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Abstract—Ten minor saponins, momordins Ia-Ie and ITa-Ile, were isolated from the root of Momordica cochinchinen-
sis, along with the known major saponins, momordins I and II. Their structures were established on the basis of
chemical and spectroscopic analysis. The structures of the two new saponins were assigned as 3f-{([O-B-D-
xylopyranosyl-(1 —2)-0-f-D-xylopyranosyl-(1 - 3)]-O-§-D-glucopyranuronosyl)oxy}-olean-12-ene-28-o1c  acid for
momordin Id and momordin 1d-28-8-D-glucopyranosyl ester for momordin IId. It was confirmed that the genuine
saponin present in the root was not the monodesmoside but the bisdesmoside, though the former 1s the major

component mn the dry root

INTRODUCTION

Momordica cochinchinensis (Cucurbitaceae) 1s a perennial
plant indigenous to tropical regions and distributed
throughout China, Taiwan and southeast Asia The dry
root of this plant, ‘Mubie-gen’, 1s used as an expectorant
and an anti-inflammatory drug i Chinese medicine [1].
Kuwada and Fuwa were the first to 1solate saponins from
the root of which the aglycone was oleanolic acid They
named this component momordin, but they could not
elucidate the structure {2] Recently, Okabe et al. repo-
rted that ‘momordin’ 1s composed of at least three
saponins, momordins I (1), 1T (2), and IHI (3) [3], and that
2 1s identical to hemsloside-Mal which was 1solated from
Hemsleya macrosperma by Tanaka et al. [4]. This paper
deals with the detailed investigation of ‘momordin’ and
the discussion on the genuine saponin present in the root
of M. cochinchinensts.

RESULTS AND DISCUSSION

Ten minor saponins were isolated from aqueous meth-
anol extracts of the dry root of M. cochinchinensis, mom-
ordins 1 a (4), Ib (5), Ic (6), Id (7), Ie (8), I1a (9), ITb (10), I1c
(11), 11d (12), and Ile (13), along with the two known
saponins, momordins T (1) and II (2) by the procedure
described in the Expermmental

Every saponin 1solated gave oleanolic acid (14) on
acidic hydrolysis Moreover, they were separable into two
classes, the monodesmosides (¢.g. momordin I) and the
bisdesmosides (e.g. momordin II); momordins ITa—Ile
(9-13) affording momordins I, Ib-Ie, respectively, and
glucose on saponification. In the 'H NMR spectra of the
bisdesmosides, the signals of the anomeric protons at
6633 (d, J=8.1 Hz) showed that the esteric glucose had
the B-configuration. In fact, the signals of momordins
Ta-lIe (4-8) were very stmilar to those of 1 and those of
momordins ITa—Tle (9-13) were close to those of 2 except
for the signals for the sugar moieties at C-3 in the
t3C NMR spectra (Table 1).

Momordin la (4) yielded glucuronolactone and arabin-
ose together with 14 on acidic hydrolysis. In the
13C NMR spectrum, the signal of the carboxyl carbon at
C-6' was shifted upfield from that of 1 by 2 ppm and a new
signal ascribable to a Me ester was observed at 652 1 The
structure of 4, therefore, was determined as 6-meth-
ylmomordin 1. As the **C NMR spectrum of momordin
ITa (9) resembled that of 4 except for the glucosyl ester
motety, it was assumed that 9 was identical with 6'-
methylmomordin II This was confirmed by direct com-
parison with a sample produced by methylation of 2 with
diazomethane [3].

Momordin Ib (5) afforded glucuronolactone as the
only sugar motety on acidic hydrotysis. The '*C NMR
spectrum suggested that 5 was the C-3 glucuronide of 14
The signal of the anomeric proton of the glucuronide
appeared at 4506 with the coupling constant (7.8 Hz)
showing the S-configuration in the "H NMR spectrum.
Consequently, the structure of § was elucidated as 38-([O-
B-D-glucopyranuronosylJoxy)-olean-12-ene-28-o1c acid,
and 5 1s 1dentical with a saponin 1solated from Lonicera
nigra (Caprifoliaceae) [5] Additionally, the structure of
momordin ITb (10) was determined as the 28-f-glucopy-
ranosyl ester of 5 by comparison of the >C NMR spectra
of 5 and 10 Momordin ITb (10) 1s identical with chikuset-
susaponin IVa previously 1solated from the rhizome of
Panax japonicum [6]

