°%
Reduction of (CXXVI) with zinc in ethanol gave 3B:24-diacetoxy-
~12:19-diox0~-0lean=9(11)-ene (CXXVII), m.p. 249-251°, [a]D + 120°).
A second possibility, that methyl group migration had occurred
during saturation of the 21:122-double bond in the formation of

the dioxodiene, m.p. 217-218°, as in (CXXVIII), was eliminated
when hydrogonolysis of the dihydro-derivatives, m.p. 266-268°,

and m.p. 249-251°, gave the same product, 36:24-d1wetoxy-19.;‘:iean—
-9(11)~ene (CXXIX).
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On examination of the dioxodiene structure (CXXVI), it can
be se¢n that the carbon atoms in ring C of the molecule must be
coplanar with c(,°>,c(,,), C(ta), 0(1,), and-c(zo)? as in
(CXXX). Furthermore, in structure (CXXIV), all six carbon
atoms in ring E must be coplanar with the carbon atoms in ring C,

a8 shown in (CXXXI).

€ xxx

Since four substitusnt groups are attached to ring E in (CXXXI),
the author considers an extended planar structure of this type

to be unlikely. Instead, it is postulated that during the

oxidation of sapogenol C diacetate an additional cycloalkane

ring system has been formed by attachment of the 0(1,)—mothy1
group to either c(z,) or 0(3,). The dioxodiene, m.p. 217-218°

.is acoordingly formulated as (CXXXII) or (CXXXIII), and the

dihydro-derivative, m.p. 266-268°, as (CXXXIV) or (CXXXV).
In support of this argument, it was observed that maximal
ultraviolet light absorption of the dioxodienme, m.p. 217~218°,

ocours at 2740 i,. whoreas typical 12:19-diox0=9(11):13(18)-dienes
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absord in the 2780~2600 4. Tegion. The hypsochromic effect can
be explained by cross conjugation of the dioxodiene chromophore
with a cyclopropane or cyclobutane ring system. On reduction of
the dioxodiene with zinc in ethanol, this oross-conjugation is
renoved, and the 13B118f-Adihydro-derivative, m.po 266-268°,
absorbs at 2450 i.. as expected.
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X. The Infrared Absorption Characteristics of 12:119-Dioxo~

An examination of the infrared absorption specira of
12:19-di0x0~9(11):13(18)~dienss reveals a well-defined band in the
1613~-1626 cm." region which is characteristic of the dioxodiene
system. A consideration of the light absorption properties of
related compounds has enabled an assignment to be made of the

band frequencies for the constituent groups in the 12:19-dioxe~-
«9(11):13(18)~diene chromophore.

Table VII, Infrared Absorption Data (in Nujol Mull).

Band Frequency Group Examples
Qm-"s
112
1695-1710 Isolated 12~ or 3f-acetoxy~12-0x0~-
19-Ketone, - oleanane,
3f-acetoxy~12:19«d1i0x0=-
olean«9(1l)=-ene,
and analogous sapogenol
derivatives.
1664-1667 af~Unsaturated 38:24-diacetoxy-19-oxo~
Ketone. oleanoxer-13(18)-ene,

3p~acetoxy~l2«-0x0~0lean
-9(11)~ene, etc.

1613-1626 Conjugated dioxodiene| 3p-acetoxy~l2:19-dioxo-

oleana=9(11):13(18)=
~diene, etec,
1595 Conjugated dienone 3B=-acetoxy~12-0x0-0leans=-
‘ =9(11):13(18)~d4ene,

The absorption frequencies of acetate bands in the QP,rogion
are also recorded for a number of the acetoxy-dioxodiencs
(Table VIII). Whereas 3f~acetoxy-12:19-dioxo-oleana=9(11):13(18)-

-diene, the diacetoxy-sapogencl D dioxodiene, and the epimeriec




triacetoxy-sapogenol B dioxodienes exhibit typical carbonyl
stretching absorption at 1730-1736 cm:t 112 all three tetra-
-acetoxy~sapogenol A dioxodienes show a.pronounced'bathochromic
displacement of absorption to the 1745-1760 cm." region. The
increase in stretching frequency is att:ibﬁtod to interaction
between the carbonyls in the neighbouring 0(21)- and c(,,)- acetate
groups. Moreover, since sapogenol A tetra-acetate does not

chow this effect, the interaction must bYe associated with the
rigidity in the sapogenol molecule introduced by the extended

dioxodiene systen.

Teble VIII. Infrared Absorption Data (continued)

Acetate Stretching
Frequency (om:t) Compound,
1730 3B-acetoxy~12119-dioxo~0leana-9(11):13(18)-
diene.
1730 3ps24-d1acetoxy-sapogenol D dioxodiene.
1736 3B32las24-triacetoxy-sapogenol B dioxodiena
1736 3B3121Bs24~-triacetoxy-sapogenol B dioxodiene
1745 38s2las24-tetra-acetoxy-sapogenol A dioxodiens
1754 3B321las22p124~tetra-acetoxy~-sapogenol A
dioxodiene,
1759 38121022P324~totra-acetoxy-sapogenol A
dioxodiene.
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All melting points are uncorrected. Specifiec
rotations were measured at room temperature in a
1 dcm. tube with chloroform as solvent unless otherwise
specified. Ultraviolet absorption were determined in
‘absolute ethanol solution using a Unicam S.P. 500 and a
Hilger H.T700. 307 spectrophotometer. Infrared absorption
spectra were determined in Nujol mull by Dr. G. T. Newbold
and Miss N. Caramando. Microanalyses are by Dr. A. C.
Syme and Mr. Wm. McCorkindale, Grade II alumina, and
light petroleum, b.p. 60-80°*, were used for chromatography.

90
I. Extraction of Defatted Soya Bean Flakes

Soya bean flakes (3 Kg.), which had been exhaustively
extracted with light petroleum, were refluxed with 80% aqueous
ethanol, and evaporated to near dryness, to give a resinous brown
gum (550 g.). A solution of the gum in methanol (6 1l.) and
hydrochloric acid (1 1.) was refluxed for 30 hr. and allowed to
cool overnight. Potassium hydroxide (1000 g.) was cautiously wcdded
in the minimum of water, and the mixture refluxed with methonol
(6 1.) and bvenzene (1.5 1), for a further 4 hr. After concentrat-
ing to half dbulk, the solutién was diluted with water (15 1.) ond
repeatedly extracted with benzene; The goldeneyellow extract was
dried over anhydrous sodium sulphate, and evaporated to give the
non-saponifiable fraction as & pale brown semi-crystalline solid
(10.3 g,), Acidification of the alkaline liquors and subsequent
extraction with chloroform gave a red acid gum (3.3 g.).

Soyasapogenols A and B.

The non-saponifiable mixture (65 g.), obtained by the above
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procedure, was crystallised from benzene (650 c.c.). The solid
obtained (25 g.) was collected (mother liquor A) and acetylated using
acetic anhydride and pyridine at 100°. A solution of the acetate
mixture in light petroleum~benzene (5:1, 800 c.c.) was chromato-

graphed on alumina (1 Kg.). Preliminary elution of the column

 with light petroleum-benzene mixtures (5:1, 5 1.3 4:1, 3 l.;

3311, 4 1.) gave fractions which did not crystallise. Elution with
light petroleum-benzene (1:1, 9.6 1.) gave crystalline fractions
(total, 1llz.) which were combined and crystallised from chloroform-
methanol to yield soyasapogenol B triacetate as rosettes of needles,
m.p. 177-178°, [a]; + 79° (c,1.2) [Found: €,73.95 H,9.8. Calc. for
CseHsg0g: C373.93 H,9.65%] A solution of the triacetate in ether
was refluxed with excess lithium aluminium hydride for 1 hr. The
product crystallised from chloroform-methanol to give soyasapogenol
B as needles, m.p. 260-261°, [a]D + 90° (c,1.1.).

A solution of sapogenol B (120 mg.) in pyridine (5 c.c.)
and acetic anhydride (5 c.c.) was left overnight at room temperature
Isolation of the product in the usual way and crystallisation frcm
chloroform-methanol gave sapegenol B triacetate as needle-~rosettes,
m.p. and mixed m.p. 179-180°, [a]D + 77.5° (c,1.0).

Continued elution of the alumina column with light petroleum-
benzena (1:2, 16 1.), with berzene (12 1.), and with benzene-ether
(20:1, 4 1.), gave fractions which crystallised with difficulty.

Benzens-ether (10:1, 11 1.) then eluted crystalline fractions which
were combined (total, 6.2 g.) and recrystallised from chloroform-

methanol to yield soyasapogencl A tetra-acetate as felted nesdlss,




m.p. 228-229°, [a]D + 85° (¢,1.0) [Founds C,71.13 H,9.1l. Calc. for
éasﬂéaos’ Cy71.03 H,9.1%]. A solution of the tetra-acetate was
hydrolysed with 3% methanolic potassium hydroxide for 3 hr. The
product crystallised from chloroform-methenal to give.soyaéapogenol A
as fine needles, m.p. 310-313°, [a]D + 103° (¢,0.5). Acetylation

of sapogenol A with pyridine end acetic anhydride at 100° regenerated
the tetra-acetate as felted needles (from chloroform-methanol), m,p;

and mixed m.p. 228-229°, [a}D + 85°,

Soyasapogencl D and f-Sitosterol.

The benzene mother liquor A (page95) was concentrated to
half-bulk. The amorphous solid (6.0 g.) separating on standing was |
collected and acetylated using pyridine and acetic anhydride at 100°.
A solution of the dry acetylated product in light petrolsum-benzene
(10:1, 1 1.) was chromatographed on alumina (180 g.). Elution with
light petroleum-benzens (10:1, 2 1l.) gave amorphous fractionsj
continued washing with the same solvent mixture (9 1.) eluted
crystalline fractions (totai, 1.3 g.) m.p.'s between 124 and 130°.
Thess were combined &nd crystallised from chloroférm-methanol to give
B-sitosteryl acetate as lustrous plates, m.p. and mixed m.p. 128~129°,
[a]D - 39.5° (¢,1.4). Alkaline hydrolysis of the acetate and
crystallisation of the product from chloroform-methanol gave
B-sitosterol as needles, m.p. and mixed m.p. 135-136°, [a]D - 34°
(€40.9).

Continued elution of the column with light petroleum-benzenc

(9:1, 2 1.3 431, 3.5 1.3 231, 2 1.3 111, 4 1.) gave fractions



(total 1.2 g,) which aftér crystallisation from chloroform-methanol
gave soyasapogenol D diacetate as lustrous plates, m.p. 191-192°,
[«ly - 44° (0,1.2). [Founds Cy75.33 H,10.2. Calc. for Cy Hy,Oy:

Cy75.25 Hy10.0%]. 1Its infrared spectrum (Nujol) includes a strong

band at 1100 cmo'z.

