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1 Experimental Sec on – Synthesis of Compounds 1 and Ao,m,p 

Compounds Ao,m,p have been synthesised in two steps, as reported by Choi et al., Scholz et al. and Kasar et al.1–3. 

Compound 1 was prepared from commercially available starting materials as described by Aly et al.4. 

 

 

Scheme S1. Synthesis of compounds Ao,m,p and 1. Reagents and conditions: (A) (i) n-butyllithium (n-BuLi), Et2O, CO2, rt, 16−21 h; (ii) HCl; (B) 
PCl5, toluene, rt, 1 h; (C) (i) dry DMF, NaH, rt, 80 min, (ii) dry DMF, 2-bromoethyl methyl ether, 90 °C, 1 d. 

2 NMR Spectra of Compounds 2o, 2m and 2p  
Compound 2o 

 

Figure S1. 1H NMR spectrum of compound 2o in CDCl3. 
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Figure S2. 11B{1H} NMR spectrum of compound 2o in CDCl3. 

 

Figure S3. 13C{1H} NMR spectrum of compound 2o in CDCl3. 
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Figure S4. HSQC (1H, 13C) NMR spectrum of compound 2o in CDCl3. 

 

Figure S5. HMBC (1H, 13C) NMR spectrum of compound 2o in CDCl3. 
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Compound 2m 

 

Figure S6. 1H NMR spectrum of compound 2m in CDCl3. 

 

Figure S7. 11B{1H} NMR spectrum of compound 2m in CDCl3. 
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Figure S8. 13C{1H} NMR spectrum of compound 2m in CDCl3. 

 

Figure S9. COSY (1H, 1H) NMR spectrum of compound 2m in CDCl3. 
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Figure S10. HSQC (1H, 13C) NMR spectrum of compound 2m in CDCl3. 
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Compound 2p 

 

Figure S11. 1H NMR spectrum of compound 2p in CDCl3 

 

Figure S12. 11B{1H} NMR spectrum of compound 2p in CDCl3. 
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Figure S13. 13C{1H} NMR spectrum of compound 2p in CDCl3. 

 

Figure S14. COSY (1H, 1H) NMR spectrum of compound 2p in CDCl3. 
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Figure S15. HSQC (1H, 13C) NMR spectrum of compound 2p in CDCl3. 
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3 HR-ESI Mass Spectra of Compounds 2o, 2m and 2p 

 

Figure S16. SecƟon of the HRMS (ESI+) of compound 2o in CH3CN.  

 

Figure S17. SecƟon of the HRMS (ESI+) of compound 2m in CH3CN.  
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Figure S18. SecƟon of the HRMS (ESI+) of compound 2p in CH3CN. 
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4 Determina on of HPLC Purity of Compounds 2o, 2m and 2p 

The purity was determined with HPLC-MS on a RP column. All compounds were dissolved in CH3CN and 

prior to the sample, a blank sample was measured. All compounds had a purity >95%. The double-

signal appeared because of the column used. A compound relaƟon was excluded, since the signals 

could not be resolved using a variaƟon of the gradient.  

Compound 2o 

 

Figure S19. RP-HPLC chromatogram of blank (CH3CN) and compound 2o, retention time: 10.2 min. 

 

Figure S20. MS(+) of compound 2o, retention time: 10.2 min. 
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Compound 2m 

 

Figure S21. RP-HPLC chromatogram of blank (CH3CN) and compound 2m, retention time: 9.8 min. 

Compound 2p 

 

Figure S22. RP-HPLC chromatogram of blank (CH3CN) and compound 2p, retention time: 10.0 min. 
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5 Determina on of the Stability of Compounds 2o, 2m and 2p by HPLC 

The stability was determined with HPLC-MS on an RP column. The samples have been measured in 

DMSO/H2O (1:1, v/v). The measurements have been started directly aŌer addiƟon of H2O to the 

respecƟve compounds dissolved in DMSO. Prior to each target compound, a blank sample (pure 

DMSO/H2O, 1:1, v/v) was measured. The double-signals are observed due to the column used. A 

variaƟon of the gradient could not resolve the double-signals. 

Compound 2o 

 

Figure S23. RP-HPLC chromatograms of blank (DMSO/H2O, black) and compound 2o, retention time: 10.2 min, purity after 22 h:~ 95% 

Compound 2m 

 

Figure S24. RP-HPLC chromatograms of blank (DMSO/H2O, black) and compound 2m, retention time: 9.8 min, purity after 7 h: unchanged. 
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Compound 2p 

 

Figure S25. RP-HPLC chromatograms of blank (DMSO/H2O, black, grey) and compound 2p, retention time: 10.0 min, purity after 1 d: unchanged. 

6 Docking Studies of Compounds 2o, 2m and 2p 

The structures of 2o, 2m and 2p were constructed in silico and opƟmised using the semiempirical PBEh-

3c method developed by the ORCA team.5 Molecular docking was performed using AutoDockTools46 

with the Lamarckian GeneƟc Algorithm.7 The force-field parameters for boron atoms were manually 

added to the AutoDockTools4 parameter file. 

The protein structure (PDB ID: 5ZTY)8 was obtained from the Protein Data Bank (PDB) and originally 

contained the ligand N-(adamantan-1-yl)-1-(5-hydroxypentyl)-4-methyl-5-phenyl-1H-pyrazole-3-

carboxamide. The docking site was selected based on the posiƟon of this ligand within the binding 

pocket. Prior to docking, the ligand and water molecules were removed, and the protein structure was 

protonated using Reduce soŌware.9 

For docking, water molecules were eliminated, and non-polar hydrogen atoms were merged. The 

docking grid box was set with the parameters below:  

52 x 46 x 50 centre at (8.12, 3.367, -60.146), 

aligning with the ligand-binding domain (LBD). 

The following docking parameters were used: 

 Number of hybrid GA-LS runs: 100 

 PopulaƟon size: 150 

 Maximum number of energy evaluaƟons: 25,000,000 

 Top individuals surviving to the next generaƟon: 1 

 Gene mutaƟon rate: 0.02 

 Crossover rate: 0.8 

 Mean of Cauchy distribuƟon for gene mutaƟon: 0.0 

 Variance of Cauchy distribuƟon for gene mutaƟon: 1.0 
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7 Chemical Structures of Compounds SR141716A and WIN55212-2 
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Figure S26. Chemical structures of compounds SR14176A (CB1R antagonist/inverse agonist) and WIN55212-2 (CB2R agonist). 
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