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LkBsTR.icT.-From the  monohydroxy steroidal sapogenin fraction of Cordyl ine  
cnnnifolio R .  Br .  leaves, 3-epi-neotigogenin ( l a )  and 3-epi-tigogenin ( lb )  n-ere isolated 
and characterized from tlc,  ir: nmr and mass spectral da ta  and b y  conversion into 
known spirostanes. Se i the r  compound has heen isolated previously from a plant 
source. Tlc methods are de- 
scribed for the  separation of 3a- and 3p-monoh>-droxy spirostanes. 

In addition, yamogenin and diosgenin were found. 

From the leaves of Cordyliize cau~i,foolia R.  Br. cordylagenin [ (255')-5cu-~pirostan- 
IP,3cu-diol], its 25R epimer cannigenin, brisbagenin [ (25R)-h-spirostan-1B,3~-diol] 
and j-aniogenin [ (25S)-spirost-5-en-3P-ol] have been isolated (1-3). The presence 
of ruscogenin [ (25R)-spirost-5-en-lp,3P-diol] was indicated also on the basis of 
chromatographic evidence (3). Also isolated was another sapogenin which had 
the same chromatographic characteristics as smilagenin [ (25R)-$-spirostan-3/3-01] 
in the development systems use.d and which had a mass spectrum identical with 
that of smilagenin. However, the melting point of the isolated sapogenin was 
higher than that obtained for smilagenin (3).  Insufficient mat'erial was available 
to characterize the compound further a t  that time. Because of this, the mono- 
hydroxy sapogenins obtained from the leaves of C. canitifolia have been studied 
further, and the results are reported in this paper. 

hIATERIhLS ASD METHODS 
EXTRACTIOK OF S. \PoGEsI~s.-Cordyl i f ie  cunnifolia p\. Br. leaves, collected from Davis 

Creek and Tinaroo Bead Creek, Queenslandl, were oven dried a t  60" and powdered. The  
poxdered leaf (1.3 kg) was initially depigmented n-ith chloroform for 2 hr  before the  sapogenins 
x-ere extracted by the method of Blunden et  a l .  (4).  This entailed soaking the  plant material  
in water for 2-1 h r  a t  room temperature, refluxing with 2 S  hydrochloric acid for 2 hr,  separation 
of the  acid-insoluble material by filtration, and m-ashing with a a t e r  and ammonium hydroxide 
solution and then with water until neutral. The dried, acid-insoluble residue was extracted 
with chloroform for G hr .  

DETECTIOX ASD ISOL.\TIOS OF S.lPOGENINs.-The crude sapogenin extract x a s  examined by 
two-dimensional tlc on air-dried silica gel G layers (ne t  thickness 250 mp) using dichloro- 
methane-methanol-formamide (93:G:l) in the  first direction (system I)  and tm-o-fold develop- 
ment in cyclohexane-ethyl acetate-water (S00:400:1) in  the second (system 11). The  steroidal 
compounds viere located hl- spraying with 50c, sulfuric acid and heating a t  100" until the  
characteristic colors developed ( 5 ) .  

To separate the  nionoli>-drosy from most of the  dihydrosy sapogenins, the  extract was 
chroniatographed on a column of silica gel, 63-120 mesh (B .D.H.  Chemicals L td . ) ,  using 
successively chloroform, chloroform-ethanol 199:1), chloroform-ethanol (49:lj,  chloroforni- 
ethanol (97:3) and ethanol. The collected fractions xe re  screened for sapogenins b y  t lc using 
system I .  Chloroform and cliloroforni-ethanol 199:l) did not afford any sapogenin, chloroform- 
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ethanol i49:l) and chloroform-ethanol (9731 eluted the monohydroxy sapogenins, along with 
a small quant i ty  of dihj-droxy compounds, and ethanol furnished only dihydroxj- compounds. 

The chloroform-ethanol (49:l) and chloroform-ethanol f97:3) fractions were hulked and 
concentraTed, and system I was used t o  separate the monoh>-droxy sapogenins from the  di- 
hydroxy compounds b>- preparative tlc on air-dried, silica gel G la>-ers in-er thickness 320 nip). 
The  chrornarograms were sprayed n i t h  distilled water t o  locate the sapogenin hands. The  
monohydroxy sapogenin hands were dried, removed together and eliited with chloroform. The  

The pnrified monohydroxy sapogenin ext rapt XT-as separated into i ts  individual compoiients 
hj- prepartitive t lc .  Fraction 
-1 n-as suhlivided further into -11 and A2 by means of three-fold development in 1;-hexane- 
e thyl  acetate (4 : l )  (system 111). Fracti  -1-1 and B were each separated into t w o  com- 
ponents, 1-11 and -1-12, and B-1 and B-2, pectivel>-, on layers of silica gel C; containing 2% 
silver nitrate.  The  layers, 500 nip TWT th  ness: had been activated at  100' for 1 hr  prior to  
use (6). The chromatograms were developed three times in diclilorcniethane-acetone (49:l) 
(system I Y j .  

