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Abstract-From the seeds of Corchorus trilocularis, subjected to autofermentation, two crystalline glycosides 
were isolated. The major glycoside is new and named trilocularin, the minor identical with corchoroside B. Trilo- 
cularin was shown to be the 3-O-P-o-boivinoside of canarigenin from chemical and spectral evidence. 

The genus Corchorus has been investigated by a 
number of workers and reported to contain car- 
diac glycosides [l-9]. Our examination of the 
seeds of C. trilocularis L., which was not investi- 
gated earlier, revealed the presence of four car- 
denolides, A, B, C and D. Of these, compounds A 
(major) and D (minor) are glycosides. Compound 
A which is new is named trilocularin, while com- 
pound D was found to be identical with corchoro- 
side B [l] whose constitution was reported by us 
earlier [8]. 

Scheme 1. 

Trilocularin (1) crystallized from acetone-ether 
as fine needles and gave a deep violet colour with 
the Kedde reaction and an orange-red Legal test 
showing its cardenolide nature. The elemental 
analysis (CzsH,z07) indicated that it is a glyco- 
side. The UV absorption maxima at 220 nm (log 
E 4.2), and IR bands at 1620, 1736, 1775 (cc&unsa- 
turated y-lactone) 3400 cm-’ (OH group) further 
confirmed the cardenolide nature of the com- 
pound. The presence of an isolated double bond 
was shown by yellow colour with tetranitrometh- 
ane. The Keller-Kiliani reaction and xanthydrol 
tests were positive suggesting that (1) contains a 2- 
or 2,6-dideoxy sugar. Micro Zeisel determination 

* Presented at the 8th I.U.P.A.C. Symposium on the che- 
mistry of natural products held at New Delhi, February, 1972. 

and NMR of (1) showed the absence of a methoxyl 
group but (1) formed a diacetate and hence the two 
acylable hydroxyls are present in the sugar moiety. 

Since (1) shows a positive Keller-Kiliani reac-. 
tion it should hydrolyse completely to a sugar and 
steroid alcohol under very mild conditions [lo] 
according to Scheme 1. Indeed (1) hydrolysed un- 
der the above conditions to give a sugar and a 
genin and both were isolated in crystalline form. 
The genin gave an intense brownish yellow colour 
with tetranitromethane and did not form an ace- 
tate. It was identified as 3,5_dianhydroperiplogenin 
(2) [ll]. The UV data (225, 236 nm) also fully 
agreed with (2). Hence, no hydrolysis took place 
but elimination of the sugar according to Scheme 
2. Such a reaction is characteristic of derivatives of 
substituted ally1 alcohols. In cardenolides this 
phenomenon was first observed in acofrioside L 
Cl23 and later in other glycosides derived from 
canarigenin (3), a A4 analogue of digitoxigenin. 

Scheme 2. 

To secure the genuine aglycone of (1) methods 
described by Meyer et al. [l l] for a similar glyco- 
side were employed. Hydrolysis of (1) with ace- 
tone-water-acetic acid proceeded to a large extent 
with the formation of 3&dianhydroperiplogenin 
(2). Chromatography of the hydrolytic product 
yielded two other crystalline components A and B. 
Substance A, analysed for C23H3204 and showed 
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a positive tetranitromcthane and Rosenheim reac- 
tions and formed a monoacetate. These properties 
are in close agreement with canarigenin (3) [I 11 
and the identity was further confirmed by mixed 
m.p. Substance B also analysed for the formula 
Cz3H,,0, and was found to be identical with 3- 
c,pi-canal-igenitl (4) [I I]. 

Hydrolysis of (1) in the presence of aqueous 
methanol containing acetic acid also proceeded to 
a ma_jor extent but with little formation of (2). Two 
other minor components of the hydrolytic product 
were identified as (3) and (4). The major com- 
ponent (5) analysed fbr C,,H,.,O, and had one 

methoxyl. This data and the easy formation of 3,5- 
Jianhydropcriplogenin confirm that (5) is 3-O- 
methyl canarigenin (5). Since partial epimcri/ation 

of canarigenin to 3-(Jpi-canarigenin occurs in acid 
solution. the formation of .?,%dianhydroperiplo- 
genin and the other hydrolytic products suggest 
that the gcnuinc aglqcone in (1) could be either 
canarigcnin or cJ/)i-canarigenin. The proof in sup- 
port of canarigcnin (3) was obtained from NMR 
data. From a stud>, of Dreidung models [1 1] the 
angle hctwrcn the hldrogenh at C‘~ .’ and c‘ ’ in 
canarigcnin is about 85 and in 3-c~/~i-canarigcnin 
about 3.5 and therefore the coupling constant 
should be about 0 cps for canarigenin and about 
4 cps for ?-c~/,i-canarigenili. 3-Epi-canarigenin 
:lctuall~ shoucd ;L doact (,I 1.5 CPS) at d 5s and 
i-O-acethl canarigcnin showed onlh ;I singlet (J 0 
cps) at ci 5.27. The NMR spectrum of ( I ) showed an 
unq?lit signal at (i 5.34 due to the bin!1 proton at 
c’ ~’ and should therefore be a 3rH-A’ steroid gly- 
cosidc. A similar conclusion was also reported for 

