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The chemical structures of azukisaponins V (1) and VI (5), two of the six oligoglycosidic
ingredients of total azukisaponin isolated from azuki beans, the seeds of Vigna angularis
(WILLD.) OHwI et OHAsHI(Leguminosae), were investigated. By means of photochemical
degradation and chemical analyses, the structures of azukisaponins'V and VI were elucidated
to be 3-O-[a-L-rhamnopyranosyl(1 —2)-B-D-glucopyranosyl(1 — 2)-8- D-glucuronopyranosyl}-
soyasapogenol B(1) and 3-O-B-D-glucopyranosyl(1 —2)-B-D-glucuronopyranosyl}-29-O-[ 8- D
glucopyranosyl(1 — 6)-8-D-glucopyranosyl]azukisapogenol (5), respectively. Azukisaponin
VI (5) is the first reported example of a 3,29-bisdesmoside of an oleanene oligogly-
coside.
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In one of the two foregoing papers,” we reported the structural elucidation of two
aromatic glucosides and four genuine sapogenols [sophoradiol, soyasapogenol B (2),
gypsogenic acid, and azukisapogenol (6)] of total azukisaponin, which was isolated from azuki
beans, the seeds of Vigna angularis (WiLLD.) OHwi e OHASHI (Leguminosae). In the preceding
paper," we described the isolation of six oleanene-oligoglycoside components (azukisaponins I,
I, 111, IV, V, and V1) from total azukisaponin and the structural elucidation of azukisaponins
I, 11 (4), 111 (7), and 1V. The present paper presents chemical evidence leading to the structure
elucidation of azukisaponin V (1) and azukisaponin VI (5).*)

Azukisaponin V (1)

Methanolysis of azukisaponin V (1) with 9% hydrogen chloride in dry methanol provided
soyasapogenol B (2)>* as the sapogenol and D-glucose, D-glucuronic acid, and L-rhamnose in
1:1:1 ratio as the carbohydrate ingredients. On the other hand, acidic hydrolysis of 1 with a
1:2 mixture of 10% aqueous sulfuric acid and methanol yielded soyasapogenol B (2) and
soyasapogenol C (3),2 which was secondarily formed from 2.

Since azukisaponin V (1) was found to contain a glucuronic acid residue in the molecule, 1
was subjected to photochemical degradation,® which is one of four selective cleavage methods
for the glucuronide linkage in glucuronide-saponin.®’ Irradiation of 1 in methanol with a 500
W high pressure mercury lamp through a Vycor filter provided soyasapogenol B (2) as the sole
sapogenol. Therefore, azukisaponin V (1) was shown to be a glucuronide-saponin which
possessed D-glucose and L-rhamnose residues attached to the glucuronide moiety.

Complete methylation of azukisaponin V (1) with methyl iodide and dimsyl carbanion”
furnished the undeca-O-methyl derivative (1a). The proton nuclear magnetic resonance (‘H-
NMR) spectrum of 1a showed three anomeric proton signals at § 4.45 and 4.91 (1H each, both
d, J=7 Hz) and 6 5.48 (1H, s), among which the two doublets suggested the 8-glycosidic nature
of the D-glucoside and D-glucuronide moieties in 1a. Lithium aluminum hydride reduction
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followed by methanolysis of la afforded 22,24-di-O-methylsoyasapogenol B (2a)> as the
sapogenol and methyl 3,4-di-O-methylglucopyranoside (a), methyl 3,4,6-tri- O-methylgl-
ucopyranoside (b), and methyl 2,3,4-tri-O-methylrhamnopyranoside (¢) from the carbohydrate
moiety.

Based on the above-mentioned evidence, the chemical structure of azukisaponin V was
concluded to be 3-O-{a-L-rhamnopyranosyl(1—2)-B-D-glucopyranosyl(1 — 2)-f-b-glucuronop-
yranosyl]soyasapogenol B (1). The rhamnoside linkage at the non-reducing terminal of
" azukisaponin V (1) was determined to be a by application of Klyne’s rule® to the molecular
rotation difference between 1 and azukisaponin II (4).”
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Chart 1

Azukisaponin VI (5)

The infrared (IR) spectrum of azukisaponin VI (§) showed strong hydroxyl absorption
bands characteristic of the glycosidic structure. It also showed absorption bands ascribable to
carboxyl and ester functions. The carbon nuclear magnetic resonance (*C-NMR) spectrum
of 5 showed signals attributable to four anomeric carbons and two carbonyl carbons, one ina
carboxyl moiety and the other in an ester moiety.

