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ARTICLE INFO ABSTRACT

The anti-inflammatory phytochemical investigation of the leaves of Illicium dunnianum (I
dunnianum) resulted in the isolation of five pairs of new lignans (1-5), and 7 known analogs
(6-12). The separation of enantiomer mixtures 1-5 to 1a/1b-5a/5b was achieved using a
chiral column with acetonitrile-water mixtures as eluents. The planar structures of 1-2 were
previously undescribed, and the chiral separation and absolute configurations of 3-5 were re-
ported for the first time. Their structures were determined through comprehensive spectro-
scopic data analysis [nuclear magnetic resonance (NMR), high-resolution electrospray ioniza-
tion mass (HR-ESI-MS), infrared (IR), and ultraviolet (UV)] and quantum chemistry calcula-
Lignan tions (ECD). The new isolates were evaluated by measuring their inhibitory effect on NO in
Structural elucidation lipopolysaccharide (LPS)-stimulated BV-2 cells. Compounds 1a, 3a, 3b, and 5a demonstrated
Anti-inflammatory activity partial inhibition of NO production in a concentration-dependent manner. Western blot and
real-time polymerase chain reaction (PCR) assays revealed that 1a down-regulated the mes-
senger ribonucleic acid (mRNA) levels of tumor necrosis factor a (TNF-a), interleukin-6 (IL-
6), COX-2, and iNOS and the protein expressions of COX-2 and iNOS. This research provides
guidance and evidence for the further development and utilization of I. dunnianum.
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1. Introduction I dunnianum. In continuing efforts to discover additional bioact-
ive ingredients, 5 pairs of new lignans (1-5) (Fig. 1), and 7
known analogs (6-12) were isolated and characterized. The
planar structures of 1 and 2 were previously undescribed, and
the chiral separation and absolute configurations of 3-5 were re-
been traditionally utilized as a folk medicine for pain relief, wind ported for the first time. Structure elucidation was accomplished

. . . 2.3 . . through comprehensive spectroscopic data analysis (nuclear
dispersion, and rheumatism treatment “°. Previous phytochemic- . . . L
. , . . s magnetic resonance (NMR), high-resolution electrospray ioniza-
al studies of I. dunnianum have identified phenylpropanoids

Hlicium dunnianum (I. dunnianum) Tutcher, belonging to the
genus Illicium of Schisandraceae family, is primarily distributed
in Southern China '. The roots and rhizomes of this plant have

. o tion mass (HR-ESI-MS), infrared (IR), and ultraviolet (UV)) and
flavonoids " °, sesquiterpenes ~°, and other chemical compone-

nts . Modern pharmacological research demonstrates that the
extracts of I dunnianum and some of these compounds exhibit
multiple biological activities, including anti-inflammation ',
gastrointestinal smooth muscle spasm relief ">, immune regula-
tion ', and other pharmacological activities . Current studies on
the chemical constituents of I. dunnianum primarily focus on its
roots, stems, and fruits, with limited investigation of its leaves.
Previous research has identified 24 lignans (including nine
previously uncharacterized compounds) ", 15 phenolic acids (in-
cluding 9 new compounds) '*'°, two new benzofuran derivatives,
and one new p-hydroxybenzoate glycoside '*'” from the leaves of

* Corresponding author.
E-mail addresses: xw_kanion@163.com (W. Xiao); lihaibo1985124@sina.com
(H. Li); 1018yuyang@163.com (Y. Yu)
® These authors contributed equally to this work.

https://doi.org/10.1016/S1875-5364(25)60934-4

quantum chemistry calculations (ECD). The new isolates were
evaluated for their inhibitory effect on NO in lipopolysaccharide
(LPS)-stimulated BV-2 cells. Compounds 1a, 3a, 3b, and 5a
demonstrated NO production inhibition in a concentration-de-
pendent manner. Western blot and real-time polymerase chain
reaction (PCR) assays indicated that 1a down-regulated the mes-
senger ribonucleic acid (mRNA) levels of tumor necrosis factor a
(TNF-a), interleukin-6 (IL-6), COX-2, and iNOS and the protein ex-
pressions of COX-2 and iNOS. This paper describes the isolation,
structural elucidation, and bioactivity assays.

