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1. Experimental and Chemistry
1.1. General Experimental Procedures

'H and *3C, 1D and 2D Nuclear Magnetic Resonance (NMR) spectra were obtained by Bruker
Avance Neo-600 MHz NMR spectrometer (Bruker, Germany); a VG-Autospec-3000 mass
spectrometer (Beckman Coulter, Inc. America) was adopted to acquire HR-ESIMS spectra. Thin Layer
Chromatograph (TLC) plates of Silica gel GFzss were purchased from Yantai Jiangyou Silicon
Development Company (Yantai, China), and spots were observed by being exposed under UV light or
heated after being sprayed with H; SO4 dissolved in ethanol (5% v/v). Purification by HPLC was
carried out with LC-20AR pumps and an SPD-M20A UV detector (Shimadzu, Kyoto, Japan) An
EL X800 microplate reader (BioTek, USA) was used to measure absorbance.

Chemicals: CHCI; and acetone were purchased from Chongging Chuandong Chemical Group
Co., Ltd.; MeOH, 95% ethanol, petroleum ether and ethyl acetate, CH,CIl, were from Sinopharm
Chemical Reagent Co., Ltd.; methanol for HPLC purification was acquired from Energy Chemical.
Sodium dihydrogen phosphate dihydrate and Disodium hydrogen phosphate dodecahydrate were from
Tianjin Kemiou Chemical Reagent Co., Ltd; a-Glucosidase from Saccharomyces cerevisiae was
acquired from Macklin (Shanghai, China); the substrate (p-Nitrophenyl a-D-glucopyranoside, pNPG)
and acarbose (positive drug) were acquired from Aladdin (Shanghai, China) and Shanghai Yuanye
Bio-Technology Co., Ltd.

1.2. Extraction and Isolation

The air-dried and powdered leaves of F. carica (10 kg) were extracted under reflux with 95%
ethanol 3 times, 2 h for each time, and the combined ethanol was concentrated to obtain crude extract.
After being suspended with water, the crude extract was partitioned with EtOAc to obtain EtOAc part
(310 g).

The EtOAc (310 g) partition was subjected to column chromatography on silica gel (gradient
solvents: petroleum ether-EtOAc 100 : 0-0 : 100) to give fourteen fractions of Fr.E1~Fr.E14. Fr.E7
was then fractionated on an MCI column chromatography (MeOH-H,0O, 50-100% MeOH) to yield
subfractions Fr.E7-1~Fr.E7-13. Fr.E7-6 was loaded to columns of silica gel (petroleum ether and
EtOAc 98 : 2) to obtain Fr. E7-6-1~Fr.E7-6-8. Subfractions (Fr.E7-6-5-1 to Fr.E7-6-5-10) of Fr.E7-6-5
were obtained by a Sephadex LH-20 (MeOH), in which Fr.E7-6-5-4 was further recrystallized in
MeOH to provide compounds 3 (15.2 mg) and 14 (4.3 mg). Compound 19 (5.3 mg) was obtained from
the separation of Fr.E7-7 through columns of silica gel (petroleum ether-EtOAc 98 : 2), Sephadex LH-
20 (MeOH-CHCl, 70:30), semi-preparative HPLC (60% MeOH) and preparative TLC (petroleum
ether-EtOAC 80 : 20).

