Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2022

Supplementary Information for

Discovery and Biological Evaluation of Dispirocyclic and Polycyclic ent-
Clerodane Dimers from Isodon scoparius as Novel Inhibitors of Toll-like

Receptor Signaling

Xing-Ren Li,"* Li Chen,?3+* Kun Hu,' Bing-Chao Yan,! Xue Du,’ Xiao-Nian Li," Han-Dong

Sun,! Shi-Jun He,23* and Pema-Tenzin Puno™*

State Key Laboratory of Phytochemistry and Plant Resources in West China and Yunnan Key Laboratory of Natural
Medicinal Chemistry, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China;

2| aboratory of Imnmunopharmacology, State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai 201203, China;

3University of Chinese Academy of Sciences, Beijing 100049, China.

*Corresponding author Tel.: +86-871-65223616; E-mail: punopematenzin@mail.kib.ac.cn (P.-T.

Puno); E-mail: heshijun@simm.ac.cn (S. He).



mailto:punopematenzin@mail.kib.ac.cn
mailto:heshijun@simm.ac.cn

Contents of Supplementary Information

1. General experimental PrOCEAUIES .........cccvieeiiiieiciieeeieeeeieeeeiee et e e sveeesaeeestaeeeeaeesseeessneeesnseeessseeenns 1
2. XTAY CTYSTAL QAA....eeuiieiiiciie ettt ettt et e et estae e b e e s abeessaeeaaeenbeeesbeenseessseenseennns 1
3. The 1eSUItS Of ACTIVITY @SSAY .....ieiuiiiiieiieetieeiie ettt ettt ettt ettt e st e et e st e e beesabeebeesateebeesneeenseas 6
4. NMR, HRESIMS, ECD, UV, OR, and IR spectra of 1-3 and 10 ..........c..cccevveeiiieeiiieeiieeieeeeeens 9

5. Comparison of NMR spectra of synthetic and natural 3 .............cccoooviiiiieiieniiiiiieeeeee e 72



1. General experimental procedures

Melting points were recorded on an RDY-1B micro melting point apparatus. Optical rotation spectra were record
on an Autopol VI automatic polarimeter (Manufactured by Rudolph Research Analytical) and an Jasco P-1020
digital polarimeter. UV spectra were obtained on a Shimadzu UV-2401PC spectrophotometer. IR spectra were
recorded on BRUKER Tensor-27 Fourier Transform and Thermo NICOLET iS10 mid infrared spectrometers using
KBr pellets. Mass spectra were recorded on an Agilent 1290 UPLC/6540 Q-TOF and a Shimadzu UPLC-IT-TOF
spectrometers. ECD spectra were recorded on an Applied Photophysics digit circular dichroism spectrometer. X-
ray diffraction was realized on Bruker APEX DUO, Bruker D8 Quest and Bruker D8 VENTURE crystallography
systems. 1D and 2D NMR spectra were recorded on Bruker Avance III 500, Avance III 600 and AV 800
spectrometers using tetramethylsilane (TMS) as the internal standard. Unless otherwise specified, chemical shifts
(0) were expressed in ppm with reference to solvent signals (pyridine-ds 6 7.19 'H NMR, 123.40 13C NMR;
acetone-ds 0 2.05 'H NMR, 29.92 13C NMR). Data are reported as follows: chemical shifts (ppm), multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), coupling constants (Hz), and integration.

Column chromatography was performed with silica gel (80-100 mesh; Qingdao Marine Chemical, Inc.,
Qingdao, People's Republic of China), washed by acidified solvent with formic acid (85% w/w, 0.25 mL HCO,H/L
solvent). Semi-preparative HPLC was performed on an Agilent 1200 liquid chromatograph with a Zorbax SB-C18
(9.4 mm x 250 mm) column. Fractions and reactions were monitored by TLC carried out on glassy TLC plates
(silica gel 60 coated with GF254, 250 mm, Qingdao Marine Chemical, Inc., Qingdao, People's Republic of China;
Silica gel 60 coated with F254, 10 x 20 cm, Merck, Darmstadt, Germany), and spots were visualized by using UV
light and heating silica gel plates sprayed with 10% H,SO, in EtOH or ammonium cerium nitrate/ammonium

molybate.

