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1H-NMR N-Methyl, N’-(2-methoxy-2-phenyl)ethyl imidazolium iodide (L1) 

 

Figure S1: 1H NMR spectrum of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl imidazolium iodide (L1). 

 

1H-NMR (ppm, DMSO-d6, 250 MHz): δ 9.08 (s, NCHN, 1H), 7.70–7.38 (m, aromatic hydrogens and NCHCHN, 

7H), 4.66 (m, CHOCH3, 1H), 4.41 (m, NCH2CHOCH3, 2H), 3.88(s, NCH3, 3H), 3.13 (s, OCH3, 3H). 
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13C-NMR N-Methyl, N’-(2-methoxy-2-phenyl)ethyl imidazolium iodide (L1) 

 

Figure S2: 13C-NMR spectrum of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl imidazolium iodide (L1). 

13C-NMR (ppm, DMSO-d6, 62.5 MHz): δ 137.23 (ipso carbon of aromatic ring), 136.96 (NCHN), 128.67, 128.55, 

126.71 (aromatic carbons), 123.18, 122.97 (NCHCHN), 80.44 (CHOCH3), 56.36 (NCH2CHOCH3), 53.75 (OCH3), 35.80 

(NCH3).  
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MALDI of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl imidazolium iodide (L1) 

 

Figure S3: MALDI of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl imidazolium iodide (L1) 
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1H-NMR N-Methyl, N’-(2-methoxy-2-phenyl)ethyl- 4,5-dichloroimidazolium iodide (L2) 

 

Figure S4:1H- NMR spectrum of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl- 4,5-dichloroimidazolium iodide (L2) 

1H-NMR (ppm, DMSO-d6, 400 MHz): δ 9.49 (s, NCHN, 1H), 7.45–7.37 (m, aromatic hydrogens, 5H), 4.64 (t, 

CHOCH3, 1H), 4.46 (m, NCH2CHOCH3, 2H), 3.89 (s, OCH3, 3H), 3.15 (s, NCH3, 3H). 
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13C-NMR N-Methyl, N’-(2-methoxy-2-phenyl)ethyl- 4,5-dichloroimidazolium iodide (L2) 

 

Figures S5:13C- NMR spectrum of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl- 4,5-dichloro imidazolium iodide (L2) 

13C-NMR (ppm, DMSO-d6, 100 MHz): δ 137.14 (ipso carbon of aromatic ring), 136.72 (NCHN), 128.90, 126.79, 

126.00 (aromatic carbons), 119.09, 118.85 (NCHCHN), 79.57 (CHOCH3), 56.50 (NCH2CHOCH3), 52.91 (OCH3), 

35.20 (NCH3). 
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MALDI of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl- 4,5-dichloroimidazolium iodide (L2) 

 

Figure S6: MALDI of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl- 4,5-dichloroimidazolium iodide (L2) 
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1H-NMR N-Methyl, N’-(2-methoxy-2-phenyl)ethyl-benzimidazolium iodide (L3) 

 

Figure S7: 1H-NMR spectrum of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl-benzimidazolium iodide (L3) 

1H-NMR (ppm, DMSO-d6, 250 MHz): δ 9.72 (s, NCHN, 1H), 8.02–7.42 (m, aromatic hydrogens, 9H), 4.76 (o, 

CHOCH3 and NCH2CHOCH3, 3H), 4.13 (s, OCH3, 3H), 3.09 (s, NCH3, 3H). 
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13C-NMR N-Methyl, N’-(2-methoxy-2-phenyl)ethyl-benzoimidazolium iodide (L3) 

 

Figure S8: 13C-NMR spectrum of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl-benzimidazolium iodide (L3) 

13C-NMR (ppm, DMSO-d6, 75 MHz): δ 143.21 (ipso carbon of aromatic ring), 137.34 (NCHN), 131.41 128.72, 127.00, 

126.46, 126.38, 113.98, 113.50 (aromatic carbons), 80.22 (CHOCH3), 56.39 (NCH2CHOCH3), 51.55 (OCH3), 33.39 

(NCH3).  
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MALDI of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl-benzimidazolium iodide (L3) 

 

Figure S9: MALDI of N-Methyl, N’-(2-methoxy-2-phenyl)ethyl-benzoimidazolium iodide (L3) 
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1H-NMR RANHC-I 

 

Figure S10: 1H-NMR spectrum of RANHC-I 

1H-NMR (ppm, CDCl3, 300 MHz): δ 7.60-6.96 (m, aromatic hydrogens and NCHCHN, 7H ), 5.38-5.30 (dd, aromatic 

hydrogens of p-cymene, 2H), 5.03 (m, aromatic hydrogens of p-cymene, 2H), 4.77 (m, NCH2CHOCH3, 2H), 4.02 (o, 

OCH3 and NCH2CHOCH3, 4H), 3.17 (s, NCH3, 3H), 2.86 (m, CH(CH3)2 p-cymene, 1H), 1.97 (s, CH3 p-cymene, 3H), 

1.22 (m, CH(CH3)2 p-cymene, 6H).  
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13C-NMR RANHC-I