PREPAEATIOS OF sPIRo~r.\sEs.-Pniilageniii and tigogenin I (25R!-j,-spirostan-33-01] m-ere 
purchased from Steraloids L td .  Hecogenin I33-li?-drox?--(25Ri-5,-spirostan-12-oiie! and neo- 
tigogenin [2jS!-5,-spirostaii-33-01! were isolated from The leaves of -4 go;,e sisn/ii?in Perrine, and 
yaniogeniii 11-as isolated from the seeds of Trigoiie/l / l  ~oe , i i c i i i -g r~:er i i l i l  L. Dicsgenin [ ~ 2 5 R ) -  
spirost-5-en-3d-ol] m-as given by Dr. J .  Barliour: 3-epi-diosgenin and 3-epi-sceptrunigenin Ispiroar- 
5>25 f2i:-diene-3a-ol: was provided by Dr.  Sliigeo Sozoe:  and sarsasapogenin : i2.~.S)-53-spirostan- 
35-01: \vas slipplied b?- I r .  L .  E .  AIiraniontes C. 

-1. ~ - E ~ ~ - ~ . ~ R ~ . ~ ~ . ~ P o G E s I s  . ~ S D  ~-EPI-S~IIL.IGESIS.-  arsasapogenin was Treated n-ith 
Jones' reagenr t o  produce sarsasapogenoiie, which reacted T. i th sodium borohj-dride in methanol 
to  give a mixture of sarsasapogenin and 3-rpi-sarsasapogeiiin. The two compounds were sepa- 
rated ti)- preparative t lc using system 111. Starting n-itli smilagenin, 3-epi-smilagenin was 
produced hy the  same roiite. 

B .  3-Epi-~1~0~~11s.-Tigogenin was treated TT-itli Jones' reagent to  give tigogenone. 
This n-as hydrogenated for G hr  over .Idanis' catal>-st in glacial acetic acid containing 2co 
hydrochloric acid 112) t o  give a mixture of tigogenin acetate and 3-epi-tigogenin acetate.  
HJ-drolysis with 557 met hanolic potassium hydroside afforded tigogenin and 3-epi-tigogenin, 
which were separated b?- preparative TlC using sj-stem 111. 

3-Epi-HECOGEs1s.-He~ogenin 13.G4 g) in ethylene glycol (50 nil) was treated with 
boron trifluoride-ether complex (8 n i l , .  -1fter 16 hr  a t  room temperature, the solution F a s  
extracted with chloroform, the chloroform layer n-as separated and u-ashed n-ith TTater until 
neutral. Evaporation of the  solvent gave a white solid which! after recrystallization from 
acetone, gave crystals of 1Z-ethylene dios?--(25R1-spirostan-3d-ol, nip? 215-217'. I t s  i r  spectrum3 
showed ahsorption a t  3324 cni-1 (hydroxyl group), at  1179, 1125 and 1051 em-' (ethylene ke ta l  
function) and a t  981, 924, 900 and 862 em-' (spiroketal moiety).  The  strong absorption a i  171-1 
em-1 (cartion>-l group) present in the  i r  spectrum of hecogenin was absent.  The nmr  spec- 
trum4 confirmed the  conversion into 12-ethylene dioxy-(25R)-spirostan-3B-o1. 

A solution of 12-ethylene diox~--(23~~-spirostan-3p-ol (1.98 g) in pyridine (GO ml) was 
added slo~v-ly x-ith stirring to  a previously prepared solution of chromium trioxide 11.40 g j  in 
pyridine (60 ml) 113). The mixture n-as kept a t  37' for 4 hr  and then a t  room temperature for 
48 hr,  by which time The reaction was complete i t lc) .  Water (360nil) m-as added to  the reaction 
mixtiire, 15-hich 75-as estracted n-ith Gx 100 nil ether.  ;ifter the extract was nashed  Kith water,  
the ether  vas dried iniagnesiuni sulphate I and evaporated to  yield a !-ellox-ish, crystalline 
solid n-hicli, after cr!-stallization from acetone, gave silky, thin needles of 12-ethylene dioxy- 
i25R ]-spirostan-3-one, mp 229'. The i r  spectriini shoved absorption a t  1714 cn1-l fcarhonyl 
group): but the  strong absorption a t  3524 cni-' (hydroxyl group I present in the ir spectrum of 

The  nnir spectriini Ti-as consistent Tvith 

12-Ethylene dioxy-(25R 1-spirostan-3-one n-as hydrogenated for 4 Iir over Adanis' catalyst 
Three niajorprodiicts were formed, 

hydrolysis with 5 5  
aiiolic potassium h>-droxide solution, 3-cpi-hecogenin was isoloted hj- preparative t l c .  
talliz3Tioli f r r~m acetone J-ielded needles, nip 216'. (lIL> 7 1 7  e 430). I t s  i r  spectrum shoix-ed 
rption a t  3410 cm-l (li~-drox?-l g r o ~ i p ) ,  1714 cni-' ccarbon!-l group) and 982, 919, EO6 and 867 

cn-1 (spiroketal nioietJ-;; with the absorptign a t  S9G em-' greater than a t  919 em-1 (2512- 
spirostane ' .  

piirified further hy preparative tlc hj- s p t e n i  11. 