A solution of the diacetate in ether was refluxed for 2 hr, with
an excess of lithium aluninium hydride. Crystallisation of the
product from chloroform-nmethanol gave soyasapogenol D as granulsar
prisms, m.p. 297-299°,.[a]D - 56° (c,0.6). Acetylation of sapogsnol
D with pyridine and acetic anhydride at 100° regenerated the diacetate
as lustrous plates, (from chloroformemethanol), m.p. 190-191°, [a]D
- 43° (g,0.9)

Soyasapogenol C Diacetate,

The non-saponifiable mixture (60 g.) was crystallised from
methanol (200 c.c.). The separating solid (11 g.) was recrystallised
from bengene (150 c.c.). The solid was collected and the mother
liguor evaporated to dryness. The residue (6.5 g.) was acetylated
with pyridine and acetic anhydride at 100°. A solution of the dry
acetylated product in light petroleum-benzene (6:1, 500 c.c.) was
chromatographed on alumina (250 g.). After elution with light
petroleun-benzene (631, 2 1.3 4:1, 1 1,), light petroleum-benczene
(3:1, 4 1.) gave crystaliine fractions (total 1.4 g.) which were
combined and crystallised from chloroform-méthanol to give soyasapoge

enol C diacetate as fine needles, m,p.202.203°, [a]D + 59.5° (c,y1.3)




[Found: €,77.73 H,10.2. Calc. for Cy,Hs,0,: C,77.8;3 H,10.0%].

The red acid gun (3.3 g.) obtained on extraction of the
acidified saponification product (page94 ), was crystallised at 5°
from ethyl acetate and light petroleum, to give micro-crystals of
a saturated fatty acid, C, Hy;COOH or C,,HygCOOH, m.po 52-53°
[Found: C,75.76s H,12.9. C,,H;,Q, requires C,75.503 H,12.67.
C,eH;40; Toquires C,75.993 H,12.76%].
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II. Reactions of Soyasapogenol A.

3f224-21a322a-bis~-isopropylidenedioxy~-olean-l2-ene. - A

solution of sapogenol A (200 mg.) in dry acetone (50 ¢.c.) and dry
ether (200 c.c.) containing concentrated sulphuric acid (1 c.c.) was
kept at room temperature for 27 hr. The reaction mixture was diluted
with ether, and washed with aqueous sodium hydrogen carbonate and
water. Chromatography of the product on alumina and crystallisation

from chloroform-methanol gave the bis-isopropylidene-derivative as

needles, m.p. 236-238°, [a]D + 93° (c,1.5) [Found: C¢,77.63 H,10.6.
C;¢Hsp 0 Tequires C,77.9s H,10.5%]. It gives a bright yellow colour
with tetranitromethane in chloroform. Infrared absorption: strong

-l 113
bands at 1111 and 1148 cm. (acetonide group).

Sapogenol A triacetate. - A solution of sapogenol A (130 mg.)

in a cold mixture of pyridine and acetic anhydride (1:1, 10 c.c.) was
kept at 0-5° for 17 hr. The product was isolated in the usual way,
and its solution in light petroleum-benzene (2:1, 100 c.c.)

chromatographed on alumina (5 g.). Elution with light petroleum-
-benzene (113, 7 x 150 c.c.) gave fractions (total, 85 mg.) which
crystallised from chloroform-methanol yielding sapogenol A tetra~
-acetate as needles, m.p. and mixed m.p. 228-230°, [a]D + 85° (g,1.2).
After eluting with benzene (500 c.c.), benzene-ether (20:1, 400 c.Co}
10s1, 500 c.c.3 431, 500 coc.) gave fractions (total 45 mg.) which

crystallised from chloroform-methanol to yield sapogenol A triacetate

as plates, m.p. 256-258°, [a]D + 71.7° (c,0.8) [Found: C,71.63 H,9.3.

C3gHss 0y Tequires C,72.03 H,9.4%]. Acetylation of the triacetate
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using pyridine and acetic anhydride at 100° gave sapogenol A
tetra-acetate as needles (from chloroform-methanol), m.p. and mixed
m.p. 228-230°, [a]D + 83° (c40.6). Chromatography of sapogenol A
tetra-acetate on the same preparation of alumina as that used for the
separation of the triacetate gave an almost quantitative recovery of

tetra-acetate.

Performic Acid Oxidation of Sapogenol A Tetra-acetate. -

A solution of sapogenol A tetra-acetate (1.0 g.) in ethyl acetate

(40 c¢.c.) was treated at 45° with hydrogen pe roxide (100 vol.,

6.5 c.c.) in formic acid (99-100%, 34 c.c.) added dropwise over 3 hr.
The solution was kept at 45°® for a further 3 hr., and then concentrated
to one-third bulk. The crystals (750 mg.) separating were recrystall-
ised frqm chloroform-methanol to give needles of 3P:2las22a:24-
-tetra-acetoxy-12-oxo-oleanaﬁe, m.p. 308-310°, [a]D + 19.6° (c,1.2)
[Found: C,69.13 H,8.8. CggHye0p requires C,69.3; H,8.9%]. It does
not give a cnlour with tetraﬁitromethane in chloroform. Infrared
ebsorption: strong bands at 1706 (carbonyl), 1736, 1258 and 1239

-1
cm. (acetate).

383 21as220324-Tetra-acetoxy-12-o0xo-olean-9(11)=ene. -

A solution of bromine (0.38 g.) in glacial acetic acid (25 c.c.) was
added over 20 min. to a solution of the saturated l2-ketone (1.4 g.)
in glacisl acetic acid at 60-63°. The mixture was kept at 100° for
5 hr. and at room temperature overnight. Vater was added to the
heated solution until crystals formed. After standing, the

crystals (1.1 g.) were collected end recrystallised from chloroform-

methaiol to give 3Pi2las22a:24-tetra-acetoxy-12-oxo-olean-9(11)~ene
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as needles, m.p. 275-276°, [a); + 72.6° (g,1.0) [Founds C,69.7s
‘H,8.4. Cy4aHgq0p Tequires C,69.5; H,8.6%]. It does not give a
colour with tetranitromethane. Ultraviolet sbsorption: Maximum at
2470 4. (€ = 11,000).

A solution of the tetra-acetoxy-af-unsaturated ketone (120 mg.)
in methanolic potassium hydroxide (3%, 30 c.c.) was refluxed for
24 hr. The product wes isolated by means Jf ether and acetylated
by using pyridine and acetic'anhydride at 100°. - Crystallisation
of the acetylated product from chloroform-methanol gave unchaﬁgad

| 3p121las 22a:24-tetra~acetoxy-12-oxo-0olean~-9(1l)-ene as needles, m.p.
and mixed m.p. 272-274°, [a]D + T3° (c,1.1)

Selenium Dioxide Oxidation of Tetra-acetoxy-l2-oxo-olean~

-9(11)-ene. - Powdered selenium dioxide (1.5 g.) was added to a
solution of the tetra—acetoxy-aB-unsatuJ:ﬁ ketone (900 mg.) in
glacial acetic acid (30 c.c.) and the mixture refluxed for 24 nhr.
The filtered solution was ﬁoured into water, and the product
isolated in the usual manner, giving a yellow gum (980 mg.).. This
was purified by chromatography on alumina and crystallised from
aqueous methanol to give 3P:2la:22xs24-tetra-acetoxy~12-0xo~
-taraxera-9(11)s14-diene as plates (320 mg.), 'm.p. 240-241-,'[a]D

"1-7. (9_,4.1) [Foundt 0.6908' H.804- 038H5‘09 i‘eduires C|6907'

H,8.3%]. It gives a pale yellow colour with tetranitromethane in

chloroform, * Ultraviolet absorption: Maxima ét;2440.and 2080 i.

(€ = 11,200 and 8000). '
3B121: 221 24-Tetrahydroyy-14-pxo ~taraxera-9(11): 14-dfens. -

A solution 6f the tetra-acetoxy-oxo-diene (240 mg.) in 3% meéthanolie




potassium hydroxide (30 c.c.) was refluxed for 3 hr. The product
was 1solated by means of a large volume of ether, and crystallised

from aqueoué methanol to give 3P:21la:22as24-tetrahydroxy-l2-o0xo0-

taraxera=9(11):14-diene as prismatic needles, m.p. 296-298°, [a]D
- 55° (1.6 in methanol) [Found: C,74.13 Hy9.6. Cy,H,s05 requires
Cs74.03 H,9.5%]. It gives a pale yellow colour with tetranitromethane
in chloroform. Ultraviolet absorption: Maxima at 2440 and 2080 E.
(&= 11,000 and 7,000).

Acetrlation of the tetrol, using pyridine and acetic anhydride;
gave the tetra-acetate as plates (from aqueous methanol), m.p. and
mixed m.p. 240-241°, [a}D - 1,6° (c,y2.0) |

Mild Selenium Dioxide Oxidation of Sapogenol A Tetra-acetate. -

Powdered selenium dioxide (200 mg.) was added to a solution of
sapogenol A tetra-acetate (200 mg.) in stabilised acetic acid
(30 c.0.) and the mixture refluxed for 1 hr. The hot mixture was
filtered and the product isolated by means of ether, and purified

by chromatography on alumina and crystallisation from chloroform-

-methanol to give 3P:2la:22as24~-tetra-acetoxy-oleana-11:13(18)-diene
as needles, m,p. 242-243°, [a]D + 13° (6,1.5) [Pound:s C,71.2; H,8.8.
CygHsg0p requires C,71.2; H,8.8%]. Ultraviolet absorption: Maxima
at 2410, 2490 and 2590 A. (& = 30,0004 34,400 and 21,800).

A solution of the tetra-acetoxy-diene (240 mg.) in methanolic
potassium hydroxide (3%, 30 c.c.) was refluxed for 3 hr, Crystall-
isation of the product‘from methanol gave 3f:2la:22a:24-tetrahydroxy- |

oleana-11313(18)-diene as plates (175 mg.), m.p. 322~324°, [a]D - 43°
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(cy1.3 in ethanol)[Founds C,76.15; H,10.4. Cs5,H,40, requires

C,76.2 H,10.2%]. Ultraviolet absorption: .Maxima at 2310, 2490

and 2590 A. (€ = 30,0003 34,200 and 21,800).
59321«:22u:24-Tetragxdroxxgglggggpll:13(18)fggggg_Triacetate,-

(a) A solution of the tetrahydroxy-diene (125 mg.) in a cold mixture
of pyridine (5 ce.c.) end acetic anhydride (5 c.c.) was kept at 0-5°
for 20 hr., The product was isolated in the usual way, and its
aélutioﬁ in light petroleum~benzene (2:1, 100 c¢.c.) chromatographed
on alumina (Slg.). Elution with light petroleum-benzene (1:3,
5 x 130 c.c.) gave fractions (total 60 mg.) which onyatélliaod from
chloroform to yield 33:ZhnsZon:Z)-tetracacotoxyoleana-11:13(18)-diene
triacetate as needles, m,p., and mixed m.p. 241-242°, [a]D + 13°
| (col1.0). Continued elution with ether and ether-methanol (20:1)
gave fractions (total, 50 mg.) which ;rystallised from chloroform-
nothanol to yield 3p:2las22a:24-tetrahydroxy-cleana=11:13(18)~dienc
triacetate as rods, m.p. 256-258°, [a:]n - 10.5° (g_,l.l;) [Found:
Cy71.63 Hy9.3. Cy4H;o0, requires C,72.2j H,9.1%]. Ultraviolet
absorption: Maxima et 2420, 2500 and 2600 A. (E= 30,0005 34,200 and
21,900). - Acetylation of‘the triacetate, using pyridine and acetic
anhydride at 100® gave the tetraeacetate as ncedles (from chloreform-
methanol), -m.p. and mixed m.p. 241-242°% [a], + 12° (g,0.9).
Chromatography of tetra-acetoxy-oleana-11:13(18)=diene using the
same preparation of alumina as that employed for the separation of
the triacetate gave & nearly quantitative recévery of the tetra-

-gcetate.
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(b) Powdered selenium dioxide (70 mg.) was added to a solution of
sapogenol A triacetate (70 mg.) in stabilised acetic ac:id (20 c.c.)
and the mixture refluxed for 1 hr, The product was isolsted by
means of ether and its solution in light petroleum-benzene (1:1,
100 c¢.c.) chromatographed on alumina (4 g.). Elution with ether-
methanol (20:1, 3 x 50 c.c.) gave fractions (total, 45 mg.) which
crystallised from chloroform-methanol to yield 3f:2la:2’a:24-tetra-
hydroxy-oleana-11:13(18)-diene triacetate as rods, m,po &nd mixed
m.p. 256-258°, [a]; - 9.0 (g,0.5).

