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Preventive effects of soyasapogenol B derivatives on liver injury
in a concanavalin A-induced hepatitis model
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Abstract—To shed light on the structure–activity relationship, various soyasapogenol B derivatives were synthesized and eval-
uated for preventive effects on liver injury in the concanavalin A (Con A)-induced hepatitis model in mice. Con A injection
into mice induces some pathophysiology of human liver disease such as autoimmune or viral hepatitis. Two hydroxyl groups
on the A ring of soyasapogenol B are required for amelioration of liver damage. Modification of the C-22 hydroxyl moiety
with an acyloxy or alkyloxy group, or removal of the hydroxyl group, resulted in a greatly enhanced percentage of allevi-
ation. Among the series of soyasapogenol B derivatives examined, six compounds exhibited preventive effects on liver
damage.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Infectious hepatitis is a global health problem.1 Hepati-
tis B virus (HBV) as well as hepatitis C virus (HCV)
infections are leading causes of chronic hepatitis, which
often results in liver cirrhosis and hepatocellular carci-
noma.2 Current recommended therapies for HBV and
HCV infections treated with interferon-a,3 lamivudine4,
and ribavirin5 provide sustained efficacy only in a por-
tion of the treated patients and often result in severe side
effects.6 Therefore, more effective and reliable therapies
are required. The development of new drugs depends
primarily on the availability of suitable animal models.
Although the methods of xenobiotics have been widely
recognized, those methods hardly reflect the clinical con-
dition in human beings since it is well known that HBV
and HCV appear to be mainly mediated by the immune
response against virus.7 Concanavalin A (Con A) injec-
tion into mice induces T cell-dependent liver failure.8 In
the Con A-induced hepatitis model, liver injury in mice
results from T-cell stimulation and the release of tumor
necrosis factor-a, interferon-c, and interleukin-2 in
vivo.9 More recent studies suggest a key pathogenic
role for the STAT1/T-bet signaling pathway for T-cell
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activation in the Con A model.10 There is evidence that
these mechanisms are also relevant for the events during
the pathophysiology of human liver disease like autoim-
mune or viral hepatitis.11

We focus on triterpenes as anti-hepatitic agents since
some triterpenes are major components of several tradi-
tional medicinal herbs and display a variety of biological
effects, such as hepatoprotective and anti-inflammatory
effects.12 In the course of screening triterpenes for novel
agents showing preventive effects in liver, we have found
that soyasapogenol B (1), which is one of the oleanene-
type triterpene aglycons of soyasaponins, and its deriva-
tives show potent preventive effects in vitro against afla-
toxin B1-induced cell damage.13 On the other hand,
interestingly, soyasapogenol A (2), which is another
aglycon of soyasaponins, markedly reduced the elevated
plasma alanine aminotransferase activity and liver cell
necrosis in the Con A-induced hepatitis model in mice.9

These findings led us to investigate the activities of
soyasapogenol B and its derivatives on liver injury med-
iated by the immune response in the Con A-induced
hepatitis model (Fig. 1).

In this paper, we report the synthesis of various soya-
sapogenol B derivatives, modified mainly at hydroxyl
groups attached to the A and E rings, and their preven-
tive effects on liver injury in the Con A model.
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Figure 1. Structures of soyasapogenol A (2) and B (1).
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2. Preparations of derivatives

Modifications of the C-22 substituent of soyasapogenol
B (1) were carried out as shown in Scheme 1. Thus,
treatment of 3, which was prepared by acetonidation
Scheme 1. Reagents: (a) Ac2O, Py, or RCOX, 4-DMAP, CH2Cl2; (b)

NaH, RX, THF, or DMF; (c) 1 N HCl, MeOH/CH2Cl2 (2:1); (d) PCC,

CH2Cl2; (e) Na, tBuOH, toluene; (f) TsCl, Py, 4-DMAP; (g) LiEt3BH,

THF; (h) H2, 10% Pd/C, MeOH/CH2Cl2 (2:1).
of 1 with acetic anhydride or acyl chloride, followed
by deprotection of the isopropylidene group, gave 4,
5, and 6, whereas alkylation of 3 with alkyl iodide and
sodium hydride followed by deprotection afforded 7,
8, and 9. Oxidation of 3 (to 10) and subsequent reduc-
tion with lithium aluminum hydride (LAH) gave the
22a-ol 11 and 22b-ol 3 in 34% and 66% yields, while
reduction of the ketone 10 with sodium and tert-butyl
alcohol in refluxing toluene proceeded stereoselectively
to afford the 22a-ol 11 and 22b-ol 3 in 75% and 6%
yields, respectively. Removal of the isopropylidene
group of 11 gave 22-epi-soyasapogenol B 12, while acet-
ylation or methylation of 11 and subsequent deprotec-
tion of the isopropylidene moiety furnished 13 or 14.
Tosylation of 3 followed by reduction with Super Hy-
dride14 in THF at 65 �C provided the olefin 15 in 79%
yield from 3. Deprotection of 15 under acidic conditions
gave 16, which is known as soyasapogenol C.15 Selective
hydrogenation over palladium-charcoal of the 21,22-
double bond of 15 afforded the desired 22-deoxy
compound 1716 with concomitant removal of the iso-
propylidene group.

Next, homologations of soyasapogenol B (1) at C-22
were conducted as shown in Scheme 2. After removal
of the isopropylidene moiety, 18 thus formed was
treated with methyllithium to provide the desired
22a-methyl-22b-hydroxyl derivative 19 as a single ste-
reoisomer. On the other hand, treatment of 18 with
Nysted17 reagent in the presence of TiCl4 afforded
an exo-methylene derivative. Hydroboration of the
exo-methylene with diborane followed by hydrogen
peroxide oxidation gave the 22b-hydroxymethyl deriva-
tive 20 in 79% yield with high diastereoselectivity
(22a:22b = 1:7). In contrast, the stereoselectivity of the
hydroboration using the more bulky 9-BBN was signif-
icantly lost.18 The 3b,24-diol of 20 was protected with an
isopropylidene group and then subjected to Swern oxi-
dation to afford the 22b-formyl derivative 21. Oxidation
of the formyl moiety with sodium chlorite19 and subse-
quent removal of the isopropylidene group gave the
desired C-22 carboxylic acid 22. The structures of the
3,24-diacetate derivative of 19 and the triol 20 were
confirmed by single-crystal X-ray analyses.

Next, modifications of the 4b-hydroxymethyl moiety of
soyasapogenol B (1) were carried out as shown in
Scheme 3. Treatment of 23,20 which was prepared by
tritylation of 1, with benzyl bromide and sodium
hydride afforded a dibenzyl ether, and detritylation gave
an alcohol 24. Oxidation of the primary alcohol (at C-4)
in 24 under Swern conditions, followed by removal of
the benzyl protecting groups, provided an aldehyde 26.
Huang–Minlon reduction21 of the aldehyde 25 and sub-
sequent removal of the protecting benzyl groups gave
the desired 24-deoxy analog of soyasapogenol B 27,
which is known by the name of sophoradiol.22 On the
other hand, oxidation of the aldehyde 25 with sodium
chlorite at room temperature proceeded smoothly to
provide a carboxylic acid 28, and subsequent removal
of the dibenzyl protecting groups afforded a carboxyl
derivative 29. Condensation of the carboxylic acid 28
and n-butylamine in the presence of 1H-benzotriazol-



Scheme 3. Reagents: (a) NaH, BnBr, DMF; (b) concd HCl, MeOH/acetone (5:1); (c) Swern oxidation; (d) H2, 10% Pd/C or 20% Pd(OH)2/C, MeOH/

CH2Cl2 (1:1); (e) H2NNH2ÆH2O, (HOCH2CH2)2O, EtOH, KOH; (f) NaClO2,
tBuOH, 2-methyl-2-butene, NaH2PO4; (g) BOP, nBuNH2, DMF; (h)

Ac2O, Py; (i) NaH, CH3I, DMF.

Scheme 2. Reagents: (a) 1 N HCl, MeOH/CH2Cl2 (2:1); (b) CH3Li, THF; (c) Nysted reagent, TiCl4, THF; (d) BH3ÆTHF, then 10% NaOH, 30%

H2O2; (e) Me2C(OMe)2, CSA, acetone; (f) Swern oxidation; (g) NaClO2,
tBuOH, 2-methyl-2-butene, NaH2PO4.
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1-yloxytris(dimethylamino)phosphonium hexafluoro-
phosphate (BOP) followed by deprotection of the benzyl
groups gave an n-butylamide 30. Acetylation or methyl-
ation of the 24-hydroxyl group in 24, followed by re-
moval of the benzyl protecting groups, provided 31 or
3223 without difficulty.

