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;\BSTR.\cT.-The steroidal sapogenins obtained by hydrolJ-sis of the  saponins 
forind in the leaves of eight species of C o r d ~ i i ~ i e  have been studied. With the  excep- 
tion of C. termincilis var.  petiolriris, the extracts of all species yielded 1,3-dihydroxy 
sapogenins, which were usualll- the  predominant compounds. C. terwiiniilis var .  
petioluris differed from all the other species examined, not only because of i ts  lack of 
dihydrosy sapogenins, but also because it yielded the  5&spirostanes, sarsasapogenin 
and smilagenin. The  extracts of all seven other species contained only &sapogenins. 
Compounds detected were 3-epi-tigogenin, 3-epi-neotigogenin, tigogenin, neotigo- 
genin, diosgenin, yaniogenin, cannigenin, cordylagenin, brisbagenin, ruscogenin and 
25s-ruscogenin. 

The isolation has been reported of smilagenin ,' (25R)-5$-spirostan-3/3-olj 
from Cortiyliiie australis (1) and sarsasapogenin (25S)-58-spirostan-3/3-01;, from 
C. neoca2etioiiica ( 2 ) .  The steroidal sapogenins yielded by C. cunni fo l ia  leaves 
have been extensively studied; and cordylagenin (25S)-5a-spirostane-1/3,3cx-diol), 
its 25R epimer cannigenin, brisbagenin (%R)-ija-spirostane-Ip,3p-diol], yamo- 
genin ': (2~S)-spirost-5-en-3~-ol :, , 3-epi-neotigogenin <' (25S)-j,-spirostan-3a-ol], 
and its 25R epimer, 3-epi-tigogenin have been isolated (3-Gj. Chroniatographic 
evidence indicated also the presence of ruscogenin i (25R)-spirost-5-ene-l8>3+dioli 
and diosgenin (25R)-spirost-S-en-38-o1] ( 5 .  6).  Cordylagenin has been isolated 
also from the leaves of C. strictu (3). Leaves of a further eight species of Cordyl ine  
(-igavaceae) have been studied and the steroidal sapogenins yielded by them 
are reported in this paper. 

X i T E R I A L S  - i S D  METHODS 
PL.IST \ihTERI.~Ls.'-Leaves of C. nia7iners-sztftoniae F. lIuell .a,  C. rzcbru Hueg ex Kunth.b, 

C. strictu i8ims) Engl.c and C. terniincilis (L.) Kunth.  var .  petioluris D0min.d were collected,in 
Queensland, rlustralia. Leaves of C. nirstr~il is  Hook. f . ,  C. bnnsk i i  Hook. f. and C. inclivzsa 
Steud., authenticated b y  Professor A.  Mark, Botany Department,  University of Otago, were 
obtained from plants growing in Dunedin, S e w  Zealand. C. pitnrilio Hook. f . ,  authenticated 
by Mr. A. E. Esler, Botany Division, D.P . I .R . ,  m-as collected from the  Waitaker Range, Auck- 
land, S e w  Zealand. Samples of C. ciustriiiis, C .  indiviso and C. stricto n-ere obtained also from 
plants growing in the  United Kingdom at Portsmouth,  the Logan Botanic Garden, Port  Logan, 
and the  Cambridge Botanic Gardens, respectively. 

EXTRACTIOS OF s.\PoGEsIss.-The dried, powdered leaves (50 g) were initially depigmented 
with chloroform for 2 h r  before the  sapogenins n-ere extracted by  the method of Blunden et a l .  
( 7 ) .  This  involved soaking the  plant material in water a t  room temperature for 24 hr  and 
refluxing the  suspension with 2 5  hydrochloric acid for 2 hr .  The acid-insoluble material m-as 
separated by  filtration and washed with water, ammonium hydroxide solution, and water until 
neutral. The  dried, acid-insoluble residue was then extracted with chloroform for G hr.  ____ 

'Herbarium Australiense voucher numbers: ' H S .  S-KN 1313, hHN.  T-KN 928, cHN.  WTJ 
3837, and d H S .  WTJ 3821. 
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DETECTIOS ASD ISOL.%TIOS 01: s.\PocEsIss.-The crude sapogenin extracts were examined by 
two-dimensional tlc on air-dried silica gel G layers (wet thickness 250mp); dichloromethane- 
methanol-formamide (93:6:1) was used in the first direction (System I)  and two-fold develop- 
ment in cyclohesane-ethyl acetate-water (600:400:1) in the second (System 11). The  steroidal 
compounds were located by spraying with 50% sulfuric acid and heating a t  100" until the 
characteristic colors developed (8). 

