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ABSTRACT  

A series of "N2O2-type" manganese dipyrrin-bisphenols (DPP), formulated as (Ar)DPPMn, where  

Ar = pentafluorophenyl (F5Ph), phenyl (Ph) or mesityl (Mes), were electrochemically and spectroscopically 

characterized in nonaqueous media with and without added anions in the form of tetrabutylammonium salts 

(TBAX where X = ClO4
-, PF6

-, BF4
-, F-, Cl-, OH- or CN-). Two major one-electron reductions are observed 

under most solution condition, the first of which is assigned as a MnIII/II process and the second as electron 

addition to the π-ring system as confirmed by spectroelectrochemistry. Each MnIII complex also exhibits 

one or two one-electron oxidations, the exact number depending upon the positive potential limit of the 

electrochemical solvent. The two oxidations are separated by 580-590 mV in CH3CN, 0.1 M TBAPF6 and 

are assigned as π-ring centered electron transfers to stepwise form a (Ar)DPPMnIII π-cation radical and 

dication under these solution conditions. Comparisons are made between redox properties of (Ar)DPPMn 

and manganese(III) porphyrins, corroles and corrolazines each of which contains an innocent trianionic 

complexing ligand. The redox behavior and spectroscopic properties of [(Ar)DPPMn]n where n = 0, -1 or 

+1 are also compared to that of other structurally related [(Ar)DPPM]n complexes under similar solution 

conditions where M = CoII, CuII, BIII or AuIII. 
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INTRODUCTION 

Numerous studies involving transition metal or main group dipyrrin bisphenols (DPP) complexes 

have elucidated their physicochemical properties and provided examples for possible applications of these 

compounds in the areas of fluorescence,1-9 catalysis,10-14 molecular recognition5 and anion binding.15 

Our own laboratories have long been interested in tuning and predicting how the redox properties 

and oxidation states of porphyrins,16, 17 corroles18, 19 and related macrocycles can be systematically varied 

in nonaqueous media by the judicious addition of pre-selected complexing ligands to solution, by systematic 

changes in the macrocycle β- or meso-substituents and/or by changing the electrochemical 

solvent/supporting electrolyte system. In this regard, we recently examined a series of cobalt dipyrrin 

bisphenols under a variety of solution conditions20 and suggested an emerging analogy between the 

electrochemistry of these compounds, represented as (Ar)DPPCo,  and cobalt triarylcorroles (Ar)3CorCo 

which may or may not possess a noninnocent macrocyclic ligand depending upon the type of axial 

coordination.21 The current manuscript is a continuation of our studies on transition metal dipyrrin 

bisphenols and concentrates on elucidating the redox behavior of structurally related DPP macrocycles 

containing a formal MnIII central metal ion. 

It is well-known that the trianionic DPP3- macrocycle can strongly complex metal ions and exist as 

an innocent or noninnocent assembly, forming either a neutral dipyrrin complex with a trivalent metal ion, 

DPP3-MIII,22 or a ligand-centered radical coordinated to a divalent metal ion, DPP●2-MII.11, 13, 20, 23, 24 The 

electronic configuration of the metallodipyrrin complex formed, i.e. innocent or noninnocent, should 

depend on the DPP-macrocyclic substituents, the specific central metal ion and the solution conditions.  

Although four-, five- and six-coordinate cobalt dipyrrin systems are analogous to four-, five- and six-

coordinate cobalt corroles (Cor), exhibiting similar electrochemical properties as well as possessing a 

divalent, or trivalent, metal ion and a noninnocent, or innocent, macrocyclic ligand,20 a detailed comparison 

between the electrochemical behavior and electronic configuration of other transition metal corroles and 

dipyrrins under different solution conditions has never been described in the literature. This is addressed in 
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the present study which characterizes a series of MnIII dipyrrins and relates their properties to MnIII corroles 

and other structurally similar MnIII macrocycles under the same solution conditions. 

The manganese corroles have been well-characterized in nonaqueous media and described as either 

innocent or noninnocent systems depending on the number and/or type of axial ligands.18, 25-27  The four-

coordinate CorMnIII and five coordinate sigma-bonded CorMnIV(Ph) complexes are innocent, while 

CorMnCl is noninnocent (i.e. described as Cor●MnIIICl) rather than CorMnIVCl.21, 25 In contrast the 

manganese(III) dipyrrins have been characterized only as innocent assemblies, i.e. compounds possessing 

a MnIII center and a trianionic macrocycle,10, 12, 28 but little is known about how the electrochemistry of these 

compounds might change under different solution conditions and with different axial coordination.   

Until now, there have been only two published studies focusing on the electrochemistry of DPPMn 

derivatives. Aukauloo, Andrioletti and coworkers10 reported the structure and electrochemistry of 

manganese pentafluophenyl dipyrrin-bisphenol ((F5Ph)DPPMn) and also assigned the oxidation state of the 

manganese central metal ion as MnIII. An X-ray crystal structure of the compound in the solid state revealed 

a pseudo di-μ-oxo dimer with alkoxy bridging motifs10 where the oxygen atoms of the phenolato groups on 

the DPP ligand bridged the two monomeric units. However, in CH3CN containing 0.2 M TBAPF6, only 

monomers seemed to be present as evidenced by the well-defined electrochemistry under these solution 

condition. Three one-electron redox processes were observed, one reduction and two oxidations, the latter 

of which are described by eqs 1 and 2. The electronic features associated with the first oxidation (eq 1) 

were also described as being consistent with a ligand-centered electron abstraction. 

(Ar)DPPMnIII ⇌ [(Ar)DPP●MnIII]+ + e-     (1) 

[(Ar)DPP●MnIII]+ ⇌ [(Ar)DPPMn]2+ + e-     (2) 

Thomas and coworkers12 also examined the electrochemical oxidation of a manganese DPP 

derivative in CH2Cl2 containing 0.1 M TBAClO4. The examined compound contained tert-butyl groups on 

the phenolic moieties, a bulky triaryl group at the meso position of the macrocycle and a methanol axial 

ligand. This MnIII DPP derivative exhibited two reversible ligand centered oxidations leading to the 
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stepwise formation of a DPP cation radical (eq 1) and dication (eq 2). Notably, dimerization was not 

observed in the solid state due to the axial ligand and molecular design of the DPP ligand.12  

Despite these detailed reports on the electrooxidation of the DPPMn compounds in CH2Cl2 and 

CH3CN, a comprehensive electrochemical characterization of the reductions has never been carried out, 

and the effect of solvent or anion axial ligation on the electrochemical properties of a DPPMn synthon has 

yet to be reported in the literature. 