2. Results and discussion

2.1. Structural elucidation of new compounds

Compound 1, a colorless oil, was isolated as an enantiomeric

Copyright © 2025, China Pharmaceutical University. Published by Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/S1875-5364(25)60934-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/S1875-5364(25)60934-4&domain=pdf
mailto:xw_kanion@163.com
mailto:lihaibo1985124@sina.com
mailto:1018yuyang@163.com
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://www.sciencedirect.com/science/journal/1674862X
http://www.cjnmcpu.com/
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4
https://doi.org/10.1016/S1875-5364(25)60934-4

T. Lietal

6R,

=R,=H,R,=R
7R,=R,=R,=H,R
8R,=R,=R,=H,R
9R,=R,=R,=H,R

3

Chinese Journal of Natural Medicines 23 (2025) 990-996

,=OCH,, R, = 8-D-Glc (75*, 8R*) 10R,=R,=R,=H, R, = OCH, (7R*, 8R*)
,=OCH,, R, = #-D-Glc (75*, 8R*) 11R,=R,=H, R, = OCH,, R, = #-D-Glc (75*, 8R*)
,=OCH,, R, = 3-D-Glc (75*, 8R*) 12R,=R,=H, R, = OCH,, R, = -D-Glc (75*, 8R*)
,=OCH,, R, = 8-D-Glc (75*, 8R*)

Fig. 1 Chemical structures of compounds 1a/1b-12 (red: new compounds).

mixture of 1a and 1b. The HR-ESI-MS analysis revealed an ion
peak at m/z 313.1829 [M + H]" (Calcd. for 313.1804), corres-
ponding to a molecular formula of C,oH,,05. The '"H NMR spec-

Table 1 'H and °C NMR data for compounds 1a/1b-5a/5b in CDCl5.

trum (Table 1) demonstrated the presence of two 1,4-disubsti-
tuted phenyl rings [6y 7.26 (2H, d, ] = 8.8 Hz, H-2, 6), 7.24 (2H, d,
J =8.7 Hz, H-2', 6'), 6.88 (2H, d, ] = 8.8 Hz, H-3, 5), 6.83 (2H, ] =

1a/1b 2a/2b 3a/3b 4a/4b 5a/5b
e 5 8 (/ in Hz) & & (J in Hz) 8¢ 6 (J in Hz) 8¢ 6 (J in Hz) 8¢ 8 (/in Hz)
1 135.8 1357 130.2 132.0 1312
2,6 1277  7.26,d(8.8) 128.0 7.25,d (8.8) 1296  6.92,d(8.7) 1286 7.94,d (8.6) 1288  7.32,d(8.7)
3,5 1138  6.88,d(8.8) 1138 6.88,d (8.8) 113.9 6.75,d (8.7) 1135 6.91,d (8.6) 1140  6.90,d (8.7)
4 159.0 159.2 158.4 159.1 159.3
7 776 454,d(5.1) 78.4 4.43,d (7.5) 553 2.71,t(10.3) 551 2.68,t(10.3) 857  4.26,d(9.0)
8 40.9 1.95 40.7 1.98 780 4.25,dq(103,6.2) 77.8 4.16,dq(103,6.1)  67.5 3.78,dq (9.0,6.3)
9 148 098,d(6.1) 16.0 0.76,d (6.8) 19.7 1.16,d (6.2) 19.7 1.15,d (6.1) 172 0.84,d(6.3)
1’ 130.9 130.8 1322 129.1 129.1
2,6 1272  7.24,d(8.7) 127.2 7.29,d (8.7) 1284  7.05,d(8.8) 1294  6.89,d(8.1) 1321 7.74,d (8.7)
3.5 1140  6.83,d(8.7) 114.1 6.84,d (8.7) 1134  6.70,d (8.8) 113.9 6.73,d (8.1) 1135  6.96,d (8.7)
4 158.8 158.9 158.9 1585 159.6
7' 1307  6.28,d (15.6) 131.0 6.37 841  4.85,d(10.3) 840  4.75,d(10.3) 776 452,d(3.4)
8’ 1269 6.02,dt(15.6,7.0) 1269 6.11,dd (15.7, 7.9) 748 4.34,dq (6.7,3.4)
o wme  HE e umomen)
1" 131.4 130.2
2", 6" 127.8 7.55,d (8.7) 1283 7.36,d (8.7)
35" 113.7 6.92,d (8.7) 114.0 6.84,d (8.7)
4" 160.1 159.7
7" 101.2 5.87 1333 6.81,d(163)
8" 123.6 6.22,dd (16.3,5.0)
9" 101.2 5.52,d (5.0)
4-0CH; 554 3.89,s 555 381,s 552 3.72,s 553 3.72,s 55.2 3.85,s
4-0CH; 553 3.79.s 55.4 3.80,s 552 3.75.s 553 3.74,s 553 3.81,s
4"-0CHj 55.4 381,s 55.4 3.80,s