Initial separation of the  steroidal sapogenins was achieved by preparative tlc on air-dried 
silica gel G layers, wet thickness 500 mp, using System I .  The  chromatograms were sprayed 
with distilled water t o  locate the sapogenin bands, which were dried, separately removed, 
and eluted B-ith chloroform. Each extract ,  i f  necessary, was purified further by preparative 
tlc, usually with chloroform-ethanol (95:5) (System 111). This system was used, in particular, 
for the separation of the 501-spirostane-1~,3a-diols from the ~-spirostane-lp,3B-diols, whereas 
three-fold development in System I1 was used to  isolate the satrirated- from the unsaturated- 
lp,34-diols. When 501-spirostan-3o-ols and 5o-spirostan-3~-oIs were present together, they were 
separated bl- three-fold development in n-hexane-ethyl acetate ( 4 : l )  (System 11.). The  25R- 
and 255'-epimers of the monohydroxy sapogenins were separated from each other by prepara- 
tive tlc on silica gel G containing 2C) silver nitrate.  The layers, 500 mp wet thickness, had been 
activated at  100" for 1 h r  before use. The  chromatograms were developed three times in 
dichloromethane-acetone (49: l )  (System \.). The system was used also for the purification 
of the major dihydroxy sapogenin fraction of C. s f r ic f i i  leaves, after acetylation. 

RIelting 
points were determined with a Kofler block and are uncorrected. I r  spectra were obtained 
from either potassium bromide discs or from chloroform soliitions on a Perkin Elmer 37; Gra t -  
ing Infra-Red Spectrophotometer. Nmr spectra were determined in CI)CI? on a Bruker 270 
MHz machine. The  mass spectra were recorded on a 1.G-Rlicromass io70 F spectrometer a t  
an ionizing potential of 70 e l7 .  

The  sapogenins isolated were recrystallized from either methanol or  acetone. 

RESULTS ASD DISCUSSION 
The steroidal saponins present in the dry, powdered leaf samples of Cordyl im 

species were hydrolyzed, arid the sapogenins produced \!-ere extracted and com- 
pared by tlc with suitable reference compounds before isolation by preparative 
tlc. When sufficient material n-as available, each isolated compound n-as examined 
by tlc with Systems I to V, by determination of its mp and mmp with the appro- 
priate sapogenin, and on the basis of its ir, iimr and mass spectra. 
C. strictu 

TIC examination of the extract of C.  strictu indicated the presence of eight 
monohydroxy steroidal sapogenins. The major constituent of this mixture, 
C2iH4403 (M+, m e 416), mp 249-50", undepressed on admixture with 3-epi- 
tigogenin, crystallized as needles from acetone. I ts  t lc  and ir, mass and nmr 
spect.ra1 characteristics were identical to those of 3-epi-tigogenin. In  the mass 
spectrum, the water loss from the ions a t  m, ' e  347, 302, 287 and 273 was consistent 
with a 5a-spirostan-3a-ol (9). I n  the nnir spectrum, resonances n-ere observed 
a t  6 0.76 (3H, s ;  C-18 Me), 6 0.78 (3H, s ;  C-19 Me), 6 0 . Z  (3H, d, J e G H z ;  C-27 
Me), 6 0.95 (3H, d, Jh.G.5Hz; C-21 Me), 6 3.36 ( l H ,  t ,  J268 ,26a=J26a ,? jph . lO .5Hz;  

C-26, H), 6 3.47 (IH,  d, dd, J26a ,26p10.5Hz and J 2 6 p , 2 j p ~ 4 H ~  and J 2 6 p . 2 1 p ~ l . 5 H ~ ;  
C-268 H),  6 3.99 ( l H ,  broad s, W;,j=?.3Hz; C-3s H) and 6 4.37 ( l H ,  q, Jh.7.5Hz; 
C-16 H). All the data obtained showed that the compound n-as 3-epi-tigogenin. 
This steroid has been reported previously only in the leaves of C. canizi,folia (6). 
However, in t,hat earlier study insufficient material n-as isolated to characterize 
the compound fully. 

