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A full account of the structure revision of soyasapogenols is presented. The structures of
soyasapogenols A, B, and E have been confirmed to be expressed as 38,218,228,24-tetrahydroxy-

olean-12-ene (1), 3f,22f,24-trihydroxyolean-12-ene (2), and 3p,24-dihydroxyolean-12-en-22-one
(5), respectively, rather than the previously reported 38,21a,220,24-tetrahydroxyolean-12-ene (1'),
38,21a,24-trihydroxyolean-12-ene (2’), and 38,24-dihydroxyolean-12-en-21-one (5’). In conse-
quence, the structures of soyasaponins I, II, and III are formulated as 3-O-[a-L-rhamnopyrano-
syl(1—2)--D-galactopyranosyl(1 —2)-8-D-glucuronopyranosyl|soyasapogenol B (8), 3-O-[a-L-
rhamnopyranosyl(1 —2)-a-L-arabinopyranosyl(1—2)-f-p-glucuronopyranosyljsoyasapogenol B
(9), and 3-O-[f-p-galactopyranosyl(l —2)-$-p-glucuronopyranosyljsoyasapogenol B (10), respec-
tively.

Keywords——soybean; Glycine max; oleanene-sapogenol; soyasapogenol A; soyasapogenol B;
soyasapogenol E; soyasaponin I; soyasaponin II; soyasaponin III; bioactive triterpene oligo-
glycoside

Soyasapogenols A, B, C, and D were isolated as sapogenols from soybean (Glycine max
MERRILL., seeds) by Ochiai, Tsuda, and Kitagawa,? and structural investigations followed.*
It was in 1958 when Smith et al. reported the structures of soyasapogenols A, B, and C as 1’,
2/, and 3, respectively.”’ On the other hand in the same year, Cainelli et al. reported the
structures of soyasapogenols C and D as 3 and 4, and based on evidence obtained during the
structural study, they commented that soyasapogenol B should contain a 22f-hydroxyl
moiety in ring E, rather than having the hitherto proposed structure (2") with a 21a-hydroxyl
group.® However, probably because unestablished structures such as 1”7 and 2’ were
depicted for soyasapogenols A and B in their paper,® 1/, 2/, 3, and 4 were generally accepted
as the structures of soyasapogenols A, B, C, and D for a long period.” Afterwards, Willner et
al. isolated a minor sapogenol named soyasapogenol E from soybean and reported its
structure as 5’ on the basis of the chemical correlation with soyasapogenol B (27).%

As a continuation of our chemical investigations on the bioactive principles in
leguminous medicinal plants,"®> we have analyzed the chemical constituents of soybeans
of various origins. From Japanese soybean (cultivated in Akita Prefecture), we isolated
five bioactive triterpene-oligoglycosides, namely soyasaponins I, II, and III (having
soyasapogenol B as the aglycone), and soyasaponins A, and A, (having soyasapogenol A as
the aglycone).!® We initially investigated the oligosaccharide moieties of soyasaponins I, 11,
and III and reported the whole structures of soyasaponins I, II, and III in which the sapogenol
moieties were expressed on the basis of the previously reported structure (2°)> of
soyasapogenol B.'

In 1982, Chiang er al. isolated soyasapogenols A and B, sophoradiol (6), and
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cantoniensistriol (7) from the leguminous plant 4brus cantoniensis HANCE and elucidated the
structures of 6 and 7 by X-ray analysis.'” In the same report, they suggested that
soyasapogenol A may have 216,22f-hydroxyl groups rather than the previously believed
21a,220-hydroxyls (2°) since it was contained with cantoniensistriol (7) in the same plant.
During the course of chemical conversion studies of glucuronide-saponins!'® and
structure studies of soyasaponins A, and A,,' we noticed that the structures (1’,2) proposed
for soyasapogenols A and B seemed inadequate. We therefore carried out a reinvestigation of
soyasapogenols and we have reached the conclusion that the structures of soyasapogenols A,
B, and E should be expressed as 1, 2, and 5 rather than as 1/, 2”, and 5/, and consequently, the
structures of soyasaponins I, II, and III should be formulated as 8, 9, and 10, respectively.'®
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Soyasapogenol B (2) and Soyasapogenol E (5)

Irradiation of di-O-acetylsoyasapogenol E (5a), which was prepared from soyasapogenol
B (2),® in a methanol-chloroform mixture in a Pyrex tube with a 500 W high-pressure
mercury lamp furnished a seco-acid methyl ester (11a) in 859, yield. The proton nuclear
magnetic resonance (\H-NMR) spectrum of 11a showed signals due to 3a-H, 24-CH,, and six
tert-CH, groups, a three-proton doublet (/=7.1 Hz) at §0.86 assignable to 17-sec-CHj;, and
an AB quartet (2H, J=11.7Hz) at 62.16 and 2.28 assignable to 21-CH,. The mass spectrum
(MS) of 11a gave the molecular ion peak and two fragment ions i and iii formed through a
retro-Diels—Alder type fragmentation characteristic of the C-ring fragmentation of olean-12-
ene triterpenoids.'® Irradiation of di-O-acetylsoyasapogenol E (5a) in chloroform without
methanol provided a seco-acid (11) in 819 yield.!” The "H-NMR spectrum of 11 also showed
signals due to six tert-CH, and one sec-CH; groups.

