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Baeckea frutescens is an aromatic shrub used as ornamentals and as food flavor spices in the southern part of P. R. China.
Two novel C-methylated biflavonoids named baeckeins J (1) and K (2) were isolated from the roots of B. frutescens, which
possessed the unique carbon skeleton conjugated of a flavonol and one isoflavanonol molecule via the linkages of C(2)-C(8*)
and C(3)-O-C(7*). The structures of compounds 1 and 2 were elucidated by analysis of 1D- and 2D-NMR, and HR-ESI-MS
spectral data, and the absolute configuration for chiral C-atoms C(2) and C(3) were assigned by CD spectrometry combined
with quantum chemical calculations. In the bioassay, baeckeins J and K exhibited strong cytoprotective effects on H,O,-

induced oxidative cell death in PC12 cells.
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Introduction

Baeckea frutescens L. (Myrtaceae), an aromatic low-grow-
ing shrub, is used as ornamentals and as food flavor
spices. During recent years, B. frutescens has been used
as a daily health tea in the southern part of P. R. China,
receiving considerable attention. Previous studies on this
plant indicated the presence of essential oil [1][2],
sesquiterpenes [3], phloroglucinols [4], chromones [5][6],
flavonoids [7 — 10], and their derivatives. Preliminary phy-
tochemical investigations of this plant in our laboratory
have reported eleven C-methylated flavonoids and bifla-
vonoids [11 — 14]. It is known that C-methylated flavo-
noids are not widely distributed, but have occurred in
multiple genera of the Myrtaceae family [15 — 18]. The
existing literature suggested that C-methylated flavonoids
might be distinctive of Myrtaceae, providing the signifi-
cance of plant chemotaxonomy. As part of our ongoing
search for structurally interesting and bioactive C-methy-
lated flavonoids, two novel C-methylated biflavonoids
named baeckeins J (1) and K (2) were isolated from the
title plant (Fig. 7). In this article, the isolation and struc-
tural elucidation of these isolates are present. 1D- (includ-
ing '"H and '*C) and 2D-nuclear magnetic resonance
(NMR, including HSQC, HMBC, and NOESY) and high-
resolution electrospray ionization mass (HR-ESI-MS)
spectral data were extensively applied to characterize

their structures and to establish the 'H/'*C-resonance
assignments. Circular dichroism (CD) spectrometry com-
bined with quantum chemical calculations were employed
to assign the absolute configurations.

Results and Discussion

Baeckein J (1) was obtained as yellow amorphous pow-
der. Its molecular formula was determined as C3;H»,O14
by the positive HR-ESI-MS (m/z 631.1082 [M + H]", cal-
culated 631.1082; Fig. S6), indicating 22 degrees of unsat-
uration. The IR spectrum showed absorption bands for
OH group (3425 cm '), C=0 group (1637 cm™!), and aro-
matic functionalities (1516 and 1441 cm™'; Fig. S7). The
UV spectrum (Apax 242, 258, 308, and 377 nm) and the
positive result for the Mg-HCI reaction suggested 1 to be
a flavonoid.

The "C-NMR spectrum (Table) of 1 displayed 32
C-atom signals, including two C=O groups (J(C) 185.6
(C(4)) and 176.0 (C(4%))), two aromatic Me groups (J(C)
6.9 (Me—C(6)) and 7.4 (Me—(6*))), seven tertiary C-atoms
(CH) (6(C) 119.0, 118.5, 116.0, 115.5, 115.3, 114.8, and
94.4), and 21 quaternary C-atom, suggesting a carbon
skeleton of biflavonoid (Fig. S2). Among these signals,
three characteristic C-atoms (5(C) 176.0 (C(4%*)), 147.8
(C(2%)), and 135.7 (C(3*))) indicated the presence of a
flavonol moiety. The 'H-NMR spectra (Table) for 1
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BaeckeinJ (1) R=H
Baeckein K (2) R = -D-Glucopyranosyl

Fig. 1. Structures of compounds 1 and 2.

