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A New and Known Cytotoxic Aryltetralin-Type Lignans from Stems
of Bursera graveolens
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A new 4or-aryltetralin-type lignan called burseranin (1) and a known analogous lignan picropolygamain (2)
were isolated along with known triterpenes, lupeol and epi-lupeol from the methanol extract of stems of Bursera
graveolens, which showed a remarkable inhibitory activity against human HT1080 fibrosarcoma cells. The whole
structure of 1 was established based on combined spectral studies and the absolute structure for 2 was first con-
firmed by CD spectral evidence. In addition, cytotoxic activities of the stem (methanol) extract and its compo-

nents are evaluated in this paper.
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The genus Bursera (in Burseraceae) comprises about 40
species distributed in tropical zones of Latin and South
America. Some species in this genus are used as perfumes
and folk medicines.” Bursera graveolens HBK is a wild tree
native from Mexico and Yucatan to Peru and Venezuela and
has been used as a remedy for stomach ache, sudorific, and a
liniment for rheumatism.? In the previous paper,” we re-
ported the isolation of luteolin 3’-O-¢-L-rhamnopyranoside
and three of its new acylated derivatives along with four
known flavonol glycosides from leaves of B. graveolens, and
the inhibitory activity of the isolated compounds for the
Maillard reaction.

In our continuing study on B. graveolens, we found that
the MeOH extract from the stems showed a potent cytotoxic
activity in in vitro assay (vide post). This finding prompted us
to investigate the chemical components in the MeOH extract
of the stems and, as a result, a new podophyllotoxin-like 4c-
aryltetralin-type lignan termed burseranin (1) and a known
analogous lignan picropolygamain (2) were isolated together
with two known triterpenes. In the present report, we de-
scribe the isolation, the structural determination, and biologi-
cal activity of the isolated compounds in detail. The MeOH
extract was partitioned with AcOEt and water. The AcOEt
soluble part was subjected to repeated separation by silica gel
columns, followed by a Sep-Pak octadecyl silica gel (ODS)
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column to afford 1 and 2 together with known triterpenes, lu-
peol and epi-lupeol.

Burseranin 1, a colorless waxy solid, gave the molecular
ion peak at m/z 382 (M") as the base peak, along with a sig-
nificant fragment peak at m/z 337 [(M—COOH)*, 14%] in
the electron impact (EI)-MS; its molecular formula was de-
termined to be C,;H,;O, based on the high resolution (HR)-
MS data (m/z 382.1053) of the M" ion. The 'H-NMR spec-
trum of 1 exhibited signals due to a methoxy (6 3.99, 3H, s,
8-OCH,), two methylenedioxy groups (& 5.88, 5.89, each
1H, both broad s, 6-O-CH,-O-7 and 6 5.92, 2H, s, 3'-O-CH,-
0-4"), a singlet aromatic proton (6 6.33, H-5), a 1,3,4-trisub-
stituted aromatic ring (8 6.59, s, H-2', § 6.60, d, /=8.1 Hz,
H-6', and 8 6.72, d, J=8.1 Hz, H-5"), and other aliphatic pro-
ton signals [two methylenes (H,-1 and H,-2 ) and three me-
thines (H-2, H-3, and H-4)] (Table 1). A carbon signal at .
178.3, reasonably assigned to a y-lactone carbonyl carbon in
the *C-NMR spectrum (Table 1),Y in conjunction with de-
tailed two dimensional (2D) analysis by the 'H-'H correla-
tion spectroscopy (COSY), heteronuclear multiquantum co-
herence (HMQC), and heteronuclear multiple bond connec-
tivity (HMBC) (Fig. 1), gave the podophillotoxin-like planar
structure for 1 shown in Fig. 1. Furthermore, nuclear Over-
hauser enhancement spectroscopy (NOESY) correlations ob-
served between H-4 and H-5 and between H-4 and H-2' also
supported the validity of this established plane structure. The
relative structure of 1 was determined based on the 'H cou-
pling constants (J values) and the NOESY data as follows. In
4-aryltetralin-type lignans having a fused 2,3-y-lactone moi-
ety, the J, ;-values of the 2,3-cis-y-lactone derivatives were
reported to be about 9.3—9.6 Hz and those of the 2,3-trans-
y-lactone series about 14.8—15.5 Hz.>~? According to these
reported data, the J,;-value (9.5Hz) of 1 suggested that 1
carries a 2,3-cis-y-lactone moiety in the molecule. Analo-
gously, the J; ,-value (3.0 Hz) of 1 was consistent with the re-
ported values for the 3,4-trans-configuration in 4-aryltetralin
lignans with the 2,3-cis-y-lactone.®® Furthermore, the va-
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Table 1. 'H- and *C-NMR Data of 1 and 2
1
Position
Oy ¢ Sy ¢
1 2.66 (dd, 5.5, 16.1) 24.2 2.46 (dd, 5.1, 15.3) 32.1
2.70 (dd, 6.5, 16.1) 2.81 (dd, 6.3, 15.3)
2 2.97 (m) 323 3.01 (m) 329
20 3.94 (dd, 3.0,9.1) 73.1 3.96 (dd, 3.0, 9.6) 72.8
441 (dd, 7.1,9.1) 443 (dd, 7.5, 9.6)
3 3.25(dd, 3.0,9.5) 46.1 3.30 (dd, 3.0, 9.9) 46.2
3o 178.3 178.3
4 433 (d,3.0) 44.8 4.36 (d, 3.0) 44.8
5 6.33 (s) 104.2 6.59 (s) 109.9
6 147.99 146.99
7 1354 146.89
8 140.9 6.64 (s) 108.9
9 119.9 128.2
10 131.5 130.1
1 136.4 136.3
2/ 6.59 (s) 108.2 6.60 (brs) 108.2”
3’ 148.09 148.1
4’ 146.3 146.3
5 6.72 (d, 8.1) 108.2 6.73 (d, 8.4) 108.3”
6’ 6.60 (d, 8.1) 120.7 6.60 (brd, 8.4) 120.7
6-0-CH,- 5.88 (brs) 100.8 5.91(d, 1.5) 101.09
5.89 (brs) 5.92(d, 1.5)
8-O-CH, 3.99 (3H, s) 59.7
3'-O-CH,- 5.92 (2H, s) 101.1 5.93 (2H, s) 101.19

