
In order to identify the active principles from the plant and
develop and utilize the resources of Chinese medicine in 
minority area, the study of the chemical constituents of 
Gerbera piloselloides (L.) CASS. was carried out. Gerbera 
piloselloides is a plant of the Gerbera genus belonging to
Compositae, collected at Yunnan Province. Gerbera pilosel-
loides has been used as an antipyretic, alexipharmic, and for
regulating the flow of vital energy and blood condition in 
traditional Chinese medicine.1) From the alcoholic extracts of
the roots and rhizome of Gerbera piloselloides, 15 known
compounds2,3) and two new type dicoumarins (dicoumaro-p-
menthanes) (1, 2) were isolated. This paper deals with the
structure elucidation of two new compounds named dibothri-
oclinins I (1) and II (2).

Dibothrioclinin I (1) was obtained as a colorless block
crystal with the molecular formula C30H28O6 determined by
HR-EI-MS at m/z 484.191078 [M]�, indicating 17 unsatura-
tion in the molecule. The IR absorption at 1227, 1701 cm�1

(a ,b-unsaturated lactone) and 1566, 1599, and 1614 cm�1

(aromatic C�C), along with UV absorption at lmax 282 
(log e 4.35), 292 (4.37), and 307 (4.20) nm indicated that com-
pound 1 possessed a coumarin skeleton.4) In the 1H-NMR
spectrum (Table 1) of 1, the absence of a pair of doublets at d

around 6.0—8.0 indicated that the coumarin should be 
substituted at C-3� and C-4�. The 13C-NMR spectrum 
(Table 2) of 1 showed 30 carbon signals, which included 18
carbons due to coumarin skeletons and 12 other carbons 
attributed to five methyls (dC 23.7, 23.9, 25.1, 28.5, 29.1),
two methylenes (dC 31.5, 39.4), three methines (dC 25.9,
27.4, 43.1) and two quaternarys (dC 78.7, 81.3). The signals
due to two groups of aromatic protons at dH 7.00 
(d, J�7.5 Hz,), 7.05 (d, J�7.5 Hz), 7.14 (d, J�8.0 Hz), 7.14
(d, J�8.0 Hz), 7.32 (dd, J�7.5, 8.0 Hz) and 7.35 (dd, J�7.5,
8.0 Hz) of 1 in the 1H-NMR spectrum indicated that 1 had
two phenyl units with an ABC or ABX substitution system.
Therefore, compound 1 probably contained two resembling
coumarin units, which were linked into a dimer.

The correlations of two methylene protons and three
aliphatic methine protons (H-6 and H-5, H-5 and H-4, H-4
and H-3, H-3 and H-2) in the 1H–1H COSY spectrum indi-
cated that C-2, 3, 4, 5, 6 should be linked one by one to form
a new ring. In the HMBC spectrum (Table 1), the correla-
tions between the methyl protons H-11� (dH 2.70) and the
aromatic carbon C-5� (dC 136.9), C-6� (dC 127.5) and C-10�
(dC 114.5) showed that the methyl group (C-11�) was located
at C-5� of one coumarin. Similarly, the methyl group at C-11�
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Table 1. 1H-NMR Data for Compounds 1 and 2 in CDCl3 (500 MHz, d in ppm, J in Hz)

Position 1 HMBC (1H to 13C) 2 HMBC (1H to 13C)

