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The structures of lobatosides B, E, F and G, the dicrotalic acid esters of bayogenin bisdesmosides isolated from the
herb of Actinostemma lobatum MAXIM. (Cucurbitaceae), were determined on the basis of chemical and spectral

evidence.

Lobatoside B is the dicrotalic acid (3-hydroxy-3-methylglutaric acid) ester of 3-O-[ -D-glucopyranosyl-(1-2)--
D-glucopyranosyl]bayogenin 28-f a-L-rhamnopyranosyl-(1 - 2)-a-L-arabinopyranosyl] ester. Dicrotalic acid is linked at
one end to the C,-hydroxyl group of the terminal f-D-glucopyranosyl group in the C;-linked sugar moiety, and at the
other end to the C,-hydroxyl group of the a-L-rhamnopyranosyl group in the ester-linked sugar moiety to form a

macrocyclic structure (cyclic bisdesmoside).

Lobatosides E, F and G are cyclic bisdesmosides of bayogenin similar to lobatoside B, but different in the numbers
and species of the component sugars and positions of the ester linkages of the dicrotalic acid.

Keywords Actinostemma lobatum; Cucurbitaceae; lobatoside; bayogenin glycoside; cyclic bisdesmoside; dicrotalic acid; NOE

difference spectrum; decoupling difference spectrum

In the preceding paper? of this series, we reported the
isolation of eight oleanane-type triterpene glycosides, loba-
tosides A—H, from the herb of Actinostemma lobatum
MAXIM. (Cucurbitaceae) and the structures of lobatosides
A, C, D and H.

Lobatoside A (I) was determined to be a 3-O-glycoside of
bayogenin, and C (II), D (IIT) and H (IV) were elucidated to
be the 3,28-0-bisdesmosides of bayogenin having a dicro-
talic acid ester bridge between the two sugar moieties.
Lobatosides B (V), E (VI), F (VII) and G (VIII) were
proved to be the cyclic bisdesmosides of bayogenin similar
to lobatosides C, D and H, and the present paper deals with
their structures.

Lobatoside B (V) was obtained as colorless needles from
aqueous MeOH. The positive fast atom bombardment
mass spectra (FAB-MS) showed an [M +Na]" ion at m/z
1239 and negative FAB-MS showed an [M —H] ™ ion at m/z
1215, indicating the molecular weight to be 1216. The
results of the elemental analysis were consistent with the

molecular formula CgHy,0,,-4H,0. The proton nuclear
magnetic resonance (H-NMR) spectrum (Tables I and II)
of V showed the signals of the aglycone moiety to be similar
to those of lobatoside C (II) and revealed four anomeric
protons (65.04, d, J=8Hz; 5.29, d, J=8Hz; 5.89, d, J=
8 Hz; 6.35, brs). Comparison of the carbon-13 nuclear
magnetic resonance (*3C-NMR) spectrum (Tables III and
IV) of V with that of II indicated that V is a 3,28-0-
bisdesmoside of bayogenin and the !C-NMR signals
(026.5, 46.4, 70.1, 171.7 and 172.0) suggested the presence
of ester-linked dicrotalic acid (3-hydroxy-3-methylglutaric
acid).

Compound V yielded a desacylated compound (IX) and
a dicrotalic acid (X) on treatment with 0.5% KOH.
Compound IX showed an [M+Na]* ion at m/z 1113 in
positive FAB-MS and an [M—H]™ ion at m/z 1089 in
negative FAB-MS, and it gave bayogenin (XI), p-glucose,
L-arabinose and L-rhamnose on acid hydrolysis.

The selective cleavage of the ester glycoside linkage of IX

TaBLe 1. 'H-NMR Chemical Shifts® of Aglycone Moieties of Lobatosides and Their Degradation Products
v IX X1 Vi XIv XV VII VIiI
H-2 4.78 brs 4.80 brs 4.81 brs 4.85 brs 4.78 brs 4.78 brs 4.61 brs 4.60 brs
H-3 4.17d (3.5) 4.16d (3) 4.19d (3) 4.31d (3) 4.16 d (3) 4.17d (3.5) 4.33d (3) 4.32d (3)
H-12 5.47 brs 5.48 brs 5.49 brs ca. 5.45 ca. 5.50 ca. 5.45 5.41 brs 5.44 brs
H-18 315dd (4, 14) 3.24dd (4,14) 3.26dd (4, 14) 3.12dd (4, 14) 3.23dd (4,14) 3.25dd (4, 14) 3.14dd (5, 14) 3.15dd (4, 13)
H-23 3.52d (12) 3.64d (11) 3.68 d (11) 391d (11 3.66d (11) 3.66 d (11) 3.72d (11) 3.60 d (11)
434d (12) 4.32d (11) 4354 (1) 4.41d (11) 435d(11) 435d(11) 441d(11) 429 d (11)
H-24 1.35s 1.34 s 1.38 s 1.53 s 1.34 s 1.34 s 1.63 s 1.54 s
H-25 1.53s 1.51s 1.51s 1.65s 1.51s 1.51s 1.63 s 1.58 s
H-26 1.13s 1.09 s 1.04 s 1.23s 1.13s 1.13s 1.09 s 1.05s
H-27 1.32s 124 s 1.27 s 1.35s 1.25s 1.25s 1.23s 1.25s
H-29 093 s 091s 093 s 092s 092s 0925 091s 0.93s
H-30 0.88 s 0.99 s 1.00 s 0.88 s 0.98 s 098 s 091 s 092s
Dicrotalic acid moiety
274y 289417 3.01d(16) 3.06 d (16) 3.00d (16)
3.19d (17) 3.30 d (16) 3.42d (16) 3.19d (16)
4'(2) 290d(15) 3.19d (17) 3.14d (15) 3.18 s-like
3.52d (15) 3.32d(17) 3.22d (15)
6 1.77 s 2.01s 2.10s 1.98 s

