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Two New Stereoisomers of Neolignan and Lignan from the Flower Buds of
Magnolia fargesii
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A new stereoisomer of 8-0-4’ system neolignan, (7R,85)-1-(3,4-dimethoxyphenyl)-2-[4-(3-hydroxy-1-propenyl)-
2-methoxyphenoxy]-propane-1,3-diol (1) and a new stereoisomer of tetrahydrofuranoid lignan, (7R,8S,7'S,8' R)-
(3,4,5,3' ,4")-pentamethoxy-9,7’-dihydroxy-8.8',7.0.9’-lignan (2) along with seven known lignans and neolignans
(3—9) were isolated from the methanol extracts of the flower buds of Magnolia fargesii. The structures of
these compounds (1—9) were elucidated by spectroscopic methods including 1D- and 2D-NMR as well as by
comparison with reported values. Absolute configurations of new stereoisomers 1 and 2 were determined by
circular dichroism (CD) spectra. The absolute configuration of (75,85,105)-[tetrahydro-4-hydroxy-2-(3,4,5-tri-
methoxyphenyl)furan-3-yljmethyl 3,4-dimethoxy benzoate (3) was determined by Mosher’s esterification method for
the first time in this study. Three lignans, tanegool (4), (+)-dehydrodiconiferyl alcohol (5), and epieudes-
min (6), were isolated from this plant for the first time. Superoxide radical scavenging activities of the isolates
(1—9) were measured by irradiated riboflavin/ethylenediaminetetraacetic acid (EDTA)/Nitroblue tetrazolium
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(NBT) system, and their in vitro rat lens aldose reductase (RLAR) inhibitory activities were also evaluated.

Key words

Members of Magnolia (Magnoliaceae) have traditionally
been used for medicinal purposes in China for a long period
of time. Especially, Xinyi, dried flower buds of Magnolia far-
gesii Cheng, has been used in Chinese herbal medicine for
the treatment of inflammatory-related disease such as nasal
congestion, empyema, sinusitis, and allergic rhinitis.” Previ-
ous phytochemical investigations have reported that this
species contains several secondary metabolites such as lig-
nans, neolignans, sesquiterpenes, and essential oils, which
show various biological activities.>®

Previous studies demonstrated that over-expressed aldose
reductase (AR), the key enzyme in the polyol pathway, has
been implicated in the pathogenesis of various diabetic com-
plications such as cataract formation,” and associated with
reactive oxygen species (ROS) production including superox-
ide radical, which also plays significant roles in the patho-
genesis of diabetic complications.>~'? Especially, superoxide
radical is a precursor to other more harmful ROS including
the hydroxyl radical, which induces various diseases such as
diabetes, cancer, and cardiovascular disease.'' '3 Thus AR
inhibitor and superoxide radical scavenger may contribute to
the prevention or treatment of diabetic complications.

We previously reported that several tetrahydrofurofuranoid
lignans with specific moiety showed potent superoxide radi-
cal-scavenging activities from this plant.'"¥ These results led
to further phytochemical investigations on this species, af-
fording two new stereoisomers of neolignan and lignan (1, 2)
along with seven known lignans and neolignans (3—9), as
part of our ongoing program to discover new preventive
agents for diabetic complications from medicinal herbs (Fig.
1). The structures of all the isolates (1—9) were elucidated
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by various spectroscopic methods including 1D- and 2D-
NMR as well as by comparison with reported values. Espe-
cially, the absolute configurations of 1 and 2 were determined
by circular dichroism (CD) studies and that of 3 by Mosher’s
esterification method for the first time in this study. Six com-
pounds, previously known structures, were identified as
tanegool (4),'> (+)-dehydrodiconiferyl alcohol (5),'® and
epieudesmin (6),'” (+)-de-O-methylmagnolin (7),” bion-
dinin A (8),'"¥ and magnone B (9).'” Three lignans 4—6
were isolated from this plant for the first time. In this paper,
we describe the isolation and structural elucidation of the
isolates (1—9) as well as their biological activities including
superoxide radical scavenging activities and AR inhibitory
activities.