Vigorous Selenium Dioxide Oxidation of Sapogencl A Tetra-

acetate., « A solutién of s®pogenol A tetra-acetate (2.1 g.) in
benzyl acetate (30 c.c.) was refluxed with powdered selcnium
dioxide (2.1 g.) for 24 hr. The filtered solution was evaporated
to dryness under reduced pressure and the product purified by
chromatography on alumina and by crystallisation from chloroform-

methanol to yield 3B:2las22a:24-tetra-acetoxy-~12:19-dioxo~-oleana-

-9(11):13(18)~diene (850 mg.) as fine needles, m.p. 265-266°, [a]D
-42.5° (c,1.0) [Founds C,68.43 H,8.0. Cy4H;,0,, requires C,68.23
H,7.8%]. It does not give a colour with tetranitromethane in
chloroform. Ultraviolet absorption: MNaximum at 2780 Eo (€ = 13,600)
Infrared absorption (CaF, prism): Strong bands at 1745 (ecetate),
1715, 1664 and 1626 cmo-i(dioxodiene).

38:21as22B3:24-Tetra-acetoxy~12;s19-dioxo-oleana-9(11):13(18)~

diene. - A solution of 3p:2las22a:24-tetra-acetoxy-12:19-dioxo-
oleana-9(11):13(18)-diene (100 mg.) in methanolic potassium hydroxide

(3%, 30 c.c.) was refluxed for 23 hr, The product was isolated
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by means of chloroform and aoefylatad by using acetic anhydride and

pyridine st 100°. Crystallisation of the acetylated materiel from
chlo:ofofm—dithﬁnol gave 39:21«:Zzﬁ:24-tetra-ad§tozy-12a19—41010-
oleana-9(11)ai}(l&)-dieno.ae prismatic needles, m.p- 350-332;_'
(decomp. ), [aj’n - 48° (c,1.8) [Found: C,68.0) n.’i.s. CseHg300

requires €,68.24 H,T.8%]. It does not give e oolour w;th tetra«

nitrométhané'ih chloroform. A mixturé with the isomeric 3b:21¢:

22¢124-tetra-acetate had m.p. 254°. Ultraviolet absorptions

Maximum at 2780 A. (&= 13,200). Infrared apso'z'-ption (CaF, prism)s

Strong bands at 1754 (acetate), 1712, 1664 and 1626 cn.“’('aioxodione).

© Prom the mother liguors of the dioxo-SB:21«:225:24-te%&3—

-acetate, unchanged 3ps21¢szzas24-tetfa-aootox}-12:19-d1o§:o-oléana-
-9(11):1}(18)-d10n9 (10 mg.), m.p. and mixed ‘mepe 263-267°, [¢]D

- 44° (c,0.5), was isolated.

3p121as22as24-Tetra-acetoxy-12:19-di6xo-0lean-9(11 j-cne, -

A solution 6£5&2hn2&n24-tetra-acetoxy-lzslgodioio-oleanilg(ii)s13(18)-

~diene (400 mg.) in ethanol (50 0.c.) was refluxed with freshly
activated sino dust (4;0 g.) for 5 hr, Theiproduct wag'iséiatod

in the usual way, and.érystallised from chloforom—methggoi‘to.yield
53sZla:22&{24;f0tra-acgtbxy-12s19-dioxo-olean-9(il)-eng;(jib mg:)

as lustrous plaﬁea, m.p,'274-215°, [a]D + 108° (3?1.5);[F§gnd:'c;68.2;
H,8.6. Cyallyy0; requires C,68.0 n,a.l%]j. Ultraviolet gbgq"rptiom |
Meximum at 2440 A. (€12,100) -

*3@;21@:22&:24-Téﬁfa;acetoxy-12:19Fdiéxo—olean-9(11)gggg, -

JﬂtZlcs223}24-tetra-acotoxy~12:19-diozo-oloanu-9(11)sls(la)héiono
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(310 mg.) was reduced in ethanol with activated zinc dust as described
above. The product crystallised from chloroform-methanol to give
3B121a;22p124-tetra~acetoxy-12:19~-dioxo-olean=9(11)-ene (220 ng.) as
blades, m.p. 239-241°, [&]D + 153.5° (¢,1.0).[Found: C,68.2y H,8.3.
C3eHs¢0;o TOQuires C,68,03 H,8.1%]. Ultraviolet absorptions

Meximum et 2440 A ( = 12,000).
A sample of the 35:21«:22ﬂs24-tetra-acetoxy-dioxof9(11)-ene
(10 mg.) was heated at 265° for 20 min. Crystallisation of the
product from chlorofoermethanol gave 38:21a:22p:24-tetra-acetoxy~
~12:19-d10x0-9(11):13(18)~diene as prismatic needles, m.p. and mixed
m.p. 326~328%, [aly - 45° (2,0.3), A, 2800 &. (£~ 10,000).
3121a:228124-Tetra~acetoxy~12:19-di0x0-18a~0lean~9(11)-ene. =~

(a) A solution of 3B:2la:22a324~tetra~acetoxy-12:19~dioxo~-0lean~
-9(11)-0#9 (150 mg.) in aqueous methanolic potassium hydroxide

(10%, 100 c.o.) wés refluxed for 6 hr. in an atmosphere of nitrogen.
The product was isolated by means of chloroform and re-acetylated dy
treatment with pyridine and ecetic anhydride at 15° for 16 hr,
Crystallisation of the acetylated product from chloroformemethanol
gave 3B:2las22pt24~-tetra-acetoxy-12:19-dioxo-18a-olean=3(11)-ene
(100 mg.) as needles, m.p. 326-328°, [a]; + 60.2° (¢,0.85) [Founds
C368.0; Hy8.2. C5gHgs 0, Tequires C,68.03 H,8.1%]. Ultraviolet
sbsorption: Maximum at 2430 A. (€= 11,400).

(b) 3Bs21a:228324~Tetra-acotoxy-12119-dioxo~olean+9(11)~cne (87 mg.)
was treatecd with alkali in an atmosphere of nitvogen aud the product

reacetylated as described under (a) above. Crystallisation from
chloroform-méthanol gave Bﬁx21as226:24-tetra-acetoxy—12:19-dioxo-18a-_

-olean-9(11)-ene (60 mg.) es needles, m.p. and mixed m.p. 326-328°,
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[a]D + 61° (c,0.8). VUltraviolet absorption: Maximum at 2430 k.
(€= 11,200).

When the isomerisations desoribed und - (a) and (b) were
effected in air, and not in an atmosphere of nit?Ogen, the product
was in each case contaminated with 3B:21x:228:24~-tetra-acetoxy~12:19
«di0x0-9(11):13(18)-diene. For example, repetition of experiment
(a) in air gave a product, m.p. 326-329°, [a]D + 52.’>\mu.2440

(€ = 8,000) and 2780 X. (€= 1,500), which could not be resolved into

its componente by crystallisation or chromatography.

Attempted Hydrogenolysis of 3f:12las22a:24-Tetra-acetoxy-12:19-

dioxo~olean-9(11)-_9_x_1_g_. = A solution of the tetra-acetoxy-dioxoc-ene
(300 mg.) 1n glacial acetic acid (100 c.c.) was shaken with hydrogen
and platinum catalyst (from 300 mg., PtQ,) for 100 hr. The product
was isolated in the usual way and crystallised from chloroform-
methanol to give a mixture, X  __ 2440 A. (£ = 8000). Prolonged
treatment of the mixture with hydrogen and platinum catalyst achieved
a reduction in the amount of non-reacted material, and now had Xmaz.,
2440 i. ( €= 3000). The mixture, however, could not be separated
either by crystallisation or by chromatography on alumina, Similar
results were obtained when the hydrogenolysis of 38:21a:22B:24-~tetra-~

acetoxy-12:19-dioxo~olean-9(11)~ene was attempted.




ITI. Reactions of Soyasapogenol B.

Cold Acetylation of Soyasapogenocl B - A solution of sapogencl
B (100 mg.) in a cold mixture of pyridine (5 o.c.) and acetic

anhydride (5 c.c.) was kept at 0-5° for 17 hr. Isolation of the
product in the usual way and chromatography on alumina gave sapogenol
B triacetate (105 mg.), crystallising from chloroform-methanol as
needle-rosettes, m.,p. and mixed m.p. 179-180°, [a]D + 77.5° (c,1.0).
Performic Acid Oxidation of Sapogenol B Triacetate. -
Sapogenol B triacetate (1.0 g.) in ethyl acetate (40 c.c.) was
treated at 45° with a solution of hydrogen peroxide (100 vol., 6.5
c.¢.) in formic acid (99-100%, 34 c.c.), added dropwise over 3 hr.
The solution was kept at 45° for 3 hr, and then concentrated to
one-fourth bulk., On cooling, plates separated (430 mg.), m.p.
260-262°, Recrystallisation from chloroform-methanol gavé 3B8121a:
24~triacetoxy-12-qpofoleanane as lustrous plates, m.p. 264-265°, [a]D
-4.4° (c,5.1) [Founds €,72.1y H,9.3. Calc. for CyaHgg0,: C,72.03
H,9.4%]. It does not give a colour with tetranitromethane in
chloroform. Tsuda and Kitagawa give m.p. 25&5256°_for this keto-
acetate:d Hydrolysis of the triacetate with 5% methanolic potassium
hydroxide gave needles of 3p3;2la:24-trihydroxy-l2-oxo-oleanane (fron
aqueous methanol), m.p. 258-260°, [a]D - 10.2° (0,1.5) [Found:
Cy75.65 H,10,3. Celo., for C5oBe0¢t C,75.93 H,10.6%4]. Tsuds-
and Kitagawa give m.p. 253-254° for this compound.

