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Supplementary file 1 

 

Structure elucidation of 3-O-acetyl-16β-hydroxycucurbitadienol  

 

Isolation  

  

For isolation of 3-O-acetyl-16β-hydroxy-cucurbitadienol, 100 transiently-transformed-tabaco leaves co-

expressing IaCPQ with CYP708A16 and IaCUCA1, were ground in liquid nitrogen and extracted. In general, 

2 g of the ground leaf powder was extracted with 50 ml of ethyl acetate, incubated at 37 °C for 1h, centrifuged 

for 20 min at 4000 g, and all the supernatant was transferred to a new vial and evaporated under vacuum. The 

pellet was suspended in 4 ml methanol. 90 µl of the methanol suspensions from both extracts were separated 

using a Dionex UltiMate 3000 semi-preparative high-performance liquid chromatography (Thermo Fisher 

Scientific, Waltham, MA, USA) equipped with a Supelco C18 column (150 x 4.0 mm i.d., 5 µm particle size), 

an ultraviolet-visible detector, and an automated fraction collector. The mobile phases were water (A) and 

acetonitrile (B). The gradient program was: 0-1 min, isocratic 50% B; 1-15 min, linear gradient 50%-100% B; 

15-25 min isocratic 100% B; 25-26 min with a flow rate of 1.5 ml/min. Fractions for 3-O-acetyl-16β-hydroxy-

cucurbitadienol were collected at intervals of 21.95-22.45 min, about 1 mg was collected. Purified 3-O-acetyl-

16β-hydroxy-cucurbitadienol was reanalyzed using GC-MS as described above to confirm the purity of the 

compound. 

Nuclear Magnetic Resonance (NMR) spectroscopy  

 

NMR data were recorded at 300K using AVANCE III 600 MHz NMR spectrometers (Bruker Biospin, 

Rheinstetten, Germany)  operating at frequency of 600.13 MHz and equipped with a 5 mm inverse probe (BBI) 

with z-gradient and automated tuning and matching and cooling unit BCU-05 or BCU-I, an automated sample 

changer (Bruker SampleJet) with sample cooling, and pre-heating station. Pulse programs for 1D and 2D NMR 

experiments were acquired from Bruker User Library for Small Molecular Experiments.   

 

Conditions of 1D and 2D NMR experiments 

Experiment* PULPROG FIDS Size of each 

FID 

Spectral 

width 

(ppm) 

Acquisition 

time in sec 

(AQ) 

Relaxation delay 

(D1) in sec 

1D 1H zgcppr 512 65536 20 2.72 1.5 

COSY cosyphpr 64 8192 (F2) 

256 (F1) 

10 0.68 (F2) 

0.02 (F1) 

1.5 

TOCSY mlevphpr 80 8192 (F2) 

256 (F1) 

10 0.68 (F2) 

0.02 (F1) 

1.5 

HSQC hsqcphpr 512 8192 (F2) 

256 (F1) 

10 (F2) 

240 (F1) 

0.133 (F2) 

0.007 (F1) 

1.5 

HMBC hmbcetgpl3nd 64 4096 (F2) 

512 (F1) 

10 (F2) 

240 (F1) 

0.227 (F2) 

0.007 (F1) 

1.5 

*1D 1H (One-dimensional proton NMR spectroscopy); Correlation Spectroscopy (COSY); Total Correlation 

Spectroscopy (TOCSY); Heteronuclear Single Quantum Coherence (HSQC),  Heteronuclear Multiple Bond 

Correlation (HMBC), NOESY (Nuclear Overhauser Effect Spectroscopy), ROESY (Rotating-frame 

Overhauser SpectroscoPY) 
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Structure elucidation of 3-O-acetyl-16β-hydroxycucurbitadienol was based on 1D and 2D NMR experiments. 

Approximately 1 mg of sample was dissolved in 650 μL methanol-d4. The acquired data were calibrated 

according to the residual solvent (methanol-d4) peaks at 3.31 ppm for 1H spectra, and 49.01 ppm for 13C 

spectra. Both 1D 1H NMR spectrum and 2D NMR data were compared with the data published on 

cucurbitadienol and 16,22-dihydroxycucurbitadienol [1, 2]. The 1H NMR spectrum depicted seven singlets 

corresponding to methyl groups at δ 0.85 (H30), 0.90 (H18), 0.93 (H19), 1.04 (H29), 1.07 (H28), 1.61 (H27), 

and 1.66 (H26). A methyl of H21 was doublet (d, δ 0.97, 6.7 Hz) due to the neighbouring proton H20 (m, δ 

1.88). A doublet of triplet at δ 5.55 corresponded to the olefinic proton H6 (1.8 Hz, 6.0 Hz), which correlates 

to δ 120.3 in HSQC corresponding to C6. A triplet of triplet at δ 5.15 corresponded to the olefinic proton H24 

