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Abstract: Two new bibenzyl compounds 4,4',5-trihydroxy-3,3',a-trimethoxybibenzyl (1) and 4,5-dihydroxy-3,
3'.4' a-tetramethoxybibenzyl (2), along with seven known compounds (3-9), were isolated from the methanol
extract of the whole parts of Dendrobium lindleyi. The chemical structures were established on the basis of
spectroscopic analysis including one and two-dimensional NMR spectroscopy and comparison with previously
reported data.
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1. Plant source

Dendrobium lindleyi (Orchidaceae), mainly distributed among southwest region of China, is not
only an ornamental but also a medicinal plant [1]. The plant was collected from Lincang City, Yunnan
province, People’s Republic of China, in July 2017, and identified as D. lindleyi by Prof. Fa-Ming Wu,
Zunyi Medical University. A voucher specimen (ZMCNO. 20170716) was deposited with the
herbarium of the School of Pharmacy, Zunyi Medical University.

2. Previous Studies

No systematic chemical constitution investigation studies have been reported so far for
Dendrobium lindleyi. Previous phytochemical investigations on Dendrobium showed that
phenanthrenes, bibenzyls, alkaloids, fluorenones, sesquiterpenoids, and caffeoylglucose compounds
were the main composition [2-7].
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3. Present Study

Dried and powdered whole parts of D. lindleyi (705 g) was extracted with 90% methanol under
reflux three times (each 3 h) to give an extract (66 g), which was suspended in H>O (2 L) and extracted
with petroleum ether (3%2 L), EtOAc (3x2 L) and n-BuOH (3x2 L) successively. After removing the
solvent to obtain the petroleum ether extract (6 g), the ethyl acetate extract (8 g) and the n-butanol
extract (13 g), respectively. The petroleum ether extract and ethyl acetate extract were combined and
separated by silica gel medium pressure CC (49x460 mm, petroleum ether-acetone 10:1—1:1) to give
twenty fractions (Fr.1-20). Fr.13 was purified by semi-preparative HPLC eluted with 70% methanol
(5.0 mL/min) to afford four subfractions (Fr.13.1-13.4), Fr.13.1 was further separated by semi-
preparative HPLC eluted with 60% methanol (4.0 mL/min) to obtain 4,4'-dihydroxy-3,3',5-
trimethoxybibenzyl (21.3 mg) [8] and 3',4-dihydroxy-3,4',5-trimethoxybibenzyl (22.1 mg) [9]. Fr.13.2
was further separated by semi-preparative HPLC eluted with 45% methanol (6.0 mL/min) to obtain
4' 5-dihydroxy-3,3'-dimethoxybibenzyl (7.8 mg) [10]. Fr.13.3 was further separated by semi-
preparative HPLC eluted with 60% methanol (6.0 mL/min) to give 7-hydroxy-2,8-dimethoxy-1,4-
diphenanthraquinone (2.0 mg) [11]. Fr.17 was purified by semi-preparative HPLC eluted with 80%
methanol (3.0 mL/min) to afford four subfractions (Fr.17.1-17.4), Fr.17.2 was further separated by
semi-preparative HPLC eluted with 60% methanol (6.0 mL/min) to give compounds 1 (8.1 mg) and 2
(2.0 mg). Fr.17.4 was further separated by semi-preparative HPLC eluted with 65% methanol (5.0
mL/min), to obtain 7-hydroxy-2-methoxy-1,4-diphenanthraquinone (1.6 mg) [12]. Fr.6 was purified
by semi-preparative HPLC eluted with 98% methanol (4.0 mL/min) to give 2,4-di-tert-butyl phenol
ether (13.2mg) [13]. Fr.5 was purified by recrystallization to give g-sitosterol (15.0 mg) [14].

