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[ABSTRACT] Four new sesquiterpene lactones (SLs) (1-4), along with a biosynthetically related SL (5), have been isolated from the
leaves of Magnolia grandiflora. Magrandate A (1) is notable as the first C18 homogemarane type SL, featuring a unique 1,7-dioxas-
piro[4.4]nonan-6-one core. Compounds 2 and 3, representing the first instances of chlorine-substituted gemarane-type SL analogs in
natural products, were also identified. The structures of these isolates were elucidated through a combination of spectroscopic data ana-
lysis, electronic circular dichroism calculations, and X-ray single-crystal diffraction analysis. All isolates demonstrated anti-inflammat-
ory activity in lipopolysaccharide-stimulated RAW264.7 cells. Notably, 3—5 showed a significant inhibitory effect on nitric oxide pro-
duction, with ICs, values ranging from 0.79 to 4.73 umol-L™'. Additionally, 4 and 5 exhibited moderate cytotoxic activities against
three cancer cell lines, with ICs, values between 3.09 and 11.23 umol-L™".

[KEY WORDS| Magnolia grandiflora; Sesquiterpene lactones; Isolation and identification; Anti-inflammatory activity
[CLC Number| R284.1 [Document code] A [Article ID] 2095-6975(2024)03-0265-08

Introduction ally used anti-inflammatory drugs mainly fall into two cat-

. . egories: non-steroidal and steroidal anti-inflammatory drugs.
Inflammatory responses are mediated by a series of o . .
These medications, however, are associated with numerous

chemical factors and constitute the body’s automatic . . . . . .
] ) ) o adverse reactions, including stomach bleeding and kidney is-

physiological defense mechanism. However, an excessive in- 1] : .
sues . Consequently, developing new anti-inflammatory

. . [1-4] ..
flammatory response can lead to various diseases ' . Clinic- drugs that are highly effective, low in toxicity, and have min-

imal or no side effects is of significant importance.

[Received on] 12-May-2023 Natural products play a crucial role in drug discovery .
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al Science Foundation of China (Nos. 82060631 and 32270413), the K .
Science and Technology Department of Guizhou Province [Nos. prene units and a lactone group, are prevalent in several plant
QKH JC(2020)1Z076 and QKH JC (2020)1Y400], the Cultivation families, including Asteraceae 7 Orobanchaceae ™ *, and

Sesquiterpenoid lactones (SLs), which consist of three iso-

Pro.ject f’f National Natural Science Found.ation of Guizhpu Medical Magnolia [10-121 gy o are believed to originate from two
University (No. 2023-106), the Outstanding Young Scientific and . . . .
Technological ~Talents in Guizhou Province [No. QKH primary precursors: isopentenyl  diphosphate  and di-

PTRC(2021)5633], High-level Innovative Talents in Guizhou methylallyl diphosphate . Numerous SLs have demon-
Province (Thousand Levels of Talent for YUAN Chunmao in 2018),
“Light of the West” Talent Cultivation Program of Chinese Academy
of Sciences for YUAN Chunmao [RZ (2020)82], Guizhou Science
and Technology Innovation Talent Team (No. QKHPTRC- ising natural compounds for combating inflammation
CXTDJ[2022]007), and the Natural Science Foundation of Guizhou Therefore, the exploration of SLs with notable anti-inflam-
Province [No. QKHZYD(2022)4015].
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®

strated potent anti-inflammatory effects by inhibiting the ac-

tivation of NF-xB, MAPKSs, and STAT, making them prom-
[13]

matory activities has garnered substantial interest in the fields
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is utilized in traditional Chinese medicine to treat conditions
such as exogenous colds, headaches, nasal congestion, and
hypertension ", Previous phytochemical studies on this plant
have yielded a series of SLs with effective cytotoxic and anti-
inflammatory activities ' ">, In an effort to discover new
anti-inflammatory SLs from Magnolia grandiflora in
Guizhou Province, China, we investigated the chemical con-
stituents of this plant, which led to the identification of four
new SLs (1-4) and a biosynthetically related SL (5) (Fig. 1).
Notably, Magrandate A (1) is the first C18 homogemarane
type SL with an unprecedented 1,7-dioxaspiro[4.4]nonan-6-
one core, while 2 and 3 are the first chlorine-substituted
parthenolide analogs. Analysis of the biogenic synthesis path-
ways suggests that 1-4 are derived from 5, with varying ep-
oxidized positions at A'"" or A" in 5, leading to different
structural types (1-4). Three compounds (3—-5) showed great-
er potential in inhibiting NO production than the positive
control, pyrrolidine dithiocarbamate. This paper details the
isolation, structural elucidation, plausible biosynthesis path-
way, and biological evaluation of these isolates.