Compound 1 was obtained as sticky oil with small
amount. The molecular formula of 1 was determined as
C,,H,(0, from the HR-ESI-MS at m/z 413.1595 [M+Na]"
(Calcd for C,,H,,0,Na, 413.1570), suggesting nine degrees
of unsaturation. The 'H-NMR spectrum of 1 revealed six
aromatic proton signals at &, 6.84 (1H, d, J=8.4Hz), 6.901
(1H, dd, J=2.0, 8.4 Hz), 6.904 (1H, d, /=8.0Hz), 6.92 (1H,
dd, J=2.0, 8.0Hz), and 6.97 (2H, overlapping), supporting
the presence of two ABX system aromatic rings. Three
methoxyl groups attached to the aromatic rings at ;; 3.875
(3H, s), 3.882 (3H, s), and 3.907 (3H, s) together with signals
for trans double bond at & 6.29 (1H, dt, J=6.0, 15.6 Hz)
and 6.57 (1H, d, J=15.6 Hz) were also confirmed by the 'H-
NMR spectrum. Two oxygenated aliphatic methines (Jy
4.17, 4.99) and two oxygenated aliphatic methylenes (Jy
3.68, 3.93, 4.33) were also observed. The >*C-NMR and dis-
tortionless enhancement by polarization transfer (DEPT)
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6 Ry=H,R,=0Me
7 Ry =OMe, Ry = OH

Fig. 1. Structures of Compounds 1—9 from the Flower Buds of M. fargesii

spectra presented carbon signals for 10 methines, 2 methyl-
enes, 3 methyls, and 6 quaternary carbons. These 1D-NMR
spectra suggested that nine degrees of unsaturation were pre-
sumed to be due to two aromatic rings and a double bond.
The 'H-'H COSY spectrum showed good connectivities be-
tween both H-7/H8/H-9 and H-7'/H8'/H-9’ in the two propa-
nyl groups. The positions of three methoxyl groups were de-
termined by correlation peaks with C-3, C-4, and C-3’, and
the connections of C-1 with C-7 and C-1" with C-7' in two
phenylpropanoid units were determined by correlations
peaks between H-7 with C-2/C-6 and H-7" with C-2'/C-6', in
the HMBC spectrum (Fig. 2). The unassigned connection
between two phenylpropanoid units was unambiguously
demonstrated because the HMBC spectrum showed correla-
tion peak of H-8 resonated at &y 4.17 with C-4', which sup-
ported that compound 1 was 8-O-4" system neolignan. The
erythro configuration between two chiral centers at C-7 and
C-8 positions was determined by its smaller coupling con-
stant (J;=4.8 Hz).?**" The “85™ absolute configuration was
determined by its CD spectrum with both positive signs at
216 and 235 nm.?*?" Thus the structure of 1 was determin-
ed to be a new stereoisomer of 8-O-4' system neolignan,
(7R,85)-1-(3,4-dimethoxyphenyl)-2-[4-(3-hydroxy-1-prope-
nyl)-2-methoxyphenoxy]-propane-1,3-diol (1). The synthe-
sized 7R,8R-isomer of 1 has been reported with no spectral
data previously.*”

