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ABSTRACT 

Porphyrins are naturally occurring tetrapyrrolic pigments. They are highly π-conjugated system 

which makes them interesting and versatile. In living systems, porphyrins are very vital to 

biomolecules and many enzymes which play significantly important physiological process like 

redox reaction, photosynthesis, gas transport and so on. Porphyrins are chemically versatile 

molecule due to chemical and thermal stabilities and conformational flexibility. Porphyrins have 

optical, photophysical and electrochemical redox properties which make them robust precursor 

for obtaining medicinally, scientifically and industrially suitable materials. The photophysical 

and electrochemical redox properties of porphyrins can be altered by fine tuning in structural 

modification and electronic nature of meso/β-substituents. β-Substituents exerts much larger 

electronic and steric effects in comparison to substitution at meso-positions since they are in 

direct conjugation with porphyrin π-system. Various β-substituted porphyrins are utilized for 

NLO, PDT, ion sensing, catalytic and DSSCs applications. Herein, we report the synthesis of 

meso/β-functionalized porphyrins and their utilization in various application such as anion 

sensing, NLO and complexation with fullerene. We have organized this thesis into following 8 

chapters.  

Chapter 1 describes the basic introduction about porphyrins, their synthetic methods and their 

applications in different arena such as catalysis, NLO, DSSC, anion sensing and PDT. 

Chapter 2 includes the synthesis of mixed β-substituted arylaminoporphyrins and N-fused 

porphyrins (MTPP(NHPh)X2 and MTPP(N-fused)X2, X = H, Br, Ph, PE and M = 2H, Co(II), 

Ni(II), Cu(II), Zn(II)). These porphyrins exhibited interesting photophysical and electrochemical 

redox properties. Single crystal X-ray study revealed twist conformation of H2TPP(N-

fusedPh)Br2.Photoinduced electron transfer study of ZnTPP(N-fused)X2, X = H, Br, Ph, PE was 

carried out via axial coordination of C60Im and C60Py which exhibited 1:1 supramolecular dyads 

formation. These porphyrins exhibited very low oxidation potential due to intramolecular charge-

transfer from β-arylamine group to porphyrin core. Efficient fluorescent quenching was observed 

for Zn(II) N-fused porphyrins while titrating with C60 derivatives due to axial coordination of 

C60Im/C60Py to Zn(II) porphyrin. The first oxidation potential of supramolecular dyads are 

anodically shifted (~0.10 V) as compared to C60Im/C60Py free Zn(II)porphyrins which exhibited 

supramoleccular interaction between Zn(II) porphyrins and C60Im/C60Py system in ground state. 
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Chapter 3 describes the synthesis of tetrabenzoquinone appended Ni(II) and Cu(II) porphyrins. 

These porphyrins exhibited strong solvatochromism behavior in nitrogenous base through axial 

coordination. We studied the F¯ and CN¯ anion sensing properties of these porphyrins.  The 

electrochemical studies revealed that tetrabenzoquinone appended metalloporphyrin is electron 

deficient by ~1.1 V as compared to TDtBPPM (M = Cu, and Ni) and nearly 0.94 V as compared 

to oxoporphyrinogen respectively and therefore binds to less basic F¯ ions also in addition to 

highly basic CN¯ ions through axial ligation mechanism. They act as F¯ and CN¯ chemosensor in 

nonaqueous media and selective CN¯ sensor in aqueous media due to high solvation of F¯ ions in 

aqueous media.  

Chapter 4 describes the synthesis of two new series of unsymmetrically nonplanar mixed β-

octasubstituted porphyrins (MTPP(Ph2)Br5X, X = NO2, Br and M = 2H, Co(II), Ni(II), Cu(II), 

Zn(II)) and studied their structural, photophysical and electrochemical redox properties. Single 

crystal X-ray study of H2TPP(NO2)Ph2Br5 exhibited saddle shape nonplanar conformation with 

deviation of 24 core atoms (Δ24 = 0.558 Å) and displacement of β-carbons (ΔCβ =  1.23 Å) 

from the mean plane of porphyrin core. So H2TPP(NO2)Ph2Br5 exhibited highly nonplanar 

conformation as compared to precursor (H2TPP(NO2)(Ph)2) (ΔCβ =  .     
 
 and Δ24 =  . 2  

 
 
) due to the effect of five β-bromo substituents at periphery of the porphyrin. H2TPP(Ph2)Br5X, 

X = NO2, Br exhibited 53-61 nm and 90-95 nm bathochromic shift in the Soret band and Qx(0,0) 

band, respectively as compared to H2TPP. They are exhibited higher protonation and 

deprotonation constant due nonplanar conformation of macrocyclic core and electronic nature of 

β-substituents. HOMO-LUMO energy gap of CuTPP(Ph2)Br6 and CuTPP(NO2)Ph2Br5 decreased 

to 0.55 V and 0.62 V as compared to CuTPP, respectively . 

Chapter 5 presents the synthesis of meso-tetraalkylporphyrin and their Zn(II) derivatives. Single 

crystal X-ray structure of meso-tetrapropylporphyin revealed the orientation of alkyl chains and 

planar conformation of porphyrin macrocycle. Photophysical, spectroscopic and electrochemical 

redox properties of self-assembled donor-acceptor dyads formed by meso-tetraalkylporphyrin 

and fullerene C60 were investigated. The binding of C60 with porphyrins (H2TMeP, H2TEtP and 

H2TPrP) and their Zn derivatives was determined by UV-Vis, fluorescence and 
1
H NMR 

analyses. The stoichiometry of complexation between C60 and porpnyrin was found to be 1:1. 

The determined association constants of (K)  follw the order: H2TMeP > H2TEtP > H2TPrP 

H2THexP > H2TPP. The effect of alkyl chain length on porphyrin-fullerene complexation were 
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investigated. The oxidation potentials of dyads anodically shifted (20-100 mV) as compared to 

corresponding meso-tetraalkylporphyrins indicating supramolecular interaction between the 

constituents in ground state. Optimized geometry of H2TMeP:C60 revealed the formation of 

supramolecular dyads and charge transfer interaction between porphyrin host and fullerene (C60) 

guest. 

Chapter 6 encompasses the synthesis of mixed β-trisubstituted (MTPP(TPA)2X, (where M = 

Co, Ni, Cu, Zn and X = NO2/CHO) porphyrins with their photophysical, electrochemical redox 

properties and DFT studies. H2TPP(TPA)2X, (X = NO2/CHO) exhibited ~22 nm and 31-39 nm 

red shift in Soret and Qx(0,0) bands, respectively than H2TPP due to effect of β-substituents and 

nonplanarity of macrocycle. The push-pull effect of NO2/CHO and TPA affect the HOMO-

LUMO energy gap. H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO exhibited large resultant dipole 

moment values 7.62 D and 4.55 D, respectively as compared to H2TPP (0.052 D).  

Chapter 7 presents the synthesis of antipodal β-tetrasubstituted porphyrins and characterized by 

using various spectroscopic techniques. Due to β-tetrasubstitution they exhibited tunable redox 

potentials and moderate nonplanar conformation. These porphyrins are easy to oxidize as 

compared to MTPPs. NiTPP(TPA)4 exhibited 0.15-0.29 V and 0.03-0.04 V cathodic shift in first 

oxidation potential and first reduction potential, respectively as compared to NiTPP and NiOPP 

due to destabilization of HOMOs. 

Chapter 8 summarizes the results obtained from the present thesis with future perspectives.   

 

 

 

 

 

 

 

 

 



  vi 

 

List of Publications (Published/Communicated/Prepared) 

1. P. Rathi and M. Sankar* Highly Electron Deficient Tetrabenzoquinone appended Ni(II)   and 

Cu(II) Porphyrins: Spectral, Solvatochromism, Electrochemical Redox and Tuneable F
‒ 

and 

CN
‒
 Sensing Properties. New J. Chem. 2017, 4, 11962-11968. 

2. N. Grover, P. Rathi and M. Sankar* Spectral Investigations of Meso-Tetraalkylporphyrin-

Fullerene Host-Guest Complexes. J. Porphyrins Phthalocynines. 2015, 19, 998-1006. 

3. R. Kumar, P. Yadav, P. Rathi and M. Sankar* Photophysical, Electrochemical Redox, 

Solvatochromism and Anion Sensing Properties of β-Tetra- and -Octaphenylethynyl 

Substituted meso-Tetraphenylporphyrins. RSC Adv. 2015, 5, 82237-82246. 

4. P. Yadav, P. Rathi and M. Sankar* Facile Generation of A2B Corrole Radical using Fe(III) 

salts and its Spectroscopic Properties. ACS Omega, 2017, 2, 959-965.  

5. P. Rathi and M. Sankar* Unsymmetrical Nonplanar ‘Push-Pull’ β-Octasubstituted 

Porphyrins: Facile Synthesis, Structural, Photophysical and Electrochemical Redox Properties 

Dalton Trans. 2019, DOI: 10.1039/C9DT02792K. 

6. P. Rathi, S. Seetharaman, M. Sankar,* F.D’Souza* Synthesis, Structural, Spectral and 

Electrochemical Redox Properties of N-Fused Porphyrins and Their Photoinduced Electron 

Transfer Studies with C60 Derivatives (Manuscript under preparation). 

7. F. D׳Souza, K. Prakash, A. Z. Alsaleh, P. Rathi, A. Sharma and M. Sankar* Synthesis, 

Spectral, Electrochemical and Photovoltaic Studies of A3B Porphyrinic Dyes having 

Peripheral Donors ChemPhysChem 2019. https://doi.org/10.1002/cphc.201900604. 

8. P. Rathi and M. Sankar* β-Functionalized ‘Push-Pull Porphyrins: Synthesis, Photophysical 

and Electrochemical Redox Properties (Manuscript under preparation). 

9. P. Rathi and M. Sankar* A Synthetic Approach toward the Mixed β-substituted 

Arylaminoporphyrins: Synthesis, Photophysical and Electrochemical Redox Properties 

(Manuscript under preparation). 

 

 

 

 

https://doi.org/10.1002/cphc.201900604


  vii 

 

Poster presentation at International and National Conferences 

1. P. Rathi and M. Sankar* ‘Regioselective Synthesis and Studies on β-functionalized ‘Push-Pull’ 

Porphyrins poster presentation at National Conference on Organic Molecules as Synthons and 

Reagents for Innovations held at IIT Roorkee on February 8-10, 2019. 

2. P. Rathi and M. Sankar* ‘A Synthetic Approach toward the Mixed β-Substituted 

Arylaminoporphyrins: Structural, photophysical and Electrochemical studies’ to be presented at 

the 10
th

 International Conference on Porphyrins and Phthalocynines (ICPP-10) held at Munich, 

Germany during july 1-6, 2018. 

3. P. Rathi and M. Sankar* ‘Synthesis, Spectral and Electrochemical Redox Properties of 

Asymmetrical β-Substituted’ Porphyrins poster presentation at’ ‘ACS on Campus -2018’ held 

at IIT Roorkee on February 7, 2018. 

4. P. Rathi, T. A. Dar and M. Sankar* ‘Sterically Crowded Porphyrins: Synthesis and Their 

Catalytic  pplications’ poster presentation at Modern Trends in Inorganic Chemistry (MTIC-

XVII) held at CSIR-NCL, Pune and IISER, Pune during December 11-14, 2017. 

5. P. Rathi, N. Grover and M. Sankar* ‘Spectral Investigation of Meso-Tetraalkylporphyrins-

Fullerene Host-guest  ssemblies’ poster presentation at  the  8
th

 CRSI National Symposium in 

Chemistry (NSC-18) held at INST Mohali and Punjab University, Chandigarh, during February 

5-7, 2016. 

 

 

 

 

 

 

 

 

 



 viii 

 

TABLE OF CONTENTS 

Title 

 Page 

No. 

Candidate’s declaration  

Acknowledgement i 

Abstract iii 

List of Publications vi 

List of Conferences vii 

Table of Contents viii 

List of Charts xiv 

List of Schemes xv 

List of Figures xvi 

List of Tables xxi 

CHAPTER 1. Introduction  

1.1 General Introduction to Tetrapyrrolic Pigments 2 

1.2 Synthetic Tetrapyrrole Analogues 3 

1.3 Synthesis of Porphyrin in Laboratory  4 

1.4 Functionalization of Tetrapyrroles 6 

1.4.1 Nitration and Bromination of Tetrapyrroles 7 

1.4.2 β-fused Porphyrin 8 

1.5 Some Applications of Porphyrin and their Analogues 10 

1.5.1 Porphyrins as Catalysts 10 

1.5.2 Porphyrins in Photodynamic Therapy 11 

1.5.3 DSSCs Application of  Porphyrins 15 



  ix 

 

1.5.4 Porphyrins as Sensors for Analytes 18 

1.5.5 Porphyrins as NLO Material 19 

1.5.6 Porphyrins Intraction with Fullerenes 20 

1.6 Objectives and Future Implications of Present Work 21 

1.7 References 25 

CHAPTER 2. Synthesis, Structural, Spectral and Electrochemical Redox 

Properties of β-Arylamino and N-fused Porphyrins and Photoinduced Electron 

Transfer Studies on N-fused Porphyrins With C60 Derivatives  

 

2.1 Introduction 39 

2.2 Experimental Section 41 

2.2.1 Reagents 41 

2.2.2 Instruments and Methods 41 

2.2.3 Synthesis of MTPP(NHPh)X2 (X = H, Br, Ph, PE and M = 2H, Co, Ni, Cu, Zn) 

Derivatives 

42 

2.2.4 Synthesis of MTPP(N-fusedPh)X2 (X = H, Br, Ph, PE and M = 2H, Co, Ni, Cu, 

Zn) Derivatives 

46 

2.3 Results and Discussion 51 

2.3.1 Synthesis and Characterization 51 

2.3.2 Crystal Structure Discussions 52 

2.3.3 Electronic Absorption Spectral Studies 53 

2.3.4 Emission Spectral Discussions 56 

2.3.5 DFT Studies 58 

2.3.6 Electrochemical Redox Studies 60 

2.3.7 Chemical Oxidation Studies 62 

2.3.8 
1
H NMR Studies 63 

2.4 Conclusions 66 



  x 

 

2.5 References 66 

CHAPTER 3. Highly Electron Deficient Tetrabenzoquinone Appended Ni(II) and 

Cu(II) Porphyrins: Spectral, Solvatochromism, Electrochemical Redox and 

Tuneable F
‒
 and CN

‒
 Sensing 

 

3.1 Introduction 72 

3.2 Experimental Section 74 

3.2.1 Reagents 74 

3.2.2 Instrumentation and Methods 74 

3.2.3 Synthetic Procedure 75 

3.3 Results and Discussion 75 

3.3.1 Synthesis and Characterization 75 

3.3.2 Cyclic Voltammetric Studies 77 

3.3.3 Solvatochromism Studies 78 

3.3.4 Anion Binding Studies 79 

3.3.5 Computational Studies 84 

3.3.6 Cyanide Sensing in Aqueous Media 84 

3.4 Conclusions 86 

3.5 References 86 

CHAPTER 4. Highly Nonplanar, Asymmetrical, β-octasubstituted Porphyrins: 

Synthesis, Structural, Photophysical and Electrochemical Redox Properties 

 

4.1 Introduction 91 

4.2 Experimental Section 92 

4.2.1 Reagents 92 

4.2.2 Instrumentation and Methods 93 

4.2.3 Synthetic Procedure 93 

4.3 Results and Discussion 96 



  xi 

 

4.3.1 Synthesis and Characterization 96 

4.3.2 Single Crystal X-ray Structure 97 

4.3.3 Electronic Spectral Studies 98 

4.3.4 Protonation and Dprotonation Studies 100 

4.3.5 Electrochemical Redox Properties  102 

4.3.6 DFT Studies  105 

4.4 Conclusions 107 

4.5 References 107 

CHAPTER 5. Spectral Investigation of Meso-Tetraalkylporphyrin-Fullerene Host-

Guest Complexes 

 

5.1 Introduction 112 

5.2 Experimental Section 114 

5.2.1 Reagents 114 

5.2.2 Instrumentation and Methods 114 

5.2.3 Synthetic Procedure 114 

5.3 Results and Discussion 116 

5.3.1 Synthesis and Characterization 116 

5.3.2 Crystal structure study of  H2TPrP 117 

5.3.3 UV-Visible Spectral Studies 118 

5.3.4 Fluorescence Spectral Studies 121 

5.3.5 Cyclic Voltammetric Studies 123 

5.3.6 
1
H NMR Studies 124 

5.3.7 Computational Studies 125 

5.4 Conclusions 126 

5.5 References 126 



  xii 

 

CHAPTER 6. β-Functionalized ‘Push-Pull’ Porphyrins: Synthesis, Photophysical, 

Electrochemical Redox Properties and NLO Studies 

 

6.1 Introduction 131 

6.2 Experimental Section 133 

6.2.1 Reagents 133 

6.2.2 Instrumentation and Methods 133 

6.2.3 Synthetic Procedure 134 

6.3 Results and Discussion 137 

6.3.1 Synthesis and Characterization 137 

6.3.2 Optical Absorption and Emission Spectral Studies 138 

6.3.3 NLO Studies using Femtosecond Pulses 140 

6.3.4 Electrochemical Redox Properties 142 

6.3.5 DFT Studies 146 

6.4 Conclusions 147 

6.5 References 148 

CHAPTER 7. Antipodal β-Tetrasubstituted Triphenylaminoporphyrins: Synthesis, 

Spectral and Electrochemical Redox Studies 

 

7.1 Introduction 152 

7.2 Experimental Section 153 

7.2.1 Reagents 153 

7.2.2 Instrumentation and Methods 154 

7.2.3 Synthetic Procedure 154 

7.3 Results and Discussion 156 

7.3.1 Synthesis and Characterization 156 

7.3.2 Absorption Spectral Studies 157 



 xiii 

 

7.3.3 DFT Studies 158 

7.3.4 Electrochemical Redox Studies 160 

7.4 Conclusions 162 

7.5 References 163 

CHAPTER 8. Summary and Conclusions  

Appendix-I 174 

Appendix-II 208 

Appendix-III 227 

Appendix-IV 239 

Appendix-V 259 

Appendix-VI 273 

  

  

 

 

 

 

 

 

 

 

 

 

 



 xiv 

 

List of Charts 

CHAPTER 2  Page 

No. 

Chart 2.1 Molecular Structure of Synthesized β-Arylaminoporphyrin and β-

N-fusedporphyrin. 

40 

CHAPTER 3   

Chart 3.1 Molecular Structure of Synthesized Porphyrins. 74 

CHAPTER 4   

Chart 4.1 Molecular Structure of Synthesized β-Octasubstituted Porphyrins. 92 

CHAPTER 5   

Chart 5.1 Molecular Structure of Synthesized Meso-Tetraalkylporphyrins. 113 

CHAPTER 6   

Chart 6.1 Molecular Structure of Synthesized Tri β-substituted ‘Push-Pull’ 

Porphyrins. 

132 

CHAPTER 7   

Chart 7.1 Molecular Structure of Antipodal β-Tetrasubstituted 

Triphenylaminoporphyrins. 

153 

 

 

 

 

 

 

 

 

 



  xv 

 

List of Schemes 

CHAPTER 2  Page 

No. 

Scheme 2.1 Synthetic Routes to Mixed β-

Arylaminoporphyrin and N-fused Porphyrins. 

51 

CHAPTER 3   

Scheme 3.1  Synthetic Routes to Ni-diOxP (1) and Cu-diOxP 

(2) under β-Nitration Condition. 

76 

CHAPTER 4   

Scheme 4.1 Synthesis of Mixed β-Substituted Porphyrins. 96 

CHAPTER 5   

Scheme 5.1 Synthesis of  Meso-Tetraalkylporphyrins (1-3) 

and Their Corresponding Zn(II) Complexes. 

117 

CHAPTER 6   

Scheme 6.1 Synthesis of Mixed β-Substituted Porphyrins. 137 

CHAPTER 7   

Scheme 7.1 Synthesis of H2TPP(TPA)2NO2 and Their metal 

Derivatives. 

156 

 

 

 

 

 

 

 

 

 



 xvi 

 

List of Figures 

CHAPTER 1  Page 

No. 

Figure 1.1 The Basic Structure of Porphyrin.  2 

Figure 1.2 Chemical Structure of Naturally Found Tetrapyrrolic Pigments. 3 

Figure 1.3 Synthetic Analogues of Tetrapyrrole. 4 

Figure 1.4 Synthetic Routes for the Preparation of Uroporphyrin-III. 5 

Figure 1.5 Functionalization of Porphyrins. 7 

Figure 1.6 Synthetic Routes For β-Bromosubstituted Porphyrins. 8 

Figure 1.7 Synthesis of β-Arylaminoporphyrins. 9 

Figure 1.8 Oxidative C-N Fusion of Pyridinyl Poprhyrin. 9 

Figure 1.9 β-Octachlorovanadylporphyrin. 10 

Figure 1.10 Porphyrin Catalyzed Organic Reactions. 11 

Figure 1.11 Mechanism in Photodynamic Therapy. 12 

Figure 1.12 Structure of porphyrin photosensitizers used in PDT as drugs.  13 

Figure 1.13 Structure of 10, 15, 20-Tritolylporphyrin-5-(4-Amidophenyl)-[5-(4-

phenyl)-10, 15, 20-Tritolylporphyrin. 

13 

Figure 1.14 Structure of Porphyrin-Ferrocene Conjugate (TNCF). 15 

Figure 1.15 (a) Dye Sensitized Solar Cell (b) Working Principle of DSSC  16 

Figure 1.16 Molecular Structure of Meso-and β-Susbtituted Porphyrin Based 

Dyes. 

17 

Figure 1.17 Molecular Structure of Trans-A2BC dyes. 18 

Figure 1.18 Porphyrin Based Anion and Cation Sensors. 19 

Figure 1.19 Structure of ZnTPP Coordinated Pyridyl Fulleropyrrolidine Dyad 

and ZnNC Coordinated with Phenylimidazolyl Fulleropyrrolidine 

Dyad. 

21 

CHAPTER 2   

Figure 2.1 ORTEP Diagram Showing Top and Side Views of H2TPP(N-

fusedPh)Br2, Hydrogen Atoms are Omitted for Clarity. In the Side 

View, Meso-Phenyls are Omitted for Clarity. 

52 



 xvii 

 

Figure 2.2 UV-Visible Spectra of (a) ZnTPP(N-fusedPh) and ZnTPP(N-

fusedPh)Ph2, (d) ZnTPP(N-fusedPh)Br2 and ZnTPP(N-fusedPh)PE2. 

54 

Figure 2.3 UV-Visible Titration of ZnTPP(N-fusedPh)PE2 with (a) C60Im and 

(b) C60Py in o-Dichlorobenzene at 298 K. 

56 

Figure 2.4 Fluorescence Spectra of (a) ZnTPP(N-fusedPh) and ZnTPP(N-

fusedPh)Ph2, (b) ZnTPP(N-fusedPh)Br2 and ZnTPP(N-fusedPh)PE2. 

58 

Figure 2.5 Quenching of Fluorescence Intensity of ZnTPP(N-fusedPh)PE2 (4d) 

in o-Dichlorobenzene at 298 K. 

58 

Figure 2.6  (a) Optimized Structure (b) Electrostatic Potential map (c) Pictorial 

Representation of Frontier HOMO (d) LUMO of ZnTPP(N-

fusedPh):C60Py 

60 

Figure 2.7 Cyclic Voltammograms of ZnTPP(N-fusedPh) and ZnTPP(N-

fusedPh)PE2 in Presence and Absence of C60Im in o-

Dichlorobenzene at 298 K. 

62 

Figure 2.8 Chemical Oxidation of ZnTPP(N-fusedPh)PE2 using NOBF4 in o-

Dichlorobenzene at 298 K. 

 

63 

Figure 2.9  (a) 
1
H NMR spectra of Imine Proton of H2TPP(N-fusedPh), 

H2TPP(N-fusedPh)Br2, H2TPP(N-fusedPh)Ph2,  H2TPP(N-

fusedPh)PE2 and (b) Comparison Spectra of H2TPP(N-fusedPh)Br2 

Inner –NH Proton with H2TPP(NHPh)Br2. 

64 

Figure 2.9  (a) 
1
H NMR Spectra of (a) ZnTPP(N-fusedPh)Ph2:C60Im Adduct 

(b) ZnTPP(N-fusedPh)Ph2 in C6D6 at 298 K. 

65 

CHAPTER 3   

Figure 3.1 Absorption Spectra of 1-4 Porphyrins in CH2Cl2 at 298 K. 76 

Figure 3.2 Cyclic Voltammograms of 1-4 in CH2Cl2 Containing 0.1 M 

TBAPF6 as Supporting Electrolyte using Ag/AgCl as Reference 

Electrode. 

77 

Figure 3.3 Electronic Absorption Spectrum of 1 in Solvents of Various 

Polarities. 

79 

Figure 3.4 UV-Visible Titration of 1 (3.14 × 10
-5 

M) (a) Upon Addition of F
‒
 80 



 xviii 

 

ions (0-1.14 × 10
-3 

M) and (b) Upon Addition of CN
‒
 ions (0-1.53 × 

10
-3 

M) in Toluene Medium at 298 K. Inset Shows the 

Corresponding B-H plot. 

Figure 3.5 Absorption Spectra of 1 (3.14 × 10
-5 

M) in the Presence of Different 

Anions. 

81 

Figure 3.6 Ratiometric Absorbance Changes (A427/A400) of 1 (3.14 × 10
-5

M) 

on Addition of 4 equiv of CN
‒ 

and 10 equiv. of other Anions. Blue 

Bars Indicate the Blank and in the Presence of other Interfering 

Anions, and Brown Bars Indicate the Addition of CN
‒
 to the 

Interfering Anions. 

83 

Figure 3.7 Ratiometric Absorbance Changes (A424/A400) of 1 (3.14 × 10
-5

M) 

on Addition of Excess equiv of F
‒ 

and other Anions. Blue Bars 

Indicate the Blank and in the Presence of other Interfering Anions, 

and Brown Bars Indicate the Addition of F
‒
 to the Interfering 

Anions. 

83 

Figure 3.8 B3LYP/LANL2DZ-Optimized Geometry Showing (a) Top as well 

as (b) Side View of Ni-diOxP.2CN
-
; Hydrogen are Omitted for 

Clarity. In the Side View Meso-Phenyl Substituents is not Shown 

Omitted for Clarity. 

85 

Figure 3.9 Pictorial View of Frontier Molecular Orbitals (FMOs) of 1 and 

1.2CN¯ 

85 

Figure 3.10 UV-Visible Spectra of 1 and 1.2CN¯ After Addition of Aqueous 

Solution of KCN and 18-Crown-6. 

86 

CHAPTER 4   

Figure 4.1 ORTEP Digram of H2TPP(NO2)(Ph)2Br5. 98 

Figure 4.2 (a) Optical Absorption Spectra of H2TPP(NO2)(Ph)2Br5 and 

H2TPP(Ph)2Br6 (b) Emission Spectra of H2TPP, 

H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6.in CH2Cl2 at 298 K. 

100 

Figure 4.3 UV-Visible Spectral Titration of H2TPP(NO2)(Ph)2Br5 (a) TFA and 

(b) TBAOH in Toluene at 298K. Insets Exhibit Hill Plots 

102 

Figure 4.4 Comparative Cyclic Voltammograms of Porphyrins CuTPP, 106 



 xix 

 

CuTPPNO2, CuTPP(NO2)(Ph)2, CuTPP(Ph)2Br6 and 

CuTPP(NO2)(Ph)2Br5 using Ag/AgCl as Reference Electrode and 

0.1M TBAPF6 in CH2Cl2 at 298 K.     

Figure 4.5 HOMO-LUMO Variation of CuTPP, CuTPPNO2, 

CuTPP(NO2)(Ph)2, CuTPP(Ph)2Br6 and CuTPP(NO2)(Ph)2Br5. 

 

106 

CHAPTER 5   

Figure 5.1 Crystal Structure Data of H2TPrP (3) (a) Top View and (b) Side 

View 

118 

Figure 5.2 UV-Vis Spectra of 2 (H2TEtP) and 2a (ZnTEtP) in CH2Cl2 at 298 K 119 

Figure 5.3  (a) Spectral Changes Observed During the Titration of Fullerene 

(C60) to the Solution of H2TPrP (3) in Toluene at 298 K. (b) Benesi-

Hildebrand Plot Constructed for Evaluating the Binding Constant as 

well as Stoichiometry for 3:C60 Host-Guest Complex. 

119 

Figure 5.4  (a) Fluorescence Spectral Changes Observed During the Titration 

of Fullerene (C60) to the Solution of H2TPrP (3) in Toluene at 298 

K. (b) Stern-Volmer Plot for 3:C60 Host-Guest complex. 

122 

Figure 5.5 Bar Graph Represents logK Values of Differ Alkyl Porphyrins and 

Their Zn(II) Derivatives.   

123 

Figure 5.6 
1
H NMR Spectra of (a) 1:C60 Adduct (b) 1 in C6D6 at 298 K. 125 

Figure 5.7  (a) B3LYP/3-21G Optimized Structure H2TMeP (1):C60 

Supramolecular Dyad (b) Frontier HOMO Orbitals (c) Frontier 

LUMO Orbitals.  

126 

CHAPTER 6   

Figure 6.1 (a) UV-Visible and (b) Fluorescence Spectra of H2TPP(TPA)2NO2 

and H2TPP(TPA)2CHO in CH2Cl2 at 298 K. 

139 

Figure 6.2 Experimental and Theoretically fitted Z scan data for sample (i) 

H2TPP(TPA)2NO2 in OA mode at (a)  680 nm (b) 700 nm (c) 750 

nm (d) 800 nm (e) 850 nm and CA mode at (f) 750 nm (g) 800 nm 

(ii) H2TPP(TPA)2CHO in OA mode at (a) 680 nm (b) 700 nm (c) 

750 nm (d) 800 nm (e) 850 nm and CA mode at (f) 680 nm (g) 700 

141 



  xx 

 

nm (h) 750 nm (i) 800 nm (j) 850 nm. 

 

Figure 6.3 Cyclic Voltammograms of Porphyrins (a) MTPP(TPA)2NO2 and 

MTPP(TPA)2CHO(M = 2H, Co(II), Cu(II),  Ni(II), Zn(II) ) and  in 

CH2Cl2 with a Scan Rate of 0.1 V/s at 298 K. 

144 

Figure 6.4 Comparative Diagram for HOMO-LUMO Variation of CuTPP, 

CuTPPNO2, CuTPPBr2NO2, CuTPP(TPA)2NO2, CuTPPCHO, 

CuTPPBr2CHO and CuTPP(TPA)2CHO. 

145 

Figure 6.5 Optimized Gas Phase Geometry of H2TPP(TPA)2NO2 and  

H2TPP(TPA)2CHO. 

146 

Figure 6.6             Theoretically Calculated Dipole Moment Direction of 

H2TPP(TPA)2NO2 and  H2TPP(TPA)2CHO. 

147 

CHAPTER 7   

Figure 7.1  (a) UV-Visible and (b) Fluorescence Spectra of H2TPP(TPA)4 and 

ZnTPP(TPA)4 in CH2Cl2 at 298 K. 

158 

Figure 7.2 Optimized Geometry of H2TPP(TPA)4 (a) Top View and (b) Side 

View. 

159 

Figure 7.3 Frontier Molecular Orbitals of H2TPP(TPA)4. 159 

Figure 7.4 Comparative Cyclic Voltammograms of NiTPP, NiOPP and 

NiTPP(TPA)4 in CH2Cl2 at 298 K. 

161 

Figure 7.5 HOMO-LUMO Variation of NiTPP(TPA)4 in Comparision to 

NiTPP and NiOPP. 

161 

 

 

 

 

 

 

 



 xxi 

 

List of Tables 

CHAPTER 2  Page 

No. 

Table 2.1 Photophysical Data of Porphyrins (MTPP(NHPh)X2 and MTPP(N-

fusedPh)X2 (X = 2H, Br, Ph, PE and M = 2H, Zn(II)). 

55 

Table 2.2 UV-Visible and Fluorescence Titration Data of C60ImC60Py with 

ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, PE) in o-dichlorobenzene at 

298 K. 

57 

CHAPTER 3   

Table 3.1 Electrochemical redox Data (Ag/AgCl) of Synthesized Porphyrin 

(1-4) in CH2Cl2 Containing 0.1 M TBAPF6 at 298 K scan rate 0.1 

V
-1

. 

78 

Table 3.2 Binding Constant Data of Electron Deficient Meso-Tetrakis(3,4-

benzoquinone) substituted Porphyrins in Toluene at 298 K. 

81 

CHAPTER 4   

Table 4.1 Photophysical Data of Synthesized Free base and Zn(II) Porphyrins 

in CH2Cl2 at 298 K. 

100 

Table 4.2 Protonation and Deprotonation Constant Data of 

H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6 in Comparison with 

H2TPP(NO2)Br5 in Toluene at 298 K. 

102 

Table 4.3 Redox Potential Data of Synthesized and Compared Porphyrins (V 

vs Ag/AgCl) in CH2Cl2 Containing 0.1 M TBAPF6 with Scan Rate 

0.1 V
-1

. 

104 

CHAPTER 5   

Table 5.1 Association Constant of Porphyrin-C60 Supramolecular Dyad in 

Toluene at 298 K. 

120 

Table 5.2 UV-Visible and Fluorescence Spectral Data of Meso-

Tetraalkylporphyrins (1-3 and 1a-3a) in CH2Cl2 at 298 K. 

121 

Table 5.3 Electrochemical Redox Data of 1-3 and 1a-3a in Presence and 

Absence of C60 in Benzonitrile at 298K. 

124 



 xxii 

 

CHAPTER 6   

Table 6.1 Photophysical Data of H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO 

(M = 2H, Co(II), Ni(II), Cu(II), Zn(II)) in CH2Cl2 at 298 K. 

139 

Table 6.2 NLO coefficient data of H2TPP(TPA)2NO2 and 

H2TPP(TPA)2CHO. 

141 

Table 6.3 Electrochemical Redox Data of all Synthesized Porphyrins 

MTPP(TPA)2X where (M = 2H, Co, Ni, Cu and Zn; X = NO2 and 

CHO)  in CH2Cl2 at 298 K. 

144 

CHAPTER 7   

Table 7.1 Photophysical Data of H2TPP(TPA)4 (M = 2H, Co(II), Ni(II), 

Cu(II), Zn(II)) in CH2Cl2 at 298 K. 

158 

Table 7.2 Electrochemical Redox Data of Porphyrins MTPP(TPA)4 where (M 

= Cu, Co, Ni and Zn) in CH2Cl2 at 298 K. 

162 

 

 



1 

 

 

 

 



2 

 

 



Chapter 1: Introduction 
 

3 
 

CHAPTER 1 

INTRODUCTION 

1.1 GENERAL INTRODUCTION TO TETRAPYRROLIC PIGMENTS 

Porphyrins are the most indispensable chemical units which are required for several processes 

for life on the earth. In these tetrapyrrolic pigments, four pyrrole rings are linked together by 

covalent bonds or carbon units in a cyclic form (macrocycle) to give cyclic tetrapyrrole ring 

system as shown in Figure 1.1 [1,2]. The word of „porphyrin‟ has been created from “porphura” 

which means purple because of its strong absorption in the visible region [3,4]. Porphyins are 

highly colored, stable and aromatic heterocyclic macrocycles. Tetrapyrroles are present in linear 

form in the bile pigments. Analogues of porphyrins are called porhyrinoids which widely exist in 

nature. The most important porphyrinoids found in nature are chlorophyll containing chlorin, 

haemoglobin and cytochrome both contain heme, while bacteria and plants contain 

bacteriochlorophyll and chlorophyll, respectively. Porphyrins play important role in biological 

process such as electron transfer, oxygen binding, catalysis and most importantly in 

photosynthesis [5–7]. Naturally occurring tetrapyrroles are different in peripheral substituents, 

the oxidation state of core ring and nature of metal ions present in the core of the macrocycles. 

Porphyrinoids form variety of metal complexes with metals such as Ag
III

, V
IV

, Fe
III

, Fe
II
, Ni

II
, 

Co
II
, Cu

II
, Zn

II
 etc [8–12]. Some naturally occurring tetrapyrroles (such as heme, chlorophyll, 

cytochrome P450 and Vitamin B12) are shown in Figure 1.2. Porphyrin exhibits strong absorption 

band in visible region that imparts deep color to them.   

 

         

 

 

 Figure 1.1 The Basic Structure of Porphyrin. 
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Figure 1.2 Chemical Structures of Naturally Found Tetrapyrrolic Pigments. 

1.2 SYNTHETIC TETRAPYRROLE ANALOGUES 

A large number of synthetic tetrapyrroles have prepared over the decades to study the porphyrin 

based naturally occurring system. Porphyrins are chemically versatile and rich molecules that 

promoted the laboratory synthesis and study of porphyrinoids (porphyrins and their analogous). 

β-/meso substituted porphyrins offer great insight to study the physical and chemical properties 

of the macrocycle. Metalloporphyrins have generated great interest in the area of catalytic 

process to mimic the enzymes such as peroxidase, cytochrome P450, and catalase and as a model 

for transmembrane electron transporters. The physical and chemical properties of porphyrins can 

be easily tuned via modification in the peripheral substituents. Many research groups have 

reported wide range of (meso/β) substituted porphyrins [13–15], chlorins with contracted ring 

system [16–19], core modified [20], π-extended analogues [21–23] and inverted analogues [24–

26] of porphyrinoids and utilized them for many applications in several fields. (Figure 1.3) 
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Figure 1.3 Synthetic Analogues of Tetrapyrroles.  

5,10,15,20-tetraphenylporphyrin (H2TPP) and its metal complexes were studied widely because 

H2TPP and its metal complexes are used as starting material for further functionalization, since 

the β/meso positions of porphyrin are available for substitution (electron rich and electron 

withdrawing groups). Functionalized porphyrins revealed unique photophysical and 

electrochemical properties.  

1.3 SYNTHESIS OF PORPHYRIN IN LABORATORY 

Fischer and Walach first synthesized porphyrin analogues in 1926 via synthesis of 

octamethylporphine [27]. In this method, the reaction was carried out between dipyrromethenes 

in molten succinic acid at 180-190 
ο
C and the desired product was formed with very low yield 

(around 2% only). In 1957, S.F. MacDonald reported the synthesis of stable dipyrromethane 

(also known as dipyrrylmethane and pyrromethanes) which were used as good starting materials 

for the synthesis of A3B and A2B2 types of porphyrins [28]. In 1960, MacDonald reported the 

synthesis of pure isomeric porphyrins from dialdehyde and dipyrromethane [29,30]. Acetic acid 

having 0.4% hydroiodic acid was used as solvent in this reaction. By using this method, 
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Uroporphyrin III was also reported with 55-65% yield as shown in Figure 1.4. The unsubstituted 

porphyrin are highly planar but substitution at β-position causes nonplanarity of the macrocyclic 

ring. Adler, Longo and coworkers in 1967 developed an alternative method for the synthesis of 

meso-substituted tetraphenylporphyrin [31]. Adler and Longo׳s method was a practical version of 

Rothemund׳s seal tube method (1963) [32]. This was one pot synthesis acid catalyzed 

condensation of substituted aldehyde and pyrrole in propionic acid refluxing at 140 
ο
C for 30 

min in open air. There were some problems in this methodology. (1) In this method, tar was 

formed creating purification problem (2) acid sensitive aldehydes were not stable for the 

synthesis (3) this method was limited for the synthesis of symmetrical porphyrins only. In 1987 

another major breakthrough came in the synthesis of porphyrin which is known as „Lindsey 

method‟. This method provided the large scale synthesis of asymmetrical porphyrin with milder 

conditions. In this method, the reaction was carried out between aldehyde and pyrrole in inert 

atmosphere in the presence of chloroform and acid catalyst (BF3/TFA) at room temperature 

which leads to formation of porphyrinogen intermediate. After addition of DDQ/p-chloranil the 

intermediate porphyrinogen is converted in to porphyrin via oxidation reaction. This method 

gave very good yield as compared to other methods for the synthesis of porphyrins [33]. Mixed 

substituted porphyins exhibited interesting photophysical and electrochemical properties. After 

substitution via bulky groups or increasing the number of groups at periphery of porphyrin 

causes steric crowding which results into steric repulsive interaction among the substituents at 

periphery of porphyrins. This repulsion results for nonplanar conformation of macrocycle.  

 

Figure 1.4 Synthetic Routes for the Preparation of Uroporphyrin-III.  
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1.4 FUNCTIONALIZATION OF TETRAPYRROLES 

Porphyrins are thermally and chemically highly stable macrocycles. These are versatile 

compounds and have flexible conformation. Porphyrins exhibit unique photophysical, optical 

and electrochemical redox properties which make them good starting candidates for preparing 

scientific, industrial and medicinally suitable materials. Porphyrins are the most important 

studied compounds and undergo numerous reactions. Meso/β-functionalized macrocycles can be 

obtained using two types of methods. First include the condensation of substituted aldehyde with 

functionalized pyrrole or condensation of substituted aldehyde with substituted dipyrromethanes 

[34,35]. Second method includes the introduction of the substituents or functional groups at 

periphery of the macrocyle after their synthesis and this method are known as post 

functionalization (Figure 1.5) [36]. Post functionalization are carried out by two types of 

methods firstly by appending functional groups at the periphery of the porphyrin and in second 

method functionalization of porphyrin core. Many chemical reactions have been carried out in 

the post functionalization of the macrocycle such as metal catalyzed coupling reactions [37,38], 

nucleophilic substitution [39], electrophilic substitution or addition [40] and transformation of 

the functional groups [41]. As a result the physical and chemical properties of porphyrins can be 

tuned by functionalization at meso/β-position of the macrocycle. β-substituted tetrapyrroles are 

found in the nature. Unsymmetrical β-substituted porpyrins were found to be great interest 

because these porphyrins can be used to mimic the naturally occurring process such as 

photosynthesis. Many research groups have reported the synthesis of β-substituted porphyrins 

[42–44]. β-Substituted porphyrins can be  derived via cross coupling reactions and substitution at 

the periphery of porphyrins. Functionalization of porphyrins has been carried out by using 

electrophilic substitution reaction such as formylation, nitration and halogenation to give a 

variety of functionalized porphyrins.  
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Figure 1.5 Functionalization of Porphyrins. 

1.4.1 Nitration and Bromination of Tetrapyrroles 

β-Nitroporphyrin is a good starting material for further functionalization of porphyrins with 

improved properties for various specific applications [15,45]. β-Nitro group activates the pyrrole 

unit where it is inserted towards the attack by nucleophiles and activates the antipodal pyrrole 

ring to direct electrophilic substitution reactions. Crossley and coworkers reported the 

functionalization of β-nitroporphyrin and described the reaction of benzenethiolate and 

ethanethioalte with β-nitroporphyrin to afford β-thioethers [46,47]. Bromination of porphyrin can 

be carried out using liquid bromine and NBS (N-bromosuccinamide) [48]. Bromination of 

porphyrins make them suitable intermediate for the synthesis of higher order porphyrins by metal 

catalyzed coupling reactions (aryl and alkyl coupling) and these porphyrins are used in various 

applications like in NLO (non-linear optics) [49,50]. In 1984 Nudy and coworkers reported the 

formation of mono, di and tri bromo-substituted porphyrins with good yields [51]. 

Octabromination and modified tetrabromination of porphyrin was reported by Krishnan and 

Bhyrappa and Kumar et al. respectively [52,53]. β-Octasubstituted porphyrins exhibited unique 

physicochemical properties (Figure 1.6). Kato et al. reported the formation of 

monobromoporphyrin with very good yields. Fischer and Halbig reported the bromination of β-

alkylporphyrin [54]. Samuels et al. developed the monobromination of porphin using NBS (N-

bromosuccinimide) in CCl4 or bromine in CHCl3 but this method was not more developed due to 

non-reproduciblity [55]. β-Substituents of porphyrins have more effect on electrical and steric 

properties as compared to meso-substituents of porphyrins. Octabromination of porphyrin has 

been also reported by using NBS in CCl4. 2-Nitroporphyrin on bromination with NBS give 2-

nitro-12,13-dibromo-meso-tetraphenylporphyrin [56].  
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Figure 1.6 Synthetic Routes for β-Bromosubstituted Porphyrins. 

1.4.2 β-Fused Porphyrin 

Fused π-conjugated porphyrin exhibits unique photophysical and electrochemical properties [57–

59]. Notably, β-Meso fusion exhibited more electronic and steric effect at porphyrin π-system as 

compared to β,β׳ fusion [60]. The remarkable, electronic and optical properties of fused 

porphyrin make them appealing candidates for an immense variety of applications. 2-

Nitroporphyrin acts as good starting candidate for the formation of 2-arylaminoporphyrin and 

further fusion reaction of 2-arylaminoporphyrin in the presence of nitrobenzene [61]. Reduction 

of nitro group gave access to various interesting derivatives. Mikus and coworkers reported the 

isomeric form of β,β׳-dinitro-5,10,15,20-meso-tetraphenylporphyrin are the good starting 

material for further transformation reactions [62]. On refluxing 2-nitroporphyrin with excess 

triethylphosphite in o-dichlorobenzene at 155 
ο
C gave the formation of cyclic enamine porphyrin 

with 70-75% yield [63]. Smith et al. reported the synthesis of β-fused pyrroloporphyrins using 

Barton-Zard condensation of α-isocyanoacetic ester with Ni(II)-2-NO2TPP in the presence of 
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DBU [64]. In 2008 Pereira et al. reported the reduction of β-nitro group to β-arylamine group by 

refluxing the free base 2-NO2TPP in aniline at 180 
ο
C for 20 h and further refluxing in 

nitrobenzene for 30 h resulted into N-arylquinolino[2,3,4-at] porphyrin was formed (Figure 1.7) 

[61]. In 2013, Kojima et al. reported multifused porphyrins and studied the effects of π-extended 

conjugation on electrochemical and optical properties of poprphyrin π-system [65]. Reaction of 

β-pyrrolic functional group with meso-phenyl groups was described by Callot and coworkers 

[66]. β-β’, β-meso and meso-meso fused porphyrins were reported by Osuka and coworkers 

[67,68]. In 2018, our research group has reported fused porphyrins and chlorins via oxidative 

fusion [69]. In 2018, Berthelot and coworkers reported the intramolecular oxidative C-N fusion 

of meso-pyridinyl nitrogen and β-pyrrole carbon (Figure 1.8) [70].  

 

Figure 1.7 Synthesis of β-Arylamino Porphyrin 

 

 

Figure 1.8 Oxidative C-N fusion of Pyridinyl Porphyrin 
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1.5 SOME APPLICATIONS OF PORPHYRINS AND THEIR ANALOGUES 

Synthetic porphyrins are used in several applications due to their strong absorption in visible 

region, highly conjugated π-electronic system, good thermal, chemical stability and good 

coordination ability. Some important applications of porphyrins and their analogues are 

discussed below. 

1.5.1Porphyrins as Catalysts 

Naturally occurring catalysts such as peroxidase, catalase, cytochrome P450, cytochrome and 

superoxide dismutase catalyze different type of biological chemical reactions. Porphyrin is the 

part of the naturally occurring enzymes. Meso-free metalloporphyrin are not able to catalyze C-H 

oxidation reaction due to their fast oxidative degradation and formation of meso-

dihydroporphyrin which inactivate its catalytic ability [71]. Therefore introduction of phenyl or 

other relative groups at meso-postion of porphyrin protect its active site and make it suitable for 

catalytic oxidation reaction.  

N

N N

N

Cl

Cl

Cl

ClCl

Cl

Cl

Cl

V
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Figure 1.9 β-Octachlorovanadylporphyrin 

 Dolphin et al. classified some metalloporphyrins on the basis of their structural feature which 

have been used in catalysis. Natural porphyrin (cytochrome, F430 and P450 etc.) are known to be 

part of enzymes. Synthetic porphyrins are widely explored for their catalytic behavior. The first 

metalloporphyrin catalyzed the hydroxylation and the epoxidation of the hydrocarbon was 

reported by Groves and coworkers [72]. Introduction of substituents at meso/β-position of 

porphyrin make its efficient catalyst to catalyze the various types of reactions. Several types of 



Chapter 1: Introduction 
 

12 
 

reactions such as epoxidation, sulphonation, hydroxylation and carbonylation are catalyzed by 

porphyrinic catalysts as shown in Figure 1.10 [73]. Epoxidation of styrene catalyzed by water 

soluble manganese and iron porphyrins was reported by Simonneaux  and coworkers [74]. In 

2015, our research group also reported the selective epoxidation of olefin by using 

2,3,7,8,12,13,17,18-octachloro-meso-tetraphenyporphyrinatooxidovanadium(IV)(Figure1.9) 

[75]. Meso-functionalized porphyrins having mesityl, pentafluorophenyl and 2,6-dichlorophenyl 

groups have shown excellent catalytic activity [76,77]. Gross et al. reported Fe(III) corrole for 

efficient decomposition of toxic peroxynitrite [78]. Manganese and iron-porphyrin complexes 

worked as efficient homogenous catalyst for oxygenation or oxygen transfer reactions for eg. 

chloro-substituted Fe(II) porphyrin [79,80]. In 2019, our research group reported selective 

epoxidation and oxidative bromination reactions catalyzed by electron deficient oxidovanadium 

(IV) porphyrins in aqueous medium [5].  
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Figure 1.10 Porphyrin Catalyzed Organic Reactions. 