Results and Discussion

The air-dried and pulverized leaves of M. grandiflora (30
kg) underwent extraction with 90% methanol (120 L x 3) un-

2500 O
3 0-OH

Fig. 1 Chemical structures of 1-4.

der reflux, repeated three times. The MeOH extracts were
concentrated under reduced pressure to yield a crude residue
of 2.1 kg. Subsequent chromatographic separation of this ex-
tract yielded four new sesquiterpenes (1-4) along with a bio-
synthetically related sesquiterpene (5) (Fig. 1).

Magrandate A (1) was identified with the molecular for-
mula C;9H»30s, as indicated by a HR-ESI-MS ion at m/z
359.1827 [M + Na]’ (Calcd. for C,oH,305Na: 359.1829), ex-
hibiting six indices of hydrogen deficiency (IHDs). The 'H
NMR spectrum (Table 1) revealed the presence of four
methyl groups (dy 1.28, s; 1.61, s; 1.70, s; 3.27, s) and an ol-
efinic proton (dy 5.17, dd, J = 11.9, 2.1 Hz). Further analysis
of the "C NMR data indicated the existence of a lactone car-
bonyl (o 176.0) and a double bond (Jc 125.0 and 134.9), ac-
counting for two IHDs. Consequently, compound 1 likely
possesses a four-ring system, as suggested by the remaining
four IHDs.

Table 1 'H and “C NMR Data (CDCls, 6 in ppm, J in Hz) for compounds 1-4
1 2 3 4
No.
On dc On dc On dc On dc
1 517,dd (11.9,2.1) 1250  520,dd (12.0,2.0)  124.8 5.19,dd (11.7,2.1) 1255  3.09,dd(9.4,5.1)  58.8
238, m 2.40, m 238, m 2.35,m
2 24.0 24.1 24.1 23.9
2.18, m 1.99, m 2.17, m 1.57, m
2.15, m 2.15, m 2.13, m 2.27, m
3 37.0 36.8 36.7 32.9
1.23, m 1.24, m 121, m 1.37, m
4 61.7 62.0 62.2 60.1
5 2.71,d (9.1) 66.9 2.74,d(9.3) 66.5 2.74,d (9.0) 66.7 2.93,d(9.3) 64.0
6 3.75,t(9.5) 80.4 4.16,t(9.2) 82.8 4.13,t(9.5) 81.4 3.80, t (9.6) 81.5
7 2.43, m 50.5 2.48,1(8.6) 482 2.49,t(9.7) 53.0 2.85, m 45.8
2.06, m 2.19, m 2.04, m 2.03, m
8 25.0 24.0 24.4 25.1
1.46, m 1.59, m 1.79, m 1.52, m
2.36,m 2.32,q(6.7) 2.38,m 2.04, m
9 412 41.1 415 38.4
2.05,m 2.04,d (13.0) 2.10,m 1.89, m
10 134.9 135.1 134.5 60.7
11 87.4 78.0 78.0 139.0
12 176.0 174.7 176.0 169.1
232, m 3.82,d(11.5) 6.28,d (3.7)
13 28.3 43.1  3.68,dd (14.3,11.6)  43.7 120.0
1.81, m 3.61,d(11.5) 5.57,d(3.3)
14 1.70, s 17.1 1.71,s 17.1 1.70, s 16.9 1.46,'s 21.9
15 1.28,s 17.2 1.30, s 17.2 1.30, s 17.2 1.55,s 19.4
2.19, m
16 37.5
2.08, m
17 109.4
18 1.61,s 21.1
OCH;, 3.27,s 489
®
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In the 'H-"H COSY spectrum (Fig. 2), three distinct frag-
ments (a—c) were identified, as evidenced by the observed
cross-peaks. Key HMBC (Heteronuclear Multiple Bond Cor-
relation) correlations provided crucial insights into the struc-
ture. Specifically, correlations from methyl group Me-14 to
carbons C-1, C-9, and C-10, and from Me-15 to C-3, C-4, and
C-5, revealed pivotal connections. These correlations estab-
lished a 10-membered carbon ring within the molecule. The
presence of a typical 1,2-epoxy ring was deduced from the
chemical shifts (dy 2.71, J = 9.1 Hz, dc 61.7 and 66.9). Fur-
ther HMBC correlations, namely from H-7 to C-11 and C-12,
complemented by an oxygenated methine carbon signal (d¢
80.4), led to the identification of a y-lactone ring. This find-
ing suggests that compound 1 is a germacrane-type sesquiter-
pene. The structure was further elaborated through the identi-
fication of a novel spiro ring system. This system, inferred to
be fused with the y-lactone ring via C-11, was supported by
critical HMBC correlations from H,-13 to C-7, C-11, and C-
12, and from Me-18 to C-16 and C-17. Additionally, two un-
connected oxidized quaternary carbons (C-11 and C-17) with
chemical shifts d- 87.4 and 109.4, respectively, supported
this structure. The presence of a methoxy group attached to C-
17 was inferred from HMBC correlations of the methoxy
methyl group Me-19 to C-17. Accordingly, the planar struc-
ture of compound 1 was established based on these spectro-
scopic analyses and correlations.