Measured at 600 MHz for 'H and 150 MHz for °C in CDCl3; multiplets and or overlapped signals are reported without designating multiplicity.
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8.7 Hz, H-3', 5')], a trans-substituted double bond [y 6.28 (1H, t,
J = 15.6 Hz, H-7), 6.02 (1H, dt, J] = 15.6, 7.0 Hz, H-8')], two
methines [6y4.54 (1H, d, ] = 5.1 Hz, H-7), 1.95 (1H, overlapped, H-
8)], one methylene [6y 2.26 (1H, m, H,-9"), 1.95 (1H, overlapped,
Hy-9")], one methyl [64 0.98 (3H, d, /] = 6.1 Hz, H5-9)] and two
methoxys [8y 3.89 (3H, s, 4-OCH3), 3.79 (3H, s, 4-0OCH3)]. The C
NMR and distortionless enhancement by polarization transfer
(DEPT) spectra revealed 20 distinct carbon resonances, compris-
ing 4 quaternary carbons (6; 159.0, 158.8, 135.8, 130.9), 12
methines (6¢ 130.7,127.7 x 2,127.2 x 2,126.9,114.0 x 2, 113.8 x
2, 77.6, 40.9), one methylene (6; 37.0) and 3 methyls (8 55.3,
55.4, 14.8). The NMR data suggested that compound 1 was likely
a lignan containing two aromatic methoxy substituents, which
was subsequently confirmed by 'H-'H correlation spectroscopy
(COSY) correlations of H-7/H-8/H3-9, H-7'/H-8' /H,-9', H-8/H,-9’
and the key heteronuclear multiple bond correlation (HMBC)
cross-peaks from H-7 to C-1, C-2, 6; from H-7' to C-1', C-2', 6';
from CH30 (6y 3.89) to C-4 (8¢ 159.0) and from CH30 (6 3.79) to
C-4' (6; 158.8) (Fig. 2). The hydroxy group position at C-7 was de-
termined based on the chemical shift of C-7 (6; 77.6) and the mo-
lecular formula, thereby establishing the planar structure of com-
pound 1.

As compounds 1a/1b are classified as 8,9'-neolignans, the
relative configurations of C-7 and C-8 were determined through
the coupling constant (J;g) of H-7 and the chemical shift of C-7
(erythro isomer: J; g < 5.5 Hz, 6.7 < 78; threo isomer: J; g > 6.0 Hz,
8c.7 > 78), as documented in the literature '®. The relative config-
urations of H-7 and H-8 were established as erythro-configura-
tion based on the chemical shift of C-7 (8¢ 77.6) and the coupling
constant of H-7 (J;g =5.1 Hz). Chiral separation yielded enan-
tiomers 1a and 1b (Fig. S1), exhibiting mirror image-like ECD
spectra (Fig. 3) and opposite optical rotation [1a: [a]f)s -35.47 (c
0.50, MeOH); 1b: [aﬁf +39.24 (c 0.49, MeOH)]. ECD calculations
were conducted for (75,85)- and (7R,8R)-illiciumligan P using the
Gaussian 16 program to determine their absolute configurations.
The calculated ECD curve of the (7S5,8S)-configuration matched
the experimental ECD spectrum of 1a (Fig. 3). Therefore, 1a was
definitively identified as (-)-erythro-(75,85)-illiciumligan P. As its
enantiomer, 1b was accordingly determined as (+)-erythro-
(7R,8R)-illiciumligan P.