This is now addressed in the current manuscript where the electrochemical and spectroscopic 

properties of three manganese dipyrrin bisphenol compounds, formulated as (Ar)DPPMn where Ar = F5Ph, 

Ph, Mes (Chart 1a), are examined in six nonaqueous solvents (dichloromethane (CH2Cl2), dichloroethane 

(C2H4Cl2), dimethylsulfoxide (DMSO), pyridine (Py), acetonitrile (CH3CN) and methanol (CH3OH)) and 

the data compared to related manganese porphyrins, corroles and corrolazines whose structures are shown 

in Chart 1b. The effect of anions on the spectroscopic and electrochemical properties of (Ar)DPPM in its 

neutral, singly reduced and singly oxidized forms is also reported in CH2Cl2 containing 

tetrabutylammonium salts (TBAX where X = ClO4
-, PF6

-, BF4
-, F-, Cl-, OH- or CN-) and this data is then 

compared under the same solution conditions to that for reduction and oxidation of related porphyrin,29, 30 

corrole31 and corrolazine32 manganese complexes, represented as  ((Ar)4PorMnIIICl), ((Ar)3CorMnIII) and 

(CzMnIII) respectively.  

As will be shown, an easily accessible MnIII/II reduction process occurs for the air-stable 

(Ar)DPPMn complexes, this process being significantly more facile as compared to the earlier characterized 

MnIII reductions of corrole or corrolazine complexes which also contain a trianionic macrocyclic ligand.  
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Chart 1. Structures of (a) investigated dipyrrin bisphenols (Ar)DPPMnIII and (b) related manganese 

porphyrin, corrole and corrolazine, formulated as (Ar)4PorMnIIICl, (Ar)3CorMnIII and CzMnIII, respectively. 

  

RESULTS AND DISCUSSION 

Electrochemistry. The three (Ar)DPPMn complexes in Chart 1a were electrochemically 

investigated under a variety of solution conditions. Examples of cyclic voltammograms obtained in CH3CN 

containing 0.1 M TBAPF6 are shown in Figure 1 and the data summarized in Table 1, where each complex 

is characterized by two reversible one-electron oxidations and two reversible one-electron reductions within 

the solvent potential limit of +1.50 to -2.10 V vs SCE. The first reduction of (Ar)DPPMn is located at E1/2 

= −0.56 to −0.67 V and the second at E1/2 = −1.57 to −1.79 V, with the absolute potential difference between 

the two processes ranging from 1.01 to 1.12 V as indicated in Figure 1. Each DPPMn complex also 

undergoes two one-electron oxidations located at E1/2 = 0.61 to 0.71 V and E1/2 = 1.30 to 1.20 V. The 

separation between the two reversible oxidations ranges from 0.58 to 0.59 V and is essentially the same as 

what was reported earlier for (F5Ph)DPPMn in CH3CN/0.2 M TBAPF6, where the two electron transfers 

were assigned to the DPP ligand, giving the π-cation radical and dication as described by eqs 1 and 2.10 

Electrochemical free energy relationships were also examined for the four reversible redox 

processes of the MnIII complexes in CH3CN containing 0.1 M TBAPF6. This correlation, given in Figure 

S1, is defined as E1/2 = σρ,33 where E1/2 is the measured half-wave potential,  σ is the sum of the Hammett 

constants for substituents on the meso-phenyl ring (see Table 1) and ρ is the reaction constant (or slope) 
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representing the sensitivity of the given redox reaction to changes in substituents. Although there are only 

three points for each process, a high correlation coefficient is observed in the plot for each electrode reaction. 

As seen in the figure, the ρ values range from 60-69 mV for the two oxidations and first reduction, while a 

doubled ρ value of 132 mV is seen for the second reduction. The increased ρ value for the second reduction 

is rather large for a metal-centered redox process and can be rationalized by an electron transfer at a site 

near the meso-phenyl ring of the DPP ligand, forming a substituent-centered radical, for example.34  

 

Figure 1. Cyclic voltammograms of (a) (F5Ph)DPPMn, (b) (Ph)DPPMn and (c) (Mes)DPPMn at 10-3 M in 

CH3CN containing 0.1 M TBAPF6. Scan rate = 0.1 V/s.  
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Table 1. Halfwave potentials (V vs SCE) and anodic to cathodic peak separations (ΔEp) for reduction and 

oxidation of (Ar)DPPMn in CH3CN containing 0.1 M TBAPF6. Scan rate = 0.1 V/s. 

σ 

  Ligand Oxidation  (MnIII/MnII)  Ligand Reduction 

Ar  2nd (ΔEp) 1st (ΔEp)  E1/2 (ΔEp)  1st (ΔEp) 

1.22 F5Ph  1.30 (0.08) 0.71 (0.08)  -0.56 (0.08)  -1.57 (0.08) 

0.00 Ph  1.20 (0.10) 0.62 (0.10)  -0.66 (0.12)  -1.76 (0.06) 

-0.51 Mes  1.20 (0.10) 0.61 (0.08)  -0.67 (0.14)  -1.79 (0.08) 

To confirm the site of electron transfer, spectral changes were monitored during the first oxidation 

and first reduction of the three (Ar)DPPMn complexes in CH3CN containing 0.1 M TBAPF6. The initial 

and final spectra are shown in Figures 2 and 3, respectively. As seen in Figure 2 for oxidation, the initial 

UV-vis spectrum in CH3CN before the application of a controlled potential is characterized by two major 

absorptions, an intense high energy band at 310-317 nm and a broad visible band with similar intensity 

located between 668-695 nm. There is also a less intense visible band centered around ~450 nm for each 

complex. Upon application of a controlled oxidizing potential of 0.8 to 1.0 V, both major bands decrease 

in intensity as new, well defined near-IR (NIR) bands appear. These bands are located at 874 and 979 nm 

for (F5Ph)DPPMn, 861 and 974 nm for (Ph)DPPMn and 851 and 977 nm for (Mes)DPPMn. Four isosbestic 

points are also seen in each set of spectral changes in Figure 2, indicating the lack of a spectrally detectable 

intermediate upon going from (Ar)DPPMnIII to [(Ar)DPP●MnIII]+. In addition, the overall spectral pattern 

for the oxidation products in Figure 2 are nearly identical to what was reported by Aukauloo, Andrioletti 

and coworkers where formation of a π-cation radical was assigned for the (F5Ph)DPPMn complex under 

the same solution conditions and confirmed by ESR after the first one-electron abstraction.10  

Further evidence for the assigned ligand-centered oxidation comes from the calculated Muliken spin 

densities of singly oxidized [(Ph)DPP●MnIII]+ (Figure S2) which show an antiferromagnetically coupled 

MnIII-ligand radical complex, similar to that reported for a structurally related [DPPMnIII]+ complex 

containing one methanol axial ligand computed by Thomas and coworkers.12 
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Figure 2. UV-vis spectral changes during the first one-electron oxidation of (a) (F5Ph)DPPMn, (b) 

(Ph)DPPMn and (c) (Mes)DPPMn in CH3CN containing 0.1 M TBAPF6.  

