10

Heterogeneous nuclear ribonucleoprotein A2B1, a novel drug target for
hepatitis B virus infection

Min Xu 7", Yu Chen 27, Hao-Yan Yuan '/, Yue-Hai Shen ', Jia-Yao Xiang ', Jia
Luo ', Hao Chen ', Jun-Qi Wu ', Cheng Xiang ', Ya-Ming Li ', Yang Feng ', Hai-
Zhou Li ', Yue Yin 2, Jing-Min Lin 2, Long-Jiao Ge 4, San-Jun Zhao ®, Ronald J.
Quinn 8, Shao-Xing Dai 3", Da-Ming Zuo 2~

'Center for Pharmaceutical Sciences, Faculty of Life Science and Technology,
Kunming University of Science and Technology, Chenggong Campus, Kunming
650500, China

2Department of Medical Laboratory, School of Laboratory Medicine and
Biotechnology, Southern Medical University, Guangzhou, Guangdong 510515,
China

3State Key Laboratory of Primate Biomedical Research, Institute of Primate
Translational Medicine, Kunming University of Science and Technology,
Kunming, Yunnan 650500, China

4Translational Lab of Primate Brain Research, Kunming Institute of Zoology,
Chinese Academy of Sciences, Kunming, 650201, China

5School of Life Sciences, Yunnan Normal University, Kunming 650500, China

6Eskitis Institute, Griffith University, Brisbane, QLD 4111, Australia

"These authors contributed equally to this work.

*Corresponding author. e-mail: xumin@kust.edu.cn, daishaoxing@kust.edu.cn,

zdaming@smu.edu.cn



11

12

13

14

15

16

17

18

19

20

21

22

23

24

30

31

32

33

34

35

36

37

38

Part 1. Chemistry
1. General information

All solvents and reagents were purchased from Energy Chemical, Adamas, J&K
Scientific and Sigma Aldrich, and used as received. ESI data was recorded on an Agilent
1290 UPLC/6540 Q-TOF mass spectrometer. 'H and '*C NMR spectra were measured
on a Bruker AV 600 MHz spectrometer. Unless otherwise stated, the sample was
dissolved in CD3OD with TMS as an internal standard. The silica gel used for column
chromatography was Fuji NH amino silicone filler (500 mesh). MeOH/DCM (0-10%
gradient) was used as the mobile phase. HPLC analysis was performed using a Waters
system (5 uM particle size, 4.6 mm x 250 mm) with a PDA detector and a GL
InertSustain C18 column. A linear gradient of 5% to 100% water in acetonitrile was
used in HPLC analysis at a flow rate of 1 mL/min. The purity of all test compounds

was determined by HPLC analysis to be 95% or higher.
2. Isolation of phyllanthacidoid A (PA)

OH,, OH 25  The air-dried stems of P. acidus (500 kg) were

: 0
o m 26  extracted with methanol solution at room
H o

Hoﬂoﬁg/o 27  temperature for three times to give the extract

HOHo 0 0

Hoﬁ/ 8, 421 kg The methanol extract was
HO S Phyllanthuol A

29  resuspended in MeOH (5.0 L) and loaded onto
a polyamide gel column (5200 g bed volume, pre-equilibrated with MeOH) to remove
pigments and polyphenols. The column was eluted with MeOH (100.5 L), and the
eluent evaporated to obtain a crude extract. The crude extract was subjected to passage
over a silica gel column (200-300 mesh), eluting with (CHCI3-MeOH-H>O, 9:1:0-
7:3:0.5), to afford five major fractions. Fraction 3 (700 g) was chromatographed on
Sephadex LH20 (MeOH 0-100%) to afford five fractions. The first two fractions (400.3
g) were combined and chromatographed over MCI gel CHP-20P (MeOH/H-0, 20-
100%) to give seven sub-fractions (Fr. A-G). Fr. A was subjected to RP-8 (MeOH 30-
80%), and preparative-HPLC with an isocratic flow of CH3CN/H>O (10 mL/min,
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CH3CN/H20 18:82, COSMOSIL Cholester, 21.1 x 250 mm) to afford phyllanthacidoid

A (50.2 g, Rt = 21 min). The NMR data was reported in our previous publication.
3. Preparation and characterization of compounds
3.1.

(2S,3R,3aS,4S,4'S,5'R,6S,7aR)-3,3a,4-Trihydroxy-4'-((4-hydroxybenzoyl)oxy)-5'-
methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-6-carboxylic acid (1a)

OH.., OH 45  Phyllanthuol A (PA, 50 mg, 6.68x10° mol) was

YCI?SQ. 46  dissolved in KoCOs aqueous solution (10%, 2.0 mL) and
o o
H 47

OH o stirred at 60 °C for about two hours until a complete
12 OZ\@&B conversion was detected. The reaction solution was

OH
49  cooled to room temperature and acidified by adding 1 M

hydrochloric acid to pH 2. The mixture was combined with brine (2.5 mL) and extracted
with EtOAc (4.5 mL x 3). The organic layers were combined and concentrated under
reduced pressure. The crude product was purified by silica gel column chromatography

to obtain the titled compound as a white solid (27 mg, 92%).

'H NMR (600 MHz, CD;0D) § 7.99 (ddd, J = 8.8, 2.6, 1.8 Hz, 2H, H-17, H-21), 6.84
(ddd, J = 8.8, 2.6, 1.8 Hz, 2H, H-18, H-20), 5.25 (br d, J = 2.6 Hz, 1H, H-10), 4.09 (t,
J=33Hz, 1H, H-5), 4.04 (t, J = 11.4 Hz, 1H, H-12), 3.85 (dd, J = 10.8, 4.9 Hz, 1H,
H-1),3.82 (s, 1H, H-7),3.61 (dd, = 11.1, 4.5 Hz, 1H, H-12), 2.56 (brs, 1H, H-3), 2.20
~2.16 (m, 1H, H-9), 2.14 -2.06 (m, 2H, H-11, H-9), 2.03 — 1.87 (m, 3H, H-2, H-4),
1.62 (dt, J=13.9, 10.1 Hz, 1H, H-2), 0.90 (d, J = 6.9 Hz, 3H, H-13).

13C NMR (150 MHz, CD;0OD) & 166.67 (C-22), 162.05 (C-19), 131.57 (C-17, C-21),
121.62 (C-16), 114.63 (C-18, C-20), 101.00 (C-8), 81.01 (C-5), 75.31 (C-6), 74.50 (C-
7), 70.84 (C-1), 69.95 (C-10), 61.62 (C-12), 34.72 (C-3), 33.26 (C-9), 32.81 (C-11),
27.86 (C-2), 26.50 (C-4), 11.65 (C-13).

MS (ESI) m/z: 477 [M + K] for C21H26010.

3.2
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(2S,3R,3aS,4S5.,4'S,5'R,6S,7aR)-3,3a,4,4'-tetrahydroxy-5'-methyldecahydro-3H-

spiro[benzofuran-2,2'-pyran]-6-carboxylic acid (1b)

OH . on 68 PA (30 mg, 4.01x10° mol) was dissolved in NaOH aqueous

o 0 solution (2.0 M, 1.0 mL) and stirred at 70 °C for about one hour
(6]
on " 78" until a complete conversion was detected. The reaction solution

1b
71 was cooled to room temperature and acidified by adding 1 M
hydrochloric acid to pH 1-2. The solution of crude product was purified by large pore
adsorption resin column chromagraphy (Diaion HP20SS, water to methanol) to obtain

the titled compound as a white solid (11 mg, 85%).

'H NMR (600 MHz, CD;0D) & 4.07 (t, J = 3.6 Hz, 1H, H-5), 3.89 (br d, J=2.7 Hz,
1H, H-10), 3.86 (dd, J = 10.5, 5.0 Hz, 1H, H-12), 3.83 (s, 1H, H-7), 3.81 (t, J = 11.6
Hz, 1H, H-1), 3.49 (dd, J = 11.2, 4.6 Hz, 1H, H-12), 2.86 (ddd, J = 15.1, 9.4, 3.8 Hz,
1H, H-3), 2.14 - 2.05 (m, 3H, H-9, H-2), 1.99 - 1.90 (m, 2H, H-4), 1.85 (dddd, J=11.4,
8.9,5.8,3.4 Hz, 1H, H-11), 1.73 (ddd, /= 14.1, 10.2, 9.3 Hz, 1H, H-2), 0.91 (d, J= 7.0
Hz, 3H, H-13).

MS (ESI) m/z: 341 [M + Na]" for C14H>20s.
3.3.

4-Bromobenzyl (2S,3R,3aS,4S,4'S,5°R,6S,7aR)-4'-((4-((4b-
bromobenzyl)oxy)benzoyl)oxy)-3,3a,4-trihydroxy-5'-methyldecahydro-3H-

spiro[benzofuran-2,2'-pyran]-6-carboxylate (1c)

2on pH 86 Compound 1a (16 mg, 3.64x10° mol) was
Om:?‘ 87  stirred with potassium carbonate (5.0 equiv,
© ’ oj\©\ 88  25.4 mg) and 4-bromobenzyl bromide (2.0 eq,
éj 1c o/\(ji} 18.2 mg) in dry DMF (1 mL) until a complete

Br 90®" conversion was detected. The reacted mixture
was diluted with water. The resulted precipitates were collected by centrifugation,

washed with water, and dried to give the titled compound as a white solid (23.0 mg,

81%).
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'H NMR (600 MHz, CDCl3) & 8.04 (d, 2H J = 8.9, H-17, H-21), 7.51 (d, 2H, J = 8.3,
H-4', H-6'), 7.43 (d, 2H, J = 8.4, H-4", H-6"), 7.28 (d, 2H, J = 8.4, H-3", H-7"), 7.12 (d,
2H, J = 8.3, H-3', H-7"), 6.96 (d, 2H, J = 8.9, H-18, H-20), 5.27 (d, 1H, J = 2.2, H-10),
5.05-4.97 (m, 4H, H-1', H-1"), 4.12 (br d, 1H, J = 3.7, H-5), 4.06 (br d, 1H, J=11.5,
H-12),3.96 (s, 1H, H-7), 3.93 (dd, 1H, J=9.9, 5.28, H-1), 3.64 (dd, 1H, J = 11.08, 4.40,
H-12), 2.62 (ddd, 1H, J = 16.98, 13.44, 6.84, H-3), 2.18 - 2.06 (m, 4H, H-11, H-9, H-
2), 1.95 (ddd, 1H, J = 14.58, 10.8, 3.78, H-4), 1.87 (ddd, 1H, J = 14.22, 9.30, 8.70, H-
4, 1.73 - 1.65 (m, 1H, H-2), 0.88 (d, 3H, J = 6.90, H-13).

MS (ESI) m/z: 799 [M + Na]" for CssHzsBr201o.
34.

Methyl(2S,3R,3aR,4S,4'S,5'R,6S,7aR)-3,3a,4-trimethoxy-4'-((4-
methoxybenzoyl)oxy)-5'- methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-6-
carboxylate (1d)

107 Compound 1a (16 mg, 3.64x107° mol) was stirred with

: 0
0 5 108  sodium hydride (60% in mineral oil, 10.0 equiv, 14.6 mg)
H

RN "y 2 109  indry DMF (1 mL) at room temperature for 2 hours. The
07 \[g

g~ mixture was cooled to -40 °C, and methyl iodide (8.0
equiv) was added. The reaction was stirred at room temperature until a complete
conversion was detected. The reaction was neutralized by adding 10% citric acid
aqueous solution, and extracted with EtOAc (5.0 ml x 3). The combined organic layers
were concentrated under reduced pressure. The crude product was purified by thin layer

preparative chromatography to give the titled compound as a white solid (7.4 mg, 40%).

'H NMR (600 MHz, CD:OD) & 8.03 (d, 2H, J = 8.9, H-17, H-21), 6.97 (d, 2H, J = 8.9,
H-18, H-20), 5.15 (br d, 1H, J = 2.1, H-10), 4.18 (br d, 1H, J = 2.6, H-5), 4.04 (br d,
1H, J = 11.5, H-12), 3.85 (s, 3H, H-5'), 3.60 (s, 3H, H-1), 3.58 (m, 1H, H-1, overlap),
3.56 (s, 1H, H-7), 3.52 (dd, 1H, J=10.2, 5.1, H-12), 3.49 (s, 3H, H-2'), 3.38 (s, 3H, H-
3", 3.31 (s, 3H, H-4", overlap), 2.26 (m, 2H, H-11, H-3), 2.12 (m, 1H, H-9), 2.04 (m,
1H, H-9), 1.99 (br dd, 1H, J = 14.8, 2.9, H-2), 1.77 (ddd, 1H, J = 14.0, 6.6, 3.5, H-4),
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1.68 (ddd, 1H, J = 14.8, 12.2, 2.8, H-4), 1.60 (m, 1H, H-2), 0.90 (d, 3H, J = 6.9, H-13).
MS (ESI) m/z: 531 [M + Na]* for C26H3s010.
3.5.

Methyl (2S,3R,3aR,45,4'S,5'R,6S,7aR)-3,3a,4,4'-tetramethoxy-5'-

methyldecahydro-3H-spi- ro[benzofuran-2,2'-pyran]-6-carboxylate (1e)

127 Compound 1b (10 mg, 3.14 x10” mol) was stirred with sodium

o—
/

1 hydride (60% in mineral oil, 10.0 equiv, 12.6 mg) in dry DMF (1
o_ te 12‘9 mL) at room temperature for 2 hours. The mixture was cooled to
130  -40 °C, and methyl iodide (8.0 equiv) was added. The reaction

was stirred at room temperature until a complete conversion was detected. The reaction
was stirred at room temperature until a complete conversion was detected. The reaction
was neutralized by adding 10% citric acid aqueous solution, and extracted with EtOAc
(5.0 ml x 3). The combined organic layers were concentrated under reduced pressure.
The crude product was purified by thin layer preparative chromatography to give the

titled compound as a white solid (1e, 6.0 mg, 49%).

'"H NMR (600 MHz, CD;0D) § 4.17 (br d, 1H, J=2.8, H-5), 3.78 (br d, 1H, J=11.3
Hz, H-12), 3.69 (s, 3H, H-1"), 3.59 (dd, 1H, J=9.7, 3.6, H-12), 3.55 (s, 1H, H-7), 3.49
(s, 3H, H-2"), 3.46 (br d, 1H, J=2.63, H-1), 3.40 (s, 3H, H-3"), 3.39 (s, 3H, H-4"), 3.32
(s, 3H, H-5"), 2.82 (td, 1H, J=12.5, 12.4, 6.3, H-3), 2.26 (dd, 1H, J = 14.7, 2.5 Hz, H-
11), 2.16 (m, 1H, H-9, overlap), 1.96 (ddd, 1H, J=14.1, 5.4, 3.9, H-9), 1.91 (ddd, 1H,
J=144,72,4.5,H-2),1.79-1.70 (m, 3H, H-4, H-4, H-2), 0.87 (d, 3H, J= 7.0, H-13).

