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Abstract—Four new triterpenoid glycosides, corchorusins C;, D;, D, and D, 1solated from the aerial parts of
Corchorus acutangulus were respectively 1dentified as saikogenin C, 3-0-8-D-galactopyranoside, saikogenin B, 3-0-8-
D-glucopyranosyl (1—2)-f-D-galactopyranoside, longispinogenin, 3-0-B-D-glucopyranosyl (1-—2)-B-D-galactopy-
ranoside and saikogenin C, 3-0-8-D-glucopyranosyl (1 —2)-8-D-galactopyranoside (6) based on their spectroscopic

properties and some chemical transformations.

INTRODUCTION

In a previous communication [1], we reported the isola-
tion and structural elucidation of four new tnterpenoid
glycosides, corchorusins A-D obtained from the leaves of
Corchorus acutangulus. The close similarity in structure
of these corchorusins with the saikosaponins isolated so
far only from the medicinally important Bupleurm sp
[2-4] (Umbelhiferae) of Japan, China and Korea pro-
mpted us to investigate further for the other saponin
constituents of the leaves. We have been successful in
tsolating a further four new saikosaponin-like triterpen-
oid glycosides. This paper reports the isolation and struc-
ture elucidation of these biologically important saponins.

RESULTS AND DISCUSSION

The n-BuOH soluble fraction of the methanolic extract
of the leaves of C. acutangulus on chromatographic
purification followed by systematic HPLC separation led
to the 1solation of four more new triterpenoid glycosides
which we have called corchorusins C,, D,-D,.

Corchorusin C, (1) on acid hydrolysis yielded a genin
(2), and a sugar constituent, identified by PC and GC as
D-galactose by comparison with an authentic sample.
The genin (2) exhibited three UV maxima characteristic
of a heteroannular diene. It was 1dentified as saikogenin
C by comparison with an authentic sample [5]. That
satkogenin C (2) 1s the genuine aglycone of the saponin (1)
was ascertained by !>*C NMR spectral data of the latter
(Table 1) which shows the characteristic signals assign-
able to the carbons of the compound (2). The permethyl-
ate (3) obtained by treatment of compound (1) with
sodium hydride-methyl 10dide 1n hexamethylphosphor-
amide (HMPA) exhibited in its '"HNMR spectrum a
signal at §4.24 (1H, d, J =7 Hz) assignable to the H-1 of
galactose ndicating the S-configuration (*C, conform-
ation) at the anomeric centre of the sugar. The anomeric
configuration was further supported by the apphication of
Klyne’s rule [6] of molecular rotation. The permethylate
(3) on hydrolysis led to the formation of 2,3,4,6-tetra-O-
methyl-D-galactose and 16,28-di-O-methyl-satkogenin C
(4) whose acetate (5) showed in its '"H NMR spectrum a
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signal at 64 82 (1H, dd, J=10.5 and 6 Hz) assignable to
the C-3 proton gemunal to the AcO group Thus, the
attachment of galactose 1n corchorusin C, was demon-
strated The '*C NMR data of compound (1) (Table 1)
also supported 1ts structure as saikogenin C3-0-8-D-
galactopyranoside (1).

Corchorusin D; (8) displayed an UV absorption
maximum at 280 nm characteristic of a homoannular
diene system. On hydrolysis 1t yielded D-glucose and p-
galactose (identified by GC of their alditol acetates and
comparison with authentic samples) and a genin which
was eventually characterised as saikogenin B (9) by com-
parison of its mp, [a]p and "H NMR data with those of
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an authentic sample [7]. The sequence of the two hexoses
m compound (8) was deduced by the generation of the
prosapogenin (10) by partial hydrolysis, which on acid
hydrolysis Itberated the aglycone (9) and the only sugar
constituent, identified as D-galactose. Consequently, it
was demonstrated that galactose 1s directly linked to
satkogenin B (9), and that glucose s present as the
terminal sugar. Moreover, the permethylate (11) on acid
hydrolysis yielded 2,3,4,6-tctra-O-methyl-D-glucose and
3,4,6-tr1-O-methyl-D-galactose as sugar constituents, and
16,28-d1-O-methyl satkogenin B (12). The acetate (13) of
compound (12) showed 1n 1ts 'H NMR spectrum a char-
acteristic signal indicating the presence of an acetoxy

