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BRCITI N

SUMMARY

Agapanthiﬁ,_csleuoéa,;a steroidal Saponin;.'

isolated ffom';hizémés of;Agapgnthﬁs praéqox‘7
Willd., yiélded,f¢hfacia,Hydrbiygis;'the ”
steroidal sapégénin agapgnthaggnin and-galéctoseH
and rhamnose iﬁ:tﬁé mﬁiebuiartratiO'of 3:1.

The étructuré:vaséiéﬁéd t6 aéapénthagenin has
been confirmedf@ﬁ-théﬂbééié pf7fﬁ$ther"synth§+.
tic and sbecfroééopic,éVidende.  The stfuctufe
of a closely associated Steroidal sapogenin,
praecoxigenin,'C27HuoO4, has'beén partiallyélu_

cidated.
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INTRODUCTION

Steroidal sapogenins occur in nature as plant
glycosideé which have the properties of forming a
sdapy lather in water and the ability of haemolysing
blood. Studies by Marker (1) and more recentlybby
Wall (2) have shown tﬁat they occur in.monocotyle—
dons found in a nérrow ségment of the plaht king-‘
dom. . The more important genera of the plant fami-

lies (Table 1) where steroidal sapogenins are known

to occur are the Dioscorea, Agave and Yucca.

Table 1. Plant families containing steroidal sapo-’
genins
Liliaceae ‘Amaryllidaceae Dioscoreaceae
Agapanthus V_ Agave Dioscorea
Chlorogalum Manfreda |
Nolina
Smilax
Yucca )
Trillium

These particular plant glycosides on enzymatic



or acid hydrolysis yield a sugar moiety and an agly-
cone which is structurally related to the.steroidal
hormones. The aglycones are thus called sterdidal
sapogenins and can be COnverted\into sterbidal.hor-’

mones by well tried degradative procedﬁres.

Although the Liliales have proved to be the
main source of these steroiddl glyCOSides, their
presence along with cardiac glycosides‘in.commercial
prepafations of digitalis from one of the'Scfophulg
ariaceae, D. purpurea, was reported as early as i875
by Schmiedeberg who named‘the‘prin¢ipa1 sabonin digi-
’tonin; Similar glycosides were subsequently fouhd

in the leaves D. purpurea and D. lanata.

In work conducted during.the period 1890 to 1918
Kiliani (3) identified the sugars of the pfiﬁcipal
digitalis saponins and devised procedurés-for 5x1da-
‘tion of the corresponding sapogenins %o a Succéssiﬁn
of acidic degradation products. - It was only in 1935
as a result of the study of <he prqducts of,Selenium
dehYdrogenation that Simpson and Jacbbs (4) establish-~
ed that the sapogenins possess the steroid ring sys-
tem.v This coupled with the evidence for a 08 side—

chain strengthened the case for the formulation of



these sapogenins as C27 compounds. .

The classic researches of Marker and co—workers
(5, 6, 7), resulted in the splroketal formulatlon for
the termlnal part of the sapogenln side chaln Which
consists of a five and Six- membered ring jolned by

8

a sp1r0 carbon atom at C22.

Cpnformatlon of steroid portion of the moleeu}e

In the'steroid portion of the molecule‘rings'B

| and C are locked in the chair conformation by trans-
fu81on,, The five membered D ring is also transfusedf
to ring C. Rings A and B however, can,either be
transfused or cis fused giving rise to the androstane

(5-¢) or 5-B androstane series respectlvely (Fig. 1),

In the androstane series the Sa—hydrogenfis_
ax1a1 to both ring A and B and the 10-methyl and 13-
methyl groups are both axial and lie above the plane
of the ring backbone. In the 5B—androstane series,
however, the 5B-hydrogen is axial with respect to
ring A and equatorial with respect to ring B.  The
10-methyl greup is equatorial to ring A and axial to

ring B and the 13-methyl group is axial to both.



Androstane

5 ﬁ—Androstane

Fig.1 Ring conformations of the androstane and 5-8 androstane series



The stereochemistry of the spiroketal side chain

The natural steroid sapogenins occur in two 1so-
meric series, thé "normél" and "iso" which differ in
steric oriehtatibn in the side chain. Marker and
Rohrmann (5) found that sarsasépogenin on being re-
fluxed with alcoholicfhydrochloric acid is converked

into isosarsasapogenin which is identical with smila-

genin.

Tﬁey suggested‘that this isomeriSationvoonsists
of a change of configuration at 0(22) involving the
opéning and reclosure of ring F. Scheer,,Kostic and
Mosettig (8) showed that the two series differ in
configurétion at 0(25) and James (9) reléted the con-
figuration at this asymetric centre to glyceralde-
hyde so that the normal and iso series may be referred
to as 25L and 25D respectively. Pettif (10) sugges-
ted the R énd S system in order to provide a oonsis—
tentISYStem of nomenclature, naming the ﬁormal sapoge-

-

nins 255 and the iso sapogenins Z5R.

There remained the possibility that the two se-
ries differ in configuration at 0(22) as well as at

Scheer et al,(11l) showed that sarsasapoge-

C(25).



nin and smilagenin on treatment with acetic anhydride

gave dihydro compounds which differ only at 025.

' Howevér, the possibility that inversion at 022
had occurred during the opening of ring F could not
be excluded. Callow (12) prepared the unsaturated
derivations of neotigogenin (25;) and tigogenin (éBD),
which had a doublé‘bond between C,5 and an adjacent
carbon atom, by a method unlikely to cause isomerisa-
tion at 022, and found they were identical. As the
asymetfy at CéS had been destroyed by the introduc-
tion of the double bond the identity of the unsatu-
rated compounds obtained from neotigogenin (25L) and
tigogenin (25D) shows that there is only a single

difference between the two series namely the confi-

guration at 025.

It has been.shown by Djerassi and Klyne (13)
from optical rotatory dispersion measurements that
the coﬁformation of ring F with the methyl group
axial is assigned to the normal sapogenins and the
conformation, with the methyl group equatorial,
to the iso sapogenins.  Both these conformations
(Fig. 2) have the oxygen atom in the x-position which
1s consistent with the known relative stabilities of

the two series.



- NORMAL | | IS0
25L | 25D
255 | _ 25R

FI16.2 Conformations of ring Fin steroidal sapogenins



The introduction of the pfefii "neo" has céused
much confusion in the naming of steropidal sapogeﬁins.
Fieser (14) has taken the prefix to.indicate the 25L
series of the natural Steroidal\sapogenins-in which
the methyl group at C-20 is behind ringAE and known
_as'ZOa. Rosen (15) and other'workers have retained
vfhe prefix "normalf for the natural steroidal sap;ge—
niné;of the 20« sefies and haﬁe called the’sapégénins
in which the methyl group at C-20 is.in front of
riﬁg“E.the'neo or 20B-sapogenins. These latter sa-
pogenins are ﬁore correctly known as{the'qyclopseudo~

 sapogenins,

| .When the corresponding spiroétaﬁs are“héated with
acetic anﬁydride at 200° opening Qf ring F takes place
“with the'formation of compounds known as furostans or
’pseudosapogenins. These can be converted back to

the ébrresponding sapogenins by fefluxing with alco-
holic hydrochloric acid. Very mild treatment with
"acétid.ééid in ethanol, however, produces-the-cyclo-
pseudosapogenins.  These latter compounds under

mofe vigorous acid catalysis are isomerised to the'
sapogenins formed, under the same cohditions, from

the pseudo compound. The use of the term cyclo-

pseudosapogenins rather than "neo" has now heen



HCI -

Pseudoneo Cyclopseudoneo
HCI
CH3 HO ~‘CH }:’ //OV'~CH3
%H3 '
HOAc 0
.  ——
{ i ) heat %
Iso(25D) : Pseudoiso Cyclopseudoiso

CHART 1 The isomerism of the cyclopseudosapogenins
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generally accepted and therefore for the sake of
clarity the use of the term "neo" should fall away.
The structural relationship between these compounds

is shown in Chart 1. .

Whereas most steroidal sapogenins conform to the
normal or iso pattern certain steroidal sapogenins
have been described which have unusual spiroketal

side chains. These variations are as follows:

I. Sapogenins in which the hydrogen attached to
C25 has been replaced by a hydroxyl group.
Examples of these are reineckiagenin, asperage-

nin, and iso-reineckiagenin of partial struc-

ture XIV, XV and XVI.

XIV and XV ' XVI



II.

ITT.

11

Sapogenins in which the methyl group attached to

C25 has been replaced by a - CHZOH group (hy-

droxy methylene group) examples of these are

isonarthogenin, igagenin, isocarneagenin, of

partial structure XVII.

Sapogenins in which there is a double bond at-
tached to C25' Exampies of these are
neoruscogenin, convallamarogenin,
1325(27)-gitogenin, [}25(27)—manogenin,

1325(27)-dehydromanogenin of partial structure

CXVIII.



1z

IV. Sapogenins with a non spiroketal side chain. An

example is kryptogenin of/partial structure XIX.

o HO b‘~CH3

XIX



Structural types

13

The principal known sapogenins of established

structure have been classified according to the num-
ber ofvhydroxyl groups in the molecule

Sapogenins of unusual spiroketal structure are shown

in Table 3,

(Table 2).

4

Table 2. Steroidal sapogenins of known structure

Monohydroxy
Name C25 C5 Substituents m.p. [o] D
Sarsasapo- : o) 0
genin normal B 3B0H 200 -75
, , v , o) 0
Smilagenin iso B " 183 -66
0 o)
Laxogenin iso x  3B0H,6-CO 210-212 -83.5
- 0 o)
Willagenin normal B 380H,12-CO 168 +5
0 0
Neotigogenin normal o 3B0H, 203 -65
Tigogenin iso o4 " 204° —670
9-Dehydrohe- . 9 o] o]
cogenin iso a A ,BB-OH,IQ—CO 235 -11
: \ 5 ' (0] (0]
Yamogenin normal L. 3B-0OH 201 ~-123
Diosgenin iso " " 208 ° —121O
Correlogenin normal [35 38-0H,12-CO 211O ~60°
Gentrogenin iso " oo 216° -570
Pamusgenin iso 135 3R-0H,11-CO 180-2° —750
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Dihydroxy
Name 025 C5 Substituents m.p. [a D
Markogenin  normal B 26,36—(OH)2 257° -70°
Samogenin iso " " 202° -74°
Rhodeasapo- _ ' o
genin normal B 1B,3p-(0H), 2350 -72
Isorhodea- . " " O _ 0
sapogenin 180, 243 71
Yanogenin iso B 26,3@—(OH)2 2@}3 -5P
Gitogenin iso « za,3B-(0H)2 2720 -7
Neochloro- _ O -
genin normal o 36,60(—(OH)2 270
Chlorogenin  iso " " 2760 4P
Rockogenin iso " 38,126—(OH)2 220° -649
Chiapagenin normal Dﬁ BB,J_ZB(OH)2 257-259° -13¢°
Iso chiapa- iso N> 38,12p(0H) 236-237° ~121°
genin ’ 2 ' : ‘
Yonogenin iso R 28,3&—(OH)2 - -

. . 28938-(01{) ’ 20
Mexogenin iso B 313230 2 238° —6i
Manogenin iso o« 20,3B-(0H),, 24P -5

‘ 12-CO
Kammogenin iso ﬂ? 2&,38—(OH)2, 24 0 -5%
12-C0O
Dehydromano~- A9,2“,3B(OH) s 0 '_160
genin iso o T2 ¢c0 2 240 -16
Neorusco- (5 '
genin normal L lB,BB—(OH)2 -~ -
Ruscogenin iso Lo " 210° -127
Lilagenin normal [&5 2“,36~(OH)2 2460 -
Yuccagenin iso " " 24P -120°




Trihydroxy

15

nin B

sei(of), "

Name C25 C5 | Substituents-- m{p [Q'b
Tokorogenin iso B lB,ZB,BOO-(OH)3 268° ,4509‘
Metagenin iso. ¢} ZB,BB,lldf(OH)3 . 2740 '—829
Neodigito- : | 0 . 4.0

| ‘egiifi °=  normal o 20,38,156-(0H) 5  279° -82
Digitogenin iso a " 2969__-610
Agggi?;ha iso o 2a,38,5aj(OH)3 285 -
Agavogenin iso o 2a,3B,12~(QH)3‘ 24.2° 5620

Diotigenin normal B 28,3d,43-CoH)3 221.3° -
Convalla- S o 0 a0
genin A normal Q 16,38,55-(93)3 ?68-9 -28" -
Cacogenin iso o 2—,38,6-(OH)3, 278°
12-C0 0
Tetrahydroxy
Kogagenin iso B 1B,2B,3x, 322° -26°
58-(0H),, o
Convallage- normal 3 18,38,48, _ -
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Table 3. Unusual -spiroketal structures

Name Cps c, Substituents  m.p. [of D

Kryptogenin . No ring F

Relneckia- normal B 1B 38'25-(OH) oL 'f;'
genin ST 3

Isoreineck- normal = @ 18 35 25;(OH) _? o
- lagenin _ - 1o 3 : '

Asperagenin  normal B 36,206,-25-—(OH)3 ‘ 264—80';135-90

Isonartho-

genin iso .Aﬁ 38,2?-(OH)2 "236-8°'alio?_-
Igagenin ~ iso B 2B,3a,27-(OH)y 253-256° -
Isggiiﬁea- , 1so | B '16338327P(OH)3. - l‘ -
Neorusco- _ 135 £@5(27)1B, N
genin | 3g-(oH), T
Convallama- : , A25(27) | . - ' l.
rogenin - ‘%B—(OH)EB’ 259-610 —7?110
,25(27) . | PP |
£2E g0, 225275 2u2.243%80.1°
gania v 38-(CH), -
n25(27 o
L , oano= - « ‘A25(27)2a, 238—2400 -
genin 35-(OH)2,12—CO
L\25(27)dehy- T g
dromano- - « A25(271A s 20

genin . BB—(OH)Z,l2~COv 230-—32'0 5360
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Discussion of the4p;esent investigation

Although most members of the Liliaceae have
been extensively investigated as a source of steroi-
dal sapogenins, iittle work has been done on Agapan-
thus. Watt and Breyer-Brandwyk (16) have reported
the isolation of yuccagenin from A.africanus Hofmnsg.

and A.pendulus. ‘Agapanthus-africanus has now been

reclassified by Leighton (17, 18) as A.praecox a
species which 1is commonly found in and around Durban.
Stephen (19) reported the isblation, from several un-
known species growing 1in the Trans#aal, traces of
yuccagenin together with two other sapogenins. The
main component was identified as a new sapogenin

named agapanthagenin and the other was a complex.

Agapanthagenin, C27H4405, was proved to be a
new sapogenin andvformulated as 22a-spirostan-2uo:
3B:50~triol (Ia), Evidence for the presence of the
three bydroxyl groups was based on the fact that it
formed a diacetate, the infrared sbectrum of which
showed hydroxyl absorption. The one hydroxyl group

was thus considered to be tertiary a claim supported
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R10.

R70 X
. [}
. OH
I
(O) R1 :RZ:H
(b) R] :R2:AC

by the fact that dehydration of its diacetate with
thionyl chloride in pyridine gave yuccagenin diacetate

(IXb) a dihydroxy sapogenin of known structure.

IX
(a) Ry= Rg=H
(b) R1 =R2=AC
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The third sapogenin, C54H8609’ was reported by
Stephen, on the basis of later work, to be a complex
consisting of an equimolecular mixture of agapanthage-
nin and yuccagenin, This complex which was derived
directly from the plant could also be produced by re-
fluxing agapanthagenin with aicoholic hydrochloric
acid. Presumably the complex was formed as dehfdra—
tion of agapanthagenin occurfed. Acetylation of the
complex followed by chromatography was reported to
yield. agapanthagenin diacetate (Ib) and an isomer of
yuccagenin diacetate (VITIIb). The latter was presumed
to have been formed by isomerisation of yuccagenin di-

acetate during chromatography.

VIII
(a)Ry R2=H
(B)R1=Ro= Ac
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These findings raised a number of interesting -

Queries as to the nature of the saponins in Agapanthus .

and the sapogenins obtained from them. .

Due to the ease with Which-agaﬁanfhageﬁin;uﬁdgff  '”
.goes dehydration it could be claimed that yﬁccaéenih: |
is merely an artefact, produced dqring_thg ext:acfion
process, and not a'naturally'occﬁrring’Sapogehln,‘
 'The formation bf artefacts during the'exfiabﬁiqn”df--j
sapogenins from plant material is Wéll knoﬁn,  ?ea1'f -
(20) reported the formation of 25Df-_3piﬂr0‘sta—3:'Si—.cii_éhe‘
XX) as an artefact produced during‘thé;isolaﬁion of o :'

diosgenin (XIX) from tubers of Dioscorea.spp, -~ = '

HO

XIX

The fact that the species worked on by Stephen

had not been identified left some doubt as to whether
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it was A.praecox, the species from which Watt et al.
reported the isolation of yuccagenin, or some entirély

different species.

The present investigation\was'undertakeﬁ‘with a
view to establishing the nature. of the'saponinstin A,
praecox and their hydrolysis products.i During.thé
course .of the investigation agaﬁanthagenin was iéoe
lated as one of the maln componénts df-this spegies
togefﬁer with a new sapogen;n named praecoiigenin..
Furthér evidence is presented.tb confirm the structure

of agapanthagenin beyond doubt.

The suggested formulation'of praecoxigenin(lld

as a 2a:3B-spirostadiene has been partially confirmed.
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1. Steroidal saponins from Agapanthus praecox

Whereas the steroidal sapogenins have been
extenSivelj investigated, their precursors in the
‘plant, the saponins, have received little atten-
‘tion. Stoll and Jucker (21) in a review of the
steroidal sapogenins list fifteén saponins which
have been isolated and characterised. More recent-
ly Kawasaki and Miyahara (60) have added five fur-
ther Saponins to the list of those which have defi-

nitely been isolated in a pure form (Table 4).

Although there is a wide variation in the na-
ture of the aglycone portion of the molecule
(Tables 2 and 3), the nature of the sugar moiety
assocliated with these sapogenins is comparatively
simple. Only five different sugars have been re-
ported as found in the steroidal saponins (Chart
2) as compared with the cardiac glycosides where
no fewer than sixteen different sugars have been

identified.
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Table 4. Steroidal saponins ahd their hydrolysis
products
Saponin Sapogenin Sugar moiety
amolonin tigogenin 1 galactose
3 glucose
2 rhamnose
chloronin chlorogenin‘ 6 sugar molecules
digitonin digitogenin 4 gelactose -
. 1l xylose
dioscin diosgenin 1l galactose
: 2 rhamnose
dioscorea~ - diosgenin glucose
sapotoxin rhamnose
gitonin gitogenin 4 galactose
1 xylose
F-gitonin gitogenin 2 galactose
1l glucose
1 xylose
gracillin diosgenin 2 galactose
1l rhamnose.
kammonin kammogenin 6 sugar molecules
kibubasaponin diosgenin 3 galactose
1

rhamnose

J
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nolonin nologenin not inveétigated
sarsasaponin sarsasapogenin 2 glucose
1 rhamnose
smilonin smilagenin 5 sugar molecules
tigonin tigogenin 2 glucose
‘ 2 galactose
1 rhamnose
timosaponin sarsasapogenin 1l galactose °
A-T '
timosaponin Sarsasapogenin 1 galactose
A-TIT ' 1 glucose
trillarin diosgenin 2 glucose
trillin diosgenin 1 glucose
yononin yonogenin 1 arabinose
yucconin - yuccagenin L4 sugar molecules

The nature and site of the sugar linkage to

the aglycone portion was the subject of earlier

investigations.

