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Compound characterization spectra 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure S1. ATR-FTIR spectrum of the CAF-Br (2) compound. 
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Figure S2. 1H NMR spectrum (400 MHz, CDCl₃) of the CAF-Br (2) compound. 



 
 

 

Figure S3. 13C NMR spectrum (100 MHz, CDCl₃) of the CAF-Br (2) compound. 



 
 

 

 

 

 

 

Figure S4. ESI-(+)-MS spectrum (50-1000 m/z) of the CAF-Br (2) compound. 

 

 

 

 

 

 

 



 
 

 

 

 

 

Figure S5. ATR-FTIR spectrum of the CAF-Ethanolamine (3) compound. 
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Figure S6. 1H NMR spectrum (400 MHz, MeOD) of the CAF-Ethanolamine (3) compound. 



 
 

 

Figure S7. 13C NMR spectrum (100 MHz, MeOD) of the CAF-Ethanolamine (3) compound. 

 



 
 

 

 

 

 

 

Figure S8. ESI-(+)-MS spectrum (50-1000 m/z) of the CAF-Ethanolamine (3) compound. 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S9. ATR-FTIR spectrum of the CAF-Phenol (4) compound. 
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Figure S10. 1H NMR spectrum (400 MHz, CDCl₃) of the CAF-Phenol (4) compound. 



 
 

 

Figure S11. 13C NMR spectrum (100 MHz, CDCl₃) of the CAF-Phenol (4) compound. 



 
 

 

 

 

 

 

Figure S12. ESI-(+)-MS spectrum (50-1000 m/z) of the CAF-Phenol (4) compound. 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S13. ATR-FTIR spectrum of the CAF-p-Cresol (5) compound. 
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Figure S14. 1H NMR spectrum (400 MHz, CDCl₃) of the CAF-p-Cresol (5) compound. 



 
 

 

Figure S15. 13C NMR spectrum (100 MHz, CDCl₃) of the CAF-p-Cresol (5) compound. 



 
 

 

 

 

 

Figure S16. ESI-(+)-MS spectrum (50-1000 m/z) of the CAF-p-Cresol (5) compound. 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S17. ATR-FTIR spectrum of the CAF-Tyrosol (6) compound. 
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Figure S18. 1H NMR spectrum (400 MHz, CDCl₃) of the CAF-Tyrosol (6) compound.  



 
 

 

Figure S19. 13C NMR spectrum (100 MHz, CDCl₃) of the CAF-Tyrosol (6) compound. 



 
 

 

 

 

 

 

 

 

Figure S20. ESI-(+)-MS spectrum (50*1000 m/z) of the CAF-Tyrosol (6) compound.  



 
 

 

 

Figure S21. ATR-FTIR spectrum of the CAF-Paracetamol (7) compound. 
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Figure S22. 1H NMR spectrum (400 MHz, CDCl₃) of the CAF-Paracetamol (7) compound. 



 
 

 

Figure S23. 13C NMR spectrum (100 MHz, CDCl₃) of the CAF-Paracetamol (7) compound. 



 
 

 

 

 

 

 

 

 

Figure S24. ESI-(+)-MS spectrum (50-1000 m/z) of the CAF-Paracetamol (7) compound.



 
 

Atomic coordinates of the stationary points and spin density maps calculated by DFT 

 

Intermediate 1 

 

 

 

spin density map 

 

 

Intermediate 2 

 

 

spin density map 

 

 

 



 
 

Intermediate 3 

 

 

 

spin density map 

 

 

 

 

Intermediate 4 

 

 

 

spin density map 

 

 

 

 



 
 

Homology assessment between human AChE and the enzyme used in in vitro assays 

 

Given that the evaluation of the cholinesterase potential of the compounds was conducted using AChE from 

Torpedo californica, it is necessary to perform a homology analysis between the enzyme employed in the assay and the 

enzyme from Homo sapiens. This analysis aims to ensure that the results obtained with the fish-derived enzyme are 

reproducible with the human enzyme. The homology result for this enzyme is presented in Figure S25. 

The alignment between the human and fish AChE sequences revealed a significant degree of similarity. The 

root-mean-square deviation (RMSD) value obtained in this study was 0.63 Å. According to data reported in the 

literature,1-4 RMSD values below 1.0 Å are considered acceptable to ensure a good level of homology between the 

evaluated enzymes.  

 

Figure S25. Re-docking of galantamine into human AChE (PDB ID: 4EY6). Galantamine co-crystallized with the enzyme 

is shown in element-based colors, while the galantamine pose obtained from the molecular docking study is shown in 

yellow. 

 

Single crystal X-ray diffraction  

 

Room temperature (296(2) K) single-crystal X-ray diffraction data were measured on a Bruker-AXS Kappa Duo 

X-ray diffractometer adapted with a Photon II CMOS detector. X-ray MoKα beam was generated from a microfocus source. 

Cell indexing and intensity dataset collect strategy setup and treatment were performed with the Bruker software SAINT 

and SADABS (Bruker AXS Inc., 2015). Structure solutions and refinements were dealt with SHELXS and SHELXL,5 

respectively. MERCURY (Cambridge Crystallographic Data Centre (CCDC), version 4.0)6 was chosen to prepare the 

crystal structure projections. Non-hydrogen and hydrogen atoms were treated as anisotropic and isotropic (1.2Uiso(C or N) 

or 1.5Uiso(Cmethyl or O)) in the refinements, respectively. For hydrogen sites, a riding model was employed, with fixed bond 

lengths and angles following their bonded carbon, nitrogen or oxygen atoms. The entire X-ray diffraction datasets, loading 

all structure factors and RES refinement file, were deposited in CCDC under deposit code shown in Table S1. In this table, 

a summary of the crystal data collects, raw data treatments and the refinement statistical parameters can be found. 

 

 

  



 
 

Table S1. Crystal data and refinement statistics for the two caffeine derivatives elucidated here 

 

 CAF-Tyrosol (6) CAF-Ethanolamine (3) 

Structural formula C16H18N4O4 C10H15N5O3 

Molar weight / (g mol-1) 330.34 253.27 

Crystal system monoclinic monoclinic 

Space group P21 P21/c 

Z 2 4 

 / Å 0.71073 0.71073 

Tempoerature / K 296(2) 296(2) 

Unit cell dimensions a / Å 10.6394(16) 7.957(3) 

 b / Å 5.4724(8) 16.570(6) 

 c / Å 13.8989(19) 9.014(4) 

  / degree 110.069(5) 103.050(9) 

V  / Å3 760.10(19) 1157.7(8) 

Calculated density / (Mg M-3) 1.443 1.453 

Absorption coefficient / (M m-1) 0.106 0.111 

-range for data collection / degree 1.560-25.052 2.625-25.056 

Index ranges 

−12 to 12 −9 to 9 

−6 to 6 −19 to 17 

−16 to 16 −9 to 10 

Data collected 6685 7774 

Unique reflections 2603 2030 

Unique reflections with I > 2(I) 1766 1452 

Symmetry factor (Rint) 0.0612 0.0716 

Completeness to max 99.7 98.8 

F (000) 348 536 

Parameters refined 217 163 

Goodness-of-fit on F2 0.940 1.161 

Final R1 factor for I > 2(I) 0.0592 0.1127 

wR2 factor for all data 0.1501 0.3295 

Largest diff. peak / hole / (e Å-3) − − 

CCDC deposit number   

 a-c: unit cell parameters; V: volume; Z: formula unit per unit cell; R(int): internal R-value; R1: R-value; wR2: R-value for 

F2; CCDC: Cambridge Crystallographic Data Centre.
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