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[bookmark: _Hlk87534704]1. Synthesis
1.1 General Remarks
All solvents were dried by distillation prior to use while the commercial reagents 4, 6, 9, 10, 11, 12, 13, 14, 20, and 21 were used without any further purification. Bruker Avance (400 MHz), Jeol ECZ (500 MHz) and Varian (600 MHz) spectrometer were used to record 1H-, 13C-, 1H-1H-COSY and DOSY NMR spectra at 298 K employing the deuterated solvent as the lock and residual protiated solvent as internal reference (CDCl3: δH 7.26 ppm, δC 77.0 ppm; CD2Cl2: δH 5.32 ppm, δC 53.8 ppm, THF-d8: δH 1.72 ppm, 3.58 ppm, δC 25.3 ppm, 67.2 ppm). The following abbreviations were used to define NMR peak patterns: s = singlet, d = doublet, t = triplet, dd = doublet of doublets, ddd = doublet of doublets of doublets, br = broad, m= multiplet. The coupling constants were given in Hertz (Hz) and, wherever possible, assignment of protons was made. The carbons in the molecular skeletons were not necessarily numbered following the IUPAC nomenclature rules; numbering is exclusively provided for assignment of NMR signals. All electrospray ionization (ESI-MS) spectra were recorded on a Thermo-Quest LCQ deca and the theoretical isotopic distributions of the mass signals were calculated using IsoPro 3.0 software. Melting points of compounds were measured on a BÜCHI 510 instrument and were not corrected. Infrared spectra were recorded on a Varian 1000 FT-IR instrument. Elemental analysis was performed using the EA-3000 CHNS analyzer. UV-vis spectra were recorded on Cary Win 50 (298 K) and Cary Win 600 (298 K) spectrometers. Binding constants were determined through UV-vis titrations assuming a 1:1 binding scheme or with SPECFIT/32TM global analysis system by Spectrum Software Associates (Marlborough, MA). Column chromatography was performed either on silica gel (60-400 mesh) or neutral alumina (Fluka, 0.05-0.15 mm, Brockmann Activity 1). Merck silica gel (60 F254) or neutral alumina (150 F254) sheets were used for thin layer chromatography (TLC). All preparations of metal complexes were performed directly in the NMR tube using CD2Cl2 and CD3CN as solvent. Compounds (7,[endnoteRef:1] 15,[endnoteRef:2] 19,[endnoteRef:3] and 23[endnoteRef:4]) were synthesized according to literature-known procedures.  [1: . M. Schmittel, U. Lüning, M. Meder, A. Ganz, C. Michel, M. Herderich, Heterocyclic Communications, 1997, 3, 493–498. ]  [2: .  U. Luning, M. Abbass, F. Fahrenkrug, Eur. J. Org. Chem., 2002, 3294–3303.]  [3: . M. Calik, F. Auras, M. L. Salonen, K. Bader, I. Grill, M. Handloser, D. D. Medina, M. Dogru, F. Löbermann, D. Trauner, A. Hartschuh, T. Bein, J. Am. Chem. Soc., 2014, 136, 17802–17807.]  [4: .  M. Schmittel, C. Michel, A. Wiegrefe, Synthesis, 2005, 3, 367–373.] 






1.2 Synthetic Schemes


Chart S1. Ligands were used for the present study.



Scheme S1. The synthetic strategy used for the preparation of ligand 3.



Scheme S2. Synthetic scheme used in the preparation of porphyrin 22.



Scheme S3. Synthetic scheme used in the preparation of ligand 1.



Scheme S4. Synthetic scheme used in the preparation of ligand 2.



Scheme S5. The catalytic reaction.

1.3 Synthesis of Ligands
1.3.1 Synthesis of Ligand 3
2-(2,6-Dimethoxyphenyl)-9-(2,3,5,6-tetramethyl-4((trimethylsilyl)ethynyl)phenyl)-1,10-phenanthroline (5)





A 2.5 M solution of n-BuLi (1.12 mL, 2.80 mmol) in hexane was slowly added to a cooled solution (0 °C) of ((4-iodo-2,3,5,6-tetramethylphenyl)ethynyl)trimethylsilane (1.00 g, 2.80 mmol) in anhydrous diethyl ether (20 mL) under nitrogen atmosphere. The solution was kept for 1 h at 0 °C and slowly allowed to warm to rt. Furthermore, the solution was stirred for another 3 h at the same temperature. Then, solid compound 2-(2,6-dimethoxyphenyl)-1,10-phenanthroline (16) (500 mg, 1.58 mmol) was added to the solution at rt and continued to stir for 12 h at rt. The reaction was quenched by the addition of water (20 mL) and thereafter the aqueous layer was extracted with DCM (3 × 20 mL). To the combined DCM extracts, activated MnO2 (616 mg, 2.00 mmol) was added, and they were stirred for 2 h at rt. The solution was filtered through celite powder, then the solvent was removed under a vacuum. The column chromatographic purification (silica, EtOAc/hexane = 3:7, Rf = 0.3) of the crude product on silica gel using DCM as eluent provided compound 5 as a yellowish solid. Yield: 61% (520 mg, 954 μmol). Mp: 132 °C IR (KBr):  = 422, 576, 626, 664, 756, 849, 958, 1022, 1080, 1137, 1174, 1248, 1492, 1350, 1539, 1581, 1714, 1615, 2140, 2368, 2731, 2919, 2955, 3004 cm–1. 1H NMR (400 MHz, CDCl3)  = 0.28 (s, 9H, TMS-H), 1.93 (s, 6H, e-H), 2.43 (s, 6H, d-H), 3.73 (s, 6H, c-H), 6.67 (d, 3J = 8.5 Hz, 2H, a-H), 7.31 (t, 3J = 8.5 Hz, 1H, b-H), 7.45 (d, 3J = 8.0 Hz, 1H, 3-H), 7.68 (d, 3J = 8.0 Hz, 1H, 8-H), 7.83 (d, 3J = 8.5 Hz, 1H, 5/6-H), 7.85 (d, 3J = 8.5 Hz, 1H, 6/5-H), 8.27 (d, 3J = 8.0 Hz, 2H, 4-, 7-H) ppm. 13C NMR (400 MHz, CDCl3)  = 0.18, 17.6, 18.3, 56.6, 101.7, 104.5, 105.0, 120.1, 123.2, 124.5, 126.0, 126.4, 126.5, 127.1, 127.7, 129.9, 131.7, 135.4, 136.0, 136.3, 141.3, 145.0, 145.1, 155.0, 158.4, 160.9, ppm. ESI-MS: m/z (%) = 545.7 (100) [5 + H]+. Elemental analysis: Anal. Calcd. for C35H36N2O2Si: C, 77.17; H, 6.66; N, 5.14 Found: C, 77.32; H, 6.51; N, 5.29.

