Original Papers -

Cytotoxic Lignan Esters from Cinnamomum
osmophloeum

Authors

Affiliations

Key words

© Cinnamomum osmophloeum

© Lauraceae

© 9,9'-di-O-feruloyl-(+)-5,5'-di-
methoxysecoisolariciresinol

© (7'S,8'R,8R)-lyoniresino-
1-9-O-(E)-feruloyl ester

© (7'S,8'R,8R)-lyoniresi-
nol-9,9'-di-O-(E)-feruloyl ester

received February 11, 2009
revised October 7, 2009
accepted  October 24, 2009
Bibliography

DOI http://dx.doi.org/
10.1055/s-0029-1240634
Published online

Planta Med © Georg Thieme
Verlag KG Stuttgart - New York -
ISSN 0032-0943

Correspondence

Prof. Ting-Ting Jong
Department of Chemistry
National Chung Hsing University
250 Kuo-Kuang Road

402 Taichung

Taiwan, R.O.C.

Phone: + 886422840411

ext. 701
ttjong@mail.nchu.edu.tw

Tai-Hung Chen', Yu-Hao Huang', Jhih-Jhang Lin', Bing-Chung Liau', Sheng-Yang Wang?, Yang-Chang Wu?,

Ting-Ting Jong'*

! Department of Chemistry, National Chung-Hsing University, Taichung, Taiwan
2 Department of Forestry, National Chung-Hsing University, Taichung, Taiwan
3 Graduate Institute of Natural Products, Kaohsiung Medical University, Kaohsiung, Taiwan

Abstract

v

The bark and roots of Cinnamomum osmophloeum
are widely used in Taiwan as spice substitutes for
C. cassia. We have isolated three novel lignan es-
ters, one dibenzylbutane-type ligan ester [9,9'-
di-O-feruloyl-(+)-5,5'-dimethoxy secoisolaricire-
sinol (3)] and two cyclolignan esters [(7'S,8'R,8R)
-lyoniresinol-9-0-(E)-feruloyl ester (5) and (7'S,8'
R,8R)-lyoniresinol-9,9'-di-0-(E)-feruloyl ester
(6)], and several known lignans from the heart-
wood and roots of C. osmophloeum. We identified
these compounds using 1D and 2D NMR spectro-
scopy and mass spectrometry. Cytotoxicity assays
of these novel lignan esters revealed that com-
pound 6 has strong activities against human liver
cancer (HepG2 and Hep3B) and oral cancer (Ca9-

22) cells, with ICs5y values of 7.87, 4.31, and
2.51 pg/mL, respectively.

Abbreviations
v
Hepa-G2: human hepatoma cell line

Hep3B:  human hepatocellular carcinoma (hu-
man hepatoma cell line)

Ca9-22:  human oral cancer cell line (gingival
cancer)

SAR: structure-activity relationship

ICsp: half-maximal inhibitory concentra-

tion

Supporting information available online at
http://www.thieme-connect.de/ejournals/toc/
plantamedica

Introduction

v

Cinnamomum osmophloeum Kanehhira (Laura-
ceae) is an indigenous shrub that grows at alti-
tudes of 400-1500 m in the mountains of Taiwan.
Because of its strong fragrance, the bark and roots
of C. osmophloeum are used in Taiwan as spice
substitutes for C. cassia [1]. The chemical constit-
uents in leaf essential oils from C. osmophloeum
are similar to those in bark oils from C. cassia;
they possess considerable antibacterial [2,3],
antitermitic [4], antifungal [2], antimite [2,5],
and mosquito larvicidal [2] bioactivities. HPLC
analysis performed in our lab has revealed that
the major components in C. osmophloeum leaf oils
are cinnamaldehyde and its derivatives, including
cinnamyl alcohol and acetate. Four kaempferol
glycosides isolated from the methanol extract of
the leaves of C. osmophloeum exhibit potent anti-
inflammatory activities [6].