a) The spectra were measured in pyridine-d; containing D,O (the spectrum of VII was measured in pyridine-d;). The values in parentheses are coupling constants in Hz.
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TasLe 1. 'H-NMR Chemical Shifts” of Sugar Moieties of Lobatosides and Their Degradation Products
\Y IX XII VI XIv XV VIl Vil
3Gle-1  5.04d (8) 5.11d (8) 5.13d(8) 5.12d (8) 5.08d (8) 5.08 d (8) 5.07d (8) 5.04d (8)
3Gle-2  4.07dd (8,9) 4.22dd(8,9) 421dd(8,9) 425d4d@8,9) 415 dd 8,9) . 4.15dd(8,9) 4.44dd(8,9) 4.48dd(8,9)
3Gle-3 425t (9) 429t (9) 429t (9) 418t (9) 425t (9 424109 418t (9) 425t (9)
3Gle-4 412t (9) 4.09t(9) 412t (9) 4.02t(9) 4.08 t (9) 4.09t(9) ca. 4.06 4.05t(9)
3Gle-5  3.87 ddd (3,6,9) 3.86 ddd (3,6,9) 3.88 ddd (2,5,9) 3.79 ddd (3,6,9) 3.84 ddd (3,6,9) 3.83 ddd (3,5,9) ca. 3.80 3.81 ddd (3,6,9)
3Gle-6  4.24dd (6,12) 4.23dd (6,12) 4.23dd (5,12) 4.20dd (6,12) ca. 4.20 421dd (5,12) ca. 420 4.22 dd (6, 12)
4.42dd (3, 12) 4.40dd (3,12) 4.42dd(2,12) 4.38dd(3,12) ca.4.35 4.39dd (3,12) ca. 435 4.42 dd (3,12)
3Glc’-1 5294 (8) 5.38d (8) 5.39d (8)
3Glc’-2 4.08dd (8,9) 4.09dd (8,9) 4.11dd (8,9
3Glc’-3 420t (9) 421 t(9) 422t(9)
3Glc’-4 4.13t(9) 415t (9) 418t (9)
3Glc’-5  4.00 brd (9) 3.94 ddd (3,6,9) 3.95 ddd (3,5,9)
3Gle’-6  4.69dd (4,12) 4.33dd (6,12) 4.34dd (5,12)
493brd (12) 4.51dd (3,12) 4.52dd (3,12)
3Gal-1 5.07d (7.5) 5.26 d (8) 5.26 d (8) 5.75d (7) 5.73d (7.5)
3Gal-2  4.51dd (7.5,9) 451dd(8,10) 4.52dd (8,10) 4.47dd (7,9) 4.40 dd (7.5, 9)
3Gal-3 406dd (3,9) 4.10dd(3,10) 4.11dd (3,10) 4.30dd(3,9) 427 dd (3,9)
3Gal-4 4.28 brd (3) 4.57 brd (3) 4.57 brd (3) 6.01 brd (3) 5.97 brd (3)
3Gal-5 ca. 4.08 4.03 brt (6) 4.04 brt (6) 4.05 brt (6) 4.04 brt (6)
3Gal-6 4.73dd (2, 12) ca. 4.40 442 dd (6,11) ca. 4.15 4.12 dd (6, 12)
4.82dd (7,12) ca. 440 4.47dd (6,11) ca. 4.30 ca. 4.24
28Ara-1 5.89d(8) 6.44d (3) 6.01 d (6) 6.41 brs 6.17d (4) 6.13d (4)
28Ara-2 4.68dd (8,9) ca. 453 4.60 t (6) ca. 4.48 459 dd (4,5) 4.60 dd (4,6)
28Ara-3 4.23dd (3,9) ca. 453 ca. 432 ca. 445 453dd (3,5 4.52dd (3,6)
28Ara-4 ca. 4.29 ca. 4.53 ca. 4.28 ca. 4.45 ca. 4.30 ca. 438
28Ara-5 3.88 brd (12)  ca. 3.93 ca. 3.83 ca. 3.91 ca. 3.87 ca. 3.93
427brd (12) ca. 4.41 ca. 4.26 ca. 4.45 ca. 4.30 ca. 4.38
28Rha-1 6.35 brs 5.72 brs 6.09 brs 5.63 brs 5.98 brs 6.03 brs
28Rha-2 4.87 dd (1.5,3) 4.56 dd (1.5,3) 5.15dd (1.5,3) 4.88dd (1.5,3) 5.08 dd (1.5,3) 4.70 dd (1.5,3)
28Rha-3 4.52dd (3,10) 4.47dd (3,9) 4.61dd (3,100 4.58dd (3,9) 462dd (3,9) 4.45dd (3,10)
28Rha-4 5.88 t (10) 428t (9) 6.00 t (10) 438t (9) 6.02t(9) 5.83 t (10)
28Rha-5 4.42 dq (10,6) 4.38 dq (9,6) 4.41 dq (10,6) 4.43dq (5,6) 431 dq (9,6) 4.22 dq (10,6)
28Rha-6 1.52d (6) 1.70 d (6) 1.70 d (6) 1.67 d (6) 1.51d (6) 1.50 d (6)
28Gle-1 5.02d (8) 5.19d (8) 5.09d (8)
28Glc-2 3.83dd (8,9) 4.06dd (8,9) 3.80dd (8,9)
28Glc-3 4.09t(9) 417t (9 410t (9)
28Glc-4 4.01t(9) 410t (9) ca. 4.06
28Glc-5 3.75 ddd (3,6,9) 3.82 ddd (3,6,9) ca. 3.80
28Glc-6 420dd (6,12) ca. 4.20 ca. 420
432dd (3,12) ca. 435 ca. 435

