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Several derivatives of tormentic acid have been prepared and tested for their antitumor activity. The
dichloroacetate 14 is an excellent antitumor active agent acting by an apoptose inducing pathway as
demonstrated by OA/PI staining, DNA laddering experiments as well as by an annexin V binding assay.

� 2012 Elsevier Masson SAS. All rights reserved.
1. Introduction

Cancer is still one of the leading causes of death. The index of
cancer cure is often low and its treatment is still a challenge. Cancer
cells hold the ability to evade death, and expressing multidrug
resistance is an important draw-back in the chemotherapy of
cancer.

Natural products have been used to treat diseases for thousands
of years. They still play an important role in development of new
drugs. Among them, triterpenes represent a class of most signifi-
cant compounds. They have been shown to possess a broad variety
of medicinal properties. In continuation of our previous studies on
betuline, betulinic, glycyrrhetinic and boswellic acid derivatives as
antitumor active compounds, we became interested in tormentic
acid as a lead compound in the synthesis of antitumor active
derivatives.

Common tormentil (bloodroot, Potentilla erecta), also known as
shepherd’s knot, is a low, clump-forming plant growing wild all
over northern Europe and all over Asia. Extracts prepared from the
dried root have been used to treat bleedings and diarrhea (because
of its high content in tannins acting as adstringents) or to dye
leather red (because of the presence of phlobaphenes).
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As early as 1915 tormentol (tormentoside) [1] was isolated as
the b-D-glucopyranosyl ester of tormentic acid the structure of
which was established in 1966 [2e4]. Tormentic acid, i.e. (2 R, 3 R,
19 R) 2,3,19-trihydroxy-urs-12-en-28-carboxylic acid (1), can be
extracted [5e17] from various plants, among them Myrianthus
serratus, Perilla frutescens, Cotoneaster simsonsii, Rubus sieboldii but
also from species of Potentilla, e.g. Potentilla anserina, Tormentilla
tormentilla or P. erecta.

There are ample examples for the antitumor activity of
pentacyclic triterpenes; less is known, however, about the bio-
logical activity of 1 and even fewer data have been reported for
derivatives of 1. Thus, 1 is able to inhibit in vitro platelet
aggregation [18], and the influence of 1 on forming atheroscle-
rotic plaques [19] in mice has been investigated. In addition, TA
reduced vascular smooth muscle cell proliferation [20] and
possesses [21,22] some anti-inflammatory activity. Compound 1
reduced also the viability of human gastric cells [13] by an
inhibition [13,23,24] of a- and b-DNA polymerases. Only a weak
cytotoxic activity has been established [25,26] for different
tumor cell lines; some anticancer activity has been found for 1
for lymphocytic leukemua cells [27]. Interesting to note that 1
shows little toxicity [13] to normal cells, and 1 has been sug-
gested [20] to be developed for the treatment of post-
angioplasty re-stenosis. Recently, 1 methyl ester (2) has been
shown [28] to act as a selective, low micromolar inhibitor of
11b-hydroxysteroid dehydrogenase and to display anti-
inflammatory effects [29,30].
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2. Results

2.1. Chemistry

Quite recently, we became aware that small structural modifi-
cations, e.g. esterification or acylation of a triterpenoid skeleton
[31e38], might result in obtaining compounds of improved cyto-
toxicity. Thus, 1was used as an easy accessible starting material for
the synthesis of “simple” derivatives.

Treatment of 1 (Scheme 1)withMeI/K2CO3 gave themethyl ester
2 [4,28,39,40] in almost quantitative yield. TEMPO oxidation [41,42]
of 2 yielded the 2-oxo compound 3 [1] in 83% yield; compound 3 is
characterized by the presence of a carbonyl signal in its 13C NMR
spectra at d¼ 211.0 ppm. This oxidation advances in a regioselective
way; no oxidation at position C-3 could be noted. The reason for this
regioselectivity might be the steric hindrance at position C-3
because of the presence of the two geminal methyl groups at C-4.

Oxidation of 2 using bis(tri-n-butyl-tin)oxide [43,44] in the
presence of bromine at 0 �C, however, yielded the 3-oxo compound
4 whose carbonyl group can be found in the 13C NMR spectrum at
d ¼ 216.6 ppm. Using a prolonged reaction time and an excess of
oxidizing agent gave the 3-oxo-1,12-diene 5 in 57% yield. Reduction
of 3 with sodium borohydride proceeded in a stereoselective way
and provided the 2-epi compound 6; compound 6 represents a 2,3-
bis epimer to euscaphic ester 8; the latter is easily obtained from
naturally occurring euscapic acid (7) by esterification with diazo-
methane. As an alternative, reduction of 5 under the same condi-
tions gave a 70% yield of 6. Compound 8 was oxidized in
a regioselective manner to afford 4.

For betulin and betulinic acid, several acylated derivatives
showed a higher antitumor activity than their parent compounds
[38,45]. Therefore, it seemed of interest to prepare several acylated
analogs of 2 and to compare their biological activity with parent 2.
Scheme 1. a) TEMPO, NaOCl, CH2Cl2, 8 h, 63%; b) [(nBu)3Sn]2O, Br2, 0 �C, 1 min, 62%; c) [(nB
0 �C, 1 min, 67%; f) NaBH4, MeOH, reflux, 1 h, 70%; g) CH2N2, MeOH, 95%.
Acetylation of 1 (Scheme 2) with acetic anhydride in dry pyri-
dine for 24 h yielded 66% of the diacetate 9. If the reaction was
stopped after 3 h, the 2-O-acetyl derivative 10 and the 3-O-acetyl
derivative 11 were isolated in 56% and 21%, respectively. The
monoacetates 10 and 11 were previously isolated [25] from
Cecropia lyratiloba, and shown to be effective inhibiting the viability
of a chronic myeloid leukemia blast crisis cell line by inducing
apoptosis [2]. Acetylation of 3 under similar conditions provided
acetate 12 whereas from compound 4 mono-acetylated 13 was
formed. Acylation of 2 with chloroacetyl chloride yielded the 2,3-
bis(chloroacetyloxy)-compound 14, the 2-O-chloro acetate 15 and
the 3-O-chloro acetate 16.

2.2. Biology

Thus, contrary to previous findings with betulinic acid, neither
an esterification nor an acetylation resulted in products of signifi-
cantly increased cytotoxicity (Table 1). Mono- or diacetylated
products 9e11 showed onlymoderate cytotoxicity (IC50 > 30 mmol)
for all human tumor cell lines tested. A similar behavior can be
found for the mono-acetylated keto compounds 12 [1] and 13 and
for the keto compounds 3, 4 and 5. An improvement was observed
for the mono-chloroacetylated compounds 15 and 16; a signifi-
cantly improved cytotoxicity, however, was observed for bis-
chloroacetylated 14.

Cell death can occur [46,47] either necrotic or programmed by
a variety of different forms being known for the latter. Apoptosis is
characterized [46] inter alia by cell shrinking, membrane blebbing,
an enhanced activity of caspases, a translocation of phosphati-
dylserine and DNA fragmentation. Previous work of Rocha et al.
[2,25] and Fogo et al. [20] gave evidence for 1 and several alkynic
derivatives thereof for acting by inducing apoptosis. To evaluate the
ability of our compounds, tormentic acid methyl ester 2 and the
u)3Sn]2O, Br2, 0 �C, 15 min, 57%; d) NaBH4, MeOH, reflux, 1 h, 82%; e) [(nBu)3Sn]2O, Br2,



Scheme 2. a) Ac2O, pyridine, CH2Cl2, 24 �C, 3e24 h, 9: 66%, 10: 56%, 11: 21%, 12: 66%, 13: 68%; b) ClCH2COCl, pyridine, CH2Cl2, 24 �C, 4 h, 14: 26%, 15: 40%, 16: 11%.
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most active compound of this series, bis-chloroacetyl 14 were
tested in more detail.