Fr.E8 was isolated by an MCI column chromatography (MeOH-H-0, 40-100% MeOH) to obtain
Fr.E8-1~Fr.E8-12. Compounds 1 (26.1 mg) and 2 (35.6 mg) were obtained by recrystallization in
MeOH from Fr.E8-4 and Fr.E8-10. Fr.E8-3 underwent silica gel column chromatography (petroleum
ether-EtOAc 95:5), silica gel column chromatography (petroleum ether-acetone 9:1), and a semi-
preparative HPLC (50% MeOH) to give compound 4 (4.7 mg). Fr. E8-4 was subjected to silica gel
column (petroleum ether-acetone 19:1) to obtain Fr. E8-4-1~Fr. E8-4-7, then Fr. E8-4-7 was
recrystallized in petroleum ether to obtain compound 10. Compound 5 (7.2 mg) was isolated from Fr.
E8-8 after two Sephadex LH-20 column chromatography (MeOH). Fr. E8-9 was chromatographed
over a Sephadex LH-20 column (MeOH) to obtain Fr. E8-9-1~Fr. E8-9-7, then Fr. E8-9-3 was
subjected to silica gel column (CHCI3-MeOH 300:1) to obtain compound 17 (10.3 mg). Compound 18
(12.2 mg) was afforded from subfraction Fr. E8-9-7 by column chromatography on silica gel eluted
with CHCI3-MeOH (200:1). Fr. E8-11 was separated using Sephadex LH-20 column chromatography
eluted with MeOH-CH-CI, (70:30) to obtain compound 15 (22.3 mg). Fr. E9 was eluted by MeOH-
H>0 (40:60—100:0) on an MCI column to afford Fr. E9-1 ~ Fr. E9-7. Then, compound 6 (7.2 mg) was
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directly crystallized from Fr. E9-4. Fr. E9-3 was separated by silica gel column chromatography
(petroleum ether-acetone 50: 1) and a semi-preparative HPLC (50% MeOH) to afford compounds 16
(12.7 mg) and 11 (15.4 mg). Fr.E10 was subjected to column chromatography of MCI (MeOH-H-0,
40-100% MeOH) to obtain Fr.E10-1~Fr.E10-6. Fr.E10-3 underwent column chromatography of
Sephadex LH-20 (MeOH) and silica gel (petroleum ether and acetone 15:1), and then further purified
by a semi-preparative HPLC (40% MeOH) to obtain compounds 12 (15.5mg) and 13 (13.2mg).
Fr.E10-5 was separated by chromatography on a Sephadex LH-20 column (MeOH) and a silica gel
column using a mixture of petroleum ether and acetone (10:1) to furnish Fr.E10-5-3-1~Fr.E10-5-3-3.
Fr.E10-5-3-2 was recrystallized in petroleum ether to obtain compound 7 (15.7 mg). Fr. E10-5-3-3 was
subjected to purification over a semi-preparative HPLC (43% MeOH) to yield compound 8 (17.3 mg).
Fr.E11 was chromatographed over an MCI column (50% MeOH) and was recrystallized in petroleum
ether to provide compound 9 (23.5 mg).

1.3 Identified compounds

The isolated compounds were identified from their spectroscopic data and by comparison with
the data reported in the literature for umbelliferone (1) [1], psoralen (2) [2], furopinnarin (3) [3], 6,7-
furano-hydrocoumaric acid (4) [4], (E)-3-[5-(6-hydroxy) benzofuranyl] propenoic acid (5) [5], (E)-3-
(6-hydroxy-4-methoxy-5-benzofuranyl) propenoic acid (6) [6], nodakenetin (7) [7], oXypeucedanin
hydrate (8) [8], dihydrofurocoumarin (9) [9], (E)-4-hydroxy3,3,5-trimethyl-4-(3-oxobu-1-en-1-yl)-
cyclohexan-1-one (10) [10], dehydrovomifoliol (11) [11], 4,5-dihydroblumenol A (12) [12], blumenol
A (13) [12], flavonoids 5-hydroxy-4',7-dimethoxyisoflavone (14) [13], cajanin (15) [14], loliolide (16)
[15], indole-3-carboxaldehyde (17) [16], 1H-indole-3-carboxylic acid (18) [17] and vitamin E quinone
(19) [18], among which compounds 1-9 were coumarins, 10-13 were sesquiterpenoids, and 14-15 were
flavonoids.
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Figure S1: *H-NMR (600 MHz, CDsCOCD3) spectrum of 1 (umbelliferone)
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Figure S2: *C-NMR (150 MHz, CD3COCD:3) spectrum of 1 (umbelliferone)
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Figure S3: *H-NMR (600 MHz, CDCls) spectrum of 2 (psoralen)
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Figure S4: ¥C-NMR (150 MHz, CDClIs) spectrum of 2 (psoralen)
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Figure S5: *H-NMR (600 MHz, CDClIs) spectrum of 3 (furopinnarin)
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Figure S6: *C-NMR (150 MHz, CDClIs) spectrum of 3 (furopinnarin)
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Figure S7: *H-NMR (600 MHz, DMSO-ds) spectrum of 4 (6,7-Furano-hydrocoumaric acid)
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Figure S8: **C-NMR (150 MHz, DMSO-ds) spectrum of 4 (6,7-Furano-hydrocoumaric acid)
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Figure S9: *H-NMR (600 MHz, DMSO-ds) spectrum of 5 ((E)-3-[5-(6-hydroxy) benzofuranyl]
propenoic acid)
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Figure S10: **C-NMR (150 MHz, DMSO-ds) spectrum of 5 ((E)-3-[5-(6-hydroxy) benzofuranyl]
propenoic acid)
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Figure S12: **C-NMR (150 MHz, DMSO-ds) spectrum of 6 ((E)-3-(6-hydroxy-4-methoxy-5-
benzofuranyl) propenoic acid)

© 2024 ACG Publications. All rights reserved.