Marker and Lopez (23) reported
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CHO

CHO
CHyOH CH,0H
D-glucoSe“. _‘ D-gdl.octose
CHO ~ CHO
CHyOH - ~ CHy OH
‘ L—qrq'binose' _ .D'fXYl,OSe
o cHo -
CHj

L-rhamnose

' Chart 2 Sugar components of steroidal saponins

the isolation of yucconin from Yucca schottii which they

claimed as having structure,XXI,_a hydroxylated open chain
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XXI
R= sugar residye

in place of the spiroketal ring, to Which.sugar mole-
cules were attached, They claimed that acid hydroly-
sis of this glycoside with ring closure gave the usual
usual spiroketai ring structure ‘of the iso-
sapogenins. Krider and Wall (24) disproved this
theory by showing that the infrared spectrum of
dioscin gave absorption bands in the 850-1000 om ™t
region typical of the spiroketal ring structure

proving that the sugars must be linked to hydroxyl

substituents in the steroidal nucleus.

A survey of the literature discosed that all the
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work carried out on the nature of the sugar moiety
and the site of its linkage with the aglycone was
done on saponins which had an aglycone with a single
hydroxyl group at C-3. The nature and location of
the sugar linkages in sapogenins with more than one
hydroxyl function, as is the case with agapanthage-
nin, could form theVSubject of an separate investi-

gation.

1.1 Evidence of the presence of saponins in A.praecox

Sliced sections of leaves, lower stems and rhi-
zomes of freshly cut piant material exuded a sticky
mucilage which formed a soapy lather in water, and
when placed oﬁ a biood gelatine plate at 190 showed

haemolysis indicative of the presence of saponins.

1.2 Eitraction of saponins from the plant material

Saponins were extracted from the plant material
by the method of Wall et al. (22) which was modified
in certain respects. Freshly collected rhizomes

were sliced, minced and dried at 60°, The finely
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, ground residue was exhaustiveiy extracted with etha-

. nol (95%) and the alcoholic extract evaporated to low
bulk; "Water was added and the watery extract was
defafted by extraction with benzene in a liquid-liquid
extractor. After the addition of salt and adjustment
of the pH to between 3 - 4 the solution was extracted
- several times with bufanol saturated with water.n

. Tests indicated that the saponins showed preferential
Solubility in the butanol layer. - In this way the
vsaponins were separated from. other plant products suéh '
as_sugars, gﬁms and proteins.v . Butanol was distilled
off under reduced pressure and the residue taken up
',1n the minimumvamount of methanol and after filtra-
tion of the precipitated sodium chloride the methanol
extract was added dropwise to acetone from which a
dark brown residue separated out. This was dried in

vacwo over calclium chloride to provide a crude sapo-

nin extract.

1.3 Chromatographic examination of the crude saponin
-z it ‘ L _

extract

The extract examined by thin layer chromatography, -

using'solvent I and spraying with sulphuric acid (20%) ,
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after drying, revealed seven distinct spots. Similar
chromatograms sprayed with a suspension qf guinea_pig
blood cells showed faint white spots on a light brown

background at BRf values 0.17, 0.37, 0.70.

It was therefore aésumed'that these thiee spots
were indicative of three saponins in the crude sapo-
nin extract and that the othér spots shown in chroma-
tograms spfayed with sulphuric acid were.due to im=
pufifies responsiblé-for the dark bfown colour of the

crude extract.

1.4 Isolation of saponins from the crude ext;act

All attempts at crystallisation of the saponins
from the crude extract were unsuccessful due to the
presence of resinous impurities from which the sapoa

nins were unseparable.

Tﬁe saponin, found in highest concentration in
the extract, was ultimately isolated chromatographical-
ly by the procedure outlined in Chart 3. This sepa-
ratidn showed limited sﬁccess as the sSaponin mixture

formed a jelly-like mass on the column which inhibi-



CRUDE SAPONIN EXTRACT

Acetylated and chromatographed
on neutral alumina

l L i : ! !
FRACTION 1 FRACTION 2 FRACTION 3 FRACTION 4
eluted with eluted with ' eluted with eluted with
benzene as a benzene:chloroform chloroform chloroform:ethanol
colourless glass 1 : 3 95 : 15
(Brown Gumnm) _ (Brown Gum) : (Brown Gumnm)

Crystallised from
ethanol/water deacetylated
and chromatographed on
silica gel

i . !

FRACTION A FRACTION B
eluted with eluted with
chloroform: 65 chloroform: 1
ethanol ¢ 37 ethanol : 1
water : 8 white amorphous
white amorphous residue

residue Rf 0.17

(Rf 0.17: 0.37)

CHART 3. Separation of the crude saponin mixture from A.praecox

o€
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ted elution. Continuous elution under mild suc-.
tion yielded smallbamounts of chromatdgraphigally'
pure saponin named agapanthinh(Bf 0.17, Solvent I).
All attempts at isolating the remaining’two sapo-

nins were unsuccessful.,.

1.5 Chromatographic examinafion of saponins and

derived sapogenins

Three purified saponin extracts froﬁ the plant;
one containing a mixture of all three saponiné; the
other the two predominant saponins and the third a
solution of agapanthin, were tested by thin layer
chromatograph&. Each extract was then hydrolysed
and the precipitated sapogenins compared chromato-
graphically with samples of known sapogenins (Table

K

14).

Thgse experimehts showed that the three sapo—
nins originally present in the plant were yucconin
which yielded yuccagenin on hydrolysis, agapanthin
which on acid hydrolysis gave agapanthagenin and a
third saponin named praecoxin‘which’yfelded prae~

coxigen. = This evidence proved, beyond doubt,

¢
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that yuccagenin was not an artefact produced during‘
the extraction of the sapogenins from the plant
'but was, indeed, derived from yucconin  one of the

saponins in the rhizomes.
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2., The characterigsation of agapanthin

2,1 The nature of the aglycone, obtained on acid

hydrolysis

During the hydrolysis of égapanthin with hydro-
chloric acid in 50% eﬁhanol a white flocculent pr;—
cipitate separated out which was crystallised from
chloroform to give rhombic plates (m.p. 281-283°)
showing.no'depreSsion in melting point when mixed.
with pure agapanthagenin. The infrared spectrum
of this hydrolysis product was identical with that

of agapanthagenin.

2.2 Composition of the sugar moiety

The filtrate obtained from the hydrolysis was
passed through a ion‘exchange column and,evapora-
ted to aryness. Paper chromatography of the re-
sidue dompared with known sugars showed the presence

of two sugars, galactose and rhamnose.
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2.3 Qualitative estimation of thé ratio of galactose

to rhamnose in the hydrolysate

A visﬁal comparison of the intensity of the
spots on the above chromatogram showed that galactose
was the predominant sugar preéent. In order to ob-
tain an empirical idéa of the ratio of the two s;gars
present, mixtures of gélactése and rhamnose were made
up in Varioué molér ratios and after suitable dilu-
tion were'éompared ohromatographiqally with the gcid
hydrolysate bffagapanthin. From the intensity of
the spots it appeared that galactose ahd rhamnose

were present in the approximate molar ratio of 3 : 1.

2.4 Determination of the molecular formula of aga-

panthin and its peracetate

The formula of agapanthin was determined by the
following method outlined in brief. A weighedAsam;
ple of agapanthin was quantitatively hydrblysed.
From the weight of agapanthagenin formed the molecu-
lar weight was calculated and, from elemental data,
possible formulae were calculated which agfeed as

closely as possible with the molecular weight. The
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molar ratio of the sugars was then determined in the
acid hydrolysate and by reference ﬁb Table 5 the
molecular formula was established. The formula
.of the peracetate was also estab;ished on the basis

of elemental analysis and its % acetyl.

The success of this method depended upon the *
careful determination of the molecular weight and
also on the molar ratio of the sugars obtained as a
result‘of hydrolysis. The method was carefully

standardised at every stage.

2.4,1 Hydrolysis of agapanthin

For the purposes of this determination it was im-
portant to establish the completeness of the acid hy-
drolysis step. Incomplete hydrolysis would result 1n
the formation of prosapogenins. Kawasaki and Yamauchi
(26) reéorded that timosaponin on refluxing with O0.5N
sulphuric acid for two hours &ielaed a prosapogenin
-and 1n order to obtain complete hydrolysis to sarsa-
sapogenin it was necessary to increase the hydrolysis
time to one hour using 2N hydrochloric acid. Too

high an acid concentration or too long a hydrolysis



c%
B%

Ac%

Mol Wt.

Table 5.

Possible molecular formulae for agapanthin and 1ts peracetate

(1)

(2)

(3)

(&)

(5)

Genin + 1 Galactose

+ 2 Bhamnose

Genin + 2 Galactose

+ 1 BRhamnose

Genin + 1 Galactose
+ 3 Rhamnose

Genin + 3 Galactose

+ 1 Rhamnose

Genin + 2 Galactose

+ 2 Rhamnose

- ) deca- . undeca-~ . tredeca- . dodeca-
glycoside nona?etate glycoside acetate glycoside acetate | glycoside acetate glycoside mcetate
+ BHZO + ZHZO- +2-5H20 + ZHZO + ZHZO + ZHZO
CugnnOig | Coollg2027  |CusHouO19 | Cesfionlag | Cs1tguC22] Co3M1060933 | Cs1tgul2u | Copfli100371 Coofaul13) Cruti08056
 3H,0 +2H,0 2 5H,0 *2H,0  2H,,0 +2H,0
56.48 57.07 56.08 56.76. 56.45 56.66 56.67 56.83 56.39 56.39
8.36 7.36 8.2 7.13 8.1 7.1 7.78 6.77 7.89 6.89
29.7 v 31.3 30.6 34.38 32.9
956 963 1084 1080 1064

9¢
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time, on the other hand, could result in decomposi-
tion of the sugars and also cause structural changes
in the aglycones theméelves. The conditions for

the quantitative hydrolysis of saponins were care-
fully investigated and reported on by Rothman et al.
(27). On the basis of a large number of experiments

he arrived at the following conclusions:

(i) Hydrolysis of saponins with 2N acid

resulted in low sapogenin yields.

A(ii) | Destruction of sapogenins with excess
heating time occurred only when 6N

hydrochloric acid was used.

(ii1) . Hydrolysis with 4N hydrochloric acid
for two hours gave quantitative yields

of sapogenins.

On the basis of these findings and those of Wall
et al;(28) agapanthin was hydrolysed under reflux
with 4Nlhydrochloric acid in ethanol (50%) at 80°
for two hours. After hydrolysis the solution was
diluted with water and the'precipitated aglycone
quantitatively collected on a tared sintered glass
crucible which was then dried to constant weight at

105°,
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The filtrate containing the sugar moiety was
placed in a deep freeze refrigerator overnight and
then freeze dried for 12 hours., By this process
all the water and hydrochloric acid was removed.
This’modification appeared to offer less danger of
loss of sugars than the recomménded procedures used
for the removal of hydrochloric acid such as pass;ge
through ion exchange columns.or treatment with silver
éarbonate followed by precipitation of the excess

silver ion with hydrogen sulphide.

The freeze dried sugaré.were made up to a known
volume WithAwater. The sugars in aliquot portions
‘were separated by paper chromatography, eluted out
of the péper by a method similar’to that recommended
by Borel et al.(29), and the sugar concentration of
the eluate determined colorimetrically by a method

recommended by Leopold (5%).

2.4.,2 Acetylation of agapanthin and the determina-

tion of the percentage acetyl of the product

Agapanthin was repeatedly acetylated with equal

volumes of acetic anhydride and pyridine at room tem-
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perature until the acetylated‘product showed only .
one spot on examination by thin layer_chromatographys
The percentage acetyl of the crystalline acetjl,
dried in wvacuo over PZOS' and determined'by'tbel'.

Kuhn-Roth method, was, on average 33.4%.

-The analytlcal data obtained . W1th agapanthln
and its peracetate agreed closely w1th calculated
molecular formulae shown in Table 5. ' Due to. their
non volatlle nature it was not p0381ble to obtaln an
accurate mass of either agapanthin or 1ts peracetate.x
The molecular weight of the asgapanthin calCulated .fj'l
from the weight of agapanthagenin obtained.cn ac1a7
hydrolysis suggested molecular formulae (3) or (4).
The quantitative sugar determination showed that
galactose and rhamnose were present in the molar'raf
tio of 3 : 1 which established the formula of agapan-.
thin as (4). It thus has a molecular formula Qfs‘
C51 84024 and consists of 1 mole of* agapanthagenin
linked with 3 moles of galactose and 1 mole of rhamff
nose. Its peracetate has thirteen acetyl groups and

is formulated as C?7H110037.

The infrared spectrum of agapanthin (Figure 3)

showed absorption bands at 866,900,920, and 982 cm“‘l
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which are typical of a spirokétal ring structure of
"iso" configuration and indicated that the sugars
couid only be linked to'the hydroxyl groups of the
steroidal nucleus. The infrared spectrum of its.
peracetate (Figure 4) gave an absorption péak at

1 Which is indicative of a hydroxyl group.

3500 cm”
This is possibly the hydroxyl group at C-5 which
'being sterically hindered reéistéd acetylation. .
_Insufficient material was available to investigate

the nature of the sugar linkages by permethylation

and hydrolysis.
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Fig. 4 LR. spectrum of agapanthin peracetate
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3. Steroidal sapogenins frovagapanthus praecox

3.1 Procedures used for the extraction, evaluation

and isolation of ‘the sapogenins

Two general methods have been recommended for
the extraction of sapogenins from plant material.
By one method, developed by Wall et al. (28), the sa-
ponins were first isolated in a crude form by alco-
holic extfactioﬁ of the plant material. To a solu-
tion of this crude saponin extract in ethanol (25%)
sufficient concentrated hydreochloric acid was added
to make it 4N, The solution was refluxed for 3 to
4 hours, cooled and filtered and the crude tarry sa-
pogenin precipitate was washed with aqueous ethanol
(50%) and refluxed with a mixture of benzene and
methanol containing potassium hydroxide. After
washing with water the solvent was removed to pro-
vide an extract consisting of a mixture of crude sa-
pogenins containing resinous material (approximately
50%) . This method proved unsatisfactory when applied
to the hydrolysis of the crude saponin extract of
agapanthus rhizomes, The'crude sapogenins obtained
as a result of the hydroiysis were insoluble in the

benzene layer and thus caused emulsions which were
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difficult to breakl In a second method, fresh minced
rhizomes were hydrolysed with hydrochloric acid and
after drying the hydrolysed residue was extracted
with carbon tetrachloride, using a modified type of
soxhiet process., The sépogenins_were only slightly
soluble in cold carbon tetrachloride so that on fil-
terihg the cold carbon tetrathoride extract they
were obtained in a reasonable state of purity and se-
parated from fats, waxes and the other plant steroids.
A bettervyield of.sapogenins was obtained with this
process and thus it was adopted as the standard pro-
cedure for extracting the'sapogenins from the rhi?b

zomes.

Thin layer chromatography of the residue from
the carbon tetrachloride extract of the hydrolysed
rhizomes using Solvent‘III showed the presence of
three sapogenins. The sapogenin showing as a faint
spotlat Rf 0.83 because of its low concentration
could nét be isolated in a state of purity. The
two sapogenins at Rf 0.57 and 0.48 were isolated as
a mixture which proved to be extremely difficult to
separate. They were tenaceously held on alumina
columns and were only separated from each other by

repeated chromatography on silica gel. The sapoge-
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nin at Rf 0.48 Was.identified as agapanﬁhagenih and
only when these investigations were near oompletion
was it found that it could be obtained pure by re~
peated fractional crystallisatién from chloroform. 
The second sapogenin (Bf 0.57) was isolatéd'ih small
quantities in a state of purity. . An investigation
of the 1iteratureashowed 1t to be a new sapogenin.
and has béen named'praécoxigénin.‘ Some investiga=
tions into its structure have been carried out ahd"

are reported on later.

+ 3.2 §egsona1 variations in the concentration of

sapogenins from rhizomes

As insignificént yields'of éapogénins wé}eloﬁ;" '
tained from rhizomes extracted during the wintér
months, it was cqnsidered appropriate to investiga-
te possible assay procedures fo; the determination of
sapogehins in extracts of plant material. Two ge-
neral methods have been proposed for the'assay of .
sapogenins in plants. . One described by'Blunden et.
al.(30) consists of isolating the sapogenin by thin |
layer chfomatography and quantitatively evalﬁéting théi =4

absorbance of the spot by using a photoelectric den-
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sitbmeter coupled to an integrating logarithmic re-
corder. A second method developed by Wall et al.
(28) is based on the comparison,K of the absorbance of
the acetylated crude extract, in carbon disulphide,
with that of a standard sapogenin acetate solution,
. at one of the characteristic sépogenin absorption

peaks of the infrared'spectrum. .

A modification of the procedure recommended by

Wall was finally adopted.

The dried, minced rhizomes (10 g) were hydrolysed
with hydrochloric acid, the residue after filtration
was dried and extracted with carbon tetrachloride.
After rembval.of the solvent the residue was acetyla-
ted and the absorbance measured at 980 cm—1 in carbon
disulphide at a concentration of 0.7 to 2% in a cell
of path length 1.0 mm. The absorbance of a crystal-
’1ine.sample of mixed sapogenin acetates obtained from

agapanthus rhizomes was taken as a standard.

A detailed study showed that there was a distinct
seasonal variation in the sapogenin content of rhizo-
mes (Table 6). During the winter dormant period the

sapogenin content fell off to an insignificant value
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and at the flowering period and for two months there-

after it was at a maximum.

Although this method gave a comparatlve estlma-
tlon of the percentage of sapogenlns in plant material
many factors could affect its accuracy and it was
-only consldered to be semi quantltlve, espec1ally
as the extracts examined contained considerable
amounts of non steroidal matter.  For the turpose
of a compa:ative examination, howefer, it provéd toc

be satisfactory.

