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The bioassay-guided chemical investigation of the stems of Dendrobium fimbriatum Hook led to the
isolation of seven first reported bibenzyl dimers with a linkage of a methylene moiety, fimbriadimerbi-
benzyls A–G (1–7), together with a new dihydrophenanthrene derivative (S)-2,4,5,9-tetrahydroxy-9,
10-dihydrophenanthrene (8) and thirteen known compounds (9–21). The structure of the new compound
was established by spectroscopic analysis. Biological evaluation of bibenzyl derivatives against five
human cell lines indicated that seven of those compounds exhibited broad-spectrum and cytotoxic activ-
ities with IC50 values ranging from 2.2 to 21.2 lM. Those rare bibenzyl dimers exhibited cytotoxic
activities in vitro and the cytotoxicity decreased as the number of oxygen-containing groups in the
structure decreases.

� 2014 Elsevier Ltd. All rights reserved.
The stems of Dendrobium fimbriatum Hook is one of the
common Orchidaceae species and has been used as Shi-Hu for nour-
ishing the stomach, promoting secretion of saliva and reducing
fever for the Chinese since thousands of years ago.1,2 It is distributed
mainly in the southwest of China and some others Asian countries,
such as Myanmar, Vietnam, Thailand, Nepal, and India.3,4 Previous
chemical investigations of its stems led to the isolation of phenan-
threnes,5,6 bibenzyls,7,8 diosgenin derivatives,9 anthraquinones,5,6

coumarins6 and so on. In addition, bioactivity studies on pure com-
ponents have been reported to possess multiple positive effects
in vitro experiments, including anti-tumor, anti-mutagenic, anti-
inflammatory and antioxidant effects.10–14 In our further investiga-
tion on herb medicine of Shi-Hu,15–18 D. fimbriatum was selected as
material and led to the isolation of seven acyclic bis[bibenzyls] with
a C–CH2–C linkage of the benzene nucleus in a bibenzyl monomer
(1–7),19 a new compound named (S)-2,4,5,9-tetrahydroxy-9,
10-dihydrophenanthrene (8), thirteen known compounds (Fig. 1)
named moscatilin (9),15 4-(3-hydroxy-4-methoxyphenethyl)-2,
6-dimethoxylphenol (10),20 3,40-dihydroxy-30,4,5-trimethoxybib-
enzyl (11),21 gigantol (12),16 batatasin-III (13),22 tristin (14),16
4,40-dihydroxy-3,30,5,a-tetramethoxybibenzyl (15),23 4-methoxy-
9,10-dihydro-phenanthrene-2,5-diol (16),24 2,4-dimethoxy-9,
10-dihydrophenanthren-7-ol (17),25 2-methoxy-9,10-dihydrophe-
nanthrene-4,7-diol (18),26 9,10-dihydrophenanthrene-2,4,7-triol
(19),27 moscatin (20)18 and botrydiol (21).28 Departure from its
traditional applications mentioned above, the bibenzyl compounds
isolated from the species were tested for their cytotoxic activity
against five human cancer cell lines, using the MTT method.

Compound 129 was obtained as a white power, and its HRESIMS
gave a pseudo-molecular ion at m/z 561.2464 [M+H]+, correspond-
ing to the molecular formula C33H36O8 (calcd 561.2483). The IR
spectrum showed the presence of hydroxyl (3422 cm�1) and aro-
matic ring (1616 and 1514 cm�1) functionalities. The assignment
of 1H and 13C NMR spectroscopic data of 1 was based on analysis
of HSQC and HMBC (Fig. 2). The 1H NMR spectrum (Table 1) reveals
signals of two 1,3,4-trisubstituted aromatic rings [dH 6.79 (1H, d,
J = 8.0 Hz), 6.63 (1H, dd, J = 8.0, 1.5 Hz), 6.54 (1H, d, J = 1.5 Hz);
6.83 (1H, d, J = 8.0 Hz), 6.68 (1H, dd, J = 8.0, 1.5 Hz), 6.61 (1H, d,
J = 1.5 Hz)] for A1 and B1; two 1,3,4,5-tetra substituted aromatic
rings [dH 6.26 (1H, br s), 6.22 (1H, br s), 6.33 (1H, d, J = 2.5 Hz),
6.28 (1H, d, J = 2.5 Hz)] for A2 and B2; four methylene groups [dH