2-(2,6-Dimethoxyphenyl)-9-(4-ethynyl-2,3,5,6-tetramethylphenyl)-1,10-phenanthroline (17)




[bookmark: _Hlk89621660]A solution of compound 5 (400 mg, 734 μmol) in THF (20 mL) and MeOH (20 mL) was treated with aqueous 1 N KOH (10 mL). The resulting solution was stirred for 12 h at rt, then it was neutralized by saturated NH4Cl (50 mL) and finally extracted with DCM. The combined organic layers were dried over NaSO4 and evaporated to furnish compound 17 as a yellowish solid. Yield: 86% (298 mg, 631 μmol). Mp: 126 °C. IR (KBr):  = 979, 1005, 1038, 1059, 1091, 1122, 1132, 1192, 1226, 1269, 1292, 1344, 1379, 1393, 1452, 1470, 1506, 1572, 1599, 2240, 2798, 2868, 2889, 2947, 2990, 3024, 3086 cm–1. 1H NMR (400 MHz, CDCl3)  = 1.97 (s, 6H, e-H), 2.47 (s, 6H, d-H), 3.50 (s, 1H, f-H), 3.74 (s, 6H, c-H), 6.66 (d, 3J = 8.5 Hz, 2H, a-H), 7.30 (t, 3J = 8.5 Hz, 1H, b-H), 7.47 (d, 3J = 8.0 Hz, 1H, 3-H), 7.68 (d, 3J = 8.0 Hz, 1H, 8-H), 7.82 (d, 3J = 8.5 Hz, 1H, 5/6-H), 7.85 (d, 3J = 8.5 Hz, 1H, 6/5-H), 8.26 (d, 3J = 8.0 Hz, 2H, 4-, 7-H) ppm. 13C NMR (400 MHz, CDCl3)  = 17.7, 18.2, 56.5, 82.8, 84.4, 105.0, 105.2, 121.9, 124.5, 125.9, 126.3, 126.5, 127.1, 127.6, 129.7, 132.0, 135.2, 135.8, 136.6,141.9, 145.3, 145.4, 155.0, 158.6, 160.7 ppm. ESI-MS: m/z (%) = 473.6 (100) [17 + H]+. Elemental analysis: Anal. Calcd. for C32H28N2O2: C, 81.33; H, 5.97; N, 5.93 Found: C, 81.22; H, 5.91; N, 5.61.

4-((4-Iodophenyl)ethynyl)pyridine (18)



Under N2 atmosphere, an oven-dry Schlenk tube was charged with 1,4-diiodobenzene (2.35 g, 7.12 mmol), 4-ethynylpyridine hydrochloride (200 mg, 1.43 mmol), Pd(PPh3)2Cl2 (103 mg, 143 μmol) and CuI (27.0 mg, 143 μmol). After the addition of dry triethylamine (20 mL) and dry CH2Cl2 (20 mL), the mixture was stirred at rt for 12 h under N2 atmosphere. Following the removal of the solvent, the resulting solid was dissolved in DCM and washed with water. The residue was purified by column chromatography (silica, DCM, Rf = 0.3) using DCM as eluent affording 18 as a colorless solid. Yield: 42% (183 mg, 600 μmol). Melting point: 91 °C. IR (KBr):  = 646, 663, 684, 795, 901, 1014, 1057, 1080, 1092, 1156, 1170, 1225, 1248, 1321, 1376, 1423, 1452, 1478, 1569, 1592, 2205, 2731, 2919, 3062 cm–1. 1H NMR (400 MHz, CDCl3)  = 7.27 (d, 3J = 8.0 Hz, 2H, f-H), 7.37 (d, 3J = 6.0 Hz, 2H, β-H), 7.72 (d, 3J = 8.0 Hz, 2H, g-H), 8.61 (d, 3J = 6.0 Hz, 2H, α-H) ppm. 13C NMR (100 MHz, CDCl3)  = 87.9, 92.8, 95.4, 121.5, 125.4, 131.0, 133.25, 137.7, 149.8. ESI-MS: m/z (%) = 306.5 (100) [21 + H]+. Elemental analysis: Anal. Calcd. for C13H8IN: C, 51.17; H, 2.64; N, 4.59 Found: C, 50.96 H, 2.45; N, 4.68.

2-(2,6-Dimethoxyphenyl)-9-(2,3,5,6-tetramethyl-4-((4-(pyridin-4-ylethynyl)phenyl)ethynyl)phenyl)-1,10-phenanthroline (3)



[bookmark: _Hlk89621718]A solution of compounds 17 (100 mg, 211 µmol) and 18 (129 mg, 422 µmol) in dry DMF (15 mL) and triethylamine (15 mL) was placed in a sealed tube and degassed thoroughly. Then, the solution was charged with Pd(PPh3)4 (24.0 mg, 21.0 μmol) and heated at 75 °C for 24 h. The reaction mixture was cooled down to rt and the solvents were removed in vacuo. The column chromatographic purification (silica, DCM, Rf = 0.2) of the crude product on silica gel using DCM as eluent provided compound 3 as a yellowish solid. Yield: 48% (66.0 mg, 101 μmol). Mp: 154 °C. IR (KBr):  = 435, 471, 533, 539, 563, 656, 684, 725, 790, 816, 869, 895, 908, 991, 1059, 1089, 1145, 1207, 1311, 1394, 1402, 1413, 1466, 1486, 1529, 1544, 1551, 1589, 1686, 1795, 1936, 2220, 3052 cm–1. 1H NMR (400 MHz, CD2Cl2)  = 1.94 (s, 6H, x-H), 2.54 (s, 6H, w-H), 3.70 (s, 6H, c-H), 6.70 (d, 3J = 8.5 Hz, 2H, b’-H), 7.37 (t, 3J = 8.5 Hz, 1H, a’-H), 7.41 (d, 3J = 6.0 Hz, 2H, β-H), 7.54 (d, 3J = 8.0 Hz, 1H, 8-H), 7.56-7.63 (m, 5H, y-, z-, 3-H), 7.90 (s, 2H, 5-, 6-H), 8.31 (d, 3J = 8.0 Hz, 1H, 4-H), 8.36 (d, 3J = 8.0 Hz, 1H, 7-H), 8.60 (d, 3J = 6.0 Hz, 2H, α-H). 13C NMR (100 MHz, CD2Cl2)  = 17.5, 18.5, 56.3, 88.5, 91.8, 93.7, 96.6, 104.5, 119.8, 121.8, 122.8, 124.5, 125.3, 125.7, 126.3, 126.5, 126.8, 127.6, 128.1, 130.2, 131.4, 131.7, 132.2, 132.3 135.9, 136.7 (2C), 142.2, 146.5, 146.6, 150.1, 155.6, 158.5, 161.3 ppm. ESI-MS: m/z (%) = 650.7 (100) [3 + H]+. Elemental analysis: Anal. Calcd. for C45H35N3O2•0.7H2O: C, 81.60; H, 5.54; N, 6.34; Found: C, 81.61; H, 5.27; N, 6.38.