16



87714
$9€°T4
951°€1
8S1°€1
TLT°€
ELTE
781'¢
Y81
L617€1
661°€1
S1T°E
817
6776

TET €]
we'e
Yre'e

—_——

SST'E
86T
VILY
mmh.vv

YLy

819
L6T'9
TIL9—
S0T°L
oom.hV
TLS'L
886°L

Sl

»80°€
=90°¢

80T

FLot

=001
=160

=860
901

5.5 4.5 3.5 2.5 1.5 0.5 -0.5 -L.5 2.5 -3.5

6.5

9.5 8.5

1.5

f1 (ppm)
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Figure S23: **C-NMR (150 MHz, DMSO-ds) spectrum of 11 (dehydrovomifoliol)
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Figure S24: *H-NMR (600 MHz, CDCls) spectrum of 12 (4,5-dihydroblumenol A)
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Figure S25: *C-NMR (150 MHz, CDClI3) spectrum of 12 (4,5-dihydroblumenol A)
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Figure S26: *H-NMR (600 MHz, CDsCOCD3) spectrum of 13 (blumenol A)

© 2024 ACG Publications. All rights reserved.

30



= ©~ =3 O =
= o S GRS o " — SV AR T —00F 0N
N % v O N O N * e RXNANS QRN — M
o =y © RSS! o o =] —cSgaarAT TR
(o} — - — - o~ o el TN AN~
[ [ /SN [ | SNemm———

|

A |

I .

T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -2C

£1 (ppm)

Figure S27: *C-NMR (150 MHz, CDsCOCDs3) spectrum of 13 (blumenol A)
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Figure 528: *H-NMR (600 MHz, CDCls) spectrum of 14 (5-hydroxy-4',7-dimethoxyisoflavone)
© 2024 ACG Publications. All rights reserved.




) R oo o
2] w) - 00y D — o g — 3] [ Lel=as] ©1 oo
=] it o ool S en el < v o< oo ® @ e
=] R Ao - © ® o [ ] wiow
- _— —_—— - = o o [ S v

NV Vo I | I N

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure S29: **C-NMR (150 MHz, CDClI3) spectrum of 14 (5-hydroxy-4',7-dimethoxyisoflavone)
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Figure S30: *H-NMR (600 MHz, DMSO-ds) spectrum of 15 (cajanin)
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Figure S31: **C-NMR (150 MHz, DMSO-ds) spectrum of 15 (cajanin)
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Figure S32: *H-NMR (600 MHz, DMSO-ds) spectrum of 16 (loliolide)
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Figure S33: *C-NMR (150 MHz, DMSO-ds) spectrum of 16 (loliolide)
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Figure S34: *H-NMR (600 MHz, DMSO-ds) spectrum of 17 (indole-3-carboxaldehyde)

© 2024 ACG Publications. All rights reserved.

38



< el MO M ®
< A v on Y ® <+ S oA ® Y~
%) BN Fena— oA © TN RN N
© M AN AN = — c~ coccaaaa
— — e e e e e o~ Tt TN

N SN =

T
210

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)

Figure S35: **C-NMR (150 MHz, DMSO-ds) spectrum of 17 (indole-3-carboxaldehyde)
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Figure S36: *H-NMR (600 MHz, DMSO-ds) spectrum of 18 (1H-indole-3-carboxylic acid)
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Figure S37: **C-NMR (150 MHz, DMSO-ds) spectrum of 18 (1H-indole-3-carboxylic acid)
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Figure S38: *H-NMR (600 MHz,CDCls3) spectrum of 19 (vitamin E quinone)
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Figure S39: *C-NMR (150 MHz, CDClIs) spectrum of 19 (vitamin E quinone)

© 2024 ACG Publications. All rights reserved.

43



References

(1]
(2]
(3]
(4]
(5]
(6]
[7]
(8]

[0l

[10]

[11]
[12]

[13]

[14]

[15]
[16]
[17]

(18]

Y.L. Zhao, X.W. Yang, B.F. Wu, J.H. Shang, Y.P. Liu and X.D. Luo (2019). Anti-inflammatory effect of
pomelo peel and its bioactive coumarins, J. Agric. Food Chem. 67, 8810-8818.