A second monohydroxy sapogenin, C2iH4403 (AIL, m,ie 416), mp 194-195", 
undepressed on admixture with 3-epi-neotigogenin, crystallized as needles from 
methanol. The isolated compound had tlc and ir, nmr and mass spectral features 
identical t o  3-epi-neotigogenin, including the extent of water elimination from the 
ions a t  m,le 34'7, 302, 287 and 273 (9). In the nmr spectrum resonances were 
recorded a t  6 0.75 (3H, s ;  C-18 Me), 6 0.78 (3H, s; C-19 Me), 6 0.98 (3H, d,  
J=6.5Hz; C-21 Me), 6 1.07 (3H, d, Jh.6.5Hz; C-27 Me),  6 3.28 ( l H ,  d, J 2 6 0 , ~ ~ h .  
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l lHz and J268 25,'vO; C-268 H),  6 3.93 (lH, dd, H268 ?Q2illHz and J26a 
2.5Hz; C-26, H).  6 -2.01 (1H, broad s, \T!p7 .5Hz;  C-38 H) and 6 4.38 lH, q. 
Jh.S.5Hz; C-16 H). A11 the information obtained shon-ed that the compound 
was 3-epi-neotigogenin. Like 3-epi-tigogenin, this sapogenin has been isolated 
previously only from the leaves of C. caitizifolia (6). However, here a more 
detailed account of the nmr spectral characterktics is given. 

Examination of the 270 MHz nmr spectra of 3-epi-tigogenin and 3-epi-neo- 
tigogenin clearly shon s a number of important features n hich aid the interpretation 
of structure of steroidal sapogenins in general (fig. 1). As pointed out in previous 
studies cl0-12), the stereochemistry at  C-25 can be deduced by the pattern and 
chemical shifts of the secondary methyl group< and C-26 protons. In  the 25R- 
series the equatorial C-27 methyl group exhibits qignal. at  a higher field ( ~ ~ 0 . 3 0  
ppni) than in the 25s-series. h -imilar, but l e v  qtriking, diamagnetic Ghift 
( ~ ~ 0 . 0 3  ppm) n a s  observed in this study for the C-21 methyl group also. 

FIG. 1. S m r  spectra (270 N H z )  of 3-epi-tigogenin and 3-epi-neotigogenin from 6 3.0 to 6 1.5 
showing differences in the  resonances of C-26protons between 26R- and 26s-spirostanes. 

3-"); D=C-26, H (1H; "25R-"j; D1=C-26, H (1H; ' ' 2 5 S " ) .  
A=C-16 H (1H);  B=C-33 H (1H);  C=C-268 H (1H: "25R-"); C'=C-263 H (IH:"25 

The two protons at  C-26, because of their attachment to a carbon bearing an 
oxygen atom, are deshielded enough for their signals to be well removed from the 
"methylene" envelope and easily recognized. -4s previously outlined (10. 12),  
the chemical shifts and splitting patterns of the C-26 protoni: are similar for 
sapogenins of the 25R-series, but quite distinct from those of members of the 
25s-series. I n  the 25R-series a "triplet" (E 6 3.36) and a double "double-doublet" 
(2: 6 3.47) pattern is seen (fig. 1). The former splitting pattern is assigned to the 
C-26, proton, as expected (13, 14), and the latter to the C-268 proton. Long 
range coupling ( ~ 1 . 5  Hz) is observed between the C-268 and the C-2-28 protons. 
However, in the case of an axially oriented C-27 methyl group (2Sser ies ) ,  the 
c-26, proton suffers an interesting paramagnetic shift ( ~ 0 . 5 7  ppm) and the 
resonance due to the C-26, proton appears don-nfield from the C-268 signal. The 
splitting pattern is a ',doublet of doublets" (% 6 3.93) and a '*doublet" (CX 6 3.28) 
for the C-26, and C-266 protons respectively. The assignment of the down- 
field "doublet of doublet>" to the C-26, proton in the 25s-series is supported by 
Segre and Nusher (15), who have observed similar "anomalous" chemical shifts 
in the nmr spectra of 1,3,5-trimethylcyclohexanes. 
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Of the other six monohydroxy steroidal sapogenins detected in the leaf extract 
of C. strictu, tlc evidence alone was obtained for the presence of tigogenin { (2.583- 
5a-spirostan-3P-o1), neotigogenin { (255')-5a-spirostan-3P-o1] , diosgenin and yamo- 
genin. The other tn-o compounds xi-ere not characterized, but one of them is 
probably the same as the unidentified compound A-2, recorded for the mono- 
hydroxy sapogenin fraction of C. caiinijolia leaf extracts (6). 