4 solution of Bﬂi21«:24-trihjdroxy-lzédio-oleanané (150 ng.)
in éry acetone (30 c.c.) was added to a solution of dry ether (150

c.c.) containing sulphuric scid (24 drops). After leaving the




mixture at 17° for 16 hr., the product was worked up in the usual
manner, and purified by chromatography on alumina. Subsequent

crystallisation from methanol gave fine needles (93 mg.) of 2lc-

~hydroxy-3p:24~isopropylidenedioxy-12-o0xo~0leanane n.p. 236-23£°,

hydroxy: v

(L3 - 23.5°, It gives no colour with tetranitromethane. Fcund:
D

C,76.73 H,10.5. CyyqHy,0, requires C,77.0; H,10.6%].

Chromic Acid Oxication of Sapogenol B Triacetate. - (a) A

solution of sapogenol B triacetate (1.0 g.) in stabilised acetic
acid (50 c.c.) was treated at room temperature with a solution of
chromium trioxide (0.75 g.) in water (0.7 c.c.) and acetic acid

(7.5 c.c.),added with stirring over 20 min, After 17 hr., the
neutral product was isolated in the usual way and crystallised from
chloroform-methanol to give plates (540 mg.), m.p. 242-248",.[0:]D

+ 30° (c,2.0). Ultraviolet absorption: Maximum at 2480 A,

(€ = 6,000). Attempts to separate the af-unsaturated ketone
component of this mixture by careful chromatography, by fractional
crystallisation and by fractional solution, all.failed.

(b) A solution of the triacetate (500 mg.) in stabilised acetic acid
(35 c.c.) at 60° was treated with & solution of chromium trioxide
(400 mg.) in acetic acid (80%, 8.3 c.c.) added with stirring over

30 min. After 2 hr. the neutral product was isolated and crystall-
ised as above to give micro-plates (204 mg.), m.p. 245-246°.
Ultraviolet absorption: Maximum at 2480 A. (€= 4,800). The ap=-
unsaturated ketone component again could not be purified dby crystall-
isation or chromatography.

A solution of the mixture (300 mg.), m.p. 242-248',1\max

2480 A. (€26000), in 3% methanolic potassium hydroxide, was refluxed
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for 6 hr. The product, isolated in the usual way, was an amorphouc
~gum (280 mg:). TUltraviolet absorption: End absorption at 2040 Z.
(€ = 5000). The gum was acetylated with pyridine and acetic anhydridd
and a solution of the dry acetylated product in light petroleum-
- benzene (3:1, 50 c.c.) was chromatographed on alumina (10 g.).
Elution with benzene (200 c.c.) gave fractions (total, 150 mg.) which
crystallised from chloroform-methanol to give 3B:2laz24-triacetoxy-
«12-0x0-0le¢anane as plates, m.p. and mixed m.p. 264-265°, [a]D - 4.4°
(cs1.2) [Found: ©C,72.33 H,9.3. Calc. for CyqHgaOy: C,T2.0; H,9.4%],
A solution of the mixture (200 mg.) m.p. 242-248°, \ pax, 2400
(€ = 6000), in acetic acid (20 c.c.) and concentrated hydrochloric
acid (2 c.c.) was heated at 100® for 3 hr, The product was isolated
in the usual way and crystallised from chloroform-methanol as platee,
m.p. 285-300°, Ultraviolet absorption: Maximum at 2420 Ko
(E»? 6,000). The mixture could not be separated into its components
by.crystallisation or by chromatography.

Mild Selenium Dioxide Oxidation of Sapogenol B Triacetate. -

A solution of sapogenol B triacetate (1.0 g.) in stabilised acetic
acid {150 c.c.) was refluxed with powdered selenium dioxide (1.0 g.)
for 1 hr, The product was worked up in the usual way to give &
crystalline gum, which was chromatographed on alumina and c¢crystallised
from chloroform~methanol to give fine necedles of.39:21a;24-§;iacetoxv
oleana-11:13(18)-diene (920 mg.), m.p. 250-251°, [a]D - 16* (c,1.0)
[Found: €,74.03 H,9.4. CygH,,0; requires C,74.23 H,9.3%]. Ultra-

violet absorption: Maxima at 2410, 2490 and 2590 K. ( £=30,000;
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34,4003 and 21,600), | The triacetoxy-diene was hydrolysed by |
means of lithium aluminium hydride in ether, "Tho trihydroxy-diena,
which was not purified, was dissolved in a cold mixture of ascetic
anhydride and pyridine (111, 12 c.c.), and the solution képt at
0-5° for 17 hr. The product was puritiéd by chromatography on
aluninz, and by crystallisation from chloroform-methanol to give
the triac-toxy-diene as needles, m.p. and mixed MePo 250-251'
[a]D - 16,5 (c,1.0), 1in almost qnantitative yield,
BBz21a:24-Triacetoxzolean-15(18)-ene. - A solution of the
triacetoxy-diene (94 mg.) in stabilised acetic acid (200 ¢oCa)
was sheken with platinum (from 100 mg. PtG,) and hydrogen for
36 hr. Crystallisation of the product from chloiotorn;ﬁe%hanol
gave 3p:21«524-triaeetoxyoléan-13(18)-ene as f£ine needles,
.. 219-221°, [aly = 24° (£,3.45) [Founde C,73.6; H,9.6. Calc.
'for'c,,E,,Ohs ¢,75.9; H,9.65%]. It gives a strong yellaw colour
with tetranitromethane in chloroform. Ultraviolet absorption: '
End absorption at 2080 A. (&= 12,800), Ruzicka gives m.po
221-222%, [a], = 24° for this oompound?‘ Hydrolysis of the
triascetate with lithium aluminium hydride in ether gave hexagonal
plates of 3Bs2las24-trihydroxyolean-13(18)-ene (from methanol),
m.po 318-320°, [al) - 54° (2,0.47 in chloroform-methanol 1:1)
[Founds C,78.53 H,11.0. Calc. for Cj Hyolys “c'."rs'osss ﬁ.noo%_].
Ruzicka gives m.p. 320-321°, [a)) = 52° for the triel.
ZIa;gxdrozzosﬂs24-13qggggz&idonedio;zglaana¢ll:13(18)-dioneo

4 solution of 36:21¢:24—trihydroxyoleana€11¢13(18)-diene (400 ug.)
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in dry acetone (60 c.c.) and dry ether (300 c.c.) was treated
with concentrated sulphuric acid (2 c.c.). After standing at
17°* for 18 hr,, the mixture was diluted with ether and washed
with aqueous sodium hydrogen carbonate, The product was
purified by chromatography on alumina and crystallisation from
light petroleum to yield the hydroxy-isopropylidene derivative
as plates, m.p. 235-236°, [“]n - 84° (240.9) [Found: C,79.8;
Ey10.6, Cy5Hy, Oy Tequires €,79.8; E,10.55%]. Ultraviolet
absorption: Maxima at 2430, 2510 and 2600 A. (£ = 29,0003
33,7003 and 22,500). Infrared absorption: Strong bands at
3484 (hydroxyl), 1155, 1107 and 1093 cmo™ (acetonide).

21-0xo-3fs24~1sopropylidenedioxyoleana~11:15(18)~-diene, -
The hydroxy-isopropylidene derivative (210 mg.) in pyridine

(2 c.c.) was added to a-suspénsion of chromium trioxide (230 mg.)
in pyridine (2 c.c.). The mixture was shaken occasionally, left
at room temperature for 24 hr. and worked up in the usual way,
The ocrystallinsproduct was chromatographed on alumina and
crystallised from chloroform-light petroleum to yield 2l-oxo-
-isopropylidenedioxyoleana-11:13(18)-diene (170 mg.) as rods,
m.p. 243-245°, [c]D - 65° (0,2.8) [Pound: €,79.0; H,10.2.

C3 3By o0y requires C,80.13 H,10.2%]. Ultraviolet ebsorptions
Maxima at 2420, 2500 and 2590 i. (e = 25,8003 30,400 and 20,000)
Infrared absorption: Strong bands at 1706 (carbonyl), 1155, 1105,
1093 em.™ (acetonide).



38124~Dinscetoxy~-21-0x0~0leana~11:13(18)-diene. = A solutiocn
of the oxo-isopropylidene dorivative (130 mg.) in methanol
(100 c.c.) containing concentrated hydrochloric acid (25 c.c.)
was refluxed for 20 min, The product was worked up in the usual
way and acetyleted by troatment with acetic anhydride and.pyridina
at 100°, Crystallisation of the dry acetylated product from
methanol gave 3Bs24-discetoxy-2l=oxo-oleana=-11:13(18)-diens zo

lustrous plates, m.p. 239-241°, [c]D -~ 33* (g,0.8) [Foundc_c,fBDG
H,9.6. C3,Hyo0 requires C,75.8y H,9.4%). Uliraviolet
absorptions Maxina at 2420, 2520 and 2590 4. (€ = 25,0004 29,0004
and 24,000)., Infrared absorption: Strong bands at 1706
(ca?bonyl), 1735, 126%, 1236 cmu'1 (acetate),

A solution of the diaoetoxy-ozo-diana.(90 mg.) 4in
stdﬁillaed acetic acid (25 0.c,) was refluxed with selenium
dioxide (90 mg. dissolved in the minimum of ;ater), for 2 hr.

The product was worked up in the usual way to give an intractedle

gun which could not be orystalliaéd even after chromatography and

treatment with acetic anhydride and pyridine at 100°. Ultraviole$
absorption of the gum () .. 2420, 2520 and 2600 A.) 4nd1gated

it to bo essentially unchanged starting material.

Ireatment of Sapogenol B with Acetons and Sulphuric Acid. -

A solution of sapogenol B (6.0 g.) in dry ether (2 1.) and dry
acetone (500 c.c.) containing concentrated sulphuric acid (20 c.c.)
was kept at 17° for 60 hr, Tho product was isolated in tho usual

way, end chromatographed on alumina. Crystallisation from aquoens




methanol gave 2la~-hydroxy-33s24-isopropylidenedioxyolean-12~ens

(3.0 g.) as needle rosettes, m.p. 200-201°, [a]D + T4° (cy2.2)
[Found: 0,79.63 H,10.9, Cy3Hg,0 requires C,79.5; 3,10.9%].
Infrared absorption:s Strong bands at 3509 (hydroxyl), 1151 and
1115 eno ™ (acetonide).

Conversion of Sapogenol B into Sapogenol C. - A solution
of the isopropylidene derivative of sapogenol B (120 mg.) in
pyridine (20 ¢.c.) and phosphorus oxychloride (5 c.c.) was
refluxed for 2 hr. The product was isolated by means of ethsr,
and its solution in methanolic hydrochloric acid (2N, 5 c.o.)
refluxed for 20 min. The erystalline product was isolated by
using ether, and acetylated by means of pyridine and acetic
anhydride at 100°, The acetylated product was purified dy
chromatogrqphy on alumina and crystallisation !rﬁn chloroforn-
methanol to give sapogenol C diacetate as fine needles (66mg.),
m.p. and mixed m.p. 200-201°, [a), + 59° (g,1.0). 'The infrared
spectrum of this specimen was identical with that of alspeqiman
of sapogenol C diacetate isolated directly from soya bdean.