In the Nuclear Overhauser Effect Spectroscopy
(NOESY) (Fig. 2), the relative configuration of compound 1
was determined. The presence of cross-peaks between H-1/H-
5, H-5/H-7, H-7/H-8a, H-8a/H-130, and H-8a/OMe-19 indic-
ated that these groups were co-facial and, by convention, as-
signed a-orientation. Conversely, the groups Me-14, Me-15,
H-6, and H-13p were assigned f-orientated as suggested by
their NOESY correlations of Me-14/Me-15, Me-15/H-6, and
H-6/H-13p. The critical NOESY correlations between H-6/H-
13$ and H-8a/OMe-19 were instrumental in establishing the
orientation of the spiro ring system. Consequently, the relat-
ive configuration of compound 1 was elucidated. The abso-
lute configuration was assigned by electric circular dichro-
ism (ECD) calculation with the time-dependent density func-
tional theory (TDDFT) methodology at the CAM-
B3LYP/TZVP level '**”). The absolute configuration was de-
termined using ECD calculation, employing the TDDFT
methodology at the CAM-B3LYP/TZVP level '**”. The cal-
culated ECD spectra corresponded well with that of the
(4R,58,6S,7R,115,17R)-1 configuration (Fig. 3). Furthermore,
the absolute configuration of compound 1 was corroborated
by X-ray crystallography (Fig. 4) ®", providing a compre-
hensive understanding of its three-dimensional structure.

Magrandate B (compound 2) was determined to have the
molecular formula of C,sH,,;0,4Cl, as indicated by high-resol-
ution electrospray ionization mass spectrometry (HR-ESI-
MS) with a peak at m/z 323.1015 [M + Na]" (Calcd. for
C,5sH,,0,CINa: 323.1021) and exhibited five IHDs. Analysis
of its "H NMR data (Table 1) revealed two methyl groups (d

~A HMBC === 'H-'H COSY
Fig.2 Key 2D NMR correlations of 1.

30 ¢ —Exptl. 1
— Caled. (4R,5S,6S,7R,115,17R)-1
20¢ —Caled. (45,5R,6R,7S,11R,175)-1
10f
g o~ : -~ ‘
200 [\~ 250 300 350 400
-10
-20
-30
A/mm

Fig.3 Calculated and experimental ECD spectra of 1.

Fig.4 X-ray crystallographic structure of 1 (CCDC:
2239027).

1.30, s; 1.71, s) and an olefinic proton (dy 5.20, dd, J = 12.0,
2.0 HZ). The “C NMR and HSQC (Heteronuclear Single
Quantum Coherence) data indicated that the core structure of
2 consists of 15 carbons, including two methyls, five methyl-
enes, four methines, and four quaternary carbons. Further-
more, the presence of a 1,2-epoxy ring was inferred from the
chemical shifts (dc 62.0 and 66.5).