showed signals for two sets of typical ABX coupling sys-
tems (6(H) 6.73 (1 H, d, J = 8.7, H-C(2')), 6.78 (1 H, d,
J =20, H-C(5')), and 6.64 (1 H, dd, J=38.7, 2.0, H-C
(6'))) and (6(H) 6.55 (1 H, 4, J = 8.7, H-C(2*)), 7.82 (1
H, d, J = 2.0, H-C(5*)), and 6.07 (1 H, dd, J = 8.7, 2.0,
H-C(6%*'))), corresponding to the 3',4'-dihydroxy-substi-
tuted B ring of flavonoids (rings B and B*). Two aromatic
Me signals (6(H) 1.90 (3 H, s, Me-C(6)) and 2.07 (3 H, s,
Me-C(6%))) and one aromatic H-atom (6(H) 6.03 (1 H, s,
H-C(8))) were also present (Fig. SI). Taken together,
these above 1D-NMR data suggested that 1 was com-
posed of two molecules of flavonoids with certain struc-
tural characteristics of the reported compound 6-C-
methylquercetin [9][19].

Analysis of the 1D-NMR and HSQC spectra
(Fig. S1 — §3) of 1 made the assignments of one flavonoid
molecule (the Segment I), referring to rings A*, B*, and
C*, which were confirmed by HMBC correlations (Fig. 2
and Table S1) from Me-C(6*) (6(H) 2.07) to (6(C) 163.4
(C(5%)), 102.8 (C(6*)), and 160.6 (C(7*))), from H-C(2*)
(6(H) 6.55) to (6(C) 147.8 (C(2%)), 121.5 (C(1*')), and
144.6 (C(3*))), from H-C(5*) (6(H) 7.82) to (6(C) 147.8
(C(2%)), 121.5 (C(1*)), 144.6 (C(3*)), 146.7 (C(4*')), and
119.0 (C(6*'))), and from H-C(6*") (6(H) 6.07) to (6(C)
147.8 (C(2*)), 146.7 (C(4*)), and 116.0 (C(5*)))
(Fig. §4). Compared with the literature values of com-
pound 6-C-methylquercetin [9][19], the segment I was fur-
ther identified, but the absence of an H-C(8*) signal
indicated a substituted C(8*), suggesting one available
binding position for the other flavonoid molecule (Seg-
ment II).

Inspection of the rest signals for segment II revealed
some structural characteristics of segment I, referring to a
ring A of 6-C-methylquercetin and a 3',4’-dihydroxy-sub-
stituted ring B. The major differences between the two
segments were in the ring C. In the *C-NMR spectrum
of 1, the C=0 C-atom (6(C) 185.6 (C(4))) and two qua-
ternary C-atoms (6(C) 103.0 (C(2)) and 92.3 (C(3)))
revealed that the carbon skeleton of ring C in the seg-
ment II should be a dihydropyrone ring, different from
the pyrone ring C of 6-C-methylquercetin, and new sub-
stituents must be bound to the C-atoms C(2) and C(3),
suggesting two available binding positions for the segment

Table. 'H- and >*C-NMR data of compounds 1 and 2. § in ppm, J in

Hz.

1 2

o(H) J(C)  o(H) o(C)
C(2) 103.0 103.0
C(3) 92.3 92.3
C(4) 185.6 185.7
C(5) 161.3 161.3
C(6) 104.3 104.4
Me(6) 1.90 (s) 6.9 191 (s) 7.4
C(7) 167.1 166.9
H-C(8) 6.03 (s) 944  6.04 (s) 94.3
C(9) 159.7 159.7
C(10) 98.5 98.6
Cc(1) 125.0 124.9
H-C(2') 6.73(d,J=285) 1148 6.73(d,J=38.5) 114.8
C(3") 144.7 144.7
C4) 145.7 145.7
H-C(5') 6.78(d,J=2.0) 1153 6.79 (d,J=2.0) 115.6
H-C(6') 6.64 118.5 6.68 (dd,J = 8.5, 2.0) 118.3