1.3.2 Synthesis of Ligand 2
5-([2,2':6',2''-Terpyridin]-4'-ylethynyl)picolinaldehyde (2)





A solution of compounds 24 (100 mg, 320 µmol) and 25 (63.0 mg, 480 µmol) in dry THF (10 mL) and dry triethylamine (10 mL) was placed in a sealed tube and degassed thoroughly. Then the solution was charged with Pd(PPh3)4 (36.0 mg, 32.0 μmol) and heated at 75 °C for 24 h. The reaction mixture was cooled down to rt and the solvents were removed in vacuo. The column chromatographic purification (silica, DCM, Rf = 0.4) of the crude product on silica gel using DCM as eluent provided compound 2 as yellowish solid. Yield: 32% (37.0 mg, 102 μmol). Mp: 102 °C. IR (KBr):  = 1005, 1038, 1059, 1091, 1122, 1132, 1192, 1226, 1269, 1292, 1344, 1379, 1393, 1452, 1470, 1506, 1572, 1599, 1820, 2947, 2990, 3024, 3086 cm–1.  1H NMR (400 MHz, CD2Cl2)  = 7.39 (ddd, 3J = 7.6 Hz, 3J = 4.8 Hz, 4J = 1.2 Hz, 2H, b-H), 7.90 (ddd, 3J = 8.0 Hz, 3J = 7.6 Hz, 4J = 1.2 Hz, 2H, c-H), 7.97 (dd, 3J = 8.0 Hz, 4J = 2.0 Hz, 1H, g-H), 8.04-8.08 (m, 1H, h-H), 8.62-8.65 (m, 4H, d-, e-H), 8.71 (ddd, 3J = 4.8 Hz, 4J = 1.2 Hz, 5J = 0.8 Hz, 2H, a-H), 8.96 (dd, 4J = 2.0 Hz, 5J = 0.8 Hz, 2H, f-H), 10.07 (s, 1H, i-H) ppm; 13C NMR (100 MHz, CD2Cl2)  = 89.4, 93.8, 121.2, 121.3, 123.0, 124.2, 124.6, 132.2, 137.3, 140.1, 149.6, 151.9, 153.1, 155.6, 156.2, 192.9 ppm; ESI-MS: m/z (%) = 363.4 (100) [2 + H]+; Elemental analysis: Anal. Calcd. for C23H14N4O•H2O: C, 72.62; H, 4.24; N, 14.73; Found: C, 72.51; H, 4.35; N, 14.84.

1.3.3 Synthesis of Ligand 1
Zinc(II) 5-(4-iodophenyl)-15-(2,4,6-trimethylphenyl)porphyrin (22)



An ethereal solution of boron trifluoride (250 μl, 1.99 mmol) was added dropwise to a solution of mesitaldehyde (21) (1.02 ml, 6.92 mmol), di(1H-pyrrol-2-yl)methane (19) (2.02 g, 13.8 mmol) and 4-iodobenzaldehyde (20) (1.61 g, 6.92 mmol) in 500 mL of chloroform over 10 min. The resultant solution was stirred at rt for 3 h in the dark. DDQ (2.04 g, 8.99 mmol) was then added and stirring continued for another 2 h. The solution was concentrated to 50 mL by rotary evaporation, then Zn(OAc)2•2H2O (1.50 g, 6.92 mmol) in 15 mL of MeOH was added. After stirring the reaction mixture for 2 h, the solution was evaporated to dryness and the black crude product was purified by column chromatography (neutral alumina, CH2Cl2/hexane = 1:9, Rf = 0.4) providing 22 as pink solid. Yield: 6% (287 mg, 415 μmol). Mp > 250 °C. IR (KBr):  = 779, 837, 845, 907, 995, 1057, 1138, 1163, 1220, 1227, 1285, 1323, 1370, 1378, 1420, 1520, 1559, 1619, 2841, 2911, 3089 cm–1. 1H NMR (500 MHz, CDCl3:THF-d8 = 50:1):  = 1.81 (s, 6H, n-H), 2.65 (s, 3H, o-H), 7.30 (s, 2H, m-H), 7.98 (d, 3J = 8.4 Hz, 2H, l-H), 8.15 (d, 3J = 8.4 Hz, 2H, k-H), 8.89 (d, 3J = 4.5 Hz, 2H, p-H), 9.02 (d, 3J = 4.5 Hz, 2H, t-H), 9.31 (d, 3J = 4.5 Hz, 2H, q-H), 9.36 (d, 3J = 4.5 Hz, 2H, s-H), 10.17 (s, 2H, r-H) ppm. 13C NMR (125 MHz, CDCl3:THF-d8 = 50:1):  = 21.4, 21.7, 93.4, 105.4, 117.6, 117.9, 127.6, 131.1, 131.5, 131.9, 135.5 (2C), 136.5, 137.3, 139.2 (2C), 142.8, 149.2, 149.4, 149.5, 149.8 ppm. Elemental analysis: Calcd. for C35H25IN4Zn: C, 60.58; H, 3.63; N, 8.07. Found: C, 60.91; H, 3.69; N, 8.21.

Ligand 1




A solution of zinc(II) 5-(4-iodophenyl)-15-(2,4,6-trimethylphenyl)porphyrin (22) (180.0 mg, 258 µmol) and 3,8-diethynyl-2,9-dimesityl-1,10-phenanthroline (23) (30.0 mg, 64.5 µmol) in dry DMF (15 mL) and diisopropylamine (15 mL) was placed in a sealed tube and degassed thoroughly. Then, Pd(PPh3)4 (7.45 mg, 6.45 μmol) was added, and the solution was heated at 65 °C for 24 h. The resulting solution was evaporated to dryness and the crude product was purified over Bio-Beads (S-X3) using THF as eluent to afford ligand 1 as pink solid. Yield: 56% (58 mg, 36.2 μmol); Mp> 300 °C.  IR (KBr):  = 731, 784, 810, 816, 850, 993, 1050, 1396, 1445, 1467, 1519, 1565, 1603, 1793, 2213, 2863, 3022 cm–1. 1H NMR (400 MHz, CDCl3):  = 1.79 (s, 12H, n-H), 2.25 (s, 12H, v-H), 2.35 (s, 6H, u-H), 2.62 (s, 6H, o-H), 7.04 (s, 4H, m’-H), 7.27 (s, 4H, m-H), 7.57 (d, 3J = 8.2 Hz, 4H, l-H), 7.97 (s, 2H, 5’-H), 8.16 (d, 3J = 8.2 Hz, 4H, k-H), 8.65 (s, 2H, 4’-H), 8.86 (d, 3J = 4.5 Hz, 4H, p-H), 9.00 (d, 3J = 4.5 Hz, 4H, t-H), 9.29 (d, 3J = 4.5 Hz, 4H, q-H), 9.34 (d, 3J = 4.5 Hz, 4H, s-H), 10.15 (s, 4H, r-H) ppm. 13C NMR (100 MHz, CDCl3 : THF-d8 = 7:3):  = 19.8, 20.1, 21.1, 21.3, 21.6, 82.8, 93.4, 105.4, 117.6, 117.9, 126.1, 127.6, 128.3, 129.5, 130.1, 131.1, 131.5, 131.9, 132.5, 134.1, 135.5, 135.8, 136.5, 137.3, 138.2, 139.2, 140.3, 142.8, 149.2, 149.4, 149.5, 149.8, 162.1 ppm. ESI-MS: m/z (%) = 1597.5 (100) [1 + H]+. Elemental analysis: Anal. Calcd. for C104H77N10Zn2: C, 78.19; H, 4.86; N, 8.77. Found: C, 78.39; H, 4.64; N, 8.81.