Methanolysis of azukisaponin VI (5) provided azukisapogenol methyl ester (6a)? from
the sapogenol portion and methyl glucoside and methyl glucuronide in a 3:1 ratio from
the carbohydrate portion. Methanolic sulfuric acid hydrolysis of 5 also yielded 6a, while
enzymatic hydrolysis of 5 with crude hesperidinase liberated the genuine sapogenol
azukisapogenol (6). :

, Since azukisaponin VI (5) contained an ester function, 5 was subjected to alkaline
hydrolysis with methanolic potassium carbonate to give azukisaponin 111 (7)? and gentiobiose
(9). On the other hand, methylation of azukisaponin VI (5) with methyl iodide and dimsyl
carbanion furnished methylated products derived through cleavage of the ester-glycosidic
linkage in 5: the nona-O-methyl derivative (7a) of 7, methyl hepta-O-methyl-a-gentiobioside
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(9a), and methyl hepta-O-methyl-8-gentiobioside

(9b). Thus, azukisaponin VI (5) was

suggested to be a gentiobioside of azukisaponin 111 (7), in which the biose is connected through

an ester-glycosidic linkage.

Acetylation of azukisaponin VI (5) furnished the tetradeca-O-acetyl derivative (5a).

The

'"H-NMR spectrum of 5a exhibited a one-proton doublet at & 5.65 (J=7 Hz) which was

assignable to the anomeric proton on the ester-glycoside linkage.

Thus, the gentiobiose

moiety in 5 was demonstrated to be connected to the carboxyl group through a S-glycoside

linkage.

Furthermore, a carbon signal observed at § 95.0, which was one of four anomeric

carbon signals, is rationally attributable to the anomeric carbon of the B-ester-glycoside

linkage.”

Diazomethane methylation and subsequent sodium borohydride reduction of azukisapon-

in VI (5) provided a tetraglucoside (5b).

The IR spectrum of Sb lacked the carboxyl

absorption band but exhibited the ester absorption band. The C-NMR spectrum of 5b

showed signals due to four anomeric carbons and one ester carbonyl carbon.

Since the

methoxycarbonyl moiety in the glucuronide residue was selectively affected by sodium
borohydride reduction, while the ester glycoside linkage was unaffected,>* 5b was considered
to be formed via conversion of the glucuronide moiety in azukisaponin VI (5) into the glucoside

moiety.
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Alkaline hydrolysis of 5b liberated the prosapogenol 8 and gentiobiose (9). Methanolysis
of 8 provided azukisapogenol methyl ester (6a) and methyl glucoside as the sole
carbohydrate. Thus, the structure of the prosapogenol 8 and the tetraglucoside Sb became
evident. The gentiobiose moiety in azukisaponin VI (5) was demonstrated to be attached
through a B-glycoside linkage to the 20a-carboxyl function of azukisapogenol (6) and not to
the carboxyl function of the glucuronide moiety.

On the basis of the accumulated evidence mentioned above, the structure of azukisaponin
VI was concluded to be 3-O-[B-D-glucopyranosyl(1 —2)-B-D-glucuronopyranosyl]-29-O-[ 8-D-
glucopyranosyl(1 —6)-8-D-glucopyranosyl]azukisapogenol (5). Azukisaponin VI seems to be
the first example of an oleanene-bisdesmoside which possesses a carbohydrate chain connected
to the C-29 oxygen function.

Experimental'”

Azukisaponin V (1) Obtained by chromatographic separation of total azukisaponin as described in
the preceding paper.” Azukisaponin V (1), mp 228—229°C (colorless fine crystals from MeOH), [a]5
+0.4° (¢=1.1, MeOH). Anal. Calcd for C4sH73015°2H,0: C, 58.88; H, 8.44. Found: C, 58.60; H, 8.29. IR
viB em™": 3386, 1726.