Compound 2 was obtained as sticky oil with small amount.
Its molecular formula was determined as C,;H;,0; with nine
degrees of unsaturation from the HR-EI-MS at m/z: 434.1945
[M]" (Caled for Cy3H;,Og, 434.1941). The UV spectrum of 2
exhibited characteristic absorption maxima of tetrahydrofu-
ranoid lignan at 228 and 278 nm. The presence of a veratryl
group and a 3,4,5-trimethoxyphenyl group were suggested by
'H-NMR spectrum, which showed five aromatic methoxyl
groups at 8y 3.83 (3H, s), 3.87 (6H, s), 3.88 (3H, s), and 3.90
(3H, s), together with five aromatic protons including ABX
system signals at O, 6.84 (1H, d, J=8.0Hz), 6.90 (1H, dd,
J=1.8, 8.0Hz), and 6.93 (1H, d, /=1.8 Hz), and a symmetri-
cal singlet at &;; 6.58 (2H, s). The *C-NMR and DEPT spec-
tra showed two aromatic rings with carbon signals for 9 me-
thines, 2 methylenes, 5 methyls, and 7 quaternary carbons,
which supported that the extra degree of unsaturation except
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1 2

Fig. 2. Selected Correlations in the HMBC Spectra of 1 and 2

2

Fig. 3. Energy-Minimized 3D Structure by CAChe™ 5.0 Molecular Mod-
eling Program and Key ROESY Correlations of 2

two phenyl rings was presumed to be due to tetrahydrofuran
ring. The 8.8'-linked tetrahydrofuran skeleton between two
propanyl groups was certified by good connectivities in the
"H-'H COSY spectrum, which showed correlations between
H-8 with H-7/H-9/H-8' and H-8' with H-7'/H-9'/H-8. The
veratryl and 3,4,5-trimethoxyphenyl groups were linked to
C-7' and C-7, respectively, since correlations between H-7’
with C-1'/C-2'/C-6" and H-7 with C-1/C-2/C-6 were ob-
served in the HMBC spectrum (Fig. 2). All trans orientation
between H-7, H-8, and H-8' of 2 was determined by the ROE
cross peaks of H-7/H-9, H-7/H-8', H-8/H-7', and H-8'/H-9
in the ROESY spectrum (Fig. 3). The absolute configurations
at the four chiral centers of 2 were determined by compari-
son of its CD data and [], value with those of reference
compound. The CD spectrum of 2 ([¢], —33.6, CHCl,)
showed a negative sign at 238 nm and a positive sign at 284
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Fig. 4. The AS (64— 6;) Values of MTPA Esters of 3 by Mosher’s Esterifi-
cation Method

Table 1. Superoxide Radical Scavenging Activity and Inhibitory Activity
on Rat Lens Aldose Reductase (RLAR) in Vitro of the Isolates from M. far-
gesii (n=3)

Superoxide RLAR
Compounds scavenging activity inhibitory activity
ECs, (1v) ICyq (um)
1 18.3 >100
4 13.4 >100
5 422 >100
7 11.7 >100
8 54.4 36.6
9 62.8 54.6
PCs? 3177 28.79

a) Positive controls; b) butylated hydroxyanisole (BHA) and ¢) 3.3-tetramethyleneg-
lutaric acid (TMG) were used as positive controls for superoxide scavenging and aldose
reductase assay, respectively. Compounds 2, 3, and 6 were not active in both superoxide
radical scavenging and RLAR assay systems.

nm, which were identical with the known analogous com-
pound'” ([, —5.0, CHCl,) having 7R.8S,7'S,8' R-configu-
ration. Thus the structure of 2 was determined to be a new
stereoisomer of tetrahydrofuranoid lignan, (7R,8S,7'S,8'R)-
(3,4,5,3",4")-pentamethoxy-9,7'-dihydroxy-8.8',7.0.9"-lig-
nan (2). In our previous works, compound 3, a structurally
rare neolignan having C—Cs—O-C, skeleton, has been re-
ported as a new compound®” with no absolute stereochem-
istry due to its small amounts. In this study, further investiga-
tion on this plant led to the additional isolation of 3 and suc-
cessful absolute configurations, which were determined by
Mosher’s esterification method performed in NMR tubes
(Fig. 4).¥ Consequently, the absolute configuration of 3 was
demonstrated as (75,8S,105)-[tetrahydro-4-hydroxy-2-(3,4,5-
trimethoxyphenyl)furan-3-yl]methyl 3,4-dimethoxy benzoate
(3).