MS (ESI) m/z: 388 [M + Na]* for C1oH3,0s.

3.6. General procedure A: Preparation of ester derivatives of compound 1a

” 2a-2d
n=1,3-5
OH OH
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Compound 1a (6 mg, 1.37x107 mol) was stirred with EDCI (10.0 equiv), DMAP
(2.0 equiv) and the corresponding alcohol (10 equiv) in dry DMF (1.0 mL) at room
temperature until a complete conversion was detected. The mixture was partitioned
between EtOAc and brine, and the organic layer was washed with brine and
concentrated. The crude product was purified by silica gel column chromatography to

obtain the corresponding titled compound as a white solid.
Compounds prepared with this procedure: 2a, 22%; 2b, 43%; 2¢, 49%; 2d, 40%.
3.6.1.

Methyl (2S,3R,3a8,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-4'-((4-

hydroxybenzoyl)oxy)-5'-me- thyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-6-

carboxylate (2a)
o o 157 'H NMR (600 MHz, CD;OD) & 7.97 (br dd, J = 6.8, 1.9
: 0
OY@Q‘ 158 Hz, 2H, H-17, H-21 ) ,6.83 (ddd, J = 6.8, 1.9 Hz, 2H, H-
(0]
o " 0 159 18, H-20), 5.22 (br d, J = 2.5 Hz, 1H, H-10), 4.06 — 3.9

d 2a o
mo (m, 2H, H-5, H-12), 3.82 — 3.75 (m, 2H, H-1, H-7), 3.61

161 (m,4H, H-12, H-1'), 2.54 (br q, J= 5.6, 3.5 Hz, 1H, H-3),
2.17-2.07 (m, 3H, H-11, H-9), 1.98 — 1.90 (m, 2H, H-2, H-4), 1.85 — 1.78 (m, 1H, H-
4, 1.61 — 1.52 (m, 1H, H-2), 0.87 (d, J = 6.91 Hz, 3H, H-13).

MS (ESI) m/z: 375 [M + NaJ* for C22H2s010.
3.6.2.

Propyl (2S,3R,3aS,45,4'S,5'R,68,7aR)-3,3a,4-trihydroxy-4'-((4-

hydroxybenzoyl)oxy)-5'-me- thyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-6-

carboxylate (2b)
Moy o 169 'H NMR (600 MHz, CDs;OD) & 7.97 (ddd, J = 8.82,
Om_ 170 2.64, 1.98 Hz, 2H, H-17, H-21), 6.83 (ddd, J = 8.82,
H

o 2 171 2.67,2.00 Hz, 2H, H-18, H-20), 5.22 (br d, J = 2.6 Hz,
O
H

1H, H-10), 4.08 —4.03 (m, 2H, H-5, H-12),4.03 -3.96
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(m, 2H, H-1'), 3.85 — 3.78 (m, 2H, H-1, H-7), 3.62 (dd, J = 11.0, 4.5 Hz, 1H, H-12),
2.54 (tt, J=9.3,5.7 Hz, 1H, H-3), 2.17 — 2.07 (m, 3H, H-11, H-9), 2.00 — 1.93 (m, 2H,
H-2, H-4), 1.86 (ddd, J = 14.5, 11.5, 3.1 Hz, 1H, H-2), 1.67 — 1.52 (m, 2H, H-2"), 0.92
(t,J=17.43 Hz, 3H, H-3'), 0.91 (d, /= 6.91 Hz, 3H, H-13).

MS (ESI) m/z: 503 [M + NaJ* for C2sH3:010.
3.6.3.

Butyl (2S,3R,3a8,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-4'-((4-

hydroxybenzoyl)oxy)-5'-met- hyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-6-

carboxylate (2¢)
Hon o 182  'HNMR (600 MHz, CD;0D) & 7.97 (br d, J= 8.7 Hz,
om 183  2H, H-17, H-21), 6.83 (br d, J= 8.7 Hz, 2H, H-18, H-
H o]
(0]

CaHs™ 184  20),5.22 (brd,J=2.5Hz, 1H, H-10), 4.11 — 3.97 (m,
- O)\@
. 4H, H-5, H-12, H-1"), 3.81 (dd, J = 11.0, 4.5 Hz, 1H,

H-1), 3.81 (s, 7-H), 3.62 (dd, J = 11.1, 4.6 Hz, 1H, H-12), 2.54 (qd, J = 11.3, 5.7 Hz,
1H, H-3), 2.17 — 2.07 (m, 3H, H-11, H-9), 2.01 — 1.91 (m, 2H, H-2, H-4), 1.86 (ddd, J
= 14.5,11.5, 3.1 Hz, 1H ,H-4), 1.60 — 1.55 (m, 3H, H-2, H-2"), 1.39 — 1.32 (m, 2H, H-
3", 0.95 (t, J = 7.41 Hz, 3H, H-4"), 0.91 (t, J = 6.93 Hz, 3H, H-13).

MS (ESI) m/z: 517 [M + Na]" for C25H34010.
3.6.4.

Pentyl (2S,3R,3a8,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-4'-((4-

hydroxybenzoyl)oxy)-5'-met- hyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-6-

carboxylate (2d)
Mon o 195 'H NMR (600 MHz, CD;0D) & 7.98 (ddd, J = 8.73,
Om 196 2.63, 1.88 Hz, 2H, H-17, H-21), 6.83 (ddd, J = 8.72,
H

0 (e}

i ® Ly 197 2.63, 1.85 Hz, 2H, H-18, H-20), 5.23 (br d, J = 2.6
(0]
(J%H Hz, 1H, H-10), 4.09 — 3.96 (m, 4H, H-5, H-12, H-1"),

3.82 (dd, J=10.6, 5.0 Hz, 1H, H-1), 3.82 (s, 1H, H-7), 3.62 (dd, J= 11.1, 4.5 Hz, 1H,
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H-12),2.54 (qd, J=11.3, 5.7 Hz, 1H, H-3), 2.18 — 2.08 (m, 3H, H-11, H-9), 2.00 — 1.94
(m, 2H, H-2, H-4), 1.86 (ddd, J = 14.5, 11.5, 3.1 Hz, 1H, H-4), 1.64 — 1.55 (m, 3H, H-
2, H-2"), 1.40 — 1.27 (m, 4H, H-3', H-4"), 0.93 (t, J = 7.2 Hz, 3H, H-5"), 0.91 (d, J= 6.9
Hz, 3H, H-13).

MS (ESI) m/z: 531 [M + Na]" for C26H36010.
3.7. General procedure B: Preparation of ester derivatives of compound 1a

OH | OH Hon OH

OH n=35 oH

Compound 1a (6 mg, 1.37x10”° mol) was stirred with potassium carbonate (5.0
equiv) and the corresponding alkyl bromide (2-5 equiv) in dry DMF (1.0 mL) at room
temperature until a complete conversion was detected. The mixture was partitioned
between EtOAc and brine, and the organic layer was washed with brine and
concentrated. The crude product was purified by silica gel column chromatography to

obtain the corresponding titled compound as a white solid.

Compounds prepared with this procedure: 2e, 49%; 2f, 56%; 2g, 83%.

3.7.1.
3-Fluoropropyl (2S,3R,3aS,45,4'S,5'R,6S,7aR)-4"-((4-(3-
fluoropropoxy)benzoyl)oxy)-3,3a,4- trihydroxy-5'-methyldecahydro-3H-

spiro[benzofuran-2,2'-pyran]-6-carboxylate (2e¢)

OHy o 218 'H NMR (600 MHz, CD;OD) & 8.08 (br d, J = 8.8
OYCE%Q‘ 219 Hz, 2H, H-17, H-21), 7.03 (br d, J = 8.8 Hz, 2H, H-
PP " 7 220 18, H-20), 5.24 (br d, J=2.4 Hz, 1H, H-10), 4.40 (t,
* O%\Qg%i r J=5.8Hz 4H, H-3', H-3"), 4.19 (t, J= 6.2 Hz, 2H,

222 H-1"),4.17—-4.10 (m, 2H, H-1'), 4.09 — 4.03 (m, 2H,

H-5, H-12), 3.84 — 3.76 (m, 2H, H-1, H-7), 3.63 (dd, J=11.1, 4.6 Hz, 1H, H-12), 2.53
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(qd, J=11.4, 5.7 Hz, 1H, H-3), 2.25 — 2.06 (m, SH, H-11, H-9, H-2"), 2.01 — 1.90 (m,
4H, H-2, H-4, H-2"), 1.86 (ddd, J = 14.5, 11.6, 3.1 Hz, 1H, H-4), 1.58 (dt, J= 14.1,9.7
Hz, 1H, H-2), 0.92 (d, /= 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 581 [M + Na]" for C27H36F2010.

3.7.2.
4-Fluorobutyl (2S,3R,3aS,45,4'S,5'R,6S,7aR)-4'-((4-(4-
fluorobutoxy)benzoyl)oxy)-3,3a,4-tr- ihydroxy-5'-methyldecahydro-3H-

spiro[benzofuran-2,2'-pyran]-6-carboxylate (2f)

Hon o 232 'H NMR (600 MHz, CD;0D) & 8.08 (br d, J = 9.0

o g 233  Hz, 2.7 Hz, 2.0 Hz, 2H, H-17, H-21), 7.01 (brd, J =

% 5 234 9.0 Hz, 2.7 Hz, 2.0 Hz, 2H, H-18, H-20), 5.24 (d, J

! A@\@%SZF = 2.6 Hz, 1H, H-10), 4.57 — 4.40 (4H, H-4', H-4"),

236 4.15-4.03 (m, 6H, H-5, H-12, H-1', H-1"), 3.84 —

3.76 (m, 2H, H-1, H-7), 3.66 — 3.59 (m, 1H, H-12), 2.58 — 2.50 (m, 1H, H-3), 2.22 —

2.09 (m, 3H, H-11, H-9, overlap with acetone), 2.01 — 1.83 (m, 7H, H-2, H-4, H-4, H-

2', H-2"), 1.77 — 1.64 (m, 4H, H-3', H-3"), 1.59 (ddd, J = 14.1, 10.3, 9.2 Hz, 1H, H-2),
0.91 (d, J=6.9 Hz, 2H, H-13).

MS (ESI) m/z: 609 [M + Na]" for C290H40F2010.

3.7.3.
5-Fluoropentyl (2S,3R,3aS,45,4'-S,5'R,6S,7aR)-4"-((4-((5-
fluoropentyl)oxy)benzoyl)oxy)-3, 3a,4-trihydroxy-5'-methyldecahydro-3H-

spiro[benzofuran-2,2'-pyran]-6-carboxylate (2g)

?HOHOHO 246 'H NMR (600 MHz, CD;0D) & 8.07 (br d, J = 8.8
om 247  Hz, 2H, H-17, H-21), 7.00 (br d, J = 8.8 Hz, 2H, H-
e 2: Oj\@ 248 18, H-20), 5.24 (brd, J=2.2 Hz, 1H, H-10), 4.39 (t,
349+ J=6.0 Hz, 4H, H-5', H-5"), 4.14 — 3.98 (m, 6H, H-

250  5,H-12, H-1', H-1"), 3.86 — 3.77 (m, 2H, H-1, H-7),



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

273

274

3.62 (dd,J=11.1,4.6 Hz, 1H, H-12), 2.54 (qd, J=11.4, 5.7 Hz, 1H, H-3), 2.19 - 2.07
(m, 3H, H-11, H-9), 2.02 - 1.93 (m, 2H, H-2"), 1.91 — 1.39 (m, 14H, H-2, H-4, H-2', H-
3', H-4', H-3", H-4"), 0.91 (d, J= 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 637 [M + Na]" for C31H44F2010.

3.8. General procedure C: Preparation of amide derivatives of compound 1a

YCtHi;:z_ YCE@Q:?—
1a 3a-3j, 4a-4p )\@\
OH OH

Compound 1a (6 mg, 1.37x107° mol) was stirred with EDCI (10.0 equiv), DMAP
(2.0 equiv), HOSu (5.0 equiv) and the corresponding amine (5.0 equiv) in dry DMF
(1.0 mL) at room temperature until a complete conversion was detected. The mixture
was partitioned between EtOAc and diluted hydrochloric acid, and the organic layer
was washed with brine and concentrated. The crude product was purified by silica gel

column chromatography to obtain the corresponding titled compound as a white solid.

Compounds prepared with this procedure: 3a, 22%; 3b, 43%; 3c, 49%; 3d, 7.5%;
3e, 49%; 3f, 69%; 3g, 59%; 3h, 66%; 3i, 74%; 3], 47%; 4a, 53%; 4b, 54%; 4c, 56%);
4d, 54%; 4e, 66%,; 4f, 72%; 49, 44%,; 4h, 27%; 4i, 74%,; 4j, 76%; 4K, 82%; 41, 59%;
4m, 48%; 4n, 30%; 40, 27%; 4p, 22%.

3.8.1. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-6-(ethylcarbamoyl)-3,3a,4-trihydroxy-5'-

methyldecahydro-3H-spiro[benzofuran-2,2'-pyran|-4'-yl 4-hydroxybenzoate (3a)

?HOHOHO 269  'H NMR (600 MHz, CD30D) & 7.98 (br d, J = 8.7 Hz,
OYCEDSQ‘ 270 2H, H-17, H-21), 6.84 (br d, J = 8.7 Hz, 2H, H-18, H-
H o)

NH

CoHy 271 20),5.24 (brd, J = 2.2 Hz, 1H, H-10), 4.12 (t, J = 3.1
3 (0]
) K% . Hz, 1H, H-5),4.05 (t, J = 11.4 Hz, 1H, H-12), 3.90 (dd,

J =105, 5.5 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J = 11.1, 4.5 Hz, 1H, H-12),
3.16 — 3.08 (m, 2H, H-1'), 2.41 (qd, J = 11.2, 5.6 Hz, 1H, H-3), 2.17 (dd, J = 14.8, 3.1



275

276

277

278

279

280

281

282

287

288

289

290

291

292

293

294

295

300

301

302

Hz, 1H, H-11), 2.14 — 2.07 (m, 2H, H-9), 1.99 (ddd, J = 14.6, 11.8, 3.1 Hz, 1H, H-2),
1.80 (dt, J = 13.9, 5.6 Hz, 1H, H-4), 1.71 (ddd, J = 14.4, 5.2, 3.7 Hz, 1H, H-4), 1.57 (dt,
J=13.9, 9.9 Hz, 1H, H-2), 1.05 (t, J = 7.3 Hz, 3H, H-2'), 0.90 (d, J = 6.9 Hz, 3H, H-
13).

MS (ESI) m/z: 488 [M + Na]* for C23H31NOg.

