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Abstract: Fifteen derivatives of soyasapogenol A (l), which is another aglycon moiety of soyasaponins 
from soybean together with soyasapogenol B (2), were prepared and their in vitro hepatoprotcctive effects were 
evaluated. 0 1998 Elsevier Science Ltd. All rights reserved. 

Development of new therapeutic medicines for human hepatitis has been awaited because its effective 

therapy has not yet been established. Recently, we found that soyasapogenol B (2),’ which was obtained from 

soybean, and its derivatives showed hepatoprotective effect in vitro against aflatoxin B,-induced Hep G2 cells.* 

As our continuing studies on structure-hepatoprotective activity relationship, we have undertaken a screening 

examination of soyasapogenol A (1)’ derivatives, since only few synthetic study of soyasapogenol A 

derivatives and their biological activity have hitherto been reported. In this paper, we describe the synthesis of 

fifteen soyasapogenol A derivatives, s in which 3, 21, 22 and 24-hydroxyl groups being regioselectively 

transformed, as well as the comparison of their in vitro hepatoprotective effects. 

1 R=OH ( soyasapogenol A ) 
2 R=H ( soyasapogenol B ) 

Acetylation and methylation at 3, 21, 22 and/or 24-hydroxyl groups of 1 have been effected by using ketal 

and acetal intermediates 34 and 6 as shown in Scheme 1. The intermediate 6 was prepared by selective 

protection of 1 with benzaldehyde dimethyl acetal. Diacetylation at 3, 24-hydroxyl groups of 3 with acetic 

anhydride followed by deprotection of the acetonide linkage gave the 3, 24-diacetoxy derivative 4, while 

treatment of 3 with sodium hydride and methyl iodide provided 3, 24-dimethoxide, which was then deprotected 
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to afford 5. On the other hand, treatment of 6 with acetic anhydride in pyridine at room temperature for 3 h 

yielded 2 I-acetoxy and 21, 22-diacetoxy derivatives (8 and 7) in 65 % and 20% yields, respectively. When the 

reaction was continued for 15 h at room temperature, the diacetate 7 was obtained in 68% yield as a single 

product. Removal of the benzyliden moieties from 7 and 8 afforded 9 and 10, respectively. Methylation of 6 

gave three products: the 2 1, 22-dimethoxy derivative 11 (in 28%), the 2 I-metboxy derivative 12 (in 26%), and 

the 22-methoxy derivative 13 (in 14% yield). Deprotection of the benzylidene moieties of 11. 12 and 13 

afforded 14, 15 and 16, respectively. 
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Scheme 1: (a)Ac,O, Py., rt; (b) NaH, CHJ, THF, rt; (c) lNHCl, MeOH:CH,U, (2:1), It; (d) PhCH(OMe),, CSA, GMF, rt; 
(e) H,, lO%Pd/C, MeOH:CH,CI, (l:l), rt. 

Next, the 2 1, 22-diketo derivative and the diastereoisomers of 2 1, 22-dihydroxy groups have been prepared 

as shown in Scheme 2. Oxidation of 6 under Swern conditions gave two products: the 21, 22-diketo derivative 

17 in 37% yield and the 22-keto derivative 18 in 15% yield. The structure of 18 was confiied by the X-ray 

crystallographic analysis5 as shown in Figure 1. Removal of the protecting groups in 17 and 18 with 1N HCl 

afforded 196 and 20,7 respectively. Reduction of the 21, 22-diketo derivative 17 with lithium aluminum 

hydride (LAH) gave four diastereoisomers. Chromatographic separation of the isomers gave 2 la, 22P-dio12 1, 

21 p, 22a-dio122 and a mixture of 2 la, 22a-dio123 and 21p, 22P-dio16. Catalytic hydrogenation of 21 and 

22 with Pd-C afforded 24 and 25, respectively. On the other hand, acetylation of the mixture of diols 23 and 

6 gave a mixture of four acetates 7, 8, 26 and 27. Compound 27 could be isolated from this mixture by 

column chromatography. Removal of the protecting groups from 2 7 gave 2 la, 22a-dio12 8. 
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Figure 1. ORTEP drawing of 18. 
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Finally, 21p-01 308 and 21~~01 349 have been prepared as shown in Scheme 3. Mesylation of 8 followed 

by reduction of the resulting 22-mesylate with Super Hydride in THF at room temperature provided 29 in 70% 

yield from 8, which was then deprotected to afford 21p-01 30. Compound 30 is the 21-isomer of 

soyasapogenol B (2). Oxidation of 29 under Swern conditions, followed by removal of the protecting group, 

gave the 21-keto derivative 32. Reduction of the ketone 31 with LAH afforded 29 in 68% yield as well as the 

desired 2 la-o1 3 3 in 20% yield. &protection of 3 3 gave 3p, 2 1 a, 24(4j3) -trio1 3 4. 

8, b 
8- 

OH 

..OH 

f 
31 - 29 + 

C 
33 R’=R2= -CH(Ph)- 
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Scheme 3: (a) MsCI, PY., QDMAP, rt; (b) LiEt,BH, THF, rt; (c) H,, lO%Pd/C, MeOH:CH,CI, (l:l), rt; (d) Swem oxidation; 
(e) h, 20%Pd(OH)& MeOH:CH,CI, (1:1), It; (1) LiAIH,, THF, 0°C. 

Hepatoprotective effects of soyasapogenol A derivatives thus prepared have been evaluated in aflatoxin B, - 

induced Hep G2 1.~11s’~ and the results are summarized in Table 1. Glycyrrhizin (GL), ” the positive control, 

has been used for the treatment of chronic hepatitis. Among the preparations examined the 21, 22-diketo 

derivative 19 and the 22-keto derivative 20 were found to be most active. Soyasapogenol A (l),the diacetates 

(compounds 4 and 9) and the dimethyl ether (compound 14) showed no activity. In contrast, 21~acetoxy and 

22P-methoxy derivatives (10 and 16) showed improved activity compared to parent 1. Among the 22-deoxy 

derivatives, 21p-01 30 was found to be more active than 21cx-0134 and 21-keto 32. The diastereoisomers 

(compounds 24 and 25) were not improved in the activity. It is noteworthy to mention here that morphological 

changes in the cultured Hep G2 cells treated with above-mentioned hepatoprotective compounds (10, 19, 20 

and 3 0) were significantly less than those in the cells treated with 2. 
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Table 1. Effect of soyasapogenol A (1) and its derivatives at a dose of 10 pg/rnl 

in comparison with soyasapogenol B (2) and glycyrrhizin (GL) on the cell growth 
and lesions in Hep G2 cells treated with aflatoxin B, ( 10-5M)‘o 

R'O 

Compound R’ R2 R” R4 R’ R6 Protection (%) 

1 H H H 
2 H H H 
4 AC AC H 

5 Me Me H 
Y H H H 
10 H H H 
14 H H H 
15 H H H 
16 H H H 
19 H H 
20 H H H 
24 H H OH 
25 H H H 
28 H H OH 
30 H H H 

34 H H OH 
32 H H 
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carried out by use of phase-contrast microscope, and viable cell numbers were stained with 0.1% of 

crystal violet and determined with monocellator (Olympus Co. Ltd.). 

The percent of protection was expressed according to the formula: 
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B-A 
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