Compound 2 (2a/2b) appeared as a proximate chromato-
graphic peak separated from 1 in RP-HPLC. Both 1 and 2 (m/z
313.1839 [M + HJ", Calcd. for CyyH,505, 313.1804) shared the
same molecular formula. Comparison of the 'H, **C, and 2D NMR
data between 1 and 2 (Table 1) revealed identical planar struc-
tures. The relative configuration of 2 was determined to be threo
based on the coupling constant of H-7 (J;5 = 7.5 Hz) and the
chemical shift of C-7 (6 78.4). Subsequently, 2 was separated in-

Chinese Journal of Natural Medicines 23 (2025) 990-996

to enantiomers 2a and 2b through chiral HPLC (Fig. S2). Through
comparison of calculated ECD spectra of (7S,8R)- and (7R,85)-illi-
ciumligan Q with the experimental ECD spectra (Fig. 3), 2a and
2b were assigned (7S,8R)- and (7R,85)-configurations respect-
ively. Thus, 2a and 2b were characterized as (-)-threo-(7S,8R)-il-
liciumligan Q and (+)-threo-(7R,8S)-illiciumligan Q.

Compound 3 (3a/3b) was isolated as a colorless oil. Its mo-
lecular formula was determined to be CsH,505 based on HR-ESI-
MS analysis at m/z 443.1833 [M + Na]" (Calcd. for 443.1834). The
'H NMR (Table 1) revealed the presence of three 1,4-disubsti-
tuted phenyl rings [6y 7.55 (2H, d, ] = 8.7 Hz, H-2", 6"), 7.05 (2H,
d,/=8.8Hz H-2,6"),6.92 (4H, d,] = 8.7 Hz, H-2, 6, 3", 5"), 6.75
(2H, d, J = 8.7 Hz, H-3, 5), 6.70 (2H, d, J = 8.8 Hz, H-3', 5)], 4
methines [6y 5.87 (1H, m, H-7""), 4.85 (1H, d, J = 10.3 Hz, H-7"),
4.25 (1H, dq, ] = 10.3, 6.2 Hz, H-8), 2.71 (1H, t, ] = 10.3 Hz, H-7)],
one methyl [6y 1.16 (3H, d, / = 6.2 Hz, H3-9)] and 3 methoxys [6y
3.81 (3H, s, 4"-0CH3), 3.75 (3H, s, 4'-0CH;), 3.72 (3H, s, 4-
OCH3)]. The *C NMR and DEPT spectra displayed 26 carbon res-
onances, comprising 6 quaternary carbons (6; 160.1, 158.9,
158.4,132.2, 131.4, 130.2), 16 methines (6; 129.6 x 2, 128.4 x 2,
127.8x2,113.9 x2,113.7 x 2,113.4 x 2, 101.2, 84.1, 78.0, 55.3)
and 4 methyls (6¢ 55.4, 55.2 x 2, 19.7). Analysis of the 2D NMR
data indicated that 3 shared an identical planar structure with
anemonenorin A . The C-7 and C-8 positions of 3 were con-
firmed to be part of a ring structure, and the relative configura-
tion was established through nuclear Overhauser effect spectro-
scopy (NOESY) spectral analysis and coupling constant J; g val-
ues ***". NOESY correlations between H-7'/H-7", H7"'/H-8, H-
7/H3-9 and coupling constant values of J;;» = 10.3 Hz and J; g =
10.3 Hz confirmed the relative configuration, indicating H-7, H-8,
H-7' and H-7" adopted f-, a-, @- and a-orientations, respectively.
Compound 3 was subsequently separated into enantiomers 3a
and 3b using chiral HPLC (Fig. S3). The experimental ECD spec-
tra matched well with the ECD spectra of 3a and 3b (Fig. 3).
Therefore, 3a and 3b were characterized as (+)-(75,85,7'S,7"'S)-
anemonenorin A and (-)-(7R,8R,7'R,7"'R)-anemonenorin A, re-
spectively.

Compound 4 (4a/4b), isolated as a colorless oil, exhibited a
molecular formula of C,gH3,05 based on a sodium adduct ion
peak (m/z 469.1983 [M + Na]", Calcd. for C,gH3,05Na’, 469.1991)
in the positive HR-ESI-MS. Its NMR data (Table 1) revealed sig-
nals similar to those of 3, with an additional trans-substituted
double bond [6y4 6.81 (1H, d, ] = 16.3 Hz, H-7"), 6.22 (1H, dd, ] =
16.3, 5.0 Hz, H-7"")] positioned at C-1" and C-9", confirmed by
HMBC of H-7"/C-1", 2", 6", 9" and H-8"/C-1", 9" (Fig. 2). De-
tailed analysis of the 2D NMR data indicated that 4 and illiciumi-
one A ** shared identical planar structures. The relative configur-
ation of H-7, H-8, H-7’, and H-7"" was established as a-, -, -, and

= 'H-'H-COSY
< “HMBC
4~ ANOE

Fig.2 The key "H-"H COSY, HMBC correlations of compounds 1, 2, and 4; the NOESY correlations of compounds 3-5.
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Fig. 3 Calculated and experimental ECD spectra of compounds 1a/1b-5a/5b.

