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S1. Yields, elemental analysis and 1H, 13C, 15N NMR spectra 
A. Ligands 9-11 

Scheme S1. 2-phenylsulfanyl-6-methylpyridine 9. 

 
Yield: 82%; light yellow oil; Anal. Calcd for C12H11NS: C, 71.61; H, 5.51; N, 6.96. Found C, 
71.91; H, 6.80; N, 7.02.  
1H NMR (700 MHz, CDCl3) δ 7.57 (m, 2H, 2 × CHar), 7.39 (m, 1H, CHar), 7.38 (m, 2H, 2 × 
CHar), 7.30 (t, J = 7.7 Hz, 1H, CHar), 6.83 (d, J = 7.7 Hz, 1H, CHar), 6.59 (d, J = 8.4 Hz, 1H, 
CHar), 2.49 (s, 3H, CH3); 1H NMR (700 MHz, DMSO-d6) δ 7.58 (m, 2H, 2 × CHar), 7.53 (t, J = 
7.7 Hz, 1H, CHar), 7.49 (m, 3H), 7.01 (d, J = 7.7 Hz, 1H, CHar), 6.65 (d, J = 7.7 Hz, 1H, CHar), 
2.40 (s, 3H, CH3); 13C NMR (101 MHz, CDCl3) δ 161.0 (Car), 158.4 (Car), 137.2 (CHar), 135.0 
(2 x CHar), 131.2 (Car), 129.6 (2 x CHar), 129.1 (CHar), 119.5 (CHar), 118.3 (CHar), 24.1 (CH3); 
13C NMR (101 MHz, DMSO-d6) δ 159.2 (Car), 158.2 (Car), 137.6 (CHar), 134.3 (2 x CHar), 130.6 
(Car), 129.8 (2 x CHar), 129.1 (CHar), 119.8 (CHar), 118.1 (CHar), 23.7 (CH3); 15N NMR (71 
MHz, CDCl3) δ -79.7 ppm; 15N NMR (71 MHz, DMSO-d6) δ -78.0 ppm.  

 
Figure S1. 1H NMR spectrum of 9 in CDCl3. 



Materials 2021, 14, 1676 4 of 35 
 

 

 
Figure S2. 13C NMR spectrum of 9 in CDCl3. 

 
Figure S3. 1H NMR spectrum of 9 in DMSO-d6. 
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Figure S4. 13C NMR spectrum of 9 in DMSO-d6. 

The 1H and 13C NMR assignments for 9, based on 1H-13C HSQC and HMBC spectra (and 
confirmed by 1H-15N HMBC) are as follows: 
1H NMR of 9 in CDCl3: H(3) 6.59, H(4) 7.30, H(5) 6.83, H(2’/6’) 7.57, H(3’/5’) 7.38, H(4’) 
7.39, CH3 2.49 ppm 
13C NMR of 9 in CDCl3: C(2) 161.0, C(3) 119.5, C(4) 137.2, C(5) 118.3, C(6) 158.4, C(1’) 131.2, 
C(2’/6’) 135.0, C(3’/5’) 129.6, C(4’) 129.1, CH3 24.1 ppm 
1H NMR of 9 in DMSO-d6: H(3) 6.65, H(4) 7.53, H(5) 7.01, H(2’/6’) 7.58, H(3’/5’) 7.49, H(4’) 
7.49, CH3 2.40 ppm 
13C NMR of 9 in DMSO-d6: C(2) 159.2, C(3) 118.1, C(4) 137.6, C(5) 119.8, C(6) 158.2, C(1’) 
130.6, C(2’/6’) 134.3, C(3’/5’) 129.8, C(4’) 129.1, CH3 23.7 ppm 

Scheme S2. 2-phenylsulfanyl-5-methylpyridine 10. 

 
Yield: 75%; light yellow oil; Anal. Calcd for C12H11NS: C, 71.61; H, 5.51; N, 6.96. Found C, 
71.44; H, 6.57; N, 7.08.  
1H NMR (700 MHz, CDCl3) δ 8.26 (dd, J = 2.1, 0.7 Hz, 1H, N-CHar), 7.54 (m, 2H, 2 x CHar), 
7.37 (m, 3H, 3 x CHar), 7.28 (dd, J = 8.4, 2.1 Hz, 1H, CHar), 6.84 (d, J = 7.7 Hz, 1H, CHar), 2.24 
(s, 3H, CH3) ppm; 1H NMR (700 MHz, DMSO-d6) δ 8.25 (dd, J = 2.1, 0.7 Hz, 1H, N-CHar), 
7.51 (m, 2H, 2 x CHar), 7.49 (m, 1H, CHar), 7.45 (m, 3H, 3 x CHar), 6.90 (d, J = 7.7 Hz, 1H, 
CHar), 2.22 (s, 3H, CH3) ppm; 13C NMR (101 MHz, CDCl3) δ 157.7 (Car), 149.8 (CHar), 138.1 
(CHar), 134.6 (2 x CHar), 132.0 (Car), 130.1 (Car), 129.8 (2 x CHar), 129.0 (CHar), 122.1 (CHar), 
18.0 (CH3) ppm; 13C NMR (101 MHz, DMSO-d6) δ 156.0 (Car), 149.7 (CHar), 138.2 (CHar), 
134.0 (2 x CHar), 131.2 (Car), 130.3 (Car), 129.8 (2 x CHar), 129.0 (CHar), 121.6 (CHar), 17.3 
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(CH3) ppm; 15N NMR (71 MHz, CDCl3) δ -78.9 ppm; 15N NMR (71 MHz, DMSO-d6) δ -70.6 
ppm. 

