
Tetrahedron Letters 51 (2010) 6584–6587
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Vernodalidimers A and B, novel orthoester elemanolide dimers from
seeds of Vernonia anthelmintica

Yongqiang Liu a,b, Alfarius E. Nugroho a, Yusuke Hirasawa a, Asami Nakata a, Toshio Kaneda a,
Nahoko Uchiyama c, Yukihiro Goda c, Osamu Shirota d, Hiroshi Morita a,⇑, Haji Akber Aisa b,⇑
a Faculty of Pharmaceutical Sciences, Hoshi University, Ebara 2-4-41 Shinagawa-ku, Tokyo 142-8501, Japan
b Key Laboratory of Chemistry of Plant Resources in Arid Regions, Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing South Road 40-1,
Urumqi, Xinjiang 830011, PR China
c National Institute of Health Sciences, Kamiyoga 1-18-1, Setagaya-ku, Tokyo 158-8501, Japan
d Faculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University, 1314-1 Shido, Sanuki City, Kagawa 769-2193, Japan
a r t i c l e i n f o

Article history:
Received 6 September 2010
Revised 5 October 2010
Accepted 7 October 2010
Available online 20 October 2010
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2010.10.031

⇑ Corresponding authors. Tel./fax: +81 3 5498
3835679; fax: +86 991 3838957 (H.A.A.).

E-mail addresses: moritah@hoshi.ac.jp (H. Morita),
a b s t r a c t

Two novel elemanolide dimers, vernodalidimers A (1) and B (2), possessing a rare tricyclic ortho ester
moiety, were isolated from the seeds of Vernonia anthelmintica. Their structures were elucidated by 1D
and 2D NMR data and CD spectra. Vernodalidimers A (1) and B (2) exhibited potent cell growth inhibitory
activity against HL-60 cells (IC50 0.72 and 0.47 lM, respectively).
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Vernonia species belonging to Asteraceae have been shown to
produce various types of sesquiterpene lactones, such as germacr-
anolides,1 eudesmanolides,2 elemanolides,3 and guaianolides.4 So
far, three elemanolide dimers have been isolated from Inula macro-
phylla: macrophyllidimers A–C.5,6 In our search for structurally un-
ique and biogenetically interesting sesquiterpene lactones from
plants of Xinjiang, China, two new elemanolide dimers, vernodalid-
imers A (1) and B (2), were isolated from the seeds of Vernonia
anthelmintica, together with vernodalin (3) and vernodalol (4). In
this Letter, the isolation, structure elucidation, and biological activ-
ities of 1 and 2 are described.

The seeds of Vernonia anthelmintica, collected in Xinjiang, P. R.
China in 2008, were extracted with n-hexane to give n-hexane ex-
tract followed by extracting with CHCl3 and MeOH to give CHCl3

and MeOH extracts, respectively. The CHCl3 extract was subjected
to a silica gel column twice followed by an ODS and silica gel
columns to afford vernodalidimer A (1, 2 � 10�9%) and vernodalid-
imer B (2, 5 � 10�9%) together with vernodalin (3) and vernodalol
(4).

Vernodalidimer A (1)7 was obtained as a colorless oil and the
molecular formula C38H40O14 was assigned through its HRESIMS,
requiring 19 degrees of unsaturation. The 1H and 13C NMR, HSQC,
and HMBC spectra of 1 revealed 38 carbon signals due to nine
sp2 and four sp3 quaternary carbons, two sp2 and nine sp3

methines, six sp2 and eight sp3 methylenes groups. Comparison
of the molecular formula and 1H and 13C NMR data of 1 with those
of vernodalin8 suggested that 1 was a dimer of vernodalin.
ll rights reserved.
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The structure elucidation of 1 is summarized in Figures 1 and 2.
The structures of parts A, B, and C were identified by 1H–1H COSY
and HMBC correlations. The a-methylene-c-lactone of part A was
deduced from the HMBC correlations of H2-13 to C-12, and H-6
to C-11 and C-12. The HMBC correlations of H2-14 to C-3, H-15b
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Table 1
1H and 13C NMR data of vernodalidimers A (1) and B (2) in CD3OD at 300 K

Vernodalidimer A (1) (700 MHz) Vernodalidimer B (2) (600 MHz)