Table 6. Seasonal variations in sapogenins from

agapanthus rhizomes

Sapogenin

Period of year content % w/w

Summer season 0.37
Late Autumn 0.24
. Winter period 0,07

Early Spring ) 0.12

T
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3.3 Chromatographio.examination of sapogenins from

A, praetox

3.3.1 Preliminary investigations

Paper chromatographic separations of the sapoge-
nins in drude extracts were tried accqrding to methods
described by Heftmann and Hayden (31); McAleer and
Kozlowski (32) and Wall et al. (33). It was found
that eithef the spots remained fixed to the starting
line or when more polar solvents were used, lack of
resolution due to tailing took place. ‘As a tool for
the separation and identification of the more polar

dihydroxy saturated and unsaturated sapogenins 1t

proved most unsatisfactory.

.Thih layer chromatography hasAbeen employed by
many workers for the separation of steroidal_sapoge—
nins. Sander (34) used this technigue most success-
- fully for the separation of the dihydroxy sapogenin
gitogenin from several monohydroxy sapogenins. Smith
and Foell (35) also reported success with the separa-
tion of the C27 sapogenins with starch bound silica
gel using phosphomolybdic acid as a detecting agent.

Bennett and Heftmann (36) reported on the use of
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zaffaroni~type partition systems-with silica gel con-
taining only gypsum as a binding agent tovpermit'the
use'of'sulphuric acid as a detecting agent. -Later,'

workers have reported that the partition sglvent sys-

tem, as suggested by Bennett, gave eratic results.

It was found that thin layer‘chromatograbhytwith-..'
kieselgel G as an:adsorbent with solvent syeteme'which
depended on adsorption rather than»partition principies
effected satisfactory separations of both‘sapogenihs :

and their acetates.

&

3.4 Comparative thin layer chromatog:aphy.pf sapoge~

nins,‘sapogenin extracts and their ecetylation

products

In order to establish whethe; the speeiee from‘e
the Transvaal reported on by Stephen (19) was in faet
é.graeeox, thin layer chromatography of the exﬁract
from this species together &ith the complex isolated
from it were compared with extracts of éQpraecox.
Pure sapogenins were used as standafds and 501vent‘

system III used for development which was carried out

in a controlled temperature room at 20°. Similar
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chromatograms were carried out on their acetylated
derivatives using solvent system V. - The results

are given in Table 7.

Discussion of results

The ohromatogram showed.quite clearly that the
 species worked on by Stephen was not é.praeéox. The -
Transvaai'species appeared to contain two sapogeﬁin;
agapanfhagenin and. yuccagenin, and the complex appeared
to be pure yuccagenin as it gave one spot at the same
Rf value. The acetylated extract of the Transvaal
'species showed the presence of three sapogenin aceta-
tes, yuccégenin diacetate, agapanthagenin diacetate
and an unidentified acetate (Rf 0.18). The Qomﬁlex
was also resolved into two acetates one being yucca-
genin diacetate and the other the acgtate (Rf 0.18).
It,therefore, appeared that thé complex was a miXxture
of yucéagenin and an Unidentified sapogenin of simi;
lar Rf wvalue. These resul%s for the composition

of the complex were at variance with those reported

by étephen who recorded the complex as a mixture of
agapanthagenin and yuccagenin. At the time when work

on this species was carried out b& Stephen, thin layer



Table 7. TLC of sapogenins and acetylated derivatives

TS

: . b
Sapogenin ! Acetylated derivative f
Sample .
Colour after Colour after
Bf value development Rf value development
Extract from 0.67 . purple
Transvaal 8'38 gﬁigiz 0.27 purple
Agapanthus ' 0.18 purple
Extract from 0.83 (faint)! purple 0.67 (faint)| purple
Agapanthus 0.57 i olive green 0.27 purple
praecox 0.48 purple 0.22 . "1 olive green
Complex from % -
Transvaal 0.83 I purple 8'?5 gﬁigig
Agapanthus ; ' ;
é |
Agapanthagenin  0.48 ! purple 0.27 purple
iYuccagenin :0.83 g purple 0.67 purple
"N isomer of ; -
Juccagenin 0.93 i pink 0.90 | tan
Praecoxigenin 0.57 - olive green| 0.22 , i olive green
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chromatography had not been developed as an analytical

tool.

These results showed the presence of three sapo-

genins in A.praecox, yuccagenin which was present in

- low concentration, agapanthagenin and praecoxigenin.

The small difference in‘the Rf values of agapan-
thagenin and praecoxigenin suggested similarity in
strucfure wWith possibly only differences in configu-
ration'of substituent groups as a result of epimeri-
sation. It has been shown by Heftmann (31) that con-
figurationai changes give rise to small differences in

Rf values of sapogenins (Table 8).

Table 8. Paper chromatography of nopmal and iso sapo-

genins
Sapogenin Rf value of spot Difference
sarsasapogenin (25L) . 0.68
0.04
smilagenin (25D) 0.72
yamogenin (25L) 0.48
' 0.04

diosgenin (25D) 0.44
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Subsequent iﬁvestigations showed large étructu—
ral differences between these two sapogenins. Agapan—
thagenih is a 2:3:5-triol and praecoxigenin is con-
sidered to be a diene diol. The additional hydroxyl
group 1in agapanthagenin should make it more polar and
give rise to a lower Rf value. The fact that the
third hydroxyl group is tertiary and sterically hindered
could possibly explain why these two sapogenins have

Rf values which are so similar.
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L, Confirmation -of the structure of agapanthagenin

The structure assigned to ggapanthagenin by Stephen
(19) was based mainly on analytical data and its dehydra-
tion to yield yuccagenin as one of the productst Al -
though it is a fair assumption that thé tertiary hy-
droxyl group was attached to C-5, its position and
configuration had.not been established beyond doubt.
The cpnfiguration of the 2:3 diol was not unequivoca-
bly established. - It was therefore deemed necessary
for more synthetic and instrumental.evidence to be
presented to establish the structure of agapanthage-
nin beyond doubt. The results of further investiga-

tions for this purpose are reported in this chapter.

Further support for the assignment of agapantha-
genin as a sapogenin of the 'iso' series was obtained
from a study of its infrared, mass and nuclear magnetic.
resonance spectra and those of its derivatives. The
glycollic nature of the secondary hydroxyl groups at-
tached to C-2 and C-3 was cénfirmed by oxidative fis-
sion with lead tetraacetate and chromic anhydride and
its configuration as a diequational 200 3f-diol was

established on evidence obtained from the kinetics

of glycol fission with lead tetraacetate, the nature
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of the proton shift in the low field region of the
n.m.r. spectrum of its diacetate, the extent of hydro-
gen bonding in the 3 micron region of the infrared
spectrum of its 5a-monoacetate, and the solvolysis

of its dimesylate of an olefine,

Support for the iocation of the tertiary hydroxyl
group at C-5 and its 5a-configuration was obtained from
its synthesis by a series of proved stereospecific re-

actions.

On the basis of this evidence the structure of
agapanthagenin has been confirmed as 22a-spirostan-

stan-20:3B:5¢~triol.

L,1 Nature and configuration of ring F of agapantha-

genin

Infrared spectra

It has been shown by Wall et al.(28) that the

spiroketal ring system of steroidal sapogenins gives

rise to four well defined bands in the 800-1000 cm'-l
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region of the infrared spectruﬁ; sapogenins‘ofithe

'iso' series give bands at 865,900,920,981 cm"1 and

the 'normal' sapogenins, bands at 860,900,920,981 cm-l.
These four bands appear to be specific to ring F as

the infrared spectrum of kryptoéenin XXIII, in which

the F ring is absent shows none of these bands.

0

] .
c
Py

XXIII

The relative intensities of the bands at‘9OO and
920 cm.” ' have also been used to distinguish between
the iso and normal sopogenins. The 900 cm'1 band 1is
twice as strong as the 920 cm_1 in the iso series and
in the normal series the 920'c:m—l band is the more in-
tense. Thé infrared spectra of agpanthagenin and 1its:
diacetate (Fig. 5 and 6) show absorption bands at 866,
900,921,982 cn” ! and the band at 900 has almost twice

the intensity of the band at 921 cm"1 indicating that



Fig.5 LR spectrum of agapanthagenin’
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agapanthagenin is a steroidal sapogenin of the 1iso

series.

Mass spectra - .

‘Budzikiewicz and -co-workers (37) have shown that
fragmentation of the spiroketal group gives rise to
two 1lons at m/e 139 and m/e 115 which are specific to
steroidal sapogenins and can be used for their charac-
terisation. In most sapogenins, which have no strong
charge localising groups in the rest of the molecule,
the peak dué to ion.m/e 139 shows high infensity and
is often the base peak. The mass spectrum of agapan-
thageninh(Fig. 24) gives evidence of these two pharac—
teristic peaks and confirms the presence of the spiro—

ketal structure.

Nuclear magnetic resonance spectra

It has been shown by Kutney (38) that specific
features, in the region of resonance due to the Cc-26
protons and also in the C-methyl region, can be used

to distinguish between the normal and iso series.
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Specific features of the 3.20-4.05 p.p.m. region

From a consideration of the configuration of the
normal and iso sapogenins (Fig: 2) it can be seen
that the C-26 pfotons are deshielded by the ring F
oxygen atom and should, therefore, resonate at lower
field giving a signal which 1s sufficiently remowed
“from all.other proton signals to be easily recognised.
Also by virtue of differences 1in their chemical en-
virohment.the splitting patterns of these protons
should be different. The proton, in the normal se-
ries, at C-25 is in an equatorial conformation where-
as in the iso seriesAit is axially orientated. From
a study of a number of sapogenins of both series
Kutney ﬁotiéed that in the iso series interaction of
the C-26 protons with the equatorial methyl group at
C-25 gave a broad multiplet with two main broad signals
separated by 4 Hz. However in the normal series the
methyl group at C-25 is in the axial position and
splits the C-26 protons into a pattern which. approxi-
métes a quartet. Spectra of smilagenin (25D), neoti-
gogenin acetate (25L) and agapanthagenin diacetate
reproduced in juxtaposition (Fig. 7) show the similari-

ty between smilagenin and agapanthagenin diacetate.
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Specifie features of the C-methyl region -

Signals for the C-21 and C-27 methyl grouPS‘Whicht
would be expected to be split into doublets overlap
“the angular methyl signals and are only visible as-
_shoulders underlying these two sharp C- 18 and C- 19
methyl signals. This 1s shown in the spectra of
smilagenin, neotigogenin acetate and agapanthagenln
in deuteriochloroform (Fig. 8).  When these spectra
uwere'run in pyridine (Fig. 9) a distinet solvent Shift

occurred. ~The sharp C-18 signal meved downfleldjin
the iso sapogenins approximately 0.08 p;p;m. and'the‘f
signal of the C-27 equatorlal methyl group moved up—v
-fleld to become the hlghest field 31gnal in the ‘spec-
trum show1ng as a doublet at 0.56 and 0. 64 p. p m.
.In the normal series the C-27 axial methyl 51gnal moved
downfield and the C-18'methy1vsignal still remained

the highest field signal.

As can be seen (Fig. 9) in both*Smilageniniand‘
rvagapanthagenin diacetate thHe C-27 methyl signal has'.
" moved upfield to become the highest field signal,

whereas in neotigogenin acetate the sharp C-18 methyls
| signal still remains the highest fleld signal. eIt'

thus follows that in agapanthagenin the C~ 27 methyl
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 group 1s equatorially orientated.

The Spectral pattern of agapanthagenin dlaoetate
1n both the C-methyl region, and the low field reglon
:due to the resonance of the protons at C- 26, gives

'strong support to it being an iso sapogenin.

. 2 The posltlon and configuration of the secondary

hydroxyl group in agapanthagenln

4,2.1 Reaction with lead tetraacetate

Aéapanthagenln on treatment with lead tetraaée-
‘tafe gave a product with a molecular ion (m/e 446
_-Fig.-}l) of 2 m.u. less than the corresponding mole-
cular ion of agapanthagenln. This would be consis-
htent with the 1oss of two hydrogen atoms as a result
of the'oxidatlve cleavage of the glycol function.
The-infraredvspectrum of the reaction product (Fig.

-1 due to

iO)’éhowed an absorption band at 3580 cm
thé'ObH'stretching vibrations of a hydroxyl groubp,

shoulder on the main C-H stretching band at 2720
Qbmf; and a strong band at 17OO cn™ ' indicative of

C=0 stretchlng absorption. The presence of these
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bands are indicative of a hydroxyl and an aldehyde

group.

Guthrie and Honeyman (39) have shown that dialdehydestj
formed by glycol cleavage can, under certain 01rcumstan-;7 ”
ces, undergo further reaction to give hemlaldals wlth |
water, or, if there is a free hydroxyl grdup in a”fa-  9
vourable positibn and conformation, could form d&clic
hemiacetals. Thus if the hydroxyl groups 1n agapanthav
genin were .attached to C-2, C-3, and C-5 the p0331b1e
.products of lead tetraacetate oxidation could be the |
dialdehyde (XXIII), the hemialdal (XXIV), the heﬁiace;i_‘ 

~tal (XII) or the aldol (XXII).'

 The absence of an ionvm/e 464 in- the mass'speétrum"
coupled with bands in the infrared spectrum;indiCat1Vé
of the -CHO group eliminates XXIV. 'Thé presende of
fragments at m/e 428 and m/e 403 can be readily ex- ‘-"?

plained by structures XII and XXIII.

A 5a-hydroxyl group would be in a favourable
position and configuration to form a five membered
cyclic hemiacetal with an aldehyde forhed from a"

2a~hydroxyl group and this would favour Structure



Fig. ‘IO IR Spectrum of the lead tetraocetate oxidation product of .
: agupanthogenm
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j Fig.!l Possible lead tetraacetate oxidation products
of agﬁpunthagenin ‘ S v .
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XII. This is supported by a peak in the mass spec-
trum (m/e 403) due to the fission of the fragment

-CHZ.CHO.

L,2.2 The kinetics of oxidation by lead tetraacetate

There is éommon assent to the view that no sing;e
mechanism prevails in the oxidation of vicinal diols
with lead fetraadetate. The commonly accepted mecha-
nism for the oxidative fission of disecondary glycols
was proposed by Criegee et al.(40). This involves
the initial reversible formation of é covalent O-Pb
bond followed by a rate determining step requiring l

the formation of a five membered cyclic intermediate.

— C—0OH - — C— 0.Pb(0 1

¢ +Pb(OAc),, - | | ©OAclg+AcOH
—C—OH — C— OH

L |
e +Pb(0Ac), -— |C N PbO(Ac),+ ACOH

—c-07

| |
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In order to form a cydlid complex the C-0 bonds
of the two hydroxyl groups must be rotated to a grea-
ter degree of coplanarity. Consideration of the
four possible configurations of the spirostan
2:3-diols suggests that the energy required
to force the two hydroxyl groups ﬁore nearly into the

same plane should follow the order:

aa > ee > ae

e/
HO HO’M
203:3B(ae) :a 2al:3(ae)
OH
CIS
OH
e a -
HO-, —~
HO
13
' la
2a1:3B(ee) i 20:3/(aq)
OH
TRANS

In fact, forcing diaxial bonds more nearly

into the same plane so as to permit cyclisation would
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occur with great difficulty. On theée premises
the relative rates at which glycols undergo oxidati-
've fission with lead tetraacetate should offer a |
means of determining the configﬁration bf the two

hydroxyl groups relative to each other. ' Djerassi

and Ehrlich (41) inveétigated the rates of clea&age
of gitogenin XXV)and its three epimeric 2:3-hydroXy
diols, XXVI, XXVII, XXVIII. ~ The relative rates of
glycol cleavage on oxidation with lead tetraacetate
are indicated by the figures (expressed as kxloj)

under the formulas below,.

i ]

H - H  OH M
XXVII XXVIII
31-9 13-2
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As would be expected the two ois glycols (XXVID
and (XXVIII)were cleaved muéh faster than the two
trans glycols XXV)and XXVI). The situation with the
-trans epimers-is énomalous,,in that the diaxial epi-
mer XXVI was cleaved almost three times faster than

~

the diequatorial epimer (XXV) .

To explain the differencé Fieser (14) suggested
that in éach series, cis and trans, a further deter-~
mining féctor may be the éxtent to which oxidation
relieves steric Strain. The greater reactivity of
XXVIT over XXVIII and of XXVI over XXV may be in part
because of severe strain in XXVII and XXVI dﬁe to

1:3 interaction of axial methyl and hydroxyl groups.

The differéhces between the rates as recorded by
Djerassi and Ehrlich were sufficiently large, however,
to suggest that a comparative study of the rate of
glycol fissibn of agapanthagenin and gitogenin (a
Za:BB—dibl of known configurqtiOn) could provide fur-
ther information about the diol configuration. To
this end a comparative rate study of these two sapo-
genins was conducted the results oft which are shown

below."’
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"sapogenin kxlo3
agapanthagenin - 2.17

gitogenin . 2.07

Although the figure for the rate constant -for
gitogenin was much higher thaﬁ tﬁat recorded by |
Djerassi, it was similar enqugh to thaf of agapantha-
genin to suggest that they both have the same glycol

configuration.

4.2.3 The configuratioh of the glycol system from

an evaluation of the hydroxyl absorptibn

It has been shown by Davies (42) that when the
hydroxyl groups of a dihydroxy compound are sufficiént—
ly close together they will fcrm an internal hydrogen
bond. Kuhn (43), studied the infrared absorption
spectrum, in the three.micron regién, of a number of
CYclio  dinydroxy compounds in dilute carbon tetrachlo=
ride solution. He found that, if the concentration of the
solution did not exéeed 0.005 molar, intra molecular |
bonding took place and that two absorptidn peaks oc-
cur with compounds in which the calculated length.of

the hydrogen bond between the two hydroxyl groups is



74

less than 3.3A°. He defined the length of the hy-
drogen bond as the distance between the hydrogen atom
of the one hydroxyl group and the oxygen atom of the
other designated by the symbol»H...O. The absorp-
tion peak at the higher frequency was due to the frée
hydroxyl group and the one at lower frequency due to
the bonded hydroxyi, The spread between the two
bonds, Av , 1increases as the length of the hydrogen
bond decreases and hence with related diols the ob~
served values of Av should provide a measure of the
relative proximity of the hYdroxyl groﬁps. Badger
(44) has also shown that the stronger the hydrogen

bond the greater is A4v ,

In picturing the H...0 distances in compounds
containing hydroxyl groups on adjacent carbon atoms it
is convenient to consider the dihedral angle © which
is defined as the angle that one observeé bounded by
the two C-0 bonds when the eye of the observer and
the two carbon atoms are in a straight line. This
can be shown pictorially in what are called Newman
projections. In cycloHexane—cis-l:2-diol, one hy-
droxyl group ocgcupies an axial.position and the
other an equatorial. In -the trans compound there

are two possibilities; both hydroxyl substituents
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may be axial or both may be equatorial. If the two
hydroxyl groups are axial théy would be too far apart

for hydrogen bonding to occur.

The relationship between the calculated H...O
distance and Av for c¢ls- and trans-cycloHexane-1,2-

diol is shown below (Table 9).

