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ABSTRACT:

In the aim to evaluate the functional food property of Cinnamomum bejolghota, seven new
lignans and neolignans, bejolghotins A—-G (1-4 and 9-11), along with 14 known ones (5-8 and
12-21), were isolated and their structures including absolute configurations were elucidated by
extensive spectroscopic data and electronic circular dichroism analyses. All the isolates were
tested for antioxidant and human cancer cell proliferation inhibitory activities. 20 compounds
showed comparable antioxidant activity to the positive controls, and 3 ones significantly
inhibited the growth of three cancer cell lines HCT-116, A549 and MDA-MB-231 with ICs,

values of 0.78-2.93 uM, which confirmed its health benefits.

KEYWORDS: Cinnamomum bejolghota, lignans, neolignans, antioxidant activity, human

cancer cell proliferation inhibition
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INTRODUCTION

The genus Cinnamomum, one of the largest genera of Lauraceae, contained about 250 species
distributed in tropical and subtropical Asia, Australia, and Pacific islands.! Many Cinnamomum
species are grown in commerce with high economic value. Amongst, the most well-known
species are C. zeylanicum and C. cassia with their bark (especially inner bark, also called
cinnamon), leaves and essential oils are widely used for spices and condiments in food, including
bakery, desserts cuisines and drinks,>® such as cinnamon rolls served commonly in Northern
Europe and North America. Plenty of studies about the volatile oils distilled from the various
parts of plants in Cinnamomum genus have been carried out, which resulted in the report of a
large number of natural products such as sesquiterpenoids®*°~13, monoterpenoids+%19.12.13 and
phenylpropanoids> 41013 with diverse biological activities including antiinflammatory?°,
antityrosinase'?, hepatoprotective!!, antioxidant>*!2 and hypoglycemic activities!3. In addition,
many Cinnamomum species have been also used as traditional medicines worldwidely, and
phytochemical investigations on them have led to the discovery of a series of secondary
metabolites such as butanolides!*!5, phenolic compounds>!®!7,  sesquiterpenoids® '3,
diterpenoids’'%?0, neolignans>2'22, lignans?> and flavonoids>%2?> with diverse bioactivities,
including antioxidant’, antimicrobial®, antimigratory'4, tyrosinase-inhibitory!’, cytotoxic!'4!518,
immunostimulative’-1%2%, antiinflammatory%2! and neuroprotective?? activities.

Cinnamomum bejolghota (Buch.-Ham.) Sweet, a small- to large-sized evergreen tree,
distributed widely in South China and Southeast Asia.! It’s worthy to note that its leaves, bark
and panicle are all aromatic. It’s also called as indigenous cinnamon, false cinnamon or mountain
cinnamon and its barks have been used as spices in China.! In India, it had different local names

like “Pati-Hunda”, “Naga-dalchini”, “Seerang-esing”, “Sami-jong” and “Tejpat-manbi”.?* Also,
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its barks were sold at the local markets and used as traditional spices in some region, while its
leaves were used for preparing a kind of rice-beer called “Apong” in some ethnic societies.?>*
On the other hand, it has been used as a medicinal plant for treating cough, cold, toothache and
liver complaints.?>?> Similarly, the essential oils of the leaves, bark, flower and panicle of C.
bejolghota have been investigated by GC and GC/MS,?324 along with their antihyperglycemic,
antibacterial and antifungal activities.?>*¢ Except of those essential oil studies and very limited
preliminary pharmacognostic evaluation on its bark collected from India, there were no any
reports about the detailed nonvolatile components and their bioactivities of this plant. In this
study the leaves and twigs of C. bejolghota were investigated to evaluate its chemical
constituents by using in vitro antioxidant and human cancer cell proliferation inhibitory
bioassays, which resulted in the isolation and characterization of seven new (1—4 and 9—11) and
fourteen known (5—8 and 12—21) lignans and neolignans. 20 compounds showed comparable
antioxidant activity to the positive controls in DPPH assay and 6 ones displayed human cancer
cell proliferation inhibition against three cancer cell lines including 3 ones with strong activity
comparable to the positive control. This was the first time to report the isolation of chemical

constituents from C. bejolghota and this study confirmed its functional food property.
MATERIALS AND METHODS

Safety. There were no safety concerns associated with this study.

General Experimental Procedures. Optical rotations were measured with a Rudolph
Autopol I automatic polarimeter. UV spectra were measured using an Agilent Cary60
spectrophotometer. IR spectra were obtained on a Bruker TENSOR 27 spectrometer using KBr
disks. NMR spectra were performed on an Agilent DD2 600 MHz instrument. Semi-preparative

HPLC was performed on a Waters 1525 pump equipped with a Waters 2489 detector and an
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YMC-pack ODS-A column (10 x 250 mm, S-5 um, 12 nm). HRESIMS were recorded on a
Bruker SolariX 7.0T instrument. Column chromatography (CC) was performed using silica gel
(200-300 mesh, Qingdao Haiyang Chemical Co., Ltd.), MCI gel (CHP20P, 75-150 um,
Mitsubishi Chemical Industries Ltd.) and Sephadex LH-20 (Amersham Biosciences, Sweden).
Thin-layer chromatography (TLC) was conducted on silica gel 60 GF254 plates (Qingdao
Haiyang Chemical Co., Ltd.). All solvents used were purchased from Cheng Du Chron
Chemicals Co., Ltd. 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 1,1-
Diphenyl-2-picrylhydrazine (DPPH), L-ascorbic acid and butylatedhydroxytoluene (BHT) were
purchased from Sigma-Aldrich Chemical Company (St. Louis, MO). Fetal bovine serum (FBS)
and DMEM (Hyclone) medium were purchased from Gibco BRL (Grand Island, NY, USA).
Human cancer cell lines HCT-116 (colon), MDA-MB-231 (breast) and A549 (lung), and human
normal cell lines BEAS-2B and L02 were purchased from Shanghai Cell bank of Chinese
Academy of Sciences (Shanghai, China).

Plant Material. The leaves and twigs of Cinnamomum bejolghota were collected from
Xishuangbanna Tropical Botanical Garden, Yunnan Province, China, in May, 2017 and
authenticated by Professor You-Kai Xu of Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences. A voucher specimen has been deposited in School of Pharmaceutical
Sciences, Chongqing University (Accession number CRZ2017CBS).

Extraction and Isolation. The air-dried leaves and twigs of C. bejolghota (10.0 kg) were
powdered and extracted with 95% EtOH (4 x 35 L, 3 days each time) at room temperature. The
solvent was concentrated under reduced pressure to obtain a crude extract (1.2 kg), which was
suspended in H,O (2 L) and successively partitioned with petroleum ether (PE, 5 x 2 L), EtOAc