(dd, J = 8.5,2.0)
C(2%) 147.8 146.1
C(3%) 135.7 136.6
C(4*) 176.0 176.3
C(5%) 163.4 163.6
C(6*) 102.8 102.9
Me(6*) 2.07 (s) 74 2.08 (s) 74
C(7*) 160.6 160.6
C(8%) 104.4 104.5
C(9%) 149.1 149.1
C(10%) 105.9 106.0
C(1*) 121.5 124.7
H-C(2¥) 6.55(d,J=285) 1155 6.93(d,J=38.5) 115.7
C(3*) 144.6 145.8
C(4*) 146.7 146.8
H-C(5*) 7.82(d,J=20) 116.0 7.62(d,J=2.0) 1154
H-C(6%) 6.07 119.0 6.39 (dd, J = 8.5, 2.0) 118.9

(dd, J = 8.5, 2.0)
Gle(1") 477 (d, J = 6.9) 101.4
H-C(2") 3.31 -3.32 (m) 73.2
H-C(3") 3.39 — 3.45 (m) 77.0
H-C(4") 3.17 - 3.18 (m) 69.6
H-C(5") 3.23 —3.24 (m) 75.9
H-C(6") 3.57 (dd,J =11.1,5.1), 60.6

3.83 (dd, J = 11.0, 2.0)

I. The distinctive chemical shifts (6(C) 103.0 (C(2)), 92.3
(C(3)), and 185.6 (C(4))) suggested a bond of C(3)-C(1")
between rings B and C, indicating a isoflavanonol struc-
ture, which was confirmed by the evident cross-peaks
from H-C(2'), H-C(5'), and H-C(6') to C(3) (instead of
C(2)) in the HMBC spectrum. Also the segment II, refer-
ring to rings A, B, C, and D was confirmed by HMBCs
(Fig. 2 and Table SI) from Me-C(6) to (4(C) 161.3
(C(5)), 104.3 (C(6)), 167.1 (C(7)), 94.4 (C(8)), and 98.5
(C(10))), from H-C(8) to (6(C) 185.6 (C(4)), 1043
(C(6)), 167.1 (C(7)), 159.7 (C(9)), and 98.5 (C(10))), from
H-C(2') to (6(C) 125.0 (C(1')), 1447 (C(@3)), 145.7
(C4)), 1153 (C(5")), and 118.5 (C(6'))), from H-C(5') to
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Segment Il

Fig. 2. Selected HMBC correlations for compound 1.

(6(C) 923 (C(3)), 125.0 (C(1)), 144.7 (C(3)), 1457
(C(4)), and 118.5 (C(6'))), and from H-C(6') to (4(C)
92.3 (C(3)), 145.7 (C(4")), and 115.3 (C(5))) (Fig. S4).
The above comprehensive spectral analysis indicated
that C-atoms C(2), C(3), and C(8*) provided three avail-
able binding positions for the segments I and II. Compar-
ative evaluation of the chemical shifts for C(2), C(3), and
C(8*) revealed that the C(2) was bound to the aromatic
C-atom C(8*) and the C(3) should be bound to another
O-atom. Accordingly, the C(2)-C(8*) bond and the
C(3)-O-C(7*) linkage were deduced from these evi-
dences together with the molecular weight and the
remaining degrees of unsaturation. It was interesting that
the optimal connections of C(2)-C(8*) and C(3)-O-C(7*)

between the two segments formed a furan ring D. And
the unusual furan ring D was verified by comparison of
the experimental NMR data with the values simulated by
the ACD Labs software and the related NMR data of
known compounds baeckeins F — I [14]. As a result, the
planar structure for 1 was determined.