Methylation of the 3b-hydroxyl group of soyasapogenol
B (1) and epoxidation of the olefin moiety were effected
as shown in Scheme 4. Thus, treatment of 1 with benz-
aldehyde dimethylacetal in the presence of camphorsulf-
onic acid (CSA) and subsequent benzylation of the
22b-hydroxyl moiety gave 33. Reductive cleavage of
the benzylidene acetal in 33 with diisobutylaluminum
hydride (DIBAL) proceeded with unusual regioselectiv-
ity24 to give the 22,24-dibenzyl ether 34 in 69% yield and
the 3,22-dibenzyl ether 24, a regio-isomer of 34, con-
comitantly formed in 6% yield, the two isomers being
effectively separated by silica gel column chromatog-
raphy. Methylation of 34 followed by removal of two
benzyl groups by hydrogenation furnished the desired
3-O-methylsoyasapogenol B (35). Treatment of 1 with
3-chloroperoxybenzoic acid (mCPBA) provided an a-ep-
oxidized product 36 as a single isomer in 81% yield.25 It
is presumed that epoxidation of the 12,13-double bond
in 1 occurs from less hindered equatorial direction to
give the a-epoxide 36. The structure of 36 was confirmed
by X-ray crystallographic analysis.



Scheme 5. Reagents: (a) TrCl, Py; (b) PhCOCl, 4-DMAP, CH2Cl2; (c) concd HCl, MeOH/acetone (5:1); (d) PCC, CH2Cl2; (e) 1 N NaOH;

(f) H2NNH2ÆH2O, (HOCH2CH2)2O, EtOH, KOH.

Scheme 4. Reagents: (a) PhCH(OMe)2, CSA, DMF; (b) NaH, BnBr, DMF; (c) DIBAL, PhCH3; (d) NaH, CH3I, DMF; (e) H2, 20% Pd(OH)2/C,

MeOH/CH2Cl2 (1:1); (f) mCPBA, CH2Cl2/CHCl3 (10:3).
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Finally, the 22,24-dideoxy derivative of soyasapogenol
B (1) was prepared as shown in Scheme 5. Tritylation
of 22-deoxysoyasapogenol B (17) gave the 24-monotrityl
ether, which was then treated with benzoyl chloride,
followed by detritylation to afford 3-O-benzoyl-22-
deoxysoyasapogenol B (37). Oxidation of 37 with pyridi-
nium chlorochromate (PCC) followed by hydrolysis
gave the 4b-formyl analog (i.e., 22-deoxy-24-oxosoyas-
apogenol B) 38. Huang-Minlon reduction of 38 provided
39, which is known as b-amyrin,26 thus confirming the
parent carbon skeleton of soyasapogenol B (1).
3. Results and discussion

Various soyasapogenol B derivatives, in which the hy-
droxyl groups at C-3, C-22, and C-24 and the double
bond at C-12,13 were modified, were evaluated for
preventive effects on Con A-induced liver injury. The
percentages of alleviation of liver damage are shown in
Tables 1–3.

Modification of the hydroxyl groups at C-3 and C-24 of
soyasapogenol B (1) decreased the preventive effect, as
shown in Table 1. The C-24 modified derivatives, 24-for-
myl 26, 24-amide 30, and 24-acetoxymethyl 31, exhib-
ited no preventive activity, and the 24-deoxy 27, 24-
carboxyl 29, 24-methoxymethyl 32, and 3-methoxyl 35
analogs were less active than soyasapogenol B (1) at
the dose of 80 mg/kg. These results suggested that mod-
ification at C-3 and C-24 has a detrimental effect on the
amelioration of liver injury. Hydroxyl groups on the A
ring of soyasapogenol B (1) seem to be essential for
the activity.

As shown in Table 2, modification of the C-22 hydroxyl
group yielded derivatives with greatly enhanced preven-
tive effects. The acyloxy and alkyloxy derivatives (4, 5, 7,
and 8) showed potent protective activities at doses of 8.0
and 80 mg/kg, respectively. However, replacement of the
acyl substituent with a cinnamoyl group led to a dra-
matic decrease in activity (compounds 4 and 5 vs 6).
Similarly, replacement of the alkyl substituent with an
allyl group reduced the activity (compounds 7 and 8 vs
9). These data indicate that steric properties of the C-
22 substituent have a significant influence on the activ-
ity. 22-epi-Soyasapogenol B (12) was shown to exhibit
a slightly higher activity than soyasapogenol B (1) in this
assay system. Further, methylation and acylation of 12
(compounds 13 and 14) led to an increase in activity
as compared with 12. In particular, it is noteworthy that
the acetoxy derivative 13 at a dose of 8.0 mg/kg showed
a preventive effect similar to 22-O-acetylsoyasapogenol
B (4) at a dose of 8.0 mg/kg. The 21,22-dehydro analog
16 showed slightly increased activity as compared with
1. Interestingly, the 22-deoxy derivative 17 exhibited a
significant increase in preventive effects, while the
22,24-dideoxy derivative 39 displayed slightly lower
activity. Homologation of soyasapogenol B (1) at C-22
(compounds 19, 20, and 22) resulted in significantly de-
creased activity at a dose of 80 mg/kg, as shown in Table
3. These findings suggested that the substituent attached



Table 2. Preventive effects of soyasapogenol B derivatives modified at the A

Compound R1 R2 R3

4 H CH2OH H

5 H CH2OH H

6 H CH2OH H

7 H CH2OH H

8 H CH2OH H

9 H CH2OH H

12 H CH2OH OH

13 H CH2OH OAc

14 H CH2OH OMe

16c H CH2OH

17 H CH2OH H

39 H Me H

36d H CH2OH H

1 H CH2OH H

aFor details of the assay, see Section 5.
b The values were calculated as described in Table 1.
c The 21,22-dehydro analog of 17.
d The 12a,13a-epoxide of 1.
* Significantly different from the concanavalin A alone group. p < 0.05 (Stud

Table 1. Preventive effects of soyasapogenol B derivatives modified at

the A ring in the concanavalin A-induced hepatitis modela

Compound R1 R2 R3 R4 Alleviation (%)b

80 (mg/kg)

27 H Me H OH 47*

26 H CHO H OH 0

29 H COOH H OH 46

30 H CONHnBu H OH 0

31 H CH2OAc H OH 0

32 H CH2OMe H OH 42

35 Me CH2OH H OH 50*

1 H CH2OH H OH 70*

a For details of the assay, see Section 5.

b

Alleviationð%Þ ¼ concanavalin A� ðconcanavalin Aþ compoundÞ
concanavalin A� control

where concanavalin A: ALT level in the concanavalin A alone group

(n = 8); control: ALT level in the control group (n = 3); concanavalin

A + compound: ALT level in the concanavalin A + compound group

(n = 8).
* Significantly different from the concanavalin A alone group. p < 0.05

(Student�s t-test).
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to the C-22 hydroxyl group is important for ameliora-
tion of liver injury. In summary, the methoxy and acet-
oxy derivatives of both configurations at C-22 (4, 5, 7, 8,
13, and 14) and the C-22 deoxy derivative (17) tended to
show increased activity. The 12a,13a-epoxide 36, in
which the C ring is modified, showed similar activity
to the starting soyasapogenol B (1).

In our previous study, we have shown that soyasapoge-
nol A (2) directly prevents apoptosis of hepatocytes and
secondly inhibits the increase in plasma tumor necrosis
factor-a and interferon-c levels, which eventually
resulted in prevention of liver damage in the Con A-
induced hepatitis model.9 It is presumed that soyasapo-
genol B derivatives, which have structures analogous to
soyasapogenol A, exhibit potent preventive effects on
liver injury through similar mechanisms.
4. Conclusion

Soyasapogenol B derivatives modified in the A, C, and E
rings were prepared and their preventive effects on liver
injury were evaluated in the Con A-induced hepatitis
model in mice. Two hydroxyl groups in the A ring and
modification with an acyloxy and alkyloxy group at C-
22 are necessary for amelioration of liver damage. Inter-
estingly, the stereochemistry of the C-22 substituent did
not significantly affect the activity, and the C-22 deoxy
derivative showed potent activity. In the course of these
studies, compounds 4, 5, 7, 8, 13, and 17, which are
, C, and E rings in the concanavalin A-induced hepatitis modela

R4 Alleviation (%)b

8.0 80 (mg/kg)

OAc 97* 98*

OCOPh 80* 93*

OCOCH@CHPh 13 27

OMe 86* 97*

OEt 98* 82*

OCH2CH@CH2 0 80*

H 29 78*

H 94* 100*

H 56 100*

0 94*

H 86* 96*

H 54* 98*

OH 14 74*

OH 0 70*

ent�s t-test).