The measured spectral changes for the three (Ar)DPPMn complexes under a controlled reducing 

potential are shown in Figure 3 where the overall spectral envelopes of the neutral reactant and singly 

reduced products are quite similar to each other. The major visible band of (Ar)DPPMn, located at 695 nm 

(Ar = F5Ph), 672 nm (Ar = Ph) or 669 nm (Ar = Mes), is blue-shifted to 633, 616 or 612 nm upon reduction 

and is increased in intensity as seen in the figure. It should also be noted that the wavenumber of the less 

intense visible band for both MnIII and electroreduced MnII products, as well as the NIR band of the singly 

oxidized [(Ar)DPP●MnIII]+ compounds are all monotonically blue shifted upon going from the complex 

containing the electron withdrawing F5Ph aryl group to the complex containing an electron-donating 



9 
 

mesityl meso-substituent and these values can also be correlated to the Hammett substituent constant as 

shown in Figure S3. 

 

 

 

 
Figure 3. UV-vis spectral changes associated with the first reduction of (a) (F5Ph)DPPMn, (b) (Ph)DPPMn 

and (c) (Mes)DPPMn in CH3CN containing 0.1 M TBAPF6. 

The magnitude of the wavelength shift upon reduction amounts 62-56 nm as measured by the 

difference in λ for the visible band of the neutral and singly reduced product. A similar overall spectral 

change and nearly identical 67 nm blue shift of the visible band was previously reported for the metal-

centered reduction of (F5Ph)DPPCoIII(Py)2 to [(F5Ph)DPPCoII]- in pyridine containing 0.1 M TBAClO4. A 

direct comparison of the spectral changes associated with the metal-centered reduction for (F5Ph)DPPM 

and (Ph)DPPM, where M = Mn or Co, in pyridine/TBAClO4 is given in Figure S4. Moreover, the final 
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spectral envelope of singly reduced [(Ar)DPPMnII]- is nearly identical to that of electrogenerated 

[(Ar)DPPCuII]- or [(Ar)DPPCoII]-, both of which contain trianionic macrocycles with intact π systems.13, 20 

The nearly identical spectral changes for the CoIII/II process in reference 20 and the assigned MnIII/II redox 

reaction in the current study, as well as the similarity in spectra between the singly reduced DPP complexes 

of Mn, Cu13 and Co20 strongly suggests a metal-centered reduction of the (Ar)DPPMn compounds, as 

described by eq 3. 

(Ar)DPPMnIII + e-   ⇌   [(Ar)DPPMnII]-        (3) 

Additional evidence for assignment of a metal-centered reduction as shown in eq 3 is given by a 

comparison between the spectrum of singly reduced (F5Ph)DPPMnIII and the analogous boron(III) 

pentafluorophenyldipyrrin-bisphenol derivative, (F5Ph)DPPBIII, the latter of which will not undergo a 

metal-centered reaction. Cyclic voltammograms of (F5Ph)DPPMnIII and (F5Ph)DPPBIII are given in Figure 

4 along with the UV-visible spectral changes measured during the first electron addition in CH3CN 

containing 0.1 M TBAPF6 and provide clear evidence for formation of a reduced π-ring system in the case 

of the boron derivative.  

Although the potential for reduction of (F5Ph)DPPBIII (E1/2 = -0.63 V), is nearly identical to that of 

(F5Ph)DPPMn (E1/2 = -0.56 V), the spectral changes associated with the first reduction of the two 

compounds are quite different. The major absorption bands of neutral (F5Ph)DPPBIII at 313 and 640 nm 

decrease in intensity upon the application of a controlled reducing potential as three new absorptions grow 

in at 418, 531 and 706 nm, a result which is quite different than that for reduction of (F5Ph)DPPMn (bottom 

of Figure 4a). The reduced intensity of the absorptions for the singly reduced [(F5Ph)DPP●BIII]- product, as 

compared to the neutral species, is indicative of a break in the π conjugation of the ligand and an electron 

addition to the conjugated macrocycle as described by eq 4. This contrasts significantly with what is seen 

for the homologous manganese reduction product which has no characteristic bands of an anion radical.  

(F5Ph)DPPBIII +  e-   ⇌   [(F5Ph)DPP●BIII]-        (4) 

The nearly identical reduction potentials of -0.56 and -0.63 V for the two (F5Ph)DPPM complexes 

(M = MnIII or BIII), with different sites of electron transfer might suggest a possible intramolecular electron 
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transfer (IMET) in the case of the manganese(III) compounds, i.e. a process where the electron addition 

first occurs at the DPP ligand π orbitals and is subsequently transferred to the manganese(III) center 

ultimately giving [(Ar)DPPMnII]- as a final product. 

  

 
Figure 4. Cyclic voltammograms and spectral changes associated with the first electron addition to (a) 

(F5Ph)DPPMn and (b) (F5Ph)DPPB in CH3CN containing 0.1 M TBAPF6.  

Solvent Effect on Electrochemical Behavior. As described above, and also in the literature, 

10, 12 the first oxidation of (Ar)DPPMn in CH3CN or CH2Cl2 involves the π-ring system. However, given 

the known metal-centered oxidation of Mn(III) corroles18, 21, 35, 36 and the emerging DPP-corrole analogy 

supported by numerous reports of transition metal DPP complexes13, 20, 22-24 we had anticipated that a change 

of the electrochemical solvent/supporting electrolyte conditions might lead to changes in both the oxidation  

potential and the site of electron transfer. We also wondered if one might observe a solvent dependent 

change in the site of reduction, since the same corroles known to undergo a facile metal-centered MnIII/IV 

process, were characterized as undergoing either a quite difficult reduction at the MnIII center in nonaqueous 

media or no reduction at all, in which case the first electron addition would be assigned as formation of a 

MnIII π-anion radical.31, 35, 36  

In order to investigate the possible ‘tuning’ of the MnIII DPP redox potentials and site of electron 

transfer, six different nonaqueous solvents were selected for the electrochemical characterization of 

(Ar)DPPMn in solutions containing 0.1 M TBAPF6 as supporting electrolyte. A summary of the measured 
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oxidation and reduction potentials for (Ph)DPPMn in these solvents containing 0.1 M TBAPF6 is given in 