In the molecule of 1, the C-atoms of C(2) and C(3)
provided two chiral centers, and there were four relative
configurations labeled as AC-1 with (25,3S), AC-2 with
(2R 3S), AC-3 with (2R3R), and AC-4 with (2S,3R). The
CD spectrum (Fig. 3) for 1 showing positive Cotton
effects (CEs) at 218 and 307 nm, and negative CEs at
238, 282, 335, and 379 nm, but these spectral data includ-
ing the nuclear Overhauser effect (NOE) increments in
our NOESY experiment were not sufficient enough to
determine the absolute configuration for C(2) and
C(3). In this case, quantum chemical CD -calculations
were employed [12 — 14]. All geometries were optimized
by B3LYP functional with 6-31G* basis-set, and wB97XD
functional with 6-311G* basis-set for heavy atoms and
6-31G* for H-atoms, respectively, was employed to con-
duct time-dependent density functional theory (TD-DFT)
calculations. Based on the resulting electronic excitation
energies and rotatory strengths, the Multiwfn 3.3.7 pro-
gram in combination with Origin software was employed
to obtain these electronic circular dichroism (ECD) spec-
tra. The calculated CD spectrum (Fig. 3 and Fig. S15) for
the configuration of AC-3 displayed diagnostic negative
CEs and positive CEs, which exhibited good agreements
with the experimental CD, and allowed the assignments
of absolute configurations of 1 as (2R,3R). Based on these
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Fig. 3. Experimental CD and calculated CD spectrum for compound 1.
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above results, the structure of baeckein J (1) was unam-
biguously established.

Baeckein K (2) was isolated as yellow amorphous
solid and gave the quasi-molecular ion peak [M + H]" at
m/z 793.1607 (calc. 793.1611 for Cs3H33019) in the HR-
ESI-MS (Fig. S13), suggesting a molecular formula of
C38H3,010. Its IR spectrum showed absorption bands for
OH group (3396 cm '), C=0 group (1637 cm '), and aro-
matic functionalities (1508 and 1442 cm™'; Fig. SI4). The
UV spectra (Amax 240, 307 and 372 nm) and positive
results for the Mg-HCI reaction and Molish reagent, and
the chemical formula revealed 2 to be a biflavonoid glyco-
side. The ">C-NMR spectrum for 2 (Table) displayed a
group of signals (6(C) 101.4, 77.0, 75.9, 73.2, 69.6, and
60.6) belonging to a hexosyl unit, and 32 C-atom signals
attributable to a carbon skeleton of biflavonoid, among
which were two C=0O groups (6(C) 185.7 (C(4)) and 176.3
(C(4%*))), two aromatic Me groups (6(C) 6.9 (Me(6)) and
7.2 (Me(6*))), seven CH (o(C) 118.9, 118.3, 115.7, 115.6,
1154, 114.8, and 94.3), and 21 quaternary C-atoms
(Fig. S9). The '"H-NMR spectrum (7able) for 2 showed
two typical ABX coupling systems (6(H) 6.73 (1 H, d,
J =87,H-C(2)), 6.79 (1 H, d,J = 2.0, H-C(5')), and 6.68
(1 H, dd, J =8, 2.0, H-C(6'))) and (6(H) 6.93 (1 H, d,
J =287, H-C(2*)), 7.62 (1 H, d, J = 2.0, H-C(5*)), and
6.39 (1 H, dd, J = 8.7, 2.0, H-C(6*'))), two aromatic Me
signals (6(H) 1.91 (3 H, s, Me-C(6)) and 2.08 (3 H, s,
Me-C(6*))), one aromatic H-atom (6(H) 6.04 (1 H, s, H-
C(8))), and a series of signals in the range of about 6(H)
5.0 — 3.0 related to a sugar moiety (Fig. S8). A compar-
ison of the 1D-NMR data for 2 with those of 1 suggested
that 1 and 2 had the same carbon skeleton and functional
groups, except for the signals assignable to a hexosyl moi-
ety. The planar structure for the aglycone part of 2,
including segments I and II, was the same as that of 1,
which was confirmed by the HMBC experiment (Fig. 4
and Fig. S11). The sugar moiety was identified as the p-
glucose by both thin-layer chromatography (TLC) and
gas chromatography (GC) analysis after the acid hydroly-
sis experiment for 2 [20][21]. The large */(1,2) coupling

constant of the anomeric H-atom (6(H) 4.77 (1 H, d,
J =70, H-C(1")) revealed the f-configuration for the
glucose moiety, and the location of the glucose residue
being at C(4*") was confirmed by the HMBC cross-peak
from H-C(1*") to C(4*') (6(C) 161.6) and the NOE cor-
relation (Fig. 4) between H-C(1”) and H-C(2*) (6(H)
7.50 (1 H, s)) (Fig. S12). Furthermore, the p-p-glucose
moiety was verified by the related data in the literature
[9]. The absolute configuration for the quaternary C-
atoms of C(2) and C(3) in 2 was finally assigned as
(2R,3R) by comparison of the characterized shapes in
computed CD with those in the experimental CD spec-
trum (Fig. 5), which displayed positive CEs at 213 and
306 nm, and negative CEs at 231, 252, 285, 335 and
378 nm.