Comparison of the NMR spectroscopic data of com-
pound 2 with those of compound 5 suggested that 2 is a ger-
macranolide derivative with the same 10-membered carbon
ring ", y-lactone ring, and 1,2-epoxy ring. A notable distinc-
tion between these two compounds is the presence of a chlor-
ine atom at C-13 and an additional hydroxyl group at C-11 in
compound 2, as confirmed by HR-ESI-MS data and HMBC
correlations from H,-13 to C-7, C-11, and C-12 (Fig. 5). The
relative configuration of 2 was elucidated from its NOESY
spectrum; correlations of Me-14 with Me-15 and Me-15 with
H-6 indicated fS-oriented for these protons. Conversely, cross-
peaks of H-1 with H-5, H-5 with H-7, and H-7 with H,-13
suggested a-orientation for H-5, H-7, and the chloromethyl
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group (Fig. 5). Thus, the relative configuration was conclus-
ively assigned as depicted in Fig. 5. The absolute configura-
tion of compound 2 was initially established by ECD calcula-
tion, with the red dashed curve in Fig. 6 suggesting the abso-
lute configuration of (4R,5S,6S,7R, 1R)-2. Subsequently, X-
ray crystallography of compound 2 provided definitive con-
firmation of this absolute configuration (Fig. 7).

Magrandate C (compound 3) was determined to have the
same molecular formula as magrandate B (compound 2), as
indicated by the HR-ESI-MS analysis. The one-dimensional
(1D) and two-dimensional (2D) NMR data established that
both compounds shared the same planar structure. A key dif-
ference was observed in the carbon chemical shift of C-7 (d¢
48.2 for compound 2; dc 53.0 for compound 3), suggesting a
different orientation of the p-lactone ring in these compounds.
This hypothesis was supported by NOESY correlations of Me-
14 with Me-15, Me-15 with H-6, and H-6 with H,-13, indic-
ating a shift in the orientation of the chloromethyl group from
a in compound 2 to £ in compound 3. According to the above
data, the structure of compound 3 was identified ( Fig. 1).

N HMBC ==='H-'H COSY

#\ NOESY
Fig. 5 key 2D NMR correlations of 2.

30| — Exptl. 2
20l — Cal. (4R,58,6S,7R,11R)-2
10 ‘\ — Cal. (4S,5R,6R,7S,115)-2
0 . L L L L L L L )
—18%0 40 260 280 300 320 340 360 380 400

20},

Ag

Anm

Fig. 6 Calculated and experimental ECD spectra of 2.

Magrandate D (compound 4) was identified with the mo-
lecular formula C;5H,,0,, as revealed by HR-ESI-MS, and
exhibited six [HDs. The 1D NMR data suggested the pres-
ence of two characteristic 1,2-epoxy rings and an a,f-unsatur-
ated p-lacto). A comparison of the 1D NMR data between
compound 4 and michelenolide " indicated similarities, with
the exception of the orientation of the 1,10-epoxy ring. The
NOESY spectrum was instrumental in establishing the relat-
ive configuration of compound 4. Correlations of H-1 with
Me-15, Me-15 with H-6, and H-6 with H-1 implied a S-ori-
entation of those groups (Fig. 8). Conversely, the a-orienta-
tion was assigned to the protons of H-5, H-7, and Me-14,
based on their NOESY correlations of H-7 with Me-14, Me-

Cl4

Fig.7 X-ray crystallographic structure of 2 (CCDC:
2239028).

ad cu f

2 2/3

o SCoA 0) (6] l

. -CO
M—OH‘_ )J\/U\SCOA 2

s N y >
o o ”f‘_‘;-“-"m‘f‘f‘*‘— 5 K =Y "IOH
s jf—% OH
’1 (i}

Scheme 1 Speculated biosynthetic pathway of compounds 1-4.

®
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14 with H-5, and H-5 with H-7. Therefore, the structure of
magrandate D (4) was confidently assigned.

To ascertain whether the three novel compounds (1-3)
were inherent components of the plant, liquid chromato-
graphy-mass spectrometry (LC-MS) analysis was performed
on both the crude extracts and the isolated novel compounds.
The analysis results confirmed that these rare compounds
(1-3) were indeed present in the crude extract of the plant.

A plausible biosynthetic pathway for the three rare ge-
marane-type SLs (1-3) originating from compound 5 was
proposed. As illustrated in Scheme 1, compound 5 is hypo-
thesized to undergo enzymatic epoxidation reactions at A'""
and A", leading to the formation of intermediate i and com-
pound 4, respectively ™. The 11,13-epoxy ring in intermedi-
ate i is proposed to open under the action of halohydrin de-
halogenase, resulting in the production of two rare chlorine-
substituted parthenolide analogs (2/3) ™. Regarding com-
pound 1, the 11,13-epoxy moiety in intermediate i is be-
lieved to undergo a nucleophilic attack by acetoacetyl-CoA
(coenzyme A), forming a critical intermediate ii **\. This in-
termediate ii would then undergo oxidation to produce inter-
mediate iii, which subsequently experiences decarboxylation
and an intermolecular nucleophilic addition, culminating in
the formation of the novel spiro ring system (v) **. The final
step in the synthesis of compound 1 involves methylation of

ANO
8 0.1 pmol-L™" & 10 pmol-L™!
s 100 8 ] umol'L™" =100 pmol-L™
]
3
Gy
o
X
0.1%
1 2 3 4 5 PDTC DMSO

the hydroxyl group in intermediate v.

