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Experimental Methods 

For structural input for calculations in general, the molecules were manually built based on conformations described 

earlier. For phenytoin (PHT), structural input used data from crystallo-graphic [1] and computational studies [2–10], 

while for the structure of the Δ2(E)-valproic acid derivative data from molecular modeling experiments were consulted 

[11,12]. For natural cannabidiol, that is (–)-(R,R)-CBD, crystallographic [13–15] and solution NMR experiments 

[16,17], as well as molecular modeling studies [16–22] provided guidance. Accordingly, the cyclohexene moiety of 

CBD assumes a half-chair conformation with the resorcinol group in a pseudo-equatorial and the isopropenyl group in 

an equatorial position; for calculations, the n-pentyl side chain in a fully extended conformation was chosen. 

Electrostatic potential maps (EPMs) projected onto the electron density surface of the energy minimized molecules 

were calculated by B97X-D/6-31G* density functional method using the C-PCM continuum solvation model (water) 

(Spartan’16 Version 2.0.7, Wavefunction, Inc., Irvine, CA, USA). The surfaces were color-coded according to the 

potential with electron rich regions colored red and electron poor regions colored blue. Figure 4 (main text) displays the 

molecules in similar orientation as derived from their overlays (as in Figure 3B in main text) by five tethered atom pairs 

of PHT and 7-COOH-CBD (atoms of the hydantoin imidic -CONH with -COOH of the CBD metabolite, and atoms of 

the pivot bond connecting the hydantoin and phenyl rings of PHT or the cyclohexenyl and aryl moieties of the 

cannabinoid). 

Superpositions shown in Figures 3, 5 and 6 in the main text were done using Discovery Studio Visualizer 4.1 

(Accelrys/BIOVIA, San Diego, CA, USA) software as follows. The molecules were manually built, and their energy 

minimized conformation was obtained using CHARMm molecular mechanics simulation. The optimized structures of 

the (S,S), (S,R), and (R,S) isomers of CBD were obtained in two steps: First, the terpenyl fragment with the desired 

configuration was built manually and its minimum energy conformation was calculated. In the second step, the 

appropriate isomer was joined with the olivetol fragment in the desired stereochemical arrangement and the minimum 

energy conformation of the full CBD structure was then calculated. Alignments of the molecules were done either by 

balanced (50:50) steric + electrostatic fields overlay or by selected atom–atom tethers according to command options in 

the Structure/Superimpose/Molecular Overlay menu of the software. Hydrogen atoms are omitted except where 

indicated. The energy minimized structures of the individual molecules in the orientation used for the relevant 

superpositions are shown in Figures S1-S5 of the Supplementary material (see below). 
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Supplementary Table 

Chemical structure, short name and SMILES notation of compounds specifically mentioned in the text 

 

Structure Short name SMILES notation 

 

Phenytoin 

(PHT) 

O=C1NC(=O)C(N1)(c2ccccc2)c3ccccc3 

 

Valproic acid CCCC(CCC)C(=O)O 

 

2(E)-Valproic acid CCC\C(=C/CC)\C(=O)O 

 

9-THC CCCCCc1cc(O)c2[C@@H]3C=C(C)CC[C@H]3C(C)(C)Oc2c1 
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11-OH-THC CCCCCc1cc(O)c2[C@@H]3C=C(CO)CC[C@H]3C(C)(C)Oc2c1 

 

CBD CCCCCc1cc(O)c([C@@H]2C=C(C)CC[C@H]2C(=C)C)c(O)c1 

 

7-OH-CBD CCCCCc1cc(O)c([C@@H]2C=C(CO)CC[C@H]2C(=C)C)c(O)c1 

 

7-COOH-CBD CCCCCc1cc(O)c([C@@H]2C=C(CC[C@H]2C(=C)C)C(=O)O)c(O)c1 
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CBDV CC(=C)[C@@H]2CCC(C)=C[C@H]2c1c(O)cc(CCC)cc1O 

 

7-OH-CBDV CCCc1cc(O)c([C@@H]2C=C(CO)CC[C@H]2C(=C)C)c(O)c1 

 

Cyclohexyl-PHT 

analogue 

O=C1NC(=O)C(N1)(C2CCCCC2)c3ccccc3 

 

5-Cyclohexenyl-PHT 

analogue 

O=C1NC(=O)C(N1)(C2=CCCCC2)c3ccccc3 
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2’-OH-PHT Oc1ccccc1C2(NC(=O)NC2=O)c3ccccc3 

 

Cyclohex-1-ene–

carboxylic acid 

OC(=O)C1=CCCCC1 

 

Diphenylacetic acid OC(=O)C(c1ccccc1)c2ccccc2 

 

(S,S)-CBD CCCCCc1cc(O)c([C@H]2C=C(C)CC[C@@H]2C(=C)C)c(O)c1 

 

(R,S)-CBD CCCCCc1cc(O)c([C@@H]2C=C(C)CC[C@@H]2C(=C)C)c(O)c1 

OOH
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(S,R)-CBD CCCCCc1cc(O)c([C@H]2C=C(C)CC[C@H]2C(=C)C)c(O)c1 

  



 

Supplementary Figures 

 

 

Figure S1. Energy-minimized structures of phenytoin (PHT; gold carbon atoms) and CBD (green carbon atoms) in 

the orientation proposed by Tamir et al. (Ref. 16 in Supplementary material and Ref. 56 in main text). For 

superposition, see figure 3A in main text. 

 

 

Figure S2. Energy-minimized structures of PHT (gold carbon atoms) and 7-COOH-CBD (green carbon atoms) in the 

orientation proposed in this study. For superposition, see figure 3B in main text. 
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Figure S3. Energy-minimized structures of Δ2(E)-valproic acid (gold carbon atoms) and CBD (green carbon atoms). 

For superposition, see figure 5 in main text. 

 

 

Figure S4. Energy-minimized structures of (R,R)-CBD (green carbon atoms) and (S,S)-CBD (gold carbon atoms). 

Note that the isopropenyl moiety is in pseudo-equatorial position in both isomers. For superposition, see figure 6 in 

main text. 

 

 

 

Figure S5. Energy-minimized structures of (R,S)-CBD (left) and (S,R)-CBD (right). 

 

 