Table 3. Preventive effects of soyasapogenol B derivatives modified at

the E ring in the concanavalin A-induced hepatitis modela

Compound R1 R2 R3 R4 Alleviation (%)b

80 (mg/kg)

19 H CH2OH Me OH 52

20 H CH2OH H CH2OH 12

22 H CH2OH H COOH 28

1 H CH2OH H OH 70*

a For details of the assay, see Section 5.
b The values were calculated as described in Table 1.
* Significantly different from the concanavalin A alone group. p < 0.05

(Student�s t-test).
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soyasapogenol B derivatives modified at C-22, were
shown to exhibit potent amelioration of liver damage
in this model. These results indicate that soyasapogenol
B derivatives are promising candidates for a new class of
drugs in the treatment of chronic immunoinflammatory
liver disease in patients.
5. Experimental

5.1. Chemistry

5.1.1. General. Melting points were determined on a
Yanagimoto micro melting point apparatus and are
uncorrected. 1H NMR spectra were recorded on a JEOL
JNM-GSX 400 NMR spectrometer. Chemical shifts are
given in d value (ppm) with tetramethylsilane (TMS) as
the internal standard. Optical rotations were recorded
on a JOEL DIP-370 polarimeter. Elemental analyses
were within +0.4% of the theoretical value for the ele-
ments indicated unless otherwise noted. High-resolution
mass spectra (HRMS) data were obtained on a JEOL
JMS-700. Soyasapogenol B was prepared according to
Kitagawa�s procedure.27

5.1.2. 22b-Acetoxyolean-12-ene-3b,24-diol (4). A solu-
tion of 320 (150 mg, 0.30 mmol) in pyridine (2 ml) was
treated with acetic anhydride (2 ml) at room tempera-
ture. After stirring for 20 h, the mixture was diluted with
EtOAc and washed with water. The organic layer was
dried over MgSO4, filtered, and concentrated in vacuo.
The residue was purified by flash chromatography on
silica gel (n-hexane/EtOAc, 15:1) to afford 22b-acet-
oxy-3b,24-isopropylidenedioxyolean-12-ene (119 mg,
73%).

A solution of 22b-acetoxy-3b,24-isopropylidenedioxy-
olean-12-ene (119 mg, 0.22 mmol) in CH2Cl2/MeOH
(3 ml, 1:2) was treated with 1 N HCl and stirred at room
temperature for 0.5 h. The mixture was diluted with
CH2Cl2 (20 ml) and washed with aqueous saturated
NaHCO3 (5 ml). The organic layer was dried over
MgSO4, filtered, and concentrated in vacuo. The residue
was purified by preparative TLC (n-hexane/THF, 2:1) to
give 4 (83 mg, 75%) as a white solid. Compound 4: mp
252–254 �C; ½a�23D +71.4 (c 1.00, CHCl3);

1H NMR
(CDCl3) d 0.81 (3H, s), 0.89 (6H, s), 0.95 (3H, s), 1.00
(3H, s), 1.14 (3H, s), 1.25 (3H, s), 2.03 (3H, s), 0.84–
2.24 (21H, m), 2.44 (1H, t, J = 4.2 Hz), 2.73 (1H, dd,
J = 2.6 and 8.7 Hz), 3.35 (1H, t, J = 11.0 Hz), 3.41–
3.49 (1H, m), 4.20 (1H, dd, J = 2.6 and 11.0 Hz), 4.64
(1H, t, J = 3.6 Hz), 5.25 (1H, t, J = 3.6 Hz); Anal. Calcd
for C32H52O4: C, 76.75; H 10.47. Found: C, 76.91; H,
10.31.

5.1.3. 22b-Benzoyloxyolean-12-ene-3b,24-diol (5). A
solution of 3 (50 mg, 0.1 mmol) and 4-DMAP (18 mg,
0.15 mmol) in CH2Cl2 (5 ml) was treated with benzoyl
chloride (17 ll, 0.15 mmol). After stirring overnight at
reflux, the reaction mixture was diluted with CH2Cl2
(25 ml) and washed with water (10 ml). The organic
layer was dried over MgSO4, filtered, concentrated,
and the residue was purified by preparative TLC (n-hex-
ane/EtOAc, 3:1) to give 22b-benzoyloxy-3b,24-isopro-
pylidenedioxyolean-12-ene (24 mg, 40%).

22b-Benzoyloxy-3b,24-isopropylidenedioxyolean-12-ene
thus obtained was subjected to the deprotection reaction
through the same procedure as for 4, to furnish 5
(19 mg, 83%) as a white solid. Compound 5: mp 159–
160 �C; ½a�23D +72.1 (c 0.98, CHCl3);

1H NMR (CDCl3)
d 0.90 (3H, s), 0.91 (3H, s), 0.93 (3H, s), 0.95 (3H, s),
1.05 (3H, s), 1.18 (3H, s), 1.26 (3H, s), 0.85–2.73 (23H,
m), 3.35 (1H, t, J = 11.0 Hz), 3.43–3.49 (1H, m), 4.21
(1H, d, J = 11.0 Hz), 4.93 (1H, t, J = 3.8 Hz), 5.32
(1H, t, J = 3.6 Hz), 7.44 (2H, t, J = 7.2 Hz), 7.55 (1H,
t, J = 7.2 Hz), 8.05 (2H, d, J = 7.2 Hz); Anal. Calcd
for C37H54O4Æ1/4H2O: C, 78.33; H, 9.68. Found: C,
78.30; H, 9.67.

5.1.4. 22b-Cinnamoyloxyolean-12-ene-3b,24-diol (6).
Compound 6 was prepared through the procedure as de-
scribed for 5, except using cinnamoyl chloride instead of
benzoyl chloride, in 53% yield from 3. Compound 6: mp
252–254 �C; ½a�23D +49.4 (c 0.97, CHCl3);

1H NMR
(CDCl3) d 0.87 (3H, s), 0.89 (3H, s), 0.91 (3H, s), 0.95
(3H, s), 1.04 (3H, s), 1.16 (3H, s), 1.25 (3H, s), 0.85–
2.70 (23H, m), 3.35 (1H, t, J = 11.0 Hz), 3.42–3.49
(1H, m), 4.21 (1H, d, J = 11.0 Hz), 4.79 (1H, t,
J = 3.6 Hz), 5.29 (1H, t, J = 3.5 Hz), 6.42 (1H, d,
J = 15.9 Hz), 7.36–7.40 (3H, m), 7.51–7.55 (2H, m),
7.65 (1H, d, J = 15.9 Hz); Anal. Calcd for C39H56O4:
C, 79.55; H, 9.59. Found: C, 79.39; H, 9.54.

5.1.5. 22b-Methoxylolean-12-ene-3b,24-diol (7). A solu-
tion of 3 (200 mg, 0.4 mmol) in THF (2 ml) was treated
with 60% sodium hydride (48 mg, 1.2 mmol). After stir-
ring for 1 h at room temperature, the mixture was trea-
ted with methyl iodide (75 ll, 1.2 mmol). After stirring
further for 20 h at 50 �C, the mixture was diluted with
EtOAc (20 ml) and washed with water (5 ml). The or-
ganic layer was dried over MgSO4, filtered, and concen-
trated in vacuo. The residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc, 30:1)
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to afford 22b-methoxy-3b,24-isopropylidenedioxyolean-
12-ene (173 mg, 85%) as a white solid.

