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1. 1. Characterization of the synthesized metalloporphyrins 

Zn(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate, Yield = 97%; UV-Vis (C4H8O2): λmax, nm 

(relative absorbance, %) = 426 (100), 551 (17.6), 590 (5.9); 1H-RMN (400 MHz, CDCl3), δ (ppm) = 9.01 (8H, s, 

H-pyrrole), 7.79 – 7.76 (8H, m, Ph), 7.27 (4H, d, Ph), 4.19 (12H, s, OCH3), 3.98 (12H, s, OCH3). Characterization 

in accordance with previously reported [1]. 

 

 

 
Figure S1. UV-Vis and 1H-NMR spectra of Zn(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate 
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Cu(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide, Yield: 53%; UV-Vis (H2O): 

λmax, nm (relative absorbance, %) = 425 (100), 548 (15.6). Characterization in accordance with previously 

reported [2]. 

400 450 500 550 600 650 700

0,0

0,2

0,4

0,6

0,8

1,0

A
b

s
o

rb
a

n
c
e

wavelength (nm)

 
Figure S2. UV-Vis of Cu(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide. 

  



 

Cu(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate, Yield = 84%; UV-Vis (C4H8O2): λmax, nm 

(relative absorbance, %) = 421 (100), 541 (50.8), HRMS (ESI); m/z = 915.2444 ([M+H]+) calculated for 915.2450 

(C52H45CuN4O8). Characterization in accordance with previously reported [1].  
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Figure S3. UV-Vis and HRMS of Cu(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate. 

  



 

 

 

Co(III) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate acetate, Yield = 61%; UV-Vis (CH2Cl2): 

λmax, nm (relative absorbance, %) = 420 (100), 527 (13.4). Characterization in accordance with previously 

reported [1]. 
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Figure S4. UV-Vis of Co(III) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate acetate. 

 

 

  



 

 

Mn(III) 5,10,15,20-(3,4-dimethoxyphenyl)porphyrinate acetate, Yield = 30%; UV-Vis (CH2Cl2): λmax, nm 

(relative absorbance, %) = 482 (100), 586 (14.3), 625 (16.9); HRMS (ESI); m/z = 907.25101 (M+) calculated for 

907.25342 (C52H44MnN4O8).  
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Figure S5. UV-Vis and HRMS spectra of Mn(III) 5,10,15,20-(3,4-dimethoxyphenyl)porphyrinate acetate. 

  



 

Pd(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate, Yield = 70%; UV-Vis (CH2Cl2): λmax, nm 

(relative absorbance, %) = 422 (100), 525 (9.2); 1H-RMN (400 MHz, CDCl3), δ (ppm) = 8.87 (8H, s, H-pyrrole), 

7.73 – 7.71 (8H, m, Ph), 7.25 (4H, d, Ph), 4.17 (12H, s, OCH3), 3.97 (12H, s, OCH3). 

 

 
 

Figure S6. UV-Vis and 1H-NMR spectra of Pd(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate.  

  



 

 

Pt(II) 5,10,15,20-(tetrakis-3,4-dimethoxyphenyl)porphyrinate, Yield = 50%*; UV-Vis (CH2Cl2): λmax, nm 

(relative absorbance, %) = 424 (100), 541 (50.8); 1H-RMN (400 MHz, CDCl3), δ (ppm) = 8.83 (8H, s, H-pyrrole), 

7.63 – 7.61(8H, m, Ph), 7.19 - 7.15 (4H, m, Ph), 4.18 (12H, s, OCH3), 4.01 (12H, s, OCH3). *Calculated by NMR. 

 
 

Figure S7. UV-Vis and 1H-NMR spectra of Pt(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate.  

 

 

Cu(II) 5,10,15,20-tetraphenylporphyrinate, Yield = 75%; UV-Vis (C4H8O2): λmax, nm (relative absorbance, 

%) = 421 (100), 541 (50.8); HRMS (ESI); m/z = 675.1593 (M+) calculated for 675.1605 (C44H28CuN4). 

Characterization in accordance with previously reported [3, 4]. 
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Figure S8. UV-Vis and HRMS of Cu(II) 5,10,15,20-tetraphenylporphyrinate. 