The anti-inflammatory activities of all isolated com-
pounds were evaluated in RAW264.7 cells at varying concen-
trations of 0.1, 1, 10, and 100 pmol-L™" ****1 The results
demonstrated that all isolates effectively inhibited nitric ox-
ide (NO) production, with the inhibition rate ranging from
20% to 88.7%, and importantly, without exhibiting cytotox-
icity (Fig. 9). Among these, four compounds (2—5) exhibited
the most significant activity and were selected for further de-
tailed study. Their half-maximal inhibitory concentration
(ICso) values varied from 0.79 to 51.77 pmol-L™" (Table 2).
Of particular note, three compounds (3—5) displayed more
potent inhibitory activities [ICsq 0.79—4.73 pmol-L™'] than the
positive control, pyrrolidine dithiocarbamate (PDTC), which
had an ICsq of 5.68 pmol-L™". Specifically, compound 5 sho-
wed an anti-inflammatory effect with an ICs, 0.79 pmol-L™",
which was 7.2 times more potent than that of PDTC. An in-
teresting observation was made with compounds 2 and 3, wh-
ich are a pair of epimers. Despite their structural similarity,
they exhibited different levels of activity. Compound 3, pos-
sessing an a-oriented chloromethyl group, was found to be
10.9 times more active than compound 2, which has a f-ori-
ented chloromethyl group. This notable difference in activity
between the epimers highlights the significant impact of ste-
reochemistry on the biological activity of these compounds.

B Cell viability ® 0.1 pmol-L! @ 10 pmol-L!
8 ] ymol-L™' 8100 umol-L™!

€ 80
=
S 60
S 40
X 20
0
0.1%
1 2 3 4 5 PDTC DMSO

Fig. 9 (A) Inhibitory effects of compounds 1-5 against NO production in LPS-stimulated RAW264.7 cells. (B) Cytotoxicity of
compounds 1-5 on RAW264.7 cells. The data are expressed as mean + SEM (n=3). "P<0.05, "P<0.01 vs DMSO group.

Table 2 Inhibition of nitric oxide production of 2-5

Compound ICso (pmol-L™)
2 51.77+3.26
3 473 +£0.24
4 1.03 +£0.02
5 0.79 £ 0.05
PDTC* 5.68 +£0.53

*Pyrrolidine dithiocarbamate is used as a positive control.

The cytotoxic activities of all isolated compounds were
assessed against three tumor cell lines using the MTT
(methylthialazole tetrazolium) assay **>". These cell lines in-
cluded HCT-116 (human colon cancer cells), Colo320DM
(human colorectal adenocarcinoma cells), and HEL (human
erythroleukemia cells). Among the isolates, compounds 4 and
5 demonstrated moderate cytotoxic activities against these
cancer cell lines. The half-maximal inhibitory concentration

(ICsp) values for these compounds ranged from 3.09 to 11.23
pmol-L™" (Table 3). This evaluation highlights the potential
of compounds 4 and 5 as candidates for further exploration in
cancer therapeutics, given their observed efficacy in inhibit-
ing the proliferation of a variety of cancer cell lines. The
moderate cytotoxic activity observed suggests that these com-
pounds could be of interest for future drug development and
research in the field of oncology.

Table 3 Cytotoxic activities of compounds 1-5"
ICso (pmol-L™)

Compound = o 116 Colo320DM HEL
4 9.11+1.40 1123139  4.57+0.13
5 8.59 +0.25 8.37 +0.94 3.09+0.13
ADR’ 0.20+0.13 5.81+0.34 0.14 % 0.03

* Compounds 1-3 was inactive at the concentration of 20 pmol-L™".
® ADR: adriamycin is used as a positive control.
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Conclusion