4,4' 5-trihydroxy-3,3", a-trimethoxybibenzyl (1): Brown gum; *H NMR (400 MHz, CDCls) éw: 2.75 (1H,
dd, J =13.4 Hz, 5.7 Hz, H-a'), 2.97 (1H, dd, J = 13.4 Hz, 7.3 Hz, H-a), 3.17 (3H, s, a-OMe), 3.77 (3H,
s, 3-OMe), 3.80 (3H, s, 3-OMe), 4.12 (1H, m, H-a), 6.30 (1H, br.s, H-2), 6.47 (1H, br.s, H-6), 6.53
(1H, br.s, H-2"), 6.59 (1H, br.d, J = 8.0 Hz, H-6"), 6.76 (1H, d, J = 8.0 Hz, H-5'); **C NMR (100 MHz,
CDCl3) dc: 44.6 (CHz, C-a'), 56.1 (CHs, 3'-OMe), 56.4 (CHs, 3-OMe), 56.9 (CHs, a-OMe), 85.5 (CH,
C-a), 101.7 (CH, C-2), 107.6 (CH, C-6), 112.5 (CH, C-2'), 114.1 (CH, C-5", 122.3 (CH, C-6'), 130.6
(C,C-1),131.9 (C, C-4), 133.8 (C, C-1), 143.9 (C, C-4'), 144.1 (C, C-5), 146.2 (C, C-3'), 147.1 (C, C-
3); HR-ESI-MS: m/z 319.1164 [M-H]" (calcd. for C17H190s ™, 319.1182).

4,5-dihydroxy-3,a, 3" 4"-tetramethoxybibenzyl (2): Brown gum; *H NMR (400 MHz, CDCls) Ju: 2.78
(1H, dd, J = 13.7 Hz, 5.8 Hz, H-a), 2.99 (1H, dd, J = 13.7 Hz, 7.3 Hz, H-a), 3.18 (3H, s, a-OMe),
3.77 (3H, s, 3-OMe), 3.80 (3H, s, 3-OMe), 3.82 (3H, s, 4'-OMe), 4.13 (1H, br.t, J = 6.5 Hz, H-a), 6.31
(1H, br.s, H-2), 6.48 (1H, br.s, H-6), 6.57 (1H, br.s, H-2", 6.63 (1H, br.d, J = 8.1 Hz, H-6"), 6.73 (1H,
d, J = 8.1 Hz, H-5); **C NMR (100 MHz, CDCls) dc: 44.5 (CH2, C-o'), 55.9 (CHs, 3'-OMe), 56.0
(CHjs, 4-OMe), 56.4 (CHs, 3-OMe), 56.9 (CHs, a-OMe), 85.4 (CH, C-a), 101.6 (CH, C-2), 107.6 (CH,
C-6), 111.0 (CH, C-5", 113.0 (CH, C-2", 121.6 (CH, C-6"), 131.3 (C, C-1", 131.8 (C, C-4), 133.8 (C,
C-1), 143.8 (C, C-5), 147.1 (C, C-3), 147.5 (C, C-4"), 148.6 (C, C-3); HR-ESI-MS: m/z 333.1336
[M—H] (calcd. for C1gH2106 -, 333.1338).

