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1.  Supplemental spectra of compounds 1–6

1.1 Compound 1

Figure S1.1H NMR spectrum of compound 1 (500 MHz, CDCl3).
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Figure S2. 13C NMR spectrum of compound 1 (125 MHz, CDCl3).
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Figure S3. Edited HSQC NMR spectrum of compound 1 (500 MHz, CDCl3).
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Figure S4. HMBC NMR spectrum of compound 1 (500 MHz, CDCl3).
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Figure S5. 1H-1H COSY NMR spectrum of compound 1 (500 MHz, CDCl3).
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Figure S6. NOESY NMR spectrum of compound 1 (500 MHz, CDCl3).
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Figure S7. The key NOESY correlations to determine the position of methyl groups and 

dioxane ring position (a), and the possible structures depending on the dioxane ring 

position (b) in compound 1.
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Figure S8. HRESIMS spectrum of compound 1.

Figure S9. IR spectrum of compound 1.
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1.2 Compound 2
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Figure S10. 1H NMR spectrum of compound 2 (500 MHz, CDCl3) after impurity peak 

exclusion (processed data shown; raw FID data included).

Figure S11. 13C NMR spectrum of compound 2 (125 MHz, CDCl3).
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Figure S12. Edited HSQC NMR spectrum of compound 2 (500 MHz, CDCl3).
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Figure S13. HMBC NMR spectrum of compound 2 (500 MHz, CDCl3).
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Figure S14. 1H-1H COSY NMR spectrum of compound 2 (500 MHz, CDCl3).
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Figure S15. NOESY NMR spectrum of compound 2 (500 MHz, CDCl3).
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Figure S16. The key NOESY correlations to determine the position of methyl groups and 

dioxane ring position in compound 2.

Figure S17. HRESIMS spectrum of compound 2.
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Figure S18. IR spectrum of compound 2.
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1.3 Compound 3

Figure S19. 1H NMR spectrum of compound 3 (600 MHz, CDCl3) after impurity peak 

exclusion (processed data shown; raw FID data included).
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Figure S20. 13C NMR spectrum of compound 3 (150 MHz, CDCl3)
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Figure S21. Edited HSQC NMR spectrum of compound 3 (600 MHz, CDCl3).

Figure S22. HMBC NMR spectrum of compound 3 (600 MHz, CDCl3).
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Figure S23. 1H-1H COSY NMR spectrum of compound 3 (600 MHz, CDCl3).

Figure S24. NOESY NMR spectrum of compound 3 (600 MHz, CDCl3).
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Figure S25. The key NOESY correlations to determine the position of the methyl group 

and dioxane ring position (a), and the possible structures of 3 depending on the dioxane 

ring position (b).
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Figure S26. HRESIMS spectrum of compound 3.

Figure S27. IR spectrum of compound 3.
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1.4 Compound 4
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Figure S28. 1H NMR spectrum of compound 4 (600 MHz, CD3OD).
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Figure S29. 13C NMR spectrum of compound 4 (150 MHz, CD3OD).
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Figure S30. Edited HSQC NMR spectrum of compound 4 (600 MHz, CD3OD).
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Figure S31. HMBC NMR spectrum of compound 4 (600 MHz, CD3OD).
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Figure S32. 1H-1H COSY NMR spectrum of compound 4 (600 MHz, CD3OD).
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Figure S33. NOESY NMR spectrum of compound 4 (600 MHz, CD3OD).
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Figure S34. HRESIMS spectrum of compound 4.

Figure S35. IR spectrum of compound 4.
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1.5 Compound 5
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Figure S36. 1H NMR spectrum of compound 5 (600 MHz, CD3OD).
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Figure S37. 13C NMR spectrum of compound 5 (150 MHz, CD3OD) after impurity peak 

exclusion to improve signal clarity (processed data shown; raw FID data included).
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Figure S38. Edited HSQC NMR spectrum of compound 5 (600 MHz, CD3OD).
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Figure S39. HMBC NMR spectrum of compound 5 (600 MHz, CD3OD).
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Figure S40. 1H-1H COSY NMR spectrum of compound 5 (600 MHz, CD3OD).

Figure S41. NOESY NMR spectrum of compound 5 (600 MHz, CD3OD).
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Figure S42. HRESIMS spectrum of compound 5.