a) The spectra were measured in pyridine-ds containing D,O (the spectrum of VII was measured in pyridine-ds). The values in parentheses are coupling constants in Hz.
Abbreviations: Gle, glucose; Gle’, glucose at the terminal of the C,-linked sugar moiety; Gal, galactose; Ara, arabinose; Rha, rhamnose, all in a pyranose form. 3Glc-1 means
the H, of the glucopyranosyl group in the sugar moiety which is linked to C; of the aglycone.

according to the method reported by Ohtani et al® pro-
vided a monodesmoside (XII) and an anomeric mixture
(XIII) of methyl glycosides. Compound XII showed an
[M+Nal]* ion at m/z 835 in positive FAB-MS and an
[M—H]~ ion at m/z 811 in negative FAB-MS. The 'H-
NMR spectrum showed two anomeric proton signals at
65.13 (d, J=8Hz) and 5.39 (d, /=8 Hz). It gave D-glucose
on acid hydrolysis, and its permethylate gave methyl glyco-
sides of 2,3,4,6-tetra-O-methyl-p-glucopyranose and 3,4,6-
tri-O-methyl-D-glucopyranose on methanolysis. Therefore,
XI1I is bayogenin 3-O-ﬁ-D-glucopyranosyl-(l—»2)—B-D—glu-
copyranoside.

The negative FAB-MS of XIII showed an [M—H] ion
at m/z 309 and a fragment ion at m/z 163 (M —H—146]"),
and its 'H-NMR spectrum showed four anomeric proton
signals at 64.58 (d, J=6Hz), 5.34 (d, J=3.5Hz), 5.69 (d,
J=1.5Hz)and 6.02 (d, /J=1Hz). It gave L-arabinose and L-
rhamnose on acid hydrolysis, and the permethylate of XIII
gave methyl glycosides of 2,3,4-tri-O-methyl-L-rhamno-
pyranose and 3,4-di-O-methyl-L-arabinopyranose on meth-
anolysis, thus indicating that XIII is a mixture of methyl

a-L-thamnopyranosyl-(1 —2)-0-L-arabinopyranoside and
its B-anomer. The a-configuration of the L-rhamnosyl
group is postulated from the Jy u; values (1, 1.5Hz),
supposing that the L-rhamnosyl group is in the 'C, con-
formation. The a-configuration and 'C,-conformation of
the L-rhamnopyranosyl group in IX were determined from
the Jc, y; value (169 Hz)* and the splitting patterns of
the oxymethine protons of the rhamnopyranosyl group.
Consequently, the structure of IX formulated to be 3-O-
[B-D-glucopyranosyl-(1 —2)-B-D-glucopyranosyl]bayogenin
28-[a¢-L-rhamnopyranosyl-(1 —2)-a-L-arabinopyranosyl]
ester.

The anomeric configuration of the L-arabinopyranosyl
unit in IX was determined to be a from the J¢; y; and Jy;
values of the ester-linked arabinopyranosyl group in the
original glycoside (V). The J¢y m value (162Hz) and J
values of H, (d, J=8 Hz), H, (dd, /=8, 9Hz) and H, (dd,
J=9, 3Hz) of the L-arabinopyranosyl group in V clearly
indicate that the sugar has an a-configuration in the ‘C,
conformation.®) The configuration of the sugar linkage
would not be changed by the mild alkaline hydrolysis of the

NII-Electronic Library Service



September 1989

TasLe III. '*C-NMR Chemical Shifts® of Aglycone Moieties of Lo-
batosides and Their Degradation Products