Figure 1. The structures of compounds 1 and 2
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Compound 1 was obtained as a brown gum. Its molecular formula was determined to be
Ci7H2006 on the basis of HR-ESI-MS at m/z 319.1164 [M-H], (calcd for Ci7H190¢, 319.1182),
indicating 8 degrees of unsaturation. The IR (KBr) spectrum showed absorption band due to hydroxyl
group (3420 cm?). The *H NMR spectrum showed the presence of an aromatic ring AMX system
signals at on 6.59 (1H, br d, J = 8.0), 6.76 (1H, d, J = 8.0 Hz), and 6.53 (1H, br s), two meta-coupled
proton signals at 64 6.30 (1H, br. s) and 6.47 (1H, br. s), three methoxyl singlet peaks at o 3.80, 3.77,
and 3.17 (each 3H, s), an oxygenated multiplet peak at o 4.12 (1H, m), as well as two mutual coupled
proton signals at on 2.75 (1H, dd, J = 13.4, 5.7 Hz) and 2.97 (1H, dd, J = 13.4, 7.3 Hz). The *C NMR
and HSQC spectra exhibited 17 carbon signals, including twelve aromatic down-field signals at dc
101.7-147.1, an oxygenated tertiary carbon signal at Jc 85.5, three methoxyl signals at Jc 56.1, 56.4,
56.9, and a secondary carbon signal at oc 44.6. These NMR data above showed that compound 1 has a
bibenzyl skeleton [10]. The HMBC correlations (Figure 2) of H-a (dn 4.12) with C-o', with C-2, with
C-6, with C-1', with C-6', and H-2 (Jn 6.30) with C-4, with C-6, H-6 (on 6.47) with C-4, H-5' (Jn 6.76)
with C-1' and with C-4', OCH3 (dn 3.17) with C-a (dc 85.5) indicated that one methoxyl was located at
C-a.. The HMBC correlations of OCHs (on 3.80) to C-3 (d¢c 147.1), H-2 to C-3, OCH3 (o1 3.77) to C-3'
(6c 146.2), H-2' to C-3', H-5' to C-3', positioned the another two OCHj3 at C-3 and C-3', respectively.
Compound 1 was presumed to be a mixture of enantiomers, because its optical rotation value was
approximate to zero [15]. The structure of compound 1 was identified already from D. loddigesii
Rolfe. in a patent, but the spectral data were no reported in detail. Accordingly, the structure of
compound 1 was established as 4,4',5-trihydroxy-3,3',a-trimethoxybibenzyl.
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Figure 2. Key HMBC correlations of compounds 1 and 2

Compound 2 was obtained as a brown gum. Its molecular formula was determined to be
CigH2206 on the basis of HR-ESI-MS at m/z 333.1336 [M-H], (calcd for CigH210¢, 333.1338),
indicating 8 degrees of unsaturation. The IR (KBr) spectrum showed absorption band due to hydroxyl
group (3420 cm™). The 'H NMR spectrum showed the presence of an aromatic ring ABX system, two
meta-coupled proton signals, four methoxyl signals, an oxygenated methylene signal, as well as two
mutual coupled proton signals. The *C NMR and HSQC spectra exhibited 18 carbon signals,
including twelve aromatic down-field signals at dc 101.6-148.6, an oxygenated tertiary carbon signal
at oc 85.4, four methoxyl signals at oc 55.9, 56, 56.4, 56.9, and a secondary carbon signal at Jc 44.5.
These NMR data above were very similar to compound 1 except for the addition of a methoxyl signal.
The HMBC correlations (Figure 2) of H-o (dn 4.13) to C-a', to C-2, to C-6 and H-5' (dn 6.73) to C-1',
to C-3', OCHjs (0w 3.18) to C-a (¢ 85.4) indicated that one methoxyl was located at C-a. The HMBC
correlations of OCH3 (dw 3.80) to C-3 (dc 147.1), H-2 to C-3, OCHjs (0w 3.77) to C-3' (oc 148.6), H-2'
to C-4', to C-6', to C-a', H-5' to C-1', to C-3', positioned another three OCH3; at C-3, C-3', and C-4,
respectively. Compound 2 was also presumed to be a mixture of enantiomers, as its optical rotation
value was approximate to zero. Accordingly, the structure of compound 2 was established as 4,5-
dihydroxy-3,a,3',4'-tetramethoxybibenzyl.

Compounds 1 and 2 were new secondary metabolites of Dendrobium, and bibenzyl compounds
were distributed widely in the stems and leaves of Dendrobium [16]. 4,4'-Dihydroxy-3,3',5-
trimethoxybibenzyl and 3',4-dihydroxy-3,4',5-trimethoxybibenzyl were reported only from the genus
Dendrobium [8,9], and it could be used as a chemotaxonomic marker to differentiate Dendrobium
from other species of Orchidaceae. 4',5-Dihydroxy-3,3'-dimethoxybibenzyl was reported from the
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genera Dendrobium [10,17], Bletilla [18], and Pholidota [19] of Orchidaceae. 7-Hydroxy-2,8-
dimethoxy-1,4-diphenanthraquinone was only reported from the genera Dendrobium [11] and
Cypripedium [20] of Orchidaceae. 7-Hydroxy-2-methoxy-1,4-diphenanthraquinone was only reported
from the genera Dendrobium [12,21] and Bletilla [22] of Orchidaceae. 2,4-Di-tert-butyl phenol ether
was dimer phenol derivate with unusual di-tert-butyl substituent. To the best of our knowledge, these
have only been identified from the genera Dendrobium [23], Bletilla [24], Pholidota [25] of
Orchidaceae. These bibenzyl and diphenanthraquinones compounds could be used as potential
chemotaxonomic markers for species of Orchidaceae. S-Sitosterol occurs extensively in plant kingdom,
and it’s of little chemotaxonomic value.