Selenium dioxide oxidation of 11a gave a dienic compound (12a), which was converted to
the dienic acid (12) by methanolic sodium methoxide treatment. The ultraviolet (UV) spectra
of 12 and 12a showed absorption curves which were reminiscent of an 11,13(18)-
heteroannular diene moiety.'**!® In addition, the 'H-NMR spectrum showed signals due to
two olefinic protons at C-11 and C-12 (in 12 and 12a)'*“!® and a doublet due to 17-CH,
(in 12).'?

Based on the above-mentioned evidence, the location of the carbonyl moiety in
soyasapogenol E (5) has been proved to be C-22 and the photolysis of 5a resulted in C-17, 22-
bond fission (x-fission) to provide 11a and 11. Therefore, the location of the hydroxyl moiety
in ring E of soyasapogenol B (2) has been shown to be at C-22. Furthermore, the '"H-NMR
spectra of 2a,2¥ 2b,20 2¢,'V) 21, and 22 (vide infra) indicated the axial orientation of the 22-
hydroxyl group as judged from the signal due to 22-H. Thus, the structure of soyasapogenol B
(2) has been elucidated to be as shown.

In order to confirm the new structure of soyasapogenol B (2), the conversion of 2 to
sophoradiol (6)!% has been carried out. Tritylation of 2 gave the monotrityl ether (13), which
was then treated with phenyl isocyanate to afford the phenylcarbamate (14). Detritylation of
14 (giving 15) and subsequent oxidation of 15 with pyridinium chlorochromate (PCC) yield-
ed the aldehyde (16). Huang-Minlon reduction of 16, with concomitant removal of the
protecting group, provided the 24-deoxy product (in 329 overall yield from 2), which was
found to be identical with sophoradiol (6).
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Furthermore, the X-ray analysis of 3,22,24-tri-O-acetylsoyasapogenol B (2a) confirmed
the structure of soyasapogenol B (2),'* and consequently the structure of soyasapogenol E (5)
has been determined to be as shown. Based on the confirmed evidence previously reported'"
and mentioned above, the structures of soyasaponins I, I, and III, which are oligoglycosides
of soyasapogenol B (2), should be expressed as 8, 9, and 10, respectively.

Soyasapogenol A (1)

Soyasapogenol B (2) was previously correlated to tetra-O-acetylsoyasapogenol A (1a) via
initial conversion of 2a to di-O-acetylsoyasapogenol C (3a) and subsequent osmium tetroxide
oxidation followed by acetylation.*> We repeated these conversions and have found that they
are reproducible. It has become clear therefore that if the configuration of one of the two
hydroxyl groups at C-21 and C-22 in soyasapogenol A (1) is determined, the chemical
structure of soyasapogenol A will be elucidated. Thus, the conversion from soyasapogenol A
(1) to a soyasapogenol B derivative (20) has been carried out.

Treatment of soyasapogenol A (1) with 2,2-dimethoxypropane (one equiv. mol excess) in
the presence of acidic resin in acetone, furnished the 21-0-,22-O-isopropylidene derivative
(17). Methylation of 17 with methyl iodide and sodium hydride in tetrahydrofuran (THF)
gave the 3,24-di-O-methyl ether (18) (in 709 yield from 1). The MS of 17 and 18 showed a
base-ion peak v derived from their D, E rings, so that the location of the 21-0-,22-0-
isopropylidene group has been ascertained. Removal of the isopropylidene protecting group
of 18 with acid and subsequent acetylation under ordinary conditions provided the 21-O-
acetate (19) in 75% yield. The 'H-NMR spectrum of 19 showed signals due to 3a-H and 24-
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CH,, a one-proton doublet at ¢3.44 (J=2.4Hz) assignable to 22a-H, and a one-proton
doublet at 06494 (J=2.4Hz) assignable to 2la-H. Irradiation of 19 in a
hexamethylphosphoric triamide (HMPA)-water (95 : 5) mixture in a quartz tube with a 30 W
low-pressure mercury lamp,?") furnished the 21-deacetoxylated product (20) in 81%, yield.

On the other hand, isopropylidenation followed by acetylation of soyasapogenol B (2)
gave 21. Removal of the isopropylidene moiety from 21 with boron trifluoride etherate and
subsequent methylation of the product gave 22. Finally, deacetylation of 22 with methanolic
sodium methoxide furnished 3,24-di-O-methylsoyasapogenol B in 739 overall yield from
soyasapogenol B (2). The di-O-methyl ether thus obtained was found to be identical with 20
described above. Thus, the 22-OH configuration of soyasapogenol A (1) has been proved to
be f, as in soyasapogenol B (2), and the structure of soyasapogenol A has been determined to
be 34,215,22,24-tetrahydroxyolean-12-ene (1).

Very recently, we have analyzed the saponin constituents in a variety of soybeans
cultivated in various places in Japan and imported from the United States of America,
Canada, and China. We have found so far that soyasaponins having soyasapogenols A (1)
and B (2) as the aglycones are contained in soybeans as partially acetylated forms.??2¥
Furthermore, it has been found that soyasapogenols C (3) and D (4) are artifacts secondarily
formed during the acidic hydrolysis of soyasaponins, whereas soyasapogenol E (5) may be
formed by photo-oxidation of soyasapogenol B (2).22?% Soyasapogenols A (1) and B (2)
described in this paper are genuine sapogenols of soybean.