3.8.2. (2S,3R,3a8,4S,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-5'-methyl-6-
(propylcarbamoyl)decahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (3b)

Hon o 283  'HNMR (600 MHz, CD;OD) & 7.97 (br d, J= 8.7 Hz,

o S 284  2H,H-17, H-21), 6.83 (br d, J= 8.7 Hz, 2H, H-18, H-
CaHr ) 285  20), 5.24 (br d, J=2.3 Hz, 1H, H-10), 4.12 (t, J= 3.1
* ﬁ@H Hz, 1H, H-5),4.05 (t,J=11.4 Hz, 1H, H-12), 3.91 (dd,

J=10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.62 (dd, J= 11.1, 4.5 Hz, 1H, H-12),
3.10 — 3.00 (m, 2H, H-1"), 2.48 — 2.40 (m, 1H, H-3), 2.17 (dd, J= 14.8, 3.1 Hz, 1H, H-
11), 2.14 — 2.06 (m, 2H, H-9), 2.00 (ddd, J = 14.6, 11.8, 3.1 Hz, 1H, H-2), 1.81 (dt, J=
13.9, 5.7 Hz, 1H, H-4), 1.74 — 1.67 (m, 1H, H-4), 1.58 (dt, J = 14.0, 9.9 Hz, 1H, H-2),

1.48 — 1.40 (m, 2H, H-2"), 0.90 (d, J = 6.9 Hz, 1H, H-13), 0.87 (t, J = 7.4 Hz, 1H, H-
3.

MS (ESI) m/z: 502 [M + Na]" for C24H33NOs.

3.8.3. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-6-(butylcarbamoyl)-3,3a,4-trihydroxy-5'-

methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-hydroxybenzoate (3c)

Mo o 296 'H NMR (600 MHz, CD;0D) & 7.97 (ddd, J = 8.82,
Om— 297 2.64,2.04 Hz, 2H, H-17, H-21), 6.84 (ddd, J = 8.82,
Cahg " " . 7 298 2.70,1.98 Hz, 2H, H-18, H-20) ,5.24 (br d, J=2.5 Hz,
¥ )\@%H 1H, H-10), 4.12 (t, J = 3.2 Hz, 1H, H-5), 4.05 (t, J =

11.4 Hz, 1H, H-12), 3.91 (dd, J = 10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J
= 11.0, 4.4 Hz, 1H, H-12), 3.09 (br ddd, J = 13.3, 7.1, Hz, 2H, H-1'), 2.44 (ddd, J =
15.0, 11.3, 5.6 Hz, 1H, H-3), 2.21 — 2.04 (m, 3H, H-11, H-9), 2.00 (ddd, J = 14.7, 9.4,



303

304

305

306

307

308

309

315

316

317

318

319

320

321

322

323

324

325

326

327

328

3.2 Hz, 1H, H-2), 1.81 (dt, J= 14.0, 5.7 Hz, 1H, H-4), 1.70 (ddd, J = 14.4, 5.3, 3.5 Hz,
1H, H-4), 1.58 (dt, J = 14.0, 9.8 Hz, 1H, H-2), 1.43 — 1.36 (m, 2H, H-2'), 1.33 — 1.25
(m, 2H, H-3"), 0.92 (t, J = 7.4 Hz, 3H, H-4"), 0.90 (d, J = 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 516 [M + Na]* for C2sH3sNOo.

3.8.4. (2S,3R,3aS,45,4'-S,5'R,6S,7a-R)-3,3a,4-trihydroxy-5'-methyl-6-
(pentylcarbamoyl)decahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (3d)

OH_,OH 310 'H NMR (600 MHz, CD;0D) & 7.97 (ddd, J = 8.8,

) m_ 311 2.6,2.0 Hz, 2H, H-17, H-21), 6.84 (ddd, J = 8.8, 2.7,
(0]
o o 312 2.0 Hz, 2H, H-18, H-20), 5.24 (br d, J= 2.5 Hz, 1H,

50111
3d 0@3 H-10), 4.12 (t, J = 3.2 Hz, 1H, H-5), 4.05 (t, J = 11.4

OH
314  Hz, 1H, H-12), 3.91 (dd, J=10.5, 5.6 Hz, 1H, H-1),

3.76 (s, 1H, H-7), 3.61 (dd, J= 11.0, 4.4 Hz, 1H, H-12), 3.09 (br ddd, J=13.3, 7.1, Hz,
2H, H-1"), 2.4 (ddd, J = 15.0, 11.3, 5.6 Hz, 1H, H-3), 2.21 — 2.04 (m, 3H, H-11, H-9),
2.00 (ddd, J = 14.7, 9.4, 3.2 Hz, 1H, H-2), 1.81 (dt, J = 14.0, 5.7 Hz, 1H, H-4), 1.70
(ddd, J=14.4, 5.3, 3.5 Hz, 1H, H-4), 1.58 (dt, J = 14.0, 9.8 Hz, 1H, H-2), 1.43 — 1.36
(m, 2H, H-2"), 1.33 — 1.25 (m, 2H, H-3"), 0.92 (t, J = 7.4 Hz, 3H, H-4'), 0.90 (d, J= 6.9
Hz, 3H, H-13).

13C NMR (150 MHz, CD;OD) & 177.01 (C-15), 166.71 (C-22), 162.14 (C-19),
131.67(C-17, C-21), 121.62 (C-16), 114.61 (C-18, C-20), 100.96 (C-8), 81.29 (C-5),
75.12 (C-6), 74.67 (C-7), 70.84 (C-1), 70.08 (C-10), 61.61 (C-12), 38.88 (C-1), 34.51
(C-2"), 34.16 (C-3), 32.83 (C-9), 29.12 (C-11), 28.72 (C-3"), 28.61 (C-4"), 26.64 (C-2),
21.96(C-5", 12.96 (C-5'), 11.67 (C-13).

MS (ESI) m/z: 530 [M+Na]" for C26H37NOs.

3.85.  (2S,3R,3aS,4S5.4'S,5'R,6S,7aR)-6-(hexylcarbamoyl)-3,3a,4-trihydroxy-5'-

methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-hydroxybenzoate (3¢)



333
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337
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339

340
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343

344

345

346

351

352

353

354

355

356

Mo oH 329 'HNMR (600 MHz, CD:0D) & 7.94 (br d, J=8.7 Hz,

o y 330 2H,H-17, H-21), 6.81 (brd,J=8.7 Hz, 2H, H-18, H-

CeHis™ ) 331 20),5.21 (brd,J= 1.9 Hz, 1H, H-10), 4.09 (t, J=2.9

¥ ﬁgH Hz, 1H, H-5), 4.02 (t, J= 11.4 Hz, 1H, H-12), 3.88

(dd, J = 10.5, 5.6 Hz, 1H, H-1), 3.73 (s, 1H, H-7), 3.59 (dd, J = 11.2, 4.5 Hz, 1H, H-

12), 3.05 (td, J = 7.1, 2.6 Hz, 2H, H-1'), 2.37 — 2.29 (m, 1H, H-3), 2.15 (dd, J = 14.8,

3.0 Hz, 1H, H-9), 2.11 - 2.02 (m, 2H, H-11, H-9), 2.00 — 1.93 (m, 1H, H-2), 1.78 (dt, J

=13.8, 5.7 Hz, 1H, H-4), 1.71 —1.64 (m, 1H, H-4), 1.55 (dt, J = 13.9, 10.0 Hz, 1H, H-

2), 1.42 — 1.36 (m, 2H, H-2"), 1.35 — 1.21 (m, 6H, H-3', H-4', H-5'), 0.92 — 0.84 (m, 6H,
H-6', H-13).

13C NMR (150 MHz, CD;0D) & 178.41 (C-15), 168.14 (C-22), 163.53 (C-19), 133.07
(C-17,C-21), 123.03 (C-16), 116.02 (C-18, C-20), 102.37 (C-8), 82.70 (C-5), 76.54 (C-
6), 76.07 (C-7), 72.23 (C-1), 71.50 (C-10), 63.01 (C-12), 40.31 (C-1'), 36.92 (C-2),
35.91 (C-3), 35.58 (C-9), 34.23 (C-11), 32.59 (C-3'), 30.51 (C-4"), 30.28 (C-2), 27.58
(C-5), 23.62 (C-4), 14.38 (C-6"), 13.05 (C-13).

MS (ESI) m/z: 544 [M+Na]" for C27H39NOs.

3.8.6. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-6-(heptylcarbamoyl)-3,3a,4-trihydroxy-5'-

methyldecahydro-3H-spiro[benzofuran-2,2'-pyran|-4'-yl 4-hydroxybenzoate (3f)

Mon o 347  'HNMR (600 MHz, CD;0D) & 7.93 (br d, /= 8.8 Hz,
Om 348  2H, H-17,H-21), 6.79 (br d, /= 8.8 Hz, 2H, H-18, H-
H
CHig 1 349 20),5.21 (brd,J=2.2 Hz, 1H, H-10), 4.09 (t, J =3.1
(0]

3f
. Hz, 1H, H-5), 4.02 (t, J = 11.4 Hz, 1H, H-12), 3.88

(dd,J=10.5, 5.6 Hz, 1H, H-1),3.73 (s, 1H, H-7), 3.58 (dd, J= 11.0, 4.5 Hz, 1H, H-12),
3.05 (t, J= 7.1 Hz, 1H, H-1'), 2.48 — 2.37 (m, 1H, H-3), 2.19 — 2.02 (m, 3H, H-9, H-
11), 2.00 — 1.93 (m, 1H, H-2), 1.78 (dt, J = 13.9, 5.6 Hz, 1H, H-4), 1.68 (ddd, J = 14.4,
5.2,3.6 Hz, 1H, H-4), 1.61 — 1.50 (m, 1H, H-2), 1.44 — 1.19 (m, 10H, H-2", H-3', H-4",
H-5', H-6'), 0.93 — 0.82 (m, 6H, H-13, H-7").

13C NMR (150 MHz, CD30D) & 177.01 (C-15), 166.71 (C-22), 162.13 (C-19), 131.67
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(C-17,C-21), 121.63 (C-16), 114.60 (C-18, C-20), 100.96 (C-8), 81.29 (C-5), 75.11 (C-
6), 74.68 (C-7), 70.84 (C-1), 70.07 (C-10), 61.61 (C-12), 38.90 (C-1"), 34.52 (C-3),
34.17 (C-2"), 32.84 (C-9), 31.53 (C-11), 29.13 (C-3"), 28.93 (C-4"), 28.64 (C-5'), 26.65
(C-6"), 26.48 (C-2), 22.28 (C-4), 13.03 (C-7'), 11.65 (C-13).

MS (ESI) m/z: 558 [M+Na]" for C2sH41NOs.

3.8.7. (2S,3R,3a8,4S,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-5'-methyl-6-
(octylcarbamoyl)decahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (3Q)

Moy o1 365 'HNMR (600 MHz, CD30D) § 7.94 (br d, J=8.7 Hz,

- 0
Om 366 2H,H-17,H-21),6.80 (brd, J=8.7 Hz, 2H, H-18, H-
H o)

CeHyr . 367 20), 5.21 (brs, 1H, H-10), 4.09 (br s, 1H, H-5), 4.02

* )\©6g,4 (t,J=11.4 Hz, 1H, H-12), 3.88 (dd, J=10.4, 5.6 Hz,
1H, H-1), 3.73 (s, 1H, H-7), 3.59 (dd, J = 11.1, 4.2 Hz, 1H, H-12), 3.05 (t, J = 7.0 Hz,
1H, H-1"), 2.41 (dq, J = 16.2, 5.5 Hz, 1H, H-3), 2.15 (dd, J = 14.7, 2.9 Hz, 1H, H-9),
2.07 (dd,J=14.8, 2.4 Hz, 2H, H-11, H-9), 2.00 — 1.92 (m, 1H, H-2), 1.78 (dt, J=13.7,
5.6 Hz, 1H, H-4), 1.72 — 1.64 (m, 1H, H-4), 1.55 (dt, J = 13.8, 10.0 Hz, 1H, H-2), 1.40
(dd, J=14.0, 7.0 Hz, 2H, H-2'), 1.35— 1.20 (m, 10H, H-3', H-4', H-5', H-6', H-7"), 0.95
—0.83 (m, 6H, H-13, H-8").

13C NMR (150 MHz, CD;0D) § 177.01 (C-15), 166.71 (C-22), 162.13 (C-19), 131.67
(C-17,C-21), 121.64 (C-16), 114.60 (C-18, C-20), 100.96 (C-8), 81.28 (C-5), 75.11 (C-
6), 74.68 (C-7), 70.84 (C-1), 70.08 (C-10), 61.61 (C-12), 38.90 (C-1'), 34.52 (C-2'),
34.17 (C-3), 32.84 (C-9), 31.60 (C-3"), 29.13 (C-11), 28.96 (C-4'), 28.92 (C-5', C-6"),
26.66 (C-2), 26.51 (C-7"), 22.32 (C-4), 13.05 (C-8'), 11.65 (C-13).

MS (ESI) m/z: 572 [M + Na]" for C290H43NOs.

3.8.8. (2S,3R,3aS,4S,4'S,5'R,68S,7aR)-6-((3-ethoxypropyl)carbamoyl)-3,3a,4-
trihydroxy-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (3h)
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?HOHOHO 384 'HNMR (600 MHz, CD;0D) 8 7.95 (br d, J =

o p 385  8.7Hz, 2H,H-17,H-21),6.81 (brd,J=8.7 Hz,

CoHEO A~ NH ] T 386 2H, H-18, H-20), 5.21 (br s, 1H, H-10), 4.10

* A@sz}. (brs, 1H, H-5), 4.02 (t, J= 11.4 Hz, 1H, H-12),
3.88 (dd, J=10.4, 5.6 Hz, 1H, H-1), 3.74 (s, 1H, H-7), 3.59 (dd, J = 10.9, 4.2 Hz, 1H,
H-12), 3.43 (q, J = 7.0 Hz, 2H, H-4"), 3.38 (t, J= 6.2 Hz, 1H, H-3"), 3.15 (ddq, J=20.3,
13.5, 6.9 Hz, 2H, H-1"), 2.41 (tt, J= 11.1, 5.5 Hz, 1H, H-3), 2.14 (dt, J = 10.5, 5.3 Hz,
1H, H-11), 2.11 —2.03 (m, 2H, H-11, H-9), 2.00 — 1.93 (m, 1H, H-2), 1.79 (dt, J= 13.7,
5.6 Hz, 1H, H-4), 1.72 — 1.62 (m, 3H, H-4, H-2"), 1.56 (dt, J= 13.8, 10.0 Hz, 1H, H-2),

1.14 (t, J= 7.0 Hz, 3H, H-5"), 0.87 (d, J = 6.9 Hz, 3H, H-13).
MS (ESI) m/z: 546 [M + Na]* for CasHs7NOxo.