22b-Methoxy-3b,24-isopropylidenedioxyolean-12-ene was
subjected to the deprotection reaction using the same
procedure as for 4, to give 7 (140 mg, 88%) as a white
solid. Compound 7: mp 238–239 �C; ½a�23D +81.4
(c 1.01, CHCl3);

1H NMR (CDCl3) d 0.85 (3H, s), 0.89
(3H, s), 0.90 (3H, s), 0.94 (3H, s), 1.00 (3H, s), 1.11 (3H,
s), 1.25 (3H, s), 0.83–2.11 (21H, m), 2.38 (1H, d,
J = 4.2 Hz), 2.70 (1H, dd, J = 2.5 and 8.9 Hz), 2.81 (1H,
dd, J = 2.8 and 6.7 Hz), 3.28 (3H, s), 3.36 (1H, t,
J = 11.0 Hz), 3.41–3.48 (1H, m), 4.22 (1H, dd, J = 2.6
and 11.0 Hz), 5.22 (1H, t, J = 3.6 Hz); Anal. Calcd for
C31H52O3: C, 78.76; H 11.09. Found: C, 78.54; H, 11.11.

5.1.6. 22b-Ethoxylolean-12-ene-3b,24-diol (8). Com-
pound 8 was prepared through the procedure as de-
scribed for 7, except for using ethyl iodide in place of
methyl iodide, in 67% yield from 3. Compound 8: mp
231–233 �C; ½a�23D +84.0 (c 1.00, CHCl3);

1H NMR
(CDCl3) d 0.86 (3H, s), 0.89 (3H, s), 0.90 (3H, s), 0.95
(3H, s), 1.01 (3H, s), 1.12 (3H, s), 1.14 (3H, t,
J = 7.2 Hz), 1.25 (3H, s), 0.84–2.13 (21H, m), 2.40
(1H, d, J = 4.2 Hz), 2.70 (1H, d, J = 8.8 Hz), 2.89 (1H,
dd, J = 2.8 and 6.4 Hz), 3.22–3.30 (1H, m), 3.35 (1H,
t, J = 9.7 Hz), 3.42–3.47 (1H, m), 3.52–3.60 (1H, m),
4.21 (1H, d, J = 9.7 Hz), 5.21 (1H, t, J = 3.6 Hz); Anal.
Calcd for C32H54O3: C, 78.96; H 11.18. Found: C,
78.84; H, 11.10.

5.1.7. 22b-Allyloxylolean-12-ene-3b,24-diol (9). Com-
pound 9 was prepared as described for 7, except for
using allyl iodide in place of methyl iodide, in 57% yield
from 3. Compound 9: mp 210–211 �C; ½a�23D +76.9 (c
1.00, CHCl3);

1H NMR (CDCl3) d 0.88 (3H, s), 0.89
(3H, s), 0.90 (3H, s), 0.94 (3H, s), 1.01 (3H, s), 1.11
(3H, s), 1.25 (3H, s), 0.84–2.15 (21H, m), 2.41 (1H, br
s), 2.71 (1H, br s), 2.97 (1H, dd, J = 2.8 and 6.4 Hz),
3.34 (1H, d, J = 11.0 Hz), 3.42–3.48 (1H, m), 3.79 (1H,
tdd, J = 1.5, 5.4, and 13.1 Hz), 4.05 (1H, tdd, J = 1.5,
5.4 and 13.1 Hz), 4.20 (1H, d, J = 11.0 Hz), 5.11 (1H,
dd, J = 2.1 and 10.5 Hz), 5.21–5.28 (2H, m), 5.84–5.95
(1H, m); Anal. Calcd for C33H54O3: C, 79.46; H 10.91.
Found: C, 79.24; H, 10.64.

5.1.8. Olean-12-ene-3b,22a,24-triol (12). A slurry of PCC
(0.97 g, 4.5 mmol) in dry CH2Cl2 (15 ml) was added to a
solution of 3 (1.5 g, 3.0 mmol) in dry CH2Cl2 (15 ml) at
room temperature, and the whole mixture then turned
dark. After stirring for 1.5 h, the reaction mixture was
diluted with EtOAc and filtered through a short column
of silica gel. The filtrate was then concentrated in vacuo
and purified by column chromatography on silica gel
(n-hexane/EtOAc, 15:1) to furnish the ketone 10
(1.0 g, 68%) as a white powder.

A solution of sodium (70 mg, 3.0 mmol) in toluene
(3 ml) was heated to reflux. After vigorous stirring for
40 min, a solution of 10 (500 mg, 1.0 mmol) in tBuOH
(5 ml) and toluene (3 ml) was added, and the whole mix-
ture was stirred under reflux. After 5 h, additional so-
dium (130 mg, 5.7 mmol) was added, and the reaction
mixture was refluxed for an additional 22 h. The mixture
was cooled to 0 �C, carefully diluted with ice water
(5 ml), and extracted with EtOAc (50 ml). The organic
layer was washed with water, dried over MgSO4, fil-
tered, and concentrated in vacuo. The residue was puri-
fied by flash chromatography on silica gel (n-hexane/
EtOAc, 10:1) to afford the 22a-ol 11 (378 mg, 75%)
and 22b-ol 3 (31 mg, 6%).

Compound 11 was submitted to the deprotection reac-
tion using the same procedure as for 4, to give 12
(190 mg, 98%) as a white solid: 12. mp 243–245 �C;
½a�23D +75.1 (c 0.92, CHCl3);

1H NMR (CDCl3) d 0.89
(3H, s), 0.92 (3H, s), 0.93 (3H, s), 0.94 (3H, s), 0.98
(3H, s), 1.15 (3H, s), 1.25 (3H, s), 0.83–2.02 (22H, m),
2.47 (1H, d, J = 4.4 Hz), 2.74 (1H, dd, J = 2.6 and
8.7 Hz), 3.32–3.38 (1H, m), 3.42–3.47 (1H, m), 3.51–
3.57 (1H, m), 4.21 (1H, dd, J = 2.6 and 11.3 Hz), 5.20
(1H, t, J = 3.6 Hz); HRMS (FAB) Calcd for
C30H50O3Na [M+Na]+ 481.3658. Found 481.3654.

5.1.9. 22a-Acetoxyolean-12-ene-3b,24-diol (13). Com-
pound 13 was prepared through the procedure for 4
from 3 in 89% yield from 11. Compound 13: mp 215–
216 �C; ½a�23D +70.2 (c 1.02, CHCl3);

1H NMR (CDCl3)
d 0.87 (3H, s), 0.89 (3H, s), 0.91 (3H, s), 0.93 (3H, s),
0.99 (3H, s), 1.16 (3H, s), 1.25 (3H, s), 2.02 (3H, s),
0.82–2.08 (21H, m), 2.55 (1H, br s), 2.81 (1H, br s),
3.35 (1H, t, J = 11.0 Hz), 3.43–3.48 (1H, m), 4.20 (1H,
d, J = 11.0 Hz), 4.81 (1H, dd, J = 5.9 and 11.3 Hz),
5.22 (1H, t, J = 3.6 Hz); Anal. Calcd for C32H52O4Æ2/
5H2O: C, 75.66; H, 10.48. Found: C, 75.74; H, 10.49.

5.1.10. 22a-Methoxyolean-12-ene-3b,24-diol (14). Com-
pound 14 was prepared as described for 7 from 3 in
69% yield from 11. Compound 14: mp 214–215 �C;
½a�23D +83.1 (c 0.96, CHCl3);

1H NMR (CDCl3) d 0.89
(3H, s), 0.92 (3H, s), 0.93 (3H, s), 0.94 (3H, s), 0.96
(3H, s), 1.14 (3H, s), 1.25 (3H, s), 0.83–1.99 (21H, m),
2.49 (1H, br s), 2.76 (1H, d, J = 7.2 Hz), 2.96 (1H, dd,
J = 4.5 and 12.2 Hz), 3.33 (3H, s), 3.33–3.37 (1H, m),
3.42–3.47 (1H, m), 4.20 (1H, d, J = 11.3 Hz), 5.19 (1H,
t, J = 3.6 Hz); Anal. Calcd for C31H52O3Æ1/2H2O: C,
77.29; H, 11.09. Found: C, 77.42; H, 11.08.

5.1.11. Soyasapogenol C (16). A solution of 3 (500 mg,
1.0 mmol) in pyridine (5 ml) was treated with p-toluene-
sulfonyl chloride (287 mg, 1.5 mmol) and a small
amount of 4-DMAP at room temperature. After stirring
overnight, the mixture was cooled to 0 �C, diluted with
water, and extracted with EtOAc. The organic layer
was washed with water, dried over MgSO4, filtered,
and concentrated in vacuo to furnish the desired inter-
mediary tosylate as an oil (654 mg, 100%).