To evaluate antioxidant activities of isolates (1—9), their
superoxide radical scavenging activities were measured by ir-
radiated riboflavin/ethylenediaminetetraacetic acid (EDTA)/
Nitroblue tetrazolium (NBT) system.?> Additionally, the iso-
lates were subjected to an in vitro bioassay system’**”) to
evaluate their rat lens aldose reductase (RLAR) inhibitory
activities. As a result, compounds 1, 4, 5, and 7—9 showed
significant superoxide radical scavenging activities compared
with standard antioxidant, BHA. Especially, compounds 1, 4,
and 7 exhibited potent scavenging activities with the ECj,
values of 18.3, 13.4, and 11.7 um, respectively, (BHA:
31.7 um), whereas, compounds 8 and 9 showed both radical
scavenging and AR inhibitory activities. As has been noted
in our previous report,'¥ these results also supported that lig-
nans (neolignans) having phenyl ring(s) hydroxylated at the
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para position including vanillyl groups revealed potent su-
peroxide radical scavenging activities. Oxidative stress and
AR are associated with various diabetic complications as dis-
cussed above. Thus M. fargesii could be considered as a
good medicinal source for prevention or treatment of diabetic
complications.

Experimental

General Experimental Procedures Optical rotations were obtained
using a Perkin-Elmer polarimeter. IR spectra were recorded on a Bruker
IFS66 infrared Fourier transform spectrophotometer (KBr) and UV spectra
were measured on a Beckman DU650 spectrophotometer. CD spectra were
obtained with a JASCO 715 spectropolarimeter. NMR experiments were
conducted either on a Bruker (AM 500 MHz) and a Varian Inova (400 MHz)
FT-NMR with tetramethylsilane (TMS) as internal standard. EI-MS and HR-
EI-MS were recorded on a Jeol JMS-700 instrument operated at 70 eV. ESI-
MS and HR-ESI-MS were recorded on a Mariner instrument (Perseptive
Biosystem, U.S.A.). TLC analysis was performed on Silica gel 60 F,,
(Merck) and RP-18 F,q,s (Merck) plates. Silica gel (230—400 mesh, Merck)
and RP-18 YMC:-GEL (ODS-A, 12nm, S-150 um) were used for column
chromatography.

Plant Material The flower buds of M. fargesii were purchased from
Daechang Oriental Herb Store in Jinju, South Korea. A voucher specimen
(Lee, J. & M. S. Yang 021) was deposited at the Herbarium of Gyeongsang
National University (GNUC).

Extraction and Isolation The air-dried flower buds of Magnolia farge-
sii (1kg) were extracted with MeOH (51X3) at room temperature. The ex-
tract was concentrated in vacuo to afford a dark brown gum (304 g), which
was dissolved in water and continuously partitioned with solvents, then con-
centrated to give sticky extracts of n-hexane (113 g), EtOAc (139¢g), n-
BuOH (25 g), and water (25 g) layer, respectively. The EtOAc extract (139 g)
was chromatographed on a Si gel column eluted with a gradient mixture of
100% CHCIl4 to 100% MeOH to afford 45 fractions (FO1—F45). Fraction
F29 was chromatographed on a Si gel column eluted with CHCl;/acetone
gradient mixture (9:1—4:1) to afford 14 subfractions AO1—A14. Frac-
tions A11—A13 were chromatographed on a Sephadex LH-20 column
(MeOH 100%) to give 10 subfractions AA0O1—AA10. Further chromato-
graphic separations of these fractions were carried out by ODS-A reverse
phase column (MeOH/water=1:1) to give 1 (1.6 mg), 4 (1.4mg), and 5
(1.8 mg). Fraction F27 was chromatographed on a Si gel column eluted with
CHCly/acetone gradient mixture (9:1—4:1) to produce 11 subfractions
B01—B11. Compounds 2 (2.7 mg, purified by Prep. TLC), 3 (3.1 mg), 8
(22 mg), and 9 (6 mg) were obtained from fractions BO6—BO08 by Si gel col-
umn chromatography (CHCly/AcN=9:1-2:1). Fraction F24 was chro-
matographed on a Si gel column (CHCl,/acetone=49:1—19:1) to afford
15 subfractions DO1—D15. Fractions D08 was chromatographed on a Si gel
column (CHCI;/AcN=49:1-19:1) to give 7 (5.5mg). Fraction F13 was
chromatographed on a Si gel column eluted with n-hexane/EtOAc gradient
mixture (4:1-2:1) to give 11 subfractions EOl—E11. Fraction E06 was
chromatographed on a Si gel column (CHCl,/acetone=99:1—-49: 1) to give
6 (3.8 mg).