 

Figure S11: 13C-NMR spectrum of RANHC-I 

13C-NMR (ppm, CDCl3, 62.5 MHz): δ 174.24 (NCN), 138.99 (ipso carbon of aromatic ring), 128.45, 127.96, 127.24, 

123.11 (aromatic carbons), 108.67, 99.05 (NCHCHN), 85.31, 85.16, 83.35, 82.56, 82.32 (aromatic carbon p-cymene, 

NCH2CH), 56.92 (NCH2CH), 56.41 (OCH3), 39.58 (CH(CH3)2 p-cymene),  30.64 (NCH3), 22.52, 22.30 (CH(CH3)2 p-

cymene), 18.44 (CH3 p-cymene). 
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ESI of RANHC-I 

 

Figure S12: ESI of RANHC-I 
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1H-NMR RANHC-V 

 

Figure S13: 1H-NMR spectrum of RANHC-V 

1H-NMR (ppm, CDCl3, 300 MHz): δ 7.41-7.34 (m, aromatic hydrogens, 5H), 5.84-4.85 (o, aromatic hydrogens p-

cymene - NCH2CH - NCH2CH, 7H), 4.03 (s, OCH3, 3H), 3.24 (s, NCH3, 3H), 2.99 (CH(CH3)2 p-cymene, 1H), 2.16 (s, 

CH3 p-cymene, 3H), 1.29 (m, CH(CH3)2 p-cymene, 6H).  

 

 

 

 

 

 



S14 
 

 

 

13C-NMR RANHC-V 

 

Figure S14: 13C-NMR spectrum of RANHC-V 

13C-NMR (ppm, CDCl3, 75 MHz): δ 179.27 (NCN), 137.39 (ipso carbon of aromatic ring), 128.66, 128.35, 125.94 

(aromatic carbons),118.54, 116.29 (NCHCHN), 108.26, 99.95, 86.74 (aromatic carbons p-cymene), 85.07 (NCH2CH), 

83.31, 80.50 (aromatic carbons p-cymene), 56.67 (NCH2CH), 56.48 (OCH3), 38.46(CH(CH3)2 p-cymene),  30.36 

(NCH3),  23.91, 20.57 (CH(CH3)2 p-cymene), 18.38 (CH3 p-cymene). 
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ESI of RANHC-V 

   

Figure S15: ESI of RANHC-V 
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1H-NMR RANHC-VI 

 

Figure S16: 1H-NMR spectrum of RANHC-VI 

1H-NMR (ppm, CDCl3, 400 MHz): δ 7.67-7.32 (m, hydrogens of aromatic rings, 9H), 5.77, 5.56 (br, aromatic 

hydrogens p-cymene, 2H), 5.48 (br, NCH2CH, 1H), 5.17 (m, NCH2CH, 2H), 5.05, 4.50 (d, hydrogens p-cymene, 2H), 

4.25 (s, OCH3, 3H), 3.06 (o, NCH3 and CH(CH3)2 p-cymene, 4H), 2.09 (s, CH3 p-cymene, 3H), 1.30 (m, CH(CH3)2 p-

cymene, 6H). 

 

 

 

 

 



S17 
 

 

 

 

 

13C-NMR RANHC-VI 

 

Figure S17: 13C-NMR spectrum of RANHC-VI 

13C-NMR (ppm, CDCl3, 75 MHz): δ 191.20 (NCN), 138.41 (ipso carbon of aromatic ring), 135.71, 134.65, 128.50, 

128.09, 126.44, 122.49, 122.30, 111.38, 109.52 (aromatic carbons), 109.19, 99.84, 87.09, 85.72 (aromatic carbons p-

cymene), 83.34 (NCH2CH), 81.24,81.13 (aromatic carbons p-cymene), 56.20 (OCH3), 55.49 (NCH2CH), 36.52 

(CH(CH3)2 p-cymene), 30.36 (NCH3),  23.39, 21.00 (CH(CH3)2 p-cymene), 18.26 (CH3, p-cymene). 
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ESI of RANHC-VI 

 

Figure S3: ESI of RANHC VI 
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1H-NMR RANHC-II 

 

Figure S4: 1H-NMR spectrum of RANHC-II 

1H-NMR (ppm, CDCl3, 400 MHz): δ 7.67-7.03 (m, aromatic hydrogens and NCHCHN, 7H), 5.68-5.42 (br, aromatic 

hydrogens of p-cymene, 3H), 5.17 (o, aromatic hydrogens of p-cymene and NCH2CHOCH3, 2H), 4.81 (m, 

NCH2CHOCH3, 2H), 4.13 (s, OCH3, 3H), 3.16 (o, NCH3 and CH(CH3)2 p-cymene, 4H ), 1.88 (s, CH3 p-cymene, 3H), 

1.22 (m, CH(CH3)2 p-cymene, 6H). 