21=-0xo~-isopropylidenedioxyolean~l2-ene., ~ The complex

prepared from chromium trioxide (3.0 g.) and pyridine (30 c,.c.)
was added to a solution of the isopropylidene derivative of
sapogenol B (3.0 g.) in pyridine (30 c.0.) and the mixture kept
for 18 hr, at 17° with occasional shaking. The product was
isolated in the usual manner and its solution in light petroleun

(300 coc,) chromatographed on alumina (100 g.). Elution with




the same solvent (2 1.) gave fractions (totsl 2,18 g.) which
orystallised from methanol to yleld 2l-oxo-3f:24-isopropylidenc-
dioxyolean-12-gne-as rosettes of stout rods, m.p. 208-209° [a],

+ 14° (¢y0.9) [Pound: €,80.13 Hy10,7« Cy3Hsp0; requirea C,79.8;
B,10.55%]. Infrared absorption: Strong bands at 1706 (carbonyl),
1149, 1111 and 1101 o1~ (scetonide).

Lithium Aluminjum Hydride Reduction of 21-0x0=38324~-iso-

propylidenedioxyolean-12-ene, - A solution of the oxoisopropylidens

derivative (1.8 g.) in dry ether was refluxed with an exceas of
lithium aluminium hydride for 24 hr. The product was isolated
in the usual wey and its solution in light petroleum (250 c.c.)
chromatographed on alumina (120 g.,) Elution with benzena (2.5 1l.)
gave fractions (total, 800 mg.) which crystallised from methanol
to yield 21a-hydrozy~3as24ﬁgggpropy1idenediozyolean-lz-ene'aa
needle rosottes, m.p. and mixed m.p. 200-201°, [G]D + 73° (c,2.1)
Benzene (500 c.c.) and then benszene=-ether (10:1, 2.5 1.) eluted
fractions (800 m3.) which crystallised from aqueous mothanol as
rosettes, m.p. 127-140°. A solution of these fractions in light
petroleum<benzens (1311, 50 c.c.) was again chromatographed on
alumina (70 g.). Elution with light petrolecum~benzens (1:9,

125 c.c.) gave a fraction (260 mg.), m.p. 168-170°, [a]D + T0°
(2y0-6)y which appsared to be & mixture., Continued elution with
the same solvent mixture (1.8 1.) gave a fraction (500 mg.) which
after crystallisation from methanol iielded Zlﬂ-gzdro;x-iaé-

propylidenedioxyolegn-l2-gnc 8s needles, m.p. 128-130°, [e],
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+ 58° (c,1.7) [Found: C,79.33 H,11.2. Cy5Hg, 05 requires C,79.5s
Hy10.9%]. Infrared absorptions Identical to that for the
2la-hydroxyisopropylidene derivative, with bands at 3509 (hydroxyl),
1151 and 1115 em.™ (acetonide).
I33:213324-Triacotoxxoloan-lz-ggg, = A solution of the
21p-hydroxy~-igopropylidene derivative (500 mg.) in methanol
(150 ¢.c.) and concentrated hydrochloric acid (37.5 ce.c.) was
refluxed for 15 min, The mixture was diluted with water and the
crystalline product isolated by means of ether. The hydrolysis
product was acetylated by treatment with acetic anhydride and
- pyridine for 48 hr. at 17°. The acetylated product was 1solated
in the usual way and purified by chromatography on alumina and
orystallisation from chloroform-methanol from which 3p:21p:24-tri-
acetoxyolean-l2-ene separated as blades, m.p. 214-215°, [c]n.
+ 64.5° (252.5) [Founds C,74.03 H,9.7. C34HgeOp Trequires C,73.93
H,9.65%]. Infrared absorption: Identical to that for sapogencl

B triacetate, with bands at 1730, 1259 and 1242 cm.'1 (acetate).

Vigorous Selenium Dioxide Oxidation of Sapogenol B

Triacetate. - A solution of sapogenol B triacetate (1.8 g.) in
benzyl acetate (55 €.C.) was refluxed with powdered selenium
dioxide (1.8 g.) for 21 hr. The product was isolated in the usual
way, and purified by chromatography on alumina. Subsequent
orystallisation of the product from chloroform-light petroleum

ard from chloroform-methanol gave 38:21las24~triacetoxy~12:19-

~dioxo~olesna-9(11):13(18)-diene (600 mg.) as rode, m.p.274-275°,
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[«], ~ 52° (242.5) [Found: C,70.6; Hs8.5, Calc. for CyaByq0y:
C,70.83 H,8.25%]. TUltraviolet absorption: Maximum at 2780 A.

(€= 12,800). 1Infrared absorption: Strong bands at 1736 (acetate)
1695, 1660, 1626, (dioxodiene), 1256 and 1236 cm."1 (acetate).
Meyer, Jeger, and Ruzicka give m.p. 267.5-268°, [a]D - 48° for

this compound.

¢

3p121as24-Trihydroxy-12:19-dioxo~oleana~9(11):13(168)~diene.

A solution of the dioxodiene triacetate (500 mg.) in 3% methanolic
potassium hydroxide (100 c.c.) was refluxed for 24 hr. The
product was isolated by means of chloroform, and crystallised

from aqueous methanol to give 3f:2las24-trihydroxy-12:19-dioxo-
-0leana-9(11):13(18)-diene (405 mg.) as plates, m.p. 301=303°, [a]D
- 145° (¢,0.4 in pyridine). Ultraviolet absorption: Maximum

at 2800 i. (2« 11,000). Meyer, Jeger and Ruzicka, give m.p.
300-301°, [a]D - 145° for thie compound. Acetylation of the

triol was carried out by using pyridine and acetic anhydride at
100°, Subsequent crystallisation gave 53:21@:24-tr1ac§toxy-
~12319~dioxo~0leana~9(11):13(18)~diene as rods (from chlorofornm
methanol), m.p. and mixed m.p. 273-274°, [a]D - 52° (c,2.6).
Ultraviolet light absorption: Maximum at 2780 1. (E= 12,800)-.

3B121la124-Triacetoxy~12:19-dioxo-0lean-9(11)-ene., - A

solution of the dioxodiene triacetate (570 mg.) in ethanol
(50 cec.) was refluxed with freshly activated szinc dust (5 g.)
for 5 hro The product was isolated in the usual way, and

crystallised from chloroform-methanol to give 3fs2lai24~triacetoxy-



«123:19-diox0o=0lean-9(11)-epe as plates, m,p. 265-267°, [a]D
+ 126,5° (cs1.1) [Found: €,70.5 Hy8.6. C5gH;, Oy reguires C,70.63
H,8.6%). Ultraviolet absorptions Maximum at 2460 A. (€= 12,000)
38121a124~Triccotoxy~19-0xo-0lean-9(11)-ene, « A solution
of 3B:2la:24-triacetoxy=12:19«-dioxo=0lean=9(1l)=eno (340 mg.) in
glacial acetic acid (230 c.c.) was shaken with hydrogen and
platinum catalyst (from 200 mg. PtQ,) for 20 hr. Tho product
was isolated in the usual manner and orystallised from chloroform-
methanol to give 33:21a:24-triacetogg-19fg§ggg;g§gy9(11)ﬁggg as
plates, m.p. 225-226°, [a]D + 102,5° (cy1.1) [Founds C,72.2; H,9.0.
' Cs¢Hs 40y requires C,72.23 H,9.1%]. It gives a yellow ocolour with
tetranitromethane in chloroform,

38121a224~Triacetoxy-19-0x0-18a~olcan«9(1l)-enc. = A

solution of 3f:2las24-triacetoxy~-19-oxo-olean«9(11)-ene (220 mg.)
in glacial acetic acid (35 o0.c.) containing concentrated hydro-
chloric acid (1 c.c.) was heated at 100® for 1 hr, After
evaporating the mixturo to dryness, the product was crystallised
from cﬁloroform-mathanol to give 3fs2lacr24-triacetoxy~19~-o0x0-16c-
~olean-9(11)=gno os rods, m.p. 235-236°, [a]D + 98° (c,1.0)
[Founds €,72.0y H,9.3. CzgH; 0 roquires C,72.2y H,9.1%].
Treatment of 3Pt2lai24<Iriacetoxy~19-0xo~olean~3(11)=ene
with.Ldthinm Alurminivn Hydride. = A solution of the triscetoxy

ketone (220 mg.) im dry ether (100 ¢.c.) was refluxed with a
suspension of lithium aluminium hydride (1 g.) for 24 hr., The

product was icolsted in the usuzl manner, to give a orystalline
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material (200 mg.) which was dissolved in dry ether (150 c.c.)
and dry acetons (30 c.c.), containing sulphuric acid (30 drops),
and left at 17° for 40 hr, with occasional shaking. A solution
of the product, in light petroleum-benzene (1:l, 100 c.c.) was
chromatographed on alumina (30 g.). Elution with benzene-ether
(1:s1, 150 c.c.) gave fractions (total 163 mg.), which crystallised
from light petroleum-chloroform as fine needles of 19a:2la=-
-dihydroxy-3p:24-1sopropylidenedioxyolean-9(1l)-ene, m.p. 324-326°,
[a]D + 69° (c,1.1) [Founds C,76.74 H,10.5. Cy5Hg 40, Trequires
C,77.03 H,10,6%)]. Infrared absorption: Bands at 3484 (hydroxyl),
1151, 1111, and 1101 em.~ (acetonide)

Treatment of 3B12la:24-Triacetoxy-19-0x0~-18z-o0lean-9(11)-ene
with Lithium Aluminium Hydride. - 4 solution of the l8a~triacetoxy

ketone (184 mg.) was treated with lithium aluminium hydride as
desoribed above, to give the tetrahydroxy-derivative (140 mg.),
which was not further purified, 4 solution of the tetrol in dry
acetone (30 c.c.) was mixed with dry ether (150 c.c.) and sulphuric
acid (30 drops), and left at 17° for 24 hr. A solution of the
product in light petroleum-benzene (1:l, 150 c.c.) was chromatoe
graphed on alumina (6 g.). Elution with bensene-ether (10:1,

200 c.c.) gave a fraction (102 mg.) which crystallised from
aqueous-methanol as needles of 19f:2la~dihydroxy~3p:124~isopropyli-
denedioxy-18a~olean-12-ene, m.p. 332-335%, [a]; + 74.5;"%;3;;1).

A mixture with the 18f-isomeric ainydroxxgggpropylaaonq(haa BePo

316°. [Pound: C,76.84 H,10.7. CygHg 0, requires C,77.0; H,10.6%].



Infrarcd absorption: Identical to that of the 18f-dihydroxy-
~-isopropylidene derivative.

Vigorous Selenium Dioxide Oxidation of 3B8:21B:124-Triacetoxy-

olean-12-ene. - A solution of the triacetate (450 mg.) in bensyl
acetate (10 c.c.) was refluxed with selenium dioxide (400 mg.) for
18 hr, The reaction product was isolated in the usual way and
purified by chromatography on alumina followed by crystallisation

from chloroform-light petroleum to yield 38:21B:24-triacetoxy-~12:19-

dioxo-oleana-9(11):13(18)-diene as needles, m.p. 241-242°, [a]D

- 57° (c,1:1). A mixture with 3f:2las24-triacetoxy-12:19-dioxo=
oleana~9(11):13(18)-diene had m.p. 230°. [Found: C,70.63 H,8,1.
CyqHse Oy Trequires C,70,83 H,8.25%]. Ultraviolet absorption:
Maximum at 2800 i. (€« 12,600). Infrared absorption: Identical
to that for 3B:2las24~triacetoxy-12:19-dioxo-oleana=9(11):13(18)-
-diene, with strong bands at 1736 (ace@ate). 1695, 1660, 1626,
(dioxodiene), 1256 and 1236 cm.'i(acetate).