(5 x 2 L), and n-BuOH (5 x 2 L). The PE and EtOAc extracts were combined together (370 g)
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96  based on the similar TLC profiles and then fractionated by a silica gel column chromatography
97  (CC) eluted with gradient CH,Cl,-MeOH (100:1, 50:1, 25:1, 10:1, 5:1, 3:1, 2:1, 1:1, 1:3, each 1
98 L, v/v) to afford six fractions (A—F). Fractions C (14.8 g), D (19.1 g) and E (38.1 g) were
99  chromatographed on a MCI gel column eluted with MeOH-H,O (7:3, 8:2, 9:1, 10:0, each 1 L,
100  v/v) to produce subfractions C1—C2, D1-D3, E1-E4, respectively.
101 Fraction C2 (2.2 g) was separated by a silica gel CC eluted with EtOAc-MeOH (50:1, 30:1,
102 10:1, each 1 L, v/v) to get Fr.C2a—Fr.C2c. Fr.C2b (136.2 mg) was purified by semi-preparative
103  HPLC (MeCN-H,O0, 5:5, v/v) to yield 13 (8.0 mg, tg 42.1 min). Fr.C2c (93.0 mg) was separated
104 by a Sephadex LH-20 CC (CH,CI,-MeOH, 1:1, v/v) and then semi-preparative HPLC with
105  MeOH-H,O0 (50:50—80:20, v/v) to obtain 16 (8.0 mg, #gr 30.0 min).
106 Fraction D2 (1.7 g) was separated using a silica gel CC eluted with CH,Cl,-MeOH (50:1,
107  40:1, 30:1, 15:1, 10:1, each 1 L, v/v) to give Fr.D2a—Fr.D2d. Fr.D2b (147.3 mg) was purified by
108 a Sephadex LH-20 CC eluted with CH,Cl,-MeOH (1:1, v/v) and then semi-preparative HPLC
109  with MeOH-H,0 (40:60—80:20, v/v) to yield 10 (2.2 mg, fg 26.8 min), 11 (6.6 mg, tg 29.3 min),
110 12 (5.0 mg, tg 32.9 min) and a mixture (10.0 mg), which was then purified repeatedly by semi-
111 preparative HPLC eluted with MeCN-H,0 (10:90—90:10, v/v) to obtain 9 (6.5 mg, fg 27.5 min).
112 Fr.D2c (184.1 mg) was separated by a Sephadex LH-20 CC eluted with CH,Cl,-MeOH (1:1) to
113 give Fr.D2c1 and Fr.D2c2. Fr.D2cl (108.2 mg) was purified by semi-preparative HPLC eluted
114  with MeOH-H,O (40:60—80:20, v/v) to obtain 14 (30.5 mg, tx 22.8 min) and 15 (19.3 mg,
115  25.1 min). Similarly, Fr.D2¢2 (40.5 mg) produced 7 (3.2 mg, fg 20.9 min) by semi-preparative
116  HPLC with MeCN-H,O0 (30:70, v/v). Fr.D2d (203.5 mg) was purified by a Sephadex LH-20 CC
117  eluted with CH,Cl,-MeOH (1:1, v/v) and then semi-preparative HPLC with MeOH-H,O

118  (40:60—90:10, v/v) to obtain 2 (28.2 mg, g 33.1 min) and a mixture, which was then purified by
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semi-preparative HPLC eluted with MeCN-H,O (40:60, v/v) to yield 1 (5.9 mg, #gx 17.3 min), 3
(8.5 mg, #g 18.3 min) and 4 (7.0 mg, ¢z 18.6 min).

Fraction E1 (1.1 g) was partitioned into Fr.Ela—Fr.Elc by a silica gel CC eluted with
CH,Cl,-MeOH (30:1, 20:1, 10:1, 5:1, each 1 L, v/v). Fr.Ela (172.5 mg) was separated by a
Sephadex LH-20 CC (CH,Cl,-MeOH, 1:1, v/v) to give two subfractions, which were then
purified by semi-preparative HPLC (MeCN-H,0, 20:80, v/v) to yield 17 (9.0 mg, tg 21.4 min),
18 (3.0 mg, tg 26.6 min), 19 (7.0 mg, g 29.2 min) and 20 (4.0 mg, #gr 24.7 min), 21 (5.0 mg,
26.6 min), respectively. Fraction E2 (2.6 g) was separated using a silica gel CC eluted with
CH,Cl,-MeOH (50:1, 40:1, 30:1, 15:1, 10:1, 5:1, each 1 L, v/v) to give Fr.E2a (1080.8 mg) and
Fr.E2b (622.0 mg). Fr.E2b (208.1 mg) was purified by a Sephadex LH-20 CC eluted with
CH,Cl1,-MeOH (1:1, v/v) and then semi-preparative HPLC with MeCN-H,O (25:75—100:0, v/v)
to obtain 5 (4.5 mg, fr 22.3 min) and 6 (4.0 mg, g 23.5 min). Fraction E3 (890.0 mg) was
separated by a silica gel CC eluted with CH,Cl,-MeOH (60:1, 40:1, 30:1, 15:1, 10:1, each 1 L,
v/v) to get Fr.E3a—Fr.E3c. Fr.E3b (140.5 mg) was purified by a Sephadex LH-20 CC (CH,Cl,-
MeOH, 1:1, v/v) and then semi-preparative HPLC (MeOH-H,0, 10:90—100:0, v/v) to yield 8
(2.3 mg, tg 38.2 min).

Bejolghotin A (1): white solid; [a]p?* —24 (¢ 1.2, MeOH); UV (MeOH) /.« (log &) 257
(3.32), 228 (3.61), 200 (3.74); CD (MeOH): Amax (A&) Ars1 (+3.28), Axgg (+3.72), A3p7 (—4.37); IR
(KBr) vmax 3497, 2931, 2311, 1701, 1597, 1512, 1460, 1426, 1328, 1268, 1124, 1032 cm™'; for
'H and '3C NMR data, see Table 1; HRESIMS m/z 785.2743 [M + Na]* (caled for C4;H46014Na,
785.2780).

Bejolghotin B (2): white solid; [a]p?” —15 (¢ 4.2, MeOH); UV (MeOH) .« (log &) 257

(3.54), 228 (3.83), 198 (3.96); CD (MeOH): Amax (A&) 223 (+4.00), Jags (+5.08), A3 (—1.57); IR

7
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(KBr) vmax 3501, 2929, 2853, 1701, 1597, 1513, 1460, 1426, 1329, 1270, 1124, 1031 cm™'; for
'H and '3C NMR data, see Table 1; HRESIMS m/z 783.2605 [M + Na]* (caled for C4;H4404Na,
783.2623).

Bejolghotin C (3): white solid; [a]p?® =12 (¢ 2.2, MeOH); UV (MeOH) Ay (log ¢) 324
(2.60), 280 (2.83), 201 (3.62); CD (MeOH): Amax (A&) Aa3s (+1.74), Jags (—0.29), Azos (+2.11), Z330
(—2.69); IR (KBr) vinax 3507, 2929, 2856, 1709, 1596, 1512, 1460, 1372, 1330, 1269, 1124, 1031
cm™!; for 'H and 3C NMR data, see Table 1; HRESIMS m/z 783.2598 [M + Na]* (calcd for
C41Hy4014Na, 783.2623).

Bejolghotin D (4): white solid; [a]p?® —24 (¢ 1.2, MeOH); UV (MeOH) An.x (log &) 257
(3.36), 228 (3.65), 199 (3.78); CD (MeOH): Anax (A&) A237 (+3.70), Arge (—2.50), A300 (+2.09), 4330
(—1.83); IR (KBr) vinax 3483, 2928, 2856, 1708, 1596, 1512, 1460, 1372, 1329, 1269, 1123, 1030
cm™!; for 'H and 3C NMR data, see Table 1; HRESIMS m/z 783.2615 [M + Na]* (calcd for
C41H44014Na, 783.2623).