Because the bioactivities of the extracts from the
leaves of C. osmophloeum have been investigated

quite thoroughly, in this study we focused on oth-
er parts of this plant, the heartwood and roots, for
which no chemical or biological studies have pre-
viously been reported. To extend the chemical
and biological analysis of the bioactive compo-
nents of Taiwan’s indigenous cinnamon tree, we
extracted meshed chunks from both the heart-
wood and roots of C. osmophloeum.

This paper describes the isolation and character-
ization of three novel structurally related lignan
esters, one secolignan ester (3) and two cycloli-
gnan (or aryltetralin lignan) esters (5 and 6), iso-
lated from the ethanol extracts of the heartwood
and roots. Their structures were elucidated based
on 1D and 2DNMR spectra, and comparisons
with literature data. The cytotoxicities of these
three novel lignan esters were evaluated.
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EtOAc extract of the roots (60g)

Fig. 1 Isolation of the (a) EtOAc and (b) n-BuOH
extracts from the roots of C. osmophloeum.
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n-BuOH extract of the roots (40g)
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Ssioriside ( 7.0)

(b)

Fig. 1b n-BuOH extracts.

Materials and Methods

v

General experimental procedures

Optical rotations were measured using a Perkin-Elmer 241 polar-
imeter. Fourier transform infrared (FTIR) spectra were recorded
using a Perkin-Elmer Spectrum 100 FT-IR spectrometer. UV spec-
tra were recorded using a Cintra UV 101 spectrometer. '"H NMR
spectra were recorded using Varian Unity Inova 400 and
600 MHz FT-NMR spectrometers. The chemical shifts (§) are ex-
pressed in ppm; coupling constants (J), in Hz. High-resolution
fast atom bombardment mass spectrometry (HR-FAB/MS) was
performed using a Finnigan Thermo Quest MAT 95XL MS spec-
trometer. Silica gel 60 F»54 (70-230 and 230-400 mesh; Merck)
was used as the stationary phase for column chromatography
(CC). Thin layer chromatography (TLC) and preparative TLC were
performed using plates precoated with silica gel; the developed
plates were viewed under UV light at 254 and 365 nm. Prepara-
tive high-performance liquid chromatography (HPLC) was per-
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formed using an Agilent 1100 series system equipped with a UV
detector.

Plant material

A whole plant of C. osmophloeum was collected from a farm in
Nanto County in August 2006; it was identified by Dr. Sen-Song
Zheng of the Experimental Forest of the National Taiwan Univer-
sity, Taipei, Taiwan. A voucher specimen (BP8) has been depos-
ited in the herbarium of the Forest Department of the National
Chung Hsing University, Taichung, Taiwan.

Extraction and isolation

Air-dried heartwood chips (10.0 kg) were exhaustively extracted
with 95% ethanol (30L) at ambient temperature. The extracts
were concentrated under vacuum to yield the ethanol extract
(390 g), which was partitioned between EtOAc and H,0 (1:1) to
separate the EtOAc and H,0-soluble fractions. The EtOAc phase
was concentrated (90 g), coated with silica gel (90 g), and sub-
jected to CC (SiO,, 70-230 mesh, 4.5 x 46 cm), eluting with a gra-
dient of hexane, EtOAc, and MeOH (hexane/EtOAc, from 1:0,9:1,
4:6, to 0:1; then EtOAc/MeOH, from 7:3 to 0:1; each 2L) to
yield six fractions. Fraction 3 was subjected to CC (SiO,; CHCl3)
to afford a crude portion, which was then purified through re-
crystallization to obtain compound 3 (80 mg). Fraction 4 was fur-
ther subjected to CC [(i) SiO,; CHCI3/MeOH, 98:2; (ii) Sephadex
LH-20 (100g); 80% MeOH] to obtain compounds 1 (2mg), 5
(13 mg), and 6 (28 mg).

