
S1

Supporting information

Forsythenethosides A and B: Two New Phenylethanoid Glycosides with 

a 15-Membered Ring from Forsythia suspensa
Si-Yuan Shao, Zi-Ming Feng, Ya-Nan Yang, Jian-Shuang Jiang, and Pei-Cheng 
Zhang*

State Key Laboratory of Bioactive Substance and Function of Natural Medicines, 

Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union 

Medical College, Beijing 100050, People’s Republic of China

no. content page

1 Experimental section S3

2 Table S1. Energies of dominant conformers of 1a and 1b at B3LYP/6-31+G(d,p) in DMSO S4

3 Table S2. Weighted average distances and standard deviations calculated upon dominant 

conformers for 1a and 1b

S5

4 Figure S1. GC analysis of derivatives of D-glucose, L-glucose, D-xylose, L-xylose and 

hydrolysates of 1

S6

5 Table S3. Neuroprotective activities of extracts against rotenone-induced PC12 cell damage S7

6 Table S4. Neuroprotective activities of 1 and 2 against serum-deprivation-induced PC12 

cell damage and rotenone-induced PC12 cell damage 

S8

7 Figure S2. UV spectrum of 1 S9

8 Figure S3. IR spectrum of 1 S10

9 Figure S4. HRESIMS of 1 S11

10 Figure S5. 1H NMR spectrum of 1 in DMSO-d6 (500 MHz) S12

11 Figure S6. 13C NMR spectrum of 1 in DMSO-d6 (125 MHz) S13

12 Figure S7. DEPT NMR spectrum of 1 in DMSO-d6 (125 MHz) S14

13 Figure S8. HSQC spectrum of 1 in DMSO-d6 (500 MHz) S15

14 Figure S9. HMBC spectrum of 1 in DMSO-d6 (500 MHz) S16

15 Figure S10. 1H-1H COSY spectrum of 1 in DMSO-d6 (500 MHz) S17

16 Figure S11. TOCSY spectrum of 1 in DMSO-d6 (500 MHz) S18

17 Figure S12. ROESY spectrum of 1 in DMSO-d6 (500 MHz) S19

18 Figure S12a. Expanded ROESY spectrum of 1 in DMSO-d6 (500 MHz) S20

19 Figure S13. UV spectrum of 2 S21

20 Figure S14. IR spectrum of 2 S22

21 Figure S15. HRESIMS of 2 S23

22 Figure S16. 1H NMR spectrum of 2 in DMSO-d6 (500 MHz) S24

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2017



S2

23 Figure S17. 13C NMR spectrum of 2 in DMSO-d6 (125 MHz) S25

24 Figure S18. DEPT NMR spectrum of 2 in DMSO-d6 (125 MHz) S26

25 Figure S19. HSQC spectrum of 2 in DMSO-d6 (500 MHz) S27

26 Figure S20. HMBC spectrum of 2 in DMSO-d6 (500 MHz) S28

27 Figure S21. 1H-1H COSY spectrum of 2 in DMSO-d6 (500 MHz) S29

28 Figure S22. TOCSY spectrum of 2 in DMSO-d6 (500 MHz) S30

29 Figure S23. ROESY spectrum of 2 in DMSO-d6 (500 MHz) S31

30 Figure S23a. Expanded ROESY spectrum of 2 in DMSO-d6 (500 MHz) S32



S3

Experimental section
Quantum Chemistry Calculation

Conformational analysis was initially performed using Discovery Studio (version 2016) at 

CHARMm force field for 1a and 1b. Energy cutoff was 20.0 kcal/mol and the maximum number 

of conformers was set 255 by default. 

The theoretical calculation of conformers were carried out using Gaussian 09 program 

(Gaussian Inc., Wallingford, CT, USA).1 The geometries of isomers were first optimized at HF/6-

31G(d) in gas phase, and further optimized at B3LYP/6-31+G(d,p) using the polarizable 

continuum model (PCM) to take into account the solvent effect of DMSO. Vibrational frequency 

analysis was conducted to ensure that geometry optimizations had reached local minima. In order 

to reduce the high computational cost, room-temperature equilibrium populations for conformers 

after gas optimization were calculated according to Boltzmann distribution law (eq.1) and 

conformers with lower than 1% proportion were filtered. 
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where is the number of conformer i with energy and degeneracy  at temperature T, and iN iE ig

kB is Boltzmann constant. 