Bejolghotin E (9): white solid; [a]p** —14 (¢ 2.4, MeOH); UV (MeOH) 1.« (log €) 327
(1.24), 285 (1.24), 199 (2.37); CD (MeOH): Apax (A8) Aas7 (+4.32), Asos (+2.83), Aaus (—2.46); IR
(KBr) vinax 3499, 3057, 2930, 2855, 1706, 1596, 1514, 1460, 1372, 1328, 1267, 1159, 1123, 1032
cm™!; for 'H and 3C NMR data, see Table 2; HRESIMS m/z 785.2752 [M + Na]* (calcd for
C41Hy6014Na, 785.2780).

Bejolghotin F (10): white solid; [a]p?®> —40 (¢ 0.7, MeOH); UV (MeOH) A (log ) 329
(1.15), 283 (1.10), 203 (2.14); CD (MeOH): Amax (A8) 237 (+3.79), Aags (—1.78), Z330 (~3.38); IR
(KBr) vinax 3363, 2928, 2856, 1705, 1607, 1516, 1461, 1375, 1322, 1262, 1214, 1160, 1108, 1033
cm™!; for 'H and *C NMR data, see Table 2; HRESIMS m/z 635.2093 [M + Na]" (calcd for

C32H36012Na, 6352099)

8
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Bejolghotin G (11): white solid; [a]p?® —60 (¢ 0.15, MeOH); UV (MeOH) Ay (log €) 326
(4.38), 285 (4.24), 206 (5.09); CD (MeOH): Anax (A&) Aazo (+2.71), 2260 (—0.88), 4335 (—2.21); IR
(KBr) vinax 3425, 2930, 2852, 1700, 1604, 1515, 1460, 1428, 1370, 1319, 1271, 1243, 1215, 1175,
1115, 1058, 1032 cm™!; for 'H and '3C NMR data, see Table 2; HRESIMS m/z 619.2160 [M +
Na]* (calcd for C3;H3604;Na, 619.2150).

Antioxidant Assay. The antioxidant activity was performed by evaluating the ability to
scavenge the DPPH radical according to previous publication.>?” All the test samples (the
isolates and positive controls, L-ascorbic acid and BHT) were dissolve in EtOH to get stock
solutions (1 mM). Various concentrations of test samples (20 uL), which were prepared by series
dilution of the stock solutions, were added to 150 xM DPPH in EtOH (180 uL). The mixture was
shaken and then incubated for 30 min in darkness at 37 °C. The absorbance was read at 517 nm
and each sample was tested in triplicate.

Human Cancer Cell Proliferation Inhibitory Assay. The isolates and positive control
(adriamycin) were assayed for growth inhibition using HCT-116 (colon carcinoma), A549
(lung), and MDA-MB-231 (breast) human cancer cell lines and BEAS-2B (bronchial epithelial)
and LO2 (liver) human normal cell lines as per published method.?® The samples were dissolved
in DMSO (10 mM) and further diluted with DMEM medium to obtain stock solutions with the
final desired concentration. Eight different concentrations of test samples (100 uL), which were
prepared by series dilution of the stock solutions, were added to each well containing the test
cancer cell line (100 uL). After incubation under 5% CO, for 48 h, an aliquot (25 uL) of MTT
solution (1 mg/mL) was added to each well, and the plates were incubated for another 3 h. After

removing the medium, DMSO (200 xL) was added to each well and then the plates were shaken.
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Optical density was measured at 570 nm and each sample was tested in triplicate to calculate the

1Cso values.
RESULTS AND DISCUSSION

Purification and structural elucidation afforded 21 pure isolates (Figure 1), including 7 new (1—4
and 9—11) and 14 known (5-8 and 12—21) compounds, which were then classified as 9 lignans
(9—17) and 12 neolignans (1-8 and 18—21). On the other hand, all the isolates could be further
categorized as lignans (11-13 and 17), sesquilignans (9, 10 and 16), dilignans (14 and 15),
neolignans (7, 8, 18—-21) and sesquineolignans (1—6). New compounds were elucidated by
extensive spectroscopic data and electronic circular dichroism analyses, while known
compounds were identified by comparing their spectroscopic data with literatures. All the
isolates were evaluated for in vitro antioxidant activity by DPPH assay and human cancer cell
proliferation inhibition by MTT method, respectively.

Compound 1 possessed a molecular formula C4H4O;4 according to HRESIMS m/z
785.2743 [M + Na]® (caled for C41H4O14Na, 785.2780), corresponding to 19 degrees of
unsaturation (DOUs). The IR spectrum indicated the presence of hydroxy (3497 cm™), carbonyl
(1706 cm™!) and aromatic (1597, 1512 and 1460 cm™!) groups. The 'H and '*C NMR (Table 1)
together with HSQC spectrum showed the presence of an ester carbonyl (d¢c 167.1, C-9""), one
set of trans-configurated double bond [y 7.50 (dd, J = 15.9 Hz), oc 144.8, CH-7""; oy 6.23 (d, J
= 15.9 Hz), oc 115.7, CH-8"], four aromatic units including two 1,3,4-trisubstituted [0y 7.00 (s,
H-2"), 6.90 (d, J = 8.1 Hz, H-5"") and 7.02 (d, J = 8.1 Hz, H-6""); dy 6.99 (d, J = 1.8 Hz, H-2"),
6.91 (dd, J = 8.1, 1.8 Hz, H-5") and 6.77 (d, J = 8.1 Hz, H-6")] and two 1,3,4,5-tetrasubstituted
[0 6.69 (3BH, s, H-2, 6); oy 6.67 (s, H-2") and 6.69 (s, H-6")], five methoxy groups, three
oxygenated methines [0y 5.58 (d, J = 7.3 Hz), d¢ 87.9, CH-7; oy 4.87 (brs), oc 71.7, CH-7"; oy

10
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4.55 (m), oc 83.4, CH-8"], three oxygenated methylenes [dy 4.45 (dd, J=11.9, 7.6 Hz) and 4.33
(dd, J=11.9, 3.6 Hz), J¢ 62.6, CH,-9"; 6y 3.98 (dd, J=11.0, 6.0 Hz) and 3.93 (dd, /= 11.0, 4.7
Hz), oc 64.1, CH,-9; 0y 3.70 (2H, t, J = 6.2 Hz), dc 62.4, CH,-9'], one methine [dy 3.62 (brd, J =
5.4 Hz), o¢ 54.0, CH-8] and two methylenes [0y 2.68 (2H, t, J = 7.6 Hz), dc 32.2, CH,-7'; oy 1.89
(2H, t, J = 6.9 Hz), oc 34.8, CH,-8']. Three proton resonances at dy 5.87 (s), 5.54 (s) and 4.21 (d,
J = 7.9 Hz) showing no correlations with any carbon signals in the HSQC spectrum were
attributable to the hydroxy groups. The structure of 1 was confirmed by detailed analysis of the
2D NMR data (Figure 2A). The fragments of the above-mentioned sp® methines and methylenes
were established as shown in Figure 2A by the "TH-'"H COSY correlations of H-7/H-8, H-8/H,-9,
H,-7'/H,-8', H,-8'/H,-9', H-7"/H-8", H-8"/H,-9". The HMBC correlations of H-7/C-1 (6 137.9),
C-2 (6 103.3), C-6 (0 103.3), C-3" (0 127.5) and C-4' (0 146.7), H-8/C-1, C-2' (6 116.0), C-3" and
C-4', H,-9/C-3', H,-7'/C-1" (0 135.9), C-2'" and C-6" (0 112.6), and H,-8/C-1" indicated 1
possessed a dihydrobenzofuran neolignan skeleton. Three methoxy groups to C-3 (¢ 153.7), C-5
(0 153.7) and C-5' (0 144.4) were accomplished by the HMBC correlations from 3-OMe (6 3.83,
s), 5-OMe (0 3.83, s) and 5'-OMe (5 3.89, s) to the corresponding carbon signals. The fragment
of H-7"-H-8"-H,-9” was connected to one 1,3,4-trisubstituted aromatic unit, which was
accomplished by the HMBC correlations from 4”-OH (6 5.54, s) to C-3" (0 146.6), C-4" (0 144.9)
and C-5" (0 114.3), and from 3"-OMe (0 3.89, s) to C-3", to form a phenylpropyl moiety by the
HMBC correlations of H-7"/C-1" (0 130.8) and C-6" (¢ 119.0), H-2" and H-6"/C-7". Furthermore,
one hydroxy group was linked to C-7" based on the HMBC correlations of 7”-OH (0 4.21)/C-1"
and C-7". One feruloyl unit was elucidated by the 'TH-'"H COSY correlations of H-7""/H-8"" and
HMBC correlations of H-7""/C-1"" (¢ 127.2), C-2"" (6 109.4), C-6"" (0 123.2) and C-9", H-8"'/C-