Air-dried roots (10.0 kg) were exhaustively extracted with 95%
ethanol (30L) at ambient temperature. The extracts were con-
centrated under vacuum to yield the ethanol extract (540 g),
which was partitioned between EtOAc and H,0 (1: 1) to separate
the EtOAc- and H,0-soluble fractions; the latter was further par-
titioned with n-BuOH to yield the n-BuOH extract (40g). The
EtOAc phase was concentrated (60 g), coated with silica gel, and
subjected to CC [SiO; (60 g); gradient eluting with hexane, EtOAc,
and MeOH] to yield several fractions. The isolation processes for
the EtOAc and n-BuOH extracts are depicted schematically in
OFig.1aand b.
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Table 1 'H and "*C NMR spectral data for compounds 3, 5, and 6 (600 MHz)?.
Position Compound 3 (in DMSO-dg) Compound 5 (in CDCl3) Compound 6 (in CDCl3)
n 6¢ 6y 6¢ Jn 6¢
1 130.0 128.4 128.1
2 6.37 (1H,s) 106.1 6.50 (1H, s) 106.1 6.51 (1H, s) 105.9
3 147.8 146.2 146.3
4 133.6 137.0 137.1
5 147.8 145.5 145.4
6 6.37 (1H, s) 106.1 124.8 124.7
7 2.58 (1H, dd, 7.8, 13.8) 34.4 2.67 (1H, dd, 11.4,15) Hay 32.9 2.76 (2H, m) 33.1
2.74(1H, dd, 6, 13.8) 2.73 (1H, dd, 4.8,15) Heq
8 2.20 (1H, m) 40.0 1.98 (1H, m) 36.2 2.16 (1H, m) 36.3
9 4.09 (1H, dd, 5.4, 11.4 Hz) 63.8 4.16 (1H, dd, 6.6, 11.0) Ha 67.4 4.21-4.34 (2H, m) 66.9
4.32(1H, dd, 6.6, 11.4 Hz) 4.31(1H, dd, 4.8, 11.0) Hb
1 130.0 137.6 137.6
2 6.37 (1H,s) 106.1 6.35(1H, s) 105.0 6.36 (1H, s) 105.0
3! 147.8 146.8 146.8
4' 133.6 132.7 132.9
5' 147.8 146.8 146.8
6’ 6.37 (1H, s) 106.1 6.35(1H, s) 105.0 6.36 (1H, s) 105.0
7' 2.58 (1H, dd, 7.8, 13.8) 34.4 4.38(1H,d, 5.4 Hz) 413 4.21-4.34 (1H, m) 425
2.74(1H, dd, 6.0, 13.8)
& 2.20 (1H, m) 40.0 2.06 (1H, m) 476 2.24 (1H, m) 45.4
9 4.32(1H, dd, 6.6, 11.4) 63.8 3.63 (2H, m) 63.4 4.21-4.34 (2H, m) 64.3
4.09(1H, dd, 5.4, 11.4)
1" 125.5 126.7 126.8
2" 7.29(1H,d, 1.2) 111.1 7.02(1H,d, 1.8) 109.3 6.96 (1H,d, 1.8) 109.2
3" 147.9 146.8 146.7
4" 149.4 148.1 148.0
5 6.78 (1H,d, 7.8) 115.5 6.91 (1H,d, 8.4) 1147 6.88 (1H,d, 8.4) 114.6
6" 7.09 (1H, dd, 1.2,7.8) 123.2 7.06 (1H, dd, 1.8, 8.4) 123.2 7.01(1H, dd, 1.8, 8.4) 123.1
7" 7.53 (1H, d, 15.6) 145.1 7.58 (1H, d, 16.0) 1453 7.55(1H, d, 15.6) 145.1
8 6.48 (1H, d, 15.6) 114.4 6.23 (1H,d, 16.0) 114.9 6.27 (1H, d, 15.6) 115.1
9" 166.7 167.4 167.2
1 125.5 126.8
20 7.29(1H,d, 1.2) 111.1 6.96 (1H, d, 1.8) 109.2
3" 147.9 146.7
4 149.4 148.0
5 6.78 (1H, d, 7.8) 115.5 6.88 (1H, d, 8.4) 114.6
6" 7.09 (1H, dd, 1.2,7.8) 123.2 7.01(1H, dd, 1.8, 8.4) 123.1
70 7.53 (1H, d, 15.6) 145.1 7.55(1H, d, 15.6) 145.1
g 6.48 (1H, d, 15.6) 114.4 6.22 (1H, d, 15.6) 115.1
9" 166.7 167.2
3-OMe 3.66 (3H, s) 55.7 3.89(3H,s) 56.1 3.89(3H,s) 56.1
5-OMe 3.66 (3H, s) 55.7 3.41(3H, s) 59.9 3.30(3H, s) 59.6
3-OMe 3.80 (3H,s) 55.7 3.78 (3H, s) 56.3 3.80 (3H, s) 55.9
5-OMe 3.66 (3H, s) 55.7 3.78 3H, s) 56.3 3.80 3H, s) 55.9
3'-OMe 3.66 (3H, s) 55.7 3.93 (3H, s) 55.9 3.90 (3H, s) 56.4
3'"-OMe 3.80 (3H, s) 55.7 3.90 (3H, s) 56.4

