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Monometallic corrole and porphyrin transition-metal complexes have shown a huge 

variety of catalytic abilities involving earth abundant transition metals, e.g. water 

splitting[1] and CO2-reduction[2]. The bioinspired macrocyclic biquinazoline ligand Mabiq

is structurally and electronically akin, its asymmetric structure and the possession of an 

additional second coordinating metal have the potential of facilitating more 

sophisticated redox processes. In this internship the two akin bimetallic Mabiq

complexes [Cu(PPh2(Pho-CH2NR2))2CoMabiq(THF)](PF6)2 (R = H, Et and Pho-CH2NR2 = 

ortho-(methylamine)phenyl) were synthesized. Unlike the rather poor CO2-reduction 

abilities of the complexes, which were scanned using cyclic voltammetry (CV), the 

compounds showed remarkable photoredox properties, comprising a significantly 

higher quantum yield and faster reducibility upon photoreduction (λ = 455 nm, MeCN as 

solvent, TEA or Pho-CH2NEt2 as sacrificial electron donor) compared to similar complexes.

Target structure of [Cu(PPh2(Pho-CH2NR2))2CoMabiq(THF)](PF6)2, 

analogous to the already documented [CoMabiq(THF)]PF6
[3a] and 

[Cu(PPh3)2CuMabiq(OTf)2](PF6)2
[3b]. 

The reason for the neglegible CO2-reduction abilities of the bimetallic complexes may be the large distance between the amine and Co, the 

system could be modified by replacing PPh2(Pho-CH2NR2) with PPh2(Pho-CH2(CH2)nNR2) (n = 1, 2). The photoredox experiments show more 

promising results. To ensure that the amine residue is involved in the photoreduction mechanism, control experiments may be performed with 

similar complexes, e.g. with [Cu(PPh2R)2CoMabiq(THF)](PF6)2 (R = Ph, Pho-CH2(CH)Et2). If the amine-substituted complex still shows the most 

effective photoreduction, investigations on the underlying mechanism could be performed. In the best case, a concept will emerge that can 

significantly improve not only the photocatalytic performance of bimetallic Mabiq complexes, but also the efficiency of other photosensitizers.
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Mabiq complex
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SED = PPh2(Pho-CH2NEt2) 

Φ

SED = TEA

[CoMabiq(THF)]PF6 1.70 ⋅ 10-6 ± 9.79 ⋅ 10-7

[Cu(PPh2(Pho-CH2NEt2))2CoMabiq(THF)](PF6)2 7.28 ⋅ 10-5 ± 2.21 ⋅ 10-5 6.58 ⋅ 10-3 ± 1.92 ⋅ 10-3

[Cu(PPh2NpOMe)2CoMabiq(THF)](PF6)2 9.37 ⋅ 10-6 ± 8.61 ⋅ 10-6 5.19 ⋅ 10-4 ± 2.37 ⋅ 10-4

[Cu(PPh2Bza)2CoMabiq(THF)](PF6)2 2.06 ⋅ 10-5 ± 4.24 ⋅ 10-6

[Cu(PPh2(Pho-CH2NH2))2CoMabiq(THF)](PF6)2 6.50 ⋅ 10-3 ± 4.52 ⋅ 10-3
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Quantum yields Φ, determined via 

UV/Vis and a custom made quantum

yield determination setup (QYDS) in 

MeCN, 500 eq. SED, λirrad = 455 nm.

Spectral evolution of [Cu(PPh2(Pho-CH2NEt2))2CoMabiq(THF)](PF6)2 in 

MeCN with 500 eq. TEA (as SED), P = 92 mW and λirrad = 455 nm.

General mechanism of 

photoredox catalysis via 

reductive quenching.

PS = Photosensitizer

SED = Sacrificial electron donor

SUB = Substrate

akin Mabiq

bimetals:
Irreversible oxidation 

event: Characteristic 

of sacrificial electron 

donors

31P NMR of PPh2(Pho-CH2NEt2)

ESI-MS: 

PPh2(Pho-CH2NEt2): 

m/z = 348.19 [M+H]+.

PPh2(Pho-CH2NH2): 

m/z = 292.13 [M+H]+,

275.28 [M-NH3]
+.

current increase corresponds

to the conversion [M]-CO2 → [M]-CO

CVs of [Cu(PPh2(Pho-CH2NEt2))2CoMabiq(THF)](PF6)2

{CoIIMabiq}2+ {CoIIMabiq⋅}+

{CoIMabiq}+
or

hv
e-

✦ new redox event with

regard to

monometallic 

[CoMabiq(THF)]PF6
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