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Abstract: 

 

A meso-2,6-dichlorophenyl pentapyrrin was prepared using a modified method for 

dipyrrane synthesis followed by simple DDQ oxidation. The completely joined structures 

formed via redox inter-conversions were studied using crystallographic as well as observed 

and calculated spectral data. 

 

Research Summary: 

 

Meso-Substituted polypyrranes have become important precursors for the synthesis of 

meso-substituted expanded, contracted, and isomeric porphyrins.1–3 Synthetic pathways to 

these compounds have been well established.4 A one-flask synthesis of dipyrromethanes 

was introduced, primarily, by Lindsey’s group4 and developed to achieve the synthesis of 

multigram quantities of dipyrromethanes via simple purification methods.5 Utilizing a 
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modified synthetic method,6 Lee’s group have prepared mesosubstituted tripyrromethanes, 

as the major component, along with other products such as dipyrromethanes and larger 

polypyrromethanes. A previously reported synthetic method for tripyrromethanes7 was 

employed in our recent research to prepare polypyrromethanes ranging from 

tripyrromethanes to heptapyrromethanes.8 

 

Since the oxidation of meso-aryl tripyrromethanes can result in the formation of 

macrocyclic compounds4 and tripyrrinone isomers, 8 we were also interested in the 

oxidations of relatively higher polypyrromethanes. Gross and his colleagues reported the 

formation of a meso-aryl pentapyrrin from a solvent-free condensation reaction of pyrrole 

and pentafluorobenzaldehyde.9 The aromaticity of macrocyclic compounds such as 

porphyrins and expanded porphyrins have been extensively studied during the last 

decade,10–15 while linear oligopyrroles, having a continuous p-joined network, have been 

less well understood due to their flexibility and consequent lack of control of their 

configurations. The aromaticity of joined macrocyclic compounds has been widely studied 

and here we discuss the aromaticity of open-chain compounds. 

 

Fortunately, single crystals of a 2,6-dichlorophenyl-substituted pentapyrrin having three 

amino-Ns in its molecular skeleton were successcompletely grown and the crystal structure 

of 1 (Fig. 1) represents one of three possible oxidation states that retains a joined network 

along the main skeleton as shown in Scheme 1. Using the initial crystallographic data, the 

other oxidation states containing different conjugation networks were geometrically-

optimized by DFT calculation. 
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 Figure 1. Crystal structure of 1;16 intramolecular hydrogen-bonds are denoted by dashed 

lines. 

 

                               

 

 Scheme 1. Three possible forms of a pentapyrrin showing various oxidation levels. 

 

A series of meso-2,6-dichlorophenyl oligopyrroles was prepared from pyrrole, 

dipyrromethane, and arylaldehydes by acid-catalyzed condensation using TFA (see the 

Supplementary data and Scheme 2), and oxidized to from completely joined linear 

oligomers. 
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 Scheme 2. meso-2,6-Dichlorophenyl polypyrromethanes and polypyrrins. 

 

Based on the NMR data for tetrapyrrin, pentapyrrin, and hexapyrrin, the molecular 

structures are delocalized symmetric compounds stabilized by intramolecular hydrogen-

bonding. As a result, only half the expected number of hydrogen signals was observed in 

the spectra. Here, we focus on the structural and spectral properties of the pentapyrrins. 

 

A single crystal of 2,6-dichlorophenyl-substituted pentapyrrin (1) was obtained by vapor 

diffusion of hexane into a CH2Cl2 solution. The structure was determined by X-ray 

diffraction analysis as shown in Figure 1. Similar to the crystal structure of meso-

perfluorophenyl pentapyrrin reported by Gross and co-workers the crystal structure of 

meso-1,6-dichlorophenylpentapyrrin exhibits a helical structure made more rigid by 

intramolecular hydrogenbonds between the imino-Ns and amino-NHs (Fig. 1). The NH 

peak was observed at 12.59 nm which is considerably downfield due to the intramolecular 

hydrogen-bond formation. The NMR data confirms the symmetry of the molecule. As noted 

above, the pentapyrrin can exist in three different p-joined networks as shown in Scheme 1. 