Experimental®®’

Photolysis of Sa——a) A solution of 5a (50 mg) in CHCl;-MeOH (1:1, 16 ml) in a Pyrex tube was irradiated
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externally with a 500 W high-pressure mercury lamp (Eikosha, PIH-500) for 2.5h while keeping the solution
temperature below 4 °C. After removal of the solvent from the reaction mixture under reduced pressure, the product
was purified by preparative thin layer chromatography (TLC) (benzene:acetone=>5:1) and crystallization from
MeOH to furnish 11a (45mg, 85%). 11a, mp 162—163 °C (colorless needles), [«]® +69.1° (¢=1.0, CHCL,). High-
resolution MS: Found: 572.408, 264.207, 248.176. Calcd for C;5HsOy (M*): 572.408, C,,H,,0, (i): 264.209,
C,H,40, (iii-AcOH); 248.178. IR vES em™': 2945, 1737, 1233. '"H-NMR (200 MHz, CDCl,) §: 0.86 (3H, d, J=
7.1 Hz, changed to s on irradiation at 6 1.65, 17-sec —-CH;), 0.94, 0.98, 0.99, 1.01, 1.02, 1.05 (3H each, all s, rert
~CH, x 6), 2.04, 2.06 (3H each, both s, OAc x 2), 2.16, 2.28 (2H, ABq, J=11.7Hz, 21-H,), 3.65 (3H, s, COOCHS,),
4.13,4.37 (2H, ABq, J=11.7Hz, 24-H,), 4.59 (1H, dd, J=7.1, 9.3 Hz, 3-H), 5.25 (1H, dd, J=3.2, 3.2 Hz, 12-H). 'H-
NMR (200 MHz, C,D,) d: 0.85,0.96, 1.03, 1.07, 1.08, 1.16 (3H each, all s, rert -CH; x 6), 0.95 (3H, d, J =7.2 Hz, sec
—CH,), 1.70, 1.74 (3H each, both s, OAc x 2), 2.19, 2.20 (2H, ABq, J=14.4 Hz, 21-H,), 3.36 (3H, s, COOCH,), 4.20,
4.59 (2H, ABq, J=11.8Hz, 24-H,),4.71 (1H, dd, /=7.1,9.2 Hz, 3-H), 5.30 (1H, dd, J=3.2, 3.2 Hz, 12-H). '3C-NMR
(50 MHz, CDCl,)*® §,: 15.7, 17.0, 19.4, 21.1, 21.2, 22.6, 23.0, 26.9 (2C) (tert -CH, x 6, sec -CHj, acetyl-CH; x 2),
19.3, 23.2, 23.7 (3C), 33.8, 38.7, 46.4, 51.7 (-CH,~x9), 33.2, 44.6, 47.7, 56.1 (‘¢H x 4), 34.7, 36.8, 39.4, 41.1, 43.0
(-¢— x 5), 51.0 (OCH,), 65.5 (24-C), 80.2 (3-C), 122.2 (11-C), 143.7 (12-C), 170.5, 170.9 (acetyl-CO x 2), 172.7 (22-C).
MS m/z (%): 572 (M™, 85), 308 (iii, 4), 264 (i, 86), 248 (iii-AcOH, 22).

b) A solution of 5a (50 mg) in CHCI, (10 ml) in a Pyrex tube was irradiated externally with a 500 W high-pressure
mercury lamp for 2.5 h while keeping the solution temperature below 4 °C. The product, obtained by evaporation of
the solvent under reduced pressure, was purified by preparative TLC (benzene:acetone=2:1) followed by
crystallization from CHCl,~MeOH to furnish 11 (42 mg, 819%). 11, mp 176—178 °C (colorless needles), [«]3’ + 74.3°
(c=0.35, CHCl,). High-resolution MS: Found: 558.394, 250.192, 248.175. Calcd for C;,Hs,0, (M™*): 558.392,
C,H,0; (ii): 250.193, C;H,,0, (iii-AcOH): 248.178. IR v{"cm~*: 2960, 1755 (br), 1280. 'H-NMR (200 MHz,
CDCl,) 6:0.87 (3H, d, J=7.2 Hz, 17-sec -CHj;), 0.94, 0.98, 1.02, 1.03 (3H each), 1.05 (6H) (all s, tert -CH; x 6), 2.04,
2.07 (3H each, both s, OAc x 2), 2.19, 2.29 (2H, ABq, J=12.0Hz, 21-H,), 4.13, 4.36 (2H, ABq, J=11.8 Hz, 24-H,),
4.59 (1H, t-like, 3-H), 5.25 (1H, brs, Wy, =6 Hz, 12-H). MS m/z (%) 558 (M ", 7), 250 (ii, 24), 248 (iii-AcOH, 5).