 
Figure S5. 1H NMR spectrum of 10 in CDCl3. 
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Figure S6. 13C NMR spectrum of 10 in CDCl3. 

 
Figure S7. 1H NMR spectrum of 10 in DMSO-d6. 

 
Figure S8. 13C NMR spectrum of 10 in DMSO-d6. 
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The 1H and 13C NMR assignments for 10, based on 1H-13C HSQC and HMBC spectra (and 
confirmed by 1H-15N HMBC) are as follows: 
1H NMR of 10 in CDCl3: H(3) 6.84, H(4) 7.28, H(6) 8.26, H(2’/6’) 7.54, H(3’/5’) 7.37, H(4’) 
7.37, CH3 2.24 ppm 
13C NMR of 10 in CDCl3: C(2) 157.7, C(3) 122.1, C(4) 138.1, C(5) 130.1, C(6) 149.8, C(1’) 
132.0, C(2’/6’) 134.6, C(3’/5’) 129.8, C(4’) 129.0, CH3 18.0 ppm 
1H NMR of 10 in DMSO-d6: H(3) 6.90, H(4) 7.49, H(6) 8.25, H(2’/6’) 7.51, H(3’/5’) 7.45, H(4’) 
7.45, CH3 2.22 ppm 
13C NMR of 10 in DMSO-d6: C(2) 156.0, C(3) 121.6, C(4) 138.2, C(5) 130.3, C(6) 149.7, C(1’) 
131.2, C(2’/6’) 134.0, C(3’/5’) 129.8, C(4’) 129.0, CH3 17.3 ppm 

Scheme S3. 2-phenylsulfanyl-3-methylpyridine 11. 

 
Yield: 88%; light yellow oil; Anal. Calcd for C12H11NS: C, 71.61; H, 5.51; N, 6.96. Found C, 
69.87; H, 5.42; N, 7.23.  
1H NMR (700 MHz, CDCl3) δ 8.24 (d, J = 4.2 Hz, 1H, N-CHar), 7.49 (m, 2H, 2 x CHar), 7.39 
(m, 1H, CHar), 7.36 (m, 2H, 2 x CHar), 7.33 (m, 1H, CHar), 6.97 (dd, J = 7.7, 4.9 Hz, 1H, CHar), 
2.35 (s, 3H, CH3) ppm; 1H NMR (700 MHz, DMSO-d6) δ 8.15 (d, J = 3.5 Hz, 1H, N-CHar), 
7.53 (d, J = 7.0 Hz, 1H, CHar), 7.45 (d, J = 7.0 Hz, 2H, 2 x CHar), 7.37 (m, 3H, 3 x CHar), 7.07 
(dd, J = 7.7, 4.9 Hz, 1H, CHar), 2.28 (s, 3H, CH3) ppm; 13C NMR (101 MHz, CDCl3) δ 157.5 
(Car), 147.2 (CHar), 137.4 (CHar), 133.9 (2 x CHar), 132.1 (Car), 131.6 (Car), 129.1 (2 x CHar), 
128.1 (CHar), 120.7 (CHar), 19.2 (CH3) ppm; 13C NMR (101 MHz, DMSO-d6) δ 156.5 (Car), 
146.9 (CHar), 137.5 (CHar), 134.2 (2 x CHar), 131.1 (Car), 130.5 (Car), 129.1 (2 x CHar), 128.3 
(CHar), 120.9 (CHar), 18.3 (CH3) ppm; 15N NMR (71 MHz, CDCl3) δ -73.7 ppm; 15N NMR (71 
MHz, DMSO-d6) δ -72.4 ppm.  
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Figure S9. 1H NMR spectrum of 11 in CDCl3. 

 
Figure S10. 13C NMR spectrum of 11 in CDCl3. 

 
Figure S11. 1H NMR spectrum of 11 in DMSO-d6. 
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Figure S12. 13C NMR spectrum of 11 in DMSO-d6. 

The 1H and 13C NMR assignments for 11, based on 1H-13C HSQC and HMBC spectra (and 
confirmed by 1H-15N HMBC) are as follows: 
1H NMR of 11 in CDCl3: H(4) 7.39, H(5) 6.97, H(6) 8.24, H(2’/6’) 7.49, H(3’/5’) 7.36, H(4’) 
7.33, CH3 2.35 ppm  

13C NMR of 11 in CDCl3: C(2) 157.5, C(3) 132.1, C(4) 137.4, C(5) 120.7, C(6) 147.2, C(1’) 
131.6, C(2’/6’) 133.9, C(3’/5’) 129.1, C(4’) 128.1, CH3 19.2 ppm 
1H NMR of 11 in DMSO-d6: H(4) 7.53, H(5) 7.07, H(6) 8.15, H(2’/6’) 7.45, H(3’/5’) 7.37, H(4’) 
7.37, CH3 2.28 ppm 
13C NMR of 11 in DMSO-d6: C(2) 156.5, C(3) 131.1, C(4) 137.5, C(5) 120.9, C(6) 146.9, C(1’) 
130.5, C(2’/6’) 134.2, C(3’/5’) 129.1, C(4’) 128.3, CH3 18.3 ppm 

B. Au(III) trichloride complexes 9a-11a 

Scheme S4. [Au(9)Cl3] 9a. 