 

1.5.2 Porphyrins in Photodynamic Therapy 

At the present time cancer is a very severe disease and for this disease in the research, lots of 

money has been spent to find out proper treatment. Cancer is a deadly disease and also called 

malignancy, is an abnormal growth of cells. There are more than 100 types cancer, including 

skin cancer, breast cancer, colon cancer, lung cancer, prostate cancer and lymphoma. For the 

treatment of this disease, chemo therapy and radiation therapy have been used which have 

numerous side effects. 
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Figure 1.11 Mechanisms in Photodynamic Therapy. 

PDT is a medicinal treatment which uses a combination of drugs and light to destroy the 

unwanted tissues and cancerous cells without any other organ toxicity [81,82]. PDT exhibits dual 

selective mode of action: photosensitizer (drug) is introduced in the body and assemble where 

rapid dividing cells exist. Then light activates the photosensitizer and triggers the toxic action. 

The photosensitizers which absorb the radiations with the higher wavelength (600-800 nm) in the 

visible region are used in PDT. 

 



Chapter 1: Introduction 
 

14 
 

 

Figure 1.12 Structure of Porphyrin Photosensitizers used in PDT as Drugs. 

During the treatment, the toxic cells are damaged and become necrotic after short periods. To 

destroy the tumor cells, photodynamic therapy (PDT) is one of the best recognized treatments. 

Esophageal tumor and lung cancer treatment was carried out by using photofrin. PDT treatment 

can be performed on weak patients and tissues where surgery is not possible.  

 

Figure 1.13 Structure of 10,15,20-tritolylporphyrin-5-(4-amidophenyl)-[5-(4-phenyl)-10,15,20-

tritolylporphyrin. 

 Sensitizer is excited to the high energy level and transfers its energy to tissue oxygen thereby 

generate very reactive singlet oxygen and free radicals, destroy the tumor cells without affecting 

the normal cells. United States food and drug administration (FDA) approved benzoporphyrin 

and their derivatives for the treatment of macular degradation. In recent years, many researchers 
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have reported the activation of autophagic mood of cell death via irradiation of the 

photosensitizer [83,84]. First porphyrin isomer, tetra-n-propyl porphycene, was used as 

photosensitizer for the treatment of tumor. Chlorin, porphyrin and related macrocycles which 

produce strong absorption in the visible region has been proved as efficient photosensitizer in 

vivo PDT [85,86]. Their synthetic versatility and planar aromatic structure with unique 

photophysical properties make them a great interest for PDT applications. Porphyrin has more 

affinity for the tumor sites and form ROS efficiently. PDT effect on melanoma tumors in mice 

was studied by Busetti and cowokers in 1999. After that Busetti et al. used benzoporphyrin 

derivatives (verteporfin) to eliminate the abnormal blood vessel from the eyes including macular 

degradation (Figure 1.12). Laserphyrin which is activated in 662-667 nm wavelength range was 

developed by Japan for the treatment of early stage of lung cancer [87]. One of the most 

important and promising photosensitizer based on macrocycle texaphyrin known as lutetium 

texaphyrin was developed which was soluble in the water and absorbs  radiations with higher 

wavelength (700-750 nm) [88]. Researchers have investigated porphyrin dimer (10,15,20-

tritolylporphyrin-5-(4-amidophenyl)-[5-(4-phenyl)-10,15,20-tritolylporphyrin) (Figure 1.13) for 

treatment of melanoma, as PDT agent. Medical community‟s major area of study is that the 

diseases which are untreatable from antibiotics that cure from PDT. The great deal of the 

research is to find out the new PDT agents for the treatment of the tumors. Photofrin is used for 

the treatment of lung cancer, papillary bladder and esophageal tumour [89,90]. PDT also used for 

the treatment of intraperito neal, brain tumor and intrathoracic tumour. In 1990s ophthalmic PDT 

was developed to treatment of subfoveal choroidal neovascularization (CNV). In 2000 PDT was 

introduced to ophthalmology. Temoporfin (meso-tetrahydroxyphenylchlorin, mTHPC), (Foscan) 

has been used for treatment of squamous cell carcinoma in the head and neck region and also 

prostate cancer [91]. In 2018, Andrade and coworkers reported the photodynamic effect of zinc 

porphyrin on Leishmania braziliensis [92]. Lei and coworkers prepared porphyrin-ferrocene 

conjugates which exhibit potency and efficiency for killing the cancer cells in very low drug 

doses (Figure 1.14 ) [93]. 
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Figure 1.14 Structure of Porphyrin-Ferrocene Conjugate (TNCF). 

 

1.5.3 DSSC Application of Porphyrins 

The exponentially growth of population caused the imbalance in environment due to the large 

consumption of the fossil fuel increase the formation of CO2 in the environment, which leads to 

the issue of global warming. So artificial photovoltaic devices and photosynthesis are required to 

harvest the sun light. Solar energy is one of the most important sources of renewable energy 

(tidal energy, geothermal energy, wind energy and biomass). Solar energy is an environmentally 

friendly resource of energy and it also reduces the emission of greenhouse gases. In 1954 the 

first silicon based solar cell was designed with 6% power conversion efficiency. Silicon based 

solar cell exhibited maximum 10-20% power conversion efficiency, despite their high utility 

these sensitizer exhibited several problems such as environmental toxicity, high cost, weak 

absorption and tedious synthesis. Due to these drawbacks researchers have developed low cost, 

environment friendly dyes sensitized solar cell (Figure1.15a) which exhibit high photovoltaic 

achievements. β-and Meso-substituted porphyrins are shown in Figure 1.16. DSSCs (Dye-

sensitized solar cells) convert the solar energy in to the electrical energy. Several ruthenium 

based dyes are used as sensitizer in the DSSCs and which produced high power conversion 

efficiency [94,95]. Porphyrins and phthalocynine have reported as photosensitizer in DSSCs 

because they exhibit high molar extinction coefficient, high stability and tunability by 

substitution at periphery of macrocycle [96–100]. Misra and coworkers reported the ferrocenyl 
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appended triphenylamine based dyes with high efficiency [101]. Figure 1.15b represents the 

working principle of DSSC. 

( a ) ( b) 

 

Figure 1.15 (a) Dye Sensitized Solar Cell (b) Working Principle of DSSC  

Gratzel and coworkers have reported ruthenium based polypyridyl sensitizer in 1991. Various 

organic dyes such triphenylamine [102–105], aniline [106], phenothiazine [107,108], indoline 

[109], carbazole [110], coumarin [111] and fluorene [112] where utilized as electron donating in 

DSSCs. In 2018, our research group has synthesized trans-A2BC type of porphyrins with 5.3-

7.11 % power conversion efficiencies (η) (Figure 1.17) [102]. The main components of DSSCs 

are working electrode (TiO2, anode), counter electrode (Pt, cathode), strong absorbing dye and 

redox electrolyte (iodide). After absorbing the light energy the molecule become excited and lose 

the electrons in high energy level which are pushed from working electrode from external circuit 

towards the cathode and the dye molecule get generated by absorbing electron from redox 

electrolyte (Figure1.15). 
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Figure 1.16 Molecular Structure of Meso and β-Substituted Porphyrin Based Dyes. 

Porphyrin and phthalocynine have high thermal stability, strong absorption in the visible region, 

good photochemical stability and large π-conjugated system. The properties of porphyrin can be 

easily tuned by selective substitution at periphery of the macrocycle and via variation in the 

metal atom at the center of core of porphyrin which made interest to researcher used as sensitizer 

in the DSSCs application. By using this technique, the efficient conversion of solar energy in to 

electrical energy takes place and may be used for large scale production in the future. 

Remarkably, the main objective of the researchers is to prepare the photosensitizer (dye) which 

absorb the radiation of higher wavelength (600-900 nm) in the visible light where the solar 

photon flux is the highest. 
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Figure 1.17 Molecular Structure of Trans-A2BC Dyes. 

1.5.4 Porphyrins as Sensors for Analytes  

Various toxic species and the pollutants enter in our environment through human activities such 

as industrialization and by natural process. These toxic species and pollutants affect the human 

life lethally. So we need material based sensor for the detection of such type of pollutants with 

highly selectivity, good sensitivity and must be to use [113]. Due to unique photophysical and 

electrochemical properties of porphyin make them suitable sensor for the detection of the ions 

[114,115]. Porphyrin conjugate and coumarin inserted corrole used for the detection of cations 

and anions and these sensors also used to detecting the mercuric cation by changing the colour in 

the non-aqueous media [116]. Zn(II)-tetrakis(triarylborane)porphyrin was reported by Thilagar et 

al. which detected cyanide and fluoride ions via different ways [117]. The binding of cyanide 

ions occur to core Zn(II) metal which exhibited predominant change in the absorption spectra. 

Fluoride ion binds to peripheral boron atom and brings minor change in the absorption spectra. 

Sapphyrin based fluorescent sensor was developed for the detecting of fluoride ion by Tabata 

and coworkers [118]. D‟Souza, Hill and coworkers reported the anion binding to inner –NH 

protons exhibited large cathodic shift which endowed it as good electrochemical anion 

chemosensor [119]. Several porphyrinoids (porphyrins, sapphyrins, oxoporphyrinogens, 

calixpyrroles and phlorins) have been studied as sensors for many anions by strategies such as 

chemodosimetry and chemosensing from the last few decades [120–122]. Notably, many 

metalloporphyrins have been utilized for the detection of CN
-
 ions via axially coordination of 
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CN
‒
 ions to the inner core metal such as rhodium, zinc, nickel and copper. Several types of 

„picket fence‟ porphyrins have anion recognition sites which are linked to meso-position of 

Zn(II) porphyrin reported by Beer et al.[123]. Many types of porphyrinoids have been reported 

to recognize the anions such as CN
‒
, F

‒
, CH3COO

‒
, H2PO4

‒
 etc. In 2015, Zhang and coworkers 

reported a series of expanded anion-porphyrin supramolecular assemblies which exhibited 

exclusive environmental responsive behavior. Some porphyrin based sensors are shown in Figure 

1.18  [124]. 

 

Figure 1.18 Porphyrin Based Anion and Cation Sensors. 

1.5.5 Porphyrins as NLO Material 

Nonlinear optics (NLO) deals with the study the interaction of the intense radiation with the 

matter. These materials used in optical limiting devices, data storage, signal processing and 

optical switching. Optical susceptibility of the medium is directly associated with dielectric 

constant and refractive index. The molecular polarization of isolated molecule is given as  
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P= αE + βEE + γEEE                                                         Eq.1 

α = linear polarisability, β = quadratic polarizability, γ = cubic polarizability and E = applied 

electric field  

for a molecular group, the polarization can be expressed as  

P= χ
(1)

E + χ
(2)

EE + χ
(3)

EEE 

Herein, χ
(1)

 = linear susceptibility, χ
(2)

 = second order susceptibility and χ
(3) 

third order
 

susceptibility. 

Upon irradiation of molecule with high electric field, second and third susceptibility are more 

evident so molecule is nonlinear whereas on applying the low electric field the linear 

susceptibility is evident and second and third susceptibility negligible. Molecules with 

asymmetry, large π-electronic conjugation, thermally stable and with permanent dipole moment 

exhibit good nonlinear optical properties. Porphyrinoids exhibit chemical and thermal stability, 

permanent dipole moment, tunable optical properties and highly conjugated π-electronic system 

so these molecules are used in NLO applications [125]. Suslick et al. have reported a series of 

asymmetric porphyrins for NLO application [126]. β-substituted „push-pull‟ porphyrins have 

been reported by many research groups for NLO applications. In 2017 a series of β- and meso-

substituted porphyrins which showed second order of NLO responses have been reported by 

Gabriele et al. Our research group reported asymmetric corroles (A2B) for NLO applications 

[127]. 

1.5.6 Porphyrin Complexation with Fullerenes 

Chemists have been inspired by natural photosynthesis to mimic this energy transducing 

procedure in the laboratory.  Fullerene possesses high electron affinity, spherical shape and also 

required small reorganization energy in various electron transfer reactions and hence these 

characteristics of fullerene make them well suited for artificial photosynthesis device fabrication. 

Porphyrin and fullerene bind to each other via hydrogen bonding, metal-ligand bond, π-π 

interaction, ion-dipole and dipole-dipole interaction. Porphyrin and phthalocynine exhibited 

favorable electrochemical potential and absorbed the radiation with higher wavelength and are 

good electron donor, so these are used as good biomimicking photosensitizers [128–131]. These 



Chapter 1: Introduction 
 

22 
 

supramolecular dyads are used as solar energy conversion devices such as logic gate function, 

switching and optoelectronic devices [132,133]. Boyd and coworkers introduced the close 

association of porphyrin and fullerene molecular packing in crystal structure. D׳Souza and 

coworkers reported several porphyrin-fullerene conjugated supramolecular dyads (Figure 1.19) 

[134–136]. In 2018, D׳Souza et al. developed self-assembled bis-crown ether-porphyrinogen 

with C60 alkyl cation and F
‒ 

ion binding at porphyrin core that emphasize the ultrafast charge 

separation in supramolecular dyads via binding of F
‒  

ion to porphyrin core [137]. El.Khouly and 

coworkers reported the intra and intermolecular procedure between imidazole appended fullerene 

and Zn(II) naphthalocynine where quenching constant was found 5.3 × 10
8
 M

-1
s

-1 
that indicated 

that the intermolecular electron transfer from triplet excited state of Zn(II) naphthalocynine to 

C60Im [138]. 

 

Figure 1.19 Structure of ZnTPP Coordinated with Pyridyl Fulleropyrrolidine Dyad and ZnNc 

Coordinated with Phenylimidazolyl Fulleropyrrolidine Dyad.  

1.6 OBJECTIVES AND FUTURE IMPLICATIONS OF THE PRESENT 

WORK  

Stability of macrocyclic core in porphyrinoids system permits easy modification via 

functionalization at β and meso position of the macrocycle which exhibit tunable photophysical 

and electrochemical properties.  Modification of porphyrinoids can also be carried out by (a) 
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metallation using different types of metals and (b) by axial coordination of several types of 

ligands to central metal. β-Functionalized porphyrins have huge varieties of application in 

several field of research such as NLO, sensitizer in the DSSCs, catalysis, for sensing of cations 

and anions and as PDT agents.  β-Functionalization of porphyrins are found to be interesting due 

to direct conjugation of β-substituents with the porphyrin π-system. The peripheral 

functionalization of porphyrin show unique electrochemical and photophysical properties by 

varying shape, size and electronic nature of β-substituents and core metal ions. Lots of chemical 

reactions can be performed at nitro group of porphyrins. The β-nitro group work as the starting 

material for synthesis of substituted porphyrins which undergo further use for functionalization 

via nitro group such as reduction, substitution etc. Mixed substituted porphyrins have been 

widely studied. The photophysical and electrochemical properties of porphyrins cane be tuned 

very easily via changing the substituents at the periphery of the porphyrins. Fusion is another 

important pathway to obtain variety of β-and meso–functionalized porphyrins. 

In the present work, we have synthesized β-arylaminporphyrins and their corresponding N-fused 

porphyrins. Meso-arylaminoporphyrins have been widely explored and lots of literature is also 

available. However, the facile synthesis of β-arylaminoporphyrins is still limited. This is a 

nucleophilic substitution reaction in which there is direct displacement of the nitro group by 

arylamino group. The beauty of the reaction is we don‟t need to add any additional catalyst or 

reagent because here aniline itself works as solvent and as reagent. These porphyrins exhibited 

an interesting electrochemical properties and broad absorption spectral features with 

hypsochromic shift as compared to β-nitroporphyrins. The N-fused porphyin exhibited great 

interest in the research due to their binding with C60Im and C60Py. Fusion of porphyrin 

significantly altered the physicochemical properties of macrocycle as their emission and 

absorption are change drastically as compared to unfused macrocycle. The main purpose of 

synthesizing these porphyrins was to mimic the photosynthetic process in plants via preparing 

donor-acceptor dyads where porphyrin act as electron donor and fullerene act as electron 

acceptor. N-fused porphyrins exhibited broad Soret band due intramoecular charge transfer from 

β-arylamino moiety to porphyrin core. The redox potential of supramolecular dyads are 

positively shifted (~100 mV) as compared to C60Im/C60Py free Zn(II) N-fusedporphyrins which 

exhibited supramoleccular interaction between Zn(II) N-fusedporphyrins and C60Im/C60Py 

derivatives in ground state. 
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Further, we studied the CN
‒
 and F

‒
 ion sensing of highly electron deficient tetrabenzoquinone 

appended Ni(II) and Cu(II) porphyrins. These porphyrins exhibited the hypsochromic shift in 

Soret band as compared to 5,10,15,20-tetrakis(3,5-di-t-butyl-4‟hydroxyphenyl)porphyrin 

(H2dtBTPP)  and meso-tetrakis(3,5-di-tert-butyl-4-oxo-2,5-cyclohexadienylidene) porphyrinogen 

(OxP). Electrochemical properties revealed diOxPM (M = Cu and Ni) and H2-dtBTPP exhibit 

first reduction potential is very much anodically shift (ΔEredn = 1.1 V) as compared to M-

dtBTPP (M = Cu, Ni) due to strong electron withdrawing effect of cyclohexadienyl groups. 

These porphyrins exhibited very high binding constant (1.5 × 10
9
-2.5 × 10

7 
M

-2
) with F

‒
 and 

CN
‒
. Solvatochromism was combined with anion binding with an attempt to provide the axial 

ligation mechanism of CN
‒
 and F

‒
 ions and these porphyrins also act as chemosensor in 

nonaqueous media. These porphyrins preferably detect the CN
‒
 ions over F

‒
 ions in aqueous 

media due to high solvation of F
‒
 ions in water. 

Mixed β-substitution at periphery of the porphyrin exhibits interesting photophysical and 

electrochemical redox properties. These properties of porphyrin can be tuned via different types 

of substitution at periphery of the macrocycle. Two new families of β-substituted porphyrins 

have been synthesized and characterized by using various spectroscopic techniques. 

H2TPP(Ph)2Br5X  (X = NO2 or Br) exhibited a significant bathochromic shift (Δλmax = 53-61 nm)  

in their Soret band and  (Δλmax = 90-95 nm) in Qx(0,0) band as compared to H2TPP. The higher 

nonplanarity and electronic nature of β-substituents exhibit higher protonation and deprotonation 

constants for H2TPP(Ph)2Br6 as compared to H2TPP(NO2)(Ph)2Br5. Single crystal X-ray 

structure revealed the nonplanar conformation of H2TPP(NO2)(Ph)2Br5. Tunability in redox 

potential was achieved by appending either electron donating and/or accepting substituents at 

MTPP (M = 2H, Co(II), Ni(II), Cu(II), and Zn(II)) skeleton of the macroycle. The energy gap 

between HOMO-LUMO of CuTPP(Ph)2Br6 and CuTPP(NO2)(Ph)2Br5 decreased to 550 mV and 

620 mV as compared to CuTPP, respectively due to electronic effect of appending β-substituents 

and the nonplanarity of the porphyrin core. 

Porphyrin revealed instance absorption in visible region, so it used as good electron donor and 

very easily oxidized in photoinduced electron transfer reaction. Electron donating properties of 

meso-alkyl porphyrin make them to bind with fullerene C60. We have synthesized verity of meso-

alkylsubstituted free base and Zn(II)porphyins. We studied the π-π interaction of porphyrin with 

C60 which exhibited 1:1 binding of porphyrin with fullerene. 
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We have synthesized for the first time a new series of β-trisubstituted „push-pull‟ porphyrins by 

Suzuki cross-coupling reaction. Redox tunability was achieved by introduction of electron 

acceptor -NO2 and strong electron donor triphenylamine groups at the backbone of porphyrin π-

system at antipodal position. Synthesized porphyrins exhibited interesting photophysical and 

electrochemical properties. Due to asymmetry and high dipole moment, these porphyrins 

exhibited higher order of NLO behaviours. 

Steric repulsive interaction between the peripheral substituents causes the nonplanar 

conformation of porphyrin macrocycle. It reveals that the nonplanarity of porphyrin macrocycle 

can be modulated by varying the shape, size, and the number of the substituents at periphery of 

the macrocycle. We report the synthesis, spectral, and electrochemical redox properties of 

symmetrically β-tetrasubstituted triphenylaminoporphyrin (H2TPP(TPA)4) and its metal 

derivatives (Co(II), Ni(II), Cu(II) and Zn(II)). All the synthesized porphyrins were characterized 

by various spectroscopic techniques. β-Tetrasubstituted triphenylaminoporphyrins induced 

nonplanar conformation which was confirmed by DFT studies. Due the β-substitution, the 

synthesized porphyrins exhibited tunable redox potential. 

The present thesis organized into following eight chapters: 

Chapter 1 describes the introduction to meso/β-substituted porphyrins and their application in 

DSSCs, NLO, ions sensing, PDT and catalysis etc.  

Chapter 2 includes the synthesis of mixed β-arylaminoporphyrins and N-fusedporpnyrins and 

their characterization by using various spectroscopic techniques. Further it describes the photo-

induced electron transfer studies of N-fusedporpnyrins with C60Im and C60Py derivatives.  

Chapter 3 indicates the synthesis of highly electron deficient tetrabenzoquinone appended Ni(II) 

and Cu(II) porphyrins. These porphyrins exhibit F
‒
 and CN

‒
 anions sensing and strong 

solvatochromism behavior with nitrogenous bases.  

Chapter 4 encompasses the synthesis, photophysical, electrochemical, protonation and 

deprotonation studies 2,3,7,8,17,18-hexabromo-12,13-diphenyl-meso-tetraphenylporphyrin and 

2-nitro-3,7,8,17,18-pentabromo-12,13-diphenyl-meso-tetraphenylporphyrin.  

Chapter 5 deals with the synthesis and characterization of free base and Zn(II) derivative of 

meso-tetraalkylporphyrins and their donor-acceptor complexation with C60 derivatives.  

Chapter 6 includes the synthesis of new series of β-trisubstituted „push-pull‟ porphyrins and their 

NLO studies. 
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Chapter 7 exhibits the synthesis, structural, photophysical and electrochemical redox properties 

of symmetrically β-tetrasubstituted porphyrins.   

Chapter 8 provides the conclusion and future scope of the present studies. 
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CHAPTER 2 

SYNTHESIS, STRUCTURAL, SPECTRAL AND ELECTROCHEMICAL 

REDOX PROPERTIES OF β-ARYLAMINO AND N-FUSED PORPHYRINS 

AND PHOTOINDUCED ELECTRON TRANSFER STUDIES OF N-FUSED 

PORPHYRINS WITH C60 DERIVATIVES 

2.1 INTRODUCTION 

Porphyrin has highly conjugated 18 π-electrons in their core structure which play an important 

role in many vital processes such as electron transfer and oxygen transportation in biological 

reactions [1-2].
 
Porphyrin derivatives exhibit variation in chemical and photophysical properties 

according to the substitution at β and meso positions of the macrocycle which make them model 

compounds for various applications such as PDT (photodynamic therpy), catalysis and as novel 

functional materials [3-5]. The synthesis of new asymmetrically β-substituted porphyrins can be 

very useful for NLO applications [6].
 
Highly conjugated π-extended porphyrins exhibit unique 

electronic and electrochemical properties which make them promising molecules for material 

applications. To accomplish these specific applications, structurally diverse porphyrin molecules 

with exceptional physiochemical properties are required. Meso-functionalization of porphyrin 

core has been extensively elaborated from past few decades. However, the functionalization at 

periphery of macrocyclic system was recognized as a synthetic approach towards β-substituted 

macrocyclic system [7-9]. The longer range of absorption wavelength (600- 900 nm) can obtain 

by expanding the absorption window of porphyrins by extending their aromatic system via ring 

fusion at β- and meso-positions [10]. The fusion of porphyrin π-system significantly alters the 

properties of macrocyclic ring as their absorption and emission pattern drastically changed from 

the other unfused porphyrin derivatives. From past two decades, a number of fused porphyrins 

were synthesized and studied [11-12]. Several aromatic ring fused porphyrins (fusion at β- and 

meso-position) such as pyrene, azulene, naphthalene, benzene and anthracene have been 

synthesized [13-14].
 
The main purpose of our study is to prepare fused porphyrin which can 

mimic the photosynthetic reaction system by designing the donor-acceptor dyads where 

porphyrin act as electron donor and fullerene work as electron acceptor [15]. The porphyrins 

(host) selectivity bind to fullerene (guest) to form supramoleculer assemblies (host-guest 

complex) via non-covalent interaction, π-π interaction, ion-dipole, dipole-dipole, hydrogen 
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bonding, and metal ligand bond, all non-covalent type of interactions which developed inter-

molecular building block were used to synthesize advanced functional materials [16-17].  

Fullerene is a good electron acceptor with spherical shape and requires small reorganization 

energy in electron transfer procedure. Two important applications of these models (host-guest 

complex) are: (i) the conversion of light energy into electrical energy, and (ii) optoelectronic 

device development [18-19]. The electron accepting nature of fullerene increases the electron 

transfer in forward direction and reduces in the backward direction which results into the 

formation of charge separated long lived states [20]. Porphyrin has been extensively used as 

biomimetic photosensitizing electron donating molecules because these can be easily oxidize in 

electron transfer reaction and also absorb light of wider wavelength in visible region [21]. 

D’Souza and co-workers have reported the self-assembled supramolecular conjugates which 

demonstrated that those assemblies have generated long live charged separated species and were 

used for light harvesting applications [22-24]. Different types of substituted Zn(II) porphyrin and 

phthalocynine have been used for the construction of porphyrin/phthalocyanine-fullerene dyads 

[19,25-28]. In 2018, D’Souza et al. reported fluoride ion binding promoted the photoinduced 

charge separation in supramolecular assemblies of C60 alkyl cation bound bis-crown ether-

oxoporphyrinogen. Fluoride anions convert electron-withdrawing oxoporphyrinogen to donor 

species without affecting the fullerene unit so that charge separation can be easily proceeds [29]. 

In this work, we reported the synthesis of mixed β-substituted arylaminoporphyrins and N-fused 

porphyrins and further utilized the Zn(II) N-fusedporphyrins  for the complexation with 

C60Im/C60Py derivatives to form donor-acceptor dyads. 

 

Chart 2.1 Molecular Structures of Synthesized β-Arylaminoporphyrins and N-fused porphyrins. 
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2.2 EXPERIMENTAL SECTION  

2.2.1 Reagents 

H2TPP, H2TPP(NO2), H2TPP(NO2)X2 (X = Br, Ph, and PE), H2TPP(NHPh) and their metal 

derivatives were synthesized according to the reported literature [30,31].
 
Pyrrole purchased from 

Alfa Aesar, UK and used without further purification. Aniline and nitrobenzene purchased from 

Rankem India and used without any further purification. P2O5, TBAPF6, K2CO3 and (NBS) N-

bromosuccinimide were purchased from HiMedia India. Utilized metal salts including Co(II), 

Cu(II), Zn(II) and Ni(II) were purchased from HiMedia and Sigma Aldrich, respectively and 

used as received. Silica gel for column chromatography was purchased from Thomas Baker India 

and used as received. Before use, NBS was recrystallized in hot water and dried at 72 
o
C for 7 h 

under vacuum. Solvents used in this work were distilled and dried before use. Precoated thin 

layer silica gel chromatographic plates were purchased from E. Merck and used as received. 

TBAPF6 for CV studies was recrystallized in hot ethanol and then dried for 2 days at 25 
ο
C. 

2.2.2 Instrumentation and Methods 

Electronic absorption spectra were recorded on Agilent Cary 100 spectrophotometer using a pair 

of quartz cells of 3.5 ml volume and 1 cm path length. Fluorescence spectra were recorded on 

Hitachi F-4600 spectrofluorometer using 1 cm path length quartz cell. 
1
H NMR spectra were 

recorded in CDCl3 on JEOL ECX 400 MHz spectrometers. MALDI-TOF mass spectra were 

measured using a Bruker UltrafleXtreme-TN MALDI TOF/TOF spectrometer using HABA (4’-

hydroxyazobenzene-2-carboxylic acid) matrix. The ground state geometry optimization in gas 

phase was carried out by DFT calculations using B3LYP functional with LANL2DZ/6-311G 

(d,p) basis sets. CH instruments (CHI 620E) were used to electrochemical measurements.  A 

three electrode assembly was used consisted of a Platinum working electrode, Ag/AgCl 

reference electrode and Pt-wire as a counter electrode. All measurements were performed in 

distilled CH2Cl2 and o-dichlorobenzene which was purged with Ar gas, using 0.1 M TBAPF6 as 

the supporting electrolyte. 
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2.2.3 Synthesis of MTPP(NHPh)X2 (X = H, Br, Ph, PE and M = 2H, Co(II), Ni(II), Cu(II), 

Zn(II)): 

(a) Synthesis of 2-Phenylamino-5,10,15,20-tetraphenylporphyrin and Their Metal 

Derivatives: 

2-Nitro-5,10,15,20-tetraphenylporphyrin (140 mg, 0.220 mmol) was dissolved in aniline (14 mL)  

and refluxed for 20h at 180 
ο
C under nitrogen atmosphere. After 20h, the reaction mixture was 

cooled to room temperature and acidified by aqueous saturated citric acid solution. Further the 

compound was extracted with CH2Cl2 and the organic layer was washed with water, dried over 

anhydrous Na2SO4 and evaporated to dryness under reduced pressure. The residue was taken in 

CH2Cl2 and purified by column chromatography by using CH2Cl2/hexane as eluent. The first 

fraction was collected and identified as desired product (arylaminoporphyrin). The remaining 

part obtained as unidentified mixture. The porphyrin was recrystallized from CH2Cl2/hexane 

mixture (1:5, v/v) yielding brown solid with 52% (73 mg, 0.103 mmol) yield. 

H2TPP(NHPh) (I): UV-Vis. λmax (nm), (log ε): 408(5.21), 525(4.38), 569(4.0), 599(3.96), 

657(3.62). 
1
H NMR in CDCl3 (400 MHz), δ (ppm): 8.83 (d, J = 8 Hz, 1H, β-H), 8.74-8.79 (m, 

4H, β-H), 8.58 (d, J = 4 Hz, 1H, β-H), 8.31 (s, 1H, β-H-3), 8.20-8.23 (m, 8H, meso-o-Ph-H), 

7.85-7.94 (m, 3H, meso-m,p-20-Ph-H), 7.75-7.79 (m, 9H, meso-m,p-5,10,15-Ph-H), 7.31 (d, J = 

8 Hz, 2H, β-m-NHPh-H), 7.04 (d, J = 8 Hz, 2H, β-o-NHPh-H), 6.95 (t, J = 8 Hz, 1H, β-p-NHPh-

H), 6.63 (s, 1H, outer-NH-H). -2.53 (s, 2H, -NH). MALDI-TOF-MS (m/z): found [M+H]
+
 

706.96, calcd. 706.29. Elemental analysis calcd. For C50H35N5: C, 85.08%; H, 5.00%; N, 9.92% 

and found: C, 85.28%; H, 5.12%; N, 9.98%. 

10 mg (0.0141 mmol) of H2TPP(NHPh) was dissolved in 7 ml of CHCl3. To this, 10 eq. of 

M(OAc)2.nH2O (M = Cu(II), Zn(II), Co(II)) in 2 ml of methanol was added and the resulting 

mixture was refluxed for 35 minutes. After that the mixture was cooled to room temperature and 

washed with water, organic layer passed through anhydrous Na2SO4 and crude product was 

purified by column chromatographed using CHCl3 as eluent. Ni(II) metalation has been done by 

refluxing  H2TPP(NHPh) with 10 eq. of Ni(OAc)2.2H2O in DMF for 2h [31]. After completion, 

the metalated porphyrin was precipitated with water. The crude solid was purified on silica gel 

column using CHCl3 as eluent. Yield: 86-95%. CoTPP(NHPh): Yield: 92% (9.2mg, 0.012 

mmol), UV-Vis. λmax (nm), (log ε): 411(5.12), 534(4.18), 590(4.02). MALDI-TOF-MS (m/z): 
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found [M+H]
+ 

763.236, calcd. 763.21. NiTPP(NHPh): Yield: 86% (8.62 mg,  0.011mmol), UV-

Vis. λmax (nm), (log ε): 415(5.01), 544(4.28), 582(4.08). 
1
H NMR in CDCl3(400 MHz):  δ (ppm) 

8.64-8.70 (m, 4H, β-H), 8.60 (d, J = 8 Hz, 1H, , β-H), 8.56(d,
 
J = 8Hz, 1H, β-H), 8.26 (s, 1H, β-

H-3), 7.96-8.00 (m, 8H, meso-o-Ph-H), 7.74-7.82 (m, 3H, meso-m,p-20-Ph-H), 7.64-7.69 (m, 

9H, meso-m,p-5,10,15-Ph-H), 7.24 and 7.28 (s, 2H,  β-m-NHPh-H), 6.91 (t, J = 8, 3H, Hz, β-

m,p-NHPh-H), 6.38 (s, 1H, outer-NH-H). MALDI-TOF-MS (m/z): found [M+H]
+
 762.240, 

calcd. 762.21. CuTPP(NHPh): Yield: 91% (9.1mg, 0.012 mmol), UV-Vis. λmax (nm), (log ε): 

409(5.28), 563(4.29), 590(3.96). MALDI-TOF-MS (m/z): found [M+H]
+
 767.205, calcd. 767.21. 

ZnTPP(NHPh): Yield: 95% (9.5 mg, 0.012 mmol), UV-Vis. λmax (nm), (log ε): 407 (5.46), 560 

(4.37), 588 (4.16). 
1
H NMR in CDCl3(400 MHz):  δ (ppm) 8.92 (d, J = 4 Hz, 1H, β-H), 8.83-

8.89(m, 4H, β-H), 8.64 (d, J = 4 Hz, 1H,  β-H), 8.47(s, 1H, β-H-3), 8.19-8.22(m, 8H, meso-o-Ph-

H), 7.84-7.94(m, 3H, meso-m,p-20-Ph-H), 7.72-7.77(m, 9H, meso-m,p-5,10,15-Ph-H), 7.30(dd, J 

= 8 Hz, 2H, β-m-NHPh-H), 7.06(d, J = 8 Hz, 2H, β-o-NHPh-H), 6.94(t, J = 8 Hz, 1H, β-p-

NHPh-H), 6.64(s, 1H, outer-NH-H) MALDI-TOF-MS (m/z): found [M + 2H]
+
 767.205, calcd. 

767.20. 

(b) Synthesis of 2-Phenylamino-12, 13-dibromo-5,10,15,20-tetraphenylporphyrin and Their 

Metal Derivatives: 

H2TPP(NHPh)Br2 was prepared from H2TPPNO2Br2 (120 mg) using similar synthetic procedure 

as discussed for the synthesis of H2TPP(NHPh). Yield 50% (60 mg, 0.070 mmol). 

H2TPP(NHPh)Br2: UV-Vis. λmax (nm), (log ε): 417(4.97), 609(3.79). 
1
H NMR in CDCl3(400 

MHz), δ (ppm): 8.80 (d, J = 4 Hz, 1H, β-H), 8.74 (d, J = 8 Hz, 1H, β-H),  8.67 (d, J = 8 Hz, 1H, 

β-H), 8.50 (d, J = 4Hz, 1H, β- H), 8.12-8.22 (m, 8H, meso-o-Ph-H), 8.03 (s, 1H, β-H-3), 7.87-

7.93 (m, 3H, meso-m,p-20-Ph-H), 7.72-7.80 (m, 9H, meso-m,p-5,10,15-Ph-H), 7.29 (d, J = 8, 

2H, Hz β-m-NHPh-H), 6.93 ( t, 3H, β-o,p-NHPh-H), 6.59 (s, 1H, outer-NH-H), -2.58 (bs, 2H, 

imino-H). MALDI-TOF-MS (m/z): found [M]
+
 863.411, calcd. 863.11. Elemental analysis calcd. 

For C50H33N5Br2: C, 69.54%; H, 3.85%; N, 8.11% and found: C, 69.80%; H, 3.72%; N, 8.09%. 

The metal derivatives were synthesized using similar synthetic procedure as described for 

MTPP(NHPh), where M = Co(II), Ni(II), Cu(II) and Zn(II). Yields were found to be 83-94%. 

CoTPP(NHPh)Br2: Yield: 91% (11 mg, 0.011 mmol), UV-Vis. λmax (nm), (log ε): 417(4.67), 

543(3.79). MALDI-TOF-MS (m/z): found [M+H]
+
 921.302, calcd. 921.03. NiTPP(NHPh)Br2: 
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Yield: 83% (10 mg, 0.01 mmol), UV-Vis. λmax (nm), (log ε): 421(4.56), 600(3.59). 
1
H NMR in 

CDCl3(400 MHz),  δ (ppm): 8.67 (d, J = 4 Hz, 1H, β-H), 8.61 (d, J = 4 Hz, 1H, β-H),  8.46 (t, J = 

8 Hz, 2H, β-H), 8.15 (s, 1H, β-H-3), 7.93-7.96 (m, 4H, meso-o-Ph-H), 7.83 (d, J = 8 Hz, 4H, 

meso-o-Ph-H), 7.74-7.80 (m, 3H, meso-m,p-20-Ph-H), 7.62-7.67 (m, 9H, meso-m,p-5,10,15-Ph-

H), 7.24 and 7.28 (s, 2H, , β-m-NHPh-H), 6.89-6.95 ( m, 3H, β-m,p-NHPh-H), 6.35 (s, 1H, outer-

NH-H). MALDI-TOF-MS (m/z): found [M]
+
 919.90, calcd. 919.03. CuTPP(NHPh)Br2): Yield: 

92% (11 mg, 0.012 mmol),  UV-Vis. λmax (nm), (log ε): 410(4.93), 563(2.97), 595(2.89). 

MALDI-TOF-MS (m/z): found [M]
+
 924.50, calcd. 924.03. ZnTPP(NHPh)Br2: Yield: 94% 

(11.3 mg, 0.0121 mmol),  UV-Vis. λmax (nm), (log ε): 412(5.12), 570(3.99), 599 (4.04). 
1
H NMR 

in CDCl3(400 MHz), δ (ppm): 8.79 (d, J = 4 Hz, 1H, β-H), 8.73 (t, J = 8 Hz, 2H, β-H),  8.55 (d, J 

= 4 Hz, 1H, β-H), 8.45(s, 1H, β-H-3), 8.14-8.18 (m, 4H, meso-o-Ph-H), 8.04 (d, J = 8 Hz, 4H, 

meso-o-Ph-H), 7.84-7.93 (m, 3H, meso-m,p-20-Ph-H), 7.67-7.78 (m, 9H, meso-m,p-5,10,15-Ph-

H), 7.30 (dd, J = 8 Hz, 2H, β-m-NHPh-H), 7.03 (d, J = 8 Hz, 2H, β-o-NHPh-H) 6.95 ( t, J = 8 

Hz, 1H, β-p-NHPh-H), 6.63 (s, 1H, outer-NH-H) MALDI-TOF-MS (m/z): found [M+H]
+
 

927.313, calcd. 927.03. 

(c) Synthesis of 2-Phenylamino-12,13-diphenyl-5,10,15,20-tetraphenylporphyrin and Their 

Metal Derivatives: H2TPP(NHPh)Ph2 was prepared using 150 mg of 2-nitro-12,13-diphenyl-

5,10,15,20-tetraphenylporphyrin following the similar procedure as discribed for H2TPP(NHPh) 

synthesis. Yield: 47% (70 mg, 0.082 mmol). H2TPP(NHPh)Ph2:UV-Vis. λmax (nm), (log ε): 

414(5.08), 531(4.18), 577(3.93), 603(3.91), 660(3.44).  
1
H NMR in CDCl3(400 MHz), δ (ppm): 

8.58 (d, J = 4 Hz, 1H, β-H), 8.51 (d, J = 4 Hz, 1H, β-H),  8.47 (d, J = 4 Hz, 1H, β-H), 8.42 (d, J = 

4Hz, 1H, β-H), 8.18-8.23 (m, 5H, 1H-β-H-3 and , 4H, meso-o-Ph-H), 7.84-7.92 (m, 3H, meso-

m,p-20-Ph-H) 7.79 (d, J = 4 Hz, 4H, meso-o-Ph-H), 7.67-7.73 (m, 4H, meso-m-Ph-H), 7.29 (dd, 

J = 8 Hz, 2H, β-m-NHPh-H), 7.16-7.19 (m, 4H, meso-p-Ph-H), 6.96-7.02 (t, 3H, β-o,p-NHPh-H), 

6.90-6.94 (m, 4H, meso-o-Ph-H), 6.83-6.85 ( m, 6H, meso-m,p-Ph-H), 6.61 (s, 1H, outer-NH), -

2.26 (s, 2H, imino H), MALDI-TOF-MS (m/z): found [M+H]
+
 858.348, calcd. 858.35. 

Elemental analysis calcd. For C62H43N5: C, 86.79%; H, 5.05%; N, 8.16% and found: C, 86.87%; 

H, 5.13%; N, 8.33%.  

The metal derivatives were prepared as described for MTPP(NHPh). Yields were found to be 82-

94%. CoTPP(NHPh)Ph2: Yield: 90% (9 mg, 0.010 mmol),  UV-Vis. λmax (nm), (log ε): 
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411(4.96), 550(4.02). MALDI-TOF-MS (m/z): found [M+H]
+ 

915.136, calcd. 915.27. 

NiTPP(NHPh)Ph2: Yield: 82% (8.2 mg, 0.09 mmol),  UV-Vis.  λmax (nm), (logε): 417(4.97), 

609(3.79).  
1
H NMR in CDCl3(400 MHz),  δ (ppm): 8.42 (d, J = 4 Hz, 2H,  β-H), 8.31 (d, J = 8 

Hz, 1H, β-H),  8.26 (d, J = 4 Hz, 1H, β-H), 8.19 (s, 1H, β-H-3),  7.95 (d, J = 8 Hz, 4H, meso-o-

Ph-H), 7.73-7.80 (m, 3H, meso-m,p-20-Ph-H), 7.63 (t, J = 8 Hz, 4H, meso-o-Ph-H), 7.43 (t, J = 8 

Hz, 4H, meso-o-5,10,15-Ph-H), 7.24 (dd, J = 8 Hz, 2H, β-m-NHPh-H), 7.15 (t, J = 8 Hz, 2H, 

meso-m-5,10,15-Ph-H), 7.04 (t, 3H, β-o,p-NHPh-H), 6.83-6.92 (m, 13H, meso- m,p-5,10,15-Ph-

H and meso-o,m,p-Ph-H), 6.34 (s, 1H, outer-NH). MALDI-TOF-MS (m/z): found [M+H]
+  

914.207, calcd. 914.27. CuTPP(NHPh)Ph2: Yield: 94% (9.4 mg, 0.010 mmol), UV-Vis. λmax 

(nm), (log ε): 409(5.04), 561(4.16), 589(4.14). MALDI-TOF-MS (m/z): found [M+H]
+ 

919.18, 

calcd. 919.28. ZnTPP(NHPh)Ph2: Yield: 93% (9.3 mg, 0.010 mmol),  UV-Vis. λmax (nm), (log 

ε): 411 (4.98), 569 (3.89), 592 (3.84). 
1
H NMR in CDCl3(400 MHz), δ (ppm): 8.72 (d, J = 4 Hz, 

1H, β-H), 8.60 (d, J = 8 Hz, 1H, β-H),  8.52-8.55 (m, 2H, β-H), 8.40 (s, 1H, β-H-3),  8.17-8.21 

(m, 4H, meso-o-Ph-H), 7.82-7.91 (m, 3H, meso-m,p-20-Ph-H), 7.71-7.76 (m, 7H, meso-o,m-

5,10,15-Ph-H), 7.32(dd, J = 8 Hz, 2H, β-m-NHPh-H), 7.11-7.24 (m, 6H, meso- m,p-5,10,15-Ph-

H), 7.05 (t, 3H, β-o,p-NHPh-H), 6.92-6.98 (m, 4H, meso-o-Ph-H), 6.77-6.85 ( m, 6H, meso-m,p-

Ph-H), 6.63 (s, 1H, outer-NH). MALDI-TOF-MS (m/z): found [M+H]
+
 920.188, calcd. 920.27. 

(d) Synthesis of 2-Phenylamino-12,13-diphenylethynyl-5,10,15,20-tetraphenylporphyrin 

and Their Metal Derivatives:  

H2TPP(NHPh)PE2 was prepared from the Stille coupling reaction of H2TPP(NHPh)Br2. Yield: 

47% (76 mg, 0.084 mmol). H2TPP(NHPh)PE2: UV-Vis. λmax (nm), (log ε): 427(4.96), 

524(4.00), 622(3.96).  
1
H NMR in CDCl3(400 MHz),  δ (ppm): 8.74 (d, J = 4 Hz, 1H, β-H), 8.69 

(d, J = 4 Hz, 2H, β-H),  8.51 (d, J = 8 Hz, 1H, β-H), 8.17-8.25 (m, 8H, meso-o-Ph-H), 8.09 (s, 

1H, β-H-3), 7.87-7.92 (m, 3H, meso-m,p-20-Ph-H), 7.72-7.74 (m, 9H, meso-m,p-5,10,15-Ph-H), 

7.35-7.38 (m, 4H, β-o-PE-H), 7.28 (dd, J = 4 Hz, 2H, β-m-NHPh-H), 7.14-7.19 (m, 6H, β-m,p-

PE-H), 6.91-7.00 ( m, 3H, β-o,p-NHPh-H), 6.59 (s, 1H, β-NH), -2.45 (s, 2H, outer-NH). ). 

MALDI-TOF-MS (m/z): found [M+H]
+
 906.48, calcd. 906.35. Elemental analysis calcd. For 

C66H43N5: C, 87.49%; H, 4.78%; N, 7.73% and found: C, 87.55%; H, 4.89%; N, 7.87%. 
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 The metal derivatives were prepared as described for MTPP(NHPh). Yields were found to be 

85-95%. CoTPP(NHPh)PE2: Yield: 92% (9.2 mg, 0.009 mmol), UV-Vis.  λmax (nm), (log ε): 

442(4.90), 602(4.01). MALDI-TOF-MS (m/z): found [M+H]
+
 963.368, calcd. 963.27. 

NiTPP(NHPh)PE2: Yield: 85% (8.5 mg, 0.009 mmol), UV-Vis. λmax (nm) (log ε): 442 (4.85), 

615 (4.17).  
1
H NMR in CDCl3(400 MHz), δ (ppm): 8.60 (d, J = 8 Hz, 1H,

 
β-H), 8.56 (d, J = 4 

Hz, 1H, β-H),  8.46 (t, J = 4 Hz, 2H, β-H), 8.14 (s, 1H, β-H-3), 7.92-7.97 (m, 8H,  meso-o-Ph-H), 

7.74-7.80 (m, 3H meso-m,p-20-Ph-H), 7.61-7.64 (m, 9H, meso-m,p-5,10,15-Ph-H), 7.29-7.31 (m, 

7H, β-o,m-PE-H), 7.23-7.28 (m, 5H, β-m-NHPh-H and m,p-PE-H), 6.88-6.93( m, 3H, β-o,p-

NHPh-H), 6.34(s, 1H outer-NH). MALDI-TOF-MS (m/z): found [M]
+  

962.438, calcd. 962.27. 

CuTPP(NHPh)PE2: Yield: 94% (9.4 mg, 0.010 mmol), UV-Vis. λmax (nm), (log ε): 423(4.85), 

574(3.95), 615(4.10). MALDI-TOF-MS (m/z): found [M]
+
 967.448, calcd. 967.28. 

ZnTPP(NHPh)PE2: Yield: 95% (9.5 mg, 0.009 mmol), UV-Vis. λmax (nm), (log ε): 426(4.93), 

579(4.09), 617(4.22).  
1
H NMR in CDCl3(400 MHz),  δ (ppm): 8.73(d, J = 8 Hz, 2H, β-H), 8.69 

(d, J = 4 Hz, 1H,
 
β-H),  8.54 (d, J = 4 Hz, 1H, β-H), 8.34 (s, 1H, β-H-3), 8.14-8.19 (m, 8H,  

meso-o-Ph-H), 7.83-7.91 (m, 3H, meso-m,p-20-Ph-H), 7.68-7.72 (m, 9H, meso-m,p-5,10,15-Ph-

H), 7.38-7.40 (m, 4H, β-o-PE-H), 7.27-7.31 (m, 6H,β-m,p-PE-H), 7.03(d, 3H, NH-β-o,m-Ph-H), 

7.03(d, 3H, o,m-NHPh-H),  6.94( t, 2H m,p-NHPh-H), 6.62 (s, 1H, outer-NH). MALDI-TOF-MS 

(m/z): found [M+H]
+
 967.776, calcd. 967.28. 