1.4 Synthesis of Complexes
1.4.1 Synthesis of Small Model Complexes
All solid compounds were placed in an NMR tube and then dissolved in CD2Cl2. Subsequently, NMR spectra were measured at 298 K. Zn(OTf)2 was added as a standard solution in CD3CN.
Complex C1 = [Zn(5)(6)]2+



Ligands 5 (1.04 mg, 1.90 μmol) and 6 (445 μg,1.90 μmol) were dissolved in 500 µL of CD2Cl2, then Zn(OTf)2 (690 μg, 1.90 μmol) in 10 µL of CD3CN was added. The solution was heated at 50 °C for 20 min. Subsequently, the NMR was recorded. Yield: quantitative. Mp = decomposition 170 °C. IR (KBr):  = 810, 851, 933, 1150, 1296, 1449, 1499, 1512, 1565, 1603, 1793, 2214, 2853, 3122 cm–1. 1H NMR (400 MHz, CD2Cl2):  = 0.58 (s, 9H, TMS-H), 0.77 (s, 6H, d’-H), 1.83 (s, 6H, e’-H), 2.93 (s, 6H, c’-H), 6.04 (d, 3J = 8.5 Hz, 2H, b’-H), 6.94 (t, 3J = 8.5 Hz, 1H, a’-H), 7.71 (ddd, 3J = 7.6 Hz, 3J = 5.4 Hz, 4J = 1.2 Hz, 2H, b‐H), 7.63 (ddd, 3J = 5.4 Hz, 4J = 1.2 Hz, 5J = 0.8 Hz, 2H, a‐H), 7.89 (d, 3J = 8.2 Hz, 1H, 3-H), 8.11 (d, 3J = 8.2 Hz, 1H, 8-H), 8.27 (ddd, 3J = 8.2 Hz, 3J = 7.6 Hz, 4J = 1.2 Hz, 2H, c‐H), 8.35-8.42 (m, 3H, e-, f-H), 8.45-8.52 (m, 4H, 5-, 6-, d-H), 8.99 (d, 3J = 8.2 Hz, 1H, 4-H), 9.05 (d, 3J = 8.2 Hz, 1H, 7-H) ppm. ESI-MS: m/z (%) = 421.6 (100) [Zn(5)(6)]2+; 992.4 (30) [C1+OTf–]+. Elemental analysis: Anal. Calcd. for C50H47N5O2SiZn•CH3CN: C, 70.61; H, 5.70; N, 9.50. Found: C, 70.51; H, 5.77; N, 9.46.

Complex C2 = [Cu(7)(9)]+



Ligands 7 (1.12 mg, 2.69 μmol) and 9 (500 µg, 2.69 μmol) as well as [Cu(CH3CN)4]PF6 (1.00 mg, 2.69 μmol) were placed in an NMR tube. After insertion of 500 µL of CD2Cl2, the NMR was recorded. Yield: quantitative. Mp = decomposition 140 °C. IR (KBr):  = 731, 795, 813, 841, 851, 943, 1250, 1322, 1447, 1549, 1569, 1752, 3010 cm–1. 1H NMR (400 MHz, CD2Cl2):   = 2.02 (s, 12H, x-H), 2.31 (s, 6H, z-H), 6.96 (s, 4H, y-H), 7.63 (dd, 3J = 7.6 Hz, 5J = 0.8 Hz, 1H, c1-H), 7.91 (d 3J = 8.2 Hz, 2H, 3-H), 8.02 (dd, 3J = 7.6 Hz, 4J = 1.2 Hz, 1H, b1-H), 8.14 (s, 2H, 5-, 6-H), 8.68 (d, 3J = 8.2 Hz, 2H, 4-H), 8.69 (dd, 3J = 1.2 Hz, 4J = 0.8 Hz, 1H, a1-H) ppm. ESI-MS: m/z (%) = 664.1 (100) [Cu(7)(9)]+. Elemental analysis: Anal. Calcd. for C36H32BrCuN3O: C, 64.91; H, 4.84; N, 6.31. Found: C, 64.84; H, 4.92; N, 6.33.

Complex C3 = [(8)(10)]



In an NMR tube, ligands 8 (1.42 mg, 2.33 μmol) and 10 (478 µg, 2.33 μmol) were dissolved in 500 μL of CD2Cl2. The NMR spectrum indicated quantitative formation of the model complex C3 = [(8)(10)]. Yield: quantitative Mp = decomposition 120 °C. IR (KBr):  = 844, 904, 993, 1057, 1134, 1163, 1220, 1227, 1285, 1326, 1377, 1388, 1422, 1511, 1544, 1612, 2841, 2911, 3089  cm–1. 1H NMR (CD2Cl2, 400 MHz): δ = 1.80 (s, 12H, m1-H), 2.66 (s, 6H, m2-H), 4.10 (brs, 2H, α-H), 6.42 (d, 3J = 5.4 Hz, 2H, β-H), 7.33 (s, 4H, m-H), 8.87 (d, 3J = 4.4 Hz, 4H, p-H), 9.34 (d, 3J = 4.4 Hz, 4H, q-H), 10.14 (s, 2H, r-H) ppm. Elemental analysis: Anal. Calcd. for C43H36IN5Zn: C, 63.36; H, 4.45; N, 8.59; Zn, 8.02 Found: C, 63.12; H, 4.49; N, 8.69.


[bookmark: _Hlk89542024]
Complex C4 = [Cu(7)(9’)]+




Ligands 7 (1.12 mg, 2.69 μmol), 9 (500 µg, 2.69 μmol), and 4 (0.294 μL, 2.69 μmol, using stock solution) as well as [Cu(CH3CN)4]PF6 (1.00 mg, 2.69 μmol) were dissolved in 500 µL of CD2Cl2 and heated at 50 °C for 1 h. Afterwards, the 1H NMR spectrum was recorded. Yield: quantitative. Mp = 154 °C. IR (KBr):  = 536, 576, 602, 622, 753, 815, 876, 903, 938, 992, 1119, 1191, 1255, 1285, 1347, 1390, 1436, 1473, 1518, 1605, 2891, 2858, 3077 cm–1.  1H NMR (CD2Cl2, 400 MHz): δ = 1.53 (s, 12H, x-H), 2.25 (s, 6H, z-H), 4.54 (s, 2H, e1-H), 6.83 (s, 4H, y-H), 7.17-7.23 (m, 2H, f1), 7.29-7.40 (m, 3H, g1-, h1-H), 7.48 (d, 3J = 7.6 Hz, 1H, c1-H), 7.85 (dd, 3J = 7.6 Hz, 4J = 1.2 Hz, 1H, b1-H), 7.90 (d, 3J = 8.2 Hz, 2H, 3-H), 8.17 (s, 5H, 5-H), 8.45 (d, 4J = 1.2 Hz, 1H, a1-H ), 8.71 (d, 3J = 8.2 Hz, 2H, 4-H) ppm. ESI-MS: m/z (%) = 755.2 (100) [Cu(7)(9’)]+. Elemental analysis: Anal. Calcd. for C43H39BrCuF6N4P: C, 57.37; H, 4.37; N, 6.22; Found: C, 57.22; H, 4.45; N, 6.23.
2. Synthesis of Multicomponent Complexes
Complex [Zn(2)(3)]2+