.Momordin Ic (6) yielded 14, glucuronolactone, and
xylose on acidic hydrolysis. The glycosylation shift [7, 8]
in the 13C NMR spectrum of 6 suggested that xylose was
linked to C-3' of the glucuronide mouety, the signal for C-
3’ of the glucuromde moiety was shifted downfield by
8.4 ppm from that of § and conversely, the signals for C-2'
and C-4' were shifted upfield by 11 ppm and 21 ppm,
respectively. Methanolysis of momordin Ic permethylate
(15), prepared from 6 by Hakomori’s method [9] with
hydrochloric acid—methanol, afforded a methylated glu-
curonic acid of which the hydroxyl group at C-3 alone
was not methylated and which is identical with the one
derived from momordin I permethylate (16) The
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"HNMR spectrum of 6 displayed the signals of two
anomeric protons at 3503 (1H, d, J=73 Hz) and 95 38
(1H, d, J=7 6 Hz). These coupling constants mean that
each configuration 1s § From these results, the structure
of 6 can be ascribed as 35-([O-f-D-xylopyranosyl-(1—
3)-0-B-p-glucopyranuronosylJoxy)-olean-12-ene-28-o1c
acid Thus, momordin llc (11) was determined as the 28-
B-glucopyranosyl ester of 6 Momordins Ic (6) and ¢ (11)
have been reported in Talinum tenurssimum (Portulaca-
ceae) [10]

Momordin Id (7) afforded 14, giucuronolactone and
xylose on acidic hydrolysis The '*CNMR spectrum
showed that the ratio was 1 | 2 In the '"H NMR spec-
trum of 7, the signals of three anomeric protons were
observed at 65.0 (1H, d, J=73 Hz). 6542 (1H. d, J
=78 Hz), and 6560 (1H, d, J=7 6 Hz) This suggested
that all sugars have the ff configuration To determine the

sequence of sugars, 7 was submitted to mild acidic
hydrolysis to give three prosapogenms (5, 6 and an
unidentified product, 17) The '*C NMR spectrum show-
ed that the C-2" signal of § at §75.4 was shifted downfield
i 17 by 8 1 ppm. This indicated that glycosylation occur-
red at C-2’ of 5, thus, the xylose of 17 1s linked to C-2' of §
The 3CNMR spectrum of 17 was 1dentical with that of
pseudo-ginsenoside-RP,; 1solated from Panax pseudo-
ginseng subsp himalaicus (Araliaceae) [11] Therefore,
the structure of 7 was determmed as 3f-{([O-§-D-
xylopyranosyl-(1 —2)-0-f-D-xylopyranosyl-(1 - 3)]-0-
B-D-glucopyranuronosyljoxy}-olean-12-ene-28-oic  acid.
Thus, momordin 1Id (12) was determined as the 28-p-
glucopyranosyl ester of 7

Momordin Ie (8) gave equal proportions of 14, glucur-
onolactone, xylose and arabinose on acidic hydrolysis
Since 8 afforded three prosapogenins, 1, 5, and 17 by
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Table 1. '3C NMR chemical shifts of momordins in pyridine-ds

C e g 5 6 7 8 17 2t 9 10 11 12 13
L ®4  W®S WA RE  RE  WE  WT  WE  WT  WE  W®E WT W7
2 24 264 2K K4 265 24 26 263 264 265 265 265 265
1 8L 82 894 %92 897  R97 891 8IL 894 890 892  RIR  RIR
4 94 W4 95 W94 96 WS 96 W93 394 94 94 W96 195
S 556 587 587 587 S8R S5R §59 56 S5R 85T 587 5§59 §5R
6 184 184 184 184 184 184 18RS 183 IRS 184 184 185 1RS
7 12 1’L BL WL WL WL 1B BL BL B0 B0 BL 1L
£ 396 396 397 397 397 96 397 397 399 398 98 99 199
9 479 479 479 479 479 479 480 479 480 479 479  4RQ 480
0 %9 K9 W9 K9 WY Y O KR K9 WY KO K9 K9
AR & A & N & B & I SR & A ¥ S & AN X Y S & A & A & & A & A X ¥
12127 1224 WS W4 WS R4 WS NS MR 2R 2R 12K 2R
13 1447 1447 1447 1447 1447 1447 1448 1440 1441 1440 1440 1440 1440
4 420 @0 21 21 21 20 21 49 21 420 491 421 421
15 2®1 W2 W®I W2 W”I W2 W®I WA W2 WL 8”2 ®2L M®2
6 W1 N6 N6 1 WT W6 VT V6 W4 W’ U1 134 14
7 466 465 466 465 466 465 466 46R 470 469 469 469 470
18 420 419 419 419 419 418 419 416 417 416 419 417 417
19 466 464 462 484 464 464 465 462 462 4RL 461 462 462
20309 309 309 309 309 309 309 307 307 307 307 307 307
W WML U2 M2 W2 M2 U2 M3 1T Mo 19 M WA Mo
2 12 3BLoBLoBL BB B2 RS RS R4 R4 RS RS
2 2®1 2% 282 280 2717 276 278 280 281 2W®L /A 27 207
24 169 168 169 169 163 163 163 168 168 169 169 163 163
25 153 154 154 154 154 154 155 154 155 15§ 155 155 15§
% 174 173 173 173 173 172 173 173 174 173 174 174 114
27 261 261 262 261 262 261 262 260 2L 260 261 261 261
221802 1800 1801 1799 1800 1799 1800 1763 1763 1766 1763 1763 1764
29 332 333 333 333 333 333 333 331 331 331 331 331 331
0 237 23& 237 238 238 237 238 236 237 236 236 236 237
U 1057 1087 1071 1059 1049 1049 1052 1051 1057 1070 1060 149 105
Y 744 743> 754 743 792 791 835 742 74¥ 153 745 192 792
¥ 887 856  TRO° 84 862 82 776 887  8SR 779"  8k4 863 862
4 M1 oMI MO e NEe M0 NS M1 B2 P T 727
§ T4 6S 717" 718 187 186 T80° 772 766 718 719 TRT 786
§ 1723 1700 1726 1721 1717 1716 1724 1720 1700 1727 1720 1717 1718
Me 521 521
" 1067 1067 1066  1053* 1052° 1069 1065 1066 1067  1052* 1052°
2 713 710 749 750 713* 764 713 712 751 150 TL4b
¥ 744 7420 772° 771 745 772 745 744 7740 711 745
4 92 691 708> 7070 694 710 690 691 708" 706° 694
57 611 610 671 6714 669 674 670 670 672 670° 670
1 1045 1044° 1045 1044°
27 760 759 759 760
3 784° 770 783 770
4 M2 T 7120 7120
5" 672 6715 671 676