2. X-ray crystal data

Crystal data for 1: C4oHg9010°2(CH40), M = 764.96, a = 7.90610(10) A, b = 21.2390(3) A, ¢ =24.4951(4) A, a
=90°, B =90° y=190° V=4113.16(10) A3, T = 100(2) K, space group P212121, Z = 4, u(CuKa) = 0.726 mm™!,
26002 reflections measured, 7380 independent reflections (R;,, = 0.0338). The final R; values were 0.0546 (I >
20(I)). The final wR(F?) values were 0.1471 (I > 20(l)). The final R; values were 0.0550 (all data). The final
WwR(F?) values were 0.1475 (all data). The goodness of fit on F? was 1.097. Flack parameter = 0.07(4).

Figure S1. View of the molecules in an asymmetric unit
Displacement ellipsoids are drawn at the 25% probability level.



Figure S2. View of a molecule of 1 with the atom-labelling scheme

Displacement ellipsoids are drawn at the 30% probability level.

Table S1. Crystal data and structure refinement for 1

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°

Absorption correction

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

cu 1 Om

Ca2HesO12

764.96

1002) K

1.54178 A

Orthorhombic

P2,2:2

a=7.90610(10) A = 90°.
b=21.2390(3) A =90°.
c=24.4951(4) A 7=90°.
4113.16(10) A3

4

1.235 Mg/m3

0.726 mm™!
1664

0.540 x 0.300 x 0.150 mm?

2.754 to 70.183°.

9<=h<=9, -25<=k<=24, -29<=1<=28
26002

7380 [R(int) = 0.0338]

99.8 %

Semi-empirical from equivalents

Full-matrix least-squares on F2
7380 /48 /524

1.097

R1=0.0546, wR2 =0.1471
R1=0.0550, wR2 =0.1475
0.07(4)

n/a

0.544 and -0.611 e.A-3




Figure S3. View of the pack drawing of 1

Hydrogen-bonds are shown as dashed lines.

Crystal data for 2: C4;HgO10, M = 714.90, a = 7.8521(3) A, b = 18.0628(7) A, ¢ = 27.6909(10) A, a = 90°, f =
90°, y = 90°, ¥V = 3927.4(3) A3, T = 130(2) K, space group P212121, Z = 4, u(CuKa) = 0.689 mm-!, 68531
reflections measured, 7766 independent reflections (R;,; = 0.0342). The final R; values were 0.0282 (I > 2a(1)). The
final wR(F?) values were 0.0760 (I > 20(I)). The final R; values were 0.0284 (all data). The final wR(F?) values
were 0.0762 (all data). The goodness of fit on F2 was 1.026. Flack parameter = 0.00(2).

Figure S4. View of a molecule of 2 with the atom-labelling scheme
Displacement ellipsoids are drawn at the 26% probability level.

Figure S5. View of the pack drawing of 2
Hydrogen-bonds are shown as dashed lines.
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Table S2. Crystal data and structure refinement for 2

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

cu 2 Om

C41Hg2010

714.90

1302) K

1.54178 A

Orthorhombic

P2,2:24

a=7.8521(3) A o= 90°.
b=18.0628(7) A =90°.
¢ =27.6909(10) A 7=90°.
3927.4(3) A3

4

1.209 Mg/m?3

0.689 mm-!
1552

0.210 x 0.170 x 0.080 mm?3
2.921 to 72.340°.

-9<=h<=8, -21<=k<=22, -34<=]<=32
68531

7766 [R(int) = 0.0342]

99.9 %

Semi-empirical from equivalents
Full-matrix least-squares on F2
7766 /0 /478

1.026

R1=0.0282, wR2 = 0.0760
R1=10.0284, wR2 =0.0762
0.00(2)

n/a

0.223 and -0.150 e.A"3

Crystal data for 10: C4Hs,0722(H,0), M = 682.86, a = 7.2339(3) A, b =20.5982(8) A, c = 23.5913(9) A,
a=90° B=90° y=90° V=3515.2(2) A3, T=100.(2) K, space group P212121, Z = 4, u(Cu Ka) = 0.725
mm-!, 28938 reflections measured, 6645 independent reflections (R;,, = 0.1138). The final R; values were
0.0527 (I > 20(1)). The final wR(F?) values were 0.1377 (I > 20(I)). The final R; values were 0.0761 (all data).
The final wR(F?) values were 0.1452 (all data). The goodness of fit on F? was 1.071. Flack parameter =
0.00(10).