a—c) Assignments for values in each compound bearing the same superscript can be reversed.

Fig. 1. Key HMBC Correlations in 1

lidity of the 3,4-trans configuration was confirmed by the fol-
lowing NOESY evidence. In addition to the abovementioned
two cross peaks between 4-H and 5-H and between 4-H and
2'-H (vide ante), another significant and strong cross peak
was observed between 3-H and 2'-H. These NOESY proofs
showed that 3-H and the 4-aryl ring are in cis relation, and
thus 3-H and 4-H are in frans relation. In conclusion, 1 is
composed of 2,3-cis and 3,4-trans configurations. Finally, the
absolute structure of 1 was established based on the follow-
ing CD spectral evidence. Some 35 years ago Klyne, Swan et
al. proposed a CD empirical rule that at around 280—290 nm
(the first Cotton), all 4c-aryl derivatives in 4-aryltetralin-
type lignans give a positive Cotton effect and, contrary to
this, all 48-aryl groups, a negative Cotton curve.'®') In the
CD spectrum, 1 afforded a positively signed maximum
(Ae=1.19) at 291.9 nm and hence, the aryl group at C-4 in 1
is oriented to o (R configuration at C-4).' On the basis of
the above-mentioned accumulated evidence, compound 1 is
now defined as structural formula 1 with 2R, 3S, and 4R con-
figurations.

The second lignan 2 gave the molecular formula of

C,oH,40,, determined based on the HR-EI-MS (m/z 352.094
M"). The molecular formula of 2 differs in composition by
the decrement of CH,O compared with that of 1. Detailed 2D
NMR investigations of 2 were performed in a similar manner
to 1 and revealed that 2 coincides in relative structure with
the 5-demethoxy derivative of 1. In addition, the assignments
(chemical shifts, multiplicities, and coupling constants)
achieved for all protons and carbons of 2 (Table 1) were in
agreement with those reported for a known lignan, picro-
polygamain identified from the resin of Commiphora incisa
Chiov. (Burseraceae).'” Picropolygamain has also been iso-
lated from the resin of a Yukatecan plant Bursera simaruba
(L.) SarG. (Burseraceae).*'? In both reports on the identifi-
cation of picropolygamain, the absolute structure of picro-
polygamain was shown but no definite proof (CD spectral,
X-ray analytical, synthetic efc.) for determination of the ab-
solute structure of picropolygamain was provided.®!® There-
fore, in the present study, the sign of the CD Cotton curve of
2 at around 280—290 nm was examined and a positive Cot-
ton (Ag 2.71) at 295.4nm was observed, suggesting the ab-
solute configuration of C-4 position of 2 to be R (vide ante).
Thus, the absolute structure of 2 is shown in formula 2 with
2R, 38, 4R configurations, which is the same as the absolute
structures previously reported for picropolygamain.®'¥

Known triterpenes, epi-lupeol and lupeol were also iso-
lated as a major and a predominant component, respectively,
in the stems and identified by comparison with the *C-NMR
data reported for the respective triterpenes.'>