1" and C-9"', 4"-OH/ C-3"" (0 146.9), C-4"" (6 148.1) and C-5"" (0 114.8), and 3""-OMe (3 3.92, s)
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to C-3", which was then connected to C-9” through the ester bond by the HMBC correlation of
H,-9"/C-9" to form a dihydroconiferyl ferulate unit.?%-3° Although there is no direct HMBC cross
peak from H-8" to C-4 observed, the chemical shift of C-4 (6 134.4) supported the linkage of C-4
to C-8” through the ether bond to connect these two dihydrobenzofuran neolignan and
dihydroconiferyl ferulate units, but not C-4 to —OH (ca. 6 146.0).3! Lastly, the other two hydroxyl
groups were attached to C-9 and C-9' to satisfy the molecular formula even there were no any
useful HMBC correlations observed. Therefore, the planar structure of 1 was established. The
relative configuration of 1 was determined by the ROESY experiment (Figure 2A) and
interpretation of chemical shifts and "H-'H coupling constants. For dihydrobenzofuran neolignan
unit, the trans-relationship between H-7 and H-8 was implied by the coupling constant of 7.3 Hz
between them, which was further supported by the ROESY correlations of H-7/H;-9. For the
dihydroconiferyl ferulate unit, the erythro configuration of H-7" and H-8" was confirmed by the
small coupling constant (H-7" appeared as a slightly broad singlet) between them and almost the
same chemical shifts of CH-7" and CH-8" as (—)-7'R,8'S-erythro-carolignan Z?° and erythro-
carolignan F.3 The absolute configuration of 1 was elucidated by electronic circular dichroism
(ECD) analysis. Among the four possible configuration 1a (7S,8R,7"R,8"S), 1a’ (7R,8S,7"S,8"R),
1b (7S,8R,7"S,8"R) and 1b’ (7R,8S,7"R,8"S), the theoretical ECD spectra of 1a and 1b were
calculated using the time-dependent density functional theory (TDDFT) at the B3LYP/6-
311++G(2d.p) level in the Conductor-like Polarizable Continuum Model (CPCM),3>3* and the
results showed that the experimental ECD spectrum of 1 matched well with the calculated ECD
spectrum of 1a (Figure 3A), which assigned the absolute configuration of 1 as (7S,8R,7"R,8"S).

Thus, 1 was identified as shown and named as bejolghotin A.

12
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Compound 2 was assigned the molecular formula C4;H4404 by HRESIMS m/z 783.2605 [M
+ Na]* (calcd for C41Hy4014Na, 783.2623) with 2 mass unit less than that of 1. Direct comparison
of the NMR data (Table 1) of 2 with 1 also displayed their only differences as the presence of
one additional trans-configurated double bond [Jy 6.55 (d, J = 15.8 Hz), oc 131.3, CH-7"; oy 6.24
(m), dc 126.8, CH-8'] at 2 and the absences of two sp? methylenes at 1, which resulted in that the
chemical shift of CH,-9" down-field shifted ca. A6 0.5 ppm as compared with that of 1. The
planar structure of 2 was further confirmed by the analysis of "TH-'"H COSY, HSQC and HMBC
spectral data (Supporting Information, Figure S1). Similarly, the coupling constant (J7 s = 6.9 Hz)
and the ROESY cross peaks between H-7 and H,-9 indicated the trans-configuration of H-7 and
H-8. H-7" appearing as a slightly broad singlet and the identical chemical shifts of CH-7" and
CH-8" with 1 also confirmed the erythro configuration of H-7" and H-8" at 2. The experimental
ECD spectrum of 2 matched well with the calculated ECD spectrum of 2b (7S5,8R,7"S,8"R) other
than 2a (7S,8R,7"R,8"S), 2a’ (7R,8S,7"S,8"R) and 2b' (7R,8S,7"R,8"S) (Figure 3B), suggesting the
absolute configuration of 2 as (7S,8R,7"S,8"R). Therefore, 2 was elucidated and named as
bejolghotin B.

Compound 3 had the same molecular formula C4H440;4 as 2 by HRESIMS data.
Furthermore, compounds 3 and 2 also had very similar NMR data except for the slight
discrepancy arising from the oxygenated methines (CH-7" and CH-8") and methylene (CH,-9").
The comprehensive analyses of 1D and 2D NMR spectral data (Supporting Information, Figure
S2) revealed 3 with the same planar structure as 2, suggesting that 3 was a threo diastereoisomer
of 2, which was further confirmed by the coupling constant between H-7" and H-8" (8.0 Hz) and
the identical chemical shifts of CH-7" and CH-8" of threo-carolignan E?*30 and threo-carolignan

K.3% As for four possible configurations 3a (7S,8R,7"R,8"R), 3a’ (7R,85,7"S,8"S), 3b
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(7S5,8R,7"S,8"S) and 3b' (7R,8S,7"R,8"R), the experimental ECD spectrum of 3 matched well
with the calculated ECD spectrum of 3a (Figure. 3C), assigning the absolute configuration of 3
as 75,8R,7"R,8"R. Thus, 3 was determined and named as bejolghotin C.

Compound 4 also had the same molecular formula C4;H4014 as 2. The NMR data (Table 1)
of 4 was identical to those of 2, and the only difference was that one set of cis-configurated
double bond [dy 6.74 (d, J = 12.8 Hz), ¢ 144.0, CH-7""; 6y 5.74 (d, J = 12.8 Hz), ¢ 116.6, CH-
8""] at 4 replaced the corresponding frans-configurated double bond at 2, which was assigned by
the HMBC correlations of H-7" and H-8""/ C-9" (oc 166.3). The planar structure of 4 was
further confirmed by the detailed analysis of 2D NMR data (Supporting Information, Figure S3).
Similarly, the trans-configuration of H-7 and H-8 was determined by the coupling constant (J7, g
= 6.3 Hz) and the ROESY correlation of H-7/H,-9, and the erythro configuration of H-7" and H-
8" was determined by the small coupling constant (H-7" displayed as a slightly broad singlet) and
the identical chemical shifts of CH-7" and CH-8" with 1 and 2. Similar as 2, the experimental
ECD spectrum of 4 matched with the calculated ECD spectrum of 4a (7S,8R,7"S,8"R) other than
4a’ (7R,8S,7"R,8"S), 4b (7S,8R,7"R,8"S) and 4b’ (7R,8S,7"S,8"R) (Figure 3D), suggesting the
absolute configuration of 4 as (7S,8R,7"S,8"R). Therefore, 4 was confirmed and named as
bejolghotin D.