gle 1 955 956 955 956 956 956
2 739 740 739 740 739 739
3 785 787 786> 787  787°  T88°
4 7100 T11* 710 710 711® 7LIP
5 789 7900 790° 791  789°  790°
6 620 623 621 621 622 622

*~¢ Assignments may be interchangeable in the same column

partial hydrolysis with acid, the xylose and arabinose
residues must be on C-2' and C-3' of 5, respectively. In the
'HNMR spectrum of 8, three signals of anomeric pro-
tons were observed at 498 (1H, d, J=7.1 Hz), 55 32 (1H,

d, J=17.6 Hz), and 8557 (1H, d, J=7.6 Hz) Although
each signal was not exactly assigned, it was concluded
from the coupling constants that the configurations
were B for glucuronic acid and xylose, and « for
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arabinose Therefore, the structure of 8 was confirmed as
38-{([LO-B-D-xylopyranosyl-(1 —»2)-O-a-L-arabmopyran-
osyl-(1-3)]-0-f-D-glucopyranuronosyljoxy}-olean-12-
ene-28-oi1c  acid Thus, momordin Ile (13) was
determimed as the 28-f-glucopyranosyl ester of
8 Momordin Ile (13) 1s identical with hemsloside-Ma2
1isolated from Hemsleya macrosperma [4]

We solated 12 saponins from the dry root of
M cochinchinensis, but did not find momordin III (3) as
reported by Okabe et al [3]

Both ‘Mubte-gen’ and momordm I (1), the major
saponin, severely irritate the mucous membrane of the
throat, while the fresh root and momordin II {2) have
little effect This suggests that the major component in the
fresh root might be momordin IT (2) and momordin I (1)
could be an artifact formed during the drying process
Quantitative analyses of 1 and 2 were carried out 1n order
to examine the differences 1n the saponin components of
the dry and fresh roots (Table 2) Although the total
amounts of 1 and 2, given as total momordin 11 mn
Table 2, were comparable, the ratio of the contents of 1
and 2 were remarkably different and the major saponin in
the fresh root was 2

It was assumed that the major genuine saponin in the
root of M cochinchinensis 1s not 1 but 2 and that some
mtracellular enzymes (esterases) contained in the root
convert 2 to 1 during the drying process When the dry
root was homogemzed in water or aqueous methanol
solutions and the homogenate was allowed to stand at
room temperature, the converston of 2 to 1 occurred 1n
the homogenates 1n water, and 30 and 60% methanol
solns, but not in the 80 and 100% MeOH solns (Fig. 1).
Thus, active esterases are still present in the dry root

Although monodesmoside 1s always 1solated in greater
quantities than bisdesmoside from the dry root, 1t was
postulated that the latter mught be present in greater
amounts than the former 1n the fresh root To prevent the
decomposition of bisdesmoside to monodesmoside, 1t 1s
necessary to nactivate the esterases before the fresh root
dies Unlike the dry root, homogenates of the fresh root in
methanol retained the enzyme activity. The enzymes were
mactivated effectively by soaking the fresh root in hydro-
chloric acid soln, an homogenate of the treated root no
longer showed enzyme activity It was shown that the
treated root contained bisdesmoside as the major compo-
nent (Table 3) Therefore, 1t was demonstrated that the
genuine saponin present 1n the root of M cochinchinensis
1s not the monodesmoside but the bisdesmoside and the
former 1s an artifact