 
Yield: 86%; yellow powder; m.p. 137-139 °C; Anal. Calcd for C12H11AuCl3NS: C, 28.56; H, 
2.20; N, 2.78. Found C, 28.70; H, 2.53; N, 2.60.  
1H NMR (700 MHz, CDCl3) δ 7.65 (m, 2H, 2 x CHar), 7.64 (m, 1H, CHar), 7.52 (m, 1H, CHar), 
7.48 (m, 2H, 2 x CHar), 7.26 (d, J = 7.0 Hz, 1H, CHar), 6.98 (d, J = 8.4 Hz, 1H, CHar), 3.06 (s, 
3H, CH3); 13C NMR (101 MHz, CDCl3) δ 164.2 (Car), 158.4 (Car), 141.1 (CHar), 135.5 (2 x 
CHar), 131.4 (CHar), 130.8 (2 x CHar), 129.0 (Car), 125.7 (CHar), 125.1 (CHar), 26.3 (CH3); 15N 
NMR (71 MHz, CDCl3) δ -149.8 ppm. 
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Figure S13. 1H NMR spectrum of 9a in CDCl3. 

 
Figure S14. 13C NMR spectrum of 9a in CDCl3. 

Table S1. 1H NMR assignments for 9a, based on 1H-13C HSQC and HMBC spectra in CDCl3 and 
differences between 1H chemical shifts for the same atom in the molecules of complex 9a and  lig-
and 9 (in parentheses). 
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H(3) H(4) H(5) H(2’)/H(6’) H(3’)/H(5’) H(4’) CH3 

6.98 
(+0.39) 

7.64 
(+0.34) 

7.26 
(+0.43) 

2x7.65 
(+0.08) 

2x7.48 
(+0.10) 

7.52 
(+0.13) 

3.06 
(+0.57) 

Table S2. 13C and 15N NMR assignments for 9a, based on 1H-13C HSQC, HMBC and 1H-15N HMBC 
spectra in CDCl3, and differences between 13C or 15N chemical shifts for the same atom in the mole-
cules of  complex 9a and ligand 9 (in parentheses). 

C(2) C(3) C(4) C(5) C(6) C(1’) C(2’)/C(6’) C(3’)/C(5’) C(4’) CH3 N(1) 
164.2 
(+3.2) 

125.7 
(+6.2) 

141.1 
(+3.9) 

125.1 
(+6.8) 

158.4 

(0.0) 
129.0 
(-2.2) 

2x135.5 
(+0.5) 

2x130.8 
(+1.2) 

131.4 
(+2.3) 

26.3 
(+2.2) 

-149.8 
(-70.1) 

Scheme S5. [Au(10)Cl3] 10a. 

 
Yield: 88%; orange powder; m.p. 182-184 °C; Anal. Calcd. for C12H11AuCl3NS: C, 28.56; H, 
2.20; N, 2.78. Found C, 28.09; H, 2.50; N, 2.99.  
1H NMR (700 MHz, CDCl3) δ 8.32 (dd, J = 1.4, 0.7 Hz, 1H, N-CHar), 7.63 (m, 2H, 2 x CHar), 
7.55 (d, J = 8.4 Hz, 1H, CHar), 7.51 (m, 1H, CHar), 7.47 (m, 2H, 2 x CHar), 7.08 (d, J = 8.4 Hz, 
1H, CHar), 2.41 (s, 3H, CH3); 13C NMR (101 MHz, CDCl3) δ 160.7 (Car), 148.5 (CHar), 142.0 
(CHar), 135.3 (Car), 135.2 (CHar), 131.1 (CHar), 130.6 (2 x CHar), 128.9 (Car), 128.3 (CHar), 18.2 
(CH3); 15N NMR (71 MHz, CDCl3) δ -153.5 ppm. 

 
Figure S15. 1H NMR spectrum of 10a in CDCl3. 
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Figure S16. 13C NMR spectrum of 10a in CDCl3. 

Table S3. 1H NMR assignments for 10a, based on 1H-13C HSQC and HMBC spectra in CDCl3 and 
differences between 1H chemical shifts for the same atom in the molecules of complex 10a and  
ligand 10 (in parentheses). 

H(3) H(4) H(6) H(2’)/H(6’) H(3’)/H(5’) H(4’) CH3 

7.08 
(+0.24) 

7.55 
(+0.27) 

8.32 
(+0.06) 

2 × 7.63 
(+0.09) 

2 × 7.47 
(+0.10) 

7.51 
(+0.14) 

2.41 
(+0.17) 

Table S4. 13C and 15N NMR assignments for 10a, based on 1H-13C HSQC, HMBC and 1H-15N 
HMBC spectra in CDCl3, and differences between 13C or 15N chemical shifts for the same atom in 
the molecules of  complex 10a and ligand 10 (in parentheses). 

C(2) C(3) C(4) C(5) C(6) C(1’) C(2’)/C(6’) C(3’)/C(5’) C(4’) CH3 N(1) 
160.7 
(+3.0) 

128.3 
(+6.2) 

142.0 
(+3.9) 

135.3 

(+5.2) 
148.5 
(−1.3) 

128.9 
(−3.1) 

2v135.2 
(+0.6) 

2 × 130.6 
(+0.8) 

131.1 
(+2.1) 

18.2 
(+0.2) 

−153.5 
(−74.6) 

Scheme S6. [Au(11)Cl3] 11a. 