SeO, Oxidation of 11a A solution of 11a (180 mg) in AcOH (10 ml) was treated with SeO, (200 mg), and the
mixture was heated under reflux for 1h. The reaction mixture was then poured into ice-water and the precipitated
product was collected by filtration. The product was purified by column chromatography (SiO, 5g, CHCl;) and
subsequent crystallization from MeOH to furnish 12a (150 mg, 84%,). 12a, mp 115—116 °C (colorless needles), [«]3’
—0.9° (¢=0.3, CHCl,). High-resolution MS: Found 570.391. Calcd for C35H;,04 (M*): 570.392. UV AMOH nm ()

max

245 (33000), 253 (37000), 261 (24000). IR v{HClem =1 2965, 1725, 1250. '"H-NMR (90 MHz, CDCL,)*" 6: 0.74 (3H,
s), 0.96—1.00 (18H) (tert -CH; x 6, sec -CH,), 2.02, 2.04 (3H each, both s, OAc x 2), 2.24 (2H, s, 21-H,), 3.65 (3H, 5,
COOCH,), 4.11, 4.33 (2H, ABq, /=10 Hz, 24-H,), 4.60 (1H, t-like, 3-H), 5.44 (1H, d, /= 10Hz, 11-H), 6.33 (1H, dd,
J=3, 10Hz, 12-H). MS m/z (%): 570 (M ™, 70), 201 (100).

Deacetylation of 12a——A solution of 12a (100 mg) in MeOH (20 ml) was treated with 109, NaOMe-MeOH
(1 ml) and the mixture was stirred at 20 °C for 1 h. The reaction mixture was then neutralized with Dowex 50W x 8
(H* form) and the resin was removed by filtration. Concentration of the filtrate under reduced pressure yielded 12
(85 mg, quant.). 12, a white powder, [«]?’ —6.0° (¢c=1.5, CHCl;). High-resolution MS: Found 486.371. Calcd for
Cy Hyo0, (M*): 486.371. UV AMOH nm (g): 247 (36700), 253 (41100), 263 (26700). IR v&H em ™11 3620, 3500, 1725,
1025. 'H-NMR (200 MHz, CDCl,) 6: 0.71, 0.85, 0.95, 0.99, 1.01, 1.24 (3H each, ali s, tert -CH; x 6), 0.98 (3H,d, J=
7.1Hz, 17-sec -CHj;), 2.24 (2H, s), 3.66 (3H, s, COOCH,), 5.46 (1H, d, J=11.2Hz, 11-H), 6.33 (1H, dd, /=2.0,
11.2 Hz, 12-H). MS m/z (%): 486 (M™, 100), 201 (53).

Tritylation of Soyasapogenol B (2)——A solution of 2 (2.85 g) in pyridine (75 ml) was treated with trityl chloride
(4.5 g) and the mixture was heated under reflux for 0.5 h. The reaction mixture was then poured into ice-water and the
precipitated product was collected by filtration. The product was purified by column chromatography (SiO, 400 g,
n-hexane: AcOEt=15:1—1:1, CHCl,) followed by crystallization from n-hexane-AcOEt to furnish 13 (3.84g,
889%). 13, mp 293—294 °C (colorless needles), [a]}? +72.5° (¢=0.5, pyridine). Anal. Calcd for C,oH,,05: C, 83.95; H,
9.20. Found: C, 83.84; H, 9.46. IR vKBrcm™~1: 3470, 3430, 1600, 1495. MS m/z (%): 700 (M *, 1), 243 (100), 234 (iv,
70).

' Phenylcarbamate (14) Formation from 13——A solution of 13 (3.74g) in pyridine (50ml) was treated with
phenylisocyanate (1.2 ml) and the mixture was heated at 100 °C for 1 h. The reaction mixture was then poufed into
ice-water and the whole was extracted with AcOEt. After work-up of the AcOEt extract in the usual manner, the
product was purified by column chromatography (Al,O; 50 g, n-hexane: AcOEt=1:1) followed by crystallization
from CHCIl,~MeOH to furnish 14 (4.41 g, 88%). 14, mp 157—159 °C (colorless plate), [a]is + 5.5° (¢ =0.47, CHCl,).
Anal. Caled for Ce3H,,05N,: C, 80.56; H, 7.94; N, 2.98. Found: C, 80.82; H, 7.82; N, 2.92. IR v<s cm ~: 3440, 3065,
3025, 1740, 1515. '"H-NMR (CDCl,) §: 0.86 (9H), 0.91, 1.01, 1:13, 1.31 (3H each) (all s, zert -CHj x 7), 3.13, 3.43 (2H,
ABq, J=8.5Hz, 24-H,), 4.46—4.64 (2H, m, 3, 22-H), 5.18 (1H, m, 12-H), 6.35, 6.59 (1H each, both s, *NH x 2),
7.10—7.50 (25H, m, aromatic H).

Detritylation of 14 A solution of 14 (4.9 g) in MeOH-acetone (5:1, 120 ml) was treated with concentrated
HCl (4 ml) and the mixture was heated under reflux for 20 min. After neutralization with 5%, aqueous NaOH, the
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whole mixture was poured into ice-water and the precipitated product was collected by filtration. The product was
purified by column chromatography (SiO, 200g, n-hexane: AcOEt=5:1—1:1) followed by crystallization from
CHCl,-MeOH to furnish 15 (3.6g, quant.). 15, mp 288—290°C (colorless fine crystals), [} +83.3° (c=1.1,
pyridine). Anal. Caled for C,4,HgoOsN,: C, 75.83; H, 8.68; N, 4.02. Found: C, 75.45; H, 8.75; N, 4.00. IR yKBrom-1
3600, 3350, 1730, 1550. '"H-NMR (pyridine-ds) 6: 0.92 (3H), 0.95 (9H), 1.04, 1.19, 1.33 (3H each) (all s, tert ~-CH; x 7),
3.94 (2H, brs, 24-H,), 5.24 (1H, brs, 12-H), 7.00—8.03 (10H, m, aromatic H).