Finally, distances between hydrogen atoms were measured and weighted averages and standard 

deviations calculated according to Boltzmann-population.
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Table S1. Energies of Dominant Conformers of 1a and 1b at B3LYP/6-31+G(d,p) in DMSO

stereoi
somer no. conformer E (Hartree) E (kcal/mol) population (%)

1 -2809.98412171 -1763291.64 98.35

2 -2809.98000942 -1763289.06 1.261a

3 -2809.97870616 -1763288.25 0.32

1 -2809.96638186 -1763280.51 15.01

1b

2 -2809.96801806 -1763281.54 84.99
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Table S2. Weighted Average Distances and Standard Deviations Calculated upon Dominant 

Conformers for 1a and 1b

distance (Å)
stereoisomer conformer

H-15/H-22 H-16/H-22 H-17/H-22
population 

(%) predominant

1 3.65 4.28 3.62 98.35 YES
2 3.63 4.27 3.67 1.26 NO
3 5.88 4.52 6.23 0.32 NO1a

weighted 
average 3.66 ± 0.02 4.28 ± 0.00 3.63 ± 0.02

1 6.15 5.79 6.29 15.01 NO
2 6.19 5.77 6.76 84.99 YES1b

weighted 
average 6.18 ± 0.00 5.77 ± 0.03 6.69 ± 0.03

 Determination of the absolute configuration of sugars 

  Compound 1 (4 mg) was dissolved in 1M HCl (3 mL) to incubate at 65 °C for 14 h. After that, 

the reaction was concentrated to yield a residue. Then, the residue was suspended in water and 

then extracted with ethyl acetate (2 mL x 3). The water soluble layer was evaporated under 

vacuum and then dissolved in pyridine (2 mL). L-Cysteine methyl ester hydrochloride (2 mg) was 

added subsequently, and the reaction was maintained at 65 °C for 2 h. Then, N-

trimethylsilylimidazole (0.6 mL) was added after the reaction was evaporated under vacuum. The 

reaction mixture was incubated at 65 °C for 2 h and partitioned between water and n-hexane (2 

mL each for three times). Finally, the n-hexane layer was detected by GC experiment under the 

following conditions: capillary column, HP-5 (60 m × 0.25 mm, 0.25 μm, Dikma); detector, FID; 

detection temperature, 300 °C; injection temperature, 300 °C;  initial temperature, 200 °C; raised 

to 260 °C at a rate of 10 °C/min, and maintained for 30 min, then declined to 200  °C at a rate of  

40 °C/min and the temperature was maintained for 1 min; carrier, N2 gas. D-glucose and D-xylose 

were determined by comparing their retention time with those of the authentic sugars, which 

displayed retention times of 29.5 and 19.0 min, respectively (Figure S1).
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Figure S1. GC analysis of derivatives of D-glucose, L-glucose, D-xylose, L-xylose and 

hydrolysates of 1.

Neuroprotective activities of extracts

The extracts of the fruits of Forsythia suspensa were tested for neuroprotective activities 

against rotenone-induced PC12 cell damage with an MTT assay (Table S3). The PC12 cells were 

cultured in Dulbecco’s modified Eagle’s medium supplemented (DMEM) with 5% horse serum 

and 5% fetal bovine serum. Then, 100 μL cells with an initial density of 5 × 104 cells/mL were 

seeded in each well of a poly-L-lysine-coated, 96-well culture plate and precultured for 24 h at 37 

°C under a 5% CO2 atmosphere. The medium was then replaced by different fresh medium 

including the control (complete medium), the model (complete medium with 4 μM rotenone), and 

the sample (complete medium with 4 μM rotenone and 10 μg/mL test samples), and the cells were 

cultured for 48 h. Then, 10 μL of MTT (0.5 mg/mL) was added to each well and maintained for 4 

h, and then the medium was removed. The formazan crystals were dissolved in 100 μL DMSO and 

absorbance was measured on a microplate reader at 550 nm.2 The cell viability (%) of each 

example was evaluated (Table S3).
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Table S3. Neuroprotective Activities of Extracts against Rotenone-Induced PC12 Cell 

Damage (10 μg/mL means ± SD, n = 6)a

rotenone (%)
group 10 μg/mL
control 100.0 ± 6.3
model 54.2 ± 2.8###

total extract 58.0 ± 4.4
petroleum ether fraction 54.0 ± 5.1
EtOAc fraction 56.0 ± 3.8
n-BuOH fraction 78.5 ± 5.0***

H2O fraction 77.5 ± 2.6***

a###p < 0.001 vs. control, ***p < 0.001 vs. model.