Table 1 '*CNMR chemical shifts 3. (+0 1) of satkogemin C (2), saikogenin B (9),
longispinogenin (15), corchorusin C, (1), corchorusin D, (8), corchorusin D, (14) and
corchorusin D, (6) measured in pyridine

Carbon 2) 1) 9 8) (15) (14) 6)
1 378 384 378 3717 388 395 384
2 280 265 287 271 268 263 264
3 785 890 778 889 788 890 890
4 397 396 396 397 389 389 396
5 556 554 518 520 552 559 555
6 189 185 18.6 184 183 184 185
7 330 327 326 332 326 333 326
8 402 403 4317 432¢ 39 8° 40 1* 404
9 545 544 1549 1549 469 472 543

10 370 367 390 384 370 367 366

11 1271 1270 1161 1160 235 241 1270

12 125.8 1257 1212 1212 1223 1226 125.8

13 136 6 1365 1453 1453 1432 1438 1364

14 444 44 3¢ 432* 429 437 439 443

15 351 352 361 360 360 366 352

16 763 762 669 671 675 666 761

17 444 44 42 406 405 402* 39 5¢ 443

18 1334 1333 426 423 447 446 1333

19 387 395 470 471 469 472 396

20 326 323 310 310 307 309 322

21 353 349 341 342 338 335 348

22 302 299 262 261 262 26.3 298

23 278 274 288 284 280 281 273

24 159 160 166 16 8 160 165 162

25 183 182 2100 210° 156 156 182

26 172 171 213° 21 4° 167 169 170

27 221 220 255 254 268 270 220

28 640 639 694 696 708 698 639

29 250 248 332 332 330 330 249

30 323 322 240 242 239 238 322

Gal-1 1057 105 5¢ 1054® 105 6

Gal-2 727 814 811 814

Gal-3 749 718 7n7 77

Gal-4 697 698 698 699

Gal-5 760 765 764 764

Gal-6 619 6214 620° 621°

Gile-1 105 1¢ 105 0° 105 1*

Gic-2 752 751 751

Gic-3 779 778 778

Glc-4 718 717 77

Glc-5 776 775 776

Glc-6 6284 627° 62 8°

*~4G1gnals may be interchanged within each vertical column

Gal =Galactose, Glc=Glucose
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function at C-3. Consequently, the linkages of the two
sugar units could be demonstrated. The f-linkages (*C,
conformation) of the two anomeric protons were evident
from the '"HNMR spectrum of compound (11). The
13C NMR spectrum of corchorusin D, (8) (Table 1) is in
agreement with the structure shown. The signal assign-
ments of compound (8} were made by comparison of the
13CNMR data of the aglycone {2] (9) and the methyl
sugars [8] using known chemical shift rules [9] and
glycosylation shifts [10, 11]. Thus, corchorusin D, was
shown to be saikogenin B 3-0-8-D-glucopyranosyl
(1-2)-8-D-galactopyranoside (8).

Corchorusin D, (14) was transparent in its UV spect-
rum above 205 nm and on acid hydrolysis it liberated p-
glucose and D-galactose as sugar constituents, and lon-
gispinogenin (15) as the aglycone, 1dentified by direct
comparison with an authentic sample [7,12]. Its
13C NMR spectrum (Table 1) strongly suggested that the
structure of its carbohydrate moiety 1s similar to that of
corchorusin D, (8) and the complete structure of this
saponin as shown was ascertained by generation of the
prosapogenin (16), characterised as corchorusin A [1] by
direct comparison and preparation of the permethylate
(17) followed by hydrolysis and identification of the
partially methylated sugars and the genin (18).

The UV spectrum of corchorusin D5 (6) displayed the
triple absorption maxima characteristic of heteroannular
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diene and on acid hydrolysis 1t afforded D-glucose, D-
galactose as sugars and saikogenin C (2) as the aglycone
Its structure as satkogenin C3-O-f-D-glucopyranosyl
(1—2)-B-D-galactopyranoside (6) was established by the
study of 1ts '3C NMR data (Table 1) and also by the
preparation of its permethylate (7) followed by hydrolysis
and identification of the partially methylated sugars.