2.73 (2H, m), 2.71 (2H, m), 3.08 (2H, m), 2.69 (2H, m)], and a spe-
cial aliphatic methylene group [dH 3.85 (2H, s)]. Four aromatic
methoxy groups [dH 3.66 (s), 3.83 (s), 3.67 (s) and 3.76 (s)]. The
13C NMR and DEPT spectra (Table 1) revealed 33 carbons reso-
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Figure 2. Key correlations of 1–8.
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Figure 1. Structures of compounds 1–21.
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Table 1
1H and 13C NMR spectroscopic data of compounds 1–3

No 1a 2b 3c

1 dC dH dC dH dC dH

CH2 18.9 (t) 3.85 (s) 18.3 (t) 3.88 (s) 19.6 (t) 3.84 (s)
1a 133.5 (s) 134.0 (s) 134.8 (s)
2a 111.1 (d) 6.54 (d, 1.5) 111.2 (d) 6.58 (br s) 113.5 (d) 6.55 (d, 1.8)
3a 146.1 (s) 146.3 (s) 148.6 (s)
4a 143.5 (s) 143.8 (s) 145.5 (s)
5a 114.1 (d) 6.79 (d, 8.0) 114.2 (d) 6.79 (d, 7.8) 116.0 (d) 6.64 (d, 7.8)
6a 120.8 (d) 6.63 (dd, 8.0, 1.5) 121.0 (d) 6.63 (br d, 7.8) 122.0 (d) 6.57 (dd, 7.8, 1.8)
7a 37.2 (t) 2.73 (m) 37.6 (t) 2.76 (m) 38.7 (t) 2.75 (m)
8a 38.1 (t) 2.71 (m) 38.5 (t) 2.71 (m) 39.7 (t) 2.73 (m)
9a 141.6 (s) 141.6 (s) 143.7 (s)

10a 103.8 (d) 6.22 (br s) 103.1 (d) 6.13 (br s) 104.5 (d) 6.19 (br s)
11a 157.5 (s) 157.5 (s) 159.3 (s)
12a 112.1(s) 112.4 (s) 114.0 (s)
13a 154.3 (s) 156.1 (s) 156.7 (s)
14a 109.1 (d) 6.26 (br s) 109.5 (d) 6.34 (br s) 110.1 (d) 6.25 (br s)

1b 134.0 (s) 134.2 (s) 145.3 (s)
2b 111.1 (d) 6.61 (d, 1.5) 111.2 (d) 6.55 (br s) 116.5 (d) 6.60 (br s)
3b 146.1 (s) 146.3 (s) 158.4 (s)
4b 143.5 (s) 143.7 (s) 113.7 (d) 6.58 (br d, 7.5)
5b 114.0 (d) 6.83 (d, 8.0) 114.1 (d) 6.77 (d, 7.8) 130.2 (d) 7.07 (t, 7.5)
6b 120.8 (d) 6.68 (dd, 8.0, 1.5) 121.0 (d) 6.58 (br d, 7.8) 121.0 (d) 6.61 (br d, 7.5)
7b 37.4 (t) 2.69 (m) 36.9 (t) 2.55 (m) 39.0 (t) 2.55 (m)
8b 35.3 (t) 3.08 (m) 34.5 (t) 2.90 (m) 36.1 (t) 2.99 (m)
9b 143.5 (s) 144.6 (s) 144.9 (s)

10b 108.0 (d) 6.33 (d, 2.5) 118.2 (s) 108.3 (d) 6.26 (br s)
11b 158.5 (s) 157.1 (s) 158.4 (s)
12b 99.4 (d) 6.28 (d, 2.5) 96.8 (d) 6.32 (d, 1.8) 100.2 (d) 6.25 (br s)
13b 155.0 (s) 154.9 (s) 156.8 (s)
14b 116.6 (s) 109.8 (d) 6.23 (d, 1.8) 118.9 (s)
3a-OCH3 55.8 (q) 3.83 (s) 56.0 (q) 3.75 (s) 56.3 (q) 3.65 (s)
11a-OCH3 55.4 (q) 3.66 (s) 55.5 (q) 3.51 (s) 55.8 (q) 3.54 (s)
3b-OCH3 55.7 (q) 3.76 (s) 56.1 (q) 3.81 (s)
11b-OCH3 55.4 (q) 3.67 (s) 56.0 (q) 3.90 (s) 55.5 (q) 3.68 (s)