2.2.4 Synthesis of MTPP(N-fusedPh)X2 (X = H, Br, Ph, PE and M = 2H, Co(II), Ni(II), 

Cu(II), Zn(II)) Derivatives: 

(a) Synthesis of N-Arylquinolino[2,3,4-at]Porphyrin and Their Metal Derivatives: A 

solution of H2TPP(NHPh) (120 mg, 0.181 mmol) in 10 mL of nitrobenzene was refluxed at 200 

ο
C for 30 h. After 30 h, the reaction mixture was poured on top silica gel chromatographic 

column. Initially, nitrobenzene was eluted using hexane as eluent then the porphyrin was eluted 

with CH2Cl2/hexane mixture (1:1, V/V). The final product was recrystallized as a dark green 

solid from CH2Cl2/hexane mixture. Yield: 70% (85 mg, 0.120 mmol). H2TPP(N-fusedPh): UV-

Vis. λmax (nm), (log ε): 408 (5.01), 525(4.38), 569(4.0), 599(3.96), 657(3.62). 
1
H NMR in CDCl3 

(400 MHz), δ (ppm): 9.68 (d, J = 8Hz, 2H, 5’-H and β-H), 8.82 (d, J = 4Hz, 1H, β-H), 8.75 (d, J 

= 4Hz, 1H, β-H), 8.68 (d, J = 4Hz, 2H, β-H), 8.60 (d, J = 4Hz, 1H, β-H), 8.26-8.28, 8.16-8.18, 

8.08-8.12,(3m, 6H, meso-o-Ph-H-5,10,15), 7.64-7.90 (m, 18H, H-3,H-2’,3’,4’, meso-m and p-

Ph-H-5,10,15 and β-NPh-H), -1.24 (s, 2H, imino-H). MALDI-TOF-MS (m/z): found [M+H]
+
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704.14, calcd. 704.27. Elemental analysis calcd. For C50H33N5: C, 85.32%; H, 4.73%; N, 9.95% 

and found: C, 85.44%; H, 4.87%; N, 9.99%. 

The metal derivatives were prepared as described for MTPP(NHPh). Yields were found to be 60-

80%. CoTPP(N-fusedPh): Yield: 75% (9 mg, 0.011 mmol), UV-Vis. λmax (nm), (log ε): 

442(5.13), 641(4.09). MALDI-TOF-MS (m/z): found [M+H]
+
 761.077, calcd. 761.19 Elemental 

analysis calcd. For C50H31N5Co: C, 78.94%; H, 4.11%; N, 9.21% and found: C, 78.98%; H, 

4.23%; N, 9.29%. NiTPP(N-fusedPh): Yield: 60% (7.4 mg, 0.009 mmol), UV-Vis. λmax (nm), 

(log ε): 426(4.98), 555(4.28), 594(3.96), 631(4.03). 
1
H NMR in CDCl3 (400 MHz),  δ (ppm): 

9.48 (d, J = 4Hz, 1H, 5’-H), 8.94 (d, J = 8Hz, 1H, β-H), 8.87 (d, J = 4Hz, 1H, β-H), 8.57-8.61 

(m, 3H, β-H), 8.53 (d, J = 4Hz, 1H, β-H), 8.03-8.05, 7.96-7.98, 7.89-7.91 (3m, 6H, meso-o-Ph-

H-5,10,15), 7.82(d, 3H, β-m-NPh-3’,4’-H and β-H) 7.54-7.91 (m, 14H, H-3, meso-m, p-Ph-H-

5,10,15 and β-NPh-H), 7.44-7.41 (m, 1H-4’ β-NPh-H )MALDI-TOF-MS (m/z): found [M+H]
+ 

760.50, calcd. 760.19. Elemental analysis calcd. For C50H31N5Ni: C, 78.96%; H, 4.11%; N, 

9.21% and found: C, 79.11%; H, 4.25%; N, 9.31%. CuTPP(N-fusedPh): Yield: 79% (9.5 mg, 

0.012 mmol), UV-Vis. λmax (nm), (log ε): 403(sh) (4.11), 456(4.98), 561(3.45), 605(3.54), 

635(3.76). MALDI-TOF-MS (m/z): found [M+K]
+ 

803.15, calcd. 803.16. Elemental analysis 

calcd. For C50H31N5Cu: C, 78.46%; H, 4.08%; N, 9.15% and found: C, 78.52%; H, 4.15%; N, 

9.23%. ZnTPP(N-fusedPh): Yield: 78% (9.4 mg, 0.0121 mmol), UV-Vis. λmax (nm), (log ε): 

407(sh)(4.09), 460(4.50), 568(3.38), 613(3.53), 645(3.78). 
1
H NMR in CDCl3 (400 MHz),  δ 

(ppm): 9.71 (d, J = 4Hz, 1H, 5’-H), 9.57 (d, J = 8Hz, 1H, β-H), 8.91 (d, J = 4Hz, 1H, β-H), 8.85 

(d, J = 4Hz, 1H, β-H), 8.76-8.80 (m, 2H, β-H), 8.73 (d, J = 4Hz, 1H, β-H), 8.27-8.29, 8.17-8.20, 

8.11-8.13 (3m, 6H, meso-o-Ph-H-5,10,15), (m, 6H, meso-o-Ph-H-5,10,15), 7.57-7.91 (m, 18H, 

H-3,H-2’,3’,4’, meso-m and p-Ph-H-5,10,15 and β-NPh-H). MALDI-TOF-MS (m/z): found 

[M+K]
+ 

804.19, calcd. 804.15. Elemental analysis calcd. For C50H31N5Zn: C, 78.28%; H, 4.07%; 

N, 9.13% and found: C, 78.33%; H, 4.12%; N, 9.22%. 

(b) Synthesis of N-Arylquinolino[2,3,4-at]-12,13-dibromoporphyrin and Their Metal 

Derivatives:  

H2TPP(N-fusedPh)Br2 was prepared from H2TPP(NHPh)Br2 (100 mg, 0.115 mmol) according to 

the similar procedure as discussed for H2TPP(N-fusedPh) synthesis. Yield: 70% (70 mg, 0.081 
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mmol). H2TPP(N-fusedPh)Br2: UV-Vis. λmax (nm), (log ε): 418(4.98), 460(4.72), 621(4.10), 

668(4.02). 
1
H NMR in CDCl3 (400 MHz), δ (ppm): 9.68 (d, J = 8 Hz, 1H, 5’-H), 9.46 (d, J = 4 

Hz, 1H, β-H), 8.55-8.71 (m, Hz, 3H, β-H), 8.05-8.22 (m, 6H, meso-o-Ph-H-5,10,15), 7.64-7.89 

(m, 18H, H-3,H-2’,3’,4’, meso-m and p-Ph-H-5,10,15 and β-NPh-H), -1.15 (s, 2H, imino-H). 

MALDI-TOF-MS (m/z): found [M+H]
+
 862.36, calcd. 862.09. Elemental analysis calcd. For 

C50H31Br2N5: C, 69.70%; H, 3.63%; N, 8.13% and found: C, 69.82%; H, 3.76%; N, 8.21% 

The metal derivatives were prepared using similar method as for H2TPP(NHPh) metal 

complexes. Yield was found to be 62-80%. CoTPP(N-fusedPh)Br2: Yield: 68% (8.2 mg, 0.009 

mmol), UV-Vis. λmax (nm), (log ε): 446(4.76), 637(3.28). MALDI-TOF-MS (m/z): found 

[M+H]
+ 

919.25, calcd. 919.01. Elemental analysis calcd. For C50H29Br2N5Co: C, 65.38%; H, 

3.18%; N, 7.62% and found: C, 65.45%; H, 3.25%; N, 7.74%. NiTPP(N-fusedPh)Br2: Yield: 

62% (7.4 mg, 0.008 mmol), UV-Vis. λmax (nm), (log ε): 433(4.87), 637(4.12). 
1
H NMR in 

CDCl3(400 MHz), δ (ppm): 9.31(d, J = 4 Hz, 1H, 5’-H), 8.91 (d, J = 4 Hz, 2H, β-H), 8.49 (d,
 
J = 

8 Hz, 1H, β-H), 8.42 (d, J = 4 Hz, 1H, β-H), 7.51-7.92 (m, 23H, H-3,H-2’,3’,4’, meso-o,m and p-

Ph-H-5,10,15-H-3,H-2’,3’ and β-NPh-H), 7.42 (d, J = 8 Hz, 1H, H-4’). MALDI-TOF-MS (m/z): 

found [M]
+ 

917.02, calcd. 917.01. Elemental analysis calcd. For C50H29Br2N5Ni: C, 65.40%; H, 

3.18%; N, 7.63% and found: C, 65.49%; H, 3.28%; N, 7.71%. (CuTPP(N-fusedPh)Br2: Yield: 

80% (9.6 mg, 0.010 mmol), UV-Vis. λmax (nm), (log ε): 408(sh) (4.18), 463(4.76), 640(3.96). 

MALDI-TOF-MS (m/z): found [M+K+H]
+
 961.08, calcd. 961.98. Elemental analysis calcd. For 

C50H29Br2N5Cu: C, 65.05%; H, 3.17%; N, 7.59% and found: C, 65.10%; H, 3.22%; N, 7.64%. 

ZnTPP(N-fusedPh)Br2: 76% (9.2 mg, 0.010 mmol), UV-Vis. λmax(nm), (log ε): 415(sh)(4.32), 

466(4.60), 617(3.94), 650(3.95). 
1
H NMR in CDCl3 (400 MHz), δ (ppm): 9.55 (d, J = 8 Hz, 1H, 

5’-H), 9.51 (d, J = 8 Hz, 1H, β-H), 8.77 (d, J = 4 Hz, 1H, β-H),8.61 (s, 2H, β-H), 8.01-8.12 (m, 

6H, meso-o-Ph-H-5,10,15), 7.64-7.87 (m, 18H, H-3,H-2’,3’,4’, meso-m and p-Ph-H-5,10,15 and 

β-NPh-H).  MALDI-TOF-MS (m/z): found [M+K+H]
+
 962.28, calcd. 962.97. Elemental analysis 

calcd. For C50H29N5Br2Zn: C, 64.92%; H, 3.16%; N, 7.57% and found: C, 64.98%; H, 3.25%; N, 

7.67%. 

(c) Synthesis of N-Arylquinolino[2,3,4-at]-12,13-diphenylporphyrin and Their Metal 

Derivatives: H2TPP(N-fusedPh)Ph2 was prepared from H2TPP(NHPh)Ph2 (110 mg, 0.128 

mmol) according to the similar procedure as discussed for H2TPP(N-fusedPh) synthesis. Yield: 
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67% (74 mg, 0.086 mmol). H2TPP(N-fusedPh)Ph2: UV-Vis. λmax(nm), (log ε): 417(4.72), 

456sh(4.70), 568(3.73), 615(3.90), 672(3.73). 
1
H NMR in CDCl3 (400 MHz), δ (ppm): 9.68 (d, J 

= 4 Hz, 2H, 5’-H and β-H), 9.40 (s, 1H, β-H), 8.43-8.52 (m, 4H, β-H and meso-o-Ph-H-5,10,15), 

8.09 (bs, 3H, meso-o-Ph-H-5,10,15), 7.64-7.88 (m, 18H, H-3,H-2’,3’,4’, meso-m and p-Ph-H-

5,10,15 and β-NPh-H), 6.81-6.99 (m, 10H, β-Ph-H), -0.93 (s, 2H, imino-H). MALDI-TOF-MS 

(m/z): found [M]
+ 

856.35, calcd. 856.34. Elemental analysis calcd. For C62H41N5: C, 86.99%; H, 

4.83%; N, 8.18% and found: C, 87.12%; H, 4.89%; N, 8.33%. 

The metal derivatives were prepared as discussed for H2TPP(N-fusedPh). The yields were found 

to be 60-80%. CoTPP(N-fusedPh)Ph2: Yield: 76% (7.6 mg, 0.008 mmol), UV-Vis. λmax (nm), 

(log ε): 446(4.88), 641(3.10). MALDI-TOF-MS (m/z): found [M]
+
 912.27, calcd. 912.25. 

Elemental analysis calcd. For C62H39N5Co: C, 81.57%; H, 4.31%; N, 7.67% and found: C, 

81.65%; H, 4.43%; N, 7.90%. (NiTPP(N-fusedPh)Ph2: Yield: 60% (6.1 mg, 0.007 mmol), UV-

Vis. λmax (nm), (log ε): 443(4.98), 561(3.79), 607(3.88), 641(3.99). 
1
H NMR in CDCl3 (400 

MHz):  (ppm) 9.28 (d, J = 4 Hz, 1H, 5’-H), 8.88 (d, J = 8 Hz, 1H, β-H), 8.49 (d, J = 8 Hz, 1H, β-

H), 8.38 (d, J = 8 Hz, 1H, β-H), 8.20 (d, J = 4 Hz, 1H, β-H), 7.88-7.90 (m, 2H, meso-o-Ph-H-5), 

7.70-7.81(m, 3H, meso-o-Ph-H-10,15), 7.68-7.72 (m, 1H, meso-o-Ph-H-15), 7.53-7.64(m, 7H, 

H-3,H-2’,3’,4’, meso-m-Ph-H-5,10,15) 7.39-7.48 (m, 5H, meso-m and p-Ph-H-5,10,15-H), 6.99-

7.12(m, 5H, β-NPh-H) 6.75-6.94(m, 10H β-Ph-H). MALDI-TOF-MS (m/z): found [M+H]
+
 

912.66, calcd. 912.26. Elemental analysis calcd. For C62H39N5Ni: C, 81.59%; H, 4.31%; N, 

7.67% and found: C, 81.67%; H, 4.49%; N, 7.90%. CuTPP(N-fusedPh)Ph2: Yield: 80% (8 mg, 

0.09 mmol), UV-Vis. λmax (nm), (log ε): 441(4.76), 567(3.43), 610(3.56), 639(3. 69). MALDI-

TOF-MS (m/z): found [M+H]
+
 917.34, calcd. 917.26. Elemental analysis calcd. For 

C62H39N5Cu: C, 81.16%; H, 4.28%; N, 7.63% and found: C, 81.34%; H, 4.36%; N, 7.78%. 

ZnTPP(N-fusedPh)Ph2: Yield: 78% (7.8 mg, 0.008 mmol), UV-Vis. λmax (nm), (log ε): 

415(4.37sh), 465(4.80), 574(3.66), 748 (4.02). 
1
H NMR in CDCl3 (400 MHz),  δ (ppm): 9.54 (d, 

J = 4 Hz, 2H, 5’-H and β-H), 8.65-8.62 (m, 2H, β-H), 8.48 (d, J = 4 Hz, 1H, β-H), 8.10 (bs, 2H, 

meso-o-Ph-H-5), 7.56-7.92 (m, 17H, H-3,H-2’,3’,4’, meso-o,m and p-Ph-H-5,10,15), 6.84-7.21 

(m, 15H, β-NPh-H and β-Ph-H). MALDI-TOF-MS (m/z): found [M+MeOH+H]
+
 950.88, calcd. 

950.28. Elemental analysis calcd. For C62H39N5Zn: C, 80.99%; H, 4.28%; N, 7.62% and found: 

C, 81.22%; H, 4.34%; N, 7.76% 
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(d) Synthesis of N-Arylquinolino[2,3,4-at]-12,13-diphenylethynylporphyrin: H2TPP(N-

fusedPh)PE2 was prepared from H2TPP(NHPh)PE2 (120 mg, 0.132 mmol) using the similar 

procedure as followed for H2TPP(N-fusedPh) synthesis. Yield: 66% (80 mg, 0.089 mmol). 

H2TPP(N-fusedPh)PE2: UV-Vis. λmax(nm), (log ε): 426(4.90), 474(sh) (4.80), 568(3.96), 

628(4.04), 683(3.99). 
1
H NMR in CDCl3 (400 MHz), δ (ppm): 9.67 (d, J = 8 Hz, 1H, 5’-H), 9.55 

(d, J = 4 Hz,1H, β-H), 8.69 (d, J = 4 Hz, 2H, β-H), 9.58 (s, 2H, β-H),  8.30-8.33, 8.20-8.22, 8.06-

8.09 (3m, 6H, meso-o-Ph-H-5,10,15) 7.64-7.88 (m, 18H, H-3,H-2’,3’,4’, meso-m,p-Ph-H-5,10,15 

and β-NPh-H), 7.34-7.39 (m, 4H, β-o-PE-H), 7.27-7.30 (m, 6H, β-m,p-PE-H), -1.04 (s, 2H, 

imino-H). MALDI-TOF-MS (m/z): found [M+H]
+
 904.94, calcd. 904.34. Elemental analysis 

calcd. For C66H41N5: C, 87.68%; H, 4.57%; N, 7.75% and found: C, 87.75%; H, 4.66%; N, 

7.87% 

The metal derivatives were prepared with similar method as described for MTPP(NHPh). The 

yields were found to be 63-80%. CoTPP(N-fusedPh)PE2: Yield: 72% (7.2 mg, 0.008 mmol), 

UV-Vis. λmax (nm), (log ε): 464(4.80), 645(3.45). MALDI-TOF-MS (m/z): found [M+H]
+
 

961.41, calcd. 961.25. Elemental analysis calcd. For C66H39N5Co: C, 82.49%; H, 4.09%; N, 

7.29% and found: C, 82.55%; H, 4.21%; N, 7.33%. NiTPP(N-fusedPh)PE2 :Yield: 63% (6.3 

mg, 0.007 mmol), UV-Vis. λmax (nm), (log ε): 465(4.98), 553(4.03), 589(4.11), 640(4.72). 
1
H 

NMR in CDCl3 (400 MHz),  δ (ppm): 9.34(d, J = 4 Hz, 1H, 5’-H), 8.91 (d, J = 8 Hz,1H, β-H), 

8.84 (d, J = 4 Hz,1H, β-H), 8.49 (d, J = 4 Hz,1H, β-H),  8.42 (d, J = 4 Hz,1H, β-H),  8.00-8.02, 

7.95-7.97, 7.86-7.88 (3m, 6H, meso-o-Ph-H-5,10,15 ) 7.79-7.81 (m, 4H, H-3,H-2’,3’,4’) 7.55-

7.73 (m, 14H, meso-m and p-Ph-H-5,10,15 and β-NPh-H), 7.51 (s, 1H, β-o-PE-H), 7.41 (d, 2H, 

β-o-PE-H), 7.33-7.36 (m, 2H, β-o and m-PE-H), 7.28-7.31 (m, 3H, β-m-PE-H), 7.24-7.25 (m, 

2H, β-p-PE-H). MALDI-TOF-MS (m/z): found [M+H]
+
 960.44, calcd. 960.26. Elemental 

analysis calcd. For C66H39N5Ni: C, 82.51%; H, 4.09%; N, 7.29% and found: C, 82.64%; H, 

4.14%; N, 7.34%. CuTPP(N-fusedPh)PE2: Yield: 77% (7.7 mg, 0.008 mmol), UV-Vis. λmax 

(nm), (log ε): 417(sh) (4.11), 481(4.79), 555(3.67), 597(3.69), 645(3.96). MALDI-TOF-MS 

(m/z): found [M+K]
+
 1003.27, calcd. 1003.22. Elemental analysis calcd. For C66H39N5Cu: C, 

82.10%; H, 4.07%; N, 7.25% and found: C, 82.65%; H, 4.12%; N, 7.33%/. ZnTPP(N-

fusedPh)PE2: Yield: 80% (8 mg, 0.008 mmol), UV-Vis. λmax (nm), (log ε): 426 (4.60), 486 

(5.00), 606 (3.97), 649 (4.30). 
1
H NMR in CDCl3 (400 MHz),  δ (ppm): 9.58(d, J = 8 Hz, 1H, 5’-

H), 9.50 (d, J = 8 Hz,1H, β-H), 8.74(d, J  = 4 Hz,1H, β-H), 8.58-8.63 (m, 2H, β-H), 8.24-8.26, 
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8.16-8.18, 8.05-8.09 (3m, 6H, meso-o-Ph-H-5,10,15 ) 7.65-7.90 (m, 18H, H-3,H-2’,3’,4’, meso-

m,p-Ph-H-5,10,15 and β-NPh-H) 7.39-7.41 (m, 4H, β-o-PE-H), 7.27-7.30 (m, 6H, β-m,p-PE-H). 

MALDI-TOF-MS (m/z): found [M+K]
+
 1004.067, calcd. 1004.21. Elemental analysis calcd. For 

C66H39N5Zn: C, 81.94%; H, 4.06%; N, 7.24% and found: C, 82.12%; H, 4.14%; N, 7.34%. 

2.3 RESULTS AND DISCUSSION 

2.3.1 Synthesis and Characterization 

 

 Scheme 2.1 Synthetic Routes to Mixed β-Arylamino and N-fused Porphyrins. 

2-Nitro-TPPs are good precursor for the further functionalization of macrocycle. Further, these 

molecules have been used for specific applications in various fields. Functionalization of β-nitro-

porphyrin was first measured by Crossley and co-workers [32]. H2TPP(NO2)Br2 was utilized for 

palladium coupling reactions such as Suzuki and Stille coupling reactions which resulted into the 

formation of H2TPP(NO2)Ph2 and H2TPP(NO2)PE2, respectively. H2TPP(NO2)X2 (X = 2H, Br, 

Ph and PE) was used as starting material for the synthesis of H2TPP(NHPh)X2 (X = H, Br, Ph, 

and PE). Refluxing of H2TPP(NO2)X2 (X = H, Br, Ph, and PE) in aniline (as solvent) for 20h 

resulted into the direct nucleophilic displacement of nitro group by aniline at higher temperature 

(180 
ο
C). Further, the synthesized H2TPP(NHPh)X2 (X = H, Br, Ph, PE) were utilized as 
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precursor for fusion reaction. Refluxing of H2TPP(NHPh)X2 (X = H, Br, Ph, and PE) in 

nitrobenzene for 30h at 200 
ο
C resulted into fusion of β-arylamine group with ortho position of 

meso-phenyl ring and yielded H2TPP(N-fusedPh)X2 (X = H, Br, Ph, and PE) in good yields (65-

70%). Zhang and co-workers have also reported the synthesis of β-arylaminoporphyrin from 

mono-bromoporphyrin by using Pd(OAc)2 and BINAP in the presence of Cs2CO3 in THF [33]. 
 

The reaction was completed in 24h and the product was formed with 48% yield. However, our 

method is cost-effective and simple as compared to Zhang and coworkers.  

2.3.2 Crystal Structure Discussion 

The structural identification of H2TPP(N-fusedPh)Br2 was carried out by single crystal X-ray 

study. The X-ray quality single crystals of H2TPP(N-fusedPh)Br2 were grown by vapor diffusion 

of methanol onto the porphyrinic solution in CH2Cl2 at room temperature. Figure 2.1 represents 

the ORTEP diagrams showing top and side views of crystallized porphyrin. Figure 2.1 shows 

that the bromo substitution at antipodal position of N-fused β-arylamine pyrrole. Selected 

average bond lengths and bond angles of H2TPP(N-fusedPh)Br2 is listed in Table A1, Appendix-

I. H2TPP(N-fusedPh)Br2 have been crystallized with P1 space group in triclinic system. 

H2TPP(N-fusedPh)Br2 revealed twisted form of macrocycle core with the magnitude of 

displacement of  β-carbon atoms (ΔCβ = 0.385 A
 
) and deviation of 24 core atoms (Δ24 = 

0.220 A
 
) from the mean plane. The average Cα-Cβ bond length of substituents bearing pyrrole 

ring is higher as compared to Cα׳-Cβ׳ average bond length (not bearing β-substituents). The 

crystallographic data of H2TPP(N-fusedPh)Br2 is listed in Table A2, Appendix-I. Figure 2.1 

exhibits the twisted conformation of porphyrin at the fused sight due to tilted orientation of 

pyrrole ring above and below from the mean plane of the porphyrin macrocyle. 

 

Figure 2.1 ORTEP Diagram Showing Top and Side Views of H2TPP(N-fusedPh)Br2, Hydrogen 

Atoms are Omitted for Clarity. In The Side View, meso-Phenyls are Omitted for Clarity. 
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2.3.3 Electronic Absorption Spectral Studies 

Electronic spectral studies of synthesized porphyrins were recorded in CH2Cl2 at 298 K. 

Electronic absorption spectra of the synthesized porphyrins were influenced due to asymmetrical 

β-substitution at the periphery of the macrocycle. H2TPP exhibited one B-band and four Q-

bands. Further, β-nitration (H2TPP(NO2) exhibited red shift in both B-band and Q-bands as 

compared to H2TPP. The photophysical properties of β-arylamino porphyrins are quite different 

from β-nitro-porphyrin which making them interesting molecules for further studies. 

H2TPP(NHPh) exhibited 18 and 8 nm hypsochromic shift in the Soret and last Qx(0,0) band, 

respectively as compared to H2TPPNO2 due external charge transfer from amino group to the 

porphyrin core which resulted the increment in the HOMO-LUMO gap. The Soret bands of 

H2TPP(NHPh)X2(X = H, Br, Ph and PE ) are located in the range of 408-427 nm, whereas Q 

bands are observed in the range of 524-693 nm. Due to  the electron-withdrawing nature and 

extended π-conjugation of phenylethynyl substituents, H2TPP(NHPh)PE2 exhibits 10-19 nm red 

shift in the optical absorption spectra as compared to other synthesized porphyrins. N-fused 

porphyrins exhibited very broad Soret band as compared to parent molecules i.e. 

H2TPP(NHPh)X2 (X = H, Br, Ph and PE) possibly due to fusion and external charge transfer 

from amino group to porphyrin core. Table 2.1 lists the UV-Vis. spectral data of free base and 

Zn(II) derivatives of synthesized porphyrins. Soret band of N-fused porphyrins are observed in 

the range 412-426 nm and Q bands in the range of 568-683 nm. H2TPP(N-fusedPh)PE2 exhibits 

5-14 nm bathochromic shift in the Soret band and 11-20 nm in Q-bands relative to other 

synthesized fused porphyrins i.e. (H2TPP(N-fusedPh), H2TPP(N-fusedPh)Br2 and H2TPP(N-

fusedPh)Ph2). As shown by FWHM, H2TPP(NHPh)X2(X = H, Br, Ph and PE ) and H2TPP(N-

fusedPh)X2 (X = H, Br, Ph and PE ) exhibited higher value of full width at half maximum (58-81 

nm) as compared to H2TPP (14 nm) that revealed the extent of external charge transfer from β-

arylamino group to porphyrin core. The Soret band of these porphyrins was found to be broader 

with respect to H2TPP. UV-Visible absorption spectra of synthesized Zn(II)N-fused porphyrins 

and H2TPP(NHPh)X2(X = H, Br, Ph and PE) are shown in Figures 2.2 and A17, Appendix-I. 

Host-guest complex formation of C60Im/C60Py with Zn(II) N-fusedporphyrins was studied by 

UV-visible titration in a non-coordinating solvent such as o-dichlorobenzene at 298 K. Figure 

2.3 shows the UV-Visible spectral titration of ZnTPP(N-fusedPh)PE2 with C60Im/C60Py in o-
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dichlorobenzene. The sequential addition of C60Im/C60Py to the Zn(II) complexes shows the 

decrement in Soret band of porphyrins (ZnTPP(N-fusedPh)X2, X = H, Br, Ph and PE) and red 

shift in Q-bands, which evidences for the formation of supramolecular assembly. The association 

constants of these Zn(II) porphyrins:fullerene dyads were calculated by using Benesi-Hildebrand 

plot. The association constants of ZnTPP(N-fusedPh)PE2):C60Im and ZnTPP(N-

fusedPh)PE2):C60Py were found to be 1.24 × 10
5 

M
-1

 and 7.59× 10
3 

M
-1

 respectively, with 1:1 

stoichiometry. The observed association constant (K) values of other synthesized Zn(II)N-fused 

porphyrins were found within the range of 2.22 × 10
4
 to 4.51 × 10

5
 M

-1
 with C60Im and 5.39 × 

10
3
 to 1.02 × 10

4
 with C60Py as listed in Table 2.2. Similar results were obtained for other 

synthesized Zn(II)-N-fusedporphyrins i.e. (ZnTPP(N-fusedPh), ZnTPP(N-fusedPh)Br2 and 

ZnTPP(N-fusedPh)Ph2) as shown in Figures A18-A23, Appendix-I. The K values for axial 

coordination of imidazole-functionalized fullerene and pyridine-functionalized fullerene to 

synthesized Zn(II)N-fusedporphyrins are 10-100 times higher acompared to the axial 

coordination of pyridine functionalized fullerene to ZnTPP. Similarly, the K values are also 10-

100 times greater than the K values for fullerene (without functionalized) binding with Zn(II) 

meso-tetraalkyl porphyrin [34,35]. BH plots of N-fused porphyrins exhibited 1:1 stoichiometry 

of all the synthesized Zn(II)N-fusedporphyrins with C60Im and C60Py. The association constants 

values of imidazole analogs are higher than pyridine analogs due to higher basicity of imidazole 

than pyridine. 

 

Figure 2.2 UV-Visible Spectra of (a) ZnTPP(N-fusedPh) and ZnTPP(N-fusedPh)Ph2, (b) 

ZnTPP(N-fusedPh)Br2 and ZnTPP(N-fusedPh)PE2. 
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Table 2.1 Photophysical Data of Synthesized Porphyrins (MTPP(NHPh)X2 and  MTPP(N-fusedPh)X2 (X = H, Br, Ph, 

PE and 2H, Zn(II)) in CH2Cl2 at 298 K. 

Por. B band (nm) Q band(s) (nm) λemission 

(nm) 

Фf τ (nm) FWHM 

H2TPP(NHPh) 408(5.21) 525(4.38), 569(4.0), 

599(3.96), 657(3.62) 

667, 735 0.098 0.196 53 

H2TPP(NHPh)Br2 417(5.00) 525(4.22),  612(3.98),  

693(3.792) 

656, 713 0.009 0.005 41 

H2TPP(NHPh)Ph2 414(5.08) 531(4.18), 577(3.39), 

603(3.91), 660(3.44) 

676, 741 0.033 0.014 74 

H2TPP(NHPh)PE2 427(5.01) 524(4.10), 622(3.96) 702, 762 0.023 0.209 58 

ZnTPP(NHPh) 407 (5.46) 560(4.33), 588 (4.16) 627, 679 0.043 1.62 45 

ZnTPP(NHPh)Br2 412(5.12) 570 (3.99), 599 (4.04) 635, 687 0.007 0.05 31 

ZnTPP(NHPh)Ph2 411(5.11) 569 (3.89), 592(3.84) 632, 685 0.034 1.36 70 

ZnTPP(NHPh)PE2 426 (5.05) 579(4.07), 617 (4.22) 643, 701 0.044 1.32 80 

H2TPP(N-fusedPh) 412 (4.93), 451(4.68) 594(4.05), 609(4.05), 

663(3.99) 

671 0.025 6.62 72 

H2TPP(N-fusedPh)Br2 418(4.98), 460(4.72) 621(4.10), 668(4.02) 670 0.008 2.48 78 

H2TPP(N-fusedPh)Ph2 417(4.72), 456(4.70) 568(3.73), 615(3.90), 

672(3.76) 

682 0.021 1.20 86 

H2TPP(N-fusedPh)PE2 426(4.90), 474(4.78) 568(3.96), 628(4.04), 

683(3.99) 

688 0.042 3.35 95 

ZnTPP(N-fusedPh) 407(4.09), 460(4.50) 568(3.38), 613(3.53), 

645(3.78) 

659 0.067 1.41 38 

ZnTPP(N-fusedPh)Br2 415(4.32), 466(4.60) 617(3.94), 650(3.95) 658 0.009 2.44 49 

ZnTPP(N-fusedPh)Ph2 415(4.37), 465(4.80) 574(3.66), 617(3.80), 

648(4.02) 

660 0.041 2.96 36 

ZnTPP(N-fusedPh)PE2 426(4.60), 486(5.00) 606(3.97), 649(4.30) 647 0.039 2.00 36 



Chapter 2: Host-Guest Assemblies of Fused Porphyrin-C60Im/C60Py 

58 

 

 

Figure 2.3 UV-Spectral Titration of ZnTPP(N-fusedPh)PE2 with (a) C60Im and (b) C60Py in o-

Dichlorobenzene at 298 K. 

2.3.4 Emission Spectral Studies  

The influence of the substitution at β-position of porphyrins was examined by emission spectral 

study. This study has been carried out in CH2Cl2 at 298 K. H2TPP(NHPh)X2(X = H, Br, Ph and 

PE ) exhibited 2-48 nm red shift in emission spectra and decreased intensity as compared to 

H2TPP (Figure A50(a), Appendix-I). Whereas, ZnTPP(NHPh)X2(X = H, Br, Ph and PE ) 

exhibited 6-22 nm blue shift in the emission spectra as compared to ZnTPP. Zn(II) derivatives of 

N-fusedporphyrins (ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, and PE) were characterized by  

fluorescence spectral studies to examine the influence of substitution at β-position of the 

macrocycle and porphyrin:C60Im/C60Py complex formation. Quantum yields of bromo 

substituted porphyrins were found to be very low due to heavy atom effect of bromo groups and 

nonplanar conformation of porphyrin. H2TPP(N-fusedPh)X2 (X = H, Br, Ph, and PE ) exhibited 

16-34 nm red shifts in emission  bands as compared to H2TPP in CH2Cl2 (Figure A50(b), 

Appendix-I). Emission spectra of ZnTPP(N-fusedPh)X2 (X = H, Br, Ph and PE) has shown in 

Figure 2.4. An interesting trend in the emission band of free base N-fusedporphyrins was found 

which aligns in the following order H2TPP < H2TPP(N-fusedPh)Br2 < H2TPP(N-fusedPh) < 

H2TPP(N-fusedPh)Ph2 < H2TPP(N-fusedPh)PE2. After addition of C60Im/C60Py to porphyrin 

(ZnTPP(N-fusedPh)X2(X = H, Br, Ph, and PE)) in o-dichlorobenzene, a decrement in the 

fluorescence intensity of porphyrins was observed. The quenching of fluorescence intensity of 

ZnTPP(N-fusedPh)PE2 with C60Im and C60Py are shown in Figure 2.5. Quenching of the 

fluorescence intensity of ZnTPP(N-fusedPh)PE2 revealed the formation of self-assembled dyads.  
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Singlet excited state quenching of ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, and PE) revealed 

probable relaxation pathway from the first singlet excited state of porphyrin to C60Im/C60Py in o-

dichlorobenzene which resulted in the decrement in the fluorescence intensity of porphyrin. 

Another reason for quenching of fluorescence intensity of porphyrin is the charge separation 

from porphyrin (ZnTPP(N-fusedPh)X2 (X = H, Br, Ph and PE ) to coordinated C60Im/C60Py in o-

dichlorobenzene medium [36]. SV (Stern Volmer) quenching constant of ZnTPP(N-fusedPh)PE2 

was found higher (1.19 × 10
5
) with C60Im as compared to C60Py (5.24 × 10

4
). Fluorescence 

quenching of synthesized ZnTPP(N-fusedPh)X2 (X = H, Br and Ph) are shown in Figures A21-

A23 and A27-A29, Appendix-I. Quenching constants data of these porphyrins ZnTPP(N-

fusedPh)X2 (X = H, Br, Ph and PE) is listed in Table 2.2. After addition of C60Im/C60Py to these 

Zn(II) derivative of N-fused porphyrins solution exhibited shorter lifetime as compared to 

C60Im/C60Py free Zn(II) N-fusedporphyrins solution which revealed host-guest complex 

formation. Fluorescence lifetime study of these porphyrins has been carried out in non-

coordinating o-dichlorobenzene.   

 

Table 2.2 UV-visible and Fluorescence Titration Data of C60Im/C60Py with ZnTPP(N-

fusedPh)X2 (X = H, Br, Ph, PE) in o-Dichlorobenzene at 298 K. 

 C60Im C60Py 

Porphyrin   K, M
-1

 Kq, M
-1

 K, M
-1

 Kq, M
-1

 

ZnTPP(N-fusedPh) 7.26 × 10
4
 6.11 × 10

4
 3.02 × 10

4
 3.41 × 10

4
 

ZnTPP(N-fusedPh)Br2 4.51 × 10
5
 8.24 × 10

4
 5.39 × 10

3
 4.52 × 10

4
 

ZnTPP(N-fusedPh)Ph2 2.22 × 10
4
 1.08 × 10

5
 1.02 × 10

4
 8.02 × 10

4
 

ZnTPP(N-fusedPh)PE2 1.24 × 10
5
 1.19 × 10

5
 7.59 × 10

3
 5.24 × 10

4
 

K = Association constant, Kq = Quenching constant 
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Figure 2.4 Fluorescence Spectra of (a) ZnTPP(N-fusedPh) and ZnTPP(N-fusedPh)Ph2, (b) 

ZnTPP(N-fusedPh)Br2 and ZnTPP(N-fusedPh)PE2. 

 

Figure 2.5 Quenching of Fluorescence Intensity of ZnTPP(N-fusedPh)PE2 (4d) (a) C60Im and 

(b) C60Py in o-Dichlorobenzene at 298 K. 

2.3.5 DFT Studies  

The gas phase geometry optimization of synthesized porphyrins was performed by using B3LYP 

functional and LANL2DZ basis set. Due to mixed substitution at periphery of porphyrin, the 

bond length of Cβ-Cβ and bond angle Cβ-Cα-Cm increased while bond angle of N-Cα-Cm is 

decreased. Cβ-Cβ  ond length (1.387-1.405 A
 
) of β-pyrrole (H2TPP(NHPh)X2(X = H, Br, Ph and 

PE)) was found to be longer than Cβ΄-Cβ΄(1.366-1.367 A
 
).  he decrement in the  ond angle of N-

Cα-Cm was observed along with the increment in the bond angle of Cβ-Cα-Cm. All synthesized 
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porphyrins exhibited moderate nonplanarity because of the substitution at antipodal position of 

β-arylamino substituents. H2TPP(NHPh)X2(X = H, Br, Ph and PE) exhibited deviation of β-

pyrrole car on (ΔCβ = 0.129-0.453 A
 
) and 24 core atoms (Δ24 = 0.058-0.220 A

 
 ) from 

porphyrin mean plane. Among all synthesized porphyrins, H2TPP(NHPh)Ph2 exhibited highly 

nonplanar conformation (ΔCβ = 0.453 A and Δ24= 0.220 ). Further, H2TPP(NHPh) and 

H2TPP(NHPh)PE2 showed ΔCβ (0.129 and 0.249 A
 
) while Δ24 (0.058 and 0.121 A

 
), 

respectively which indicated that these  oth porphyrins have nearly planar conformation. ΔCβ 

and Δ24 of synthesized porphyrins follow the order: H2TPP(NHPh) < H2TPP(NHPh)PE2 < 

H2TPP(NHPh)Br2 < H2TPP(NHPh)Ph2.  

The ground state geometries for C60Im/C60Py:ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, PE) dyad 

were optimized in the gas phase by using G16 B3LYP/6-311G(d,p) method. D’souza et al. have 

reported the structures of various fullerene-porphyrin dyads
 
[37].

 
Figure 2.6 shows optimized 

structure, electrostatic potential map and the frontier HOMO-LUMO orbital levels of ZnTPP(N-

fusedPh). The formation of donor-acceptor dyads reveals photoinduced electron transfer (PET) 

from excited Zn(II) N-fusedporphyrin to C60Py which lead to formation of charge separated 

state. In case of supramolecular dyads, the frontier HOMO was localized over the Zn(II) N-

fusedporphyrin while LUMO existed on C60 moiety which deduced that the most stable charge 

separated state of the dyads can be represent as C60
•¯

Py to  ZnTPP(N-fusedPh)Ph2
•+

. The 

localization of the HOMO over the Zn(II) N-fuesedporphyrin revealed the stabilization of charge 

separated state of dyads. There is no HOMO exist on C60 moiety and no LUMO exist on 

Zn(II)N-fusedporphyrin which results the partially charge displacement in both HOMO and 

LUMO can be represent as C60
δ¯

Py:ZnTPP(N-fusedPh)
δ+

 and there is no charge transfer 

interaction between both moieties (Zn(II) N-fusedporphyrin and C60Py) in ground state. The 

HOMO-LUMO gap in ZnTPP(N-fusedPh) was found to be 2.45 eV, while after coordination 

with C60Py HOMO-LUMO gap formed 1.00 eV due to stabilization of HOMO orbital. The 

distance of newly formed axial coordination of C60Py to Zn metal of ZnTPP(N-fusedPh) was 

found 10.13 A
 
 and the distance  etween N of Py to  n metal of ZnTPP(N-fusedPh)  was 2.25 A

 
. 

HOMO and LUMO orbital energies of ZnTPP(N-fusedPh) were found -4.75 eV and -2.30 eV, 

respectively. Optimized structure, electrostatic potential map and frontier HOMO-LUMO orbital 

levels of ZnTPP(N-fusedPh)X2 (X = Br, Ph, PE) shown in Figures A33-A38, Appendix-I. 
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Figure 2.6 (a) Optimized Structure (b) Electrostatic Potential Map (c) Pictorial Representation of 

Frontier HOMO and (d) LUMO of ZnTPP(N-fusedPh):C60Py. 

 

2.3.6 Electrochemical Redox Studies 

To examine the influence of  mixed β-substitution, core metal ions, and nonplanarity on 

porphyrin π-system, we performed the cyclic voltammetric studies for all synthesized porphyrins 

in CH2Cl2 except Zn(II) derivatives of N-fused porphyrins which were performed in o-

dichlorobenzene containing 0.1 M TBAPF6 as supporting electrolyte at 298 K. The comparative 

cyclic voltammograms of ZnTPP(NHPh)X2 and ZnTPP(N-fusedPh)X2 (X = H, Br, Ph and PE)) 

are shown in Figure A49, Appendix-I. The redox potential of newly synthesized porphyrins is 

listed in Tables A4 and A5, Appendix-I. Due to the presence of electron rich β-arylamino group, 

these macrocycle is easy to oxidized and difficult to reduce with respect to MTPP (where M = 

2H, Co(II), Ni(II),Cu(II) and Zn(II)). Co(II) porphyrins show metal centered redox behavior. The 

first oxidation potentials of ZnTPP(NHPh)X2(X = H, Br, Ph and PE ) were 20-130 mV 

cathodically shifted compared to ZnTPP which revealed that the external charge transfer from β-

arylamino group to porphyrin core. ZnTPP(N-fusedPh)Ph2 exhibited first oxidation potential at 
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0.71V which is 320 mV cathodically shifted as compared to ZnTPP(NHPh)Ph2. ZnTPP(N-

fusedPh)X2 (X = H, Br, and PE) exhibited 210-230 mV cathodic shifts in the first oxidation 

potential with respect to ZnTPP(NHPh)X2 (X = H, Br, PE)  due to fusion of arylamino group to 

meso-phenyl ring and increase the external charge transfer to porphyrin core. ZnTPP(NHPh)PE2 

shows first reduction potential at 1.21V which is 150 mV anodically shifted than ZnTPP and 80-

190 mV anodically shifted as compared to ZnTPP(NHPh)X2 (X = H, Br, and Ph) this is due to 

extensive stabilization of LUMO whereas there is only marginal shift in first oxidation potential. 

H2TPP(N-fusedPh)X2 (X = H, Br, Ph, and PE ) exhibited 260-410 mV cathodic shift in the first 

oxidation potential as compared to H2TPP, due to the presence of electron rich arylamino group 

at the periphery of the porphyrin. The first oxidation potential of H2TPP(N-fusedPh)Ph2 was 

found 40-150 mV cathodically shifted with respect to other synthesized free base N-fused 

porphyrins.  NiTPP(N-fusedPh)X2 (X = H, Br, Ph, PE ) exhibited 290-410 mV cathodic shift in 

first oxidation potential as compared to NTPP. NiTPP(N-fusedPh) and NiTPP(N-fusedPh)Ph2 

exhibited a marginal 30-50 mV cathodic shift in the first reduction potential while  NiTPP(N-

fusedPh)Br2 and NiTPP(N-fusedPh)PE2 exhibited 70-80 mV anodic shift in first reduction as 

compared to NiTPP, due to electron withdrawing nature of Br and PE substituents. First 

oxidation potential of CuTPP(N-fusedPh)X2 (X = H, Br, Ph, PE) 280-440 mV cathodically 

shifted than CuTPP whereas the first reduction potential 210-430 mV anodically shifted than 

CuTPP. 

In order to determine the redox potentials of the newly synthesized (Zn(II) N-

fusedporphyrin:C60Im/C60Py) dyads, we performed the cyclic voltammetric studies of Zn(II) N-

fusedporphyrin and C60Im/C60Py to explore the charge transfer interaction in the host-guest 

complexes in the ground state in o-dichlorobenzene as solvent containing 0.1M TBAPF6 as 

supporting electrolyte. Plenty of research groups have reported the electrochemistry of 

porphyrin-fullerene dyad
 
[38]. ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, and PE) exhibited two or 

three, one electron oxidations and one electron reductions potential. First oxidation potentials of 

porphyrins, ZnTPP(N-fusedPh)X2 (X = H, Br, Ph and PE) were observed in the range of 0.44-

0.70 V. These macrocycles oxidized very easily due to the external charge transfer from β-

arylamino group to porphyrin core.  

Figures 2.7 and A30-A32, Appendix-I, show the cyclic voltammograms of porphyrins ZnTPP(N-

fusedPh)X2 (X = H, Br, Ph, and PE) with and without C60Im/C60Py. Table A3, Appendix-I, lists 
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the redox potential of ZnTPP(N-fusedPh)X2 (X = H, Br, Ph andPE) porphyrins with and without 

C60Im/C60Py. ZnTPP(N-fusedPh) and ZnTPP(N-fusedPh)Br2 exhibited a marginal anodic shift 

(10-20 mV) in the redox potentials after addition of C60Im/C60Py to the Zn(II) N-fusedporphyrin 

in o-dichlorobenzene. ZnTPP(N-fusedPh)PE2 exhibited its first oxidation potential at 0.70 V 

while addition of C60Im and C60Py showed 10-20 mV anodic shift in the first oxidation potential. 

The first reduction potential of ZnTPP(N-fusedPh)PE2 exhibited 20-30 mV anodic shift after 

addition of C60Im/C60Py. The redox potential of Zn(II) N-fusedporphyrin-C60Im/C60Py dyads 

exhibited small changes as compared to C60Im/C60Py free Zn(II) N-fusedporphyrin. This study 

supports the formation of host-guest complex between fused porphyrin and C60Im/C60Py. 

 

Figure 2.7 Cyclic Voltammograms of ZnTPP(N-fusedPh) and ZnTPP(N-fusedPh)PE2 in the 

Presence and Absence of C60Im in o-Dichlorobenzene at 298 K. 

2.3.7 Chemical Oxidation Studies 

The chemical oxidation studies of synthesized Zn(II)N-fusedporphyrins were performed by using 

NOBF4 in o-dichlorobenzene. N-fusedporphyrins (ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, and 

PE)) worked as electron donor. Sequential addition of NOBF4 in Zn(II)N-fusedporphyrins 

resulted into the continuous decrement in intensity of the Soret band as well as Q-bands with the 

generation of a new broad Q band in the longest wavelength region. The electron transfer from 

Zn(II)N-fusedporphyrin to NO
+
 results in the formation of porphyrin cation radical. Figures 2.8 

and A46-A48, Appendix-I, represent the chemical oxidation spectra of synthesized Zn(II)N-

fused porphyrins (ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, PE )).  
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Figure 2.8 Chemical Oxidation of ZnTPP(N-fusedPh)PE2 using NOBF4 in o-Dichlorobenzene at 

298 K. 

 

2.3.8 
1
H NMR Studies 

1
H NMR studies of synthesized porphyrins have been carried out in CDCl3 at 298 K. These 

porphyrins exhibited characteristic peaks arising from β-pyrrole protons, meso-phenyl protons, β-

pyrrole NH, N-fused phenyl protons, β-substituents (Ph and PE) and imino proton resonances. 