Table. 9. Relationship-bétween H...O0 distance and Av

Calculated

Compound | - A g, . .0 distahce A°
cis-cycloHexane—l,Z-dlol' 39 2,34

trans-cycloHexane-1,2-diol 32 2.34

To explain the fact that both cis and trans diols
have the same calculated H,..O0 distance and yet the
cis compound has a larger Av value,‘Kuhn (45) put
forward the theory that the attraction between the
-hydroXyl groups in forming a hydrogen bond will tend
to produce a rotation aroﬁnd the C-C bond thus redu-

cing the dihedral angle (Chart 4).

As can be seen cis substituents are much closer

together than trans substituents gnd would have a
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- Chart 4 Newman projections of CIS and TRANS
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larger value for Av , The 4v for the tranS—
Decalin-2:3-diols measured by Ali and Owen (46) are

shown in Table 10,

'Table 10. ;'Infrared-absbrption of trans~Decalin-

2:3-dlols in carbon tetrachloride

_ Infrared’absorption cn™t
Diol e —

g Free OH Bonded OH Av
trans-Décalinwza:Ba_ | 3625‘- 3588 Y
trans-Decalin-2¢:38 | 3630 3600 30
trans%Decaiin—ZB:Ba '- 3630 - - 0

It was nof:possible to obtain spectral informa-
tion on agapanthagenin due to its 1nsolubility ih
carbon tetracﬁloride.' High resolution spectra of
1ts‘A§, and 5x-acetoxy derivatives.in dilute carbon
tetrachloride were used instead. These derivatives
gave the foilowing two peaks in the thfee.micron're-
gionvdue to free and bonded_hydrbel absorption‘
(Fig. 13). "
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Compound ,3,1_ . Free OH Bondéd OH :Av

Qﬁ—derivative'of aga;- 3626 3596 36

panthagenin (IXa)

50_mono acetate of
agapanthagenin (VII) 3626 3599 26

The spread,  AQv, of the AS—derivative agfeeé fa-
vourably with that of trans—Deéalih-Zq;BB-diol‘(Table
10) and supports thé diequatoria1'strﬁcture of its
2:3—dihydroxj groups.' The result obtained.withbthe
Sa-monoaéétaté derivéﬁive cannot be used to prbve the
diequatorial coﬁfiguration'but is in good‘agfeement
with it. As these derivatives were prepared from'

) agapaﬁthagenin by methods known to cause no configu-
‘rational changes in the diol strucﬁure it would be
reasongble to con¢1ude_that these results support the
assignment of the glycol.structure of agapanthagenih

as a 2u:3f-diol.

b,2.4 The nuClea: magnetic resonance of agapantha-

'geninvdiacetate‘in the low field region

An examination of the four possible epimeric

'2:3-diacetoxy spirostans XXIX, XXX, XXXI, XXXII,
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shows that the two protons attached to the vicinal
carbon atomévC—Z and C-3 in the cis derivatives are

subjected to different deshielding effects.

s

The equatorial proton being strongly deshielded
by the carbonyl of the neighbouring acetoxy grou? |
should resonate at much lower field than the axial
proton. This should lead to two separate prdton

‘signals in the low field region for XXIX and XXX.
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The positioﬁ'with theverQS'derivétives is quite
different. In this case, whéthef the protoﬁs are di—
axial or diequétorial,vbeing in. similar chemica1 envi5>
ronments they show similar chemical shifts and thus
give similarvsighals in'the low field region of:the
spectrum. Thus XXXI and XXXIi should give éignals
for the two protons wﬁich afg eithef édperimposed or

near to each other.

An exémination,of the n.m.r. spedtrum.of aéapan;
thagenin diacetaté.in,deuteriochloroform (Fig. 14)
shows a single unresolved'two proton multiplet-centred
at 5.22 p.p.m. This could be dﬁe to the overlapping
C-2 and C-3 proton signals and would thusvindicate
that they are either both diaxial or both diequatori-
al as in XXXI and XXXII_reépectively.

It has been shown by Bhacca and Williams (58)
that the half band widthvof the signal can_be.used as
a meané of distinguishing between trans diaxial and
trans diequatorial Substituents on vicinal carbon atoms.
~v Trans diequaforial protons give a signal with a half
band width of approximately 2.5 Hz, whereas in.the
case of diaxial protons the half band width of the

signal is approximately 15 Hz. The half band width
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of the signallin'agapanthagenin diacetate‘is 13 Hz
which suggests that the C-2, C-3 protons are‘diaxial

as in XXXI.

As a result of solvent shift the signals for the
052 and C=3 protons were sepafated when the spectrum

was run in pyridine (Fig. 15). They‘appearéd as two

sextets centred at 5.44 and 5.85 p.p.m. conforming to

a A,BX system XXXV.

2

XXXV

The splitting pattern (Fig. 16) gives'coupling

constants

T25,30 * T 28,10 10 Hz

JZB,lB = 4 Hz

T30,28 = T30,4p 10 Hz
= 4 Hz

J3a’4a
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It has been shown by Williams and Bhécca (59)
that the coupling constants between axial-axial pfo;
tons on aﬁjacent carbon atoms, Jaa’ range from 9;5>-
13.4 Hz and values for the coupling constants between
axial and equatorial protons on adjacent carbon. atonms
bearing an equatoriai'substituent;‘Jée, ffbm'4.5 to
6.5 Hz.  The splittiﬁg patterns shown by the C—é_and
C-3 protons suggest avdiaxiai configuration whiéh‘would

confirm the diequatorial nature of the two acetoxy sub-

stituents.

4.2.5 Chromic acid.oxidation of agapanthagenin

Oxidétion of vicinal diols with chrdmic acid
should.résult in ring fission with the fdrmation‘of a
dicarboxylic acid. = The product ofvchromic acid oxi-
dation of agapanthagenin gave a monobasic acia on.the
basis of célculatidns of its equivalent Wéight, which
was confirmed by a peak at @/e 460 in the mass spectrum

due to the molecular ion.

"The infrared spectrum (Fig. 17) gave a erad ab-
sorption band between 2500-3000 cm™ T which is typical

of the 0-H stretching vibrations of a carboxyl group.
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Two peaks in the C=0 stretching region, at 1695 cn™t

and 1786.01]1_1 would be.consistent with the absorption
of the C=0 groups of é-carboxy;ic acid‘and»a five mem-
bered lactone. On methylation the peak at 1695 cm—1
shiffed to 1739'cm_1 as would be expected wheﬁ a'car—
boxyl group is methylated. The peak at 1695 en™t

| remained unchanged in the spectrum of the methyl ‘ester
(Fig. 18). This ev1dence Would be con81stent W1th
the feactiohAsequence by which agapanthagenin (Ia) was
ox1dlsed to glve a d1301d(XXXIV which then lactonises
to form a monoa01d lactone {II) by the ellmlnatlon of
.Water from the carboxyl group at C-2 and the C-5 hy-
droxyl group. These reactions confirm the relative
positions of the three hyaroxyl groups at C-2, C-3
and C~5, énd also provide evidence in subport of the
20~ and S5a~-configuration of the hydroxyl.groupS"

in agapanthagenin.‘

4.2.6 Acetonide formation

It has been shown by Pataki et al. (47) that cis-
cycloHexane-1l,2-diols form acetonide deriVativés
whereas the trans isomers do not. It was not possi-

ble to prepafe an acetonide of agapanthagenin which
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Fig.17 LR. spectrum of S5«-Hydroxy-2:3-seco-22a-
spirostan-2:3 dioic lactone
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suggested that the glycol function was trans.'

L,2.,7 Mesylation of agapanthagenin and solvolysis of

the dimesylate-

In an iﬁvestigatibn of the corresponding four
2:3 diols derived frbm 5a¥spirostan—12-one, Slates
and Wendler (48) made the surprising discovery.that'
the dimesylates of the 2@:3&, and 20:33 diols on re-
action with sodium iodide in acétone at 100° were.

_convertéd in high yield into the Zkzolefine whereas
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under the same conditions ﬁhe4dimeSylates of
the 28:3B and 28:3a diols remained unchanged.

On treatment with metﬁahesplphonylchloride aga-
panthagenin formed a diﬁeSylate. This was-confirmed
by a molecular ion in" the masszspectrum (Fig. 28)
which was 156 m.u. mofe‘than that of agapaﬁthagenﬁn
corresponding with two mesylfgroups. . The infrared
spectrum (Fig. 19) gave bands at 1323 and 1167 em™ 1
indicative of the mesyl group. This dimesylate
readilj underﬁent_solvoiysis with sodium iodide in
acetone to give the A° olefine (XITI). This was con-
firmed by an ioﬁ in the mass spebtrum'(Fig. 29) at
m/e 414 due to the molecular ion which was.34-m.u.
less than‘in the corresponding ion in the.spectrum.
of agapanthagenin due to the elimination of the two
secondary hydroxyl'groups. On the basis of the fin-
dings of Patakil, and Slates and Wendler, therefore,
these results confirm fhe diéquatorial configuration
of the fwo secondary hydroxy} groups 1in égapanthage-

nin.
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Fig.19 IR Spectrum of the dimesylate of agapanthagenin

26
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4.3 The position-and configuration of the tertiary

hydroxyl group -

h.3,1 Acetylation of the tertiary hydroxyl group

It has been shown by Bladon (49) that a tertiary
hydrexyl group at C45'can be acetylated only if it is

in the a-configuration.

Models of the two configurations show quite plain-
lly thaf the B—position wbuld be shielded by the'éxial
mefhyi grdup at C—iO and 50 would hinder the approach
of the reagent and thus prevent acetylation. . Although
the 5q-hydroxyl group 1is still hindered, rearrattack.

would be possible under vigorous oonditions.

Acetylation df_the tertiary hydroxyl group in
agapanthageniﬁ to give a 2,3,5-triacetoxy derivative
was accomplished. This derivative showed no hYdroxyl
absorption in the infrared (Fig. 20) and the mass
spectrum gave a peak at m/e 574 dqe to a molecular
ion which would be in agreement with its formﬁlation

VI.

On mild hydrolysis this triacetate (VI)gave a
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Fig.20 IR Speétrum of 2«:3!’3_:5'.—Tri'cicetox,y—‘22&-spi-ros—t.an ‘

76



Fig.21 IR Spectrum

of 22a- spi»fo-st an-2ei:3P :,,5914 triol .5 o-mona cetate
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product which showéd an'absorption band at 3470 cm—l

due to 0-H stretching vibrafions of a hydroiyl éroup
and typical bands atil720 and 1%50 em™1 dﬁe‘to;the
acetate group (Fig. 21). The mass spectrﬁm showed a
peak at m/e 490 due to the molecular'ion which would

. be in agreement with its formulatioh‘as 22a-spirostan-

13

20:3B:5atriol-5qa-monoacetate WII) . |

Thus on the basis of the finding of Bladon the
tertiary_hydroxyl‘group should have the S5a-configura-

tion.

L.,3.2 Dehydration of the tertiary hydroxyl group

Tonic eliminafibn of water from é cyclic alcéhol
bin which free rotatioh about a single bond is not pos~
sible can be éffected smoothly only if the groups to
be eliminated are trané to each other. Elimination
of the tertiary hydroxyl group at C-5 involves the
transition state where the C;4 or the C-6 hydrogen bond
entefs‘the C-5 octet from the fronf (B) as the hydroxyl
group departs from thé réar (o) with the sharéd'elec-
tron pair. Since the hydrogen atoms at both C-4 and

C-6 are secondary there should be no particular prefe-
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rence for either elimination and thus the ALL and A5
dehydration products should be formed in equal propor-

tions.

s

The influence of subétituents on the naturé of
the products formed by:ionic élimination of the 5a-
hydroxyl group in compounds has been the subject for
inveétigation by é few Workefs. Fudge (50) rebofted-'
. that cholestan-5-0l1l on dehydration with thionyl chlo-
-ride in pyridine gave a mixture of cholest-4 and -5
enes iﬁ approkimateiy egual proportions. This sug-
geéts that the hydroxyl group at position;B has no.
influence oﬁ the difeétion of dehydration. ‘Choles-
tane-3B:5-diol and 3&:5—diol as'their monoacetafes
with the.éame reagent gave cholesteryl acétate‘and
epicholesteryl acetate respectively unaccompanied by
the.ﬁ&—compound. These latter findings suggest that
"an acetoxy grbup in either'the 38 or the 3« poéition
‘directs the elimination to theA5 compound. . In con-
trést with the observations of Fudge it was found
that agapanthagenin diécetate on dehydration gave rise
to both the A¥ and A% products. Furthermore the A
product was the predoﬁinant product if not moré than
2 moles of thionyl chloride was used at 0°, ﬁhereas

at IQO in the presence of a large excess of thionyl
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5

chloride the prbpertion of the a pfoduct increased

5

but-the overall yield of\A4 and A~ isomers was redu-
ced by the formation of a hlgh percentage of decom-

p081t10n products.

Partial dehydration of agapanthagenin was also

effected by treatmehtfwith 13% alcoholic potassium

5

hydroxide at 20° to give a mixture of the A dehydra—

tion product and unchanged agapanthagenin.

4,3.3 Epoxidation of the dehydration products and

theirvreduction with lithium aluminium hydride

Epoxide formation is stereospecific and inAcyclic
olefines the approach of the peraeid is predominahtly
from the less hindered side.  In the 5a-spirostanes
the B—face'is‘shielded-by the two angular methyl
groups and the epiroketal E; F rings, whereas the
ao-face, -or rear side, 1s relatively flat. These
. spacial differences account fer a general tendency
for perphthalic acid to attack from the rear to pro-
duce an g-epoxide. It has been. conflrmed by Plattner
(51) that 3—acetoxyvcholesterol on oxidation with

peracids gives a 5q:60 epoxide. Heilbron (52) also
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showed that cholest-4-ene on epoxidatioﬁ.gave the
Loos 500 epoxide. Therefore by analogy it would be
consistent to assume that the produots formed - by the

5

epoxidafion of the AF and A derivatives of égapan-

thagenin should»give the corresponding o-epoxides.
'Epoxides on treaﬁmenf with 1ithium aluminiﬁm_
hydride are cleaved with thévformation.of‘the éorres—
ponding alcohol. Attack_by the nucleophilic AlH,
| anion is donsidéred to be the chief dfiving fofce'in
the opening of the epoiide ring. Attéck’of the nu-
cleophile would take placé,qn the less hindered '
carbon atom followed by inversioh'atfthis~site
of attack with the formation of a trans diaxial re-
action product. Models show that the hydride ion
would preferably attack at C-4 in the Lu:5x epoxides
and at C-6 in .the 5u:6a epoxides and in each case

should lead to the 5a alcohol.

The sequence of these reactions is shown in

“Chart 5.

'On the basis of these steréoSpecific reactions

the dehydration products‘of a 56-hydrdky compound

would form B—epoxides which on reductionvwould under-
: [ . :
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AcO\‘

- AcO

CHART 5 The reaction products derived from agapanthagenin
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go diaxial<f;ssidﬂ to give a mixture of fhe 5~ and

the 6B-hydroxy derivétives.. Dehydration of a 5o~
hydroxy compound on the other hgnd would form prédoF
minantly-aéepoxides which on reduction by diaiiél fission

should give the same 50-hydroxyl-reduction product.

It was found that fhe A5 diacetate pf agapan%ha—
genin (Xb)with monopefphthalic acid gave a single epox-
ide X.which is analogous with the major product of
peroxidation‘of!¢holestefol obtained by Plattner (51).
Reduction of this-eéoxidelwith lithium aluminium hy-
dride yieidéd agapénthagenin(la)and a trace of an‘un—
identified product.v .The‘AF—diaCetate(VIIIb)on epoxi-
dation also yielded a single epbxide and in conformi-‘<
ty with the investigations of Roberts (53) can be cori- -
sidered an a—epoxide(XI). Reduction of this epoxide
with liﬁhium a}uminium hydride also yielded agapan-

thagenin as the only product.

Reduction of these two epoxides to agapanthagenin
conclusively establishes the position and configura-

. tion of the teftiary hydroxyl as 5«.
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5. The mass spectra of agapanthagenin and its deri-

vatives

The presence of the spiroketal‘system in steroi-
dal sapogenins, ehould'strOngly'direct fragmentatien
of the sapogenin nucleue. Bud21k1ew1cz and co—‘
workers (37) postulated that electron attack on the
spiroketal ring‘system-w1ll result in cleavage of the

C,, - C or -0 bonds to provide transitions c,'g,

22 23 22
e, and. f (Chart 6) This theoryzls strongly‘suppore
ted by the fact that the most abundant fragments in
the mass spectra of,agapahthagehin and its derivati—
ves can be formulated as decomposition producté of
these transition ions formed by further o- cleavage
or fission of a carbon -oxygen bond to glve the 1ons
g, h, i, j, k¥, 1, m, and n (Chart_?). The frag-
mente m and n, in particular, are characteristic'
fragments of ring F and can be used for the identifi-
cation_of steroidal sapogenins.

The mass spectra of gltogenln, a 20:3B-
dihydroxy sapogenln of known structure and 1ts d1a—
‘cetate have been included to facilitate the in- |

terpretation of the fragmentation patterns of agapan-

- thagenin and its derivatives.
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~ Chart 6 Primary fragmentation of the spiroketal system
in steroidal sapogenins '
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The positions of the peaks due to the most abun-

dant ions in the spectra of sapogenins and their ace-

tates are shown in Tables 11 and 12,

5,1 The mass spectra of gitogenin and its diacetate

A peak in the maés.speétrum of éitogenin (Fig. 22)
at m/e 432 was due to the molecular ion M. The base
peak was due to the fragment m from ring F and the
abundance of peaks at g, h, i, ] and n were ail due to
fragments formed by a number of closely related frag-
mentations of the spiroketal system (Charts 6 and 7).
As can be seen from fhe fragmentation pattern, the
spiroketal system localises the charge and undergoes
fragmentation. The steroidal ring system appeared to
be stable and did not undergo eliminations or fragmen-
tations. The mass spectrum of gitogenin diacetate
(Fig. 23) showed a similar fragmentation pattern to
that of gitogenin except that the presence of peaks
due to ions m/e 342 and 282 indicated that an acetoxy
group can be more easily eliminated than a hydroxyl

group.
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Chart 8 Fragments of the mass spectrum of agopcnthogeniri’
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5,2 The mass spectrum of agapanthagenin

The mass spectrum (Fig. 24) showed a peak due to
the molecular ion at m/e 448 which is 16 m.u. higher
than that in the spectrum of gitogenin and would ac-
count for the third ﬁydroxyl group in thils compound .
The base peak was due to ion m (m/e 139) which confir-
med the presence of ring F of the spiroketal systen.