 

 

 

 



S20 
 

 

 

 

 

 

 

13C-NMR RANHC-II 

 

Figure S20: 13C-NMR spectrum of RANHC-II 

13C-NMR (ppm, CDCl3, 100 MHz): δ 171.01 (NCN), 138.00 (ipso carbon of aromatic ring), 128.15, 127.04 (aromatic 

carbons), 123.49,123.09 (NCHCHN), 103.81, 97.09 (aromatic carbons p-cumene), 86.03 (NCH2CH), 82.35, 82.07, 

81.58, 81.48 (aromatic carbons p-cymene), 59.20 (NCH2CH), 56.01 (OCH3), 44.74 (CH(CH3)2 p-cymene), 31.06 

(NCH3),  23.59, 21.33 (CH(CH3)2 p-cymene), 18.32 (CH3 p-cymene).  
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ESI of RANHC-II 

 

Figure S21: ESI of RANHC-II 
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1H-NMR RANHC-III 

 

Figure S22: 1H-NMR spectrum of RANHC-III 

1H-NMR (ppm, CDCl3, 300 MHz): δ 7.43-6.53(m, aromatic hydrogens and NCHCHN, 7H), 5.78-4.08 (o, aromatic 

hydrogens of p-cymene - NCH2CHOCH3 - NCH2CHOCH3, 7H), 3.87 (s, OCH3, 3H), 3.80 (s, CH3 p-cymene, 3H), 

3.02 (m, CH(CH3)2 p-cymene, 4H ), 2.27 (s, NCH3, 3H), 1.28 (m, CH(CH3)2 p-cymene, 6H). 
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13C-NMR RANHC-III 

 

Figure S23: 13C-NMR spectrum of RANHC-III 

13C-NMR (ppm, CDCl3, 62.5 MHz): δ 173.54 (NCN), 133.21 (ipso carbon of aromatic ring), 128.29, 126.20 (aromatic 

carbons), 123.92,123.00 (NCHCHN), 113.64, 100.64 (aromatic carbons p-cumene), 81.95 (aromatic carbon p-

cymene), 81.79 (NCH2CH), 81.10, 78.38, 78.16 (aromatic carbon p-cymene), 66.83 (OCH3), 55.97 (NCH2CH), 37.60 

(CH(CH3)2 p-cymene),  31.16 (NCH3), 30.88 (CH3 p-cymene). 23.32, 20.00 (CH(CH3)2 p-cymene).  
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31P-NMR RANHC-III 

 

Figure S24: 31P-NMR spectrum of RANHC-III 

31P-NMR (ppm, CDCl3, 161.97 MHz): δ -143.97 (m) 
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19F-NMR RANHC-III 

 

Figure S25: 19F-NMR spectrum of RANHC-III 

19F-NMR (ppm, CDCl3, 376 MHz): δ -71.64, -73.54. 
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ESI of RANHC-III 

 

Figure S26: ESI of RANHC-III 
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1H-NMR RANHC-IV 

 

Figure S27: 1H-NMR spectrum of RANHC-IV 

1H-NMR (ppm, CDCl3, 400 MHz): δ 7.68-6.93 (m, aromatic hydrogens and NCHCHN, 7H), 5.46-5.34 (dd, aromatic 

hydrogens of p-cymene, 2H), 5.16-5.07 (dd, aromatic hydrogens of p-cymene, 2H), 4.47-4.27 (dd, NCH2CH, 2H), 

3.98 (t, NCH2CH, 1H), 3.76 (s, OCH3, 3H), 3.15 (s, NCH3, 3H), 2.65 (m, CH(CH3)2 p-cymene, 1H), 1.98 (s, CH3 p-

cymene, 3H), 1.18 (m, CH(CH3)2 p-cymene, 6H).  
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13C-NMR RANHC-IV 

 

Figure S28: 13C-NMR spectrum of RANHC-IV 

13C-NMR (ppm, CDCl3, 62.5 MHz): δ 174.81 (NCN), 165.51, 165.41 (C=O, oxalyl group), 138.68 (ipso carbon of 

aromatic ring), 128.68, 128.13,127.10 (aromatic carbons), 123.41,123.04 (NCHCHN), 107.30, 97.18 (aromatic carbons 

p-cymene), 84.50(NCH2CH), 83.64, 82.74, 82.13, 81.72 (aromatic carbons p-cymene), 56.67 (OCH3), 56.42 (NCH2CH), 

37.41 (CH(CH3)2 p-cymene), 31.36 (NCH3), 22.65, 22.34 (CH(CH3)2 p-cymene), 18.36 (CH3 p-cymene). 
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ESI of RANHC-IV 

 

Figure S29: ESI of RANHC-IV 
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Table S1: Anticancer activity of the studied Ru-NHC complexes (RANHC-I-VI), expressed as IC50 values ± S.D. 
µM and µg/mL, against different cell lines. 

 

 

 

 

Table S2. MIC results of the Ru-NHC complexes (RANHC-I-VI), expressed in µM and µg/mL. 
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Table S3. Radical scavenging ability against DPPH and ABTS radicals, expressed as IC50 ± SD 𝜇M and 𝜇g/mL, of 
Ru-NHC complexes and standard drug (Trolox). 

 

 

 

 

 

 