The crude tosylate (65 mg) was treated with 1.0 M THF
solution of lithium triethylborohydride (2 ml) at 65 �C
for 1 h. After cooling to room temperature, the mixture
was added with water and extracted with EtOAc. The
organic layer was dried over MgSO4, filtered, and con-
centrated in vacuo. The residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc, 10:1)
to afford the olefin 15 (38 mg, 79%) as a white solid.
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The olefin 15 thus obtained was subjected to the depro-
tection reaction using the same procedure as for 4 from
3 to furnish 16 (36 mg, 82%) as a white solid. Compound
16: mp 234–235 �C (lit.15 mp 239.5–240 �C); ½a�23D +65.7
(c 0.99, CHCl3) {lit.

15 [a]D + 65 (c 0.93, CHCl3)}. The
1H NMR spectroscopy and mass spectrometry data
for synthetic 16 were identical to the data reported for
natural material.15

5.1.12. Olean-12-ene-3b,24-diol (17). A solution of 15
(30 mg, 0.062 mmol) in CH2Cl2/MeOH (3 ml, 1:2) was
treated with 10% Pd/C (5 mg) and hydrogenated under
atmospheric pressure at room temperature overnight.
The mixture was filtered through Celite and the filtrate
was concentrated in vacuo to give 17 (26 mg, 93%) as
a white solid. Compound 17: mp 243–245 �C (lit.16 mp
251–253 �C); ½a�23D +92.7 (c 0.96, CHCl3) {lit.16 ½a�23D
+84.7 (c 0.46, CHCl3)}. The 1H NMR spectroscopy
and mass spectrometry data for synthetic 17 were iden-
tical to the data reported for natural material.16

5.1.13. 22a-Methylolean-12-ene-3b,22b,24-triol (19). A
solution of 18 (1.3 g, 2.85 mmol) in dry THF (70 ml)
was treated dropwise with MeLi (1.08 M in Et2O,
15.8 ml, 17.1 mmol) at �78 �C, then the whole mixture
was allowed to warm to 0 �C. After stirring further for
1 h, the mixture was diluted with H2O and extracted
with EtOAc. The organic layer was dried over MgSO4,
filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (n-hex-
ane/THF, 3:1) to afford 19 (808 mg, 60%) as a white so-
lid. Compound 19: mp 244–245 �C; ½a�23D +80.7 (c 1.02,
CHCl3);

1H NMR (CDCl3) d 0.86 (3H, s), 0.89 (6H,
s), 0.96 (3H, s), 1.07 (3H, s), 1.11 (3H, s), 1.16 (3H, s),
1.25 (3H, s), 0.84–1.89 (21H, m), 2.32 (1H, d,
J = 10.8 Hz), 2.59 (1H, d, J = 4.4 Hz), 2.84 (1H, dd
J = 2.6 and 8.7 Hz), 3.35 (1H, t, J = 11.0 Hz), 3.41–
3.48 (1H, m), 4.21 (1H, dd, J = 2.6 and 11.0 Hz), 5.23
(1H, t, J = 3.6 Hz); Anal. Calcd for C31H52O3: C,
78.76; H 11.09. Found: C, 78.91; H, 11.06.

5.1.14. 22b-Hydroxymethylolean-12-ene-3b,24-diol (20).
A slurry of Nysted reagent (20% suspension in THF,
12 ml, 6.2 mmol) and 18 (1.0 g, 2.2 mmol) at �78 �C
was added with a 1.0 M solution of TiCl4 in CH2Cl2
(5 ml, 5 mmol) dropwise over 3 min. The reaction mix-
ture was cooled to 0 �C, added with 1 N HCl (6 ml),
and the whole mixture was extracted with CHCl3
(100 ml ·2). The combined organic layers were dried, fil-
tered, concentrated, and subjected to flash chromatog-
raphy on silica gel to furnish the 22-exo-methylene
(518 mg, 52%).

A stirred solution of the 22-exo-methylene (300 mg,
0.66 mmol) in dry THF (7 ml) was treated with a bor-
ane–THF complex (1.0 M borane solution in THF,
3.3 ml, 3.3 mmol) at room temperature. After standing
for an additional 20 h, the reaction mixture was cooled
to 0 �C and was treated cautiously with 10% aqueous
NaOH (3 ml) and then with 30% H2O2 (3 ml) within
5 min. After stirring at 0 �C for another 45 min, the
whole mixture was extracted with EtOAc (30 ml ·2)
and the combined organic layers were washed with brine
(10 ml) and dried over MgSO4. The solution was fil-
tered, and the solvent was evaporated to yield a crude
product, which was purified by flash chromatography
on silica gel (n-hexane/EtOAc, 1:1) to give 20 (245 mg,
79%) as a white solid. Compound 20: mp 281 �C dec;
½a�23D +68.2 (c 1.00, CHCl3);

1H NMR (CDCl3) d 0.70
(3H, s), 0.90 (3H, s), 0.91 (3H, s), 0.92 (3H, s), 0.96
(3H, s), 1.05 (3H, s), 1.25 (3H, s), 0.84–1.87 (23H, m),
2.47 (1H, br s), 2.76 (1H, br s), 3.28–3.35 (2H, m),
3.45 (1H, dd, J = 4.2 and 11.7 Hz), 3.68 (1H, dd,
J = 4.7 and 10.5 Hz), 4.20 (1H, d, J = 11.0 Hz), 5.25
(1H, t, J = 3.6 Hz); Anal. Calcd for C31H52O3Æ1/3H2O:
C, 77.77; H, 11.09. Found: C, 77.65; H, 11.00.

5.1.15. 3b,24-Dihydroxyolean-12-ene-22b-carboxylic acid
(22). A solution of 20 (200 mg, 0.42 mmol) in acetone
(13 ml) was treated with 2,2-dimethoxypropane (1 ml,
8.2 mmol) and DLDL-10-camphorsulfonic acid (3 mg,
0.01 mmol). After stirring for 20 h at 37 �C, the reaction
mixture was concentrated and diluted with EtOAc
(50 ml). The whole mixture was washed with saturated
NaHCO3 (5 ml). The organic layer was dried over
MgSO4, filtered, and concentrated in vacuo. The residue
was dissolved in EtOAc (10 ml) and the solution was
added with silica gel (5 g). After stirring at room temper-
ature for 2 days, the mixture was filtered, concentrated
in vacuo, and the product was purified by flash chroma-
tography (n-hexane/EtOAc, 5:1) to give 22b-hydroxy-
methyl-3b,24-isopropylidenedioxyolean-12-ene (105 mg,
48%).

A solution of oxalyl chloride (0.15 ml, 1.7 mmol) in dry
CH2Cl2 (4 ml) was cooled to �78 �C. The cooled solu-
tion was added with dry DMSO (0.23 ml, 3.2 mmol)
in dry CH2Cl2 (1 ml). The whole mixture was stirred
for 10 min and was added dropwise within 3 min with
the solution of above-obtained alcohol (105 mg,
0.21 mmol) in dry CH2Cl2 (2 ml). The whole solution
was stirred at �78 �C for 15 min, then treated with tri-
ethylamine (0.7 ml, 4.8 mmol), and the reaction mixture
was stirred for 5 min and allowed to warm to 0–5 �C.
Water (5 ml) was added and the aqueous layer was ex-
tracted with CH2Cl2 (20 ml ·3). The combined organic
layers were washed with brine (10 ml), dried over
MgSO4, filtered, concentrated in vacuo, and subjected
to flash chromatography on silica gel (n-hexane/EtOAc,
10:1) to give 21 (91 mg, 87%).

A solution of the aldehyde 21 (20 mg, 0.039 mmol) in
tBuOH (1 ml) and 2-methyl-2-butene (0.2 ml, 1.8 mmol)
was treated with a solution of sodium chlorite (35 mg,
0.39 mmol) and sodium dihydrogenphosphate (61 mg,
0.39 mmol) in water (0.4 ml). After stirring at room tem-
perature overnight, the reaction mixture was concen-
trated in vacuo, diluted with EtOAc (10 ml), and
washed with water (2 ml). The organic layer was dried
over MgSO4, filtered, and concentrated in vacuo to give
3b,24-isopropylidenedioxyolean-12-ene-22b-carboxylic
acid (21 mg, 99%).