It is noteworthy that saikosaponins containing saiko-
genins as aglycones and different combinations of fucose,
glucose and rhamnose have been reported so far only
from various medicinally used Bupleurum species (Um-
belliferae) occurring 1in Japan, China and Korea [13].
Some of the satkosaponins have been reported to have
antiviral [14], antunflammatory [15], haemolytic [16]
and plasma-cholesterol lowering [17] activity. C. acutan-
gulus growing wild in India appears to be the only
alternative plant of different genus and family so far
which contains saikosaponins-ltke compounds. The
activity profile of the corchorusins seems to be very
mteresting in view of therr structural similarity with the
satkosaponins.

EXPERIMENTAL

Mps uncorr TLC was carried out on silica gel 60 HF 5,
(Merck) with the following solvent systems (A)
benzene-CHCIl;-EtOAc (1:2 2), (B) H,O-CHCl, (1 30) and
then MeOH was added until the soln became clear PC for
sugars was performed on Whatman No 1 with solvent system
(C): n-BuOH-pyndine-H,O (6 4.3), other solvent systems are
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detailed 1n the text A satd soln of amline oxalate in H,O was
used as visualization agent. GC was carried out on the following
columns (1) 3% ECNSS-M at 190°for alditol acetates and (1)
OV-225 at 195° for partially methylated alditol acetates IR
spectra were recorded in Nujol mulls 'HNMR spectra were
recorded at 100 MHz in CDCl; or CsD4N solns '3C NMR
spectra were recorded on the same nstrument operating at 25
MHz using CDCl, or CsDsN solns with TMS as int standard
HPLC analysis was done with a Spherisorb S-10-ODS reversed
phase column (25 cm length, 1d 10 mm) with a Rl detector
Petrol refers to the fraction boiling in the range 60-80°

Isolation of saponins Air-dried powdered aenal parts of C
acutangulus Lam (1.3 kg) was successively extracted with petrol
CHCl; and MeOH The MeOH extract was partitioned be-
tween n-BuOH and H,0 The organic layer was concd to
dryness under red pres to give a residue (36 g) which was
chromatographed on silica gel (800 g) Gradient elution was
effected with CHCI, followed by CHCl;-MeOH mixts Frac-
tions (250 ml each) were monitored by TLC Early fractions
eluted with CHCl;-MeOH (9 1) and (17 3) yielded previously
reported [1] corchorusins A, B and C and the fractions eluted
with CHCl;-MeOH (87 13) and (4 1) were collected and sub-
jected to HPLC sepn on a reversed-phase Spherisorb S-10-ODS
column with MeOH-H,O (3 1) and (7 3) Thus, corchorusin C,
(016g) D(025g), D, (021 g), D, (017 g) and D; (023 g) were
1solated of which the structure elucidation of corchorusin D has
already been reported [1]

Corchorusin C, (1) Crystalhzed from CHCl;-MeOH as mu-
cro-needles, mp 253-255%, [a]p —45° (MeOH, ¢ 025) (Found C,
699, H, 950 C44Hs304 requires C, 69 97, H, 945%)

Hydrolysis of corchorusin C, (1) 1 (80 mg) on hydrolysis with
2 M HCl1n aq MeOH (15 ml) at 100” for 5 hr followed by usual
work-up yielded saikogemin C (2) (30 mg), mp 291-293°, [«],
—46° (¢ 035 in pyndine) (it {5] mp 291-294 ", {a}, —458")
'H NMR data comparable with authentic sample. The filtrate
from the hydrolysate was neutralized with Ag,CO,, filtered and
a portion of the filtrate concd under red pres and tested for
sugars by PC using n-BuOH-pyridine-H,O (6 4 3) Only one
spot corresponding to D-galactose was obtamned The other
portion of the filtrate was reduced with NaBH, and worked-up
in the usual way The residue was acetylated with
Ac,O-pyndine (1 1) at 100° for 1 hr, dried in vacuo, purified by
chromatography over silica gel and subjected to GC analysis on
column (1) A single peak, corresponding to D-galactitol acetate,
was obtained