Position dH (mult, J = Hz) dC Position dH (mult, J = Hz) dC

1 5.71 (dd, 17.5, 10.9) 139.37 1 5.67 (d, 17.6, 10.8) 140.26
2a 5.31 (d, 10.9) 117.42 2a 5.26 (d, 17.6) 116.36
2b 5.29 (d, 17.5) 2b 5.25 (d, 10.8)
3 163.05 3 163.61
4 129.73 4 132.20
5 3.02 (d, 11.3) 46.52 5 2.47 (d, 10.3) 51.09
6 4.01 (dd, 11.3, 11.2) 77.78 6 4.14 (m) 68.68
7 2.95 (dddd, 11.2, 10.8, 3.0, 3.0) 50.23 7 2.62 (dd, 10.7, 10.7) 54.50
8 5.10 (ddd, 10.8, 10.3, 4.7) 69.93 8 5.38 (m) 69.46
9a 2.22 (dd, 14.3, 4.7) 38.69 9a 1.97 (dd, 14.1, 4.6) 37.61
9b 1.62 (dd, 14.3, 10.3) 9b 1.59 (m)
10 41.01 10 39.63
11 135.34 11 136.09
12 168.09 12 166.43
13a 6.24 (d, 3.0) 121.79 13a 6.35 (s) 130.20
13b 5.66 (d, 3.0) 13b 5.73 (s)
14a 4.44 (d, 12.3) 70.47 14a 4.66 (d, 12.6) 70.71
14b 4.27 (dd, 12.3, 1.1) 14b 4.34 (d, 12.6)
15a 6.76 (s) 136.03 15a 6.64 (s) 133.83
15b 5.97 (s) 15b 5.75 (s)
16 168.12 16 167.94
17 83.49 17 83.27
18a 1.81 (dd, 13.2, 6.7) 28.48 18a 1.69 (dd, 12.7, 5.5) 28.45
18b 2.47 (ddd, 13.8, 13.2, 7.9) 18b 2.23 (ddd, 13.1, 12.7, 5.5)
19a 4.06 (d, 7.6) 69.00 19a 3.96 (d, 7.2) 68.95
19b 4.03 (d, 7.6) 19b 3.88 (d, 7.2)
10 5.80 (dd, 17.5, 10.8) 141.75 10 5.79 (dd, 17.6, 11.0) 141.86
20a 5.38 (d, 17.5) 116.28 20a 5.37 (d, 17.5) 116.15
20b 5.33 (d, 10.8) 20b 5.28 (d, 11.0)
30 119.86 30 119.62
40 2.39 (dd, 8.1, 5.1) 35.31 40 2.32 (dd, 7.2, 5.5) 35.26
50 2.11 (dd, 11.4, 5.1) 46.76 50 2.06 (m) 46.81
60 4.64 (dd, 11.4, 11.2) 77.59 60 4.65 (t, 11.3) 77.42
70 2.88 (dddd, 11.2, 10.9, 3.0, 2.9) 51.75 70 2.85 (dddd, 11.3, 10.8, 3.1, 2.7) 51.87
80 5.11 (ddd, 10.9, 12.4, 4.5) 68.88 80 5.15 (ddd, 10.8, 10.3, 4.6) 68.86
90a 2.01 (dd, 12.4, 4.5) 40.34 90a 1.98 (dd, 14.1, 3.8) 40.39
90b 1.59 (m) 90b 1.57 (m)
100 42.34 100 42.27
110 135.25 110 135.41
120 169.26 120 169.20
130a 6.19 (d, 3.0) 121.23 130a 6.18 (d, 3.1) 120.81
130b 5.65 (d, 2.9) 130b 5.63 (d, 2.7)
140a 4.10 (d, 12.4) 67.64 140a 4.11 (d, 12.7) 67.58
140b 3.96 (d, 12.4) 140b 3.92 (d, 12.7)
150a 2.27 (dddd, 14.7, 13.8, 8.1, 7.9) 20.98 150a 2.19 (dddd, 13.4, 13.1, 5.5, 5.5) 20.95
150b 1.93 (dd, 14.7, 6.7) 150b 1.86 (dd, 13.4, 5.5)
160 165.09 160 165.08
170 138.89 170 138.84
180a 6.28 (s) 126.96 180a 6.28 (s) 126.92
180b 5.96 (s) 180b 5.95 (s)
190 4.36 (2H, s) 62.23 190 4.36 (2H, s) 62.29
OH 2.10 (br s) OMe 3.77 (3H, s) 52.29
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to C-3 and C-5, and H-5 to C-3, C-14, and C-9 indicated the pres-
ence of a-methylene-d-lactone in part A. The a-methylene-c-lac-
tone of part B was determined on the basis of HMBC correlations
of H2-130 to C-120, and H-60 to C-110 and C-120. Part C was deduced
by the HMBC correlations of H2-18 to C-16 and C-19, H2-19 to C-16
and C-30, and H-150b to C-30.