B-orientation using the same methodology as 3. Subsequent chir-
al resolution yielded a pair of enantiomers 4a/4b (Fig. S4) with
opposite optical rotations [4a: [0(}2135 -59.82 (c 0.50, MeOH); 4b:
[a]5 +61.46 (c 0.45, MeOH)] and ECD curves. Comparison of ex-
perimental and calculated ECD data (Fig. 3) established the abso-
lute configurations of 4a/4b as (7R,8R,7'R,9"R)- and (75,8S,7'S,
9"'S)-configurations. Thus, 4a and 4b were elucidated and desig-
nated as (-)-(7R,8R,7'R,9"R)-illiciumione A and (+)-(7S,8S,7'S,
9"'S)-illiciumione A, respectively.

Compound 5 (5a/5b) was obtained as a colorless oil. Its mo-
lecular formula was established as C,,H,40, through analysis of
the HR-ESI-MS peak at m/z 351.1573 [M + Na]® (Calcd. for
351.1572). A thorough examination of the NMR data (Table 1) re-
vealed that the planar structure of 5 was identical to verimol H **.
The relative configurations of 5 were determined as 7,8-threo,
7',8'-erythro, based on the NOESY spectrum (Fig. 2) of H-7/H-8’,
H-7'/H-2', 6’ and H-7'/H-8" and the coupling constant values of
J78=9.0 Hz and J; g = 3.4 Hz. Subsequent chiral separation yiel-
ded a pair of enantiomers 5a/5b (Fig. S5). Comparison of calcu-
lated ECD spectra with experimental ECD spectra (Fig. 3) estab-
lished their absolute configurations as (7R,8R,7'R,8'S)-5a,
(75,8S,7'S,8'R)-5b. Consequently, 5a and 5b were identified as
(9)-(7R,8R,7'R,8'S)-verimol H and (-)-(75,8S,7'S,8'R)-verimol H,
respectively.

The seven known compounds (6-12) were identified as
(75 ,8R")-5-methoxydihydrodehy drodiconiferyl alcohol-4-0-B-D-
glucopyranoside *, (7S",8R")-urolignoside **, (75",8R")-dihydrode-
hydrodiconiferyl alcohol-9-0-8-D-glucopyranoside *°, (75", 8R")-
dihydrodehydrodiconiferyl alcohol-9’-0--D-glucopyranoside *°,
(7R",8R")-4,7,9,9'-tetrahydroxy-3,5,3'-triethoxy-8-0-4'-neolig-
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nan 7, (7R",8R")-7,9,9'-trihydroxy-3,3’,5'-triethoxy-4-0-B-D-gluc-
osyl-8-0-4'-neolignan “°, and rourinoside *°. The activities of
these compounds were discussed in the Supporting information
(Tables S2 and S3).

2.2. Anti-inflammatory effects of isolates in LPS-stimulated BV-2
cells

Compounds 1a/1b-5a/5b were evaluated for their inhibit-
ory effects on the production of NO in LPS-induced BV-2 cells. To
examine the cytotoxicity of compounds isolated from I dunnian-
um, MTT assays were performed. The results (Fig. S56) showed
that test compounds exhibited no cytotoxicity in BV-2 cells at the
testing concentrations. As shown in Fig. 4, compounds 1a, 3a, 3b,
and 5a could partially inhibit NO production in a concentration-
dependent manner [hydrocortisone: inhibition rate = 34.5% (10
umol~L_1)]. Meanwhile, the mRNA levels of TNF-a, IL-6, COX-2,
and iNOS were measured by real-time PCR. As a result, 1a ob-
servably inhibited the mRNA expression in a dose-dependent
manner (Fig. 5). Furthermore, we used Western blot to evaluate
the inhibitory effects of 1a on the protein expressions of COX-2
and iNOS. The result showed that 1a apparently down-regulated
the protein expressions of iNOS and COX-2 (Fig. 6) in a dose-de-
pendent manner. The above results demonstrated that 1a has po-
tential anti-inflammatory activity. In addition, the results re-
vealed that NO inhibitory activities of these compounds is par-
tially correlated with their different configurations. For example,
compounds 1a/1b and 2a/2b have the same planar structure,
and with regard to the anti-inflammatory activity (1a > 1b >
2a/2b), it suggested that the anti-inflammatory activity of

