
S1 
 

Supplementary Materials 

Efficient synthesis of 4,8-dibromo derivative of strong electron-deficient 

benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) and its SNAr and cross-coupling 

reactions 

Timofey N. Chmovzh 1,2, Daria A. Alekhina1, Timofey A. Kudryashev 1,3, and Oleg A. 

Rakitin 1,* 

1 N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 119991 

Moscow, Russian Federation 

2 Nanotechnology Education and Research Center, South Ural State University, 454080 

Chelyabinsk, Russia 

3   Department of Chemistry, Moscow State University, 119899 Moscow, Russia 

 

* Correspondence: orakitin@ioc.ac.ru; Tel.: +7 499 135 5327 

 

 

 

Table of contents: 
1H, 13C NMR and HRMS spectra……………………………………………………… S2 

Quantum-chemical 
calculations………………………………………………………..S56 



S2 
 

1H, 13C NMR and HRMS spectra 
 

4,8-Dibromobenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (1) 

13C NMR(75 MHz)  

 

 

 

 



S3 
 

 

 

 

 

 

 

 

 

 



S4 
 

 

4-(8-Bromobenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole)-4-yl)morpholine (12a) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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4-Bromo-8-(piperidin-1-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (12b) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4-Bromo-8-(pyrrolidin-1-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (12c) 

1H NMR (300 MHz)  

12  

13C NMR(75 MHz)  
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4-Bromo-8-(2,3,3a,8b-tetrahydrocyclopenta[b]indol-4(1H)-yl)benzo[1,2-d:4,5-
d']bis([1,2,3]thiadiazole) (12d) 

1H NMR (300 MHz)  

 

 

13C NMR(75 MHz)  
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8-Bromo-N-phenylbenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole)-4-amine (12e) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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4,8-Dimorpholinobenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (13a) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Di(piperidin-1-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (13b) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Bis(phenylthio)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (15a) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  

  



S22 
 

 

 

 

 

 

 



S23 
 

 

4,8-Bis(hexylthio)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (15b) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Bis(dodecylthio)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (15c) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4-Bromo-8-(thiophen-2-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (18a) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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4-Bromo-8-(4-hexylthiophen-2-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (18b) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4-([2,2'-Bithiophen]-5-yl)-8-bromobenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (18c) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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4-Bromo-8-(5-(2-ethylhexyl)thiophen-2-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) 
(18d) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4-Bromo-8-phenylbenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (18e) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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8-Bromo-4-(p-tolyl)benzo[1,2-d:5,4-d']bis([1,2,3]thiadiazole) (18f) 

1H NMR (300 MHz)  

 

 

13C NMR(75 MHz)  
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4-Bromo-8-(4-methoxyphenyl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (18g) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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4-(8-Bromobenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole)-4-yl)-N,N-diphenylaniline (18h) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Di(thiophen-2-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19a) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Bis(4-hexylthiophen-2-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19b) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Di([2,2'-bithiophen]-5-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19c) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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4,8-Bis(5-(2-ethylhexyl)thiophen-2-yl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19d) 

1H NMR (300 MHz)  

 

 

13C NMR(75 MHz)  
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4,8-Diphenylbenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19e) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  

 

] 
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4,8-Di-p-tolylbenzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19f) 

1H NMR (300 MHz)  

  

13C NMR(75 MHz)  
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4,8-Bis(4-methoxyphenyl)benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole) (19g) 

1H NMR (300 MHz)  
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4,4'-(Benzo[1,2-d:4,5-d']bis([1,2,3]thiadiazole)-4,8-diyl)bis(N,N-diphenylaniline) (19h) 

1H NMR (300 MHz)  

 

13C NMR(75 MHz)  
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Quantum-chemical calculations 

DFT calculations were performed with the Gaussian 16 Rev C.01.1 DFT 

calculations were performed with the Gaussian 16 Rev C.01. M11 DFT functional with 6-

31+g(d) basis set was used for all calculations. Calculations were performed in 

dichloromethane (PCM model). Data from X-ray diffraction experiments were used as 

starting points for geometry optimization. Cartesian coordinates are given in angstroms; 

absolute energies for all substances are given in hartrees. Analysis of vibrational 

frequencies was performed for the optimized structure. The compound was 

characterized by only real vibrational frequencies. Wavefunction stability, using stable 

keyword, was also checked for the molecule. 

For calculations of optimized geometries, frequencies, thermodynamics, HOMO 

and LUMO energies following keywords were used: 

# opt freq 6-31+g(d) scrf=(solvent=dichloromethane) nosymm m11 test 

 

 
 

 
 
 
 

 
 

 

                                                                                                                                                                        
 

Charge 0; multiplicity 1 

 
. 
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 S                  6.50031800    2.71554400    5.46659000 
 N                  4.44929700    3.60408300    4.33387400 
 N                  5.56231600    3.07917600    4.07791200 
 C                  2.98324600    4.44144200    7.59676800 
 C                  3.04398300    4.34416300    6.21269500 
 C                  4.20732800    3.78281500    5.69345300 
 S                  1.75621700    5.05904400    8.64216800 
 N                  3.80724800    4.17051900    9.77488200 
 N                  2.69423600    4.69543800   10.03084600 
 C                  5.27329500    3.33315800    6.51198800 
 C                  5.21255800    3.43043700    7.89606200 
 C                  4.04921600    3.99178500    8.41530400 
 H                  6.01272100    3.09520200    8.55422700 
 H                  2.24382100    4.67939500    5.55453000 
 
DFT M11 / 6-31+g(d) solvent dichloromethane, PCM model  
Total electronic energy=                                         -1244.877827    E0  
Sum of electronic and zero-point Energies=           -1244.797330    E0 + EZPE 

Sum of electronic and thermal Energies=               -1244.789137    E0 + Etot 

Sum of electronic and thermal Enthalpies=            -1244.788193    E0 + Hcorr 

Sum of electronic and thermal Free Energies=       -1244.831394    E0 + Gcorr 
Zero-point correction (unscaled) =                               0.080497 
Number of imaginary vibrational frequencies = 0 
E HOMO = -9.23 eV  
E LUMO = -1.04 eV 
E gap = 8.19 eV 

 
HOMO: 
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LUMO: 
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