As indicated above, programmed cell death is characterized [47]
by different morphological changes. Thus, living cells (518A2) were
stained with acridine orange (AO) and investigated by fluorescence
microscopy. AO is an uncharged cationic dye; it binds to nucleic
acids. AO and nucleic acids form either monomeric complexes with
double stranded nucleic acids (exhibiting a green fluorescence) or
dimers with single stranded nucleic acids (emitting orange light).
Maslinic acid (MA) is well known for its ability to induce apoptosis
in cancer cells and was used as a control [22,27,48e57]. A typical
condensation of the chromatin as well as blebbing of the nuclear
membrane and a shrinking of the cells was observed. Compound 2,
however, shows only a weak ability to induce cell death for 518A2
cells at a concentration of 30 mM. The condensation of chromatin as
well as the blebbing of the nuclear membrane indicates a pro-
grammed cell death process. The same phenomenon was observed
for 8505C human thyroid carcinoma cell cells. Some red dots were
seen duringmicroscopy; thesewere assigned to proteasomes or are
due to lysosomal activity [58].

Additional investigations using an AO/PI exclusion dye assay
(Fig. 1) showed that the majority of the dead cells still possess an
intact cell membrane. While membrane disruption is
Table 1
Cytotoxicity (IC50 in mmol; SRB assay) for tormentic acid (1) and compounds 2e16 in a pa
(head), A2780 (ovarian), A549 (lung), DLD1 (colon), MCF7 (mamma)], non malignant mo
Values were obtained from SRB assays after 96 h of treatment; the values are averaged f

518A2 8505C A253 A2780 A5

1 >30 23.4 � 0.8 >30 >30 31
2 31.3 � 3.9 42.0 � 5.2 17.0 � 2.0 23.9 � 4.3 n.d
3 >30 >30 n.d. 17.8 � 1.9 n.d
4 8.9 � 0.5 12.9 � 0.2 6.8 � 1.8 4.9 � 0.4 11
5 17.2 � 2.7 25.0 � 0.9 >30 >30 >3
6 >30 >30 15.3 � 2.0 18.9 � 3.5 >3
8 27.7 � 0.2 29.3 � 2.5 16.4 � 12.6 12.8 � 1.5 30
9 >30 >30 27.3 � 3.5 17.6 � 4.9 >3
10 >30 >30 >30 24.3 � 9.0 >3
11 >30 >30 >30 28.1 � 0.9 >3
12 5.6 � 1.2 7.0 � 0.2 6.7 � 1.1 4.4 � 0.4 7.8
13 28.9 � 0.7 >30 18.5 � 0.4 9.0 � 1.4 31
14 1.1 � 0.2 1.6 � 0.7 1.6 � 0.9 0.8 � 0.4 1.2
15 4.5 � 0.4 4.6 � 0.5 4.6 � 0.5 2.6 � 0.3 9.7
16 5.5 � 0.6 7.5 � 0.8 4.1 � 0.4 4.1 � 0.4 10
a characteristic feature of necrosis [leading to deep red light
emission from the propidium iodide (PI)], an intact membrane
indicates a programmed cell death since PI e as a double charged
molecule e cannot enter the cell as long as the cell membrane is
intact [59]. All compounds used in this AO/PI assay induced
a controlled cell death hence paralleling previous findings
[2,25,50,60] for other triterpenoic acids.

To gain a deeper insight, additional experiments were called for.
Phosphatidylserine e a label for cell death e switches from the
inner to the outer cell membrane during the cascade of apoptosis
[47]. Annexin V, a cellular protein of the annexin group, selectively
binds to phosphatidylserine. By a combination of the protein with
fluorescine isothiocyanate (FITC) a fluorescence active dye is
formed. In this assay 8505C cancer cells emitted green light hence
having bound annexin V-FITC and thus indicating that these cells
died by apoptosis [61]. The same was true for experiments
employing 518A2 cancer cells. Fig. 2 depicts the results from the
annexin V-FITC/PI stained cells by FACS-analysis.

Another typical hallmark of apoptosis is an exactly determined
cutting of the DNA by endonucleases into multiple 180 bp frag-
ments (and multiples thereof) [62,63]. All tested compounds gave
the characteristic DNA ladders. To evaluate the cancer-to-control
selectivity of some of our compounds, additional experiments
nel of various cancer cell lines [518A2 (melanoma), 8505C (anaplastic thyroid), A253
use fibroblast (NiH 3T3), and human fibroblast primary culture cells (WW030272).
rom at least 5 independent experiments (n.d. not determined).

49 DLD-1 MCF7 NiH 3T3 WW030272

.0 � 0.1 31.0 � 0.2 32.3 � 2.5 >30 47.7 � 1.1
. 37.4 � 1.0 31.3 � 3.4 15.6 � 5.0 47.5 � 1.1
. >30 28.7 � 0.5 19.2 � 0.6 n.d.
.8 � 0.2 18.0 � 0.1 9.4 � 0.5 7.7 � 2.0 n.d.
0 >30 26.0 � 5.4 >30 n.d.
0 >30 22.6 � 1.0 >30 n.d.
.6 � 0.4 35.8 � 1.8 17.8 � 4.5 >30 23.4 � 1.7
0 >30 20.4 � 3.7 32.3 � 0.1 n.d.
0 >30 25.3 � 2.6 >30 n.d.
0 >30 26.2 � 0.7 >30 n.d.
� 0.4 13.5 � 0.4 8.2 � 0.9 6.7 � 1.1 n.d.

.3 � 0.4 28.2 � 0.5 14.8 � 0.4 25.1 � 4.6 n.d.
� 0.5 2.2 � 0.2 1.5 � 0.8 1.1 � 0.1 3.4 � 1.1
� 0.6 3.7 � 0.4 2.6 � 0.3 2.1 � 0.2 n.d.

.0 � 1.0 6.0 � 0.6 6.9 � 0.7 4.2 � 0.4 n.d.



Fig. 1. AO/PI assay of dead 8505C cells. The cells were treated with MA (A), tormentic acid (B), 2 (C) and 14 (D); green cells indicate a controlled cell death, deep red cells a necrotic
way of exitus. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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using human fibroblast primary culture cells WW030272 were
used. The results of these experiments are included in the table.

3. Conclusion

In summary, tormentic acid (1) as well as its methyl ester 2 are
adequate and its dichloroacetate 14 is an excellent antitumor active
agent acting by an apoptose inducing pathway as demonstrated by
OA/PI staining, DNA laddering experiments as well as by an annexin
V binding assay.

4. Experimental

4.1. Biological material

4.1.1. Cell lines and culture conditions
The cell lines 518A2, 8505C, A253, A2780, A549, DLD-1, MCF-7,

NiH 3T3 andWW030272were included in this study. Cultures were
maintained as monolayer in RPMI 1640 (PAA Laboratories, Pasch-
ing, Germany) supplementedwith 10% heat inactivated fetal bovine
serum (Biochrom AG, Berlin, Germany) and penicillin/streptomycin
Fig. 2. FACS analysis of 8505C cells after 6 h incu
(PAA Laboratories) at 37 �C in a humidified atmosphere of 5% CO2/
95% air.

4.1.2. Cytotoxicity assay
The cytotoxicity of the compounds was evaluated using the

sulforhodamine-B (SRB) (SigmaeAldrich) microculture
colorimetric assay. In short, exponentially growing cells were
seeded into 96-well plates on day 0 at the appropriate cell densi-
ties to prevent confluence of the cells during the period of exper-
iment. After 24 h, the cells were treated with serial dilutions of the
compounds (0e30 mM) for 96 h. The final concentration of DMSO or
DMF solvent never exceeded 0.5%, which was non-toxic to the cells.
The percentages of surviving cells relative to untreated controls
were determined 96 h after the beginning of drug exposure. After
a 96 h treatment, the supernatant medium from the 96 well plates
was thrown away and the cells were fixed with 10% TCA. For
a thorough fixation, the plates were allowed to rest at 4 �C. After
fixation, the cells were washed in a strip washer. The washing was
done five times with water using alternate dispensing and aspira-
tion procedures. Afterward the plates were dyed with 100 ml of 0.4%
SRB (sulforhodamine B) for about 30 min. The plates were washed
bation with 1 (left) or compound 14 (right).
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with 1% acetic acid to remove the excess of the dye and allowed to
air dry overnight. Tris base solution (100 ml of 10 mM) was added to
each well and absorbance was measured at 570 nm (using a 96 well
plate reader, Tecan Spectra, Crailsheim, Germany). The IC50 was
estimated from the doseeresponse curves.