NO production/(umol-L™")

LPS(0.5pugmL™") - + + + + + + + + LPSO5pugmL")- + + + + + + + + + + LPS(OSpgmL") - + + + + + + + +
Comp. (umol-L™") — - 125 25 50 12525 50 10 Comp.(umol-L™) — - 62512525 50 62512525 50 10 Comp. (umol'L™) — — 12525 50 12.525 50 10
1a 1b Hyd 3a 3b Hyd 5a 5b Hyd

Fig. 4 NO secretion in the supernatant of BV-2 cells from control, LPS, and compounds treated under LPS. The concentrations are presented as mean + SD (n = 3). **P <

0.001 vs control, P<0.05, "P<0.01, P < 0.001 vs LPS.
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erythro may be greater than threo; and (7S,85) may be better
than (7R,8R) lignin. Furthermore, comparison of the anti-inflam-
matory activities of two pairs of enantiomers (3a/3b and 5a/5b)
indicated that the absolute configuration might play a significant
role in their inhibitory activity against NO production.

3. Experimental

3.1. General experimental procedures

Optical rotations were obtained with a JASCO P1020 polari-
meter (JASCO) P1020 polarimeter (JASCO, Japan) at room tem-
perature (RT). UV spectra were measured with a JASCO V550
(JASCO, Japan) instrument. IR spectra were acquired using a
JASCO FT/IR-480 plus spectrometer (KBr) (JASCO, Japan). NMR
spectra were obtained on Bruker AV-400 or AV-600 MHz NMR
spectrometers (Bruker, Switzerland) with solvent signals (CDClj:
6y 7.26/6¢ 77.16; CD30D: 6y 4.87 /6 49.00) as an internal refer-
ence. HR-ESI-MS spectra were obtained using a Waters Synapt G2
mass spectrometer (Waters, USA). Analytical HPLC (Shimadzu,
Japan) was conducted on a Shimadzu HPLC system with an LC-
20AB solvent delivery system and an SPD-20A UV/vis detector
using Phenomenex Gemini C;g column (5 pum, 4.6 mm x 250 mm,
Phenomenex Gemini, USA), Zhongpu Science Polo-RP column (5
pum, @ 4.6 mm x 250 mm; Zhongpu Inc., Fujian, China) and Enan-
tioPak OD column (5 um, @ 4.6 mm x 250 mm; Research & Cre-
ativity Biotechnology Co., Ltd., Guangzhou, China). Semipreparat-
ive HPLC (Shimadzu, Japan) was performed on a Shimadzu LC-
6AD liquid chromatography system equipped with an SPD-20A
detector on a Phenomenex Gemini C;g column (5 pm, 10 mm x
250 mm). Preparative HPLC was conducted on a Phenomenex
Gemini Cyg column (5 pm, 20 mm x 250 mm) under comparable
chromatographic conditions. Diaion HP-20 (Mitsubishi Chemical
Co., Japan), silica gel (100-200 and 200-300 mesh, Qingdao Mar-
ine Chemical Co., China), MCI gel CHP20P (75-150 pum, Mit-
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subishi Chemical Co., Japan), Sephadex LH-20 (GE Healthcare,
Britain), and octadecyl silane (ODS) silica gel (12 nm, S-50 pm,
YMC, Britain) were used for column chromatography (CC). Pre-
coated silica gel GF,54 plates (China) for thin-layer chromato-
graphy (TLC) were bought from Qingdao Marine Chemical Co.
(Qingdao, China). All analytical grade reagents (China) were from
Concord Chemicals Co., Ltd. (China).

3.2. Plant material

The leaves of I. dunnianum were purchased from the Chinese
Medicine Market in Ji'an County in September 2018, which were
identified by Prof. Zhou Wu (Jiangsu Kanion Pharmaceutical Co.,
Ltd., Lianyungang, China). A sample (2018ID101) was deposited
in the Institute of Traditional Chinese Medicine & Natural
Products, College of Pharmacy, Jinan University, Guangzhou,
China.