canarigenindigitoxoside [I I]. It has also hccn 
observed [ 133 that the h&ox) group (C- ‘--Me) in 
the sugar part appears as ;I rcadilq idcntifiablc 
doublet (J 6 7 C~S) at dl.5 lm. A doublet (.I 7 C~S) 

at h 1.13 in (1) confirms the 2.6~didcox) nature of 
the sugar. 

The MS of (I) was very similar to acofriosidc L 

[ 14) and corchorosidc B [8]. The M ’ ws absent. 

as in acofriosidc L, and the diagnostically impor- 
tant peaks were at 111:~’ 373 (Gcnin G. CI,HJ20, 
3). 354 (GmHzO. C‘,,H,,,O, 2). 339 (G H,O Mc), 
336 (G 2H20). -391 (G ZH,O--Me). 301 (c‘, <Hz, 
9). I? 1 (C’,,H , ,O, Z.&didcoxq sugar ion). 

The sugar residue. ohtaincd from the mild acid 
hydrolysis of (1) analyscd for C‘,,H i ?O, and corrcs- 
pondcd ivith I)-hoivinose (6) bq paper chromat- 

ography. However. another -l.C%didct)xq sugar. I)- 
canarose (7) has been rcportcd to have the same K, 
value but these two sugars can bc difTercntiated bq 
electrophoresis in which (7) moves towards the 

cathode and (6) towards the anode [IS). Elcctro- 
phorrsis of the sugar obtained from (1) together 
with authentic canarosc and hoivinose uncquivo- 
ally proved the sugar of (I) to hc r)-boivinnsc. 

Application of Hudson’s r&s can bc employed 
advantageously to dctcrmine the x or /; conligur- 
ation of the glycoside and simultancoLlsl!.~iico~~sl~ to con- 
firm the aglycone as canarigenin. A comparison of 

the molecular rotations given in Table I illustrates 
this point. 

The calculated molecular rotation for canari- 
genin-/i-r,-boivinop!I-anoside is -- I4 whereas fol 
trilocularin(l)it was found to be - 14.5 Forcanari- 

gcnili-r/-r,-boiviriol~~ranoside the calculated mob 

05 \\ 
( I ) (R = ,k3 - o-8oivonosyl 1 triloculafin 
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Cardenolides from seeds of C. trilocularis 535 

Table 1. Comparison of molecular rotations of cardenolides 

Substance MW Rotation CMln 

Canarigenin 372 
P-Methyl u-boivinopyranoside 162 
Canarigenin-/-wboivinopyranoside 502 
Trilocukdrin 502 
z-Methyl n-boivinopyranoside 162 
Canarigenin-a-wboivinopyranoside 502 
?-Epi-canarigenin 372 
3-Epi-canarigenin-fl-u-hoivinopyranoside 502 
3-Epi-canarigenin-%-wboivinopyranoside 502 

Found: f40 
Calc. 
Calc. 
Found: - 28.9 
Found: + 108 
Calc. 
Found: +I05 
Calc. 
Calc. 

+ 149 
- 125 [Z] 
-24 
- 145 
+ 175 [2] 
+ 251 
+39t 
+ 266 
+ 566 

cular rotation value is highly positive (+ 257”). Still 
higher positive values are obtained for boivino- 
sides of 3-epi-canarigenin (+ 566 for s( and + 266 
for /Y). In spite of the large difference the molecular 
rotation of trilocularin agrees with canarigenin-fl- 
o-boivinopyranoside (both are negative values) 
and hence the structure (1) proposed for trilocu- 
larin is substantiated. This is also in accordance 
with the Klyne’s rule [16] which states that in 
natural cardiac glycosides D-sugars occur as 
j?-glycosides. 

The other two cardenolides isolated in the pres- 
ent work, B and C were identified as 3,5-dianhyd- 
roperiplogenin (2) and canarigenin (3). The pres- 
ence of these two in minor quantities could be due 
to the very labile nature of canarigenin glycosides. 
Both (2) and (3) are perhaps artefacts. 