3b,24-Isopropylidenedioxyolean-12-ene-22b-carboxylic
acid was subjected to the deprotection reaction through
the same procedure as for 4 from 3 to give 22 (12 mg,
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64%) as a white solid. Compound 22: mp 280–281 �C;
½a�23D +84.2 (c 1.02, MeOH); 1H NMR (CDCl3-CD3OD)
d 0.81 (3H, s), 0.90 (9H, s), 0.98 (3H, s), 1.06 (3H, s),
1.23 (3H, s), 0.89–1.90 (21H, m), 2.20 (1H, d,
J = 13.6 Hz), 3.32 (1H, d, J = 11.1 Hz), 3.40 (1H, dd,
J = 4.3 and 11.2 Hz), 4.20 (1H, d, J = 11.1 Hz), 5.28
(1H, t, J = 3.4 Hz); Anal. Calcd for C31H50O4Æ1/2H2O:
C, 75.11; H, 10.37. Found: C, 75.25; H, 10.23.

5.1.16. 24-Oxolean-12-ene-3b,22b-diol (26). A solution
of 23 (95 mg, 0.14 mmol) in DMF (5 ml) at room tem-
perature was treated with 60% sodium hydride (83 mg,
2.1 mmol) and stirred for 1.5 h. To the solution was
added benzyl bromide (75 mg, 0.44 mmol) at room tem-
perature. The mixture was stirred at 40 �C for 5 h, di-
luted with EtOAc, and washed with water. The
organic layer was dried over MgSO4, filtered, and con-
centrated in vacuo. The residue was purified by flash
chromatography (n-hexane/EtOAc, 10:1) to afford
3b,22b-dibenzyloxy-24-trityloxyolean-12-ene (118 mg,
65%) as a white solid.

A solution of 3b,22b-dibenzyloxy-24-trityloxyolean-12-
ene (440 mg, 0.50 mmol) in MeOH/acetone (12 ml,
5:1) was treated with concd HCl (0.4 ml). The mixture
was heated to reflux and stirred for 0.5 h. The solution
was neutralized with 1 N KOH and extracted with
CH2Cl2. The organic layer was dried over MgSO4, fil-
tered, and concentrated in vacuo. The residue was puri-
fied by flash chromatography on silica gel (n-hexane/
EtOAc, 10:1) to afford 24 (231 mg, 72%) as a white
solid.

A solution of oxalyl chloride (0.15 ml, 1.6 mmol) in dry
CH2Cl2 (4 ml) was cooled to �78 �C and was treated
with dry DMSO (0.23 ml, 3.2 mmol) in dry CH2Cl2
(1 ml). The whole mixture was stirred for 10 min and
was added dropwise within 3 min with a solution of
the alcohol 24 (128 mg, 0.2 mmol) in dry CH2Cl2
(2 ml). The reaction mixture was stirred at �78 �C for
15 min and then was added with triethylamine (0.7 ml,
4.8 mmol). After stirring for 5 min, the reaction mixture
was allowed to warm to 0–5 �C. Water (5 ml) was added
and the aqueous layer was extracted with CH2Cl2 (20 ml
·3). The combined organic layers were washed with
brine (10 ml), dried over MgSO4, filtered, concentrated
in vacuo, and the product was subjected to flash chro-
matography on silica gel (n-hexane/EtOAc, 10:1) to give
25 (105 mg, 82%).

A solution of 25 (30 mg, 0.047 mmol) in CH2Cl2/MeOH
(2 ml, 1:1) was treated with 20% Pd(OH)2/C (30 mg) and
hydrogenated under atmospheric pressure at room tem-
perature for 1 h. The mixture was filtered through Celite
and the filtrate was concentrated in vacuo to give 26
(21 mg, 98%) as a white solid. Compound 26: mp 202–
204 �C; ½a�23D +84.9 (c 1.00, CHCl3);

1H NMR (CDCl3)
d 0.88 (6 H, s), 0.92 (3H, s), 1.00 (3H, s), 1.04 (3H, s),
1.13 (3H, s), 1.30 (3H, s), 0.88–2.14 (23H, m), 3.18–
3.24 (1H, m), 3.43 (1H, t, J = 5.2 Hz), 5.27 (1H, t,
J = 3.6 Hz), 9.76 (1H, d, J = 2.7 Hz); Anal. Calcd for
C30H48O3Æ4/5H2O: C, 76.48; H, 10.61. Found: C,
76.36; H, 10.65.
5.1.17. Sophoradiol (27). A solution of 25 (25 mg,
0.039 mmol) in diethylene glycol (2.5 ml) and EtOH
(3 ml) was treated with NH2NH2ÆH2O (1 ml). The mix-
ture was heated to reflux and stirred for 1 h. After the
solution was cooled to room temperature, EtOH was
removed in vacuo. The residue was treated with KOH
(250 mg) and the resulting mixture was heated to reflux
and stirred for 2 h. The mixture was poured into water
and extracted with EtOAc. The organic layer was dried
over MgSO4, filtered, and concentrated in vacuo. The
residue was purified by preparative TLC (n-hexane/
EtOAc, 15:1) to give 3b,22b-dibenzyloxyolean-12-ene
(18 mg, 71%).

A solution of 3b,22b-dibenzyloxyolean-12-ene (15 mg,
0.024 mmol) in CH2Cl2/MeOH (2 ml, 1:1) was treated
with 20% Pd(OH)2/C (15 mg) and hydrogenated under
atmospheric pressure at room temperature for 1 h. The
mixture was filtered through Celite and the filtrate
was concentrated in vacuo to give 27 (10 mg, 93%) as
a white solid. Compound 27: mp 224–225 �C (lit.22

mp 221–222 �C); ½a�23D +90.1 (c 0.94, CHCl3) {lit.
22 ½a�20D

+88 (CHCl3)}. The
1H NMR spectroscopy and mass

spectrometry data for synthetic 27 were identical to
the data reported for natural material.22

5.1.18. 3b,22b-Dihydroxyolean-12-en-24-oic acid (29). A
solution of the aldehyde 25 (20 mg, 0.03 mmol) and
2-methyl-2-butene (0.2 ml, 1.8 mmol) in tBuOH (1 ml)
was treated with a solution of sodium chlorite (35 mg,
0.39 mmol) and sodium dihydrogenphosphate (61 mg,
0.39 mmol) in water (0.4 ml). After stirring at room tem-
perature overnight, the reaction mixture was concen-
trated in vacuo, diluted with EtOAc (10 ml), and
washed with water (2 ml). The organic layer was dried
over MgSO4, filtered, concentrated, and subjected to
preparative TLC (n-hexane/EtOAc, 3/1) to give 28
(7 mg, 34%).

A solution of 28 (5 mg, 7.7 · 10�3 mmol) in CH2Cl2/
MeOH (1 ml, 1:1) was treated with 10% Pd/C (5 mg)
and hydrogenated under atmospheric pressure at room
temperature for 45 min. The mixture was filtered
through Celite and the filtrate was concentrated
in vacuo to give 29 (3 mg, 92%) as a white solid.
Compound 29: mp >300 �C; ½a�23D +122.7 (c 0.55,
MeOH); 1H NMR (CDCl3–CD3OD) d 0.86 (3H, s),
0.92 (6H, s), 1.00 (3H, s), 1.03 (3H, s), 1.11 (3H, s),
1.43 (3H, s), 0.90–2.10 (21H, m), 3.11 (1H, dd, J = 4.1
and 12.1 Hz), 3.43 (1H, dd, J = 3.9 and 7.2 Hz), 5.26
(1H, t, J = 3.5 Hz); Anal. Calcd for C30H48O4: C,
76.23; H 10.24. Found: C, 76.07; H, 10.07.

5.1.19. N-n-Butyl-3b,22b-dihydroxyolean-12-ene-24-
amide (30). A solution of 28 (20 mg, 0.03 mmol) in dry
DMF (1 ml) was added with BOP (16 mg, 0.037 mmol).
After stirring at room temperature for 2.5 h, the mixture
was added with n-butylamine (0.1 ml, 1.0 mmol). After
further stirring for 1 h at room temperature, the reac-
tion mixture was diluted with EtOAc (10 ml) and
washed with water (5 ml ·2). The organic layer was
dried over MgSO4, filtered, concentrated, and subjected
to preparative TLC (n-hexane/EtOAc, 5:1) to give
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N-n-butyl-3b,22b-dibenzyloxyolean-12-ene-24-amide
(16 mg, 73%).