The inhibitory effects of the MeOH extract and its compo-
nents, 1, 2, epi-lupeol, and lupeol, against HT1080 human fi-
brosarcoma cells, were evaluated according to the bioassay
procedure described in Experimental, and the respective
EDy, values are listed in Table 2. Nowadays, it is well known
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Table 2. Cytotoxic Activities of the MeOH Extract and Its Components
Sample Cell culture
P [EDs, (ug/ml)] HT1080

MeOH extract 60.0
Burseranin (1) 5.5
Picropolygamain (2) 1.9
Epi-lupeol >100

Lupeol 16.7
Adriamycin 0.1

that podophyllotoxin and some of its analogs, 4-aryltetralin-
type lignans show biological activities such as antineoplastic,
antitumor, antiviral efc.'® As expected, both 4¢-aryltetralin-
type lignans with the 2,3-cis-y-lactone group (1, 2) exhibited
potent inhibitory effects in comparison with adriamycin as a
positive control as shown in Table 2. Furthermore, a triter-
pene lupeol showed comparatively strong activity, which is a
bit surprising and an interesting result. Although the potent
cytotoxicity of picropolygamain (2) on three human cell
lines, A-549 (lung), MCF-7 (breast), and HT-29 (colon) has
previously been reported,® that against human HT1080 cells
is provided for the first time in this report.

Experimental

General Remarks 'H- and >C-NMR spectra were measured on a JEOL
JNM-ECA 600 ('H at 600 and "3C at 150 MHz) or INM-GX 400 ('H at 400
and "*C at 100 MHz) spectrometers with CDCI, as a solvent. Chemical shifts
were given in § values (ppm) relative to tetramethylsilane as an internal
standard. EI- and HR-EI-MS spectra were obtained with a JEOL JMS-700T
spectrometer. UV spectra were recorded on a Shimadzu UV-2200 spectrom-
eter, CD spectra on a JASCO J-820 spectropolarimeter, and optical rotation
on a JASCO DIP-140 polarimeter, respectively. For column chromatography,
silica gel 60 (70—230 mesh, Merck) was used and for analytical TLC,
Kieselgel 60 F,s, (Merck).

Plant Material Stems of Bursera graveolens were collected in July,
1998 at Chiapas in Mexico and the voucher specimen of the plant has been
deposited in the Herbarium, Botanical Gardens, the University of Tokyo,
Japan.

Extraction and Isolation The dried and cut stems (453 g) of B. grave-
olens were extracted three times with MeOH (1.61X5d and then,
1.61X8 dXtwice) at room temperature and the solvent was removed under
reduced pressure to give a MeOH extract (21.7 g), a part (21.0 g) of which
was suspended in water (300ml) and extracted three times with AcOEt
(400 mlX1 and then, 250mlX2). A large portion (11.6 g) of the resulting
AcOEt extract (11.7 g) was subjected to column chromatography on silica
gel (550 g) eluted (100 ml per fraction) with CHCl,-MeOH (40: 1) [giving
31 fractions], (20:1) [8 fractions], and (10:1) [35 fractions], successively.
Fractions 10—17 (2.70 g) eluted with CHCl;—-MeOH (40 : 1) were recrystal-
lized from acetone to give epi-lupeol in a pure form. Fraction 22 (770 mg)
eluted with the (40 : 1) solvent mixture was further separated on a column of
silica gel (15 g) eluted with n-hexane—AcOEt (6: 1) [10 fractions; Nos. 22-1
to 22-10] and (2: 1) [13 fractions; Nos. 22-11 to 22-23], successively. Frac-
tions 22-2 and 22-3 (540 mg) eluted with the (6: 1) solvent mixture corre-
sponded to pure lupeol. Fractions 22-11 and 22-12 (51 mg) eluted with the
(2:1) solvent mixture were further purified by passing through Sep-Pak car-
tridge ODS C,4 (Waters Co.) eluted with CH;CN-H,O (3: 1) to give pure 1
(34 mg). Fraction 22-14 (5mg) eluted with the (2:1) solvent mixture was
also further purified by Sep-Pak cartridge ODS C,4 (Waters Co.) eluted with
CH,CN-H,0 (3:1) to afford pure 2 (3 mg).

Burseranin (1): A colorless waxy solid, [¢], +32° (¢=0.27, CHCL,). EI-
MS m/z (%): 382 (M*, 100), 337 (M*—CO,H, 14), 310 (27), 297 (17). HR-
EI-MS: m/z 382.1053 (Caled for C,H,0,, M": 382.1052). UV: A,
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(c=1.1X10"*mol/l, MeOH) nm (g): 287 (5100), 206 (25200). CD
(c=1.1X10"*mol/l, MeOH) nm (Ag): 291.9 (+1.19), 259.2 (+0.22), 253.9
(—0.14), 243.1 (+1.63), 208.5 (+13.6). 'H- and >C-NMR (CDCl,): Given
in Table 1.