The principal sapogenin component of C. strictu failed to crystallize from 
aqueous methanol, but was obtained as a nhite,  granular powder. This 11-as 
purified by acetylation, followed by preparative tlc on silver nitrate impregnated 
layers of silica gel. In  this way the material was separated into tn-o components. 
The major one had tlc and mass and nmr spectral characteristics identical to the 
diacetates of both cordylagenin and cannigenin. The pattern and chemical 
shifts of the C-26 protons and the secondary methyl resonances in the nmr spectrum 
shoned the presence of both 25R- and 255'-epimers. I t  was concluded. therefore, 
that  the material examined was a mixture of both cordylagenin and cannigenin 
diacetates. Cordylagenin has been kolated previously from C. strictu leaves 13). 
The minor component that n-as separated from the cordylagenin and cannigenin 
diacetates by preparative tlc was obtained in trace amount and was not char- 
acterized. 

I n  addition to cordylagenin and cannigenin, other dihydroxy sapogenins were 
detected, and tlc evidence was obtained for the presence of ruscogenin and 
brisbagenin. 

On t lc  examination of C. strictu leaf extract, a t  least six spots Jyere detected 
with R f  values lower than those of the dihydroxy sapogenins. These spots were 
probabll- produced by trihydroxy sapogenin.. Insufficient quantities of these 
compounds were isolated to characterize them. Hon ever, a large collection of 
C. strictu has been made and n-ork is in progress on the elucidation of the: .e com- 
pounds as n ell as of the unidentified, monohydroxy and dihydroxy sapogenins. 

T-ery similar results nere obtained for the extracts of C. strictu leaves collected 
in Yew Zealand and the United Kingdom. 

C. i tdiaisa 
Only very small quantities of monohydroxy sapogenins nere detected in the 

leaf extracts of C. i i idi i isu.  From tlc data alone these n-ere identified as 3-epi- 
tigogenin and tigogenin. 

The major sapogenin, C2;H4,04 (AI-, m e 432), mp 198". undepres.ed when 
mixed with brisbagenin, crystallized as plates from methanol. The compound 
had tlc and ir, nmr and mass spectral characteristics identical to brisbagenin. 
However, in the ir spectrum, the absorption a t  899 em-' x-a. of only slightly 
greater intensity than that at  921 cm-l, thus indicating a possible mixture of 
25R- and 255'-epimers (16). The nmr spectrum gave no indication of the presence 
of the 25S-epimer1 so the isolated compound n a s  concluded to be brisbagenin. 
The use of the comparative intensities of the absorption. at  899 and 921 em-' 
to assign the conformation of the C-2i  methyl group in this compound is thus 
unreliable. as has been found previously for cordylagenin ( 3 ) .  On acetylation. 
the mp of the isolated sapogenin  vas not depressed when mixed with brisbagenin 
diacetate and the compound had tlc and ir and nmr spectral features identical 
to brisbagenin diacetate. 

Four spots were detected with R f  values lower than brisbagenin when the 
leaf extract n-as examined by two-dimensional tlc. These spots were probably 
produced by trihydroxy sapogenins, but it li as not possible to characterize them. 
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The same sapogenins n-ere detected in the extracts of both the Sew Zealand 
and Scottish grown leaves. 

C. pumilio 
The predominant sapogenin in the extract of C. pumilio leaf n-as shou-n to 

be brisbagenin on the basis of nip. mass. ir and nmr spectral feat,ures. and of 
the tlc characteristic.? of both the isolated sapogenin and its diacetate. Tlc 
evidence was obtained also for the presence of tigogenin. TKO other, probably 
monohydroxy, sapogenins were detected but could not be identified. Also four 
spots were detected on tlc examination with Ri values lower than that of brisba- 
genin. The components of the extract producing these spots had t lc  characteristics 
identical to the four componentR ivith lox- Rf valuea present in the C. iudivise 
extract. 
C. rubra 

From tlc and ir spectral data, both 3-epi-tigogenin and tigogenin n-ere identified 
in the extract of C. rubra leaves. TIC reaults indicated also the presence of 3-epi- 
neotigogenin. diosgenin and yaniogenin. Two other unidentified components 
were detected; both of them are probably monohydroxy sapogenins, but they 
separated from all the available reference compounds. One of the Unidentified 
components showed the same t lc  properties as compound *$-2 isolated from 
C. caiiiiifolia ( 6 ) .  -411 the monohydroxy sapogenins were present in small quantities. 

The predominant sapogenin, CliHAAO, (>I-. rn e 432), mp 2 1 9 O ,  undepressed 
on admixture with cannigenin, crystallized a:: needles from methanol. The 
compound had tlc and ir. nmr and mass spectral features identical to cannigenin. 
The nmr spectrum gave no indication of the pre.sence of the 23-epimer.  cordyla- 
genin! and so the isolated compound was concluded to be cannigenin. This 
assignment was confirmed by conversion of the compound into its diacetate, 
which had tlc and spectral featurea identical to cannigenin diacetate. 