Methanolysis of 1 A solution of 1 (5 mg) in 9% HCl-dry MeOH (1 ml) was heated under reflux for
2h. After neutralization with Ag,CO; powder, the reaction mixture was filtered to remove inorganic
material. From the filtrate, soyasapogenol B (2) was identified by thin-layer chromatography (TLC)
comparisons (CHCl3-MeOH=15:1, benzene-acetone=4:1, n-hexane-AcOEt=1:1). After removal of the
solvent from the filtrate under reduced pressure, the residue was dissolved in pyridine (0.1 ml) and the solution
was treated with N, O-bis(trimethylsilyl)trifluoroacetamide (0.2 ml) for 10 min. Gas-liquid chromatography
(GLC) analyses [1), 2)] of the products resulted in the identification of the TMS derivatives of methyl
glucoside, methyl glucuronide, and methyl rhamnoside. GLC: 1) 3% silicone SE-30 on Chromosorb WAW
DMCS (80—100 mesh), 3 mmX1 m glass column; column temp., 130°C; carrier gas,N; flow rate, 35
mi/min. tr: methyl glucoside 15’507, 18’07”, methyl glucuronide 715", 13°00”, 17°37”, methyl rhamnoside 321”.
2) 5% silicone SE-52 on Chromosorb WAW DMCS (80—100 mesh), 3 mmX2 m glass column; column
temp., 170°C; carrier gas,N»; flow rate, 35 ml/min. . rr: methyl glucoside 12007, 13'02”, methyl glucuronide
7’197, 822”7, 13’53”, methyl rhamnoside 322"

Acidic Hydrolysis of 1 A solution of 1 (100 mg) in MeOH (10 ml) was treated with 10% aq. H,SO4 (5
ml), and the whole mixture was heated under reflux for 12 h. The reaction mixture was extracted with AcOEt
and the AcOEt extract was washed with sat. agq. NaHCO; and water, then dried over MgSO4 powder. The
product obtained by evaporation of the solvent under reduced pressure was purified by preparative TLC
(CHCI;-MeOH=15:1) to furnish soyasapogenol B (2, 23 mg) and soyasapogenol C (3, 5 mg), which were
shown to be identical with authentic samples by mixed mp determination, and TLC (as described above) and IR
(KBr) comparisons.

Photolysis of 1 A solution of 1 (20 mg) in MeOH (50 ml) in a Vycor tube was irradiated with a 500 W
high pressure mercury lamp (Eikosha PIH-500) for 3 h. The reaction mixture was neutralized with 5% aq.
K,COs, then the solvent was removed under reduced pressure and the product was purified by preparative TLC
(CHCl;-MeOH=15:1) to give soyasapogenol B (2, 3 mg), which was shown to be identical with an authentic
. sample by TLC and IR (KBr) comparisons as described above.

Complete Methylation of 1 A solution of 1 (200 mg) in dimethyl sulfoxide (DMSO)(10 ml) was
treated with dimsyl carbanion solution (10 ml)*” with stirring under an N, atmosphere at room temperature
(28°C) for 2 h. Methyl iodide (8 ml) was then added to the reaction mixture and the whole mixture was stirred
in the dark for 2 h. The reaction mixture was poured into ice-water and the whole was extracted with
AcOEt. The AcOEt extract was washed with aq. Na,S;03; and water and dried. -Removal of the solvent
under reduced pressure gave the product,which was purified by column chromatography (SiO: 25 g, benzene-
acetone=12:1) to afford the undeca-O-methyl derivative (la, 132 mg). 1la, white powder,'” [a]t
+2.8° (¢=0.9, CHCl). Anal. Calcd for CsoHi00O15: C, 64.57; H, 9.19. Found: C, 64.13; H, 9.20. IR
YSHC em™': no OH, 1738. 'H-NMR (ds-benzene, 8): 0.93 (3H), 1.07 (9H), 1.13, 1.22, 1.40 (3H each) (all s,
tert-CH3X7), 1.44 (3H, d, J=6 Hz, sec-CH3), 3.16 (3H), 3.30 (6H), 3.41 (9H), 3.50 (6H), 3.56, 3.67, 3.76 (3H
each) .(all s, OCH;X11), and anomeric proton signals as given in the text.