 
Yield: 86%; orange powder; m.p. 171-173 °C; Anal. Calcd for C12H11AuCl3NS: C, 28.56; 

H, 2.20; N, 2.78. Found C, 27.96; H, 2.53; N, 3.01.  
1H NMR (700 MHz, CDCl3) δ 8.55 (dd, J = 5.6, 0.7 Hz, 1H, N-CHar), 7.85 (dd, J = 7.7, 

0.7 Hz, 1H, CHar), 7.60 (dd, J = 7.7, 6.3 Hz, 1H, CHar), 7.38 (m, 2H, 2 x CHar), 7.35 (m, 3H, 3 
x CHar), 2.24 (s, 3H, CH3); 13C NMR (101 MHz, CDCl3) δ 157.2 (Car), 148.3 (CHar), 144.3 (Car), 
143.7 (CHar), 131.1 (2 x CHar), 130.5 (Car), 130.0 (2 x CHar), 129.1 (CHar), 127.2 (CHar), 21.5 
(CH3); 15N NMR (71 MHz, CDCl3) δ -136.6 ppm. 



Materials 2021, 14, 1676 14 of 35 
 

 

 
Figure S17. 1H NMR spectrum of 11a in CDCl3. 

 
Figure S18. 13C NMR spectrum of 11a in CDCl3. 

Table S5. 1H NMR assignments for 11a, based on 1H-13C HSQC and HMBC spectra in CDCl3 and 
differences between 1H chemical shifts for the same atom in the molecules of complex 11a and  
ligand 11 (in parentheses). 
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H(4) H(5) H(6) H(2’)/H(6’) H(3’)/H(5’) H(4’) CH3 

7.85 
(+0.46) 

7.60 
(+0.63) 

8.55 
(+0.31) 

2 × 7.38 
(−0.11) 

2 × 7.35 
(−0.01) 

7.35 
(+0.02) 

2.24 
(−0.11) 

Table S6. 13C and 15N NMR assignments for 11a, based on 1H-13C HSQC, HMBC and 1H-15N 
HMBC spectra in CDCl3, and differences between 13C or 15N chemical shifts for the same atom in 
the molecules of  complex 11a and ligand 11 (in parentheses). 

C(2) C(3) C(4) C(5) C(6) C(1’) 
C(2’)/C(6’

) 
C(3’)/C(5’

) 
C(4’) CH3 N(1) 

157.2 
(−0.3) 

144.3 

(+12.2) 
143.7 
(+6.3) 

127.2 
(+6.5) 

148.3 
(+1.1) 

130.5 
(−1.1) 

2 × 131.1 
(−2.8) 

2 × 130.0 
(+0.9) 

129.1 
(+1.0) 

21.5 
(+2.3) 

−136.6 
(−62.9) 

C. Tetrachloroaurate(III) salts 8b-15b 

Scheme S7. Benzo[4,5]thiazolo[3,2-α]pyridin-10-ium tetrachloroaurate(III) 8b. 

 
Yield: 69%; yellow powder; m.p. 257-259 °C; IR (ATR) ῦ 351 cm-1; MS (ESI): Mass calcd for 
[M+] C11H8AuCl4NS+: 186.0; found 186.1. Anal. Calcd for C11H8AuCl4NS: C, 25.17; H, 1.54; 
N, 2.67; Cl, 27.01. Found C, 25.61; H, 1.99; N, 2.76; Cl, 24.56.  
1H NMR (700 MHz, DMSO-d6) δ 10.10 (d, J = 7.0 Hz, 1H, N-CHar), 8.94 (m, 1H, CHar), 8.88 
(m, 1H, CHar), 8.53 (m, 1H, CHar), 8.52 (m, 1H, CHar), 8.16 (m, 1H, CHar), 7.96 (m, 1H, CHar), 
7.94 (m, 1H, CHar) ppm; 13C NMR (101 MHz, DMSO-d6) δ 154.3 (Car), 140.0 (CHar), 136.7 
(Car), 135.1 (CHar), 130.3 (CHar), 129.1 (Car), 128.5 (CHar), 124.9 (CHar), 124.2 (CHar), 122.3 
(CHar), 116.7 (CHar) ppm; 15N NMR (71 MHz, DMSO-d6) δ -168.9 ppm. 
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Figure S19. 1H NMR spectrum of 8b in DMSO-d6. 

 

 
Figure S20. 13C NMR spectrum of 8b in DMSO-d6. 
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Figure S21. 1H-13C HMBC NMR spectrum of 8b in DMSO-d6. 

 
Figure S22. Mass spectrum of 8b. 

Scheme S8. 1-Methylbenzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III) 9b. 
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Yield: 54%; brown powder; m.p. 180-182 °C; IR (ATR) ῦ 355 cm-1; Anal. Calcd for 
C12H10AuCl4NS: C, 26.74; H, 1.87; N, 2.60. Found C, 27.09; H, 2.05; N, 2.45.  
1H NMR (700 MHz, DMSO-d6) δ 8.90 (d, J = 8.4 Hz, 1H, CHar), 8.82 (dd, J = 8.4, 0.7 Hz, 1H, 
CHar), 8.53 (m, 1H, CHar), 8.41 (dd, J = 8.4, 7.7 Hz, 1H, CHar), 7.99 (m, 1H, CHar), 7.93 (m, 
1H, CHar), 7.88 (m, 1H, CHar), 3.40 (s, 3H, CH3) ppm; 13C NMR (101 MHz, DMSO-d6) δ 
155.2 (Car), 150.9 (Car), 139.2 (CHar), 138.5 (Car), 129.7 (CHar), 129.3 (Car), 128.2 (CHar), 125.4 
(CHar), 124.6 (CHar), 121.9 (CHar), 121.6 (CHar), 24.0 (CH3) ppm; 15N NMR (71 MHz, DMSO-
d6) δ -167.6 ppm. 
1H and 13C NMR assignments are in Table 1 and 2 in the main text. 

 
Figure S23. 1H NMR spectrum of 9b in DMSO-d6. 
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Figure S24. 13C NMR spectrum of 9b in DMSO-d6. 