Figure S6. View of the molecules of 10 in an asymmetric unit
Displacement ellipsoids are drawn at the 30% probability level.
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Figure S7. View of a molecule of 10 with the atom-labelling scheme
Displacement ellipsoids are drawn at the 30% probability level.

Table S3. Crystal data and structure refinement for 10

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 70.18°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

global

C4oHs509

682.86

100(2) K

1.54178 A

Orthorhombic

P2,2:2;

a=723393) A a=90°.
b=20.5982(8) A =90°.
c=23.5913(9) A ¥=190°.
3515.2(2) A3

4

1.290 Mg/m?3

0.725 mm-!

1480

0.340 x 0.110 x 0.070 mm?

2.85t0 70.18°.

-8<=h<=7, -24<=k<=25, -28<=[<=28
28938

6645 [R(int) = 0.1138]

99.7 %

Semi-empirical from equivalents

0.95 and 0.80

Full-matrix least-squares on F2
6645/0/451

1.071

R1=0.0527, wR2 =0.1377

R1=0.0761, wR2 =0.1452

0.00(10)

0.345 and -0.577 e.A™3




Figure S8. View of the pack drawing of 10

Hydrogen-bonds are shown as dashed lines.

3. The results of activity assay
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Figure 9. The full raw data of western blots (A and B) of compound 2.
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Figure 10. The full raw data of western blots (A—C) of compound 3.
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Table S4. 1Cs, values® of cytotoxic activity for compounds 1-3 against five human tumour cell lines.

Compd. HL-60

1 >40
2 14.25+0.28
3 >40

DDP 4.17+0.19

Taxol <0.008

A549

>40

17.41+0.47

>40

13.28+0.90

<0.008

SMMC-7721

>40

21.06+0.33

>40

11.33+1.04

0.219+0.021

MCF-7

>40

>40

>40

SW480

>40

>40

>40

[a] ICsq values (M)



4. NMR, HRESIMS, ECD, UV, OR, and IR spectra of 1-3 and 10
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Figure S11. 'H NMR spectrum of scoparicacid A (1)
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Figure S20. HRESIMS spectrum of scopar
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Figure S21. ECD spectrum of scoparicacid A (1)
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Optical rotation measurement

Model :
No.

No.1

No.2

No.3

P-1020 (A0B0460638)

Sample Mode Data Monitor Temp. Date Light
Blank Cell Comment Filter
Temp Point  Sample Name Operator
4 (1/3) Sp.Rot -27.5510  -0.0027 17.3 - Thu Dec 21 01:05:02 2017 Na -
0.0000 10.00 0.00098g/mL MeOH 589nm
Cell SXR074
4 (2/3) Sp.Rot -28.5710  -0.0028 17.3 Thu Dec 21 01:05:08 2017 Na
0.0000 10.00 0.00098g/mL MeOH 589nm
Cell SXR074
4 (3/3) Sp.Rot -24.4900 -0.0024 17.3 Thu Dec 21 01:05:13 2017 Na
0.0000 10.00 0.00098g/mL MeCOH 589nm
Cell SXR074

Figure S23. OR spectrum of scoparicacid A (1)
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Figure S29. HSQC spectrum of scoparicacid B (2)
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Circular Dichroism (mdeqg)
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Figure S35. ECD spectrum of scoparicacid B (2)
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Figure S36. UV spectrum of scoparicacid B (2)
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Optical rotation measurement

Model : P-1020 (A060460638)

No. Sample Mode Data Monitor Temp. Date Light Cycle Time
Blank Cell Comment Filter Integ Time
Temp Point  Sample Name Operator
No.1 35 (1/3) Sp.Rot -22.0000 -0.0022 17.6 ~ Thu Dec 21 01:57:15 2017 Na 2 sec
0.0000 10.00 0.00100g/mL MeOH 589nm 2 sec
Cell SXR084
No.2  35(2/3) Sp.Rot -23.0000 -0.0023 17.5 Thu Dec 21 01:57:20 2017 Na 2 sec
0.0000 10.00 0.00100g/mL MeOH 589nm 2 sec
Cell SXR084
No.3 35 (3/3) Sp.Rot -21.0000 -0.0021 15 Thu Dec 21 01:57:26 2017 Na 2 sec
0.0000 10.00 0.00100g/mL MeQH 589nm 2 sec
Cell SXR084

Figure S37. OR spectrum of scoparicacid B (2)
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Rudolph Research Analytical

This sample was measured on an Autopol VI, Serial #91058
Manufactured by Rudolph Research Analytical, Hackettstown, NJ, USA.