  



 

 

Cu(II) 5,10,15,20-tetrakis-(3,5-dimethoxyphenyl)porphyrinate, Yield = 89%; UV-Vis (C4H8O2): λmax, nm 

(relative absorbance, %) = 417 (100), 538 (4.3); HRMS (ESI); m/z = 916.2508 ([M+H]+) calculated for 916.2530 

(C52H45CuN4O8). Characterization in accordance with previously reported [5]. 
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Figure S9. UV-Vis and HRMS of Cu(II) 5,10,15,20-tetrakis-(3,5-dimethoxyphenyl)porphyrinate. 

 

  



 

 

Cu(II) 5,10,15,20-tetrakis-(3,4,5-trimethoxyphenyl)porphyrinate, Yield = 88%; UV-Vis (C2H3N): λmax, nm 

(relative absorbance, %) = 416 (100), 536 (5); HRMS (ESI); m/z = 1035.2850 (M+) calculated for 1035.2872 

(C56H52CuN4O12). Characterization in accordance with previously reported [6]. 
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Figure S10. UV-Vis and HRMS of Cu(II) 5,10,15,20-tetrakis-(3,4,5-trimethoxyphenyl)porphyrinate. 

  



 

Cu(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate, Yield = 74%; UV-Vis (CH3OH): λmax, nm 

(relative absorbance, %) = 414 (100), 537 (6.2). Characterization in accordance with previously reported [6, 

7]. 

 

400 450 500 550 600 650 700

0,0

0,2

0,4

0,6

0,8

1,0

A
b

s
o

rb
a

n
c
e

wavelength (nm)

 
Figure S11. UV-Vis of Cu(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate. 

  



 

 

 

Cu(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl-4-methoxyphenyl))porphyrinate, Yield = 90%; UV-Vis 

(C4H8O2): λmax, nm (relative absorbance, %) = 405 (100), 481 (34.4), 530 (5.4); HRMS (ESI); m/z = 859.1817 

(M+) +) calculated for 859.1824 (C48H36CuN4O8). Characterization in accordance with previously reported [8]. 
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Figure S12. UV-Vis and HRMS of Cu(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl-4-

methoxyphenyl))porphyrinate. 

  



 

 

Cu(II) 5,10,15,20-tetrakis-(3,5-dichlorophenyl)porphyrinate, Yield = 97%; UV-Vis (C4H8O2): λmax, nm 

(relative absorbance, %) = 415 (100), 539 (5.6), 587 (2.2); HRMS (ESI); m/z = 947.8553 ([M+H]+) calculated for 

947.8565 (C44H21Cl8CuN4). 
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Figure S13. UV-Vis and HRMS of  Cu(II) 5,10,15,20-tetrakis-(3,5-dichlorophenyl)porphyrinate. 

  



 

 

Cu(II) 5,10,15,20-tetrakis-(3-nitrophenyl)porphyrinate, Yield = 70%; UV-Vis (CH2Cl2): λmax, nm (relative 

absorbance, %) = 418 (100), 539 (14.9). Characterization in accordance with previously reported [9]. 
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Figure S14. UV-Vis and of  Cu(II) 5,10,15,20-tetrakis-(3-nitrophenyl)porphyrinate. 

 

 

Zn(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide, Yield = 90%; UV-Vis (H2O): 

λmax, nm (relative absorbance, %) = 436 (100), 564 (16.1), 604 (11.3); 1H-RMN (400 MHz, DMSO-d6), δ (ppm) 

= 9.43 (8H, d, J = 6.8 Hz, Ph), 9.09 (8H, s, H-pyrrole), 8.92 (8H, d, J = 6.4 Hz, CH), 4.73 (12H, s, CH3). 

Characterization in accordance with previously reported [10]. 

 

 
 

Figure S15.  UV-Vis and 1H-NMR of Zn(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate 

tetraiodide. 



 

 

Mn(III) acetate 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide, Yield = 18%; UV-Vis 

(H2O): λmax, nm (relative absorbance, %) = 462 (100), 558 (29.0). Characterization in accordance with 

previously reported [11]. 
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Figure S16.  UV-Vis of Mn(III) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide. 

 

 

Ni(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide, Yield = 18%; UV-Vis (H2O): 

λmax, nm (relative absorbance, %) = 423 (100), 522 (25.1), 558 (24.0). Characterization in accordance with 

previously reported [12]. 
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Figure S17.  UV-Vis of Ni(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide. 