[bookmark: _Hlk87872538]Ligands 2 (293 µg, 0.816 μmol) and 3 (526 μg, 0.816 μmol) were dissolved in CD2Cl2 (500 µL), then Zn(OTf)2 (294 μg, 0.816 μmol) in 10 µL of CD3CN was added. The solution was heated at 40 °C for 15 min. Subsequently, an NMR was recorded at rt. Yield: quantitative. Mp = 164 °C. IR (KBr):  = 536, 576, 602, 622, 753, 815, 876, 903, 938, 992, 1119, 1191, 1255, 1285, 1347, 1390, 1436, 1473, 1518, 1605, 1752, 2225, 2891, 2858, 3077 cm–1. 1H NMR (400 MHz, CD2Cl2):  = 0.78 (s, 6H, w-H), 2.04 (s, 6H, x-H), 2.95 (s, 6H, c’-H), 6.07 (d, 3J = 8.5 Hz, 2H, b’-H), 6.97 (t, 3J = 8.5 Hz, 1H, a’-H), 7.39 (d, 3J = 5.4 Hz, 2H, β-H), 7.51-7.58 (m, 4H, b-, z-H), 7.66 (ddd, 3J = 5.4 Hz, 4J = 1.2 Hz, 5J = 0.8 Hz, 2H, a‐H), 7.85-7.92 (m, 2H, g-, h-H), 7.94 (d, 3J = 8.2 Hz, 1H, 3-H), 8.14 (d, 3J = 8.2 Hz, 1H, 8-H), 8.33 (ddd, 3J = 8.2 Hz, 3J = 7.6 Hz, 4J = 1.2 Hz, 2H, c‐H), 8.47 (d, 3J = 8.0 Hz, 1H, 5/6-H), 8.52 (d, 3J = 8.0 Hz, 1H, 6/5-H), 8.62 (brs, 2H, α-H), 8.65 (s, 2H, e-H), 8.66-8-71 (m, 3H, d-, f-H), 9.00 (d, 3J = 8.2 Hz, 1H, 7-H), 9.06 (d, 3J = 8.2 Hz, 1H, 4-H), 9.96 (s, 1H, i-H) ppm; ESI-MS: m/z (%) = 538.1 (100) [Zn(2)(3)]2+; 1223.9 (30) [[Zn(2)(3)]2++OTf–]+. Elemental analysis: Anal. Calcd. for C70H49F6N7O9S2Zn•CH3CN: C, 61.04; H, 3.70; N, 7.91; S, 4.53, Found: C, 61.30; H, 3.48; N, 7.99; S, 4.69.
Complex R1 = [CuZn(1)(2)(3)]3+




[bookmark: _Hlk89609715][bookmark: _Hlk87883924][bookmark: _Hlk87883372]In an NMR tube, ligands 1 (1.31 mg, 0.816 μmol), 2 (293 µg, 0.816 μmol), 3 (526 μg, 0.816 μmol), [Cu(CH3CN)4]PF6 (303 µg, 0.816 μmol) and Zn(OTf)2 (294 μg, 0.816 μmol) in 10 µL of CD3CN were dissolved in 500 μL of CD2Cl2. Subsequently, the mixture was heated at 40 °C for 20 min and the NMR was recorded at rt. Yield: quantitative; Mp = ˃200 °C. IR (KBr):  = 817, 875, 941, 982, 1120, 1175, 1249, 1290, 1348, 1395, 1468, 1512, 1601, 1766, 2216, 2870, 2951, 3045, 3270 cm–1. 1H NMR (600 MHz, CD2Cl2):  = 0.72 (s, 6H, w-H), 1.80 (s, 12H, n-H), 1.95 (s, 6H, x-H), 2.18 (brs, 2H, α-H), 2.21 (s, 12H, v-H), 2.42 (s, 6H, o-H), 2.65 (s, 6H, u-H), 2.91 (s, 6H, c’-H), 5.85 (brs, 2H, β-H), 6.02 (d, 3J = 8.5 Hz, 2H, b’-H), 7.76 (d, 3J = 8.0 Hz, 2H, z-H), 6.92 (t, 3J = 8.5 Hz, 1H, a’-H), 7.19 (s, 4H, m’-H), 7.31 (d, 3J = 8.0 Hz, 2H, y-H), 7.34 (s, 4H, m-H), 7.46 (dd, 3J = 7.6 Hz, 4J = 1.2 Hz, 1H, g-H), 7.51 (ddd, 3J = 7.6 Hz, 3J = 5.4 Hz, 4J = 1.2 Hz, 2H, b‐H), 7.61 (ddd, 3J = 5.4 Hz, 4J = 1.2 Hz, 5J = 0.8 Hz, 2H, a‐H), 7.63 (d, 3J = 8.0 Hz, 4H, l-H), 7.66 (d, 4J = 1.2 Hz, 1H, f-H), 7.86 (d, 3J = 8.2 Hz, 1H, 8-H), 8.09 (d, 3J = 8.2 Hz, 1H, 3-H), 8.19 (d, 2H, 5’-H), 8.24-8.27 (m, 5H, k-, h-H), 8.28 (ddd, 3J = 8.2 Hz, 3J = 7.6 Hz, 4J = 1.2 Hz, 2H, c‐H), 8.44 (d, 3J = 8.0 Hz, 1H, 5/6-H), 8.48 (d, 3J = 8.0 Hz, 1H, 6/5-H), 8.58 (s, 2H, 4’-H), 8.65 (d, 3J = 8.2 Hz, d-H), 8.92 (d, 3J = 4.5 Hz, 4H, p-H), 8.93 (s, 2H, e-H), 8.94 (d, 3J = 8.2 Hz, 1H, 7-H), 9.02 (d, 3J = 8.2 Hz, 1H, 4-H), 9.07 (d, 3J = 4.5 Hz, 4H, t-H), 9.30 (brs, 1H, i-H), 9.41 (d, 3J = 4.5 Hz, 4H, q-H), 9.46 (d, 3J = 4.5 Hz, 4H, s-H), 10.28 (s, 4H, r-H) ppm; ESI-MS: m/z (%) = 1442.2 (100) [CuZn(1)(2)(3)(OTf)]2+. Elemental analysis: Anal. Calcd. for C178H139CuF12N16O9PS2Zn3•2CH3CN: C, 66.02; H, 4.41; N, 7.61; S, 1.94.  Found: C, 66.21; H, 4.31; N, 7.66; S, 1.99.
Complex R2 = [CuZn(1)(2’)(3)]3+