Table 2 and examples of cyclic voltammograms are shown in Figure 5, where three types of current-voltage 

curves are seen for reduction. The first is in CH2Cl2 and C2H4Cl2 where the reduction peak is broad and no 

clear reoxidation peak is observed, perhaps due to the formation of dimers in solution as seen in the solid 

state10 and also in the gas phase as seen by the ESI-MS results in Figures S4 and S5. The second type of 

current-voltage curve is obtained in pyridine (Py) and DMSO where the separation between the cathodic 

and anodic peaks, Epc and Epa values ranges from 280 to 320 mV suggesting a slow (quasireversible)37 

electron transfer with possible coupled chemical reactions. More rapid electron transfers are also seen in 

CH3CN and CH3OH, as indicated by the moderate separation of 120 and 180 mV between the Epc and Epa 

values, and in these two solvents the cathodic and anodic peaks are well-defined indicating the absence of 

coupled chemical reactions on the timescale of the electrochemical measurement. Although the shape of 

the current-voltage curves and separations between Epc and Epa for reduction are clearly solvent dependent, 

the oxidations are reversible in each investigated solvent as seen in the figure and also in Table 2 which 

lists ΔEp for each redox process.  

The quasireversible (slow) electron transfer for the MnIII/II reduction process in CH2Cl2 and C2H4Cl2 

(as indicated by a ΔEp >> 60 mV and the lack of a well-defined reoxidation) and the faster electron transfer 

for the first oxidation under the same solution conditions (ΔEp = 80 to 100 mV) is consistent with not only 

the different sites of electron transfer (i.e. a ligand-centered oxidation and a metal-centered reduction) as 

assigned above but also the possible presence of a coupled chemical reaction on reduction. The larger ΔEp 

value associated with a slow metal-centered reduction is also consistent for what has been reported for the 

MnIII/II process of many porphyrins38-40 and also other MnIII macrocycles.41-43 
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Table 2. Halfwave potentials (V vs SCE) and anodic to cathodic peak separations (ΔEp) for reduction and 

oxidation of (Ph)DPPMn in different solvents with 0.1 M TBAPF6. 

Solvent 
 Ligand Oxidation  (MnIII/MnII) Ligand Reduction 

 2nd (ΔEp) 1st (ΔEp)  E1/2 (ΔEp) 1st (ΔEp) 

CH2Cl2  1.25 (0.10) 0.68 (0.10)  -0.79a b 

C2H4Cl2  1.27 (0.10) 0.69 (0.10)  -0.82a b 

Py  b 0.71 (0.10)  -0.78 (0.32) -1.76 (0.10) 

DMSO  b 0.64 (0.08)  -0.70 (0.28) -1.72 (0.08) 

CH3OH  b 0.52 (0.08)  -0.75 (0.18) b 

CH3CN  1.20 (0.10) 0.62 (0.10)  -0.66 (0.12) -1.76 (0.08) 

aIrreversible peak potential at scan rate of 0.1 V/s. bReaction not observed due to limited solvent potential 

window. 

 

 

Figure 5. Cyclic voltammograms of (Ph)DPPMn at 10-3 M comparing the first reduction and first oxidation 

in six different nonaqueous solvents containing 0.1 M TBAPF6. Scan rate = 0.1 V/s. 
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It is also worth noting that, with the exception of CH2Cl2 and C2H4Cl2, the cathodic peak currents for 

the first reduction (ipc) are essentially the same as the anodic peak currents for the first oxidation (ipa), 

consistent with the same number of electrons transferred in each step. Moreover, in the four solvents where 

a clear anodic reoxidation peak is observed for the quasireversible first reduction (Py, DMSO, CH3OH and 

CH3CN), a linear correlation between the donor number of the solvent and the separation between the Epc 

and Epa values exists as shown in Figure 6.  

Regardless of the solvent and reversibility, each reduction of (Ar)DPPMnIII is confirmed to involve 

a MnIII/II redox couple as evidenced by the spectroelectrochemical data provided in Figure 7. A summary 

of this spectral data, including molar absorptivites for bands of the initial (Ph)DPPMnIII spectra and the 

final [(Ph)DPPMnII]- product are given in Table 3. In each solvent, a 50-68 nm blue shift of the major visible 

band is observed upon reduction and there is also a slight decrease in intensity of the broad visible band of 

the MnII complex centered around 459-437 nm.  

 

Figure 6. Plot ΔEp (as measured from the difference between Epc and Epa) for the first reduction of 

(Ph)DPPMn in different solvents containing 0.1 M TBAPF6 vs the Gutmann Donor Number (DN) of the 

solvent. See voltammograms in Figure 5. 
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Figure 7. UV-vis spectral changes during controlled potential reduction of (Ph)DPPMn in (a) CH2Cl2, (b) 

Py, (c) DMSO and (d) CH3OH, 0.1 M TBAPF6.  The spectra of the initial MnIII compounds are shown in 

black and that of the electroreduced MnII complexes are in red.  
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Table 3. UV−vis spectral data of (Ph)DPPMnn (n = III or II) (∼10−4 M) in various solvents containing 0.1 

M TBAPF6.  

Ox. State Solvent βa  λ, nm (ε x 10-4, M-1∙cm-1)b 

MnIII CH2Cl2 0.00  320 (0.47)  459 (0.20) 617 (0.24) 669 (0.36) 

 C2H4Cl2 0.00  321 (1.20) 428 (0.61) 458 (0.47) 619 (0.41) 671 (0.90) 

 CH3CN 0.31  317 (1.60) 432 (0.50) 455 (0.61) 617 (0.52) 674 (1.06) 

 CH3OH 0.62  315 (2.13)  437 (0.80) 610 (0.76) 666 (1.81) 

 Py 0.64  325 (2.46) 420 (0.95) 449 (0.85) 627 (0.88) 684 (1.98) 

 DMSO 0.76  322 (2.39) 415 (0.81) 450 (0.67) 618 (0.93) 678 (1.97) 
         

MnII CH2Cl2 0.00  312 (0.51)  429 (0.10) 561 (0.30) 606 (0.51) 

 C2H4Cl2 0.00  317 (1.02)  444 (0.29) 570 (0.49) 617 (0.90) 

 CH3CN 0.31  311 (1.10)  436 (0.40) 571 (0.80) 616 (1.37) 

 CH3OH 0.62  312 (1.91)  429 (0.54) 553 (0.96) 598 (2.34) 

 Py 0.64  319 (1.79) 413 (0.75) 450 (0.71) 582 (1.33) 632 (2.50) 

 DMSO 0.76  318 (2.11) 411 (0.77) 449 (0.74) 583 (1.39) 628 (2.63) 

a β scale of hydrogen bond acceptor basicities taken from ref. 44. b ε values were calculated based on 

the monomeric compound. 