@ Chemical shifts are represented in ppm; number of hydrogen atoms, splitting pattern, and coupling constants (Hz) are given in parentheses; assignments were confirmed through

HSQC, HMBC, 1D-NOE, and 'H-"H COSY experiments

Experimental data for the novel lignan esters
9,9'-Di-0O-feruloyl-5,5'-dimethoxysecoisolariciresinol (3): White
powder; m.p.: 214-216°C; [a]3* = +56.8 (c 0.5, DMSO); UV
(MeOH) Amax (log €) 326 (5.03), 297 (4.93), 234 (5.00), 208
(5.47), 192 (5.25) nm; IR (KBr) vmax (cm™): 3420, 1693, 1604,
1511; FAB/MS (rel. int., %) m/z 775 [M + H]* (3.8); HR-FAB/MS [M
+ HJ|* m/z, 775.2975 (calcd. for C4pHg7014, 775.2966). TH-NMR
(DMSO-dg, 600 MHz) and 3*C-NMR (DMSO-dg, 150 MHz) spectra
of 3 were depicted in © Table 1.

(7'S,8'R,8R)-Lyoniresinol-9-0-(E)-feruloyl ester (5): Yellow solid;
[a]3? = +10 (c 0.3, MeOH); UV (MeOH) Apmax (log €) 325 (4.36),
285 (4.28), 235(4.55), 206 (4.03), 196 (4.80) nm; IR (KBr) Vimax
(cm™): 3420, 1693, 1603, 1512, 1463; EI/MS (rel. int., %) m/z 596
[M*] (34), 578 (5.6), 420 (8.5), 402 (84), 371 (61), 344 (21), 217
(54), 194 (65), 177 (100), 167 (75), 145 (47), 117 (26); HR-FAB/
MS [M + H]* m/z 597.2345 (calcd. for C3;H37011, 597.2336).
TH-NMR (CDCls, 600 MHz) and *C-NMR (CDCls, 150 MHz) spec-
tra of 5 were depicted in © Table 1.

ChenT-H et al. Cytotoxic Lignan Esters... Planta Med
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(7'S,8'R,8R)-Lyoniresinol-9,9'-di-O-(E)-feruloyl ester (6): Yellow
solid; [a]3?* = +63.3 (c 0.15, MeOH); UV (MeOH) Anmax (log €) 325
(3.75), 285 (4.58), 235 (4.81), 206 (5.23), 194 (4.98) nm; IR (KBr)
Vmax (cm1): 3412, 2927, 1693, 1603, 1586, 1512, 1463, 1422;
FAB/MS (rel. int., %) mjz 795 [M + Na]* (11.5), 773 [M + HJ*
(11.6), 772 [M]* (14.6); HRFAB/MS [M]|* m/z 772.2721 (calcd. for
C42Hyg4014, 772.2731). Mass and HRFAB spectra of 6 were sup-
plied as Supporting Information, see Fig.1S and 2S. 'H-NMR
(CDCl3, 600 MHz)and '*C-NMR (CDCls, 150 MHz) spectra of 6
were depicted in © Table 1.