 
Figure S25. 1H-13C HMBC NMR spectrum of 9b in DMSO-d6. 
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Scheme S9. 2-Methylbenzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III) 10b. 

 
Yield: 71%; yellow powder; m.p. 147-149 °C; IR (ATR) ῦ 354 cm-1; Anal. Calcd for 
C12H10AuCl4NS: C, 26.74; H, 1.87; N, 2.60. Found C, 27.93; H, 1.96; N, 2.60. 
1H NMR (700 MHz, DMSO-d6) δ 10.01 (s, 1H, N-CHar), 8.83 (dd, J = 8.4, 5.6 Hz, 2H, 2 x 
CHar), 8.49 (m, 1H, CHar), 8.41 (m, 1H, CHar), 7.95 (m, 1H, CHar), 7.91 (m, 1H, CHar), 2.62 
(s, 3H, CH3) ppm; 13C NMR (101 MHz, DMSO-d6) δ 151.7 (Car), 141.8 (CHar), 136.5 (Car), 
133.5 (CHar), 133.1 (Car), 130.2 (CHar), 129.3 (Car), 128.4 (CHar), 124.9 (CHar), 123.3 (CHar), 
116.5 (CHar), 17.6 (CH3) ppm; 15N NMR (71 MHz, DMSO-d6) δ -168.1 ppm. 

 
1H and 13C NMR assignments are in Tab. 1-2 in the main text. 

 
Figure S26. 1H NMR spectrum of 10b in DMSO-d6. 
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Figure S27. 13C NMR spectrum of 10b in DMSO-d6. 
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Figure S28. 1H-13C HMBC NMR spectrum of 10b in DMSO-d6. 

Scheme S10. 4-Methylbenzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III) 11b. 

N+

S

AuCl4-  
Yield: 82%; yellow powder; m.p. 154-156 °C; IR (ATR) ῦ 352 cm-1; Anal. Calcd for 
C12H10AuCl4NS: C, 26.74; H, 1.87; N, 2.60. Found C, 26.17; H, 2.02; N, 2.70.  
1H NMR (700 MHz, DMSO-d6) δ 10.00 (d, J = 7.0  Hz, 1H, N-CHar), 8.88 (m, 1H, CHar), 8.54 
(m, 1H, CHar), 8.42 (m, 1H, CHar), 8.14 (m, 1H, CHar), 7.98 (m, 1H, CHar), 7.95 (m, 1H, CHar), 
2.74 (s, 3H, CH3) ppm; 13C NMR (101 MHz, DMSO-d6) δ 154.1 (Car), 139.5 (CHar), 137.5 (Car), 
133.6 (Car), 132.9 (CHar), 130.4 (CHar), 128.7 (CHar), 128.2 (Car), 124.9 (CHar), 122.4 (CHar), 
117.0 (CHar), 18.6 (CH3) ppm; 15N NMR (71 MHz, DMSO-d6) δ -168.8 ppm.  

 
1H and 13C NMR assignments are in Tab. 1-2 in the main text. 
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Figure S29. 1H NMR spectrum of 11b in DMSO-d6. 

 
Figure S30. 13C NMR spectrum of 11b in DMSO-d6. 
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Figure S31. 1H-13C HMBC NMR spectrum of 11b in DMSO-d6. 

Scheme S11. 8-Methylbenzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III) 12b. 

N+

S

AuCl4-  
Yield: 66%; yellow powder; m.p. 204-206 °C; IR (ATR) ῦ 355 cm-1; Anal. Calcd for 
C12H10AuCl4NS: C, 26.74; H, 1.87; N, 2.60. Found C, 26.82; H, 1.84; N, 2.51.  
1H NMR (700 MHz, DMSO-d6) δ 10.03 (d, J = 6.3 Hz, 1H, N-CHar), 8.91 (m, 1H, CHar), 8.75 
(s, 1H, CHar), 8.49 (m, 1H, CHar), 8.37 (d, J = 8.4 Hz, 1H, CHar), 8.13 (m, 1H, CHar), 7.77 (m, 
1H, CHar), 2.61 (s, 3H, CH3) ppm; 13C NMR (101 MHz, DMSO-d6) δ 154.5 (Car), 139.7 (CHar), 
139.0 (Car), 136.8 (Car), 134.7 (CHar), 131.7 (CHar), 126.1 (Car), 124.4 (CHar), 124.2 (CHar), 122.2 
(CHar), 116.4 (CHar), 21.2 (CH3) ppm; 15N NMR (71 MHz, DMSO-d6) δ -169.2 ppm. 

 
1H and 13C NMR assignments are in Tab. 1-2 in the main text. 
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Figure S32. 1H NMR spectrum of 12b in DMSO-d6. 

 
Figure S33. 13C NMR spectrum of 12b in DMSO-d6. 
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Figure S34. 1H-13C HMBC NMR spectrum of 12b in DMSO-d6. 

Scheme S12. 8-(tert-Butyl)benzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III) 13b. 