a Recorded at 500 and 125 MHz for 1H and 13C NMR in chloroform-d1, respectively.
b Recorded at 600 and 150 MHz for 1H and 13C NMR in chloroform-d1, respectively.
c Recorded at 600 and 150 MHz for 1H and 13C NMR in methanol-d4, respectively.
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nances, including five aliphatic carbons at dC 38.1 (t), 37.2 (t), 35.3
(t), 37.4 (t), 18.9 (t), 24 aromatic carbons as well as four methoxy
carbons. The above data and its biological sources suggested that
this compound should be a bibenzyl dimers derivative.15,16,22,30

The HMBC spectrum of 1 demonstrated the expected key correla-
tions: from H-7a to C-1a, C-2a and 7a, from H-6a to C-4a, C-5a
and C-7a, from H-8a to C-1a, C-9a, C-10a and C-14a, from H-10a
to C-9a, C-11a, C-12a and C-14a, from H-14a to C-13a; from H-
7b to C-2b, C-6b, C-9b and C-9b, from H-2b and H-6b to C-7b, from
H-8b to C-1b, C-7b, C-9b, C-10b and C-14b, from H-10b and H-12b
to C-11b. In addition, the correlations were observed from dH

(OCH3) 3.83, 3.76, 3.67, 3.66 to C-3a, C-3b, C-11b and C-11a in
the HMBC spectrum, respectively. The HSQC spectrum permitted
the assignment of aliphatic methylene protons dH 3.85?dC 18.9,
which suggested that 1 may be composed of two gigantol mono-
mer connecting with an aliphatic methylene carbon. Furthermore,
from the HMBC correlations of the protons from dH 3.85 (2H, s) to
C-11a, C-12a, C-13a, C-9b, C-13b and C-14b, it could be predicted
that the CH2 bridge should be linked with C-12a and C-14b. There-
fore, the structure of 1 was finally identified as 12a,14b-methy-
lene-digigantol, named as fimbriadimerbibenzyl A.

Compound 231 was obtained as a white power, with the
molecular formula C33H36O8 as established by position HR-ESIMS
(m/z 583.2300 [M+Na]+, calcd for 583.2302). The NMR spectra of
2 (Table 1) were very similar to those of 1, suggesting they were
isomers. The small differences were the correlations of the ring
B2 in the HMBC spectrum (Fig. 2): from H-14b to C-8b, C-10b,
C-12b and C-13b, from H-12b to C-10b, C-11b, C-13b and C-14b,
from dH 3.90 (s, OCH3) to C-11b. All assignments listed were based
on HSQC and HMBC correlations. Thus, the structure of 2 was
determined to 12a,10b-methylene-didigantol, and named as
fimbriadimerbibenzyl B.

Compound 332 was obtained as a white power, having a molec-
ular formula of C32H34O7, as determined by its negative HR-ESIMS
(m/z 529.2227 [M�H]�, calcd for 529.2232). The NMR character
(Table 1) of 3 was similar to 1 except that 3 exhibited a 1,3-disub-
stituted aromatic ring [dH: 7.07 (1H, t, J = 7.5 Hz), 6.61 (1H, br d,
J = 7.5 Hz), 6.60 (1H, d, J = 7.5 Hz), 6.60 (1H, br s)] instead of a
1,3,4-trisubstituted ring B1 of 1 in 1H NMR spectrum. Furthermore,
the correlations (Fig. 2) from H-7b to C-2b and C-6b, from H-6b to
C-2b, C-4b and C-5b, from H-5b to C-3b in HMBC spectrum were
observed. Therefore, compound 3 was elucidated as shown in
Figure 1 and named as fimbriadimerbibenzyl C.