2357

TaBLE IV. '>C-NMR Chemical Shifts” of Sugar Moieties of Lo-
batosides and Their Degradation Products

% IX XI XII VI XIV XV VI VI \% IX VI VI XIV XV VI VII
C-1 441 440 448 439 442 440 439 440 44.4 3Gle-1 1024 103.0 1029 1050 103.1 103.0 104.1 103.7
C2 694 703 715 703 707 704 703 700 69.0 3Gle-2 853 835 836 823 834Y 834 784 8.4
C-3 831 831 731 830 832 826 825 834 842 3Gle-3 785 78.3Y 78.0Y 7729 78.19 782 789 791
C-4  422Y 427 423 427 427 427 426 434 435 3Gle-4 700 711 710 7160 712 712 714D 715
C-5 487 485 485 485 485 485 485 484 485 3Gle-5 783 780 780 77.6° 7799 779 78.19 782
C-6 180 18.1 183 180 188 181 180 187 190 3Gle-6 625 624 624 6257 625 625 6259 62.5
C-7 337 330 330 332 334 330 330 329 331 3GIc-1 1058 1057 105.7
C-8 401 400 399 398 400 40.0 399 400 401 G2 167 767 167
C-9 477 482 482 482 476 480 479 471 470 3GIc-3 717 7809 78200
C-10 369 369 372 369 370 369 369 372 374 3Glc-4 704 714 713
C-11 240 240 239 240 240 240 240 239 239 3GIc-5 755 784  78.49
C-12 1229 1231 122.7 1226 1232 123.1 121.7 1240 1232 3Glc-6 642 626 625
C-13 1442 1443 144.8 1449 144.1 1442 1448 144.1 144.0
C-14 421" 423 423 423 423 423 4023 418 421 3Gal-1 106.1 106.3 106.3 103.8 103.7
C-15 293 283 282 282 289 283 282 288 289 3Gal-2 750 744 743 738 737
C-16 226 232 237 237 229 232 237 28 229 3Gal-3 734 749 749 732 731
C-17 473 474 46.6 467 472 473 466 47.0 472 3Gal-4 70.9 698 69.8 7152 715
C-18 415 41.7 420 420 41.6 417 420 41.5 416 3Gal-5 751770 770 749 749
C-19 462 463 464 464 462 463 464 459 461 3Gal-6 66.6 61.7 617 6159 61.3
C-20 307 309 309 309 30.7 308 309 308 307 28Ara-1 948 935 945 936 941 943
C-21 341 342 342 342 341 342 342 340 34.1 28Ara-2  75.7 752 76.6  75.3 754 74.8
C-22 323 327 331 330 323 327 332 323 323 28Ara-3 75.89  70.4 73.6 70.49 70.3 71.4
C-23 640 658 67.8 658 64.7 654 653 653 66.0 28Ara-4  70.5" 66.3 68.8 66.2 67.2 67.7
C-24 150 148 144 147 154 149 148 160 16.2 28Ara-5 67.9 63.1 66.5 63.2 64.3 65.0
C25 173 172 172 171 174 173 171 177 176
C26 174 175 175 175 177 175 17.4 179 181  28Rha-1 1022 101.4 101.9 1015 100.5 100.4
C-27 262 261 262 262 256 261 262 261 262  28Rha-2 724 723 72.1 s 720 724
C-28 176.3 176.2 180.1 180.3 176.2 1762 180.1 176.1 1762  28Rha-3  76.6? 7256 79.1 835 789 702
C-29 331 331 331 332 331 331 332 332 331  28Rha-4 7609 738 32 N7 732 753
C-30 236 237 237 237 235 237 237 237 236  28Rha-S 673 704 67.9  70.2% 68.1  67.8

28Rha-6 182 18.5 184 185 185 183
Dicrotalic acid moiety

1 172'0:) ]71'3“ 170.9b) 171 .Ob’ 28010-1 105.7 106.5 105.8
2/ 46. ld) 47.()() 46.8” 47.3” 28G1C-2 74.9 75.9 74.8
3’ 70.1 70_3 70.2 70. 1 28G1C-3 77.9"’ 78.3‘) 78.1
4 46.49 47.59 48.99 4870  28Glc-4 7170 7LS 71.6”
5 17].74) ]70.9b) 171.4);] 171_1!:) 28G]C-5 77.7'“ 78.1" 77.7”
6 2.5 2.1 263 261 28Glc-6 62.79 62.5 62.59

a) The spectra were measured in pyridine-d; and chemical shifts were expressed in
6 values. b—d) The values in each column may be interchanged.

dicrotalic acid moiety, and therefore the configuration of
the L-arabinopyranosyl group in IX should be also the a.
The anomalous small Juimz value (3Hz) of the o-L-
arabinopyranosyl group in IX indicates that the *C, confor-
mation of the a-L-arabinopyranosyl group in V has changed
to 'C, as a result of the splitting of the dicrotalic acid moiety.
The J¢, y; value (169Hz) of the a-L-arabinopyranosyl
group in IX supports the !C, conformation.®