Measurement Date : Friday, 15-OCT-2021
Set Temperature : OFF
Time Delay : Disabled

Delay between Measurement : Disabled

n Average Std.Dev. % RSD Maximum Minimum

5 -9.00 1.61 -17.88 -7.25 -11.50

S.No Sample D Time Result Scale OR°Arc WLG.nm Lg.mm Conc.g/100ml Temp.
1 sxr070 05:46:11 PM -11.50 SR -0.0092 589 100.00 0.080 209

2 sxr070 05:46:19 PM -8.50 SR -0.0068 589 100.00 0.080 209

3 sxr070 05:46:27 PM -7.25 SR -0.0058 589 100.00 0.080 209

4 sxr070 05:46:36 PM -8.25 SR -0.0066 589 100.00 0.080 209

5 sxr070 05:46:44 PM -9.50 SR -0.0076 589 100.00 0.080 209

Figure S51. OR spectrum of scoparicacid C (3)
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Figure S60. '"H-'H COSY spectrum of synthetic scoparicacid C (3)
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Figure S63. ECD spectrum of synthetic scoparicacid C (3)
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Rudolph Research Analytical

This sample was measured on an Autopol VI, Serial #91058
Manufactured by Rudolph Research Analytical, Hackettstown, NJ, USA.

Measurement Date : Thursday, 14-OCT-2021 3

Set Temperature : OFF
Time Delay : Disabled

Delay between Measurement : Disabled

n Average Std.Dev. % RSD Maximum Minimum

5 -6.22 0.61 -9.80 -5.40 -7.00

S.No Sample ID Time Result Scale OR°Arc WLG.nm Lg.mm Conc.g/100ml Temp.
1 s|xr985 07:29:15 PM -5.40 SR -0.0054 589 100.00 0.100 227

2 slxr985 07:29:23 PM -5.90 SR -0.0059 589 100.00 0.100 227

3 s|xr985 07:29:32 PM -6.30 SR -0.0063 589 100.00 0.100 227

4 slxr985 07:29:40 PM -6.50 SR -0.0065 589 100.00 0.100 22.7

5 slxr985 07:29:48 PM -7.00 SR -0.0070 589 100.00 0.100 227

Figure S65. OR spectrum of synthetic scoparicacid C (3)
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Figure S68. °C NMR spectrum of scoparitrilactone A (10)
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Figure S69. °C NMR spectrum of scoparitrilactone A (10)
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Figure S70. ECD spectrum of scoparitrilactone A (10)
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Figure S71. UV spectrum of scoparitrilactone A (10)
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Rudolph Research Analytical

This sample was measured on an Autopol VI, Serial #31058
Manufactured by Rudolph Research Analytical, Hackettstown, NJ, USA.
Measurement Date : Wednesday, 24-NOV-2021

Set Temperature : 20.0

Time Delay : Disabled

Delay between Measurement : Disabled

n Average Sid.Dev. % RSD Maximum Minimum

5 -116.60 0.89 076 -116.00 -118.00

SNo SamplelD Jime Result Scale OR°Arc WLGnNm Lomm Conc.g/100ml Temp.

1 SLXR995 03:04:13 PM -118.00 SR -0.118 589 10000 0.100 196

2 SLXR995 03:04:21 PM -117.00 SR -0.117 589 10000 0.100 19.7

3 SLXR995 03:04:28 PM -116.00 SR -0.116 589 10000 0.100 197

4 SLXR995 03:04:34 PM -116.00 SR -0.116 589 10000 0.100 19.7

5 SLXR995 03:04:40 PM -116.00 SR -0.116 589 10000 0.100 19.8
Page 1 of 1

Figure S73. OR spectrum of scoparitrilactone A (10)
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5. Comparison of NMR spectra of synthetic and natural 3
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Figure S74. Comparison of 'H NMR spectra of synthetic 3 and natural 3
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Figure S75. Comparison of 13C NMR spectra of synthetic 3 and natural 3
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