 

 

 

 



 

Co(III) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide, Yield = 32%; UV-Vis (H2O): 

λmax, nm (relative absorbance, %) = 435 (100), 548 (30.7). Characterization in accordance with previously 

reported [12].  
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Figure S18. UV-Vis of Co(III) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide. 

 

 

Zn(II) 5,10,15,20-tetrakis-(4-phosphonatophenyl)porphyrinate, Yield = 32%; UV-Vis (H2O): λmax, nm 

(relative absorbance, %) = 413 (100), 539 (8.5); 1H-RMN (400 MHz, DMSO-d6), δ (ppm) = 9.03 - 9.00 (8H, m, 

H-pyrrole), 7.75 - 7.73 (8H, m, Ph), 7.69 - 7.66 (2H, m, Ph).  

 

 
 

Figure S19.  UV-Vis and 1H-NMR of Zn(II) 5,10,15,20-tetrakis-(4-phosphonatophenyl)porphyrinate. 



 

 

 

Zn(II) 5,10,15,20-tetrakis-(4-carboxyphenyl)porphyrinate, Yield = 46%; UV-Vis (CH3OH): λmax, nm 

(relative absorbance, %) = 422 (100), 556 (6), 596 (4.2); 1H-RMN (400 MHz, D2O), δ (ppm) = 8.98 (8H, s, H-

pyrrole), 8.25 (8H, d, J = 7.2 Hz, Ph), 7.91 (8H, d, J = 6.8 Hz, Ph), 7.80 (4H, s, CO2H) Characterization in 

accordance with previously reported [13]. 

 
Figure S20.  UV-Vis and 1H-NMR of Zn(II) 5,10,15,20-tetrakis-(4-carboxyphenyl)porphyrinate. 

  



 

Zn(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate, Yield = 89%; UV-Vis (CH3OH): λmax, nm 

(relative absorbance, %) = 421 (100), 553 (19.3); 1H-RMN (400 MHz, DMSO-d6), δ (ppm) = 9.79 (4H, s, OH), 

8.83 (8H, s, H-pyrrole), 7.62 – 7.54 (12H, m, Ph), 7.21 - 7.19(4H, m, Ph).  

 

 
Figure S21.  UV-Vis and 1H-NMR of Zn(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate. 

 

Zn(II) 5,10,15,20- tetrakis-(4-sulfonatophenyl)porphyrinato tetraammonium, Yield = 65%; UV-Vis 

(CH3OH): λmax, nm (relative absorbance, %) = 420 (100), 556 (14.5) 596 (13); 1H-RMN (400 MHz, DMSO-d6), 

δ (ppm) = 8.80-8.76 (8H, m, H-pyrrole), 8.20-8.18 (4H, m, Ph), 8.13 (4H, d, J = 8.0 Hz, Ph), 8.02 (4H, d, J = 8.4 

Hz, Ph), 7.81-7.79 (4H, m, Ph) (Characterization in accordance with previously reported 13. 

 
Figure S22.  UV-Vis and 1H-NMR of Zn(II) 5,10,15,20-tetrakis-(4-sulfonatophenyl)porphyrinato 

tetraammonium, 



 

 

Cu(II) 5,10,15,20-tetrakis-(4-carboxyphenyl)porphyrinate, Yield = 46%; UV-Vis (CH3OH): λmax, nm 

(relative absorbance, %) = 413 (100), 539 (10.6); HRMS (ESI); m/z = 852.1298 (M+) calculated for 852.1276 

(C48H29CuN4O8). Characterization in accordance with previously reported[10]. 
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Figure S23.  UV-Vis and HRMS  of Cu(II) 5,10,15,20-tetrakis-(4-carboxyphenyl)porphyrinate. 

 

2. Sustainability assessment 

 

2.1. Experimental procedures of the reactions used for the sustainability calculations 

 

2.1.1. Synthesis of copper (II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate, CuTMePyP under 

mechanical action 

A mixture of 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrin (50 mg, 0.042 mmol) and copper(II) acetate 

monohydrate (10 equiv, 84.2 mg) and two steel spheres were placed in steel jar and submitted to mechanical 



 

action in a ball milling system (Retsch 400 MM) at 25 Hz during 60 min. The reaction product was purified 

through exclusion chromatography (Sephadex G-10) using water as eluent. Yield 45%. 