A feature of the spectrum was the presence of additioﬁal
peaks at g, P, ¢ and y of high intensity, These ions
can be considered as being formed from the molecular
ion by the elimination of a mdlecule of water followed
by'fragmentation of the spiroketal system. The abun—
dance of ion o (M-132, 40%) indicated the ease with
which the tertiary hydroxyl group is eliminated. The
absence of this ioh in the spectrum of gitogenin sug—
gests that it can act as a’diagnostic feature for the-
identification of easily dehydrated tertiary hydroxyl
groups in steroidal sapogenins. The course of frag-

mentation is outlined in Chart 8.
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5.3 The mass spectrum of agapanthagenin diacetate

(Fig., 25)

" The peak at m/e 532 was due to the molecular ion
and was 84 m.u. higher than the corresponding molecu;
lar ion peak in agapanthagenin indicating that the two
secondary hydroxyl groups had undérgone acetylation to
give a 2:3-diacetoxy derivative, The origin of the
major peaks due to fragmentation of the spiroketal sys-
tem to give ions g, h, i, i» k, 1, m and n occurred in
a similar manner to that of gitogenin diacetate, The
other ma jor peaks can be considered as having arisen
by the elimination of ring A substituents followed by
fragmentation of_the spiroketal system. A possible
explanation for the ion t '(m/e 412) is that it was
formed (from ion gé) by the elimination of ketene from
the C-3 acetoxy group instead of the elimination of
acetic acid. It is well known that phenyl acetates
preferentially lose ketene rather than acetic acid so
that under the influence of the.&l and 55 double
bonds the C-3 acetoxy group might be expected to be-
have in a similar manner. The ion o (M-132) also
appeared as a peak in this spectrum. The intensity
of this peak was reduced due to the formation of u

(48%) which resulted from the loss of both water and



23 x
M-120 M~ 234

CHART 10 Fragment of mass spectrum of
yuccagenin diacetate
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acetic acid from the molecular ion prior to fragmenta-
tion of the spiroketal system. In this case the
abundance of peaks o0 and u are indicative of the pre-
- sence of the tertiary hydroxyl group. These frag-

mentations are outlined in Chart 9.’

5.4 The mass spectrum of yuccagenin (IXa)

This spectrum (Fig. 26) showed a peak at m/e 430,
due to the molecular ion, which is 18 m.u. less than
in.agapanthagenin as a result of the elimination of
the tertiary hydroxyl group. | This is also shown by
the abundance of ions which are 18 m.u. less than

corresponding ions in agapanthagenin.

5.5 The mass spectrum of yuccagenin diacetate (IXo)

Apart from the base peak (m/e 139) this spectrum
(Fig. 27) showed four predominant peaks s, (M-60, 48%),

u (M-174, 48%), x (M-234, 42%) and t, (M-216, 30%). A

1

possible explanation for the formation of these ions is

shown in Chart 10. Elimination of the C-2 acetoxy
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group from the moiecular ibn as acetic acid gave ion

5, (m/e L54) which then underwent ring E,F fragmenta-

tion to give ion u. Ketene was lost from the C-3
acetoxy group of ion §1 (as was the case with agapan-
thagenin diacetate) to give ion s, (m/e 412) which |
then underwent fragmentation of the spiroketal System

to give ion £ (m/e 298). Further loss of the C-3 hydrox—‘
vyl g;oup (as water) from ion 8, gave lion 55 (m/e 394) Which
also underwent fragmentation of the spiroketal system

to give idn X (m/e 280). These fragmentations show

the close relationship between the fragmentation pat-

tern of yuccagenin diacetate and agapanthagenin di-

acetate suggesting similarity in the diacetate struc-

ture and configuration.

5.6 The mass spectrum of the dimesylate of agapan-

thagenin (V)

’ This spectrum (Fig. 28) gave a peak of low inten-
sity (m/e 604, 0.5%) due to the molecular ion which is
156 m.u. more than the corresponding peak in agapan-~
thagenin confirming the formation of a dimesylate.

The concerted elimination of the two mesyl group at

C-2 and C-3 together with the hydroxyl group at C-5
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CHART 11 Fragmentation pattern of the dimesylate of
agapanthagenin



116

vgave ion a (m/e 394, 20%). This ion then .underwent
further fragmentations of the spiquetal'system to
give ion b (m/e 322, 5%), ¢ (m/e 280, 10%), d (m/e
265, 8%) and e (m/e 251, 70%) as shown in Chart 11.
The base peak f (m/e 96) was possibly due to the»ion 

: +
CH3SOZOH .

5.7 The mass spectrum of the product of solvolysis

of the dimesylate of‘agapanthagenin

This spectrum (Fig. 29) gave a peak at m/e 414
due to the molecular ion which was 190 m.u. less than
that of the dimesylate (V). This would be consistent
with the elimination of two methanesulphonate ions as
a result of solvdlysis to yield 5Sa-hydroxy-22a-spirost-
2-en (XIII). The peak at m/e 396 is related to the mole-
cular ion by a métastable peak at m/e 378.7 and could
have been forméd by the elimination of the C-5 hydroxyl
group és water to give ion a. | The peak due to ioﬁ
o (m/e 282) could have been formed from ion a by

fragmentation of the spiroketal system.

A metastable peak at 192 relates ion o with the

molecular ion. The loss of water from the molecular
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Chart 12 Fragmentation pattern of S«-Hydroxy-
22a-spirost-2-en
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CHART 13 Fragmentation pattern of 5~-Hydroxy-2:3-seco-22a- spirostan-2:3-dioic lactone
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ion and fragmentation of. the spiroketal system to give
ion o might'have occurred as a Qoncerted process.,

Ion p was possibly formed by the elimination of the
methyl group from C-13 by allylic activation. Clea-
vage of thg:bqnd_?etween_Q;l? and.CfZO_of fing E of |
ion gxwopld account fbrLthe,formation;of io; q. The’
base peak was due to the usual ring waragment (m/e

139). - The fragmentation pattern is,shown in Chart

12. . 1. . teo Ty

L1

5.8 'The mass1spectruﬁfbﬂ SaaHydroxyﬁ2:34seco-22a-

spirostan=-2:3-dioic lactone (III)

. .

The peak at,m/e 460 in this spectrum (Fig. 30)

" was due to the molecular ion and:the base peak at m/e
139 to the typical ring.F:fragment, . The peaks ;, Js
k, and,l.were formed from the.moiecula:_ion 5y the
usual fragmentations.of the‘spirokgtalné&gtemf A
feature of the-spect;um_wag.the appearanchof peaks

a (m/e 416) and b (m/e L4O1). Péakag was almost cer-
tainly due to the elimination‘of,cé;bop.di?xiQe from
the lactone ring, - The peak b at_m/g 401 was related
“to the molecular ion by a metastable pgak atﬁm/F 394 .4

and could have been formed by the loss of the
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and d. The fragmentation pattern is outlined in

|®

Chart 14 and prov1des ev1dence for the formulatlon of
'J&‘\..J ty "‘-'"'\)x. 18 Ut "yl MR “_’ .

'this product as a hemiacetal (XI1) (Flg- 11).
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~5 lO The mass spectra of agapanthagenin triacetate
it 0 la t duy oy s R R N LTS
(VI) and its hydrolysis product (VII) :
LI omYe pd ooy by ‘O‘yJ? v R R N
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A peak at m/e 574 (due to the molecular ion) in the
S0 [ ta ar 1.()- . nr C' J nee L«U-. J. o ! JA‘T ! :
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treatment ‘of agapanthagenin diacetate ‘Wwith acetyl chlo-
“ 0 onalovelar tea or toa by Jrrgrentobves of i

ride in dimethylaniline was 42 m.u. higher than that in
coxoitonal gystes v don C \i/ 204 ) 1w o iy Lay
agapanthagenin diacetate indicating the tertiary hydrox—
S e oty tha 1o oo L)Y mau,
¥y1 group had undergone acetylation. A peak s (m/e 514)
wasvpossibly formed by‘the elimination of this tertiary'
acetoxy group (as acetic acid) from the molecular ion.
This ion then lost 114 m.u. by fragmentation of the spi-
roketal system to give ion-u (m/e 400). The base peak,
m/e 454, could have been formed by the loss of 120 m.u.
due to the.elimination‘of two acetoky groups (as acetic
acid)'from the molecular ion. This ion again lost a fur-
ther 114 m.u. due to ringe E,F fragmentation to give ion
(m/e 340). The loss of three acetoxy groups (as acetic

h

acid) from the molecular ion gave ion W (m/e 394).

T
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6. Some preliminary investigations into the structure

of praecoxigenin

On the basis of its éctive mass praecoxigenin cor-
responds with the formula C27H4004. Peaks at m/é li5
and m/e 139 in its mass spectrum due to ions resulting
from fragments of ring F of the spirb%étal system pro-
vide evidence for 1its designation as a steroidai sapo-
genin., This was confirmed .by the,presence of absorp-
tion bands in the infrared spectrum at 860, 900, 920

1 due to the characteristic ring F vibrations

and 980 cm_
of steroidal sapogenins. The intensity of the band at
900 cm'l was épproximately double that of the band at
920 cm-1 which is a characteristic of sapqgenins of

the i1so or 25D series; This is bonfirmed by the signal
of the two protons at C26 which resembled a broad mul-
tiplet centred at 3.40 p.p.m. Showing two main

broad peaks separated by L,5 Hz, This pattern

is very typical of spectra of sapogenins which have

an equatorial methyl group at 025.

Two possible structures correspond to this formu-
lation, one a dihydroxy-diene and the other a monohy-

droxy -enone .
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The oxygen functions

The infrared spectrum (Fig. 33) shows a strong'
absorption band at 3400 cm"1 due to the O-H stretching
vibrations of a hydroxyl‘grbup. The absehce of an
absorption band at 1700-1720 cm™l due to the C=0
stretching vibrations of a ketone exc}udes the pos-
sibility of pracoxigenin being a monohydroxy-eﬁone
The infrared spectrum of the acetylated dérivative

(Fig. 34)‘Shows 'no absorption bands indicative of é

hydroxy group.

The molecular formula of the acetyl derivatiVe;‘
on the basis of its active mass, was 031H4406 which
indicates that it has two acetyl groups. This 1is
confirmed by a six proton signal in fhe nuclear mag-
netic resonance spectrum (Fig. 35) at 2.01 p.p.m. due
to the acetoxy methyl groups. ‘The signals due tq.the
protons attached to the same carbon atoms as the ace-
toxy groups appeared as a superimposed multiplet at
low field centred at 5.20 p.p.m. This indicates
that these two protons are in similar chemical envi-
ronments aﬁd are therefore either both axial or both

equatorial. The six line pattern of the signal is
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similar‘to tﬁat df agapanthagenin diacetate and woqld
suggest that both protons are axial (59). This evi-
dence would suggest~thét the two hydroxyl groups in
praecoxigenin are diequétorial having a 2a:3B8 configu-

ration as is the case with agapanthagenin.

The double bonds

Evidence has been iead to show that praecoxigeniﬁ
is a diene. ‘There‘is'no region of maximal absorption
in the UV, therefore, these two double bonds are un-
conjugated., A signal at 5.08 p.p.m. in the n.m.r..
spectrum is due to a single olefinic proton and sug-
gests that one of the double bonds is trisubstituted
and the other tetrasubstituted. As the fragmentation
in the mass spectrum indicates the absence of olefihic
centres in the spiroketal ring system, the two double
bonds aré therefore associated with the steroidal ring
system. , The position of the tetrasubstituted double
bond wbuld thus.be limited to either the 8,9- or the
8,14-positions. If it were in the 8,9-position it
would exclude the trisubstituted double bond from oc-
cupying the 6,7;, the 11,12-, and the 14,15-positions

and if it were in the 8,14—position it would exclude
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the trisubstituted double bond from occupying the 6,7-
position. This leaves the possible positions for the
trisubstituted double bond as 4,5~ or 5,6-. On ca-
talytic hydrogenation with platinum in acetic acid one
molecule.of hydrogen was consumed. In the A/B-trans
series, double bonds at the 7,8-, 8,9-, and 8,14-
positions are not hydrogenable, It was, therefore,
expedted that hydrogenation of the trisubstituted double
bond had taken place. The four typical absorption bands
indicative of ring F wefe absent in infrared spectrum
(Fig. 36) and tﬁe mass spectrum (Fig. 39) showed no cha-
racteristic pleaks at m/e 115 and m/e 139-due to frag-
'mentatioﬁ of ring F. It was therefore suspected that
hydrogenolyslis of praécoxigenin (ITa) had taken place
with the openiné of ring F to give the dehydro deriva-

tive (XXXVI).

11(a) XXXVI

-
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The fact that hydrogenolygsis of the spiroketal
system occurs preferentially to hydrogenation of the
double bonds suggests that this trisubstisuted double
bond must be sterically hindered. The normal process
of cis hydrogenation probably involves interﬁediate
ring formation. Thus the substrate lies on its flat-
test side on the catalyst and two active sites at the
surface form a quasi-ring with the unéaturated carbon
atoms and two hydrogens originally dissolved in the
catalyst, . An unsaturated A/B—trans steroid should be
absorbed on the catalyst on the less hindered rear side,
and hence hydrogenation should occur by rear attack.
It is possible that the C—2 acetoxy group hinderé rear

attack at the ﬁﬁ or.ﬁé positions.

The positions of the two double bonds in praecoxi-
genin thus remains unresolved. Further experimental
work to this end was hampered by insufficient pure ma-

terial.

Mass spectrum of praecoxigenin

The base peak M (m/e 428) in the spectrum (Fig. 37)

due to the molecular ion was b m.u. less than that of
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gitogenin suggesting that there are two double bonds
in the molecule. The.major contributor to the peak
(M-15) was almost certainly the fragment which may be
formulated as ion a which could have been formed by

the loss of the C-10 methyl group by allylic activa-

5 ana 809

tion by double bonds in the A positions,
proposed. Another peak (b) of low intensity (1%) at
M-18 could have been due to £he loss'bf a hydroxyl
group as water. An intense peak (c¢) (M-33, 57%)
could have occurred by the loss of a methyl group and
elimination of a hydroxyl group (as water) in a con-
certed process. It is related te the molecular ion
by a metastable peak at m/e 364.6.  This ion then
undergoes spiroketal fragmentation with the loss of
114 m.u. to give p. The peak (m/e 353) possibly arose
by fragmentation of rihgvA with the loss of fragment
CHB.CHOH.CHOH- of 75 m.u; to give ion 4. This ion
then loses 114 m.u. by fragmentation of the spiroketal
system to give ion e (M-189), A proposed relation- |
ship between these ions,on the assumption that the

(9)

double bonds are A5 and [? is represented in Chart

15. The peaks i, Jy Kk, }, q are formed from the molecu-

—

'lar ion by the usual type of spiroketal fragmentation. The
characteristic peaks m (m/e 139) and n (115) indicate

that this compound has the usual spiroketal ring system.
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Mass spectrum of praecoxigenin diacetate

The mass spectrum (Fig. 38) shows a ﬁeak of low
intensity at m/e 512 due to the molecular ion which
is 84 m.u. more than praecoxigenin indicating that
both hydroxyl groups had been acetylated. The base
peak M is due to the typical ring F fragment m/e 139.
The major peaks in the spectrum aroseQby an interrela-
ted series of eliminations from ring A qnd fragmenta-

tion of the spiroketal ring system as shown in Chart

16.

Mass spectrum of the product of catalytic hydrogena-

tion of praecoxigenin

The mass spectrum (Fig. 39) shows a base peak ét
m/e 430 which is due td the molecular ion and is 2
m.u. more than the molecular ion of praecoxigenin in-
dicating that one molecule of hydrogen had been taken
up. A significant feature of the spectrum is the
absence of peaks at m/e 139 and m/e 115 due to the
typical fragments formed by ring F fragmentation.
‘The absence of thése fragments indioates that thefe

is no ring F structure in this compound.,
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Peaks a (m/e L415), b (m/e 412), ¢ (m/e 397) and
d (m/e 355) could havé been due to ions formed by ring
A elimination and cleavages by the éame process as was
the case with praecoxigenin (Chart'i5) and}fhus suggests

that rings A and B in these two compounds have the same

structure.
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Chart 16 Proposed fragmentation of praecoxigenin diacetate
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ABSTRACT

The work of this thesis covers three major topics.
The first involves the extraction, isolation and cha-

racterisation of the saponins from Agapanthus praecox

cultivated vegetatively from an identified parent
stock. The second deals Wifh further confirmation
of the structure of agapanthagenin, a sapogenin ob-
tained by acid hydrolysis of the predominantvsaponin
in this species and the thirdlgives details of the
i1solation and some preliminary investigations of the

‘structure of a new steroidal sapogenin, praecoxigenin.

The extraction of the saponins from_the rhizomes-
presented two problems, the first involved the isola-
tion of the mixed saponins from the crude extract and
the second the separation of the saponins from the
mixture in a state of purity. Chromatographic studieé
showed the presence of three saponins in the crude
plant extract. The main constituent is a new ster01—
dal saponin named agapanthin, C51H84024’ which on acid
‘hydrolysis\yielded agapanthagenin and a sugar molety
consisting of galactose and rhamnose in the molecular

ratio of 3 to 1.
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Further confirmation of the Structure’of agapan-
thagenin as a 22a-spirostan-2u:3p5utriol was carried

" out and is summarised in Chart 17.

The glycollic nature of the‘two secondary hy-
droxyl groups wasldémonstréted by the fact that on
oxidétion with lead tetraacetate agapgnthagenin
(Ia) underwent fisston to give XII. During
oxidation with\chromi@ anhydride a tertiary hydroxyl
group shoﬁld 1écfonise with the carbonyl group pro-
duéed by oxidation of ﬁhe'hydroxymethylene group at
position C-2. Oxidation of agapénthagenin with chro-
mic anhydride yielded 5a-Hydroxy-2:3;seco—22a—spiro-
stan-2:3-dioic laCtone(IIIf which on treatment with =

diazomethane gave the methyl ester (IV),

The assignmenf of'configuration to the glycol
function.as a 2u0:3Bdiol was based on the rate of gly-
col fission, which was of the same order as that of
gitogenin of known>configuration. This was consis-
tent_With the infrared spectrum in the' three micron
region due to.bonded and non-bonded hydroxyl groups,
and with the cheﬁical shift and splitting pattern of
the 02 and C3 protons in the nuclear magnetic reso-

nance spectrum of its diacetate. Thé inability to
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form an acetonide .coupled with the fact that the dime-
sylate (V) was converted .into an olefine (XIII) provided
further confirmation of the configuration of the gly-

col function as a 2a:3p diol.