The molecular formula of 9 was assigned as C41HysO14 based on HRESIMS m/z 785.2752
[M + Na]* (calcd for C4;Hy6014Na, 785.2780), corresponding to 19 DOUs. IR spectrum showed
the absorption bands for OH (3499 cm™), carbonyl (1706 cm™') and aromatic (1596, 1514 and
1460 cm™") functionalities. The 'H and '3C NMR with the help of HSQC spectrum (Table 2) also
revealed the presence of an ester carbonyl (o¢c 167.2, C-9"), one set of trans-configurated double

bond [0y 7.51 (dd, J = 15.9 Hz), 6c 144.8, CH-7"; oy 6.24 (d, J = 15.9 Hz), 6c 115.7, CH-8"],

14

ACS Paragon Plus Environment

Page 14 of 34


javascript:;
javascript:;
javascript:;
javascript:;

Page 15 of 34

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322

323

Journal of Agricultural and Food Chemistry

two 1,3,4-trisubstituted aromatic units [oy 7.01 (s, H-2""), 6.90 (d, /= 8.1 Hz, H-5"") and 7.03 (d,
J=28.1 Hz, H-6"); oy 7.02 (s, H-2"), 6.87 (d, J = 8.1 Hz, H-5") and 6.77 (d, J = 8.1 Hz, H-6")],
two methoxy groups, two oxygenated methines [dy 4.89 (brs), oc 71.7, CH-7"; oy 4.56 (m), dc
83.3, CH-8"], one oxygenated methylene [0y 4.46 (dd, J = 11.8, 7.5 Hz) and 4.32 (dd, J = 11.8,
3.7 Hz), oc 62.6, CH,-9"], and three hydroxy groups [dy 5.87 (s), 4"-OH; 5.55 (s), 4"-OH; 4.26
(d, J=9.8 Hz), 7"-OH], which was assignable as a dihydroconiferyl ferulate unit and confirmed
by the detailed analysis of the 'H-"H COSY and HMBC correlations (Figure 2B). Moreover, one
fragment including one oxygenated sp® methine [dy 4.85 (d, J = 5.9 Hz), dc 83.1, CH-7], two
oxygenated sp3 methylenes [dy 4.07 (brt, J = 7.6 Hz) and 3.76 (dd, J= 8.1, 7.2 Hz), dc 73.3, CH,-
9; 0y 3.93 (m) and 3.80 (m), d¢c 61.1, CH,-9'], two sp® methines [dy 2.72 (m), dc 42.6, CH-8; dy
2.41 (brt, J = 6.6 Hz), dc 52.6, CH-8'] and one sp® methylene [dy 2.90 (dd, J = 13.5, 5.2 Hz) and
2.56 (dd, J = 13.5, 10.7 Hz), d¢c 33.4, CH,-7] was confirmed by the "H-'H COSY correlations of
H,-7/H-8, H-8/H,-9, H-7'/H-8', H-8'/H,-9' and H-8/H-8’, and then C-9 and C-7' were connected
through the ether bond by the HMBC correlations of H-7"/C-9 and H,-9/C-7'. One additional
1,3,4-trisubstituted aromatic unit was linked with C-7 by the HMBC correlations of H,-7/C-1 (o
132.3), C-2 (6 111.3) and C-6 (0 121.3), H-2 [0 6.68 (s)] and H-6 [ 6.69 (d, J = 8.2 Hz)]/C-7, 3-
OMe [0 3.86 (s)]/C-3 (0 146.7), and 4-OH [0 5.51 (s)]/C-3, C-4 (6 144.2) and C-5 (0 114.6). One
1,3,4,5-tetrasubstituted aromatic unit was connected to C-7' by the HMBC correlations of H-
7'/C-1" (6 139.8), C-2' (0 102.8) and C-6' (0 102.8), H-2' [0 6.60 (s)] and H-6" [6 6.60 (s)]/C-7,
3'-OMe [0 3.85 (s)]/C-3" (0 153.6), and 5'-OMe [0 3.85 (s)]/C-5' (¢ 153.6). The above-mentioned
data suggested a 2-aryl-4-benzyltetrahydrofuranoid lignan skeleton. Although there is no direct
HMBC cross peak from H-8" to C-4 observed, these two 2-aryl-4-benzyltetrahydrofuranoid

lignan and dihydroconiferyl ferulate units were connected through C-4'-O—-C-8" by the ROESY
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correlations of H-7" and H-8"/3'-OMe or 5-OMe. Thus, the planar structure of 9 was determined.

As for the relative configuration of 9, the erythro configuration of H-7” and H-8” in the
dihydroconiferyl ferulate unit was still confirmed by the small coupling constant (H-7" appeared
as a slightly broad singlet) between them and the identical chemical shifts of CH-7" and CH-8"
with 1, 2, (-)-7'R,8'S-erythro-carolignan Z?° and erythro-carolignan F3°. The 8,8'-cis and 7',8'-
trans configuration in the 2-aryl-4-benzyltetrahydrofuranoid lignan unit were determined by the
ROESY correlations of H-7'/H-7b, H-7'/H,-9', and H,-7/H,-9'. Similarly, the absolute
configuration of 9 was elucidated as (8S,7'R,8'S,7"S,8"R) by ECD analysis, while the
experimental ECD spectrum of 9 matched with the calculated ECD spectrum of 9a
(8S,7'R,8'S,7"S,8"R) other than 9a’ (8R,7'S,8'R,7"R,8"S), 9b (8S,7'R,8'S,7"R,8"S) and 9b’
(8R,7'S,8'R,7"S,8"R). Therefore, the structure of 9 was elucidated and named as bejolghotin E.
Compound 10 possessed the molecular formula C;,H3¢0;, based on the HRESIMS m/z
635.2093 [M + Na]" (caled for C3,H3601,Na, 635.2099), corresponding to 15 DOUs. The 'H, 3C
NMR and HSQC spectrum (Table 2) revealed the presence of a (E)-feruloyl moiety: an ester
carbonyl (d¢c 167.1, C-9"), one set of trans-configurated double bond [y 7.47 (dd, J = 15.9 Hz),
oc 145.6, CH-7"; oy 6.19 (d, J = 15.9 Hz), oc 114.9, CH-8"], one 1,3,4-trisubstituted aromatic
units [oy 6.98 (d, J = 1.5 Hz, H-2"), 6.92 (d, J = 8.2 Hz, H-5") and 7.04 (dd, J = 8.2, 1.5 Hz, H-
6")], one methoxy group [Jy 3.95 (s), dc 56.2, 3"-OMe], and one hydroxyl group [dy 5.88 (s), 4"-
OH], which was confirmed by the detailed analysis of the 'TH-'H COSY and HMBC correlations
(Supporting Information, Figure S4). In addition, one fragment including two oxygenated sp?
methines [dy 4.92 (d, J = 5.9 Hz), dc 73.0, CH-7; 4 491 (d, J = 6.3 Hz), dc 84.4, CH-7'], two
oxygenated sp3 methylenes [dy 4.23 (brt, J= 7.8 Hz) and 4.16 (dd, J = 8.8, 7.5 Hz), d¢ 69.6, CH,-