Domon and Hostettmann reported that the mono-
desmoside of oleanolic acid was 1solated as the major
component from the aqueous extract of the dry berry of
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Fig 1 Enzymatic hydrolysis of momordin II (2} to momordin
I(1) in aqueous MeOH solutions L], H,O, A, 30% MeOH, @,
60% MeOH, 4, 80% MeOH, O, MeOH

Table 3 Contents of momordins in dry and acid-treated roots
of M cochinchinensis

Momordins Dry root* (%) Treatmentst (%)
Momordin I (1) 7 64 045
Momordin Ib (§) 002 ND I
Momordin Ic (6) 042 003
Momordin Id (7) 017 002
Momordin Ie (8) 047 003
Momordin II (2) 048 7 64
Momordin IIb (10) 003 002
Momordin lc (11} 005 031
Momordin I1d (12) 005 013
Momordin Ile (13) 007 025

*Dried at 70° for 19 hr
tTreated with 4% HCl and 3% NaHCO, before drying
I Not detected

Phytolacca dodecandra (Phytolaccaceae), but the corre-
sponding bisdesmoside was obtaned as the only 1solable
component from the methanol extract [12]. It seems that
the monodesmoside may be produced from the bisdesmo-
side by the action of intracellular enzymes as demon-
strated here

EXPERIMENTAL

Mps uncorr NMR spectra were measured 1n pyridine-ds and
were recorded at 400 MHz for 'HNMR and 100 MHz for

Table 2 Difference of sapomin components in dry and fresh roots of
M cochinchinensis

Total M IT* (%/fr wt)

Momordin I/total M 11

Fresh root 134+035
Dried root (40°) 1254039
Dried root (707) 1214045

664+ 61
165+108
62+ 41

Each figure represents the mean + sd (n=35)

*Total M 11 (%)=momordin II (% )+ momordin I (%) x (926/764) [926. M,
of momordin I (2) 764 M, of momordin I (1)]
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I3CNMR Chemucal shifts are given 1n 8 (ppm) with TMS as it
std GC analyses were done using a FS-WCOT silicone OV-101
capillary column (10 m x 0 25 mm) and an FID detector HPLC
analyses were performed on an ODS column (100 x 6 mm) and a
UYV detector at 205 nm

Plant material M cochinchinensis was cultivated at Fuku-
chiyama Experimental Farm of Takeda Chemical Industries in
Kyoto prefecture The root of this plant had been supplied to
Prof H Okabe of Fukuoka University and the same plant was
propagated for this work

Isolation of sapomns Ground dry root (105kg) of
M cochinchinensis was extd with 60% MeOH (50 1), the pH of
the suspension being maintained at 9 by adding dil NH,OH
occasionally After filtration, the extract was acidified to pH 1.5
with HCI to give a spongy ppt The ppt was collected by
filtration and dissolved in MeOH After the MeOH soln was
made alkaline to pH 9 5 with dil NH,OH, the soln was concd to
ca 3 1and dil with Me,CO (12 1) to give a white ppt (272 g) This
ppt (240 g) was recrystallized twice from n-BuOH satd with H,0O
to give colourless needles of momordin I ammonium salt (136 g,
yield 147%) The mother hiquid was chromatographed on silica
gel with CHCl;-MeOH-3% HOAc (4 1 0 to 30 10 1, and
finally to 14 6 1) as the eluent to yield 4 fractions (1-4)

Fraction 1 (740 mg) was repeatedly chromatographed on silica
gel with n-BuOH-EtOAc-H,0 (8 2 1)as eluent to give momor-
din Ia (4) (150 mg, yield 0 001%) White powder (Me,CO), [«]3?
+282° (MeOH, c099) SIMS m/z 817 [M+K]* with KI
IRvEBicm™! 3400 (OH), 1740 (CO,Me), 1695 (CO,H)
'"HNMR 6 080 (3H, s, Me), 096 (3H, s, Me), 097 (3H, s, Me),
099 (3H, s, Me), 1 02 (3H, s, Me), 1 30 (3H, s, Me), 132 (3H, s,
Me), 375 (3H, 5, CO,Me), 497 (1H, d, J =7 8 Hz, anomeric H),
534 (1H, d, J =71 Hz, anomeric H), 548 (1H, br s, olefinic H)
(Found C_6274, H, 892 Cale for C,;
6259, H, 8 63%)

Fraction 2 (1 96 g) was chromatographed on silica gel with n-
BuOH-EtOAc-H,O (4 1 5, upper layer) as eluent The eluate
was concd to dryness to give a white residue which was dissolved
in H,O and then acidified to pH 1 with HCl The acidic soln was
extd with n-BuOH The n-BuOH soln was concd in vacuo and the
residue recrystallized from MeOH to afford momordn Ib (5)
(472 mg, yield 0 005%) as colourless needles, mp 218-220° [a]3!
+18 1° (MeOH, ¢ 106) SIMS m/z 655 [M+Na]* with NaCl
IRvKBrcm ™! 3400 (OH), 1725 (COOH), 1695 (COOH)
!HNMR $ 081(3H,s, Me), 096 (3H, s, Me), 099 (6H, 5, Me x 2),
101 (3H, s, Me), 132 (6H, s, Mex2), 506 (1H, d, J=7.8 Hz,
anomeric H), 547 (1H, br s, olefinic H) (Found C, 65 65,H, 902
Cale. fan O H, Q4 LS H O CLA352 . H..Q010%).