Compound 433 was obtained as a white power. The molecular
formula was determined as C31H32O8 by HRESIMS (m/z 555.2009
[M+Na]+, calcd for 555.1989), indicating sixteen degrees of unsatu-
ration. The 1H NMR spectrum (Table 2, methanol-d4) showed 13
resonances, including a 1,3,4-trisubstituted aromatic ring [dH

6.62 (1H, d, J = 8.4 Hz), 6.49 (1H, br d, J = 8.4 Hz), 6.50 (1H, br s)],
a 1,3,4,5-tetra substituted aromatic ring [dH 6.19 (1H, d,
J = 2.4 Hz), 6.15 (1H, d, J = 2.4 Hz)], an aromatic methoxy group
[dH 3.79 (s)], three methylene groups [dH 2.66 (2H, m), 2.29 (2H,
m), 3.79 (1H, s)]. The 13C NMR and DEPT spectrum (Table 2) exhib-
ited sixteen resonances, containing three methylenes (dC 36.6, 38.3,
21.4), five olefinic methines (dC 121.7, 115.7, 113.2, 109.6, 101.4),
seven olefinic quaternary carbons (dC 156.8, 156.6, 148.4, 145.1,
144.9, 135.4, 119.5), and one methoxy (dC 56.3). Detailed analysis
of the NMR spectra, molecular formula and the aliphatic methylene



Table 3
1H and 13C NMR spectroscopic data of compound 7 in chloroform-d1

No dC dH dC dH

CH2 21.8 (t) 3.82 (s)
1a 133.6 (s) 1b 133.3 (s)
2a 110.9 (d) 6.51 (br s) 2b 111.0 (d) 6.41 (br s)
3a 146.1 (s) 3b 146.3 (s)
4a 143.7 (s) 4b 143.7 (s)
5a 114.1 (d) 6.80 (d, 8.0) 5b 114.0 (d) 6.74 (d, 8.0)
6a 120.8 (d) 6.49 (d, 8.0) 6b 120.8 (d) 6.60 (d, 8.0)
7a 37.2 (t) 2.66 (m) 7b 36.7 (t) 2.47 (m)
8a 36.7 (t) 2.87 (m) 8b 35.1 (t) 2.70 (m)
9a 141.9 (s) 9b 143.7 (s)
10a 107.9 (d) 6.31 (br s) 10b 117.7 (s)
11a 158.4 (s) 11b 157.6 (s)
12a 100.0 (d) 6.28 (br s) 12b 97.1 (d) 6.33 (br s)
13a 156.2 (s) 13b 155.1 (s)
14a 117.1 (s) 14b 109.6 (d) 6.24 (br s)
3a-OCH3 55.7 (q) 3.75 (s) 3b-OCH3 55.7 (q) 3.80 (s)
11a-OCH3 55.0 (q) 3.70 (s) 11b-OCH3 55.8 (q) 3.82 (s)

Table 2
1H and 13C NMR spectroscopic data of compounds 4–6

No
1

4a 5a 6b

dC dH dC dH dC dH

CH2 21.4 (t) 3.94 (s) 20.9 (t) 3.93 (s) 22.4 (t) 3.78 (s)
1a 135.4 (s) 135.3 (s) 133.5 (s)
2a 113.2 (d) 6.50 (br s) 113.2 (d) 6.46 (s) 111.2 (d) 6.46 (d, 1.8)
3a 148.4 (s) 148.4 (s) 146.3 (s)
4a 145.1 (s) 145.2 (s) 143.9 (s)
5a 115.7 (d) 6.62 (d, 8.4) 115.8 (d) 6.67 (d, 8.4) 114.3 (d) 6.76 (d, 7.8)
6a 121.7 (d) 6.49 (br d, 8.4) 121.6 (d) 6.46 (d, 8.4) 121.1 (d) 6.55 (dd, 8.0, 1.8)
7a 38.3 (t) 2.29 (m) 37.8 (t) 37.2 (t) 2.61 (m)
8a 36.6 (t) 2.66 (m) 36.0 (t) 36.5 (t) 2.68 (m)
9a 144.9 (s) 144.6 (s) 143.0 (s)