Tumor cell growth inhibition assay

The assay was performed at the natural Products Research Center
and School of Pharmacy, Kaohsiung Medical College, Kaohsiung,
Taiwan, R.0.C. The procedures were as follows: HepG2, Hep3B,
and Ca9-22 cells (Food Industry Research and Development Insti-
tute) were cultured in minimal essential medium supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin-streptomy-
cin, and were maintained at 37 °C under 5% CO,. The cytotoxicity
was examined using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay [7-9]. Briefly, exponentially
growing cells (tumor cells, including HepG2, Hep3B, and Ca9-22)
were seeded (1 x10* cells) into a 96-well plate in triplicate and
were then preincubated for 20 h so that they would undergo cell
attachment. The medium was then aspirated and fresh medium
(100 puL) containing various concentrations (20, 10, 5, 1 ug/mL) of
the test compound was added to the cultures. The cells were in-
cubated in the presence of each compound at 37 °C for 72 h under
humidified air containing 5% CO,. Cell survival was evaluated
after adding MTT solution (1 mg/mL in PBS; 10 mL). After 4 h of
incubation at 37 °C, DMSO (100 pL) was added to dissolve the pre-
cipitated MTT. The microplates were shaken for 15 min and then
the absorbance was determined at 550 nm using a multi-well
scanning spectrophotometer. Because of the limited sample
availability and for the preliminary screen, all the samples were
tested in duplicate. As an index of cytotoxicity, the value of ICsq
(the concentration of 50% inhibition) was determined from the
dose-response curve to test the drug inhibition of cell growth in
each tumor cell line. Doxorubicin (Sigma-Aldrich; purity: >98%;
TLC grade) was used as the positive control.

Supporting information
Original spectra for compound 6 are available as Supporting In-
formation.

Results and Discussion

\4

Three dibenzylbutane-type lignans with the 9(9') oxygen atom
attached, secoisolariciresinol (1), isolated as an enantiomeric
mixture with its (=) enantiomer in excess (observed [a] - 7.5, ¢
0.1, CHCl3; lit. [a] —24.6, c 0.4, EtOH [8,9]); its diferuloyl esters
(2), isolated as an enantiomeric mixture with its (-) enantiomer
in excess (observed [a] —12.6, ¢ 0.80, CHCls; lit. [a] - 41.2, ¢ 0.80,
CHCI3 [10]); and the (+)-secolynoiresinol diferuloyl esters (3), and
three related cyclolignans, (-)-lyoniresinol (4), isolated as an
enantiomeric mixture with its (=) enantiomer in excess (ob-
served [a] -4.0, ¢ 1.08, CH30H; lit. [a] +13.3, ¢ 0.1, CHCl3 for
(+)-lyoniresinol [11,12]), and its mono (5) and diferuloyl (6) es-
ters, were isolated from the roots and heartwood of Taiwan’s in-
digenous cinnamon tree (C. osmophloeum). Among these lignans,
(+)-secolyoniresinol diferulate (3), (+)-lyoniresinol monoferulate

ChenT-H et al. Cytotoxic Lignan Esters... Planta Med

(5), and its (+)-diferulate (6) are novel lignan esters isolated for
the first time. In addition, we also isolated several other known
lignans from the extracts of the heartwood and roots of C. osmo-
phloeum, including tetrahydrofuran-type lignans {(-)-yangambin
[13,14], (+)-syringaresinol [15], and (+)-de-4'-0-methylyangabin
[16]} and three lignan xylosides (lyoniside [17], nudiposide [17],
and ssioriside [18]).

Below, we describe the structural elucidation of each of these
three novel lignan esters, based on FAB mass spectrometry and
1D and 2D NMR spectroscopy.