This research successfully isolated four new sesquiter-
penes, including three novel sesquiterpene lactones (SLs)
(compounds 1-3) and a new compound (4), along with a bio-
synthetically related compound (5), from the leaves of
Magnolia grandiflora. Architecturally, Magrandate A (com-
pound 1) is particularly noteworthy as it represents the first
C18 homogermacranolide, featuring a unique 1,7-
dioxaspiro[4.4]nonan-6-one core structure. Magrandates B
and C (compounds 2 and 3) are distinguished as rare chlorine-
substituted parthenolide analogs. Analysis of the biogenic
synthesis pathways suggests that compounds 1-4 are derivat-
ives of compound 5, with differing structural outcomes based
on the epoxidation at A'"* or A"'® positions in compound 5.
This leads to the formation of diverse structures among com-
pounds 1-4. Specifically, the C17-type homogermacranolide
(compound 1) is biosynthesized from compound 5 through a
sequence of reactions, including epoxidation, nucleophilic ad-
dition involving acetoacetyl-CoA, and dihydroxylation pro-
cesses. The discovery of these compounds, especially with
such unique structural features and biological activities, con-
tributes significantly to the field of natural product chemistry
and offers potential leads for the development of new thera-
peutic agents.

Experimental

General information

The methodologies employed in the analytical and pre-
parative procedures of this study were comprehensive and
state-of-the-art, ensuring precise and reliable data for the
characterization of the isolated compounds. The optical rota-
tions and ECD data were measured using an Autopol I'V auto-
matic polarimeter and a JASCO-810 polarimeter, respect-
ively. These instruments are highly sensitive and accurate for
determining the optical properties of chiral molecules.
The 'H, "C NMR, and 2D NMR spectra, essential for elucid-
ating the structures of the compounds, were obtained using a
Bruker Advance NEO 600 spectrometer. Tetramethylsilane
(TMS) served as the internal standard, providing a reliable
reference point for chemical shift measurements. The ESI-
MS and HR-ESI-MS analyses, which are crucial for determ-
ining the molecular weights and formulas of the compounds,
were recorded on an Agilent 1100 instrument and a Thermo
ultimate 3000/Q EXACTIVE FOCUS mass spectrometer, re-
spectively. For additional optical rotation measurements, a
JASCOP-1020 polarimeter was utilized. UV spectra, which
can offer insights into the conjugated systems of the com-
pounds, were acquired using a Shimadzu UV-2401PC spec-
trometer. Infrared (IR) spectra, useful for identifying func-
tional groups, were obtained on a Bruker FT-IR Tensor-27
and iCAN 9 infrared spectrophotometer using KBr disks.
Column chromatography, a key step in the purification pro-
cess, was conducted using a variety of stationary phases:
silica gel (300400 mesh; Qingdao Marine Chemical Co.,

®

Ltd., China), MCI gel CHP20P (Mitsubishi Chemical Indus-
tries Ltd.), RP-C18 gel (40-63 pm, Merck, Darmstadt, Ger-
many), and Sephadex LH-20 (40-70 um, Amersham Pharma-
cia Biotech AB, Uppsala, Sweden). Semi-preparative high-
performance liquid chromatography (HPLC) was performed
using a system composed of a Hanbon NP7005c¢ controller, a
Hanbon NP7005 pump, and a Hanbon NU3000c dual /4 ab-
sorbance detector, equipped with a YMC-Triart-C18 column
(250 mm x 10.0 mm, 5 um). Fractions were monitored by
thin-layer chromatography (TLC) on GF,s4 plates (Qingdao
Marine Chemical Co., Ltd.). All other reagents used in the
study were of analytical grade or guaranteed reagent quality
and were employed without further purification, ensuring the
accuracy and reproducibility of the experimental results.
Plant material

The collection of Magnolia grandiflora leaves was con-
ducted in Libo County, located in the Guizhou Province of
China. The identification of this plant material was expertly
carried out by Mr. HOU Xiaoqi, ensuring the accuracy and
reliability of the botanical source used in the study. For refer-
ence and verification purposes, a voucher specimen of this
plant, bearing the number 20201015, has been deposited in
the Natural Products Research Center of Guizhou Province.
This documentation and deposition of the voucher specimen
are crucial steps in phytochemical research. They provide a
tangible reference for future studies and aid in the reprodu-
cibility of the research by allowing other scientists to refer-
ence or access the exact botanical material used. The associ-
ation with a well-established institution like the Key Laborat-
ory of Chemistry for Natural Products of Guizhou Province
and the Chinese Academy of Sciences further adds credibil-
ity and scientific rigor to the study.
Extraction, isolation, and purification

The air-dried and pulverized leaves of M. grandiflora
(30.0 kg) were extracted with 150 L 90% MeOH under re-
flux three times (3 h each time). The final MeOH extracts
were combined and concentrated under vacuum to obtain a
crude residue (2.1 kg), which was chromatographed on a
silica gel column (200-300 mesh) eluted with petroleum eth-
er—acetone (99 : 1—0 : 100, V/V) to yield 13 fractions (Frs.
A-M).