A solution of N-n-butyl-3b,22b-dibenzyloxyolean-12-
ene-24-amide (13 mg, 0.018 mmol) in CH2Cl2/MeOH
(2 ml, 1:1) was treated with 10% Pd/C (13 mg) and
hydrogenated under atmospheric pressure at room tem-
perature for 2 h. The mixture was filtered through Celite
and the filtrate was concentrated in vacuo to give 30
(10 mg, 100%) as a white solid. Compound 30: mp
223–225 �C; ½a�23D +113.1 (c 0.96, CHCl3);

1H NMR
(CDCl3) d 0.87 (3H, s), 0.90 (3H, s), 0.92 (3H, s), 0.94
(3H, t, J = 7.4 Hz), 1.02 (3H, s), 1.04 (3H, s), 1.12
(3H, s), 1.38 (3H, s), 0.88–2.25 (26H, m), 3.10–3.17
(1H, m), 3.19–3.25 (2H, m), 3.44 (1H, t, J = 4.8 Hz),
3.80 (1H, d, J = 9.5 Hz), 5.27 (1H, t, J = 3.6 Hz), 6.00
(1H, t, J = 4.8 Hz); Anal. Calcd for C34H57NO3Æ1/
4H2O: C, 76.71; H, 10.88; N, 2.63. Found: C, 76.75;
H, 10.63; N, 2.60.

5.1.20. 24-Acetoxyolean-12-ene-3b,22b-diol (31). A solu-
tion of 24 (30 mg, 0.047 mmol) in pyridine (1 ml) was
treated with acetic anhydride (1 ml) at room tempera-
ture. After stirring for 20 h, the mixture was diluted with
EtOAc, washed with water, and the organic layer was
dried over MgSO4, filtered, concentrated, and subjected
to preparative TLC (n-hexane/EtOAc, 5:1) to furnish 24-
acetoxy-3b,22b-dibenzyloxyolean-12-ene (24 mg, 76%).

A solution of 24-acetoxy-3b,22b-dibenzyloxyolean-12-
ene (24 mg, 0.035 mmol) in CH2Cl2/MeOH (3 ml, 1:2)
was treated with 20% Pd(OH)2/C (18 mg) and hydroge-
nated under atmospheric pressure at room temperature
for 1 h. The mixture was filtered through Celite and
the filtrate was concentrated in vacuo to give 31
(12 mg, 69%) as a white solid. Compound 31: mp 198–
200 �C; ½a�23D +103.4 (c 0.95, CHCl3);

1H NMR (CDCl3)
d 0.87 (3H, s), 0.91 (3H, s), 0.94 (3H, s), 0.96 (3H, s),
1.04 (3H, s), 1.12 (3H, s), 1.16 (3H, s), 2.07 (3H, s),
0.86–2.12 (23H, m), 3.27–3.31 (1H, m), 3.44 (1H, t,
J = 5.3 Hz), 4.15 (1H, d, J = 11.7 Hz), 4.35 (1H, d,
J = 11.7 Hz), 5.25 (1H, t, J = 3.6 Hz); Anal. Calcd for
C32H52O4ÆCH3OH: C, 74.39; H, 10.59. Found: C,
74.53; H, 10.57.

5.1.21. 24-Methoxyolean-12-ene-3b,22b-diol (32). A solu-
tion of 24 (800 mg, 1.3 mmol) in DMF (10 ml) was trea-
ted with 60% sodium hydride (100 mg, 2.5 mmol) at
room temperature. After stirring for 1 h, methyl iodide
(355 mg, 2.5 mmol) was added to the resulting suspen-
sion. After stirring at room temperature for 2 h, the
reaction mixture was added with additional 60% sodium
hydride (100 mg, 2.5 mmol) and methyl iodide (355 mg,
2.5 mmol), and stirred for 2 h. The reaction mixture was
quenched with saturated aqueous NH4Cl and extracted
with EtOAc. The combined organic layers were dried
over Na2SO4, filtered, and concentrated. The residue
was purified by flash chromatography on silica gel (n-
hexane/EtOAc, 30:1) to afford 3b,22b-dibenzyloxy-24-
methoxyolean-12-ene (689 mg, 84%) as a white solid.

A solution of 3b,22b-dibenzyloxy-24-methoxyolean-12-
ene (689 mg, 1.1 mmol) in EtOAc (12 ml) and EtOH
(4 ml) was treated with 20% Pd(OH)2/C (50 mg) and
hydrogenated under atmospheric pressure at room tem-
perature for 5 h. The reaction mixture was filtered and
the filtrate was evaporated in vacuo. The residue was
purified by flash chromatography on silica gel (n-hex-
ane/EtOAc, 10:1) to afford 32 (250 mg, 50%) as a white
solid. Compound 32: mp 189–191 �C (lit.23 mp 190–
191 �C); ½a�23D +99.6 (c 0.95, CHCl3) {lit.23 ½a�20D +50.1
(c 1.0, CHCl3)}. The

1H NMR spectroscopy and mass
spectrometry data for synthetic 32 were identical to
the data reported for authentic sample.23

5.1.22. 3b-Methoxyolean-12-ene-22b,24-diol (35). A solu-
tion of 1 (1.0 g, 2.18 mmol) in dry DMF (10 ml) was
added with benzaldehyde dimethyl acetal (365 mg,
2.40 mmol) and DLDL-camphorsulfonic acid (15 mg,
0.06 mmol). After stirring at 45 �C for 4 h, the reaction
mixture was added with additional benzaldehyde di-
methyl acetal (532 mg, 3.50 mmol). The reaction mix-
ture was stirred at 45 �C overnight, diluted with
saturated NaHCO3 and water, and extracted with
EtOAc. The organic layer was dried over MgSO4, fil-
tered, and concentrated in vacuo. The residue was puri-
fied by column chromatography on silica gel (n-hexane/
EtOAc, 5:1) to give the benzylidene acetal (658 mg, 83%)
as a white solid.

The solution of benzylidene acetal (28.7 g, 53.56 mmol)
in dry DMF (280 ml) was added with 60% sodium hy-
dride (4.2 g, 105.1 mmol) and benzyl bromide (12.5 ml,
105.1 mmol). The mixture was stirred at 45 �C for
1.5 h and treated with additional 60% sodium hydride
(4.2 g, 105.1 mmol) and benzyl bromide (12.5 ml,
105.1 mmol). After 2 h, the reaction mixture was diluted
with water and extracted with EtOAc. The combined or-
ganic layer was dried over MgSO4, filtered, and concen-
trated in vacuo. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc, 15:1)
to give 33 (18.8 g, 56%) as a white solid.

A solution of 33 (400 mg, 0.63 mmol) in toluene (2 ml)
was treated with a solution of DIBAL (1.0 M in toluene,
3.77 ml, 3.77 mmol) in toluene (6 ml) at 0 �C. After stir-
ring at 0 �C for 2 h, the reaction was quenched with
water, and the whole was extracted with EtOAc, the or-
ganic layer was dried over MgSO4, filtered, and concen-
trated in vacuo. The residue was purified by preparative
TLC (n-hexane/EtOAc, 5:1) to give the 24-benzyl ether
34 (275 mg, 69%) and 3-benzyl ether 24 (25 mg, 6%).

A solution of 34 (100 mg, 0.16 mmol) in dry DMF
(1 ml) was treated with 60% sodium hydride (31 mg,
0.80 mmol). After stirring for 1 h at room temperature,
methyl iodide (50 ml, 0.80 mmol) was added. After fur-
ther stirring for 20 h, the whole mixture was diluted with
EtOAc, washed with water, dried over MgSO4, filtered,
and concentrated in vacuo. The residue was purified by
preparative TLC (n-hexane/EtOAc, 5:1) to give 22b,24-
dibenzyloxy-3b-methoxyolean-12-ene (49 mg, 47%) as
a white solid.