6� 7.00 (d, 7.5) C-5�, 7�, 8�, 10�, 11� 6.81 (d, 8.0) C-5�, 7�, 8�, 10�, 11�
7� 7.32 (dd, 7.5, 8.0) C-5�, 6�, 9� 7.31 (t, 8.0) C-5�, 6�, 8�, 9�
8� 7.14 (d, 8.0) C-6�, 9�, 10� 7.12 (d, 8.0) C-6�, 9�, 10�
6� 7.05 (d, 7.5) C-5�, 7�, 8�, 10�, 11� 7.00 (d, 7.5) C-5�, 7�, 8�, 10�, 11�
7� 7.35 (dd, 7.5, 8.0) C-5�, 6�, 9� 7.31 (t, 7.5) C-5�, 6�, 8�, 9�
8� 7.14 (d, 8.0) C-6�, 9�, 10� 7.14 (d, 7.5) C-6�, 9�, 10�
2a 1.77 (d, 13.5) C-1, 4, 7 1.52 (dd, 3.6, 13.8) C-1, 4, 5, 7, 6
2b 2.17 (dd, 13.5, 2.5) C-3�, 3 2.13 (dd, 3.6, 13.8) C-3�, 3
3 3.53 (d, 2.5) C-2�, 3�, 4�, 1, 4, 5 3.11 (m) C-2�, 3�, 1, 4
4 2.23 (d, 7.0) C-3�, 2, 3, 5, 6, 8, 9, 10 1.60 (dd, 6.0, 2.5) C-3�, 3�, 3, 8, 9, 10
5 2.98 (m) C-2�, 3�, 4�, 4, 6, 8 2.56 (ddd, 12.0, 6.0, 4.5) C-3�, 4�, 1, 4, 6, 8
6a 1.66 (dd, 13.5, 4.5) C-3�, 2, 5, 7 1.57 (dd, 15.0, 12.0) C-3�, 1, 4, 5, 8
6b 3.12 (dd, 13.5, 5.5) C-1, 2, 4, 5 3.70 (dd, 15.0, 4.5) C-3�, 1, 4, 5, 7, 8
7 1.58 (s) C-1, 2, 6 1.74 (s) C-4�, 1, 2, 6
9 1.85 (s) C-4, 8, 10 1.86 (s) C-4�, 4, 8, 10

10 1.58 (s) C-4, 8, 9 1.36 (s) C-4, 8, 9
11� 2.70 (s) C-5�, 6�, 10� 2.60 (s) C-5�, 6�, 9�, 10�
11� 2.77 (s) C-5�, 6�, 10� 2.64 (s) C-5�, 6�, 9�, 10�



was located at C-5� of another coumarin. Two methyl groups
at C-8 (dH 1.85, 1.58) were also correlated with carbon 
signals of C-8 (dC 81.3) as well as C-4 (dC 43.1), respec-
tively. The correlations were also observed between the
methyl group at C-1 (dH 1.58) and carbon signal of C-1 
(dC 78.7), as well as C-2 and C-6 at 31.5 and 39.4, respec-
tively. The methine protons of H-5 (dH 2.98) and H-3 (dH

3.53) were respectively correlated with the two groups of
quaternary carbons, one was C-2�, C-3� and C-4� and the
other was C-2�, C-3� and C-4�. Thus, the HMBC correlations
fixed the linkage of the D ring, in which C-2, 3, 4, 5, 6, to-
gether with C-1 (carbon bearing oxygen) were linked to form
a dimer of coumarin. At the same time, comparing the NMR
data of 1 with that of bothrioclinin,5) a known coumarin,
showed that they had identical NMR data due to ring A, A�,
B, B�, C, C�. Therefore, 1 should be a dimer of bothrioclinin.
Obviously, D ring of 1 was in fact a p-menthane, that is, 1
was dicoumaro-p-menthane. So far, many dicoumarins6—11)

have been isolated from plants, but the structure of 1 is dif-
ferent from other known dicoumarins in dimerized manner.
All signals in the 1H- and 13C-NMR spectrum are assigned
according to the HMQC, HMBC, 1H–1H COSY and DEPT.
The assignments were shown in Tables 1 and 2.

The relative stereochemistry of H-4, H-5 and H-3 was 
deduced by the NOE difference spectroscopy. Irradiation of

the H-4 (dH 2.23) resulted in a significant NOE of H-5 
(dH 2.98), but NOE of H-5 was not observed when H-3 was
irradiated [Fig. 2, (1)]. Therefore, H-4 and H-5 should be 
located at the same side of the plane of the D ring, that is, 
H-4 and H-5 were cis-oriented, but H-3 and H-5 are trans-
oriented. The relative structure of 1 was further confirmed by
single-crystal X-ray diffraction studies [Fig. 3, (1)]. On the
basis of the above analyses, 1 was elucidated to be a 
dicoumaro-p-menthane, named dibothrioclinin I.