The last problem concerning the structure of V is the
positions of the ester linkages of dicrotalic acid. This
problem was solved by NMR spectroscopic methods. All
proton signals of the sugar moieties of V and IX were
assigned as summarized in Table II using the '"H-'H shift
correlation spectroscopy (‘H-'H COSY), the nuclear
Overhauser effect (NOE) difference spectroscopy and the
decoupling difference spectroscopy techniques. Thus, when
the anomeric proton (Gl, 05.04) of one glucopyranosyl
group was irradiated, NOE was observed at the signals of
C,-H and C;-H of the aglycone moiety (Fig. 1). Therefore,
GI1 is the anomeric proton of the inner glucopyranosyl
group. Irradiation at the anomeric proton (G'1, 65.29) of
the other (terminal) glucopyranosyl group showed up the
signals of C,-H (G"2), C;-H (G'3), C4-H (G’4) and Cs-H

a) The spectrz were measured in pyridine-ds and chemical shifts were expressed in
6 values. Abbreviations: Glc, glucose; Glc’, giucose at the terminal of the C;-linked
sugar moiety; Gal, galactose; Ara, arabinose; Rha, rhamnose, all in a pyranose form.
3Gle-1 means the C, of the glucopyranosyl group in a sugar moiety which is linked to
C; of the aglycone. b—e) The values in each column may be interchanged.

G1
G2

G3 G4 G
2
3
G'1
G'4 G'5
l G'3 G2
G3
¢ G G Ga G'AG
1 16 26 6 53 5 55
6.0 50 40 ppm

Fig. 1. NOE Difference Spectra of Lobatoside B V)
G, inner glucose; G’, terminal glucose.

(G’5). The signals of the C,-H (G’6) were assigned at 4.69
and 4.93 by '"H-'H COSY. The 'H-NMR signals of the
rhamnopyranosyl group were identified using the decoupl-
ing difference spectroscopy technique as shown in Fig. 2.
The chemical shifts of protons of V and IX were compared.
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I : R=o-L-ara-(1-2)--D-glc- I : R=H v o
XI : R=H Il : R=g-bp-glc- VI
X1l : R=pg-p-glc-(1-+2)-p-p-gle- IV : R=p-p-xyl VI :
XV : R=p-p-gal-(1 >2)--D-glc- VIIIL:

Vol. 37, No. 9

HC~ “OH g

¢ RO OH
R=p-p-glc(6)*, R"=H X
R =f-p-gal(6), R’ = f-p-glc-
R =p-p-gal(4), R’ =B-p-glc-
R=p-p-gal(4), R"=H

(]

RO OH

R=pf-p-glc-, R"=H
X1IV: R=p-p-gal-, R'=f}-D-glc-

* glc(6) means that one carboxylic acid group of dicrotalic acid is linked to the C4-hydroxyl group of the glucopyranosyl group

A2 R3 Rg

A
4
R AR 6 GO GA pp AA A

6.0 5.0
Fig. 2. Decoupling Difference Spectra of Lobatoside B (V)

40 ppm

G, inner glucose; G, terminal glucose; A, arabinose; R, rhamnose.

There were significant upfield shifts of the C,-H (R4) signal
of the rhamnopyranosyl unit (1.60 ppm) and the C,-H
(G’6) signals of the terminal glucopyranosyl unit (0.36—
0.42 ppm) on going from V to IX.

These upfield shifts indicated that dicrotalic acid is linked
to the C,-hydroxyl group of the rhamnopyranosy! unit at
one end, and to the Cg-hydroxyl group of the terminal
glucopyranosyl unit at the other end. From all the above
evidence, the structure of V was concluded to be as shown.

Lobatoside E (VI), CssH, 0,05, - 3H,0, was obtained as
colorless needles from aqueous MeOH. The positive FAB-
MS showed an [M+Nal]* ion at m/z 1401 and negative
FAB-MS showed an [M —H]™ ion at m/z 1377. The general
feature of the NMR spectra suggested that VI is also a
cyclic bisdesmoside of bayogenin similar to lobatoside B
(V). Compound VI gave dicrotalic acid and a desacylated
derivative (XIV) on mild alkaline hydrolysis. Compound
XIV showed an [M + Na]* ion at m/z 1275 in positive FAB-
MS and an [M —H]™ ion at m/z 1251 in negative FAB-MS.
The "H-NMR spectrum showed the signals of five anom-
eric protons at 65.08 (d, /=8 Hz), 5.26 (d, /=8 Hz), 6.41
(brs), 5.63 (brs) and 5.19 (d, J=8Hz). Compound XIV

gave XI, D-glucose, D-galactose, L-arabinose and L-
rhamnose on acid hydrolysis. The selective cleavage of the
ester glycoside linkage provided a monodesmoside (XV)
and an anomeric mixture (XVI) of methyl glycosides.