The cytoprotective activities for compounds 1 and 2
were investigated. The cytotoxicity against PC12 cells was
first tested and both 1 and 2 displaying no cytotoxic
effects (ICsp > 100 um), and then the cytoprotective eval-
uation was carried out using the PC12 cells stressed by
H,0,. When the cells survival (%) for the blank (the
group without any treatment) and the control (the H,O,-
treated group) were 99.9% and 40.0%, the cytoprotective
effects (%; the relative cytoprotective effect to the con-
trol) for the tested compounds 1 and 2 (10 um) were
54.8% and 60.2%, respectively, which showed potent
cytoprotective effects.

Conclusions

Following the reported compounds baeckeins A -1,
another two novel C-methylated biflavonoids baeckeins J
and K were obtained from the roots of B. frutescens.
From a chemical point of view, the unusual carbon skele-
ton of baeckein J could be regarded as the first conjugate
of a flavonol (Segment I) and one isoflavanonol molecule
(Segment IT) via the linkages of C(2)-C(8*) and C(3)-O—
C(7%), while baeckein K was the corresponding glucopy-
ranoside. The absolute configurations for C(2) and C(3)
were determined by quantum chemical CD calculations

Segment |

Segment I

HMBC /7~ X NOE #»

Fig. 4. Selected HMBC and NOE correlations for compound 2.
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Fig. 5. Experimental CD and calculated CD spectrum for compound 2.

(TD-DFT). The bioassay for baeckeins J and K suggested
that C-methylated flavonoids might be good cytoprotec-
tive agents. The present studies have provided additional
phytochemical and bioactive information for resource
development and utilization of B. frutescens with the food
and health purposes.
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Experimental Part

General

Column chromatography (CC): silica gel (SiO,; 200 — 300
mesh; Qingdao Haiyang Chemical Co., Ltd., Qingdao,
P. R. China), ODS (40 — 65 um; Fuji, Toyama-Pref.,
Japan) and Sephadex LH-20 (20 — 100 pm; Pharmacia,
Uppsala, Sweden). GC: Agilent 6890 Plus gas chromatog-
raphy (Agilent Tech., California, USA) with an FID

detector and a DB-5 capillary column (30 m x 0.25 mm,
i.d.). Optical rotations: JASCO P-1020 polarimeter
(JASCO, Tokyo, Japan). UV Spectra: Shimadzu-UV-2450
UV/VIS spectrophotometer (Shimadzu, Tokyo, Japan);
Jmax (log ¢) in nm. CD Spectra: JASCO J-810 circular
dichroism spectrometer (JASCO); Amax (Ag) in nm. IR
Spectra: Nicolet Impact-410 spectrometer (Nicolet, Wis-
consin, USA); KBr disks; ¥ in cm~'. 1D- and 2D-NMR
spectra: Bruker AV-500 NMR instrument (Bruker, Karl-
sruhe, Germany); in (Dg)DMSO; 6 in ppm rel. to Me,Si
as internal standard, J in Hz. HR-ESI-MS: Agilent 6530
LC-Q-TOF/MS instrument (Agilent Tech., Santa Clara,
CA, USA).

Plant Material

The roots of B. frutescens were collected from Nanning,
Guangxi Province, P. R. China, and identified by Prof.
Qiang Wang, China Pharmaceutical University. A vou-
cher specimen (No. GS001) has been deposited in the
Department of Chinese Materia Medica Analysis, China
Pharmaceutical University, Nanjing, P. R. China.