Figures A1-A8, Appendix-I, represent the 
1
H NMR spectra of synthesized porphyrins in CDCl3 

at 298 K. β-H-3 Proton (β-proton adjacent to arylamine containing β-proton) of H2TPP(NHPh)X2 

(X = H, Br, and PE) exhibited characteristic resonances in the range from 8.03-8.31 ppm as a 

singlet (appeared with multiplet in H2TPP(NHPh)Ph2). β-H-3 Proton resonance of 

H2TPP(NHPh) appeared at 8.31 ppm while in case of H2TPP(NHPh)Br2 and H2TPP(NHPh)PE2 

this peak raised in range of 8.03-8.09 ppm. β-H-3 Proton resonance of H2TPP(NHPh)Br2 and 

H2TPP(NHPh)PE2 is exhibited 0.22-0.28 ppm downfield shifted with respect to H2TPP(NHPh) 

due to electron withdrawing effect of Br and PE substituents. The inner -NH core protons 

resonance of H2TPP(NHPh) appeared at -2.53 ppm and show 0.08-0.27 ppm upfield shift as 

compared to H2TPP(NHPh)Ph2 and H2TPP(NHPh)PE2, respectively. H2TPP(NHPh)Br2, 

H2TPP(NHPh)Ph2 and H2TPP(NHPh)PE2 exhibited the inner core –NH protons resonance at -

2.58, -2.26 and -2.45 ppm, respectively. There is only marginal shift in resonance (6.59-6.63 
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ppm) of outer –NH protons. The inner core -NHs of N-fused porphyrins lying in the range of -

0.93 to -1.25 ppm as shown in Figure 2.9a. Inner NH proton peak of H2TPP(NHPh)Br2 show1.44 

ppm downfield shift after fusion with meso-phenyl ring, due to decreased ring current of 

macrocycle as shown in Figure 2.9b. β-H-3 Proton of H2TPP(N-fusedPh)X2 (X = H, Br, Ph and 

PE) combined with meso-phenyl protons and appeared as multiplet in the range of 7.51-7.99 

ppm. The β-pyrrole protons resonances arised sometimes as doublet and in some cases combined 

with meso-phenyl protons and appeared as multiplet. H2TPP(NHPh)X2 (X = H, Br, Ph, and PE) 

exhibited characteristic outer -NH proton peak with corresponding shifts in the ppm values 

according to the antipodal β-substituents which confirmed the synthesis of these substituted β-

arylaminoporphyrins while there is no -NH proton peak observed in N-fused porphyrins which 

evidenced the formation of N-fusedporphyrins. 

 

 

Figure 2.9 (a) 
1
H NMR Spectra of Imine Proton of H2TPP(N-fusedPh), H2TPP(N-fusedPh)Br2, 

H2TPP(N-fusedPh)Ph2,  H2TPP(N-fusedPh)PE2 and (b) Comparative 
1
H NMR Spectra of Inner -

NH Proton of H2TPP(N-fusedPh)Br2 and H2TPP(NHPh)Br2.  
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Figure 2.10 
1
H NMR Spectra of (a) ZnTPP(N-fusedPh)Ph2:C60Im Adduct (b) ZnTPP(N-

fusedPh)Ph2 in C6D6 at 298 K. 

The 
1
H NMR titrations of ZnTPP(N-fusedPh)X2 (X = H, Br, Ph, and PE)  with C60Im/C60Py were 

carried out in C6D6 at 298 K. The 
1
H NMR titrations of synthesized Zn(II)N-fusedporphyrins 

with C60Im/C60Py was performed by adding (0-2 equiv. of C60Im/C60Py) in benzene D6 at 298 K. 

Shift in the peaks were saturated at 1.1 equiv. of C60Im/C60Py which revealed the 1:1 Zn(II) N-

fusedporphyrin and C60Im/C60Py complex formation. While in case of ZnTPP(N-fusedPh)X2 (X 

= Br, Ph, and PE), β-proton peak exhibited upfield shift after addition of C60Im. The proton 

signals of meso-m,p-phenyl protons, β-arylaminophenyl protons merged with solvent (C6D6) 

peak. Figure 2.10 shows the marginal shift in porphyrin ZnTPP(N-fusedPh)Ph2 after addition of 

C60Im in C6D6. Figures A39-A45, Appendix-I, exhibit the comparative 
1
H NMR spectra of 

ZnTPP(N-fusedPh)X2 (X = H, Br, and PE), with C60Im and C60Py which show the marginal 

downfield shifts in the β-protons and meso-o-phenyl protons. The shift in the spectra is an 

evidence of formation of Zn(II) N-fusedporphyrins:C60Im/C60Py (1:1) host-guest complex 

formation.  
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2.4 CONCLUSIONS 

In the present work, we have synthesized β-arylamino and N-fused porphyrins (MTPP(NHPh)X2 

and MTPP(N-fusedPh)X2 (X = H, Br, Ph, PE and M = 2H, Co(II), Ni(II), Cu(II), Zn(II)). 

Synthesized porphyrins were characterized by various spectroscopic techniques. Optical 

absorption spectra indicated interesting features such as broad Soret band and intense Q bands. 

Emission spectra of these porphyrins featured redshifted and reduced spectra, due to nonplanar 

conformation of macrocyclic system and heavy atom effect of bromo groups. DFT study 

revealed moderate nonplanarity of these macrocycle and H2TPP(NHPh)Ph2 exhibited higher 

nonplanarity with respect to other synthesized β-arylaminoporphyrins. The crystal structure of 

H2TPP(N-fusedPh)Br2 exhibited twisted conformation of the macrocycle. The binding of Zn(II) 

N-fusedporphyrins (ZnTPP(N-fusedPh)X2: X = 2H, Br, Ph, and PE) with C60Im/Py was studied 

by 
1
H NMR, UV-visible and fluorescence spectroscopic techniques which revealed the 1:1 

stoichiometry of Zn((II) N-fusedporphyrin:C60Im/Py complexation. ZnTPP(N-fusedPh)PE2 has 

shown the highest association constant and quenching constant as compared to other synthesized 

Zn(II)-N-fused porphyrins due to effective π-π interaction  etween porphyrins and C60 

derivatives. The association constants of these Zn(II) N-fused porphyrins were found to be 10-

100 times higher as compared to Zn(II) meso-tetra-methyl/ethylporphyrin. Positive shifts in the 

oxidation potentials of synthesized porphyrins also evidenced the supramolecular interaction 

between Zn(II) N-fusedporphyrins and C60Im/Py.  
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CHAPTER 3 

HIGHLY ELECTRON DEFICIENT TETRABENZOQUINONE 

APPENDED Ni(II) AND Cu(II) PORPHYRINS: SPECTRAL, 

SOLVATOCHROMISM, ELECTROCHEMICAL REDOX AND 

TUNEABLE F
‒
 AND CN

‒
 SENSING  

3.1 INTRODUCTION 

Development of sensors for selective recognition of toxic anions, different metal ions, 

nitroaromatic explosives, organic ionic and neutral species or the enantiomers of chiral 

molecules through non-covalent bonding is of great importance due to applications in 

medical chemistry, environment protection, anti-terrorism and homeland security as well 

as pharmaceutical, food, cosmetic and pesticide industries [1]. Of the anionic species to 

be recognized and detected, CN
–
 and F

–
 have attracted considerable interest because the 

wide usage and toxicity associated with these ions [2]. In the last century the production 

and application of halides assumed an ever greater importance. In the fields of medicine, 

dentistry, plastics, pesticides, food, photography etc. many new halogen containing 

compounds have come into everyday use. Many assume that consuming fluoride is only 

an issue that involves dental health [3] and clinical treatment for osteoporosis [4,5]. But 

overexposure to fluoride is an endocrine disruptor that can affect bones, brain, thyroid 

gland, pineal gland and even blood sugar levels. Also, excess fluoride concentration 

causes acute gastric, fluorosis and kidney problems [6]. Cyanide anion is lethal in very 

small concentrations due to its ability to bind strongly to the active site of cytochrome c 

oxidase, which leads to the inhibition of the mitochondrial electron transport chain, and 

consequently to a decrease in the oxidative metabolism [7]. Cyanide ions could be 

absorbed through the lungs, skin, and gastrointestinal tract leading to vomiting, 

convulsions, loss of consciousness, and eventually death [8]. So the continuous release of 

cyanide ions into the environment through its increased usage in various industrial 

applications like metallurgy, mining, electroplating, polymer synthesis, petrochemicals 

and organic synthesis etc. is of great concern [9]. Hence both biological and 

http://en.wikipedia.org/wiki/Enantiomer
http://en.wikipedia.org/wiki/Chemical_bond
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environmental aspects necessitate the development of cyanide and fluoride based 

receptors. 

Porphyrinoids are a class of tetrapyrrole pigments that widely occur in nature. These 

pigments are highly coloured and exhibit varying degrees of π-conjugation leading to 

different nonplanar conformations of the porphyrin macrocycle, which are responsible for 

a variety of biological functions [10]. Porphyrins substituted with benzoquinone [11] and 

hemiquinone [12] groups were first prepared by Milgrom and co-workers. Meso-

tetrakis(3,5-di-tert-butyl-4-oxo-2,5-cyclohexa-dienylidene)porphyrinogen exist as highly 

puckered species [13]. The chemistry of these porphyrinogens and their N,N’-substituted 

oxoporphyrinogens have been very much explored and also bind to various guest 

molecules at their pyrrolic -NH as well as quinonoid C=O. Oxoporphyrinogens are 

variously available as sensing probes for anions, [14] water in THF, [15] to differentiate 

organic solvents, [16] and chiral molecular recognition [17]. Among the class of the 

porphyrinoids, calixpyrroles, [18] phlorins, [19] corroles, [20] sapphyrins, [21] N-

confused porphyrins, [22] oxoporphyrinogens [23] and tetraphenylporphyrins
 
[24] are 

excellent multifunctional candidates for a great variety [25,26]
 

of anion sensor 

applications via. -NH groups of the tetrapyrrole units. At earlier stage, porphyrin-o-

quinone has been utilized for photoinduced electron transfer but its synthesis involves 

tedious multiple steps. In 2014, Hill et al. has reported the convenient synthesis of Cu(II) 

and Ni(II) complexes of 5,10,15,20-tetrakis(3,4-dioxo-5-t-butylcyclohexa-1,5-

dienyl)porphyrin (diOxP) under  β-nitration conditions for the Cu(II) or Ni(II) complexes 

of meso-tetrakis(3,5-di-t-butyl-4’-hydroxyphenyl)porphyrin [27]. Cu(II) or Ni(II) 

complexes of 5,10,15,20-tetrakis(3,4-dioxo-5-t-butylcyclohexa-1,5-dienyl)porphyrin 

(diOxPM, M = Ni(II), Cu(II)) was prepared by modified methods using copper nitrate in 

acetic anhydride-acetic acid mixture in chloroform. The rapid oxidation converts phenol 

substituents to electron withdrawing o-quinone groups. The electron-withdrawing effect 

of benzoquinone groups reduces the propensity of the macrocycle to undergo electrophilic 

substitution. The thorough investigation of electrochemical properties of OxP, diOxPM 

(M = Cu(II), Ni(II)) and their respective  metallotetraphenylporphyrins leads us to a 

important observation that first reduction for diOxPM (M = Cu, Ni) is very much 
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anodically shifted as compared to oxoporphyrinogen (OxP) and porphyrin precursor.  We 

have utilized these electron-deficient systems to interact with basic anions. 

 

Chart 3.1 Molecular Structures of Synthesized Porphyrins. 

3.2 EXPERIMENTAL SECTION  

3.2.1 Reagents 

3,5-di-tert-butyl-4-hydroxybenzaldehyde was purchased from HiMedia, India and used as 

received. All solvents employed in the present work were of analytical grade and distilled or 

dried before use. Silica gel (100-200 mesh) was purchased from Rankem and used as received.  

The tetrabutylammonium salts (TBAX, X = CN
−
, F

−
, Cl

−
, Br

−
, I

−
, HSO4

−
, OAc

−
, H2PO4

−
, ClO4

−
, 

PF6
−
 and NO3

−
) were purchased from Alfa Aesar and used as received. Dry CH2Cl2 for CV 

studies was distilled thrice from CaH2 and toluene (for UV-Visible spectral studies) was dried 

and distilled from a sodium-benzophenone mixture. All measurements were performed in triple 

distilled CH2Cl2 containing 0.1M TBAPF6 as supporting electrolyte, which was degassed by 

argon gas purging. Cyanide detection studies were carried out in distilled toluene at 298 K. Rest 

reagents and methods are same as discussed in Chapter 2.  

3.2.2 Instrumentation and Methods 

Optical absorption spectra were recorded using an Agilent Cary 100 spectrophotometer using a 

pair of quartz cells 10 mm path length. 
1
H-NMR spectra were recorded using a Bruker AVANCE 

500 MHz and JEOL ECX 400 MHz spectrometers in CDCl3. MALDI-TOF-MS spectra were 
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measured using a Bruker UltrafleXtreme-TN MALDI-TOF/TOF spectrometer using HABA as a 

matrix. The ground state geometry optimization was carried out by DFT calculations using 

B3LYP functional with LANL2DZ basis set using G09 program suite. Electrochemical 

measurements were carried out using CH instrument (CH 620E). A three electrode assembly was 

used consisted of a platinum working electrode, Ag/AgCl as a reference electrode and a Pt-wire 

as a counter electrode. All measurements were performed in triple distilled CH2Cl2 containing 

0.1M TBAPF6 as supporting electrolyte, which was degassed by argon gas purging. Cyanide 

detection studies were carried out in distilled toluene at 298 K. 

3.2.3 Synthetic Procedures 

Preparation of 5,10,15,20-tetrakis(3,4-dioxo-5-t-butylcyclo-hexa-1,5-

dienyl)porphyrinatocopper(II)/nickel(II): 

5,10,15,20-tetrakis(3,5-di-tert-butyl-4-hydroxyphenyl)-porphyrinatocopper(II)/nickel(II) 

(100 mg) was dissolved in 20 mL of distilled chloroform. To this, 1 ml of acetic acid was 

added and stirred for 10 minutes. Solution of copper nitrate (12 mg) in acetic anhydride (5 

ml) added dropwise after that reaction mixture was stirred at room temperature up to 2 h. 

After rota evaporation reaction mixture was washed with NaHCO3 followed by extraction 

with CHCl3. The crude product of porphyrin was chromatographed on silica gel column 

using CHCl3/1-2% CH3OH. A black amorphous powder of porphyrin obtained with (54-

59 mg) 54-59% yield.  

Ni-diOxP: Yield: 54%. UV-Vis. λmax (nm), (log ε): 397 (5.12), 501 (4.42), 611 (4.01). 
1
H 

NMR in CDCl3 δ (ppm): 9.27 (s, 8H, β-pyrrole-H), 7.54 (s, 4H, meso-m-phenyl-H), 6.95 

(s, 4H, meso-m-phenyl-H), 1.37 (s, 36H, meso-o-t-butylphenyl-H) MALDI-TOF-MS 

(m/z): found [M+H]
+
 1015.78, calcd. 1015.32. 

Cu-diOxP: Yield: 59%. UV-Vis. λmax (nm), (log ε): 401 (4.94), 509 (4.15), 630(3.76). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1020.76, calcd. 1020.32. 

3.3 RESULTS AND DISCUSSION 

3.3.1 Synthesis and Characterization  

5,10,15,20-tetrakis(3,4-dioxo-5-t-butylcyclohexa-1,5-dienyl)porphyrinatonickel(II) (Ni-

diOxP) and 5,10,15,20-tetrakis(3,4-dioxo-5-t-butylcyclohexa-1,5-
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dienyl)porphyrinatocopper (Cu-diOxP) have been prepared from their respective nickel 

and copper 5,10,15,20-tetrakis(3,5-di-t-butyl-4-hydroxyphenyl)porphyrin under nitration 

conditions using  acetic anhydride-acetic acid mixture in chloroform (Scheme 3.1). Ni-

diOxP (1) and Cu-diOxP (2) exhibit brown-black colours in both solid and solution state 

in contrast to deep-purple of the parent porphyrins due to strong effect of the o-quinone 

substituents on the porphyrin chromophore relative to simple phenyl substituents. 

 

Scheme 3.1 Synthetic Routes for the Ni-diOxP (1) and Cu-diOxP (2) under β-Nitration 

Conditions. 

Electronic absorption spectra of porphyrins 1-3 are shown in Figure 3.1. The most 

important feature is the increased absorbance across the entire visible range from 350 to 

nearly 700 nm, which accounts for their dark colours. 

(a) (b) 

 

Figure 3.1 Absorption Spectra of 1-4 Porphyrins in CH2Cl2 at 298 K. 
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3.3.2 Cyclic Voltammetric Studies 

 To examine the effect of di-quinone and nonplanarity of the macrocycle on 

electrochemical redox potentials, we have carried out cyclic voltammetric studies. Cyclic 

voltammograms of 1–4 in CH2Cl2 containing 0.1 M TBAPF6 as supporting electrolyte are 

shown in Figures 3.2 and A8, A9, Appendix-II. The cyclic voltammograms and 

differential pulse voltammetry of 1 and 2 in CH2Cl2 exhibit two well separated reductions 

under similar conditions, the corresponding MTPP (M = Ni(II) and Cu(II)) derivatives 

were also examined. The electrochemical redox data (vs Ag/AgCl) is listed in Table 3.1. 

The first two processes corresponding to the reduction of the appended benzoquinone are 

located at -0.372, -1.072 (for 1) and -0.388, -1.204 (for 2) vs. Ag/AgCl, respectively at a 

scan rate of 0.1 Vs
-1

. Scanning the potential in the positive direction revealed the first 

porphyrin based oxidation at 1.384 V for 1 and 1.33 V for 2, respectively. 

 

Figure 3.2 Cyclic Voltammograms of 1-4 in CH2Cl2 Containing 0.1 M TBAPF6 as the 

Supporting Electrolyte using Ag/AgCl as the Reference Electrode. 

These oxidations were more difficult compared to simple Cu and Ni porphyrins due to the 

presence of the four electron deficient o-quinone entities directly attached to the porphyrin 

macrocycle. The electrochemical studies revealed that meso-tetrakis(3,4-benzoquinone)-

substituted metalloporphyrin ring is electron deficient by ~1.1 V as compared to 

TDtBPPM (M = Cu, Ni) and ~0.94 V as compared to oxoporphyrinogen, respectively. 
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3.3.3 Solvatochromism Studies 

Solvatochromism is the term for changes in electronic spectra of compounds when 

dissolved in different solvents and is related to changes in the electronic structure in the 

subject molecules caused by variation of solvent polarity or other interactions, especially 

hydrogen bonding [28,29]. We have taken the absorption spectra of 1 and 2 in different 

solvents such as polar, non-polar and basic. For compounds 1, absorption maxima in 

different solvents appear in the range 395-445 nm, and this is illustrated by the spectra 

shown in Figure 3.3 while the positions of the absorption maxima in different solvents are 

summarized in Table A1-A2, Appendix-II. The meso-tetrakis(3,4-benzoquinone)-

substituted metalloporphyrins (1 and 2) exhibited red-shifted absorption spectra in basic 

solvents like piperidine, Et3N and pyridine unlike to other solvents like toluene, CHCl3, 

ethyl acetate etc. The systems also showed change in hue for basic solvents such as 

piperidine, Et3N and pyridine. This observation supports the axial ligation of basic 

solvents to metal atom of electron deficient benzoquinone system. This output directs to 

check the response of toxic anions towards these electron deficient meso-tetrakis(3,4-

benzoquinone) appended porphyrin  metal complexes (1 and 2). 

Table 3.1 Electrochemical Redox Data (vs Ag/AgCl) of Synthesized 

Porphyrins (1-4) in CH2Cl2 Containing 0.1 M TBAPF6 at 298 K with 

the Scan Rate of 0.1 V/s. 

Porphyrin Oxidation (V) Reduction (V) ΔE (V) 

I II I II  

NiTPP 1.02 1.32 -1.28 -1.72 2.30 

CuTPP 0.97 1.35 -1.30 -1.71
a
 2.27 

Ni-dtBTPP (3) 0.87
a
  -1.37

a
  2.24 

Cu-dtBTPP (4) 0.76  -1.43  2.19 

Ni-diOxP (1) 1.38  -0.37 -1.07
a
 1.75 

Cu-diOxP (2) 1.33  -0.38 -1.204
a
 1.71 

Ox[T(DtBHP)P] 0.48 0.27 -1.33  1.81 

a
irreversible peak potential 
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Figure 3.3 Electronic Absorption Spectrum of 1 in Solvents of Various Polarities. 

3.3.4 Anion Binding Studies 

The anion recognition properties of 1 and 2 were studied in toluene with different anions 

such as CN
−
, F

−
, Cl

−
, Br

−
, I

−
, NO3

−
, HSO4

−
, PF6

−
, ClO4

−
, BF4

−
, CH3COO

−
 and H2PO4

−
 

ions using UV-visible spectroscopy with the addition of the aliquot anion in the form of 

TBA salt. Among all, CN
−
 and F

− 
selectively interacted with 1 and 2 by showing a 

considerable change in the UV-visible spectra, as shown in Figures 3.4 and A10, A11, 

Appendix-II, whereas there were no shifts observed for the other anions as shown in 

Figure 3.5 and A12, Appendix-II. As we increased the concentration of CN
–
 ions (0-1.53 

× 10
-4 

M, 4.8 equiv.), the decrement in the absorbance of 1 was observed at 400 nm with 

the shift of wavelength at 427 nm with bathochromic shift of 27 nm. The B-H plot (Figure 

3.4b inset) shows a straight line between 1/[CN
–
]

2
 and 1/(A0-A), which indicates 1 : 2 

(porphyrin-to-anion) stoichiometry. The binding constant was found to be 5.01 × 10
8
 M

-2
. 
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Upon addition of F
–
 ions (0-1.41 x 10

-3
 M, 45 equiv.) to 1, the absorption band at 400 nm 

shifts to 424 nm with a binding constant of 2.5 × 10
6
 M

-2
. Moreover, the similar 

behaviour was observed for 2 with CN
– 

and F
–
 ions as shown in Figures A10, A11, 

Appendix-II. Table 3.2 lists the association constants obtained for CN
–
, F

–
 ions with 1 and 

2 in toluene at 298 K. From the binding constant and amount of toxic ions used to saturate 

the spectrum in each case lead us to important conclusion that cyanide ions interacts 

effectively with 1 and 2. Our group has recently reported the ability of electron-deficient 

nickel porphyrins for cyanide sensing through axial ligation [30].
 
There are only few 

reports present in literature for the basic anions detection via. axial binding to metallo-

porphyrins [31]. These meso-tetrakis(3,4-benzoquinone) substituted metalloporphyrins (1 

and 2) also binds to both F
–
 and CN

–
 ions axially. 

 

 

 Figure 3.4 UV-Visible Titration of 1 (3.14 × 10
-5 

M) (a) Upon Addition of F
–
 Ions (0-

1.14 × 10
-3 

M) and (b) Upon Addition of CN
–
 ions (0-1.53 × 10

-3 
M) in Toluene Medium 

at 298 K. Inset Shows the Corresponding B-H Plot. 
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In order to evaluate the binding of only cyanide and fluoride ions with 1 and 2, absorption 

spectral changes upon addition of excess of various anions including F
‒
, Cl

‒
, Br

‒
, NO3

‒
, 

H2PO4
‒
, AcO

‒
, I

‒
, HSO4

‒
, ClO4

‒
, CN

‒
 and PF6

‒
 were studied.  

Characteristic spectral changes were observed only for cyanide and fluoride ions (Figures 

3.5 and A12, Appendix-II). Competition experiments to ascertain the selectivity of the 

probes in the presence of the other interfering anions were performed in toluene. In these 

measurements, 10 equiv. of the other interfering anions (excess) were used. A 

representative selectivity bar charts observed for 1 and 2 are shown in Figures 3.6, 3.7 

and A13, A14, Appendix-II.  

 

 

 

 

 

 

 

 

 

 

Figure 3.5 Absorption Spectra of 1 (3.14 × 10
-5

M) in the Presence of Different Anions. 

Table 3.2 Binding Constant Data of Electron Deficient 

Meso-tetrakis(3,4-benzoquinone)-substituted Porphyrins 

in Toluene at 298 K 

 
Porphyrin 

 

Binding Constant (M
-2

)  

CN
–  

 F
–
 

 
Ni-diOxP (1) 

 
     5.01 × 10

8
 

 
2.50 × 10

6
 

 
Cu-diOxP (2) 

 
1.50 × 10

9
 

 
3.25 × 10

7
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It clearly confirms the exclusive cyanide and fluoride ion detecting ability of these 

porphyrins even in the presence of all interfering anions in the same solution. We have 

also recorded the 
1
H NMR spectra after addition of CN

–
 and F

–
 ions into Ni-diOxP (1). 

On increasing the conc. of F
−
 ions from 0 to 2 equiv., there is no change in position of 

peaks. Even upto 20 equiv. of F
–
 ions does not change the spectrum and the similar 

behaviour is observed for CN
–
 ions also as shown in Figure A15, Appendix-II. To further 

support the binding mechanism, cyclic voltammetric studies have been done after 

addition of CN
– 

and F
– 

ions. The first reduction potential shifted cathodically after the 

addition of cyanide ions to 1 and 2 as shown in Figures A16-A17, Appendix-II. The 

cathodic shift in reduction potential supports the decrease of overall electron deficiency of 

complex. The spectral changes as well as CV and DPV changes lead to axial-ligation of 

F
–
 and CN

–
 ions to these metallated electron-deficient benzoquinone substituted 

porphyrins. But Ni-dtBTPP (3) and Cu-dtBTPP (4) do not show any axial-ligation with F
–
 

and CN
–
 ions (Figures A18-A19, Appendix-II). The excess addition of F

–
 ions (> 200 

equiv.) changed both Ni-dtBTPP (3) and Cu-dtBTPP (4) from porphyrin state to 

porphodimethene (Figures A20, A21, Appendix-II). The switching between porphyrin 

and porphodimethene state upon excess addition of fluoride ions are very well studied in 

literature in case of anti-oxidant porphyrins [32] .Whereas, addition of more than 200 

equiv. of  CN
–
 ions does not affect the spectra of 3 and 4 (Figures A22, A23, Appendix-

II). In case of metallo-benzoquinone substituted porphyrin, anion sensing operation is 

based on the variation of its state from porphyrin to electron-deficient quinone and also 

via the ability of electron deficient dioxo-porphyrinogen to accommodate basic guests 

through axial-ligation. The electron deficiency of these systems concluded from the 

ability of benzoquinone substituted metalloporphyrin system towards fluoride ion in 

addition to most basic cyanide ions. Also, anion binding studies in different solvents 

shows only red-shift in absorption spectra for all the solvents except basic solvents. In 

basic solvents the bands are already red-shifted due to axial ligation of basic solvents. The 

broadening of UV-Vis spectrum was also observed after the addition of anions. So we can 

propose charge-transfer interactions between these donor-acceptor adducts. The FWHM 

for Cu-dtBTPP (39.7 nm) changes to 69 nm (2•2F
–
) and 63 nm (2•2CN

–
). FWHM for Ni-
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dtBTPP (86 nm) changes to 69 nm (1•2F–) and 93 nm (1•2CN–) which supports the 

charge-transfer interactions between porphyrin metal centre and anions [33-34]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Ratiometric Absorbance Changes (A427/A400) of 1 (3.14 × 10
-5

M) on 

Addition of 4 equiv of CN
- 
and 10 equiv. of Other Anions. Blue Bars Indicate the Blank 

and in the Presence of Other Interfering Anions, and Brown Bars Indicate the Addition of 

CN
-
 to the Interfering Anions. 

 

 

 

 

 

 

Figure 3.7 Ratiometric Absorbance Changes (A424/A400) of 1 (3.14 × 10
-5

M) on 

Addition of Excess equiv of F
- 
and Other Anions. Blue Bars Indicate the Blank and in the 

Presence of Other Interfering Anions, and Brown Bars Indicate the Addition of F
-
 to the 

Interfering Anions. 
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3.3.5 Computational Studies 

The ground state geometry optimization of 1 and 2 in gas phase was carried out by DFT 

calculations using the B3LYP functional with LANL2DZ basis set. Notably, 1 exhibited 

quasi planar conformation with the displacement of β-pyrrole carbons, ΔCβ = ±0.212 Å 

and the 24 atoms core, Δ24 = ±0.23 Å, whereas 2 have shown planar conformation of the 

porphyrin macrocyle (ΔCβ = ±0.186 Å and Δ24 = ±0.085 Å). Figures A24, A25, 

Appendix-II, represents fully optimized geometries of 1 and 2. Figure 3.8 represent the 

fully optimized geometry of 1•2CN
−
 which exhibit planar conformation. The pictorial 

views of frontier molecular orbitals (FMOs) of 1, and 1•2CN
−
 are shown in Figure 3.9. As 

expected for porphyrins, the HOMOs and LUMOs of compounds 1-2 were all π-orbitals. 

But in contrast to porphyrins, the HOMO orbitals for compounds 1 and 2 were found to 

be mainly on the porphyrin 24-atom π-ring system, and LUMO spread only on 

benzoquinone rings. Switching of these orbitals occur upon cyanide binding. As shown in 

Figure 3.9, for 1•2CN
−
, HOMO spreads all over the host-guest assembly. 

3.3.6 Cyanide Sensing in Aqueous Media 

Due to poisonous nature of cyanide ion and in order to find out the practical applicability 

of synthetic probe, we have tested the toxic ion ability of these systems in H2O. Potassium 

cyanide was dissolved in water and after that 18-crown-6 was added into it, to capture K
+
. 

This solution was added into toluene solution of Ni-diOxP (1) and Cu-diOxP (2), 

respectively. The UV-Vis spectra shifted for each system due to axial ligation of cyanide 

ion as shown in Figure 3.10 and Figure A26, Appendix-II. However, addition of aqueous 

solution of KF and 18-crown-6 does not bring about any spectral changes 1 and 2 because 

of strong hydration of fluoride ion. These observations pave a new pathway for the 

selective detection of CN
–
 ions among other ions in aqueous medium. Ratiometric studies 

to check the selectivity of the probes towards CN
– 

ions in the presence of the other 

interfering anions were also performed. A representative selectivity bar charts observed 

for 1 and 2 clearly confirms the exclusive cyanide sensing ability of these porphyrins 

even in the presence of all interfering anions in aqueous media as shown in Figures A27, 

A28, Appendix-II. 
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(a) 
(b) 

 

Figure 3.8 B3LYP/LANL2DZ-Optimized Geometry Showing (a) Top as well as (b) Side 

View of Ni-diOxP.2CN
‒
; Hydrogen are Omitted for Clarity. In the Side View Meso-

phenyl Substituents are not Shown Omitted for Clarity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 Pictorial Views of Frontier Molecular Orbitals (FMOs) of 1 and 1.2CN
‒
. 
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Figure 3.10 UV-Visible Spectra of 1 and 1.2CN
‒
. After Addition of Aqueous Solution of 

KCN and 18-crown-6. 

3.4 CONCLUSIONS 

In conclusion, we synthesized tetrabenzoquinone appended Ni(II) and Cu(II) porphyrins and 

characterized by various spectroscopic techniques. These porphyrins exhibited strong 

solvatochromism behavior in nitrogenous bases through axial coordination. Further, we studied 

the anion sensing properties of tetrabenzoquinone appended Ni(II) and Cu(II) porphyrins. The 

electrochemical studies revealed that meso-tetrakis(3,4-benzoquinone)-substituted 

metalloporphyrin ring is electron deficient by ~1.1 V as compared to TDtBPPM (M = Cu and 

Ni) and nearly 0.94 V as compared to oxoporphyrinogen, respectively and therefore binds to less 

basic F
–
 ions also in addition to highly basic cyanide ions through axial ligation mechanism. 

These porphyrins act as F
−
 and CN

− 
chemosensor in nonaqueous media and selective CN

‒
 sensor 

in aqueous medium due to high solvation of F
‒
 ions in aqueous media even in presence of all 

other interfering anions in excess. 
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CHAPTER 4 

UNSYMMETRICAL NONPLANAR ‘PUSH-PULL’ β-OCTA 

SUBSTITUTED PORPHYRINS: SYNTHESIS, STRUCTURAL, 

PHOTOPHYSICAL AND ELECTROCHEMICAL REDOX PROPERTIES 

4.1 INTRODUCTION 

Porphyrin is a colored, tetrapyrrolic pigment ubiquitous in nature. Porphyrin is highly aromatic 

18-π electron system which is involved in many processes such as oxygen transport and storage, 

electron transfer and oxidative catalysis [1,2]. Due to nonplanar conformation, porphyrins are 

used as models for heme proteins. Porphyrins are conformationally flexible and have many 

peripheral positions available for functionalization
 
[3]. The alternation in physicochemical 

properties of synthetic porphyrins can be studied by introduction of β-substituents either electron 

donor and/or electron acceptor at periphery of macrocycle since these substituents are in direct 

conjugation with porphyrin π-system
 
[4]. β-Nitroporphyrins have been extensively used as 

starting material for further functionalization of macrocyclic core. Curiosity in the synthesis of 

new family of porphyrins arises due to application of these compounds in the field of biology, 

supramolecular chemistry and material science [5,6]. Mixed substituted porphyrins and their 

metal complexes have potential applications in molecular sensors [7–9], catalysis [10], dye-

sensitized solar cells (DSSC) [11,12], photodynamic therapy (PDT) [12] and nonlinear optics 

(NLO) [13]. Increasing the number of β-substituents induces steric repulsion between the 

substituents and enhances the nonplanar conformation of the macrocyclic core which serves as 

model compounds of heme [14,15]. Perhalogenated metalloporphyrins exhibit enhanced 

robustness towards oxidative degradation and hence these porphyrins can serve as model 

compounds for heme enzymes such as cytochrome P450 [16]. The substitution at peripheral β-

position of the macrocycle leads to modulation of physicochemical and electrochemical 

properties of porphyrins [17]. Meso-substituted porphyrin system exerts less steric and electronic 

effects on porphyrin π-system as compared to β-position. β-Substitution at periphery of 

porphyrin core exert the steric repulsion among the substituents as a result the pyrrole nitrogens 

incline from the plane of porphyrin core to reduce repulsion between peripheral substituents 

which results in nonplanarity of macrocycle core [18]. β-halo porphyrins are utilized as efficient 
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catalysts for epoxidation and hydroxylation reaction [19]. Highly substituted macrocycles exhibit 

exclusive physicochemical properties [20]. Kadish and other research groups have reported the 

electrochemical studies of various mixed substituted porphyrins [21–24]. Herein, we report the 

influence of mixed β-substitution on electrochemical redox and photophysical properties of 

porphyrin. Hence we synthesized two new family of free base mixed β-substituted porphyrins 

and their metal derivatives and studied their structural, photophysical and electrochemical redox 

properties of push-pull porphyrins  viz. MTPP(Ph)2Br5X (X = NO2 or Br and M = 2H, Co(II), 

Ni(II), Cu(II) and Zn(II)). These porphyrins were synthesized first time which shows highly 

bathochromic shift the in absorption spectra and enhanced nonplanarity of macrocyclic core as 

compared to MTPP (M = 2H, Co(II), Ni(II), Cu(II) and Zn(II)). Reports on β-substituted 

porphyrins are limited as compared to meso-substituted porphyrins due to lack of synthetic 

methodologies whereas latter ones have been widely explored due to their facile synthesis and 

functionalization [25,26]. 

 

Chart 4.1 Molecular Structures of Synthesized Mixed β-Octasubstituted Porphyrins. 

4.2 EXPERIMENTAL SECTION 

4.2.1 Reagents 

Pyrrole, N-bromosuccinamide, potassium carbonate, phenyl boronic acid, HCl, methanol 

and hexane, were purchased from Alfa Aesar Rankem, SRL and used without further 

purification.  M(OAc)2•nH2O (M = Co
II
, Cu

II
, Ni

II
 and Zn

II
), DMF, Na2SO4, TBAPF6, 

P2O5 and Br2 were purchased from HiMedia, and used as received. Pd(PPh3)4 was 

purchased from Sigma-Aldrich. Toluene, CHCl3 and CH2Cl2 were distilled over P2O5. 
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NBS was used after recrystallized from hot water then dried under vacuum up to 8h at 

75
ο
C. TBAPF6 was used after recrystallization twice from hot ethanol then dried at 25

ο
C 

for 2 days. 

4.2.2 Instrumentation and Methods 

UV-vis and fluorescence spectra were recorded by Cary 100 spectrophotometer and 

Hitachi F-4600 spectroflurometer, respectively. All 
1
H NMR spectra were recorded using 

JEOL 400 MHz spectrometer in CDCl3 at 298 K. Elementar EL III Instrument used to 

carry out elemental analysis. A Bruker UltrafleXtreme-TN MALDI-TOF/TOF mass 

spectrometer was used to record mass spectra of synthesized porphyrins using 2-(4’- 

hydroxybenzeneazo)benzoic acid as a matrix. Electrochemical studies were performed on 

CHI-620E electrochemical workstation. The electrode system, Pt-wire counter electrode, 

Pt working electrode and Ag/AgCl as a reference electrode. All measurement in 

electrochemical studies were carried out in triple distilled dichloromethane containing 0.1 

M TBAPF6 as supporting electrolytes. Computational studies of synthesized free base 

porphyrins were carried out in gas phase using LANL2DZ basis set and B3LYP 

functional.    

4.2.3 Synthesis of 2,3,7,8,17,18-hexabromo-12,13-diphenyl-meso-

tetraphenylporphyrin (H2TPP(Ph)2Br6) and 2-nitro-3,7,8,17,18-pentabromo-12,13-

diphenylporphyrin(H2TPP(NO2)(Ph)2Br5)  and Their Metal Complexes:  

NiTPP(NO2)(Ph)2 was synthesized according to the method developed in our lab [18]. 

NiTPP(NO2)(Ph)2 (0.120 g, 0.138 mmol) was taken in 40 ml of distilled CHCl3 in 250 ml 

RB flask. To this solution, liquid bromine (40 eq.) was added drop wise and then reaction 

mixture stirred at room temperature for 4 h. After that, pyridine (1.24 ml) was added to 

the reaction mixture and again stirred for 6 h at room temperature. At the end of this 

period, reaction mixture was neutralized by sodium meta-bisulphite and washed with 

water. Finally, the organic layer dried over Na2SO4. The crude product was 

chromatographed on silica gel column in which CHCl3/Hexane mixture (1:1 v/v) used as 

eluent, two fraction were obtained. The first fraction NiTPP(Ph)2Br6 was obtained with 

(0.051 g) 40% yield and NiTPP(NO2)(Ph)2Br5 as second fraction with (0.042 g) 35% 

yield. 
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Demetalation of NiTPP(Ph)2Br5X (X = NO2/Br):  

75 mg of NiTPP(Ph)2Br5X (X = NO2 or Br) was dissolved in minimum amount of 

chloroform. Few drops of conc. sulphuric acid was added dropwise in the solution and stir 

for 25 min at 0
ο
C. Then 40 ml of distilled H2O added to this solution. Water and 10% of 

aq. ammonia solution used to washed the organic layer and finally excess ammonia was 

removed with distilled water. Then organic layer was passed through the anhydrous 

Na2SO4 and then purified on silica gel chromatographed using chloroform as eluent. 

Yield: (57-62 mg) 86-88%. 

H2TPP(NO2)(Ph)2Br5. UV-vis. λmax (nm), (log ε): 477(4.88), 644(3.69), 745(3.64). 
1
H 

NMR in CDCl3 (400MHz): δ (ppm) 8.24(t, 6H, J = 8.2 Hz,  meso-o-Ph), 7.85-7.70(m, 

10H, meso-o and m-Ph), 7.38-7.27(m, 4H, meso-p-Ph), 6.85-6.79(m, 10H β-Ph). MALDI-

TOF-MS (m/z) = [M]
+
 1204.89, calcd. 1204.84. Anal. calcd. for C56H32Br5N5O2: C, 

55.75; H, 2.67; N, 5.81%. Found: C, 55.05; H, 2.30; N, 5.32%. 

20 mg, (0.016 mmol) H2TPP(NO2)Ph2Br5 was dissolved in 8 ml of CHCl3. To this 

solution, 10 eq. of M(OAc)2.nH2O (M = Cu(II), Zn(II), Co(II)) in 2 ml of methanol was 

added and mixture was refluxed for 35 minutes. Then reaction mixture cooled to room 

temperature and washed with water, organic layer passed through anhydrous Na2SO4 and 

crude product was purified by column chromatographed using CHCl3 as eluent. Yield: 

90-94%. 

NiTPP(NO2)(Ph)2Br5: UV-vis. λmax (nm), (log ε): 454(4.86), 568(3.87), 617(3.68). 
1
H 

NMR in CDCl3 (400MHz): δ (ppm) 7.96-7.92(m, 4H, meso-o-Ph), 7.74-7.44(m, 12H, 

meso-o,m-Ph), 7.22-7.13(m, 4H, meso-p-Ph), 6.88-6.66(m, 10H β-Ph). MALDI-TOF-MS 

(m/z) = [M]
+
 1263.91, calcd. 1263.76. Anal. calcd. for C56H32Br5N5NiO2: C, 53.25; H, 

2.39; N, 5.54%. Found: C, 53.92; H, 2.64; N, 5.02%. 

CuTPP(NO2)(Ph)2Br5: UV-vis. λmax (nm), (logε): 465(4.79), 585(3.91), 635(3.64). 

MALDI-TOF-MS (m/z) = [M]
+
 1268.93, calcd. 1268.76. Anal. calcd. for 

C56H30Br5CuN5O2: C, 53.05; H, 2.38; N, 5.52%. Found: C, 52.94; H, 2.30; N, 5.32%. 

CoTPP(NO2)(Ph)2Br5: UV-vis. λmax (nm), (logε): 455(4.88), 573(3.91). MALDI-TOF-

MS (m/z) = [M+H]
+
 1263.83, calcd. 1262.76. Anal. calcd. for C56H30Br5CoN5O2: C, 

53.24; H, 2.39; N, 5.54 %. Found: C, 53.15; H, 2.04; N, 5.14%. 
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ZnTPP(NO2)(Ph)2Br5: UV-vis. λmax (nm), (logε): 471(4.98), 605(3.71), 669(3.77). 
1
H 

NMR in CDCl3 (400MHz): δ (ppm) 8.12 (t, 4H, J = 8 Hz,  meso-o-Ph), 7.82-7.60 (m, 

12H, meso-o,m-Ph), 7.22-7.09 (m, 4H, meso-p-Ph), 6.80-6.60 (m, 10H, β-Ph). MALDI-

TOF-MS (m/z) = [M+2H]
+
 1270.85, calcd. 1270.75. Anal. calcd. for C56H30Br5N5O2Zn: 

C, 52.97; H, 2.38; N, 5.52%. Found: C, 52.67; H, 2.20; N, 5.46 %. 

H2TPP(Ph)2Br6: UV-vis. λmax (nm), (logε): 468(5.01), 571(3.64), 629(3.76), 738(3.85). 

1
H NMR in CDCl3 (400MHz): δ (ppm) 8.23(d, 6H, J = 8 Hz, meso-o-Ph), 7.83-7.74(m, 

10H, meso-o,m-Ph), 7.34-7.28(m, 4H, meso-p-Ph), 6.83-6.76(m, 10H β-Ph), -1.64 (bs, 

1H, imino-H). MALDI-TOF-MS (m/z) = [M+H]
+
 1240.51, calcd. 1239.77. Anal. calcd. 

for C56H32Br5N5O2: C, 55.75; H, 2.67; N, 5.81%. Found: C, 55.95; H, 2.97; N, 5.92%. 

NiTPP(Ph)2Br6: UV-vis. λmax (nm), (logε): 446 (5.18), 561 (4.06), 603 (3.74). 
1
H NMR 

in CDCl3 (400MHz): δ (ppm) 7.94(d, 4H, J = 8 Hz, meso-o-Ph), 7.75-7.62(m, 8H, meso-

o,m-Ph), 7.53(d, 4H, J = 8, meso-p-Ph), 7.15(t, 4H J = 8 Hz, meso-p-Ph),  6.82-6.61(m, 

10H β-Ph). MALDI-TOF-MS m/z) = [M+H]
+
 1298.34, calcd. 1298.68. Anal. calcd. for 

C56H30Br6N5Ni: C, 51.86; H, 2.33; N, 4.32%. Found: C, 51.92; H, 2.94; N, 4.67%. 

CuTPP(Ph)2Br6: UV-vis. λmax (nm), (logε): 444(5.06), 461sh(5.01), 579(4.14), 

626(3.73). MALDI-TOF-MS m/z = [M]
+
 1301.97, calcd. 1301.68. Anal. calcd. for 

C56H30Br6CuN4: C, 51.67; H, 3.32; N, 4.30%. Found: C, 51.09; H, 3.76; N, 4.87%. 

CoTPP(Ph)2Br6: UV-Vis. λmax (nm), (logε): 445(5.02), 565(3.94). MALDI-TOF-MS m/z 

= [M+H]
+
 1297.67, calcd. 1297.68 Anal. calcd. for C56H30Br6CoN4: C, 51.85; H, 2.33; N, 

4.32%. Found: C, 51.99; H, 2.56; N, 4.67%. 

ZnTPP(Ph)2Br6: UV-Vis. λmax (nm), (logε): 463(5.07), 597(3.78), 653(3.68). 
1
H NMR in 

CDCl3 (400MHz): δ (ppm) 8.14(d, 4H, J = 8 Hz, meso-o-Ph), 7.79-7.71(m, 10H, meso-

o,m-Ph), 7.32-7.27(m, 3H, meso-p-Ph), 7.23-7.18(m, 3H, meso-p-Ph), 7.79-7.64(m, 10H 

β-Ph). MALDI-TOF-MS m/z = [M]
+
 1303.40, calcd. 1303.68. Anal. calcd. for 

C56H30Br6N4Zn: C, 51.59; H, 2.32; N, 54.30%. Found: C, 51.87; H, 2.45; N, 54.46 %. 
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4.3 RESULTS AND DISCUSSION 

4.3.1 Synthesis and Characterization 

Two new series of mixed β-octasubstituted porphyrins have been synthesized and characterized 

by using various spectroscopic techniques. Firstly, H2TPP was synthesized according to the 

reported literature and followed by Cu(II) insertion in the core [27]. Then mono-nitration of 

CuTPP was carried out with 80% yield and followed by acid demetalation yielded H2TPP(NO2). 

Further, the regioselective dibromination of H2TPP(NO2) was carried out in order to synthesize 

H2TPP(NO2)Br2 which again subjected for Pd catalyzed Suzuki cross-coupling reaction and 

resulted into the formation of H2TPP(NO2)Ph2. Then Ni(II) insertion of H2TPP(NO2)(Ph)2 was 

carried out in DMF. The bromination of NiTPP(NO2)(Ph)2 with 40 equivalents of liquid bromine 

resulted in to formation of NiTPP(NO2)(Ph)2Br5 and NiTPP(Ph)2Br6. NiTPP(Ph)2Br6 was 

obtained as a first fraction with 40% yield and second fraction was NiTPP(NO2)(Ph)2Br5 with 

35% yield. The free base porphyrins were obtained by acid demetallation in good yield (86-

88%). Metal (Co(II), Cu(II) and Zn(II)) complexes were prepared with excellent yields (90-94%) 

by conventional methods as described in the literature [18]. The synthesized porphyrins were 

characterized by various spectroscopic techniques such as UV-Vis, fluorescence, NMR, MALDI 

mass spectrometry, single-crystal X-ray and elemental analysis.  

 

Scheme 4.1 Synthesis of Mixed β-Octasubstituted Porphyrins. 

The mixed substituted porphyrins exhibited proton singnals for meso-phenyl, β-

substituents, and core imino protons. H2TPP(NO2)(Ph)2 shows proton resonance for β-

pyrrole protons in the range of 8.98-8.58 ppm, for meso-phenyl 8.30-7.23 ppm and for β-

phenyl 6.90-6.80 ppm [18]. Due to more electron-withdrawing groups on periphery of 
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macrocycle, the meso-phenyl protons of H2TPP(Ph)2Br5X (X = NO2 or Br) were slightly 

upfield ( = 0.1-0.4 ppm) shifted than H2TPP(NO2)(Ph)2 whereas marginal shift was 

observed in case of β-phenyl protons of H2TPP(Ph)2Br5X (X = NO2 or Br). The core 

imino protons of H2TPP(Ph)2Br6 exhibited characteristic proton signal at -1.64 ppm 

which is 0.67 ppm downfield shifted as compared to H2TPP(NO2)(Ph)2, due to electron 

withdrawing nature of β-bromo groups and nonplanarity of the ring which reduces the 

ring current of porphyrin π-system [28]. In 
1
H NMR spectra of MTPP(Ph)2Br5X (X = Br 

or NO2) (M = Zn(II) and Ni(II)) complexes, no -NH signal were found due to presence of 

metal ions in the porphyrin core. The resonances of meso-phenyl protons for 

NiTPP(Ph)2Br5X (X = Br or NO2) are slightly upfield shifted ( = 0.14-0.28 ppm) as 

compared to H2TPP(Ph)2Br5X (X = Br or NO2). β-phenyl proton of NiTPP(Ph)2Br5X (X = 

Br or NO2) exhibits (0.04-0.13 ppm) upfield shift. While in case of ZnTPP(Ph)2Br5X (X = 

Br or NO2) meso-phenyl proton resonances are marginally upfield shifted (0.11-0.17 

ppm) and β-phenyl protons exhibits (0.06-0.15 ppm) upfield shift than H2TPP(Ph)2Br5X 

(X = Br or NO2). 
1
H NMR spectra of synthesized porphyrins are shown in Figures A1-A3 

and A5-A7, Appendix-III and the MALDI-TOF mass spectra of all synthesized 

porphyrins are shown in Figures A4 and A8, Appendix-III. The observed molecular ion 

peaks are matching with the proposed structures. 