Correlations with Solvent Properties and Evidence of Dimerization in Solution. As seen in Table 

3, a substantial decrease in molar absorptivity is observed for all bands of (Ph)DPPMn in CH2Cl2 or C2H4Cl2 

containing 0.1 M TBAPF6 as compared to the other solvents. The solvent dependent phenomenon is best 

shown by the UV-visible spectra in Figure 8 which plots the molar absorptivity (ε) vs wavelength for 

(Ph)DPPMn in CH2Cl2, CH3CN and pyridine (Py). The marked decrease in absorptivity in the two 

noncoordinating solvents parallels the decreased currents for reduction as compared to what is seen in the 

other solvents (Figure 5) and can be rationalized by the presence of a homodimer as also observed in the 

solid state.10 Surprisingly, however, there is only a minor effect of dimerization on the position of the 

absorption bands and overall shape of the spectra, both of which are related to specific solvent properties 

as described on the following pages.  
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Figure 8. Normalized UV-vis spectra of neutral (Ph)DPPMnIII in Py (black line), CH3CN (red line) and 

CH2Cl2 (blue line), all containing 0.1 M TBAPF6. 

Again, with the exception of the two noncoordinating solvents, CH2Cl2 and C2H4Cl2, where 

dimerization and/or aggregation is known to occur for related manganese(III) N2O2-type complexes with 

Schiff base ligands.43, 45 the energy of the visible band in wavenumbers (ν) systematically decreases with 

decrease in polarity of the solvent, as measured by the Dimroth-Reichardt (ET) parameter.46 This correlation 

is shown by the plot in Figure 9 for both (Ph)DPPMnIII and [(Ph)DPPMnII]- where the ET values range from 

40.2 for Py to 55.5 for CH3OH. The slope of ν vs ET plot is 25.4 cm-1/ET for the neutral MnIII species and 

60.9 cm-1/ET for the reduced MnII species. Similar negative solvatochromic effects have been described by 

Reichardt,47 notably for BODIPY dyes,48 and suggests that the ground state is stabilized by polar solvents. 

An additional correlation, which includes CH2Cl2 and C2H4Cl2, could also be established between the 

wavenumber corresponding to the visible band of the neutral MnIII complex and the corresponding blue-

shifted visible band of the singly reduced MnII complex in the six nonaqueous solvents. This correlation is 

given in Figure 10 and shows that largest difference in ν between visible bands of the neutral and singly 

reduced (Ph)DPPMn complex is seen in CH3OH (Δν  = 1707 cm-1) while the smallest Δν occurs in pyridine 

(Py). Finally, a linear relationship exists between the molar absorptivity of the neutral or reduced compound 

and of the Kamlet-Taft parameter, β, which measures the solvent Hydrogen-Bond Acceptor (HBA) basicity 

(i.e. the ability of the solvent to accept a proton, or donate an electron pair in a solvent-to-solute hydrogen 

bond). This relationship is shown in Figure 11 for both the MnIII and electroreduced MnII product in the six 

investigated solvents. 
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The solvent dependent linear free energy relationships in Figures 6 and 9 clearly demonstrate that 

solvent-solute interaction is the driving force for the electrochemical behavior and spectroscopic properties 

of the investigated manganese dipyrrin bisphenols.   

 

Figure 9. Wavenumber (cm-1) of visible bands for a) neutral (Ph)DPPMnIII and b) singly reduced 

[(Ph)DPPMnII]- vs ET in different nonaqueous solvents. 

 

Figure 10. Wavenumber (cm-1) of visible bands for neutral (Ph)DPPMnIII vs singly reduced [(Ph)DPPMnII]-  

in different nonaqueous solvents. 
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Figure 11. Molar absorptivities (ε x10-4) for a) (Ph)DPPMnIII and b) singly reduced [(Ph)DPPMnII]- of the 

most intense visible band vs the Kamlet-Taft solvent parameter (β). 

The shift in molar absorptivity for the visible band of MnIII and MnII with the β solvent parameter 

(Figure 11) suggests that the dimer proposed to be present in CH2Cl2 and C2H4Cl2 can be dissociated by 

interaction with  solvent molecules, giving monomeric (Ar)DPPMn via two possible pathways as shown 

schematically in Scheme 1. One path (Pathway A) involves an interaction with the two chelating oxygen 

atoms of the (Ar)DPP ligand while the other (Pathway B) involves an axial coordination to the manganese 

central metal ion. It should be noted that a combination of these two pathways could also occur with the 

same end result, i.e. the monomeric form of (Ar)DPPMn. 
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Scheme 1. Possible products of dimer dissociation. 

 One way to differentiate between Pathway A and B of Scheme 1 would be to add a reagent which 

could interact with the phenolic oxygen atoms of the (Ar)DPP ligand but not bind axially and this suggested 

to us the possibility of breaking the dimer under noncoordinating solution conditions (i.e. CH2Cl2 and 

C2H4Cl2 containing 0.1 M TBAPF6) and added protons in the form of TFA. This is indeed what is observed 

as shown in Figure 12, where well-defined, reversible reductions (ΔEp = 80 mV) are seen after the addition 

of 2 equivalents of protons to solution. At the same time, no changes are seen in the oxidation behavior, 

indicating that the manganese metal ion is still present in the molecule and that no demetallation has 

occurred upon the addition of acid.  

It should also be noted that an electrochemically detectable dimerization during reduction but not 

upon oxidation can be rationalized by the different sites of electron transfer; i.e. an electron is added to the 

manganese center during reduction while electron abstraction takes place on the (Ar)DPP ring during 

oxidation. It should also be noted that ring centered redox processes are typically rapid (reversible) electron 
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transfers while MnIII-centered reductions would be slower as is often observed for MnIII reductions at the 

metal center.16-18, 38-43 

 

Figure 12. Cyclic voltammograms of (a) (Ph)DPPMn and (b) (Mes)DPPMn at 10-3 M in CH2Cl2 containing 

0.1 M TBAPF6
 before and after the addition of 2.0 eq TFA. A second cathodic scan showing the 

disappearance of the adsorption peak is given by the dotted line from ~0.0 to -1.2 V. 

Effect of Anions on Electrochemical Behavior and Spectra. The effect of anions on the metal-

centered reduction of (Ar)DPPMn was investigated in CH2Cl2 containing seven different TBA+X- salts. 