Working independently and simultaneously on 
Diyitalis canariensis Meyer et al. [l l] and 
Tschesche et al. [ 171 reported canarigenin digitox- 
oside. In addition Tschesche et al. reported 
another glycoside, m.p. 192-6” [x& - 10” whose 
structure was given as canarigenin boivinoside. 
This glycoside was not reported by Meyer and co- 
workers. From canarigenin boivinoside Tschesche 

et al. did not isolate boivinose and the identity of 
the sugar was established only by paper chroma- 
tographic comparison. Meyer rt al. also encoun- 
tered in their work a sugar which had the same R,r 
value in paper chromatography as that of boi- 
vinose, but its rotation was found to be higher than 
boivinose [ 181. This sugar was a hitherto un- 
known 2,6-dideoxy sugar and named canarose; 
this sugar was not reported by Tschesche et a/. 
Later it was shown by Reichstein et al. [15] that 
boivinose and canarose have the same R, value in 
paper chromatography and can be distinguished 
only by electrophoresis. Meyer et al. [ 19, 201 made 
further investigations of D. canariemis and 
reported a number of minor glycosides but not 
canarigenin boivinoside. It was suggested by 
Meyer that the boivinose of canarigenin boivino- 
side of Tschesche could be canarose. Thus the true 
canarigenin boivinoside is for the first time found 
in C. trilocularis. It is probable that trilocularin is 
only a secondary glycoside and the genuine glyco- 
side with one or more glucose units occurs in 
nature. The occurrence of canarigenin glycosides 
in nature is very limited and their distribution in 
plants is given in Table 2. 

Table 2. Distribution of canarigenin glycosides in plants 
_ 

Name of glycoside Plant 

Acofrioside L (30methyl L-rhamnose) 
Canarigenin canaroside 
Canarigenin digitoxoside 
Canarigenin digilanidobioside (not isolated) 
Canarigenin D-fucoside 
Canarigenin glucosidofucoside 
Corchoroside B (L-rhamnose) 

Acocanthrra oppositifolia [12] 
Digitalis canarirnsis [I 1, 19, 201 
Digitalis canariensis [ll, 19, 201 
Digitalis canariensis [I 1, 19. 201 
Digitalis canarirnsis [I 1, 19, 201 
Digitalis canariensis [I 1, 19, 201 
Corchorzrs capsularis [S] 
C. trikularis 

Trilocularin (whoivinose) C. trilocularis 



EXPEHIIMESTAL 

t> ~riac~iiorc und isolatim of c~urd~didc.~. The seeds (500 g) of 
Cow/~or~~s tri[orlrlari.\ xsere powdered and cxtractcd wth petrol. 
(J x I Iitrc) at 30 On concn an oily residue was obtained (60 

g), The defatted seed powder was wetted with HZ0 (I 250 ml). 
toluene (IO ml) added to cover the HZ0 la!er and kept in an 
incubdtor at 37 for 4X hr. The matcrlal \\;Is cvtracted with 
h4cOH (3 x 1.5 1.) untd the mart !vas no longer- bitter. The 
McOH extract was cone at 45 under red. press. (350 ml) and 
diluted with MeOH until no more ppt. occurred. It was filtcrcd 
and the filtrate treated with fwshly precipitated lead hldroxidc 

and vieorousl\ shaken for 10 mm. and again filtered. The til- 
tratc was adjusted to pH 6 and further cone under red. prcsa. 
at -15 (30 ml). and Icft at 0 %,hcn a cr>stallinc material de- 
posited (0.6 g (I) trilocularin). The mother liquor was frac- 
tionatcd Gng petrol.. Et?0 and (‘HC’I,. Jhc organic laqcrs 

washed with 2 N Na,CO, soln and HIO. dried and cwporatcd 
(petrol, extract 0.7 g); EtzO extract I+12 g: C‘HC‘I, extract 0.2 

g). On cr~stalliration from Me,CO-Et,O. the Et,0 extract 
yicldcd a iut-ther quantity of (1) (05g). The mother liquor 01 

the Et,0 extract (0.5 g) was chromatographed on alumina (I 5 
g) and cluted with C,H, CHCI,, <‘HCl,3 and CH(I, McOH 
mixtures. CHCI, C,H, (I : I ) and CHC‘I, cluates on crystalli?a- 
(ion furnished i._-dianhydropcriylogerlirl (2. 20 mg) and canari- 
gcnin (3. 20 mg) respecti\cly. C‘HC‘I, McOH (W: I and 9S:7) 
clualc\ on concn jiclded a further quanlity of11 t 120X mg). The 
CHCI,\ McOH (4: 1) eluatc gaw corchurosldc 8 (8. 40 mg). The 
CHCI, extract &as chromatographcd on alumina (7 g) as before 

and (I) (40 mg) and 8 (20 mg) were obtained. 
Triioctricwr~ (1) cr!stallizcd from MeLc‘O Et?0 a5 fine col- 

ourless ncedles, m.p. I70 (softening) I X0 X7 ZOO ‘15 I6 : 
CT]:)” - 28.Y IC’ 1.01. (‘HCI,): (Found: C. 69.5; H. X.2: 
CLUHLLOT requires C; 693; X,4”,). NMR 60 MHz (DMSO. in- 
ternal standard TMS): 6 0.81 (3H. .5. Mc 3t C-18). 0.95 (3H. .s. 