We isolated compound 3 as a white powder that was only slightly
soluble in CHCl3 and not easily dissolved in other organic
solvents. Its molecular formula, C42H46014, determined from its
molecular ion (HR-FAB-MS), suggested 20 degrees of unsat-
uration. The IR spectrum revealed the presence of a hydroxyl
group (3420 cm™), an a,B-unsaturated conjugate ester moiety
(1693 cm™), and an aromatic ring (1604, 1511 cm™). The 'H and
13C NMR spectra of 3 revealed only about half of its protons and
carbon atoms, suggesting a symmetrical molecule. The major
skeleton of 3 exhibits seven signals for carbon atoms in its DEPT
13C NMR spectrum, corresponding to one aromatic ring (four car-
bon atoms) and three aliphatic carbon atoms, namely one meth-
ine (6 40.0), one methylene (6 34.4), and one downfield-shifted
methylene (6 63.8), due to the attachment of an oxygen atom.
The 'H NMR spectrum of 3 reveals five protons attached to the
aliphatic CH, CH,, and OCH, carbon atoms: at § 2.20 (1H, m);
2.58 (1H, dd, J=7.8, 13.8 Hz), 2.74 (1H, dd, J=6.0, 13.8 Hz), and
4.09 (1H, dd, J=5.4, 11.4Hz), 432 (1H, dd, J=6.6, 11.4 Hz), re-
spectively; we established their inter-couplings through COSY
spectroscopy.

Another structural subunit in 3, the a,f-unsaturated conjugate
ester, was identified based on the observation of nine additional
signals for carbon atoms, including a carbonyl (C=0) carbon at
166.7 ppm, plus signals for trans-olefinic protons at 7.53 (1H, d,
J=15.6Hz)and 6.48 (1H, d,J = 15.6 Hz) ppm, and an ABX spin sys-
tem of an aromatic ring with signals at 7.29 (1H, d, J=1.2 Hz),
7.09 (1H, dd, J=7.8, 1.2Hz), and 6.78 (1H, d, J=7.8 Hz) ppm in
the 'H-NMR spectrum. The HMBC spectrum of 3 connected the
above carbon atoms and protons, suggesting that it is a trans-fer-
uloyl moiety.

Comparisons of the 'H and 3C NMR data of 3 with those of the
known compound 2 [10] indicate that they are both derivatives
of 1, a dibenzylbutane-type lignan, with 3 exhibiting two addi-
tional methoxy-substituents at C-5 and -5". In the HMBC spec-
trum of 3, correlations existed between H-9 (6 4.32, 4.09) and
the carbonyl G-9” (6 166.7) and between H-9 (6 4.32, 4.09) and
C-7 (6 34.4), establishing the site of esterification at C-9. Sup-
ported by HMBC correlations, we assigned the three methoxy
carbons at § 3.66 and 3.80 to be located at -3 (and G-5) and C-3",
respectively.

With regard to its stereochemistry, we eliminated a meso form
for 3 because it exhibited a specific rotation (+56.8, ¢ 0.5, DMSO)
opposite to that of the known compound 2 (lit. [a] = - 41.2, ¢ 0.80,
CHCl3 [10]); therefore, we assigned the configurations at C-8 and
(-8’ of 3 as S and S, respectively. Notably, however, the compound
2 isolated from the same roots in this study was an enantiomeric
mixture having its () enantiomer in excess. Accordingly, we ten-
tatively establish compound 3 to be (+)-(8S,8'S)-9,9'-di-O-ferulo-
yl-5,5'-dimethoxysecoisolariciresinol.