PCC Oxidation of 15——A solution of 15 (100 mg) in CH,Cl, (10 ml) was treated with PCC (100 mg) and the
mixture was stirred at 20°C under a nitrogen atmosphere for 2.5h. The product was purified by column
chromatography [Florisil (100-—200 mesh) 1 g, ether] and preparative TLC (n-hexane: AcOEt=2:1) to furnish 16
(71 mg, 71%). 16, a white powder [« +81.1° (c= 1.1, pyridine). 4nal. Calcd for C,Hs3OsN,: C, 76.05; H, 8.41; N,
4.03. Found: C, 75.73; H, 8.41: N, 4.13. IR vKBrem ™! 3340, 2830, 2740, 1705, 1515. "H-NMR (pyridine-ds) 6: 0.78,
0.82 (3H each), 0.90 (9H), 1.19, 1.23 (3H each) (all s, tert -CH,x 7), 5.19 (1H, brs, 12-H), 7.10—8.05 (10H, m,
aromatic H), 10.15 (1H, s, -CHO).

Huang—Minlon Reduction of 16——A solution of 16 (130 mg) in EtOH (30 ml) was treated with diethylene glycol
(15ml) and 80% hydrazine hydrate (5 ml) and the mixture was heated at 140—150°C (in an oil bath) for 2h. The
reaction mixture was then treated with KOH (1.5 g) and the whole mixture was heated under reflux (230—240 “C) for
a further 3 h, poured into ice-water and extracted with AcOEt. Work-up of the AcOEt extract in the usual manner
gave the product, which was purified by preparative TLC (benzene: acetone=10:1) to furnish sophoradiol (6,
48 mg). Sophoradiol (6) thus obtained was shown to be identical with an authentic sample?® by TLC
(CHCl;: MeOH =30: 1, benzene:acetone=4:1, n-hexane: AcOEt=1:1), mixed melting point determination and
IR (KBr) comparisons.

Conversion from Soyasapogenol A (1) to the Monoacetonide (17)——-A solution of 1 (500 mg) in acetone (100 mg)
was treated with 2,2-dimethoxypropane (2 ml) and dry Dowex 50W x 8 (H* form, 10 ml). The mixture was stirred at
20°C for 24 h and the resin was removed by filtration. The product, obtained by concentration of the filtrate under
reduced pressure, was purified by column chromatography (Al,0; 25g, benzene:acetone=10:1) followed by
crystallization from CHCl,~-MeOH to furnish 17 (380 mg, 70%). 17, mp 268—269 °C (colorless fine crystals), [a]3’
+88.8° (¢=1.0, CHCl,). High-resolution MS: Found 514.402. Caled for C33Hg, O, (M*): 514.402. IR v em ™!
3500, 1385, 1040. 'H-NMR (CDCl,) §: 0.91, 0.96 (6H, each), 0.99, 1.11, 1.24 (3H each) (all s, tert -CH; x 7), 1.34,
1.37 (3H each, both s, isopropylidene-CH, x 2), 3.29, 4.17 (2H, ABq, /=11 Hz, 24-H,), 3.70 (2H, s, 21, 22-H), 5.22
(1H, t-like, 12-H). MS m/z (%): 514 (M ™, 1), 290 (v, 100).

Methylation of 17——A solution of 17 (200 mg) in THF (5 ml) was mixed with CH,I (2ml) and NaH (200 mg),
and the mixture was stirred at 20 °C under a nitrogen atmosphere for 10 h. After quenching of the reaction with wet
ether, the reaction mixture was poured into ice-water and extracted with AcOEt. Work-up of the AcOEt extract in the
usual manner gave the product, which was purified by column chromatography (SiO, 15g, CHCl,;) and
crystallization from CHCl,~MeOH to furnish 18 (210 mg, quant.). 18, mp 239—240°C (colorless needles), [a]
+120.6° (¢ =1.0, CHCl,). High-resolution MS: Found 542.435. Calcd for C3sHs40, (M*): 542.433. IR viSiem ™1
2950, 1045. '*H-NMR (CDCl,) 6: 0.91 (3H), 0.97,0.99, 1.11 (6H each) (all s, tert -CH; x 7), 1.32, 1.46 (3H each, both
s, isopropylidene—CHj x 2), 2.69 (1H, dd, /=3, 8 Hz, 3-H), 3.23, 3.31 (3H each, both s, OCH; x 2), 3.70 (2H, s, 21, 22-
H), 5.23 (1H, t-like, 12-H). MS m/z (%,): 542 (M ™, 1), 290 (v, 100), 252 (vi, 12).