4.1.3. Morphological investigation of living cells
In an eight-well chamber slide (SigmaeAldrich) 10.000 cells of

the human thyroid cancer cell line 8505C or 10.000 cells of the
melanoma cell line 518A2were seeded. After 24 h of incubation, the
medium was removed, and the cells were treated with maslinic
acid (MA), tormentic acid (1) or tormentic acid methyl ester (2)
(4 ml, 30 mM). On the next day the supernatant medium was
removed, and the cells were washed with PBS (w(o, 1 ml)) and
stained with acridine orange (5.10�6 mol). Visual inspection was
performed using a fluorescence microscope (Zeiss Axioskop).

4.1.4. Apoptosis assay of dead cells by AO/PI dye exclusion test and
annexin V-FITC

The death of the cells was analyzed employing an OA/PI assay as
well as with annexin V-FITC dye using fluorescence microscopy and
human cancer cell lines 518A2 and 8505C, respectively. Approx.
1*106 cells were seeded in cell culture flasks (25 cm2), and the cells
were allowed to grow up to 80%. After removing of the used
medium, the substance loaded fresh medium was reloaded (or
a blank new medium as a control). After 24e48 h, the supernatant
mediumwas collected and centrifuged (300 g, 4 �C), the pellet was
gently suspended in phosphate-buffered saline (PBS, 1 ml) and
centrifuged again. The PBS was removed, and the pellet again
gently suspended in PBS (100 ml). The analysis of the cells was
performed using a fluorescence microscope after having mixed the
cell suspension (10 ml) with a solution of AO/PI (10 ml). A green
fluorescence indicates apoptosis whereas a red colored cell indi-
cates necrosis.

For the investigations using annexin V-FITC, the cells were
washed with annexin V binding buffer after the treatment with
PBS, then centrifuged and dyed for 15 min using an annexin V
staining buffer. Analyses were performed using a fluorescence
microscope; green colored cells indicate cells with phosphati-
dylserine on the outer cell membrane, a phenomenon that is typical
for apoptosis.

4.1.5. DNA laddering experiments
Approximately 1*106 cells (518A2 or 8505C) were seeded in cell

culture flasks (25 cm2), and the cells were allowed to grow up to
80%. After removing of the used medium, the substance loaded
mediumwas reloaded (or a blank fresh medium as a control). After
24e48 h, the supernatant medium was collected and centrifuged
(300 g, 4 �C). The pellet was gently suspended in phosphate-
buffered saline (PBS 1 ml) and centrifuged again. The PBS was
removed and lyses buffer (30 ml, 0 �C, 10 min) was added. The cells
were incubated for 2 h (37 �C) after treatment with RNAse (10 ml,
0 �C, 10 min) and for 12 h at 50 �C after having been treated with
proteine kinase K (10 ml). The extract was mixed with DNA-ladder
dye (10 ml) and analyzed by gel electrophoresis (agarose,
150 mV, 2 h).

4.2. General e chemistry

Reagents were bought from commercial suppliers without any
further purification. Melting points were measured with a LEICA
hot stage microscope and were not corrected. NMR spectra were
recorded on VARIAN Gemini 200, Gemini 2000 or Unity 500
spectrometers at 27 �Cwith trimethylsilane as an internal standard,
d are given in ppm and J in Hz. Mass spectra were taken on
a FINNIGANMAT TSQ 7000 (electrospray, voltage 4.5 kV, sheath gas
nitrogen) instrument. Elemental analyses were measured on
a Foss-Heraeus Vario EL unit. IR spectrawere recorded on a Perkine
Elmer FT-IR spectrometer Spectrum 1000, optical rotations on
a PerkineElmer 341 polarimeter (1 cm micro cell, 25 �C) and UVe
vis spectra on a PerkineElmer unit, Lambda 14. TLC was performed
on silica gel (Merck 5554, detection by UV absorption). Solvents
were dried according to usual procedures. The purity of the
compounds was checked by HPLC/DAD and found to be >98% for
each compound.

4.3. (3 R, 19 R) methyl 3,19-dihydroxy-2-oxo-urs-12-en-28-
carboxylate (3)

To a solution of 2 (376 mg, 0.75 mmol) and TEMPO (2 mg,
0.01 mmol) in dichloromethane (20 ml), a solution of KBr (9 mg,
0.075 mmol) and (n-Bu)4NBr (120 mg, 0.37 mmol), in an aq. solu-
tion of NaHCO3 (5%, 3 ml) was added. Under vigorous stirring an aq.
solution of NaOCl (1 M, 0.8 ml) was slowly added with 2 h (no
further discoloration of the reaction mixture), and stirring was
continued for another 6 h. The reaction was quenched by the
addition of water (50 ml), and extracted with dichloromethane
(4 � 40 ml). The combined organic phases were washed with brine
(2 � 30 ml), dried (Na2SO4), and the solvent was evaporated. The
residue was subjected to chromatography (silica gel, toluene/ethyl
acetate/formic acid/n-heptane 80:20:3:10) to yield 3 (237 mg, 63%)
as a colorless solid; mp 104e106 �C; ½a�20D ¼þ37.3� (c¼ 0.47, CHCl3);
RF ¼ 0.47 (toluene/ethyl acetate/formic acid/n-heptane
80:20:3:10); IR (KBr): n ¼ 3488 br, 2949 s, 1717 s, 1458 m, 1394 m,
1234 m, 1208 m, 1153 m, 1117 m, 1057 m, 1034 m, 970 w, 772 w,
733 w cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 5.28 (dd, J110, 12 ¼ 3.1,
J1100, 12 ¼ 3.1 Hz, 1 H, H-12), 3.83 (s, 1 H, H-3ax), 3.53 (s, 3 H, H-31),
2.54 (m, 1 H, H-16ax), 2.39 (d, J1eq, 1ax ¼ 12.5 Hz, H-1eq), 2.03 (d, J1ax,
1eq ¼ 12.5 Hz, 1 H, H-1ax), 1.89 (m, 3 H, H-9, H-110 and H-1100), 1.67
(m,1 H, H-2200), 1.66e1.51 (m, 6 H, H-600, H-700, H-15ax, H-16eq, H-2100

and H-220), 1.39 (m, 2 H, H-60, H-5), 1.37e1.30 (m, 2 H, H-70, H-20),
1.24 (s, 3 H, H-27), 1.19 (m,1 H, H-210), 1.14 (s, 3 H, H-29), 1.13 (s, 3 H,
H-23), 0.97 (m,1 H, H-15eq), 0.87 (d, J20, 30¼ 6.5 Hz, 3 H, H-30), 0.81,
0.63 and 0.62 (each s, 9 H, H-24, H-25, H-26) ppm; 13C NMR
(125 MHz, CDCl3): d ¼ 211.0 (C2), 178.2 (C28), 138.4 (C13), 128.2
(C12), 82.6 (C3), 73.1 (C19), 54.4 (C5), 53.2 (C18), 53.1 (C1), 51.6
(C31), 47.8 (C17), 47.2 (C9), 45.7 (C4), 43.7 (C10), 41.3 (C14), 41.1
(C20), 40.3 (C8), 37.3 (C22), 32.4 (C7), 29.4 (C23), 28.2 (C15), 27.4
(C29), 25.9 (C21), 25.4 (C16), 24.3 (C27), 23.6 (C11), 21.0 (C6), 18.6,
16.5, 16.1 (C24, C25, C26), 16.2 (C30) ppm; MS (ESI, MeOH): m/z
(%)¼ 501.4 ([MþH]þ, 10), 518.4 ([MþNH4]þ, 10), 523.3 ([MþNa]þ,
100), 539.3 ([M þ K]þ, 19); analysis for C31H48O5 (500.71): C, 74.36;
H, 9.66; found: C, 74.21; H, 9.82.