Dibothrioclinin II (2) was obtained as a colorless plate
crystal, which gave an molecular ion peak at m/z 484.193668
by a HR-EI-MS, indicating the molecular formula C30H28O6.
Comparisons of the UV, IR, 1H- and 13C-NMR spectra of 2
with those of 1 indicated that their structures were similar to
each other. The major difference was the relative configura-
tion of H-4, H-5 and H-3 in the ring D. The significant NOE
correlations [Fig. 2, (2)] were observed between H-4 and 
H-9, H-3 and H-9 as well as H-5 and H-10, H-3 and H-10.

November 2004 1363

Table 2. 13C-NMR Data for Compounds 1 and 2 in CDCl3 (75 MHz, d in ppm)

C 1 2 C 1 2

2� 161.5 (s) 161.6 (s) 2� 161.7 (s) 161.6 (s)
3� 102.0 (s) 101.7 (s) 3� 103.6 (s) 108.5 (s)
4� 162.1 (s) 162.7 (s) 4� 164.3 (s) 161.8 (s)
5� 136.9 (s) 137.1 (s) 5� 137.1 (s) 137.0 (s)
6� 127.5 (d) 127.6 (d) 6� 127.5 (d) 127.6 (d)
7� 130.9 (d) 131.0 (d) 7� 130.7 (d) 131.0 (d)
8� 115.1 (d) 115.1 (d) 8� 115.0 (d) 115.3 (d)
9� 153.7 (s) 154.2 (s) 9� 154.0 (s) 154.1 (s)

10� 114.5 (s) 115.0 (s) 10� 114.2 (s) 114.8 (s)
1 78.7 (s) 80.4 (s) 7 28.5 (q) 29.6 (q)
2 31.5 (t) 30.5 (t) 8 81.3 (s) 83.3 (s)
3 27.4 (d) 25.3 (d) 9 29.1 (q) 28.5 (q)
4 43.1 (d) 52.0 (d) 10 25.1 (q) 21.1 (q)
5 25.9 (d) 25.6 (d) 11� 23.9 (q) 23.9 (q)
6 39.4 (t) 40.5 (t) 11� 23.7 (q) 23.7 (q)

Fig. 1. Structures of Dibothrioclinins I (1) and II (2)

Fig. 2. Significant NOE Correlations of Dibothrioclinins I (1) and II (2)



Finally, single-crystal X-ray diffraction analysis unambigu-
ously confirmed the relative structure of 2 [Fig. 3, (2)].
Therefore, the structure of 2 was elucidated to be an isomer
of 1, named dibothrioclinin II.

However, dibothrioclinin II (2) did not have optical activ-
ity unlike dibothrioclinin I (1). The single-crystal X-ray 
diffraction data indicated that it was a racemic mixture
(space group P2/a), including a pair of enantiomers.

Experimental
1D and 2D NMR spectra were recorded on a Mercury-300 spectrometer

(500 MHz). Chemical shift (d) values were expressed in parts per million
and were resonances at dH/dC 7.26/77.0 (CDCl3). EI-MS analyses were 
measured on a Zabspec Tofspec Platform-ESI. Optical rotations were 
measured on a Perkin-Elmer 241 polarimeter. IR spectra were recorded on
an IMPACT 400 FT-IR spectrometer. UV spectra were scanned on a UV-260
spectrometer. Silica gel (200—300 mesh) for column chromatography was
obtained from Qingdao Sea chemical plant and the HPLC column (YMC-
Pack ODS-A, 250�20 mm I.D., S-10P mm, 120 Å) was obtained from
Japan.