Conversion from 18 to 19——A solution of 18 in THF (10 ml) was treated with 5% aqueous HCI (1 ml) and the
mixture was stirred at 20 °C for 1 h. The reaction mixture was neutralized with 5% aqueous NaOH and the whole was
extracted with ether. Work-up of the ether extract in the usual manner gave the product, which was dissolved in
Ac,O-pyridine (1:1, 5ml). This solution was stirred at 20 °C for 6 h, then poured into ice-water, and the whole was
extracted with AcOEt. Work-up of the AcOEt extract in the usual manner gave the product, which was purified by
column chromatography (SiO, 10g, n-hexane: AcOEt=10:1) followed by crystallization from CHCl;-MeOH to
furnish 19 (128 mg, 75%) and to recover 18 (30 mg). 19, mp 229-—230°C (colorless needles), T +95.7° (¢ =0.6,
CHCL,). High-resolution MS: Found 544.412. Caled for C3,Hs,O5 (M*): 544.413. IR v{52em ™" 3610, 1740, 1240,
1050. 'H-NMR (200 MHz, CDCl,) §: 0.85, 0.96, 0.98, 0.99 (3H each), 1.12 (6H), 1.14 (3H) (all s, tert -CH; x 7), 2.13
(3H, s, OAc), 2.72 (1H, dd, J=4.1, 11.0 Hz, 3-H), 3.26, 3.34 (3H each, both s, OCH, x 2), 3.30, 3.54 (2H, ABq, /=
9.8 Hz, 24-H,), 3.44 (1H, d, /= 2.4 Hz, changed to s on irradiation at § 4.94, 22-H), 4.94 (1H, d, J =2.4 Hz, changed to
s on irradiation at §3.44, 21-H), 5.27 (1H, t-like, 12-H). MS m/z (%): 544 (M*, 1), 292 (vii, 6), 252 (vi, 20), 232 (vii-
AcOH, 100).

Photolysis of 19——A solution of 19 (100 mg) in HMPA-H,0 (95:5, 40ml) in a quartz tube was irradiated
externally with a 30 W low-pressure mercury lamp (PIL-30) for 48 h while keeping the solution temperature below
10°C. After dilution with water, the reaction mixture was extracted with AcOEt. Work-up of the AcOEt extract in
the usual manner gave the product, which was purified by column chromatography (SiO, 10g, CHCI;: MeOH =
100: 1) followed by crystallization from CHCl,~MeOH to furnish 20 (72mg, 81%). 20, mp 228—229 °C (colorless
needles), [a]2° +92.9° (¢ =1.0, CHCl,). High-resolution MS: Found 486.407. Caled for C;,Hs,O5 (M *): 486.407. IR
vEHCs ecm~ 1 3520, 2920, 1050. '"H-NMR (CDCly) 6: 0.87, 0.90, 0.97, 1.00, 1.04 (3H each), 1.11 (6H) (all s, tert
~CH,; x 7), 2.70 (1H, dd, /=4, 8 Hz, 3-H), 3.24, 3.32 (3H each, both s, OCH; x 2), 5.21 (IH, t-like, 12-H). MS m/z
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(%): 486 (M ™, 5), 252 (vi, 22), 234 (iv, 100).

Conversion from Soyasapogenol B (2) to 21 A solution of 2 (375mg) in acetone (25 ml) was treated with 2,2-
dimethoxypropane (15ml) and dry Dowex 50W x 8 (H* form, 10 ml). The mixture was stirred at 37 °C for 12 h and
the resin was removed by filtration. The product, obtained by evaporation of the solvent from the filtrate under
reduced pressure, was dissolved in Ac,0—pyridine (1 : 1, 2ml). This solution was stirred at 20 °C for 12 h, then poured
into ice-water and the whole was extracted with AcOEt. Work-up of the AcOEt extract in the usual manner gave the
product, which was purified by column chromatography (SiO, 20g, benzene:acetone=100:1) followed by
crystallization from CHCl;-MeOH to furnish 21 (398 mg, 90%). 21, mp 239—240 °C (colorless needles), [a]2° +86.1°
(c=0.6, CHCl,). High-resolution MS: Found 540.419. Calcd for C35Hss0, (M *): 540.420. IR v<Slcm~': 2950, 1730,
1250. 'H-NMR (CDCl,) é: 0.82, 0.90 (3H each), 1.00, 1.16 (6H each), 1.22 (3H) (all s, terr ~CH, x 7), 1.37, 1.42 3H
each, both s, isopropylidene-CHj x 2), 2.00 (3H, s, OAc), 3.20, 4.02 (1H each, both d, J= 11 Hz, 24-H,), 3.44 (1H, dd,
J=3,8Hz, 3-H), 4.62 (1H, dd, J=3.5, 3.5 Hz, 22-H), 5.25 (1H, t-like, 12-H). MS m/z (%): 500 (M *, 2), 276 (viii, 20),
216 (viii-AcOH, 100).

Conversion from 21 to 22——A solution of 21 (180 mg) in THF (10 ml) was treated with BF,—ether (0.1 ml) and
the whole mixture was stirred at 20°C for Smin. The reaction mixture was neutralized with aqueous saturated
NaHCO; and the whole was extracted with AcOEt. Work-up of the AcOEt extract in the usual manner gave the
product. A solution of the product in THF (10 ml) was treated with CH,I (5ml) and NaH (100 mg) and the mixture
was stirred at 20 °C for 10 h. After quenching of the reaction with wet ether, the reaction mixture was poured into ice-
water and extracted with AcOEt. Work-up of the AcOEt extract in the usual manner gave the product, which was
purified by column chromatography (SiO, 25g, CHCl, : MeOH =500 1) followed by crystallization from CHCl,—
MeOH to furnish 22 (158 mg, 83%). 22, mp 209—210°C (colorless needles), [«]’ +99.1° (¢=0.5, CHC,). High-
resolution MS: Found 528.419. Calcd for C;,H;s0, (M™*): 528.418. IR v<Clsem™1: 2925, 1730, 1250. '"H-NMR
(200 MHz, CDCl,) ¢: 0.81, 0.88, 0.97 (3H each), 1.00 (6H), 1.12, 1.13 (3H each) (all s, tert -CH, x 7), 2.01 (3H, s,
OAc), 2.70 (1H, dd, J=4.1, 8.0 Hz, 3-H), 3.24, 3.32 (3H each, both s, OCH; x 2), 4.61 (1H, dd, J=3.5, 3.5 Hz, 22-H),
5.23 (1H, t-like, 12-H). MS m/z (%): 528 (M*, 7), 276 (viii, 26), 252 (vi, 21), 216 (viii-AcOH, 100).