Permethylation of corchortsin C, (1) and hydrolysis A soln of 1
(80 mg) .in HMPA (10 ml) was treated with NaH (400 mg) and
Mel (10 m}) at room temp for 3 hr After work-up as usual the
restdue was purified by chromatography to yield the permethyl-
ate (3) (68 mg) as a colourless powder, IR (no hydroxy absorp-
tion), "H NMR (CDCl;) 6077 (3H, s), 081 (3H, s) 088 (3H, s),
094 (3H, s), 101 (3H, s) 105 (3H, s), 120 (3H, s) (together 7
x Me), 325,332,345, 348, 355, 362 (together 6 x OMe), 3 84
(1H,d, J=7Hz, 28-H),40(1H, d, J =7 Hz,28-H') 4 28 (1H, d, J
=75 Hz, 1-H of galactose), 5 58 (1H, d, J= 11 Hz) and 6 40 (1H,
dd, J=11 and 2 Hz, 11-H, 12-H) The permethylate (3) (25 mg)
was hydrolysed with 2 M HClin ag MeOH (10 ml) for 3 hr The
reaction mixt was cooled, evapd to dryness in vacuo, dil with
H,O and filtered The filtrate was neutralized with Ag,CO, and
filtered The filtrate was concd, reduced with NaBH, and work-
ed-up in the usual manner The residue was acetylated with
Ac,O-pynidine (1 1) at 100° for 1 hr, dried 1n vacuo and sub-
Jected to GC analysis using column (n) Only one peak was
detected and this was identified as 2,3,4,6-tetra-O-methyl-p-
galactitol diacetate by comparison with an authentic sample
The residue on chromatographic purification yielded 16,28-di-
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O-methylsaikogenin C (4) (10 mg), mp 137-139°, [a], —45°
(CHCl,, ¢ 05), (it [18] mp 138-140°, [a], —44")

Corchorusin D, (8) Crystallized from MeOH as needles, mp
234-236° (dec), [a]p +176° (MeOH, ¢ 0 19), UV AM<OH 280 nm
(¢8100) (Found C, 645 H, 88 C,;H.,0,, requires C. 64 59, H,
8 78%)

Hydrolysis of corchorusin D, (8) 8 (80 mg) was hydrolysed
with 2 M HCl 1n aq MeOH (10 ml) and worked-up as usual to
yield p-galactose and D-glucose (1dentified by GC comparison of
alditol acetates with authentic samples) as sugar components
and satkogenin B (9) (22 mg), mp 268-269, [z, + 278" (MeOH,
c092), (it [7], 267-269, [a]p +2855%)

Permethylation of corchorusin D (8) and hydrolysis Permeth-
ylation of 8 (90 mg) was done as described for corchorusin C, to
give the permethylate (11) as a colourless powder (82 mg), mp
102-105°, "H NMR (CDCl;) 3084 (3H,s), 088 (3H, s) 096 (3H,
s), 1 08 (6H, s), 116 (3H, ), 128 (3H, s) (together 7 x Me), 328
(3H, s),336(3H,5), 340 (3H. 5}, 342(3H.5), 3 52(6H, 5), 3 56 (6H,
s). 364 (3H, s) (together 9 x OMe), 388 (1H. d, J =8 Hz 28-H),
402 (1H, d, J=8 Hz 28-H’), 428 (1H., d. /=7 Hz, 1-H of
galactose umt), 472 (1H, d, J =7 Hz, 1-H of glucose unit) and
560 (2H, s, 11-H, 12-H) The permethylate (11) (50 mg) was
hydrolysed 1n refluxing 2 M HCl 1n ag MeOH (15 ml) for 3 hr
The carbohydrate and aglycone fractions were worked-up as
described for compound (3) above The peaks corresponding to
3,4,6-tr1-0-methyl-p-galactitol triacetate and 2,3,4.6-tetra-0-
methyl-p-glucitol diacetate were 1dentified by comparison with
authentic samples The partially methylated aglycone was puri-
fied as usual to give 16,28-d1-O-methylsatkogenin B {12) (15 mg),
mp 135-137-, fa]p +272° (CHCly, ¢ 081) (Found C, 792, H,
10 8 C;,H;,0; requires C, 79 28. H, 10 81%) The monoacetate
(13) prepared 1n the usual manner shows mp 128-129", [a],
+263° (CHCl;, ¢ 052), '"HNMR (CDCl;) 3485 (1H, dd, J
=105 and 6 Hz, 3-H) (Found C, 776, H. 103 C;,H,,0,
requires C, 77 52, H, 1033%)