Neuroprotective activities of 1 and 2

Rotenone-induced PC12 cell damage. Forsythenethosides A and B were tested for 

neuroprotective activities against rotenone-induced PC12 cell damage with an MTT assay (Table 

S4). The cells were cultured in Dulbecco’s modified Eagle’s medium supplemented (DMEM) 

with 5% horse serum and 5% fetal bovine serum. Then, 100 μL cells with an initial density of 5 × 

104 cells/mL were seeded in each well of a poly-L-lysine-coated, 96-well culture plate and 

cultured for 24 h at 37 °C under a 5% CO2 atmosphere. The medium was then replaced by 

different fresh medium including the control (complete medium), the model (complete medium 

with 4 μM rotenone), the positive contrast (complete medium with 4 μM rotenone and 50 ng/mL 

nerve growth factor), and the sample (complete medium with 4 μM rotenone and 10 μM test 

compounds), and cultured for 48 h. Then, 10 μL of MTT (0.5 mg/mL) was added to each well and 

maintained for 4 h before removing the medium. The formazan crystals were dissolved in 100 μL 

DMSO and absorbance was measured on a microplate reader at 550 nm. The cell viability (%) of 

each example was evaluated (Table S4). 

 Serum-deprivation-induced PC12 cell damage. Forsythenethosides A and B were tested for 

neuroprotective activities against serum-deprivation-induced PC12 cell damage with an MTT 

assay (Table S4). The PC12 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 5% horse serum and 5% fetal bovine serum. Then, 100 μL cells with an initial 

density of 5 × 104 cells/mL were seeded in each well of a poly-L-lysine-coated, 96-well culture 

plate and cultured for 24 h at 37 °C under a 5% CO2 atmosphere. The medium was then replaced 

by different fresh medium including the control (complete medium), the model (medium without 

serum), the positive contrast (medium without serum and 50 ng/mL nerve growth factor), and the 

sample (medium without serum and 10 μM test samples). Then, the cells were cultured in DMEM 

without serum for 48 h. Then, 10 μL of MTT (0.5 mg/mL) was added and maintained for 4 h 

before removing the medium. The formazan crystals were dissolved in 100 μL DMSO and 
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absorbance was measured on a microplate reader at 550 nm. The cell viability (%) of each 

example was evaluated (Table S4).

Table S4. Neuroprotective Activities of 1 and 2 against Serum-Deprivation-Induced PC12 

Cell Damage and Rotenone-Induced PC12 Cell Damage (10 μM means ± SD, n = 12)a

serum-deprivation (%) rotenone (%)
group 10 μM 10 μM
control 100.0 ± 4.1 100.0 ± 3.0
model 31.3 ± 5.3### 59.9 ± 3.0###

NGFb 35.3 ± 4.7*** 96.7 ± 3.1***

1 41.0 ± 4.9*** 76.8 ± 2.3***

2 43.2 ± 5.7*** 75.1 ± 3.8***

a###p < 0.001 vs. control, ***p < 0.001 vs. model. bNFG is the abbreviation of nerve 

growth factor.
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Figure S2. UV spectrum of 1.
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Figure S3. IR spectrum of 1.



S11

Figure S4. HRESIMS of 1.
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Figure S5. 1H NMR spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S6. 13C NMR spectrum of 1 in DMSO-d6 (125 MHz).
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Figure S7. DEPT NMR spectrum of 1 in DMSO-d6 (125 MHz).
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Figure S8. HSQC spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S9. HMBC spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S10. 1H-1H COSY spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S11. TOCSY spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S12. ROESY spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S12a. Expanded ROESY spectrum of 1 in DMSO-d6 (500 MHz).
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Figure S13. UV spectrum of 2.



S22

Figure S14. IR spectrum of 2.
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Figure S15. HRESIMS of 2.
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Figure S16. 1H NMR spectrum of 2 in DMSO-d6 (500 MHz).
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Figure S17. 13C NMR spectrum of 2 in DMSO-d6 (125 MHz)
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Figure S18. DEPT NMR spectrum of 2 in DMSO-d6 (125 MHz).
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Figure S19. HSQC spectrum of 2 in DMSO-d6 (500 MHz).
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Figure S20. HMBC spectrum of 2 in DMSO-d6 (500 MHz).
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Figure S21. 1H-1H COSY spectrum of 2 in DMSO-d6 (500 MHz).
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Figure S22. TOCSY spectrum of 2 in DMSO-d6 (500 MHz).
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Figure S23. ROESY spectrum of 2 in DMSO-d6 (500 MHz).
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