We isolated compound 5 as a yellow solid. Its molecular formula,
C32H36011, determined from its molecular ion (HR-FAB-MS), rep-
resents 15 degrees of unsaturation. The IR spectrum revealed the
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presence of a hydroxyl group (3420cm™), an a,B-unsaturated
conjugated ester moiety (1693 cm™), and an aromatic ring
(1603, 1512 cm™). The comparison of the 'H and '*C NMR data
of 5 with those of lyoniresinol (4) [11,12] suggested a lignan skel-
eton (© Fig. 2). In addition to the 18 carbon signals, including two
aromatic rings and six aliphatic carbons belonging to the lignan
moiety, the 13C NMR spectrum of 5 revealed 10 other carbon sig-
nals, consistent with a trans-feruloyl moiety, which we con-
firmed by the presence of proton signals for the trans-olefinic
bond at 7.58 (1H, d, J=16.0 Hz) and 6.23 (1H, d, = 16.0 Hz) ppm,
and an ABX spin system for the aromatic ring at 7.06 (1H, dd,
J=84,1.8Hz), 7.02 (1H, d, J=1.8 Hz), and 6.91 (1H, d, J=8.4 Hz)
ppm, plus a methoxy proton signal at 3.93 ppm (s, 3H) in its 'H
NMR spectrum.

In the DEPT spectrum of 5, the six aliphatic carbons displayed
three methine signals (6 47.6, 41.3, 36.2) and three methylene
signals (6 67.4, 63.4, 32.9), two of them bearing oxygen atoms;
thus, we assumed the presence of a cyclolignan skeleton. Five sig-
nals for methoxy protons appeared at § 3.93 (3H), 3.89 (3H), 3.78
(2x3H), 3.41 (3H) in the 'TH NMR spectrum of 5; from HMBC cor-
relations, we established their positions at CG-3", C-3, -3’ (and G-
5"), and G-5, respectively. The proton signal of methoxy at § 3.41
(upfield, at -5 position) was shielded by the aromatic ring. In the
HMBC spectrum of 5, correlations existed between H-9 (6 4.32,
4.09) and C-9” (6 166.7), between H-9 (6 4.32, 4.09) and G-7 (6
34.4), and between H-9 (6 4.32, 4.09) and C-8 (0 36.2); these data
indicate that the position of esterification is at G-9. ©Fig.3a
presents the major HMBC correlations for compound 5.

The two vicinal protons H-7" and H-8' of 5 had a coupling con-
stant (J) of 5.4 Hz; the two vicinal protons H-8" and H-8 each had
values of Wy, greater than 16 Hz (18 Hz for H-8' 24 Hz for H-8),
indicating that H-8' and H-8 were located in axial positions [19].
Meanwhile, in the NOESY spectrum of 5 (© Fig. 3b), H-7" and H-9'
were correlated, as were H-2' and H-8', indicating that H-7', H-8’,
and H-8 were all aligned in relative trans configurations. There-
fore, we determined compound 5 to be a derivative of lyoniresi-
nol (4).

Original Papers

Fig.2 Structures of compounds 1-6.

3 Ry =R, = feruloyl

feruloyl:

(b)

Fig.3 Major observed (a) HVBC and (b) 'H-'H NOE correlations for com-
pound 5.

Compound 5 exhibited positive optical rotation ([a] +10, ¢ 0.3,
MeOH). The circular dichroism (CD) spectrum of 5 displayed pos-
itive Cotton effects at 243 and 272 nm and negative Cotton effects
at 258 and 289 nm (©Fig. 4), consistent with the reported CD
spectrum of (+)-lynoiresinol (positive Cotton effects at 244 and
274 nm; negative Cotton effect at 285nm) [11,12]. Therefore,
we identified compound 5 to be (+)-(7'S,8'R,8R)-lyoniresinol-9-
O-(E)-feruloyl ester.