It has been shown that a 5-hydrox&l group can be
acetylated only if it has the a-configuration. Aoer
tylation of the tertiary hydfoxyl group in agapantha—
gehin diacetate has been accomplished. - Partial hyf
drolysis of the triacetate (VI) has been.effeéted yiel-
ding the 5a-monoacetate (VII), This is to be expected
gsince the 2a- and 3B-acetoxy groups are equatorial and
the 50— is axial. = The 5a-hydroxyl group being axial
should be readily eliminated with a coplanar hydrogen'_
from CL,r or C6 giving rise to one or both of the diaCe;
tates (VIIIb) and (IXb). Both these compounds have beén
isolated by the action of thionyl chloride on agapan-
thagenin diacetate. The.&5—diacetate‘(IXb) with mono-
perphthalic acid gave a single epoxide formulated as
X by analogy with the major producf of peroxidation
of cholesterol. ‘Reduction of this epoxide.with li—
thium aluminium hydride yielded agapanthagenin and a
trace of an unidentified compound. In conformity
with previous investigations by Roberts (53)vthe£§4*

diacetate (VIIIb) on epoxidation yielded a single epoX-
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ide (XI). Reduction of this epoxide with lithium hydri-

de again yielded agapanthageninbas the onlj product.
Reduction of the two.epoxides to agapanthééenin conclu;"
sively established the position and configuration of the ..

tertiary hydroxyl group as 5«.

The pattern of the infrafed absorption spectrum
in the 8OO-lOOO.cm'-l region establish;d agapanfhagenin
as an "iso" sapogenin. This asSignment'has been con-
firmed by a study of the chemical shift and splitting
patterns of the C27 methyl and 026 methylene protons

in the nuclear magnetic resonance ‘spectrum.

Intimately associated with agapanthagenin in the -
crude extract was a second compound which was isolated
in small quantities. The infrared spectrum showed the
presenée of a hydroxyl group and a double bond but no
ketoﬁic band. It also suggested that it is a steroi-
dal sapogenin belonging to the 25D_seriés. On ace-
tylatién it gave a diacetate, 031H4406' Analytical
values were in good agreement with the .formula
CZ7H4004 which established it as a dihydroxy diene.
.The ultra violet spectrum shoWed no region of maximum

absorption due to a conjugated double bond. The

fragmentation pattern of the'mass spectrum confirmed
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that it has the usual spiroketal ring system with no
unsaturation in elther ring E or F. This sapogenin
and its dilacetate have melting points of 266-268°¢C
(decomp.) and 230-2310C respectively and have not

been reported in literature. The sapogenin was named

praecoxigenin.
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EXPERIMENTAL

All melting points were uhcorrected'and
were determined on a Kofler hot-stage. Unless other-
wise specified, all optical rotations were determined
in ethanol solutions at room temperature. Infrared
‘spectra were measured with a Perkin-Elmer model 521
spectrophotometer in KBr diécs unless otherwise stated.
Mass spectra were recorded on a MS-9 double focussing
mass spectrometer and n.m.r. spectra on a Varian HA-100
spectrometer at the National Chemical Research Labo-
ratory of the C.3.I.R.. Elementary.analyses were
performed by Weiler and Strauss of Oxford. In<caseé
where elementary analysis could not be obtained due to
lack of material, accurate masses were determined byv
means of mass spectrometry. All solvents used were
previously distilled and the light petroleum had a

boiling range of 56 - 60°.

Chromatography

Glass plates coated to a thickness of 250 u
with Merck kieselgel G were used for thin layer chroma-

tography. The plates were activated for thirty minutes
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at 105° prior to use.

For routine column chromatography Merck
silica gel with a particle size of between 0.05 and
0.2 mm, or Merck alumina, Brockmann activity 2, were

used.

The following solvent systems were used for
thin layer chromatography:
Solvent I lower layer of chloroform -

ethanol - water (65 : 37 : 8)

Solvent II benzene - methanol (20 : 1)
Solvent III chloroform - ethanol (9 : 1)
Solvent IV chloroform - methanol (40 : 1)
Solvent V cyclohexane - ethyl acetate

(b : 1)

In all cases the plates were developed to 15 cm from‘
the origin. As a routine procedure the spray reagent
used was 20% sulphuric and, after spraying, the plates
were heated to 100° for five minutes to reveal the

spots.

Ascending paper chromatography was conducted
using Whatman chromatographic paper with one of the

following solvents:
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Solvent vl . upper layer of butanol - acetic
acid - water (4 : 1 :5)
Solvent_VII butanol - pyridine - water
| (6t bz o3)

The spray reagent used for sugars was
aniline (0.93 g) and phthalic acid (1.66 g) dissolved

in water saturated n - butyl.alcohol (100 ml).

1. Tests for saponins in plant material

A solution of 0.9% sodium chloride -
(100 ml) was added to gelatiné powder (4.5 g)
and after standing for thirty minutes at room
temperature the mixture was heated in a water
bath, with stirring, at 80°. After cooling to
45° defibrinated blood (6 ml) was stirred in and
the mixture poured on to glass plates as a thin
film which was allowed to set. Spots (0.05 ml)
of the mucilagenousvexudate from leaves, lower

stems and rhizomes of Agapanthus were carefully

added to the gelatine film on the plate. At
the same time a spot of a solution of digitonin
(0.01%) was also run on to the plate to act as a

control, The plate was examined after one hour
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for areas of haemolysis which were revealed as
a transparent colourless spot on an opaque red
blood gelatine background. The exudate from
rhizomes showed more intense haemolysis than

that from leaves and 1owef stéms.

Extraction of Agapanthus rhizomes

Sliced, minced rhizomes (1 Kg) were
driedlat 80° in an oven with fan circulation for
four days. - The dried material (200 g) was ground
to a fine powder, placed in calico bags and €X-
tracted with ethyl alcohol (total volume 2 litres)
until a portion of the alcoholic extract gave no
frothing when shaken with water. Water (2 1)
was added to the combined extracts to reduce the
alcohol content to about 50%. On standing con-
siderable precipitation of colloidal material
occurred which was removed by filtering on a
buchner funnel with kieselguhr. The filter cake
was stirred with 50% alcohol and refiltered.

The combined filtrates were defatted with benzene

saturated with 50% alcohol in a series of

liquid - liquid extractors. The defatted alco-
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holic solution was concentrated to one litre to
remove most of the alcohol. Sodium chloride

(50 g) was added and sufficient hydrochloric acid
to give the dark brown extract a pH of 4.5.

The extract was then shaken four fimes in a se-
parating funnel with butanol saturated with water
(SOO ml). The butanol layers were combined and
washed with dilute salt solution (500 ml) and the
‘washings re-extracted with butanol (250 ml).

The aqueous layer was discarded. The solvent
was removed under reduced pressure 1in a rotary
evaporator leaving a dark brown residue (31 g).
This residue was mixed with methanol (100 ml)
filtered and added dropwise to dry acetone (2 1)
with stirring. The brown crude saponin residue
(15 g) was filtered off and dried under vacuum

over calcium chloride.

Thin layer chromatography of cruderséponin extract

The chromatographic pattern of the
spots revealed by spraying with sulphuric acid
after development with solvent 1 is given below

(Table 13).
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o Table 13. Thin layer chromatography of crude saponin S

extract

Colour of spot Rf wvalue
Brown 0.93
Blue 0{90
Blue . O.§8;'
Purple . 0.70
" Brown 0.37
Purple 0.17
Brown: . 0.00°

In order to ascertain which of these
Spoté ﬁere_due to saponins & similar chromato-
gfam was run and sprayed with a 2% suspension of
guinéa plg blood cells in normal saline.  The

spray reagent was prepared as follows:

Blood cells Were prepared by céntrifu—

ging hepérised guinea pig blood, discarding the
- plasma, washing the cells three times with an

equal volume of saline. The centrifuged cells
were then suspended in normal saline. It Was

found'that with precautions to avoid haemolysis
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the blood cell suspension could be used for at

least two days without change in sensitivity.

After spraying the developed plates
evenly éhd thoroughly with a suspension of guinesa
pig blood cells in normal saline they were set

aside for 30 minutes. The chromatogram showed

‘faint light spots on a brownish background at Rf

values 0.17, 0.37, 0.70. fIt was, therefore,

‘assumed>that these three spots were due to haemo~

lysis of the blood cells caused by the presence
of saponins and that the spots at other Rf values,

revealed by spraying with sulphuric acid, were due

~to impurities, other than saponins, in the crude

saponin~extract. Judging by the 1nfens1ty of

the spots on the plates it appeared that the sapo-
nin at Rf 0.17 Waé the major component in the
extract and that the one at Rf 0.70 was the miﬁor

component,

Isolation of sapon;ns from the crude saponin

extract

After many unsuccessful attempts to

isolate the saponihs from the crude sapdnin
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extract of the plant. whlch 1ncluded crystallisa-

Ztion from various solvents, column chromatography,"“

preparatiVe layer chromatography, the following

technique Was used with moderate success. o

‘ ‘ The dried Saponln extract (5 g) was |
jiuacetylated with acetic anhydride (50 ml) and -
;lpyrldine 50 ml) by boiling under reflux for two::c'
v’hours. o After precipitation from Water the aceqln‘

tylated product Was extracted with ether.v hA.»

llarge black ether 1nsoluble residue was separated?'lh'j_t

off from the ether extract After washing the
| ether layer successively with dilute hydrochlorlc_e
acld, $odiumgbicarbonate (5%), and drying over
"7anhydrous magnesium.sulphate, removal of the sol- 3

vent gaVe‘a light brown residue (2.2'g).

Thin layer chromatography of this resi-.
due with- solvent IT on spraying w1th sulphuric
'acid revealed dense spots at Rf 0,67 and O 47

w1th‘farnt_spots at,Bf 0.87, 0.73, 0.56( 0.37
a.ndvol..17‘,lif‘ : o - I
‘lThls:crude acetylated productdkl*glhwééf"

chromatographed'on neutrgl alumina (100 g) with

_benzene, behzehe'; chloroform (1 ; 3),;chlorof0rm,
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chlorbform - ethanol (95 : 15) to afford three
fractions of which the first was obtained as a
colourless glass. Thin layer chromatography
showed that it was a mixtufe of two compouhds
which could not be separated. This acetylated
glass was deacetylated with meﬁhaholic potassium
hydroxide (5%) and, after removal of the metha-

nol and neutralisation w1th dilute hydrochloric

-acid, was extracted with butanol saturated w1th

water. Removal of the butanol under vacuum gave
a white amorphous residue Wthh on thin layer
chromatography with solvent I showed two spots
at Bf 0.17 and 0.37. The saponin mixture was
chromatographed oﬁ silica gel using solvent 1.
Mixgd fractions were removed but by oontinuous
elution small quantities of chromatographically
pure material was isolated (Rf 0.17).  All
attempt to isolate the other two saponins from

the plant material in a state of purity failed.

Relationship between the saponins and the sapo-

genins obtained by acid hydrolysis

In' order to determine the relationship

between the saponins and their sapogenins obtained
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by acid hydrolysis, saponin extracts Qoﬁtaininé;
' a11 three'saponins,'the two major sapohin'cohsfi-'
tuenfs, and the one saponin obtained pure'were
reSpectivély hydrolysed with hydroéhlbriq.acid
‘énd the precipitated sapogenins fiiteredfoff.'
Thin layer chromatography of these reéidués with
. solVen£ III were run and compared with agapan-
thagenin, pfaecoxigenin and yuccégenin which had 
o beén iSdlated from the plant material by d£hér

. methods. ‘The results are shown in Table 14,

Table 1k. Thin layer chromatography of saponins and

sapogenins from Agapanthus praecoxv,

- Rf value Rf value of
‘Sample . of saponin derived sapogenin
: (Solvent 1I) (Solvent III)
. Extract containing g'%; 8'2?
the three saponins 0.70 0.83
. Extract containing 0.17 0.48
‘two saponins : 0.37 0.57
The-saponin isola~ o ' ’
ted pure 0.17. 0748
\5Agapanthagenin - "_0,48v
Praecoxigenin - 0.57

"Yuccagenin. - 0.83
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From this table it can be seen that
agapanthagenin was obtéined by the hydfolysiS'of
the pure sapdﬁin of Rf Value 0.,17.- This sapo-~
nin was.thus named agapanthin. The tﬁo other
saponins in the plant extract which could nOtvbe
isolated pure but which on acid hydrolysis gave
praecoxigenin and yuoéagenin were namedﬁpraecoxin
and yucconin respeétively. Thealatter was pre-
sent in very low conéentfation'in the plant ex-

tract,

Characterisation_pf agapanthin

The white amorphous eluate (Rf 0.17)
obtained from the chromatographic separation
previously outlined crystallised from methanol

as oblong plates me.’252e253°

[oc - 52°(C, 0.61 in pyridine)
(Found : C, 56.123 H, 7.683 C51H84024 requires;
C, 56.67; H, 7.78%)
KBr |, 3500-3300 broad band (0-H), 1445>(C—OH) |
‘\) max 975,915,895,86Ocm’1(spiréketal system) .



170

Agapanthin peracetate:

Agapanthin (100 mg) was allowed to

stand with 1 ml each of pyridine and acetic an-

hydride at room temperature for 24 hours. The

reactionvmixture was poured on to ice and the
deposited substance filtered and washed with

water. Crystallisatibn from agueous methanol

. gave a peracetate (100 mg) as needles m.p.

214-221°, (Found : C, 56.78; H, 6,81%). As
this product was found to be a mixture it was
ré-acetylated as described above but was left to
stand for 3 days. The product was poured into
ice‘water and extracted with ether. The ether
was washed with dilute hydrochloric acid, then
wiﬁh dilute sodium bicarbonate, dried over an-
hydrous magnesium sulphate and the solvent. re-
moved to givé'a white gamorphous product which on
repeated cryétallisation from aqueous methanol

gave fine needles (85 mg) m.p. 225—2260,

[a]_]‘? -47°(c, 0.402, in CHC1,).

(Found : C, 56.78; H, 6.45, C77H110037 requires
C, 56.83; H, 6.77%).

KBr 3510, (0O-H), 1740 (ester C=0), 1220 (acetate),

\V

max 988,918,900,865,0111"l (spiroketal system).
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8. Acetyl determination of agapanthin peracetate

Agapanthin peracetate, dried in vacuo
:‘0ve: phosphorus pentoxide, was hydfolyséd with
sodium hydroxide in methanol for one hour in é'
:micro acétyl apparatus. The saponifidation
,mixturé agidified and distilled, and the dis-
tilled titrated with N/100 sodium hydroxide.

' The results are shown below (Table 15).

Table 15. Acetyl determination of agapanthin per-

acetate
" Wt. of Vol. N/100 -
agapanthin - NaOH % Acetyl.
used., mgs - required : '
8.1 : 6.28 33.5
10.2. 7.79 32.8

8.5 6.56 33.2

Mean value = 33.4%

9. ﬁolecular welght of agapanthin

| Samples of agapanthin (+ 100 mg) were
refluxed with a mixture of 95% ethanol (4.5 ml),

concentrated hydrochloric acid (4 ml) and water
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(1.5 m1) for two hours, excess water was then
added to the hydrolysis mixture which was fil-

tered through a tared sintered glass crucible,

The mass of the agapanthagenin formed
' was,determined, and from this the molecular

-welght of agapanthin calculated (Table 16).

- Table 16, Molecular weight of agapanthin

‘Wt of agapanthin - Wt of Calculated
used for agapanthagenin molecular
hydrolysis formed Wt of
& ' g ‘agapanthin
0,1075 0.04k4s5 1082
0.1043 0.0468 1092
0.1000 0.0458 - 1073
10,1000 0.0466 1079

Mean molecular weight of agapanthin = 1081

10. Characterisation of the sugar moiety

10,1 Cpmparative paper chromatography with.known

sugars

Sheets of Whatman chromatographic paper

20 x 20 cm were spotted 3 cm from the bottom edge
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and 2.5 cm apart with 50 ul samples of the sugar
hydrolysate from 100 mg of agapanthin tpgetﬁer
with 1% solutions of known sugars in 10% iso-
propanol. The paper was formed into a cylinder’
and developed, by ascending chrométography over

a distance of 18 cm, with the ﬁpper layer of sol-
vent mixture butanol - acetic acid - water

(4 ¢+ 1 : 5). After rémoval from the developing
- tank the paper was thoroughly dried, sprayed with
a solution of aniline hydrogen phthalate in water
saturated butanol, and heated at 105O for 5 minu-

tes.

This chromatogram (Figure 40) indicated
that ﬁhe sugars present in the hydrolysate of
agapanthin were rhamnose and galactose. Because
of the similarity in the Rf values of galactose
and glucose modifications to the chromatographic
procedure were carried out to confirm the identity

of the aldohexose present.

10.2 Confirmation of the identity of the aldohexose

Use was made of the fact that glucose

is fermented by a yeast suspension (galactose un-
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‘der'the same experimental conditions is ﬁnaffec—
ted) and would therefore not‘show‘up-as.a spot
with the detecting agent. A 20 szo Cm chro-
matographic paper was spdttéd 3 cm ffom'the base

“and 2.5 cm apart with 50 ul of'thé following

solutions

Spot No. S Sugar
1 ” rhamnose
2 galactose
3 sugar hydrdlysate
y - glucose
5 rhamnose

6 galactose

- 7 | sugar hydrolysate -
8 :giucosé"

The paper was developed by éscending
chromatography for 18 hrs with‘the’sélvéﬁt'system
buténol - pyridine - water (6 + & : 3) which isg
consider by Hais'ahd Macek (55).:to givevbetter 
resolution of glucosé:and galactése. Affér ée-
velopment the paperxwas cut ver?ically in haif
so that spots 1 - 4 were on the one half.and
5 -8 on,the'other.  After thoroughidrying,'thé

one half was sprayed with a S%KyeQSt suspension
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and incubated in a moist atmosphere at 38° for
90 minutes. The paper was dried and both hal-
ves were sprayed with aniline hydrogen phthalate

solution and heated at 105° for 5 minutes.

This chromatogram (Figure 41) indica-
ted that thevspot corresponding to the aldohexose
in the agapanthin hydrolysate remained visible on

the paper sprayed with fhé yeast suspension and
thus_confirmed the daldohexose in the sugar.hydro—

lysate from agapanthin as galactose.