Examples of cyclic voltammograms are given in Figure 13 and the measured potentials are summarized in 

Table 4. Again, larger than theoretical values of ΔEp, ranging from 0.36 to 0.51 V, are seen for the (slow) 

metal-centered reduction in CH2Cl2 containing F-, OH-, Cl- or CN- while broad reduction peaks with 

decreased currents are seen in CH2Cl2 solutions containing ClO4
- or PF6

-, this result being consistent with 

dimerization under these noncoordinating solution conditions. At the same time, the ring-centered 
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oxidations under the same solution condition are more reversible (ΔEp = 0.10 to 0.17 V). Thus, the more 

basic, complexing anions act to break up the dimer, leading to well-defined but still slow (quasireversible) 

electroreductions as seen in Figure 13 for (Ph)DPPMn in solutions containing 0.1 M TBACl and TBAOH. 

Table 4. Halfwave potentials (V vs SCE) and anodic to cathodic peak separations (ΔEp) for reduction and 

oxidation of (Ph)DPPMn in CH2Cl2 with 0.1 M supporting electrolyte, TBAX (X = PF6
-, ClO4

-, BF4
-, Cl-,  

F-, OH- or CN-). 

X- 
 Ligand Oxidation  (MnIII/MnII) Ligand Reduction 

 2nd (ΔEp) 1st (ΔEp)  E1/2 (ΔEp) 1st  

PF6
-  1.25 (0.10) 0.68 (0.10)  -0.79a b 

ClO4
-  1.16 (0.10) 0.68 (0.10)  -0.78a b 

BF4
-  1.27 (0.10) 0.78 (0.12)  -0.83a b 

F-  b b  -0.55 (0.51) -1.68a 

OH-  b b  -0.70 (0.52) -1.64a 

Cl-  b 0.65 (0.17)  -0.67 (0.38) b 

CN-  b b  -0.62 (0.36) -1.77a 

aIrreversible peak potential at scan rate of 0.1 V/s. bReaction not observed due to limited solvent potential 

window. 

 

 
Figure 13. Cyclic voltammograms of (Ph)DPPMn at 10-3 M comparing the first reduction and first 

oxidation in CH2Cl2 containing 0.1 M TBAX, where X = PF6
-, X = ClO4

-, X = Cl- and X = OH-.  

Scan rate = 0.1 V/s.  
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There is no obvious trend in the halfwave potentials for reduction with changes of anion (Table 4) 

and there are also no obvious trends in the position of the visible band for the neutral or singly reduced 

species in the presence of the different anions (Table 5 and Figure 14 for (Ph)DPPMn in CH2Cl2/0.1 M 

TBAX). The overall changes in the spectral patterns are similar to what is seen upon changing the solvent, 

as discussed earlier in the manuscript. Moreover, it should be noted that despite the fact that all of the 

reductions in Figure 14 involve a  MnIII/II reaction, a smaller 36-45 nm blue shift of the major visible 

absorption band is seen upon reduction in the presence of F-, Cl-, CN- or OH- anions as compared to the 50-

68 nm blue shift which occurs with change of solvent (Figure 7).  

Table 5. UV−vis spectral data of (Ph)DPPMnn (n = III or II) at ∼10−4 M in CH2Cl2 containing 0.1 M TBAX 

(X = PF6
-, BF4

-, ClO4
-, F-, OH-, Cl- or CN-). 

Ox. State X- λ, nm (ε x 10-4, M-1∙cm-1)a 

MnIII PF6
- 320 (0.47)  459 (0.20) 617 (0.24) 669 (0.36) 

 BF4
- 320 (0.76)  459 (0.24) 619 (0.23) 670 (0.39) 

 ClO4
- 323 (0.49) 419 (0.23) 460 (0.24) 621 (0.26) 673 (0.47) 

 F- 321 (2.38) 421 (0.60) 458 (0.46) 605 (0.85) 656 (2.09) 

 OH- 320 (2.90) 421 (0.78) 472 (0.38) 605 (1.08) 656 (2.76) 

 Cl- 320 (2.93) 421 (0.75) 472 (0.75) 615 (1.11) 666 (2.31) 

 CN- 320 (2.43) 429 (0.67) 464 (0.54) 619 (0.78) 670 (1.86) 

       

MnII PF6
- 312 (0.51)  429 (0.10) 561 (0.30) 606 (0.51) 

 BF4
- 315 (0.59)  437 (0.17) 572 (0.40) 613 (0.61) 

 ClO4
- 314 (0.55)  444 (0.17) 569 (0.38) 616 (0.62) 

 F- 314 (1.59)  442 (0.51） 575 (1.23) 620 (2.13) 

 OH- 315 (2.29)  443 (0.60) 567 (1.67) 609 (3.21) 

 Cl- 310 (1.72)  450 (0.42) 569 (0.82) 630 (2.80) 

 CN- 313 (1.84)  454 (0.58) 583 (1.72) 624 (2.17) 

a ε values were calculated based on the monomeric compound. 
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Figure 14. UV-vis spectral changes during the first reduction of (Ph)DPPMn in CH2Cl2 containing 0.1 M 

TBAX where X is (a) F-, (b) OH-, (c) Cl- and (d) CN-. 
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Again, the molar absorptivities (ε) increase significantly upon changing from X = PF6
- or ClO4

- to  

X = F-, OH-, Cl- or CN- as seen in Table 5 and Figure 15 which plots selected UV-visible spectra under the 

different solution conditions. The marked increase of ε upon going from solutions containing 

noncoordinating anions to strongly coordinating anions provides further evidence for the existence of 

homodimers in solution which are dissociated in the presence of anions such as OH- and F-.  

 

Figure 15. Normalized UV-vis spectra of neutral (Ph)DPPMnIII in CH2Cl2 containing OH- (black line), F- 

(red line), ClO4
- (blue line) and PF6

- (pink line). 

Drawing Comparisons between the different macrocycles. Halfwave potentials for reversible 

reductions and oxidations of the manganese(III) macrocycles in Chart 1 are compared in Scheme 2 where 

the listed E1/2 values for (Ph)3CorMn,35 (Ph)DPPMn and (Ph)4PorMnCl49 were measured in CH3CN, 0.1 M 

TBAClO4 while potentials for (TBP)8CzMn were obtained in PhCN, 0.1 M TBAClO4 (TBP = p-tert-

butylphenyl).32 
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Scheme 2. Comparison of electrochemical potentials for the different manganese(III) macrocycles in Chart 

1. 