L. Pecetti, M. Mella and A. Tava (2016). Variation in herbage biochemical composition among pitch
trefoil (Bituminaria bituminosa) populations from Elba Island, Italy, J. Agric. Food Chem. 64, 195-203.

FA. Macias, G.M. Massanet, F. Rodriguez Luis, J. Salvd (1990). 3C NMR of coumarins. 1V—
Furanocoumarins, Magn. Reson. Chem. 28, 219-222.

S. Marumoto and M. Miyazawa (2011). Microbial reduction of coumarin, psoralen, and xanthyletin by
Glomerella cingulata, Tetrahedron 67, 495-500.

J. Cheng, X.M. Yi, H.Y. Chen, Y.H. Wang and X.J. He (2017). Anti-inflammatory phenylpropanoids
and phenolics from Ficus hirta Vahl, Fitoterapia 121, 229-234.

L. Kozma, I. Hornydk and L. Székelyhidi (1991). Spectrofluorimetric analytical investigation of
psoralens on adsorbents, J. Lumin. 48, 438-440.

M.A. Saeed and A.W. Sabir (2008). Irritant and cytotoxic coumarins from Angelica glauca Edgew
roots, J. Asian Nat. Prod. Res. 10, 49-58.

1. Ali, Y. Mu, M. Atif, H. Hussain, J. Li, M. Shabbir, D. Li, J.J. K. Bankeu, L. Cui, S. Sajjad, D, Wang
and X. Wang (2021). Separation and anti-inflammatory evaluation of phytochemical constituents from
Pleurospermum candollei (Apiaceae) by high-speed countercurrent chromatography with continuous
sample load, J. Sep. Sci. 44, 2663-2673.

R. Tovar-Miranda, R. Cortés-Garcia, N.F. Santos-Sanchez and P. Joseph-Nathan (1998). Isolation, total
synthesis, and relative stereochemistry of a dihydrofurocoumarin from Dorstenia contrajerva, J. Nat.
Prod. 61, 1216-1220.

Z. E Marsni, A. Torres, R.M. Varela, J.M. Molinillo, L. Casas, C. Mantell and F.A. Macias (2015).
Isolation of bioactive compounds from sunflower leaves (Helianthus annuus L.) extracted with
supercritical carbon dioxide, J. Agric. Food Chem.63, 6410-6421.

P.T.A. Dao, T. Le Quan and N.T.T. Mai (2014). Antioxidant constituents from the stem of Tetrastigma
erusbescense Planch. (Vitaceae), Nat. Prod. Sci. 20, 22-28.

D. Yao, M. Jin, C.H. Zhang, J. Luo, Z. Jiang, M.S. Zheng, J.M. Cui and G. Li (2016). Chemical
constituents of the leaves of Juglans mandshuric, Chem. Nat. Compd. 52, 93-95.

H. Jung, S.Y. Shin, Y. Jung, T.A. Tran, H.O. Lee, K.Y. Jung and Y. Lim, (2015). Quantitative
relationships between the cytotoxicity of flavonoids on the human breast cancer stem-like cells MCF
7-SC and their structural properties, Chem. Biol. Drug Des. 86, 496-508.

S.Y. Jeong, M. Chang, S.H. Choi, S.R. Oh, H.H. Wu, Y. Zhu and Y.S. Song (2018). Estrogenic effects of
phytoestrogens derived from Flemingia strobilifera in MCF-7 cells and immature rats, Arch. Pharmacol.
Res. 41, 519-529.

W. Sun, Z.Y. Ma, X. Zhang, H.B. Yang and W.F. Sun (2015). Secondary metabolites of Petrosimonia
sibirica, Chem. Nat. Compd. 51, 530-531.

C. Wang, Y. Yang, Z.N. Mei and X.Z. Yang, (2013). Cytotoxic compounds from Laminaria
japonica, Chem. Nat. Compd. 49, 699-701.

P. Fei, X.W. Chuan, X. Yang, L.J. Hong, J.C. Lu, P. Uribe and L.Y. Yang, (2013). A new 20-membered
macrolide produced by a marine-derived Micromonospora strain, Nat. Prod. Res. 27, 1366-1371.

J.G. Cho, D.Y. Lee, JW. Lee, D.G. Lee, Y.H. Lee, S.Y. Kim and N.I. Baek (2009). Acyclic diterpenoids
from the leaves of Capsicum annuum, J. Korean Soc. Appl. Biol. Chem. 52, 128-132.

© 2024 ACG Publications. All rights reserved.

44