[bookmark: _Hlk87882449][bookmark: _Hlk87880947]In an NMR tube, ligands 1 (1.31 mg, 0.816 μmol), 2 (293 µg, 0.816 μmol), and 3 (526 μg, 0.816 μmol), [Cu(CH3CN)4]PF6 (303 µg, 0.816 μmol) and Zn(OTf)2 (294 μg, 0.816 μmol) in 10 µL of CD3CN were dissolved in 500 μL of CD2Cl2. Subsequently, the mixture was heated at 40 °C for 20 min. Thereunto, ligand 4 (87.3 µg, 0.816 μmol) was added and the mixture heated for 1 h at 50 °C. Then the NMR was recorded at rt. Yield: quantitative. Mp = ˃200 °C. IR (KBr):  = 877, 939, 985, 1124, 1181, 1248, 1294, 1354, 1387, 1470, 1516, 1607, 2096, 2133, 2873, 2959, 3041, 3278 cm–1. 1H NMR (600 MHz, CD2Cl2):  = 0.71 (s, 6H, w-H), 1.79 (brs, 2H, α-H), 1.82 (s, 12H, n-H), 1.89 (s, 6H, x-H), 2.15 (s, 12H, v-H), 2.31 (s, 3H, u’-H), 2.35 (s, 3H, u’-H), 2.62 (s, 6H, o-H), 2.90 (s, 6H, c’-H), 4.39 (s, 2H, j-H), 5.18 (brs, 2H, β-H), 6.02 (d, 3J = 8.5 Hz, 2H, b’-H), 6.40 (s, 2H, m’-H), 6.60 (d, 3J = 8.0 Hz, 2H, z-H), 6.65-6.80 (m, 2H, k’-H), 6.85 (s, 2H, m1’-H), 6.86 (dd, 3J = 7.6 Hz, 4J = 1.2 Hz, 1H, g-H), 6.93 (t, 3J = 8.5 Hz, 1H, a’-H), 7.33 (s, 4H, m-H), 7.34-7.63 (m, 14H, l-, a-, b-, f-, l’-, n’-, y-H), 7.82 (d, 3J = 8.2 Hz, 1H, 8-H), 8.08 (d, 3J = 8.2 Hz, 1H, 3-H), 8.14-8.20 (m, 4H, c-, 5’-H), 8.21-8.28 (m, 5H, k-, h-H), 8.42 (d, 3J = 8.0 Hz, 1H, 5/6-H), 8.47 (d, 3J = 8.0 Hz, 1H, 6/5-H), 8.65 (s, 1H, i-H), 8.74 (s, 2H, 4’-H), 8.79 (d, 3J = 8.2 Hz, 2H, d-H), 8.89-9.04 (m, 12H, p-, e-, 7-, t-, 4-H), 9.39 (d, 3J = 4.5 Hz, 4H, q-H), 9.42 (d, 3J = 4.5 Hz, 4H, s-H), 10.28 (s, 4H, r-H) ppm. ESI-MS: m/z (%) = 1517.45 (100) [CuZn(1)(2’)(3)(OTf)]2+. Elemental analysis: Anal. Calcd. for C185H143CuF12N18O8PS2Zn3: C, 66.65; H, 4.37; N, 7.90; S, 1.90. Found: C, 66.69; H, 4.36; N, 7.99; S, 1.80.
3. Model Studies
Nine-component library of self-sorting
[bookmark: _Hlk89538059][bookmark: _Hlk89544987]Metal-dependent self-sorting was tested by mixing ligands 5 (370 μg, 1.58 μmol), 6 (622 μg, 1.58 μmol), 7 (658 μg, 1.58 μmol), 8 (963 μg, 1.58 μmol), 9 (293 μg, 1.58 μmol), and 10 (323 μg, 1.58 μmol) with [Cu(CH3CN)4]PF6 (307 μg, 1.58 μmol) and Zn(OTf)2 (287 μg, 790 nmol) in a ratio of 1:1:1:1:1:1:1:1 in 500 µL of CD2Cl2 and CD3CN (50:1). According to 1H NMR analysis, the complexes C1 = [Zn(5)(6)]2+, C2 = [Cu(7)(9)]+ and C3 = [(8)(10)] were afforded quantitatively in a three-fold completive self-sorting. The 1H NMR spectrum was compared with those of the individual ligands and complexes. Thereunto, ligand 4 (169 μg, 1.58 μmol) was added to the mixture in a stoichiometric ratio. Then, the solution was heated at 50 °C for 1 h resulting in a second self-sorting generating complexes C1 = [Zn(5)(6)]2+, C4 = [Cu(7)(9’)]+ and C3 = [(8)(10)]. 
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Figure S1.  1H NMR in CD2Cl2 (400 MHz, 298 K) of (a) ligand 5; (b) complex C1; (c) complex C3; (d) complex C2 (e) complex C4 (f) complex C4 + C3 (g) complex C1 + C2; (h) complex C1 + C2 + C3; (i) the solution after addition of benzyl amine (4) to C1 + C2 + C3. It shows the formation of C1 + C4 + C3.

4. NMR spectra: 1H, 13C, 1H‐1H COSY
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Figure S2. 1H NMR spectrum of ligand 5 in CDCl3 (400 MHz, 298 K).
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Figure S3. 1H-1H COSY NMR spectrum of 5 in CDCl3 (400 MHz, 298 K).
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Figure S4. 13C NMR spectrum of 5 in CDCl3 (100 MHz, 298 K).
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Figure S5. 1H NMR spectrum of ligand 17 in CDCl3 (400 MHz, 298 K).
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Figure S6. 1H-1H COSY NMR spectrum of 17 in CDCl3 (400 MHz, 298 K).
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Figure S7. 13C NMR spectrum of 17 in CDCl3 (100 MHz, 298 K).
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Figure S8. 1H NMR spectrum of ligand 18 in CDCl3 (400 MHz, 298 K).
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Figure S9. 1H-1H COSY NMR spectrum of 18 in CDCl3 (400 MHz, 298 K).
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Figure S10. 13C NMR spectrum of ligand 18 in CDCl3 (100 MHz, 298 K).


[image: ]
Figure S11. 1H NMR spectrum of ligand 3 in CD2Cl2 (500 MHz, 298 K).
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Figure S12. 1H-1H COSY NMR spectrum of 3 in CD2Cl2 (500 MHz, 298 K).
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Figure S13. 13C NMR spectrum of ligand 3 in CD2Cl2 (100 MHz, 298 K).
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Figure S14. 1H NMR spectrum of ligand 2 in CD2Cl2 (500 MHz, 298 K).
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Figure S15. 1H-1H COSY NMR spectrum of 2 in CD2Cl2 (500 MHz, 298 K).
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Figure S16.  13C NMR spectrum of ligand 2 in CD2Cl2 (125 MHz, 298 K).
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Figure S17. 1H NMR spectrum of ligand 1 in CDCl3 (400 MHz, 298 K).
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Figure S18. 1H-1H COSY NMR spectrum of 1 in CDCl3 (400 MHz, 298 K).
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Figure S19. 13C NMR spectrum of ligand 1 in CDCl3: THF-d8 = 7:3 (100 MHz, 298 K).
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Figure S20. 1H NMR spectrum of ligand 8 in CDCl3:THF-d8 =  50:1 (500 MHz, 298 K).
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Figure S21. 13C NMR spectrum of ligand 8 in CDCl3:THF-d8 =  50:1 (100 MHz, 298 K).
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Figure S22. 1H NMR spectrum of ligand C2 in CD2Cl2 (400 MHz, 298 K).
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Figure S23. 1H NMR spectrum of ligand C4 in CD2Cl2 (400 MHz, 298 K).
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Figure S24. 1H NMR spectrum of ligand C1 in CD2Cl2 (400 MHz, 298 K).
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Figure S25. 1H NMR spectrum of ligand [Zn(5)(6)] in CD2Cl2 (400 MHz, 298 K).
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Figure S26. 1H NMR spectrum of ligand [CuZn(1)(2)(3)]3+ in CD2Cl2 (400 MHz, 298 K).

[image: ]
Figure S27. 1H-1H COSY NMR spectrum of [CuZn(1)(2)(3)]3+ in CD2Cl2 (400 MHz, 298 K).
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Figure S28. 1H NMR spectrum of ligand [CuZn(1)(2’)(3)]3+ in CD2Cl2 (600 MHz, 298 K).


5. DOSY NMR spectra
Calculation of hydrodynamic radius from DOSY: The diffusion coefficient R1, and R2 was obtained from their DOSY spectrum. The corresponding hydrodynamic radius was calculated by using the Stokes-Einstein equation.

r = kBT/6πηD
[image: ]
Figure S29. 1H-1H DOSY NMR of R1= [CuZn(1)(2)(3)]3+  in CD2Cl2 (600 MHz, 298K). Diffusion coefficient D = 4.40 × 10– 10 m2 s–1, experimental hydrodynamic radius r = 12.0 Å.
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Figure S30. 1H-1H DOSY NMR of R2= [CuZn(1)(2’)(3)]3+  in CD2Cl2 (600 MHz, 298K). Diffusion coefficient D = 4.40 × 10– 10 m2 s–1, experimental hydrodynamic radius r = 12.0 Å.