Fraction 3 (28 7 g) was repeatedly chromatographed on silica
gel with -BuOH-EtOAc-H,0 (4 1 2, upper layer) as eluent.
The eluate was concd to dryness and the residue processed as
described above to give momordin Ic (6) (1 26 g, yield 0014%)
White powder (MeOQH), [«]2! + 15 4° (MeQH, ¢.1.03). SIMS.m/z.
803 [M +K]* with KI IR vKBr em ™! 3400 (OH), 1725 (CO,H),
1695 (CO,H) '"HNMR é 080 (3H, s, Me), 097 (3H, s, Me), 099
(6H, s, Me x 2), 1 01 (3H, 5, Me), 1 31 (3H, 5, Me), 1 34 (3H, s, Me),
503 (1H, d, J=73 Hz, anomeric H), 538 (1H, d, J=76 Hz,
anomeric H), 5 47 (1H, br s, olefimc H) (Found C, 61 59, H, 8 33.
Calc for C;,Hg,0,; 2 H,O C, 6148, H, 855%)

Fraction 4 (5 63 g) was repeatedly chromatographed on silica
gel with CHCl;-MeOH-3% HOAc (328 1) and n-
BuOH-EtOAc-H,O (4 1 2, upper layer) as eluents The eluate
was concd to dryness and the residue treated with acid as
described above to give momordin Id (7) (699 mg, yield 0 008%)
and momordin Ie (8) (1 56 g, yield 0017%) 7 Colourless needles

(MeOH), mp 233-235° []3! + 12.7° (MeOH, ¢ 1 20). SIMS m/z:

935 [M +K]* with KI IR vKB cm~! 3400(OH), 1725 (COOH),

H 0., 15 H,0 C,
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1695 (COOH). "HNMR é 080 (3H, 5, Me), 096 (3H, s, Me), 098
(3H, s, Me), 1 01 (3H, s, Me), 1 06 (3H, s, Me), 1.27 (3H, s, Me),
1 32(3H, s, Me), 5.00(1H, d, J =7 3 Hz, anomeric H), 542 (1H, d,
J =78 Hz, anomeric H), 545 (1H, br s, olefinic H), 560 (1H, d, J
=76 Hz, anomenic H) (Found C, 5940, H, 8 31. C,,H,,0,, 2
H,O requires C, 59 21; H, 8 20%) 8 White powder (MeOH),
[«]3! +205° (MeOH, ¢ 1 03) SIMS m/z 935 [M+K]™* with KI
IRvE®cm™! 3400 (OH), 1720 (COOH), 1695 (COOH)
'HNMR § 080 (3H, s, Me), 096 (3H, s, Me), 098 (3H, s, Me),
101 (3H, s, Me), 106 (3H, s, Me), 127 (3H, s, Me), 1 32 (3H, s,
Me), 498 (1H, d, J =7.1 Hz, anomenic H), 532 (1H,d, J=7 6 Hz,
anomeric H), 545 (1H, br s, olefinic H), 557 (1H, d, J=7 6 Hz,
anomertc H) (Found C, 6044; H, 829. Calc for
C,6H7,0,, H,0: C, 60.37, H, 8.15%).

The dry root (2 5 kg) was extracted with 60% MeOH (2 x 18 1)
The pH of the suspension was maintained at 9 by adding dil
NH,OH The ext was acidified to pH 1 5 with HCl to afford a
white ppt (70 g). The ppt was treated as described above to give
colourless needles of momordin I ammonium salt (43 7 g, yield
175%) The filtrate was made alkaline to pH 9 with dil NH,OH
and concd to give an aq soln (ca 14 1) Amberlite XAD-II (6 1) was
added to the soln and the suspension stirred for 6 hr The soln
was filtered off, the resin washed with H,O (2x61) and then
treated with MeOH (3 x81) The MeOH soln was concd and
the residue (623 g) chromatographed on silica gel with
CHCl;-MeOH-3% HOAc (14 6 1) as eluent to give four
fractions (1-4)