Compound XV showed an [M +Na]™* ion at m/z 835 in
positive FAB-MS and an [M—H]™ ion at m/z 811 in
negative FAB-MS, and the '"H-NMR spectrum showed the
signals of the anomeric protons at §5.08 (d, J=8 Hz) and
5.26 (d, J=8Hz). Compound XV gave D-glucose and p-
galactose on acid hydrolysis, and its permethylate gave
methyl glycosides of 2,3,4,6-tetra-O-methyl-D-galactopy-
ranose and 3,4,6-tri-O-methyl-D-glucopyranose on metha-
nolysis. Therefore, XV was concluded to be 3-O-[§-p-galac-
topyranosyl-(1 —2)-f-p-glucopyranosyl]bayogenin.

Compound XVI provided L-arabinose, L-rhamnose and
D-glucose on acid hydrolysis, and the negative FAB-MS
showed an [M —H]™ ion at m/z 471 and fragment ions at
m/z 309 ((M—-H-162]") and m/z 163 (M —H-308]").
These ions indicated that XVI is a methyl glucosyl-rham-
nosyl-arabinoside. The permethylate of XVI gave methyl
glycosides of 2,3,4,6-tetra-O-methyl-D-glucopyranose, 2,4-
di-O-methyl-L-thamnopyranose and 3,4-di-O-methyl-L-
arabinopyranose on methanolysis. Therefore XIV is for-
mulated to be 3-O-[f-D-galactopyranosyl-(1—2)-S-p-glu-
copyranosyl]bayogenin  28-[f-p-glucopyranosyl-(1—3)-a-
L-rhamnopyranosyl-(1 —»2)-a-L-arabinopyranosyl] ester.
The configuration of the L-arabinopyranosyl group is con-
sidered to be a because the 'H- and '*C-NMR chemical
shifts of the protons and carbons of the arabinopyranosyl
unit were almost the same as those of IX. The positions of
the ester linkages of dicrotalic acid in VI were determined to
be the C,-hydroxyl group of the galactopyranosyl group
and the C,-hydroxyl group of the rhamnopyranosyl group
by comparison of the 'H-NMR data (Table II) of VI and
X1V, leading to the structure VI as shown.

Lobatoside F (VII) was obtained as a white powder. The
positive FAB-MS showed an {M+Na]™ ion at m/z 1401
and negative FAB-MS showed an {M—H]~ ion at m/z
1377. The NMR spectra showed that VII is also a dicrotalic
acid ester of a bayogenin bisdesmoside. Compound VII gave
dicrotalic acid and a desacylated compound (X1V) on mild
alkaline hydrolysis. The positions of the ester linkages of
dicrotalic acid in VII were determined to be the C,-
hydroxyl groups of the galactopyranosyl group and the
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rhamnopyranosyl group by comparison of the 'H-NMR
data (Table II) of VII and XIV. From all the above
evidence, the structure of VII was determined to be as
shown.

Lobatoside G (VIII), CsoHg,0,4 - H,O, was obtained as a
white powder. The positive FAB-MS showed and
[M +Na]* ion at m/z 1239 and negative FAB-MS showed
an [M—H]™ ion at m/z 1215. The 'H-NMR spectrum
showed the signals of four anomeric protons (6 5.04,d, /=
8Hz; 5.73, d, J=7.5Hz; 6.03, brs; 6.13, d, J=4 Hz), and
VIII gave D-glucose, D-galactose, L-arabinose and L-
rhamnose on acid hydrolysis. The '*C-NMR spectrum
showed signals assignable to bayogenin and dicrotalic acid
moieties. The structure of the sugar moiety and the po-
sitions of the ester linkages of dicrotalic acid were in-
vestigated by detailed examination of the NMR spectra and
the structure was tentatively proposed to be as shown. The
configuration of the ester-linked L-arabinopyranosyl group
was supposed to be « from the facts that the NMR chemical
shifts of the protons and carbons of the arabinopyranosyl
group are almost the same as those of VII.

The conformations of the ester-linked «-L-arabinopy-
ranosyl groups in VI, VII and VIII are not obvious be-
cause the splitting patterns of the protons of the arabinopy-
ranosyl groups could not be clarified. However, judging
only from the J¢, y, and Jy, y, values of the arabinopy-
ranosyl groups of VI (166, 6 Hz), VII (169, 4 Hz) and VIII
(166, 4Hz), it may be supposed that the a-L-arabinopy-
ranosyl group is present as an equilibrium mixture of
the 'C, and *C, conformers, in which the *C,; conformer
predominates in VI, while the 'C, conformer is predomi-
nant in VII and VIIL

Experimental®

Isolation of Lobatosides The procedure for isolation of lobatosides was
described in the previous paper? of this series. The NMR chemical shifts
and assignments are summarized in Tables I—IV.

Lobatoside B (V): Colorless needles from aqueous MeOH, mp

274—278°C. [0} +31.5° (¢=0.59, pyridine). Anal. Caled for
CyoHgsOs-4H,0: C, 54.96; H, 7.82. Found: C, 55.05; H, 7.83. Positive
FAB-MS m/z: 1239 ([M+Na]*). Negative FAB-MS m/z: 1215
(M -H]").