Picropolygamain (2): A colorless oil. EI-MS m/z (%): 352 (M*, 100), 280
(25), 267 (20). HR-EI-MS: m/z 352.0941 (Caled for C,)H;Os, M™:
352.0947). UV: A, (¢=1.4X10"*mol/l, MeOH) nm (&): 287 (11600), 206
(21500). CD (c=1.4X10"*mol/l, MeOH) nm (Ag): 295.4 (+2.71), 259.1
(4+0.23), 249.4 (—1.33), 235.3 (+2.47), 207.6 (+27.5). 'H- and *C-NMR
(CDCl,): Given in Table 1.

Bioassay HT1080 human fibrosarcoma cells were grown in RPMI1640
medium supplemented with 10% fetal bovine serum (FBS, JRH Bio-
sciences, Lenexa, KS, U.S.A.) at 37°C in a 5% CO, atmosphere. The cyto-
toxic effect of the samples (the MeOH extract, each of the components 1, 2,
epi-lupeol, and lupeol, and adriamycin as a positive standard) on HT1080
cells was examined by Tetracolor One assay. HT1080 cells (2x103
cells/well) were seeded on a 96-well culture plate and incubated in
RPMI1640 medium supplemented with 10% FBS (10% FBS/RPMI1640)
for 24 h at 37 °C. Then, cells were incubated in the presence of various con-
centrations of the samples (200 ul) for an additional 48 h at 37 °C. After re-
moval of the sample solution and washing with phosphate-buffered saline
(pH 7.4), cells were incubated in RPMI1640 (190 ul) with Tetracolor One
(10 ul) for 3h at 37 °C. Viable cells were determined by the absorbance at
492 nm with reference at 630 nm.

Acknowledgement This study was supported in part by a Grant-in Aid
for Scientific Research (No. 09041194) from the Ministry of Education,
Culture, Sports, Science, and Technology in Japan.

References and Notes

1) Ogata K., “Useful Plants of the World,” ed. by Hotta M., Ogata K.,
Nitta A., Hosikawa K., Yanagi M., Yamazaki K., Heibonsha, Japan,
1989, p. 181.

2) Morton J. F, “Atlas of Medicinal Plants of Middle America,” Charles
C. Thomas, U.S.A., 1981, p. 394.

3) Nakanishi T., Inatomi Y., Arai S., Yamada T., Fukatsu H., Murata H.,
Inada A., Matsuura N., Ubukata M., Murata J., linuma M., Farrera M.
A. P, Tanaka T., Heterocycles, 60, 2077—2078 (2003).

4) Pretsch E., Seibl J., Simon W., Clerc T., “Tables of Spectral Data for
Structure Determination of Organic Compounds,” 2nd English ed.,
Springer-Verlag, London, 1989, p. C195.

5) Forsey S. P, Rajapaksa D., Taylor N. J., Rodrigo R., J. Org. Chem., 54,
4280—4290 (1989).

6) Foliciano A. S., Medarde M., Lopez J. L., Puebla P, Miguel del Carral
J. M., Barrero A. F., Phytochemistry, 28, 2863—2866 (1989).

7) Foliciano A. S., Miguel del Carral J. M., Gordaliza M., Castro A., Phy-
tochemistry, 29, 1335—1338 (1990).

8) Peraza-Sanchez S. R., Pena-Rodriguez L. M., J Nat. Prod., 55,
1768—1771 (1992).

9) Song Y.-N., Zhang H.-L., Chang C.-J., J. Nat. Prod., 57, 1670—1674

(1994).

10) Klyne W., Stevenson R., Swan R. J., J Chem. Soc. (C), 1966, 893—
896 (1966).

11) Swan R. J., Klyne W., Maclean H., Can. J. Chem., 45, 319—321
(1967).

12) Zhao C., Nagatsu A., Hatano K., Shirai N., Kato S., Ogihara Y., Chem.
Pharm. Bull., 51, 255—261 (2003).

13) Provan G. J., Waterman P. G., Planta Med., 1985, 271—272 (1985).

14) The 'H- and *C-NMR data of picropolygamain from B. simaruba®
appear to be essentially identical to those of both 2 and picropolyga-
main from C. incisa,'” except for small differences in the chemical
shifts of the H-8 [§ 6.59 (s)® and & 6.64 (s)'”] and the C-5' [
110.32% and & 108.0'¥] signals.

15) De Souza A. D. L., da Rocha A. F. I, Pinheiro M. L. B., de S. Andrade
C. H., de A. Q. Galotta A. L., S. dos Santos M. do P. S., Quim. Nova,
24, 439—442 (2001).

16) Canel C., Moraes R. M., Dayan F. E., Ferreira D., Phytochemistry, 54,
115—120 (2000).