3.8.9. (2S,3R,3aS8,4S,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-5'-methyl-6-
(phenethylcarbamoyl)decahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (3i)

Hon o 398 'HNMR (600 MHz, CD;OD) & 7.94 (br d, J = 8.7

o 5 399 Hz, 2H, H-17, H-21),7.22 (t, J = 7.4 Hz, 2H, H-3',
o ] 2 400 H-5'),7.18—7.12(m, 3H, H-2', H-4', H-6'), 6.82 (br
* %\@4% d, J= 8.7 Hz, 2H, H-18, H-20), 5.20 (br s, 1H, H-
10), 4.08 (br s, 1H, H-5), 4.01 (t, J=11.4 Hz, 1H, H-12), 3.86 (dd, J= 10.5, 5.5 Hz, 1H,
H-1), 3.72 (s, 1H, H-7), 3.58 (dd,J = 11.0, 4.2 Hz, 1H, H-12), 3.36 — 3.24 (m, 4H, H-8',
overlap), 2.69 (t, J = 7.3 Hz, 2H, H-7'), 2.37 (dq, J = 16.2, 5.4 Hz, 1H, H-3), 2.14 (dd,
J=14.7,2.9 Hz, 1H, H-9), 2.11 — 2.01 (m, 2H, H-11, H-9), 1.96 — 1.87 (m, 1H, H-2),
1.75 (dt, J= 13.7, 5.5 Hz, 1H, H-4), 1.68 — 1.62 (m, 1H, H-4), 1.51 (dt, J= 13.8, 10.1
Hz, 1H, H-2), 0.87 (d, J=6.9 Hz, 3H, H-13).

13C NMR (150 MHz, CD;0D) § 177.06 (C-15), 166.66 (C-22), 162.11 (C-19), 139.02
(C-3", 131.68 (C-17, C-21), 128.41 (C-5, C-7°), 128.04 (C-4', C-8°), 125.92 (C-6"),
121.65 (C-16), 114.64 (C-18, C-20), 100.95 (C-8), 81.25 (C-5), 75.09 (C-6), 74.65 (C-
7), 70.81 (C-1), 70.07 (C-10), 61.60 (C-12), 40.49 (C-2"), 35.11 (C-1'), 34.48 (C-3),
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34.15 (C-9), 32.84 (C-11), 28.99 (C-2), 26.61 (C-4), 11.65 (C-13).
MS (ESI) m/z: 564 [M + Na]* for CagHasNOs.

3.8.10. (2S,3R,3aS,4S5,4'S,5'R,6S,7aR)-6-((3,4-dimethoxyphenethyl)carbamoyl)-
3,3a,4-trihydroxy-
5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl  4-hydroxybenzoate
@i)

Mo OHo 418  'H NMR (800 MHz, CDsOD) & 7.94 (d, J

Om 419
H
”3COJ©/VN” ? 420 3H,H-18, H-20, H-7), 6.79 (d, J = 1.8 Hz,
: ¢

H3CO 3 A@?&;H

1H, H-4"), 6.68 (dd, J= 8.1, 1.8 Hz, 1H, H-

=8.7 Hz, 2H, H-17, H-21), 6.83 — 6.81 (m,

8", 5.20 (d, J= 2.5 Hz, 1H, H-10), 4.08 (t, /= 3.2 Hz, 1H, H-5), 4.01 (t, /= 11.4 Hz,
1H, H-12), 3.86 (dd, J= 10.4, 5.5 Hz, 1H, H-1), 3.80 (s, 3H, H-10), 3.78 (s, 3H, H-9"),
3.73 (s, 1H, H-7), 3.60 — 3.57 (m, 1H, H-12), 3.30 — 3.26 (m, 2H, H-2"), 2.67 — 2.60 (m,
2H, H-1Y, 2.37 (ddd, J = 15.0, 11.3, 5.6 Hz, 1H, H-3), 2.10 (m, 3H, H-9, H-11), 1.93
(ddd, J=14.6, 11.7, 3.1 Hz, 1H, H-2), 1.75 (dt, J = 14.0, 5.6 Hz, 1H, H-4), 1.69 — 1.62
(m, 1H, H-4), 1.51 (dt, J= 13.9, 9.9 Hz, 1H, H-2), 0.87 (d, J= 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 624 [M + Na]"* for C31H3oNO1.

3.8.11. (2S,3R,3aS,4S,4'S,5'R,68,7aR)-3,3a,4-trihydroxy-6-((6-methoxy-6-
oxohexyl)carbamoyl)-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl
4-hydroxybenzoate (4a)

Moy oH 432 "HNMR (600 MHz, CD;0D) & 7.95 (d, J = 8.8 Hz,

- 0
om— 433 2H,H-17, H-21), 6.84 (d, J= 8.8 Hz, 2H, H-18, H-
H 0

NH

/(E 434 20),5.24 (br d, J=2.4 Hz, 1H, H-10), 4.09 (t, J =
o
HsCO™ 0 4a )\©3

5. 3.2 Hz, 1H, H-5), 4.02 (t, J = 11.2 Hz, 1H, H-12),
3.89 (dd, J = 10.4, 5.6 Hz, 1H, H-1), 3.74 (s, 1H, H-7), 3.64 (s, 1H, H-1"), 3.60 (dd, J
=11.1,4.5 Hz, 1H, H-12), 3.10 — 3.02 (m, 2H, H-1"), 2.43 — 2.38 (m, 1H, H-3), 2.30 (t,
J=17.4Hz, 2H, H-5"), 2.16 — 2.06 (m, 3H, H-9, H-11), 1.98 — 1.93 (m, 1H, H-2), 1.81



439

440

441

442

443

444

450

451

452

453

454

455

456

457

458

459

464

465

466

(dt, J=13.7, 5.5 Hz, 1H, H-4), 1.70 — 1.66 (m, 1H, H-4), 1.64 — 1.52 (m, 3H, H-2, H-
2, 1.43 — 1.38 (m, 2H, H-4"), 1.31 — 1.25 (m, 2H, H-3'), 0.90 (d, J = 6.9 Hz, 2H, H-13).

MS (ESI) m/z: 588 [M + Na]" for C2gH3oNOx11.

3.8.12. (2S,3R,3aS,4S,4'S,5'R,68,7aR)-3,3a,4-trihydroxy-6-((6-isopropoxy-6-
oxohexyl)carbamoyl)-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran|-4'-yl
4-hydroxybenzoate (4b)

445  'H NMR (600 MHz, CDs0D) & 7.95 (br d, J = 8.8

Mo oH
° . 446  Hz,2H, H-17, H-21), 6.81 (br d, /= 8.8 Hz, 2H, H-
p : O 447 18, H-20), 5.21 (br d, J= 2.2 Hz, 1H, H-10), 4.95
)\o/go 4b OJ\@@ (tt, J=12.6, 6.3 Hz, 1H, H-1"), 4.09 (t, /= 3.1 Hz,

449 1H, H-5),4.02 (t, J=11.4 Hz, 1H, H-12), 3.88 (dd,
J=10.5, 5.6 Hz, 1H, H-1), 3.73 (s, 1H, H-7), 3.59 (dd, J= 11.1, 4.7 Hz, 1H, H-12),
3.09 —3.03 (m, 2H, H-1'), 2.44 — 2.37 (m, 1H, H-3), 2.25 (t, J= 7.4 Hz, 2H, H-5"), 2.18
~2.04 (m, 3H, H-9, H-11), 2.00 — 1.92 (m, 1H, H-2), 1.78 (dt, J= 13.9, 5.7 Hz, 1H, H-
4y, 1.68 (ddd, J = 14.4, 5.1, 3.7 Hz, 1H, H-4), 1.61 — 1.50 (m, 3H, H-2, H-2"), 1.45 —
1.37 (m, 2H, H-3"), 1.31 — 1.24 (m, 2H, H-4"), 1.21 (d, J= 6.3 Hz, 6H, H-2", H-3"), 0.87
(d, J= 6.9 Hz, 2H, H-13).

MS (ESI) m/z: 616 [M + Na]* for C3oH3NOxs.

3.8.13. (2S,3R,3a8,4S,4'S,5'R,68S,7aR)-6-((6-butoxy-6-oxohexyl)carbamoyl)-
3,3a,4-trihydroxy-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran|-4'-yl 4-
hydroxybenzoate (4C)

Moy o 460  'HNMR (600 MHz, CD:0D) 6 7.94 (d, J= 8.8 Hz,

o o 461  2H, H-17,H-21), 6.81 (d, J= 8.8 Hz, 2H, H-18, H-

H
/(ENH 2 462 20),521 (brd, =22 Hz, 1H, H-10), 4.09 (t, J =
C,H 0 Y0 4c OJ\QB _ "
3y 3.1 Hz, 1H, H-5), 4.06 (t, J = 6.6 Hz, 2H, H-1"),
4.02 (t,J=11.4 Hz, 1H, H-12), 3.88 (dd, J= 10.5, 5.6 Hz, 1H, H-1), 3.73 (s, 1H, H-7),
3.60 —3.56 (m, 1H, H-12), 3.09 — 3.03 (m, 1H, H-1"), 2.40 (ddd, J=17.9, 8.9, 4.1 Hz,
1H, H-3), 2.29 (t, J = 7.4 Hz, 2H, H-5"), 2.17 — 2.04 (m, 3H, H-9, H-11), 1.99 — 1.93
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468

469

470

471

472

473

478

479

480

481

482

483

484

485

486

487

488

489

(m, 1H, H-2), 1.78 (tt, J=11.8, 5.9 Hz, 1H, H-4), 1.68 (ddd, J= 12.0, 7.9, 3.5 Hz, 1H,
H-4), 1.63 — 1.50 (m, SH, H-2, H-2', H-2"), 1.44 — 1.33 (m, 2H, H-3', H-3"), 1.30 — 1.24
(m, 1H, H-4"), 0.94 (t, J= 7.4 Hz, 3H, H-4"), 0.87 (d, /= 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 630 [M + Na]* for Ca;HasNO11.

3.8.14.  (2S,3R,3aS,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-5'-methyl-6-((6-0x0-6-
(pentan-2-yloxy)hexyl)carbamoyl)decahydro-3H-spiro[benzofuran-2,2'-pyran]-
4'-yl 4-hydroxybenzoate (4d)

Mo o 474 '"HNMR (600 MHz, CD;0D) & 7.98 (ddd, J =

o) o 475  8.8,2.6,2.0 Hz, 2H, H-17, H-21), 6.84 (ddd, J
H 0

L /(ENH ] 476 =8.8,2.7, 1.9Hz 2H, H-18, H-20), 5.24 (br d,
(6]
0 0 4d

b1 J =2.6 Hz, 1H, H-10), 4.94 — 491(m, 1H, H-
2" overlap), 4.12 (t,J=3.2 Hz, 1H, H-5), 4.05 (t, J=11.4 Hz, 1H, H-12), 3.90 (dd, J =
10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J=11.1, 4.4 Hz, 1H, H-12), 3.13 —
3.05 (m, 2H, H-1"), 2.47 - 2.39 (m, 1H, H-3), 2.30 (t, /= 7.4 Hz, 2H, H-5"), 2.17 (dd, J
=14.8, 3.2 Hz, 1H, H-11), 2.14 — 2.06 (m, 2H, H-9), 1.99 (ddd, J = 14.6, 11.7, 3.1 Hz,
1H, H-2), 1.81 (dt, J=13.9, 5.6 Hz, 1H, H-4), 1.72 (ddd, J = 14.4, 5.3, 3.6 Hz, 1H, H-
4), 1.66 — 1.54 (m, 5H, H-2, H-2', H-3"), 1.52 — 1.26 (m, 8H, H-2', H-3', H-4', H-4"),
1.21 (d, J= 6.2 Hz, 3H, H-1"), 0.94 (t, /= 7.4 Hz, 3H, H-5"), 0.90 (d, J = 6.9 Hz, 3H,
H-13).

MS (ESI) m/z: 644 [M + Na]* for C32H47NO1s.

3.8.15. (2S,3R,3aS,4S,4'S,5'R,68,7aR)-3,3a,4-trihydroxy-5'-methyl-6-((6-((4-
methylpentan-2-yl)oxy)-6-oxohexyl)carbamoyl)decahydro-3H-spiro[benzofuran-
2,2'-pyran]-4'-yl 4-hydroxybenz- oate (4¢€)

490  'HNMR (600 MHz, CDsOD) § 7.98 (br d, J =

OHo OH
5 491 8.8 Hz,2H, H-17,H-21), 6.84 (brd,J=8.8 Hz,
(6]
W H O 492  1H, H-18,H-20),5.24 (brd, J=2.6 Hz, 1H, H-
5
)\/LO/KO 4e Og\@g 10), 5.04 — 4.97 (m, 1H, H-2"), 4.12 (t, J= 3.2

494  Hz, 1H, H-5), 4.05 (t, J = 11.4 Hz, 1H, H-12),



495

496

497

498

499

500

501

502

503

508

509

510

511

512

513

514

515

516

517

522

3.90 (dd, J = 10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J= 11.1, 4.5 Hz, 1H,
H-12), 3.13 - 3.05 (m, 1H, H-1), 2.43 (ddd, J = 15.0, 11.3, 5.5 Hz, 1H, H-3), 2.30 (t, J
= 7.4 Hz, 2H, ), 2.20 — 2.06 (m, 2H), 2.04 — 1.95 (m, 1H), 1.81 (dt, /= 13.9, 5.6 Hz,
1H), 1.72 (ddd, J = 14.4, 5.3, 3.6 Hz, 1H), 1.68 — 1.53 (m, 3H), 1.47 — 1.41 (m, 1H),
1.33 - 1.26 (m, 2H), 1.21 (d, J = 6.2 Hz, 2H), 0.96 — 0.87 (m, 5H).

MS (ESI) m/z: 644 [M + H]* for CasHasNOx1.

3.8.16. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-6-((7-ethoxy-7-oxoheptyl)carbamoyl)-

3,3a,4-trihydroxy-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-

hydroxybenzoate (4f)
MopoH 504 'HNMR (600 MHz, CD;OD) & 7.97 (brd, J = 8.7
O
Om‘ 505 Hz, 2H, H-17, H-21), 6.84 (br d, J = 8.7 Hz, 2H,
H o)

NH

I 506  H-18,H-20),5.24 (brd,J=2.1 Hz, 1H, H-10), 4.16
(@)
Co,H50” ~O af )’\@S 4.10 " _
By —4.10 (m, 3H, H-5, H-1"), 4.05 (t, /= 11.4 Hz, 1H,

H-12), 3.91 (dd, J = 10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J = 11.1, 4.5
Hz, 1H, H-12), 3.13 — 3.04 (m, 2H, H-1"), 2.50 — 2.38 (m, 1H, H-3), 2.32 (t, J= 7.4 Hz,
1H, H-6"), 2.17 (dd, J = 14.8, 3.1 Hz, 1H, H-11), 2.14 — 2.06 (m, 2H, H-9), 2.03 — 1.96
(m, 1H, H-2), 1.81 (dt, J = 13.8, 5.7 Hz, 1H, H-4), 1.74 — 1.68 (m, 1H, H-4), 1.64 —
1.53 (m, 3H, H-2, H-5"), 1.47 — 1.39 (m, 2H, H-2"), 1.37 — 1.22 (m, 7H, H-3', H-4', H-
2", 0.90 (d, J= 6.9 Hz, 2H, H-13).