System I was used t o  divide the extract into fractions .A and B .  

c. 

--i25R)-spirostnn-33-01 was absent. 
--i25R l-spirostaii-3-oIie. 

in glacial acetic acid containing 2'7 h>-drocliloric acid I 12 I .  
two of iv-liich \\-ere liecogenin acetate and 3-cpi-liecogenin acetate.  

K e  ha re  not found an>- previoiis record of this compound. 

?lip were determined on a Iiofler Block and are uncorrecred. 
j1nfrared spectra were measured in potassiiim bromide discs. 
5 m r  spectra were determined in CDCI,. 
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TLC S E P i R i T I O \  OF  CY- i \ D  3~-\lOhOHTDROXT wRO~TI \ES . - - ,~~~  the  reference nionohg droxy 
spirostanes available a e r e  chromatographed on air-drled silica gel G lagers, 250 pni M-et thick- 
ness] using system 111, and on activated layers of silica gel G containing 2% silver nitrate,  
250 Mrn wet thickness, using si stem 11 

RESCLTS A S D  DISCUSSIOS 
After preliminary extraction of C. camzzjolia leaveq to remove pigment., the 

saponins IT ere h>-drolyzed and the liberated sapogenin. extracted. The extract. on 
examination by tuo-dimenqional tlc, produced 5 spots, n-liicli v r e  labelled A to E 
in order of decreasing K f  value. Earlier ~ o r k  hai: slion-n that spot C is composed 
of cannigenin and cordjlagenin, spot D of ruscogeniii and spot E of brisbagenin 
(1-3). Column chromatography and preparative tlc n-ere used to  separate the 
compounds forming spot. A and B from the dihydroxy compounds forming spots 
C, D and E. By preparative tlc. tlie compounds forming spots A and B were 
divided into 5 fractions. &11. B-12. L4-2, B-1 and B-2. 

Compound -4-11, C2iH4403, (M+, m e 416.351; calculated 416.329), mp 190- 
191". crystallized as needles from methanol. I ts  ir spectrum shov ed absorption 
at  3320 em-' (hydroxyl group) and a t  989, 921, 902 and 852 cm-' (spiroketal 
moiety); tlie absorption a t  921 cm-I was of greater intensity than that at 902 cn1-l 
(25s-spirovtane). The mass spectrum shoned strong ion< at  m e 344, 302, 287, 
273, 255 and 139, IT liich are characteristic of saturated monohydroxy spirostanes. 
I n  the nmr spectrum, the resonances of the secondary and tertiary methyl groups 
were unresolved and n ere observed as broad singlets at  6 0 . i2  and 6 0.76. -4 signal 
at 6 4.02 (1H, m, TT>~==S.O Hz) nai: assigned to a lijdroxy group a t  C-3 n i t h  an 
axial conformation (1, 3, T, 8). Jones' oxidation of A-11 gave a compound nip 
215" (literature value (9) for neotigogenone 211-214'), the ir spectrum of nhich 
showed strong absoprtion at  1715 cm-' (carbonyl group). This compound v a s  
reduced IT itli sodium borohydride in methanol to  give neo-tigogenin (tlc, nip. ir). 
From all the data obtained, A%-ll r ~ a s  concluded to be 3-epi-neotigogenin (fig. l a ) .  

R 2  

FIG. 1. 3a-Rlonohgdroxy sapogenins from Cords- 
/ m e  c a i ~ m j o l z a  leaves. 
a = 3-epz-neotigogenin: R1= H; R 2 = l l e  
b = 3-epz-tigogenin, I?' =Ale: R 2  = H 

Compound X-12. C2iH4103, (117. m e 416.336; calculated 416.329) rvas iso- 
lated in small quantity. I ts  ir qpectrum TT as identical with that of bpi-tigogenin, 
shoTYing absorption at 3430 c1n-I (hydroxyl group) and at  981, 918, 896 and 862 
cn1-l (spiroketal moiet) ), with the absorption a t  896 being of greater intensitj- 
than at  918 em-1 (2X-spiroftane). In  all tlc systems used, compound A-12 
had the same mobility as 3-epi-tigogenin. The mass spectrum was very similar 
to that of compound A-11 and of other saturated monohydroxy spirostanes. 
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Jones’ oxidation of -4-12 afforded a compound n-hich had tlc arid ir spectral 
characteristics identical n-it11 those of tigogenone and which, on reduction n-ith 
eodium borohydride in methanol. gare a compound with the same tlc and ir 
characteristics as tigogenin. Although insufficient compound -1-12 n-as isolated 
to obtain further information, it T T - ~ S  concluded to be 3-epi-tigogenin (fig. Ib) .  