Conversion of 3B:21p:124-Triacetoxy~12:19-dioxo-olean~-9(11)

113(18)-diene into 3B:2la:24~-Triacetoxy-12:19-dioxo-oleana-9(11)
t13(18)-diene. - A solution of the SB:21¢:24-triacato¥y-dioxodienm
(120 mg.) in 3% methanolic potassium hydroxide (100 c.c.) was
refluxed for 24 hr, Isolation of the produsct by means of
chloroform yielded a crystalline solid which was treated with
pyridine and acetic anhydride at 1G0® for 1 hr. The acetylated
product crystallised from chloroform-light petrolegm to give
3f121@124=-triacetoxy-12:19-dioxo-0leana-9(11):13(18)-diene (90 mg.)

as rods, m.p. and mixed m.p. 274-275°, [a]D - 52° (c,1.4).
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Ultraviolet absorption: Maximum at 2780 A. (€ = 12,700).

Treatment of the Dioxodiene Derivative of Sapogenol B with

Acetone and Sulphuric #cid. - A solution of 3B:2la:24-trihydroxy-

12:19-dioxo~o0leana-9(11):13(18)~diene (380 mg.) in .dry acetons
(50 c.c.) and dry ether (200 ¢.c.) containing concentrated
sulphuric acid (2 c.c.) was kept at 17° for 60 hr. The product
was isolated in the usual way, and purified by chromatography on
alumina, Crystallisation from chloroform-light petroleum gave

2la-hydroxy-3B:24~isopropylidenedioxy-12:19-dioxo-oleana-9(11)s13(18)

-diene (250 mg.), as necedles, m.p. 288-290°, [a]D - 77° (cy1.2)
[Found: C,75.65 H,9.4. C55H 05 requires C,75.55 B,9.2%).
Ultraviolet absorption: Maximum at 2800 i. (€ = 12,000).

Infrared absorption: Strong bands at 3484 (hydroxyl), 1698, 1667,
1616 (dioxodiene), 1103 cm.,'1 (acetonide).

123:19:21-Trioxo-3B:24-isopropylidenedioxyoleana-9(11):113(18)~

-diene. - A solution of the 2ia-hydroxy-isopropylidene derivative
(800 mg.) in pyridine (8 c.c.) was added to a suspension of
chromium trioxide (800 mg.) in pyridine (8 c.c.). The mixture
was shaken occasionally, and left at 17° for 24 hr, Isolation
of the product in the usual way gave 12:19:2l-trioxo-3p:24=

isopropylidenedioxyoleana-9(11):13(18)~diene (750 mg.) es needles

(from chloroform-light petroleum), m.p. 282-284°, [a]D - 208°
(cy1.1) [Founds €,75.83 H,9.1.  Cs45H,405 requires C,75.8;

o
H,8.9%]. Ultraviolet absorption: Maximum at 2800 4. (€ = 13,000)
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Infrared absorption: Strong bands at 1733 (carbonmyl), 1698, 1645,
1623, 1316 (dioxodiena), 1152, 1116, 1101 cm.” (acetonids).

3B:24~Diacetoxy~12519s21~trioxo-oleana-9(11);13(18)-diene, -
The imqpropylidene derivative of the trioxodiene (750 mg.) in
nethanol (100 c.c.) containing concentrated hydrochloric acid
(25 c.c.) was refluxed for 15 min. The product was isolated
uaing ether, and acetylated by treatment with pyridine and acetic
anhydride at 100° for 3 hr. Crystallisation of the acetylated
product from chloroform-light petroleum gave 3Bs24-diacetoxy-12:19

+21-trioxo-oleana~-9(11):13(18)-diene (500 mg.) as needles, m.p.

203-205° [a]y - 131° (c,2.3) [Found: €,72.04 H,8.4. CyH,e0,
requires C,72,05; H,B,Z%]. Ultraviolet absorption: Maximum at
2800 4. (E = 12,000). Infrared absorptions Strong bands at 1736
(acetate), 1709 (carbonyl), 1667, 1613 (dioxodiene), and 1232 cm.”
(acetate),

Addition of methanolic potassium hydroxide (10%, 30 c.c.) to
a methanol solution of the diacetoxy-trioxodiene (70 mg.) gave a
deep orange colour. The solution was refluxed for 1 hr, and
diluted with water, The product was not extracted from the
alkaline solution by means of ether, Acidification of the aqueous
solution with hydrochloric acid precipitated a solid whicﬁ was
isolated by means of ether as an amorphous solid., Attempts to
crystallise this acid and to obtain a crystalline derivative by

acetylation and by esterification with diazomethane, all failed.



Treatment of the amorphous acid with chloroform gives an intense
blue=-green solutiopg

Treatment gg_Bé;Acatoxz~12:19-giggggoleana~9(11):1}(18)yg$ggg
with Alkaline Hydrogeﬁ Peroxide., - A solution of the dioxodiene
(500 mg.) in methanolic potassium hydroxide (20%, 100 c.c.) was
treated at 45° with hydrogen peroxide (30%, 30 c.c.) added over
30 min. The solution was then refluxed for a further 30 min., and
the product worked up in the usual way. Acetylation of the
neutral product (480 mg.) with pyridine and acetic anhydride at
100°, and crystallisaetion from chloroform-light petroleum gave
unchanged 3p-acetoxy-12:19-dioxo-o0leana=-9(11):13(18)=-diene (490 mg.),
m.p. and mixed m.p. 242-243°, [a]D - 92° (c,3.3).

Treatment of 5B:24-Diaqetoxy-12:19:21-q51259-q12&53-9(11)

£13(18)~-diene with Alkaline Hydrogen Peroxide, - A solution of the

trioxodiene (210 mg.) in methanolic potassium hydroxide (20%,

50 ¢.C.) was treated with hydrogen peroxide as described above,

The reaction mixture was poured into an excess of water, and an

acid and neutral product (each 100 mg.) extracted in the usual

way. Acetylation of the neutral product by means of pyridine

and acetic anhydride at 100°, and subsequent crystallisation of
the acetylated product, gave felted needles of unchanged trioxodiens
(from chloroform-light petroleum), m.p. and mixed m.p. 202-203°,
[a]D - 131° (c,0.7). The acid product failed to crystallise, even »
after scetylation. It showed maximal absorption at 2050, 2250 and

L J
2600 A, (€ = 10,7003 7,800 and 94100).



IV. Reactions of Soyasapogenol C.

Osmium Tetroxide Oxidation of Sapogenol C Diacetate. -

Sapogenol C diacetate (850 mg.) in pyridine (20 c.c.) was mixed
with a solution of osmium tetroxide (600 mg.) in pyridine (6 c.c.)
and the mixture kept in the dark for 14 days. Theo mixture was
diluted with ether (150 c.c.) and after the addition of lithium
aluminium hydride (2.0 g.), refluxed for 1 hr. The product was
isolated in the usual way and acetylated using acetic anhydride
and pyridine. A solution of the acetylated product (900 mg.) in
light petroleum-benzene (10:1, 200 c.c.) was chromatographed

on alumina (30 g.). The column was washed successively with
1ight petroleun-benzene mixtures (9:1, 320 c.c.y 611, 1120 c.c.}
723, 2720 c.c.} 3:2, 1280 c.Cep 233, 80O c.c.3 114, 320 c.cC.),
with benzene (800 c.c.) and finally with benzene-ether (3:1, 440
c.c.) to give fractions (50 x 160 c.c.). Evaporation of fraction%
3-8 gave a solid (170 mg.) which was crystallised from chloroform-
methanol to furnish unchanged sapogencl C diacetate as fine
needles, m.p. and mixed m.p. 203-204°, [a]D + 59°, Fractions 52:4
furnished sapogenol A tetra-acetate (70 mg.) as needles (from

chloroform-methanol)m.p. end mixed m.p., 228-230°, [a], + 89°,

by
" Fractions_9-42 were evaporated and the crystalline residues
combined (total 600 mg.) and rechromatographed on alumina (20 g.).
The column was washed successively with light petroleum-benzens

nixtures (411, 800 c.c.3 3:7, 600 CoCep l3l, 1200 c.c.3 132, 1000

CoCo} 134, 2600 co.c.), with benzene (1 1.) and with benzene-sther




(19:1, 2 1.) to give fractions (40 x 200 c.c.). Fractions 20-38
were evaporated and the combined solids (330 mg.) crystallised
from chloroform-methanol to give 3B:21P:122P:24-tetra~acetoxyolean~
-12-ene as needles, m.po 225-229'. [a]D + 41* (¢,1.1). Meyer,
Jeger, and Ruziocka give m.p. 226-227°, [a]D + 38° for the stereo-
isomeric sapogenol A totra-acetateg.o The crude solids obtained
from fractions 16-33 shoved saslective absorption at 2800 I, (e=
1000). During recrystallisations, absorption at 2800 z.‘gradually
diminished to ( £=50).

Vigorous Selenium Dioxide Oxidation of the Steroisomeric

Sapogenol A tetra-acetate. - A solution of 39:213:223:24~tetra-

acetoxyolean=12-ene (300 mg.) in benzyl acetate (10 c.c.) was
refluxed for 24 hr. with powdared selenium dioxide (250 mg.). The
product was isolated in the usual manner, and purified by
chromatography on alumina and crystallisation from chloroform-
methanol to give 3B:213:223:24-tetra~acetoxy-12:19-dioxo;oleana-
9(11):13(18)~diene (150 mg.), as prisms, m.p. 212-214°, [a]D - 95°
(240:9) [Found: €,68.43 H,7.6. CygHs,0,, Tequires C,68.2y H,7.8%].
Ultraviolet absorption: Mevimum at 2780 A, (€ = 13,000). Infrared
absorption (CaF, prism): Strong bands at 1759, 1741 (acetate),
1703, 1660, 1621 ‘::mf,"1 dioxodiene).
3B121a:22P124-Tetra-acetoxy-12:19-dioxo-oleana=-9(11):13(18)-

-diene. « A solution of 38:218:228:24~tetra-acetoxy-12;19-dioxo-
0leana=9(11):13(18)-diena (190 mg.) in methanolic potassium

hydroxide (3%, 30 c.c.) was rafluxed for 24 hr. The product was -



isolated by meanz of chloroform and acetylated by using pyridine
and acetic anhydride &t 100°, The acetylated product was crystall-

ised from chlorcform-methanol to give BB:21a:223:24-tetra-acetoxy-
~12:19-dioxo-oleana=-9(11):13(18)-diene (40 mg.), as prisms; m.Po
and mixed m.p. 330-332P (decomp.), [a]D - 48° (¢,0.6). Ultraviolet
absorption: HMaximum at 2780 XQ (€ = 13,200).

