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ABSTRACT

Bioassay-guided fractionation of the plant Acacia aulacocarpa, guided by a bioassay for Tie2 tyrosine kinase activity, yielded the novel triterpene
3,21-dioxo-olean-18-en-oic acid (1) as the first naturally occurring non-protein inhibitor of Tie2 kinase. The structure of 1 was assigned by
analysis of spectral data. In addition to its activity as an inhibitor of Tie2 kinase, compound 1 also shows modest activity against a variety

of cultured mammalian cells.

The uncontrolled growth of tumor cells depends on angio-

attractive candidates for evaluation as cancer chemothera-

genesis, or the generation of new blood vessels, and thepeutic agents.

inhibition of angiogenesis is a promising approach to cancer

In continuation of our search for natural products with

chemotherapy. The control of angiogenesis is complex, andpotential anti-cancer activityye screened our extract bank
several factors are believed to be involved. Vascular endot-for inhibitors of Tie2 kinase, and an extract éfcacia
helial growth factor (VEGF) is believed to be necessary for aulacocarpa(Fabaceae) designated UM 4195-$howed
tumor angiogenesis, since blocking the VEGF pathway inhibitory bioactivity against Tie2 kinase with &= 6.7
inhibits the growth of various murine and human xenograft «g/mL. Although there is no previously reported work on
tumors! The tyrosine kinase Tie2 kinase has also been Acacia aulacocarpather than a report on the phytotoxicity
implicated in the process of angiogenesis, since the naturalof its leaf extract$,work on otherAcaciaspecies includes

Tie2 antagonist angiopoietin-2 disrupts angiogenesis in¥ivo.

Blocking Tie2 activation with the recombinant Tie2 receptor
AdExTek significantly inhibited the growth rate of two
different murine tumor8.Inhibitors of Tie2 kinase are thus
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deposited in the Herbarium of the National Arboretum, Agricultural
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the isolation of alkaloid$, diterpenoids, triterpenoids,
flavonoids!® anthraquinone¥, and glycoside%? Using the
Tie2 kinase bioassay as a guide, liqulajuid partition and

15.9, 16.5, 20.9, 24.6, 26.8, 28.9], one carboxylic acid group
[0c 178.2], one trisubstituted double boni[5.26 (d,J =
2.0 Hz) anddc 132.4 (d) and 137.0 (s)] and two carbonyl

chromatography of the crude extract led to the isolation of groups [& 212.7 and 218.2] in addition to nine methylenes,

the novel bioactive triterpeng!3

24 23

Figure 1. The structure of compountl.

Compound 1** was obtained as a colorless gel-like
substance; [offp +124.2°(c 0.0512, CHCJ); UV (MeOH)
Jmax (log €) 209 (3.67), 278 (2.90). Its HRFABMS gave the
molecular formula as £H4s0,4 (found m/z469.3313 (M+

H)*; calc 469.3318). Its NMR data showed the presence of

seven methyl groups [gin ppm 0.87 (s), 0.97 (s), 1.04 (s),
1.05 (s), 1.08 (s), 1.15 (s), and 1.21 (s); &adn ppm 15.2,
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three methines, six quarternary carbons. No oxygenated
carbons (other than the carbonyl carbons) were observed in
its 3C NMR spectrum. Its formula, coupled with the
observation of seven singlet methyl signals in'tsNMR
spectrum, indicated that compouhtelonged to the oleanoic
acid class of triterpenoids.

The two carbonyl signals observed at low field suggested
their placement at the sterically hindered C-3 and C-21
positions. The long-range correlations of H-23/C-3 and H-24/
C-3 in the HMBC spectrum confirmed the location of one
carbonyl group at C-3, the long-range correlation of H-22/
C-28 identified the H-22 protons, and the correlations H-22/
C21 and H-19/C21 placed the second carbonyl group at C-21.
Correlations of H-19/C-29, H-19/C-30, H-19/C-21, H-22/
C-18, and H-22/C-28 located the double bond\&*° The
above data confirmed the related positions of the functional
groups in ring E as shown in Figure 2.

Figure 2. Selected HMBC correlations df.

The structure of compoundl was thus assigned as the
new triterpenoid 3,21-di-oxo-olean-18-en-28-oic acid. The
3C NMR chemical shifts of the A, B, and C ring carbons
and their attached methyl groups in compoungaere very
close to the published shifts of the corresponding carbons
in 3-oxo-olean-18-en-28-oic acid.

Compoundl was active in the Tie2 kinase bioassay with
an IGo = 4.2uM (2.0 ug/mL). This is the first example of
a non-protein natural product inhibitor of Tie2 kinase; the
only previously reported inhibitors are the natural protein
angiopoietin-2 and some 4-naphthyl-5-pyridyl imidazoles
reported in the patent literatutéBecause the potency af
is not in the nM range and it is unlikely to be a good cell
penetrant, it was not evaluated in direct angiogenesis models.

Since some triterpenoid acids such as quinovic acid have
been reported to be cytotoxiécompoundl was also tested
for cytotoxicity against several cultured mammalian cell

(15) Soares, F. P.; Ronconi, C. A. V.; da Cunha, E. V. L.; Barbosa-
Filho, J. M.; Da Silva, M. S.; Braz-Filho, RMagn. Reson. Chen1998,
36,608—614.

(16) Adams, J. L.; Johnson, N. W.; Murray, J. H. PCT Int. Appl. WO
0137835, 2001Chem. Abstr2001,135, 19637.

(17) Raffauf, R. F.; LeQuesne, P. W.; Ghosh, P L@ydia 1978,41,
432—-434.

Org. Lett., Vol. 3, No. 25, 2001



lines. Its 1Go values for cell growth during 72 h were
determined by the standard XTT as¥egnd were 2«M for
human diploid fibroblasts (MRC-5) or cervical carcinoma
(HeLaS3) cells and 1@M for mouse endothelial (MS-1)
cells.

(18) Scudiero, D. A.; Shoemaker, R. H.; Paull, K. D.; Monks, A.; Tierney,
S.; Nofziger, T. H.; Currens, M. J.; Seniff, D.; Boyd, M. Rancer Res.
1998,48, 4827—4842.

Org. Lett., Vol. 3, No. 25, 2001

Acknowledgment. This work was supported by a Na-
tional Cooperative Drug Discovery Group award to the
University of Virginia (U19 CA 50771, Dr. S. M. Hecht,
Principal Investigator), and this support is gratefully ac-
knowledged. We thank Mr. William R. Bebout, Sr. (Virginia
Polytechnic Institute and State University) for the mass
spectrum.

OL016775+

4049