[bookmark: _Hlk89625041]6. Comparison of NMR Spectra
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Figure S31. Comparison of partial 1H NMR spectra (400 MHz, CD2Cl2, 298 K) of (a) ligand 2; (b) ligand 3; (c) complex [Zn(2)(3)]2+.
[image: ]
Figure S32. Comparison of partial 1H NMR spectra (400 MHz, CD2Cl2, 298 K) of (a) complex [Zn(2)(3)]2+, (b) 5-component rotor R1 = [ZnCu(1)(2)(3)]3+, (c) ) after addition of 1.0 equiv of benzylamine (4) and heating at 50 °C for 1 h furnishing R2 = [ZnCu(1)(2’)(3)]3+. 

7. Variable temperature studies and determination of kinetic parameters for Multicomponent rotors

[image: ]
Figure S33.  Partial 1H VT NMR (CD2Cl2, 600 MHz) of R1= [ZnCu(1)(2)(3)]3+ of the aromatic region showing the splitting of r-H (violet asterisk marked), s-H (green asterisk marked), and p-H (black asterisk marked).
[image: ]
[bookmark: OLE_LINK125][bookmark: OLE_LINK130]Figure S34. Partial variable temperature (VT) 1H NMR of R1 (DCM-d2, 600 MHz) at different temperatures shows experimental and simulated splitting of r-H with the corresponding rate constants. (b) Eyring plot for rotational dynamics in R1 and computed kinetic parameters.
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Figure S35. Partial 1H VT NMR (CD2Cl2, 600 MHz) of R2 = [ZnCu(1)(2’)(3)]3+ showing the splitting of r-H (red asterisk), n-H (green asterisk marked), c’-H (violet asterisk marked).
Note: Splitting of c'-H specifies the dynamics of the methoxy unit linked to ligand 3.

[image: ]
Figure S36. Partial VT 1H NMR of R2 (DCM-d2, 600 MHz) at different temperatures shows experimental and simulated splitting of n-H with the corresponding rate constants. (b) Eyring plot for rotational dynamics in R2 and computed kinetic parameters.

Note: The kinetic parameters were calculated considering the splitting of n-proton as the r-H wasn’t well separated at -50 °C to be used for simulation. 





Model for Splitting of proton n-H in case of R2. 



8. Catalytic Experiments   

General procedure 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]All catalytic reactions were performed in CD2Cl2:CD3CN = 50:1 at 25 °C directly in an NMR tube. Solids were transferred first, followed by addition of the solvent. Finally, liquids were added (as standard solutions in CDCl2). Product yields were determined by using 1,3,5-trimethoxybenzene (TMB) as an internal standard.



Synthesis of compound 15

Compound 11 (800 mg, 5.29 mmol), compound 12 (279 mg, 4.23 mmol), compound 13 (575 mg, 4.23 mmol) was dissolved in 30 mL of DCM, catalyst 14 (20.0 µL, 212 µmol, 5 mol%) was added into the mixture and solution was allowed to stir for 5 h at 25 °C. The solvent was removed, and the residue was purified by chromatography (silica gel, DCM, Rf = 0.4) to furnish product 15 (91.0 mg, 451 μmol, 91%) as a white solid. IR (KBr):  = 488, 505, 559, 570, 631, 660, 709, 762, 796, 863, 911, 915, 940, 961, 1001, 1177, 1219, 1280, 1301, 1369, 1385, 1442, 1478, 1488, 1591, 1932, 2232, 2869, 2921, 2967, 3001 cm–1. 1H NMR (500 MHz, CD2Cl2):  = (endo isomer) 0.75 (d, 3J = 6.5 Hz, 3H, 4-H), 0.94 (s, 3H, 2-H), 1.48 (s, 3H, 2-H), 1.53 (s, 3H, 3-H), 1.88 (s, 3H, 1-H), 2.02 (q, 3J = 6.5 Hz, 1H, 5-H), 3.64 (s, 1H, 7-H), 7.36 (d, 3J = 8.0 Hz, 2H, a-H), 8.13 (d, 3J = 8.0 Hz, 2H, b-H) ppm. 13C NMR (125 MHz, CD2Cl2):  = (endo isomer) 8.1, 11.7, 12.4, 13.5, 47.6, 60.4, 61.4, 65.8, 65.7, 114.5, 116.7, 123.4, 123.8, 131.1, 134.3, 139.0, 141.8, 148.1 ppm. ESI-MS: m/z (%) = 136.17 (100) [15+H]+.
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Figure S37. 1H NMR (400 MHz, 298 K) spectrum of catalytic product 15
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Figure S38. 1H-1H COSY NMR in CDCl3(400 MHz, 298 K) spectrum of catalytic product 15
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Figure S39. 1H-1H NOESY NMR in CDCl3 (400 MHz, 298 K) spectrum of catalytic product 15
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Figure S40. 1H-1H NOESY NMR in CDCl3 (400 MHz, 298 K) spectrum of catalytic product 15
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Figure S41. 13C NMR spectrum of catalytic product 15 in CDCl3 (100 MHz, 298 K).
General procedure for catalytic reaction
All catalytic reactions were performed in CD2Cl2:CD3CN = 50:1 at 25 °C directly in an NMR tube. Compound 11 (13.2 mM), 12 (13.2 mM), 13 (13.2 mM) and N-methyl pyrrolidine (660 µM, 5 mol%) were taken in NMR tube together with 1,3,5-trimethoxybenzene (TMB) (13.2 mM) as an internal standard in CD2Cl2 and conducted the catalytic reaction at room temperature for 1 h. For both R1 and R2, we utilized all the substrate in conjunction with N-methyl pyrrolidine (660 µM, 5 mol%) and either R1 or R2 (660 µM, 5 mol%) as the combined catalyst, and conducted the reaction under standard conditions. 














Catalytic experiment A1 
[image: ]

Figure S42. 1H NMR (400 MHz, 298 K) spectrum obtained from the reaction of 11 (13.2 mM), 12 (13.2 mM), 13 (13.2 mM), N-methyl pyrrolidine (660 µM, 5 mol%) and 1,3,5-trimethoxybenzene (TMB) (at rt with ratio 1:1:1) in 500 μL of CD2Cl2 for 1 h. The integration demonstrated that 15 was formed in 65% yield.

Catalytic experiment A2
[image: ]
Figure S43. 1H NMR spectrum (400 MHz, CD2Cl2, 298 K) of the reaction of 11, 12 and 13 in presence of catalytic amount (5 mol%) of N-methylpyrrolidine (14) of 8•14 (660 µM) at 25 °C for 1 hr. No reaction was observed.
 






Catalytic experiment A3
[image: ]
Figure S44. 1H NMR spectrum (400 MHz, CD2Cl2, 298 K) of the reaction of 11, 12 and 13 (both 13.2 mM) in presence of catalytic amount (5 mol%) of R1 (660 µM) at 25 °C for 1 h. No reaction was observed.
Catalytic experiment A4

[image: ]
[bookmark: _Hlk89539270]Figure S45. 1H NMR spectrum (400 MHz, CD2Cl2, 298 K) of the reaction of 11, 12 and 13 (both 13.2 mM) in presence of catalytic amount (5 mol%) of R2 (660 µM) at 25 °C for 1 h. No reaction was observed.