From ths chloroform-methancl mother liquor, unchanged 33:21f:

22B324-tetra-acetoxy-12:19~dioxo~oleana~9(11):13(18)-dicne (40 mg.)
was isolated, m.p. and mixed m.p. 210-212°, [a]D - 95° (¢,0.95).

Vigorous Selenium Dioxide Oxidation of Sapogenol C Diacetate. ~

A solution of sapogencl C diacetate (250 mg.) in benzyl acotate was
refluxed with powdered selenium dioxide (300 mg.) for 18 hr. The
product was purified by chromatography on alumina and crystallisation

from light petroleum~-chloroforn to give the dioxodiene derivative as

neodles, m.p. 217-218°, [a]) - 78.5° (c,0.8) [Found: C,74.2; E,8.5.
Cs¢Hes O Teoquires C,T74.153% H,8°4%]. It does not give a colour with
tetranitromethane in chloroform. Ultraviolet absorption: Maximum
at 2740 A. (¢ = 12,500). Infrared absorption: Bands at 1742
(acetate), 1704, 1667, 1626 (dioxodiene), 1235 cmo‘1 (acetate).

Reduction of the Dioxodiene Derivative of Sapogenol C Diacetate.-

The dioxodiene derivative (70 mg.) in ethanol (10 c.c.) was refluxed
with freshly activated zinc dust (1 g.) for 5 hr, The product was
isolated in the usual way, and crystallised from chlorofbrﬁ-methanél
to give the dihydro-derivative (45 mg.) as plates, m,p. 266-268°,
[a]D + 106° (¢c,0.8) [Found: C,74,03 H,8.9. C3,H,0, requires

C,73.93 H,8.75%]. The dihydro-derivative does not give a colour
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with tetranitromethane in chloroform. Ultraviolet spectrum:
L J
Maximum at 2450 A, (€ = 12,600)., Infrared spectrum : Bands at

1739 (acetate), 1721 (carbonyl), 1667 (aB-unsaturated ketone),
1258 and 1242 cm.” .

3Bs24-Diacetoxyolean~l2-ene. - A solution of sapogenol C

diacetate (250 mg.) in glacial acetic acid (100 ¢.c.) was shaken
with hydrogen in the presence of platinum catalyst (from 250 mg.
Pt0,) for 18 hr. The product was isolated in the usual way and
crystallised from methanol-chloroform to give 3B:24-diacetoxyolean-
-12-ene as needles, m.p. 188-189°, [a]b + 82° (c,1.1)[Founds ©,77.7;
H,10.6. Calc. for Cy By 0t C,77.5s H,10.3%]. Meyer, Jeger,

and Ruszicka give m.p. 194-195°, [a]D + 80° for this compound.

Vigorous Selenium Dioxide Oxidation of Dihydrosapogenol C

Diacetate. - A solution of the dihydro-diacetate (200 mg.) in
benzyl acetate (10 c.c.) was refluxed with powdered selenium dioxide
(300 mg.) for 20 hr. The product was purified by chromatography
on alumina and crystallisation from light petroleum to give

3p124-diacetoxy-12:19-dioxo-oleana-9(11):13(18)~diene as needles,

m.p. 247-248°, [a); - 77° [Found: C,73.9y H,9.0. Cy4H,40 Tequires
C,73.93 H,8,75%]. It does not give a colour with tetranitromethane
in chloroform, Ultraviolet abso?ption: Maximum at 2760 i.

(€~ 13,000)

38:24-Diacetoxy-12:19-dioxo-0lean~9(1l)-ene, - A solution of

the dioxodiene from dihydrosapogenol C diacetate (70 mg.) was




reduced with zinc dust in ethanol in the usual way. The product
was crystallised from chloroformemethanol to give 3f:24-diacetoxy-

12:19-dioxo~-olean-9(11)-ene as laminae, m.p. 249-251° (decomp:),

[al, + 120° (e,1.0) [Founds C,73.Ts Hy9e3. C;3,H;,0s requires
Cy73.63 H,941%]. It does not give a colour with tetranitromethane
in chloroform, Ultraviolet absorption: Maximum at 2450 i.
(€ = 12,700). Infrared absorption: Bands at 1739 (acetate),
1709 (carbonyl), 1667 (ap-unsaturated ketone), 1258 and 1245 cln.."1
(acotate).

3124-Diacetoxy~-19-oxo-olean-9(1l)=ene. - (a) A solution of
the dihydro-dioxodiene derivestive of sapogenol C diacetate (30 mg.)
in acetic acid (50 c.c.) was shaken with hydrogen and platinum
(from 250 mg. Pt0,) for 4 days. The product was isolatod in the
usual way and purified by chromatography on alumina. Crystallisation

from chloroform-methanol yielded 3B:24-diacetoxy-l9-oxo-0lean=-9(11)-

ene (42 mg.) as plates, m.p. 237-239°, [a]D + 104° (¢,0.9) [Found:
C,75.83 H,10.0. Cg Hs, 05 Tequires C,75.53 Hy9.7%]. It gives a
pale yellow colour with tetranitromethane in chloroform. Infrared
absorption: Strong bands at 1739 (acetate), 1712 (carbonyl), 1267,
1258, 1242 cm. (ecetate).

(b) Hydrogenolysis of 38:24-dizcetoxy-12:19-dioxo-olezn-9(1l)-ene by
shaking its solution in acetic acid with hydrogen and platinun for
4 days gave 3Pi124-diacatoxy-19-oxo~olean-9(1l)=-ene as plates

(from méthanol), m.p. and mixed m,p. 238-239°, [a]D + 102°* (c,0.8).

Infrared absorption: Identical to that obtained according to (a) chera




V. Rsactions of Soyasapogenol D.

Attcnpted Hydrogenolysis of Sapogenol D Diacetate. - A solution

of sapogenol D diacetate (550 mg.) in glacial acetic acid (100 c.c.)
was shaken with hydrogen aad platinum (from 250 mg. PtQ,) for 48 hr.
Crystallisation of the prcduct from ether-methanol recovered the
diacetate as lustrous plates, mo.p. and mixed m.p. 191-192°, [G]D - 44°
{g,1.0).

Sapogenol D diacetats was also recovered almost quantitatively
after treatment with zinc in ethanol, and zinc in acetic acid,

Mild Selenium Dioxidz Oxidation of Sapogenol D Diacetate. -

(a) A solution of the diacetate (440 mg.) in benzyl acetate (15 c.c.)
wes refluxed with povdered selenium dioxide (500 mg.) for 34 hro

The product was isolated in the ususl way, and its solution in

iight petroleum~benzene (20:1, 250 c.c.) chromatographed on alumina
(15 g.). Elution with benzenesether (2031, 1500 c.c.) gave
freotions (total 280 mg.) which crystallised from chlorcform-methanol
to give the diacetoxy-dioxodiene as prisms, m.p. and mixed m.p. 255~
-256°, [a]D - 76° (c,1.0), Ultraviolet absorption: Maximum at

2780 . ( € = 11,700). |

(b) A solution of the diacetate (165 mg.) in redistilled acetic acid
(10 c.c.) was refluxed with powdered selenium dioxide (165 mg.) for
10 hr, The product was isolated in the usual way, and its solution
in light petroleum~benzene (10:1, 250 c.c.) chromatographed on alumins
(6 g8)o Elution with light petroleum~benzene (3:2, 1 1., 1i11,

360 c.cop 2:3, 320 coc.) and henzenc (320 c.c.), gave fractions
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(total 100 mg.) mepo 170-178°, which showed maximal absorption at
2080 ( £- 7,000), 2420, 2500 ( €= 11,000) and 2600 L. The
mixture could not be separated into its components by crystallisation.
Continued elutton with banzene-ether (431, 240 c.c.) gave fractions
(50 ng.) which crystallisad from chloroform-methanol to give the
diacetoxy-dioxodiene as prisms, m.p. and mixed m.p. 256-258°, [a]D
~79.5 (¢y1.1). Ultraviolet absorptions Maximum at 2780 A,

( € = 11,500).

(c) A solution of the diacetate (200 mg.) in redistilled acetic

acid (30 c.c.) was treated with selenium dioxide (200 ng,) in water
(1 c.c.), and refluxed for 26 hr, The product was isolated in the
usual way, and its solution in light petroleum-benzene (3:1, 150 c.c.)
ohromatographed on alumina (6 g.). Elution with light petroleun
benzene (111, 1 1.) gave fractions (33 mg.) which crystallised from
chloroform-methanol to give neesdles, m.p. 243-245°, [a]D - 19°
(50.6), which showed no depression of melting point on mixture with
33321a:24~triacetoxyoleana~-113:13(18)~diene, Ultraviolet ﬁbporptionx
Maxima at 2410, 2500 ( € = 23%,000) and 2610 Z. Continued
elution with benzene~ether (411, 600 c.c.) gave fractions (54 mg.)
which crystallised frqm'chloroform-mathanol to give 3f12lasz24-
-triacetoxy~12:19-dioxo=0leana=9(11):13(18)=diene as rods, m.po and
nixed m.p. 271-273°, [a]D - 51* (0,1.6). Ultraviolet absorption:

Maxima at 2780 4. (€ = 12,500),
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Chromic Acid Oxidetion of Saprgenol D Diacetate. - A solution

of the diacetate (300 mg.) in stabilised acetic acid (15 c.c.) was
treated at room temperature with chromium trioxide (225 mg.) in
stebilised acetic acid (15 c.c.) added with stirring over 20 min,

The mixture was allowed to stand overnight at 17°, after which
methanol was added, and the product worked up in the usual way, giving
& non-crystalline gum (290 mg.). 4 solution of the gum in light
petroleum-benéane (10:1, 150 c.c.) was chromatographed on alumina

(8 g-). Elution with light petroleum<benzene (2:3, 750 c.0.) gave

a fraction (60 mg.) which crystallised from chloroform- methanol

to give 3B:24-diacetoxy-19-oxo-oleanoxer-13(18)-ene as plates, m.p.

229-231°, [a]; ~ 112® (c,1.0) [Pound: C,73.2; H,9.1. C34Hg, 04
requires C,73.33 H,9.4%]. It does not give a colour with
tetranitromathane in chloroform, Ultraviolet sbsorption: Haximum
at 2540 A. (€ = 7,000). Infrared absorption: Strong bands at
1724 (acetate), 1667 (af-unsaturated ketone), 1093 emo ™ (oxide ring).
A solution of the af-unsaturated ketone (20 mg.) in glacial
acetic acid (30 c.c.) containing concentrated hydrochloric acid
(1 coco) was heated at 100° for 30 min, Crystallisation of the
product from chloroform-methanol recovered unchanged starting
material as plates, m.p. and mixed m.p. 226-228°, [c]D - 108° (c,0.5),
A solution of the aS-unsaturated ketons (30 mg.) in glacial
acetic acid (100 c.c.) was shaken with hydrogen and platinum catalyst

(fron 200 mg. Pt0,) for 100 hr. The product was isolated in the
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usual manner and purified by chromatography on alumina to give
sapogenol D diacetate (15 mg.) as lustrous plates (from chloroform
methznol), m.p. and mixed m.p. 192-194°, [a]D - 42° (c,0.5).