Fraction 1 (3 4 g) was repeatedly chromatographed on silica
gel and ODS with n-BuOH-EtOAc-H,O (4 1 5, upper layer)
and 70% MeOH as eluents, respectively, to give momordin Ila
(9) (123 g, yield 0049%). Colourless needles (MeOH), mp
247-249° [a]d' +141° (MeOH, c124). SIMS m/z 979 [M
+K]* wath. KL IRuvKEem™1 3400 (OH), 1740 (CO,R).
'HNMR § 083 (3H, s, Me), 090 (3H, s, Me), 092 (3H, s, Me),
097 (3H, s, Me), 1 09 (3H, s, Me), 1 28 (3H, s, Me), 129 (3H, s,
Me), 375 (3H, s, CO,Me), 497 (1H, d, J =7 8 Hz, anomernic H),
533 (tH, d, J=71 Hz, anomeric H), 543 (1H, br s, olefinic H),
633 (1H, d, J=81 Hz, anomeric H) (Found C, 6065, H, 8.13
Calc. for C,gH.40,5 05 H,O C, 6068, H, 8 17%)

Fraction 2 (31 3 g) was recrystalhized from MeOH to afford a
white powder of momordin II ammomum salt (208 g, yield
083%) The mother liquid was subjected to CC on silica gel with
n-BuOH-EtOAc-H,0O (4 1 5, upper layer) as eluent The eluate
was concd to dryness and the residue treated with acid as
described above to give momordin IIb (10) (256 mg, yield
0.010%). Colourless needles (MeOH), mp 220-223° [a]3!
+4.73° (MeQH,, 2097). SIMS m/z 833 IM.+K1* with. KL
IRvKBr cm ™! 3400 (OH), 1725 (COOR, COOH) 'HNMR §
0383 (3H, s, Me), 089 (3H, s, Me), 0.92 (3H, s, Me), 1 00 (3H, s,
Me), 1 09 (3H, s, Me), 1.28 (3H, s, Me), 1 31 (3H, s, Me), S04 (1H,
d, J =17 8 Hz, anomeric H), 542 (1H, br s, olefinic H), 6 33 (1H, d,
I=81Hz_ anomenc H). (Found: C_6137_H_852 Calc for
C,,HeO,4 15 H,0 C, 6137, H, 846%)

Fraction 3 (11 4 g) was repeatedly chromatographed on silica
gel and ODS with n-BuOH-EtOAc-H,0 (4 1:5, upper layer)
and 70% MeOH as eluents, respectively, and the eluate concd to
dryness The residue was treated with acid to afford momordin
IIc (11) (469 mg, yield 0.019%) White powder (MeOH-EtOAc),
[«]3! +5 67° (MeOH, c 1 07) SIMS m/z: 965 [M +K]* with KI
IR vKBr cm ™ 1: 3400 (OH), 1725 (CO,R, CO,H). 'HNMR 6 082
(3H, s, Me), 0.89 (3H, s, Me), 092 (3H, s, Me), 0.99 (3H, s, Me),
109 (3H, s, Me), 1 29 (3H, s, Me), 130 (3H, s, Me), 5.02(1H, 4, J
=78 Hz, anomeric H), 537 (1H, d, J =7.3 Hz, anomeric H), 5 42
(1H, br s, olefimc H), 633 (1H, d, J=81 Hz, anomenc H)
(Found. C, 5926, H,826. Calc for C,;H,,0,, L3 H,Q C,
5917, H, 8 13%).
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Fraction 4 (9 57 g) was repeatedly chromatographed on sihica
gel with n-BuOH-EtOAc-H,0 (4 1 5, upper layer) as eluent
The eluate was concd to dryness and the residue treated with
acid as described above to afford momordin 11d (12) (443 mg,
yield 0 018%) and momordin Ile (13) (989 mg, yield 0 040%) 12
White powder (MeOH-EtOAc), [2]3+ 198 (MeOH, c106)
SIMS m/z 1097 [M+K]* with KI IRv&® cm ' 3400 (OH),
1725 (CO,R, CO,H) '"HNMR o 083 (3H, s, Me), 089 (3H, s,
Me), 091 (3H s, Me), 107 (3H, 5, Me), 1L 08.03H,.5, Me), 1. 26.(3H..
s, Me), 1 28 (3H, 5, Me), 499 (1H, d, J =7 3 Hz, anomeric H), 5 40
(1H, b s. olefinic H), 541 (1H, d, J =7 3 Hz, anomeric H), 5 60
(1H.,d,J =78 Hz, anomeric H), 6 33 (1H, d, J=8 1 Hz, anomeric
H) (Found C. 5811. H, 806 C,,H,,0,, H,0 requires C,
5798, H, 786%) 13 White powder (MeOH-EtOAc), {«]3®
+118 (MeOH, ¢! 10) SIMS m/z 1097 [M+K]* with KI
IR vEBr cm ! 3400 (OH), 1730 (CO,R, CO,H) 'HNMR § 082
(3H, s, Me). 089 (3H, 5. Me), 091 (3H, s, Me), 107 (3H, 5, Me),
108 (3H, s, Me), 1 25 (3H, 5. Me), 1 28 (3H, 5, Me), 497 (1H, d, J
=7 1 Hz anomencH), 531L(LH, d J=76 Hz, anomeric H), 541
(1H, br s, olefinic H), 555 (1H, d, J =7 8 Hz, anomeric H), 6 33
(UH A I=81Hz anomenc H). (Found. C_5A.62, H {24 Calc
for C5,H,0,, 25 H,O C, 56 56, H, 794%)