Fraction G (244.5 g) underwent further separation into
15 subfractions (Frs. G1-G15) using an MCI column and a
gradient of MeOH and water (from 50 : 50 to 100 : 0, V/V).
Subfraction G6 (12.5 g) was chromatographed over a silica
gel column (300400 mesh) with a gradient of petroleum eth-
er and dichloromethane (CH,C),), followed by dichlorometh-
ane and ethyl acetate (EtOAc), resulting in 14 subfractions
(Frs. G6a—G6n). Subfraction G6h (800.7 mg) was further
purified using a Sephadex LH-20 column (MeOH) and a
silica gel column (petroleum ether—EtOAc 90 : 10, V/V),
leading to the isolation of compound 1 (6.7 mg). Fraction G8
(20.0 g) was separated using a silica gel column
(CH,C,—acetone), yielding Frs. G8a and G8b. Fr. G8a was
then subjected to HPLC purification (MeOH-H,O, 50 : 50,
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V/V, 3.0 mL-min"') to obtain compounds 4 (15.1 mg, f =
15.5 min) and 5 (20.1 mg, #z = 15.5 min). Compounds 2 (18.3
mg) and 3 (24.5 mg) were isolated from Fraction G9 (8.4 g)
after repeated chromatography on a silica gel column.

Magrandate A (1): colorless needles; [e]} —50.9 (c 0.20,
MeOH); UV (MeOH) A, (log €) 200 (0.65) nm; IR (KBr)
Vimax 2358, 2342, 1716, 1682, 1557, 1507 cm™'; 'H NMR
(CDCl;, 600 MHz) and *C NMR (CDCl;, 150 MHz) data
(Table 1); (+)-HR-ESI-MS m/z 359.1827 [M + Na]" (Calcd.
for C;9H,305Na, 359.1829).

Crystal data for 1: CoH0s, (M = 336.41 g-mol™): or-
thorhombic, space group P2,2,2, (no. 19), a = 7.9742(2) A,
b=11.1488(3) A, ¢ = 20.2719(6) A, V= 1802.23(8) A’, Z =
4, T=169.99(10) K, (Cu Ka) = 0.721 mm ™', Dealc = 1.240
g-em”, 10106 reflections measured (8.724° < 20 <
147.918°), 3567 unique (R = 0.0376, Rgjgm, = 0.0356) which
were used in all calculations. The final R; was 0.0349 (I >
26(I)), and wR, was 0.0887 (all data). CCDC: 2239027

Magrandate B (2): colorless needles; [o]> +37.3 (¢ 0.27,
MeOH); UV (MeOH) 4., (log €) 199 (0.603) nm; IR (KBr)
Vmax 2926, 2358, 1771, 1652, 1557, 1540, 1506, 1456, 1260
em'; '"H NMR (CDCly, 600 MHz) and °C NMR (CDCl;, 150
MHz) data (Table 1); (+)-HR-ESI-MS m/z 323.1015 [M +
Na]" (Calcd. for C,sH,,0,Cl, 323.1021).

Crystal data for 2: C,sH,ClO,, (M = 300.77 g-mol™):
orthorhombic, space group P2,2,2, (no. 19), a«
7.61740(10)A, b = 8.65720(10)A, ¢ = 21.9959(3)A, V =
1450.53(3)A°, Z = 4, T = 169.99(10)K, u(Cu Ka) = 2.432
mm ', Dcale = 1.377 g~cm73, 7768 reflections measured
(8.04° <20 < 148.036°), 2886 unique (Rj, = 0.0519, Rggm, =
0.0419) which were used in all calculations. The final R, was
0.0428 (I > 20(1)), and wR, was 0.1192 (all data). CCDC:
2239028.

Magrandate C (3): colorless oil; [a]Z —56.0 (¢ 0.18,
MeOH); UV (MeOH) /. (log ) 200 (1.23) nm; IR (KBr)
Viax 2927, 2358, 1780, 1652, 1457, 1145 cm™'; '"H NMR (CD-
Cl;, 600 MHz) and C NMR (CDCls, 150 MHz) data (Table
1); (+)-HR-ESI-MS m/z 323.1015 [M + Na]" (Calcd. for
C;5H,,04Cl, 323.1021).