4.4. (2 R, 19 R) methyl 2,19-dihydroxy-3-oxo-urs-12-en-28-
carboxylate (4)

From 2: To a solution of 2 (500 mg, 0.99 mmol) in dry chloro-
form (20ml) at 0 �C [(n-Bu)3Sn]2O (0.5ml, 0.99mmol) and bromine
(51 ml, 0.99 mmol) were added. After stirring for 1 min, NEt3
(0.10 ml) was added, the solvents were removed under diminished
pressure, and the residue was subjected to chromatography (silica
gel, toluene/ethyl acetate/formic acid/n-heptane, 80:20:3:10) to
afford 4 (310 mg, 62%) as a colorless solid.

From 8: Analogous synthesis starting from 8 (673 mg,
0.99 mmol) gave 4 (452 mg, 67%) as a colorless solid; mp 114e
117 �C; ½a�20D ¼ þ31.3� (c ¼ 0.42, CHCl3); RF ¼ 0.46 (toluene/ethyl
acetate/formic acid/n-heptane, 80:20:3:10); IR (KBr): n ¼ 3483 br,
2935 s, 1720 s, 1458 m, 1390 m, 1263 m, 1232 m, 1207 m, 1192 m,
1153 s, 1094 m, 1056 m, 961 w, 866 w, 771 w cm�1; 1H NMR
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(500 MHz, CDCl3): d ¼ 5.32 (dd, 1 H, J12, 110 ¼ 3.5, J12, 1100 ¼ 3.5 Hz, H-
12), 4.51 (dd,1 H, J2ax, 1ax¼ 12.5, J2ax, 1eq¼ 6.5 Hz,1 H, H-2ax), 3.58 (s,
3 H, H-31), 2.57 (s, 1 H, H-18), 2.51 (m, 1 H, H-16ax), 2.40 (dd, J1eq,
1ax ¼ 12.5, J1eq, 2ax ¼ 6.5 Hz, 1 H, H-1eq), 2.04e2.01 (m, 2 H, H-110, H-
1100), 1.72e1.28 (m, 12 H, H-60, H-600, H-70, H-700, H-9, H-15ax, H-16eq,
H-20, H-210, H-2100, H-220, H-2200), 1.25 (s, 3 H, H-25), 1.22 (s, 3 H, H-
27),1.20 (s, 3 H, H-29),1.16 (s, 3 H, H-24),1.16e1.13 (m, 2 H, H-1ax, H-
5), 1.11 (s, 3 H, H-23), 1.01 (m, 1 H, H-15eq), 0.93 (d, J30, 20 ¼ 7.0, 3 H,
H-30), 0.73 (s, 3 H, H-26) ppm; 13C NMR (CDCl3,125MHz): d¼ 216.6
(C3), 178.3 (C28), 138.3 (C13), 128.5 (C12), 73.1 (C19), 69.1 (C2), 57.6
(C5), 53.1 (C18), 51.6 (C31), 49.5 (C1), 47.8, 47.7 (C4, C17), 46.9 (C9),
41.2 (C14), 41.1 (C20), 40.0 (C8), 37.6 (C10), 37.3 (C22), 32.4 (C7),
28.2 (C15), 27.4 (C29), 25.9 (C21), 25.4 (C16), 24.7 (C23), 24.4 (C27),
23.8 (C11), 21.6 (C24), 19.2 (C6), 16.8 (C26), 16.1 (C30), 15.9 (C25)
ppm; MS (ESI, MeOH): m/z (%) ¼ 501.4 ([M þ H]þ, 116), 518.4
([M þ NH4]þ, 10), 523.3 ([M þ Na]þ, 100), 539.3 ([M þ K]þ, 17);
analysis for C31H48O5 (500.71): C, 74.36; H, 9.66; found: C, 74.25;
H, 9.81.

4.5. (19 R) methyl 2,19-dihydroxyursa-3-oxo-1,12-dien-28-
carboxylate (5)

Following the procedure as described above (15 min reaction
time), from 2 (214 mg, 0.43 mmol), [(n-Bu)3Sn]2O (0.44 ml,
0.86 mmol) and bromine (44 ml, 86 mmol), compound 5 (121 mg,
57%) was obtained as a white solid; mp 115e118 �C;
½a�20D ¼ þ62.8� (c ¼ 0.47, CHCl3); RF ¼ 0.65 (toluene/ethyl
acetate/formic acid/n-heptane 80:20:3:10); IR (KBr): n ¼ 3436 br,
2933 s, 2876 s, 1725 s, 1669 s, 1648 m, 1458 m, 1404 m, 1383 s,
1238 s, 1208 s, 1152 s, 1091 m, 1054 m, 1034 m, 970 w, 930 w,
865 w, 786 w, 772 w, 753 w, 538 w cm�1; 1H NMR (500 MHz,
CDCl3): d ¼ 6.34 (s, 1 H, H-1), 5.93 (s, 1 H, OH), 5.40 (dd, 1 H, J12,
110 ¼ 3.5, J12, 1100 ¼ 3.5 Hz, H-12), 3.61 (s, 3 H, H-31), 2.62 (s, 1 H, H-
18), 2.52 (m, 1 H, H-16ax), 2.21 (dd, 1 H, J1100, 9 ¼ 6.6, J1100,
12 ¼ 3.5 Hz, H-1100), 2.13 (dd, 1 H, J110, 9 ¼ 11.2, J110, 12 ¼ 3.5 Hz, H-
110), 1.96 (dd, 1 H, J9, 110 ¼ 11.2, J9, 1100 ¼ 6.6 Hz, H-9), 1.76e1.52 (m,
9 H, H-5, H-60, H-600, H-700, H-15ax, H-16eq, H-2100, H-220, H-2200),
1.43e1.37 (m, 2 H, H-70, H-20), 1.26 (s, 3 H, H-27), 1.24 (m, 1 H, H-
210), 1.22, 1.21, 1.12 (each s, 12 H, H-23, H-24, H-25, H-29), 1.04 (m,
1 H, H-15eq), 0.94 (d, 3 H, J30, 20 ¼ 7.0 Hz, H-30), 0.77 (s, 3 H, H-26)
ppm; 13C NMR (125 MHz, CDCl3): d ¼ 201.1 (C3), 178.3 (C28), 143.6
(C2), 138.6 (C13), 128.4 (C12), 128.1 (C1), 73.1 (C19), 53.8 (C5),
53.3 (C18), 51.6 (C31), 47.9 (C17), 43.9 (C4), 42.6 (C9), 41.6 (C10),
42.0 (C20), 40.6 (C14), 38.4 (C8), 37.3 (C22), 32.6 (C7), 28.2 (C15),
27.4 (C29), 27.1 (C23), 26.0 (C21), 25.4 (C16), 24.5 (C27), 23.6
(C11), 21.8, 19.4 (C24, C25), 18.7 (C6), 17.1 (C26) 16.0 (C30) ppm;
MS (ESI, MeOH): m/z (%) ¼ 499.7 ([M þ H]þ, 13), 521.5 ([M þ Na]þ,
100), 537.4 ([M þ K]þ, 75), 553.2 ([M þ MeOH]þ, 98), 569.3
([M þ K þ MeOH]þ, 34); analysis for C31H46O5 (498.69): C, 74.66;
H, 9.29; found: C, 74.53; H, 9.38.

4.6. (2 S, 3 R, 19 R) methyl 2,3,19-trihydroxyurs-12-en-28-
carboxylate (6)

From 3: To a solution of NaBH4 (53 mg, 1.41 mmol) in MeOH
(2 ml), a solution of 3 (235 mg, 0.47 mmol) was added drop-wise
and heated under reflux for 1 h. After quenching with an aqueous
solution of NH4Cl (satd., 5 ml), dilution with water (20 ml), the
mixturewas extractedwith ethyl acetate (3� 20ml), the combined
extracts were washed (2 � 20 ml) and dried (Na2SO4). The solvent
was removed and the residue subjected to chromatography (silica
gel, n-pentane/ethyl acetate, 2:1) to afford 6 (193 mg, 82%) as
a colorless solid.