Catalytic experiment A5
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Figure S46. 1H NMR spectra (400 MHz, CD2Cl2, 298 K) of the reaction of substrates 11, 12 and 13 (both 13.2 mM) in presence of N-methylpyrrolidine (14) (1 - 5 mol%) at 25 °C in CD2Cl2 for 1 h.









Catalytic experiment A4
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Figure S47. 1H NMR spectra (400 MHz, CD2Cl2, 298 K) of the reaction of substrates 11, 12 and 13 (both 13.2 mM) in presence of catalytic amount (5 mol%) of N-methylpyrrolidine (14) (660 µM) at different time at 25 °C.










Catalytic experiment A5
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Figure S48. 1H NMR spectra (400 MHz, CD2Cl2, 298 K) of the reaction of substrates 11, 12 and 13 (both 13.2 mM) in presence of catalytic amount (5 mol%) of 14•R1 (660 µM) at different time at 25 °C.











Catalytic experiment A6
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Figure S49. 1H NMR spectra (400 MHz, CD2Cl2, 298 K) of the reaction of substrates 11, 12 and 13 (both 13.2 mM) in presence of catalytic amount (5 mol%) of 14•R2 (660 µM)  at different time at 25 °C.
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Figure S50. (a) Multicomponent machinery with variable speed and coupled catalysis at rt (1 h). (b) Yields of the reaction between 11, 12, 13 (both 13.2 mM) with catalyst 14 (660 µM) in presence of R1 (660 µM, ν0 = 2.64 × 10–5 mol L–1s–1) or R2 (660 µM, ν0 = 1.29 ×10–5 mol L–1s–1) under standard reaction conditions for 1 h at 25 °C.

9. ESI-MS Spectra
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Figure S51. ESI-MS of 5 after protonation.
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Figure S52. ESI-MS of 17 after protonation.
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Figure S53. ESI-MS of 18 after protonation.
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Figure S54. ESI-MS of 3 after protonation.
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Figure S55. ESI-MS of 2 after protonation.
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Figure S56. ESI-MS of 1 after protonation.
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Figure S57. ESI-MS of C1 = [Cu(5)(6)]2+
[image: ]
Figure S58. ESI-MS of C2 = [Cu(7)(9)]+
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Figure S59. ESI-MS of C4 = [Cu(7)(9’)]+
[image: ]
Figure S60. ESI-MS of [Zn(2)(3)]2+ 
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[bookmark: _Hlk89541790]Figure S61.  ESI-MS of R1 = [CuZn(1)(2)(3)]3+

[image: ]
[bookmark: _Hlk87549931]Figure S62. ESI-MS of R2 = [CuZn(1)(2’)(3)]3+

10. UV-Vis Data and Binding Constant Measurement

[image: ]
Figure S63. UV-vis spectra of ligand 1, and the complexes R1 and R2 in CH2Cl2 (10−5 M) at 298 K.

UV-Vis titration and binding constant measurements:
The UV-vis titration technique was used to determine the binding constants of complexes. The full data of a selected wavelength region was analyzed using SPECFIT/32 global analysis system (Spectrum Software Associates, Marlborough, MA).

General procedure for experiments:
To conduct the UV-Vis titrations, a stock solution of [Cu(1)]+ was prepared in dichloromethane by mixing ligand 1 and [Cu(CH3CN)4]PF6 in a equimolar ratio (2.10 × 10-5 M). A stock solution of complex [Zn(2)(3)]2+ (1.75 ×10-3 M) was prepared by stoichiometric mixing of ligand 2, 3 and Zn(OTf)2 in DCM/CH3CN = 50:1.
To prepare [Zn(2’)(3)]2+, we have used the former complex mixture [Zn(2)(3)]2+ (1.75 × 10-3 M) and treated Benzyl amine (4) with a equimolar ratio. Then the mixture was heated at 50 °C for 1 h to obtain the complex [Zn(2’)(3)]2+. The complex was confirmed through 1H NMR, prior titration.

[Cu(1)]+  + [Zn(2)(3)]2+ → R1 = [CuZn(1)(2)(3)]2+

[image: ]
[bookmark: _Hlk159786932]Figure S64. UV-vis spectra of [Cu(1)]+  (2.10 × 10−5 M) in CH2Cl2 (2.00 mL) upon addition of [Zn(2)(3)]2+ (1.75 × 10-3 M) at 298 K to afford the complex R1= [CuZn(1)(2)(3)]2+  The wavelength region 500-625 nm was analyzed.
Result: log b = 7.92 ± 0.13.














[Cu(1)]+  + [Zn(2’)(3)]2+ → R2 = [CuZn(1)(2’)(3)]2+

[image: ]
Figure S65. UV-vis spectra of [Cu(1)]+  (2.10 × 10−5 M) in CH2Cl2 (2.00 mL) upon addition of [Zn(2’)(3)]2+ (1.75 × 10-3 M) at 298 K to afford the complex R2= [CuZn(1)(2’)(3)]2+  The wavelength region 500-625 nm was analyzed.
Result: log b = 10.62 ± 0.11.















[image: ]
Figure S66. UV-vis spectra of  [Cu(7)]+ (1.82 × 10−6 M) in CH2Cl2 (2.00 mL) upon addition of ligand 9 (1.63 × 10-3 M) at 298 K to afford the complex C2= [Cu(7)(9)]2+  The wavelength region 200-260 nm was analyzed.
Result: log b = 3.62 ± 0.11.
















[image: ]
Figure S67. UV-vis spectra of  [Cu(7)]+ (1.82 × 10−6 M) in CH2Cl2 (2.00 mL) upon addition of ligand 9 (1.63 × 10-3 M) at 298 K to afford the complex C4= [Cu(7)(9’)]2+  The wavelength region 200-260 nm was analyzed.
Result: log b = 5.32 ± 0.16

Table S1. Summary of the overall binding constant data
	Complex 
	log β

	C1= [Zn(5)(6)]2+
	~15[endnoteRef:5] [5: .  D. Samanta, I. Paul, M. Schmittel, Chem. Commun., 2017, 53, 9709-9712.] 


	C2= [Cu(7)(9)]+
	3.62

	C3= [(8)(10)]
	4.10[endnoteRef:6] [6: .  I. Paul, A. Goswami, N. Mittal, M. Schmittel, Angew. Chem. Int. Ed., 2018, 57, 354 –358.] 


	C4= [Cu(7)(9’)]+
	5.32

	R1= [CuZn(1)(2)(3)]3+  
	7.92

	R2= [CuZn(1)(2’)(3)]3+  
	10.62





11. Fluorescence Data
[image: ]
Figure S68. Emission spectra (λexc = 350 nm) for ligands (2 + 3) (red) and for the complex [Zn(2)(3)]2+ (blue) in CH2Cl2 (10−5 M) at 298 K.

12. Calculated Structures.
[image: ]
[bookmark: _Hlk160377745]Figure S69. Energy-minimized structure (using MM+) of triangle R1= [CuZn(1)(2)(3)]3+. Counter anions are not included.
[image: ]
Figure S70. Energy-minimized structure (using MM+) of triangle R2= [CuZn(1)(2’)(3)]3+. Counter anions are not included.
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