4.3.2 Single Crystal X-ray Structure 

The X-ray quality single crystal of H2TPP(NO2)(Ph)2Br5 were obtained by slow diffusion of 

CH3OH in to CH2Cl2 solution of H2TPP(NO2)(Ph)2Br5 at 298 K. ORTEP diagram of 

H2TPP(NO2)(Ph)2Br5 is shown in Figure 4.1. Crystallographic data of H2TPP(NO2)(Ph)2Br5 is 

listed in Table A1, Appendix-III. This porphyrin crystalized in monoclinic system with P 21/c 

space group. Crystal packing diagram of H2TPP(NO2)(Ph)2Br5 is shown in Figure A13, 

Appendix-III. Selected average bond angles and bond distances are listed in Table A2, 

Appendix-III. Peripheral β-substitutions of free base porphyrin induced the nonplanarity of 

macrocyclic core. Further, two CH3OH solvent molecule are having bonding with imino 

nitrogens. The Cβ-Cβ bond length (   66  
 
) of H2TPP(NO2)Ph2Br5 (bearing two Ph, one NO2 

and one Br groups) are longer than Cβ΄-Cβ΄(   7   
 
) ( earing  our  r group )  ue to the pre ence 
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of mixed β-substitutions by varying in shape and size at periphery of macrocycle. The pyrrole 

units of H2TPP(NO2)(Ph)2Br5 tilted up and down alternatively from the mean plane of porphyrin 

core. Cβ-Cβ substituents tilted to the one face of porphyrin and Cβ΄-Cβ΄ substituents tilted to other 

face of porphyrin. The increament in the Cβ-Cα-Cm bond angle with decreament in the N-Cα-Cm 

revealed nonplanar conformation of the porphyrin core. H2TPP(NO2)(Ph)2Br5 exhibited saddle 

 hape nonplanar con ormation with the  eviation o   4 core atom  (Δ 4) by   558  
 
 and the 

displacement of β-car on (ΔCβ) by       
 
 from the mean plane of porphyrin core. So 

H2TPP(NO2)Ph2Br5 exhibited highly nonplanar conformation as compared to precursor 

(H2TPP(NO2)(Ph)2) (ΔCβ =   67   
 
 an  Δ 4 =        

 
)  ue to the e  ect o  five β-bromo 

substituents at periphery of the porphyrin [18]. 

 

 

Figure 4.1 ORTEP Diagram of H2TPP(NO2)(Ph)2Br5. 

4.3.3 Electronic Spectral Studies 

Optical absorption spectra of MTPP(Ph)2Br5X (M = 2H, Co(II), Ni(II), Cu(II), Zn(II) and X = 

NO2 or Br) are influenced by the shape, size and electronic nature of β-substituents. The 

electronic spectra of all synthesized porphyrins were measured in CH2Cl2 at 298 K. The 
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increment in the number of substituents at β-pyrrole position of porphyrin leads to induce the 

nonplanarity of macrocyclic system which result into bathochromic shift in the absorptions 

spectra due to enhanced steric repulsion between the β-substituents which results into the 

destabilization of HOMOs [29]. The Soret band of H2TPP(Ph)2Br5X (X = NO2 or Br) is broader 

than H2TPP due to distortion of macrocyclic ring (nonplanar conformation) and intramolecular 

charge transfer. The Soret and longest wavelength Qx(0,0) bands of H2TPP(Ph)2Br5X (X = NO2 

or Br) exhibits (Δλmax = 53-61 nm) and (Δλmax = 90-95 nm) dramatic bathochromic shift, 

respectively as compared to H2TPP. The optical absorption spectra of H2TPP(Ph)2Br6, and 

H2TPP(NO2)(Ph)2Br5 are shown in Figure 4.2(a). The charge transfer from HOMO of porphyrin 

to LUMO of nitro group is attributed to a greater FWHM (full width half maximum) of 

H2TPP(NO2)(Ph)2Br5 as compared to H2TPP and H2TPP(Ph)2Br6. The bathochromic shift in 

Soret band and longest wavelength Qx(0,0) band was observed due to electron withdrawing 

nature of β-substituents and nonplanar conformation of macrocyclic core which follows the order 

H2TPP < H2TPP(Ph)2Br6 < H2TPP(NO2)(Ph)2Br5.   

Synthesized MTPP(Ph)2Br5X (M = 2H, Zn, X = NO2 or Br) porphyrins were characterized by 

fluorescence spectroscopy studies to determine the effect of mixed substitution at β-position of 

porphyrin macrocycle. H2TPP(Ph)2Br5X (X = NO2 or Br) exhibits extremely weak emission  due 

to nonplanar conformation of porphyrin core and heavy atoms effect of bromo substituents. The 

comparative fluorescence spectra of H2TPP, H2TPP(Ph)2Br6, and H2TPP(NO2)(Ph)2Br5  are 

shown in Figure 4.2b. H2TPP(NO2)(Ph)2Br5 exhibited very low quantum yield as compared to 

H2TPP due to heavy atom effect of bromo substituents and nonplanar conformation of porphyrin 

core. We were unable to calculate the quantum yield of H2TPP(Ph)2Br6 due to feeble intensity of 

porphyrin. Fluorescence spectra of H2TPP(Ph)2Br5X (X = NO2 or Br) and their Zn(II) derivative 

are shown in Figure A10, Appendix-III. The photophysical data of MTPP(Ph)2Br5X (X = NO2 or 

Br and M = 2H, Zn) is listed in Table 4.1.  
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Figure 4.2 (a) Optical Absorption Spectra of H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6 in 

CH2Cl2 (b) Emission Spectra of H2TPP, H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6 in CH2Cl2 at 

298 K. 

 

Table 4.1 Photophysical Data of Synthesized Free Base and Zn(II) Porphyrins in 

CH2Cl2 at 298 K. 

Porphyrin λex FWHM λem ϕf τ(ns) 

H2TPP(NO2)(Ph)2Br5 477 57 816 0.003 0.0985 

H2TPP(Ph)2Br6 469 39 808 - 0.0059 

ZnTPP(NO2)(Ph)2Br5 472 39 769, 807 0.001 0.0503 

ZnTPP(Ph)2Br6 463 29 720 0.0016 0.176 

λex = Excitation wavelength (nm), λem = Emission wavelength (nm), FWHM- Full 

width half maximum, ɸf - Quantum yield relative to H2TPP and ZnTPP in CH2Cl2, τ = 

represents excited state lifetime. 

 

4.3.4 Protonation and Deprotonation Studies 

The acid base properties can be tune by appending the mixed substituents at β-pyrrole position of 

the macrocycle. Many research groups have reported the acid-base properties of nonplanar 

porphyrins [30]. The protonation and deprotonation studies of H2TPP(Ph)2Br5X (X = NO2 or Br) 

have been carried out to study the influence of mixed substitution on the porphyrin π-system. 

These studies were performed in toluene using TFA (trifluoroacetic acid) and TBAOH 

(tetrabutylammonium hydroxide), respectively. Figures 4.3 and A9, Appendix-III, show the 
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absorption spectral variations of H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6, respectively in 

toluene. H2TPP(NO2)(Ph)2Br5 has shown UV-Vis spectral changes while increasing the conc. of 

TFA (0.42-9.31 × 10
-6

 M) and tetrabutylammonium hydroxide (0.39-2.34 × 10
-6

 M), 

respectively. In case of H2TPP(NO2)(Ph)2Br5, the absorption band at  477 nm with  concomitant 

rise in the new band at 501 nm which shows 24 nm red shift in the Soret band while increasing 

the conc. of TFA. As protonation proceed, H2TPP(NO2)(Ph)2Br5 exhibited a new Q band at 757 

nm in place of  multiple Q bands which was broader and 17 nm red shifted as compared to 

previous bands. Figure A9a, Appendix III, (inset) show the electronic spectral changes of 

H2TPP(Ph)2Br6 in toluene with rising the conc. of TFA (0.12-1.14 × 10
-5

 M) and TBAOH (0.19-

1.69 × 10
-5

 M), respectively. In case of H2TPP(Ph)2Br6, the decrement in absorption intensity 

469 nm and concomitant rise at 496 nm were observed while increasing the conc. of TFA. The 

red shift was found to be 27 and 13 nm bathochromic shift in Soret and Qx(0,0) bands, 

respectively. In both cases, the Hill plot showed the slope value 2 as shown in Figures 4.3a 

(inset) and A9a (inset), Appendix-III, (for H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6, 

respectively) which indicates the formation of diprotonated porphyrin. As shown in Table 4.2, 

H2TPP(NO2)(Ph)2Br5 has 87 fold lower protonation constant (β2) value than H2TPP(NO2)Br6 due 

to strong electron withdrawing nitro substituent. Figure 4.3b shows the decrement in the 

absorbance at 477 nm of H2TPP(NO2)(Ph)2Br5 and arising of a new band at 521 nm while 

increasing the conc. of TBAOH. With disappearance of all Q bands, a new band arises at 779 nm 

of H2TPP(NO2)(Ph)2Br5. Nonplanarity and the electronic nature of substituents at β-position of 

porphyrin core influences the deprotonation. H2TPP(Ph)2Br6 shows 89 fold higher protonation 

constant (β2) than H2TPP(NO2)(Ph)2Br5. Figure A9b, Appendix-III, (inset) shows the decrement 

in the absorption band at 469 nm of H2TPP(Ph)2Br6 while another band generated at 505 nm.  

The new band which arose at 740 nm with diminishing of multiple Q bands. Figure 4.3b (inset)  

and A9b, Appendix-III, (inset) show the Hill plots which exhibit slope value 2, resulting that the 

dianionic species are formed in both cases. H2TPP(Ph)2Br6 shows 83 fold higher deprotonation 

constant than H2TPP(NO2)(Ph)2Br5. The logβ2 value of free base porphyrins follows the order 

H2TPP(Ph)2Br6 > H2TPP(NO2)(Ph)2Br5 which suggests that the effect of increased nonplanarity 

of porphyrin core and electronic effect of β-substituents influences the acid-base behavior of 

porphyrin core.     
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Figure 4.3 UV-Vis Spectral Titration of H2TPP(NO2)(Ph)2Br5 with (a) TFA and (b) TBAOH in 

Toluene at 298K. Insets show the Consistent Hill Pots. 

 

Table 4.2 Protonation and Deprotonation Constant of H2TPP(NO2)(Ph)2Br5 and 

H2TPP(Ph)2Br6 in Comparison with H2TPP(NO2)Br6 in Toluene at 298 K 

Porphyrin logβ2 slope           r
2
 logβ2 slope      r

2
 

H2TPP(Ph)2Br6 12.15 2.20 0.85 12.23 2.30 0.93 

H2TPP(NO2)Br6 11.29 2.32 0.93 11.54 2.05 0.94 

H2TPP(NO2)Ph2Br5 10.20 1.90 0.89 10.31 2.10 0.95 

 

4.3.5 Electrochemical Redox Properties 

To examine the influence of mixed electron-donor and acceptor substituents at β-position of 

porphyrin macrocycle, the electrochemical studies of mixed β-octasubstituted porphyrins were 

carried by using cyclic voltammetry (CV) in CH2Cl2 containing TBAPF6 at 298 K. The 

electrochemical redox potential data (vs. Ag/AgCl) is summarized in Table 4.3. 

All mixed substituted porphyrins exhibited two successive reversible one electron oxidation and 

one electron reduction potential waves in CV studies. The first ring reduction potential of CuTPP 

was found to be at -1.36 V. After nitration of CuTPP, the first ring reduction potential was 0.39 

V anodically shifted as compared to CuTPP. Further diphenyl substitution at antipodal position 

of -NO2 exhibited minimal shift in reduction potential as compared to CuTPPNO2 whereas the 
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first oxidation potential is cathodically shifted (0.13 V) due to electron donating phenyl 

substituents. The first ring reduction potential of CuTPP(NO2)(Ph)2Br5 is found at -0.740 V 

which shown a drastic anodic shift (0.62 V) as compared to CuTPP because of electron accepting 

substituents on β-pyrrole position of porphyrin while 0.22 and 0.23 V anodic shift as compared 

to CuTPPNO2 and CuTPP(NO2)(Ph)2, respectively due to highly nonplanar conformation of 

macrocycle. While in case of CuTPP(Ph)2Br6 the first reduction potential exhibited 0.45 V 

anodically shifted as compared to CuTPP and 0.17 V cathodic shift than CuTPP(NO2)(Ph)2Br5. 

These porphyrins follow the order of reduction potential such as CuTPP > CuTPPNO2 > 

CuTPP(NO2)(Ph)2 > CuTPP(Ph)2Br6 > CuTPP(NO2)(Ph)2Br5 as shown in Figure 4.4. Almost all 

porphyrins exhibited the same trend except Co(II) porphyrins as shown in Table 4.3. In general, 

Co(II) porphyrins undergo first metal centered oxidation Co
II
/Co

III
 and reduction Co

II
/Co

I 

followed by ring centered oxidation and reduction. The reactivity changes after metal centered 

oxi ation an  re uction that’  why Co(II) porphyrin   lightly deviates from the expected trend. 

The HOMO-LUMO variation is represented in Figure 4.5. As we increase the number of β-

substituents (electron donor and electron acceptor) the HOMO-LUMO gap decreases gradually. 

The HOMO-LUMO energy gap of CuTPP(NO2)(Ph)2Br5 was found 1.72 V which is 0.62 V less 

as compared to CuTPP due to  stabilization of LUMO and electron withdrawing nitro and bromo 

substituents and destabilization of HOMO due to β-phenyl substituents and nonplanarity of the 

macrocycle. This huge reduction in HOMO-LUMO gap has been ascribed to mixed-substitution 

(Ph, NO2, Br) on porphyrin macrocycle. Energy gap between these porphyrins follow the order 

CuTPP > CuTPPNO2 > CuTPP(NO2)(Ph)2 > CuTPP(Ph)2Br6 > CuTPP(NO2)(Ph)2Br5 due to 

push-pull β-substituents having differences in shape, size and electronic nature and nonplanarity 

of the macrocycle. These results suggest that the redox tunablity can be achieved by the means of 

mixed β-substitution at the peripheries with reduced HOMO-LUMO gap.  
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Table 4.3 Redox Potential Data of Synthesized Porphyrins and their Precursors (V vs Ag/AgCl) 

in CH2Cl2 Containing 0.1 M TBAPF6 with Scan Rate 0.1 Vs
-1

 at 298K 

Porphyrin 
Oxidation (V) Reduction (V) 

ΔΕ(V) 
M

II/III
 M

II/I
 

   I   II     I    II III   

H2TPP 1.00 1.34 -1.23 -1.54  2.23   

H2TPPNO2 1.10 1.28 -0.87 -1.08  1.97   

H2TPP(NO2)(Ph)2 1.00 1.13 -0.85 -1.03  1.85   

H2TPP(NO2)(Ph)2Br5 1.27 1.63
i
 -1.06 -1.29  2.33   

H2TPP(Ph)2Br6 0.84 1.16 -0.80 -1.17  1.64   

CoTPP 1.06 1.31 -1.38   2.44 0.85 -0.86 

CoTPPNO2 1.17 1.42 -1.30   2.47 0.91 -0.66 

CoTPP(NO2)(Ph)2 1.13 1.34 -1.29   2.42 0.88 -0.64 

CoTPP(NO2)(Ph)2Br5 1.33 1.47 -1.16 -1.64
a
  2.49 0.33

a
 -0.34 

CoTPP(Ph)2Br6 1.35  -1.38
a
   2.73 0.92 -0.42 

NiTPP 1.02 1.32 -1.28 -1.72  2.30   

NiTPPNO2 1.19 1.32 -0.95 -1.21  2.14   

NiTPP(NO2)(Ph)2 1.12 1.24 -0.94 -1.20  2.06   

NiTPP(NO2)(Ph)2Br5 1.27 1.95 -0.77 -1.03  2.04   

NiTPP(Ph)2Br6 1.22  -0.92 -1.24  2.14   

CuTPP 0.99 1.36 -1.35 -1.73  2.35   

CuTPPNO2 1.08 1.44 -0.97 -1.22  2.05   

CuTPP(NO2)(Ph)2 0.96 1.38 -0.96 -1.21  1.92   

CuTPP(NO2)(Ph)2Br5 0.98 1.55 -0.74 -1.01  1.72   

CuTPP(Ph)2Br6 0.88 1.46 -0.91 -1.19  1.79   

ZnTPP 0.84 1.15 -1.36 -1.77  2.20   

ZnTPPNO2 0.91 1.22  -1.05
i
 1.19 -1.50 1.96   

ZnTPP(NO2)(Ph)2 0.85 1.07  -1.06
i
 -1.20 -1.49 1.91   

ZnTPP(NO2)(Ph)2Br5 0.89 1.17  -0.98 -1.22  1.87   

ZnTPP(Ph)2Br6 0.84 1.07  -0.98 -1.17  1.82   

i
refers to irreversible potential; 

a
data obtained from DPV 
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4.3.6 DFT Studies 

The DFT studies of mixed β-octasubstituted free base porphyrins (H2TPP(Ph)2Br5X (X = Br or 

NO2)) were carried out in gas phase using the B3LYP and LanL2DZ functional and basis set, 

respectively. Average bond angles and bond lengths are shown in Table A2, Appendix-III. 

Figure A11, Appendix-III, shows the optimized geometries of synthesized free base porphyrins 

(top view and side view) and deviation of core atoms from the mean plane of porphyrin. To 

reduce the repulsion between the substituents present at periphery, the pyrrole rings are tilted up 

and down (saddle shape conformation) with respect to the mean plane of porphyrin core. The 

bending of pyrrole ring increase Cβ-Cα-Cm bond angles as well as Cβ-Cβ bond length with 

decreasing in N-Cα-Cm bond angles. H2TPP(Ph)2Br5X (X = NO2 or Br) exhibits 3-4
ο
 change in 

Cβ-Cα-Cm as compared to H2TPP this is showing that by appending the substituents on β-

position, the nonplanarity of macrocycle is increased. While there is no more change in Cβ-Cβ 

bond length of H2TPP(Ph)2Br5X (X = NO2 or Br). N-Cα-Cm bond angle of H2TPP(Ph)2Br5X (X = 

NO2 or Br) decreased to 1.4-1.8
ο
 as compared to H2TPP(NO2)(Ph)2 and 3-4

ο
 than H2TPP. Due to 

increase the bond length of Cβ-Cβ and bond angle of Cβ-Cα-Cm and decrement in bond angles of 

N-Cα-Cm revealed the nonplanarity of porphyrin [18]. Further bromo substitution on remaining 

β-position exhibited high nonplanarity as compared to H2TPP. The bond length of Cβ΄-Cβ΄  on  

(   9 -   9   
 
) o   romo containing β-pyrrole in H2TPP(Ph)2Br5X (X = NO2 or Br) is longer 

relative to Cβ-Cβ  on   i tance (   8 -   89  
 
) bearing four β-substituents. H2TPP(Ph)2Br6  

exhi ite  higher ΔCβ as compared to H2TPP(NO2)(Ph)2Br5 which indicates that H2TPP(Ph)2Br6 

is more nonplanar than H2TPP(NO2)(Ph)2Br5.  H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6  

exhibited higher nonplanarity (ΔCβ = 1.325 and 1.328, respectively) as compared to 

H2TPP(NO2)(Ph)2 (ΔCβ = 0.671  
 
) porphyrins. Hence, optimized geometries of 

H2TPP(Ph)2Br5X (X = NO2 or Br) revealed the highly nonplanar and saddle shape conformation 

of macrocyclic ring. 
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Figure 4.4 Cyclic Voltammograms of Cu(II) Porphyrins using Ag/AgCl as Reference Electrode 

in CH2Cl2 containing 0.1M TBAPF6 at 298 K.     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 HOMO-LUMO Variation of Cu(II) Porphyrins. 
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4.4 CONCLUSIONS 

Two new families of mixed substituted porphyrins have been synthesized and characterized by 

using various spectroscopic techniques. Crystal structure of H2TPP(NO2)(Ph)2Br5 revealed the 

 a  le  hape nonplanar con ormation with the  eviation o   4 core atom  (Δ 4 =   558  
 
) and 

the displacement of β-car on (ΔCβ = 1.23  
 
) from the mean plane of porphyrin core.  These 

unsymmetrical porphyrin exhibits 53-61 nm bathochromic shift in Soret band as compared to 

H2TPP. These porphyrin show higher protonation and deprotonation constant due nonplanarity 

and electronic effect of β-substituents. The 
1
H NMR spectra of H2TPP(Ph)2Br6 exhibited 0.67 

ppm downfield shift in -NH protons as compared to H2TPP(NO2)(Ph)2. HOMO-LUMO gap of 

H2TPP(NO2)(Ph)2Br5 is decreased about 0.62 V as compared to H2TPP due to push-pull β-

substituents having different shape, size and electronic nature and enhanced nonplanarity of the 

porphyrin core. Redox tunablity of these porphyrins was accomplished by appending the electron 

donating/ accepting groups at periphery of porphyrin which results in push-pull effect of β-

substituents at porphyrin π-system. The mixed push-pull β-substituents induces the higher order 

of nonplanarity which was confirmed by single crystal X-ray structure, DFT calculations and 

photophysical data as well as red-shifted spectral features with redox tunability. 

4.5 REFERENCES 

(1)  Vakulya, B.; Varga, S.; Csámpai, A.; Soós, T. Highly Enantioselective Conjugate Addition 

of Nitromethane to Chalcones Using Bifunctional Cinchona Organocatalysts. Org. Lett. 

2005, 7, 1967–1969.  

(2)  Luo, J.; Chen, L.-F.; Hu, P.; Chen, Z.-N. Tetranuclear Gadolinium(III) Porphyrin Complex 

as a Theranostic Agent for Multimodal Imaging and Photodynamic Therapy. Inorg. Chem. 

2014, 53, 4184–4191.  

(3)  Kumar, S.; Jiang, X.; Shan, W.; Jinadasa, R. G. W.; Kadish, K. M.; Wang, H. β-

Functionalized Trans-A2B2 Push–pull Tetrabenzoporphyrins. Chem. Commun. 2018, 54, 

5303–5306.  

(4)  Grover, N.; Chaudhri, N.; Sankar, M. Facile Conversion of Ni(II) Cyclopropylchlorins into 

Novel β-Substituted Porphyrins through Acid-Catalyzed Ring-Opening Reaction. Inorg. 

Chem. 2017, 56, 424–437.  



Chapter 4: Unsymmetrically Octa β-Substituted Porphyrins 

 

112 

 

(5)  Dar, T. A.; Sankar, M. Facile Synthesis of Nitrovanillin- Appended Porphyrin and Its 

Utilization as Potent, Recyclable, Naked-Eye CN
− 

and F
−
 Ion Sensor. ChemistrySelect 

2017, 2, 6778–6783.  

(6)  Smykalla, L.; Mende, C.; Fronk, M.; Siles, P. F.; Hietschold, M.; Salvan, G.; Zahn.; D. R. 

T.; Schmidt, O. G.; Rüffer, T.; Lang, H. (Metallo)porphyrins for Potential Materials 

Science Applications. Beilstein J. Nanotechnol. 2017, 8, 1786–1800. 

(7)  Wei, K.; Yao, F.; Kang, X.-F. Single-Molecule Porphyrin-Metal Ion Interaction and 

Sensing Application. Biosens.  Bioelectron. 2018, 109, 272–278.  

(8)  Kozitsina, A. N.; Svalova, T. S.; Malysheva, N. N.; Okhokhonin, A. V.; Vidrevich, M. B.; 

Brainina, K. Z. Sensors Based on Bio and Biomimetic Receptors in Medical Diagnostic, 

Environment, and Food Analysis. Biosensors 2018, 8, 35.  

(9)  Ding, Y.; Zhu, W.-H.; Xie, Y. Development of Ion Chemosensors Based on Porphyrin 

Analogues. Chem. Rev. 2017, 117, 2203–2256.  

(10)  Dar, T. A.; Uprety, B.; Sankar, M.; Maurya, M. R. Robust and Electron Deficient 

Oxidovanadium(IV) Porphyrin Catalysts for Selective Epoxidation and Oxidative 

Bromination Reactions in Aqueous Media. Green Chem. 2019, 21, 1757–1768. 

(11)  Zhou, H.; Ji, J.-M.; Kang, S. H.; Kim, M. S.; Lee, H. S.; Kim, C. H.; Kim, H. K. PAPER 

Hwan Kyu Kim et Al. Molecular Design and Synthesis of D-π-A Structured Porphyrin 

Dyes with Various Acceptor Units for Dye-Sensitized Solar Cells Molecular Design and 

Synthesis of D-π-A Structured Porphyrin Dyes with Various Acceptor Units for Dye-

Sensitized Solar Cells. J. Mater. Chem. C 2019, 7, 2843-2852. 

(12)  Zeng, K.; Lu, Y.; Tang, W.; Zhao, S.; Liu, Q.; Zhu, W.; Tian, H.; Xie, Y. Efficient Solar 

Cells Sensitized by a Promising New Type of Porphyrin: Dye-Aggregation Suppressed by 

Double Strapping. Chem. Sci. 2019, 10, 2186–2192.  

(13)  Tessore, F.; Biroli, A. O.; Di Carlo, G.; Pizzotti, M. Porphyrins for Second Order 

Nonlinear Optics (NLO): An Intriguing History. Inorganics 2018, 6, 81.  

(14)  Grover, N.; Chaudhri, N.; Sankar, M. β-Functionalized Dibenzoporphyrins with Mixed 

Substituents Pattern: Facile Synthesis, Structural, Spectral, and Electrochemical Redox 

Properties. Inorg. Chem. 2019, 58, 2514–2522.  

(15)  Grover, N.; Kumar, R.; Chaudhri, N.; Butcher, R.; Sankar, M. β-Heptasubstituted 



Chapter 4: Unsymmetrically Octa β-Substituted Porphyrins 

 

113 

 

Porphyrins: Synthesis, Structural, Spectral, and Electrochemical Properties. Eur. J. Inorg.  

Chem. 2018, 2018, 3338–3343. 

(16)  Gotardo, M. C. A. F.; De Moraes, L. A. B.; Assis, M. D. Metalloporphyrins as Biomimetic 

Models for Cytochrome P-450 in the Oxidation of Atrazine. J. Agric. Food Chem. 2006, 

54, 10011–10018. 

(17)  Bhyrappa, P. Recent Advances in Mixed β-Pyrrole Substituted Meso-

Tetraphenylporphyrins. Tetrahedron Lett. 2016, 57, 5150–5167. 

(18)  Kumar, R.; Sankar, M. Synthesis, Spectral, and Electrochemical Studies of Electronically 

Tunable β-Substituted Porphyrins with Mixed Substituent Pattern. Inorg. Chem. 2014, 53, 

12706–12719.  

(19)  Dias, L. D.; Carrilho, R. M. B.; Henriques, C. A.; Piccirillo, G.; Fernandes, A.; Rossi, L. 

M.; Filipa Ribeiro, M.; Calvete, M. J. F.; Pereira, M. M. A Recyclable Hybrid 

Manganese(III) Porphyrin Magnetic Catalyst for Selective Olefin Epoxidation Using 

Molecular Oxygen. J. Porphyr. Phthalocyanines 2018, 22, 331–341.  

(20)  Kielmann, M ; Flanagan, K  J ; Norvaiša, K ; Intrieri, D ; Senge, M  O  Synthesis of a 

Family of Highly Substituted Porphyrin Thioethers via Nitro Displacement in 

2,3,7,8,12,13,17,18-Octaethyl-5,10,15,20-Tetranitroporphyrin. J. Org. Chem. 2017, 82, 

5122–5134. 

(21)  Fang, Y.; Wang, L.; Xu, W.; Ou, Z.; Chen, M.; Cong, L.; Shan, W.; Ke, X.; Kadish, K. M. 

Spectral, Electrochemical, and ESR Characterization of Manganese Tetraarylporphyrins 

Containing Four β,β′-Pyrrole Fused Butano and Benzo Groups in Nonaqueous Media. 

Inorg. Chem. 2019, 58, 2576–2587.  

(22)  Shan, W.; Quesneau, V.; Desbois, N.; Blondeau-Patissier, V.; Naitana, M. L.; Rousselin, 

Y.; Gros, C. P.; Ou, Z.; Kadish, K. M. Synthesis, Electrochemistry, Protonation and X-Ray 

Analysis of Meso-Aryl Substituted Open-Chain Pentapyrroles. J. Porphyr. 

Phthalocyanines. 2019, 23, 213–222. 

(23)  Chaudhri, N.; Cong, L.; Grover, N.; Shan, W.; Anshul, K.; Sankar, M.; Kadish, K. M. 

Synthesis and Electrochemical Characterization of Acetylacetone (Acac) and Ethyl Acetate 

(EA) Appended β-Trisubstituted Push-Pull Porphyrins: Formation of Electronically 

Communicating Porphyrin Dimers. Inorg. Chem. 2018, 57, 13213–13224.  



Chapter 4: Unsymmetrically Octa β-Substituted Porphyrins 

 

114 

 

(24)  Ye, L.; Fang, Y.; Ou, Z.; Wang, L.; Xue, S.; Sun, J.; Kadish, K. M. Electrochemistry of 

Zinc Tetraarylporphyrins Containing Fused Butano and Benzo Groups. Effect of Solvent 

and Substituents on Spectra, Potentials and Mechanism in Nonaqueous Media. J. Porphyr. 

Phthalocyanines 2018, 22, 1129–1142. 

(25)  Morone, M.; Beverina, L.; Abbotto, A.; Silvestri, F.; Collini, E.; Ferrante, C.; Bozio, R.; 

Pagani, G. A. Enhancement of Two-Photon Absorption Cross-Section and Singlet-Oxygen 

Generation in Porphyrins upon β-Functionalization with Donor-Acceptor Substituents. 

Organic Lett. 2006, 8, 2719–2722.  

(26)  Campbell, W. M.; Jolley, K. W.; Wagner, P.; Wagner, K.; Walsh, P. J.; Gordon, K. C.; 

Schmidt-Mende, L.; Nazeeruddin, M. K.; Wang, Q.; Grätzel, M.; et al. Highly Efficient 

Porphyrin Sensitizers for Dye-Sensitized Solar Cells. J. Phys.Chem. C 2007, 111, 11760–

11762.  

(27)  Adleb, A. D.; Longo, F. R.; Finarelli, J. D.; Goldmacher, J.; Assour, J.; Korsakoff, L. A 

Simplified Synthesis for Meso-Tetraphenylporphine. J. Org. Chem.  1967, 32, 476.  

(28)  Bhyrappa, P.; Velkannan, V. β-Tetrakis(2-thienyl)-meso-tetraphenylporphyrins: Synthesis, 

structural and electrochemical redox propertiesInorg. Chim. Acta. 2012, 387, 64-73. 

(29)    Takeda, J.; Ohya, T.; Sato, M. Dodecaphenylporphyrin. Unusual Optical Properties of a 

Novel Sterically Hindered Hybrid Porphyrin. Chem. Phys. Lett. 1991, 183,  84− 86  

(30)  Chaudhri, N.; Grover, N.; Sankar, M. Versatile Synthetic Route for β-Functionalized 

Chlorins and Porphyrins by Varying the Size of Michael Donors: Syntheses, 

Photophysical, and Electrochemical Redox Properties. Inorg. Chem. 2017, 56, 11532–

11545.  

 

 



115 
 

 

 

 

 

 

 

 

SPECTRAL INVESTIGATIONS OF 

MESO-TETRAALKYLPORPHYRIN-

FULLERENE HOST-GUEST 

COMPLEXES 

 

 

 

 

 

 

 

 

 



116 
 

 

 

 

 

 

 

 

 

 



Chapter 5: Meso-Tetraalkylporphyrins and Their Complexation with C60 
 

117 
 

CHAPTER 5 

SPECTRAL INVESTIGATIONS OF MESO-TETRAALKYLPORPHYRIN-

FULLERENE HOST-GUEST COMPLEXES 

5.1 INTRODUCTION  

The manipulation of weak forces to assemble new molecular entity is one of the major areas of 

interest in modern chemistry [1].
 
Usually, H-bonding, electrostatics, labile metal-ligand bonds, 

and flat π-π* interactions have been used to assemble new structures. The spontaneous 

interaction between simple donor-acceptor molecules leading to isolated nanostructures offers a 

great potential for straightforward discoveries and realistic applications.
 
Further, non-covalent 

interactions play a very significant role in the execution of various molecular building blocks 

which can be utilized for the inception and implementation of advanced functional materials [2]. 

Such self-assemblies of carefully monitored and designed building blocks can lead to 

sophisticated photo-active systems [3-5].
 
 Host molecules encapsulating fullerenes are of great 

importance because of their potential application to the extraction, solubilization and chemical 

modification of the fullerenes [6]. The cyclic oligomers consisting of electron-rich aromatic 

components, such as calixarenes, resorcinarenes and cyclotriveratrylenes, have been reported as 

π-hosts for fullerenes [7].
 
One demanding class of compounds which has caught the awareness of 

many research groups and having vast positive aspect as well as potential is the porphyrin-

fullerene conjugates [8-12]. This consideration results from the fact that a fullerene and a 

porphyrin are instinctively attracted to each other to form a host-guest complex both in the solid 

state and in solution despite the disparity in external shape between the planar porphyrin and the 

curved fullerene. Fullerenes [13] have been shown to be good candidates for electron acceptors 

due to their low reduction potentials [14], three-dimensional arrangement [15], and low 

reorganization energy involved in electron-transfer reactions [16]. Porphyrins have been utilized 

as electron donors due to their intense absorption in the visible region and due to the fact that 

they are easily oxidized [17]. As a result, extensive studies have been performed on covalently 

linked and self-assembled donor-acceptor dyads composed of porphyrin and fullerene as donor 

and acceptor entities. Sun et al. [18]
 
reported the first structural characterization of a pyrrolidine-

functionalized C60 species, the crystal packing of the dyad revealed an intermolecular interaction 
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of the C60 ball in remarkably close approach to the porphyrin plane. Later, unique cocrystallites 

of C60 and C70 fullerenes with various metal octaethylporphyrins (MOEPs) and metal 

tetraphenylporphyrins (MTPPs) have been reported and they shown distinct physicochemical 

properties. The intermolecular fullerene/porphyrin contacts range from 2.6 to 3.0 Å, which are 

shorter than typical π-π interactions (3.0-3.5 Å). Structures of supramolecular complexes 

featuring a single porphyrin-fullerene interaction have been characterized in the solid state (in 

the form of co-crystals) [19,20]. Nevertheless, these component of porphyrin-fullerene 

complexes readily detach in solution as a result of reduced thermodynamic stability. In spite of 

these few covalent macrocyclic metalloporphyrin dimers and one trimer capable of forming 

thermodynamically stable inclusion complexes with fullerenes in solution have been described. 

The gain in stability of these complexes not only derives from the macrocyclic effect as 

discussed above but is also due to the multivalency (several porphyrin units) built into the 

receptor’s structure. Meso-tetraalkylporphyrins and their metal complexes are electron rich 

porphyrins having intense absorption and emission. Due to planar and electron rich nature these 

porphyrins formed supramolecular dyad with C60. As a continuing effort to build novel 

supramolecular donor-acceptor systems, in the present study, we have developed donor-acceptor 

dyads using meso-tetraalkylporphyrins (1-3) and their Zn(II) complexes with fullerene C60 and 

studied their spectroscopic as well as electrochemical redox properties. 

 

Chart 5.1 Molecular Structures of Synthesized Meso-Tetraalkylporphyrin. 
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5.2 EXPERIMENTAL SECTION 

5.2.1 Reagents 

Pyrrole purchased from Alfa Aesar and used as received. Acetaldehyde, propionaldehyde, 

butyraldehyde, pyridine, Zn(OAc)2•2H2O, Na2SO4 and NaHCO3 were purchased from HiMedia, 

India and used as received. Fullerene (C60) and benzene-d6 was purchased from sigma-Aldrich 

and used as received. All solvents employed in this present work were of analytical grade and 

distilled or dried before use. Silica gel (100 - 200 mesh) was purchased from Thomas Baker, 

India and used as received. TBAPF6 was recrystallised twice with ethanol and dried at 50°C 

under vacuum for 2 days. Toluene (for UV-Visible and fluorescence spectral studies) was dried 

and distilled from sodium-benzophenone mixture. Precoated thin layer silica gel 

chromatographic plates were purchased from E. Merck and used as received. 

5.2.2 Instrumentation and Methods 

Optical absorption spectra were recorded on Agilent Cary 100 spectrophotometer using a pair of 

quartz cells of 3.5 ml volume and 10 mm path length. Fluorescence spectra were recorded on 

Hitachi F-4600 spectrofluorometer using a quartz cell of 10 mm path length. 
1
H NMR spectra 

were recorded on JEOL ECX 400 MHz spectrometers in CDCl3. ESI mass spectra were recorded 

on Bruker Daltanics microTOF mass spectrometer in positive ion mode using CH3CN as solvent. 

The X-ray quality single crystals of 3 were obtained by vapour diffusion of hexane into the 

tetrachloroethane solution of 3. Single-crystal XRD data was collected on a Bruker Apex-II CCD 

diffractometer equipped with a liquid cryostat. The ground state geometry optimisation in gas 

phase was carried out by DFT calculations using B3LYP functional with 3-21G basis set. 

Electrochemical measurements were carried out using CH instruments (CHI 620E). A three 

electrode assembly was used consisted of a Platinum working electrode, Ag/AgCl as a reference 

electrode and a Pt-wire as a counter electrode.  

5.2.3 Synthesis of MTMeP, MTEtP, MTPrP (M = 2H, Zn). 

(a) Synthesis of 5,10,15,20-tetramethylporphyrin(H2TMeP) (1) and Their Zn(II) 

Derivative (1a): 300 ml of propionic acid was taken in 500 ml round bottom flask. To 

this, 2.3 ml of acetaldehyde, 12 ml of H2O and 1 ml of pyridine were added and heated to 

90°C for 5-10 minutes. To this hot mixture, 4 ml of pyrrole was added and heated to 80 

°C for 30 minutes. Then, 1 ml acetaldehyde was added to the reaction mixture as 
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supplementary amount and heated for further 2 hrs. Reaction mixture was cooled and 

washed with hot sodium hydroxide solution followed by extraction with CHCl3. The 

crude porphyrin was chromatographed on silica gel column using CHCl3 as an eluent. 

Yield was found to be 0.28 g (8%). 

UV-Vis. λmax (nm), (log ε): 415(5.07),519(3.67), 555(3.50), 604(3.13), 661(3.37). 
1
H NMR in 

CDCl3 (δ in ppm): 9.46 (s, 8H, β-H), 4.57 (s, 12H, -CH3), -2.41(s, 1H, NH) ESI-MS (m/z) found 

[M+H]
+
 367.1902 calcd. 367.1878.   

40 mg (0.108 mmol) of H2TMeP was taken in 25 mL of CHCl3. To this, 0.239 g  (10 equiv., 1.08 

mmol) of Zn(OAc)22H2O in 5 mL of methanol was added and refluxed for 30 minutes and then 

cooled to room temperature, washed with water, dried over anhydrous sodium sulphate. The 

crude product was purified by column chromatography on silica gel column using CHCl3 as 

eluent. Yield: 36 mg (85%).  UV-Vis. λmax (nm), (log ε): 418 (5.11), 555(3.68), 594(3.50). 
1
H 

NMR in CDCl3 (δ in ppm): 9.46 (s, 8H, β-H), 4.57 (s, 12H, -CH3).  

(b) Synthesis of 5,10,15,20-tetraethylporphyrin (H2TEtP) (2) and their Zn(II) derivative 

(2a): 

300 ml of propionic acid was taken in 500 ml RB flask. To this, 2.1 ml of propionaldehyde, 12 

ml of H2O and 1 ml of pyridine were added and heated to 90°C for 5-10 minutes. To this 

mixture, 4 ml of pyrrole was added and heated to 80°C for 30 minutes. Then, 1 ml 

propionaldehyde was added to the reaction mixture as supplementary amount and heated for 

further 2 hrs. Reaction mixture was cooled, washed with hot sodium hydroxide solution followed 

by extraction with CHCl3. The crude porphyrin was chromatographed on silica gel column using 

CHCl3 as a eluent. Yield was found to be 0.38 g (10%). UV-Vis. λmax (nm), (logε): 416(4.97), 

517(3.60), 551(3.42), 599(3.06), 656(3.26) 
1
H NMR in CDCl3 (δ in ppm): 9.46 (s, 8H, β-H), 

4.96-5.01(J = 7.6, 7.2, q, 8H, meso-CH2), 2.12(J = 7.6, t, 12H, meso-CH3), -2.65(s, 1H, -NH). 

ESI-MS (m/z) found [M+H]
+
 423.2562 calcd. 423.2504. 

50 mg (0.118 mmol) of H2TEtP was taken in 25 mL of CHCl3. To this, 0.258 g  (10 equiv., 1.18 

mmol) of Zn(OAc)22H2O in 8 mL of methanol was added and refluxed for 30 minutes and then 

cooled to room temperature, washed with water, dried over anhydrous sodium sulphate. The 

crude product was purified by column chromatography on silica gel column using CHCl3 as 

eluent. Yield: 42 mg (85%). UV-Vis. λmax (nm), (log ε): 418(5.08), 553(3.55), 592(3.13) 
1
H 
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NMR in CDCl3 (δ in ppm): 9.59 (s, 8H, β-H), 5.06-5.01(J = 7.6, 7.6 q, 8H, meso-CH2), 2.17( J = 

7.6, t, 12H, meso-CH3) ESI-MS (m/z) found [M+H+CH3OH]+ 517.5 calcd. 517.1941. 

(c) Synthesis of 5,10,15,20-tetrapropylporphyrin (H2TPrP) (3) and Their Zn(II) Derivative 

(3a): 

300 ml of propionic acid was taken in 500 ml RB flask. To this, 2.3 ml of butyraldehyde, 12 ml 

of H2O and 1 ml of pyridine were added and heated to 90 °C for 5-10 minutes. To this mixture, 4 

ml of pyrrole was added and heated to 80°C for 30 minutes. Then, 1 ml butyraldehyde was added 

to the reaction mixture as supplementary amount and heated for further 2 hrs. Reaction mixture 

was cooled, washed with hot NaOH solution followed by extraction with CHCl3. The crude 

porphyrin was chromatographed on silica column using CHCl3 as a eluent. Yield was found to be 

0.4 g (10%).  

UV-Vis. λmax (nm), (log ε): 415(5.59), 518(4.13), 554(3.19), 559(3.62), 658(3.76). 
1
HNMR in 

CDCl3 (δ in ppm) 9.47 (s, 8H, β-H), 4.92 ( J = 3.2, t, 8H, meso-CH2), 2.48-2.58 (m, 8H, meso-

CH2), 1.32 (J = 3.2, t, 12H, meso-CH3), -2.69 (s, 1H, NH). ESI-MS (m/z) found [M+K]
+
 517.271 

calcd. 517.7609.   

50 mg (0.104 mmol) of H2TPrP was taken in 25 mL of CHCl3. To this, 0.230 g  (10 equiv., 1.04 

mmol) of Zn(OAc)22H2O in 10 mL of methanol was added and refluxed for 30 minutes and 

then cooled to room temperature, washed with water, dried over anhydrous sodium sulphate. The 

crude product was purified by column chromatography on silica gel column using CHCl3 as 

eluent. Yield: 39 mg (83%). UV-Vis. λmax (nm), (log ε): 418(5.68), 554(4.16), 592(3.72). 
1
H 

NMR in CDCl3 (δ in ppm): 9.57 (s, 8H, β-H), 4.96 (J = 7.6, t, 8H, meso-CH2), 2.63-2.54 (m, 8H, 

meso-CH2), 1.36 ( J = 7.6, t, 12H, meso-CH3) ESI-MS (m/z) found [M]
+
 540.6 calcd. 540.2231. 

5.3 RESULTS AND DISCUSSION 

5.3.1 Synthesis and Characterization  

Meso-tetraalkylporphyrins (1-3) and their Zn(II) complexes (1a-3a) were synthesized according 

to the modified procedure reported in the literature [21]. 
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Scheme 5.1 Synthesis of Meso-Tetraalkyporphyrins (1-3) and Their Corresponding Zn(II) 

complexes (1a-3a). 

All synthesized porphyrins were characterized by UV-Vis, fluorescence,
 1

H NMR spectroscopic 

techniques, mass spectrometry and cyclic voltammetric studies. 
1
H NMR spectra of these 

porphyrins exhibited characteristic resonances arising from β-pyrrole protons (~ 9.5 δ ppm), and 

imino protons (for free base porphyrins, -2.4 to -2.8 δ ppm) as shown in Figures A1 to A6, 

Appendix-IV. Meso-alkyl group (methyl/methylene) which is directly attached to the porphyrin 

ring has shown considerable downfield shift in the range of 4-5 ppm. due to deshielding effect 

conjugated porphyrin π-system. The integrated intensities of the proton resonances of these 

porphyrins and mass spectrometry results (Figures A7 to A11, Appendix-IV) are consistent with 

the proposed structures of 1-3 and their corresponding Zn(II) complexes (1a-3a). 

5.3.2 Crystal Structur Study of H2TPrP 

Crystallographic data of H2TPrP (3) is listed in Table A1, Appendix-IV. ORTEP views (top and 

side) of 3 are shown in Figure 5.1. 3 has shown planar confirmation [22] as evidenced from the 

displacement of core atoms from the mean plane Δ24 = 0.031 Å and ΔCβ = 0.04 Å. Two of the 

adjacent meso-propyl groups are oriented above the porphyrin plane and rest of  the two are 

projected below the porphyrin plane as shown in Figure 5.1b. The crystal structure packing of 3 

along the a and b crystallographic axes were shown in Figure A12, Appendix-IV. Notably, these 

porphyrins are held together by weak π-π interactions with a distance of ~ 3.66 Å.  
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N1 

N2 

N3 

N4 

(a) (b) 

 

Figure 5.1 Crystal Structure Data of H2TPrP (3) (a) Top View and (b) Side View 

5.3.3 UV-Visible Spectral Studies 

The UV-Vis absorption spectra of meso-tetraalkylporphyrins (1-3) and their Zn(II) complexes 

(1a-3a) were recorded in CH2Cl2 at 298 K. Table 5.2 lists the absorption spectral data of 1-3 and 

1a-3a in CH2Cl2. The UV-Vis specra of H2TEtP and ZnTEtP arer shown in Figure 5.2. These 

porphyrins exhibited characteristic electronic absorption spectral features similar to H2TPP and 

ZnTPP. The Interaction between C60 and meso-tetraalkylporphyrins (1-3) was studied by UV-

visible spectral titrations by adding C60 to each of the individual starting porphyrins in toluene as 

shown in Figure 5.3. The decrement in the intensity of Soret band (415 nm) and the concomitant 

increment in Q bands (518, 554 and 559 nm) revealed the host-guest complexation between 

porphyrin 3 and fullerene. The spectral intensity changes of the Soret band were used to 

construct a Benesi-Hildebrand plot as shown in Figure 5.3b. The association constant (K) for 

3:C60 supramolecular complex was found to be 1.83×10
4
 M

-1 
with 1:1 stoichiometry. The similar 

results were observed for 1-2 in toluene at 298 K as shown in Figures A13 and A14, Appendix-

IV. The observed K values obtained from UV-Vis spectral titrations range from 10
4 

- 10
5
 M

-1 
as 

listed in Table 5.1. These values are 10-100 times higher than H2TPP (K~ 10
3
 M

-1
) and Zn-

porphyrin dyad. The K values of free base porphyrins with C60 follow the trend 

H2TPP < H2THexP < 3 < 2 < 1 
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Figure 5.2 UV-Vis. Spectra of 2 (H2TEtP) and 2a (ZnTEtP) in CH2Cl2 at 298 K. 

 

Figure 5.3 (a) Spectral Changes Observed During the Titration of Fullerene (C60) to the Solution 

of H2TPrP (3) in Toluene at 298 K. (b) Benesi-Hildebrand Plot Constructed for Evaluating the 

Binding Constant as well as Stiochiometry for 3:C60 Host-Guest Complex.  

 

 

 

 

 



Chapter 5: Meso-Tetraalkylporphyrins and Their Complexation with C60 
 

125 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

H2TMeP (1) exhibited highest binding constant among all free base porphyrins. As we increase 

the length of alkyl chain, the association constant decreases is possibly due to the free rotation of 

alkyl chains that can hinder the approach of  C60 towards the porphyrin plane as shown in Figure 

5.3(b). Zn(II) porphyrins (1a-3a) exhibited similar spectral profiles as shown in Figures A15 to 

A17, Appendix-IV. All the plots exhibit straight lines with greater than 0.96 correlation 

coefficient, clearly indicating the 1:1 stoichiometry of C60 and meso-tetraalkylporphyrins in the 

complex.  