Magrandate D (4): colorless needles; [o]7 +56 (c 0.26,
MeOH); UV (MeOH) A« (log &) 201 (1.03) nm; IR (KBr)
Vimax 2937, 1772, 1453, 1393, 1300, 1264, 1134, 1002 cm™;
UV (MeOH) A, (log &) 201 (3.53) nm; 'H NMR (CDCl,,
600 MHz) and “"C NMR (CDCl;, 150 MHz) data (Table 1);
(+)-HR-ESI-MS m/z 287.1261 [M + Na]® (Caled. for
C,5H,004Na, 287.1254).

Theoretical ECD calculation

Conformers with a Boltzmann population exceeding 5%
were chosen for ECD calculations. This step ensures that only
the most statistically significant conformers (those contribut-
ing significantly to the overall conformational ensemble)
were considered, enhancing the accuracy of the ECD predic-
tions. The selected conformers were initially optimized using
the B3LYP/6-31g(d,p) level of theory. The optimization was
conducted in methanol (MeOH) using the Polarizable Con-

tinuum Model (PCM) "**” for solvent effects. This level of
theory is a common choice for quantum chemical calcula-
tions, offering a good balance between computational cost
and accuracy. The ECD calculations were performed in
MeOH using Time-dependent Density Functional Theory
(TD-DFT) at the B3LYP/6-31+g(d,p) level. This approach is
widely used in computational chemistry for studying excited
states and optical properties of molecules. Rotatory strengths
for the three most excited states were calculated for all con-
formers of compounds 1 and 2. These strengths are essential
for predicting the ECD spectra, as they reflect the molecule’s
ability to rotate plane-polarized light. The ECD spectra were
generated using SpecDis 1.71 (University of Wiirzburg,
Wiirzburg, Germany) and GraphPad Prism 5 (University of
California San Diego, USA). This was accomplished by ap-
plying Gaussian band shapes with a sigma of 0.3 eV to the di-
pole-length rotational strengths. The use of these software
tools allows for the visualization and analysis of the calcu-
lated ECD spectra, facilitating comparison with experimental
data. Overall, this methodology reflects a comprehensive and
sophisticated approach to determining the absolute configura-
tion of chiral molecules through ECD calculations, lever-
aging advanced computational techniques and software.
X-ray crystallographic analysis

Colorless block crystals of compounds 1 and 2 were ob-
tained from a methanol (MeOH) solution after storage in a
3 °C refrigerator for two weeks. These crystals were ex-
amined using a Bruker Apex Duo diffractometer with Cu
Ko radiation, a standard technique for determining crystal
structures. The structures were refined using full-matrix least-
squares on F* using the SHELXL-97 software ™), a widely re-
cognized program for crystallographic computation. Addi-
tional parameters and data related to these analyses can be
found in the supporting information for the research article.
Inhibition of nitric oxide production assay

The assay was performed as described previously ***7.
Each compound was dissolved in DMSO and then further di-
luted in a medium to achieve various concentrations. NO pro-
duction was measured using the Griess reagent assay. This in-
volved adding 100 puL of Griess reagents A and B to 100 uL
of supernatant from LPS (lipopolysaccharide) or compound-
treated cells in triplicate **. After incubation for 5 min, ab-
sorbance was measured at 570 nm using a 2104 Envision
multilabel plate reader (Perkin—Elmer Life Sciences, Inc.,
Boston, MA, USA). Cytotoxicity was determined using the
MTT assay, with PDTC serving as a positive control.
Cytotoxic activity experiment

The experiment was conducted as described previou-
sly ® Cells were cultured in RPMI-1640 (HEL and
HCT116) or DMEM (MDA-MB-231) medium supplemented
with 5% fetal bovine serum (FBS) and 1% ampicillin/strepto-
mycin. MTT assay was employed to evaluate the cytotox-
icity of all compounds. Cells were seeded in 96-well plates
and treated with different concentrations of the derivatives for
72 h. Absorbance at 490 nm was measured using a Vari-
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oskan LUX microplate reader (Thermo, USA). The half-max-
imal inhibitory concentration (ICs,) was calculated based on

the relative survival curve. All experiments were performed
in triplicates and repeated at least three times to ensure reliab-

ility.

Supplementary Information

Supplementary data to this article can be obtained by

sending E-mail to the corresponding authors.
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