
GFAs – A fascinating class of strong organic electron donors developed by our group 

 

GFAs are guanidino-functionalized aromatic compounds, that are strong reducing agents with a 

redox potential for oxidation lower than ferrocene, which could be reversibly oxidized. They could be 

used in organic synthesis (both as reducing agent and strong base) as well as in coordination 

chemistry as redox-active bridging ligands. We think that they are also interesting for applications in 

batteries and in organic electronics. For the fine-tuning of the redox potential and the energies of the 

frontier orbitals several modifications are possible, which include substitution at the aromatic core, 

modification of the guanidino groups, variations of the aromatic core. Figure 1 shows a portfolio of 

GFA compounds for a variety of applications. 

 

Figure 1. GFAs synthesized and characterized in the last years by our group. 

 

We reported the first compound in 2008, 1,2,4,5-tetrakis(tetramethylguanidino)benzene, ttmgb (see 

Figure 2a). This compound is clearly a stronger electron donor than 1,2,4,5-

tetrakis(dimethylamino)benzene. The comparison between the structures of the oxidized species 

reveals another important difference. From the structures of the neutral and dicationic ttmgb (from 

XRD) it can be seen that the C6 core of the compound remains planar upon oxidation (see Figure 2a). 

This is not the case for 1,2,4,5-tetrakis(dimethylamino)benzene, which exhibits a twisted C6 ring upon 

oxidation (see Figure 2b). This result demonstrate the relaxed sterical situation of ttmgb compared 

with the sterical pressure in 1,2,4,5-tetrakis(dimethylamino)benzene. As a consequence, ttmgb is a 



very good chelating ligand, and dinuclear complexes with the neutral and the dicationic GFAs are 

stable.   
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Figure 2. Comparison between the structures of the GFA compound ttmgb and the weaker electron 
donor 1,2,4,5-tetrakis(dimethylamino)benzene. 
 

The influence of aromatic substitution on the redox- and optical properties is highlighted in Figure 3. 

 

Figure 3. Redox- and optical properties of some GFAs. 

 

Selected applications of GFAs 

 

A) Reductive C-C coupling with light 

 

 

 



Figure 4. Ilustration of the photoreductive C-C coupling and its steps with the GFA compound 2,3,5,6-
tetrakis(tetramethylguanidino)pyridine. 
 
 
B) Redox switch 
 

 
Figure 5. Reversible aggregate formation via hydrogen bonding by oxidation of GFAs 
 
 
C) Coordination chemistry 
 



 
Figure 6. Oxidation of a dinuclear CuI complex leads to formation of a semiconducting chain polymer. 
 
 

 
Figure 7. Coordination compounds with radical monocationic GFAs. 