Performic Acid Oxidation of Sapogenol D Diacetate, -~ A solution

of sapogenol D diacetate (100 mg.) in ethyl acetate (4 c.c.) was
treated at 45° with hydrogsa peroxide (100 vol., 0.7 ¢.c.) in formic
acid (99-100%, 3.4 c.c.), added dropwise over 3 hr. The solution
was kept at 45° for & further 3 hr. and then concentrated to low
bulk., The ¢rystals (30 mg.) which separated were recrystallised fren
chloroform-methanol to givo 3B:24-diacotoxy-13:18-~epoxy-oleanoxeranse
as plates, m.p. 234-235°, [a]; - 4.8° (c,1.1) [Found: C,73.3; H,9.9.
Cs4Hz4 05 Tequires (C,73.l3 H,9.7%]. It does not give & colour
with tetranitromethane in chloroform, Infrared absorﬁtionz
Acetate bands at 1736, 1256 and 1241 cmo'lq _
Similer treatment of 3P-acetoxyolean-13(18)-ene gave 3B-acetoxy-

-13:18-epoxyoleanans a&s needles, m.p. 268=-269°, [rx]:D + 5.5° (c,1.7) |
[Founds €,79.5; H,11.1, Calec. for Cy,Hs,05¢ C,79.3s H,10.8%].
Ruzicka et al, give m.p. 2 =2 ° for this compoundto‘

A solution of 3B:24-diacotoxy-13:18~epoxy-oleanoxerane (19 mg.)
in glacial acetic acid (3C c.c.) containing concentrated hydrochloric
acid (1 c.c.) was heated at 100° for 30 min, Crystallisation of tks
product from chloroform-methanol gave fine-ncedles, m.p. 207-209°,

It givees & pozitive Beilstein test for chlorine, and exhibits

. ®
maximal absorption at 2430, 2520 and 2610 A, (&= 24,400; 28,0004



end 18,000). Ths infrared spectrum shows no band at 1100 cmo'l°
Similar treatment of 3peacetoxy-l3:lB-spoxy-oleanane yields Bh-
acetoxyolsana-11:13(18)=-diene, m.p., @and mixed m.po 227-229‘, [m]D
-62° (9_,1,2)’)\
20,000).

-]
max, 24205 2510 and 2600 A. ( €=28,0003 31,000 and

Acid Resarrangemont of Sapogencl D Diacetats. ~ 4 solution of

the diaccetate (150 mg.) in glacial acetic acid (35 c.c.) containing
concantrated hydrocﬁlaric acid (1 c.c.) was heated at 100°‘for

20 min., Crystallieastion of the product from chloreform-methanol
gave 2lechloro-3P:24-diacetoxyclcan~13(18)-ene as needles, m.p.
204-206°,-[a]D - 46° (c,1.1) [Found: C,72.5y H,9.63 C1,6.%
Calc, for Cy Hy0,Cls C,72.8; Hy9.53 Cl,6.0%]. Ruzicka et al.
give m.p., 201,5-202°, [a]D - 44° for this compound,

Vigorous Selenium Dioxide Oxidation of Sapegenol D Diacetate., -

A solution of sapogenol D diacetate (500 mg.) in benzyl acetate

(10 e.c,) was refluxed with powdered selenium dioxide (500 mg.)

for 17 hr, The product was isolated in the usual way, and purified
by chromatography. Cryatallisation from chloroform-methanol gave
tho dioxodiene derivative (300 mg.) as prisms, m.p. 257-258°, [a]D

- 78° (c,1.0) [Found: C,71.74 H,8,T7. Calc, for C3,H,o0s ©C,71.6;
H,8.5%]. It does not give a colour with tetranitromethane in
chloroform. Ultraviolet absorption: Maximuﬁ at 2780 A (€= 11,700).
Infrared absorption: Stromgz bands at 1730 (acetate), 1630, 1660,

-1
1513, (diexodiene), 1250, 1236 (acetate) and 1092 cm. (oxide ring).
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Ruzicka, gi_gl, give m.p. 253-254',,[a]D - 79° for this compound.

A solution of the dioxodiene (100 mg.) in glacial acefic acid
(35 c.c.) containing concentrated hydrochloric acid (1 c.c,), was
heated at 100° for 30 min., Crystallisation of the product from
chloroform-methanol gave unchanged starting material, m.p. and mixed

m.po 256-257% [al) = T7° (2,0.8). The dioxodiens was also found

to be stable to pyridine and acetic anhydride at 100°,

Zinc-Ethanol Reduction of the Dioxodiens from Sapogenol D

Diacetate. -~ A solution of the dioxodiene (110 mg.) in ethanol

(15 6.c.) was refluxed with activated zinc dust (1 g.) for 5 hr.
Crystallisation of the product from chloroform-methanol yielded

3ﬂ¢24-d15cetoxz—12:19-dioxo-oleanoxer-9(11)-ena as needles, m.p.

216-217°, [a]y + 150° (g,1.1) [Founds C,71.63 Hy8.8. C5,H; o0,
requires C,71.553 H,8.5%]. TUltraviolet absorption:s Maximum at
2450 E. (€= 12,000). Infrared absorption: Strong bands at 1733
(acetete), 1667 (af-unsaturated ketone), and 1099 em. ™ (oxide ring).
A solution of the dihydro-disxodiene (90 mg.) in glacial
acetic acid (35 c.c.) containing concentrated hydrochloric acid
(1 c.c.) was heated at 100° for 20 min, Crystallisation of the
product from chloroformemethanol gave needles, m,p. 230-231°, [a]D
+ 174° (gy1.1). Ultraviolet ebsorption: Maxima at 2200 and
3200 A. (£e5,000 and 12,400), Treatment of the produet with
pyridine and acetic anhydride (1:1l) at 100° for 2 hr. gave a gum,
N nay,2030, 2280 end 2760 A. (€ = 9,000; 6,000; and 10,600).
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3p-Acetoxy-12:19-epoxyoleana=9(11):12(18)-triens. - A solution

of 3B-acetoxy-12:19-dioxo-olean-9(1l)-ene (600 mg.) in glacial
acetic acid (70 c.c.) containing concentrated hydrochloric acid

(2 ¢coc.) was heated at 100° for 10 min, Crystallisation of the
product from chloroform-methanol gave 3f-acetoxy-12:19-epoxyoleana-
-9(11):12¢:18~triene (550 mg.) as needles, m.p. and mixed m.p.
180-181°, [a]D + 170°* (c,1.65) [Found: C,80.1; H,9.8. Cale.for
CsgHygO33 0,803 H,9.7%]. McKean gives m.p. 180-181°, [a] + 170°
Crystallisation of the epoxy-triene from chloroform-msthanol
containing a trace of mineral acid gives a mixture containing
dioxodiene, )\ 2430, 2780 K. (€ = 8000 and 6000). On lesving a
methanol solution of the mixture exposed to the atmosphere for
one week, orystals of 3f~-acetoxy-12:19-dioxo-oleana-9(11)s;13(18)-
~diene were obtained, m.p. and mixed m.p, 241-242°, [a]D - 91°
(e21e1)0),,, 2780 A. (€= 11,800).

Hydrogenolysis of the Dihydro-Dioxodiene Derivative. - A

solution of 3Bi124-diacetoxy-12:19-dioxo-oleancxer-9(1l)-ene (240 mg.)
in glacial acetic acid (75 c.c.) was shaken with hydrogen and

platinum catalyst (from 200 mg. PtQ, ) for 20 hr. OCrystallisation

of the product gave plates of 3P124-diacetoxy~19-oxo-oleanoxer-9(11)-
ene (from chloroform-methanol), m.p. 208-209°, [a]D + 109° (¢,1,0)
[Founds C,73.453 H,9.35. Cj,Hsp O Tequires C,73.33 H,9.4%]

i Treatment of the diacetoxy-ketone with acetic acid (35 o.c.)

containing hydrochloric acid (1 c¢.c.) for 1 hr, at 100° gave




3p124-diacetoxy-19~-0x0~18a-0leanoxer-9(11)-ene as needles (from

chlogoform-mothanol), ReDPo 221=222°, [a]D + 93.5° (cy1.6) [Found:s
CyT3.43 He905. C5,Hz,05 requires C,73.3 H,9.4%]. It gives a pale
yellow colour with tetranitromethane in chloroform.:

3B:24=-Discetoxy~19~Hydroxy~-18a=-o0leanoxer-9(11)-ene, - A
solution of 3p:24-diacstoxy~18«-cxo-l8a~oleancxer=9(11)=ena (93 mg.)
in dry ether (30 c.c.) was refluxed with a suspension of lithiunm
aluminium hydride (300 mg.) for 2} hr. The product was isolated
avoiding the use of mineral acid, and aecetylated with pyridine and
ecetic anhydride at 17° for 16 hr. Crystallisation of the acetylated
product from chloroform-methanol gave 3B:t24-diacetoxy-19-hydroxy-
-18a-oleanoxer-9(1l)-ene as rods, m.p. 257-259°, [a]D + 80° (g,oce)
[Founds C,72.9% Hy9e5. Cg,Hgq0y requires C,73.1; H,9.7%]. It
givos a ysllow colour with tetranitromethane. Infrared absorption:
Bands at 3509 (hydroxyl), 1739, 1235 (acetate), and 1099 e
(oxide ring).

jﬂs24-Diacct05gg}oanoxora-9(11):la-dionc. - A solution of

the hydroxy-diacetate (50 mg.) in dry pyridine (10 o.c.)vcontaining
phosphorus oxychloride (1.5 c.c.) was refluxed for 2 hr. The
product was 1polatod in the usual way and purified dy chromatography
on alumina., Crystallisation from chloroform-methanol gave 3f:124-

-diacetoxyoleanoxera~9(11):18~-diene as needles, m.p. 165-167°, [a]D

+ 70° (g,0.4)[Founds €,75.63 Hy9.9. Cs5,Hyq0s Tequires C,75.5%
H,9.7#). Infrared absorption: Strong bands at 1721 (acetate)

. §
end 1090 emc (oxide rinz),



A solution of tae diacetoxy-diene (15 mg.) in acetic acid
(7 c.c.) containing concentrated hydrochloric acid (0.2 c.c.) was
heated at 100° for 10 min. Crystallisatioﬁ of the product from
chloroform-methanol gave unchanged starting material as needles,
m.p. and mixed m.p. 165-167°. A solution of the diacetoxy-diene
(50 mg.) in acetic acid (30 c.c.) containing hydrochloric acid
(3 c.c,) was similarly treated for 6 hr. The product was isolated
in the usual manner and purified by chromatography. Crystallis-
ation from chloroform-methanol gave fine needles of a ghloro~diene
m.po 215~215.5°, [a]D -~ 61° (¢,0.5). Ultraviolet absorption:
Maxima at 2440, 2520 and 2620 A ( £ = 25,0004 29,0003 and 18,000).
Infrered absorptions Acetate band at 1739 emu'lg no oxide band
at 1100 cm.". It gives a positive colour with the Beilstein

test. lack of material prevented further investigation,
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