 

The first one-electron reduction was in each case assigned as an MnIII/II process while the first 

oxidation of (TBP)8CzMn and (Ph)4PorMnCl were assigned as ligand-centered,30, 32 as also occurs for 

(Ph)DPPMn (see earlier discussion). A number of earlier studies assigned the first one-electron oxidation 

of MnIII corroles as metal-centered18, 35, 36, 50 but Ghosh’s more recent characterization of (Ph)3CorMnCl as 

a noninnocent MnIII-corrole cation radical21, 25 would suggest that conversion of (Ph)3CorMn to 

[(Ph)3CorMn]+ can also be assigned as a ligand-centered electron abstraction. This is the assignment given 

in Scheme 2 where the first reversible one-electron reduction of all four manganese(III) macrocycles 

involves the metal center and the first reversible one-electron oxidation involves the conjugate macrocycle, 

where the potential is indicated by Lox. 

It was recently shown that four- and five-coordinate (Ar)DPPCo complexes, which contained 

noninnocent DPP ligands, had redox behavior which resembled that of noninnocent four- and five-

coordinate corroles, (Ar)3CorCo, both undergoing a facile one-electron reductions.20 For example, the one-

electron reduction of (Ph)DPPCo and (Ph)3CorCo occurs at 0.08 and -0.19 V in CH2Cl2, 0.1 M TBAClO4 

and at -0.13 and -0.39 V in DMSO, 0.1 M TBAClO4, respectively. The easier 260-270 mV shift in E1/2 for 

reduction of the (Ph)DPPCo as compared to the related triphenylcorrole is not associated with similar shifts 
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in potential for oxidation where the difference in E1/2 between corrole and DPP is negligible. A much larger 

difference in potentials is seen for the DPP and corrole derivatives of MnIII and AuIII, both of which contain 

innocent macrocycles. In this case, the DPP derivatives are both easier to reduce and harder to oxidize than 

the related corroles, as shown by the data values in Table 6. 

Table 6. Comparison of first reduction and first oxidation potentials (V vs SCE) of metallo DPP and Cor 

complexes containing only meso-phenyl rings unless otherwise noted. 

Solvent Metal 

 1st Red.  1st Ox. 

 (Ar)DPP (Ar)Cor ΔERed  (Ar)DPP (Ar)Cor ΔEOx 

CH3CN Mn  -0.66 -1.38a 0.72  0.61 0.39a 0.22 

PhCN Au  -0.89b -1.40c 0.51  0.96b 0.80c 0.16 

CH2Cl2 Co  0.08d -0.19e 0.27  0.57d 0.54e 0.03 

DMSO Co  -0.13d -0.39e 0.26  0.44d 0.39e 0.05 
aTaken from ref. 35. bTaken from ref. 22. cTaken from ref. 51. dTaken from ref. 20. e(Mes)3CorCo from ref. 52. 

 The first one-electron reduction and first one-electron oxidation of (TBP)8CzMn are located at -0.91 

and -0.78 V in PhCN, 0.1 M TBAClO4 and the measured electrochemical HOMO-LUMO gap (ΔEH-L) of 

1.69 V is quite similar to the 1.77 V gap for (Ph)3CorMn, both values being larger than what is measured 

for (Ph)DPPMn (ΔEH-L = 1.29 V) and (Ph)4PorMnCl (ΔEH-L = 1.43 V) as seen in Scheme 2. This would 

suggest a difference between the innocent manganese macrocycles (Ph)3CorMn and (Ph)DPPMn, but it 

should also be noted that the ΔE1/2 between the first and second oxidations of these two compounds are 

essentially identical, these separation being 570 and 580 mV, respectively. The similar separations further 

suggest that both oxidations of (Ph)3CorMn (E1/2 = 0.39 and 0.96 V) and (Ph)DPPMn (E1/2 = 0.62 and 1.20 

V) are ligand-centered electron abstractions. Finally, it should be noted that the potential difference between 

E1/2 for the MnIII/II process and the first ligand-centered reduction of (Ph)DPPMn (1.10 V) (Ph)4PorMnCl 

(1.20 V) are quite similar to each other, and the sufficiently large separation rules out a two ligand-centered 

reduction processes. 

The relative ease of the MnIII/II reduction potential for the macrocycles in Scheme 2 follows the 

order (Ph)4PorMnCl (-0.18 V) > (Ph)DPPMn (-0.66 V) > (Ph)3CorMn (-1.38 V) and is reproduced by the 

computationally determined LUMO energies as seen in Figure 16. The theoretical LUMO’s of each 

macrocycle are delocalized but include orbitals of the manganese central metal ion, in line with the observed 

metal-centered reduction. This delocalization of the LUMO orbitals over the ligand and metal center is 
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consistent with the earlier proposed intramolecular electron transfer (IMET) during the first reduction of 

the manganese(III) DPP, i.e. a process where the electron addition first occurs at the DPP ligand π orbitals 

and is subsequently transferred to the manganese(III) center ultimately giving [(Ar)DPPMnII]- as a final 

product (see Figure 4 and related discussion). In contrast, a much smaller metal character is observed for 

the theoretical HOMO orbitals, thus supporting a ligand-centered oxidation process in each case (see also 

spin density of [(Ph)DPP●Mn]+ in Figure S2). Moreover, the shift in experimentally measured oxidation 

potentials for the three manganese(III) complexes (0.39, 0.62 and 1.25 V in Scheme 2) is also reproduced 

by the DFT calculations, which predict the trend in HOMO energies to be (Ph)3CorMn > (Ph)DPPMn > 

(Ph)4PorMnCl, as depicted in Figure 16. It should also be noted that a strong correlation exists between the 

computationally determined HOMO/LUMO energies and the experimentally measured potentials listed in 

Scheme 2, resulting nearly uniform correlation coefficients (R2 = 0.999) as seen in Figures S5 and S6. 

 

Figure 16. HOMO-LUMO Orbitals and the corresponding energies (in eV) for the manganese(III) 

macrocycles (Ph)3CorMnIII, (Ph)DPPMnIII and (Ph)4TPPMnIIICl.  
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Finally there remains the question of how manganese(III) dipyrrin-bisphenols fit the emerging 

analogy between DPP and corroles described earlier for cobalt derivatives of the two macrocycles. While 

the innocence of the two trivalent macrocycles is maintained for both manganese DPP and manganese 

corrole complexes, no evident parallels can be seen in the electrochemical potentials or sites of electron-

transfer for oxidation. In particular, the first reduction of (Ar)DPPMn is metal-centered and occurs at a 

substantially more positive potential (easier reduction) when compared to the MnIII/II reaction of the 

structurally related corrole under the same electrochemical conditions (see Scheme 2). Moreover, the first 

oxidation of (Ar)DPPMn is clearly ligand-centered as opposed to a metal-centered MnIII/IV process observed 

for the first oxidation of (Ar)3CorMn. Given these results, and the existing electrochemical data regarding 

DPP and corrole complexes with different metal ions, it appears that only noninnocent assemblies (i.e. 

where M = Cu or Co) adhere to the electrochemical analogy between DPP and corrole macrocycles. 