N+

S

AuCl4-  
Yield: 75%; yellow powder; m.p. 178-180 °C; IR (ATR) ῦ 355 cm-1; Anal. Calcd for 
C15H16AuCl4NS: C, 31.00; H, 2.78; N, 2.41. Found C, 31.50; H, 2.99; N, 2.56.  
1H NMR (700 MHz, DMSO-d6) δ 10.26 (d, J = 7.0 Hz, 1H, N-CHar), 8.91 (m, 1H, CHar), 8.84 
(d, J = 2.1 Hz, 1H, CHar), 8.51 (m, 1H, CHar), 8.42 (d, J = 8.4 Hz, 1H, CHar), 8.15 (m, 1H, 
CHar), 8.03 (dd, J = 8.4, 1.4 Hz, 1H, CHar), 1.46 (s, 9H, C(CH3)3); 13C NMR (101 MHz, DMSO-
d6) δ 154.6 (Car), 152.4 (Car), 139.7 (CHar), 136.9 (Car), 135.2 (CHar), 128.3 (CHar), 126.3 (Car), 
124.3 (CHar), 124.2 (CHar), 122.0 (CHar), 113.2 (CHar), 35.5 (C(CH3)3), 31.1 (C(CH3)3) ppm; 
15N NMR (71 MHz, DMSO-d6) δ -168.4 ppm. 

 
1H and 13C NMR assignments are in Tab. 1-2 in the main text. 
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Figure S35. 1H NMR spectrum of 13b in DMSO-d6. 

 
Figure S36. 13C NMR spectrum of 13b in DMSO-d6. 
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Figure S37. 1H-13C HMBC NMR spectrum of 13b in DMSO-d6. 

Scheme S13. 8-Bromobenzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III)  14b. 

N+

S

AuCl4-Br
 

Yield: 53%; yellow powder; m.p. 227-229 °C; IR (ATR) ῦ 350 cm-1; Anal. Calcd for C11H7Au-
BrCl4N2S: C, 21.88; H, 1.17; N, 2.32. Found C, 22.02; H, 2.11; N, 2.52.  
1H NMR (700 MHz, DMSO-d6) δ 10.08 (d, J = 7.0 Hz, 1H, N-CHar), 9.27 (d, J = 2.1 Hz, 1H, 
CHar), 8.93 (d, J = 9.1 Hz, 1H, CHar), 8.54 (m, 1H, CHar), 8.45 (d, J = 9.1 Hz, 1H, CHar), 8.16 
(m, 1H, CHar), 8.12 (dd, J = 8.4, 2.1 Hz, 1H, CHar) ppm; 13C NMR (101 MHz, DMSO-d6) δ 
155.0 (Car), 140.6 (CHar), 138.0 (Car), 135.4 (CHar), 133.2 (CHar), 128.6 (Car), 126.5 (CHar), 124.3 
(CHar), 122.4 (CHar), 121.3 (Car), 119.9 (CHar) ppm; 15N NMR (71 MHz, DMSO-d6) δ -169.8 
ppm. 

 
1H and 13C NMR assignments are in Tab. 1-2 in the main text. 
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Figure S38. 1H NMR spectrum of 14b in DMSO-d6. 

 
Figure S39. 13C NMR spectrum of 14b in DMSO-d6. 
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Figure S40. 1H-13C HMBC NMR spectrum of 14b in DMSO-d6. 

Scheme S14. 8-Nitrobenzo[4,5]thiazolo[3,2-a]pyridin-10-ium tetrachloroaurate(III) 15b. 

N+

S

AuCl4-O2N  
Yield: 65%; yellow powder; m.p. 228-230 °C; IR (ATR) ῦ 351 cm-1; Anal. Calcd for 
C11H7AuCl4N2O2S: C, 23.18; H, 1.24; N, 4.91. Found C, 23.15; H, 1.24; N, 4.91.  
1H NMR (700 MHz, DMSO-d6) δ 10.40 (d, J = 7.0 Hz, 1H, N-CHar), 9.89 (d, J = 2.1 Hz, 1H, 
CHar), 9.00 (d, J = 8.4 Hz, 1H, CHar), 8.76 (m, 1H, CHar), 8.75 (m, 1H, CHar), 8.64 (m, 1H, 
CHar), 8.24 (m, 1H, CHar) ppm; 13C NMR (101 MHz, DMSO-d6) δ 155.8 (Car), 147.1 (Car), 
141.5 (CHar), 137.3 (Car), 136.2 (CHar), 135.9 (Car), 126.2 (CHar), 124.5 (CHar), 124.4 (CHar), 
122.7 (CHar), 113.1 (CHar) ppm; 15N NMR (71 MHz, DMSO-d6) δ -168.7, -11.1 ppm. 
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Figure S41. 1H NMR spectrum of 15b in DMSO-d6. 

 
Figure S42. 13C NMR spectrum of 15b in DMSO-d6. 
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Figure S43. 1H-13C HMBC NMR spectrum of 15b in DMSO-d6. 
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S2. H, 13C and 15N chemical shifts of salts 8b-15b and parent heterocycles 8-15  

 
Scheme S15. Numbering of heterocyclic 8 and cation 8b rings. 

Table S7. 1H NMR chemical shifts for cations in the tetrachloroaurate(III) salts 8b-15b (in DMSO-
d6; δcat1H, ppm) and the relevant differences compared to the parent heterocycles 8-15 (Δ1H = δcat1H – 
δhet1H, in parentheses). 