Deacetylation of 22——A solution of 22 (20 mg) in MeOH (5 ml) was treated with 10% NaOMe-MeOH (1 ml)
and the reaction mixture was stirred at 20 °C for 1 h, then neutralized with Dowex SOW x 8 (H* form). The resin was
removed by filtration. Removal of the solvent from the filtrate under reduced pressure gave 20 (18 mg, quant.), which
was shown to be identical with an authentic sample by TLC (CHC]l,, benzene : acetone=15: 1, n-hexane : AcOEt =
5:1), mixed melting point determination, and IR (CHCl,) spectral comparison.

References and Notes

1) Part XL: M. Yoshikawa, H. K. Wang, H. Kayakiri, T. Taniyama, and 1. Kitagawa, Chem. Pharm. Bull., 33,
4267 (1985).

2) Present address: Shanghai College of Traditional Chinese Medicine, 530, Linlin Road, Shanghai, People’s
Republic of China.

3) a) E. Ochiai, K. Tsuda, and S. Kitagawa, Ber., 70, 2083 (1937); b) Idem, ibid., 70, 2093 (1937); ¢) K. Tsuda
and S. Kitagawa, ibid., 71, 790 (1938); d) Idem, ibid., 71, 1604 (1938).

4) a) A. Meyer, O. Jeger, and L. Ruzicka, Helv. Chim. Acta, 33, 672 (1950); b) Idem, ibid., 33, 687 (1950); c) Idem,
ibid., 33, 1835 (1950).

5) a) H. M. Smith, J. M. Smith, and F. S. Spring, Chem. Ind. (London), 1958, 889; b) Idem, Tetrahedron, 4, 111
(1958).

6) G. Cainelli, J. J. Britt, D. Arigoni, and O. Jeger, Helv. Chim. Acta, 41, 2053 (1958).

7) a) R. McCrindle and K. H. Overton, “Rodd’s Chemistry of Carbon Compounds,” Vol. II, Part C, ed. by S.
Coffey, Elsevier Publishing Company, Amsterdam, London, New York, 1969, p. 369; b) Y. Birk, “Toxic
Constituents of Plant Foodstuffs,” ed. by I. E. Liener, Academic Press, New York, 1969, p. 169; ¢) R. Tschesche
and G. Wulff, Fortschritte der Chemie Organischer Naturstoffe, 30, 461 (1973); d) E. Heftmann, R. E. Lundin,
and W. F. Haddon, Lioydia, 42, 410 (1979).

8) D. Willner, B. Gestetner, D. Lavie, Y. Birk, and A. Bondi, J. Chem. Soc., 1964, 5885.

9) L Kitagawa, H. K. Wang, and M. Yoshikawa, Chem. Pharm. Bull., 31, 716 (1983) and preceding papers cited
therein.

10) The biological activities of these soyasaponins were reported afterwards: a) I. Kitagawa and M. Yoshikawa,
Kagaku to Seibutsu, 21, 224 (1983); b) H. Ohminami, Y. Kimura, H. Okuda, S. Arichi, M. Yoshikawa, and 1.
Kitagawa, Planta Medica, 50, 440 (1984); ¢) M. Kubo, H. Matsuda, T. Tani, K. Namba, S. Arichi, and 1.
Kitagawa, Chem. Pharm. Bull., 32, 1467 (1984); d) Y. Kawano-Takahashi, H. Ohminami, H. Okuda, I.
Kitagawa, M. Yoshikawa, S. Arichi, and T. Hayashi, International Journal of Obesity, 10, 293 (1986).

11) I Kitagawa, M. Yoshikawa, and 1. Yosioka, Chem. Pharm. Bull., 24, 121 (1976).

12) ) T. C. Chiang and H. M. Chang, Planta Medica, 46, 52 (1982); b) T. C. Mak, T. C. Chiang, and H. M. Chang,
J. Chem. Soc., Chem. Commun., 1982, 785.

NII-Electronic Library Service



No. | 161

Y

13) a)l. Kitagawa, M. Yoshikawa, K. S. Im, and Y. Ikenishi, Chem. Pharm. Bull., 25, 657 (1977); b) 1. Kitagawa
and M. Yoshikawa, Heterocycles, 8, 783 (1977); ¢) I. Kitagawa, T. Kamigauchi, H. Ohmori, and M. Yoshikawa,
Chem. Pharm. Bull., 28, 3078 (1980); d) 1. Kitagawa, T. Kamigauchi, Y. Ikeda, and M. Yoshikawa, ibid., 32,
4858 (1984).