MS (ESI) m/z: 616 [M + Na]* for CaoHsNOa11.

3.8.17. (2S,3R,3aS,45,4'S,5'R,68S,7aR)-6-((7-butoxy-7-oxoheptyl)carbamoyl)-
3,3a,4-trihydroxy-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (4Q)

OHo1 OH 518 'H NMR (600 MHz, CD;0D) & 7.98 (ddd, J = 8.8,

- 0
om— 519  2.7,2.0 Hz, 2H, H-17, H-21), 6.85 (ddd, J = 8.88,
H o]

/(ENH 520  2.7,2.0 Hz, 2H, H-18, H-20), 5.24 (brd, J=2.6 Hz,
(0]
C4HeO” O 49 )\Qg =
bn  1H, H-10), 4.12 (t, J= 3.2 Hz, 1H, H-5), 4.09 (t, J

=6.6 Hz, 2H, H-1"), 4.05 (t, J=11.4 Hz, 1H, H-12), 3.91 (dd, J=10.5, 5.6 Hz, 1H, H-
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526

527

528
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530

531

532

537

538

539

540

541

542

543

544

545

550

1),3.76 (s, 1H, H-7), 3.61 (dd, J=11.1, 4.4 Hz, 1H, H-12), 3.14 — 3.04 (m, 2H, H-1"),
2.44 (br ddd, J = 15.0, 11.3, 5.6 Hz, 1H, H-3), 2.32 (t, J = 7.4 Hz, 1H, H-6'), 2.17 (dd,
J=14.8,3.2 Hz, 1H, H-11), 2.14 - 2.07 (m, 2H, H-9), 2.00 (ddd, J= 14.7, 11.7, 3.2 Hz,
1H, H-2), 1.81 (dt, J = 14.0, 5.7 Hz, 1H, H-4), 1.71 (ddd, J= 14.4, 5.3, 3.5 Hz, 1H, H-
4, 1.66 — 1.56 (m, SH, H-2, H-2', H-2"), 1.46 — 1.25 (m, 8H, H-3', H-3", H-4', H-5"),
0.97 (t, J= 7.4 Hz, 3H, H-4"), 0.90 (d, J = 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 644 [M + Na]* for C32H47NOxs.

3.8.18. (2S,3R,3aS,4S,4'S,5'R,68,7aR)-3,3a,4-trihydroxy-6-((8-methoxy-8-
oxooctyl)carbamoyl)-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl
4-hydroxybenzoate (4h)

Moy o 533 'HNMR (600 MHz, CD;0D) & 7.97 (d, J = 8.7 Hz,
om 534  2H, H-17, H-21), 6.84 (d, J= 8.7 Hz, 2H, H-18, H-
H (o)
/(EN” 535  20),5.24 (d, J=22 Hz, 1H, H-10), 4.12 (t,J= 3.1
(0]
H,CO™ YO 4h H .
w Hz, 1H, H-5), 4.05 (t, J= 11.4 Hz, 1H, H-12), 3.91

(dd,J=10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.67 (s, 3H, H-1"), 3.61 (dd, J=11.1,
4.5 Hz, 1H, H-12), 3.15 - 3.02 (m, 1H, H-1'), 2.47 — 2.40 (m, 1H, H-3), 2.34 (t, J= 7.4
Hz, 2H, H-7"), 2.21 — 2.06 (m, 3H, H-9, H-11), 2.03 — 1.96 (m, 1H, H-2), 1.81 (dt, J =
13.9, 5.7 Hz, 1H, H-4), 1.74 — 1.68 (m, 1H, H-4), 1.60 — 1.50 (m, 3H, H-2, H-2"), 1.49
— 1.20 (m, 8H, H-3', H-4', H-5', H-6"), 0.90 (d, J = 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 616 [M + Na]* for C3oH3NOxs.

3.8.19. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-6-((8-ethoxy-8-oxooctyl)carbamoyl)-3,3a,4-

trihydroxy-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (4i)

Moy o 546  'H NMR (600 MHz, CD;0OD) & 7.97 (br d, J=8.7

o o 547  Hz, 2H, H-17, H-21), 6.84 (br d, J = 8.7 Hz, 2H,

H

/(ENH 0 548 H-18,H-20),5.24 (brd,J=2.1 Hz, 1H, H-10), 4.18
. (0]
C,HsO0™ ~O 4i %\Qﬁ 4.0 " _
9 —4.09 (m, 3H, H-5, H-1"), 4.05 (t, J=11.4 Hz, 1H,

H-12), 3.91 (dd, J = 10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J = 11.1, 4.5
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556

557
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560

566

567

568

569

570

571

572

573

574

575

Hz, 1H, H-12), 3.13 — 3.04 (m, 2H, H-1"), 2.50 — 2.40 (m, 1H, H-3), 2.32 (t, J= 7.4 Hz,
2H, H-7"), 2.17 (dd, J = 14.8, 3.1 Hz, 1H, H-11), 2.14 — 2.05 (m, 2H, H-9), 2.03 — 1.96
(m, 1H, H-2), 1.81 (dt, J = 13.9, 5.7 Hz, 1H, H-4), 1.74 — 1.69 (m, 1H, H-4), 1.65 —
1.54 (m, 3H, H-2, H-2'), 1.46 — 1.38 (m, 2H, H-3"), 1.46 — 1.18 (m, 9H, H-4', H-5', H-
6', H-2"), 0.90 (d, /= 6.9 Hz, 2H, H-13).

MS (ESI) m/z: 630 [M + Na]* for CaiHasNOx.1.

3.8.20. (2S,3R,3aS5,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-6-((8-isopropoxy-8-

oxooctyl)carbamoyl)-

5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]|-4'-yl  4-hydroxybenzoate
(4))
561 'H NMR (600 MHz, CDs0D) & 7.86 (ddd, J = 8.8,

. Y@Q— 562 2.7, 2.0 Hz, 2H, H-17, H-21), 6.73 (ddd, J = 8.88,
o}
H o

g 563  2.7,2.0 Hz, 2H, H-18, H-20), 5.12 (br d, J = 2.6 Hz,
)\o/go 4i OJ\(}@ 1H, H-10), 4.86 (dp, J = 12.5, 6.3 Hz, 1H, H-1"),

565 4.0 (t, J = 3.2 Hz, 1H, H-5), 3.93 (t, J = 11.4 Hz,
1H, H-12), 3.79 (dd, J = 10.5, 5.6 Hz, 1H, H-1), 3.64 (s, 1H, H-7), 3.49 (dd, J = 11.1,
4.4 Hz, 1H, H-12), 3.02 - 2.92 (m, 2H, H-1'), 2.32 (br ddd, J = 15.0, 11.3, 5.6 Hz, 1H,
H-3), 2.17 (t, J = 7.4 Hz, 2H, H-7"), 2.09 — 1.94 (m, 3H, H-11, H-9, overlap),1.88 (ddd,
J=14.6,9.8,3.2 Hz, 1H, H-2), 1.69 (dt, J = 14.0, 5.7 Hz, 1H, H-4), 1.59 (ddd, J = 14.4,
5.3, 3.5 Hz, 1H, H-4), 1.52 — 1.41 (m, 3H, H-2, H-2"), 1.35 — 1.26 (m, 2H, H-3'), 1.24
—1.05 (m, 12H, H-4', H-5', H-6', H-2", H-3", overlap), 0.78 (d, J = 6.9 Hz, 2H, H-13).

MS (ESI) m/z: 644 [M + Na]" for C3,H47NO1;.

3.8.21. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-6-((8-butoxy-8-oxooctyl)carbamoyl)-3,3a,4-
trihydroxy-5'-methyldecahydro-3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-
hydroxybenzoate (4K)
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603

Mo o1 576  'HNMR (600 MHz, CD;0D) & 7.98 (ddd, J = 8.8,
o o 577 2.7,2.0 Hz, 2H, H-17, H-21), 6.85 (ddd, J = 8.8,
/(QNH . 7 578 2.7,2.0 Hz, 2H, H-18, H-20), 5.24 (d, J = 2.6 Hz,
Cas0” 0 M (%gH 1H, H-10), 4.12 (t, J = 3.2 Hz, 1H, H-5), 4.09 (t, J
= 6.6 Hz, 2H, H-1"), 4.05 (t, J= 11.4 Hz, 1H, H-12), 3.91 (dd, J = 10.5, 5.6 Hz, 1H, H-
1), 3.76 (s, 1H, H-7), 3.61 (dd, J= 11.1, 4.4 Hz, 1H, H-12), 3.14 — 3.03 (m, 2H, H-1"),
2.44 (ddd, J=15.0, 11.3, 5.6 Hz, 1H, H-3), 2.33 (t, J = 7.4 Hz, 2H, H-7"), 2.20 — 2.06
(m, 3H, H-11, H-9, overlap), 2.00 (ddd, J = 14.6, 11.7, 3.2 Hz, 1H, H-2), 1.81 (dt, J =
14.0, 5.7 Hz, 1H, H-4), 1.71 (ddd, J = 14.4, 5.3, 3.5 Hz, 1H, H-4), 1.66 — 1.54 (m, 5H,
H-2, H-6', H-2"), 1.48 — 1.21 (m, 10H, H-2", H-3', H-4', H-5', H-3"), 0.97 (t, /= 7.4 Hz,
3H, H-4"), 0.90 (d, J = 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 658 [M + Na]" for C33H49NO.

3.8.22.  (25,3R,3aS,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-5'-methyl-6-((7-o0xo-7-
(pentan-2-yloxy)heptyl)carbamoyl)decahydro-3H-spiro[benzofuran-2,2'-pyran]-
4'-yl 4-hydroxybenzoate (41)

OHon oH 591 'H NMR (600 MHz, CDs0OD) & 7.97 (ddd, J =

- 0
OmQ_ 592 8.8,2.7,2.0 Hz, 2H, H-17, H-21), 6.84 (ddd, J
H o)

Pt /(ENH 593 =8.8,2.7,2.0 Hz, 2H, H-18, H-20), 5.24 (br d,
O
0 o 41

1H, H-2"), 4.12 (t, J = 3.2 Hz, 1H, H-5), 4.05 (t, J= 11.4 Hz, 1H, H-12), 3.91 (dd, J =

. J=2.5Hz, 1H, H-10), 4.92 (brq, J = 6.4 Hz,

10.5, 5.6 Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J=11.1, 4.4 Hz, 1H, H-12), 3.13 —
3.04 (m, 2H, H-1'), 2.44 (ddd, J= 15.0, 11.3, 5.6 Hz, 1H, H-3), 2.30 (t, /= 7.4 Hz, 2H,
H-6"), 2.20 — 2.06 (m, 3H, H-11, H-9), 2.00 (ddd, J = 14.6, 9.4, 3.2 Hz, 1H, H-2), 1.81
(dt, J=14.0, 5.7 Hz, 1H, H-4), 1.71 (ddd, J = 14.4, 5.3, 3.5 Hz, 1H, H-4), 1.64 — 1.25
(m, 13H, H-12, H-2', H-3', H-4", H-5', H-3", H-4"), 1.22 (d, J= 6.3 Hz, 3H, H-1"), 0.94
(t,J=17.4 Hz, 3H, H-5"), 0.90 (d, J = 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 636 [M + H]" for C33H4NOj;.

3.8.23. (2S,3R,3aS,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-5'-methyl-6-((7-((4-
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methylpentan-2-yl)oxy)-7-oxoheptyl)carbamoyl)decahydro-3H-
spiro[benzofuran-2,2'-pyran]-4'-yl 4-hydroxybenz- ate (4m)

Mo oH 606 'H NMR (600 MHz, CD;0OD) & 7.97 (ddd, J =

- 0
om:?— 607 8.8,2.7,2.0 Hz, 2H, H-17, H-21), 6.84 (ddd, J
H o)

/(ENH 608 =8.8,2.7,2.0Hz, 2H, H-18, H-20), 5.24 (br d,
)\/LO o 4m N

on J=2.6 Hz, 1H, H-10), 5.04 — 4.98 (m, 1H, H-
2),4.12 (t,J=3.2 Hz, 1H, H-5), 4.05 (t, J= 11.4 Hz, 1H, H-12), 3.91 (dd, J= 10.5, 5.6
Hz, 1H, H-1), 3.76 (s, 1H, H-7), 3.61 (dd, J= 11.1, 4.4 Hz, 1H, H-12), 3.13 — 3.04 (m,
1H, H-1"), 2.44 (ddd, J = 15.0, 11.3, 5.6 Hz, 1H, H-3), 2.30 (t, J = 7.4 Hz, 1H, H-7"),
2.17 (dd, J= 14.8, 3.2 Hz, 1H, H-11), 2.14 — 2.07 (m, 2H, H-9), 2.00 (ddd, J = 14.6,
9.3,3.2 Hz, 1H, H-2), 1.81 (dt, J= 14.0, 5.7 Hz, 1H, H-4), 1.71 (ddd, J= 14.4, 5.3, 3.5
Hz, 1H, H-4), 1.68 — 1.54 (m, SH, H-2, H-2', H-3"), 1.46 — 1.40 (m, 2H, H-3"), 1.37 —
1.26 (m, 5H, H-4', H-5', H-4"), 1.21 (d, J = 6.2 Hz, 3H, H-1"), 0.93 (d, J = 6.7 Hz, 3H,
H-5"), 0.92 (d, J= 6.6 Hz, 3H, H-6"), 0.90 (d, /= 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 650 [M + H]* for C34Hs51NO1.

