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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 (CsHsO2): Amax, nm
(relative absorbance, %) = 426 (100), 551 (17.6), 590 (5.9); '"H-RMN (400 MHz, CDCls), d (ppm) =9.01 (8H, s,
H-pyrrole), 7.79-7.76 (8H, m, Ph), 7.27 (4H, d, Ph), 4.19 (12H, s, OCHs), 3.98 (12H, s, OCH3). Characterization
in accordance with previously reported [1].
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Figure S1. UV-Vis and '"H-NMR spectra of Zn(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate
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Cu(Il) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide, Yield: 53%; UV-Vis (H20):
Amax, nm (relative absorbance, %) = 425 (100), 548 (15.6). Characterization in accordance with previously

reported [2].
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Figure S2. UV-Vis of Cu(Il) 5,10,15,20-tetrakis-(N-methyl-4-pyridinyl)porphyrinate tetraiodide.



Cu(Il) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate, Yield = 84%; UV-Vis (C4HsO2): Amax, nm
(relative absorbance, %) =421 (100), 541 (50.8), HRMS (ESI); m/z = 915.2444 ([M+H]") calculated for 915.2450
(Cs2HasCuN4Os). Characterization in accordance with previously reported [1].
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Figure S3. UV-Vis and HRMS of Cu(ll) 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 (CH2Cl):
Amax, 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(IIl) 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): Amax, nm
(relative absorbance, %) = 482 (100), 586 (14.3), 625 (16.9); HRMS (ESI); m/z = 907.25101 (M+) calculated for
907.25342 (C52H44sMnN4Os).
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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 (CH2Clz): Amax, nm
(relative absorbance, %) =422 (100), 525 (9.2); 'H-RMN (400 MHz, CDCls), d (ppm) = 8.87 (8H, s, H-pyrrole),
7.73 -7.71 (8H, m, Ph), 7.25 (4H, d, Ph), 4.17 (12H, s, OCHz), 3.97 (12H, s, OCH).
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Figure S6. UV-Vis and '"H-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): Amax, nm
(relative absorbance, %) =424 (100), 541 (50.8); 'TH-RMN (400 MHz, CDCls), d (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, OCHs), 4.01 (12H, s, OCH). *Calculated by NMR.
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Figure S7. UV-Vis and "H-NMR spectra of Pt(II) 5,10,15,20-tetrakis-(3,4-dimethoxyphenyl)porphyrinate.

Cu(Il) 5,10,15,20-tetraphenylporphyrinate, Yield = 75%; UV-Vis (CsHsOz2): Amax, nm (relative absorbance,
675.1593 (M*) calculated for 675.1605 (CssH2sCuNa).
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(Il) 5,10,15,20-tetrakis-(3,5-dimethoxyphenyl)porphyrinate, Yield = 89%; UV-Vis (C4HsO2): Amax, nm
(relative absorbance, %) = 417 (100), 538 (4.3); HRMS (ESI); m/z = 916.2508 ([M+H]*) calculated for 916.2530
(Cs2HasCuN4Os). Characterization in accordance with previously reported [5].
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Figure 59. UV-Vis and HRMS of Cu(ll) 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 (C2HsN): Amax, nm
(relative absorbance, %) = 416 (100), 536 (5); HRMS (ESI); m/z = 1035.2850 (M*) calculated for 1035.2872
(CssH52CuN4O12). 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(Il) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate, Yield = 74%; UV-Vis (CHsOH): Amax, nm
(relative absorbance, %) = 414 (100), 537 (6.2). Characterization in accordance with previously reported [6,
7].
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Figure S11. UV-Vis of Cu(Il) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate.