 

2.1.2 Synthesis of copper (II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate under ultrasound 

A mixture of 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrin (50 mg, 0.074 mmol), copper(II) acetate 

monohydrate (5 equiv, 80.2 mg) and two steel spheres were placed in steel jar and submitted to mechanical 

action in a ball milling system (Retsch 400 MM) at 25 Hz during 30 min. After liquid-liquid extraction (ethyl 

acetate/water) and solvent evaporation the Cu(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate was 

obtained in 74% yield. 

 

2.1.3. Synthesis of copper(II) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate, CuTMePyP under 

ultrasound 

A mixture of 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrin (50 mg, 0.042 mmol) and copper(II) acetate 

monohydrate (1 equiv, 8.4 mg) and 1 mL of water were placed in a microwave vial (10 ml) and submerged 

into the ultrasound bath (1 cm depth). After 30 min, the reaction crude was purified through exclusion 

chromatography (Sephadex -G10) using water as eluent. After water evaporation the Cu(II) 5,10,15,20-

tetrakis-(N-methyl-4-pyridinyl)porphyrinate was obtained in 53% yield. 

 

2.1.4. Synthesis of copper (II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate under ultrasound 

A mixture of 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrin (50 mg, 0.042 mmol) and copper(II) acetate 

monohydrate (1 equiv, 8.4 mg) and 1 mL of NaOH (2 M) were placed in a microwave vial (10 ml) and 

submerged into the ultrasound bath (1 cm depth). After 30 min, the reaction crude was neutralized with 

HCl (1 M) and purified liquid-liquid extraction with ethyl acetate. After dried with Na2SO4 and solvent 

evaporation the Cu(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate was obtained in 45% yield. 

 

Table S1. Data for Atom Economy calculation 

reactant MW 

(g.mol-1) 

Product MW 

TMePyP 1186.44  Cu(TMePyP) 1247.97 

3-OHTPP 678.73 Cu(3-OHTPP) 740.26 

Cu(OAc)2.H2O 199.65   

 

 

Table S2. Data for E-factor calculation 

Reactant/solvents MW 

(g.mol-1) 

Density 

(g/mL) 

Product MW 

TMePyP 1186.44  -- Cu(TMePyP) 1247.97 

3-OHTPP 678.73 -- Cu(3-OHTPP) 740.26 

Cu(OAc)2.H2O 199.65 --   

water 18.02 1   

NaOH 40.00    

 

 

 

 

Table S3. E-factor for the synthesis of Cu(II) complexes of TMePyP 

Mechanochemistry E-factor = 4.7 

Reactant/solvents m (mg) Product m (mg)   

TMePyP 50  Cu(TMePyP) 23.6  

Cu(OAc)2.H2O 84.1    

Ultrasound E-factor = 37.0 

TMePyP 50 Cu(TMePyP) 27.8  

Cu(OAc)2.2H2O 8.4    

H2O 1000    

 

 



 

 

 

Table S4. E-factor for the synthesis of Cu(II) complexes of 3-OHTPP 

Mechanochemistry E-factor = 2.1 

Reactant/solvents m (mg) Product m (mg)  

3-OHTPP 50  Cu(3-OHTPP) 40.5  

Cu(OAc)2.H2O 73.8    

Ultrasound E-factor = 27.3  

3-OHTPP 50 Cu(3-OHTPP) 40.5  

Cu(OAc)2.H2O 14.7    

H2O 1000    

NaOH 80    

 

 

Table S5. Data for Ecoscale calculation 

 Cu(TMePyP) 

Mechanochemistry 

Cu(TMePyP) 

Ultrasound 

Cu(3-OHTPP) 

Mechanochemistry 

Cu(3-OHTPP) 

Ultrasound 

Parameter Penalty points 

1.Yield 27.5 23.5 13 13 

2. Price of components 5 5 5 5 

3. Safety 5 5 5 10 

4. Technical Setup 2 2 2 2 

5. Temperature/time 0 0 0 0 

6. 

Workup/Purification 

10 10 3 3 

Total penalty points 49.5 45.5 28 33 

Ecoscale 50.5 54.5 72 67 
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