From 5: In analogous manner from 5 (80 mg, 0.16 mmol)
compound 6 (56 mg, 70%) was obtained as a colorless solid; mp
106e107 �C; ½a�20D ¼ þ50.7� (c ¼ 0.6, CHCl3) (lit.: [3] 16.3�);
RF ¼ 0.26 (toluene/ethyl acetate/formic acid/n-heptane,
80:20:3:10); IR (KBr): n ¼ 3510 br, 2929 s, 1721 s, 1648 w, 1458 m,
1380 m, 1368 m, 1322 m, 1262 m, 1229 m, 1208 m, 1152 s, 1114 m,
1095 m, 1050 m, 1030 m, 1000 m, 973 w, 932 w, 900 w, 867 w,
806 w, 787 w, 772 w, 706 w, 684 w, 654 w cm�1; 1H NMR
(500 MHz, CDCl3): d ¼ 5.35 (dd, 1 H, J12, 110 ¼3.4, J12, 1100 ¼3.4 Hz, H-
12), 4.07 (ddd, 1 H, J2eq, 3ax ¼ 4.0, J2eq, 1ax ¼ 3.6, J2eq, 1eq ¼ 2.8 Hz, H-
2eq), 3.58 (s, 3 H, H-31), 3.20 (d, 1 H, J3ax, 2eq ¼ 4.0 Hz, H-3ax), 2.58
(s, 1 H, H-18), 2.48 (m, 1 H, H-16ax), 2.08 (dd, 1 H, J1eq, 1ax ¼ 14.5,
J1eq, 2eq ¼ 2.8 Hz, H-1eq), 2.02e1.99 (m, 2 H, H-110, H-1100), 1.72e
1.47 (m, 9 H, H-60, H-600, H-700, H-9, H-15ax, H-16eq, H-2100, H-220,
H-2200), 1.39 (m, 1 H, H-20), 1.29 (m, 1 H, H-210), 1.26 (m, 1 H, H-70),
1.23 (s, 3 H, H-27), 1.21 (s, 3 H, H-25), 1.19 (s, 3 H, H-29), 1.14 (dd,
1 H, J1ax, 1eq ¼ 14.5, J1ax, 2eq ¼ 3.6 Hz, H-1ax), 1.01 (m, 1 H, H-15eq),
0.99 and 0.98 (each s, 6 H, H-23, H-24), 0.92 (d, 3 H, J30,
20 ¼ 6.6 Hz, H-30), 0.81 (m, 1 H, H-5), 0.68 (s, 3 H, H-26) ppm; 13C
NMR (125 MHz, CDCl3, 125 MHz): d ¼ 178.3 (C28), 138.1 (C13),
129.3 (C12), 78.5 (C3), 73.2 (C19), 71.1 (C2), 55.1 (C5), 53.2 (C18),
51.6 (C31), 47.9 (C17), 47.6 (C9), 44.0 (C1), 41.3 (C14), 41.1 (C20),
40.0 (C8), 38.1 (C4), 37.4 (C22), 36.7 (C10), 32.7 (C7), 29.7 (C23),
28.1 (C15), 27.4 (C29), 26.0 (C21), 25.5 (C16), 24.6 (C27), 23.7 (C11),
18.2 (C6), 17.3 (C24), 16.6 (C26), 16.2 (C25), 16.1 (C30) ppm; MS
(ESI, MeOH): m/z (%) ¼ 525.5 ([M þ Na]þ, 100), 556.9
([M þ MeOH] þ, 21); analysis for C31H50O5 (502.73): C, 74.06; H,
10.02; found: C, 73.96; H, 10.14.

4.7. Euscaphic acid methyl ester (8)

From the esterification of euscaphic acid (7) with diazomethane;
mp: 120e122 �C (lit.: [40] 130e132 �C; [64] 122e124 �C; [65]
140 �C); ½a�20D ¼ þ31.6� (c ¼ 0.46, CHCl3) (lit: þ31� [66]); RF ¼ 0.19
(toluene/ethyl acetate/formic acid/n-heptane, 80:20:3:10); MS (ESI,
MeOH):m/z (%)¼ 503.4 ([MþH]þ, 10), 520.3 ([MþNH4]þ, 6), 525.5
([M þ Na]þ, 100), 556.9 ([M þ MeOH]þ, 46).

4.8. (2 R, 3 R, 19 R) 2,3-Bis(acetyloxy)-19-hydroxyurs-12-en-28-
carboxylic acid (9)

Acetylation of 1 (150 mg, 0.31 mmol) in dry pyridine (6 ml) with
acetic anhydride for 12 h at 24 �C yielded after usual work-up and
re-crystallization from toluene 9 as a colorless solid; mp 178e
180 �C (lit.: [55] 186e189 �C); ½a�20D ¼ þ5.8� (c ¼ 0.51, CHCl3)
(lit.: þ12� [25]; þ6� [67]); RF ¼ 0.45 (toluene/ethyl acetate/formic
acid/n-heptane, 80:20:3:10); IR (KBr): n ¼ 3433 br, 2937 s, 1743 s,
1456 m, 1369 s, 1252 s, 1154 m, 1109 w, 1033 m, 965 m, 932 w,
866 w, 759 w, 642 w, 598 w cm�1; 1H NMR (500 MHz, CDCl3):
d ¼ 5.31 (dd, 1 H, J12, 110 ¼ 3.2, J12, 1100 ¼ 3.2 Hz, H-12), 5.08 (ddd, 1 H,
J2ax, 1ax ¼ 11.1, J2ax, 3ax ¼ 10.3, J2ax, 1eq ¼ 4.7 Hz, H-2ax), 4.73 (d, 1 H,
J3ax, 2ax¼ 10.3 Hz, H-3ax), 2.52 (m, 2 H, H-18, H-16ax), 2.03 (s, 3 H, H-
32 or H-34), 2.02 (m, 1 H, H-1eq), 1.96 (m, 5 H, H-32 or H-34 and H-
110, H-1100), 1.79e1.47 (m, 8 H, H-600, H-700, H-9, H-15ax, H-16eq, H-
2100, H-220, H-2200), 1.42e1.35 (m, 2 H, H-60, H-20), 1.32e1.27 (m, 2 H,
H-70, H-210), 1.23 (s, 3 H, H-27), 1.18 (s, 3 H, H-29), 1.09 (m, 1 H, H-
1ax),1.04 (s, 3 H, H-25), 0.99 (m,1 H, H-15eq), 0.96 (m,1 H, H-5), 0.93
(d, 3 H, J30, 20 ¼ 6.6 Hz, H-30), 0.88 (s, 6 H, H-23, H-24), 0.70 (s, 3 H,
H-26) ppm; 13C NMR (125MHZ, CDCl3): d¼ 184.2 (C28),170.8,170.6
(C31, C33), 138.0 (C13), 128.8 (C12), 80.6 (C3), 73.0 (C19), 70.0 (C2),
54.7 (C5), 52.8 (C18), 47.7 (C17), 47.1 (C9), 43.9 (C1), 41.1 (C14), 41.0
(C20), 39.9 (C8), 39.3 (C4), 38.1 (C10), 37.4 (C22), 32.4 (C7), 28.4
(C23), 28.1 (C15), 27.3 (C29), 25.9 (C21), 25.2 (C16), 24.4 (C27), 23.7
(C11), 22.0, 20.9 (C32, C34), 18.2 (C6), 17.6 (C24), 16.9 (C26), 16.3
(C25), 16.1 (C30) ppm; MS (ESI, MeOH): m/z (%) ¼ 571.4 ([M � H]�,
100), 616.9 ([M þ HCO2]�, 27); analysis for C34H52O7 (572.77): C,
71.30; H, 9.15; found: C, 71.18; H, 9.23.
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4.9. (2 R, 3 R, 19 R) 2-acetyloxy-3,19-dihydroxyurs-12-en-28-
carboxylic acid (10) and (2 R, 3 R, 19 R) 3-acetyloxy-2,19-
dihydroxyurs-12-en-28-carboxylic acid (11)

Acetylation of 1 (300 mg, 0.61 mmol) in dichloromethane
(30 ml) containing dry pyridine (2 ml) with acetic anhydride (1 ml)
for 3 h at 24 �C followed by usual aqueous work-up and chroma-
tography (silica gel, n-pentane/ethyl acetate/ethanol, 17:10:1)
afforded 10 (182 mg, 56%) and 11 (67 mg, 21%).