Compound 1: Sticky oil; [a]3’ +5.0 (c=0.1, MeOH). UV AMOH pm
(log €): 206 (4.55), 267 (4.07). CD (MeOH, c=1.6X10"*m) Age (nm):
+1.99 (216), +2.53 (235). 'H-NMR (400 MHz, CDCl,) &: 3.68 (1H, brd,
J=11.6Hz, H-9), 3.875 (3H, s, 4-OMe), 3.882 (3H, s, 3-OMe), 3.907 (3H,
s, 3'-OMe), 3.93 (1H, dd, J=5.6, 12.0Hz, H-9), 4.17 (1H, m, H-8), 4.33
(2H, d, J=5.6 Hz, H-9"), 4.99 (1H, d, J=4.8 Hz, H-7), 6.29 (1H, dt, J=6.0,
15.6 Hz, H-8"), 6.57 (1H, d, J=15.6 Hz, H-7"), 6.84 (1H, d, /=8.4 Hz, H-5),
6.901 (1H, dd, J=2.0, 8.4Hz, H-6), 6.904 (1H, d, J=8.0Hz, H-5"), 6.92
(1H, dd, J=2.0, 8.0Hz, H-6"), 6.97 (2H, overlapping, H-2/H-2"). *C-NMR
(100 MHz, CDCl,) 8: 56.0 (OMe, C-3/C-4/C-3"), 60.8 (C-9), 63.7 (C-9"),
72.8 (C-7), 87.5 (C-8), 109.2 (C-2), 109.9 (C-2'), 111.1 (C-5), 118.4 (C-6),
120.1 (C-6"), 120.9 (C-5"), 128.2 (C-8'), 130.5 (C-7"), 132.4 (C-1), 133.1
(C-1"), 146.6 (C-4"), 148.6 (C-4), 149.1 (C-3), 151.6 (C-3"). HR-ESI-MS
m/z: 413.1595 [M+Na]* (Caled for C,,H,0,Na: 413.1570). ESI-MS (posi-
tive ion mode) m/z: 413 [M+Na]*.