The most stable form of the pentapyrrin can be expected as 1 due to the nature of the 

intramolecular hydrogen-bonds as revealed by the single crystal analysis. 

 

The optical spectrum of a CH2Cl2 solution gradually changed upon the addition of DDQ 

(Fig. 2). B-like bands were hypsochromically-shifted while the Q-like bands appeared over 

a broad range (700–1000 nm) with bathochromic shifts. This B-like band shift in the 

observed optical spectrum was also confirmed in the calculated optical spectrum17,18 (Fig. 
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3). Reduction of 1, in acetone, using NaBH4 gave the changes shown in Figure 4. The 

desired product 1+2H is unstable due, presumably, to the lack of any internal hydrogen-

bonding. As shown in the photograph in Figure 4, the reddish-pink solution (1+2H) after 

reduction of 1 returned to the original orange color of 1 once the excess borohydride was 

removed. 

 

                                  

 

 Figure 2. Optical spectral changes of 1 in following progressive oxidation; the dark blue 

line is the final spectrum. 
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 Figure 3. Optical spectral dependence of 1 relative to the oxidation level; these theoretical 

spectra were obtained by DFT calculations. 

 

 

                                

 

 Figure 4. Optical spectral changes observed upon the reduction of 1 using NaBH4: before 

(dark blue line) and after (purple line) addition. The color of the solution changed to the 

original orange after removal of excess borohydride by filtration and standing open to the 

air. 

 

The geometrically-optimized structures shown in Figure 5 were obtained by Gaussian 

calculations.17,19 Compared to the structure of 1+2H where all Ns are protonated, the 

structures of 1 and 1-2H having imino-Ns showed a more compact configuration due to the 

intramolecular hydrogen-bonding, with 1 being the most compact. As shown in Figure 6, 

the dihedral angles for each compound were determined as 82.9_, 43.1_, and 

48.5_ for 1+2H, 1, and 1-2H, respectively, and 1 was thus considered to be the most stable 

form. Also, relatively, 1 exhibits the smallest dihedral angle between the mean planes for 

both of the dipyrrins attached to the middle pyrrole ring (Fig. 6). Typical N–H_ _ _N 

hydrogen-bond strengths are 13 kJ/mol. Molecule 1 is expected to have an additional 
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stability of roughly 26 kJ/mol as it possesses two more NH–N intramolecular hydrogen- 

bonds than 1-2H. Compound 1+2H has no such additional stability. 

 

NMR data of 1 and 1+2H were obtained by DFT calculation.17,20 The results for 1 are 

very consistent with the observed NMR data (Fig. 7, Table 1). On the other hand, it was 

thought that the increase in flexibility for 1+2H, due to the absence of intramolecular 

hydrogen- bonds, would alter the chemical shift magnitude in NMR. While the values of the 

observed and calculated data for 1 are 56.8 and 52.0 ppm for 13C and 6.7 and 6.6 ppm for 

1H, respectively, the values on the calculated data for 1+2H are 41.1 ppm and 2.4 ppm for 

13C and 1H, respectively. 

 

Macrocyclic compounds containing continuous p-joined networks have been widely studied 

with respect to their magnetic properties. We have here reported how changes in 

conjugation networks in open-chain completely joined molecules influence their overall 

geometry and molecular properties. 
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 Figure 5. Geometry of the optimized structures of pentapyrrins (a) 1+2H, (b) 1 and (c) 1-

2H. 

 

                         

 

 Figure 6. Dihedral angles between two dipyrromethene mean planes attached to the middle 

pyrrole ring of  and  

 

                               

 

 Figure 7. Atomic labels for the NMR data. 
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 Table 1 : NMR data comparison for compound 1 

 

Research into further understanding the structural interconversion of pentapyrrins and their 

diverse p-joined forms as well as investigation into other polypyrrins is underway. 
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