10a 119.5 (s) 121.3 (s) 108.6 (d) 6.31 (d, 2.4)
11a 156.8 (s) 159.5 (s) 159.0 (s)
12a 101.4 (d) 6.15 (d, 2.4) 97.9 (d) 6.22 (d, 1.7) 100.2 (d) 6.25 (d, 2.4)
13a 156.6 (s) 156.8 (s) 155.4 (s)
14a 109.6 (d) 6.19 (d, 2.4) 109.7 (d) 6.22 (d, 1.7) 116.3 (s)
3a-OCH3 56.3 (q) 3.79 (s) 56.4 (q) 3.80 (s) 55.3 (q) 3.76 (s)
11a-OCH3 55.8 (q) 3.57 (s) 56.0 (q) 3.68 (s)

a Recorded at 400 and 100 MHz for 1H and 13C NMR in methanol-d4, respectively.
b Recorded at 600 and 150 MHz for 1H and 13C NMR in chloroform-d1, respectively.
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signal (dC 21.4, dH 3.94), it was supposed to be symmetrical molec-
ular with the geometrical axis (center) of the –CH2. The correla-
tions of 1H-1H COSY and HSQC spectra revealed the linkages of
H-2a/H-3a, and H-7a/H-8a. In the HMBC spectra correlations of
the protons dH 3.85 (2H, s) to C-9a, C-10a, and C-11a, and from
H-8a to C-1a, C-10a, and C-14a. Therefore, 4 was identified as
10a,14b-methylene-ditritin, and named as fimbriadimerbibenzyl
D.

Compound 534 obtained as a white power. Its molecular for-
mula C33H36O8 was determined from the positive HR-EIMS (m/z
561.2456 [M+Na]+, calcd for 561.2478). The NMR spectra (Table 2)
were similar to 4 except for the appearance of a methoxy group at
C-11a. This was supported by the HMBC (Fig. 2) correlation from dH

3.85 (2H, s) and dH 3.57 (3H, s) to C-11a. Therefore, the structure of
5 was determined to 10a,10b-methylene-didigantol, named as fim-
briadimerbibenzyl E.

Compound 635 obtained as a white power and gave a molecular
formula of C33H36O8 in HR-ESIMS (m/z 559.2329 [M�H]�, calcd for
559.2337). By comparison of the NMR spectroscopic data with
those of 5 (Table 2), they were very similar except for the location
of this CH2 bridge, which confirmed by the HMBC experiment
(Fig. 2). Therefore, 6 was concluded to be 14a,14b-methylene-
didigantol, named as fimbriadimerbibenzyl F.

Compound 736 obtained as a white power and had a molecular
formula of C33H36O8 in HR-ESIMS (m/z 583.2399 [M+Na]+, calcd for
583.2302). The NMR spectra (Table 3) indicated it was one of iso-
mers of 5 and 6. The HMBC correlations (Fig. 2) from dH 3.82
(2H, s) to C-14a, C-9a, C-13a, C-9b and C-10b, from H-10a to
C-8a, C-11a, C-12a and C-14a, from dH 3.70 (3H, s) and 3.82
(3H, s) to C-11a and C-11b, respectively. Therefore, 7 was eluci-
dated as 14a,10b-methylene-didigantol, named as fimbriadimer-
bibenzyl G.

Compound 837 obtained as an yellow amorphous power and
produced an ion at m/z 244.0728 [M]+ in HREIMS, suggesting a
molecular formula of C14H12O4 (calcd for 244.0736). The 1H NMR
spectrum displayed a 1,2,3-trisubstituted ring [dH 7.14 (1H, dd,
J = 7.8, 7.0 Hz, H-7), 7.11 (1H, dd, J = 7.0, 1.3 Hz, H-8), 6.88 (1H,
dd, J = 7.8, 1.3 Hz, H-6)], a 1,2,3,5-tetra-substituted ring [dH 6.38
(d, J = 2.4 Hz, H-3), 6.35 (d, J = 2.4 Hz, H-1)], one methylene group
[dH 2.78 (1H, dd, J = 14.0, 4.0 Hz, H-10 eq) and 2.64 (1H, dd,
J = 14.0, 10.0 Hz, H-10ax)], and one oxygenated methine [dH 4.56
(1H, dd, J = 10.0, 4.0 Hz, H-9)]. The 13C NMR and DEPT spectra of
8 exhibited a methylene, five olefinic methines, one oxygenated
methine, and seven olefinic quaternary carbons assigned in Table 4.
Its 1H and 13C NMR data were similar to those of 2,5,9-trihydroxy-
4-methoxy-9,10-dihydrophenanthrene (Plicatol C),38 except that
the resonance of an aromatic methoxy (C-4) was replaced by a
hydroxyl group. This deduction was further confirmed by HMBC
correlations (Fig. 2) from H-9 to C-10a, C-4b, C-8 and C-8a, from
H-10 to C-1 and C-1a; and 1H-1H COSY correlations of H-9/H-10
and H-6/H-7/H-8. Furthermore, electronic circular dichroism
(ECD) calculations and molecular orbitals (MO) analysis were used
to assign the absolute configuration of C-9S. Thus, its structure was
elucidated as (S)-2,4,5,9-tetrahydroxy-9,10-dihydrophenanthrene.