Prosapogenin (10) and satkogenin B (9) Corchorusin D, (8)
(55 mg) was hydrolysed with 075 M H,SO, in EtOH (6 ml) at
100° for 20 min After usual work-up the ppt was subjected to
prep TLC (CHCl,-MeOH. 4 1) Thus, the partially hydrolysed
prosapogenin (10) (5 mg) and satkogenin B (9) were 1solated 1n a
pure state Compound (10) on crystallization from MeOH yield-
ed microneedles, mp 246-248°. [z}, +256 (MeOH, ¢ 065)
(Found C, 698, H, 95 C;,H304 requires C, 69 87, H, 9 45%)
On acid hydrolysss this prosapogenin Iiberated satkogenin B (9)
and D-galactose

Corchorusin D, (14), longispinogenin (15) and prosapogemin
(16) Compound (14) crystallized from MeOH as needles, mp
222-224°, [2], +24 8° (MeOH, ¢ 025) (Found C, 645 H,90
C,,H,00, ;3 requires C, 6442, H, 9 01%) On usual acid hydroly-
s1s 1t afforded longispinogenin (15) mp 220-221 |, [«], +67, (1t
[7], mp 222-223°, [a]p + 68’). D-galactose and D-glucose Com-
pound (14) on partial hydrolysis as described for (8) yielded
prosapogenin (16) identical in all respects with corchorusin A
(1

Permethylate (17) and partially methylated aglycone (18) Com-
pound (14) (75 mg) was permethylated as described for corchor-
usin C, (1) The permethylate (17) was obtained as a colourless
powder (60 mg), mp 124-126°, '"H NMR (CDCl,) 082 (3H, s),
090 (3H, s), 092 (6H, ), 098 (3H, <), 1 04 (3H, s), 1 20 (3H, 5)
(together 7 x Me), 328 (3H, s), 332 (3H, 5), 333 (3H., 5), 3 37 (3H.
s), 348 (3H, s), 3 52 (3H, 5), 356 (3H, 5), 3 58 (3H, s5), 360 (3H, )
(together 9 x OMe), 4 24 (1H. d. J =7 Hz, 1-H of galactose), 4 70
(1H, d, J= 7 Hz, 1-H of glucose) and 5 28 (1H, m, 12-H) On
usual acid hydrolysis 1t afforded 3,4,6-tri-O-methyl-p-galactose,
2,3,4,6-tetra-O-methyl-p-glucose 1dentified as described above
and 16,28-d1-O-methyl longispinogenin {17 (18)
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Corchorusin D (6) and permethylate (7). Compound (6) crys-
tallized from MeOH as micro-needles, mp 240-242°, [a], —19°
(MeOH, ¢ 032), iM<OH 242 (£22300), 251 (£24600) and 261 nm
(£ 16400) (Found: C, 64 5, H, 8 8 C,,H¢30, ; requires C, 64 59, H,
8 78%) Compound (6) (70 mg) on permethylation as described
above afforded the permethylate’ (7) as colourless powder
(55 mg), mp 120-122° 'H NMR (CDCl,): 50 76 (3H, 5), 0 80 (3H,
5) 088 (3H, 5), 096 (3H, s), 10 (3H, 5), 104 (3H, 5), 1 28 (3H, s)
(together 7 x Me), 3.24 (3H, s), 3 32 (3H, s), 3 40 (6H, s), 3 46 (3H,
s), 348 (3H, s), 354 (3H, s), 3 56 (3H, s), 3 62 (3H, s) (together 9
x OMe), 384 (1H, d, J =8 Hz, 28-H),4 0(1H, d, J =8 Hz, 28-H"),
428 (1H, d, J =17 Hz, 1-H of galactose), 4 72 (1H, d, J =7 Hz, |-H
of glucose), 557 (1H, d, J= 12 Hz)and 6 42 (1H,dd, J =2, 12 Hz,
11-H, 12-H)
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