3.8.24. (2S,3R,3aS,4S,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-6-((6-((1-methoxy-3-
methyl-1-oxopentan-2-yl)amino)-6-oxohexyl)carbamoyl)-5'-methyldecahydro-

3H-spiro[benzofuran-2,2'-pyran]-4'-yl 4-hydroxybenzoate (4n)

Mo oH 622 'HNMR (600 MHz, CD;0D) & 7.94 (br d, J

: 0
othOgQ' 623 =8.7Hz, 2H, H-17, H-21), 6.81 (br d, J=8.7
H o

A/( /(ENH 624 Hz, 2H, H-18, H-20), 5.21 (brd, J = 2.1 Hz,
(6]

5y 1H, H-10), 4.36 (d, J = 6.2 Hz, 1H, H-2"),
4.09 (t, J = 3.1 Hz, 1H, H-5), 4.02 (t, J = 11.4 Hz, 1H, H-12), 3.88 (dd, J = 10.5, 5.5
Hz, 1H, H-1), 3.73 (s, 1H, H-7), 3.69 (s, 1H, H-1"), 3.59 (dd, J= 11.1, 4.5 Hz, 1H, H-
12), 3.11 — 3.00 (m, 2H, H-1"), 2.40 (it, J = 11.2, 5.6 Hz, 1H, H-3), 2.27 — 2.20 (t, 2H,
H-5'), 2.18 — 2.12 (m, 1H, H-9), 2.11 — 2.04 (m, 2H, H-11, H-9), 1.99 — 1.93 (m, 1H,
H-2), 1.85 (br qt, J = 13.4, 6.8 Hz, 1H, H-3"), 1.78 (dt, J= 13.9, 5.6 Hz, 1H, H-4),1.72
— 1.66 (m, 1H, H-4), 1.62 — 1.20 (m, 9H, H-2), 0.93 — 0.89 (m, 6H, H-5", H-6"), 0.87 (d,



632

633

634

635

636

637

642

643

644

645

646

647

648

649

650

651

656

657

658

J=6.9 Hz, 1H, H-3).
MS (ESI) m/z: 701 [M + Na]" for C34HsoN2012.

3.8.25. (2S,3-R,3aS,45.,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-6-((6-((1-methoxy-3-
methyl-1-oxobutan-2-yl)amino)-6-oxohexyl)carbamoyl)-5'-methyldecahydro-3H-

spiro[benzofuran-2,2'-pyran|-
4'-yl 4-hydroxybenzoate (40)

Mgy 01 638 'HNMR (600 MHz, CD3;0D) & 7.95 (br d, J

: 0
othOgQ' 639 =8.7Hz, 2H, H-17, H-21),6.82 (br d, J=38.7
H o

NH

j\/ I 640  Hz, 2H, H-18, H-20), 5.21 (br d, J = 2.1 Hz,
0
HyC0,C” N0 4o )\@ﬂ

by 1H),4.30 (d, J= 6.2 Hz, 1H), 4.09 (t, J = 3.0
Hz, 1H, H-5),4.02 (t, J= 11.4 Hz, 1H, H-12), 3.88 (dd, /= 10.5, 5.5 Hz, 1H, H-1), 3.74
(s, 1H, H-7), 3.70 (s, 3H), 3.59 (dd, J = 11.0, 4.9 Hz, 1H, H-12), 3.12 -3.02 (m, 2H),
2.40 (tt, J= 11.3, 5.6 Hz, 1H, H-3), 2.25 (t, J=7.5 Hz, 2H), 2.18 — 2.04 (m, 4H, H-9,
H-11), 1.99 — 1.92 (m, 2H, H-2), 1.78 (dt, J = 13.9, 5.6 Hz, 1H, H-4), 1.72— 1.66 (m,
2H, H-4), 1.63 — 1.50 (m, 3H, H-2), 1.47 — 1.38 (m, 2H), 1.32 — 1.24 (m, 2H), 0.94 (dd,
J=6.8,2.8 Hz, 6H), 0.87 (d, J= 6.9 Hz, 3H).

MS (ESI) m/z: 687 [M + Na]* for C33H4sN2O152.

3.8.26. (2S,3R,3aS5,45,4'S,5'R,6S,7aR)-3,3a,4-trihydroxy-6-((8-((1-methoxy-1-oxo0-
3-phenylpropan-2-yl)amino)-8-oxooctyl)carbamoyl)-5'-methyldecahydro-3H-
spiro[benzofuran-2,2'-pyran]-4'-yl 4-hydroxybenzoate (4p)

Pon o 652 'H NMR (600 MHz, CD;0D) & 7.85 (d, J =

S 653 8.7 Hz, 2H, H-17, H-21), 7.19 - 7.15 (m, 2H,

H

0
Ph NH 0 ) ) _ '
)Y /(E ] 654  H-6, H-8"), 7.11 (t, J = 6.6 Hz, 3H, H-5", H-
N o 4p
H

HsCOC 5y 7. H-9"),6.72 (d,J=8.7 Hz, 2H, H-18, H-20),
5.12 (d,J=2.4 Hz, 1H, H-10), 4.58 (dd, J= 9.4, 5.5 Hz, 1H, H-2"), 4.01 (t,J = 3.2 Hz,
1H, H-5), 3.93 (t, /= 11.4 Hz, 1H, H-12), 3.79 (dd, J=10.5, 5.6 Hz, 1H, H-1), 3.65 (s,
1H, H-7), 3.59 (s, 3H, H-1"), 3.50 (dd, J = 11.1, 4.6Hz, 1H, H-12), 3.06 (dd, J = 13.9,
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5.5 Hz, 1H, H-3"), 3.00 — 2.91 (m, 2H, H-1"), 2.83 (dd, J=13.9, 9.5 Hz, 1H, H-3"), 2.32
(qd, J = 11.3, 5.6 Hz, 1H, H-3), 2.09 — 1.95 (m, SH, H-9, H-11, H-7'), 1.88 (ddd, J =
14.6, 11.8, 3.1 Hz, 1H, H-2), 1.70 (dt, J = 13.9, 5.7 Hz, 1H, H-4), 1.62 — 1.56 (m, 1H,
H-4), 1.46 (dt, J=13.9, 9.9 Hz, 1H, H-2), 1.42— 1.35 (m, 2H, H-2"), 1.33 — 1.03 (m, 8H,
H-3', H-4', H-5', H-6"), 0.78 (d, J = 6.9 Hz, 3H, H-13).

MS (ESI) m/z: 763 [M + Na]* for CsgHs2N2012.
3.9. Preparation of biotin probes
3.9.1. Biotin linker (5, blank control)

/[(Z 667 Biotin (10 mg, 4.1x10° mol) was stirred with 1,4-
ngLN: 668  diiodobutane (27 upL, 2.1x10* mol) and potassium
S "II/S\/\éI/O%' carbonate (28.3 mg, 2.1x10* mol) in DMF (1.0 mL) at
670 room temperature until a complete conversion was

detected. The mixture was concentrated. The crude product was purified by silica gel
column chromatography to obtain the corresponding titled compound as a white solid

(14.0 mg, 80.5%).

'H NMR (600 MHz, CD;0D) & 4.48 (dd, J = 7.7, 4.9 Hz, 1H), 4.30 (dd, J = 7.8, 4.5
Hz, 1H), 4.10 (t, J = 6.3 Hz, 2H), 3.31 — 3.29 (m, 2H), 3.26 (t, J = 6.8 Hz, 2H), 3.23 —
3.18 (m, 1H), 2.93 (dd, J= 12.8, 5.0 Hz, 1H), 2.70 (d, J= 12.7 Hz, 1H), 2.35 (t, J="7.3
Hz, 2H), 1.91 — 1.85 (m, 2H), 1.78 — 1.71 (m, 3H), 1.66 (dd, J= 16.2, 7.8 Hz, 2H), 1.60
(d, J= 8.4 Hz, 1H), 1.45 (dd, J=15.5, 7.7 Hz, 2H).

MS (ESI) m/z: 427 [M+H]" for C14H2INOsS.
3.9.2. PACS-biotin probe (positive probe)
OH,oH 681 Compound 3d (10 mg,
0
cSH”/Hm/CE&%' Ské(&z 1.97x10"° mol) was stirred
o] A0 o NH . .. .
O};—@—O TOI/\/\ HORBE, with  biotin linker 5
684

PACS5-biotin
(3.28x10°  mol)  and

potassium carbonate (11.3 mg, 8.2x10 mol) in dry DMF (1.0 mL) at room temperature
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until a complete conversion was detected. The mixture was concentrated. The crude
product was purified by silica gel column chromatography to obtain the corresponding

titled compound as a white solid (13.5 mg, 84.8%).

IH NMR (600 MHz, CD30OD) & 7.94 (d, J = 8.9 Hz, 2H), 6.88 (d, J = 8.9 Hz, 2H), 5.14
(d, J = 2.5 Hz, 1H), 4.38 (dd, J = 7.8, 4.6 Hz, 1H), 4.19 (dd, J = 7.9, 4.5 Hz, 1H), 4.06
(t, 3= 6.1 Hz, 2H), 4.01 (t, J = 3.3 Hz, 1H), 3.98 (t, J = 6.0 Hz, 2H), 3.93 (t, J = 11.4
Hz, 1H), 3.79 (dd, J = 10.4, 5.6 Hz, 1H), 3.65 (s, 1H), 3.50 (dd, J = 11.1, 4.5 Hz, 1H),
3.11 - 3.06 (m, 1H), 3.00 — 2.92 (m, 2H), 2.81 (dd, J = 12.8, 5.0 Hz, 1H), 2.60 (d, J =
12.7 Hz, 1H), 2.38 — 2.30 (m, 1H), 2.24 (t, J = 7.3 Hz, 2H), 2.06 (dd, J = 14.8, 3.2 Hz,
1H), 1.99 (dd, J = 14.8, 2.8 Hz, 2H), 1.88 (ddd, J = 14.6, 11.7, 3.2 Hz, 1H), 1.81 - 1.72
(m, 4H), 1.70 — 1.66 (m, 1H), 1.58 (dddd, J = 22.9, 19.9, 9.9, 5.1 Hz, 4H), 1.48 (ddd, J
=14.1,10.3, 6.5 Hz, 2H), 1.32 (ddt, J = 22.2, 14.7, 7.4 Hz, 4H), 1.25 — 1.18 (m, 2H),
1.14 (ddd, J = 11.8, 7.1, 2.1 Hz, 2H), 0.82 — 0.74 (m, 6H).

MS (ESI) m/z: 828 [M+Na]" for C4gHs9N3012S.

3.9.3. PAC3-biotin probe (negative probe)

OHoHoH 701 Compound 3b (5.3 mg,
O
cstHm— Sg}qg 1.10x10°° mol) was stirred

o) H Q A~~O o NH ) o
PAC3-biofin o);—@—o \g/\/\ HHK]Q&O with biotin linker 5 (9.4 mg,

704 2.2x107 mol) and
potassium carbonate (7.7 mg, 5.5x107 mol) in dry DMF (1.0 mL) at room temperature
until a complete conversion was detected. The mixture was concentrated. The crude
product was purified by silica gel column chromatography to obtain the corresponding

titled compound as a white solid (1.3 mg, 15.1%).

IH NMR (800 MHz, CH30D) & 8.03 (d, J = 8.9 Hz, 2H), 6.97 (d, J = 6.1 Hz, 2H), 5.23
(d, J = 2.7 Hz, 1H), 4.61 — 4.57 (m, 3H), 4.48 (dd, J = 7.9, 4.5 Hz,1H), 4.29 (dd, J =
7.9, 4.5 Hz, 1H), 4.16 (td, J = 6.3, 3.2 Hz, 2H), 4.12 (t, J = 3.2 Hz, 1H), 4.08 (t, J = 5.9
Hz, 2H), 4.04 (t, J = 11.5 Hz, 1H), 3.89 (dd, J = 10.3, 5.6 Hz, 1H), 3.76 (s, 1H), 3.60
(dd, J = 11.5, 4.6 Hz, 1H), 3.34 (s, 1H), 3.21 — 3.16 (m, 1H), 3.08 —2.97 (m, 1H), 2.90
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(dd, J = 12.7, 4.9 Hz, 1H), 2.69 (d, J = 12.7 Hz, 1H), 2.46 — 2.39 (m, 1H), 2.32 (td, J =
7.4,1.9 Hz, 1H), 2.16 (dd, J = 14.8, 3.2 Hz, 1H), 2.09 (dd, J = 14.8, 3.2 Hz, 2H), 1.97
(td, J = 14.8, 3.4 Hz, 1H), 1.89 — 1.85 (m, 2H), 1.85 — 1.78 (m, 3H), 1.74 — 1.63 (m,
4H), 1.61 — 1.55 (m, 2H), 1.46 — 1.39 (m, 4H), 1.30 (d, 1H), 0.88 (d, J = 6.9 Hz, 3H),
0.83 (t, J = 7.4 Hz, 3H).

MS (ESI) m/z: 800 [M+Na]" for C3gHs5N3012S.
3.10. Preparation of rhodamine B probes

3.10.1. Rhodamine B linker (6, blank control)

EtN O © ‘ &2  Rhodamine B (100 mg, 2.25x10* mol) was stirred with
=
o 723

EDCI (80 mg, 4.18x10*mol), DMAP (25.5 mg, 2.09x10*
o/\/Br
‘ 724  mol) and 2-bromoethanol (45 pL, 4.18x10*mol) in
6
725  dichloromethane (2.0 mL) under reflux until a complete
conversion was detected. The mixture was concentrated. The crude product was

purified by silica gel column chromatography to obtain the linker as a red solid (115

mg, 92.6%).

IH NMR (600 MHz, CDCls) & 8.34 (dd, J = 8.0, 0.9 Hz, 1H), 7.85 (td, J = 7.6, 1.2 Hz,
1H), 7.77 (td, 3 = 7.8, 1.2 Hz, 1H), 7.34 (dd, J = 7.6, 0.8 Hz, 1H), 7.09 (dd, J = 9.5, 4.8
Hz, 2H), 6.94 (dd, J = 9.5, 2.4 Hz, 2H), 6.83 (d, J = 2.4 Hz, 2H), 5.31 (s, 1H), 4.31 (d,
J=5.3 Hz, 2H), 3.66 (dt, = 14.5, 7.3 Hz, 8H), 3.53 (t, = 5.3 Hz, 2H), 1.34 (, J = 7.1
Hz, 12H).

MS (ESI) m/z 573: [M+H]* for C3oH34BrN2Os.

3.10.2. PAC5-RB probe (positive probe)

" o0 Compound 3d (20 mg,
H
C5H11/Nm;2— 3.94x10° mol) was stirred
o) H
PAC5-RB with rhodamine B linker 6

739 (65.1 mg, 1.18x10™ mol) and

potassium carbonate (27.3 mg, 1.97x10* mol) in dry DMF (1.0 mL) at room



741

742

743

744

745

746

747

748

749

750

751

752

753

758

759

760

761

762

763

764

765

766

767

temperature until a complete conversion was detected. The mixture was concentrated.
The crude product was purified by silica gel column chromatography to obtain the

corresponding titled compound as a red solid (12.4 mg, 32.2%).