LiAlH 4Reduction followed by Methanolysis of 1a A solution of 1a (87 mg) in dry ether (4 ml) was
added to a suspension of LiAlH4 (80 mg) in dry ether (4 ml) and the whole mixture was kept stirring at room
temp. (28°C) for 1 h. The reaction mixture was treated with wet ether, washed with water and
dried. .Removal of the solvent gave the reduction product (77 mg), IR r&secm™: 3600, no COOCH;. The
reduction product (77 mg) was dissolved in 9% HCl-dry MeOH (2 ml) and the solution was heated under reflux
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for2h. After neutralization with Ag,CO; powder, the whole mixture was filtered to remove inorganic material
and the filtrate was concentrated then left to stand. The resultant colorless needles (30 mg) were
collected by filtration and shown to be identical with 22,24-di-O-methylsoyasapogenol B (2a) by mixed mp
determination, and TLC (CHCl;, benzene-acetone=15:1, benzene-AcOEt=4: 1) and IR (CCly) comparisons.
From the mother liquor after separation of 2a, methyl 3,4-di-O-methylglucopyranoside (a), methyl 3,4,6-tri-O-
methylglucopyranoside (b), and methyl 2,3,4-tri-O-methylrhamnopyranoside (¢) were identified by GLC [3), 4)]
analyses and TLC comparisons (benzene-acetone=2: 1, benzene-MeOH=5:1). GLC: 3) 5% butane-1,4-diol
succinate on Uniport B (80—100 mesh), 3 mmX2 m glass column; column temp.,170°C; carrier gas,Na; flow
rate,35 ml/min. rr: a 38728”, 45°08”, b 14'23”, 17°16”, ¢ 2'27”. 4) 15% polyneopentyl glycol succinate on
Chromosorb WAW (80—100 mesh), 3 mmX2 m glass column; column temp.,190°C; carrier gas, N,; flow
rate,37 ml/min. rx: a 2745”7, 31'55”, b 1220”7, 14°08”, ¢ 244"

Application of Klyne’s Rule [M]p of azukisaponin V (1)—[M]p of azukisaponin 11 (4)= —155.8°.
[M]p of methyl a-i-rhamnopyranoside= —109°, [M Jo of methyl B-1-rhamnopyranoside= + 169° 4

Azukisaponin VI (5) Obtained by chromatographic separation of total azukisaponin as described in
the preceding paper."” Azukisaponin VI (5), mp 223—226°C (colorless fine crystals from MeOH), [a]¥ —5.9°
(¢=1.1, MeOH). Anal. Calcd for Cs4HgOss: C, 57.13; H, 7.64. Found: C, 57.49; H, 7.84. IR pXBrem™
3400, 1725 (br), 1055. IR v cm™: 3400, 1733, 1718. "*C-NMR (ds-pyridine, 8¢, off-resonance pattern):
95.0 (d), 103.7 (d), 104.0 (d, 2C), 170.8 (s), 176.3 (s).

Methanolysis of 5 A solution of 5 (2 mg) in 9% HCl-dry MeOH (1 ml) was heated under reflux for 1
h. After work-up of the reaction mixture as described for the methanolysis of 1, the product was shown by
TLC comparisons (as described for 2) to be identical with azukisapogenol methyl ester (6a),and GLC analyses
(as TMS derivatives) demonstrated the presence of methyl glucoside and methyl glucuronide.

Acidic Hydrolysis of 5 A solution of 5 (100 mg) in MeOH (25 ml) was treated with 10% aq. H,SO,
(2.5 ml) and the whole solution was heated under reflux for 14 h. Work-up of the reaction mixture as
described in the case of 1 gave the product. Purification of the product by preparative TLC (CHCl;-
MeOH=10:1) furnished 6a (16 mg), which was shown to be identical with an authentic sample by mixed mp
determination, and TLC (as described for 2) and IR (KBr) comparisons.

Enzymatic Hydrolysis of 5 with Crude Hesperidinase A solution of 5 (100 mg) in water (20 ml) was
treated with crude hesperidinase (200 mg) and the whole mixture was incubated with stirring at 35°C for 3
days. The reaction mixture was extracted with CHCl;-MeOH (20: 1) and the extract was washed with water
and dried. The product, obtained by removal of the solvent under reduced pressure, was crystallized from
CHCl;-MeOH to furnish azukisapogenol (6, 34 mg),which was shown to be identical with an authentic sample
by mixed mp determination, and TLC (CHCl;-MeOH=10: 1, benzene-acetone=2: 1, benzene-MeOH =10 1)
and IR (KBr) comparisons.

Alkaline Hydrolysis of § A solution of § (200 mg) in MeOH (10 ml) was treated with 5% aq. K,CO:; (6
ml) and the whole mixture was heated under reflux for 5h. After neutralization with Dowex 50w X8 (H"), the
filtrate was concentrated under reduced pressure. Colorless fine crystals of 7 (120 mg) separated out and were
collected by filtration. The product was shown to be identical with authentic azukisaponin 111 (7)® by mixed
mp determination, and TLC (CHCl;-MeOH-H,0=6:4:1, n-BuOH-AcOH-H,0 =4:1:5, upper phase) and
IR (KBr) comparisons. From the mother liquor after separation of 7, gentiobiose (9) was identified by TLC
comparisons (CHC13-MeOH =1:1, n-propanol-H,0= 4:1).