Data for 10: colorless solid; mp 171e174 �C; ½a�20D ¼ þ4.7�

(c ¼ 0.51, CHCl3); RF ¼ 0.23 (toluene/ethyl acetate/formic acid/n-
heptane, 80:20:3:10); IR (KBr): n ¼ 3510 br, 2937 s, 1724 s, 1457 m,
1369 m, 1255 s, 1155 m, 1095 m, 1031 m, 961 m, 933 w, 865 w,
766w, 660w cm�1; 1H NMR (500MHz, CDCl3): d¼ 5.30 (dd,1 H, J12,
110 ¼ 3.2, J12, 1100 ¼ 3.2 Hz, H-12), 4.92 (ddd, 1 H, J2ax, 1ax ¼ 10.9, J2ax,
3ax¼ 10.0, J2ax, 1eq ¼ 4.4 Hz, H-2ax), 3.18 (d, 1 H, J3ax, 2ax ¼ 10.0 Hz, H-
3ax), 2.51 (s, 1 H, H-18), 2.45 (m,1 H, H-16ax), 2.04 (s, 3 H, H-33), 1.99
(m, 1 H, H-1eq), 1.99e1.94 (m, 2 H, H-110, H-1100), 1.78e1.45 (m, 8 H,
H-600, H-700, H-9, H-15ax, H-16eq, H-2100, H-220, H-2200), 1.40e1.26 (m,
3 H, H-70, H-20, H-210), 1.22 (s, 3 H, H-27), 1.17 (s, 3 H, H-29), 1.03,
1.01 (each s, 6 H, H-23, H-25), 1.00 (m, 1 H, H-15eq), 0.96 (m, 1 H, H-
1ax), 0.92 (d, 3 H, J30, 20 ¼ 6.6 Hz, H-30), 0.86 (m, 1 H, H-5), 0.83 (s,
3 H, H-24), 0.69 (s, 3 H, H-26) ppm; 13C NMR (125 MHz, CDCl3):
d ¼ 184.1 (C28), 171.6 (C31), 138.0 (C13), 129.0 (C12), 80.8 (C3), 73.3
(C2), 73.1 (C19), 55.0 (C5), 52.8 (C18), 47.7 (C17), 47.1 (C9), 43.7 (C1),
41.1 (C14), 41.0 (C20), 40.0 (C8), 39.7 (C4), 38.3 (C10), 37.4 (C22),
32.5 (C7), 28.5 (C23), 28.1 (C15), 27.3 (C29), 25.9 (C21), 25.3 (C16),
24.5 (C27), 23.7 (C11), 21.3 (C32), 18.3 (C6), 17.0, 16.6, 16.3 (C24, C25,
C26), 16.1 (C30) ppm; MS (ESI, MeOH): m/z (%) ¼ 529.7 ([M � H]�,
100), 575.3 ([M þ HCO2]�, 13); analysis for C32H50O6 (530.74): C,
72.42; H, 9.50; found: C, 72.36; H, 9.58.

Data for 11: mp 190e192 �C; ½a�20D ¼ þ0.99� (c ¼ 0.41, MeOH);
RF ¼ 0.20 (toluene/ethyl acetate/formic acid/n-heptane,
80:20:3:10); (KBr): n ¼ 3576 m, 3432 br, 2930 s, 1737 s, 1689 s,
1461 m, 1369 s, 1253 s, 1158 m, 1104 m, 1049 m, 1031 m, 1005 m,
959 m, 934 w, 907 w, 868 w, 769 w, 650 w, 562 w cm�1; 1H NMR
(500MHz, CD3OD): d¼ 5.29 (dd,1 H, J12, 110 ¼3.3, J12, 1100 ¼3.3 Hz, H-
12), 4.51 (d, 1 H, J3ax, 2ax ¼ 9.9 Hz, H-3ax), 3.76 (ddd, 1 H, J2ax,
1ax¼ 10.9, J2ax, 3ax¼ 9.9, J2ax, 1eq¼ 4.4 Hz, H-2ax), 2.58 (ddd,1 H, J16ax,
16eq ¼ 14.3, J16ax, 15ax ¼ 12.8, J16ax, 15eq ¼ 4.3 Hz, H-16ax), 2.50 (s, 1 H,
H-18), 2.09 (s, 3 H, H-32), 2.04e1.97 (m, 3 H, H-1eq, H-110, H-1100),
1.83e1.41 (m, 9 H, H-600, H-700, H-9, H-15ax, H-16eq, H-20, H-2100, H-
220, H-2200), 1.35 (s, 3 H, H-27), 1.33e1.30 (m, 3 H, H-60, H-70, H-210),
1.19 (s, 3 H, H-29), 1.03 (s, 3 H, H-23), 1.01e0.96 (m, 3 H, H-1ax, H-5,
H-15eq), 0.93 (d, 3 H, J30, 20 ¼ 6.7 Hz, H-30), 0.88, 0.87 (each s, 6 H,
H-24, H-25), 0.80 (s, 3 H, H-26) ppm; 13C NMR (125 MHz, CD3OD):
d ¼ 180.8 (C28), 171.9 (C31), 138.7 (C13), 127.7 (C12), 84.4 (C3), 72.1
(C19), 66.1 (C2), 55.0 (C5), 53.6 (C18), 48.1 (C17), 47.1 (C9), 46.9 (C1),
41.7 (C20), 41.2 (C14), 39.7 (C8), 38.9 (C4), 37.7 (C10), 37.6 (C22),
32.6 (C7), 28.1 (C15), 27.7 (C24), 25.9 (C21), 25.6 (C29), 25.2 (C16),
23.4 (C27), 23.3 (C11), 19.7 (C32), 18.1 (C6), 16.7 (C25), 16.0 (C26),
15.6 (C23), 15.2 (C30) ppm; MS (ESI, MeOH): m/z (%) ¼ 529.7
([M � H]�, 100), 575.3 ([M þ HCO2]�, 15); analysis for C32H50O6
(530.74): C, 72.41; H, 9.50; found: C, 72.31; H, 9.66.

4.10. (3 R, 19 R) methyl 3-acetyloxy-19-hydroxy-2-oxo-urs-12-en-
28-carboxylate (12)