Salt  H(3) H(4) H(5) H(6) H(3’) H(4’) H(5’) H(6’) 

8b a 
8.94 

(+2.01) 
8.53 

(+0.91) 
8.16 

(+1.03) 
10.10 

(+1.71) 
8.88 

(+1.41) 
7.94 

(+0.46) 
7.96 

(+0.49) 
8.52 

(+0.96) 

9b b 8.82 
(+2.17) 

8.41 
(+0.88) 

7.99 
(+0.98) 

nonei 
8.90 

(+1.41) 
7.88 

(+0.39) 
7.93 

(+0.44) 
8.53 

(+0.95) 

10b c 8.83 
(+1.93) 

8.41 
(+0.92) 

nonej 
10.01 

(+1.76) 
8.83 

(+1.38) 
7.95 

(+0.50) 
7.91 

(+0.46) 
8.49 

(+0.98) 

11b d nonek 
8.42 

(+0.89) 
8.14 

(+1.07) 
10.00 

(+1.85) 
8.88 

(+1.51) 
7.98 

(+0.61) 
7.95 

(+0.58) 
8.54 

(+1.09) 

12b e 
8.91 

(+2.05) 
8.49 

(+0.88) 
8.13 

(+1.02) 
10.03 

(+1.65) 
8.75 

(+1.45) 
nonel 

 
7.77 

(+0.47) 
8.37 

(+0.91) 

13b f 
8.91 

(+1.99) 
8.51 

(+0.88) 
8.15 

(+1.02) 
10.26 

(+1.87) 
8.84 

(+1.33) 
nonem 

 
8.03 

(+0.52) 
8.42 

(+0.91) 

14b g 8.93 
(+1.87) 

8.54 
(+0.87) 

8.16 
(+0.99) 

10.08 
(+1.68) 

9.27 
(+1.61) 

none 
8.12 

(+0.46) 
8.45 

(+0.95) 

15b h 9.00 
(+1.58) 

8.64 
(+0.84) 

8.24 
(+0.91) 

10.40 
(+1.89) 

9.89 
(+1.67) 

none 
8.75 

(+0.53) 
8.76 

(+1.07) 
a vs 8 in DMSO-d6: H(3) 6.93, H(4) 7.62, H(5) 7.13, H(6) 8.39, H(2’/6’) 7.56, H(3’/5’) 7.47, H(4’) 7.48 
ppm 17  

b vs 9 in DMSO-d6: H(3) 6.65, H(4) 7.53, H(5) 7.01, H(2’/6’) 7.58, H(3’/5’) 7.49, H(4’) 7.49, CH3 2.40 
ppm 
c vs 10 in DMSO-d6: H(3) 6.90, H(4) 7.49, H(6) 8.25, H(2’/6’) 7.51, H(3’/5’) 7.45, H(4’) 7.45, CH3 2.22 
ppm 
d vs 11 in DMSO-d6: H(4) 7.53, H(5) 7.07, H(6) 8.15, H(2’/6’) 7.45, H(3’/5’) 7.37, H(4’) 7.37, CH3 2.28 
ppm 
e vs 12 in DMSO-d6: H(3) 6.86, H(4) 7.61, H(5) 7.11, H(6) 8.38, H(2’/6’) 7.46, H(3’/5’) 7.30, CH3 2.35 
ppm 17 

f vs 13 in DMSO-d6: H(3) 6.92, H(4) 7.63, H(5) 7.13, H(6) 8.39, H(2’/6’) 7.51, H(3’/5’) 7.51, C(CH3)3 1.31 
ppm 17 

g vs 14 in DMSO-d6: H(3) 7.06, H(4) 7.67, H(5) 7.17, H(6) 8.40, H(2’/6’) 7.50, H(3’/5’) 7.66 ppm 17 

h vs 15 in DMSO-d6: H(3) 7.42, H(4) 7.80, H(5) 7.33, H(6) 8.51, H(2’/6’) 7.69, H(3’/5’) 8.22 ppm 17 

i CH3 3.40 ppm (+1.00 ppm) 
j CH3 2.62 ppm (+0.40 ppm) 
k CH3 2.74 ppm (+0.46 ppm) 
l CH3 2.61 ppm (+0.26 ppm) 
m C(CH3)3 1.46 ppm (+0.15 ppm) 

Table S8. 13C NMR chemical shifts for cations in the tetrachloroaurate(III) salts 8b-15b (in DMSO-
d6; δcat13C, ppm) and the relevant differences compared to the parent heterocycles 8-15 (Δ13C = δcat13C 
– δhet13C, in parentheses). 

Salt C(2) C(3) C(4) C(5) C(6) C(1’) C(2’) C(3’) C(4’) C(5’) C(6’) 
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8b a 154.3 
(−5.6) 

124.2 
(+3.1) 

140.0 
(+2.7) 

122.3 
(+1.9) 

135.1 
(−14.4) 

129.1 
(−1.1) 

136.7 
(+2.1) 

116.7 
(−13.1) 

128.5 
(−0.7) 

130.3 
(+0.5) 

124.9 
(−9.7) 

9b b 155.2 
(−4.0) 

121.9 
(+3.8) 

139.2 
(+1.6) 

125.4 
(+5.6) 

150.9i 

(−7.3) 
129.3 
(−1.3) 

138.5 
(+4.2) 

121.6 
(−8.2) 

128.2 
(−0.9) 

129.7 
(−0.1) 

124.6 
(−9.7) 

10b c 151.7 
(−4.3) 

123.3 
(+1.7) 

141.8 
(+3.6) 

133.1j 

(+2.8) 
133.5 

(−16.2) 
129.3 
(−1.9) 

136.5 
(+2.5) 

116.5 
(−13.3) 

128.4 
(−0.6) 

130.2 
(+0.4) 

124.9 
(−9.1) 

11b d 154.1 
(−2.4) 

133.6k 
(+2.5) 

139.5 
(+2.0) 

122.4 
(+1.5) 

132.9 
(−14.0) 

128.2 
(−2.3) 

137.5 
(+3.3) 

117.0 
(−12.1) 

128.7 
(+0.4) 

130.4 
(+1.3) 

124.9 
(−9.3) 

12b e 154.5 
(−6.1) 

124.2 
(+3.7) 

