
 

 
 

 
 

 
 

 
 

 
 

  

-
- –

 
  

-

-

 

 
 

 
  

-

–
-  



 
 

 

-
 

– -  
– -  
–  

1

2 3 4

- 5 - 6
7

8
 

  
- -

-

 
 

 

 
 



 
 

–  
 

 
 

-

-  
 

 

-
 

http://limor1.nioch.nsc.ru/quant/bromination/heterocycle/


-
 

 
 

-

- –  
 

 

 
1 Grimme S. J. Exploration of Chemical Compound, Conformer, and Reaction Space with Meta-Dynamics Simulations 

Based on Tight-Binding Quantum Chemical Calculations // Chem. Theory Comput. 2019, 15, 2847–2862. DOI: 

10.1021/acs.jctc.9b00143 

2 (a) Laikov D. N. Fast evaluation of density functional exchange-correlation terms using the expansion of the electron 

density in auxiliary basis sets // Chem. Phys. Lett. 1997, Vol. 281, P. 151-156. DOI: 10.1016/S0009-2614(97)01206-2; 

(b) Laikov D. N., Ustynyuk Y. A., PRIRODA-04: a quantum-chemical program suite. New possibilities in the study of 

molecular systems with the application of parallel computing // Russ. Chem. Bull. 2005, Vol. 54, P. 820-826. DOI: 

10.1007/s11172-005-0329-x 

3 Perdew J. P., Burke K., Ernzerhof M.  Generalized Gradient Approximation Made Simple // Phys. Rev. Lett. 1996, Vol. 

77, P. 3865- 3868. DOI: 10.1103/PhysRevLett.77.3865 

4 (a) Laikov D. N. A new class of atomic basis functions for accurate electronic structure calculations of molecules // Chem. 

Phys. Lett. 2005, Vol. 416, P. 116-120. DOI: 10.1016/j.cplett.2005.09.046; (b) Laikov D. N. Atomic basis functions for 

molecular electronic structure calculations // Theor. Chem. Acc. 2019, Vol. 138:40. DOI: 10.1007/s00214-019-2432-3. 

5 Grimme S., Hansen A., Ehlert S., Mewes J.-M. r2SCAN-3c: A “Swiss army knife” composite electronic-structure method 

// J. Chem. Phys. 2021, Vol. 154, P. 064103. DOI: 10.1063/5.0040021 

6 Barone V., Cossi M. Quantum calculation of molecular energies and energy gradients in solution by a conductor solvent 

model // J. Phys. Chem. A. 1998. Vol. 102, No. 11. P. 1995–2001. 

7 Neese F. (2017) Software update: the ORCA program system, version 4.0, Wiley Interdiscip. Rev.:Comput. Mol. Sci., 8, 

e1327 

8 Grimme S., Hansen A. A practicable real-space measure and visualization of static electron-correlation effects // Angew. 

Chem. Int. Ed. 2015. Vol. 54, No. 42. P. 12308–12313. 