Table 5.1 Association Constants of Alkylporphyrin-C60 

Supramolecular Dyad in Toluene at 298 K 

Porphyrin    Association constant 

(M
-1

) 

logK  

H2TPP
a
 1×10

3
 3.00 

H2THexP
a
 1.7×10

3
 3.23 

H2TMeP 1.33×10
5
 5.12 

H2TEtP 4.84×10
4
 4.68 

H2TPrP 1.83×10
4
 4.26 

ZnTMeP 2.18×10
5
 5.33 

ZnTEtP 2.59×10
4
 4.41 

ZnTPrP 5.4×10
3
 3.73 

a
data

 
taken from ref. 26; H2THexP = meso-tetrahexylporphyrin. 
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5.3.4 Fluorescence Spectral Studies 

 

The fluorescence spectra of meso-tetraalkylporphyrins (1-3) and their Zn(II) complexes (1a-3a) 

were recorded in CH2Cl2 at 298 K. Table 5.2 lists the emission spectral data of 1-3 and 1a-3a. 

These porphyrins exhibited ~10 nm red-shift in their emission spectra as compared to H2TPP and 

ZnTPP. The singlet excited state quenching of meso-tetraalkylporphyrin and C60 was 

investigated to obtain the quenching behavior with respect to self assembled dyads. To this end, 

constant concentration of porphyrins (1-3 and 1a-3a) were titrated with increasing concentrations 

of fullerene C60 in toluene at 298 K. By adding the fullerene, for example, to a solution of 3, 

distinct quenching of the porphyrin emission band was observed. Figure 5.4 illustrates several 

characteristic changes at 666 nm and 736 nm occurred as the complex formation take place. 

There was an appreciable decrease of the Soret band extinction is observed which is probably 

due to the complex formation between meso-tetraalkylporphyrin and fullerene C60. complexes. 

Quenching indicated a probable relaxation pathway from the first singlet excited state of the 

porphyrin to that of the fullerene in toluene as solvent, as a result  fluorescence intensity 

decreases. Another probable explanation is that charge separation might also occur from the 

excited state of the porphyrin to the C60 in toluene medium [23]. Mutual completion between 

Table 5.2 UV-Vis and Fluorescence Spectral Data of Meso-Tetraalkylporphyrins (1-3 and 

1a-3a) in CH2Cl2 at 298 K. 

Porphyrin λabs λem ɸf 

Soret band Q-bands 

H2TMeP (1) 415(5.07) 519(3.67), 555(3.50), 

604(3.13), 661(3.37) 

673, 743 0.093 

H2TEtP (2) 416(4.97) 517(3.60), 551(3.42), 

599(3.06), 656(3.26) 

666, 735 1.130 

H2TPrP (3) 415(5.59) 518(4.13), 554(3.19), 

559(3.62), 658(3.76) 

666, 736 0.091 

ZnTMeP (1a) 418(5.11) 555(3.68), 594(3.50) 608, 661 0.029 

ZnTEtP (2a) 418(5.08) 553(3.55), 592(3.13) 605, 657 0.041 

ZnTPrP (3a) 418(5.68) 554(4.16), 592(3.72) 604,658 0.039 

Values in parenthesis refer to log ε 



Chapter 5: Meso-Tetraalkylporphyrins and Their Complexation with C60 
 

127 
 

energy and electron transfer processes is a common prophecy in porphyrin-fullerene donor-

acceptor dyads [24]. In conformationally flexible porphyrin-fullerene dyads, the arrangement of 

π-stacking interactions are assisted by through-space interactions between the two chromophores 

which has been reported and explained via quenching studies of porphyrin fluorescence and 

formation of fullerene excited states (by energy transfer) as shown with photophysical 

experiments in the literature [25].
 
Similar results were obtained for other complexes as shown in 

Figures A18 to A22, Appendix-IV.   The photophysical experiments disclose that energy transfer 

route usually dominant over the electron transfer route in non-polar solvent like toluene 

attributed to deactivation of the photoexcited porphyrin-fullerene dyad. According to the results 

obtained in the performed optical absorption and emission experiments, the quenching event can 

be credited to photoinduced energy transfer from porphyrin moiety to the fullerene in the 

supramolecular complexes of 1-3 and 1a-3a with C60. 

Figure 5.4 shows the fluorescence spectral change during the titration of H2TPrP and C60. 

Spectral changes are used to calculate the Stern-Volmer equation as. 

F0/F = 1 + K [fullerene]       (1) 

Where F0 is the fluorescence intensity in the absence of C60, F is the fluorescence intensity in the 

presence of C60 and K is the quenching constant.  A plot between (F0-F)/F and [C60] results into 

straight line reveals the 1:1 binding between these porphyrins and C60.  

 

Figure 5.4 (a) Fluorescence Spectral Changes Observed During the Titration of Fullerene (C60) 

to the Solution of H2TPrP (3) in Toluene at 298 K. (b) Stern-Volmer Plot for 3:C60 Host-Guest 

Complex.  

Interestingly, 2-3 and 2a-3a exhibited lower binding constants as compared to 1 and 1a, 

respectively which is due to the steric hindrance offered by meso-tetraalkyl chains. As we 
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increase the length of the alkyl chain from C1 to C6, the binding constant decreases considerably. 

In general, all alkyl substituted porphyrins (from propyl to methyl) have exhibited ~ 10 - 100 

times higher binding constants as compared to H2TPP is possibly due to electron-rich nature of 

porphyrin π-system and decrement in steric hindrance offered by alkyl chains. 

 

Figure 5.5 Bar Graph Represents logK Values of Differ Alkylporphyrins and Their Zn(II) 

Derivatives.   

5.3.5 Cyclic Voltammetric Studies 

Determination of redox potentials of these host-guest porphyrin-fullerene complexes is important 

to explore the existence of charge-transfer interactions between the porphyrin donor and 

fullerene acceptor in the ground state, and also to evaluate the energetic of electron-transfer 

reactions. Keeping this in mind, we have performed a systematic study to calculate the redox 

activities of the self-assembled dyads using cyclic voltammetric (CV) technique. CV studies 

were performed in benzonitrile containing 0.1 M TBAPF6, as both porphyrins and C60 are nicely 

soluble in benzonitrile. Table 5.3 represents electrochemical redox properties of dyad as 

compared to porphyrins. As revealed from redox data, alkyl porphyrins are electron-rich in 

nature. The cyclic voltammograms of the dyad formed by meso-tetraalkylporphyrins and C60 

show two or three reductions, among them, second is due to both porphyrin and C60. The 

oxidation potentials of dyads are positively shifted (0.02-0.10 V) as compared to meso-

tetraalkylporphyrin. The redox potentials of porphyrins and C60 entities revealed small changes 

upon dyad formation suggesting the existence of weak charge transfer interactions. These 
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clarification are in concurrence with the earlier value reported for the other porphyrin-C60 

derivatives [26]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.6 
1
H NMR Studies 

Association of Alkyl porphyrins (1-3) with C60 was monitored by a 
1
H NMR titration method in 

benzene-d6.  Addition of 1.1 eq. C60 in solution of porphyrin results into upfield shift of β as well 

as meso-alkyl protons. Figure 5.6 shows the comparative 
1
H NMR of 1 and 1:C60. Figure A25 to 

A29, Appendix-IV, represent the comparetive 
1
H NMR of 2, 3, 1a-3a and their C60 adduct 

respectively. These experimental results show upfield shift of protons signals due to interaction 

of porphyrins and C60. Table A1, Appendix-IV, shows the change in chemical shift of protons by 

adding 1.1 eq. C60 to the solution of  alkyl porphyrins.       

Table 5.3 Electrochemical Redox Data
a
 of 1-3 and 1a-3a

 
in Presence and 

Absence
 
of

 
C60 in Benzonitrile at 298 K. 

Porphyrin Oxidation Reduction ∆E1/2 

P
I+/II+

 P
0/I+

 P
0/-

 P
I-/II-

 C60
0/-

 C60
I-/II-

 

H2TMeP  0.78 -0.86 -1.28   1.46 

H2TMeP+C60  0.80 -0.98 -1.49 -  1.78 

H2TEtP  0.78 -1.13 -1.35   1.91 

H2TEtP+ C60  0.82 -0.97 -1.39 -0.48  1.79 

H2TPrP  0.78 -0.98 -1.33   1.76 

H2TPrP+ C60 1.31 0.88 -0.88 -1.32 -0.45  1.76 

ZnTMeP 1.08 0.74 -1.25    1.99 

ZnTMeP+C60  0.70 -  -0.47 -0.91  

ZnTEtP 1.05 0.61 -1.43    2.04 

ZnTEtP+C60 1.09 0.59 -1.40  -0.47 -0.92 1.99 

ZnTPrP 1.05 0.65 -1.53    2.18 

ZnTPrP+ C60 1.01 0.58 -1.39  -0.46 -0.93 1.97 

a
Ag/AgCl taken as reference electrode and 0.1 M TBAPF6 as supporting 

electrolyte.  0.01M solution of C60 in PhCN was prepared.  
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Figure 5.6 
1
H NMR Spectra of (a) 1:C60 Adduct (b) 1 in C6D6 at 298 K. 

5.3.7 Computational Studies 

The geometry and electronic structure of the dyad was probed by DFT calculations using 

the B3LYP functional and 3-21G basis set. D’souza et al have already reported the 

advantages of 3-21G basis set in predicting the structure of porphyrin-fullerene donor-

acceptor dyad [26–29]. In our calculations, the starting compounds (porphyrin and C60) 

were fully optimized and allowed to interact. Figure 5.7a represents the fully optimized 

1:C60 dyad. The geometric parameters of the conjugates were obtained after complete 

energy optimization. The edge-to-edge distance and distance between the porphyrin to the 

fullerene spheroid were found to be 10.5 Å and 3.7 Å, respectively. These values were 

comparable to the earlier computed and calculated from X-ray structural studies of 

ZnTPP-C60Im dyad [30]. The B3LYP/3-21G calculated HOMO and LUMO for the 

investigated dyad are shown in Figure 5.7b-c. The HOMO was found to be located on the 

porphyrin entity and LUMO was located on the C60 entity. The absence of HOMOs on 

C60 and LUMOs on the porphyrin macrocycle suggests weak charge transfer-type 

interactions between the donor and acceptor entities of the dyad in the ground state.   
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Figure 5.7 (a) B3LYP/3-21G Optimized Structure H2TMeP (1):C60 Supramolecular Dyad (b) 

Frontier HOMO Orbitals (c) Frontier LUMO Orbitals.  

5.4 CONCLUSIONS 

Meso-tetraalkylporphyrins with varying alkyl chain length were synthesized and characterized by 

various spectroscopic techniques. Crystal structure of meso-tetrapropylporphyrin exhibited 

planar confirmation of porphyrin macrocycle. The binding of C60 with the 1-3 and their zinc 

complex was monitored by 
1
H NMR, and fluorescence spectroscopic techniques. From UV-Vis 

and fluorescence titrations, the stoichiometry of complexation between porphyrin and fullerene 

(C60) was found to be 1:1. These meso-tetraalkylporphyrins have shown 10-100 times higher 

association constants than H2TPP and H2THexP. As we increase the alkyl chain length from C1 

to C6, a marked decrement (100 times) in the association constants was observed due to 

enhanced steric hindrance offered by alkyl chains. The anodic shift in oxidation potentials (20-

100 mV) of porphyrin-fullerene dyads as compared to meso-tetraalkylporphyrins indicating the 

supramolecular interactions between the constituents in the ground state. The optimized 

geometry and electronic structure of 1:C60 supported the formation of supramolecular dyad and 

the possibility of charge transfer interactions between porphyrin host and fullerene C60 guest.   
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CHAPTER 6 

β-FUNCTIONALIZED ‘PUSH-PULL’ PORPHYRINS: SYNTHESIS, 

PHOTOPHYSICAL, ELECTROCHEMICAL REDOX PROPERTIES AND 

NLO STUDIES 

 

6.1 INTRODUCTION 

The wide use of optical radiation which created from natural or artificial sources in the important 

applicative fields such as communication, machining, surgery, imaging and energy conversion 

urge the development of adequate tools to control the radiation features to achieve the desired 

function driven by the light in most durable, efficient and fast way. Sizeable attention has been 

focused dramatically on third order nonlinear optical (NLO) materials for their potential in 

optical communication, ultrahigh speed signal processing and aberration-corrected imaging [1-

3]. NLO is described by a set of nonlinear response of properties such as polarization, frequency, 

phase and path of incident light consequently exhibiting by materials which can be further used 

for photonic applications [4]. NLO material have attracted physicists‟/chemists‟/material 

chemists‟ interest since past three decades due to their great potential in various applications 

such as optical limiting, optical communication, data storage devices, multi-photo imaging, 

fluorescence and surface-enhanced raman scattering [5,6]. Nonlinear optical activity was first 

investigated in inorganic crystal (LiNbO3) and further extended to a variety of compounds [7]. 

Organic, inorganic and organometallic compounds with highly conjugated π-system, fascinating 

photophysical and electrochemical properties able to produce nonlinear optical properties [8]. 

Porphyrin and phthalocynines are suitable candidates for the NLO due to their high thermal and 

chemical stability, delocalized π-electronic system and good solubility. Further, they can 

generate a significant increment in hyper polarizability via facile electronic exchange through π-

ring system or inserting the metal in core of porphyrin or through peripheral functionalization. 

Nonlinear response of porphyrin molecule can be enhances by peripheral substitution which tune 

the photophysical and electrochemical properties of porphyrin.  Several porphyrins and corroles 

have been investigated for NLO studies [9,10]. A number of asymmetric porphyrins mainly 

reported for nonlinear optics. In 1998 Albert et al. reported NLO response on push-pull 

porphyrins and suggest that the NLO response obtained by (1) reducing the dihedral twist of 
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phenyl substituents with respect to the plane of porphyrin macrocycle, (2) β/meso 

functionalization of macrocycle via electron donor and acceptor substituents [11]. Molecule 

which containing large conjugated π-system with acceptor and donor groups at antipodal 

position, used as NLO materials. NLO properties can be tuned by β-functionalization of 

porphyrin molecules with both electron-withdrawing and electron-donating groups due to altered 

optoelectronic and redox properties. Triphenylamine, an electron-donating group, is a famous 

building block in material chemistry and use for the synthesis of such type of material which 

used in various applications including photovoltaic devices [12].
 

Triphenylamine used in 

optoelectronic material due to its good electron donating and hole transport mobility [13].
 
It is 

also found that many nitro group containing porphyrins are used for NLO application where nitro 

group act as acceptor and generate the asymmetry in porphyrin molecule. Porphyrin is a versatile 

functional molecule for its electrochemical and photophysical properties and which can be 

altered by changing the substituents at β/meso position of the macrocycle. Porphyrins and their 

metal complexes have been utilized in various fields such as materials, medicine and catalysis 

[14–17]. The studies on nonplanarity of porphyrin are of special interest, due to their biological 

significance. Herein, we report two series of tri-β-substituted push-pull porphyrins having 

formyl/nitro as an acceptor group and triphenylamine as a donor group. Triphenylamino group 

was attached at β-pyrrole position of porphyrin core by replacing bromo group via Pd(0) 

catalyzed coupling reaction. Synthesized porphyrin and their metal complexes were fully 

characterized by various spectroscopic techniques and their structural, optical and redox 

properties were studied. So, likewise in the present work, we have put forth the variation in two 

photon absorption, NLO coefficients and third order NLO susceptibility of H2TPP(TPA)2NO2 

and H2TPP(TPA)2CHO for different wavelength by Z-scan experiment.
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Chart 6.1 Molecular Structure of Synthesized Tri-β-substituted “Push-Pull” Porphyrins. 

6.2 EXPERIMENTAL SECTION 

6.2.1 Reagents 

Benzaldehyde and pyrrole were received from HiMedia and Alfa Aesar, respectively and used as 

received. All metal salts, CaH2, N-bromosuccinimide and P2O5 were purchased from HiMedia. 

4-(N,N-Diphenylamino)phenylboronic acid was prepared according to reported literature [18]. 

Pd(PPh3)4 was purchased from Sigma-Aldrich (India) and used as received. Toluene was of 

analytical grade, first dried and distilled over P2O5 to use. TBAPF6 were purchased from 

HiMedia, India and recrystallized before use. Silica gel employed in this work purchased from 

Thomas Baker. H2TPP, H2TPPNO2, H2TPPBr2CHO and H2TPPBr2NO2 were synthesized 

according to the reported literature [19-22]. 

6.2.2 Instrumentation and Method 

UV-Visible and emission spectra were recorded using Shimadzu spectrophotometer (UV-2600) 

and Hitachi F-4600 fluorescence spectrophotometer, respectively with quartz cell of 1 cm path 

length. All MALDI-TOF mass spectra were recorded with Bruker Ultra-fleXtreme TN 

MALDITOF/TOF spectrometer and HABA (2-(4- hydroxyphenylazo)benzoic acid) was used as 

matrix. 
1
H and 

13
C NMR spectra were recorded with Bruker AVENCE 400 MHz NMR 

spectrometer in CDCl3 at 298 K. DFT study was carried out using B3LYP functional and 

LANL2DZ basis set. Electrochemical measurement were carried out using (CH 620E) CH 

instrument. Cyclic voltammetry studies were performed in distilled CH2Cl2 containing 0.1 M 

TBAPF6 (tetrabutylammonium hexafluorophosphate) and three electrode assembly were used 
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containing Ag/AgCl as reference electrode, platinum wire counter electrode and platinum 

working electrode. We have utilized a Ti-sapphire laser (Chameleon, Coherent) for Z scan 

experiment having 150 fs pulse duration, repetition rate of 80 MHz, beam diameter 2 mm, along 

with 680-1080 nm spectral range feasibility. We engaged a 10 cm lens for focusing the beam 

onto the sample. We carried out the experiment for 680-850 nm range with corresponding 

Rayleigh range 0.5-1 mm using neutral density filters for input pulse energy attenuation. The fine 

powder-like samples were utilized making them dissolved in Toluene (10 mM concentration) 

and they resulted in a linear transmittance of 70-80% in 680-850 nm wavelength range. We have 

used a 1mm glass cuvette for containing the sample solution while scanning with a linear 

translation stage and we fed the transmittance data to a photo-diode connected to a power meter. 

For the closed aperture mode, a varying aperture was kept in front of photodiode and the 

experiment was repeated several times to obtain the averaged best data for extracting the NLO 

coefficients. 

6.2.3 Synthesis of H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO:   

Free base 2-nitro-12,13-dibromo-5,10,15,20-tetraphenylporphyrin (0.16 g, 0.196 mmol) was 

taken in two neck round bottom (RB) flask. To this, a solution of 4-(N,N-

Diphenylamino)phenylboronic acid (0.676 g, 2.35 mmol) in toluene (80 ml) and K2CO3 (0.648 g, 

4.68 mmol) were added and argon was purged for 15 min. Further, Pd(PPh3)4 (0.045 g, 0.039 

mmol) was added under inert atmosphere and the reaction mixture was heated to 95 
ο
C for 20 h. 

After completion of reaction, reaction mixture was cooled to room temperature and reduce to 

concentrate by rotary evaporation. Then, residue was dissolved in chloroform and washed with 

aqueous sodium bicarbonate followed by brine solution. The organic layer was separated, dried 

over anhydrous Na2SO4 and evaporated to reduce. The crude product was purified by silica gel 

column chromatography using CHCl3/hexane mixture (3:1 v/v) and the polarity was enhanced up 

to 100% CHCl3. The product was found with yield 65% (105 mg, 0.091 mmol). 

H2TPP(TPA)2CHO was also synthesized by similar procedure and yield was found to be 30% 

(30 mg, 0.042 mmol). 

H2TPP(TPA)2NO2: UV-Vis. λmax (nm), (log ε): 308 (4.65), 438 (5.13), 539 (4.12), 660 (3.83). 

1
H NMR in CDCl3, 400 MHz:  (ppm): 8.98 (s, 1H, β-H), 8.79-8.83 (m, 2H, β-H), 8.62 (t, J = 4 

Hz, 2H, β-H), 8.29 (dd, J = 4 Hz, 8 Hz, 4H, meso-o-Ph-H), 7.93-7.99 (m, 8H, meso-o-Ph-H), 



Chapter 6: β-Functionalized ‘Push-Pull’ Porphyrins for NLO Application 
  

141 
 

7.73-7.80 (m, 6H, meso-m-Ph-H), 7.51 (m, 2H, meso-m-Ph-H), 7.42-7.45 (m, 4H, meso-p-Ph-H), 

7.28 (s, 2H, TPA-H), 7.24 (s, 2H, TPA-H), 6.98-7.03(m, 12H, TPA-H), 6.78-6.81(m, 4H, TPA-

H), 6.65 (d, J = 8 Hz, 4H,TPA) -2.29 (s, 2H, -NH). MALDI-TOF-MS (m/z): found [M+H]
+
 

1146.825, calcd. 1146.44. Elemental analysis calcd. for C80H55N7O2: C, 83.82%; H, 4.84%; N, 

8.55% and found: C, 84.28%; H, 5.12%; N, 8.77%. 

H2TPP(TPA)2CHO: UV-Vis. λmax (nm), (log ε): 308 (4.59), 438 (5.24), 535 (4.06), 576 (3.88), 

612(3.72), 678(3.61). 
1
H NMR in CDCl3, 400 MHz:  (ppm): 9.34 (s, 1H, CHO), 9.24(s, 1H, β-

H), 8.76 (d, J = 4 Hz,  2H, β-H), 8.58 (t, J = 8 Hz, 2H, β-H), 8.25 (dd, J = 8 Hz, 4 Hz 4H, meso-

o-Ph-H), 7.81-7.95 (t, J = 4 Hz, 4H, meso-o-Ph-H), 7.74-7.80 (m, 8H, meso-m-Ph-H), 7.50-7.54 

(t, J = 4 Hz, 2H, meso-p-Ph-H), 7.33-7.39 (m, 2H, meso-p-Ph-H), 7.31 (m, 4H, TPA-H), 6.98-

7.13 (s, 16H, TPA-H), 6.81-6.86(m, 4H, TPA-H), 6.66(d, J = 4 Hz, 4H, TPA-H), -2.26 (s, 2H, -

NH). MALDI-TOF-MS (m/z): found [M+H]
+
 1129.53, calcd. 1129.45. Elemental analysis calcd. 

for C81H56N6O: C, 85.90%; H, 5.06%; N, 7.03% and found: C, 85.97%; H, 5.19%; N, 7.36%. 

 

6.2.4 Synthesis of MTPP(TPA)2NO2 and MTPP(TPA)2CHO, where M = Co(II), Ni(II), 

Cu(II), Zn(II).    

In a 100 ml RB, H2TPP(TPA)2NO2/H2TPP(TPA)2CHO (0.052 mmol) was taken and dissolved in 

12 ml of chloroform. To this, 10 equiv. of M(OAc)2•nH2O (where M = Co, Cu and Zn) dissolved 

in CH3OH was added, then reaction mixture was allowed to reflux for half an hour. Reaction 

mixture was washed with water to remove excess metal salt. The organic layer was separated, 

dried over anhydrous Na2SO4 and the solvent was removed by rotatory evaporation. The product 

was subjected to silica column chromatography for purification using CHCl3 as an eluent. 

Further, NiTPP(TPA)2NO2 complex was prepared by refluxing H2TPP(TPA)2NO2 or 

H2TPP(TPA)2CHO and Ni(OAc)2•2H2O in the DMF for 3 h. Then it was cooled to room 

temperature, added water to get precipitate and filtered on G-4 crucible. The crude product was 

further purified via silica gel column chromatography using CHCl3 as eluent. Yield was found to 

be 80-90%. 

CoTPP(TPA)2NO2: UV-Vis. λmax (nm), (log ε): 308 (4.76), 432 (5.01), 551 (4.11), 597 (4.10). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1203.257, calcd. 1203.36. Elemental analysis calcd. for 

C80H53CoN7O2: C, 79.85%; H, 4.44%; N, 8.15% and found: C, 79.26%; H, 4.99%; N, 8.42%. 
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NiTPP(TPA)2NO2: UV-Vis. λmax (nm), (log ε): 309 (4.77), 438 (5.11), 553 (4.17), 602 (4.14). 

1H NMR in CDCl3, 400 MHz:  (ppm): 8.91 (s, 1H, β-H), 8.56 (d, J = 4 Hz, 1H, β-H), 8.45 (d, J 

= 4 Hz, 1H, β-H), 8.32 (d, J = 4 Hz, 1H, β-H), 8.26 (d, J = 4 Hz, 1H, β-H), 7.96-7.99 (m, 4H, 

meso-o-Ph-H), 7.56-7.70 (m, 12H, meso-o. m and p-Ph-H), 7.41-7.45 (m, 3H, meso-p-Ph-H), 

7.28-7.30 (m, 4H, TPA), 7.23-7.25 (m, 4H, TPA-H), 6.98-7.05 (m, 12H, TPA-H), 6.60-6.75(m, 

8H, TPA-H). MALDI-TOF-MS (m/z): found [M]
+
 1201.626, calcd. 1201.36. Elemental analysis 

calcd. for C80H53N7NiO2: C, 79.87%; H, 4.44%; N, 8.15% and found: C, 79.20%; H, 4.78%; N, 

8.79%. 

CuTPP(TPA)2NO2: UV-Vis. λmax (nm), (log ε): 309 (4.73), 432 (5.17), 559 (4.16), 606 (4.10). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1207.819, calcd. 1207.37. Elemental analysis calcd. for 

C80H53CuN7O2: C, 79.55%; H, 4.42%; N, 8.12% and found: C, 79.70%; H, 4.80%; N, 8.55%. 

ZnTPP(TPA)2NO2: UV-Vis. λmax (nm), (log ε): 309 (4.85), 434 (5.50), 560 (4.47), 609 (4.36). 

1
H NMR in CDCl3, 400 MHz:  (ppm): 9.16 (s, 1H, β-H), 8.86 (d, J = 8 Hz, 1H, β-H), 8.83 (d, J 

= 4 Hz, 1H, β-H), 8.59-8.61 (m, 2H, β-H), 8.17-8.21 (m, 4H, meso-o-Ph-H), 7.84-7.88 (m, 4H, 

meso-o-Ph-H), 7.66-7.79 (m, 6H, meso-m-Ph-H), 7.49-7.52 (m, 2H, meso-m-Ph-H), 7.32-7.36 

(m, 4H, meso-p-Ph-H), 7.27-7.29 (m, 6H, TPA-H), 7.25 (s, 2H, TPA-H), 6.98-7.07 (m, 12H, 

TPA-H) 6.86 (d, J = 8 Hz, 4H, TPA-H), 6.69 (d, J = 8 Hz, 4H, TPA-H). MALDI-TOF-MS 

(m/z): found [M+H]
+
 1208.750, calcd. 1208.36. Elemental analysis calcd. for C80H53N7NiO2: C, 

79.43%; H, 4.42%; N, 8.10% and found: C, 79.66%; H, 4.76%; N, 8.44%. 

CoTPP(TPA)2CHO: UV-Vis. λmax (nm), (log ε): 308 (4.70), 434(5.11), 555 (4.16), 593 (4.09). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1186.82, calcd. 1186.37. Elemental analysis calcd. for 

C81H54CoN6O: C, 80.18%; H, 4.49%; N, 6.56% and found: C, 79.97%; H, 4.62%; N, 6.69%. 

NiTPP(TPA)2CHO: UV-Vis. λmax (nm), (log ε): 309 (4.76), 437 (5.34), 554 (4.11), 598 (4.08). 

1
H NMR in CDCl3, 400 MHz:  (ppm): 9.24 (s, 1H, CHO), 9.18(s, 1H, β-H), 8.56-8.59(m, 2H, β-

H), 8.31-8.35 (m, 2H, β-H), 7.98 (dd, J = 4Hz, 4 Hz 2H, meso-o-Ph-H), 7.95 (dd, J = 4 Hz, 4 Hz 

2H, meso-o-Ph-H), 7.65-7.72 (m, 10 H, meso-o- and m-Ph-H), 7.57 (d, J = 8Hz, 4H, meso- m 

and p-Ph-H), 7.40-7.44 (m, 2H, meso-p-Ph-H), 7.23 (s, 4H, TPA-H), 6.98-7.07 (m, 16H, TPA-

H), 6.72 (d, J = 4Hz, 4H, TPA-H), 6.62 (d, J = 4Hz, 4H, TPA-H). MALDI-TOF-MS (m/z): 
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found [M+H]
+
 1185.70, calcd. 1185.37. Elemental analysis calcd. for C80H53N7NiO2: C, 80.20%; 

H, 4.49%; N, 6.56% and found: C, 80.87%; H, 4.69%; N, 6.47%. 

CuTPP(TPA)2CHO: UV-Vis. λmax (nm), (log ε): 309 (4.81), 434 (5.46), 559 (4.25), 600 (4.20). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1190.49, calcd. 1190.38. Elemental analysis calcd. for 

C81H54CuN6O: C, 79.75%; H, 4.46%; N, 6.53% and found: C, 79.97%; H, 4.82%; N, 6.67%. 

ZnTPP(TPA)2CHO: UV-Vis. λmax (nm), (log ε): 311 (4.42), 434 (5.16), 562 (3.91), 603 (3.83). 

1
H NMR in CDCl3, 400 MHz:   (ppm): 9.51(s, 1H, CHO), 9.29 (s, 1H, β-H), 8.84 (d, J = 4 Hz, 

2H, β-H), 8.61-8.64 (m, 2H, β-H), 8.24 (d, J = 8Hz, 2H, meso-o-Ph-H ), 8.17 (d, J = 8Hz, 2H, 

meso-o-Ph-H), 7.85-7.88 (m, 4H, meso-m-Ph-H), 7.69-7.81 (m, 10H, meso-m and p-Ph-H), 7.47-

7.52 (m, 2H, meso-p-Ph-H), 7.24-7.35 (m, 4H, TPA-H), 7.06 (d, J = 8 Hz, 2H, TPA-H), 6.99 (t,  

J = 8 Hz, 6H, TPA-H) 6.88 (d, J = 4 Hz, 4H, TPA-H), 6.69 (d, J = 8 Hz, 4H, TPA-H). MALDI-

TOF-MS (m/z): found [M+H]
+
 1191.94, calcd. 1191.37. Elemental analysis calcd. for 

C80H53N7NiO2: C, 79.58%; H, 4.45%; N, 6.51% and found: C, 79.69%; H, 4.47%; N, 6.94%. 

6.3 RESULTS AND DISCUSSION 

6.3.1 Synthesis and Characterization 

Two new family of free base asymmetric β-trisubstituted porphyrins (MTPP(TPA)2X, M = 2H, 

Zn(II), Co(II), Ni(II) and Cu(II); X = CHO/NO2) were synthesized using Suzuki cross coupling 

reaction of H2TPPBr2X (X = CHO/NO2) with 4-(N,N-Diphenylamino)phenylboronic acid where 

bromo substituents were replaced by triphenylamine groups. Metal complexes of these two 

porphyrins were prepared by reported procedure. As per our knowledge, it is the first time that β-

triphenylamine substituted porphyrins were reported. All the synthesized porphyrins were 

characterized by various spectroscopic techniques such as UV-Vis, fluorescence, 
1
H NMR 

spectroscopic techniques, MALDI-TOF mass spectrometry and elemental analysis. 
1
H NMR 

spectra of MTPP(TPA)2X (where X = NO2/CHO and M = 2H, Ni, Zn) exhibited resonance 

arising from β-triphenylamine, meso-phenyl, β-pyrrole, -CHO proton and inner -NH protons. 
1
H 

and 
13

C NMR spectra have shown in Figures A1-A11, Appendix-V. Integrated intensity and 

position of protons found in closed agreements with the proposed structure. MALDI-TOF-mass 

spectra of synthesized porphyrins shown in Figures A12-A21, Appendix-V.  
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Scheme 6.1 Synthesis of Mixed Tri-β-Substituted “Push-Pull” Porphyrins. 

6.3.2 Optical Absorption and Emission Spectral Studies 

Absorption and emission properties of porphyrin were influenced by electronic nature of β-

substituents (electron donor/electron acceptor), core metal ions and nonplanarity of macrocyclic 

core [23-26]. The optical absorption and emission spectra of synthesized porphyrins are shown in 

Figure 6.1. Table 6.1 lists the absorption and emission data of all synthesized porphyrins. The 

Soret band of these porphyrins was found in range of λ = 432-438 nm and last Q bands are in 

593-690 nm. MTPP(TPA)2X (X = NO2/CHO, M = 2H, Co, Ni, Cu, Zn) exhibited 16-22 nm red 

shift in the Soret band and 39-58 nm shift in last Q band as compared to MTPP due to resonance 

and inductive effect of β-substituents on π-system of porphyrin and it is well known that the 

nonplanar conformation of porphyrin also induces the unusual red shift in their spectral 

properties [27,28]. The full width half maximum (FWHM) of MTPP(TPA)2X (X = NO2/CHO; 

M = 2H, Zn) are greater than MTPPs (M = 2H, Zn) which reflected the greater extent of charge 

transfer from HOMO of triphenylamine moieties (electron donor) to π* orbitals of -NO2/CHO 

group (electron acceptor) [29] and revealed the intramolecular charge-transfer from donor to 

acceptor group. The emission spectra of MTPP(TPA)2X (X = NO2/CHO, M = 2H and Zn(II)) 

were recorded in the dichloromethane at 298 K. These porphyrins exhibited broad and red 

shifted emission spectra due to asymmetric arrangement of β-substituents. The fluorescence 

maxima of free base and Zn(II) derivatives of synthesized porphyrins observed red shifted than 

H2TPP and ZnTPP, respectively. H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO exhibited emission 

spectra at 754 and 700 nm, respectively which are found 50-100 nm red shifted as compared to 
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H2TPP. These porphyrins exhibited reduced quantum yield and shorter lifetime, due to nonplanar 

conformation of porphyrin macrocycle [30]. 

 

Figure 6.1 (a) UV-visible and (b) Fluorescence Spectra of H2TPP(TPA)2NO2 and 

H2TPP(TPA)2CHO in CH2Cl2 at 298 K. 

Table 6.1 Photophysical Data of MTPP(TPA)2NO2 and MTPP(TPA)2CHO (M = 2H, Co(II), 

Ni(II), Cu(II), Zn(II)) in CH2Cl2 at 298 K 

Porphyrin λexcitation , nm    λemission, nm    Φf FWHM [ns] 

H2TPP(TPA)2NO2 308(4.65), 438(5.13), 

539(4.12), 690(3.83) 

754 0.0019 40 0.52 

H2TPP(TPA)2CHO 308(4.69), 438(5.24), 

535(4.06), 576(3.88), 

612(3.72), 678(3.61) 

649 0.019 29 4.88 

CoTPP(TPA)2NO2 308(4.76), 432(5.01), 

551(4.11), 597(4.10) 

  60  

CoTPP(TPA)2CHO 308(4.70), 434(5.11), 

555(4.16), 593(4.09) 

  45  

NiTPP(TPA)2NO2 309(4.77), 438(5.11), 

553(4.17), 602(4.14) 

  44  

NiTPP(TPA)2CHO 309(4.76), 437(5.34), 

554(4.11), 598(4.08) 

  32  

CuTPP(TPA)2NO2 309(4.73), 432(5.17), 

559(4.16), 606(4.10) 

  41  
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CuTPP(TPA)2CHO 309(4.81), 434(5.46), 

559(4.25), 600(4.20) 

  25  

ZnTPP(TPA)2NO2 309(4.85), 434(5.50), 

560(4.47), 609(4.36) 

701 0.003 37 0.58 

ZnTPP(TPA)2CHO 311(4.42), 434(5.16), 

562(3.91), 603(3.83) 

644 0.009 23 0.89 

*Value in the parentheses denote to log ε 

6.3.3 NLO Studies using Femtosecond Pulses 

We have obtained prominent Z-scan experimental results for different wavelengths and were 

able to extract various parameters like Two photon absorption coefficient [31] (β) (cm W
-1

), 

absorption cross section 2PA (GM), nonlinear refractive index (n2) (cm
2
 W

-1
) and nonlinear 

optical susceptibility index (χ 
(3)

). For all four samples we have noticed RSA behavior in open 

aperture experimental data, whereas in closed aperture mode curves have displayed always peak-

valley nature revealing about the negative refractive index as well as the defocusing nature of the 

H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO. 

Figure 6.2(i)a-e illustrates about the open aperture mode data obtained for the porphyrin
 

H2TPP(TPA)2NO2 for different wavelengths. Figure 6.2(i)a displays the OA data for the 

mentioned sample with peak intensity 4.5410
8
 W/cm

2
 and calculated 2PA coefficient (β) is 

5.5×10
-8

 cm W
-1 

at 680 nm. Figure 6.2(i)b exhibits the data for open aperture with applied peak 

intensity 4.0210
8
 W/cm

2
 and calculated β is 8×10

-8
 cmW

-1
 at 700 nm. Figure 6.2(i)c presents 

the OA data with peak intensity 3.7310
8
 W/cm

2
 and calculated β is 0.16×10

-8
 cmW

-1
 at 750 nm. 

In Figure 6.2(i)d we found OA data with peak intensity 3.2210
8
 W/cm

2
 and calculated β is 

0.73×10
-8

 cmW
-1

 at 800 nm and Figure 6.2(i)e will give the OA data having peak intensity 

2.9210
8
 W/cm

2
 as well calculated β 0.2×10

-8
 cm W

-1
 at 850 nm. Now, for CA mode we have 

extracted the value of NLO refractive index (n2) for 750 nm (Figure 6.2(i)f) to be 6.80×10
-13

 

cm
2
W

-1
 and for 800 nm (Figure 6.2(i)g) to be 0.22×10

-13
 cm

2 
W

-1.
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Figure 6.2 Experimental and Theoretically fitted Z scan data for sample (i) H2TPP(TPA)2NO2 in 

OA mode at (a)  680 nm (b) 700 nm (c) 750 nm (d) 800 nm (e) 850 nm and CA mode at (f) 750 

nm (g) 800 nm (ii) H2TPP(TPA)2CHO in OA mode at (a) 680 nm (b) 700 nm (c) 750 nm (d) 800 

nm (e) 850 nm and CA mode at (f) 680 nm (g) 700 nm (h) 750 nm (i) 800 nm (j) 850 nm. 

 

For H2TPP(TPA)2CHO we performed the same Z-scan studies in both OA, CA mode and 

obtained nonlinear absorption and refractive index coefficients (Figure 6.2ii). For broad band 

(680-850 nm) wavelength using this sample we achieved the coefficients as follows- at 680 nm, 

700 nm, 750 nm, 800 nm and 850 nm we got β with values of 1.9 ×10
-8

 

cm W
-1

, 0.77×10
-8

 cm W
-1

, 0.39×10
-8

 cm W
-1

, 0.41×10
-8

 cmW
-1

, 0.3×10
-8

 cm W
-1

 respectively as 

Table 6.2 NLO coefficient data of  H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO. 

 (nm) β×10
-8

 

(cm W
-1

) 

2PA(GM) 

10
5
 

Im (χ 
(3)

)  

×10
-11 

(e.s.u.) 

n2×10
-13

 

(cm
2
W

-1
) 

Re (χ 
(3)

) 

×10
-11

 

(e.s.u.) 

Total (χ
(3)

)  

10
-11

(e.s.u.)
 

H2TPP(TPA)2NO2       
680 5.5 2.65 2.538 -- -- -- 
700 8 3.75 3.8 -- -- -- 
750 0.16 0.07 0.081 6.8 5.797 5.798 
800 0.73 0.29 0.39 0.22 0.187 0.433 
850 0.2 0.0773 0.115 -- -- -- 

H2TPP(TPA)2CHO       
680 1.9 0.918 0.88 7.9 6.73 6.787 
700 0.77 0.362 0.37 9.7 8.27 8.28 
750 0.39 0.171 0.19 2.97 2.53 2.54 

800 0.41 0.168 0.22 3.27 2.79 2.798 
850 0.3 0.116 0.173 1.66 1.415 1.426 
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well as the n2 values being 7.9×10
-13

 cm
2
 W

-1
, 9.7×10

-13
 cm

2
 W

-1
, 2.97×10

-13
 cm

2
 W

-1
, 3.27 × 10

-

13
 cm

2
 W

-1 
and 1.66×10

-13
 cm

2
 W

-1
 respectively. 

6.3.4 Electrochemical Redox Properties 

Triphenylamine is a highly conjugated tertiary amine group which acts as very good electron 

donating group in its initial state. Triphenylamine also stabilizes the charge transfer in excited 

state [32]. So to probe the effect of β-triphenylamine on MTPP(TPA)2NO2/CHO (M = 2H, Zn, 

Cu, Co and Ni), the electrochemical redox behavior was studied in CH2Cl2 at 298 K (Figure 

A22, Appendix-V) and compared the result with reported MTPP, MTPPBr2NO2 and 

MTPPBr2CHO derivatives under similar experimental condition. The electrochemical redox 

potential data of porphyrins are listed in the Table 6.2. It is seen from the Table 6.2 the presence 

of two bromo group and one CHO or NO2 group in MTPPBr2NO2 and MTPPBr2CHO (M = 2H, 

Zn, Cu, Co and Ni) resultant into the anodic shift in their redox potential corresponding their 

MTPP porphyrins as electron-withdrawing nature of both group make oxidation harder and 

reduction easier. Further, if both bromo group were replaced with triphenylamino substituents in 

MTPP(TPA)2X (X = CHO/NO2), then TPA group will give opposite effect than bromo 

substituent and change their redox properties accordingly. A comparative representation of CVs 

of CuTPP, CuTPPBr2NO2 and CuTPP(TPA)2NO2 (Figure 6.3a) and NiTPP, NiTPPBr2CHO and 

NiTPP(TPA)2CHO (Figure 6.3b) are shown in Figure 6.3. It is found that CuTPP exhibited two 

reversible reduction potential at -1.33 and -1.72 V and two oxidation potential found at 0.97 and 

1.35 V. CuTPPBr2NO2 exhibited anodic shift in the first oxidation and reduction potential by 

0.10 V and 0.48 V from CuTPP. Further, CuTPP(TPA)2NO2 showed two reversible oxidation 

potential at 1.00 and 1.50 V and three reversible reduction potential at -0.89, -1.14 and -1.34 V. 

CuTPP(TPA)2NO2 exhibited first oxidation and first reduction potential cathodically shifted by 

0.07 and 0.04 V, respectively as compared to CuTPPBr2NO2 due to electron-donating nature of 

TPA group whereas the first reduction potentials of CuTPP(TPA)2NO2 are anodically shifted as 

compared to CuTPP due to the effect of nitro group. Similarly, the first reduction potential of 

NiTPP(TPA)2CHO was cathodically shifted as compared to NiTPPBr2CHO but anodically 

shifted as compared to NiTPP. Other MTPP(TPA)2X porphyrin followed the same trend. The 

order of first reduction potential is follows as: MTPPBr2X < MTPP(TPA)2X < MTPP and the 

order of first oxidation potential is as follows: MTPP < MTPP(TPA)2X < MTPPBr2X where X = 

CHO/NO2 and M = 2H, Zn, Cu, Co, Ni indicating the cathodic shift in their redox potential of 
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MTPP(TPA)2X as compared to MTPPBr2X due to electron-donating effect TPA substituent. 

Surprisingly, ZnTPP(TPA)2X porphyrins did not follow the trend observed in first oxidation 

potential and showed anodic shift in their first oxidation potential as compared to ZnTPPBr2X 

where the first oxidation potential of ZnTPP(TPA)2CHO and ZnTPP(TPA)2NO2 are 0.06 and 

0.03 V anodically shifted from ZnTPPBr2CHO and ZnTPPBr2NO2 respectively. Overall, in case 

of MTPP(TPA)2X, the attachment of TPA group on porphyrin core in place of bromo 

substituents leads to cathodic shift in their redox potential as compared to MTPPBr2X due to 

electron donating nature and inductive effect of TPA group but the presence of electron-

withdrawing -CHO/NO2 group in these porphyrins still favor harder oxidation and easier 

reduction as compared to corresponding MTPPs and The tunable redox behavior of 

MTPP(TPA)NO2/CHO revealed a “push-pull” effect of β-substituents (TPA, NO2/CHO) at 

periphery of porphyrin system.  

By appending electron releasing TPA groups and electron accepting nitro or formyl group at β-

position of macrocycle, the HOMO-LUMO gap got reduced as compared to MTPPs. The 

HOMO-LUMO energy variation of the synthesized β-trisubstituted porphyrins was compared 

with MTPP (M = 2H, Co, Ni, Cu, Zn), mono and tri-β-substituted porphyrins as shown in Figure 

6.4. The values have been taken from the literature [33]. The highest HOMO-LUMO gap is 

found for MTPPs and linearly decreased as moving from MTPPX to MTPPBr2X and 

MTPP(TPA)2X where X = CHO/NO2. HOMO-LUMO decrement can be ascribed due to the 

presence of electron-withdrawing effect and structural effect as steric crowding increase around 

the porphyrin macrocycle. The presence of formyl, nitro or bromo substituents (electron pulling 

group) at porphyrin lead to stabilization of LUMO level which decrease HOMO-LUMO energy 

gap. As opposite, triphenylamino group stabilize the HOMO level and destabilize the LUMO 

level. The HOMO-LUMO gap of MTPP(TPA)2NO2 is lower  than MTPPBr2NO2 but 

MTPP(TPA)2CHO has higher HOMO-LUMO gap as compared to MTPPBr2CHO. The order of 

HOMO-LUMO is observed as follows: MTPPs > MTPPX > MTPPBr2X and MTPP(TPA)2X. 

The trend is more consistent in case of nitro substituted porphyrin as compared with formyl 

substituted porphyrins due to the higher electron-withdrawing nature of nitro substituent.  
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Figure 6.3 Cyclic Voltammograms of (a) CuTPP, CuTPPBr2NO2 and CuTPP(TPA)2NO2 and (b) 

NiTPP, NiTPPBr2CHO and NiTPP(TPA)2CHO in CH2Cl2 with a Scan Rate of 0.1 V/s at 298 K. 

Table 6.3 Redox Potential Data of all Synthesized Porphyrins with Comparative Porphyrins (MTPPs and 

MTPPBr2X; (X = NO2/CHO)) Where (M = 2H, Ni(II), Co(II), Cu(II) and Zn(II))  in CH2Cl2 at 298 K. 

 

Porphyrin  

Oxidation   

ΔE 

Reduction Metal Centre 

Oxi./Red. 

I II III IV I II III I II 

H2TPP 1.00 1.34   2.23 -1.23 -1.54    

H2TPPBr2NO2 1.11 1.21   1.87 -0.75 -0.82    

H2TPP(TPA)2NO2 1.02 1.62   1.85 -0.83 -0.98    

H2TPPBr2CHO 1.11 1.22   2.00 -0.89     

H2TPP(TPA)2CHO 1.10    2.05 -0.94     

CoTPP 1.06 1.31   2.44 -1.38   0.85 -0.86 

CoTPPBr2NO2 1.22 1.44   2.43 -1.20   0.92 -0.51 

CoTPP(TPA)2NO2 1.22 1.51   2.47 -1.25   0.96 -0.60 

CoTPPBr2CHO 1.26 1.41   2.28 -1.02 -1.49  0.95 -0.57 

CoTPP(TPA)2CHO 1.23 1.45   2.36 -1.13   0.98 -0.67 
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NiTPP 1.02 1.32   2.30 -1.28 -1.72    

NiTPPBr2NO2 1.24    2.07 -0.83 -1.06    

NiTPP(TPA)2NO2 0.95 1.23   1.82 -0.87 -1.14 -1.38   

NiTPPBr2CHO 1.14    2.09 -0.95 -1.21    

NiTPP(TPA)2CHO 1.03 1.26 1.50 2.00 2.09 -1.05 -1.05    

CuTPP 0.97 1.35   2.30 -1.33 -1.70    

CuTPPBr2NO2 1.07 1.49   1.92 -0.85 -1.07    

CuTPP(TPA)2NO2 1.00 1.50   1.89 -0.89 -1.14 -1.34   

CuTPPBr2CHO 1.08 1.47   2.02 -0.94 -1.20    

CuTPP(TPA)2CHO 1.06 1.47   2.03 -0.97 -1.34    

ZnTPP 0.84 1.15   2.20 -1.36 -1.77    

ZnTPPBr2NO2 0.94   1.18   1.88 -0.93 -1.08    

ZnTPP(TPA)2NO2 0.98 1.23   2.05 -1.07 -1.30    

ZnTPPBr2CHO 0.97 1.22   2.02 -1.05 -1.20    

ZnTPP(TPA)2CHO 1.04 1.55   2.16 -1.11 -1.36    

 

 

Figure 6.4 Comparative HOMO-LUMO Variation of CuTPP, CuTPPNO2, CuTPPBr2NO2, 

CuTPP(TPA)2NO2, CuTPPCHO, CuTPPBr2CHO and CuTPP(TPA)2CHO. 