IH NMR (600 MHz, CD30OD) & 8.49 (dd, J = 7.9, 1.1 Hz, 1H), 7.87 (ddd, J = 10.5, 7.2,
1.7 Hz, 3H), 7.82 (dd, J = 7.8, 1.2 Hz, 1H), 7.42 (dd, J = 7.5, 0.9 Hz, 1H), 7.17 (d, J =
9.5 Hz, 1H), 7.14 (d, J = 9.5 Hz, 1H), 7.06 (dd, J = 9.5, 2.4 Hz, 2H), 7.00 (dd, J = 10.4,
2.4 Hz, 2H), 6.76 (dd, J = 6.9, 1.9 Hz, 2H), 3.75 — 3.72 (m, 2H), 3.69 (dt, J = 14.8, 7.3
Hz, 9H), 3.62 (d, J = 4.8 Hz, 1H), 3.03 (dd, J = 7.3, 3.1 Hz, 2H), 2.40 — 2.29 (m, 1H),
2.23 (dd, J = 14.7, 2.9 Hz, 1H), 1.77 (d, J = 14.9 Hz, 3H), 1.70 — 1.65 (m, 2H), 1.59 —
1.48 (m, 3H), 1.40 — 1.35 (m, 3H), 1.31 (dt, J = 7.1, 6.1 Hz, 18H), 1.24 — 1.19 (m, 3H),
0.91 - 0.87 (m, 5H), 0.74 (d, J = 6.9 Hz, 3H).

MS (ESI) m/z: 999 [M+H]* for CssH7oN3O12".

3.10.3. PAC3-RB probe (negative probe)

OH
0 EtoN
N
C3H7” 0

fe) H (0]
H >—O
d ~ "0

PAC3-RB

Compound 3b (6.0 mg,
1.25x107° mol) was stirred with

rhodamine B linker 6 (20.7 mg,

757 3.75x10” mol) and potassium
carbonate (8.7 mg, 6.26x10™ mol) in dry DMF (0.7 mL) at room temperature until a
complete conversion was detected. The mixture was concentrated. The crude product
was purified by silica gel column chromatography to obtain the corresponding titled

compound as a red solid (2.5 mg, 21.2%).

IH NMR (600 MHz, MeOD) & 8.49 (dd, J = 7.9, 0.8 Hz, 1H), 7.87 (dd, J = 6.6, 5.0 Hz,
2H), 7.81 (td,, J = 7.9, 1.1 Hz, 1H), 7.42 (d,, J = 7.4 Hz, 1H),7.17 (d, J = 9.5 Hz, 1H),
7.14 (dd,, J = 9.5 Hz, 1H), 7.06 (dd, J = 9.5, 2.4 Hz, 2H), 7.00 (dd, J = 10.4, 2.4 Hz,
2H), 6.76 (d, J = 8.8 Hz, 2H), 3.83 (t,, J = 11.4 Hz, 1H), 3.73 (d, J = 4.9 Hz, 1H), 3.69
(dd, J = 14.5, 7.3 Hz, 6H), 3.62 (t,, J = 4.9 Hz, 1H), 3.03 — 2.98 (m, 2H), 2.38 — 2.31
(m, 1H), 2.24 (dd, J = 14.7, 1.5 Hz, 1H), 1.83 — 1.72 (m, 3H), 1.67 (d, J = 14.7 Hz, 1H),
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1.59 — 1.49 (m, 2H), 1.42 — 1.36 (m, 2H), 1.31 (dt, J = 17.3, 8.6 Hz, 12H), 0.92 — 0.86
(m, 1H), 0.83 (t, J = 7.4 Hz, 3H), 0.74 (d, J = 6.9 Hz, 3H).

MS (ESI) m/z: 957 [M+H]" for Cs4aHssN3O12.
Part 2. Pocket identification and molecular docking

The protein structure (ID: 5HO4) of HNRNPA2BL1 is obtained from the PDB
database (https://www.rcsb.org/). The potential binding pockets of HNRNPA2B1 were

identified by Fpocket (v3) with default setting. Then the interaction of PAC5 and those
pockets of HNRNPA2B1 was predicted by AutoDock Vina (v1.1.2). The structures (ID:
5HO04) of HNRNPA2B1 and PAC5 were prepared with AutoDock tools v1.5.6 as
suggested in the user guide. The pocket center was set as the docking center. To allow
free rotation of the compounds, the search space was set to 30 <30 %30 A in each axis.
The input molecular should be a pdbgt format. All other docking parameters were set
to the default values. Each docking is performed by a command that contains space size
and three-dimensional coordinates of the docking center. A lower energy score
indicated a stronger binding affinity between the ligand and receptor. The binding pose
with the lowest energy was selected as the best model for each docking test. The
interaction between PAC5 and HNRNPA2B1 was displayed using the PyMOL (v1.7)

program (https://pymol.org).
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Table legends

Table S1. Anti-HBYV activity of PACS Derivatives

Table S2. In vive toxicity study of PAC5 in KM mouse.

Figure legends

Figure S1. Synthesis of PA derivatives

A, Synthesis of compounds 1a-1e; B, Synthesis of esters 2 and amides 3; C, Synthesis of amides 4;
D. Synthesis of biotin probes; E. Synthesis of rhodamine B probes. Reagents and conditions: (a) aq.
K>CO3, 60 °C, 2 h; (b) ag. NaOH, 70 °C, 2 h; (c) (4-BrPh)CH2Br, K,CO3, DMF, rt, overnight; (d)
CHsl, NaH, DMF, tt, overnight; (e) alcohol, EDCI, DMAP, DMF, 12h; (f) Br(CH>).F, K,CO3, DMF,
rt, overnight; (g) amine, EDCI, HOSu, DMAP, DMF, 1t, overnight; (h) I(CH2)4l, K»CO3, DMF, tt,

12 h; (i) 3b or 3d, K,CO3, DMF, rt, 12 h; (j) BrCH,CH,OH, EDCI, DMAP, DMF, 45 °C, 5 h.

Figure S2. PACS inhibits HBV replication in vitro and vivo.

a-b, The expression level of HBcAg in the liver tissues of PAC5-treated mice infected
by common HBV was examined by immunohistochemical staining (a) and western
blotting (b). Scale bar = 50 pm. c, Serum ALT and AST activities in the infected mice
treated with PACS5 were assessed at 10 weeks after rAAVS-1.3HBYV challenge. d-e, The
expression level of HBcAg in the liver tissues of PAC5-treated mice infected by drug-
resistant HBV was examined by immunohistochemical staining (d) and western
blotting (e). Scale bar = 50 um.

Figure S3. Anti-HBV activity of PAC5 Probes

a, The levels of HBsAg and HBeAg in supernatant of HepG2. 2.15 cells cultured with
PACS5 Probes were measured by CMIA. b, The expression level of HBcAg in the
HepG2. 2.15 cells culture with PAC5 probe was examined by western blotting. ¢ The
levels of HBsAg and HBeAg in supernatant of HepG2.2.2.15 cells with blank control
and negative control were measured by CMIA at indicated time points. d. The levels of
HBsAg and HBeAg in supernatant of HepG2 cells transfected PBSk-rtM2041 cells
cultured with PACS5 probe, NC and BC were measured by CMIA.

Figure S4. Proteome characteristics of HepG2.2.15 cells treated with the
compound PACS.
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a, The bar graph showed the number of identified proteins only in negative control (NC)
or PACS5 group, or both groups, respectively. b, The enriched GO biological processes
for the proteins only in PACS5 or negative control (NC) group, respectively. ¢, The
enriched KEGG pathways for the proteins only in PACS or negative control (NC) group,
respectively.

Figure S5. Anti-HBV activity of Fluorescent PACS Probes

a, The levels of HBsAg and HBeAg in supernatant of HepG2 cells transfected PBSk-
rtM2041 cells cultured with fluorescent PAC5 Probe and NC were measured by CMIA.
Figure S6. h(nRNPA2B1 did not be activated by Fluorescent PAC3 Probe.

a, HepaG2.2.15 cells were treated with PAC3 (10 uM) for indicated time points. PAC3,
an inactive analogue of PACS, was taken as negative control. The intracellular
localization of hnRNPA2B1 (green) was determined by confocal microscopy. The
nuclei are stained with DAPI (blue). Scale bar =5 pm.

Figure S7. Pocket identification, molecular docking and the binding of PAC to
pocket 0 and 4

a, The potential pockets identified by Fpocket were distributed at the structure of
HNRNPA2B. Pockets were shown as mesh with different color. Structure of
HNRNPAZ2B was shown as cartoon. b, the boxplot showed the docking score of PAC5
to different pockets. The pocket 0 and pocket 4 are highlighted as relative favorable
pocket for PACS. ¢, (Top panel) the overview of Compound PACS5 binding to the pocket
3 and 4, respectively. (Bottom panel) Close-up view of the binding of compound PAC5
to the pocket 3 and 4 of HNRNPA2B, respectively. The side chains of the residues
involved in binding are labeled and shown as sticks. The compound PAC5 was shown
as magenta sticks. Secondary structural elements were colored from blue (N-terminus)
to red (C-terminus). The residues involved point mutation experiment were marked
with arrows. The pocket 0 and 4 were highlighted with red circles.

Figure S8 Transcriptional characteristics of HepG2.2.15 cells treated with the
compound PACS

a, Principal component analysis (PCA) showing the distribution of control, negative

control (NC) and PAC5-treated samples based overall of the gene expression. b,
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Heatmap showing the gene expression of negative control (NC) and PACS5-treated
samples. The expression values (TPM) were log2 transformed. A gradient of blue, white,
and red indicates low to high expression levels. ¢, The volcano plot displaying the
differential expressed genes in HepG2.2.15 cell treated with the compound PACS. The
dotted line indicates the P value of 0.05, a threshold to identify differential expressed
genes (DEG). d-e Bubble chart showing the enrichment result of biological process
obtained by Gene set enrichment analysis (GSEA). In d, the top 20 most affected
biological processes were shown with activated and suppressed states. In e, all
“interferon” related biological processes were shown. Normalized enrichment score
(NES) was shown with a gradient of blue and red. The size of bubble corresponds to
the significance of biological process. The dotted line indicates the P value of 0.05 used
to determine the significance of enrichment.

Figure S9 PACS did not enhance the secretion of the proinflammatory cytokines
a-d, After 2 weeks of intravenous injection of TAAVS-1.3HBV ayw (1x10'! Vg of
each/mouse), C57BL/6 mice were assigned to 5 groups (n = 6 per group) and gavaged
daily with indicated compound. The mice were stopped intragastric administration at 8

weeks and sacrificed at 10 weeks. The serum TNF-a (a), IL-6 (b), IL-1P (c), and IL-10

(d) levels were monitored by ELISA. *p < 0.05,**p < 0.01, compared to the vehicle

group. e-h, C57BL/6 mice were hydrodynamically injected with 10 pg of PBSK-
rtM204I plasmid through the tail vein. Two weeks later, the mice were assigned to 3
groups (n = 3 per group) and gavaged daily with the different compounds as indicated.
The gavage was stopped at 8 weeks, and the mice were sacrificed at 10 weeks. The

serum TNF-a (e), IL-6 (f), IL-1pB (g), and IL-10 (h) levels were monitored by ELISA.
*p < 0.05,**p < 0.01.

Figure S10 NMR and MS spectra of PA, PACS, PACS derivatives and Probes

10-1, '"H NMR spectrum of PA; 10-2. *C NMR and DEPT spectra of PA; 10-3. ESI
spectrum of PA; 10-4. Figure 4. '"H NMR spectrum of compound 1a; 10-5. 3C NMR
spectrum of compound 1a; 10-6. HSQC spectrum of compound 1a; 10-7. HMBC
spectrum of compound 1la; 10-8. ROESY spectrum of compound 1a; 10-9. ESI
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spectrum of compound 1a; 10-10. 'H NMR spectrum of compound 1b; 10-10.
spectrum of compound 1b; 10-12. '"H NMR spectrum of compound 1¢; 10-13.
spectrum of compound 1¢; 10-14. 'H NMR spectrum of compound 1d; 10-15.
spectrum of compound 1d; 10-16. 'H NMR spectrum of compound 1e; 10-17.
spectrum of compound le; 10-8. 'H NMR spectrum of compound 2a; 10-19.
spectrum of compound 2a; 10-20. '"H NMR spectrum of compound 2b; 10- 21.
spectrum of compound 2b; 10-22. 'H NMR spectrum of compound 2¢; 10-23.
spectrum of compound 2¢; 10-24. 'H NMR spectrum of compound 2d; 10-25.
spectrum of compound 2d; 10-26. 'H NMR spectrum of compound 2e; 10-27.
spectrum of compound 2e; 10-28. 'H NMR spectrum of compound 2f; 10-29.
spectrum of compound 2f; 10-30. 'H NMR spectrum of compound 2g; 10-31.
spectrum of compound 2g; 10-32. 'H NMR spectrum of compound 3a; 10-33.
spectrum of compound 3a; 10-34. 'H NMR spectrum of compound 3b; 10-35.
spectrum of compound 3b; 10-36. 'H NMR spectrum of compound 3¢; 10-37.

ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI
ESI

spectrum of compound 3¢; 10-38. 'H NMR spectrum of compound 3d; 10-39. 1*C

NMR spectrum of compound 3d; 10-40. HSQC spectrum of compound 3d; 10-41.

HMBC spectrum of compound 3d; 10-42. ROESY spectrum of compound 3d; 10-3.

HRESI spectrum of compound 3d; 10-44. ESI spectrum of compound 3d; 10-45.CD

spectrum of compound 3d; 10-46. UV spectrum of compound 3d; 10-47. 'H NMR

spectrum of compound 3e; 10-48. ESI spectrum of compound 3e; 10-49. 'H NMR

spectrum of compound 3f; 10-50. ESI spectrum of compound 3f; 10-51. 'H NMR

spectrum of compound 3g; 10-52. ESI spectrum of compound 3g; 10-53. 'H NMR

spectrum of compound 3h; 10-54. ESI spectrum of compound 3h; 10-55. '"H NMR

spectrum of compound 3i; 10-56. ESI spectrum of compound 3i; 10-57. '"H NMR

spectrum of compound 3j; 10-58. ESI spectrum of compound 3j; 10-59. 'H NMR

spectrum of compound 4a; 10-60. ESI spectrum of compound 4a; 10-61. 'H NMR

spectrum of compound 4b; 10-62. ESI spectrum of compound 4b; 10-63. 'H NMR

spectrum of compound 4¢; 10-64. ESI spectrum of compound 4; 10-65. 'H NMR

spectrum of compound 4d; 10-66. ESI spectrum of compound 4d; 10-67. 'H NMR

spectrum of compound 4e; 10-68. ESI spectrum of compound 4e; 10-69. 'H NMR
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spectrum of compound 4f; 10-70.
spectrum of compound 4g; 10-72.
spectrum of compound 4h; 10-74.
spectrum of compound 4i; 10-76.
spectrum of compound 4j; 10-78.
spectrum of compound 4k; 10-80.
spectrum of compound 4l; 10-82.
spectrum of compound 4m; 10-84.
spectrum of compound 4n; 10-86.
spectrum of compound 40; 10-88.

spectrum of compound 4p; 10-90.

ESI spectrum of compound 4f; 10-71.
ESI spectrum of compound 4g; 10-73.
ESI spectrum of compound 4h; 10-75.
ESI spectrum of compound 4i; 10-77.
ESI spectrum of compound 4j; 10-79.
ESI spectrum of compound 4; 10-81.
ESI spectrum of compound 41; 10-83.
ESI spectrum of compound 4m; 10-85.
ESI spectrum of compound 4n; 10-87.
ESI spectrum of compound 40; 10-89.