3.3. Extraction and isolation

The air-dried leaves of I dunnianum (ID, 15.5 kg) were ex-
tracted with 50% EtOH through heat reflux three times (2 h
each). The total extracts (IDEs, 2 kg) were obtained through
evaporation under reduced pressure. IDEs were fractionated by
HP-20 CC (¢ 14 cm x 140 cm) and eluted with EtOH-H,0 [0:100,
30:70, 50:50, 95:5 (V/V)] gradient to yield 4 fractions [ID-1
(1278 g), ID-2 (280 g), ID-3 (204 g), ID-4 (95 g)]. Fr. ID-2 (280 g)
underwent separation over a silica gel column (200-300 mesh,
3.0 kg, @ 12 cm x 75 cm) eluting with a CH,Cl,-CH30H gradient
[100:0,95:5,90:10, 85:15, 80:20, 70:30, 60:40, 0:100 (V/V)]
to produce 6 fractions [Frs. 2A-2F]. Fr. 2D (65.0 g, 23.2%) was
subjected to ODS CC (600 g, ¢ 7 cm x 75 cm) using a CH;0H-H,0
gradient elution [10:90-60:40, 100:0 (V/V)] to generate 9 frac-
tions [Frs. 2D1-2D9]. Fr. 2D4 (15.7 g, 24.2%) and 2D7 (4.8 g,
7.4%) were further separated by TOYOPEARL HW-40C column
(200 g, ¢ 4 cm x 45 cm) eluting with CH;0H-H,0 [20:80 (V/V)]
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to yield 6 fractions [Frs. 2D4A-2D4F] and 5 fractions [Frs.
2D7A-Fr. 2DE], respectively. Fr. 2D4D (4.5 g, 28.7%) underwent
chromatography by Sephadex LH-20 (50 g, ¢ 2 cm x 140 cm)
eluting with CH3;0H-H,0 [50:50 (V/V)] to produce 3 subfrac-
tions [Frs. 2D4D1-2D4D3]. Fr. 2D4D3 (4.1 g) was purified using
preparative HPLC [20% CH;CN-H,0, 8 mL-min'] to afford com-
pounds 6 (9.6 mg, tg 8.9 min), 7 (4.4 mg, tz 13.6 min), 11 (85.7
mg, tg 16.1 min) and 12 (44.3 mg, t 17.6 min). Fr. 2D7E (1.2 g)
was isolated using semipreparative HPLC [40% CH3;0H-H,0), 3
mL min'] to yield 8 (4.4 mg, ty 14.1 min), 9 (71.8 mg, tz 16.3
min) and 10 (1.3 mg tg 17.5 min).

Fr. ID-4 (92 g) was separated over a silica gel column eluting
with a cyclohexane-EtOAc gradient (100:0, 98:2, 95:5, 90:10,
85:15, 80:20, 70:30, 60:40, 50:50, 0:100) to afford 10 frac-
tions (Frs. 4A to 4L). Fr. 4E (3.8 g) and 4F (5.2 g) were chromato-
graphed by ODS CC using a CH3;0H-H,0 gradient elution
(30:70-70:30, 100:0) to give 3 fractions (Frs. 4E1-4E3) and 7
fractions (Frs. 4F1-4F7), respectively. Fr. 4E3 (0.8 g), 4E4 (0.5 g)
and 4F5 (0.4 g) were separated using semipreparative HPLC to
yield 1 (10.1 mg, t 9.6 min, 45% CH;CN-H,0, 3 mL-min™"), 2 (2.3
mg, tz 11.3 min, 45% CH3CN-H,0, 3 mL-min™"), 3 (30.1 mg, t 8.9
min, 55% CH3;CN-H,0, 3 mL-min™"), 4 (3.5 mg, t 12.6 min, 60%
CH;CN-H,0, 3 mL'min™) and 5 (6.3 mg, t; 13.2 min, 55%
CH3CN-H,0, 3 mL-min™"). Compound 3 was further isolated by
semipreparative chiral HPLC (EnantinPak 0]-3, 5 um, 250 x 4.60
mm, 62% CH;CN-H,0 (0.1% HCOOH), 1 mL-min™") to get 3a (7.8
mg, tp 14.0 min) and 3b (10.6 mg, t; 17.0 min). 1, 2, 4 and 5 were
further isolated by semipreparative chiral HPLC (EnantinPak OD,
5 pm, 250 x 4.60 mm, 60% CH3CN-H,0 (0.1% HCOOH), 1
mL-min") to get 1a (1.6 mg, tz 19.0 min), 1b (2.3 mg, tg 23 min),
2a (0.2 mg, tg 19.5 min), 2b (0.3 mg, tz 22.0 min), 4a (1.5 mg, ty
19.0 min), 4b (1.4 mg, tz 21.5 min), 5a (1.9 mg, tz 12.0 min), and
5b (1.8 mg, t; 13.0 min).