Acknowledgments

This work was financially supported by the State Key Laboratory of Functions and
Applications of Medicinal Plants, Guizhou Medicial University (No. FAMP201902K); Science and
Technology Department of Guizhou Province (QKHRCPT[2017]5101, QKHJC[2020]1Y402).

Supporting Information

Supporting Information accompanies this paper on http://www.acgpubs.org/journal/records-
of-natural-products

ORCID

Zhimei Shang: 0000-0002-8346-2678
Xiaofei Li: 0000-0003-2409-9132
Shiji Xiao: 000-0002-2420-0790

References

[1] Z.H. Ji (1999). In Chinese Flora (Zhongguo Zhiwu Zhi); Science Press: Beijing, 19, 78-78.

[2] S.J. Xiao, Z. Liu, M. S. Zhang, Y. Z. Chen, X. Q. Nie, J. Y. Zhang, Y. Q. He and J. S. Shi (2016). A new
bibenzyl compound from Dendrobium nobile, Acta. Pharmacol. Sin. 51, 1117-1120.

[3] L. L. Wu, Y. Lu, Y. L. Ding, J. R. Zhao, H. Xu and G. X. Chou (2019). Four new compounds from
Dendrobium devonianum, Nat. Prod. Res. 33, 2160-2168.

[4] R. Limpanit, T. Chuanasa, K. Likhitwitayawuid, V. Jongbunprasert and B. Sritularak (2016). o-
glucosidase inhibitors from Dendrobium tortile, Rec. Nat. Prod. 10, 609-616.

[5] G. Y. Liu, L. Tan, L. Cheng, L. S. Ding, Y. Zhou, Y. Deng, Y. Q. He, D. L. Guo and S. J. Xiao (2020).
Dendrobine-type alkaloids and bibenzyl derivatives from Dendrobium findlayanum, Fitoterapia 142,
104497-104502.

[6] X. H. Li, L. Guo, C. Peng, J. H. Bian, T. M. Zhang, C. J. He, Q. M. Zhou and L. Xiong (2016). A new
8',9'-dinor 8,4’-oxyneolignan glucoside from Dendrobium aurantiacum var. Denneanum, Rec. Nat. Prod.
10, 113-116.

[7] X. Zhang, H. Gao, N. L. Wang and X. S. Yao (2006). Three new bibenzyl derivatives from Dendrobium
nobile, J. Asian. Nat. Prod. Res. 8, 113-118.

[8] F. Q. Xu, F. C. Xu, B. Hou, W. W. Fan, C. T. Zi, Y. Li, F. W. Dong, Y. Q. Liu, J. Sheng, Z. L. Zuo and J.
M. Hu (2014). Cytotoxic bibenzyl dimers from the stems of Dendrobium fimbriatum Hook, Bioorg.
Med. Chem. Lett. 24, 5268-5273.

[9] C. Q. Fan, W. Wang, Y. P. Wang, G. W. Qin and W. M. Zhao (2001). Chemical constituents from
Dendrobium densiflorum, Phytochemistry 57, 1255-1258.

[10] Z. D. Min, T. Tanaka, M. linuma and M. Mizuno (1987). A new dihydrostilbene in Dendrobium
chrysanthum, J. Nat. Prod. 50, 1189-1189.