Cu(I) 5,10,15,20-tetrakis-(3-hydroxyphenyl-4-methoxyphenyl))porphyrinate, Yield = 90%; UV-Vis
(CsHs02): Amax, nm (relative absorbance, %) = 405 (100), 481 (34.4), 530 (5.4); HRMS (ESI); m/z = 859.1817
(M) *) calculated for 859.1824 (CisH36CuN4Os). Characterization in accordance with previously reported [8].

ok, Intens, TPMMPG33061605_000001.d: +MS|
x106 £50.18880 x108
860.18880
s 8
3
. 861.19330 86218737
5
2 859.18170 96349033
l\ f I 864.19317
A ) i
x10% TPMMPG33061605_000001.d C48 H37 CUN4 OB 860,13
860.19019
8
4
6
862.18886
861.19352
4
w2 18490
863.19182
2 ||
s11.828% \ ‘ 864.19509
| | ] | | 865.19844
x10% TPMMPG33061605_000001.d C48 H36 CuN4 OB 859.18
e, 859.18237
131328481
15
¢ 200 400 600 800 1000 1200 1400 maz
Mass Spectrum Molecular Formula Report S—
Meas. mz # Formula Score m'z em[mDa] erm[ppm] mSigma rdb e Conf N-Rule 10 860.18569
85018170 1 CE0H32CuN20O 10000 850.18052 <118 -138 4514 455 even ok
2 CS58H30CuNS 3530 850.17917 -253 294 4517 460 odd ok
3 CS51H34CuN50S 538 850.18505 335 390 4517 370 odd ok
4 C48HIBCuN4OB8 1865 850.18237 067 078 4621 325 even ok
5 CSTH25N505 189 850.18502 332 387 4634 480 odd ok 1 862.18400
6 CE4H27N408 206 85018234 084 075 4719 435 even ok 05
86018880 1 C48H37CuN4OS8 10000 860.19019 139 162 611 320 odd ok
2 CS51H35CuNSOS 511 860.19287 407 474 753 385 even ok |
3 CS8H31CuNS 9. 860.18700 180 200 1109 455 even ok I 863.18727
4 CE0H33CuN20 1472 860.18834 046 053 1170 450 odd ok | | v| 1
5 C 8 055 86019017 137 150 1621 430 odd ok 00 \ )\ | A 864.19062
6 CSTH28NSOS 005 860.19285 405 an 1621 475 even ok - 858 859 860 861 862 63 864 865 866 o
1,0
0,8
[}
=) 0,6 4
c
3]
Ko} 4
=
3
g 0,4 1
0,2 4
0,0
T T T T T T T T T T T T T 1
400 450 500 550 600 650 700

wavelength (nm)

Figure S12. UV-Vis and HRMS of  Cu(ll) 5,10,15,20-tetrakis-(3-hydroxyphenyl-4-
methoxyphenyl))porphyrinate.



Cu(Il) 5,10,15,20-tetrakis-(3,5-dichlorophenyl)porphyrinate, Yield = 97%; UV-Vis (CiHsOz): Amax, nm
(relative absorbance, %) =415 (100), 539 (5.6), 587 (2.2); HRMS (ESI); m/z = 947.8553 ([M+H]*) calculated for
947.8565 (CaaH21ClsCulN4).
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Figure S13. UV-Vis and HRMS of Cu(I) 5,10,15,20-tetrakis-(3,5-dichlorophenyl)porphyrinate.



Cu(II) 5,10,15,20-tetrakis-(3-nitrophenyl)porphyrinate, Yield = 70%; UV-Vis (CH2Cl2): Amax, 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(ll) 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 (H20):
Amax, nm (relative absorbance, %) =436 (100), 564 (16.1), 604 (11.3); 'H-RMN (400 MHz, DMSO-ds), d (ppm)
=943 (8H, d, ] = 6.8 Hz, Ph), 9.09 (8H, s, H-pyrrole), 8.92 (8H, d, J = 6.4 Hz, CH), 4.73 (12H, s, CH).
Characterization in accordance with previously reported [10].
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Figure S15. UV-Vis and 'H-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
(H20): Amax, 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 (H20):
Amax, 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 (H:0):
Amax, 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(Ill) 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 (H20): Amax, nm