ESI spectrum of compound 4p; 10-91

"H NMR
'H NMR
'H NMR
'H NMR
'"H NMR
'H NMR
'H NMR
"H NMR
'"H NMR
'H NMR
. '"H NMR

spectrum of blank control of ABPP Probes; 10-92. ESI spectrum of blank control of

ABPP Probes; 10-93. 'H NMR spectrum of positive probe of ABPP Probes; 10-94.ESI

spectrum of positive probe of ABPP Probes (PACS); 10-95. 'H NMR spectrum of

negative probe of ABPP Probes (PAC3); 10-96.ESI spectrum of negative probe of

ABPP Probes; 10-97. 'TH NMR spectrum of blank control of fluorescence Probes; 10-

98. 'H NMR spectrum of positive probe of fluorescence Probes (PAC5); 10-99. 'H

NMR spectrum of negative probe of fluorescence Probes (PAC3).
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936  Figure S4
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Figure S5

939

Fluorescent PAC5 Probe
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942  Figure S6
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Figure S8
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Figure S10

10-1. '"H NMR spectrum of PA
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968  10-3. ESI spectrum of PA

7/12/2017 11:28:20 AM

Sample Name ol 16:10-2 Position P1-C2 Instrument Name Instrument 1 User Name
Inj Vol 01 InjPosition SampleType Sample IRM Calibration Status Sucoess
Data filename ©<1-16-10-2.d ACQ Method SIa) Comment Acquired Time
TE St Scmn (0 11.0 22 mwn, B Senne) frag= 1750V gel 16-10-2 0 Subteact
-
e
4
>0
 n ao
S
Ve
>4
33
3z
x's
>
29
z8
7
24
23
22
54
1a
ia
e uze
va
13 |
b
/2
3
os
on
o7 |
oa
o5
oa
o3
o2 e
L > han gh: ANs ATH 40 e » HAR O
4 B a0 a0 ano ot oo 6no T ey noo nno BOO o 1o EYETY PRI
Thel @ o 0o et O~ @O NN — O®— N T < — @M
=] —© TO O- WO —MNOOOMNM—TOW0 ¢ @ Wod
@© = o ™ ND OO ITCNDDITONN - OO0 © OO 0D
% o © @ AN 00000V EEOD 1 — v v
r-Q';u cc\)\a/o [rogres vawvwmmmmmmmmmT NN e e

OH

|
|

20928
20881
20681
20635
08683
08933

— — L\-—
s N T = e U i S T
(5] (=] '] o O — [as] [ ] '] =
@ = L @ @ = =0 L L
o -— o o o o o — (o] —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5.0 5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
972 f1 (ppm)



974  10-5.13C NMR and DEPT spectra of 1a
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10- 7. HMBC spectrum of compound 1a
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10- 9. ESI spectrum of compound 1a
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993  10- 10. ESI spectrum of compound 1b
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1000  10- 13. ESI spectrum of compound 1¢
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1007 10- 15. ESI spectrum of compound 1d
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1013 10- 17. ESI spectrum of compound 1e

1014

Sample Name HY3-53-2 Position PI1-AT Instrument Name Irstnument 1 User Name
Inj Vol a1 IniPaosition SampleType Sarmple IRM Calibration Status Surcess
Data Fllemame  HY2-53-3d ACQ Method SIBUm szt Acrpuired Time 11/17/200F 10c33:43 AM
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1020 10- 19. ESI spectrum of compound 2a

==== LCMSsolution Data Report ====

Sample Information System Coafiguration
Acquired by = Admin el tnament= ; LO=IT=TOF
Dime Acquired - 200 TV 154505
Sampls Mame = krnhy2ajx
Dizia File = lenbry 2 g lod
Method File = B % — £ 201 5 1028- 100-1 500.lcm
=S pectrums

Retention Time:0_550(Scan#: 111}
Spectrum: Averaged 000 BO0{61-161)
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1027 10- 21. ESI spectrum of compound 2b

Pla2 Instrument Name Instrument 1

Samphke

Sample Name by-ci-64-2
Inj Val 1 injPasition SampleType
Data Fillename  hy-c1-64-2.d ACD Method Comment
+ESI Scan (0.160-0.193 min, 3 Scans) Frag=175.0V hy-c1-64-2.d Subtract
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1033 10- 23. ESI spectrum of compound 2¢

Sample Kame  hy-cl-64-3 Pasition Flal Instrument Mame  Instrumant 1 User Name Q-TOF HMQ-TOF

Tng Vol 1 InjPosition SampleType Sampin IRM Calibration Status Succass

Data Filonamae  hy-cl-G4-5.d ACT Method chesfanittl L= Acquired Time 117332007 F:25:23 PM
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10- 25. ESI spectrum of compound 2d

Sample Name
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10- 27. ESI spectrum of compound 2e

Sample Name

Inj Vol

Data Filename
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1048 10-28. 'H NMR spectrum of compound 2f
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Data Filename hrgc1-55-11.d

10- 29. ESI spectrum of compound 2f

my-c1-55-11 Position Pihs Instrument Name Instrormesnt 1
1 InjPosition sampleType Samgple
ACG Method defauitl.m Commant
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1058 10- 31. ESI spectrum of compound 2g

Sampla Name HY-C1-55-8 Pasition P1-82 Instrument Nama Irestrismcnt 1 User Name
Ing Wl o1 InfjPaosition SamplaType Sample IRM Calibration Status Success
Data Filename  HY-Ci-55-8.4 ACQ Mathod SIBU.m Commuant Acquired Tima 11/6/2017 10:23:25 AM
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1061 10- 32. 'H NMR spectrum of compound 3a
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10- 33. ESI spectrum of compound 3a

Sample Name
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10- 35. ESI spectrum of compound 3b
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1078 10- 37. ESI spectrum of compound 3¢

Sample Name hy-€1-64-1 Position Plal Name I nt 1 User Name Q-TOF-HP\Q-TOF
Inj Vol 1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename hy-c1-64-1.d ACQ Mct‘hnd defaultl.m Comment Acquired Time 1172372017 2:18:49 PM
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1082 10-38. 'H NMR spectrum of compound 3d (PACS5)
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1086 10- 39. *CNMR spectrum of compound 3d
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1090  10-40. HSQC spectrum of compound 3d
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10- 41. HMBC spectrum of compound 3d
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10- 42. ROESY spectrum of compound 3d
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1100 10-43. HRESI spectrum of compound 3d

Data File: EADATA\Z0180803\C5-90mg.lcd

Eimt  Val. Min_Max Eimt  Val. Min_ Max Eimt_ Val. Min_ Max Eimt Val. Min_Max Use Adduct
H 1 1 100 [e] 2 o0 20 S 4 [0} 0 Br 1 a 0 Ma
c 4 10 50 F 1 0 i} S 2 0o 0 1 3 1] 0
N 3 o 10 MNa 1 0 i} o] 1 o 0
Emor Margin (ppm): 5 DBE Range: -2.0 - 100.0 Electron lons: both
HC Ratio: unlimited Apply N Rule: yes Use MSn Info: yes
Max lsotopes: all lzotope BRI (%) 1.00 lsolope Res: 10000
MSn lzo RI (%): 75.00 MSn Logic Mode: AND Max Results: 10

Ewvent#: 1 MS(E+) Rel Time : 0.680 -> 0.693 Scan# : 103 -> 105
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1103 10- 44. ESI spectrum of compound 3d

<Spectrum=>
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10- 45. CD spectrum of compound 3d

Circular Dichraism (mdeqg)

Absorbance (ALU))

08

06

04

02

00 220 M40 260 280 300 320 M0 3O /O 400
VWavelength {(nm)

00 20 240 w0 280 300 30 M0 3O |0 400
Wavelength (nm)

Emoath (s}

Subtracted 0



1114

1115

1116

1117

1118

1119

1120

1121

10- 46. UV spectrum of compound 3d
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10- 48. ESI spectrum of compound 3e
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10- 49. '"H NMR spectrum of compound 3f
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1129 10- 50. ESI spectrum of compound 3f
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1131 10- 51. 'TH NMR spectrum of compound 3g
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1137 10- 52. ESI spectrum of compound 3g
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10- 53. "H NMR spectrum of compound 3h
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1144 10- 54. ESI spectrum of compound 3h
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1150  10- 56. ESI spectrum of compound 3i
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1156 10- 58. ESI spectrum of compound 3j
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1162 10- 60. ESI spectrum of compound 4a
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1169  10- 62. ESI spectrum of compound 4b
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1176 10- 64. ESI spectrum of compound 4¢
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1183  10- 66. ESI spectrum of compound 4d
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10- 68. ESI spectrum of compound 4e
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1205 10- 72. ESI spectrum of compound 4g
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1213 10- 74. ESI spectrum of compound 4h
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1241 10- 82. ESI spectrum of compound 41
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PLW1 2.897300600 W

EF2 - Processing parameters

SF 600.2270183 Mz
WOW EM
ssB o

0.30 Hz
6B o
BC 1.00



1253 10- 86. ESI spectrum of compound 4n

=== LCMSsolution Data Report ====
Sample Information System Configuration

Acquired by <<Instrument>> : LC-IT-TOF
Date Acquired
Sample Name

dmin
017/8/15 15:55:57
y2-104-2

Data File hy2-104-2.lcd
Method File : PR —#820151028-100-1500.l1cm
<Spectrum>

Retention Time:0.390(Scan#:80)
Spectrum:Averaged 0.360-0.430(73-87)
Background:Averaged 0.140-0.294(29-59) MS
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1256 10- 87. 'TH NMR spectrum of compound 40

Current Data Parameters
NAME w

p1-21-1
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170519
Time L4
INSTRUM spect
PROBHD 5 mm CPQCI 1H-
PULPROG 2g3
™D 65936
SOLVENT MeOD
NS 4

ps

2
SWH 12019.230 Hz
FIDRES 0.183399 Hz

a0 2.7262976 sec
. G i
oW 41.600 usec
DE 10.00 usec
TE 298.0 K
D1 10.00000000 sec
TDO 2
e CHANNEL f1 m==mmm—
SFO1 600.2307066 MHz
NuC1 1H
Pl 12.00 usec
PLW1 2.89730000 W

E2 - Processing parameters
sF 600.2270179 MHz
EM

¥
Y < 2 4 o
LB 0.30 Hz
on o
\r/ v 1.00

WL

2 1 o -1 Ppm

©
[

1.00 =
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1259  10- 88. ESI spectrum of compound 40

= LCMSsolution Data Report =

Sample Information

System Configuration
Acquired by : Admin <<Instrument>> : LC-IT-TOF
Date Acquired $2017/8/15 15:57:31
Sample Name : hy2-104-3
Data File : hy2-104-3.1cd
Method File - B JE B —££20151028-100-1500.lcm
<Spectrum>

Retention Time:0.350(Scan#:71)
m:Averaged 0.300-0.400(61-81)
Background:Averaged 0.000-0.310(1-63) MS Stay
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1262 10- 89. 'H NMR spectrum of compound 4p

Current Data Parameters
HY2~

80
EXPNO 1
PROCNO 1
¥2 - Acquisition Parameters
P Date_ 20170519
INSTRUM spect
" PROBHD 5 mm CPQCI 1H~
2930
F ™ 65536
SOLVENT MeOD
NS .
2
" 30 Hz
Fiones 0 Hz
a2 % sec
o usec
DE usec
TE 298.0 K
o1 10.00000000 sec
00 1
D T R S Y——
= s¥o1 600.2307066 MHz
NUc1
2 12.00 usec
PLWL 2.89730000 W
2 - Processing paramsters
sF 600.2270182 MHz
wow £
ssB L)
18 0.30 Hz
GB o
Pc 1.00

T Tre o TR

4

58

1263

1264

1265

1266



1267 10-90. ESI spectrum of compound 4p

Event#: 1 MS(E+) Ret. Time : 0.470 Scan# : 95
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1270 10-91. 'TH NMR spectrum of the blank control of ABPP Probes
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1273 10- 92. ESI spectrum of the blank control of ABPP Probes

Sample Name  L11-66-1 Pasition P1-B3 Name L User Name

Inj Vol 0.3 InjPosition SampleType Sample IRM Calibration Status Sucoess

Data Filename  LJ1-66-1.d ACQ Method sm Comment Acquired Time 7/5/2016 4:06:20 PM
=10 |=ESI Scan (0 11.0.13 min. 2 Scans) Frag=136 0V LJ1-66-1 d Subwact {(2)
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0.9 a8s
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1277 10- 93."H NMR spectrum of positive probe of ABPP Probes
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1281 10- 94. ESI spectrum of positive probe of ABPP Probes

Sample Name  L11-26-1 Position P1-B6 Instrument Name Tnstrument 1 User Name
Inj Vol 03 InjPosition SampleType ‘Sample IRM Calibration Status Success
Data Filename  L11-26-1.d ACQ Method sm Comment Acquired Time 5/25/2018 2:22:37 PM

=10 & [+ESI Scan (0.12-0.15 min_ 2 Scans) Fraog=135.0V LJ1-26-1.d Subtract

1.5
1.asd
1.4
1 =sd
1=
1.zs4
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o1 1634
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1284  10- 95'"H NMR spectrum of negative probe of ABPP Probes
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10- 96. ESI spectrum of negative probe of ABPP Probes

Sample Name LI-76-1 Position P1-AS Instrument Name Instrument L User Name
Inj Vol 0.3 InjPasition SampleType Sample IRM Calibration Status Success
Data Filename  LJ1-76-1.d ACQ Method s.m Comment Acquired Time 7/27/2018 3:41:20 PM
x10 4 |+ESI Scan (0.13-0.19 min. 5§ Scans) Frao=135.0V LJ1-76-1.d Subtract (3}
.5
5.4
.2
=
150
a.s
a.e
a.a
a.z
ad
=.e
5.6
3.4
5.2
.
2.e
26
2.a]
2.2
=
1.
1.6
1]
1.2+ 130
2
o=
asa
o.s] =00
o.a
s1s
o.z 183 17 oag zo0  aza _ are 7% ass sos 560 e eaa ssa var _ wvam | mas =08
150 Z50 =50 EGE] =50 ado aso =50 =50 & &S50 50 50 BO0 =50 S60
LJ2—-38—-1-N E E L2100
i e i s o ot -t L2000
L1900
[1s00
F1700
L1600
~_N L1500
L1400
L1300
F1zo0
L1100
L1000
[o00
800
, L700
Le00
[s00
| | La00
L300
i1 F200
Lio0
- | U [N . Lo
[-100
12.0 11.0 10.0 9.0 8.0 7.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0




10- 98."H NMR spectrum of positive probes of fluorescence Probes
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