14) a) I Kitagawa, M. Saito, T. Taniyama, and M. Yoshikawa, Chem. Pharm. Bull., 33, 598 (1985); b) Idem, ibid.,
33, 1069 (1985).

15) A part of this paper was reported in our preliminary communication: I. Kitagawa, M. Yoshikawa, H. K. Wang,
M. Saito, V. Tosirisuk, T. Fujiwara, and K. Tomita, Chem. Pharm. Bull., 30, 2294 (1982).

16) a) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Structure Elucidation of Natural Products by Mass
Spectrometry,” Vol. 2, Holden-Day, Inc., San Francisco, 1964, p. 121; b) 1. Yosioka, T. Nishimura, A.
Matsuda, and 1. Kitagawa, Chem. Pharm. Bull., 18, 1610 (1970).

17) Since the chloroform was not dried before use and the photolysis was not carried out in a dry atmosphere, the
reaction presumably occurred with participation of water in the medium.

18) I. Kitagawa, K. Kitazawa, and 1. Yosioka, Tetrahedron, 28, 907 (1972).

19) The C-17 conﬁguration'in 11, 11a, 12, and 12a has not yet been defined.

20) 'H-NMR spectra (200 MHz, CDCl,, ) of 2a and 2b: 2a; 0.81, 0.89 (3H, each), 0.97 (6H), 1.00, 1.03, 1.14 3H,
each) (all s, tert-CH, x 7), 2.03, 2.04, 2.07 (3H each, all s, OAc x 3), 4.13, 4.37 (2H, ABq, /=11.7Hz, 24-H,),
4.59 (TH, dd, J=4.2, 8.0 Hz, 3-H), 4.64 (1H, dd, J=3.4, 3.4Hz, 22-H), 5.26 (1H, t-like, 12-H). 2b; 0.86, 0.90,
0.96, 0.99, 1.01, 1.10, 1.12 (3H each, all s, tert-CH; x 7), 3.26, 3.28, 3.34 (3H each, all s, OCHj, x 3), 2.71 (1H,
dd, J=4.4,11.9 Hz, 3-H), 2.81 (1H, dd, J=2.9, 6.5 Hz, 22-H), 3.53 (1H, d, /=9.5 Hz, 24-H), 5.23 (1H, t-like, 12-
H).

21) a) H. Deshayes, J. P. Pete, C. Portella, and D. Scholloer, J. Chem. Soc., Chem. Commun., 1975, 439; b) 1.
Kitagawa, H. Shibuya, and H. Fujioka, Chem. Pharm. Bull., 25, 2718 (1977).

22) a)l. Kitagawa, M. Yoshikawa, T. Hayashi, and T. Taniyama, Yakugaku Zasshi, 104, 162 (1984); b) Idem, ibid.,
104, 275 (1984).

23) a) M. Yoshikawa, T. Taniyama, Y. Nagahama, I. Kitagawa, K. Okubo, M. Shiraiwa, M. Shimoyamada, F.
Yamauchi, presented at the Annual Meeting of the Pharmaceutical Society of Japan, Kyoto, April 1987,
Abstract Papers, p. 337; b) T. Taniyama, Y. Nagahama, M. Yoshikawa, I. Kitagawa, K. Okubo, M. Shiraiwa,
M. Shimoyamada, F. Yamauchi, presented at the Annual Meeting of the Pharmaceutical Society of Japan,
Kyoto, April 1987, Abstract Papers, p. 337.

24) 1. Kitagawa, T. Taniyama, T. Murakami, and M. Yoshikawa, to be published.

25) The following instruments were used to obtain physical data: melting points, Yanagimoto micro-melting point
apparatus (values are uncorrected); specific rotations, JASCO DIP-181 digital polarimeter (/=0.5 or 1 dm); IR
spectra, Hitachi 260-30 infrared spectrometer; UV spectra, Hitachi 330 spectrophotometer; 'H-NMR spectra,
JEOL FX-90Q (89.55 MHz) or JEOL FX-200 (200 MHz) FT NMR spectrometer (with tetramethylsilane as an
internal standard); '*C-NMR spectra, JEOL FX-200 (50 MHz) FT NMR spectrometer; MS, JEOL JMS-new
D-300 mass spectrometer; high-resolution MS, JEOL JMS-new D-300 or JEOL JMS-01SG mass spectrometer.
The following experimental conditions were used for chromatography: gas liquid chromatography (GLC),
Hitachi gas chromatograph model 663-50 with FID; column chromatography, Silica gel 60 (Merck, 60—230
mesh) or aluminum oxide standardized (Merck) as the adsorbent; preparative TLC, with silica gel Camag D-5,
detection by spraying with water or by exposure to 1, vapor; TLC, pre-coated TLC plates silica gel 60F-254
(0.25 mm), detection by spraying with 1% Ce(SO,),~10%; aqueous H,SO, followed by heating.

26) The characterizations of prim-C, sec-C, tert-C and guat-C were based on INEPT (insensitive nuclei enhanced by
polarization transfer) experiments.

27) Measured at 90 MHz unless otherwise stated.

28) I. Kitagawa, H. K. Wang, M. Saito, and M. Yoshikawa, Chem. Pharm. Bull., 31, 664 (1983)

NII-Electronic Library Service