(relative absorbance, %) = 413 (100), 539 (8.5); 'H-RMN (400 MHz, DMSO-ds), d (ppm) = 9.03 - 9.00 (8H, m,
H-pyrrole), 7.75 - 7.73 (8H, m, Ph), 7.69 - 7.66 (2H, m, Ph).
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Figure S19. UV-Vis and 'H-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 (CHs3OH): Amax, nm
(relative absorbance, %) = 422 (100), 556 (6), 596 (4.2); '"H-RMN (400 MHz, D20), d (ppm) = 8.98 (8H, s, H-
pyrrole), 8.25 (8H, d, ] = 7.2 Hz, Ph), 7.91 (8H, d, ] = 6.8 Hz, Ph), 7.80 (4H, s, CO:H) Characterization in
accordance with previously reported [13].
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Figure S20. UV-Vis and "H-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): Amax, nm
(relative absorbance, %) = 421 (100), 553 (19.3); "H-RMN (400 MHz, DMSO-ds), d (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).
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Figure S21. UV-Vis and 'H-NMR of Zn(II) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate.

Zn(I) 5,10,15,20- tetrakis-(4-sulfonatophenyl)porphyrinato tetraammonium, Yield

65%; UV-Vis

(CHs0H): Amax, nm (relative absorbance, %) =420 (100), 556 (14.5) 596 (13); "H-RMN (400 MHz, DMSO-ds),
5 (ppm) = 8.80-8.76 (8H, m, H-pyrrole), 8.20-8.18 (4H, m, Ph), 8.13 (4H, d, ] = 8.0 Hz, Ph), 8.02 (4H, d, ] = 8.4
Hz, Ph), 7.81-7.79 (4H, m, Ph) (Characterization in accordance with previously reported [13].
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Figure 522. UV-Vis and 'H-NMR of Zn(II) 5,10,15,20-tetrakis-(4-sulfonatophenyl)porphyrinato

tetraammonium,



Cu(Il) 5,10,15,20-tetrakis-(4-carboxyphenyl)porphyrinate, Yield = 46%; UV-Vis (CHsOH): Amax, nm
(relative absorbance, %) = 413 (100), 539 (10.6); HRMS (ESI); m/z = 852.1298 (M+) calculated for 852.1276
(CasH29CuN4Os). Characterization in accordance with previously reported[10].
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Figure 523. UV-Vis and HRMS of Cu(lIl) 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(Il) 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(Il) 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(ll) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate was
obtained in 74% yield.

2.1.3. Synthesis of copper(Il) 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(Il) 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(Il) 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(Il) 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
HCI (1 M) and purified liquid-liquid extraction with ethyl acetate. After dried with Na2504 and solvent
evaporation the Cu(Il) 5,10,15,20-tetrakis-(3-hydroxyphenyl)porphyrinate was obtained in 45% yield.

Table S1. Data for Atom Economy calculation

reactant MW Product MW
(g.mol-1)

TMePyP 1186.44 Cu(TMePyP) 1247.97

3-OHTPP 678.73 Cu(3-OHTPP) 740.26

Cu(OAc).H0 199.65

Table S2. Data for E-factor calculation

Reactant/solvents MW Density Product MW
(g.mol-1) (g/mL)

TMePyP 1186.44 - Cu(TMePyP) 1247.97

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

Cu(OAc)2.H20 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).H0 84.1

Ultrasound E-factor = 37.0
TMePyP 50 Cu(TMePyP) 27.8

Cu(OAc)2.2H20 8.4

H20O 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.H20 73.8
Ultrasound E-factor = 27.3
3-OHTPP 50 Cu(3-OHTPP) | 40.5
Cu(OAc)2.H20 14.7
H20 1000
NaOH 80
Table S5. Data for Ecoscale calculation
Cu(TMePyP) Cu(TMePyP) Cu(3-OHTPP) Cu(3-OHTPP)
Mechanochemistry | Ultrasound Mechanochemistry | 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. 10 10 3 3
Workup/Purification
Total penalty points 49.5 455 28 33
Ecoscale 50.5 54.5 72 67
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