(7.14 Hz, 1.36 Hz), which correlates to C24 (δ 126.3 ) in HSQC. The tt splitting pattern of H24 comes from 

coupling of two chemically not equivalent protons of H23 (AB system), with the coupling constant of 7.14 Hz, 

and further split into two doublets by the two methyl groups at C26 and C27, with the same coupling constant 

of 1.36 Hz. A hydroxylated carbon C3 (δ 80.1) showed a cross correlation with a triplet at δ 4.69, corresponding 

to H3 (2.7 Hz) in HSQC. Significant shift of H3 and C3 signals towards low field was related to the acetylation 

of the hydroxyl group at C3. The methyl group of the acetyl moiety (CH3CO, s, 1.99) was identified as singlet 

at δ 1.99 which depicted cross correlations with δ 20.7 (CH3CO) and δ 173.0 (CH3CO) of in HSQC and HMBC 

spectra, respectively. The other hydroxylated carbon C16 (δ 72.7) correlates to a signal at δ 4.38 (td, H16, 7.6, 

5.8, 1.9 Hz) in HSQC. The td multiplicity of H16 is derived from three neighbouring protons, α- and β-

positioned H15 (δ 1.21, δ 1.93, m) and H17 (δ 1.66, dd, 11.6, 7.6). Two protons of H15 experience different 

chemical environment due to the rigid pentacylic ring, thus experience different coupling to H16 and form a 

doublet of doublet (dd). Subsequently the H17 further splits this dd with coupling constant of 7.6 Hz and forms 

td. The coupling constants of 5.8 and 1.9 Hz of H16 originate from the two protons H15. The β-position of 

H16 in 16β,22-dihydroxycucurbitadienol has been shown through ROESY spectrum in the previous study [2], 

thus compound 1, which is also obtained through the activity of the same enzyme, also has H16 in β-position. 

In a similar manner the COSY and TOCSY spin system identification matched that of the previously reported 

16β,22-dihydroxycucurbitadienol [2]. 

 

 

 
Figure 1. Structure of 3-O-acetyl-16β-hydroxycucurbitadienol..  

 

Table 2. One-dimensional proton and two-dimensional Heteronuclear Single Quantum Coherence (HSQC),  

Heteronuclear Multiple Bond Correlation (HMBC) data recorded on 3-O-acetyl-16-hydroxycucurbitadienol. 

1D 1H column illustrates chemical shifts (ppm), multiplicity (s=singlet, d=doublet, t=triplet, br d=broad 

doublet, ddd=doublet of doublet of doublets, tt= triplet of triplet) as well as the spin-spin coupling constants 

(in Hz). HSQC data represents chemical shifts of protonated 13C atoms while HMBC data shows correlation 

of proton with neighbouring 13C atoms. COSY and TOCSY spectral data illustrate correlations of protons at 

neighbouring carbons (data not shown).  
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Pos. δ 13C δ 1H (nH, multiplicity, J in 

Hz)b 

HMBCc 

1 22.6 1.46 (1H, m) 

1.61 (1H, m) 

C-10 

2 27.3 1.75 (1H, m) 

1.90 (1H, m) 

 

3 80.1 4.69 (1H, t, 2.7)  

4 40.4   

5 142.6   

6 120.5 5.55 (1H, dt, 1.8, 6.0) C-4, C-7, C-8, 

C-10 

7 25.0 1.84 (1H, m) 

2.41 (1H, m) 

C-5, C-9 

8 44.5 1.85 (1H, d, 7.5) C-6, C-7, C-9, 

C-10, C-14, C-

19, C-30 

9 47.3   

10 39.3 2.33 (1H, m) C-2, C-28 

11 32.7 1.51 (1H, m) 

1.69 (1H, m) 

C-9, C-13, C-

14 

12 31.3 1.55 (1H, m) 

1.73 (1H, m) 

C-9, C-13, C-

14 

13 48.1*   

14 48.1*   

15 47.9 1.93 (1H m) 

1.21 (1H, m) 

 

C-9, C-13, C-

14, C-16, C-

17, C-30 

16 72.7 4.38 (1H, ddd, 7.6, 5.8, 1.9) C-15 

17 55.6 1.66 (1H, dd, 11.6, 7.6) C-9, C-20 

18 14.1 0.90 (3H, s) C-9, C-13, C-

14, C-17, C-20 

19 28.0 0.93 (3H, s) C-8, C-10, C-

11 

20 31.1 1.88 (1H, m) C-17, C-18 

21 18.5 0.96 (3H, d, 6.7) 

0.97 

C-17, C-22 

22 37.4 1.04 (1H, m) 

1.67 (1H, m) 

C-17, C-18, C-

24 

23 25.9 1.94 (1H, m) 

2.08 (1H, m) 

C-20, C-22, C-

24 

24 126.3 5.15 (1H, tt, 7.14, 1.36) C-26, C-27 

25 133.1*   

26 25.5 1.66 (3H, s) C-24, C-25, C-

27 
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27 17.4 1.61 (3H, s) C-24, C-25, C-

26 

28 27.7 1.07 (3H, s) C-3, C-5, C-9, 

C-13, C-14, C-

29 

29 25.1 1.04 (3H, s) C-3, C-5, C-9, 

C-13, C-14, C-

28 

30 19.3 0.85 (3H, s) C-8, C-9, C-

13, C-14 

1’ 173   

2’ 20.7 1.99 C1’ 

* Chemical shift (ppm), multiplicity and spin-spin coupling constants (Hz) of protons were obtained from the 

1D 1H NMR spectrum. A HSQC data enabled determination of chemical shifts of protonated carbon (13C) 

atoms while HMBC allowed identification of carbon atoms without neighbouring protons. 
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