6.3.5 DFT Studies 
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The porphyrin core structure of MTPP(TPA)2X (X = CHO/NO2 and M = 2H, Zn, Cu, Co, Ni) 

must be more nonplanar as compared to their corresponding MTPPBr2X porphyrins as two 

bromo substituents were replaced with bulky triphenylamino group at the β-pyrrole position. To 

further investigate the conformational changes these porphyrins, the gas phase geometry for 

H2TPP(TPA)2X, X = CHO/NO2 were optimized with B3LYP functional and LANL2DZ basis set 

and compared with H2TPPBr2X reported in literature [34–36]. The optimized geometries of 

H2TPP(TPA)2X (X = CHO or NO2) are shown in Figure 6.5 and frontier molecular orbitals 

(FMOs) are shown in Figure A23, Appendix-V. The Selected average bond lengths and bond 

angles of H2TPP(TPA)2X and H2TPPBr2X (X = CHO or NO2) were listed in Table A1, 

Appendix-V. Both porphyrins exhibited saddle shape nonplanar conformation of porphyrin 

macrocycle due to two triphenylamino group. H2TPP(TPA)2CHO has ΔCβ = 0.636 Å and the 

24 core atoms Δ24 = 0.312 Å which is comparatively higher from H2TPPBr2CHO. 

H2TPPBr2NO2 shows ΔCβ = 0.642 Å and Δ24 = 0.317 Å which is similar to H2TPPBr2NO2. 

These porphyrins showed increment in Cβ-Cβ bond length along with increment in Cβ-Cα-Cm by 

3
0
 (Table A1, Appendix-V) which clearly indicating that pyrrole ring tilted from the mean plane 

(a) (b) 

 

Figure 6.5 Optimized Gas Phase Geometries of H2TPP(TPA)2NO2 and  H2TPP(TPA)2CHO. 

of porphyrin core to adjust the two new bulky group at β-position and saddle shape non-planar 

conformation arise. From Figure A23, Appendix-V, it can be seen that the electron density of 

HOMO and HOMO + 1 levels were spread only at triphenylamino unit and the electron density 

of LUMO and LUMO + 1 levels spread only at porphyrin core and β-CHO or NO2 groups. Thus, 
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triphenylamine act as donor group and formyl or nitro groups act as acceptor groups which make 

“push-pull” nature of porphyrin. This electron density distribution also suggests the possibility of 

intramolecular charge transfer from triphenylamino donors to acceptor porphyrin unites. The 

pictorial representations of resultant dipole moment of both tri-β-substituted porphyrins were 

shown in the Figure 6.6, Appendix-V. H2TPP(TPA)2NO2 have a higher dipole moment (μ = 7.66 

D) as compared to H2TPP(TPA)2CHO (μ = 4.55 D) due to the more electron-withdrawing nature 

of nitro substituent. These porphyrins exhibited higher dipole moment as compared to H2TPP (μ 

= 0.052 D) due to nonplanarity of porphyrin macrocycle and nature of substituents at β-position 

of porphyrin. 

7.66 D 4.55 D 
 

Figure 6.6 Theoretically Calculated Dipole Moment Direction of H2TPP(TPA)2NO2 and  

H2TPP(TPA)2CHO. 

6.4 CONCLUSIONS 

We have synthesized successfully two new families of asymmetric β-trisubstituted porphyrins 

(MTPP(TPA)2X (X = NO2/CHO and M = 2H, Co, Ni, Cu, Zn)) using Pd(0) catalyzed Suzuki 

cross-coupling reaction and the synthesized porphyrins were characterized by various 

spectroscopic techniques, mass spectrometry, ultrafast NLO properties, DFT and electrochemical 

studies. MTPP(TPA)2NO2/CHO (M = 2H, Co(II), Cu(II), Ni(II), Zn(II)) exhibited 16-22 nm and 

39-58 nm redshift in the Soret and Qx(0,0) bands, respectively as compared to MTPPs due to 

resonance and inductive effect of β-substituents on porphyrin π-system. The quantum yields as 

well as fluorescence lifetime of nitro substituted porphyrins have been found to be less as 



Chapter 6: β-Functionalized ‘Push-Pull’ Porphyrins for NLO Application 
  

154 
 

compared to those of formyl substituted porphyrins which clearly suggests larger extent of 

charge-transfer from donor moiety to nitro group via porphyrin spacer due to better electronic 

coupling of nitro group. H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO revealed large resultant 

dipole moment (7.62 D and 4.55 D, respectively) as compared to H2TPP(0.052 D) due to 

nonplanarity of macrocycle core and cross polarized „push-pull‟ effect of β-substituents. 

H2TPP(TPA)2NO2 exhibited nonplanar saddle shape conformation of the macrocyclic core as it 

was confirmed by DFT calculations. The first reduction potential of CuTPP(TPA)2NO2 and 

CuTPP(TPA)2CHO was found 0.44 and 0.36 V anodically shifted as referenced to CuTPP, 

respectively due to the electronic nature of β-substituents (NO2 and CHO) which made them easy 

to reduce than CuTPP. Redox potentials were found to be less altered in case of formyl 

substituted porphyrins compared to those of nitro substituted porphyrins. HOMO-LUMO energy 

levels were also found to be modulated due to peripheral substitutions of macrocycle. Ultrafast 

NLO properties of investigated porphyrins in visible range were estimated using femtosecond Z-

scan technique. Photophysical, electrochemical and DFT studies suggest that these porphyrins 

have good potentiality in the nonlinear optics (NLO). 
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CHAPTER 7 

ANTIPODAL β-TETRASUBSTITUTED 

TRIPHENYLAMINOPORPHYRIN: SYNTHESIS, SPECTRAL AND 

ELECTROCHEMICAL REDOX STUDIES 

 

7.1 INTRODUCTION 

Nonplanar porphyrins are a class of compounds of continued interest owing to their use in model 

of naturally occurring macrocycle [1,2]. Several reports are available in literature related to 

similar type of substitution at periphery of porphyrin [3,4]. Highly conjugated π-system, thermal 

stability, diverse coordination chemistry and versatility in the synthesis of porphyrins make them 

potentially attractive molecular synthons for several material applications [5]. Steric repulsive 

interaction between the peripheral substituents causes the nonplanar conformation of porphyrin 

macrocycle. It reveals that the nonplanarity of porphyrin macrocycle can be modulated by 

varying the shape, size, and the number of the substituents at periphery of the porphyrin [6,7]. 

Kadish et al. and other research groups have already reported the electrochemical redox 

properties of similar types of β-substituted porphyrins [8–11]. β-Substituted porphyrins exhibit 

unique physicochemical properties [12,13]. Meso-tetraphenylporphyrin is broadly explored 

system, due to facile synthesis and ease of functionalization as compared to β-functionalized 

porphyrins. Peripheral functionalization of porphyrin is one of the appropriate methodology to 

obtain novel functionalized porphyrins [14,15]. Nowadays, synthesis of functionalized 

porphyrins attracting the researchers due to their widespread applications in various field 

including dyes-sensitized solar cells [16], photodynamic therapy [17], catalysis [18,19], 

molecular sensing [20] and nonlinear optics [21]
 
and

 
owing to their significant photophysical 

properties such as strong absorption in visible region and their thermochemical stability. TPA is 

a strong electron donating chromophore which absorb radiation at 300 nm in dichloromethane 

due to n-π* electronic transition [22]. TPA is not a component of naturally occurring 

photosynthetic system but it is very potential material in modeling photosynthetic system [23]. 

TPA based materials are used in optoelectronic devices due to its reversible redox behavior, low 

oxidation potential, and good film forming properties. TPA based materials used as photovoltaic 

devices because organic photovoltaic devices are considered the promising renewable energy 
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sources [24,25]. This is known that TPA can easily modify and modulate the photophysical 

properties of porphyrin π-system. The efficient synthesis of arylamine substituted porphyrins 

using palladium catalyst was developed by Zhang et al. [26]. Chen et al. have prepared Cu(II) 

diphenylamine substituted porphyrins and also studied their thermal stability. Triphenylamine is 

a good electron donating and flexible conjugated group that imparts better charge transfer to 

porphyrin as good donor materials [27,28]. In this regard, we report the synthesis, spectral, and 

electrochemical redox properties of antipodal β-tetrasubstituted triphenylaminoporphyrin 

(H2TPP(TPA)4) and its metal derivatives (Co(II), Ni(II), Cu(II) and Zn(II)). All the synthesized 

porphyrins were characterized by UV-Visible, fluorescence, NMR, MALDI-TOF mass 

spectrometry, electrochemical studies and elemental analysis.  

 

Chart 7.1 Molecular Structure of Antipodal β-Tetrasubstituted Triphenylaminoporphyrins. 

7.2 EXPERIMENTAL SECTION 

7.2.1 Reagents 

Benzaldehyde and pyrrole were obtained from HiMedia and Alfa Aesar, respectively and used 

without further purification. All metal salt including Co(OAc)2.4H2O, Cu(OAc)2.3H2O, 

Ni(OAc)2.4H2O and Zn(OAc)2.2H2O, N-bromosuccinimide (NBS), P2O5, CaH2, DMF and 

TBAPF6 were purchased from HiMedia. Pd(PPh3)4 was purchased from Sigma-Aldrich. 

Analytical grade toluene was first dried and distilled over P2O5 to use. NBS was used after 

recrystallization from hot water then dried under vacuum up to 8h at 75 
ο
C. TBAPF6 was used 
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after recrystallization twice from hot ethanol then dried at 25 
ο
C for 2 days. Triphenylamine-4-

boronic acid prepared according to the reported literature [29]. 

7.2.2 Instrumentation and Methods 

Optical absorption and fluorescence spectral studies were carried out in CH2Cl2 using 

Cary 100 spectrophotometer and Hitachi F-4600 spectrofluorimeter, respectively. 

Elementary EL III Instrument used to elemental analysis. 
1
H NMR spectra were recorded 

in CDCl3 using JEOL 400 MHz spectrometer. DFT studies were carried out in gas phase 

using LANL2DZ as basis set with B3LYP functional. A Bruker UltrafleXtreme-TN 

MALDI-TOF/TOF mass spectrometer was used to recorded mass spectra by using 2-(4’- 

hydroxyphenylazo)benzoic acid as a matrix. Electrochemical studies were performed on 

CHI-620 electrochemical workstation. The electrode system consist of Pt-wire counter 

electrode, Pt working electrode and Ag/AgCl (SHE) as a reference electrode. All 

measurement in electrochemical studies were carried out in triple distilled 

dichloromethane containing 0.1 M TBAPF6 as supporting electrolytes. DFT studies were 

carried out in gas phase using LANL2DZ as basis set with B3LYP functional. 

7.2.3 Synthetic Procedure 

Synthesis of 2,3,12,13-tetrakis(triphenylamino)-5,10,15,20-tetraphenylporphyrin and Its 

Metal Derivatives (MTPP(TPA)4, M = Co(II), Ni(II), Cu(II), Zn(II)): 

Two neck RB flask charged with 40 ml toluene. To this, H2TPPBr4 (100 mg, 0.107 mmol), 4-

(N,N-diphenylamino)phenylboronic acid (0.100 g, 0.107 mmol) and K2CO3 (0.400 g, 2.58 

mmol) were added under of inert atmosphere and purging was continued for 15 min. Then, 

Pd(PPh3)4 (0.040 g, 0.026 mmol) was added under inert atmosphere and reaction mixture was 

allowed to refluxed at 95 
ο
C for 20 h. After completion of the reaction, solvent (toluene) was 

removed by rotary evaporation. The residue was dissolved in chloroform and washed with 

NaHCO3 followed by (30 %) NaCl solution. The crude product was purified by silica column 

chromatography using C6H6/CHCl3 mixture (1:3 v/v) followed by 100% CHCl3. Product was 

formed with 40% yield (40 mg, 0.025 mmol). 

H2TPP(TPA)4:UV-Vis. λmax (nm), (log ε): 308(4.65), 438(5.13), 539(4.12), 660(3.83). 
1
H NMR 

(CDCl3) (400 MHz): (δ, ppm) 8.40 (s, 4H, β-H), 7.97 (d, J = 8 Hz, 8H, meso-o-Ph-H), 7.51(t, J = 

8 Hz, 4H,  meso-m-Ph-H), 7.39 (t, J = 8 Hz, 8H, meso-m and p-Ph-H), 7.28 (s, 4H, TPA-H), 7.24 
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(s, 4H, TPA-H), 6.98-7.04 (m, 32H, TPA-H), 6.84 (d, J = 8 Hz, 8H, TPA-H), 6.66 (d, J = 8 Hz, 

8H,TPA) -2.07 (s, 2H, -NH). MALDI-TOF-MS (m/z): found [M+H]
+
 1588.89, calcd. 1588.67. 

Anal. calcd. for C116H82N8: C, 87.74%; H, 5.20%; N, 7.06% and found: C, 87.28%; H, 5.78%; N, 

7.56%. 

H2TPP(TPA)4 (0.020 g, 0.012 mmol) was dissolved in 8 ml of chloroform. To this, 10 equiv. of 

M(OAc)2•nH2O (Co(II), Cu(II) and Zn(II)) in CH3OH was added and refluxed for 30 min. Then, 

the solvent was evaporated to dryness and redissolved in CHCl3 washed with H2O to remove 

excess of metal salts and dried over Na2SO4, then purified on silica column using CHCl3 as 

eluent. While NiTPP(TPA)4 complex was prepared by refluxing H2TPP(TPA)4 and 

Ni(OAc)2•2H2O in the DMF (10 ml) for 3h. Then water (50 ml) was added and the porphyrin 

precipitate filtered and dried under vacuum. The crude product was purified on silica gel column 

using CHCl3 as eluent. The yield of metal complexes was found to be 80-90%. 

CoTPP(TPA)4: UV-Vis. λmax (nm), (log ε): 308(4.76), 432(5.01), 551(4.11), 597(4.10). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1645.47, calcd. 1645.59. Anal. calcd. for C116H80CoN8: 

C, 84.70%; H, 4.90%; N, 6.83% and found: C, 84.98%; H, 5.01%; N, 6.42%. 

NiTPP(TPA)4: UV-Vis. λmax (nm), (log ε): 309(4.77), 438(5.11), 553(4.17), 602 (4.14). 
1
H 

NMR (CDCl3) (400 MHz):  (δ, ppm) 8.23 (s, 4H, β-H), 7.60 (d, J = 4 Hz, 8H, meso-o-Ph-H), 

7.40(t, J = 8 Hz, 4H,  meso-m-Ph-H), 7.25-7.27 (m,  8H, meso-m and p-Ph-H), 7.23 (s, 8H, TPA-

H), 6.69-7.04 (m, 32H, TPA-H), 6.75 (d, 8H, TPA-H), 6.63 (d, J = 8 Hz, 8H, TPA-H), MALDI-

TOF-MS (m/z): found [M+H]
+
 1644.48,  calcd. 1644.59. Anal. calcd. for C116H80N8Ni: C, 

84.71%; H, 4.90%; N, 6.81% and found: C, 84.88%; H, 4.67%; N, 6.90%. 

CuTPP(TPA)4: UV-Vis. λmax (nm), (log ε): 309(4.73), 432(5.17), 559(4.16), 606(4.10). 

MALDI-TOF-MS (m/z): found [M+H]
+
 1649.92, calcd. 1649.59. Anal. calcd. for C116H80CuN8: 

C, 84.47%; H, 4.89%; N, 6.79% and found: C, 84.98%; H, 4.98%; N, 6.99%. 

ZnTPP(TPA)4:UV-Vis. λmax (nm), (log ε): 309(4.85), 434(5.50), 560(4.47), 609(4.36). 
1
H NMR 

(CDCl3) (400 MHz):  (δ, ppm) 8.57 (s, 4H, β-H), 7.90 (d, J = 8 Hz, 8H, meso-o-Ph-H), 7.47-

7.51(m, 4H,  meso-m-Ph-H), 7.33 (t, J = 8 Hz, 8H, meso-m and p-Ph-H), 7.28 (s, 4H, TPA-H), 

7.24 (s, 4H, TPA-H), 7.06 (d, J = 8 Hz, 20H, TPA-H), 6.99 (t, J = 8 Hz, 12H, TPA-H), 6.89 (d, J 

= 8 Hz, 8H, TPA-H), 6.68 (d, J = 8 Hz, 8H, TPA-H), MALDI-TOF-MS (m/z): found [M]
+
 

1649.92,  calcd. 1649.58. Anal. calcd. for C116H80N8Zn: C, 84.37%; H, 4.88%; N, 6.79% and 

found: C, 84.67%; H, 4.99%; N, 6.95%. 



Chapter 7: Antipodal β-Tetrasubstituted Porphyrins 

 

165 
 

7.3 RESULTS AND DISCUSSION 

7.3.1 Synthesis and Characterization 

 

Scheme 7.1 Synthesis of H2TPP(TPA)4 and its Metal Derivatives. 

A series of antipodal β-tetrasubstituted triphenylaminoporphyrin have been synthesized using 

H2TPPBr4 as the precursor. The route for the synthesis of β-tetrasubstituted porphyrin is shown 

in scheme 7.1. H2TPPBr4 was synthesized according to the reported procedure [30]. 

H2TPP(TPA)4 was synthesized with 40% yield by Suzuki cross-coupling reaction using 

H2TPPBr4, K2CO3, TPAB(OH)2 and Pd(PPh3)4 under inert atmosphere. Metal derivatives (Co
II
, 

Cu
II
 and Zn

II
) of H2TPP(TPA)4 were synthesized by refluxing 10. equiv. of M(OAc)2•nH2O (M = 

Co
II
, Cu

II
 and Zn

II
) in CHCl3/CH3OH mixture whereas NiTPP(TPA)4 was prepared by refluxing 

10 equiv. of Ni(OAc)2.4H2O in DMF. All synthesized porphyrins were characterized by various 

spectroscopic techniques, mass spectrometry and elemental analysis. 
1
H NMR spectra of 

MTPP(TPA)4, M = 2H, Ni(II) and Zn(II) revealed resonances arising from β-triphenylamine, β-

pyrrole, meso-phenyl and inner imino protons. 
1
H NMR spectra of synthesized porphyrins are 

shown in Figures A1-A3, Appendix-VI. Inner core imino protons signal of H2TPP(TPA)4 found 

at -2.07 ppm which is 0.69 ppm downfield shifted with respect to H2TPP, possibly due to 

nonplanarity of porphyrin core and electronic effect of β-triphenylamine groups. MALDI-TOF 

mass spectra of these porphyrins are in good consent with the introduced structures as shown in 

Figures A4-A8, Appendix-VI. 
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7.3.2 Electronic Spectral Studies  

UV-visible absorption spectra of synthesized porphyrin and its metal derivatives were recorded 

in CH2Cl2 at 298 K. All derivatives exhibited characteristic spectral features of porphyrin 

derivatives. The electronic absorption spectra were influenced by electron donating 

triphenylamino groups. Photophysical data of these porphyrins are listed in Table 7.1. 

Representative optical absorption spectra of H2TPP(TPA)4 and ZnTPP(TPA)4 are shown in the 

Figure 7.1a. Optical absorption spectra of porphyrin was influenced by electronic nature of β-

substituents (electron donor and electron acceptor groups) at periphery of macrocycle. 

H2TPP(TPA)4 exhibited 16 nm and 34 nm red-shift in Soret band and last Q band, respectively as 

compared to H2TPP due to +I effect of triphenylamine with porphyrin π-system and nonplanar 

conformation of porphyrin macrocycle which resulted in to the significantly reduced HOMO-

LUMO energy gap. MTPP(TPA)4  exhibited absorption peak at 308 nm which revealed the TPA 

substitution at β-position of MTPP. The increase in size and number of β-substituents enhanced 

the steric crowding around the peripheral position of porphyrin which results the nonplanarity of 

macrocycle. The emission spectra of H2TPP(TPA)4 and ZnTPP(TPA)4 were recorded to 

elucidate the effect of β-triphenylamino groups on the macrocyclic core and nonplanarity. 

Emission spectra of H2TPP(TPA)4 and ZnTPP(TPA)4 shown in Figure 7.1b. Emission studies of 

these porphyrins were characterized in CH2Cl2 at 298 K. H2TPP(TPA)4 and ZnTPP(TPA)4 

exhibited 29 and 12 nm red shifted emission spectra than H2TPP and ZnTPP, respectively. The 

red shift in the sterically crowded porphyrins has been account to the nonplanarity of porphyrin 

ring in conjugation with inductive and resonance interaction of the substituents that are in direct 

conjugation with porphyrin π-system. 
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 Figure 7.1 (a) UV-visible and (b) Emission Spectra of H2TPP(TPA)4 and ZnTPP(TPA)4 in 

CH2Cl2 at 298 K. 

Table 7.1 Photophysical Data of H2TPP(TPA)4 and its Metal in CH2Cl2 at 298 K. 

Porphyrin λabs [nm]    λem[nm] Φf                                     η[ns] 

H2TPP(TPA)4 308(4.94), 432(5.28),533(4.29), 

602(3.96), 680(3.56) 

684 0.031 3.03 

CoTPP(TPA)4 308(4.88), 425(5.19), 550(4.37)    

NiTPP(TPA)4 309(4.91),432(5.14),550(4.28),588 (4.10)    

CuTPP(TPA)4 308(4.82),426(5.22),556 (4.20)    

ZnTPP(TPA)4 308 (4.87), 428(5.35),557(4.87) 657 0.007 0.42 

The values in parentheses denote to log ε 

 

7.3.3 DFT Studies 

To study the effect of triphenylamine at β-position and nonplanarity of porphyrins macrocycle, 

we have optimized the geometry of synthesized free base porphyrin (H2TPP(TPA)4) in gas phase 

using LANL2DZ and B3LYP basis set and functional, respectively [31,32]. DFT study indicated 

that the HOMOs are contributed from meso-position of macrocyclic core and HOMO-1 and 

HOMO-2 have contribution from triphenylamine moieties whereas LUMOs exist at porphyrin 

core. Selected, average bond angle and bond lengths are shown in Table A1, Appendix-VI. 

H2TPP(TPA)4 exhibited saddle shaped nonplanar conformation of macrocycle. H2TPP(TPA)4 
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exhibited Δ24 = 0.377  
 
 and ΔCβ = 0.760  

 
 mean plane deviation from 24 carbon atoms and 

β-carbon atoms of porphyrin core, respectively. Top and side views of H2TPP(TPA)4 are shown 

in Figure 7.2. The Cβ-Cβ bond distance (1.403  
 
) bearing triphenylamine moieties are longer 

than Cβ'-Cβ’ (1.378  
 
) distance of unsubstituted β-positions due to interelectronic repulsion 

between the β-substituents. FMOs of H2TPP(TPA)4 are shown in the Figure 7.3. Nonplanar 

conformation arises by the tilting of pyrrole rings to prevent the steric repulsive interaction 

among the substituents (triphenylamino groups), and this results in an Increase of the bond angle 

of Cβ-Cα-Cm as well as decreasing of N-Cα-Cm.  

 

Figure 7.2 Optimized Geometry of H2TPP(TPA)4 (a) Top and (b) Side View. 

 

Figure 7.3 Frontier Molecular Orbitals of H2TPP(TPA)4. 
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7.3.4 Electrochemical Redox Studies 

To probe the effect of β-triphenylamino groups, on conformation of the macrocycle and the 

extended π-conjugation on porphyrin π-system, the electrochemical redox studies were carried 

out by cyclic voltammetry (CVs) in distilled CH2Cl2 having 0.1 M TBAPF6 at 298 K. The 

electrochemical redox data of synthesized porphyrins is compared with MTPPs (Table 7.2). 

Redox potentials of NiTPP(TPA)4 were compared with NiTPP  and NiOPP as shown in Figure 

7.4. The redox potential data exhibited that these porphyrin are easy to oxidized and difficult to 

reduced, due to strong electron donating effect of TPA moieties. The redox potential of β-

arylaminoporphyrin was influenced by electronic nature of peripheral substituents, core metal 

ion as well as solvent polarity. The introduction of TPA groups at backbone of macrocycle leads 

to cathodic shift in oxidation and reduction potential due to pushing effect of TPA groups. 

NiTPP exhibited first oxidation potential at 1.05 V and first reduction potential at -1.28 V. 

NiTPP(TPA)4 exhibited first oxidation potential at 0.76 V which revealed 0.29 V cathodically 

shifted with respect to NiTPP and 0.04 V cathodic shift in first reduction potential than NiTPP 

due to destabilization of HOMO. The introduction of four phenyl groups at β-pyrrole positions of 

NiTPP made the macrocycle system difficult to reduce and easier to oxidize as compared to 

NiTPP. The first oxidation potential of NiOPP exhibited 0.140 V cathodically shifted whereas a 

marginal shift observed in the first reduction potential than corresponding NiTPP. NiTPP(TPA)4 

exhibited 0.15 V and 0.030 V cathodic shifts in the first oxidation and first reduction potential as 

compared to NiOPP. This is due to the +I effect of TPA groups. 
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Figure 7.4 Cyclic Voltammograms of NiTPP, NiOPP and NiTPP(TPA)4 in CH2Cl2 at 298 K. 

 

Figure 7.5 HOMO-LUMO Variation of NiTPP(TPA)4 with respect to NiTPP and NiOPP. 
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Table 7.2 Electrochemical Redox Data of MTPP(TPA)4 (Where M = 2H, Co, Ni, Cu, and 

Zn) in CH2Cl2 at 298 K. 

 

Porphyrin  

Oxidation   

ΔE 

Reduction Metal Centered 

Oxdn.   Red. 

I II III IV I II I II 

H2TPP 1.00 1.34   2.23 -1.23 -1.54   

H2TPP(TPA)4 0.86 1.09 1.27  1.95 -1.32    

CoTPP 1.06 1.31   2.44 -1.38  0.85 -0.86 

CoTPP(TPA)4 1.02 1.47 2.01  2.46 -1.44  0.82 -0.71 

NiTPP 1.05 1.32   2.33 -1.28 -1.72   

NiTPP(TPA)4 0.76 1.00 1.25  2.08 -1.32    

CuTPP 0.97 1.35   2.27 -1.30 -1.70   

CuTPP(TPA)4 0.96 1.10 1.41 1.90 2.29 -1.33    

ZnTPP 0.84 1.15   2.20 -1.36 -1.77   

ZnTPP(TPA)4 0.84 1.05 1.43 1.99 2.15 -1.31    

 

H2TPP(TPA)4 exhibited 0.14 V and 0.09 V cathodic shift in first oxidation and reduction 

potential with referenced to H2TPP due to electron releasing conjugative effect of triphenylamine 

units and the nonplanar conformation of porphyrin core. The similar trends were observed for 

other metal derivatives, whereas ZnTPP(TPA)4 exhibited marginal cathodic shift in the first 

reduction potential and marginal shift was observed in first oxidation potential with respect to 

ZnTPP. HOMO-LUMO energy level diagram for NiTPP(TPA)4 in comparisons do NiTPP and 

NiOPP are shown in Figure 7.5. Overall, β-substituted triphenylaminoporphyrins exhibited 

cathodic shift in the redox potentials as compared to MTPPs. Nonplanarity of synthesized 

porphyrins leads to reduce HOMO-LUMO energy gap. NiTPP(TPA)4 exhibited HOMO-LUMO 

energy gap reduced 0.25 V and 0.12 V as compared to NiTPP and NiOPP, respectively due to 

destabilization of HOMO. 

7.4 CONCLUSIONS 

A new family of antipodal β-tetrasubstituted triphenylaminoporphyrins (H2TPP(TPA)4) was 

synthesized via Suzuki cross-coupling reaction. Also, its metal derivatives were synthesized and 

characterized using various spectroscopic techniques. β-Tetrasubstituted 



Chapter 7: Antipodal β-Tetrasubstituted Porphyrins 

 

172 
 

triphenylaminoporphyrins exhibited nonplanar conformation of the macrocyclic core. Due the β-

substitution, the synthesized porphyrins exhibited tunable redox potentials. These porphyrins are 

found to be easy to oxidize as compared to MTPPs. NiTPP(TPA)4 exhibited 0.15-0.29 V 

cathodic shift in the first oxidation potential and marginal shift in the first reduction potential as 

compared to NiTPP and NiOPP due destabilization of HOMOs. UV-vis and fluorescence 

spectral studies revealed significant bathochromic shift with respect to MTPPs due to electron 

donating nature of TPA, extended π-conjugation and nonplanarity of the macrocyclic core. 

7.5 REFERENCES 

(1)  Kadish, K. M.; Smith, K. M.; Guilard, R. The Porphyrin Handbook; Academic Press, 

2000. 

(2)  Bhyrappa, P.; Arunkumar, C. Structural and Electrochemical Properties of β-Tetrabromo-

Meso-tetrakis(4-Alkyloxyphenyl)Porphyrins and Their Metal Complexes. J. Chem. Sci. 

2010, 122, 233–238.  

(3)  Berthelot, M.; Hoffmann, G.; Bousfiha, A.; Echaubard, J.; Roger, J.; Cattey, H.; Romieu, 

A.; Lucas, D.; Fleurat-Lessard, P.; Devillers, C. H. Oxidative C-N Fusion of Pyridinyl-

Substituted Porphyrins. Chem. Commun. 2018, 54, 5414–5417.  

(4)  Antoniuk-Pablant, A.; Terazono, Y.; Brennan, B. J.; Sherman, B. D.; Megiatto, J. D.; 

Brudvig, G. W.; Moore, A. L.; Moore, T. A.; Gust, D. A New Method for the Synthesis of 

β-Cyano Substituted Porphyrins and Their Use as Sensitizers in Photoelectrochemical 

Devices. J. Mater. Chem. A 2016, 4, 2976–2985.  

(5)  Smykalla, L.; Mende, C.; Fronk, M.; Siles, P. F.; Hietschold, M.; Salvan, G.; Zahn, D. R. 

T.; Schmidt, O. G.; Rüffer, T.; Lang, H. (Metallo)Porphyrins for Potential Materials 

Science Applications. Beilstein J.  Nanotechnol. 2017, 8, 1786–1800.  

(6)  Ochsenbein, P.; Ayougou, K.; Mandon, D.; Fischer, J.; Weiss, R.; Austin, R. N.; Jayaraj, 

K.; Gold, A.; Terner, J.; Fajer, J. Conformational Effects on the Redox Potentials of 

Tetraarylporphyrins Halogenated at the β-Pyrrole Positions. Angew. Chem. Int. Ed. Engl. 

1994, 33, 348–350.  

(7)  Kumar, R.; Sankar, M. Synthesis, Spectral, and Electrochemical Studies of Electronically 

Tunable β-Substituted Porphyrins with Mixed Substituent Pattern. Inorg. Chem. 2014, 53, 

12706–12719.  



Chapter 7: Antipodal β-Tetrasubstituted Porphyrins 

 

173 
 

(8)  Chaudhri, N.; Cong, L.; Grover, N.; Shan, W.; Anshul, K.; Sankar, M.; Kadish, K. M. 

Synthesis and Electrochemical Characterization of Acetylacetone (Acac) and Ethyl Acetate 

(EA) Appended β-Trisubstituted Push–Pull Porphyrins: Formation of Electronically 

Communicating Porphyrin Dimers. Inorg. Chem. 2018, 57, 13213–13224.  

(9)  Ye, L.; Fang, Y.; Ou, Z.; Wang, L.; Xue, S.; Sun, J.; Kadish, K. M. Electrochemistry of 

Zinc Tetraarylporphyrins Containing Fused Butano and Benzo Groups. Effect of Solvent 

and Substituents on Spectra, Potentials and Mechanism in Nonaqueous Media. J. 

Porphyrins and Phthalocyanines 2018, 22, 1129–1142.  

(10)  Kumar, S.; Jiang, X.; Shan, W.; Jinadasa, R. G. W.; Kadish, K. M.; Wang, H. β-

Functionalized Trans-A2B2 Push–pull Tetrabenzoporphyrins. Chem. Commun. 2018, 54, 

5303–5306.  

(11)  Chaudhri, N.; Grover, N.; Sankar, M. Nickel-Induced Skeletal Rearrangement of Free Base 

Trans-Chlorins into Monofused Ni
II
-Porphyrins: Synthesis, Structural, Spectral, and 

Electrochemical Redox Properties. Inorg. Chem. 2018, 57, 11349–11360.  

(12)  Bhyrappa, P.; Sankar,  M.; Varghese, B. Mixed Substituted Porphyrins:  Structural and 

Electrochemical Redox Properties. Inorg. Chem. 2006, 45,4136-4149.  

(13)  Antoniuk-Pablant, A.; Terazono, Y.; Brennan, B. J.; Sherman, B. D.; Megiatto, J. D.; 

Brudvig, G. W.; Moore, A. L.; Moore, T. A.; Gust, D. A New Method for the Synthesis of 

β-Cyano Substituted Porphyrins and Their Use as Sensitizers in Photoelectrochemical 

Devices. J. Mater. Chem. A, 2016, 4, 2976-2985. 

(14)  Jin, J.; Dong, Z.; He, J.; Li, R.; Ma, J. Synthesis of Novel Porphyrin and Its Complexes 

Covalently Linked to Multi-Walled Carbon Nanotubes and Study of Their Spectroscopy. 

Nanoscale Res. Lett. 2009, 4, 578-583.  

(15)  Hiroto, S.; Miyake, Y.; Shinokubo, H. Synthesis and Functionalization of Porphyrins 

through Organometallic Methodologies. Chem. Rev. 2017, 117, 2910–3043. 

(16)  Kumar, R.; Sudhakar, V.; Prakash, K.; Krishnamoorthy, K.; Sankar, M. Tuning the 

Photovoltaic Performance of DSSCs by Appending Various Donor Groups on Trans -

Dimesityl Porphyrin Backbone. ACS Appl. Energy Mater. 2018, 1, 2793–2801.  

(17)  Kou, J.; Dou, D.; Yang, L. Porphyrin Photosensitizers in Photodynamic Therapy and Its 

Applications. Oncotarget 2017, 8, 81591–81603.  

(18)  Dar, T. A.; Uprety, B.; Sankar, M.; Maurya, M. R. Robust and Electron Deficient 



Chapter 7: Antipodal β-Tetrasubstituted Porphyrins 

 

174 
 

Oxidovanadium(IV) Porphyrin Catalysts for Selective Epoxidation and Oxidative 

Bromination Reactions in Aqueous Media. Green Chem. 2019, 21, 1757-1768.  

(19)  Rybicka-Jasińska, K.; Shan, W.; Zawada, K.; Kadish, K. M.; Gryko, D. Porphyrins as 

Photoredox Catalysts: Experimental and Theoretical Studies. J. Am. Chem. Soc. 2016, 138, 

15451–15458. 

(20)  Intrieri, D.; Damiano, C.; Rizzato, S.; Paolesse, R.; Venanzi, M.; Monti, D.; Savioli, M.; 

Stefanelli, M.; Gallo, E. Sensing of Diclofenac by a Porphyrin-Based Artificial Receptor. 

New J. Chem. 2018, 42, 15778–15783.  

(21)  Tessore, F.; Biroli, A. O.; Di Carlo, G.; Pizzotti, M. Porphyrins for Second Order 

Nonlinear Optics (NLO): An Intriguing History. Inorganics 2018, 6, 81.  

(22)  Yeh, S. J.; Tsai, C. Y.; Huang, C.-Y.; Liou, G.-S.; Cheng, S.-H. Electrochemical 

Characterization of Small Organic Hole-Transport Molecules Based on the 

Triphenylamine Unit. Electrochem.Commun. 2003, 5, 373–377.  

(23)  El-Khouly, M. E.; Ju, D. K.; Kay, K.-Y.; D’Souza, F.; Fukuzumi, S. Supramolecular 

Tetrad of Subphthalocyanine-Triphenylamine-Zinc Porphyrin Coordinated to Fullerene as 

an “ ntenna-Reaction-Center” Mimic: Formation of a Long-Lived Charge-Separated State 

in Nonpolar Solvent. Chem. Eur. J. 2010, 16, 6193–6202.  

(24)  Kozlov, O. V.; Liu, X.; Luponosov, Y. N.; Solodukhin, A. N.; Toropynina, V. Y.; Min, J.; 

Buzin, M. I.; Peregudova, S. M.; Brabec, C. J.; Ponomarenko, S. A.; et al. Triphenylamine-

Based Push–Pull Molecule for Photovoltaic Applications: From Synthesis to Ultrafast 

Device Photophysics. J. Phys. Chem. C 2017, 121, 6424–6435.  

(25)  Kozlov, O. V; Liu, X.; Luponosov, Y. N.; Solodukhin, A. N.; Toropynina, V. Y.; Min, J.; 

Buzin, M. I.; Peregudova, S. M.; Brabec, C. J.; Ponomarenko, S. A.; et al. Triphenylamine-

Based Push-Pull Molecule for Photovoltaic Applications: From Synthesis to Ultrafast 

Device Photophysics. J. Phy. Chem. C 2017, 121, 6424–6435.  

(26)  Gao, G. Y.; Chen, Y.; Zhang, X. P. General and Efficient Synthesis of Arylamino- and 

Alkylamino-Substituted Diphenylporphyrins and Tetraphenylporphyrins via Palladium-

Catalyzed Multiple Amination Reactions. J. Org. Chem. 2003, 68, 6215–6221. 

(27)  Huang, C.-W.; Yuan Chiu, K.; Cheng, S.-H. Novel Spectral and Electrochemical 

Characteristics of Triphenylamine-Bound Zinc Porphyrins and Their Intramolecular 

Energy and Electron Transfer. Dalton Trans. 2005, 0, 2417-2422.  



Chapter 7: Antipodal β-Tetrasubstituted Porphyrins 

 

175 
 

(28)  Ning, Z.; Tian, H. Triarylamine: A Promising Core Unit for Efficient Photovoltaic 

Materials. Chem. Commun. 2009, 0, 5483-5495.  

 (29)  Wang, J.; Yang, C. J.; Peng, H. N.; Deng, Y. S.; Gao, X. C. Synthesis of Triphenylamine-

Modified Arylates and Ketones via Suzuki Coupling Reactions. Synth. Commun. 2011, 41, 

832–840.  

(30)  Kumar, P. K; Bhyrappa, P.; Varghese, B. An Improved Protocol for the Synthesis of 

Antipodal β-Tetrabromo-tetraphenylporphyrin and the Crystal Structure of its Zn(II) 

Complex. Tetrahedron Lett. 2003, 44, 4849–4851.  

(31)  Thomas, K. E.; Wasbotten, I. H.; Ghosh, A. Copper β-Octakis(Trifluoromethyl)Corroles: 

New Paradigms for Ligand Substituent Effects in Transition Metal Complexes. Inorg. 

Chem. 2008, 47, 10469–10478.  

(32)  Alemayehu, A. B.; Hansen, L. K.; Ghosh, A. Nonplanar, Noninnocent, and Chiral: A 

Strongly Saddled Metallocorrole. Inorg. Chem. 2010, 49, 7608–7610.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 7: Antipodal β-Tetrasubstituted Porphyrins 

 

176 
 

 



176 
 

 

 

 

 

 

 

 

 

 

 

SUMMARY AND CONCLUSIONS 

 

 

 

 

 

 

 

 

 

 

 

 



177 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 8: Summary and Conclusions 
 

178 
 

CHAPTER 8 

SUMMARY AND CONCLUSIONS 

Porphyrins have many interesting properties which caught the attention of researchers and hence 

the study of porphyrinoids has seen enormous surge in terms of various publication in the last 

decade or so. Porphyrins are the chemically and thermally stable compounds but their 

photophysical and electrochemical properties can be very easily tuned via modification and 

functionalization at periphery of porphyrin core.  Meso and β-Functionalized porphyrins with 

appropriate functional groups have been successfully explored for their use in photodynamic 

therapy (PDT), anion sensing, catalysis, dye-sensitized solar cells (DSSCs), molecular, 

biomedical imaging, nonlinear optical materials and in medicine. In chapter 1, we have described 

the synthesis of various functionalized porphyrins and their medical and material applications. 

In chapter 2, we have synthesized β-arylamino and N-fused porphyrins (MTPP(NHPh)X2 and 

MTPP(N-fusedPh)X2 (X = H, Br, Ph, PE and M = 2H, Co(II), Ni(II), Cu(II), Zn(II)). Synthesized 

porphyrins were characterized by various spectroscopic techniques. Optical absorption spectra 

indicated interesting features such as broad Soret band and intense Q bands. Emission spectra of 

these porphyrins featured redshifted with reduced intensity, due to nonplanar conformation of 

macrocyclic system and heavy atom effect of bromo groups. DFT study revealed that moderate 

nonplanarity of these macrocycle and H2TPP(NHPh)Ph2 exhibited higher nonplanarity with 

respect to other synthesized β-arylaminoporphyrins. The crystal structure of H2TPP(N-

fusedPh)Br2 exhibited twisted conformation of the macrocycle. The binding of Zn(II) N-

fusedporphyrins (ZnTPP(N-fusedPh)X2: X = 2H, Br, Ph, and PE) with C60Im/Py was studied by 

1
H NMR, UV-visible and fluorescence spectroscopic techniques which revealed the 1:1 

stoichiometry of Zn((II) N-fusedporphyrin:C60Im/Py complexation. ZnTPP(N-fusedPh)PE2 has 

shown the highest association constant and quenching constant as compared to other synthesized 

Zn(II)-N-fused porphyrins due to effective π-π interaction between porphyrins and C60 

derivatives. The association constants of these Zn(II) N-fused porphyrins were found to be 10-

100 times higher as compared to Zn(II) meso-tetra-methyl/ethylporphyrin. Positive shifts in the 

oxidation potentials of synthesized porphyrins also evidenced the supramolecular interaction 

between Zn(II) N-fusedporphyrins and C60Im/Py. 
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In chapter 3, we have synthesized tetrabenzoquinone appended Ni(II) and Cu(II) porphyrins and 

characterized by various spectroscopic techniques. These porphyrins exhibited strong 

solvatochromism behavior in nitrogenous bases through axial coordination. Further, we studied 

the anion sensing properties of tetrabenzoquinone appended Ni(II) and Cu(II) porphyrins. The 

electrochemical studies revealed that meso-tetrakis(3,4-benzoquinone)-substituted 

metalloporphyrin macrocycle is electron deficient by ~1.1 V as compared to TDtBPPM (M = Cu 

and Ni) and nearly 0.94 V as compared to oxoporphyrinogen, respectively and therefore binds to 

less basic F
–
 ions also in addition to highly basic cyanide ions through axial ligation mechanism. 

These porphyrins act as F
−
 and CN

− 
chemosensor in nonaqueous media and selective CN

‒
 sensor 

in aqueous medium due to high solvation of F
‒
 ions in aqueous media even in presence of all 

other interfering anions in excess. 

In chapter 4, we have developed new families of mixed substituted porphyrins and characterized 

by various spectroscopic techniques. Crystal structure of H2TPP(NO2)(Ph)2Br5 revealed the 

saddle shape nonplanar conformation with the deviation of 24 core atoms (Δ24 =        
 
) and 

the displacement of β-carbon (ΔCβ = 1.23  
 
) from the mean plane of porphyrin core.  These 

unsymmetrical porphyrin exhibits 53-61 nm bathochromic shift in Soret band as compared to 

H2TPP. These porphyrin show higher protonation and deprotonation constant due nonplanarity 

of the macrocyclic core and the electronic effect of β-substituents. The 
1
H NMR spectra of 

H2TPP(Ph)2Br6 exhibited 0.67 ppm downfield shift in -NH protons as compared to 

H2TPP(NO2)(Ph)2. HOMO-LUMO gap of H2TPP(NO2)(Ph)2Br5 is decreased about 0.62 V as 

compared to H2TPP due to push-pull β-substituents having different shape, size and electronic 

nature and enhanced nonplanarity of the porphyrin core. Redox tunablity of these porphyrins was 

accomplished by appending electron donating/ accepting groups at the periphery of the porphyrin 

which results in push-pull effect of β-substituents at porphyrin π-system. The mixed push-pull β-

substituents induces the higher order of nonplanarity which was confirmed by single crystal X-

ray structure, DFT calculations and photophysical data as well as red-shifted spectral features 

with redox tunability. 

In chapter 5, meso-tetraalkylporphyrins with varying alkyl chain length were synthesized and 

characterized by various spectroscopic techniques. Crystal structure of meso-

tetrapropylporphyrin exhibited planar confirmation of porphyrin macrocycle. The binding of C60 

with the meso-tetramethyl/ethyl/propylporphyrin (1-3) and their zinc complexes was monitored 



Chapter 8: Summary and Conclusions 
 

180 
 

by 
1
H NMR, and fluorescence spectroscopic techniques. From UV-Vis and fluorescence 

titrations, the stoichiometry of complexation between porphyrin and fullerene (C60) was found to 

be 1:1. These meso-tetraalkylporphyrins have shown 10-100 times higher association constants 

than H2TPP and H2THexP. As we increase the alkyl chain length from C1 to C6, a marked 

decrement (100 times) in the association constants was observed due to enhanced steric 

hindrance offered by alkyl chains. The anodic shift in oxidation potentials (20-100 mV) of 

porphyrin-fullerene dyads as compared to meso-tetraalkylporphyrins indicating the 

supramolecular interactions between the constituents in the ground state. The optimized 

geometry and electronic structure of 1:C60 supported the formation of supramolecular dyad and 

the possibility of charge transfer interactions between porphyrin host and fullerene C60 guest. 

In chapter 6, we have designed and synthesized successfully two new families of asymmetric β-

trisubstituted ‘push-pull’ porphyrins (MTPP(TPA)2X (X = NO2/CHO and M = 2H, Co
II
, Ni

II
, 

Cu
II
, Zn

II
)) through Pd catalyzed Suzuki cross-coupling reaction and characterized by various 

spectroscopic techniques, mass spectrometry, NLO properties, DFT and electrochemical studies. 

These porphyrins exhibited 16-22 nm and 39-58 nm redshift in the Soret and Qx(0,0) bands, 

respectively as compared to MTPPs due to resonance and inductive effect of β-substituents on 

porphyrin π-system. The quantum yields as well as fluorescence lifetime of nitro substituted 

porphyrins have been found to be less as compared to those of formyl substituted porphyrins 

which clearly suggests larger extent of charge-transfer from donor moiety to nitro group via 

porphyrin spacer due to better electronic coupling of nitro group. H2TPP(TPA)2NO2 and 

H2TPP(TPA)2CHO revealed large resultant dipole moment (7.62 D and 4.55 D, respectively) as 

compared to H2TPP(    2 D) due to nonplanarity of macrocycle core and cross polarized ‘push-

pull’ effect of β-substituents. H2TPP(TPA)2NO2 exhibited nonplanar saddle shape conformation 

of the macrocyclic core as it was confirmed by DFT calculations. The first reduction potential of 

CuTPP(TPA)2NO2 and CuTPP(TPA)2CHO was found 0.44 and 0.36 V anodically shifted as 

referenced to CuTPP, respectively due to the electron withdrawing nature of NO2 and CHO 

groups which made them easy to reduce than CuTPP. Redox potentials were found to be less 

altered in case of formyl substituted porphyrins as compared to those of nitro substituted 

porphyrins. HOMO-LUMO energy levels were also found to be modulated due to peripheral 

substitutions of macrocycle. Third order nonlinear optical properties of H2TPP(TPA)2NO2 and 

H2TPP(TPA)2CHO were investigated in a broad spectral range (680-850 nm) using the Z-scan 
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technique with femtosecond, 80 MHz pulses. We have noticed RSA behavior in open aperture 

experimental data whereas in closed aperture case, the data displayed a peak-valley nature 

revealing the defocusing nature (suggesting negative refractive index) for both 

H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO. The NLO coefficients (and cross-sections) of 

H2TPP(TPA)2NO2 were found to be higher compared to H2TPP(TPA)2CHO, which clearly 

suggests the role of nitro group (electron withdrawing). 

In chapter 7, we have reported a new family of antipodal β-tetrasubstituted 

triphenylaminoporphyrins (H2TPP(TPA)4) via Suzuki cross-coupling reaction. Also, its metal 

derivatives were synthesized and characterized using various spectroscopic techniques. β-

Tetrasubstituted triphenylaminoporphyrins exhibited nonplanar conformation of the macrocyclic 

core. Due the β-substitution, the synthesized porphyrins exhibited tunable redox potentials. 

These porphyrins are found to be easy to oxidize as compared to MTPPs. NiTPP(TPA)4 

exhibited 0.15-0.29 V cathodic shift in the first oxidation potential and marginal shift in the first 

reduction potential as compared to NiTPP and NiOPP due destabilization of HOMOs. UV-vis 

and fluorescence spectral studies revealed significant bathochromic shift with respect to MTPPs 

due to electron donating nature of TP , extended π-conjugation and nonplanarity of the 

macrocyclic core. 

Future Perspectives 

Our work on β/meso-functionalized porphyrins paves a way to synthesize electronically tunable 

porphyrins for various application including NLO, anion sensing and porphyrin-fullerene dyads. 