Methylation of 5 A solution of § (280 mg) in DMSO (10 ml) was treated with dimsyl carbanion (10
ml), and the whole solution was stirred under an N, atmosphere at room temp. (18°C) for 1 h.  After addition of
methyl iodide (5 ml), the reaction mixture was stirred in the dark for a further 1 h. The product, obtained by
working up the reaction mixture as described above, was subjected to column chromatography to furnish 7a
(173 mg), 9a (10 mg), and Yb (26 mg). 7a was shown to be identical with an authentic samplez)by TLC
(benzene-acetone= 10: 1, n-hexane-AcOEt= 1:1), IR (CCLy), and '"H-NMR (CDCl;) comparisons. 9a and 9b
were also shown to be identical with the respective authentic samples by TLC (benzene-acetone= 4: 1, benzene-
MeOH=8:1, CHCl;-MeOH =15:1) and IR (CCls) comparisons and GLC analyses [5), 6)]. GLC: 5) column
temp. 195°C and other conditions were the same as described in 1). 1r: 9a 541", 9b 4’50”, 6) column temp. 200°C
and other conditions were the same as described in 2). 7r: 9a 28’50”, 9b 24’16”.

Acetylation of § A solution of 5 (190 mg) in Ac,O-pyridine (1:1, 2 ml) was allowed to stand at 34°C
for 7 h. The reaction mixture was poured into ice-water and the whole was extracted with AcOEt. The
AcOEt extract was washed successively with 1% aq. HCI, sat. aq. NaHCO;, and water, and dried over
MgSO.. Removal of the solvent under reduced pressure furnished 5a (116 mg). 5a, white powder, [y
+4.5° (¢=0.8, CHCl;). Anal. Calcd for Cg;H11403: C, 57.13; H, 6.67. Found: C, 56.87; H, 6.72. IR S,
cm™': 1750, 1225. 'H-NMR (CDCl, 8): 0.85 (3H), 0.96 (9H), 1.04, 1.12, 1.20 (3H each)(all s, terr-CH; X7),
1.98, 2.00, 2.06, 2.08 (all s, totally 42H, OAcX14), 5.65 (IH, d, J=7 Hz, anomeric H on the ester-
glycoside linkage).

Diazomethane Methylation followed by NaBH 4 Reduction of 5 A solution of 5 (500 mg) in MeOH
(100 ml) was treated with excess ethereal diazomethane and the yellow solution was left standing for 12 h. The
product, obtained by removal of the solvent, was dissolved in MeOH (40 ml) and the solution was treated with
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NaBH, (100 mg). The mixture was stirred at room temp. (20°C) for 1 h, then neutralized with Dowex 50w X8
(H"). The solvent was evaporated off under reduced pressure. Purification of the product by column
chromatography (SiO; 25 g, CHCl;-MeOH~-H,0=65:35:10, lower phase) furnished 5b (250 mg). 5b, white
powder, [a]f; —6.1° (¢=0.9, MeOH). Anal. Caled for CssHssO24: C, 57.84; H, 7.91. Found: C, 57.65;
H, 7.78. IR vE¥ em™: 3400, 1735, 1070.  “C-NMR (ds-pyridine, 8¢, off-resonance pattern): 95.8 (d), 104.4 (d),
104.9 (d), 105.0 (d), 177.7 (s).

Alkaline Hydrolysis of Sh A solution of 5b (250 mg) in MeOH (10 ml) was treated with 2% NaOH-
MeOH (2 ml) and the whole solution was heated under reflux for 2 h, then neutralized with Dowex 50w X8
(H"), and filtrated. The filtrate was concentrated under reduced pressure to yield a white precipitate (8, 70
mg),which was collected by filtration. 8, white powder, [¢]5 +3.1° (¢=0.8, MeOH). Anal. Caled for
CaiaH7,014: C, 62.98; H, 9.06. Found: C, 62.63; H, 9.17. IR vX¥cm™: 3400, 1735, 1070, 1020. From the
mother liquor after separation of 8, gentiobiose(9) was identified by TLC comparisons (as described above).

Methanolysis of 8 A solution of 8 (2 mg) in 9% HCl-dry MeOH (1 ml) was heated under reflux for
I h. Work-up of the reaction mixture as described in the case of 1 furnished 6a and methyl glucoside, which
was identified by TLC comparisons and GLC analyses of the TMS derivative as described above.
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