To a solution of 3 (100 mg, 0.20 mmol) in dry pyridine (4 ml)
acetic anhydride (8 ml) was slowly added and stirring at 24 �C was
continued for 24 h. The reaction mixture was poured into ice-cold
water, and the precipitate was filtered off. Re-crystallization from
methanol yielded 12 (72 mg, 66%) as a colorless solid; mp 218e
220 �C; ½a�20D ¼ þ72.2� (c ¼ 0.67, CHCl3); RF ¼ 0.56 (toluene/ethyl
acetate/formic acid/n-heptane, 80:20:3:10); IR (KBr): n ¼ 3511 br,
2935 s, 1721 s, 1458m,1396m,1371m,1292m 1236 s, 1151m,1096
w, 1053 m, 1034 m, 1009 m, 969 w, 930 w, 866 w, 772 w, 691 w,
499 w cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 5.28 (dd, 1 H, J12,
110 ¼ 2.5, J12, 1100 ¼ 2.5 Hz, H-12), 4.88 (s, 1 H, H-3ax), 3.53 (s, 3 H, H-
31), 2.54 (s, 1 H, H-18), 2.46 (m, 1 H, H-16ax), 2.34 (d, 1 H, J1eq,
1ax ¼ 12.2 Hz, H-1eq), 2.12 (d, 1 H, J1ax, 1eq ¼ 12.2 Hz, H-1ax), 2.11 (s,
3 H, H-33), 1.88e1.85 (m, 3 H, H-9, H-110, H-1100), 1.68e1.51 (m, 7 H,
H-60, H-600, H-15ax, H-16eq, H-2100, H-220, H-2200), 1.46 (m, 1 H, H-5),
1.37e1.30 (m, 3 H, H-70, H-700, H-20), 1.24 (s, 3 H, H-27), 1.21 (m, 1 H,
H-210), 1.15 (s, 3 H, H-29), 1.04 (s, 3 H, H-23), 0.99 (m, 1 H, H-15eq),
0.88 (d, 3 H, J30, 20¼ 6.7 Hz, H-30), 0.84, 0.79, 0.62 (each s, 9 H, H-24,
H-25, H-26) ppm; 13C NMR (125 MHz, CDCl3): d ¼ 204.2 (C2), 178.2
(C28), 170.5 (C32), 138.3 (C13), 128.2 (C12), 84.1 (C3), 73.1 (C19),
55.2 (C5), 53.9 (C1), 53.2 (C18), 51.6 (C31), 47.9 (C17), 47.1 (C9), 43.6,
43.1 (C4, C10), 41.3 (C14), 41.1 (C20), 40.3 (C8), 37.3 (C22), 32.4 (C7),
29.0 (C23), 28.2 (C15), 27.4 (C29), 26.0 (C21), 25.4 (C16), 24.3 (C27),
23.6 (C11), 20.6 (C33) 18.6 (C6), 17.5, 16.1, 15.9 (C24, C25, C26), 16.2
(C30); MS (ESI, MeOH): m/z (%) ¼ 543.4 ([M þ H]þ, 39), 560.6
([MþNH4]þ, 38), 565.5 ([MþNa]þ, 100), 581.4 ([Mþ K]þ, 18), 597.0
([M þ Na þ MeOH]þ, 25); analysis for C33H50O6 (542.75): C, 73.03;
H, 9.29; found: C, 72.87; H, 9.41.
4.11. (2 R, 19 R) methyl 2-acetyloxy-19-hydroxy-3-oxo-urs-12-en-
28-carboxylate (13)

Following the procedure given for 12, from 4 (100 mg,
0.20 mmol), pyridine (4 ml) and acetic anhydride (8 ml) 13 (74 mg,
68%) was obtained as a colorless solid; mp 101e104 �C;
½a�20D ¼ þ39.3� (c ¼ 0.46, CHCl3); RF ¼ 0.61 (toluene/ethyl acetate/
formic acid/n-heptane, 80:20:3:10); IR KBr: n ¼ 3545 br, 2936 s,
2878 m, 1724 s, 1458 m, 1371 s, 1235 s, 1152 s, 1093 m, 1032 m,
1011 m, 960 m, 931 w, 906 w, 866 w, 804 w, 772 w, 704 w, 655 w,
601 w, 485 w cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 5.59 (dd, 1 H,
J2ax, 1ax ¼ 13.3 Hz, J2ax, 1eq ¼ 6.5 Hz, H-2ax), 5.33 (dd, 1 H, J12, 110 ¼3.3,
J12, 1100 ¼3.3 Hz, H-12), 3.59 (s, 3 H, H-31), 2.58 (s,1 H, H-18), 2.49 (m,
1 H, H-16ax), 2.19 (dd, 1 H, J1eq, 1ax ¼ 12.5 Hz, J1eq, 2ax ¼ 6.5 Hz, H-
1eq), 2.12 (s, 3 H, H-33), 2.02 (m, 2 H, H-110, H-1100), 1.73e1.50 (m,
8 H, H-600, H-700, H-9, H-15ax, H-16eq, H-2100, H-220, H-2200), 1.41e1.32
(m, 5 H, H-1ax, H-60, H-70, H-20, H-210), 1.27 (s, 3 H, H-25), 1.22 (s,
3 H, H-27), 1.18 (s, 3 H, H-29), 1.15 (m, 1 H, H-5), 1.13 (s, 3 H, H-24),
1.10 (s, 3 H, H-23), 1.02 (m, 1 H, H-15eq), 0.92 (d, 3 H, J30, 20 ¼ 6.7 Hz,
H-30), 0.73 (s, 3 H, H-26) ppm; 13C NMR (125 MHz, CDCl3):
d¼ 209.3 (C3),178.3 (C28),170.2 (C32),138.5 (C13),128.3 (C12), 73.1
(C19), 71.7 (C2) 57.0 (C5), 53.2 (C18), 51.6 (C31), 48.7 (C4), 47.8 (C17),
46.9 (C9), 45.6 (C1), 41.3 (C20), 41.1 (C14), 40.0 (C8), 37.8 (C10), 37.3
(C22), 32.4 (C7), 28.2 (C15), 27.4 (C29), 25.9 (C16), 25.4 (C21), 24.8
(C23), 24.4 (C27), 23.8 (C11), 21.3 (C24), 20.7 (C33), 19.2 (C6), 16.8
(C26), 16.0 (C30), 15.8 (C25) ppm; MS (ESI, MeOH): m/z (%) ¼ 543.3
([M þ H]þ 34), 560.4 ([M þ NH4]þ, 42), 565.5 ([M þ Na]þ, 100),
581.4 ([M þ K]þ, 43), 597.1 ([M þ Na þ MeOH]þ, 27); analysis for
C33H50O6 (542.75): C, 73.02; H, 9.29; found: C, 72.88; H, 9.31.
4.12. (2 R, 3 R, 19 R) methyl 2,3-bis(chloroacetyloxy)-19-hydroxy
urs-12-en-28-carboxylate (14), (2 R, 3 R, 19 R) methyl 2-chloro
acetyloxy-3,19-dihydroxyurs-12-en-28-carboxylate (15), and (2 R,
3 R, 19 R) methyl 3-chloroacetyloxy-2,19-dihydroxyurs-12-en-28-
carboxylate (16)

Compound 2 (1.03 g, 2.05 mmol) was acylated at 24 �C for 4 h
with chloroacetyl chloride (282 mg, 2.5 mmol) and pyridine
(0.2 ml) in dry dichloromethane (30 ml). After usual aqueous work-
up and chromatography (silica gel, toluene/ethyl acetate/formic
acid/n-heptane, 80/20/3/10), compounds 14 (341 mg, 26%), 15
(463 mg, 40%) and 16 (124 mg, 11%) were obtained.
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Data for 14: colorless solid; mp 92e93 �C; ½a�20D ¼ �8.11�

(c ¼ 0.39, CHCl3); RF ¼ 0.77 (toluene/ethyl acetate/formic acid/n-
heptane, 80/20/3/10); IR (KBr): n ¼ 3568 br, 2948 s, 2878 m, 1736 s,
1457 m, 1412 m, 1397 m, 1370 m, 1310 s, 1262 s, 1168 s, 1071 w,
1023 m, 1001 m, 968 m, 928 m, 865 w, 791 m, 772 w, 696 w, 656 w,
587 w cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 5.32 (dd, 1 H, J12,
110 ¼ 3.5, J12, 1100 ¼ 3.5 Hz, H-12), 5.17 (ddd, 1 H, J2ax, 1ax ¼ 11.4, J2ax,
3ax ¼ 10.3, J2ax, 1eq ¼ 4.7 Hz, 1 H, H-2ax), 4.84 (d, 1 H, J3ax,
2ax ¼ 10.3 Hz, H-3ax), 4.02, 3.93 (each s, 4 H, H-33, H-35), 3.58 (s,
3 H, H-31), 2.57 (s, 1 H, H-18), 2.49 (m, 1 H, H-16ax), 2.07 (dd, 1 H,
J1eq, 1ax ¼ 12.3, J1eq, 2ax ¼ 4.7, H-1eq), 1.98e1.95 (m, H, H-110, H-1100),
1.73e1.51 (m, 8 H, H-600, H-700, H-9, H-15ax, H-16eq, H-2100, H-220, H-
2200), 1.45e1.26 (m, 4 H, H-60, H-70, H-20, H-210), 1.23 (s, 3 H, H-27),
1.18 (s, 3 H, H-29), 1.13 (m, 1 H, H-1ax), 1.05 (s, 3 H, H-25), 1.02e0.98
(m, 2 H, H-5, H-15eq), 0.92 (d, 3 H, J30, 20¼ 6.4, H-30), 0.92 (s, 6 H, H-
23, H-24), 0.67 (s, 3 H, H-26) ppm; 13C NMR (125 MHz, CDCl3):
d ¼ 178.2 (C28), 167.2, 166.9 (C32, C34), 138.3 (C13), 128.4 (C12),
82.3 (C3), 73.1 (C19), 72.2 (C2), 54.7 (C5), 53.1 (C18), 51.6 (C31), 47.8
(C17), 47.1 (C9), 43.6 (C1), 41.2 (C14), 41.1 (C20), 40.8 (C33, C35),
39.9 (C8), 39.6 (C4), 38.2 (C10), 37.3 (C22), 32.5 (C7), 28.3 (C23), 28.1
(C15), 27.4 (C29), 26.0 (C21), 25.4 (C16), 24.4 (C27), 23.7 (C11), 18.2
(C6), 17.5 (C24), 16.6 (C26), 16.3 (C25), 16.1 (C30) ppm; MS (ESI,
MeOH): m/z (%) ¼ 672.3 ([M þ NH4]þ, 14), 677.4 ([M þ Na]þ, 100);
analysis for C35H52Cl2O7 (655.69): C, 64.11; H, 7.99; found: C, 64.00;
H, 8.09.

Data for 15: colorless solid; mp 93e95 �C; ½a�20D ¼ �3.42�

(c ¼ 0.50, CHCl3); RF ¼ 0.46 (toluene/ethyl acetate/formic acid/n-
heptane, 80/20/3/10); IR (KBr): n ¼ 3528 s, 2947 s, 2877 s, 1727 s,
1457 m, 1380 m, 1310 s, 1263 m, 1231 m, 1192 s, 1168 s, 1074 m,
1046 m, 1033 m, 1015 m, 964 m, 865 w, 791 w, 772 w, 661 w cm�1;
1H NMR (500 MHz, CDCl3) d ¼ 5.34 (dd, 1 H, J12, 110 ¼ 3.5, J12,
1100 ¼3.5 Hz, H-12), 5.03 (ddd, 1 H, J2ax, 1ax ¼ 11.5, J2ax, 3ax ¼ 10.0, J2ax,
1eq ¼ 4.5 Hz, H-2ax), 4.06 (s, 2 H, H-33), 3.60 (s, 3 H, H-31), 3.25 (d,
1 H, J3ax, 2ax¼ 10.0 Hz,1 H, H-3ax), 2.59 (s,1 H, H-18), 2.50 (m,1 H, H-
16ax), 2.03 (dd, 1 H, J1eq, 1ax ¼ 12.2, J1eq, 2ax ¼ 4.5 Hz, H-1eq), 1.99e
1.96 (m, 2 H, H-110, H-1100), 1.74e1.48 (m, 8 H, H-600, H-700, H-9, H-
15ax, H-16eq, H-2100, H-220, H-2200), 1.45e1.39 (m, 2 H, H-60, H-20),
1.33 (m,1 H, H-70),1.31 (m,1 H, H-210),1.25 (s, 3 H, H-27),1.19 (s, 3 H,
H-29), 1.06, 1.03 (each s, 6 H, H-23, H-25), 1.02 (m, 1 H, H-1ax), 0.99
(m, 1 H, H-15eq), 0.93 (d, 3 H, J30, 20 ¼ 6.7 Hz, H-30), 0.89 (m, 1 H, H-
5), 0.87 (s, 3 H, H-24), 0.68 (s, 3 H, H-26) ppm; 13C NMR (125 MHz,
CDCl3): d ¼ 178.3 (C28), 167.5 (C32), 138.2 (C13), 128.7 (C12), 80.5
(C3), 75.6 (C2), 73.1 (C19), 55.0 (C5), 53.2 (C18), 51.6 (C31), 47.9
(C17), 47.1 (C9), 43.4 (C1), 41.2 (C14), 41.1 (C20, C33), 39.9 (C4, C8),
38.3 (C10), 37.3 (C22), 32.6 (C7), 28.5 (C23), 28.1 (C15), 27.4 (C29),
26.0 (C21), 25.4 (C16), 24.5 (C27), 23.7 (C11), 18.4 (C6), 16.6, 16.2
(C24, C25, C26), 16.1 (C30) ppm; MS (ESI, MeOH): m/z (%) ¼ 601.4
([MþNa]þ, 100); analysis for C33H51ClO6 (579.21): C, 68.43; H, 8.88;
found: C, 68.32; H, 9.03.

Data for 16: colorless solid; mp 108e113 �C; ½a�20D ¼ þ13.82�

(c ¼ 0.47, CHCl3); RF ¼ 0.33 (toluene/ethyl acetate/formic acid/n-
heptane, 80/20/3/10); IR (KBr): n ¼ 3528 br, 2946 s, 2878 s, 1725 s,
1669 m, 1456 m, 1380 m, 1311 s, 1263 s, 1230 s, 1192 s, 1152 s,
1095m,1043m,1016m, 988m, 969m, 929m, 866 w, 788w, 772w,
698 w, 659 w, 465 w cm�1; 1H NMR (500MHz, CDCl3): d¼ 5.34 (dd,
1 H, J12, 110 ¼ 3.5, J12, 1100 ¼ 3.5 Hz, H-12), 4.58 (d, 1 H, J3ax,
2ax ¼ 10.0 Hz, H-3ax), 4.14 (s, 2 H, H-33), 3.82 (ddd, 1 H, J2ax,
1ax¼ 11.5, J2ax, 3ax¼ 10.0, J2ax, 1eq¼ 4.4 Hz, H-2ax), 3.59 (s, 3 H, H-31),
2.59 (s, 1 H, H-18), 2.51 (m,1 H, H-16ax), 2.07 (dd,1 H, J1eq, 1ax¼ 12.6,
J1eq, 2ax¼ 4.4,1 H, H-1eq), 2.02e1.98 (m, 2 H, H-110, H-1100), 1.74e1.48
(m, 8 H, H-600, H-700, H-9, H-15ax, H-16eq, H-2100, H-220, H-2200), 1.43e
1.38 (m, 2 H, H-60, H-20), 1.33 (m, 1 H, H-70), 1.26 (s, 3 H, H-27), 1.24
(m, 1 H, H-210), 1.21 (s, 3 H, H-29), 1.06e1.01 (m, 3 H, H-1ax, H-5, H-
15ax), 0.99, 0.91, 0.89 (each s, 9 H, H 23, H-24, H-25), 0.93 (d, 3 H, J30,
20 ¼ 6.7 Hz, H-30), 0.68 (s, 3 H, H-26) ppm; 13C NMR (125 MHz,
CDCl3): d ¼ 178.3 (C28), 168.3 (C32), 138.2 (C13), 128.7 (C12), 87.1
(C3), 73.2 (C19), 67.3 (C2), 55.0 (C5), 53.2 (C18), 51.6 (C31), 47.8
(C17), 47.6 (C1), 47.1 (C9), 41.2 (C14), 41.1 (C20, C33), 39.9 (C8), 39.4
(C4), 38.1 (C10), 37.3 (C22), 32.5 (C7), 28.5 (C23), 28.1 (C15), 27.3
(C29), 25.9 (C21), 25.4 (C16), 24.4 (C27), 23.7 (C11), 18.3 (C6), 17.5,
16.6, 16.4 (C24, C25, C26), 16.1 (C30) ppm; MS (ESI, MeOH): m/z
(%) ¼ 601.4 ([M þ Na]þ, 100); analysis for C33H51ClO6 (579.21): C,
68.43; H, 8.88; found: C, 68.27; H, 8.99.
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