9; 6u 4.60 (dd, J = 11.3, 5.9 Hz) and 4.37 (dd, J = 11.3, 7.7 Hz), dc 63.0, CH»-9'], two sp’
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methines [dy 2.88 (m), dc 47.5, CH-8; oy 2.53 (m), dc 48.7, CH-8'] was constructed by the
'H-'H COSY correlations of H-7/H-8, H-8/H,-9, H-7"/H-8', H-8'/H,-9' and H-8/H-8', and then
C-9 and C-7" were connected through the ether bond by the HMBC correlations of H,-9/C-7'.
Two 1,3,4,5-tetrasubstituted aromatic units were linked with C-7 and C-7' by the HMBC
correlations of H-7/C-1 (6 134.6), C-2 (6 102.9) and C-6 (¢ 102.9), H-2 and H-6 [both 6 6.60
(s))/C-7, 3-OMe [0 3.88 (5)]/C-3 (0 147.4), 5-OMe [0 3.88 (s)]/C-5 (6 147.4), 4-OH [J 5.44
(s))/C-3 and C-5, and H-7"/C-1' (6 134.5), C-2' (¢ 102.8) and C-6' (¢ 102.8), H-2" and H-6' [both
0 6.59 (s)]/C-7', 3'-OMe [0 3.87 (s)]/C-3" (6 147.2), 5'-OMe [0 3.87 (s)]/C-5' (6 147.2), and 4'-
OH [0 5.49 (s)]/C-3 and C-5, respectively. The above-mentioned data suggested a 2-aryl-4-
benzyltetrahydrofuranoid lignan skeleton with one substituted —OH located at C-7. The (E)-
feruloyl moiety was connected to 9" by the HMBC correlations of H,-9'/C-9" and the chemical
shifts of CH,-9’. Similar to 9, the ROESY correlations of H-7'/H,-9" confirmed the 7',8'-trans
configuration, and then the 8,8'-cis configuration could be assigned by the similar coupling
constants of H,-9 as that of 9. Despite of the configuration of C-7, which was not determined in
this study and will be further studied in the future, the experimental ECD spectrum of 10 match
with the calculated ECD spectrum of 10a’ (Figure. 3F) amongst the two possible configurations
10a (8R,7'S,8'R) and 10a’ (8S,7'R,8'S), suggesting the (8S,7'R,8'S) absolute configuration of 10.
Therefore, compound 10 was elucidated named as bejolghotin F.

Compound 11 was assigned the molecular formula C;,H3c0;; by HRESIMS m/z 619.2160
[M + Na]" (caled for C3,H360;;Na, 619.2150), corresponding to 15 DOUs. Similarly, the NMR
spectrum (Table 2) also revealed the presence of a (E)-feruloyl moiety: an ester carbonyl (d¢
167.5, C-9"), one set of trans-configurated double bond [dy 7.59 (dd, J = 16.0 Hz), dc 145.6, CH-

7"; 0y 6.29 (d, J=16.0 Hz), ¢ 115.3, CH-8"], one 1,3,4-trisubstituted aromatic units [y 7.02 (s,
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H-2"),6.91 (d,J= 8.1 Hz, H-5") and 7.05 (d, J = 8.1 Hz, H-6")], one methoxy group [y 3.93 (s),
oc 56.3, 3"-OMe] and one hydroxyl group [dy 5.80 (s), 4"-OH]. Besides, one fragment including
three sp® methines [y 4.27 (d, J = 6.3 Hz), dc 42.5, CH-7'; oy 2.24 (m), oc 44.7, CH-8'; oy 1.85
(m), oc 39.3, CH-8], two oxygenated sp® methylenes [0y 4.30 (dd, J=11.4, 3.8 Hz) and 4.17 (dd,
J=11.4,5.1 Hz), dc 65.2, CH,-9"; 6y 3.73 (dd, J=10.4, 3.6 Hz) and 3.67 (dd, J = 10.4, 5.9 Hz),
dc 65.9, CH,-9], one sp® methylene [dy 2.74 (m, 2H), dc 32.8, CH,-7] was constructed by the
'H-'H COSY correlations of H,-7/H-8, H-8/H,-9, H-7'/H-8, H-8/H,-9' and H-8/H-8',
suggesting an aryltetralin lignan skeleton, which was further confirmed by the detailed analysis
of the HMBC correlations (Figure 2C). One 1,3,4,5-tetrasubstituted aromatic unit was connected
to C-7' by the HMBC correlations of H-7"/C-1" (¢ 137.8), C-2' (¢ 105.2) and C-6" (¢ 105.2), H-
8'/C-1', H-2" and H-6' [both ¢ 6.34 (s)]/C-7', 3'-OMe [0 3.78 (s)]/C-3' (6 147.0), 5'-OMe [6 3.78
(s)]/C-5" (6 147.0), 4-OH [0 5.36 (s)]/C-3', C-4’ (0 133.1) and C-5'. Another aromatic unit was
assigned with the connection of C-1/C-7 and C-6/C-7' by the HMBC correlations of H-7"/C-1 (0
128.8), C-5 (0 145.6) and C-6 (0 124.8), H-8'/C-6, H,-7/C-1, C-2 (6 106.1) and C-6 (6 124.8), H-
8/C-1, 3-OMe [0 3.98 (5)]/C-3 (6 146.4), 5-OMe [J 3.36 (s)]/C-5, and 4-OH [J 5.36 (s)]/C-3, C-4
and C-5. The (E)-feruloyl moiety was connected to 9’ by the HMBC correlations of H,-9'/C-9"
and the chemical shifts of CH,-9'. Then the planar structure of 11 was determined with the
similar structure of 12 and 13,35 which were discovered in this study too. The 7’,8'-trans and 8',8-
trans configurations were assigned by comparing the chemical shifts and coupling constants of
corresponding protons of 11 with 12 and 13, and further supported by the ROESY correlations of
H-8/H,-9" and H-8'/H-2' or H-6'. Interestingly, the absolute configuration of 11 was elucidated as
(8S,7'R,8'S), which was different with 12 and 13, by electronic circular dichroism analysis, while

the experimental ECD spectrum of 11 matched with the calculated ECD spectrum of 11a’
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amongst the two possible configurations 11a (8R,7'S,8'R) and 11a’ (85,7'R,8'S). Thus, compound
11 was elucidated and named as bejolghotin G.