As shown in Figure 1, the HMBC correlations of H-8 to C-16 re-
vealed the connection between parts A and C. The connection of
parts B and C at C-30 and 40 was provided by HMBC correlations
of H-50 to C-30, H2-140 to C-30, and H-40 to C-60 and C-100. Then, only
one oxygen atom was left from the molecular formula, meanwhile,
quaternary carbons C-17 and C-30 had downfield chemical shifts
(dC 83.49 for C-17; dC 119.86 for C-30). These data revealed that
C-30 and C-17 were connected through one oxygen atom. Thus,
C-30 was an ortho ester carbon. The 13C NMR chemical shift of C-
30 was in agreement with C-10 of novofumigatonin,9 an ortho ester
carbon assigned by X-ray analysis. Consequently, the planar struc-
ture of 1 was deduced to be as shown in Figure 1.

With the gross structure of 1 in hand, the relative stereochem-
istry of 1 was readily assigned by NOESY correlations as shown in
Figure 2. Based on NOESY correlations of H-1/H-5, H-5, and H-7/H-
9b, and H-6 and H8/H-14a, the configurations at C-5, 6, 7, 8, and 10
in part A were the same as vernodalin (3). The configurations at
C-50, 60, 70, 80, and 100 in part B were also the same as vernodalin
(3) by the NOESY correlations of H-10/H-50, H-50 and H-70/H-90b,
and H-60 and H80/H-140a. The configurations at C-17, C-30, and C-
40 were revealed by the NOESY correlations of H-40/H-50, H-40 and
H-18b/H-150b, and H-19a and H-18a/H-150a.

Vernodalidimer B (2)10 was obtained as a white amorphous so-
lid, and the molecular formula C39H44O15 was assigned through its
HRESIMS, requiring 18 degrees of unsaturation. The 1H and 13C
NMR, HSQC, and HMBC spectra of 2 revealed 39 carbon signals
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due to nine sp2 and four sp3 quaternary carbons, two sp2 and nine
sp3 methines, six sp2 and eight sp3 methylenes, and one methoxy
group. The 1H and 13C NMR data were very similar to those of ver-
nodalidimer A (1) except for the methoxy group. This methoxy
group, which was produced by cleavage of the five member ring
of the a-methylene-c-lactone of part A in 1, was connected to an
ester carbonyl carbon at C-12 by the HMBC correlations of
H3-OMe to C-12. Other parts of 2 were almost the same as 1 as-
signed by analysis of HSQC, 1H-1H COSY, and HMBC data. From
observation of NOESY correlations, the configurations at C-5, 6, 7,
8, 10, 50, 60, 70, 80, 100, 17, 30, and 40 of 2 were the same as those
Figure 2. Selected NOES

Figure 1. Selected 2D NMR correlations for 1.
of 1. Vernodalidimer B (2) was a dimer consisting of vernodalin
(3) and vernodalol (4).

The relative structure of 3 has already been determined by X-
ray analysis.11 In this work we determined the absolute configura-
tion at C-8 of 3 to be 8R by advanced Mosher0s method applying for
hydrolysate of the ester side chain at C-8.12,13

The absolute configuration of 1 was assigned by comparing the
calculated and experimental CD spectra (Fig. 3).14 The CD calcula-
Figure 3. Calculated CD and UV spectra of (5S,6S,7S,8R,10S,17R,30R,40S,50R,60S,
70S,80R,100S) isomer of 1, and (5R,6S,7S,8R,10S) isomer of 3 together with the
experimental spectra of the natural products.

Y correlations for 1.



Scheme 1. Plausible biogenetic pathway to vernodalidimer A (1).
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tions were performed on Turbomole 6.115 using RI-TD-DFT-BP86/
aug-cc-pVDZ16–19 level of theory on RI-DFT-BP86/SVP16–18,20 opti-
mized geometries, and the conformers used for CD calculation
were the model obtained by using MC calculations (MMFF94 force
field,21 Macromodel 9.1).22 Of the four possible isomers,23 the cal-
culated CD spectrum of the isomer with 5S,6S,7S,8R,10S,17R,30R,40S,
50R,60S,70S,80R,100S and the CD spectrum of 1 were in good agree-
ment, thus the absolute configuration of 1 was assigned to be
5S,6S,7S,8R,10S,17R,30R,40S,50R,60S,70S,80R,100S.

A plausible biogenetic pathway of vernodalidimer A (1) from
vernodalin (3) is proposed as shown in Scheme 1. The formation
is considered to be derived through regio- and stereo-specific
Diels–Alder cycloaddition between the enone (C-150, 40, 30, and
O-30) of one vernodalin and the methylene (C17, 18) of another
vernodalin, in which the methylene approached to the enone. Ver-
nodalidimer B (2) should be derived in the same way as vernoda-
lidimer A (1).

Vernodalidimers A (1) and B (2) exhibited potent cell growth
inhibitory activity against HL-60 cells (IC50 0.72 and 0.47 lM,
respectively).24
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