Compound 2: Sticky oils; [a]3’ —33.6 (¢=0.4, CHCL,). UV AMOH pm

(log €): 228 (4.06), 278 (3.40). IR vEE cm™': 3360, 3006, 2930, 2846, 1594,
1511, 1460, 1422. CD (MeOH, ¢=2.0X10"*m) Ag (nm): —2.48 (238),
+0.65 (284). "H-NMR (500 MHz, CDCL,) &: 2.33 (1H, m, H-8), 2.62 (1H,
m, H-8"), 3.61—3.71 (3H, m, H-9'/H-9), 3.82 (1H, dd, J=3.4, 6.9 Hz, H-9),
3.83 (3H, s, 4-OMe), 3.87 (6H, s, 3,5-OMe), 3.88 (3H, s, 4'-OMe), 3.90
(3H, s, 3’-OMe), 4.40 (1H, d, J=9.1 Hz, H-7), 4.51 (1H, d, J=9.7 Hz, H-7"),
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6.58 (2H, s, H-2/H-6), 6.84 (1H, d, J/=8.0Hz, H-5"), 6.90 (1H, dd, J=1.8,
8.0Hz, H-6"), 6.93 (1H, d, J=1.8 Hz, H-2"). ®*C-NMR (125 MHz, CDCl,) &:
53.7 (C-8"), 56.1 (C-8), 56.4, 56.6 (OMe, C-3'/C-4'/C-3/C-4), 61.2 (OMe),
63.9 (C-9), 70.9 (C-9"), 77.7 (C-7"), 85.0 (C-7), 103.8 (C-2/C-6), 109.8 (C-
2"), 111.5 (C-5"), 119.5 (C-6"), 135.6 (C-1"), 136.9 (C-1), 138.3 (C-4), 149.6
(C-4"), 149.8 (C-3"), 153.8 (C-3/C-5). HR-EI-MS m/z: 434.1945 [M*]
(Calcd for Cyp3H; Og: 434.1941). EI-MS m/z (70 eV, rel. int.): 434 (M*, 78),
268 (24), 237 (31), 224 (68), 195 (35), 177 (58), 167 (100), 165 (61), 151
(52), 139 (69).

Compound 3: 'H-NMR (400 MHz, CDCL;) &: 2.57 (1H, m, H-8), 3.83
(3H, s, 4-OMe), 3.84 (6H, s, 3, 5-OMe), 3.91 (3H, s, 3'-OMe), 3.94 (3H, s,
4'-OMe), 4.08 (2H, d, J/=4.4Hz, H-11), 4.47 (3H, m, H-9/H-10), 4.63 (1H,
d J=8.0Hz, H-7), 6.66 (2H, s, H-2/H-6), 6.88 (1H, d, J=8.4Hz, H-5"), 7.50
(1H, d, J=2.0Hz, H-2"), 7.58 (1H, dd, /=2.0, 8.4 Hz, H-6").

Preparation of (S)- and (R)-MTPA Ester Derivatives of 3 by Mosher’s
Esterification Method (S)- and (R)-MTPA esters of 3 were prepared using
Mosher’s esterification method performed in NMR tubes in the same manner
as described previously.>*

(S)-MTPA Ester of 3: "TH-NMR (400 MHz, CDCl,) &: 2.666 (1H, m, H-8),
4.082 (1H, dd, J=5.6, 10.0Hz, H-11), 4.350 (1H, brd, J=11.2Hz, H-9),
4.485 (1H, dd, J=5.8, 12.0 Hz, H-11), 4.536 (1H, dd, J/=5.6, 11.2 Hz, H-9),
4.588 (1H, d, J=7.6 Hz, H-7), 5.589 (1H, dd, J=2.0, 3.2 Hz, H-10).

(R)-MTPA Ester of 3: '"H-NMR (400 MHz, CDCl,) &: 2.736 (1H, m, H-8),
4.101 (1H, dd, J=4.4, 11.2Hz, H-11), 4.265 (1H, brd, J=10.8 Hz, H-9),
4.498 (1H, dd, J/=6.4, 11.6 Hz, H-11), 4.565 (1H, dd, J=5.6, 11.2 Hz, H-9),
4.627 (1H, d, J=6.8 Hz, H-7), 5.595 (1H, dd, /=2.8, 4.0 Hz, H-10).

Superoxide Radical Scavenging Activity Superoxide radical scaveng-
ing activities of compounds 1—9 were measured by modified irradiated ri-
boflavin/ethylenediaminetetraacetic acid (EDTA)/Nitroblue tetrazolium (NBT)
system described previously.>

Rat Lens Aldose Reductase (RLAR) Inhibitory Activity Rat lens al-
dose reductase acquired from the eyes of 8 weeks old Sprague-Dawley rats
was used for assay according to methods described previously.?*?”
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