Known compounds were identified as (7'R,8'S)-7-(4-hydroxy-3-methoxyphenyl)-8-(4-(2,6-
dimethoxyphenyl)-5-(3-(E)-hydroxyprop-1-enyl)-7-methoxybenzofuran-2-yl)-2-
methoxyphenoxy) propane-7,9-diol (5),3¢ (7'S,8'S)-7-(4-hydroxy-3-methoxyphenyl)-8-(4-(2,6-
dimethoxyphenyl)-5-(3-(E)-hydroxyprop-1-enyl)-7-methoxybenzofuran-2-yl)-2-
methoxyphenoxy) propane-7,9-diol (6),3¢ 75,8 R-dihydrodehydrodiconiferyl alcohol (7),37 (2S,3R)-
dehydrodiconiferyl alcohol (8),® (7'S,8'R,8R)-lyoniresinol-9-O-(E)-feruloyl ester (12),%
(7'S,8'R,8R)-lyoniresinol-9,9'-di-O-(E)-feruloyl ester (13),% (+)-
7R, 7'R,7"R,7"S,88S,8'S,8"S,8"'S)-4" 4" -dihydroxy-3,3',3",3",5,5"-hexamethoxy-7,9";7',9-diepoxy-
4,8".4' 8"'-bisoxy-8,8'-dineolignan-7",7",9",9" -tetraol (14),*° (+)-7R,7'R,7"S,7"'S,8S,8'S,8"S5,8"'S)-
4" 4"'-dihydroxy-3,3',3",3",5,5'-hexamethoxy-7,9";7',9-diepoxy-4,8";4',8""-bisoxy-8,8'-
dineolignan-7",7",9",9"-tetraol ~ (15),* (-)-(7R,7'R,7"R,8S,8'S,8"5)-4' 4"-dihydroxy-3,3",3",5-
tetramethoxy-7,9":7',9-diepoxy-4,8"-oxy-8,8"-sesquineolignan-7",9"-diol (16),%° icariol A2 (17),"!
(78,8R)-erythro-guaiacylglycerol-$-O-4'-dihydroconiferyl ether (18),% (7R,8R)-threo-guaiacyl-
glycerol-f-0O-4'-dihydroconiferyl ether (19),*? (7S,8R)-1-(4-hydroxy-3-methoxyphenyl)-2-{4-[(E)-
3-hydroxy-1-propenyl]-2-methoxyphe-noxy}-1,3-propanediol ~ (20),**#* and (7R,8R)-1-(4-
hydroxy-3-methoxyphenyl)-2-{4-[(E)-3-hydroxy-1-propenyl]-2-methoxyphe-noxy}-1,3-
propanediol (21)* by comparing their NMR, ESIMS, ORD and ECD data with the literatures.
All of the known compounds were isolated from C. bejolghota for the first time.

Due to the well-known antioxidant activity of lignans and neolignans, all the isolates were
evaluated for antioxidant activity using DPPH assay.?’” The tested compounds except for 16

exhibited good inhibition against the DPPH radical comparable to positive control L-ascorbic
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acid and BHT, as shown in Table 3. Amongst, new compounds 1-4, 9-11 and known
compounds 5, 6, 12—14 were the first time to report their DPPH radical-scavenging activity while
the other known compounds have been reported before and our results were consistent with the
previous report,37:41-43.45.46

All the isolates were also evaluated in vitro for the human cancer cell proliferation inhibition
by using HCT-116 (colon carcinoma), A549 (lung) and MDA-MB-231 (breast) human cancer
cell lines and BEAS-2B (bronchial epithelial), LO2 (liver) human normal cell lines with the MTT
method.?® Firstly, all the isolates were tested at 10 uM and the results displayed compounds
11-13 with strong inhibition around 100% and 1-3 with moderate inhibition around 30-50%
against cancer cell lines but no inhibition on normal cell lines. Therefore, they were selected for
the further evaluation to obtain the ICsy values (Table 4). Amongst, compounds 11-13 (ICs5y =
0.78-2.93 uM) especially 13 (ICso = 0.78-0.86 uM) showed strongest activity against all three
cancer cell lines comparable to positive control Adriamycin (ICsy = 0.29—0.38 uM).

In conclusion, this is the first report for isolating the chemical constituents from C.
bejolghota, and 21 lignans and neolignans, including 4 new neolignans (1-4) and 3 new lignans
(9-11), were discovered and characterized, which proved C. bejolghota as a rich resource for
lignans and neolignans. Amongst the isolates, 20 ones showed comparable antioxidant activity to
the positive controls in addition to 3 compounds (11-13) with strong and the other 3 ones (1-3)
with moderate cancer cell proliferation inhibitory activities. The antioxidant and cancer cell
proliferation inhibitory activities for C. bejolghota and its constituents were studied for the first

time, and the results presented herein confirmed its health benefits as functional food.
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Figure Captions

Figure 1. Structures of pure isolates 1-21 from Cinnamomum bejolghota.

Figure 2. 'H-'H COSY (==), Selected HMBC (H—C) and ROESY (H«>H) correlations of 1

(A), 9 (B) and 11 (C).

Figure 3. Experimental and calculated ECD spectra of 1-4 and 9—11.
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Table 1. 'H and 3C NMR Data for Compounds 1-4 in CDCl;

no. 1 2 3 4

Sy (mult, JinHz)  0c Oy (mult, JinHz)  oc 3y (mult, J in Hz) dc  Ou(mult,JinHz) ¢
1 137.9 137.7 137.6 137.7
2 6.69 (s) 1033 6.67(5) 1032 6.63(s) 103.0  6.66 (s) 103.4
3 153.7 153.7 152.9 153.7
4 134.4 134.5 136.3 134.5
5 153.7 153.7 152.9 153.7
6 6.69 (s) 1033 6.67(5) 1032 6.63 (s) 103.0  6.66 (s) 103.4
7 5.58(d, 7.3) 87.9  5.61(d,6.9) 88.2  5.58(d,7.0) 88.2  5.61(d,6.3) 88.2
8 3.62 (brd, 5.4) 54.0  3.62 (brd, 4.9) 53.8 3.57 (dd, 11.6, 5.7) 539  3.62 (m) 53.8
9a 3.98 (dd, 11.0, 64.1  3.97(dd, 11.0, 642  3.94 (2H, m) 642  3.95(2H, m) 64.2

6.0) 6.3)
9b 3.93 (dd, 11.0, 3.93 (dd, 11.0,

4.7) 4.6)
Iy 135.9 131.3 131.3 131.3
2 6.67 (s) 1160  6.87 (5) 1148  6.87 (s) 1149  6.89 (s) 1149
3 127.5 127.9 128.0 127.9
4 146.7 148.3 148.3 148.3
5 144.4 144.6 144.6 144.6
6' 6.69 (s) 1126 6.88(s) 110.6  6.88 (s) 110.7  6.89 (s) 110.7
7' 2.68 (2H, t, 7.6) 322 6.55(d, 15.8) 131.3  6.56 (d, 15.8) 131.3  6.56 (d, 15.8) 131.3
8’ 1.89 (2H, m) 348  6.24 (m)? 126.8 6.24 (dt, 15.8,5.9) 126.8 6.24 (dt, 15.8,5.8) 126.8
9 3.70 (2H, t, 6.2) 624 430(2H,d,6.0) 639 431 (2H,d,5.4) 63.9 431(d,5.5) 63.9
1" 130.8 130.8 131.8 130.8
2" 6.99 (d, 1.8) 108.6  6.99 (s) 108.6  6.86 (s) 109.4  6.96 (s) 108.6
3" 146.6 146.7 146.6 146.7
4" 144.9 144.9 145.5 144.9
5" 6.91(dd,8.1,1.8) 1143  6.86 (m)* 1143 6.82(d, 8.3) 1144  6.84 (m)* 1143
6" 6.77 (d, 8.1) 119.0 6.76 (d, 8.3) 1189  6.85 (m)? 1202 6.75 (m)? 119.0
7" 4.87 (brs) 717  4.87 (brs) 71.8  5.07 (d, 8.0) 742 4.83 (brs) 71.8
8" 4.55 (m) 834  4.54 (m) 834  4.12 (m) 86.8  4.49 (m)* 83.6
9"a 4.45(dd, 11.9, 62.6  4.45(dd, 11.9, 62.6  4.53(ddd, 22.6,12.1,3.2) 639  4.46 (m)? 62.6