Extraction and Isolation

Air-dried and crushed roots of B. frutescens (10.0 kg)
were extracted with 90% EtOH (30.0 I x 3) at 80 °C for
3 h and concentrated in vacuum to give 600.0 g of extract,
which was suspended in H,O (5.0 1) and partitioned with
petroleum ether (PE) (60 —90 °C, 5.01 x 3), AcOEt
(5.01 x 10), and BuOH (5.0 1 x 10) successively. The

© 2016 Wiley-VHCA AG, Ziirich
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AcOEt soluble part (203.6 g) was first subjected to a SiO,
CC (200 — 300 mesh, 2.0 kg, 120 x 10.0 cm, i.d.) and
eluted with the gradient solvent of CHCI;/MeOH
(1:0 - 1:1, v/v) to yield eight fractions (Frs. I — 8) on the
basis of TLC analysis. TLC was performed on precoated
SiO, GF>s4 plates and spots were visualized under the
UV light (254 or 365 nm) or detected by spraying the
AICI;/EtOH (1%) soln. A part of Fr. 6 (2.1 g) was sub-
mitted to a Sephadex LH-20 column (120 x 2.0 cm, i.d.)
and eluted with CHCl;/MeOH (1:1, v/v) to afford six sub-
fractions (Frs. 6-1 — 6-6), of which subfraction Fr. 6-6
(300.0 mg) was then subjected to repeated CC (Sephadex
LH-20, 120 x 2.0 cm, i.d., MeOH) to obtain compound 1
(30.0 mg) and Fr. 6-4 (160.0 mg) was repeatedly chro-
matographed over an ODS column (60 x 2.5 cm, i.d.,
MeOH/H,0O, 50:50, v/v) to give purified compound 2
(30.0 mg).

Baeckein J (= (7a$,13a$)-2,7a-Bis(3,4-dihydroxyphenyl)-
7a,13a-dihydro-3,5,9,11,13a-pentahydroxy-6,10-dimethyl-4H,
8H-pyrano[2',3":4,5]benzofuro[3,2-b][1]benzopyran-4,8-
dione; 1). Yellow amorphous powder. [a}f)‘"s = —564.4
(c = 0.10, MeOH). UV (MeOH): 242 (2.80), 258 (2.93),
308 (3.06), 377 (2.62). IR (KBr): 3425, 1637, 1516, 1441,
1325, 1289, 1165, 1100, 987, 960, 917, 867, 800, 730, 623,
599, 490, 434. CD (MeCN): 218 (+15.56), 238 (—4.18), 282
(—6.95), 307 (+26.91), 335 (—14.42), 379 (—20.39). 'H-
and '>C-NMR: see the Table. HR-ESI-MS (pos.):
631.1082 ([M + H]*, CxH307; calc. 631.1082).

Baeckein K (= (7aS$,13a$)-7a-(3,4-dihydroxyphenyl)-2-[4-
(p-p-glucopyranosyloxy)-3-hydroxyphenyl]-7a,13a-dihydro-
3,5,9,11,13a-pentahydroxy-6,10-dimethyl-4H,8 H-pyrano[2',3":
4,5]benzofuro[3,2-b][1]benzopyran-4,8-dione; 2). Yellow
amorphous solid. [oc]]234‘4 = —127 (¢ =0.10, MeOH). UV
(MeOH): 240 (2.98), 307 (3.10), 372 (2.74). IR (KBr). 3396,
1637, 1508, 1442, 1327, 1296, 1201, 1167, 1099, 1071, 916,
866, 800, 731, 604, 493. CD (MeCN): 213 (+2.14),
231 (—2.69), 252 (—3.66), 285 (—1.40), 306 (+5.58), 335
(-3.01), 378 (—3.81). '"H- and ">C-NMR: see the Tuable.
HR-ESI-MS (pos.): 793.1607 ([M + H]", C33H3307y; calc.
793.1611).