[11] C. Q. Fan, W. M. Zhao and G. W. Qin (2000). New bibenzyl and phenanthrenedione from Dendrobium
densiflorum, Chin. Chem. Lett. 11, 705-706.


http://www.acgpubs.org/journal/records-of-natural-products
http://www.acgpubs.org/journal/records-of-natural-products
https://orcid.org/0000-0002-8346-2678
http://orcid.org/0000-0003-2409-9132
https://orcid.org/0000-0002-2420-0790

[12]
[13]
[14]

[15]

[16]
[17]

(18]

[19]
[20]
[21]

[22]

[23]
[24]

[25]

Two new bibenzyl compounds from Dendrobium lindleyi 420

B. N. Sun, H. D. Shen, H. X. Wu, F. Cui, L. X. Yao and Z. Q. Cheng (2014). Chemical constituents of
Onchidium struma from Chongming island, Nat. Prod. Res. Dev. 26, 987-989.

S. J. Xiao, D. L. Guo, D. H. He, B. Xia, F. Chen, L. S. Ding and Y. Zhou (2016). Chemical constituents
of Clematoclethra scandens subsp. actinidioides, Chin. Tradit. Herb. Drugs. 47, 383-387.

P. M. Giang, V. M. Trang, D. T. V. Huong, S. Kawakami and H. Otsuka (2019). Thymol derivatives
from Eupatorium fortunei, Rec. Nat. Prod. 13, 434-439.

X. H. Li, X. H. Han, L. L. Qin, J. L. He, Z. X. Cao, Y. C. Gu, D. L. Guo and Y. Deng (2019).
Isochromanes from Aspergillus fumigatus, an endophytic fungus from Cordyceps sinensis, Nat. Prod.
Res. 33, 1870-1875.

Y. Li, Y. Wang and L. Chen (2016). Antioxidant bibenzyls, phenanthrenes, and fluorenones from
Dendrobium chrysanthum, Chem. Nat. Compd. 52, 90-92.

G. Ren, W. Z. Deng, Y. F. Xie, C. H. Wu, W. Y. Li, C. Y. Xiao and Y. L. Chen (2020). Bibenzyl
derivatives from leaves of Dendrobium officinale, Nat. Prod. Commun. 15, 1-5.

S. Jiang, K. Wan, H. Y. Lou, P. Yi, N. Zhang, M. Zhou, Z. Q. Song, W. Wang, M. K. Wu and W. D. Pan
(2019). Antibacterial bibenzyl derivatives from the tubers of Bletilla striata, Phytochemistry 162, 216-
223.

B. Li, Z. Ali, M. Chan, J. Li, M. Wang, N. Abe, C. R. Wu, I. A. Khan, W. Wang and S. X. Li (2017).
Chemical constituents of Pholidota cantonensis, Phytochemistry 137, 132-138.

H. Schmalle and B. M. Hausen (1979). A new sensitizing quinone from lady slipper (Cypripedium
calceolus), Naturwissenschaften 66, 527-528.

D. N. Chen, Y. P. Wu, Y. J. Chen, W. J. Liu, J. X. Wang, F. He and L. Jiang (2017). Two new stilbenoids
from aerial parts of Flickingeria fimbriata, J. Asian. Nat. Prod. Res. 21, 117-122.

C. W. Lin, T. L. Hwang, F. A. Chen, C. H. Huang, H. Y. Hung and T. S. Wu (2016). Chemical
constituents of the rhizomes of Bletilla formosana and their potential anti-inflammatory activity, J. Nat.
Prod. 79, 1911-1921.

P. L. Majumder and R. C. Sen (1987). Moscatilin, a bibenzyl derivative from the orchid Dendrobium
moscatum, Phytochemistry 26, 2121-2124.

K. W. Woo, J. E. Park, S. U. Choi, K. H. Kim and K. R. Lee (2014). Phytochemical constituents of
Bletilla striata and their cytotoxic activity, Nat. Prod. Sci. 20, 91-94.

S. Yao, C. P. Tang, X. Q. Li and Y. Ye (2008). Phochinenins A-F, dimeric 9,10-dihydrophenanthrene
derivatives, from Pholidota chinensis, Helv. Chim. Acta. 91, 2122-2129.

ACG

publications
© 2020 ACG Publications



	References