7.6) 7.6)
9"b 4.33 (dd, 11.9, 4.32(dd, 11.9, 4.05 (dt, 12.1,3.2) 4.18 (dd, 11.7,

3.6) 3.6) 2.5)
1" 127.2 127.1 127.0 127.3
2" 7.00 (s) 109.4  6.99 (s) 109.4  7.05 (s) 109.4  7.75(s) 113.0
3" 146.9 146.9 147.0 146.0
4" 148.1 148.1 148.2 147.2
5" 6.90 (d, 8.1) 1148  6.89 (m)* 1148  6.92 (m)? 1149  6.83 (m)? 113.9
6" 7.02 (d, 8.1) 1232 7.01(d,8.2) 1232 7.06 (m)? 1234 7.08 (d, 8.0) 126.0
7" 7.50 (d, 15.9) 1448 7.49 (d, 15.9) 1449 7.56 (t, 15.8) 1452  6.74(d, 12.8) 144.0
8" 6.23 (d, 15.9) 115.7 6.22(d, 15.9) 115.6  6.34(d, 15.8) 1153  5.74(d, 12.8) 116.6
9" 167.1 167.2 167.1 166.3
4"0H  5.54(s) 5.59 (s) 5.59 (s) 5.59 (m)*
7"OH  421(d,7.9) 421 (brs) 4.64 (dd, 9.7, 1.8) 4.20 (s)
4" OH  5.87(s) 5.94 (s) 5.93 (s) 5.92 (s)
3-OMe  3.83(s) 564 3.82(s) 564  3.83(s) 562 3.80(s) 56.4
5-OMe  3.83 () 564  3.82(s) 564  3.83(s) 562 3.80(s) 56.4
5-OMe  3.89 () 56.1  3.91(s) 56.1  3.91(s) 562 3.91(s) 56.1
3".OMe 3.89 (s) 56.1  3.88(s) 56.1  3.82(s) 562 3.86(s) 56.1
3”-OMe  3.92 (s) 56.1  3.91(s) 56.1  3.94(s) 56.2  3.85(s) 56.1

3overlapped
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Table 2. 'H and 3C NMR Data for Compounds 9-11 in CDCl;

no. 9 10 11

5H (mult, Jin HZ) 5C 5H (mult, Jin HZ) 6C 5].] (mult, Jin HZ) 6C
1 1323 134.6 128.8
2 6.68 (s) 1113 6.60(s) 102.9  6.50 (s) 106.1
3 146.7 147.4 146.4
4 144.2 134.2 137.2
5 6.84 (d, 8.2) 114.6 147.4 145.6
6 6.69 (d, 8.2) 1213 6.60 (s) 102.9 124.8
7a 2.90(dd, 13.5,52) 334  4.92(d,5.9) 73.0  2.74 (m, 2H) 328
7b 2.56 (dd, 13.5, 10.7)
8 2.72 (m) 426  2.88 (m) 475 1.85(m) 39.3
9a 4.07 (brt, 7.6) 733 4.23 (brt, 7.8) 69.6  3.73(dd, 10.4,3.6) 65.9
9b 3.76 (dd, 8.1, 7.2) 4.16 (dd, 8.8, 7.5) 3.67 (dd, 10.4, 5.9)
1’ 139.8 134.5 137.8
2 6.60 (s) 102.8  6.59 (s) 102.8  6.34 (s) 105.2
3 153.6 147.2 147.0
4 133.7 133.6 133.1
5 153.6 147.2 147.0
6' 6.60 (s) 102.8  6.59 (s) 102.8  6.34(s) 105.2
7 4.85(d, 5.9) 83.1  4.91(d,6.3) 84.4  427(d,6.3) 425
8’ 2.41 (brt, 6.6) 526 253 (m) 48.7  2.24 (m) 44.7
9'a 3.93 (m)? 61.1 4.60 (dd, 11.3, 63.0 4.30(dd, 11.4,3.8) 65.2

5.9)
9'b 3.80 (m)? 4.37(dd, 11.3, 4.17(dd, 11.4, 5.1)
7.7)
1" 130.9 126.8 127.0
2" 7.02 (s) 108.6  6.98 (d, 1.5) 109.6  7.02 (s) 109.4
3" 146.7 147.0 146.9
4" 144.9 148.4 148.2
5" 6.87 (d, 8.1) 1142  6.92(d, 8.2) 115.0 6.91(d,8.1) 114.9
6" 6.77 (d, 8.1) 118.9 7.04(dd,82,1.5) 1232 7.05(d,8.1) 123.4
" 4.89 (brs) 717 7.47(d, 15.9) 1456 7.59 (d, 16.0) 145.4
8" 4.56 (m) 833  6.19(d, 15.9) 1149 6.29(d, 16.0) 1153
9"a 446 (dd, 11.8,7.5)  62.6 167.1 167.5
9"b 4.32(dd, 11.8,3.7)
1" 127.2
2" 7.01 (s) 109.4
3" 146.9
4" 148.1
5" 6.90 (d, 8.1) 114.8
6" 7.03 (d, 8.1) 1232
7" 751 (d, 15.9) 144.8
8" 6.24 (d, 15.9) 115.7
9" 167.2
4-0H  5.51(s) 5.44 (s) 536 (s)
4"-OH 5.49 (s) 536 (s)
4"0H  5.55(s) 5.88 (s) 5.90 (s)
7"OH  4.26(d,9.8)
4"OH  5.87(s)
3-OMe  3.86 (s, 3H) 56.1  3.88 (s, 3H) 56.6  3.90 (s, 3H) 56.3
5-OMe 3.88 (s, 3H) 56.6  3.36 (s, 3H) 59.9
3-0Me  3.85 (s, 3H) 564 3.87 (s, 3H) 56.5  3.78 (s, 3H) 56.6
5.0Me  3.85 (s, 3H) 564 3.87 (s, 3H) 56.5  3.78 (s, 3H) 56.6
3"-OMe  3.89 (s, 3H) 56.1 3.95 (s, 3H) 56.2 3.93(s,3H) 56.1
3"-OMe  3.92 (s, 3H) 56.1
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Table 3. DPPH Free Radical Scavenging Activity of 1-21 and Positive Controls

Comp. 1Cso (uM) Comp. 1Cso (uM) Comp. 1Cso (uM)
1 37.8+1.9 9 352+0.5 17 322+14
2 344+1.8 10 342425 18 33.7+2.1
3 38.5+0.2 11 228+ 1.7 19 383+£22
4 354+1.1 12 23.7+0.9 20 30.1£1.9
5 24.6+2.5 13 31.1+2.1 21 354+0.8
6 269+1.3 14 45.1+£23 Ascorbic acid 252+14
7 495+14 15 443+ 1.4 BHT 233+1.7
8 469 + 1.8 16 > 100

Table 4. Human Cancer Cell Proliferation Inhibition of 1-3, 11-13 and Positive Control

Comp ICso (uM)

) HCT-116 A549 MDA-MB-231 BEAS-2B L02
1 399+041 36.9+0.31 45.6 £0.51 > 100 > 100
2 35.2+0.53 40.7 £0.47 44.6 £ 0.25 > 100 > 100
3 27.8+0.25 39.9+0.33 18.5+0.31 > 100 > 100
11 1.97+0.13 2.93+0.25 2.71+£0.17 > 100 > 100
12 1.43 £0.15 2.79 £0.11 243 £0.13 > 100 > 100
13 0.78 £0.09 0.86+0.15 0.83 +0.07 > 100 > 100

Adriamycin 0.16 £ 0.01 0.29+£0.02 0.18+0.02 0.79 £0.05 0.92 +£0.08
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