}0.3 Empificalvestimation of the molecular ratio

of galactose and rhamnose in the sugar

hydrolysate

Mixtures of galactose and rhamnose were

made up according to Table 17,
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Table 17, Molar concentrations of solutions of

galactose and rhamnose

Wt in mg/10 ml Molecular ratio
Solution |
galactose rhamnose galactose rhamnose
1 14.57 14.75 1 1
2 19.42 10.07 2 1
3 21.92 7.38 3 1
ly 23,4 5.86 4y 1

50 ul of these solutions were spotted
on a chromatographic paper together with 50 ul
of sugar hydrolysate and chromatogramed in the
usual way. The ratio of the intensity of the
spbts obtained with mixtures 1 to 4 was compared
with that obtained with the sugar hydrolysate,
and showed that the sugar ratio in the agapan-
thin hydrolysate was nearest to 3 moles galactose

to 1 mole rhamnose.
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10.4 Spectrophotometric determination of the

molar ratio of sugars in the hydrplysate

10.4.1 Chromgtographic sepératidh.of the

sugars invthe'hydrolysaté

“The hydrochloric acid hydrolysate ffom
100 mg of agapénthin was kept overnight in a
deep freeze refrigerator and whiie frozen was
“transferred to a freege dryer and freeze dried
for 12 hours. The freeze dried sugars‘were
made up to 2 ml in a volumetric flask. A pen-
cil line was drawn horizontally across a plece
of 20 x 20 cm Whatman No. 1 chromatographic
paper 3 cm from the bottom edge.  Vertical
lines were then drawn at distances of 2 and 4
cm from each edge. Sugar hydrolysate (0.1 ml)
was applied with a special micro pipette aé an
even narrow strip on the horigzontal pencil line
between the two inner vertical marks. The
péper was Spotted with 50 ul of the same solu-
tion on the horizZontal line 2 cm from the right
hand and left hand edges, The paper was then
formed into a cylinder with the edges held
Just apart with plastic clips and developed by

usihg ascending chromatography with solvent
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systém bufanol - pyridine - water (6 : 4 : 3),
After 18 hours the paper was removed and tho;
roughly dried. Two vertical strips 3 cm wide
were cut off each edge of the paper. These
were sSprayed With aniline hydrogeﬁ‘phthalate
solution and dried at 105O for‘five minutes.
Using these twd test strips showing spots due to
galactose and rhamnose, hQrizonﬁél strips were
cut from the remainder of the paper containing
these separated sugars. The strips were fol-
ded into a tight roll attached to the tip of a
Wiley condenser with thin copper wire and the
sugar extracted with 5 ml of water by immersing
the apparatus in an oil bath, heated to 130°,
for thirty minutes. The extracted sugars were
then diluted to 10 ml in a volumetric flask and
the sugar content of aliquot portioné détefﬁi—

ned spectrophotometrically.

10.4.2 Calibration curves for galactose

and rhamnose

A solution containing a mixture of ga-

' lactose (50 mg) and rhamnose (50 mg) in water
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’(2 ml) was prepared and 0.1 ml was chromatogra-
phed as previously described. Strips qontaining
the separated sugars were extracted with water
and the extract made up to 10.ml. Aliguot por-
tions of this extract frqm 0.1 to 0.5 mi, were
used for the preparation of a célibration curve

as follows:

A measured portion of the sugar extract
.was run into a 10 ml. glass ampoule, water added
fo méke the volume up to 0.5 ml.‘followed by 2 ml
of a 1, 57 solutlon of p-aminobenzoic a01d in gla-
cial acetic acid and 2 ml of a 1.3% solution of

phosphoric acid in glacial acetic acid.

The ampoules were then sealed and heated
in a waterbath at 100° for one hour. After treat-
ment they were cooled to rooﬁ.temperature ahd the
absorbance of the solution measured against a re-.
agent blank at 360 mu in a Zeilss PM Q li spectro;

photometer at a slit width of 0.05 mm.

From the'relationship between sugar
concentration and absorbance (Table 18) calibra-
tion curves (Figure 42) for galactoée and rhamnose

were prepared.
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Table 18. Relationship between concentration and:
absorbance of solutions of galactose and

rhamnose

Volume of Weight of -

sugar extract each sugar —
galactose rhamnose

Absorbance

ml ug
0.1 25 o.22 0.45
0.2 50 0.6 0.62
0.3 75 0.73 0.92
0.4 100 0,84 1,54
0.5 o125 1,14 -

10.4.3 Spectrophotometric determination of

galactose and rhamnose in hydrolysate

Agapanthin (100 mg) was treated accor-
ding to the method described in 1d.b.1 and the
absorbance of aliquot portions‘(o.5 ml) was de-
termined by the method dgséribed in 10.4.2,

From these readings; thé weight of each sugar
was estimated and hence the molecular ratio.

The results are reported in Table 19.
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Table 19. Moiecular ratio of sugars in agapanthin
Mean. Weight of - Molar

Sugar absorbance suﬁgr ratio
~galactose 0.72 ‘ 85 3.1
rhamnose ' 0.38 27.5 1.0

11, Extraction of sgpogenins_frqm Agapanthus rhizomes

Freshly collected rhizomes (6 kg) were
sliced and minced to give a moist mash. To
this mash 2N hydrochloric acid (6 1) was added
and the mixture was boiled for 4 hours making up
the volume of liquid lost from time to time.
The hydrolysed mash was then filtered on a large
buchner funnel until ﬁost of the 1liquid had been
removed. The mash was then removed from the
funnel, water added and mixed with sodium bicar-
bénate until neutral and filtered again. The
filtered residue was dried at 80° in an oven
with a circulating fan for about 48 hours. The
residue was then ground to a fine powder and re-

dried until there was no further loss in weight,
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to provide a powder (1.6 kg). This powder was
extracted with carbon tetrachloride (1.5 1) in
a modified soxhlet apparatus for 24 hours."The

~volume of the solventhwas reduoed to approkiF

" mately 250 ml and the extract was filtered hot |

glving a light brown powder (24 2 g)., Tests
showed that the carbon»tetraohloride contained’
a negligible amount of sapogenin;"so that hot‘
filtration had the advantage of separating fatty

material from the crude sapOienin residue.

.11.1 Thin layer chromatography of crude:sapo-

genlh extraot'

Thin layer chromatography of*the erﬁde'“
sapogeninAextract using solVent‘III-apd‘spraying
.with sulphuric acid showed the presehce of three.
spots at Rf 0,48, 0;57, and 0,83. A chloroform'r
- solution of antimony pentachloride (ZO%) as a
detecting agent'also‘revealed‘the presence of
ethree spots atothe‘same Rf values. 'The colours-
obtained with these‘two detecting agents are

given below (Table 20)..
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Table 20. Thin layer chromatography of crude sapo-

genin extract

Rf value Colour with antimony

pentachloride in Colour with

of spot .chloroform sulphuric acid
0.48 - ~ Dblue purple

- 0.57 red olivevgreen
0.83 brown . purple

" The spots at Rf 0.48 and 0.57 were of
equal intensity but the spot at Rf 0.83 Was faint
and gave a faint green fluorescence under U.V.

light.

12. Seasonal variations in the sapogenin content of

rhizomes

Rhizomes were obllected from the same
source at four different times of the year.
(i) During the summer flowering season and for
two months thereafter.
(ii) After the summer rains in late autumn.
(iii) During the winter period from Juné to the

end of September.
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(iv) After the spring rains in October.
Samples were sliced,iminced, dried to

constant weight at 80° and assayed for their.

sapogenin content

12.1 Assay procedure

Samples of dried rhizome (10 g) were
mixed with 2N hydrochloric acid, hydrolysed
for four hours, neutralized with sodium bicarbo-
nate, and filtered. The residue was dried at
80° overnight, powdered, and the sapogenin ex-
tracted with carbon tetrachloride for 24 hours.
After the evaporation of the solvent the resi-~
due was acetylated by boiling with acetic anhy—
dride (2 ml) for 5 minutes. The acetylated
crude sapogenins were transferred to a 15 ml
centrifuge tube with benzene (5 ml), a saturated
methanolic solution of potassium hydroxide (5 ml)
added and the contents vigorously mixed. Water
(5 ml) was added and the tube centrifuged. The
benzene layer was withdrawn and the residual

aqueous methanol extracted twice with benzene.
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The benzene layers cqntaining the crude. sapoge-
nin acetates were combined, the solvent was re-
moved and the residue was dissolved in carbon
disﬁlphide (5 ml), The infra red spectrum
relative to the pure solvent was obtained be-
tween 900 - 1000 cm_l.; For the determination
of the quantity of sapogenin acetate'in the
sample the 982 - 987 cm;l absorpfion band was
used. A straight'line was drawn between the
two points of maximum transmittance on opposite

1 band. Another

sides of the 982 - 987 cm”™
straight line perpendicular to the frequency
axis was drawn through the point of minimum
transmittance of this band. The absorbance
value of the intersection of these two straight
lines was subtracted from the absorbance of the
point of minimum transmittance and the correc-

ted extinction coefficient calculated from this

absorbance difference.

The infrared absorption spectra of sa-
pogenin acetates, from dried rhizomes (10 g)
collected during the four seasons of the year,
in carbon disulphide using a cell of path length

0.1 cm are shown in Figure 43. From these spec-
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tra the corrected absorbance and hence the ab-
sorptivities of the samples were calculated as

follows:

Let the transmittance at the intercept
of the two lines previously’déscribed be x, and

the point of minimum transmittance be y.
Corrected absorbance of sample =Floglox - logloy

Corrected absorbance of sample
Cell path length (cm) X concentration
term.

Absorptivity =

The concentration term was taken as
2000 g/1 and was based on the fact that the sa-
pogenin acetates from 10 g of dried plant materi-

al were dissolved in 5 ml of carbon disulphide.

To act as a standard a solution of aga-
‘panthagenin diacetate (0.090 g) in carbon disul-
phide (10 ml) was prepared and the infrared ab-
sorption spectrum between-QOO - 1000 cm™t deter-
mined. The corrected absorbance of this stan-
dard calculatioﬁ from the spectrum (Figure 44)

was:
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Corrected absorbance of the standard = loglo68 - 1og1030
0.3554

0.3554

Absorptivity Oll X5

i

"0.3950 litre, gfl, cm

The seasonal variation in the sapoge-
nin content of rhizomes collected at different

times of the year is given in Table 21.

Table 21. Seasonal variation in sapogenin content of

Agapanthus rhizomes

. ' Sapogenin
Corrected Abs;;g;évity content of
Period of year absorbance dried
of samples -1 -1 rhizomes
gm cm % W/
W
001k + 100
Summer season .2888 L0014 )
' = 0.37
.0026
Late Autumn 1920 .0096 3950 * 100
' = 0.24
. ' . 000 100
Winter period 0547 .0003 .3950 ¥
= 0.07
' . 000
Early Spring . 0911 .0005 . .3950 x 100

0.12
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Isolation of sapogenins from the crude sapogenin

extract

13,1 Separation of agapanthagenin

The separation of agapanthagenin froﬁ
bpraeooxigenin in crude crystalline extracts pro-
ved extremely difficult. Fract}onal crystal-
lisation from solvents or solvent mixtﬁres gave
mixtures of these two sapogenins. Chromatogra-
phy on columns of silica gel or florosil failed
to resolve the mixture, On alumina columns,
even when deactivated with 10% of 5% acetic
acid, agapanthagenin was so'tenaceously held
that.elution, even with a mixtﬁre of chloroform -
methanol (1 : 1) in which.agapanthagenin is
readily soluble; gave neglible amounts of chro-
matographically pure agapanthagenin. Prepara-
tive layer chromatogfaphy using glass plates
coated with kieselgel G was tried without suc-
cess. Progress with this work was thus hampe-
red by the difficulty in obtaining workable
amounts of pure agapanthagenin from the mixture.
~ After prolonged elution of the mixture (10 g) on

alumina (1 Kg) with chloroform - methanol (1 : 1),
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the absorbent was extradtéd.deactivatéd by the
addition of water, dried and extracted with the
same solvent miiture to give traces of a wﬁite _
amorphoué pqwder which on-crystailisatién from; '
‘chloroform yiélded'cbloufless square.platés ofJ
agapahthagénin(Ia) Sfephen reports m{p.‘285%_(19)_
(Found : c,71.90; H, l0,00. .Calculatédlﬂor o
CoptiaOs + Co 72:33 B, 9.88). ’

| 1

KBr  3440,3380,3155, (0-H), 980,918,900,860 cn™>
\)‘max‘l (spiroketal’SyStem), o Sy .

13.2 Isolation of praecoxigenin (IIa)

The crude sdpogénin mixture (16 g) was -
chfématographed on silica gel (1 kg) aﬁd elﬁted
.with 50 ml fractions of chloroform - methanol
in the proportion of 95 : 5. Fifty fractions
'werevremo#ed and each fraction Was_sﬁbjectedvto
thin layer'chromatbgraphy on kiesélgelﬁG.  The

elution pattern is shown on Table 22.
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Table 22. Thin ‘layer chromatography of crude sapo-

genin mixture

Fraction number Rf value of spots
0083
1-5 0.57
0.57
6-50 0.48

Fractions 6 - 50 were combined and re-
chromatographed on silica gel as before, each
time using the first 20 fractions eluted. By
this process after 6 chromatograms the fifst
ten fractions of the final chromatogram was
shown to be chromatographically pure and after
removal of the solvent yielded pure praecoxige-
nin (23 ng). This crystallised from ethanol
to give flat needles m.p. 26?—268O with decom-~

position,

[cx]§3'6 -56.0° (¢, 0.88)
(Accurate mass (M.S.) : 428.291845, C27HLPOO4 re-
quires : 428.2926473).

KBr  3580,3400, (0-H), 3050,1620, (C = CH,)

Vo

max  980,920,900,860cn™ % (spiroketal system)
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Derivatives of agapanthagenin

14.1 Agapanthagenin diacetate (20:38-diacetoxy-

22a-8pirostan-5u=-0l) (Ib)

To agapanthagenin (500 mg) pyridine

(3 ml) and acetic anhydride (1 ml) was:added

and the mixture left standing at room tempera-

ture for 24 hours. The mixture was pbured on

‘to ice, extracted with ether, washed successive-

ly with hydrochloric acid (5%) sodium bicarbo-
nate solution (5%) water, and dried overbanhy—
drous magnesium sulphate, Removal of the solvent
yielded a residue (500 mg) which crystallised from

ethanol in needles, Stephen reports m.p; 298—2990

[cx] g” -101° (e, 2.1) (19).

(Found : C, 70.1 : H, 9.1 Calculated for
C31H4807 : C, 69.9; H, 9.0%)

KBr 3500, (0-H), 1730, (ester C = 0), 1265,1235,

.max (acetate), 980,920,900,860(}1}1—1 (spiroketal
system)



n.m.r.:

CDC1,:
. 13

0.72

1.05
1.98
3.35
4.35
5.20

Pyridine:

1

0.65
0.80
1.00
2.00
3.49
4.50
5.45

5.80
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(m, 6 protons,C-18 Me with C-27 Me super-
imposed)

(s, 3 protons,Cai9 Me)

(s, 6 protons acetate Me groups)

(m, 1 proton, C-17 proton)

(d, 2 protons, J = 4Hz C-26 protons)

(m, 2 protons, C-2 and C-3 protons)

(dy 3 protons, C-27 Me)

(s, 3 proﬁons, C-18 Me)

(s, 3 protons, C-19 Me)'

(s, 6 protons, acetate Me groups)
(s, 1 proton, C-17 proton)

(m, 2 protons, C-26 protons)

(six line pattern multiplet, 1 proton
C-2 or C-3, A;BX system J,y = 10Hz,
JAB = 4Hz)

(six line pattern multiplet, 1 proton

C-2 or C-3H, A,BX system J = 10Hz,

2 AX

JAB = 4Hz)
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14,2 Treatment of agapanthagenin'(22a—spiro—

stan-20:38:5¢~triol) with lead tetra-

acetate

Agaoanthagenin (110 mgi-ﬁas'dissolved‘
in a solution of lead tetraacetate (3%) in puri-
fied acetic acid (25Hm1). After standing at
room temperature for 24'hours, an aliquot por—
tion (5 ml) was remoﬁed for the estimation of
amount of reagent used up and the remainder was
diluted with water, extracted with chloroform,
washed with sodium thiosulphate solution (5%),
followed by sodium carbonate solution (2N) and =
then water. After drying over anhYdrous mag-
nesium sulphate the solvent was removed to yield

an amorphous product which crystallised from

methanol in flat needles, m.p. 182-1830,

[(x] ‘53'5 ~30.0%(c, 0.61).

CHC1. 3,400 (0-H), 1720,144lcm™' (aldehyde)

VI

max

Lead tetraacetate reagent (5 ml) re-
quired 32.0 ml of 0.0196N sodium thiosulphate as
compared with 26.7 ml of sodium thiosulphate re-

quired for the reaction mixture (5 ml), showing
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that one equivalent of the reagent was consumed,
The mass spectrum gave a peak at m/e 446

due to the molecular ion.

14.3 Preparation of Za:36:5a-Triacetoxy-22a—

spirostan (VI)

Agapanthagenin diacetate (1.8 g) was
refluxed in chloroform (20 cc) with acetyl
chloride (4 g) and dimethylaniline (6.4 g) for
20 hours. | Water was added, the chloroform re-
moved under reduced pressure, the excess of
acid neutralized with sodium hydrogen carbonate
and the product extracted with ether. The re-
sidue after removal of ether was chromatographed
on alumina (30 g) with light petroleum - benzene
(3 ¢ 2) and crystallised from methanol in plates
m.p. 2020, _

[«]57° -26° (o5 nn),
(Found : C, 69.3; H, 8.7; C33H5OO8 requires :

C, 69.0; H, 8.7%)

-\) CCl,, 1725, (ester C = 0), 1220 (C-0 acetate)

max
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14.4 Preparation of 22a-spirostan-20:38:5xtriol-

Samonoacetate (VII)

To a solution of agapanthagenin tri-
acetate (VI) (1 g) in methanol (45 ml) finely pow-
dered potassium hydroxide (2.5 g) was added with
shaking until a clear solution was obtained.

After 30 minutes at 20° the pfoduct separated
out and was crystéllised from methanol as

: : o
needles m.p. 230,

[a]g3~5 2160 (c, 2.1)
(Found : C, 71.03 H, 9.3 Cootlyg0g requires :
C, 71.0; H, 9.4%)
KBr 3475, (0-H), 1710, (ester C=0), 1230,1245,

‘\) . ‘acetate)

-1
max  980,920,900,860cm (spiroketal system)

14.5 Dehydration of agapanthagenin diacetate

Wwith thionyl chloride - pyridine

To a solution of agapanthagénin diace~
tate (Ib) (4 g) in pyridine (10 ml) at 0°, thionyl
chloride (1 ml) in pyridine (5 ml) was added
dropwise with shaking; the mixture was held at

0° for one hour, diluted with ice water and ex-
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tracted with ether. The ether layer was shaken
with hydrochioric acid (5%), sodium bicarbonate
solution (5%), water and dried over anhydrous
magnesium sulphate. Removal of the solvent
yieided a white solid (2.6 g) which was chroma-
tographed on alumina (250 g). Elution with
light peﬁroleum - benzene (4 : 1) yielded pris-
matic needies (800 mg) which cryétallised from

_ methanél in needles m.p. 178° This product
gave'ﬁo depression in melting point when a mixed
melting point was carried out with pure yuccage-

nin diacetate (IXb).

Further elution with light petroleum -
benzene (1 : 4) yielded an eluate (1.2 g) which
crystallised from methanol in plates of 2x:3B-

Diacetoxy-22a-spirost-l4-en (VIIIb) m.p. 212-214°.

[a]?'? ~42°  (¢,3.2)

(Found : C, 72.3; H, 8.8; Ac, 16.8. ~C31H4605
requires : C,72.4; H, 8.9; Ac, 16.7%).