Me at C-19). I.l2(3H, (1, J 7Hz. Me at C-5 of sugar). 2,75 tIH. 
s. z-1-i at C- 17). 4-I: (1 H, s P-OH at C-14). 4.52 (I H. rl. .I 6Hr. 
1-H at C-3). 3.85 (2H, s, ‘H at C-21). 5.14 (IH. \, H at A”). 5S6 
( I H. ,s. H at C-22) Kedde reaction. deep violet. Logal reaction. 
orange- red: Keller-Kiliani test. blue: xanthydrol test, red: 

Tetranitromethane. pale yellow; Liebermann ~Burchard test, 
rose ~-cd violet blw green; Y4”, H,SO,. dark brown~bro\vn- 

ish red -cloiet black: cow. H?SO,, dark brown brownish red 
grelish black. Di-0-trcc~r~l tr~lowlurin: 1 (100 mg) was treated 

nith CiHiN (1 ml) and AczO (0.6 ml) and kept at 20 for 3X 
hr. Excess reagents were removed and the product uas taken 
up in C’HCI,- Et20 (1:3) (60 ml) and washed with ? N H<‘I (IO 
ml), 2 N Na,CO, (10 ml) and Hz0 (10 ml). After drying and 
evaporation the residue (1 16 mg) crystallized from Me,C‘C> 
Et,0 as wed&. m.p. 234 (sintering) 3~~31 : [3JfI” - 5.X : I< 

O.Y2 (WC’I,) (Found: (‘, 673: H. 7-7: C’.I,H+,,O., rcqulw\ (‘. 
67.6: H. 7+“,,1. 

Irolutior7 of’3..i,-diirrf/i!,droyc,ri/lfogi,,iirf (2): 1 (100 fng) was dis- 

solved m MeOH (IO ml) and 0.1 N HZSO, (IO ml) was added 
and rcfluxed for 30 min. MeOH v~as removed and the aq. sus- 

pcnslon was extracted with CHCI, (the aq. laker ~11s \borked 
up for sugars) and soln evaporated. The residue crystallized as 
lustrous prlsmatlc plates from MezCO Et,O. mp. 208 I6 : 
[~z];>” - -15.3 (t. 1.1 C‘HCI,): (Found: (-. 77.5: H. X.4: 
CIL3H3,,03 rcqulrcs c‘. 77.8; H. X.6”,,). Kcdde reachon. violet: 
Tctt.anitrometh;lll~. brownish ycllou : Keller Killani, no hluc 
colour; cont. H,SO,. carmmr red, deep lilac to violet. 

Irk~nt$rtrrion of whoi~vms~~ (6): The aq. acidic soln left after 

chtraction with CHCI, from the hydrolysis was neutralired 
with freshly precipitated BaCO,. filtered and evaporated to a 

syrupy residue. It crystallized from EtlO- Mc:(~‘O as thick 
prisms, m.p. 97- IO0 : [r]jJ,” - 13.8 (~,071 Mc:2(.yO) (Found: C. 

4X.X: H, 8.5; ChH,204 requires C‘. 4X.6: H. X.1”,,). hcllcl 

Kiliani [-caction. blue; xanthcdrol reaction. red: m m.p u lth 
authent~ wboivinose was undcprcsscd. PC‘ (Whatm‘tn Pi’o. I) 
was carried out in the following s!stemh: tolucnc BuOl-1 (1 : I ) 
HZ0 for 20 hr; toluenc BuOH (I :2) HZ0 for- Ih ht-. II~JIIUII~ 

mcthql cthjl kctonc I I : 1) H,O for 4X hr. The papcrb \\ctc 112. 
wlopcd Kith vanillin perchloric acid rcapcnt P;II)L’I. clcctro- 
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cone crystallized from Me,CO-Et,0 as glistening plates, m.p. 
20% 14”. M.m.p. with 3,5_dianhydroperiplogenin was unde- 
pressed. The sugar moiety was isolated as described under trilo- 
cularin. The residue crystallized from Me,CGEt,O as prisms, 
m.p. 73-85”; [~]b + 9.2” (c 0.82 HzO). PC and TLC with auth- 
entic L-rhamnose proved the identity of the sugar as L-rham- 
nose. 
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