139.7 
(+2.4) 

122.2 
(+2.0) 

134.7 
(−14.7) 

126.1 
(−0.3) 

136.8 
(+1.8) 

116.4 
(−14.1) 

139.0l 

(−0.3) 
131.7 
(+1.2) 

124.4 
(−10.6) 

13b f 154.6 
(−5.7) 

124.2 
(+3.5) 

139.7 
(+2.4) 

122.0 
(+1.7) 

135.2 
(−14.3) 

126.3 
(−0.4) 

136.9 
(+2.4) 

113.2 
(−13.5) 

152.4m 

(+0.4) 
128.3 
(+1.6) 

124.3 
(−10.2) 

14b g 155.0 
(−3.7) 

124.3 
(+2.7) 

140.6 
(+3.1) 

122.4 
(+1.6) 

135.4 
(−14.3) 

128.6 
(−1.3) 

138.0 
(+1.7) 

119.9 
(−12.7) 

121.3 
(−1.4) 

133.2 
(+0.6) 

126.5 
(−9.8) 

15b h 155.8 
(+0.2) 

124.4 
(−0.3) 

141.5 
(+3.5) 

122.7 
(+0.3) 

136.2 
(-14.1) 

135.9 
(−5.7) 

137.3 
(+5.2) 

113.1 
(−11.1) 

147.1 
(+0.5) 

124.5 
(+0.3) 

126.2 
(−5.9) 

a vs 8 in DMSO-d6: C(2) 159.9, C(3) 121.1, C(4) 137.3, C(5) 120.4, C(6) 149.5, C(1’) 130.2, C(2’/6’) 134.6, 
C(3’/5’) 129.8, C(4’) 129.2 ppm 17 

b vs 9 in DMSO-d6: C(2) 159.2 C(3) 118.1, C(4) 137.6, C(5) 119.8, C(6) 158.2, C(1’) 130.6, C(2’/6’) 134.3, 
C(3’/5’) 129.8, C(4’) 129.1 ppm, CH3 23.7 ppm 
c vs 10 in DMSO-d6: C(2) 156.0 C(3) 121.6, C(4) 138.2, C(5) 130.3, C(6) 149.7, C(1’) 131.2, C(2’/6’) 134.0, 
C(3’/5’) 129.8, C(4’) 129.0 ppm, CH3 17.3 ppm  

d vs 11 in DMSO-d6: C(2) 156.5 C(3) 131.1, C(4) 137.5, C(5) 120.9, C(6) 146.9, C(1’) 130.5, C(2’/6’) 134.2, 
C(3’/5’) 129.1, C(4’) 128.3 ppm, CH3 18.3 ppm 
e vs 12 in DMSO-d6: C(2) 160.6, C(3) 120.5, C(4) 137.3, C(5) 120.2, C(6) 149.4, C(1’) 126.4, C(2’/6’) 135.0, 
C(3’/5’) 130.5, C(4’) 139.3, CH3 20.8 ppm 17 

f vs 13 in DMSO-d6: C(2) 160.3, C(3) 120.7, C(4) 137.3, C(5) 120.3, C(6) 149.5, C(1’) 126.7, C(2’/6’) 134.5, 
C(3’/5’) 126.7, C(4’) 152.0,  C(CH3) 34.5 ppm, C(CH3) 30.9 ppm 17 

g vs 14 in DMSO-d6: C(2) 158.7, C(3) 121.6, C(4) 137.5, C(5) 120.8, C(6) 149.7, C(1’) 129.9, C(2’/6’) 136.3, 
C(3’/5’) 132.6, C(4’) 122.7 ppm 17 

h vs 15 in DMSO-d6: C(2) 155.6, C(3) 124.7, C(4) 138.0, C(5) 122.4, C(6) 150.3, C(1’) 141.6, C(2’/6’) 132.1, 
C(3’/5’) 124.2, C(4’) 146.6 ppm 17 

i CH3 24.0 ppm (+0.3 ppm) 
j CH3 17.6 ppm (+0.3 ppm) 
k CH3 18.6 ppm (+0.3 ppm) 
l CH3 21.2 ppm (+0.4 ppm) 
m C(CH3) = 35.5 ppm (+1.0 ppm), C(CH3) 31.1 ppm (0.2 ppm) 

Table S9. 15N NMR chemical shifts for cations in the tetrachloroaurate(III) salts 8b-15b (in DMSO-
d6; δcat15N, ppm) and the relevant differences compared to the parent heterocycles 8-15 (Δ15N = δcat15N 
– δhet15N, in parentheses). 

Salt N(1) 

8b a −168.9 (−96.9) 
9b b −167.6 (−89.6) 
10b c −168.1 (−97.5) 
11b d −168.8 (−96.4) 
12b e −169.2 (−96.5) 
13b f −168.4 (−96.0) 
14b g −169.8 (−98.1) 
15b h −168.7i (−101.9) 

a vs 8 in DMSO-d6: N(1) -72.0 ppm 17 

b vs 9 in DMSO-d6: N(1) -78.0 ppm 

c vs 10 in DMSO-d6: N(1) -70.6 ppm 
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d vs 11 in DMSO-d6: N(1) -72.4 ppm 
e vs 12 in DMSO-d6: N(1) -72.7 ppm 17 

f vs 13 in DMSO-d6: N(1) -72.4 ppm 17 

g vs 14 in DMSO-d6: N(1) -71.7 ppm 17  

h vs 15 in DMSO-d6: N(1) -66.8 ppm, NO2 -9.0 ppm 17 

i NO2 -11.1 ppm (-2.1 ppm) 

 