Acid Hydrolysis and GC Analysis

Compound 2 (2.0 mg) was hydrolyzed with 10% HCU/
dioxane (1:1, v/v, 5.0 ml) at 80 °C for 4.0 h. The mixture
was diluted with H,O and extracted with AcOEt
(5.0 ml x 3). The sugar component in the H,O layer was
evaporated under reduced pressure, and then, the
obtained sugar residue was divided into two halves. One
half was identified by SiO, TLC with CHCl;/MeOH/H,O
(8:5:1) by comparison with the authentic sample [20], and
the other half was dissolved in dry pyridine (1.0 ml), and
L-cysteine methyl ester hydrochloride (2.0 mg) was added,
followed by heating at 60 °C for 2.0 h. Finally, the result-
ing soln. was extracted with cyclohexane and H,O, and
the combined org. phase was analyzed by GC. The temp.
for injection and detector were 250 and 280 °C, resp. The

initial temp. of 180 °C was maintained for 5.0 min and
then raised to 260 °C at the rate of 8 °C/min, and He was
used as the carrier gas [21]. The standard p-glucose
(Sigma—Aldrich, St. Louis, MO, USA) was subjected to
the same reaction and GC analysis under the same condi-
tions.

Computational Details

All geometries were optimized by B3LYP functional with
6-31G* basis-set [22 — 24]. ®B97XD functional with 6-
311G* basis-set [25][26] for heavy atoms and 6-31G* for
H-atoms was employed to conduct TD-DFT calculations.
Based on the resulting electronic excitation energies and
rotatory strengths, Multiwfn 3.3.7 program [27] in combi-
nation with Origin software was employed to obtain the
ECD spectra. Polarized continuum mode (PCM) implicit
solvent model was used to represent MeCN solvent envi-
ronment. All calculations were performed by Gaussian 09
program, revision D.01 [28].

Cytoprotective Activity

PC12 cells, a rat pheochromocytoma cell line, were rou-
tinely cultured in Dulbecco’s Modified Eagle Medium
(DMEM; Sigma—Aldrich) containing 10% fetal bovine
serum, 100 units/ml of penicillin, 100 pg/ml streptomycin,
and 3% L-glutamine. Cells were fed with fresh medium
every 2 or 3 d and maintained in collagen-coated T75 tis-
sue culture flasks in a humidified atmosphere of 5% CO,
at 37 °C. When cells became 80% confluent, they were
harvested by dislodging them from the flask surface with
a flow of medium from a pipette, and dispersing them
through a 22-gauge needle. The dispersed PC12 cells were
then seeded on collagen-coated 96-well plates at a density
of 2 x 10* cells/well. After 24 h of subculture, the cells in
96-well plates were treated with the test compounds 1
and 2. For the study of cytotoxicity, treated cells were
incubated for 48 h at 37 °C. For cytoprotective assess-
ments, 0.4 mm H,O, was concomitantly added and cells
were incubated for 2 h at 37 °C. Then the treatment med-
ium was removed and the cell viability was determined by
the  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) colorimetric method. Cells were incu-
bated for 5 h at 37 °C with MTT (0.5 pm) and dissolved
in fresh complete medium, in which metabolically active
cells reduced the dye to purple formazan. Finally, the
crystals were dissolved with DMSO and the absorbance
was measured at 570 nm on a microplate reader (7ecan
Sunrise, Mannedorf, Switzerland). In cytoprotective assay,
the H,O,-treated group was used for the control and the
group without any treatment was used for the blank. Each
concentration of the compounds was tested in three paral-
lel wells. The relative cytoprotection to the control was
calculated with the following method [29]: cytoprotection
(%) = (Abs. of sample — Abs. of control)/Abs. of
blank x 100.

www.helv.wiley.com

© 2016 Wiley-VHCA AG, Zirich



(1]

Helv. Chim. Acta 2016, 99, 499 — 505

REFERENCES

I. Jantan, A. S. Ahmad, S. A. A. Bakar, A. R. Ahmad, M.
Trockenbrodt, C. V. Chak, Flavour Fragrance J. 1998, 13, 245.
N. G. T. Tam, D. T. Thuam, A. Bighelli, V. Castola, A. Muselli,
P. Richomme, J. Casanova, Flavour Fragrance J. 2004, 19, 217.
W.-Y. Tsui, G. D. Brown, J. Nat. Prod. 1996, 59, 1084.

Y. Fujimoto, S. Usui, M. Makino, M. Sumatra, Phytochemistry
1996, 41, 923.

W.-Y. Tsui, G. D. Brown, Phytochemistry 1996, 43, 871.