Lobatoside E (VI): Colorless needles from aqueous MeOH, mp
255—260°C. [¢]3? +11.0° (c=0.48, pyridine). Anal. Caled for
CysH,0,0;,-3H,0: C, 54.46; H, 7.59. Found: C, 54.34; H, 7.67. Positive
FAB-MS m/z: 1401 (M +Na]*). Negative FAB-MS m/z: 1377
(M—HJ").

Lobatoside F (VII): A white amorphous powder, mp 227—235 °C. [a]3}
+7.04° (¢=0.27, pyridine). Positive FAB-MS m/z: 1401 ([M +Na]").
Negative FAB-MS mj/z: 1377 (M —H]").

Lobatoside G (VIII): A white amorphous powder, mp 250—254°C.
[« +8.64° (c=0.44, pyridine). 4nal. Caled for CsoHg,0,,-H,0: C,
57.36; H, 7.67. Found: C, 57.53; H, 7.62. Positive FAB-MS m/z: 1239
([M +Na]™). Negative FAB-MS m/z: 1215 (M —H]").

Mild Alkaline Hydrolysis of V, VI and VII Compound V (280 mg) was
dissolved in 0.5% KOH (20ml) and the solution was stirred at room
temperature for 24 h. The reaction solution was neutralized with an ion
exchange resin (Amberlite IR-120) and the solvent was evaporated off. The
residue was chromatographed on silica gel [solvent, CHCl,-MeOH-H,0
(7:3:0.5)] to give IX (170mg) and X (I mg). Both compounds were
purified by chromatography on LH-20 (solvent, MeOH).

IX: A white amorphous powder. Positive FAB-MS mj/z: 1113
(IM +Na]*). Negative FAB-MS m/z: 1089 ((M —H] ). '"H-NMR: shown
in Tables I and II. *C-NMR: shown in Tables III and IV.

X: A yellow syrup. Positive FAB-MS m/z: 185 (M +Na]*). '"H-NMR
(pyridine-ds) §: 1.84 (s, CH3), 3.28 (s, CH, x 2). 1*C-NMR (pyridine-ds) é:
174.7 (C, and Cy), 70.0 (C,). 46.5 (C, and C,), 28.2 (C).

Compound VI (200 mg) was treated in the same manner to give X (1 mg)
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and XIV (104 mg).

XIV: A white amorphous powder. Positive FAB-MS m/z: 1275
(IM +Na)™). Negative FAB-MS m/z: 1251 (M —H]"). '"H-NMR: shown
in Tables I and 11. '*C-NMR: shown in Tables III and IV.

Compound VII (20 mg) was treated in the same manner to give X and
XIV (13 mg).

Selective Cleavage of the Ester Glycoside Linkages of IX and XIV
Compound IX (55mg) and Lil (60mg) were dissolved in a mixture of
2,6-lutidine (2ml) and dry MeOH (1 ml) and the solution was heated at
260—270°C for 24 h. The reaction mixture was diluted with 509, MeOH,
then deionized with Amberlite MB-3 and the solvent was evaporated off.
The residue was chromatographed on silica gel [solvent, CHCl;-MeOH-
H,O (7:3:0.5)] and on LH-20 (solvent, MeOH) to give XII (13 mg) and
XIIT (2mg). Compound XIV (50 mg) was treated in the same manner to
give XV (14mg) and XVI (2 mg). Compound X VI was subjected to high
performance liquid chromatography (HPLC) [Nucleosil, solvent, CHCl;-
MeOH-H,O (6:4:1)] to give an a-anomer (XVIa) and its f-anomer
(XVI).

XII: A white amorphous powder. Positive FAB-MS m/z: 835
(IM +Na]*). Negative FAB-MS m/z: 811 ((M —H]~). '"H-NMR: shown in
Tables I and II. '3C-NMR: shown in Tables I1I and IV.

XIII: A colorless syrup. Negative FAB-MS m/z: 309 ((M—H]"). 'H-
NMR (pyridine-d;) é: anomeric H; 6.02 (d, J=1Hz, Rha of «-anomer),
5.69 (d, J=1.5Hz, Rha of the f-anomer), 5.34 (d, J=3.5Hz, f-Ara), 4.58
(d, J=6Hz, a-Ara). '3C-NMR 4 : anomeric C; 103.7 (a-Ara), 102.3 (Rha
of the x-anomer), 101.2 (8-Ara), 104.4 (Rha of the f-anomer).

XV: A white amorphous powder. Positive FAB-MS m/z: 835
(IM 4+ N1]"). Negative FAB-MS m/z: 811 (M —H] ™). '"H-NMR: shown in
Tables 1 and II. '3C-NMR: shown in Tables III and IV.

XIVa: A colorless syrup. Negative FAB-MS m/z: 471 ((M—H]"), 309
(IM—H—=162]7), 163 (M —H —308] 7). '"H-NMR (pyridine-ds) 6 : anom-
eric H; 5.99 (s, Rha), 4.52 (d, J=6Hz, Ara), 5.38 (d, J=8 Hz, Glc). °C-
NMR 4: 103.7 (Ara), 102.3 (Rha), 106.6 (Glc).