However, this conclusion is not yet definitive and is currently under further investigation for other 

substituted DPP derivatives containing various metal ions.  

EXPERIMENTAL SECTION 

Instrumentation and Methods. 1H NMR spectra were recorded on a Bruker Avance Neo III 500 

spectrometer operating at 500 MHz and available at the PACSMUB-WPCM technological platform, which 

relies on the “Institut de Chimie Moléculaire de l’Université de Bourgogne” and SATT SAYENS "TM", a 

Burgundy University private subsidiary. All NMR shift values are expressed in ppm. 1H spectra were 

calibrated using the residual peak of chloroform at 7.26 ppm. UV-visible spectra were recorded on a 

Hewlett-Packard Model 8453 diode array or on a Varian Cary 50 spectrophotometer. Quartz cells with 

optical path lengths of 10 mm were used. ESI mass spectra were recorded on a LTQ Orbitrap XL 

(THERMO) instrument for HR-MS spectra and on an AmaZon SL (Bruker) instrument for the LRMS 

spectra.  

Cyclic voltammetry (CV) measurements were performed at 298 K on an EG&G model 173 

potentiostat coupled with an EG&G model 175 universal programmer in nonaqueous solution containing 

0.1 M TBAClO4 as a supporting electrolyte.  A three-electrode system composed of a glass carbon working 
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electrode, a platinum wire counter electrode, and a saturated calomel reference electrode (SCE) was utilized.  

The reference electrode was separated from the bulk of the solution by a fritted-glass bridge filled with the 

solvent/supporting electrolyte mixture. Thin-layer spectroelectrochemical measurements were carried out 

using an optically transparent platinum thin-layer working electrode and a Hewlett-Packard model 8453 

diode array spectrophotometer coupled with an EG&G model 173 universal programmer.  

Chemicals. Manganese Pentafluorophenyldipyrrin-bisphenol ((F5Ph)DPPMn) was prepared as 

described in the literature.10 Dimethylsulfoxide (DMSO), Pyridine (Py), Tetrabutylammonium perchlorate 

(TBAClO4), Tetrabutylammonium hexafluorophosphate (TBAPF6), Tetrabutylammonium 

tetrafluoroborate (TBABF4), Tetrabutylammonium fluoride (TBAF), Tetrabutylammonium chloride 

(TBACl), Tetrabutylammonium hydroxide (TBAOH), Tetrabutylammonium cyanide (TBACN) were 

purchased from Sigma Aldrich and CH2Cl2 was purchased from EMD Millipore Corporation. All chemicals 

were used without further purification. NMR solvents were purchased from Eurisotope and were used 

without further purification. 

Computational details. Quantum mechanics calculations were performed with the Gaussian16 

software package.53 Energy and forces were computed by density functional (DFT) theory with the hybrid 

B3LYP exchange-correlation functional,54-56 the def2-SVP basis set and pseudopotential for all atoms.57 

Solvent effects were modelled by means of the continuum model within the SMD approach as implemented 

in Gaussian.58 Molecular orbitals and spin density images were generated with Chemcraft Version 1.8.59 

General synthetic procedure for manganese dipyrrin-bisphenolate complexes. Manganese 

acetate (1.33 equiv) was added to a pink solution of the free dipyrrin-bisphenol ligand (31.3 mg) in a 1/1 

mixture of EtOH/toluene (4.0 mL) and Et3N (22.6 µL). The resulting suspension was stirred at 85°C for 2.5 

hours and monitored with TLC. After completion of the reaction, the solvents were evaporated and the 

resulting complexes were purified as described below. (F5Ph)DPPMn10 and the free-base dipyrrin-bisphenol 

[(Ph)DPP]H3 and [(Mes)DPP]H3 were synthesized as described in the literature.2  

(Ph)DPPMn. The meso-Ph derivative was purified over a silica gel column chromatography using 

dichloromethane and a mixture of dichloromethane and methanol (99/1). Yield 27.5 mg (60.3 μmol, 78%). 

https://www.rxlist.com/dmso_dimethylsulfoxide/supplements.htm#OtherNames


31 
 

UV-vis (CH2Cl2) λmax [nm, ε x 103 (M-1cm-1)]: 318 (10.9), 453 (4.52), 664 (8.56). MS (ESI) m/z = 456.03 

[M]+., 456.07 calcd for C27H17MnN2O2; m/z = 479.05 [M+Na]+, 479.06 calcd for C27H17MnN2NaO2; m/z = 

912.26 [2M]+, 912.34 calcd for C54H34Mn2N4O4. HR-MS (ESI) m/z = 456.06661 [M]+., 456.06650 calcd 

for C27H17MnN2O2. (See Figure S7) 

(Mes)DPPMn. The mesityl DPP complex was purified over a silica gel column chromatography using 

dichloromethane and a mixture of dichloromethane and methanol (99/1). Yield 16.2 mg (32.5 μmol, 79%). 

UV-vis (CH2Cl2) λmax [nm, ε x 103 (M-1cm-1)]: 308 (21.6), 354 (10.9), 456 (7.26), 649 (11.7). MS (ESI) m/z 

= 498.11 [M]+., 498.11 calcd for C30H23MnN2O2; m/z = 521.14 [M+Na]+, 521.10 calcd for 

C30H23MnN2NaO2. m/z = 997.31 [2M+H]+, 997.23 calcd for C60H47Mn2N4O4. HR-MS (ESI) m/z = 

498.11447 [M]+., 498.11345 calcd for C30H23MnN2O2. (see Figure S7) 

ACKNOWLEDGEMENTS 

 We gratefully acknowledge support from the Robert A. Welch Foundation (KMK, Grant E-680), 

Natural Science Foundation of China (Grant No. 21501070), China Postdoctoral Science Foundation (Grant 

2019M661735), the CNRS (UMR UB-CNRS 6302), the “Université Bourgogne Franche-Comté”, and the 
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TOC Graphic. A series of "N2O2-type" manganese dipyrrin-bisphenols (DPP), formulated as (Ar)DPPMn, 

where Ar = pentafluorophenyl (F5Ph), phenyl (Ph) or mesityl (Mes), were electrochemically and 

spectroscopically characterized in nonaqueous media with and without added anions in the form of 

tetrabutylammonium salts (TBAX where X = ClO4
-, PF6

-, BF4
-, F-, Cl-, OH- or CN-).  

 

 

 

 

 

 