We have developed electron rich mixed β-arylaminoporphyrin and β-N-fusedporphyrins. These 

porphyrins exhibited interesting photophysical and electrochemical properties and have 

asymmetrical pattern which reveals that these porphyrins can be used in nonlinear optical 

application in future.  β-N-fusedporphyrins used as electron donor to mimic natural 

photosynthesis. We used these (β-N-fusedporphyrins) porphyrins for the complexation with 

fullerene and form porphyrin-fulleren dyads. Two most important applications of these models 

(porphyrin-fullerene dyads) (i) the conversion of light energy in to electrical energy and (ii) 

optoelectronic devices development. Hence these types of assemblies can be used in light 

harvesting applications. We have also developed electron rich meso-tetraalkylporphyrin and 

investigated their supramolecular donor-acceptor dyads formation. Our work on anion sensing 
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depicted that the highly electron deficient porphyrin can be synthesized by appending 

benzoquinone groups at meso-position which make the macrocycle electron deficient and CN
‒
 

and F
‒
 coordinate via axial ligation and exhibited very high binding constant. Mixed β-

substituted porphyrin exhibit very interesting electrochemical and photophysical properties. We 

have synthesized unsymmetrical mixed β-octasubstituted porphyrins via Suzuki cross-coupling 

reaction  The unsymmetrical pattern and ‘push-pull’ effect of β-substitutents reflect that these 

porphyrins can be used in nonlinear optical application. Triphenylamine is good electron 

donating group which is a famous building block in material chemistry and used for the 

synthesis of such type of material in various application such as photovoltaic devices. We have 

synthesized β-trisubstituted ‘push-pull’ porphyrins  These porphyrins exhibited largest dipole 

moment, unsymmetrical pattern and highly conjugated system which depicted that these types of 

porphyrins can be used in nonlinear optical application due to the presence of electron rich 

(triphenylamino group). These porphyrins can be used in the complexation with fullerene. 

Nonplanar porphyrins are used in model of naturally occurring macrocycle. Steric repulsive 

interaction between the peripheral substituents leads the nonplanarity of macrocyclic ring. So, 

the nonplanarity of porphyrin ring can be modulated via varying the shape, size, and the number 

of substituents at the periphery. The presence of triphenylamino group at periphery of porphyrin 

leads the nonplanarity of porphyrin core. TPA based material used as photovoltaic devices 

exhibit low oxidation potential. Triphenylamine groups at periphery of porphyrin make them 

electron rich macrocyclic system which can be used in the complexation with fullerene. Thus, 

our work describes useful synthetic methods for the functionalization and also suggests the new 

pathway to get electronically tunable porphyrins for various applications. 
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Figure A1. 
1
H NMR spectrum of H2TPP(NHPh) in CDCl3 at 298 K.  

 

 

Figure A2. 
1
H NMR spectrum of H2TPP(NHPh)Br2 in CDCl3 at 298 K. 
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Figure A3. 
1
H NMR spectrum of H2TPP(NHPh)Ph2 in CDCl3 at 298 K. 

 

Figure A4. 
1
H NMR spectrum of H2TPP(NHPh)PE2 in CDCl3 at 298 K. 
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Figure A5. 
1
H NMR spectrum of H2TPP(N-fusedPh) in CDCl3 at 298 K. 

 

Figure A6. 
1
H NMR spectrum of H2TPP(N-fusedPh)Br2 in CDCl3 at 298 K.  
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Figure A7. 
1
H NMR spectrum of H2TPP(N-fusedPh)Ph2 in CDCl3 at 298 K.  

 

Figure A8. 
1
H NMR spectrum of H2TPP(N-fusedPh)PE2 in CDCl3 at 298 K.  
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Figure A9. MALDI-TOF mass spectrum of H2TPP(NHPh) in CH2Cl2 at 298K. 

[M]+ 

Calcd. = 863.11 

C50H33N5Br2 

 

Figure A10. MALDI-TOF mass spectrum of H2TPP(NHPh)Br2 in CH2Cl2 at 298K. 
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[M+H]+ 

Calcd. = 858.35 

C62H43N5 

 

Figure A11. MALDI-TOF mass spectrum of H2TPP(NHPh)Ph2 in CH2Cl2 at 298K. 

 

 

Figure A12. MALDI-TOF mass spectrum of H2TPP(NHPh)PE2 in CH2Cl2 at 298K. 

 



Appendix-I: Host-Guest Assemblies of Fused Porphyrin-C60Im/C60Py 
 

195 
 

[M +H]+ 

Calcd. = 704.27 

C50H33N5 

 

Figure A13. MALDI-TOF mass spectrum of H2TPP(N-fusedPh) in CH2Cl2 at 298K. 

 

[M +H]+ 

Calcd. = 862.09 

C50H31Br2N5 

 

Figure A14. MALDI-TOF mass spectrum of H2TPP(N-fusedPh)Br2 in CH2Cl2 at 298K. 
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[M+H]+ 

Calcd. = 856.34 

C62H41N5 

 

Figure A15. MALDI-TOF mass spectrum of H2TPP(N-fusedPh)Ph2 in CH2Cl2 at 298K. 

 

[M]+ 

Calcd. = 904.01 

C66H41N5 

 

Figure A16. MALDI-TOF mass spectrum of H2TPP(N-fusedPh)PE2 in CH2Cl2 at 298K. 
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ΔCβ refers mean plane deviation of β-carbon atoms, Δ24 refers mean plane deviation of 24 core 

atoms. 

 

Table A1.  selected average bond lengths and 

bond angles of H2TPP(N-fusedPh)Br2  

H2TPP(N-fusedPh)Br2 

 ond  ength   
 
  

N-Cα 1.357 

N΄-Cα΄ 1.370 

Cα-Cβ 1.450 

Cα΄-Cβ΄ 1.429 

Cβ-Cβ 1.368 

Cβ΄-Cβ΄ 1.346 

Cα-Cm 1.406 

Cα΄-Cm 1.394 

ΔCβ   
 
  0.385 

Δ     
 
  0.220 

Bond Angle (deg) 

N-Cα-Cm 125.54 

N΄-Cα΄-Cm 127.05 

N-Cα-Cβ 110.16 

N΄-Cα΄-Cβ΄ 106.13 

Cβ-Cα-Cm 124.06 

Cβ΄-Cα΄-Cm 126.74 

Cα-Cm-Cα΄ 124.73 

Cα-Cβ-Cβ 106.68 

Cα΄-Cβ΄-Cβ΄ 108.48 

Cα-N-Cα 106.23 

Cα΄-N΄-Cα΄ 110.68 

Cα Cα 

Cα Cα 

Cβ Cβ 

Cβ Cβ 

Cα’ 

Cα’ 

Cα’ 

Cα’ 

Cβ’ 

Cβ’ 

Cβ’ 

Cβ’ 
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Table A2. Crystal structure data of H2TPP(N-fusedPh)Br2. 

Empirical formula C50H31Br2N5 

Formula wt. 861.60 

Crystal system triclinic 

Space group P- 2 

a   
 
  10.712(3) 

b   
 
  12.660(4) 

c   
 
  15.982(5) 

α (
0
) 70.276(16) 

β (
0
) 81.620(17) 

γ (
0
) 71.761(18) 

 olume   
 
   1935.8(10) 

Z 2 

Decald (mg/m3) 1.478 

    
 
  0.71073 

T  (K) 293(2) 

No. of total reflns. 9617 

No. of indepnt. reflns. 5247 

R 0.0663 

Rw 0.2087 

GOOF 0.985 

CCDC 1944532 
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Figure A17. UV-Visible spectra of (a) H2TPP(NHPh) and H2TPP(NHPh)Ph2, (b) 

H2TPP(NHPh)Br2 and H2TPP(NHPh)PE2. 

 

 

 

Figure A18. UV-visible titration of ZnTPP(N-fusedPh) with C60Im in o-dichlorobenzene at 298 

K and inset corresponding to Benesi-Hildebrand plot. 
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Figure A19. UV-visible titration of ZnTPP(N-fusedPh)Br2  with C60Im in o-dichlorobenzene at 

298 K and inset corresponding to Benesi-Hildebrand plot. 

 

Figure A20. UV-visible titration of ZnTPP(N-fusedPh)Ph2 with C60Im in o-dichlorobenzene at 

298 K and inset corresponding to Benesi-Hildebrand plot. 
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Figure A21. UV-visible titration of ZnTPP(N-fusedPh) with C60Py in o-dichlorobenzene at 298 

K and inset corresponding to Benesi-Hildebrand plot. 

  

Figure A22. UV-visible titration of ZnTPP(N-fusedPh)Br2 with C60Py in o-dichlorobenzene at 

298 K and inset corresponding to Benesi-Hildebrand plot. 
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Figure A23. UV-visible titration of ZnTPP(N-fusedPh)Ph2 with C60Py in o-dichlorobenzene at 

298 K and inset corresponding to Benesi-Hildebrand plot. 

 

Figure A24. Quenching of fluorescence intensity of ZnTPP(N-fusedPh) with C60Im in o-

dichlorobenzene at 298 K and inset corresponding to Stern-Volmer plot. 



Appendix-I: Host-Guest Assemblies of Fused Porphyrin-C60Im/C60Py 
 

203 
 

 

Figure A25. Quenching of fluorescence intensity of ZnTPP(N-fusedPh)Br2 with C60Im in o-

dichlorobenzene at 298 K and inset corresponding to Stern-Volmer plot. 

 

Figure A26. Quenching of fluorescence intensity of ZnTPP(N-fusedPh)Ph2 with C60Im in o-

dichlorobenzene at 298 K and inset corresponding to Stern-Volmer plot. 
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Figure A27. Quenching of fluorescence intensity of ZnTPP(N-fusedPh) with C60Py in o-

dichlorobenzene at 298 K and inset corresponding to Stern-Volmer plot. 

 

Figure A28. Quenching of fluorescence intensity of ZnTPP(N-fusedPh)Br2 with C60Py in o-

dichlorobenzene at 298 K and inset corresponding to Stern-Volmer plot. 
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Figure A29. Quenching of fluorescence intensity of ZnTPP(N-fusedPh)Ph2 with C60Py in o-

dichlorobenzene at 298 K and inset corresponding to Stern-Volmer plot. 

 

Figure A30. Cyclic voltammetric studies of ZnTPP(N-fusedPh)Br2 and ZnTPP(N-fusedPh)Ph2 

in the presence and absence of C60Im in o-dichlorobenzene at 298 K. 
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Figure A31. Cyclic voltammetric studies of ZnTPP(N-fusedPh) and ZnTPP(N-fusedPh)PE2 in 

the presence and absence of C60Py in o-dichlorobenzene at 298 K. 

Table A3. Electrochemical data of Zn(II) derivatives of  ZnTPP(N-fusedPh)X2, X = H, Br, Ph, PE) 

with and without C60Im and C60Py  in o-dichlorobenzene containing 0.1 M TBAPF6 with scan rate 

of 0.1V/s at 298 K. 

Porphyrin 
 Oxidation (V)                         Reduction (V)  

ΔΕ    
I       II            III                  I                 II III 

ZnTPP(N-fusedPh) 0.61 0.92 1.62 -0.54 -0.99 -1.44 1.15 

ZnTPP(N-fusedPh):C60Im 0.63 1.06 1.70 -0.53 -1.02 -1.58 1.16 

ZnTPP(N-fusedPh):C60Py 0.64 0.85 1.85 -0.53 -0.90 -1.47 1.20 

ZnTPP(N-fusedPh)Br2 0.65 0.95 1.58 -0.54 -0.97 -1.47 1.19 

ZnTPP(NfusedPh)Br2:C60Im 0.67 1.02 1.76 -0.55 -1.03 -1.64 1.22 

ZnTPP(NfusedPh)Br2:C60Py 0.66 0.99 1.73 -0.54 0.98 -1.32 1.20 

ZnTPP(N-fusedPh)Ph2 0.44 0.78 1.68 -0.66 -1.15 -1.59 1.10 

ZnTPP(NfusedPh)Ph2:C60Im 0.50 0.89 1.70 -0.63 -1.05 -1.60 1.13 

ZnTPP(NfusedPh)Ph2:C60Py 0.48 0.68 1.78 -0.65 -0.99 -1.50 1.13 

ZnTPP(N-fusedPh)PE2 0.70 1.03 1.70 -0.49 -0.90 -1.41 1.19 

ZnTPP(NfusedPh)PE2:C60Im 0.80 1.22 1.87 -0.46 -0.88 -1.42 1.26 

ZnTPP(N-

fusedPh)PE2:C60Py 
0.72 1.10 

1.59 
-0.47 -0.98 

-1.52 
1.19 
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Figure A32. Cyclic voltammetric studies of ZnTPP(N-fusedPh)Br2 and ZnTPP(N-fusedPh)Ph2 

in the presence and absence of C60Py in o-dichlorobenzene at 298 K. 

 

Figure A33. (a) Otimized structure (b) electrostatic potential map (c) Pictorial representation of 

frontier HOMO (d) LUMO of ZnTPP(N-fusedPh)Br2:C60Py. 
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Figure A34. (a) Optimized structure (b) electrostatic potential map (c) Pictorial representation of 

frontier HOMO (d) LUMO of ZnTPP(N-fusedPh)Ph2:C60Py. 

 

Figure A35. (a) Optimized structure (b) electrostatic potential map (c) Pictorial representation of 

frontier HOMO (d) LUMO of ZnTPP(N-fusedPh)PE2:C60Py. 
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Figure A36. (a) Optimized structure (b) electrostatic potential map (c) Pictorial representation of 

frontier HOMO (d) LUMO of ZnTPP(N-fusedPh):C60Im. 

 

Figure A37. (a) optimized structure (b) electrostatic potential map (c) Pictorial representation of 

frontier HOMO (d) LUMO of ZnTPP(N-fusedPh)Br2:C60Im. 
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Figure A38. (a) optimized structure (b) electrostatic potential map (c) Pictorial representation of 

frontier HOMO (d) LUMO of ZnTPP(N-fusedPh)Ph2:C60Im. 

 

Figure A39.  
1
H NMR spectra of (a) ZnTPP(N-fusedPh):C60Im adduct (b) ZnTPP(N-fusedPh) in 

C6D6 at 298 K. 
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Figure A40. 
1
H NMR spectra of (a) ZnTPP(N-fusedPh)Br2:C60Im adduct (b) ZnTPP(N-

fusedPh)Br2 in C6D6 at 298 K. 

 

Figure A41. 
1
H NMR spectra of (a) ZnTPP(N-fusedPh)PE2:C60Im adduct (b) ZnTPP(N-

fusedPh)PE2 in C6D6 at 298 K. 
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Figure A42. 
1
H NMR spectra of (a) ZnTPP(N-fusedPh):C60Py adduct (b) ZnTPP(N-fusedPh) in 

C6D6 at 298 K. 

 

Figure A43. 
1
H NMR spectra of (a) ZnTPP(N-fusedPh)Br2:C60Py adduct (b) ZnTPP(N-fusedPh)Br2: 

in C6D6 at 298 K. 
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Figure A44. 
1
H NMR spectra of (a) ZnTPP(N-fusedPh)Ph2:C60Py adduct (b) ZnTPP(N-

fusedPh)Ph2 in C6D6 at 298 K. 

 

Figure A45. 
1
H NMR spectra of (a) ZnTPP(N-fusedPh)PE2:C60Py adduct (b) ZnTPP(N-

fusedPh)PE2 in C6D6 at 298 K. 
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Figure A46. Chemical oxidation of ZnTPP(N-fusedPh) using NOBF4 in o-dichlorobenzene at 

298 K. 

 

Figure A47. Chemical oxidation of ZnTPP(N-fusedPh)Br2 using NOBF4 in o-dichlorobenzene at 

298 K. 
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Figure A48. Chemical oxidation of ZnTPP(N-fusedPh)Ph2 using NOBF4 in o-dichlorobenzene 

at 298 K. 

 

Figure A49. Comparative cyclic voltammograms of (a) ZnTPP(NHPh)X2 (b) ZnTPP(N-

fusedPh)X2, where X = H, Br, Ph and PE. 
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Figure A50. Fluorescence spectra of (a) H2TPP(NHPh)X2 (b) H2TPP(N-fusedPh)X2, where X = 

H, Br, Ph and PE. 
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Table A4. Electrochemical redox data of MTPP(NHPh)X2, X = H, Br, Ph, PE and M = 2H, Co, 

Ni, Cu, Zn in CH2Cl2 containing 0.1 M TBAPF6 at scan rate 0.1V/s at 298 K. 

Porphyrins             Oxidation (V)                                Reduction (V) ΔE  V  

I II III IV I II III  

H2TPP(NHPh)  1.01 1.28 1.48 1.67 -1.25
d
 -1.55

d
  2.26 

H2TPP(NHPh)Br2 0.93
d
 1.14

d
 1.45

d
 1.71

d
 -1.0

6
 -1.20 -1.43 1.93 

H2TPP(NHPh)Ph2 0.82
d
 1.14

d
 1.43

d
 1.92

d
 -1.21 -1.47  2.03 

H2TPP(NHPh)PE2 0.89 1.14 1.41 1.66 -1.05 -1.22  1.94 

CoTPP(NHPh)  0.75 0.99 1.22 1.78 -0.89 -1.23 -1.57 2.22 

CoTPP(NHPh)Br2 0.78 1.03 1.17  -0.75 -0.97
d
 -1.32

d
 2.00 

CoTPP(NHPh)Ph2 0.69 0.95 1.09 1.75 -0.85 -1.36 -1.96 2.31 

CoTPP(NHPh)PE2 0.74 0.98 1.16  -0.77 -1.13  2.11 

NiTPP(NHPh)  0.87 1.20 1.54
d
  -1.35

d
   2.22 

NiTPP(NHPh)Br2 0.86 1.21 1.60  -1.16 -1.58  2.02 

NiTPP(NHPh)Ph2 0.76 1.08 1.69 1.92 -1.35 -1.67 1.91 2.11 

NiTPP(NHPh)PE2 0.85 1.15   -1.18 -1.42  2.03 

CuTPP(NHPh)  0.81 1.21 1.72  -1.30   2.11 

CuTPP(NHPh)Br2 0.87 1.19 1.64  -1.18
d
 -1.46

d
 -1.63

d
 2.05 

CuTPP(NHPh)Ph2 0.75 1.05   -1.36 -1.67 1.77 2.11 

CuTPP(NHPh)PE2 0.83 1.17 1.66  -1.22 -1.46  2.05 

ZnTPP(NHPh)  0.76 1.00 1.62
d
  -1.40 -1.58  2.16 

ZnTPP(NHPh)Br2 0.82 1.01 1.56  -1.27 -1.46  2.09 

ZnTPP(NHPh)Ph2 0.71 0.87 1.45 1.98 -1.50 -1.64  2.21 

ZnTPP(NHPh)PE2 0.78 0.97 1.55  -1.21 -1.48  1.99 
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Table A5. Electrochemical redox data of MTPP(N-fusedPh)X2 (M = 2H, Co (II), Ni (II), Cu (II), 

Zn (II) and X = H, Br, Ph, PE) in CH2Cl2 containing 0.1 M TBAPF6 with scan rate of 0.1V/s at 

298 K. 

             

     Porphyrins 

       

Oxidation (V)                Reduction(V) 

Metal centred ΔE    

Oxdn. Redn.  

I II III I II III I II  

H2TPP(N-fusedPh)  0.63 0.94 1.33 -1.04 -1.25 -1.57   1.67 

H2TPP(N-fusedPh)Br2 0.74 0.96 1.19 -1.06 -1.36    1.80 

H2TPP(N-fusedPh)Ph2 0.59
d
 0.82 1.55 -0.80 -1.23 -1.56   1.39 

H2TPP(N-fusedPh)PE2 0.72 0.95 1.12 -0.81 -1.37 -1.76   1.53 

CoTPP(N-fusedPh)  0.74 1.00 1.71 -1.26 1.53  0.55 -0.91 2.00 

CoTPP(N-fusedPh)Br2 0.99 1.146  -1.03 -1.29  0.66 -0.83 2.02 

CoTPP(N-fusedPh)Ph2 0.78 0.95 1.80 -1.17 -1.47  0.52 -0.89 1.95 

CoTPP(N-fusedPh)PE2 0.95 1.10 1.93 -1.12 -1.76  0.60 -0.84 2.07 

NiTPP(N-fusedPh)  0.63 1.07 1.94 -1.33 -1.72    1.96 

NiTPP(N-fusedPh)Br2 0.73 1.14 1.84 -1.21 -1.55 -1.73   1.94 

NiTPP(N-fusedPh)Ph2 0.61 0.98 1.86 -1.31 -1.72    1.92 

NiTPP(N-fusedPh)PE2 0.70 1.10 1.87 -1.20 -1.55    1.90 

CuTPP(N-fusedPh)  0.63 1.034 1.47 -1.13 -1.38 -1.70   1.76 

CuTPP(N-fusedPh)Br2 0.71 1.09 2.10 -1.15 -1.58    1.86 

CuTPP(N-fusedPh)Ph2 0.55 0.91 1.99 -1.04 -1.35 1.72   1.59 

CuTPP(N-fusedPh)PE2 0.65 1.034 1.98 -0.93 -1.25 -1.60   1.58 

ZnTPP(N-fusedPh)  0.53 0.79  -1.13 -1.47 -1.68   1.66 

ZnTPP(N-fusedPh)Br2 0.59 0.84  -0.54 -1.02 -151   1.13 

ZnTPP(N-fusedPh)Ph2 0.39 0.66 1.15 -0.66 -1.08 1.59   1.05 
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ZnTPP(N-fusedPh)PE2 0.57 0.81 1.83 -0.77 -1.26 -1.48   1.34 
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Figure A1. 
1
H NMR spectrum of meso-tetrakis(3,5-di-tert-butyl-4-hydroxy)porphyrin in CDCl3 

at 298 K. 

[M]+ 

Calcd. = 1126.73 

C76H94N4O4 

  

Figure A2. MALDI-TOF mass spectrum of meso-tetrakis(3,5-di-tert-butyl-4-hydroxy)porphyrin. 
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Figure A3. 
1
H NMR spectrum of Ni-diOxP (1) in CDCl3 at 298 K. 

 

[M+H]+ 

Calcd. = 1015.31 

C60H52N4NiO8 
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Figure A4. MALDI-TOF mass spectrum of Ni-diOxP (1). 

 

 

 

 

 

 

 

 

 

 

Figure A5. IR spectra of Ni-diOxP (1) and Ni-dtBTPP (3). 

[M+H]+ 

Calcd. = 1020.32 

 

Figure A6. MALDI-TOF mass spectrum of Cu-diOxP (2). 
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Figure A7. IR spectra of Cu-diOxP (2) and Cu-dtBTPP (4). 

 

 

 

 

 

 

 

 

 

Figure A8. DPV traces of Ni-dtBTPP (3) and Cu-dtBTPP (4) in CH2Cl2 containing 0.1 M 

TBAPF6 at 298 K. 
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Figure A9. DPV traces of Ni-diOxP (1) and Cu-diOxP (2) in CH2Cl2 containing 0.1 M TBAPF6 

at 298 K. 

 

Figure A10. UV-Vis spectral response of 2 (3.15 × 10
-5

 M) upon incremental addition of CN
‒
 

(0-4.78 × 10
-5

 M, 1.5 equiv.) in toluene. Inset show BH-plot. 
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Figure A11. UV-Vis spectral response of 2 (3.15 × 10
-5

 M) upon incremental addition of F
‒
 (0-

7.29 × 10
-4

 M, 23 equiv.) in toluene. Inset show BH-plot. 

 

 

 

 

 

 

 

 

 

 

Figure A12. Absorption spectra of 2 (3.15 × 10
-5

 M) in the presence of different anions. 
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Figure A13. Ratiometric absorbance changes (A422/A405) of 2 (3.15 × 10
-5

 M) on addition of 1.5 

equiv. of CN
‒
 and 10 equiv. of other anions. Green has indicated the blank and the presence of 

other interfering anions and red indicated the addition of CN
‒
 to interfering anions. 

 

Figure A14. Ratiometric absorbance changes (A422/A405) of 2 (3.15 × 10
-5

 M) on addition of 1.5 

equiv. of F
‒
 and 10 equiv. of other anions. Green has indicated the blank and the presence of 

other interfering anions and red indicated the addition of F
‒
 to interfering anions. 
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Figure A15. 
1
H NMR spectra of 1 in the presence and absence of (a) F

‒
 and (b) CN

‒
 in CDCl3 at 

298 K. 
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Figure A16. (a) Cyclic voltametric (b) DPV (in V vs Ag/ACl) traces recorded for 1 (black) and 

1•2CN
‒
 (red) in CH2Cl2 containing 0.1 M TBAPF6 with scan rate of 0.1 V/s at 298 K. 

 

 

 

 

 

 

 

 

 

Figure A17. (a) Cyclic voltametric (b) DPV (in V vs Ag/ACl) traces recorded for 2(black) and 

2•2CN
‒ 

(red) in CH2Cl2 containing 0.1 M TBAPF6 with scan rate of 0.1 V/s at 298 K. 
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Figure A18. Absorption spectra of Ni-dtBTPP (3) in the presence and absence of 150 equiv. of 

F
‒
 ions. 

 

 

 

 

 

 

 

 

 

Figure A19. Absorption spectra of Cu-dtBTPP (4) in the presence and absence of 150 equiv. of 

F
‒
 ions. 
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Figure A20. Absorption spectra of Ni-dtBTPP (3) in the presence  and absence of  > 200 equiv. 

of F
‒
 ions. 

 

 

 

 

 

 

 

 

 

 

Figure A21. Absorption spectra of Cu-dtBTPP (4) in the presence of  > 200 equiv. of F
‒
 ions. 
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Figure A22. Absorption spectra of Ni-dtBTPP (3) in the presence  and absence of  > 200 equiv. 

of CN
‒
 ions. 

 

 

 

 

 

 

 

 

 

 

Figure A23. Absorption spectra of Cu-dtBTPP (4) in the presence  and absence of  > 200 equiv. 

of CN
‒
 ions. 
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(a) 
(b) 

 

Figure A24. B3LYP/LANL2DZ optimized geometry showing (a) top as well as (b) side views 

of Ni-diOxP (1); H atoms are omitted for the clarity. In the side view, the meso-phenyl 

substituents are not shown for clarity. 

 

(a) 
(b) 

 

Figure A25. B3LYP/LANL2DZ optimized geometry showing (a) top as well as (b) side views 

of Cu-diOxP (2); H atoms are omitted for the clarity. In the side view, the meso-phenyl 

substituents are not shown for clarity. 
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Figure A26. UV-vis spectra of Cu-diOxP (2) after addition of aqueous solution of KCN and 18-

crown-6. 

 

 

 

 

 

 

 

 

 

Figure A27. Ratiometric absorbance changes of 2 on addition of CNˉ and 10 equiv. excess of 

other anions in aqueous medium. Blue bar has indicated the blank and the presence of other 

interfering anions and red indicated the addition of CNˉ to interfering anions. 
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Figure A28. Ratiometric absorbance changes of 1 on addition of CNˉ and 10 equiv. excess of 

other anions in aqueous medium. Blue bar has indicated the blank and the presence of other 

interfering anions and red indicated the addition of CNˉ to interfering anions. 

 

 

 

 

 

 

 

 

 

 

 

Table A1. Electronic spectral data of Ni-diOxP (1) in different 

solvents at 298 K. 

Solvent B and Q bands, nm 

Ethyl acetate 398 (4.85), 557 (3.88), 610 (3.62) 

Dimethyl formamide 

(DMF) 

405 (4.85), 553 (3.88), 620 (3.62) 

Acetone 398 (4.83), 558 (3.82), 614 (3.6) 

DMSO 406 (4.83), 560 (3.88), 631 (3.69) 

THF 401 (4.86), 560 (3.88), 618 (3.68) 

Toluene 403 (4.72), 568 (3.81), 618 (3.7) 

Methanol 401 (4.83), 562 (3.84), 622 (3.67) 

1,4-dioxane 401 (4.81), 560 (3.87), 612 (3.67) 

1,2-dichlorobenzene  

(1,2-DCB) 

404 (4.86), 519 (4.1), 642 (3.74) 

Ethanol 402 (4.83), 555 (3.94), 626 (3.76) 

Triehylamine 424 (4.96), 543 (3.87), 585 (3.28) 

Piperdine 435 (4.9), 554 (3.88), 600 (3.49) 

Chloroform 401 (4.94), 509 (4.15), 630(3.76) 

Pyridine 410 (4.77), 568 (3.88), 642(3.67) 

1,1,2,2-Tetrachloroethane 402 (4.94), 518 (4.1), 638 (3.78) 
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Table A2. Electronic spectral data of Cu-diOxP (2) in different 

solvents at 298 K. 

Solvent B and Q bands, nm 

Ethyl acetate 398 (4.85), 557 (3.88), 610 (3.62) 

Dimethyl formamide 

(DMF) 

405 (4.85), 553 (3.88), 620 (3.62) 

Acetone 398 (4.83), 558 (3.82), 614 (3.6) 

DMSO 406 (4.83), 560 (3.88), 631 (3.69) 

THF 401 (4.86), 560 (3.88), 618 (3.68) 

Toluene 403 (4.72), 568 (3.81), 618 (3.7) 

Methanol 401 (4.83), 562 (3.84), 622 (3.67) 

1,4-dioxane 401 (4.81), 560 (3.87), 612 (3.67) 

1,2-dichlorobenzene  

(1,2-DCB) 

404 (4.86), 519 (4.1), 642 (3.74) 

Ethanol 402 (4.83), 555 (3.94), 626 (3.76) 

Triehylamine 424 (4.96), 543 (3.87), 585 (3.28) 

Piperdine 435 (4.9), 554 (3.88), 600 (3.49) 

Chloroform 401 (4.94), 509 (4.15), 630(3.76) 

Pyridine 410 (4.77), 568 (3.88), 642(3.67) 

1,1,2,2-Tetrachloroethan 402 (4.94), 518 (4.1), 638 (3.78) 
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optimized geometries of H2TPP(Ph)2Br5X (X = NO2, Br). 

 

 

Figure A1. 
1
H NMR spectrum of H2TPP(Ph)2Br6 in CDCl3 at 298 K. 
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Figure A2. 
1
H NMR spectrum of ZnTPP(Ph)2Br6 in CDCl3 at 298 K. 

 

Figure A3. 
1
H NMR spectrum of NiTPP(Ph)2Br6 in CDCl3 at 298 K. 

[M+H]+ 

Calcd. = 1240.77 

C56H32Br6N4 

 

Figure A4. MALDI-TOF mass spectrum of H2TPP(Ph)2Br6. 
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Figure A5. 
1
H NMR Spectrum of H2TPP(NO2)(Ph)2Br5 in CDCl3 at 298K. 

 

Figure A6. 
1
H NMR spectrum of ZnTPP(NO2)(Ph)2Br2 in CDCl3 at 298 K. 
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Figure A7. 
1
H NMR spectrum of NiTPP(NO2)(Ph)2Br2 in CDCl3 at 298 K. 

 

 

Figure A8. MALDI-TOF mass spectrum of H2TPP(NO2)(Ph)2Br5. 
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Figure A9. UV-visible spectral titration of H2TPP(Ph)2Br6 with TFA (a) and TBAOH (b) in 

toluene at 298 K respectively. insets shows the corresponding Hill plots. 

 

 

(a) 
(b) 

 

Figure A10. Fluorescence spectra of (a) MTPP(NO2)Ph2Br5 and (b) MTPP(Ph)2Br6 (M = 2H, Zn 

(II) ) in CH2Cl2 at 298 K. 
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(c) (f) 
 

Figure A11. B3LYP/LANL2DZ optimized geometry showing the top views as well as side 

views of H2TPP(NO2)(Ph)2Br5 (a) and (b), for H2TPP(Ph)2Br6 (d) and (e), respectively. The 

displacement of porphyrin core atoms from mean plane are shown in figures (c) and (f) for 

H2TPP(NO2)(Ph)2Br5 and H2TPP(Ph)2Br6, respectively. 
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(a) 
(b) 

 

Figure A12. Cyclic Voltammetric (in V vs Ag/ AgCl) traces recorded for porphyrins (a) 

MTPPPh2Br6(M = 2H, Co(II), Cu(II),  Ni(II), Zn(II) ) and  MTPP(NO2)(Ph)2Br6 (M = 2H, 

Co(II), Cu(II),  Ni(II), Zn(II) )  in CH2Cl2 containing 0.1 M TBAPF6 with a scan rate of 0.1 V/s 

at 298 K.  

 

Figure A13. Crystal structure packing diagram of H2TPP(NO2)(Ph2)Br5. 
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Table A1. Crystallographic data of 

H2TPP(NO2)(Ph)2Br5. 

 H2TPP(NO2)(Ph)2Br5 

Empirical Formula  C58H40Br5N5O4 

Formula wt. 1270.50 

Crystal system Monoclinic 

Space group P 21/c 

a   
 
              

 
 

b   
 
               

 
 

c   
 
              

 
 

α       90
  
 

β       101.409(2)
  
 

γ       90
  
 

         
 3

)            
 3

 

Z 4 

Dcald (mg/m
3
) 1.570 mg/m

3
 

    
 
           

 
 

T (
0
C) 296(2) K 

No. of total reflns. 72230 

No. of indepnt. reflns. 9721 

R 0.1082 

Rw 0.1638 

GOOF 1.027 

CCDC No. 1921730 
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Table A2                                

  
 
                   

ο
) for the single 

crystal of H2TPP(NO2)Ph2Br5. 

             
 
  

 H2TPP(NO2)(Ph)2Br5 

N-Cα 1.354 

N΄-Cα΄ 1.311 

Cα-Cβ 1.428 

Cα΄-Cβ΄ 1.465 

Cβ-Cβ 1.366 

Cβ΄-Cβ΄ 1.273 

Cα-Cm 1.411 

Cα΄-Cm 1.332 

ΔCβ   
 
  1.23 

Δ     
 
  0.558  

Bond Angle (deg) 

N-Cα-Cm 125.42 

N΄-Cα΄-Cm 119.01 

N-Cα-Cβ 106.88 

N΄-Cα΄-Cβ΄ 111.35 

Cβ-Cα-Cm 127.53 

Cβ΄-Cα΄-Cm 129.60 

Cα-Cm-Cα΄ 123.34 

Cα-Cβ-Cβ 107.63 

Cα΄-Cβ΄-Cβ΄ 106.01 

Cα-N- Cα 110.94 

Cα΄-N΄- Cα΄ 105.16 
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Table A3.                         
 
                      

) for the B3LYP/LanLD2Z optimized geometries of 

H2TPP(Ph)2Br5X (X = NO2, Br). 

                                                                        H2TPP(Ph)2Br6                                                             H2TPP(NO2)(Ph)2Br5 

              
 
  

N-Cα 1.385 1.384 

N΄-Cα΄ 1.391 1.391 

Cα-Cβ 1.477 1.475 

Cα΄-Cβ΄ 1.450 1.451 

Cβ-Cβ 1.382 1.384 

Cβ΄-Cβ΄ 1.393 1.391 

Cα-Cm 1.426 1.427 

Cα΄-Cm 1.420 1.418 

ΔCβ   
 
  1.251 1.238 

Δ     
 
  0.594 0.581 

Bond Angle (deg) 

N-Cα-Cm 122.80 123.13 

N΄-Cα΄-Cm 123.45 123.45 

N-Cα-Cβ 109.64 109.64 
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 N΄-Cα΄-Cβ΄ 105.05 105.09 

Cβ-Cα-Cm 127.26 118.81 

Cβ΄-Cα΄-Cm 131.43 131.31 

Cα-Cm-Cα΄ 121.90 121.84 

Cα-Cβ-Cβ 106.59 106.58 

Cα΄-Cβ΄-Cβ΄ 108.51 108.50 

Cα-N- Cα 106.89 107.00 

Cα΄-N΄- Cα΄ 112.47 112.41 
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Figure A1. 
1
H NMR spectrum of H2TMeP (1) in CDCl3 at 298 K. 

 

 



Appendix IV: Meso-Tetraalkylporphyrins and Their Complexation with C60 

 
 

255 
 

Figure A2. 
1
H NMR spectrum of H2TEtP (2) in CDCl3 at 298 K. 

 

Figure A3. 
1
H NMR spectrum of H2TPrP (3) in CDCl3 at 298 K. 
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Figure A4. 
1
H NMR spectrum of ZnTMeP (1a) in CDCl3 at 298 K. 

 

Figure A5. 
1
H NMR spectrum of ZnTEtP (2a) in CDCl3 at 298 K. 
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Figure A6. 
1
H NMR spectrum of ZnTPrP (3a) in CDCl3 at 298 K. 

 

Figure A7. ESI-MS spectrum of H2TMeP (1) in CH3CN. 
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Figure A8. ESI-MS spectrum of H2TEtP (2) in CH3CN. 

 

Figure A9. ESI-MS spectrum of H2TPrP (3) in CH3CN. 

 

Figure A10. ESI-MS spectrum of ZnTEtP (2a) in CH3CN. 
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Figure A11. ESI-MS spectrum of ZnTPrP (3a) in CH3CN. 

 

Table A1. Crystal data of H2TPrP (3)   

Empirical formula C32 H38 N4 

Formula Wt. 478.66 

Crystal system monoclnic 

Space group P 21/n 

a (Å) 5.0843 

b (Å) 11.6075 

c (Å) 22.1697 

α (°) 90 

Β (°) 93.53 

ϒ (°) 90 

Volume (Å) 1305.88 

Z 2 

Dcald (mg/m
3
) 1.217 

Wavelength 0.71073 

T  293 K 

No. of total refins 575 

No. of indent. refins 515 

R
a
 0.0533 

Rw
b
 0.1313 

CCDC 1051569 
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Figure A12. Molecular crystal packing of H2TPrP (3) along (a) a axis and (b) b axis, 

respectively. 

 

Figure A13. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of containing H2TMeP (1) in toluene at 298 K. (b) Benesi-Hildebrand plot constructed for 

evaluating the binding constant as well as stoichiometry for 1:C60 host-guest complex. 
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Figure A14. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of containing H2TEtP (2) in toluene at 298 K. (b) Benesi-Hildebrand plot constructed for 

evaluating the binding constant as well as stoichiometry for 2:C60 host-guest complex. 

 

 

 

Figure A15. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of containing ZnTMeP (1a) in toluene at 298 K. (b) Benesi-Hildebrand plot constructed for 

evaluating the binding constant as well as stoichiometry for 1a:C60 host-guest complex. 
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Figure A16. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of containing ZnTEtP (2a) in toluene at 298 K. (b) Benesi-Hildebrand plot constructed for 

evaluating the binding constant as well as stoichiometry for 2a:C60 host-guest complex. 

 

 

 

Figure A17. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of containing ZnTPrP (3a) in toluene at 298 K. (b) Benesi-Hildebrand plot constructed for 

evaluating the binding constant as well as stoichiometry for 3a:C60 host-guest complex. 
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Figure A18. (a) Fluorescence spectral changes observed during the titration of Fullerene (C60) to 

the solution of H2TMeP (1) in toluene at 298 K. (b) Stern-Volmer plot for 1:C60 host-guest 

complex. 

 

Figure A19. (a) Fluorescence spectral changes observed during the titration of Fullerene (C60) to 

the solution of H2TEtP (2) in toluene at 298 K. (b) Stern-Volmer plot for 2:C60 host-guest 

complex. 
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Figure A20. (a) Fluorescence spectral changes observed during the titration of Fullerene (C60) to 

the solution of ZnTMeP (1a) in toluene at 298 K. (b) Stern-Volmer plot for 1a:C60 host-guest 

complex. 

 

Figure A21. (a) Fluorescence spectral changes observed during the titration of Fullerene (C60) to 

the solution of ZnTEtP (2a) in toluene at 298 K. (b) Stern-Volmer plot for 2a:C60 host-guest 

complex. 
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Figure A22. (a) Fluorescence spectral changes observed during the titration of Fullerene (C60) to 

the solution of ZnTPrP (3a) in toluene at 298 K. (b) Stern-Volmer plot for 3a:C60 host-guest 

complex. 

 

Figure A23. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of H2TEtP (2) in PhCN at 298 K. (b) Benesi-Hildebrand plot constructed for evaluating the 

binding constant as well as stiochiometry for 2:C60 host-guest complex. 
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Figure A24. (a) Spectral changes observed during the titration of Fullerene (C60) to the solution 

of H2TPrP (3) in PhCN at 298 K. (b) Benesi-Hildebrand plot constructed for evaluating the 

binding constant as well as stiochiometry for 3:C60 host-guest complex. 

 

Figure A25. 
1
H NMR spectra of (a) 2:C60 adduct (b) 2 in C6D6 at 298 K. 
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Figure A26. 
1
H NMR spectra of (a) 3:C60 adduct (b)3 in C6D6 at 298 K. 

 

Figure A27. 
1
H NMR spectra of (a) 1a:C60 adduct (b)1a in C6D6 at 298 K. 
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Figure A28. 
1
H NMR spectra of (a) 2a:C60 adduct (b)2a in C6D6 at 298 K. 

 

Figure A29. 
1
H NMR spectra of (a) 3a:C60 adduct (b)3a in C6D6 at 298 K. 

 



Appendix IV: Meso-Tetraalkylporphyrins and Their Complexation with C60 

 
 

269 
 

 

Figure A30. Change in the chemical
 
shift of β-pyrrole proton in 3 by addition of C60 in C6D6. 

The solid line is the theoretical isotherm obtained by nonlinear curve-fitting to experimental data 

points. The obsereved association constant (K) 3.4 × 10
4
 M

-1
 which is close to the value obtanied 

from UV-Vis titration in toluene at 298 K. 
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Table A2. Change in chemical shift of protons by adding 1.1 eq. C60 to the 
solution of  1-3 and 1a-3a in C6D6. 

Porphyrin Chemical Shift (δ ppm) 

β-H  meso-CH3 meso-CH2 meso-CH2 NH 

1 9.220 4.247   -1.744 

1:C60 9.113 4.140   -1.851 

2 9.404 2.038 4.929-4.872  -2.745 

2:C60 9.334 1.968 4.859-4.802  -2.815 

3 9.330 1.195 4.765 2.53-2.43 -2.023 

3:C60 9.260 1.125 4.695 2.46-2.36 -2.093 

1a 9.480 4.588    

1a:C60 9.310 4.418    

2a 9.511 2.080 4.973-4.916   

2a:C60 9.441 2.010 4.903-4.846   

3a 9.380 1.237 4.829 2.497-2.403  

3a:C60 9.310 1.167 4.759 2.420-2.330  
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Rate of 0.1 V/s at 298 K. 
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Figure A1. 
1
H NMR spectrum of H2TPP(TPA)2NO2 in CDCl3 at 298 K. 
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Figure A2. 
1
H NMR spectrum of NiTPP(TPA)2NO2 in CDCl3 at 298 K. 

 

Figure A3. 
1
H NMR spectrum of ZnTPP(TPA)2NO2 in CDCl3 at 298 K. 

 

Figure A4. 
1
H NMR spectrum of H2TPP(TPA)2CHO in CDCl3 at 298 K. 
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Figure A5. 
1
H NMR spectrum of NiTPP(TPA)2CHO in CDCl3 at 298 K. 

 

 

Figure A6. 
1
H NMR spectrum of ZnTPP(TPA)2CHO in CDCl3 at 298 K. 

 

 



Appendix V: β-Functionalized ‘Push-Pull’ Porphyrins for NLO Application 
 

276 
 

 

Figure A7. 
13

C NMR spectrum of H2TPP(TPA)2NO2 in CDCl3 at 298 K 

 

Figure A8. 
13

C NMR spectrum of NiTPP(TPA)2NO2 in CDCl3 at 298 K 
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Figure A9. 
13

C NMR spectrum of ZnTPP(TPA)2NO2 in CDCl3 at 298 K 

 

Figure A10. 
13

C NMR spectrum of H2TPP(TPA)2CHO in CDCl3 at 298 K 
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Figure A11. 
13

C NMR spectrum of NiTPP(TPA)2CHO in CDCl3 at 298 K 

 

Figure A12. MALDI-TOF mass spectrum of H2TPP(TPA)2NO2. 
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Figure A13. MALDI-TOF mass spectrum of CoTPP(TPA)2NO2. 

 

Figure A14. MALDI-TOF mass spectrum of NiTPP(TPA)2NO2. 
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Figure A15. MALDI-TOF mass spectrum of CuTPP(TPA)2NO2. 

 

 

Figure A16. MALDI-TOF mass spectrum of ZnTPP(TPA)2NO2. 
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Figure A17. MALDI-TOF mass spectrum of H2TPP(TPA)2CHO. 

 

 

Figure A18. MALDI-TOF mass spectrum of CoTPP(TPA)2CHO. 
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Figure A19. MALDI-TOF mass spectrum of NiTPP(TPA)2CHO. 

 

 

Figure A20. MALDI-TOF mass spectrum of CuTPP(TPA)2CHO. 
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Figure A21. MALDI-TOF mass spectrum of ZnTPP(TPA)2CHO. 
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Table A1. Selected Average Bond L         
 
      Bond Angles 

(
ο
) for the B3LYP/LANL2DZ Optimized Geometry of 

H2TPP(TPA)2NO2 and H2TPP(TPA)2CHO 

 H2TPP(NO2)(TPA)2      H2TPP(CHO)(TPA)2 

              
 
  

N-Cα 1.391 1.390 

N΄-Cα΄ 1.390 1.390 

Cα-Cβ 1.440 1.450 

Cα΄-Cβ΄ 1.472 1.471 

Cβ-Cβ 1.394 1.399 

Cβ΄-Cβ΄ 1.366 1.367 

Cα-Cm 1.417 1.417 

Cα΄-Cm 1.418 1.419 

ΔCβ   
 
  0.642 0.636 

Δ     
 
  0.317 0.312 

Bond Angle (deg) 

N-Cα-Cm 125.12 124.97 

N΄-Cα΄-Cm 126.33 126.37 

N-Cα-Cβ 106.11 106.33 

N΄-Cα΄-Cβ΄ 110.28 110.26 

Cβ-Cα-Cm 128.58 128.56 
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Cβ΄-Cα΄-Cm 123.34 123.33 

Cα-Cm-Cα΄ 123.95 124.13 

Cα-Cβ-Cβ 108.12 107.96 

Cα΄-Cβ΄-Cβ΄ 106.78 106.80 

Cα-N- Cα 110.95 111.11 

Cα΄-N΄- Cα΄ 110.73 105.76 

 

 

 

 

Figure A22. Cyclic Voltammograms of Porphyrins (a) MTPP(TPA)2NO2 and 

MTPP(TPA)2CHO (M = 2H, Co(II), Cu(II),  Ni(II), Zn(II) ) and  in CH2Cl2 with a Scan Rate of 

0.1 V/s at 298 K. 
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Figure A1. 
1
H NMR Spectrum of H2TPP(TPA)4 in CDCl3 at 298 K. 

 

 

Figure A2. 
1
H NMR spectrum of NiTPP(TPA)4 in CDCl3 at 298 K. 
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Figure A3. 
1
H NMR spectrum of ZnTPP(TPA)4 in CDCl3 at 298 K. 

 [M+H ]+ 
Calcd. 1588.67 

 

Figure A4. MALDI-TOF-MASS Spectrum of H2TPP(TPA)4. 
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Figure A5. MALDI-TOF-Mass spectrum of CoTPP(TPA)4. 

 

 

Figure A6. MALDI-TOF-Mass spectrum of CuTPP(TPA)4. 
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Figure A7. MALDI-TOF-Mass spectrum of NiTPP(TPA)4. 

 

 

Figure A8. MALDI-TOF-Mass spectrum of ZnTPP(TPA)4. 
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Figure A9. Cyclic voltammograms of synthesized porphyrins in CH2Cl2 at 298 K. 
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Table A1                          
 
                  

(
ο
) for the B3LYP/LANL2DZ optimized geometry of 

H2TPP(TPA)4. 

             
 
  

 H2TPP(TPA)4 

N-Cα 1.388 

N΄-Cα΄ 1.39 

Cα-Cβ 1.454 

Cα΄-Cβ΄ 1.470 

Cβ-Cβ 1.403 

Cβ΄-Cβ΄ 1.368 

Cα-Cm 1.418 

Cα΄-Cm 1.420 

ΔCβ   
 
  0.760 

Δ     
 
  0.377 

Bond Angle (deg) 

N-Cα-Cm 124.09 

N΄-Cα΄-Cm 126.20 

N-Cα-Cβ 106.56 

N΄-Cα΄-Cβ΄ 110.18 

Cβ-Cα-Cm 129.2 

Cβ΄-Cα΄-Cm 123.56 

Cα-Cm-Cα΄ 123.89 

Cα-Cβ-Cβ 107.71 

Cα΄-Cβ΄-Cβ΄ 106.80 

Cα-N- Cα 111.01 

Cα΄-N΄- Cα΄ 105.88 

 