Figure S43. IR spectrum of compound 5.
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1.6 Compound 6
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Figure S44. 1H NMR spectrum of compound 6 (400 MHz, CD3OD).
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Figure S45. 13C NMR spectrum of compound 6 (100 MHz, CD3OD).
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Figure S46. Edited HSQC NMR spectrum of compound 6 (400 MHz, CD3OD).
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Figure S47. HMBC NMR spectrum of compound 6 (400 MHz, CD3OD).
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Figure S48. 1H-1H COSY NMR spectrum of compound 6 (400 MHz, CD3OD).
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Figure S49. NOESY NMR spectrum of compound 6 (400 MHz, CD3OD).
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Figure S50. HRESIMS spectrum of compound 6.

Figure S51. IR spectrum of compound 6.
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2.  Supplemental ECD calculation

Figure S52. 3D structural models of the minimized main conformers for compound 1.

Figure S53. 3D structural models of the minimized main conformers for compound 3.
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3.  Supplemental biological data

Figure S54. Effects of compounds isolated from H. syriacus on p16INK4A promoter 

activity.  

(A) Cell viability of the isolated compounds (1–20) was determined by MTT 

assay. Results are expressed as relative viability (%) compared to the untreated 

control group (set at 100%). (B) Inhibitory effects of the compounds (10 μM) 

on p16INK4A promoter activity. A549 cells were co-transfected with a pGL3-

p16INK4A reporter plasmid encoding the p16INK4A promoter and a pSV-β-

galactosidase plasmid as an internal control for 7 h. After transfection, cells 

were treated with each compound (10 μM) or navitoclax (NTX, 1 μM; positive 

control) for 20 h. Luciferase activity was measured using a luminescence 

reader and normalized to β-galactosidase activity. Data represent mean ± SEM 

(n = 3). Statistical significance was determined using Student’s t-test (*p < 

0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 vs. untreated control; 

####p < 0.0001 vs. no-transfection control).



Figure S55. Cell viability of bleomycin-induced IMR-90 fibroblast treated with compounds 9 

and 10. 

IMR90 cells were exposed to bleomycin (BLM, 40 μg/mL) for 2 days and then 

treated with the indicated compounds or NTD (nintedanib, 5 μM; positive control) 

for an additional 2 days (Control). Cell viability was quantified using the MTT 

assay and expressed as percentage relative to untreated cells. Data are presented 

as mean ± SEM (n = 3). Statistical significance was determined using one-way 

ANOVA followed by Dunn’s multiple comparisons test (####p < 0.0001 vs. 

untreated; *p < 0.05 and **p < 0001 vs. BLM-treated (control) group).
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4.  Supplemental tables

Table S1. 1H and 13C NMR spectroscopic data for compounds 13.
1a

1

2a

2

3b

3

pos.
δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC

1 113.1 111.8 113.0
2 166.5 166.3 166.6
3 6.96, d (8.9) 117.3 6.95, s 114.0 6.96, d (9.1) 117.4
4 7.78, d (8.9) 138.6 156.6 7.78, d (9.1) 138.6
4a 123.8 121.9 123.7
5 7.20, s 123.4 7.53, s 118.5 7.22, s 123.6
6 125.4 124.8 125.3
7 143.2 142.7 142.6
8 137.9 138.4 138.6
8a 122.1 123.0 122.2
9 11.26, s 199.1 11.20, s 198.6 11.15, s 199.3
10 3.66, m 29.5

11,12 1.37, d (6.8) 23.3

1ꞌ 127.9 128.0 127.7

2ꞌ, 6ꞌ 6.64, s 104.3 6.64, s 104.2 6.62, s 104.3

3ꞌ, 5ꞌ 147.4 147.4 147.6

4ꞌ 135.5 135.5 135.7

7ꞌ 4.73 d (8.0) 81.2 4.75 d (7.9) 81.3 4.64 d (7.9) 81.3

8ꞌ 4.15 m 74.5 4.14, m 74.6 4.25, m 74.3

2-OH 14.20, s 14.22, s 14.25, s
6-Me 2.34, s 16.1 2.38, s 16.7 2.37, s 16.0

8ꞌ-Me 1.33, d (6.2) 17.4 1.33, d (6.5) 17.4 1.29, d (6.3) 17.3

3ꞌ, 5ꞌ-OMe 3.93, s 56.6 3.93, s 56.6 3.92, s 56.6

4ꞌ-OH 5.64, s 5.62, s 5.62, s
aRecorded in CDCl3 at 500 MHz for 1H and 125MHz for 13C. bRecorded in CDCl3 at 600 MHz for 1H and 
150MHz for 13C.
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1 Table S2. 1H and 13C NMR spectroscopic data for compounds 46.

4a 5a 6b
pos.

δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC

1.03, m 1.04, td (13.5, 3.1) 1.05c
1 1.66, m 39.8 2.74, td (13.5, 3.5) 40.1 2.74, td (13.5, 3.6) 40.1

1.65c 1.62c
2 1.67, m 27.4 1.77c 27.3 1.78c 27.3

3 3.62, d (11.8, 4.5) 72.8 3.64, dd (11.9, 4.6) 72.6 3.64, dd (11.7, 4.6) 72.5
4 43.3 43.6 43.6
5 1.23, dd (8.6, 4.4) 48.0 1.19c 49.0 1.18c 49.0
6 1.47, m 19.3 1.52, m 18.4 1.51, m 18.4

1.29, m 1.40, mc 1.39c
7 1.47, m 33.4 1.65, mc 33.4 1.64c 33.4

8 41.0 46.7 46.8
9 1.64, mc 49.4 2.49, s 63.3 2.48, s 63.3
10 37.9 38.2 38.2
11 1.93, mc 24.7 202.2 202.3
12 5.24, t (3.7) 124.2 5.54, s 129.0 5.56, s 128.7
13 145.0 173.2 173.2
14 42.8 44.6 44.7

0.88, m 1.19, mc 1.15c
15 1.65, m 26.6 1.76, mc 26.8 1.78c 26.8

1.16, m 1.29c 1.29, m16 1.97, m 23.2 2.08, td (14.0, 4.7) 22.8 1.95, dt (13.6, 6.9) 22.6

17 37.0 37.0 38.2
18 2.10, dd (13.6, 4.6) 43.8 2.32, dd (13.6, 3.9) 44.0 2.21, dd (13.5, 4.4) 44.1

1.07, m 1.12c 1.09c
19 1.78, t (13.6) 47.4 1.82, t (13.5) 45.9 1.78c 46.2

20 31.8 31.9 32.0
1.16, m 1.25c 1.21c

21 1.34, m 35.0 1.40c 34.7 1.39c 34.9

1.37, m 1.42c 1.39c
22 1.56, m 32.5 1.65c 31.9 1.65c 31.7

4.03, d (11.3) 4.03, d (11.4) 4.03, d (11.4)23 4.14, d (11.3) 66.6 4.15, d (11.4) 66.6 4.13, d (11.4) 66.6

24 0.79, s 12.8 0.81, s 12.7 0.80, s 12.7
25 1.02, s 16.4 1.20, s 17.2 1.18, s 17.3
26 0.98, s 17.3 1.14, s 19.1 1.12, s 19.1
27 1.14, s 26.5 1.38, s 23.9 1.39, s 23.8

3.77, d (11.0) 3.81, d (11.3) 3.15, d (11.4) 69.728 4.12, d (11.0) 71.1 4.06, d (11.3) 70.5 3.36, d (11.4)
29 0.89, s 33.6 0.93, s 33.2 0.91, s 33.4
30 0.90, s 23.9 0.94, s 23.7 0.91, s 23.8
1ꞌ 127.7 127.6 127.6

2ꞌ 7.04, d (2.0) 115.1 7.04, d (2.1) 115.2 7.04, d (2.0) 115.2

3ꞌ 146.9 147.0 146.9

4ꞌ 149.7 149.8 149.7

5ꞌ 6.79, d (8.2) 116.5 6.79, d (8.2) 116.6 6.79, d (7.9) 116.6

6ꞌ 6.93, dd (8.2, 2.0) 123.0 6.95, dd (8.2, 2.1) 123.0 6.95, dd (7.9, 2.0) 123.0

7ꞌ 7.56, d (15.8) 146.9 7.57, d (15.7) 147.0 7.57, d (15.8) 147.0

8ꞌ 6.27, d (15.8) 115.1 6.28, d (15.7) 115.1 6.29, d (15.8) 115.1
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9ꞌ 169.1 169.0 169.0
28-COH 8.11, s 163.1 8.12, s 162.8

2 aRecorded in methanol-d4 at 600 MHz for 1H and at 150 MHz for 13C; bRecorded in methanol-d4 at 400 MHz for 1H and at 
3 100 MHz for 13C; c Overlapped.
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Table S3. Calculated total energies, relative free energies (ΔG), relative population (%) and 

theoretical (DFT B3LYP/6-31G) averaged rotary strength values for the major compound 1 

conformers.

Table S4. Calculated total energies, relative free energies (ΔG), relative population (%) and 

theoretical (DFT B3LYP/6-31G) averaged rotary strength values for the major compound 3 

conformers.
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Table S5. Optimized coordinates of the conformers of compound 1.

(Table S5 continued)
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Table S6. Optimized coordinates of the conformers of compound 3.
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(Table S6 continued)
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(Table S6 continued)