3.4. Identification of new compounds

(-)-(75,858)-morinol M/(+)-(7R,8R)-morinol M (1a/1b): col-
orless oil. 1a: [a] -35.47 (c 0.50, MeOH); 1b: [a]> +39.24 (c
0.49, MeOH). HR-ESI-MS (positive) m/z 313.1829 [M + H]* (Calcd.
for C,oH,503", 313.1804); UV (MeOH) A, (log €): 202 (4.06), 228
(3.69), 260 (3.93) nm; IR (KBr) v, 3332, 2941, 2833, 1609,
1511, 1457, 1246, 1175, 1112, 1021, 835, 537 cm™’; 'H and *°C
NMR spectroscopic data (Table 1).

(-)-(7S,8R)-morinol N/(+)-(7R,8S)-morinol N (2a/2b): color-
less oil. 2a: [a]Z -25.54 (c 0.47, MeOH); 2b: [a]Z +27.83 (c 0.50,
MeOH). HR-ESI-MS (positive) m/z 313.1839 [M + H]" (Calcd. for
CyH2505", 313.1804); UV (MeOH) A, (log €): 202 (4.06), 228
(3.69), 260 (3.93) nm; IR (KBr) v, 3332, 2941, 2833, 1609,
1511, 1457, 1246, 1175, 1112, 1021, 835, 537 cm™’; 'H and **C
NMR spectroscopic data (Table 1).

(+)-(75,88,7'S,7"S)-anemonenorin ~ A/(-)-(7R,8R,7'R,7"'R)-
anemonenorin A (3a/3b): colorless oil. 3a: [a]ZDS +42.38 (c 0.50,
MeOH); 3b: [a]? -48.99 (c 0.50, MeOH). HR-ESI-MS (positive)
m/z 443.1833 [M + Na]" (Calcd. for C,gH,505Na’, 443.1834); UV
(MeOH) A, (log €): 202 (4.22), 225 (4.00), 260 (4.04) nm; IR
(KBr) v, 3338, 2935, 2835, 1613, 1513, 1461, 1400, 1303,
1246, 1175, 1128, 1079, 1024 cm™; 'H and "*C NMR spectroscop-
ic data (Table 1).

(-)-(7R,8R,7'R,9" R)-illiciumione A/(+)-(75,8S,7'S,9"S)-illici-
umione A (4a/4b): colorless oil. 4a: [a]f)s -59.82 (c 0.50, MeOH);
4b: [aﬁf +61.46 (c 0.45, MeOH). HR-ESI-MS (positive) m/z
469.1983 [M + Na]" (Calcd. for C,gH;,05Na®, 469.1991); UV
(MeOH) A, (log €): 202 (4.24), 225 (4.03), 260 (4.07) nm; IR
(KBr) vp. 3318, 2940, 2833, 1609, 1512, 1454, 1303, 1247,
1176, 1128, 1021, 827, 566 cm™"; 'H and *C NMR spectroscopic
data (Table 1).

()-(7R,8R,7'R,8'S)-verimol H/(-)-(75,8S,7'S,8'R)-verimol H
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(5a/5b): colorless oil. 5a: [oz]ZD5 +37.41 (c 0.51, MeOH); 5b: [a]ZDS
-38.14 (c 0.55, MeOH). HR-ESI-MS (positive) m/z 351.1573 [M +
Na]” (Calcd. for C,oH,,04Na’, 351.1572); UV (MeOH) A, (log €):
202 (4.11), 225 (3.90), 260 (3.94) nm; IR (KBr) Vyay 3316, 2945,
2832, 1654, 1449, 1115, 1018 cm™; 'H and *C NMR spectroscop-
ic data (Table 1).

3.5. ECD calculation

The experimental details are described in the Supporting in-
formation (SI-S1).

3.6. Anti-inflammatory activities assays

The experimental details are described in the Supporting in-
formation (SI-S2).
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