Acidic hydrotysis of supomns Sapomns (ca 10 mg) were re-
fluxed m 10% H,SO,-dioxane (! 1)(2 ml)for 3 hr and H,O was
then added to the reaction muxt The ppt was collected by
filtration and recrystallized from MeOH to afford oleanolic acid
(14) as colourless needles, mp 305-307 EIMS m/z 456 [M]7,
248 (100) IR vXBrem ™1 3400 (OH), 1695 (COOH). The filtrate
was neutralized with aqg NaHCO, soln and coned to dryness
The residue was treated with dil HCl in MeOH and concd to
dryness Aliquots of the residue were dissolved im MeOH and
analysed by TLC 1n comparison with authentic sugars The rest
of the residue was dissolved 1n pyridine (0 2 mi) and treated with
trimethylsilyl  chloride- N U-bis(trimethylsilyt)acetarmde (1 5)
(02 mljat room temp for 30 min The products were analysed by
GC and therr R, values compared with those of the TMS1
dertvatives of authentic sugars TLC silica gel, solvent
A CHCL-MeOH-H.O (6. 4 1). R, glicose 0.40), arabinose
047 xylose 052 glucuronolactone 061 Splvent. B n-
BuOH-HOAc-H,0 (4 1 5, upper layer) R, glucose 025, ara-
hinose: .29, xylnse 0.3R;. gluenrannlactone 0.46. GC. n). temp.
250 Column temp prog 150 to 180" at 2 /mun Carrier gas, He
08 kg/em? R, (min). arahunnse 2.20. 246, xvlpse 316, 18R,
glucuronolactone 4.17_.4.460, glucose 6.79.9 30,

Saponification of sapomns A soln of each bisdesmoside
(cad40 mg) in 2N KOH (10 ml) was refluxed for 35hr The
reaction mixt was aciditied to pH' I' Swith dilf HCl and then 1t was
extd with n-BuOH The n-BuOH soln was coned to dryness and
the residue compared with the authentic sample directly to
identify the prosapogenin The aq soln was heated with conc
H,SO, (1 mi) for 2 hr at 80" The reaction mixt was neutralized
with aqg NaHCO; soln and concd to dryness Glucose was
identitied 1n the residue by GC as its TMSi derivative and TLC
GC and TLC were performed under the same conditions as those
described for the acidic hydrolysis of the saponins

Peimethylation of 6 A suspension of NaH (60% 1n oil)
(500 mg) in DMSO (20 ml) was heated for 45 mun at 75° The
reaction mixt was cooled to room temp and a soin of 6 (170 mg)
in DMSO (3 ml) added This mixt was stirred for 10 muin at room
temp After dropwise addition of Me [ (ZU ml), the mixt was
stirred for a further I hr The reaction mixt was then poured nto
wce-H,O and extracted with CHCl; The CHCl,; soln was coned
to dryness and the resitdue chromatographed on silica gel with
hexane-Me,CO (17 03) as eluent to give momordin Ic per-
methylate  (15) (120mg, yeeld 63%) White powder
(MeOH-H,0) [2]3*+165 (MeOH. (102) EIMS m/z 862
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[M1*,453(100) IR vKBr cm ™! 1755 (COOMe), 1725 (COOMe)
(Found C, 6507, H, 905 C3H,30,;5 15 H,0 requires C,
6477, H, 9 17%)

Permethylation of 1 Momordin I (1) (170 mg) was methylated
n the same way as that described for 6 to give the permethylate
(16) (132 mg, yield 69%) Colourless needles (MeOH), mp
162164 [«]2>+220° (MeOH, ¢ 103) EIMS m/z 862 [M]*,
453 (100) IR vEBrem™! 1750 (COOMe), 1730 (COOMe)
(Found. C. 6670 H_916 C,H. O, requures C_6679,_ H.
911%)

Methanolysis of 15 Momordin Ic permethylate (15) (20 mg)
was dissolved 1n 2 N HCI-MeOH (6 ml) and the soln refluxed for
3 hr The soln was neutralized with Ag,CO, and the ppt filtered
off The filtrate was concd to dryness and the residue re-
crystallized from MeOH to give oleanolic acid Me ester as
colourless needles, mp 202-204° EIMS m/z 470 [M]", 262
(100) IR vXBrem™1 3400 (OH), 1725 (COOMe) The mother
hquid was examined by TLC and GC TLC silica gel,
hexane-Me,CO (3 1). R, methylated ghicuromcacid 016,021,
methylated xylose 032, 034 GC 1) temp 250" Column temp.
nrag L0 ta 150° at. 5°/min. Carner. gas, He Q8 kg/om? R (mmn),.
methylated xylose 149, 169, methylated glucuronic acid 479,
552