T. Satake, K. Kamiya, Y. Saiki, T. Hama, Y. Fujimoto,
H. Endang, M. Umar, Phytochemistry 1999, 50, 303.

W.-Y. Tsui, G. D. Brown, Tetrahedron 1996, 52, 9735.

M. Makino, Y. Fujimoto, Phytochemistry 1999, 50, 273.

T. H. Quang, N. X. Cuong, C. V. Minh, P. V. Kiem, Nat. Prod.
Commun. 2008, 3, 755.

K. Kamiya, T. Satake, Fitoterapia 2010, 81, 185.

B.-X. Jia, J. Yang, X.-Q. Chen, Y. Cao, M.-X. Lai, Q. Wang,
Helv. Chim. Acta 2011, 94, 2283.

B.-X. Jia, Y.-X. Zhou, X.-Q. Chen, X.-B. Wang, J. Yang, M.-X.
Lai, Q. Wang, Magn. Reson. Chem. 2011, 49, 757.

B.-X. Jia, F.-X. Ren, L. Jia, X.-Q. Chen, J. Yang, Q. Wang,
Nat. Prod. Res. 2013, 27, 2069.

B.-X. Jia, X.-L. Zeng, F.-X. Ren, L. Jia, X.-Q. Chen, J. Yang,
H.-M. Liu, Q. Wang, Food Chem. 2014, 155, 31.

O. R. Gottlieb, M. L. da Silva, J. G. S. Maia, Phytochemistry
1972, 11, 1185.

R. Mayer, Phytochemistry 1990, 29, 1340.

J. R. Rao, R. S. Rao, Indian J. Chem. B 1991, 30, 66.

E. Wollenweber, R. Wehde, M. Dorr, G. Lang, J. F. Stevens,
Phytochemistry 2000, 55, 965.

J. C. Ibewuike, A. O. Ogandaini, F. O. Ogungbamila, M.-T.
Martin, J.-F. Gallard, L. Bohlin, M. Pais, Phytochemistry 1996,
43, 687.

L. Tang, Y. Jiang, H.-T. Chang, M.-B. Zhao, P.-F. Tu, J.-R.
Cui, R.-Q. Wang, J. Nat. Prod. 2005, 68, 1169.

[21]

[22]

[23]
[24]

(25]
[26]

[27)
[28]

[29]

505

H. Gao, Z. Wang, L. Zhang, Y. Yu, Z.-H. Yao, N.-L. Wang,
G.-X. Zhou, W.-C. Ye, X.-S. Yao, Magn. Reson. Chem. 2008,
46, 630.

W. J. Hehre, R. Ditchfield, J. A. Pople, J. Chem. Phys. 1972,
56, 2257.

P. C. Hariharan, J. A. Pople, Theor. Chem. Acc. 1973, 28, 213.
P. J. Stephens, F. J. Devlin, C. F. Chabalowski, M. J. Frisch,
J. Phys. Chem. 1994, 98, 11623.

R. Krishnan, J. S. Binkley, R. Seeger, J. A. Pople, J. Chem.
Phys. 1980, 72, 650.

J.-D. Chai, M. Head-Gordon, Phys. Chem. Chem. Phys. 2008,
10, 6615.

T. Lu, F. Chen, J. Comput. Chem. 2012, 33, 580.

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M.
A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B. Men-
nucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P.
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnen-
berg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa,
M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vre-
ven, J. A. Montgomery Jr., J. E. Peralta, F. Ogliaro, M. Bear-
park, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, T.
Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell,
J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M.
Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C.
Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O.
Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski,
R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P.
Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels,
O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, D. J. Fox,
‘Gaussian 09, Revision D.01’, Gaussian Inc, Wallingford CT,
2013.

Y.-W. Chin, H.-B. Chai, W.-J. Keller, A. D. Kinghorn, J. Agric.
Food Chem. 2008, 56, 7759.

Received January 21, 2016
Accepted March 24, 2016

© 2016 Wiley-VHCA AG, Ziirich

www.helv.wiley.com



