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COMPUTATIONAL METHODS 

Recent studies on polar and non-polar cycloaddition reactions have allowed 
selecting the MPWB1K1 functions in conjunction with the 6-311G(d,p)2 as the 
most adequate computational model to study 32CA reactions and has been 
consequently applied in the present MEDT study. The Berny analytical gradient 
optimization method3 was used for the optimizations and the stationary points 
were characterized by frequency calculations verifying the absence of imaginary 
frequency for the minima and TSs with one imaginary frequency. The energy 
profile connecting the TS and the associated minima was verified from the 
Intrinsic Reaction Coordinate (IRC)4 calculations using the second order Gon-
zález–Schlegel integration method.5,6 Solvents effects in toluene, THF, dichloro-
ethane, acetonitrile, DMSO and water were studied by optimizing the structures 
in the respective solvents using the polarizable continuum model (PCM)7,8 
within the self-consistent reaction field (SCRF)9–11 framework at PCM/  
/MPWB1K/6-311G(d,p) level of theory. The thermodynamic calculations were 
performed at 298 K and 101.325 kPa pressure. Natural population analysis 
(NPA)12,13 was performed at the TSs to calculate the GEDT11 from the sum of 
natural atomic charges (q) at each framework (f) using the formula GEDT: 
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where the positive GEDT denotes transfer of electron density from the con-
sidered framework. The CDFTindices12,13 were calculated from the standard 
equations reviewed in Reference 14. All calculations were performed using the 
Gaussian 16 suite of programs.14 The topological analysis of the ELF and the 
AIM and the IGMH calculations were realized using Multiwfn15 software. The 
ELF isosurfaces were visualized using UCSF Chimera16 software, and the IGMH 
isosurfaces were visualized by VMD software.17 

REFERENCES 
1. Y. Zhao, D. G. Truhlar, J. Phys. Chem., A 108 (2004) 6908 

(https://doi.org/10.1021/jp048147q) 
2. W. J. Hehre, L. Radom, PVR Schleyer, J. Pople, Ab initio Molecular Orbital Theory. 

Wiley, New York, 1986 
3. H. B. Schlegel, J. Comput. Chem. 3 (1982) 214 (https://doi.org/10.1002/jcc.540030212) 
4. K. Fukui, J. Phys. Chem. 74 (1970) 4161 (https://doi.org/10.1021/j100717a029) 
5. C. González, H. B. Schlegel, J. Phys. Chem. 94 (1990) 5523 

(https://doi.org/10.1021/j100377a021) 
6. C. González, H. B. Schlegel Chem. Phys. 95 (1991) 5853 

(https://doi.org/10.1063/1.461606) 
7. J. Tomasi, M. Persico, Chem. Rev. 94 (1994) 2027 

(https://doi.org/10.1021/cr00031a013) 
8. B. Y. Simkin, I. Sheikhet, Quantum Chemical and Statistical Theory of Solutions-A 

Computational Approach, Ellis Horwood, London, 1995 
9. E. Cances, B. Mennucci, J. Tomasi, J. Chem. Phys. 107 (1997) 3032 

(https://doi.org/10.1063/1.474659) 
10. M. Cossi, V. Barone, R. Cammi, J. Tomasi, Chem. Phys. Lett. 255 (1996) 327 

(https://doi.org/10.1016/0009-2614(96)00349-1) 
11. V. Barone, M. Cossi, J. Tomasi, J. Comput. Chem. 19 (1998) 404. 

(https://doi.org/10.1002/(SICI)1096-987X(199803)19:4<404::AID-JCC3>3.0.CO;2-W) 
12. A. E. Reed, R. B. Weinstock, F. Weinhold, J. Chem. Phys. 83 (1985) 735 

(https://doi.org/10.1063/1.449486) 
13. A. E. Reed, L. A.Curtiss, F. Weinhold, Chem. Rev. 88 (1985) 899 

(https://doi.org/10.1021/cr00088a005) 
14. Gaussian 16, Gaussian, Inc., Wallingford, CT, 2016 
15. T. Lu, F. Chen, J. Comp. Chem. 33 (2012) 580 (https://doi.org/10.1002/jcc.22885) 
16. E. F. Pettersen, T. D. Goddard, C. C. Huang, G. S. Couch, D. M. Greenblatt, E. C. 

Meng, T. E. Ferrin, J. Comput. Chem. 25 (2004) 1605 
(https://doi.org/10.1002/jcc.20084) 

17. W. Humphrey, A. Dalke, K. Schulten, J. Molec. Graphics 14 (1996) 33 
(https://doi.org/10.1016/0263-7855(96)00018-5). 

 

 

________________________________________________________________________________________________________________________

(CC) 2022 SCS.

Available on line at www.shd.org.rs/JSCS/