Methanolysis of 16 Momordin I permethylate (16) (20 mg) was
treated in the same way as 15 to give oleanolic acid Me ester The
mother liquor was examined by TLC and GC This was carried
out under the same conditions as those used for methanolysis of
15 R, methylated glucuronic acid 0 16,0 21, methylated arabin-
ose 034 GC R, (min), methylated arabinose 2 04, methylated
glucuronic acid 4 79, 552

Mild acid hydrolysis of 7T Momordin Id (7) (154 mg) was heated
i 15% H,S0, (40 ml) for 20 hr at 80° The reaction mixt was
extd with n-BuOH and the n-BuOH soln was concd to dryness
The residue obtained was chromatographed on stlica gel with n-
BuOH-EtOAc-H,O (4 1 5. upper layer) as eluent to give
oleanolic acid (14) (24 mg, yield 31%), and prosapogenins, §
(40 mg, yield 37%), 6 (7 mg, yield 5%). and 17 (24 mg, yeld
18%). 17 colourdess needles (MeOH), mp 230-232°  [x]2?
+1.1.9° MeOH,_ <(193). SIMS m/z 803 [M+K1" with. K1
IR vEB ecm ™! 3400 (OH), 1720 (CO,H), 1695 (CO,H) 'HNMR
4 083 (3H, 5. Me), 096 (3H, 5, Me), 099 (3H, .5, Me), 101 (3H, s,
Me), 1 11 (3H, s, Me), 1 32 (3H, s, Me), 1 33 (3H, 5, Me), 504 (1H,
d. I=76Hz. anomenc H), S3L(H. 4 [=7 L Hz anomenc H),.
S4h (LH_ hr s olefime H). (Fannd C. 6314 H_ R 33 Cale for
C41He O3 H,O C, 6290, H, 8 50%)

Mild acid hydrolysis of 8 Momordin Ie (8) (226 mg) was
hydroiysed with I 5% H,S5U, and'treated in thie same manner as
7 to give oleanohc acid (14) (23 mg, yield 20%) and pro-
sapogenins, 1 (18 mg, yield 9%), 5 (42 mg, yield 26%). and 17
(45 mg, yield 23%).

Difference of saponin components in dry and fresh roots Fr root
(length ca 4 cm) was divided 1nto three pieces One was homog-
emized 1n fiot MeOH (60 mi) and the homogenate made alKaline
to pH 9 5 with dil NH,OH The suspension was accurately dil to
100'ml with H,O After ultrasomication of the suspension for
30 mun, 10 ul of the supernatant was subjected to HPLC anal-
ysis The other pieces of root were then dried at 40 or 70° for 3
days or 1 day, respectively The ground dry root (ca 100 mg) was
extracted with 60% MeOH (10 ml) soln made alkahne to pH 9 5
with dil NH,OH under ultrasonication for 30 min and then 10 pl
of the supernatant subjected to HPLC analysis Solvent
MeOH-MeCN-H,0 (58.15.27) contaiming pentane sulphonic
acid (4 25 mmol/l) Flow rate 1 ml/mm R, (min) momordin I (1)
12 3, momordin II (2) 36 The total contents of momordin II
(T.M II) were calculated using the following equation TM II
(%)=MII (%)+M 1 (%) x(926/764), where M Il and M I are
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the contents of 2 and 1, respectively The figures 926 and 764 are
the M,s of 2 and 1

Enzymatic hydrolysis of 2 to 1 in aqueous MeOH. Ground dry
root (ca 150 mg) was accurately weighed, placed in H,0, 30%
MeOH, 60% MeOH, 80% MeOH or MeOH (each 10 ml) and
allowed to stand at room temp for a defimte period The
suspension was made alkaline to pH 9 5 with dil NH,OH and
then H,O or MeOH was added to the suspension to prepare a
60% MeOH soln The suspension was accurately dil to 25 ml
with 60% MeOH and then sonicated for 30 min The super-
natant (0 ul) was analysed by HPLC to calculate the content of
momordin II (2)

Quantitative analysis of momordins in dry root One fr root was
sliced (each slice ca 1 cm) and one slice (ca 1 g) was dried at 70°
for 19 hr Other shices (1 3 kg) were soaked 1n 4% HCI (4]) for
3 hr, washed with H,O and then soaked in 3% NaHCO, soln
(41) for 17 hr The root was then dried at 70° for 19 hr The dry
root was ground and analysed quantitatively by HPLC Since
the minor components could not be sepd from each other under
the conditions described above, the HPLC conditions were
changed as follows Column ODS (200x 6 mm) Solvent
MeCN-0.02 M Na,HPO,-005M KH,PO, (29 53.18). Flow

rate L2ml/mn R (mn) 114561328 9427710, 84 11,

70, 12, 55,13, 58 Quantitative analysis of § and 7 was carried
out using MeOH-MeCN-0.025 M NaH,PO, (28 5-17) as sol-
vent R, (min) §5,157,7, 114
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