The cytotoxic activity of these fourteen bibenzyl derivatives
(1–7, 9–15) were evaluated against human HL-60, SMMC-7721,
A549, MCF-7 and SW480 cell lines. Among them, those new types
of bibenzyl dimer, compounds 1, 2, 5, 6 and 7 exhibited broad-
spectrum and moderate cytotoxicity with IC50 values range from
5.85 to 21.23 lM. Furthermore, compounds 9 and 10 exhibited
broad-spectrum and good cytotoxicity with IC50 values range from
2.2 to 12.3 lM. The bioassay results indicated that rich bibenzyls in
D. fimbriatum exert the basic chemicals for the traditional usage of
this herbal medicine. Compound 3 exhibited HL-60 and MCF-7 cell
lines, having IC50 values of 22.33 and 24.84 lM, respectively. Com-
pound 11 showed moderate cytotoxicities against HL-60 cell line



Table 4
1H and 13C NMR spectroscopic data of compound 8 in methanol-d4

No dC dH dC dH

1 110.0 (d) 6.38 (1H, d, 2.4) 8 118.1 (d) 7.11 (1H, dd, 7.0, 1.3)
2 154.9 (s) 9 69.9 (d) 4.56 (1H, dd, 10.0, 4.0)
3 104.1 (d) 6.35 (1H, d, 2.4) 10 40.8 (t) 2.81 (1H, dd,14.0, 4.0, eq)
4 158.8 (s) 2.73 (1H, dd, 14.0, 10.0, ax)
5 152.9 (s) 4a 113.5 (s)
6 118.1 (d) 6.88 (1H, dd, 7.8, 1.3) 4b

8a
121.3 (s)
143.4 (s)

7 128.3 (d) 7.14 (1H, dd, 7.8, 7.0) 10a 139.6 (s)

Table 5
Cytotoxicity of compounds isolated from the stems of Dendrobium fimbriatum Hook
(IC50

a values; lM; n = 3)

Compounds
HL-60 SMMC-7721 A-549 MCF-7 SW480

1 16.13 18.27 16.34 12.67 17.15
2 15.79 16.63 15.55 12.06 18.19
3 22.33 >40 >40 24.84 >40
5 13.94 16.94 14.49 5.85 18.79
6 19.08 17.47 16.64 13.67 18.83
7 16.81 18.89 16.49 7.75 21.23
9 2.18 4.07 5.73 6.20 6.88
10 2.95 10.10 6.60 12.27 5.17
11 24.32 >40 >40 37.12 >40
Cisplatinb 1.24 5.58 8.55 13.42 12.10

a IC50 is defined as the concentration that resulted in a 50% decrease in cell
number.

b Cisplatin was used as a position control.
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and weak cytotoxicities against MCF-7 cell line, having IC50 values
of 24.32 and 37.12 lM, respectively. Others showed no cytotoxic
activities up to a highest concentration of 40 lM in the cell lines
tested (Table 5).

To the best of our knowledge, an acyclic bis[bibenzyl] with an
aliphatic methylene bridge is rarely reported ever and this is the
first example of compounds fimbriadimerbibenzyl A–G (1–7) from
the plant of Orchidaceae. This type of compound has only provided
14,140 methylene-diDR in the biotransformation experiment.30

Considering the ecological habitat and a large of the bibenzyl com-
pounds in D. fimbriatum Hook, it might be of the consequence of
entophytes. The activity of those compounds in inhibiting tumor
cell growth in vitro decreased as the number of oxygen-containing
groups in the structure decreases. The ethno usage of the plant was
supported by multiple bibenzyl components including those bib-
enzyl dimer.
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