A solution of 22b,24-dibenzyloxy-3b-methoxyolean-12-
ene (48 mg, 0.073 mmol) in CH2Cl2/MeOH (3 ml, 1:1)
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was treated with 20% Pd(OH)2/C (10 mg) and hydroge-
nated under atmospheric pressure at room temperature
for 1 h. The reaction mixture was filtered and the filtrate
was evaporated in vacuo. The residue was purified by
preparative TLC (CH2Cl2/MeOH, 30:1) to give 35
(21 mg, 59%) as a white solid. Compound 35: mp 283–
284 �C; ½a�23D +91.9 (c 1.00, CHCl3);

1H NMR (CDCl3)
d 0.87 (3H, s), 0.88 (3H, s), 0.91 (3H, s), 0.95 (3H, s),
1.04 (3H, s), 1.11 (3H, s), 1.20 (3H, s), 0.84–2.14 (22H,
m), 2.93 (1H, dd, J = 4.4 and 11.8 Hz), 3.18–3.26 (2H,
m), 3.36 (3H, s), 3.41–3.45 (1H, m), 4.09–4.14 (1H, m),
5.25 (1H, t, J = 3.6 Hz); Anal. Calcd for C31H52O3: C,
78.76; H, 11.09. Found: C, 78.66; H, 10.80.

5.1.23. 12a,13a-Epoxyolean-3b,22b,24-triol (36). A solu-
tion of 1 (230 mg, 0.50 mmol) in CH2Cl2 (10 ml) and
CHCl3 (3 ml) was treated with 50–60% mCPBA
(216 mg). After stirring at room temperature overnight,
the mixture was diluted with CH2Cl2 and washed with
5% Na2S2O3, saturated NaHCO3, and brine. The organ-
ic layer was dried over MgSO4, filtered, and concen-
trated in vacuo. The residue was purified by flash
chromatography on silica gel (n-hexane/EtOAc, 1:1) to
afford the epoxide 36 (193 mg, 81%) as a white solid.
Compound 36: mp 249–251 �C; ½a�23D +36.2 (c 0.94,
CHCl3);

1H NMR (CDCl3) d 0.88 (3H, s), 0.90 (3H,
s), 0.97 (3H, s), 0.98 (3H, s), 0.99 (3H, s), 1.04 (3H, s),
1.22 (3H, s), 0.74–1.87 (22H, m), 2.36 (1H, d,
J = 4.2 Hz), 2.76 (1H, dd, J = 2.5 and 9.2 Hz), 3.05
(1H, s), 3.29 (1H, t, J = 11.1 Hz), 3.40–3.45 (1H, m),
3.55–3.60 (1H, m), 4.17 (1H, dd, J = 2.5 and 11.1 Hz);
Anal. Calcd for C30H50O4Æ1/2H2O: C, 74.49; H, 10.63.
Found: C, 74.50; H, 10.36.

5.1.24. b-Amyrin (39). A solution of 17 (1.00 g,
2.26 mmol) in pyridine (10 ml) was treated with trityl
chloride (881 mg, 3.16 mmol). The mixture was heated
to reflux and stirred for 5 h. After the solution was
cooled to room temperature, the solvent was removed
in vacuo and water was added to the residue. The mix-
ture was extracted with EtOAc. The organic layer was
dried over Na2SO4, filtered, and concentrated in vacuo
to give 24-trityloxyolean-12-en-3b-ol. Without further
purification, 24-trityloxyolean-12-en-3b-ol was dissolved
in CH2Cl2 (20 ml), and 4-DMAP (690 mg, 5.65 mmol)
and benzoyl chloride (474 mg, 3.39 mmol) were added.
The solution was stirred at room temperature for 2 h.
The mixture was poured into water and extracted with
EtOAc. The organic layer was dried over Na2SO4, fil-
tered, and concentrated in vacuo. The residue was puri-
fied by flash chromatography on silica gel (n-hexane/
EtOAc, 30:1) to afford 3b-benzoyloxy-24-trityloxy-
olean-12-ene (1.70 g, 95%).

A solution of 3b-benzoyloxy-24-trityloxyolean-12-ene
(1.70 g, 2.16 mmol) in acetone (50 ml) and MeOH
(20 ml) was treated with concd HCl (0.5 ml). The mix-
ture was warmed to 60 �C and stirred for 2 h. The solu-
tion was neutralized with NaHCO3. The solvent was
removed in vacuo and water was added to the residue.
The mixture was extracted with EtOAc. The organic
layer was dried over Na2SO4, filtered, and concentrated
in vacuo. The residue was purified by flash chromato-
graphy on silica gel (n-hexane/EtOAc, 10:1) to afford
37 (818 mg, 69%) as a white solid.

A solution of 37 (150 mg, 0.275 mmol) in CH2Cl2 (5 ml)
was treated with PCC (71 mg, 0.33 mmol). The mixture
was stirred at room temperature for 1 h. The reaction
mixture was diluted with EtOAc and filtered through a
short pack of silica gel. The filtrate was concentrated
in vacuo and purified by column chromatography on sil-
ica gel (n-hexane/EtOAc, 20:1) to give 3b-benzoyloxy-
24-oxoolean-12-ene (142 mg, 95%) as a white solid.

A solution of 3b-benzoyloxy-24-oxoolean-12-ene
(121 mg, 0.222 mmol) in MeOH (3 ml) and THF (4 ml)
was treated with 1 N NaOH (0.5 ml). The mixture was
stirred at room temperature for 3 h. The solution was
neutralized with 1 N HCl. The solvent was removed in
vacuo and water was added to the residue. The mixture
was extracted with EtOAc. The organic layer was dried
over Na2SO4, filtered, and concentrated in vacuo. The
residue was purified by flash chromatography on silica
gel (n-hexane/EtOAc, 12:1) to afford 38 (75.4 mg, 77%)
as a white solid.

A solution of 38 (50.0 mg, 0.114 mmol) in diethylene
glycol (5 ml) and EtOH (15 ml) was treated with
NH2NH2ÆH2O (2.5 ml). The mixture was heated to re-
flux and stirred for 1 h. After the solution was cooled
to room temperature, EtOH was removed in vacuo.
The residue was treated with KOH (300 mg) and the
resulting mixture was heated to reflux and stirred for
2 h. The mixture was poured into water and extracted
with EtOAc. The organic layer was dried over Na2SO4,
filtered, and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (n-hex-
ane/THF, 4.5:1) to afford 39 (37.3 mg, 77%) as a white
solid. Compound 39: mp 196–197 �C (lit.26 mp 194–
196 �C); ½a�23D +89.0 (c 0.89, CHCl3) {lit.26 ½a�23D +83.6
(c 0.4, CHCl3)}. The

1H NMR spectroscopy and mass
spectrometry data for synthetic 39 were identical to
the data reported for authentic sample.26

5.2. X-ray crystallographic analysis

X-ray data of the 3,24-diacetate derivative of 19 and the
triols 20 and 36 have been deposited in the Cambridge
Crystallographic Data Centre as deposition numbers
CCDC 255979, CCDC 241828, and CCDC 241826,
respectively. These data can be obtained free of charge
by contacting the Cambridge CrystallographicData Cen-
tre, 12 Union Road, Cambridge CB2 1EZ, UK [fax: +44
1223 336033 or e-mail: data_request@ccdc.cam.ac.uk].

5.3. Biological method

5.3.1. Concanavalin A-induced hepatitis. Male BALB/c
mice were purchased from Charles River Laboratory
(Yokohama, Japan). All the experiments were con-
ducted in accordance with local institutional guidelines
for the care and use of laboratory animals. Control mice
were given solvent (100% polyethylene glycol #400
(PEG-400): 100% dimethylsulfoxide (DMSO): 0.5%
carboxymethyl cellulose sodium salt (CMC) = 1:1:2)
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administered subcutaneously (sc) into the back at 2 and
14 h prior to an intravenous injection of sterilized phos-
phate-buffered saline (control group). Concanavalin A
at a dose of 20 mg/kg body weight was intravenously in-
jected (concanavalin A alone group). A suspended solu-
tion containing compound at the doses shown in the
legend was injected sc into the back of the animals at
2 and 14 h prior to an intravenous injection of conca-
navalin A (concanavalin A + compound group). The
animals were not starved overnight before being killed
and were quickly decapitated under ether anesthesia
between 09.00 and 10.00 h.

Plasma was obtained 24 h after concanavalin A injec-
tion. Alanine aminotransferase levels were determined
at 340 nm according to the standard method, using an
automatic analyzer. The data evaluated were based on
Student�s t-test.
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