To our knom-ledge, this is the first record of the isolation from a plant source of 
of 3-epi-neotigogenin and 3-epi-tigogeniq but the latter compound bas been 
synthesized (10). In an earlier paper, we identified a sapogenin isolated from C. 
ceiiuijolia leaves as smilagenin, on the basis of tlc, ir, and mass spectral data. 
although its mp n-as higher than that of smilagenin ( 3 ) .  The tlc systems de- 
scribed in that paper did not separate compounds A-ll and h-12 from each other 
or from smilagenin. Moreover, the mass spectra of all three compounds are very 
similar. It is highly probable that the material isolated in the earlier study was a 
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FIG. 2 .  Tlc separations of 3a- and 33-nionohydrosy spirostanes. 
.Idsorbent. h silica gel G :  B. silica gel G, containing 2 5  silver 

nitrate.  
Development solvents. -1. three-fold in n-hexane-ethyl acetate (4: l )  : 

B. three-fold in dichloromethane-acetone (49:l). 
Locating reagent. 50$ sulhiric acid. 
Bpirostanes. 1 =smilagenin: Z=sarsasapogenin: 3 =3-epi-tigogenin: 4= 

3-epi-neotigogenin: 5 =3-epi-diosgenin: 6 =3-epi-sceptrumgenin: 7 = tigogenin; 
8=neotigogenin; Q=diosgenin: lO=yaniogenin: 11 =3-epi-sniilagenin: 32= 
3-epi-sarsasapogenin; 13 =3-epi-hecogenin: 14 = hecogenin. 
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mixture of 3-epi-neotigogenin and 3-epi-tigogenin. As the ir spectrum of the 
isolated material was consistent with its being a 25R-~apogenin, it is probable 
that 3-epi-tigogenin predominated. It has been slioivn that the proportion of 
25R- to 255'-sapogenins varies considerably between different samples of C. 
camzjololia leaves (1-3). 

On tlc in qystem 
111, 1-2 had the same mobility a? 3-epi-diosgenin and 3-epi-qceptrumgenin; but 
in system IV, ri-2 had a slightly higher Rf value than these two reference com- 
poundq. Moreover, it gave a J ellon- color n it11 50% sulfuric acid, whereas 
both 3-epi-dio*genin and 3-epi-sceptrumgenin gave purple colors. It was not pos- 
sible to characterize the compound. 

Compound B-1 cr-ctallized as needley mp 182" (literature value (11) for yamo- 
genin 184-185"). I ts  tlc, ir and mass qpectral characteristics were identical to 
those of yamogenin and, on hydrogenation over Adams' catalyst, a compound 
which had the same mobility as neo-tigogenin was formed. B-1 was identified as 
yamogenin, n hich n e  have isolated previouqlj- from C. caitnifolia leaves ( 3 ) .  

B-2 n-as obtained in small quanti As its tlc and ir characteriqtics nere 
identical to those of diosgenin, this ide t y  ryas assigned to the compound. 

Earlier the 3-epi-neotigogenin and 3-epi-tigogenin mixture was erroneously 
identified as sniilagenin becauqe the three compounds had identical mobility in 
the developing solvents used ( 3 ) .  Therefore, a study of tlc systems that Tyould 
resolve the 3a- and 3/i?-monohydroxy spirostanes n as undertaken. Smilagenin, 
sarsasapogenin, 3-epi-tigogenin and 3-epi-neotigogenin are not resolved by system 
111. Blso, 3-epz-diosgenin and 8-epi-sceptrumgenin are not separated from each 
other and tigogenin, neotigogenin, diosgenin, yamogenin, 3-epi-qmilagenin and 3- 
epi-sarsasapogenin run together (fig. 2). More complete separation of the com- 
pounds iq achieved by system IT, but neotigogenin and 3-epi-neotigogenin are 
not qeparated from each other. However, these two can be easily distinguished 
by qystem 111. Sarsasapogenin and 3-epi-tigogenin are not resolved and neither 
are 3-epi-diosgenin and 3-epz-sceptrumgenin (fig. 2). The sulfuric acid locating 
reagent produced yellon colors n-it11 all the compound, \Tit11 the exception of 
hecogenin and 3-epz-hecogenin, Ti-liicli turned yellon-iqh-bron n ;  diosgenin, 3-epi- 
dioqgenin, yamogenin and 3-epi-sceptrumgenin became pinkish-purple. 
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