Small quantities of compounds with tlc characteristics identical to brisbagenin 
and ruscogenin nere detected as well as a number of components n-ith l ~ v -  K r  
values, n-hich appeared similar to  conipounds detected in the leaf extracts of 
C. strictu. C. iiitiirisa and C. pumilio. 
C. australis 

Extracts of the leaves of C. australis obtained from plants grown in S e w  
Zealand and in the United Kingdom gave lo\\- yields of steroidal sapogenins. The 
major compound \vas characterized from tlc and ir data as tigogenin. but only 
tlc results \\-ere obtained for the identification of neotigogenin, diosgenin. yamogenin 
and brisbagenin. The finding of these Sa-spirostanes in C. australis contrasts 
with the report of the SP-spiro,stane, smilagenin, by Marker et al .  (1). 
C. rnal2iier.s-suttoiiiae 

Only tn-o sapogenins were isolated from the leaf extract of C. maiiners-suttoniae, 
but a number of other components n-ith Ion- Rf values were detected which had 
tlc characteristics very similar to the compounds with lou- R r  values detected 
in some of the other Cordyliiie leaves studied. The major sapogenin was proved 
to  be brisbagenin from its mp, tlc and spectral characteristics. The second 
isolated component had tlc properties identical to those of cordylagenin and 
cannigenin, but it was obtained in insufficient quantity for characterization. 
C. termiiialis var. petiolaris 

Only two sapogenins were detected on tlc examination of C. termiiialis var. 
petiolaris leaf extract. The major compound, C,;H,,O3 (AIL, m / e  116) gave 
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needle crystals from methanol, mp 194'; this value was unaltered on admixture 
with sarsasapogenin. The tlc characteristics and the ir, mass and nmr spectral 
details of the isolated compound were identical to those of sarsasapogenin. In  
the mass spectrum the water loss from the ions a t  m,!e 347, 302, 287 and 273 was 
that expected from a 5P-spirostan-3/3-01 (9). The data obtained showed that the 
compound was sarsasapogenin. 

The minor compound, C2iH4103 (11-, m,.e 416), crystallized from acetone as 
needles, mp lSG", undepressed when mixed n.ith smilagenin. The tlc properties 
and the ir, nmr and mass spectral data nere the same as those of smilagenin, 
and this identity n-as assigned to the compound. 

C .  baitksii 
The maj2r sapogenin component of C. baitksii leaf extract had tlc and ir 

spectral characteristics identical to ruscogenin but was not isolated in pure form. 
Resonances in the nmr spectrum, very similar to those described earlier under 
C. strictu, showed that the component n-as a mixture of 25R- and 25s-sapogenins; 
it n.as concluded t'hat the isolated material was a mixture of ruscogenin and 25s- 
ruscogenin. 

From tlc and ir spectral data yamogenin n-as also identified as a component 
of the extract, and from t lc  results alone the presence of diosgenin and brisbagenin 
was indicated. 

The sapogenins found in the leaves of the eight species of Cordyliiie studied 
are summarized in table 1. 

The leaves of the species of Cordyliiie examined, with the exception of C. 
t erminal i s  var. petiolaris, all yielded 1,3-dihydroxy sapogenins, these usually 
being the major compounds. This n-as the case also with C. cunnifolia (3-5). 

TABLE 1. Steroidal sapogenins detected in leaf extracts of Cordyline species. 

Steroidal sapogenins 

Species 

Cordyline 
austral is .  . . . . . .  

C.  banks i i . .  . . . . . .  
C. i n d i a i s a . ,  . . . . .  
C.  manners- 

suttoniae. . . . . . . .  
C .  p u m i l i o . .  . . . . . .  
C. r u b r a . .  . . . . . . . .  
C. s t r ic ta . .  . . . . . . . .  
C. terminal is  var.  

petiolaris . . . . . . . .  

++ compound fully characterized + compound incompletely characterized 
* 
- compound not detected 

compound identified from tlc da ta  only 
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However, although C. australis extract contained the 1,3-dihydrosy compound, 
brisbagenin. it n-as not the major sapogenin. C. termiiialis  Tar. petiolaris differs 
from all the other species examined in this study, not only because no dihydroxy 
sapogenin was detected, but also because it yielded $-sapogenins; the extracts 
of all the other species studied contained only &-sapogenins. The $?-compound 
sarsasapogenin has been reported also from C. ?ieocaledoizica, which n-as not 
included in this study. 
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