XVIB: A colorless syrup. Negative FAB-MS m/z: 471, 309, 163. 'H-
NMR (pyridine-ds) é: anomeric H; 5.63 (d, J=1Hz, Rha), 532 (d, J=
3.5Hz, Ara), 5.17 (d, J=8Hz, Glc). '3*C-NMR §: anomeric C; 101.1
(Ara), 104.0 (Rha), 106.3 (Glc).

Acid Hydrolysis of IX and XIV, Identification of the Aglycone
Compound IX (40 mg) was dissolved in 2N H,SO, (3ml) and the solu-
tion was heated at 90°C for 10h. After cooling to room tempera-
ture, the precipitates were collected by filtration and subjected to silica
gel chromatography [solvent, benzene-acetone (2:1)] to give XI (2mg).
A white amorphous powder, mp >300°C (dec.), [«]3? +81.5° (¢=0.40,
pyridine). Positive FAB-MS m/z: 511.336 ([M+Na]*). C, H,,NaO;
requires m/z: 511.340. The 'H-NMR and '*C-NMR data are shown in
Tables I and III, respectively. Compound XIV (40 mg) was treated in the
same manner to give XI (2 mg).

Identification of Component Monosaccharides of the Glycosides A
glycoside (5 mg) was dissolved in | N HCI-MeOH (0.5 ml) and heated at
90°C for 1h. The acidic solution was neutralized with an ion exchange
resin (Amberlite IR-410) and concentrated in vacuo. The residue was
trimethylsilylated and checked by gas-liquid chromatography (GLC).
Authentic sugar samples were treated in the same manner and f; values
were compared with those of the tetramethylsilyl derivatives of the
methanolysate of the glycoside.

The absolute configurations of the component monosaccharides were
determined according to the method reported by Hara et al.® Thus, a
glycoside (5mg) was hydrolyzed with 1 N HCL. After neutralization with
Amberlite IR-410, the free sugars in the hydrolysate were converted into
the thiazolidine derivatives and checked by GLC after trimethylsilylation.
Authentic sugar samples were treated in the same manner and the
unknown sugar was identified by comparison of its ¢, value with those of
the authentic sugar derivatives.

Permethylation of the Glycosides and ldentification of the Component
Methylated Monosaccharides Compound IX (20 mg) was fully methyl-
ated according to the method reported by Hakomori,” and the product
was purified by column chromatography on silica gel [solvent, hexane-
AcOEt (1:1)]. The permethylate (5 mg) was dissolved in ! N HCI-MeOH
(1 ml) and the solution was refluxed for 3h. After neutralization with
Ag,CO;, the product was acetylated with Ac,O-pyridine (1:1) (0.2 ml) at
room temperature. The solvent was blown off by an N, stream and the
residue was checked by gas-liquid chromatography-chemical ionization
mass spectrometry (GC-CI-MS). Methyl glycosides of 3,4,6-tri-O-methyl-
2-O-acetyl-D-glucopyranose, 3,4-di-O-methyl-2-O-acetyl-L-arabinopyra-
nose, 2,3,4,6-tetra-O-methyl-D-glucopyranose and 2,3,4-tri-O-methyl-L-
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rhamnopyranose were identified by comparison of #; values and the CI-
MS patterns with those of authentic samples.

Compounds XII, XIV and XV (10mg each) were fully methylated
according to Hakomori’s method, and each product was purified by
HPLC [Nova-pak C,; Radial-PAK (Waters Ltd.); solvent, 959, MeOH].
The thin-layer-chromatographically homogeneous product was dissolved
in 1N HCI-MeOH (1 ml) and refluxed for 3h. The reaction mixture was
neutralized with Ag,CO;, acetylated with Ac,0O-pyridine and checked by
GC-CI-MS. The permethylate of XII gave methyl glycosides of 3,4,6-tri-
O-methyl-2-O-acetyl-D-glucopyranose and 2,3,4,6-tetra-O-methyl-p-glu-
copyranose. The permethylate of XIV gave methyl glycosides of 3,4,6-
tri-O-methyl-2-0O-acetyl-D-glucopyranose,  3,4-di-O-methyl-2-O-acetyl-L-
arabinopyranose, 2,4-di-O-methyl-3-O-acetyl-L-rhamnopyranose, 2,3,4,6-
tetra-O-methyl-D-galactopyranose and  2,3,4,6-tetra-O-methyl-D-gluco-
pyranose. The permethylate of XV gave methyl glycosides of 3,4,6-tri-O-
methyl-2-O-acetyl-D-glucopyranose and 2,3,4,6-tetra-O-methyl-p-galacto-
pyranose.

Compounds XIII and XVI (2mg each) were treated in the same
manner. The permethylate of XIII gave methyl glycosides of 3,4-di-
O-methyl-2-O-acetyl-L-arabinopyranose, 2,3,4-tri-O-methyl-L-rhamnopy-
ranose. The permethylate of XVI gave 3,4-di-O-methyl-2-O-acetyl-L-
arabinopyranose, 2,4-di-O-methyl-3-O-acetyl-L-rhamnopyranose and 2,3,-
4,6-tetra-O-methyl-p-glucopyranose.
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