\) KBr 1730, (ester C=0), 1225cm-1 (acetate)

- max
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The previous experiment was repeated
using thionyl chioride (2.2 ml) at 10°. The
_product was 1solated in the usual way and chro-
matographed on élumina to yield yuccagenin di-
acetate (IX) (950 mg)f Aﬁisomer of yuccagenin
diacetate (VIITb) (410 mg), and a dark brown oil

(600 mg).

14.6 Deacetylation.of 202 3B-Diacetoxy~22a-

spirpst-b-en

203 3p-Diacetoxy-22a-~spirost-4-en
(VIIIB) (90 mg) was heated under  reflux for one
hour with methanolic potassium hydroxide (5%).
The methanol was removed under reduced pressure
and the residue extracted with ether. After
drying with anhydrous magnesium sulphate and
removal of the solvent, the product was crys-
tallised from ethanol to yield needles of
22a-spirost-4-en-2a:3B-diol (VIIIa), m.p.
205-206°,

[a‘]§3'6 —75.20' (c,1.33)

(Found : C, 75.4; H, 9.9; 027Hu204 requires:
C, 75.35; H, 9.8%).
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14.7 Deacetylation of 2a:3B-Diacetoxy-22a-

spirost-5-en (IXb)

This product was deacetylated by the'
same method as used for the deacetylation of.

VITIb to yield yuccagenin (IXa) m.p. 248°

14.8 Treatment of agapanthagenin (Ia) with

, methanblic potéssium hydroxide

, To a solution of,agapanthégenin in
methanol (150 ml) finely powdered potassium
hydroxide (25 g) was added with stirring until
a clear solution was obtained. After 48 hoﬁrs
at 20° excess water was added and the reactioh
product was filtered off. Thin layer chroma-
tography using solvent III showed two spots at
Rf 0.48 and 0.80 which would be consistent with

a mixture of agapanthagenin (Ia) and yuccagenin

(IXa).

14.9 Treatment of yuccagenin diacetate_(IXb) and

its isomer (VIIIb) with tetranitromethane

Tetranitromethane (1 drop) was added to
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solutions of.yuccagénin diacetate (IXa) and its

Zﬁ?}isomer (ViiIb)vin chloroform., Yuccagenin diacetate

gave a dark brown‘colour whereas the colour of

the Zsu isomer was pale yellow.

B 14.10 gpoxiQationlbf yuqcagenin_diacetate(IXb).

and its isomer (VIIIb)

14.10.1 Preparation and sténdgrdié@tion

of monoperphthalic acid

A solution of monoperphthalic acid was
prepared aécdrding to the method outlined in Or-

ganic Syntheses (56).

Iﬁto a round_bottbmed_flask (250-m1)
equipped with a mechaniCal;stirrer and'cooled
in an ice bath, sodium hydroxide (50 ml of 15%)
was added.  The solﬁtion Was.cooied to —10o
and hydrogenvperoxide (21 ml of 30%), similarly
cooled, wasladded in one portion.  When the
temperature had'agéin dropped to -100, pulveri—-.
sed phthalic anhydridé (15'g) was added‘wiﬁh
sfirring. When all the phtﬁalicianhydride‘had

dissolved, a solution .of sulphuric acid (50 ml
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of 20%), cooled to —100, was added. After
filtration without suction through glass wool
the acid solution.was extracted four times-with
éther (flrgt extractlon 100 ml remainder 50 ml).
The comblned ether extract was shaken three times
Wwith a solution of ammonium sulphate (30 ml of
40%), the ether solution dried with anhydrous
sodium sulphate and-stored‘in a fridge. The
peracid contentlof this Solution was detefmined
by adding to aliquot portions a»solution of
potassium iodide (30 ml of 20%) and titrating

after 10 minutes with sodium thiosulphate.

Aliquot portions of this solution (2 ml)
required 12.86 ml of 0.0854N sodium thiosulphate
giving a concentration equivalent to 0.05 g of

monoperphthalic acid per ml.

14.10.2 Preparation of Za;BB-Diacetoxy-

Lo: 5x-epoxyspirostan (IX)

To 2a:3BDiacetoxy-22a-spirost-4-
en (VIIIb) (1.14 g) ethereal monoperphthalic

acid (21 ccj 0.05 g per ml) was added and the
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mixture heated under reflux for 7 hrs. The
ether was removed under reduced pressure, thé
residue digested with dry chloroform (25 cc)
“and after filtration the chloroform was removed.
The residue chromatographed on alumina (100 g)
gave with light petroleum ether - bBenzene

(3 : 2) an eluate which crystallised from metha-

nol in needles of (XI) m.p. 222-224°,

[]52 -2 er2e

(Found ¢ C, 70.5; H, 8.8; C31H460 requires :

7
¢, 70.23 H, 8.6%)

14.10.3 Preparation of 2a§BB-Diacetoxy—5q:6a—

epoxyspirostan (X)

Epoxidation of yuccagenin diacetate
(IXb) (160 mg) was carried out as in experiment
14.10,2 with ethereal monoperphthalic acid (30 ml,
0.05 g per ml). The product was chromatogra-.
phed on alumina (100 g) with light petroleum -
‘benzene (4 : 1) to give a product wﬁich crystal-

lised from methanol as needles (X) m.p. 204-205°,
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[a].§3'5 47° (e, 3.65)

(Found : C, 70.6; H, 8.9; 031H460 requires :

7
c,.70.2; H, B.6%)

14.11 Reduction of the two isomeric epoxides (X)

and (XI) with lithium aluminium hydride

14.11.1 Reduction of 2a:3B-Diacetoxy-

Los 5-epoxyspirostan (XI)

Reductibn-was affected bylheating
20 3B-Diacetoxy-la: Sa-epoxyspirostan (XI)
(100 mg) dissolved in dry ether (20 ml) with
lithium aluminium hydride (0.08'g) under reflux
for two hours. Dilute hydrochloric acid was
added and the product after filtering and washing
was dried over calcium chloride under vacuum.
Thin layer chromatography of the prbduct using
solvent III gave a,dense spot at Rf 0.48 and a
faint spot at Rf 0.22. Fractional crystalli-
sation of the mixture from methyl ethyl ketone
gave agapanthagenin kIa) m.p. and mixed m.p.
284° ., The second product (Rf 0.22) which was

in trace amounts was not characterised.
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14.11.2 Reduction of 2x:3B3:-DigcetoXy-

5a: 6o-epoxyspirostan (X)

Reduction of this epoxide (X) (120 mg)
was carried out as in experiment 14.1iulvusing
1ithium aluminium hydride (90 mg) to give a
single reaction product which gave a m.p. and

mixed m.p, with agapanthagenin of 284°,

14,12 Oxidation of agapanthagenin (Ia) with chro-

mic anhydride

To agapanthagenin (3 g) in acetic acid

(100 ml) a solution of chromic anhydride (2 g in
acetic acid) was added dropwise with stirring.
The mixture was kept at 20° for 45 minutes. Af-
ter the addition of methanol (lO ml) most of'the‘
solvent was distilled off undef vacuum. The
-mixture was made alkaline with ammonia, then

just acid with hydrochloric acid aﬁd extracted
with ether. The .ether extract was well washed
with water and aftef removal of the ether the

product, after repeated crystallisation from me-

thanol, gave needles of 5q¢~-Hydroxy-2:3-

seco-22a-spirostan-2:3-dioiclactone
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(ITT) m.p. 250°
[o] D5 -1 (e, bo05)
(Found : C, 70.7; H, 8.9; C27Huooe requires

¢, 70.5; H, 8.8%)

14.12.1 Equivalent weight of the lactone -

acid (III)

The crystalline oxidation product (IIT)
(0.1222g) dissolved in neutral methanol on titra-
tion with 0.05N sodium hydroxide required 5,35

ml, giving an egulvalent weilght for the lactone-

acid (III) of 456.

14.12.2 Methylation of the lactone -

acid (III)

N-methyl-N-nitrosotoluene-p-sulphona-
mide (400 mg) in ether (20 ml) was added drop-
wise to 3M methanolic potassium‘hyd:oxide (10 ml)
in a distillation flask heated to 65°, Diazo-
methane which distilled over was collected in

ether (100 ml) cooled in ice.  Ethereal diazo-



210

methane (10 ml) was added to the lactone-acid (IITI)
(40 mg) and the reaction mixture léft at room
temperature for 24 hours. Removal of the soi—
vent gave a glaés m.p. 165o

\) s, . 1786, (C=0 lactone), 1739 em™t (C=0

max methyl ester)

14.13 Mesylation of agapahthagenin (Ia)

To agapanthagenin (105 mg) in 2 ml of
pure dry pyridine at'OO'methanesulphonylchloride
(115 mg) was added and the reaction mixture wés
xept at 0° for 48 hours.  The product was added
to ice cold water, taken up in ether and worked
up in the usﬁal wayAto give 69 mg of a product
which crystallised from methanol as needles of

the dimesylate (V) m.p. 218° with decomposition

[a]%3'5 -52.0° (¢, 0.70)

\)CHC13 3528 (0-H), 1323,1167cm™ (~0-50,,-)

max



14.13.1 Solvolysis of the dimesylate (V)

To the dimesylate (V) (51 mg), dissolved
infpure dry acetone (2 ml) in a glaés vial, sodium
iodide'(120 mg) was added, The vial was sealed
and heated at 100° for 24 hours, After cooling,
the vial was opehed, the solvent was removed andA
the residue dissolved in chloroform, which was
successively washed with sodium sulphite solu-
tion.(5%), water and‘dried with anhydrous magne—‘
sium sulphate. Removal of the chloroform
yielded a product which crystallised from ethgr

as flat needles needles (XIII) m.p. 205°

[ ]235 -54.0° (c, 0.84)

14,14 Attempted preparation of an acetonide of

agapanthagenin

Agapanthagenin (é5 mg) was extracted
in a soxhlet apparatus for six hours with ace-
tone (20 ml) containing p-toluenesulphonic acid.
After the addition éf sodium carbonate solution

(5%) and evaporation to dryness the residue was
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exfracted with chloroform-methanol (1 : 1).

Thin layer chromatégraphy on the residue, after
the removal of solvent, using solvent system III,
gave a,siﬁgle spot at Rf 0.48 which was indica-

tive of unchanged agapanthagenin.

Kinetics of the oxidation of agapanthagenin and

-gitogenin with lead tetraabetate

15.1 Purification of acetic acid

Acetic acid (analar) was refluxed ﬁith'
chromic anhydride for thirty mimytes, to render
it aldehyde free, and then factionally distilled.
The water contenf of the distillate, as determi-
ned by the Karl Fischer method, was 1.81% w/w
This water was removed by adding acetic anhy-
dride (198 ml) and boiling under reflux for three
hours. This dried acetic acid was stored in

dark bottles under anhydrous conditions.

15.2 Experimental procedure

The method as described by Hockett et al. (57)
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was used. 0.2 m mole of agapanthagenin'and
gltogenin were weighed into separate 100 ml stan-
;dard volumetric flasks, dissolved in 20 ml of
acetie¢ acid, and transferred'to‘a constant tem-
'perature water'bath controlled to -25lo (+ 05 )

A lead tetraacetate solution was made up in
acetio acid, standardised with-O'OZN sodlum
thiosulphate, and allowed to come to tempera-
ture by lmmersing the flask in the water bath

A volume of standard lead tetraacetate,solution
‘was added to the solutlon of‘these"sapogenins

80 that the mole ratio of oiidant:to_sapogenin
‘was 15.2 to 1. -The volume wWas immediatelyf
made.up to the mark with acetic'acid;ii The time”
~ from the first contact of the oxidising'agent
with the sapogenin solutioh was noted. . The re-
actlion mixture was immediately returned to the
water bath. Samples of 10 ml were removed at
pre determined times and added to 25 ml of a
stopping solution containing a mixture of O 5 g

of sodium iodide and 5 g of sodium acetate,

The liberated lodine was titrated with

0.02N sodium thiosulphate using a metrohm piston
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pipette. A sharp end point was obtained by
adding a few drops of a 5% solution of sodium
étarch glycollate. In all cases the end point
was taken to'be the first disappearance of the
blue colour. Tt was found that thé precipita-
ted oxidation product did ndt interfere with thé
sharpness of the end pqint. Expefiments showed
that the.lead tetraacetate solutions were stable

‘under the experimental conditions used.

Results

1t

"Initial sapogenin concentration .002 M (Red)

Initial lead tétraacetate concen-

tration | : = ,0307 M (Ox)

Volume of 0.02ZN thiosulphate re-
quired for lead tetraacetate in a
10 ml aliquot of a Blank determi-

nation = 30.7 ml (b)

Volume of 0.02N thiosulphate equi-
valent to the amount of sapogenin
in a 10 ml aliquot of reaction

mixture } = 2,00 ml (a)



" Log
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4
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The results of the kinetic oxidation
of gitogenin and agapanthagenin are given in

Table 23.

Table 23. Results of oxidation of sapogenins with

lead tetréacetate

Volume of titre of 0,02N
Reaction time sodium thiosulphate (ml)

(mins) , ‘ ,
gitogenin agapanthagenin .

30 ~30.49 30.50
60 3035 30.30
120 ©30.20 29.93
210 29. 54 29.50
1420 29.13 29.10
550 | 28,98 28.95

A graph (Figure 45) was drawn of

a({b-x) . N |
10810 b‘ (a-‘-"_—;'X agalnst time. for each Sapogenin.

‘X = b-volume of the 0.02N sodium thiosulphate

titre,

The slope of the line for each sapoge-

nin was calculated by the method of least squares
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and the readtion constant k calculated from the

following equation

_ 2.303 x slope -1 -1
K = Time (secs) X TOx-Red)lit'mole see
The results are shown in Table 24 be-
low.

Table 24. Rate constant for oxidation of sapogenins -

with lead tetraacetate

. k10
Sapogenin lit-mole “sec
gitogenin 2.07 X 1073
agapanthagenin 2.17 x 1073

16, Derivapives of praecoxigenin (IIa)

16.1 Acetylation of praedoxigenin (IIa)

To praecoxigenin (70 mg) acetylating
mixture (8 ml) (pyridine - acetic anhydride 3 :
was added and the mixture left at room tempera-
ture for 18 hours. The product was‘poured on

to ice, extracted with ether which was washed

1)
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.successively'with hydrochloric acid (5%), sodium
bicarbonate solution (5%) and water. After
drying with anhydrous maghesium sulphate the
ether was removed to yield a residug which
crystallised from ethanol as flat needles (IIb)

m.p. 230-231°,

[a]§3*5 -69.0° (¢, 1.33)
.(aocuratevmass (M.S.)3 512.312728; C31H4406
requires £512.313766)

KBr 1732 (C=0 acetate), 1242 (C-0 acetate)

<

max 982,928,900,8666m;1 (spiroketal system)

0.67 (s, protons, C-18 Me)

protons, acetate Me groups) -

3

1.02 (s, 3 protons, C-19 Me)
2.00 (s, 6
1

3.49 (s, 1 proton, C-17 proton)

4,50 (m, 2 prdtohs; C-26 protons)

5.2 (m, 3 protons, C-2 and C-3 protons
superimﬁosing a proton of é tri-

substitutedolefine)
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16.2 Catalytid‘hydrogeﬁation of praecokigenin(lla) _

Praecoxigenin (8.55 mg) dissolved.in'i
glacial acetic acid (10 ml) was hydfogenated
using Adams catalyst (8 mg). The uptake of hy-'
drogen is shown in Flgure 46 as ml of hydrogen :
against time. (Volume of hydrogen taken up, | _
0.46 ml, CZ?HMOOM requires for ohefdouble:bonq, o
0.45) he ‘ o

After hydrogenatlon the catalyst was
‘removed by filtratlon through celite and the
product was poured into excess water and 1eft
overnlght. Therpreclpitated-dihydropraecox;—
genin (XIV) (4 mg) was collected.. The mase epeee;
trum of this product showed a peak at n/e 43d =
‘which would confirm that one molecuieiof hydrogen
had been taken up, | | |

-1

‘\) KEr 3400 (0-H), 1670 cm (C=C alkene) -

max
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APPENDIX

Description and geographical distribution of Agapanthus

praecox

The plant worked on in this investigation 1is

A.praecox Willd. subsp. orientalis (Leighton) Leighton.

The genustgapgnthus was éstablished by L'Heritier
in his Sertum Anglicum 17 (1788). The genus was pla—-
ced in Liliaceae Tribus Allleae by Bentham and Hooker
f. in their Genera Plantarum III : 756 (1883) and this
position was generally accepted until Hutchinson in his
Families of Flowering Plants Monocotyledons (1934) re-
moved Agapantheae from Liliaceae and placed 1t in
Amaryllidaceae. Hutchinson considered the umbellate
inflorescence to be of greater taxonomic significance
than the superior ovary 1ln distingﬁishing the families
Liliaceae and Amaryllidaceae. Phillips in his Genera

of South African Flowering Plants (1951) adhered to the

older classification and maintained Agapanthus in the

family Liliaceae, a view still largely upheld in South

Africa.

This plant was initially erroneously referred to as
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A.umbellatus L'Herit. (Sert. Angl. 17 : 1788) and it
is figured under this name in the first plate of the
Flowering Plants of South Africa (1921). However,

Miss F.M. Leighton (18) pointed out that A.umbellatus

L'Herit. is in fact a synonym of é.africanusv(L.) Hoffman-
segg., Subsequently, in her revision of the genus

Agapanthus, Miss Léighton (17) identified the

plant figured as A.umbellgtus in Fl. Pl. S. Afr. t. 1

(1921) as being A.praecox Willd. subsp. orientalis
(Leighton) Leighton. More recently the plant has been
figured in Fl. p1, Afr. t. 1476, 1477 (1966) under this

latter name.

The genus Agapanthus occurs from the Cape Penin-
sula to the mountain ranges just south of the Limpopo
River. The altitudinal range of tolerance of A.praecox

subsp. orientalis is from sea level to + 1500 metres.

A.praecox subsp. orientalis occurs in the Uitenhage

district of the Cape Province and is spread mainly

eastwards to Natal.

The plant may be described as follows:

Plant tufted from the base with robust rhizomes.
Leaves: firm, dull green and slightly glaucous, up

to about 30 cm long and 3-4 cm broad on the



223

the flowering stems, slightly folded upwards
and somewhat canaliculaté, shortly tapered to
the apex, with central rib down lower half

of back.,

Peduncles: 75 cm to 1 m tali, stout and rigid;
spathe valves ovate, about 6 cm long.

Umbel: very densé with a hundred or more flowers on
stiff pedicels 4-10 cm long‘radiating in all
directions.

Perianth: mainly mauve with cobalt-blue veining, about
4 em long and united into a tube for about %
of its length; lobes with a maximum spread
of about 3 cm, somewhat undulate, outer
oblong-lanceolate, about 7.5 mm broad, inner
oblanceolate-oblong, 1-1.1 cm broad.

Stamens: attached in the mouth of the perianth tube,
declinate, more'orlless equal in length,

Capsule: about 2.5 x 1 cm; style about 1.5 cm long.
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