Compound 6 was isolated as a yellow solid. Its molecular formula,
C42H44014, obtained from its molecular ion (HR-FAB-MS), repre-
sented 21 degrees of unsaturation. The IR spectrum exhibited

ChenT-H et al. Cytotoxic Lignan Esters... Planta Med




- Original Papers

272

0

T T T 1
200 250 300 350 400

Fig.4 CD spectrum of compound 5.

signals for a hydroxyl group (3412 cm™), an a,f-unsaturated con-
jugated ester moiety (1693 cm™), and an aromatic ring (1586,
1512 cm™). A comparison of the 'H and >*C NMR data (© Table
1) with those of compounds 5 and 6 indicates that their skeletons
are similar (© Fig. 2). In the 'H NMR spectrum of 6, four olefinic
protons at 7.55 (2x1H, d, J=15.6 Hz), 6.27 (1H, d, J=15.6 Hz),
and 6.22 (1H, d, J=15.6 Hz) ppm indicate the existence of two
trans-double-bonds. Two ABX spin systems of the aromatic ring
appear at 7.02 (1H, dd, J=8.4, 1.8Hz), 7.01 (1H, dd, J=84,
1.8Hz), 6.96 (2H, d, J=1.8 Hz), 6.89 (1H, d, J=8.4Hz), and 6.88
(1H, d, J= 8.4 Hz) ppm. In the '*C NMR spectrum, the correspond-
ing 10 signals indicated the existence of two trans-feruloyl moi-
eties. Six signals for methoxy protons appear at 6 3.90 (2 x 3H),
3.89 (3H), 3.80 (2 x 3H), and 3.30 (3H) in the 'H NMR spectrum;
the DEPT spectrum of 6, together with HMBC correlations, estab-
lished that these groups were attached at C-3'(and G-5'), G-3, G-3"
(and (-3"), and G-5, respectively.

In the NOESY experiment of 6, the relative configuration of pro-
tons were correlated between H-7" and H-9', and between H-2’
and H-8', indicating that the three protons (H-7', H-8', and H-8)
were trans from each other. To acquire their coupling constants,
a homo-decoupling experiment was performed: when we irradi-
ated at § 4.21-4.34, where the signals for five protons (corre-
sponding to the H-7', two H-9, and two H-9' protons) appear, we
observed the H-8' signal to simplify to a doublet with large cou-
pling constant (Jgg'=9.2Hz). Thus, we could assign a relative
trans configuration to the protons H-8' and H-8 [11,12]. In addi-
tion, in a 1-D NOE experiment, when we irradiated the aromatic
proton H-2' (H-6"), we obtained an enhanced signal for the pro-
ton H-7', acknowledged as a doublet having a coupling constant

(J7.s") of 7.2 Hz. Hence, we determined compound 6 to be a deriv-
ative of lyoniresinol, containing two trans-feruloyl moieties. In
the HMBC spectrum of 6, the correlations indicated that the posi-
tions of esterification were at CG-9 and G-9'.

Further, the absolute configuration of 6 was determined by its CD
spectrum (observed as positive Cotton effects at 245 and 279 nm,
and negative Cotton effect at 291 nm), which was consistent with
that of (+)-lyoniresinol (positive Cotton effects at 244 and
274 nm; negative Cotton effect at 285 nm)[11, 12]; consequently,
compound 6 was identified as (+)-(7'S,8'R,8R)-lyoniresinol-9,9'-
di-O-(E)-feruloyl ester.

Next, we tested the three novel lignan esters (3, 5, 6) isolated
from the heartwood and roots extract of C. osmophloeum for their
cytotoxicities against HepG2, Hep3B, and Ca9-22 cancer cells.
O Table 2 presents the structure-activity relationships (SARs) for
these lignans. The cyclolignans (i.e., compounds 5 and 6) were
more potent than the dibenzylbutane-type lignan (compound 3)
toward these three cancer cell lines. Additionally, a feruloyl effect
was evident: the lignan possessing two feruloyl groups (com-
pound 6) was more potent than that featuring only one feruloyl
group (compound 5). Thus, feruloyl substituents at both the C9
and C9' positions enhanced the cytotoxicity of the cyclolignan.
The values of IC5g of compound 6 against the HepG2, Hep3B, and
Ca9-22 cell lines - 7.87, 4.31, and 2.51 pg/mL, respectively - sug-
gest its feasibility for drug development.
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