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Abstract
A synthesis of amino-functionalized porphyrins (in meso-aryl rings), utilizing nitro-meso-

tetraarylporphyrin complexes [Zn(II), Cu(II), and Ni(II)] and vicarious nucleophilic substitution of 

hydrogen reaction (VNS) is described.
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Porphyrins are important compounds intensively studied in recent years[1] due to 

their potential use in many fields of chemistry, medicine, new sensing materials, etc..[2]

In the past decade much attention has been focused on preparation of 5,10,15,20-

tetraarylporphyrin derivatives, substituted by various meso-groups. Finally, it was 

achieved in a fully-controlled step-wise cyclocondensation process, and a large 

spectrum of the desired porphyrins was synthesized (from A4-type to ABCD-type).[3]

An alternative route to this type of compounds is an easy synthesis of 

symmetrical meso-tetraarylporphyrins followed by selective derivatization of their aryl 

rings. We have recently extended this methodology to introduction, in a fully-controlled 

processes, up to 10 various substituents into starting porphyrin moiety.[4] This allows 

the preparation of highly substituted Cl-, N-, O-, and C-functionalized synthetic 

porphyrins. 

In continuation of our studies in this field, we investigated the possibility of 

introduction a very attractive amino group, and we present herein preliminary results 

concerning direct amination of nitro-meso-tetraarylporphyrin complexes (ZnII, CuII, NiII)

by vicarious nucleophilic substitution of hydrogen reaction (VNS),[5] with the use of 

N,N,N-trimethylhydrazinium anion as nucleophilic amino species. In this case, the 

existence of the electron-withdrawing NO2 group in meso-aryl substituents enhances 

deficiency of electrons at the neighbouring ortho-positions. On the other hand, the 

metal-complexation of porphyrins increases the electron density in the -system of 

macrocyclic ring and prevents nucleophilic substitution at the porphyrin periphery -

positions.  
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Starting nitroporphyrin chelates (1a-c) were obtained from 5-(4-nitrophenyl)-

10,15,20-triphenylporphyrin[6] according to procedures described in earlier literature,[7]

using the respective inorganic salts [Zn(OAc)2 2H2O, Cu(OAc)2 H2O, Ni(OAc)2 4H2O].

On the other hand, the N,N,N-trimethylhydrazinium iodide (TMHI) used was prepared 

from commercially available N,N-dimethylhydrazine (Sigma–Aldrich). 

In our first experiment, 5-(4-nitrophenyl)-10,15,20-triphenylporphyrin zinc(II) 

complex (1a), in the reaction with TMHI, in KOH / DMSO system at 60-70 C, leads to 

the nucleophilic substitution of hydrogen product in the yield of 66% (Scheme 1).[8] The 

above reaction involves the addition of a N-anion, which bears a leaving group 

(Me3N+–) at the anionic center, to an electrophilic position of porphyrin, followed by 

base-induced -elimination of Me3N (and additionally H2O formation) from the H-

adduct formed 2, and protonation as the final step. 

Scheme 1

For the product obtained (M = Zn), on the basis of MS (ESI), UV-Vis and 1H

NMR investigations,[9] the structure 3a was proposed. In the mass spectrum molecular 

ion peak (M+) was found at m/z = 736, and the observed isotope pattern of the peak 

matches the pattern expected for the desired composition of the compound. In the 1H

NMR spectrum the diagnostic signals at 8.34 ppm (d, J = 8.7 Hz) and 7.49 ppm (dd, J

= 8.7,1.7 Hz) were identified easily and, according to coupling patterns, were assigned 

to H-5 and H-6 of the amino/nitro–substituted meso-aryl ring. The remaining signal 

originating from H-2 (should be doublet with small coupling constant) is probably 

overlapped with H-Ph broad multiplet at 7.72-7.90 ppm. The chemical shifts of the H -

pyrrole protons appear as two doublets (8.80 and 8.95 ppm; 2 × 2H) with the coupling 

in the doublets J = 4.8 Hz, and a singlet at 8.79 ppm (4H). The UV-Vis spectrum 

confirms the porphyrinyl structure of the product with the observation of a Soret band 

at  = 424 nm. 
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Similar products were obtained when using copper and nickel complexes. Thus, 

in the reaction of 1b and 1c with TMHI, under the same reaction conditions, the 

formation of the respective amino-functionalized porphyrins (3b/3c) was observed in 

good yield. 

In conclusion, we have presented here a method for the direct amination of 

tetraarylporphyrins in nitro-substituted meso-aryl rings. It gives an opportunity for the 

synthesis of porphyrins bearing two N-substituents on the same ring, which are 

potentially attractive and versatile intermediates for their further derivatization. This 

reaction should be of general character and may well receive future attention in the 

area of porphyrin skeleton modifications. 
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