Collection and Identification of Original Plant The roots and 
rhizomes of Gerbera piloselloides (L.) CASS. were collected from Dali, 
Yunnan Province in China and identified by Guang-ming Liu of Dali 
Medical College.

Extraction and Isolation The EtOH extract (1.02 kg) of roots and 
rhizomes (10 kg) of Gerbera piloselloides (L.) CASS. was partitioned 
between aqueous solution and petroleum ether. The petroleum ether fraction
(86.4 g) was separated by silica gel chromatography eluted with 
pet-Et2O/EtOAc (9 : 1) to give colorless crystals (106 mg). Purification of the
crystals was made by means of preparative HPLC (Shimadzu LC6A, 
column: YMC-Pack ODS-A, 250�20 mm I.D., S-10P mm, 120 Å) afforded
compounds 1 (12 mg) and 2 (59 mg).

Dibothrioclinin I (1) Colorless block crystals, mp �300 °C, [a]D
19 �24°

(c�0.05, CHCl3); IR nmax: 1227, 1566, 1599, 1614, 1701 cm�1; UV (CHCl3)
lmax (log e): 228 (4.10), 240 (4.08), 282 (4.35), 292 (4.37), 307 (4.20) nm;

HR-EI-MS m/z: 484.191078 [M]� (Calcd for C30H28O6 484.188589). 
1H- and 13C-NMR data: see Tables 1 and 2.

Dibothrioclinin II (2) Colorless plate crystals, mp �300 °C, [a]D
19 0°

(c�0.045, CHCl3); IR nmax: 1244, 1552, 1599, 1610, 1709 cm�1; UV
(CHCl3) lmax (log e): 228 (4.02), 240 (4.08), 284 (4.36), 293 (4.39) nm; 
HR-EI-MS m/z: 484.193668 [M]�, (Calcd for C30H28O6 484.188589). 
1H- and 13C-NMR data: see Tables 1 and 2.

Crystal Structure Determination. Dibothrioclinin I (1) A single
crystal suitable for X-ray diffraction was obtained by layering a
MeOH/CHCl3 solution of 1. MoKa (l�0.70930 Å). The reflection data
were collected on a Mac Science DIP 2030 K imaging plate with monochro-
mation to a maximum 2q value of 50° at 22 °C. Of the reflections that were
collected, 2186 were unique. The structure was solved by direct methods
SIR 92 and expanded using Fourier techniques. The non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were included but not refined.
The final cycle of the full-matrix least squares refinement was based on 2170
observed reflections (|F|2�8s |F|2). The structure was finally refined to
Rf�0.050 (w�1/s |F|2). The crystal data are: a�11.0010(5), b�8.3070(2),
c�13.3320(6) Å and b�90.388(3)°, V�1218.32(8) Å3, space group P21,
Z�2, DC�1.326 g/cm3.

Dibothrioclinin II (2) A single crystal suitable for X-ray diffraction
was obtained by layering a MeOH/CHCl3 solution of 1. MoKa
(l�0.70930 Å). The reflection data were collected on a Mac Science DIP
2030 K imaging plate with monochromation to a maximum 2q value of 50°
at 22 °C. Of the reflections that were collected, 3832 were unique. The struc-
ture was solved by direct methods SIR 92 and expanded using Fourier tech-
niques. The non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were included but not refined. The final cycle of the full-matrix least
squares refinement was based on 3810 observed reflections (|F|2�8s |F|2).
The structure was finally refined to Rf�0.079, Rw�0.069 (w�1/s |F|2). The
crystal data are: a�8.040(1), b�19.532(1), c�15.643(1) Å and
b�77.081(1)°, V�2393.2(4) Å3, space group P21/a, Z�4, DC�1.350 g/cm3.

Atomic coordinates, bond lengths and angles and thermal parameters of
both compounds have been deposited at the Crystallographic Diffraction
Data Center of the Institute of Materia Medica, Chinese Academy of 
Medical Sciences, China.
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Fig. 3. Stereoviews of Dibothrioclinins I (1) and II (2) by X-Ray Crystal-
lography


